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1.1 AmnHajau3 aKTUBHOCTH BHCTJIEPOB II0 JaHHBIM
Haomonennii Ha Kamuarke

Mowanos B.A.Y, Yepnesa H.B.', dpyocun I U\, Movanrosa A.B.%,
Jluxmenbepaep 5.2

L Mriemumym xocmodusuneckux uccaredosaruti u pacnpocmpanena
paduosoan JJBO PAH, Poccus
2 YVnusepcumem umenu Joparnda Imeewsa

st bopMUpOBaHMS PETPOCIIEKTUBHONW BBIOOPKH BUCTJIEPOB, I10-
CTPOEHMSI WX CYTOYHBIX W CE30HHBIX PAaCIpee/IeHAil MPUMEHSIeTCs
AJITOPUTM pacno3HaBaHust BUCTIepoB B WAV daitax, moydeHHbIx
Ha OCHOBE 3AIMCH 3JIEKTPOMArHUTHBIX u3iydennit B OHY aunanazone
C JIEKTPUYIECKUX ¥ MATHUTHBIX aHTeHH. HelnpepbIBHAs 3aliCh CUTHA-
JIOB OCYIIECTBJISIETCST B reoU3nMYecKoil 3xcreaumn «Kapbimimmaas
VKNP IBO PAH ¢ nomompo maorokanaasuaoro OHY-perucrparopa.
[IpuemubBIif TyHKT HAXOAWTCS BIAJM OT TEXHOTEHHBIX momex. llud-
poBasi 3allCh CUTHAJIA OCYINECTBJSIETCSl C IPUMEHEHHEM 3BYKOBOM
JIATBl TPOGECCUOHATHLHOIO HAa3HAUEHUsI. PaccMaTpuBaeTcsl BIIUSTHUE
Pa3/IMIHBIX Te0pU3nIECKUX (PaKTOPOB HA AKTUBHOCTD IPUIIEIININX HA
Kamuarky BuCT/IEPOB.

1.2 Bapwuanum armocdepHOro 3/J1eKTpuiecKoro
MOJIsI 1 METEeOPOJIOTUYECKNX IMapaMeTpoOB Ha
Kamuarke B 1997-2016 rr.

Cmupnos C.5.

Huemumym xocmopusuneckur uccaedosaruti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

[IpoBemen anamn3 CE30HHOTO W TOMOBOTO XOIA A3POITEKTPUIECKOTO
ToJIsT cpeaHermupoTHoil obcepBaTopun Ilaparynka ma Kamaarke 3a
1997-2016 rr. HabmrogatoTcss yCTORYIMBBIE OT To/a K TO/Y CE30HHBIE
WHTEPBaJIbl HAaUOOJIBIINX U HAMMeHbINUX 3HadeHuil. [lokazana usmen-
9UBOCTH T'OJIOBOTO TPEH[Ia A3POJIEKTPUIECKOTO IOJIS B IIPU3EMHOM
CJI0€e BO3/yxXa Ha 00CEPBATOPUU, HAXOMAIIEHCH B AKTUBHOM TI'€OJIU-
HAMHMYECKOM PEruoHe. BOJBIION IIOJ0KUTENbHBIN TPEHJ| CMEHUJICS



[JIABHBIM OTPUTIATEIBHBIM. DTO, BO3MOYKHO, CBSA3aHO JUOO € M3MEHe-
HUEeM MHTEHCUBHOCTHU SMAaHAIUU PaJIOHa B paiione obcepBaTOpHE, JINOO
¢ U3MEHEHUEM BYJIKAHUYIECKOW aKTUBHOCTH Ha KamuaTke.

1.3 Buimusaaune DHIOK Ha quHamudeckuii pe>kum
BHETPONMNYECKOI cpeaHeii aTMocdephl

Epmaxosa T.C., Iozopeavuyes A.H.

Poccutickuti 2zocydapcmeenoili 2u0pomemeoposo2useckut
yHusepcumem,

Quib-Hunbo FOxuoe kosebanune (YHIOK) - armocdepnoe siBiienue B
Tpornocdepe HU3KUX IUPOT, KOTOPOE HEBO3MOXKHO UTHOPUPOBATH, TAK
KaK OHO OKa3bIBAeT BJIMsSHWE Ha MOrofy u kjauMmar maHeTsl. DHIOK
BaKHBIM TPEIUKTOP KAUMATHICCKUX AHOMAJINM, TJIOOATHHOE BO3JIEi-
CTBHE KOTOPBIX HADJIIOJAETCs He TOJIBKO B TPOIMKAX, HO M BO BHETPO-
MUYeCKUX 00JIaCTsIX, B TOM 4YHCJIe U Yepe3 JajibHue CBsi3u. EcrecTBeH-
HO, CTpPATOCEpHbIE MPOIECCHl YIACTBYIOT B 9TUX CBA3sX. B JacTHO-
cTH, 3HaUUTE/bHbIEe OTKJINKN Ha Biusane DHIOK 6butn obnapykeHbt
BO BHETPOITMYIECKOI cTpaTocdepe ceBepHOro MOJIyINApUsl B JIAHHBIX Ha-
OJIFO/IEHNsT U BOCIIPOM3BEJIEHBI IIpU MojeupoBannn. OJIHAKO JOMOJTHE-
TeJIbHBIl MCTOUHNK CTAIMOHAPHBIX MuiaHeTapHbIX BostH (CIIB) 3a cuer
BBIJEIEHNsT CKPBITOrO Teria, 3asucsinero or ¢assl D9HIOK, n Braasn
9TOT0 HATrpeBa B 30HAJLHO YCPEIHEHHBIH TeroBoit 6amanc Tpomnocde-
pPbI HEe PACCMATPUBAJIACH B IBHOM Bujie. [I0CKOIBKY BbIJEJIEHHE CKPBI-
TOro Temia Bapbupyercd B 3aBucumoctu oT ¢aszel IHIOK, siormano
[IPE/IITOJIOKUTh, 9TO TEPMOIMHAMUYECKUN PEXKUM CTPATOC(EPHI MOKET
IPOSIBJIATE cebs 0-pasHoMy B pasubix yeaosuax JHIOK (dub-Humbo,
Jla-Hunba u neiirpanbuag dasza). dis anaanza BHETPOIIUIECKOIO CTPa-
TOCHEPHOTO OTKJIMKA OBLIN BBIOPAHBI MSITHAJNATE 3UM € DJIb-HUHBO,
Jla-Hunbs u meiiTpanbHoii dbazavu (msaTh 3uM 1yist Kaxkoit dhaser). Pac-
[peJieJIeHIs TEMITEPATYPhI, CPEJIHE30HAJIBHOI'O BETPA, a TaKKe IOBejie-
Hue cranuoHapHbIX mianerapubix BoH (CIIB) u pacupesnenenue sep-
TUKAJILHON COCTABMAIONIEH OTOKA DjracceHa-llanbma ObLIN U3y YeHbI
¢ ucnob3oBanueM Janubix peanaymu3a MERRA. Beuto Takxke mpose-
JIGHO CPaBHEHHE Pe3yJIbTATOB OTJEJILHO JIJIS KaXKJOI0 3MMHErO MeCsi-
Ma, /JId 3UMbI B II€JIOM M IIOJIYY€HbI YyCPpE€IHEHHBbIE ITI0JIA JIJId Ka}K}IOfI
dazer DHIOK. Ilokazano, uro crparocdepa Teriee BO BpeMsl DJib-
Hunvo mn xononnee B yenousx Jla-Huubst 1o cpaBHeHHMIO ¢ KIUMaTH-



YeCKHUM pacIpesiejieHrneM TeMieparypbl. [IpoTuBomnoioKuast curyarmst
Habonaercs B Me3ocdepe. Bo BHeTponntieckoit ctpaTocdepe moI0xKu-
TeJIbHbIE OTKJIOHEHUSI CPEJIHEr0 30HAJIBHOIO BETPA OT KJIMMATHIECKUX
3HaveHnit cBa3anbl ¢ Teron dazoit IHIOK, a 3umoit mpu Jla-Huwbst
npeobIaIaloT OTPUIATEIbHbBIE OTKJIOHEHUsI. TakyKe OTMEUaeTCsT n3Me-
nHenne BotHOBOM akTuBHOCTH CIIB ¢ 30HATBHBIME BOJTHOBBIMU 9UCIAMUI
1 u 2 B pasubix ycnoBusx DYHIOK. Habsronatorest pa3imduns He TOJb-
KO B YCHJICHUU U/HJIU OCJIa0JICHNH IUIAHETAPHBIX BOJIH, HO M B BBICOTE,
Ha KOTOPOI 9TU Pa3J/Indusi OTMEUYAIOTCH. Pe3y/IbraThl Oy YeHHBIX aH-
caM0JIEBBIX PACYETOB C HCHOJBb30BAHUEM MOJIEIU CpEJIHel U BepxHeit
arMocdepbl BOCIPOU3BOISAT HAOIONAEMbIE PA3IUINA B TEMIIEPATYDE,
cpeiHe30HAILHOTO BeTpa n amiumrymgax CIIB.

1.4 BuiausHue HarpeBHBIX YKCIEPUMEHTOB HA
napametrpsbl lllymanoBckoro pesonamca

Aepanam HU.B., Cusoxonv B.II.

Hremumym xocmopuduveckuxr uccaedosaruti U pacnpocmpaHeHus

paduosoan JIBO PAH, Poccus

B nociennee BpeMsi oTMeUaeTCsi 3HAYUTEIBHOE YBEJIMIEHNE MHTEHCUB-
HOCTHU HCCJEIOBAaHUN B 00/IACTA aKTUBHOTO BO3IEHCTBUS HA reodu3u-
YecKHe IMPOIECChl B pa3indHbiXx cpejax. Ocoboe BHUMAHUE YIeJIsieTCst
HCCJIeJOBAHUIO BO3/IEMCTBUS HA NOHOCKEDPY MOIIHOI'O KOPOTKOBOJIHOBO-
o paJuou3JIydeHns] HArPEeBHBIX CTeH0B. CerojHsi 3KCIEpPUMEHTHI 110
U3MEHEHUIO MOHOCHEPHI POBOJIATCA B OCHOBHOM Ha creHjax HAARP,
«Enckar» (EISCAT) B Tpomcé (Hopserusi). B pamkax poccuiickoii
kamnanu (1. Tomck) EISCAT heating (AARI HFOX) ¢ 19 0 30 okTsi6-
ps 2016 ObLIM TPOBENEHBI IKCIEPUMEHTHI 110 Bo3aelicTBuio Ha F-cioit
noHocdepobl MomubiM BY uzsyuenunem. [jist onieHKU BO3/IEHCTBUS STUX
IKCIIEPUMEHTOB Ha Te0(pU3UIECKIE TTPOIECChl MATEMATHIECKUMEI METO-
JaMu ObLIT TIPOBEIeH aHaau3 m3MeHeHus: napamerpoB lllymanoBckoro
pe30HaHCa, MOJyYeHHBIX HA OCHOBAHUH JIAHHBIX CO CTAHIMH TOCTOSH-
noro nabsmonenus IllymanoBckoro pesonamnca B ropojie ToMcCK.



1.5 Buusaue npupoaHbiX PaKTOPOB Ha Bapualuun
3JIEKTPUYECKOTO MOoJIsi aTMocdepbl HA
Kamuatke

Qupcmoe ILITLY 2, Yepnesa H.B.'

L Hriemumym xocmodusuneckux uccaedosanuti u pacnpocmpanens
paduosoan JJBO PAH, Poccus
2 Kamyamexuti usuans Pedepasvrozo ucciedosamenbekozo Uyenmpa
Edunas 2eopusuneckasn cayocoba PAH

Creman 0630p paboT, BBIMOJHEHHBIX IO HEMPEPBIBHBIM HaOJIIOMCHUSIM
3a BapUAIMAME HAIPSAKEHHOCTH ATMOCHEPHOrO IJIEKTPUIECKOTO TIOJIsT
(Ez ADII). Paccmorpenbl BO3MyIIEHUs] BEPTUKAJIBHON COCTABIIAIONIECH
Ez ADII, cBsizanHble C MOIIHBIMU I[IPUPOIHBIMU SIBJIEHUSIMH. BbI-
MOJIHEH Teoperwdeckuii pacder orkjuka B Kz ADIl mon siusiHuem
MIPUPOAHBIX (DAKTOPOB, OOYCJOBJIEHHBIX BAPUAIUSIMU ITPOBOIAMOCTHI
10T, BO3AEHCTBHEM WHTEHCHBHOCTH KOCMUYECKUX JIydeil, 9KCXaJIsIIuu
pagmoHa um 0T 0OBEMHBIX 3apsAI0B C MPOCTOil KoHduryparmueit. Jlanmbie
pacdeToB anpobupoBaHbl Ha Bo3myienusx Ez ASII B npusemuom cjioe
aTMOC(epbl, BBI3BAHHBIX JBYMsi CHUJIBHBIMUA MOIIHBIMEU I[UKJIOHAMU,
OJIHOBPEMEHHO TIOOIIEIIINME C FOra K 1oJiyocTpoBy Kamuarka ¢ HaJt0-
JKEHUEM Ha MOJIEJIbHYI0 KpuByo. Onucan arMocdepHO-3JIEKTPUIeCKUi
3ddeKT, BOZHUKINNIA OT PYITUBHOTO IIEIIOBOIO 00JIaKa, 00pa3oBaB-
merocst B pe3yJsibrare u3Bepkenns Bysnkana [llusesnyu 16 nossops 2014
r. Paspsiipr oT ByJIKaHUYECKUX MOJIHHII, BO3HUKIINE B Ha4dase hopMu-
pOBaHUs IPYITUBHOIO MLIelida, OlpeeieHbl CUCTEMOIT PACIIO3HABAHUS
mecropacrosioxkennsi rpo3 WWLLN. Coycrst 1Ba waca oT MOMeHTa
PErucTpaI IePBbIX MOJHUEBBIX Pa3PAI0B 3aPErnCTPUPOBAHBI JBE
4eTKO BbIpakeHHbIX aHomasuu Kz ASII jmunrensaoctsio 50 u 32 Mun
u ¢ amnymtyaoi 6osee 100 B/m, uro yKasbiBaeT Ha JBa OTJEJbHBIX
SPYUTUBHBIX 00pa30BaHusi, CPOPMUPOBABIIAECS K STOMY BPEMEHHU.
JlaHHBIE TIOATBEPK/IEHBI CITY THUKOBBIMU HAOJIFOIEHUSIMUA.
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1.6 BuusiHue 3JIeKTPOMarHUTHON 0OCTaHOBKHU HAa
TpyOOoInpoBoabl B AKyTun

Kosnos B.H.', A6saremounosa JI.M.', Tapabyrxuna JI. /.,
Kopcaxos A.A.}, T'puezopves FO.M.?

L Bnemumym xocmodusuneckuz uccaedosanuti u asporomuu
um. FO.I'. Hlagepa CO PAH

2 Cesepo-Bocmownwti gedeparvnviti unemumym um. M.K. Ammocosa

IIpencraBiieHbl pe3yabTATHl U3MEPEHUN TEJTyPUIECKAX TOKOB, IIPOTE-
KaIMUX 110 TPyOOIPOBOJAM, ITPOJIOXKEHHBIM B KPUOJUTO30HE B ZAKy-
THH, BO BPEMsI '€OMATHUTHBIX Oypb W Pa3pAI0B MOJIHUI, TPOUCXOIs-
mux B nosioce 10 KM BOKpYyT Tpybonposoga. TOKM JOCTUTAIOT JECATKOB
amiep. IlocTpoeHbr KapThl IVIOTHOCTH I'PO30BBIX Pa3psiIOB € pa3pelie-
mueM B 0,25 rpagyca juist CeBeproit Asum 3a 2009-2016 rr. M3mepeno
BJIMSIHUE HOCTOSIHHOT'O TOKA, IIPOTEKAIOIIEro B OTpe3Ke TPyDOIpoBoja
anuaoit 150 M n qmamerpoMm 110 MM, TPOJIOZKEHHOTO B BEYHOMEP3JIOM
rpyHTe Ha U3MEHEHHe IOoTeHnuaja <«Tpyba-zesss. Ha ocmoBe amasm-
3a Bapualuil TOPU30HTAJBHON COCTABIAIONIE MArHUTHONR aKTUBHOCTHU
B TEKYIIEeM 24-0M ITUKJI€ COJTHEYHON aKTUBHOCTHU YCTAHOBJIEHO, UTO -
CTOTa BCTPEYAEMOCTH OIIPE/IEJIEHHOTO YPOBHS CKOPOCTH N3MEHEHMS Teo-
MAarHUTHOM AKTUBHOCTU MOYKET OBITh BBIDAXKEHA CTEIIEHHBIM 3aKOHOM
C MOKA3aTeJIeM CTEIeHU MOPHAIKA OKOJIO JBOMKHU IMPU MAJbIX 3HAYEHU-
ax. Ilokazaresb crenenn yMEHBIIAETCS 0 €UHUIBI IIPH BO3PACTAHUU
reoMarauTHOM akTuBHOCTH. OIpejieieHa BEPOSTHOCTh BCTPEYAEMOCTHU
BPEMEHHbBIX UHTEPBAJIOB C 33/IAHHBIMH [TOPOTOBBIMU 3HAYCHUSIMU yPOB-
HSI CKOPOCTU U3MEHEHMSI T€OMAarHUTHOW aKTHUBHOCTH. YTJIOBOE pacipe-
JIeJIEHnEe 9acTOThI BCTPEIAEMOCTH CKOPOCTU U3MEHEHUS BEJIUINHBI Ba-
puanuii TeOMarHUTHOW AKTHBHOCTH MPAKTUYECKH HE 3aBUCHT OT Ha-
[IPaBJIEHUS IIPUX0/IA BAPUAIINI NeOMArHUTHOM aKTUBHOCTU B IIOCKOCTHU
[MOBEPXHOCTU 3€MJIU, KOTOPbIE UMEIOT BBIPDAXKEHHBbIE MAKCUMYMBbI Ha-
npasjienns npuxona. Pabora noggepxkana nporpammoit KHI PC(4).
KiroueBsie ciioBa: TpyOONpoOBOM, MATHUTHOE BO3MYINEHUE, T€OMATHUT-
Hbl€ WHIYIUPOBAHHBIE TOKH, IPO30BOIl pa3ps/l, BEUHAT MEP3JIOTA.
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1.7 Bo03MOXHOCTU OJHOYACTOTHBIX JIAHHBIX
GPS/GLONASS a/s pacyera BepTUKAJIbHOTO
MOJTHOT'O CO/EP2KAHUS IJTEKTPOHOB

Scroxesuy I0.B.12 ) Mowvnurosa A.A.Y, Heanos B.B.2
M )

L Hnemumym Coaneuno-3emnoti Dusuxu CO PAH, Poccus
2 Upxymexuti 2ocydapemeenoni ynusepcumem, Poccus

B pabGore mpemcTaBieH HOBBIH IOJIXOJ, MO3BOJSIONINI DPEATH30BATH
OLIEHKY aOCOIOTHOIO BEPTUKAIBHOTO M HAKJIOHHOT'O TTOJTHOT'O 9JIEKTPOH-
Horo cozpepxkanus (II9C) nonocdepsr. Orenka ocHOBaHA Ha HCIOJIB30-
BaHUU OJHOYACTOTHBIX COBMECTHBLIX M3MepeHuil pa3oBOro u rpynioBo-
ro sanasapiBanug curtaga GPS/TJIOHACC no maHHBIM OTAEIbHBIX
M3MEPUTENBHBIX CTaHnmil. KaueCTBEHHO N KOJMYIECTBEHHO BEPTHKAIh-
noe I19C, paccunTanHOe IO OJHOYIACTOTHBIM U3MEPEHUSIM, COTIACYIOT-
sl C AHAJIOTMYHBIMHA OIeHKaMU, OCHOBAHHBIMU HA UCIIOJIb30BAHUN JIBYX-
YaCTOTHBIX M3MepeHnii. TunuaHoe 3HaUYeHHe Pa3HOCTU BEPTUKAJILHOIO
IT2C, mosy4enHoro OHOYACTOTHLIM U ABYXYIACTOTHBIM METOJIOM, JJIs
AHAJIM3APYEMBIX CTAHIMI B OCHOBHOM HE IPEBBINIAECT BEJUIUHBLI ~1.5

TECU ¢ CKO g0 ~3 TECU.

1.8 JIBa Tuma reoMarHUTHBIX Oypb M CBsi3b Dst u
AE unnexkcos

Hladpuna JIII.
Axademus nayx Pecnybauxu Cazxa (Hxymus)

B pabore nposeneno uccienopanne cs3u Dst u AE umzekcos reo-
MAarHATHOTO TIOJISI M TPOSIBJIEHNE €€ B reOMarHuTHBIX Oypsx B XXIII
COJIHEYHOM IuKJjie. [loKaszaHOo, 9YTO 110 COOTHOIIEHHIO AMILIATY/IIBI
noHmKenust Dst uHiekca B riiaBayo ¢asy O0ypu u cymmbl AE nniekca
3a TOT K€ TEePHUOJ, T€OMArHUTHbIE Oyph JeJISATCS Ha JBE TPYIIIHL.
st mepBoit XapaKTepHO HPHU HEeOOJIBINNX MOHMKeHusx Dst mrHmgerca
3HaunTesbHble cyMMbl AE unmekca. Yame Bcero 3To Oypu € Io-
CTEMEeHHBIM HAYaJIOM U JIJIUTEJHHON TyIaBHONW ha30il, CBsS3aHHBIE C
PEeKyPPEHTBIMI IIOTOKAMK COJIHEYHOI'O BeTpa. Bypu BTOPOi IpyIibl
OTJIMYAIOTCs DOJIBIIMMY AMILIATYIAMU TTOHUXKeHust Dst uHgekca, botee
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KOPOTKO# riaBHOi dazoit u Heboabmmu cymymamu AE-umnekca. 9to
OOBIYHO CITOpA/IMYecKre eOMArHUTHbIE OYPH C BHE3AIHBIM HAYAJIOM,
BbI3BaHHbIe MexKIutaHeTHbIMU Bo3myileHusimu tuiia CME. Tlokazano,
910 OypHU ITUX JBYX TUIOB PA3JIUUYAIOTCH TAKXKe M0 nX reoddderram,
B TOM YHCJIE, [I0 BJIUSHUIO HA 3/I0POBBE YEJIOBEKA.

1.9 IunoJibHOCTHh MATHUTHOIO TOJIsi A PKTUKU

Cemaxos H.H'2, Kosanes A.A.Y, Iasros A.D.12, @edomosa O.H.>

L Maenummnaa obcepsamopusa Hosocubupex UHI'T CO PAH
2 Hosocubupckuii 2ocydapemeeniviii ynusepcumen

ITog «AUIOJBHOCTBIO» ABTOPBI IMMOHUMAIT BO3MOYKHOCTH IIPEJICTa-
BUTHb pacCMaTPUBAEMOEe MAarHUTHOE II0JIe II0JIeM €JUHOIO JIUIIOJISI.
ITo cpemHeromoBbIM 3HAYEHWST IJIEMEHTOB 3€MHOTO MarHeTu3Ma B
BBICOKOIIMPOTHBIX 06cepBaTOpusx (C MAIHUTHBIM HAKJIOHEHHEM 6oJiee
80 rpajiycoB) IPOBEJEHBI PACUYEThl IOJIOKEHUN MarH UTHBIX IIOJIIOCOB
B COBpEMeHHYIO 31oxy u 3moxy Mexmaynapoaaoro l'eodusuaeckoro
Tona (1957-1958). [Iyst KasKI0M SMIOXU HOJYyUeH OCPEeJIHEeHHBIN Irpaduk
3aBUCUMOCTH PACCTOSTHUN MEXIy IapaMi MarHUTHBIX ITOJIFOCOB OT
pacCcTOSHUI MeXK Ty COOTBETCTBYIOIUMHU obcepBaropusmu. I1pemmoxe-
HA METOJMKA YUCJIEHHOW OIEHKU CTEleHH JIUIMOJBLHOCTA MATHUTHOIO
moJist 3eMJI KaK B OTJEJIbHBIX €e PEermoHaX, TaK W JIJIsl BCell IJIAHeTDHI
B IIEJIOM.

1.10 3akoHOMepHOCTH
MIPOCTPAaHCTBEHHO-BPEMEHHOTO
pacrpeesjieHUs paJuaIMOHHOTO basiaHca
3eMHOIi TIOBEPXHOCTU B OacceiiHe Apakca B
Pecnybuuke Apmenus

Mapeapsn B.T.
Epesancrut 20cydapemeenmvid ynusepcumem

Panamumonnsrit 6aanc MOJCTUIAIONIEH TOBEPXHOCTH, T.€. PA3HOCTH
MIPUXOJIa-pacxo/ia JiyducTtoii suepruu CoJIHIIA, SIBJISIETCS OJHAM U3 OC-
HOBHBIX KJIIMATOOOpa3yromumx (paKTOpOB JAaHHOI Teppuropun. Beju-
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GUHOW PaJUAIIMOHHOrO OaJiamca MOJACTUIIAIONIEl TOBEPXHOCTH B OC-
HOBHOM OIIDEJIEJISIETCS PACIIPE/IESIEHIE TeIlJIa B HIKHUX CJIOSX IIOUBBI
U B IPU3EMHOM CJIOE BO3JyXa. Y UYNTHIBas BBIINIE CKAa3aHHOE, B pabo-
Te IMOCTaBJIEHA IeJIb W3Y4YUTh, BBISBUTH M OIEHUTH 3aKOHOMEDHOCTHU
MIPOCTPAHCTBEHHO-BPEMEHHOTO PACIIPEIEICHUS PAIUAIIMOHHOIO DaJiaH-
ca MOJICTUJIAIONIEH TOBEPXHOCTH, B OCOOEHHOCTH, B YCJIOBHUSIX IJI00aIIb-
HOI'O U3MEHEHUsI KJIMMaTa ropHoii Teppuropun Pecrybsuku Apmenwsi.
C 11eJ1b10 pellleHnsI TOCTABJIEHHBIX 38J1a4 B paboTe TeOpeTUIeCKOil 1 UH-
dOpPMAIMOHHO OCHOBOI ITOCJLY>KUJIA COOTBETCTBYIOIINE UCCJIEI0BAHNSI,
onybaukoBaHHBIE paboThl. B KavecTBe mcxoaHOro Marepuaia B pabore
HCITOJTb30BAHBI PE3YJIbTATHI (DAKTUIECCKIX AKTUHOMETPUIECKUX HADIIIO-
neanit MYUC Pecriyosmmku Apmenust «Ciryzk0bI 110 THIPOMETE0POJIOTUN
U aKTUBHOMY BO3JEMCTBUIO Ha aTMOCKhEpPHbIE SIBJIEHU», & TAKXKE CIPa-
BOYHUKU COJTHEYHON pajumanuu. Ha cern ak THHOMETPUYECKUX CTaHITUI
Pecniybiiuku Apmenust HabJIIOAEHUS 38 PAJUAIMOHHBIM OAJAHCOM PO~
BoggaTca ¢ 1957r. B kadecTBe MeTEODPOJIOrMYECKOl OCHOBBI B paboTe
HCITOJIb30BAHBI reorpaduIecKuii, MaTeMaTHKO-CTACTUIECKU, IKCTPa-
TIOJISAIIMOHHBIA METO/IbI, a TaKyKe MEeTObl COIIOCTABJIEHUS, CPABHEHUS,
aHaJIn3a U KOppeJanun. PacyeTsl TOKa3aji, YTO XOPOIIO [IPOCIeXKUBa-
€TCsl YMEHBIIIEHNE MECSTIHBIX CYMM PaJIMaIlMOHHOTO OajIaHca ¢ BBICOTOM
MECTHOCTH IIOYTH C CEHTAODS 110 aupesb (Upu sfCHOM Hebe) U ¢ OKTAO-
ps 10 Mail (1pu cpeHeil 00JIAIHOCTH ), YTO COOTBETCTBYET yBEJUICHUIO
asbbesio ¢ BbicoToit MectHOCTH. C Mast IO OKTSAOpPb M C MIOHS 110 CEH-
T0Pb, HA0OOPOT, COOTBETCTBEHHO, C BBICOTONH MECTHOCTH OTMEYaeTCs
HEKOTOPOE YBeJIMYeHNe MECSIIHBIX CYMM DPaHalliOHHOrO OaJiaHca, B TO
BpeMs Kak ajb0eo MMeeT TEeHJEHINI0 K yMeHbireHu. OaHoBpeMeH-
HO MOXKHO 3aME€THUTb, 9TO 3HAUYUTEbHOE YMEHBIIEHNE BEJNIUHBI Pa-
JUAIMOHHOIO 6ajlaHca ¢ BBICOTONH MECTHOCTH IIPOUCXOJUT, HAYUHAS C
BBICOTHI 1900-2000 M, 9TO 0ODBIACHIETCS PE3KUM yBeJIMIEeHUEM ATH0eT0
Ha 9THX BbICOTaX. TakuM 00pa30M, paJIMaIlliOHHbIN HaIaHC IMEET IETKO
BBIPAYKEHHbII JIHEBHON X0/T, COOTBETCTBYIOIIUI JTHEBHOMY XOJY BBICOTHI
Coutaiia, ¢ MAKCUMAJIBHBIM 3HATEHUEM B MTOJIICHB, C MUHUMAJIHHBIM - B
yTpeHHble dachl. [00BOI X0/I PAIUAIMOHHOTO OAJAHCA MOYTH CIIEITy-
€T 3a TOJIOBBIM XOJIOM ITOJIyIeHHBIX BbIcOT COJIHIA, 0COOEHHO B JIeTHEe
BpeMsi, U JOCTUIaeT MaKCAMAaJbHOI'O 3HAYEHUsI B Mae-UIOHE, [IPU Jieli-
CTBUTEJIbHBIX YCJIOBUSIX MIOTO/IBI - B Utojie. MUHUMAJIBHOE 3HAUEHUE Pa-
JUAIMOHHOIO DAJIaHCa KaK IIPU sICHOM Hebe, TaK ¥ IIPU JAeCTBATEbHBIX
YCJIOBHSIX MTOTOJTBI HADTIOAaeTCs B stHBape. OTMevYaeTcst yMEHbIIIEHTE 10~
JOABBIX CYMM PaJIMAIMOHHOIO OaJIaHCa ¢ BHICOTOW MECTHOCTHU KaK IIpU
sICHOM HeDe, TaK U IpH cpejHeil obadHocTu. MecsIHble CyMMBI PaTH-
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AIMOHHOTO OaJIaHca B OCEHHUWI M 3MMHUN MMEPUOILI C BBHICOTOW MECTHO-
CTH, KaK IIPaBUJIO, YMEHBIIIAIOTCSI, & BO BTOPYIO IIOJIOBUHY BECEHHET'O
[IepUo/ia U B JIETHUIl IEPUOJL, IOCTEIIEHHO YBEJTMINBAIOTC. SHAUNTE b~
HOEe M3MEHEHWE MECSJIHBIX CyMM PaJUalliOHHOrO OajiaHca ¢ BBICOTOM
MECTHOCTH ITPOUCXOUT, HaunmHas ¢ BeICOTHI 1500-2000 M u BEIIIIE.

1.11 JIumapHble HaOJIIOJeHUST BO3MYIIIEHUS
a’®pPO30JIbHOI KOMIIOHEHThI aTMocdepbl HaJ
TomckoMm u BiaguBocToKOM IocJjie
n3Bep2keHusd ByJKaHoOB B 2011 rogy

Yepemucun A.A.Y, Hoeuxos II1.B.2, Mapuues B.H.?, Ilaeros A.H.*

L Cubupcruti gedeparvnmti yrusepcumem, Kpacroapex
2 Kpacroapckuti uncmumym sceaesnodoposiciiozo mpancnopma
3 Hnemumym onmuxu ammocdepo, um. B.E. 3yesa CO PAH, Tomcxk
4 Unemumym asmomamuru u npoueccos ynpasaenus JBO PAH,
Baadusocmox

MeTto10M TpaeKTOpHil JIarpaHKeBbIX YaCTHUIL TPOBEIEH aHAJN3 TIEPEHO-
ca BYJIKAHIIECKOTO ad3pP030JIsI TOCIEe M3BEPKEHUsT BYIKAHOB [ pruMCBOTH
u Habpo B 2011 romy. Ilocie m3Bep:kenus Bynkana ['pumcBoTH HE
VIAAJIOCH JIOCTOBEPHO BBIAEIUTDH BYJIKAHUIECKHUI a3PO30JIb IO JTAHHBIM
JUIapHBIX HaOJrofaennit Haj TomckoM m BramguBocTrokom Ha ¢done
CYIIECTBOBABIIIETO A3PO30JIbHOTO HAIIOJHEHUS, TaK KaK B 3TO BpeMsd
MIPONCXOIUIO CHJIBHOE TOPU30HTAJIBHOE MEepEMENTNBAHIE B aTMocdepe
CeBepHOro IOJIyIIApUs, CBS3aHHOE C PAacIaloM IUPKYMIIOJJIAPHOIO
BUXPA. ByJIKaHUIecKUil a’dpo30/ib, BOSHUKIIMHUI MOCTE HU3BEPIKEHUS
Byskana Habpo, OTYET/IMBO MPOSIBUJICS B BUJIE NMHUKOB a3PO30/IHHOIO
paccestHust Hajt BiragmBocTokoM n ToMckoM.
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1.12 HabuaroaeHus 3JIEKTPOMArHUTHOTO U3JLy Y€HUS
cregga EISCAT una Kamuarke

Cusokonv B.II., Aeparam U.B.

Hrnemumym koemoPuauneckux uccredosanutdl U pacnpocmpaHeHus,
paduosoan JJBO PAH, Poccus

B skcrnepumenTax 1mo akTUBHOMY BO3IEHCTBHUIO HA HOHOCKEDPY UCIIOIb-
3YIOTCsI MOIIHBIE KOPOTKOBOJHOBBIE KOMILJIEKCHI - HATPEBHBIE CTEHJIBI.
B pesynabrare Takoro Bo3jgeiicTBUS (HOPMUPYETCST MHOXKECTBO (husm-
9eCKUX IPOIECCOB, M3yUeHNEe KOTOPBIX IIPeJICTaBJIsieT HAyJYHBI MHTe-
pec. OgHUM M3 HUX sIBJIIeTCsi (DOPMUPOBAHME MCKYCCTBEHHBIX MaIHU-
TOOPUEHTUPOBAHHBIX HEOTHOPOAHOCTEH. V3ydast cBoiicTBa ecTecTBeH-
HBIX MATHUTOOPUEHTUPOBAHHBIX HEOAHOpoaHOCTel Ha KamuaTke, aBTo-
PBI IPUIIIH K BBIBOJLY O BO3MOYKHOCTHU PEAJTU3AIUH [TOJTY IeHHBIX [TOJIX0-
JIOB B UX M3YYE€HUU HA KOPOTKOBOJIHOBBIX TPAcCaX OOJIbIIO IIPOTSIZKEH-
voctu. B pabore npuBoasTcs pesysiabTarThl HabJIOAeHMT Ha Kamdarke
[POsIBJIEHUIN AaKTUBHOIO Bo3elicTBus Ha nonocdepy B Tpomce (Hopse-
rus).

1.13 HabGuaogeHus rpo30Boii aKTUBHOCTHU B
AxyTuu ¢ moMomibIo TpexX pPaJNoTeXHUIECKNX
cucteM perucrpamuu mojiHuii B 2009-2016 rr.

Kosnos B.HU., Tapabyruna JI./1.

HHcmumym KJOCMO@USU’LLGC’ICUI ucenedosarutl u a9POHOMUU

um. FO.I. Iagepa CO PAH

B pabore mpemcraBieHbl pe3yabTaThl MHCTPYMEHTAJIBHBIX HaOJIIO/Ie-
HUM 3a TPO30BOIl aKTHUBHOCTHIO IOCPEJICTBOM JIBYX OJHOIYHKTOBBIX
IPO30IIEICHIaTOPOB, OJINH U3 KOTOPBIX yCTaHOBJEH B TI. AkyTck B 2009
I. U UMeeT PaJnyc JeTeKTUpoBaHus 0Kojo 480 KM, a BTOpoii paboraer
¢ 1975 1. m uMmeer JasbHOCTDH JeTeKTupoBanus g0 1200 KM, a Takxke
¢ TIOMOIIBI0 MUPOBOI cucTteMmbl rpo3osokannu World Wide lightning
location network (WWLLN), ouH JIeTeKTOp KOTOPOiH yCTAHOBJIEH B
r. fdxyrcke B 2009 r. IlomydeHs! ce30HHBIE XO/la CYMMAapHOI'O 3a CYTKHU
KOJIMYIECTBA T'PO30BBIX PAa3PsI0B, CyTOUHBIE XOIa 38 KaXKIbII JeTHUI
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CE30H, MPU ITOM HAOJIOMAIOTCS €XKEroJHOe CMEIeHHe MAaKCHMYyMa
CE30HHOI'0 XOJa ¥ CMEIeHHe MAaKCHMyMa CyTOYHOI'O XOJ/la K HadaJly
U KOHIly ce30Ha. EyKeromHo B TedeHue JieTa HaOJIOJAIOTCA JIO TPeX
CIIaJI0B U TMUKOB IOCJI€ HUX T'PO30BOIl aKTUBHOCTH, KOTOPBIE CBI3bIBA-
FOTCS C 3aTOKOM CEBEPHBIX XOJIOIHBIX BO3IYIIHBIX Macc. OTmedarTcs
KBA3UIMEPUOIUIHBIE OCIMJUIAIANA KOJUIECTBA T'PO30OBLIX Pa3PsAIOB C
IIepPUOJIOM OKOJIO 1-3 J1eT.

1.14 O poJin Bo30y>K/I€eHHBIX aTOMOB B JINJIAPHBIX
N3MepeHUsiX BepXHeil aTMocdepsl

Boukos B.B., Hepeocoeun A.C., Cepedxun A.C., Illesyos B.M.

Hnemumym xKocmoPuduseckur ucciedo8anutl U pacnpocmparerus
paduosoan JIBO PAH, Poccus

[IpencraBiieHbl pe3y/bTaThl JIHIAPHOTO KCCIEAOBAHUsT aTMOChepbl B
obstactu Boicor 100-400 KM, mmO/IydeHHBbIE Ha JIMAapHON cranmumu Kam-
qatku B 2008-2016 rogax. O6CYKIAIOTCS METOJIbI JIMJIAPHBIX H3Mepe-
Huilt 1 06paboTku curnasoB. [lokasamo, ITO MPeTOXKEHHBIE aBTOPAMK
CrIoCcoOBbI yYeTa HMMILYJIbCOB IOCJIEIeHCTBUS (POTOIJIEKTPOHHBIX yMHO-
JKUTeJel 1 u3MepeHusi (GOHOBOT'O CUTHAJIA, TO3BOJIMJIA BKJIFOYUTH Me30-
cdepy, u Mo3HEE BEPXHIOK aTMocdepy, B 00J1aCTh BBICOT MCCJIEyEMbIX
smmapHbiM MeTonoM. O6CyKIAI0TCs pe3y IbTaThl UCCAeI0BaHus 00paT-
HOTO JinmapHoro curnaja ot obsmactu BeicoT 100-400 KM, BBI3BAHHOTO
PE30HAHCHBIM PacCesHHEM Ha BO30YKJIEHHBIX KOMIIOHEHTax aTMocde-
pol. Kuttouessie cooBa: atmocdepa, maap, crparocdepa, mezocdepa,
paccesinue, 30HIUPOBAHUE
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1.15 OO6JsauyHble ITPOSBJIEHUS WH/IYITMPOBAHHBIX
IyHaM1 aTMOC(EPHBIX I'PABUTAIMOHHBIX
BOJIH B paiione Kypniibckux ocTpoBOB

Iesuenxo I'B.', Cxopoxodos A.B.?

L Hnemumym mopckoti eeonozuu u 2eofpusuxu JBO PAH
2 Hnemumym onmuxu ammocgepvt um. B.E. 3yesa CO PAH

B mocnemame rompr mosiBusicst psig paboOT, B KOTOPBIX HCCJIEIOBAJICS
OTKJIMK B MOHOC(hEpe HA CHIIbHBIE TPAHCOKeaHCKHe IyHaMu. OCHOBHBIM
MEXaHU3MOM CUHUTAETCH BO30YKJIEHNE OKEAHCKUMU BOJIHAMHU BHYTDEH-
HUX TPABUTAIMOHHBIX BOJH B aTMocdepe (BI'B), aMrunTyia KOTOphIX
B BEPXHHX CJIOSX aTMOchepbl 3HAYUTETBHO BO3PACTAET, BCJIEICTBUE
9ero OHM TEHEePUPYIOT BOJIHOBOM OTKJINK B HUXKHEH wuoHOCDeEpe.
I[ToMuMO KOCBEHHBIX NPU3HAKOB, JAHHAS CXEMa IIOJATBEPIKIAETCS
MO/JIEJIbHBIMH PACYETAMH, OJIHAKO IIPSAMBIX CBUJETEIBCTB BO30Y K I€HUS
BI'B BosiHamu myHamu 1oka He 1moJrydero. OuH U3 BO3MOXKHBIX IIyTei
pellieHust 9TOi 3a/[a9u CBsI3aH C U3YyYEHUEM XapaKTEPHBIX ITPOSBICHUI
BI'B, dbopuupyrommux weTko uAeHTUGUIUPYEMble Ha KOCMHYIECKUAX
cuumkax (kdc) mepuopmdeckue CrTpykTypbl B obsiagnoctu. C 910i
nenapio O npoanausupoBanbl Kdhe Aqua MODIS u Terra MODIS
ceBepo-3anaqHoii uyactn Tuxoro okeana (C OCOOBIM aKIEHTOM HA
paiion Kypusbckoil OCTPOBHOI TI'psijibl) HA MOMEHTBI HPOXOXKJIEHUSI
suaunTeqbHbIx IyHamMu 2009-2011 rr. B orkpwITOil wacTm oKeaHa
[IEPUOINIECKNE CTPYKTYPHl B OOJAYHOCTH BBISIBJIEHBI He ObLIA, B
TO BpeMsI KakK B paiiome KypuibCKoit OCTPOBHOM T'PSAbI TaKOBBIE
6o obuapyxkenbl npu Uumoneswiickom (Irian Jaya, 03.01.2009),
Cumymmpekom  (15.01.2009), Camoanckom (29.09.2009), Banyary
(07.10.2009) u Ywmnwmiickom (27.02.2010) nymamu. B ciayuae Toxoky
myraamu 11.03.2011 r. momobHBIE CTPYKTYPHI 3abUKCHPOBAHBI HE OBLIN,
BO3MOZKHO, II0 IIPUYHNHE [IPOJIETA CIIyTHUKOB HA/T M3Y9aeMbIM PailOHOM
B HO4HOe BpeMms. [y ananu3a arMocdhepHBIX YCIOBHil, IPUBJIEKAIICH
MaTepUaJIbl a’POJIOTMIECKUX 30HMPOBaHUil, KoTOpble Ha Kypuib-
CKUX OCTPOBAaX BBIMOJIHSIIOTCS TOJBKO HA OJHOUW METEeOPOJIOTHYIECKON
craumuu, B . CeBepo-Kypuiibcke. Ananus npoduiieil Temneparypbl u
CKOPOCTH BETPA ITOKA3aJI, YTO aTMOC(EPHBIE YCJIOBHUS CIIOCOOCTBOBAJIN
BozHukHoBeHn0 BI'B (Hasmune crpyiiHbIX TedeHuil 1 HHBEPCUil Temie-
paTyp 1pu ycroitunsoii crpatudukanun). [lepuomuieckne CTpyKTypb
B 0OOjadHOCTH ObLiu cHOPMHUPOBAHBI MO0 KydeBBIMEH (C BBICOTOM
Bepxueii rpanunst 500 - 1500 M), 6o BoicokokyuesbimMu (2500 - 3500
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M) obsiakamu. BO3HUKHOBEHUIO aTMOC(EDPHBIX BOJH MOXKET TaKXKe
CIOCOOCTBOBATH HAJIMYME TEMIIEPATYPHBIX KOHTPACTOB MEXKJy IIpU-
3eMHBIM CJIOEM aTMOCGEPBI M IMOBEPXHOCTHIO OKEaHa, HabJII0JAeMbIX
KaK B TEIJIbI, TAK U B XOJIOAHBIN ce30HBI. CyIecTBeHHBIM (haKTOPOM
SBJISETCs, IIOMAMO 3TOrO, BO3DACTAHWE AMILUIUTYJ W YBEJIUIECHUE
MIPOJIOJIPKUTEJILHOCTH BBI3BAHHBIX I[yHAMH KOjeOanuii B 30He meabde.
Ha ocnoBanmm mpoBeeHHOIO aHAJN3a HEJb3s YTBEPKIATH, UTO WUH-
gyrupoBanubie nynamMu BI'B obpasyrorcs ToJbKO HaJI TPUOPEKHBIMU
akBaropusiMu. Kpome TOro, HaJi OKEAHOM MOTYT OTCYTCTBOBATH aTMO-
cdepHbIe yCa0BHs, CIOCOOCTBYONME (DOPMUPOBAHUIO TEPUOTTIECKUAX
CTPYKTYP B OOJIAYHOCTH.

1.16 Ce3oHHbIe Bapuallui TeMIOepaTypbl
Me3ornay3bl u ammiutyasl OHY curnasnos
paguoctannuu HoBocubupck B riepuof,
2009-2016 rr.

Kopcaxos A.A.Y, Kosnos B.H.Y, Ammocosa A.M.*, Ammocos IT.I1.",
Taspuavesa I'A., Koamoscroti U.M.', Ilasroe E.A.2

L Bnemumym xocmopusuneckuz uccaedosanuti u aspoHomus
um. FO.I'. Hlagepa CO PAH

2 Cesepo-Bocmownwti gpedeparvnviti unemumym um. M.K. Ammocosa

Jst 30HIUpOBaHNS HUKHEH HMOHOChEPHI MPUMEHSIOTCS PErHCTPAIHs
BapHaIuil IapaMeTPOB CUI'HAJIOB PAIMOHABUTAIMOHHBIX CTAHIIUN B /TN~
na3oHe o4eHb Hu3KuX dactor (OHY: 3 - 30 k') n BpamarenbHOi TeM-
neparypbl rugpokcusia (OH) usnyuatomeii B mosoce 6-2, 835 um, na-
foret nHGOPMAITUIO O COCTOAHUU OOJACTU Me30Tay3bl. PaccMOTpEHbI
cesonnble Bapruanun amimTyasl OHY curnasna crannun HoBocubupcek
(14,9 xT'1y) paguoHaBUraIMOHHON cucTeMbl AJibdha, perucrpupyembie B
Axyrcke (62N, 129E) npu asepnbix (3-7 UT) u mounbix (16:30-17:30
UT) ycnoBusix pacupocrpanenus. [lepuon nabaronenuii 2009-2016 rr.
B cesonnoit Bapuanun (2009-2016 rr) orMedaeTcs yBeJMYEHIE CUTHAIA
sumoii B 2014-2015 rr (10 B gaeM u 6 1B HOUBIO), YTO COOTBETCTBY-
er mosbimennio F10,7 u reomaruuTHoit aktusHocTn Ap. Takxke pac-
CMOTPEHBI Ce30HHBIE BAPUAIINU BPAINATEIHHON TeMIepaTypbl I'IPOK-
cuna OH (6-2), n3mepsiemoit Ha onrndeckoit cranmun Maiimara (63N,
129.5E). 3uauenue cpejueil Temieparypsl onenusaercs B 188 K. B ce-
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30HHOI IuHaMuKe HAOJIIOMAIOTCS TOJ0Bast U MOJIYTOA0Bast U TPETHIOJIO-
Basl BapHAIlUU C aMILINTY/IaMi TApMOHUK cooTBeTcTBeHHO 28,6 K, 10,6
K u 3 K. Orkiuk temuneparypbl arMocdepbl B ZKyTcke Ha BbICOTE
uznydgenus rugpokcuia (OH) ma 11-jgeTHuil coHeIHbIH UK BO3pac-
TaeT Ha 7 K mpu cMmerienun psijia Ha 2 roja Ha3al OTHOCUTEBHO MaK-
cumyma F10,7, 910 cOOTBETCTBYET CMEIEHII0 MAKCUMyMa MeOMArHUT-
noit aktuHocTu. Koadpdurment koppensanun cocrasiser R=0,44, aro
MTOKA3bIBAET BO3MOYKHOE BJIUSHUE N€OMATHUTHON aKTUBHOCTHU Ha ITapa-
MeTpbI cybaBpoOpaJIbHOI Me3omay3bl. PaboTa mojiiepKaHa mporpaMmMoit
KOMILIEKCHBIX uccyenoBanuii B Peciiybiuke Caxa (AxyTus).

1.17 CpaBHUTeJIbHOE UCCJIEJOBAHUE PA3JIUIHBIX
METO/IOB ONpeJieJIeHUsI XapaKTEePUCTUK
3JIEKTPOMArHUTHOM BOJIHBI, OTPAXKEHHOI OT
pacceuBaoiero qudpakiimoHHOTO dKpaHa
MpU PaCIPOCTPAHEHUN PAJUOCUTHAIIA B
kanasie 3emuisi—-Mlonocdepa B
KOPOTKOBOJIHOBOM /TAATIA30HE PaANOBOJIH.

Benos C.10.', Benosa H.H>

L Mocxkoscruti 2ocydapemeeniniti yHUSEpCumen umeny
M.B. Jlomonocosa,
2 Uncmumym gusuru ammochepo, umenu A.M. O6yzvosa Poccutickoti
aKademMul HaYK.

MOHUTOPUHT IIOBEPXHOCTU 3€MJIM METOJOM JUCTAHIIMOHHOI'O 30HIUPO-
BaHUA B KOPOTKOBOJIHOBOM JIHMAIIa30HE PAJUOBOJIH MOXKET IIO3BOJIUTH
OIIEPATUBHO BBIABJIATL HEKOTOPBIE reou3ndecKue IapaMeTpbl S9KOCH-
creM. JlaHHBIN JUaIla30H MO3BOJILET IUAIHOCTHPOBATH H IIOJIIOBEDX-
HOCTHBIN CJION 3eMJIH, IIOCKOJIBKY IIapaMeTp paccesHnd (hopMupyeTcsd 1
HEOJHOPOAHOCTAMU JUIJICKTPUICCKON IIPOHUIIAEMOCTH IIOAIIOBEPXHOCT-
HBIX CTPYKTYP. JJaHHBIM MeTOZO0M IIPH OPIaHU3aIIN MOHUTOPHHIOBOI'O
30HIMPOBAHMS, BO3MOXKHO BBIABIATH O0JIACTH U3MEHEHUS STHX CPEI,
HaIPpUMED, [JIsd OUEHKH CeACMUYIECKOR OIIaCHOCTH, OIIACHBIX IPUPOSHBIX
ABJIEHUIi, U3MEHEHUsI SKOCUCTEM, & TaK2Ke HEKOTOPBIX IKCTPEMaJIbHBIX
COOBITHIT TEXHOI'€HHOT'0 XapakTepa. B pabore npeicTaB/ieH HOBBIN HEKO-
IePEHTHBII METOJT OIIEHKH [TapaMeTpa CUTHAJ/IIyM. Belosten cpaBHu-
TeJIbHBII AHAJIN3 U TI0KA3aHO, YTO 110 AHAJUTHIECKO (OTHOCUTEIBHOI)
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TOYHOCTHU OIPEJIEJIEHUsI ITOrO MapaMeTpa HOBBIM MeTOJ, Ha MOPSIOK
[IPEBOCXO/IUT IHUPOKO UCIIOJIB3YEMbIN CTAHIaPTHBIA. AHAN3 aHAJIATH-
YECKUX IOIPEINTHOCTE OIEHKH ITOTO IapaMeTpa IIO3BOJIUI PEKOMEH/I0-
BaTh HOBBII MeTOJ BMeCTO cTaHzapTHOro [1-4].

[Momnep:xano rpanTom mo npoekry PH® No. 16-17-00114.

1. Besios C.1O. DxrcnepuMeHTATBHOE UCCIIEIOBAHNE XaPAKTEPUCTHK KO-
TEePEHTHON M HEKOrepeHTHOH 00paboTKU MHMOPMAIUN TPU JTUCTAHITA-
OHHOM 30HJIUPOBAHUU aTMOCKEPHI U <«IIEPOXOBATON» 3eMHOMN MOBEpX-
HOCTH B KOPOTKOBOJIHOBOM Juana3one paauososn. // Mzsectus BY3.
Ousuka, ISSN 0021-3411, 1. 59, No. 12-3, 2016, c¢. 121-124.

2. Beso C.1O., Besoa U.H. ®yaknumonaspHas cxeMa SKCIIEPUMEH-
TaJLHON anmapaTypbl KOM€PEeHTHOrO MpUEMA B 3aJa9aX MOHUTODWH-
ra [MOBEPXHOCTH 3eMJIM METOJIOM JIMCTAHIIMOHHOTO 30HMPOBAHUS B KO-
POTKOBOJIHOBOM JMaINa3oHe pajuoBoJH.// TIpuKiiaHbe aclekThbl reo-
jiorun, reodpusukn u reodkosoruu, Maitkon, ISBN:978-5-906696-22-
9,2015,c.53-58.

3. Benos C.1O. KocMuvecknit MOHUTOPHHT XapaKTEPUCTUK TPUOPEK-
HBIX TEPPUTOPUL JJIst 00eCIeIeHns IKOJOTHIECKON 6e30IaCHOCTH 30H-
JIUPOBAHUEM B KOPOTKOBOJIHOBOM JMAIIA30HE PAIMOBOJIH./ /DKOJIOrHs.
Dkonomuka. Uudopmaruka. Pocros-ma-/lony, ISBN:978-5-9275-2055-
8,2016,c.27-41.

4. Belov S.Yu., Belova I.N. The analysis of methods of determination
the scattering parameter of the inhomogeneous fluctuating ionospheric
screen. // Atmosphere, Ionosphere, Safety. Kaliningrad, ISBN:978-5-
9971-0412-2,2016,p.435-440.

1.18 DmMnupuyecKue ypOBHU SHEPTUU MOJIEKYJIbI
NO B OCHOBHOM 3JIEKTPOHHOM COCTOSIHUU

Cyaaxwuna O.H, Bopxos I0.T.

HUnemumym onmuryu ammochepv, um.3yesa CO PAH, 2. Tomck,
Poccus

WNaTepec K WCCIIEIOBAHUIO CIIEKTPA OKCHIIA a30Ta OOYCJIOBJIEH €ro
Ba’KHOI POJIBI0 B XUMHHM aTMOCHEPHOrO 030HA W B YIPABICHUU
bU3MOIOrNIECKIMHU TIPOIECCAMHU, POTEKAIONIMMI B JIIOOOM KHBOM
opraausme, riae NO npucyrcrByer B JOCTATOYHO OOJIBIIUX KOHIEH-
Tpanusix. OJHUM U3 MOIIHBIX UCTOYHUKOB OKCHJIa a30Ta B arMocdepe
ABJISIIOTCS MOJIHUM. EJIMHCTBEHHBIM MCTOYHUKOM MOJTHBIX U HAJIEXKHBIX
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JAHHBIX O BHYTPEHHEM CTPOeHn:d U (DU3UKO -XUMHUIECKUX CBOMCTBAX
9TONl MOJIEKYJIBI OCTaeTCs KojebaTeIbHO-BPAIATeIbHOTO — CHEKTP.
U3Biievenne Takoit MHMPOPMAIMKA TIPEIbIBISIET BLICOKUE TPeOOBaHUS
K aHaJu3y HAKOIJIEHHDLIX SKCIEPUMEHTAJBHBIX JAHHBIX. BBIMOJTHUTD
TaKOl aHAJM3 M3 BCETO MACCHBA JKCIIEPUMEHTABHBIX JAHHBIX TO3BO-
JIIeT TIpOrpaMMa, OCHOBAaHHAs Ha KOMOWHAIIMOHHOM mpuHiiuie Purra.
B pabote Bpimonnen kpurudeckuit anaau3 5079 qacToT KojebaTesbHO-
BpPaIATE/IbHBIX TIEPEX0/I0B, M3MEPEHHBIX B CIEKTPAJTHLHBIX WHTEPBAJIAX
18-208 cm~! and 1554-7372 cm~! Ges yuera A-pacmeruiennsi u
cobpanubix n3 19 pasauwaabix myOaukanuii. BeimonHeHHBIN aHAIN3
mo3BOJIMIT  onpeesuTh 1807 IKCIEepUMEHTAJBHBIX yPOBHEN 3SHeprun
JUIsT HepasperieHHbIX A y6eToB B KOJIEOATENbHBIX COCTOSTHUSX OT
v=0 110 v=22 0CHOBHOI'O 3jieKTpOHHOr0 coctosiiust 2I1 mosekyiaer NO
B SHepreTHuecKoM nHTepBate 0-35665 eyt

1.19 WccaemoBaHue N3MEHYNBOCTU HAIIOJJHEHUS
crparocdepbl POHOBBIM a3pP030JIeM HAJI,
Tomckom B 2016 1. o JaHHBIM JINJAPHBIX
HaOJII0MeHu it

Mapuves B.H., Bouxoscxuti /[.A.

Hrnemumym onmuxu ammochepv, um. B.E. Byesa CO PAH,
2. Tomck, Poccus

AHaM3uUpyOTCs  3KCIIEPUMEHTAJIbHBIE JIAHHBIE 110 U3MEHYUBOCTHU
BEPTHUKAJLHO-BPEMEHHON CTPYKTYPBI adpO030Jis, TOJIYUYeHHbIE Ha JIU-
JApHOM KOMILIEKCE CTAHIIMM BBLICOTHOTO 30HINPOBAHUSA ATMOCQEPHI
NOA CO PAH 3za 2016r. B kagecrBe nepBuYHON WHMOOPMAIUT JIJIst
aHaAJIN3a MCIIOJIb30BAJICSI MACCUB JaHHLIX U3 84 CyMMAapHBIX CUTHAJIOB,
HAaKOIIEHHBIX B OT/e/JbHbIe HOUYM. VHTEpPBAJ 30HIUPYEMBIX BBICOT
npoctupajica ot 10 mo 50-60KkM, TpocTpaHCTBEHHOE pa3peIieHne
cocTaBagno 192M., BpeMsI HaKOILUIEHHSI CyMMAapHOT'O CUTHAJA - 29ac.
ITo pesymbraramM HaOMOIEHWH, KAK W B MPEIBIAYINNE TOIbI, 3apEru-
CTPUPOBAHO BBICOKOE COMIEp:KAHUE a’p030Jisd B HUXKHEH cTpaTtocdepe B
3UMHIE MECSIIBI TOA.
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1.20 Baampaiusg JuJapHBIX U3MepeH’it
TeMnepaTtypbl B ctpaTtocdepe Haj Tomckom
IO adPOJIOTUYECKNM M CIIyTHUKOBBIM JaHHBIM
3a 2015 - 16 rr.

Mapunes B.H., Bouxoscxuii /I.A.

Hnemumym onmuku ammocpepv, um. B.E. 3yesa CO PAH,
2. Tomcx, Poccus

[IpoBeseno cpaBHEHHE BEPTUKAJIHHOTO PACIPEIETEHUS TEMIIEPATYPbI
B HIZKHEH cTparocdepe MO0 JAHHBIM JHUIAPHBIX, PAJIMO30HIOBBIX U
CIIyTHUKOBBIX H3MepeHuil. B JmnapHbIX n3MepeHUsIX UCIO0JIb30BaJIIChH
PaMaHOBCKUI W PEJICEBCKUI KAHAJBI NPUEMa PACCESHHOTO CBETa Ha
gmHax BoiH 607M u 532HM.C y9eToM IpPOCTPAHCTBEHHO-BPEMEHHOM
Pa3HECEHHOCTHIO WM3MEPEHUi TOJyIEeHO JOCTATOYHO XOPOIlee Kade-
CTBEHHOE U KOJINYECTBEHHOE COOTBETCTBHE BEPTUKAJIBHBIX pOduiIeit
Temneparypbl. llokasana IepCHEKTUBHOCTDH HCIOJIB30BAHUS METOa
KOMOWHAIIMOHHOT'O PACCESHUS CBETA, JIjIs M3MEPEHHUsI TeMIIEPaTyphl B
HIDKHE cTpaTocdepe.

1.21 JImmapuble mcciie1oBaHUS JTUHAMUKUT
BEPTUKAJIBHOTO pacrupejiejieHus TeMIIepaTyPbl
B ctparocdepe Haa Tomckom B 2016 1.

Mapuves B.H., Bouxoscxui /I.A.

Hremumym onmuxu ammocpepv, um. B.E. Byesa CO PAH,
2. Tomcx, Poccus

OpHuM U3 BayKHBIX IPUMEHEHWIl JUAAPHLIX TEXHOJOTCHHA ABJISETCS
HCCIeJOBAHUE TEPMUYIECKOro pexkuma armocdepbl. Takme wucciemo-
BaHUs B MOHHUTOPUHIOBOM PEXHMME B MHCTUTYTE OITHUKHU aTMOCQEpbI
CO PAH 6pum mHagarer ¢ 1994 roma u IpoI0/KAIOTCS B HACTOSIIIEE
Bpemsi. Ocoboe BHUMaHUE yIeJIseTcsl N3yJYeHWIO IIPOSIBJIEHUs] BHE3AIl-
HBIX BO3MYyIIEHUN B cpeiHeil crparocdepe, BbI3LIBAEMBIX 3UMHUMUI
crparocdepabimu noremienugmu (CII). C nosydeHHBIME 1O JIAHHOM
TeMATHKE DEe3yJbTaTaMd MOXKHO O3HAKOMHUTbCA B paborax [1-7]. B
HaCTOsIIell CTaTbe IPeiCTABJIEHbl WCCJIEIOBAHUSA BEPTUKAJIBLHOI'O

23



pacupeesiennsi TeMIIepaTypbl HaJ TOMCKOM B BO3MYIIEHHBIA U CIIO-
KOMHbBIN ntepuojibr 2016r.

Crucok gureparypsbl

1.

Mapuues B. H., Jlunapubie nccieroBanust TPOSIBICHUST CTPATO-
cdepubix noremaenuit Ha Tomckom B 2008-2010 rr., 24, OnTuka
aTMocdeps! n okeana, 2011.

. Mapuues B. H., UccienoBanne ocobeHHOCTEH MPOSBICHNAS 3UM-

HUAX CTPaTOCEPHBIX moTerieHnit Haj TOMCKOM IO JaHHBIM JIK-
JapHbIx uaMmepenuii remmeparypel B 2010-2011 rr.., 24, Ouruka
armocdeps! u okeana, 2011.

Mapuues B. H., UccnenoBanust 0cOGeHHOCTEH TPOSIBICHUST 3UM-
HUX CTPaTOCEPHBIX moTerieHuil Haj TOMCKOM 110 JaHHBIM JIK-
JapHBbIX u3MepeHuii Temmeparypbl., COOpHUK 10Kja10B 20-r0
MeXKIyHapoaHOro cummosnyma «Onruka arMocdepsl u OKeaHa.
®uzuka armocdepni». r. HoBocubupck, xypopr-oresns «CocHoB-
Kay, 23-27 mionga 2014r., 2014.

Mapuues B. H., Boukosckuii. /1. A., PesyabraThl naMepeHuii Tem-
nepaTypbl B BepxHeil Tporocdepe u cpegHeii armocdepe Jmga-
POM C HCIIOJIb30BAHUEM KaHAJIOB PEJIEEBCKOI0 M KOMOMHAIIMOHHO-
ro paccestaust cBera, COOPHUK JOKJIAI0B 21-10 MeXKIyHAPOIHOTIO
cummniosuyma «Ontuka armocdepsl u okeana. Pusmka armocde-
poi». 1. Tomck, 22-26 urona 2015r., 2015.

Marichev V. N., Bochkosvkii D. A., Lidar studies of specific
manifestation features of stratospheric warming in winter of 2014-
2015, 9680, Proceedings of SPIE., 2015.

Mapuder B. H., Anayins noBejieHus IJIOTHOCTU BO3/IyXa U TEMIIe-
paTypsl B crparocdepe Haj TOMCKOM B IEpUOJIBI €€ BO3MYIIEH-
HOI'O U CHOKOMHOI'O COCTOAHUM, BBLINOJHEHHDLIA II0 Pe3yJIbTaTaM
JIMJAPHBIX W3Mepenwii., 26, Onruka armocdepsl u okeana, 2013.

Marichev V. N., Bochkosvkii D. A., Lidar investigations of
thermal regime of the stratosphere over Tomsk in 2015, 10035,
Proceedings of SPIE., 2016.
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1.22 Ajaroputmbl AJ U3MEHEHUS CTPYKTYPbI
reOKOCMUYECKUX CaAaMOOPraHU3yOMUXCs
BOIPOCHO-OTBETHBIX CEHCOPHBIX ceTeil

Mowanos B.A., Movanrosa A.B.

Hnemumym x0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

PaccmarpuBaroTcst ONTHMHU3AIMOHHDBIE 33/1a9U [TOCTPOEHUsI, PA3BUTHUS
U HU3MEHEHWs CTPYKTYPbI TEOKOCMHYECKHX CaMOOPTaHU3YIOMIIXCS
BOIPOCHO-0TBeTHBIX ceHcopubix cereit (TCBCC). B 3amade 3amamb
KOODJIUHATHI Pa3JIMYHbIX y3JI0B ceTu. Tpebyercs mnpu 3aaHHBIX
GYHKIMOHATBHBIX, CTPYKTYPHBIX, CTOUMOCTHBIX U IMPOCTPAHCTBEHHBIX
orpannueHusax u3MeHuTh crpykTypy 'CBCC myrem jgobaBiienust HO-
BBIX Y3JIOB, [IEPEMEITECHUs B HOBbIE MO3UIIH UJIH YIAJCHIST HEKOTOPBIX
cymiectByonux y3i0B. llocie dopmupoBanns crpykrypsl ['CBCC
pernaercst 3aJa4a BHEJIPEHHUsI B €€ CTPYKTYPY BOIPOCHO-OTBETHBIX
AreHTOB C IEJIbI0 TOJIYyYeHUsI BO3MOYKHOCTH OTBEYATh HA 33 J[AHHBIC
THUIIBI BOIPOCOB P yCTAHOBJIEHHBIX OrpaHmveHusx. llpejaraercs
06001enHasT QYHKIMOHATbHAS CXeMa MPOIECCa TTOCTPOCHUST apPXUTEK-
Typel 'CBCC u npubimKeHHblE OMOMHCIUPUPOBAHHBIE AJITOPUTMbI
peIlleHus TMOCTABJIEHHBIX 3ajlad. Pe3yabrarbl paboThl MOIYT OBITh
ucroib3oBanbl 1pu noctpoernu KoHkpeTHbx ['CBCC u B cucremax
nongepxkku mpoektupoBanus ['CBCC.
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2 T'eodusmydeckme Moasd U UX
B3auMo/IelicTBUe
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2.1 Awnanm3 MarHuTHBIX JAHHBIX CETU HA3€MHBIX
CTaHIUII B MepUoOAbl CUJIbHBIX MarHUTHBIX Oypb

Mamndpurosa O.B.1*, Coroeves U.C.1+*, Xomymos C.FO.,
Bauwes J.I'?, Chandrasekhar P.

L Hnemumym xocmodusuneckus uccaedosanuti U pacnpocmparenus
paduosoan JIBO PAH, Poccus
2 Inemumym KocmoPuauneckus uccaedosarus U a3poHoMuL
um. FO.I. Hlagepa CO PAH, Poccus
3 CSIR-National Geophysical Research Institute, Unous
4 Kamvamceruti 20cydapcmeenioiti meTHuMeckuti yHu6epcumen,
Poccus

B pabore mpejjioxkeHa HOBasi METO/MKA AHAJIN3a MAIHUTHBIX JAHHBIX
[0 BBIJIEJCHUIO W OIEHKE KPATKOBPDEMEHHBIX BO3PACTAHUN WHTEHCHUB-
HOCTH DNeOMATHUTHBIX BO3MyINeHuil. Ha oCHOBe METOMKM HCIOJIB3Ys
JIAHHBIE MEPHJIMOHAJIHLHO PACHOJIOYKEHHBIX CTAHIINN Ha CEeBEPO-BOCTOKE
Poccun («o. Korenpubiit» KTN, «Tuken» TIX, «Hoxypmax» CHD,
«3pipsiakay ZYK, «Mbic [HImugray CPS, «Adxyrcky YAK, «Maragans
MGD, «Ilaparyuka» PET, «Xabaposck» KHB) u npusksaropua/inb-
upix Wupmitickux  cranmuax  («Hyderabad> HYB u  «Choutuppals
CPL) BbliosiHeH aHa M3 Bapualiii F€OMAIHUTHOIO IOJIS B HEPHOJBI
CHJIbHBIX MATHUTHBIX Oypb. JIAHHBIN MOJXOJ] IO3BOJUI HAKAHYHE
COOBITUI BBIJIEJIUTH OJHOBPEMEHHO BO3HHMKAIOIIME JIOKAJbHBIE IIOBBI-
[IEHUs] PTEOMATHUTHON aKTUBHOCTH, HAOJIIOAAEMbIE 38 HECKOJIBKO JacOB
0 COOBITHSI W B TIEPUOALI OCHOBHBIX (Pa3 MATHUTHBIX Oypb. MeTombr
paspaboransl 3a cuer cpeicts rpanta PH®, npoekr No. 14-11-00194.
DKCIEPUMEHTHI BBIIIOJIHEHBI TIpu  nojiepkke rpanta POOPU  No.

16-55-45007.
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2.2 Amnainu3 cocrosiHUiT MarauTocdepbl 3eMJin IIpu
MOMOIIY AJITOPUTMA AJAIITUBHOIO ITOCTPOEHUS
nepapxmiecKnx HelpoceTeBbhIX
KJiaccuduKaTOpOB

Lonenxo C.A., Ceemaos B.A., Hecaes U.B., Msazxosa H.H.

HUU sadeproti pusuru umenu . B.Crobeavuyvina, MI'Y umenu
M.B. Jlomonocosa

Anamu3 cocTosTHUST BHENTHENO PAJIUAIIMOHHOTO IMOsica, 3eMJIH, Kak da-
CTH BHyTpPEHHe#Hl MarHuTocdepbl 3eMJIH, BBIMOJIHSIJICT Ha OCHOBAHUHI
nauubix IC3 GOES o moTokax pesisTUBUCTCKUAX 3JIEKTPOHOB Ha T'eo-
crarmonapHoii opbure, manabix MC3 ACE o mapamerpax MexKiia-
HETHOIO MATHUTHOIO IIOJIsI U COJIHEYHOI'O BETPAa, & TaKyKe NeOMAarHUT-
HBIX WHJIEKCOB, IIPU TIOMOIIY Pa3pabaThiBAEMOro aBTOPAMU aJrOPUTMA
AJIATIITHBHOTO TOCTPOEHUS NEPAPXUIECKUX HEHPOCETEBbIX KiaccuduKa-
TOPOB, UCIIOJIL3YEMOI0 B PeXKIMe KJiacrepusaruu. [IpumMepst, mojexa-
e KJIaCTePU3AIUN, IPEICTABIAIN cOOON OIMcaHns COOBITHH BO3pac-
TaHWUS IIOTOKA PEJSITUBUCTCKUX JIEKTPOHOB BHENTHEIO PaHaIllHOHHOIO
nosica 3emsn (P BPII3) ¢ sneprueit > 2 MsB. Bsuio nosydeno pas-
Obuenue Ha 5 KjIacTepoB. B KadecTBe aJbTepHATHBHOIO PACCMATPUBA-
JIOCh pazbuenue Ha 5 KIacTepOB, MOy Y€HHOE ¢ TIOMOIIBIO aJropuTMa K-
cpenuux. [loyaeHube KiracTepbl IPOAHAIN3UPOBAHBI C TOUYKU 3PEHUSI
X BO3MOYKHOTO COOTBETCTBHUS XapPaKTEPHBIM TUIIAM COOBITHH, pa3imd-
HBIM C TOYKU 3peHust (PU3UKU MPOUCKOJSIIUX IIPOIECCOB, U OCYIIECTB-
JIEHO CpABHEHUE MTOJIYYeHHBIX pa3bueruii Apyr ¢ apyrom. Mccmenosanne
nozepkano rpanroM PODIU (upoekr 15-07-08975-a).

2.3 Boamyinenus reopmn3mveckKnux moJieii u
KBAaHTOBasl MeXaHUKa

Kysneyos B.B.

Hnemumym koemopuduneckur uccredosarutll U pacnpocmparerus,
paduosoan JIBO PAH, Poccus

PaccmoTrpena posib KBAaHTOBBIX ITPOIECCOB B (pU3UKE BO3MYIIEHHIA Meo-
dusngeckux mMoJieil Ha IpUMepe TAaKWUX SIBJIEHUN KaK 3eMJIeTPsICeHUE,
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COITy TCTBYIOIIUE, U TIPEJIIIECTBYIONINE €MY ITPOIECCHI, U3BEPIKEHUE BYJI-
KaHa 1 BOSHUKHOBEHUE aJIMa3HbIX TPYOOK B3pbiBa. PaccMoTpena dbusu-
Ka BOSHUKHOBEHUS YJAPHBLIX BOJH B noHocdepe n armocdepe, pusnka
aTMOChEPHBIX sIBJIEHUT, BOSHUKAIONINX B IIEPEOXJIAKJICHHBIX 0DJIAKaX,
PEruCTPUPYEMBIX IITOPMIJIACCOM. PaccmarpuBaercst (bU3UKa MOJHUN
KakK IapoBOii, Tak W TeMHOM, (pu3MKa reHeparuu B arMocdepe BbICO-
KOSHEPIUYIHBIX YACTHUIl, YIACTBYIONNX B BO3HUKHOBEHUU CIIPAWTOB U
T.IL.

Obcyxkmaemble B paboTe reou3nvecKre siBJIeHHsI B PAMKAX KJIACCH-
4eCcKOl (PUBNKYU HE UMEIOT OObICHEHUS - OJHO3ZHAYHOIO U BHYTPEHHE
HEIIPOTUBOPEYUBOro. B pabore cienana NOMbITKA IPUBJIEYD K PEIICHUIO
[TOCTABJIEHHOW 3aJIa9U IMOJIyICHHBIE B IMOCJEHEe BPEMsl JTOCTUXKEHUST
KBAHTOBOI MEXaHUKH, KACAIONINECs KBAHTOBOH CIEIUIEHHOCTU MEXKTy
9JIEMEHTAPHBIMU JACTUIAMU, YJIACTBYIOIIAMU B PaCCMATPUBAEMBIX
SIBJICHUSIX.

2.4 BpIOOp ONITUMAJILHBIX BBICOT JIJIS PETHCTPAINN
OTKJIMKA MOHOC(EePHhI HA 3eMJIETPSACEHUSA

Kpacnos B.M., T'omiwop U.A., Kysewos F0.B., Yeprwii C.3.
Boenno-xocmuueckasa axademus umenu A.D. Moocatickozo

ChoyTHHKOBBIE PaIMOHABUTAIIMOHHBIE CHCTEMBI CIIOCOOHBI OOECIIEINTH
HEIPEPBHIBHBIN II00ATBHBI MOHUTOPWHT HOHOC(EPHBIX BO3MYIIEHUIT OT
3eMJIETPSICEHU ¢ BBICOKUM ITPOCTPAHCTBEHHO-BPEMEHHBIM pPa3pereHu-
eM. BoiiBurarorcst njen 1o uCIob30BaHUIO 3TOT0 BHUjIa HAOJIIOIEHNI B
cUCTEeMAaX TMPEIyIPEXICHNUsS IyHAMHU, & TaKyKe IIPU MOHUTOPUHTE JIBU-
JKeHMsl 3eMHOIT (MOPCKOIi) IIOBEPXHOCTU B TPYAHOMOCTYIIHBIX MECTax.
['maBHBIM HETOCTATKOM 3TOTO METOA SIBJISETCS WHTErPAIbLHBIA O BbI-
core xapakrep usmepsiemoii Besinuntbl [19C. [Ipu 3ToM npuHATO J1011Y-
IeHre, 9T0 riaBHbI B B [I9C BHOCAT noHOC(EPHBIE BO3MYIIIEHUSI
B 00J1aCTH BBICOTHI MakcuMmyMa cJjiost F2. arerpanbhbiii xapakrep [19C
HE IMO3BOJISTET TOYHO OIMPEIETUTh BBICOTHI HAOIIOIAEMBIX HOHOCHEPHBIX
BO3MYINEHUI 1 UX KOOPAUHATHI. [IpenpnHIMAIOTCST TIOBITKY OTIpeIe-
JINTH YCJIOBUsI, IIPU KOTOPBIX MOHOC(HEPHBIE BO3MYIIEHUSI MOTYT OBITDH
HanboJIee YeTKO BBISIBJIEHBI U B HAUOOJIbINEil cTereHu TOA00HBI ceiiCMU-
deckoMy curHajy. Hampumep, peKoMeHJIyeTcsl TPOBOJIUTH U3MEPEHMUSI
IIPU yTJIe BBIXOJIA paJinosyda co ciryTHuka Menbie 40 rpajycos. Lenb
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Harreir paboThl, C IOMOIMIBIO MOJEIBHBIX PACYETOB HA [IPUMEPE 3eMJie-
tpsicenusi Tohoku-OKki, mokazarb 3aBUCHMOCTH MOHOC(EPHBIX BO3MY-
meHuii OT BBICOTHI. 1Ipm co3maHuM MOJIE/IM WCIIOJIb30BAJINCH JAHHBIE
Yerrickoil cetn ceiCMUYECKUX CTAHINM, JaHHBIE MOHO30HA, PACIIOJIO-
»xkeHHOro B Pruhonice, n mammbie cetu momrepoBckux mamepennit. [loste
JBUYKEHIST 3€MHO IOBEPXHOCTU PACCIUTAHO IO JAHHBIM CEHCMUIECKIX
nabonenunit. [eneparus undpa3ByKa U €ero pacpoCcTpPaHeHNe VINTbI-
BaeT HEOJIHOPOJIHOCTh aTMOChephl, HeJuHeiHbIe 3(PGEKThI, UX IIOrJIO-
[EHNEe W PACXOIUMOCTb BOJIHOBOrO (poHTa. CrpaBejInBOCTb pacde-
TOB MMOKa3aHA IPU COIOCTABJICHUN PE3YJIBTATOB MOJE/IBHBIX PACIETOB
C pe3yJbTaTaMu JOILUIEPOBCKUX M3MEpeHuil Ha ceTtu pajgmorpacc. Ko-
3 uUImEHT KOPPEIANnT MeXK/1y PACIETHBIME U SKCIIEPUMEHTATHHBIMI
3anmcsIMu Jj1s ceiicmuyeckux BostH: P,S,|SS u neppoii PajieeBckoit BOJIHBI
coctaBus Bequauabl OoT 0.68 710 0.9. BhICOTHBIE 3aBUCUMOCTH MTOPTPE-
TOB MOHOC(DEPHBIX BO3MYIIEHUN OIPeIe/IeHbI JIjIs CIydas BO3IeCTBUsI
P-Bonuer Ha monocdepy. Iloprpersr nonocdepHbIX BO3MYIEHH COIO-
CTaBJIEHBI C TTIOPTPETOM 3aINCH ceficMraecKoro curaasia. Kosddumument
Koppessannu 3anuceii 11 BbicoTsl 100 kM coctaBmit 3Hadenue (.81, s
130 &M - 0.85, st 160 kM - 0.77, gt 180 km - 0.76, st 200 km - 0.7,
as 230 kM - 0.54 u gia 250 kv - 0.41. [Ipu 3TOM 11O TAHHBIM HOHOTPAMM
makcumyM cjiost F2 pacnostarascst va Bercore okosto 240 km. Takum 06-
pa3oM, It PACCMOTPEHHBIX YCIOBHI SKCIIEPUMEHTA, IPEITOITUTETHHO
OBLIIO TPOBOAUTH U3MEPEHUS MOHOC(EPHLIX BO3MYIIEHHUI HA BBICOTAX
amke 200 KM.

2.5 WHBepcum MArHUTHOIO I10JII B JUHAMUYIECKOM
CHCTEME CO CTOXACTUIECKUMU
af) -reHEepaTopaMu

Boduwuap I'M., Todomckasn A.H., Ilepememuvesa O.B.

Huemumym xocmofpusuneckux uccaedosaruti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

[Ipu cunbrOM MuddEpeHITMaTBHOM BPAIIEHIN TeHEPAIINI0 MATHUTHOTO
I0JIsT OIUCHIBAIOT ¢ MTOMOIBIO vf2-uHaMo. CBOHCTBOM JMHAMO CHCTEM
ABJISIETCH HaJIMYNe MHBEPCHUHU O€3 CYyIIeCTBEHHON IEPECTPONKM IBUKE-
HUs TPOBOJIAIIEH cpesibl. B peasibHBIX cucTeMax TakKhe WHBEPCUU HO-
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CAT KaK PeryssapHbI XapakTep, TaK W XaoTwdecKuit. B mammoit pabo-
Te WHBEPCUU MATHUTHOTO TIOJISI MOJIEJMPYIOTCA B IIPOCTOM JTHHAMUIE-
cKO#t Momesu af)-muHaMo ¢ QIIYKTYUPYIONMME UHTEHCHBHOCTSIMEA (t-
u )-rereparopoB. CumraeM, 9TO UCTOYHUKAMU ITUX (DIYKTyaIUil siB-
JISIETCST PE3YJITAT CUHXPOHU3AIMKA BBICIIAX OTOPOIIEHHBIX MOJ| CKOPO-
CTH W MArHUTHOTO TOJid. B Momenn af)-IuHAMO TpejojaraeM: ak-
CHAJILHYIO CHUMMETPUYHOCTH ITOJIs CKOPOCTH V M MarHUTHOTO 1oJist B
B cdepuieckoit 000/I10UKe BA3KOW HEC)KUMAEMON KUJIKOCTHU, BPAIIAIO-
mieiicst BOKpyr ocu Oz € MOCTOSTHHON YIVIOBOM CKOPOCTBIO (), 10jIe CKO-
pocTu vV HyJeBOe Ha BHYTPEHHe#l r = ri W BHemHedl 7 = 79 cdepu-
YeCKHUX TPAHUIAX 0DOJIOYKY, MATHUTHAS ITPOHUIIAEMOCTb BHYTPEHHETO
U BHEIIHEro si/ipa OJMHAKOBBI, Cpella BHE sipa (r > ry) He IIPOBO-
ngamast. CauraeM, YTO CpejHee TedyeHWe V HOCUT Xapakrep audde-
PEHIMATIBLHOTO BPAIEHUsI, KOTOPOMY COOTBETCTBYIOT MOJIBI V{J,o u3
JIMHEHHOI 000JI09KH {V{l)L07 V/f;z,o’ V£373)0, VkP4)470, ...} uHBapuaHT-
HOII OTHOCHTEJIHHO KOPHUOJIMCOBa CHOCa. JIrobasi Takast MO/a MOpOXK/1a-
€T OCTaJbHBIE IO TEeroYKke. B caMOM IPOCTOM cCiiydae CKOPOCTb XO-
POIIIO AIIIPOKCUMUPYETCsl CyIejytommeli KoMbuHameii: v = u(t)vy =
u(t)(onvg o + aaviyo + asviso + a1vii g + ai3visg), rae vo -
moza Ilyankape, | vo |= 1, u(t) — aMmmummryga cKOpoCcTH, KOMIIOHEHTDHI
[10JIsT CKOPOCTH CIUTAIOTCSI HE3aBUCUMBIME OT BpeMmenu. Marauruoe mo-
Jie IIpeJicTaB/IdeTCd MUHUMAJIbHBIM KOJTUYI€CTBOM HU3IINX CO6CTBeHHbIX
MO/, B(li 1,05 Bg)Q’O, Béf 3,05 AOCTATOYHBIX JYIsl IOJLy I€HUsI OCIUIIIPYIO-
mero guaamo. Puandeckue mapaMeTpbl KUJIKOCTH CUATAEM HEU3MEH-
HBIMH, TYPOYJIEHTHOCTD B siJ[pe€ W30TPOITHON U UCTIOJIB3YEM CKAJISIPHYIO

napamerpuzanuio a-3ddekra B Buge dbysxkuuun afr, §) = «o(r)cosb,
takoit uro maz|a(r, #)| = 1. TlogcTaBum 3TH PA3IOKEHUs] B MATHUTO-
IHJPOJIMHAMUYECKYIO CHCTEMY

0

a%l + Rep(VV)v = Py Av — VP — E71P, (e, x v)+
+(1+¢(1) four + (V x B) x B,

9B _ 1+ £(1)
B = Rem[V X (vxB) + AB+ Ra g
V'VZO) VB:O7 V(I‘l) :V(r2):0,

[V x (a(r,0)B)],

npuMmennM MeTo 1 ['aiépkuna 1 BBeIEM MeXaHU3M ajredpandeckoro mo-
JaByeHns a-3ddekra u ocruisdun. lonyydnm cucremy ciemayromero

31



BHUJIA:

ou
a = —Pmu(t) Zakkk + (1 + C(t)) fout + Z OéiLijkBjBk,
k i,j,k
0B;
o = Repu(t) zk:ajWijkBk — piBi + Rall_:_z:% ; ik Bk
k

rue ¢(t) m £(t) — croxacTuyecKue IIPOLECCHI C HYJIEBLIM CPEJIHHM.
Buibupast paznmusbie 3uadenusi (Re,, R,) u3 Mayoil OoKpecrHOCTH
TOUKH OudpypKaluym U pazjndHble HadajbHbIE YCIOBHUS IIOJIydaeM
Pa3IMYHbIE PE2KUMBI JTUHAMO.

2.6 HMurepakTuBHas cHUCTEMa aHAJIA3A
reOMarHUTHBIX JIAHHBIX

Conoeves H.C.12

L Huemumym xocmodususeckus uccaedosanuli U pacnpocmparerus
paduosonr IBO PAH, Poccus
2 Kamuamexut 20cydapcmeennviti meTHudeckut yrueepcumen

B pabore mpejcraBiieHbl METO/BI AHAJM3a BapUAINl TeOMArHUTHO-
ro TII0JIsl, PeajM30BAHHBIE B IPOTPAMMHOII CHCTeMe KOMILJIEKCHOTO
aHajm3a reodu3MIecKuX HapamerpoB «Auroras. MeTojabl 103BO-
JIAIOT OIEHWBATh WHTEHCHBHOCTH T'E€OMATHUTHBIX BO3MYIIEHUN U
BBIJIEIATh TEPUOJILI MOBBIMEHHOW TIeOMArHUTHON akTuBHOCTH. [la-
paMerpbl IPOrPAMMHON CHCTEMBI ITO3BOJISIOT BBIMOJHSITh AHAJN3
MArHUTHBIX JIAHHBIX, KaK JiJisi PAWOHOB BBICOKUX MIUPOT, TaK W
Ha skBaTope. s J1eTasbHOTO aHAMN3a TEOMATHUTHBIX JIAHHBIX B
[IEPHO/bl MAarHUTHBIX Oypb M cyOOypb B CHCTEME DPean30BaHbl AJl-
rOpUTMBI  00PabOTKYM CEKYHIHBIX JaHHBIX. [Iporpammuas cucrema
peasmzoBana B orkpbitom gocryie (http://aurorasa.ikir.ru:8580,
http://www.ikir.ru:8280/lsaserver /MagneticPage.jsp). Uccaenosanus
BBITIOJIHEHBI 3a cueT cpeictB Poccuiickoro Hayaroro ®@ona, [IpoekT
No. 14-11-00194.
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2.7 MWccnepoBanue nonocdepHbix 3P PeKToB
3eMJIETPSICEHUI Ha OOJIBIINX PACCTOSHUSAX OT
SIMUIIEHTPOB

Iepesanosa H.IL', Bepneapom O.H.', ITodaecnmii A.B.1,
Ilecmaros H.B.%3

L Hnemumym coaneuno-zemnoti dpusuxu CO PAH, 2. Hpxymcesk
2 Tanrvrnesocmounsiti dedeparvioii ynusepcumem, 2. Baadusocmor
3 Unemumym npuxaadnoti mamemamury JJBO PAH, e.
Baadusocmox

I[To mammbim cereit GPS um Bwicokockopocraoro JIYM-nonozonma
MIPOBEJIEH AHAJN3 MOHOCHEPHBIX BO3MYIIEHU, BBI3BIBAEMBIX 3€MJIe-
TPSICEHUSIMU B JlaJibHell oT snmineHTpa 3oue. Jannbie GPS BorsaBuin
ACUMMETPUIO 3aTyXaHUsI HOHOC(EPHBIX BO3MYIIEHUN B PA3INYHBIX Ha-
npaBjeHusx ot snurentpa. [lo qanaeim Mpkyrckoro JTYM-nonozonna
MPOBEJIEH CTATUCTUYECKWT aHain3 HOHOChEPHBIX 3IDDHEKTOB 1Ist
28 szemuterpsicennii, npomzomemmux B 2011-2016 rr. B 9 ciaygasx B
HIDKHet noHocdepe oOHApYKEHbI BEpTUKAJIbHBIE CPEIHEMACIITA0HbIE
HeozHOpOAHOCTH  («multicusp»), cBsi3aHHBIE C PACHPOCTPAHEHHEM
V/IapHBIX aKyCTHYECKUX BOJIH, BBI3BAHHBIX PIJIEEBCKUMH IIOBEDX-
HOCTHBIMU CeficMuYecKuMH BOJHAMU. J[Jist ydeTa ImpOCTPaHCTBEHHOTO
pacupeesieHnsi CEHCMUYIECKUX BOJIH IIPU OIEHKE SHEPIeTUKU Ha-
3€MHOT'0 UCTOYHHKA AKYCTUIECKHX BOJIH IIPEJJIOZKEH HOBBII HHIIEKC
KW. Pabora BpmosneHa mpu mnojjepxkke mnpoekrta Ne0344-2015-
0019 «UccaenoBanne cucrembl juTochepa-armocdepa-noHochepa B
IKCTPEMAJIBHBIX YCA0BUsIX» nporpaMmbl [Ipesummyma PAH Nel5, rpan-
ta HIII-6894.2016.5 Ilpesumenta P® rocymapcTBeHHOI MTO/IIePKKI
BeLyIuxX HayIHBIX MKoJ P®, rpanta PODU Ne17-55-53110 GFEN _ a.
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2.8 KomMiniekc MarHUTHBIX HAOJIIOJeHniI HAa
I'eodusuyeckoii o6cepBaTopun «Ilaparynka»
KNP /IBO PAH: 3agaun, BO3MOX>XHOCTH,

IIepPCII€EKTUBbI
Xomymos C.IO.

Hrnemumym KoemoPuauneckux uccredosanutdl U pacnpocmpaHeus,
paduosoan JJBO PAH, Poccus

Perynsapubie MaruuTHbIE T3MEPEHNsT BBITIOIHAIOTCS Ha ['eoduzmaeckoit
obcepsaropun «Ilaparyrka» (PET) UKUP JIBO PAH c¢ 1967 r. B
HOBOM TBICSTUEJIETUH 3aBEPINUJICS TIEPEX0/l C aHAJIOTOBOI AIIapaTyphbl
Ha 1UPOBYI, ObLIM U3MEHEHBI TEXHOJIOIMU abCOJIFOTHBIX HAOJIIOe-
HUil, 06paboTKa TOJHOCTHIO MEPEBEIeHA Ha KOMIIBIOTEPHYIO OCHOBY,
nostyden cratyc obcepsaropun INTERMAGNET. B nacrosiiiee Bpemst
Ha 06CEPBATOPUH MCIIOIB3YIOTCS CJEMYIONIE MArHUTOMETDBL: (&) s
abcosmorbix Habmonenunit - DI-marautomerper LEMI-203 (Ha 6Gase
reogosmra 3T2KIT) u MAG-01 (reomomur Wild-T1), ckassipable mar-
uuromerpsbl POS-1 u GSM-19W; (6) jyis BApUAIMOHHBIX U3MEPEHUi
- depposongosbie marauromerpel FGE-DTU, FGR-601 u MAGDAS
(ycraHOBJIEHHBIE 1O MEXKJIYHAPOJHBIM COIVIAIIEHUSIM), BEKTOPHBIE
marauTomerpbl dIdD GSM-19FD u POS-4 Ha ocHOBe oBepxay3epoB-
CKUX JIATYUKOB, CKajspHbiii MarauToMmerp GSM-90 v mHIyKITMOHHBII
marauromerp STELAB. B jierHee Bpemsi Ha BBIHOCHOM IIYHKTE
«Kapbimmmuaay (15 kM or obcepBaTOpru) BBIIOJIHIIOTCH U3MEPEHUSs
¢ momoripio Marautomerpa dIdD. CymecrByer cucrema KOHTPOJIsE
YCJIOBH#I, B KOTOPBIX MPOBOJIMTCS MATHUTHBII MOHUTODPWHT, BKJIIOYa-
olasi, B TOM 4YHCJe, MOJIynpodeccrnoHaabHble MereocTannun Davis
Vantage Pro2 u WS2000 u cersp nudposbix Tepmogarankos DS18B20,
PACITOJIO’KEHHBIX B PA3JIMYHBIX TOYKAX B MATHUTHBIX TABUJIBOHAX U HA
yuutie. Bee uamepenust cuaxponuzoBanbl co mkaitoir UTC. Pesyiabrarsr
HAOJIIONEHUIT ¢ pEerucTpaTopoB cobupaiorcs cepBepom ganHubix UKUP,
B TOM YHCJIe, B PEAJHLHOM BpeMeHH. Pa3paboTaHo CHeIruaIn3upo-
BaHHOE Iporpammuoe obecredenue (Ha ocuose makeroB MATLAB u
Octave), I03BOJILIONIEE B ABTOMATUYECKOM U HOJIYaBTOMATHYECKOM
pexumax o6pabaThiBATh MOJyYeHHbIE JTAHHBIC, BBIMOJHATH CPABHEHUE
pe3y/IbTaTOB WM3MEPEHUN Pa3JUIHBIMA HPUOOPAMH U PEJICTABJIATH
UTOroBble JIaHHBIEC B Cl)OprIa.TaX, OHpe)leJ'[éHHbIX MeXK/1yHapOJIHbIMN
crangapramu, B ToM uncie, INTERMAGNET. 3uaunresbrast pabora
Ha 006CepBATOPUM BEJETCHA C APXUBHBLIMU (IIEPBUYHBIMEU) MATHUTHBIMA
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ITAHHBIMHU, CYIIECTBEHHAsS YaCTh KOTOPBIX HE 00paboTaHa B ITOJIHOM
00béMe, He NpeJCTaBJieHA B MEXK/IYHAPOMHBIX IEHTPAaX JAHHBIX U
JI0 CHUX IIOp HEJOCTYIIHa HaydIHOMY coobmiecTBy. CoOCTOsIHHE KOM-
IUTEKCA W3MEPUTEJIbHBIX CPEJACTB U 0a3 JAaHHBIX ITOKA3bIBAET, UTO
obcepBaropueii «IlapaTyrka» MOKeT pemraTbcsi OOJIBITUHCTBO 3aJad,
KOTOpbIE€ BO3HUKAIOT B 00JIACTH M3y4YeHUsI TEOMATHUTHOIO IOJIsA, B TOM
quciie, MIPEJIOCTABJIEHNE JAHHLIX JUJIsi IIOCTPOEHUS PErHOHAJIBHBIX U
rJ1006aJIbHBIX MOJIeJIeli I0Jisi, Ha3eMHOe ODeclieyeHne MarHUTOMETPOB,
PACIIOJIOXKEHHBIX HA CILyTHUKAX, IOJJIEPIKKA HA3EMHBIX (MODCKUX) U
A9POMATHUATHBIX ChEMOK U PabOT Ipu OypEeHWH CKBaXKWH, IIPEIOCTaB-
JIEHUE JAHHBIX JJIs U3y9IeHHUs MPOIECCOB B JinTocdepe, MaruuTocdepe
u unoHocdepe B IIMPOKOM [IMAINA30HE YACTOT, a TaKXKe JJIs psia
NPUKJIQIHBIX TTpobsieM. PaboTa BBITTOHEHA TIPU YACTHIHON TO/IEpIKKe
rpauta PODOU Nol6-55-45007 u rpanta PH® No14-11-00194.

2.9 KommiekcHbie aTtMocdepHo-IuTocdepHbIe
HaOJIIOJIEHNS aKyCTUYECKOIo U3JIyYeHUs B
nyukTe «Kapbpimimmaa» na Kamuarke

Jlapuonos U.A., Mapanyaey FO.B.

Hremumym xocmopuduueckuxr uccredosaruts U pacnpocmparerus,

paduosoan JIBO PAH, Poccus

Wznararorcs pe3ysibTaThl KOMILIEKCHBIX HAOJIIOJEHUN aKyCTUIECKOTO
W3JIyYeHUsl B IPHUIOBEPXHOCTHBIX MOPOIAaX W B arMocdepe y IIo-
BepxHOCTH 3eMui. VHCTpyMeHTaMu HAOJIONEHUIT C/Iy2KAT JIA3ePHBII
nedopmorpad-unrepdepoMerp U MUKPOOAPOMETP, YCTAHOBJIEHHBIE
B HEIOCPeJICTBEHHOI Ojim3ocTu Jpyr or japyra. llokasano, dro mpu
YBEJINYEHUU CKOPOCTH J1ehOPMAINii B IPUIIOBEPXHOCTHBIX IIOPOJIAX Pe-
TUCTPUPYETCS MOBBIIIEHNE WHTEHCUBHOCTU AKYCTUIECKOTO H3JLyI€HUsT
B armocdepe y moBepxHocTH 3eMiin. OIEHEHO BJIUSHUE METEOPOJIOTH-
Jecknx (paKTOPOB Ha Pe3yabTaThl HAOJIIOICHUIA.
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2.10 MOHUTOPUHT Tre0aKYyCTUYIECKON IMUCCUU
OCA/IOYHBIX TIOPOJ, IIPU MTOMOMIN JIA3€PHOTO
nedopmorpada-uarepdepomerpa u
TPEXKOMIOHEHTHOTO ITh€303JIEKTPUYE€CKOTO
celicMOMIPUEMHUKA

Muwgerko M.A.Y, Jlapuonos U.A.*, Boeomonros JI.M.2, Cvoives B.H.?

L Mremumym xocmodusuneckux uccaredosaruti U pacnpocmpanens
paduosoan JIBO PAH, Poccus
2 Uncmumym mopckoti 2zeonoeus u 2eofusuxu JBO PAH, Poccus
3 Hayunas cmarnyus PAH, Kvpevizcman

[IpencraBiensl  pe3ysibTaThbl  KOMIUIEKCHBIX — Teo1ehOpMaIMOHHBIX
Habsmofennit Ha Kamuarke. B KadecTBe PerucTpupyronmx CUCTEM
UCIOJIB30BAJIACE JIa3epHBIi Jedopmorpad-unaTepdepomerp (paspabo-
rad B UKVP JIBO PAH) u TpéXKOMIIOHEHTHBIN T30 IEKTPUIECKU
ceiicmonpuémunK, n3roroBiaeHubii 3AO «[eoakycrukas u mpemocTas-
gennbrii UMI'ul' JIBO PAH B pamMkax COBMECTHBIX HCCJIEIOBAHUM.
[IpoBemeH aHaJM3 CHUTHAJIOB, NMPUHUMAEMBIX OTHOBPEMEHHO DAa3HbI-
MU cucreMaMu peructparmu. Cpeln HUX BBIABJIEHBI CeHCMUYECKUE
CUTHAJBI OT 3eMJIETPICEeHUU, WUMOYJIbchl ¢ dvacTtoroit mo 100 I'm
u 6ojiee BBICOKOYACTOTHBIE TEOAKYCTUIECKUE CUTHAJIBI, PETUCTPUPY-
eMble paHee CHCTeMOIl pasHeceHHbIX ruapodonos 8 UKMP JIBO PAH.

2.11 O1eHKHN XapaKTEepPUCTUK OOJIAYHOUN CTEHBI
rya3a TaiipyHOB MO JaHHBIM BCEMHUPHOI ceTH
JIOKAJIN3aIY MOJIHUMI

Hepmsaxos M.C.

Tuzooxeancrutd oxearonoeuveckut uncmumym um. B.U. Uavuuésa
Hanvresocmounozo omdesenus Poccutickot Axademuyu Hayx,
anvnesocmounnti Pedepasvroiti Yrnusepcumem

B pabore mno gammeim BcemmpHOit ceTm JiOKasM3anuy  MOJHUI
(WWLLN) npoBejieH aHajm3 CTPYKTYDbl HOJI€Hl MOJIHHEBBIX pas-
PSZIOB B IEHTPaJbHON obmactu Tponumueckux 1wkjoHoB (TII)
ceBepo-3alia iHo dactu Tuxoro okeana B mepuoy ¢ 2011 mo 2015
rr. MosiHreBasi aKTUBHOCTHL B IleHTpaJbHOil obsiactu TII maummaer
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MOSIBJIATHCS. Ha CTAJIUU Jeripeccur. Bo Beex cynepraiidpyHax Ha CTaIun
TalipyHa 3a JIeHb WM 3a JBa JHSA J0 MaKCHUMAJbHOTO PA3BUTHUS
B IOJSX Pa3psjioB YeTKO BBLLICISIOTCS CTPYKTYPbI B BHJE KOJell
WM 9acTeil KOJBIEBBIX CTPYKTYp. OHEM CBA3BIBAIOTCA ¢ TIyGOKOI
BJIAYKHOI KOHBEKIHEil B 0DJaYHON cTeHe Iuia3a TaiibyHOB B obJyacTu
MAaKCUMAJIbHBIX BETPOB. [IpUBOJSATCA XApPAKTEPUCTUKH ISTUX KOJIerl
(KoOpIUHATHI 1IEHTDPA, PAIUYC M IIUPHHA), & TaKyKe OLUEHKH [0 HHUM
HOJIOXKeHNsl TIeHTpa Taii)yHOB U CKOPOCTeli NX IlepeMeIleHns, KOTOPhIe
CPaBHHMBAIOTCS C OLICHKAMU U3 apxuBoB AMmepukanckoro IlenTpa mrrop-
mosoro npeaynpexienusa (JTWC) u Snonckoro Mereoposioruaeckoro
Arenrcrea (JMA).

2.12 IlapaJsutesbHbI€ aJJaITUBHBIE METOIbI
pPa3perKeHHOo# anrpoKCUMAaInM JIJis aHaJIn3a
reoakKyCTU4eCKnX NMIYyJIbCOB

Kum A.AV2, JIyxosenkosa O.0.52, Mapanyaey FO.B.!,
Tpucmanos A.B.13

L Mnemumym xocmodusuneckux uccaedosanuti u pacnpocmpanen
paduosoan JIBO PAH, Poccus
2 KamI'V um. Bumyca Bepunea

3 Kaaununepadckuti mexnuveckutds 20cy0apcmeenpi YHUGepcumen

[Ipu umccremoBanmu MaTepuaioB HA MPOYHOCTH, B reoU3UKE W MIPHU
U3Yy4YEeHUH CEeHCMHMYeCKOIo IIpoIlecca IMUPOKOE Pa3BUTHE IIOJIY YU
[TACCUBHBII aKyCTOIMUCCHOHHBI MeTOx. B ero ocHoBe JIeXKUT n3yde-
HHE XapaKTEPpUCTHUK HNMITYJIbCHBIX CUI'HaJIOB aKyCTI/I‘{eCKOﬂ IMHCCUU,
BOBHUKAIOIIUX B pe3yJibTarTe ILJIACTHIECKON IedOpMAIUA TBEPIBIX
cpen. UccnenoBanust na Kamuaarke mokazain 3pheKTUBHOCTD aKyCTO-
SMUCCHOHHOI'O METO/Ia JIJIsi MOHUTOPUHIA aKyCTHYECKUX BO3MYIIEHMUI,
BO3HUKAIOIIUX B 3BYKOBOM /IMalla30HE YaCTOT IIPU aKTUBU3AIUU Jie-
dopManyy 0ca0IHBIX TOPO/T Ha 3aKJIIOYUTEIHHON CTa NN TOATOTOBKI
ceficMuaeckux coObITuil. Takas sMuUcCHsT MOJyUN/Ia Ha3BaHUE T€OAKY-
CTUYECKOH, a ee BO3MYIIEHMs] YacTO BBICTYHAIOT B KadecTBe Ollepa-
TUBHBIX MPEIBECTHUKOB 3eMJIeTpsceHmil. ['eoakycTuieckne MMIYIbCHI
XapaKTepu3yIOTCs CJIOKHON BHYTpPEHHEH CTPYKTYpOii, OOJIbIIIM pa3-
HOOOPa3ueM BpeMeHHBIX (DOPM, CHIIBHON 3aITyMJIEHHOCTHIO U KOPOTKOI
JIUTEebHOCTBIO. [lpuMensiemble It aHAJIM3a TOJOOHBIX CUTHAJIOB
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B JPYIUX HAYYHLIX ODJACTIAX KJIACCUYECKHE YACTOTHO-BPEMEHHDBIE
METO/IbI He JIAI0T XOPOIINX Pe3yIbTaToB. ABTOpaMU MpeJIozKeH HOBBII
MOJIXOJ/, K aHAJJIU3Yy U MOJIEJTMPOBAHUIO I'€0aKyCTUYECKUX CUT'HAJIOB HA
baze MeTOIOB pa3pekKeHHO# ammpokcumaruu. JIas mpesioyKeHHbIX
METOJIOB pa3paboTaHa mapasliejbHas Pean3alinsi, 9TO TO3BOJISIET IPO-
U3BOIUTH MOJEJNPOBAHIE 1 00PADOTKY B PEKUME PEATHHOIO BPEMEHN.

2.13 IIporHo3sumpoBaHne reoOMarHUTHBIX UHIEKCOB
Mpu MMOMOINU MCKYCCTBEHHBIX HEMPOHHBIX
cereit

Masaexosa U.H., /loaenxo C.A.

HUN sdeproti pusuxu umenu /1. B.Crobesvyvina, MI'Y umeru
M.B. Jlomonocosa

B pabote npuBoagTCcs pe3yabTaThl IPOIHO3UPOBAHNS 3HAYEHUN r'eOMar-
HUTHBIX nHJIeKcoB Ap, Kp n Dst, xapakTepu3yiomux cocrosiHne 3eMHOMI
MarauTocdepsl, HOJyUIeHHbIE C TOMOIIBIO UCKYCCTBEHHBIX HEHPOHHBIX
cereii (MHC), ¢ pazupiMu ropu3oHTaMK IPOrHO3a. [IPOrHO3bI BBIIOJIHE-
HBI Ha OCHOBE MHOI'OMEDPHBIX BPEMEHHBIX PsJIOB, BKJIIOYAIONINX B CceDst
3HAYEHUs IPOrHO3UPYEMbBIX HHJIEKCOB, a TaKKe JAHHBIE O IIapaMeTpax
COJIHEYHOTO BETPa W MEXKILUIAHETHOTO MATHUTHOTO I0JIs, 38 HECKOJIBKO
[TOCJIEJTHUX CYTOK.

WccnenoBanne BbIIONHEHO 3a cderT rpanTa Poccmitckoro Haydnoro
Donga (mpoekT nHomep 16-17-00098).
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2.14 PesynbTaThl 00paboOTKM JIJAaHHBIX paaapHOi
nHTepdepomerpun 3a 2016 roj mo
TeppuTopuu oXkKHoi Kamuyarkm

Japuonos U.A.Y, Iepeocoeun A.C.1>2

L Huemumym Kocmofususeckus uccaedosanuti U pacnpocmparenus
paduosoan JJBO PAH, Poccus
2 Kamuamexuti 2ocydapemeennsili yrusepcumem umeny Bumyca
Bepunea, Poccus

B zamagax reodm3myeckoro MOHUTOPHHIA B CEHCMOAKTHBHBIX 00JIa-
CTAX GOJIBINIOE BHUMAHUE YIEIAETCS Te0IeDOPMAIIMOHHBIM [TPOIIECCaM
B 3emHO#t Kope. Todedmnbie HAOIIOMEHWST CMENIEHUIH 3€MHONW KOPBI
¢ mnomombo GPS-usmepenuii, JiasepHbIX UHTEPEPOMETPOB JIaeT
JINIIIb BO3MOXKHOCTh ITPOAHAJIM3UPOBATh JIUHAMHUKY BO BpeMeHHU 0e3
BO3MOXKHOCTHU SKCTPAIOJISINN HA CMEXKHbBIE yYaCTKH. B cBsI3u ¢ 3TUM
GOJIBITION WHTEpEC MPEeJCTaBIsIeT MPUMEHEHNE TEeXHOJOTMH PaJapHOi
nHTepGEPOMETPUN  JIJIT  OIEHKH CMEINeHW 3eMHON OBEPXHOCTH.
B 1okmame paccMmaTpuBaioTCs Pe3yabTAThl  00pabOTKHM  PaapHBIX
JaHHBIX criyTHEKa Sentinel-1A. ITosry4eHBl HECKOJIBKO KaveCTBEHHBIX
nHTePMEPOMETPUYECKHUX I1ap 3a IEPUOJI C WIOHHA 10 OKTa0ph 2016.
Bricokuit koaddurnmenT kKorepeHTHOCTH HAOJIOIAETCS HA OTKPBITHIX
y9aCcTKaX B OKPECTHOCTH BYJKAHUYECKUX IIOCTPOEK W MPHUJIETAIOIIIX
TEPPUTOPUAX, a TaK »Ke Ha 3amaanoM mobepexbe Kamuarku, r1e
OTCYTCTBYET BBICOKasl PaCTUTEJbHOCTh. OCHOBHBIM (PaKTOPOM CYIIe-
CTBEHHO CHUZKAMOIIUM KOI€PEHTHOCTh M300DarKEHUU SIBJISIETCS JIECHOM
mokpoB. O6CyK1aeTcss BOIIPOC O BO3MOXKHOCTHU OIEHKM CMEIIEHUsI [10-
BEPXHOCTH JIJTsl YIaCTKOB C BBICOKAM KO(DMUITUEHTOM KOI€PEHTHOCTH.
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2.15 CumMBoOJIbHBbIE BBIYHNCJIEHUS B MOJAEJINPOBAHUN
r'IPOMardiuTHOTO JIMHAMO

Boounwap I'M.Y2, @ewenro JILK.*

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

UcciienoBanue 3a1a9 IUHAMO ILUIAHET W 3BE3J 9aCTO IIPOBOJAT C HC-
MMOJTb30BAHUEM TEeX WJIM WHBIX METOJOB B3BEIIEHHBIX HEBA30K. B sTmx
METOJAX ITOJIS PA3JIATAI0TCA B KOMOMHAIINY CTAITMOHAPHBIX MOJ C 3aBU-
CANAMU OT BPEMEHU aMILTUTYIaMU.

[TocTpoenne Momenun guHAMO BKJIOUaeT B cebss oTOOp MOJI, a 3aTeM
COCTaBJIEHUE JTUHAMUYECKON CUCTEMBI i aMmIuinTyxd. Jlannast cucre-
Ma, SIBJISIETCsT KBRIPATAIHO-HEJNHENHOM C TOCTOSHHBIMY KO3(MUITNEH-
tamu. Camu KO3(OUINEHTH BBIYUCISAIOTCS KAK OObEMHBIE WHTErpa-
JIBL OT PA3JINYHBIX MYJIbTUIJINKATUBHBIX KOMOWHAIWMIT OA3MCHBIX MOJT
U BeKTOp-orepaTopa V. Yuciao uHTErpajaos pacTeT MPOINOPINOHAIBHO
TPeTbell CTEleHN KOJUIECTBa MO/I, [I03TOMY UX PACYeT BO3MOYKEH TOJIb-
KO C WCIIOJIb30BAHUEM BBIUUCIUTE/IbHON TEXHUKH.

st BerauciieHnss KO3 HUIUEHTOB yI00HO WCIOJIb30BATH CHCTEMbI
CUMBOJIbHBIX BBIYUCJICHUS, TOCKOJIBKY HHTEIPUPOBAHUE IO IOBEPXHO-
ctu cdepbl IPOBOJNATCH AHAJIUTUYECKH, U TOJIBKO WHTETPUPOBAHIE B
pa,JII/Ia..HbHOIVI HaIIpaBﬂeHI/II/I Tpe6yeT IIpI/IBHequI/Iﬂ YHUCJICHHbIX METO/10B.
Jist perteHust ONMMCAHHBIX 3ajiad ObLa pa3paboTaHa eauHasi TeXHO-
JIOTHsSI B CHCTEME KOMIIbIoTepHoil airebper Maple. Peammsyromnuit ee
KOMIIJIEKC IIPOrPAMM BKJIIOYAET MOJY/IN PACcYeTa MOJ CBOOOIHBIX KOJIe-
bGaHuil XKUIKOCTH U COOCTBEHHBIX MOJI JUCCHUIIAIMN MArHUTHOTO IOJIS,
pOrpaMMBbI pacydeTa AIIPOKCHUMAIANA MOJ CBOOOIHBIX KOJIeDaHUIT BO
BpamaroIieiics 000JI0YKe, TPOrpPaMMbl pacdeTa KOI(PMUIIMEHTOB U
ABTOMATUYECKOTO COCTABJIEHUS JTUHAMUYIECKUX CHCTEM MATHUTOTHUIPO-
JIUHAMAYECKON KOHBEKIMU B chepuuecKu 0DOJIOUKAX C PASIUIHBIMA
BapUAHTAMU IPAHUYHBIX YCJIOBHIA.
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2.16 Amnanus noHocdepHbIX IapaMeTpPOB B
IMIpOrpaMMHOI cucteMe «Aurora»

Ionosos FO.A., ®emucosa H.B.

Hrnemumym koemoPuauneckux uccredosanutdl U pacnpocmpaHeHus,
paduosoan JJBO PAH, Poccus

B pabote mpesicTaBieHbr METOIBI MOJIEIUPOBAHUS U AHAJIN3a HOHOChED-
HBIX [TAPAMeTPOB, PEAJN30BAHHBIE B IIPOI'PAMMHON CHCTEMe KOMILIEKC-
HOI'O aHa/In3a reo@U3NIECKuX apamerpoB «Auroray. MeTojibl 03BO-
JISTFOT aHAJIM3UPOBATH XapaKTepHbIE M3MEHEeHUs [IapaMeTpOB HOHOCKhe-
PBl U BBLIEJSTH aHOMAaJIbHBIE OCOOEHHOCTH B MEPHUOIBI MOHOCKHEPHBIX
BoaMmyIrennit. [lapaMerpsl peanu3yonmx aJropuTMOB aAIITHPOBAHDI
IJIsT aHaamu3a gaHubix nonocdepsl crannuu «Ilaparynkas (Kamuarka),
a TakKe, 110 Pe3yJbTaTaM OIEHOK (aHAJIM3UPOBAJIUCH JIAHHBIE CTAH-
it AkyTek, T'akoHA U Jp.), METOJBI MOTYT OBITH IIPUMEHEHBI JJisl 06~
sgactu cpegaux mupor. Crucrema peasm3oBaHa B OTKPBITOM JIOCTYIIE
(http://aurorasa.ikir.ru:8580).

UccnenoBanme BBIMOJHEHO 3a CY€T TpaHTa POCCHIICKOTO HAY<THOTO
donma, npoext Ne14-11-00194.

2.17 CoBMecTHBII aHaAJIN3 ITApaAMeTPOB MOHOC(EPHI
U JAHHBIX KOCMUYECKUX JIydeil B MepUuoIbl
MarHuTHBIX Oypb 2015r

Mandpurosa O.B., Ilonrosos FO.A., Bansnes T.JI.

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

paduosoan JIBO PAH, Poccus

B pabore BBITIOJTHEH COBMECTHBIN aHAJIN3 MOHOCKEPHBIX MapaMeTpPOB
U JIAHHBIX KOCMHUYECKUX JIydeil B MEePUOJIbI CHUJIbHBIX MArHUTHBIX OYpPb
2015r. AHajiM3 OCHOBAH Ha NPUMEHEHUU BeWBJIET-IIPEOOpPa3OBaHUs U
HelipoHHBIX ceTeil. HakanyHe MarHuTHBIX Oyph BBIIEICHBI aHOMAJIbHBIE
W3MEHEHUs B JIAHHBIX, KOTOPbIE, BEPOSATHO CBS3AHBI C IPUOIIMKAIOIII-
Mucs cobbiTusiMu. VlceeqoBanme BBIIOIHEHO 3a CUeT IpanTa Poccmii-
ckoro HayvIHOTO (pomuaa, mpoekT Ne14-11-00194.
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2.18 ConocraBJjieHue TEIJIOBOr'O II0JIA 3€MHOI
Kopbl CeBepHoro Taub-I1lang c
OCOOEHHOCTSIMU CEMCMHUYECKOTO PEXXNMAa

2Kanmaes 2K III., Buases A.B.

Hayuonarorwvild yenmp KocmMuseckur uccaedosaruti U mernoso2ud,
Hremumym wonocgepn, Kasaxcman

O0600IIEeHBl U CUCTEMATU3UPOBAHBI JIAHHBIE O IIapaMeTPax TeIIOBOIO
oJist 3eMHoit Kopbl CeBeproro Tsub-11lans. Vcnoib3oBan sKciepuMen-
TaJbHBI MaTepuaJ O (PUINIECKUX CBOMCTBAX MOPHBIX MOPOJ, MPSIMbIE
OIpEJIeJIEHNsST TEMJIOBOIO IIOTOKa HA IOBEPXHOCTU W KOPPEJSITNOH-
HBIE€ COOTHOIIEHUSI TeOTEPMHUYECKUX I1apaMeTPOB € CeUCMHIECKUMH
CKOPOCTSIMH. BBISICHEHBI 3aKOHOMEPHOCTH DPaCIpPeesIeHNs TeIIOreHe-
PUPYIOIIUX 3JIEMEHTOB C TJIYOMHOIA, cocTaBieHbl o0beMuble 3D Momen.
CTpyKTypa TeIIOBOTO MOTOKA HM3yYeHa Pa3JioKeHHueM HabJIIo1aeMoit
HA [IOBEPXHOCTH BEJUYUHBI Ha KOPOBYIO (PAJMOr€HHYIO) U MAHTHHAHYIO
(rory6unnyro). s pacdera remieparyp IPUMEHEH METOJ, YUCIEHHOrO
MOJIEJIUPDOBAHUS DEIIeHUsI TPEXMEPHOI'O YpPaBHEHHUsI KOHIyKTHBHOI'O
TEILIOTIEPEHOCa C HAYAJbHBIMU U I'PAHUYHBIMU YCJIOBUSMU U C YIETOM
JIOTIOJTHATEIbHBIX MCTOYHUKOB PAJIMOTE€HHOTO TeIlJjia. YCTAHOBJIEHO
HaJU9ue BBICOKOTEMIIEPATYPHBIX obJsiacTeil Ha riaybmHax 35-60 KM ¢
BesimaunHaMu Temmeparyp Ha 100-250 C Bblle coJMIyca, 9TO MOXKET
[IPUBECTU K YACTUYHOMY ILIABJIEHUIO TOPHBIX mopo. Paccunrano moJte
TepMoynpyrux gedopmarnit, gocrurapomux or 20 mo 40 mporeHToB
OT ODIIEro JINTOCTATUYECKOTO JIaBJIeHUs. Bbljie/leHbl 06JIacTH 3eMHO
KODBI, B KOTOPBIX IOPOJbI HAXOJATCA B YCJAOBUIX TEMIIEPATYPHBIX
HArpy30K I[IPEBBIMIAONINX WX KPUTUYIECKYIO MIPOYHOCTH. BBIIOJHEH
CPABHUTEJIbHBIA aHAJIU3 C IPOABJICHUAMU CEHCMUYECKONH aKTHBHOCTHU
Tepputopun. [lo Mopdosoruu obJracTeit aHOMaIbHBIX TEMIEPATYP U
TEPMOHAIIPS2KEHUI OIPeJIe/IEHbl KPUTEPUU KOHTPOJIUPYIOIIHE pacipe-
JieJIeHUEe TUTIOINEHTPOB 3eMJIETPSICEHUIA.
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2.19 ®pakTasibHbIEe MOJIEJIN CEIICMOAKYCTUIECKO
" 3JIEKTPOMAarHUTHOU aKTUBHOCTH

Hlesuos B.M., Illepememvesa O.B.

Hnemumym K0cmoPusureckus ucciedosanut u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

CraTucTuvaecKkne MOJEIN CeHCMOAKyCTHIEeCKON U 3JIEKTPOMATrHUTHOM
AKTUBHOCTU, OOYCJOBJEHHON 1edOpMAIMOHHBIMUA  BO3MYIIEHUSIMU,
paccMOTPEHBI Ha OCHOBE cocTaBHOro mporecca Ilyaccona u ero dppax-
TaJabHBIX 00001IeHnit. TakKe UCIOIb3YIOTCS BOJHOBBIE TIPEICTABICHUST
atux mporeccoB. OOCYKIAeTCsT TATh PEXRUMOB  J1ebOPMAITMOHHON
aKTUBHOCTU M UX POJIb B HOHUMAaHHUU IIPUPOJBI IIPEJIBECTHUKOB 3eMJIe-
TPsCEHUIL.

2.20 ®PpakTajbHbIE CBOICTBA N3MEHYNBOCTHU
reodu3nYecKux I0Jeil Ha ITpuMepe
r'JIPOXUMUYECKNX IMOKa3aTeJeii

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

L Hnemumym xocmodusuneckux uccaedosanuti u pacnpocmpanenus
paduosoan JIBO PAH, Poccus
2 Tuzookeancrutl oxeanonozuveckud uncmumym um. B.H. Hivuvesa
JIBO PAH, Poccus

C wucrosp30BaHmeM CBOMCTB coctaBHOro mporecca Ilyaccona u ero
dpakTaIbHBIX O00OOIIMEHU!T PACCMOTPEHBI CTATUCTUYIECKHE MOJIEIN
U3MEHYNBOCTH T'eO(DU3NIECKUX I0JIeHl HA IIPUMEPE CHCTEMbI THPOXU-
MHUYECKUX IoKazaresieil. DT Mojeaun 00Jaal0T YHUBEPCAJIBHOCTHIO,
HEOOXOIMMOI it ONMCaHus OOBbEKTOB PA3JIMIHON MPUPOJBI, U I03-
BOJISIIOT OOBSICHUTH PA3JIMIHBbIE PEXUMBI Iysbcanmii. OOCyKIa0Tcst
MPOSIBJICHNUST HEKOHCEPBATUBHOCTH B  CHCTEME€ THJIPOXUMHUIECKUX
oKaszaTesieil W IPENMYINeCTBAa CHCTEMHOTO TOXOJa B OIHMCAHUN
U3MEHYNBOCTU T'e0(PU3NIECKUX ITOJIEI.
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2.21 DBoJonud 3JIEKTPOIYBCTBUTEJIbHOCTHU
nedOpMAaIMOHHBIX MPOIECCOB B reocpe/ie (Ha
npumepe BI'II).

Cwives B.H.', Bozomonros JI.M.2, Cvoivesa H. A

b Hayunaa cmanyus PAH ¢ 2. Buwxexe, Kupausus
2 @I'BYH Hncmumym mopckoti 2eonozun v 2eofpusuru JBO PAH,
Poccus

Coydait Bo3eficTBHUil Ha reocpey JIEKTPOMATHUTHBIX UMITYJIbCOB, Te-
HepupyeMbIX TpH mmyckax reodpusndeckux MI/L - remepaTopos, anajm-
supoBajicsa B paborax Tapacosa H.T. ¢ coasropamu n3z D3 PAH u
OUBT PAH [Tapacos, 1997]. B stom ciyuae oGHapy>KEeHHBIH MOCTE
[IPOBEJEHUS JIEKTPO30HINPOBAHUN IPUPOCT CEHCMUYHOCTH Ha TepPpU-
Topun ['apMCcKOTo m BUINKEKCKOro IOJIUIOHOB TaKKe MPOUCXOIU 38
CUYeT yBeJMYEHHs KOJUIECTBa CJIaObIX coObiTuil. B paborax rpyrmb
apropoB n3 Hayunoit cranmun PAH B r. Bumkeke (HC PAH) [Covi-
yeB U ap., 2010] mosyyeH aHAJOIMYHBIA 1O CMBICILY Pe3YJIbTaT, CyTh
KOTOPOT'O — TPUTTEPHOE BJIMSHIE HA JIOKAJIBHYIO CEICMUYIHOCTD IJIEK-
TPOMarHUTHBIX MMIIYJIbCOB 30HIUPYIONIUX TOKOBBIX HMMILYJIbCOB yCTa-
HoBku DPI'Y-600-2, npuMensiemoro B HacTosiee Bpemst BMecro MI'JI-
renepatopoB. [lo maHHBIM 3THX PadOT, OTKJIUK HA JIOMOJHUTEJHHOE
BHEIIIHee BO3MIEUCTBUE B BUIE KPATKOBPEMEHHOI'O IIPUPOCTA CYTOYHO-
ro 4ncia caabbIX 3eMyleTpscenuii (cobbITuit 7-9 Kiacca) HACTYIAET C
3aJIePXKKON B HECKOJIBKO (0T 5 J107) CyTOK. AKTHBAIMsI IIPOUCKOJIUT, B
OCHOBHOM, 38 CU€T COOBITHUI, TUITOIEHTPhI KOTOPBIX HAXOJISITCS Ha, [JIy-
6uHax 5-15 KM 1 IOMAIAI0T BHYTPH IJIOMAM OIMKANIINX K UICTOIHUKY
30H C MOBBIIIEHHON €CTECTBEHHON CeCMUIHOCTHIO. DddeKT mpupocTa
AKTUBHOCTU HA D5-7 CYTKH B HEKOTODBIE IIEPHUObI IKCIIEPUMEHTA IIPe-
Boimas yposeub 2 CKO, a i OTKJIMKOB C MEHBIAMU 3a/ePKKAMU
addekT onenen Ha ypobHe 3Haunmoctu 1 CKO. [pyrue ke aBTopbl
[CvupHOB, 3aBbsizioB, 2012] oTMeda0T, YTO AKTUBAIMS [IPOUCKOIUT B
bostee KoporKuit epuog, — 35 gacos. Cjemyer OTMETUTH, UYTO TIPU 00-
paboTKe YIUTBIBAJICS KOPOTKHM MHTEpBaI BpeMenu: oo mycku MIJI-
reneparopa(1983-1998 rr.), aubo JONOIHUTENbHBIE 30HIUPOBAHKS OJI-
HOTIOJITPHBIMU I/IMHyJIbcaMI/I(QOOO—QOOS FF.). B cBasu ¢ 3tuMm B nokmaze
BHOBb aHAJIU3UPYETCsi BOIIPOC O BO3JIEHCTBUM HA CEHCMUIECKUN PEIKUM
WMITYJIbCOB TOKA, KOTOPBIE TEHEPUPOBAJINCH PA3HBIMU UCTOYHUKAME, HO
MIO/IABAJINCH HA OIUH M TOXKe BO30Y2KIAIONINI [IUIIOIb B TEIEHUE BCETO
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BPEMEHU €r0 MCIOJIH30BAHUS HA BUIKEKCKOM reoInHaMUIeCKOM [TOJIH-
rose ¢ 1983 mo 2017 rr.

JIuteparypa.

1. Cmupnos B.B., 3asbsios A.Jl., K Bompocy o cefilcMUIecKOM OTKJI-
K€ Ha 3JIEKTPOMAIHUTHOE 30HupoBanue jurocdepnl Semin// Pusuka
Bemum. 2012 Ne7-8. C. 63-88.

2. Ceiues B.H., Boromosios JI.M., Peioun A.K., Ceruesa H.A. Bun-
sIHAE 9JIEKTPOMAIHUTHBIX 30HIMPOBAHMI 36MHOIl KOpBI Ha ceificMuye-
CKHUIl peXKUM TEPPUTOPUHN DBUINKEKCKOro reofuHAMUIeCKOr0 IOJIUTOHA,
// Tpurrepubie a¢pdexror B reocucremax / Ilox pex. Axymxuna B.B.
u Kouapsauna I'.T. M.: TEOC. 2010. C. 316-326.

3. Tapacos H.T. Iamenenne ceiicMUIHOCTH KOPBI IPU IJIEKTPUIECKOM

sosueiicreun // doxka. PAH. 1997. T. 353. Ne4. C. 542-545.

2.22 DJjeKTpOMarHUTHbIE U aKyCTHUYECKUEe
U3JIydeHus Iepe]] KaM4aTCKUM
3eMJIeTpsiCeEHueM

Mapanyaey, FO.B., Jdpyorcun I'H., Yepnesa H.B., Coroduyx A.A.

Hnemumym xKocmoPuduseckus ucciedosanuts U pacnpocmparerus
paduosoan JIBO PAH, Poccus

Haubosiee BeposiTHOW MPUYINHON BOSHUKHOBEHUSI OJIHOBDEMEHHBIX aHO-
MaJIbHBIX W3JIy9YEHUIl B PA3JIMIHBIX IO CBOEH IPUPOJIE FJIEKTPOMATHUAT-
HOM U aKyCTHIECKOM TIOJISIX SIBJISIETCS AKTUBU3AIMS 1eDOPMAIMOHHBIX
IIPOIIECCOB NP HIOJIOTOBKE CHJIBHBIX 3emirerpsiceHuil. st moarsep-
XKeHus 3Toro Ha KamuaTke mpoBeIeHbl OTHOBPEMEHHDbIE HAOJIIOIeHUST
3JIEKTPOMATHATHBIX CUTHAJIOB M aKyCTHYECKOW SMUCCUU B JIUAIIA30HE
qgacror or 0.1 T'p mo 11 kI’ [1]. B pesysbrare sxcrepumenTa ObLIn 3a-
PerucTpUpPOBAHBI BCILIECKHU M3JIyI€HU, TOSBUBIIAECT TPUMEDPHO 3a 24
qaca mepej ceficMuaeckuM coobitreM ¢ My p=>5.4 n He HAOIIOIAIOIIH-
ecsl B IpDyTUe JIHU B 9TOT IIEPUOJ] BDEMEHNU CYTOK B aBI'YCTe - CeHTAOpe
2013 r.

1. Hpyxwun I'U., Mapamyner; FO.B., Yepuesa H.B., Ucaes A.IO.,
Conomuyk A.A. Akycrudeckue 1 3JIeKTPOMATHUTHBIE W3JTy YeHUsI TIePe]
semiierpsicenneM Ha Kamuarke,/ /Jlokiaznpl akanemun Hayk, 2017, Tom

472, Ne5, c. 584-589.
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2.23 IlpmmeneHme kKomILiekca «Sensor signal
analysis network» nusa pacnpenesieHHOrO
CUHXPOHU3UPOBAHHOTO MO BPEMEHU aHAJIN3a
3JIEKTPOMArHUTHBIX W3JIyY€HU

Mowanoe B.A., Mouanosa A.B.

Hnemumym K0cmoPusureckus ucciedosanuti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

B pabore paccmaTpuBaercss — pa3pabaTbiBaeMblii  ITPOTPAMMHO-
almapaTHbIii KOMILIEKC <«Sensor signal analysis networks st
pacCIpeieJIEeHHOTO  CHHXPOHU3WPOBAHHOIO IO BPEMEHU  AHAJIN3a
JIEKTPOMATHUTHBIX U3JIydeHuii. [IpuBojsTess 06/1acTH TPUMEHEHUST U
OCHOBHBIE OCOOEHHOCTH KOMILIEKCa. PaccMaTpuBaeTcst puMep UCIOJb-
30BaHUSI KOMILIEKCA /I MOHUTOPWHTA HCTOYHUKOB €CTECTBEHHOI'O
JIEKTPOMATHATHOIO M3JIy4YeHUsl 1O JaHHBIM perucrparuu B OHY
nuanasone. llpemaraercs 0000IIeHHasT QYHKIIMOHAJIBHAS —CXEMA
MMOTOKOBOTO AHAJIM3a CUTHAJOB (DYHKIIMOHAILHBIM y3JIOM KOMILJIEKCA
U pacCMATPUBAETCS €€ MPUMEHEHHUE JJisi MOTOKOBOTO PACIO3HABAHUS
aTMOChEPUKOB, BUCTJIEPOB ¥ TBUKOB.
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3 ®dDusuka IMpPeJBECTHUKOB 3eMJIeTPICEeHU
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3.1 Bapwmanuu ¢doHOBOro ceificMm4ecKoro ImyMa Ha

CTAINSAX MOATOTOBKU CUJIBHBIX 3€MJIETPsSICEHU
Kamuyarknu 2013-2016 rr.

Kacumosa B.A.Y, Konvinosa I'H.*, Jhobywun A.A.?

b Kamvamexuti duiuan @edeparvriozo uccaedosamensckozo uenmpa
Eodunasn eeopusuueckan cayorcoa PAH
2 @edepanvrioe 2ocydapemeenoe 6100o1cemmoe yupesticoenue nayru
Hremumym gusuxu 3emau um. O.10. HImudma Poccutickot
arxademuu HAYK

[IpencrasiieHbl pe3y/bTaThl MCCJIEIOBAaHUS Bapualuit (pOHOBOTO celi-
cmmaeckoro myma (@CIII) ma KamuaTke ¢ HCIOIb30BaAHAEM METOAR,
npeIoxKeHHoro J.d.-m.H. A A. JTioOymuHBIM, U JaHHBIX OT CETH IIH-
poxkornosocHbIxX ceficvuaeckux crarnuii @I ET'C PAH (Bcero 21 cran-
ust). B kauecrse napamerpos @CIII ucnosb30BaICh CpeIHECY TOUHBIE
BEJIMYIMHBI [TAPAMETPOB MYJIbTU-(DPAKTAIBHBIX CIEKTPOB CHHIYJISIPHO-
¢t 1-MUHYTHBIX PSIOB IIyMa, PACCUMTAHHBIE [T KaXKI0M CTAHITIH, -
00ODIIEHHOrO TOKA3aTeIsT XePCTa W IMMUPUHBI HOCUTEJIST CIEKTPa CHH-
I'YJIAPHOCTH, & TaK2Ke BEHBJIETHON CIEKTPAJIbHON 9KCIOHEHTHI 1 MUHU-
MaJIbHOM HOPMAJIM30BAHHON SHTPOIMH BEWBJIET-KO3(MD@MUIIMEHTOB IILy-
Ma. Brisoan! no usmenunsoctu nojisg @CII caesnansl ¢ MoMOIbLIO HabO-
pa KapT IPOCTPAHCTBEHHO-BPEMEHHOTO PACIIPEIEICHIS CTATUCTUK IITy-
Ma u rpadUKOB M3MEHEHN MEIUAHHBIX 3HAYEHUN CTATUCTUK, OICHU-
BaEeMbIX II0 BCEM CTAHIUSM Ha BPEMEHHBIX MACIITabdax OT OJIHUX CYTOK
10 6—TI/I MeCdIleB. TaK)Ke BBIIIOJIHEH aHaJIN3 KOTE€PEHTHOT'O IIOBEIEHUA
BpeMeHHbBIX psijioB paccmarpuaeMbix craructuk @CII. ITpu srom me-
TOJMKA BKJIIOYaJIa pa30MeHne ceTu Ha IPYIIIbI CTAHINIA C yaeToM bepe-
rosoro addexra, kKoudurypanuu cetu (CeBepHasi, IeHTPAJIbHAS U 0XK-
Hasl PYIIbI), OCHOBHBIX TEKTOHHYECKUX CTpyKTyp Kamuarku u mo-
CTPOEHNE BPEMEHHBIX PsJIOB Me/INaHHBIX 3HAUEHUIl ITapaMeTpPOB IIIyMa
OT KaXKJION TI'PYIIbl CTAHIUI. 3aTeM CTPOWJINCh U AHAJIU3UPOBAJIUCH
9aCTOTHO-BPEMEHHBIE JUATPAMMBI SBOJIIOIUN CIEKTPAJIBHOI MepPhI KO-
TEePEHTHOTO MOBEIeHUsT 4-XMEPHOTO Psijia MapaMeTpoB IIyMa JJIs BbI-
JIeJIeHns] MHTEPBAJIOB BPEMEHHN U YACTOTHBIX IT0JIOC IIPOSABJICHUS MaK-
CUMAJIbHBIX 3HAYEHU!, [MOKA3BIBAIOIINX YBEJINYeHNEe KOIE€PEHTHOCTH B
U3MEHEHUSIX BCeX cTarTucTuk myMa. ObHapy»KeHo, 4To 3a 3-6 MecsiieB
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repeji CHJIbHBIME MECTHBIMU 3emirerpsicerusmu 28 despastsa 2013 1.,
M=6.8; 24 maz 2013 r., M=8.3; 30.01.2016 r., M=7.2 HabII07a/TICH
3aKOHOMEPHbIE U3MEHEHUS IIyMa CTATUCTUICCKUX MapPaMETPOB IIIyMa.
Jlist Beeit cerm cTaHIUT MaKCUMAJBHBIA 3(D@EKT MOBBIMIEHHON KOre-
PEHTHOCTH B JHWAIla30HE TEPUOJIOB 4-5.5 CyT COOTBETCTBYET BPEMEHH
MIOITOTOBKYU M PEAM3AINY JIBYX CHJIbHBIX 3emierpsicennit 2013 r. Ilpu
3TOM JIjIsl CEBEPHOH TPYIIIBI CTaHIHI 3(hDEKTHI TOBBINTEHHO KOT€PEeHT-
Hoctu B uaMenenusix @CIII ve Hab/r0Ma/IMCD; IS TIEHTPAJIBHON TPYII-
IIbI CTAHIIUN BBIJICJISTIOTCS BCILIECKH KOT€PEHTHOCTH HA MHTEPBAJIaX Bpe-
MEHU, COOTBETCTBYIONINX BPEMEHU TOJIOTOBKH U PEAH3AINNA CEHCMU-
geckoit aktuBm3arnuu 2013 r. u 3emserpscenuto 2016 r.; 1j1s F0XKHOI
TPYIIBI CTAHIUI BBIJE/IEHbI CIabble BCIJIECKH ITOBBIIIEHHON KOT€PeHT-
HOCTU HA WHTEPBAJIe BPEMEHH ¢ cepenHbl Hostops 2012 1o KoHerr, HioHs
2015 rr. XapakTrep IOBejieHUsI paccMaTpuBaeMmbix napamerpos @CIII
rmepeJl KaMYaTCKUMU 3€MJIETPSICEHUSIMU B ODIIEM BUJIE COOTBETCTBY-
€T WX BapUalWsAM B TEPHUOIBI IOATOTOBKU 3eMyeTpscennit Anonun c

M=8.3-9.0.

3.2 BpigesieEne npeaBeCTHUKOBBIX aHOMAJINI
MeToZioM aiireHockornuu 2KynaHOBCKOTO
zemurerpsicenuss 30 ssaBapsa 2016 r. ¢ My =7.2 n
ray6unoit ouara 171 km (Kamuarka)

Qupcmos IT.I1.Y, Heaxesuy /I.B.23, Heaxesuy B.B.2>3,
I'pynckas JI.B.2, Maxapos E.O.', Bydunos /. H1.*

I Kamuamerxuti uauan Teogusuueckoti cayorcov PAH, e.
Ilemponasaosck-Kamuamexuti, Poccus
2 000 BusnecCopmCCepsuc , 2. Baadumup, Poccus
3 Baadumupexudi 2ocydapemeermonti yrusepcumem, 2. Baadumup,
Poccus

PaccMorpeno npuMeHeHne MEeTOOUKHN aliTeHOCKOIINNU JJIs aHAJIN3a KOJI-
JICKTHBHOT'O IIOBEJICHUSI BDEMEHHBIX PsIJIOB IIOYBEHHOT'O PaJIOHA C IeJIbIO
BBISIBJICHUS [IPEJIBECTHUKOBBIX aHOMAaJIHil repes riryboxkum 2Kymanos-
CKHUM 3eMyieTpsiceneM ¢ M=7.2. Ajirenockor (ot aHri. «eigenvectors -
COOCTBEHHBIH BEKTOD) MM «AHAIN3ATOP CODCTBEHHBIX BEKTOPOB M KOM-
IIOHEHT CUTHAJIa» ABJIACTCA BUPTYaAJIbHBIM IIPHOOPOM, IHO3BOJIAIONIAM

49



BBLIIEJIATH PelepHble TOYKN KOJIJIEKTUBHOI'O IOBEJIEHUS B MHOT'OMED-
HBIX BPEMEHHBIX psjiaX. PaccMOTpeHbl MHOIOMEpPHOE BPEMEHHOE PsiJibl
(01.08.2015 r. - 17.02.2016 r.), IOy IEHHBIE HA CETU IIyHKTOB MOHHTO-
puHTa NoANoYBeHHOrO pasoHa llerpomasmosck-Kamaarckoro reonna-
Mudeckoro mojurona. llepes rirybokum 3emserpsiceamem ¢ M = 7.2,
MIPOU3OTIE M Ha yAaaeHnu 120 KM OT IMyHKTa PETUCTPAIIAN, C IIOMO-
IBIO0 METO/Ia AlireHOCKOIINY B JIMHAMUKY II0YBEHHOT'O PaJIOHa YBEPEHHO
BBIJIEJINJINCh PEIePHble TOYKM, KOTOPBIE MOI'YT PacCMaTPUBATHCA KakK
IIp€e/IBECTHIKOBLIE AHOMAJINN.

3.3 WuadopmanmnoHHBII NMOAX0 K aHAINIY
AKYyCTUYECKUX U JIEKTPOMArHUTHBIX CUTHAJIOB

Cenxesun FO.H.', Muwenkxo M.A.', Japuoros H.A.",
Coroduyr A.AY, ok B.A.2

L Hriemumym xocmodusuneckux uccaedosaruti U pacnpocmpanens
paduosoan JIBO PAH, Poccus
2 Canxm-Ilemepbypecruti uncmumym uHGOPMAMuUKY U
asmomamusavuyu PAH, Poccus

PaccmarpuBaeTcss TUmoTe3a O CBS3W AKYCTHYECKUX U JIEKTPOMAT-
HUTHDBIX ¢BJICHUI, BbBI3BAHHBLIX CEHCMHUYCCKON AKTUBHOCTLIO 3€MHON
kopel. B IKWP nHakorieHbl apXuBbl JAHHBIX MOHUTOPUHTA TAKUX
CUT'HAJIOB, HA OCHOBAHUU KOTOPBIX [€JIAE€TCs IONBITKA BbIJIEJEHUS B
HUX OOIIUX 3aKOHOMEpPHOCTEed. AKyCTHYeCKUH U 3JIEKTPOMAarHUTHBII
CUTHAJIBI SIBJIAIOTCS HEJUHEHHBIMU W HECTAITMOHAPHBIMHU TIO CBOEH
npupojie. Ilo 3Toit TpUYMHE CTATUCTUYECKUM TOAXOJ K aHAJIUIY
CBOIICTB TAKUX CUTHAJIOB U OOHADY2KEHUE CBA3U MEXKIy HUMU BBI3bIBa-
€T 3HaYUTeIbHbIE TPYAHOCTH. B KadecTBe aJbTePHATHBHOIO IOIXOIA
rpejictaBieH MHAMOPMAIMOHHBIN IIOAXO0/I K IOMCKY 3aKOHOMEDPHOCTHU
U CBSI3W B PacCMaTUBAEMbIX CHUIHAJOB. CBs3b MEXJy SIBJIECHUSIMU
YCTAHABJIUBAETCS YepPe3 BBIJIEJIEHUE TTOC/IEI0BATEILHOCTENH B3AMMOCBSI-
3aHHBIX cOObITH. [Toa COOBITHSIMI MOHMMAETCS 3adUKCUPOBAHHBIE BO
BPEMEHU U3MEHEHUsST XapaKTEPUCTUK aHAJTM3UDPYEMbIX CUTHAJIOB. 3allir-
ChIBAETCsl OOBEKT, KOTOPBINI PETPOCHEKTUBHO CBS3aH C OIPE/IETEHHBIM
Cl)aKTOM IOATBEP2KIECHHOI'O celiCMIYeCcKOTO sIBJIEHUSI. COBOKyIIHOCTb
3allCaHHBIX OOBEKTOB IOJBEPraeTcsl JIMHIBUCTUYECKONH 00paboTKe.
B pesysbrare cozmarorcss KiacTepbl OJMU3KUX 110 JIMHIBUCTAYECKON
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crykrype. IlpemcraBierpl pe3ysabraTbl CPABHUTEIHHOTO — AHAJIM3A
CTATUCTUYIECKOTO ¥ MH(MOPMAIMOHHOTO ITOIXO/IOB.

3.4 MHNcnosab3oBanue texnosioruu «HTepHeTa
Belieii» JIJisi MOHUTOPUHTA IIPEIBECTHUKOB
3eMJIeTPsSICeHU

Jasapesa O./., Yyxun B.B.

Poccutickuti 2zocydapcmeenvili 2u0pomMemeoposo2useckut
yrusepcumem, Poccus

1t MHOTUX PErmOHOB 3€MHOIO Iapa, Ha TEPPUTOPUHU KOTOPBIX Pac-
MIOJIATAIOTCST CEICMUYIECK aKTUBHBIE 30HBI, aKTyaJbHa pa3paboTKa Me-
TOJUKHU, ITO3BOJIAIONIEHl TOYHO OIPEJEJIUTDh CUJLY, SIUIEHTDP U BPEMeH-
HOIi JTMAIa30H ceiicMudeckoil akTuBHOCTH. OOHADYKEHNE TTPEIBECTH-
KOB 3eMJIETPSICEHUI IOMOXKET IIPEIOTBPATUTD OOJIBIIOE KOJTIMIECTBO He-
JIOBEYECKUX 2KEPTB, & TaK>Ke COKPATUT BJIMSHUE PA3pPYIIEHUll, BbI3BaH-
HBIX 3eMJIETPSICEHUSIMU, Ha BCe cepbhl KU3HMU.

MHuoroJuc/ieHHbIE HA3€MHBIE U CIIyTHUKOBBIE HAOJIIO/IEHUs MTOKA3AIH,
9TO B IIEPUOJIBI, IPEIIIIECTBYIONIIE CHIHHBIM CEHCMUIECKUM COOBITUSIM,
PerucTpupyoTCs BO3MYIIEHUs 3JEKTPOHHON KOHIIEHTpalnuu HoHOCKhe-
PBI HaJl 00JIACTBIO SMUICHTPA. BBIsSB/IEHNE MPEIBECTHIKOB 3€MJICTPSI-
CEeHUsl BBIIOJIHSIETCSI C MIOMOIIBIO (PUKCUPOBAHUS OTKJIOHEHUI TIOJIHOTO
astekTponHoro cojepkanug (I19C) oTHOCHTENHHO yepeIHEHHBIX 3HAYE-
Huit 3jieKTpoHHON KOoHIeHTparuu. OWH U3 U3BECTHBIX METOJIOB MOHM-
TOpPUHTA MOHOCHEPHI OCHOBBIBAETCS HA MCIIOJb30BAHUM HA3EMHON pe-
TUCTPAIMH PAIMOCUTHAJIOB IJTOOAIBHON HABUTAITMOHHON CITyTHUKOBOI
cucrembl (I'HCC) u mocnienyromero onpejenenusi II9C nonocdepst Ha
OCHOBe 00pabOTKM KOIOBBIX U (ha30BBIX M3MEPEHUN 3aI€PKKHU PAJIAO-
curaasa. CpaBHEHHUE TOJIYyIeHHBIX 3HAYEHUN C TapaMeTPaMU «CIIOKO-
HOI» MOHOCKEDPBHI MMO3BOJIAET JIeJIATh BBIBOJBI O IIPEJCTOAINIEN B OIH-
2Kaiimume Jachl ceficMUIecKoil 06CTaHOBKE.

Ucnionpzopanue TexHosioruu «VHTEepHETA Bemieil» st cbopa mHMOP-
maruun ¢ mHOXkectBa ['HCC-tipmeMHUKOB, MOAK/IIOYEHHBIX K CETH
UnTepHeT, MaeT yHUKAJIBHYIO BO3MOXKHOCTH IOJYYaTh OMEPATHBHYIO
nadopmarmio o pacipesaesern [[19C ¢ BBICOKUM TPOCTPAHCTBEHHBIM
paspelienueM Jjisd BbIBJIEHUA SIUIEHTPa I'OTOBAINErocda 3eMJleTpsce-
Hust. BO3MOXKHOCTH CO3/IaHUsI TYCTON N3MEPUTEHHOM CEeTU JOCTUTAETCS

o1



3a cuer co3nanus gerieBbix ' HCC-nipueMHIKOB Ha ocHOBE 11aT(HOPMBI
Arduino, cocrosimeil U3 EYaATHON IJIATHI C MUKPOKOHTPOJLIEPOM U
nojiKIF0YeHHbIM  JronoiHuTesibEbiM T HCC  momysnem.  Ompejiesienue
noHocepHoit 3amepKKu paganocuriasa u pacder I19C monocdepn
ocymectistorcs HernocpeacrBenao B ['HCC-npuemuunke. Pesynbrarst
epesialoTcst 1Mo OECIPOBOIHOMY KAHAJY CBI3W 4epe3 IVIOOATBHYIO
cerb VIHTepHET Ha CIENUATU3UPOBAHHBIN CEPBEP, TJ€ MPOUCXOIUT
nocrpoenne Kapt II9C wumoHochepbl UM BbIsIBJIEHHE IIPEIBECTHUKOB
3eMJIeTPsACEeHUI.

3.5 MHNccanenoBanue Bapuanuii OTHOIIEHUS
JIEKTPUYECKOl KOMIOHEHTbI K MAarHUTHOM,
CUTHAJIOB I'PO30BBIX Pa3ps/i0B, ITPOXOIAIINX

Ha/l SNUIEHTPaMu 3eMJIeTPsSCEeHMt

Apeyros B.B., Kopcaxos A.A.

Hremumym kocmouduseckuxr uccaedosanuti u adpoHoMuL

um. FO.I. Hlagepa CO PAH

Ilog npenBecTHMKAMN 3eMJIETPSCEHUN MOHUMAIOTCS BBIIEJISIONTIECS
Pa3JIMYIHbIC ABJICHUSA, KOTOPbIE MOXKHO 3aMECTHATDL W 3aPErICTPUPOBATH
Iepest, 3eMJIeTPsICEHIEeM. B Iepuoj MOArOTOBKU 3€MJIETPSICEHHUSI U BO
BpeMsi CaMoOro COOBITHsI HAOJIOMAIOTCT MOHOC(HEPHDBIE BO3MYIIEHUS
HaJT 00JIACTBIO SMUIEHTPA. B 10CTaTOIHO GOBIIIOM KOJIMIeCTBE paboT
[MOKA3aHO, YTO BapHAIUU AMIUIMTYIbl U Da3bl CUIHAJIOB HHU3KOUYa-
CTOTHBIX PaJIUOIIEPEIATINKOB, HAOJIOJAEMbIX 33 HECKOJIBKO JHEH 10
3eMJIeTPSICEHNI, MOI'YT OBITH HCIIOJIb30BAHbI B KAUECTBE IIPEIBECTHUKOB
3emierpsicennit. st pajpionpocBevYnBaHUs CEHCMUYECKN BO3MYIIEH-
HBIX oO0JlacTell HMXKHeWl HOHOCKEpPHl MOIYT OBITh HCIOJIB30BaHBI U
€CTECTBCHHBIC 3JICKTPOMAarHUTHBIC CUTHAJIBI I'DO3OBBIX HCTOYHHUKOB -
armochepurn. Hecmorpst ma nHectarumonapHocTh IOTOKa arMocdepu-
KOB B BapHallUsAX UX CPeJHeN aMIUINTY/Ibl, DEruCTpUpytoTcs 3pdeKTsl,
KOTOpPBIE MOT'YT OBITH CBSI3aHBI C IOCJIEIYIONIMMH 3€MJIETPSICEHUSIMU.
B xome ucciteroBannii 6bLT yCTAaHOBJIEH elrle OUH (HPaKTOP, CBA3aHHBII
C U3MEHCHHUAMH XapaKTECPUCTUK CHUI'HAJIOB TI'DO30BBIX DPa3pAloB IOJ,
BO3JIEHCTBAEM CEHCMHUYECKUX COOBITHIl. YCHJIEHHE AMILIATYJIBI aTMO-
chepruKoB, PACIPOCTPAHMAIONIMXCS HaJ SIHUIIEHTPOM 3eMJIETPSICEeHuil,
OoTpazkaeT BapHalliK IIapaMeTPOB HUXKHEl NOHOCKEPHI, IIPOUCKOJISIIIX
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10/T BO3JIefiCcTBIEM celicMuaecKuX mporeccoB. OOBITHO paccMaTpUBAET-
Csl TIOBBINIEHNE KOHIIEHTPAIINU JIEKTPOHOB, UYTO MOXKET TPAKTOBATHCS
KaK IOBBIIeHNe KO3 PUIMEHTa OTpakeHusl BOJIH. Kcjm paccMmarpu-
BaTh Tpaccel cpeaueii nporszkennoctu (2000 - 4000 kM) ¢ HEGOILITUM
YUCJAOM OTparkKeHuil BOJH 0T uOoHOChEpbl (PeanbHO CJelyeT pac-
CMATpUBATh BOJHOBOW MEXAHU3M PACIPOCTPAHEHUS), TO C YYETOM
FPAHUYHBIX YCJIOBAN MOXKHO OYKHUJIATh, 9TO CEHCMUYECKHE IIPOIECCHI B
[IEPUOJL ITOJINOTOBKYU 3€MJIETPSICEHUIT JIOJI?KHBI TIPOSIBJIATHCS HE TOJIBKO
B BapHalldsiX aMILUIUTYIbl aTMOC(EPUKOB, HO U B U3MEHEHUH OTHOIIIe-
HUST COCTABJISIOIINX TIOJIsT PAIMOBOJIHBL: BEPTUKAJIHHON 3JIEKTPUIECKON
(perucrpupyercsi BEpTUKAJIBHON MITHIPEBOH AHTEHHON B IKCIIEPUMEHTE )
K FOPU30HTAJIBHO MATHUTHOMN (PEruCTPUPYeTCs ABYMsI CKPEIIEHHBIMU
pPAMOYHBIMU aHTeHHamu). JIefiCTBUTENBHO, B TEPUOJ IPEIBECTHUKA
[IPOMCXOMUT WM3MEHEHUE IIPOBOJUMOCTH (KOHIEHTPAIMU 3JICKTPOHOB
B wmonocdepe) U KOMILIEKCHOH JIM3JIEKTPUIECKOH IIPOHUIIAEMOCTH
Cpebl, BO3MOXKHO U M3MEHEHNE OTHOIEHNS TPUHAMAEMbIX KOMIIOHEHT
nosis arMocdepukoB (HpezroJaras, YTO MMIEIAHC IIOJCTUIIAIONIE
IIOBEPXHOCTHU B IIYHKTE IIPHEMa He U3MEHSETCH 3a BpeMs HabJII0IeHus
ceficMmoadderTos). st IPOBEPKH TAKOH BO3MOXKHOCTH HADSIJLY C aM-
IUIATYI0H aTMOC(EPUKOB aHAIU3UPOBAJIOCH OTHOIIEHIE HAIIPSIYKEHUSI,
CHUMAEMOI'O C BEPTUKAJIHHON JIEKTPUIECKONH AHTEHHBI K CyMMAapPHOMY
HAIPSKEHUIO, CHAUMAEMOMY C TOPHU30HTAJBHBIX MATHATHBIX AHTEHH.
[Tepen mavamoM m3MepeHUil JAJTBHUX aTMOCGHEPUKOB KOIDDUIMEHTHI
YCUJIEHHUs] U3MEPUTEJIbHBIX TPAKTOB yCTaHABIMBAJIMCH TAKUM 0OPa30M,
9TOOBI OTHOIIIEHNE HAIPsKEHUi ObLI0 paBHO 1.

3.6 Moaenb nepeHoca pajioHa B IIOPUCTOM
I'PYHTOBOM CJi0O€ KOHEYHOI MOIITHOCTU

Ilaposux P.HU.

Huemumym xocmofpusuneckux uccaedosanutt u pacnpocmpaHerus
paduosonn IBO PAH, Poccus

MaremaTuueckoe MOJIeJIMPOBAHNUE IIPOECCOB IIepeHoca paaoHa (222Rn)
ABJIAeTCA AaKTyaJbHOM 3ajadeil B CHJy pPa3JIMYHBIX IIPUJIOXKCHUNA.
OJIHI/IM U3 TaKHUXx IIpI/IJ’IO}KeHI/Iﬁ ABJIFAETCA HU3Yy4dYeHue IIPEeJIBECTHUKOB
CUJIBHBIX 3€MJIETPSICEHUI C TIEJIBI0O UX BO3MOXKHOTO ITPOTHO3UPOBAHUS
[1,2]. B arux paGorax IOKa3aHO, YTO PAJIOH SIBJISIETCSI WHIUKATOPOM
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HaIPA2KEHHO-1e(POPMUPOBAHHOTO COCTOAHUAS [€OCPEIbI U HAOIIOMAIOT-
CsI €0 OTKJIMKH B TI0JIE IIO/IITOYBEHHOrO PAJIOHA B BUJE PA3IUIHBIX aHO-
MaJIui.

MareMaTHdeckoe MOJEJUPOBAHIE IIPOIECCOB IEPEHOCA DaJoHa pac-
CMATPUBAETCA B PAMKaX SMAHAIMOHHOIO METO/Ia, KOTOPBII IOIPOOHO
ussiokeHn B paborax [3,4]. Kak npaBuiio, 0CHOBHOI BKJIa/l B MEXaHU3M
neperoca Rn, BHOCAT mporecchl auddy3un U aaBeKInd, OJHAKO Ha
MUTPAIMOHHYO CIIOCOOHOCTH RN BJIUSIIOT METEOPOJIOTMIeCKUe YCIOBUSI,
1e0UT IPYHTOBBIX BOJ, 3(dy3usi, T€0JOrTIECKUX 1apaMeTPOB U CBOI-
cTBa reocpenl u T.1. [3,5]. [TosTomy MaremaTuaeckast MOJEIb IIEPEHOCA
Rn B reocpene npuHIMAETCsI ¢ HEKOTOPBIMU IOy IIIEHASMUA.

B pabore mbI Oysiem mpemoaraTb, YTO HeCTAIMOHAPHBIH mepenoc Rn
OCYIIECTBJIAETCS B OJTHOPOIHOM CJIOE IIOPUCTOrO TPYHTA TOJIBKO 33 CYET
b Py3NOHHO-aIBEKTUBHOIO MEXAHU3MA, TAKXKe CUUTAEM, UTO BJIHSI-
HIe MeTEOyCJIOBHUIl Ha ITPOIlece epeHoca Rn He3HAYNTEIbHO U UM MOXK-
HO TIpeHedpedb.

C mnoMmompio WHTErpajbHOro Impeobpas3oBanus Jlamimaca u gucieH-
HOTO €ro OOpallleHusl IIOJyYeHO peIllleHre MOJEIN HeCTAIMOHAPHON
b dy3un-aBeKIINN PaJIOHa U IIOCTPOEHBI KPUBbBIE PACIIPEIETIEHIS Pa-
JIOHA.

Crucok JuTepaTyphl
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3.7 HepaBHOMEpPHOCTb paciipe/ieJIeHus
celiCMUYeCcCKnX COOBITHI 110 BpEMEHU CYTOK U
celicmononocdepHble CBA3U

Bozomonos JI.M.*, Bopornuna T.E.2, Kamenes II.A.1,
Baxynun A.C.}, Cvivesa H.A.?, Coiues B.H.?

Y UMIul’ IBO PAH
2 C® EI'C PAH
3 HC PAH

Panee wHWeomHOPOTHOCTH CYTOUYHBIX pacHpeesIeHnl CefiCMUIeCKuX
COOBITUIl AHAIM3WPOBAJIACh B DPsie pabOT, XOTs MEXaHU3MBbI YIUBU-
TEJIbHOM CUHXPOHU3AIMT MaKCUMYyMOB U MHUHUMYMOB C JIOKAJbHBIM
BpEMEHeM MPAKTUYeCKH He O0CYXKIaJnch. B JloKJane mpeanpuHsaTa
[OTIBITKA [TPOCIEIUTh HEKOTOPBIE 3JIEMEHTBHI CeHCMOMOHOCGHEPHBIX
CBsI3€eil, KOTOPBIE OIPEJEIAIOT KOPPEJSIA CyTOUHBIX PaCIpeeseHuit
CEefICMIIHOCTH CO CMEHOI CBETJIOT0 WM TEMHOI'O BPEMEHU CYTOK, a He C
daz30it JTyHHO-COTHEIHBIX TPUINBOB. 1T moHOC(HEPHI XOPOIITO M3BECT-
HBI 3HAYUTEIbHbIE M3MEHEHMST [TAPAMETPOB U BO30Y K I€HIE BHY TPEHHIX
U aKyCTUKO I'DABUTAIIMOHHBIX BOJIH IIPU IIEPEXOJIE Uepe3 COJHETHBII
TepMUHATOD. TaKue BOJHBI U CBSI3aHHBbIE C HUMU T'PAJUEHTHI JIaBJICHUST
MOIYT BHOCHUTH BKJI&J] B IEPEHOC HMITYJICA Yepe3 armMocdepy, dUTo
B KOHEYHOM WTOTE IPOABJISETCH Kak ceficMonmHocdepHble cBsa3u. B
JIOKJIaJIe TaKXKe JIETAJU3UPYIOTCS U OCOOEHHOCTH CYTOYHBIX PACIIPE/ie-
senuit ceficmmanoctu Ha npuMepe Caxamua-Kypuiabckoro permona u
Henrpasbuoit Azun. s anajam3a UCIOIH30BaH HOBBIH IPOrPAMMHBII
komiieke Seis-ASZ (asrop A.C. Baxynun). Iokazano, 4o HEpaBHO-
MEPHOCTb CYTOYHBIX PACIIPEIESIEHUIl OIPEIEIIsIeTCS BKIAJIOM COOBITUI
HAMMEHBIINX Hepruil (HO B IpelesiaX [PeJCTABUTEJIbHBIX KJIACCOB).
st cobbIThit IPOMEXKYTOUHBIX KJIACCOB HEOIHOPOJHOCTH yMEHbIIa~
ercsl, WM WCYe3aeT COBCeM. XapaKTepHBIA MapamMeTp - OTHOIIEHHE
9UCsa COOBITUN B TEMHOE M CBETJIOE BPEMs CYTOK - 9BOJIONUOHUDYIOT
co BpeMeHeM. BpemeHHas 3aBUCHMOCTb 9TOTO MTapaMeTpa OTJINIAETCs
OT XOJia 3aBHCHMOCTH TApaMeTpPa MOJYJIANNN CeHCMUYHOCTH JIyHHO-
comreuanbivu ipuimBamu, LURR, (Load- Unload Response Ratio).
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3.8 O HeKOTOpPBLIX 0COOEHHOCTAX CUIHAJIOB
reoaKkyCTUIEeCKOM SMUCCUU TIepe/]
3eMJIETPSICEHUSIMU

H]epbuna A.O.

Hrnemumym xKoemopuduneckux uccredosanutdl u pacnpocmpaHeHus,
paduosoan JJBO PAH, Poccus

Beimostien anan3 aMILUIATY/ 1 HAIIPABJIEHUN ITPUXO/IOB CUTHAJIOB €0~
aKyCTU4IeCKON sMuccuu B (DOHOBBIE IEPHUOJLI U BO BPEMsI ITOATOTOBKU
3eMJIeTPsICEeHU. YCTAHOBJIEHO, YTO B XOJI€ AKTUBHU3AINN CEICMUIECKIX
[IPOIIECCOB HADJIIOJIAETCS TIEPEPACIIPE/IeIeHne HAIIPABJIEHU T, C KOTOPBIX
PErucTpUPYIOTCs T€0AKYCTUIECKIE MMITYJIbCHI ¢ OOJIBINON aMILIATYIOM.
[Tokazano, 9T0 aHU30TPOINST HAIPABICHHOCTH I'€0AKYCTUIECKON IMUC-
CHU PACTET C YBEJMYEHUEM aMIUIATYIbl T€0aKyCTHIECKUX UMILYIbCOB.
IIpoussesiena orenka pajnyca 30HBI IIPOSBJIEHUs IIPEIBECTHUKOB C
HCIOJIb30BAaHUEM METOJ/A HaJIOXKeHHs 310X. 1o uroram ananmsa 6osee
qeMm 2600 3emserpsicenuit, nmpousomnremmux 3a nepuos ¢ 01.01.2008 mo
01.09.2016, ycranoBieHo, YTO aHOMAJIbHOE IIOBEJEHUE TeOaKYCTHIe-
CKOIl aMuCCcHu HAOJIOMAETCS Ha PACCTOSHUSX, OOJBIIAX YeM MOXKHO
omnpesesuTh o dopwmyie, npemnoxkennoit U. II. TobpoBosbckum, Ha
25% IS UMIIyJIbCHBIX I'e0aKyCTHYeCKUX CUTHaJIOB U Ha 65% - s
WHTErpaJjbHbBIX.

3.9 OcobeHHOCTU IIPOSIBJIEHUS MPEIBECTHUKOB
CHUJIbHBIX 3eMJIeTpsiceHuil (10 JaHHBIM
Habmonenunii Ha Kamuarke)

Konwvinosa I'.H.

Kamuamexutt guisvan Pedepansvhozo uccaedosamerverkozo yeHmpa
Edunasn eeopusuueckan cayorcoa Poccutickoti axademuu Hayk

PaccmarpuBaroTcst 3aKOHOMEPHOCTH MTPOSIBJICHUST THAPOTEOIOTTIECKIAX
U JIPYIUX BHUIOB CPEIHECPOYHBIX IIPEIBECTHUKOB II€PEJ CHIHLHBIMU
(M=6.6-8.3) 3emiieTpsiCeHUIMHU, IIPOU3OIIE IIUMU Ha SUUIEHTPATBHBIX
paccTosTHUSX 10 MepBbIx coTeH KM. Hambosee BbIparkeHHOM 0COOEHHO-
CTBIO B MPOSIBJICHUH KOMILJIEKCA, MIPE/IBECTHUKOB SIBJISIETCS YBEJIUYICHUE
WX YHCJa C POCTOM MATHUTYIbLI 3eMJeTpsiceHusi. Takoe CBOHCTBO
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IIPEJIBECTHUKOB MOXKeT HCIIOJIb30BaThCd B IPAKTUKE CEHCMUYECKOIO
MIPOTHO3UPOBAHUSA I OIEHKH BPEMEHU BO3ZHUKHOBEHHUS CHJIbHBIX
3eMJIETPSICEHUIT, HECMOTPS HA MaJIyl0 HaJEeXKHOCTb OTJIEJIbHBIX BHUJIOB
npeiBecTHUKOB. OOCYKIAIOTCS TUHOTETUIECKUE MEXaHU3MbI 00pa3o-
BaHUs UPEIBECTHUKOB (nedopManuonHblil, hIIonI0IuHAMAIeCKUi,
KOMILJIEKCHBII) C y4eTOM OCODEHHOCTEH M3MEHEHUsI BPEMEHHBIX DsiZIOB
HabJII0/IAeMbBIX [1aPAMETPOB, UX KOPPEJIANUOHHBIX CBI3€l M HCIIOJIb30-
BaHUsA ODOOITIEHHBIX CTATUCTUYECKUX MAPAMETPOB, XapPaKTEPU3YIONINX
Pas3JIMYHbIE CBONCTBA SKCIIEPUMEHTAJIbHBIX JaHHbBIX.

3.10 Or1lenka IIpaKTUYE€CKOli 3HAYNMOCTHA CMEHbI
CE€30HOB B BO3HMKHOBEHUU CUJIBHBIX (M > 6.0)
3eMJIeTPsSICeHU

Cepagpumosa FO. K.

Kamuamexuti guisvan Pedeparvhozo uccaedosamenverkozo 4eHmpa
Eodunasn zeopusuueckan cayorcoa Poccutickoli axademuu Hayk

Ha mpumepe Kypuno-Kamaarckoro perunona uccireryercsi BHY TPUTOI0-
Boe pacupejesenue cuibHbIX (M > 6.0) 3emiierpsicenuii 1o BpeMeHaM
roza (cezonam). OCOGEHHOCTBIO METOAUIECKOTO MOIXO0/IA SABJISETCS UC-
MOJIb30BaHNE ACTPOHOMUYECKUX BPEMEH I'0Jia, KOTOPbIE OMPEIEISIIOTCS
JaTaMU COJIHIIECTOSIHUS U paBHOAeHCTBUsA. Ha ocHOBe anasm3a pacmupe-
JeJIeHusl CIIbHBIX 3eMyeTpsicennit Kamaarkn n Kypnibckux ocTpoBoB
3a riepuoz 1962-2012 rr. B 3aBucuMOCTH OT (ha3 aCTPOHOMUIECKUAX CE30-
HOB IIOKa3aHO, 9TO IIePEXO/Ibl OT OCEHU K 3UMe€ U, B MEHbIIIeH CTEIEHH, OT
BECHBI K JIETYy MOXKHO PacCMaTPHUBATh KakK (haKkTop, 00yCJIaBInBaOIINi
TIOBBINNIEHHYIO YaCTOTY WX BO3HUKHOBeHHS. [IpaxTmyieckoe MCIOIB30-
BaHUE YCTAHOBJIEHHOM CBSI3M MEXK]Iy OIpEeIeJeHHBIMI (Da3aMu acTpPO-
HOMUYIECKUX CE30HOB U BO3HUKHOBEHWEM CUJIbHBIX 3€MJIETPSICEHUI TPU
[IPOTHO3UPOBAHUU CEHCMUIECKOI AKTUBHOCTH IIPEJIIIOJIATAET OIEHKY €€
CTATUCTUYIECKOM 3HAYNMOCTHU. JJ1sT KasK 10it BHIOOPKH 3eMJIETPSICEHUIT ¢
YIeTOM WX SHEPreTUYeCKUX IMapaMeTpOB W JIjIs KaKJIOf m3 paccMmat-
PUBAEMbBIX CMEH CE€30HOB (OCEHb-3UMa, 3UMA-BECHA, BECHA~JIETO U JIETO-
OCEHb) AHAJIM3UPOBAJIOCH COOTBETCTBUE HAJUYUS MU OTCYTCTBUS IIPO-
THOCTHUYECKOTO MPU3HAKA «CMEHa Ce30HA» IIPOM3OIIEIINM 3eMIeTPsI-
cernsiM. 3a Mepy 3DDEKTUBHOCTH UCHOJB30BAHUS CEHCMOIIPOrHOCTH-
YeCKOr0 IPU3HAKA TPUHIMAJIOCH OTHOIIIEHUE YUCJIa, «OMACHBIX» JIAara-
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30HOB (a3, B Te€YEHHE KOTOPBHIX IPOUCXOMMIA 3eMJIETPSICEHUsI, K IUC-
JIy TNAIIa30HOB, B KOTOPBIX OYKUJIAIOTCS 3€MJIETPSICEHISI, BOSHUKAIOIINE
caygaitubiM obpazom. s KamyuaTku mokazaHn pocT BeJuInHbI 3D deK-
TUBHOCTU NPU3HAKA «CMEHA CE30Ha» IPHU IMEPEXOJe OT OCEHU K 3UMe,
«OTIACHBI» nuana3oH a3 cooTBETCTByeT mepuoay Bpemenu c¢ 04 me-
kabps o 08 suBaps. B 2013-2016 rr. na Kamuarke npousornin 6ostee
20 zemserpsicernii ¢ (M > 6.0), npu stom 40% u3 Hux 6BLIM TPHYPO-
YEHBI K «OIAaCHBIM» JUAIla30HaM (pa3, COOTBETCTBYIOIINX [IPOTHO3ZHOMY
[PU3HAKY «CMeHa Ce30HOB». [[OBTODHBIN aHAJIM3 paCIIpeIe/IeHUs] CAJIb-
HBIX 3eMuteTpsacennit Kamaarku 3a nepuom 1962-2016 rr. B 3aBUCUMOCTH
oT ¢a3 acCTPOHOMHUYIECKUX CE30HOB M OIEHKA ero CTATHCTUIECKON 3Ha-
YUMOCTHU HOJTBEP/INIIN C/IeJIaHHbIE PAHee BBIBOJBI O IPAKTUIECKOI 110-
JIEBHOCTH IPU3HAKA «CMEHA Ce30Ha» IIPU MPOIHO3UPOBAHUU YCHUJIEHUS
ceficMIYeCcKOil aKTUBHOCTH, HECMOTPSI Ha, TO, UTO €ro BeJImunHa, 3hdex-
TUBHOCTHU IIPHU IIEPEX0Jle OT OCEHU K 3MMe YMEHbBINU/IaCh IPUMEPHO Ha
20%. BmecTe ¢ TeM, ITOMOJHUTENHHO OBLIN BHISBJIECHBI CTATHCTAIECKN
3HAYNMbIE HHTEPBAJIBI, IIPEIIECTBYIONINE «OIACHOMY» IHANA30HY (a3
«CMeHa CE30HOB», KOTOPbIe COOTBETCTBYIOT IepuojiaM 15 masa-03 uoHs
u 15 Hos16ps-03 nexabps. g 3emserpsicennit u3 paiiona Kypuabckux
OCTPOBOB WCITO/Ib30BAHUE NPU3HAKA «CMEHa, Ce30HOB» HE MPUBOIUT K
MOBBIMIEHNO 3DHEKTUBHOCTH B TPOTHO3MPOBAHNT BPEMEHU UX BO3HUK-
HOBEHUSI.

3.11 Ormenka 3¢ @peKTUBHOCTH ITPOTHO3A
3eMJIETPsSICEHNII HAa OCHOBE aHaJmM3a
napaMeTpoB MOHOCHEPHI

Bozdanos B.B., Ilasaos A.B.

Hnemumym koemopuduneckur uccredo8arutll U pacnpocmpaHerus,
paduosoan JIBO PAH, Poccus

Paccmorpena MerojinKa KpaTKOCPOYHOT'O ITPOTHO3a CHIBHBIX 3€MJIe-
TpsICEHHUIl, B KOTOPOHl B KadecTBe IIPEIBECTHHKA PaCCMATPUBAECTCS
MIPEBLINIEHNE TEKYIINX 3HAYEHUN KPUTUIECKOW dacToThl foFh mono-
cdeproro ciost Fo Haa MEIUAHHBIMUA 3HAYEHUSIMU B MEPUOIBI BO3MY-
MEHHOTO cocTosiHmns MaruuTocdepnl. IIpoBeiena orenka HaIEKHOCTH
U JIOCTOBEPHOCTHU IIPEJIBECTHUKA, & TaKKe oleHeHa 3h(PeKTUBHOCTD
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npeasecraunka 1o MerogukaMm A.A. I'ycesa u I.M. MoJjuana 3a nepuo
2009-2016 rr. B kadecTBe MPOTHOZUPYEMBIX 3EMJIETPSICEHHUIT paccMarT-
puUBaJIUCh 3eMjieTpsicerus ¢ MarauTygamu M > 5.0, npousorie nnx B
[peJiesiaX 30HbI MTPOSIBJIEHNS ITPEIBECTHUKA, OIPEJIE/ISIEMOl PAJIMyCOM
Hobpososibekoro. Ilokazano, 4YTO HAWIYYINYIO MTPOTHOCTUYECKYIO
3bdEKTUBHOCTh PACCMATPUBAEMBIN MPEIBECTHUK WMEET s CefCMu-
qecKkux cobpiTuit ¢ marautymoit M > 6.5.

3.12 DjaeKTpoMarHMTHOE IPOsIBJIEHUE
JUTOCHEPHBIX BO3MYIIIEHUIA

Veapos B.H.

Hnemumym xocmousureckus uccaedosanut u pacnpocmpaHerus
paduosonn IBO PAH, Poccus

Kparko npoaHau3upoBaHbl MEXaHU3MBbI, OTBETCTBEHHBIE 3a 3JIEKTPO-
MarHUTHBIA OTKJIMK MEXaHWYeCKUX BO3MYIIeHUil mopoisl. Hajmuawme
9TUX MEXAHU3MOB OIPEME/ISieT CYIIeCTBOBAHUE 3JIEKTPOMATHUTHBIX
CIIyTHUKOB aKyTOCEHCMUYECKUM BO3MYIIEHUSIM KOPbI, B YaCTHOCTH,
CYIIECTBOBAHME aKyCTOCEHCMOIEKTPOMATHUHBIX BOJH - JIEKTPOMAr-
HUTHBIX CIIyTHHKOB aKycroceicMudaeckuM Bosmytienusm . [Ipogemon-
CTPUPOBAHO HAJUYUE SJIEKTPOMATHUTHBIX OTKJIMKOB JIMTOC(HEPHOTO
MPOUCXOXKJEHUST B €CTECTBEHHOM 3JIEKTPOMATHUTHOM (DOHOBOM U3-
gygennn 3emuin. OOHADPYXKEHBI YCTONYIUBBIE OTKJIMKHA €CTECTBEHHOTO
JIEKTPOMATHUTHOTO TIOJIsI 3eMJIA Ha 3€MJICTPSICCHMUS.

3.13 Meroauka onepaTuBHOIO0 KOHTPOJIS
celiCMUYeCKOl 0OCTAaHOBKHU B 3aJaHHOM
paiione

Yepnoti C.9., Eppemenko A.H., Kanapexua U. /1., Hoduaccxuid A.C.
Boenno-xocmuneckan axademus umernu A.D. Mooicatickozo

Permtenne 3aa4u 1o OreHNBaHUIO CEHCMUYIECKOM OITACHOCTH B KOHKPET-
HOM paiioHe U B 3aJ@HHBIN IIPOMEXKYTOK BpeMeHu At IpeiacTaBiiserT
MPAKTUYIECKUN MHTEpec. ABTOpAME IPEJIOXKEH METOJ PElleHus JaH-
HO 33/1a9M Ha OCHOBE aHAJIN3a BPEMEHHOI'O XOJla CeIICMUYHOCTH 110 Ha-
KOILJIEHHOHN CefiCMOTEKTOHNYIECKOI AedopMaliuy 3eMHOM KOpbl. Bbroop
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9TOTO MeTO/a ODYCJIOBJIEH TeM, 9TO BPEMEHHO XOJ, HAKOIUIEHUSI «BbI-
CBODOYKIEHHOIT» fAedopMaIuy 3eMHOM KOpbl pu3mdecKu 0O0CHOBAH M,
B cpejiHeM, HauboJiee OJHO OTPayKaeT OCOOEHHOCTH Pa3BUTUS CeiCMU-
9eCKUX IIPOIECCOB U MPOIECCOB MOATOTOBKY CUJIBHBIX 3€MJIETPSICEHUIA.
Houst yupyrux nanpsikenuit Kopbl €(At), IpeBpaTUBIINXCS B HEYIIPY-
ryio gedopmMaluio (pas3pblB CIUIOMIHOCTH HOPO/I) 3& CYeT BO3HUKIIUX 38
BpeMst At 3eMJleTpsiCeHUII B HEKOTOPOIi obJiacTu ¢ o0beMoM V , olpe-
JIeJISIETCsT COOTHOIIEHUEM:

e(At) =1/2uV - > My,

i=1

rie e(At) - nosist yIpyrux HalpsKeHHI 3eMHON KODBI, BBICBOOOK IEH-
HBIX 3eMJIETPSICEHUSIMU B BHjIe JlepOpPMAIN HEKOTOPOIii €€ obyractu 3a
Bpemsa At, [e-1078]; n - amcso semmeTpsicennit, Tpomre X B 061aCTH
3a BpeMs At; {1 - MOYJb CABUTA TOPHBIX Topos, |[H/m?|; V - 06b-
em obsiacTn, mozBeprimeiics gedopmuposanmio, [m3]; Mo; - cKaaapHbIit
MOMEHT i-T0 3emerpsicenust, [H-m].

Crekenne 3a gedopMalireil 3¢MHON KOpbI B 3aJaHHOM paifoHe mpeia-
raeTcs OCYIIECTBJIATH MyTEM pacdeTa W aHAJIN3a 3HAUEHUU, MOJIyIeH-
HBIX Ha OCHOBE IIPUBEJIEHHOT'O BBIIIE COOTHOIIEHUS, & TaK:Ke IapaMeT-
POB celicMoTeKTOHMIeCKO# medopmariun, (POHOBBIX 3HAUEHUT CKOPOCTH
CefiCMOTEKTOHUIECKOH JedpOopMaIini U OTHOIIEHUH CKOpPOCTel ceficmo-
TEeKTOHUYIECKOU JedopManun 3a pasHble mepuoibl BpeMenu. Ceiicmu-
qecKas aKTUBHOCTD OIEHUBAETCA B PA3JIMIHBbIE MPOMEXKYTKI BPEMEHH
B ka0t m3 K-30m (j = 1 + K) , momazasio 1000 km?, Ha KoTopble
pasduT MCCeayeMblil paifoH. DKCIIEPTHBIE OIEHKU 3HAYEHUI ITHX Ia-
paMeTpOoB, 6a3UPyIOIIMecs Ha SKCIEPUMEHTAJBHBIX JTaHHBIX, IIO3BOJIS-
IOT OLIPeJeJIsATh UX rpaHndHble pamku (X {1 ), pasmensiomue ycaosus
ceficMIYIeCcKOoil 0OCTAHOBKY 110 KAaXKJIOMY M3 HCCJIEIYyEeMbBIX apaMeTpPOB
Ha «OIACHBIE» , «IOIyCTUMbIe» U «be3omacHbiey. KoMiutekcarust mory-
YEHHBIX OIIEHOK IapaMeTPOB X1 -, OCYIIECTBIISETCH C UCIIOIb30BAHNEM
NIPOLIEIyPhl UX HOPMHUPOBAHUS U OCPEJHEHUs II0 IIPABUJIAM HEYEeTKOMN
soruku. B pe3ynbraTe BbIIEIAIOTCS 00JIACTH B PACCMATPUBAEMOM paii-
OHE C PA3JIMYHON CTENEHbIO ceficMIIEeCKOit onacHocTh. Jlannas MmeToau-
Ka [PU HAJIMYUNA aPXUBHOW W TEKyIeil MHMOPMAIUN O CeCMUIECKUAX
CODBITUSX TO3BOJISIET OIEHUBATD CECMIYECKYI0 OOCTAHOBKY B Peajib-
HOM MacIinTabe Bpemenu. VlcublTaHns METOIUKHN IOKA3AJIH [IPUEMIIEMbIE
pe3y/abTAaThl PU CPABHEHWH C JIAHHBIMHU CEHCMHUYIECKOTO PaliOHUpPOBa-

uusi B PO (CCCP).
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3.14 O cB#3u Bapualii CKOpOCTU BpaIlleHUs
3eMJuiu U ee ceiicMUYeCKOll AaKTUBHOCTH.
Bceryniienne 3emim B HOBYIO azy
YMEHbIIIEHUS YTJIOBOU CKOPOCTU BpaIlleHus

Cacoposa E.B.', Jlesun B.B.%1

L Huemumym Oxeanonozuu PAH, Mocxkea
2 Uncmumym mopckoti 2eonozuy u eeofusuxu JBO PAH,
IOoicno-Cazxanunck

NsgectHO, uTo ceficmudeckas akrusHOCTH (CA) Semun HecTabribHa BO
BpeMeHH, Tak u B npocrpancTse. [epuoapt yeunenus (CA) cmensior-
cs mepuogamu ee crasa. 1less paboThl COCTOUT B yCTAHOBJIEHUS CBSI3U
BPEMEHHBIX 3aKOHOMEPHOCTEH B PACIPEIEJIEHUsIX IIJIOTHOCTU CEefCMU-
YeCKHUX COOBITHII C BAPUAIUSIME YTJIOBOW CKOPOCTH BPAIEHUST 3E€MJIN.
Wcrionp30Baiinch BpeMeHHbIE PsiJibl 110 BapUAaIldsiM yIJIOBOM CKOPOCTH
Bpaienus 3emin (V) JJnTesbHoCThIo 296 eT (Ha OCHOBe 6a3bl JJAHHBIX
IERS u pa6or [McCarthy u Babcock, 1986; Morrison, 1973|) u nanmubie
ceficMuueckux HAOIIOAEHUI 3a TOT XKe nepuo, (CKOMIMJINPOBAHHBIE HA
ocHOBe JByX mojgMuoxkecTB Kartajoros NEIC, Beibupasuck cobbrTust ¢
M > 7.5). TlokazaHo, 9TO /ISl HU3KOYACTOTHBIX COCTABJISIIOIIAX Bpe-
MEHHBIX DsIZIOB [0 yIVIOBOH CKOpocTH BpamieHus (Vn, ¢ mepuogaMu or
124 o 19 Jier) ymeHbleHre BeJIUYUHBI V (TOPMOXKEHHUE) CONPOBOXK A~
€TCsl YBeJIMIEHNEM IIOTHOCTH CeHCMUTIeCKUX coObITHit. JIoKabHbIe MU-
HUMYMBbI 3HaYeHus Vi coBragaior ¢ MmakcumyMamu (CA), ysesnderue
3HaveHnil v (YyCKOpEHNe) COMPOBOKIAETCST yMEHBITIEHNEM TIOTHOCTH CO-
ObrTuit. Muaumymbr CA COOTBETCTBYIOT CTaUsIM YBeJIMUYEHUs YIJIOBOM
ckopoctu. CoBmecTHbIit anans quanamuku CA u 3HadeHnit Vn mokasai,
9TO JJIUTEIBHOCTh BPEMEHHOTO MHTEPBAJIA MEXKY COCETHUMU JIOKAJIb-
HBIMA MUHUMYMAaMU 3HAIEHUN VN U, COOTBETCTBEHHO, MEXKY JIOKAJIb-
wpiMu Makcumymamu CA He siBjsiercst mocTosiHHON BO Bpemenu. OHa
koJiedsiercst oT 18 110 41 roma. C 2005 o 2013 ros, HabJIr01AJI0CH YBEJIT-
YeHue 3HaUeHuit Vn, a co Bropoii nososunb! 2014 rojia 1 o HacTOSIIEE
BpeMsi HaDJIIOfaeTcst CHIKeHne Vn. B Hacrosimee BpeMsi 3eMJisi BCTY-
naer B HOBBI srai Topmozkenus. Corsacuo pabore [Jlesun, Cacoposa,
2015, HoBas haza TOPMOIKEHHSI MOYKET COMPOBOKIATHCS YBETMIEHIEM
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CA B Gsmkaitimne HecKOIbKO JietT. [IpusHaku pocra ceficMuIecKoii ak-
TUBHOCTH OTMEYAJIAChH, KAK HA TII00aJ5HOM YPOBHE (yBeJIMIeHNe TnCIa
cobbrtuit ¢ M > 7.5 no 2016 roga no ganabsmm NEIC), Tak un Ha pe-
ruoHaJbHOM ypoBHe. Kosmmaectso ceficmuueckux cobbrruit ¢ M > 5 u
M > 6 B fIuonun u Hosoit 3enanguu naaunaer pactu ¢ 2015 roga (B
Uranun u Uanonesun ¢ 2016 rozga).

I'pantr No 16-05-00089 «Binsinne HH3KOYACTOTHBIX M BBICOKOYACTOT-
HBIX COCTABJIAIOIINX BapUAIMACKOPOCTH BPAIEHUsI 3eMJIM Ha Ha JIU-
HaMUKY ee CeiCMUYIECKOil aKTMBHOCTH B IVIODAJBHOM U PErnOHAJBHOM
macrirrabe. »
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1.1 Analysis of whistler activity based on
observation data in Kamchatka

Mochalov V.A., Cherneva N.V., Druzhin G.1., Mochalova A.V.,
Lichtenberger J.

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

To collect a historical sampling of whistler events and to plot
their diurnal and seasonal distributions, an algorithm was applied
to detect whistlers in WAV files obtained by VLF radio signal
recording from electric and magnetic antennas of IKIR FEB RAS.
At <«Karymshina» geophysical site, natural electromagnetic VLF
radiation is continuously recorded by a multi-channel VLF detector.
The receiving site is located far from industrial noises. The signals from
the electric and the magnetic antennas are recorded by a professional
sound board. The influence of various geophysical factors on the
activity of whistlers coming to Kamchatka is considered.

1.2 Cloud manifestations of tsunami-induced
atmospheric gravity waves in the area adjacent
to Kuril islands

Shevchenko G.V.', Skorokhodov A.V.?

L Institute of Marine Geology and Geophysics FEB RAS
2 V.E. Zuev Institute of atmospheric optics SB RAS

In recent years, a number of studies were published in which
the response of ionosphere to strong transoceanic tsunami was
investigated. The basic mechanism is the generation by ocean waves
of internal gravity waves in the atmosphere (IGW), their amplitude
in the upper atmosphere is greatly increased due to decreasing air
density, so they generate a wave response in the lower ionosphere. In
addition to the indirect evidence, this scheme is confirmed by model
calculations. However the direct evidence of the IGW generation by
the tsunami waves has not yet been obtained. One possible way to
solve this problem is connected with the study of the typical symptoms
of IGW which are forming clearly identifiable on satellite images
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periodic structure in the clouds. With this purpose we analyzed the
Aqua MODIS and Terra MODIS satellite images of the northwestern
Pacific Ocean (with a particular focus on the area of Kuril Islands) on
the moments of the passage of a significant tsunami during 2009-2011.
The periodic structure in the clouds were not revealed over the deep
ocean, while in the area of the Kuril Islands they were discovered in
the cases of Indonesian (Irian Jaya, 03.01.2009), Simushir (15.01.2009),
Samoan (29.09.2009), Vanuatu (07.10.2009) and Chile (27.02.2010)
tsunamis. In the case of the Tohoku tsunami of 11.03.2011 such
structure was not fixed, perhaps because of the passage of satellites
over the studied area during the night. For analysis of atmospheric
conditions, we used the materials of upper-air soundings that are
performing currently at the Kuril Islands at only one weather station
in Severo-Kurilsk (Paramushir Island). Analysis of the temperature
and wind speed profiles showed that the atmospheric conditions
contributed to the IGW generation in the studied periods of time (the
presence of a significant jet streams and temperature inversions during
stable stratification). Periodic structures in the clouds were formed by
cumulus clouds (with a height of the upper boundary of 500 - 1500 m)
or altocumulus (2500 - 3500 m) clouds. The generation of atmospheric
waves can also contribute to the presence of temperature contrasts
between the surface layer of the atmosphere and the ocean surface
observed in both warm and cold seasons. A significant factor is the
increase in the amplitude and increase the duration of tsunami-caused
oscillations in the shelf area, especially on the northern and southern
flanks of the Kuril Islands, where the shelf is more extended and
shallow. On the basis of the conducted analysis one can argue that
tsunami-induced IGW are formed only over the coastal waters, but
the possibility of their formation over the open ocean is limited, and
is possible, apparently, only when a sufficiently strong events. In
addition, over the ocean may be absent in atmospheric conditions
conducive to the formation of periodic structures in the clouds.
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1.3 Comparative research of various methods for
determining the characteristics of an
electromagnetic wave reflected from a

scattering diffraction screen in the propagation
of a radio signal in the Earth-Ionosphere
channel in the short-wave range of radio waves

Belov S.Yu.', Belova I.N.?

L M. V. Lomonosov Moscow State University,
2 A.M. Obukhov Institute of Atmospheric Physics Russian Academy
of Sciences.

Monitoring of the earth’s surface by remote sensing in the short-wave
band can provide quick identification of some characteristics of natural
systems. This band range allows one to diagnose subsurface aspects of
the earth, as the scattering parameter is affected by irregularities in
the dielectric permittivity of subsurface structures. The new method
is suggested. This method based on the organization of the monitoring
probe may detect changes in these environments, for example, to assess
seismic hazard, hazardous natural phenomena, changes ecosystems, as
well as some man-made hazards and etc. The problem of measuring
and accounting for the scattering power of the earth’s surface in the
short-range of radio waves is important for a number of purposes,
such as diagnosing properties of the medium, which is of interest for
geological, environmental studies. In this paper, we propose a new
method for estimating the parameters of incoherent signal /noise ratio.
The paper presents the results of comparison of the measurement
method from the point of view of their admissible relative analytical
errors. A comparative analysis and shows that the analytical (relative)
accuracy of the determination of this parameter new method on the
order exceeds the widely-used standard method. Analysis of admissible
relative analytical error of estimation of this parameter allowed to
recommend new method instead of standard method [1-4].

Supported by the grant of project RNF No. 16-17-00114.

1. Belov S.Yu. The analysis of monitoring data of the parameter
scattering power the earth’s surface in the short-wave range of radio
waves. // Data Intensive System Analysis for Geohazard Studies,
Geoinformatics research papers, eISSN: 2308-5983, Vol. 4, No. 2,
BS4002, doi:10.2205/2016BS08Sochi, 2016, p. 50.
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2. Belov S.Yu., Belova L.N., Falomeev S.D. Monitoring of coastal
ecosystems by method of remote sensing in the short-wave range
of radio waves. // Managing Risks to Coastal Regions and
Communities in a Changing World. ISBN 978-5-369-01628-2, doi:
10.21610/conferencearticle 58b4316d2a67c, St. Petersburg, 2016.

3. Belov S.Yu., Belova LN. Methods of obtaining data on the
characteristics of superficial and subsurface structures of the earth by
remote sensing in the short-wave range of radio waves. // IGCP 610
project «From the Caspian to Mediterranean: Environmental Change
and Human Response during the Quaternary» (2013-2017), GNAS
Thilisi, Georgia, ISSN 978-9941-0-9178-0, 2016, pp. 26-29.

4. Belov S.Yu. The certificate on registration of the right to the
software No. RU.2016612172 of 19.02.2016.

1.4 Comparison of the overlap region of energetic

plasma and a plasmapause by the Van Allen
Probe data with the SAR arcs ground

observations during the storm and substorm

Tevenko I.B., Parnikov S.G.

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

The stable auroral red (SAR) arcs are the consequence of interaction of
the outer plasmasphere (plasmapause) with energetic ions of the ring
current. In this work two events of SAR arc observations using the all-
sky imager (ASI) at the Yakutsk meridian (130E; 200E, geom., MLT
midnight is 1550 UT) simultaneously with a registration of plasmapause
and energetic ion fluxes aboard the Van Allen Probe satellites are
considered.

The first comparison of ground and satellite observations has been
carried out during the main phase of large magnetic storm on March
17, 2015 (St. Patrick Day geomagnetic storm). ASI registers the intense
SAR arc at 53-59N geomagnetic latitudes in the MLT evening sector
from the observation start at 1116 UT (1926 MLT) during the low
magnetic activity at IMF northward Bz. The Van Allen Probe B
satellite determines the plasmapause location in the L = 3-4 interval
and registers the inner boundary of the H+ and O+ energetic ion fluxes
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at L = 2.8-3.3 near the meridian of optical observations. We show that
SAR arc in this event maps the overlapping region of plasmasphere
dusk-bulge (plasmaspheric plume) by the energetic ion flux of the ring
current after the onset of magnetic storm.

In the second event on December 28, 2014 ASI observes the aurora
dynamics and formation of SAR arc in early morning sector of MLT
after the onset of isolated substorm expansion at 1920 UT with the
center of activization at the 0212 MLT meridian. SAR arc arises at 59-
57N magnetic latitudes during the equatorward and eastward extension
of aurora at 1930-2000 UT. The Van Allen Probe B satellite at 1900-
1940 UT determines the plasmapause location in the L= 4.5-3 interval
and registers the injection inner boundary at L = 3 near the optical
observation meridian. It is assumed that in this case the dynamics of
aurora and SAR arc maps the penetration of hot plasma into the outer
plasmasphere as the result of electric drift from the substorm injection
region.

The research is supported by RFBR grants No 15-05-02372 a and No
15-45-05090 r-vostok-a.

1.5 Dipolarity of the magnetic field of the Arctic
Semakov N.N.1'2, Kovalev A.A.}, Pavlov A.F.':2, Fedotova O.1.2

L' Magnetic Observatory «Novosibirsk» IPGG SB RAS
2 Nowosibirsk state University

Under «dipolarity» the authors understand the probability to
represent the onsidered magnetic field as a field of a single dipole.
At the average values of the elements of terrestrial magnetism in
high-latitude observatories (with magnetic inclination of over 80
degrees) the calculations of the provisions of the magnetic poles in
the modern epoch and the epoch of the International Geophysical
Year (1957-1958). For each epoch obtained the averaged graph of the
dependence of the distances between the pairs of the magnetic poles
from the distances between the respective observatories. The proposed
procedure for numerical evaluation of the degree of dipolarity magnetic
field of the Earth as in its separate regions and for the planet as a whole.
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1.6 ENSO impact on the dynamical regime of the
extratropical middle atmosphere

Ermakova T.S., Pogoreltsev A.L
Russian State Hydrometeorological University

One of the prominent atmospheric phenomena in the tropical
troposphere is the El-Nino Southern Oscillation (ENSO). The ENSO
is well recognized as a significant predictor of climate anomalies
whose global impact is seen not only in the tropics but in extra-
tropics as well through teleconnections. The stratospheric processes are
naturally involved in these teleconnections. In particular, considerable
ENSO signatures have been discovered in the northern extratropical
stratosphere in the observational data and reproduced in simulations.
However, the changes in forcing of stationary planetary waves (SPWs)
by the latent heat release dependent on the ENSO phase and
contribution of this heating to the zonally averaged thermal budget
of troposphere have not been considered explicitly in these studies.
Since the amount of latent heat release varies based on ENSO phase,
it is logically to assume that dynamical regime of the stratosphere
may manifest itself in different way during different ENSO conditions
(El Nino, La Nina and neutral). Fifteen El Nino, La Nina and
neutral winters (five winters for every ENSO event) have been selected
to analyze the extratropical stratospheric response. Temperature,
mean zonal wind distributions as well as stationary planetary waves
(SPWs) behavior and the vertical component of Eliassen-Palm flux
using MERRA reanalyses data have been examined for every winter.
Evidently the stratosphere is warmer during El Nino and colder
during La Nina events in comparison with the climatic temperature
distribution. The opposite situation is observed in the mesosphere.
In the extratropical stratosphere westward deviations of the mean
zonal wind from climatic values are connected with warm ENSO
phase while in La Nina winter the eastward deviations prevail. The
amplitudes of SPWs with zonal numbers 1 and 2 also differ in terms
of enforcing and/or weakening of wave activity and the altitudes at
which these changes are observed. The results of ensemble simulation
with the Middle and Upper Atmospheric Model reproduce the observed
differences in zonal mean wind temperature and SPW amplitudes.
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1.7 Eastward propagation of the Pcl waves along
the plasmapause according to observation of
the dynamics of proton aurora and SAR arc

levenko I.B., Parnikov S.G., Baishev D.G.

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

The stable auroral red (SAR) arcs are the consequence of interaction
of the plasmapause with energetic ions of the ring current. The Pcl
waves are registered on the Earth as a consequence of generation of
electromagnetic ion cyclotron (EMIC) waves in the equatorial plane
of the magnetosphere. EMIC instability causes the scattering of ring
current protons into the loss cone. Precipitation of energetic protons
and their recharge on the heights of the ionosphere E layer can be
observed as a proton aurora in the H-beta line of atomic hydrogen. In
this work the dynamics of the SAR arc, proton aurora and Pcl waves in
the MLT evening sector at the Yakutsk meridian (130E; 200E, geom.,
MLT midnight is 1550 UT) using the all-sky imager (ASI) and induction
magnetometer during the growth and expansion of intense substorms
on December 31, 2015 is analyzed.

After the enhanced magnetospheric convection due to the southward
IMF Bz turning ASI observes an equatorward motion of the diffuse
aurora (DA) boundary in the 557.7 and 630.0 nm emissions and H-beta
(486.1 nm) band from the northern horizon of observation station. The
weak SAR arc is registered equatorward of DA since the beginning of
observations. During the expansion phase with the onset at 1212 UT
and epicenter in the midnight MLT sector the SAR arc center is located
at the geomagnetic latitude of 58N at the zenith of the station. The
band in the H-beta emission is registered at the latitudes of 59-61N. In
10 minutes after the start of substorm expansion ASI registers the SAR
arc intensity growth from the western horizon toward the east with an
angular velocity of 4 deg/ min. As a result, along the arc a few intensity
maxima are formed. At the same time, the narrow band in the H-beta
emission with a similar dynamics appears poleward of the SAR arc at
a distance of 0.6 degree.

The induction magnetometer detects a sharp increase of Pcl pulsation
amplitude at frequencies of 0.5-0.7 Hz during the arrival of end of the
band in the H-beta emission to the zenith of observation station. The
Pcl pulsations and the dynamic proton aurora are registered within 30
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minutes. The SAR arc is registered by ASI until about 1400 UT. We
connect the observed phenomena in the SAR arc and proton aurora
with the propagation process of EMIC waves to the east along the
plasmapause. The generation of EMIC waves occurs probably at higher
L shells in the boundary region of plasmaspheric plume. The research
is supported by RFBR grants No 15-05-02372 a and No 15-45-05090
r-vostok-a

1.8 Effect of the electromagnetic environment in
pipes in Yakutia

Kozlov V.I.Y, Abzaletdinova L.M.', Tarabukina L.D.",
Korsakov A.A.}, Grigoryev Yu.M.?

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

The results of measurements of telluric currents flowing through
pipelines laid in the cryolithozone in Yakutia are presented during
geomagnetic storms and lightning discharges occurring in the 10
km zone around the pipeline. The currents reach tens of amperes.
Construction of a lightning density distribution map with a resolution of
0.25 degrees for North Asia in 2009-2016. The effect of a direct current
flowing in a 150 m long pipeline with a diameter of 110 mm laid in
permafrost on the change in the pipe-to-ground potential is measured.
Based on the analysis of variations in the horizontal component of the
magnetic activity (H) in the current 24th cycle of solar activity, it is
established that the frequency of occurrence of a certain level of the
rate of change in geomagnetic activity (dB / dtH, nT / min) can be
expressed by a power law with an order of magnitude of about two
at low values. The exponent decreases to unity as the geomagnetic
activity increases. The probability of occurrence of time intervals with
given threshold values of the rate of change of geomagnetic activity
(dB / dtH, nT / min) is determined. The angular distribution of
the frequency of occurrence of the rate of change in the magnitude
of variations in geomagnetic activity is practically independent of the
direction of arrival of the variations of H, which have definite maxima
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in the direction of arrival. Keywords: pipeline, magnetic disturbance,
geomagnetic induced currents, lightning discharge, permafrost.

1.9 Empirical energy levels for NO molecule in the
ground electronic state

Sulakshina O.N, Borkov Yu.G.

V. E. Zuev Institute of Atmospheric Optics, Siberian Branch,
Russian Academy of Science, Tomsk

Interest in the study of the spectrum of nitric oxide is due to
its important role in the chemistry of atmospheric ozone and in
the management of physiological processes occurring in any living
organism where NO is present in sufficiently large concentrations.
One of the powerful sources of nitric oxide in the atmosphere are
lightning. The only source of complete and reliable data on the internal
structure and physico-chemical properties of this molecule remains the
vibrational-rotational spectrum. The extraction of such information
places high demands on the analysis of the accumulated experimental
data. To perform such an analysis from the whole array of experimental
data allows a program based on the Ritz combinatorial principle. A
critical analysis of 5079 frequencies of vibrational-rotational transitions
measured in the spectral intervals 18-208 cm~! and 1554-7372 cm™!
without taking into account A-splitting and collected from 19 different
publications is performed. The performed analysis made it possible to
determine 1807 experimental energy levels for unresolved A doublets
in vibrational states from v = 0 to v = 22 of the ground electronic
state of the NO molecule in the energy range 0-35665 cm ™!
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1.10 Geospace monitoring for space weather
research and operation

Nagatsuma T.

National institute of information and communications technology,
Japan

Geospace is one of the key area for space weather. Because geospace
environment is dynamically changing depending on the solar wind
conditions. Many kinds of space assets are operating in geospace
for practical purposes. Anomalies of space assets are sometimes
happened because of disturbances in geospace. Therefore, monitoring
and forecasting of geospace is very important tasks for NICT’s space
weather research and development.

To monitor and to improve forecasting model, fluxgate magnetometers
and HF radars are operated by our laboratory, and its data are
used for our research work, too. We also operate real-time data
acquisition system for satellite data, such as DSCOVR, STEREO,
and routinely received high energy particle data from Himawari-8, and
Kodama. Based on these data, we are monitoring current condition of
geomagnetic disturbances, and that of radiation belt.

Using these data, we also develop empirical models for relativistic
electron flux at GEO and inner magnetosphere. Current status
of geospace monitoring, forecasting, and research activities are
introduced.
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1.11 Improved whistler inversion method for
monitoring the electron density in the
plasmasphere

Lichtenberger J.1:2, Koronczay D.''2, Ferencz C.', Steinbach P.3,
Clilverd M.*, Rodger C.°, Sannikov D.V.%, Cherneva N.V.5

L Department of Geophysics and Space Sciences, Eétvés University,
Budapest, Hungary
2 Geodetic and Geophysical Institute, RCAES, Sopron, Hungary
3 MTA-ELTE Research Group for Geology, Geophysics and Space
Sci., Budapest, Hungary
4 British Antarctic Survey, Cambridge, United Kingdom
5 Department of Physics, University of Otago, Dunedin, New Zealand
6 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

In the PLASMON FP7-Space project (http://plasmon.elte.hu,
Lichtenberger et al., 2013], a new whistler inversion algorithm
[Lichtenberger, 2009] was implemented using Virtual Trace
Transformation [Lichtenberger et al., 2010]. The accuracy of the
parameters inverted by the algorithm - that is basically it works well -
depends on their initial values, how close or how far are they from the
real values. These initial values are more or less based on - sometimes
ad hoc - estimations. Instead of the estimation, a new procedure
has been developed based on papers of Dowden and Allcock [1971]
and Park [1972], as well as on model calculation. The Virtual Trace
Transformation used in the Automatic Whistler Analyzer algorithm
is applied to a cleaned reassigned spectrogram and its applicability
highly depends on the effectivity of the spectrogram cleaning step. A
new approach has been developed for ground based whistlers based
on ’de-chirping’ [Jacobson et al., 2011] or ’reduction-to-sferic’ method
that compensates the signal phase from the time of the recording
back to the sferic. The phase calculated for a frequency is based on
the whistler inversion algorithm mentioned above. The result of the
inversion using phase reduction is more reliable than the one obtained
by VTT. This paper we present the two enhanced algorithm as well as
some preliminary results based on the new methods.

References:

Dowden, R. L., and G. M. Allcock (1971): Determination of nose
frequency of non-nose whistlers, J.Atmos. Terr. Phys., 33, 1125-1129.
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1.12 Heating experiment effect on Schumann
resonance parameters

Agranat 1.V., Sivokon V.P.

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

Recently there has been a significant increase in the intensity of research
in the field of active influence on geophysical processes in various
environments. Particular attention is paid to the study of the effect
on the ionosphere of the powerful short-wave radio emission of heating
stands. Today, experiments on changing the ionosphere are conducted
mainly at the HAARP stands, «Eiscat»> (EISCAT) in Tromse (Norway).
In the framework of the Russian campaign (Tomsk), EISCAT heating
(AARI HFOX), experiments were conducted from 19 to 30 October
2016 on the effect of high-frequency RF radiation on the F-layer of the
ionosphere. To assess the impact of these experiments on geophysical
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processes by mathematical methods, an analysis was made of the
variation of the Schumann resonance parameters obtained on the basis
of data from the station of constant monitoring of the Schumann
resonance in the city of Tomsk.

1.13 Lidar observations of atmosphere aerosol
component perturbation over Tomsk and
Vladivostok after volcanic eruptions in 2011

Cheremisin A.A.Y, Novikov P.V.2, Marichev V.N.3, Pavlov A.N.*

L Siberian Federal University, Krasnoyarsk
2 Krasnoyarsk Institute of Railway Transport, Krasnoyarsk
3 V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk
4 Institute of Automation and Control Processes FEB RAS,
Vladivostok

The Lagrangian particle trajectories method have been used to analyze
the transport of volcanic aerosol in the atmosphere after the eruption
of Grimsvotn and Nabro volcanoes in the summer of 2011. After the
Grimsvotn volcano eruption it was impossible to reveal the volcanic
aerosol appearance against the background aerosol over Tomsk and
Vladivostok from the lidar observations data. At that time there
was a strong horizontal mixing in the atmosphere of the Northern
Hemisphere, associated with the polar vortex disintegration. The
Nabro volcanic aerosol was clearly manifested by the aerosol scattering
peaks above Vladivostok and Tomsk.
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1.14 Methane absorption in 10000 - 13000 cm !
region

Nikitin A.V., Serdyukov V.1I., Sinitsa L.N.
V.E. Zuev, Institute of Atmospheric Optics, Tomsk, Russia

Methane is the most important representative of organic substances
in the Earth’s atmosphere. For this reason spectroscopic data on
the absorption lines of molecules of CH4 and its isotopomers are of
interest because they are needed for different tasks in research of
the Earth’s atmosphere and for astrophysics applications. Spectra
of methane in the high frequency region (higher 10000 cm™!) were
studied insufficiently. In the analysis of these spectra, simplified
models were used, and a complete theoretical analysis, including the
interpretation of the vibrational - rotational transitions, determination
of energy levels and rotational and centrifugal constants, calculations
of centers and intensities of the lines was not implemented. Absorption
spectra of methane in the region of 10000 ... 13000 cm ™! was registered
by the Fourier spectrometer IFS 125M at pressures from 100 to 500
mbar, room temperature and spectral resolution 0.03 cm~! for the
first time. Multipass cell with a length of 60 cm was used at 44
pass, which provided the full length of the absorbing layer 2640 cm
and threshold sensitivity to absorption of the order of 10-8 cm™!.
The line center, intensity, self-broadening and shifts coefficients were
determined by parameter fitting to the Voigt contour. The comparison
of the spectrum with the calculated spectrum based on the variational
calculations was made.
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1.15 Monitoring of Space and Earth
electromagnetic environment by MAGDAS
project: Collaboration with IKIR

Yoshikawa A., Fujimoto A., Ikeda A., Uozumi T., Abe S.

International Center for Space Weather Science and Education,
Kyushu University, Japan

For study of coupling processes in the Solar-Terrestrial System,
International Center for Space Weather Science and Education
(ICSWSE), Kyushu University has developed a real time magnetic
data acquisition system (the MAGDAS project) around the world.
The number of observational sites is increasing every year with the
collaboration of host countries. Now at this time, the MAGDAS
Project has installed 77 real time magnetometers - so it is the largest
magnetometer array in the world. The history of global observation at
Kyushu Univ is over 30 years and number of developed observational
sites is over 140.

Especially, Collaboration between IKIR is extended back to 1990’s.
Now a time, we are operating Flux-gate magnetometer and FM-CW
Radar. It is one one most important collaboration for space weather
monitoring.By using MAGDAS data, ICSWSE produces many types of
space weather index, such as EE-index (for monitoring long term and
shot term variation of equatorial electrojet), Pc5 index (for monitoring
solar-wind velocity and high energy electron flux ), Sg-index (for
monitoring global change of ionospheric low and middle latitudinal
current system), and Pc3 index (for monitoring of plasma density
variation at low latitudes). In this talk, we will introduce recent
development of MGADAS/ICSWSE Indexes project and topics for
new open policy for MAGDAS data will be also discussed.
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1.16 Effect of natural processes on the formation
of the atmospheric local electric field in
Kamchatka

Firstov P.P.%2, Cherneva N.V.!

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Kamchatka Branch of Geophysical Service Russian Academy of
Science, Russia

The paper reviews the papers on continuous observations of
atmospheric electric field intensity variations (AEF Ez). Disturbances
of AEF Ez vertical component associated with powerful natural
phenomena are considered. The authors estimated theoretically the
response in AEF Ez under the effect of natural factors, determined
by conductivity variations influenced by cosmic ray intensity, radon
exhalations and from volumetric charges with simple configurations.
The estimation data were tested on AEF Ez disturbances in the
near ground layer of the atmosphere in connection with two powerful
cyclones which simultaneously approached the Kamchatka peninsular
from the South with imposition on a model curve. Atmospheric-
electric effect that occurred from an eruptive ash cloud, formed in
the result of Shiveluch volcano eruption on November 16, 2014, is
described. Volcanic lightning strokes which occurred at the beginning
of formation of an eruptive plume were determined by a system for
lightning location detection WWLLN. Two hours after the recording
of first lightning strokes, two clearly defined AEF Ez anomalies with
the duration of 50 and 32 min and the amplitudes of more than 100
V/m were registered. It indicates two separate eruptive formations
shaped by that time. The data were confirmed by satellite observations.
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1.17 Observations of electromagnetic radiation of
stand EISCAT on Kamchatka

Sivokon V.P., Agranat IV.

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

In experiments on active influence on an ionosphere powerful short-
wave complexes - heater stands are used. As a result of such influence
the set of the physical processes which studying represents scientific
interest is formed. One of them is formation artificial field-aligned
irregularities. Studying properties natural field-aligned irregularities on
Kamchatka, authors have come to a conclusion about possibility of
realisation of the received approaches in their studying, on short-wave
lines of the big extent. In work results of supervision on Kamchatka of
displays of active influence on an ionosphere in Tromse (Norway) are
resulted.

1.18 Observations of lightning activity in Yakutia
with three lightning location detectors in
2009-2016

Kozlov V.I., Tarabukina L.D.

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

The results of instrumental observation of lightning activity by the
means of two one-point lightning detectors and World Wide lightning
location network (WWLLN) are presented. One of these one-point
detectors was installed in Yakutsk in 2009. It has detection radius
about 480 km. The second has been working since 1975 and has
detection radius about 1200 km. One of the WWLLN sensors was
installed in Yakutsk in 2009. The annual seasonal variations and daily
variations during summer season were obtained. It was noted that
there is some annual shift of peak values of these variations during
summer and day depending on season part. There are about three
annual low lightning activity periods followed by the peaks, that can
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be explained by the flow of arctic cold air. There is some quasiperiodic
oscillation of number of lightning strokes with period of 1-3 years.

1.19 Possibilities of single-frequency
GPS/GLONASS data for vertical total
electron content estimation

Yasyukevich Yu.V.%2, Mylnikova A.A.', Ivanov V.B.2

L Institute of solar-terrestrial physics SB RAS, Irkutsk, Russia
2 Irkutsk state university, Irkutsk, Russia

We present a new technique for estimating the absolute vertical and
slant total electron content (TEC). The estimation is based on single-
frequency joint phase and pseudorange GPS/GLONASS measurements
at single stations. Estimated single-frequency vertical TEC agrees
qualitatively and quantitatively with the dual-frequency vertical TEC.
For analyzed stations a typical value of the difference between the
single-frequency vertical TEC and dual-frequency those generally does
not exceed ~1.5 TECU with RMS up to ~3 TECU.

1.20 Regularities of spatio-temporal distribution
of the radiation balance of the earth surface
in the Araks basin in the Republic of
Armenia

Margaryan V.G.
Yerevan State University

The radiation balance of the spreading surface, i.e. difference of
arrival expense of a radiant energy of the Sun, is one of the major
climate factors of this territory. Distribution of heat in sublayers of
the soil and in a ground layer of air generally is defined by the size
of a radiation balance of the spreading surface. Comnsidering above
told, in work the object to study, reveal and estimate regularities
of spatiotemporal distribution of radiation balance of the spreading
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surface, in the conditions of global climate change of the mountainous
territory of the Republic of Armenia. For the purpose of the solution of
objectives in work the corresponding researches, the published works
formed a theoretical and informational basis. As a starting material in
work results of the actual actinometric observations of the Ministry
of Emergency Situations of the Republic of Armenia «Service for
Hydrometeorology and active influence on atmospheric phenomenas,
and also reference books of a sunshine are used. On network of
actinometric stations of the Republic of Armenia overseeing a radiation
balance is made since 1957. As a methodological basis in work
geographical, mathematical-statistical, extrapolation and also methods
of comparison, the analysis and correlation are used. Calculations
showed that the greatest value of intensity of a radiation balance in
the daily course falls on midday for all heights, the maximum value
in the annual course is observed in May-June at a clear palate and
in July at an average cloudiness. Decrease of the monthly sums of a
radiation balance with area height almost from September to April (is
well traced at a clear palate) and from October to May (at an average
cloudiness) that corresponds to increase in albedo with area height.
From May to October and from June to September, on the contrary,
respectively, with height of the area some increase in the monthly sums
of a radiation balance while the albedo tends to decrease is noted. It
is at the same time possible to notice that the considerable decrease of
size of a radiation balance happens to height of the area, since height
of 1900-2000 m that is explained by a sharp increase of albedo at
these heights. Thus, the radiation balance has legibly expressed daily
course corresponding to the daily course of height of the Sun with the
maximum value at noon, with minimum - in the morning clocks. The
annual course of a radiation balance almost follows the annual course
of midday heights of the Sun, especially in summertime, and reaches
the maximum value in May-June, under the real conditions of weather
- in July. Minimum value of a radiation balance both at a clear palate,
and under the real conditions of weather is observed in January. The
annual sums of a radiation balance with height of the area is marked
out decrease both at a clear palate, and at an average cloudiness. The
monthly sums of a radiation balance during the autumn and winter
periods with area height, as a rule, decrease, and in the second half of
the spring period and during the summer period sluggishly increase.
Great change of monthly sums of radiation balance with area height
happens since the height 1500-2000 m and above.
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1.21 Role of exited atoms in lidar measurements
of upper 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 paper presents the results of a lidar study of the atmosphere
in the altitude region of 100-400 km, obtained at the lidar station
of Kamchatka in 2008-2016. The development of methods for lidar
measurements and signal processing is discussed. The authors describe
the method that takes into account the aftereffects of photoelectric
multipliers and the technique to measure the background signal. These
tools allow them to include the mesosphere and upper atmosphere
into the altitude region investigated by the lidar method. The results
of the investigation of the reverse lidar signal from the altitude
region of 100-400 km caused by the resonant scattering on exited
components of upper atmosphere are discussed. Keywords: atmosphere,
lidar, stratosphere, mesosphere, scattering, sounding

1.22 Season variations of mesopause temperature
and amplitude of VLF signal of Novosibirsk
radio station during 2009-2016

Korsakov A.A.Y, Kozlov V.I.', Ammosova A.M.*, Ammosov P.P.},
Gavril’eva G.A.", Koltovskoi I.I.}, Pavlov Ye.A.?

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

For sensing the lower ionosphere, the registration of very low frequency
(VLF: 3-30 kHz) signals of radio navigation stations and the rotational
temperature of hydroxyl (OH) emitting in the band 6-2 835 nm giving
information from the mesopause region are used. Seasonal amplitude
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variations of the VLF signal of the Novosibirsk station (14.9 kHz)
radio navigation system «Alphas registered in Yakutsk (62N, 129E) at
daytime (3-7 UT) and night (16:30-17:30 UT) propagation conditions
are considered (2009-2016). In the seasonal variation (2009-2016),
the signal increases in winter in 2014-2015 (10 dB in the afternoon
and 6 dB at night), which corresponds to an increase in F10.7 and
geomagnetic activity of Ap-index. Seasonal variations of the rotational
temperature of hydroxyl OH (6-2), measured at the optical station
Maimaga (63N, 129.5E), are also considered. The mean temperature is
estimated at 188 K. Seasonal dynamics show annual and semiannual
and third-year variations with harmonic amplitudes of 28.6 K, 10.6 K
and 3 K, respectively. The response of the atmosphere temperature in
Yakutsk at the height of the hydroxyl (OH) Year solar cycle increases
by 7 K when the series is shifted 2 years ago relative to the maximum
F10.7, which corresponds to a shift in the maximum of geomagnetic
activity. The correlation coefficient is R = 0.44, which indicates
the possible effect of geomagnetic activity on the parameters of the
subauroral mesopause.

1.23 Studing Ionospheric TEC with Signals of
Geostationary Navigation and
Augumentation Satellites

Kurbatov G.A.', Yasyukevich Yu.V.?

L Faculty of Physics, Lomonosov Moscow State University
2 Institute of Solar-Terrestrial Physics SB RAS

During last two decades data from Global Navigational Satellite
Systems (GNSS), such as GPS and GLONASS, are actively
used in ionospheric studies. Recently along with widely used
GPS/GLONASS satellites there is a possibility to apply geostationary
satellites of COMPASS /Beidou navigational system and geostationary
satellites of Satellite Based Augumentation Systems (SBAS), such
as GAGAN, WAAS and EGNOS, for ionospheric TEC estimations.
The main advantage of geostationary TEC observations compared to
GPS/GLONASS is almost motionless ionospheric pierce point (IPP).
It provides the possibility to analyze long-term continous data series for
the selected satellite-receiver pair instead of rather short 2-6h records
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as for GPS/GLONASS. Currently there are eleven (three WAAS, two
GAGAN, one EGNOS and five COMPASS ) geostationary satellites
transmitting signals at pairs of coherent L-band frequencies, which
can be used to estimate ionospheric TEC. The number of receiving
sites capable to work with the majority of GNSS and SBAS satellites
is also rapidly increasing. In common access in particular are the
observations of the IGS MGEX network. In this work we present the
results of the comparison of the noise patterns in TEC estimations using
signals of these geostationary systems. It is shown that for GAGAN
satellites mean TEC noise is 0.6TECU with maximum values reaching
1.5TECU, when at the same time for COMPASS/Beidou satellites
at close elevation angles TEC noise is significantly smaller, with
mean and maximum values 0.06TECU and 0.2TECU correspondingly,
which is comparable to TEC noise for GPS/GLONASS observations
at the same elevations. TEC noise for EGNOS satellite reaches up to
16TECU, which is not suitable for ionospheric studies. TEC noise for
WAAS satellites is 0.7TECU with maximum up to 1.3TECU, which
corresponds to those of GAGAN satellites observed at MSU station.
Thus, TEC estimations based on geostationary COMPASS /Beidou
satellites provide the best noise level among all geostationary GNSS and
SBAS systems. We also found out that distinct diurnal variability in
TEC noise for GAGAN satellites is mainly due to satellites themselves.
In this paper we also present some examples of using thus estimated
geostationary TEC for the analysis of extreme heliogeophysical events,
such as Solar flares and geomagnetic storms of the current 24th Solar
cycle, including famous St. Patrick’s day strorm 2015 Our results
show the capability of using dual-frequency coherent signals from
geostationary SBAS and GNSS satellites for continuous monitoring
of ionospheric TEC in quite and disturbed geomagnetic conditions.
Intensively growing number of receivers in multisystems networks and
increasing number of dual (and more) frequency geostationary satellites
in SBAS and GNSS constellations provide the opportunity in future to
incorporate these types of measurements to ionospheric tomography
and interferometry routines.
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1.24 Two types of geomagnetic storms and
relationship between Dst and AE indexes

Shadrina L.P.
Academy of sciences of Sakha (Yakutia) Republic

In this work, the relationship between Dst and AE indices of the
geomagnetic field and its manifestation in geomagnetic storms in the
XXIII solar cycle was investigated. It is shown that, according to the
ratio of the amplitude of Dst index decrease during storm?s main
phase and the sum of AE index for the same period, geomagnetic
storms are divided into two groups. For the first one it is characteristic
a significant amounts of the sum AE index and small decreases in the
Dst index. Most often these are storms with a gradual onset and a
long main phase associated with recurrent solar wind streams. Storms
of the second group differ in large amplitudes of Dst index decrease,
shorter duration of main phase and small sum of AE-index. These are
usually sporadic geomagnetic storms with a sudden onset, caused by
interplanetary disturbances such as CME. It is shown that the storms
of these two types differ also in their geoeffects, including the effect on
human health.

1.25 Variations in the atmospheric electric field
and Meteorological parameters in Kamchatka
during 1997-2017

Smirnov S.E.

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

The analysis of the seasonal and annual course of aeroelectric field of
middle latitude observatory Paratunka in Kamchatka during 1997-2017
is carried out. The seasonal intervals of greatest and lowest values,
stable from year to year, are observed. The change of annual course
of aeroelectric field in near ground air at the observatory, that is in
the active geodynamical region, is shown. The great positive course
has changed for light negative one. It is possible connected either with
the change of the intensity of radon emanation or volcanic activity in
Kamchatka.
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1.26 Whistler source regions for 16 detector
stations around the world

Koronczay D.12, Lichtenberger J.1:2, Steinbach P.3, Clilverd M.%,
Rodger C.5, Ferencz C.', Sannikov D.V.%, Cherneva N.V.5,
Darrouzet F.7

L Department of Geophysics and Space Sciences, Eétvds University,
Budapest, Hungary
2 Geodetic and Geophysical Institute, RCAES, Sopron, Hungary
3 MTA-ELTE Research Group for Geology, Geophysics and Space
Sci., Budapest, Hungary
4 British Antarctic Survey, Cambridge, United Kingdom
5 Department of Physics, University of Otago, Dunedin, New Zealand
6 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
" Belgian Institute of Space Aeronomy, Brussels, Belgium

AWDANet is a global, ground-based detection network for the
automatic detection and analysis of VLF whistler waves. In this study,
we analyzed data from 16 stations located at various geographic
locations, identifying the most likely originating lightning stroke of each
whistler by using data from the WWLLN global lightning database.
This allowed us to create maps of the generating lightning strokes
for each station, showing the whistlers’ source regions. This revealed
the geographic extent of the source regions, previously not studied
in detail. Subsequently, we compared these maps of whistler-causing
lightning strokes to maps of total lightning activity in the same region
and over the same time period, to obtain the geographic distribution of
lightning-to-whistler transmission rates. We also looked at the whistler
transmission rates as a function of distance from the conjugate point,
time of day (day/night), and type of surface over which the lightning
stroke in the database occurred (land/ocean). We then analysed and
compared theses results obtained for the transmission rates to each
other for the 16 stations, which are located at different hemispheres,
continents and geographic latitudes. The procedure outlined above,
building on and extending previous methods, showed the whistler
source regions to be roughly where they are expected based on the
theory of whistler propagation. It is also clearly observable that the
whistler transmission rates decrease as a function of increasing distance
from the given station’s conjugate point. Our results also eliminate
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previous anomalous results obtained for the sources of whistlers,
especially for whistlers at Dunedin, New Zealand.

1.27 Algorithms for changing the structure of
geospace self-organizing question answering
sensor networks

Mochalov V.A., Mochalova A.V.

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

Optimization problems of construction, development and changing
the structure of geospace self-organizing question answering sensor
networks (GSQASN) are considered. The task specifies the coordinates
of various network nodes. It is required with the specified functional,
structural, cost and spatial constraints to change the structure of
the GSQASN by adding new nodes, moving to new positions or
deleting some existing nodes. After the formation of the GSQASN
structure we solve the task of question-answer agents placement into
GSQASN structure in order to be able to answer the given types of
questions under the established limitations. A generalized functional
scheme of the of the GSQASN architecture design and an approximate
bioinspired algorithms for solving the tasks are proposed. The results
of the work can be used in the construction of specific GSQASN and
in the GSQASN design support systems.
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2 Geophysical fields and their interaction
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2.1 Analysis of magnetic data of ground station
network during strong magnetic storms

Mandrikova O.V.%*, Solovev 1.S.%*, Khomutov S.Y.},
Baishev D.G.%2, Chandrasekhar P.3

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy
SB RAS, Russia
3 CSIR-National Geophysical Research Institute, India
4 Kamchatka State Technical University, Russia

The paper suggests a new technique for magnetic data analysis to
detect and to estimate short-time anomalous increases in geomagnetic
disturbance intensity. Based on the technique and applying the data of
meridionally arranged stations in the north-east of Russia («Kotel'nyi»
KTN, «Tixie» TIX, «Chokurdakh» CHD, «Zyryanka» ZYK, «Mys
Shmidta» CPS, «Yakutsks YAK, «Magadan» MGD, «Paratunkas
PET, «Khabarovsk» KHB) and the near equatorial Indian stations
(«Hyderabad> HYB and «Choutuppal> CPL), we analyzed the
geomagnetic field variations during strong magnetic storms. This
approach allowed us to detect simultaneously occurring local increases
in geomagnetic activity observed a few hours before events and
during the main phases of magnetic storms. The development of the
method was supported by RSF Grant No.14-11-00194. Experimental
investigations were supported by RFBR Grant No. 16-55-45007.
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2.2 Analysis of the states of the magnetosphere of
the Earth by the algorithm of adaptive
construction of hierarchical neural network
classifiers

Dolenko S.A., Svetlov V.A., Isaev I.V., Myagkova I.N.

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

The analysis of the state of the outer Radiation Belt of the Earth as a
part of the Earth’s inner magnetosphere was performed based on GOES
satellite data on the fluxes of relativistic electrons in the geostationary
orbit, on ACE satellite data on the parameters of interplanetary
magnetic field and solar wind, and also on geomagnetic indexes, with
the help of the algorithm of adaptive construction of hierarchical neural
classifiers developed by the authors, used in clusterization mode. The
samples subject to clustering were descriptions of the events of increase
in the flux of relativistic electrons of the outer radiation belt of the
Earth with energy > 2 MeV. Partitioning into 5 clusters was obtained.
As an alternative, we considered partitioning into 5 clusters obtained
using the k-means algorithm. The obtained clusters were analyzed from
the point of view of their possible correspondence to characteristic types
of events, differing by physics of processes taking place. The results of
partitioning obtained by the two algorithms were compared. This study
was supported by RFBR grant (project no.15-07-08975-a).

2.3 Choice of optimum heights for registration of
ionospheric response to earthquakes

Krasnov V.M., Gotur I.A., Kuleshov Yu.V., Cherny S.E.
Mozhaisky Military Space Academy

Global navigation satellite systems are capable to ensure real
continuous measurements, high space-time resolutions and global
coverage provided by monitoring of ionospheric disturbances due to
earthquakes. It is offered to use this kind of observations in tsunami
warning systems, and also during monitoring of earth (sea) surface
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motion in region which is difficult of access. However, since TEC is an
integral parameter, the observed ionospheric disturbance accounts for a
large range of altitudes. That is the main disadvantage of this method.
Someone suppose that the main contribution to TEC variations appears
around the height of the maximum of F2 ionospheric layer. As a
result it is impossible to determine the exact altitude of occurrence
of observed ionospheric perturbations and its coordinates. There are
attempts to define the conditions at which ionospheric disturbances
can be most precisely allocated and to the greatest degree are similar
to a seismic signal. For example, it is recommended to carry out the
measurements at a satellite elevation angle lower than 40 degrees.
The purpose of our work is by means of modeling calculations on
an example of the Tohoku-Oki earthquake to show the dependence of
ionospheric disturbances on height. To develop the model we used the
data of the Czech network of seismic stations, ionosonde data, located
in Pruhonice, and the data of network of Doppler measurements. The
motion field of a terrestrial surface is calculated according to seismic
observations. Radiation of an infrasound and its propagation take into
account atmospheric inhomogeneity, nonlinear effects, their absorption
and divergence of wave front. Validity of calculations is shown by
comparison of results of modeling calculations to results of HF Doppler
sounding data on a network of radio traces. Correlation coefficient
between calculated and experimental records for seismic waves: P, S,
SS and the first Rayleigh waves has made values from 0.68 to 0.9.
High-altitude dependences of portraits of ionospheric disturbances are
calculated for a case of influence of a P-wave to the ionosphere. We
compared the portraits of ionospheric disturbances with the portraits
of the seismic recording. The correlation coefficient of the recordings
for the height of 100 km was about 0.81, for 130 km - 0.85, for 160 km
- 0.77, for 180 km - 0.76, for 200 km - 0.7, for 230 km - 0.54 and for 250
km - 0.41. At the same time according to ionogram data the maximum
of layer F2 was at the height about 240 km. Thus, for the considered
conditions of experiment it was preferable to carry out measurements
of the ionospheric disturbances at heights below 200 km.
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2.4 Comparison of the thermal field of the Earth
crust with features of the seismic regime of
the Northern Tien Shan

Zhantaev Zh.Sh., Vilayev A.V.

National center of space researches and technologies, Institute of
ionosphere, Kazakhstan

Data on the parameters of the thermal field of the Earth crust in
Northern Tien Shan region have been generalized and organized. The
experimental data of physical properties of rocks, direct determinations
of the heat flow at the surface, and correlation ratio of geothermal
parameters with seismic velocities were used. The patterns of heat-
generating elements distribution with depth were clarified, 3D models
were compiled. The structure of the heat flow is studied by decomposing
the value observed on the surface to the core (radiogenic) and mantle
(deep). To calculate the temperatures, the numerical modelling of the
3D equation of conductive heat transfer with initial and boundary
conditions and with additional sources of radiogenic heat was applied.
High-temperature regions were found at depths of 35-60 km with
temperature values of 100-250 C above the solidus, which can lead
to partial melting of rocks. The field of thermoelastic deformations,
reaching 20 to 40 per cents of the total lithostatic pressure, was
calculated. Areas of the earth crust were identified where rocks
experience the conditions of thermal stresses exceeding their critical
strength. A comparative analysis with seismic activity of the region
was carried out. The criteria controlling the distribution of earthquakes
hypocenters were determined according to the morphology of the areas
of abnormal temperatures and thermal stresses.
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2.5 Complex 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 in the atmosphere by the ground surface
are described. The instrumentations for the observations are a laser
strainmeter-interferometer and a small-pressure barometer installed
close to each other. It was shown that during the increase of deformation
rate in the near surface rocks, increase of acoustic emission intensity
in the atmosphere by the ground surface is registered. The effect of
meteorological factors on the observation results is evaluated.

2.6 Electromagnetic and acoustic radiations before
Kamchatka earthquake

Marapulets Yu.V., Druzhin G.1., Cherneva N.V., Solodchuk A.A.

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

The most probable cause of simultaneous anomalous radiations in
electromagnetic and acoustic fields, different in nature, is intensification
of deformation processes during strong earthquake preparation. To
verify this fact, simultaneous observations of electromagnetic signals
and acoustic emission in the frequency range from 0.1 Hz to 11 kHz
[1] were carried out in Kamchatka. In the result of the experiment,
radiation bursts appeared about 24 hours before a seismic event with
My p=5.4. Such bursts were not observed on other days within this
time of a day in August-September, 2013.

1. Druzhin G.I., Marapulets Yu.V., Cherneva N.V., Isaev A.Yu.,
Solodchuk A.A. Acoustic and electromagnetic radiations before an
earthquake in Kamchatka. Doklady Akademii Nauk, 2017, V. 472, Ne5,
pp. 584-589.
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2.7 Estimates of the typhoon eye cloud wall
characteristics according to the world
lightning localization network

Permyakov M.S.

V.I Il’ichev Pacific Oceanological Institute FEB RAS, Far Eastern
Federal University

In this work, we performed an analysis of the structure of lightning
discharge fields in the central region of tropical cyclones (TCs) in the
northwestern part of the Pacific Ocean from 2011 to 2015, basing on
the data of the World Wide Network of Lightning Location (WWLLN).
Lightning activity in the central area of the TC begins to appear at
the stage of depression. In all the super-typhoons at the typhoon stage,
a day or two days before the maximum development in the discharge
fields, structures in the form of rings or parts of ring structures are
clearly distinguished. They are associated with deep moist convection
in the cloudy wall of the typhoon’s eye in the area of maximum winds.
We provide the characteristics of these rings (center coordinates,
radius and width) along with estimates of the typhoons center location
and their movement speeds, and compare them with the estimates
from the archives of the American Typhoon Warning Center (JTWC)
and the Japan Meteorological Agency (JMA).

2.8 Evolution of electrosensitivity of deformation

processes in geosphere
(by the example of BGP)

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

L Research station RAS, Bishkek, Kyrgyzstan
2 Institute of Marine Geology and Geophysics FEB RAS, Russia

The case of impacts on the geo-environment of electromagnetic pulses
generated during the start-up of geophysical MHD generators was
analyzed in the works of Tarasov NT. With co-authors from IPE
RAS and OIVT RAS [Tarasov, 1997]. In this case, the increase in
seismicity found on the territory of the Garm and Bishkek landfills
after the electrosounding was also due to an increase in the number of
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weak events. In the works of a group of authors from the Scientific
Station of the Russian Academy of Sciences in Bishkek (NS RAS)
[Sychev et al., 2010] a similar result is obtained, the essence of which
is the trigger effect on the local seismicity of electromagnetic pulses of
probing current pulses of the ERGU- Currently used in place of MHD
generators. According to these studies, a response to an additional
external effect in the form of a short-term increase in the daily number
of weak earthquakes (events of grade 7-9) occurs with a delay of several
(from 5 to 7) days. Activation occurs mainly due to events whose
hypocenters are at a depth of 5-15 km and fall inside the area of
the closest to the source zones with increased natural seismicity. The
effect of the increase in activity on days 5-7 in some periods of the
experiment exceeded the level of the 2 RMS, and for responses with less
delays the effect was estimated at the significance level of 1 RMS. Other
authors [Smirnov, Zavyalov, 2012] note that the activation occurs in a
shorter period - 35 hours. It should be noted that during the processing
a short time interval was taken into account: either start-up of the
MHD generator (1983-1998), or additional probing with unipolar pulses
(2000-2005). In this regard, the report again analyzes the impact of
current pulses on the seismic regime, which were generated by different
sources, but were fed to the same excitatory dipole during its entire use
at the Bishkek geodynamic training ground from 1983 to 2017.
Literature.

1. Smirnov VB, Zavyalov AD, On the question of seismic response to
electromagnetic sounding of the Earth’s lithosphere // Physics of the
Earth. 2012 Ne, 7-8. Pp. 63-88.

2. Sychev VN, Bogomolov LM, Rybin AK, Sychova NA Influence of
electromagnetic soundings of the earth’s crust on the seismic regime of
the territory of the Bishkek geodynamic polygon // Trigger effects in
geosystems / Ed. Adushkina V.V. And Kocharyan G.G. M .: GEOS.
2010. P. 316-326.

3. Tarasov N.T. Changes in the seismicity of the crust under electric
action // Dokl. RAS. 1997. T. 353. Ne4. S. 542-545.
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2.9 Fractional models of seismoacoustic and
electromagnetic activity

Shevtsov B.M., Sheremetyeva O.V.

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

Statistical models of the seismoacoustic and electromagnetic activity
caused by deformation disturbance are considered on the basis of
compound Poisson process and it’s fractional generalizations. Wave
representations of these processes are used too. It is discussed five
regimes of deformation activity and their role in understanding of the
earthquakes precursors nature.

2.10 Fractional properties of geophysical fields
variability on an example of hydrochemical
parameters

Shevtsov B.M.*, Shevtsova O.V.?

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 V.I. IlVichev pacific oceanological institute FEB RAS, Russia

Using properties of compound Poisson process and it’s fractional
generalizations, statistical models of geophysical fields variability on
an example of hydrochemical parameters system are considered. These
models possess the necessary universality for the description of objects
of the different nature and allow to explain various modes (regimes) of
pulsations. Displays of non conservatism in hydrochemical parameters
system and advantages of the system approach in the description of
geophysical fields variability are discussed.
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2.11 InSAR data analysis at Kamchatka during
2016

Larionov LA}, Perezhogin A.S.1>2

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

Geophysical monitoring in seismically active areas depends on
geodeformation processes in the earth’s crust. Observations of earth’s
crust strain-stress using gps-measurements, laser interferometers give
only an opportunity to analyze the dynamics in time without the
possibility of extrapolation to adjacent areas. In this regard, it is
useful to apply a radar interferometry technology to measure the
displacements of the earth’s surface. The report includes the results
of processing the radar data of the Sentinel-1A satellite. Several
qualitative interferometric pairs were obtained during the period from
June to October 2016. A high coherence coefficient is observed in open
areas in the vicinity of volcanic structures and adjacent territories,
as well as on the west coast of Kamchatka, where there is no high
vegetation. The main factor that significantly reduces the coherence
of images is the forest cover. Possibility of estimating the surface
displacement at regions with a high coherence coefficient is discussed.

2.12 Interactive system for geomagnetic data
analysis

Solovev 1.5.1:2

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

The paper suggests the methods for analyzing variations of the
geomagnetic field, which are implemented in the software system for
complex analysis of geophysical parameters «Aurora». The methods
allow one to estimate the intensity of geomagnetic perturbations
and to allocate increased geomagnetic activity periods. Software
system parameters allow one to analyzing the magnetic data, both
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for high latitudes and at the equator. For detailed geomagnetic data
analysis during periods of magnetic storms and substorms, algorithms
for processing seconds data are implemented in the system. The
software system is publicly available (http://aurorasa.ikir.ru:8580,
http://www.ikir.ru:8280/Isaserver /MagneticPage.jsp). This research
was carried out at the expense of the Russian Science Foundation
(Project No. 14-11-00194).

2.13 Investigation of earthquake-related
ionospheric disturbances far from the
epicenters

Perevalova N.P.', Berngardt O.1.*, Podlesnyi A.V.},
Shestakov N.V.2:3

L Institute of Solar-Terrestrial Physics SB RAS, Irkutsk
2 Far Eastern Federal University, Viadivostok
3 Institute of Applied Mathematics, FEB RS, Vladivostok

Based on data from GPS networks and from the fast chirp ionosonde
we analysed the ionospheric disturbances generated by earthquakes far
from the epicenters. The GPS data revealed asymmetry of ionospheric
disturbances attenuation in different directions from the epicenter. We
performed a statistical analysis of ionospheric effects for 28 earthquakes
in 2011-2016 based on the Irkutsk fast chirp ionosonde data. After nine
of these earthquakes, vertical midscale irregularities «multicus») in the
low ionosphere were detected. These irregularities are associated with
propagation of shock acoustic waves generated by Rayleigh surface
seismic waves. To take into account the spatial distribution of seismic
waves for estimating the energy of the surface source of acoustic waves
a new index KW was proposed. This study was supported by the
Presidium of the Russian Academy of Sciences (program Nel5, project
Ne0344-2015-0019 «Study of the Lithosphere-Atmosphere-Ionosphere
System under Extreme Conditions»), RF President Grant of Public
Support for RF Leading Scientific Schools (Nsh-6894.2016.5), and
RFBR grant Nel17-55-53110 GFEN _ a.
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2.14 Joint analysis of ionospheric parameters and
cosmic ray data during magnetic storms in
2015

Mandrikova O.V., Polozov Yu.A., Zalyayev T.L.

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

The paper presents joint analysis of ionospheric parameters and cosmic
ray data during strong magnetic storms in 2015. The analysis is
based on the application of wavelet transform and neural networks.
Anomalous changes in the data were determined before magnetic
storms. They are likely to be associated with the incoming events. The
research was supported by the Russian Scientific Foundation Grant
(Project Ne14-11-00194).

2.15 Magnetic observations at Geophysical
Observatory «Paratunka» IKIR FEB RAS:
tasks, possibilities and future prospects

Khomutov S.Y.

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

Continuous magnetic measurements at Geophysical Observatory
«Paratunka» (PET) of IKIR FEB RAS are performed since 1967.
In the new millennium analogue magnetometers were modernized
to digital, the technologies of absolute observations were changed,
the data processing was completely transferred to computers, and
the status of INTERMAGNET observatory was obtained. Currently,
the observatory uses the following magnetometers: (a) for absolute
observations - DIflux LEMI-203 (theodolite 3T2KP) and Mag-01
(theodolite Wild-T1), Overhauser magnetometers POS-1 and GSM-
19W; (b) for variation measurements - fluxgate magnetometers
FGE-DTU, FRG-601 and MAGDAS (installed under international
agreements of IKIR), vector magnetometers dIdD GSM-19FD and
POS-4 with Overhauser sensors and coil systems, scalar magnetometer
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GSM-90 and induction magnetometer STELAB. During Spring-
Autumn season dIdD also is installed at remote station «Karymshina»
at distance of 15 km from Observatory. There is monitoring system
for monitoring of conditions in which magnetic observations are
performed, including the semi-professional weather stations Davis
Vantage Pro2 and WS2000 and a network of digital temperature
sensors DS18B20 located at various points in magnetic pavilions
and outdoor. All measurements are synchronized with the UTC.
The results of observations are collected by the IKIR data server
from the recorders and loggers, including in real-time. Specialized
software was developed (based on MATLAB and Octave packages),
which allows automatic and semi-automatic processing of data, the
comparison of the results from different magnetometers and presenting
final data in formats, defined by international standards, including
INTERMAGNET. Significant efforts of observatory staff are direct to
archive (raw) magnetic data, a significant part of which has not been
entirely processed, is not presented in international data centers and is
still not available to the scientific community. Digital images of analog
magnetograms have been obtained, the digitization of which allowed
to fill the gaps in the hourly data available in the WDC for 1991,
1996-1997. The state of the set of the instruments and databases shows
that the observatory «Paratunka» can solve most of the problems
that arise in the geomagnetic field researches, including the provision
of data for the development of regional and global field models,
ground support of magnetometers located on satellites, support of
the surface (sea) and aeromagnetic surveys and drilling, providing
the data for researches of processes in the lithosphere, magnetosphere
and ionosphere over a wide frequency range, and also for a number
of applied problems. This work was supported by the Grants of RSF
No0.14-11-00194 and RFBR No.16-55-45007.
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2.16 Monitoring of geoacoustic emission of
sedimentary rocks by a laser
strainmeter-interferometer and a
three-component piezoelectric seismic
detector

Mishchenko M.A.', Larionov I.A.', Bogomolov L.M.?, 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, Bishkek, Kyrgyzstan

The results of complex geodeformation observations in Kamchatka
are presented. A laser strainmeter-interferometer (developed at IKIR
FEB RAS) and a three-component piezoelectric seismic receiver,
constructed by ZAO «Geoakustica» and provided by IMGiG FEB
RAS within the joint research, were used as the registering systems.
The analysis of signals received simultaneously by different registration
systems was carried out. Seismic signals from earthquakes, pulses with
the frequency up to 100 Hz and higher-frequency geoacoustic signals,
which had been registered by a system of spaced hydrophones at IKIR
FEB RAS before, were detected.

2.17 Parallel adaptive sparse approximation
methods for analysis of geoacoustic pulses

Kim A.A.Y2, Lukovenkova O.0.%2, Marapulets Yu.V.!,
Tristanov A.B.%3

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

The passive acoustic emission method is widely used to study of
the strength of materials, in geophysics and to study of the seismic
process. It is based on the study of the characteristics of acoustic
emission pulses that arise as a result of plastic deformation of solid
media. Researches in Kamchatka shows that the acoustic emission
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method is effective in monitoring acoustic disturbances occurring in
the sound range during activation of sedimentary rocks deformation
at the final stage in the earthquake preparation. Such emission
signals are called geoacoustic emission, and their disturbances are
often used as operational earthquake precursors. Geoacoustic pulses
are characterized by a complex internal structure, a wide variety of
time-domain waveforms, large amount of noise and short duration.
The classical time-frequency methods used to analyze similar signals in
other research fields do not give good results. The authors proposed a
new approach to the analysis and modeling of geoacoustic signals based
on the sparse approximation methods. A parallel implementation has
been developed for the proposed methods. This implementation allows
real-time geoacoustic signals modeling and processing.

2.18 Prediction of geomagnetic indexes with the
help of artificial neural networks

Myagkova I.N., Dolenko S.A.

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

The results of prediction of geomagnetic indexes Ap, Kp and Dst
characterizing the state of the Earth’s magnetosphere, obtained with
the help of artificial neural networks (ANN) for various prediction
horizons, are presented. The forecasts are based on multivariate time
series including the values of the geomagnetic indices, as well as data
about the parameters of solar wind and interplanetary magnetic field,
during several latest days.

This study has been performed at the expense of Russian Science
Foundation, grant no. 16-17-00098.
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2.19 Reversal of magnetic field in the dynamic
system with stochastic a{2-generators

Vodinchar G.M., Godomskaya A.N., Sheremetyeva O.V.

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

In the af-dynamo model, we assume the axial symmetry of the
velocity field v and the magnetic field B in the spherical shell of
a viscous incompressible fluid rotating around the Oz axis with a
constant angular velocity 2. We assume that the velocity field of
a viscous liquid v is zero on the inner r = r; and outer r =
ro spherical envelope boundaries (boundary conditions of adhesion),
and the magnetic permeability of the inner and outer nuclei is the
same, and the medium outside the core (r > 73) is not conductive
(vacuum boundary condi- tions at the outer boundary and conditions
of boundedness at the center of the earth are assumed). We assume that
the mean flow ¥ has the character of differential rotation, corresponding
to the modes V£170 from the linear shell {V%;,L(V

Vsz,2,07 Vg&s,m V,‘ZA,O, ...} is invariant under the coriolis drift. Any
such mode generates the rest of the chain. In the simplest case,
the speed is well approximated by the following combina- tion: v =
u(t)vo = u(t)(a1vi g+aavls g+asvy s o +oa1vi g+aisvi 5 ), where
vo — the mode of Poincare, | vo |= 1, u(t) — velocity amplitude, velocity
field components are considered independent of time. The magnetic
field is represented by the minimum number of lower eigenmodes
B5170, Bg’2707 B(I)D,s,o sufficient to produce an oscillating dynamo. 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)| =
1. We substitute these expansions in the magnetohydrodynamic system

a—:—i—Rem( V)v=P,Av—-VP—-E"'P,(e. x v)+

+(1+¢(t)) four + (V x B) x B,
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apply the Galerkin method and introduce the mechanism of algebraic
suppression of the a-effect and oscillations. We obtain a system of the
following form:

ou
i m(t) D oAy + (14 C(t)) four + D aiLijiB; By,
k i, 5, k
0B;
oi = Bemu(t) Y a;WigeBi - piBi + Ra U Y WiBe,
k

where ((t) u &(t) — stochastic processes with zero mean. Choosing
different values of (Renm, R qiphe) from a small neigh- borhood of the
bifurcation point and different initial conditions, we obtain different
dynamo regimes.

2.20 Symbolic Computations in Simulations of
Hydromagnetic Dynamo

Vodinchar G.M.%2, Feshchenko L.K.!

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

Research of the problems of planetary and stellary dynamo often carried
out using methods of weighted residuals. In these methods, all fields are
decomposed in a combination of stationary modes with time-dependent
amplitudes.

The construction of the dynamo model involves the selection of modes,
and then the compilation of a dynamical system for the amplitudes.
This system is quadratically nonlinear with constant coefficients. The
coefficients themselves are computed as volume integrals for different
multiplicative combinations of basis modes and the vector-operator V.
The number of integrals increases proportionally to the third power of
the number of modes, so their calculation is possible only with the use
of computer technology.

To calculate the coefficients it is convenient to use systems of symbolic
computation, since integration over the surface of the sphere is carried
out analytically, and only integration in the radial direction requires
the involvement of numerical methods.

113



To solve the described problems, a unified technology was developed in
the system of symbolic computation Maple. The complex of programs
implementing it includes modules for calculating the modes of free fluid
oscillations and eigenmodes of magnetic field dissipation, the program
for calculating the approximations of the modes of free oscillations in
a rotating shell, the program for calculating the coefficients and for
automatically compiling dynamic systems of magneto convection in
spherical shells with different variants of boundary conditions.

2.21 Analysis of ionospheric parameters by the
software system «Aurora»

Polozov Yu.A., Fetisova N.V.

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

The paper presents methods of modeling and analysis of ionospheric
parameters, which realized in the program system of complex analysis
of geophysical parameters «Auroras. The methods allow to analyze
of characteristic changes in the ionospheric parameters and allocate
the anomalous features during periods of ionospheric disturbances.
The algorithm parameters are adapted for analyzing the ionospheric
data of the Paratunka station (Kamchatka) and based on results of
the estimates (station data of Yakutsk, Gakona, etc. were analyzed).
Methods can be applied for the mid-latitude region. The system is
implemented in the public domain (http://aurorasa.ikir.ru:8580).

The research was supported by the Russian Scientific Foundation
Grant (Project Ne 14-11-00194).
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2.22 The geophysical field disturbances and
quantum mechanics

Kuznetsov V. V.

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

Quantum processes impact into physics of geophysical field
disturbances is discussed here in examples of phenomena such
as an earthquake with processes preceding and accompanying it,
volcanoes eruptions and diamond exploding pipes. Physics of shock
waves generation in ionosphere and atmosphere, mechanism of
atmosphere phenomena in supercooled clouds recorded by a stormglass
is considered. The report treats of physics of ball and dark lightning, of
generating in atmosphere the high-energy particles involved in sprites
occurrence, and so on. Geophysical phenomena considered here have no
clear and consistent interpretation in the context of classical physics.
We attempt to involve the recent achievements of quantum physics
namely the quantum entanglement between elementary particles
implicated in considered phenomena.

2.23 Application of «Sensor signal analysis
network» complex for distributed, time
synchronized analysis of electromagnetic

radiation

Mochalov V.A., Mochalova A.V.

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

The paper considers a developing software-hardware complex «Sensor
signal analysis networks for distributed and time synchronized
analysis of electromagnetic radiations. The areas of application
and the main features of the complex are described. An example
of application of the complex to monitor natural electromagnetic
radiation sources is considered based on the data recorded in VLF
range. A generalized functional scheme of stream analysis of signals by
a complex functional node is suggested and its application for stream
detection of atmospherics, whistlers and tweaks is considered.
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2.24 Characteristics of Schumann resonance
parameters at Kuju station

Ikeda A., Uozumi T., Yoshikawa A., Fujimoto A., Abe S.,
Nozawa H., Shinohara M.

International Center for Space Weather Science and Education,
Japan

The Schumann resonance (SR) is the global resonance of
electromagnetic waves generated by global lightning activity. The
resonance is formed by the Earth-ionosphere cavity and the specific
resonance frequencies, which are about 8, 14, 21, and 26 Hz, appears
in ground magnetic field variation. Expectations for the SR have
increased recently as an indicator of global and regional lightning
activity. In order to use the SR parameters for studying such earth’s
climate, we need to investigate characteristics of Schumann resonance
parameters. In this study, we concentrated our attention on the SR at
Kuju, Japan (KUJ; M. Lat. = 23.4 degree, M. Lon. = 201.0 degree).
The ground magnetic field variation in the extremely low frequency
(ELF) range has been measured by an induction magnetometer at
KUJ since 2003. The observation is a part of activities by International
Center for Space Weather Science and Education, Kyushu University.
The first mode of the Schumann resonance (SR1) around 8 Hz can be
seen at KUJ. The SR1 in H (horizontal northward component) shows
daily variations with maximum peaks around 15 UT throughout the
entire period. In the case of D (horizontal eastward component), the
SR1 shows its maximum peak around 8 UT. The three major regions
of thunderstorm activity (i.e., tropical Asia, Africa and America) affect
amplitude of SR. The maximum peak times of SR1 in H and D are
coincident with the enhancement of thunderstorm activity in Africa
and Asia, respectively. This can be explained by the geographical
location of Kuju station.
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3 Physics of earthquake precursors
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3.1 Detection of precursor anomalies of
Zhupanovskoe earthquake on January 30, 2016
with My;=7.2 and source depth of 171 km
(Kamchatka) by eigenoscopy method

Firstov P.P.Y, Isakevich D.V.2:3, Isakevich V.V.2:3,
Grunskaya L. V.2, Makarov E.O.', Budilov D.I."

L Kamchatka branch of Geophysical Service RAS,
Petropavlovsk-Kamchatskiy, Russia
2 000 BiznesSoftServis , Vadimir, Russia
3 Viadimir State University, Vladimir, Russia

The eigenoscopy method is applied to analyze the collective behavior
of soil radon time series to detect precursor anomalies before a deep
Zhupanovskoe earthquake with M=7.2. An iegenoscope (from the
English word «eigenvector») or «analyzer of eigenvecors and signal
componentsy is a virtual tool capable of detecting check points of the
collective behavior in multi-dimensional time series. Multi-dimensional
time series (01.08.2015 - 17.02.2016) are considered. They were obtained
from a site network for undersurface radon monitoring. The check
points were definitely defined before a deep earthquake with M = 7.2
which occurred at the distance of 120 km from the registration site by
eigenoscopy method. They may be considered as precursor anomalies.

3.2 Electromagnetic manifestation of lithospheric
disturbances

Uvarov V.N.

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

Briefly analyzed the mechanisms causing the electromagnetic response
of mechanical disturbance of rock. These mechanisms determine the
existence of electromagnetic satellite of acuto-seismic disturbances
of the Earth’s crust, in particular, the existence of acoustic-seismic-
electromagnetic waves - satellites of acoustic seismic disturbances.
There were demonstrated the existence of electromagnetic responses
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litosferic origin in natural electromagnetic background radiation of
Earth, founded steady responses of natural electromagnetic field of the
earthquake.

3.3 Estimate of the efficiency of earthquake
prediction based on ionospheric parameter
analysis

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
foF> over the median values during the disturbed state of the
magnetosphere is considered to be a precursor. The reliability, validity
and the efficiency of the precursor were evaluated by A.A. Gusev’s and
G.M. Molchan’s methods for the period of 2009-2016. Earthquakes
with the magnitude of M > 5.0 occurring within the zone of precursor
appearance determined by Dobrovol’skiy’s radius were considered
as forecasting earthquakes. It was shown that the precursor has the

best predictive efficiency for the seismic events with the magnitude of
M > 6.5.

3.4 Estimation of the practical significance of the
seasons change in initiation of strong (M > 6.0)
earthquakes

Serafimova Yu.K.

Kamchatka Branch of the Geophysical Survey, Russian Academy of
Sciences

The example of the Kurile-Kamchatka region explores the distribution
of strong earthquakes with a magnitude of 6.0 or more by the seasons.
A feature of the methodical approach is the use of astronomical
seasons, which are determined by the dates of the solstice and equinox.
Based on the analysis of the distribution of strong earthquakes in
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Kamchatka and the Kuril Islands for the period 1962-2012, depending
on the phases of astronomical seasons, it is shown that the transitions
from autumn to winter and, to a lesser extent, from spring to summer,
can be considered as a factor that causes an increased frequency of
their occurrence. Practical use of the established connection between
certain phases of astronomical seasons and the emergence of strong
earthquakes in predicting seismic activity suggests an assessment of its
statistical significance. For each set of earthquakes, taking into account
their energy parameters and for each of the seasons (autumn-winter,
winter-spring, spring-summer, and summer-autumn) considered, the
conformity of the presence or absence of the prognostic sign«change
of season» to the earthquakes that occurred occurred. A ratio of
the number of «dangerous» phase ranges, during which earthquakes
occurred, to the number of ranges in which earthquakes are expected
to occur at random are taken as a measure of the effectiveness of
seismic-prognostic attribute. For Kamchatka shows an increase in
the effectiveness of the seismic-prognostic attribute «season change»
feature in the transition from autumn to winter, the «dangerous»
phase range corresponds to the time period from 04 December to
08 January. In 2013-2016 in Kamchatka, more than 20 earthquakes
with a magnitude of 6.0 or more occurred, with 40 percent of them
being confined to the «dangerous» phase ranges that correspond
to the seismic-prognostic attribute «change of seasons». Repeated
analysis of the distribution of strong earthquakes in Kamchatka
for the period 1962-2016 depending on the phases of astronomical
seasons and an assessment of its statistical significance, confirmed the
earlier conclusions about the practical utility of the seismic-prognostic
attribute «season change» in predicting seismic activity enhancement,
despite the fact that its efficiency in the transition from autumn to
winter decreased by approximately 20 percent. At the same time,
statistically significant intervals preceding the «dangerous» phase
range of the «change of seasons», which correspond to the periods
May 15 - June 03 and November 15 - December 3, were additionally
revealed. For earthquakes from the Kuril Islands area, the use of the
«change of seasons» feature does not lead to an increase in efficiency in
predicting the time of their occurrence, which may be due to technical
shortcomings of seismological data.
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3.5 Features of manifestation of precursors of the
strong earthquakes (according to observations
on Kamchatka)

Kopylova G.N.

Kamchatka Branch of Geophysical Service Russian Academy of
Sciences

The regularities of the manifestation of hydrogeological and other
types of medium-term precursors in the territory of the Petropavlovsk
geodynamic polygon, Kamchatka, before strong (M = 6.6-8.3)
earthquakes that occurred at epicentral distances up to the first
hundreds of kilometers are considered. The most pronounced feature
in the manifestation of the precursors is an increase in their number
with increasing magnitude of the earthquake. This property of
precursors can be used in seismic prediction to estimate the time of
occurrence of strong earthquakes, despite the low reliability of separate
types of precursors. The hypothetical mechanisms of precursors are
discussed taking into account the features of changing the time
series of the observed parameters, their correlation links and the
generalized statistical parameters characterizing various properties of
the experimental data.

3.6 Information approach to the analysis of
acoustic and electromagnetic signals

Senkevich Yu.I.', Mishchenko M.A.', Larionov I.A.,
Solodchuk A.A.', Duke V.A.2

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 St. Petersburg institute for informatics and automation of the RAS,
Russia

The hypothesis of the physical connection between acoustic and
electromagnetic phenomena caused by seismic activity of the earth’s
crust is considered. IKIR has archived monitoring data for such signals,
on the basis of which an attempt is made to isolate general laws.
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Acoustic and electromagnetic signals are nonlinear and nonstationary in
nature. Therefore, the statistical approach to analyzing the properties
of such signals and finding the connection between them causes
considerable difficulties. As an alternative approach, the information
approach to the search for regularities and relationships in the signals
being considered is presented. The connection between phenomena is
established through the allocation of sequences of interrelated events.
Events are understood as fixed in time changes in the characteristics of
the analyzed signals. An object that is retrospectively associated with
a certain fact of a confirmed seismic event is recorded. The totality
of the recorded objects undergoes linguistic processing. As a result,
clusters of objects close one-to-other by the linguistic structure are
created. The results of a comparative analysis of the statistical and
the information approaches are presented.

3.7 Investigation of variations in the ratio of
electrical to magnetic components of lightning
discharge signals passing over earthquake
epicenters

Argunov V. V., Korsakov A.A.

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

One of the main tasks for researching earthquakes is to find their
reliable precursors. In the most general sense, the precursors of
earthquakes are understood as standing out various phenomena that
can be seen and recorded before the earthquake. It was established
that during the preparation of the earthquake and during the event
itself, ionospheric disturbances are observed over the epicenter region.
Some works have indicated that variations in the phase of LF
transmitter signals, observed several days before earthquakes, can
be used as earthquake precursors. Natural electromagnetic signals
of thunderstorm sources (atmospherics) can also be used to sound
seismically disturbed regions of the lower ionosphere. Effects that
can be related to subsequent earthquakes are registered in variations
in the average amplitude of atmospherics in spite of the fact that
their flux is nonstationary An amplitude increasing of atmospherics
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propagating over an earthquake epicenter reflects the variations in
the parameters of the lower ionosphere under the action of seismic
processes. An increase in the electron density, which can be interpreted
as an increase in the wave reflection coeflicient, is usually considered.
For paths with a medium length (2000-4000 km) and a small number
of wave reflections from the ionosphere (wave mode propagation can
actually be considered), taking into account the boundary conditions,
we can anticipate that seismic processes during earthquake preparation
should not only manifest themselves in variations in the amplitude of
atmospherics, but also in changes in the ratio of the vertical electric
to the horizontal magnetic field components. The vertical electric
field component received by vertical whip antenna, and the horizontal
magnetic field component - by two crossed loop antennas. Indeed,
during the precursor period there is a changes in the conductivity (the
electron concentration changes in the ionosphere) and the complex
dielectric permittivity of the medium, possibly changing the ratio of
the accepted components of the atmospheric field (assuming that the
impedance of the underlying surface at the receiving point does not
change during the time of seismic effects). For testing this possibility,
in addition to the amplitude of the atmospherics, the ratio of the
voltage from the vertical electric antenna to the total voltage from
the horizontal magnetic antennas was analyzed. Before the beginning
of measurements of distant atmospherics, the gain factors of the
measuring channels were set that the ratio of the voltages was equal
to 1.

3.8 Model of radon transfer in a porous ground
layer of finite power

Parovik R.1.

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

Mathematical modeling of radon transfer processes (222Rn) is an actual
task due to various applications. One of such applications is the study
of precursors of strong earthquakes with the aim of their possible
prediction [1,2]. In these studies, it is shown that radon is an indicator
of the stress-strain state of the geomedia and its responses are observed
in the field of subsoil radon in the form of various anomalies.
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Mathematical modeling of radon transfer processes is considered within
the framework of the emanation method, which is described in detail
in [3,4]. As a rule, the main contribution to the transport mechanism
of Rn is made by the diffusion and advection processes, however, the
migration capacity of Rn is influenced by meteorological conditions,
groundwater discharge, effusion, geological parameters and properties
of the geoenvironment, etc. [3,5]. Therefore, the mathematical model of
the transfer of Rn in the geosphere is adopted with some assumptions.
In this paper, we will assume that the nonstationary transfer of Rn
occurs in a homogeneous layer of porous ground only due to the
diffusion-advection mechanism, and we also assume that the influence
of meteorological conditions on the transfer process Rn is insignificant
and can be neglected.

Using the Laplace integral transformation and its numerical inversion,
the solution of the model of non-stationary diffusion-advection of radon
was obtained and the radon distribution curves.
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3.9 Nonuniformity of seismic events distribution
over day intervals and seismoionosphere
relations

Bogomolov L.M.*, Voronina T.E.2, Kamenev P.A.", Zakupin A.S.%,
Sycheva N.A.3, Sychev V.N.3

V' IMGG FEB RAS
2 SB UGS.RAS
3 RS RAS

Previously, nonuniformity of dayli distributions of seismic events
has been analyzed in a number of papers, however mechanisms
of the synchonizations of maxima and minimums with the local
time remained out of discussions. Our approach is to reveal some
elements of seismoionospheric relations which control correlations
between seismicity and djurnal nocturnal periods changes. Significant
variations of ionospferic parameters are well known, as well as excitation
of internal and acoustic - gravitational waves by solar terminator. Such
waves and forced gradients of atmospheric pressure can contribute to
momentum transfer over athmosphere, observable seismoionospheris
relations being manifestations of that. The presentation also includes
the peculiar featyres of daili seismisity distributions on examples
of Sakhalin-Kuriles region and central Asia. New program Seis-
ASZ (designed by A.S. Zakupin) yas been used for this purpose.
Nonuniformity of daili distributions is shown to be under effect of flow
of minor seismic events (but inside interval of representative classes).
For events of moderate classes the nonuniformity is reduced or absent.
The parameter of ratio of nocturnal to diurnal events number has its
teporal evolution. The dependence of this parameter of time differs
from time dependence of LURR (Load- Unload Response Ratio)
describing modulation of seismicityby lunar-solar tides.
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3.10 On some features of signals of geoacoustic
emission before earthquakes

Shcherbina A.O.

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

The analysis of amplitudes and directions of geoacoustic emission
signals during background periods and before earthquakes is performed.
It is established that during the activation of seismic processes there
is a redistribution of directions from which geoacoustic pulses are
recorded. In this case, the anisotropy of the direction of geoacoustic
emission increases with increasing amplitude. Using the method of
superposition of epochs, the radius of the precursor zone was estimated.
Based on the results of the analysis of more than 2600 earthquakes
that occurred between 01.01.2008 and 01.09.2016, it is established
that the anomalous behavior of geoacoustic emission is observed at
distances greater than that determined by the formula proposed by
L.P. Dobrovolsky, 25% geoacoustic signals and 65% for integral signals.

3.11 The lower ionosphere tsunami-driven
perturbations as detected by VLF signals

Rozhnoi A.A.Y, Solovieva M.S.', Shevchenko G.V.?, Levin B.V.2,
Fedun V.3

L Institute of the Earth Physics, RAS, Moscow, Russia
2 Institute of marine geology and geophysics FEB RAS,
Yuzhno-Sakhalinsk, Russia
3 University of Sheffield, Sheffield, UK

The data from observations of the Very Low Frequency (VLF)
electromagnetic signals obtained from the receiving stations at
Petropavlovsk-Kamchatsky, Yuzhno-Sakhalinsk and Moshiri (Japan)
have been used to analyse the response of the lower ionosphere to the
tsunamis triggered by Sumatra 2004, Simushir 2006, Chile 2010 and
Tohoku 2011 earthquakes. The negative nighttime anomalies of the
amplitude of signals have been found 26-28 December in the three
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sub-ionospheric wave paths of different length and orientation passing
above the Pacific region in case of 2004 Indonesian disastrous tsunami.
For the three rest cases a significant decrease in the amplitude (about
10-15 db) together with phase variations of up to 40 degrees relative to
the normal signal level have been found after the earthquakes during
the tsunami wave passage along the wave path from transmitter NPM
(in Hawaii) to the receivers. This path extended along the propagation
direction of the Chilean, Kuril and Japanese tsunamis. The other
propagation paths in these cases were used as the control group.
The analysis of the VLF signal was made for nighttime observations
when the ionosphere is more sensitive to external factors than the
sunlit ionosphere. The results of analysis of the VLF observations
were compared to the sea-level measurements from Japanese network
of GPS buoys situated along Japan coastline for the Japan tsunami
and with data from the Deep-ocean Assessments and Reporting of
Tsunamis (DART) stations situated in the Pacific Ocean near Hawaiian
Islands and offshore Kamchatka for the Chilean and Kuril tsunamis.
The analysis of spectral characteristics of the VLF variations has
shown good coincidence of the frequency maxima with in-situ data of
sea-level oscillations (8-50 min). These periods are also in compliance
with the periods of internal gravity waves (IGWs). Made observations
have shown that the tsunami generates ionospheric perturbations that
can be detected by subionospheric VLF signals. The interpretation
of the observed effects bases on interaction of IGWs with the lower
ionosphere. The observation results are in good agreement with the
theoretical approach.

3.12 Using «Internet of Things» technology for
earthquake precursors monitoring

Lazareva O.D., Chukin V. V.
Russian state hydrometeorological university, Russia

For many regions of the globe, which are seismically active zones, the
actual development of methods to accurately determine the strength
of the epicenter and the time range of seismic activity. Detection of
earthquake precursors will help to prevent large numbers of casualties,
as well as reduce the impact of the devastation caused by the
earthquakes, for all areas of life.
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Numerous ground-based and satellite observations have shown that
in the periods preceding strong seismic events, the system logs the
disturbance of the electron concentration of the ionosphere over the
epicenter. Identification of earthquake precursors is accomplished by
fixing the variance of the total electron content (TEC) relative to
the averaged values of the electron concentration. One of the known
methods of monitoring the ionosphere based on the use of ground-
based detection of radio signals of global navigation satellite system
(GNSS) and subsequent determination of the TEC of the ionosphere
based on the processing of code and phase delay measurements of radio
signals. The comparison of the obtained values with parameters «quiet»
ionosphere allows to draw conclusions about upcoming in the next few
hours seismic environment.

Using the «Internet of Things» technology to collect information
from a variety of GNSS receivers connected to the Internet, provides
a unique opportunity to obtain real time data on the distribution
of TEC with high spatial resolution to identify the epicenter of the
forthcoming earthquake. The ability to create a dense sensor network
is achieved by the creation of low-cost GNSS receivers based on the
Arduino platform, consisting of a PCB with a microcontroller and
an additional GNSS module. The determination of the ionospheric
delay of the radio signal and the calculation of ionospheric TEC are
performed directly in the GNSS receiver. The results are transmitted
via a wireless channel through the global Internet to a dedicated server,
where the maps of the ionospheric TEC are built and precursors of
earthquakes are determined.

3.13 Variations of background seismic noise before
strong earthquakes 2013-2016, Kamchatka

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

! Kamchatka Branch of Geophysical Service Russian Academy of
Sciences
2 Institute of Physics of the Earth Russian Academy of Sciences

The network of broadband seismic stations of Geophysical service RAS
works on the territory of Kamchatka peninsula in the Far East of
Russia. We used continuous records on Z-channels at 21 stations for
creation of background seismic noise time series in 2011-2016 with
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sampling 1 minute. Average daily parameters of multi-fractal spectra
of singularity: generalized Hurst exponent, the singularity spectrum
support width and wavelet spectral exponent, minimum normalized
entropy of the wavelet coefficients of noise have been calculated at
each station using 1-minute records. Maps of their spatial distribution
and graphs of temporal changes were constructed at time scales from
days to six months. The time series of daily median values of the
statistical parameters of the noise were calculated on all stations. The
analysis of the coherent behavior of the time series of the statistics was
considered. The technique included the splitting of seismic network into
groups of stations, taking into account the coastal effect, the network
configuration (northern, central and southern groups) and the main
tectonic elements of Kamchatka. Then the time series of median values
of noise parameters from each group of stations were made and the
frequency-time diagrams of the evolution of the spectral measure of the
coherent behavior of four time series were analyzed. The time intervals
and frequency bands of the maximum values showing the increase of
coherence in the changes of all statistics were evaluated. Three strong
earthquakes with magnitudes M=6.9-8.3 occurred near the Kamchatka
peninsula during the observations. The synchronous variations of the
background noise parameters and increase in the coherent behavior of
the median values of statistical parameters was shown before two strong
earthquakes 2013 (February 28, MW=6.9; May 24, MW=8.3) within
3-9 months and before the earthquake of January 30, 2016, MW=7.2
within 3-6 months. The maximum effect of increased coherence in the
range of periods 4-5.5 days corresponds to the time of preparation of two
strong earthquakes in 2013 and their aftershock processes. The effects
of increased coherence in changes in background seismic noise were not
detected for the northern group of stations. For the central group of
stations the effects of coherence are conformed on time corresponding
to the preparation of the seismic activation in 2013 and the earthquake
in 2016. For the southern group of stations the weak bursts of increased
coherence are allocated in the time interval from mid-November 2012 to
the end of June 2015. Peculiarities in changes of statistical parameters
at stages of preparation of strong earthquakes indicate the attenuation
in high-amplitude outliers and the loss of multi-fractal properties in
time series of noise. The changes of the used parameters of seismic
noise before earthquakes on Kamchatka corresponds to their behavior
during the preparation of the strongest earthquakes near Japan in 2003,
M=8 and in 2011, M=9.
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3.14 Technique of seismic situation control in a
given area

Cherny S.E., Efremenko A.N., Kanarsky I.D., Podchassky A.S.
Mozhaisky Military Space Academy

The solution of the task of assessing the seismic hazard in a particular
area and in a given time interval At is of practical interest. The
authors propose a method for solving this problem on the basis of a
temporal seismicity analysis according to accumulated seismotectonic
deformation of the earth’s crust. The choice of this method is due
to the fact that the time course of accumulation of the «released»
deformation of the earth’s crust is physically justified and, on average,
most fully reflects the features of the seismic processes development
and the processes of preparing strong earthquakes. The fraction of the
elastic stresses of the earth’s crust £(At), that turned into inelastic
deformation (rock continuity rupture) due to the earthquakes occurring
during At time in a certain region with volume V is determined by the
correlation:

n
e(At) =1/2uV - > My,

i=1
where €(At) is the fraction of the elastic stresses of the earth’s crust
released by earthquakes in the form of a deformation of a region V in
time At, [e-1078]; n is the number of earthquakes that have passed in
the region V during the time At; u is shear modulus of rocks, [N/m?];
V is the volume of the area subjected to deformation, [m?3]; My; is the
scalar moment of the i earthquake, [H-m|.
It is proposed to monitor the deformation of the earth’s crust in a given
region by calculating and analyzing the values obtained on the basis
of the above correlation, as well as the parameters of seismotectonic
deformation, the background values of the seismotectonic deformation
speed, and the ratios of the seismotectonic deformation speed for
different time periods. Seismic activity is estimated at different
time intervals in each of the K-zones (j = 1 + K), having an area
of 1000 km?2, into which the investigated area is divided. Expert
estimates of the values of these parameters, based on the experimental
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data, allow us to determine their boundary limits (X7.,,), which
separate the conditions of the seismic situation for each of the
investigated parameters into «dangerous»,«permissible> and «safes.
The integration of the obtained parameter estimates X;-,, is carried
out using the procedure of their normalization and averaging according
to the rules of fuzzy logic. As a result, the regions in the area under
consideration are distinguished with different degrees of seismic hazard.
This technique, in the presence of archival and current information on
seismic events, allows us to evaluate the seismic situation in real time.
The tests of the method showed acceptable results when compared
with seismic zoning data in the Russian Federation (USSR).

3.15 On the relation of the Earth rotational rate
variations and its seismic activity. Earth
coming into a new phase of angular velocity
decrease

Sasorova E.V.', Levin B.V.%!

L Institute of Oceanology RAS, Moscow
2 Institute of Marine Geology and Geophysics FEB RAS,
Yuzhno-Sakhalinsk

It is known that the Earth seismic activity (SA) is unstable in time
and space. Periods of intensification of SA are changed by the periods
of its decrease. The aim of the paper is to establish the relation of
time regularities in the distribution of seismic event density with the
Earth angular velocity variations. Time series on the Earth angular
velocity variations (v) with the duration of 296 years (based on IERS
database and the papers [McCarthy and Babcock, 1986; Morrison,
1973]) and seismic observation data for the same period (compiled on
the basis of two subsets of NEIC catalogues, events with M > 7.5 were
chosen) were used. It was shown that for low-frequency components
of the time series on angular velocity (Vn, with the periods from 124
to 19 years), decrease of value v (deceleration) is accompanied by the
increase of seismic event density. Local minima of Vn value coincide
with SA maxima. Increase of v value (acceleration) is accompanied by
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event density decrease. SA minima correspond to the stages of angular
velocity decrease. Joint analysis of SA dynamics and Vn values showed
that the duration of the interval between neighbor local minimum
values of Vn and, correspondingly, between the local SA maxima is
not constant in time. It varies from 18 to 41 years. From 2005 to 2013
increase of Vn values was observed and from the second half of 2014 and
up to the present time, decrease of Vn is observed. At present, the Earth
is coming into a new stage of deceleration. Based on the paper [Levin,
Sarosova, 2015], the new phase of deceleration may be accompanied
by SA intensification within the nearest several years. The features of
seismic activity increase were observed both at the global (increase of
event number with M > 7.5 till 2016 according to NEIC data) and
at the regional levels. The number of seismic events with M > 5 and
M > 6 in Japan and in New Zeland is growing since 2015 (in Italy and
Indonesia since 2016).

Grant No. 16-05-00089 «Effect of low-frequency and high-frequency
components of the Earth rotation rate variations on ist seismic activity
dynamics in global and regional scales.»
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