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1.1 Awnanns 11l-jerHeil fuHAMUKN
IIPOCTPAHCTBEHHOTO pacIipeaeIeHus
rioTHOocTu MoJtHUiT B CeBepHoil A3uu

Tapabyrxunra JI1./., Kosaoe B.U., Hnnoxenmoes JI.E.

Dedeparvroe zocydapcmeennoe 6rodxcemnoe yupescoerue Hayky
Dedepanrvrvti uccredosamenverutl yenmp «Sxymexuti nay vl
yewmp Cubupcrozo omdesenus Poccutickotl axademuu nayk»

IIpoBesen ananmms 11-y1eTHUX BPEMEHHBIX PSI0B KOJUYIECTBA I'PO30-
BBIX Pa3ps0B CYMMAPHO II0 TEPPUTOPHUSAM JIBYX KPYIHBIX obJsacreit
HOBBIINIEHHON TUIOTHOCTH MOJHUK (Gosee 10 pa3s mo CpaBHEHHIO €O
3HAYEHUAMH Ha OKPYZKAIONEM [IPOCTPAHCTBE): YCIOBHO 0003HAUEHHBIX
Kak BocTouHbIil pernoH 40-55 c.m., 110-140 B.1., ¥ 3amaaHablil PETHOH
47-62 c.r., 60-90 B.1. IuckperHoe pasiioxKeHHe PAIOB (pa3pelieHne
B 1 cyrku) ¢ nomormpio BejiBier-ynkuun Meitepa 10 5 ypoBHs
(BocTOuHBI) 1 4 ypOBHS (3alaHBIN) TOKA3AJI0 CMEIEHNe MAKCUMyMa,
CE30HHOT'O XOJIa I'PO30BOI aKTHMBHOCTYM B PErMOHAX B HAYAJIO U OJIMXKe
K aBryCTy U3 I'0Jla B TOJ C IepuoIoM 0Kojio 3 Jet. [lepmommanocts B
BapHAaIsAX I'PO30BOil aKTUBHOCTH O0siee Bhipaxkena B Oypbe-crekTpax
B 3anajHoM peruone: 4, 7, 14 mueit. [lnornocrs momuuit 8 CeBepHOit
A3I/II/I B IIPOCTPaHCTBE MOXKHO OITMCATh KaK I10dC BOKPYT 50 C.III. CO CMe-
IMEHUEM IOXKHEE Ha BOCTOKE W 3HAYUTEIHLHOM YBEJIMYEHUU ILJIOTHOCTH
0cob60 B aByX obJacTsax. TakuMm 00pa3oM, MpeJIoKEeHO AHAJIUTHIECKOe
BBIPAyKeHNE B BHUJE MU3MEHSIOMENCS C JOJITOTONW TayccoBOM (hyHKIUN
MMIAPOTHOTO XOJa, CyMMHPOBAHHOW C JMHEHHONW (QyHKIHEH (HOHOBOIO
craJia obIIero ypoBHs aKTUBHOCTU K ceBepy. llapameTpsl, Bxojsiue B
rayccoBy (DYHKIIMIO, IIPE/ICTABIEHBI 3aBUCUMOCTBIO ILJIOTHOCTH OT J10JI-
rotel. [lapameTp MmMUpOTHl JOCTATOYHO ANMPOKCUMUPYETCS JIMHEHHOM
dyHKIMEN TOATOTHI, TApAMETD YIMTUPEHUS PACIPEIe/IeHNs [0 IMUPOTe
CYyMMOIT Tpex rayccoBbIX ¢yHKImi. 1Ix MeKromoBoe m3MeHenne mpene-
6peraJsioch B JAHHOM perteHnu. IlapaMerp, OTBETCTBEHHBIN 3a ONIUCAHUE
MUK TJIOTHOCTHU, OIMCBHIBAETCS CYMMOH JIBYX T'ayCCOBBIX (DYHKIHIL,
U B UX KO3(DPUIMEHTHI BBEJEHA 3aBUCUMOCTb OT Toia. MexXrojoBbie
Bapuamuu Ko3(hGUIMEHTOB BTOPUIHBIX (DYHKIUI TPEIIOKEHO TIpel-
CTaBIATH B Buje CyMMbl Oyphe-psioB ¢ ABYMS-TPEMs TaPMOHUKAMH.
Takum oOpa3oM, MMOJYyYEHBI OIEHKH BapuabeJbHOCTH TapaMeTpOB
AHAJIUTUYIECKOT'O BbIPpazK€eHUd MMUPOTHO-/I0JIOTHOI'O pPacClpeaeseHuA
IUIOTHOCTU I'PO30BBIX Pa3psiJioB B JecsTuiierHeM Macmrabe. Vcciemo-
BaHUE BBIMOJIHSJIOCH P (PUHAHCOBO# mojiepkke Poccuiickoro douma



dyHIaMeHTAILHBIX UCCIIEIOBAHNI B pAMKaX HAy9HOIO mpoekTa 18-35-
00215 Mo A. Ilpuboprasi 6a3a MMO/IEP:KUBAETCA 38 CYET OIOIXKETHOMN
rembl 11.16.2.1. (HoMep rocperucrpanun AAAA-A17-117021450059-3).

1.2 Amnaau3 nepeHoca a’3po30Jis, 00pa30BaBHIErOCs
B pe3yJibTaTe JieTHUX noxkapos 2019 roza

Yepemucun A.A.Y, Mapuues B.H.?, Hosuxos I1.B.3,
Bouxoscrut J.A.2, Pomanywernrxo M. 1.4

L Hnemumym cumuneckoti Kunemury u 20penus
um. B.B.Boesodckozo CO PAH
2 Uncmumym onmuxu ammocgepv, um. B.E. 3yesa CO PAH
3 Kpacnoapexutl uncmumym, scene3rnodopodicHozo mparncnopma
4 Hosocubupcruii 2ocydapecmeeniolli mexnudeckuti yHueepcumen

[MupokymynsiTuBHBIE 0OJTAKA WU TUPOKYMYJIIOCH 00Pa3yTCs B pe-
3yJIbTaTe CHJIBHBIX IOXKAPOB MJIN B3PBHIBOB BysIKaHOB. Jlerom 2019 roma
6bLTH 3aUKCUPOBAHBI MHOTOYHCJIEHHBIE TIOXKapbl Ha TeppuTopun Cu-
6upu B Poccun, Kanasper, Ansicku, Kazaxcrana. Ilo pesymbpraram jm-
JapHBIX HaOJIIO/IeHNUil, TpoBeeHHbIX B ToMcke B aBrycre 2019 romga, B
crparocdepe Ha BbicoTax oT 10 110 20 KM OBLIIO OOHAPYKEHO SIBHO BbIpa-
JKEHHOE adPO30JIbHOE paccesiire. ITOObI TOITBEPIUTD ITPOUCXOXK ICHUE
a39PO30JIbHBIX CJIOEB OT IMUPOKYMYJISITUBHBIX BHIOPOCOB TOXKAPOB, ObLIN
HCIIOJIb30BaHbI METObI pacdera OOPATHBIX M309HTPOINYECKUX TPAEK-
TOpUil JBUXKEHUST BO3IYITHBIX MaccC. Pactdernl OBbLIN MPOBEIEHBI JIJIsT
BeIcoT 0T 10-16 xkm ¢ marom 0,2 kM. Tpaekropun ObLIN paCCIUTAHBI B
nporpamvuoM akere HYSPLIT o mamasim GDAS, Tak u opuruHasb-
HBIM TTporpaMMHubIM makeToM 1o JanabiM UK Met Office. dua ananuza
ncnosb3oBascs apxus FIRMS mannbix o moxkapax Ha caiite NASA.
CriestanHbIe pacdeThl HOKA3BIBAIOT, YTO a’dPO30JIbHBIE cJiou, 3ahukcu-
poBanubie B ToMcKe, ObLIM 3aHECEHBI BO3JYIITHBIMU MACCAMU, ITPOXO-
OAIMAMA HAJ [T0XKapaMu 00X pa3MepoB. Ha HEKOTOPBIX BBICOTAX
MOIVIO IIPOUCXOUTH CMEIEHNE adPO30JILHBIX CJI0EB OT HECKOJbKUX UC-
TOYHUKOB IT02KAPOB U3 PA3HBIX PETMOHOB.



1.3 Bapwuaiiuu ramMmMma-u3jiy9eHus BO BpeMms
OJIM>KHUX I'pOo3 1Mo HAbJMoAeHuAM B fKyTcke

Toponos A.A,', Cmapodybues C.A,', Kosioe B.I.', Barabun F).B.?

L Bnemumym xocmopusuneckuz uccaedosanuti u asporomuy
um. FO.I'. Hlagepa CO PAH
2 Honsprwdi Teofusuneckuti urnemumym, Anamumao:

B pabore mpuBojsiTcs Ppe3yJsibTaThl HCCIIEIOBAHUS BO3PACTAHUS
ramMmma-oHa B IPU3EMHOM CJIoe aTMocdepbl BO BpeMs OJIMXKHUAX I'PO3
B fxyrcke (na 6aze Cuekrporpada kocmuueckux Jiaydeir TKOUMA CO
PAH). Hus perucrparuu ramMmma-poHa HMCIHOJIB3YIOTCH CIUHTUILISIIN-
OHHBIE JleTeKTOpbI Ha ocHoBe kpucrasuos Nal(Tl) pasmepom 63mMMm X
63vm. mamazon mamepsiembix suepruit 20-1900 x3B. [lerekTops! 3a-
KPBITbI ¢ GOKOB M CHHU3Y CBUHIIOM (5 CM) M [OMEIIEHbI B T€PMOOOKCHI
MMEIOIINe CTEKJITHHOE OKHO. J[eTeKTop pa3Merensl Ha KPBIIIe 3IaHus
Cuekrporpada kocmudeckux Jjydeit B fIkyrcke. Takzke, ocyInecTBis-
JIaCh CHHXPOHHAsl PErucTpalius BapHaluil arMoc@epHOro JIeKTpude-
CKOro mojist 3jekrpocrarudeckuM dirokemerpom Boltek EFM-100) u
OCHOBHBIX MeTeOIapaMeTpoB arMocdepnl (yIbTpasByKOBasg METEOCTaH-
g AMK-04). PaccmarpuBaiuch JaHHbIe HENPEPLIBHON 3allUCH aHa-
JIOTOBOI'O CUTHAJIA C JETEeKTOPa BO BpeMs OmmkHuXx rpo3 2018 roxa.
AHaJIOroBbIll CHTHAJI C TaMMa-JeTeKTOPa TI0/IABAJICS Ha EePBBI KaHAJT
ATIIT E20-10 (L-Card) u 3anmchIBajIcsi HEIPEPBIBHO HA YKECTKHUH JICK
KOMIIBIOTEPa B TEUEHUE OJHOr0 daca (BO BpeMs rpo3bl) cepusmu 1o 10
muayT. Ha BTOpOil KaHAJT [10/1aBAJICS CUTHAJ C AKTUBHON IIIMPOKOIIOJIOC-
HOil sumosbaol anrentbl [1-10 (mosoca nponyckanus 9 k' 900 MI')
U TaKKe 3aIUChIBAJICA B OJAWH (DAl BMeCTe C CHIHAJOM TaMMa Je-
TeKTOpa. Takasi METOJINKa [TO3BOJISIET OCYIIECTBUTH TOYHYIO [IPUBS3KY
CUT'HAJIOB FaMMa-JIeTeKTOPa K SJIEKTPOMATHUTHBIM CUTHAJIAM OT MOJI-
auit. Yacrora aquckperusarun 5 MI't Ha KaxK1blit KaHa . B HeCKOJIbKUX
rpo3ax IO Pe3yJIbTaTaM AHAJIN3a IOJyIEeHHBIX MAHHBIX ObLIN OOHApPY-
2KEHBbI CUJIbHbIE KPATKOBPEMEHHBIE BCILJIECKA B CKOPOCTH CYETa IaMMa-
JIETEKTOPa BO BPEMsI I'PO3BI.



1.4 Bapuanum ommndOKu BbICOKOTOYHOI'O
nosunuonupoBanuss 'HCC B nepmoabl
CUJIbHBIX T€OMArHUTHBIX Oypb

Hcroxesuw A.C., Coposamexuti C.B., Hcroxesuy FO.B.
Hremumym coanewno-zemnoti pusuxuy CO PAH

Ha ocHoBe ABYyX4acCTOTHBIX JAHHBIX MHPOBON CETH IIPUEMHUKOB
[J100aJIbHBIX HABUTAIIMOHHBIX CIIyTHUKOBBIX CHUCTEM MbI aHAJIM3UPYEM
W3MEHEHUsI BEJIMYUHBI OMMOKU TTO3UIMOHUPOBAHUS B YCJIOBUSIX CHJIb-
HBIX F€OMArHUTHBIX Oypb B IyiobasbHOM MacinTabe. B umccienoBannn
paccmorpenbl 5 ymepernubix (dst -100 aTu) u 4 cusibubix (dst -200
uTu) reomarmuTHbix 6yph 24 UK coHedHOH akTuBHOCTH. Jljist
aHaJu3a KadecTBa IIO3UIIMOHUPOBAHUA OBLIM PACCIUTAHBI KOODJIU-
HATBl METOJIOM IIO3UIMOHUPOBaHUsl BbICOKOH Tounoctu (PPP) B
KHHEMATUYIECKOM pekuMe. 3adUKCHPOBAHO 3HAUUTEHHOE CHUYKEHHE
Tounoctu mno3unuonuposanuss PPP Bo Bpemsa rmaBmoit daser Oyps.
MaxkcumaabHbIi 3P @EKT HAOIIOIAICS, KaK MTPaBUJIO, B CPEIHUX WU
BBICOKHX INHAPOTAX aMEPUKAHO-ATIAHTUIECKOIO JOJITOTHOIO CEKTOpA.
IToxazamno, wto cpenusisa BesuanHa omuoku PPP Bo Bpems 6ypb MoxkeT
coctaBisisATh 0,5 M, 9TO JI0 b pa3 NPEBLINIACT 3HAYCHUs], XaPAKTEPHbBIE B
crokoitabre jguu. O6/IacTu ¢ yBeJndeHHbIMU Bejndnaamu omubdku PPP
COOTBETCTBOBAJIM PErMOHAM, B KOTOPBIX HAOJIONAJIOCH TAKXKE 3HAUM-
TeJIbHOE YBeJINYeHNEe NHTEHCUBHOCTH BAPUAINI TIOJHOTO JIEKTPOHHOIO
cojiep:kanus B jauanasone nepuoos 10-20 munyt. Pabora BhInoHEHA
npu nojyepxkke rpanta IIpesmaenta PO MK-3265.2019.5 u rpanta
PO®U 20-45-383010. Ucnosb3oBainch MeTOIUKA 00pabOTKA JAHHBIX,
pa3paboTaHHbIE B paMKax 0a30BOro (PUHAHCHPOBAHUS ITPOTPAMMBI

OHN II-16.



1.5 BuusiHue TpolMYecKnX IUKJIOHOB Ha 3MMHUE
rpo3nl Ha KamuaTke

Cmupros C.5.', Muzatinos FO.M.2, Muzatirosa I A2,
Kanycmuna O.B.2

L Mnemumym xocmodusuneckux uccaedosanuti u pacnpocmpanenu
paduosoan IBO PAH
2 Hnemumym 3emio20 Ma2HEMU3MA, UOHOCHEPDL U PACTPOCTPAHEHUA
paduosoar um. H.B. ITywrosa PAH

UcciteioBaHo BiaUsiHUE TPOIMMYECKUX ITUKJIOHOB HA IPO30BYI0 aKTHB-
HocTh Ha KaMuaTrke 7yt ciaydaeB 3uMHUX rpo3d B nepuojt 2008-2018 rr.
B kagecTBe mHAMKaTOpPa rPO30BOI AKTUBHOCTHU HCIIOJIH30BAHBI BPEMEH-
Hble BapHAIUN KBA3UCTATUIECKOIO IJIEKTPUIECKOIO II0JIsI U METEOPO-
siorudeckux Bejmaud B 06c. Ilaparynka TKWP JIBO PAH, a takxe
nocrynabie B INTERNET nanmbie o commnevnoi, ceiicMutIecKoi n K-
JIOHMYeCcKO# akTuBHOCTsX. [lokazano, 9To 171 OPMUPOBaAHUST TPO30-
BOI aKTUBHOCTH UCTOYHUKOM JIOTIOJTHUTEIBHOIO TEILIA B IPU3EMHON aT-
Mocdepe IoJIyoCTPOBA, KPOME COJTHEIHBIX BCIIBIIIEK, COTPOBOXKIAEMBIX
YCHUJIEHHEM HM3JIyI€eHUs B BUIUMOM, HHMPAKPACHOM CIIEKTPAaX, BO3SMOXK-
HO nH(MPAKPACHOE U3JIyUeHNe POsi OJIM3KO PACIIOJIOZKEHHBIX SIUIIEHTPOB
3eMJIETPSICEHUIT CpejlHeil MHTEHCUBHOCTU, & TaKXKe yJajeHHbIe TPOIIH-
9ecKue MUKJIOHBI B TUX0OM OKeaHe KaK NCTOYHUK MOIIHBIX TIOTOKOB TeTl-
JIOTO ¥ BJIAYKHOTO BO3IyXA.

1.6 Bo3saeiicTBue NHTEHCUBHBIX IIOTOKOB
3JIEKTPOHOB U MPOTOHOB ¢ 3Heprueii 30 k3B Ha
HU3KOINNPOTHYIO MOHOChEpPy

Cyeoposa A.B.12, JImumpues A.B.1?

L Hayuonarvnwti Ienwmpanonsiti Ynusepcumem, Tatiears
2 HUUAD MI'Y um Jlomonocosa

CIyTHUKOBBIE SKCIEPUMEHTHI Ha MaJIbIX BBICOTAX IIOKA3aJIH, YTO
SHEPIUIHBIE SJIEKTPOHBI U IIPOTOHBI (JecsTKU K3B) U3 pajmanuoHHOro
nosica 3emun (PII3) MoryT npoHuKaTh BOJIM3H 9KBATOPaA B HOHOCDEDY.
BozeiictBue TOTOKOB 9THX 9YaCTHUI[ HA BEPXHUE CJIOM ATMOCHEPHI U
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noHocepbl B HACTOSINEE BpPEeMsI HEJOCTATOYHO XOPOIIO ulytdeHo. B
JaHHoi pabore Ha mpuMmepe MaruuTHON Oypm 22 urons 2009 wmccite-
JIYIOTCsI JIOKAJIbHbIE M3MEHEHUsl KOHIEHTPAIMU HOHOC(EPHBIX HOHOB
B obsactsx wHxKekiuii >30 k3B 3/IeKTpOHOB M NMPOTOHOB B HU3KO-
mupoTHyo monocdepy. llokaszano, 4TO yBesnMdYeHUWE KOHIIEHTPAIUU
noHOB B F' cj0e B yTpeHHEM CEeKTOpPe CBSI3aHO C JOIOTHUTEIbHON NOHU-
3amueil 10J] BO3/JEHCTBHEM SHEPIUYHBIX 3JeKTpOoHOB. MoHocdepnbie
HEOJIHOPOIHOCTU, HabJII0/IaeMble B HOYHOM CEKTOPE B BHUJIE CUJIbHBIX
dUIyKTyanuii KOHIIEHTPAIUA WOHOB, MOIJIM OBITH BBI3BAHBI BO3JIEli-
CTBUEM SHEPIUYHBIX TPOTOHOB. lIpmBeeHBI pe3ysbTaThl AHAIM3A
COJIHEYHO-TIUKJINIECKUX U TOJOBBIX BapUAIUN YaCTOTHI [TPOHUKHOBE-
HUsl 9HEPIUYHBIX JIEKTPOHOB U mporonoB PII3 B Hu3KOmmpoTHYIO
nonocdepy 3a nepuos ¢ 1998 mo 2019 rr.

1.7 Paspaborka moaeaun popMupoOBaHUSA
BO3MYIIeHiT HAIIPS>KEHHO-1e(POPMUPOBAHHOTO
COCTOSTHUSI T€OCPeIibl 110 JTAaHHBIM
aKycTu4ieckoro mouuropuura na Kam4aarke

Bodunuap I'M., Mapanyaey FO.B., Muwenxo M.A., Jlapuornos H.A.

Hnemumym kKocmoPuduseckus ucciedosanutl U pacnpocmparerus
paduosoan JIBO PAH

Pabora mocssiniena pazpaboTke MaTeMaTHIeCKuX Mogpesieil jgedop-
MAIMOHHBIX BO3MYIIEHUN BO (PpaKTAJIBHON Cpejie M HAKOILIEHUIO JTaH-
HBIX CHCTEM HEIPEPBIBHOTO aKyCTHIECKOT'0 MOHUTOPWHTA B CelCMUIe-
CKM akTUBHOM perunone. C MOMOIIBIO METOI0OB MATEMATHIECKOTO MOJIE-
JINPOBaHUS HAIPAKEHHO-Ie(OPMIPOBAHHOTO COCTOSHUS 3€MHOI KOPBI
MOJTyI€HO 0OOCHOBAHUE CBS3U aKyCTUIECKUX HAOJIIO/IEHNI B ceficMOaK-
THUBHOM DPETHOHE C IPOIECCAMU MOATOTOBKU CECMUYECKUX COOBITHIA.

Pabora Beimosnena B pamkax mpoekrta 18-5-002 «Mudopmarmonno-
BBIUNCJIATETbHAS CUCTEMa MOJETMPOBAHNS PACIPOCTPAHEHUS Te0aKy-
CTHYECKUX U HEJUHEWHBIX AePOPMAIMOHHBIX BO3MYIIEHUN B 3€MHOM
kope (paszen 1)» KomrurekcHoit mporpammMbl (yHIAMEHTAIBHBIX Ha-
yuHbIX uccjiegoBanuii lanbaeBocrounoro ormesenuss PAH «/lanpHuit
Boctok» ma 2018-2020 rr.
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1.8 Bpichinnanusi BBICOKOSHEPTUYHBIX JIEKTPOHOB U
X armocdepubrii 3ddeKT

Mupornosa H.A.', Posaros E.2

L Canxm-Iemepbypacruti 20cydapemeenmniil yHusepcumen
2 Physikalisch-Meteorologisches Observatorium World Radiation
Center, Davos, IAC ETH, Zurich, Switzerland

BospeiicTBust BbIChIIAHMI BHICOKOHEPIHIHBIX 371eKTpoHoB (HEEP)
Ha XUMUIO cpejiHeil aTMocdepbl BCe ele OCTAETCS HEPEITeHHBIM BOIIPO-
com. Jlns mosrydyeHust oTBeTa HA ITOT BOIPOC TPEOYETCS MPABUIIHLHOE
OIMCaHue WOHU3AINN, BBI3BAHHON OCAXKJIEHUEM SHEPIUYHBLIX YACTHUIL.
OHaKO 70 HACTOSIIIErO0 BpeMeHH (DaKTHIECKHe CKOPOCTH MOHU3AIUU
aTmocdepsr BO BpeMsi Bouichimanus HEEP ¢ sHeprusimu sjexTpoHoB B
IMana3oHe OT JecaTKOB K3B 1m0 meckosibkux MsB HemssecrHbl. 31ech
OyzeT 00CYKIATHCS IIPOIPECC B MOHUMAHWUY BBICHIIAHUS SHEPTUIHBIX
3JIEKTPOHOB, BBICOKUX U PEJIITUBUCTCKON Heprueii, B armocdepy 3em-
JII U TPOIECCOB, CBSI3AHHBIX C MOHU3AIUEeNl armMocdepbl U U3MEHEHU-
dAMI XUMHYecKoro cocrasa. Ocoboe BHuMaHMe Oy/eT yesIeHO HOBOM
GbYHKIINM OTKJINKA HA BBICHIIAHUS SHEPIUYHBIX JJIEKTPOHOB, MCIIOJIb-
3yeMOIl JIJ1d IPaBUAbHON PEKOHCTPYKIIMU CKOPOCTE MOHU3AIAN, UHTY-
nuposannoit HEEP, a Ttakyke m3ydeHUIo peakInu MoJsipHoOit aTMocde-
pot Ha HEEP. O6pa3zoBanue vedernoit rpymibt a3ota NOX, BOIOPOIHOI
rpynnbsl HOx u ornieHKa ucToIennst 030HOBOTO ¢Jiost, BbrzBanHoro HEEP,
U3y9aeTcsi C MOMOIIBIO PAIUAIMOHHO-KOHBEKTUBHONW MOJIEN C WHTEP-
AKTUBHOII HEHTpaJbHOII WU MOHHON XMMUEH, a TaKxKe CPABHUBACTCA CO
criyTHUKOBBIMU Habsoenustmu MLS.

UccnenoBanue BBITOJMHEHO TIpu (puHAHCOBOI 101 1epkKe PODU B
paMKax HaydHOro mpoekTa 20-55-12020.
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1.9 NcciaenoBaHue IIPOSABJIEHUI COJTHEYHO-3€MHBIX
CBsA3€ell B JUHAMUKE ITPU3E€MHOI0
aTMOCdEPHO-3JIEKTPUIECKOTO MOJIsI

Kyodpunckas T.B.Y, Kynosux I.B.', Adorcues A.X.2,
Satinemdunos B.I'3

L FOoicnwiti dhedepanvronti yrueepcumem
2 Buicokozopnwidi 2eousuneckuti unemumym
3 I'nasnas eeofusuneckan obcepsamopus um. A H. Boetixosa

B ycioBusx, mpoucxosnux B HACTOSIIEE BpeMsl TJIODATLHBIX U Pe-
TMOHAJBHBIX KJIUMATHYECKUX U3MEHEHUN COJTHETHO-36MHBIE CBSI3U OKa-
3bIBAIOT HECOMHEHHOE BJIMSHEUE Ha MOrofy u kJjmmar 3emun. [Ipobie-
Ma HMCCJIEOBAHUN CBA3CH COJIHEYHOII aKTUBHOCTU C IIONOJHBIMHU SBJIC-
HHUS U KJIMMaTOM, KaK B KPATKOCPOYHOM, TaK U B JOJITOCPOYHON IIep-
CIIEKTUBAX, 3aKJ/IIOYACTCS B HEBBISICHEHHBIX /10 KOHIA MEXaHU3MaX ee
BozzeiicTBusax Ha arMmocdepy. OIHUM M3 TaKUX MEXaHU3MOB, CIIOCO0-
HBIX OObSICHUTH BJIUSIHUE COJTHEYHON aKTUBHOCTH HA METEOPOJIOrHYe-
CKHUe U KJIMMATOJOTUIECKHUE IIPOIIECCHI, MOXKET ABJISATbCS aTMOchepHast
riobasibHas JIEKTPUYIECKasl IElb, XaPAKTEPUCTHKH KOTOPOi CBI3aHbI
¢ IapaMeTpaMH COJIHEYHOIl aKTHBHOCTHU, ILJIAHETADHBIMU HHJIEKCAMHU,
WHTEHCUBHOCTBIO TAJIAKTUIECKIX KOCMUYECKUX JIydeit u T.;1. B pabore
HCCIIeyeTCsl TTOBeJIeHNe aTMOC(HEPHOIO IJIEKTPUIECKOTO MOJIst BOJIU3U
3eMJIA B 3aBACUMOCTH OT JUHAMUKN COJTHEIHON akTuBHOCTH. K HACTOS-
IEeMY BPEMEHU 3aBePIIAeTCsl OUepeTHON IUKJI COTHETHON aKTHUBHOCTH,
MaKCHMyM KoToporo mpuiresncs Ha 2014 r., a MuaumMyM - Ha 2019 .
B kadecTBe mokaszaresieit COJIHEUHONW aKTUBHOCTH UCIIOJb30BAHDI: UHC-
JIO COJIHEYHBIX TATEH, KOJUIECTBO M MOIITHOCTD BCHBIMIEK, ITJIOTHOCTD
MMOTOKa pajuonsirydenus Ha JumHe Boaabl 10,7 cm. Kpome Toro, pac-
CMAaTPHUBAIOTCS PA3JIMIHbIE COCTOSTHUAS T€OMAarHUTHOTO IOJIs, XapaKTe-
PUCTHUKOI BO3MYIIEHUIT KOTOPOI'O fABJISIETCS ILUIaHeTapHblil nHieke (Ap-
unjiekc). B pabore npecraBieHbl pe3yJIbTaThl AHAIN3A, JTAHHBIX IKCIIe-
PUMEHTAJIbHBIX HAOJIO/IEHN 38 HAIPS)KEHHOCTBIO (IPaIeHTOM OTEeH-
[UaJIa) JIEKTPUIECKOro T10Jist ATMOC(hEPDI, MOy YeHHbIE B HECKOJbKUX
IMyHKTaX HAO/IIOMeHn aTMocdepHO-3IeKTprdeckoit ceru Pocruapomera
u Beicokoropaoro reopuzndeckoro vHCTUTYTa (B TOM YHCJIe Ha IIOJIsIp-
HBIX U BBICOKOTODHBIX CTaHIWsX). Ha OCHOBAHMH SKCIIEPUMEHTAIBHBIX
JIAHHBIX JIJIS TIEPUOJIOB MAKCUMyMa U MUHUMYMa, COJTHETHON aKTUBHO-
CTH: IIOCTPOEHDI JIMHUU PETPECCUN HAITPSI2KEHHOCTH TT0JIsI B 3aBUCUMOCTHU
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OT 3HAYEHUN MHJIEKCa BCILINIEYHOII aKTUBHOCTUA U IIOTOKA PaJUOU3IIY-
YeHUsl; ONIPEJIeSIEHDI CPeIHIE 3HAYUEHUS HAIPSKEHHOCTH aTMOC(hEPHOTO
JIEKTPUYECKOTO TI0J1sI TP PA3/IMYHON CTEIIEHN YUCJIa IISATEH Ha ITOBEPX-
woctu CoJiHIlE; PACCMOTPEHBI OCOOEHHOCTH BapUAIUil HAIIPSIXKEHHOCTHU
JIEKTPUIECKOTO TI0JIsI MPU3EMHON aTMOocdepbl IIPU HAOJIIOIEHUHA MOIII-
HBIX COJTHEYHBIX BCIIBIIIEK KJIACCa X U JJTsl yCJIoBwii criokoitnoro Costa-
11a; UCCJIEJOBAHDI CYTOYHbIE BapUAINE ATMOCHEPHOrO JIEKTPUIECKOTO
[I0JIsI B 3aBUCUMOCTH OT BEJIMYMHBI Ap-UHJEKCA [IPU MOBBIIIEHHO reo-
MarHUTHON aKTUBHOCTH.

1.10 JImmapuble mcciie1oBaHUS JTUHAMUKUT
BEPTUKAJIbHO-BPEMEHHON CTPYKTYPbI
crpaTocdepHOro a’po30Jisi Haa ToMckoMm B
2016-18 rr.

Mapumnes B.H.', Bouxosckuti J.A.', Buuros B.B.2

L Mnemumym xocmodusuneckur uccaedosanuti u pacnpocmparenus
paduosoan JIBO PAH
2 Onemumym onmuxu ammocgepv, um. B.E. 3yesa CO PAH

IIpeacraBiensl pe3yabTaThbl HAOIIOAEHUH OCOOEHHOCTEH BHYTPUTO-
JIOBOIl M3MEHYMBOCTU BEPTHUKAJIBHO-BPEMEHHON CTPYKTYPBI (POHOBOIO
a’pozoJist B crparocdepe Has 3anaaaoit CHOMPHIO 33 HOCIIEIHNE TOJIbI
(2016-18 rr). DKCrIEPUMEHTAJIBHBIE JAHHBIE ObLIM MOJIY YeHbI HA, JIMIAP-
wom komiutekce TOA CO PAH ¢ aumamerpom mpueMHOTO 3epKaja 1M.
Brimosinenubie ucciieoBannst OTHOCATCS K U3y 9€HUIO TUHAMUKA (DOHO-
BOro crparocdepHoro aspososs. Ilo pesynpraram ncciaenoBaHuit mosu-
TBEPKIAETCS] YCTOWYNBON BHYTPUTOIOBOM IUKJI MAKCUMAJIBHOIO a3pPO0-
30JIHOT'O HAIIOJIHEHUsI CTPATOC(hephl 3UMOii, YObIBAHUSI BECHOW JIO MU-
HUMAJIBHOTO, MPAKTUIEeCKOrO0 OTCYTCTBHUs JIETOM M BO3PACTAHUEM OCE-
HbI0. BMecTe ¢ TeM BBISIBIIEHA TUHAMUKA HEPABHOMEPHON cTpaTnduKa-
MY ¥ HAIOJHEHUS adpPO030Jisd, YCPEIHEHHTO 110 MECSIaM, JJIs Pa3HbIX
Jier. BriepBble mokas3aHO, 9TO CTpaTU(UKAIMS CTPATOC(EPHOrO a3po-
30J1s 110 BBICOTE B 3HAYUTE/ILHOM CTEIIEHU OIPEeIEsIsieTCs TEPMUIeCKUM
PEXKUMOM TOTPAHUIHOIO CJIOS Tporocdepa - crpaTocdepa.
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1.11 MamuaHOe 00ydYeHMe AJid 3a/a4
MO/ICJINPOBAaHUSA PEryJIspHON U HeperyJisipHOu
JUHAMUKU MOHOCKEPHI

Scroxesuw FO.B.', 2Kyxoe A.B.1'2, Hcroxesuw A.C.Y, Bechun A.M.},
Cudopos J[.H.*>?

L Huemumym coanewno-semnoti usuxu CO PAH, Poccus, Hpxymex
2 Uncmumym cucmem snepemury um. JI.A. Measenmvesa CO PAH,
Poccua, Hpxymcx

Iiobasnbable  Hapuranuonubsle ciyTHuKoBble cucrembl (I'HCC)
GPS/TJIOHACC/Galileo/BeiDou  mpemocTaBuin  OrpoOMHBIH  06beM
maHHBIX O cocrosinun uoHocdepbl. 'HCC obecmeunBaror BO3MOXK-
HoCTh it IGS 1o perysisipHOMy pacdery TJIO0ATbHBIX HOHOCHEPHBIX
kapr (GIM) mosiHOro 2JIeKTPOHHOrO cojepKanusd. BpemeHHoe pas-
perienne coBpeMeHHbIX KapT GIM mocturaer 15 mMuH. DTH KapTbl
[TO3BOJISIIOT PETYJIPHYIO OIEHKY PEryJsipHON JIMHAMUKH HOHOCHEPDI
1 ypoBHSI MOHOCKEPHON BO3MYIIEHHOCTH B PAa3JIMIHOM BPEMEHHOM
macmrabe. B pabore mTpemjIOXKEHBI JOCTUKEHUS TEXHOJOTMH Ma-
mwmuHOro 00yuenus (MO) musg cosmanus Mojeseil perysisipHoil u
HEPEryJIAPHON auHaMUKKM uoHOchepbl. OO0muii 00beM ITaHHBIX JIJIst
00y 1eHNsl / BaJIuAaIn / TECTUPOBAHNST TOKPBIBAET IPOMEXKYTOK ¢ 1998
mo 2019 rr. B kadecTBe BXOJIHBIX HUCHOJB3YIOTCA WHJEKCHI T'eOMar-
HATHOW W COJTHEYHON akTmBHOCTH. HaMu MCIOIBb30BaHA TEXHOJIOTHS
rpajiieHTHOr0 OyCTUHIA [JIsi IOCTPOeHnsl Mozeseit. st yMeHbinenust
IIPOCTPAHCTBEHHOW Pa3MEPHOCTH ¥ BBIYUCIUTEIbHBIX 3aTPaT ObLI
WCIOJIb30BAaH METOJ TJIABHBIX KOMIIOHEHT. PazpaboTaHHbIE MOEIN
PeryJIspHON JIMHAMUKHU ITOKA3bIBAIOT JIYHIIee COIVIACOBAHUE IO CPaB-
HEHUIO € YacTO WCHOJb3yeMoil momenbio NeQuick2 (yaydriennas
mozenb Galileo) u momenvio Kiobyuapa gy GPS. Uccienosanue
BBITIOJTHEHO TpHU Tofaepkke Poccuiickoro ¢omma dyHIaMEHTATLHBIX
uccaenosaanii (18-35-20038) u 6a30BOr0 HUHAHCHPOBAHUS TIPOTPAMMBI
OHIU II.16.
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1.12 Meron BbIgeieHUusI 6a30BOIi JUHUU U3
CIIEKTPAJIbHBIX CUTHAJIOB CJIOXKHOI (hOpMBbI

Tawxyn C.A.

Jlabopamopus dusuru xaiumama u oxpysrcarousets cpedv, UEHuUM
Vp®@YV, Examepunbype, Poccus

ITpengiozken MeToz BblesIeHs 6A30BOil JINHUN U3 CUTHAJIA V(X ), U3-
MepeHHOTro B N 9KBHIMCTAHTHBIX Toukax xi=x0+(i-1), rye mar B3srus
orcuera, a i = 1, ,N nomep orcuera. IIpemmonaraercs, aTo peructpupy-
eMblii curHaJ yi=y(xi) npejcrapisier coboil Cynepno3uIuio Moae3Horo
CUTHAJIA, CJIydaifHoro myma u 0a30Boit juHuu. Ba3oBas jmHus, urpa-
foIasi POJIb MEJJIEHHO MEHSIOIerocsi hoHa, 0bycJIOBIeHa, KaK MpaBH-
JI0, OCOOEHHOCTSIMU AIIapaTypbl perucrpanun. Jamass Mojiesb curaaia
SIBJISIETCS BECbMa ODITell, BO3HUKAIOIIEH BO MHOYKECTBE HAYIHBIX U TEX-
HUYecKuX npuioxkennii. [Ipe/araeMplii METOJI COCTOUT U3 TPEX OCHOB-
HBIX 91anos. (i) C nomorsio Metona SNIP cTposiTest BepXHssS 1 HUXKHSAS
orubdaroIIe UCXOTHOTO CIIEKTPA U BBIIEISIOTC M y9acTKOB HMeIoIye
mupuHy (PasHOCTH MeXKJy BepXHell M HUKHEjl OruOaouMy) MeHbIIe
HEKOTOPOro 3aganHoro mopora. (i) K BbLIEJIEHHBIM ydacTKaM IpuMe-
usiercd Kpurepuit Ljung-Box juist BbliesIeHns ¢ 3a/1aHHON JIOBEpUTEIIb-
HOIt BeposTHOCTBIO M1 y4acTKOB, COEPKAIUX JIUIIDb IIIyM U 6a30BYIO
Junuio (ili) BazoBast JiuHUST MOmEIUPYeTCs HANPSIKEHHBIM CILIAfiHOM
C aBTOMATHIECKUM BBHIOOPOM KOI(DDUITMEHTA, KECTKOCTU TTPOXOISIITIAM
yepe3 M1 y3m0B. ByayT npuBeseHs! IpuMepsl €ro IpUMeHEHUS K CJIOXK-
HBIM K0JI€OATEILHO-BPAIIATEIbHBIM MOJIEKYIISPHBIM Pyphe cHeKTpam
Gosbiioii pazmepuoctu (N > 106), a TakKe JaHbI CPABHEHUS C JIPY-
PUMU M3BECTHBIMU METOJIAMU. BYIyT TakyKe OOCYKJIEHBI OrPAHUICHUST
[IpeJIIaraeMoro MeTO/IA.
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1.13 MoaenupoBanue U3JIy9YeHUs CMeCHU
paaukasioB “N1°O u OH B
yJabTpadnoJIeTOBOI 00JIaCTH CIeKTpa

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

B pabore mpoBeneHO MOAEIMPOBAHUE CIEKTPA M3JIyI€HUs] Ta30BOM
CMeCH COCTOSIIIeH U3 JIBYXATOMHBIX CTaOMILHBIX paaukaios ‘A N160 u
$OH B ynprpaduonerosoM auanazone 200-400 uum. M3myueHne B 1aH-
HOIt 06JTACTH CIIEKTPa 06YCIIOBJICHO 3JIeKTPOHHBIME Irepexoaamu 211—2%
u 211 —2 II. Pacuer mapaMeTpOB CIEKTPAJILHBIX JHHII 3IeKTPOHHBIX
IePEXO0JI0B, TPOBO/INJICS Ha OCHOBE CO3/IaHHON mporpamMMbl «SpecRad».

1.14 HoBble BO3MOXKHOCTU U3yYeHUsI HOHOCEEPHI C
ucnoab3oBanuem cucrembl SIMuRG (System
for Ionosphere Monitoring and Research
from GINSS)

Scioxesun [0.B.}, Kucenes A.B.Y, XKusemves U.B.",
Edemcruti U.K.Y?%, Maneuxuii B.M.*, Cuposamcrkuii C.B.},
2Kyros A.B.Y3, Cudopos [.H.1+3, Cepebpennuxosa C.A.1,

Becnun A.M.!

L Huemumym coanewno-semnoti usuxu CO PAH, Poccus, Hpxymex
2 Institute of Atmospheric Physics, Czech Academy of Science,
Prague, Czech Republic
3 Unemumym cucmem snepzemuru um. JIA. Mesenmoesa CO PAH,
Poccus, Hpxymck

Cucrema SIMuRG (System for the Ionosphere Monitoring and
Researching from GNSS, https://simurg.iszf.irk.ru) 6eu1a paspaborana
B IC3® CO PAH pgna paborsl ¢ manubiMu RINEX rio6asbmoil ce-
t npremaukoB 'HCC. SIMuRG ocyinecTiisier aBTOMaTHIECKYIO 3a-
rpy3Ky, obpaborky um Budyanusarnuio maaabix [HCC. ITomumo Toro,
910 crucTeMa Oeper Ha cebd PYTUHHYIO 00pabOTKy, UTO caMo 1o cede
IIOJIE3HO, OHa TaKKe IIpeI0CTaBJIfAeT HOBBIE UJIN YJIYyYIII€eHHbIC TaHHbIE.
Bce TuIbl JIAaHHBIX OCHOBAHBI HA IIOJHOM 3JIEKTPOHHOM COJIEPKAHUHI
(IT9C), paccunrbiBaemom u3 RINEX-daitios, a takxke riaobajibHbIX
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nonocdepubix KapT. OcnoBHoit Tun Janubix Bapuanuun [19C. Hamun
BHEJIpEHA HOBasi poIieypa puiIbTPaIiy, HAITPABJIEHHAsT HA yCTPaHe-
Hre apredaKToB, BOSHUKAIONINX IIPU CTaHIApTHON (ubrpanuu. Ha-
psany c¢ II9C B cucreme ucnosbsytorest nugekcsi ROTI u AATR ms
JIyYIIero MoHUMaHusi nonocdepHoit nzmenunsoctu. ClieryromuM Tu-
[IOM JIAaHHBIX ABJIsIeTCs TpuBejiennoe abcosorHoe 119C. s aroro
ucnosb3yorcest KapTel GIM 1 BeiBesierust Beex psioB 119C ¢ pas-
JINYHBIX JIy4Yeil CIlyTHUK-IIPUEMHUK Ha OOl ypoBeHb. [IpuBeaeHHoe
I[I9C pacmupsier BO3MOXKHOCTH KapT BOJIU3U PACIIOJIOKEHHUS CTAHIUI
MoIHUMAsT BpeMeHHoe pasperierue 10 30 CEeKyHI u IpemocTaBiss 6o-
Jiee BBICOKOE MPOCTPAHCTBEHHOE pa3pererue. T peTuii TUIT JaHHBIX pea-
smzarust narepdepomerpudeckoro Meroga D1 jist pacuera ckopocreit
nonocdepubix Bodmyinennii. SIMuRG mosBoJisier usydars HEOIHOPOI-
HOCTHU pa3ndHOil mpupojbl. [IpecraBiieHHbIE BBIIIE JTAHHBIE JOMOJI-
HEHbl MHTEPAKTUBHBIM OJIOKOM pacdera reoMerpuu. JeTBepThIi THUIl
JAHHBIX IJI00aJIbHOE U PErMOHAIBHOE 3JIeKTpoHHOe cojepxkanue (['DC,
P3C, https://simurg.iszf.irk.ru/gec). Mmeerca Bo3MOXKHOCTH pacuera
P3C B reorpaduueckux u reOMarHUTHBIX KOOpJIUHATaX. ba3a JaHHBIX
SIMuRG moxKeT MCII0JIb30BaThCs JJIsl 3a/lad MaIlMHHOIO 00ydJeHus. B
9aCTHOCTH, OBLTN CJI€JIAHBI OIIEHKU ITOCTYILIEHNs] aBPOPAJIbHOI SHEPIUU
Ha ocHoBe Kapt Bapuanuit [I9C. Mbr nipe/iosiaraeM, 9To MpeacTaBieH-
HbI€ HOBBIE JIAHHBIE MOT'YT OBITH IIOJIE3HBI HAYIHOMY coobitecTBy. Pabdo-
Ta BBIIOJIHEHA 3a cder rpaHTa Poccuiickoro mayunoro douzma (IIpoekr

17-77-20005)
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1.15 OcobeHHOCTH CYTOYHBIX M CE30HHBIX
Bapuanuii aMrnTyabl 1 (a3pl pagnocuraaia
nepeagaryunkoB PCJ/IH-20 u nHTEeHCUBHOCTH
pazmornyma (11,9 xkI'it) npu perucrparum B
Axyrcke B Tedyernue 2009-2017 rr

Kopcaxos A.A.', Kosnos B.M.', Ilasros E.A.1+?

L Hnemumym xocmodusuieckur uccaedosamuti U asaporomu
um. FO.I. Ilagepa CO PAH, OUI] «dxymexuts naywnot yenmp CO
PAH»

2 Cesepo-Bocmownwiti dedeparvirniti yrnueepcumem umenu M. K.
Ammocosa

B r. dxyrcke 3a mepmoxm 2009-2017 1T BbIIESIEHBI CYTOYHBIE U
CE30HHBbIE BapUAINK AMILIUTYABI U (Ha3bl CUTHAJIOB PaJINOIEePeIaTdIn-
KOB, PACIOJIOXKEHHBIX BOJIM3M TopojioB Xabaposck, HoBocubupck u
Kpacuozmap (cucrema PCJ/TH-20), BbliesIeHBI BAPUAIMA MHTEHCUBHOCTH
paguornyma Ha gacrore 11,9 kL' (auanazon OHY). Ilpumensiercs Kop-
PEJISINOHHBIN (DUIBTP C MPSAMOYTOJBHBIM OKHOM, ITOJI0CA (DUIBTPAITAT
372 I'm. [yt BceX C€30HOB BBIJIEJIEHBI MHTEPBAJIBI BPEMEHU, XapaKTe-
pU3yIoIye aMIUIUTYLy 1 a3y paJUOCUIHAJIOB B JHEBHOE U HOYHOE
BpeMsi: pajmoTpacca Xabaposck fAkyrck (mporszkeHHocTh 1400 KM):
2-6 UT (nenn), 15-16 UT (Houb); paguorpacca Hosocubupck fAxyrek
(2640 km): 3-7 UT (menb), 16:30-17:30 UT (Houb); pajmorpacca
Kpacuogap fxyrck (5780 km): 5-7 UT (nensn), 18-20 UT (uous); pa-
nuomyM 1pu perucrpanuu B Akyreke: 3-7 UT (nensn), 16:30-17:30 UT
(roup). Ammmnryna OHY curnana jgHeM MeHbIe 4eM HOUbKO. JleTowm,
koryta CoJiHIle HAXOIUTCS B 3€HUTE HA CepeIMHe KaXKJoi pajmorpac-
Cbl PErUCTPUPYETCST MAKCUMYM aMILIATYIbI, KOTOPBIH MPaKTUIeCKU
JOCTATAET HOYHBIX 3HAYEHUU aMILIATYAbl paauocurHajioB. HanMeHnb-
llee OTHOIIEHME CHI'HAJI/IIYM YAAJEHHOro or $IKyTcka Iepeiarduka
Kpacnomap cocrapmster 2,5 nbB, mabusomaercss B JieTHuit mepuon 6-9
UT (makcumyM MecTHOH rpo3oBoii akrusHOCTH). Ce30HHBIE BapUAIIUY
aAMILINTY/IBI B JIHEBHBIX YCJIOBUSX HamboJiee BBIPAXKEHBI, UTO CBSI3aHO
¢ yMmeHbimeHneM 3eHUTHOrO yriaa CoJHIA HaJ pPaJIroTPACCAMHU OT
IeKa0dpst K MIOHIO, YBEJNIEHUEM BBICOTHOTO T'DAINEHTa KOHIICHTPAIIAN
JIEKTPOHOB HIKHENH noHOChEPHI. B Ce30HHBIX THEBHBIX BapPUAIMAX
AMIIIUTY/IblI BBIJAC/TIACTCA aCUMMETPpUA: aMIIJINTYy/la B II€PUO/] OCEHHETO
PaBHOJICHCTBUs OJIMXKE COBIAJAET C JIETHUM COJIHIIECTOSTHHEM, a aM-
IJINTY/Ia BECEHHEr0 PAaBHOJICHCTBUSI OJIMKe 110 3HAYEHUSM K IHEPHOILY
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3UMHEr0 COJIHIIECTOSTHUS. DTO COTJIACYETCS C CE30HHOM acuMMerpueit
BBICOTHBIX MPOMUIIEH KOHIIEHTPAIIUHN JIEKTPOHOB HUKHEN NOHOCKhEDHI.
OwmedeHo moBbIIIeHHE (PA30BOIl 3aJEPKKU  [IPUHUMAEMOIO CUTHAJIA
OT JH{ K HOYM, YTO XAPAKTEPHO Jjisi IOBBIMIEHUsT (hDHEKTUBHON
BBICOTBI BOJIHOBOJA 3eMJisi MOHOChepa HOouYbio. VcKirodeHnue cocras-
JITeT HOYHOE TMOHMKeHme (a30BOM 3aepKKM Ha Tpacce XabapOoBCK
SKyTCK, KOTOpOE MOXKHO TPAKTOBATH KAK PE3yJIbTAT WHTEPMOEPEHITNI
MOJI, BBICIIIUX IIOPSJIKOB. B HOYHOM BOJIHOBOJIE Ha Tpacce HeOOJIBIIOi
nporsizkennocTr (1400 KM) BKJIAJ MOJ, BBICIIUX IIOPSIKOB OCTAETCS
3HAYUTE/HLHBIM. BBITOTHEHO Tpu mojjep:kke MuHucTepcTBa HAyKU
u BbIcIIero obpazoBanusi Poccuiickoit @emepanuu OIOIKETHON TEMBI
11.16.2.1. (momep rocperucrpamuu NeAAAA-A17-117021450059-3) u
POOU Ne18-45-140028 p_ a.

1.16 Omnenka 3dpPHEeKTUBHOCTU IIPOTHO3A
3eMJIETPSICEHU 10 OTPUIATEIbHBIM
aHOMAJIMSIM aTMOCQEPHOro JIEKTPUIECKOTO
moJist

Cmupros C.3.

Hnemumym kKocmoPuduseckus ucciedosanut U pacnpocmparerus
paduosoan JIBO PAH

B ycnoBusix xoporteit moroibl rpaJIneHT MOTEHITAAIA JTEKTPUIECKO-
o TOJI B IPU3EMHOM CJIO€ BO3JIyXa TPUHUMAET TOJIOKUTETbHbIE 3HA-
genusi. OTpuIaTebHbIE AHOMAJIMY TTOJI BO3HUKAIOT 110 JIECTBUEM pas3-
JIMIHBIX NOHU3AIMOHHBIX IIPOIECCOB, TAKNX KaK ITOTOK IaJaKTHIECKIX
KOCMUYeCKHX Jydeil u sMaHalmeill paJ[MOaKTUBHBIX I'a30B U3 IIOUBHI.
B ycioBusx criokoitHOM reoOMarHuTHON OOCTAHOBKHU U XOPOIIeH IToro/ bl
OTPUIATEIbHBIE AHOMAJMN MOYKHO UCIOJIH30BATH B KAYECTBE ITPOTHO-
3a 3emuieTpsicenuit. B mamHOl pabore mccienoBaaoch 3hhEKTUBHOCTD
MIPOTHO3a 3eMJIETPSCEHU 0 OTPUIATEILHBIM AHOMAJIMSM. BBLIO 1M0-
JIydeHo, 9TO 3(pHEKTUBHOCTH TAKOTO MPOTHO3a MPU JIOOBIX MOTOTHBIX
ycaoBusx cocrasisier 10%.
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1.17 IlapameTpbl JUHUN BYJIKAHUYECKUX T'a30B
(COy m CO): nzmepeHusi u pacdeTbl

Iemposa T.M., Jletivyau B.M., Jlaspenmvesa H.H.,
Jlaspenmuves H.A., @Pazaues A.3.

Huemumym onmuxu ammocgepv, um. B.E. 3yesa CO PAH

[Tpu usyueHnn ByJIKAHUIECKON aKTUBHOCTHA HEOOXOIUMO 3HAHUE JU-
HaMUKHU OKHCJIOB yIJIEPOJa B IPU3EMHBIX CJIOSIX aTMocdephl. Takue nc-
CJIeZIOBAHUS TIPOBOJSTCS IIPU PETUCTPAIIAN COJTHEIHBIX CIIEKTPOB aTMO-
cepsl ¢ TOMOIIBI0 Ha3zeMHBIX cranmmii, Ha ocaHoBe ®TC crexkTpomer-
poB. st perucTpaiuu COJHEYHBIX CIIEKTPOB HEOOXOIUMBI JTaHHBIE 110
koaddurmenTon ymmpenus: juauii CO, COy u HyO, yInmpeHHbIX 0C-
HOBHBIMHU ra3aMu aTMOc(epbl, TAaKUMHA Kak a30T u Kucjaopod, u C'Oag,
MIOCJIEIHAI BBIJEJISETCS MPU BYJKAHUIECKON JesiTesibHOCTH. V3Mmepe-
uus noryommenust 12C1602 B cnekrpasbhoit obactu 9340 9650 cm-1
npoBejiennl Ha Pypoe-ciekrpomerpe Bruker IFS 125HR, corsacoBan-
HOM C MHOTI'OXOJIOBOI M3MepuTesIbHOM KioBeToii. Ilosyden 6osbImoit mac-
cuB K03 puImenToB ymmpenns u casura Juaui mojock 20032 00001
YIJIEKHCJIOTO Ta3a COOCTBEHHBIM JaBjeHneM. [IpoBeieHbI pacdersl KO-
3 UIMEHTOB yIUpeHnst JTUHUN OKCHUIA U AUOKCHJIA YIJIEPOIa, & TaK-
Ke JuHuil BojsgHOro napa gasienuem C'Oo. Vcmonb3oBanbl 2 MeToa
BBIYUCJICHUN: IIOJIy9MIIMPUYECKUI MeTO/, OCHOBAHHBII Ha II0JIYKJIACCU-
YEeCKOHN yIapHON Teopuu YUIUPEHUs JIUHUNA U JOIOJHEHHDLI BBEICHU-
€M KOPPEKTHPYIoIiero GpakTopa, nmapamMerpbl KOTOPOTO OIPEIEISTIOTCs
C MCIIOJIb30BaHIEM SKCIIepUMeHTAIbHBIX JaHHbIx [Mol. Phys. 102 (2004)
1653], a Takzke Meroj cpenuux dactoT [Ont. Armocd. Okean. 28 (2015)
675]. Berumnciennst oIy mupuH JUHAN TPOBEIEHBI 1J1s1 KOMHATHO TeM-
neparypbl (296 K) u jyisi mHTepBaia TeMIeparyp, XapaKTepHBIX s
aTMocdepbl 3emjin. Pacuersl ObLIN BBIIOJHEHB! JJIsl THPOKOTO JIUa-
[IA30HA BpallaTe/IbHOrO KBauToBoro ducia J (mo 100). Iis kaxmoit
MIOJIYIIAPAHBI JINHAWA BBIYUCIEHBI KOIMDUIMEHTHI TEMITEPATYPHON 3a-
BucumocTu. [losryueno xopoiree coriacue Moy IeHHBIX HAME [TapaMeT-
POB KOHTYDa JIMHUII C JINTEPATYPHBIME JAaHHBIMEA. ABTODBI HJ1aro1apst
3a dunancosyto nosepxkky POOU (rpant No 19-03-00389a).
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1.18 IIposiBjieHus rii00aJIbHBIX BO3MYIIEHU
reOMarHUTHOTO T0JIs B JUHAMUKE T'PO3

Xaepounos H.C.*, Iocannyes .01, Karnornuou K.X.2,
Kyoocaes A. V.1, Judsanckui A.C.Y, ITemxos B.B.!,
Xaepounos M.H.!

L Huemumym adeprox uccaedosarnuti PAH
2 Hnemumym 3emino20 maenemusma, UoHOCHEPbL U PACTPOCTNPAHEHUA
paduososan um. H. B. [lywrosa PAH

Ucnionb3yst MeTOJ, AUATHOCTHKY JIEKTPUIECKOTO COCTOSIHUSI TPO-
30BOIi aTMOC(EPHI 110 BapHUAIUsIM BTOPUYHBIX YACTHI] KOCMUIECKUX
sydeit perucrpupyembix ycranoskoit Kosép BHO NAN PAH, o6uapy-
2KEHO sIBJIEHIE B3AUMHOIO BIIUSHUS MarHuTocGepHoil 6ypu u rpo30Boit
AKTUBHOCTHU. YCTAHOBJIEHO, YTO BO BpeMsI MarHUTOCEPHBIX CyOOyph
MaJjIOil MOIIHOCTH, HA IPEIBAPUTE/ILHON CTaIuu U B Hadaje (asbl
pa3BUTHs, BO3MOXKHO ITPOHUKHOBEHHE MATHUTOC(EPHO MOHOCKHEPHBIX
BO3MyIIEHHI Ha cpeanue mupoThbl (40 c.in.) Haj rPO30BLIMU OYAraMU.
[IposiBastiorcst B Bume mudHy3HOrO CBEUEHUsT TUTIA TOJISIPHOE CUSIHUE
apkocTbio 3 10-4 Kj/M2 U JIOKAJIBHBIX BO3MYIIEHUIl 3JIEKTPUIECKOrO
oJIsT ¢ XapaKTePHOH pPa3HOCTHIO MOTEHIMaJoB B Tporocdepe 100
MB. 3aperucrpupoBato JokajabHoe MaruuTHoe Bo3myrerue (1 aT),
COOTBETCTBYIOIIEE BO3HUKHOBEHUIO JIOKAJTBHOTO BEPTUKAJIHHOIO TOKA B
aTMocdepe, MAKCUMyM KOTOPOIO COBHAJI C HAYAJIOM B3PBIBHON (has3bl
3apoK/JIeHUS CyOOypH.

1.19 Paccessinue Ha B0O30y>KJ€HHbIX KOMIIOHEHTaX
arMocdepbl Kak MPpUYNHA POCTA JINJIAPHOTO
curHaJjia B BepxHeil u cpeJHeil armocdepe

Bwuxos B.B., Cepedxun U.H.

Huemumym xocmopusuneckur uccaedosanutt u pacnpocmpaHerus
paduosonr JIBO PAH

AHajm3upyloTcs JaHHbIE PE30HAHCHOIO pAacCesiHUsl B BEpXHEH u
cpenneit armocdepe Kamuarku. YTouHeH MEXaHU3M B3aUMOJEHCTBUS
JIA3epHOI'0 MMITYJIbCa, C BO30YKJIEHHBIMU MOHaMu. [lokazaHo, 4TO 1O-
BBIIIIEHUE CUT'HAJIA paccesiius Ha BbicoTax 350-450 KM Ha JJIMHE BOJIHBI
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561 mM 0Oyc/IOBJIEHO paccesdHreM Ha HMOHAX MaKCHMyMa cjos F2
BO30Y KJIEHHBIX BBICHIIABIINMUCH J€KTpoHaMu. Dosbiime Bapuaun
CUT'HAJIa HA 9THX BBICOTAX BBI3BAHBI IIPOCTPAHCTBEHHBIMU HEOIHO-
POJHOCTSIMU ILJIA3Mbl B HOHOC(EpE, UTO TOITBEPIKIAETCH JTAHHBIMU
MOHO30HIa. Y TOYHEH aHAJU3 B3aUMOJEHCTBUS JA3€PHOTO UMITYJIbCA, C
BO30OY2K/IEHHBIMIA MOHAMU B CTpaTocdepe, YITEHO BIIMSHIE CTOJKHO-
BEeHUII Ha BpeMs KU3HU HOHOB. [loKazaHo, 9TO I MCIIOIB30BAHHOIO
Jugapa B cpesineit armocdepe st BeIcOT 60bine 10 KM BBITTOTHIIOTCS
YCJIOBHSI TapAaHTUPOBAHHOI'O B3aMMOJIEHCTBUS C U3JIyUYeHHEeM KaXKIIO0ro
pommBIierocst B crpobe mona. [IpuBomsiTcs pe3yabraThl IKCIEPUMEH-
TOB [0 CINIWBAHUIO OCHOBHOTO W OCJIA0JIEHHOTO CHUTHAJIOB OT OJIHOTO
MIPUEMHUKA, C IEJIbI0 IMTOJIy9eHUs] HEIPEPHIBHOIO CHTHAJIA OOPATHOIO
paccesuust B objactu BbicoT 10-600 kM. HeobxoamMocTh HCIOIB30-
BaHUsI 9TOTO METOJA BbI3BaHA OOJIBIIAM JIMHAMAYECKUM JIAATIA30HOM
curtajia obpatHoro paccesiaus. OOCYKIAIOTCsI CILy THUKOBBIE JTAHHBIE
110 U3MEPEHUIO TTOTOKOB 3aPsi?)KeHHBIX YACTHUIL B BepXHe aTMocdepe.

1.20 Pacuer anasora DST-unaekca 1mo maHHBIM
poOCCcUiicKux reOMarHUTHBIX obcepBaToOpuii

Mowanosa A.B., Movanos B.A., Mandpurosa O.B.

Hnemumym K0cmoPusurieckus ucciedosanuli u pacnpocmpaHerus
paduosonn JIBO PAH

B pabore amam3upyercs BO3MOKHOCTH IMOCTPOeHUsT aHaJsora Dst-
WHJIEKCA 110 JAHHBIM C POCCUMCKUX IeOMArHUTHBIX 06CEpBaTOPUIA.

[IpoBomuTcst cpaBHUTENBHBIN aHau3 3HavdeHuil Dst-uHmekca, BbI-
YUCJEHHOTO KJIACCUIECKUM CIIOCOO0M (110 JaHHBIM ¢ 4 NPUIKBATOPH-
anbHbix crannmit: Hermanus, Kakioka, Honolulu u San Juan), co 3ua-
qeHusiMA Dst-WHJIEKCa, MOCIUTAHHOTO 110 JAHHBIM HCKJIOYUTEIHHO C
Poccniickux cranrmmii.
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1.21 CBeueHue HOYHOTO HeDA B «XOPOMIYO»
IOT0/Iy HA CPeJIHUX IUPOTAX

Xaepdunos H.C., Jlocannyes /. /1., Kydocaes A. Y.,
Judsancrkut A.C., Ilemxos B.B., Xaepdurnos M.H.

Hremumym adeproir uccaedosanuti PAH

B paGore [Chilingarian at all, 2019] Geutm mpemcTaBiIeHBl pe-
3yJbTaThl peructpanun ycranoskoit Aparar [40.5N, 44.4E| novnOro
Habmonenust (¢ 1 Ha 2 cenTsiopss 2019 r.) SPKOro HENPEPHIBHOIO
CBEYEHUs] TI'PO30OBBIX OOJIAKOB, COIPOBOXKJIAEMOT'O 3HAYUTEIHHBIM
BO3MYIIIEHNEM WHTEHCUBHOCTH TaMMa KBAHTOB T'€HEPHPOBAHHBIX B
JIEKTPUIECKOM Tiojie. B sror mepmoy Ha ycranoBke Kosép BHO
NAN PAH [43.3 N, 42.7 E| o6Hapy»KeHO CBeueHHe HOYHOTO HebHa
HA CpEJHUX MIUPOTax B Xopoinyio moromy. OHO BO3HUKJIIO HPH 00-
pa30oBaHUU HaJ| YCTAHOBKOW 3JIEKTPUYECKOTO IOJI € PAa3HOCTHIO
norerruaioB B Tporocdepe 50 MB. Ceeuenne BhI3BAHO HAJIOXKEHUEM
abdekTa CeHCMUIECKNX MPOIECCOB M HAJUYUUEM MEXKIIOJIYIIIAPHOTO
TOKa, [PUYUHON KOTOPOIO, $BJISETCS BO3MYIIEHUE IJIEKTPUIECKOIO
I0JIsT MEKIIJIAHETHOMN TTa3Mbl OKPY2KAIOMIeH 3eMITo.

1.22 Ce30HHbIE U T'OJIOBbIE BapHUaIluu
HANPSI2KEHHOCTU aTMOC(hepHOTo
JIEKTPUYECKOT'O NOoJid B 24 MUKJIE COJIHEYHOMN
AKTHUBHOCTHU MO HabJoaeHusAM B fKyTcke

Toponos A.A., Kosaos B.HU., Kapumos P.P.

Hremumym kocmopusuveckur uccaedo8auull u aapoHomMuL
um. FO.I'. Hlagepa CO PAH

Paccmorpenbl Bapuarum aTMOC(EPHOIO 3JIEKTPUIECKOTO IOJIsSI B
YCJIOBUSIX XOPOIIIEi TOroJibl B 24 NmuKJe coHevnoit akrusHoctu ¢ 2009
o 2019 roger o HabsromeHnsM B Ky TCKe. it m3MepeHnst HAIIpsizKeH-
HOCTHU aTMOCGHEPHOT0 JIEKTPUIECKOTO OJIS UCIIOIB3YETCs SJIEKTPOCTa-
THYecKnit (HIIOKCMETP, CMOHTHUPOBAHHBII Ha KPBIIIe TVIABHOIO 3IAHUS
NKOUA CO PAH (N 62 17, E129 43’) B . IkyTcke. [Tpubop nmeer aua-
[Ma30H U3MEPEHUN HAIIPSXKEHHOCTH aTMOC(HEPHOIO 3JIEKTPUIECKOTO I10-
ag +/- 50 kB/M ¢ Tounocteio + /-1 B/M. Perucrpupyromuii KoMieke
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peanu3oBaH Ha 6a3e HETOYKa M aHAJIOTO-IIM(pPOBOrO IPeodpa3oBaTEIT
(AIII) E 14-440 L-Card. /laHHBIe 3aIMCBHIBAIOTCS HA YKECTKUH JINCK
HerOyKa OJiH pa3 B cekyHy. [lo pe3ysibraram aHau3a JAHHBIX aTMO-
cdeproro snekTpuaeckoro moss ¢ 2009 mo 2019 rr. B . dkyTcke, ycra-
HOBJIEHO, CE30HHBIN XOJ CPEIHEMECSIHBIX 3HAYCHUI HAIPSIKEHHOCTU
[I0JI UMeeT MAKCHUMYMbBI B BECEHHUE U OCEHHUE MECSIIbl U MUHUMYMBI,
KOTOpBbIE IIPUXO/IATCS Ha JIETHUE U 3UMHUE MecAnbl. ['0/10Bble Bapuaun
HAIIPSI>KEHHOCTH TI0JIsl B YCJIOBHUSX XOPOIIEH OroJIbI 38 IEPUO] HabJII0-
JIeHWii TTOBTOPSIIOTCST M3 T'OJa B T'OJ, MUHUMYMbI U MAKCHUMYyMbI ITPaK-
TUYECKH HE CMEIAIOTCS [0 MecdraM. B BapHanusix CpeIHEeMeCTIHBIX
3HAYEHUN HAIPSKEHHOCTH IJIEKTPUIECKOTO ITOJI HADIIOMAETCS TPEH/T
K YMEHBIITEHUIO AMIITUTY/Ibl CE30HHBIX BAPUAIH HAIPSIKEHHOCTH TI0JIsT
U CPEJIHUAX T'OJ0BBIX 3HAYEHUI BEJIMYNHBI HAIIPS?KEHHOCTHU ITIOJIS.

1.23 CyTouHble Bapualuu NHAEKcA pedpakiuym Ha
fore BUTUMCKOro IJjI0CKOropbsi B pa3Hble
CEe30HBI roja

bBasaposa A.C., Amymos E.B., Basapos A.B., bBawxyes I0.5.
Hremumym dusuveckozo mamepuanosedenus, CO PAH

AxryasbHOCTD TTPOBJIEMBI U3yYeHUsT pePPAKIIMOHHBIX CBORCTB TPO-
ocephl IpeIonpeiesieHa HaPACTAIONIIMM TEMITOM HCIIOJIb30BAHUSA Pa-
JIMOMETEOPOJIOTTIECKUX [1aPAMETPOB IIPU IPOEKTUPOBAHUN U SKCILIya-
Taruu paauodaekTporabix cucrem ['JIOHACC-GPS u GSM B pazjimd-
HBIX (PUBMKO-KJIMMATUIECKUX PErMOHAX 3eMJIM, B YACTHOCTU HA BOCTO-
ke Poccun. Ilepen crienmasmcraMu cTouT ocTpast HEOOXOIUMOCTh U3Y-
quTh 3aKOHOMepHOCTHU pacrnpocrpanenus: Y KB-CBY pagumoBosn ¢ yue-
TOM BJIMSIHUS BCEX CJIOEB aTMOCHEPHI KAK CPEJbl ¢ IePEMEHHBIM TOKa~
3aTesieM IpejiomieHus. B 10K/Ia/ie IpUBEIeH pacieT UHIEKCa [IPEIOM-
Jienust N Ha OCHOBE METEOJAHHBIX aTMOCHEPHO-IIOYBEHHOIO H3MEpPU-
tesibHOrO KoMiniekca ATTNK, pasmernennoro Ha 6a3e U3MEPUTEIHLHOIO
cranmonapa B C. Cocuoo-O3zepckoe Epasaunckoro paitona Pecrybiim-
ku Bypsarus. YcTaHoB€HbI 3aBUCHMOCTH UHIEKCA pedPAKIUU OT aT-
MOC(EPHOT0 JaBJIEHIe, YIPYTOCTH BOJISIHOIO I1apa U abCOJIIOTHONW TeM-
[epaTypbl BO3/LyXa.
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1.24 SkKcnepuMeHTaJIbHbIE NCCJIEIOBAHUS
xapaktepuctuk CHY curnaJos,
BO30Y>K/JaeMbIX IIPU BO3JECTBUU
MPOMOIYJIMPOBAHHOTO U3JIyY€HUs] HArPEBHOTO
creHyia EISCAT-heating

Beaos A.C.', @ponos B.J1.}:2

L' @rA0yY BO «Hayuonaavroui uccaedosamenvcrutdi Huotcezopodexudi
eocydapcmeennoili yrusepcumem umenyu H.H. Jlobavwesckozos
2 @rAOY BO «Kasancrudi (IIpusoastcerudi) dhedepanvmwii
YHUBEPCUMEM »

B paotre mpencraBieHbl pe3ysbTaThl HENOCPEACTBEHHBIX (in situ)
n3MepeHnit Ha BbicoTax 660 KM ¢ mOMOIIBIO OOPTOBOI armaparypbl
dpanmnysckoro wmurpocnytanka DEMETER  xapakrepuctuk CHY
u3JIydeHuil, BO30YXK/aeMbIX IIPU HarpeBe HMOHOCHEPHON IIJIA3MBI
MU3JIy4eHueM BBICOKOIMPOTHOrO HarpesHoro creniga EISCAT. B
nepuox 2006-2010 rr. 610 MpoBeaeHO TOpsiaKa 50 IKCIEPUMEHTOB.
BozgeiictBue ocymiecTBIsIOCH B BEUEpHUE UACHl MOIHONW DPaIHOBOJI-
woii X-mossgpusanuu. B sKcrepuMeHTax HCIIOIb30BAIOCH U3JLydeHne
BostHbl Hakadku Ha dacrore 4040 x['m (3950 xI'm) ¢ addexruBHOI
n3aydaemMoil MomuocThio nopsiika 180 MBt. Momnas pajumososina
ObLIa IPOMOJLY/IMPOBAHA 110 aMILIUTYJE B PeXuUMe MeaHiap (dactora
MozyJanuu Jiexkana B juanazone 218-1178 T'm). Ilokasamo, uro: -
sbdekTuBnas remepamus CHY wmziyueHuit mmeer mMecro m B OUYEHBb
CHOKOWHBIX T€OMATrHUTHBIX YCJIOBUSX; - IIOJIOKEHIE BBICOKOIIIMPOTHOIO
noHOC(hEPHOr0 IIPOBaJIa OTHOCUTEJHHO ODJIACTH HAIrpeBa OKa3bIBAeT
3HaunTe/IbHOE BiusiHue Ha wuHTeHcuBHOCTH CHY wusiyuennii. Ilpum
PACIIOJIOZKEHUN 30HBI HAPEBA B ODJIACTU BBICOKOIIMPOTHOIO IIPOBAJa
HabJioflaeTcst HambOJiee WHTEHCHUBHASI TEHEPAIMs HU3KOYACTOTHBIX
CUT'HAJIOB. XapaKTepHble MAKCHMAJIbHbIE YDPOBHU HAIPSIKEHHOCTH
snextpuaeckoro noass CHY wmsmyuenuit B atom caygae (400 MxB/m)
Ha MOPSJIOK IPEBOCXOJISIT COOTBETCTBYIOIINE 3HAYEHUSI [IPU PACIIOJIO-
JKEHUU BBICOKOIIMPOTHOIO MpoBaJja B objiacTu 6ojiee HUBKUX IMUPOT;
- IpU BO3AEHCTBAU MPOMOJYJIMPOBAHHOIO IO MOIHOCTH W3JLyI€HUsI
HarpeBHOI'O CTEH/Ia DPErnCTPUPYETCS TEeHEPAIHs IIMUPOKOTO CIIEKTPA
rapmonnk CHY wamydenus. Ilpm sTomM B cHeKTpe NIpUCYTCTBYIOT
KaK YETHBbIe, TAK W HEUYETHbIE TapMOHWYECKHe cocTasJjsiomme. Jls
qacrorbl 1178 I'm rapMOHMKHM BO30YXKIAIOTCS 3HAYUTENBHO MEHee
addekTuBHO, YeM s O0jiee HU3KUX 9acTOT Moy siuu 678 u 230
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. MHTEencHMBHOCTD PETUCTPUPYEMOTO U3JIyUEHHA Ha TaPMOHUYECKIX
COCTABJIAIOIINX YMEHBIIAETCH C POCTOM HOMEPA T'apMOHUKH, IIPHIEM
CIIaJI, SIBJISIETCS 3HAMUTEIHLHO 00JIee PE3KUM, 9eM JIJIsl CHEKTPa, MOJLYJIU-
pyfoteil byHKIIH.

1.25 IlIpuHIUIBI OpraHU3aIA TPOTHO3Aa
3eMJIETPSICEHUII HA OCHOBE JIaHHBIX
MHOTI'OIIapaMeTPUYeCKOIro CeTEBOI0O

MOHUTOPUHIA

IIynuney C.AS2, Vaynos 113, Jdasudenxo /.B.1 4,
Byowukos IT1.A.°

L Hnemumym npukaadnot gusuxy PAH, Huocwuwt Hoez0poo,
Poccus
2 Hnemumym xocmuveckux uccaedosaruti PAH, Mocxea, Poccus
3 Vnusepemumem Yoanmena, Opanorc, Karugoprus, CIIA
4 PKK «9uepeuns um. C.II. Kopoaesa, 2. Kopoaés, Mockosckas 0ba.
5 Hnemumym npuxaadnoti zeopusuxu um. E.K. Dedoposa, Mocksa,
Poccus

B pabore ommcaH mOJXO0J, IO3BOJIAIONIMI Ha OCHOBE JIAHHBIX
MHOTOTIAPAMETPUIECKOIO0 MOHUTOPHUHIA MapaMeTpoOB aTMocdepbl u
noHOC(EPDI ¢ TOMOIIHI0 HA3EMHBIX U CIIyTHUKOBBIX U3MEPEHUil BbIje-
JINTh W3 MOTOKA JIAHHBIX WHTEPBAJ BPEMEHU, CBUETEJbCTBYIONIUI O
HavaJje (PUHAJBHOMN CTaINU TOAIOTOBKY 3€MJIETPSICEHUsI, U C TIOMOIIBIO
WHTEJJIEKTYaJIbHOM 00pabOTKY JAHHBIX OCYIIECTBIIATH KPATKOCPOYHBII
MIPOTHO3 Ha, WHTEPBAJIE BPEMEHHU OT 2 Helesb 10 1 CYTOK 10 OCHOBHOT'O
ToJuKa. Basupysice Ha buzmdecKoit Mozeu TUTOCHEPHO-ATMOCHEPHO-
nOHOC(EPHBIX CBsI3€il, BBIOMPAIOTCS MPEIBECTHUKU, COBOKYITHOCTH
KOTOPBIX HABJIIOMAETCST TOJIBKO B 0O03HAYEHHDIE IEPUOJIbI, & UX HJICH-
TUUKAINAS IPOU3BOINTCST Ha OCHOBE MOP(OJIOIrMYECKUX MPU3HAKOB,
00yC/IaB/IMBAEMbIX (DU3NYECKUM MEXaHM3MOM HX TE€HepaIlnu, a He Ha
AMILTUTY/THOM OTOOpEe, OCHOBAHHOM Ha CTaTUCTUIECKONH 00paboTKe
narabix. Ha ocHOBe pa3paboTaHHOrO MaKeTa CepBUCA aBTOMATHYIECKO
06paboTKu Oy/IeT MPOJIEMOHCTPUPOBAHA BO3MOXKHOCTH B peaJbHOM
BpeMeH: HabJIIoaTh OOCTAHOBKY B CECMOAKTHBHOM pErMOHEe Ha
npumepe pernona Kamuarku n Kypuibckux ocTpoBOB.
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1.26 BprIicbinaHus SJHEPIUIHBbIX YaCTUI] BO BpeMs
CUWJIbHBIX T€OMarHuTHBIX Oypb

Muponoea U.A.', Sxosuyx 0.2

b Kagedpa dusuru Semau dusuveckoeo daxyrvmema
Canxm-Ilemepbypackozo 2ocydapcmeennozo ynusepcumema, Poccus,
Canxm-Ilemepbype
2 Unemumym uccaedosanus sxonozuveckur cucmem, Ochabprokcrud
ynusepcumem Ochabprok, Iepmarus

B mannoit pabore MBI JaeM 0030p MCTOPUIECKUX W ATMOCKEPHBIX
aCIIeKTOB M€OMArHUTHBIX OypPb U IIpOrpecca, JOCTUTHYTOI'O 32 MIOCJIe -
Hue croserrne. Boickinanust sHeprudabix dactut (EPP) Bo Bpemst criib-
HBIX T€OMATrHUTHBIX OYPb MOI'YT OBITH IPUYUHOI 11EPEOOEB B DJIEKTPO-
CHADXKEHUN, TPUBOJAUTDL K COOSIM CBSI3M M MpObJIeMaM ¢ HABUTAIMEH, a
TaKKe OKa3bIBATH BJIMSIHIE HA OKPYKAIOIIYIO CPEy U YPOBEHb O30HA.
UccnenoBanmst ncropudeckux reoMarunTHbIXx Oypb u EPP Bo Bpems
ATUX 6ypb MOI'yT IIOMOYb B BOCCTAaHOBJIEHHUHU IIapaMeE€TPOB reoMarHuUT-
HBIX OYPb IPOILIBIX BEKOB U BOCCTAHOBJIEHUU IIAPAMETPOB BBICHIIIAHUS
SHEPIUYHBIX YACTHUIIL JJIsi KPYITHBIX T€OMATHUTHBIX OYPh B KOCMUYECKYIO
9Py € BO3MOXKHOM SKCTPAIOIANMIEN ITUX COOBITHII HA IKCTPEMAaJIbHBIE
FeOMArHUTHBIE COOBITHSA B IIPOIILJIOM.

Pabora mopnep:xkana rpanTom Poccuiickoro mHay4uHoro ¢Goma.
(IIpoekr PH® Ne 20-67-46016)
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2 T'eodmsmyeckme moasda m nx
B3auMo/deiicTBue
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2.1 24-bIii UKJI COJTHEYHON aKTHUBHOCTMU:
0CODEHHOCTU I'e€OMArHUTHOM aKTUBHOCTHU Ha
obcepBaTopun «MuxHeBo»

Pabosa C.A.

Dedeparvroe zocydapecmeennoe brodxcemnoe yupescoerue Hayky
Hremumym dunamuru 2eocghep umenu axademura M.A. Cadoscrozo
Poccutickot axademuu nayx

B xome HacTOAmMMX MCCAETOBAHUI BBHIIOJJIHSIETCS AHAJIN3 OCOOEHHO-
creil JIOKaJIbHOM reOMarHUTHOM aKTUBHOCTHU B 24-OM ITUKJIE COJTHETHO
AKTUBHOCTU C TIEJIBIO OIPEJIeJICeHUs] B3aUMOCBS3U C IUKJIAMU COJIHEY-
HOIt aKTUBHOCTHU. [0 pasHbIM JAHHBIM 24-bIff COTHETHBIN MUK HATA-
cst B mekabpe 2008 . (B stHBape 2009 I.) M JOCTUr CBOETO MaKCHMYyMa
(HepI/Io,aa7 rkorga CouHile ObLIO Hambosee aKTI/IBHO) B ampeisie 2014 r.
Henapuee nosieiienne obsacreir naren Ha CosHile ¢ 0OpaTHON MOJIAp-
Hoctbio (srexkabpn 2016 I, anpess 2018 r., Hoa6ps 2018 1., Maii 2019 .
u uosib 2019 1) ykasblBaeT Ha HAYAJIO IIEPEXOJHOrO Iporecca K 25-
OMY COJTHEUHOMY TIHKJIy. B HacTosiei paboTe B KadecTBe XapaKTepH-
CTUKHU F€OMArHUTHON aKTUBHOCTU UCIIOJIB3YIOTCS PE3YJIHTATBI PAacdeTa
K-unyekca ¢ momMoIip0 MeToa aIallTUBHOIO CIJIAXKUBAHUS 110 JAHHBIM
perucTpaun KOMIOHEHT MarHUTHOTO mojs 3emin Ha ['eodpusnaeckoit
obcepBaTopun «MuxueBoy PeepaibHOrO TOCYIAPCTBEHHOTO OIOKET-
HOTO yUpexKJeHus HayKu VHcTuTyTa muHAMUKNA reocdep UMEHN aKa-
nemuka M.A. Canoeckoro Poccniickoit akamemun Hayk (MockoBckast
ob6uacTk, moc. Muxuepo). CostHeYHast AKTHBHOCTb XaPAKTEPU3YeTCsl MH-
nekcoMm F10,7 m gucoM COJTHEUHBIX NsATeH. B Xojie HACTOSIIUX UCCIe-
JIOBAHUM OIpejie/IeHbl OCHOBHBIE TTEPHOIMYHOCTH T€OMArHUTHOTO TIOJIS,
ITPOAHAJIM3UPOBAHBI €€ CE30HHbIE BapUaIllMU W TPOBEJIEH COBMECTHBIM
aHaJIUn3 PCOMArHUTHON U COJIHEYHOU aKTUBHOCTEIL.
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2.2 ABTOMaTU3WMPpOBaAHHBINI MeTO]] OOHAPY>KEHUsT U
NAeHTU(PUKAIIUN aHOMAJINI B JaHHBIX
KOCMUYECKUX Jiydeit

T'ennenep B.B.', Mandpuxosa B.C.?

L Canwm-Ilemepbypecruti 2ocydapcmeennvidi arekmpomeznuieckul
yrnusepcumem JIITH um. B.H. Yavanosa (Jlenura)
2 Hnemumym koemofuauneckux uccaedosanuti u pacnpocmpanenus
paduosoan JJBO PAH

B pabore npemioxken mMeTon oOpabOTKUA U aHAJIU3a JIAHHBIX KOC-
MUYeCKUX JIyueil u oOHApy2KeHUsI aHOMAaJIbHBIX M3MeHeHwmii. Merom oc-
HOBaH Ha IPUMEHEHWM BEHBJIET-IPEOOPA30BaHUs W HEWPOHHBIX CeTeil
LVQ. MeTos 103BOJIsIET BBIIEIUTD IEPUOIBI BOSHUKHOBEHNST aHOMAJIUI
U OIIPEJIESIUTh UX MHTEHCUBHOCTD. Mepoit HHTEHCHBHOCTH aHOMAJIHIT B~
JIsIeTCsl MAKCUMaJIbHAsT aMIUITUTY/ A BapHUaluii. AHAJIN3UPOBAJINCE [IEPH-
OJIbI BBICOKOI M HU3KO# aKTUBHOCTH COJIHIIA. DKCIIEPUMEHTAJIBHO IO~
TBepKIeHa 3PHEKTUBHOCTD IIPeIaraeMbIX METOJIOB JJisi OOHApYKe-
HUS CHOPAIMIeCKuX 3(PHEKTOB, MPEMECTBYIONUX U COILYTCTBYIOMTIM
MarauTHbIM Oypsm. [lokazana BO3MOKHOCTD PeaIn3alny METO/Ia B OIle-
patuBHOM pexkume. Pabora BbinosiHeHa B pamkax ['3 mo Tteme IuHa-
MUKa (PU3MIECKUX IIPOIECCOB B AaKTHBHBIX 30HAX OJIMZKHEIO KOCMOCA
u reocep (2018-2020) roc. perucrpaiuu AAAA-A17-117080110043-4.
ABTOpBI BBIPAsKAIOT GJIAN0JAPHOCTD WHCTUTYTAM, BBITOJIHSIOMIAM TIOJI-
IEepKKY CTAHIINN HEUTPOHHBIX MOHUTOPOB, KOTOPBIE UCIIOJIb30BAJINCH B
pabore.

2.3 AxTuBHOe Bo3zeiicTBuUe Ha moHochepy n
BapHUAallii CKOPOCTHBIX XapaKTEPUCTUK
MAarHUTOOPUEHTUPOBAHHBIX HEOHOPO/IHOCTEN

Cusoxonn B.II.

Hnemumym xKocmoPuduseckus ucciedoganutl U pacnpocmpaHerus
paduosoan IBO PAH

CoznaHre MCKYCCTBEHHBIX HEOIHOPOIHOCTEH 3JIEKTPOHHONW KOH-
meHTparuu B uOoHOCKEpe sBJSEeTCsl OMHOM W3 3aJad AaKTUBHOI'O
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BO3IeiicTBUS Ha noHocdepy. B macrosiee BpeMs 0coObIi yIop esra-
ercs HA (QOPMHUPOBAHUE CHENUMUIECKOTO KJIACCA HEOTHOPOIHOCTEH -
MarHUTOOPUEHTUPOBAHHBIX. DTU HEOIHOPOJHOCTH TO3BOJISIIOT PENIUTh
Psil IPUKJIAIHBIX 3a/a4, HO B TO YK€ BPEMs MOI'YT OTPUIATEIBHO CKa-
3aThCa Ha SPOEKTUBHOCTH (DYHKIMOHUPOBAHUSA PATINOTEXHIIECKIX
cucrem. CKOPOCTH W HAIIPABJIEHUE UX MMEPEMEIEHUsT SIBJISTIOTCST BaYKHbI-
MU XapaKTEePUCTUKAMHU ITHX HCKYCCTBEHHBLIX HeojHopomHocreir. s
UX OIpeesieHns MbI IIpeJJjlaraeM KCIIOIb30BaTh MHOIOIIO3UIIHOHHYIO
SDR gumarnoctuky. B nokiiajge npuBozsiTcs pesysbTaThl HaOJIIOIeHU
3a aKTUBHBIM BO3MEHCTBHEM Ha HOHOChEDPY HA HATPDEBHOM CTEHIE
EISCAT B okTsi6pe 2019 rona.

2.4 Amnams manubix IMF Bz nu AE unnekca 3a
nepuoz 1999-2018 rr

ITonosoe IO.A.

Hrnemumym kKoemopuduneckux uccredosanutdl u pacnpocmpaHeHus,
paduosoan J[BO PAH

CoutHedHO-3eMHbBIE€ CBA3U SIBJISIOTCS 9aCTHIO KOCMUYECKON ITOroJIbI
¥ OKa3bIBAIOT OOJIBINOE BJIMsiHUE Ha (DYHKIIMOHUPOBAHUE TEXHOCKEPHI.
IMTapamerps! MexxIutaHerHoro MaranTaoro nossi (IMF), uamepensbie B
touke Jlarpamxka L1, moka3pBaloT HAYAIO BO3MOXKHBIX M3MEHEHUN B
reopusnIecKuX MOJAX. B paboTe BBITOTHEH CTATUCTHICCKUN AHAJIN3
kommonenTsl IMF Bz (orparkaer ypoBeHb BIMSIHUS HA MATHUTHOE IO
se 3emum) u AE nHzekca (MCosb3yercst JUisi ONEHKN BKJIAJa SHEPIUH
B MaruuTocdepy u nonocdepy). C UCIoIb30BAHUEM AIIIAPATOB PErpec-
CHOHHOTO aHAJIM3a W BeUBJIET-TIPEOOPA30BaHUS IOy YeHbI OIIEHKN Bpe-
MEHHBIX paAmoB. IlocTpoensl perpeccronnbie Mozmenn mapamerpos IMF
u AE ungekca 3a mepuos 1999-2018 rr.
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2.5 AHaju3 3HepreTuvecKnx XapakKTepUuCTUK
CUTHAJIOB aKyCTHUYECKOIl 3MUCCUU TIPU
O/THOOCHOM C>KaTHH OOpa3IoB reoMaTepuajioB

Cwives B.H.', Bozomonroe JI.M.2, Kyavkos J.C.1

b Hayunaa cmanyus Poccutickot axademuu nayk 6 2. Buwkexe
2 Hnemumym mopckoti zeonozuu u 2eofusuru Jlasvnesocmournozo
omdeaenus Poccutickotl axademuu nayx

Curnasusl akycrudeckoil smuccun (AD) GbLIN 1I0JIyYeHbI B IIPOIECCe
nedopMaIuu ILyTeM OJHOOCHOI'O CXKATUsi 00Pa3I0B pa3/IMIHbIX IeoMa-
TepUAaJIOB. JKCIEPUMEHTHI Ha OJIHOOCHOE CXKATHE OCYIIEeCTB/ISIIUCH HA
MaJIOIIYMHON PBIYasKHON YCTAHOBKE C BOISIHBIM HATEKAHUEM, TJI€ MaK-
cuMaJIbHas HArpy3ka Ha obpazer; me npesbimaer 250 kH. Bee ucnbr-
ThIBaeMbIe 00Pa3Ibl OBLIN U3TOTOBJIEHBI B (DOPME IPSIMOYTOJIBHOTO ITa-
paJiiesenuieia, MeCYaHuK ¢ KBaJPATHBIM CEYeHUEM, Pa3MepaMu 25MM
x 25mm x 60mm ([T x IIT x B), rpanuT u MpaMop ¢ IpsiMOYIOJIbHBIM Ce-
uyenneM, pasmepamu JI x T x B (40cm. x 20cm. x 80cm.). g perucrpa-
1 curaagoB AD ucnoabsosaics garduk SE-2MEG-P (DECI, CIIIA),
¢ pabounm dacToTHBIM auarnazonoM ot 200 xI'm g0 2 MI'm, 3akperien-
HBIM Ha HCIBITBIBAEMOM 00pasiie reomarepuasa. llomydeHHbie curua-
JIBI oI poBLIBaINChL 8-KaHaJbHbIM 6s10k0M AIIII USB 3000 ¢ pas-
PAIHOCTBIO 14 O6UT M MaKCHMAaJILHON 9acToTOi auckperu3anuu 3 MI'm.
Pacemorpennt dyuknum pacnpesesienus curaajios AD mo sueprusim. B
Ka4yeCcTBe SHEPTeTUIECKO XapaKTePUCTUKY curaaia AD BuiOpaHa Mak-
cUMaJIbHas aMILINTYAa BOJHOBOW (opMbl AD. OleHEHO NMoIYMHEHUE
pacrpejiesiennst Mo dHeprusM 3akoHy ['yrenGepra Puxrepa, a Takxke
IIOCTPOEHBI 3aBUCUMOCTH IOBeJeHNs b-value B TeueHHe BCero 3KcIe-
pumenTa. [Torok cobbiTuii AD paccMOTpEH € MO3UIUI HEPaBHOBECHOMN
TEPMOJIMHAMUKHI C WCIOJb30BaHUEeM craructuku Tcasmuca. st omm-
cauust (BYHKIUME PACIPEIeJeHIsT CUTHAJIOB AD 1O 9HEPIUsSM HCIOJb-
30BAJINCH MOMPUIIMPOBAHHASI MOJIE/Ib O4ara 3emjerpsicenust stick-slip
- IPEPBIBUCTOE CKOJIbYKEHME JBYX ILIAT JIPYT IO JPYLY BIOJb PA3JIio-
Ma [IPU HAJUYUU TPEHUs W MPUHINAN MakcuMmyMa 3HTponuu. Mosmens
WCITOJIB3YEeTCs [IJIsi KOJTMIECTBEHHOM OIEHKN JAJbHUX KOPPEJISIil BO3-
HUKAIOMIUX B ITOTOKe 3emJerpsicennii. [lokazaHo, 94T0 MOTOK CUTHAJIOB
AD npescraBisier coboit cuCTEMY € TAMATHIO U JAJLHUMI KOPPEJISIIHsi-
Mmu. [IpoBejien ana u3 moBejieHus apamMerpa Tcajuimca Ha IPOTIXKEHUU
BCEro 9KCIIEPUMEHTA.
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2.6 BumsHue reoMarHMTHOI aKTUBHOCTH HA
nmoKa3aTeJin TeMO/IMHAMUKMN Yy IOHOINEen —
AKYTOB

Kosnos B.1.', Cmenanosa I'K.2, Yemumnosa M.B.?

b Hnemumym wocmodusuneckur uccaedosanuti u asporomu,
um. FO.I. Hlagepa CO PAH, ®UI] AHI] CO PAH
2 Meduyuncxuti unemumym, Cesepo-socmourviii Dedepanvhinitl
yHusepcumem

B ceBepHBIX mupoTax HEOJIATONPUSTHBIE IPUPOIHBIE (PAKTOPHI, CO-
9eTaroTCS C MePEMEHAME, O0YCIOBJIEHHBIMI HOBBIMU TEXHOJIOTUSIMU, U
YBEJIIMYUBAIOT YUCJIO JIUIL C JIUCTAPMOHUIHBIM (DU3UIECKUM PASBUTUEM
1 (pyHKIMOHATHHBIMEA OTKJIOHEHUSIMH, Ha pycckoMm CeBepe Uy HHyUTOB
Ansicku, Kanajer u ['perstanguun. MarautHoe mojie 3eMJid CIyKHUT 3a-
IMUATON OT COJTHEYHOI'O BETPa, HO YACTh 3aPAKEHHBIX YaCTHI] U CBA3AH-
HBIX C HUIMHU MarHUTHBIMA BO3MYIIEHUSIMU CIIOCOOHBI IPOHUKATH BHYTPb
marauTocdepsl 3emin. [IpoHrKHOBEHNE 3apSIKEHHBIX YACTHUI] COJTHEY-
HOT'O BeTPa IIPOUCXOJIUT, B OCHOBHOM, B BBICOKUX IIMPOTaX M SHEPTU
9TUX YaCTHUI] IPUBOJIUT K U3MEHEHUsIM B nonocdepe u armocdepe. Io-
Ka3aTeu CepJIeIHO-COCY/TUCTON CHCTEMBI U€/IOBEKA WU3MEHSIOTCS TOJ
BOBEelicTBIEM (DAKTOPOB 3eMHONU U KOCMUYECKON MOTO/bl. SHAUUTEIb-
Has BapuabeJbHOCTh AMIUINTYZ, W /la)Ke 3HAKOB ODHAPYKEHHBIX 3-
dexToB, 00yCIOBIEHA X 3aBUCHMOCTBIO OT TEKYIIEro COCTOSHUS KakK
CaMOT0 YeJI0BEKA, TaK W YCJIOBHUI OKPY2KAaIOIeil CpeJibl, ITO HE MO3BO-
JIIET B HACTOSIIEE BPEMsl IMMOCTPOUTD JOCTATOYHO MOJTHYIO HEIIPOTHUBO-
PEYUBYIO MOJIEb PEaKIMu OPraHM3Ma Ye/IOBEKa Ha KOMILIEKC (haKTO-
POB 3eMHO#T U KOCMIAYI€ECKOi moroasl. OTMeTnM, 9T0 BRIPAOOTKA HOPMa-
TUBHBIX ITOKa3aTeJell /I BPEMEHHBIX XapPaKTEPUCTUK KOJEeOAHUI 110-
KazaTeJieil reMOIMHAMUKI JIUIT KOPEHHBIX HalmonaabHocTeit Kpaitrnero
CeBepa, KUBYIIUX HE OJIHO IOKOJIEHUE B 9TUX YCJIOBUSIX SBJISIETCS OJI-
HUM U3 BaXKHBIX HAITPABJICHUN U3YYEeHUS BapUAIUN CEPJIETHOTO PUTMA.
OO6ciiefoBaHbI TPAKTUIECKH 3/I0POBBIE IOHOINN, B OCHOBHOM CTYIEHTHI
Mepunuackoro nuncrutyta CeBepo-Bocrounoro dejiepaabHOro yHuBep-
curera (1. dAKyTck) Bospactom 18-25 jer (sxyTel). MoHHTOPHHT TIpO-
BOJIMJICS B OTJIEJIbHBIE MECSIIbI PA3HBIX CE30HOB rojia 3a 28 jieT ¢ 1983 r
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o 2009 r. IsmeneHnit B MEXKIrOA0BBIX 3HAUYEHUSX [I0KA3aTeJ el TeMOIn-
HaMUKH, TAKUX KaK YaCTOTA CEPJETYHBIX COKPAIIEHNN, CUCTOIMIECKOE U
JIUACTOJIMIECKOE apTePUAIbHOE JABICHNE, B 3aBUCUMOCTHU OT BEJIMIHHDI
MarHUTHO# BO3MYIIIEHHOCTH, MEHSIIOIENCS B OJIMHHAIIIATUICTHEM COJI-
HEYHOM IIUKJIE, 33 9TH 36 JIeT He IMPEBOCXO/ISAT BEJIMIUHBI MEXKTOIOBBIX
daykryamnmit. Y 60sbieil YacTu 00CIeIOBAHHBIX IOHOIIEH a3uaTCKOrO
Ceepa Poccun mokazaresin BapuabebHOCTH CEPJETHOTO PUTMa HAXO-
JISITCS B IIPEJIEJIax CPEIHEIINPOTHOrO HopMaTuBa. 3a 20-JIeTHUil mepros
HaOJIIOJIEHUI Yy CTYJIE€HTOB ITPOU3O0IIIO 3HAYUMOE IIOBBIIIEHNE BEJIUINH
CUCTOJITIECKOTO U IIYJIHCOBOTO apTEPUATHHOTO JTABJICHUS, TPUIEM HaW-
6OJIbINNIT TPUPOCT OTMEYEH Y CTY/IEHTOB C THIIEPCTEHMIECKON KOHCTH-
Tymueit. Habmiogarormmuiics TpeHa n3MeHeHnil mokasaresaeil reMoanHa-
MuKH ¢ 1983 1. 1o 2019 1. y 10HOIIEH TKYTOB MOYXKET ObITH 00bSICHEH W3-
MEHEHUEM [IapaMeTPOB UX TeJIOCTIOXKeHus. B Toxke Bpemsi 0OHAPYKEHO,
9TO BO3JEHCTBHE IKCTPEMAIBHBIX IKOJI0rndecknx daxropos Kpaitnero
CeBepa CHJIBHO BO3MYIIIEHHOTO MATHUTHOTO ITOJIs, 3HAYUTEIbHBIX Pe3-
KUX KOJIeDaHUil TeMIepaTypbl aTMOCHEPHOr0 BO3/yXa BBI3BIBAIOT CTa-
TUCTUYIECKH 3HAYMMbIE PEAKIINH I1aPAMETPOB I'€MOIMHAMUKHY Y TTPAKTH-
YeCKU 3JI0POBBIX IOHOIIEH - SKyTOB. ¥ MEPEHHO BO3MYIIEHHOE COCTOSI-
HUE MATHUTHOTO TI0JIsi (YMEPEHHbBIE U CUIbHBIE OypH) He OKa3aJ10 CyIe-
CTBEHHOI'O BJIMSHUS HA (DYHKIIMOHAJIHHOE COCTOSIHME OPTaHM3Ma, IPaK-
THUYECKH 3/I0POBBIX MOJIOIBIX MY2KUUH-CeBepsAH. I OYeHb CHUIbHBIX
6ypp 11-15.09.2005 u 15.12.2006 HaOIIOAATIOCH 3HAYUMOE IIOBBIIIIEHUE
JaCTOTHI CEPJICUHBIX COKPAIEHUN U apTEePUATHLHOTO JIABJICHUSI.

2.7 BiusHue MeTeopoJIOTUYECKUX XapaKTEePUCTUK
Ha IUHAMUKY OObEeMHOI aKTMBHOCTHU PaJoHa
B r.I'opuo- Anraiicke

HTumos A.B., /loneos /I.B., Bapcykos A.A.
Topro-Aamatickuti 20cydapemeennvill yrusepcumem

i aHanmM3a HaMU MCHOJIB30BAJIUCH JAHHBIE PAJOHOBOIO MOHUTO-
putra ['opHO-AJITaliCKOro rocylapcTBEHHOIO YHUBEPCUTETA, 38 TIEPUO/T
2012-2018 rr. IIpu sTOM Besch HABIIOAEHUSA 110 CJIEYIOIIIM TapaMeT-
paM: JUHAMUKa PaJI0OHA, TOPOHA, & TAKXKEe METEOPOJIOTNYECKUX XapaK-
TEPUCTHUK: TEMIIEPATYPbI, BJIAYKHOCTH, JlaBjeHusd. JlomoHuTe1bHO OT-
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METHUM, 9TO JIJIsi H3MEPEeHUsT O0'bEMHOM aKTUBHOCTH PAJOHA B OO b
HOIl 9aCTU YKUJIOTO J0Ma, TpHOOp ObLI OIYIEH B OTBEPCTHE B IOJIY,
[TOJIIIOJIbHAST TI0JIOCTh 3a BCe BpeMsl U3MEHEHUsI ObLIa JIMIIEHA IIPOBET-
puBanus. Hamu Gbuta BeisiBIeHa rojoBast guHamuka OAP, xapakrepu-
3yIOIIascs MOBbIeHHbIM 3HadenneM OAP B Tedenune 3uMHUX U HAYATA
BeceHHux MecsieB Jekabpb mapr (OAP 250-350 Bk /ky6.m). B nepuon
BECEHHUX MecsileB Habsomaerca cuuzkerne yposass OAP ¢ 250 mo 150
Bk /xky6.Mm. C uioHsI 10 ceHTsIOph HAOJII0IaeTCsi MUHUMAJBHOE 3HAUEHUe
OAP, nocruraromee 100 Bx/ky6.m. C cenrsabpst 10 cepeauubl HOsO-
pa Habmonaercs peskoe nosbimenue OAP co 150 o 220 Bk/ky6.M.
C mavasa gekabps Habmonaercs naJbHeiinee nopbimenne OAP, mo-
cruraomiee 350-400 Bk /kKy6.M. DU ce30HHBIE M3MEHEHUS COLPOBOXK-
nammch pesknmu nukamu (noseimenusmu OAP), B psne ciayuaes stu
MOBBINIEHNsT OBLIN CKOPPEJUPOBAHBI 110 rojaM Mex iy coboit. Koad-
dunmentor koppessnuit OAP mo romam ciepyromue: 2013-2014 roga
0,24, 2014-2015 roma 0,65, 2013-2015 roxa 0,48, (ypoBeHb 3HAUUMO-
cru 0,01, Rkpur=0,14). Haunbosiee BbIaeIIsI0TCS NOBBIIIEHNs B sTHBaDE,
MapTe, Mae, UIoJie, CEHTAOPe-OKTAOpe. YUUTHIBas, UTO 37€Ch MMOKa3a-
HBI JAHHBIE 33 3 T'0J@ MOYKHO CYHTATh, YTO JAHHBIE 3aKOHOMEDHOCTHU
SIBJISTFOTCS CJIEJICTBUEM CE30HHBIX XapPaKTEPUCTUK. B ITaHHOM Ccirydae
9TO MOXKET ObITh CBA3AHO ¢ IPOMEP3aHUuEeM IPYHTA (B KJAMMATUIECKON
zone [opHo-Anraiicka oHa cocrassger nopaiaka 1,5-2 m). [Ipomepsmuii
TPYHT TPENsITCTBYET CBODOIHON MUTDAIMK PaJOHA, KOTOPBIA MOXKET
HAKAIJIMBATHCSI 1T0J] KPBIIIKON Mep3JibiX 1mopoi. Ilosromy Haxojs 1wy-
TH MUTPAIUH, KOTOPBIMU MOLYT BBICTYIIATH CTPOEHUS U YaCTHBIE JOMa
SMaHAINN PAJIOHA CYIIECTBEHHO yBEJUYINBAKOTCS 110 CPABHEHUIO C JIPY-
rumu ce3oHamu roja. CpaBHUBAsT CPEJIHECY TOYHBIN X0 aTMOCHEPHOro
JIaBJICHUsT U aKTUBHOCTU PaJIOHa, HEOOXOINMO OTMETUTH, YTO WX AHO-
MaJINU 110 BPEMEHU He COBHIAJAioT. V3 aToro ciejyer, 94To B JIAHHOM
cydae aHOMAJIUU aKTHUBHOCTU PaJlOHa B OOJIBIITMHCTBE CBOEM HAIIPSsi-
MYy HE CBS3aHBI C BO3MYIIEHUSIMHU OAPUIECKOIO IO/ WJIU BJIASTHUAE
CKa3bIBaeTCsl Yepe3 HeKOTOpoe BpeMs. BoJibiie Bcero, pe3kue n3MeHe-
uue OAP moryT 00ycioBMBaThCS TeOIUHAMUYECKUME TPOIECCAMU B
snuneHTpaabHoil 30He Yyiickoro 3emsierpsicenusi. O6palaer Ha cedst
BHMMAaHUE, 9TO 5Ta 00JIACTH CBSI3aHA C IIyHKTOM HAOJIIOIEHMS AKTUB-
HBIM PA3JIOMOM.
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2.8 BpemMmeHHbIe 3aKOHOMEPHOCTH CMEHbI PE>KIMOB
reHepanum MarHUTHOTO TI0JIsI B JIMHAMUYECKOM
Moaesn of)-IuHaAMO

T'odomcwasn A.H.', Hlepememvesa O.B.2

L Mynuyunanvroe Grodoicemnoe yupesicdernue 0onoAHUMEAbHO20
obpazosanusa «Lenmp «JIyus»
2 Hnemumym KocMOPUUECKUT UCCAe006anuti U pacnpocmpaHenua

paduosoan JIBO PAH

JnaamMirgeckast MoJIesb of1-/IMHAMO PACCMATPHUBACTCS B IIPEJIIIONO-
JKEHMU AKCUAJIbHON CHMMETPUYHOCTHU II0JIsl CKOPOCTH KHJKOIO $/Ipa
u MaruTHOro noJis. Ha BHyTpeHHeil u BHemnHeill rpanunax cdepude-
CKOIl 0BOJIOUKY YKHUJIKOTO si/Ipa ISl [10JIsi CKOPOCTH IIPUHUMAIOTCS TPa-
HUYHbIE yCJIOBUsS NPUInNaHus. MarHuTHOe T10Jie YJIOBJIETBOPSIET Ipa-
HUYHBIM YCJOBUSM OTPAHMYEHHOCTH HA BHYTDEHHEH rpaHure u Ba-
KYyMHOMY — Ha BHemHeil. a-3¢pdeKT aHTHCMMMEeTPUYEH OTHOCUTEIIb-
HO 9KBaTOpa, [09TOMY IPUHUMAEM CKAJSIPHYIO apaMeTPU3AIUIO (-
sddekra B Bume dyukuun «fr,d) = apa(r)cosf, roe paguanbHast
cocrapsiomas a(r) = r, koaddurnment «gy > 0 ompejessier MHTEH-
cuBHOCTH a-3dderra. B maHHONH MOJeaM M3MEHeHWe MHTEHCUBHOCTH
Q-TeHepaTopa PacCMATPUBAETCs KAK CJIEJICTBAE CUHXPOHU3ALUU BbIC-
HIMX MOJ[ HOJIsl CKOPOCTH M MAIHUTHOI'O II0JISI M PEryaupyerTcs (byHK-
mueit Z(t) ¢ mokasaTesbHO-CTeneHHbIM siapoM J(t). B 3aBucumocTn or
BBIOOpA ITOKa3aTeJsIsi CTEIIeHN U MaCHITaOHOro Ko dUuIienTa sapa u3-
MEHSIIOTCS €10 BPEMEHHbIE XaPAKTEPUCTUKA: BPEMS OKUJAHUS U BPEMS
LIPOJIOHTMPOBAHHOTO Bo3eiicrus. Mccieayercs Bonpoc 06 n3MeneHnn
PEXKUMOB I'eHEepaIlMd MATHUTHOIO II0JIS B 3aBUCUMOCTH OT BPEMEHHBIX
XapaKTePUCTUK s1jipa, (DyHKIHN.
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2.9 BpelgesieHne reOMarHUTHBIX JI>KE€PKOB I10
JIAHHBIM T'€OMArHUTHOU perucTpalium Ha
CPeJIHUX IHUPOTaX

Pabosa C.A.

Dedepasvroe 20cydapcmeeHHoe G100HCEMHOE YUPEHCICHUE HAYKU
Hrnemumym dunamuru 2eocghep umenu axademura M.A. Cadoscrozo
Poccutickoti axademuy Hayx

TFeoMaruuTHBIE JIZKEPKHU - 9TO CPABHUTEJILHO pe3kue (V-obpasubie)
U3MeHeHWsl B CKODOCTH BEKOBBIX BapHaluii OfHOH (Kak IIpaBmiIo,
BOCTOYHOMN ) MJIM HECKOJIBKMX KOMIOHEHT MarHUTHOTO 1odst 3emin. O -
HOI u3 1mpobJieM, CBSI3aHHBIX C BBISBJIEHUEM N€OMATHUTHBIX J?KEPKOB,
SBJISETCsT Pa3pabOTKa MATEMaTUIeCKOrO allapaTa sl OIpPeIe/IeHUsT
TOYKNA W3MEHEHUsI HAKJIOHA MPOM3BOaHOI. B macrosmeit pabore c
IpUMEHEHNEM CEerMEHTHUPOBAHHON JIMHEHHON perpeccuy II0 JaHHBIM
CpeJIHEeNMPOTHBIX  cTaHIwii  (obcepBaToOpUy POCCHICKOIO CermMeHTa
ceru  INTERMAGNET, Teodusudeckass obceparopusi MuxHeBo
DenepabHOrO TOCYIAPCTBEHHONO OGIOZKETHOTO YUPEXKJICHUsT HAYKH)
ymanochk umentuduimposars mkepkn 2011 r. mw 2014 . BO Beex
KOMITOHEHTaX MATHUTHOTO IOJIsT 3EMJIH.

2.10 JIBymomoBoe af)-nmuHaAMO KakK 3peuTapHbIi
OCHUJIJIATOP

Bodunwap I'.M.

Hﬁcmumym KOCMOdBUé’U’%BCK}UI uccaedosanuti u pacnpocmpaHerHUuA

paduosoan IBO PAH

[Tonyuena nuaaMmYecKast cucTeMa Jjisl JIByMOJOBOTO JUHAMO Tap-
KEPOBCKOT'O THUIIA C 9PEIUTAPHBIM MTOIaBIeHIEM -3 deKTa CrIupabHO-
cTbio noJist. [lomas/ieHne B cucremMe peajin30BaHO B Bujie (DYHKIMOHAJIA
OT CHUPAJIBLHOCTH 110JisI ¢ siipoM K (8) JOCTATOYHO POU3BOJIBHOIO BU-
ma. [TokazaHo, 9T0 9Ta cuCTEMa MOYKET OBITh CBE/IEHA K HEJMHEITHOMY
JUCCUTIATUBHOMY OCIUJIJISITOPY C dPEJAUTAPHBIM ITOTEHITHAJIOM.

AHajmm3 cucreMbl KaK OCIHUJLISITOPA [TOKA3aJ1, YTO BO3MOXKHbBIE THIIBI
JUHAMUYECKUX PE2KUMOB B CUCTEME IIPEXKJIE BCETO 3aBUCIT OT HAJIMYINS
WA OTCYTCTBUS 33J€P>KKU B (DYHKITMOHAJIE [TO/IABJIEHUs. XA0TUIeCKUI
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peKuM, TOAOOHBIH JBUKEHUIO [0 JJOPEHIIEBCKOMY aTTPAKTOPY, COYeTa-
IONIUN OCHMJIIAIINN BACIUIIAIIANA C MHBEPCUAMU I10J151, BO3MOXKEH TOJIb-
ko tipu K (0) # 0. B npoTuBHOM CJIydae XaOTHUECKHE PEeXKUMbI HHBED-
cuii MOTYT BO3HUKATH, HO 6€3 coueTanmii ¢ BacuuuisiusiMu. [lokazaHo,
9TO B CJIy4dae «KOPOTKOIl IaMdATH» WHBEPCUU B CUCTEME He BO3HUKAIOT.

OmnpeiesieHnbl 00JIACTH B TAPAMETPUIECKOM TPOCTPAHCTBE MOJIEJIH
COOTBETCTBYIOIINE PA3JIMYHBIM JUHAMUYECKUM pPezKuMaM, KOTOpbIe Cy-
IIIECTBYIO B PEAJIbHBIX CHCTEMAX KOCMHYECKOI'O JTMTHAMO.

2.11 ImHaMuKa ¥ OPOCTPAaHCTBEHHO-BPEMEHHOE
pacnpe/iejieHue TeOMarHuTHBIX BO3MYIII€eHUA
B I1epUObl MOBBIIIIEHHON COJTHEYHOI
AKTUBHOCTHU M MarHUTHBIX Oypb

Mandpuxosa O.B., Podomanckas A.H.

Hrnemumym kocmodpuduveckur uccaedosanuts U pacnpocmpaHeHus

paduosoan IBO PAH

[To m3mepeHMSIM CeTHM HA3E€MHBIX CTAHIIUN BBIMOJHEH IeTAJbHBINA
MIPOCTPAHCTBEHHO-BPEMEHHO! aHAIN3 MArHUTHBIX JAHHBIX B IT€PUO/IBI
MarauTHbIX Oypb 2019 rr. Mcmons3oBasics paspaboTaHHbIl aBTOpaMu
MEeTOJ aHAJIN33a MATCHATHBIX JAHHBIX, OCHOBAHHBI HAa IPUMEHEHUU
BeliBJIeT-TIPe0Opa30BaHusI U AJIAITUBHBIX IOPOroB. V3yueHbl 0COGEHHO-
CTU BO3HUKHOBEHHS U PACIPOCTPAHEHUs] T€OMATHUTHBIX BO3MYIIEHUI
B aBPOPAJIBHON 30HE W MEPUINOHAJBHO PACIIOJIOXKEHHDBIX CTAHIUH.
[Tonydens! quHamMuYecKne CIEKTPHI BO3MYIIEHUN PA3HON MHTEHCHUBHO-
CTU U JJIUTeIbHOCTU. IIonTBEPKIEHO IPEAIIOIOKEHIE O BO3MOXKHOCTHU
BO3HUKHOBEHHSI KOPOTKOIIEPUO/HBIX CJIAOBIX T'€OMArHUTHBIX BO3MYIIe-
HUII HA CTAHIUSX OT BBICOKUX IMAPOT JO SKBATOPA, IIPEIIeCTBYOIINX
MAarHUTHBIM OypsiM ¥ KOPPEJUPYIONmX ¢ QGIYKTYAIUSIME OXKHON
Bz-KOMIIOHEHTHI MEXKILTAHETHOTO MATHUTHOTO TIOJIsI U BO3PACTAHUSIMU
aBpOPAJIbHON aKTUBHOCTH.
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2.12 MHepapxum HeJmHENHBbIX AuddepeHInaIbHbIX
yPaBHEHUN NJis MOJAeJIMPOBAHUS
reodu3nYecKnx IIPoIeccoB

Iepescozun A.C.

Hnemumym koemopuauueckux uccredosanutl U pacnpocmpaHeHus,
paduosoan JJBO PAH

B nokirame o0b6cyKIar0T HpUMEpBl  HEJIMHEHBIX MaTeMaTHde-
CKUX Mojesieli B reodm3myuecKmx 3ajadax. PacCMOTDPEHBI HMepapXuu
ypaBuenuii Kopresera-me Bpmzsa. Ilokazam mepexoa K HEKOTOPOMY
YHUBEPCAJHLHOMY allllapaTy I[IOCTPOEHUs] WHTEIPUPYEMBIX CHCTEM,
YACTHBIM CJIy4aeM KOTOPBIX SIBJISIIOTCS uepapxuu ypasheuit KuB.
O6cyKaeTcst COBpEMEHHBIN MAaTEeMATHIECKUAX AIMaPAT TOMOJOTHIECKON
peKypcuu u eé CBs3b ¢ MHTerpupyembiMu cucremamu. s mpeacras-
JIEHHBIX MOJIeJIeit 00CYKTAIOTCST BOIPOCHI CBSI3aHHHBIE C OMHCAHUEM
reopu3nIECKUX MPOIECCOB.

2.13 UVaBapuaHTBI €CTECTBEHHOTO
3JIEKTPOMAarHUTHOTO TI0Jis B reou3mke

Hnemumym K0cmoPusureckus ucciedosanul u pacnpocmpaHerus
paduosoan JIBO PAH

AHaIM3UpPYIOTCsT KOCBEHHBIE OTHOCHUTEJIbHBIE JIAHHBIE CHIHAJIOB
€CTEeCTBEHHOIO 3JIEKTPOMATHUTHOIO IOJIsI 3eMJIM He 3aBUCSINAE OT
CBOIICTB HMCTOYHHMKOB 3TOro masyydeHus. [lokazano, 9ro ycpemnenue
CHEKTPOB IApaMETPOB C HHTEPBAJIOM BPEMEHH, IIPEBOCXOIATIINM XapPaK-
TepHOEe BPeMs >KU3HA HUCTOYHHMKA CHUTHAJA, IPUBOJIUT K JOMUHUPOBA-
HUIO OTPpAHUYEHHON 00JIaCTH BJIMSIHUSI, COBIIQIAIONIE ¢ OJIMKHEN BOJI-
HOBOI1 30HOI JgeTeKTopa.

DTO 0OCTOSITEILCTBO TO3BOJISIET UCCIEI0BATH OTPAHMICHHYIO
obsracTh cucreMbl JmTOCchepa-arMocdepa-nonocdepa u ee B3aAUMO-
JeiicTBue ¢ IJIO0AJBHBIMA M JIOKAJIBHBIMHU Iporieccamu. llpuBemensr
IIPUMEPBI HEKOTOPBIX CIIEKTPOB OTHOCHATENBHBIX IIapaMeTpPOB U WX
WHTEpIIpeTaus.
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2.14 Uccaenosanue Bapuaiuii OHY-uziaydyennit Bo
BpeMsi TeOMarHuTHOW aKTUBHOCTH IO
HabJ/rogeHusiM B flKyTcke 3a mepuo/,

2001-2019 rr

Kapumos P.P., Kosznos B.H.

Dedeparvroe zocydapecmseennoe brodocemnoe yupescoerue Hayky
Dedeparvroiti uccaedosamesverkuti uewmp «Axymexuts HayHoil
uenmp Cubupcrozo omdenenus Poccutickoli axademuy nayrs

Ha pamuodusuueckom mnosmmrone Oiibenkens ¢ 2001 roma mpo-
BOJUTCS  HeENpepbIBHAsE 1n@pOBasi PECUCTPAIUs HWHTEHCHBHOCTH
OHY-uznyuennss B mmanazone dvacror 0,4-8,7 kl'm. Ilo pesymbra-
TaM CTATHCTHYICCKOTO AHAIN3a ITOJyICHBI CE30HHBIC W NUKIMIECKHE
pacCIpeiesieHns] PA3JINIHBIX TUIOB Bapuanuii mnrexcusmoctn OHY-
U3JIyUeHUsI BO BpeMs MeOMarHUTHON aKTUBHOCTH 3a nepuos 2001-2019
IT.

2.15 MHccaenmoBanme kaHaJjia Iepeiadu
nHMOpMaIUK JIeKTPUIECKUMU,
JIEKTPOMArHuTHBIMU W aKyCTUYIE€CKUMMU
BOJIHAMHU B CJIOUCTOM cpejie C JieJOBBIM
HOKPOBOM

Kopouenyes B.U.', Iempocvsny, B.B.2, Bati Cros®, Om A.AL,
T'apaces H.B.'

L Mnoiceneprias wrona JIBOY
2 1By
3 Konnedoc nodsodnoti axycmuueckoti mexnuru, KHP

[IpuBomsiTca cxembl pa3pabOTAHHBIX ABTOPAMHU aKyCTHIECKAX HU3-
KOYaCTOTHBIX M3JIydaTeseil Ha OCHOBE NCKPOBBIX Pa3psnoB B kadecTse
IIPUEMOM3JTIY YaIOIINX CUCTEM 3JIEKTPOMATHUTHBIX BOJIH ITPUMEHSIOTCS
[IOJTYBOJTHOBBIE BUOPATOPBI, BMOPOXKEHHBIE B CJIO JibJa. Pa3paborana
TeopeTuYecKas MOJEJb PACHPOCTPAHEHUA JIEKTPOMAIHUTHBIX BOJIH B
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cioe sibaa. [IpoBeen anann3 B3anMOAEICTBAA yIPYTUX U JIEKTPOMAT-
HUTHBIX TOJei B cjoe Jbja O6CyKIaeTcss BO3MOXKHOCTD TPUMEHEHUsT
pa3paboTaHHBIX CUCTEM JIJIs IIPUEeMa aKyCTUYIEeCKUX CUTHAJIOB MU3JIyda-
€MBIX 0Y9aroM 3eMJIETPSCEHHS JIbJA.

2.16 UVccaeposaHue mpoiiecca paciipoCTpaHEHUs
MOIIHBIX aKyCTUYECKNX CUTHAJIOB B CJIOMCTOM
cpenie Jiea-Boga-HO

Kopouenyes B.H.', Yoicy Izanvusronv®, Yepuenro B.A.L,
Jlobosa T.2K.', I'y6ro JI.B.*

L Kagedpa npubopocmpoenus unsicernepnoti wkonv, JBDY
2 Unemumym 2udpoarycmuru XHUY, KHP

Pazpaborana maremaTndeckast MOJIEJIb PAcIeTa aKyCTUIECKON BOJI-
HBI B MEJIKOM MOPE II0JI CJIOEM JIbJIa JIJIsi HU3KOYACTOTHBIX CUTIHAJIOB 40-
150 I'n. Paspaborana aBropaMu sKCIepuMeHTaJIbHAsT yCTAHOBKA, HA Oa-
3€ HU3KOYACTOTHOTO TIOPITHEBOTO JIEKTPOJMHAMUAIECKOTO U3JTyIaTeIst
[TO3BOJISIET MTPOBOJUTE YKCIEPUMEHTAJBHBIE HUCCIETOBAHUS B CJIOUCTOMN
cpegie. IIpoBeieHHBIE SKCIIEPUMEHTAJIBHBIE MCCIIEOBAHNS TOKA3BIBAIOT
VJIOBJIETBOPUTEILHOE COBIAJIEHNE C TEOPETHIECKUMH KUCCJIEOBAHUSIMU
Uccnemyrores 0cOOEHHOCTH PACIIPOCTPAHEHHST BOJIH Ha I'DAHUIIE Pa3Jie-
Jia Boga/ e, Pazpaforanubie MOJIEIN MOXKHO UCIIOJIB30BATH JJisl HOBBIX
TEXHUIEeCKUX CHCTEM IIPOTHO3a 3EMJIETPSCEHMI MPU IIOCTAHOBKU IIPU-
EMHBIX CHCTEM B CJIOE JIbJIA.
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2.17 K Bompocy aHaJ/in3a CUTHAJIOB
ceiicMOaKyCTUY€eCKO IMUCCUN
MIPUIIOBEPXHOCTHBIX OCA/IOYHBIX IMOPOJ, HA
Kamuarke

Cvues B.H.', Yewes M.E.', Muwenxo M.A.>

L Hayunas cmanyus Poccutickot axademuu nayk 6 2. Buwkexe
2 Hnemumym xocmodusuneckur uccredosamuti U pacnpocmparerus
paduosoan JIBO PAH

Ha KamuaTke B mynkTe nHabdmogerunit Kapbivmimuaa mpu moMOTIa u3-
MEPUTETHHON CUCTEMBI Ha OCHOBE TPEXKOMITOHEHTHOTO MTHe30KepaMUtie-
CKOT'0O CefICMOTTPUEMHMKA, TPOBOUTCS MOHUTOPUT CUTHAJIOB CEICMOAKY-
CTUYIECKON SMUCCUU TTPUTIOBEPXHOCTHBIX 0CAI0UYHBIX TTopoj1. Ha BbIxose
M3MEPUTETHLHON CHCTEMBI PErUCTPUPYETCS KoJebaTeIbHOe YCKOPEHUS
B uyacrorHoM auanasone 0.5 - 400I'm. AHaau3 mpoBOAUTCS HA OCHO-
Be 3ammceil celiCMOaKyCTUIECKNX CUTHAJIOB OT HECKOJBKUX PEruoHa b
HBIX 3emyteTpsicennii 2019 roga ¢ sHepreTmyecknM KJjaccom Ks > 10.0.
OyHKIUS pacupeeseHusl IOTHOCTH BEPOSTHOCTENH TAKOTO CUTHAJIA
HEe BCErJa OMMCHIBACTCS HOPMAJIbLHBIM 3aKOHOM PACIpPEIE/IEHNS, TO9TO-
My IJIsi MCCI€TOBAHUs MTOMOOHBIX CTOXACTUIECKUX BPEMEHHBIX PAIOB
TIOXOAAT METO/IbI CTATHUCTUYIECKON (DM3MKM, B paMKaxX KOTOPBIX pac-
CMaTPUBAIOTCS CBONCTBA ABTOMOJEIBHOCTH 3TUX CUTHAJIOB. Vcmob3y-
eTCsl METOJT CTPYKTYPHBIX (DYHKITHIT, MO3BOJIAIONINY OMKUCATH HEOIHO-
POIHOCTDH pacIpeIe/eHns Ha Pa3JInIHbIX MaciITabax o6beKTa.

2.18 KowmiuiekcHble reodpu3nvdecKue HAOJIIOIeHUS
Ha ocTtpoBe Kynammp

Kocmuines J.B.1+2

L Huemumym Mopcexoti Teonozuu v Teogusuxy JBO PAH
2 Caxanruncrut duaruan, Dedeparvnmti Hccaedosamenvcruti Llenmp
Edunas I'eogpusuvecrasn Cayorcba PAH

Hagarer pabors!l HaJT pa3pabOTKON METOIMKH COBMECTHOI'O aHAJIU-
3a CEHCMOJIOTUYECKUX, CEHCMOAKYCTHIECKUX U JPYTUX I'e€OMDU3NIECKIX
JAHHBIX (IPUIMBHBIM, ATMOCGHEPHBIM, HOHOC(DEPHBIM (haKTOPAME) s
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BBIPAOOTKN KPATKOCPOYHBIX 3AKJ/IIOYEHHUI O PA3BUTUU CEHCMUIECKO-
ro pexxuma B paitone Kypmibckux ocTpoBoB. OCHOBHBIM HCTOYHUKOM
JIAHHBIX $IBJISIETCsl T'eOJMHAMUYECKUN IOJIMTOH Ha 0Oase ceiicMUYecKoi
craanuu FOxu0-Kypuasck. [Tomumo ceitcmuaeckoit cranun CO OUIT
ET'C PAH, o6opyaoBaHHOIl mUIPOKOIOJOCHBIM BesiocuMerpom Guralp
CMG-6TD u akcesmepomerpom Guralp CMG-5TDE, na mosurose Be-
JIyTCs PAJIOHOBBIN U TeMIleparypHbiii MoHuTopunr, GPS nabroeHus
(MIMT'ul’ IBO PAH), a rtakske ruaporeoedOpMaIMOHHBIN MOHHUTO-
punr (CaxI'P3). Mouutopusr pajgona Ha FOxuO-Kypusibckom reoau-
HAMUYIECKOM mojuroHe mposomurcs Uucturyrom reodusukn nm. FO.IT.
Bynamesuua YpO PAH, Exarepun0Oypr. ['maporeogedopmannonubrit
MOHHUTOPHHI IIPOBOIUTCH 000COOIEHHBIM CTPYKTYPHBIM IIO/IPA3Ie/IeHN-
eMm «CaxI'P9» AO «JasbreBocTounoe II1I'O». 3MepeHust mpoBOIsT-
ca B ckBaxkmHe rooyomnoit 303,3 M. B 2019 rony B ynoMmsIHyTO# BBI-
e CKBaXkKWHe Ha riryomHe 25 M OBbLJIO yCTaHOBJIEHO OOOPY/IOBAHUE JIJIst
CefiCMOAKyCTUI€CKOIO MOHUTOPWHTA MOJIEKYJISPHO-3JIEKTPOHHBIN TH/I-
podon. I'napod o BLITTOIHEH C UCIOIB30BAHUEM JJIEKTPOXUMUICCKOTO
mpeobpazoBaTesis, TPaHCHOPMUPYIONIETO JABUKEHNEe pabodeil >KUIKO-
CTU B PErMCTPUPYEMBIN TOK, OOECIIEUYMBAONIIAN YyBCTBUTEILHOCTD K
BapuarnusiM Japjennsd B nojoce dactor 0,02-200 I'm ¢ BBICOKHM KO-
sapdbuimenTom npeobpazosanus Ha yposue ue menee 1,5 mB/Ila. Op-
TaHU30BaH YIAJIEHHBIN JOCTYI K PErHCTPUPYEMBIM ITAHHBIM, & TAKXKe
KOHTPOJIb U yIIpaBjeHne paboToit yCTaHOBIEHHOTO 000opyaoBanus. s
aHa/n3a KoppeJssinuu 3anuceil rugpodona ¢ npyrumu daxropamu (at-
MocdepHoe JaBiieHne, noHocdepHast u npuinBHasi akrusHocTb 1 T. I1.)
rmepes CeiCMIUIeCKAUMU COOBITHSIMU, ITOCTPOEHBI TpadUuKi Orubaromeit
3alMcu CUTHAJA THAPOMOHA, KOTOPBIE OBbLIa JOMOJHEHBI CJIeIyomeit
nndopMaIueil: ypoBeHb HOIIOYBEHHOIO PAJIOHA, 3HAYEHHU aTMOChep-
HOT'O JIABJIEHUs, 3HAYEHUsIMUA YPOBHEHl IPUJIMBOB U OTJIMBOB B IIOPTY
FOxxu0-Kypuibck, 3HAUEHNSIMU yPOBHST BOJIBI B CKBAaXKMHE C YCTAHOB-
JIEHHBIM THAPO(OHOM, 3HAYEHHs YPOBHENl MOHOCKEPHON AKTUBHOCTHU
(unzmekc Kp).

Pabora BermostHena mpu moanep:kke Poccniickoro domma dyHIaMeH-
TasbHBIX ucciaegoBannii (POPU). Ipoekr 18-07-00966 «McciemoBanue
TPUITEPHBIX 1e(POPMAaIMOHHBIX 3(PPEKTOB 110 JAHHBIM O CEHCMUYHOCTU
0. Caxa/inH ¢ puMeHeHNeM CefICMUYECKUX IATYMKOB HOBOI'O THUIIAY.
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2.19 KomiuiekcHbie jgutocdepHo-aTMocdepHbie
WCCJIeJOBAHUSA aKYCTUYECKOTO U3JIydYeHUs Ha
KamuaTtke

Mapanyaey, FO.B., Jlapuonos U.A., Muwenxo M.A.

Hnemumym x0cmopusureckus uccaedosanut u pacnpocmpaHerus
paduosoan JIBO PAH

N3znararorcs pe3yIbTaThbl KOMIIIEKCHBIX JTUTOCGHEPHO-AaTMOCGHEPHBIX
WCCJIeIOBAHUI aKyCTUIECKOr0 M3JIyJIeHUs] B CeICMOAKTUBHOM PErnoHe
(momyocrpos Kamuarka). st mpoBejeHNsI MOHUTOPUHIA HCIIOJb3Y-
IOTCsI JIa3epHBIi jedopmorpad-uHTEpdhepoMeTp, reodoH, MHUPOKOIIO-
JIOCHAsT aKyCTHYeCKas CUCTEMa U MUKPODAPOMETD, YCTAHOBJICHHBIE HA
craumuu «Kapeivmaay TKWUP JIBO PAH. Pacemarpusatorcs jedop-
MAaIdsl MOPOJI, AKYCTHIECKOE WM3JIydYeHHEe B MPUIOBEPXHOCTHBIX IIOPO-
nax U B arMocdepe y MOBEPXHOCTH 3eMJIM. YCTAHOBJIEHO, YTO Ha 3a-
KJIIOYATEIbHONR CTa MK TOATOTOBKU 3E€MJIETPSACEHUH, KaK OTKJIMK Ha
AKTUBU3AIMIO JIe(DOPMUPOBAHUS, B MPUMOBEPXHOCTHBIX MOPOJAX BO3-
HUKAET aKyCTHYeCKOe W3JIydeHne, KOTOPOe MPOXOJUT Yepe3 T'PaHUILY
zemJIs-aTMocdepa U perucrpupyercs B Bosmyxe. [IpuBomsres mpume-
PbI OJTHOBPEMEHHOIN PErucTpanuu aKyCTHIeCKUX CUTHAJIOB IIPH TAKOM
M3JIyYEeHUN B TIOpojax u armocdepe. ccemosanne akTya bHO JJIs [10-
CTPOEHUS MOJICJIM CBSI3U JIUTOCHEPHI U ATMOCDEPHI B CEACMOAKTUBHOM
peruone.
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2.20 MaremaTrundyeckass MOJeJIb HAKOILJICHUSI
pa/ioHa B M3MePUTEJIbHOII KaMepe C y4eToM
IPEAUTAPHOCTU

Teépowti /. A.V2, Iaposux P.J.3, Maxapos E.O.*2%, ®upcmos I1.11.4

L Muemumym npuxaadnoti mamemamuru u aemomaemusayuy KBHIT
PAH
2 Kamuamexuti 2ocydapemeennoii ynusepcumem umenu Bumyca
Bepunea
3 Hnemumym wocmodusuneckur uccaedosaruti U pacnpocmpaHer
paduosoan IBO PAH
4 Kamuamexuti guruan Pedepanvrozo ucciedosamenscrkozo uenmpa
Edunasn eeopusuueckan cayocoba PAH

MonuTopuHr pajioHAa [PU3HAETCH MHOTUMU HCCIEIOBATESIMA
KaK IePCIIeKTUBHBIN MeTOJ IIPOTHO33a CHUJIBHBIX 3€MJIETPSICEHUIl, 0CO-
Oenno ¢ HEOOIBIION TIyOMHON odyara. /s yBEepeHHOTO BbIJIECJICHUS
AHOMAJIMII B IIOJAIIOYBEHHOM pPAJIOHE, IPEIIECTBYONUX CHIBHBIM
ceficMUYecKnM COOBITUSIM, Ha, (DOHE ITOMEX PA3JIUIHON TPUPOIHI,
HeoOXo/IMMa, pa3BUTasd CeTh MYyHKTOB HabsogeHuii. [lpu oprammsarun
IIYHKTOB MOHHTODHHIA IIOAIIOYBEHHOIO PAaJI0Ha HEOOXOIMMO 3HATH
BEJIMYMHY IUIOTHOCTH TOTOKa pajsiona ¢ mnosepxuoctu (IITIP) B BBI-
OpaHHO# TOYKe, Ijie OyjeT yCTaHABINBATHCS HAKOIUTE/IbHAsI KaMepa.
[ITTP kagecTBEHHO OIPEMEJISIET TEH309YBCTBUTEJHHOCTh BHIOPAHHON
TOYKM, 3aBUCANLYI0 OT obbeMmHOI akrtuBHOCTH pagoHa (OA Rn) u
KOHBEKTHUBHON CKOPOCTH €ro mepenoca. Jljasi 30H [IMHAMUYECKOTO
BJINSHUS PA3JI0Ma XapaKTEePHBI YYaCTKU PAa3yILIOTHEHUN C ITOBBIIIEH-
HBIM CTOKOM Rn, HamboJiee mpuemjiemble JJisi YCTAHOBKU JATYNKOB U
SIBJISFOIIMECST IYBCTBUTE/IBHONU O00JIACTHIO, pearupymolneii Ha nu3MeHe-
HUS HAIPSKEHHO-1e(OPMUPOBAHHOIO COCTOsIHUSI reocpenbl. Bee 3To
ompeessier HeoOXoIuMOCThL oneparuBHoit omenku IIIIP mpoctbiM
goctymabIM MeTognoM. s omenkwu IIITP BO3MOXKHO HCIOJIBL30BAHIE
JIAHHBIX KPUBOI HakoiuieHus: Rn B Kamepe. B ocHOBe Takoro meroja
HCIOJb30BAHO MaTeMaTHYeCKOoe OnucaHue Iporecca usmenenus OA
Rn Bo Bpemenu. 910 MeTOIMKA B MIEPBOM HTPHUOJIMIKEHUH JTAET BOZMOXK-
HocTh onennTh Besmuanny IIIIP B Touke ycTaHOBKM HAKOIUTEIHHOMN
KaMmepbl. [Ipum MaTeMaTHYecKOM OIMCAHUM IIPOIECCA HAKOILIEHUS
pajioHa B KaMepe /It YIPOIEHUs PEIeHus 3a/1a9u OOBITHO HCIIOJIb-
3yIOT Psif JOIYIIEHUil, HAIpUMEp, IIPOIEeCC HAKOILIeHus Rn cuuraror
CTAIMOHAPHBIM, KOIJ/Ia OTCYTCTBYIOT PE3KO MEHSIOIINECs YCJIOBUsI
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koaddunmenta Bozayxoodbmena u ITITP ¢ moBepxnocTu nof, meit. 3mech
HE YYUTHIBAIOTCS BO3MOXKHBIE (PAKTOPBI, BJMSIONME HA CKOPOCTH
[IOTOKa, B IIEPBYI0 OYepejib BapHallud aTMOCHEPHOrO JaBJIEHUS U
Temueparypbl. s Gojiee TOYHOrO ONMMCAHMS IMPOIECCa HAKOILIEHUS,
CYIIECTBYIOMIAs MOJIEJIb ObLIIa Pa3BUTA C MCIIOJIb30BAHUEM HEJTMHEINHON
dyHKIIMA, KOTOpas OTBEYAET 33 MEXaHm3Mbl MOCTYILUIeHHs Rn B
KaMepy, & TaKyKe C yIeTOM 3PEeIUTapPHBIX CBOWCTB CPEJIbI.

2.21 MogenaupoBaHue U aHAJIN3 [IapaMeTPOB
noHocdepbl B MepUo/Ibl MATHUTHBIX OypPb
2018-2020 rr. (M0 JAHHBIM CETH HA3E€MHbBIX

CcTaHIWA)

Mandpuxosa O.B., ®emucosa H.B.

Hnemumym KoemoPuauneckux uccredosanutl U pacnpocmpaHeus,
paduosoan JJBO PAH

[IpescrasiieHbl pe3y/ibTaThl MOJIEIUPOBAHUST BPEMEHHOIO XOJ1a, Iia-
paMeTpoB MOHOCEPHI B MEPHUOJIBI IOBBIMIEHHO! COJTHEYHON AKTUBHO-
CTM M MArHUTHBIX Oypb (QHAJIM3UPOBAJIUCH JAHHBIE KPUTUYIECKON da-
crorbl F2-cii0s nonocdepnr). MojesmpoBanue BBIIOJIHSIOCH Ha OCHO-
Be pas3paboTaHHOIl aBTOpaMu ODOOIIEHHOW MHOTOKOMITOHEHTHO MOJIe-
mu (OMKM) u mexayHaposnHoii cipaBounoit momeaun WPU. Awnasun-
3upoBainch coobiTus 2018-2020 rT., NCIOIH30BAIUCH JaHHLIE CETH Ha-
3€MHBIX CTAHIUI, PACIIOJIOXKEHHBIX B CPEIHUX M HU3KWX Imporax. Ha
OCHOBE MOJIEJINPOBaHUS OOHAPYKEHbI AHOMAJIbHBIE M3MEHEHUsT BO Bpe-
MEHHOM XOJI€ IIAPAMETPOB HOHOCHEPHI, IPEIIIECTBYIOIIAE U COILY TCTBY-
folre MarHuTHBIM OypsiM. Pesysibrare! cpaBaenuss OMKM ¢ mozesnbio
VPN nokazainu eé 3¢pdeKTUBHOCTD JIJIsl IeTAJbHOIO U3YUeHUs] JTUHA-
MUKU TIAPaMETPOB MOHOC(HEPHI B BO3MYIIEHHBIE TIEPUOJIBI.

Pabora Bbimosnrena B pamrax '3 mo meme «/Iunamuka dusnae-
CKHUX [POIeccoB OsimzKkHero kocMoca u reocdep» (2018-2020) roc. pe-
ructparun AAAA-A17-117080110043-4. ApTopsl GirarogapsiT HHCTHTY-
ThI, MTOJIJIEP>KUBAIOIIIE CTAHINN PErUCTPAIUU JAHHBIX, KOTOPbIe OBLIN
HCITOJTb30BAHbI B MCCJIEIOBAHUN.
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2.22 MoageaupoBaHue KOHIEHTPAIMU TPEIInH Ha
OCHOBE JIPOOHOI AMHAMHUYECKOIl CUCTEMBI
CenbkoBa

Iaposux P.U.', Paxmonoe 3.P.2, Bynnynos P.T.3

L Mnemumym xocmodusuneckux uccaedosanuti u pacnpocmpanen
paduosoan JIBO PAH
2 Hayuonarvnoui yrusepcumem Yabexucmana umernu Mupso
Vayebexa, Ysbexucman
3 Unemumym mezanuxu u ceticmocmotixocmu coopysicenut
umenu M.T. Ypasbaesa, Ysbexucman

B pabore ¢ momoripio, 0600IIeHHON HETUHERHON TUHAMIIECKONH CH-
creMbl CeIbKOBa, UCCIELYIOTCS MUKPOCEACMUIECKHE SIBJICHUS. DTa CH-
cTeMa B OCHOBHOM HCIIOJIb3yeTCs B OMOJIOIUN J1JIs OIIMCAHMS [JIMKOJIUTH-
qecKux Kosiebanuit cybctpara u mpoaykTa. [losToMmy mmo anaornm auna-
Mudeckasi cucrema CejIbKOBa MOXKET OIUCATH B3AUMOJECTBIE JIBYX BU-
JIOB TPEIUH B yIPYTO-XpPYyIKoil cpese. [lepBolit Bu 3aTpaBOYHbBIE Tpe-
[IUHBI C MEHbBIIEH SHEPTHE, & BTOPO TUI KPYITHBIE TPEIIUHBI, KOTOPHIE
[IOPOXKIAIOT MUKPOCEHCMBbI. I1epBblii BUJ TPENUH SBJISETCS TPUITEepPa-
MU JIJIsT TPEIIUH BTOPOIO BUA, OJHAKO BO3MOXKEH U 0OPATHOI I1epexo.
HaIIpI/IMep, Korja prIIHI)Ie TpeHlI/IHI)I TepHIOT CBOIO 3H€pFI/IIO n 9acCTu4-
HO CTAaHOBSTCsI 3aTpaBOYHbIMH. Jlajiee 1mocjie yBeJIMYeHUs] UX KOHIEH-
TpaIUU TIPOIECC HMOBTOPsieTCsI, obecrednBasi aBTOKOJI€0ATE/IbHBI Xa-
pakTep UCTOYHUKOB MUKPOCEHCM.

B pa6ore oz 06ob1menneM quHaMudeckoil cucrembl CelbKOBa IIOHU-
MaeTcs ee aHaJIor, KOTOPbIl OCHOBBIBAETCS Ha ydeTe HaCJIeICTBEHHOCTU
(spesmTapHOCTH ). DPEJIUTAPHOCTH UCCIIELYETCsl B PAMKAX HACJIE[CTBEH-
HOIl MEXaHUKHU M yKa3bIBAET HA TO, UYTO JUHAMUIECKAS CHCTEMa MOYKET
[IOMHUTH HEKOTOPOE BPEMsl, OKA3aHHOE Ha Hee BO3IeHCTBIE, YTO XapaK-
TEPHO JJIsI BA3KOYIPYIUX U IJIACTUYHBIX cpes. OOOOIIEHHYIO JUHAMEI-
qeckyto cucremy CeJsibKoBa OyjleT Ha3bIBATH JPOOHON JIMHAMUYECKON
cucremoii CeJIbKOBa TaK KaK ¢ TOYKH 3PEHHSI MATEMATUIECKOTO OIH-
CaAHHUsI €e MOXKHO IPEJCTABUTh B BUJE CUCTEMBI JIUM@epeHITNATILHBIX
yPaBHEHUl ¢ MPOU3BOJHBIMU JIPOOHBIX MOPSAKOB. [lopsiiku JapoOHBIX
[IPOU3BOIHBIX CBA3AHBI C 9PEIUTAPHOCTHIO CUCTEMBI M OTBEYAIOT 38 WH-
TEHCUBHOCTD JIMCCUIIAIMYE SHEPIUU TPEIIUMHAMU IePBOr0 U BTOPOIO BU-
JIOB.

B pabore npobnast quHaMudeckasi Mojeib CelbKOBa ObLIa perreHa
YUCJIEHHO ¢ OMOINbI0 MeToja Ajtamca-Bardopra-Moynarona, mocrpo-
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€HBbI OCIIMJIIIOTPAMMBI U pa30Bble TpaekTopuu. [lokazano, aro gpobmast
JIMHAMIYIECKasT MOJIETh MOXKET 00JIaaTh PEJIAKCAIIMOHHBIMU U 3aTyXa~
FOIIUMU KOJIEOAHUSIMU.

2.23 Moandukanusa nonocdepbl 1 TOMOJOTUSA
MarHUTOOPUEHTUPOBAHHBIX HEO/ITHOPOAHOCTEMN
noHocdepbl

Cusoxonv B.II.

Huemumym xocmofpusuneckur uccaedosanutt u pacnpocmpaHerus
paduosoan JIBO PAH

D DeKTUBHOCTD TPUKJIAIHOTO HUCIOJIH30BAHUS AKTUBHOIO BO3-
JieficTBUsT Ha MOHOChEPY 3aBUCUT OT TOTO HACKOJBKO TOJHO Y/IAeTCS
MOJTyIYUTh TpeOyeMble XapaKTEePUCTUKU Moaudunupyemoit oobgactu. B
IKCIIEPUMEHTaX I10 Iepejiade NHPOPMAIUA B HOHOC(HEPHOM BOJIHOBO/IE
periraercs 3ajada BO30YKJICHN €TI0 C UCHOJb30BAHUEM HCKYCCTBEHHBIX
MarHUTOOPUEHTUPOBAHHBIX  HEOJHOPOAHOCTEH.  PesympraruBHOCTH
BO30YK/I€HUST BOJIHOBOJA 3aBUCUT, B TOM YHCJE OT TOMOJIOTMU ITHX
HeogHOpOAHOCTEH. OTpeieTuTh €€ MOYKHO ¢ TIOMOIIBIO MTPEJTIOYKEHHOTO
HaMU CII0CO0a MHOI'OIO3UITMOHHOM JINarHOCTUKHU.

2.24 MoanueBasi aKTUBHOCTb IPU N3BEP2KEHUN
ByJiKaHa IlIuBesxyu

Masxun E.M.', Qupemos I1.I1.2, Yepnesa H.B.', dpyorcun I 1.1,
Jobavwesa M.A.%2, Holzworth R.H.2,

L Hnemumym xocmodusuneckur uccaredosamuti u pacnpocmpanens
paduosoan JIBO PAH
2 Kamvamexuti puavas QUL Edunas 2eopusuveckasn cayoicba PAH
3 Vnusepcumem Bawwunemona, Cuoma, CIITA

B mociemame rosibr arMocdepHo-3/1eKTpudecKuM 3PpHEKTOM, COpo-
BOXKJIQOIIUM JKCIJIO3UBHBIE U3BEPKEHUsI, YIEJIsIeTCs DOJIBIIIOe BHUMA~
HEE. DTO CBSI3aHO C BO3PACTAIOIIEH JIOTHOCTHIO HACEJIEHUsT HA 3eMJie U
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[IEIJIOBOI OIMACHOCTDHIO JIJIs HACEJIEHUS U YPOAHU3UPOBAHHBIX TEPPUTO-
puit, B epBy1o odepen st apuanuu. OIHON U3 JTOKAJIbHBIX 0COOEHHO-
creil Ha ToJIyocTpoBe KaMdaTKa sIBJISIFOTCS BYJIKAHMYECKUE MOJIHUHU U
a3POJIEKTPUIECKHE CTPYKTYPbI, BO3HUKAIOIINE TIPU U3BEPKEHUSIX BYJI-
KaHoOB. Bo BpeMs BO3HUKHOBEHUS U (DOPMUPOBAHUS SPYITUBHOIO 00-
jgaka (D0) IPOUCKOIUT €ro JIEKTPU3AIHs, YTO IPUBOJAUT K BOSHUKHO-
BEHHUIO MHOTOYUCJIEHHBIX MOJIHUN. DTO TOBOPUT O 3HAYUTEJHHOM POJIH,
JIEKTPOCTATUKU BO BpeMst popmupoBanus DO jaxe s CIabbIX U3-
BEepXKEHUHN U JeMOHCTPUPYET MHMOPMATHUBHOCTH BYJKAHUIECKUX MOJI-
Huit gy oneHKU pa3mepoB D0. B pabore mpuBemeHbl ciydanm peru-
crpanuu MosaueBodi akrusaoctu OHY-nesenraropom (30I'-40kI'n),
PAaCIIOJI0ZKEHHOM Ha PACCTOSHUHU 475 KM OT UCTOYHHUKA, BO BPEMSI CHJIb-
obix skcro3uit [Tlusenyd B mepuos ¢ 2017 r. mo 2020 r. Ilposemeno
COIIOCTABJIEHNE JTMHAMUKN MOJIHUEBON aKTUBHOCTH C CECMUYECKUM U
AKyCTUYIECKUM M3JIy Y€HUSIMU, COITPOBOXK IABIINE YKCILIO3UH. Bhije/ieHbl
0CODEHHOCTHU DPA3BUTHS JBYX CTAIUNHOCTH BYJIKAHUYIECKUX TI'DO3, CBS-
3aHHBIX C (POPMHUPOBAHUEM SPYITUBHONU KOJOHHLI HA [IEPBOM 3dTale U
passutruem D0 Ha BropoM. Takrke OBLIN UCIIOIH30BAHBI JIAHHBIE M-
posoii cert WWLLN (World Wide Lightning Location Network) s
MOHHUTOPWHIA CUJIbHBIX BYJKAHIIECKUX MOJIHUI U IPOBEIEHO COITOCTaB-
senne napopmaruaocTu cett WWLLN u OHY-nenenraropa. Monu-
TOPUHT 3JIEKTPOMATHUTHBIX UMIIYJIBCOB OT PA3PSI0B BYJIKAHMIECKUX
MOJTHHI J1aeT JIOIOJHUTENIbHYIO HH(MOPMAINIO U pacIiupsieT nHpopMa-
TUBHOCTD O JINHAMUKE IPOIECCa M3BEPIKEHNUSI, 1 OCOOEHHOCTEH pacipo-
crpanerus 90 B 3aBUCUMOCTH OT METEOPOJIOrHIecKoil obcranoBku. Her
HUKAKUX COMHEHHUH, YTO NPU COBPEMEHHOM DPa3BUTHH TEXHUKUA U BBI-
YUCTUTENBHBIX MeToJ10B, MoHuTopuHr OHY-uzaydenus moxer OBITH
BKJIIOYEH B CUCTEMY OIOBEIIEHUs ABUAIINH O MIEIIJIOBOY OIIACHOCTH MHO-
FOYUCJIEHHBIX Ha TPAcCaX aBHapeiicOB, IPOXOAANINX BIOJIb BOCTOYHOI'O
nobepexbst Kamuarku. Pabora BBIIOJIHEHA TIPU YaCTUYIHONW (DUHAHCO-
BoIT oaepxkke rpanta PODOU 19-05-00543.
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2.25 MoOHUTOPUHI paaualMOHHBIX IIOJIEi B
OKOJIO3EMHOM ITPOCTPAHCTBE U aTMocdepe
3eMJin B HOBBIX KOCMUYECKHX MPOEKTaxX
MOCKOBCKOT'O YHUBEPCHUTETA

Hanacrox M.U.1>2, Ceepmunos C.U.Y2, Beneun B.B.!,
Bozomonaos B.B.2, I'apunoe I K.', Job6wnds M.H.",
Sonomapes U.A.', Kanreeace B.B.', Kaumos II.A.Y, Ocedao B.H.",
Hepemamoro O.F0.Y, Hempos B.JI.', ITodzoaxo M.B.1

L Mocxoscruti zocydapemeennnidi yrnusepcumem um. M.B.
Jlomonocosa, Haywno-uccaedosamenvckull uncmumym s0epHot
Pusuru um. /1. B. Crobeavuyvina
2 Mocxoscrudi 2ocydapemeermvidti ynusepcumem um. M.B.
Jlomonocosa, Pusuueckutl paryavmem

B pamkax npoekra Yuusepcar-COKPAT B MockoBCKOM yHUBEPCH-
TeTe BeJeTcs padoTa 1Mo CO3JAHUI0 MYJIbTU-CILy THUKOBOI I'PYIIIINPOBKH,
OJITHOU U3 33849 KOTOPOU - MOHUTOPUHI PAIMAIMOHHBIX II0JIe B OKOJIO-
3eMHOM IIPOCTPaHCTBe 1 arMocdepe 3emin. Takzke B X0je pean3aluu
MIPOEKTa MPEIIOJIAraeTCsl OCYIIECTBIISITh KOHTPOJIb MarHUTO-BOJTHOBO
OOCTAHOBKM ¥ MPOBOJAUTH HAOJOJIeHUsS aTMochepbl B IMMHPOKOM
[MANa30He JIEKTPOMATHUTHOIO CHEKTPA OT OINTHYECKOrO JI0 TaMMA.
OcHOBHasI TI€JIb - MPOTHO3 SIBJICHWI, KOTOPBIE MOLYT IIPEJICTABIISITD
[MOTEHIMAJIBHYIO ONACHOCTBH [JIs aBHAIUU, CyO-OpOUTAJIBHBIX U Op-
OUTAJIBHBIX 110JIeTOB. K TakWM sIBJIEHHSIM OTHOCSITCSI WHTEHCUBHBIE
BO3pacTaHusl IIOTOKOB SHEPIUYHBIX 3aPIyKEHHBIX YaCTUll (COJIHEYHBbIE
KOCMHWYECKUE JIy9U, BBICHIIAHUS JEKTPOHOB U3 DPAIUAIIMOHHBIX IOS-
COB), IEOMAIHUTHBIE BO3MYIIEHUsI, JIEKTPOMAIHUTHBIE TPAH3UEHTHI
B armocdepe. IlepBrrit 3Tam mporpaMMmbl Hadaj PeAJTN30BBIBATHCH D
ot 2019 1. 1mocsie yCHeNrHoro 3amycka ¢ KOCMOJIpoMa, BocTouHbI
Tpex HaHO-ciyTHHKOB Tuma kKybcar 3U. Ha srux cmyrHmkax ycra-
HOBJIEHA AaIlllaparypa [Jis MOHUTOPHHIA KOCMHUYECKON pajguaind, a
TakzKe MPOTOTHIT Tpubopa it HaboaeHnit armMocdepe 3eMitn B yilb-
TpacduoseroBoM auamnazone. llomydernas wHdOpMAaIs MTOATBEPIIIA
npenmMmyIiecTsa MYJIBTU-CIIY THUKOBBIX Ha6J'IIO)]‘eHI/II7I JJId YKa3aHHBIX
BBIIIIE 3aJlad. B TekyllneM rojy IJIAHUPYETCS 3allyCK elle JBYX all-
maparoB Tuna Kybcar 6U, Ha KOTOPBIX JOJIZKHBI OBITH YCTAHOBJIEHBI
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JETEKTOPBI 3apAKEHHBIX YacTHUIl U raMMa-U3JIydeHusd, MariuTOMeTPbl,
anmaparypa /[Jisi PErucTpanuu aTMOC(EpPHBIX 3IJIEKTPOMATHUTHBIX
Tpan3ueHToB. [Ipesmnosnaraercs, 94TO 3TO MO3BOJUT 3AJI0KUTH OCHOBBI
CO3/1aBaE€MOM CUCTEMBI MOHUTOPUHTa KOCMUYECKUAX YI'PO3.

2.26 HexkoTopble BYJIKAHOJIOTUYECKNE ACHEKThI
CPAaBHUTEJBHOIO N3yYeHUs aTMocdep IJIaHeT
3€eMHOI I'pynnbl B CUCTEME KOOP/IUHAT
«Iepurejnii mjaaHeTbl — COCTaB aTMocdepbl —
BYJKaHU3M»

Jlenremensv U. Q.
Hnemumym syakaronoeuu JIBO PAH

DK30ILUTAHETHBIE HCCIETOBAHUS TOCTIEIHUX JIET ITO3BOJIIIN OOHA-
PYKUTh MHOXKECTBO HMEIOIINX aTMOCHEPHI 3eMJIENOI00HBIX ILIAHET
Bae CosHeunoit cucrembl. B cocraBe mx armocdep obHAPYKEHBI TA3bI,
BBIOpachiBaeMble ByJakaHaMu B armocdepy 3emun. Oqnako B CosHed-
HOIT crcTeMe cocTaB arMocdep Ha IIAHEeTaX 3eMHON BechbMa Pa3JImdeH.
Xors Ha 3emse, Mepkypuu, Berepe, Mapce u Ha HEKOTODBIX CILyTHU-
KaX IJIAHET-TUTAHTOB M3BECTHBI COBPEMEHHbBIE W JIPEBHUE ITPOSIBJICHUST
BYJIKAHU3MA, OJIHAKO JI0 CUX THOP MPOJIOJIZKATCS CIIOPbI O COOTHOIIE-
HAU POJIA BYJKAHU3MA C JIPYTUMA (PUIHIECKAMH W XUMUIECKAMU
nporieccamu  opmupoBanust armocdep. HemaBHo omyOInKOBaHHBIE
pesysbTaThl acrpoHoMudeckux uccaenosannii  (Krai, Davoult and
Charnay, 2020) no3BoJi OGHAPYKUTH BOKPYT 3BE3][ [JIABHON HOCIe-
JI0BaTEbHOCTU Ta30BbI€ JUCKU, COCTOSIINE U3 YIJIePoIa, KUCIOPOIa U
okcuzia yriepoga. Canraercs, YTO ITU ra30Bble JUCKUA COCYIIECTBYIOT
[POTOIUIAHETHBIMU €  IUIAHETE3UMAJBHBIMU IOsicaMU  (AHAJIOIHMYHO
Hamemy mosicy Koiiepa). IlnaHeTsl sIBIISIFOTCST CJIEJICTBUEM Da3BUTHUS
TaKOI'0 ra30-IbIJIEBOr0 IIAHETE3UMAJIBHOTO nosica. CJie/IcTBHEM TaKux
[IPOIIECCOB SIBJIAETCSI N3MEHEHUE [IEPBUYHOIO COCTaBa aTMocdep IIaHeT
0 Mepe POCTa PACCTOSIHUS OT IEHTPAJHHON YacTH TOsiCa, B KOTOPOW
ccopmupoBanack 3Be3na. s MpOBEpKH STOW THUIIOTE3bI BBITOJIHEH
aHaJIN3 TPEHJIOB M3MEHEHUs] CPEJIHUX COCTABOB ILTAHET 36MHOTO THUIIA B
CoJiHeuHO# cucTeMe B CHCTEME KOOPJMHAT COCTAB IIEPUTeJIUil [IaHETHI.
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2.27 HekoTopble 0COOEHHOCTU aKYCTHUYECKOT'O U
9JIEKTPUYIECKOI'O0 OTKJIMKOB
IIPUIIOBEPXHOCTHBIX OCAJO0YHBIX IIOPOJ, TP
pedopmanum ceiicMu4ecKUMyU BOJTHAMHU
CIJIBHBIX 3eMierpsicenunii (M, > 6.5)

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

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

PaccmarpuBatorcst akyCTHYeCKUi M JIEKTPUYECKUN OTKJIMKH IIPU-
IMOBEPXHOCTHBIX OCAJIOYHBIX TIOPO/I, 3aperuCTpupOBaHHbIe TIPHU J1edop-
MAaIlM¥ TTPOJIOJBHBIMU U TIOTEPEYHBIMUA BOJIHAMH IMTECTH KaMYaTCKUX
3eMJIEeTPSICEHNIT MarHuTyo# 6.6—7.7 Ha SMUIEHTPATLHOM DPACCTOSTHUN
131-728 xkm. Usmepenust mpoBommianch Ha craHimu <«KapbiMimmHas
(52.83°N, 158.13°E) UKNP JABO PAH. Anamusupyrorcs ocobeHHO-
CTH TIPOSIBJIGHUS ITUX OTKJIMKOB IIPU CMEIIEHUU, CKOPOCTU CMEIEHUST
¥ YCKOPEHHUHU I'PyHTa. B aHajm3e UCHOJIb3YIOTCst (hParMeHThI IMTHPOKO-
MOJIOCHOU 3aIllCH TpeX KOMIIOHEHT 3THUX IIapaMeTpOB Ha CeiCMUYeCcKOn
cranmun «Kapoivmmmaay Kamaarckoro dumana OUIL ET'C PAH, ko-
Topasi HaxoauTcs B 250 M OT TOYKH peructpanuu oTkInkoB. O6GHApY-
2KEHO, YTO MHTEHCUBHOCTD U XapaKTeP MPOSABJICHUsT 000MX OTK/TUKOB 3a-
BUCSAT OT MACHUTYJbI 3eMJIETPSICEHUS U MECTOHAXOXKJICHUS €r0 0Yara.
[losrydennbie pe3yabTaThl TPEJACTABIAIOT WHTEPEC NI U3YyUEHUsT Me-
XAHOJIEKTPUIECKAX CBOMCTB IMUPOKO PACIPOCTPAHEHHBIX ITPUIIOBEPX-
HOCTHBIX OC3/I0YHBIX ITOPOJ, U BOZHUKAIONINX IIpU UX JAedOpMaIluu reo-
AKYCTUYECKUX U T'€03IEKTPUIECKIX OTKJIUKOB.
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2.28 HeskcreHCUBHBIN aHaIn3 CeICMUYHOCTU
OUIIIKEKCKOI'0 re0ANHaAMUYECKOr'o IIOJINTroHa
(ceBepnbrit Taub-11Taun)

Cwives B.H.', Coriesa H.A.', Bozomonos JI.M.?

b Hayunan cmanyus Poccutickott axademuu Hayk 6 2. Buwkexe
2 Hnemumym mopckoti 2eonozuu u 2eofusuru Jlarvnesocmournozo
omdeaenus Poccutickot axademuu nayx

Bumkekckuii reopunamuyeckuit nosmron (BI'IT), orpanuuensbrii
41.543.5 c.mr. u 73 77 B.m., 1eXKUT B IIpeiesiax MeHTPAILHOTO CEIMEHTa
Cesepo-Tsub-I1lanbcKoil celicMOreHepUpyIOIeil 30HbI U [TPEJICTABIISIET
coboit 3ony counenenus siab-IIlambckoro oporena u Typanckoii -
Tbl. OCHOBHBIMHM TEKTOHUYECKUMHU CTPYKTYPAMH HCCJIEIyeMOro paiio-
Ha HA HEOTEKTOHUYIECKOM ITalle SBJISIOTCH Kuprusckas MeranTHKJII-
nanb (Kuprusckuit xpeber) u Haxopsmmasics cesepuee Uylickas Bra-
nura. FOxuee Kuprusckoro xpebra pacnosaratorcst CyycambIpcKast,
Koukopckass n [[zKyMmrajibcKasi BIAJIMHBI, pa3/e/ieHHble HEOOIbITUMI
xpebramu. 3amagHee HaxonsTcs xpedrol Tagacckuit, Bombmoit u Ma-
seiii Kaparay, a Bocrounee xpebrer Kynreii- Asaray u Tepckeit-Anaray
¢ pazaessomeit nx Mcebik-Kyabekoit Mexxroproit Bainnoit. burrkek-
CKUA FeO)lI/IHal\H/ILIeCKI/Iﬁ IIOJIMTOH 30Ha COBPEMEHHBIX MHTEHCUBHBIX JI€-
dopmMmaruii, KoTopble IPOSIBJISIFOTCST B aKTUBHOM ceficmuanoctu. Ha Tep-
puropun BI'll pacnonoxkena ceitcmosiorndeckas cetb KNET, cocrog-
mas u3 eCATU MU(POBBIX ITIPOKOIIOJIOCHBIX CTAHIUH, TO3BOJISIONIA
PerucTpupoBaTh JOKAJIBHYIO U PErHOHAJIBHYIO CeficMHIHOCTH. K Ha-
CTOAIIEMY MOMEHTY KATAJIOI 3€MJIETPSCEHUI, [TOJIyYeHHBIN 110 JTaHHBIM
ceru KNET, Bkitouaer B cebst 60s1ee 10 000 ceiicMuueckux coOBITHIA,
mpou3oreanux 3a 1994 2019 rr. KataJior 3emyeTpsiceHnit pacCMOTPEH C
MTO3UIMI HEPABHOBECHON TEPMOIMHAMUKY C UCIIOJIH30BAHUEM CTATUCTH-
ku Tcammmca. g onmucanns GyHKIINT pacIpeIe/IeHIsT 3eMIeTPSICEH
10 SHEPI'USM HCIIOJIH30BAJIUCH MOIUMUIIMPOBAHHAS MOJEIb 0Yara 3eM-
Jsterpsicerust stick-slip - pepbIBUCTOE CKOJIbXKEHUE JABYX ILJIUT JIPYT IO
JPYTY BJIOJIb PA3JIOMa [PU HAJUIUN TPEHUs] W IIPUHIUI MAKCUMYyMa
surporuu. [logydennoe pacripese/ieHre 3eMJIETPSCEHUN 0 IHEPIUSM
OIHUCHIBAETCS MPEJJIOKEHHON MOJIEJIBIO BO BCEM HANA30HE MATHUTY U
corytacyercs ¢ pacnpemenenaueM ['yrenbepra PuxTepa B mpecTaBuTe b=
HOM HHTepBaJie MarauTy 1. Mojie/ib UCI0JIB30BajIach JJjIs KOJIUIECTBEH-
HOIl OIEHKU JIAJIbHUX KOPPEJISIIil, BOSHUKAIOIINX B [IOTOKE 3eMJIeTPsI-
CeHuil, a TakXKe JJjis ONEHKN W3MEHEHUs JTAJbHUX KOPPEJISINi HEeIo-
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CPEJICTBEHHO TIepe KPYIHbIM 3emierpsicenneM. [lokasamno, ITo mMOTOK
3eMJIETPSICEHU TTPEJICTABIAET COOOH CUCTEMY C MaMATBHIO W JTaJbHU-
MM KOpPeJAuaMi. 3HadeHne mapaMerpa Tcajumca paccIuTanuoe JIJIst
BCETO KaTaJIoTa XapakTepusyeT uccieayeMblii pernon Taub-Ilansa kak
CefiCMOAKTUBHBIM.

2.29 O B3aMMOCBsI3U IKCTPEMYMOB
JIyHHO-COJIHEYHBbIX NMPUJINBHBIX BO3/1elCTBU
U celiCMUYEeCKUX COOBITHIA

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

B pabore paccmarpuBaioTcs IKCIEPUMEHTAJbHbIE AHHBIE, OJIY-
YeHHble Ha CTAllMOHAPHBIX U PEKUMHBIX IIYHKTaX MarHUTOTEJLIypude-
CKOI'O MOHUTOPHWHIA Ha TEPPUTOPUN BHUINKEKCKOro reoIMHAMUYECKOTO
noaurona (Cesepubiii Taub-11lans). BoinosHnennbie nceieioBanus CBY-
JeTeJbCTBYIOT O B3aUMOCBSA3M Bapualldil 3J€KTPOMAarHUTHOIO U ceii-
CMHUYECKOI'O TIOJIEH, JIYyHHO-COJIHEYHBIX IIPUJIUBHBIX BO3EUCTBUI, Celi-
CMUYECKOI'0 PeKMMa, C IIPOoIleccaMu TpemunHoodbpas3osanus. VcciemoBa-
HU 110 U3YYEHUIO OTKJINKA B re0(U3NIECKUX ITOJISAX IIPOIIECCOB, CBA3AH-
HBIX C JlepopMalyeil 3eMHONW KOPBI TI0J] BJIUSIHUEM JIyHHO-COJTHEYHBIX
BozzeiicTBmit, mpoBogsaTcs Ha Teppuropun Ceseprnoro Tamb-Illans c
KOHIIa, IIPOILJIOTO BEKAa. | paBUTAIMOHHBIE MPUJIABBI IOCTOAHHO PETH-
CTPUPYIOTCS ¢ TTOMOIIBI0 TpaBuMerpa Scintrex CG-5 Autograf na tep-
puropun Hayunoit cranimun PAH. Hamu paccmarpuBajmch JiBa OCHOB-
HBIX TUIIA [IPUWJINBHBIX Bapualiil BEPTUKAJIbHON KOMIIOHEHTBI CyTOY-
HBle U ToJiycyTouHble. IloydeHo Xopolmee COOTBETCTBHE PACUETHBIX
Pe3yJIbTaTOB, MOy YeHHBIX C MOMOIIBIO IIporpaMmel tide.exe, n HAOIIIO-
JIEHHBIX JTAHHBIX. AHAJIN3 KOPPEJISIMOHHBIX COOTHOIIEHUI MEXKJ1y Ba-
pHUaIUAMHI KaKyIIerocs COIIPOTUBJIEHUS U JIyHHO-COJIHEYHBIMU IIPUJIN-
BaMU CBHJETEJIbCTBYET O CYHIECTBOBAHUU B3aUMOCBA3ZU MEXKJy ITUMHU
sijeansMu. HeBbICOKUiT ypOBeHb 3HAUEHU KOI(MDPUIIMEHTOB KOPPEJIsi-
WU B Psifie MyHKTOB HAOJ/IIONEHUN YKA3BIBAET HA TO, YTO KPOME IIPU-
JIMBHBIX BO3JEHCTBUI B 1eDOPMAIIMOHHBIX IIPOIIECCAX HETPEPBIBHO Jeii-
CTBYIOT TEKTOHMYECKHEe NCTOUYHUKNY fAedopmariuii. [lokazana npuanaHO-
CJIEICTBEHHAA CBA3b JIyHHO-COJIHEYHBIX IIPUJIMBOB U 3HEPIeTUYECKOHN
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XapaKTEPUCTUKON JIEKTPOMArHUTHOI'O IIOJISI SHIOTE€HHOTO IIPOUCXOK-
nenns. Takyke IPeICTaBJIEHbl PE3YJIbTAThl YaCTOTHO-BPEMEHHOIO aHa-
JIn3a OTKJIMKA I'e0JIOTMYECKOi CPeJIbl Ha 3eMJIETPSCEHUS B JIEKTPOMAr-
HUTHOM II0JI€, PACCMOTPEHBI OCODEHHOCTHU IPOSIBJICHUS B 3aBUCUMOCTH
OT MECTOHAXOXKJIEHUsI TUIIO- W SIUIEHTPOB CECMUIeCKUX COOBITHN U
WX MarHuTyabl. PaccMoTpeH psifi OTKINKOB B reOMU3MIECKUX IMOJIAX
Ha yJaJIeHHble U pernoHajbHble 3emierpscenus 2010-2020 rr. ¢ sHep-
reTUYeCKNIM KJIacCoM OT 8 710 12 M MX B3aMMOCBSI3b C SKCTPEMYyMaMU
JIYHHO-COJIHEUHBIX TIPUJIMBHBIX BO3jieiicTBuil. [losrydennbie pe3yabTaTsb
COOTBETCTBYIOT I'MIIOTE3€ O IiepepacupeiesieHnn GhJIon1a MexK, 1y CHCTe-
MaMH{ TPEIIUH, TPOHU3BIBAIOIINMI I'€0JIOTHIeCKIue O0BEKTHI U 001812~
IOIMMHU PA3JIUYHON OpUEHTAIIUEN, IIePECTPOKa KOTOPBIX IPOABIACTCS
B M3MEHEHUU DsJia XapaKTEPUCTUK CPeIbl, B 00pa30BaHUU aHOMAJIUI
reodu3NIECKuX MoJIell, & TaKKe B TOSBJICHNN aHH30TPOIIUH CBOMCTB I10-
pox. Pe3ynpraTe!l mcciie10BAHAS B3aUMOCBS3H JIyHHO-COJTHEYHBIX IIPH-
JITBOB C COBPEMEHHBIMHU €0 IMTHAMITIECKIMH ITPOIIECCAMU CEHCMOAKTHB-
HBIX PETHOHOB HEOMHO3HAYHBI U TPEOYIOT JIOMOJHUTEIHHOIO U3y IeHNUs.
Pabora npoBominchk B paMKax BBIITOJIHEHHUS T'OCYJAPCTBEHHOIO 3a/a-
uus Hayunoit cranmuun PAH mo teme AAAA-A19-119020190063-2 u
npu puHAHCOBOI nomaep:kke npoekta PODU 20-05-00475.

2.30 O HekoOTOpPBIX MPOOJIEMaAX MCIOJIL30BAHUS
CTApbIX MAarHUTHBIX JIAHHBIX

Xomymos C.IO.

Hnemumym x0cmopusureckus uccaedosanut u pacnpocmpaHeru
paduosorn JIBO PAH

Maruutabie u3mepenust Ha obceparopusx UKNP CO PAH «Ma-
ragaa» (MGD), «Ilaparyaka» (PET), «FOxuo-Caxammuck» (YSS),
«Mpic IIvuzas (CPS) n «Xabaposck» (KHB) BepyTest mpakTuaecku ¢
MOMEHTa UX 00pa30BaHusl. SHAYUTEIbHAS YACTb [TOJIYYEHHBIX PE3Yilb-
TaToB npeacrapieHa B 6asax mapnabix MILI u INTERMAGNET. Ox-
HAaKO, OOJIBITION 00BEM IepBUYIHON HHGMOPMAIIH OCTAETC HeoOpaboTAH-
HBIM U HEJIOCTYITHBIM JIJIsl UCHOJb30BAHUS B HAYIHBIX UCCJIEIOBAHUSIX.

B nocnennne meckosbko jger UKUVP JIBO PAH npemnpunumaer
yemiust 1o 06paboTKe CTapbiX MArHUTHBIX JIAHHBIX. [losrydensr nudpo-
BbI€ 00pa3bl AHAJIOTOBBIX MarHuTorpaMmm obcepsaropun «llaparynkas
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¢ 1967 1. u ciestana oreHKa BO3MOXKHOCTU UX MCIIOJIb30BAHUS JIJIsI TIOJTY-
YeHUsI HE TOJHKO YaCOBBIX, HO U MUHYTHBIX 3HAYUCHUIT 9JIEMEHTOB TIOJIS.
O6pabarbiBaioTcst crapble IUMPOBLIE JaHHbIe, UMEIONINECs B IIEPUOL
rmepexojia ¢ aHAJOTOBOM PErMCTPaIlny Ha IU(POBYIO.

OcuHoBaag 1pobiema 1pu o6paborke u/miam mepeobpaborke ap-
XHMBHBIX JIAHHBIX CBs3aHa C OTCyTCcTBUeM uH(bopMaryuu (MeTaJaHHbIX )
006 yCJIOBUSIX, I[P KOTOPBIX BBINOJIHSIINCH U3MEPEHUS. DTO OTHOCUT-
csl TIpeXKJe BCEero K pesysbraTaM abCOJIOTHBIX HabJIIOJIEHUil, KOTOphIe
HEOOXOIMMBI JIJIsi [IOJIy9YeHHs] IIOJIHBIX 3HAYEeHUIl 3JIEMEHTOB BEKTODPA
HaIPSKEHHOCTH MATHUTHOTO TOJisi. B pabore mpesjaraiTcs HEKOTO-
pble TEXHOJOTHUH, TTO3BOJISIONINE MCIIOIb30BATH JAHHbBIE, MOJIYICHHBIE
mpu 06pabOTKe AHAJOTOBBIX MATHUTOTPAMM, JJIsT KOPPEKIUN Pe3y/b-
TaTOB M3MEPEHUH IUPOBBIMM MATHATOMETPaMU. SHAUYUTEHHYIO IIPO-
GJ1eMy IMPEJICTABIISIIOT OTCYTCTBHE WJIM HEJIOCTOBEPHOCTH MHMOPMAIIUN
0 TeMmIlepaType B BapUAIIMOHHOM IABUJILOHE U pabOTax, IIPOBOIUMBIX
¢ ammapaTypoil mian B maBmiaboHaX. I[lo Mepe HAKOIJIEHUsT OMBITA TPH
06pabOTKe apXUBHBIX JAHHBIX (DOPMUPYETCST «KATAJIOT» TTOMEX W X TH-
TOBBIX 00pa30B, MO3BOJAIOMNI Oosiee HAMEKHO U IPDHEKTUBHO HICH-
TUDUIUPOBATD U YAAJISITH ITH [TOMEXH.

Pabora BbImonHeHa B paMKax rocsaganus mo teme AAAA-A1T7-
117080110043-4

2.31 Hwusko4dacToTHbIE IIapaMeTPUYeCKNe CUCTEMbI
B MEJIKOM MOpe

Tapacos C.ILY, Yoicy Lzanvugionn?, Huenes 11111,
Kopouenyes B.J1.3

! Kagedpa OTA w MT FOQY
2 Hnemumym eudpoakycmuru XHY, KHP
3 Hwnorcenepnan wrona JBDY

Pazpaborana TeoOpeTHIeCKas MOJEJb /I UCCIIEIOBAHNS IapaMeT-
PHUYECKNX aKyCTUUECKMX CUTHAJIOB B CJI0Oe JieJ/Boma. B kadecTBe MO-
JIeJIN TIPEJIJIAraeTCsl YCTAaHOBKA U3 JBYX HU3KOYACTOTHBIX M3JIydaTesel,
PACIIOJIOZKEHHBIX Ha ITOBEPXHOCTH JibJa. IlokazaHa BO3MOXKHOCTH U3Y-
YeHHsI CTPYKTYPbl HU3KOYACTOTHOI'O CHUT'HAJIA IIPU HEJIMHENHOM B3au-
MOJIEHCTBUH. DKCIEPUMEHTAJIbHbIE NCCIIETOBAHN, IPOBEIECHHBIE B 3a-
smBe Ilerpa Besmkoro dnonckoro Mopst 1 B A30BCKOM MOpe, TOKa3bI-
BaIOT Y/IOBJIETBOPHUTE/IHLHBIE COBIIQJICHUSI C TEOPETHIECKIMHU UCCJIE/I0BA~
HUSIMU.
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2.32 OO0 aHuM30TpOINU CEeliCMUYECKNX BOJIH B
KapnarckoMm peruone

Jvickosa E.JI., Cannuxos K.IO.
Canxm-Ilemepbypeckut 2ocydapcmeenmvill ynusepcumem

Anusorponus ceicMUYecKUX BOJH KOHTHHEHTAJHHBIX 00acTeil J10
CHX TIOP OTHOCHUTCSI K Pa3psijly JUCKYCCHOHHBIX BOIPOCOB, TAK KaK €€
OIIEHKHU B PA3JUIHBIX ODOJIACTSIX JEMOHCTPUPYIOT PA3HBIN 3HAK KO-
dunmenTa aHn30TpoONUK. B MIPOTHBONOJIO2KHOCTD MCCJIEIOBAHUSIM OKe-
aHnIecKux obsacreil, rae ckopoctu SH Beerma mpeBasimpyor Ham CKO-
poctsiMu SV, B KOHTHHEHTAJIBHBIX 0DJIACTSIX COOTHOIIEHUST MEXKLy CKO-
pocTsiMu CHJIbHO pazsndaiorcs. OObsCHEHHEM 3TOMY, B MEPBYIO OUe-
pelib, ciiyKuT pasjmare B crpoenun. CTpoeHre KOpPbI U BEPXHEH MaH-
THH T10]T OK€AHAMU Iopa3/o 6osee 0JJHOPOJIHOE TI0 CPABHEHHIO CO CTPOEe-
HUEM KOHTHHEHTAJbHBIX objacreil. K oleHke aHU30TpONMU CYIIECTBY-
0T HECKOJIBKO TOX010B. CaMblil TpaMIIMOHHBIA METOJ] 3aKII0IACTCS
B HCIIOJIb30BAHUU MAKCHUMAJHHOTO KOJUIECTBO JIAHHBIX OTIEIBHO JIJIsT
BostH JlsiBa m BosiH Pestest jyist mccsre/ioBaHus JIATEPAJBLHOIO PaCIIpe-
nestenusi ckopocreit SH u SV, HeB3upasi Ha TO, YTO IJIOTHOCTH IIO-
KPBITUSI TPACCAMHU, &, CJIEJIOBATEILHO, M O0JIACTH HAWJIYUIIEro pa3pe-
[IEHUS. MOTYT OBITH Pa3IUIHON (DOPMBI U pasMepa. ITOT METOJH OBLIO
PEIIIeHO WCIIOJb30BATh B KAaYeCTBe HAYAJIBHOrO mpubsmkenus. Hacro-
SITIIee UCCJIEJIOBAHUE SIBJISIETCS 9aCThIO GOJIBINOTO MPOEKTa, B KOTOPOM
Ha CJIEAYIONIUX JTallaX [JIAHUPYETCS HUCIIOJIH30BATH TOJIBKO TPACCHI €
Ka4eCTBEHHO! Jinciepcueil B MUPOKOM JIHala30He [IePUOJOB KaK BOJIH
JlsBa, Tak u Pesesi, u BoimosiATh TOMOrpaduio camoro kosddurmen-
Ta aHn30TporHMH. Ha 3aKII0UMTEIHHOM JTAle MPEJIIOIAraeTCs ¢ TOMO-
MBIO TOJISTPU3AIMOHHOTO AHAJIN3a, UCIIOJIB30BATH TOJBKO OUHIIEHHYIO
JIUCIIEPCUIO0 BOJIHBI JIsiBa, TaK KaK M3BECTHO, YTO MAPMOHUKU Pa3HBIX
[IEPUOJIOB MOTYT MMETh pa3HbIe IIYTH IOJX0/Ja K CTaHIUU, U OTKJIO-
HEHHUS OT TEOMETPUYECKOr0 a3uMyTa MOryT jocturarb 20 Tpajycos.
B kauectBe 00BekTa mMCCiemoBanus ObL1 BeiOpan Kapmarckwmii peru-
OH, TIOCKOJIbKY OH COJIEPXKUT WHTEPECHbIe KOHTPACTHBIE OCODEHHOCTH:
(1) TlanHOHCKMIi GacceifH, KOTOPBIN XapaKTEPU3yeTCss TOHKOH KODOIA,
YTOHBIIEHHO JIMTOCKEPOil 1 AHOMAJIBHO BBHICOKUMU 3HAYEHUSIMU Tell-
JioBoro noroka; (2) zony Topuksucra-Tecceiipa, KoTopas paciosokeHa
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rnapaJuresbao npocrupannio Bocrounsix Kapmar, u npejcrasiser co-
6oit 30HYy KOHTaKTa JoKeMOpuiickoit sutocdepsl BEII u cpaBauTeHHO
moutozioit smrocdepst 3amanaoit Esporsl. (3) Tperbeii 0cob6eHHOCTHIO
sIBJIIeTCsl 30Ha, BpaHua, omHa m3 HamboJiee aKTUBHBIX CEACMIIECKUX
3o EBpomnbl. Ona pacrnosioykeHa B paiioHe COWICHEHHUS MOJIOIBIX TEK-
ToHndeckux crpykryp: FOxkupix u Bocrounsix Kapmar, Tpancuinpan-
ckoit Brajuab! u [Ipenkapnarckoro nporuba. 3ona Bpamda xapakrepu-
3yeTCsi OTHOCUTEJIBHO Y3KHUM, IIOYTH BEPTUKAJIBHBIM CEICMOreHEPUPY FO-
UM 00'bEMOM CPeJIbl, KPYTO MAJAIOIINM B CEBEPO-3aIIaIHOM HaIlpaBJIe-
HUW; MECTOIIOJIOXKEHUEM MO, YTOJIIEHHON KOHTUHEHTAJIbHON KOPOA 11y~
ru Kaprmarckoro opok/ImHa; HECOBIAIEHUEM IOJIOKEHIS THUIIONEHTPOB
C W3BECTHBIM TEKTOHMYECKHM IBOM B Kaprarckoit oporenHoit cucre-
Me. s uccireioBanus ObLIN MCIIOJIB30BAHbBI IIIMPOKOIIOJIOCHBIE 3aIU-
cu LH-kanaja or 3emiierpsicenuii ¢ suunentpamu B Typrun, Upamne,
Cpenuzemuomopne, Arnanruke Ha crapiusx cetu GEOFON. I'nasnas
3a/1a9a 3aKJII09aIaCh B M3YIE€HUU PACIPEIEICHIS CKOPOCTEN S-BOJIH ¢
rryoumoit. [yt moydenns IUCIEePCHOHHBIX KPUBBIX BOJiH JIsaBa u Pe-
Jiest OBLJI UCIIOJIb30BAaH YACTOTHO-BpeMeHHo! MeTo 1. JlaTepasnbHble pac-
[IpeJIeJIEHNS] IPYIIIIOBBIX CKOPOCTEN OBLIIM IIOJIYY€HBI C [IOMOIIBI0 METOIA
2D Tomorpadun B IPEIIIOJOKEHUN O TJIQIKOCTH ITOJIy9IaeMOro pere-
uug (durmap, duosckas; 1989). Pesynbrarsl uccienoBanus BblsBIIIN,
qro B ThLLy Bocrounbsix Kapmar g0 riydbun 125 kM mpeobiamaer Ko-
3 durmeHT aHU30TPOINN [TOJI0KUTEIHHOIO 3HAKA 10 CPABHEHUIO C KO-
3¢ UIUmEHTOM aHU30TPOINK Ha CeBEpO-BOCTOKe 0T Kapnarckoii jyru.
Takum o6paszom ¢ jpyroit croporbl or TT3 mox BEII 3nak mensiercst Ha
orpunarenbubiit. C ryyOuHON pa3iandus B 3HAUEHUSX KO3IPDUIHEHTA
BBIPABHUBAIOTCH.

2.33 0O0630p MeToa0B 00PAOOTKM U aHAJJIN3a
UMIOYJIbCHBIX Ie0O(PU3NIECKUX CUTHAJIOB

Jyxosenxosa O.0., Cenxesuy FO.U., Conoduyx A.A., epbuna A.A.

Hrnemumym koemopuduneckux uccredosanutdl U pacnpocmpaHeHus,
paduosoan [BO PAH

B mokmame paccMarpuBaloTCs METOIbI OOpabOTKH U aHAJIU3a WM-
[YJIbCHBIX CUTHAJIOB T'€0aKyCTUYIECKON U 3JIEKTPOMATHUTHON IMUCCHUU,
peructpupyembix 6osiee 20 jiet Ha reomumHaMudeckoM mnojurone UKUP

99



ABO PAH (moayocrpos Kamuarka). IIpemioxkenpl MeTonbl IIOUCKA,
BBIJICJIEHUST U BOCCTAHOBJIEHUSI MMILYJIbCOB, WX YaCTOTHO-BPEMEHHOTO
aHaJM3a C HUCIOJb30BAHUEM AJAITHBHON DPA3PEXKEHHON aIlllIpPOKCHMa-
[WW, CTPYKTYPHOTO ONUCAHUsT (DOPMbBI UMITYJILCOB U KJIACCU(PUKAIIMN.

st BBIIEICHUST UMITYJIbCOB U3 IeO(pU3NIECKUX CUTHAJIOB MTPUME-
HSIETCsl AJIATITUBHAST [TOPOTOBasi CXeMa, ITOJICTPAMBAIOIIASICS IO, YPO-
BeHb ITyMa 00pabaThIBAEMOrO CHUTHAJIA. BbIIeTeHHbIE UMITYJIbCHI Xa-
PakTepU3yTCd HE TOJBKO PA3JIMYHBIM YaCTOTHO-BPEMEHHBIM COCTa-
BOM, HO W INMUPOKUM pasHoobpazuem dopm. OpHuM u3 criocoboB pe-
[IEHUs JAHHON TPOOJIeMbl SBISETCH YHUMDUKAIMS OMUCAHUS U KJIac-
cuduKaIys UMILYJIbCOB C IEJIbI0 COKPAIIEHUS UMILYJILCHOTO Pa3HO00-
pa3us U BBISBJIEHUS] XaPAKTEPHBIX U aHOMAJBHBIX Gopm. s anam-
3a 9aCTOTHO-BPEMEHHOT'O COCTAaBa UMITYJIBCOB HCIOJb3yeTCs aJrOPUTM
aJIAIITUBHOIO COTJIACOBAHHOIO IpeciyenoBanus. [l mmenTudukaun
dOpPMBI UMITYJIbCA TPEJIAraeTCs MEeTOJ[ CTPYKTYPHOTO OIUCAHUS, 3a-
KJTIOYAIOITUICS B KOJIMPOBAHIY UMITYJIHLCOB CIIEIUATEHBIMI MATPUTIAMIY-
obpazamu. Paccmorpen cmocob kmaccumdurauy UIeHTADUITIPOBAH-
HBIX UMIYJI6COB. [I0CKOIBbKY METO/IbI aHAJIM3a CTPYKTYPhI HMITYJIHCHO-
0 CHTHAJIA YYBCTBUTEJIbHBI K HCKAXKEHUsIM, aBTOPAME IIPEJJIaraeTcst
crtoco0b BOCCTaHOBJIEHUST (DOPMbBI UMITYJIbCOB, OCHOBAHHBII Ha BeiBJIET-
PAa3JIOKEHUH.

Brigenennnie B xo7e anamm3a wHGOOPMAIMOHHBIE TPU3HAKYN reodu-
3UYECKUX CHUTHAJIOB MOIYT WCIOJIb30BATHCS JJIsl IMOMCKA AHOMAJIHUI B
JIAHHBIX C IIOCJIE/IYIONIUM YCTAHOBJIEHUEM CBSI3M 9TUX aHOMAJIUI C 3eM-
JIETPSICEHUSIMU.

Pabora BbImOSIHEHA B pamMKax TOCYIapCTBEHHOTO 3aJaHWsi 10 Te-
Me «Jlnnamuka punIecKux MPOIECCOB B AKTUBHBIX 30HAX OJIMYKHETO
kocMoca u reocceps (2018-2020), Ne roc. perucrparuu AAAA-A17-
117080110043-4.
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2.34 OnbIT CMHXPOHHOI'O HAOJIIOIEHUS
ceiicmo-1ecpopMaIMOHHBIX KoJiebaHWiT 3eMJin
pa3HEeCEeHHbIMHU JIA3€PHBIMU
nHTepdepoMmeTpaMu

Anexcandpos J.B.*, Ty6pos M.H.', Kpasuos B.B', Jlapuornoe H.A.2

L @pasunckuti gusvan Hrnemumyma paduomerHuky U sAeKmpoHuKy
um. B.A. Komeavnuxosa PAH
2 Hncmumym KOCMOPUSULECKUT UCCACO08aHUL U PACTPOCTPAHENUA
paduosoan JIBO PAH

B noknajie mpuBOIATCS II€PBbIe PE3YITATHI YHUKAJIBHBIX SKCIIEPU-
MEHTOB 110 CHHXPOHHON PEruCTPaIiy CeHCcMO-1ePOPMAIIMOHHBIX KOJIe-
OaHUil 3eMHOI ITOBEPXHOCTU TPeMsl JIA3€PHBIMUA MHTEP()EPOMETPAMIU-
nedbopmorpadamu, pa3HeceHHBIMH Ha paccrosinme 6740 xm. [IBa
100-meTpoBeix Jazepubix gedopmorpada ycranoieHbl Ha DPps3umH-
ckoM JlydeBomunom mnosurone B IlonmockoBbe, Tperumit 18-MeTpOBBIit
nedopmorpad PaCIONIOXKEH B IyHKTe HabOJrogeHnst KapbiMinHa
(Kamuarckuit kpait). [sa Jasepubix gedopmorpada Bo Ppsazuno
noCTpoeHbl 1O cxeme uHTepdepomerpos Maiikesabcona: 1) pasho-
wrednii wHTEPMEPOMETD, JJINHA KAaXKIOr0 HM3MEPUTEJIHHOrO IIjIeda
okos1o 100 M u 2) HepaBHOIIeYHil (HECHMMETPUYHBI) HHTEPhEPOMETD
- JumHa u3MeputrenabHoro mireda 100 M, omoproro - okosjo 10 cw.
Paccrosinme wmexiy wunTepdepomerpamu-iaedopmorpadavu 400 M.
Jlazepusbiit medopmorpad B myHKTe HaOIOAeHuss Kapbimimmaa -
MOAMUIIMPOBAHHBIA  HepaBHOIIeUMit umHTepdepomerp Maiikesnb-
coHa ¢ JAjuHON m3MepuTenabHoro mieda 18 M. Paccrosume mexiy
Opszunckum JIyIeBOTHBIM TOJUTOHOM W IIYHKTOM HabJomeHus Ka-
peiMiuHa coctaBiser 6740 kM. B kKayecTBe MCTOYHUKOB W3JIyYeHUsT
B jgedopmorpadax UCIOJb3YIOTCS YacTOTHO-CTAOMIM3UPOBAHHBIE U
TEepPMOYIIPABJISeMbIe Ja3ephl ¢ AauHON BotHbl 633 HM. s namepenust
cABUrOB HMHTEPGEPOrpaMMbl IMPUMEHSIIOTCS CHCTEMBI PEruCTPAIun
KOMIIEHCAI[MOHHOTO ¢  MOJYJISIIMOHHOTO THIIOB, OOeCIedYnBalonine
abcosiorHOE MHCTpyMeHTabHoe pasperienue 0,1-0,01 um. [IpuBoasres
pe3yJIbTaThl CIEKTPAJIBLHOTO W KOPPEJSIIMOHHOTO AHAIN3a JAHHBIX,
moydeHabix B 2016-2020 rr. Bo Bpems CeaHCOB CHHXPOHHOM pabOThI
BCEX TPEX WHCTPYMEHTOB. DBBITOJTHEHO COIOCTABJIEHUE II0TyYeHHBIX
pPe3yIbTATOB C PETHOHAJIBLHON M TJI0DAIHHON CEeHCMUTIECKO, BYIKAHU-
YeCKON aKTUBHOCTBIO, IUKJIOHAMH U UOHOC(DEPHBIMU BO3MYIIEHUSIMU.
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[Tokazamo, aTo paszpabaTbiBaeMasi METOIMKA MOYKET OBITH 3P heKTuB-
HOI JijIs1 OOHADPYKEHUsI W MICHTUMDUKAIME TPEIBECTHUKOB KPYITHBIX
CcefiCMUYEeCKUX COOBITHI U JPYTHUX ONACHBIX IIPUPOIHBIX SIBJIEHUI.

2.35 OrTpurarejibHble aHOMAaJUN ATMOC(EPHOro
3JIEKTPUYIECKOIO MOJIsi B celiCMOaKTHUBHOM
peruoHe: CBsi3b C TEKTOHOCEMCMUYIECKUM

MPOIECCOM M HAXO0XK/IeHUEe NCTOYHUKA

Pyaenxo O.I1.
Hremumym syaxanosnozuu u ceticmonoeuu JBO PAH

PaccmarpuBatorcs orpuniaTesbHble aHOMAJINN aTMOC(EPHOTO 3JIeK-
TPUYECKOTO TOJIs Y 3EMHOIl IMOBEPXHOCTH, KOTOPBbIe HAOJIIOIAI0TCT B
CefiICMOAKTUBHBIX DPErMOHAX IIPU XOpoIeil m OJu3KOoi K Heil moroe.
Ucnionp3yst mureparypHble JaHHbIE, BHISICHEHBI OCODEHHOCTHU TPOsiBJIE-
HUS 9TUX AHOMAJIH{, CBUIETE/ILCTBYIONINE O CBA3U C JepOpPMUPOBAHIEM
[PUIIOBEPXHOCTHBIX MOPOJ], IPYA TEKTOHOCEHCMUIECKOM IIPOIECCe. DTOT
IpOIleCC MOCTOAHHO HNPOTEKaeT B CEHCMOAKTHUBHBIX DPErMOHAaX WU BbI-
3bIBAET U3MEHEHUS HAIPS2KEHHO-TePOPMUPYEMOTO COCTOSTHIST TOPHBIX
IOPOJ] B TEKTOHMYECKOM peKnMe IepOPMUPOBAHUS U IIPUA TOITOTOB-
K€ 3eMJIETPACEHUH, KOTOpbIe ABJIAIOTCH CEHCMHYECKOU COCTABJIAIONIEH
mporiecca Kak pe3ysbTar 60jiee HHTEHCHBHOTO JepOpPMUPOBAHUS [TOPOJ
O/, IeCTBUEM TEKTOHUYECKUX CUJI. PaccMaTpuBaloTCs JiBe CYIIECTBY-
IOIe TOYKH 3PEHHsI Ha HaXOXKIeHUe HCTOYHUKa IpeICceHCMUYIeCKUX
BO3MYIIEHHIT aTMOC(HEPHOTO JIEKTPUIECKOTO IO/ B IPUIOBEPXHOCT-
HBIX CJIOSX 3€MHOI KOPBI U B IIpu3eMHOM Bo3ayxe. Ha ocnoBammu mpes-
CTaBJIEHUI B aTMOC(EPHOM IJIEKTPUIECTBE ITOKA3AHO, YTO UCTOTHIKOM
OTPHUIIATEJIBHBIX aHOMAJIUN TOr0 I0JIsI IPU TEKTOHOCEHCMUIECKOM IIPO-
1ecce sIBJISIeTCsl OTPUIATEIBbHBIN 00 beMHBIN 3apsij, KOTOPBI BOSHUKAET
B IIPU3EMHOM BO3IyXe U MMeeT J1e(OPMAIMOHHO-IMAHAIIMOHHYIO ITPU-

pony.

62



2.36 OrmeHka B3aMOCBA3U I'MAPOTr€OXNMUYECKUX U
ruJpouHaMudecKnx 3P PeKToB C
nposiBJieHusAMHu ceiicMuaHocTu KbIpreiacrana

Kendupbaesa Jorc. 2K.
Hremumym cetiemonoeuu HAH Kwvpewscrotl Pecnybauxu

B pabore npuBeseHbl THAPOreOXUMUIECKAE U THIPOJINHAMUIECKIE
addekTol, 3aduKCHPOBaHHBIE 328 TIEPUOIBI 10, BO BPEMS U IIOCJIE CHJIb-
HBIX U ON[yTHUMBIX 3eMJIeTpsiceHuil, mpousoinenmux B Ksiproiscrane
3a 1970-2019rr. st X OCBeIllleHHsI WCIIOJIb30BaHbl cBejeHnss Capbi-
Kawmpbimickoro (1970) u 2Kamanam-Tronckoro (1978), Bapckaynckux
(1980) u (1990), Koukop-Aruuckoro (1992) u Cyycambipckoro (1992),
a rakxke Capbi-/Izkazckoro (2013) coborruii. V3ygyaembie napamerpor
B KaXkKJIOM IIYHKTE HaOJIOIeHNH 00/1aJal0T COOCTBEHHBIME ITPEIETIaMKI
kosiebanusi. B 1970 romy npowmsonuio Capwi-Kawmbiiickoe cobbitTue ¢
cuyioii 8-9 Gasutos. Ilo nmanabiM CpemnasreOMUHBOJ, BBISICHUJIOCH, YTO
3a 2 mecsiita B TMB [Ixkerbl-Ory3 u AKCy TOSIBUIHCH AHOMAJIHH
TEeMITepaTypbl U HAIOpa: MepBas, MOBBICUBINMUCHL OT 6,5 110 13, mepen
rosrgkoM Jocruria 1o +26,6°C, a pebur — or 0,006 mo 0,077 Ji/cek,
a nebut — 1,5 paza. Takxke 3adUKCHUPOBAHO B COJIEPKAHUAX DPaJOHA
yBeJIMYeHNe Ha 2 pa3a, BOCCTAHOBIIUXCHA depe3 1,5 mecdna. 2 WIOHS
1974 roma upousonuio Koukopckoe 3emiieTpsiceHue, Koraa 3a 1,5-2
Mecsra 3aUKCUPOBaHbI AHOMAJIMA KAaK B KOHIEHTPAIWMAX TIeus U
pajoHa, TaK W B COOTHOIIEHUSX W30TONOB pasus. Bo Bpems adrep-
mokoB Vcdapa-Barkenckoro cobbirust (My = 6,3) or 31.01.1977r.
YCTAHOBJIEHBI pE3KHe U pas3Hble Bapuanuu pajgoHa u HCOs, a 3a 3
mecsina 1o 2Kananam-Tronckoro 3emuserpsicernst ¢ My, = 6,9 (1978)
B TMB Hccbik-Ara yBesmmuminck Temueparypa, pajoH u ¢rop. Takue
aHoOMaJ MM OOHAPYXKEHbI W B CKBaXKmMHax Kaszaxcrana — cojepKaHue
pajoHa B OJHOW M3 HUX HOSBUJIOCH BO BPEMs Pa3psSIKH, TOIA KaK B
coceJiHEll — Yepe3 /iBa JIHs IOCJIe MOJI3EMHOI0 TO4YKa. PaccanTanubiMu
3HAYEHUsIMA UX JUCIIEPCUU U SHTPOIHUM ITOKA3aHO, YTO OHHU MEXKJLY
cobOil HE3aBHCHMO OT XapaKTepa W aMIUIUTY/bl CKAYKOB OJIM3KU: B
TMB MUccwik-Ara Ko3(DDUIUEHTH Bapuaud U JUCIEPCHU  XJIOPa,
HCO3;_ n CO3 2 B TedueHHe MOJIOA CHHXPOHHO MOBBIIIAIACH OT
0,323 go 1,639, mocTturas K MOMEHTY TOJI9Ka J0 5,666 m Jumb K
KOHILy TOja CHU3WINCH. B sToMm miane nmo TMB Ajnamenun mexiy
CUJION WM TPajMeHTOM YCKODEHUsI IOJIyYeHHBIX 3(P(PEKTOB XapaKTepPHbI
[IOJIOYKUTEJIbHBIE CBSI3M, IIPUYEM OIHOBPEMEHHOCTb B W3MEHEHHSIX
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OTCYTCTBYET, HAO0DOPOT, KAXK/IbII KOMIIOHEHT JKJET KaK-Obl CBOEil
oyepenu: C Haefl MO3UIUU, ITO MOXKHO OOBACHUTH 33 CUYET XUMU-
YeCKOro CBOICTBa MOHA. BpinmeckazanHubie (haKTbl, CBUIETEIHLCTBYS O
BO3MOYXKHOCTH Cp€JIHe- W KPATKOCPOYHOI'O IIPOTHO3a 3eMJIETPSICEHUIT
c K 12,5, T.e. ux npubnamxkenne MoxxuO ynoButh or 10 10 15 cyToK,
a cwry — nopsyaka 0,5. Amajorumanbie GIUIyKTyanyuu TakKe MOXKHO
0XKWJIATh U B BOJAX, /I PEXKUMA KOTOPBIX CBOICTBEHHA KaK I'0J[0Basd,
TaK W MHOTOJIETHSS IMUKJIUIHOCTH, TPUYEM POJIb SIUNEHTPATILHOTO
PaCCTOSTHUS HE BBISBJICHA.

2.37 IlocTpoeHme KOMMNJIEKCHBIX KACKaJHBIX
MoJiesieil TypOyJIEeHTHOTO IMHAMO B CHUCTeMaX
CUMBOJIbBHBIX BBIYMCJIEHUI

Qeuwernxo JI.K., Bodunuap I.M.

Huemumym xocmopusuneckux uccaedosaruti u pacnpocmpaHerus
paduosoan JIBO PAH

B rmokmazme ommchiBaeTcs pa3paboTaHHAsT METOJMKA IIOCTPOCHUS
KOMILJIEKCHBIX KaCKaIHBIX Mojesieii. CocraBiieHne CUCTeMbl ypaBHEHUH
B 9TOIl MOJIeJI U ee TOYHOE PellleHNde Peau3yeTcd ¢ IIOMOIIbI0 CUCTEeM
CUMBOJIbHBIX BbIIucjeHni. KackajHble KOMIIJIEKCHBIE TIePEMEHHDIE SIB-
JISTIOTCSI IPSIMBIMU aHAJIOTaMHM CIIEKTPOB 110JIell, TOYHEeEe CIEKTPOB, IIPO-
WHTETPUPOBAHHBIX [IPU (PUKCHPOBAHHON JIJIMHE BOJHOBOI'O BEKTOPA IO
BCEM ero HampasJyenusiMa. MeToanka 1M03BoJIsIeT BAPbUPOBATH pa3Me-
PBI HEJIOKAJILHOCTHU HEJIMHEHOI'0 B3aNMO/IeICTBUS B IIPOCTPAHCTBE Mac-
mTaboB, BhIPAYKEHN JJIsT KACKA/IHBIX aHAJOTOB 3aKOHOB COXPAHEHUS U
XapaKTep CTEIEeHHBIX 110 MACIITa0y CTAIMOHAPHBIX PEIeHM.
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2.38 Ornenka 3¢p@HeKTUBHOCTH MeTOoIa
obHapy2keHusI MoOMeX B JTaHHbBIX
reOMarHuTHOI'O IIOJIs

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

Hremumym xocmopuduveckuxr uccaedosaruti U pacnpocmpaHerus

paduosoan /IBO PAH

[IpeacraBiensl pe3yabTaThl MPOJOJIZKAIONIEICS paboOThl O pa3pa-
6OTKEe W HUCIOJIH30BAHUIO METO/a ODHAPYKEHUsI [TOMEX B TNeOMAarHUT-
HBIX JIAHHBIX, OCHOBAHHOI'O Ha BeliBjieT-nipeobpasoBanuu. OHAKO, OC-
HOBHOI1 aKIIEHT CJieJiaH Ha OlleHKe 3(P(PEKTUBHOCTHU IIPE/JIATAEMOr0 Me-
TOJIA Ha PACIIUPEHHOM SKCIEPUMEHTAJIBHOM MaTepuaje ob6cepBaTopun
[Maparynka, Kamaarckuit kpait, UKNUP JIBO PAH 3a 2009-2019 r.r.
[Tokazano BiIUsSIHUE 3HAYEHUI TTOPOrOBBIX (DYHKIINN HA MOTPEITHOCTD
pa6OTbI HCIIOJIB3yeMOI'O MeTOo/1a.

2.39 IllpumeHeHUWE METOIOB IIyOOKOTO OOyYeHUsS
JJISI IPOTHO3WPOBAHUS MapaMeTPOB
noHocdepbl B peaJJbHOM BpPeM€eHU

Mowanos B.A., Mowanroea A.B.

Hnemumym x0cmopusureckus uccaiedosanut u pacnpocmpaHerus
paduosoan JIBO PAH

B pabote panee 1mosryueHHbIE PE3YILTATHI 10 PACIIO3HABAHIIO HOHO-
rpaMM C HCHOJIb30BaHUEM TJIyOOKOro oOydeHusl PACIIUpPEHBI JIJIsd I1PO-
THO3WPOBaHUS HapameTpoB noHocdepsl. [locie Toro, Kak mapameTpbl
noHOChEpDI ObLIN U3BJIEYEHBI U3 HOHOIPAMMBI C UCIOJIH30BAHUEM IJIy-
60oKOro 0Oy UeHNsI, Mbl MOYXKEM B PEAJILHOM BPEMEHH OCYIIECTBJISATH IIPO-
HO3 Ha OCHOBE HOBBIX ITOJIyY€HHBIX JAHHBIX. [IprMepsl IpOrHo3upoBa-
HUSI TAPAMETPOB MOHOCKEPHI C UCIIOIH30BAHUEM APXUTEKTYPhI JOJITOM
KPaTKOCPOYHON HmaMATU UCKYCCTBEHHON PEKYPPEHTHON HEeApOHHOI ce-
tu. [lokazano mecTo 6J10Ka TPOrHO3UPOBAHUS TAPAMETPOB HOHOCHEPDI
B CHCTEME aHAJN3a MOHOCHEPHBIX JAHHBIX C UCIIOJIH30BAHUEM METOJIOB
rJIyOOKOro 00y JeHMUsI.
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2.40 PerpeccuoHHblii aHain3 PaKkTOPOB
MOHOC(EPHBIX BO3MYIIEHU

Mandpuxosa O.B., Ionroszos HO.A.

Hnemumym KocmoPuduseckus ucciedosarut U pacnpocmpaHeHus
paduosoan IBO PAH

Nsydenne B3amMOCBsI3efl MapaMeTpoB OKOJIOIJIAHETHOTO — IIPO-
CTpaHCTBa, MAUCHUTHOIO IIOJI J3eMJIM ¥ I[apaMeTpoB HOHOCHEPHI
[IPEJICTABJIIET WHTEPEC B 3a/adaxX COJHEYHO-3eMHOH u3ukn u
MPUKJIATHBIX HCCIIEIOBAHUAX, CBI3aHHBIX C KOCMUYECKOW ITOTOJIOM.
Uonocdepa sBasiercss OHUM U3 BaXKHBIX (PAKTOPOB KOCMHUIECKOM
[IOT'O/[bI, 1 OT €€ COCTOSIHUSI 3aBUCHUT (DYHKIIMOHNPOBAHUE COBPEMEHHBIX
TEeXHUYECKUX CPEJCTB HA3EMHOI'O0 M KOCMHMYECKOro OasmpoBaHusi. B
paboTe BBIOTHSIACH CTATUCTHIECKAs OIEHKA U AHAJIN3 KOMILIEKCHOTO
BJIUSHUS TAPAMETPOB MEXKIIJIAHETHOIO MATHUTHOTO TOJIS, COJTHEIHOTO
W3JIy9eHUsT U TEOMATHUTHBIX JIAHHBIX Ha PAa3BUTHE HOHOCHEPHBIX
Bosmytiennii. VoHocdepHble BO3MYIIEHHUS OIEHUBAJIUCH HA OCHOBE
pa3paboTaHHOIO paHee aBTOPAMHU METOJa C UCIOJb30BaHUEM BelBJIET-
peoOpa3oBaHns W AJAIITUBHBIX [IOPOroB. B mporecce mccie0BaHust
BBISIBJICHBI HamboJiee 3HAYNMBbIE (DAKTOPHI BOSHUKHOBEHUsT MOHOCKHED-
HBIX BO3MYIIEHUI U OIEHEHA UX 3HAUMMOCTD.

2.41 PeaakcanmonHble KojiebaHusl B
9HEProakTUBHBIX 30HAX

Ilesuyos B.M.

Hnemumym kKocmoPuduseckus ucciedosanutl U pacnpocmpareHus
paduosoan IBO PAH

Penakcanuonnbie KojebaHWsT B HEPrOAKTUBHBIX —ITPUPOIHBIX
30HAX PACCMATPUBAKOTCS KAK [PUYUHBI BHE3AIHBIX KATACTPOD.
[Ipemraraercs oOIIMiT MOAXO K MCCIEIOBAHAIO TUHAMUIECKIX CHCTEM
OBICTPO-MEJJIEHHOTO THIIA, PEJIAKCAITMOHHBIE KOJIeOAHIT KOTOPBIX JIAI0T
aJIeKBaTHOE OIMCaHue KaracTpodudyeckKux cobbiTuii. OOCyKmarTcs
obIue CBOICTBA TAaKUX CHCTEM Ha I[IPUMepPEe COJIHEYHOW AKTUBHOCTHU
¥ FeOMArHUTHOTO JUHAMO. PaccMaTpHUBAIOTCS aHAJOTUNA MEXKJIy Mar-
HUTHBIM JINHAMO, JIA3€PHBIMU CHCTEMAMU, BHICHITAHUSME 3aPI?KEeHHBIX
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9acTul], B HOHOCKEPY, T'PO3OBBIMEU PA3PIIaMU U 3€MJIETPACEHUSIMU.
Ilokazano, 4TO 9TH aHAJOTMM OCHOBAHBI HAa IIPEJCTABJIEHUU Pa3-
JIMYHBIX TIPUPOJIHBIX $BJIEHUIl C IIOMOIIBIO JTUHAMHYECKHX CHUCTEM
OBICTPO-MEJIEHHOTO THUIIA.

2.42 Ce30HHOE U3MEHEHVEe YaCTOTHBIX
XapaKTEePUCTUK €CTECTBEHHOI'0 UMILYJIbCHOTO
asiekTpoMarauTHoro nojisi 3emun (EVTOMII3)

Kpymuxoe B.A., T'opdees B.®., Masviuros C.FO., Iloausay B.H.

Dedeparvroe zocydapecmseennoe 6rodxcemnoe yupescoerue Hayky
Hremumym MOHUMOPUHRG KAUMAMUYECKUL U IKOAOLUNMECKUT
cucmem Cubupcrozo omdenerus Poccutickot axademuu Hayx

(HMK5C CO PAH)

B IMK3C CO PAH cymiecTByeT HECKOJIBKO CTAI[HOHAPOB ITOCTOSIH-
HOI'O MOHUTOPHUHIA BPEMEHHBIX BapHUaIuil eCTeCTBEHHOIO UMITYJILCHOT'O
ssteKTpoMaranTHoro nojst 3emun (EVOMII3) B auanasone oueHb HU3-
KHX 9aCTOT M METeOapaMeTpoB OKpyzKaromeii cpeasl. B 2019 romy ObI-
J10 obecriedeno Tpu Toukn Haburogennst EUOMII3 ua reppuropun Tom-
ckoit obyractu: cranunonap Kupeesck, Iombiasanka u paiton Tomckoro
asporopra Ha paccrostHun okoJio 70 kM or Kupeescka B pasHble cTOpO-
HBI 110 HaIpaBJjeHno 3amnal - Bocrok. B kaxk1oit ToUKe ncoib30Ba/Inuch
MHOroKaHaJibHble reodbusndeckue perucrparopsl (MI'P-02-16), paspa-
boraHHbIEe ¥ U3TOTOBJEHHbIE B VHCTHTYTE B pE3y/braTe MHOTIOJETHUAX
uccjenoanue napamerpo EMMOMII3. Ha nepBom srare ucciieioBa-
HUIl Yy BCEX PErucTpaTopoB ObLIa YCTAHOBJIEHA DE30HAHCHASI YaCTOTA
npuema 17,5 0,5 x['1, oguHakoBble KO3 DUIIMEHTHI yCHJIEHUST U YPO-
BEeHb JUCKPUMUHAIMM cpabaTbiBaHus curHaja. [Ipm sToMm ordersinBo
HabJIIOIA€TCST BBICOKAS MMOBTOPSEMOCTD I BCEX TOYEK DPEruCTPaIluu
BPEMEHHBIX Bapualuii nareHcuBHocTn curHajioB EMIDMII3, a cyrou-
HbIE XOJ[a COBIAJAIOT C TUIIMYHBIMU CyTOYHBIMHU XOJAME JIJIsl allpeJsisi
MeCsIIIa, MOJIyYeHHbIe YCpeIHeHneM pe3ynbTaToB 10-Tu jieTHero HabJIio-
JeHns B pa3inaHbix paiionax CeBepHoro mosyinapusi. B utone mecsiie
2019 roga ObLIM M3MEHEHBI MapaMeTPhl YCUJINTEIHHBIX TPAKTOB Peru-
crpatopoB. Ha perucrparope B crarmonape KupeeBck ObLaa ocTaiie-
Ha pe3oHaHCHas dacTora mpuema 17,5 k', B cranmonape Ilombrasgnka
ycranoBjieHa 4dacrora 5,0 xkl'm, B paiione aspomopra 25 kl'm. Koad-
GUIMEHTHI YCUIEHUST OTKOPPEKTUPOBAHBL C YI€TOM HEPABHOMEDHOCTHU
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AYX perucrparopoB Ha OJUHAKOBbIE 3HAYEHHs KOI(PPUIUEHTa IIepe-
Ja4H, IPUBEJIEHHOTO KO BXojy. VI3MeHeHUs He NPUBEHN K CYIIECTBEH-
HBIM M3MEHEHUsIM B (pbopMax BPEMEHHBIX BapHalldii, CyTOYHbIE Bapua-
[WU COBIIAIAIOT C YCPETHEHHBIMU CYy TOYHBIMU XO/IAMU WIOHS MECSIIIA, JJTsT
Cesepnoro nojyrmapus. Takas CHTyanust MpoJ0JIKaJIACh J0 CEHTIOPsT
MecsIa BKioanTeIbHo. B okTsdpe 2019 rosa nHTEHCHBHOCTH CUTHAJIA
5, 0 x['1 cocraBiisiionieil pe3KO CHU3MIIACH, & CyTOYHBIN X0/ IIPeTepIIes
3HAYNTE/IbHbIE M3MEHEHNUsI, B TO BpeMsl KaK CyTOYHbI X0 curaaJja 17,5
u 25,0 k['11 cooTBETCTBOBAJIN YCPEIHEHHBIM CYTOYHBIM XOJIaM OKTIOpsI
mecsra s CeBepHoro nosytrapus. Takoe sBIeHHE TPOIOIZKAIOCH 10
mapTa Mecana 2020 roma m UL B KOHIIE AIIPeJis CUTHAJBI BCEX PETH-
CTPUPYEMBIX 9aCTOT CTAJIA COBIAJATH, & CyTOYHBIE XOJa MHTEHCHUBHO-
CTU UMITYJIbCHOrO 1moToka EVMOMII3 crajiu MoJHOCTHIO HIEHTUYIHBI B
nepBoit mosoBuHe Mast Mecsra 2020 roga. B pesynbrare skcnepuMeHTa
BIEPBbIE 3aPETUCTPUPOBAHO CE30HHOE M3MEHEHUEe YaCTOTHBIX XapaKTe-
PUCTHK €CTECTBEHHOI'O MMILYJIbCHOTO JIEKTPOMATHATHOTO OIS 3EMJIN
(EI9MII3), uro B nporecce CuCTeMaTUIeCKUX UCCIIEI0BAHUN, IAHHOTO
addeKTa, TO3BOIUT MPOBECTH JaabHelllee pa3BuTne pU3MIECKONH MO-
nemu popmuposanust EMOMII3 inTochepHoro nponcxoxX aeHusl, a JIJist
METOJIOB OIEHKHU MeOIMHAMUYIEKHUX ITPOIECCOB C(HOPMYIMPOBATDH JOITOJI-
HUATEIbHbIE KPUTEPUU OIEHKU HAIIPSI)KEHHO-1e(DOPMIPOBAHHOTO COCTO-
STHUST TOPHBIX TOPOoJT. OCHOBBIBASICH HA MEXAHU3MAX MEXAHOIIEKTPUIE-
CcKuX 1Ipeobpa30BaHuil B TOPHBIX IOPOJIAX MOXKHO IPEIIOJIOXKUATD, YTO
U3MEeHEeHNe HU3KO4YaCTOTHOM cocrasisitomieit EMU9MII3 B cpeanecyTou-
HBIX BapHalusiX MHTEHCHUBHOCTHM CHUTHAJIA MOXKET ObITh CBSI3aHO C W3-
MeHeHneM (PU3NKO-MEXaHUIECKUX CBOMCTB U CTPYKTYPBI JIMTOCHEPHI.
Pabora BeImosiHeHa B paMkax rocygapcrsennoro 3aganus MMKIC CO
PAH npu dunancosoit nogmepxkke POPU 18-47-700005p _ a.
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2.43 CkoJb3dillee CyTOYHOEe OCPeHEeHNEe YaCOBBIX
3HAYEeHNil MAarHuTHOTO I0JIs HA IIpuMepe
obcepBaTtopuu HoBocubupck 3a 2011 rogx

(pe3yJibTaThl M MEPCIEKTUBbI IPUMEHEHNS )

Cemaros H.H.'2, Kosanes A.A.', Ilaenos A.D.1>2,
Dedomosa O.H.2

L Maenumnas obcepsamopus Hosocubupcx MHIT CO PAH
2 Hosocubupckuii 2ocydapemeeniviti ynusepcumen

[Tony4yennble B MArHUTHON 00CEPBATOPUN CPETHEIACOBbIE 3HAYECHU S
TpeX He3aBUCUMBIX 3JIEMEHTOB 3€MHOI'O MarHeTH3Ma [1€PEeCINTHIBAJINCH
B IapaMerpbl 3KBUBAJIEHTHOIO IIEHTPAJIBHOrO numojis. llpu sTom
YIJIOBBIE 3JIEMEHTBI 3eMHOr0 MarfHeTu3Ma [peoOpa30OBLIBAJINCH B
CpeHedacoBbie reorpadudecKre KOOPAMHATHI CEBEPHOTO MATHUTHOTO
noJtioca Ha Kaxk it u3 8760 wacos 2011 ropa, a Tak Ha3bIBaeMble
CUJIOBBIE 3JIEMEHTHI 3¢€MHOI'O MarHETU3Ma B 3HAUYEHUS JIOKAJbHON Mar-
HUTHOI ITOCTOSIHHOW Ha cepeluHy dTux ke 8760 wacoB. Ckoub3siiee
cyrognoe (TO ecThb 24 49acoBOe) OCpPEJHEHUe IIPOBOIMJIOCH C IIATOM B
1 gac. Takomy aHa M3y MOTYT OBITH TOJBEPIHYTHI JAHHBIE HE TOJBKO
coBpeMeHHbIe ONnMPOBAHHbIE AHHBIE, HO U MECSIHbIE TaOJIUIIBI
JII0601T MarHUTHONW 0OCEPBATOPHUH 33 BCE BpeMsi ee PabOThI, MTOCKOIbKY
Jayke caMble CTapble MeCsSJYHble TaDJIUIBI COCTABJIEHbBI HMMEHHO W3
CpeHeYaCOBBbIX 3HAYEHU, CHATBIX C MArHUTOIDAMM IIPU  [TOMOIIA
majeTok. Tako#l MmMOmXoJ TMMO3BOJsAEeT 0oJiee JIEeTaJbHO IPOC/IEAUTH
U3MEHEHHs] XaPAKTEPUCTUK, He 3aBUCAIIUX OT CyTOYHON Bapuanuu (1o
8712 u Gosiee cpeHECYTOYHBIM TOYKAM Ha TOJ0BOM rpaduke, a He
o 365). A MCIOIB30BAHNE MHTErPAJBHBIX MAPaMeTPOB (KOODIMHATHI
MATHATHBIX HOJIIOCOB W 3HAYEHUS JIOKAJBHON IIOCTOAHHOM) MO3BOJISET
BBISIBJISITb PErMOHAJIbHBIE OCOOEHHOCTH B UX wu3MeHeHuu. llraBHBII
XOJl AHAJM3UPYEMBIX CPETHECYTOYHBIX XapPAKTEPUCTUK MATHUTHOTO
[I0JIE B T€YEHUE TOfa, JECATUIETUN U CTOJIETHIl CBSI3aH C M3BECTHBIMU
BEKOBBIMHU BapualusaMu. BreisgBisemble HAa 3TOM (OHE OCODEHHOCTH
B CKOJIB3SIIIUX CPEIHECYTOYHBIX JAHHBIX MOI'YT OBITH COIIOCTAaBJIEHBI
0 BpeMEeHH C HaO/IIOMaeMbIMU B IPOILIOM U IPOTHO3UPYEMBIMUI
B OJmmkaiimreM  OyaylneM aHOMAJbHBIMEA Te0JIOrO-TeOPU3NICCKUMU
COOBITHSIMU.
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2.44 IlpumeHeHUe I0JIroii KpaTKOCPOYHON IIaMsTH
¥ YyIIPaBJISEMbIX PEKYPPEHTHBIX OJIOKOB JIJIsI
IMIPOrHO3UPOBAHUSA 3HAYEHUI IeOMarHUTHBIX

WHIEKCOB

Mowanoe B.A., Mouanosa A.B.

Hnemumym K0cmoPusureckus ucciedosanuli u pacnpocmpaHerus
paduosoan JIBO PAH

B pabore ¢ momormibio TIyOOKOTO OOyUeHHsS pPacCMAaTPUBAETCS
[IPOrHO3UPOBAHUE 3HAYEHMIT CJIEJAYIOMMX TI'€OMArHUTHBIX HWHJIEKCOB
(TN): Dst, Kp, AE u AP. [Ing UpOrHO3UPOBaHUSA HUCIOJIB3YIOTCHA
ApXUTEKTYPbl NOJIroii Kparkocpounoit mamsaru (LSTM) u yupasise-
MbIX pekypperTHbix 6sokoB (GRU). Iy pasmuuansix 'Y unupexcos
aHajau3upyercd (OYHKIUSA IOTEPh B 3aBUCHMOCTH OT IIE€PUOIUIHOCTU
UCXOJIHBIX JIAHHBIX. YCTAHOBJIEHO, YTO YeM MEHbBIIE IEPUOINIHOCTH
UCXONHBIX JaHHBIX 'Vl TeM TO4YHee OCYIIECTBJISIETCS IIPOrHO3 CJie-
nytomero 3nadennsd ['VM. [Ina anannsa MCHIOIB30BAJUCH CJIEIYIONIIE
epuoibl UCXOMHbIX nanubix ['U: gac, 3 gaca, cyTku.

2.45 @opbyI-6ypeBasi KjiaccuduKanusa COObITUIA
KaK anmnapar [Jisi AUArHOCTUKU COJTHEYHOTO
BeTpa

Hladpuna JIII.
Axademus nayx PC(£), e. Hxymerk

leosdpdbeKkTUBHOCTD COTHEYHOrO BeTpa MPHUHATO OIPEEsiTh Ha
3emJjle IO TAKWM SIBJICHUSM B M€OMArHUTHOM IIOJI€, KaK Oypu m cyb-
Oypu. BropsiMm, He MeHee 3HATUMBIM (P HEKTOM, SIBISTIOTCI PE3KHUE MO~
HUYKEHUs] MHTEHCUBHOCTH rasakTudecknx KocMmuuecknx Jydeit (T'KJI)
DopOytr-apderrol. CoBMECTHOE paccMOTpeHue 3TuX 3(PEPEKTOB B reo-
marauTaoM 1ojie u B I'KJI mo3Bosisier mosryanTh JOMOJTHUTEIbHBIE [TH-
ArHOCTUYIECKNE IIPU3HAKHU, TaK KaK OHU HECYT B cebe pasHyo mHMOP-
Marmio. [loBesenre reOMarHuTHOTO IOJI OTPAXKAET M3MEHEHWsI, IPO-
ucxojsIme B Maruntocdepe, Toraa kKak narencusuHocts ['KJI 3aBucut
OT IIPOCTPAHCTBEHHON KOH(MUIYPAIMA MAIrHUTHOT'O TI0JIsl B rejinocdepe.
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st mpoBemenns Takoi PabOTHI MPeIaraeTcs MPUMEHSITh (GopoyI-
OypeByI0 KaacCuUKAIUIO KATAJIOT TreOPU3NIECKUX COOBITHI B TeoMar-
HUTHOM II0JIe ¥ KOCMUYECKHUX Jiydax. B KaTajore nmpuBejeHbl JaThl U
BpeMsl Hadaja COOBITHIl IMOHMXKeHUsi Dst MHIeKca reOMarHUTHOTO IT0-
ag n uaTencuBHocT I'KJI ¢ 1996 no 2017 romapr, 3a 2 mukJsa coTHEY-
Hoii aktuHOCTH. [OKa3aHO, YTO 9TH ABA BU/Ia HA3EMHBIX ITPOSIBICHUI
MEZKIIJIAHETHBIX BO3MYIIEHII MOI'YT IIPOTEKATH OJJHOBPEMEHHO HJIH II0-
Ppa3/IeIbHOCTH.

2.46 DaeKTpuUecKas CTPYKTypa 3pPYITUBHBIX
BYJKAHUYECKUX 00JIAKOB

Veapos B.H. ', Axbawes P.P.2, Yepresa H.B.', Qupcmos II.11.2

L Mremumym xocmodusuneckux uccaredosanuti U pacnpocmpaners
paduosoan JIBO PAH
2 Kamuamexuti puauan Pedepanvnoeo ucciredosamenserozo uenmpa
«Edunas 2eopusuueckan cayorcoa PAH»

[TokazaHo, 4TO IaHHBIE U3MEPEHUN IJIEKTPOCTATUIECKOIO IIOJIsT aT-
Mocdepbl U CKOPOCTH BETPA TO3BOJISIIOT OIPEIE/INTh XaPAKTEPUCTUKI
KOMIIAKTHBIX 00JIacTell MOBBINIEHHON IUIOTHOCTH 3apsiyia (ByJKaHU-
4eCKOl 1UI0DyJIbl), OOpa3youX 3TO IOJIe - UX 3apsii U [HapaMeTp
pOTsi?KeHHOCTU. Pa3paborana MOJIeb 3JIEKTPOCTATHIECKOTO TOJIsT aT-
Mocephl, 00Pa30BAHHOIO HECKOJBKUME BYJKAHUYECKUMU TJIOOYIaMU
C Pa3IUYHBIMU TapaMeTPaMHU 3apsja M IIPOTSKEHHOCTU. Pazpabo-
TaH AJTOPUTM U IPOrPAMMAa BOCCTAHOBJICHUS CTPYKTYDBI 3apsi/iOB
JIEKTPOCTATUIECKOTO TOJIsT ATMOChEPBI [0 JTAHHBIM PErUCTPAIAN
HazeMHOro durokemerpa. OmpeJieieHbl TapaMerpbl BYJIKAHTIECKUX
rJI00yJI M BBIMTOJIHEHA AIIPOKCUMAIIUsT II0JIsI C HUCIIOJb30BAHUEM II0-
JIEBBIX U3MEPEHUil HECKOJIbKUX ByJIKaHWYecKuX mipepxkeHuii. Crenan
BBIBOJT O BO3MOXKHOCTH BOCCTAHOBJIEHUSI HCTOPUHU W3BEPXKEHUS HA
OCHOBE HUCIIOJIb30BAHUS MTPEJJIOYKEHHON MOJIEJIH.
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2.47 DKcrnepuMeHTAJIbHbIE MCCJIeI0OBaHMSI
aKyCTHUYEeCKUX I10Jieil B 111eJib(pOBOii 30HE
Mops

Yeprenro B.A.l, Yen Banvuganv?, Toposoti C.B.', I'upaces H.B.!

L Kagedpa npubopocmpoenus unsicenepnoti wxonv, JBDY
2 Koanedoic nodsodnoti axycmuueckoti mexnuru, KHP

PaspaboranHasi aBTOpaMu 3KCIIEPUMEHTAJIBHAS YCTAHOBKA, II03BO-
JITeT CO3/IaBaTh aKyCTUYECKOe JaBjieHne B wuHTepBasiax or 107 10
108 Ila c sddexTnBHOI cHCTEMOI COTVIACYIONUX CJIOEB MIHO, BOIA
u siéa. Teoperndeckne U IKCIEPUMEHTAJIBHBIE MCCIEIOBAHUS MOKA3a~
JIn BO3MOXKHOCTD Iepefadn MHGOPMAIUA B MEJIKOM MOpPE IOJ CJIO0eM
JIbJia. DKCIIEPUMEHTAJIbHAS [TPUEMHAs aKyCTHIECKON CUCTEMbI TO3BO-
JIsleT TPOBOJIUTH M3MEPEHHsI B IIUPOKOM jmana3oHe dactor ot 40 j1o
1100 I't. ITpoBenenHOE HCCIEI0BAHIE MOXKHO UCIIOJIB30BATH JIJIsI pa3pa-
60TKE 3bDEKTUBHON JAJbHEH CBA3U U MOIEJINPOBATH U3MEDPEHUE aKy-
CTUYECKUX [IPEIBECTHIKOB 3€MJIETPACEHUA.
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3 ®dDusuka IMpPeJBECTHUKOB 3eMJIeTPICEeHU
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3.1 IIpumeHeHue oOILIMX 3HAHWUI O pa3MeTKe IJIsi
aHaJIN3a MOHOTPaMM Pa3JIMYHbIX MOHO30H/IOB

Mowanoe B.A., Mouanosa A.B.

Hrnemumym koemopuduneckux uccredosanutdl u pacnpocmpaHeus,
paduosoan JJBO PAH

B pabore i yirydineHusi KadecTBa PACIO3HABAHUS HOHOTDAMM
paccMaTpuBaeTcs IpUMeHeHre OOIIUX 3HAHWIT O STAJIOHHOU pa3MerKe
MOHOT'DAMM B PA3JINYHBIX IIYHKTaX YCTAHOBKU MOHO30HIOB OIHOI'O TH-
ma. Ha ocHOBe 9TaJIOHHBIX PA3METOK C IBYX HOHO30HIOB ObLIN 00y IeHbI
rIyOOKIEe HEHPOHHBIE CETH JIJIsT BBIJICJCHUS CJIEJIOB OTPAXKEHUS OT Pas3-
JIMIHBIX cJToeB moHocdepwl. [losyuennsie riybokme HEHPOHHBIE CETH
OBLIM YCIIEIIHO IIPUMEHEHB! [JIsi PACIIO3HABAHMS MOHOIPAMM JIPYTOro
TUIA WOHO30HIA. [IpuBOASTCS TMOJTyUYeHHbIE PE3YJIbTaThl PACIIO3HABA~
HUSL.

3.2 AHaJM3 cBA3U reOMarHUTHOM aKTUBHOCTHU C
KOJIMYECTBOM 3€MJIETPSICEHUIT B COJTHEYHBIX
MUKJIAX

Kapumos P.P.Y, Kapumosa A.P.2

L @edeparvroe zocydapcmeenroe Grodscemnoe yupescoerue Koy
Dedepasvroiti uccaedosamesveruti uewmp «Axymexuts HayyHoil
uermp Cubupcrozo omdenenus Poccutickoli axademuy nayrs
2 @edepanvroe 20cydapCMEEHHoe A8MOHOMHOE 00PA3064MENHOE
yupesrcderue sucwezo obpasosanus «HayuonasvHvil
uceaedosamenveruls ynusepcumem UTMO»

CrarucTuyecknii aHaJU3 CBSI3W KOJIMYECTBA 3EMJICTPSICEHMII Mar-
HUATY0I OOJIbIlle JIMOO PABHO 5 C COJTHEYHON AKTUBHOCTBIO 38 IIEPUO/T
¢ 1996 mo 2018 roma mokaszasj HaJIMUue OTPUIATEIBHON KOPPEJISITIN.
leomarauTHasi aKTUBHOCTD, BbhIpaykeHHast uHaekcamu Kp u Dst, umeer
MakcumyM 3a 9-10 1qHEl 10 3emyeTpsiCeHnii MarauTy10i 6oJibIie JinbO
paBuo 5. ammbie mo 3emuerpsicenusm B3aThl u3 USGS Earthquake
Hazard ms Bceit teppuropun 3emuin. OJIMHAKOBBI XapaKTep CBsi-
31 TEOMAarHUTHOM AKTHUBHOCTH U 3€MJIETPSICEHUNl [IJIsi PAa3IMIHBIX
BPEMEHHBIX BBIOODOK ¥ Ui DPAa3JIUYHBIX PErHOHOB ODecreunBaeT
CTATUCTUIECKYIO 3HAYUMOCTD PE3YJILTATOB.
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3.3 AHaJu3 CUTrHAJIOB Te0aKyCTUYECKON 1
3JIEKTPOMAarHuTHON SMUCCUM, COMYTCTBYIOMINX
3emJieTpsiceHuto ¢ M, = 7.5

Conoduyx A.A., Jlykoserxosa O.O.

Hrnemumym xKoemopuauneckux uccredosanutl U pacnpocmpaHeus,
paduosoan JJBO PAH

JloKJ1aT OCBSIIEH aHan3y YacTOTHOTO COCTaBa M PA3HOOODa3ws
dOpM UMIYTIBCHBIX CUT'HAJIOB I'€0aKYCTUIECKON IMUCCHH U SJIEKTPOMAr-
untaoro udnydenus OHY-auanazona, 3aperncTpupoBaHHbIX Ha TOJIY-
ocrpoBe Kamuarka B nynkre nabsogenuit «Kapeivmunas (52.83° N,
158.13° E) B ceifcMU4YeCKN CIIOKONHBIH 1 AKTHUBHBIN [IEPHOIDL.

IIpenBapurenbuast 06pabOTKA CUTHAJOB BKJIIOYAET BBIJICJICHUE MM-
MyJIbCOB M BOCCTAHOBJIEHNE UX (POPMBI. AHAJIM3 YaCTOTHOIO COCTABA
OCYIIECTBJISIETCA METOJOM &JIAIITHBHOIO COIVIACOBAHHOIO IIPECIIETOBA~
uus. st uccmeoBanust pa3HooOpasnst (GOPM KazK bl MMITYJIbC OMUCHI-
BAaETCsl CHENUAJIBHON MaTpuIeii-oopa3oM, MOCse 9ero OCyIeCTBIISIeTCs
KJIACTEPU3AIUs UMIIYIbCOB TI0 CTEIEeHHU CXOKecTh ux dopm. IIpesmo-
JlaraeTcst, 9To reoU3nIecKasi CHCTeMa TeHepUpyeT OrpaHuveHHOoe Oa-
30BO€ MHOYKECTBO UMILYJILCOB, a KJIACTEPU3AIHs [T03BOJIsIeT HaeHTu(hN-
[IMPOBaTh JIAHHOE MHOXKECTBO. B pesysbrare 00pabOTKM OIEHUBAIOTCS
KA4eCTBEHHBIN COCTaB UMITYJILCHBIX IOTOKOB MeOU3NIECKUX CUTHAJIOB.

ABropamMu mpousBejieH aHAJU3 3amuceil reo@U3NIECKUX CHUTHA-
JIOB BO BpeMeHHOI okpecTHocTH 30 MHHYT JI0 M IOCJE 3eMJeTpsice-
Husg ¢ Maruuryiaoit M,, = 7.5, npousomeamero 25 mapra 2020 ro-
na B 02:49:21 UTC ma snunentpasnbaoM paccrosaun 430 kv (NEIC,
https://earthquake.usgs.gov). Ilosyuennbie OlEHKE 4aCTOTHOIO COCTA~
Ba 1 6A30BOr0 MHOXKECTBA MMITYJIBCOB OBLIA COTOCTABJIEHBI C PE3yJlb-
TaTaMI AHAJN3a CHCHAJOB B CEHCMUYECKM CHOKOMHBI mepmonm (3a
HECKOJIKO CYTOK JI0 36MJIETPSICEHUS ).

Pabora BbIIOIHEHA B paMKaxX I'OCYJIapCTBEHHOIO 3aJIaHUs 110 Te-
Me «/Innamuka pU3NIECKUX TPOIECCOB B AKTUBHBIX 30HAX OJIMXKHErO
kocmoca u reocdep» (2018-2020) Ne roc. perucrpanun AAAA-A1T7-
117080110043-4.
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3.4 AHoMajibHBIE BapHaliid IOTOKAa
raMmMa-KBaHTOB, IIPeJIIEeCTBYIONIE
3emJieTpsiceHusiMm B pernone CeBepHOro
Tanb-ITlans

Canuzxos H.M.', Ilax I ., H]enemos A.J1.2, XKyxos B.B.2

L Hnemumym uonocepos AO HIIKHUT
2 Qusumeckuti uncmumym PAH um. U.I1. Jlebedesa

Ha Taup-IITancko#t HaydHO# BBICOKOTOPHOM CTAHIIUN, PACIIOJIO-
skeHHO# Ha BhIcOTe 3340M (N43.04351 E76.94139) B 32KM 1. ASMaTHI
[TPOBOJIUTCST KOMILJIEKCHOE MCCJIE/IOBAHIE AHOMAJIBHBIX sIBJIEHHUI B pas3-
JIMIHBIX De0(PU3NUECKUX IIOJISX: JUTochepa-arMocdepa-unoHocdepa,
B CBSI3W C IIPOIECCAMU TOBBIMIEHUS] CEHCMUIECKON AKTUBHOCTH IIE€PET
3emireTpsiceHUSAMHU. B moksaze Oymer mpeicTaBieH aHAN3 AHOMAJIb-
HBIX COOBITHH B BapHalUsaX HHTEHCUBHOCTU IIOTOKA I'aMMa-KBaHTOB
B IIO/IIOYBEHHBIX CJIOSX TOPHBIX NOPOZ, (B BO3JYIIHOW Cpejie CKBa-
JKUHBI Ha [iyOude 39M) m B npuseMHON armocdepe, BOIHUKIIUX B
KPaTKOCPOYHOM Hepuoje nepen 3emierpacenusmu M4.2 - 6.4 (n=7).
B r.Asmarsr 3emieTpsiceHnst OIIyIAINCh ¢ MHTEHCHBHOCTHIO OT 2 10 4
6asos o mkase MCK-64. JTjis perucrparyum raMMa-KBaHTOB HCIIOJIb-
30BaJIN CIMHTUILISIIIUOHHBIE TaMMa-~eTeKTOphl ¢ KpucTtasaom Nal(TT)
¢ gacToroil orpoca 10 cexk u pa30MBKOI 1O SHEPreTUYIECKUM KaHAJIAM
B jamanazone sHeprmit 30 - 1500 k3B. DuurenTpsl 3emierpsiceHuit
HaXO[WJINCh B Ipeneiax paaumyca JloOpoBosbCKOro. 3a HECKOJIBKO
nueit (3-7 nmmeit) no semuterpsicenmit Marmurynoir M5.1-6.4 (n=6) B
BapHUAIUAX WHTEHCUBHOCTU IIOTOKA I'aMMa-KBAaHTOB B CKBajKMHE BO3-
HUKAJIO aHOMAaJIbHOE OyXTOOOpa3HOE IOHHMKEHHE, KOTOPOe IPUMEPHO
3a JIeHb JI0 OCHOBHOI'O TOJTYKA CMEHSJIOCh TPEH/IOM BOCCTAHOBJIEHUSI IO
HUCXOMHOTO ypoBHs. IIpakTuviecKku 0JJHOBPEMEHHO BO3HUKAJIU AHOMAJIb-
Hble U3MEHEHWs B BapHAIUSIX OTOKA IaMMa-KBAHTOB B IIPU3EMHOI
atmocdepe. IIpormBomosioxubiit 3hdeKT ObLT 3aperuncTpupoBaH B
caydae, KOIVIa SIUIEHTD 3emuierpsiceHnst (M4.2) Haxommics oveHb
OJIN3KO BCEro B 5,3 KM OT CKBaXXUHBI. 3a 7 JHEH 0 OCHOBHOTO TOJTYKA
BO3HUK PE3KUIl BCIJIECK WHTEHCUBHOCTU IIOTOKA TaMMa-KBAHTOB C
TPEHJIOM TIOCTETIIEHHOTO CHIKEHWUsT JI0 (POHOBOTO yPOBHsI. AHOMAJILHBIE
BapHalii IOTOKA I'aMMa-KBAaHTOB B CKBayKnHe ObLIH 0OoJiee OT4eT-
JIUBBIE, YeM B MPHU3eMHON aTmocdepe. DTO OODbICHSIETCS TEM, [TO
OHOBBII YPOBEHDb MOTOKA MaMMa-KBAHTOB B CKBasKUHE MaJjiO0 MEHSIeTCsI
JIeHb OTO JHSI, KaK U TeMIleparypa Ha riyomne 39 M, U B OTJIHYHE
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OT IOTOKA IaMMa-KBAaHTOB B IpU3eMHON armocdepe, He IOIBEPXKEH
U3MEHYUBOCTU BHEITHUX METEOYCJIOBUIl. DTO MOBBIIIAET BEPOSITHOCTH
OOHApyKeHUs J1aKe HEOOJIBIINX U3MEHEHN PaJIMOAKTUBHOCTU BHYTPU
CKBaXXWHBI. B OTIe/IbHBIX CIydasX ObLIN 3aperucTpUpPOBAHbI CHHXPOH-
HBIE€ OJHOTHUIIHBIE M3MEHEHUsI IMOTOKA TEIJIOBBIX HEHTPOHOB, a TaKXKe
MOsABJIEHIE BO3MYIIEHUIT B HOHOCKEDPE IO M3MEPEHUsIM BPEMEHHBIX Ba-
puanuit 3JIeKTPOMArHUTHBIX curHajaoB B VLF nmamasone pagmodacTtor
(1,5 - 11,5 x'm) u JOIJIEPOBCKOrO CJBUTA YACTOTHI MOHOCHEPHOTO
cUrHaJIa.

3.5 TI'maporeoxmMmmyeckue npeIBECTHUKA
3eMJIeTPsICeHUli: 0030p MUPOBBIX JIAHHBIX

Konwvinosa I'.H.

Kamuamexuti gusvan Pedepasvhozo uccaedosamerverko2o yeHmpa
«Edunas zeopusuneckan cayorcéas Poccutickoti Axademuu Hayx

B kauecrse rugporeoxumuyeckux npeasectankon (IT'XIT) pacemar-
PUBAIOTCs AaHOMAJIbHbIE U3MEHEHUS] HOHHO-COJIEBOI'O U Ta30BOI'0 COCTABA
IMOA3BEMHBIX BOJI Ilepe/l 3eMJIETPACEHUAMU C MalrHUTY/IaMNU MW B Jua-
ma3oHe 5 - 8, 0OHApYyKEHHBIE IIPU IIPOBEJIEHNN MHOI'OJIETHUX PErYJIsip-
HBIX HAOJIIOEHNN HA CAMOU3JIUBAIONINXCS CKBAYXKUHAX B CEHCMOAKTUB-
HBIX paiionax. Takwme paborsl mpoBogmanch B Amonun, Y30eKucrana,
Ucnanmguu, B Poccum ma mosyoctpoBe Kamuarka m B Apyrmx crpa-
Hax. /3ydeHve mpocTpaHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEH IIpo-
aienns 'T'XI] u ux cBa3m ¢ mapaMeTpamMu MOCTEIYIONINX 3eMJIETPSI-
CEHUI TTO3BOJISIET OIPEIEISATh 3HAUUMOCTD T IPOT€OXUMUIECKOTO METO-
A TSl TIPOTHO3UPOBAHUS CHJIBHBIX 3€MJIETPSICEHUN U PacCMaTpPUBATH
nporecchl obpazoBanust ['TXI] B moa3eMHBIX BOJOHOCHBIX CHCTEMAX.
B nmokmane ¢ equHBIX MO3UIUI pACCMATPUBAIOTCS MHUPOBbBIE JIAHHBIE O
I'TXII B comocTaBjieHUn ¢ YyTOYHEHHBIMU apaMETPAMU IIOCJIE LY FOIIIX
3emJteTpsicernii u ycaopusimu Habsoneruii. [lokazano, uro 'T'XII Boz-
HUKAIOT [IPENMYIIECTBEHHO B OJIMZKHEN U CpeIHEN 30HAX 0YaroB 3eMJie-
TPSACEHU, [JIs KOTOPBIX COOTHOIIEHUE MEXKJIy SMUIEHTPAJIHHBIM pPac-
CTOSIHUEM JI0 HAOJIIOIATETbHBIX CKBAXKIH U MAKCHMAJILHBIM JINHEHHBIM
pa3MepoM odYara 3eMJIeTpsiCeHusi cocTasjsger oT 1 mo 7-8. XapakTtep-
weie BpeMmeHa pazsutus ['T'XII mepen 3eMaeTpsicCeHUSIMU COCTABJISIOT
OT MEHee OJTHOTO MECSIIA 0 JeBATH MecsineB. Ha oTnebHbIX TpuMepax
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JeMoHcTpupyercss mporiecc obpazosanus ['T'XII B BogoHOCHBIX cucTe-
MaxX CKBayKUH BCJIEJCTBUE M3MEHEHUsT YCJIOBHUI CMEITMBAHUS KOHTPACT-
HBIX II0 COCTaBY IIOJ3eMHBIX BOJ[ IIPU PA3BUTHH TPEIIUHHON IUjIaTaH-
CUU Ha CTaIAsIX [OJNOTOBKU 3eMJeTpsiCeHmii. PaboTa BBIIOJIHEHA TIPU
noggepxkke PODU, mpoekr 18-05-00337

3.6 NccaenoBanue akyCTUYECKUX Bapualldil 1mpu
3eMJieTpsiceHnu, npousonieaniem B Upaune 08
utosist 2019 r.

Psabosa C.A., Cnusax A.A.

Dedeparvroe 2ocydapcmeennoe brodxcemnoe yupescoerue Hayky
Hrnemumym dunamuru 2eocghep umenu axademura M.A. Cadoscrozo
Poccutickoti axademuu nwayx

8 mionst 2019 roma ma 3anaje Mpana mpousorniia cepust KPYITHBIX
3eMJIeTpsiCeHuil. ['MIOIEHTP CaMBbIX MOIIHBIX ITOJ3€MHBIX TOJTIKOB
(MarauTynoit 5.7 - 5.9) 3ameran #a raybune 10 KM, SMULEHTP PACIO-
Jlarajicsa B 28 KM K IOr0-BOCTOKY OT ropoga Mecmzkene-Coiteiiman. B
JIOKJIaJle IPUBEJEHDBI PE3YILTATHI 0OPAOOTKN U aHAIN3a aKyCTHIECKUX
3anmnceil Ha 3HAYUTEIBHBIX PACCTOSHUSIX OT Odara CeHCMUYIECKOro
cobpirus (6onee 2700 km): Teodusuueckas obcepsaropus Muxueso
(2731 k™), Henrp reodusuaeckoro monuropunra . Mocksst JIT" PAH
(2812 kM) M aKyCTHYECKH{I MOHUTOPUHT B I. 3BeHUropoje (2832 k).
UnentudunupoBanbl 6aprdecKre BO3MYINEHUST B BUJE PACIPOCTPa-
HSIIOIMUXCST B CTPATOChEPHOM BOJIHOBOJE AKYCTHYECKHX KOJIeOaHUit
nHGPA3BYKOBOIO JIMAlla30HA YaCTOT M BBI3BAHHBIE CEHCMUYIECKUMU
BOJIHAMU, IIPUINEIINAMA B IIyHKTHl AKyCTUIECKOI'O MOHUTOPHUHTA.
OrneHeHbl SHEPIUU AKYCTHYECKOTO UCTOYHUKA U CEHCMUIECKOrO COOBI-
THS TI0 CIEKTPY aKyCTHIECKOIO CUTHAJA, PACIHPOCTPAHSIONIErOCT B
cTpaTochepHOM BOJTHOBO/IE.
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3.7 MHccaenmoBanue BJIANSHUS CeiCMUIECKOIL
AKTUBHOCTHU Ha KO3 duiimeHT
MOJIyIPO3PAavYHOCTH cHopajau4veckoro cijos Es
Haa Kamyarckoii

Bozdanos B.B., Ilasnros A.B.

Hnemumym K0cmoPusureckus ucciedosanuli u pacnpocmpaHerus
paduosoan JIBO PAH

MesnkomaciirabHas TypOyJIH3alys cuopaandeckoro ciost Es (mecst-
KH MeTPOB) oleHnBaercs Koadduimenrom nosynpospaunocta AfbEs,
a KpynHoMmacmrabHas TypOyausanus (COTHH METPOB) BBIPAYXKAETCS B
Es-paccestaun. 3BecTHO, 9TO TIepes; KPYIHBIMUA 3€MJIETPSICEHUSIMU C
marautygamu M > 5.0 moxkeT HabI101aTHC (DOPMUPOBAHIIE AHOMAJIb-
HBIX CIIOPA/INIECKUX CJI0eB B obsiacTu E: yBesmdenne 3;1eKTPOHHON KOH-
[eHTpaImu 1 Ko3duimeHTa moJyIpo3pavHOCTH Ha UHTepBaje oT 14
10 3 CYTOK JI0 MOMEHTa, 3eMJIETPSICEHUs] U IIOCJIeIYIOIIEee PE3KOe YMEHb-
[IeHUE 3HAYCHUIT ITUX TapaMeTpoB 3a 1 CyTKHU 70 3eMJIeTPsICEHUs. Y Be-
smaenne KodduimenTa norynpo3padnoctu Es-citost aBiisieTcs pe3yiib-
TATOM POCTA MEJIKOMACIITAOHON TYypPOYIH3aINN CIOPAIMIECKOTO CJIOH,
a ero yMeHbIIIeHHEe CBJI3aHO C HAIPEBOM HUXKHHX CJIOEB MOHOCKEDHI.

B mannoit pabore mpoBeIéH aHAJIN3 U3MEHEHU Ko puImeHTa mo-
JIYIIPO3PAYHOCTHU CIIOPAIMIECKOT0 CJI0st HS, MpeecTByoOmux HacTy -
JIeHUIO 3eMiyteTpsicernit ¢ marautynoit M > 5.0, mpouzomeamux B Kam-
qarckoM pernone 3a mepuon 2015-2019 rr. IIpoussenena orenka mpo-
raHocTuyeckoit apdexkrusrocTu napamerpa AfbEs mo meromukam A.A.
I'yceBa u I'M. Monuana.
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3.8 Mekcukanckoe 3emiierpscenue 1.02.2019 r. B
NaTepuere

Tepmwviwnuros A.B.

Dpasunckut Guauan 20cydapcmeennozo 01002CeMH020 YUPEHCIEHUS,
nayku Unemumym paduomernuku u AeKmporury um. B.A.
Komeavnurxosa PAH

B mnomstme okpy»Karomieit cpeabl BXOIUT NPUPOIHAs Cpela U
ee aHTPOIOIeHHOEe OKPYXKEHWe. DTH KOMIIOHEHTHI B3aMMOCBSI3aHBI.
CoruyM, Kak 3JeMEHT aHTPOIIOIeHHOI'O OKPYXKEeHWsl, aKTUBHO BJIUSIET
Ha COCTOSIHWE OKPYZKAIOIIEeil Cpebl U sIBJISEeTCsl OMOWHJIIMKATOPOM €€
n3Mmenennit. C pa3BUTHEM COIUAJIBHBIX CETeil, MHTEPHETA, TEXHOJIOT Ui
WCKYCCTBEHHOI'O HWHTEJLJIEKTA IOSIBJISIETCS yHUKAJbHAS BO3MOXKHOCTH
[OUATHOCTUPOBATD I KOHKPETHBIX CEeHCMOOIACHBIX PErMOHOB W3-
MEHEHHUE COIMAJIbHOIO IIOBEJEHUS PA3JIMYHBIX T[PYII HACeJeHds B
Macmrabe BpeMeHH, OJIM3KOM K peajibHOMY. Jljast permieHust 3Toit
331491 HeOOXOUM peryJIsipHbIi cO0p U aHAJU3 JTOCTYITHBIX COODIIEHUT
0 XapaKTePUCTUKAX, CBA3AHHBIX C IPEJIBECTHUKAMU. B IOMCKOBBIX
mammmaax WuTeprnera st 0OpabOTKM TEKCTOB CO3/IAHBI ITPOTPAMMBI
JINHTBUCTUYECKOI'O IOMCKA U aHajm3a uHdOpMAaIruu. B HUX HCIOJIb-
3yl0TCsI HabOPBI 3aIIPOCOB, CBS3aHHBIX C OHTOJIOIMEN WMCCJIEyeMbIX
poreccoB. B KayecTBe KJIFOUEBBIX CJIOB, KOTOPBIE CJIEAYIOT U3 AHAIN3A
MIPOIECCOB TOJATOTOBKH 3€MJIETPSICEHUs U OCOOEHHOCTEH ITPOSIBJIEHUST
[IPE/IBECTHUKOBBIX BO3MYINEHUI reoU3NIECKUX MOJIEH, MPEeJIOKEHO
HCIIO/Ib30BATh: aBapusi, 370POBbE, BOMA, BO3IYX, PAJAMOAKTHBHOCTD,
u ux anrimiickue anajoru: Air, Crash, Health, Radioactivity, Water.
HaiijieHHble TIOMCKOBBIMEM ~MAIMHAMEU COOOIIEHNSI, OIPAHMYEHHBIE
TEOTIPUBSI3KOI MCCJIEyeMOro PEruoHa, (DOPMHUPOBAIUCH B Tabsuiry. 1
despasst 2019 1. B 16:14:12.2 UTC na roro-Bocroke Mekcuku, 14.86
N ; 9220 W, upousonuio 3emserpscenune ¢ Mw=6.6 (CHIAPAS,
MEXICO). Ero snunentp Haxopuics B mrare Ubsnac B6m3u ¢ reare-
MaJILCKOIt rpaHurieii, a runonenTp Ha riyoune H=67,9 km. [logzemubre
TOJIYKU OT 3€MJIETPSICEHUsI OILYIIAJINCh BO MHOIMX paiioHax Mekcuku,
I'saremasne, CanpBagope u Benuze. 2 despans 2019 r. okazajcs BecbMa
AKTUBHBIM B CEeHCMHUYeCKOM OTHOIIeHuu. Jljisi 9TOro 3emiieTpsiceHust
oJIy4eH rpaduK u3MeHEHHs CyMMbl HODMUPOBAHHBIX 110 MUHUMAKCAM
[OBTOPsieMOCTH 3aIpocHbix cjioB Air, Water, Health. I'pacduk pac-
CMATPUBAETCSA B Ka4eCTBE MJLIFOCTPAIIAU TIOCJIEI0BATE/IbHOCTHA ITAIIOB
MMOJIPOTOBKU CHJIBHOT'O 3eMJjeTpsiceHusi. HakaHyHe 3eMJjeTpsiCeHust
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PE3KO YBEJUIUBAETCS TOBTOPSIEMOCTH KJIIOUEBBIX 3alPOCOB. IDTOT
BCILJIECK CJIEJIyeT IIOCJIe TIEPHUOa CeiCMUYeCKOro 3aTuibs. Ero Hadazo
OTMEUYEHO JIByMsl CUJIbHBIMH CHUI'HAJaMH. [UIOTe3a O IIOCTOSTHCTBE
JICHIEPCUil Il OTPE3KOB JI0 M II0CJEe 3eMJIETPSICEHUs 110 KPHUTEPUIO
Qurrrepa ¢ ypoaeM 3uaunMoct < 0,05 #e BemosHsgeTcsa. To ecTh, ana-
JIN3UPYyeMbIil BDEMEHHOI szt He crarumonapen. [losromy, npuMeHaTs B
JAJIbHENNX HMCCJIEIOBAHUAX METOMbI [1apaMeTPUYECKON CTATUCTUKA
MOXKHO € OOJIBIION OCTOPOXKHOCTBIO. Kak U IpoBEpsATh TUIIOTE3Y O
paBEHCTBE MATEMATHIECKUX OXKMJIAHUN DPacCMaTPUBAEMBIX OTPE3KOB.
B paccuuranHO#l aMIIATyZOrpaMMe IMOJy9IEHHOI'O BPEMEHHOTO Psjia
[0 CKOJIB3SINEMY OKHY IIHPHHONW 16 CyTOK € HOMOIIBIO OBICTPOTO
npeobpazoBanust Pypbe MOPHOJTOTHIECKH BBISIBICHBI TPU (pParMeHTa:
J10, TIOCJIe 3eMJIETPSICEHUSI U STAlla 3aTHUIIbs Yepe3, IPUMEPHO, HEJIEJIIO
[ocjie  3eMJIETPSICEHUsl. DTO HAIVISIHOE IIOJTBEDPKICHNE DPeaKIuu
UHTEPHET-COIMyMa Ha KaracTpodudeckoe cobbitue. AHaau3 akTHUB-
HOCTH PETMOHAJBHBIX U JIOKAJHHBIX COIMAJBHBIX CeTeil MO3BOJIUT
YTOYHUTDH [OJIyYEHHbIE PE3YJIbTATHI JUATHOCTHKHN CECMUIeCKON Ormac-
HOCTU. BuepBble NHOJIydYeHBI OIEHKU PEeaKINMM HHTEPHET-COIMyMa Ha
KaTacTpOUIECKOe 3eMJIETPICEHNE U TIEPUO/T €r0 HOATOTOBKH.

3.9 MexaHu3M OBU2KEHUs JIABOBOT'O IIOTOKA,
COIIPOBOXK/IAOIEr0Cs CEMCMUYIECKUM
pexxumom «drumbeats», Ha Bysikane Kusnmen

Hlaxuposa A.A.Y, Ilaposux P.H.2, Oupcmos I1.I1.

L @edeparvnviti uccaedosamenveruts yerwmp Edunas eeofusuveckan
ceayorcoa PAH, Kamvwamexutl gunuan
2 Hnemumym xocmopusuneckur uccredosamuti U pacnpocmparerus
paduosoan JIBO PAH

Pexxum drumbeats (6apabanublii 60il) HeOOBIYHBLL ceficMuYe-
CKUI PpEXKWM, COCTOAIME W3 ByJIKaHWIECKUX 3emuerpsicernii (B3)
C OXHOOOPA3HBIMHU BOJHOBBIMU (opMamu (MyJIBTHIUIETHI), KOTOPbIE
DPErUCTPUPYIOTC OT JECATKOB MUHYT JI0 MECSIEB. 3a XOPOIIO BbIPa-
JKEHHBIN KBa3UIIEPHO/I MeXK Ty B3 U MOUTH yCTONIMBBIN JUHAMAIECKHIT
nuanazon mMaruuTyn (M <2), pexkum mosydns HaszBanue drumbeats.
Takoii pexKuM PerucTpUpOBAJICA NPH BBIXKUMAHUU OT/EJbHBIX OJIOKOB
Ha SKCTPY3UBHBIX KyIOJaX AHJE3UTOBBIX M JIAIMTOBBIX BYJIKAHAX
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MUpa U BO3HUKAJ IIPU YCTOMIMBOM PABHOBECHOM COCTOSIHUHU B CHCTEME
KaHaJ-MarMa BO BpeMs u3Bepkenus. Pexkxum drumbeats peructpupo-
BaJICsl BO BpeMsl M3BEp:KEHHs aHIE3UTOBOIO ByJKaHa KusuMmeH pu
JIBU2KEHUH BA3KOTO JIJABOBOI'O TIOTOKA IO CKJIOHY ByJikaHa B 2011-2012
rr. [Ipu 3TOM perucTpupoBaiiCch MYJIBTUILIETHI IIPOIOJIZKATETHHOCTHIO
OT JIECATKOB MHHYT JI0 MECSIEB ¢ 3Heprermdeckum kiaccom B3 KS
<6.3 (KS = 1gE, Ixk), obpasyiomue pexxum drumbeats. B pabore
paccMOTpeHa BO3MOXKHOCTb OObsICHEHUsI €0 MeXaHH3Ma Ha OCHOBE
addekTa stick-slip, KOTOpBIT HCceIyeTCsT B paMKax MeXaHHIECKOI'O
IBIKEHUS Tpy3a Ha MPYKUHE BJIOJb TOBEPXHOCTHU, O0JIAIAIOIIEH
majaonumM TpeHneM. KadecTBeHHOe COBIaIeHNe PE3YIbTATOB MaTeMa-
THYECKOTO MOJIEJTUPOBAHUS C SKCHEPUMEHTAJILHBIMU JAHHBIMU JAI0T
OCHOBaHHE IIPEIIOJIAraTb BO3MOXKHOCTb TIE€HEPAIUU CEHCMUYIECKOTO
pexxuma drumbeats B pe3dyibraTe JIBUXKEHUs JIABOBOI'O IIOTOKA IIO
CKJIOHY C BKJIIOUeHHeM MexaHu3Ma stick-slip.

3.10 KBanTOBas CHEIIEHHOCTH IPOTOHOB
BOJIOPO/IHBIX CBsI3€il auTocdepsl,
ruapocdepsbl, atmMmocdepbl 1 bmocdepbl Kak
OCHOBa MPOTHO3a 3€eMJIETPIACEHUSA

Kysneuos B.B.

Huemumym xocmopusuneckur uccaedosanuti u pacnpocmpaHerus
paduosoan IBO PAH

KBanToBasi CIEIUIEHHOCTH TIPOTOHOB BOJOPOIHBIX CBsi3eil JINTO-
cdepnl, ruapocdepbl, aTMocdepbl U 6mochePhI MPOSIBIAECTCA B BUJIE
SIBJIEHUI, HOCAIINX Ha3BaHWe KBelikn (apoxkanue). 3emierpsiceHue -
KBelK, GopIok - Toxke KBeiik. Ho eciiu B simrocdepe GopInok ObIBaeT
HEpPA3JIMYMMO MaJj, TO B JIpyroii cpeje: rujapocdepe, armocdepe
u Omocdepe - OH momYIac OBIBAET XOPOIIO paziudnM. 3BecTHBIE
MIPEIBECTHUKHN 3€MJIETPSICEHMI MPOSIBIAIOTCA B BHJE CBEYCHUI U
3BYKOB B armMocdepe U OKeaHe, B U3MEHEHUSIX aTMOCKHEPHOIO SJIEKTPH-
YeCKOTO W MAarHUTHOTO ToJielf, B IMPOTEMHOBBLIX KBeiikax B Omocdepe
u T.11. O4eBUIHO, YTO PEUDb UIET TOJIHKO O KPATKOBPEMEHHOM ITPOTHO3E.
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3.11 Hosple gaHHBIE O BO3MOXKHOCTH

BO3HUKHOBEHNS CUJILHOTO 3€MJIETPSICEHUS B

paiione KamyaTku mo JJaHHBIM MOHUTOPHWHTA
MOAIIOYBEHHOTO PaJIoHA

Qupemos ILILY, Maxapos E.0.1»2

! Kamuamexuti gusuan Pedepanvriozo ucciedosamenscrkozo UeHmpa
Eodunas 2eopusuueckasn cayocoba PAH
2 Kamuamexuti 2ocydapemeenmoti ynusepcumem umenu Bumyca
Bepunea

Ha nonyocrpoee Kamuarka, sHaunnast ¢ 2000 1. pyHKIIMOHUPYET CETH
IIYHKTOB MOHUTOPHHIa mnozamnousennoro pagona (IIP) ¢ uenbio mouc-
Ka MPEeJIBECTHUKOB CIJIBHBIX 3emJjerpsicennit. B omopuom mynkre Ila-
paryuka (PRTR) omun u3 JaT9MKOB B 30HE BJIANOHACHIIIECHUS yCTa-
HOBJIEH B O0JIACTH C IOBBIIIIEHHOI TE€H304yBCTBUTEIHLHOCTHIO K U3MEHE-
HUSIM HaIlPsI?KEeHHO-/16(POPMUPOBAHHOI'O COCTOSIHUSI Ieocpeiibl. Bropoit
narauk [1P; marable KOTOPOro MCIOIB30BAaHbI B paboTe, PACIIOJIOXKEH B
paiione Hay49HO-HCCIEI0BaTEeILCKON cKkBazkuabl HUC-1 B 30He asparuu,
(myukr INSR). ITyHkTbl HabJIIONEHUS DPACHOJIATAIOTCS B DPA3JIMIHBIX
reoCTpyKTypHBIX dementax FOxuoit Kamuarku, Ha paccrosiauu 27 KM
apyr ot apyra. Ilosenenne nuHamMuky oO6beMHON aKTHBHOCTH PaJIOHA
(OA Rn) 3a JymTesibHbIH [IEPHOJL 10 000UM JaTINKAM IIO3BOJISIET yTBED-
JKJIATH O HAJIMYUU ONPEJIEIeHHON cBsa3u Mexk 1y BapuarusaMu OA Rn u
CUJIBHBIMU 3eMJIETPSICEHUsIMA ¢ Maraurynaoir M > 7.5 ceBepo-3amaHoit
okpamnbl Tuxoro okeana. st mocrpoenus psima OA Rn u ero coro-
CTaBJIEHUS C CEICMUYHOCTHIO YKA3aHHOI'O PErNOHA MCXO/IHbIE TaHHBIE C
muckperuzarueii 10-30 MuH noaBepraanch 6apoOKOMIIEHCAIIUN, a 3aTeM
OCYIIECTBJISIACH UX JEIUMAINS B [TOJIyCYy TOYHBIX WHTEPBAJIAX C MOCTIe-
JYIOIMIAM CIVIAYKUBAHUEM CKOJIB3SINAM CPEIHUM B MSITUCYTOYHOM OKHE
¢ Teabi0 PUABTPAIIMA BBICOKOYACTOTHOHN cocTtapisiomeit. s Gosee
JIOCTOBEPHOTO BBIJEJIEHUS [IPE/IBECTHIKOB CUJIbHBIX 3EMJIETPSCEHN, U3
[10JIy YeHHOTO BpeMeHHOTo psiyia OA Rn BbrunTasiach ce30HHas rojoBast
cocTaBJIsioIasi. XoJ[ MOJIyYeHHONH KPUBOM COIOCTABJISICS ¢ HauboJiee
CUJIBHBIMU 3€MJIETPSICEHUSIMU CEBEPO-3aIIaTHON OKPanHbI TUXOTr0o oKea-
na. B nyukre PRTR B 30He 110/1HOTO BiIarOHACKHIIIEHNS BBISIBJIEHBI TPU
CJIydasi BOSHUKHOBEHUS IIPEIBECTHUKOB JJINTEJHLHOCTHIO OT 1 roja j10
3 JieT B BUJle TPEHJa NOBbIeHus ¢ nocaeaytomum caukerrnem OA Rn
mepeJ; 3emjierpsiceausiMu ¢ M > 7.5 ¢ smuIleHTpaMu Ha PacCTOSTHUU
menee 1000 kM. Dements! nogobHoro mnosegenus muHamuku OA Rn
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BoisiByiedbl B mynkTe INSR. Jluneitnble 3aBUCHMOCTH, alIPOKCUMUPY-
forre Tperabl OA Rn, okazannch BechbMa OJIM3KAMHU, UTO CBHJIETEIb-
CTByeT O eIMHOOOPA3HOM IIPOIEecCe, BO3HUKAIIEM B pallOHe IIYHKTa
HaOJTIOJIEHNH TTepe]] CUJIbHBIMU 3eMJIeTpsiCeHusiMU. B HacTosiiiee BpeMst
B quaamuke OA Rn Ha 000MX MyHKTAX TPEXJIETHUN TPEH/I TOBBIIIEHUST
cMmenmics normkenneM, a B myakre PRTR snageruns OA Rn mocrurian
MUHUMAJIbHBIX 3HAYEHUI 38 BeCh MEPHOJ, HAOIIOAeHU. DTO 1aeT OCHO-
BaHUE T'OBOPHUTH O TOM, YTO, YTO B pailoHe mmoJiyocTpoBa Kamduarka Ha
paccrostauu 10 500 kM ot myrkTa PRTR mo despassa 2021 r. ¢ 6oJib-
0¥ BEPOSATHOCTHIO CJIEIyeT OXKUIATh 3eMierpsicerne ¢ M 7.5. Pabora
BBITIOJIHEHA TIPU IaCTUYIHOM moiepkke mpoekta PODU 20-05-00493.

3.12 OcobeHHOCTHN MPOSIBJIEHUS JIyHHO-COJTHEYHBIX
NPUJINBOB B 3JIEKTPOMArHUTHBLIX MMapaMeTpax
AaKTUBHBIX pa3/ioMHBLIX 30H Tsaub-IITans

Bamanesa E.A.
Hayunas cmanyus PAH, 2. Buwxkex

IIpu npoBeeHNE MOHUTOPUHIOBBIX MCCJIEIOBAHUI B TAKUX CECMO-
aKTUBHBIX permonax kak Tsaub-IIlanb HEOOXOIMMO MMETh MPEJICTaBIe-
HHUS O 32KOHOMEDPHOCTSX IIOBEJIEHNsI aKTUBHBIX Pa3JIOMHBIX 30H, B TOM
quciie U Kak (DIIIONIOHACKHIMIEHHON CPebl MPpU BO3IEUCTBUU CeficMu-
qecKuX coObITHit. B Hacrosimmee BpeMsi Ha TeppuUTOpUM Buimkekckoro
reoMHaAMUYECKOI'0 IIOJIMI'OHA OCHOBHBIE 9KCIIEPUMEHTAJIbHbIE UCCJIIE/10-
BaHUs HallpaBJIEHbI HA N3y4YeHUEe 30H IOBBIIIIEHHON TPENUHOBATOCTH U
dunononaceimennoctu. Ieosornyaeckast cpejia B 1eJI0M, U PA3JIOMHAST
CTPYKTYypa, B 9YaCTHOCTH, IOJBEPKEHA II€PUOIMIECKOMY BO3/IefICTBUAIO
JIYHHO-COJIHEYHBIX IIPMJIMBOB, B Pe3yJIbTaTe Yero TaKzKe IePUOINYecKn
U3MEHSIIOTCSL e HapaMeTpPbl (3JIeKTPOIPOBOIHOCTD, (DIIIOMIOHACHIIIEH-
HOCTB, YIIPYTOCTh ¥ T.J1.). B B0 0Ouepeib BAPHAIMA ITUX IIAPAMETPOB
OTPaXKalT JUHAMUKY IeO(pU3NIECKUX I10JIeil B BEPXHUX CJIOSIX KODHI.
PegynbpraThl anann3a TpUYIMHHO-CJIEICTBEHHBIX CBS3€M MEXKJy Baph-
alUAMN 3JEeKTPOMArHUTHBIX I1apaMeTpPOB U JIyHHO-COJHEYHBIMH IIPU-
JIUBAMH OY€Hb BAXKHBI IPHU penreHnu (QyHIaMeHTAIbHON IpOobJIeMBbl,
CBA3AHHOI C yCTaHOBJIEHHEM MEXaHW3MOB IIPeoOpa30BaHus reodusu-
qeckux noJieil. CpaBHUTE/IbHBIA AHAJIN3 JIMHAMUKU ITOBEJIEHUSI Iapa-
METPOB JIEKTPOMATHUTHOTO IIOJIsl ¥ JIYHHO-COJTHEYHBIX ITPUIUBOB ObLIT
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[IPOBEJIEH HA OCHOBE MATEPUAJIOB, TIOJIYI€HHBIX [IPHU IIPOBEJIEHUN IKCIIE-
PUMEHTAJIBHBIX HAOJIOJEHNN Ha PEKMMHOM MOHUTOPHUHTOBOM IIyHKTE
soHMpoBaHus B Koukopckoit Bnaguae Ykok-2 (FOxuo-Kouxkopceknii
pasJyiom), cranumoHapHbIXx nyHKTax Habmogenuit - Axk-Cyy (Mccbik-
Arunckuii paziom) u Hou-Kypuak (Hon-Kypuakckuil) u Ha MoHmHTO-
puHroBbix npodumisax mMununosurona Kenrop (IIlamcu-Trommokckuit
passiom). Ha ocHOBe BBIIIOJIHEHHOIO aHAJIU3a MOXKHO CHEJIATh CJEILy-
IOIIIIE BBIBOJBI: - CYIIECTBYET YCTONYNBAs CBsI3b MEXKJY aHU30TPOIIU-
el 3JIEKTPUIECKOTO COIPOTUBJIEHUS, JIyHHO-COJTHEYHBIMU IPUJIMBHBIMUI
BOBEHCTBUSAMY U CEICMUIHOCTBIO; - MAKCUMAJIBHON aMILIUTY/ 1€ BEPTH-
KaJIbHOW KOMITOHEHTBI JIyHHO-COJTHEYHBIMU MMPUJIUBHBIMEI BO3/EHCTBH-
sSIMH COOTBETCTBYET yBEJWYEHNE K, MUHUMYMY yMeHbIEHHe; - Hanbo-
Jlee YeTKO Bapualid K, K TPaJIMEHTHBIM 30HAM KOTOPBIX MPUYypPOUe-
HBI ceficMUYecKre COOBITHSI, BBIDAXKEHbI B BEPXHEll 4acTu pa3pesa, TO
€CTh pe3KNe U3MEHEHUs HAIPsKEeHHO-1e(DOPMUPOBAHHOIO COCTOSIHUST
MIPOUCXOAAT Ha HebobIUX TyOmHax, He Obosee 10 kM. B pesymbrare
AHAJIA3a JIEKTPOMATHUTHBIX [TAPAMETPOB CPEJIbl Ha MPEJIMET B3auMO-
CBSI3W C JIYHHO-COJTHEYHBIMU TPUJIMBHBIMU BO3JIEHCTBUSIMU YCTAHOBJIE-
HO, YTO BapUAIMK PEAKTUBHON COCTABJISAONIEN 3/IEKTPOCOIIPOTUBJICHUST
(MHUMbIE 9aCTH MMIEIAHCOB), CBA3aHHBIE ¢ M3MEHEHUIMHU EMKOCTHBIX
¥ WHAYKTUBHBIX XapaKTEPUCTUK MAaCCHBOB TOPHBIX MOPOJ IpH j1edop-
MAIMOHHBIX MPOIECCaX, PEArNPYIOT HA MPUIMBHBIE BO3JICHCTBUSA U Jie-
dopmaruy He MeHee aKTUBHO, 9€M BAPUAIMNN AKTUBHON COCTABJISIONIEH
9JIEKTPOCONPOTUBIIEHUsT (peasibHble YacTh MMIeIaHcoB). Pabora mpo-
BOJUJINCH B PAMKaX BBIIIOJIHEHUs] TOCYIaPCTBEHHOIO 3a anusi HaydHoit

cranimmn PAH mo teme AAAA-A19-119020190063-2.
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3.13 OTkKJIMKU Ha MOJATOTOBKY CUJIbHBIX
KaM4YaTCKUX 3eMJIETPsICEHUII B cCUCTeMe
autocdepa—arMmochepa—unoHocdepa ¢ yyeToM
HOBBIX JIAHHBIX KOMILJIEKCHOTO HAa3€MHOI'O U
MOHOC(EPHOTO MOHUTOPUHTA

Bozdanoe B.B.', T'nepunoe B.A.2, Hyruney C.A.3, Yaynos J.I1.*

L Hnemumym xocmodusureckus uccaedosanuti U pacnpocmparenus
paduosoan /IBO PAH
2 Hnemumym eyakanosozuu u ceticmonrozuu JBO PAH, Poccus
3 Hnemumym wocmuveckux uccaedosanuti PAH, Poccus
4 Vnusepcumem Yonmena, Opanorc, CIITA

OnbIT KpaTKOCPOYHOrO IPOrHO3UPOBAHUSA KaMYATCKUX —3€MJIe-
TPSICEHUH TI0 JAHHBIM KOMILIEKCHBIX CKBAYKUHHBIX HM3MEPEHHUH Ha
ITerponasnosck-Kamuarckom reopunamudeckom mosurone (ITI'T) mo-
Ka3bIBAET, YTO, KAK MPABUJIO, MOJAIOTOBKA CHJIBHBIX KAMYATCKUX 3€M-
JIETPSICEHUH JOCTATOYIHO HAJEYKHO MPOSIBIISIETCS] B CPEHECPOTHOM MacC-
mrabe BpeMeHn (3a MeCsIIbl, TObI 10 MOMeHTa 3eMiieTpsicenust ). OHa-
KO OIIpeJIeJIEHUE HAYAJIA CTAJINU, HENOCPEICTMBEHHO NPedwecmeytowet
3eMJIeTpsACeHuIo (32 Hele/u, JHU 10 MOMEHTa [JIABHOIO COOBITHUS), $B-
JI€TCd BeCbMa CJAO0XKHOU 3aJladeii.

B nacrosiiiiee Bpemst periienne 3Toi 3a/1a91 B 3HAYUTEIHHON CTerneHn
CBSI3BIBAETCS C IPUBJIEICHUEM K MOJIOTOBKE IMPOTHO3HBIX 3aKJIIOUEHUIT
JIAHHBIX HEIPEPLIBHOIO MOHUTOPUHIA HOHOCHEPBI, OCYIIECTBIIAEMOrO
HA3eMHBIME CPEJICTBAMU BEPTUKAJIBLHOIO PAJIMO30HIUPOBAHUS U U3Me-
PEHUSIMU TIOJIHOTO 3J1eKTPOoHHOro copepxkanug (II9C) ¢ ucnonpzoBanu-
eM robasbHON HaBuranuoHHo# cryraukoBoil cucremsr [JIOHACC u
GPS. D10 cBsa3aHO ¢ TeM, YTO 3HAYMMBIC U3MEHEHUs psijia IapaMeT-
POB HOHOChEPDI TIPOUCXOIAT, B OCHOBHOM, 33 1-5 CYTOK JI0 KAMYATCKUX
3eMJIeTpsiCeHni. Pe3yIbTaThl COMOCTABIIEHUS JIAHHBIX €3KEIHEBHOI'O MO-
HUTOPUHTA COCTOSIHUSI MOHOChEPHI, BKI0UYas nHdopmanuto 1o [19C; ¢
JIAHHBIMU KOMILJIEKCHBIX CKBAYKMHHBIX U3MEPEHUH OKA3aIU JTOCTATOY-
HO BBICOKYIO KOPPEIUPOBAHHOCTH BO3HUKHOBEHUSI aHOMAJIUIT B MOHO-
cepe epes| CUIBHBIME 3€MJIETPSICEHUSIMEA C U3MEHEHUSIMA KOMILIEKCa
apaMeTpoB B JAHHBIX CKBAKUHHBIX U3MepeHuii. B KauecTBe 0IHOTO 13
MIPUMEPOB B JIOKJIAJIE MPUBOISATCS PE3YJIbTATHI HOHOC(HEPHOTO U CKBa-
JKUHHOTO MOHUTOPUHTA, TIOJIY YeHHBIE BO BDEMEHHOM OKPECTHOCTHU CUJTb-
uoro (Mw = 7.7) 3emuerpsicenust, npousornezuero 25 mapra 2020 1. B
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paiione cesepunix Kypua. IIpuBonumbie pe3ynbrarsl JeMOHCTPHPYIOT
BBICOKYIO KOPPEJIMPOBAHHOCTH U3MEHEHU! YIEJIHHOIO SJIEKTPUIECKOTO
conporusjenus reocpeabl B paiione I ¢ Bapuanusayu I19C u dop-
MUPOBaHUEM Psijia JIPYTUX aHOMAJIUI B HOHOC]EPE 38 HECKOJIBKO CYTOK
0 3emiieTpsiceHus. Takme pe3yjbTraTbl YKa3bIBAIOT HA BO3MOXKHOCTH
JOCTATOYHO HAJEKHOTO OIPE/IESIEHUS HAYAAG 3AKITIOUATEHHON CTa 1N
[IOITOTOBKYU CUJIBHOI'O 3eMJyieTpsicenusi. Jljisi MPOrHO3HBIX OIEHOK 2NU-
UEHMPA, U MA2HUMYObL 3EMJIETPSICEHIST B HACTOSIIIIEE BPEMSI JIOCTATOYHO
YCIIENTHO MCIIOJIb3YIOTCS. METO/IbI, OA3UPYIOMINEcs Ha, MOHUTOPUHTE aT-
MOC(hEPHBIX TaPaAMETPOB: METOJ IMOIPABOK XMMHUYIECKOTO MOTEHIINAIA
pu u3MepeHusx Ha BbicoTe 100 M, a Tak:Ke JTaHHbIE U3MEPEHUHN yXOs-
IIero JUIMHHOBOJIHOBOrO uHppakpacuoro uziydenus (OLR) na yposue
BepxHeil KpoMku 061ak0B (BbicoThl 10 -15 KM).

3.14 llouck aHomasmii B UMITYJIbCHBIX MOTOKaX
AKYyCTUYE€CKOUN U JIEKTPOMArHUTHOI dMUCCUU

Cenxesuy IO.H.

Hremumym xocmopuduveckuxr uccaedosanuti U pacnpocmpaHerus

paduosoan IBO PAH

Jlaboparopust akycruueckux wucciaenosanuii UKMP JIBO PAH
OCYIIECTBJISIET MOWCK AHOMAJIUH XapaKTEePUCTUK CHUTHAJOB T'e0aKy-
crudeckoii smmccun (I'AD) u snekrpomarnuTHoil smuccun (M),
KOTOPBIE OITOCPEJOBAHO OTPAXKAIOT IPOIECCHI, IIPOUCXOJSAIINE B
[PUIIOBEPXHOCTHOM cJioe JjiuTocdepbl u arMmocdepnl. Curnajaer ['AD
[IPEJICTABIISIOT CODON ynpyrue KojeOaHus, BOZHUKAIOIINE B IIPOIECCE
JOKAJIbHOI IWHAMHWYECKON IIepeCTPOMKNA BHYTPEHHEH CTPYKTYDBI
MIPUIIOBEPXHOCTHBIX OCAJIOYHBIX ITOPOJI, KOTOPBIE XapaKTepU3yIOTCs
MAJIOH MTPOYHOCTHIO W BBICOKON IIACTHIHOCTHIO. Hanbosiee m3BecTHBIE
paboThl, KacalolIuecs: MOUCKA IIPEJIBECTHUKOB CEHCMUYECKUX COOBI-
THII Ha OCHOBE HA3BAHHBIX T'eO(MU3NYUECKUX CUTHAJIOB, OIPAHUYCHDI
AHAJIM30M JHEPTETUYECKUX XaPaKTEPUCTUK HA3BAHHBIX CHUTCHAJIOB C
WCIOJIb30BAHUEM CIEKTPAJIBHBIX W KOPPEJSIIIUOHHBIX METOJIOB, KO-
TOpBbIE HE IMOKA3AJM YCTONYMBBIX CBsI3€fl € MCKOMBIMH COOBITHSIMU
[dpyxuu T.M. 2017]. B npeacTaBiseMoM HCCIEI0BAHIN IPEIIPUHSTA
[IOIIBITKA PACCMOTPETh MOTOKH UMILYJIBCOB C MTO3UIUU Teopun nHGOp-
MaIlM, KaK 3aKOJMPOBAHHBIE COODIIEHWS, W IOCTAPATHCH BBISBUTH
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OIpe/ieJIeHHbIE 3aKOHOMEPHOCTUH B IIOCJIEIOBATEIHHOCTAX KOIOBBIX
cuMBosioB. [l TpancdopMaun KaxK/I0ro OTJEIbHOTO HMILYJIbCa B
[IOTOKE €ro IMaTTePH OIUCHIBAETCS OTHOIIEHUSIMUA 3HAYEHU JIOKAJIbHBIX
9KCTPEMYMOB MeXKJIy CODO#l 1mo mpasmity: eciau xi > xi+j i,j = 1,...N,
TO Pe3yJIbTAT CpaBHEHUs paBeH 1, ecam mHAade, TO 0, T/Ie Xi MHOXKECTBO
JIOKAJIbHBIX 9KCTPEMYMOB IPUHAJJIEKAINNX KOHKPETHOMY HMITYJIbCY.
Ha ocuoBanum pe3sysnbraTroB cpaBHeHus (GHOPMHUDPYETCS KBaJIpaTHAas
OmHapHas MaTpuUlla OTHOMEHu! aMinTyd. Jljist yuera ¢pa30BBIX OTHO-
[IEHUI BHYTPU UMILYJIbCA, U3MEPSIIOTCsI BpEMEHHbIE NHTEPBAJIbI MEXK Ly
€ro JIOKAJbHBIMU SKCTPEMYMAMU, KOTOPbIE CPAaBHUBAKTCI MEXKILY
cobOll aHAJIOTMYHO MPABUJIY CPABHEHHMS AMILIATYI dSKCTpemymoB. Ha
OCHOBaHHUU PE3YJIbTATOB CPABHEHUs Takke (POpMUPYyeTCs KBaJIpaTHast
MaTpuna. Obe MaTpuIlbl HH(MOPMAIMOHHO U30BITOYHBI, [IOCKOJIBKY OHU
kococummeTpudHbl. OOHYJIsIs M30OBITOYHBIE 3JIEMEHTHI, IIPEBPAIAeM
[IEPBYI0 MATPUILY B BEPHETPEYTOJBHYIO, 8 BTOPYI B HUXKHETPEYTOJIb-
Hyto. JlomoHss BTOPYIO MaTPHUILy TOMOJTHUTEIBHON HYJIEBON CTPOKOI
U CTOJIOIOM, MOJIyYaeM PaBHO pa3MepHble MarTpullbl. CKiaIbBast
obe MaTpuIbl, MOJyYaeM Pe3yJbTHUPYIONYI0 OHHAPHYIO MATPHILY -
mabJioH, KOTOpas CcoxXpaHseT B cebe uHMOPMAIMIO AMILIATYIHO-
¢a30BBIX OTHONIEHUIT BHYTPU UMITYJIbCA, U TOJHOIIEHHO XapaKTepu3yeT
CTPYKTYPHYIO MOPGOJIOruio ero narrepHa. lajgee Ha 3aaHHOM 31I0XE
aHaJIN3a OCYIIECTBIISIETCS IOUCK MATPHIL MabJIOHOB, KOTOPHIE IO KPU-
TEPUIO CXOJICTBA, IIOCTPOEHHOMY HA 3HAYEHUU IIePEeCEYEHUsT MHOYKECTB
9JIEMEHTOB MaTpHIl, (DOPMUPYIOTCS KJacTepbl. B KaxKJIoM M3 aBTO-
MaTHIeCKH CHOPMHUPOBAHHBIX KJIACTEPOB MaTPHUIA-INA0IOH HauboJee
O6mM3Kast K IEHTPY KJacTepa NPUHAMAETCS HA3HAYAETCS CHMBOJIOM,
& COBOKYITHOCTb BBIJIEJIEHHBIX CHMBOJIOB COCTABJISE€T AJMDABUT 3a
smoxy Habsofenus. VcXoaubIil CUrHAJ MIEPENNCHIBAETCS B CHMBOJIAX
andasuta. llosyuennas mocsenoBaTebHOCTh PACCMATPUBAETCS KakK
3aKoJpoBanHoe coobrienne. CTpyKTYyPHO-JIMHIBUCTHYECKAsT 06paboT-
Ka 1 aHaJU3 COODIIEHNI B HHTEPECAX BBISBJICHUS aHOMAJINN B IIOTOKAX
UMITYJIbCHBIX CUTHAJOB ['AD m OMD mpoBomuTcst MO AByM HaIpas-
nenusam |[Cenkesna IO.J1. 2017, 2019|. Ilepsoe omeHka u3MeHEHUS
COCTaBa M CTATUCTHKM CHUMBOJIOB ajipaBUTOB B PA3HBIX II0 Pa3Mepy
BPEMEHHBIX OKHaX aHa/M3a. Hajmdyue 3HAYUTEIbHBIX IIPUPAIIEHU
coctaBa ajdaBuTa yKa3bIBA€T HA U3MEHEHU, IPOUCXO/ISINNE B TOPOK-
naromeit curuas ['AD cpesibl U U3MEHEHUE YCJIOBUN PACIPOCTPAHEHUS
JIEKTPOMATHATHBIX BOJIH B IPHUIOBEPXHOCTHOM CJIO€ aTMOCHEpPHI.
Bropoe mampasiienne aHajn3a OCYIIECTBIISETCS C HCIOJIH30BAHUEM
sHTponmniiHoro aHasausa coobmenuii [IIserkos O.B. 2015]. Bbrumc-
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JIeHW€ OTHOCUTE/IbHOW SHTPONNNA HA PABHOOTCTOSIINX BPEMEHHBIX
WHTEePBaJIaX HAOJIONEHNs [TO3BOJIMIIA OTCJIEIUTh N3MEHEHUsT (PyHKIUN
pacipejiejieHusi BEPOSITHOCTEH UMITYJIbCHON aKTUBHOCTU. PacdyeTsl 3Ha-
YeHUl yCJIOBHOM SHTPOIUHU JAJIA BO3MOXKHOCTD OIIEHUTH HAJIMYHE CBSI3U
Mexkay anomasusavu ['AD u OMD. Conocrasiienne 0OHADPYKEHHBIX
OTKJIOHEHWIA IO Pe3yJIbTATaM JIMHIBUCTHIECKOTO AHAJIN3a C KATAJIOTOM
3emiterpsicernit Kamuarckoro permona mnpuBesio K HOPMHPOBAHUIO
BEPOSITHOCTHBIX MapKepoB celicMuYecKux coObiTuil. B pesyibrare
HCCJIeJIOBAHUS YJIAJIOCh pa3paboTaTh METOIOJIOTHIO JIMHIBUCTAYECKON
06paboTKN W aHaIN3a MMITYJIHCHBIX MOTOKOB curHasoB ['AD n DMD.
[Ipumenenne nHAGOPMAIMOHHOTO TOIX0/Aa K AHAIU3Y NeOMU3MIECKUAX
CUT'HAJIOB TIO3BOJIMJIO TJIy0XKe M3YInTh (DU3UIECKYIO IIPUPOY UX CBA3U
C CeICMUYECKUMHU COOBITUSIMHU, IOy IUTh PsiJl HOBBIX IPU3HAKOB CMEHBI
COCTOsIHMIT cpenbl pacupocTpanerns ['AD u DMD. Paspaborannble
AJITOPUTMBL  CTPYKTYPHO-JIMHTBUCTUYIECKO 00pabOTKa © aHAJIM3a
COOOIMEeHMT peasn30BaHbl B IIPOrPAMMHO-AINIAPATHOM KOMILJIEKCE,
cobpaHHOM B XOJie BbInoJiHeHus 3aaanus mo rpanry PH® 18-11-00087.
Kowmmekc obecnieunBaer 006pabOTKy W aHAJN3 MOTOKOB WMITYIbCHBIX
CUT'HAJIOB, IOCTYIAMIIIAX C I[PUEMHUKOB IIOJIEBBIX CTAHIMI HabJII0-
JIeHWsT B PeaJIbHOM BpeMeHHU. Pe3y/ibTarhl aHaan3a 00eCIeYnBaroT
CBOEBPEMEHHYIO BBIDAOOTKY PEIIeHniI O BO3HUKHOBEHUU OYEPEIHBIX
CefICMUYECKNX SIBJIEHUN B Ipenesiax OJIMKHeHl 30HBI CeHCMUIecKOi
akTuBHOCTH Ha Kamduarke B pammyce 10 600 KM OT IOJIEBOM CTAHITAN
npuema curtasioB 'AD u 9MD Kapemmmmuno UKVP JIBO PAH.

3.15 IIpobGJyieMbl omepaTUBHOIO MPOrHO3a
ceiicmuueckux coobituii. IlonbiTKa pereHns
Ha Caxanune

Bozomonoe JI.M., Haposviunni B.A, Coxamiox FO.B.,
IHaposviwmnnt /1. B.

Dedeparvroe 2ocydapemeennoe brodocemnoe yupescoerue HayKy
Huemumym mopekoti 2zeonozuu u 2eopusury JasvHes0cmounozo
omdenenus Poccutickoti axademuu mayk

UccnenoBanmst o paspabOTKE METOIUKN OMEPATHBHOTO ITPOTHO3a
ceficMUIeCKUX COOBITUI BBITIOJIHEHBI HA Te€O(U3NTECKAX IMOJUTOHAX B
10;KHOI yacTu ocTpoBa Caxasmi. IIpeamochlikoil njist Hadaa uccie-
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JOBAHUH TOCTY KU 3PPHEKT HECTAOUILHOCTH €CTECTBEHHBIX Te0DU3M-
YecKnX T0Jiell (rPaBUTAIIMOHHOTO, TEPMAJIBHOTO) HAJ| 3AJI€XKBIO TPU-
poaHoro raza. Ilpu mpo1o/KeHnn UCCjieI0BaHUil B KOMILIEKC BKJIFOYe-
HBI TEOMATHUTHBI METOJI U METOJI, eCTECTBEHHOI'O JIEKTPUIECKOTrO I10-
JIsi B CTAIIMOHAPHOM peXKrMe. B mpe3eHTaIny MOKa3aHbl Oy Y€HHBIE B
UMTI'ul’ IBO pe3ynbTaThl pErucTPAIii €CTECTBEHHOTO 3JIEKTPUIECKO-
IO IIOJIS U TEOMArHUTHOIO II0JIsL, OTHOCSIIIECS K JIBYM COCTaBJISAIONIUM
[IPOTHO30B CeCMUIeCKUX COOBITHIA: OlIpeieIeHIe BDEMEHN OXKUIAeMOT0
cobbiTust (1) u mosozkerust snuneHTpa (2). Onpeesenne BpeMeHN 0K~
IAeMBbIX COOBITHII 110 pe3ysIbTaTaM HAOJOIEHUI UCIOJIb3yeMOro KOM-
ILUIEKCA METOJIOB dJIEKTPO- M MATHATOMETPHUH, OBLIO BO3MOXKHO HE Me-
Hee, 9eM 3a 4 daca 10 ero peanu3anuu (0ObIMHO 3a 6 -8 9acos). I1o
[IOJIOXKEHNE COOJIIOIAETCs, €CJIM COOBITHE IIPOUCXOIUT IIOCJIE IIEPUOJIA
HEKOTOPOT'O CEHCMHUIECKOTO CITOKOUCTBUS TPOIOIKUTETHbHOCTRIO 10 -12
qacoB. FKcim ke cobbITHS CJIEIyIOT JIpyT 3a APYroM depe3 KOPOTKUe
IPOMEXKYTKH BpeMeHu (MeHee 4 9acoB), YETKO ONPEJEeIseTCsl TOJIbKO
BpeMst 1epBoro cobbitus. OTEHKa MMOJOXKEHUS SMUMEHTPOB 110 ITPIMe-
HAEMOMY KOMILJIEKCY HAOJIIOIEHNI, BO3SMOXKHA TOJIHKO CIIOCOOOM a3MMy-
TaJbHBIX 3aC€YEK C HECKOJIbKUX IIYHKTOB, PACIIOJIOKEHHBIX Ha yJaJje-
uun He MeHee 200 KM pyT oT Apyra. [1aBHOI 3/1eCh SABJIsIeTCs TpodIeMa
OIpe/ie/IeHNsT a3MMYTAJbHOIO HAIIPABJIEHUS C IIYHKTa HADJIOICHMIT HA
sruttenTp. 1lpu ncmonp3oBanun 1mecTu asuMyTaabHOM ycranoBku EIT,
a3UMyT Ha SIUIEHTP MOXKET OLITh OIIPEJIESIEH C IOTPENTHOCTHIO OKOJIO
15 rpaJiycoB, pu IpaBUJILHOM OIpEJIeIEHIH KaHaJIa, OPHEHTUPOBAHHO-
ro GJIM3KO 10 HAIIPABJIEHUIO Ha, SIUIEHTP. B OOJIBIIMHCTBE 3aIIMCAHHBIX
SMU30/I0B MPOIEILYPa ONPEIe/IeHNsT OCYIIECTBIISETCS YCIIEITHO, OTHAKO,
[IpY AKTUBU3AIUN CEHCMUIECKUX IIPOIECCOB MPODIIEMa PEITAeTCs HeO -
HO3HAYHO, WJIM He perraeTcs BoBce. JlambHelreMy yJIydIIeHHIO BO3-
MOXKHOCTH OIIPEJIeIEHIs KOOPJAUHAT SIUIEHTPOB IIPEJCTOSAIINX COObI-
THIl MOYXKET CIIOCODCTBOBATH yBeJIUYEHHE ILJIOTHOCTU CeTH HabJIFOIeHui
¥ COBEPIIEHCTBOBAHNUE IIPUMEHSIEMBIX CPEJICTB HaOJIIOIEHUS.
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3.16 PasBurue Moaesin caMOpa3BUBAIOIINXCS
MPOIECCOB Tiepe/] CUJIbHBIMU
3eMmJieTpsiceHnsaMu B /lajibHEBOCTOYHOM
pervuoHe: 1mpeoiojieHue CUHTYJISIPHOCTA
perneHunin

Bozomonos JI.M., Kamenes II.A., Baboromun A.F.

Dedepanvhoe Grodocemnoe yupescdernue nayku Mnemumym mopekot
2eonozuu u 2eousury Jasvresocmounozo omdeaenus Poccutickot
arxademuu HAYK

OcHOBHYI0 HH(OPMAIIUIO O IOBEIEHUN CPEJIbI IIEPE] CUILHBIMUI 3€M-
JerpsicenusiMu (B ToM umcsie Ha Teppuropun JlasbHeBocTOYHOrO pe-
ruoHa Poccum) JOCTaBJISIFOT BapHaliy B IIOTOKE CJIa0BIX U yMepeH-
upix (dopokn) ceifcmuaeckux cobpiruit. s onucanus opioko-
BBIX U adTEPIIOKOBBIX MOCIEI0BATEBHOCTENR pa3paboTaHbl KWHETHYIE-
ckue mogeau. Ouna u3 Haubosee 3PPEKTUBHLIX MOJEIeH: MOJAEIb Ca-
MOPAa3BUBAIOIINXCS MPOIECCOB MO3BOJIMIA JEIATh TPEICKA3aHUsT Bpe-
MeHN cHiIbHBIX 3emierpsicernii (3JIT) ma Caxanuse, ¢ ynpexeHneM
OT HEJIeJIb JI0 MecsiIeB. JlocTaToYHO M3BECTHBI MaTeMaTUIeCKHe MOJe-
JIW, ONMCHIBAIOIINE CIaJ] AKTUBHOCTU adTEPIIOKOB M0 3akoHy Omopnu
Vrcy. [IpuaunuaabHbM OrpaHUYEHUEM [JIs JAJTBHEHIIero pa3BuTHs
MoJesiell, B KOTOPBIX TaK WM WHAYe PeaJu3yIoTCs PEXKUMBI ¢ 000CTpe-
HUEM SIBJISIeTCS CUHTYJIAPHOCTH B MOMEHT paspyiinenus. Ho mpumMepsr
HECKOJIbKMX WM3BECTHBIX 3€MJIETPSICEHUI B JIaJIbHEBOCTOYHOM PErHOHE
Poccun (Cumymupekue 3JIT, 2006-2007 rr, Hesesnckoe 3JIT, 2007 1)
MMOKA3BIBAIOT, UTO HEIMOCPEICTBEHHO IEpe IJIaBHLIM COOBITHEM, B Te-
YeHre HECKOJIbKUX CYyTOK, HApaCTAHUE CEHCMUIECKONW aKTUBHOCTHU IIpe-
Kpalmaercs. B mpe3eHTauu moka3aHo, 9TO BBEJEHNE B MOJIE/Ib CaMO-
pa3BuBaronmxcs mporeccoB Mastbimesa- TUXoHOBa OTpUIIATEILHON 00-
paTHO# CBSI3UM MO HAKOILJIEHUIO COOBITUI IO3BOJISIET OMUCATH BCILIECK
ceficMUYeCKOll aKTUBHOCTH, IIPUYEM HAPACTAIONIMI UHTEPBAJ (PErKUM
¢ 060CTpEHUEM) CMEHSIETCS UHTEPBAJIOM 3aMejJIeHus] U CTabuIn3anuu
BILTOTDH JI0 TVIABHOTO cOOBITHsI. MO/e/b ONMMChIBAET HAJTMYINE TOUKHU TIe-
peruba Bo BpeMeHHO# 3aBUCUMOCTH aKTUBHOCTHU, KOTOPas MOYKET UMETh
MpOrHoO3HOe 3HadeHue. Mojesb 103BoJIsieT YHU(UIMPOBATh OIUCAHUE
POPIIOKOBBIX U apTEPIIOKOBLIX MOCJIEI0BATEILHOCTEIH.
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3.17 Pe3yabTaTbhl IOCJI€40BATEJILHOTO ITPUMEHEHUS
METO/0B aHaJIN3a CeCMUYeCKUX
nocienoBareabHocteit LURR u CPII naa
MporHo3a 3emJjieTpsicenuii Ha o. Caxaymu

Bboeuncran H.B., Saxynun A.C.

Hremumym Mopcexoti Teonoeuu u Teogusuru /IBO PAH, e.
FOorcro-Caxanunck, Poccus

B nociienane meckosbko sier Ha CaxasinHe 3aMeTHO aKTHBU3UPOBA-
JIICh HECKOJIBKO ceficMoakTuBHBIX 30H [Levin et al., 2018]. Hecomuen-
HO, 9TO BBI3BIBAET ODECIIOKOEHHOCTH ODIECTBa, TaK KaK eINé CBEXKH B
BocriomuHanusx rparequu B Hedpreropeke (1995 r., M=7.2) u Hesesb-
cke (2007 r., M=6.2). Ha ¢one npakTudecku He Pa3sBUBAIOIIUXCS CE-
Teil U3 IIyHKTOB MOHUTOPHUHIA Psa MOTEHIMAJIHLHO MHTEPECHBIX I'eo-
dbusmuecknx mapamerpos (DM mose, paJoH, ypOBeHb TPYHTOBBIX BOJI
U JIp.) U3yUEHUe [OCIIeJ0BATEIBHOCTE 3eMIIeTPSICEHUN OCTAETCS €J(1H-
CTBEHHBIM HHCTPYMEHTOM MCCJIEOBAHUST CEHCMUIECKOTO pexKmnMa. Psi
yCHemHbIX paboT [0 MCCJeIOBaHUIO ceiicMuyueckoro pexkuma na Ca-
XaJINHE CBS3BIBAIOT C XOPOIIMMHU PETHCTPAIIMOHHBIMI BO3MOXKHOCTSIMUI
ceticmosornaeckoii ceru CO® OUIL EI'C PAH. Takue paborsr [3aky-
muH, 2016; Tuxonos, 2009; Tuxonos, 3akyuun, 2016] Gbutu HpOBE/IE-
el B IMTI'ul’ JIBO PAH B nocnennne 5-10 jeT Ha 0OCHOBE aJIrOPUTMOB
LURR [Feng et al., 2012; Yin, 1995; Yin et al., 2001] u CPII [MaJbimes,
1991]. DTu MeTOAMKH, OCHOBAHHbIE Ha AHAJIN3E CEHCMUIECKUX KATAJIO-
T'OB, TIO3BOJISIIOT OIIPEIEJUTH OCHOBHBIE TOYKHU IIEPEX0/IA CEHCMUIECKOTO
peKrMa B COCTOsIHME OJIM3KOE II0 T'OTOBHOCTH K JINCCUIAINK 3HAYH-
TeJILHOIM YaCTU HAKOILIEHHOI yIpyroi SHEPIWH, MPUYeM [0 BPEMEHU
OLIEHKM JOCTUXKEHUsI NUKa (IJIg Pa3psiJKU) COIOCTABUMBI CO CDEJHe-
CPOYHBIMH OIIEHKAMHU U MOPOI COCTABJISIOT HECKOJBKO MecsIeB. B pa-
60Te PacCMOTPEHBI PE3IYIIHTATHI UCCJIEIOBAHNS CECMUYECKOIO PEXKIMA
meronamu LURR (Load/ Unload Response Ratio) u CPII (camopas-
BUBAIOIIUECs TIPOIECChl). JIig NgTH caMbIX CHUJIBHBIX 3€MJIETPICEHUI
Ha octpoBe Caxanmn 3a nepuos ¢ 2004 mo 2018 rT. OBbLIN BBHITOJTHEHBI
pacdersl o meromy CPII B obmacrax anomansubix 3uadenuit LURR,
HaYMHAsI CO BpEMeH! uX mosiBjieHust. COBMECTHOE UCIOIB30BAHNE JIBYX
METO/IOB JIJIsl IIPOTHO3a ceficMmuyaecKoii onmacuoctn Ha CaxajnHe Ha HO-
PSJIOK YIIYYIIUIIO TOYHOCTBH OIIPEJIEJIEHNs] BPEMEHH IIPOI'HO3UPYEMOI'O
COOBITHS OT HECKOJIBKHUX JIET JI0 HECKOJbKUX HEJEIb.

92



3.18 CpeaHecpo4yHble OIEHKHN CEeiCMUYECKOii
omnacuoctu Ha o. Caxanuua meronoMm LURR:
HOBbIE Pe3yJIbTaThI

Saxynun A.C., Boeunckas H.B.

Dedepasvroe zocydapcmeennoe 6rodxcemnoe yupescoerue Hayky
Hrnemumym mopckoti zeonozuy u 2eopusury Jlarvnesocmounozo
omdeaenusn Poccutickoti akademuu nayx, FOocno-Caxarunck, Poccus

B nociieaune Heckosbko Jier Ha CaxasuHe corpyaaukamu MHCTUTY-
Ta Mopckoii reosiorun u reodusuku JIBO PAH (MMT'ul' IBO PAH) B
00JIACTU CPETHECPOIHBIX OIEHOK CEHCMUIECKON OMACHOCTHU I 3eMJIe-
Tpscenunit ¢ Mw > 5.5 mosIydeH psij HHTEPECHBIX PE3yIbTATOB. Pacuye-
tamu merogoM LURR (load/unload response ratio) 3a mepuom ¢ 1988
o 2019 1. B 6 paitoHax OCTPOBa OBLIM BbISIBJIEHBI aHOMAJIHH, T.e. Tpe-
BECTHUKU 3eMJieTpsiceHuil. B Hacrosieit pabore IpoBeIeH peTpoCieK-
TUBHBII aHAJU3 CEHCMUIECKOrO PEXKUMA MEeHTpabHOll JacTtu o. Caxa-
quH B tepuoa 1997 2005 rr. meromom LURR. Pacuerst mist sToit gacti
OCTPOBA 3a yKa3aHHBII MEPUOJ, paHee He TPOBOIMIINCH BBUJLY HEJIOCTA~
TOYHOCTH JIAHHBIX B PacYeTHOil BbIOOpKe cobObiTuii. B nmanHOl pabore
[IpUBJIEYeHa, JIONOJIHUTETbHAST HH(MOPMAIMS U3 JIBYX HE3aBUCHUMBIX Ka-
TajoroB. VccienoBana ceiicCMUYIHOCTD IT€pe] Y TJIETOPCKUM 3eMJIeTPsI-
cenueMm 4 asrycra 2000 r. (Mw = 6.7), KoTOpO€e 10 CHX 10D 3HAYUIIOCH
KakK TPOMYIIEHHAs [eJIb B CEPUU W3 7 TPOrHO3HBIX OIEHOK CAXAJIMH-
CKHUX 3eMJIETPSCEHMII ¢ MArHUTYAOi BbIlle 5.5. Pe3ysnbrarsl pacyeToB
mapamerpa LURR mo Permonasibnomy Karasory 3eMJieTpsceHUil oCT-
posa Caxasms, 1905 2005 rr. u katanory CO OUILL EI'C PAH ykazamm
Ha CyIIECTBOBaHUE B IeHTPaIbHOM JacTn Caxaymaa 30HbI C AaHOMAJIAEH
B despasie 2000 1., KoTOpasi ObLIA IPEIBECTHUKOM JJIsi ¥ IJIETOPCKOTO
semisterpsicenus (asrycr 2000 r.). Kpome Toro, mokasaHno, 4ro onacHble
30HBI B IPOCTPAHCTEBE Jyist Yaurckoro 1 OHOPCKOro 3eMyieTpsacenuit (1x
SIUIEHTPBI COCEJCTBYIOT ¢ YIJIErOPCKOI pacyeTHOil 30HOi) onpesee-
ubl 10 Karajgory UMT'ul' IBO PAH (nepuon nanosnsenus 2006 2016) ¢
Xy/iIieil TOYHOCTBIO (OTKJIOHEHHUsI /10 1), YeM IIpU MCIIOJIb30BAHUU KATa-
gora CO OUIL EI'C PAH. Ycuermubiii peTpOCHEKTHBHBIN PACIET Mapa-
merpa LURR mepej Yriieropckum seMyeTpsiceHIeM MOXKHO J100aBUTH
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K OOII[eMy KOJIMYECTBY CPEIHECPOYHBIX OIEHOK CEHCMUYIECKOIl OMAaCHO-
ctu Ha 0. CaXaJuH STUM METOJIOM. 3a MOCJeHIE TPUINATD JeT TaKuX
IIPOTHOCTUYECKUX OIEHOK JIJIsI 3€MJIETPSICEHUiT ¢ MATHUTY/IOH BbIIIE 5.5
(HuKHMIT Tpeses, yCTaHOBJICHHBIA aBTopaMu g CaxajuHa B METO-
ne LURR) cuenano 6 (B ToM uucie onepaTuBHbli nporuao3d OHOPCKOro
semiyierpsicenus B 2016 r.), IpUTOM, YTO PEATbHBIX COBBITUI, OTBEYa-
IOIIUX 3TOMY YCJIOBHUIO, mpousonuio 7. Eme oauH ycremnsiit 1poraos
meronom LURR nuist Kpusborckoro semserpsicernst (Mw = 5.0) B pe-
aJIbHOM BpeMeHHU ObL1 ciesnad B 2017 1., HO OH BBIOMBAETCsT U3 OOMIEi
CTATUCTUKU MMPOTHO30B 3emjeTpsicennii CaxajamHa TeM, 9TO MAarHUTY/Ia
OKa3aJach 10 (baKTy MEHbIe OKUIAEMOro 3HadeHus. Ha ceromHsi-
HUI IeHb pe3yabTarhl, noayderusie Merogom LURR, Ha mam B3rurs,
HE MMEIOT aHAJIOTOB CPEJN JAPYIUX MEeTOHOB 1o creneHu 3pdeKTus-
HOCTH TIOJIy9aeMbIX OIleHOK. MeToj, HecoMHeHHO, OyieT BocTpebOBaH
JIJIS. CPEIHECPOYHBIX OIEHOK CeficMuYecKoii onacHocTu Ha o. CaxayimH
B JaJIbHEUITIEeM.

3.19 CreneHnnble 3aKOHOMEPHOCTH B
MOCJIEIOBATEJIbHOCTIX CTAaTUCTUIYECKU
CBSI3AaHHBIX COOBITUI

IHlepememuvesa O.B.

Hrnemumym koemopuduneckux uccredosanutl u pacnpocmpaHeHus,
paduosoan JJBO PAH

Ha ocHoBanum Moj1esi IIPOTIECCOB PeIAKCAINN, KOTOPBIE OIUCHIBA~
orcst dpakTaabHbIM mporieccoM llyaccona, mccieyroTcess 3aKOHOMep-
HOCTH B IIOCJIEJIOBATEILHOCTSAX CTATUCTUIECKU CBS3aHHBIX COOBITHIA.
Ompenessitorcest mapamerpsl dyuknun Murrar-JIeddiépa, ammpokcn-
MUDPYIOMIEH CTATHCTUIECKIE 3aKOHOMEPHOCTH.
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suBau B.I. Ce30HHoe U3MEHEeHNEe YaCTOTHBIX xapaKTe—
PHUCTHUK €CTECTBEHHOT'O UMITYJTbCHOTO 3JIEKTPOMATHUTHO-

ro nosigt 3emun (EMT9OMII3)
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1.1 «Variations of gamma-ray during
thunderstorm by observations in Yakutsk»

Toropov A.A.", Starodubtsev S.A.Y, Kozlov V.I.', Balabin U.V.?

L Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of
SB RAS
2 Polar Geophysical Institute, Apatity

The paper presents the results of a study of the increase in gamma-
ray background in the surface layer of the atmosphere during near
thunderstorms in Yakutsk (based on the Cosmic Ray Spectrograph,
IKFIA SB RAS). To register the gamma background, scintillation
detectors based on Nal (T1) crystals with a size of 63 mm x 63
mm are used. The range of measured energies is 20-1900 keV. The
detectors are closed on the sides and bottom by lead (5 cm) and
placed in thermal boxes with a glass window. The detector is placed
on the roof of the Cosmic Ray Spectrograph building in Yakutsk.
Also, synchronous measurements of atmospheric electric field variations
were carried out using a Boltek EFM-100 electrostatic fluxmeter)
and the main meteorological parameters of the atmosphere (AMK-
04 ultrasonic weather station). The data of continuous recording of
the analog signal from the detector during the near thunderstorms of
2018 were considered. An analog signal from a gamma detector was
fed to the first channel of the E20-10 ADC (L-Card) and recorded
continuously on the computer’s hard drive for one hour (during a
thunderstorm) in series of 10 minutes. The second channel was fed a
signal from the P-10 active broadband dipole antenna (9 kHz - 900
MHz bandwidth) and was also recorded in one file along with the
signal of the gamma detector. This technique allows you to accurately
link the signals of the gamma detector to electromagnetic signals from
lightning. The sampling frequency per a channel is 5 MHz. In several
thunderstorms, according to the analysis of the data obtained, strong
short-term bursts were detected in the count rate of the gamma detector
during a thunderstorm.
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1.2 A technique to extract baseline from complex
spectral signals

Tashkun S.A.

Climate and Environmental Physics Laboratory INSMA UrFU,
Ekaterinburg, Russia

A technique is proposed for extracting the baseline from the signal
y(x) measured at N equidistant points xi = x0 + (i-1) , where is the
sampling step, and i = 1, ..., N is the number of points. It is assumed
that the recorded signal yi = y(xi) is a superposition of the useful signal,
random noise and the baseline. The baseline, which plays the role of
a slowly changing background, is caused, as a rule, by the features
of the recording equipment. This signal model is very general, arising
in many scientific and technical applications. The proposed method
consists of three main stages. (i) Using the SNIP method, the upper and
lower envelopes of the initial spectrum are constructed and M areas are
selected that have a width (the difference between the upper and lower
envelopes) less than a prescribed threshold. (ii) The Ljung-Box criterion
is applied to the selected areas to select, with a given confidence level,
M1 areas containing only noise and a baseline. (iii) The baseline is
modeled by a tension spline with automatic selection of the tension
factor. The spline passes through M1 nodes. Examples of its application
to complex vibrational-rotational molecular Fourier spectra of large
dimension (N > 106) will be given, as well as comparisons with other
known methods. The limitations of the proposed method will also be
discussed.
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1.3 Analysis 11-years dynamics in spatial
distribution of lightning density in North Asia

Tarabukina L.D., Kozlov V.I., Innokentiev D.E.

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

In this study, we analyzed 11-year time series of lightning strokes
number over two large areas with increased lightning density (more
than 10 times compared with the values in the surrounding area). The
so-called eastern region is 40-55 N, 110-140 E, and the western region
is 47-62 N, 60-90 E. The discrete decomposition of the series (of daily
resolution) using the Meyer wavelet function to fifth level (eastern)
and forth level (western) showed a shift in the maximum of seasonal
variation in the regions from the beginning of June to beginning of
August from year to year with a period of about 3 years. The periodicity
in the seasonal variations of lightning number obtained by the Fourier
spectra appeared in the western region more clearly: 4, 7, 14 days. The
spatial distribution of lightning density in North Asia can be described
as a belt around 50 N with a more than 5 degrees latitude shift to
the south in the east with significant peaks in density especially in
two regions. The analytical expression is suggested in the form of a
latitudinal Gaussian function varying with longitude summarized with
a linear function as the background decline to the north of the general
lightning activity level. The parameters included in the Gaussian
function are represented by the density dependence on longitude.
The latitude position parameter is sufficiently approximated by the
linear longitude function, and the latitudinal distribution broadening
parameter is the sum of three Gaussian functions. Their interannual
change was neglected in this study. The parameter responsible for
the description of the density peak is defined by the sum of two
Gaussian functions, and a dependence on the year is introduced in their
coefficients. It is proposed to represent interannual variations in the
coeflicients of secondary functions as the sum of Fourier series with two
or three harmonics. Thus, estimates of the variability of the analytical
expression parameters defined the latitudinal-longitudinal distribution
of the lightning density on a ten-year scale were obtained. The reported
study was funded by RFBR according to the research project 18-35-
00215 mol A. The instrumental base is supported by the budget topic
I1.16.2.1. (State registration number AAAA-A17-117021450059-3).
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1.4 Analysis of aerosol transport resulting from
summer fires in 2019

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

L Institute of Chemical Kinetics and Combustion SB RAS
2 V.E. Zuev Institute of Atmospheric Optics SB RAS
3 Krasnoyarsk Institute of Railway Transport
4 Novosibirsk State Technical University

Pyrocumulative clouds or pyrocumulus are formed as a result
of strong fires or explosions of volcanoes. In the summer of 2019,
numerous fires were recorded in Siberia in Russia, Canada, Alaska, and
Kazakhstan. According to the results of lidar observations conducted
in Tomsk in August 2019, noticeable aerosol scattering was found in
the stratosphere at altitudes from 10 to 20 km. To confirm the origin
of the aerosol layers from the pyrocumulative phenomena of fires,
methods for calculating isentropic trajectories of air mass movement
were used. The calculations were made for the heights from 10 to 16
km with 0.2 km step. The HYSPLIT software package with GDAS
data, as well as the original software package with UK MetOffice data
were used. For analysis, the fire data FIRM archive was used on the
NASA website. The calculations show that the aerosol layers observed
in Tomsk were occupied by air masses passing over large fires. At
some altitudes, aerosol layers were mixed from several fire sources from
different regions.

1.5 Asia-Pacific lightning location network
(APLLN)

Ma Q.M.*, Chen T.2

L Institute of Electrical Engineering, Chinese Academy of Sciences
2 National Space Science Center, Chinese Academy of Sciences

The Asia-Pacific Lightning Location Network (APLLN) is a
lightning location system consisting of a series of very low-frequency
signal detection sites. Since 2018, 16 detection sites have been deployed
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with an average baseline longer than 1000 km. The detection site
used a trigger sampling method to record the lightning signal with
a duration of 2 ms and calculates the lightning arrival time based on
digital filtering and the Hilbert envelope method. APLLN used a time
difference location algorithm and improved Levenberg Marquardt non-
linear least squares iterative algorithm to calculate and optimize the
lightning location results. The analysis results of a strong thunderstorm
process show that the average detection efficiency of APLLN was 55.34

1.6 Calculation of an analogue of the DST index
according to Russian geomagnetic
observatories

Mochalova A.V., Mochalov V.A., Mandrikova O.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The paper analyzes the possibility of constructing an analogue of
the Dst index using data from Russian geomagnetic observatories.

A comparative analysis of the values of the Dst-index calculated by
the classical method (according to data from 4 near-equatorial stations:
Hermanus, Kakioka, Honolulu and San Juan) with the values of the Dst-
index calculated according to data exclusively from Russian stations is
carried out.

1.7 Changes in the GNSS precise point
positioning accuracy during periods of strong
geomagnetic storms

Yasyukevich A.S., Syrovatskii S.V., Yasyukevich Yu.V.
Institute of Solar-Terrestrial Physics SB RAS
Based on dual-frequency data from a network of receivers of global

navigation satellite systems (GNSS), we analyze changes in the GNSS
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positioning accuracy under conditions of strong geomagnetic storms
on a global scale. The study examined 5 moderate (dst -100 nT) and 4
strong (dst -200 nT) geomagnetic storms during the 24th solar activity
cycle. To analyze the positioning quality, we calculated coordinates
using the precise point positioning (PPP) method in the kinematic
mode. We reordered a significant degradation in the PPP positioning
accuracy during the main phase of the storms. The maximum effect
was observed, as a rule, in the middle and high latitudes of the
US-Atlantic longitude sector. It was shown that the average PPP error
during storms could be 0.5 m, which was up to 5 times higher than
the values typical on quiet days. Areas with increased PPP errors
were revealed to correspond to the regions with significant increase in
the intensity of total electron content variations of 10-20 min period
range. The study is supported by the Russian Federation President
grant MK-3265.2019.5 and the Russian Foundation for Basic Research
grant 20-45-383010. We used data processing techniques developed
under budgetary funding of Basic Research program II.16.

1.8 Daily variations of the refractive index in the
south of the Vitim plateau in different seasons
of the year

Bazarova A.S., Atutov E.B., Bazarov A.V., Bashkuev Yu.B.
Institute of physical materials science SB RAS

The urgency of the problem of studying the refractive properties of
the troposphere is predetermined by the increasing rate of use of radio
meteorological parameters in the design and operation of GLONASS-
GPS and GSM radio-electronic systems in various physical and climatic
regions of the Earth, in particular in eastern Russia. Specialists are
faced with an urgent need to study the laws governing the propagation
of VHF-UHF radio waves taking into account the influence of all layers
of the atmosphere as a medium with a variable refractive index. The
report presents the calculation of the refractive index N based on
meteorological data of the atmospheric-soil measuring complex APIC,
located on the basis of the measuring hospital in S. Sosnovo-Ozerskoye,
Eravninsky district of the Republic of Buryatia. The dependences of the
refractive index on atmospheric pressure, water vapor elasticity, and
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absolute air temperature are established. Keywords: refractive index,
atmospheric soil measuring complex, Vitim Plateau

1.9 Diurnal and seasonal amplitude and phase
variations of the radio signal of RSDN-20
transmitters and the intensity of radio noise
(11.9 kHz) registered in Yakutsk during
2009-2017

Korsakov A.A.Y, Kozlov V.I.', Pavlov Ye.A.'>?

L Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of
SB RAS
2 North-Eastern Federal University named after M.K. Ammosov

In Yakutsk for the period 2009-2017, daily and seasonal amplitude
and phase variations of the radio signals of transmitters located near
Khabarovsk, Novosibirsk, Krasnodar (RSDN-20 navaid system) and
the variations of radio noise intensity at a frequency of 11.9 kHz (VLF
band) were detected. A correlation filter with a rectangular window
is used, the narrow band is 372 Hz. Time intervals characterizing the
signal amplitude and phase for the daytime and nighttime are detected
for all seasons: Khabarovsk - Yakutsk radio path (the distance is 1400
km): 2-6 UT (daytime), 15-16 UT (nighttime); Novosibirsk - Yakutsk
radio path (2640 km): 3-7 UT (daytime), 16: 30-17: 30 UT (nighttime);
Krasnodar - Yakutsk radio path (5780 km): 5-7 UT (daytime), 18-20
UT (nighttime); radio noise registered in Yakutsk: 3-7 UT (daytime),
16: 30-17: 30 UT (nighttime). The amplitude of the VLF signal is
less during the day than in night. The maximum amplitude for the
signal is recorded in the middle of the radio path in summer during the
Solar zenith. The summer VLF amplitude during Solar zenith almost
reaches the nighttime values. The smallest signal-to-noise ratio for the
Krasnodar transmitter which is further from Yakutsk is 2.5 dB. It
is observed in the summer period at 6-9 UT. The period 6-9 UT is
the maximum of local thunderstorm activity. The seasonal daytime
amplitude variations are most pronounced. That is associated with a
decreasing of the solar zenith angle over radio paths from December
to June, and with an increasing of the altitude gradient of electron
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concentration in the lower ionosphere. There is an asymmetry of the
seasonal daytime VLF amplitude variations. The amplitude during the
autumn equinox is closer to the summer solstice and the amplitude of
the spring equinox is closer in its values to the winter solstice. That
is consistent with the seasonal asymmetry of the altitude profiles of
the electron concentration of the lower ionosphere. An increase of the
received signal phase delay from day to night is noted. It is typical
for nighttime increasing the effective height of the Earth - ionosphere
waveguide. An exception is the nighttime phase delay decrease for the
Khabarovsk-Yakutsk propagation path, which can be interpreted as the
result of higher-order modes interference. The contribution of higher-
order modes remains significant for a night waveguide on the short path
(1400 km). The study was supported by the Ministry of Education
and Science of the Russian Federation and by Siberian Branch of the
Russian Academy of Sciences (Project 11.16.2.1, registration number
AAAA-A17-117021450059-3). The study was partially supported by
RFBR, research project No. 18-45-140028 r _ a.

1.10 Evaluation of the efficiency of earthquake
forecast based on atmospheric electric field
negative anomalies

Smirnov S.E.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

In fair weather conditions, electric field potential gradient in the near
ground air has positive values. Field negative anomalies occur under the
impact of different ionization processes such as galactic cosmic ray fluxs
and radioactive gas emanations from the soil. During calm geomagnetic
conditions and fair weather, negative anomalies may be applied for
earthquake forecast. In the paper, we investigated the efficiency of
earthquake forecast based on negative anomalies. It was obtained that
the efficiency of such a forecast under any weather conditions is 10%.
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1.11 Experimental investigations on the
characteristics of the ELF signals generated
under the influence of EISCAT-heating
facility modulated emission

Belov A.S.Y, Frolov V.L.12

L Lobachevsky State University of Nizhni Novgorod
2 Kazan Federal University

The paper presents the results of in situ measurements of ELF
signal characteristics generated under the ionospheric plasma heating
by high-latitude EISCAT facility at the height 660 km using on-board
equipment of DEMETER French microsatellite. During the period of
2006-2010 about 50 experiments have been conducted. The impact
was realized by high-power radio wave of X-polarization in the last
evening hours. In the experiments the pump wave emission is used at
the frequency of 4040 kHz (3950 kHz) with the effective radiation power
of 180 MW. The high-power radio wave was amplitude modulated in
the meander regime (modulation frequency is within 218-1178 Hz).
It is shown, that the effective generation of the ELF emissions also
exists in very quiet geomagnetic conditions. Position of the high-
latitude ionospheric dip relative to the heating zone influences greatly
on the ELF emission intensity. When the heating zone is located in
the high-latitude dip region, the most intensive generation of low-
frequency signals is observed. In this case specific strength limits of
the ELF emission electric fields exceed the corresponding values (400
mkV/m) when the high-latitude dip is located in the region of lower
latitudes. - Under a power-modulated emission exposure of the heating
facility the generation of a wide spectrum of ELF emission harmonics is
registered. Meanwhile even and uneven harmonic components present.
The harmonics are generated much less efficiently at the frequency
of 1178 Hz than at lower modulation frequencies of 678 and 230 Hz.
The intensity of the registered emission on the harmonic components
decreases with increasing harmonic number and the drop is much
sharper than for the spectrum of the modulating function.
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1.12 Glow of the night sky in «good» weather at
mid-latitudes

Khaerdinov N.S., Dzhappuev D.D., Kudjaev A.U., Lidvansky A.S.,
Petkov V.B., Khaerdinov M.N.

Institute for Nuclear Research RAS

The paper [A. Chilingarian at all / Origin of enhanced gamma
radiation in thunderclouds / Physical review research 1, 033167
(2019).] presents the results of the Aragats system [40.5N, 44.4E]
recording of night observation (from September 1 to September 2,
2019) of bright continuous glow of thunderclouds, accompanied by
a significant disturbance in the intensity of gamma rays generated
in an electric field. During this period, the Carpet installation
of the BNO INR RAS [43.3 N, 42.7 E] revealed the glow of the
night sky at mid-latitudes in good weather. It arose during the
formation of an electric field above the installation with a potential
difference in the troposphere of 50 MV. The glow is caused by the
superposition of the effect of seismic processes and the presence
of interhemispheric current, the cause of which is the disturbance
of the electric field of the interplanetary plasma surrounding the Earth.

1.13 High Energy Electron Precipitation and its
atmospheric effect

Mironova I.A..', Rozanov E.?!

L St. Petersburg State University
2 Physikalisch-Meteorologisches Observatorium World Radiation
Center, Davos, IAC ETH, Zurich, Switzerland

The impact of High Energy Electron Precipitation (HEEP) on the
chemistry of the middle atmosphere is still an outstanding question. For
obtaining an answer to this question correct description of ionization
induced by energetic particle precipitation is required. However, till
now the actual ionization rates of the atmosphere under HEEP with
electron energies ranging from about tens of keV to several MeV are
unknown. The obtaining progress in the understanding of precipitated
electrons of high and relativistic energy into the Earth atmosphere
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and the processes associated with atmospheric ionization and chemical
composition changes will be discussed here. Special attention will be
paid to a new yield function used for correct reconstruction ionization
rates induced by HEEP as well as the study of polar atmospheric
response to HEEP. Production of odd nitrogen group NOx, hydrogen
group HOx and estimation ozone depletion caused by the HEEP is
studied by a radiative-convective model with interactive neutral and
ion chemistry as well as compared with MLS satellite observations.

The reported study was funded by the RFBR research project 20-
55-12020.

1.14 Lidar studies of the dynamics of the
vertical-temporal structure of the
stratospheric aerosol over Tomsk in 2016-18

Marichev V.N.,' Bochkovsky D.A.,' Bychkov V.V.?

L V.E. Zuev Institute of Atmospheric Optics SB RAS
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The results of observations of the intra-annual variability of
the vertical-temporal structure of the background aerosol in the
stratosphere over Western Siberia in recent years (2016-2018) are
presented. The experimental data were obtained at the lidar complex
of the IOA SB RAS with a receiving mirror diameter of 1 M. The
performed studies relate to the study of the dynamics of the background
stratospheric aerosol. According to the research results, a stable intra-
annual cycle of maximum aerosol filling of the stratosphere in winter,
decrease in spring to a minimum, practically absent in summer and
increase in autumn, is confirmed. At the same time, the dynamics of
uneven stratification and filling of the aerosol averaged over months
for different years was revealed. It is shown for the first time that the
stratification of the stratospheric aerosol in height is largely determined
by the thermal regime of the troposphere stratosphere boundary layer.
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1.15 Line parameters of volcanic gases (CO, and
C'O): measurements and calculations

Petrova T.M., Deichuli V.M., Lavrentieva N.N., Lavrentiev N.A.,
Fazliev A.Z.

Institute of atmospheric optics SB RAS

When studying volcanic activity, knowledge of the carbon oxides
dynamics in the surface layers of the atmosphere is necessary. These
studies are conducted when recording solar atmospheric spectra using
ground stations equipped with FTS spectrometers. To record the solar
spectra, we need data on the broadening coefficients of the lines of
CO, CO5, and H50 broadened by the main atmospheric gases, such
as nitrogen, oxygen, and carbon dioxide, the latter being released
during volcanic activity. The absorption of 12C1602 in the spectral
region 9340 9650 cm 1 was measured on a Bruker IFS 125HR Fourier
spectrometer, combined with a multi-pass measuring cell. A large
array of the coefficients of broadening and shift of the lines of the
20032 00001 band was obtained. The broadening coefficients of the
carbon monoxide and dioxide lines, as well as the water vapor lines
were calculated. Two calculation methods were used: a semi-empirical
method, based on the semiclassical impact theory of line broadening,
and supplemented by the introduction of a correction factor, the
parameters of which were determined using experimental data [Mol.
Phys. 102 (2004) 1653|, as well as the average frequencies method
[Opt. Atmosphere Ocean. 28 (2015) 675]. The lines half-widths were
calculated for room temperature (296 K) and for the Earth atmosphere
temperature range. The calculations were performed for a wide range
of rotational quantum numbers J (up to 100). For each half-width the
temperature exponents were calculated. Experimental and calculated
ones are in a good agreement. The work was supported by the Russian
Foundation for Basic Research (Grants No. 19-03-00389a).
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1.16 Machine learning for challenges from
modelling the regular and disturbed state of
the ionosphere

Yasyukevich Yu. V., Zhukov A.V.1'2, Yasyukevich A.S.!,
Vesnin A.M.*, Sidorov D.N.%?

U Institute of Solar-Terrestrial Physics SB RAS, Russia, Irkutsk
2 Melentiev Energy Systems Institute SB RAS, Russia,Irkutsk

Global navigation satellite systems
GPS/GLONASS/Galileo/BeiDou provide large data set on the
ionosphere state. GNSS provide IGS calculating the regular global
ionosphere maps (GIM) of total electron content (TEC). Time
resolution of modern maps reaches 15 min. Such maps enable rooting
estimating of regular ionosphere dynamics and ionosphere disturbance
level in different time-scales. We used advances in machine learning
techniques (ML) to create a model for the ionosphere regular and
disturbed state. General training/test/validation set contains data
from 1998 until 2019. Indexes of solar and geomagnetic activity
were used as input parameters. We used gradient bosting to create
models. We used principal component analysis to decrease the spatial
dimension and corresponding computational costs. The models show
higher performance than simple linear models based on the same input
parameters. Model for regular dynamic shows better performance than
commonly used NeQuick2 model (improved Galileo model) and GPS
Klobuchar model. The study is supported by the Russian Foundation
for Basic Research (grant N 18-35-20038) and budgetary funding of
Basic Research program II.16.
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1.17 Manifestations of global disturbances of the
geomagnetic field in the dynamics of
thunderstorms

Khaerdinov N.S.', Dzhappuev D.D.', Kanonidi K.Kh.?,
Kudjaev A.U.Y, Lidvansky A.S.Y, Petkov V.B.', Khaerdinov M.N.!

L Institute of Nuclear Research RAS
2 Institute of Earth’s magnetism, ionosphere and radio wave
propagation named after N.V. Pushkova RAS

Using the method of diagnosing the electrical state of a
thunderstorm atmosphere by variations of the secondary particles of
cosmic rays recorded by the Carpet installation of the BNO INR RAS,
the phenomenon of the mutual influence of the magnetospheric storm
and thunderstorm activity was discovered. It was established that
during magnetospheric substorms of low power, at the preliminary
stage and at the beginning of the development phase, the penetration
of magnetospheric - ionospheric disturbances at mid latitudes ( 40N)
above lightning centers is possible. Manifested in the form of a diffuse
glow of the polar lights type with a brightness of 3 310-4 cd/m2 and
local perturbations of the electric field with a characteristic potential
difference in the troposphere of 100 MV. A local magnetic disturbance
(1 nT) was recorded, corresponding to the appearance of a local
vertical current in the atmosphere, the maximum of which coincided
with the beginning of the explosive phase of substorm nucleation.

1.18 Modeling of fractal dynamic processes of self
organization of cloud structures

Kumykov T.S.

Institute of Applied Mathematics and Automation of Kabardin-Balkar
Scientific Centre of RAS

Recently scientists involved in the field of cloud physics have shown
great deal of interest towards the formation and influence of the
fractal dimensions in the cloud environment on various geological
processes. Clouds are known to be irregular self-affine fractals and
physical processes occurring in such a fractal media are described
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by differential equations involving fractional-order derivatives. This
approach allows additional factors to be implicitly contributed to the
physical system interaction. One of these factors is the fractal nature
of cloud environment. The fractal medium is a medium distributed
in space, the mass dimension of which is less than the dimension of
the space being filled. This fact fundamentally changes the equations
describing the atmospheric dynamics processes turning them into
fractional differential equations.

Many physical processes in the clouds are either completely
ignored or considered very roughly. In particular, in modeling even
the electric processes in the clouds are still of little consideration
let alone the fractal medium effect. Laboratory studies show that
most microphysical processes are different in the presence of electric
fields. The electric fields and charges on the particles affect vapor
condensation, capture coefficient of particles, droplets destruction,
droplets freezing probability. An attraction force arises between the
droplets, and their collisions become most likely if they carry charges.
In this case, not only unlike particles attract but also neutral particles
are attracted to charged particles.

Therefore, of great interest is the theoretical study self-organizing
cloud structures in view of its fractal structure.

In this paper, we have simulated fractal-dynamic processes using
the fractional integro-differentiation and self-organization of convective
cloud structures considering the fractality of the environmen thet.

1.19 Multi-lidars observe and study the middle
and upper atmosphere at Yanqing station

Yang Guotao, Du Lifang
National Space Science Center, Chinese Academy of Sciences

A comprehensive lidar station has been constructed since 2009 at
Yanging (40.5 N, 116.0 E), Beijing, under the support of Chinese
Meridian Project. The objective of the lidar station is to detect and
study middle and upper atmosphere. Until now, several different type
lidars have been developed, and by using these lidar data, more than 30
papers about middle and upper atmospheric study have been published.
Based the technique and study of Yanqing lidars, we started the
cooperation with INPE for development lidars in Brazil. The first lidar
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in Yanqing Station is a dual-wavelength lidar, which was developed
in 2009. This lidar emits two lasers, with wavelength at 532nm and
589nm, respectively. The 532nm laser, with the energy of 400mJ, is
used to detect atmospheric density and temperature at 30-80km, while
the 589nm laser, with the energy of 60mJ, is used to detect the density
of Na atom layer at 80-105km. At that time, this lidar got the best Na
layer signal in China: In the night of Jan. 9, 2011, the photons of the Na
layer peak reached 38000, with the resolution of 3min and 100meter.
In 2010, the dual-wavelength lidar was upgraded to be a Na-K lidar
(Jiao et al., JQSRT 2017). Another dye laser was added in the 532nm
laser emitting channel, and then it can emit a 532nm laser or a 770nm
laser optionally. The 770nm laser is used for K atom layer detection,
and the simultaneously detection of Na layer and K layer can get good
scientific findings (Jiao et al., JGR 2015, GRL 2017, ASR 2017; Wang et
al., JGR 2017). Since 2014, a solid-state Na Doppler lidar, similar with
that in Brazil, has been developed at Yanqing Station. The narrowband
589 nm pulse laser was produced by two injection seeded 1064 nm
and 1319 nm Nd:YAG pulse lasers using the sum-frequency generation
(SFG) technique. And we invent an all fiber system for absolute
laser frequency locking and cyclic three-frequency switching, which
is necessary for simultaneous temperature and wind measurements.
After added all fiber system into lidar system, we made preliminary
measurements of wind and temperature detection in the MLT region
(Xia Yuan et al., OE 2017). In 2015, a wind measurement Doppler
Lidar system was developed, in which injection seeded laser was used
to generate narrow linewidth laser pulse. Frequency stabilization was
achieved through absorption of iodine molecules, with long-time (44 h)
frequency-locking accuracy being <0.5 MHz. Light transmittance could
be obtained by the spectral response through the molecular iodine lter.
The transmittance difference of backscatter and emitting lasers was
then used to calculate their frequency difference, known as Doppler
shift which could then be used to compute the wind radial velocity
at different heights. When the temporal and spatial resolutions were
respectively set to 100 s and 96 m, the wind velocity measurement
error of the horizontal wind eld at the attitude of 15 35 km was within
5 m/s (Du et al.,, JQSRT 2017). In 2018, a full-band lidar system
that simultaneously detects Ca and Ca+ was established. The lidar
system implements a pulsed Nd:YAG laser simultaneously pumps two
dye lasers, which use infrared dyes with high conversion efficiency and
long life. The resonance wavelengths of Ca and Ca+ are generated by

122



frequency doubling of two infrared laser beams. The transmitting part
of the lidar system makes full use of the characteristics of the dye lasers.
By changing the dye and increasing the frequency doubler, the laser
wavelength can be adjusted arbitrarily in the range of ultraviolet, visible
and infrared. By using this full-band lidar, we successfully made the
simultaneously detection of Ca and Ca+ layers. Recently, we developed
a new lidar for Ni atom layer detection. The signal of Ni atom layer
is so weak, as its absorption cross section is 250times lower than that
of Na atom, and the Ni atom density is more than ten times lower
than Na atom density. Also by using infrared dye laser and frequency
doubling technique, we get a laser with wavelength at 341nm or 337nm,
and successfully get the signal of Ni atom layer. Very large amounts
data have been obtained by the above lidars, and middle and upper
atmospheric study was done with these data. Until now, based upon
Yanqing lidar data, more than 30 papers has been published. Here we
give several examples: A set of double Na layer (DSL) events observed
by Na lidar over Beijing, China. In these DSL events, the normal Na
layer and secondary Na layer (SeSL) present separately. The SeSL
appeared independently within the altitude range from 105 km to 130
km. All DSL events were observed in spring and summer. The density
of the SeSL is very high. The maximum ratio of peak density and the
ratio of column density for the SeSL to the normal Na layer are up to
60By the cooperation with Instituto Nacional de Pesquisas Espaciais
(INPE), we developed a Na-K lidar in Brazil in 2016, and it get very
good signal of K atoms: lidar can obtained 450 photon counts at K
layer peak, when the resolution is 1min and 100m. In the near future, a
Na wind /temperature lidar is planned to be developed, also in INPE
headquarters.
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1.20 New insight on the ionosphere through
System for Ionosphere Monitoring and
Research from GNSS (SIMuRG)

Yasyukevich Yu.V.', Kiselev A. V., Zhivetiev I.V.1,
Edemskiy I.K.%2, Maletckii B.M., Syrovatskiy S.V.",
Zhukov A. V.13, Sidorov D.N.*»3, Serebrennikova S.A.', Vesnin A.M.!

U Institute of Solar-Terrestrial Physics SB RAS, Russia, Irkutsk
2 Institute of Atmospheric Physics, Czech Academy of Science,
Prague, Czech Republic
3 Melentiev Energy Systems Institute SB RAS, Russia, Irkutsk

System for the Ionosphere Monitoring and Researching from GNSS
(SIMuRG, https://simurg.iszf.irk.ru) has been developed at ISTP
SB RAS. The system servers as proxy for the RINEX data of global
GNSS receivers network. SIMuRG automatically downloads, process
and visualize GNSS data. Besides the routine processing, which is
valuable by itself, the system provides newly developed and improved
data products. All data products are based on total electron content
(TEC) calculated from RINEX-files and global ionospheric maps
(GIM). The first data product is TEC variations. We introduced
new filtration technique to eliminate major unphysical artifacts that
usually arise at data filtering. The TEC variations together with
widely used ROTI and AATR indexes which is also implemented
in the system helps to study ionospheric variability. The second
data product is newly developed adjusted TEC . For that we use
GIM to force all TEC series from different site-satellite line-of-sights
have one reference level. Adjusted TEC broaden ionospheric maps
capability near the GNSS stations improving time resolution up to 30
seconds and giving better space resolution. The third data product
is implementation of D1 interferometry method to calculate velocity
of ionospheric irregularities motion. SIMuRG makes it possible to
study the disturbances of different physical origin. The data described
above are attribute by the interactive experimental geometry plots,
which might consider as one more data product. The fourth data
product is global and regional electron content (GEC and REC,
https://simurg.iszf.irk.ru/gec). There is an option to choose region for
REC using geographic and geomagnetic coordinates. The database
are suitable to be used for machine learning purpose. For example, we
estimated an energy input in the auroral oval region based on TEC
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variation data. We suggest all above newly developed and improved
TEC based data products to find free application among researches.
This work was performed under the Russian Science Foundation Grant
No. 17-77-20005.

1.21 Scattering on excited components of the
atmosphere as a cause of the increase of the
lidar signal in the upper and middle
atmosphere

Bychkov V. V., Seredkin I.N.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The data of resonance scattering in the upper and middle
atmosphere of Kamchatka are analyzed. The interaction mechanism
of a laser pulse with excited ions is refined. It was shown that an
increase in the scattering signal at altitudes of 350 450 km at the
wavelength 561 nm is due to scattering by ions of the maximum of
the F2 layer excited by precipitated electrons. Large variations of
the signal at these altitudes are caused by spatial inhomogeneities
of the plasma in the ionosphere, which is confirmed by the data of
the ionosonde. The analysis of the interaction of a laser pulse with
excited ions in the stratosphere is refined, and the effect of collisions
on the ion lifetime is accounting. It is shown that for the lidar used
in the middle atmosphere for altitudes above 10 km, the conditions
of guaranteed interaction with the radiation of each ion born in the
strobe are satisfied. The results of experiments on stitching the main
and attenuated signals from a single receiver are presented for the
obtaining a continuous backscattering signal in the altitude range of
10-600 km. The need to use this method is caused by the large dynamic
range of the backscatter signal. Satellite data on the measurement of
charged particle fluxes in the upper atmosphere are discussed.
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1.22 Seasonal and annual variations of the
atmospheric electric field intensity in the
24th cycle of solar activity according to
observations in Yakutsk

Toropov A.A., Kozlov V.I., Karimov R.R.

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

Variations in the atmospheric electric field under fair weather
conditions in the 24th cycle of solar activity from 2009 to 2019 according
to observations in Yakutsk are considered. An atmospheric electric field
is measured using an electrostatic field mill mounted on the roof of the
main building of the ShICRA SB RAS (N 62 1, E129 43’) in Yakutsk.
The device has a range of measurements of atmospheric electric field
strength + /- 50 kV / m with an accuracy of +/- 1V / M. The recording
complex is implemented on the basis of a netbook and analog-to-digital
converter (ADC) E 14-440 L-Card. Data is written to the netbook’s
hard drive once per second. According to the analysis of atmospheric
electric field data from 2009 to 2019 in Yakutsk, it has been established
that the seasonal variation of the monthly average field strengths has
maximums in the spring and autumn months and minimums that
occur in the summer and winter months. Annual variations in field
strength under good weather for the observation period are repeated
from year to year, minima and maxima practically do not shift by
months. In the variations of the monthly average values of the electric
field strength, there is a trend towards a decrease in the amplitude of
seasonal variations in the field strength and average annual values of
the field strength.
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1.23 Simulation the emission of a mixture of
radicals N0 and 'YOH in the ultraviolet
region of the spectrum

Sulakshina O.N., Borkov Yu.G.

V.E. Zuev Institute of Atmospheric Optics of Siberian Branch of the
Russian Academy of Sciences

In this work, we simulated the emission spectrum of a gas mixture
consisting of diatomic stable radicals '*N1'60 and 'OH in the
ultraviolet range of 200-400 nm. Radiation in this spectral region is
due to 2II —2 ¥ and 2II —2 II electronic transitions. The calculation of
the spectral line parameters of electronic transitions was carried out
on the basis of the created SpecRad program.

1.24 Some results of the analysis of local
temperatures of the earth surface and air
according to measurements over the past 38
years

Volvach A., Kurbasova G., Volvach L.
Crimean astrophysical observatory RAS

We discuss the results of the time series analysis of measurements
from outer space of local temperatures on the ground and in the air at
a height of 2 meters, as well as the general insolation incident on the
ground at Kara-Dag over the past 38 years. In order to analyze the
statistical relationship between changes in local insolation of the Earth
surface and the Earth rotation around its axis and its movement on its
orbit, solar activity and global temperature, autoregressive models of
power spectral density were calculated from which coherent oscillations
between variations in the total insolation data on the surface of the
Earth at Kara-Dag and variations in the data were established.
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1.25 Statistical study of gravity waves and
medium-scale traveling ionospheric
disturbances using airglow imagers at
Magadan in Russia, Athabasca in Canada,
and two stations in Japan

Shiokawa K.', Fujinami H.*, Otsuka Y.', Nakamura T.2,
Yamamoto M.?, Connors M.*, Shevtsov B.M.%, Poddelsky I.N.

L Institute for Space-Earth Environmental Research, Nagoya
University, Japan
2 National Institute of Polar Research, Tachikawa, Japan
3 Research Institute for Sustainable Humanosphere, Kyoto University,
Kyoto, Japan
4 Athabasca University, Athabasca, Alberta, Canada
5 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

This presentation reviews our recent two journal papers (Tsuchiya et
al., JGR, 2019; 2020, 10.1029/2019JA026783; 10.1029/2019JA026807)
about statistical studies of atmospheric gravity waves (AGWs) and
nighttime medium-scale traveling ionospheric disturbances (MSTIDs)
obtained by airglow imagers at Magadan (MGD), Russia (600N,
1510E, 2008-2017), Athabasca (ATH), Canada, (550N, 2470E,
2005-2017), and Shigaraki (SGK) (350N, 1360E, 1999-2017) and
Rikubetsu (RIK) (440N, 1440E, 1999-2017), Japan. We used a three-
dimensional spectral analysis technique of Matsuda et al. (JGR, 2014;
10.1002/2014JD021543) for airglow images at wavelengths of 557.7 nm
(emission altitude: 90 100 km for AGWs) and 630.0 nm (200 300 km for
MSTIDs). The power spectral densities (PSDs) of AGWs and MSTIDs
are obtained as functions of phase velocities, horizontal wave numbers,
and propagation directions for more than 10 years at these four
stations. We discuss the cause of these PSD distribution by considering
tropospheric source location of the waves, wind filtering effects during
wave propagation, and features of ionospheric instabilities at different
latitudes and longitudes. We also show weak positive correlations
between the daily wave power of AGWs in 557.7-nm images and
MSTIDs in 630.0-nm images, suggesting that the MSTIDs in the
thermosphere may be partially generated by the AGWs from the
mesopause region.
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1.26 Storm-time electron precipitations at HEO
ERG and LEO POES

Dmitriev A. V.12

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

Precipitation of energetic electrons from the outer radiation belt
(ORB) affects significantly the upper atmosphere and the ionosphere
at middle to high latitudes. The precipitations result from effective
acceleration and scattering of electrons in the ORB due to intense
substorm and wave activity. The dynamics of electrons during the
magnetic storms on the late declining phase of the current 24th solar
cycle (2017-2019) was investigated using experimental data acquired
from joint Taiwan-Japan ERG mission, the high-apogee spacecraft
of low inclination (HEO), and a fleet of low-Earth’s orbit (LEO)
sun-synchronous NOAA POES satellites. The fluxes of precipitating
electrons measured by POES are compared with those measured in
the heart of ORB by ERG in order to determine the electron sources
and losses.

1.27 Studying of solar-terrestrial connections in
the dynamics of the surface atmospheric
electric field

Kudrinskaya T.V.', Kupovykh G.V.}, Adzhiev A.Kh.?,
Zainetdinov B.G.3

L Southern Federal University
2 High-mountain geophysical Institute
3 Voeikov Main Geophysical Observatory

In the conditions of current global and regional climate changes,
solar-terrestrial connections have an undeniable influence on the
weather and climate of the Earth. The problem of studying the
relationship of solar activity with weather events and climate, both
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in the short and long term, is the mechanisms of its effects on the
atmosphere that are not fully understood. One of these mechanisms
that can explain the influence of solar activity on meteorological and
climatological processes can be the atmospheric global electrical circuit,
the characteristics of which are related to the parameters of solar
activity, planetary indices, the intensity of galactic cosmic rays, etc.
The behavior of the atmospheric electric field near the earth depending
on the dynamics of solar activity is studied in this paper. Now, the
next cycle of solar activity is being completed, the maximum of which
was in 2014, and the minimum-in 2019. The following indicators of
solar activity are used: the number of sunspots, the number and power
of flashes, and the density of the radio emission flux at a wavelength of
10.7 cm. In addition, various types of geomagnetic field are considered,
the characteristic of perturbations of which is the planetary index
(Ap-index). The results of the analysis of experimental observations of
the intensity (potential gradient) of the electric field of the atmosphere
obtained in several observation points of the atmospheric-electric
network of the Roshydromet and the High-mountain geophysical
Institute (including at polar and high-mountain stations). Based
on experimental data for periods of maximum and minimum solar
activity the following results are obtained: regression lines of the
electric field intensity are constructed depending on the values of
the flash activity index and the radio emission flux; - the average
values of the atmospheric electric field intensity at various degrees
of the number of spots on the surface of the Sun are determined; -
the features of variations in the electric field intensity of the surface
atmosphere during the observation of powerful solar flares of class X
and for conditions of a calm Sun are considered; - daily variations of
the atmospheric electric field depending on the value of the Ap-index
with increased geomagnetic activity are studied.
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1.28 The impact of intense fluxes of 30 keV-energy
electrons and protons on the low latitude
ionosphere

Suvorova A. V.12, Dmitriev A. V.52

L National Central University, Taiwan
2 Moscow State University, Russia

Experiments on board low-Earth orbit satellites show that energetic
electrons and protons (tens of keV) of the Earth’s radiation belt can
penetrate to the equatorial ionosphere. Impact of the energetic
particles on the upper atmosphere and ionosphere was studied for the
case of the geomagnetic storm on 22 July 2009. We have found that
local ion concentration changed in regions of injections of the 30 keV
electrons and protons into the low latitude ionosphere. We showed
that increase of ion concentration in the F layer at dawn related with
additional ionization of neutral gas by energetic electrons. Ionospheric
irregularities at night can be caused by effect of energetic protons. We
present the results of solar-cycle and annual variations of occurrence
rate of electrons and protons injections into the ionosphere during the
period from 1998 to 2019 years.

1.29 Tropical cyclone effect on winter
thunderstorm in Kamchatka

Smirnov S.E.Y, Mikhailov Yu.M.?, Mikhailova G.A.2,
Kapustina 0.V.2

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

The influence of tropical cyclones on thunderstorm activity in
Kamchatka for the cases of winter thunderstorms in 2008-2018 was
under the study. Time variations of quasi-static electric field and
meteorological quantities at Paratunka observatory, IKIR FEB RAS, as
well as the online data on solar, seismic and cyclone activities were used
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as an indicator of thunderstorm activity. It was shown that for the thun-
derstorm activity to be formed, besides the solar flares accompanied
by radiation increase in visible, infra-red spectra, a source of additional
heat in the near-ground atmosphere of the peninsula is required. It may
be the infrared radiation from a swarm of closely located epicenters of
earthquakes of average intensity and remote tropical cyclones in the
Pacific Ocean as sources of powerful fluxes of warm and humid air.

1.30 Principles of organizing earthquake
forecasting based on multiparameter
sensor-WEB monitoring data

Pulinets S.A.V2, Uzunov D.P.3, Davivenko D.V.':*, Budnikov P.A.%

L Institute of applied physics RAS, Nizhni Novgorod, Russia
2 Space Research Institute RAS, Moscow, Russia
3 Chapman University, Orange, California, USA
4 Korolev Rocket and Space Public Corporation Energia, Korolev,
Moscow region, Russta
5 Fedorov Institute of Applied Geophysics, Moscow, Russia

The paper describes an approach that allows, basing on the data of
multiparameter monitoring of atmospheric and ionospheric parameters
and using ground-based and satellite measurements, to select from
the data stream a time interval indicating the beginning of the final
stage of earthquake preparation, and finally using intelligent data
processing to carry out a short-term forecast for a time interval of 2
weeks to 1 day before the main shock. Based on the physical model of
the lithosphere-atmospheric-ionospheric coupling, the precursors are
selected, the ensemble of which is observed only during the precursory
periods, and their identification is based on morphological features
determined by the physical mechanism of their generation, and not on
amplitude selection based on statistical data processing. Basing on the
developed maquette of the automatic processing service, the possibility
of real-time monitoring of the situation in a seismically active region
will be demonstrated using the territory of the Kamchatka region and
the Kuril Islands.
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1.31 Energetic Particle Precipitation during
strong geomagnetic storms

Mironova I.A.Y, Yakovchuk O.%1

L St. Petersburg State University
2 Institute for Environmental Systems Research, University of
Osnabriick Osnabriick, Germany

Here we provide an overview of the historical and atmospheric
aspects of geomagnetic storms and the progress made over the
past centuries. The Energetic Particle Precipitation (EPP) during
strong geomagnetic storms can cause life-threatening power outages,
communication failures, and navigation problems as well as the
impact on the environment and the ozone level. Studies of historical
geomagnetic storms and EPP during these storms can help build the
restoration of the parameters of geomagnetic storms of past centuries
and restoration of the parameters of energetic particle precipitation for
large geomagnetic storms in the space era with possible extrapolation
of these events to extreme geomagnetic events in the past.

The study was supported by a grant Russian Science Foundation
(RSF project No. 20-67-46016)
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2 Geophysical fields and their interaction

134



2.1  On the relationship of the extrema of
lunar-solar tidal influences and seismic events

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

The paper discusses experimental data obtained at stationary
and regime magnetotelluric monitoring points on the territory of the
Bishkek Geodynamic Proving Ground (Northern Tien Shan). The
performed studies indicate the interconnection of variations in the
electromagnetic and seismic fields, lunar-solar tidal effects, seismic
regime with the processes of crack formation. Studies on the response
in geophysical fields of processes associated with the deformation of
the Earth’s crust under the influence of lunar-solar influences have
been carried out in the Northern Tien Shan since the end of the
latest century. Gravitational tides are constantly recorded using a
Scintrex CG-5 Autograf gravimeter at the Research Station RAS. We
considered two main types of tidal variations of the vertical component
- diurnal and semidiurnal. Good agreement was obtained between the
calculated results obtained using the tide.exe program and the observed
data. An analysis of the correlation relationships between variations
in apparent resistance and lunar-solar tides indicates the existence of
a relationship between these phenomena. The low level of correlation
coefficients at a number of observation points indicates that, in addition
to tidal influences, deformation processes continuously operate with
tectonic sources of deformation. The causal relationship of the lunar-
solar tides and the energy characteristic of the electromagnetic field of
endogenous origin is shown. The results of the time-frequency analysis
of the response of the geological environment to earthquakes in an
electromagnetic field are also presented, the features of manifestation
depending on the location of the hypo- and epicenters of seismic
events and their magnitude are considered. A number of responses in
geophysical fields to remote and regional earthquakes with an energy
class of 8 to 12 for 2010-2020 are considered. Their relationship with the
extremes of lunar-solar tidal influences is under the study. The results
obtained are consistent with the hypothesis of fluid redistribution
between fracture systems penetrating geological objects and having
different orientations, the restructuring of which is manifested in a
change in a number of environmental characteristics, in the formation
of anomalies of geophysical fields, and also in the appearance of
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anisotropy of rock properties. The results of a study of the relationship
of lunar-solar tides with current geodynamic processes of seismically
active regions are ambiguous and require further study. The work
was carried out as part of the fulfillment of the state task of the
Research Station RAS on the topic AAAA-A19-119020190063-2 and
with financial support from the RFBR project 20-05-00475.

2.2 24th cycle of solar activity: features of
geomagnetic activity at the Mikhnevo
observatory

Riabova S.A.

Sadovsky Institute of Geosphere Dynamics of Russian Academy of
Sciences

In the course of presented studies, an analysis is made of the
features of local geomagnetic activity in the 24th cycle of solar activity
in order to determine the relationship with the cycles of solar activity.
According to various sources, the 24th solar cycle began in December
2008 (in January 2009) and reached its maximum (the period when
the Sun was most active) in April 2014. The recent appearance of
spots on the Sun with reverse polarity (December 2016, April 2018,
November 2018, May 2019 and July 2019) indicates the beginning of
the transition process to the 25th solar cycle. In presented research,
we use the results of calculating the K-index using the adaptive
smoothing method according to the registration of the geomagnetic
field components at the Mikhnevo Geophysical Observatory of the
Sadovsky Institute of Geosphere Dynamics of Russian Academy of
Sciences (Moscow region, settlement Mikhnevo). Solar activity is
characterized by an index of F10.7 and the number of sunspots. In the
course of presented studies, the main periodicities of the geomagnetic
field were determined, its seasonal variations were analyzed, and a
joint analysis of geomagnetic and solar activities was carried out.
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2.3 Active impact on the ionosphere and
variations in the velocity characteristics of
field-aligned irregularities

Sivokon V.P.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The creation of artificial irregulars of electron concentration in the
ionosphere is one of the tasks of active influence on the ionosphere.
Currently, special emphasis is placed on the formation of a specific
class of heterogeneities field angled irregulars. These heterogeneities
make it possible to solve a number of applied problems, but at the
same time they can adversely affect the efficiency of the functioning of
radio engineering systems. The speed and direction of their movement
are important characteristics of these artificial heterogeneities. To
determine them, we propose using multi-position SDR diagnostics.
The report presents the results of observations of the active impact on
the ionosphere at the EISCAT heating stand in October 2019.

2.4 Analysis of energy characteristics of acoustic
emission signals during uniaxial compression
of geomaterial samples

Sychev V.N.', Bogomolov L.M.%, Kulkov D.S.!

L Research Station of the Russian Academy of Sciences in Bishkek
city
2 The Institute of marine Geology and Geophysics of the far Eastern
branch of the Russian Academy of Sciences

Acoustic emission (AE) signals were recorded during the
deformation process by uniaxial compression of samples of various
geomaterials. Experiments on uniaxial compression were carried out
on a low-noise lever installation with water flow, where the maximum
load on the sample does not exceed 250 kN. All tested samples were
made in the form of a rectangular parallelepiped, sandstone with a
square section, dimensions of 25mm x 25mm x 60mm (L x W x H),
granite and marble with a rectangular section, dimensions of L, x W
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x H (40cm. x 20cm. x 80cm.). To register AE signals, a SE-2MEG-P
sensor (DECI, USA) was used, with an operating frequency range
from 200 kHz to 2 MHz, fixed to the test sample of geomaterial. The
received signals were digitized by an 8-channel USB3000 ADC unit
with a 14-bit bit rate and a maximum sampling rate of 3 MHz. The
energy distribution functions of AE signals have been considered.
The maximum amplitude of the AE waveform was chosen as the
energy characteristics of the AE signal. The subordination of the
energy distribution to the Gutenberg-Richter law is estimated, and
the dependences of b-value behavior throughout the experiment are
constructed. The flow of AE events is considered from the standpoint
of nonequilibrium thermodynamics using Tsallis statistics. To describe
the energy distribution function of AE signals, we used a modified
model of the stick-slip earthquake model the intermittent sliding of
two plates along each other along the fault in the presence of friction
and the principle of maximum entropy. The model is used to quantify
the long-range correlations of earthquakes that occur in the stream.
It is shown that the AE signal flow is a system with memory and
long-range correlations. The analysis of the behavior of the Tsallis
parameter throughout the entire experiment is carried out.

2.5 Application of deep learning methods to
predict ionosphere parameters in real time

Mochalov V.A., Mochalova A.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

In paper, the previously obtained results on recognition of ionograms
using deep learning are expanded to predict the parameters of the
ionosphere. After the ionospheric parameters have been extracted from
the ionogram using deep learning, we can in real time predict the
parameters for some time ahead on the basis of the new data obtained
Examples of predicting the ionosphere parameters using long short-
term memory architecture of an artificial recurrent neural network are
given. The place of the block for predicting the parameters of the
ionosphere in the system for analyzing ionospheric data using deep
learning methods is shown.
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2.6 Analysis of the data of IMF Bz and AE index
for the period 1999-2018

Polozov Yu.A.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Solar-terrestrial relations are a part of space weather and they
make significant impact on technosphere functioning. Interplanetary
Magnetic Field (IMF) parameters measured at Lagrange point L1
show the beginning of possible changes in geophysical fields. The paper
analyses statistically IMF Bz component (shows the level of impact on
the Earth magnetic field) and AE index (used to estimate the energy
contribution into magnetosphere and ionosphere). Using the apparatus
of regression analysis and wavelet transform, time series were estimated.
Regression models of IMF parameters and AE index were constructed
for the period 1999-2018.

2.7 Assessing the relationship of hydrogeochemical
and hydrodynamic effects with seismicity in
Kyrgyzstan

Kendirbaeva J.Z.

Institute of Seismology of the National Academy of Sciences, Bishkek,
Kyrgyzstan

The paper presents the hydrogeochemical and hydrodynamic
effects in TMW recorded for the periods before, during and after
the strong and tangible earthquakes that occurred in Kyrgyzstan
in 1970-2019. The information from Sary-Kamyshsky (1970) and
Zhalanash-Tyupsky (1978), Barskaunsky (1980) and (1990), Kochkor-
Ata (1992) and Suusamyrsky (1992), as well as Sary-Jazsky (2013)
were used for their coverage events. The studied parameters at each
observation point have their own vibration limits. In 1970, the event
of Sary-Kamysh took place with a strength of 8-9 points. According

139



to Sredazgeominvod, it turned out that temperature and pressure
anomalies appeared in the TMW Dzhhety-Oguz and Aksu 2 month
before the event: the first, rising from 6.5 to 13, reached +426,6°C
when the shock occurred, and the flow rate from 0.006 to 0.077 1/s, i.e.
increased by 1.5 times. Also, the content of radon was recorded, an
increase of 2 times, which recovered after 1.5 months. On June 2,
1974, an earthquake occurred in Kochkor; anomalies were recorded
in advance of 1.5-2 months both in the concentrations of helium and
radon, and in the ratios of radium isotopes. During the tremors of
the Isfara-Batken event (My = 6,3) dated 01/31/1977 sharp and
various variations of radon and HCOj3 were detected, and 3 months
before the earthquake in Zhalanash-Tyup with My, = 6,9 (1978) also,
radon and fluorine increased. The calculated dispersion and entropy
values of TMW showed that they are close to each other regardless of
the nature and amplitude of the jumps: at the Issyk-Ata TMW, the
coefficients of variation and dispersion of chlorine, HC'O3;_ and CO3 2
synchronously increased over the course of six months from 0.323 to
1.639, reaching 5.666 by the time of this event and only by the end of
the year decreased. In addition, according to TMW Alamedin, positive
relationships were found between the strength of earthquakes and the
acceleration gradient of the effects, but there is no simultaneity in
the changes, on the contrary, each component acts in its own way: in
our opinion, this can be explained by the chemical property of the
ion. The above facts, indicating the possibility of a medium-term and
short-term forecast of earthquakes with K 12.5, suggest that their
approach can be caught from 10 to 15 days, and the force is about 0.5.
Similar fluctuations can be expected in waters, the regime of which is
characterized by both annual and long-term cycles, but the role of the
epicentral distance has not been identified.

2.8 Atmospheric electric field negative anomalies
in a seismically active region: relationship with
tectono-seismic process and source location

Rulenko O.P.
Institute of Volcanology and Seismology FEB RAS
Negative anomalies of atmospheric electric field near the earth’s

surface, which are observed in seismically active regions in fair and close
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to it weather conditions, are considered. On the basis of literature data,
manifestation features of these anomalies indicating a relationship
with near-surface rocks deformation during tectono-seismic process
are clarified. This process constantly proceeds in seismically active
regions and causes changes in the stress-strain state of rocks in tectonic
deformation mode and during earthquake preparation. Earthquakes
are a seismic component of the process and occur as a result of more
intense rocks deformation under the influence of tectonic forces. Two
existing points of view on finding the source of atmospheric electric
field pre-seismic disturbances are considered: in surface layers of
the earth’s crust and in surface air. It is shown that the source of
negative anomalies of this field during the tectono-seismic process
is the negative space charge that occurs in surface air and has a
deformation-emanation origin.

2.9 Automated method for detecting and
identifying anomalies in cosmic ray data

Geppener V.V.1, Mandrikova B.S.2

L Saint Petersburg Electrotechnical University LETI
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

A method for processing and analyzing neutron monitor data and
detecting abnormal changes during periods of increased solar activity
is proposed. The method is based on application of wavelet transform
and neural networks of vector quantization. The method allows you to
identify the periods of occurrence of anomalies and determine their
intensity. A measure of the intensity of anomalies is the maximum
amplitude of the variations (deviation from the characteristic level).
The periods of high and low solar activity for 2013-2020 were analyzed.
The efficiency of the proposed methods for detection of sporadic effects
preceding and accompanying magnetic storms of various levels was
experimentally confirmed. It was shown that the method can be applied
in on-line mode. The paper was carried out within the State Assignment
on the Subject Dynamics of physical processes in active zones of
near space and geospheres (2018-2020), state registration No. AAAA-
A17-117080110043-4. Authors appreciate the Institutes supporting the
neutron monitor stations the data from which were used in the paper.
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2.10 Complex lithospheric-atmospheric
investigations of acoustic radiation in
Kamchatka

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

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The results of complex lithospheric-atmospheric investigations in
the seismically active region, Kamchatka peninsula are presented. A
laser deformograph-interferometer, a geophone, a broadband acoustic
system, and a microbarometer, installed at the «Karymshinas station
of IKIR FEB RAS, are used for monitoring. Deformation of rocks,
acoustic radiation in near-surface rocks and in the atmosphere near the
earth’s surface are considered. It is established that at the final stage
of earthquake preparation, as a response to deformation activation,
acoustic radiation occurs in near-surface rocks. It passes through the
earth - atmosphere boundary and it is registered in the air. Examples
of simultaneous registration of acoustic signals with such radiation in
the rocks and in the atmosphere are provided. The investigation is
relevant for constructing a model of the connection of the lithosphere
and atmosphere in a seismically active region.

2.11 Complex geophysical observations on
Kunashir Island

Kostylev D. V.12

L Institute of Marine Geology and Geophysics, Far East Branch RAS
2 Sakhalin Branch, Geophysical Survey, RAS

Work has begun on the development of a methodology for the
joint analysis of seismological, seismic-acoustic and other geophysical
data (tidal, atmospheric, ionospheric factors) to develop short-term
conclusions on the development of the seismic regime in the Kuril
Islands. The main data source is a geodynamic test site based
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on the Yuzhno-Kurilsk seismic station. In addition to the seismic
station SB GS RAS, equipped with a Guralp CMG-6TD broadband
seismometer and a Guralp CMG-5TDE accelerometer, radon and
temperature monitoring, GPS observations (IMGG FEB RAS), as
well as hydrogeodeformation monitoring (SakhGRE) are carried out
at the test site. Radon monitoring at the South Kuril geodynamic
test site is carried out by the Institute of Geophysics, Ural Branch of
the Russian Academy of Sciences, Yekaterinburg. Hydrogeodeformation
monitoring is carried out by a separate structural subdivision of
SakhGRE JSC Dalnevostochnoe PGO . Measurements are taken in
a well with a depth of 303.3 M. In 2019, a seismic-acoustic monitoring
equipment, a molecular-electronic hydrophone, was installed in the
aforementioned well at a depth of 25 M. The hydrophone is made
using an electrochemical transducer, which converts the movement of
the working fluid into a registered current, which provides sensitivity
to pressure changes in the frequency band of 0.02-200 Hz with a
high conversion coefficient of at least 1.5 mV / Pa. Remote access
to recorded data, as well as monitoring and control of the equipment
were organized. To analyze the correlation of hydrophone records with
other factors (atmospheric pressure, ionospheric and tidal activity,
etc.) before seismic events, graphs of the envelope of the hydrophone
signal recording were constructed, which were supplemented with the
following information: level of subsoil radon, atmospheric pressure
values, values of tidal levels in the port of Yuzhno-Kurilsk, water level
values in a well with a hydrophone installed, values of ionospheric
activity levels (Kp index).

The work was supported by the Russian Foundation for Basic
Research Project No. 18-07-00966 «Investigation of trigger deformation
effects according to the data on Sakhalin Island seismicity applying
seismic new-type sensors».
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2.12 Construction of complex shell models of
turbulent dynamo in symbolic computing
systems

Feshchenko L.K., Vodinchar G.M.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The report describes the developed technique for constructing
complex shell models. The compilation of the system of equations in this
model and its exact solution are implemented using symbolic computing
systems. Shell complex variables are direct analogues of field spectra,
more precisely, spectra integrated at a fixed wave vector length in all
its directions. The technique allows one to vary the sizes of nonlocality
of nonlinear interaction in the space of scales, expressions for shell
analogues of conservation laws, and the nature of stationary solutions
of power in scale.

2.13 The use of long short-term memory and
gated recurrent unit for predicting the values
of geomagnetic indices

Mochalov V.A., Mochalova A.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

In this work, with the help of deep learning, predicting the values
of the following geomagnetic indices (GI) is considered: Dst, Kp, AE
and Ap. For forecasting we use the architectures are long short-term
memory (LSTM) and gated recurrent unit (GRU). For various GI
indices, the loss function is analyzed depending on the periodicity of the
source data. It has been established that forecasting accuracy increases
with decreasing periodicity of the initial data of geomagnetic indices.
For the analysis, the following periods of the initial GI data were used:
hour, 3 hours, day. For the analysis we used hour, 3 hours and day
periods of the initial GI source data.
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2.14 Dynamics and spatio-temporal distribution of
geomagnetic disturbances during periods of
increased solar activity and magnetic storms

Mandrikova O.V., Rodomanskay A.I.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

A detailed spatio-temporal analysis of magnetic data during
the periods of magnetic storms of 2019 was carried out according
to measurements of a network of stations. The developed method
of magnetic data analysis was used, based on the use of wavelet
transform and adaptive thresholds. The features of the occurrence
and propagation of geomagnetic disturbances in the auroral zone and
meridionally located stations are studied. The dynamic spectra of
perturbations of different intensities and durations were obtained.
The assumption of the possibility of short-period weak geomagnetic
disturbances at stations from high latitudes to the equator, which
precede magnetic storms and correlate with fluctuations of the
southern Bz-component of the interplanetary magnetic field and
increased auroral activity is confirmed.

2.15 Evaluation of the effectiveness of the method
of noise detection in magnetic data

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

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The results of the ongoing work on the development and use of the
method of interference detection in magnetic data based on the wavelet-
transformation are presented. However, the main focus is on assessing
the effectiveness of the proposed method on the extended experimental
material of the Observatory Paratunka (Kamchatka, IKIR FEB RAS)
for 2009-2019. The impact of threshold function values on the error of
the method used is shown.
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2.16 Experience in synchronous observation of
seismic-strain oscillations of the Earth by the
spaced laser interferometers

Aleksandrov D. V.Y, Dubrov M.N.*, Kravtsov V.V.1, Larionov I.A.2

L Pryazino Branch of the Kotelnikov Institute of Radio Engineering
and Electronics, Russian Academy of Sciences
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The first results of unique experiments on the synchronous
registration of seismic-strain oscillations of the earth’s surface by
three laser interferometers-deformographs spaced 6740 km apart
are presented in the report. Two 100-meter laser deformographs
are installed at the Fryazino Beamwaveguide testing ground in the
Moscow Region, the third 18-meter deformograph is located at the
observation point of Karymshina on the Kamchatka Peninsula. Two
laser deformographs in Fryazino were built according to the Michelson
interferometer scheme: 1) an equal-arms interferometer, the length
of each measuring arm is about 100 m and 2) an unequal-arms
(asymmetric) interferometer - the length of the measuring arm is
100 m, and the length of the reference one is about 10 cm. Distance
between the interferometers-deformographs is 400 m. The laser
deformograph at the Karymshina observation point is a modified
unequal-arms Michelson interferometer with a measuring arm length
of 18 m. The distance between the Fryazino Beamwaveguide testing
ground and the Karymshina observation point is 6740 km. The
frequency-stabilized and thermally controlled lasers with a wavelength
of 633 nm are used in the deformograph schemes as radiation
sources. To measure the interferogram shifts, registration systems
of compensation and modulation types are used, which provide
an absolute instrumental resolution of 0.1-0.01 nm. The results of
spectral and correlation analysis of data obtained in 2016-2020 during
the sessions of synchronous operation of all three instruments are
presented. The results are compared with regional and global seismic,
volcanic activity, cyclones and ionospheric disturbances. It is shown
that the developed method can be effective for the detection and
identification of precursors of large seismic events and other dangerous
natural phenomena.
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2.17 Experimental studies of acoustic fields in the
offshore zone of the sea

Chernenko V.A.', Chen Wenjian?, Gorovoy S.V.', Garasev I.V.!

L Department of instrumentation engineering school FEFU
2 COollege of Underwater Acoustic Engineerin, China

The experimental setup developed by the authors allows creating
acoustic pressure in the range from 107 to 108 PA with an effective
system of matching layers bottom, water and ice. Theoretical and
experimental studies have shown the possibility of transmitting
information in a shallow sea under a layer of ice. The experimental
receiver of the acoustic system allows one to measure in a wide
frequency range from 40 to 1100 Hz. This research can be used
to develop effective long-distance communication and to model the
measurement of acoustic earthquake precursors.

2.18 Forbush-storm classification of the events as
a device for the solar wind diagnostics

Shadrina L.P.
Academy of Sciences of Sakha (Yakutia)

The geoeffectiveness of the solar wind is usually determined on
Earth by such phenomena in a geomagnetic field as storms and
substorms. The second, no less significant effect is a sharp decrease
in the intensity of galactic cosmic rays (GCR) Forbush effects. A
joint examination of these effects in the geomagnetic field and in the
GCR makes it possible to obtain additional diagnostic features, since
they carry different information. The behavior of the geomagnetic
field reflects changes in the magnetosphere, while the GCR intensity
depends on the spatial configuration of the magnetic field in the
heliosphere. To carry out such work, it is proposed to use the
Forbush storm classification of a catalogue of geophysical events in a
geomagnetic field and cosmic rays. The catalog shows the dates and
time of the beginning of the events of a decrease in the Dst of the
geomagnetic field index and GCR intensity from 1996 to 2017, for 2
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cycles of solar activity. It is shown that these two types of terrestrial
manifestations of interplanetary disturbances can occur simultaneously
or separately.

2.19 Hierarchies of nonlinear differential equations
for modeling of geophysical processes

Perezhogin A.S.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The report discusses examples of nonlinear mathematical models in
geophysical problems. The hierarchy of Korteweg-de Vries equations is
considered. The transition to a universal apparatus for constructing
integrable systems is shown, a particular case of which are the
hierarchies of the KdV equations. The modern mathematical
apparatus of topological recursion and its relationship with integrable
systems are discussed. For the presented models, issues related to the
description of geophysical processes are discussed.

2.20 Identification of geomagnetic jerks according
to geomagnetic registration data at
mid-latitudes

Riabova S.A.

Sadovsky Institute of Geosphere Dynamics of Russian Academy of
Sciences

Geomagnetic jerks are relatively sharp (V-shaped) changes
in the speed of secular variations of one (usually eastern) or
several components of the geomagnetic field. One of the problems
associated with identifying geomagnetic jerks is the development of
a mathematical apparatus for determining the point of change in the
slope of the derivative. In this work, using segmented linear regression
according to mid-latitude stations (observatories of the Russian
segment of the INTERMAGNET network, Mikhnevo Geophysical
Observatory of the Sadovsky Institute of Geosphere Dynamics of
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Russian Academy of Sciences), we managed to identify 2011 and 2014
jerks in all components of the geomagnetic field.

2.21 Influence of meteorological characteristics on
the dynamics of VAR in Gorno-Altaisk

Shitov A. V., Dolgov D.B., Barsukov A.A.
Gorno-Altaisk State University

For the analysis, we used data from the radon monitoring of Gorno-
Altay state University for the period 2012-2018. At the same time,
observations were made on the following parameters: the dynamics
of radon, toron, and meteorological characteristics: temperature,
humidity, and pressure. In addition, we note that to measure the volume
activity of radon in the underground part of a residential building, the
device was lowered into a hole in the floor, the underground cavity
was deprived of ventilation for the entire time of the change. We have
identified the annual dynamics of the oar, characterized by an increased
value of the oar during the winter and early spring months of December
March (oar 250-350 Bq/cubic meters). During the spring months, a
decrease in the level of VAR from 250 to 150 Bq/cubic m. From June
to September there is a minimum value of VAR up to 100 Bq/cub.m.
From September to mid-November there has been a sharp increase in
VAR from 150 to 220 Bq/cu m Since the beginning of December there
is a further increase in VAR, which reaches 350-400 Bq/cubic meter.
These seasonal changes were accompanied by sharp peaks (increases in
oar), and in some cases these increases were correlated with each other
over the years. The correlation coefficients of the oar by year are as
follows: 2013-2014-0.24, 2014-2015-0.65, 2013-2015-0.48, (significance
level 0.01, Rkrit=0.14). The most prominent increases are in January,
March, May, July, September-October. Taking into account that data
for 3 years is presented here, we can assume that these patterns are
the result of seasonal characteristics. In this case, this may be due
to ground freezing (in the climate zone of Gorno-Altaisk, it is about
1.5-2 m). Frozen ground prevents the free migration of radon, which
can accumulate under the «covers of frozen rocks. Therefore, finding
migration routes that can act as buildings and private homes radon
emanations significantly increase in comparison with other seasons of
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the year. Comparing the average daily course of atmospheric pressure
and radon activity, it should be noted that their anomalies do not
coincide in time. It follows that in this case, most of the radon activity
anomalies are not directly related to the baric field disturbances, or the
influence affects after a while. Most of all, sharp changes in the VAR
can be caused by geodynamic processes in the epicentral zone of the
Chuya earthquake. It is noteworthy that this area is connected to the
observation point by an active fault.

2.22 Two-mode af)-dynamo as a hereditary
oscillator

Vodinchar G.M.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

A dynamic system for the two-mode Parker dynamo with hereditary
quenching by helicity of the a-effect is constructed. The quenching in
the system is implemented as a functional of the helicity of the field with
the kernel K (s) of a arbitrary form. It is shown that this system can be
reduced to a nonlinear dissipative oscillator with hereditary potential.

The analysis of the system as an oscillator showed, that the possible
types of dynamic regimes in the system primarily depend on the
presence or absence of a delay in the kernel. The chaotic regime similar
to moving along the Lorenz attractor is possible only for K(0) # 0. In
this case there is a combination the vacillation with the field reversals.
Otherwise, chaotic modes of inversions can occur, but without com-
binations with the vacillations. It is shown that in the case of «short
memory» reversals do not occur.

The regions in the parametric space of the model are determined.
They correspond to various dynamic regimes, that exist in real systems
of the cosmic dynamo.
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2.23 Invariants of the natural electromagnetic
field in geophysics

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The indirect relative data of the signals of the Earth’s natural
electromagnetic field are analyzed that are independent of the
properties of the sources of this radiation. It was shown that averaging
of the spectra of parameters with a time interval exceeding the
characteristic lifetime of the signal source leads to the dominance of
a limited influence region, which coincides with the near wave zone of
the detector. This circumstance allows us to study the limited region
of the lithosphere-atmosphere-ionosphere system and its interaction
with global and local processes. Examples of some spectra of relative
parameters and their interpretation are given.

2.24 Investigation of the information transmission
channel by electric, electromagnetic and
acoustic waves in a layered environment with
ice cover.

Korochentsev V.I.Y, Petrosyanc V.V.2, Wei Xue?, Em A.A.',
Garasev IV

L School of Engineering of FEFU
2 FEFU
3 College of underwater acoustic engineering, China

Schemes of acoustic low frequency emitters based on spark
discharges developed by the authors are presented. Half-wave vibrators
embedded in a layer of ice are used as receiving-emitting systems
of electromagnetic waves. A theoretical model for the propagation
of electromagnetic waves in the ice layer has been developed. The
interaction of elastic and electromagnetic fields in the ice layer is
analyzed. The possibility of using the developed systems for receiving
acoustic signals emitted by the ice earthquake center is discussed.
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2.25 Investigation of the propagation of powerful
acoustic signals in a layered ice-water-bottom
environment

Korochentsev V.I.Y, Zhu Jianjun?, Chernenko V.A.3, Lobova T.J.},
Gubko L.V.!

L Department of instrumentation engineering school FEFU
2 Institute of hydroacoustics HIU, China
3 Department of instrumentation engineering school of FEFU

A mathematical model for calculating the acoustic wave in a
shallow sea under a layer of ice for low-frequency signals of 40-
150 Hz has been developed. The authors developed an experimental
installation based on a low-frequency piston electrodynamic emitter
that allows conducting experimental studies in a layered environment.
Experimental studies show a satisfactory agreement with theoretical
research. The features of wave propagation at the water / ice interface
are studied. The developed models can be used for new technical
earthquake prediction systems when setting up receiving systems in
the ice layer.

2.26 Low-frequency parametric systems in the
shallow sea

Tarasov S.P.Y, Zhu Jianjun?, Pivnev P.P.', Korochentsev V.I.3

L Department of EGA and MT SFedU
2 Institute of hydroacoustics HIU, China
3 School of Engineering of FEFU

A theoretical model has been developed for the study of parametric
acoustic signals in the ice/water layer. As a model, we offer an
installation of two low-frequency emitters located on the ice surface.
The possibility of studying the structure of a low-frequency signal in
nonlinear interaction is demonstrated. Experimental studies conducted
in the Peter the Great Bay of the sea of Japan and in the sea of Azov
show satisfactory agreement with theoretical studies
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2.27 Lightning activity during Shiveluch volcano
eruption

Malkin E.I', Firstov P.P.2, Cherneva N.V.', Druzhin G.I',
Lobacheva M.A.2, Holzworth R.H.32,

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS
2 Kamchatka Branch of the Geophysical Survey of the Russian
Academy of Sciences
3 University of Washington, Seattle, USA

In recent years much attention is paid to the atmospheric-electric
effects accompanying explosive eruptions. It is due to the population
growth on the Earth and ash hazard for the population and urban
lands, foremost for aviation. One of the local features on the Kamchatka
peninsula are volcanic lightning and aero-electric structures occurring
during volcano eruptions. During eruptive cloud (EC) generation and
formation, electrification takes place. It causes multiple lightning. This
indicates significant role of electrostatics during EC formation even
for weak eruptions and demonstrates informative value of volcanic
lightning for estimation of EC dimensions. The paper describes some
cases of lightning activity recorded by a VLF direction finder (30Hz-
40kHz) located at the distance of 475 km from the source during strong
explosions of Shiveluch volcano within the period from 2017 till 2020.
Lightning activity dynamics was compared with seismic and acoustic
emissions accompanying the explosions. Features of development of
two-stage volcanic lightning were detected. They are associated with
eruptive column formation at the first stage and EC development at
the second. The data of the World Wide Lightning Location Network
(WWLLN) were also used to monitor strong volcanic lightning. The
informative value of WWLLN network and that of VLF direction finder
were compared. Monitoring of electromagnetic pulses from volcanic
lightning strokes gives one additional information on eruption dynamics
and EC propagation features depending on meteorological conditions.
No doubt that under the current development of engineering techniques
and calculation methods, VLF radiation monitoring can be including
into the aviation alarm system on ash hazard along the flight routes
passing along the eastern coast of Kamchatka. The work was partially
supported by the RFBR Grant 19-05-00543.
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2.28 Mathematical model of accumulation of
radon in the measuring chamber with regard
hereditarity

Twvordyy D.A.V2, Parovik R.I.3, Makarov E.0.*2, Firstov P.P.*

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
4 Kamchatka Branch, Geophysical Survey, Russian Academy of
Sciences

Radon monitoring is recognized by many researchers as a promising
method for predicting strong earthquakes, especially with a small focal
depth. In order to reliably identify anomalies in the subsoil radon,
preceding strong seismic events, against the background of interference
of various nature, a developed network of observation points is
necessary. When organizing monitoring centers for subsoil radon, it
is necessary to know the value of the radon flux density (RFD) from
the surface at the selected point where the storage chamber will be
installed. RFD qualitatively determines the sensitivity of the selected
point, which depends on the volumetric activity of radon (VA Rn) and
the convective rate of its transfer. The zones of dynamic influence of
the fault are characterized by areas of decompression with an increased
runoff Rn, which are most suitable for the installation of sensors and
are a sensitive area that responds to changes in the stress-strain state
of the geomedium. All this determines the need for a rapid assessment
of RFD simple and affordable method. To evaluate the RFD, it is
possible to use the data of the accumulation curve Rn in the chamber.
The method is based on a mathematical description of the process
of changing VA Rn in time. To a first approximation, this technique
makes it possible to estimate the RFD value at the installation point
of the storage chamber. In the mathematical description of the process
of radon accumulation in the chamber, a number of assumptions are
usually used to simplify the solution of the problem, for example, the
accumulation process Rn is considered stationary when there are no
sharply changing conditions for the coefficient of air exchange and RFD
from the surface below it. It does not take into account possible factors
affecting the flow rate, primarily variations in atmospheric pressure
and temperature. To more accurately describe the accumulation
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process, the existing model was developed using a nonlinear function
that is responsible for the mechanisms of Rn entering the chamber,
as well as taking into account the hereditary properties of the medium.

2.29 Modeling and analysis of ionospheric
parameters during magnetic storms in
2018-2020 (according to the data of the

ground station network)

Mandrikova O.V., Fetisova N.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The paper presents the results of modeling of the ionospheric
parameter time course during increased solar activity and magnetic
storms (the critical frequency data of the ionospheric F2-layer were
analyzed). The modeling was carried out on the basis of a generalized
multicomponent model (GMCM) developed by the authors and the
International Reference Ionosphere model (IRI). We analyzed the
events in 2018-2020 and used the data of the ground station network
located in middle and low latitudes. Based on the modeling, anomalous
changes were detected in the ionospheric parameter time course. They
preceded and accompanied magnetic storms. The results of comparing
the GMCM with the IRI showed its efficiency for a detailed study of
the dynamics of the ionospheric parameters during disturbed periods.

The work was carried out according to the Subject AAAA-A17-
117080110043-4 «Dynamics of physical processes in the active zones
of near space and geospheres». The authors are grateful to the
organizations recording the data which were applied in the paper.
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2.30 Modeling the concentration of cracks based
on the Selkov fractional dynamical system

Parovik R.I.', Rakhmonov Z.R.2, Zunnunov R.T.3

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS
2 Mirzo Ulugbek National University of Uzbekistan, Uzbekistan
3 Institute of Mechanics and Earthquake Resistance named after M.T.
Urazbaeva AS Uz, Uzbekistan

Using a generalized nonlinear dynamic Selkov system, microseismic
phenomena are investigated. This system is mainly used in biology
to describe the glycolytic vibrations of the substrate and product.
Therefore, by analogy, the Selkov dynamic system can describe the
interaction of two types of cracks in an elastically brittle medium. The
first type is seed cracks with lower energy, and the second type is large
cracks that generate microseisms. The first type of cracks is a trigger
for cracks of the second type, but a reverse transition is also possible.
For example, when large cracks lose their energy and partially become
seed. Further, after increasing their concentration, the process repeats,
providing the self-oscillatory nature of the sources of microseisms.

In the work, a generalization of the Selkov dynamic system is
understood to mean its analogue, which is based on the consideration of
heredity (heredity). Heredity is studied in the framework of hereditary
mechanics and indicates that a dynamic system can remember for some
time the impact on it, which is typical for viscoelastic and plastic
media. The generalized Selkov dynamical system will be called the
Selkov fractional dynamical system since, from the point of view of
the mathematical description, it can be represented as a system of
differential equations with derivatives of fractional orders. The orders
of fractional derivatives are related to the heredity of the system and
are responsible for the intensity of energy dissipation by cracks of the
first and second types.

In the work, the fractional dynamic Selkov model was solved
numerically using the Adams-Bashforth-Moulton method, oscillograms
and phase trajectories were constructed. It is shown that a fractional
dynamic model can have relaxation and damping oscillations.
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2.31 DModification of the ionosphere and the
topology field-aligned irregularities of the
ionosphere

Sivokon V.P.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The effectiveness of the applied use of the active impact on
the ionosphere depends on how fully it is possible to obtain the
required characteristics of the modifiable region. In experiments on the
transmission of information in an ionospheric waveguide, the problem
of its excitation using artificial field-aligned irregularities is solved. The
efficiency of waveguide excitation depends, among other things, on the
topology of these irregularities. You can determine it using our proposed
method of multi-position diagnostics.

2.32 Monitoring of radiation fields in near Earth
space and atmosphere in new space projects
of Moscow University

Panasyuk M.I12, Svertilov S.1.1>2, Bengin V.V.1,
Bogomolov V.V.1>2, Garipov G.K.*, Dobynde M.I.', Zolotarev I.A.",
Kalegaev V. V.1, Klimov P.A.}, Osedlo V.0.', Peretjatko O.Yu.,
Petrov V.L.', Podzolko M.V.1

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

In the frame of the Universitat-Sokrat project, multi-satellite
constellation is elaborated now at Moscow University, one of the
tasks of which is to monitor radiation fields in near-Earth space and
Earth’s atmosphere. Also, during the implementation of the project,
it is supposed to monitor the magnetic-wave environment and realize
atmospheric observations in a wide range of the electromagnetic
spectrum - from optical to gamma. The main goal is to forecast
phenomena that may pose a potential danger to aviation, sub-orbital
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and orbital flights. Such phenomena include intense increases of
energetic charged particle fluxes (solar cosmic rays, precipitation
of electrons from radiation belts), geomagnetic disturbances, and
electromagnetic transients in the atmosphere. The first stage of the
program began to be implemented on July 5, 2019 after a successful
launch from the Vostochny cosmodrome of three nano-satellites of the
Cubsat 3U type. These satellites are equipped with instruments for
monitoring space radiation, as well as a prototype device for observing
the Earth’s atmosphere in the ultraviolet range. The information
obtained has confirmed the advantages of multi-satellite observations
for the above tasks. This year, it is planned to launch two more
Cubsat 6U satellites, on which charged particle and gamma ray
detectors, magnetometers, and instrument for detecting of atmospheric
electromagnetic transients should be installed. It is assumed that this
will lay the foundations of the created space threat monitoring system.

2.33 Moving daily average of the hourly magnetic
field values - the example of usage at
Novosibirsk Observatory during 2011 (results
and prospects)

Semakov N.N.%-2, Kovalev A.A.Y, Pavlov A.F.12, Fedotova O.12

L Institute of Petroleum Geology and Geophysics SB RAS
2 Novosibirsk State University

The parameters of the equivalent central dipole were calculated
using hourly values of the magnetic field elements during 2011:
the angular elements were transformed to the hourly values of the
geographic coordinates of the North magnetic pole and the intensity
values were transformed to local magnetic constant. Next step is the
calculation of the daily mean values at every hour. This method can
be applied to both current digital data and historical data presented as
monthly tables of hourly values obtained from analog magnetograms.
The advantage of method is its ability to show the changes of the
magnetic field independently from daily variation. Also the using of
the "integrate"parameters (the magnetic pole coordinates and local
magneto constant) allows one to detect the regional features of its
variations. The smooth changes of the daily magnetic field elements
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over year, decade and century are related to "secular variations". The
features in the daily values can be compared with anomalous geological
and geophysical events observed in the past and predicted in the near
future.

2.34 Nonextensive analysis of seismicity of the
Bishkek geodynamic proving ground
(northern Tien Shan)

Sychev V.N.', Sycheva N.A.', Bogomolov L.M.?

L Research Station of the Russian Academy of Sciences in Bishkek
city, Kyrgyzstan
2 The Institute of marine Geology and Geophysics of the far Eastern
branch of the Russian Academy of Sciences

Bishkek geodynamic proving ground (BGP), limited to 41.5 - 43.5
N and 73 - 77 E, lies within the central segment of the North
Tien Shan seismic generating 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 north of the Chuy Depression. To
the south of the Kyrgyz ridge are the Suusamyr, Kochkor and Dzhumgal
depressions, separated by small ridges. To the west are the Talas, Big
and Small Karatau ranges, and to the east are the Kungei-Alatau
and Terskey-Alatau ranges with the Issyk-Kul intermountain basin
separating them (Fig. 1). The Bishkek geodynamic proving ground is
a zone of modern intense deformations that are manifested in active
seismicity. On the territory of the BGP there is a KNET seismological
network, consisting of ten digital broadband stations, which allows
recording local and regional seismicity. To date, the earthquake catalog
obtained from the KNET network includes more than 10,000 seismic
events that occurred during 1994-2019. The catalog of earthquakes is
considered from the point of view of nonequilibrium thermodynamics
using Tsallis statistics. To describe the energy distribution function of
earthquakes, we used a modified model of the stick-slip earthquake
source the intermittent sliding of two plates along each other along the
fault in the presence of friction and the principle of maximum entropy.
The obtained energy distribution of earthquakes is described by the
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proposed model in the entire range of magnitudes and is consistent
with the Gutenberg - Richter distribution in a representative range of
magnitudes. The model was used to quantify the long-range correlations
that occur in the earthquake flux, and also to estimate the change in
long-range correlations immediately before a large earthquake. It is
shown that the earthquake flux is a system with memory and long-
range correlations. The Tsallis parameter value calculated for the entire
catalog characterizes the studied Tien Shan region as seismically active.

2.35 On the anisotropy of seismic waves in the
Carpathian region

Lyskova E.L., Sannikov K. Yu.
St. Peterburg State University

The anisotropy of seismic waves in the continental regions still
belongs to the category of controversial issues, since its estimates in
different areas show a different sign of the anisotropy coefficient. In
contrast to studies of oceanic regions, where SH velocities always prevail
over SV velocities, in the continental regions the relations between the
velocities are very different. The explanation for this, first of all, is the
difference in structure. The structure of the crust and upper mantle
under the oceans is much more homogeneous in comparison with the
structure of the continental regions. There are several approaches to
the estimation of anisotropy. The most traditional method is to use
the maximum amount of data separately for Love and Rayleigh waves
to study the lateral distribution of speeds SH and SV, despite the fact
that the density of the coverage by paths, and, consequently, the regions
of best resolution can be of different shapes and sizes. It was decided
to use this method as an initial approximation. This study is part of
a large project in which at the next stages it is planned to use only
paths with high-quality dispersion in a wide range of periods of both
Love and Rayleigh waves, and perform tomography of the anisotropy
coefficient itself. At the final stage, it is supposed to use only the
purified dispersion of the Love wave using polarization analysis, since
it is known that harmonics of different periods can have different paths
to the station, and deviations from the geometric azimuth can reach
20 degrees. The Carpathian region was chosen as the object of study,
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since it contains interesting contrasting features: (1) the Pannonian
Basin, which is characterized by a thin crust, a thinned lithosphere, and
anomalously high values of the heat flux; (2) the Tornquist-Teisseyre
zone, which is parallel to the strike of the Fastern Carpathians, and
represents the contact zone of the Precambrian lithosphere of the EEP
and the relatively young lithosphere of Western Europe. (3) The third
feature is the Vrancea zone, one of the most active seismic zones in
Europe. It is located in the junction of young tectonic structures: the
Southern and Eastern Carpathians, the Transylvanian Depression and
the Pre-Carpathian Depression. The Vrancea zone is characterized by
a relatively narrow, almost vertical seismic generating volume of the
medium, steeply falling in the north-west direction; location under
the thickened continental crust of the Carpathian arc; the mismatch
of the position of the hypocenters with a known tectonic suture
in the Carpathian orogenic system. We used the LH records from
earthquakes with epicenters in Turkey, Iran, the Mediterranean, and
the Atlantic at stations belonging to the GEOFON (www.geofon.gfz-
potsdam.de) seismic networks. The main task was to get information on
the S-wave velocity sections of the upper mantle, measurements were
made for the period interval 10-100 S. The frequency-time analysis
was applied to construct the dispersion curves of Rayleigh and Love
waves. The group velocity lateral distributions were performed by the
2D tomography method based on smoothness of the lateral velocity
variations (Yanovskaya and Ditmar 1990). The results of the study
revealed that in the rear of the Eastern Carpathians to a depth of 125
km, the positive sign anisotropy coefficient prevails compared with the
anisotropy coefficient in the northeast of the Carpathian arc. Thus, on
the other hand, from the TTZ under the EEP, the sign changes to
negative. With depth, differences in the coefficient values are aligned.
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2.36 On the issue of analysis of signals of seismic
acoustic emission of near-surface sedimentary
rocks in Kamchatka

Sychev V.N.', Cheshev M.E.', Mishchenko M.A.2

L Research Station of the Russian Academy of Sciences in Bishkek
city
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

In Kamchatka, at the observation point Karymshina, using a
measuring system based on a three-component piezoceramic seismic
receiver, signals of seismoacoustic emission of near-surface sedimentary
rocks are monitored. At the output of the measuring system, an
oscillatory acceleration in the frequency range of 0.5 - 400 Hz is
registered. The analysis is based on recordings of seismic and acoustic
signals from several regional earthquakes in 2019 with an energy class
of Ks > 10.0. The probability density distribution function of such
a signal is not always described by the normal distribution law, so
methods of statistical physics are suitable for studying such stochastic
time series, in which the properties of self-similarity of these signals are
considered. The method of structural functions is used to describe the
inhomogeneity of the distribution on different scales of the object.

2.37 Overview of processing and analysis methods
for pulse geophysical signals

Lukovenkova O.0., Senkevich Y.I., Solodchuk A.A., Shcherbina A.O.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The report discusses the processing and analysis methods for the
geoacoustic and electromagnetic emission pulse signals recorded for
more than 20 years at the IKIR FEB RAS geodynamic proving
ground (Kamchatka Peninsula). The methods for pulse detection,
extraction and recovery, pulse time-frequency analysis using adaptive
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sparse approximation, structural description of a pulse shape and pulse
classification are proposed.

To extract pulses from the investigated geophysical signals, the
adaptive threshold scheme is used. It adjusts to the noise level of
a processed signal. The extracted pulses are characterized not only
by different time-frequency compositions, but also by a wide variety
of waveforms. One way to solve this problem is to unify a pulse
description and to classify the pulses. It allows us to reduce the
variety of waveforms and to identify typical and anomalous waveforms.
To analyze a time-frequency composition of the pulses, the adaptive
matching pursuit algorithm is used. To identify a pulse waveform,
the structural description method is proposed. It encodes pulses with
special image matrices. The identified pulses classification method is
considered. Since the methods for pulse structure analysis are sensitive
to noise and distortions, the authors propose the method for pulse
waveform recovery based on wavelet decomposition.

The geophysical signal information features determined during the
analysis can be used to search for anomalies in the data, and then
establish a relationship between these anomalies and earthquakes.

The work was carried out according to the Subject AAAA-A17-
117080110043-4 "Dynamics of physical processes in the active zones of
near space and geospheres".

2.38 Prediction of the Earth’s Magnetosphere
State within the Framework of SINP MSU
Space Weather Analysis Center

Myagkova I.N., Kalegaev V.V., Shirokii V.R., Barinov O.G.,
Efitorov A.O., Bobrovnikov S.Yu., Shugay Yu.S., Barinova V. O.,
Eremeev V. E., Nguyen M. D., Dolenko S.A.

D.V.Skobeltsyn Institute of Nuclear Physics, M.V.Lomonosov
Moscow State University

The state of the Earth’s magnetosphere is one of the most
important factors of space weather. SINP MSU Space Weather Analysis
Center provides operational control and prediction of geomagnetic and
radiation conditions in the near-Earth space using real-time data of
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space missions and ground measurements. Internet portal of Space
Monitoring Data Center of Skobeltsyn Institute of Nuclear Physics of
Lomonosov Moscow State University (SINP MSU) provides possibilities
of short- and middle-term forecasting of the flux of electrons in the outer
radiation belt of the Earth and of the geomagnetic indexes in real time
mode.

The forecasts are based on the parameters of the solar wind and
interplanetary magnetic field measured at Lagrange point L1 within the
Advanced Composition Explorer (ACE) spacecraft experiment using
machine learning methods - artificial neural networks, random forest
algorithm, gradient boosting.

The medium-term forecast of daily electron fluences of the Earth’s
outer radiation belt is carried out using the images of the Sun in the
ultraviolet range. The forecast of the electron fluxes three or four days
ahead became possible due to adding the predicted values of solar wind
velocity at the Earth’s orbit, obtained by processing images of the Sun
in the UV range from AIA instrument, SDO Observatory, to the input
parameters of the forecasting model.

2.39 Relaxation oscillations in energy active zones

Shevtsov B.M.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Relaxation oscillations in energy active natural zones are considered
as causes of sudden catastrophes. A general approach to the study
of dynamical systems of a fast-slow type is proposed, the relaxation
oscillations of which give an adequate description of catastrophic events.
The general properties of such systems are discussed using the example
of solar activity and geomagnetic dynamo. The analogies between
magnetic dynamos, laser systems, charge particles precipitation in the
ionosphere, lightning discharges and earthquakes are considered. It is
shown that these analogies are based on the presentation of various
natural phenomena using dynamic systems of a fast-slow type.
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2.40 Regression analysis of ionospheric
disturbance factors

Mandrikova O.V., Polozov Yu.A.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Investigation of interactions of the near-planet space parameters,
Earth magnetic field and ionospheric parameters are of interest in
the tasks of solar-terrestrial physics and applied researches related
to space weather. Ionosphere is one of the important factors of
space weather. Functioning of modern ground- and satellite-based
engineering facilities depends much on its state. The paper makes a
statistical estimate and analyzes complex effect from interplanetary
magnetic field parameters, solar radiation and geomagnetic data on
ionospheric disturbance development. Ionospheric disturbances were
estimated on the basis of the method developed by the authors. The
method applies wavelet transform and adaptive thresholds. The most
significant factors of ionospheric disturbance occurrences were detected
during the investigation and their significance was evaluated.

2.41 Research of variations of VLF radiation
during geomagnetic activity based on
observations in Yakutsk for the period

2001-2019

Karimov R.R., Kozlov V.1

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

Since 2001, continuous digital recording of the intensity of VLF
radiation in the frequency range of 0.4-8.7 kHz has been carried
out at the radiophysics station "Oibenkyol". Based on the results of
statistical analysis, seasonal and cyclical distributions of various types
of variations of the intensity of VLF radiation during geomagnetic
activity were obtained for the period 2001-2019.
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2.42 Seasonal variations of frequency parameters
of Earth’s natural pulsed electromagnetic
field ENPEMF

Krutikov V.A., Gordeev V.F., Malyshkov S.Yu., Polivach V.I.
Institute of Monitoring of Climatic and Ecological Systems SB RAS

IMCES SB RAS has several stations for ongoing monitoring of
temporal variations of Earth’s natural electromagnetic field (ENPEMF)
in very low frequency band as well as meteorological environmental
parameters. In 2019 three observation points were available in Tomsk
region: Kireyevsk station, Polynianka station, Tomsk airport station,
the latter two are located 70 km from the first one in opposite directions
along the West-East axis. Each point applied multichannel geophysical
recorders (MGR-02-16) developed and manufactured in the Institute
as a result of many years research of ENPEMF parameters.

At the first stage of the research all the recorders were set to
receiving resonance frequency of 17.5 0.5 kHz, identical amplification
coefficients and signal discrimination level. In such conditions, temporal
variations of ENPEMF signals intensity show obviously visual level
of similarity between all the recording points, and diurnal variations
correspond to typical patterns of April diurnal variations, obtained by
averaging 10 year long observations over different regions of Northern
hemisphere.

In June of 2019 amplification paths parameter of recorders were
altered. The recorder at Kireyevsk station retained receiving frequency
of 17.5 kHz, Polynianka station recorder frequency was set to 5 kHz,
airport station recorder was set to 25 kHz. Amplification coefficients
were recalibrated taking into account recorders amplitude-frequency
response unevenness to the same values of return difference. Alterations
did not lead to considerable differences in temporal variations forms,
diurnal variations correspond to average diurnal variation for June
in Northern hemisphere. That situation persisted until the month of
October.

In October 2019 5 kHz signal intensity sharply decreased and diurnal
variation demonstrated considerable change, while diurnal variations
of 17.5 kHz and 25kHz signals still corresponded to October diurnal
variations in the Northern hemisphere. That situation persisted up to
March 2020 and only by the end of April the signals of all the recorded
frequencies started to concur again, and diurnal variations of ENPEMF
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pulse flow intensity became totally identical in the first half of May
2020.

As a result of the experiment, we have recorded for the first
time the seasonal change in frequency parameters of Earth’s natural
pulsed electromagnetic field (ENPEMF). This effect once studied
thoroughly should allow to further advance a physical model of
ENPEMF lithosphere component formation and would help to
formulate additional stress-strained state of the rock estimation criteria
for geodynamic survey methods.

Based on the mechanism of dynamoelectric conversions in rocks
we can suggest, that the alterations in lower frequency component
of ENPEMF in average diurnal variations could be connected to the
alterations in physico-mechanical properties and lithosphere structure.

The research was carried out within state budget project No.
AAAA-A17-117013050036-3 and with financial support from RFBR
grant No. 18-47-700005p _a.

2.43 Some features of near-surface sedimentary
rocks acoustic and electric responses during
deformation by seismic waves of strong
earthquakes (M, > 6.5)

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

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

Acoustic and electric responses of near-surface sedimentary rocks,
recorded during deformation by longitudinal and transversal waves
of six Kamchatka earthquakes with the magnitudes of 6.6-7.7 at the
epicentral distances of 131-728 km are considered. The measurements
are carried out at the Karymshina station (52.83°N, 158.13°E) of
IKIR FEB RAS. The features of these responses during ground
displacement, changes in its velocity and acceleration are analyzed.
The analysis uses wide-band recording fragments of three components
of these parameters from the Karymshina seismic station of the
Kamchatka Branch of the Geophysical Survey, RAS. The station is
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located 250 m from the response registration point. It was found that
intensity and manifestation features of both responses depend on
earthquake magnitude and location of its focus. The obtained results
are of interest to study mechanoelectric properties of widespread
near-surface sedimentary rocks and the geoacoustic and geoelectric
responses that occur during their deformation.

2.44 Some problems with old magnetic data
processing

Khomutov S.Y.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Continuous magnetic measurements at the IKIR FRB RAS
observatories Magadan (MGD), Paratunka (PET), Yuzhno-Sakhalinsk
(YSS), Cape Schmidt (CPS) and Khabarovsk (KHB) have been started
almost since their formation. A significant part of the results obtained
is presented in the WDC and INTERMAGNET databases. However,
a large amount of raw data remains unprocessed and unavailable for
using by scientific community.

In the past few years, IKIR FEB RAS has been making efforts
to process and reprocess old magnetic data. Digital images of analog
magnetograms of the Observatory Paratunka since 1967 were obtained
and the possibility of their use for calculation hourly and minute values
of magnetic field elements was evaluated. Old digital data that were
available during the conversion from analog to digital magnetometers
is processed.

The main problem of processing or re-processing of archived data is
the lack of information (metadata) about the measurement conditions.
First of all, these are the results of absolute observations, which
are necessary to obtain the values of the elements of the totla field
vector. In this paper, some technologies are prposed that allow one
to use the data obtained during processing of analog magnetograms
to adjust the digital magnetometers records. A significant problem
is the lack or inaccuracy of information about the temperature
conditions in the variation pavilion, about magnetometers or support
equipment maintenance or about works in and near the pavilions. As
we accumulate the experience during the processing of old magnetic
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data, a "catalog"of noise and its typical images are formed. This makes
it more reliable and efficient to identify and remove this noise from
records.

This work was supported by project NoAAAA-A17-117080110043-4

2.45 Some volcanological aspects of the
comparative study of the terrestrial planets
atmospheres in the coordinate system
«planet perihelion - atmospheric composition
- volcanism»

Delemen LF.
Institute of Volcanology FEB RAS

Exoplanetary studies in recent years have revealed a large number
of terrestrial planets with atmospheres outside the solar system. In the
composition of their atmospheres, gases were released by volcanoes into
the Earth’s atmosphere. However, in the solar system, the composition
of the atmospheres on the terrestrial planets is very different. Although
modern and ancient manifestations of volcanism are known on Earth,
Mercury, Venus, Mars, and on some satellites of giant planets, disputes
about the relationship of the role of volcanism with other physical
and chemical processes of atmospheres formation are still ongoing.
Recently published astronomical research results (Krai, Davoult and
Charnay, 2020) have revealed gas discs consisting of carbon, oxygen
and carbon monoxide around main sequence stars. It is believed that
these gas disks coexist protoplanetary with planetesimal belts (similar
to our Kuiper belt). The planet is a consequence of the development
of such a gas-dust and planetesimals belt. The consequence of
such processes is a change in the primary composition of planetary
atmospheres as the distance from the central part of the belt in which
the star is formed increases. To test this hypothesis, we analyzed the
trends in the average composition of terrestrial planets in the solar
system in the coordinate system composition - perihelion of the planet."
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2.46 Study of the lower ionosphere effects caused
by Space weather events and phenomena

Solovieva M.S.Y, | Rozhnoi A.A. ', Kopylova G.N.2, Chebrov D.V.2,

Korkina G.M.?, Budilova E.A.2, Fedun V.2, Boudjada M. Y.%,
Schwingenschuh K.*, Eichelberger H. U

L Schmidt Institute of Physics of the Earth of RAS, Moscow, Russia
2 Kamchatka Branch of Geophysical Survey, RAS,
Petropaviovsk-Kamchatsky, Russia
3 University of Sheffield, Sheffield, United Kingdom
4 Space Research Institute of AAS, Graz, Austria

We present a short review of studies of the lower ionosphere effects
caused by Space weather events and phenomena. The analysis is based
on measurements from a network of Very Low and Low Frequency
(VLF/LF) receivers. We analyse the electromagnetic narrow-band
signals from ground-based navigational transmitters and transmitters
of time service (in range 10-50 kHz) which are deployed all over
the world. The propagation of subionospheric VLF/LF signals over
distances of thousands of kilometers enables remote sensing over
large regions of the lower ionosphere (D region) in which ionospheric
modifications lead to changes in the received amplitude and phase.
Presented here are the results of effects of solar eclipses, solar flares,
geomagnetic storms, proton bursts and relativistic electron fluxes. The
solar flares are one of the main Space weather events. As an example
of solar X-ray flares influence on the lower ionosphere we consider here
X9.3 flare occurred on 6 September 2017. Sudden Phase Anomalies
(SPAs) were observed in all middle-latitudes paths under consideration
with length from 350 km to 7000 km and different orientation. The
change in effective height of reflection due to the lowering of reflecting
layer during a flare was found to be about 12 km. Spectral analysis of
the filtered in the range 5 sec-16 min X-ray and LF data was shown
that spectra of the LF signal are very similar to spectra of X-ray.
Maximum both X-ray and LF spectra was in interval 2-16 min. Effects
in the lower middle-latitude ionosphere caused by magnetic storms
were investigated for 24 wave paths in Europe and in the Far East
of sub-ionospheric signals. It was found that magnetic storms with -
150 <Dst<-100 nT do not influence considerably on variations of the
VLF/LF signals. In middle latitude, effects in VLF/LF signals during
the recovery stage of magnetic storms (post storm effects) are the
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most important. The anomalies can be observed during several days,
up to week or more. To examine the sensitivity of VLF/LF signals in
the middle-latitude paths to the relativistic electron fluxes (> 2MeV)
and proton bursts (0.6-2.4 MeV) the correlation method was applied
to the period of 2012. Data series of daily maximum characteristics
recorded by satellite the GOES were used for cross-covariance functions
calculation. Correlation with outer-zone particles fluxes was found for
almost half of the paths under analysis. Correlation with particle fluxes
was about 40 % in the vicinity of the events. As an example of the
response of the lower ionosphere during the total solar eclipse we
consider here the case of eclipse on 20 March 2015 in North Europe.
In total 22 paths have been investigated. The paths crossed areas of
obscuration from 40 to 100

2.47 Temporal regularities of changing magnetic
field generation modes in the model of the
afl-dynamo

Godomskaya A.N.*, Sheremetyeva O.V.2

L Municipal Budgetary Institution for Supplementary Education
«Center «Luch»»
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The dynamic model of the af2-dynamo is considered under the
assumption of axial symmetry of the liquid core velocity field and
magnetic field. The velocity field is zero at the inner and outer
boundaries of the spherical shell of the liquid core. The magnetic
permeability of the inner and the outer core is the same, the medium
outside the core is not conductive. The a-effect is antisymmetric
relative to the equator, therefore, we take the scalar parameterization
of the a-effect in the form of the function a(r, ) = aga(r) cos 6, where
the radial component a(r) = r, the coefficient ag > 0 determines
the intensity of the a-effect. In this model, the intensity change
of the a-generator is considered as a result of the higher modes
synchronization of the velocity field and the magnetic field and is
regulated by the function Z(t) with the exponentially power kernel
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J(t). The choice of the exponent and the scale coefficient of the kernel
determine its temporal characteristics: waiting time and influence
time. The question of changing the modes of magnetic field generation
depending on the temporal characteristics of the function’s kernel is
under the investigation.

2.48 The electrical structure of eruptive volcanic
clouds

1, Akbaschev R.R.2, Cherneva N.V.!, Firstov P.P.?

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS
2 Kamchatka Branch of the Geophysical Survey, Russian Academy of
Sciences, Petropavlovsk-Kamchatsky, 683006 Russia

It is shown that the data of measurements of the electrostatic field
of the atmosphere and wind speed make it possible to determine the
characteristics of compact regions of increased charge density (volcanic
globule) that form this field their charge and extent parameter. A model
of the electrostatic field of the atmosphere formed by several volcanic
globules with various charge and extent parameters has been developed.
An algorithm and program for restoring the charges structure of the
electrostatic field of the atmosphere according to the registration of
a daylight surface fluxmeter have been developed. The parameters
of volcanic globules were determined and the field was approximated
using field measurements of several volcanic eruptions. The conclusion
is made about the possibility of restoring the history of the eruption
based on the use of the proposed model.
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2.49 The influence of geomagnetic activity on
hemodynamics in young men - Yakuts

Kozlov V.I.', Stepanova G.K.2, Ustinova M.V.?

L Yu.G. Shafer Institute of Cosmophysical Research and Aeronomyof
Siberian Branch of the Russian Academy of Sciences
2 Institute of Medicine of the North-Eastern Federal University

In the northern latitudes, adverse environmental factors are
combined with changes due to new technologies and increase the
number of people with disharmonious physical development and
functional deviations in the Russian North and among the Inuit of
Alaska, Canada and Greenland. The Earth’s magnetic field serves as
protection against the solar wind, but part of the charged particles
and the associated magnetic disturbances are able to penetrate the
Earth’s magnetosphere. The penetration of charged particles of the
solar wind occurs mainly at high latitudes and the energy of these
particles leads to changes in the ionosphere and atmosphere. Indicators
of the human cardiovascular system change under the influence of
factors of terrestrial and space weather. Significant variability of the
amplitudes and even signs of the detected effects is due to their
dependence on the current state of both the person himself and the
environmental conditions, which does not currently allow us to build
a fairly complete consistent model of the reaction of the human body
to a complex of factors of terrestrial and space weather. Note that the
development of normative indicators for the temporal characteristics of
fluctuations in hemodynamics of indigenous people of the Far North
who have lived for more than one generation under these conditions
is one of the important directions for studying heart rate variations.
Practically healthy young men, mainly students of the Medical Institute
of the North-Eastern Federal University (Yakutsk), aged 18-25 years
(Yakuts), were examined. Monitoring was carried out in separate
months of different seasons of the year for 28 years from 1983 to 2009.
Changes in interannual hemodynamic parameters, such as heart rate,
systolic and diastolic blood pressure, depending on the magnitude of
the magnetic disturbance, changing in the eleven-year solar cycle, over
these 36 years do not exceed the magnitude of interannual fluctuations.
In most of the young men examined in the Asian North of Russia,
heart rate variability indicators are within the mid-latitude standard.
Over a 20-year observation period, students experienced a significant
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increase in systolic and pulse blood pressure values, with the highest
increase observed among students with a hypersthenic constitution.
The observed trend of changes in hemodynamic parameters from 1983
to 2019 in young men, Yakuts, can be explained by a change in
the parameters of their physique. At the same time, it was found
that the impact of extreme environmental factors of the Far North
- a strongly disturbed magnetic field, significant sharp fluctuations
in the temperature of atmospheric air cause statistically significant
reactions of hemodynamic parameters in practically healthy young
Yakuts. The moderately disturbed state of the magnetic field (moderate
and severe storms) did not significantly affect the functional state of the
body of practically healthy young northerners. For very strong storms,
September 11-15, 2005 and December 15, 2006, a significant increase
in heart rate and blood pressure was observed.
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3 Physics of earthquake precursors
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3.1 Features of the manifestation of lunar-solar
tides in the electromagnetic parameters of the
active fault zones of the Tien Shan

Bataleva E.A.
Research Station RAS, Bishkek

When conducting monitoring studies in such seismically active
regions as the Tien Shan, it is necessary to have an idea of the patterns
of behavior of active fault zones, including how a fluid-saturated
environment is affected by seismic events. Currently, in the Bishkek
Geodynamic Proving Ground, the main experimental studies are
aimed at studying zones of increased fracturing and fluid saturation.
The geological environment as a whole, and the fracture structure, in
particular, is subject to the periodic influence of lunar-solar tides, as
a result of which its parameters also periodically change (electrical
conductivity, fluid saturation, elasticity, etc.). In turn, variations of
these parameters reflect the dynamics of geophysical fields in the upper
layers of the crust. The results of the analysis of causal relationships
between variations in electromagnetic parameters and lunar-solar tides
are very important in solving the fundamental problem associated with
the establishment of mechanisms for converting geophysical fields. A
comparative analysis of the dynamics of the behavior of the parameters
of the electromagnetic field and lunar-solar tides was carried out on
the basis of materials obtained during experimental observations at
the monitoring site of sounding in the Kochkor depression Ukok-2
(South Kochkorsky fault), stationary observation points - Ak-Suu
(Issyk-Ata Fault) and Chon-Kurchak and on the monitoring profiles
of the Kentor minipolygon (Shamsi-Tyunduk Fault). Based on the
analysis performed, the following conclusions can be drawn: - there is
a stable relationship between the anisotropy of electrical resistance,
lunar-solar tidal effects and seismicity; - the maximum amplitude of
the vertical component by lunar-solar tidal effects corresponds to an
increase in K, the minimum corresponds to a decrease; - the variations
K, to the gradient zones of which seismic events are attributed, are
most pronounced in the upper part of the section, that is, sharp
changes in the stress-strain state occur at shallow depths of not
more than 10 km. As a result of the analysis of the electromagnetic
parameters of the environment for the relationship with the lunar-
solar tidal influences, it was found that variations of the reactive
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component of electrical resistance (imaginary parts of impedances)
associated with changes in capacitive and inductive characteristics of
rock masses during deformation processes respond to tidal influences
and deformations no less actively than variations of the active
component of electrical resistance (real parts of impedances). The
work was carried out as part of the implementation of the state task
of the Research Station RAS on the topic AAAA-A19-119020190063-2.

3.2 Problems of operative prediction of seismic
events. Sakhalin approach to solution

Bogomolov L.M., Parovyshnyi V.A., Sokhatyuk Yu.V.,
Parovyshnyi D.V.

Institute of Marine Geologyand Geophysics FEB RAS

The research aimed to develop a method for operative prediction
of seismic events has been carried out at geophysical testing sites
in the southern part of Sakhalin Island. The research started on
the ground of the effect of instability of natural geophysical fields
(gravitational, thermal) above a natural gas deposit. The presentation
shows the results of registration of the natural electric field and the
geomagnetic field obtained in IMGG FEB RAS, which are relevant
to two components of seismic event predictions: determining the time
of the expected event (1) and the position of the epicenter (2).
Determining the time of expected events by the data obtained from
the comprehensive electro - and magnetometry methods appears to
be possible at least 4 hours before their implementation (usually 6 -8
hours). This statement is valid when the event occurs after a period
of some seismic gap lasting 10 to 12 hours. But the time of the first
event only may be determined clearly if events follow each other at
short intervals (less than 4 hours). The estimation of the epicenters
positions based on the applied set of observations is possible in frames
of the applied surveys only using the technique of azimuthal serifs from
several points located at a distance of at least 200 km from each other.
The main problem here is to determine the epicenter azimuth from the
observation point. This azimuth can be determined with an error of
nearly 15 degrees when a six-point azimuth setting of EF is used, and
the channel oriented closely towards the epicenter is identified correctly.
The detection procedure is successful in the most recorded episodes,

177



but during the activation of seismic processes the problem is solved
controversially, or not solved at all. The densification of the observation
network and modernization of applied monitoring tools are proper to
further improvement of detectability of the epicenters coordinates of
expected events.

3.3 Analysis of coupling of geomagnetic activity
with the number of earthquakes in solar cycles

Karimov R.R.", Karimova A.R.?

L The Yakut Scientific Centre of the Siberian Branch of the Russian
Academy of Sciences
2 Saint-Petersburg National Research University of Information
Technologies, Mechanics and Optics

Statistical analysis of the coupling between the number of
earthquakes with magnitude greater than or equal to 5 and solar
activity for the period 1996 to 2018 showed a negative correlation.
The geomagnetic activity, described by Kp and Dst indices, has a
maximum 9-10 days before earthquakes with magnitude greater than
or equal to 5. Earthquake data was taken from the USGS Earthquake
Hazard Program database for the whole World. The same character
of the coupling between geomagnetic activity and earthquakes for
different time samples and for different regions provide the statistical
significance of the results.

3.4 Analysis of geoacoustic and electromagnetic
emission signals accompanying earthquake
with magnitude M, = 7.5

Solodchuk A.A., Lukovenkova O.O.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The report is devoted to the analysis of a frequency composition
and a variety of pulse waveforms of the geoacoustic emission and the
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electromagnetic VLF radiation recorded on the Kamchatka Peninsula
at "Karymshina" site (52.83° N, 158.13° E) during seismically quiet
and active periods.

The signal preprocessing includes pulse detection and their
waveforms recovery. A frequency composition is analyzed using the
adaptive matching pursuit method. To study the variety of waveforms,
each pulse is described by a special image matrix. Then clustering
of pulses based on similarity of their waveforms is carried out. It is
assumed that the geophysical system generates a limited set of pulse
waveforms, and the clustering allows us to identify this set. As a result
of processing, qualitative composition of the pulse geophysical signals
is evaluated.

The authors analyzed the geophysical signals recorded before,
during and after the earthquake with the magnitude M,, = 7.5
that occurred on March 25, 2020 at 02:49:21 UTC at the epicenter
distance of 430 km (NEIC, https://earthquake.usgs.gov). The obtained
estimates of the frequency composition and the set of pulse waveforms
are compared with the analysis results of signal recoded during a
seismically quiet period (a few days before the earthquake).

The work was carried out according to the Subject AAAA-A17-
117080110043-4 "Dynamics of physical processes in the active zones of
near space and geospheres".

3.5 Applying general markup knowledge to
analyze ionograms of various ionosondes

Mochalov V.A., Mochalova A.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

In order to improve the quality of recognition of ionograms, the
use of general knowledge about the reference marking of ionograms
at various points of installation of ionosondes of the same type is
considered. On the basis of reference markings from two ionosondes,
deep neural networks were trained to highlight reflection traces from
different layers of the ionosphere. The resulting deep neural networks
have been successfully applied to recognize ionograms of another type
of ionosonde. The results of recognition are presented.
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3.6 Gamma ray flux anomalies prior to
earthquakes in Northern Tian Shan

Salikhov N.M.', Pak G.D.', Shepetov A.L.2, Zukhov V.V?

L Institute of Ionosphere
2 P.N.Lebedev Physical Institute of the Russian Academy of Sciences

A comprehensive experiment is at Tien Shan Mountain Scientific
Station (N43.04351 E76.94139, 32km from Almaty city) which is
aimed to search for characteristic anomalies in behavior of various
geophysical phenomena in lithosphere, atmosphere and ionosphere
during the periods of increased seismic activity before earthquakes.
The report will provide an analysis of abnormal behavior, which was
observed in gamma ray variations in subsoil rock layers (in dry well
at a depth of 39m) and in the surface layer of atmosphere prior to
M4.2 - 6.4 earthquakes (n=7). In Almaty city these seismic events
were felt of 2 to 5 on MCK-64 scale. Note that epicenters of these
earthquakes were within the Dobrovolsky radius. For measurement
of the background radiation flux in our experiment it is used a
pulse counting technique from a scintillation gamma detector on
a Nal(Tl) scintillator crystal. Output signals of this detector are
registered separately in four amplitude channels which correspond
to the different ranges of radiation energy, from 30keV and up to
1500keV. The pulse count accumulation time in each measurement
is 10s. Approximately 3-7 days before the Mb5.1 6.4 earthquakes
(n=6), a similar-bay depression was revealed at the records of gamma
rays within the well. A day before the mainshock the decrease has
been replaced by a restoration trend to its initial level. Practically
simultaneously, anomalous changes of radiation intensity were detected
in the surface layer of atmosphere as well. An opposite effect was found
in the case when M4.2 earthquake epicenter was located very close, at
5.3km only, to the well. It was found there an abrupt surge of gamma
radiation which preceded the earthquake by 7 days, and a decreasing
trend which lasted up to the mainshock. Within the well the effects of
seismologic origin on the gamma radiation revealed themselves more
distinctly than in near surface atmosphere. This can be explained by
the fact that both the background radiation flux and temperature at
the 39-40m deep level in the well do not practically change day to
day and are not affected by weather precipitation and temperature,
as it is observed in the near-surface atmosphere. This circumstance
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makes it probable to detect even small changes of radiation within the
well. In some cases together with anomalies in gamma ray variations,
similar irregularities were revealed in the environmental flux of thermal
neutrons, as well as ionospheric disturbances which were detectable by
electromagnetic signals of VLF radio frequency range (1.5 -11.5 kHz)
and by the Doppler frequency shift measurements.

3.7 Hydrogeochemical precursors of earthquakes:
a review of global data

Kopylova G.N.

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

Anomalous changes in the ion-salt and gas composition of
groundwater before earthquakes with magnitudes Mw in the range of
5 - 8, discovered during long-term regular observations on self-flowing
wells in seismically active regions, are considered as hydrogeochemical
precursors (HGCP). Such work was carried out in Japan, Uzbekistan,
Iceland, in Russia on the Kamchatka Peninsula and in other countries.
Studying the spatio-temporal patterns of HGCP manifestation and
their relationship with the parameters of subsequent earthquakes allows
us to determine the significance of the hydrogeochemical method
for predicting strong earthquakes and to consider the processes of
HGCP formation in groundwater systems. In the report global data
on HGCP from a unified standpoint are considered in comparison with
the updated parameters of subsequent earthquakes and observation
conditions. It is shown that HGCP occur mainly in the near and
intermediate fields of earthquake sources, for which the ratio between
the epicenter distance to observation wells and the maximum linear
size of the earthquake source is from 1 to 7-8. The typical times of
HGCP development before earthquakes are from less than one month to
nine months. Separate examples demonstrate the process of the HGCP
formation in aquifer systems of wells due to changes in the mixing
conditions of ground waters with contrasting composition during the
development of fissure dilatancy at the earthquake preparation. This
work was supported by the Russian Foundation for Basic Research,
project 18-05-00337
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3.8 Imminent estimation of earthquake hazard by
regional network monitoring the near surface
vertical atmospheric electrostatic field

Chen T.

State Key Laboratory of Space Weather, National Space Science
Center, Chinese Academy of Sciences, Beijing

An imminent precursor mechanism has been presented by
earthquake case studies. It is reported that when a major earthquake is
forthcoming, the critical change of the crusts in the region of epicenter
lead to a great number of rocks being cracked and torn microscopically,
possibly some gases passages connected each other, and these passages
open to the air through the soil. The special geological movement will
significantly release the gases which include micro mount of isotope
such as radon. In turn, these radioactive gases undergo « particle decay,
then a « particle with MeV energy will nearly ionize million ion pairs, so
many positive and negative particles will be departed by the vertically
downward normal fair weather atmospheric electrostatic field, thermal
convection and gravity force before recombination. Finally, these over-
dose positive and negative ions will generate a unique reverse vertical
atmospheric electric field. The analytical results have been based on
research that many earthquake cases have been studied carefully. A
very useful method has been proposed in this paper that utilize the
anomalous near the surface vertical atmospheric electrostatic field
signals under fair weather condition to estimate the probability of
earthquake occurrence, determine possible location of epicenter, hazard
degree, the duration in which the shock may begin.
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3.9 Investigation of the influence of seismic
activity on the translucency coefficient of the
sporadic Es layer over Kamchatka

Bogdanov V.V., Pavlov A.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Small-scale turbulization of the sporadic Es layer (tens of meters)
is estimated by the translucency coefficient AfbEs, and large-scale
turbulization (hundreds of meters) is expressed in Es scattering. It is
known that before large earthquakes with magnitudes M > 5.0, the
formation of abnormal sporadic layers in the E region can be observed:
an increase in the electron concentration and translucency coefficient at
the interval from 14 to 3 days before the earthquake and a subsequent
sharp decrease in the values of these parameters 1 day before the
earthquake. The increase in the translucency coefficient of the Es layer
is the result of an increase in small-scale turbulization of the sporadic
layer, and its decrease is associated with heating of the lower layers of
the ionosphere.

This paper analyzes changes in the translucency coefficient of the
sporadic Es layer preceding the onset of earthquakes with a magnitude
M > 5.0 that occurred in the Kamchatka region during the period 2015-
2019. The prognostic efficiency of the parameter AfbEs was evaluated
using the methods of A. A. Gusev and G. M. Molchan.
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3.10 Mechanism of lava flow movement
accompanied by a seismic mode «drumbeats»
on the Kizimen volcano

Shakirova A.A., Parovik R.I.2, Firstov P.P.!

! Federal Research Center Unified geophysical service of the Russian
Academy of Sciences, Kamchatka branch
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Drumbeats mode is an unusual seismic mode consisting of volcanic
earthquakes with monotonous wave forms (multiplets) that are
recorded from tens of minutes to months. Due to the well-defined
quasiperiod between the earthquakes and the almost stable dynamic
range of magnitudes (M <2), the mode is called drumbeats . This mode
was recorded when individual blocks were squeezed out on the extrusive
domes of andesite and dacite volcanoes of the world and occurred at
a stable equilibrium state in the channel-magma system during an
eruption. The drumbeats mode was recorded during the eruption of the
andesite volcano Kizimen during the movement of a viscous lava flow
along the volcano’s slope in 2011-2012. At the same time, multiplets
lasting from tens of minutes to months with the energy class KS <6.3
(KS = 1gE, j) were registered, forming the drumbeats mode. The paper
considers the possibility of explaining its mechanism based on the
stick-slip effect, which is studied in the framework of the mechanical
movement of a load on a spring along a surface that has falling friction.
The qualitative coincidence of the results of mathematical modeling
with experimental data suggests the possibility of generating a seismic
mode drumbeats as a result of the movement of the lava flow along the
slope with the inclusion of the stick-slip mechanism.
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3.11 The internet-community response to the
Mexican earthquake of February 1, 2019

Tertyshnikov A.V.

Fryazino branch of the state budgetary institution of science V.A.
Kotelnikov Institute of Radio Engineering and FElectronics

The concept of environment includes both natural environment
and its anthropogenic surroundings, which are interrelated. The social
medium as an element of anthropogenic surroundings strongly affects
the state of environment and is a biological indicator of its variations.
Advances in social networks, internet, and artificial-intelligence
technologies furnish a unique opportunity to diagnose variations in the
social behavior of different groups of people on a time scale close to real
for concrete seismically hazardous regions. Solution of this problem, it
is necessary to regularly collect and analyze available information on
characteristics associated with foreshocks. Both linguistic-search and
data-analysis programs have been developed for word processing in the
Internet search systems. These programs use sets of queries associated
with the ontology of the processes under study. It was proposed to use
Air, Crash, Health, Radioactivity, and Water as keywords that follow
from an analysis of earthquake-development processes and the features
of the manifestation of predictive geophysical-field disturbances. The
messages found by search systems and limited by the georeferenced
region under study were inserted into a table. On February 1, 2019,
16:14:12.2 UTC, in southeastern Mexico (14.86 N; 92.20 W), an
earthquake (Mw=6.6) occurred (CHIAPAS, MEXICO). Its seismic
center was in the Chiapas State in the vicinity of the Guatemala
border, and its hypocenter was at a depth of 67.9 km. Earthquake
shocks were pronounced in many regions of Mexico, Guatemala, El
Salvador, and Belize. The day of February 2, 2019 was seismically
active. The curve of variations in the sum of recurrences of enquiry
words («Air», «Water», «Health») normalized to minimal maxima
has been obtained for this earthquake. This graph is considered as
an illustration of the sequence of the stages of development of a
strong earthquake. On the eve of the earthquake the recurrence of key
enquiries rapidly increases. Such an increase follows a period of seismic
calm. The earthquake start is marked by two strong signals. The
hypothesis of the constancy of variances for periods before and after
the earthquake according to the Fisher ratio test with a significance
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level of a < 0.05 is not fulfilled, i.e., the time series under analysis is
nonstationary. Therefore, in further studies, the methods of parametric
statistics should be used with great caution. This is also true for testing
the hypothesis of the equality of expected values of the periods under
consideration. Three fragments—before and after the earthquake and
the stage of its calm approximately a week after its occurrence—have
morphologically been revealed in the calculated amplitudogram of the
time series obtained using a sliding window 16 days wide with the aid
of the fast Fourier transform. This is a visual evidence of the response
of the internet community to such a disastrous event. An analysis of
the activity of both regional and local networks will make it possible
to refine the results of the seismic-hazard diagnostics. Estimates
of the internet-community response to the catastrophic earthquake
and the period of its development have been obtained for the first time.

3.12 Mid-term evaluation of seismic hazard on the
Sakhalin Island using the LURR method:
new results

Zakupin A.S., Boginskaya N.V.

Institute of Marine Geology and Geophysics Far Fastern Branch
Russian Academy of Science, Yuzhno-Sakhalinsk, Russia

A number of interesting results have been obtained during the last
few years on Sakhalin island by the scientists of the Institute of Marine
Geology and Geophysics FEB RAS (IMGG FEB RAS) in the field
of medium-term seismic hazard assessments for earthquakes with MW
> 5.5. LURR (load/unload response ratio) calculations for the period
from 1988 to 2019 revealed anomalies in 6 areas of the island, i.e.
precursors of earthquakes. In this paper, a retrospective analysis of the
seismic regime of the central part of the Sakhalin island in the period
1997-2005 using the LURR method is carried out. Calculations for this
part of the island for the specified period were not previously performed
due to insufficient data in the calculated sample of events. This
paper uses additional information from two independent catalogues.
Seismicity was studied before the Uglegorsk earthquake on August 4,
2000. (MW = 6.7), which has so far been listed as a missed target in a
series of 7 forecast estimates of Sakhalin earthquakes with a magnitude
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greater than 5.5. The results of calculations of the LURR parameter for
the "Regional catalog of Sakhalin island earthquakes, 1905-2005"and
the catalog of the Geophysical Survey of Federal Research Center of
Russian Academy of Science (GS FRC RAS) indicated the existence of a
zone in the Central part of Sakhalin with an anomaly in February 2000,
which was a precursor for the Uglegorsk earthquake (August 2000). In
addition, it is shown that the "danger zones"in the space for the Uang
and Onor earthquakes (their epicenters are adjacent to the Uglegorsk
settlement zone) are determined according to the IMGG FEB RAS
catalog (filling period 2006-2016) with worse accuracy (deviations up
to 1) than when using the catalog of the GS FRC RAS. A successful
retrospective calculation of the LURR parameter before the Uglegorsk
earthquake can be added to the total number of medium-term seismic
hazard estimates on the Sakhalin island by this method. Over the past
thirty years, 6 such predictive estimates have been made for earthquakes
with a magnitude greater than 5.5 (the lower limit set by the authors
for Sakhalin in the LURR method) (including the operational forecast
of the Onor earthquake in 2016), despite the fact that 7 real events
meeting this condition occurred. Another successful LURR forecast for
the Krillon earthquake (Mw = 5.0) in real time was made in 2017, but it
is out of the general statistics of Sakhalin earthquake forecasts because
the magnitude was actually less than the expected value. Presentlye,
the results obtained by the LURR method, in our opinion, have no
analogues among other methods in terms of the effectiveness of the
obtained estimates. The method will undoubtedly be in demand for
medium-term seismic hazard assessments on the Sakhalin island in the
future.
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3.13 New data on the possibility of a strong
earthquake in the Kamchatka region
according to monitoring of subsoil radon

Firstov P.P.*, Makarov E.O.}:2

L Kamchatka Branch, Geophysical Survey, Russian Academy of
Sciences
2 Vitus Bering Kamchatka State University

Since 2000, a network of monitoring points for subsoil radon (SRn)
has been operating on the Kamchatka Peninsula in order to search
for precursors of strong earthquakes. At the Paratunka reference point
(PRTR), one of the sensors in the moisture saturation zone is installed
in an area with increased strain sensitivity to changes in the stress-
strain state of the geoenvironment. The second SRn sensor, the data
of which was used in this work, is located in the area of the NIS-1
research well in the aeration zone (INSR point). Observation points
are located in various geostructural elements of South Kamchatka, at
a distance of 27 km from each other. The behavior of the dynamics
of the volume activity of radon (VA Rn) over a long period for
both sensors suggests that there is a definite relationship between the
variations of VA Rn and strong earthquakes with a magnitude of M
> 7.5 in the northwestern edge of the Pacific Ocean. To construct a
series of VA Rn and compare it with the seismicity of the specified
region, the initial data with a sampling of 10-30 min were subjected to
barocompensation, and then they were decimated in half-day intervals,
followed by smoothing with a moving average in a five-day window
in order to filter the high-frequency component. For a more reliable
identification of precursors of strong earthquakes, the seasonal annual
component was subtracted from the obtained time series of VA Rn. The
course of the obtained curve was compared with the most powerful
earthquakes in the northwestern margin of the Pacific Ocean. In the
PRTR point in the zone of full moisture saturation, three cases of
occurrence of precursors lasting from 1 year to 3 years were identified
in the form of an uptrend followed by a decrease in VA Rn before
earthquakes with M > 7.5 with epicenters at a distance of less than
1000 km. Elements of a similar behavior of the dynamics of VA Rn are
identified in the point INSR. The linear dependences approximating the
VA Rn trends turned out to be very close, which indicates a uniform
process that arises in the region of the observation point before strong
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earthquakes. Currently, in the dynamics of VA Rn at both points, the
three-year uptrend has been replaced by a decrease, and in paragraph
PRTR the values of VA Rn have reached the minimum values for
the entire observation period. This suggests that in the area of the
Kamchatka Peninsula at a distance of up to 500 km from the PRTR
point until February 2021, an earthquake with M 7.5 is most likely to
be expected. This work was partially supported by the RFBR project
No. 20-05-00493.

3.14 Power regularities in the sequences of the
statistically related events

Sheremetyeva O.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The regularities in the statistically related events sequences are
investigated based on the model of relaxation processes, which are
described by the Poisson fractal process. The parameters of the
Mittag-Leffler function to approximate the statistical laws are defined.

3.15 Quantum entanglement of protons in
hydrogen bonds of the lithosphere,
hydrosphere, atmosphere and biosphere is
suggested to give rise to an earthquake
prediction

Kuznetsov V.V

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Quantum entanglement of protons in hydrogen bonds at lithosphere,
hydrosphere, atmosphere and biosphere appears as phenomena called
quakes (shaking). An earthquake as its foreshocks are quakes.
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Indistinguishably small in the lithosphere the foreshocks are often
clearly observable in hydrosphere, atmosphere and biosphere.
Manifesting as lights and sounds in atmosphere and oceans, changes in
atmospheric electric and magnetic fields, protein quakes in biosphere
and so on, the earthquake precursors are obviously discussed for
short-term forecasting.

3.16 Responses to the preparation of strong
Kamchatka earthquakes in the
lithosphere—atmosphere—ionosphere system,
based on new data from integrated ground
and ionospheric monitoring

Bogdanov V.V.', Gavrilov V.A.2, Pulinets S.A.3, Uzunov D.P.*

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS
2 Institute of Volcanology and Seismology FEB RAS, Russia
3 Institute of Space Research RAS, Russia
4 Chapman University, Orange, USA

The experience of short-term forecasting of Kamchatka earthquakes
based on complex well measurements at the Petropavlovsk-Kamchatsky
geodynamic polygon (PGP) shows that, as a rule, the preparation
of strong Kamchatka earthquakes is fairly reliable in the medium-
term time scale (months or years before the earthquake). However
the determination of the stage beginning immediately preceding an
earthquake (weeks or days before the main event) is a very difficult
task.

At present time, the solution of this problem is largely associated
with the involvement in the preparation of forecast conclusions of
data from continuous monitoring of the ionosphere, carried out by
ground-based means of vertical radiosonding and measurements of
total electronic content (TEC) using the global navigation satellite
system GLONASS and GPS. This is due to the fact that significant
changes in a number of ionospheric parameters occur mainly 1-5 days
before the Kamchatka earthquakes. The results of the comparison of
the data of daily monitoring of the ionosphere, including information
on TEC, with the data integrated downhole measurements showed a
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rather high correlation of occurrence of anomalies in the ionosphere
before strong earthquakes with changes in the complex parameters
in borehole measurements. As one example, the report presents the
results of ionospheric and borehole monitoring obtained in the time
neighborhood of the strong (My = 7.7) the earthquake that occurred
on March 25, 2020 in the area of the Northern Kurils. The results show
a high correlation between changes in the specific electrical resistivity
of the Geomedia in the area of the PGP with variations in the TEC
and the formation of a number of other anomalies in the ionosphere
a few days before the earthquake. These results indicate that it is
possible to determine fairly reliably the beginning of the final stage
of preparation for a strong earthquake. Currently, methods based on
atmospheric parameters monitoring are used quite successfully for
predictive estimates of the epicenter and magnitude of an earthquake:
the method of chemical potential corrections for measurements at an
altitude of 100 m, as well as data from measurements of outgoing long-
wave infrared radiation (OLR) at the level of the upper edge of clouds
(heights of 10 -15 km).

3.17 Search for anomalies in pulsed acoustic and
electromagnetic emission flows

Senkevich Yu.l

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Acoustic Research Laboratory of IKIR FEB RAS searches
for signal anomalies in the signal of geoacoustic emission (GAE)
and electromagnetic emission (EME), which indirectly reflect the
characteristics of processes occurring in the surface layer of the
lithosphere and the atmosphere. GAE signals are elastic vibrations
that occur during dynamic rearrangements in the structures of surface
sedimentary rocks, which are characterized by low strength and high
ductility. The most famous works in this field are restricted to the
analysis of energy characteristics of this signals using spectral and
correlation methods which did not show stable relationships with
seismic events. [G. Druzhin 2017]. In the presented study, an attempt
was made to consider the flows of impulses from the standpoint of
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a coding theory. To encrypt each pulse in a stream, its pattern is
describe by the ratio of values of local extrema between each other
according to the rules: if xi> xi + ji, j = 1, ... N, then the result of the
comparison is 1, otherwise it is 0, where xi is a set of local extrema
belonging to a concrete pulse. Based on the comparison results, a
square binary matrix of amplitude relations is formed. To take into
account the phase relations inside the pulse, time intervals between
its local extremums are measured. Based on the comparison results, a
square matrix is also formed. Matrix have of redundant information,
because they are skew-symmetric. Zeroing out the redundant elements,
we turn the first matrix into a upper-triangular one and the second
one into a lower-triangular. Adding an additional zero row and a
column to the second matrix we obtain equal-sized matrices. When
putting together the both matrices, we get a resultant binary matrix, a
template which contains the information on amplitude-phase relations
inside the pulse and fully characterizes the structural morphology of
its pattern. Then, at the given stage of analysis, we search for matrix
templates which, according to the similarity criterion constructed by
the value of intersection of matrix element sets, are structured into
clusters. In each of the generated clusters, a template matrix closest
to the cluster center is designated by a symbol, and a combination of
selected symbols makes up an alphabet for the period of observations.
The initial signal is rewritten in alphabetical symbols. An obtained
sequence is considered as an encoded message. Structural-linguistic
processing and analysis of messages are carried out in two directions to
detect anomalies in GAE and EME pulse signals flows [Yu. I. Senkevich
2017, 2019]. The first is the assessment of changes in the alphabet
symbol content and statistics. Significant changes in the alphabet
indicates changes in the environment generating a signal and changes
in the propagation conditions of electromagnetic waves in the near-
surface layer of the atmosphere. The second direction of the analysis is
carried out using entropy analysis of messages [Tsvetkov O.V. 2015].
Calculation of the relative entropy at equally spaced observation
time intervals allowed us to trace the changes in distribution function
for pulse activity probabilities. The estimates of conditional entropy
made it possible to evaluate the relation between GAE and EME
anomalies. Comparison of the detected deviations, based on the results
of linguistic analysis with the Catalog of Kamchatka earthquakes,
resulted in the formation of probabilistic markers of seismic events. As
a result of research, it became possible to develop a methodology for
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linguistic processing and analysis of GAE and EME signal pulse flows.
Application of the information approach to the analysis of geophysical
signals allowed us to study deeper the physical nature of their relation
to seismic events, to obtain a number of new signs of changes in the
medium of GAE and EME propagation. The developed algorithms
for structural-linguistic processing and analysis of messages were
implemented in a hardware-software complex constructed in the course
of the work under the RSF grant 18-11-00087. The complex is capable
of processing and analyzing the pulse signal fluxes arriving from field
observation site receivers in online mode. The analysis results provide
timely solutions for seismic event occurrences within the near-field
zone of seismic activity in Kamchatka within the radius of 600 km
from the field site for GAE and EME signal recording, Karymshino
site of IKIR FEB RAS.

3.18 Study of acoustic variations during an
earthquake in Iran on July 08, 2019

Riabova S.A., Spivak A.A.

Sadovsky Institute of Geosphere Dynamics of Russian Academy of
Sciences

A series of major earthquakes occurred in western Iran on July 8,
2019. The hypocenter of the most powerful oscullatios (magnitude 5.7 -
5.9) lies at a depth of 10 km, the epicenter was located 28 km southeast
of the city of Meszdede-Soleiman. The report presents the results of
processing and analysis of acoustic records at significant distances from
the seismic event center (more than 2700 km): Mikhnevo Geophysical
Observatory (2731 km), Center for Geophysical Monitoring in Moscow
of IDG RAS (2812 km), and acoustic monitoring in Zvenigorod
(2832 km). The baric disturbances are identified in the form of
acoustic vibrations of the infrasonic frequency range propagating in
the stratospheric waveguide and caused by seismic waves arriving at
the acoustic monitoring points. The energies of the acoustic source and
the seismic event are estimated from the spectrum of the acoustic signal
propagating in the stratospheric waveguid.
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3.19 The results of the sequential application of
the methods of analysis of seismic sequences
LURR and SDP for the prediction of
earthquakes on Sakhalin

Boginskaya N.V., Zakupin A.S.

Institute of Marine Geology and Geophysics, FEB RAS,
Yuzhno-Sakhalinsk, Russia

In the past few years, several seismically active zones have noticeably
become more active on Sakhalin [Levin et al., 2018]. Undoubtedly, this
causes public concern, as they are still fresh in the recollections of
the tragedy in Neftegorsk (1995, M=7.2) and Nevelsk (2007, M=6.2).
Against the background of practically non-developing networks from
monitoring points of a number of potentially interesting geophysical
parameters (EM field, radon, groundwater level, etc.), the study of
earthquake sequences remains the only tool for studying the seismic
regime. A number of successful studies of the seismic regime in
Sakhalin are associated with the good registration capabilities of the
seismological network of the Sakhalin Branch, Geophysical Survey,
Russian Academy of Sciences. Such works [Zakupin, 2016; Tikhonov,
2009; Tikhonov, Zakupin, 2016] were conducted at the Institute
of Marine Geology and Geophysics Far Eastern Branch of Russian
Academy of Science in the last 5-10 years based on LURR algorithms
[Feng et al., 2012; Yin, 1995; Yin et al., 2001] and SDP [Malyshev,
1991]. These methods, based on the analysis of seismic catalogs, make
it possible to determine the main points of transition of the seismic
mode to a state that is close in readiness for dissipation of a significant
part of the accumulated elastic energy, and the time to estimate peak
achievement (for discharge) is comparable to medium-term estimates
and sometimes takes several months. The paper discusses the results of
the study of the seismic regime by LURR (Load/ Unload Response
Ratio) and SDP (self-developing processes). For the five strongest
earthquakes on Sakhalin island from 2004 to 2018, SDP calculations
were performed in the regions of abnormal LURR values, starting from
the time of their occurrence. The combined use of the two methods
for predicting seismic hazard on Sakhalin improved the accuracy of
determining the time of the predicted event by an order of magnitude
from several years to several weeks.
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3.20 Upgrade of the model of self-developing
processes before strong earthquakes in the
Far East Region: to overcome the singularity

Bogomolov L.M., Kamenev P.A., Zabolotin A.E.
Institute of Marine Geology and Geophysics FEB RAS

The variation of the seismic events flow (forshocks, in particular)
provides the main information about Earth Crust processes before
strong earthquakes (EQs), including those occurring in the Russian
Far East Region. The kinetic models have been already developed
to describe forshock and aftershock consequences. It is self-developing
processes model that allows predictions of times of strong earthquakes
(Eq) on the Sakhalin territory with the expectation period from
few weeks to first months. The models describing decay of
aftershock activity by Ohmori Utsu law are well known. But a
fundamental problem of singularity prevents the further development
and adjustment of models with a scenario of so-called blow up regime
(explosive mode, growth faster than exponential). However, examples
of well-known earthquakes in the Far Est region of Russia (two Simushir
EQs, 2006-2007, Nevelsk EQ, 2007) have demonstrated that the
seismicity activation is suspended in some days before the mainshoks. It
has been demonstrated in the presentation that the negative feedback
by accumulation of events amount being included to self-developing
process model allows the following pattern of activity outburst. The
pattern involves the interval of seismic activity rapid growth (blow up
regime) followed by activity retardation and stabilization up to the
time of mainshock. The model describes that a temporal dependence
of activity has the inflection point, being possibly significant for
predictions. The model is unified, since it describes forshock and
aftershock consequences by the same kinetical equation.
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3.21 Very low and low frequency signals method
to study the lower ionosphere response to the
lithosphere and atmosphere events

Rozhnoi A.A. ', Solovieva M.S.', Kopylova G.N.2, Chebrov D.V.2,

Korkina G.M.?, Budilova E.A.2, Levin B.W.3, Shevchenko G.V.3,
Loskutov A. V.2, Hayakawa M.*, Fedun V.5

L Schmidt Institute of Physics of the Earth of RAS, Moscow, Russia
2 Kamchatka Branch of Geophysical Survey, RAS,
Petropavlovsk-Kamchatsky, Russia
3 Institute of Marine Geology and Geophysics, FEB RAS,
Yuzhno-Sakhalinsk, Russia
4 Advanced Wireless Communications Research Center and Research
Station on Seismo Electromagnetics, Tokyo, Japan; University of
Electro-Communications, Tokyo, Japan

5 University of Sheffield, Sheffield, United Kingdom

Measurements from a network of Very Low and Low Frequency
(VLF/LF) receivers were used for investigation of such natural hazard
events as earthquakes, volcanic eruptions, tsunamis propagation,
cyclones and tropical cyclones. Our network consists of 11 receivers
that give us possibility to control high seismic active regions of the
Far East, Alpine - Himalayan belt and Central America. The recent
development of the VLF/LF observation systems in Europe, Asia and
North America can allow us to improve the accuracy and reliability
of the information about properties and position in the ionosphere of
perturbed region. As a case in point we consider the anomalies in the
amplitude of VLF signals in connection with two strong earthquakes
in Nepal (2015). It was found that the two crossing paths have shown
the anomalous signal behavior during several days before the first lager
earthquake. The crossing of the paths has shown good coincidence with
the epicenter of earthquake. Paths which were entirely in the area of
possible appearance of Data from four VLF receivers have been used
to study the response of the lower ionosphere to the January 2011
Mt. Kirishima (South Japan) volcanic eruption. A major explosive
eruption was preceded by several small eruptions. Perturbations of
nighttime subionospheric VLF signals have been detected in all paths
on the day of the first small eruption. The nighttime signal remained
disturbed during the subsequent pre-eruptive and eruptive activity of
Mt. Kirishima. The frequency of the maximum spectral amplitude was
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found to be in the range of periods of 6-30 min, which corresponds
to the periods of internal gravity waves. We investigated the lower
ionosphere response driven by tsunamis caused by 2004 Sumatra, 2006
Kuril, 2011 Tohoku and 2010 Chile earthquakes. In this work we
consider the tsunami triggered by the 2011 Tohoku earthquake based
on data from two receiving stations. We compare our VLF data with
the measurements from the Deep-ocean Assessments and Reporting of
Tsunamis (DART) bottom pressure stations. In both stations during
tsunami propagation signal exhibits a significant decrease in amplitude
(about 10-15 db) together with phase variations of up to 40 degrees
relative to the monthly averaged signal. The frequency of the maximum
spectral amplitude was in the range of 8-60 min for the amplitude of
the signal and in the range of 10-40 min for the phase. These periods
correspond to the range of periods for internal gravity waves and they
are also in compliance with the periods of sea level oscillations. The
data from three stations, sited in the Russian Far East was used to
study the disturbances in the lower ionosphere caused by cyclones and
by tropical cyclones (typhoons in Pacific). VLF/LF signal variations
during 8 typhoons have been analysed. Negative nighttime anomalies
in the signal amplitude were found for 6 events. Those anomalies are
observed during 1-2 days when typhoons moved inside the sensitivity
zones of the subionospheric paths. Perturbations of the VLF signal
observed during 2 typhoons could be caused by both the typhoons
influence and seismic activity.
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