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1 ®Pusuka armocdepsbl



1.1 Amnanun3 Bapuanuii OHY-1rymoB no gaHHBbIM
peructpanum Ha fKyTckoii MepuaANOHAJIIbLHOMI
ernoYKe BO BPEMS COJTHEYHBIX U
reocdusndeckux codbbiTuii B ceHTsiope 2017 romga

Kapumos P.P.Y, Bawwes /.I'Y, Kosnos B.M.}, IHluokasa K.?

L Hnemumym xocmodusuieckur uccaredosanuti u asporomus um.
10.T". Illagpepa CO PAH

2 Incmumym KOCMUMECKUT U IKON02UNECKUT UCCAeJ06aHUTl Seman
Vnusepcumema Hazon

C 4 mo 10 ceursiopst 2017 r. ma Comnie ObLTO 3aperucTpupoBaHo 26
Bembirek Kiacca M um 4 Beublmkm Kjaacca X, 9TO sABJISETCS MAaKCH-
MaJIbHBIM IIPOSIBJIEHWEM BCIBIIIEYHOII aKTUBHOCTH C ampessa 2015 T
BenbImkn  compoBOXKIaMCh BBIOpOCAME KOPOHAJIBHON Macchl. Kak
CJIEJICTBHE ITOrO, Yepe3 HEKOTOPOE BPEMSI B OKOJIO3€MHOM KOCMHUYECKOM
[IPOCTPAHCTBE OBLIN 3aPErUCTPUPOBAHBI BO3PACTAHUS COJTHEYTHBIX KOC-
MHUYeCKuX Jydeit. B 3ToT ke mepumos BpemeHn Ha 3emiie HAOIIOMAINCH
HECKOJIbKO MHTEHCUBHBIX U YMEPEHHBIX BO3MYIIEHUII MATHUTHOTO TIOJIsT
Bemun. IIpejcraBisier WHTEpPEC MPOCIEIUTH CJIEJICTBUS COJHETHOM
U TEOMArHUTHON AaKTUBHOCTHM II0 JIAHHBIM HAOJIIOJCHUN Bapuannit
ecrecrBerHoro OHY-mzimydennss Ha Ha3eMHBIX CTaHIUSX ZKyTCKOR
mepuauonaabuoit nenouku UKOUMA CO PAH. B anamuze O6buin
WCIOJIb30BaHbl JaHHble MHOTOKanajgbHOoro OHY-perucrparopa, ycra-
HOBJIEHHOrO Ha pajuodusndeckom mnoJmrone «Oiibenkenby (62N,
129.3E) u gannbie OHY/KHY-upuemMHuKa, yCTAHOBIEHHOTO Ha ONTH-
yeckoM mosrone «Maidimaray (63N, 129.5.E). Pesyabrarel anammsa
MMOKA3aJId U3MEHEHUsI aMIIUTYIHBIX U CIIEKTPAJbHBIX XaPAKTEPUCTUK
narencusHocTr OHY-uzmyvenns: armocdeproro u MarHuTocgepHOro
[IPOUCXOXKJIEHNUS, CBA3AHHBIE C BO3JEHCTBUEM COJIHEYHBIX PEHT-
TEHOBCKHMX BCIIBIIIEK HA HIXKHIOID HOHOCHEPY MU C IPOIECCAMU B
MarauTochepHoOi II1a3Me BO BpPeMsl BO3MYINEHUII MATHUTHOIO IIOJISI
Semitn.



1.2 Amnanm3 cocTossHUSA aTMOC(HEPHON MUPKYJIIITUN

BO BpeMsl HHTEHCUBHBIX I'po3 B AKyTum B
2009-2016 rr.

Tapabyxuna JLA.*, Kononosa H.K.2, Hunoxenmves J.E.1,
Kosnos B.H.!

L Hnemumym xocmodusureckus uccaedosanuti u aspoHoMUL UM.
10.T". Illagpepa CO PAH
2 Hncmumym zeoepaguu PAH

[TpoBejieHo comocTaBiieHne JgHEH C MOBBIEHHBIM CYMMAPHBIM YHCJIOM
IPO30OBBIX Pa3psiJIOB Ha BCell TeppuTopuu SKyTHH U ee IEHTPaJib-
HOM YaCcTH C COOTBETCTBYIOIIUM THUIIOM aTMOCKEPHON IMUPKYJISINN,
ruraccudurmpoBanuoit mo meroxy bB.JI. [I3epazeeBckoro. Bapwarun
CYTOYHOI'O KOJIMYECTBA I'DO3OBBIX PA3PsIOB OIEHUBAIUCH C IOMOIIBIO
CHUCTEM TI'DO30JIOKAIUN, PETUCTPUPYIONIUX PAJIMOUMIIYJIbCHl OYeHb
HU3KOYACTOTHOIO JUAIA30HA, W3JIyYAeMbIX T'DO3OBBIMU Pa3psiIaMu.
JlHU ¢ MHTEHCHBHBIMU T'DO3aMU BBIJIEJSLINCH 10 ypoBHIO 0,7 0T Mak-
CUMAJIBHOTO CYTOYHOI'O KOJIMYECTBA MOJIHHUI 3a JIETHUN CE30H, a JTHU
C MUHUMAJIbHOM I'PDO30BOI AKTHUBHOCTHIO BBIJEJISIJIUCH 110 KOJUIECTBY
MeHee 30



1.3 Amnanus ycuaosuii pacnpocrpanenusa CJ/IB
PaaNOBOJIH B BOJIHOBOJIE «3eMJIsi-uoHOChepa»
Ha Tpaccax «HoBocubupck — Yaan-¥Yaa» un
«KomMmcomoabck-Ha-AMype — YiaaH-Ya3» BO
BpeMsi MarHuTHbIX Oypb 31 aBrycra - 12
ceHTsbps 2017 roma

Bawxyes I0.5., Adsoxamos B.P., Byanosa J[.I., ITywxapes M.T.
Hnemumym gusuveckozo mamepuanosedenus CO PAH, Yaan-Yos

IIpoBesien ananau3 pe3y/IbTATOB M3MEPEHUN aMIUIUTYAbl U JIOIOJIHU-
TesibHOM asbl o 3jaekTpomarauTHoro nojst C/IB  mmmysibcHO-
dazosoit PHC PCH-20. MccimemoBaHbl paJg@oTPacChl ITHPOTHOIO
npoctupanusi: Tpacca 1 «HoBocubupck - Ymaw-Yms», gouaa - 1580
kM; Tpacca 2 «Komcomosbek-ua-Amype - Yiaan- Ymay, amuna - 2080
KM. PaccMmorpensl cyTodnble Bapualuu aMILIATYAbI 1 (as3bl QA0I
pagauocuruaso 11,9 u 14,88 kI'it ¢ 31 aBrycra mo 12 cemtsiopsa 2017
r. Ha Tpaccax 1 m 2. Bocrounast Tpacca 2 JJMHHee 3al1aIHON TpacChl
1 ma 500 KM, OSTOMY YpOBEHb CHTHAJIA HA MaHHOW Tpacce MOYTH
BCerJa HIKe. B OOBIYHBIX M€OMArHUTHBIX YCJIOBUSX YUETKO DPa3Ieis-
IOTCH JHEBHbIE W HOYHDLIE YPOBHU aMILIATYIBI U (Pa3bl PAINOCUTHAIA
na uvacrore 11,9 kI'm. lonosiHuresnpHas daza IO HUMEET TaKXKe
3aKOHOMEPHBIE PeryJisipHble CyTOYHBIE BapUallud B Ipejesax jo 120°.
CyimecTBeHHbIE pa3/nans Ha Tpaccax 1 m 2 HaOJIIOJAIOTCS B ypPOBHE
AMIIJIUTY/IBl CUTHAJIA BO BpeMsi MarHUTHBIX Oypb. 5, 8, 9 u 10 cenTsiOpst
Ha Tpacce 1 HOUYHbIE YPOBHU CyIIECTBEHHO HUXKE THEBHBIX, TPOUCXOIUT
YMEHbBIIIEHUE aMILTUTYJIbI 70 6 pa3. DTo sBJIeHre OTMEUEHO BIIEPBBIE 38
nepuos, Habmoaenuit ¢ 2013 roga. ®aza BeseT cebst Tak»Ke aHOMAJBHO,
qacTo HabJIofaeTcs <«Ipebe3r» U jayke CpbiB (as3bl. PaccMmorpeHb
CYyTOYHBIE BAPHUAIUU aMILIUTYIbI U JONOJHATEIHHONM (a3bl HA IACTOTE
14,88 xI'm HA Tex 2Ke TpaccaX. YCTAHOBJIEHBI CYIECTBEHHBIE PA3JIMINS
B IPOCTPAHCTBEHHBIX AMILIUTYIHO-(DA3OBBIX HABJIEHUAX B OOBITHBIX
¥ aHOMAJIbHBIX T€OMATrHUTHBIX VCJIOBHAX Ha dYactoTax 11,9 m 14,88
kl'nm npu pacnpocrpanenun CJIB paanoBoJiH Ha IIPOCTPAHCTBEHHO-
pa3HEeCEHHBIX TPaCcCcax IMUPOTHOTO mpoctupanus. OHU 3aKTIOYAIOTCS B
CyIIECTBEHHOM yMEHBIIEHNN YPOBH:A curaaJia Ha dactore 11,9 xI['m Bo
BpeMsI O9eHb CHJIbHOIM MarnuTHOW Oypu. IIpoBesen amaan3 cyTOIHBIX
Bapuarnii MeJIMaHHON aMILTUTYIbI pagmocuraasos 11,9 m 14,88 xI'rg



Ha Tpaccax 1 m 2, moIydeHHBIX IOCIe JeIUMAIlN 1 IIPOILYCKAHUS Mac-
CUBa M3MepeHuil uepe3 1MudPOBOH CTIaXKUBAIOMINI TOJMHOMHUATHHDBIH
dusrp Casuikoro - Tostea (nporpamma MATLAB).

1.4 Bosmyinenue nonocdepbl Ipu 3aIryckKax C
KocMmojipoMa «BocTodHbIii»

Cusoxonv B.II., Xomymos C.IO., Tecmox FO.A., Tymbpasa 3.D.

Hnemumym kocmopuduneckur uccredosarutll U pacnpocmparerus,
paduosoan JIBO PAH, Poccus

WsBecrHo, 4YTO IpU 3alyCKaxX KOCMHYECKHX AallllapaToB IIPOUCXO-
auT MoaudUKaIMs CBONCTB HMOHOCKEPHOI ILIa3Mbl, KaK pe3yJibTrarT
BO3JIEHICTBUS HA HEE yIAPHO-aKyCTHYECKHUX BOJH, (POPMUPYIOIMIUAXCS
[IPU CBEPX3BYKOBOM JIBUYKEHUU PAKETHBIX HocuTeseii. VccimemnoBanue
Bapuaruii monocdepHON TMIa3Mbl, KaK TPABUIO, OCYIIECTBJISIOT C
HCIIOJIb30BAHUEM CUTHAJIOB IJI00aIbHBIX HABUIAIIUOHHBIX CILy THUKOBBIX
cucrem GPS/TJIOHACC, uro npeamnosaraer ceTh HA3eMHBIX CTAHITHIA.
B okpecTHOCTSX KOCMOJIpOMa «BOCTOYHBI» TAKOBOI HE CYIIECTBYET,
9TO Je1aeT HeOOXOAMMBIM IIOUCK aJbTepPHATHBHLIX pernenuil. Oaaum
U3 HUX MOXKET ObITh HCIIOJIbL30BAHME CTAHINIA BEPTHUKAILHOIO M Ha-
KJIOHHOI'O 30HAMpOBaHus uoHOChepnl. Ha ocHoBe aHam3a JaHHBIX
9TUX CTAHIMI ITOKa3aH& BO3MOXKHOCTH OLEHKNA MOAM(MUKAIUUA HOHO-
cdepsl IpH 3aIycKax ¢ KOCMOJpoMa « BocTOUHbIH».



1.5 W3syveHnue BIMSAHUSI 3MMHUX IIUKJIOHOB Ha
pacrpe/iejieHre 3JeKTPOHOB B MOHOCdEpe HAJ
KamyaTkoii B ycJOBusiX IMOHU>KEHHOM
CEeICMUYHOCTH CpeJCTBaMMu paamoToMorpadun

Bozdaros B.B.

Hnemumym K0cmoPusureckus ucciedosanuli u pacnpocmpaHerus
paduosoan JJBO PAH, Poccus

B pabore mpejcTaBieHbl pe3ysbTaThl HMCCIEJOBAHUST BO3MOXKHOIO
BJIMSHUSI TUKJIOHOB Ha mnapaMmerpbl wuoHocdepbl. Habsogenue 3a
COCTOSTHHEM HOHOC(EPHI BEJIOCH CPEJICTBAMU ABTOMATHIECKOIO 30H-
JIMPOBAHUSI C WCIOJb30BAHUEM HU3KOOPOUTAHHBIX HABUTAIMOHHBIX
KOCMHUYECKHUX AllllapATOB B YCJIOBUSX IMOHUYKEHHOW CEHCMUIHOCTH.
[IpuemHbIE CTAHIMKM PACIOJOKEHBI B MEPHIMOHAJILHOM HAIPABJICHUN
mosryoctpoBa Kamuarka B cemax Ilaparynka, MwuiabkoBo um Dcco.
[TokazaHo, 4TO NPHU MPOXOXKIECHUU HOYHBIX HUKJIOHOB (II0 MECTHOMY
Bpemenn) 18 sausapsa, 03 u 17 despans 2013r. man Kamuarkoit B
00JIaCTH HAJT €ro SMUIEHTPOM MPOUCXOJUI0 CHHXPOHHOE IMOBBIIIEHNE
3JIEKTPOHHOM KOHIIEHTPAIINK 10 CPABHEHUIO C OjmKalmumu 6e3 IMuK-
JIOHOB JiHsAMU. C POCTOM IIMPOTHI, T.€. IO MEpe YIAJEHUs OT IEHTPa
[UKJIOHA, KOHIEHTPAIUs 3JIEKTPOHOB B CPABHEHUHM CO CIIOKOWHBIMU
JIHSIMU  yMEHbINAJIach. PaboTa BBIMOJHEHA NPU MOJJEPKKE TI'PaHTA
P®®U No 11-05-00915, mo IIporpamme mpesumauyma PAH No 12-1-
[122-01 u nesnesoit nporpamme JIBO PAH «CiyTHUKOBBI MOHUTOPUHT
Janbuero Bocroka jist nposenenus (GyHIAMEHTAJbHBIX HAYJHBIX
uccienosanuit JIBO PAH».

1.6 NcciaemoBaHue JUHAMWKM COdEeP>KAHUSI
BBICOKOCUMMETPHUYHBIX MOJIEKYJI B aTMocdepe
M0 PEerucTpanum COJTHEYHBIX CIEKTPOB

Cepdioxos B.U., Cunuya JI.H., lepbakxos A.II.
Hremumym onmuxyu ammocpepvs um. B.E. 3yesa CO PAH, Poccus

BaxkHoe 3HadeHme Jisi UCCJIEOBAHUS BJIUSIHUS COJIHEUHON aKTUB-
HOCTH Ha Teoc(epHble IMPOIECChl MMeeT WHMOpMAaIus O JIMHAMUKE
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COJIep2KaHusd Ia30B IIpU HU3KOH TeMIlepaType, COOTBETCTBYIOIIECH
ycsoBusiM BepxHe#t armocdepbl. OCOGEHHO 3TO OTHOCHUTCSI K BBICOKO
CUMMETPUYHBIM MoOJjieKysiaM, TakuM Kak CHy, NF3, CF,. B nokiamue
[IpEeJICTABJIEHA CIEKTPAIbHAS CUCTEMa M3MEPEHUN Ia30BbIX aTMOchep-
HBIX KOMIIOHeHT Ha ocHoBe Pypbe-cunekrpomerpa Bruker IFS125M
C OIITOBOJIOKOHHBIM ¢ 3€PKAJbLHBIME TPEKEPAMH, TO3BOJISIONIMI
IIPOBOJIUTH PETUCTPAIUIO COJHEYHBIX CIEKTPOB, KaK B BHJINMOM,
Tak u NK-obmactu crexkrpa. [IpuBeseHbl pe3yibTaTbl MCC/IEIOBAHUS
cojiepKaHust arMOCEpHBIX ra3oB B armocdepe B paiioHe r. Tomcka
Ha OCHOBE aHaJN3a aTMOC(EPHBIX CIIEKTPOB MPOIYCKAHUS COJTHETHOTO
n3ydeHus, 3aperucrpupoBaHHbix Ha Pypbe-cmekrpomerpe. Pabora
BBINOJIHEHA TP nozep:kke rpanta PH® Ne17-17-01170

1.7 MHWcciaenoBaHuss M3MEHYNBOCTHU COJIeP>KaHUS
doHoOBOro asposoJisa B crpaTrocdepe HaAL
TomckoMm B 2011 - 2015 rr. Ilo mauHBIM

JUJAPHOTO 30HMPOBAHUS

Mapuves B.H., Bouxoscxuii /[.A.
Hnemumym Onmuku Ammocgepw, CO PAH

B crarbe mpeacTaBiieHbl S9KCIEPUMEHTAJIBHBIE PE3YIHTATHI IO UCCTIEIO0-
BAHUIO W3MEHYNBOCTH BEPTUKATHLHO-BPEMEHHOU CTPYKTYDPBI a3pO30JIs
B crparocdepe Has TomMckoM, TOSydYeHHBbIE HA JIMIAPHOM KOMILJIEKCE
CTAHIMM BBICOTHOTO 30HaupoBanusi armocdepbl MOA CO PAH 3a me-
puos 2011-2015 rr XapaKTepHO! 0COOEHHOCTHIO YKA3aHHOTO MEPUOIA,
3a UCKJIoYeHueM BTopoil nojoBunbl 2011r. (nosBiienne waj Tomckom
SPYITHUBHBIX CJOEB OT M3BEPXKEHUs BYJKaHa ['pUMCBOTH) ObLIO IpaK-
THUYIECKOe OTCYTCTBUE BYJIKAHUIECKON AKTUBHOCTH, IPUBOJIMAINIYI0 K
00pa30BaHUIO CTPATOCHEPHOrO A3PO30JI U €ro IEPEHOCY B CTOPOHY
Tomcka, B CBS3U C YeM BO3HHUKJIA BO3MOYKHOCTD JIJIsSI U3YUEHUSI ITOBE-
JIGHUSI BEPTUKAJIBHONW CTPYKTYPBI (DOHOBOrO a’po30iis B crparocdepe
B TedeHHU IATH JieT. [lo aHa/m3y NOJNyYeHHBIX JTUJAPHBIX JAHHBIX
BBISIBJICHA yCTONYIMBAs TEHIEHINS a3PO30/IbHOTO HAIIOJTHEHUS HUZKHEH
crpaTocdepsl B XOJIO/HbIE IIEPUO/IBI IO/ C €r0 MAKCUMAJILHBIM CO/IED-
2KaHUEM B ;LeKa6pe - dHBape U IIPpaKTUYIeCKUM OTCYTCTBHEM BO BCEM
cj1oe ¢TpaTocdepsl B TEILIbIE IEPHOJIBI TO/IA.
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1.8 McciemoBaHusi poJjii a3po30Jieil B
dopmMupoBaHuu Bapualii 3JIeKTPUIECKOTO
MoJisi B IIPU3eMHOI aTrMocdepe

Hemposa I'T', Hanvwuwkuna H.H.*, ITempos A.H.",
Yxemuaru 0.2, Eeopos E.B.', Boadvipesa B.A.!

L FOotenwiti gpedeparvrvti ynusepcumem
2 Unemumym dusuru ammocgepo. um. A.M.O6yxosa PAH

B pabore 0bcyx)maiorcss pe3yabTaThl aTMOC(HEPHO-ITEKTPUICCKUX W3-
MepeHuil J1abopaTopun TeoU3NIECKuX HUCCiIenoBaHnii Pu3nIeckKoro
daxkynbrera FOxxHOTO derepasibHOrO yHUBEpcuTeTa 3a mnepuos ¢ 2012
70 2017 roma. MHOTOIETHIE UCCIEIOBAHUS MTO3BOJISIOT TUITM3UPOBATH
nabJirroiaemble aTMochepHO-dIeKTprdecKne npoduin. Bug BepTukaiib-
HBIX TPOMUIIEH SJIEKTPUIECKOTO OIS IO Pe3YJIbTaTaM M3MepPeHnii rpa-
JUEHTa IOTEeHIWasa B IPU3EMHOM CJIO€ CBUJIETEJLCTBYET O IIPHUCYT-
CTBHUU CJIOEB OTPUIIATEILHOTO OOBEMHOIO 3apsifia B HUXKHEl armocde-
pe. BosmoxkHast mHTEpIIpeTAINs MX IOsIBJIEHUS OCHOBAHA HA TOM, UTO
00BEMHBIE 3aPSIbl JIETKUX MOHOB BOJIM3U 3€MJIN aICOPOUPYIOTCS a3pPO-
30J1sIMU. AKKYMYyJISIIIUST 3apsifia Ha adpPO30JIsIX CIIOCOOCTBYET JIJIATEIb-
HOMY IPUCYTCTBHIO B IPU3EMHON aTMocdepe 3apsizKeHHBIX CJIOEB, BJIH-
SIFOIIUX Ha IIPOCTPAHCTBEHHOE PACIIPEJIEJIEHIe JIEKTPUIECKOrO IOJIs U
ero BejuauHy. V3aMepenne KOHIIEHTPAIMHN a3pP030Jieil CYOMUKPOHHOTO U
MUKPOHHOTO JIAAIA30HOB B IKCHEIUIUSX JOMOJTHUIO M3MEPUTETbHBIN
romiutekc mocste 2012 roma. IlpemcraBieHsl pe3ybTaThl PErpecCHOHHO-
o0 ¥ JUCIIEPCUOHHOIO AHAJIN3a CBA3U I'PAJIMEHTA OTEHIINAJA C COIEep-
JKaHMeM a’po30Jieil B mpu3eMHOU armocdepe. Paccmarpusaercst posib
BJIA2KHOCTH B (DOPMUPOBAHUU a3PO30Jisi U BO3MOXKHOE KOCBEHHOE BJIHSI-
HEe 3TOro (PaKTOpa HA BAPUAIIMHA ATMOCHEPHOTO FJIEKTPUIECKOTO TOJIS.

Pa6ora BbimostHena npu nojepxkke Poccuiickoro donma dyHaaMeH-
TaJLHBIX HccaenoBannii, rpantel 16-05-00930 a u 17-05-41121 PI'O a.
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1.9 UcciaenoBaHusi TEPMUYECKOTO pPexKUMa
crpatocdepsl Haa ToMckoMm 3a mepuos
2012-2015rr. Ilo masHBIM JIUAAPHBIX
HabJIIOIeHUIA.

Mapuves B.H., Bouxoscxuii /I.A.
Hremumym Onmuru Ammocgepo, CO PAH

B nacrosieil cTaTbe IpeCcTaB/IeHbl HCCIIeI0BAHNS BEPTUKAJIBHOTO Pac-
IIpeJieIeHusT TeMIepaTypsl HaJl TOMCKOM, BBIIIOJIHEHHBIE B BO3MYIIEH-
HBII U CIIOKOIHBIN mepuoisl roja 3a 2012-2015 rr. Ha ocHoBanuu Ha-
KOIIJIGHHOT'O 3KCIIEPIMEHTAJIbHOIO MaTepHuaJja yCTAHOBJIEH Pl 0COOEH-
HOCTeil BHYyTPUTOJOBOI IUHAMUKNA TEPMUYECKOTO PEKMMa CTpaTocde-
per. Tak, 3uMHee cTparocdepHOe IOTEIIEHNEe TPOUCXOIUT €XKEerO/IHO.
3a yKa3aHHBII I1epro| 6bLI0 3aPETUCTPUPOBAHO JBA CHIIBHBIX (MasKop-
HBIX) noTervtennii 3uM 2009/10 u 2012/13 rr., IpM KOTOPBLIX B BEpXHeii
arMocdepe CMEHUICS IEePEHOC BO3AYIIHBIX MACC C 3alaHOrO HA BO-
CTOYHBII, M YeThIpe Caa0bIX (MUHODHBIX) - 910 3uMbl 2011/10, 2012/11,
2014/13 u 2015/14 rr. Ha npoTsikeHUH MHOTOJIETHUX HAOIIONEHU 1Mo
Ka3aHO, YTO JiJIsl pernoHa 3amafHoi Cubupn /11 JIUTeIbHOIO IEPUO/Ia
rofia alupesb - HOAOPhb B IONABJIAIONIEM OOJIBIIMHCTBE CJIydaeB BePTHU-
KaJbHOE paclpeiesIeHue TeMIIEPATyPhl XOPOIIO COIVIACYETCA C MOJIETIb-
ubiM pacrpejesreanem CIRA-86.

1.10 JInmapHasi AMarHoCTUKA MOHOCHEPHBIX
BBICBHIIIAHUI

Illesuyos B.M., Buukos B.B., Ilepeosrcoeun A.C., Cepedxun H.H.

Huemumym xocmopusuneckux uccaedosanuti u pacnpocmpaHerus
paduosonn JIBO PAH, Poccus

Jlumap paccMmarpuBaercss Kak JIETEKTOD HEPIHH  3JIEKTPOHOB B
I/IOHOCCl)eprIX BBICBIIIaHUAX, a OYUCTKa pPaJUallUOHHLIX IIOfACOB -
KaK SHepreTuyeckasl Hakadka wuoHOcdepHoro cjost. Ob6cyxKIarTcs
3 EKTUBHOCTh BO30YK/I€HUsI KOMIIOHEHTOB HOHOCKEPHON I11a3Mbl

13



BBICBITAHUSIMI M OCOOEHHOCTHA PE30HAHCHOIO OOPATHOIO PpAaCCesiHust
JIa3epHOI0 M3JIy4ueHns B akTuBHOU monocdepe. [lokazano, 4ro B KBaH-
TOBOI cHCTeMe, B KOTOPOIl JINJIap UI'PAET POJIb 33/IaI0IIETr0 reHepaTopa,
a MOHOCQEPHBIN CJIO - YCUJINTEJIsA, B 3aBUCUMOCTH OT WHTEHCUBHOCTHU
BBICHIITAHWIT BO3MOYXKHBI PAa3/IMIHbIE PEKMMa HEJIMHEHHBIX KOJICOAHUI.
[IpoBomsTCs amasoruu ¢ APYTUMU IPUPOJHBIMYA HEJIMHEHHBIMUA CHACTE-
MaMH.

1.11 JImmapuble mcciiefoBaHUS JTUHAMUKUT
BEPTUKAJIBHOTO pacrupejiejieHus TeMIIePaTyPbI
B ctparocdepe Haa Tomckom B 2017 1.

Bouxoscxui /. A., Mapuves B.H.
Hremumym Onmuku Ammocgepo, CO PAH

OsHUM U3 BayKHBIX IPUMEHEHWIl JUAAPHBIX TEXHOJOTHHA ABJISCTCS
HCCJIEIOBAHNE TEPMUUECKOTO peKMMa aTMocdepbl. Takne wncciemo-
BaHUs B MOHUTOPHHIOBOM PEXKKMME B MHCTUTYTE OITHUKHU aTMOCQEpDI
CO PAH 6pum mHagarsl ¢ 1994 roma um IpoOo/KaiOTCS B HACTOSIIEE
Bpems. Ocoboe BHUMaHUE yIeJseTcsl N3yJYeHWIO IIPOsIBJIEHUs] BHE3AIl-
HBIX BO3MYIIEHUN B cpemHeil crparocdepe, BBI3LIBAEMBIX 3UMHUMUI
crparocdepabimu noremienugmu (CII). C mojyYeHHBIME 1O JAHHOM
TeMAaTUKe DEe3yJbTaTaMd MOXKHO O3HAKOMHUTbCA B paborax [1-8]. B
HaCTOsIIel CTaTbe IPeICTaBJIEHBl WCCJIEIOBAHUS BEPTUKAJIBLHOI'O
pacipejiejieHusi TeMmieparypbl HaJ TOMCKOM B BO3MYIIEHHBIA U CIIO-
KOWHBIN niepuozsr 2017T.
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1.12 O6 ogHOM aHAJIUTHUYECKOM pelleHUNn
ypPaBHEHUI HEIPEPbIBHOCTA U MMITYJIbCa
MOHOB

Koaun A.JT.

Kanrununepadckuti 20cydapemeenmnviti merHudeckul yrusepcumen,
Karununepad, Poccus

B macrosiiiee Bpemsi cyimecTByeT MHOIO padOT, MOCBSIIIEHHBIX ITOJIY-
YEeHUIO AHAJIUTHIECKUX perreHnit mudy3un MOHOB B P, YIIPOIIAIO-
UX IPEIIOJIOKEHNNA. DTU pPElIeHUs] NUME0T CaMOIOCTATOUYHYIO IEH-
HOCTbD JIJIsi KAYECTBEHHOI'O TEOPETUYECKOI'0 aHAJII3a, [IPOIECCOB B ILIA3-
Me, a TaKKe 9acTO UCIOJIb3YIOTCs JJIsi TECTUPOBAHMS YMCJIEHHBIX aJIM0-
purMoB. B TO 2Ke BpeMmst CyIIeCTByeT MEHbIIle UCCIEIOBAHUN CHCTEMBI
ypaBHEHUI HEIPEPBIBHOCTH W UMITYJIbCA TUIMEPOOINIECCKOrO THTIA, TEM
T Oy3NOHHOTO TPUOTUIKEHUSI.

B cBsi3u ¢ aTuM ObLTA TIOCTABIIEHA CJIEIYIOMAs 3a4a9a. UTOOBI MOMbI-
TaThCA IOJYYUTh aHAJUTUYECKOE PellleHne YPpaBHEeHUII HeIIPEePhIBHOCTH
U UMILYJIbCA UOHOB C YYETOM CTOJIKHOBEHU, I'PDABUTAIIUN U CUJI JaBJjie-
HUS B 3agBJIEHUM Ha OCHOBE IIPUMePa a30TPOINYECKOrO II0TOKa OJHO-
KOMIIOHEHTHOT'O T'a3a.

[Ipobema te nMeeT aHAJIMTUYECKOTO pelnteHns B ¢cHOPMYIUPOBAHHOM
YTBEPXKIEHUN.

B pesynbraTe cramo BO3MOXKHBIM CBeCTH 3ajady K ypasHenuio apby
JJIsI TIOTeHIUAIbHOM (DYyHKIMN Ha IEPBOM IIOJIyIIara 110 BPEMEHU JJIsd
OJIHOPOJIHOY CHCTEMBI YPABHEHUN HENPEPBIBHOCTH U JBUMKEHUSI TUIEP-
60JIMIECKOro TUIIA C UCIOJIb30BaHUEM Tpeobpa3oBaHuii rojgorpada.

ITosnyueno taxxke perienne 3agaqu Komwm st ypasHenus: Japby
MmeTosioM Pumana.
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1.13 ABTomaru3saiusi paboThl C MAaTeMaTUYEeCKUMU
MOJeJIMHU BepxHeil atMocdepbl 3eMJin

Medsedes B.B., Cypomxun B.A., Koaun A./].

Kanrununepadckuti 2ocydapemeenmnviti merHudeckul: yrusepcumen,
Karununepad, Poccus

B macrosimmee Bpemsi 0coObIit MHTEpPEC MPEICTABJISIOT TPOTPAMMHBIE
KOMILJIEKCHI, ITPeJIHa3HaYeHHbIE JIJI TPOBEICHNA BBIYUCIUTE/IbHBIX KC-
[IEPUMEHTOB B OT/IEJIbHBIX 00JIACTSX HAYKHU, B YACTHOCTU B 00JIaCTH Ma-
TEMATUIECKOTO MOJICJTUPOBAHUS U (DUBNKKM BEepXHEi aTMochephI.

Pu3nKo-MaTeMaTHIeCKAe MOJEJH, BK/IIOYEHHBIE B ITAKET, ITOCTPOEHDI
HA OCHOBE YPaBHEHWUI KBAa3UTMAPOIMHAMHUKH U II03BOJIAIOT PACCUU-
TaTh OCHOBHBIE XapaKTEPUCTUKU MOHOC(EPHO-MarHUTOC(HEPHON ILIa3-
MBI TIPOCTPAHCTBEHHO-BPEMEHHbBIE DPACIIpeIeeHUs] KOHIICHTPAIUi u
TEMITEPATYD 3aPSKEHHBIX W HEHTPAJBHBIX YaCTHI] CKOPOCTEH WX JIBHU-
JKEHUS [T PA3JINIHBbIX 00J1acTeil nOHOChEPHI B UHTEPBAJIE BBICOT OT
50 KM JI0 HECKOJIbKUX PaJIIyCOB 3eMJIH.

Tekymas xkouduryparus GyHKINOHAILHOIO HAITOJTHEHUS PEIIAeT CJie-
JIYIOIINE TTPAKTUIECKUE 3 [a1u:

-pacdeT MOHOCGEPHBIX MapaMeTPOB CPEIHEITNPOTHON MoHOCKhEPHl 6e3
ydeTra reOMeTPUU MeOMATHUTHOTO TIOJIst

-pacuer MOHOCMEPHBIX MAPAMETPOB BIOJIb (DUKCHPOBAHHBIX 3aMKHY-
TBIX JINHUH MeOMarHUTHOTO IO

-dHCJIEHHOE MOJEINPOBAHNE IIPOLECCOB UCTEeUeHNsT HOHOChEPHOi MTa3-
MBI BJIOJIb Pa30MKHYTBIX [€OMATrHUTHBIX CHJIOBBIX TPYOOK (HOJISIPHBII
BeTep)

-pacueT mapamMeTpoB Me3ocdepbl U HIXKHel TepMocdepbl B 0bsacTu
BoIcoT H0-500 KM

-pacuer mapamMeTpoB pacupocrpanerus KB - pagmocuraasoB B MOHO-
cdepmoit mwrasme

[IporpaMMHBIIT KOMILIEKC UMEET KOHCOJIbHBIN HHTep(eiic 1 mpeaocTaB-
JdeT CJIeIyIone BO3MOXKHOCTU:

-d)OpNII/IpOBaTb 3aIIPOChI Ha MOJICJIMPOBaHUEC Ha BXOAHOM fA3BIKE ITaKeTa;

-ipu (bOPMYJIMPOBKE 3aIIpOCca HA MOJIEJIMPOBaHUE 33/1aBaTh HEOOXOIH-
MBbI€ IIOJIb30BATEJIO MMOIIPOrPAMMbBI B PAMKaX BBIOPAHHOI MOJIeJn
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-BBIBOJUTD PE3YJILTATHI MOIEINPOBAHNS HA SKPAH MOHUTOPA C BO3MOXK-
HOCTBIO PacIliedaTKN Ha IPUHTEDE

-3aIIPAIUBATH CIIPABOYHYIO NH(MOPMAIIHIO O TAKETE U BXOTHOM SI3BIKE;
-pacmupsaTh PYHKIINOHAIBHOE HAIIOJHEHNE HOBBIMU JJIEMEHTAMMU

MunumasbHass KOHPUTYpaAIUs TPOrPAMMHOIO KOMILJIEKCA, PACCIUTAHA
Ha BO3MOXKHOCTH 9KCILIyATAIINY TaKeTa Ha pacupocTpaHeHHbrx [[9BM.

st ynobcTBa paboThl ¢ MMEIONIUMUCS MATEMATHIECKUMU MOJIEJISIMU
[IOJIb30BaTEIel PA3JIMYHOIO YPOBHS, B TOM UYHC/I€ W HECIIEIUAJIUCTAMUI
B 00JIACTH MATEMATHIECKOIO MOJIENPOBaHNS U (pU3NKU MOHOCHEPHOI
ILUTA3MBI, IPEIIOJIAraeTCsl 3aMEHNTh KOHCOJIBHBIN mHTepdeiic npyxke-
CTBEHHBIM TOJIH30BATENIO rpadudecKuM nHTepdeiicom

1.14 MaremaTndecKoe MOAeJIMPOBaAHNE BEPXHUX
aTMocdEepPHBIX TPOIECCOB

Medsedes B.B.", Teaeeun B.A.2, Koaun A.J.1

U Kaaununzpadcexuti 2ocydapecmeenoiti mexnuneckuti ynusepcumen,
Karununepad, Poccus
2 Mnemumym 3emmo20 maznemusma, uonoc@hepv U pacnpocmpaneHus
paduosorr um. H. B. ITywxosa Poccutickoti axademuu nayx, Mockea,
Poccus

[Mocrpoena  maremaTwdeckasl MOJEJb BepxHel arMocdepbl U
noHochepHo-MarauTocdepHbix mpormeccos i BbicoT  50-1000KM.
Mogenb BKIIIOYaET B ce0sT HADOP MarHUTO-TUIPOJUHAMUIECKUAX YPaB-
HeHuil (HENpPepBIBHOCTh, UMITYJIbCA W JHEPTUM) I JJI€KTPOHOB U
WOHOB ¥ HEWTPAJIbHBIX KOMIIOHEHTOB. Moen YuCIeHHO PpeIarTcst
yPaBHEHUs Jjisi TeMieparypbl Heiirpaabhoro rasa (71),), uonos (T;)
u 2sekTpoHoB (7,),MaKPOCKOIIMYECKHE CPEJHUE BEeTPbl CKOPOCTeil
Ve Vays Va. HeliTpanos. B aroit cTarhbe MBI ONHChIBAGM HAITH Pac-
qeTwl i ciieayiomux KommonenTos: Nz, O, Oz, O3,0(1D), O(19),
05(12,), O2(X 1), N, 08, H, Hy, OH, Ha, H205, N(*S),N(>D),
NO, NO,,CO, COy, HY,0%,05, NO*.

B ypaBHeHUH TersioBoro 6ajaHca yUNTHIBAIOTCS CJIEJYIINEe NCTOUHUKHI
u croku Temia: Harpes dorononusarueii, Moriomenns: COJITHEYHONR pa-
guarn B [yman-Pynre xontunyym 135 < A < 175HM; XUMHYECKHE
peakinm, oxJiaXKaeHne KojebareabHo-BpammaTeabHbix moaoc COq, NO,
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O3, OH, CO B 1.27 Mx Oy 1 63 MK (1 D); MOJIeKyISPHO#T TETTOPOBO/I-

HOCTH; HAI'PEB U OXJIAXKJICHHE 32 CIEeT CYTOTHOTO CKATUSI U PACITUPEHUST

armocdepst. st dbyakunu Kp(z), Koropast siBIIsieTcsl BUXPEBOH Terl-

JIOIPOBOIHOCTHIO (IIPEIIIOIAraeTCs PABHLIM BUXPeBOro Koahdunuenra

nudpdy3un), UCHOJIB3YeTcs AHAIMTUIECKAs AIIPOKCUMAIus. BbicoTa
max

Zm w3 u Kj, makcumyma (K}'%") Bapbuposascsa B auamasome 90-110
KM, co 3HadenueM (K;"%) or 105 1o 2-107sm?/S.

BepxHue rpanuvHbIe YCIOBUS JIJIsI TEMIIEPATYPBI 33JIAHbI B BUJIE HYJIE-
BBIX I'DaIeHTOB Ha BbIcoTe 500 KM, a HUXKHHUE I'DAHHIHBbIE YCIOBHUS B
BUJIe HYJIEBOrO NOTOKA Ha BbIcoTe 50 KM. OCHOBHBIM BXOIHBIM IIapa-
MEeTPOM MOJIEJIH SIBJISTFOTCST: KOI(MDPUIMEHTHI XUMUIECKUX PeaKInii, KO-
addurment TypoyneHTHON quddy3un, ceueHus, MOTJIOMEHNs] 1 NOHM-
zamuu, moToK cosHedroit EUX. Mbr mpoBesn psif BBIYUCICHUIA C UC-
MOJIH30BAHNEM PAa3JNIHBIX BBICOTHBIX Mpoduieil Koadduimenra Typ-
OymentHo# nauddy3un ¢ 1MeIbI0 U3yUeHus OJHOBPEMEHHOTO JIeHCTBUS
HAa TEIJIONPOBOAHOCTh U uddy3uio. AHAIUTHIECKAST MOJENb BBICOT-
Horo pacnpenesernsi [NO| n [N], nosydueHna Ha UHCIEHHBIX Pe3y/IbTa-
TaX M 3aBUCUT OT OCHOBHBIX aTMOC(HEPHBIX APAMETPOB IJIOTHOCTH No
n Oy U HEHTpAJBHBIA TeMIepaTypbl ra3a. Pacrupejiesienne 1mo BBICOTE
wioraoctu |Ne| 6bu10 momydeno us soipaxkenus juist [NO|. Ioayuen-
Hble aHaguTHIecKue Buipaxkenusi st [NO| u [N,| merko o6bsicHsOT
sumHue npesbiiierns [NO| u [N.] Haj jeTHUMM 3HAYEHUSIMU U 3UM-
HIOIO aHOMAJINIO B noHOCchepe D-obmacTn.

B  BBIUMC/IUTEIBHOM 3KCIEPUMEHTE OBLIM PACCYUTAHBI BBICOTHBIE
pacipesesieHus  KojebaTeIbHO-BO30YKIEHHOTO MOJIEKYJISIPHOTO  a30-
ta. OcHOBHOe BHUMaHHE OBLIO VJIEJEHO HUCCJIEJIOBAHUIO IIPOIECCOB
¢ K0J1e0aTeIbHO-BO30Y K ICHHBIMI COCTOAHUAMHI MOJICKYJI NQ(”)7O§”).
Pacuyer miorHOCTH JAHHBIX KOMIIOHEHT ObLI mpoBeeH st 10 Koseba-
resbubIX yposHeit (V = 1...10), ucroib3yst HecTalnoHapHOE YPaBHEHNE
muddysun. Pacupenenenne Bosbiivana He yauThIBAJIOCH BO BHHMA-
uaue. O6cyxaaercs posb muddy3nOHHBIX U (POTOXUMUIECKUX MTPOIEC-
cOB Név).
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1.15 MozaenunpoBaHue napamMeTpoB BepXHei
aTMocdepbl ITPU AaHTPOIIOTEHHBIX
BO31eMICTBUIX

Medsedes B.B.", Teaeeun B.A.2, Koaun A.J.1

b Kaaununepadexuti zocydapemeenmviti mexnuneckuti ynueepcumen,
Kanununepad, Poccus
2 Hnemumym 3emio20 Ma2ZHEMUSMA, UOHOCHEPDL U PACTPOCTPAHEHUL
paduosoarn um. H. B. ITywxosa Poccutickol axademuu nayx, Mocksa,
Poccus

DusnKo-MaTeMaTuIecKas MOJEIb IIyTeM BBIYHC/IATEIHLHOTO SKCIIEPU-
MEHTa, TIO3BOJISIET PACCUYUTATH PA3IUIHbIe MOHOCKEPHBIE MapaMeTPHI,
Takme KaK KommeHTpamusa umonos O, HY NO™T, N*, H,OT, H30™T,
OH™ temmeparypa 37eKTponoB 1,, 1oHOB T+, T+ W TOPU30HTATL-
HBIE COCTABJISIIONINE HEHTPAJILHOTO ra3a. PaccmarpuBalicst Bopoc obpa-
30BaHUS U 3aTSITMBAHUS MOHOCHEPHON «JIBIPBI» MIPU MHKEKTHPOBAHUU
[H20]. B s1ux paboTax IPUBOJMINCH PE3YJIbTATHl PACUETOB BBICOTHO-
BpeMeHHbIX pacupeneneanit Ny, F2, h,,F2 n moTtokoB moHoCchepHO
wasmbl. [lokazano, uro unxkekrupyemas [HoO] cyuiecrBeHHo Biusier
Ha PEKOMOMHAIINIO MOHOC(EpPHOH MIa3Mbl B objactu F2 monocdepsbr.
B pmanHoit paboTe paccMaTpuBaeTCsl BOIPOC BJIMSHUAS WHZKEKTUPYEMO
[H20] Ha 37€KTPOHHYIO ¥ MOHHBIE TEMIIEPATypPbl HOHOCHEPHOH IIas3-
MBL.

Pacuersl noHocdepHBIX ITapaMeTpoB IPOBOIIINCH B CHJIOBOH TpyOKe
(L=2) nya BBICOKOI coHedHoit akTHBHOCTH (F(10.7) = 234) B 3uMHEX
ycsoBusix. CniioBasi JIMHAS NMeET HEPABHOMEDHYIO IIPOCTPAHCTBEHHYIO
cerky. [Ilar maTerpupoBanus no Bpemeru 7 = 20 c.

IIpu BeIGpOcax [HyO] = 107 ecm ™2 B Makcumyme F2 - ciost ymenbmenme
[N, F2| cocraBiisier IPUMEPHO MOJOBUHHY JiJIs BHIODAHHBIX YCJIOBHIA.
Takoe ymeHbIlIeHrE 3JIEKTPOHHON KOHIIEHTPAIMY IPUBOIUT K YBeJIde-
HUIO 9JIEKTPOHHOM TeMieparypbl (IIpH HEM3MEHHBIX HCTOYHUKAX HATpe-
Ba MOHOCHEPHOIH ILJIA3MBbI )
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1.16 MoaepHu3salus JUIAPHOTO KOMILIEKCA
CTaHIUUA BBICOTHOTO 30HANPOBAHUS

armocdepst TOA CO PAH
Mapuues B.H., Bouxosckuti J[.A.

HUnemumym Onmuxu Ammocepo, CO PAH

JlujapHplil  KOMIUIEKC MAJIOf CTaHIMA BBICOTHOTO 30HIUPOBAHUS
armocepsr IOA CO PAH mnozBosisier OmepaTUBHO W PErYJISIPHO
moJiy4aTh TPOMUIN OTHOIIEHUS PACCeSHHs 10 BBICOTBI TOKM, TeM-
mepaTypbl U IUIOTHOCTH aTMocdepbl B mHTepBaje BbicoT 10-70kM ¢
IPOCTPAHCTBEHHLIM paspertenueM 192m. VsmepeHusi mpoBOAATCS B
ycioBusx 6e3001a9HOr0 HeOa WiIu, B KpailHeM CJiydae, Pa3pbIBHON 00-
sagnoctu. JIJis TIaHUPOBAHUS TPOBEIEHUS U3MEDPEHUH UCIOIb3YeTCsT
[IPOTHO3 MOTOJIBI U TIOCJIEIHIE TTPOBOJISITCS MPU COBIAJIEHUN MTPOrHO3A
7 peasibHON IMOro/bl B sICHOE HOYHOE BPEMSI CYTOK. YJIAJIEHHOE WJIN
ABTOMATUYECKOE YIIPABICHHUE JIMJIAPHBIM KOMILIEKCOM HO3BOJIAT HOBHI-
cuTh 3 GEKTUBHOCTD, KAIeCTBO (38 CYET U3MEepeHUil Ipy IIepeMeHHol
06JIAYHOCTH) PAJOB HAKOIJIEHHBIX JAHHBIX U YBEJUYUTH KOJIUIECTBO
CEeaHCOB MPOBEJIEHNUS JINJAPHOTO 30HIMPOBAHUS ATMOCHEPDI.

1.17 Heauneitable 3¢pdekThl B MIPU3EMHOI
arMocdepe no pe3yjabTaTam
aTMochepHO-3JIeKTPUIECKNX N3MepeHuil

Hanvwuwruna U H., Ilemposa I'.I., Ilempos A.U., Ezopos E.B.,
Kynuncxasn A.H., Illesuenkxo A.B.

FOochoti @edepanvroviti Ynusepcumem, Poccus

PesynbraThl Ha3eMHBIX aTMOCHEPHO-IJIEKTPUIECKIX HAOIIOMEHU 1T0-
MOTAIOT IOHSITh 3aKOHOMEPHOCTU BapHAalluil 3JIEKTPUYECKUX XapaKTe-
pucTuK arMocdepbl, KOTOpble HEODXOINMO YUHMTHIBATH IIPU IIOCTPOE-
HAU MOJIEJIEil JIEKTPOMHOIO CJIOs, SBJISIOIIErocst 9acTbio [obanbHOi
JIEKTPUIECKON IEMU. Y YUTHIBAsT MHOTO(DAKTOPHOCTD JIEKTPUIECKUAX
[IPOIIECCOB B aTMocdepe, COBPEMEHHBIE MOJIETN HUCIOIL3YIOT SMITHPH-
YeCKUe 3HaYCeHUs ITapaMeTpPOB M COOTHOIIECHUA MEZKJ1y HHUMU. HO pe-
3yJIbTaTaM U3MEpPEeHuil BOJIM3U 3eMHOI ITOBEPXHOCTH OOHADY KEHBI HEJTH-
Heliubie 3 @EKTHI, CBI3aHHBIE C 3aBUCUMOCTHIO 3JIEKTPOIPOBOIHOCTU
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OT HAIPSIKEHHOCTU JIEKTPUIECKOTO TOJIs. DTO MPOSBJIAETCS B yTpaTe
IIPONOPIIMOHAJIBHOCTH IIJIOTHOCTHA TOKA IIPOBOJUMOCTHU OT HAIIPAKEHHO-
CTH, IpUYEM HEJIMHEWHOCTD IIPOSIBIISIETC 3aMeTHee IIPU HU3KUX 3Have-
HUSX 3JIEKTpOmpoBoHocTr. Ha OCHOBE MOJTyYIeHHBIX JAHHBIX MOCTPO-
€Hbl dMIINPUYECKUEe PSAJIbl PErPECCUU U IOJIyYeHbl YPAaBHEHHS 3aBUCH-
MOCTHU IIOJIAPHBIX JIEKTPOIIPOBOJHOCTEHN OT HAIPAKEHHOCTU 3JIEKTPU-
qeckoro moJist. Ha uuHTepBasie pe3KOro CHUXKEHUS 3HAYEHUN MTOJISPHBIX
JIEKTPOIPOBOJIHOCTEl TIPU MHOTOKPATHOM YCHJIEHUHM HAIIPAKEHHOCTU
JIEKTPUYECKOI0 TI0JIS UX B3aMMOCBS3b AIIPOKCUMUPYIOTCS JIMHEHHOMN
dyHKIMEH C BBICOKIM YPOBHEM JOCTOBEPHOCTH.

Pa6ora BbinosiHena npu noggepxKke Poccuiickoro domga dynmamen-
TaabHbIx uccsegoBanuii (POD®N), rpanrsr 16-05-00930 a u 17-05-41121
PTO a.

1.18 OcobeHHOCTU permcrpanuv a3uMyTOB
NpUX0Ja UMITYJIbCHOIO U3JIyY€HUsI
aTMOCdEPHO-TPO30BOr0 MPOUCXOXK IEHUS

Masxun E.U., Cannuros /[.B.

Hnemumym koemopuduneckur uccredo8arutll U pacnpocmparerus,
paduosoan JIBO PAH, Poccus

ObGocHOBaH U OMPOOOBAH METOJ] MHOIOKOMIIOHEHTHON OIEHKN a3uMyTa
[PUXOJa WMIIYJIbCHOTO U3JIYYeHUs aTMOC(EPHO-IPO30BOIO IIPOUC-
XOKJIeHUsI. BbIjesieHbl 0COOEHHOCTU PETUCTPAIUU a3UMyTOB JAHHOTO
ussrydenud. [IpuBeiena nHTEPIPETAIINS IOy I€HHBIX PE3YILTATOB.
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1.19 PegyabraThl JIUJAPHBIX UCCJIETOBAHUIN
M3MEHYMBOCTH HAIIOJHEHUS cTpaTocdepbl
doHOBBIM a’po3osieMm Haa Tomckom B 2017 1.

Bouxoscxui /. A., Mapuywes B.H.
Hnemumym Onmury Ammocgepo, CO PAH

B craTbe anammsmpyoTcs SKCIEPUMEHTAJbHBIE JAHHBIE O U3MEHYH-
BOCTH BEPTUKAJIHHO-BPEMEHHON CTPYKTYPBI a3P030Jis, TOIyIeHHbIE Ha
JINJTAPHOM KOMILJIEKCE CTAHIIMKM BBICOTHOI'O 30H/IMPOBAHUS aTMOC(HEPHI
NOA CO PAH 3za 2017r. B kagecrBe nepBUYHON WHMOOPMAIUU JIJIst
aHAJIM3a MCIIOJIb30BAJICSI MACCUB JaHHBIX n3 61 CyMMapHBIX CUTHAJIOB,
HAKOIIJIEHHBIX B OTAEJAbHBIE HOYH. VIHTEpBaJ 30HIUPYEMBIX BBICOT
npocrupasics or 10 g0 50-60KkM, HIpOCTpaHCTBEHHOE pa3pelleHne
cocTaBasso 192M., BpeMsI HAKOILJIEHHSI CyMMapHOI'O CHUTHaJIa - 2Yac.
ITo pesynbratam HaOIIOIEHMIT, KAK M B TPEIbLIYIIUE TOJbI, 3aperu-
CTPUPOBAHO BBICOKOE COMEp:KAHME a’po30Jid B HUXKHEH cTpaTtocdepe B
3UMHIE MECAIBI TO/Ia U MPAKTUIECKOE OTCYTCTBUE B TEIJIBIN TEPHUO/I.
B Bepxueii crparocdepe (30 - 50 kM) B TedeHne Bcero roja GhOHOBbIH
a’pPO30JIb OTCYTCBYET.

1.20 PoJb coJHEeYHOI aKTUBHOCTU B MHOIOJIeTHEN
NU3MEHYUBOCTU (POTOXUMUIECKUX KOMITOHEHT
BO3/lyXa B IIPU3€MHOM CJIO€ BO3/yXa

Anmoxun II.H., Apwuros M.IO., Beaan B./1., Beaan C.B.,
aeswvidos J.K., Casxun /. E, Cxanonesa T.K., Toamawes I H.,
Dogoros A.B.

Huemumym onmuku ammocpepv, um. B.E. 3yesa CO PAH, Tomck

MHoroJieTHIIT MOHUTOPHUHT COCTaBa BO3/LyXa, HAUATHIN AaBTOPAMU €ITE B
Havase 90X rojIoB, TO3BOJINJ BBISBUTH BApPUAIIUUA CPEHETOJIOBBIX KOH-
LEHTPAIUil 030HA U a3PO30JIs C IEPUOJIOM, OJIM3KUM K 11-j1eTHeMy. DTu
W3MEHEHNsT He CUHXPOHHBI. KOHIEHTpAIsS 030HA M a3pPO30Jid B CBOEM
XOJle OTCTAeT OT M3MEHEHHsI COJIHEYHON aKTUBHOCTA Ha 2 W 3 roja.
Taxoii mepuox XxapakKTepeH s Bapualuii coanednoit akrusnoctn. O1-
HAKO, JI0O HACTOSAIIETO MOMEHTA HesICEH MEeXaHU3M ITePe/Iadl CUTHAJIA OT
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Coutaiia B HIKHIOIO Tportocdepy. B mporecce moncka MpuauH mMoce10-
BATEJIbLHO OBLIH TPOAHAIU3NPOBAHBI O30HOBLINM MEXaHU3M, ITOCIE/ICTBIE
Bapuaruit mpuxoga Y D-pajuarun, KOTOpble BBIBEIN HA IPOMEXKYTOU-
HBIN MexaHu3M. [Ipegnoxkena runoTe3a, 4TO MEXaHU3M IEPEIaTN CUT-
HaJIa ABJISIETCS PeakImeil pacTUTEJIHHOCTH HA YCUJIUBAIONIEHCS TOTOK
VO®-pagnarmu. [lo qanubIM crienna bHO TPOBEIEHHBIX B Psijie 3apy0ek-
HBIX CTPAH YKCIIEPUMEHTOB OBLITO TOKA3aHO, UTO B HAYAJIE IIPOIECCa YBe-
amdeHust Y P-pajmanuu TpoucxoanT yraerenune pactenwii. Ilocme 2-3
TOJIMYIHOTO ITPOIIECCa, AJIAIITAIINH, Y HUX YCUJIUBACTCHA MPOITYKTUBHOCTD,
9TO IPUBOAUT K BBIOPOCY B aTMOC(DEPY JIOTOJHUTEIHHOTO KOJUIECTBA
030HO- W a3pPO30JIe00OPA3YIONINX BEIIEeCTB. DTa THUIIOTE3a IIPOBEpPEHa C
TIOMOIITHIO HOPMAaJIN30BAHHOTO WHEKCA BETETAITNN U JIAJIa XOPOIIe pe-
3y/bTATBl. B 10/Ib3y MPEI0KEeHHOTO0 MEXaHU3Ma TOBOPAT U PabOTHI
JPYTHUX aBTOPOB O TOM, 4TO ipu ycusieHuu ¥ P-b panguanuu y pacrenuit
MMeeTCsl TaK HAa3bIBAEMBIN JOJITOBPEMEHHBIN KyMYJIsITUBHBIN 3 deKT,
3aKJIIOYAIONINICS B 3ala3IbIBAHNN UX (POTOCHHTE3a Ha 2-3 TOHa OTHO-
CUTEJbHO ee mpuxoma. Ha OCHOBAHWHM yCTAHOBJIEHHOW SMIUPUICCKOMN
3aBUCUMOCTH, OMUPAsICh HA MPOTHO3BI COJTHEYTHON aKTHUBHOCTU, OBLIN
CJIeJIAHBI TIPEJICKA3aHNS 3HAYECHNN KOHIIEHTPAITUU adPO30Jisi U O30HA B
23 u 24 mukax. B nokiajie mpeacTaBaeHbl Pe3yIbTATH BHITOJTHIMOCTH
YKa3aHHBIX ITPOrHO30B. Pabora BeimosHera 1o rpanty PH® No 17-17-
01095.

1.21 CuapHble Bapualluy raMMa-u3JIy4YeHus 1
aTMoCcdEPHOTO JEKTPUYECKOTO 10 IPU
Pa3JIMYHBIX METEOPOJIOTUYECKNX YCJIOBUAX IO
HabimoieHusiMm B AAkyrcke u Tukcu

Toponos A.A., Cmapodybues C.A., Kosnros B.H.

Hrnemumym xoemodusuneckuxr uccaedosanutl u adpPOHOMUL UM.
I0.T' Hlagepa

B pabore mpuBojsITCst pe3yabTaThl HCCIEIOBAHIS BO3PACTAHUS TaMMa-
dona B mMpu3eMHOM CJI0oe aTMocdepbl BO BpPeMsi OCAJIKOB U OJIMKHUX
rpo3 B SIkyrcke (Ha 6a3e Cunekrporpada kocmuueckux yydeit UKOUA
CO PAH ) u Tukcu (Ilossipras reokocmodusnygeckas 00cepBaTOpust
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NK®UNA CO PAH). Hua perucrpaiyuu ramMma-oHa HCIOJIL3YIOTCS
CIMHTIIIAIMOHHBIE IETEKTOPHI Ha ocHoBe Kpucrasuios Nal(Tl) pas-
MepoM 63mMm x 63mm. [lmamazon m3amepsiembrx suepruit 20-1900 x3B.
JleTeKTOpbl 3aKPBIThL ¢ GOKOB M CHU3Y CBUHIOM (5 CM) U IIOMEIEHBI
B TepMODOKCHI IMEOIne CTeKIsTHHOe OKHO. O0a IeTKTOpa pa3MeIieHbl
Ha Kpbime 3aaruil B Jkyrcke m Tukcu. Tak»ke, oCyIecTBIsSIaCh CHH-
XPOHHAs Perucrpalus Bapuanuii aTMochepHOro JIEKTPUIECKOro I0-
a5t anekTpocrarudeckue duokemerpbl Boltek EFM-100) 1 ocHOBHBIX
MereonapaMeTpoB arMocdepsl (yabrpassykoBas mereocranims AMK-
04). O6uapyzkeHa siBHas CBa3b MeXKJy BO3pacTaHueM raMma-hoHa U
CUJIbHBIMU JINBHEBBIMHU OCaJKamu. llosrydeHbl sHEpreTndecKkne CIieK-
TPBI ramMma-QOHa B YCJIOBHUAX <«XOPOIIEil» IOrobl ¥ BO BPeMsI CHJIb-
HBIX OCaJIKOB M OJIMKHUX rpo3ax. IIpoBesnennble MccieI0BaHUS TO3BO-
JISTFOT CYNATATh, 9TO BO3pacTaHue ramMmMa-(hOHa CBSI3AHO, IIPEXKJIe BCEro,
C IMUCCHell PaJOHA U ero JOYepHHUX IIPOJYKTOB paciaja U3 I'PyHTa U,
B MEHBIIEIl CTEIeHN, C TOPMO3HBIM U3JIyIeHUEM 3aPS2KEHHBIX JACTHIL B
CUJIbHBIX JIEKTPUYECKUX IOJISX [PO30BOi aTMOCKhEDHI.

1.22 CooOsbrtua GLE B 24-m mukJie

Banabun 10.B., I'sozdescrxuti B.5., I'epmanenxo A.B., Maypues E.A.
Honaprviti 2eopusuneckud unemumym, Anamumol, Poccus

Hauasmniics B 2009 rosy 24-biit coMHEYIHDIN 1TUKIT 3aBepinaercs. B 2015
rogy aktuBHOCTH COJIHIA IONLIA HA CIAJ. DTOT IMKJ OKA3aJICS 110
MHOIUM IOKa3aTe/isiM aHOMaJibHbIM. Hampumep, B mpenbiaymeM 23-M
[WKJIE TAKOU MOKA3aTe/lb AKTUBHOCTH KAK UUCJIO COJTHETHBIX ISATEH B
OT/JIeJIbHBIE MECHIIBI IOCTUTAN 3HadeHns 175, a B 24-M OH He TPEBBICHI
100. ITo wuciy coobrruit GLE Texkymumit ki1 TaK»Ke CUIIBHO OTJINIAETCS
OT Ipe By IHX. B 23-M Tos1bK0 KpynHbIX cobbitnit GLE (Bospacranust
JIECATKU MIPOIEHTOB) IIPOU3OILIO YE€ThIPE, & MAJIbIX U yMEPEHHbBIX eIlle
naTh. B 24-M 1muKIIe 3aperucTpupoBaHO TOMBKO JBa cobbritusi: GLE 71
(17.05.2012) u GLE 72 (10.09.2017), mpudem, mocJie/iHee COOBITHE MMe-
g0 manyo ammwatyay (5 %). Coberrust GLE o6paGarbisatorest 1o crie-
UaJbHOW MEeTO/IMKe, Ha3HadeHne KOTOPOil COCTOUT B pereHun obpar-
HOM 3a/1a4m: 110 JJAHHBIM MHUPOBOIl C€TU HEHTPOHHBIX MOHUTOPOB IIOJIY-
9UATH [TaPAMETPhI YHEPIeTUIECKUX CIIEKTPOB COJHEYHBIX KOCMUIECKUX
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aydeit. Cobprtust GLE 71 u 72, kak u npexnaune, Obumn 00paboTanbl 10
31Ol MeTojuke. IIpoBejieHO cpaBHEHUE MOJIyUYEeHHBIX YHEPreTHIECKUX
CIIEKTPOB CO CIEKTPAMU B JPYTUX COOBITUAX MPEXKHUX UKJIOB.

1.23 OO1mue ocobeHHOCTU BO3pacTaHUIA
raMMa-u3JIy4eHus Ha psiie CTAaHIU OT
APKTUYECKUX 0 CPeITHUX HINPOT

Banabun FO.B., Muzxaaxo E.A., Maypues E.A., I'epmanenxo A.B.,
I'sozdesckuti B.5.

Honsproi 2eopusuveckut unemumym, Anamumol, Poccus

Monwuropunr donosoro ramma-usiayderns (20-400 k3B) B npuseMHOM
cioe armocdeps! Begercss B [II'M mHOrO Jjier. 910 m3jiyueHue BO3HU-
Kaer B armocdepe or Kocmmdeckux Jiydeit. [lpu pacmpocrpanenunn B
aTMocdepe MOTOK MSTKOIO HM3JIYIEHUs WCIBITHIBAET BapHAIUU, 00y-
CJIOBJIEHHBIE PA3JIMIHBIMEU TIporieccaMu B Tostre armocdepbl. Cobpa-
Ha YHUKAJbHAA U OOMUpHas 06a3a JaHHBIX 00 yPOBHE MATKOIO raMMa-
uzsrydenus 3a nepuoy 2009-2017 1. VIzaMepenust TpOBOJATCS C TIOMOIITHIO
OIHOTHUITHBIX JETEeKTOpOB, n3rotosyieHHbX B [II'M. Ha Bcex cranmmsax
HaOJTIOIAeTCs SIBJICHUE, BIIEPBble OOHAPYKEHHOE aBTOPAME: BO3pacTa-
Hue raMMa-QOHa MPHU OCAJKAX. DTU BO3PACTAHUS HE CBI3aHBI HU C
HaJU9IHueM KaKuxX-JIn00 pPaJMOHYKJIUIOB B ocajkax. Bo3pacTraHus Ha-
OJII0AI0TCH TOJIBKO B 3JIEKTPOMAIHUTHOII KOMIIOHEHTE, BO3HUKAIOIIEH
B aTMocdepe 0T KocMudecKux Jiydeii. KoMrrekcHblit anasms HaKOIIeH-
HBIX JIAHHBIX [OKA3aJ, YTO XapaKTEPUCTUKU COOLITHI (Takue Kak aM-
IUIATYA, JIUTEIbHOCTD, CKOPOCTh HAPACTAHUS U CIIAJa, TOJIHAS SHEP-
IHsl) UMEIOT YeTKHEe PA3jIndus 110 Ce30HYy Ha KaxKIoil cranuuu. Taxrke
Ha OOJIBIIIMHCTBE CTAHIWI HAOJIIOMAETCS CE30HHAS BapHAallds TraMMa-
HU3JIydeHUs, CBSI3aHHAs ¢ 00Pa30BaHUEM ITOCTOSTHHOT'O CHEZKHOT'O TIOKPO-
Ba. B XOJIOJHBII ce30H. AHAIN3 COOBITHI TOKA3BIBAET, UYTO BapHAIMU (HO-
HOBOTO TaMMa-U3JIy9IeHUsT MOTYT HUCIIOIb30BATHCH JJIsi M3y IE€HUsT HEKO-
TOPBIX aTMOCGEPHBIX MMPOIECCOB B HIXKHEH aTmocdepe.

25



1.24 CpaBHeHHEe ABYX KBAaHTOBBIX MoOJeJieil
MIapoBOii MOJHUU

Kysneuos B.B.

Hnemumym KocmoPuduseckur ucciedosanut U pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

CpaBHUBAIOTCS J[BE MOJIEIN IMapoBbix MoJsHuit. Obe Mojesm KBaHTO-
Bole. OIHA TIpeJTIoXKeHa I'PYIIION aMEPUKAHCKUX U (PUHCKUX (DU3UKOB
[Lee W. et al. Science Advances, 2018|, oHEM BIepBbIE OJIYYUIN
TpexMmepHble CKUpMHOHBI (skyrmion) - oObeMHBIE CTPYKTYPBI - B
KoHjieHcaTe Bose - Ditarmreiina (Bose-Einstein condensate) ¢ ymops-
JIOYECHHOU BUXPEBOU CTPYKTYPOII CIMHOB, I'Jle CIIMHBI B IEHTPE U HA
Kpaio MMEIOT IIPOTUBOIIOJIOXKHBIE HAIPABJIEHHUHA. YCTOWYUBBIA KJIyOOK
JIEKTPUIECKOTO ¥ MATHUTHOTO IOJIEHl B 9TOM TPEXMEPHOM CKUPMUOHE
aBTOPBI PACCMATPHUBAIOT B KAadeCTBE BO3MOXKHOII KBAHTOBOI MOJIEH
mraposoii Mosauu (IIIM). Bropast Momesib, IpejiozKeHHasi aBTOPOM,
bazupyercst HA NPOSABICHUN DGPEKTOB KBAHTOBON CIEIJIEHOCTH IIPO-
TOHOB BOJOPOJIHBIX CBsI3ell B BOAHBIX mapax armocdepsr [Kysuenos B.,
Ksanrosast Marust, 2011]. O6¢yxkmaercst npobiaeMa BOSHUKHOBEHUS B
obJ1akax IMOTOKOB YACTHI] BBICOKOH 3Heprun. PaccMOTpeHbl HECKOIBKO
cuTyanuii, B KOTOPbIX ODHAPYKEHBI TAaKWMe IMOTOKW: TEMHBIE MOJHUH,
[Kysuenos B., Becrnuk KPAVHII, 2016], npemmecrByiomume 06bId-
HBIM U CO3/IAIONINE JOTIOJHUTEIbHYIO MOHU3AINIO, MOTOKU OBICTPHIX
3JIEKTPOHOB MB3BHOI SHEPruu IPeIIeCTBYIONMX pPa3psiaM MOJIHUMT,
VHUIMUPYIONUX MOsIBJIEHUE IMAapOBLIX MOJIHWIL, CBEUYEHWil, CIIPaiiTOB
n 1. Bee mepeunciennble SIBJ€HUsI, O-BUIUMOMY, UMEIOT OOIILYIO
MIPUPOJLY, OCHOBAHHYIO Ha TMPOSBIIEHNN 3(DPPEKTOB KBAHTOBOM CIIETIIICH-
HOCTHU IIPOTOHOB BOJIOPOIHBIX CBsI3€ll BOJHBIX KJIACTEPOB B O0JIAKAX.
CpaBHeHHE 3THX MOJIeJIell TIPOBOJUTCS IO €JMHCTBEHHOMY KJIIOYEBO-
My IapaMeTpy, CyTb KOTOPOI'O COCTOMT B OIEHKE MPHUHIMITAAILHOI
Bo3MOKHOCTH TpoHuKHOBeHHs1 IIIM depe3 creksigo. DTO sIBIEHHE
MHOTOKPATHO HaOJIIOJIAJIOCh U HE HAIJIO OObsICHEHUsI HU B OJHON w3
orpomuoro kosudectsa mozesteit IIIM. [Ipemraraemast Mmomesib HaxXouT
oueBHIHOE 00bsICHEHNE 3TOr0 P deKTa.
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1.25 3DddekTpl reodpusndeckux codbbiTmii 4-11
ceuTsiOpst 2017 rosa B Bapualisix aMIJIATYIbI
u dazel OHY curnanoB paamocraHimii mpu
peructpanuu B fAKyrcke n Tukcm

Kopcaxos A.A., Kosaos B.H.

Hremumym xoemodusuneckut uccaedosanuti U aapoHOMUL UM.
10.T". Illaepa CO PAH, Sxymcxk, Poccus

C 4 1o 10 cenrsiopst 2017 r. B oHOM U TOM Ke akTuBHON objactu AR
12673 na Coutare 6611u 3adUKCHPOBAHBI MOIITHBIE BCHBINIKHA KJacca M
u X compoBoxnasimmecst BeiOpocamu KopoHasbHoit Maccel (CME). 5,
7, 8 u 10 ceHTsIOPsT 3aperucTPUPOBAHBI BCILJIECKH ITOTOKA COJTHEUHBIX
KocMuueckux Jjry4eit (mporonos). Ha dbone arux cobbiTuii paccMOTpeHb
Bapuaruu amiutyasl 1 da3sl OHY curnasmoB pagnmonaBurannoHHON
cucrembl Asbda, perucrpupyembie B SIkyrcke (62 N, 129 E) u Tukcu
(72 N, 129 E). 5 - 9 centsabps oTMeYaeTCs IOBLIIIEHAE 3aTyXaHUsA 1
yMeHblIlleHne (Hha30Boil 3aJI€PKKHU PAIMOCUTHAJIOB, PETUCTPUPYEMBIX B
Tukcu. Ilonmxkenue amiuTyabl curHasa HoBocubupck 8 ceHTsIOpst
nocturiio 5 1B, a ymenbinenne a30BOi 3aJepKKM COCTaBWIO 45
rpaaycoB ameM u 55 rpasgycoB HOUbIO. Cleayer OTMETHTH TaKKe I0-
Hrkenue Ga30Boil 3a/1epKKHU HA 75 rpaycoB HOUbo 10 centsiops: 2017
r. Takue uzmenenust napamerpos OHY pajmocurnasia xapakTepusyT
MOsIBJIEHNE JIOITOJTHUTEJIbHOTO WMCTOYHUKA WOHU3AIUN - BBICHIITAHUI
B BBICOKOIIIMPOTHYI 00/JIACTh MOHOCHEPHI IHEPIUIHBIX IIPOTOHOB.
DdderT MarHuTHON Oypm NPOABUICA 8 CEHTHAOPH B AMILIATYIHO-
dazosbix Bapmanusax OHY curnasios, permcrpupyembix B SIKyTCKe.
Yumenbinenue $Ha30Boit 3aJEPKKU 8 CEHTIOPsST B HOUYHBIX YCIOBHUSIX
cocraBuiio 50 rpagaycos (Dst = -120 uTu), a B JHEBHBIX yCJIOBHUIX 9
cerTsiOpst - 30 rpajrycoB. 11 ceHTIOpst OTMEUEHO yMeHbIeHue (ha30BOit
3a/IepXKKU  3aperucrpupoBanHoro B fkyrcke curnasma Hosocubupcek
na 30 rpaycoB B JHEBHBIX ycjoBusX. JIaHHBIN ciydail TAaK¥Ke MOXKHO
CBA3ATH C PE3KUM IIOBBIIIEHUEM IIOTOKOB IIPOTOHOB OOJIBIINX SHEPruit
10-11 cenTsbps.
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1.26 WccaemoBanue BJINSHUSI COJTHEUYHO-3€MHBIX
B3anMOCBs3€ll Ha JIMHAMUKY CYTOYHBIX U
CE€30HHBIX Bapuanuii rpaJueHTa MoTeHI[aJIa
npuseMHoii armocdepsbl

Adocues A.X., Kymyxosa O.A., Yeprecos A.A.

Dedeparvroe 2ocydapecmeennoe Orodxcemmoe yupesxcierue
«Buicokozopruili eeopusuneckuti unemumyms Poccus

CoutHeUHO-3eMHBIE B3aMMOCBSI3M OKA3bIBAIOT HECOMHEHHOE BJIMsIHUE HA
norojy u Kammar 3emiin. MexaHu3Mbl STHX CBsi3ell M3ydeHbl He IO0JI-
HoCThI0. Tak, MOCIeCTBIS JIeHCTBUS COJHEIHO-36MHBIX CBS3€l MOTYT
0Ka3aTh BCIIOMOraTeIbHOE, & MHOIJIA, M DeIlaloliee BIusHue Ha (Hop-
MUPOBaHKE 3JIEKTPUUECKOIO TI0JIsI IIpU3eMHO arMocdepb! 3emin. JlaH-
HBII BBIBOJL B paboTe CJleJIaH HA OCHOBE aHAJIN3a 3HAYEHUIl MoKasaTe-
Jieil, KOTOpBIE OTPayKaT n3MeHeHusi akTuBHOCTH COJIHIIE U KaK CJIeji-
crBue HOPMHUPYIOT CBOWCTBA COJHEYHOIO BETpa, YIAPSIONIEro 0 3eM-
Jie — CKOPOCTb COJIHEYHOrO Berpa (V), KOHIEHTpAalys IIPOTOHOB (n) u
CYTOYHBIX Bapualuil IPaJueHTa JIEKTPHIECKOrO HOJIst IPU3EMHOI aT-
mocepst (E).

B pabore HCIO/IB30BAHBI CyTOYHbIE U CE30HHBIE JIAHHBIE PETHCTPAILHIL
BapuaIyii HANDPSIKEHHOCTH 3JIEKTPUIECKOTO TI0JIS MPU3EMHOTO  CJIOST
arMocdepbl Ha BBICOKOIODHO# craHimu «nuk erer», Boicora 3100 M
U 3HAYEHUS V U N ¢ uHTepHET pecypca ftp://sohoftp.nascom.nasa.gov/
sdb/goes/ace/monthly /201608 ace swepam 1h.txt . Cyrb jganHOTO
[IOJIXO/1a, OTJIMYHOTO OT BCEX CYNIECTBYIOIINX METOI0B MOHHTOPHHIA
aTMOoC(epHOro IJIEKTPUYECTBA, OasUpyeTcs Ha HJee UCKIIOYEHUs
BJIMSIHUSI AQHTPOIOTEHHBIX (DAKTOPOB HA PErHCTPUPYeMble 3HAUEHUSI
pa3MellleHneM U3MePHUTEeNIbHOM annaparypbl Ha BBICOKOIODHOW CTaH-
mun (3100 M H. y. M.). BbINOJIHEH CpaBHATEIBHBIH aHAIU3 I'OJOBOTO
xo7la 3HadeHUH v, n u E, a TakyKe OLpEIETeHbl UX KOPPEIANNOHHBIE
B3aMMOCBSA3H. AHAIN3 JAHHBIX 110 V U 1l IO3BOJISET OTMETUTH, YTO X
yBeJIMUIeHrne IPUBOJUT K POCTY CPEJIHECYTOUHBIX 3HAUEHUH TpajiueHTa
JIEKTPUYIECKOrO0 MOJIsi [pU3eMHON arMocdepbl 110 CPaBHEHUIO CO
CPE/THEMHOTOJIETHIMH 3HAYEHUSAMHE IIOJIsT «XOPOIIel TOro/bl».
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1.27 Cetb ayd oTcie>kuBaHUSA MH(PPaA3YyKOBBIX
CUTHAJIOB, COILyTCTBYIOIINX I'PO30BBIM
SBJICHUSIM: pa3paboTka JaTduKa

Kyoun JI.B.Y2, Kydpsasues H.I'?, Yuaiiwun E.0.%2>3

I Teopusuveckuti yenmp PAH, Mocksa, Poccus
2 Topro-Aamaticku 20CYdapcmeerHHbili YHUBEPCUIMEM,
Topno-Aamatick, Poccus
3 000 «Conneunas snepeus+», Topro-Aamatick, Poccus

Hapsiny ¢ ncciaenoBanusMu MACIITAOHBIX IIJIAHETAPHBIX SIBJIEHUN, Ta-
KAX KaK Bapualyuyd MarHATHOTO TOJIsT 3eMJIH, U3MEHEHUe COJTHETHOMN
AKTUBHOCTH, €€ BJIUsIHUE Ha AaTMOC(EPHYIO JIEKTPUIECKYIO IEIb, HECO-
MHEHHBII HHTEpeC /i Te0O(DU3NKOB TPEICTABIILAIOT U, TAK HA3BIBAEMbIE,
OIMHOYHBbIE KPYITHO-9HEpPreTudecKne coObiThsi. K HUM MOXKHO OTHECTH
11a/IeHUs MeTEOPUTOB, TeXHOI'€HHbIE B3PBIBBI, JIECHBIE IIOXKapPBhl, 3eMJIe-
Tpsicennd T.i1. Kak mpaBusio, Takue cOObITHS JOCTATOYHO TPY/IHO IIOI-
JA0TCS JIOKAJIU3AIIAN 1, €CJIU JTaKe JJOCTATOYHO CJIa0bIe 3eMJIETPSICEHU
¥ TEXHOIE€HHBbIE B3PbIBbI BCE-TaKU OOHAPYKUBAIOTCS U JIOKAJM3YIOTCSI
CeTAMU CEHCMOCTAHINN, TO OIPEJeJIUTh B PeaJIbHOM BPEMEHU KOOPIU-
HATBI APYTUX COOBITHI U3 BLIMIENIEPEINCTEHHOTO PSIA, TPEICTABIAETCS
3aja4ueit BecbMa, TPOOIeMaATHIHOM.

st meTaabHOrO M3ydeHUsl TAKNX UH(MPA3BYKOBBIX BOJIH JIOCTATOYHO
pPa3BEPHYTh B MHTEPECYIOEM HAOJIOAATEN PErnoHe HEeIOPOryIo Bpe-
MEHHYIO MOOUJIBHYIO JIOKAJIbHYI0 MOHHTOPHHIOBYIO CETh, KOTOpas 00-
Jasana O6bl 3HAYUTEIBHO MEHBIINM, IO CPABHEHUIO CO CTAHIAPTHBIMHI
W3MEPUTEIbHBIMU CETSIMU, MEXKIIYHKTOBBIM DPAaCCTOSHHEM U ObLia Obl
OCHAIIEHA CPABHUTEIBHO JENIEBLIM (JIOCTATOYHO IyBCTBUTEIHHBIM, HO
6oJiee Y3KOIIOJIOCHBIM ) U3MEPUTEIbHBIM 000DYI0BAHUEM.
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1.28 Pe3oHaHcHOe paccessHHE Ha BO30Y2KJIEHHBIX
MOHA KaK WHNKATOP MOsIBJIEHUS BbICHITAHU
3apsi?>KEHHbIX YacTUIl B atMmocdepy

Bwukos B.B., Hepeocoeun A.C., Cepedxun U.H., Illesuos B.M.

Hnemumym K0cmoPusureckus ucciedosanul u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

[IpuBosiTcss pe3yabraThl ABYXYaCTOTHOIO JIUJAPHOIO 30HIMPOBAHUS
armocdepsr B obmactu BbicoT 100-500 kM. JlaHHBIE MMOMyYeHBI B
aBrycre-Hostope 2017 r. Ha JUZAPHON CTAHIINU, PACIOJOKEHHON Ha
Kamuarke (158.25°E; 52.9°N). Ilepsbiii KaHAI Jugapa IpeHASHAUEH
JIJTsl ICCIIEJIOBAHUS adPO30JIbHBIX 00pa30BaHuil B cpejHeit armocdepe un
PEerucTpaI pe30HAHCHOTO PACCESHUS Ha BO30YKIEHHBIX MOHAX aTO-
MapHOro azora B BepxHeit armocdepe. Ucnombayercs Nd:YAG Jazep,
paboTaromuit Ha aymHe BOIHBI 532 HM. Bo BTOpOM KaHaJe yCTAHOBJIEH
Jia3ep Ha KPACUTEJIAX C IepecTpanBaeMoil 4acToroil. Beibpannas ayuma
BOJIHBI 561 HM COOTBETCTBYET JUIIOJILHOMY IIEPEXO/Y MEXKy BO30YIK-
JIEHHBIMH COCTOSTHUSIME aTOMAPHOTO KHCJIOPOJIA.

[IpuBonurcsa onucanme MeTo/1a M3MepeHnus: (POHOBOIO CUTHAJIA, IPUTOJI-
HOTO JIJTsl JIUJAPHOTO Uccye/ioBanus TepMocdepsbl. [lokazana BO3MOXK-
HOCTBb BoccTaHoBjieHusi Nh-ipoduiist BO30yKIeHHBIX HOHOB B 00J1aCTH
BeicoT 100-500 kM. Ilokazama BO3MOXKHOCTH BOCCTAHOBJIEHHS CIIEKTDPA
BBICBIIIABIIIUXCS JIEKTPOHOB.

PaccMoTpenbl  BO3MOXKHBIE TPOSIBJIEHUS PE30HAHCHOTO DPACCESTHUS B
obsracTu Me30chEePDI U MOsIBJICHUSA TaM MHUMBIX a3PO30JIbHBIN 00pa3o-
BaHUN.
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2 Teodmsmyeckme 1moJasda m nx
B3alMO/IeiicTBIE
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2.1 AuaropurMmbl Bblle/ieHUusI MOHOCHEPHbBIX
aHOMAaJINiI B CHCTEeMe OIIePaTUBHOIO aHaJIM3a
JaHHBIX «Aurorax»

Ionosos FO.A., ®Pemucosa H.B.

Huemumym xocmousuneckur uccaedosanuti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

B pabore mnpencraBieHbl aJropuTMbl 00pabOTKU MOHOCHEPHBIX daH-
HBIX, PEAJIN30BAHHBIE B PEXKMME OMEPATHBHOTO AHAJN3a [MapaMeTpPOB
noHochepbl. AJITOPUTMBI SIBJISTIOTCS KOMIIOHEHTOMN IIPOTPAMMHOM CHCTe-
MBI aHAJIM3a TeO(DU3NIECKHUX JIAHHBIX «Auroray U MO3BOJISIIOT OIEHUTD
cocTosiHre MOHOChEpHI B paiioHe mojryocrpoBa KaMyaTka U BBIIEIUTH
nonocdepuble anomasmn. Orerka 3(pGHEKTUBHOCTH AJITOPUTMOB ITOKa~
3a/1a BO3MOXKHOCTb WX WCIIOJIb30BAHUSI JIJIsI BBIJEJIEHUS MOHOCKHEPHBIX
AHOMAJINI, KOTOPbIE MOI'YT BOZHHKATH HAKAHYHE MATHUTHBIX Oypb. Uc-
CJTETOBAHUsT BBITIOJTHEHBI 3a cueT cpencTs Poccnitickoro Hayanoro ®Pon-
1a, [IpoexT No14-11-00194.

2.2 AJaropuTMmbl U pe3yJabTaThbl IIOTOKOBOTO
pacrno3HaBaHUs BUCTJIEPOB

Mowanos B.A., Mowanroea A.B.

Hnemumym koemopuduneckur uccredo8arutl U pacnpocmpaHerus,
paduosoan JIBO PAH, Poccus

[Ipeyrararorcst aJIrOPUTMBI  ITOTOKOBOI'O PACIIO3HABAHUS BUCTJIEPOB.
PaceMaTpuBaioTcest pasyimaHble ITAlbl PAGOTHI AJIrOPUTMOB ( [OJIyUeHne
HMCXOJIHOTO CUTHAJA;, MHepBUYHasi 00paboTKa, (PUILTpaIys W IIPeod-
pa3oBaHWe JAHHBIX; MPUMEHEHHE PAa3JUIHBIX PEIIaoNuX IIPABUII;
pacro3HaBanmre COOBITHI C TTOMOIIBIO PA3TUIHBIX AJTOPUTMOB M MOJTY-
Jieil; KOMILJIEKCHAs 9KCIIEPTHAsI OIEHKA KOPPEKTHOCTH PAaCIO3HABAHUS;
BbljleJIeHne (POPMbI BUCTJIEPA M OCHOBHBIX €I'0 XapaKTEPUCTUK; IPUBSI3-
Ka COOBITHIT K BPEMEHH UX MOZABJIEHUs ). PazpaboTaHHbIE aJrOPUTMBbI
WCIIOTB3YIOTCS HA MUHU-KOMIBIOTEPHBIX ITPOrPAMMHO-AIIAPATHBIX
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KOMILJIEKCAX ~ MOHUTOPHHIA HU3KOYACTOTHBIX  JIEKTPOMATHUTHBIX
n3nydeHuii Ha crannnu Kapeivmuboo na Kamuarke, Ha paguorio-
smrone OiOeHKeJb HHCTUTYTa KOCMO(MU3MIECKUX WCCICIOBAHUN U
asponomun (MK®UA) um. FO.IIMadepa CO PAH B Pecnybiuke
Caxa (dxyrus), a Tak»Ke BBIIOJHIETCS PACIO3HABAHUE BUCTJIEPOB HA
6aze oTKpbIThIX JaHHBIX cetn OHY-crammmii abelian.org B myHKTax
Tommopaen Benukobpuranus (53,703N, 2.072W), Busedenny T'epma-
Hust (52.146N,8.458E), Kymbsana Uramus (44.96N,7.42E), Baprasa
IMonbma(52.16313N,21.03094E), Xwurkor Ascrpamus (36.804163S
144.67559E). Hamm pe3ynbraTbl paclo3HABAHUS BHUCTJIEPOB IIO3BOJIM-
JIN yCTAHOBUTH: 1. HAJMYWE B JHU CHJIBHOW BUCTJIEPHONH AKTUBHOCTHU
CpefHell MOJIOKUTEJHHON KOPPESIUN MEXJY KOJIMYeCTBOM 3aperu-
CTPUPOBAHHBIX HA CTAHIMH KapbhIMINUHO 110 MUHYTaM CYTOK BUCTJIEPOB
U KOJIMYECTBOM 3apErUCTPUPOBAHHBIX MuUpoBOil cerbio WWLLN 1o
MUHYTaM CyTOK MOJIHUII B KOOpAMHATHOM mpsimoyrosbHuke LAT 25S-
45S, LON 140E-160E (Ascrpasus); 2. pacupejiejieHue HHTEPBAJIOB
BPEMEHH MEXKY IIOCJIEIOBATE]HHO PErUCTPUPYEMBIMI BUCTIEPAME HA
Ha3eMHOM ITyHKTe HaOJIIOJIEHIS IMeeT BU/JT IIOXOXKUI HA pacIpeiesieHne
IMupcona | Tumna mpwm yCTaHOBJIEHHOM OTIPDAHMYEHUH MaKCHMAJILHOTO
WHTEPBaJIa BpEMEHU MeXK 1y cOObITusMEu B 80 CEeKyH/I.

2.3 Amnanus JaHHBIX PErucTpalu BUCTJIEPOB,
MOJIYYEeHHBIX ¢ moMoIibio cucremMbl SSAN Ha
cybaBpopaibHOIl cTaHIun B fKyTcke

Kapumos P.P.Y, Mowanos B.A.2, Mowarosa A.B.2, Apeynos B.B.",
Tapabyruna JI. .1

L Hremumym xocmodusuneckus uccaedosanuti U aspoHomul um.
IO.T' Illagepa CO PAH, SAxymck, Poccus
2 Mnemumym xocmopusuneckur uccaedo6amuti U pacnpocmparerus
paduosoan JIBO PAH, Poccus

B mos6pe 2017 roma wmawara peructparus B pabodeM peRuMe
OHY-uznyuenus B gaumanazone no 96 kI B pamrax cucrembr SSAN
(Sensor signal analysis network, Cerb aHa/M3a CUTHAJIOB JATYUKOB
[Mouasos, Mouasnosa, 2017]) ma pammodusndeckom mnosurone «Ofi-
Gerkesnby TKOUMA CO PAH (62°N,128°E), maxongmerocs B 25 KM
or 1. dkyrcka. OHY-nznydenume npuHEMAaeTcss Ha BEPTHKAJILHYIO
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3JIEKTPUIECKYIO AHTEHHY. AJITOPUTMBI ABTOMATHYECKOrO BbIJIEIEHUS
BUCTJIEPOB (CBUCTAMAX aTMOCGhEPUKOB, PACIPOCTPAHSIONMXCS BJIOJIb
CUJIOBBIX JIMHUI MarHuTocQepbl) U CHUTHAJOB OT TPO30BBIX Pa3psiioB
(arMochepuKOB, PACHPOCTPAHSIONMXCA B [PU3EMHOM BOJHOBOJIE)
paspaboranpt 8 UKWP JBO PAH [Mouasos, Movasosa, 2018].
BbliesieHEbIE  OCHOBHBIE TIAPAMETPHI  BHCTJIEPOB M aTMOCHEPUKOB
ornepaTuBHO nepenaiorces B 6a3y manuasix TKNP JIBO PAH [Mochalov,
Drugin, Karimov, Shevtsov, Cherneva, Mochalova, Permyakov, Droga,
2018. http://www.ikir.ru/ru/Departments/Paratunka/Ire/Events
/varsiti-2017.html]. TIpoBesen aHan3 aKTUBHOCTH BHUCTJIEPOB Ha Cy6-
aBpopaJsbHO#l mupore ¢ HOAOps 2017 mo uonb 2018 roxa. [IpuBoauTcs
KIaccuuKammsi W BBIJEJIAIOTCA XapPaKTEPUCTUKU  3apPEeruCTPUPO-
BAHHBIX BHUCTJIEPOB. HauaTble pPaboThl IMMO3BOJAT B JaJbHEHIIeM
OTCJIEXKUBATH JIMHAMWUKY W3MEHEHUsI PA3JIUIHBIX T'eOMU3NICCKUX
MPOIECCOB, & OOJIBIIOE KOJUIECTBO 3aPErNCTPUPOBAHHBIX HOCOBBIX
BUCTJIEPOB TO3BOJISIET Y¥Ke CEHYIAC BBIMTOJIHITH CTATUCTUYECKUN aHANS
IIPOIECCOB, MPOUCXO/SINUX B MATHUTOCHEPHOH TIIa3Me.

2.4 Bapumanum eCTeCTBEHHBIX 3JIEKTPUIECKUX
MOTEHINAJIOB B AKyTunm

Kosnoe B.U., Bauwes /.T.

Hrnemumym xoemouduneckux uccaedosanul U aIPOHOMUL UM.
I0.I' Illagepa CO PAH

BruimoHen cpaBHUTETBHBIN aHAIN3 MTAapAMETPOB COCTABJISIONIUX MAr-
HUTHOTO TOJIsI U JIEKTPUIECKUX MOTeHIna 0B Ha nojaurone UKOUA
CO PAH okouio 1. SIkyTcKa Bjiajm OT IPOMBINIJIEHHBIX TOMEX C OCEHU
2016 no Becny 2018 r. Pacrosioxkenue IByX map U3MePHUTEIbHBIX JUHUN
Jnuuoit mo 100 M B HAIIMX M3MEPEHUSX, OPUEHTUPOBAHHO IO KOMITACY.
B orcyrcTBUM MArHUTHBIX BO3MYIIEHUN BAPUAIMH €CTECTBEHHBIX IIO-
TEHITNAJIOB UMEIOT XapPAKTEPHBIN CYTOYHBIN XOJI, OMMCHIBAEMBIN OIHUM
[IEPUOJIOM BOJIHBI, KOTOPBIIT MEHSIETCH OT JIeTa K 3uMe. B Ce30HHBIX KO-
JIE0AHUSX JIEKTPUIECKUX IOTEHIINAJIOB C IIEPEXO0J] OT JIETHUX 3HATEHUN
K 3UMHHUM IPOUCXOAUT B HOsiOpe. OOpaTHBII Hepexoj 3HaYeHuil ecTe-
CTBEHHBIX JICKTPUYCCKUX TOTEHITUAJIOB OT 3UMHUX YCJIOBUN K JIETHUM
10 HAIMM HAOJIIOIEHUSIM [TPOUCXOIUT B T€UEHNE Mas. DTU BECEHHUIA U
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OCEHHMUII TIePeXObl 00YCIOBIEHBI IPOMEP3AHNEM BEPXHETO CJIOSI IPYH-
Ta, OTTAUBAIOIIETO B JIETHUX YCJIOBUAX U COOTBETCTBYIOIINX U3MEHEHU
9JIEKTPUYECKUX CBOUCTB rpyHTa. COlOCTaBIEHBI BAPUAIMH MATHUTHOI'O
oIt 3eMJIU U JIEKTPUIECKUX ITOTEHITUAJIOB BO BpeMsi OOJIBIIION Mar-
uutHOU Oypu 07-09.09.2017 r. Hanbosbiie 3HaUeHNS MATHUTHBIX BO3-
mytieHuii B 3toit Oype Dst pasmoe -142 uTn mabmomanucs 8 02 UT
(nepBoe ycunenue KT). B 14-18 UT, korma Dst BapbupoBasio 0KoJ1O
-120 uTxn (Bropoe ycumenne KT) HaGIHOAAIOTCS PETYISIPHBIE T1yIIbCA~
nuu. Koaddunument koppessdnun MexK 1y pasHOCThIO €CTeCTBEHHbBIX 10~
TEHITNAJIOB ¥ COOTBETCTBYIONUMI MATHUTHBIMU COCTABAAOMAMA X, Y
BO Bpems mysibcaruit cocrasisier 0,5-0,9. Ilockosbky mmeroTcs MHO-
rOJIETHUE JAHHBIE 110 BEJUYNHAM MATHATHBIX BO3MYIIEHUN B HECKOJIb-
KUX IIyHKTaxX HabJofleHus 1o KyTuu, TO MOXKHO JesiaTh OIEHKU O
BEJINYMHE PA3HOCTY €CTeCTBEHHBIX IMOTEHIINAJIOB 10 BEJIUYNHE MATHUT-
HbIX Bo3MmyInenuii. Pabora nomuepxana nayqanoii nporpammoit PC(4) u
PO®U 18-45-140023. Karouesbie ciioBa: MArHUTHOE BO3MYIIIEHUE, T€0-
MarHUTHbIE WHIYIIMPOBAHHBIE TOKW, BEYHAS MEDP3JIOTA, IPOBOIUMOCTH
TPYHTA.

2.5 BpblgesneHne 1 aHAJIN3 KOPOTKOIIEPUOAHBIX
reOMarHUTHBbIX BO3MYIIeHUII HAKaHyHe U B
MMepuo/Ibl MAarHUTHBIX OypPb

Mandpuxosa O.B.23, Conosves U.C.', Batiues A.H.?

L Hnemumym kocmodusuneckur uccaredosamuti U pacnpocmpanenus
paduosonn JIBO PAH
2 Mnemumym 3emio20 MazHemusma, uoHoC@hepv U pacnpocmpaneHus
paduosoar um. H.B. Iywrosa
3 Kamuamexuti 2ocydapemeennvtli mexnudeckuti yrusepcumen

Wszyuena nunamuka Bapuanuii reOMAarHUTHOTO IIOJI HAaKAHYHE U B
nepuosbl MaruTHbIX 0ypb 2011 - 2018 rr. (ucosb30BaIUCh JaHHBIE
BEKTOPA HAIPSI?)KEHHOCTH MATHUTHOIO IIOJIsi 3€MJIA CEeTH HA3eMHBIX
crannuii). Ilpumensica pa3spaboTaHHbIl ABTOPAMEU METOJI, OCHOBAHHDIH
Ha BeUBJIET-IPeOOpPA30BAHUN U AJANTHBHBIX TOPOTOBBIX (DYHKIIUSX.
PesynbraTel mcciaenoBaHus MOATBEPAUIN BO3MOYXKHOCTH CHHXPOHHOTO
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BO3HUKHOBEHUS HA CTAHIUAX CJIA0BIX TNEOMATHUTHBIX BO3MYIIEHUNH,
[IPEJIIIECTBYIOMNX HAYAJIY CHJIbHBIX MArHUTHBIX Oypb. OTeHKH I110-
Ka3aJil KOPPEJIANHWIO BbIJICJIECHHBIX T'€OMArHUTHLIX BO3MYIIEHUN C
AE-unjekcoM, Kak 10 BPEMEHU BO3HUKHOBEHUS, TAK U M0 WHTEHCUB-
voctu. VccnenoBanme BwimosHeHo npu mojuepkke rpaara PH® No
14-11-00194.

2.6 NuaBepcum B MaJIOMOJIOBOI MOJeJ M AUHAMO C
af)-reHepaTopaMu

Todomcran A.H.', Illepememvesa O.B.1»?2

L Huemumym Kocmodususeckus uccaedosanuti U pacnpocmparerus
paduosoan JIBO PAH, Poccus
2 Kamuamexuti 2ocydapemeennuiti ynusepcumem umenu Bumyca
Bepunea

[Ipu cunbrOM JuddepeHraIbHOM BPAIIEHUN [eHEPAIINI0 MATHUTHOTO
TIOJIsT OMMMCBIBAIOT € MOMOIBIO af)-mnHaMo. CBONCTBOM JMHAMO CHCTEM
SABJISIETCST HAJIMYINEe WHBEPCUHU 0e3 CYIIEeCTBEHHOI MepecTPOKN IBUKE-
HUS TIpOBOAAIIeil cpenpl. B mannoit pabore paccMaTpuBaeTCsT MOJIEID
af)-IMHAMO, MCXOsl U3 CJIEJYIOIIIX [IPEJIITO/JIOXKEHU: [10JIe CKOPOCTU
V U MarauTHOe mojie B akcnajapbHO cuMMeTpUYHBL B chepuaecKoii 060-
JIOUKE BSA3KOI HECXKUMAaEMOIl »KMIKOCTH, Bpalaoleiics BOKpyT ocu Oz
C TTIOCTOAHHON YTJIOBOM CKOPOCTHIO §2; TOJI€ CKOPOCTH BA3KOHN YKUIKOCTH
V HyJIEBO€ Ha BHYTpEHHEN 7 = 1| U BHEIIHeH 1 = ro cepudaecKux rpa-
HUIAX 000JIOYKH; MArHUTHAS IPOHUIIAEMOCTb BHYTPEHHErO U BHEIITHETO
sIpa OJMHAKOBBI, cpesia BHE saapa (r > 7o) He nposomsmag. [lomara-
€M, UTO CpejHee TeUeHNe V HOCUT XapakTep auddepeHInaIbHOro Bpa-
MIEHNUs, KOTOPOMY COOTBETCTBYIOT MOIBI VkT,l,O U3 JINHEHHOM 0060I0TKI
{v,{hl,o, v,l;’zyo, V]€;73707 vf;A’O, ...} MHBaPUAHTHON OTHOCUTEJILHO KO-
puosaucoBa cHoca. JIobas Takast MOJIa TOPOXK TAET OCTATBHBIE T10 IEI0Y-
ke. [losie cKkOpoCcTH BSI3KOI »KUIKOCTH AIMIPOKCUMUPYETCS CJIEIYIOMEeit
KOMOMHAITIEH:

v =u(t)vp = u(t)(alvOT’l’o —&—agv&zo +a3V§3’0 +a11V{1,0 —I-OZ13V¥:3’0)7

rie v — Moza Ilyankape, | vo |= 1, u(t) — aMmiaTya CKOpOCTH, KOMIIO-
HEHTBI ITOJIsl CKOPOCTH CIUTAIOTCSI HE3aBUCUMBIMU OT BpeMenu. Maraut-
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HOE IOJIe MPEJCTABJISIETCS] MUHUMAJIbHBIM KOJIMIECTBOM HHU3IINX COO-
P T P

creeHHbIX MOz By 1 o, By 2o, B 3 0, IOCTATOUHBIX JJIsT TIOJTy Y€HUS OC

IIJITUPYIOMIETO JUHAMO

B= BzT(t)Bg,z,o(r) + Bf(t)B&,o(r) + Bé)(t)B(I)D,s,o(r)’

rJie KOMIIOHEHTBI MariHuUTHOI'O II0JIg CHUTAIOTCA HE3aBUCUMBIMU OT BpeE-
MEHU M COCTaBJIAIOIIaAd B(Iil,O (I‘) ABJIAETCA ,[LI/IHOJII)HOIU/I.

QusniecKue NapaMeTpPbl KUJIKOCTH CYMTAEM HEM3MEHHBIMH, TypOy-
JIEHTHOCTh B $J[P€ M30TPOIHON U WCIIOJIb3yeM CKAJSAPHYIO Iapamer-
puzaimio a-3ddekra B Buge dysxkmmu or, §) = «(r)cosd, rue
mazx|a(r, )| = 1. Ucnonesyrorest JiBa Buja paJajbHOR 4YacTu -
adpdekra: a(r) =1, a(r) = —sin(n(r — r1)).

B onwmcaHHO# JuHAMHYECKOH Mojenn «f)-JIUHAMO MOJEIUPYIOTCS
MHBEPCUM MATHATHOTO MOJI C HM3MEHSIONIEHCS WHTEeHCUBHOCTHIO
a-reHeparopa. Takoro poja U3MEHEHUsI HHTEHCUBHOCTU CIUTAEM CJIEJI-
CTBHEM CHHXPOHU3AIUH BBICIIMX OTODOIIEHHBIX MOZ, II0JI CKOPOCTH M
MATHUTHOTO TOJisl. VICCIIeAyIOTCsl PEXKUMBL JIMHAMO B 3aBUCHMOCTH OT
M3MEHEHWs] HHTEHCUBHOCTH TeHEPATOPA.

2.7 MWccienoBanne UHAMUYECKUX PEXKNMOB
stick-slip addekrTa

Ilaposux P.HU.

Hnemumym xocmousureckus uccaedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

Ddderr npnmunanus-ckobxkenus (stick-slip) uccienyercs B 3a1auax
TpubOJIOruN, HAIPUMED, IPHU JATEPATHLHOM JBUKEHUH I'Dy3a B aTOM-
HOM CHJIOBOM MHMKPOCKOIIE, & TAK2Ke UCIIOJIB3YETCs IIPU IIOCTPOSHIH Me-
XaHUYIECKON MOJIeJIN 3eMJIETPSICEHUI B 30HE CYOIyKIUU JIMTOCHEPHBIX
wimt. B nociiennee Bpemst stick-slip adbdekThl TposiBIIsIIOTCsT B 3JIEKTPO-
MAarHUTHBIX CUTHAJIAX JIATOC(EPHOTO MPOUCXOXK IeHus. [loaromy 1esibio
paboThI sIBJII€TCS UCCJIeI0BaTh AnHAMIYecKne pexuMbl stick-slip ad-
dexTa ¢ yaeToM JIpyroro, Ha HAII B3IVIA, BAKHOT'O CBOMCTBA I€0CPE/IbI
speauTapHOocTH (3bdeKTa maMsiTh), CBI3aHHOH ¢ ee (BPaKTATBHOCTBIO.
B paborax aBTopa ObLia MpeJIoXKeHa MaTeMATHIeCKasT MOJENb IPE/IU-
TapHoro stick-slip adderra, moaydeHpl YUC/IEHHBIE PEIIEHUS MOJIEJIH,

37



Ha OCHOBE KOTOPBIX OBbLIM IIOCTPOEHbI ee (pa3oBble Tpaekropuu. OnHa-
KO KQYECTBEHHOI'O aHAJIM3a, JIMTHAMUYECKUX PEsKUMOB 3TOr0 3¢ hekTa He
OBLIIO TIpOBeieHO. B HacTosieit pabore OBLIN UCC/IEIOBAHBI JUHAMUIE-
CKHUe PEXKUMBI, OIPEJIeJIEHbI YCJIOBUST CYIIECTBOBAHMUS TOTO WJIM WHOTO
pexXmMa, MOCTPOEHB! (ha30Bble TPACKTOPUN U MTOKa3aTean JIamyHosa.

2.8 Mexaynapoanas cetb INTERMAGNET n
poccuiickiue MarHUTHbIe 0OCepBaTOPUN:
B3aMMO/JEICTBIE U JJOCTUXKEHUS

Xomymos C.IO.

Hnemumym kocmopuduneckur uccredosarutll U pacnpocmpaHerus,
paduosoan JIBO PAH, Poccus

PaccMmoTrpenbl pasyindHbie aceKThl MEXK Ly HAPOIHON CeTH MArHUTHBIX
obcepsaropuit INTERMAGNET - crangaprel, TpeboBaHus K Opra-
HU3AIUN MATCHUTHBIX M3MEPEHUH, Pa3judHbIE CTATYCHI IOJIy9aeMbIX
marHbixX u ap. Crejlana olneHKa COBPEMEHHOIO COCTOSTHUST POCCUICKOTO
cermenta INTERMAGNET, ero 3HaumMocTh W BKJIQJ B MUPOBYIO
ceThb. [ToapobHO paccMOTPEHBI 0OCOOEHHOCTH MOHUTOPUHTA, MATHUTHOTO
monst 3emumn Ha obcepBaropusix UKWP JIBO PAH «Ilaparynkas
(PET), «Maragan» (MGD), «Xa6aposck» (KHB) u «Msbic IIImuzaras
(CPS) u 1epCreKTuBbl pasBUTHS.

38



2.9 Amnaju3 JuHAMHUKHN IapaMeTpoB MOHOCdepbl Ha
OCHOBe 000OIIeHHOI MHOI'OKOMIIOHEHTHOI
MOeJIn

Mandpuxosa O.B.}, ®Pemucosa H.B.', IToaozoe F0.A.1,
T'ennenep B.B.2

L Hnemumym xocmodusuneckus uccaedosanuti U pacnpocmparenus
paduosoan JIBO PAH, Poccus
2 Canxm-ITemepbypecruti 2ocydapcmeennviti mexHu4eckud
ynusepcumem «JIDTH», Poccus

BeimosiHen anan3 BpeMEHHOTO XO[a KPUTHIECKONH dacToThl F2-citost
noHochEpsl B MEPUOMBI CUIBHBIX MAruuTHeX Oypb 2015 - 2017 rr
HUcnoab3oBanuck nonocdepusle nanuble crannuii [laparynka (MUKUP
JIBO PAH, Kamuarka, 53.0 N, 158.7 E), Bakkanaii (Auonus, 45.16 N,
141.75 E) u Mocksa (Poccusi, 55.49 N, 37.29 E). Anasin3 BBIIOJIHSIICH
Ha OCHOBe pa3paboTaHHOM aBTOpaMu 0OOOIEHHON MHOTOKOMIIOHEHTHOM
mozpemu (OMKM), koropas 103BOJISIET JIETAJILHO U3YYUTh JUHAMUKY
1OHOChEPHBIX TaPAMETPOB U OIEHUTH X XapaKTePUCTUKHU. B mporiecce
MOJIEJINPOBAHMUS B AHAJIU3UPYEMBIX PpaflOHAX BBIJIEJIEHBI U H3Y4UEHBI
aHOMaJIbHbIe U3MEHEHUsI B HOHOChEDPE, IPEIIECTBYIOIINE U COILy TCTBY-
fOIleé MArHUTHBIM OypsiM. Pe3ysibTarsl MCC/IeIOBAHUS CPABHUBAJIUNCH
C TPAIUIMOHHO UCIIOJIB3YEMBIM MEIMAHHBIM METOIOM, KOTOPBIE TTOKa-
zasim nepcektuBHocTh OMKM. UcciteioBanusi BBIMOJTHEHBI 38 CYET
cpeacts Poccuiickoro Hayunoro ®@onga, IIpoexT Nel14-11-00194.

2.10 Moaenpb NpoIEeccoB peJjlaKCallui B Pa3IMIHbIX
pexxuMax IjiacTudeckux gaedopmamnuii

Ilepememvesa O.B.1:2

b Kamuamexuti 2ocydapemeennviti ynusepcumem umeny Bumyca
Bepunea

2 Unemumym xocmopusuneckuz uccaedoamuti U pacnpocmpanerus
paduosoan JIBO PAH, Poccus

Mogsenb pacripesie/ieHusT BpeMEH OXKUJIaHUsT COOBITUH PacCMOTpeHa Ha
OCHOBe cocTaBHOro mporecca Ilyaccona n ero dpakrajabHBIX 0600IE-
HUIL JIjIsT PA3JIMIHBIX PEXKUMOB 1tacTuaeckux medopmaruit. Ha ocaose
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HCCIEJOBAHHBIX ~ CTATUCTUYECKUX 3aKOHOMEPHOCTEH CceficMUIecKux
BPEMEHHBIX DsIJIOB OCHOBHBIX COOBITHI (TJIABHBIX YJapOB), & TaK¥XKe
nocseoBaresbHOCTEl adrepmokos B padorax Bak et al. (Phys. Rev.
Lett., 88 (2002)), Carbone et al. (Europhys. Lett., 71 (6) (2005))

OIIPEACJIAIOTCA IIapaMeTPbl MOIEJIN.

2.11 Moaepuusanusa MeToAa aJallTUBHOTO
COIJIACOBAHHOTO TIPecJieJOBaHUS JIJIs aHaJIn3a
reo(pn3nYeCcKNX CUTHAJIOB UMITYJIbCHOMN

NPUPOABI
Jyrosenxosa O.0., Mapanyaey FO.B., Tpucmanos A.B., Kum A.A.

Hnemumym xocmoususeckus uccaedosanut u pacnpocmpaHeru
paduosonn IBO PAH, Poccus

B macrosiiee BpeMsi B reopu3nKe aKTyaJbHOIN sSIBJISIETCS 3a/1a98 KOM-
IJIEKCHOT'O aHAJIN3a CUTHAJIOB Pa3JIMYHOI IPUPOJIBI C MEJIbI0 N3YYEeHU s
MIPOIIECCOB, IPEIIEeCTBYIOMUX 3eMmyerpscenusM. CylecTBeHHas 9acTh
HCCJIe/lyeMbIX CUT'HAJIOB UMeeT UMITYJIbCHYIO IIPDUPOJY M HecTallnoHap-
HBI XapaKTep, BBUJLY 3TOI'0 aHAJINU3 C IOMOIIBIO KJIACCUIECKNX METOI0B
CIIEKTPAJIbHOI'O aHAJIN3a HE JIAeT YKEeJIaeMOro Pe3yJibTaTa.

ABTOpamMu mpeJIoKEHO UCIOIB30BATH PA3PEKEHHYIO AITPOKCIMAIIIO
JIUTsl OIIEHUBAHUS YaCTOTHO-BPEMEHHOM CTPYKTYPBI CHT'HAJIOB, KOTOPAs
HAIPSIMYIO 3aBUCUT OT CBOHCTB IIOPOYXKJIAIONIUX CUTHAJIBI IIPOIECCOB.
Cy1tmecTByeT OOJIBIIOE KOJUIECTBO AJTOPUTMOB, MO3BOJISIOIIUX CTPO-
UTHh pa3pexKeHHbIe alllIPOKCUMAIIMN CUTHAJIOB, OJHAKO IIPU HCCJIE/I0Ba-
HUU 1e0DU3NIECKAX UMITYJIHCOB JIYUMNIHI PE3yJIbTAT IPOIEMOHCTPUAPO-
BaJI METOJI COTJIACOBAHHOIO IIpecseoBanus. [ JTaBHBIM HETOCTATKOM CO-
TJIACOBAHHOT'O IIPECJIEJIOBAHUS SIBJISIETCS €0 BhICOKAsT BBIYUCIUTEHHAS
CJIOYKHOCTD, 3aBUCSINAs] OT MOIIHOCTU CUCTeMbI (DYHKIWI, Ha KOTOpPHIE
PACKJIAIBIBAETCS CUTHAJ. ABTOPAMM MIPEJJIOXKEH aJITOPUTM a Al THBHO-
IO COIVIACOBAHHOI'O IIpec/IeJ0BaHUdA, IO3BOJIAIONINN HCIOJIb30BaThL CU-
cTeMbl (PyHKITUN MEHBINEHl MOITHOCTH 0e3 IOTepH TOYHOCTH ITOCTPOEH-
HBIX IIPEJICTABJIEHUN.

[Ipencrasmennast paboTa MOCBAIIEH Pa3pabOTKe U CPABHEHUIO PA3IAI-
HBIX YMCJIEHHBIX METO/I0B, IIO3BOJIAIOIINX IIOBBICUTH a/alITUBHOE CBOI-
CTBO M YJIYYIIATH TOYHOCTH aJrOPUTMAa MPUMEHHUTEIHBHO K Treodusu-
qecKuM uMITysibcaM. Ha KakK7oM mare aJIanTUBHOIO COTVIACOBAHHOTO
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[IPEeCJIeI0BAHUS TAPAMETPDI BLIOPAHHON (DYHKIMH YTOYHSIOTCS JIJIS 110-
BBIIIIEHUS KOPPEJIANNNA C UCCIEIyEMBIM CUTI'HAJIOM. Y TOYHEHUE MOYKET
OCYIIECTBIATHCS PA3JIMYHBIMU CETOYHBIMU METOJAMU U METOJIaMH, OC-
HOBAHHBIMHU Ha IOMCKE HAIIPABJIEHUS I'DATUEHTA.

B pabore paccMaTpuBaioTcs OCOOEHHOCTH IPUMEHEHUS] METOJIOB pas-
PEXKEHHOI AIlIPOKCUMAIUKA K reoU3NIECKUM CHTHAJIAM HUMITYJIbCHON
npupopsl. [Ipeiaraiorcst 1 CpaBHUBAIOTCSI PA3JIMYHbIE BAPUAHTHI MO-
JudUKaIun aJropuTMa aIAlTHBHOIO COTTIACOBAHHOI'O [IPECJIEJOBAHMS.
Jlyumnmme MoguduKanum aaropuTMa IIPUMEHSIOTCS JIJIsT aHAII3a TeCTOo-
BBIX U PEAJIbHBIX Ie0(PU3NIECKUX CUIHAJIOB.

2.12 HexkoTopble ocobeHHOCTU
aTMocdepHO-JIUTOCHEPHOro HADIIOIeHUS
aKyCTHUYECKOIr'O U3JIyUYeHHUs B IIYHKTE
«KappiMmimmunaa» Ha Kamuartke

Japuonos U.A., Mapanyasey FO.B.

Huemumym xocmopusuneckux uccaedosanuti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

Wsiararorcst pe3yJsibTaThl KOMILIEKCHBIX HaOJIFOJIEHUN aKyCTUIECKOIO
W3JIlyYeHUsl B IPUIOBEPXHOCTHBIX IMOPOJAaX W B arMocdepe y Io-
BepxHOCTH 3emyin. VHCTpyMeHTaMu HAOJIOACHUI CIIyKAT JIa3€PHBII
nedopmorpad-nnrepdepoMerp U MAKPOOAPOMETD, YCTAHOBJIEHHBIE B
HEMOCPEICTBEHHO Oim30CcTU Jpyr OT Jpyra. B pabore mpuBoauTcs
omnmcaHue Crocoba yCTAHOBKU OOODPY/IOBaHUs, IOKA3aHO KaK BIIHSI-
HUE MeTeOpPOJIOTMYECKHX IIOMEeX Ha WCCJIe/lyeMble BEJIUYUHBI, TaK U
BO3MYIIEHUs, OOYCJIOBJIEHHBIE CEHCMUYECKUMU U TEKTOHUIECKUMU
MIPOTIECCAMU.
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2.13 O mHeobxommMOCTH cO34aHUsI 6a3bI JAHHBIX IIO
abCOJIIOTHBIM F€OMAarHUTHBIM U3MEPEeHUsM Ha
tepputopun Apkruku, Cubupu u /larbHero

BocToka

Cemaxos H.H2, Kosanes A. A2, asros A.D.52, @edomosa O.H.2

L Hosocubupckuiti zocydapcmeenmniil yHusepcumem
2 Maznumnas obcepsamopus «Hosocubupcrks HHI'T CO PAH

AbcosoTHBIE M3MEpEHHsT CKJIOHEHUsI, HAKJIOHEHWS U HAIPSIXKEHHOCTH
MarauTHoro noJisi B Apkruke, Cubupu u #a lamsaem Bocroke mposo-
agarcst ¢ 16 Beka. OHE OCYIIECTBIISIINCH B MPAKTUIECKAX U HAYIHBIX
[eJIsIX BO BpeMsl MOPCKHX, PEYHBIX U HA3EMHBIX IKCIIEIUIUN, pPe3yJib-
TaTbl KOTOPBIX COXPAHAJIUCH B BHJIE OTYETOB, KATAaJOrOB, CTaTeil u
JHEBHUKOBBIX 3ammceil. BosbIinyto paboTy mo cOopy U CHCTEMATH3AIIAN
nauabix 1o Teppuropun CCCP u conpesie/ibHBIX CTpaH 3a MEPUOJ, C
1556 mo 1925 rom nposesn cubmpcekuii marautosior B.I1. Beitubepr. 3a
MOCJIE/IYIONIee CTOJIETHE abCOJIOTHBIE MATHUTHBIE U3MEPEHUs MTPOBO-
JVJINCh W IIPOBOJSATCS B MAUHUTHBIX OOCEPBATOPUSIX W STU JIaHHBIE
nocrynubl. Ho kpome Toro, B 1922 roj Oblia 3aj02KeHa CeTh IIyHKTOB
BEKOBOT'O XOJ[a, POBOJUJINCH HA3EMHBIE ADCOJIOTHLIE M3MEpPEHusl B
MapIIpyTax ¥ Ha MOJUTOHAX. Bce 3TH JaHHbIe HEOOXOTUMO COOUPATH
U IEPEeHOCUTH Ha COBPEMEHHbIE HOCUTENH UHMOPMAIUHU JJIs UX CO-
XpaHeHus, 00PabOTKH ¥ BO3MOXKHOCTH IAPOKOTO MCHOJB30BAHUS IIPU
peIlleHNN HAaYIHBIX U TPUKJIAIHBIX 3aa4.
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2.14 IIpumeHeHHe CHUCTEM CHUMBOJIbHBIX
BBIYNCJIEHNI B CIIEKTPAJIbHBIX 3ajladax
reoIMHaAMO

Bodunwap I.M.12

L Huemumym K0cmodususeckus uccaedosanuti U pacnpocmparerus
paduosoan JIBO PAH, Poccus
2 Kamvamexuti 2ocydapecmeennuiti yrusepcumem um. Bumyca
Bepunea

[Ipu uccienoBanun MojieIeil reoIMHAMO YACTO UCTIOIB3YIOT CIEKTPAb-
HBIE METOJIbl, OCHOBAHHBIE Ha PA3JIOXKEHHUH ITOJIEH TI0 TIOJTHBIM CHCTEMAaM
bYHKIMIA, YI0BIETBOPSIIONIUM HEOOXOMMbIM IPAHUYHBIM YCJIOBUSIM. B
KaJvecTBe TaKUX CHCTeM HambOJiee eCTEeCTBEHHO OpaTh MHOXKECTBO COO-
CTBEHHBIX MOJT MMEIOIIUX SICHBIN (DU3MUECKUNA CMBICJT CIIEKTPAJTBHBIX
3agad. Hampumep, 370 MOTYT OBITH MOJIBI CBOOOTHBIX KOJEOAHUI ITO-
JIe.

Ob61ast cxemMa perieHns TAKUX CIIeKTPAJIBHBIX 33189, KaK 1 OOl BU/
CODCTBEHHBIX MOJI, XOporno u3BecTHbl. OJHAKO, ypaBHEHUs JJIsI COO-
CTBEHHBIX 3HAYEHUI HPHU PA3IUIHBIX PAHUIHBIX YCJIOBUSX U ypaB-
HeHUsl JiJIst KO3(MUIMEHTOB MOJ, OYeHb CJIOXKHBI. Jlayke mpaBuiIbHAsT
3allMCh COOTBETCTBYOIINX AJreOpanvecKux BhIPAXKEHU [IPeICTABIIeT
coboit mpobsiemy. OuH U3 BOZMOXKHBIX CIOCODOB PEIIEHUS ITOM ITPO-
6JIeMBI — UCIOJIL30BAHUE CHCTEM CHMBOJIbHBIX BBIYUCJICHUI.

B mokmame ommchiBaeTcs cxeMbl pacdeTa COOCTBEHHBIX MOJ, U COD-
CTBEHHBIX 3HAYEHHUIl HEKOTOPBHIX CHEKTPAaJbHBIX 3a/lad C IOMOIIHIO
CHCTEM KOMIIBIOTEPHON ajredphbl, COOTBETCTBYIONIEE ITPOTPAMMHOE
obecrievenrie 1 pe3yIbTaTbl PACIETOB.
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2.15 IIporHo3upoBaHHE COCTOSIHUS BHEIIIHEro
PaANaIMOHHOrIO Iosica 3eMJIN IIPU TTOMOIIHT
HelipoHeYeTKUX CUCTEM

Egumopos A.O., Maexosa U.H., /Jlosenxo C.A.

HUN sdeproti pusuru umenu /. B.Crobeavyvina MI'Y umenu
M.B.Jlomowocosa, Mocksa

[IporaosupoBanue NOTOKA PEISATUBUCTCKUX IJIEKTPOHOB BHENTHETO Pa-
nuarronsoro nosica 3emin (P BPII3) sBisierca upessbluaiino akTy-
aJIbHOI 3aja4eil PU3NKN COJTHEUHO-36MHBIX CBsI3€il, ITOCKOJIBKY IIOTOK
P9 BPII3 MoxkeT m3MeHUTHCS Ha HECKOJILKO MOPSIKOB 3a BPEMsI Me-
Hee CYTOK, KaK BO BPEMsI F€OMArHUTHBIX BO3MYIIEHUI, TaK W IIPUA PE3-
KUX BO3PaCTaHUSAX CKOPOCTU COJTHEYHOrO BeTpa Ha opbure 3emun. B
CBA3U C IIOCTOSTHHBIM POCTOM YHCJIa KOCMHYECKUX allllapaTOB HA OKO-
JIO3eMHOIl OpOuTe M MUHUATIOPU3AIMEH CIIyTHHKOBON 3JIEKTPOHUKH, B
OyayIeM 9ucjio cO0eB, CBSI3aHHBIX C BO3IEMCTBAEM BO3PACTAHUI IIOTO-
koB P9 BPII3, 6yner u masnbire yBesmuuBarhes. B To ke Bpems, Ha
CETOMHSINHAN IEHb MHEHUS PA3HBIX UCCIEI0BATEIbCKIX I'PYIIIT OTHOCH-
TeJIbHO TpuynH Bapuarmii motokoB P BPII3 u mexanusmon dopmu-
posanust BPII3 pacxosiTcsi, u 0OIIENPUHSATHIE TEOPETUIECKUE MOJIEIIH,
MTO3BOJISIIOIIUE C JIOCTATOYHONW TOYHOCTBIO ITPOTHO3UPOBATH IIOBEJ/IEHUE
morokoB P BPII3, orcyrcrByror. C npyroit CTOpPOHBI, CErOJHS MMe-
FOTCH JOCTATOYHO OOIIMPHBIE MACCUBBI JAHHBIX, HAKOIIJICHHBIE 38 ['OJIbI
naburiofenuii. I1o 9Toil npudmie cTAHOBUTCS BO3MOXKHBIM HCIIOJIb30BATH
CTATUCTUYIECKNE MHOTOIIaApAMETPUIECKUE MOJEHU, TOI00p KO3 durm-
E€HTOB KOTOPBIX I[IPOM3BOJIUTCSI B IIpoIiecce OOyYeHHs Ha UMEIOIEMCS
MaccuBe JaHHbIX. [Ipr pabore ¢ OOJBIIMHCTBOM COBPEMEHHBIX 00ydae-
MBIX MOJIEJIEH, TAKNX KaK KJIACCHIECKUIl TEPCENITPOH, HEHPOHHAST CETh
Koxonena, mammmna OIOPHBIX BEKTOPOB U IIP., 3aTPYIHEHO 100aBIeHnE
AIIPUOPHBIX 3HAHUI, KOTOPOE MOXKeT ObITh MHTEPECHO KAK C TOUYKH 3pe-
HUsI TIOBBIIIEHNs] TOYHOCTH Pa3pabOTaHHON TPOTHOCTUYIECKON CHCTEMBI,
TaK U C TOYKU 3PEHHs IMPOBEPKU I'UIIOTE3 OTHOCUTEIBLHO BJIASIHUSI TEX
WM UHBIX (DU3UIECKUX IEPEMEHHBIX Ha Pe3yJIbTUPYIOIe coObiTus. B
JAHHOI paboTe MPE/CTABISIETCS CHCTEMa IPOrHO3NPOBAHUS 3HAYEHUN
cpetaevacoBbix MoTokoB PO BPII3 Ha ocHOBe crcTeMbl HEYETKOIT JIoTH-
KW, ITO3BOJIAIONIaA TaK?Ke BbIABJIEHNE T'OPU30HTOB IIOABJICHUA IIPEJIUK-
TOPOB CpeJii HADJIIOMAEMBIX (DU3MYECKUX BEJIMINH U OIPEJIEIEHUe UX
BJIUSTHUSI HA [IPOTHO3UPYEMOE 3HAYECHIIE.

44



Pabora Bomosmena mpum dumHaHCcOBOM mOmAepxKKe Munncrepcrsa
obpazoBanus u nHayku Poccun, cormamenue No 14.604.21.0163, waen-
Tudukarop npoekra RFMEFI60417X0163.

2.16 Perucrpanusi noTeHIIAJIA 3JIEKTPUIECKOTO
moJisi arMocdepbl B IIEHTPAJIbHOI YacTu
noJsriyoctpoBa Kamyarka

Axbawes P.P.', ®upcmos ILIL', Yepresa H.B.?

b Kamvamexuti uiuan @edeparvriozo uccaedosamensckozo uenmpa
«FEdunas 2eopusuneckasn cayorcoa PAH»
2 Hnemumym wocmoduduneckur uccaedosaruti U pacnpocmpaHen

paduosoan JIBO PAH, Poccus

B paiione Ientpanbnoit Kamuarckoit menmpeccuum B JBYX IIYHKTaX
paboraioT (HBIIIOKCMETPBI JjIsi  PETUCTPAIME I'PAJUCHTa IIOTCHIUAIA
anekrpudeckoro mojs armocdepnr (V' OIIA). Ipusenen cyrodnbiit
xom V' OIIA nmyia 9TMX NIyHKTOB B CpaBHEHMH ¢ obcepBaTOpumeit
«[Taparyuka» (IIPT), pacuosoxennoii na Bocrounom nobepexbe 1o-
asyocrpoBa Kamuarka. JlaHo onmcaHue CaydaeB OTKJIUKA B JUHAMUKE
V'’ SIIA na NnpoXoxKJeHHe SPYUTUBHBIX O0JIAKOB, BOZHUKAIOIIUX BO
BpeMsI SKCIJIO3MBHBLIX WM3BeprKeHmit Bynkana Illusenyu. B Gmmxmeit
zore (< 50 KM) OPU BBIIAJECHUU IIEILIA 3aPETUCTPUPOBAHBI CUTHAJIBI
OTPUTIATEHHON TMOJSPHOCTH € MAKCHUMAJbHBIMHA 3HAYEHUSIMEA 10 5
kB/M. B pasnbmeit 3ome (>100 KM) 3apermcTpUpOBAHBI  CHIHAJIBI
HOJIOXKUTEILHOM ToIgapHOCTH. Perucrpanus curnagos B V' OIIA,
BOBHUKAIONIUX IPH [TPOXOXKJICHUH 3PYITUBHBLIX 00JIAKOB, MOYKET OBIThH
OJTHOI M3 COCTABJISIIONX KOMILIEKCHBIX HAOJIONCHUN 38 BYJIKAHIIE-
CKAMU A3BEPIKEHUSMU.
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2.17 PerynspHble 1 XaOTUYECKNE NHBEPCUU B
MIECTUCTPYWHON MOIeJId IeoIMHAMO

Qewenko JI.K.

Hnemumym K0cmoPusurieckus ucciedosanuli u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

Paspaborana wmasioMo10Basi MOE/Ib TeOJUHAMO, ylpaBisemas 6-
cTpyitHoit kouBeknueil B siape 3emun. Mojesib COMEPXKUT BCEro TPHU
MO/IbI, IIPEJICTaBJIAIONINE 110JId TeMIepaTypbl, CKODOCTH U MalrHUTHOI
naayKuu. Mojga WHIYKIIUN BBIOMpaJiach MPU MTOMOIIM KOMOWHU-
pOBaHMSI BOCBMH MArHUTHBIX MOJ C HauOOJIBIIUMH COOCTBEHHBIMU
3HadeHUsIMA. B Moje i ObLIN TOJIyYeHBI YCTOWYMBBIE PEXKUMbBI Te€He-
panuay MarouTHOTO IO/ C WHBEPCUAMU, UMEIOIMUMU DPeryiadpHBIA 1
XAOTHYECKUIT XapakTep. DTH WHBEPCUU HE BBI3BIBAIOT M3MEHEHUN B
CTPYKType KOHBEKIIUH.

2.18 Ceiicmoremnypuieckuii 3cpdekT B 11oBe/IeHNN
rnepeaToYHbIX (PYyHKIIUI IJIEKTPUIECKOTO
noJisg 3emMJn

Mopos FO.®.*2, Punos E.C.2

L Teonozuueckuti uncmumym CO PAH
2 Uncmumym eyaxanonozuy u ceticmonrozun JBO PAH

BeimosiHen anan3 JaHHBIX MHOTOJIETHETO CHHXPOHHOI'O MOHUTODHUHTA
JIEKTPOTEJIIYPUIECKOTO TI0JIs Ha Mo0epekbe ABadYMHCKOTO 3aUBa, B
nyakTax Tywaposwiit u Bepxusaa Ilaparynka. Ilomydenubie nanmbie
UCIIOTb30BAHBI JIJIs U3YYEHUsI BDEMEHHBIX M3MEHEHUIA JIeKTPOIIPOBO/I-
HOCTH T€03JIEKTPHUIECKOH CPEJIbI ¢ HOMOIIBIO TEJLIyPHIECKOI'O TEH30PA.
st ompejiesieHnsi KOMIIOHEHT TEH30pa B JUAIIA30HE IEPUOJIOB OT
nepBbIx corted 70 3000 ¢ TPUHATHI YHUCJIEHHbIE MAaCCUBBI JAHHBIX IO
20 cyTok Ha MHOTOJIeTHEM HUHTepBaJjie Habmomenuit. B pesyabrare
CUHXPOHHO# 0OpabOTKHU JIEKTPOTE/LIYPUIECKUX JTAHHBIX B . TyHI-
posbiit u Bepxusist [laparyHka 1oj1y4eHbl BpeMEHHBIE Psiibl MOJLYJIei U
da3 KOMIIOHEHT TeJUIypUYIecKoro Tensopa: tyy, txx, tyx, txy, vy, ¢xx,
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PYX, PXy. YCTONYUBLIMUA 3HAYEHUAME XaPaKTEPU3yeTCs KOMIIOHEHTA
tyy. Ona sBisiercst 6otee nadopmaTnBHOi Ha nepuomax 450 u 1000 c. B
[TOBEJIEHUY JJAHHON KOMITOHEHTBI BhIparkeHa OyXTooOpa3Hasi aHOMAJIUsl,
aMIIJIUTY/Ia KOTOPOW IPEBBINIAET OMIUOKY €JIWHUIHOTIO OIIPEJIE/IEHUsI
suadenus tyy. UHTepperanust JaHHBIX 3JIEKTPOTEILIY PUIECKOIO MOHU-
TOPUHTA BBIMOJIHEHA HA OCHOBE MATHATOTE/LIY PUIECKIX 30HIMPOBAHUI
B mm. Tyumposoiit u Bepxusa Ilaparynka, KoTopble XapaKTepU3y-
0T pacIpejiesieHre 3JIEKTPOIPOBOJHOCTH B 36MHOU KOpe U BepXHEil
MaHTUU. 30HIAPOBAHUS CBUJIETEJILCTBYIOT O HAJIMYHUH ['€03JIEKTPHUYIe-
CKUX HEOJHOPOJHOCTEHl B pailoHaX MYHKTOB HAOJIIOJAEHUS, K KTOPOM
MOXKHO OTHECTH PAa3jUudHble TeJa, BKJIOYas TJIyOMHHBIE PAa3JIOMBI.
ITo reosoro-reodpusnaeckuM TaHHBIM pa3joM B paitoHe 1. Bepxmuss
[Taparynka. Ilepecekaer roxuyio Kamuarky. Ilpenmosaraercs, 4ro
OH UMeeT poJIoJiKeHrne B akBaTopuio Oxorckoro mopsi. Ha Kpubix
MT3 Bapuanum 450 u 1000c, Ha KOTODPBIX BBIPAXKEH AHOMAJIBHBIN
3bdeKT B MOBEIEHWM TEIyPUIECKOTO TEH30pa, IPUYPOUEHBI K
MUHAMYMY KaXKyIIErocs 3JIEKTPUIECKOIO COIPOTHUBJICHUS, CBA3AH-
HOTO C JUTOCGEPHBIM TPOBOAAMNM cjioeM. MOoXKHO OBLIO ToJIaraTh,
YTO AHOMAJIHUS TEJIYPUIECKOTNO TEH30pa OTPAXKaeT OTHOCHUTEJbHBIE
W3MEHEHHUsI 3JIEKTPOIPOBOJHOCTH JINTOCHEPHOTO CJIOsi TTOHUKEHHOT'O
conporuByienns. OmHO3HAYHO 00 9TO CyAuTh HEJIb3si. He MCKIIOYeHO,
q10 3 deEKT 00yCIOBIEH U3MEHEHUEM TPUTOBEPXHOCTHBIX I€0JIEKTPH-
qeckux HeomHopomHocteil B mm Tywmposoiit mu Bepxuss Ilaparymka.
BrisiBiieHHast aHOMaJIMs B ITOBEJIEHUH TEJIYPUUIECKOI'O TEH30pa BO
BpPEMEHM I[PUYyPOYEHA K IIOBBIIIEHHON CeACMUYIeCKOil aKTUBHOCTH,
CBsABAHHON ¢ cuytbHEATMM OXOTOMOPCKUM 3eMJIETPSCEHUEM, STUIEHTP
KOTOPOr'O PacrojioxkeH B akBaropun OX0TcKOro Mopst B paiione FOkHoit
Kamgarku. Ilpenmomaraercs, 9Tto 3dpGeKT BBI3BAH JIUHAMUICCKUMU
IIPOIIECCAMY, IIPEIBAPSAIONIUMU U COIPOBOXKIAIONINMU 3€MJIETPsICEHUE.
[Ipu sTOM BakHasi pPOJIb OTBOJUTCS TJIyOMHHBIM Pa3JIOMaM, BJIUSIHUAE
KOTOPBIX IPUBEJIO K IOSIBJIEHUIO WU U3MEHEHUIO Ie03JIEKTPUIECKUX
HEOJTHOPOIHOCTEIH, MIPOSIBUBIIMXCS B JIEKTPOTEJIIY PHIECKOM ITOJIE.
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2.19 Cwucrema JlopeHna u ee ob600IIEeHNS KaK
MOJEJN IAUHAMO C IIaMSThIO

Bodunwap I M.Y2, Kasaxose E.A.1+3

L Huemumym xocmofususeckus uccaedosanuti U pacnpocmparenus
paduosoan JIBO PAH, Poccus
2 Kammamexuti 2ocydapemeennuiti yrusepcumem um. Bumyca
Bepunea
3 Kamuamexuti 20cy0apcmeennorli mexrHu4eckuts yrusepcumen

U3BecTHO, ITO OCECHMMETPUYHAS JIBYXMOJIOBAasT MOJIETb (Ww-JIMHAMO C
JUHAMAYECKUM TOJaBjieHrneM «-3(p@eKTa CIupajbHOCTBIO IOJIs IIpU
HEKOTOPBIX JOIMYIIEHUAX CBOIUTCS K KJIaccmiecKoit cucreme Jlopenra.
B pamkax Takoit MoIen yAaeTCs OMUCATH XAOTUIECKUE PEYKUMBI WH-
BEpPCU T1OJIA.

B moxnase moka3aHo, YTO 9Ta MOJEb SBJSIETCS YACTHBIM CIydaeM 00-
Jiee ob1meit mHTerpo-auddepeHnuaIbHO MOJAEN, B KOTOPOI TIOTaB/ICHIE
a-3ddeKTa peasn3yercss HHTErPAIbHBIM OIIEPATOPOM CBEPTOYHOTO TH-
a OT KBaJpaTHJIHONH (POPMBI KOMIIOHEHT ITOJIS C SKCIIOHEHIINAJIbHBIM
SIITIPOM.

B noxmajzie obcyxarorcst 0600IeHusT 3TO MOJIE/IN, CBSI3aHHBIE C WC-
[IOJIb30BAHUEM JPYTHUX TUIIOB $JI€D, KOTOPBIE ITO3BOJISIIOT MOJIEIUPOBATH
3a/IepKKY MOJIABJIEHUs] U TIAMSTH B JIMHAMO-CUCTEME, & TAKXKE MOIEJIH-
posamme o~ u a’w-muHamo. OMHICHIBAIOTCS HAOJIOLAEMbIE JUHAMITIE-

CKHUE PE2KUMBI 1 UX CTATUCTUYICCKUE XapaKTEPUCTUKH.

Pabora Beimosinena npu noaepxkke rpaata PH® 14-11-00194.

48



2.20 CoBMecTHBIE BO3MYIIIEHUs] BHBICOKOYACTOTHOM
reoaKyCTUYeCKOil sMuccum u arMocdepHOro
3JIEKTPUYECKOro MOoJisl Mpu
TEKTOHOCECMHIYIECKOM IIpoliecce (pe3yJibTaThl
ucciaenoBannii Ha Kamuarke)

Mapanyaey, FO.B.', Pyaenxo O.I1.2

L Hnemumym xocmodusuneckux uccaedosaruti u pacnpocmpanenus
paduosoan JIBO PAH, Poccus
2 Hnemumym eyaxamonoeuu u ceticmonoeuu JJBO PAH, Poccus

Jlerom-ocennbio 2005-2009 u 2012 rr. Ha KamMyaTke IpOBOJIUINCE OJIHO-
BpPEMEHHbIE M3MEPEHUsI BBICOKOYACTOTHOU T€0aKyCTHIECKONH SMUCCHH
u aTMOC(MEPHOTO JIEKTPUIECKOTO IOJIsI y 3eMHOI MOBEepXHOCTH. Bo
BpeMsI UCCJIe0BaHuil ObLIM OOHAPY?KEHBI MX COBMECTHBIE aHOMAJIbHbBIE
BO3MYIIIEHUs, BO3HUKAIOIINE B CEHICMUYECKU CIIOKONHBIE MEPUOILI U
rmepeJi 3eMJIETPSICEHUSIMU. XapaKTePHONH OCOOEHHOCTHIO aHOMAJIUHN siB-
JITETCS YMEHBITIEHUE JIEKTPUIECKOTO TOJIS YacTO C M3MEHEHNEM 3HAKa
U TOCJIeAYIONIee BOCCTAHOBJIEHUE IIPUMEPHO JI0 TPEXKHETrO YPOBHH,
MIPOUCXOJAINee IIPU 3HAYUTEJHHBIX YBEJIUUEHUAX I'€0aKyCTHIeCKON
smuccuu. Hanbosiee BepoATHON NPUYMHON BO3SHUKHOBEHHS 3TUX BO3-
MYIIEHU sIBJIsieTCs ycujeHue j1e(pOPMUPOBAHUS ITPUIIOBEPXHOCTHBIX
opoJ, B pailoHe IyHKTa U3MEPEHUH IpU TEKTOHOCECHCMUYECKOM IIPO-
mecce. ITO OBLIO MOATBEPKIEHO OTHOBPEMEHHBIMU M€0AKYCTUIECKUMU,
aTMOCHEPHO-IIEKTPUIECKUME U J1eDOPMAIMOHHBIMYI H3MEPEHUSMH B
2009 1. Bo Bpems ux mpoBejieHusi OOHAPYKEHO, ITO COBMECTHDBIE BO3-
MYIIEHUS Te0aKyCTUIECKON IMUCCUU U aTMOCHEPHOrO JIEKTPUIECKOTO
[I0JIsI BOSHUKAIOT KaK OJIM3KMiIl BO BPEMEHHU OTKJIMK ITPUIOBEPXHOCTHBIX
0CaJIOYHBIX MOPOJ, Ha yCUJIeHWe X pacTaxkenus. [lossiaenune coBmect-
HBIX TE€0aKyCTHYECKAX U aTMOCHEPHO-IJIEKTPUIECKUX BO3MYIIEHUN
CBSI3aHO, BEPOSITHO, C PAJOHOM U TOPOHOM, KOTODBIE IIOBCEMECTHO
TeHEPUPYIOTCS B TOPHLIX mTopojiax. [locTymas B armocdepy, 3Tu smana-
WY yBEJIMIUBAIOT MOHUBAIMIO U ITPOBOJIUMOCTD ITPU3EMHOTO BO3JIYXA,
9TO COIPOBOXKIAETCH YMEHBIIIEHNEM aTMOC(EPHOTO IJIEKTPUIECCKOTO
oJist y 3€MHOI TOBepxHOCTH. V3BeCTHO, 9TO comeprKaHue pajoHa u
TOPOHA B IOYBEHHOM ra3e 3aBHUCHT, B YAaCTHOCTHU, OT HedopMaliuu
MIOPO/T ¥ yBEJIMIUBAETCS B HEM U B IPU3EMHOM BO3JIyXe TEpes] 3eMJie-
TpsiceHusaMu. B cBa3u ¢ 3tum, B 2012 . u3MepeHusi re0aKkyCTUIeCKOM
SMUCCHU W aTMOCHEPHOrO 3IJIEKTPUUIECKOIO IOJIsi OBLIU JIOMOJTHEHBI
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perucrpanyeil paJoHa I TOPOHA B ra3e IMOBEPXHOCTHOT'O CJIOST TPYHTA.
Obnapy:keHo GJU3KOe BO BPEMEHH aHOMAJILHOE YBEJUYEHHe paJIoHa,
TOpOHA, TE€0AKYCTUYECKON SMUCCHU U YMEHBbIIEHHEe aTMOC(HEPHOro
JIEKTPUIECKOT0 II0Jisl, KOTOPOoe HabJojaioch 3a 13 CyTok mepe/t
3eMJIeTpsICEHNEM MarHuTyao# 5.6 mww Ha paccroguuu 140 kM oT 311-
nenrpa. Ilpemmoxkena cxema 0Opa30BaHUs COBMECTHBIX AHOMAJBHBIX
BO3MYIIEHUN BBICOKOYACTOTHON TI'€0aKyCTUYECKOIl 3IMHUCCHU U aTMO-
cepHOro 3JIeKTPUIECKOTO TOJIs MPU HAJUYUU B MYHKTE U3MEPEHUit
MIPUTIOBEPXHOCTHBIX OCAJIOYHBIX TOPOJL U X PACTIKECHUU.

2.21 CoBMecCcTHBI aHAJIN3 HU3KOYACTOTHBIX
reoakycTudeckux m jgedopMarnmnoHHbIX
CUT'HAJIOB

Muwenxo M.A.Y, Mapanyaey FO.B.', Japuoros H.A.",
Bozomonos JI.M.2, Cowuée B.H.3

L Mnemumym xocmodusureckus uccaedosanuti U pacnpocmparenus
paduosoan JIBO PAH, Poccus
2 Unemumym mopckoti 2eonozuu u 2eofusuru JJBO PAH, Poccus
3 Hayunas cmarnyus PAH, Kvpewzcman

C ocernn 2016 roma ma KamuaTke mTpOBOIUTCS COBMECTHBI MOHHTO-
PUHT CUTHAJIOB, PETUCTPUPYEMBIX DU IOMOIIMM TPEXKOMIIOHEHTHOTO
MTHE303JIEKTPUIECKOTO CEHCMONIPUEMHNKA 1 JIa3epHOro jedopmorpada-
naTepdepoMerpa. BBISBIEHBI CJIydan OFHOBPEMEHHON PErucTpaIun
HU3KOYACTOTHBIX T'E0AKYCTUYECKUX U J1e(DOPMAIMOHHBIX CHIHAJIOB.
BoJibimuHCTBO reoakyCTHYeCKUX CUTHAJIOB PETMCTPUPYIOTCA B YaCTOT-
aoM jmamnazone 20-100 I'm. IIpuBoasTcsa pe3ynbTaThl aHAIM3a BpEeMEH-
HBIX U 9aCTOTHBIX XaPAKTEPUCTUK CUTHAJIOB.

Pabora Bbimosirena B pamrax mpoekta 18-5-002 «Mudopmamnmonso-
BBIYUCJIATEIbHAST CUCTEMA MOJIECTUPOBAHNUS PACIPOCTPAHEHUS TEOaKy-
CTHYECKUX U HEJUHEHHBIX AePOPMAIMOHHBIX BO3MYIIEHUN B 3€MHOM
kope (pazzen 1)» KowmiuiekcHoit nporpamMbl (GyHIaMEHTAJIbHBIX Ha-
yuHbIX uccjenoanuii JlanbaeBocrounoro otyesienusi PAH «/lajabHuii
Boctok» ma 2018-2020 rr.
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2.22 YaapHO-BOJIHOBasi MOJeJIb 3€MJIETPSICEHUS 1
KBaHTOBas TeopeMa IlyaHkape o0bsICHAIOT
dbusuky adrepriokon

Kysneyos B.B.

Hnemumym x0cmoPusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

[Ipemyioxkena TPUHIUIIAATIBLHO HOBas MOJEJb adTeprioKoB, 6a3upyro-
MAsACsS Ha YIAPHO-BOJIHOBON MOJIEIN 3€MJIETPSACEHUS M UCIIOIH30BAHUN
TeopeMbl TIOBTOpeHus (BosBpamenusi) Ilyamkape [H. Poincare, Acta
Mathematica 13, 1 (1890)]. eficTBre TeopeMbl MOBTOPEHHUSI MOATBED-
JKJIEHO IyOJsiKaleil B Science crarbeil aBCTPHUIICKUX (PU3UKOB W3
Texnosornueckoro yauBepcurera B Bene, moym nazsanunem «Recurrences
in an isolated quantum many-body system» 22.02.2018. U3 3Toit cTa-
TBU CJeayeT, 9To TeopeMa llyaHkape MOXKeT OBITH CHOPMYIUPOBAHA
TakuM 00pa3om: «CJIOXKHBIE CHCTEMbI B KAKOW-TO MOMEHT BO3BpAIa-
IOTCsI TOYTU TOYHO B MCXOJIHOE COCTOsIHME. BIiepBble 9Ta peKyppeHTHAast
TeopeMa ObLjIa [IPOIEMOHCTPUPOBAHA C IIOMOIIBIO CJIOKHBIX KBAHTOBBIX
MHOTOYACTUIHBIX CHUCTEM». YIAPHO-BOJHOBAS MOJIEIb 3eMJIETPSICEHUST
OCHOBaHa HA WCIIOJIb30BAHNN WJIEW KBAHTOBOU CIEILIEHHOCTH [IPOTOHOB
BOJIOPOJIHBIX CBsi3eil Marepuasia aurocdepbl. OueBuHO, 910 1 adTep-
IIIOKX - 3TO KBAHTOBbIE fBJIEHUS, IIOBEJIEHUE KOTOPBIX PEryIUpyeTcs
3TOH TeopeMOii.

2.23 VYimmumpeHue JUHUN ra30B BYJIKAHUYECKOMN
aktuBHOCTU SO 1 CO5; B arMocdepe 3eMin

Hydapénox A.C., Jlaspenmuvesa H.H., Jlaepenmves H.A.
Hremumym onmuxu ammocpepvs um. B.E. 3yesa CO PAH, Poccus

UccnenoBannss munamuku SOs; u CO; B ciiydae BYJIKAHUIECKON
AKTUBHOCTHU $IBJIIETCS AKTyaJbHOW 3ajadeit. Takme wuccaemoBaHms
MPOBOJISITCS  TIPU  PETUCTPAIMN  COJHEYHBIX CIIEKTPOB  aTMOCHEPHI
C TIOMOIIBI0 HazeMHbIX craHimii, Ha ocHoBe DTC cnexkTpomeTpos.
st perucrpanuu COJIHEYHBIX CIIEKTPOB HEOOXOIMMBI JaHHBIE IIO
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kodddurnmenTos ymwupenus Juauit SO YIIUPEHHBIX OCHOBHBIMU
razamMu arMocdepbl, TaKUMH KaK a30T M KHUCJOPOX, M 9, KOTODBIH
BBIJIEJISIETCSI IIPU BYJIKAHUYECKO# JesitebHOCTU. [IpescraBiienbr pac-
9eThl KO3(MDPUIMEHTOB YIIUPEHUs JIMHUNA OKCHJIA Cepbl JIaBJIEHUEM
YIJIEKHACJIOTO Ta3a IMOJYIMIMPUIECKAM METOIOM U METOIOM CPEIHUX
qacToT. B pabore paccmorpena 41 quHMs, BpalaTeabHOEe KBAHTOBOE
qucyio J Bappupyercsa ot 14 o 51. Beramcsenus: mosrymupus JuHUit
[POBEJIEHBbl Il KOMHATHON Temmeparypbl (296 K), a Takxke s
WHTEpBaJa TEMIIEPATYD, XapaKTepHbIX st arMmocdepsl 3emiu. [Ipo-
BEJICHBI PAacYeThl KOI(MDMUIIMEHTHI YITUPEHNs JIMHUA YIJIEKUCJIOTO Ta3a
JABJIEHUEM a30Ta, OKCHJIA a30Ta W OKUCHIO yTJIEPOJA IIPU KOMHATHOMN
remueparype (T=296 K). Pacyers! 6buin BBIIOJHEHBI JJIsl IXPOKOIO
JIMana3’oHa BpamaTeIbHOro KBanToBoro uucaa J (mo 100). st kax-
JIOH TIOJTyIIMPUHBI JIUHUU BBIYUCJIEHBI KOI(MDMUIMEHTHI TEMIIEPATyPHOM
3aBucuMocTH. [IpoBe/ieHbI CpaBHEHUS IOJIyYE€HHBIX HAME [IapPaMeTPOB
KOHTYpa JUHUI C JIATePATyPHBIMU JAHHBIMH, IIOJIY9IE€HO XOPOIIee
corjacue. BBIYHC/IeHNs BBIIOJHEHBI ITOJIYyIMIMPUIECKAM METOJIOM,
OCHOBaHHBIM Ha IOJIYKJIACCUYECKON yJJapHOIl TeOpUU YIIUPEHUA JIMHUNI
¥ JIOIIOJIHEHHBIM BBEJIEHUEM KOPPEKTHUPYIOIIero (pakTopa, rnapaMerpbl
KOTOPOTO  ONPEJENIIOTC C WCIOJb30BAHUEM KCIIEPUMEHTATHHBIX
naHHBIX. ABTOpBI 6Gilarogapar 3a  (uHaHCOBYIO TOmIepKKy PHO
(rpant Ne17-12-01204) nu POOU (rpamrtsr Nel7-52-16022 a, 18-52-
00006 _Gex_a).

2.24 @uyKTyanuu U HeJIMHEHbIe KoJieOaHus B
CJIO>KHBIX IIPUPOAHBIX CAUCTEMAaX

Ilesuyos B.M.', Illesuosa O.B.2

L Huemumym Kocmofususeckus uccaedosanuti U pacnpocmparerus
paduosoan JIBO PAH, Poccus
2 Tuzxooxearcruti oxeanorozuveckuti uncmumym JBO PAH, Poccus

Pezonancnoe pacmnpocrpanenune m3jiydenHusi B MOHOChEpE, COTHEIHAS
aKTHUBHOCTb, MarHUTHOE JJUHAMO, I'DO30BbIE PA3Ps/Ibl, IIPOIIECCHI Pa3py-
IMeHns, TaacTuIeckne gaedopmaruu, CefiCMUIHOCTD, TYypPOYI€HTHOCTH
U TUAPOXUMHUYECKAs] M3MEHYMBOCTh PAaCCMATPHUBAIOTCS KaK ITPUMEPHI
CJIOYXKHBIX JIMHAMUYECKUX CHCTEM, B KOTOPBIX BO3HUKAIOT BO MHOI'OM
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CXOXKHE TI0 CBOEH MPUPOJIe PEKUMBI QIYKTYAIMi 1 HEJTUHEHHBIX KOJIe-
Gannii. OOCYK1a10TCs KOJUIEKTUBHBIE 3(P(DEKTHI B IOBEIEHUHN CUCTEM
U XaOTUYeCKHe KOJieOaHWs B OTIEJIbHBIX IOJCHUCTEMAX, COOTHOIIEHUE
CJIy9IaffHOTO U JIETEPMUHUPOBAHHOTO, aHAIN3 (haKTOPOB U3MEHINBOCTU
U CMEHA JUHAMHUYECKUX PEXKMMOB, MACIITAOHOE COOTHOIIEHUE MEXKILY
JIEMEHTAMH CHCTEMbI U B3ammoJeiicteue macmraboB. [Tokazamo, aro
KOHCOJIUJAIIAsl ¥ BETBJIEHHE B Pa3PYIIEHUSX WX T'DO30BOI aKTUB-
HOCTH 3TO Ilepejlada BO3MYIIEHUII BBepX W BHU3 110 KacKajaM KaK B
TYypOyJIEHTHOCTH, a aJibda-oMera 3MMEKTh MarHUTHOTO JUHAMO 3TO
Te YKe KaCKaHbIe IPOIECChl, HO TPU HAJUIUU BHENTHEIO MATHUTHOTO
101 WJIA BPAINEHUs, CHUMAIONINX BBIPOXKJIEHIE B CHCTEME 10 HAIIPAB-
senusiv. Ocoboe BHUMAaHWE YIEJSIeTCs TPUPOJHBIM TeHepaTopaM u
YCHJIMTEJISIM KoJieDaHuil, B KOTOPBIX TpuiuieT JlopeHIa urpaer posb
YHUBEPCAJIHHON MOJIEIN HEJIMHEHHOTO OCIUIIIATOPA.

2.25 DyeKTpUYecKuili U aKyCTUYIECKUI OTKJIUK
NPUIOBEPXHOCTHBIX OCAJOYHBIX MOPOJ, HA
IIPOXOXK/IeHUEe CEeNCMUYECKUX BOJIH OT
3eMJIeTPSCEHU

Mypamos I1.B.", Pyaenxo O.IL%, Mapanyaey, FO.B.",
Conoduyr A.AL

L Mnemumym xocmodusuneckux uccaedosanuti u pacnpocmpanenus
paduosoan JIBO PAH, Poccus
2 Unemumym eyaxanorozuu u ceticmonozuu JJBO PAH, Poccus

B nymkre <«KapbiMmumnay, pacmojio’keHHOM B paifione Bepxme-
[Taparynckoit rugporepmMabHON cucTeMbl KaM4yaTKu, OJHOBPEMEHHO
U3MEPSAJINCh JBE OPTOTrOHAJIBbHBIEC TOPU30HTAJIbHBIE KOMIIOHEHTBI 3JIEK-
TPUYECKOTO IOJIA U aKyCTUUeCKasd IMUCCHUS B IIOBEPXHOCTHOM CJIOE OCa-
HOYHBIX mOpoj. W mest 9Tux m3MepeHuil OCHOBAHA HA TOM, YTO OCAI0Y-
HbIE IIOPOJBI UMEIOT CJIO?KHO IIOCTPOEHHYIO IIOJIMJUCIIEPCHYIO BjIaro- u
ra30HACHIEHHYIO IIOPUCTYIO CTPYKTYPY MaJIoil IPOYHOCTH, U IIPU IIPO-
XOXKJIEHUHU CEICMUYIECKUX BOJIH UCIBITHIBAIOT 3HAYUTEIbHBIE 1edhopMa-
nuu. [TosToMy MOKHBI MPOSABIISATHCS CEHCMOIEKTPUIecKnii 3pderT
BTOPOI'O POJa U I'eHepalud aKyCTUIeCKIX CUTHAJIOB B pe3yJibTaTe OTHO-
CUTEJIbHBIX MUKPOCMEITIEHUH (DparMeHToB U UX B3ANMOJIEHCTBII. DJIeK-
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TPUYECKHIT OTKJIMK Oy/IeT BO3HUKATH B JIMAIIa30HE YACTOT CedcMude-
CKUX BOJIH, 8 aKyCTHYeCKH{l — B JHMama30He OT JeCATHIX JoJIeil 110
HECKOJIbKMX Thicsid repil. O6a 9TUX OTKJIMKa HaOJIIOIAIINCh BMECTE TIPU
MIPOXOKJIEHUU CEHCMUIECKUX BOJIH OT KAMYATCKUX 3€MJIETPSICEHIIT Mar-
auryaoit 4.9 — 7.2 Ha snunenTpaabaoM paccrosinun 110 — 190 k. O6-
Hapy’KEeHHbIe OTKJIUKA UMEIOT OOIIyI0 JedOPMAIMOHHYIO TIPUPO/LY, HO
pa3Hble MEXaHU3MbI 0OPA30BaHUs W JUAIA30HBI 9acToT. VX wmcciero-
BaHUE IIPEJICTABJISIET UHTEPEC JIJIs U3YUYEeHUs] KOCEiCMUIEeCKON peakIiuu
[IPUIIOBEPXHOCTHBIX OCAOYHBIX IIOPOJI HA yMEPEeHHbIE U CHJIbHBIE JIO-
KaJIbHBbIE 3eMJIETPSICEHMUS.

2.26 T'eodusmyeckuii komiiekc BMTO «¥Y3yp»
NC3® CO PAH u pe3yibTaTbl CUHXPOHHBIX
HaOJII0/IeHnii Bapuaiii atMmocdepHoOro
3JIEKTPUYECTBA, T€OMAarHUTHBIX MYJIbCAIUN 1
TIOJTHOTO 3JIEKTPOHHOTO COAep KaHUs

Paxmamyasun P.A., Anewros B.M., Haowunun A.IO.,
Edemcrut U.K.

Hremumym coanewno-zemnoti pusuxu CO PAH, 2. Upxymck

B 2009 romy ma BaiikagbCckoit MarHMTO-TEJLIyPUIECKON 0bcepBaTO-
pun «¥Y3yp» UC3® CO PAH, pacnosoxennoit na cesepe o. OJbXOH,
o3.Baiikan (53° 19’ N; 107° 44’ E), 6bu1a ycranosieHa reodusndeckast
snapoparopust LEMI - 418, B cocTaB KOTOPO# BXOIST:

® TPEXKOMIIOHEHTHAasl (PEPPO3OHI0BAs CTAHIMS JJIT PErUCTPaIlin
BapuaIlii MAarHUTHOTO TOJISI 3€MJIM C 9acToTOoil ompoca 1 I'm;

® TPEXKOMIIOHEHTHBII NHyKIMOHHBI MAarHUTOMETD JJIsl perucTpa-
[[UM FeOMAarHUTHBIX yJibcaruit (dyacrora onpoca kanauaos — 401,

200 T');

® YCTAHOBKA 3eMHBIX TOKOB (4acroTa ompoca Kanaiaos — 40I'n, 200

I'm);
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B 2014 romy ObLia 3ajeiicTBOBaHA BepTUKAJIbHAS JIMHUS 3€MHDBIX TO-
KoB. Hukuuit 3/1€KTpo/i pa3Menien Ha riyouHe 48 MeTpOB, a BepXHUit
— Ha rrybune 4 merpos. B Hacrosimee Bpemst BMTO «¥Y3yp» siBjistercst
€/INHCTBEHHON craHImeil B Poccun, r/ie mpoBOIsTCST TPEXKOMIIOHEHTb-
HBIE€ M3MEPEHUsI 36MHBIX TOKOB.

B 2012-2016 romy ObLIM yCTAHOBJIEHBI HOBbIE ITPUOOPHI JJIsi MOHHTO-
pUHTa psifia TapaMeTpPoOB OJIMZKHEr0 KOCMOCA B 9KCIIEPUMEHTAIHLHOM Pe-
xume. 910 GPS — mpueMHUK CHTHAJIOB C reOCTAIMOHAPHBIX CILY THU-
KOB, IIPY IIOMOIIN JAHHBIX KOTOPBIX MOXKHO OIIEHUBATH IIOJIHOE IJIEK-
rponuoe cozepzxkanue (II9C), npueMHUK CEICMOCUIHAJIOB JJIsl UCCJIe-
JoBaHUsl 3eMiierpsicenuit B 3oae BP3 (6aﬁKaJH)CKOI7I pudTOBOIi 30HBI),
(ycranosiien ByparckuM Hay9HBIM IEHTPOM), U 3JIEKTPOCTATHIECKUN
duoKCMeTp 11T U3MEPEHUS BEPTUKAJBHOIO T'DAAEHTA TOTEHITHAJIA
JIEKTPUIECKOTO IMOJIA ATMOCKHEDHI.

B macrositiiee BpeMst MOJIyYeHBI TIEPBbIE PE3YIbTATHI CHHXPOHHBIX HAa-
OJIrOJIeHMiT Ha STUX TPUOOpPaxX B MEPUOJIbI MOSBICHUST 3HAYUTETHHBIX
reOMATHUTHBIX BO3SMYIIEHWHA. AHAIN3 JIUHAMUYECKUX CIIEKTPOB T€OMAr-
HUTHBIX IIYJIbCAIIAN, IOTEHIIUAA JIeKTpudeckoro mojs u [19C moka-
3bIBAET IOSBJICHUE CUTHAJIOB B BapHaIlisaX MArHUTHOIO MOJIis 3eMJIU B
PA3JIMYHBIX Jauana3onax 9actor. OJHOBPEMEHHO MOSIBJISIIOTCS KOJieHa-
HUsl B 9JIEKTPUYECKOM II0JI€ U TIPOBOJUMOCTH BO3/yXa, HO B HECKOJIHKO
WHOI CIIEKTpabHOI Tos10ce. Bee 9Tu BOSMyIIeHUsT TaK»Ke HAOIIOIAI0T-
cs1 u B [I9C, uamepennbiM 110 ganubiM GPS-nipuemuukor. Ha ocHoBanuu
AHAJIN3a ITUX SIBJIEHUN MOXKHO CJIEJIATDH MIPEJIIOIOKEHNE, ITO TPOIIEC-
cbl B Maraurocdepe 3eMJiu, TPUBOJSAIINE K BO3MYIIEHUSIM B MATHUTHOM
oJie, MOTYT TaK Ke CTUMYJIUPOBAThH Kak Boamyinenus: B [I19C, tak u B
3JIEKTPUIECKOM TI0JI€ M IIPOBOJAMMOCTHU BO3/LyXa.

Pabora BeimostHEHA B paMkax 6a30BOro (hbMHAHCUPOBAHUS ITPOTPAMMBI
OHU I1.16. Pe3ysbraTsl OSIyUIEHBI ¢ UCIIOIH30BAHIEM MATHUTOMETPU-
qeckoro obopyoBanus lleHTpa KOJJIEKTHBHOIO TMOJIB30BaHUS <«AHTa-
pa» http://ckp-rf.ru/ckp/3056/.
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2.27 (OOHapyxkeHUe, paclio3HaBaHUE U
KOPPEeJISAIMOHHBIN aHAJIN3 TPO30BBIX PA3PA/I0B
U CBUCTSAMNINX aTMOC(EPUKOB, MOIYISAIINSA
CBUCTSMIMX aTMOC(hepuKOoB 1o/ BIANSHAEM
HaArpeBHOTIO CTEH/Ia

Cannuxos /.B., Cusoxonv B.II., Yepnesa H.B., Bodunwap .M.,
Lpyorcun I U.

Huemumym xocmofpusuneckur uccaedosanuti u pacnpocmpaHerus
paduosonn JIBO PAH, Poccus

PaccmarpuBatorcst 3a/iaun MOHUTOPUHIA W AHAJIN3a I'PDO30OBON AKTUB-
HOCTH, OIMCHIBAETCS AIlIAPATyPa IJjis PETUCTPAINN CUTHAJIOB JIEKTPO-
MAarHUTHOTO WM3JIyYI€HUs €CTECTBEHHOT'O IMPOMCXOXKJIEHUS B YACTOTHOM
muanazone 20 't - 20 x['11, mpeamaraioTcss aaropuTMbl TSt JT€TEKTH-
poBaHus aTMOCGHEPUKOB U CBHUCTAININX ATMOChEPHUKOB (BHCTIEPOB) B
9TuX curHasiaxX. McciegoBaHa CTaTUCTHYECKasi CBSA3b MEXKJLy BHUCTJIE-
paMu, perucTpUpyeMbIME B F0XKHOM dacTu Kamdaarckoro Kpast, U rpo-
30BOIf AKTUBHOCTHIO B MATHUTHO-COIPSI?KEHHONW TOYKE - MEHTPAJbHON
Ascrpanuu. [Ipoanamn3upoBana BO3MOXKHOCTD BJIUSTHUS HA TIOTOK BHC-
repoB HarpesHoro crenia HAARP. Auanus skcrepruMeHTaIbHBIX JTaH-
HBIX, IT0JIydeHHBIX Ha 00c. [Taparynka (53.02° N, 158.65° E; L = 2.3),
BBISIBUJI HEOOBIYHYIO (DOPMY BHUCTJIEPOB, B KOTOPOIl IIPUCYTCTBYIOT CHM-
MeTPUYHbIE, OTHOCUTEJIFHO BUCTJIEPA, CIEKTpaJibHble jJuHuu. [lokasa-
HO, 9TO Takas (pOpMa, BEPOsiTHEE BCEro, ODYCJOBJIEHA AMILIATYIHON
MOJLyJISAIEN BUCTIIEPOB JIEKTPOMATHUTHBIMA UMITYJIHCAMHA JIJTATEIHHO-
CTBIO OKOJIO 1 ¢ 1 JacToToi 3amosHenus: ~~1.1 xI'n. Brickazano mpes-
[IOJIOYKEHMEe, YTO HM3JIydaTejieM TaKUX HMITYJIbCOB MOXKET OBITh aBpO-
PaJIbHBII 3JIEKTPOJIZKET, MOIUMDUIMPOBAHHBIN HAIPEBHBIM H3JIy Y€HUEM

crena HAARP (62.30° N, 145.30° W; L = 4.2).
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3 dPusuKa IIpe/IBECTHUKOB 3eMJIETPSACEHUIA
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3.1 Amnamu3 3¢dpHeKTUBHOCTHU IIPOTrHO3a
3eMJIETPsSICeHNII Ha OCHOBE aHOMAaJILHOT'O
MOBeIeHNsI MOHOC(PEPHBIX IMapaMeTpPOB
HaKaHyHe 3emJieTpsiceHnii B KamyarckoMm
permnoHe

Bozdanos B.B., Ilasaos A.B.

Hnemumym K0cmoPusurieckus ucciedosanuli u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

[Ipeacrasiena MeTOANKa KPATKOCPOYHOTO IMPOTHO3a CUILHBIX 3€MJIe-
TpsICEHUIT, B KOTOPOil B KadeCTBE IMPEIBECTHUKOB PACCMATPUBAIOTCS
[IPEBBIIIEHNE TEKYIIUX 3HAYeHHI KPUTHUIECKON dacTtorhl foFo HMOHO-
C(bepHOFO CJI04d F2 HaJl MeJUaHHbBIMKX 3HaYCHHIMU B IIepI/IO)lbI
BO3MYIIEHHOTO COCTOSIHUSI MarHUTOCKEPHI, a TaKKe IOsIBJIEHUE HOHO-
cdepubix BOo3mymenuit: K-cjoit, FEs-spread, F-spread, paccioenue
cmosg Fh. B KadecTBe MPOTHO3UPYEMBIX 3EMJIETPSICEHUA pacCcMaTpUBa-
Jmch 3emiterpsacenns ¢ mMaruuryzamu M > 5.0. Ilepmon oxummanms
3eMJIETPSICEHHST 3a/1aBaJjiCsi PaBHbIM TpéM cyTrkaMm. OreHka 3¢dex-
TUBHOCTHU TPOTHO3a ITPOBOJIMJIACH B BECEHHHWE W OCEHHUE TIEPHUOJIbI 33
2015-2017 rr. mo meromukam A.A. I'ycesa u I'M. Mosuana. ITokaszamno,
9TO HAWIYUIIYI0 MPOTHOCTUIECKYI0 3P (OEKTUBHOCTh pPacCMaTpUBae-
MBI METOJT UMeeT JJIst ceficMuIecKnx coObITHi ¢ MaruuTymoit M > 6.5.

3.2 Bapwmanum nmapameTrpoB (pOHOBOTO
CeiICMMYEeCKOTO MIyMa B MepUOAbl CUJIbHBIX
KamMyaTcKux 3emJierpsicenuii 2013-2017 rr.

Kacumosa B.A.Y, Konvinosa I'H.", Jhobywun A.A.2
U Kamvamexuti duauan Pedepanvriozo uccaedosamensckozo uenmpa
«Edunasn eeopusuueckasn cayorcoa PAH»
2 Unemumym gusuru Seman um. O.F0. HImudma PAH
B nokiae npecrasieHsbl pe3yabTaThl Ayureababix (2011-2017 rr.) uc-

caesroBanuit donosoro ceficmudeckoro rmyma (PCII) na Kamuarke ¢
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HCITO/Ib30BAHUEM JAHHBIX CETU MIMPOKOIIOJIOCHBIX CEHCMUIECKUX CTAH-
nwmii Teopusuyeckoit ciry:k061 PAH. s xapakTepucTuKy Bapuaiuit
OCIII ucroJib30BaIUCh YETHIPE BPEMEHHBIX Psijla CTATUCTUIECKUX IIa-
paMeTpoB MYyJIbTA(MPAKTATBHBIX CIEKTPOB CHHIYJISPHOCTA W BeHBJIET-
pa3/IoKeHnl, pacCINTAHHBIE I KaXK10# cranmun. PaccmarpuBaroTcst
0CODEHHOCTH POCTPAHCTBEHHO-BPEMEHHOI'O PACIIPEIEICHUS TapaMeT-
pos @CIII Ha cragusX TOArOTOBKH CHJIbHBIX 3emiteTpsicennii Kamaarku
2013, 2016 u 2017 rr. ¢ Mw=6.8-8.3. OGHapy:KeHO, 9TO TAKUM CEHCMU-
YECKUM SIBJICHUSIM IIPEJIIECTBOBAIN 3aKOHOMEPHBIC BapUAIMU TIapa-
merpoB OCIII B Teuenune HeckoIbKUX MecareB. I[lo Bo3pacTanuio crex-
TPAJIbHON MEPBI KOT€PEHTHOCTH ITOBEJICHIS BPEMEHHBIX PSIO0B 9€ThIPEX
paccMaTPUBAEMBIX CTATUCTHUK BbIfABIEH 3(PdEKT yBeJndeHusi CHHXPO-
HHU3AIMU B UX COBMECTHOM (KOJUIEKTUBHOM) [IOBEJIEHHH, IIPEIIECTBY-
ot MmaaTHiiHOMY OX0TOMOpPCKOMY 3eMiterpsicernio 24 masi 2013 1.,

Mw=8.3.

3.3 ledopmalimoHHO-3/IeKTPOMArHUTHbIE CBSI3U B
MMPOSIBJIEHUSIX JINTOCEPHOI aKTUBHOCTU

Jlapuonos U.A., Masxun E.U., Yeapos B.H.

Hrnemumym koemopuduneckur uccredo8arutll U pacnpocmpaHerus,
paduosoan JIBO PAH, Poccus

UcciemoBana KOppesIsSIMOHHAS CBA3b MEXKIy YCKOpeHHeM edop-
Mallii, WU3MEPEHHON Ja3epHbIM JedopMorpadoM Teodu3uICCKOM
crannmyu KapbIMINUHA, ¥ BEPTUKAJIBHON 3JIEKTPUIECKONH KOMIIOHEHTOI
ecrecTtBeHHOro sjekrpomaranTHoro monass CHY-OHY  auamasona.
[Monydyena crnekTpajbHas 3aBUCHMOCTH KO3 DUIMEHTa JTHHEHHON
koppestsanun [lupcona mrs yckopenusi nedOpMaIuu u CpeTHel aMILI-
TYABl JIEKTPOMATHUTHOW KOMIIOHEHTBI €CTECTBEHHOTO WOJISI 3EMJIN.
HOKaBaHO, 9TO aMIIJINTyJda 3IJIEKTPOMAlHUTHOI'O II0JIA .J'H/ITOC(i)epHOFO
MIPOUCXOXKJIEHUST MOXKET CJIY?KUTh WHIUKATOPOM TEKTOHUYECKON aK-
TUBHOCTH JINTOCGEPHI.
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3.4 JIucTaHIIMOHHBIN MOHUTOPUHT
celicMo-noHOCHEPHBIX BO3MYIIIEHUN C
WCIIOJIb30BaHNEM 3JIEKTPOMArHUTHBIX CUTHAJIOB

Apeynos B.B.

Hrnemumym Kocmogpusuweckux Hccaedosarnutl v Asporomus, um.
Hlagepa CO PAH

[Tonck mpeaBECTHUKOB 3eMJIETPSACEHUI BEIETCsI IO MHOTUM HAITPABJIE-
HusaM. Ha ceronndaimuuil 1eHb IpeicTaB/IeHo HEMAJIO PaboT, OMUCHIBA-
IOMUX JIUTOCHhEPHO-UOHOCHhEPHYIO CBsI3b. MHOTHE B CBOUX UCCEI0OBA-
HUSIX UCIIOJIB3YIOT CIIyTHUKOBBIE JTaHHbIe. TakKe JiJIsl JUCTAHIIHOHHOT'O
MOHUTOPHUHTa, 38 BO3MYIIEHUAMY HUKHEl MOHOCHEPHI, 00YCIOBIEHHBIX
BOBJEHCTBIEM CEICMIUYIECKHUX ITPOIECCOB, UCIOJIb3YIOT CUTHAJIBI HIU3KO-
yacrorabix (CIB) pamuocrannuit. Usmenenue npodusis 371eKTPOHHON
KOHIIEHTPAIINU ¥ BBICOTHI HUKHEN MOHOCKhEDDI HOJIZKHO IIPOSIBIATHCS B
BapHUAalUsAX aMILIATYIbl U a3kl CUIHAJIOB, PACIPOCTPAHSIOIINXCS e-
pe3 objacTu HaJ| SMUNEHTPaMHU 3eMyeTpsceHnit. B moctarodro 60J1b-
IIIOM KOJIMYeCTBe pabOT MOKA3aHO, YTO Bapuanuu (Hha3bl CUTHAJIOB HU3-
KOYAaCTOTHBIX PAJINONEPEIATINKOB, HADIIOMAEMBIX 32 HECKOJIBKO JTHEM
J10 3eMJIETPSCEHU, MOT'YT OBIThH HCIIOIb30BAHDI B KAYE€CTBE [IPE/IBECTHI-
KOB JINTOCEPHBIX Bo3MyIenuit. [IpernmyIecTBo ucnoib30Banms JaH-
HBIX CHT'HAJIOB 3aKJjro4aercs B ToMm, 4to curHaybl C/B paamocraniuit
KOHTPOJIUPYIOTCsI, 3TO MO3BOJISIET PACCINTHIBATH AMILIATYIHO-(PA30BBIE
BAPUAIMH U 10 HUM BOCCTAHABJIUBATH TAPAMETPHI BO3MYIIEHUN B HIK-
ueit nonocdepe. OHAKO He BCETIA YAAETC TOA00PATh HYKHYIO PaJIno-
Tpaccy pacrpocTpanenus curnajos. Hamu B kKadecrBe Momumdukanuu
MeTO/Ia MPEeJJIAraeTCsl MOHUTOPUHI CECMUYIECKUX BO3MYIIEHUI B HUXK-
Hell moHocdepe 10 eCTECTBEHHBIM DA HOU3JIYy YeHUSM - 10 3JIEKTPOMAr-
HUTHBIM CUI'HAJIAM T'PO30BBIX paspgaios (armocdepukam). Meros 1os-
BOJISIET BECTU A3WMYTaJIbHOE CKAHMPOBAaHHE 00JIACTell BOZMYINEHUAN U3
oHOrO TpueMHoro nmyHkTa. [Iprem curnaios armocdepruKoB OCyIIecTB-
asiercst B T. dkyreke (62.02 N, 129.71 E) ¢ moMOnpo 0JJHOILYHKTOBOTO
rPO30IIeJIEHraTOPA~1aIbHOMEDPA, XaPAKTEPUCTUKH KOTOPOIO KOPPEKTH-
PYIOTCsI IPUMEHUTE/IBHO K PErUCTPAINN JAJTbHUX aTMocdepukoB. [Ipu-
€M OCYIIECTBJISIeTCH Ha TPU AHTEHHBI: JEKTPUYECKYIO (IITHIPb) U JIBE
OPTOrOHAJIbHBIE MAIHUTHBIE aHTEHHBI (paMKu ¢ 3(hDEeKTUBHON ILI0IIA-
1610 180 M2). OCHOBHO!N aHAMM3MPYEMBII TAPAMETD - 3TO CPEIHsIS 3a
qac aMILIATYIa aTMOC(EPHUKOB, IPUHUMAEMbIX B SIKyTCKe C ompeje-
JIEHHBIX HarpapjieHuil. Meromuka ompeesieHusi CpeaHeil aMILIUTy/ bl

60



3aK/II09aJach B cieayiomeM. Kak M3BeCTHO, M3MEHEHUN B aMILIATY-
JIe CUTHAJIOB CJIEJLyeT OKUJATh, €Cju 00JIACTh BO3MYIIEHUI Ha Tpacce
WX PacCIpOCTPaHEHUs OYJIET PACIIOATaTHCA B SJIIAIICOMIAX IEPBLIX 30H
Openes. [TosTomy 11t aHAM3a OTOUPAIOTCS TE€ ATMOC(EPUKHU, TPACCHI
KOTOPBIX HAXOJATCA B IpejeaX yYKa3aHHBIX 30H, IIEHTPUPOBAHHBIX IO
a3UMyTy HA SIUIEHTDP 3eMJIETPACEHUs. PAaCcCINTHIBAETCS CPETHSA aM-
IUIATYIA JJ1s aTMOCHEPUKOB, YbM NCTOYHUKHU CUTHAJIOB - IPO30BLIE Pa3-
PsAZIBI, PACIOIATAIOTCS 33 SMUIMEHTPOM. [Ipw 9TOM UCTOYHUKH TIPUBO-
JSTCS K OJIHOMY PACCTOAHUIO (PACCTOSHUE JI0 SIMIEHTPA), IPUHUMAA B
IEPBOM ITPUOJIMKEHNN 0OPATHO-IIPOIIOPIINOHAIBHYO 3aBUCHMOCTD aM-
IJIATY/IBI OT PACCTOSAHUA.

3.5 HuTrepakTuBHasi MporpaMMHasi cCpea,
obecrieynBaroIas ImMoJyaBTOMATUYECKUIA MOUCK
doHOBOII 1 aHOMaJIbPHOII AKTUBHOCTH,
0oOHaApPY>KEHHOI B CUTHAJIaX aKyCTUYECKOUN 1
JIEKTPOMArHUTHOM 3MUCCHIA

Cenxesuw 0.U., I'anees M.H.

Huemumym xocmopusuneckur uccaedosanutt u pacnpocmpaHerus
paduosonn IBO PAH, Poccus

[Ipencrasiena TpuUKIaIHAST TEXHOJOTUS BU3YAJBHOTO IMTPOEKTHPOBA-
HUdA, W CO3JaHUA HaCTpaI/IBaGMOfI HpOI‘palVlI%HO—aHHapaTHOIU/I Ccpeabl
HCcCJIeJOBaHUAd CUTI'HAJIOB SHeKTpOMaFHI/ITHOﬁ n aKycTH‘{eCKOfI dMUCCHUN.
Texnosorust obecriedwBaeT JOCTYIHBIA W WHTYUTUBHO ITOHSTHBIN
PEeXUM KOMIBIOTEPHOTO TPOEKTUPOBaHUs Ha 0a3e 3aKOHTIEHHBIX
almapaTHbIX W MPOTPAMMHBIX MOJIYJIEH, TOAKJIIOYAaeMbIX K paboteit
cpejie Uepe3 YHUBEPCAJIbHBI mHTepdeiic. TexHoaorus BKJIIOYAET BCe
STallbl pa3pa6OTKI/I n uUCHbITaHUd HWHCTPYMEHTAJIbBHBIX CPEIACTB OT
CXEeMAaTHUYIHOI'O IIpEeACTaBJICHUA HNACH IIPOBEACHHUA 3SKCICpUMEHTa MO0
buU3rIeCcKOro BOILIOIIEHUS JEHCTBYIOMIEN0 MAKETa METOJOM OJIOYHOM
BUPTYAJIbHON COOPKH TOCPEICTBOM ITOJIYaBTOMATUYIECKOTO COTJIACO-
BaHUA I/IHTep®eI>JICOB IIOAKJIIOYCHHBIX aHHapaTHbIX n IIpOl"paMl\IHbIX
MOﬂy.HeIU/I. BHe,Z[peHI/Ie ‘HaHHOfI Cpeabl ITO3BOJIUT COTPYAHUKaM HayYIHBIX
sraboparopuii n3bexkaTb HEOOXOIUMOCTH U3YyUYeHHs U WCIIOIH30BAHUST
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TPY/IOEMKHAX CpeJl U $3bIKOB IPOrPAMMHUPOBAHUS, HUCIOIH3YEMBIX
crennuIecKnX yCTPOUCTB M MPUOOPOB ITUX JTaOOPATOPUIL, TTO3BOIUT
obecrednTb €InHO0Opa3HOe IIPeJICTaBJIEHNE U IIOHUMAaHHe CTPYKTYPbI
IKCIIEPUMEHTa B KOMAHJIE, 8 TaKXKe m30eKaTh (haKTUIeCKOI0 MOHTaXKA
U PEKOHCTPYKIMUA COOPAHHBIX SKCIEPUMEHTAJBHBIX MAaKETOB IIyTeM
BU3yaJIbHON MEPEPUCOBKM MX CTPYKTYPHBIX cxeM. PazpabarTbiBaemast
TEXHOJIOTUSI TTPOXOJIAT AIPODAIUIO W COBEPIIEHCTBOBaHUE B Jrabopa-
TOPUU AKYCTUYECKHX uccaegoBanuii VHcTUTyTa KOCMOMU3TIECKUAX
uccaenoBanuii u pacupocrpanenus paguosoin (MKUP JIBO PAH)

3.6 MHcnosb3oBaHue MeTo/ia SMIIMPUIECKON
MOJIOBOI JIEKOMITIO3UIUU AJIsI OYUCTKU
CUTHAJIOB aKyCTHUYECKOl 3MUCCHUHU OT ITOMeX

Cenxesuy FO.H.

Hnemumym koemopuduneckuxr uccredosarutll U pacnpocmpaHerus,
paduosoan JIBO PAH, Poccus

Ha mpumepe smHrBHCTHYECKOH 00pabOTKM aKyCTHIECKHX CHUTHA-
JIOB CEHCMUYECKOrO COOBITHS MOKa3aH HHQOPMAIMOHHBIN IOIXOM K
00paboTKe HeCTAaIMOHAPHBIX CUTHAJIOB. V3/10)KeH MeToj mpeobpa-
30BaHMUsl AKYCTUYECKOI'O CHUTHAJA B WHMOOPMAIMOHHOE COODIIeHUe
IyTeM BBIJIEJCHUS MTOBTOPSIONIAXCS CAMOIIOMOOHBIX MATTEPHOB. JlaHbI
ompesiesieHnsi TIOKa3aTeseil BBIIeJIeHNsT COOBITHII B CHMBOJIAYECKON
3aInCh AaKyCTHIECKOro curuHaja. llokazanbl pe3yiabTaTbl 00pabOTKH!
aKyCTUYECKOI'O0 CHUT'HAJjIa KOMITBIOTEPHOI IMPOrpaMMOii, peaiM3youii
JINHTBUCTUYECKYI0 00pabOTKy [aHHBIX. YKa3aHbI JIOCTOMHCTBA U
HEJIOCTATKN MIPUMEHEHUsI pabOdInX aJITOPUTMOB ITPOIPAMMEBL.
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3.7 UccaenoBanue mporecca HOATOTOBKY CHJIbHBIX
sdemiterpsicennii (Mw>5) na Caxaynune
metronoMm LURR

Saxynun A.C.', Cemenosa E.II.2

L Hremumym mopckoti eeonozuu u 2eofpusuxu JBO PAH
2 Caxanuncrut duruan PHI] EI'C PAH

Meron, cpemHECPOYHOTO TPOTHO3WPOBAHUS, IIOJYyJIUBIIHN HA3BAHUE
LURR, cran m3Becten B 90-x romax mpoOIIOro BeKa ¢ mogadn Kuraii-
CKUX YYEHBIX, KOTOPBIE YCIIEITHO NPUMEHWIM €r0 B PAa3JIUYIHBIX Celi-
cMuueckn akTuBHBIX permoHax (Kwrait, CIIIA u sap.). Kpome Toro,
MeTonuKa Oblia IpOBEpeHa B JabOpPaTOPHOM MOJEIUPOBAHUM (IKCIIe-
PUMEHTBI Ha TPEXOCHOE CXKATUE) COBMECTHO C YHMCJIEHHBIM MOJEJUPO-
BaHHeM. DTOT MeToJI ucmosb3yercd B Uucruryre Mopcekoit [eostorun
u T'eopusuku Poccuiickoit Axagemun Hayk ¢ 2014 roma. Mbr cosua-
JIW IIPOIPAMMHOE ODecIieYeHre JIjisi BBIIIOJHEHUSI OCHOBHBIX PacdeToB U
[OJIyYMJIM BayKHBbIE Pe3yJIbTATHI 110 celicMuyueckoit onacaoctu Ha Caxa-
JimHe. DTa paboTa O MOoC/eJHEM 3HAUNTEIBHOM 3eMJIETPSCEHUN B pailone
mbica Kpuipor (23.04.2017 Mw=5.2). MbI nCIO/IB30BaJIN HAIIE TPOBE-
peHHOe IpOorpaMMHOe obecriedeHue Jjisd pacderoB. Vcrmosmb30BaHbl 1aH-
ubie CO OUIT ET'C PAH (ceficmuueckue karanorn) 3a nepuos ¢ 2010
roja o ampesb 2017 roga. Boijenennast repputopus ObLiTa pasjesieHa
Ha, HECKOJILKO 30H, KOTOPbIE TPABUIBLHO BIIUCAJINCH B OCHOBHYIO JIMHE-
ameHTHYyI0 (3amaano-CaxaJuHcKuii pasioM) n KpuiaboHCKYIO (JoMeH)
30mbI. PerpocnekTuBHbBI MpOruHo3 3emserpsicenus 23 ampens 2017 r.
6bL1 BeInONIHEH. 1losyuena xoporias JIoKaIn3aIus SUUIEHTPA 110 OTHO-
[IEHUIO K PacYeTHBIM 30HaM. Bpemsi OXKUJaHUsi OT I[PEIBECTHUKA JI0
[OSIBJICHUS COOBITHS COCTABJIAET OKOJIO 18 MecsneB (KaK u JjId JIPYIUX
cuibHbIX 3emierpscennii Ha Caxamune). Merogq LURR npeanosaraer
peryJisipHoe OOHOBJIEHUE KATAJIOTa 3eMJIETPSCEHMIT, TOTOMY YTO JII00ast
3a/1eprKKa TIOTIOJTHEHUST B TEUEHHNE OJJHOTO MEeCSIIa COMOCTaBUMa, (OHO-
ro MOPsJIKA) C 3aJePXKKON OXKUIAEMOr0 ITPOTHO3UPYEMOIO 3eMJIeTPsI-
cenusi. Mbr paccmarpuBaem LURR kak mepcrieKTuBHBIN JJI1sT HaIbHEl-
mux uccaenoBanuii meron. Hampumep, Kpuiborckoe 3emierpsicenue
MbI IIPOIHO3MPOBAJIN 38 YeThbipe Henesu (Ipou3Bojist BbIGOPOUYHbI aHa-
J3 1o reppuropun CaxajmHa) U JI0J0XKUIU O pe3yibrarax CaxaJmH-
CcKOMY (PUJIHAJIY POCCUICKOIO SKCIIEPTHOI'O COBETA 110 UPe3BbIYaiiHbIM
curyarusM (mporokost 2 or 16.03.2017). Ceromust CaxasnnHcKue ceii-
emotoru (u3 Wucruryra Mopcekoit Teosoruun u Teoduszuxku JIBO PAH)
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HUCHOJIB3YIOT 3TOT METOJ, JIJId MOHUTOPUHTA TEeKyIIel ceiiCMUIeCKOn cu-
Tyarun (OGHOBJIEHHE Pa3 B MECHIL).

3.8 MeToauvueckue BOMPOCHI JOJITOCPOYHOIO
MPOTHO3a CUJIBHBIX 3€MJIETPSICEHNII HA OCHOBE
UX CBA3M C JIyHHBbIM 18.613 r. U COJTHEYHBIM
22-j1eTHUM IUKJIAMU [Jisd PA3JIMYHbIX PETMOHOB
3emJuin o MeTo.1y (pa30BBIX TPAEKTOPUiA

Cepagpumosa FO.K., Hlupoxos B.A.

Kamuamexut gusvan Pedepanrvrozo uccaedosamesverkozo yeHmpa
«Edunas eeopusuueckan cayorcon Poccutickoti axademuu Hayks

B 2006 r. aBTopaMu ObLI IIPEIIOYKEH HOBBI METOINYIECCKUI TTOIXO, JIJIsT
pelleHust 3a/1a9u JOJTOCPOYHOIO MPOrHO3a CUJIBHBIX 3eMJIETPSICEHUiH,
OCHOBAHHBIN Ha U3yIE€HNN UX COBMECTHOH CBSI3W C JyHHBIM 18.6 . m 22-
JIETHUM COJTHEYHBIM XeMJIOBCKUM IuKjamu. Ha ocHOBe mpe iiosKeHHo-
ro Merojia dazosbix Tpaekropuii (MOT) nposesieH aHAIN3 COBMECTHO-
ro pacupe/iesenns 1o (azaM YKa3aHHBIX JBYX IIMKJIOB 3eMJIETPICEHUI
BOCBMHU DPErMOHOB THXOOKEAHCKOTO W YETHIPEX PErHOHOB AJBIHICKO-
lMumasaiickoro ceficmmaecknx nosicoB. OOHAPYKEHHBIE CTATUCTUIECKT
3HAYUMbBIE CBSI3W MEXKJIy T'PYIIUPOBAHUEM 3E€MJIETPSICEHUIl U OIpejie-
JIEHHBIM COOTHOIIIEHHEM UX (a3 MO3BOJIMIN JATh IIPOTHO3BI OXKUJIae-
MBIX CHJIBHBIX 3€MJIETPSICEHUI U OIEHUTH UX 3(PPEKTUBHOCTH 10 pe-
TPOCIIEKTUBHBIM JaHHBIM. [Ij1s1 Bcex permonos, kpome Kamduarku, BbI-
bGopKa 3eMJIeTPSICeHniT TPOBOIMIACH U3 KaTajora Significant Worldwide
Earthquakes (NOAA), xoropoiit cogepzkast cobbirus ¢ 2150 . 710 H.9. 110
1994 r. Beibopku sonosHsAmnch cobbitusamu u3 karaigora USGS/NEIC
(PDE), skirouatomero nauseie ¢ 1973 1. mo 2011 r. (Ha MomeHT my6-
JIMKaIuK [ostydeHHbIX pe3ysnbraroB) (http://neic.usgs.gov/neis/epic/
epic_rect.html). 910 1aBaIO BO3ZMOXKHOCTH MMETh DErMOHAJBHBIE Ka-
TAJIOTW PA3HON MAKCUMAJBHO BO3ZMOYKHON MPOJIOJIKUTEILHOCTH, HO B
Pa3IUYIHBIX MIKaJIaX MaruuTya. B coorBercTBum ¢ merogom MPT mos-
OupaeTcs HUXKHUN IIOPOT MArHUTYABI JJIs KayK/IOT'O PErMOHa COOTBET-
CTBYIOIINN MaKCUMAJIbHO 3 DEKTUBHOCTHU IIPOI'HO34 IO OIIPEICJIEHUIO
A.A. Tycesa (1974). B 2015 r. nosiBUJICS HOBBIH KaTAJOr MHPOBBIX
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3eMJIeTpsCeHHit B IKajge MOMeHTHBIX MaruuTysx ¢ 1900 r (https://
earthquake.usgs.gov/earthquakes/search). Mbl nostaraem, 410 910T Ka-
TAJIOr UMeeT 6O0JIee TOYHBIE OIEHKU MAIHUTYJ U MOYKET CIUTATHCS OJI-
HOPOJHBIM JIJIS PA3HBIX PErMOHOB MUPA. IIPEeMMyIIECTBO HOBOTO KaTa-
JIOTa, 3aKJII0YAETCS TAKXKE B TOM, UTO MATHUTY/IHBIE ONEHKHU SBJISIOTCS
GoJlee TOYHBIMHA, & CAMH 3HAYEHUS MATHUTY] CTAHOBATCSA U3BECTHBIMU
MeHee YeM 3a CYTKH II0C/Ie BOSHUKHOBEHUS 3eMJIeTpsACeHuil. B cBasm ¢
9TUM B JAHHOI paboTe 6€3 M3MEHEHUS CaMOl METOIUKHU IIPOIHO3UPOBA-
HUS 3aHOBO PACCUYUTAHDI OIIACHBIE BPEMEHHbBIE HHTEPBAJIbI BO3HUKHOBE-
HU$ CHUJIBHBIX 36MJIETPSICEHUI B PA3/IMIHBIX PEruoHax Mupa. IIposegeHo
cpaBHenne 3(pHEKTUBHOCTH TPOTHOZ0B JJIs JIBYX BAPUAHTOB UCIIOJIb3Y-
€MBIX KATaJIOTOB.

3.9 MeToapl aHaIM3a HAITPABJIEHHBIX CBOICTB
reoakyCTU4eCKNX CUTHAJIOB B TPEXMEPHOM
IPOCTPAHCTBE

Hlepbuna A.O., Coroduyr A.A.

Hremumym xocmopuduueckux uccredosaruts U pacnpocmpaHeru.s,

paduosoan JIBO PAH, Poccus

B pamkax paOoThl BBIIOJIHEH POCTPAHCTBEHHBIN aHAJIN3 I'€OAKYCTU-
YeCcKON SMHCCHU, 3apPErHCTPUPOBAHHON KOMOMHHPOBAHHBIM I'HIPOAKY-
CTHYeCKUM IIPUEMHUKOM B MEJIKOM BojioeMe 03. Mukmka Kamaarckoro
Kpas. PaccMOTpeHBI OCODEHHOCTH DErHCTPAIH I'e0aKyCTHIECKHX
UMILYJIbCOB, IPEIJIO?KEHBI METOJbI OIPEe/ICHIs HalpaBJAeHnd Ha HX
ucrouHuky. IIpousBejieH aHaIN3 CBOWCTB I'€0AKYCTHYECKHX CHUT'HAJIOB
B (POHOBBIE TIEPHUOBI U IIEPUOJIBI TIOJTOTOBKH CEHCMIYECKNX COOBITU.
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3.10 JledopmMalrimoHHO-3I€EKTPOMArHUTHBIE
MeXaHU3Mbl U1 TUOPUHBbIE BOJHBI KOPbI

Veapos B.H.

Hremumym xocmopuduveckuxr uccaedosanuti U pacnpocmpaHerus

paduosoan JIBO PAH, Poccus

[Ipoanajn3upoBaHbl OCHOBHBIE J1e(POPMAIMOHHO-3IEKTPOMArHUTHBIE
MEeXaHU3Mbl [PeoOpa30BaHMs, MPUCYIIHE TOPOJe 3eMHONH KOpHI.
[Tokazano, 9TO B OCHOBE BCEX STHUX MEXAHU3MOB JIEXKAT MEXAHU3M
[UIOJBHOTO WU3JIYyYeHUs [BUKYIIAXCS 3apsSOB, OIMUCHIBAEMBIH CO-
oruomrenneM Jlapmopa. Vcmosnbp3oBanue Takoro IMoaxojia IO3BOJISET
CYNIECTBEHHO YIPOCTUTHL IOCTPOEHME Mojeseil  j1edOopMaImoHHO-
3JIEKTPOMATHATHOI'O OTKJIMKA W UHTEPIIPETAINIO 3JIeKTPOMATHUTHOI'O
U3JIyYeHUs JINTOC(hEPHOro IMPOUCXOXKIEHUST KaK IIPOsIBJIEHUE JIUTO-
cdepHOil TUHAMIKH.

3.11 MoaennpoBaHue HANPSAKEHU C YyIETOM
KpuUTepueB Jid PPaKTaAJIbHOI cpe/abl

Hepeorcoeun A.C.

Hnemumym koemopuauneckux uccredosanutdl U pacnpocmpaHeus,
paduosoan JJBO PAH, Poccus

B pabore paccmaTpumBaioTcs MeXaHUYECKHE KPUTEPUM OMUCAHUS 00-
JlacTell NOBBIIIEHHBIX HAIIPAXKEHUI B I'€OJIOTMYECKOI cpejie C y4eTOM
dpakTabHbIX CBOHCTB. IloTydeHbl KoMudecTBEeHHbIE OIeHKN 00J1acTei
MIOBBIMIIEHHBIX HAIPSKEHUN B 3aBUCAMOCTHU OT (PPAKTAJIBHBIX KO3hdu-
IIUEHTOB MOJIEJIN.

Pabora Bbimosinena B pamrax npoekta 18-5-002 «MudopmanmonHo-
BBIYUCJIUTEIbHAS CUCTEMA MOJECTUPOBAHUS PACIPOCTPAHEHUS T'€OaKy-
CTUYECKUX U HEJUHEHHBIX AeOPMAIMOHHBIX BO3MYINEHUI B 3€MHOMI
kope (pazzmen 1)» KowmiuiekcHoit nporpamMMbl (byHIaMEHTAJIbHBIX Ha-
yuHbIX uccjegoanuii JlanbaeBocrounoro otjesienust PAH «/lajnbHuii
Boctok» na 2018-2020 rr.

66



3.12 OcHoBHBIE HAaTTEPHbI FJIEKTPOMATHUTHBIX
MPOSIBJIEHUI peJlaKCAaIlMOHHBIX BO3MYIIEHU
KOPBbI

Veapos B.H.

Hnemumym x0cmoPusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

[IpoBesien anau3 e€CTECTBEHHOTO 3JIEKTPOMATHUTHOTO IIOJIS 3eMJIU
CHY-OHUY muamnazona npuypOYeHHOrO K 3eMJIeTpsiCeHusM. i1t Bhie-
JIEHUsI CUTHAJIOB JINTOC(EPHOTO MTPOUCXOXKICHUS HMCIIOIB30BAH METO/T
WCKJIIOYEHNsI paHee H3YYEHHBIX CUTHAJIOB aTMOCKHEPHO-TPO30BOIO,
MarauToCcepHOr0 U TEXHOMEHHOI'O ITPOUCXOJIEHUsI. BbIIe/IeHbl Hens-
BECTHBIE paHee IIPOCTENIe ITOBTOPSIOIINECS BOJHOBBIE (DOPMBI
JIEKTPUIECKONH KOMIIOHEHTHI 3jekTpomarauTaoro mons CHY-OHY
nuana3oHa (IATTEePHBI), IPUYPOUYEHHbIE K 3€MJIETPICEHHUIM, KOTODPbIe
C BBICOKOIl BEPOSITHOCTHIO MOXKHO OTHECTH K CHI'HAJAM JHATOChEep-
HOrO Tpoucxoxkjenusi. st dpusuyeckoil mHTEpperanyuu 3Tux (GopM
[IPOBEJIEH aHAJU3 YCJIOBHUII BO3HUKHOBEHUsI ¥ PACIPOCTPAHEHUsI
AKyCTUYIECKOTO M 3JIEKTPOMATHUTHOTO HU3JIYyYEHHUS U JIUTOCKHEPHBIX
MEXaHU3MOB aKyCTO3JIEKTPOMATHUTHOIO mpeobpasopanus. Craeaannl
BBIBOJIBI O KOHBEPCUU AKYCTUYECKOIO U3JIYIEHUS B JIEKTPOMATHUTHOE
U 0 XapakTepe JUTOCHEPHBIX JBUKEHUI, COILY TCTBYIONIUX IIPOCTENIITIM
BOJIHOBBIM (pOpPMaM. DTU MATTEPHBI COIOCTABJIEHBI C IIPOCTEHITIMUI
BufaMu J1ePOPMAIMOHHBIX JBUKEHUN J1e(pOPMUPYEMOIO TBEPIOTO
Tesa.

67



3.13 IlepBblii 3Tan co3/JaHUSA CETU ITYHKTOB
MOHUTOPUHIA MO/IIIOYBEHHOI0 paJloHA Ha Iore
octpoBa Caxanuna

Maxapos E.0.12, Qupcmos I1.I1.2, Axbawes P.P.1:2,
Baxynun A.C.3, Jlurauesa O.H.*

b Kamuamexuti 2ocydapemeenmoti ynusepcumem umeru Bumyca
Bepunea

2 Kamuamexuti punuan Pedepanvnoeo ucciredocamenscrkozo uenmpa
Eodunas zeopusuveckan cayorcba PAH

3 Uncmumym mopckoti 2eonoeut U 2eofpusuxy Jansvnesocmourozo
omodenenus Poccutickoll axademuu nays

4 Cavaruncruti dunuanr Pedepanvhozo uccaedosamenberozo uenmpa
Edunasn eeopusuneckan cayorcoba PAH

IlepcrieKTUBHOCTH CEMCMOIMAHAIIMOHHOTO METOJA C IIeJIbIO, IIPOTHO3a
3eMJIETPSICEHNN TTOKa3aHa B MHOTOYNCJICHHBIX ITYOJIMKAIUSX, CCHLIKA
Ha KOTOPBIE MOYXKHO HaiiTu B 0030pHBIX paborax. B mocnemnee mecstu-
sgerne Ha Kamyarke m0CTATOYHO yOEIUTEIHHO IIPOIEMOHCTPUPOBAHA
[IEPCIEKTUBHOCTH PAJOHOBOIO METOA JJIs IPOTHO3a CYO/LyKIIMOHHBIX
semirerpsicernit. Haunnas ¢ 1997 roga na Ilerponasiosck-Kamuarckom
FEOMHAMIYECKOM IIOJINTOHE, IPOBOJSATCH PpPabOThl 10 HU3MEPEHUIO
00beMuOl akTuBHOCTH noAnouBenHoro pagona (IIP). g 67% zemie-
Tpsicernii ¢ 5.5<M<6.9 ¢ snunenTpaMu B 30He CyOMYKINK HA YIAJTEHUN
6ostee 100 KM OT IIyHKTOB PETHCTPAIMHU BBIIEJIEHDBI IIPEIBECTHUKOBBIE
anomasimu B IIP ¢ BpemeHem ymnpekijeHHsI OT HECKOJIBKUX CYTOK JI0
HECKOJIbKMX 4YacoB. ONTUMHUCTUYHBIE pe3YyJIbTAThI, IOJIyYeHHbIE Ha
Kamuarke, BcesdioT HaJeXK/y Ha OOHAPYKEHUE IPEIBECTHUKOBBIX
anomaymmit B mosie IIP wm mys Oosiee ciabbix, HO HE MeHee OIac-
HBIX, MeJKO(OKYCHBIX 3emjerpsicennit ocrpoBa Caxaymu. FOxxuast
qacTh ocTpoBa CaxasjuH sIBJISIETCS PErMOHOM BBICOKOW CEeMCMUYIECKOi
OIIACHOCTH, 9TO OOYCJIABIMBAET AKTYAJbHOCTH MOHUTOPUHIA CeHCMITY-
HOCTH U Pa3pabOTKU METOJIOB HOBbIMEeHUsT 3P HEKTUBHOCTH TPOrHO3A
3eMJIETpsICEHUIT B STOM paitone. [[jist opraHum3anuy CeTH IIyHKTOB
menpepbiBaoro mouutopunra [P ma ocrpose CaxajuH COBMECTHO
¢ NuactutyToM MOpCKO#l reosiorun n reodpusuku JlaJabHEeBOCTOTHOIO
orpesiernss PAH u Caxamunckum duimanom EpuHoit reodusmde-
ckoit ciyxxk06b1 PAH 6butn mipoBejieHbl ceiicMoOpasBeovHble paboThI
U SMaHAIMOHHASI ChEMKA I W3y4YeHWsl CTPOEHUsl BEPXHENH dYacTu
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PEOJIOTMIECKOrO pa3pe3a U BbIABJIEHUS ITOTEHITHAJIBHBIX TEH30TYB-
CTBHUTEJIbHBIX 30H B MeCTaX IIAHUPYEMOIl YCTAHOBKU PaJuoOMeTpoB. B
KadecTBe IPUOOPOB JIIsi HEIPEPBIBHONO MOHUTOPUHIA KOHIIEHTDAINN
TP 6bun BuIGpanbr paguomerpsl RADEX MRI107 npowussojcTsa
Poccuiickoit  dpupmbr OO0 «KBAPTA-PAJl» ¢ wucnosib3oBanuem
MEeTO/Ia TMPUHYIATETHHON KOHBeKnuu. OCOOEHHOCTSIMHU CeTH ITyHK-
toB moumropuHra IIP ma ocrpoBe Caxajun sBjsgeTcss pa3MelleHue
[IYHKTOB PErUCTPAIN B HEITOCPEICTBEHHOM OJIM30CTH OT CECMOAKTUB-
HBIX OOJiacTeil, YTO HEBO3MOXKHO PEAJIM30BATH [JIsI 30HBI CYOIyKINN
(Kamuarka). Boubinoii nHTepec mpejcrasisier Bompoc: «BosHukaror
gu  «aedOpPMAIMOHHBIE BOJIHBI» [E€PEl 3eMJIETPSCEHUsIMUA FOXKHOTO
CaxanmnHa?», aHAJOTMYIHO BIIEPBBIE B MHUPOBOI MPAKTHKE DPaOHOBBIX
uccjaenoBaHuil 3aperucrpupoBanubiM Ha llerponasiosek-Kamuarckom
TeOMHAMIYIEeCKOM MoJsinrone 3emuterpsicenuii. Vcciemosanue IIP kak
WH/IIKATOpPA HAIPSIKEHHO-1e(DOPMUPOBAHHOIO COCTOSIHUSI [€OCPEJIbI
na octpoBe Caxamma Oymer npoBoauThbcs BrepBble. (OCHOBBIBAsICH
Ha JIITEPATYPHBIX MAHHBIX, [IPEJIIOJIAraeTCs, 9TO PEe3YIbTATHBHOCTD
PAJIOHOBOTO MOHWTODHMHTA BOJU3U 09ArOBOH 30HBI (MeNIKOMOKYCHBIE
3eMJIeTpsICeHNsl) Gy/IeT 3HAUMTEIBHO BBIIIIE 110 CPABHEHHUIO € yCIOBUSIMHE
3oubl cyOayknnn Ha Kamuarke. Ilosryvqaemble JaHHbBIE € CETH IIYHKTOB
mouuTopunra [P 6ymayT mcnosib30BaHbl B Ka4eCTBE JOMOJTHUTEILHOTO
mapaMerpa Jjisi OOOCHOBAHUS 3AKJIIOYEHUI O BO3MOXKHBIX CIIEHAPUAX
pa3BuUTHs ceiicMuYIecKoro mporecca Ha ore Caxanuna. Pabora BbITos-
HeHa pu (puHaHCcoBO# noamepxkke rpanta PODU Ne16-05-00162.

3.14 IIpocTpaHCTBEHHO-BpPEMEHHOE
pacKaumBarolliee BO3/4eiiCTBUE CUCTEMBI
yparaHoB HA TEKTOHUYECKHE IJIUTHI KaK
NpeaBECTHUK KPYITHOTO 3eMJIETPSICEHUSA

Tonosaves C.IL.Y, dy6pos M.H.', Cmupnoe B.M.', Boaxos B.A.?

L @pasunckuti duivan Hnemumyma paduomernury u 2AexmpoHuKy
um. B.A. Komeavrnuxosa PAH
2 Uncmumym gusuru Semav um. O.F0. HImudma PAH

B3auMoCBsI3b  TPOIMYECKOTO IMKJIONEHE3a U CEHCMUYIHOCTUA 3eMJIn
SIBJISIETCsI IIPEIMETOM JIMCKYCCHAN Ha IPOTSKEHUU JIecsTuieTnii. Axna-
JIN3UPOBAJIACh KoppeJsiiius TaiibyHoB B TuxoMm oOkeaHe W Ce30HHAsI
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[QUHAMAKA CEICMUYIHOCTH B 9TOM PErHOHE, a TAKXKE ITPOCTPAHCTBEHHO-
BPEMEHHasl CBA3b 3€MJIETPSICEHUIl M yparaHoB B JpYyrux OacceiiHax
MupoBoro okeaHa € IPUBJIEYEHUEM CPEJICTB JMCTAHIIMOHHOI'O 30H]IU-
poBanus. OmHAKO, MPUPOIa HAOIIOIAEMOIO SIBJIEHNS, €I0 MEXAHU3MBbI
OCTAIOTCsT HEBBIICHEHHBIMH JI0 cuX Top. B Hacrosmeit pabore uc-
CleyeTcsd KaK CTATUCTUYECKasl, TaK 1 (DU3MIECKAsT B3aUMOCBSI3b
9THX, CAMBIX MOIIHBIX ¥ Pa3PYUINTEJ]bHBIX TIe0(MU3NIECKUX sIBJIE-
unit. [IpoBemen amamms 10 kpynmeitmux 3emierpsicernuii M=8-9,
npoucmeamux B Tedenne 1997-2007 rr., W MOIIHBIX TPOIMIECKUX
mukioHOB 1-5 kareropuum SSHWS B akTmBHBIX Oacceitnax MwupoBoro
OKeaHa 3a ITOT ke mepuoy. Bee zemsterpsicerns M=8-9 npoucxoauin
B 30HaX TIpaHnll THUXOOKEAHCKO TEKTOHUYECKON IUIUTBI U COIIpe-
JIEJIbHBIX TEKTOHUYIECKUX IUTUT. DTU K€ PAHOHBI ObLIN OXBAYECHBI
MaKCUMaJbHON aKTUBHOCTBHIO TPONHMYECKUX IMKJIOHOB. B pesysbra-
Te WuCCaeNoBaHUs OOHAPYXKEHA IOBTOPSIONIANCS 3aKOHOMEDHOCTb,
CBA3BIBAIONIAS BEPOATHOE BPEMs BO3HUKHOBEHWS KPYITHOTO 3eMJIe-
TPsICEHUS U OCODEHHOE IPOCTPAHCTBEHHO-BPEMEHHOE PaCIIPe/esIeHne
CEPUHU MOIIHBIX IIMKJIOHOB. YCTAHOBJIEHO, YTO KPYIHOE 3eMJeTpsiCe-
HUe ¢ HaubOJIbIlIell BEPOSTHOCTBIO IIPOUCXOAMT CIycTsl 4-7 HeIesb
mocjie Tepuoja MAKCUMAJBHOIO YCUJIEHUS OOINell IUKJIOHUIECKO
akTuBHOCTA. B 70-80 TpOIEHTOB ciIydaeB KPYIHOE 3eMJETPsICeHUe
MIPOUCXOJUT IPHU CHUYKEHUH ITOW AKTHBHOCTH [0 (POHOBOTO YPOBHSI.
[TocsienoBarensro BosHuKaronwe Tajidynbl (yparadsl) (hopMUpyOT
[IPOCTPAHCTBEHHO-BPEMEHHOE pACKauYMBaHUE - [IEPEHOC AKTUBHBIX
30H HAJ[ TEKTOHUYECKUMU InTamMu B Hampapjerusx B-3 wmmm C-IO.
DHeprus, BbIIEIsieMas MOIIMHBIM TPOIUYECKUM IHUKJIOHOM 3a CYTKH,
CpaBHUMA C SHEprueit kpymHoro 3emierpsicennss M=7-9. IIpu srTowm,
repenaabl  aTMOCHEPHOro [aBJIEHUS MOLYT BBI3bIBATH Ha CeHCcMO-
TEeHHBIX TIyOMHAX 00beMHbIe JeOpMalUi U M3THObI 3eMHONW KOPbI
Ha YPOBHE NPWIMBHBIX M TeKTOHHMUecKux nedopmarmit 10(-8). Ta-
Kas MPOCTPAHCTBEHHAS <«PACKAYKA» TEKTOHUYIECKUX IIJIUT SIBJISETCS
JOCTATOYHO BaXKHBIM (PAKTOPOM 3aIlyCKa TPUTTEPHOTO MEXaHU3MAa
KPYIHOTO 3eMJIeTPSICeHNsI. 3a CUeT OBICTPON WHTEHCU(DUKAIIMYA MOIITHO-
0 TPOIIMYECKOTO ITUKJIOHA, BO3MYIIAIONIETO TVIODATBHYIO ITUPKYJIISIIUIO
aTMoc(epbl, BOSHUKAET IITUPOKUIA CIIEKTP IIPEIBECTHUKOBBIX SIBJICHUI B
smrocdepe, rugpocdepe u noHOCHEPE, PETUCTPUPYEMBIX Ha OOJIBIINAX
paccTosiHusX, BIIoTh 10 10(3)-10(4) kM. IlpuBojsTcs noKas3arebHbIE
npuMepbl HAOJIIOIEHUN [PEIBECTHUKOB, BBINOJHEHHBIE HA3EMHBIMUI
WHCTPYMEHTAMU U CIIyTHUKOBBIMU M3MEPUTEIbHBIMUA METOIAMHU.
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3.15 SddeKThl ceiicMuYecKoro Bo3aeiicTBus Ha
dirrongoHACKIIIEHHY O cpedy (M0 JaHHBIM
HabJTIoieHniT Ha cKBakmHax Kam4arkm)

Konwinosa I'H., Boaduna C.B.

Kamuamexut guasvan Pedeparvrozo uccaedosamenverozo yermpa
«Edunas eeopusuneckan cayorcoa PAH»

B mokiaze paccMaTpUBAIOTCS Pa3IUYHbIE TUILI BapuUaldil ypOBHS
BOABl B cKBaxkmHax Kamuarku (Ko- u nocrceficmudeckue 3hdeKTol,
IUJIPOT€OIMHAMUYECKNE TIPEJBECTHUKH), 3aPETUCTPUPOBAHHBIE IIPH
CUJIbHBIX 3emJieTpsiceHusix. C MCIIOIb30BAHUEM JAHHBIX 110 YIPYTUM U
GUIBTPAIIMOHHBIM CBOWCTBAM BOIOBMEIIAIOIINX TOPO, U MOJIETUPOBA-
HUS Bapualuil ypOBHsS BOIbI B CHCTEME CKBAYKHMHA-BOIOBMEIAIONIA
Mopoa  OOCYKIAIOTCS OCODEHHOCTH BHOPAITMOHHOTO BO3/IEHCTBUS
ceficMUYeCKUX BOJIH Ha BOJIOBMEMIAOIIKE IIOPOJIbl M UX KBA3UyIIPYTrOro
HedOpMUPOBAHNUS.

3.16 INcciaemoBaHue TUHAMUYECKHX PE>KNMOB
9PEINTAPHOIO OCIIAJIJISITOPA
DuTrirxbio- Harymo

Jlunxo O.J1.', Ilaposux P.H.?

Y KamI'Y um. Bumyca Bepunea
2 Hncmumym KOCMOPUSULECKUT UCCALO08AHUL U PACTPOCTPAHEHUA
paduosoan JJBO PAH, Poccus

Kunaccnaeckas mojens ocrpuasitopa @urnXeio-Harymo (OH) 6Gbuta
npetoxena Jxun-Tan Harymo, Cyrypy Apmvoro u Cionzu Mommsa-
Ba B 1962 romy, a rogom panee — Puaapom OuriiXbio A1 MaTeMaTHIe-
CKOr'O OIUCaHUsI B OMO(DU3NKE paCIIPOCTPAHEHNs HEPBHOTO UMITYJIbCA B
Membpame. MaremaTnaeckast Moaesnb ocuiasitopa ®XH ssiasiercs pas-
HOBUIHOCTBIO ocimutaTopa Ban nep [lonsg-/lydbdunra u mosromy 3ta
cucTeMa 00JIaJIAeT YCTOMYUBBIME KOJIeOaHuAMY (IIPeIeIbHBIMU K1~
ME) U XaoTu4yeckoil junamukoii. Tak kak ocruiisitop @H onuceiBaer
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pejieJIbHbBIE TIUKJIBI, TO OH MOYKET OBITh MCIIOJIH30BAH IIPH MOJIETHPOBA-
HUU [UKJIXYIECKUX TporeccoB. Hampumep, BpeMeHHO# JTUHAMUKH Celi-
cMu9ecKoil aktusHOCTU. B cityuae addekra maciaeacTBeHHOCTH (3pe-
JuTapHOCTH) Kiaccuueckag moiesns @XH umeer o6obuienue, coraacuo
KOTOPOMY TEKYIIee COCTOSIHUE CUCTEMbI 3aBUCUT OT KOHEYHOIO YUCTIA
peIbLIy X cocTosgamit. Takoit 3deKT pacmpocTpaneH BO ppaKkTalb-
HBIX CpeJIaX U U3yJaeTcsl B paMKaX HACJIEJICTBEHHOM MEXaHUKU. DTa pa-
060Ta MMEeT IEeJIbI0 YCTAHOBUTH YCJIOBHUsI CYIIECTBOBAHUS XaOTHIECKUX
" peryssipabix pexkxumos JDH.
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sune merogoM LURR
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3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

Cepadumosa F0.K., [lTupokos B.A. Meroandeckue Bo-

IIPOCHI JIOJITOCPOYHOr'O IIPOT'HO3a CHJIBHBIX 3€MJIETDSICE-
HUII Ha OCHOBE HUX CBA3U C JyHHbIM 18.613 r. u cou-
HEYHBIM 22-JIETHUM IHUKJIAMU I PA3JIMYHBIX PETHOHOB
Semitn 10 MeTOy (Ha30BBIX TPACKTOPUIA

IIepbuna A.O., Comomuyk A.A. Meroapl anamusa
HAIIPABJIEHHBIX CBOICTB T'€0AaKYCTUYIECKUX CHUTHAJIOB B
TPEXMEPHOM IIPOCTPAHCTBE

VYeapos B.H. /ledopMmarimoHHO-31€KTPOMArHUTHBIE Me-
XAHU3MBI U THOPHUIHBIE BOJTHBI KOPbI

[Tepexorun A.C. MojeupoBanue HAIPSKEHUN ¢ yde-
TOM KPUTEPHUEB [JIsi (DPAKTAIBLHON CpeJIbl

Veapos B.H. OcHoBHbBIE TATTEPHBI 3JIEKTPOMATHUTHBIX
IPOABJICHUN peJIaKCAllMOHHBIX BO3MYIIECHUNA KOPBL .

Maxkapos E.O., @upcros IL.II., Axbames P.P., 3aky-
mua A.C., JluxageBa O.H. Ilepsbrit sTan co3manus cetu
IyHKTOB MOHUTOPHUHIA MOIIOYBEHHOIO PAJIOHA HA IOre
ocrpoBa Caxaym . . . . .

Tonosaues C.II., dy6opos M.H., Cmupros B.M., Bos-

koB B.A. [IpocTpancTBEHHO-BPEMEHHOE PACKAIUBAIOIIEE
BO3JIEHICTBIE CHCTEMBI yPAraHoB HA TEKTOHMIECKUE LU~
THI KaK [PEJIBECTHUK KPYITHOTO 3€MJIETPSICEHUS

Komputosa I'H., Bomguna C.B. DddekTn ceiicmuae-
CKOI'O BO3JEHCTBHs HA (DIIIOUIOHACBIIEHHYIO cpeiy (1o
JIAHHBIM HAOJIFO/IeHNH Ha CKBaXKnHax KamuaTkn)

Jluniko O./1., ITaposuk P.M. Uccnenosanne punammde-
CKUX DPEXKUMOB 3PEAUTAPHOI'O OCHUJIJIATOPA (DI/ITILXI)IO—
Harymo
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1 Atmosphere physics
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1.1 Analysis of atmospheric circulation condition
during intense thunderstorms in Yakutia in
2009-2016

Tarabukina L.D.', Kononova N.K.2, Innokentiev D.E.', Kozlov V.I.!

L Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of
the Siberian Branch of the RAS
2 Institute of Geography of the RAS

The days with large number of lightning discharges in whole Yakutia
and its central part were associated with atmospheric circulation
types classified by method of B.L. Dzerdzeevskii. The variation of
daily lightning number were estimated by lightning location systems
detecting radiopulses of very low frequency radiated by lightning
discharges. The days with intense thunderstorms were selected by
the 0.7 level of maximum lightning number within summer season,
and the days of minimum lightning activity were selected by 0.3
level of maximum. The elementary circulation mechanisms (ECM)
were revealed for severe thunderstorm in Yakutia: ECM 8a, 8dw, 9a,
12a of northern meridional circulation group, ECM 13s of southern
meridional circulation, ECM 2b of zonal circulation and ECM 3 of the
disturbance of zonal circulation. Generally, the intense thunderstorms
were associated with cyclones of southern outlets of Far East summer
monsoon and southwestern and western direction.
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1.2 Analysis of the conditions for the radio waves
propagation in the waveguide
«Earth-ionosphere» on the paths
«Novosibirsk-Ulan-Ude» and
«Komsomolsk-on-Amur-Ulan-Ude» during
magnetic storms August 31-September 12,
2017

Bashkuev Yu.B., Advokatov V.R., Buyanova D.G., Pushkarev M.G.
Institute of Physical Materials Science SB RAS, Ulan-Ude

In order to analyze the radio waves propagation conditions in non-
uniform impedance channels, the amplitude and additional phase
of the electromagnetic field of the VLF radio navigation system
RSDN-20 were measured. The radio paths of latitudinal strike have
been studied: path 1 «Novosibirsk - Ulan-Ude», the length is 1580 km;
path 2 «Komsomolsk-on-Amur - Ulan-Ude», the length is 2080 km.
The daily variations of the amplitude and the additional phase of the
11.9 and 14.88 kHz radio signals are considered. The eastern path 2
is longer than the western path 1 by 500 km, so the signal level on
this path is almost always lower. The daytime and nighttime levels of
the amplitude and phase of the radio signal at 11.9 kHz are clearly
enough in ordinary geomagnetic conditions. The displacement of the
terminator lines on the eastern and western paths is approximately
1-2 hours. The additional phase also has regular daily variations up
to 120°. Significant differences on the paths 1 and 2 are observed in
the signal amplitude level during magnetic storms. On September
5, 8, 9 and 10, at path 1 the night levels are significantly below
daytime, when the amplitude of the signal decreases to 6 times. This
phenomenon was noted for the first time in the observation period
from 2013. The levels of the received signal in the daytime naturally
and smoothly change with a maximum at noon time, at night the
amplitude is generally higher than in the daytime, but it is subject to
rapid and deep fluctuations. The diurnal variations of the amplitude
and the additional phase of the signal 14.88 kHz on the same paths
are considered. Significant differences in the spatial amplitude-phase
phenomena in the ordinary and anomalous geomagnetic conditions at
frequencies of 11.9 and 14.88 kHz are established. They consist in a
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significant reduction in the signal level at 11.9 kHz during a very strong
magnetic storm. At 14.88 kHz, similar phenomena are also noted, but
they are less pronounced. The daily variations of the median amplitude
of the signals 11.9 and 14.88 kHz on the paths 1 and 2, obtained
after decimation and passing the array of measurements through
the Savitsky-Golay digital smoothing polynomial filter (MATLAB
program) are analyzed.

1.3 Analysis of variations of VLF-noise from
registration data on the Yakutian meridional
chain during the solar and geophysical events

in September 2017

Karimov R.R.", Baishev D.G.", Kozlov V.I.', Shiokawa K.?

L Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy
SB RAS
2 Institute for Space Farth Environmental Research, Nagoya
University

From September 4 to 10, 2017, 26 M class flares and 4 class X flares
were recorded on the Sun, which is the maximum manifestation of flare
activity since April 2015. Flares were accompanied by the coronal mass
ejections . As a consequence, after a while in the near-Earth space, the
increase of solar cosmic rays was recorded. At the same time, several
intense and moderate perturbations of the Earth’s magnetic field were
observed on the Earth. It is of interest to trace the consequences of
solar and geomagnetic activity from observational data of variations of
natural VLF-radiation at ground stations of the Yakutian meridional
chain of ShICRA SB RAS. In the analysis, the data of a multichannel
VLF-receiver installed on the station «Oybenkel» (62N, 129.3E) and
data from the VLF/ELF-receiver installed at the optical station
«Maimaga» (63N, 129.5E) were used. The results of the analysis
showed changes in the amplitude and spectral characteristics of the
VLF intensity of atmospheric and magnetospheric origin associated
with the action of solar X-ray flares on the lower ionosphere and with
processes in the magnetospheric plasma during perturbations of the
Earth’s magnetic field.
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1.4 Automation working with mathematical
models of the upper atmosphere of the Earth

Medvedev V. V., Surotkin V.A., Kolin A.D.
Kaliningrad State Technical University, Kaliningrad, Russia

At present, software complexes designed for carrying out computational
experiments in selected fields of science, in particular in the field of
mathematical modeling and physics of the upper atmosphere, are of
particular interest.

The physico-mathematical models included in the package are
constructed on the basis of the equations of quasihydrodynamics and
allow to calculate the main characteristics of the ionospheric-
magnetospheric plasma: the space-time distributions of the
concentrations and temperatures of the charged and neutral particles
of the velocities of their motion for different regions of the ionosphere
in the altitude range from 50 km to several radii of the Earth.

The current configuration of the functional content solves the following
practical tasks:

-calculation of ionospheric parameters of non-latitudinal ionosphere
media without taking into account the geomagnetic field geometry

-calculation of ionospheric parameters along fixed closed geomagnetic
fields

-numerical simulation of the processes of ionospheric plasma outflow
along open geomagnetic power tubes (polar wind)

-calculation of mesosphere and lower thermosphere parameters in the
altitude regio;

- calculation of propagation parameters for HF radio signals in the
ionospheric 50-500 km

The software complex has a console interface and provides the following
features:

-form requests for modeling in the input language of the package

-when the request for modeling is formulated, specify the subroutines
necessary for the user within the framework of the selected model
-produce simulation results on a monitor crane with the ability to print
on the printer query reference information about the package and the
input language
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-expand the functional content with new elements

The minimal configuration of the software package is designed to exploit
the package on popular PCs.

For the convenience of working with existing mathematical models
of users of various levels, including non-specialists in the field of
mathematical modeling and physics of ionospheric plasma, it is
supposed to replace the console interface with a user-friendly graphical
interface

1.5 About one analytical solution of the ion
continuity and momentum equations

Kolin A.D.
Kaliningrad State Technical University, Kaliningrad, Russia

Now there are many works devoted to deriving of the analytical
solutions of ions’ diffusion at the series of simplifying assumptions.
These solutions have a self-sufficient value for the qualitative theoretical
analysis of processes in plasma, and also are frequently used for testing
numerical algorithms. At the same time there are less studies of the
system of a equations of a continuity and momentum hyperbolic type
than of diffusion approximation.

In this connection the following problem was set up. To try to receive an
analytical solution of the ions continuity and momentum equations with
the account of collisions, gravitation and forces of pressure in statement
on the basis of the example of azotropic flow of the one component gas.

The problem has no analytical solution in the formulated statement.
Threfore the method of fractional steps or as it is frequently called,
a method of decomposition under physical factors on half steps of
discretisation by time has been used.

As aresult it has become possible to reduce the problem to the eguation
for Darboux for potential function on the first half step by time for
the homogeneous system of equations of a continuity and motion of
hyperbolic type with the use of transformations of a hodograph.

The solution of Cauchy problem for the equation of Darboux by
Riemann method also obtained.
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1.6 Comparison between two different quantum
models of ball lightning

Kuznetsov V. V.

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

Two models of ball lightning are compared here. Each model is
quantum. One was proposed by American and Finnish physics [Lee
W. et al. Science Advances, 2018|, who were the first to create an
elusive particle known as the Shankar skyrmion. The three-dimensional
particle consists of knots made from the spin fields of a Bose-Einstein
condensate - or, atoms cooled to a point just above absolute zero.
According to the researchers, this bizarre tangle may share some of the
characteristics of ball lightning (BL). The next model proposed here
proceeds from quantum entanglement of protons in hydrogen bonds
inside atmosphere water vapour [Kuznetsov V., Kvantovaya Magia,
2011]. Origin of high-energy particles flux in clouds is discussed.
Conditions when dark lightning [Kuznetsov V. Vestnik KRAUNC,
2016| preceding ordinary one and creating additional ionization, fluxes
of fast electrons with MeV energy prior to that lightning which is
initiating BL, glow, sprites are considered. All phenomena listed above
appear to be of general nature resulting from quantum entanglement of
protons in hydrogen bonds of water clusters inside clouds. Comparing
models introduced above we use the estimation of BL capacity to enter
via glass as a key parameter. Unexplained in models of BL this frequent
phenomenon becomes obviously explicable in the context of our model.
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1.7 Effects of geophysical events on September
4-11, 2017 in amplitude and phase variations
of VLF radio stations signals registrated in
Yakutsk and Tiksi

Korsakov A.A., Kozlov V.L

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

Powerful M and X class solar flares accompanied by coronal mass
ejections (CME) were recorded in the same active area AR 12673 on
the Sun from 4 to 10 September 2017. On September 5, 7, 8 and 10,
bursts of a solar proton flux were recorded. Against the background of
these events, variations in the amplitude and phase of the VLF signals
of the radio navigation system Alfa, registered in Yakutsk (62 N, 129
E) and Tiksi (72 N, 129 E) are considered. September 5 - 9 there is
an increase in attenuation and a decrease in the phase delay of radio
signals registered in Tiksi. The decrease in the amplitude of the signal
Novosibirsk on September 8 reached 5 dB and the decrease in phase
delay was 45 degrees in the daytime and 55 degrees at night. It should
also be noted that the phase delay is reduced by 75 degrees at night on
September 10, 2017. Such changes in the VLF radio signal characterize
the appearance of an additional source of ionization - precipitation
into the high-latitude region of the ionosphere of energetic protons.
The effect of the magnetic storm appeared on September 8 in the
amplitude-phase variations of VLF signals recorded in Yakutsk. The
decrease of the phase delay on September 8 at night conditions was
50 degrees (Dst = -120 nT), and in the daytime September 9 - 30
degrees. September 11, there was a decrease in the phase delay of the
Novosibirsk signal registered in Yakutsk at 30 degrees for daytime
conditions. This case can also be associated with a sharp increase in
proton fluxes at high energies on September 10-11
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1.8 Features of recording the azimuths of the
arrival of pulsed radiation of
atmospheric-thunderstorm origin.

Malkin E.I., Sannikov D.V.

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

The method of multicomponent estimation of the azimuth of the
arrival of pulsed radiation of atmospheric-thunderstorm origin is
substantiated and tested. The features of registering the azimuths of
this radiation are identified. The interpretation of the obtained results
is given.

1.9 GLE events in 24 solar cycle

Balabin Yu.V., Guozdevsky B.B., Germanenko A.V., Maurchev E.A.
Polar Geophysical Institute, Apatity, Russia

The 24th solar cycle began in 2009. According to neutron monitor
data, the activity of the Sun went down in 2015 and now the cycle
is coming to the end. This cycle turned out to be abnormal in many
respects. For example, such an indicator of solar activity as the sunspot
number in this cycle was approximately two times lower than in the
previous one. By the number of GLE events, the current cycle is also
very different from the previous ones. In the 23rd cycle there were
four major events (an increase of tens of percent) and five small and
moderate events. In the 24th cycle only two events are registered: GLE
71 (17.05.2012) and GLE 72 (10.09.2017), with the latter event having
a small amplitude (5%). Using our own method we process GLE event
by solving the inverse problem: based on the data of the worldwide
network of neutron monitors we obtain the parameters of the energy
spectra of solar cosmic rays. Events GLE 71 and 72, like the previous
ones, were processed by this method. The obtained energy spectra are
compared with spectra in other events.
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1.10 Common features of gamma-ray increases at
stations from arctic to medium latitudes

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

Polar Geophysical Institute, Apatity, Russia

Monitoring of background gamma radiation (20-400 keV) in the surface
layer of the atmosphere has been carried out in PGI for many years.
This soft radiation is generated in the atmosphere by cosmic rays. The
soft radiation flux has variations due to various atmosphere processes
when it is propagating in the atmosphere. A unique and extended
database of soft gamma radiation flux for the period 2009-2017 has
been collected. The observation stations are located at the Arctic to
middle latitude. The measurements are carried out using the same
type of detectors made in PGI. The phenomenon of increasing gamma
background during precipitation, first discovered by the authors, is
observed at all stations. These increases are not related to radionuclide
contamination in the precipitation. Increases are observed only in the
electromagnetic component, which is generated in the atmosphere from
cosmic rays. A comprehensive analysis of accumulated data has shown
that the characteristics of events (such as amplitude, duration, rate
of arise and descend, total energy flux) have clear seasonal differences
at each station. Also at most stations there is a seasonal variation
of gamma radiation associated with a stable snow cover during the
cold season. The analysis of the events shows that variations in the
background gamma radiation can be used to study some atmospheric
processes in the lower atmosphere.
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1.11 Geospace environment and its effect to
spacecraft

Nagatsuma T.

National Institute of Information and Communications Technology,
Japan

Geospace, the space around the Earth, is one of the practical area for
space developement. Many kinds of satellites for telecommunications,
broadcasting, meteorology, earth remote sensing, are in operation in
this area. However, satellites in geospace sometimes face on risks of
anomalies, because geospace environment is dynamically changing
depending on the solar wind conditions. So we need to understand the
risks of geospace environment for safety operation of spacecraft. For
this point of view, monitoring and forecasting of space environment
is very important. We will introduce the risks of spacecraft due to
geospace disturbances, and our activities of space weather monitoring
and forecasting.

1.12 Global response of Magnetic field and
Tonosonde observations to intense solar flares
on 6 and 10 September 2017

Fujimoto A.', Yoshikawa A.2, Ikeda A3

Y Kyushu Institute of Technology, Japan
2 Kyushu University, Japan
3 National Institute of Technology, Kagoshima College, Japan

Intense X-ray fluxes during solar flares are known to cause enhanced
ionization in the Earth’s ionospheric D, E and F region. This
sudden change of ionospheric electron density profile is serious
problem to radio wave communication and navigation system. The
ground magnetograms often record the sudden change in the sunlit
hemisphere during the enhanced X-ray flux, due to the sudden
increase in the global ionospheric current system caused by the flare-
induced enhanced ionospheric conductivity. This geomagnetic field
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disturbances are known as «solar flare effects» (SFEs) or geomagnetic
crochets [Campbell, 2003]. The typical SFE is increase variation on
the equatorial magnetic data. On Ionosonde observation during solar
flare event, the High-Frequency (HF) radio wave blackout is often
detected in ionogram due to the sudden disturbance in ionosphere.
Two intense X-class solar flares occurred on 6 and 10 September 2017.
We investigated the magnetic field and Ionosonde responses to the
intense solar flare events. Dayside magnetic field variations sudden
increased due to the ionospheric disturbance resulting from solar
flare. There are no response in night side magnetometer data. The
magnitude of SFE (magnetic field) is independent of solar flare x-ray
magnitude. We found HF radio wave blackout in ionogram at dayside
Tonosonde stations. The duration of blackout is dependent of latitude
and local time of Ionosonde stations. There is the different feature of
ionogram at night side.

1.13 Investigation of the dynamics of
high-symmetric molecules in the atmosphere
using solar spectra registration

Serdyukov V.1I., Sinitsa L.N., Scherbakov A.P.
Institute of atmospheric optics SB RAS, Russia

Information on the dynamics of the gas content at a low temperature
corresponding to the conditions of the upper atmosphere is important
for studying the influence of solar activity on the geosphere processes.
This is especially true for highly symmetric molecules, such as C'Hy,
NF3, CFy. The report presents a spectral system for measuring
gas atmospheric components based on the Bruker IFS125M Fourier
spectrometer with fiber-optic and mirror trackers that allow recording
of solar spectra both in the visible and in the IR spectral region. The
results of an investigation of atmospheric gases in the atmosphere
in the vicinity of Tomsk are presented on the basis of an analysis
of the atmospheric transmission spectra of solar radiation recorded
on a Fourier spectrometer. The work was supported by the Russian
Scientific Foundation (Grants Nel7-17-01170).
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1.14 TIonospheric plasma irregularities studied
with Swarm satellites

Miloch W.J.
Department of Physics, University of Oslo, Norway

The Earth’s ionosphere is often subject to instabilities and turbulence,
which can create irregularities in plasma density. These irregularities
can be present at various scales and at all latitudes. At high
geomagnetic latitudes they are common in the auroral oval and in
the polar cap, where they are associated with polar cap patches.
At low latitudes they can be for example related to plasma bubbles
in the equatorial electrojet. Plasma density irregularities are one
of the space weather effects, as they depend on the geomagnetic
activity and they can influence propagation of trans-ionospheric radio
signals. As such they can increase the uncertainty of positioning
with the Global Navigation Satellite Systems (GNSS), such as
GPS, Galileo or GLONASS. Examples of measurable effects are
radio wave scintillations in the phase and amplitude, which are
significant issues at low geomagnetic latitudes and in the polar regions.
Thus, a comprehensive characterization of ionospheric irregularities
over all geomagnetic latitudes is important for both research and
operations that rely on trans-ionospheric radio signals. To study and
characterize plasma irregularities at all latitudes, one can employ in-
situ measurements by satellites in polar orbits, such as the European
Space Agency’s Swarm mission. With the Swarm data, we have
developed the Ionospheric Plasma Irregularities (IPIR) product for a
global characterisation of ionospheric irregularities along the whole
satellite track. This new level-2 data product combines complementary
datasets from the Swarm satellites, i.e. the electron density from
the electric field instrument, the GPS data from the onboard GPS
receiver, and the magnetic data from the vector field magnetometer.
The finalized data product is expected to be a new tool for the global
studies of ionospheric irregularities and turbulence. In this work, we
present the first dataset of the IPIR-product. We analyse the results
together with the measurements from our ground-based scintillation
receivers located in the Scandinavian Arctic and in Antarctica as
well as optical instruments. Satellite in-situ data combined with the
ground-based observations can provide better understanding of the
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phenomena associated with the largest disturbances of the GNSS
signals. We quantify the effects of varying geomagnetic activity on
the ionospheric irregularities at different geomagnetic latitudes, and
provide an indication of the severity of their impact on the GNSS
signals.

1.15 Lidar diagnostics of ionosphere precipitations

Shevtsov B.M., Bychkov V.V., Perezhogin A.S., Seredkin I.N.

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

Institute of Cosmophysical Research and Radio Waves Propagation,
FEB RAS Lidar is considered as an electron energy detector in
ionosphere precipitations, and the cleaning of radiation belts is like
the energy pumping of the ionosphere layer. The excitation efficiency
of ionosphere plasma components by precipitations and the features
of resonant backscattering of laser radiation in the active ionosphere
are discussed. It is shown that in the quantum system in which the
lidar plays the role of a master oscillator and the ionosphere layer
of the amplifier, different modes of nonlinear oscillations are possible
depending on the intensity of the precipitation. Analogies are being
made with other natural nonlinear systems.

1.16 Lidar investigation of the dynamics of the
vertical distribution of temperature in the
stratosphere over Tomsk in 2017

Bochkovsky D.A., Marichev V.N.
Institute of Atmospheric Optics SB RAS
One of the important applications of lidar technologies is the study of
the thermal regime of the atmosphere. Such studies in the monitoring

mode at the Institute of Atmospheric Optics of the SB RAS have
been launched since 1994 and are continuing at the present time.
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Particular attention is paid to the study of the manifestation of sudden
disturbances in the middle stratosphere, caused by winter stratospheric
warming (SW). The results obtained on this topic can be found in
[1-8]. In this paper, we present studies of the vertical temperature
distribution over Tomsk in the indignant and calm periods of 2017.

1.17 Mathematical modeling of the upper
atmosphere processes

Medvedev V. V.1, Telegin V.A.2, Kolin A.D.}

U Kaliningrad State Technical University, Kaliningrad, Russia
2 Institute of Terrestrial Magnetism, Tonosphere and Radio Wave
Propagation named after Nikolay Pushkov of the Russian Academy of
Sciences, Moscow, Russia

Numerical model for the processes ionosphere and upper atmosphere
for the heighs of 50-1000 km is constructed. The model includes a set of
magneto hydrodynamic equations (continuity, momentum and energy)
for electrons and ions, and neutral atmosphere. She relies numerical
solutions the continuite, temperature neutral gas (T,), ion (T;) and
electron (T¢), macroscopic average winds of velocities Vi, Vi, Viz
equations for the partially ionized plasma for the neutral, ions and
electrons. In this paper we shall describe our calculations of the
following species: Na, O, Oa, 03,0(1D), O(1S), O2(1A,), OQ(Z;)7

N oW H, Hy, OH, Hy, Hy0,, N(*S), N(2D), NO, NO,, CO,
CO9,HT,07,05 , NO™.

In the heat balance equation the following heating sources and sinks
are taken in to account: heating by photoionization, heating arising
from absorption of solar radiation in the Schumann-Runge continuum
135 < A < 175nm chemical heating, cooling by vibrational-rotational
bands COq, NO, O3, OH, CO in the 1.27 mk Oy and 63 mkO (!D);
molecular heat conduction; heating and cooling produced by durimal
contraction and expansion of the atmosphere. For the function Kj(z),
which is the eddy thermal conductivity (assumed to be equal to the
eddy diffusion coefficient), the analytical approximation is used. The
height Z,,, of K}, maximum (K}"*") has been varied within range of
90-110 km, with the value (Khmax) varying from 10° to 2 - 10"sm?/S.
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The upper boundary conditions for zero temperature gradients is
imposed at the heigh of 500 km, and lower boundary conditions in the
form of zero heating flux is imposed at the heigh of 50 km is discuss.
General input parameter of the model is a coefficients of chemical
reactions and coefficient eddy diffusion, absorption and ionization
cross sections, solar EUX flux. We have carried out of a number of
computations using various altitude profiles of the eddy conductivity
the order to study the relative and consistency of acts simultaneity
importance or the turbulence and constituents. The analytical model
of the altitude distribution of the [NO] and [N] was based on numerical
results of the mesosphere for [NO] density depends on main atmospheric
species densities No and Oy and neutral gas temperature. Altitude
distribution of the [N,| density was obtained from expression for NO.
The analytical expressions for [NOJ] and [N, easily explains winter
[NOJ and [N.] exceeding over summer values and winter anomaly in
ionosphere D-region

In the experiment was calculated vibrationally excited nitrogen density.
The main attention was paid to investigation of the processes with
oscillatory excited state of the nitrogen molecules NQ(”)7O§”). The
density calculation of this component was made for the ten oscillating
levels (V = 1...10), using by the time-depended diffuse equation.
Bolzman distribution was not talking into account. The role of diffusive
and photochemical processes in NQ(U) dynamics was discussed.

1.18 Modeling of parameters of the upper
atmosphere under anthropogenic influences

Medvedev V. V.1, Telegin V.A.2, Kolin A.D.!

U Kaliningrad State Technical University, Kaliningrad, Russia
2 Institute of Terrestrial Magnetism, Ionosphere and Radio Wave
Propagation named after Nikolay Pushkov of the Russian Academy of
Sciences, Moscow, Russia

The physico-mathematical model, by means of a computatio-

nal experiment, makes it possible to calculate various ionospheric
parameters, such as the concentration of the ions O, Ht, NOT,
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N*, HyOF, H3O", OH™ electron temperature T,, ions Tp+, T+
and the horizontal components of the neutral gas. The problem of
formation and tightening of the ionospheric "hole"during the injection
of [H20] was considered. In these papers, the results of calculations of
the altitude-time distributions N,, F'2, h,,F2 and ionospheric plasma
fluxes were presented. It is shown that the injected [H2O] significantly
affects the recombination of the ionospheric plasma in the F2 region of
the ionosphere. In this paper we consider the influence of the injected
[H20] on the electron and ion temperatures of the ionospheric plasma.

Calculations of ionospheric parameters were carried out in a power tube
(L = 2) for high solar activity (F(10.7) = 234) in winter conditions. The
power line has an uneven spatial grid. Step of integration over time 7
= 20 sec.

For emissions of [H20] = 107 sm™3, at the maximum of the F2
layer, the decrease in [N,,F2] is approximately half for the selected
conditions. Such a decrease in the electron concentration leads to
an increase in the electron temperature (with unchanged sources of
heating of the ionospheric plasma)

3

1.19 Modernization of the lidar complex of the
high-altitude station for the atmospheric
sensing (Institute of Atmospheric Optics SB
RAS)

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

The lidar complex of the small station for high-altitude atmospheric
sounding of the TAO SB RAS allows to quickly and regularly obtain
dispersion ratio profiles up to a height of 70 km, temperature and
density of the atmosphere in the altitude range of 10-70 km with a
spatial resolution of 192 m. Measurements are carried out in conditions
of a cloudless sky or, in extreme cases, explosive clouds. To plan the
measurement, the weather forecast is used and the latter are conducted
when the forecast coincides with the real weather in the clear night
time. Remote or automatic control of the lidar complex will improve
the efficiency, quality (due to measurements with variable cloudiness)
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of the series of accumulated data and increase the number of sessions
for conducting lidar sounding of the atmosphere.

1.20 Nonlinear Effects in the Surface Atmosphere
Based on the Atmospheric-Electrical
Measurements Results

Panchishkina I.N., Petrova G.G., Petrov A.1l., Egorov E. V.,
Kupinskaya A.I., Shevchenko A.V.

Southern Federal University

Ground-based atmospheric-electrical observations results help to
understand the atmosphere electrical characteristics variations patterns
which must be taken into account when constructing models of the
electrode layer that is part of the Global Electrical Circuit. Considering
the multifactority of electrical processes in the atmosphere, modern
models use empirical parameter values and the relationships between
them. Proceeding from the results of measurements near the surface of
the earth, nonlinear effects associated with the dependence of electrical
conductivity on the electric field strength have been observed. This is
manifested in the loss of proportionality of the conductivity current
density from the field intensity, and the nonlinearity manifests itself
more noticeably at low values of electrical conductivity. Based on
the data obtained, empirical regression series have been constructed
and equations of the dependence of polar electrical conductivity on
the electric field strength have been obtained. In the interval of a
sharp decrease in the values of polar conductivities with multiple
amplification of the electric field strength, their interrelation is
approximated by a linear function with a high level of reliability.

The paper is performed with support of Russian Foundation for
Fundamental Research Grants 16-05-00930 a, 17-05-41121 RGS a.
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1.21 Recent development of the Cowling channel
model in the magnetosphere-ionosphere
coupled system

Yoshikawa A.', Nakamizo A.', Ohtani S.?

L International Center for Space Weather Science and Education
(ICSWSE), Japan
2 Graduate School of Sciences, Kyushu University, Japan

The Cowling channel is a generic name of a current system forming
inside a high conductivity band, in which a secondary polarization
electric field modifies the current flow. The polarization field is excited
when a divergent part of Hall current driven by the primary electric
field is prevented from flowing out to the magnetosphere as the
field-aligned current. The purpose of this presentation is to introduce
the recent development of Cowling channel model: 1) which connecting
auroral electrojet to equatorial electrojet via Cowling channel at the
conductivity terminator region that forms global current system from
polar to equatorial ionosphere from polar to equatorial region and 2)
explosive auroral intensification at poleward boundary of auroral oval,
which manifest the excitation of aurora explosion by the Alfven wave
radiated from the ionosphere.

1.22 Role of solar activity in long-term variability
of photochemical components of air in a
ground layer of air

Antokhin P.N., Arshinov M.Yu., Belan B.D., Belan S.B.,
Davydov D.K., Savkin D.E., Sklyadneva T.K., Tolmachev G.N.,
Fofonov A.V.

V.E. Zuev Institute of Atmospheric Optics SB RAS
The long-term monitoring of composition of air begun by authors still
in the early nineties allowed to reveal variations of average annual

concentration of ozone and an aerosol with the period, the close
to 1l-year-old. These changes are not synchronous. Concentration
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of ozone and an aerosol in the course lags behind change of solar
activity for 2 and 3 years. Such period is characteristic of variations
of solar activity. However, the signal transmission mechanism from
the Sun to the lower troposphere is until now not clear. In the course
of searching of the reasons the ozone mechanism, a consequence of
variations of arrival of UF-radiation which brought to the intermediate
mechanism sequentially were analysed. The hypothesis is offered that
the mechanism of signal transmission is reaction of vegetation on
UF-radiation amplifying a stream. According to the experiments which
are expressly made in a number of foreign countries it was shown
that at the beginning of process of increase in UF-radiation there is
a depressing of plants. After 2-3 year processes of adaptation, they
enhance efficiency that also the aerosol of the forming substances
leads to a pollution of padding quantity ozonic. This hypothesis is
checked by means of the normalized index of vegetation and yielded
good results. The offered mechanism is spoken well also by works of
other authors that when strengthening UF-B of radiation plants have
a so-called long-term cumulative effect consisting in delay of their
photosynthesis for 2-3 years concerning its arrival. On the basis of the
established empirical-formula dependence, being guided by forecasts
of solar activity, predictions of values of concentration of an aerosol
and ozone in 23 and 24 cycles were made. Results of feasibility of the
specified forecasts are presented in the report. Work is performed on a
grant of RSF No. 17-17-01095.

1.23 Schumann resonance parameters at Kuju
station during solar flares

Ikeda A.', Yoshikawa A%, Fujimoto A.3, Uozumi T.2, Abe S.?

L National Institute of Technology, Kagoshima College, Japan
2 International Center for Space Weather Science and Education
(ICSWSE), Japan
3 Kyushu Institute of Technology, Japan

The Schumann resonance (SR) is the global resonance of
electromagnetic waves generated by global lightning activity. SR
parameters, which are amplitude and frequency, reflect the properties
of both global lightning activity and the state of the Earth-ionosphere
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cavity. Recently, it is revealed that the SR is also affected by the solar
activities. We newly aim to utilize SR for monitoring of solar activity
(e.g., solar flare, solar proton event). For the first step, we investigate
relationship between SR parameters and intense solar activities in
Oct.-Nov., 2003.

We examined the SR at Kuju, Japan (KUJ, M.Lat. = 23.4 degree, M.
Lon. = 201.0 degree) by comparing solar X-ray, EUV and Proton flux.
The data of X-ray and Proton flux were obtained by the GOES series
of the satellites on a geostationary orbit. The EUV data were obtained
by SEM/SOHO at the Lagrangian point L1. Solar flare on 23 October
2003 was accompanied with the variation of SR parameters. The X-ray
in 0.05-0.3 nm wave bands and EUV flux in 0.1-50 nm wave bands
started to increase around 08:30 UT and reached the maximum value
within about ten minutes. At the time, the second mode of SR (SR2)
frequencies in H (horizontal northward) and D (horizontal eastward)
components also increased. The timing of peaks of SR2 frequencies
coincided with EUV flux than X-ray. Since EUV contributes the most
to ionization of Earth’s ionosphere, the variation of the SR frequency
seems to reflect the electron density in the ionospheric D-region during
the solar flare. We also found that the variation of the first mode of SR
(SR1) frequency in D component corresponded with enhancement of
the Proton flux (40-80 MeV). It is assumed that the SR1 frequency in
D component relates to the polar ionosphere which is strongly affected
by solar proton events.

1.24 Strong variations of gamma-ray and
atmospheric electric field during various
meteorological conditions by observations in
Yakutsk and Tiksi

Toropov A.A., Starodubtsev S.A., Kozlov V.I.
Shafer Institute of Cosmophysical Research and Aeronomy
The results of a study strong increase in gamma-ray background in
the surface layer of the atmosphere during precipitation and near

thunderstorms in Yakutsk (based on the Cosmic Ray Spectrometer of
the Institute of Cosmic Rays of the Siberian Branch of the Russian
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Academy of Sciences) and Tiksi (Polar Geospace Observatory of the
IKFIA SB RAS) are present in this paper. Scintillation detectors
based on Nal (Tl) crystals with a size of 63mm x 63mm are used
to register gamma-ray . The range of measured energies is 20-1900
keV. Detectors are closed from the sides and from below with lead
(5 cm) and placed in thermoboxes having a glass window. Both of
the detectors are located on the roof of buildings in Yakutsk and
Tiksi. Also, synchronous registration of variations of the atmospheric
electric field, (electrostatic fluxmeters Boltek EFM-100) and main
meteorological parameters of the atmosphere (ultrasonic weather
station AMK-04). An explicit relationship was found between the
increase in the background gamma-ray and heavy rainfall. The energy
spectra of the gamma background are obtained under «good» weather
conditions and during heavy precipitation and near thunderstorms.
The carried out researches allow to consider that the increase of the
gamma background is connected, first of all, with the emission of radon
and its daughter products from the ground and, to a lesser extent,
with bremsstrahlung of charged particles in strong electric fields of a
thunderstorm atmosphere.

1.25 Studies of the thermal regime of the
stratosphere over Tomsk during the period
2012-2015. According to the lidar
observations.

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

In this article, studies of the vertical temperature distribution over
Tomsk, performed in the indignant and calm periods of the year for
2012-2015 are presented. Based on the accumulated experimental
material, a number of features of the intra-annual dynamics of the
thermal regime of the stratosphere have been established. Thus,
winter stratospheric warming occurs annually. During this period, two
strong (major) warming were recorded in the winters of 2009/10 and
2012/13, in which the transfer of air masses from west to east changed
in the upper atmosphere, and four weak (minor) winters are 2011/10,
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2012 / 11, 2014/13 and 2015/14. Over the course of many years of
observations it was shown that for the Western Siberia region for the
long period of the year April-November, in most cases the vertical
distribution of temperature is in good agreement with the model
distribution of CIRA-86.

1.26 Studies of the variability of the background
aerosol content in the stratosphere over
Tomsk in 2011 - 2015. Using the data of lidar
sensing

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

The paper presents experimental results on the variation vertical-
temporal structure of the aerosol in the stratosphere over Tomsk
obtained on lidar complex altitude atmospheric sounding IRA RAS
station during the period 2011-2015 gg characteristic feature of this
period, except for the second half of 2011. (Appearance over Tomsk
eruptive layers from the eruption Grimsvotn) was practical absence
of volcanic activity, leading to the formation of the stratospheric
aerosol and its transfer towards Tomsk, in connection with which
it became possible to study the behavior of the vertical structure
of the background in the stratosphere aerosol within five years. By
the analysis of the lidar data revealed a steady trend aerosol filling
the lower stratosphere in cold periods to its maximum content in
December - January and practical absence throughout the layer in the
stratosphere warm seasons.
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1.27 Study of cyclone effect in Kamchatka on
electron distribution in the ionosphere by
satellite tomography in the conditions of low
seismicity

Bogdanov V. V.

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

The paper presents the results of investigation of cyclone possible
effect on ionosphere parameters. Monitoring of ionosphere state
has been carried out by automatic sounding applying low orbital
navigational spacecrafts in the conditions of low seismicity. Receiving
stations were locating in meridian direction of Kamchatka peninsular
in Paratunka, Mil’kovo and Esso villages. It has been shown that
during nighttime cyclone passage (according to local time) on 18.01,
03.02 and 17.02.2013 over Kamchatka, synchronous increase of electron
concentration occurred in the region over its epicenter in comparison
to the next days without cyclones. With the increase of the latitude,
i.e. further from the center of the cyclone, electron concentration
decreased in comparison to calm days. The work has been realized
within the FEB RAS specialpurpose program «Satellite monitoring of
the Far East for fundamental researches of FEB RAS» and the project
on RAS Presidium Program RAS No 12-1-P22-01.

1.28 The Studies on the Role of Aerosols in the
Electric Field Variations Formation in the
Surface Atmosphere

Petrova G.G.', Panchishkina I.N.*, Petrov A.IY, Chkhetiani O.G.2,
Egorov E.V.', Boldyreva V.A.!

L Southern Federal University
2 A.M. Obukhov Institute of Atmospheric Physics of Russian
Academy of Sciences

The atmospheric-electrical measurements results obtained from 2012
to 2017 at the Laboratory of Geophysical Research of the Department
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of Physics of the Southern Federal University are discussed. Long-
term studies allow us to typify the observed atmospheric electrical
profiles. According to measurements of the potential gradient in the
surface layer, the form of electric field vertical profiles indicates the
presence of negative space charge layers in the lower atmosphere.
A possible interpretation of their appearance is based on the fact
that the volumetric charges of light ions near the earth are adsorbed
by aerosols. Charge accumulation on aerosols promotes the long-
term presence of charged layers in the surface atmosphere, which
affect the spatial distribution of the electric field and its magnitude.
Measurement of aerosols concentration of submicron and micron ranges
in expeditions after 2012 supplemented the measuring complex. The
results of regression and dispersion analysis of the potential gradient
connection with the content of aerosols in the surface atmosphere
are presented. The role of humidity in the aerosol formation and the
possible indirect influence of this factor on the atmospheric electric field
variations are considered.

The paper is performed with support of Russian Foundation for
Fundamental Research Grants 16-05-00930 a, 17-05-41121 RGS a.

1.29 The disturbances of the ionosphere during
launches from Vostochny Space Center

Siwokon V.P., Khomutov S.Y., Teslyuk Y.A., Dumbrava Z.F.

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

It is known that the ionospheric plasma is modified during launches
of the rockets. This ionospheric response is result of the shock and
acoustic waves, generated by supersonic motion of the spacecraft. In
general, the ionospheric plasma disturbances are investigated using
signals of GPS/GLONAS systems, which require dense ground station
network. Region around new Russian Space Center Vostochny is
covered by very sparse network of the cites of the satellite navigation
systems and alternative possibilities for researches are required. One
solution may be the vertical and oblique sounding of the ionosphere.
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Preliminary results of the analysis of the ionospheric data show some
possibilities of the estimation of the ionospheric response during
launches from Vostochny Space Center.

1.30 The results of lidar investigation of the
variability of the filling of the stratospheric
background aerosol over Tomsk in 2017

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

The article analyzes the experimental data on the variability of the
vertical-temporal structure of the aerosol obtained at the lidar complex
of the station for high-altitude atmospheric sounding of the TAO SB
RAS for 2017. As the primary information for analysis, we used an
array of 61 total signals accumulated on separate nights. The interval
of sounded heights stretched from 10 to 50-60km, the spatial resolution
was 192m., The accumulation time of the total signal was 2 hours.
According to the results of observations, as in previous years, a high
aerosol content in the lower stratosphere was recorded in the winter
months of the year and a practical absence in the warm period. In
the upper stratosphere (30-50 km) there is no background aerosol
throughout the year.

1.31 Investigation of the influence of
solar-terrestrial interrelations on the
dynamics of diurnal and seasonal variations
in the ground-atmosphere potential gradient

Adzhiev A.Kh., Kumukova O.A., Cherkesov A.A.

Federal State Budgetary Institution «High-Mountain Geophysical
Institutes

Solar-terrestrial interrelations have an unquestionable influence on the
weather and climate of the Earth. The mechanisms of these connections
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are not fully understood. So, the consequences of the action of solar-
terrestrial connections can have an auxiliary, and sometimes, decisive,
influence on the formation of the electric field of the earth’s terrestrial
atmosphere. This conclusion is based on an analysis of the values of the
indicators that reflect the changes in the activity of the Sun and, as a
consequence, form the properties of the solar wind hitting the Earth -
the solar wind velocity (v), the proton concentration (n) and diurnal
variations of the electric field gradient of the surface atmosphere (E).

The daily and seasonal data of the registration of variations in the
electric field intensity of the surface layer of the atmosphere at the
high-altitude station «Cheget Peak», height 3100 m and the values of
v and n from the Internet resource (ftp://sohoftp.nascom.nasa.gov/
sdb/goes/ace/monthly /201608 ace swepam 1h.txt). The essence of
this approach, which differs from all existing methods for monitoring
atmospheric electricity, is based on the idea of excluding the influence
of anthropogenic factors on the recorded values by placing measuring
equipment at a high-altitude station (3,100 m).

A comparative analysis of the annual course of the values of v, n and
E is performed, and their correlation interrelations are determined.
Analysis of the data on v and n allows us to note that their increase
leads to an increase in the average daily values of the gradient of the
electric field of the surface atmosphere in comparison with the average
long-term values of the «good weather» field.

1.32 Design of network to monitor infrasound
from thunderstorm events: development of
sensor

Kudin D.V.1:2, Kudryavtsev N.G.2, Uchaikin E.0.?"3

L Geophysical Center of RAS, Moscow, Russia
2 Gorno-Ataysk State University, Gorno-Altaysk, Russia
3 Solnechnaya energia+ LLC, Gorno-Altaysk, Russia

Along with the study of large-scale planetary phenomena, such as
earth magnetic field variations, alterations in solar activity, its influence
on atmospheric electric circuit, and others, geophysicists also take
interest in so-called single large energy events. The infall of meteorites,
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industrial explosions, forest fires, earthquakes, etc. fit into this group.
As a rule, such events are very difficult to detect. Even if some minor
earthquakes and induced explosions are detected and localized by the
networks of seismic stations, it is still a rather problematic task to
determine the coordinates of the other aforementioned events in a real
time environment.

For a detailed study of such infrasonic waves, it is enough to place
an inexpensive temporary portable local monitoring network in
the region that is of interest to the observer which would have a
considerably smaller point-to-point distance in comparison with
standard measuring networks and would be equipped with rather
cheap (sensitive enough, but more narrow-band) measuring equipment.

1.33 Resonant scattering by excited ions as an
indicator of the precipitation of charged
particles into the atmosphere

Bychkov V. V., Perezhogin A.S., Seredkin I.N., Shevtsov B.M.

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

The results of two-frequency lidar sounding of the atmosphere from
the altitudes of 100-500 km are presented. The data were obtained in
2017 at a lidar site located in Kamchatka. One lidar channel is applied
to investigate the aerosol formations in the middle atmosphere and to
issue the resonance scattering on excited ions of atomic nitrogen in
the upper atmosphere. Nd:YAG laser operating on the wavelength of
532 nm is used in this channel. A dye laser with tunable frequency is
applied in the second channel. The wavelength of 561 nm corresponds
to the chosen dipole transition between the excited states of atomic
oxygen. Defined light-scattering layers were discovered in the region
of 200-400 km. They are caused by presence of excited states atomic
oxygen and nitrogen ions. The possibility of reconstruction of excited
ions Nh-profile and determination of precipitated electron fluxes
spectra by the lidar method is shown. The possibility of manifesting
resonance scattering and formation of imaginary aerosol layers in the
middle atmosphere is discussed.
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2 Geophysical fields and their interaction
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2.1 Adaptive matching pursuit method
modernization for analysis of pulsed nature
geophysical signals

Lukovenkova O.0., Marapulets Yu.V., Tristanov A.B., Kim A.A.

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

At present the problem of different nature signals complex analysis
for studying the processes preceding earthquakes is actual task in
geophysics. A significant part of the studied signals have pulsed
nature and non-stationary character, so analysis using classical spectral
analysis methods does not give the desired result.

The authors propose to use a sparse approximation for estimate the
time-frequency signal structure that directly depends on the signal
generating processes properties. There are a large number of algorithms
that allow to construct signal sparse approximations, however, the best
result in the study of geophysical pulses was demonstrated by the
matching pursuit method. The main disadvantage of matching pursuit
is its high computational complexity depending on the cardinality of
the system of functions on which the signal is decomposed. The authors
propose adaptive matching pursuit algorithm. It allows to use lower
cardinality systems of functions without losing the accuracy of the
constructed representations.

The presented work is devoted to development and comparison of
various numerical methods that allow to improve the adaptive property
and the accuracy of the algorithm applied to geophysical pulses. At each
step of the adaptive matching pursuit the parameters of the selected
function are refined to increase its correlation with the studied signal.
The refinement can be carried out by various grid methods and methods
based on the search direction defined by the gradient.

The features of sparse approximation application to pulsed nature
geophysical signals are considered. Various ways of the adaptive
matching pursuit algorithm are proposed and compared. The best
algorithm modifications are used to analyze test and real geophysical
signals.
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2.2 Algorithms and results of streaming whistler
recognition

Mochalov V.A., Mochalova A.V.

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

Algorithms for streaming whistler recognition are offered. Different
stages of algorithms are considered (obtaining the original signal;
primary processing, filtering and transformation of data; different
decision rules execution; event recognition using various algorithms
and modules; complex expert evaluation of correctness of recognition;
selection of whistler shape and its characteristics; event reference to
the time of their occurrence). The developed algorithms are used on
a mini-computer software and hardware complexes for monitoring
very low-frequency electromagnetic radiation at the Karymshina
station in Kamchatka, on Oybenkel Geophysical Observatory of the
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy
(the Sakha Republic (Yakutia)), as well as recognition of whistlers is
performed on the basis of open access data of abelian.org VLF station
network in Todmorden United Kingdom (53,703N, 2.072W), Bielefeld
Germany (52.146N, 8.458E), Cumiana Italy (44.96N, 7.42E), Warsaw
Poland (52.16313N, 21.03094E), Australia Heathcote (36.804163S
144.67559E). Our whistler recognition results allowed us to establish:
1. on the days of strong whistler activity, there is an average positive
correlation between the number of whistlers registered at Karymshino
station in minutes of a day and the number of lightning strokes
registered by WWLLN global network in minutes of a day in the
coordinate rectangle LAT 25S-45S, LON 140E-160E (Australia); 2. the
distribution of time intervals between sequentially registered whistler
events at the ground station has a form similar to the Pearson I type
distribution in case of the set restriction to 80 seconds of the maximum
interval of the time between two sequential whistler events.
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2.3 Algorithms of ionospheric anomalies detection
in «Aurora» system of operational data
analysis

Polozov Yu.A., Fetisova N.V.

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

Algorithms of ionospheric data processing are presented in the present
paper. The algorithms are implemented in the operational analysis
mode of ionospheric parameters. They are a component of «Aurora»
software system for geophysical data analysis. The algorithms allow us
to estimate the state of the ionosphere in the region of Kamchatka
Peninsula and to detect ionospheric anomalies. Estimation of the
algorithms efficiency has shown it is possible to use them to detect
ionospheric anomalies that may occur on the eve of magnetic storms.
The research is supported by a grant from the Russian Science
Foundation (project No. 14-11-00194).

2.4 Data analysis of whistlers registration
obtained using the SSAN system at the
subauroral station in Yakutsk

Karimov R.R.', Mochalov V.A.2, Mochalova A.V.2, Argunov V.V.%,
Tarabukina L.D.!

L Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy
SB RAS, Yakutsk, Russia
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

In November 2017, VLF-radiation up to 96 kHzwere registered
in the operating mode within the SSAN system (Sensor signal
analysis network, Mochalov, Mochalova, 2017) at the subauroral
station «Oybenkel» of the ShICRA SB RAS (62°N, 128°E; L=34),
located far from the industrial noise in 25 km from the city of
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Yakutsk. VLF-radiation is received on a vertical electric antenna.
The algorithms for automatic selection of whistlers ( propagating
along the lines of the magnetosphere) and atmospherics from lightning
discharges (propagating into the Earth-ionosphere waveguide) have
been developed at IKIR FEB RAS [Mochalov, Mochalova, 2018].
The selected basic parameters of whistlers and atmospherics are
operatively transferred to the IKIR FEB RAS database [Mochalov,
Drugin, Karimov, Shevtsov, Cherneva, Mochalova, Permyakov, Droga,
2018. http://www.ikir.ru/ru/Departments/Paratunka/lre
/Events/varsiti-2017.html]. The analysis of the activity of whistlers at
the subauroral latitude was carried out from November 2017 to June
2018. A classification is made and the characteristics of the registered
whistlers are distinguished. The work begun will make it possible
to further monitor the dynamics of changes in various geophysical
processes, and a large number of registered nasal whistlers can now
already perform a statistical analysis of processes occurring in the
magnetospheric plasma.

2.5 Detection and analysis of short-period
geomagnetic disturbances on the eve and
during periods of magnetic storms

Mandrikova O.V.1:2, Solovev I.5.', Zaitsev A.N.3

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Kamchatkan State Technical University
3 Institute of Terrestrial Magnetism, Ionosphere and Radio Wave
Propagation named after Nikolay Pushkov of the RAS

The dynamics of the geomagnetic field variations on the eve and
during the magnetic storms from 2011 to 2018 was studied (the data
of the horizontal intensity of the Earth’s magnetic field vector of the
terrestrial station network were used). The method developed by the
authors based on wavelet transform and adaptive threshold functions
was applied. The results of the study confirmed the possibility of a
synchronous appearance of weak geomagnetic disturbances at stations
that precede the onset of strong magnetic storms. The analysis also
showed correlations of the detected geomagnetic disturbances with

114



the AE-index not only in their occurrence times, but also in their
intensities. The research is supported by the grant of the Russian
Science Foundation (Project No. 14-11-00194).

2.6 Electrical and acoustic response of near
surface sedimentary rocks to the passage of
seismic waves from earthquakes

Muratov P.V.', Rulenko O.P.2, Marapulets Yu.V.', Solodchuk A.A."

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

Two orthogonal horizontal components of the Earth electric field
and acoustic emission in the near-surface layer of sedimentary rocks
were simultaneously measured for the first time at «Karymshinas site
located in the region of Verchne-Paratunskaya hydrothermal system
of Kamchatka. The idea of these measurements is based on the fact
that sedimentary rocks have complicated polydisperse fluid-saturated
porous structure of low strength and suffer significant deformations
during seismic wave passage. Thus, seismo-electric effect of the second
order and acoustic signal generation are observed in the result of
relative micro shifts of rocks fragments and their interactions. The
electric response appears in the frequency range of seismic waves
(fractions—units of Hz), and the acoustic response appears in the
range from fractions of Hz to several kHz. The both responses were
observed during seismic wave passage from four earthquakes with
the magnitudes of 4.9-7.2 at the distances of 120-210 from the
epicenters. The detected responses have common deformation nature
but different mechanisms of formation and different frequency range.
The investigation is topical for understanding of the disturbances of
the Earth electric field and geoacoustic emission during near-surface
sedimentary rocks deformation. It may give us useful information
on water saturation, disperse content, porosity and other physical
properties of these rocks at the observation site.
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2.7 Fluctuations and nonlinear oscillations in the
complex natural systems

Sheuvtsov B.M.', Shevtsova O.V.?

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

Resonance propagation of radiation in the ionosphere, solar activity,
magnetic dynamos, lightning discharges, fracture processes, plastic
deformations, seismicity, turbulence and hydrochemical variability are
considered as examples of complex dynamical systems in which similar
fluctuation and nonlinear oscillation regimes arise. Collective effects in
the systems behavior and chaotic oscillations in individual subsystems,
the ratio of random and deterministic, the analysis of variability factors
and the change of dynamic regimes, the scaling relation between the
elements of the system and the interaction of scales are discussed. It is
shown that consolidation and branching in disruptions or thunderstorm
activity is the transfer of disturbances up and down the cascades as
in turbulence, and the alpha-omega effects of the magnetic dynamo
are the same cascade processes, but in the presence of an external
magnetic field or rotation that removes the degeneracy in the system
by directions. Particular attention is paid to natural generators and
oscillation amplifiers, in which the Lorentz triplet plays the role of a
universal model of a nonlinear oscillator.
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2.8 Influence of solar and geomagnetic storms in
terrestrial photosynthesis

Cardenas R.', Rodriguez-Lopez L.?, Penate-Alvarino L.3, Parra 0.2

L Planetary Science Laboratory, Universidad Central «Marta Abreus
de Las Villas, Cuba
2 Centre for Environmental Sciences EULA, University of
Concepcion, Chile
3 University of Valdivia, Chile

It is reviewed the potential influence of solar and geomagnetic storms
on terrestrial photosynthesis. Then it is presented a modification of
a physical-mathematical model of photosynthesis published by some
of us, which allows to quantify the influence of particulate ionizing
radiation on this biological process. Some guidelines to obtain this new
model from first principles are mentioned and it is applied to some

case studies including atmospheric and geomagnetic perturbation due
to solar storms.

2.9 International project INTERMAGNET and
magnetic observatories of Russia: cooperation
and progress

Khomutov S.Y.

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

Various aspects of international network of magnetic observatories
INTERMAGNET such as standards, requirements for magnetic
measurements, different status of published data, etc. are considered.
Modern state of Russian segment of INTERMAGNET, its significance
and contribution to global network are estimated. The features of
monitoring of Earth’s magnetic field at observatories Paratunka
(PET), Magadan (MGD), Khabarovsk (KHB) and Cape Schmidt
(CPS) of IKIR FEB RAS and prospects are presented in detail.
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2.10 Investigation of dynamic regimes stick-slip
effect

Parovik R.1

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

The stick-slip effect is investigated in tribology problems, for example,
in the lateral motion of a load in an atomic force microscope, and
is also used in constructing a mechanical model of earthquakes in
the subduction zone of lithospheric plates. Recently, stick-slip effects
appear in electromagnetic signals of lithospheric origin. Therefore, the
aim of the work is to investigate the dynamic modes of the stick-slip
effect taking into account another, in our opinion, important property
of the geo-environment - the heredity (memory effect) associated with
its fractality. In the works of the author, a mathematical model of
the hereditary stick-slip effect was proposed, numerical solutions of the
model were obtained on the basis of which its phase trajectories were
constructed. However, no qualitative analysis of the dynamic regimes
of this effect was carried out. In this paper, we investigated dynamic
regimes, determined the conditions for the existence of a particular
regime, constructed phase trajectories and Lyapunov exponents.

2.11 Joint analysis of low-frequency geoacoustic
and geo-deformation signals

Mishchenko M.A.Y, Marapulets Yu.V.', Larionov LA},
Bogomolov L.M.2, Sychev V.N.3

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

Simultaneous monitoring of signals recorded by a three-component
piezo-ceramic seismic receiver and by a laser strainmeter-interferometer
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have been carried out in Kamchatka since 2016. Cases of simultaneous
registration of low-frequency geoacoustic and deformation signals were
detected. Most of the geoacoustic signals are recorded in the frequency
range of 20-100 Hz. The results of analysis of signal time and frequency
characteristics are presented.

The work was carried out according to the project 18-5-002
"Information and Computing System for Simulating the Propagation
of Geoacoustic and Nonlinear Deformation Perturbations in the
Earth’s Crust (Section 1)"of the Comprehensive Program of Basic
Scientific Research FEB RAS "Far East"for 2018-2020.

2.12 Line broadening of SO, and C'O, volcanic
activity gases in the earths atmosphere

Dudaryonok A.S., Lavrentieva N.N., Lavrentiev N.A.
Institute of atmospheric optics SB RAS, Russia

Dynamics studies of SOs and COs volcanic activity is an actual
problem. Such research is performed by recording solar spectra of the
atmosphere using ground stations equipped with FTC spectrometers.
Registering solar spectra requires data on the broadening coefficients of
SO5 lines broadened by the main atmospheric gases, such as nitrogen
and oxygen, and COy, which is released during volcanic activity.
Calculations of the C'Os-broadening coefficients of sulfur oxide lines
by the semi-empirical method and averaged energy difference method
are presented. In this paper, 41 lines are considered, the rotational
quantum number J varies from 14 to 51. Calculations of the line
widths are carried out for room temperature (296 K), and also for
the temperature range typical for the Ears atmosphere. There is
good agreement with the literature data. The carbon dioxide lines
broadening coefficients induced by nitrogen, nitrogen oxide and carbon
monoxide at room temperature (T = 296 K) are obtained for a
wide range of the rotational quantum number J (up to 100). The
temperature exponents are calculated for every line widths. The
calculations were performed by a semi-empirical method, based on
the semiclassical impact theory of line broadening and modified by
introducing additional correction factor whose parameters can be
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determined by fitting the broadening or shifting coefficients to the
experimental data. The work was supported by the Russian Science
Foundation (Grant Ne17-12-01204) and the Russian Foundation for
Basic Research (Grants Ne17-52-16022 a).

2.13 Model relaxation processes in the different
modes of plastic deformation

Sheremetyeva O.V.12

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

The model of the distribution of the waiting times for events is
considered on the basis of the composite Poisson process and its
fractal generalizations for various modes of plastic deformation. The
parameters of the model are defined on the basis of the investigated
statistical regularities of seismic time series of main events (main
shocks), as well as sequences of aftershocks in the works of Bak et al.
(Phys. Rev. Lett., 88 (2002)), Carbone et al. (Europhys. Lett., 71 (6)
(2005)).

2.14 Analysis of the ionospheric parameter
dynamics on the basis of a generalized
multicomponent model

Mandrikova O.V.', Fetisova N.V.', Polozov Yu.A.', Geppener V.V.2

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Saint-Petersburg Flectrotechnical University «LETI», Russia

Analysis of the ionospheric critical frequency time course of the
F2 layer has been carried out during strong magnetic storms in
2015-2017. The ionospheric data of Paratunka (IKIR FEB RAS,
Kamchatka, 53.0 N, 158.7 E), Wakkanai (Japan, 45.16 N, 141.75 E),
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and Moscow stations (Russia, 55.49 N, 37.29 E) were used. Analysis
was performed on the basis of a generalized multicomponent model
(GMCM) developed by the authors. GMCM allows studying the
dynamics of the ionosphere parameters in detail and estimating their
characteristics. During the modeling, in the analyzed areas we detected
and studied anomalous changes in the ionosphere preceding and
accompanying magnetic storms. The research results were compared
with the traditional median method and showed the perspectiveness
of GMCM. The research is supported by a grant from the Russian
Science Foundation (project No. 14-11-00194).

2.15 On the need to create a database on absolute
geomagnetic measurements in the Arctic,
Siberia and the Far East

Semakov N.N.%2, Kovalev A.A.2, Pavlov A.F.1+2, Fedotova O.1.2

L Nowosibirsk State University
2 Magnetic observatory «Nowvosibirsks IPGG SB RAS

Absolute measurements of declination, inclination and magnetic field
intensity in the Arctic, Siberia and the Far East have been carried
out since the 16th century. They were carried out for practical and
scientific purposes during sea, river and land expeditions, the results
of which were saved in the form of reports, catalogs, articles and diary
entries. A great work on the collection and systematization of data
on the territory of the USSR and adjacent countries for the period
from 1556 to 1925 was conducted by the Siberian magnetologist BP.
Weinberg. Over the next century, absolute magnetic measurements
were carried out in magnetic observatories and these data are available.
But in addition, in 1922 a network of repeat stations was formed,
ground absolute measurements were made in the routes and at the
polygon areas. All these data must be collected and transferred to
modern storage media for their preservation, processing and the
possibility of wide use in solving scientific and applied problems.
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2.16 Prediction of the State of the Outer
Radiation Belt of the Earth with the Help of
Neuro-Fuzzy Systems

Efitorov A.O., Myagkova I.N., Dolenko S.A.

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

The prediction of the flux of relativistic electrons (RE) in the outer
radiation belt of the Earth (ORB) is an extremely topical problem in
the physics of solar-terrestrial relationships, since the ORB RE flux can
change by several orders of magnitude in less than one day, as during
geomagnetic disturbances, as when the solar wind (SW) velocity at the
orbit of the Earth increases sharply. Due to the increasing number of
spacecraft in the near-Earth orbit and to the miniaturization of satellite
electronics, in future, the number of failures associated with the impact
of increases in ORB RE flux will raise further. At the same time, the
opinions of various research groups on the causes of the variations in
ORB RE flux and on the mechanisms of ORB forming differ, and there
are no generally accepted theoretical models for predicting the behavior
of ORB RE flux with sufficient accuracy. On the other hand, today
there are sufficiently large data arrays available that were accumulated
over the years of observation. For this reason, it becomes possible to
use statistical multi-parameter models, the selection of coefficients of
which is made in the process of learning on the available data array.
Working with modern learning models, such as classical perceptron,
Kohonen neural network, support vector machine (SVM) etc., it is
hard to add a priori knowledge into the structure of models, which
may be interesting both to increase the accuracy of the forecasting
system, and to test some hypotheses concerning influence of physical
variables on the resulting events. This paper presents a system for
predicting the values of hourly average ORB RE fluxes based on a fuzzy
inference system (FIS), also revealing the horizons for the appearance
of predictors among the observed physical quantities, and their effect
on the predicted value.

This study has been performed with financial support of the Ministry
of education and science of Russia, agreement no. 14.604.21.0163,
project ID REFEMEFI60417X0163.
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2.17 Registration of atmospheric electric field
potential in the central part of Kamchatka
peninsula

Akbashev R.R.*, Firstov P.P.', Cherneva N.V.2

L Kamchatka Branch, Geophysical Survey RAS
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

In the region of Central Kamchatka depression, flux meters are in
operation at two sites to record atmospheric electric field strength
(AEF V). For these sites, diurnal AEF V'’ is represented in
comparison to Paratunka (PRT) observatory located on the Eastern
coast of Kamchatka peninsula. Responses in AEF V'’ dynamics in
cases of eruptive clouds, occurring during Sheveluch volcano explosive
eruptions, are described. Signals of negative polarity with maximum
values up to 5 kV/m were registered in the near-field zone (< 50
km) during ash fall. Signals of positive polarity were registered in the
far-field zone (>100 km). Registration of AEF V' signals, occurring
during eruptive cloud passage, can be one of the components of
complex observations over volcanic eruptions.

2.18 Regular and chaotic reversals in the six-jet
geodynamo model

Feshchenko L.K.

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

A low-mode geodynamo model is developed, controlled by 6-jet
convection in the core of the Earth. The model contains only three
modes, representing the fields of temperature, velocity, and magnetic
induction. The induction mode was chosen by combining eight
magnetic modes with the largest eigenvalues. In the model, stable
regimes of generation of a magnetic field with reversals having a
regular and chaotic character were obtained. These reversals do not
cause changes in the convection structure.
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2.19 Reversal in the low-mode model dynamo
with af)-generators

Godomskaya A.N.', Sheremetyeva O.V.1:2

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

The generation of the magnetic field with strong differential rotation is
described with the aid of af)-dinamo. The property of dynamo systems
is the presence of a reversion without a significant rearrangement of the
motion of the conducting medium. Based on the following assumptions:
the velocity field v and the magnetic field B are axially symmetric in
the spherical shell of a viscous incompressible fluid rotating around
an axis Oz with constant angular velocity §2; the velocity field of a
viscous fluid v is zero on the inner r = r; and the outer r = ry
spherical envelope boundaries; the magnetic permeability of the inner
and outer nuclei is the same, the medium outside the nucleus is
not conductive. We assume that the mean flow Vv has the character
of differential rotation, corresponding to the modes v{m from the
linear shell {Vgl,l,o’ VII;,2,0’ va&g)O, VIZA,O’ ...} is invariant under
the Coriolis drift. Any such mode generates the rest of the chain.
The velocity field of a viscous fiuid is approximated by the following
combination:

v =u(t)vo = U(t)(alvoT,Lo +042V(I)3,2,0JFO‘?)V({:s,O +CVHV1T,1,0 Jr0413"1T,3,0)7

where vy is the Poincare mode, | vo |= 1, and u(t) is the velocity
amplitude, the components of the velocity field are independent of time.
The magnetic field is represented by the minimum number of lower
eigenmodes B, o, B 50, Bl'3 o, sufficient to obtain an oscillating
dynamo /

B = Bg(t)B(:)F,zo(r) + B{D(t)B(})D,LO(r) + Béj(t)BéD,&o(r)»

where the components of the magnetic field are considered independent
of time and the component B{’; ((r) is dipole.

The physical parameters of the fluid are assumed to be unchanged, the
turbulence in the core is isotropic and we use the scalar parametrization
of the a-effect as a function a(r, ) = a(r) cos 8, where maz|a(r, 8)| =
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1. Two variants of the radial part of the a-effect are used: a(r) =
1, a(r) = —sin(n(r — r1)).

In the described dynamic model af2-dynamo are simulated reversions
of the magnetic field with a varying intensity of the «-generator.
We consider such changes in intensity as a consequence of the
synchronization of the higher discarded modes of the velocity field
and the magnetic field. Dynamo regimes are studied depending on the
change in the intensity of the generator.

2.20 Seismotelluric effect in Earth electrical field
transfer function behavior

Moroz Yu.F.%2, Rylov E.S.?

L Geological Institute of SB RAS
2 Institute of Volcanology and Seismology

The authors analyzed data on long-term simultaneous monitoring of
the geoelectric field on the coast of Avacha Bay at sites Tundroviy
and Verkhnyaya Paratunka. This data was used for investigation of
the time variations of conductivity of the geoelectric medium using
the telluric tensor. In order to calculate the tensor within the periods
from the first hundreds to 3000 seconds, we used numerical data
arrays in increments of 20 days over a long-term period of monitoring.
Synchronous processing of electrotelluric data at sites Tundroviy and
Verkhyaya Paratunka resulted in time series of modules and phases of
the telluric tensor’s components: tyy, txx, tyx,txy, ©yy, ©xx, ©yX, ©Xy.
The tyy component shows stable values. It gives more information
on the periods 450 and 1000 seconds. This component demonstrates
bay anomaly with amplitude that exceeds the error of the single
determination value tyy. Data from the electrotelluric monitoring was
interpreted using MT sounding at sites Tundroviy and Verkhyaya
Paratunka, which characterizes distribution of conductivity through
the Earth crust and upper mantle. The sounding gives evidence for
geoelectric inhomogenuities, which are various bodies including deep
faults, within the observation points. Geological and geophysical data
show that a fault within site Verkhnyaya Paratunka crosses southern
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Kamchatka. The authors suggest that it stretches towards the Sea of
Okhotsk basin. On the MT sounding curves, variations of 450 and 1000
seconds with an anomalous effect in the telluric tensor’s behaviour
are confined to the minimum of the apparent resistivity related to
the lithospheric conducting layer. The telluric tensor’s anomaly may
suggest relative variations in the conductivity of the lower resistant
lithospheric layer. But this effect may be caused by alterations in near-
surface geoelectric inhomogenuities at sites Tundroviy and Verkhyaya
Paratunka. The revealed anomaly in the time behaviour of the telluric
tensor is associated with higher seismicity caused by the strongest
Sea of Okhotsk earthquake in the area of Southern Kamchatka. We
suppose that this effect was caused by dynamic processes that preceded
and accompanied the event. In this conditions, deep faults play an
important role because their impact caused geoelectric inhomogenuities
or their alterations that appeared in the electrotelluric field.

2.21 Shock-wave model of the earthquake and
Poincaré quantum theorem give an insight
into the aftershock physics

Kuznetsov V. V.

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

A fundamentally new model of aftershocks evident from the shock-
wave model of the earthquake and Poincare Recurrence Theorem
[H. Poincare, Acta Mathematica 13, 1 (1890)] is proposed here. The
authors Science, (Recurrences in an isolated quantum many-body
system, 2018) argue that the theorem should be formulated as
«Complex systems return almost exactly to their initial states. For the
first time, this recurrence theorem has now been demonstrated with
complex quantum many-body systems. In our shock-wave model of the
earthquake there is applied the quantum entanglement of protons in
hydrogen bonds of lithosphere material. Aftershocks here are quantum
phenomena which mechanism follows the recurrence theorem.
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2.22 Simultaneous disturbances of high-frequency
geoacoustic emission and atmospheric electric
field during a tectono-seismic process (results

of investigations in Kamchatka)

Marapulets Yu.V.', Rulenko O.P.?

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

Geoacoustic emission and atmospheric electric field near the
ground surface were simultaneously measured for the first time
in summer—autumn 2005-2009 and 2012 in Kamchatka. During the
measurements, joint anomalous disturbances were recorded. They
were observed during seismically calm periods and before two local
earthquakes. The characteristic feature of these disturbances is
electric field decrease often with the sign change followed by its
recovery almost to the same level and geoacoustic emission significant
increase in kilohertz frequency range. The most probable reason of
such disturbances is the intensification of near-surface sedimentary
rock stretching at the observation site during the tectono-seismic
process that is confirmed by simultaneous geoacoustic, atmospheric
electric and deformation measurements in 2009. Joint occurrences of
geoacoustic and atmospheric electric field disturbances are associated
with radon and thoron which are continuously generated in rocks and
diffuse into the atmosphere everywhere. These emanations increase
near-ground air ionization and conductivity that is accompanied by
atmospheric electric field decrease near the ground surface. Radon
and thoron content in the soil gas depends on rocks deformation
and increases there and in the near-ground air before earthquakes.
Thus, measurements of geoacoustic emission and atmospheric elelctric
field were supplemented by radon and thoron records in the ground
surface layer gas. Joint anomalous increases of emanations, geoacoustic
emission and decrease of atmospheric electric field with the sign change
were discovered. It was observed 13 days before the earthquake with
the magnitude of 5.6 mww at the distance of 140 km from an epicenter.
A scheme of formation of joint disturbances of geoacoustic emission
and atmospehric electric field was suggested for the case of near-surface
sedimentary rocks presence at the observation site and their stretching.
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2.23 Some features of atmospheric-lithospheric
observations of acoustic emission at
«Karymshina» site in Kamchatka

Larionov I.A., Marapulets Yu.V.

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

The results of complex observations of acoustic emission in the
near surface rocks and by the ground surface in the atmosphere
are presented. The observation instrumentation includes a laser
strainmeter-interferometer and a microbarometer installed in the
intermediate vicinity from each other. The paper describes the method
of instrumentation installation, meteorological noise effect on the
values under the study and disturbances determined by seismic and
tectonic processes.

2.24 The Lorenz system and its generalizations as
dynamo models with memory

Vodinchar G.M.*?, Kazakov E.A.'>3

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

It is known, that the axisymmetric 2-modes aw-dynamo model with
dynamical quenching of the a-effect by helicity of the field under certain
assumptions reduces to the classical Lorenz system. In this model, it is
possible to describe chaotic regimes of field reversals.

The report shows that this model is a special case of a more general
integro-differential model in which the quenching of the a-effect is
realized by an integral convolution operator for the quadratic form of
field components. The kernel of the operator is exponential.

The report discusses generalizations of this model related to the use of
other types of kernels, which allow modeling the quenhing delay and
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hereditarity in the dynamo system, as well as the simulation of o?-
and o?w-dynamo. The observed dynamic regimes and their statistical
characteristics are described.

The research was supported by the grant of the RSF 14-11-00194.

2.25 The use of computer algebra systems for the
spectral problems of geodynamo

Vodinchar G.M.1+2

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

The spectral methods are often used to study of geodynamo models.
As basis systems, it is most natural to take the set of eigenmodes of
spectral problems, having a clear physical meaning . For example, it
can be modes of free oscillations of fields.

The general scheme for solving such spectral problems and the general
form of eigenmodes is well known. However, the eigenvalue equations
for various boundary conditions and the equations for the modes
coefficients are very complicated. Even the correct writing of the
corresponding algebraic expressions is a problem. One of the possible
ways to solve this problem is the use of computer algebra systems.

The report describes the schemes for calculating the eigenmodes
and eigenvalues of certain spectral problems using computer algebra
systems, the corresponding software and calculation results.
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2.26 Variations of natural electrical potentials in
Yakutia

Kozlov V.I., Baishev D.G.

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

A comparative analysis of the parameters of the components of the
magnetic field and electrical potentials at the polygon of the IKFTA SB
RAS near Yakutsk, far from industrial interference from the autumn of
2016 to the spring of 2018. The arrangement of two pairs of measuring
lines with a length of 100 m in our measurements, is compass oriented.
In the absence of magnetic perturbations are variations in natural
potential characteristic diurnal variation described one period of the
wave which changes from summer to winter. The seasonal variations in
electrical potential with the transition from summer to winter values
takes place in November. The reverse transition of the values of natural
electrical potentials from winter conditions to summer ones according
to our observations occurs during May. These spring and autumn
transitions are caused by the freezing of the upper layer of soil thawing
in summer conditions and corresponding changes in the electrical
properties of the soil. The variations of the Earth’s magnetic field and
electric potentials during a large magnetic storm were compared on 07-
09.09.2017. The greatest values of magnetic disturbances in this Dst
drill -142 nT were observed in 02 UT (first RC gain). At 14-18 UT,
when Dst varied about -120 nT (second gain of RC), regular pulsations
were observed. The correlation coefficient between the difference of
natural potentials and the corresponding magnetic components of X, Y
during pulsations is 0.5-0.9. Since there are many years of data on the
magnitude of magnetic disturbances at several points of observation
in Yakutia, it is possible to make estimates of the magnitude of
the difference between natural potentials in terms of the magnitude
of magnetic disturbances. The work is supported by the scientific
program of the RS (Y) and RFBR 18-45-140023. Keywords: magnetic
disturbance, geomagnetic induced currents, permafrost, conductivity of
soil.
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2.27 The BMTO «Usur» geophysical complex
ISTP SB RAS and the results of synchronous
observations of variations of atmospheric
electricity, geomagnetic pulsations and total
electronic content

Rakhmatulin R.A., Aleshkov V.M., Pashinin A.Yu., Edemsky I. K.
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk

In 2009, at the Baikal magneto-telluric observatory «Usur» of the ISZF
SB RAS, situated on Olkhon Island of Lake Baikal at 350 km from
Irkutsk (53° 19’ N; 107° 44’ E), the LEMI-408 geophysical laboratory
was installed, which includes:

e flux-gate magnetometer for recording variations in the Earth’s
magnetic field with a sampling frequency of 1 Hz;

e a three-component induction magnetometer for recording
geomagnetic pulsations (data sampling frequency is - 40Hz, 200
Hz);

e station of terrestrial currents (data sampling frequency is - 40Hz,
200 Hz);

In 2014, a vertical line of terrestrial currents was made. The lower
electrode is located at a depth of 48 meters, and the upper electrode is
located at a depth of 4 meters. At present time BMTO «Usur» is the
only single station in Russia where three-component measurements of
terrestrial currents are conducted.

In 2012-2016, new instruments for monitoring near-space parameters in
the experimental regime were installed. It is a GPS receiver for receiving
signals from geostationary satellites, with the help of which it is possible
to estimate the total electronic content (TEC), the seismic signal
receiver for earthquake research in the zone of the BRZ (Baikal Rift
Zone), (installed by the Buryat Science Center), and the electrostatic
flux meter for measuring the vertical gradient potential of the electric
field of the atmosphere.

At the present time, the first results of synchronous observations
on these instruments have been obtained during the periods of the
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appearance of significant geomagnetic disturbances. Analysis of the
dynamic spectra of geomagnetic pulsations, electric field potentials
and TEC shows the appearance of signals in variations of the Earth’s
magnetic field in different frequency bands. At the same time, there
are oscillations in the electric field and air conduction, but in a slightly
different spectral band. All these disturbances are also observed in
TEC, measured from GPS receivers. On the basis of an analysis of
these phenomena, one can make the assumption that processes in the
Earth’s magnetosphere, leading to perturbations in the magnetic field,
can also stimulate both perturbations in the TEC and in the electric
field and the conductivity of the air.

The work was performed with budgetary funding of Basic Research
program II.16. The results were obtained using the equipment of Center
for Common Use «Angara» http://ckp-rf.ru/ckp/3056/

2.28 Detection, recognition and correlation
analysis of lightning strokes and whistlers,
modulation of whistlers under the influence

of the heating stand

Sannikov D.V., Sivokon, V.P., Cherneva N.V., Vodinchar G.M.,
Drugin, G.I.

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

The problems of monitoring and analysis of lightning activity are
considered. Instrumentation to register electromagnetic radiation
signals of natural origin in the frequency range of 20 Hz - 20 kHz are
described. Algorithms to detect atmospherics and whistlers in these
signals are suggested. The statistical relation between the whistlers,
recorded in the southern part of Kamchatka kray, and the lightning
activity in a magnetically conjugated point, central Australia, is under
the investigation. The possibility of the HAARP heating stand impact
on a whistler flux is analyzed. Analysis of the experimental data
obtained at Paratunka site (53.02° N, 158.65° E; L = 2.3) revealed an
unusual form of whistlers in which symmetrical spectral lines relatively
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a whistler are presented. It was shown that such a form is likely to
be determined by whistler amplitude modulation by electromagnetic
pulses with the duration of about 1 s and the filling frequency of ~1.1
kHz. A suggestion was made that an auroral electrojet, modified by
HAARP stand heating radiation (62.30° N, 145.30° W; L = 4.2), may
be the radiator of such pulses.
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3 Physics of earthquake precursors
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3.1 An interactive software environment that
provides a semi-automatic search for
background and abnormal activity detected in
acoustic and electromagnetic emission signals

Senkevich Y.I., Gapeev M.I.

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

We present a technology of creation of visual application design
environment for hardware-software complexes (VDE HSC) aimed
at acoustic and electromagnetic emission signal processing and
analysis. The technology includes the operations of block visual
design method with auto-negotiation of interblock connection, method
of modeling and design tools integration by connection devices of
known and self- developed instrumentation means and algorithms
of inner-established blocks. The obtained effect from application of
the created environment will allow the researches of laboratories to
avoid the necessity of obtaining new special knowledge not referring to
their experience and to simplify significantly application of functional
modules and electronic libraries of universal design environments
built in the developed program interface wrapper, on one side, and
to create acting experimental units ready for operation when its
structural scheme has been drawn, on the other side. The results of
the investigations on implementation and extending the capabilities
of experiment software environment receive practical approval at the
Laboratory of Acoustic Research of the Institute of Cosmophysical
Research and Radio Wave Propagation (IKIR FEB RAS).
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3.2 Analysis of the efficiency of earthquake
prediction based on anomalous behavior of
ionospheric parameter on the eve of
earthquakes in the Kamchatka region

Bogdanov V. V., Pavlov A.V.

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

A method of short-term forecast of strong earthquakes is considered.
Exceedance of the current values of ionospheric critical frequency foFs
over the median values during the disturbed state of the magnetosphere
as well the appearance of ionospheric disturbances: the K-layer, the E's-
spread, the F-spread, the layering of the F; layer are considered to be
the precursors of strong earthquakes. Earthquakes with the magnitude
of M > 5.0 were considered as forecasting earthquakes. The waiting
period for the earthquake was set to three days. The efficiency of the
forecast was evaluated by A.A. Gusev’s and G.M. Molchan’s methods
in the spring and autumn periods for 2015-2017. It was shown that the
method of short-term forecast has the best predictive efficiency for the
seismic events with the magnitude of M > 6.5.

3.3 Deformation-electromagnetic bonds in the
manifestations of lithospheric activity

Larionov I.A., Malkin E.I., Uvarov V.N.

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

The correlation between the deformation acceleration, measured by
a laser deformograph of the Karymshin geophysical station and the
vertical electrical component of the natural electromagnetic field of
the ELF-VLF range is investigated. The spectral dependence of the
Pearson linear correlation coefficient for the acceleration of deformation
and the average amplitude of the electromagnetic component of the
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natural field of the Earth is obtained. It is shown that the amplitude of
the electromagnetic field of lithospheric origin can serve as an indicator
of the tectonic activity of the lithosphere.

3.4 Effects of seismic impact on a fluid-containing
rocks (on data of observations in wells of
Kamchatka)

Kopylova G.N., Boildina S.V.

Kamchatka Branch, Geophysical Survey, Russian Academy of
Sciences

Various types of water level variations (co - and post-seismic effects,
hydrogeodynamic precursors) registered in the wells of Kamchatka at
strong earthquakes are considered in the report. Features of vibration
impact of seismic waves on water-saturated rocks and their quasi-
elastic deformation are discussed with use of elastic and filtration
parameters of water-saturated rocks and modeling of water level
changes in the system of «well - water-saturated rocks».

3.5 Deformation-electromagnetic mechanisms and
crust hybrid waves

Uvarov V.N.

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

The main deformation-electromagnetic mechanisms of transformation,
characteristic to the crustal rock, were under analysis. It has been
shown that the mechanism of travelling charge dipole radiation,
described by Larmor relation, is the basis of all these mechanisms.
Such an approach significantly simplifies construction of the models
of deformation-electromagnetic response and interpretation of
electromagnetic radiation of lithospheric origin as manifestation of
lithospheric dynamics.
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3.6 Methodical questions of long-term forecasts of
strong earthquakes on the basis of their
connection to lunar 18.613 and solar 22-year
cycles for different regions of Earth by the
method of phase trajectories

Serafimova Yu.K., Shirokov V.A.

Kamchatka branch of the Federal Research Center «Unified
Geophysical Service of the Russian Academy of Sciencess»

In 2006, the authors proposed a new methodical approach for solving
the problem of long-term forecast of strong earthquakes, based on the
study of their joint connection with the lunar 18.6 and the 22-year
solar Hale’s cycles. Based on the proposed method of phase trajectories
(MPhT), an analysis was made of the joint phase distribution of these
two cycles for earthquakes of the eight regions of the Pacific and four
regions of the Alpine-Himalayan seismic belts. The revealed statistically
significant links between the grouping of earthquakes and a certain ratio
of their phases made it possible to give a forecast the expected strong
earthquakes and to assess their effectiveness from retrospective data.
For all regions except Kamchatka, a selection of earthquakes was taken
from the Significant Worldwide Earthquakes (NOAA) catalog, which
contained events from 2150 BC to 1994. Selection were supplemented
by events from the USGS / NEIC catalog (PDE), which included
data from 1973 to 2011 (at the time of publication of the results)
(http://neic.usgs.gov /neis/epic/epic_rect.html). This made it possible
to have regional catalogs of different maximum possible duration,
but in different scales of magnitudes. In accordance with the MPhT
method, the lower threshold of magnitude is chosen for each region
corresponding to the maximum efficiency of the forecast, by determined
AA. Gusev (1974). In 2015, a new catalog of world earthquakes
in the scale of moment magnitudes since 1900 appeared (https://
earthquake.usgs.gov/earthquakes/search). We believe that this catalog
has more accurate estimates of magnitudes and can be considered
homogeneous for different regions of the world. The advantage of the
new catalog is also that the magnitude estimates are more accurate,
and the magnitudes themselves become known less than a day after
the occurrence of earthquakes. In this regard, in this paper, without
changing the very method of forecasting, new dangerous time intervals
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for the occurrence of strong earthquakes in different regions of the world
are newly calculated. A comparison of the effectiveness of forecasts for
the two versions of the catalogs is made.

3.7 Methods for analyzing the directional
properties of geoacoustic signals in
three-dimensional space

Shcherbina A.O., Solodchuk A.A.

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

A spatial analysis of geoacoustic emission recorded by a combined
hydroacoustic receiver in a shallow pond of Lake Mikizha in the
Kamchatka region is performed. Features of registration of geoacoustic
impulses are considered, methods for determining directions to their
sources are proposed. The analysis of the properties of geoacoustic
signals in the background periods and periods of preparation of seismic
events is made.

3.8 Remote sensing of seismic disturbances in the
lower ionosphere according to observations of
lightning electromagnetic signals

Argunov V. V.
Institute of Cosmophysical Research and Aeronomy

Features of the remote sensing of seismic disturbances in the lower
ionosphere are considered according to observation data of lightning
electromagnetic signals passing over the earthquake epicenter, in
Yakutsk. The technique has the ability to scan a large seismically
active region or even several regions directly from one point, though in
some azimuths there are limitations due to insufficiently high lightning
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activity. Searching for earthquake (EQ) precursors is conducted in
many directions. At present many works describing the lithosphere-
ionosphere relation have been presented. Many authors in their
investigations used satellite data. Also for the remote monitoring of
the lower ionosphere disturbances caused by the impact of seismic
processes, very low-frequency signals (VLF) of radio stations are
used. The change of electron density profile and the height of the
lower ionosphere should be manifested in variations of amplitude and
phase of the signals propagating through the region over the EQ
epicenters. A sufficiently many of works has shown that phase variation
of low-frequency signals of transmitters observed a few days before
the earthquake may be considered as precursors of EQ. However,
it is not always possible to choose the necessary propagation path
of radio signals. We proposed to use the natural radio emission -
lightning electromagnetic signals (atmospherics) as a modification of
this method of monitoring of the seismic disturbances in the lower
ionosphere. The modified method allows to conduct the azimuthal
scanning of disturbance areas from one receiving point. The effects
of EQ and their precursors are manifested in the form of increase
of the average amplitude of atmospherics. Receiving of the signals of
atmospherics is carried out at Yakutsk (62.02 N,129.71 E) by one-point
lightning location system, the characteristics of which are adjusted in
relation to the registration of distant atmospherics. According to the
simulation of signal propagation in the waveguide «earth-ionosphere»
with the disturbances in the lower ionosphere and the comparison
with experimental observations of VLF signals, the possible degree of
perturbation caused by seismic processes was considered. The proposed
technique allows remote monitoring of seismic disturbances in the lower
ionosphere above the seismically active regions and can be used to
search for earthquake precursors in combination with other methods.
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3.9 Strain-stress conditions for fractal medium
Perezhogin A.S.

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

The paper deals with the mechanical criteria for describing areas of
increased stresses in a geological medium, taking into account fractal
properties. Quantitative estimates of the areas of increased stresses are
obtained depending on the fractal coefficients of the model.

The work was carried out according to the project 18-5-002
"Information and Computing System for Simulating the Propagation
of Geoacoustic and Nonlinear Deformation Perturbations in the
Earth’s Crust (Section 1)"of the Comprehensive Program of Basic
Scientific Research FEB RAS "Far East"for 2018-2020.

3.10 Study of the process of preparation of strong
earthquakes (Mw>5) on Sakhalin using the
LURR method

Zakupin A.S.', Semenova E.P.?

L Institute of Marine Geology and Geophysics Far Eastern Branch
Russian Academy of Science, Yuzhno-Sakhalinsk, Russia
2 Geophysical Survey of Federal Research Center of Russian Academy
of Science, Yuzhno-Sakhalinsk, Russia

The method of mid-term prediction, named LURR, was invented in 90-
th years of previous century by Chinese scientists and was successfully
applied in different seismicity active regions (Chine, USA and other).
Besides, the methodology has been verified and accomplished in the
laboratory tri-axial compression simulation together with numerical
simulation. This method is used in the Institute of Marine Geology
and Geophysics of Russian Academy of Sciences since 2014 year. We
have made software to perform main calculations and get important
result for seismic hazard of Sakhalin. This work is about last significant
earthquake near the Cape Krillon (23.04.2017 Mw=5.2). We used our
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proven software for calculations. We used data of Sakhalin branch
of Russian Geophysical survey (seismic catalogues) for the period
from 2010 year till the April of 2017. Selected territory has been
divided into several zones, that correctly fit to major lineament (West-
Sakhalin fault) and Krillon domain zone. Retrospective forecast for
earthquake of 23 of April 2017 y. have performed. There is a good space
localization of epicenter. The expectation time from precursor to event
appearance is about 18 months (the same as for other Sakhalin strong
earthquakes). The LURR method assumes regular earthquake catalog
update because any replenishment delay for one month is comparable
with delay of expected forecasted earthquake. We consider LURR
method as promising for next investigations. For Example, the Krillon
earthquake we identify four weeks before conducting sample analysis
and have reported the results to Sakhalin branch of the Russian expert
Council on emergencies (Protocol 2 from 16.03.2017). Today Sakhalin
seismologists (from Institute of Marine Geology and Geophysics FEB
RAS) use this method to monitor the current seismic situation (update
once a month).

3.11 The first stage of creating a stations network
for subsoil radon monitoring in the south of
Sakhalin Island

Makarov E.0.%2, Firstov P.P.2, Akbashev R.R.%2, Zakupin A.S.3,
Lihacheva O.N.*

L Kamchatka State University named after Vitus Bering
2 United Geophysical Survey of the Russian Academy of Sciences,
Kamchatka branch
3 Institute of Marine Geology and Geophysics, Far Eastern Branch of
the Russian Academy of Sciences
4 United Geophysical Survey of the Russian Academy of Sciences,
Sakhalin Branch

The prospectivity of the seismic emanation method for the purpose,
earthquake prediction is shown in numerous publications, references
to which can be found in review papers. In the last decade, the
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promise of the radon method for predicting subduction earthquakes
has been convincingly demonstrated in Kamchatka. Since 1997, at
the Petropavlovsk-Kamchatsky geodynamic test site, works are carried
out of measuring subsurface radon (SR) volume activity. For 67% of
earthquakes with 5.5<M<6.9 and epicenters in the subduction zone at
a distance of more than 100 km from the registration points, predictive
anomalies in the SR are identified with a lead time from several
days to several hours. The optimistic results obtained in Kamchatka
give us hope for the discovery of predictive anomalies in the field of
PR and for weaker but no less dangerous small-focus earthquakes of
Sakhalin Island. The southern part of Sakhalin Island is a region of
high seismic hazard, which causes the urgency of seismic monitoring
and the development of methods for increasing the effectiveness of
the earthquake forecast in this region. To organize the network of
points for continuous monitoring of the SR on Sakhalin Island, in
conjunction with the Institute of Marine Geology and Geophysics of the
Far East Branch of the Russian Academy of Sciences and the Sakhalin
Branch of the United Geophysical Service of the Russian Academy of
Sciences, seismic surveys and emanation surveys were conducted to
study the structure of the upper part of the geological section and to
identify potential strain-sensitive zones in the locations of the planned
installation radiometers. Radiometers RADEX MR107 manufactured
by the Russian company «KVARTA-RAD» using the method of forced
convection were chosen as instruments for continuous monitoring of the
SR concentration. The features of the network of monitoring stations
on the island of Sakhalin is the location of registration points in
the immediate vicinity of seismically active areas, what can not be
realized for the subduction zone (Kamchatka). Of great interest is
the question: «Do deformation waves arise before the earthquakes of
southern Sakhalin?», similarly for the first time in the world practice of
radon studies registered in the Petropavlovsk-Kamchatka geodynamic
test site for subduction earthquakes. Investigation of the SR as an
indicator of the stress-strain state of the geo-environment on Sakhalin
Island will be conducted for the first time. Based on the literature
data, it is assumed that the effectiveness of radon monitoring near
the focal zone will be significantly higher than the conditions of the
subduction zone in Kamchatka. The obtained data from the network
of SR monitoring points will be used as an additional parameter to
substantiate the conclusions on possible scenarios for the development
of the seismic process in the south of Sakhalin. The work was supported
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by RFBR grant Ne16-05-00162.

3.12 The main patterns of electromagnetic
manifestations of relaxation perturbations of
the crust

Uvarov V.N.

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

The analysis of the natural electromagnetic field of the Earth of
the ELF-VLF range confined to earthquakes is carried out. To
isolate the signals of lithospheric origin, the method of excluding the
previously studied signals of atmospheric, thunder, magnetospheric
and technogenic origin was used. The previously unknown simple
repeating waveforms of the electric component of the electromagnetic
field of the ELF-VLF range (patterns), which are associated with
earthquakes, which are highly probable can be attributed to signals
of lithospheric origin, are identified. For the physical interpretation of
these forms, an analysis was made of the conditions for the generation
and propagation of acoustic and electromagnetic radiation and
lithospheric mechanisms of the acoustoelectromagnetic transformation.
Conclusions are drawn about the conversion of acoustic radiation
into electromagnetic radiation and the nature of lithospheric motions
accompanying the simplest waveforms. These patterns are compared
with the simplest forms of deformation movements of a deformed solid.

144



3.13 The spatial-temporal swinging impact of
typhoons (hurricanes) system over the
tectonic plates as a precursor of the major
earthquake

Golovachev S.P.*, Dubrov M.N.*, Smirnov V.M.*, Volkov V.A.?

L Kotel’'nikov Institute of Radioengineering and FElectronics of the
Russian Academy of Sciences
2 Schmidt Institute of Physics of the Earth of the Russian Academy of
Sciences

The interrelation of tropical cyclogenesis in the World Ocean and
seismic activity of the Earth is disputed during decades. In the row
of publications, the correlation of typhoons in the Pacific Ocean and
intra-annual dynamics of seismicity has been analyzed; earthquake and
hurricane spatial and temporal coupling was ascertained by the remote
sensing techniques in different basins. Nevertheless, the observed
phenomenon remains doubtful, its nature and mechanics are not clear
completely. This report is devoted to statistical and spatial-temporal
research of physical interrelation of indicated processes being the most
powerful and destructive geophysical phenomena. We present the
results of analysis of ten-years 1997-2007 series of the major M=8-9
earthquakes, occurred in seismic active regions of the Earth, and
the most powerful tropical cyclones of 1-5 Category SSHWS, which
happened in active basins of the World Ocean during this period. All
M=8-9 earthquakes occurred around the boundaries of the Pacific
tectonic plate in its conjunctions with the adjacent tectonic plates.
These regions were also the areas of maximum of tropical cyclones
activity. The recurring regularity of an earthquake occurring time and
especial sequence of cyclones run has been found from the performed
data analysis. The most probable time of major M=8-9 earthquake
occurring proved to be 4-7 weeks after the period of maximum
strengthening of common cyclones (hurricanes, typhoons) activity. In
70-80 per cent cases, the strongest earthquake occurred when total
intensity of all active cyclones dropped down to the mean background
level. The process of formation and development of successively arising
hurricanes (typhoons) realizes in form of spatial-temporal swings of
cyclonic active zones over tectonic plates in E-W or N-S directions.
The daily dissipation energy of the most powerful tropical cyclone
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is estimated to be the order of an energy of strongest earthquakes
Mw=7-9. The strong atmospheric depressions accompanying the
powerful cyclones may induce the crust deformations of tidal strain
values, i.e. 10(-8) at seismogenic depth, which are comparable with
time-dependent tectonic deformations. Therefore, the occurring
spatial «swinging» of tectonic plates is fully significant factor for
a triggering mechanism of the major earthquake has been started
up. Meanwhile, because of rapid intensification process of powerful
cyclones, which disturbed the global atmosphere circulation, a wide
range of earthquake precursory phenomena are being developed in
adjacent geospheres (lithosphere, hydrosphere, ionosphere) and are
available to be recorded at far distances up to 10(3)-10(4) km. The
number of reference precursors of the analyzed major earthquakes,
which are observed by the precise ground-based instruments and
satellite measuring technics, have been presented in this report.

3.14 The use of the Empirical Mode
Decomposition method in cleaning acoustic
emission signals from a noise

Senkevich Y.I.

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

On the example of linguistic processing of acoustic signals of a seismic
event, an information approach to the processing of non-stationary
signals is shown. The method of converting an acoustic signal into
an information message is outlined by highlighting repetitive self-
similar patterns. The definitions of the indicators of the selection
of events in the symbolic recording of the acoustic signal are given.
The results of processing an acoustic signal by a computer program,
realizing linguistic data processing, are shown. The advantages and
disadvantages of using the working algorithms of the program are
indicated.
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3.15 Variations in the parameters of background
seismic noise in periods of strong earthquakes
in Kamchatka, 2011-2017

Kasimova V.A.', Kopylova G.N.', Lyubushin A.A.?

L Kamchatka Branch, Geophysical Survey, Russian Academy of
Sciences

2 Schmidt Institute of Physics of the Earth, Russian Academy of
Sciences

The results of the long (2011-2017) investigation of background seismic
noise (BSN) in Kamchatka with the use of the data from the network
of broadband seismic stations of the Geophysical Survey of the RAS
are presented. For characterizing the BSN field variability, continuous
time series of the four statistical parameters of the multifractal
singularity spectra and wavelet expansion calculated from the records
at each station are used. These parameters include the generalized
Hurst exponent, singularity spectrum support width, wavelet spectral
exponent, minimal normalized entropy of wavelet coefficients, and
spectral measure of their coherent behavior. The peculiarities in the
spatiotemporal distribution of the BSN parameters as a probable
response to the earthquakes with Mw=6.8-8.3 that occurred in
Kamchatka in 2013, 2016 and 2017 are considered. It is established
that these seismic events were preceded by regular variations in the
BSN parameters, which lasted for a few months. Based on the increase
in the spectral measure of the coherent behavior of the four-variate
time series of the considered statistics, the effect of the enhancement of
the synchronism in the joint (collective) behavior of these parameters
during a certain period prior to the mantle earthquake in the Sea of
Okhotsk (May 24, 2013, Mw=8.3) is diagnosed.
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3.16 Research of dynamic regimes of ereditary
oscillator Fitzhyu-Naghumo

Lipko O.D.', Parovik R.1.?

v Vitus Bering Kamchatka State University
2 Institute of cosmophysical research and radio wave propagation FEB
RAS, Russia

The classical FitzHugh-Nagumo (FN) oscillator model was proposed
by Gene-Ichi Nagumo, Suguru Arimoto and Shuji Yoshizawa in 1962,
and a year earlier by Richard FitzHugh for a mathematical description
of the propagation of a nerve impulse in a membrane in biophysics.
The mathematical model of the FHN oscillator is a kind of Van der
Pol-Duffing oscillator, and therefore this system has stable oscillations
(limit cycles) and chaotic dynamics. Since the FN oscillator describes
limit cycles, it can be used in modeling cyclic processes. For example,
the temporal dynamics of seismic activity. In the case of the heredity
effect, the classical model of FHN has a generalization, according to
which the current state of the system depends on a finite number of
previous states. Such an effect is common in fractal media and is studied
in the framework of hereditary mechanics. This work aims to establish
the conditions for the existence of chaotic and regular regimes of the
FMS.
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