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1 ®Puswmka armocdepsbl



1.1 ArmocdepHbIil OTKJINK Ha BBICHIIIAHUS
BbICOKO9HEPTUYIHBIX 3JIEKTPOHOB U 3JIEKTPOHOB
PEeJISTUBUCTCKAX SHEPTU

Muponosa U.A., Toaybenxo K.C.
Canxm-Ilemepbypeckut 2ocydapcmeenmvill ynusepcumem

Bompoc 0 BO3ueiicTBUM BBICHIIAHNN BBHICOKOSHEPIMYHBIX 3JIEKTPO-
HOB U 9JIEKTPOHOB PEJISITUBACTCKUX dHepruit (> 30 k3B 10 HECKOMBKIX
M5B) Ha XUMMIO U JUHAMUKY CPeIHel MOJIApHON arMocdepsl J0 cux
mop OTKphIT. st monmmanusi armocdepHbix 3¢ deKkToB Tpedyercs
TOYHOE OIHUCAHNE CKOPOCTEel moHM3ammu arMocdepbl, BLI3BAHHON oca-
K JIEHUeM SHEPTUIHBIX JacTuIl. B mammom mokmasae 6ymer ob6CcyKaaThest
JIOCTUTHYTBII IIPOrPECC B IIOHUMAHUU BBICBHIIIAHUN BBICOKOIHEPIUYHBIX
9JIEKTPOHOB M 3JIEKTPOHOB PEJISITUBUCTCKUX 3YHEPruii B armocdepy
Semsn. OTzesibHOE BHUMAaHWE OYIET VIEJIEHO IPOIECCaM CBS3aHHBIM
¢ woHmzanmel arMocdepbl U M3MEHEHUSIMU XUMUYECKOI'O COCTaBa U
030H& B IIOJIAPHOI arMocdepe.

1.2 Bapwuanumum nmapamMeTpoB I'DO30BOIi aKTUBHOCTH
TPOIIMYECKUX IMUKJIOHOB B CTA/IAU
MaKCuUMaJIbHOrO pa3Butud B aBrycre 2016 r

Ilabazanosa C.H.*, Tapabyxuna JI./.2, Kosnos B.1.?

L HMoaumexrnuneckuti unemumym. (duauan) CBOY
um. M. K. Ammocosa
2 Uncmumym KocmMoPusuMeckus uccaedosaruti U aspoHoMut

um. FO.I. Hlagepa CO PAH

Ha Hampumit Boctok B aBrycre 2016 rojga oOKa3bIBaJUd BJIUTHHIE
5 TPONMYECKUX IUKJIOHOB, KOTOPBLIE JOCTUTAJN Teppuropun Poccun
B CTaJuu pas3pyllaionierocs IUKJ/OHA. 13 HUX TponumdyecKue LUKJIO-
ubl Lionrock (mara sapoxmenus: 16.08.2016 r.) u Mindulle (mara 3a-
poxkienns:17.08.2016 r.) pocruram craguu taiidbyna 24.08.16 (03 LT)
u 19.08.16 (15 LT) cOOTBETCTBEHHO CO CKOPOCTHIO BETpa MOpsaaka 36
M/c. MakcuMasibHas CTajius PasBUTUs TPOIUYECKUX IukaonoB Omais,
Conson u Chanthu cunbubIit Tponmaeckwnii mrropm. [IpoanamusupoBanbl



namuble cucrembl perucrpamuun WWLLN B 30max meficTBust Tponmde-
CKUX IIMKJIOHOB Ha Teppurtopun 10 35 rpasx. c. mr., 125 145 rpan. B.
J. B CTQJIUAX UX MAKCUMAJIBLHOTO pa3BuTus. VlcciaemoBaHbl MPOCTPaH-
CTBEHHBIE PACIIPEJICJICHNS TIOTHOCTEH TPO30BBIX PA3PsIJIOB B 30HE JIEii-
CTBUS KaXKJIOTO U3 TPOIMUYIECKUX ITUKJOHOB B CTAIUU MaKCAMAJIbLHOTO
pasButus. llmoTHOCTE pacupenesiennss TPO30OBBIX PA3PSIOB B PajImy-
ce geiicrBus TponmyecKux UUKIOHOB (1o 1000 KM), JOCTUrIIMX CTa-
U TaiipyHa, XapaKTepU3yeTcs ABYMsl JIOKAJbHBIMUA MaKCHMYMAaMH.
IInoTHOCTD pacripesie/icHUs T'PO30BBIX PAa3PsIOB B PaJIAyce JIeiCTBUS
TPONUYIECKUX [TUKJIOHOB, JOCTUTTINX CAJBHOI'O TPOIIMYECKOTO IITOPMA,
XapaKTEePU3YeTCs OIHUM MAaKCAMYyMOM. BpeMsi »KU3HM I'DO3OBBIX sde-
ek cocrasisier B cpegaeM 40 50 mun. AHanus GhoOpMbI sideek MOKa3aJI,
YTO MAKCHMAJIbHOE 3HAYEHHE IKCIIEHTPUCUTETA SJIJIUIICA, OIUCHIBAIOIIE-
ro dopmy stueiiku, 10 0,8 COOTBETCTBYET MAKCUMAJBHOMY 3HAYEHUIO
BeTpa 43 M/c, u HabGIONAETC Y KOPOTKUX 110 BPEMEHU YKU3HU TIEEK
TPO30BOTO OYara B PaJnyce JefCTBUs TPOMUIECKUX TUKIOHOB. [lo cra-
uu TafidyH III0MA/Ib TPO30BBIX SYEeK POCIIa, a JaJiee, BO3POCIIH KOJIH-
9eCTBO S4eeK, NHTEHCUBHOCTH Pa3pPsJ/IOB B d4eiike, a UX BpeMs KU3HU
¥ TJIOMIAIb YMEHBIUINC. VccieoBanre BBITOJTHEHO TPU IaCTHIHON
dunancoBoit nogaepxkke Poccuiickoro donma dyHIaMeHTaIBHBIX HC-
caef0BaHUil B paMKax HaydIHOro npoekrta 18-35-00215 mour-a. [Ipubop-
Has 6a3a mojyiepKuBaeTcs 3a cder OwokerHoil Tembr 11.16.2.1. (Homep

rocperucrparuu AAAA-A17-117021450059-3).



1.3 Bapwuaiiuu ypoBHS MOHU3UPYIOIIEN paaualiiau
B IIPU3EMHOI1 aTMocdepe 1o BJANTHUEM
CHE>KHOT'0O TTOKpOBa

Hazopcxuti IILM.Y, ITycmosanos K.H.', SIxoenesa B.C.2,
Cmupnos C.B., Beasesa U.B.2, Sxoenes I'A.*, Beauncruii A.C.?

L Hnemumym monumopuneza KAUMGMUMECKUT U SKON02UMECKUT
cucmem CO PAH
2 Tomckuti nosumernuMeckuti YHusepcumen
3 Tomckuti eocydapemeennvili apTUMeRmMYpPHO-CMPOUMENLHBIT
yHusepcumem
4 MBOY auueti npu Tomexuti nosumernuveckuti yrueepcumen

Hesp paboTel uCcIeI0BAHTE IUHAMUKH TOJIeH - U - U3JIy9IeHuil B
[IPU3EMHOM CJI0e aTMOChEPBI BO BpeMsl YCTAHOBJIEHUsI, POCTA U CXO/a
CHEXKHOT'O TTOKPOBA.

CornacoBanubiii Mornutopuar HU TITY u UMK9C CO PAH wmeteo-
POJIOTUYIECKUX, AKTUHOMETPHUIECKHX, ATMOCKhEPHO-IJIEKTPUIECKUX Be-
JINYWH, PAJUOAKTUBHOCTA U NOHU3UPYIONINX M3JIyIE€HUl BeJIETCS C KOH-
ma 2008 r.

B pesynbrare 1mo mgaHHBIM MOHUTOPHHIA YCTAHOBJIEHO CJIELYIOIIEE.
Mexk 1y BBICOTOI CHEXKHOTO ITIOKPOBA, JIABJIEHUEM U YPOBHEM aTMOChep-
HOTO [3-, y- OHA CYMIECTBYIOT sIBHBIE 3aBUCUMOCTH. Y BEJIMYE€HUE BHICO-
THI CHE2KHOI'O ITOKPOBA IIPUBOJUT K O0OPA30BAHUIO IIPOBAJIA B I'OJOBOM
xone - u y- dona. [ybuHa npoBaJia OIpPeIessieTCsi BBICOTONW CHEXK-
HOI'O IOKPOBa. B mepuojbl cTabuIm3aun BbICOThI CHEXKHOI'O ITOKPOBa
Jucrepcusi ypoBaeit 8-, - (ona 3HaumTebHO Bo3pacraeT. CpaBHeHMe
Bapuarnuiit yposueit -, y- doHA U HEUTPOHHON KOMIIOHEHTHI KOCMUYe-
CKHUX JIydell ¢ M3MEHEHUEM BBICOTHI CHEXKHOI'O MTOKPOBA IOKA3aJI0, UTO
Ha HEHTPOHHYIO KOMIIOHEHTY, B OT/imdne OT 3, y- doHa, 3TOT (hakTop
Bymsier cjaabo. st -, - doHa n3meHeHre aTMOC(EPHOTO JaBJIEHUsI
OKa3bIBAET BJIMSHUE TOJBKO B CJIyYae MaJIbIX BBICOT CHE?KHOT'O TIOKPOBA.

3akiogenue. [IpoBeneHbl nccae0BaHust IUHAMUKYA 110j1eit B- u -
U3JIyYEHUIl B IPU3EMHOM CJIOe aTMOChEPHI. YCTAHOBJIEHBI 3aBUCUMOCTHI
XapaKTEPUCTHUK TOJIel - U - U3JIyIeHHT OT BBICOTHI CHE?KHOT'O ITOKPO-
Ba M Bapualyii aTMOC(EPHOrO JABJICHUSI.



1.4 JImarHOoCTMKa XapaKTE€pPUCTUK IMOTOKOB
aBPOPAJIbHBIX 3JIEKTPOHOB II0 JaHHBIM
ONTUYeCKUX HaAOJIIO/IeHMIt

Kosenos B.B., Jawxesuyw X.B., Heanos B.E.
Hoasproili 2eousuneckuts unemumym, Anamumo, Poccus

Ha ocHoBe maHHBIX TPHUAHTYIANMOHHBIX HAOJIIONEHUN IIPOBEIEHA
JUArHOCTUKA dHEPIeTUYeCKUX CIIEKTPOB BLICBHIIAIONIAXCH 3JIEKTPOHOB,
OTBETCTBEHHBIX 33 JIy4uCThble (DOPMBI IOJISPHBIX cusHuii. ITlapamerpsr
JIEKTPOHHBIX TTOTOKOB OBLIM TOJYYEHBI 1O BBICOTHBIM ITPOMUIIAM
WHTEHCUBHOCTE!l aBPOPAJIbHBIX 3MUCCHII C IIOMOIIBIO aJrOPUTMA,
OCHOBaHHOT'O Ha paHee CO3/IAHHOW YMCJIEHHON MOJEN IIPOXOKJICHUS
MOTOKOB aBPOPAJILHBIX JIEKTPOHOB B armocdepe 3emitn. [Ipusesennr
IIPUMEPBLI BOCCTAHOBJIEHHBIX CIIEKTPOB.

1.5 3umnuume rpo3sl Ha Kamuartke

Cmupros C.5.', Muzatinos FO.M.?, Muzatirosa IA.2,
Kanycmuna O.B.2

L Hnemumym xocmopusuneckus uccaedosanuti u pacnpocmpanenus
paduosoan JIBO PAH, Poccus
2 Unemumym 3emno2o mMaznemusma, uoHocheps U pacnpocmpanenus
paduosoar um. H.B. ITywrosa PAH

3uMHuE I'po3bl Ha KaMuaTke peigKoe MeTEOpOIOrHYECKOe SBJIEHHE.
TemtoBoit sHEPTUN, TPUHOCUMON IUKJIOHAME, HE BCErJA JTOCTATOTHO
JUIsT  3aPOXKJIEHUST T'PO30BOIl aKTUBHOCTH M HEOOXOJIMMO HAJIUYINE
JOIOJIHATEJILHOI'O UCTOYHHUKA TEIJIOBOIO H3JIy4YeHUd B IIPU3EMHONR
aTMocdepe, CIIOCOOHOTO BBI3BATH I'DO30BYI0 aKTUBHOCTH. Jljis mcciie-
JIOBAHWSI TTPUPOJIBI ITOTO SIBJIEHUSA B pabOTe UCIOIHL30BAHbI BPEMEHHBIE
Bapualii KBa3UCTATUYECKOI'O JIEKTPUYECKOI'O II0JIA U METEOPOJIOIU-
vecknx BesmamH B 00c. Ilaparynka MKWP JIBO PAH u ganubie o
COJIHEYHOM, ceficCMUYeCKON U IMUKJIOHHYIeCKOl akTuBHOCTsSX. [lokazaHo,
9TO JOMOJHUTEIbHBIM HCTOYHHKOM Teljia B MPHU3EMHON aTMocdepe



KamuaTtkn MOryT OBITH MOIIHBIE COJTHEYHBIE BCIIBIIIKU, COIPOBOXKIAE-
MBbl€ YCUJIEHHEM HM3JIyYeHUs] B BUIUMOM U MH(PaAKPACHOM CIEKTPax, a
Takke MH(PAKpacHOe U3JIydeHrne 3eMJIH, IOCTYIalllee B arMocdepy
repeJ1 3eMJIETPICEHUSIMU ¢ MarHuTyaoit M > 8.

1.6 WHcTpyMeHTa/IbHOE HAOJ/IOEHNE aKTUBHOCTU
CBUCTSIINX aTMOC(EPUKOB HA
paanodusndeckoM nojimrone «QOiibeHkeb»

NK®UNA CO PAH

T'omosues M.P., Kapumos P.P.
HK®HA CO PAH

Hayunbple mampabyieHusi UCCIeIOBaHUN W WHCTPYMEHTAJIbHBIE Ha-
G0 IeHMs JTA0OPATOPUH PATUOU3ITY YU€HUI HOHOCHEPHI 1 MarHuTocde-

pBI:

1. Ouenb HU3KOYACTOTHOE UBJIYyUEHHUE: HCCIIEIOBAHNE BOITPOCOB PaC-
npocrpanennss OHY pajgmonsimydenuit B Maruurocdepe U BBIXO-
Jla K 3eMHOM TT0BEePXHOCTH (CBUCTSIIIIE aTMOCHEPUKN ), UCCIIEI0-
pauue cBsizu OHY pajumonsiiyueHuil ¢ BapuanusiMu COJTHEIHON
AKTUBHOCTH, TIAPAMETPAMU COJTHEYHOIO BETPa U MEXKILJIAHETHO-
0 MarHUTHOTO MOJs, ucciaenoBanne mpossienuit 8 OHY uziry-
YeHUH CEHCMUYIECKUX MPOIECCOB U I'PO30BOI AKTUBHOCTH U U3Y-
JeHune BonpocoB pacipocrpanenuss OHY usziiyyeHuii B BOJIHOBOIE
"semisi-monocdepa " va mpumepe curnaaos OHY pajguocranimii u
3JIEKTPOMATHATHBIX U3JIyY€HUN I'PO30BBIX Pa3psiIOB;

2. I'po3oBast aKTUBHOCTH: MOHUTOPHUHT I'PO30BOI aKTUBHOCTH HA BO-
croke Cubupu; CB3b TPO30BOIl AKTUBHOCTH C COJTHETHBIMU U KOC-
MOQU3NIECKUMU TTAPAMETPAM;

3. ArmocdepHoe 3JEKTPUYECTBO: BAPUAIUU JIEKTPUIECKOTO TIOJIS
BO Bpems "Xoporeii"moroasl 1 BO BpeMsi 'pO30BOii aKTUBHOCTH,
CBA3b BapHalMi KOCMUYECKUX JIydel n aTMochepHOro 3JIeKTpu-

YEeCKOI'O I10JIfA

OcHoBHbIEe HAOJIONAEHUS, BEAYIIHECsS JIADOPATOPHEH IIPOBOJIATCS Ha
CTAIMOHAPHOM JKCIEIUITMOHHOM IIYHKTE, PAINOMU3INIECCKOM ITOJIUTOHE
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Oiibenkesb , ocHOBAHHOM B 1972 I. U pACIIOJIOKEHHOM B Taiire Ha yia-
JeHun 25 KM OT T. ZKyTcka. DHeprocHabKeHne MOJUTOHa aBTOHOMHOE
- OT COJIHEYHBIX IaHesell M BeTpOoreHepaTopa OOJIBIIYI0 YacTb Ioja U
JIOMIOJTHATETLHO OT JIN3€e/Ib-T€HEPATOPOB B 3UMHUE JTHU. TaKuM 06pa3oM
WHIyCTPUAJIbHBIE TTOMeXU CJ1ab0 BJIUSIOT HA IIPUEM CUrHaJOB. [lpumem
OHY curnajioB ocymiecTBisieTcss Ha PaguodUu3nIecKoM MOJUTOHE Ha
CJIeIYIOIINe ITPUEMHO-PErUCTPUPYIONINE KOMILJIEKCHI:

1. muorokanasbubit OHY perucrparop, paboratormuit ¢ 1972 roja,
JacToTHBIH auanas3on 10 10 kI'n. IIpuem Ha paMOYHYIO aHTEHHY,
addexTuBHas woma s 770 KB.M., ODHEHTUPOBAHA B HAIIpPaBJIe-
HAU BOCTOK-3aIIaT;

2. nyskr perucrpaimu SSAN (ceru ananu3a CUIHAJIOB JATYUKOB) C
Hosibpst 2017 roma, wactoTHbI guanazoH no 96 k[, mpuem Ha
IITHIPEBYIO AHTEHHY

3. myukr perucrpaiiun AWDANET c cenrsiops 2018 roma, gactor-
wbIil quanason g0 20 k['1, mpueM Takke Ha MITHIPEBYIO AHTEHHY.

1.7 JlasepHBbIii AMCTAHIIMOHHBIN ra3oaHaJIN3
atMmocdepsl IIT'C-mmaapHoii cucTemMoii

Pomanoscruti O.A., Pomanoscxuti 5.0., Cadosruxos C.A.,
Xapuenxo O.B., Hdxoenes C.B.

Hnemumym onmuxyu ammocdepv, um. B.E. Byesa CO PAH

[IpoBenena cepusi J1aDOPATOPHBIX IKCHEPUMEHTOB II0 HU3Mepe-
anto morsionienust [II'C-nazepHoro wu3/aydeHWs: METAHOM B COCTaBe
KaJubpoBaHHON MoJtekyssaproit cmecu C'Hy: Na B ra3oBoii KioBere.
DKCHEPUMEHTHI [IPOBEJIEHbI B CIEKTpajbHOM nuamnazone 3.30-3.43
MKM, B KOTOPOM HAXOJUTCs JOCTATOYHO CHJIBHAS IT0JIOCA MTOTJIOIIEHUSI
MeTaHa U OTCYTCTBYET MeIaloIlee MOIJIOIIeHNEe [TapaMyi BOJbI U yIJie-
KHCJBIM Ta30M. lIpencTaBiieHbl pe3yIbTaThbl U3MEPEHUS ITOTJIOIIEHUST
JIA36PHOTO WU3JIyYeHWs Ha BBIOPDAHHBIX [JIMHAX BOJIH 30HIUPOBA-
HUsI M WX CPaBHEHHE C pACUYeTHBIME JaHHBIMUA. C HUCIOIB30BAHUEM
paspaborannoii IIT'C-yimjapHoii cuCTeMBI OCYIIECTBJIEHBI NPUEM U
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06paboTka 0OPATHO PACCEAHHBIX CUTHAJIOB B auana3one cuekrpa 3.30-
3.43 MKM JJI TOPHU3OHTAJIBHOIM TPACChl 30HINPOBAHUSA aTMOCHEDHI.
Ha ocHOBe IOJIyYeHHBIX 3KCIEPUMEHTAJIBHBIX JIAHHBIX IIPOBEJIEHBI
OIleHKa, KO3((DUIMEHTOB IOIJIOIIEHNsI ¥ BOCCTAHOBJIEHNE KOHIIEHTPA~
mmit CH4 B wcciaemyeMoM CIEKTPAJbHOM [Uana3oHe Ha ITPU3EMHON
armocdepuoit Tpacce 800 M ¢ mpocTpancTBeHHBIM pasperrenneM 100 .

1.8 Amnaju3 3aBucuMocTu 3HadeHuii Dst-unmekca,
PACCYUTAHHBIX C MMOMOMIbLIO ABYX METOJUK, OT
YPOBHS COJIHEYHOW U r€eOMarHUTHOM
aKTUBHOCTU

Mowanosa A.B., Movanroe B.A., Mandpurosa O.B.

Huemumym xocmofpusuneckux uccaedosanuti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

B pabore anammsupyercs aBa crocoba Berauncienus: Dst-unaekca:

- C IOMOIIBI0 ABTOMATHU3MPOBAHHOIO IIOIXOJd, OA3UPYIOIIErOCs
Ha WCIIOJIb30BAHUU JTAHHBIX IIPUIKBATOPHAJIBHBIX cTaHIuit Hermanus,
Kakioka, Honolulu u San Juan (ajroputm u pe3ysbTaThl pacueTa mpu-
BejieHbl Ha caiire Kuoro http://wde.kugi.kyoto-u.ac.jp/aedir/),

- C MIOMOIIBIO ABTOMATU3NPOBAHHOI'O METO/IA PACUETa, MCIOJIb3YIO-
ero BeiBIeT-TIpeodpa3oBaHme Jjisi pacdera Sq-BapHualyii.

[Ipoussesmen anann3 3aBUCHMOCTH 3HadeHuit Dst-ummexca, pac-
CYUTAHHBIX C IIOMOIIbBIO JBYX BBINIEONUCAHHBIX METOJUK, OT YPOBHSI
COJIHCYHOH U I€OMArHUTHON aKTUBHOCTHU.

1.9 MopeJupoBaHne CIEKTPA N3JIydYeHUs
MosekyJbl N0 B numanazone 200-400 HM

Cyaaxwuna O.H., Bopkxos IO.T.

Huemumym onmuxu ammocpepv, um. B.E. 3yesa Cubupcrozo
omdesenus PAH

B pabore mposesieHo MoeIMpOBaHE CHEKTPA W3JIyIEHUs IBYX-
aTomHoro crabmibHOro pamukanza YN0 B yrprpadmonerosom
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mumanazone 200-400 mam. W3simydenne B gannoit objactu crekrpa o0y-
CJIOBJICHO 3JIeKTPOHHBIME mepexomamu 2II —2 3 u 2II —2 II. Pacuer
mapaMerpoB CIEKTPAJIbHBIX JIMHUNA 3JIEKTPOHHBIX IIEPEXOJIOB, IIPOBO-
JIAJICST Ha, OCHOBE co3aHHOoi mporpaMMbl "SpecRad"

1.10 MaremaTnyecKkoe MOAeJNPOBAHNE BEPXHUX
aTMocdepHBIX ITPOIECCOB

Medsedes B.B., Epemuuesa B.E., Koaun A./].
Kaaununezpadckuti 20cydapcmeennvili meTHuMeCkutl YHUSEPCUMem

ITocTpoena MaTemMaTHdecKas MOJEIb BepxHeil armocdepbl u
HMOHOC(hEPHO-MATHATOCGEPHBIX TpoIeccoB st BeicoT 50-500 kM. Mo-
IeJIb BKJIIOYACT B cebd HabOp MATrHUTO-THADONMHAMUYCCKHX ypPaBHE-
Huii (HEIPEPBIBHOCTD, UMILYJIbCA M SHEPIUU) JIJIs SJIEKTPOHOB M HOHOB
U HEATPAJBLHBIX KOMIIOHEHTOB. MOZIe/b YUCIEHHO PEIIaeT ypPaBHEHUS
JUIsL TeMIIepaTypsl HefirpasbHoro rasa (1), nonos (7;) U 3JeKTPOHOB
(Te), MAKPOCKOIUYIECKHE CPEAHHe BeTPLl CKOpocTeil Vi, Vi, Vi, Hell-
TpajoB. B 3T0#l craThbe MBI ONHCHLIBAEM HAINM PACYETHI IJIS CJICILYIO-

mux Komnonentos: Na, O, O2,03, O(1D), O(1S), O2(*A,), OQ(Z;),

N .0 H, Hy, OH, Hy, HyO, Hy05, N(*S), N(2D), NO, NO,, CO,
COy, HY,0%,05, NO*.

B ypaBuenun merioBoro 6ajiaHca yUUTBHIBAIOTCS CJIEIYIHE UCTOY-
HUKHU U CTOKW Teria: Harpes poromoHusaruei, moromenns CoaHe -
woii pammarun B Illyman-Pynre xontumyym 1 135 < A < 175; xu-
MHUYECKHE PEAKIUH, OXJIayKIeHNe KOIebaTe/bHO-BPAIATETbHBIX T0JIOC
CO2,NO,03,0H, CO B 1.27 Mx O u 63 mx O(}D); MonekyasapHoit

TEILJIOITPOBOJIHOCTH; HAIrPEB U OXJIazKJICHNE 3a CICT CYTOTHOTO C2KATUA 1
)

pacmupenns armocdepst. Jlnsa dyukmnnn K }(Lz , KOTOpAs sIBJISIETCS BUX-
PEBOIi TENIONPOBOTHOCTHIO (IIPETIOIAraeTCsl PABHBIM BUXPEBOTO KO3(]-
dunuenra quddysun), UCIOIb3YETCA AHAJIUTHIECKASA ATPOKCUMAIIHSL.
Bricora z,, u3 u K, makcumyma (K}'*") BapbUpOBaJICs B AUANa30He
90-110 kM, co snavennem (K'%) or 10° o0 2 - 107 em? /c.

Bepxnue rpaHudHbIE YCIOBUSI JIJIsT TEMIIEPATYPhI 33/IaHbI B BUAJIE HY-
JIEBBIX I'PaimeHToB Ha BbicoTe 500 KM, a HUKHUE I'DAHUYHbBIE YCJIOBUS
B BHJIe HYJIEBOT'O 1MOTOKA Ha BbicOTe 50 KM. OCHOBHBIM BXOJHBIM IIapa-
METPOM MOJIEJIH SBJIAIOTCS: KOIMDMUIMEHTHl XUMUIECKUX PEaKIIHii, KO-
sddurment TypoynenTHON quddy3un, ceUeHNs, TOTJIOMEHNs] 1 NOHU-
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samuu, moTok cosrrednoit EUX. Mbr mpoBesn psif BBIYUC/IEHHA C UC-
TOJIb30BAHUEM PA3JUYIHBIX BBICOTHBIX Npoduseil koadduimenta Typ-
OyneHTHOM nuddy3un ¢ 1e/Ib0 U3yYeHUs] OJHOBPEMEHHOIO JeifiCTBUs
Ha TEIJIONPOBOAHOCTL U uddy3uio. AHAIUTHYECKAsS MOJE/Ib BBICOT-
uoro pacupegesieanst [NO] u [N], nosydyena Ha YUCIEHHBIX PE3yJIbTa-
TaxX W 3aBUCUT OT OCHOBHBIX aTMOC(EPHBIX [TapaMeTpPOB IIOTHOCTH N
u Oy U HEHTpAJBHBIN TEeMIepaTypbl ra3a. Pacrpejiesienne 1mo BbICOTE
wiotHOCTH [N,| 66110 IOy 9eHo 3 Bhipaxkenus st N O. Ionyaenubie
aHasuTHYeckue Boipaxkenust it NO u [N,] jerko o0bsICHSIIOT 3UMHIE
upesbimenus NO u [N,] Haz JeTHUMA 3HAYEHUSME W 3UMHIOI0 aHOMa-
st B nonocdepe D-obactu.

B BoruncanTesbHOM 3IKCIEpUMEHTE ObLIN PACCIUTAHBI BBLICOTHBIE
pacupeesieHnsl KojebaTeIbHO-BO30YKIEHHOIO MOJIEKYISPHOIO a30-
Ta. OCHOBHOE BHHMaHME OBLIO YIEJIEHO HCCIEIOBAHUIO IPOIECCOB C
K0J1e0aTeIbHO-BO30Y 2K IEHHBIMIA COCTOSTHUSIMU MOJIEKYJLV. 2(”), Og/). Pac-
9eT IUIOTHOCTH JIAHHBIX KOMIIOHEHT ObLIo mpoBefieHO s 10 Koseba-
TesibHBIX ypoBHeil (v = 1...10), uCoab3yst HeCTAIMOHAPHOE yPABHEHUE
nuddysun. Pacupenesnenne BosibiiMada He yYMTBIBAJIOCH BO BHUMAa-
mne. O0cyxkmaercs posb Tud@dY3UOHHBIX U (POTOXUMUIECKUX ITPOIEC-
COB NQ(”).

1.11 O cB"3u MHTEHCHUBHOCTH BbINAJAIOIINX
KUJKUX OCAJTKOB C IBOJIOIMEN YPOBHS
B-, v- dboHA MOHMBUPYIOMIEil pauali B MPU3EeMHOMI
armocdepe

Hazopexuti I1.M.Y, Sxoeaesa B.C.2, ITycmosanos K.H.',
Cmupnos C.B.Y, Sxosnes I'A.2, Beasesa U.B.*, Beauncruti A.C.?

L Hnemumym monumopunza KAUMGMUMECKUT U IKONOZUMECKUT
cucmem CO PAH
2 Tomckuti nosumexHuMeckuti yHucepcumen
3 MBOY auueti npu Tomexutdi nosumernuveckuti yrusepcumenm
4 Tomcxkuti 20cydapemeenivili apTUMERMYPHO-CIMPOUMENLHBLT
YHUBEPCUMEM

IlouBenHbIE pPa/InOAKTUBHBIE Ta3bl U aTMOCKEPHbIE PAIHMOHYKIIHIBI
ABJIAIOTCA OTJIMYHBIMH TpacCepaMHu PA3JIMIHBIX aTMOC(beprIX n reo-
PU3TIECKUX TPOIIECCOB.
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ITess paboThI - OlEHKA MHTEHCUBHOCTH YKUJIKAX aTMOCHEPHBIX 0CaI-
KOB C IOMOINBIO PaJIMAIIOHHBIX MapKepOB, B Ka4eCTBE KOTOPBIX HC-
[I0JIb30BAHA BEJIMYMHA AHOMAJIBHOI'O BCILJIECKA MOIIHOCTH O3Bl 7Y -
WU3JIyYeHUs] U IJIOTHOCTH ITOTOKA (3 -U3JTy YeHUSI.

[Ipoanann3mpoBaHbl 3aBUCUMOCTH MOIITHOCTH JIO3BI Y -~U3JLy 9€HUSs 1
[JIOTHOCTH MTOTOKA [3 ~-U3JIy9E€HUsT OT BBICOTHI JIOKIEBBIX OOJAKOB, IIJIOT-
HOCTH U TypOyneHTHOCTH aTMocdepnl. I[Ipu MomemnpoBannn yInTHIBa-
JIICh IPOCTPAHCTBEHHAS (B BEPTUKAJLHOM HAIIPABJIEHNN) U BPEMEHHAST
JUMHAMUKA MOIIHOCTH JIO3bI ~U3JIyueHusi, (POPMUPYEMasi KOPOTKOKHUBY-
UM JTOYEPHUMHU [TPOAYKTAME PACIAIa PAJOHA U TOPOHA, B IIPU3EMHOI
armocdepe, 0CakIAeMbIMU [IPU BBIMAIEHUST OCAIIKOB.

B pesynbrare OmeHKHN BKJIAJIOB OTIEIHHBIX ATMOCHEPHBIX PaJIHo-
HYKJIAJIOB B CyMMAapHYIO MOITHOCTDH JI03bI, OBLIN OHPEeIeHbl PaJIuo-
HYKJIAJIBI, BHOCSIIIIIE OCHOBHOM BKJIaJl B CyMMAapHbIil 7y -¢don. [Ipouns-
BEJICHO CpPABHEHNE DACCUYUTAHHBIX 3HAYEHUIN DaJIUAIMOHHOIO (DOHA U
JIUHAMUAKYA WHTEHCHBHOCTH OCAIKOB C 9KCIEPUMEHTAIHHBIMI JAHHBIMUA.
[Tosy1uero xopoiiee COOTBETCTBHE DPACUYETHBIX U IKCIEPUMEHTAJTBHBIX
pe3yIbTaToB.

1.12 O6 aHoMaugx TeMIlepaTypbl BO3ayXa Iepes
CUJIbHBIMU 3€MJIETPACEHUAMU

Cmupros C.5.', Muzatinosa I'A.2, Muzatiros FO.M.2,
Kanycmuna O.B.2

L Huemumym Kocmodususeckus uccaedosanuli U pacnpocmparerus
paduosonn IBO PAH, Poccus
2 Hncmumym 3em1020 Ma2HEMUIMA, UOHOCHEPDL U PACIPOCPAHENUA
paduosoar um. H.B. ITywxosa PAH

JleTaibHO WCCJIEIOBaHBI CYTOYHBIE BapUAIMH  JIEKTPHIECKUAX
(KBA3UCTATHYECKOTO 3JIEKTPUIECKOTO IIOJS M JIEKTPOIPOBOIHOCTH),
METEOPOJIOTNIECKUX (TeMIeparypa, JaBJeHUe, OTHOCUTE/IbHAS BJIarK-
HOCTb aTMOCQEDBI U CKOPOCTb BETPA) BEJIMYUH U IIOTOKOB YXOJISIIEro
oT 3emiin UHAMPAKPACHOIO HU3JIYyYEHUs, W3MEPEHHBIX OIHOBPEMEHHO
nepes, cuibHbIME Kypuibckumu 3emiterpsicenusiMu:15 HostOps 2006
r., M = 8.3; 13 auapa 2007 r., M = 8.1; 30 auBapga 2016 r., M =
7.2. Ilomy4eno, ¥ro B Tedenune 6 — 7 gHEH JO MOMEHTa 3€MJIETPSICEHUN
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HabJIIOAJICS TTOC/IEIOBATEILHO AHOMAJBHBIA POCT TEMIIEPATYPBI, BO-
IIpeKd OTPHUIATEIbHOMY PEryJIsspHOMY TPEHJy B 3TU 3UMHUE MeCAIbl.
ITokazano, 9TO TOTOKW M3JIyUEeHUs HA YPOBHE 3€MJIM, U3MEPEHHbIE HA
CIIyTHUKAX HaJI SMUIIEHTPOM 3eMJIETPsICEHUIl W HaJ obcepBaTOpHei,
COBIIQIAIOT MEXKJIy COOOI U IO BeJIUYWHE, U TI0 XapPAKTEPy M3MEHEHUsI
X BO BpeMeHu. VI3MepeHHble BETMIHHBI TEMIIEPATYPHI B 00CEPBATOPUT
U OIlEHEHHDbIE TEMIEPATYPHl IO PEe3yJbTAaTaM CIIyTHHUKOBBIX HADJIIO-
JIEHU# Ha YpOBHE 3€MJIM PA3JUYAIOTCS 110 BEJIMYUHE, HO COBIAJIAIOT
Mexk Iy coboif 10 XapakTepy Hu3MeHeHusi BO Bpemenu. OOHapy»KeH-
HBIIl POCT TeMIlepaTypbl, BOIPEKHA OTPHUIATEIBHOMY PETYJIAPHOMY
TPEeHJy B 3TO BpeMdA I'0Ja, BBI3BAH BKJIIOYEHUEM JIOIOJHUTEIHHOTO
WCTOYHUKA TeIla, MOCTYIAIONIEro B MPU3eMHYI0 aTrMocdepy. IDTOT
pe3yJibTaT B COBOKYIIHOCTH C pe3yJbTaTaMH HCCJIeJOBaHUM Bapualluit
Pa3IMIHBIX Te0(PU3NIECKUX BEJIMYUH ME€Pe] CUJIbHBIME 3€MJIETPICEH-
MU, paHee BBINOJHEHHBIX HAa KamyaTke, MO3BOJMI CIAETIATH BBIBOJM, O
TOM, YTO JIOIOJHUTEJIbHBII NCTOYHUK TeIlIa HAXOJIUTCA B 3eMHOM Kope.

1.13 Oporpaduvecknii 3cpdeKkT npu HaAOIIOAEHUN
KOCMUYECKUX Jrydeit

Banabun 10.B.
Hoaaprwili 2eopusuneckutd uncmumym, Anamumot

Bakcanckuii nefirpounstit monurop (HM) ycranosien na Bakcan-
ckoit meiirpuuHOil obcepBaropun nHa CeseprHom Kapkasze, pacmoso-
JKeHHoit Ha jHe Bakcamckoro yimesnbs Ha BbicoTe oKojo 1700 M Has
y.M. Koopaunarsr pacrosnioxkenust HM cienyromme: 430 16° 22.81”7 N
u 420 41’ 06.04” E. IloTroxk KOCMUYECKHUX Jydeil, perucTpupyeMblit
Ha [IOBEPXHOCTU 3€MJIA, 3aBUCUT OT KOJMYIECTBA BEIIECTBA, KOTO-
pbleé IPOXOJAT YACTHUIBI OT CAMBIX BEPXHUX CJIOEB aTMOChEpHI 10
npubopa. i armocdepbl cymMMapHOE KOJUIECTBO BEIECTBA IPO-
[OPIMOHAJIBHO JIaBjIeHui0. 1[09TOMy Ha CTAHIIMM KOCMUYECKUX JIydeil
IIOMUMO JIAHHBIX ITOTOKa KOCMHUYECKHUX JIydeil MPOU3BOJUTCS 3allUCh
IABJIEHUsI, TP 3TOM IIE€PUOJNIHOCTb 3AIllMCH TOKA3AHWHN IaTdnKa
JIaBJIEHUsT COCTaBJsieT 1 MUH, KaK W KOCMUYECKUX Jiydeil. Awnasms
MHOT'OJIETHAX 0AapOMETPUYECKUX JAHHBIX II0KA3aJ, YTO HAa CTAHIUU
Bakcan gacTo HabJIr0/1a€TCsl CyTOYHASI BAPUALMS JIABJIEHUsI, CBA3aHHAS
¢ ocobernocTamu MectHoCTH. OOBIMHO JIOKAJIbHBIE YCIOBHs (BETEp,
JIOKAJIbHBII oporpadudeckuii apdexT), co31a0T Bapuanun JaBjIieHns,
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KOTOpbIE HE MPOABJISIOTCHE B KOCMHUYECKHX JIy4YaX, HOCKOJbKY HE IIPH-
BOJST K M3MEHEHWIO TOJIIUHBI aTMOCHEpPDI, a SBIAIOTCS 3DHEKTOM
npuseMHOro cjiosi. OOHapy»KeHHast HapoMeTpruYecKasi BapUalldsi, XOTh
U He CAUIMKOM Besuka (0Koao 1 MO), CMHXDOHHO HAbJIIONAETC U B
KOCMHMYECKUX JIiydax. 37ecb HM BrIcTymaeT Kak JeTeKTOp KOJUIECTBA
BemecTBa B aTMocdepe U IMOKA3bIBAET, YTO WM3MEHEHUs IABJIEHUST
[IPOUCXOMST He M3-3a JuHaMudeckux npudaut (3ddexr Bepuymwm), a
peaJibHO U3MeHsieTcst Bes ToJia armocdepst Hagy HM. CrenoBaresibHo,
JaHHBIN oporpaduyueckuii 3¢deKkT 3aXBaThIBAET 3HAYUTEIBHYIO JaCTh
Tpomocdephl, BLI3bIBas M3MeHeHHe ToJmm arMocdepsl Ham HM. Ha
npyrux HM Takoit Bapuarnuu mgaBjiennss He HAOJIIOIAETCS.

1.14 OrpakeHue ceiicCMUYIECKUX U COJTHEUHBIX
HEOJHOPOJIHOCTEN B I'MAPOr€eoJIOTuYeCKnX
noJusax Keipreiacrana

Kendupbaesa . 2K.
Hremumym ceticmonozuuy HAH Kupewiackotl Pecnybauxu

OJtHUM U3 TePCIEeKTUBHBIX PEIHOHOB JIJIsl POTHO3a 3€MJICTPSICEHMIA
apisiercss Kerpromsckuit Taub-11lanb, r/1e Bblaemena iiyoOnHnas HeoTHO-
POJIHOCTD, C KOTOPOIi CBsI3aHbI OJIOKU 3€MHO# KOPBI, OTJINYAONIUAECS 110
moraoctu (ot 20 1o 40 kM), wiorHocTH (2,75-2,85 r/cM3) u BemecTBeH-
womy coctaBy. C yaerom sroro, B Keiprescrane ¢ 1979 roma aeiictByer
TUIPOTE0CEICMOJIOTUYIECKAs. CETh, COCTOSAINAs U3 8 CKBAXKUH C TUIyOU-
Hamu oT 125 ;10 1500 M. OCHOBOI JijIsi aHAJIN3a TUIPOreOJIOITIECKAX
MaTepUaJIOB JIJI PEIIeHUsT 33Jiad MPUHSTH TEOPUS IMyJILCUPYIONEe
3eMJIM U TEOPHUsi OTPAYKEHUs, & TaKKe MHOTO(paKTOPHOCTH T'HIPOTE0-
JIOTMYeCKuX 1oJieil. Boigeensl B pexxuMe HAOIIOMAEMbIX BOJ, 1Ba THUIIA
TepecTPOKN- 3aKOHOMEPHBIN u caydaitabiit. [lepsorit 06s13aH KanMma-
TUYECKUM U CE30HHBIM YCJIOBUSIM, BTOPOH B IEPBOM IPUOJIMKEHUU
epuoaM 70, BO BpeMs U IOC/IE PEAJUIAINN 3eMJIeTPSICeHN T, HO aHO-
MaJIUA HE TIOBTOPSAIOTCS OT OJIHOTO ITOA3EMHOTO TOJTIKA K JApyromy. s
00BEKTUBHOCTH ODOCHOBAHUSI UX B KAYECTBE MCTOYHUKA YIUTHIBAIOTCS
MOPQOIOTHIeCKNe MPU3HAKN CTPYKTYD, OCOOEHHO IJIyOMHHBIX pa3-
JIOMOB, IIPEJICTABJIEHHBIX PAa3HOHAIIPABJIEHHON CETHI0 TEKTOHMIECKUX
6.HOKOB. I/I3 HEKOTOPBIX BBIXOJAT OJMHOYHBbIEC MCTOYHUKU, a HMHOI'/Ia B
BHJIE A30HAJIBHBIX TUJPOTrEOJIOTUYIECKUX JIMHUN, Y KOTOPBIX (PU3UKO-
XUMUYECKUE MOKA3ATEeN, XapAKTEPU3YIOTCA IKIOTUIECCKUM HAOOPOM.
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Tak, mapamerpnl Teckeiickoil THAPOTEPMAJILHON JTUHUN , MUPKYJIHA-
pyIolue IPaKTHYeCKd B HIEHTUYHBIX I'€OJIOIMYECKNX OOpPa30BAHUSX,
M3MEHSIIOTCsI € 3alajia Ha BOCTOK- Temieparypa or 320 C mo 50-560
C, pH- or 7,8 mo 8,8, a OKHCIUTEIBHO-BOCCTAHOBUTEILHBIE YCJIOBUSI
(MB)- or okmCIMTENLHON O BOCCTAHOBUTENLHOI. BbISICHUIOCH, YTO
nx WHANGOEPEHTHOCTh K CTPpATUTPapUIECKON TPUHAITIECIKHOCTA W
JINTOJIOTO-T€OXUMUYECKON IPUYPOYEHHOCTU BOJOBMEINAIOIIEH CPeJIbl,
HAaXO/UT OTPaKEHNE B MPUIUHHOC/IEICTBEHHON CBSI3U C XapaKTEPOM U
MHTEHCUBHOCTBIO HEOTEKTOHUYECKUX JIBUKEHUN: OHM, HAXOJSCH JIJTU-
TeJbHOE Te0JIOTHIECKOEe BPEMs B YCJIOBUSX YCTOMYIUBOTO PACTIKEHU,
JOCTUATJIM HA BOCTOKE HAWOOJIBIIIErO pa3Maxa, T€ COCPEIOTOYCHBI
SIUIEHTPHI MOA3eMHBIX TOJYKOB ¢ K >= 12-14, mMmeHHO B paiioHax
€CTeCTBEHHBIX BBIXOJIOB IHIpOTEpM ¢ Temueparypoit >= 500 C, uro
Ha 3amaje Mmensercs ot 20 mo 36-370 C, mpuduem 31ech peobaIaioT
cinabble cefiCMUYeCKre TOMYKU. DTO OIPEJE/IEHHbIE 3aKOHOMEPHOCTHU
00 0DHapYKEHUU MPOCTPAHCTBEHHOM B3aMMOCBA3U, HO TAKOBBIE NMEIOT
MECTO W B BEPTUKAJbHOM pa3pe3e, T.e. 10 MHOIOYHMCJIEHHBIM JIaH-
HBIM, IIOJIy9€HHBIM B PE3YJIbTATE I'UJIPOTeO0JOrHYECKOT0 OIPOOOBAHUSA
CKBa)XUH C TyiybumHamu 110 5-6 KM, NIpOOypeHHBbIX Ha HedTh, ra3 u
TepMaJibHbie Bosbl. st temmeparypsr, pH u Eh, a takke konrenTpa-
Wi MOHOB B THUAPOTEPMAX, MPOXOALANIAX HE3ABUCHUMO OT XapakKTepa
BOJIOBMEIIAIONIEH CPEeJIbl, BBISBJIEHBI OOINWe KOPHU U3MEHYUBOCTH,
KOTOpbIe TpadUuuecKun YeTKO IIPEJICTABJIEHbI JJOMAHBIMU KPHUBBIMH, HA
KOTOPBIX HAUOOJBINMUI MPUTOK MIPUXOIUTCS HA T€OJIOTHIECKUE ITAIbI,
CBSI3aHHBIE C MAKCUMYMOM TEKTOHUYECKO# akTuBuzaruu. K mpumepy,
B HUX (DOHOBBIE 3HAUEHUS OIPEIE/IAEMBIX TapaAMETPOB OTKJIOHSIIOTCS
K HauOOJIBIIINM TOPIIASIM Ha T'PAHUIE KOHTAKTOB BEPXHEHEOT€HOBBIX U
1aJIe0reH-HeOT€HOBBIX MTOPOJI, KOI/Ia AKTHBA3UPOBAHBI BHYTPH 3€MHbBIE
HAIIPsKEHUS, IPUBEIINE K OOHOBJIEHUIO IDEBHUX U [TOsIBJIEHUIO HOBBIX
Pa3IOMOB B TOM PErHOHE. ¥YUACTHE IK30TE€HHBIX COCTABJIAIONINX B
9TUX THAPOBCILIECKAX CBUJIETEJILCTBYET TaKyKe OOCTAHOBKA B3aHMO-
cBasu 110 guciaMm Boabda (W)- cpeneroqoBoro uHiaeKca COJHEYHOM
AKTUBHOCTH, BBISIBJIEHHOTO B yCJIOBUsX 1l-jleTHeil IUKJINIHOCTH: IIO
UMEIOIINMCS JIAHHBIM, €€ MaKCHUMyMaM HEPEJIKO COOTBETCTBYIOT CHU-
JKeHHne aKTUBHOCTHU 3emyerpsicennii ¢ MW >= 8. DT0 moarsepKiaeHo
U B HAIMUX PabOTaxK0o3(PUIMEHTAMU KOPPEJISIIIUU, BBIUYUCIEHHBIMI
Mexy Temieparypoil u pacxomom Boabl Comy-Kypram , ceficmud-
HOCTBIO W WHJIEKCOM COJIHEYHOM aKTHUBHOCTH: Tak, 3a 2015 r.- B
OTHOCHUTEIFHO CEHCMUYIECKN aKTUBHOU IIEPUO/I UMEIOT OTPUIATEIbHBIE
snavenns (-0,3), B 2016 r.- craHoBsitcss mnosmoxkutenabHbiMu (0,2), a
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B 2017 1. momuumaiorca no0 0,4, 49TO OJIHOBPEMEHHO TaKXKe BBICOK
MEXKJy Ka KJbIM M3ydaeMbIM IIapaMeTpOM M WHJEKCOM COJIHETHOI
AKTUBHOCTH, HO CHUXKAACH OT Iojoxkuresnbnoro 0,64 (2015 r.) mo or-
puraresbHoro yepes -0,12 (2016 r.), mocrurnys Muanmyma -1 (2017 1.).

1.15 OrmeHKa aHTPOIIOT€HHOIO0 BO3AE€CTBUA Ha
IPO30BYI0 aKTUBHOCTh HAJI
yPOaHN3NPOBAHHBIMU TEPPUTOPUIMU
ceBepo-BOCTOKAa A3um

Tapabyrxuna JI.JI., Kosnose B.U., Hnnoxenwmuves /I F.

QUI] Arxymcerut nayunod yewmp CO PAH, Hnemumym
KOCMOPUUMECKUT UCCALIO8GHUT U AIPOHOMUL
um. FO.I. Hlagepa CO PAH

[IposiBiieHNEe aHTPOIOIEHHOrO BJIUSAHUS HA TI'DO30OBYIO aKTHBHOCTD
MOXKET BBIPDAXKATLCH B YBEJIMYEHUM ILUIOTHOCTH MOJIHANA B MeCTax
CKOILJIEHUSI ITPOJYKTOB TEXHOI'E€HHOIO IPOMCXOXKJIEHUS B BO3IyXe U
B IIOSIBJIEHUM JIOIIOJIHUTE/IHLHOIO HEJIEJIbHOIO IIEPUOJa BO BPEMEHHBIX
Bapuanusax. B mgaHHO! paboTe TPOBOIUTCS CPABHUTEIbHBIN aHAJIN3
[JIOTHOCTHU TPO30OBBIX Pa3psoB B yepre ropoza (¢ paspemtenuem 0,25
rpajyca JIOJArOTHI-IIMPOTHI) M OKpyzXKarommx reppuropuii (mo 0,5
IPaJyCOB BOKDYI' TIOPOJCKOIl IeHTpaJbHOil sdeiiku). Hanmenbiuwmii
BpeMeHHOI cpe3 6 dacoB (110 MeTeoposormdeckoMy cpoky). Habitro-
JIeHUsT BEeJyTCs C IOMOINBI0 MHUPOBOM MHOromyHkroBoit ceru World
Wide Lightning Location Network (WWLLN), omme u3 nardukos
KOTOpOil ycranosisen B I. dkyrck B 2009 r. Paccmarpusatorcss ropoza
B mpegenax 60-180 B.7., 40-80 c.m. Beibupasmcs ropoga B Cubupu
un Ha Jlanpaem Bocroke ¢ wmcieHHOCTBIO HacejaeHusi cBbIme 50 THIC.
gesioBeK H7 ropojioB. B CBsI3M ¢ BBICOKOW IIOTHOCTHIO HACEJIEHHUS B
ceBepo-BocTOUHON dactu Kuras BHIOMpAJINCH TOJBKO KPYITHBIE TOPOIA
C YHCJEHHOCTHIO B mperenax IeHTpa cBbime 400 Thic. 4denoBek 23
ropoza. Takke IPOBOAUTCH CIEKTPAIbHLIA aHAJIN3 BapHAIUil KOJIH-
YeCTBA TPO30BBIX PA3psIOB B KaXKION siueiike BBIJIEISEMOM IIIOMIAH
ropofa u Ipujeraromux rteppuropuii. VccieqoBaHue BBIIOJIHSIETCS
npu (bUHAHCOBOU o Iepkke Poccuiickoro donma GyHIaMeHTATBHBIX
WCCJIEIOBAHAN B paMKaX HaydHoro mpoekta 18-35-00215 wmoa a.
[Ipubopnas 6a3a nmommepkuBaercs 3a cuer OomKkerHoi Tembr 11.16.2.1.
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(momep rocperucrpaimu AAAA-A17-117021450059-3).
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1.16 Omnenka cocTosiHus MOHOCHEPHI B cUCTEME
OlepaTMBHOrO aHAJIM3a JaHHBIX Aurora

Ionosos FO. A2, ®emucosa H.B.!

L Huemumym K0cmodususeckus uccaedosanuti U pacnpocmparerus
paduosoan JIBO PAH, Poccus
2 Kamuamexuti 2ocydapecmeennuiti mexnuieckuti yrusepcumen

[IpencraBieHsl pe3ynbTaThl BBIJIEICHUST NOHOCKHEDPHBIX AHOMAJIHI
B OIIEPATUBHOM DEXKHMe 10 JAHHBIM MOHO30Hja cTaHimu llaparymnka,
Kamuarckuii kpait (MKP JIBO PAH). PaspaGoranuble ajropuTMbl
peain30BaHbl B CUCTEME OIMEPATHBHOIO aHAJIN3a TeOMU3NIECKUX JTaH-
ueix Arora (http://lsaoperanalysis.ikir.ru:9180/lsaoperanalysis.html)
U [O3BOJISIOT B JWMHAMHUKE MOHOC(EPHBIX apaAMETPOB BBIIE/IATH BHE-
3aIlHble AHOMAJIbHBIE M3MEHEHNs] PA3JUIHON MHTEHCUBHOCTH, a TaKIKe
OleHMBaThL UX mapamerpbl. Ha mpumepe cobwbituit 2018 r. mokasana
3P PEKTUBHOCTHL PAOOTHI CUCTEMBI M BO3MOXKHOCTL €€ TMPUMEHEHUSI B
33/1a9aX IMPOTHO3a KOCMUYECKOHN MTOro/Ibl.

1.17 PaaumaiimoHHbIE XapaKTePUCTUKMN IMEPUCTHIX
00JIaKOB: BJIMSIHUE OPUEHTAIIMN KPUCTAJIJIOB
Jabaa

Camozxeanos U.B.', 3yes C.B.2, Bprovanosa B.B.!,
Bprozanos U.J1.', >Kusomewniox U.B.*, ITycmosanros K.H.?, Hu E.B."

U Hayuonaavmoui uccaedosamenvexuti Tomeruti 2ocydapemeennwid
yrusepcumem
2 Mnemumym mMonumoputza KAUMGMUNECKUT U IKONO2UMECKUT
cucmem CO PAH

O6cyX)XmatoTcst pe3yIbTaThl KOMILIEKCHOTO SKCIEPUMEHTa II0 WC-
CITETOBAHUIO PAJUAITMOHHBIX XApPAKTEPUCTUK IEPUCTHIX  00JIAKOB,
Bexymierocs: ¢ 2016r. OreHka OpUeHTAIMN KPUCTAIJINYECKUX YACTHI] B
obJ1aKax IMPOU3BOUIIACH 10 JAHHBIM HU3MEPEHUsI MaTPUIIbI 00PaTHOTO
paccesHUsI CBeTa MOJSIPU3AIUOHHBIM JIjgapoM. IloToKu coJrHedHOit
pPaJuaui U3MEPSJIUCh 10 CTAHJIAPTHBIM METOJHMKAM C ITOMOIIBIO
aKTUHOMETpa W mmpaHoMeTpa. Ilokasamo, UTO TPH OIPEIETEHHBIX
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METEOYyCJIOBUSX HA BBICOTE ODpPA30BaHUS IEPUCTHIX OOJIAKOB, KpU-
CTAJUIMKH JIbJA CIOCOOHBI OPUEHTHUPOBATHCS TOPHU30HTAJIBHO, HYTO
CYIIIECTBEHHO BJIMSET Ha IIPOILYyCKaHUE COJIHEYHOI pa/Ihallyi.

1.18 Pe3oHaHCHOe pacnpocTpaHeHue JIa3epHOro
n3JIydeHusl B BepxHeii nonocdepe

IHlesuos B.M., Bwuxos B.B., Ilepescoeun A.C., Cepedxun H.H.

Huemumym xocmopusuneckur uccaedosanuti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

[Ipencrasien KparTkuii OO30PHBI MOKJIAI [0 MaTepUajaM HUC-
CJIeJIOBAHUSI PE30HAHCHOIO PACHPOCTPAHEHUS JIA3EPHOTO W3JIyIEeHUS
B moHOC(hEpPe, BO30OYXKJIEHHON BBICHITAHUIMHI 3aPSKEHHBIX YACTHUII.
O6CyX)Ta10TCsl  PE3YAbTATHl  UCCJIEIOBAHUII U MEPCIEKTUBLI  pas-
BUTHSI HAyIHOrO HampasieHus. lIpeiokeno perienne 11podIeMbl
pacIpoCTpaHeHWsT BOJH B CJIyYaillHbIX PE30HAHCHBIX CPEIax C yde-
TOM OCOOEHHOCTEl 00paTHOrO paccCesHusl, KOTOpPbIe MOTYT OBIThH
WCIOJIb30BAHBl JJIT JUCTAHIIMOHHOTO 30HINPOBAHUS XapaKTEPUCTUK
BO30YKJIEHHOI HOHOCKEDHI.

1.19 Pe3onaHcHOe paccessHUe Ha BO30Y>KJIEHHBIX
MOHAX KaK BO3MOXKHas IPUYNHA perucTpanum
MHUMBIX a3pPO30JIbHBIX oOpa3oBaHuii B
crparocdepe n Mesocdepe

Bwukos B.B., Hepeocoeun A.C., Cepedxun H.H.

Hnemumym kocmopuduneckuxr uccredo8arutl U pacnpocmparerus,
paduosoan JIBO PAH, Poccus

ITpesicTaBiieHbl PE3YIbTATHL JABYXIacTOTHOTO (532 1 561 HM) numap-
HOT'O 30HIUPOBaHUs aTMOcdepbl B obiacTu BbIcOT 25-500 KM, 1 MeTOo.,
30HJNPOBAHUS Ha YacTOTe H32 HM C perucTpalnueil CUrHaJa Ha JIBYX
IIPUEMHBIX KaHaJIaX, TO3BOJIAIONINNA PACIIUPUTD JTUATIA30H JTOCTYITHBIX
BBICOT U TIOJIYYIUTh TPOMUIL CUTHAIA B HUXKHEH cTpaTocdepe OT BbI-
corbl 10-12 kM. [Tokazana Bo3aMoxKHOCTH BoccTaHOBJIeHUsT Nh-11poduiist
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OTHOIIIEHUsI paccesdnnsi B 00siacTu BHICOT 12-80 KM U BDLIJIEIEHUS CHUI-
HaJla MOJIEKYJIsIpHOTO paccestausi. OOCYKIaeTcst BO3MOXKHOCTH BbIJIe-
JIEHUsI CHUTHAJIa PE30HAHCHOI'O pacCesiHusi U (DOPMHUPOBAHUSI MHUMBIX
a’pO30JIbHBIX 00pa30BaHuil B cpejHell arMocdepe, pacueTa CIIEKTPOB
BBICHITIABIITUXCS 3aPsI)KEHHBIX YACTHII,

1.20 ConocraBjieHue Bapualuii BHy TPEHHUX
rPaBUTAIMOHHBIX BOJIH B 00JIACTH ME30Iay3bl

10 U3MepeHusaM Ha crannuu Malimara c
temneparypuabiMu gaaabivu EOSMLS (Aura)

Cusuesa B.U., Ammocos I1.I1., Taspuavesa I A.,
Koamosckoti H. 1., Ammocosa A.M.

Hremumym xoemodusunecku uccaedosanuti U aapoHOMUL UM.
10.T". Illagepa CO PAH, Sxymcxk, Poccus

WccnenoBanbl JaHHBIE TEMIIEPATYPHI 00JACTU ME30TIAY3bl, MOy UeH-
uple 3a nepuox 2013-2018 rr. ma cranmum Maiimara (63.04 N, 129.51
E). B 3umnuuit nepuoy, cesona nabmonenuit 2014-2015 xapakrepucruka
AKTUBHOCTY BHYTPEHHUX I'paBuTanuoHubix Boja (BI'B) gw umeer 6o-
Jiee HU3KUE 3HAYEHNUs], & TeMIIepaTypa 00IaCTA Me30Iay3bl IPEBBIIIAeT
aHAJIOTUYHbIE 3HAYEHUs B JApyTue ce30HbI. JIJIs colmocTaBieHns IpuBe-
JIeHBI CIlyTHUKOBBIE JIAHHBIE TEMIIEPATYPHBIX MPOMUeil moJryJeHHbIe
EOSMLS (Aura). ITocsie Bblae/ieHust W BbIYUTAHUS BKJIAJIA TIDABU-
TAIMOHHOI COCTaBJSAIONMEeH n3 Temmueparypubix npoduiaeit EOSMLS
st objiacTH HaJ craHmuelr Malimara 3aMeTHO OTJIMYHE B 3UMHEH
crparonay3e ce3oHa 2014-2015. B 3TOT Ce30H 3uMMHHAS CTpaTolay3a
umeeT OoJiee HU3KUE TEMIIEPATYPhI, I€M B OCTAJbHBIE CE30HDI, C YI€TOM
BBIUETa BKJIaJa (DIYKTyaruii Temeparypsl o0yciaoBierasix BI'B.
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1.21 CuekrpockonundecKue 0a3bl JaHHBIX JIsI
MO/IeJINPOBAHUS PaAuallMOHHBIX ITPOIECCOB B
atrmocdepe

Tawxyn C.A.
Hnemumym onmuxyu ammochepo, um. B.E. 3yesa CO PAH

Pajmmanmonnbie cBoiicTBa arMocdepbl 3eMJIH B iUaia30He OT MUK-
POBOJIH JI0 yJIbTpaduoseTa OmpeIesIsiioTcsl, B OCHOBHOM, CIEKTPOCKO-
MUYIECKAMU CBOMCTBAMHU MOJIEKYJI, BXOMSIINX B ee cocTaB. MoHntopunr
COCTOSTHUS aTMOC(EPHI, 8 TaKKe IIPOTHO3UPOBAHNE KJIUMATUICCKAX U3~
MeHeHUH TpebyIoT Bce 0oJjiee TIOJHOIO U TOYHOrO ydeTa MX CBOHCTB. B
HACTOSIIEEe BPEMsi OCHOBHBIE TAPAMETPBI CIEKTPAJILHBIX JIUMHUA ITHX
MOJIEKYJT CODPAHBI B CHEKTPOCKONMYIECKHE 06a3bl JAHHBIX, KOTOPHIE Pe-
CYJISIPHO OOHOBJISIIOTCST Y ITOTIOJTHSIIOTCS.

B mocrepe mam 0630p Kak 6a3 JAHHBIX OOIMETO Ha3HAUEHUS, TAKUX
Kak

HITRAN Spectroscopic Database, Harvard Smithsonian Center
for Astrophysics, USA GEISA Spectroscopic Database, Laboratoire
de Meteorologie Dynamique, FRANCE Millimeter and Submillimeter
Molecular Spectroscopy Catalog, Jet Propulsion Laboratory, USA The
Cologne Database for Molecular Spectroscopy (CDMS), University of
Cologne, GERMANY

TaK U CHEUATU3UPOBAHHBIX, TOCBATIEHHBIX OTIEIHHBIM MOJIEKYJIaM

PNNL Vapor Phase Infrared Spectral Library, Pacific Northwest
National Laboratory, USA Ames Molecular Spectroscopic Data
for Astrophysical and Atmospheric Studies, SETI, USA SMPO
Spectroscopy and Molecular Properties of Ozone, IAO, Tomsk, Russia
CDSD-296 Carbon Dioxide Spectroscopic Databank, TAO, Tomsk,
Russia

Bynyr npencraBieHbl UX cpaBHUTEIbHBIE XapPAKTEPUCTUKNA U PEKO-
MEHAIY 10 TPUMEHEHUIO.
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1.22 Chekrpockonuga uMegaHnca B reopu3ndecKnx
HCCJIeIOBAHUSIX

Veapos B.H.

Hnemumym K0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

Kparko paccMoTpeHbl IPUHITUIIBI METO/Ia CIIEKTPOCKOIINY UMIIEIaH-
ca B TeXHHKe, Omodusuke, dusmdeckoit xumuu. [Ipoanamn3mpoBaHbl
BO3MOXKHOCTH ITPUMEHEHUsI B Te0PU3NKe C UCIIO/IH30BAHUEM €CTECTBEH-
voro 3exkTpomarautaoro maiaydenns KHY-CHY nmanasona m kade-
cTBeHHOE oTanane MeTomaa B paano-reodpusnke KHY-CHY muamazona.

PaccvoTpenbl BO3MOXKHBIE OCHOBHBIE TTAPAMETPBI AHAJIN3a C YIETOM
6a30Boit Mojies i noHOC(hepa-armocdepa-mTocdepa, Jana ux pu3nde-
CKasl HHTEPIIPeTAaIysl U OIEHEHbI HHTEPBAJIbI OCPEIHEHUSI [IPU aHAJIU3E.
[Ipusenenst npumepsr guarpamm HaiikBucra u Bome ecrectBen-
HOTO 3JIEKTPOMATHUTHOTO WU3JIYYEHUs JJIs PA3JNIHBIX WHTEPBAJIOB
YCPEIHEHUsI U CIEJAHbI BBIBOJBI O CBOWCTBAX IeO(U3MIECKOU CPEJIbl
pacmpocrpanenust. Cjesran BBIBOJ, O TEPCIIEKTUBHOCTY UCIIOTH30BAHUS
MeTOo/a B PAIUOMU3INIECKUX UCCIIEI0BAHUAX B Ie0]dU3UKe.

1.23 Cuenapuu pa3BUTHUsS Bapuaiuii
aTMoc(epHO-3JIeKTPUIECKNX BEJIUINH
npu3eMHOIl aTMocdepbl BO BpeMs CUJIbHBIX
MOpPO030B Ha Teppuropun Cubupu

Kosaoe B.1.Y, Hazopcruti I1.M.2, IIycmosanos K.H.2,
Toponos A.A.!

L Hnemumym xocmodusuueckus uccaiedosanud
u asporomuu CO PAH
2 Mnemumym mMonumoputza KAUMAGMUNECKUT U IKONOLUMECKUT
cucmem CO PAH

DopMuUpOBaHNEe AHTUIMKJIOHMIECKOTO PEKUMa IOTOIbI HA TEpPpPH-
topun Cubupy 3UMOIl TECHO CBSI3aHO C B3aMMOJEHCTBAEM aHTUIIAKJIO-
HOB, obpazytomuxcsad B KapckoM Mope W MmepeMeniaionmuxcs B I0XKHOM
nanpasenun, ¢ CubUpCKUM aHTUIUKIOHOM (A3uarcKuil MaxcumyM).
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VcranoBsenue mMpu 3TOM CHJILHBIX MOPO30B, KOIJa MUHAMAIbHAS TEM-
neparypa Bo3ayxa —40° u HUXKe B TedeHue 3 CyTOK u Oojiee, XxapaKTe-
pu3yeTcsi KaK OIlaCHOEe METeOPOJIOrnYIecKoe siBjieHne. K Hebaronpusit-
HBIM SIBJIEHUSIM OTHOCHTCsi OOpa30BaHUe, IPU 3HAYUTEIHHOM ITOHUKE-
HAW TEMIEPATYPBHI, JIEISHbIX TYMAHOB, KOTOPbIE OIPDAHUYUBAIOT JAJIb-
vocth Bugumoctu Sd. Ieas paboTel mcciie1oBaTh BO BpeMsl 3UMHHIX
TyMaHOB B IT. AdKkyrck u ToMCK 9BOIOIUIO BapHaluil HAIPIKEHHOCTU
noJist B Ipu OHUZKEeHWH TeMIlepaTyphl JI0 SKCTPEMaJIbHBIX 3HAYEHUI.

st Axyrcka nonmxkenue T' 10 ~ —40° u HUXKe IPUBOIUT K 00pa30-
BAHUIO JIEJTHOTO TYMAaHA, OTPAHUYIEHUIO JAJBHOCTA BUAMMOCTH. B oT1-
CYyTCTBHE TyMaHa CIEKTD KojiebaHuii £ MOXKHO pa3e/uTh 10 IePUOIaM
HA TPH y9acTKa: TOPU30HTAJBHBIN (IepHo/Ibl MeHee 1 MUH); JIMHEHOrO
pocTa, O0yCJIOBJIEHHBIA TYPOYJIEHTHBIM II€DEMENINBAaHUEM, U YYaCTOK,
CBSI3AHHBIN C HACBIIIIEHNEM, HUYKHsIsI "PAHUIIA, KOTOPOTo OoJstee 10 MuHYT.
Bo BpewMst JieIsTHBIX TYMAHOB BEPXHsISI TPAHUIIA JUAIIA30HA JIEKTPOCTa~
TudecKux nryMoB (Gesblil mryM), Bo3pacTaer GoJiee 4eM Ha HOPSIIOK U
cocrasisier He MeHee 10-60 mumuyr. Hukuss rpamnuna ydacrka Criex-
Tpa, CBA3AHHOI'O C HACBHIMIEHHEM, Bo3pacraer 1o coreH MuHyT. Cpas-
HEHUe JaHHBbIX ToMCKa U fKyTCKa IOKa3aJio, YTO IpU MOHMKeHuU 1,
yMeHbIteHun Sd BeJIMINHA HANPSIXKEHHOCTH 3JIEKTPUIECKOTO IMOJIsT BO
BpeMs TyMaHa yMEHbBIIAeTCs, & HOJIAPHbIE 3JIeKTponposojnoctu Ly /-
BO3PACTAIOT. DTH U3MEHEHHUsI yKAa3bIBAIOT HA TO, YTO OCHOBHYIO POJIb B
TpancdopMmalun creKTpa Bapuanuii £ urpaer o6e3BoKUBaHNIE TPOITO-
cdepsl, a yaajieHue Bjaru u3 arMocgepbl CBS3aHO, IO-BHIMMOMY, CO
CIIOHTaHHOU KpucraJjuiu3aiueii, koropas upu 1T ~ —39 + —41° 3naqdn-
TEJILHO YCKOPSIETCS.

ITo mammbIM, 3aperucTpupOBaHHBIM B TI. TOMCKe, BO3MOYXKEH WHOM

BapUAHT PA3BUTUs JIEKTPUIECKUX IPOIECCOB B MPU3EMHOM CJIO€ DU
normxenmn T' 1o —20 -+ —30°, xorya Bemmunna £ Bo3pacTaer, a moJsap-
HBIEC 3JIEKTPOIPOBOAHOCTH L /_ MajaioT 0 MUHUMAJILHBIX 3HAYCHUI.
B oboux cirygasix, mo-BUIMMOMY, KJIFOUEBas POJIb TPUHAIJIEIKUAT ITPO-
meccaM, PeryJaupyioM CTOK JIETKUX MOHOB HA a3P030JjIb, ITO obecrie-
qUBaET U3MEHEHHE HJIEKTPOIIPOBOIHOCTH IIPU3EMHOTO CJIOS U, CJIEI0BA~
TEJIFHO, HAIIPSYKEHHOCTU IJIEKTPUUIECKOro 1moss F.

Broimomneno nipu dunancosoit noiep:kke Munobpuayku Poccun,
OIIT UP (cornamenue 14.607.21.0205, yHuka bHbI uieHTU(MDUKATOD
ITHU RFMEFI60718X0205).
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1.24 Pusuko-xumMHUYeCKNe B3anMOAeiiCTBUA B
aBpOpaJIbHOII MoHOCcdepe: HeCTaIlMOHAPHAST
MOeJIb

Jawxesuw 2K.B.', Heanos B.E.', Koszeaos B.B.}, Cepauenxo T.H.?

L oaaproti 2eousuneckuti uncmumym, Anamumas, Poccus
2 [Msedexuti uncmumym xocmuveckoti dusuru, Kupyna, lseyus

ITporiecchl B3anMOIeiiCTBISI OCHOBHBIX BO30YIKIEHHBIX U NOHU3UPO-
BAHHBIX KOMIIOHEHT aTMOC]EPBI BO BpPeMsl 3JIEKTPOHHBIX BBICHIITIAHUI
OMHUCAHBI C TOMOIBIO (PUBUKO-XUMHUIECKass MOJIEIb BO30YXKIEHHOMN
MOIAPHON moHOoCcdephbl. UHCIeHHAS MOIETb IO3BOJISET PACCIUTATH:
BBICOTHBIE TIPOMUIN KOHIIEHTPAIUN HOHOC(HEPHDBIX KOMIOHEHT N2+,
02+, O+(4S), O+(2D), O+(2P), O(1D), O(1S), N(4S), N(2D),
N(2P), NO, NO+, N+, N2(A3), N2(B3), N2(W3), N2(B 3), N2(C3)
U 3JEKTPOHOB B aBPOPAJbHOIl MOHOChEpEe; BPEMEHHYIO [IUHAMUKY
KOHIIEHTpANnii MOHOC(EPHBIX KOMIIOHEHT; BBICOTHBIE MPOMUIN WH-
TEHCUBHOCTH OCHOBHBIX aBPOPAJBHBIX 3MHUCCHI, B TOM uucie 427.8
HM, 557.7 M, 630.0 HM. BxonubpiMu mapaMeTpaMu MOJEH SIBJIAIOTCH
SHEPreTUYIECKUl CIIEKTD 9JIEKTPOHOB Ha BEPXHEN I'DAHUIEe HOHOCKEDHI,
KOHIIEHTPAIINA HEeATPAJBHBIX COCTABJISIONINX U TEMIEparypa aTMO-
cdepol. Momenb coctaBieHa Ha OCHOBE HMEIOIIUXCS JIUTEPATYPHBIX
JAHHBIX M BKJIIOYAET B cebsA H6 DU3MKO-XUMUIeCKUX PEaKInil, yIacT-
BYIOIIUX B II€pepaCIpe/ie/IeHNe SHEPIUU BLICHIIAIONUXC YACTUIL U
OKa3bIBaIOIIUX BJIMAHNE Ha KOHIIEHTPAIINN II€PEeINCJICHHBIX KOMIIOHEHT.
Mogesib nonocdepbl anpobrpoBaHa Ha pe3yJibTaTaX KOODPIMHUPOBAH-
HOT'O PaKeTHO-CILyTHHKOBOT'O 3IKcIepuMeHTa. JIOCTUTrHYTO Hawmydiiee
B HaCTOsIIIee BPEMsI COIVIACHE PE3YIbTATOB MOJEJUPOBAHUS C IKCIIEPU-
MEHTAJIbHBIMA JAHHBIMUA.
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1.25 IIuKJINYHOCTh COJIHEYHOM AKTUBHOCTHU U
aBapuiiHbIe 3allyCKU pPaKeT, BbIBOIAIINX Ha
opOUTy KOCMUYECKHUE allllapaThl

Kosnos C.H.', Hazopcruti II.M.?

L Hnemumym Junamuxy Teocep PAH
2 Mnemumym mMonumoputza KAUMGMUNECKUT U IKONOLUMECKUT
cucmem CO PAH

C 1957 mo 2014 r1r. OTHOCHUTEIHHOE KOJUYIECTBO HEYIATHBIX 3a-
I[IyCKOB M3zesuii pakeTHO-KocMuaeckoit rexuauku (PKT) N cocraBuio
~ 6,4%. HecmoTps Ha obmmit poct Hagexknoctu PKT B menowm, uc-
KJIFOUNTh BOBHUKHOBEHUE ABAPUIHBIX CUTYAINil IPU €€ IKCIIyaTAIluN,
O-BUUMOMY, He ymactcd. Lless paboThl aHAIN3 YACTOTHI ABAPUITHBIX
nyckoB uzgenuit PKT B 3aBucuMocTn OT (Ha3bl MUKJIA COJTHETHON aK-
tusaoctu (CA).

Coznanne cpeacre PKT u ocBOeHME KOCMHYECKOI'O IIPOCTPAHCTBA
B CCCP u CITA pa3BuBajioch TPAKTUYECKU TAPAJIIEIBHO, & MEXKJLY
KOJUIEKTHBAMU Pa3padoTInkKoB uszeauii PKT B 9Tux cTpaHax IpPaKTH-
9eCKHU OTCYTCTBOBAJIN Kakne-1ib0 KOHTaKThI. JJo 1991 roma sTu crpanbl
[MPUHAIEXKAIN K PA3JINIHBIM OOIIECTBEHHO-TIOJUTHIECKAM CUCTEMAM.
DT 0OCTOSITENILCTBA SIBJISIFOTCSI OYeHb BAyKHBIMU IIPU ITOWCKE BHEII-
HEUX (DAKTOPOB, MIPUBOISAININX K yBeandeHnto apapuittoctu PKT: onu
MIO3BOJISAIOT BBISBUTH T€ (DAKTOPBI, KOTOPBIE OMPEEISIOT OCOOEHHOCTH
dyukmonuposanus PK'T BHe 3aBHCHMOCTH OT MIPOIECCOB pa3pabOTKM
PKT, ctpan u 001eCTBEHHO-TIOTUTUIECKOTO CTPOSI.

st N P® u CIHIA BeisiBieHb! 00IIIIe 3aKOHOMEPHOCTH: psiaaM N
UCKJIIOYast HA9aIbHbIH yaacTok (1957-1968 rr.), npucyin po3oBblii nseT
[IyMa; IIoKa3aTe i XEpcra MpakTuIecKn coBagant. Orciona ciaemyer:
a) Bapuaruu N OIpeNEeNAOTCa 3aKOHAMU (DYHKIIMOHUPOBAHUS CJIOXK-
HBIX JUHAMUYECKHUX cucreM; 6) N He 3aBUCUT OT CTPaHBL, OBIIECTBEHHO-
HOJINTUIECKOIO CTPOsl 1 KosulekTuBa paspaborunkoB PKT; B) CAmu
CUCTEMBI SIBJISIIOTCSI aHTUIIEPCUCTEHTHBIMU.

Heoxumanubim pe3ysbraToMm siBjisiercst T0, 910 N BbIII€ Ha BETBU
pocra C'A, B TO BpeMst KaK HanboJiee MHTEHCUBHBIE COJTHEYHBIE BCITHIIII-
Ki 1 BO30y2K/IaeMble UM I€OMArHUTHBIE BO3MYIIEHUS PErUCTPUPYIOT-
cs Ha BeTBH crajia u BOsm3u Makcumyma CA. Tlpemmonoxeno, aro
1pu Bo3jieiicTBUN (haKTOPOB KOCMUYECKOMN HOTObI HA CUCTEMY Y€JI0BEK
MaIlInHa HanboJiee ysI3BUMbBIM 3BEHOM 9TOI CHUCTEMBI sIBJISETCS 9EeJI0BEK,
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HEraTUBHOE BJIMAHME HA KOTOPOro (haKTOPOB KOCMHUIECKO IOTOIbI 110
HEU3BECTHBIM ITOKa IIPUYNHAM OKa3bIBaeTcs BbIlle Ha BeTBu pocra CA.

1.26 DddekTuBHBIH KO3(DDUIMEHT PeKOMOUMHAIINN
B aBpOpAJIbHOI1 noHOCKhepe

Hsanos B.E., Jlawxesuy 2K.B.
Hoasproili 2eopusuneckuts unemumym, Anamumot, Poccus

UcciieoBano BiIMSTHUS MApaMETPOB IIOTOKOB aBPOPAJIbHBIX 3JIEK-
TPOHOB Ha 3GQPEKTUBHBIN KOIPDUIMEHT peKoMOumHanumm 3¢ 3 B
nonocdepe. VccenoBanust MPOBOIUINCH METOJOM YUCJIEHHOIO MOJIe-
JINPOBAaHUS B PaMKaxX HECTAIMOHAPHON (DU3NKO-XUMUIECKONH MOJIEJN
aBpopaJibHOIl moHOC(hephl. Ilokazano, uro B E obiactu moHochephi
BEJIMYMHA OIPEIE/IsieTCs (DU3NKO-XUMUIECKUMU CBONCTBaMu cpejbl. B
F1 obmactu nonochepsr 3bdEKTUBHBI KOIDDUIMEHT PEKOMOMHAIITN
CTAHOBUTHCS 3aBUCHUMBIM KAaK OT BEJIMYUHBI IIOTOKA SHEPTUU, TAK U OT
cpejiHeil SHEPrun aBPOPAJIBHOIO ITOTOKA JJIEKTPOHOB.

1.27 DddekThl MAarHUTHON Oypu B BapHanusax
aTMOC(EpPHOro 3JIEKTPUIECKOTO I0JIsI Ha
obcepBaTopun «MuxHeBo»

Pabosa C.A.

Dedeparvroe zocydapecmeennoe 6rodxcemnoe yupescoerue HayKy
HUnemumym dunamuru 2eocep Poccutickoti axademuu nayk

Bpemennbie Bapuaiuu aTMOCHEPHOrO 3JIEKTPUIECKOTO I0JIsI OIIpe-
JIEJISTFOTCST COCTOSTHUEM TIO0AJILHOM 3JIEKTPUYECKOi Tienn. B HacTosiiee
BpeMsI K OCHOBHBLIM IeHepaTopaM 3JIEKTPUYECKUX II0JIel U TOKOB B
arMocdepe 3eMJI OTHOCAT MOJIHUEBBIE Pa3psiibl B MUPOBBIX IIEHTPAX
pO3, PAaCIOJIOXKEHHBIX B IeHTpaJibHONW Amepuke, Adpuke u Asuu,
a TaKyKe M3MEHEHHE TOKOBLIX CHCTEM B PE3yJIbTaTe B3anMOJEHCTBUS
COJTHEYHOTO BeTpa ¢ MaruuTocdepoit 3emin. CosiHedHAsT aKTUBHOCTD,
MPOSABJIAIONIAsS Ha 3eMJie B BUIE MarHUTHBIX Oypb u CyOOypb, TakxKe
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MOXKET OKA3bIBATH 3HAYNATEJIbHOE BJIMSHAE HA BEJUUUHY aTMochep-
HOro 3jiekTpudeckoro mojs. CieflyeT OTMETHUTb, YTO PEe3YIbTATOB
uccae0BaHuil 5(p(HEKTOB COJHEYHOW aKTUBHOCTU U CBS3aHHBIX C
Hell TeOMArHUTHBIX Oypb B aTMOC(EPHOM 3JIEKTPUUIECTBE HA BBICO-
KX U CPEJHUX MHUPOTaxX II0Ka HE JOCTATOYHO MHOI'O, K TOMY 2Ke
OHHU JOBOJIbHO IPOTHBOPEYMBBHI. B HacTosIieir paboTe BHITOJIHAETCS
aHaJIu3 [JAHHBIX HMHCTPYMEHTAJbHBIX HAOJIONEHMUI 3a BapHAIUaMu
BEPTUKAJIBLHON KOMIIOHEHTBHI aTMOC(DEPHOTO IJEKTPUIECKOTO TOJIST Ha
cpentemuporHoii I'eodpusnyeckoii obcepsaTropun Muxaeso Pemepaib-
HOTO TOCYJApCTBEHHOTO OIOMKETHOIO yupexKjeHuns Hayku VHcTuTyTa
muHaMukn reocdep Poccwmiickoil akajgeMun HayK B YCJIOBUSX XOPOIIIEH
orozipl . B Xo/ie HACTOAIINX MCCJIEIOBAHNI YCTAHOBJIEHBI OCOOEHHOCTHI
CYTOYHOI'O XO/a aTMOC(EpPHOIO 3JIEKTpHUYecTBa Ha 00CepBaTOpPUU
MuxHeBo , B I[€pUOJ, MATHUTHBIX Oypb BBISIBJIEHBI 3HAUYUTEJIbHBIE
BOBMYIIEHNS B ATMOC(EPHOM IJTEKTPUIECKOM IIOJIE.

1.28 CBucToBble XapaKTEPUCTUKU B MEPUOIBI
BO3MYIIeHUI nOHOCHEPHI

Muzatinos FO.M.', Kanycmuna O.B.*, Tpyocun I.H1.>

L UBMHPAH
2 Hncmumym KoCMOPUSULECKUT UCCALI08aHUL U DACTPOCTPAHEHUA
paduosoan JIBO PAH, Poccus

[IpencraBiensbl pe3yabTaThbl HAOIIOAEHUIT AKTUBHOCTU CBUCTOB HA
craannu Kapeivmnaa (KamvaTka) B nepuop HostOpb-mekabps 2008r.
DTOT MEPHUOJ[ XapaKTepu30BaJICsi IIpeBbilieHneM 3HaudeHuit foF2 u
yMenbierneM hF2 o cpaBaeHuto ¢ 06braHbIM ypoBHEM. Hamnbosee or-
qe1yinBO TOT 3ddekT Hadmoaancsa B IpkyTcke, OMHAKO TPOSIBIISIICS U
na KamMaaTke, XoTs ObLT BhIpaxkeH cirabee. Takoe coObITHE OODSICHSIIOT
KaK M3MEHEHHEeM COCTaBa TepMOCdEPHI, TaK ¥ BOSHUKHOBEHHUEM 3alla]l-
HOI COCTaBJISIFOIIEH JIEKTPUIECKOIO I0JI U TPaUEHTa 3JIEKTPOHHOI
KOHIIEHTPAIlUU B MakcuMyMe Bo3mytinennii. [locsieHee TakKe CBsi3bIiBa-
0T C M3MEHEHWEM HAIIPABJIEHUs] CEBEPHOI KOMIIOHEHTHI MEKILIAHETHO-
0 MarHUTHOTO MOJIA. B OOBIYHBIX YCIIOBUSX MOKA3ATEIb IIPEJIOMIICHUST
OHY-BoH B JIHEBHBIX YCJIOBHUSIX BBIIIE, 9€M B HOYHBIX, & YHUCIO CBU-
CTOB, HAIIPOTUB, HOYDLIO BBIMIE, YeM jHeM. 18-19 nekabps na Kamaarke
HaOJIIOATIOCH TosiBIeHre cBHUCTsIIMX arMocdepukos (CA) nHeMm B Ta-
KOM K€ KOJIMYECTBE, KaK U HOUbI0, nopsiyka 10 1/mun. B To ke Bpems
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B IEPHUOJbI, CJIEAYIONHE 33 MAKCHMYMOM H3MEHEHUsI XapPAKTEPUCTUK
nonocdepsr (23, 24, 27, 29, 30 nekabpst), HAGIIOAAIOCH PE3KOE BO3pAC-
TaHUe KOJIMIeCTBa CBUCTOB B JHeBHOe BpeMst 10 50 1/MuH. Bo3MoxKHO,
9TO B JJAHHOM CJIy4ae MCTOYHUKOM CBUCTOB SIBJISIFOTCsI aTMOCKhEpHBIe
pa3psiibl, HHUIMUPYEMbIE B TailpyHe, KOTOPBI HAOIIOIAeTCS BOJIA3U
COIIPSI?)KEHHON 00JIACTU B I0YKHOM IOJIYIIIAPUN. ¥ BEJINIEHNE YUCJIA CBU-
CTOB CBSI3aHO C U3MEHEHNEM YCJIOBHIT 3aXBaTa Ha CUJIOBO# innuu L=2,4.
Pabora Beimtosirena mpu noaaep:kke PODOU, I'part 19-05-00543.

1.29 ®pakTaabHO-AMHAMUYIECKAs MO/IEJTb
HAKOMJIEHWS 3apsiJ0B B T'PO30BBIX O0JIaKax

Kymwros T. C.

Hremumym npuxaadhoti Mamemamury U a8momamu3auul

KBHI] PAH

K npupoaabiM 06beKTaM ¢ HETPUBUAJIBHON (DPAKTATBLHON CTPYKTY-
pOil OTHOCATCH KOHBEKTHUBHBIE 00JIAKA, B KOTOPHIX B OCHOBHOM DA3BU-
BarOTCsl I'PO30BbIe Mpotiecchl. OJIHUM M3 BayKHEHINX JIEKTPUIECKUX
IapaMeTPOB I'PO3OBBIX 0DIAKOB SIBJISIETCS HAIPSIKEHHOCTD dJIEKTPUTIe-
CKOr'O TIOJIsl, KOTOPBIi IIOCJIe TPO30BOr0 pas3psijia OCJIabeBaeT, a MOTOM
BoccTaHaBmBaeTcs. IIporecc BoccTaHOBIECHUST HEUTPATU30BAHHBIX 3a-
PAI0B U COOTBETCTBEHHO 3JIEKTPUYECKOT'O 10JIA B PE3y/IbTaTe I'PO30BOTO
pas3pd/a, ABJISETCdA IIPEJIMETOM OKMBJICHHOH JIMCKYCCUU MHOI'UX yde-
HbIX. Kak u3BecTHO, IEHTPAJIbHOE MECTO B SIBJIEHHH I'DO30BOIO 3JIEK-
TPUYECTBA 3aHUMaeT MpoOJieMa TeHepAIlMi U Pa3Je/IeHus 3apsijiOB B
KOHBEKTUBHBIX 0bj1akax. K HACTOsIIIEMy BpEMEHU U3BECTHO OKOJIO JIBYX
JECATKOB MEXaHU3MOB, IPUBOJANINX K I'€Hepalliy 3apsA]g0B B I'DO30-
BBIX O0JIaKax, KOTOPbIE MOXKHO Pa3lejuTh Ha JBe rpymmbl. [lepsas
rpyIIa CBs3aHA C JIEMEHTAPHBIMU IIPOIECCAMH, IIPOTEKAIONIUMA B 00-
JIaKax: JIEKTPU3aIUs B CPeJIe MOHOB, JJIEKTPHU3AIUs IIPU KOHTAKTE U
TPEHUU JIEJSIHBIX YaCTUll, dJEKTPU3AINS IIPU 3aMEP3aHUU BOJBI U ee
PacTBOPOB, JIEKTPU3AIUA IIPU Pa3PYIIEHNN KPUCTAJIIU3YIONUXCA Ka-
mesib u p. Bropas rpymma — WHIyKIMOHHBIE MEXAHU3MBbI JJIEKTPU3a-
nuu, OOYCJIOBJIEHHBIE HAJUYIUEM 3JIEKTPUIECKOrO IIO0JIsl, ITPOMCXOXKIE-
HUE KOTOPOI'O JOJIZKHO ObITH 00bsicHeHO. CIOJIa OTHOCSITCS 9JIEKTPU3a-
sl IPU KOHTAKTe B JIEKTPUYECKOM II0JIe, JIEKTPU3AINS IIPU Pa3py-
IIEHUU KalleJIb, COYIapAIONINXCS C T'PAJUHAMHI B 3JIEKTPUYECKOM II0JIe,
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JIEKTPU3AIMS [IPU TasgHUU IpajuH u aAp. Hu oguH u3 3TUX MexaHus-
MOB JIEKTPU3AIINN B HACTOSIIIIEE BPeMsI HE MOXKET CUUTATbCS JOMUHU-
pyitomuM. HekoTopbie aBTOPBI OJIAraioT, 9TO B I'PO30BOM ODJIaKe OJI-
HOBPEMEHHO MOTYT IPOTEKATH HECKOJIBKO IMPOIECCOB, MPUBOIANIMIX K
3JIEKTPU3AIUKU TUAPOMETeopoB. Ilpu 3roM 3¢dHeKTUBHOCTL AeicTBUs
TOr0 WJIM MHOI'O MEXaHH3Ma SJIEKTPUBAINN 3aBUCUT OT CTAJUd PA3BU-
TUsE 00JIaKa; HEKOTOpPbIE M3 HUX JEHCTBYIOT JIMIIb B Pa3JIMYHBIX Ya-
cTax obyiaka. Bo Becex MpeJIoKeHHBIX MEXaHU3MaX He YUUTBIBAJIOCD,
910 00JIAKO IpeJicTaB/isieT coboil (hpakTaabHYIO Cpeiy co crenuduie-
ckuMu PpaKTaIbHO-IUHAMIIECKIME CBORCTBAME. Y 4eT (PpaKTaJIbLHO-
IMHAMAYECKUX CBOMCTB B UCCJIEIOBAHUY IPO30BOI0 JIEKTPUIECTBA, 103~
BOJIUT &JIEKBATHOE OIMCAHUE IIPOIECCa HAKOILIEHUs 3apsija U BOCCTa-
HOBJIEHUSI HAIIPSI?KEHHOCTHU JIEKTPUYECKOIO I0Jisd. B ¢BsA3M ¢ 3TUM B
JIaHHON pabore mpeiaraeTes PpakTaIbHO-IMHAMUYECKasT MOJIE/Ih Ha-
KOILJICHUS 3aPsiJia B IPO30BBIX 06/IaKax ¢ IPUMEHEHUEM ariapara Jpoo-
HOT'O MHTErpo-audPepeHInpoOBaHus.

32



2 T'eodusmydeckme Moasd U UX
B3auMo/IelicTBUe
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2.1 ABTOMaTHM4YecKasd OYMCTKA 'eOMarHUTHBIX
Bapualiiii OT TEXHOTE€HHBIX MOMeX JIJisi pacdeTa
ULF-unngekca

Kyoun /I.B.%2, Tobposoavcxuti M. H.*

L Teogpusuneckuti yenmp PAH
2 Topro-Aamatickuti zocydapcmeennyili yrusepcumen

Bosmmosoit manekc ULF xapakrepudyer ypoBeHb Bapuanuii mar-
HUTHOTO mojisi 3emuin B jaumanaszone 2-7 1. Mmpekc omeparwmBHO
PACCUYUTBHIBAETCS U IPUMEHSIETCs] P UCCJIEIOBAHUE MarHUTOCHEpDhI
U KOCMHUYECKO#l morojpl. Pacuer WHIEKCa ITPOU3BOIUTCS IO JAHHBIM
Ha3eMHbBIX MATHUTHBIX CTAHIIAI CEBEPHOrO mojrymapus. Ha HeKoTopbix
CTAHIUAX MATHUTHBIE BApPUAIUA DPETUCTPUPYIOTCH CO 3HAYUTETbHBI-
MU IIOMEXaMHU TEXHOTE€HHON PUPOJBL. 3a4acTylo, JJjis HaOJIIOIEeHUs
338 MATHATHBIM IIOJIEM, WCIIOJIB3YIOTCS MATrHUTOMETPBI, WMEIOIHe
3HAYNTE/IbHbIE Jpeiid Oa3UCHON JIMHUM W CUJIBHBIE TEMIIEPATYPHbBIE
3aBucuMOCTH. PaboTa MOCBsIeHa pa3paboTKe aBTOMAaTU3UPOBAHHOIO
[maKeTa MpPOrpaMM, IMO3BOJIAIONIErO BBIIOJIHITH OYUCTKY PA3HOPOIHBIX
MAaTrHATHBIX BapHAaIuii JJIsl TOCIEIYIONEero UCIIOIh30BaHNS TIPU pacde-
Te ULF-unngexca.

2.2 AjaropuTmbl BbIJIEJIEHUS TapaMeTpPOB
noHocdepbl B MOHOTPpaMMax

Mowanos B.A., Mowanroea A.B.

Hnemumym x0cmousureckus uccaiedosanuti u pacnpocmpaHerus
paduosonrn IBO PAH, Poccus

B pabore mpemraraercss aaropuTm i PacIO3HABaHWUs B HOHO-
rpaMmax CJIeJIOB OTPayKEeHUil OT pas3jIMYHBbIX CJI0eB HoHOcdepbl. B
OCHOBE AJITOPUTMa, JIEXKUT IIPUMEHEHHe TJIyDOKUX HEWPOHHBIX ceTeil
(THC). O6yuenune T'HC npoucxoaur Ha OCHOBE ITAJOHHBIX PA3METOK,
CO3MIAHHBIX omeparopamu. JIis pacro3HaBaHus CJIEI0OB OTPAXKEHUN OT
Kaxoro u3 cioes E, F1 u F2 nmonocdepnr Obl1a obytuena oTe/bHAS
I'HC st kaxkgoro ciosi. Ha ocHOBe aBTOMATHYECKH PaCIO3HAHBIX
CJIeJIOB OTPayKeHUil OT CJIOEB MOHOCGEPHI OCYIIECTBIISETCsI BBIIEe-
HUE [apaMeTpoB MOHOCGEPHI € MOMOIIBIO IPEJIOKEHHBIX B pabore
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AJITOPUTMOB. AHAJIM3UPYETCS TOYHOCTH ABTOMATUYECKOTO BBIJIECJIEHUS
rapaMeTpoB HOHOCHEPHI B MOHOI'PAMMAaX U IYTH YJIydIIeHUs KAdeCcTBa
aBTOMATHYIECKOrO aHAJIN3a U HWHTeprpeTaruu uonorpamm. [lokasniBa-
eTCsi MeCTO IOJIyYEeHHBIX B paboTe pe3yJibTaToB B pa3pabaTbiBaeMoil
MHTEJUIEKTYAJLHON CHCTeMe TOJIJIEPKKI aHAIN3a NOHOTPAMM.

2.3 AMIumTyga CyTOYHBIX M3MEHEHUIl CKOPOCTU
JABU2KEHNSI MAarHuTHBIX IIOJIOCOB B CIIOKOIHbIE
JHUI

Cemaxos H.H2, Kosanes A.A.2, Iasros A.D.52, @edomosa O.H.?

L' Hosocubupcruti 2ocydapemeermnnidi yrusepcumen
2 Hncmumym nemezasosoti zeonoeuu u 2eofusuxu CO PAH

s psima MarHUTHBIX 00CepBaTOpUil M3 PA3JUYHBIX PErHOHOB
3eMHOI0 Iapa ObLIO CIEJIAHO COIOCTABJIEHHE 1apAMETPOB JIBUXKEHUE
pacyeTHbIX (BUPTYAJbHBIX) MArHUTHBIX IOJ0COB. IlojioXKeHne wmar-
HUTHOI'O IIOJIFOCA B KAXKJYI0 MHUHYTY BBIODAHHBIX CIOKOWHBIX CYTOK
BBIUUC/ISJIOCh 110 MUHYTHBIM 3HAYEHHUSIM CKJIOHEHWs W HAKJIOHEHUsI
n reorpadUIECKIM KOOPAUHATAM OCHOBHOI'O CTOJI0A OOCEpPBATOPHUU.
[Monyuennple 3HAYEHWsT CPEHUX CKOPOCTEH JIBUYKEHUSI MarHUTHOTO
[IOJIFOCA 110 HAOJIIOJEHUSIM B TPOIMMYECKUX IIMMPOTAX CyIIECTBEHHO
HUXKE, 4YeM B IOJIIPHBIX. Pazjudue B CpeIHUuX U MaKCHUMAaJbHBIX
3HAYEHUSIX CKOPOCTEN JBUYKEHUS MATHUTHOIO ITOJIIOCA B APKTUIECKUAX
00CepBaTOPHUAX CBS3aHO C UX PACIIOJIOKEHUEM OTHOCUTEIbHO WMCTHH-
HOIO CEBEPHOI'0 MATHUTHOTO IIOJIIOCA, OBJIACTH OJIYyXKJIAHWA KOTOPOro
BBITAAHYTa BJIOJIb JIyI'l 6OJ'[I)IHOFO Kpyra, COGILI/IHHIOIILGIZ SIIMIEHTPBI
Kanajickoit 1 Cubupckoii MUPOBBIX MArHUTHBIX aHOMAJIUI.
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2.4 AHanu3 BBIHY>K/I€HHBIX KOJieOaHMii
HEJIMHENHBIX JPOOHBIX OCIUJIJISITOPOB

Ilaposux P.H.

Hnemumym koemopuduneckux uccredosarutl U pacnpocmpaHerus,
paduosoan JIBO PAH, Poccus

B pabore mpoBeneH anaan3 BBIHYKJIEHHBIX KOJeOaHWil HeJTUHEN-
HOTO JIPOOHOTO OCIUJIIATOPA, KOTOPBI 00JIaJaeT CBONCTBOM MaMSITH
wWin dpeauTapHocTr. DMOEKT TaMaTH B JUHAMUIECKON cucreme 00y-
CJIOBJIEH 3aBHCHMOCTBIO €€ TEKYIINEero COCTOSHHUS OT KOHEYHOI'O YHCJIa
MPEJBIIYIIUX COCTOSTHUN W €ro MaTeMaTUIeCKOoe OIMCAHUE JIAeTCs C
MIOMOIIBIO MHTErPO-TuddepeHIInaIbHbIX YPABHEHUN U YPaBHEHUI B
JPOOHBIX MPOU3BOAHBIX. MoOIe b HEJIUHEHHOTO JPOOHOTO OCIUJILISITO-
pa upezcrasisier coboit 3aady Ko 1y HeJTMHEHOrO ypaBHEHUS C
MIPOU3BOIHBIMEU JPOOHBIX TOPSJIKOB B cMmbicie I'epacumona-KamyTo u
SIBJISIETCST ODODIEHNEM KJIACCHIECKOTO HEeJIMHEITHOTO ocIuuisiTopa. [1o-
PSLIKU IPOOHBIX TTPOU3BOIHBIX CBSI3aHBI CO CBOWCTBAMM CPEJIbI, B KO-
TOPO# IPOTEKAET IPEIUTAPHBIN KojaebaTesbHbIN mporecc. O1HAKO WH-
Tepec MPEJICTABISET UCCIEIOBAHIS BOIPOCA O B3AUMOCBSI3U IIOPSIIKOB
IPOOHBIX HMPOU3BOJIHBIX U XaPAKTEPUCTUK KOJIEDATEIHHOIO IIPOIECCa,
HAIIPUMED, T0OPOTHOCTHIO.

ITosromy B paboTe € NOMONIBIO AMILUIITYJHO-4ACTOTHBIX (AYX)
n daszoso-uacrorHbix xapakrepuctuk (OUX) BBIHYKIEHHBIX KO-
JlebaHuil HEJMHEHHOTO IPOOHOrO OCIUJIIATOPa ODOCHOBBIBAETCS WX
CBA3b C IOPHAJIKAME JIPOOHBIX ITPOM3BOHBIX, KOTOPBIE BXOJAT B €r0
MojiesibHoe ypaBHeHne. AUX u @YX ObuiM paccuMTaHbl Ha OCHOBE
SIBHOI HEJIOKAJIbHOW KOHEYHO-PA3HOCTHOW CXeMbl, KOTOpasi ObLjia
peajm3oBaHa B KOMIBIOTEpHO#M mporpamme. C ITOMOIIBIO KOMITBIO-
TEpHOIl TpOrpaMMbl ObLIa IPOBEJEHA BU3yaJU3AINsl DPE3YJIHTATOB
MOJIEJINPOBaHMA, ObLIN IOCTPOEHBI pacuerHble KpuBble AUX u OUX.
Bruto mokazaHo, ¢ MOMONIBIO KOMIIBIOTEPHOI'O MOJIEJIMPOBAHUS, UTO
MOPSIJIKU JIPOOHBIX ITPOM3BOJIHBIX CBS3aHBI C JOOPOTHOCTBIO KOJeOa-
TEJILHOIW CHUCTEeMbI. YMEHbIIIEHHE CTapPINero IMOPsJIKA, OTBEYAOIIEr0
3a " apobHyI0"MHEPINIO, MPUBOIUT K YMEHBIIEHUIO JIOOPOTHOCTH, a
YMEHbBIIIEHUE MJIAJIIEro MopsiaKa, oTBevaoriero 3a "apobnoe' rpenue,
NIPUBOJUT K yBeaudenuio jgoboporHoctu. [lostomy MBI mpuxoamm K
JIBYM MEXaHU3MaM YIIPABJCHUs JTOOPOTHOCTBHIO 3PEIUTAPHON KOJeda-
TeJIbHOM CUCTEMBbI, IJIe TOPSIAKU JPOOHBIX ITPOM3BOIHBIX UI'PAIT POJIb
VIPABJISIONINX TAPAMETPOB. DTOT PE3yJIbTAT MMO3BOJISET YTBEPKIATH,
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9TO B YCJOBHUSX BBIHY2K/IEHHBIX KOJIEOAHUI MaTeMaTHIECKas MOJEb
HEJINHEHOTO NPOOHOTO OCIHUJIATOPa ©Oe3 TpeHHs IKBUBAJIEHTHA
KJIaCCUYECKOM MaTeMaTHYeCKOIl MOJe/N HEeJIMHEHHOI'0 OCIUJIIATOPa C
TPEHUEM.

2.5 AHamm3 AUHAMHUKHN I€OMarHUTHBIX
BO3MYIIIEHNUII B IepUOAbI ITOBBINIEHHO
COJIHEYHOII AaKTMBHOCTH ¥ MarHUTHBIX Oypb (1o
n3mepenusim cetu cranruii INTERMAGNET)

Mandpuxosa O.B.', Podomancran A.M.', Batiues A.H.?

L Hnemumym xocmodusudeckus uccaedosanuti u pacnpocmpamnenus
paduosoan JIBO PAH, Poccus
2 Hnemumym 3emio20 mMaenemusma, UoHoCHepbl U PacnpoCmpareHis
paduosoar um. H.B. Iywrosa PAH, Poccus

Onncan aBTOMATHU3MPOBAHHBI METOJ] aHAJM3a MATHUTHBIX JIaH-
HBIX ¥ BbIJEJIEHUS] T€OMArHUTHBIX BO3MYIIEHUI, OCHOBAHHBIN Ha
BeiiBjieT-ipeobpazoBanuu. [lapaMeTpbl BHIYUC/IUTEILHBIX AJITOPUTMOB
MMO3BOJISIOT OIEHUBATH XAPAKTEPUCTUKU PAZHOMACIITAOHBIX OCODEH-
HOCTEl B BapHalUdaX I€OMarHUTHOIO I10JIS, BO3HUKAIOMUX B IIE€PUOJbI
MIOBBIIIEHNsI T€OMArHUTHON akTuBHOCTH. Ha ocHOBe MeTO/1a 110 JaHHBIM
CceTU Ha3eMHBIX CTaHIUI IPOBEJleH aHaJIM3 I'€OMarHUTHBLIX JIAHHBIX
HaKaHyHE U B IEPUOJ/IHI MATHUTHBIX OYPb. BbI/Ie/IeHbI TepHOIbI TTOBBIIIIE-
HHUs I'€OMarHuTHON aKTUBHOCTH, HIPEJIIIECTBYIONIAE U COILYyTCTBYIOIINE
MarHUTHBIM Oypsam. JleTajpHO paccMOTpeHa [IWHAMUKA BapHUAIUN
TeOMarHuTHOIO II0JId B aBPOpaJIbHO# 30HeE.
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2.6 AHaau3 AMHAMUKHN KOCMUYECKUX JIy4deil u
napamMeTpoB MOHOC(MEPHI B MEPUOIBI
MOBBIIIIEHHON COJIHEYHOI aKTUBHOCTU U
MarHuTHbBIX Oypb

Mandpuxosa O.B.Y, IToaosos FO.A. 2, Mandpukosa B.C.3

b Hnemumym woemousuneckur uceaedosanuti u pacnpocmparenus
paduosonn IBO PAH, Poccus
2 Kamuamexuti 20cydapemeentvili meTnumeckudi yHueepcumen
3 Canxm-Ilemepbypeckuti 2ocydapemeeniviii 2AeKMPOMeTHUMEckul
yrnusepcumem JIITH um. B.H. Yavanosa (Jlenura)

B pabote BbITOIHEH aHAIU3 JIAHHBIX KOCMUYECKUX JIyUeld U MOHO-
cepHBIX TIapaMeTpPOB B IIEPUOJIBI YKCTPEMAJIBHBIX COJIHEYHBIX COOBI-
TUIl U MArHATHBIX Oypb. VCmosb3yeMblil mMOIX0 OCHOBAH HA IIPUMe-
HEHUHU BEWBJIET-TIPEOOPA30BaHNs, HEPOHHBIX CeTell BEKTOPHOIO KBaH-
TOBAaHUS U PETPECCHOHHBIX MeTO/IOB. V3yd4eHbl 0COOEHHOCTH BO3HUKHO-
BeHHUs MOHOC(HEPHDBIX BO3MYIIEHUI U MOKA3aHA UX KOPPEJISIus C aHO-
MaJIbHBIMH IPOIleCCAMU B OKOJO3€MHOM KOCMHYECKOM IIPOCTPAHCTBE.
B mumammke MHTEHCHBHOCTHA KOCMHIYECKUX JIyUell BBIJETIEHbI aHOMAJIb-
HBbIC U3MEHCHNUH, IIPEIIECTBYIONNE U COILy TCTBYIOINE CUJIbHBIM U yMe-
PEHHBIM MAarHUTHBIM OypsiM. Pe3ysbraTsl ucciie1oBanus IPEJICTABISIOT
WHTEpeC B 33/ladaX IIPOrHO3a KOCMUYECKOIT ITOTO/IbI.
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2.7 Bapuammm amnuntyasl u ¢pa3zel HY curnamsos
paauoctannuu NRK nmpuaumaembix B fKyTcke
n Tukcu B nnepmos costHeYHOrO 3aTMeHus 11
aBrycra 2018 roga

Kopcaxos A.A., Kosnos B.U., Kapumos P.P.

Hremumym xocmopusuveckur uccaedo8auuli u aapoHomMuL
um. FO.I'. Hlagepa CO PAH

IIpu cosmeunom 3armenun JIyHa rmepekpbIBaeT MOTOKH YJIbTpaduo-
JIETOBOT'O M PEHTTEHOBCKOr0 n3irydeHuit COJIHIIA OCHOBHBIX UCTOTHUKOB
JTHEBHOW MOHU3AIUU HUYKHEN MOHOCEPHI. DJIEKTPOMATrHUTHBIE CUTHA~
JIBl HU3KHX ¥ oveHb Hu3kux vacror (HY: 30-300 kI'u, OHY: 3 - 30
k['I1) 0COGEHHO YYBCTBUTEIBHBI K TAKUM HM3MeHeHUsM. [lepBblii KOH-
TaKT JIYHHOIi 1osiyrenu cocrosicsa 11 asrycra 2018 r B 8:02 UT (57,78
N 54,82 W). 0,737 nmaubosbinas suHeiinas ¢daza 4acTHONO 3aTMEHUSsI
(9:46 UT) saperucrpuposana B paiione Bocrouno-Cubupckoro Mopst
70,44 N 174,70 E. B r. dxyrcke (62,02 N, 129,70 E) u na reppu-
ropuu [Tonsipuoii reokocmoduzuyaeckoii obcepsaropun (IIT'O) Tukcu
(71,60 N, 128,90 E) uposogurca perucrpamusa OHY u HY curnasnos
paJauoHaBUTAIMOHHBIX cTaHIuil. [loyaensl ycToitunBbie CyTOYHbIE Ba-
puain daszer n ammmaryasl curiana NRK (Menangus, 37,5 k[, 63,9
N, 22,5 W). IIporszkennocru paguorpacc NRK-Tukcu u NRK-Ikyrck
coctaBagior 4800 u 5800 kM coorBercTBeHHO. [l0 TaHHBIM perucTpaTo-
pa Tukcn MakcuMmasibHOE TOBBINTEHNE (PA30BOH 3aI€PKKYU PATNOCUTHA~
ga NRK 11 aBrycra oTHOCATE/IbHO MeIUaHHBIX 3Ha4UeHuil 9-13 aBrycra
cocrapuio 0,419 pajauman, noebimenne ammutyas: 2 1B (09:41 UT).
ITo pmammbIM perucrparopa KyTcK IoBbIeHNEe (A30BOIl 3a1€PKKU:
0,297 paguan (09:56 UT). IIposenena onenka 3¢bdEKTUBHON BHICOTHI
BOJIHOBOIa 3emiisd noHocdepa. Ha ocHoBe GeccesieBbIX 3J€MEHTOB 3a-
T™enns 11.08.2018 mosyvueHbl pacIpe/iesIeHusI OTHOIIEHUH ILIOMaIeit
orkpbiToii yacru CosiHna K 1moJsiHoil Biosb paguorpace NRK Tuxcu
n NRK dAxyrck ¢ paspermennem 200 KM U BpeMEHHBIM pa3peIieHueM
126 cekynu. [lpuHSIB COOTHOINIEHNE MHTEHCUBHOCTEH HOHU3UPYIOIIErO
U3JIydeHus HOYbI0 K gHeBHOU paBHbIM 0,01, a cooTHOIIEHWEe WHTEH-
cuBHOCTEH m3sryueHnss KOpoHbl COJHIA K JHEBHOMY H3JIyYEHUIO PaB-
veiM 0,1, METOZOM HAMMEHBIUX KBAJIPATOB, IO JAHHBIM O BapPUAIMAX
da3bl BO BpeMs 3aTMEHUs OIpPeesIeH HOPMUPOBOUYHBIN KoadduIment,
CBAIBBIBAIONIMIT M3MeHeHrne 3((MEKTUBHONW BBICOTHI BOJIHOBOJA 3eMJIsi-
noHocdepa u JiorapudmM OTHOIIEHUS MOTOKA COJTHEYHOIO W3JLyIeHUs!
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BO BpeMsi 3aTMeHUs K IIOJHOMY IIOTOKY B amHeBHOe Bpemsi. Hopmwupo-
Bounble Koaddurments! pasubl 4,01 kv (rpacca NRK-Tukcun) u 1,91
kM (Tpacca NRK-dAkyrck). B nepuos MakCHMaabHOrO 3aT€HEHHsl Ha
yuaactke Tpacchl NRK Tukcu 80 N 107 E (09:43:48 UT, nuneiinas daza
zarmenus 0,635) usmenenue 3¢bdEKTUBHON BBICOTHI BOJHOBOIA 3eMJIs-
nonocdepa cocrasuio 2,72 km. Ha ygactke Tpacest NRK dAxyrek 75 N
114 E (09:56:24 UT, suneitnas dasza 3armenus 0,651) MakCHMaIbHOE
n3MeHeHne 3ppEeKTUBHON BBICOTHI BOJIHOBO/Ia COCTAaBUIO 1,37 KM.

IIpu wacruunoit nojepkke POPU 18-45-140028 p-a, Munucrep-
cTBa 0obpa3oBaHus n HayKu Poccuiickoit Peseparun OOIKETHON TEMbI
11.16.2.1. (momep rocperucrpamnun AAAA-A17-117021450059-3).

2.8 BzaumozeiicTBue ynpyrux BOJIH CO CJIOEM JIbJia
B 11eJ1b(OBOI 30HE

Hwo I1.Y, Kopouenues B.M.2, Buaand A.B.3, Illabanos I A.%,
Kopuaxa A.B.2, Cowuna H.C.?

L Xapbuncruti unorcenepmuiti yrusepcumem, Koanedsc nodsodrot
axycmuveckol mexnuru, Kumat
2 aavresocmounnidi gedepanvinids yrueepcumem, Poccus
3 Jaavresocmovnoe meppumopuanviroe ynpasaerue Munucmepemea
HAYKU U 6bicuwe2o obpasosanus Poccutickot @edepayuu, Poccus
4 Hayuno-uccaedosamenveruti uenwmp «Apxmuxas JJBO PAH, Poccusa

Pazpaboranna TeopeTmyueckas MOJETb PACIPOCTPAHEHUS YIPYTUX
BOJIH B CJIO€ JIbJa IIPOM3BOJIBHBIX BOJHOBBIX pa3MepoB oT 0,5 1o
20 emuuur. Pacuyerbl ocHOBaHBI Ha Teopum QYHKIUA ['pruHa 1jist
ypaBHeHuss lesbMmrosibiia. BBeseHbl croernumasibHble HAIIPaBJIEHHBIE
dyuknun I'puna, 1M03BOJAONINE POBECTH AHAJN3 BOJIHOBBIX IIOJIEM
B 3aMKHYTBIX O00bEMaX, OTPAHUYEHHBIX PA3JTUIHBIMU IO YIJIY WMIIe-
JaHcaMu. Pa3paboTaHHBbIE aJTOPUTMBI PACUETa IO3BOJISIIOT IIPOBECTH
aHaJIM3 TOoJIell HAa KOMIBbIOTEpaxX CpeJHell MOIMHOCTH B TedeHwme 1-5
munyT. [IpemiokeHHbIe METOIBI TTO3BOJISIIOT OIEHUTH B3ANMOIEHCTBIE
YIPYTHUX BOJIH C PA3JIMIHBIMA UMIIEIAHCAMU B MOPCKUX OyXTax, 03epax
U JIPyTUX 00beMax ¢ OrPAHUYIEHHBIMU BOJTHOBBIMU Pa3MEPAMU.
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2.9 BsaumogeiicTBue 3/1eKTPOMArHUTHBIX BOJIH B
cJjioe JibJa

Cios B.Y, Kopouenues B.U.2, Om A.A2, IlInax 10.B.?

L Xapbuncrkuti unotcenepvi ynusepcumem, Kumad
2 Iasvnesocmounviti gedeparvinidi ynusepcumem, Poccus

Paspaborana maTemMaTnyeckasi MOJIEJIb PACIIPOCTPAHEHUsI cpepuye-
CKUX BOJIH BOJIU3M CJI0s1 JibJIa. 1IpejioxkeHHast MaTeMaTuIecKast MOIe/Tb
OCHOBaHA Ha HAIPABJIEHHBIX (DYHKIUSX ['pUHA C TPAHUYIHBIMHU YCJIO-
BUSIMU HEOJHOPOIHBIMA 110 yrury. C MOMOIIBIO MPEJJIOKEHHON MOIen
[TPOBEJIEH AHAJINS T10JIsT C(HEPUIECKOTO UCTOTHUKA, M3JTYIAIOIIEr0 JIeK-
TPOMAarHUTHBIE BOJIHBI B JIBYX CJIy4asiX: HCTOYHUK HAXOIUTCS B BO3JLyXe
¥ U3JIy9aeT BOJIHBI BJIOJIb ITOBEPXHOCTU MOPCKOTO JibJIa; UCTOYHUK Ha-
XOJUTCS B CJIOE JIbJIa U U3JIy9aeT BOJTHBL. [IpuBeieHbI pe3yIbTaThl MOJe-
JINPOBAHUS IIPU PA3HBIX YACTOTAX M PA3HOI TosmuHe JbJa. [lokasamno,
9TO BHYTPH JIbJA YBEJIMUUBAETCS AMILIATY/Ia BOJTHBI TPUOJIN3UTETHHO
B JIBa pa3a 10 CPABHEHWIO CO CBODOIHBIM IIPOCTPAHCTBOM. AMILIUTY 1A
3JIEKTPOMATHATHON BOJIHBI, PACIIPOCTPAHSIIOIIASICS BJIOJIb TOBEPXHOCTH
MOPCKOIO JibJia, yBeauausaercd Ha 50% 10 cpaBHEHMIO ¢ BOJIHOI pac-
MIPOCTPAHSIONIEHCS B CBOOOJHOM ITPOCTPAHCTBE.

2.10 BpeigeneHue m CTPYKTYPHbBI aHAJIN3 ITOMeX B
JaHHBIX T€OMArHUTHOI'O IOJIS

Hanwesa C.FO., Mandpurosa O.B., Xomymos C.IO.

Hnemumym kocmopuduneckur uccredosarutll U pacnpocmparerus,
paduosoan JIBO PAH, Poccus

[Ipemyioxken criocob BbBIJEIEHNUS [TOMEX B T'€OMArHUTHBIX JIAHHBIX,
OCHOBaHHBII Ha BeWBJIET-IIPe0OPA30BAHUN U TOPOTOBBIX (DYHKIIUSX.
DdderTuBHOCTH crrocoba MoKa3aHa HA MPUMEPE aHAJIN3a PE3YJIbTATOB
U3MEepEHNnil ¢ TOMOIIBIO BAPUAIMOHHOTO (DePPO30HI0BOIO MATHUTOMET-
pa FGE-DTU (o6cepsaropus ITaparynka, Kamaarckuit kpait, TKIP
JIBO PAH). PaccMoTpeHBI HEKOTOPBIE BHJBI IIOMEX OT eCTEeCTBEH-
HBIX HMCTOYHUKOB, HAIIPUMEp, NpPU 3emJeTpsiceHusix Ha Kamuarke, u
TEXHOTEHHBIX IIOMEX, CBA3AHHBIX C PaboToil moHo3oHIa. JlerasbHO
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W3ydeHa YaCTOTHO-BPEMEHHas CTPYKTypa IIOMeX B Bapualusax Z- ¢
D-cocrapnstronux MarauTHOro mosist (dacrora mamepenuit 2 I'm). C
IeJIbI0 aBTOMAaTU3aIlUN IIpeJjlaraeMoro MeTofa JJjid PacCMOTPEHHOI'O
BUJA IIOMEX OIpeesieHbl WHMOPMATUBHBIE MacIiTabHbIE YPOBHU
BelBIeT-TIpeoOpa30BaHNsa W OIEHEHBI MTapaMeTpPhbl MOPOrOBLIX (PYHK-
.

2.11 /wumar"HocTmka reoMarHMTHO-UHAYTMPOBAHHBIX
TOKOB B BBICOKOBOJIBTHBIX JIMHUSX
3JIeKTpornepeaad

Cusoxonv B.II., Yepnesa H.B., Maaxun E.H.

Hnemumym K0cmoPusureckus ucciedosanuli u pacnpocmpaHerus
paduosoan JJBO PAH, Poccus

AKTyaJbHOCTD 3alUTBl YHEPreTUIeCKONl WMHMPACTPYKTYPHI OT
reoMarHuTHO-UHAyImpoBaHHbIX ToKOB (I'IT) B 110JHON Mepe mposiBu-
sach B qupektuse npesugenta CIITA Executive Order on Coordinating
National Resilienceto Electromagnetic Pulses nojanucannoit 26 mapra
2019 roma. eitctBennocts 3amutsl or T 3aBucur, B ToM 4ucie, ot
3bDEKTUBHOCTH UX JUATHOCTUKHU B JIEKTPOIHEPIETUIECKUAX CHCTEMAX.
Hajimune reoMarHUTHO-UHJIYIIUPOBAHHBIX TOKOB MOXKHO OOHADYKUTh
MPsIMBIMU M3MEPEHUsIMU UJIU 110 KOCBEHHBIM Ipu3Hakam. B acTtuTyTe
KOCMOMU3NIECKUX UCCIEIOBAHUN 1 pacipocTpanenust paauoosia JIBO
PAH wucnonibsyercs Bropoit mojxoj. Ha mpumepe JokaabHON SHEPreTH-
qeckoit cern KamMuaTku mokazana 9BOJIONUS U PE3YJIbTATHI IIPUMEHe-
HUA 9TOI'O CIIOCO6a JUArHOCTUKU T'€OMAalrHUTHO-MHAYIIMPDOBAHHBIX TO-
KoB. Pabora BoimostHena mnpu noggaepxkke PODU, I'pant 19-05-00543.
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2.12 dunaamo 3¢ddeKThbl B rpaBUTALIUNI
Llesuyos B.M.

Hnemumym K0cmopusureckus uccaedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

PaccmarpuBatorcst HenwmHeHHBIE OCHWIISIUA B JUHAMHYIECKON
CHCTeMe T'DABUTAIIMOHHBIX W MAaTEPUAJbHBIX mojeir. O6CyKIaoTcs
IPOOJIEMBI CHHTYJISIDHOCTEIl W KAayCTUK B FPABUTAIMH, PACIIUDEHUS W
GapHoOHHOI acuMMeTpun BceesleHHOI, BOJTHOBOTO 3ampera Ha KOJLIAIC B
YepHble JIbIPBI U HECOCTOSATEHLHOCTH KOHIIEIINH BOoJIbIIoro B3phIBa.
[Ipenmnonaraercs, aro 3ddekTsl pacmmpenns BceqeHHONE CO3Ma0TCs
OOpaTHBIMU KOJUIAIICY JIBUXKEHHSIMA MATEPUU. DTa THIIOTE38 HCIOJIb-
3yercss Jjisi OOOCHOBAHUSI BUXPEBBIX U (PPAKTAIBHBIX CTPYKTYD B
pacupesesienun Marepun. llpejjaraercss cucreMa ypaBHEHUN Jist
onucaHusi TYpPOYJIEHTHBIX U (DJIYKTYAIMOHHBIX MPOIECCOB B I'DAaBUTA~
[MOHHBIX W MATePUAJbHBIX mojisX. Cremanbl oneHKn quddy3nOHHBIX
mapaMeTpoB TaKOH CHUCTEMBI B COIOCTABJIEHUU C (DYHIAMEHTATHHBIMI
MHUPOBBIMUA KOHCTAHTAMH.

2.13 UckyccTBeHHBbIE MATHUTOOPUEHTUPOBAHHbBIE
HEO/ITHOPOJHOCTU MOHOCHhEPHI U
3P PEKTUBHOCTb PAAMOTEXHUYECKUX CUCTEM

Cusoxonv B.II.

Hremumym kocmodpuduveckux uccaedosanuts U pacnpocmpaHeHus

paduosoan JIBO PAH, Poccus

HeomuropoHocT  3/IEKTPOHHON KOHIIEHTPAIUN HOHOCKHEPHI, KaK
MIPABUJIO, CHIKAIOT 3 DEKTUBHOCTD PATAOTEXHIIECKAX CUCTEM. ITO B
TIOJTHOI Mepe OTHOCUTCA U K CHEIUPUICCKOH (hopMe HEOTHOPOTHOCTEH-
MarHITOOPHEHTUPOBAHHBIM. OJIHAKO, OHU MOI'YT OBITH HMCIIOJIb30BAHBI
JIJIS pellleHusl psija IPUKJIAIHBIX 3ajad, HalpuMep BO30YXKJIeHUsI
nonocdepHoro BoHOBOJA. Habionenus: 3a HhoOpMUPOBAHHEM HUCKYC-
CTBEHHBIX MATCHUTOOPUEHTHPOBAHHBIX HEOIHOPOIHOCTEH, MOKa3aIn
BapUAIMY WHTEHCUBHOCTU PACCESHHOW HA HUX HATPEBHON BOJIHBI, UTO
MOXKET CKa3aTbCsd Ha P@PEKTUBHOCTH BO30YKIEHUS HOHOCHEPHOTO
BOJIHOBOJIA. Jljisi yMeHbIeHus 5T0ro 3 deKTa MpejIaraeTcsi UCIIO0JIb-
30BaTh CIENUMUIECKIE MOIYJIAIMOHHbBIE CXeMbl HAIPEBHOM BOJIHBI.
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2.14 MHccaemoBaHue m3MeHEeHUII reoMHAMUIECKNX,
reJnoreousnvecKnx u KJIMMaTHIECKUX
xapakTepuctTuk KpbiMa ¢ mmomorisbio
N3MEPUTEJIBHBIX CPEJICTB TeoAMHAMIUY€CKOT O
nosinroHa «Cumens-KainuBean»

Boaveaw A.E.', Kypbacosa I.C.', Kanonudu K.X.2,
Boéopvirkura O.B.3

L @I'BYH Kpumckas acmpodusuueckas obcepsamopus PAH
2 @I'BYH Hnucmumym 3emro20 maeHemuama, worochepo. u
pacnpocmparenus paduososr um. H.B. [Tyukosa
3 @I'BYH Hncmumym dusuxu 3emau um. O.FO. IImudma PAH

Tlopuerit paiton Kpbivma siBjisteTcst 30HOI OMACHBIX T€0IMHAMUIIECKIX
[IPOIIECCOB (3eMJIeTPsICeHNUil, ONoJI3HElH, 0OBAIOB, HHTEHCUBHBIX KaPCTO-
BBIX IIPOIECCOB U JP.). DUHUIEHTPHI 3eMJIETPSICEHU COCPEIOTOYCHUN
OCHOBHBIM 00pa30M B YepHOM MOpe y IOro-BOCTOYHOI'O IODEpexkKbsl -
mexx iy Aaroit u I'ypsydowm, a Takxke Ha oro-zamazie or CeBacTomois.
Coznannsiit B Kpeimy reogunammdeckunit mosmron Cumens-Karumsenn
COCTABUJI OCHOBY HA3€MHBIX W KOCMHYECKAX BPEMEHHBIX PsJIO0B Ha-
OJTI0/TeHNIT KITUMATUIECKUX U Te0(pU3NIECKUX XapakKTepucTuk KpbiMa,
ocobenno ero lopnoit wactu. IlpuMmeHeH NIpPUHIUNNAIBHO HOBBIN
moaxoy - reommHamudeckuii mojmuron Cumens-Kamupean BKJodaeT
TPU B3AUMOJIOIOIHSIOMNX JIPYT-JIpyra TEXHOJOTMY HaOJIIOIEHUI]:
PCIB, mnazepuyio sokammio MC3 u r106aabHYI0 HABHUTAIMOHHYIO
CIyTHUKOBYIO cucreMmy. 1lo HaHHBIM reogmHamMudecKux HAOJIIOIEHUI
CTAHIUSAMHY IIOJIUI'OHA OIIPE/IEJIEHO C TOYHOCTHIO B HECKOJIBKO MUJLIN-
METPOB IOPU30HTAJIBHYIO M BEPTUKAJIBHYIO COCTABJISIIOILYI0 CKOPOCTHU
nBukeHnst KpbIMCKOro 1oJiyocTpoBa U EBpasmiicKoil TEKTOHMYECKOM
wmtkl. st obecriedennsi MOHUTOPUHTA MACIITAOHBIX TEKTOHUIECKUX
IIPOIIECCOB M KOHTPOJIs OBICTPLIX sedOpMaIiil B JIOKAJbHBIX CEHCMO-
¥ OIIOJI3HEOINACHBIX 30HAaX KPBIMCKOIO MOJIyOCTPOBa, IO PE3yJIbTaTaM
reoJMHAMUYECKAX U3MEPEHUil OllpejiesieHa JIOKaJbHasl CKOPOCTH U
HaIlpaBJjieHne JIBrKeHus mobepexbst FOxxuoro 6epera Kpeima B paiione
HaceJeHHbIX TMyHKTOB Cumen3 - Kanupesn. AHain3 KINMATHIECKUX
XapaKTEPUCTUK IMOJyoCcTPoBa KpBIM, MPOBEIEHHBINH IO CPEIHECYTOU-
HBIM U CPEIHErO/IOBBIM CIIYTHHKOBBIM HM3MEPEHUIM KIMMATHIECKAX
[apaMeTpoB Jajl BO3SMOXKHOCTD HOJIYYNTh HHMOPMAIUIO 006 HHCOJISIUN
¥ IIPOTPEBe MOBEPXHOCTU 3eMJyi B KpbIM, TeMIlepaType ITOBEPXHOCTU
3eMJIM Ha IIOJIyOCTPOBE B IEJIOM, & TaKXKe aHOMAJIbHOE ITOHUYKEHHE
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TEeMIEPATYPHI TOBEPXHOCTU 3€MJIM B KPaiHEM BOCTOYHOM ITYHKTE IIO-
JiyocrpoBa. VHIMKATOPOM 3KCTpPeMaslbHBIX COOBITUI (3eMiteTpsiceHuii,
BYJIKAHOB, Cejlefl) TakkKe CJIy’KaT JIOKAJbHbIE U3MEHEHUs] He TOJBKO
mapaMerpoB armMocdepbl, HO U BapHUAaIlUU JIOKAJBHOI'O I€OMATrHUTHOT'O
monsg. C menpro wmccaenoBanus JUTOChEPHBIX AedopMaruit, TpUuInH
WX BBI3BIBAIONINX, IMOUCK MPOTHOCTUYECKUX ITPU3HAKOB, TOTOBAIIMXCS
PErnoHAIbLHBIX CEHCMUIECKUX COOBITUI MPUPOIHOTO U TEXHOTEHHOTO
npoucxoxkaeHust B KpoiMckoM peruone, B 2018 roy reogmHaMIIeCKTit
nosuron Cumens-Karusesin O6bLI pacuiupeH HaKJIOHOMEDHOW M Mar-
HUTOBAPUAITMOHHON CTAHIIUAMU, BXOJISIIAMHA BO BCEPOCCUUCKYIO CETb
HaOJTIOIEHUIA.

2.15 K Bompocy o B3aMMOCBSI3W Bapualuii
reon3mIecKnX MoJieii, JJyHHO-COJTHEYHBIX
NPUJIABHBIX BO3JIEMICTBUIl U CECMUYECKUAX

coOBITHI

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

Hauwras ¢ 2003 roma mHa TeppuTopuu DBHUITKEKCKOro reommHamu-
yeckoro noJiurona (BI'TI) mpoBomsTcsi MOHMTOPUHIOBBIE HCCJIEIOBA-
HUS 9JIEKTPOMArHUTHBIX [TaPAMeTPOB METOJIOM MarHHUTOTEJIIY PUIECKO-
ro (MT) sonpupoBanusi. VIMIIyJIbCOM K Da3BUTHIO MCCIIEIOBAHUH MO~
cayzxun KambapaTuHcKnil 9KCIIepUMEHT, TIOATBEPINBIINI B3aNMOCBSI3b
U3MEHEHU HAIPSKEHHO-1e(OPMAIIMOHHOTO COCTOSHUS OJIOKOB 3€M-
HOIl KOPBI M BapHAIUil 3JIEKTPOIIPOBOIHOCTHA. XapaKTEPHON 0COOEHHO-
CTHIO BBISBJIEHHBIX aHOMAJIUI SBJISIOCH PE3KOE M3MEHEHNEe KarXKyIIero-
Csl COIIDOTHUBJIEHNsI B OPTOTOHAJIBHBIX HallpaBjeHusX. B kKadecTse MoO-
J1eJii, OObSICHSIONIEH TaKne aHOMAaJIiH, ObLIA IIPE/JIOKEHA MOJIEND IIe-
pepacmnpeiesieHus (GJIIOUIa B TOPOBO-TPEITUHHOM ITPOCTPAHCTBE TOP-
HBIX TIOPOA. B majbHeiIneM 9TO IPenosoyKeHne HAIIO TOATBEPKIe-
HU€ [IPU TPOBENEHUN WCCJIEIOBAHAN HA CTAIMOHAPHBIX, PEKUMHBIX
1 TpOoMUIBHBIX MOHUTODHHIOBBIX IIYHKTaX. DblIa CO3/[aHa METOJIU-
ka agumyrtaspHoro MT MoHWTOpHWHra, Ha OCHOBE KOTOPOW IIOJIyde-
HBI YaCTOTHO-BPEMEHHBIE PAIBI U UCCIeOBAHA KOPPEJIAINOHHAS CBA3b
MEeXKJy JIYHHO-COJTHEUYHBIMU IPUJINBHBIMU BO3JIEUCTBUSMU, CelCMIIe-
CKUM DPEKHMOM U U3MEHEHUSIMU KaKyIIEerocsi COMPOTUBJIEHUS, U IPY-
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TUMU 3JEKTPOMArHUTHLIMY TTapamerpamu. Jjs Beex myrakToB MT mo-
uuropunra uHa Tepputopuu BI'Tl paccuutanbl oreHkn kodddurrmeH-
TOB KOPPEJISIII BaPUAIII MOJLYJIsI KayKyIIerocs: COPOTUBJICHUST U (a3
WMIIEIAHCA C JIYHHO-COJTHEUHBIMU [TPUJIUBHBIMY BO3IEHCTBUSMIE, OIIpe-
JeJIeHHbIMU ¢ momorbio mporpammbl Tide.exe. ust comocraBienust
9aCTOTHO-BPEMEHHDBIX PSIJIOB JIEKTPOMATHUTHBIX [APAMETPOB C rpa-
BUTAIMOHHBIMY NIPUINBHBIMUA BO3JEHCTBUSAMU B PA3JIUIHBIX T'€0JIOr0-
TEKTOHIMIECKUX YCJIOBUSX HAME HPEJIAraeTCsl Criocod MpeIcTaBIeHUsT
Ppe3yJIbTaTOB B BUJIE KOPPEJISIIUOHHBIX IOJISIPHBIX JuarpaMM. Ha ocHoBe
aHaJIN3a MOBEIEHUS SJIEKTPOMATHUTHOIO U I'PABUTAIMOHHOTO IOJIEl B
COITOCTABJIEHUN C T€0JIOTO-TEKTOHNIECKAM CTPOEHUEM ITyHKTOB MOHHTO-
pUHTa JlaHa OIEHKA UX TE€H30YyBCTBUTEJIHHOCTU C IEJHI0 OPraHN3aIun
TaM IIyHKTOB IIOBTOPHBIX MOHHUTOPHHI'OBBIX U3MEPEHHI. YCTAHOBJIEHO,
9TO MO/ BO3EfICTBUEM JIyHHO-COJTHEUHBIX ITPUINBOB MAKCHMAJIbHBIE Ba~
pUamu KaxKyIerocs COPOTUBJIEHHUsI IIPOUCXO/ISIT B TEH30UYBCTBUTE b~
HBIX 30HaX, TPUYPOUIEHHBIX K PA3JIOMHBIM CTPYKTypaM. Teoperndeckue
pacdeTsl BepudUIUPYIOTCA IIyTeM HAOIIOIEHIH C IOMOIIHIO TPABAMET-
pa Scintrex CG-5 Autograf, KOTOpBIii yCTAHOBJIEH B IITOJIbHE C TIOCTOSTH-
Hoii remneparypoii +8 na reppuropun HC PAH (B 30 kM oT ropoja).
Hab6uirostenust mpoBosisiTcst ¢ mHTEpBAJOM 12 €, a 3areM npu oopaboT-
K€ OHU OCPEJHSIOTCS C MHTEPBAJOM, KOTOPBI HEOOXOIUM JIJIsl TIOCTAB-
JIEHHBIX 33J1a9 U HYKHOU juckperusanun JaHHbiX. CirelyeT OTMETHTh
OYeHb BBICOKOE Ka4eCTBO HabMoMeHHbIX JaHHbX (okoso 0,001 mIa).
[TomexaMu B TaHHOM CJIydae sIBJSIIOTCS CEHCMUYIECKUE COOBITHSI, KOTO-
pble 4eTKO (PUKCUPYIOTCs TpaBUMETPOM (MasTHUK LonmnuHa).

Pabora Bbimosmena B pamrax mpoekta POOU 17-05-00654 u
loczamanus HC PAH

2.16 Kowmiuiekc s 9KCHepUuMEHTAJIbHBIX
nccJieIOBaHUil B3aUMOJIEICTBUS yIIPYTUX
BOJIH CO CJIOEM JIbJA

Yen B.Y, Yepnenxo B.A.2, ITempocvary B.B.2, Pubuenxo A.A.3

L Xapbunckuti unorcenepvi ynusepcumem, Kumad
2 Janvnesocmounsili dedeparvroid yrnusepcumem, Poccus
3 Hayuno-uccaedosamenveruts yenmp «Apkmura» JBO PAH, Poccus

CO3,H&HBI n3J1yvdaronye 1 ripueMHbI€ HINPOKOIIOJIOCHBIEC CUCTEMBbI JIJId
IKCIIEpUMEHTaJIbHBIX I/ICCJIB,ZLOBaHI/Iﬁ BSaHMOﬂeﬁCTBHH yupyrux BOJIH
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HEU3KOrO Juanasona B npeaesiax ot 10 mo 100 ', pacupocrpansiomuxcs
B cJi0e jbJa. Y3y yaroniye cucTeMbl CKOHCTPYUPOBAHBI HA OCHOBE ITHEB-
MaTHYECKUX H3JIydaTesieil, KOTOpble IO3BOJISIOT PEryJinpoBaTh JIaBJie-
HU€e YIPYTUX BOJIH B IMUPOKOM auarna3oHe. [Ipuemuble cucTemMbl co3/1a-
HBI Ha 0a3e MATHUTOCTPUKIIMOHHBIX MATEPHUAJIOB C IEPEXOIHBIMU CJIOS-
MU U3 MACCUBHBIX MaTeprasoB. [lomydeHa qucaeHHast onenka Ko3hpu-
[MEHTa CBJA3U yIPYIHUX BOJIH C IPAHUIAMU Pa3jesa Jiea-arMocdepa u
JIeJI-MOpCKasi cpejia. IIpesjioyKeHbl METO/IBI UCIIOIb30BAHMS KOMILIEKCA
JJIs U3y9YeHUsT SMUCCUH YIPYTUX BOJH OT OYArOB 3eMJIETPSICEHUSI.

2.17 KocMmunyeckue Jiyun, KaKk UHIAKATOP
reo3dPEeKTUBHOCTN MAarHUTHBIX OOJIAKOB

Hemyxosa A.C., Hemyxos U.C., lemyxos C.H.

Hnemumym xoemousduneckux uccaedosanul U aIPOHOMUL UM.
IO.I'. Illagepa CO PAH

leomarauTible 6ypu UHAMAPYIOTCH YHOPSIOUYEHHBIMU MArHUTHDI-
MU CTPYKTyPaMU COJIHEYHOIO BeTpa. VIHTEHCUBHOCTH Oyphb OIIpeIesis-
eTcsl IPOM3BEIeHNEeM BeJIMUUHBI 0XKHOW KOMIIOHEHTHI MAUHUTHOI'O I10-
JIsi ¥ MHTEPBaJja BPEMEHH, B T€YeHNe KOTOPOro CTPYKTYPa HAXOUTCS
BOJIM3u 3emutn: deM OOJIbIITe TPOU3BE/IEHNE, TEM BBIIE MHTEHCUBHOCTD
6ypu. s onpenesieHns JIOKAJIBHBIX CBOWCTB CTPYKTYP HCIOJIB3YIOT
IpsSMble M3MEPEHUs XapaKTEPUCTUK IIa3Mbl M MarHUTHOIO IIOJIS Ha
KOCMHMYECKUX armaparax. VIHTepec MOryT IIPeJCTaBJIsiTh TaK¥Ke TJIO-
OaJibHBIE CBOMICTBA CTPYKTYP. TaKue CBeIeHUs] MOXKHO IOJIyIUTh C UC-
NOJBb30BAHNEM H3MEPEHNI KOCMHYECKUX JIydell MUPOBOU CEeThbIO HeM-
TPOHHBIX MOHUTOPOB. IIprMepoM CTPYKTYD, BBHI3BIBAIOIINX MATHUTHBIE
Oypu, SABJIAI0OTCA MarHuTHBIE ob1aka. Okoso 30% MarHuTHLIX 6yphb 00y-
CJIOBJIEHBI MarHUTHbIMU OOjiakamu. B Hameil Teopuu (opMupoBaHusi
DopOyIII-TIOHNKEHUsI B MATHUTHOM OOJIAKE yCTaHOBJIEHO, YTO BPEMEH-
Has 3aBHCUMOCTH KOMIIOHEHT BEKTODHOU AHW30TPOIMH OIPEIe/ISeTCst
TUIOM MArHUTHOTO 00j1aka. Takum 00pa3zoM, MeeTCss BO3SMOXKHOCTD HA
OCHOBE METOJ/Ia KOCMHYECKUX JIydell YCTAHOBUTDH CBS3b MEXKJY THIIOM
MArHUTHOIO 00JIAKA W WHTEHCHMBHOCTHIO MATHUTHON Oypu. AHasiornd-
HBIE CBSI3W MOXKHO YCTAHOBUTBH JIJIsi MATHUTHBIX CTPYKTYP JIPYroro po-

Ja.
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2.18 MarxautHoe noJie ropga4eit 3emun. IaBepcun,
MarHuTHbIe aHoMaJinu U pu3ukKa japeiida
MAarHUTHBIX TIOJIFOCOB

Kysneuos B.B.

Huemumym xocmopusuneckux uccaedosanutt u pacnpocmpaHerus
paduosonn JIBO PAH, Poccus

Wzoxkena TpUHIUIHAIBHO HOBAasl MOJE/Ib M€HEPAINA MATHUTHOTO
moJist ropstaeit 3emstn. CyTh Mojiesin ropsideii 3eMiIu 3aKJII09aeTcs B
TOM, YTO B OTJIMYHE OT OOINENPUHATOIO ITOAXOJA T.H. XOJIOIHON MO-
JieJin, B KOTOpOil mpu 00pa30BaHUM TeMIIEpaTypa BEIecTBa 3eMJId He
BO3paCTaeT, a BpeMsi obpa3oBaHus pactsruBaercs wa 100 M. Jier ¢
TeM, 9TOOBI BBIIEJSIONIEECS TPU CAMOTPABUTAIINN TEILIO YCIEBAET OT-
BOJUTDHCS 33 CUET U3JIyIEHUS.

B ciygae ropsiaeit 3emiin e€ BEmecTBO OKa3bIBAETCsSI HAIPETBIM JI0
Temrrepatypbt 30 000 K 1 nmpescrasiisier coboit ieperpeToiii u mepecKa-
TBI TIAp UCXOIHOIO BEIECTBA, COCTOSIIETO U3 OKUCH KPEMHUsI, BOJbI U
BOZIOPOJIA.

BemecrBo 3emiin 0XJ1aXK1aj10Ch U MPU 9TOM KOHJIEHCHPOBAJIOCH C
BbIJIeJIEHUEM YJIEJIbHON 9Hepruu mnopsizika 15 kpk/r. B nesom cucrema
OCTBIBaJIA, 3/ INa0ATUIECKH PACIIUPSISICh U OIPEJIEIsis XapaKTep PacIIii-
penust 3emiin. B ocHOBe (DyHKITMOHUPOBAHUS ITOM CUCTEMBI TIOJIOKEHA
pabora dazosoro nepexoga (PII) "kongencanug-ucnapenue"upu mnpe-
nmytectBe koupencanun. PII aBjsgeTcs HCTOYHUKOM TeIlIa, reoInHa-
MUKW PacIupeHnst 1 MaranTaoro nosst Semin (MII3).

Bricokasa Temmeparypa BeIlecTBa IPUBOIUT K €ro TEPMOUOHH3A-
nuu, a dyukinnonuposanne PII, csa3anHOE ¢ MacCOTEPEHOCOM, K pa3-
JIEJIEHUIO 3apsiJIoB 1 (DOPMUPOBAHUIO JIBOWHOTO JIEKTPUIECKOTO CJIOS
(I2C). Cyrounoe spamenue IDC BbI3bIBACT IIOSIBJICHUE HAYAIBHO-
ro ciaaboro MII3, KoTopoe ycuiimBaercst 3a CYeT XOJIIOBCKOTO JMHAMO
(xos0BCKOTO TOKA), BosHUKaromero B 30ue DI1. IIpesasmposanue pe-
skuma @I oT KOHJIEHC AN K UCHAPEHNo (1 0OPATHO) BBI3BIBAET M3Me-
HEHUE JIMHAMUKHU 3eMJIM OT PACIIUPEHUsi K CKATUIO U, COOTBETCTBEHHO,
K u3Menennio nojsipuoctu (uaBepcuam) MII3. B nacrosinee Bpems Ha
3eMite peasu3yeTcss PeXKUM CIKATHS.

CorytacHO HaIIeit MOJIEN, TAKWE sIBJIEHUST KAK WHBEPCHUU, SKCKYPCHI
U JPKEPKHU 9TO TEILJIOBbIE SIBJIEHWSI, BOZHUKAIOIINE TIPU (DYHKITHOHUPO-
Bannu PII u npossasronmecs B MII3. IIpuHnunmua bHbIM OTIMIHEM
HaIllell MOJEU OT OOIIEIPUHSITHIX SIBJISIETCS TO, UTO KPOME OCEBOI'O
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MOMEHTa TJIABHOI'O I10JIsI, Ha 3eMJle Peau3yioTCs YeThIpe pa ualbHbIX
JIATIOJNS ~-MArHUTHBIE AaHOMAJINU, KOTOPBIE OTOMPAIOT HEOOJIBITYIO YaCTh
Toka remepanuyu MII3 u momjepKuBaioT MarHUTHOE IIOJIe B TEUCHUE
10 TwIC. JleT BO BpeMs €ro MHBEDPCUHU, YTO UI'PAET pOJb Hpu jpeiide
MAarHATHBIX [IOJIIOCOB, BHE3AIIHOE YBEJIMYEHNE CKOPOCTU OZHOIO U3 HUX
(ceBepHOrO) BBI3BAJIO HEKOTOPOE HEJOYMEHUE Y MarHUTOJIOIOB.

PasBuBaeMblii HaMH IOAXOJ IO3BOJIAET HANTH OObACHEHHE IMpaK-
TUYECKU BCEM OCOOEHHOCTSIM MATHUTHOTO IOJIS IJIAHET W CIIyTHUKOB
CosiHeynoil cucTeMal.

2.19 MenneHnble Bapualiid MarHUTHOTO TTOJIS
3eMJin: TeXHUYECKHEe, MeTOANIeCKue,
OpraHu3aI[MOHHbIE OCOOEHHOCTU M3MepPeHUit

Xomymos C.IO.

Huemumym xocmopusuneckux uccaedosaruti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

Bapuarmuu mMaraHuTHOTO TOJIST 3€MJIM ¢ XapPAKTEPHBIMU BPEMEHAMU
OT HECKOJIBKHUX JIeT 1 00jiee OTPaKaIlOT MPOINECChl BHYTPH ILJIAHETHI U
BBI3BIBAIOT OI'POMHBIN HAyUHBIN nHTEpec. [IpakTuteckn eIMHCTBEHHON
9KCIIEPUMEHTAJBHON OCHOBOM JIjIsl M3ydYeHUsl TAKUX Bapualuii 3a Io-
caemaue 100 JieT sSIBJISIFOTCST peryJisipHble HabJIFOIeHUs] Ha, MATHUTHBIX
o0cepBaTOPUAX U IIYHKTAX BEKOBOIO XOJIa, B IOCJIEIHUE IECATH-
JIETHSI JIONOJIHEHHBIE CIIyTHUKOBBIMUA W3MEPEHUSIMU, TO3BOJISIIONTIM
YaCTUYIHO PEIUTL IPOOJIEMY IPOCTPAHCTBEHHO KpaiiHe HEOHOPOIHOMN
FJ'IO63..HI)HOI7I CeTU Ha3€eMHBIX IIYHKTOB. ﬂ.}'{?{ noJIydeHud JaHHbIX O
ITOJTHOM BEKTOPE HAIIPSI?’KEHHOCTU MAarHUTHOT'O I0JIs Ha 00CEepBATOPUSIX
MIPOBOJISATCsT aOCOTIOTHBIE HAOJIoIeHnsi. /{0 HACTOSIIEro BpeMeHu 3TU
W3MEPEHNs BBIMOJHSIIOTCS BPYYHYIO, OHU TPYIOEMKH U TIOIBEPXKEHBI
MHO2KECTBY (DaKTOPOB, BO MHOTHX CJIYYaAX CJIa00 KOHTPOJUPYEMBIX U
CHIDKAIOIIUX JOCTOBEPHOCTH PE3YJILTATOB, IIPEXKJE BCETO HA JIJIUTEIIb-
HBIX WHTEpBaJax BpeMeH! (TOJIbl U JECSTUIETHS ), B TOM IHCJIE:

- CHCTeMaTWYecKue NMPUOOPHBIE MTOTPENTHOCTH UCIOJIB3YEeMbIX MarHU-
TOMETPOB;

- MArHATHOE 3arpsA3HeHne abCOTIOTHOTO TABUIHOHA U €10 OKPECTHOCTEN
(HA PACCTOSTHUM B TIEPBbIE COTHU METPOB);

- HeCcTaOUJIBHOCTH IIOCTAMEHTOB U YJIAJIEHHOTO perepa, HeoOXOIUMOro
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JIJIsT OTIPEJIeJIEHUsS] MATHUTHOTO CKJIOHEHST;

- CMeHa MarHUTOJIOroB-HAOJIIO/IaTe el U UX HEIOCTATOYHAA KBaJIN(U-
KAIWs.

3HaYnTEbHBIE METOJAMYECKHE IIPOOJIEMbl BO3HUKAKOT IIPU  ILJIOXO
OPraHW30BaHHOM IIepEeHOCe ODCEepPBATOPUM HA HOBOE MECTO WU IIpU
u3MeHeHnn €€ MHGPACTPYKTYPHI (IIABUJIBLOHOB WJIU [IOCTAMEHTOB).
st obecrievenust TOITOBPEMEHHONW CTaOUIBHOCTA U HAJAEKHOCTUA W3-
MepeHuil MarHuTHbIe obcepBaTopuu 6611 00beuHeHbl B cetn IAGA | a
zareM INTERMAGNET, B paMKax KOTOPBIX OIIPEJIEIEHbI TPeOOBAHUS
W CTaHIAPTHI, MPOBOIATCS CBEPKH aOCOIOTHBIX MATCHUTOMETDPOB U
TperuHr Habsromareseil. CoBpeMEHHBbIE AIMapaTypHBIE TEXHOJOTUU
YaCTUYIHO ITO3BOJISIIOT PEIaTh TAaKWe BOIPOCHI KAK aBTOMATU3AIUS
abCOTIOTHBIX HAOJIIOIEHN, ABTOKAJIMOPOBKA BAPHUAITMOHHBIX MAarHU-
TOMETPOB, KOHTPOJIb 33 MATrHUTHON OOCTAHOBKOII Ha 00CEpBATOPUSIX
U JIp., a TaKXKe pacIIupeHne Ha3eMHOW ceTH 00cepBaTOpHil 3a CUET
CO3/IAHMS MTOJTHOCTHIO ABTOMATUIECKIX CHUCTEM M3MEPEHUH.

2.20 Mertoa BbIAEJIEHUSI UMITYJIHCOB
reoakyCTUuYecKoil aMuccum

Tanees M.U., Cenxesun FO.H.

Hnemumym K0cmoPuureckus ucciedosanuli u pacnpocmpaHerus
paduosoarn JJBO PAH, Poccus

PaccmarpuBaercss  3ajada  OYHCTKH CHIHAJIA, T[EOAKYCTHYIECKON
9MUCCHU OT €CTECTBEHHBIX M HCKYCCTBEHHBIX IOMEX C HCIIOJIb30Ba-
HUEM ANPUOPHBIX 3HAHUI XapAKTEPUCTUK BBIJIEISEMbIX UMITYJIbCOB.
CJI0:KHOCTh BBLIEJICHNsT 00YCJIOBIEHA IMIHPOKUM JMHAMUYIECKUM JIHa-
naszoHoMm (ot 10 mo 100 aB), m3menuuBoctu murensbHoctn (ot 0,1
no 10 mc), a Takxke GosbimM MHOroobpasmeM ¢dbopMm  orubaromieit
[IOJIE3HOTO CHUTHAJIA, KOTODPBIH BOCOpUHHMAaeTcss Ha ¢oOHe HecTaru-
oHapHO#i nomexu. IlociesHue jBa 0BCTOSITENBCTBA HE MO3BOJISIOT
OpraHn30BaTh ONTHMAJIBHBIH B CTATHCTHYECKOM CMBbICIE MPUEM |
BBIJICJICHIE HMMILY/JIbCOB. Kom4ecTBO OMHUOOK MOXKHO 3HAYUTEJHHO
YMEHBIIUTH, €CJIH HCIOIb30BaTh HEKOTOPBIE SMIIMPHYECKUE IPABUTIA
MOJTyYeHHbIE B XOJ/e JINTeIbHbIX HabmiofeHuit. [Ipemraraercs meTosn
BBIJIeJIeHNs] MMITYJIbCOB T€0aKyCTUIECKOH SMUCCHH, C MCIIOIb30BAHIEM
AJIAITHBHOIO [I0POTa, PACCYATHIBAEMOIO HA OCHOBAHUH JIUCIEPCHH
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CKOJIB34IIEr0 OKHA, U IOCIEAYIOMEN CEJIeKINN C IPUMEHEHNEM I[T0CIe-
JI0BATEJIbHOIO MHOTOIIPOXOJHOTO PAHXKHUPOBAHUS YYaCTKOB CHUI'HAJIA,
Ha KOTOPBIX yPOBEHDL A INTUBHON CMECH CUTHAJA M IIOMEXU B OKHAX
GUKCHPOBAHHON JJIMHHBI TPEBLIIIAIT 3HadeHne nopora. OToOpaHHbIE
UMITYJIbChI IIPOBEPSIOTCS HA COCTOATEIHLHOCTh MPUMEHEHUEM ITPABUIIA
JIOTMIECKOTO BKJIIOYEHUSI OIPE/IETEHHOTO KOJTNIECTBA JIOKAJIHHBIX IKC-
TPEMYMOB, YUCJIO KOTOPBIX 3aBUCHUT OT PAHIa UMIIYJIbCA U PA3Maxa ero
AMILIATY/IBI. Pe3y/bTaThl BBIYUCAUTETLHOTO IKCIEPUMEHTA MMOKA3AIN
BO3MOYKHOCTD ITOHUKEHUS 3HAYECHUS [TOPOTa BBIJICJCHUST UMITYIHCOB Ha
3-6 b tpu nMpakTUIECKOM MCKJIFOUYEHNH OIMMUOOK MEPBOTO POJia BILIOTH
no suagennit SNR nopsaka 0-3 Ib.

2.21 Meroapl HEJINHENHON aKYyCTUKU B
WCCJIEJOBAHUAX B3aMMOJENCTBUS yOPYTUX
BOJIH B OKeaHe

Yen B.', Kopouenyes B.M.?, Tapacos C.I1.3, ITuenes II.I1.3,
Iypos 1.C.3

L Xapbuncruti unorcenepnuiti yrusepcumem, Kumaii
2 Janavresocmounnidi gedepanvnnids yrusepcumem, Poccus
3 FOotenwiti pedepanvroi yrueepcumem, Poccus

PaccmoTpenbl runpoakycTudecKue napaMeTpUdecKnue CHCTEMBI U
METO/IbI HEJIMHEWHOM aKYCTUKU B UCCJIEIOBAHUAX OKEaHa U aPKTUIECKO-
ro 1mesibda. [puBeneno kpaTkoe onmcaHne HanboJiee MEPCIEKTUBHBIX
HaIIPaBJICHUN Pa3BUTUS T'UJIPOAKYCTUUECKUX CHUCTEM C IapameTpuye-
CKUMHU aHTeHHaMHU. PaccMaTpuBaioTCs pe3yJbTaTbl MPUMEHEHUS JJIsi
pelnieHud 3ajlad I'MJIPOaKyCTUKU /IS IIPOI'HO3a 3eMJIeTPACEeHN.

2.22 MobOwiIbHBIT KOMIJIEKC JIJIsi PETUCTPAI[AN
HeckoJIbKuxX KoMnoHeHT BKJI

Muzanxo E.A., Barabun FO.B., Maypues E.A., I'epmanenxo A.B.
Honapnuti 2eopusuneckutdl unemumym, Anamumo:
[Ipencrasiennast paboTa TOCBSIEHA WUCCAEIOBAHUIO BAPUAIIMI

PA3JIMYHBIX KOMIOHEHT BTOPHYHbIX Kocmuueckux Jjydeil (BKJI). Mx

o1



IIOCTOSIHHBIII MOHUTOPHHI BBIIOJIHSAETCH B J1aOOPATOPUU KOCMUIECKUAX
aygeit TITW (r. AnaTwTel) ¢ WCIOJB30BAHMEM WHTETPUPOBAHHOM
YCTAHOBKHU, OObEIMHSIIONIEN JIETeKTOPhI JIjIs BCEX OCHOBHBIX KOMIIO-
wentT BKJI. ITomumo cranmorapHoro obopymoBanust 6611 pa3paboTad u
W3TOTOBJIEH MMOPTATUBHBIN KOMILIEKC, BKJIIOYAIOIINI B ce0st CIIMHTHUILIIS-
[MOHHBIN CIIEKTPOMETD, JeTeKTOop 3apszkeHHol KomioneHTs! (I3K) Ha
ocHoBe cueTumnKoB | eitrepa-Miosiepa n 1eTeKTOp HEUTPOHHOM KOMITO-
uertsl (E <1 MsB) na remmerbix cuerunkax CHM-18. ITopraTusHbiii
KOMILJIEKC OBbLJI BBEJEH B 9KCILUIYATAIUIO C HAYAJA TEKYIIEro rojia, OH
paboTaeT MmapaJuIeJIbHO C OCHOBHOI AaNmaparypoil Ijis pPerucTparun
BKJI. CpaBHenue [JaHHBIX HOKA3BIBAET, YTO MOOWJIBHBIN KOMILIEKC
PErucTpupyeT Te JKe BapHalliMd, YTO U CTAI[MOHAPHBIE NETEKTOPHI.
Hebombmme rabaputhbl, MaJjoe 3HepromnorpedjieHne U BO3MOXKHOCTH
3allMCH JAHHBIX Ha (DJISII-HAKOIUTE/IU TO3BOJISIIOT UCIIOJIB30BATE STOT
KoMmILIeke jyist MoruTopuara BKJI B TpyIHOZOCTYIHBIX U ye MHEHHBIX
MecTax, & TaKKe Ha CyIax B JAJbHUX IJIABAHUSIX U IKCIIETUIUIX.

2.23 MoxkeT Ji1 coJTHEYHAasi BCOBITIIKA
WHUINUPOBATh 3eMJjieTpsicenue? AHaiaus3
MOJIEBBIX HAOJIIO/IEHU, TeopeTudecKast
MO/IeJIb U JIaOopaTOpHbIE KCIIEPUMEHThI

Hoeuxos B.A.', Knmowxun B.H.', Pyocun FO.51.2, Copoxun B.M.2,
Swenko A.K.2

L O6sedunenmoits uncmumym svicokuxr memnepamyp PAH
2 Mnemumym 3emmo20 maznemusma, uoHoC@hepv U pacnpocmpaneHus
paduosoan um. H.B. ITywrosa PAH

IIpencraBiiensbl pe3yJsbTaThl KOMIIJIEKCHBIX HCCJIEIOBAHUN BO3MOXK-
HOCTH WHUIUUPOBAHUS 3E€MJIETPSICEHUI COJIHEYHBIMU BCIBIIKAMH,
BKJIIOYAIONUX TEOPETHUECKUl aHAJIN3 BO3JEHCTBUS HOHU3UPYIOIIErO
N3JIy9€eHUs] COJTHEYHON BCIIBIINKN HA OYar 3eMJIETPSICEHUsI, aHAJIU3 OT-
KJIMKa CEHCMUYHOCTH 3€MJIM HA MOIIHYIO COJTHEYHYIO BCIBIIKY 6 ceH-
Ta6pa 2017 r. knacca X.3, 1abopaTopHbIe SKCIIEPUMEHTHI 10 U3y IEHUIO
WHUNMUPOBAHUS 3€MJIETPSICEHUS MMITYJIBCOM JIEKTPUYECKOTO TOKa B
MMUTATOPE Pa3jioMa Ha IPYKUHHO-OJIOYHON MOJIEH, & TaKyKe IKCIIe-
PUMEHTAJIBHOE OlIpejieieHIe KOHIIEHTPAIMH TOKa B MOJIEJbHOM Pa3JIo-
Me. Pazpaborana dusndeckas u MaTeMATHICCKAsT MOJETb B3AMMOIEH-
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CTBHUS MOHU3UPYIOMIEr0 U3JIYyYEHUs COJHEYIHON BCHBIIIKA C HOHOChE-
poit u surocdepoii. Pacyeramu mokazaHo, 9TO COJHEYHBIE BCIIBIIIKI
MOTYT BBI3BATb BAPUAIINU IJIOTHOCTH TEJTyPUIECKUX TOKOB B CeficMO-
TEeHHBIX Pa3JIOMaX, COMOCTABUMBIE C IJIOTHOCTSIMU TOKA, T€HEPUPYEMO-
ro B 3€MHOI KOPe MCKYCCTBEHHBIMU WMITYJIbCHBIMU MCTOYHUKAMU, BbI-
3BIBAIOIIIME [IPOCTPAHCTBEHHO-BPEMEHHOE [T€PEPACIIPEIETICHIIE PETHO-
HaJbHOM CEICMUYHOCTH, HA OCHOBAHHUM Y€r0 MOXKHO CJIeJIATH BBIBOJ, O
TOM, 9TO WHUITUUPOBAHNE 3eMJIETPSICEHNH BO3MOXKHO HE TOJTHKO UCKYC-
CTBEHHBIMHM HCTOYHMKAMHU, HO W HOHOC(hEPHBIMU BO3MYIIEHUSIMH, T'e-
HEPUPYEMBIMU COJTHEYHBIMU BCIIBIMIKAMU. JIjIs MpOBEPKU THIIOTE3BI O
BO3MOXKHOM WHHUIIMHUPOBAHUU 3€MJICTPACEHUII KOHKPETHOU COJIHEYHON
BCITBIIIKON MTPOBEJIEH AHAJIN3 CEHCMUIECKON aKTUBHOCTH 3EMJIH IIOCJIe
cuiIbHee 3a nocsuegune 12 jier coJIHeYHOI BCUBINKH Kiacca X9.3 6
ceuTsa6ps 2017 r. YCTaHOBJIEHO, UTO YUCJIO 3eMJIETPSICEHUI C MAarHUTY-
noit 4,1-8,2 o karanory USGS B Teuenue 10 cyTOK mOC/E COJTHEIHOM
BCHBIMKX BO3pOcyio B 1,65 pa3a Mo CpaBHEHUIO C aHAJIOTMIHBIM TIEePH-
os1oM 110 Benbimky. 1losryaenubie pe3yabTaThl IOATBEPKIAIOTCS SKCIIe-
pUMEHTaMHU Ha MIPYKUHHO-OJIOTHOM MOJIEIN, UMUTHPYIONIEH ceficMOoreH-
HBIHM pa3/IoM, KOTJIa IOJIava, 3JIEKTPUIECKOr0 TOKA B PA3JIOM IIPHU YPOBHE
caBUroBbix Hampsikeruit 0,98-0,99 oT KpUTHIECKOTO 3HAYMEHUS, TPUBO-
JIUT K PE3KOMY POCTY aKyCTUUECKOH amMuccuu (TPeruHoo0pa3oBaHuio),
JIABUHOOOPA3HO MMEPEXOIANIEMY B JUHAMIYIECKYTO MOJBIKKY OOpTa MO-
JesibHOrO pasisioMa (saboparoproe "semuerpsicenue’). C yderom Toro,
YTO IJTOTHOCTH TOKA, MHUITUUPYIOIIETO TOJIBUKKY B JJADOPATOPHBIX IKC-
IIEPUMEHTAX, HA HECKOJIHLKO TOPSJIKOB MPEBBIIIAET OINEHKU ILJIOTHOCTH
TOKa Ha TJIyOWHE DPACIIOJIOXKEHUsI OYArOB 3eMJIETPSICEHUI, MTPOBEIEHO
IKCIIEPUMEHTAJIBHOE U3y IeHNEe KOHIIEHTPAIMH TOKA B IIPOBOISIIEM Pa3-
JIOME, COIPOTUBJIEHNE KOTOPOTO HA MOPSAIOK HUXKE BMEIIAIONTIIX TIOPO/T.
ITokazano, 4To 3a CUYeT KOHIEHTPAIMU TOKa B PA3JIOME €ro IJIOTHOCTh
MOXKET OBITH B HECKOJIbKO Pa3 BBINIE IJIOTHOCTU TOKA, ITPOTEKAOIIIE-
ro B OJIHOPOIHOI cpejie. VlcciieoBaHUsT BBITIOJHEHBI TPU (DUHAHCOBOM
noggepxkke PODU B pamrax mHayaroro npoekra 18-05-00962.
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2.24 Habiroaenue riiobajibHbIX aTMOC(EepHbIX 1
JUTOCEPHBIX BO3MYIIIEHUN MPOCTPAHCTBEHHO
pa3sHeceHHbIMU Jedopmorpadamu,
rpaBUMeTpaMM U HAKJIOHOMEpaMu

Jly6pos M.H.', Boaxos B.A.?

L @pasunckuti duivan Hnemumyma paduomernury u sAexmpoHuKy
um. B.A. Komeavrnurosa PAH
2 Unemumym gusuru Semau um. O.F0. HImudma PAH

O6001mat0TCsT pe3yIbTaThl UCCJIEOBAHNS U TPUMEHEHUs] HOBOTO UH-
CTPYMEHTAJILHOI'O METOJIa IPENU3UOHHOIO Te0(U3UIECKOr0 MOHHTO-
pUHTa HAIPIKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSI CPEJIbl, BBIIOJIHSI-
€MOr0 C IIOMOIIBIO CHCTEMBI IIPOCTPAHCTBEHHO PA3HECEHHBIX Ja3ep-
HBIX u3MepuTeseil aedopmalnnit 1 rpaBUUHEPIUAIBHBIX U3MEPUTEb-
HBIX HHCTPYMEHTOB - MAsITHUKOBBIX CEICMOTPaBUMETPOB U HAKJIOHOME-
pos. Jlazepubie mHTEpdEPOMETPHI-TeDopMOTpadbl 06ECIIETNBAIOT TOY-
HOCTH PErHCTPAIH B3aWMHBIX CMENIEHWIl YIaCTKOB CPEIbl HMOPsJIKa
10(-2)-10(-3) um na 6a3ax 1-400 M. EMKOCTHBIE ceiicMOrpaBUMETPbI IPU
W3MEPEHUN BapUAINIl CHAJIBI TSIYKECTH 00JIaIAI0T PA3PEIIaoNeil criocoo-
wocteio 0,5 mklas, a ceficmonakigonomepsr - coorBercTBerHO (0,1 MC
Jyru B npuwimBHOM guanasone u 0,01 Mc jgyru B celicMUYecKOM juara-
30HE TIEPHUOJIOB COOTBETCTBEHHO. PaccTOsTHIE MEXK/Ty OT/ICTBHBIMUA KOM-
[TOHEHTAMU CUCTEMBI IIPOCTPAHCTBEHHO PAa3HECEHHBIX HHCTPYMEHTOB CO-
craBisier 10(2)-10(3) kM. Uccenenyrores jauHelHble U IPOCTPAHCTBEH-
Hble JlechbopManuy 3eMHOM TOBEPXHOCTH, BBI3bIBAEMbBIE CEHCMUIECKUMU
SIBJIGHUSIMH, U WX B3aUMOCBSI3b C MOIHBIMUA TPOIECCaMi B arMmocde-
pe, noHocdepe u maraurocdepe 3emun. [lokaszaHo, 4TO yBeJmueHUE
AMILINTY/IB BADUAINI PETUCTPUPYEMbBIX CUTHAJIOB B JIUANIA30HE YACTOT
10(-6)-10(-3) T’ , Kak HpaBUJIO, CONPOBOXKIAETCA POCTOM ceficMude-
CKOIl aKTUBHOCTH 3E€MJIM U TIPEJIIECTBYET KPYIIHBIM 3€MJICTPICEHUSIM
M=7-9. Anaym3upyercsi IPUMEHUMOCTD ITUX PE3YJIHTATOB JIJIsl OIIEHKHI
pUCKa IPYU BOBHUKHOBEHUN MOIITHBIX CEHCMUYIECKUX U JIPYTUX ITPUPOJIO-
OIIACHBIX $BJICHUI.
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2.25 O BO3MOX»XHOCTH HapyNI€eHUs JUHAMUYIECKOTO
paBHOBecusi 3eMJIM TEXHOT€HHbIM (paKTOpOM

Buases A.B., Cmuxapnwi A.IL
Huemumym uonocgepu 2. Aamamos, Kazaxcman

PaccmarpuBaercs rumore3a B3aMMOCBSA3U MEXKIY NPUPOIHBIMHU U
TEXHOT€HHBIMU ITPOIECCAMU, KOTOPhIE MOTYT HAPYIIUTD JTUHAMUIECKOE
paBHOBecue 3emyin. Ha OCHOBe CIlyTHUKOBBIX JIAHHBIX TOKA3aHO, UTO
BCJIEJICTBUE 3aMeJJIeHUs OKeaHWdecKoro redeHus losbdcerpum B pe-
3y/abTaTe KIMMATHYECKUX M3MeHeHmil 3a nociemaue 150 jer, a Takke
TexHorennoii karactpodsl B Mekcukanckom 3amuse 2010 1. mpowuso-
IIIJI0 U3MEHEHUe TPAeKTOPUHU JBHKeHUs Teuenus. [Ipemmoxkena mare-
MaTHYeCKask MOJIEJIb ¥ BBITIOJTHEHBI PACIETHI U3MEHEHUS TEMIIEPATYPhI U
[JIOTHOCTU OKEAHMYECKUX MACC B JIOKAJIBHBIX O0JIACTIX ATIAHTUIECKO-
ro okeana. [lepepacnpenesienne mIOTHOCTH B 3HAYUTEHHBIX 00bEMAaX
MOTJIO BBI3BATH cMerieHne enTpa Mace 3emuin Ha 0,0001 M 1 oTKIIOHE-
Hue ocu eé Bpammenns Ha 3.4x10(-6) arcs. ITpogeMoHCTPUPOBAHO, UTO
[IPOIIECC HAPYIIEHNS JUHAMUIECKOT0 PABHOBECHST 3€MJIH COITPOBOK 1A~
sl BO3PACTAHUEM KOJMYECTBA OTHOCUTEJILHO CJIA0bIX 3eMJleTpsicenuii (B
nuanazone MaruuTy ot 4.2 1o 4.8 ma 41.5 nporueHT) u Bo3pacTaHueM
UMHTEHCUBHOCTHU CefiCMUYECKOrO IIyMa (TpeMopa) [0 JIAHHBIM ceTeil miu-
POKOIIOJIOCHBIX ceficMocTaHIuil u ciyTHukoBoii GPS maBuranuwm. I1pn
9TOM CyMMapHas BEJUYINHA CEHCMUYECKON SHEPTUHU OCTABAJIACH MTPAK-
TUYeCKN HeM3MEHHOH. BhIIBUHYTas TUNIOTE3a O HAPYIIIEHUN JITHAMIIE-
CKOT'O PABHOBECHsI 3€MJIM COOTBETCTBYET IIOCTYJIATY 00O M3MEHEHUN Me-
XaHU3MOB B3aUMOJIEHCTBUS PA3IMIHBIX I'eO(DU3NIECKUX OJIEN BCIE-
CTBUE BO3JIEUCTBUSA CJIy4allHBIX IIPOIECCOB.
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2.26 OmnbIT UCOOJB30BAHUA KOMIIOHEHTHOI'O
OBepxay3epoBckoro Mmanrauromerpa POS-3
Ha IIYHKTaX BEKOBOT'O XO/Ia MarHUTHOTO ITOJIs
Semiin

Yepenanosa E.A.

Dedeparvroe zocydapcmeennoe brodxcemnoe yupescoerue Hayky
Hrnemumym eeopusuru umenu FO.I1. Byasawesuua Yparvcrozo
omdesernusn Poccutickot axademuu nayx

B 2018 r. 6B TIPOBEJIEHBI TTOBTOPHBIE aOCOIIOTHDBIE HAOJIIOIEHUS
MOJLYJISI BEKTOPa U Z-KOMIIOHEHTHI T'€OMAarHUTHOT'O IIOJIsI Ha, IIyHKTaX
Bekosoro xoja (IIBX) B paiione o6cepsaropuu Apru . s usMepenus
BeKOBOTro xoja Ha Toukax [IBX mcnosib3oBasicst kommoneHTHbIit OBep-
xayseposckuii Mmaruuromerp POS-3 (ZT-POS), usrorossieHnslii B Jjia-
boparopun kBauToBoit MmarautToMerpun Y pdPY. Ilens nabsomennit se-
MEHTOB reoMarHuTHOro moJst Ha IIBX : a) KOHTpOab 06cepBaTOPCKUX
HaOJIIOJIeHUT BEKOBOI'O XOJa MAUHUTHOIO MOJI 3eMJIM 0) BbLIEICHHE
aHOMAJIBHOI COCTABJIAIONIENH BEKOBOI'O X0J1a Ha ILIomau MaHuaKcKoit
AHOMAJIMHM OTHOCHUTEJIbHO BEJIMIUHBI, TIOJIy9eHHON B obcepBaTopuu Ap-
TH B CTAIlMOHAPHBLIX YCI0BUAX. B pesynbrare paboOT MOJIyUeHbI abCco-
srorHble 3HaueHus: Moayis (F) m BeprukasnbHOil (Z) KOMIOHEHTHI Ha
KazkJIOM IyHKTe Habuojennii. [locTpoena kapra 3HavYeHn pasHoctu Z
KOMIIOHEHTBHI BeKTOpa reomarauTHoro moss Ha [IBX u B obcepBaropun
AprTu Ha TeoJIOrmYecKoil OCHOBE M KapTa aHOMAJILHOW COCTABJISIONIEH
dZ/dt BekoBoro xoza BEpTHKAJIBHON KOMIIOHEHTBI F€OMAarHUTHOIO [10JIsI
sroxu 2018 r. B reosiorntueckoM OTHONIEHUH MAKCUMYM BEKOBOTO XOIa
npuxoauTcst Ha KOHTakT Jlekckoil m Jlemasuuckoii ceur KyHrypcko-
ro sipyca HuzkHero otjesa Ilepmckoit cucrembl. Jlekckast cBuTa mpeji-
CTaBJICHA 37[€Ch PUTMUYHO YEPELYIONUMUCS TeCIAHNKAME, TJIMHACTHI-
MU CJIAHIIAME CPEJIKUME JIMH3AMH U [IPOCJIOAM U KOHIJIOMEDATOB, U M3-
BECTHAKOB. JlemasnHckas cBUTa CI0KeHa OPEKINeBUIHBIMU N3BECTHS-
KaM#. DTHU [TOPOJbI SIBJISIFOTCS CJIAOOMATHUTHBIMU ¥, BUJIUMO, HE MOL'YT
0Ka3aTh CYIIECTBEHHOIO BIIUSHUS Ha BEKOBOI X0/ T€OMArHUTHOI'O [TOJIS.
B cBsi3u ¢ 3TMM paznuvus B 3HAYEHUSX BEKOBOTO XOIa O0YCJIOBJIEHBI,
[IPE/IITOIOKUTETHHO, HEOMHOPOIHBIM CTPOEHHEM HCTOYHMKA Mamdarxk-
CKOIl aHOMAJINU, KOTOPBIN 3ajieraeT B KPUCTAJIINIECKOM (byHIaMEHTe
apxelfiCKUX U PAHHENIPOTEPO30MCKUX MarMaTH4ecKuX U MeTaMopdude-
CKUX TI0pPOJ1, Ha rIy6uHax oT 4-6 (BepxHgas KPOMKA UCTOYHUKA) 10 30 KM
(HIDKHSIS KPOMKa HCTOYHHKa). Takoe siBjleHne, KaK Pa3HUIA BEKOBOI'O
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XOJa B IIpejiejIax aHOMaJInMu YCTAaHOBJI€Ha HaMWU BIIEPBBIE, 1 3TO MOXKET

OpeacTaB/IdATb UHTEPeC LJId ,ZI;a.J'IbHefIHIeFO n3yveHunsd aHOMaJIbHOI'O II0-
JIdA.

2.27 OcobeHHOCTU BapmMamuii MATKOTO
raMMa-u3JjydeHuss B arMocdepe

Banrabun FO.B., Muzaaxo E.A., Maypues E.A., I'epmarenxo A.B.,
I'sozdescxuti b.5., Hlyp JI.U.

Hoaaproil 2eopusuneckuts uHcmumym

Mouuropunr msarkoro ramma-usiaydenus (20-400 kaB), upuxoms-
mero u3 armocdepsnl, mpopoanTca B IV Ha HECKOJBKUX CTAHIIAAX
or IInunbeprena go Kaskaza. B Amarurax m #a Illnunbeprene on
BEJIETCS yKe JecdaThb JieT. Vcnosib3yioTest OJIHOTUIHBIE JEeTEKTOPHI C
BBIXOJHBIMHA WHTerpajgbHbIMi KaHamsamu >20 k3B m >100 x3B. Ha
BCEX CTAHIUSX DPEryJIAPHO OTMEYAIOTCH BO3DACTAHUS ITOTOKA TaMMa-
u3JIydenus, jgocturaoriue naorgaa 100

2.28 OcobeHHOCTHU NPOSIBJIEHUS 3JEKTPUIECKOro 1
aAKyCTUYE€CKOI'0 OTKJIMKA MPUIIOBEPXHOCTHBIX
OCaJIOYHBIX MOPO/] HA CeilicCMUYeCcKre BOJIHBI

OT 3eMJIeTPsiCeHU

Mypamos II.B.', Pyaenxo O.I1%, Mapanyaey, FO.B.!

L Mriemumym xocmodusuneckux uccaedosanuti U pacnpocmpanera
paduosoan JJBO PAH, Poccus
2 Uncmumym eyaxanonozuy u ceticmonozuu, JBO PAH, Poccus

B nyskre "Kapbmvmmaa'(52.83° N, 158.13° E), pacnosoxkeHHOM
B paiione Bepxue-Ilaparynckoit ruaporepmaibHOl cucrtembl FOxKHOM
KamuaTtku, oqHOBpEMEHHO M3MEPSINCH JBE OPTOTOHAJLHBIE TOPU30H-
TaJbHbIE KOMIIOHEHTHI JIEKTPUIECKOTO IOJIsI M AKYCTUIECKAs IMUCCHUST
B IIPUIIOBEPXHOCTHOM CJIO€ OCa0YHBIX IOpoJ. Jlmanaszon perucrpupy-
embIx gacToT ObL1 0.1 'y — 11 xI['. IIpu mpoxoxkieHnn ceiicMuIecKux
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BOJIH OT HEKOTOPBIX 3eMiieTpsiceHuit Mmaruutynoit 4.0 — 7.3 Ha pac-
crosgann 80 — 500 KM OT 3UUIEHTPa 3apPErUCTPUPOBAH COBMECTHBII
JIEKTPUYIECKHUI U aKyCTUYIECKUN OTKJIUK ITUX MOPOJI, 0O0YCIOBICHHBIH
WX WHTEHCHUBHBIM jedopMupoBaHueM. lIpeicraBieHbl pe3y/ibTaThl
9aCTOTHO-BPEMEHHOTO aHAJIN3a OTKJIUKOB, PACCMOTPEHBI OCOOEHHOCTHU
WX TPOSABJIEHUS B 3aBHCHMOCTH OT MECTOHAXOXKJIEHUs SIUIEHTPOB
3emyieTpsiceHnit 1 MarauTypl. OOHAPYKEHO, UTO BEpXHssl YaCTOTA
JIEKTPUIECKOTO OTKJINKA JIOCTUTAET IPU CUJIbHOM 3emiierpsiceHuu 30
I'n u 6osbine, a akycruueckoro — 11 kI, D10 mpeBbIIaeT YaCTOTHI
MeXaHUIeCKOTO BO3JIEMCTBUSA CEUCMUYIECKUX BOJIH HA TOPOJLI M HECET
nHdopMaImio 006 OCODEHHOCTAX MEXAHH3MOB TEHEPAITUN JAHHBIX
oTkJinKoB. VcciemoBanue CeficMOJIEKTPOAKYCTUIECKOTO I1peodpas3o-
BaHUS B IIUPOKO PACIPOCTPAHEHHBIX IPUIIOBEPXHOCTHBIX OCAIOYHBIX
OPOJIaX aKTyaJbHO i IOHUMaHUsi (POPMUPOBAHMS BO3MYIIEHU
Pa3/IMIHBIX PUIOBEPXHOCTHBIX I0JIell BO BpeMsi 1eOpPMUPOBAHUST
TUX HOPOJ IIPU CEHCMOTEKTOHUIECKOM IIPOIIECCE.

2.29 Ormnenka MacinTaboB JaJIbHUX KOPPEJISIuii 110
CUTHAJIaM CeliCMOaKyCTUY€eCKOIl 3MUCCUN
MPUIOBEPXHOCTHBIX OCAJOYHBIX MOPOJ HA

Kamuatke

Cuwives B.H.Y, Muwenxo M.A.2, Hmawes C.A.Y, Yewes M.E.*

b Hayunaa cmanyus Poccutickot axademuu nayk 6 2. Buwkexe
2 Hnemumym xocmopusuneckur uccaedosamuti U pacnpocmparerus
paduosoan JIBO PAH, Poccus

Ha KamuyaTke B MyHKTe KOMILIEKCHBIX T€O(MUIUIECKUX HADJIOE-
unit UKVP /IBO PAH «KapbiMmuHay Jjisi perucTpaiui CUTHAJIOB
CefiCMOAKYCTHIECKON IMUCCUU Ha TMOBEPXHOCTHU 3E€MJIM YCTAHOBJICH W3-
MEPUTETbHBIN KOMIIJIEKC. B KadecTBe JaTUYNKa CUTHAJIOB MCIOIb3YEeTCS
TPEXKOMIIOHEHTHBII Ibe30KEepaMUYECKU CEeCMONPUEMHUK, KOTOPBII
peructpupyer KojebaTeIbHOe YCKOPEHHE B YAaCTOTHOM JIMAIIA30HE OT
0.2 mo 400 T'm. PaccmoTpeH psifi CefiCMOAKYCTHYIECKUX OTKJIUKOB Ha
peruonabubie 3emierpscenus 2017-2018 rr. ¢ sHepreTUIeCKUM KJIac-
com Ks>11.0. IIpu momommu CTaTHCTUYECKUX METOJOB YCTAHOBJIEHO
caMoroodne X CTPYKTYPbl B OrPAHUYEHHOM HHTEPBAJIE BPEMEHHBIX
MacmTaboB. DTO, B CBOIO O4YEpe/ib, YKA3BIBAET HA HAJIMYNE JTAJTBHUX
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KOppesdanuii B paccMaTpUBaeMO§ cHCTeMe U II03BOJIAET IIOJIyYUThb
OIIEHKY MacHITabOB KOPPEJAIIN.

2.30 Ilouck reodpunsmdecKnx CUTHAJIOB 110 UX
MaTeMaTU4IeCKNM MO/IeJIIM U obpas3iiam

Mowanos B.A., Mowanroea A.B.

Hﬁcmumym ’EOC‘M,OdBUSU’%BCTGUI uccaedosaruti u pacnpocmpaHerHuA

paduosoan JIBO PAH, Poccus

[Ipu ananuze reopusnaecknx JAHHBIX OYE€Hb YACTO MMOSABJISIETCS 3a-
Ja9a MOMCKA CATHAJIOB IO MX 00pa3laM M MATEeMATHIeCKUM MOJIEJISM.
st moncka u BbIIETEHUIO POPM reopU3nIecKuX CUTHAJIOB MPe/IIara-
ercst ucnosb3oBarh rirybokue Heiiponnsie ceru (I'HC). IIpu srom B Ka-
yecTBe 00yJaroIeil BBIOOPKU BBICTYIIAIOT KAK CaMU 00pa3Ibl CUI'HAJIOB,
TaK U CUHTE3UPOBAHHBIE 00PA3Ibl CUIHAJIOB 0 WX MATEMATUIeCKUM
mozensim. Ha ocHOBe pa3zpaboTaHHBIX B paboTe ajJrOpuTMOB, apXUTEK-
TYPBI IONCKA TeO(U3NIECKAX CUTHAJIOB, 8 TAKKE IOy YCHHBIX PE3yJib-
TATOB aHAJIN3a PeAJbHBIX reo(U3NIECKUX JAHHBIX JI€JIAeTCs BBIBOM, 00
3bPEKTUBHOCTH TIPEMEHEHNsT TPEJJIO?KEHHBIX B PaboTe IMOIXO0/I0B 10
[IPUMEHEHUIO TUIyOOKOro OOYUYeHUs B 3aJ[a9aX aHAJIN3a re0(OU3MIECKAX
curaajioB. [IpuBongaTcsi CKBO3HBIE JIEMOHCTPAIMOHHBIE TPUMEDHI BbIJIE-
sennst popm curaaaos B OHY-crekrporpaMmax ¢ mOMOIIBIO TPUMEHE-
nust THC. Kaxgas THC oby4aercst BBIIEHATH B CIIEKTPOIPAMME KOH-
KpeTHbI Tull Hn3kodactoTHoro OHY-curnasa Ha 0CHOBE TOJTOTOBJIEH-
HOI1 6a3bl JAHHBIX 11a0JIOHOB CUT'HAJIOB, KOTOPas MOXKET ObITH CO3/1aHa
Kak BpyuHyto mmyreMm Boifenenusi B OHY-cnekTporpammax TpebyeMbx
CUT'HAJIOB, TAK U ABTOMATHYECKU IIyTEM CO3JAHUS MOJEJU CUTHAJA C
BapbUPYEMBIMU IIaPAMETPAME U M€HEPAIINN HEOOXOIMMOTO KOJUIECTBO
1a0JIOHOB IIyT€M HAJIOXKEHUSI CHHTE3UPYEMOT'0 CUTHAJIA HA HE COJIepKa-
nryto Tpedyemsbrii curaaia OHY-criekrporpammy. [lpuoaurcest cratuctu-
9eCcKUil aHaJU3 Pe3yJIbTATOB BBBIJIEJIEHNs (DOPM Pa3IUIHBIX CATHAJIOB
B OHY-cniekTporpammax.
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2.31 IIpumMeHeHMe cUCTEM KOMIIbIOTEPHOI aJiredophbl
JJisl aBTOMaTU3UPOBAHHOTO MOCTPOEHUS
Kackaaubix mogesieii MI'/I-TtypbOysieHTHOCTI

Boounwap I M.%2, @ewenro JILK.*

L Huemumym Kocmodususeckus uccaedosanuti U pacnpocmparerus
paduosoan JIBO PAH, Poccus
2 Kamuamexuti 2ocydapecmeennuiti yrusepcumem umeny Bumyca
Bepunea

Kackagubie mMojien TypOyIeHTHOCTH IIO3BOJISIEOT BOCIPOU3BOIUTH
peaJlMCTUYHbIE pPaCIpee/ieHns] MPOCTPAHCTBEHHBIX CIIEKTPOB IOJIEH.
[Ipu mocTpoeHMM TakKWx MOMe/ell OCHOBHAas 3a/ada 3aKJI0JaeTCd B
pacdere Takux KO3(MMUIMEHTOB MPU HEJIMHEHHBIX YJIeHAX, KOTOPbIE
obecrieqnBa/i Obl BBIIOJHEHNE COXPAHEHUsI OIPEIEeIeHHBIX KBaJIpa-
TUYHBIX (popMm. Bce Takme GOpMBI SIBJISIOTCS aHAJOIaMU HU3BECTHBIX
B IHApOAMHAMUKE (MATHUTHON THIPOJMHAMUKE) COXPAHSIFOIIUXCS
BeJIMYWH. DTH AHAJOTU OIPEIEISIOTCS HEOMHO3HAYHBIM 00pa30oM,
9TO TPUBOAUT K OOJBIIOMY PA3HOOOPA3WIO KACKAIHBIX MOJIEJIEH.
Kpome »31oro, momonmHuTEebHBIE OTPAHUYEHUS HA KOIMDUITHEHTHI
MOT'YT JaBaTh TPEOOBAHUS O CYNECTBOBAHUY CTAIMOHAPHBIX PENIeHUi
CO CTEINEHHONl 3aBUCUMOCTBIO OT MPOCTPAHCTBEHHOrO MacmTada. B
pe3ysbTaTe IMOCTPOEHNE KACKAIHOW MOJENIN CBOJUTCH K COCTABJIEHUIO
CUCTEMBI JIMHEHHBIX YPABHEHUN C PAIMOHAJIBHBIMU KO3MUImeHTaMu
GOJIBITION pa3MepHOCTH. DTa CHCTeMa OOBIYHO HeJloonpeesienHast. s
IIOCTPOEHUsI MOJEJIN PeIlaTh ee IMPUXOIUTCS TOYHO. Besommubounoe
COCTABJIEHUE TAaKOIl CHCTEMBl U IOCJEIYIOIIee PpeIIeHne <«BPYIHYIO»
OdYeHb CJIOXKHO. B J0K/Iajie OnuChIBaeTCs pa3paboTaHHas METOINKa
IIOCTPOEHUsT KACKAHBIX MOJEJeil, B KOTOPOW COCTABJIEHUE CHUCTEMBbI
VPABHEHUII M ee TOYHOE PeIeHNe Pean3yercs C IOMOIIBIO CHCTEM
CUMBOJIBHBIX BBIYHCJIeHn. MeToquka [O3BOJISIET BapbUPOBAThH Pas3-
Mephl HEJIOKAJIHbHOCTH HEJMHEIHOTO B3aMMOJIEHCTBUSI B IIPOCTPAHCTBE
MacimTaboB, BBIPAYKEHHUsS I KaCKaHBIX AHAJIOIOB 3aKOHOB COXpa-
HEHUsI U XapaKTep CTEMEeHHBIX [T0 MACIIaTa0y CTAIMOHAPHBIX PEIIEHUN.
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2.32 IlpuHNUIIBI cO3JaHUs JIOKAJbHOI ceTu
HaOJII0/IeHii 3a TPO30BbIMU pa3psijaMy HA
aKTUBHBIX BYyJIKaHaX mnoJiyoctpoBa Kamuarka

Ipyorcuns T H.Y, Maswurn E.M.", Qupcmos I1.I1.2, Yepnesa H.B.!,
Yeapos B.H.', Cannuros J.B.', Cmacuti U.E.*

L Hremumym xocmodusuneckux uccaredosanuti U pacnpocmpanens
paduosoan JIBO PAH, Poccus
2 Kamuamexuti puavas QUL Edunas 2eopusuveckasn cayorcba PAH,
Poccus

st mccaenoBaHUS OYaroB T'PO30BOI AKTHUBHOCTH IO JTAHHBIM
PerucTparui 3JeKTPOMATHUTHBIX M3JIyYeHUI HpeIJjaraeTcs CO3/aTh
JIOKAJIbHYIO CeTh HaOJIIOJIeHHl, IyHKTHI KOTOPOil OYIyT PacIIOIOXKeHbI
BOim3u ByJsikanoB Kurtouesckasi Comnka, [TTusenyd, Tosbaunk. B myHK-
Tax Habmonenmit O6ymyr ycranosiensl OHY-mesenraropsi, gaTduku
JIEKTPUIECKOTO TOJIsi, CHUCTEMA CHHXPOHHU3AIMHU, BCIIOMOTATEJIHHOE
obopymoBanne. Ha ocHOBe ananmm3a BOJTHOBBIX (POPM M CIIEKTPATHLHO-
BPEMEHHBIX XapPaKTEPUCTUK OYAYyT OIPEIeIATHCS MeCTOIOJIOKEHUS
HUCTOYHUKOB U3JIyYeHUil, UX IPUHAJJIEXKHOCTh K OIIPEJIEJIEHHOMY KJIAC-
Cy, OIIPEJEJISITCsI MapaMeTphbl, [0 KOTOPBIM BYJKAHUIECKHE MOJIHUU
OTJIMYAIOTCS OT OOBIYHBIX. [IpUBOIATCS TPUMEPHI JIEKTPOMATHUTHBIX
n3iydeHuii, BO3HUKmnX BOm3u Byiakana Illusemyd. Mudopmaruio
MOXKHO OyIeT B JaJIbHEIIeM UCIOJIb30BATh JJIs MOHHTOPHUHIA I'DO30-
BOIl M ByJIKAHMYeCKO! akTuBHOCTU. PaboTa BBINIOIHEHA IIPH HOJIEPKKE
P®®U, I'parr 19-05-00543.

2.33 IIpocTpaHcTBEHHO-BPEMEHHbIE N3MEHEHUS
reoMarHuTHOrO CKJIOHeHus D aJis
reoMarHuTHLIX obcepBaropuiit AAA u NVS 3a
1963-2018 roaprl

Manumbaes A.M., Coxonosa O.U., Kum A.C., Myxawesa C.H.

Hremumym uonocgepvl, HauyuonasvHvil 4eHmp KocMuteckus
uceaedosanull u mexnosoeud, 2. Aamamoi, Kaszaxcman

leomarnuTHOE 110J1€ HEIIOCTOSIHHO M MEHSIETCSI 110 BeJIMYMHE U Ha-
IIPABJIEHUIO CO BpeMeHeM. TaK Ha3bIBAEMbIil BEKOBOI X0/ FeOMarHUTHO-
r'O TIOJIST MBI MOYKEM HCCJIEIOBATH IIPH IOMOIIY MHOT'OJIETHUX HaBJIIO/e-
HUHl 33 TeOMArHUTHBIMA [IApAMETPaMU B CIEINAILHBIX 00CEPBATOPHSIX,
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KOTOPBIE PACIIOJIOKEHBI B PA3HBIX TOYKaxX 3emuin. s mosrydyenus: pe-
aJbHBIX 3HaUeHnM cKkIoHeHus D 3a mepuoa 1963-2018 rr. 66111 BHIOpa-
HBI JIBé IIPOCTPAHCTBEHHO pa3HECEHHbIE I'eOMarHUTHbIE 00CEpBATOPUU
"Ammarer"(AAA) [43.25 N; 76.92 E] Uuacturyt noHocdepsr, r. Aimarsr,
Kasaxcran n "Kinoun"(NVS) [54.85 N; 83.23 E| Poccniickoit akaiemun
nayk (PAH), r. HoBocubupck, Poccusi. IIpocrpancrBenHo-BpeMeHHbIe
U3MEeHEeHUsI TeOMAarHUTHOrO CKJIoHeHns D mokazasu, 4To ajist obcepsa-
Topun AAA 3a 55 Jler BeMYMHA NeOMArHUTHOI'O CKJIOHeHUsi D yBe-
Jmamiach Ha 16.4 MUH, CpeJHsisl CKOPOCTh W3MEHEHHs N€OMArHUTHOI'O
ckionenust D 1.9 mun/rox. Jus o6eepsaropun NVS 3a 55 sier mpo-
M30IIIO YMEHbITEHnEe T€OMArHUTHOTO CKJIOHeHus D wa 45.8 MuH, cpe-
HsIsl CKOPOCTH M3MeHEHHs] TeOMAarHUTHOrO cKyoHeHnst D 2.08 mun/Tox,
[IpuBenensr Takke pe3yJsbTaThl PACUYeTOB H3MEHEHUII MeOMAarHUTHOI'O
CKJIOHeHUst D Jijist 1ecT ceiicMOAaKTUBHBIX objacreir KazaxcraHcko-
ro pernona 3a 2018 roj, BBITOJTHEHHBIX IT0 MEXKYHAPOIHON CIpaBOY-
Hoit Mogeau reomaranTHoro mosisd IGRF15. TTokazamo, 9To mo mrorma
MarHuTHOE CKJIOHEHUE MMEEeT TEHIEHINIO K YBEJIMICHHUIO B 3aIaIHOM
HanpajeHnn i Bocrouno-Kazaxcranckoit, Anvarunckoit u 2Kam-
ObLIBCKOI obstacreii, s FOxuo-Kasaxcranckoit u KeisbLiopauHckoit
obJracTeil TeOMArHUTHOE CKJIOHEHUE YBEJIUINBACTCS B CEBEPO-3aI1a,THOM
Hampasjennn, s Manrucrayckoit 006/1acTi reOMarHuTHOE CKJIOHEHUE
YBEJINYUBAETCS B CEBEPHOM HAIIPABJIEHUN, ITO CBUJIETEIHLCTBYET O HEO-
HODPOJIHOM PACIPE/IeJIEHNN [€OMArHUTHOIO CKJIOHEHUSI Ha TEPPUTOPU-
X 3THX objacreii. Pabora BBINOJHEHA P MO/JIEPIKKE [TPOTPAMMHO-
[IeJIEBOIO (PUHAHCUPOBAHUS HayJIHO-TEXHUIEeCKoi rporpaMmbr O.0799
Aspokocmudeckum KomuTeToM MuHucTEpCeTBa UG POBOrO pasBUTHS,
00OPOHHOI 1 a9POKOCMUIecKOi mpomblnuienHocTu Pecrybankn Kazax-

cran, npoekT No 0118PK00799.
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2.34 PasHocTHag cxema aJisi JPOOHOIO 000OOIIEeHUS
peoJiorudeckoii monesu KeabBuna-Poiirra

Boodunuap I'M., Ilepestcoeun A.C.

Hrnemumym koemoPuauneckux uccredosanutdl U pacnpocmpaHeHus,
paduosoan JJBO PAH, Poccus

HedopMannoHHbII TPOIECC B 3€MHON KOpE, MMEIOIIEH CIIOKHYIO
HEOTHOPOJHYIO CTPYKTYPY € (hpaKTaIbHON TreoMeTpueil, HOCHT XapaK-
Tep 1tactudeckux Jedopmanuit. OauH U3 BO3MOXKHBIX (HOPMAaIHHBIX
TOJIXOJIOB K BBEJIEHNIO (DPAKTAJIBHOCTH B PEOJIOITIECKIE MOJIEIIN BSI3KO-
YIOPYTHUX CPeJl 3aKJII0YaeTCsd B 3aMeHe KJiaccnaecKux auddepeHimalib-
HBIX OIIEPATOPOB WX APOOHBIME 0600mennsaMu. Bo3aukaromnie 1pobHbIe
ypaBHEHHUS TPEOYIOT pa3pabOTKU CHEINPUICCKAX PASHOCTHBIX CXEM.

B nmoxitazie paccmaTpuBaercs ojjHa pa3HOCTHAST CXeMa JIJIst IPOOHOTO
o6o6menust mogenu Kembsuna-@oiirra, uccaeayoTcs ee CBOWCTBA.

Pabora BwimosHEHA TpH YacTUYHON TOIepkKKe KoMmiiekcHoi
mporpaMMbl  (DYHIAMEHTAJIbHBIX HAyJIHBIX wucciaeqoBannii JlaibpHe-
BocrouHoro oruenenns PAH «Jampuuit Bocrok» ma 2018-2020 rr.:
npoexkT 18-5-002 <«MudpopMaIrimoHHO-BEIUNCINTEIbHAST CUCTEMA MO-
JIeJINPOBAaHUSI PACIPOCTPAHEHMsI T'EO0AKyCTUYECKUX W HEeJIUHEHHBIX
Je>OPMAIOHHBIX BO3MYIIEHHI B 3eMHOI Kope (pasmes 1)»

2.35 PexxuMbl reHepaliuu MAarHuTHOTO IOJIS B
mMoaesim af)-IMHAMO C (-T€eHEPATOPOM
CTENIEHHOI'0 THUIIa

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

L Mynuyunaavroe Grodocemnoe yupescoenue 00nosHUMebH020
obpasosarnus «Lenmp «JIyus»
2 Hncmumym KOCMOPUSULECKUT UCCACO08AHUT U PACIPOCTPAHENUA
paduosoan JJBO PAH, Poccus

B pabore paccmarpuBaeTcs reHeparus MATHUTHOTO TIOJIsT B MOJIE-
Jn af)-auHAMO, TJIe [oJile CKOPOCTH V U MarHuTHOe moJsie B akcraibHO
CUMMETPHUIHBI B chHepUIecKoit 060I09Ke BI3KOW HECKUMAEMOMN KUJI-
KOCTH, Bpalaorieicss BOKpyr ocu Oz € MOCTOSIHHOW yTJIOBON CKOPO-
creio (2. ITosie ckopocTH BSI3KOI KMJIKOCTU V HyJI€BOE Ha BHYTDPEHHEN
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7 = 71 W BHEHmHEH r = ro chepudeckux rpanuriax obogodku. Mar-
HUTHAs POHUIAEMOCTh BHYTPEHHErO ¥ BHEIIHErO sijpa OJMHAKOBHI,
cpesa BHe siipa (1 > 79) He nposopsias. CpejHee TedeHne V B paM-
KaX paccMaTpUBaeMOil MOJIEM HOCUT XapakTep auddepeHmaabHoro
BPAIEHHs, KOTOPOMY COOTBETCTBYIOT MOJBI V{ | o U3 JIMHEitHOMH 06o-
JIOUKH {vtho, vf;,lo, VZ&&O, vf;A’O, ...} MHBapWaHTHOW OTHOCH-
TeJIbHO KOPUOJIMCOBA CHOCA. JI100as Takast MOJia MOPOXKIaeT OCTAIbHBIE
o mernouke. MarauTHOe TI0JIe TIPEeICTABISETCS MEHIMAIHHBIM KOJTAIe-
CTBOM HU3IIHX COOCTBEHHBIX MOJ B(Ii 1,05 BOTQ,O, B{ 3,00 JHOCTATOYHBIX
JIUTST TIOJTyHeHWs! OCIAIINPYTOMEro quHaMo. DU3NIecKre TmapameTphl
JKUJIKOCTU CIUTAEM HEM3MEeHHBIMHU, TYPOYJIEHTHOCTh B $JIPE U30TPOIl-
HOfl W MCHOJIb3yeM CKaJIpHYIO MapaMeTpusaiuio a-3¢gpdexTa B BUjE
dbyukuuu a(r, 0) = «ar)cosf, rue maz|a(r, 0)] = 1. Ucnoansy-
I0TCA Ba BapUWaHTa BHJA DAJuabHON wactn a-sddekra: a(r) = r,
a(r) = —sin(w(r —ry)).

B ommcanHo#l muHAMEIECKON MOJean af)-TUHAMO MOJEIUPYIOTCS
UHBEPCUU MAarHUTHOTO TI0Jif C U3MEHsIoMmeiics HHTEeHCUBHOCTBIO Q-
reHepaTopa IpU MOMOIHM (PYHKITUN, ONPE/Ie/IIeMON HHTerpaioM

2() = / J(t — 7)B2dr
0

co crememmbIM sapoM Buma J(t) =  tFexp(—bt)cos(at) wumm
J(t) = tFexp(—bt). Takoro poja W3MeHEHHS WHTEHCHBHOCTH CYH-
TAEM CJIEJCTBUEM CHHXPOHH3AIMU BBICIIMX OTOPONICHHBIX MOJ, IIOJISI
CKOPOCTH M MArHUTHOIO moJist. VCCIeyIoTcss PeXKUMBI JAUHAMO B
3aBUCHMOCTH OT U3MEHEHUs] HHTEHCUBHOCTH MeHEPATOPA U IIAPAMETPOB
MO/IEJIH.

2.36 Pezonanc lllymana u ero Bo3jeiicTBue Ha
3/I0POBBE YeJI0OBEKA

Hasapos H.
Imepdorcu Tyaz Unmoaoprnowma, CIITA

Pezonanc lymana (PIII) sT0 npupomsHoe siBjieHUe, IPOsIBILIONIEe
Ce6ﬂ B BUJI€ CTOAYIUX SﬂeKTpOMaFHI/ITHBIX BOJIH HU3KOII 4aCTOTHI B IIO-
JIOCTH MEXKJLy MMOBEPXHOCThIO 3eMin u nonocdepoit. OcHOBHOI nocTas-
MWK SHEPTUM JJIs 3TUX BOJIH - MHTEHCUBHAs I'PO30Basl aKTUBHOCTH B
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pasmubix perunonax 3emumn. Crosrane Bostabl PII mpostBiasioTcst Kak cra-
OMIBHBIN HAOOP YACTOT € yCpeTHEHHO OCHOBHOM rapMOHUKO# B 7,8 I'1p
¥ OCTaJIbHBIMM MapMOHUKAMU, TPUOIM3UTEILHO JIEXKAIIUMA B 06JIaCTH
14, 20, 26, 32 I'it u Tak majee. DTU YACTOTHI COOTBETCTBYIOT PA3JIAIHBIM
purMaMm Mo3ra ajgbda, 6era, ramMMa, JIebTa U Mp., OTBETCTBEHHBIM 33
pa3/IMYIHbIE MEHTAJIbHBIE COCTOSHUS U (DYHKITMOHAIBHDBIE ITPOSIBJIEHUS.
[Ipeamonaras, wro Takoe coorBerctBue dactor PII pazmuaHbiM put-
MaM MO3Ta He eCTh [IPOCTOe COBIIAJIEHUE, 8 TAKXKEe YIUTHIBasi TOT (DAKT,
9TO TAKOI'O POJA JIEKTPOMATHUTHBIE BOJTHBI HE MOTYT BBI3BIBATH KOJIE-
OGaHUst B MO3re YeJI0BEKA HAIPSIMYIO, KAK BO3MOYKHBII MEXaHU3M TAKOTO
POJa CHHXPOHUBAIMH IIPUHSITHI BO BHUMaHIEe HOHOC(HEpHbIE 3(DPEKTHI.
Nonocdepa 3emin mpeacrasisier coboif cMeCh MOHOB U JIEKTPOHOB,
HU3KOTEMIIEPATYPHYIO ILUIa3My. DJeKTpoMarHuTHbie BoHbl P11 BbI3HI-
BalOT KOJIEDAHUsS ITOM ILJIA3Mbl. JTH KOJIEOAHUsI B CBOIO OYEPEb siB-
JISTFOTCsT OTBETCTBEHHBIMU 38, IIOTOK B TOM YHCJI€ U HEIJIEKTPOMATHUT-
HOTO M3JIy4YeHusi, KOTOPOe BO3IEHCTBYET KaK Ha 3eMJII0, TaK U Ha BCe,
9TO HAXOJUTCS HA €e TIOBEPXHOCTU. DTO M3JIyUIeHUEe B3ANMOJIEHCTBYET ¢
MO3IOM 4eJsioBeKa, obecrieunsas Heiipobuook (neuro-feedback) mex ity
mozrom u PIII, Tem camMbIiM cIOCOOGCTBYSI 9BOJIIONNN Y€JIOBEYECKOTO CO-
3HaHus, npegocTanisis rapmornku P11 kak onpeesieHHbIE OPUEHTUPHI.
B kagecTBe BO3MOXKHOTO MEXaHU3MA, CTOSIIETO 33 ABJICHIEM CHHXPOHU-
saruu puTMoB Mo3ra u dacrtor PIII, mpemsaraercst paccMoTpers MHO-
rodacTuvHoe KBaHToBoe 3amyTbiBanue (MK3), npenoxkentoe 3 2014
roay A.T.H. B.B.Ky3HermoBsiM Kak 00bsICHEHUE KOPPESIIAN MEXKTY T0-
BeJIEHMEM [ITOPMIJIACCA U aKTUBHOCTBIO ITUKJIOHOB Ha Kamuarke. st
MIPOBEPKU TOU THIIOTE3bl HU3KOYACTOTHAs T1JIa3Ma Ta30BOr0 pa3psia
MOJIYJIUPOBAJIACH IIPOITYCKAEMbBIM U€Pe3 HEr0 TOKOM, BOCIIPOU3BOISTITIM
qactorsl [TIP. PesyabTupytomnuit TOTOK U3y deHUsT HEIJIEKTPOMATHNAT-
HOI TPHUPOJBI 3AIIUCHIBAJICA COOTBETCTBYIONIUM YCTPOICTBOM, yCHJIU-
BaJICsI, & 3aTEM IIE€PEHU3JIydajics Ha JUIJIEKTPUUIECKUil obpa3er. DToT
00paserr TeCTUPOBAJICS JIFOAbMU C MOBBIMIEHHON TyBCTBUTEIHLHOCTHIO K
JIEKTPOMATHUTHOMY M3JIydeHnto. Kak mpaBmiio, 3Tu I HE TEPEeHO-
CUJII HE TOJIBKO IIPSIMOE HCIIOJIb30BAHUE COTOBBIX TeJePOHOB, HO JAXKe
HaXOXKJIEHUE PAJIOM ¢ TeJedOHAMU WM JPYTUMHI U3JIY YAIOMIUME JJIEK-
TPOMarHUTHBIE BOJIHBI YCTPONCTBAMHU BBI3bIBAJIO Y HUX OOJIE3HEHHBIE
omymenust. C MPUKPEIIEHHBIM K COTOBOMY TejiepOHy 00paboTaHHBIM
BBIIIEYKA3AHHBIM 00DPA30M JIUIJIEKTPUIECKUM 06pa3ioM (KyCKOM ILIa-
CTHKA) OHU OBLIM B COCTOSIHUM HCIOJIb30BaTh TesedoH 6e3 mpobiiem.
Verpoiicrsa, ucnonbayionme MK3, cuaxponnzosannyio ¢ PIII, moryT
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[IOMOYb IIPOTUBOAEHCTBOBATD HEXKeJIaTeIbHBIM 3(hdeKTaM JIeKTPOMAr-
HUTHOT'O U3JIy4YeHUs.

2.37 PesynbTaThl aTrMocdEpPHO-JINTOCHEPHBIX
HaOJTI0/IeHNI aKyCTUYECKOTO M3JIyYUeHUs Ha
KamuaTtke

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

Hremumym xocmopuduveckuxr uccaedosaruti U pacnpocmpaHerus

paduosoan JIBO PAH, Poccus

Ha Kamuarke B mynkTe Haboaennit « KapbiMimuHas, pacmoioxKeH-
HOM B 30HE PA3HOPAHTOBBIX TEKTOHUIECKUX PA3IOMOB, [IJIsl ITPOBEIEHUST
aTMOCGhEPHO-TUTOCHEPHBIX AKYCTUIECKUX HAOIIOMCHNN YCTAHOB/ICHDBI
JlazepHbiit gedopmorpad-unrepdepoMeTp, ceficMOaKyCTUIeCKUil mpu-
6MHUK 1 MUKpobapoMerp. PaHee ObLIO IIOKA3aHO, UTO JIaHHAs] CUCTEMA
PEruCTPUpPYET OJHOBPEMEHHbBIE CUTHAJBI B IMOPOJAX U Y MOBEPXHOCTH
3eMJIM TP [TPOXOXKJEHUHN BOJIH OT 3eMilerpsiceHuil. B mepmompr akTu-
BU3aIuu 1eOPMAIMOHHOIO IPOIECCa, B YACTHOCTHA IIPHU HOJITOTOBKE
3eMJIETPSICEHIIT, B IIPUITOBEPXHOCTHBIX OCAIOYHBIX MTOPOJAX IPU B3aW-
MOJIEHICTBUN X MUKPOMPATMEHTOB I'€HEPUPYIOTCS UMITYJIbCHBIE CUTHA~
JIBI T€0aKyCTHIECKO amuccun. B pabore ¢ MOMOIIBIO METOIUKHU, pa3-
paboTaHHOM JIJIsi BBIJIEJIEHUs] T€OUMILYJIbCOB, BBISBJICHBI OJHOBDEMEH-
HBIE CUTHAJIBI B JTUTOCHEPHOM U aTMOCHEPHOM AKYCTUIECKUX ITOJIAX.
DTO TMOATBEPKJAET IIPE/IIOJOKEHNE, ITO aKyCTUIECKUe CUTHAJIBI, Te-
HEPUPYeMbI€ B OCaJI0OYHBIX II0POJIaX, MOI'YT IPOHUKATH B aTMOC(EPHBI
IPUIIOBEPXHOCTHBINA CJIOM.

Pabora Beimosinena B pamkax mpoekrta 18-5-002 «Mudopmarmonso-
BBIYUC/INTEIbHAS CHCTEMA MOJIEJUPOBAHNUS PACIPOCTPAHEHUS] T€0aKY-
CTHYECKUX U HEJUHEWHBIX AePOPMAIMOHHBIX BO3MYIIEHUN B 3€MHOMN
kope (paszen 1)» KomrurekcHoii nporpammMbl (yHIAMEHTAIBHBIX Ha-
yuHbIX uccjegoBanuii JlanbaeBocrounoro ormesienuss PAH «/lanpHuit
Boctok» ma 2018-2020 rr.
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2.38 Ce30HHBIE BapHuallil €CTECTBEHHBIX
JIEKTPUYECKUX MMOTEHIIUAJIOB Ha/l TaJIuKaMu
B IIEeHTpaJIbHOU AKyTum

Kosnoe B.U., Bauwes /JI.T.

Hremumym xoemodusuneckut uccaedosanuti U aapoHOMUL UM.
10.T". Illagepa CO PAH, Sxymcyk, Poccus

Pacnonoxkenne Tpex map udMepuTeIbHBIX JUHAH jAtuHOM 10 100 M B
HaIlNX U3MEPEHUsiX, OpueHTupoBaHHO 1o koMmiacy, C - FO u B - 3. JIse
Mapbl JJUHAN PACIIOIOXKEHBI HAJT TAJTUKAMU. TaJuKH COCTABIAIOT OKOJIO
0,2 momaau KpuoanTo30HbI. V3MepeHns Ha MEPBOil U3 HUX IIPOM3BO-
nsaTcs ¢ ceHTsopst 2016 r o mait 2019 r, a Ha BTOPOIt ¢ oKTsA0ps 2017 T 110
Mmait 2019 r. Tperbsa mapa JUHUE PACIOTIOKEHA B CTOPOHE OT TAJUKOB.
WNsmepenust Ha Heit mpousBosaTcs ¢ ceHTsopst 2018 1 mo mait 2019 1. Ce-
30HHAs Bapualys Ha Heil cocrasisier or -10 xo 15 MB/100 M. umoii Ha
9TUX JIMHUAX PA3HOCTH HOTEHIIMAJIOB MAJIO MeHsieTcs, oT -5 10 5 MB /100
M. B oTcyTCcTBHE MArHUTHBIX BO3MYIIEHIIT BAPUAIIH €CTECTBEHHBIX 110~
TEHIMAJIOB UMEIOT XapaKTEPHBII CYTOYHBIN X0, OIUCHIBAEMbIN OJHUM
TIEePUOJIOM BOJIHBI, KOTOPBIIT MEHSIETCs OT JieTa K 3uMe. B ce30HHBIX KO-
JiebaHUsIX JIEKTPUIECKUX TOTEHIMAJIOB JIjIs BCeX Tpex Iap JUHUM 1e-
PexoJl OT JIETHUX 3HAYEHUIT K 3MMHUM TPOUCXOauT B HossOpe. ObpaTHbIi
TIepexo/T 3HaUeHNH eCTeCTBEHHBIX JIEKTPUIECKHAX ITOTEHITNAJIOB OT 3UM-
HUX YCJIOBUH K JIETHHM II0 HAIIUM HAOJIIOJAEHUSAM IIPOUCXOIUT B KOHIIE
arrpeJist HadaJse Masi. DT BECEHHNN U OCEHHUN 1epexojibl 00y CIOBIIEHBI
MIPOMEP3aHNEM BEPXHETO CJIOS TPYHTA, OTTAUBAIONIErO B JIETHUX YCJIO-
BUSX U COOTBETCTBYIONINX U3MEHEHUN JEKTPUIECKUX CBOUCTB I'PYHTA.
Haz, ranukamu pasmax Ce30HHOIO xoja cocrasiser o -150 MB/100 M
1o 150 MB/100 M. 3uMoil pa3HOCTH HOTEHIMAJIOB MAJIO MEHSETCsI, CO-
CTaBJisisdl HA OTHENbHBIX JmHuAX oT -70 MB/100 M mo -20 MB/100 M,
MeHsisICh B ipeenax 10-20 MB/100 M. PaGora BBINOJIHEHA DY 9aCTHY-
HO#l (punancoBoit mognepxkke PODU 18-45-140028 pa u OromKeTHOI
rembl 11.16.2.1. (momep rocperucrpamun AAAA-A17-117021450059-3).
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2.39 CoJuaHeYyHbIE KOCMUYECKHUE JIydYH IO HA3€MHBIM
HaOJIIOIeHUSIM

Banabun FO.B., Muzxaaxo E.A., I'epmanenro A.B., Maypues E.A.,
I'sosdescruti B.5B.

Honsproli 2eopusuveckut unemumym, Anamumol, Poccus

Cwibable Benbimku Ha COJTHIIE COMTPOBOXKIAIOTCS UCITYCKAHUEM B
IIPOCTPAHCTBO IOTOKOB SHEPIUYHBIX YACTHUIL, HA3BIBAEMBIX COJIHEYHBI-
vu kocmmdeckumu sydamu (CKJI). B oTaenbHBIX cilydasix SHEpPrust
9aCTHUIl JOCTUraeT eIuHuibl u necatku [9B. Eciau takoit morok jo-
cTuraerT 3eMJid, Ha3eMHBIE JIETEKTOPhl KOCMUYECKHUX JIyIell OTMEUIAIOT
BospacTanue cdera, HasbiBaemoe Ground Level Enhancement (GLE).
AmruuTya Bo3pacTaHus, OTCUUTBHIBaeMas OT (bOHA TaJaKTHIECKUX
KOCMHUYECKHUX JIydeil, TOpoil JocTuraer Thicad nporeHToB. [lomobHoe
cobertne CKJI mpescraBisier Tpo3Hoe U TJIOOAJIBHOE sIBJIEHUE, IIO-
CKOJIbKY PaJIMaIlnOHHBIA (HOH Ha ypoBHe 3emuin, co3maBaembiii CKJI,
BO3PACTAET B JAECSATKH Pa3 mo Beeil 3emiie. Hucso Takux coOBITHIN ¢ Ha-
qajia peryssipabix Habsonennit 3a CKJI cocraBuiio 6ostee cemuiecstu.
OCHOBHBIM MHCTPYMEHTOM it perucrpaimuu coobituit GLE siBjistercst
MHUpOBasi ceTb HeHTpoHHbIX MoHHTOpoB (HM). Vcmoansyst maHHBIe
mupoBoit cetu HM, meckosibko necsitkoB cobbrruit GLE 6butr 06pabo-
TaHBI IO €IMHONW METOIMKE, OCHOBBIBAIOIIEICSA Ha pelleHun 0OpaTHON
zamaan CKJL. TlosydeHbl sHepreTwdeckre W MPOCTPAHCTBEHHBIE Xa-
pakrepuctuku 1norokoB CKJI. Vx anamu3 moka3blBaeT HEKOTOPHIE
obIe 3aKOHOMEPHOCTH WX JIMHAMUKHU, YKa3bIBAIOIIME Ha CXOXKECThb
kak ycsoBuit rereparun CKJL, Tak u ycjoBuii pacipocTpaHeHusl.

2.40 CreneHHble 3aKOHOMEPHOCTH B (POPIIIOKOBBIX
MOCJIENOBATEBHOCTIX CTATUCTUYECKU
CBSI3AHHBIX COOBITHIA

Llepememuvesa O.B.

Huemumym xocmopusuneckur uccaedosanuti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

B pabore ucciemyorcs MENOYKH CTATUCTUYECKH CBS3aHHBIX CO-
OBITHIT C TEJbI0 BbIJIETEeHUs (DOPIIOKOBBIX IIOCJIEIOBATEILHOCTEH U
OIIpeJIe/IeHNs 3aKOHOMEPHOCTEH, KOTOPHIM OHH TTOTINHSIOTCS.
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2.41 CroxacTuvecKasi MoJeJib 6-cTpyifHOro
KMHEMaTU4eCKOro JUHaMo

Bodunuap I'M., Pewenko JI.K.

Hrnemumym koemopuduneckur uccredo8arutl U pacnpocmpaHerus,
paduosoan JIBO PAH, Poccus

Uccnemyerca MaoMo/10Bast MOJEIh KHHEMATHYECKOTO I'€O/IMHAMO.
CTpyKTypa CTAIMOHAPHOTO II0JISI CKOPOCTU COOTBETCTBYET G-CTpYITHOI
KOHBEKITUHU B XKHUJAKOM sifpe 3emumn. MarauTHoe 1moJjie IpecTaB/IeHo 8
MOJIAMU CBOOOHOMN JIMCCUIIAIINY C HAMMEHBITUMA COOCTBEHHBIMU 3HA-
YeHUsIMUA , KOTOPbIE T€HEPUPYIOTCH G-CTPYUHBIM KPYITHOMACIITAOHBIM
TeueHneM u a-3dderToM. NHTEHCUBHOCTD a-3pdekTa Bo30YKIACTCS
CTOXaCTHYEeCKNM TIporieccoM. Peasmsamum mporecca IIPEJCTABISIOT
€000 IOCJIETOBATEILHOCTH IIPSIMOYTOJILHBIX HMMITYJIBCOB  CJIydaifHO
IIUTENLHOCTU. VIMIYIbChl BOBHUKAIOT B CJIyYaiiHble MOMEHTHI BpeMe-
uu. IIporecc maTEpPIIPpETUDYETCA KAK BIIUSHIE KOTEPEHTHBIX CTPYKTYD,
CIIOHTAHHO BO3HHUKAIONIUX B MEJOKMACIITAOHONH TypOYJIEHTHOCTH.
IIpuBonaTCS pe3yabTaThl YNCIECHHOIO MOJIEIMPOBAHNUS [TOCJIEI0BATEIb-
HOCTU UHBEPCUN B JAHHON MOJE/IN.

2.42 CrTpyKTypHBbIE€ OCODEHHOCTH CJIOYKHBIX
TUAPOXUMUYIECKUX CACTEM

Hlesuyosa O.B.
Tuxookearcrkuli okearosoeuneckuts uncmumym JIBO PAH

COBOKYITHOCTb HEKOHCEPBATUBHBIX T'HJIPOXUMUYECKUX IapaMeT-
POB paccMaTpUBAETCS KaK CJIOYKHAS CHCTEMA, JIEMOHCTPUPYIOMIAs
KOJIJIEKTHBHOE I[IOBEJIEHHE. YCTAHOBJIEHO, YTO OHO OIMCHIBAETCS
CTEIICHHOW CBSI3bI0O MEXKJIy BPEMEHHON WM3MEHYHBOCTBIO S W CPE/I-
HUMU KOHUEHTparusaMu (P) pasjudHblX XUMHYECKUX [apaMeTPOB
B umuTepBase 100-0.0001 mr/xr: log(s) = ~log(P) + log(&), tne ~
mokasaTesb CcTemeHn, £ — HOPMUPOBOUHBIN Kodhdumument. Hanboee
BeposATHbIe 3HaudeHus g v — 0.7-0.9, mma & — 0.06-0.23. Kaxnasa
CHCTeMa HEKOHCEPBATHUBHBIX IIAPAMETPOB MMEET CTPYKTYDY, KOTOpas
XapaKTEePU3YETCs ONPEJIECHHBIMI BEJIUIMHAMEI Y U &, €IUHUIHBIMU
OTKJIOHEHUSIMU U OOIIUM pa3dbpoCcoM BCEX XMMHUYECKHX MapaMeTpOB
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OTHOCHUTEJIbHO CTEIEeHHOU perpeccuu. Bce XuMmudeckme mnapameTpbl
NIPOSABJISIOT OIpeJieleHHble (DIYKTyallun U HeJINHeHHble KoJeOaHusd,
KOTOpPBIE SBJIAIOTCS OOIMUM Pe3yJbTaTOM UX HEKOHCEPBATUBHOIO
TOBE/ICHUS ¥ JIMTHAMHUYIECKOTO IepeMeIuBanus Boj. Ha KOHKpeTHBIX
IpuMepax II0OKa3aHO, YTO U3MEHEHHUs XapPaKTEePUCTUK CTPYKTYPBI I'U/I-
POXUMUYIECKON CHCTEMBI — PE3YJIbTAT MPOSBIEHUS OMOIe€OXUMIIECKUAX
poreccoB Ha (poHe TUHAMUKHI BOJI.

2.43 VYder peasibHOII (POPMBI CIIEKTpPa NPOTOHOB
pu pacyeTe IMPOXOXKIEHUsI COTHEUHBIX
KOCMHUYECKUX JIydeil yepe3 armocdepy 3eMn

Tepmanenrxo A.B.
Honapnuiti 2eopusuneckutdl unemumym

Bo Bpem# pacuera mpoxXoXKIeHUsI IPOTOHOB I'aJaKTHIECKUX KOCMU-
YecKuX Jiydeil depe3 armocdepy 3eMIIH [IPU OMOIIH [TPOrPAMMHOIO
komiuiekca RUSCOSMICS omnuMm n3 BasKHEHIINX BXOIHBIX IHapaMeT-
POB SBJIsIETCS 3HAYEHUE YKECTKOCTH T'eOMAarHuTHOro obpesanusi. Ecin
pedb HAET O COJIHEYHBIX KOCMHYECKHX JIydaX, TO, BCJIEICTBHUE AHU-
30TPONUN TIEPBUYHOIO ITOTOKA IMPOTOHOB, HEOOXOIMMO TaKKe BBIYHC-
JISAITH HAIIPABJIEHUE MPUXOJIa YACTHUI], HA3BIBAEMbIEe KOHYCAMHU IPUEMA.
B mnpezcraBiennoit pabore paccMaTPUBAETCS UCIIOJIH30BAHUE CIIEIUA-
JIN3UPOBAHHOT'O MPOrPAMMHOIO ODECIEeUYeHNs i WHTerpanuu QyHK-
MU [IATY-YTJIOBOT'O PACIIPEJIEJIEHIS B PACIET IIPOXOXK IEHUSI IEPBUTHBIX
COJTHEYHBIX KOCMUYIECKUX JIy4eil depe3 armocdepy 3eMiu BO BpeMsi Co-
oerrusi GLEG61. Kak pesysbrar mpejicTaB/IeHbl IOy Y€HHbIE CIIEKTPbI
JIIsl HECKOJIBKUX 3HAYUEHUH reorpaduaecKnx KOOPJUHAT, KOTOPBIE SIB-
JISIIOTCST BXOJHBIMU [TapaMeTPaMHU JIJIsl TeHepaTopa JacTull. Takxke mpu-
BOJSATCS THUIIOBbIE XaPAKTEPUCTUKYN MOTOKOB BTOPUYHOTO U3JIyUEHUs,
[IOJIy9€HHBIE BO BPEMs PACUETOB.

UccnenoBanme BhITONHEHO TIpu (puHAHCOBOI 10/ 1ep:kKe PODU B
paMKax HaydHoOro npoekta 18-32-00626
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2.44 Xaorm4yeckue peXKMMbI B JIBYMO/IOBOI MO/IeJIn
Qw-AUHAMO C dpeAuTapHbIM MOJIaBJIEHUEM

a-3¢pdekTa

Bodunwap I'M.V2, Kaszaxos E.A.2

L Hnemumym xocmodusuneckur uccaredosamuti U pacnpocmpaneris
paduosoan JIBO PAH, Poccus
2 Kamuamexuti 2ocydapemeentolii mexnudeckuti yHueepcumen

Uccnenytoress guHAMUYECKHE PEXUMBI B 2-MOJOBOM HMHTErpo-
g epeHuaIbHON CUCTEME, KOTOpasi SIBJISIETCS (DEHOMEHOJIOrnJe-
CKOIl MOJIeIbl0  aw-auHaMo. PazoBble TepeMEHHBbIE COOTBETCTBYIOT
TOPOUIAIBHON ¥ TOJOWJAJBHON KOMIIOHEHTAM MATHUTHOTO TOJIS.
WurerpasabHplil 9WIEH CHCTEMBI MOJMEJIUDPYET SPEIUTAPHOE IUHAMUIIE-
cKoe TofiaBiieHue -3ddeKkTa KBAIPATUIHONH (POPMOIl OT KOMIIOHEHT
noJisi. VlceteoBaHbl ye/I0BUSI BOSHUKHOBEHUST XA0THIECKIX PEKIMOB B
PA3JIMIHBIX 00JIACTAX MPOCTPAHCTBA HAPAMETPOB C ITOMOIIBIO PACUIETa
JIIIYHOBCKUX TOoKazareseil. V3ydeHa cTaTucTuka BPEMEH OXKUIAHUS
WHBEPCHIl T0JIsA, OlleHeHa (DPAKTATbHAS PA3MEPHOCTD PsJia WHBEPCHIA.

2.45 YYwucjaeHHble MeTOAbI B MCCJIEJOBAHUNI
YIVIOBBIX W 9HEPreTNYEeCKUX XapaKTEePUCTUK
BTOPUYHBIX KOCMUYECKHUX Jy4deil B arMmocdepe
3eMmin

Muzxanxo E.A., Maypues E.A.
Hoanproili 2eousuneckutds urcmumym

[Ipoxoms yepe3 armocdepy 3emin, mepBUYHbIE KOCMUYECKUE JIYIH
B3anMOJIEHCTBYIOT ¢ ee BemecTBOM. Co3/iaBasi KacKaJbl YaCTHUI Pa3-
guaHoro tuma. OmHOol n3 HamboJiee MHTEPECHBIX 3aJa4 acTpOodu3u-
KM KOCMHUYECKUX JIydell sIBJISeTCs JeTaJIbHOE WCCJIEIOBAHNE XapaKTe-
PUCTUK BTOPUYHOIO U3JIyUeHUs (MHTEHCUBHOCTD, YIJIOBBIE pacipele-
JICHUSI U HEpreTUvecKue CIEeKTDbl). B npejcrasienHoil pabore pac-
CMATPUBAETCsT BO3MOYKHOCTH IPUMEHEHHS TPOrPAMMHOIO KOMILIEKCa
RUSCOSMICS 151 mostyueHusi TaKUX JaHHBIX. B KadyecTBe NCTOYHUKA
[MEPBUYHBIX YACTHI] UCIOJIB3YETCsI EHEPATOP IIPOTOHOB CO CIIEKTPOM,
COOTBETCTBYIOIUM CIIEKTPAM TaJaKTHIECKUX KOCMHYECKUX JIydei, a
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3HaYEHNe YKECTKOCTU T'€OMAarHUTHOrO obpe3anus OepeTcss PaBHBIM Ieo-
rpadudecknM KoopuHartaMm r. Anarurel. Kak pesysibrar mpejcraBie-
HBI TUMOBBIE T'PADUKH SHEPTETUIECKUX CIEKTPOB MPOTOHOB, 3JIEKTPO-
HOB, MIOOHOB, HEUTPOHOB M TaMMa-KBaHTOB g BbicoT 100 MeTpOB,
5, 10 m 30 kmromeTpoB. Takke TPUBOAUTCA YIIIOBas XapaKTEPUCTUKA
9TUX YACTHUI[ B KACKaJe OTHOCHUTEIHLHO HAIIPABJIEHUS JIBUXKEHUS IIep-
BUYHOI'O IIPOTOHA.

UccnenoBanme BBITONHEHO TIpu (puHAHCOBOM 101 1ep:kKe PODU B
paMKax HaydHOro mpoekTa 18-32-00626

2.46 PasHomacmTabHble aHOMAaJINM €CTECTBEHHOI'O
VMITYJIbCHOT'O 3JIEKTPOMArHUTHOIO TOJIS
3eMin, UX CBA3b C reOANHAMUYECKUMU

npoieccamMu

TI'opdees B.®., Kpymuxos B.A., Masvuuros C.FO., Iloausaw B.H.

Dedeparvroe zocydapcmeennoe 6rodxcemnoe yupescoerue Hayky
Hrnemumym MOHUMOPUHZA KAUMATMUYECKUT U IKOAOLUMECKUL
cucmem Cubupcrozo omdeserus Poccutickot axademuu Hayx

[Ipemioxken anmapaTHO-TIPOrPAMMHBIN KOMILJIEKC JIJIsT MOHUTOPWHTA
BPEMEHHBIX BAPUAINI MHTEHCUBHOCTH UMITYJIBCHOTO ITIOTOKA €CTECTBEH-
HOTO MMILYJIBCHOTO 3jIeKTpoMarauTHoro nous 3emun (EVOMIIZ). Ha
OIOJI3HEBOM Y4YaCTKe TPACChl MArUCTPAJIHLHOIO ra30IPOBOIA « Y PEHIOM
— ITomapsr — YKropomy, CO3J[aH U B HACTOsIIIlee BpeMsl JIefCTBYeT I0-
JIATOH IO OIleHKe Halpsi?KeHHO-1edbopmuposanHoro cocrosiiust (HIIC)
MaccuBa ropHbIx nmopos no napamerpam EMOMII3. Ha mosurone pas-
MemeHbl 12 MHOrOKaHaJbHBIX reodusndeckux peructparopoB «MI'P-
01», 11 u3 KOTOPBIX HAXOJATCS Ha OMOJI3HEBOM CKJIOHE B MECTaX Ie0/Iu-
HAMUYECKUX AHOMAJIWMH, & OJIMH PENEPHBIH (BAPUAIMOHHBIN) BHE 30HBI
AKTUBU3AINY T€0JIOTUIECKIUX IIPOIECCOB JIJIsi OIIEHKM BPEMEHHBIX Bapu-
anuii peruoHaIbHOTO YpoBHs. [IpuHIun paboThl METOIA 3aKTF0IAETCS B
OTpesie/IeHN OTHOCUTE/BHBIX n3MeHeHnil nareHcuBHOcTH EMIOMII3 B
MyHKTaX peXUMHBIX Habogenuiit konrposs HJIC omomsueBoro ckjoHa
K BapUAIMOHHOMY PETUCTPATOPY, C IEJIHI0 IPOTHO3a MO INHAMITIECKUAX
nposiByieHnii ropHoro maccuBa. Houbio 5 centsiops 2018 roma B 1:58
MOCKOBCKOro BpeMeHH (3:58 mectHoro) B YensbuHckoii obactu 1po-
n3onuIo 3emierpscerne. QUar ero pacrosarajics B CeMH KHJIOMETPax
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Ha ceBepo-3arajl OT HacesjgeHHoro nynkTta Karas-lBamoscka B Yens-
OuHCKOI obstacTu. Bimzkaiimuii Kk odary HacesjeHHbIN myHKT OpJioBKa
HaxouuTcst B 1,5 Kujomerpax or mecra cobbitus. [lo manmabiM EBpo-
MEeHCKOro Cpeau3eMHOMOPCKOTO CEHCMOIOTTIECKOTO TIEHTPA MarHUTY-
na jgocturia 5,5 Ha riyonre 10 KM. DTO O3HAYAET, UYTO TOTIKHU OBLIN
noctaTodHo ontytuMble. Cile/lyeT OTMETUTD, UTO SMUIEHTD 3eMJIeTPsI-
ceHns HaxouiIcd Ha paccTroganu 300 KM OT IOJUIOHA ¢ asuMyToM 120
IPaJycoB, & MHTEHCHBHOCTb MUMITYJIbCHOrO noroka EMOMII3 Bo Bpe-
Msl IIPOSIBJIEHNSI RHOMAJIBHOI'O CHYXKEHUsI, KAK IIPU3HAKA TOTOBSIIErOCst
3eMJIETPSICEHNS HAOJIIONANICS ¥ BCeX PErucTparopoB. OIHAKO B TOUKAX
perucTparuu 30H ¢ aKTUBHOW T'€OJMHAMUKON HA OIOJI3HEBOM CKJIOHE,
9TO CHI2KEHUE MeHee 3HAYNUTEJHHO U IPHU ITOM IMIPOABJISIICI CYyTOUHDIN
X0/, DTOT (PAKT MOYKHO OObSICHUTH TE€M, YTO B JIAHHBIX TOYKAX HADJIIO-
JIEHUST TIPOSIBJISITIACh AHOMAJIUsI CBsI3aHHASI HE TOJIBKO C IIPEIBECTHUKOM
TOTOBSIIIIEr0Cs 3eMJIETPSICEHUsI, HO U C MECTHOI I'eOJMHAMUKON OI0JI3-
HeBoro ckjona. OCHOBBIBAsICH HA MEXAHU3MAX IOJITOTOBKY 3€MJIETPSICE-
HU MOYKHO IIPEJIIIOJIOKUTH, YTO BOJHA MEXAHHIECKUX HAIPSKEHUN OT
SMUIHTPA PACIIPOCTPAHASICH BO BCE CTOPOHBI [IO/IABJISIET NUCTOYHUKHI Me-
XAQHOJIEKTPUUIECKNX IIpeobpaszoBanuii B Mecrax perucrpamnun EMTOM-
I13, HO Be/iMuMHA SHEPTUM ITUX BOJH WHOTJA HE JIOCTATOYHA JJIsI IO-
JABJIEHUST HAIPS2KEHHO1e(DOPMUPOBAHHOTO COCTOSIHUS TOPHBIX TTOPOI,
00yCJIOBJIEHHBIX MECTHBIMI T€OMHAMUYIECKUMU mporieccamu. Vceiemo-
BaHMe OBLIO BBIIOJIHEHO B paMKax rocOozkeTHoit Tembr N0 AAAA-A17-
117013050036-3 u nmpu dbunancosoit nogaepkke rpanta PODI Ne 18-
47-700005p _ a.

2.47 Bpamesane 3eMan U1 U3MEHEHUS
TPABUTAIMOHHOTO II0JIS

3omos JI.B.}>2

Y MU3M HUY BIIIS
2 rAmni Mry

Ilox neiictBueM LEHTPOOEXKHOIO IOTEHIMAIA 3€MJI CTPEMUTCH
MPUHATH THIPOCTATUIECKH PABHOBECHYIO (DOPMY, OTHAKO TBEP/IOil TTa-
HETe TO He BIOJIHE yiaercsi. CKaTue IJIaHeThl U HEPABHOBECHOCTD €€
uUrypbl HaXOIAT OTParKEHUE B IPABUTAIMOHHOM I10Jie. Pacmpeesienue
Macc, OlpeJesdioniee TeH30p WHEPIUU, 3a/a€T PEeXKUM BpAIlleHHS, a
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[IepepacIpee/IeHlsT MacC, CBI3AHHBIE C IIPOLIECCAMM, IIPOTEKAIOITIMUI
B 000JI0OYKAX, IPHUBOIAAT K HEOJHOPOJHOCTSIM BO BPAIIEHUU 3eMJIH.
Ecim orOpocuTh MOMEHTHI BHENTHUX CHUJI, IPUBOJMAIIAE K IIPEIECCUU 1
HYTAIAU 3€MHOM OCH, U COCPEJOTOYUTH BHUMAHUE Ha TeOMU3NICCKUX
dakTOopax, TO OHU OIPEIEIAT KOJEeOAHUS MOTI0Ca 3eMJIA U U3MEHEHU ST
CKOPOCTH €e BpallleHdusl B IIMPOKOM IMalla30He dacToT. B mokjame
[IPEJICTABJIEHO COBPEMEHHOE COCTOsIHUE JIejI B 00jiacTu HabJIIOJeHui 3a
napaMeTpaMyu BpalleHns 3eMId W 3a TJI00AJbHBIM TPABUTAIAOHHBIM
nojiem co cinyrHukoB GRACE. [lemaercss 0630p reodusnydeckux mpo-
[IECCOB, KOTOpbIE UX BBIZBIBAIOT. Ocob0e BHUMAHUE YIEJIEHO BOIPOCAM
M3MEHEHU KIuMaTa, KOTOpble HHIYIUPYIOT IepepaciupeaeeHns Mace
1 MOTYT BECTH K HAOJIIOJAEMbIM CMEIIEHUSIM OCU BPAIIEHUS 3EMJIN.
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3 ®dDusuka IMpPeJBECTHUKOB 3eMJIeTPICEeHU
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3.1 ABTokKJIacTepusamus MHOT00Opa3us
PaIMONMIYJIbCHBIX CUTHAJIOB HA OCHOBE UX
CHUMBOJINYECKOT'O OITMCAHUSA

Cenxesuw 0. 1.

Hnemumym xKoemopuauneckux uccredosanutdl U pacnpocmpaHeHus,
paduosoan JJBO PAH, Poccus

B psizie npukJIaHBIX UCCIIEIOBAHMI 110 reoU3UKE, MeUIIHE, KOC-
Mo u3nKe, aTOMHOI (pu3nKe U B APYrux 00JIACTAX 3HAHUN IOJI€3HAST
nH(OpMAIUS BO MHOTHX CJIyYasX CKPBITA B XapaKTepe MOBEIeHUs I10-
TOKa, YaCTOTHO-MOJLYJIMPOBAHHBIX UMITYJIECOB, KOTOPBIE MPEICTABICHDBI
OOJTBITIIM MHOT000pa3ueM (OpM, 3HAYUTEILHBIM 10 HECKOJbKUX IT0-
PSIKOB pa3zbpoCcoOM aMILTUTY/] U JINTEILHOCTEH, TPU 9TOM HMITYJIHCHI
qacTo HabJIogaoTes Ha (OHEe MIUPOKOIOIOCHOrO IIyMa. B aTux ycio-
BHUSIX BOZHUKAET IMPODJIEMa BBIJEIEHNS KaK OTIEIbHBIX UMITYJIBCOB, TaK
U TPYII UMIYJIHCOB JIJIsl ONEHKU CBSI3U UX JIMHAMUYECKUX XapaKTepu-
CTHK C COCTOSTHUEM CHCTeMbI WX HOopoxiatorieit. s pemenus: mpo-
6s1eMbl pazpaboTaH MeTOJ, BKJIIOYAIONINI OYUCTKY CUTHAJA OT MMOMEX,
OIePAIUIO BbIJEJIEHNS U IPeo0pa3s0BaHKs UMITYJIBCOB B KOJI, IIPEICTaB-
JISTFOIIU I TIOC/IEIOBATEIbHOCTh MHBAPUAHTHYO aMILJIUTY/IHON 1 BpeMeH-
HOIt TpaHChOPMAIUY OTHOTUITHBIX UMITYILCOB, 00bEUHAECMBIX €IMHBIM
rpadudecKuM MabJIOHOM CHMBOJIOM, BBIJICJICHIS MHOXKECTBA CHMBOJIOB
- cocraBisiomux ajdasur Koauposanus. [lokazana mporemypa cyke-
HUSI PA3MEPHOCTH aJihaBUTa, KOTOPasi MO3BOJISET aBTOMATHIECKU Pa3-
JIeJIATh ero Ha KJIACTEPBI [0 CTEIEeHH COoBIaJieHus kKoja. lIpejcrasie-
HBI PE3yJIbTaThl MPAKTUIECKOI0 TPUMEHEHNUs Pa3pabOTAHHOTO MEeTOma
JIJTsT BBIJIEJIEHNUST OA30BbIX KJIACCOB CUTHAJIOB PE0AKYCTHIECKON IMUCCHUT,
CBSI3aHHBIX C OOBEKTUBHBIMU JIAHHBIMU U3MEHEHUST COCTOSTHUS TOPOK-
JTafoIeil CUrHAJI CPeJIbI TOJ, JeWCTBUEM MEePEeMelNIeHs] TeKTOHMIeCKUX
wmt. B mceeoBaHuu UCIOJIB30BaHbI JIAHHBIE apXUBOB HabOJIFOIEHU
NKIWP JIBO PAH.

Pabora Beimoinena npu dbunancoBoit nogepxkke Poccuiickoro Ha-
yuanoro donzga (upoexr 18-11-00087).
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3.2 Bapwnanuu ceiicMu4eckoii aKTUBHOCTH,
BbI3bIBa€Mble€ YaHIJIEPOBCKUM KadaHUEM
MOJII0Ca

Baazosewencran E.9.1, Jluckosa E.J1.2, Cannuros K.FO.?

L Cri6® U3MHUPAH

2 Canxm-Ilemepbypecruti 2ocydapcmeennuiti yrusepcumem

[Ipobsiema KoOppessuu  rI00aJbHOIO IMHAMUYIECKOTO SIBJICHUS
YaH/JIEPOBCKOe KoJiebaHue ¢ JIOKAJIHHON JIMHAMWKON 3€MHOW KOpPBI 1
smuTocdepbl Bee elne Jajieka OT pelienus. B aToM ncciieioBannu ObLIa
clleJlaHa MONBITKA MPUOJIM3UTBCS K PEIIeHNI0 IIyTeM aHaJjIi3a BPEeMeH-
HBIX Bapualuil JIOKaJIbHOI CeCMUYEeCKON aKTUBHOCTA B OrPAHUYCHHDBIX
obbemax reocpelipl (geospace volumes, GSV) B 0HOPOAHBIX celicMOaK-
TuBHBIX pernonax. Ceiicmudeckue gannsle (1965-1990, M = 2-7) Gbuin
B3aThl u3 Katagora USGS (http://earthquake.usgs.gov).

Koutebanue ditsiepa wian Yamamepa 9T0 O1HA U3 MO, BPAIlEHUs TBEP-
noit 3emuyn. Ero nmpuyamHBL CBsI3aHBI C BBICOKOI KECTKOCTBIO CPeJIHe
¥ HUDKHEH MaHTUU TBEPJIOTO W CaAMOTO MACCHUBHOTO CJIOS 3€MJIH, Ube
6oJIbIIIOe 3HAYEHIE TEH30pa WHEPIIUU CIIOCOOHO IMOJIEPKUBATD JaHI-
JIEPOBCKYIO MOJIY B T€U€HNUE JJIUTEILHOIO BpeMeHu. B reoreHTpryaeckoit
cucreMe KOOPJIMHAT, IJIe CyTOYHOE BPAIEHUEe OTCYTCTBYET, KOJieOaHuUsI
Yanurepa MpeJCTaBiIsSIOT 000 OUeHb MeJJIEHHOE BpalleHue 3eMIIH
(KaK 11€70r0) BOKPYI TEKyIeil 9KBATOPUAJIBHON OocH (IIOJIIOC KOTOPOUH
oboznauen kKak EP14). VIMeHHO 9T0 MeJIeHHOE BPAIlIEHUE BJIUSET HA CO-
CTOsIHE T€OMAaTEePUAJIa M, COOTBETCTBEHHO, HA CEHCMUYIECKHE COOBITUS
B HEM. DTO BJIUSIHAE MbI XapaKTEPU3yeM CTATUCTHIECKUM HapAMETPOM
EP14gsv, koTopblil yka3biBaeT Hambojee TUIUIHOE mosioxkenne EP14
Ha SKBAaTOPE B MOMEHTHI BPEMEHU, KOTJA ITPOUCXO/ISIT 3eMJIETPSICEHUsT
B gannom GSV. IMomoc EP14 (t) B cBoeM JIBUXKEHUM BJIOJIb IKBATO-
pa Ha BOCTOK mpoxomuT Bechb muka 0-360 rpajg. 3a Bpemss okosio 14
mecsiie (430 mmeit). st KaXk70ro BpeMeHH ti MOXKHO yKasaTh IMO-
Joxkenue skBaropuasibuoit ocu EP14 (ti) = Ai. Takum obpasoMm, s
gaHHoro GSV MOXKHO OIpeIeIuTh KOJUIECTBO CeICMUIECKIX COOBITHIA
Ha pasHbix ¢azax nukia EP14. SBameueno, aro mis Herkoropsix GSV
pacupeiesieHne YKA3bIBAET HA OIPEIEIEHHBIE JIOJITOTHI, T/I€ KOJUIECTBO
CefICMIUYECKNX COOBITHI OKA3hIBAETCS MAKCHMAJIBHBIM, U JIOJITOTHI, TJ1€
KOJINYECTBO CO6bITI/II‘/JI MHWHUMAaJIBHO.

Ha unreppasie Bpemenu 25 jier mjis HekoTopbix GSV, yioBiierBopsi-
omux yejaosusM: 1) pacrosiozkernue B 30He CpPeIMHHO-OKEAHUIECKUX
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xpebroB (ot 5 mo 50 10.m.) B HOxkHOM nosymapuu; 2) cybmepuimo-
HAJIbHOE IPOCTUPAHUE, BBISIBJIEHO MPEOBJIalaHie B CIIEKTPE BapUAIIUit
celicmuyueckoit aktuBHocTu B mojoce 0,5-2 roga mepuona Yanmiepa
(430 mmeit). Onnako, snadenus EP14gsv s HUX OKa3a/IUCh PA3HBIMU.
O6benunennniit GSV (Tuxwuii okean + Uunuiickuii okean) 1eMOHCTPU-
pyeT OTCYTCTBHE 3HAYUTETHLHBIX MAKCHUMYMOB B CIIEKTPE Ha MEPHOJIE
Yanamnepa. Bepositoo, moromy, uro ux 3Hadenus EP1l4gsv wumeror
MaKCUMYMBbI Ha IIPOTUBOIIOJIOXKHBIX Mepuananax. s 00beMHEHHOTO
GSV, obpamsitorero or AGpuKaHCKOil mnThl, cymmapubiii EP14gsv
onpejiesisier Mepuauan 17 3.1., 6uskuil K nojiocy Bpainenust Adpu-
kaHckoit mmtel (Minster and Jordan, 1978).

3.3 BozzaeiicTBue ceiicMUYeCcKOl aKTMBHOCTHU HA
JAMAIIa30H MOJIyIPO3PavyHOCTH CHOPAIAIECKOTO
cjos Es

Anumos O.A., Karawnuxosa E.M.

Hremumym acmpogusuxu Axademuu nayx Pecnybauru
Tadoicurucmar

Ha ocHoBe n3yvenust MesKOMacCIITAOHBIX HEOTHOPOIHOCTEH HOYHOTO
CHOPA/IMYECKOro cj1os1 Es, BOSHUKIINX B II€PUOJIBI IIOJATOTOBKU 3€MJIe-
Tpscenuit 3a asrycTt 1986 r. ¢ maraurynoit 4.0<M<5.5 1 snunEeHTpaAIb-
HBIM paccTosiareM R <250 kM, ObLIn pa3paboTaHbl KPUTEPUHU OOJIBITNAX
[MANAa30HOB moJrynipo3padnoctu cunopammdeckoro cjaos Es f0Es 2fbEs.
ITokazano, 4TO IJIMUTEIBHOCTH CYIIECTBOBAHHUS HHTEHCHUBHBIX HeEIIpe-
PBIBHBIX MEJIKOMACIITAOHBIX HEOIHOPOJIHOCTEN CIIOPAUIECKOIO CJIOs
Es B celicMoakTHBHBII 1IeprnoJi ¢ KpurepueM nosynpospadnoctu f0Es
2fbEs cocrasisier or 2 70 6 9acoB 3a 1-2 CyTOK JI0 3eMJIETPSICEHHUS.
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3.4 TI'maporeommHammndecKue 3 deKThl HOATOTOBKU
1 BO3HUKHOBEHUS CUJIbHBIX 3€MJIETPSICEeHUA

Konwvinosa I H.

Kamuamexui gusvan Pedepanrvrozo uccaedosamesvbckozo yenmpa
Eounan zeopusuneckasn cayorcba PAH, Ilemponasaosck-Kamuwamexui,
Poccus

[Ipu mpoBeeHNY MOHUTOPUHIOBBIX HUCCIEIOBAHUN B CEICMOAKTHUB-
HBIX PErnoHaX HEOOXOINMO MMETDh IIPECTABICHIS O 3AKOHOMEDPHOCTAX
HOBeJIeHNsT (DIIIONIOHACHIINIEHHON CPeNbl IIPU BO3/EHCTBUM 3€MJIeTPs-
cernii. /InarHoCTUKYU TUIPOreoceiiCMUIeCKUX Bapualuil B M3MeHEeHUsIX
yposust/nasienus nogzemuoil Bogbl (I'TCB) u ux Momenuposanue ¢
Y9I€TOM CBONCTB BOJOBMEIIAIONINX [TOPOJ, U CTPOEHUsI CKBAXKWUH JAIOT
BO3MOXKHOCTb PACCMaTPUBATH I'MIPOr€OIMHAMAYECKHUE IIPOIECCHI B CH-
creMe "CKBaXKMHa BOJOBMeINAOIIast Iopoja’ Ha CTaiusX [OJANOTOBKYU U
BozHUKHOBeHus 3emyerpsicennii. KO OUIL EI'C PAH nposoaut MHOrO-
JieTHME HAOJIIOeHNT 38 BApUAIMSIMY YPOBHS BOJBI B JIBYX CKBaXKWHAX
C IEPUOJUIHOCTHIO 5 MUHYT C UCIOJIb30BAHIEM (P POBOro 060PyI0Ba-
Husi. B pesynbrare 6b11n 06HApYXKeHbI paznoobpasnbie ['T'CB B cBsi3u ¢
CUJIBHBIMUA MECTHBIMU U CUJIbHEUIITNMU YIAJIEHHBIMU 3€MJIETPSICEHUSIMHU.
IIpu mectHBIX 3emieTpsicennsax ¢ M > 6 Ha SUUIEHTPAIBHBIX PACCTO-
SIHUSIX de JIO TIEPBBIX COTEH KM IIPOSIBJISLIUCH TI'HIPOreOJNHAMUIECKUE
MIPEJIBECTHUKY, KOCEHCMUYECKNe CKAYKU JIABJIEHUsI U Pa3HOOOpA3HBIE
3¢ deKTh BUOPAITMOHHOTO BO3IEHCTBHUS CECMUIECKUX BOJIH.

B ckBaxkune FO3-5 3apeructpupoBaHbl 9e€ThIPE TUIIA BUOPAITIMOHHBIX
adbdekToB mpu 19 zemiterpsicerusax ¢ = 6.8 — 9.0, d. = 80 — 14600 xkm:
I- konebanwusi, 1I- KosebaHMs ¢ KPATKOBPEMEHHBIM MOBbIIIeHneM, 111-
KpaTKOBPEMEHHbIE MOBBIMIeHUs, V- JyinTelbHbIE MMOHUYKEHU. YCTa-
HOBJIEHA 3aBUCHMOCTH IIPOsIBJIEHUs BbIIeaeHHbIX TuroB ['T'CD or ua-
TEHCUBHOCTH CEHCMUYIECKOTO BO3/IENCTBUS, OIPEIEISIEMOro 0 COOTHO-
meHnio BesimanH M u de, pacueTHBIM BEJIMYMHAM YIEJIHHON ILIOTHO-
CTU CefiCMIYECKOl SHEPIMM B BOJIHE M MaKCHUMAaJIbHON CKOPOCTH JIBU-
JKEHUsI 36MHOIl TIOBEPXHOCTH, 8 TaKKe OT aMILJIUTYIHO-9aCTOTHOIO CO-
CcTaBa MAKCUMAJIbHBIX (ha3 ABUKEHUIT 3€MHO TOBEPXHOCTHU HAa OJIMKali-
meit ceficmocTanuu. C poCTOM HHTEHCUBHOCTHU CEHCMUYECKOr0 BO3Aeii-
crBust, npoucxout cmena tutoB ['T'CB or I k IV. UccemoBanue mpo-
neccoB ¢opmuposBanus pubparmonubix I'T'CB moBoguiocs myrem co-
[IOCTaBJIEHUsT HAOJIFOJIEHHBIX BapHUAIlUil YPOBHS BOIBI C UX PACUYETHBIM
[MOBEJIEHUEM 10 M3BECTHBIM MATEMATHYECKMM MOJIeIsiM. PaccMoTpeHbl
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rugporeoaunaMudeckue mporeccol popmuposanus I'T'CB -1V tunos u
IIOJIy9€eHbl KOJIMYECTBEHHbIE KPDUTEPUU X BOSHUKHOBEHUS.

B nokirajie Takzke paccMaTpUBaIOTCS JAHHBIE O THIPOTe0IMHAMUYE-
CKUX IIPEJBECTHUKAX Ha cTaauax moarorosku Kponomnkoro (05.12.1997
r., M,, = 7.8) u Kynanosckoro (30.01.2016 r., M,, = 7.2) 3emuerps-
CEeHUI.

Pabora Bbimosnena npu dunancoBoit momgepxkke PODU, rpant
18-05-00337.

3.5 MWccaenoBanue
JIntTocdhepHo-ArmochepHo-NMoHochepHBIX
cBsizeil Ha npuMepe 3emJieTpsicenust 30
nexkabpst 2017 r. M4.2

Canuzxos H.M., Iax I /1.

Hremumym uonocgepor AO Hauuonaivnolli uenmp KoCMuveckus
uccaedosaruli u mexnoso2utl, Pecnybrura Kasaxcman

Pacrnpocrpanenune Bo3MmyIneHnit B Pa3/iAIHBIX T'e€OPU3NIECKAX TI0-
JITX OT JUTOCGEPHI JI0 BHICOT HOHOCKHEPHI OBLIO MPOCIEKEHO B TEPUOT,
IIOJICOTOBKM M BO BpeMs 3emierpsicenns 30 mexadps 2017 r. marau-
rygoit Mpv=4.2 (43.10 N, 76.90 E). T'umonenTp 3emyeTpscenus Ha-
xozuicst Ha rory6uHe 10 kM (some.kz). YHHKaJIBHOCTB 3TOrO COOLITHS
3aK/II0YAJACH B TOM, YTO KOMILIEKC H3MEPUTEIHHOTO OOOPYIOBAHUS
OKa3aJICs TPAKTHYECKH HAJl 0YarOM 3eMJIETPSCEHUs, BCEro B 5,3 KM
OT 3MUIEHTPa, (YTO OGbIBaeT 0veHb pejko). CresoBaTesbHO, peruncrpa-
st BO3MYIIEHM ObLTa BBITIOJTHEHA B OJimeKHEl 30He pajumyca Jlobpo-
BOJIBCKOTO, TJe 1eOPMAaIMOHHBIE TPOIECCHl B JimToCcdepe MPU aKTH-
BHU3AIUN CEHCMUIECKUX IIPOIECCOB HAMOOJIee BBIPAXKEHbI. 3a 6 [Hell 10
3eMJIETPSICEHISI B CYXOil CKBakKuHe Ha IyIybmHe 39 M IpoM30muIo pes-
KO€ IIOBBIIIEHNe NHTEHCUBHOCTH IIOTOKA FaMMa-KBAHTOB, OJHOBPDEMEH-
HO CO 3HAYUTEJIbHBIM YBEJIMUYEHUEM e0aKyCTHIEeCKOW IMUCCUU W TeM-
nepaTypsbl. [oBbIINIEHE HHTEHCUBHOCTU TIOTOKA raMMa-KBAHTOB OBLIO
OTMEUYEHO TaKKe Ha TOBEPXHOCTU 3€MJIM PsiJIOM CO CKBaxkmHOi. [lo-
ILUIEPOBCKUM HMOHO30HIOM 3aPErHCTPUPOBAHO BO3MYIIEHUE B HOHOCKHE-
pe, TOsABJIEHHE KOTOPOrO COBIIAJIO II0 BPEMEHU C PE3KUM IIOBBLIIIEHU-
€M HMHTEHCHUBHOCTH IIOTOKa I'aMMa-KBaHTOB N FeoaKyCTI/ILIeCKOI';I OMMUC-
cun. Touka oTpazkeHusl paJHOBOJIHBI HAXO/MIACH HAJT STUIEHTPOM 3€M-
Jerpsicerns. ['eoMarunTHAss 0OCTAHOBKA B MEPUOJ, HAOIIOACHUN OBLIA
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CIIOKOWHOM, 9TO ABJIAETCH Ba*KHBIM YCJIOBHUEM JJIA BBIABJICHUA CEHCMO-
reHHbIX 3ddekToB B monocdepe. [loBwIleHne NHTEHCUBHOCTU TTOTOKA
raMMa-KBaHTOB, KaK (phaKTopa CIOCOOCTBYOMIEr0 NOHI3AIUN U U3MEHE-
HUO TIPOBOJMMOCTH IIPU3EMHBIX CJIOEB aTMOC(EPHI, COTJIACHO KOHIIETI-
muu Jurocdepro-armocdepro-nonocdepubix cpazeit (C. A Ilynuuen u
coaBt., 2013, 2015), MOXKeT paccMaTpPUBATHCA B Psijly OCHOBHBIX IIPU-
9UH MTOABJIEHNST BO3MYIIEHUT B noHOChEpe 1 aHOMAIbHBIX 3P HEKTOB B
3alMCSIX JIOIJIEPOBCKOIO CIIBUTA YACTOThI MOHOC(EPHOI'O CUTHAJA HAJT
00JIACTHIO MTOJINOTOBKY 3eMJIeTpsiceHusi. 1lepcieKTuBbI IPOBeIeHNs 110~
JOOHBIX WCCJIEIOBAHWIT CBS3AHBI C IKCIEPUMEHTAJBHBIM IMTOITBEPKIE-
HueM JnTochepHO-aTMOChHEPHO-MOHOCKHEPHBIX CBsS3eil 1 paspabOTKOi
KOMIIJIEKCHOM MeTO/INKN OOHAPYKEHUS AaHOMAJILHBIX ABJIEHNH B reodu-
3MYECKUX IT0JIX HAKAHYHE 3€MJIETPsCEHUI.

3.6 VcciaemoBaHue JIOKAJIbHON CEMICMHUYHOCTU B
30He llenTpaspbHo-CaxaJnHCKOIO pasjiomMa

Boeunckasn H.B., Baxynun A.C.
Hnemumym Mopcexoti Teonoeuu u Teogusuxu JIBO PAH

3emMiteTpsICEHHUE SIBIISIETCS CAMOI ONMACHON M3 BCEX HMPUPOIHBIX Ka-
tactpod. OHO paspymaeT ropojia, MOPoi COMPOBOXKIAETCS OTPOMHBIM
KOJIMYECTBOM KepTB. Paspyinenust IponcxoisaT B CIUTAHHBIE MUHYTHI,
JIIOJIU He YCIEBAIOT CIIACTUCh U3 pa3pymiaonuxcs 3nanuit. MccmenoBa-
uue ceiicMuaHocTn CaxasmHa, KaK OJJHOTO M3 CAMBIX CelCMOOIIACHBIX
PEruoHOB, He TepsieT CBOeil akTyaJbHOCTU. Tpu paspylIuTe bHBIX
semyerpsicenus Ha Caxamune (Hedreropckoe 1995 r., Mw=T7.2;
VYraeropckoe 2000 r., Mw=7.0 u Hesesnbckoe 2007 r., Mw=6.2) yka-
3aJd Ha BBICOKUH YPOBEHb CEHCMUYECKOII OIIACHOCTH ITOT'O PEruoHa.
OcobeHHO BayKHBIM sIBJIsieTCsl mu3ydenue IoKHO#M dactn Caxaiauma,
rjie camasl BBICOKas IIOTHOCTh HACEJIEHUs, & HACEJEHHBIE ITyHKTHI
PACIIOJIOZKEeHbl BOJIN3U aKTUBHBIX DPA3JIOMOB. B mocsennne HECKOIbKO
sger na Caxanmue corpyauaukamu UMTul' IBO PAH 6bumm moctur-
HyTHl 3HAYUTEJIbHBIE YCIIEXH B OOJIACTH CPETHECPOYHBIX OIEHOK II0
OCHOBHBIM CEHCMUYECKIM 30HAM OCTPOBA C YMEPEHHBIM ITOTEHIINAIOM
(M:6—7). OCHOBHBIM METOJIOM /JIJIsI OIIEHKH CPEeIHECPOYHOM ceficMuye-
ckoii omacuoctu gsisercsa meron LURR (load-unload response ratio),
KOTODBIN ITI03BOJISIET OOHADYKUTH YIPO3Y CHJILHOI'O 3€MJIETPSICEHUST
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B nepuox g0 apyx Jer. C 2017 roma B monosnenune Kk LURR rTakxke
ucnosnbayercst Meton, CPII (MeTon caMopasBHBAOIMXCS MPOIECCOB),
paspaboransbiii A.J1. Masgsimessiv (UIT YpO PAH) u aganruposas-
HBIN K TaHHBIM HAOJIIOEHNI B PA3JINYHBIX CEICMOAKTUBHBIX PEIMOHAX.
IIo meromy LURR mnpumensercs 3amaTeHTOBAHHBIN ITPOTPAMMHDIN
roMmiuieke Seis-ASZ. Pacuerst LURR mpoBogsitess ¢ BbiGOpoMm cran-
JApTHBIX I HAIMAX paboT mapameTpoB: okHO 360 mueit, casur 30
JHell, nwara3on MarsuTyd oT 3.3 jo 5. s paboThl ¢ ajropuTmMom
CPIl upumensiercst mporpamMMHBIH Kowmiieke SeisDynamicsView,
KOTOpBIH ObLT mpejgocrasien A.M. MasnbimessiM. Meron mnozsosisier
BBIIEJIATH (DOPIIIOKOBBIE MOCJIEI0BATEIbHOCTH TOCPEICTBOM DEIIeHuUsT
HesinHeitnoro  auddepeHnaIbHOr0  YPaBHEHHS BTOPOTO  IOPSIIKA
(ypaBHeHme camopassubaromuxcst mporeccos). Apropamu meron CPII
[IPUMEHSIeTCsI JIJIsi PACUYEeTOB B BBIOPAHHOM 00/IaCTH Ha OCHOBE KaTaJjora
semsterpsicennii ¢ M ot 1.5 no 4.5. IIpoBenen ananmn3 ceficMUIHOCTU
B 30He llerrpansro-Caxamumckoro pasmoma ¢ 2015 mo 2019 rr. mo
JAHHBIM aBTOMATU3UPOBAHHBIX IHM(PPOBBIX CEHCMUYECKUX CTAHIIAN
CO ®UII ET'C PAH. IIposenens pacuersr napamerpa LURR u CPII.
Omnpemenenbl mepuoabl aHOMaJbHBIX 3Hadennit mapamerpa LURR Bo
B3aMMOCBsI3U ¢ nMeromumucs pererusymu mo meroxy CPII. Yeranos-
JIeH IepHoJ, ceficMuIecKoii omacHocTu (3emierpsicenust ¢ M 5.5) s
JIAHHOT'O paiioHa mccyieqoBaHuil o aByM metojiaMm 1o 2020 roja.

3.7 KBaBI/IHepI/IOI[I/I"IeCKI/Ie Bapunanuu aMILJINTY/IbI
QIIEKTPOMArdHUTHBIX CUTHAJIOB OT I'PO30OBbIX
Pa3pda10B B II€epHUO/I celicMU4YeCcKoii aKTUBHOCTHU

Apeyros B.B., Tomosues M.P.

Hremumym xocmodusurieckur ucciedosamuti u aIpoHOMUL

um. FO.I. lagepa CO PAH

PaccmoTrpeHbl 0COOEHHOCTH METOIUKHU PAJIUOIPOCBETHBAHUS HUK-
Heil nonocdepbl HAJ[ SUUIEHTPAME 3€MJIETPSICEHUI IIPU TTOMOIIH HU3-
KOYaCTOTHBIX 9JIEKTPOMATHUTHBIX CUTHAJIOB 'PO30BBIX UCTOYHUKOB aT-
mocdepukoB. B aMImmTyIHbIX XapaKTepUCTHKAaX aTMOC(hEPUKOB IIPO-
ABIAIOTCA 3P PEKTH He TTyOOKO(MOKYCHBIX 3€MJIETPSICEHU ¢ MarHu-
Tynoit 6osee 4.0 u ux npexsectHuku. Ilpennosoxkeno, 4To Bapuanuu
XapaKTEPUCTUK CUTHAJIOB CBA3AHBI C BO3MYIIEHUSIMU B HUXKHEH MOHO-
cthepe. Ilonepeunbie pazmepbl BO3MYIIEHHBIX 00JacTel, Kak Ccjempyer

82



U3 pPe3yJIbTaTOB a3UMYyTAJIHLHOIO CKAHUPOBAHUsI, OOBIYHO COOTBETCTBY-
0T pa3MepaM MePBBIX JABYyX 30H DpeHess JJisi CUTHAJIOB Ha 9acTOTe
10 k['1. AsumyTaibHOE CKAHMPOBAHEE [TOKA3aJI0 TaKXKe, UYTO PaCIOJIo-
JKeHue 00JIacTh BO3MYINEHUsI KAaK B IEPUOJ, 3€MJIETPSICEHUSI, TaK U B
[IEPUOJT €r0 TOATOTOBKY MOXKET MMETh OIPEJICJICHHYIO0 JUHAMUKY U HE
COBITQIATH C MPOEKITHeN Ha SMUIEHTP 3eMiieTpsiceHus. JleraanbHo pac-
CMOTPEHBI BAPUAINU aMILTUTY/Ia CUTHAJIOB I'PO30BBIX PA3PSIIOB, IIPOXO-
JISIIAX HAJ] SMUAIEHTPAMU 3eMJIeTPSICEHUl. BBLIO M0y YeH0, YTO Iepruos
MOJLYJIAIMKA aMILUIATY/IbI cocTaBjsieT 2-3 4aca, T.e. B D-cjoe moHocde-
PBI PETUCTPUPYIOTCS TAKUE YK€ 3HAYEHUsI TIEPUO0B BOJHOBBIX SIBJICHUN,
Kakne Hab/momaoTcs B Oosee BbicOKON F-obmactu monocdepsnt. [Tomy-
YeHHbBIE B X0JIe pabOTHI pe3yJIbTaThl YKA3bIBAIOT, YTO IO KpaiiHeil Mepe B
JacTU COOBITHH, ceficMuYIecKrne BO3MYIIEHNsT B HOHOCHEPE MOTYT OBITH
obyciioienbl BI'B, pacupocrpaHsionmmucst BBEpX OT SMUIEHTPAJIBHON
obsacTu.

3.8 KomMminjekcHbIil aHaIn3 MIpeaceicMuIecKnx
CUTHAJIOB Ie0aKyCTUIeCKO u
3JIEKTPOMArHUTHO 3MUCCUU

Jyxosenxosa O.0., Coroduyx A.A., Mapanyaey FO.B.,
Tpucmanos A.B., Maaxun E.U.

Hrnemumym koemopuduneckux uccredosanutdl u pacnpocmpaHeHus,
paduosoan JJBO PAH, Poccus

IIpencraBiienbl pe3yIbTATHI KOMILIEKCHOTO aHAJIN3a CUTHAJIOB Te0-
AKyCTUYECKON U 3JIEKTPOMArHUTHOW SMUCCHUM, 3apPErUCTPUPOBAHHBIX
B nyHkre Habmonenns «Kapemmmmuaay wa Kamuarke. Ilposemeno
HCCJIEIOBAHNE CUTHAJIOB, 3apErNCTPUPOBAHHBIX B (POHOBBIE ITEPHUOIBI
W B TIEPUOJBI TOATOTOBKN 3eMiieTpsiceruii. MeToguka KOMILJIEKCHOTO
aHaAJIN3a BKJIIOYAET B €eOsT TAIBI BBIJICJIEHHS yIACTKOB ITOJIE3HOTO CHUT-
HaJIa, COJIEPYKAINX HUMITYJIbChI; UX CTPYKTYPHOTI'O aHAJIN3a METOIAMK
CHUCTEMHOTO TIOJX0/a; YACTOTHO-BPEMEHHOI'O AHAJM3a C WCIOJIB30-
BaAHUEM METOJIOB PAa3pPEe:KEeHHON AIMIPOKCUMAINE W TIPeoOpa30BaHMST
Burnepa-Bunnsa. IIposemena craructudeckas oOpaboTKa pe3yIbTaToOB
BBIYUCIUTETLHOTO SKCIEPUMEHTa. PacCMOTpPEHBI XapaKTepHBIE OCO-
O6eHHOCTH (DOHOBBIX U TPEJICEHCMUYIECKAX CUTHAJIOB I'€0aKyCTUIECKOM
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¥ 3JIEKTPOMArHUTHON sMuccuu. Pabora BoImonmnena mpu (QUHAHCOBOM
nomzep:kke Poccuiickoro mHayunoro donga (mpoekt Ne18-11-00087).

3.9 HoBblif TYHKT KOMIIJIEKCHBIX TeO(PU3NIECKUX 1
ceiicmoJsiormiecknx HabJoaenuit Ha CaxanuHe

Kocmuines JI.B.12

L Hnemumym Mopcxoti Teonozuu v Teopusuru JBO PAH, e.
IOoicno-Cazxarunck
2 Cazaruncruti guruanr Pedeparvriozo uccaedo6amesbekozo ueHmpa
Eodunasn zeopusuueckan cayorcoa Poccutickol axademuu Hayk
(C® OHI] EI'C PAH), 2. FOocro-Cazanumnck

Paccmorpena KoHIENINS CO3/aHUs IIyHKTAa KOMILIEKCHBIX reodu-
3uveckux HaOmogenuit. [Ipencrasiena peasnn3anus 3TOH KOHIENIUN
Ha IIpUMepe HOBOI'O IIyHKTa HabJitojeHuil B paiione llenTpasbHo-
Caxanmuckoro paszsioma. Ilyskr nabmomenuit pacrosoxen c. Iler-
ponasioBckoe AnuBckoro paitona CaxanuHckoit obsactu. Jas mo-
HATOPUHTA CEHCMUIECKOIO IIPOIECCA YCTAHOBJIEHDBI ITUPOKOIIOIOCHDII
MOJIEKYJISIPHO-3JIEKTPOHHBI M T'PYIIa MeXaHUIEeCKUX KOPOTKOIIEPU-
OJIHBIX BEJIOCUMETPOB, O0pa3yIoIUX TPEYTrOJbHUK C PACCTOSHUSIMU
or 20 mo 30 kM Jpyr OT Jpyra, YTO II03BOJISIET PErUCTPUPOBATH
JIOKAJIbHBIE COOBITHS B MCCJIE/yeMON 30HE C YBEPEHHBIM OIPEIE/IEHUEM
WX SUUNEHTPpUH. [ MIPOAKKYCTHUIECKAS YACTh CHCTEMBI HaOJIIOIEeHU
IYHKTA COJEPKUT MOJIEKYJISIPHO-IJIEKTPOHHBIA THAPOMOH C IOJIOCOM
npomyckanus 0.02 - 200 I'n. Pa3zsepuyTa ceTb MyHKTOB HAOJIIO/ICHUS 32
W3MEHEHUEM COJIEPXKAHUIN PaJIOHA M METEOPOJIOTUYECKUX MapaMeTpPOB.
[Ipusenensr mpuMepsl, MOKa3bIBatomye 3MMEKTUBHOCTE 0DecIedeHust
MMEPEKPBITUST PECUCTPAIMOHHBIX BO3MOXKHOCTEH DPAa3JIUYHBIX yPOBHEN
CHUCTEMBI, YTO TaPAHTHUPYET HAJEKHOCTDH OIIPEJEJIEHUs] TapaMeTPOB
ceiicMuaeckux cobbiTuit. Paspaborana n BHeIpeHA CHCTEMa CBA3U U
[EHTPAJIN30BAHHOIO YIIPABJIEHUSI, TIO3BOJISIIONIAs COOMPATD JIAHHBIE CO
BCeX ypPOBHeli cucreMbl MOHUTOPHUHTA. CHCTEeMAaTU3NPOBAHBI OCHOBHBIE
TexXHU4YecKne TpeOOBaHWs K CHCTEME MOHUTOPWHIA, YCTAHOBKE U
HaCTPOIKe ODOPY/IOBAHMS, CACTEM II€PEJIadn JAHHBIX, cCucTeMe cOopa
JAHHBIX ¥ YIIPaBJEHUs, HEPBUYHON 00pabOTKe CelCMOIOrnIECKIX
nauubiX. Ipencrasien maker I'MIC-nipoekTa, B KOTOPOM COIEPIKATCSH
JIAHHBIE O PACIIOJIOYKEHUH ITyHKTOB reo(dU3MIecKuX HaOJIIOIEHUN, UX
XapaKTEPUCTUKAX, [€0JIOTOTEKTOHUIECKUX U CEHCMUIECKUX YCIOBUSX.

84



Criestaibl BBIBOJIBI O HEOOXOIMMOCTH KOMILIEKCHPOBAHUS PA3THIHBIX
BUJIOB re0pU3NIEeCKNX HAOJIOMEHNH JJIsi TTOBBINeHNsA 3(DDHEKTUBHOCTH
METO/0B MOHUTOPHHIa U KPATKOCPOYHOI'O ITPOTHO3a 3€MJIETPSICEHUIA.

3.10 OO0ycJsioByieHHbIe 3eMJieTpsiceHneMu 3(pPHEKThI
B MarHUTOBOJIHOBOII aKTUBHOCTH,
HaOJII0/JaBIINECS B YKCIIEpUMEHTe p3JieK Ha
cnyTHuke «BepHoB»

Hanacrox M.}, Csepmunos C.H.', Kaumos C.H.2, Pyotcun FO.5.3,

L Mockoesckuti 2ocydapcmeenmoni yrueepcumem um. M.B.
Jlomonocosa
2 Hncmumym xocmuveckux uccaedosaruti PAH
3 Mnemumym 3emmno20 MazHemusma, UOHOCHEPbL U PACTLPOCTPAHEHUA
paduosorn PAH

B nexabpe 2014 1. B x0ome HabOIIOAEHUIT HA KOCMUYECKOM AalIapaTe
BepHoB mpu nposiere Haj ceificMoakTuBHbIMU pernoHamu (Kamuarka)
OBLIN 3aPErUCTPUPOBAHBI HEOOBITHBIE JJIEKTPOMATHUTHBIE CUTHAJIBL: HA
CIIEKTPAJIBHBIX JuarpamMMax (COHOrpaMMax) HaOJIOJAIUCH CBUCTAIINE
aTMOCGEPUKN CO CHEUPUIECKON PeaKOi TaCTOTHO-BPEMEHHOM CTPYK-
Typoil Tuma jgacToukuH xBocT . [lomobHas cTpyKTypa CBUIAETEIHLCTBY-
eT 0 paclIupeHun crekTpa 3aperucrpuposanHoro OHY-curnasa B 00-
gactk Gosee BhicOKUX ( 15 KI'1) gacTor. DTO MOKET OBITH Pe3y/bTa-
TOM YMEHBIIIEHUsI TPOBOUMOCTU HOHOCHEPHI BCJIEJCTBHE MMOBBINIEHHON
ceficMmyecKkoit akTuBHOCTHU. [IpOBe/ieH aHAM3 3eMJIETPSICEHUil, 3ape-
PECTPUPOBAHHBIX BOJIM3M MOJACILYyTHUKOBOI Touku (Mexkiy Komanmop-
CcKUMH ¥ AJIeyTCKUME OCTPOBaMU) B TedeHue 5 CYTOK HocJe HabJome-
Huii Ha ciyTHuKe Bepros . CoBrajieHne MecTa U BpeMeHH PerucTpaliuu
HEOOBIYHOI'O BUCTJIEPA U 3€MJIETPSICEHUIl JIaeT OCHOBAHUSI PACCMaTpPU-
BATh MOJOOHBIE IJEKTPOMATHUTHBIE CATHAJIBI B KAYECTBE BO3MOXKHBIX
IPEABECTHUKOB CEMCMIUYIECKOIl aKTUBHOCTH
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3.11 OcobeHHOCTU reOMAarHUTHON aKTUBHOCTH B
ABAJIaTh Y€eTBEPTOM OAMHHAANATUJIETHEM
UKJIEe o JJaHHBIM obcepBaTopun «MuxuHeBo»

Psabosa C.A.

Dedeparvroe 2ocydapemseennoe brodocemnoe yupescoerue Hayky
Hnemumym dunamuru 2eocep Poccutickoti axademuu Hayk

leomaraurnas AKTUBHOCTD CBA3aHA c M3MEHEHUsIMU
MaranTocdepHo-noHOChEPHOIT TOKOBOI cucTeMbl. OCHOBHBIMU TTPOSIB-
JIEHUSIMA PEOMAarHUTHOW aKTUBHOCTH SIBJISIFOTCSI CUJIBHBIE BO3MYIIIEHUST
- MarHuTHBIe cyOOypU M MarHUTHBIE OypH, a TakKe cjradble BO3MYIIe-
HUS - Pa3HOOOpA3HbIE THUIBI MATHUTHBIX MyJsbcaruil. Jlnnammaeckue
nporieccel Ha COJHIE, TakKWe KaK COJHEYHBIE BCIBIIIKHA, BBIOPOCHI
KOPOHAJILHOW MACChl, SIBJISIONINECS MCTOYHUKAMH OBICTPBIX IIOTOKOB
COJIHEYHOTO BETpa, BJMAIOT HA TEOMATHUTHYIO aKTHBHOCTH. |eomar-
HUTHBIE BO3MYIIEHUsI BO MHOTHMX ITUKJIAX JOCTUTAIOT MaKCHUMAaJIbHOM
YaCcTOTHI IOSBJIEHUSI HE B MaKCHMyMe HHCeJI COJHEYHDLIX IISITeH, a C
HEKOTOPBIM CJIBUTOM 10 BpeMeHH. B Hacrosmelr pabore Obuia mmo-
CTaBJIeHA 33/1a9a YCTAHOBUTH OCOOEHHOCTH JIOKAJIBHON IeOMarHUTHOMN
AKTUBHOCTU B 24-OM IMKJIE COJIHEYHOI aKTUBHOCTHU C IIEJIBIO OIIPejIe-
JIEHUST B3aWMOCBA3U C IIMKJIAMH COJIHEYHOW aKTHBHOCTH. Bce JTaHHBIE
O COCTOSIHUM MATrHATHOTO IIOJI 3eMJIM, WCHOJIb3yeMble B paboTe,
nosydensl Ha [eodusnaeckoit obcepBaropun MuxueBo PenepaabHOTO
FOCYIAPCTBEHHOI'O OIOMXKETHOTO yUpexKaeHns Hayku VHcTHTyTa HU-
namukn reocdep Poccniickoit akamemnn Hayk (MockoBckast 061aCTh).
[To maHHBIM perucTpanyy MarHUTHOIO IIOJIsI BBIYUCIsICS K-MHJEKC ¢
ITOMOIIIBIO METO/Ia aJJAIITUBHOTO critakuBanus. CotHevHast aKTUBHOCTH
B paccMaTpmBaeMoM 24-0M IHUKJE XapaKTEePU30BAJIUCHL WHJIEKcOM F
10,7 u umciaom cosiHevYHBIX siTeH. B paboTe ompesesieHbl OCHOBHBIE
[IEPUOIMYHOCTH T'€OMATrHUTHOIO IIOJIsI, IIPOAHAJIM3UPOBAHBI €€ CEe30H-
Hble Bapuanun. TakKe IPUBOIATCS PE3YIbTATHI COBMECTHOTO aHAIN3a
PeOMArHUTHON ¥ COJIHEYHON AKTHUBHOCTE!l B IBaJIaTh YETBEPTOM
OJIMHHA/IIATHIIETHEM IIUKJIE.
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3.12 IlpumeHeHUe eXKeJJHEeBHOIO MOHUTOPUHIAa
COCTOSTHUS MOHOC(EPHI U KOMILJIEKCHBIX
CKBA>KMHHBIX U3MEPEeHnl i n3ydeHus
ceiicMuyeckoil onacHoctu Kamdarckoro

peruona

Boedanos B.B.', T'nepunos B.A.2, Bycc FO.F).2, Mopososa FO.B.2,
Iasnos A.B.', Tawesa O.B.1

L Mriemumym xocmodusuneckux uccaedosaruti U pacnpocmpaners
paduosoan JJBO PAH, Poccus
2 Uncmumym eyaxaronozuy u ceticmonozuu JBO PAH

B nanHOM J10KJIaJIe TIpEeCTABJIEHBI PE3YJIbTaThl COBMECTHOIO Pac-
CMOTPEHUsI JAHHBIX CKBAayKUHHBIX u3MepeHuit, mpoBoguMbix NBuC
JIBO PAH wua IlerponasimoBck-KaMaaTcKOM TeoIHHAMUYIECKOM TIOJIHU-
rOHE, C JAHHBIMA MOHUTOPUHTA HOHOCKEDPHI CPEICTBAMY BEPTUKAIHLHO-
ro pajuosonaupoBanus, npopoguMbix UKVIP JIBO PAH 3a nepuos ¢
01.01.2018 1o 31.12.2018 rr. /laHHBIH 10X0, TIO3BOJIIET 3HAUUTEHHO
MOBBICUTH 3(MPEKTUBHOCTH KPATKOCPOYHOTO ITPOTHO3a CHJIBHBIX KaM-
9aTCKUX 3€MJIETPSICEHUIA.

Pabora BoImosTHEHA TP YacTUIHON TTOepKKe KoMIIekcHoit mpo-
rpamMMbl DYHIAMEHTAJIBHBIX HAyYIHBIX HcciaenoBanuit /lagpneBocTod-
uHoro otpaesierns PAH «lambunit Bocrok» ma 2018-2020 rr.: mpoekT
18-5-095 «PaspaboTKa HOBBIX METOIOB KOMILIEKCHOI'O T€OPU3NIECCKOIO
MOHUTOPHUHTA, B TEJISX MPOrHO3a CHJIBHBIX TEKTOHMIECKUX 3€MJIETPSICE-
HUIl U IPEIyIpeXKICHNs aBaPUil B IPOMBINIJIEHHBIX JJIEKTPOIHEPTeTH-
yeckux cucremax (Paznes 1)».
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3.13 IIpocTpaHCTBEHHbIII aHAJIN3 CUTHAJIOB
reoakyCTU4eCKOil SMUCCUU B MEJIKOM BOJIOEME
03. Muku>xka Kam4yarckoro Kpas

Hlepbuna A.O., Conroduyr A.A.

Hnemumym K0cmoPusureckus ucciedosanuli u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

IIpeacraBiienbl Pe3yaIbTATHI JTOKAIIUA UCTOYHUKOB T'€0AKYCTUIECKOM
SMUCCUU TOYEYHOM IIPUEMHOI CUCTEMOI HA OCHOBE KOMOMHUPOBAHHOI'O
MIPUEMHWKA, YCTAHOBJIEHHON y JHA TPUPOIHOTO BojoeMma. OmpesesieHbl
HaIIPaBJICHUA IIPUXOJA I'€OAKYCTUUECKUX CUTI'HAJIOB B I'OPU30HTAJIHLHOMN
U BEPTUKAJBHOHN IIJIOCKOCTAX B CEMCMUYECKH CIIOKONHBIC IIEPUOAbI U
nepe]t 3eMiieTpsiceHusiMu, mpousorieamuvu B 2008-2016 rr. Ycranos-
JIEHO, YTO MCTOYHUKM SMUCCUM PACIIOJIaraioTcsl B OCaOYHBIX ITOPOIAX
Ha raybmuHax or 1 go 5 M. Paccmorpenbr 0coOGeHHOCTH TpUMEHEHUs!
BEKTOPHO-(DA30BBIX METOJOB JJIsi JIOKAIMA MCTOYHUKOB T'€0aKyCTHIe-
CKHMX CUI'HAJIOB B MEJIKHX BOJOEMax.

3.14 PazpaboTKa MeTOAWKMU OIleHKU 00JIacTu ¢
BPEMEHHOI0 Iepuo/ia OXKUJIAaHUS CUJIbHBIX
KaMYaTCKHUX 3eMJIeTPsICeHUII Ha OCHOBE
ceiicMUYeCcKnxX 1 MOHOCHEPHBIX
IPOrHOCTUYECKNX IIPU3HAKOB

Bozdanos B.B., Ilasros A.B.

Huemumym xocmofpusuneckur uccaedosanuti u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

B nmammoit pabore mpeampuHSTA TMOMBITKA OOBEIMHUTH TPAIUITA-
ounble (ceficMosIOrnyecKue) u HeTPaAUIMOHHBIE (HOHOChEDHBIE) IIpei-
BECTHUKOBBIE IIPOIHOCTUYECKUE IPU3HAKH, COIIyTCTBYOINE (hopMUpO-
BAHUIO 3eMJIETPSICEHUIT, C TeJIbI0 pa3pabOTKU METOJIUKHU OIeHKU 00Jia-
CTH ¥ BPEMEHHOT'0 [IEPUOJIA OKUIAHNS CUIbHBIX KAMYATCKUAX 3€MJIETPsI-
cenuii. Ha ocnose BeposirHocTHON Moneau [Bormanos, 2006; Bormanos
u ap., 2010] onpenenén mapameTp & p, Ha OCHOBE KOTOPOTO HUCCJIETOBA~
JIACh U3MEHEHUsI CefiCMUYIeCKOTro pexKumMa, npeaniecTByronme HaCTyII-
JICHHWIO CUJIBHBIX 3emyerpsicennii ¢ Kg > 13.5 B 12 obsacrax S; ¢ pas-
mepamu 150 X 150 KM, pacroJIoKeHHBIX BJIOJIb BOCTOYHOTO ITOOEPEKbST
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Kamgarku. Ilapamerp £p mpeacrasiisier cobOM CTATUCTUIECKU 3HATM-
Mble OTKJIOHEHHsI TeKylx BeposiTHOcTel Py (S;) momananus ceitcMu-
YEeCKUX COOBITHI ¢ 3HepreTudecKuM KjaccomM Kg > 9.0 B obnactu S;
or JoroBpeMeHHBIX (OHOBBIX) 3HaueHunit BeposirHocreil Pr(S;). Te-
kymme 3uadenus Py (S;) Bbrancssiiuch Bo BpemennoM okae ATy = 1
rox ¢ marom At = 1 cyTku, jnonaroBpeMmenHble 3uadenus Pr(S;) Bbl-
YHUCJISINCH 38 BeCh repuoj Habaoaenns 1T = 1962 — 2018 rr. Ilepuomsr
AKTUBUBAIMN U 3aTUIIbs PACCMATPUBAJINCH KAK AHOMAJNHU CeiicMUYe-
CKOI'O PEXKUMa W OIIPeJeJIsJINCh COOTBETCTBEHHO MOMEHTAMU IIOsiBJIe-
Hus 3HadeHuit £p > 2 u Ep < —2. s xaxaoi mwromaan S; OreHu-
BaJIOCh CpelHee BpeMs OKuIaHuA 1™ 3eMyIeTpsaceHns ¢ IPOrHO3UPYe-
MBIM HEpPTreTUIecKnM Kyaccom Kg > 13.5 Kak /ia aHoManii ceficMu-
YEeCKOU aKTUBU3AIUU, TaK U JJjd aHOMAJUN CEHCMUYECKOI'O 3aTUIIbS.
[TpousseieHa oreHKa TPOrHOCTHYIECKOI 3(hHEeKTUBHOCTH mapamerpa & p
o merogukaMm A.A. T'ycesa u I'M. Mosruana. O6/1acTh OKUTAHUST S
zemuterpsicerns ¢ Kg > 13.5 ompezmensiiachk Kak rpymma obsacreit S;,
B KOTOPBIX II0 TapameTpy &p ObLIN MACHTU(UIUPOBAHDI AHOMAJIAN
ceficMUIecKoro pexkuMa. BeposTHOCTh P31 HACTYILIEHUS 3eMJIeTpsICe-
mua ¢ Kg > 13.5 B obsactu oxKujganus S, OIEHUBAJIACHL Ha OCHOBE
merona bBaiteca. Tak kak ceficmosiorudeckuii nmapamerp Ep siBIS€TCs
CPEIHECPOYHBIM IIPEIBECTHUKOM, JJIsi YTOUHEHUs MTEPHOIa HACTYILIE-
HUS TPOTHO3UPYEMOTO 3€MJIETPSICEHUST MPUMEHSIINCh KPATKOCPOTHBIE
noHOC(epHbIE TPEIBECTHUKHU C TEPUOJIOM OXKUIAHUS 3eMJIETPICEHUST
J0 HeckobKux cyTok. /Ijas Kamuarckoro permona mambosee mHGPOP-
MaTHUBHBIME MOHOC(EPHBIMU IIPEIBECTHUKAME SIBJISIIOTCS CJIEIYOIIne
mapaMerphl: Kpurudeckas dactora foF2 monocdepnoro cimost F2, K-
cyioit, paccioenne F2 o gacrore u ciopaguyeckuii cioit Es tumna r. [lpn
TOSTBJIGHWH B TeYeHUE 5 CYTOK TPEX M3 UEThIPEX MOHOCHEPHDBIX TIPe-
BECTHUKOB OOBSIBJISJICS TEPUOJ OXKHUIAHUS 3€MJICTPSICEHUsT PABHBII 5
cytkam. 3a nepuoz ¢ 2010 mo 2018 rr. 6bLIO POAHAJIM3UPOBAHO 26
3emyteTpsicernit u ux rpymi ¢ Kg > 13.5. I3 Bcex BBIOpaHHBIX ceficMu-
qecKkuX cobbITuit 21 momasim B 00JaCTh OXUAAHUS Sy, & D COOBITHIA
B donosyo obsacts (upomyck enn). CpelHss BepoaTHOCTb P3p Ha-
CTYILJIEHUSI 3eMJIETPSICEHUsI B 00JIaCTH OXKUIAAHUS S cocTaBuiia 0.76.
IIpu sTom 12 3emieTpsiceHusIM, IPOUOMIEANINM B O0OJIACTH OXKUIAHUS
S, 1 OTHOMY COOBITHIO, IIPOUIOIIEIINM BHE Sy, IPEIIIECTBOBAJIO 0~
ABJIEHNE KOMILJIEKCA MOHOC(EPHBIX ITPEIBECTHUKOB.
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3.15 HecramuonapHble IIPOIECCHI
3JIEKTPOMArHUTHOTO U3J1y4YeHus JINToCchephbl B
celicMUYeCKU aKTUBHOII 00J1acTH.
CpaBHUTEJIbHBII aHAJIN3 PE3YJIbTATOB
Ha3€eMHBIX U3MepPEeHUt

Heyen C.A.Y, Jlyuenxo B.2, Uan JL.3, Yeapos B.H.*

U Hnemumym eeofusuru Bvemmamckoti axademus nayx u
mexnonoeul, Boemuam

2 Uncmumym paduodusury v asexmporuxu um. A. 5. Yeurosa HAH

Vxpaurol
3 Xaporoscruti nayuonarvioit yrusepcumem um. B.H.Kapasumna,

Yrpaunra

4 Mnemumym xocmodusuneckur uccaedo6anuti U pacnpocmparenus

paduosoan JIBO PAH, Poccus

BaxknocTh uccieioBanuii 371€KTPOMArHUTHBIX CUTHAJIOB JIUTOCKhED-
HOT'O IPOMCXOXKJIeHUsT OOYCJIOBJIEHA TeM, UTO OHU SIBJISFOTCS €Ile Ofl-
HUM HCTOYHUKOM MHMOPMAIUN O TE€OANHAMUIECKOM COCTOSHUU JIUTO-
cdepnl, KOTOpasi MOXKET OBITH HCIOJIB30BAHA B PA3IMIHBIX OOJIACTAX
reopuzuku. OIHAKO IO HACTOSIIErO0 BPEMEHU OTCYTCTBYIOT IIOJIHOIEH-
HbI€e METO/Ibl BbIJICJICHUA 3TUX CUI'HAJIOB, 9YTO B 3HAUYUTEJbHOI CTelleHn
00yCJIOBJIEHO TTPODJIEMOI WX BBIJIEJIEHUSI U3 MOIIHOI'O MACKHUPYIOIIErO
doHa TPO30BOr0, MATHUTOCKHEPHOTO M3JLY Y€HUS.

esibio HACTOATIIUX WCCAEIOBAHUN SBJISIJIOCh HU3yYEHHE PACIIPE.Ie-
JIEHUSI XapaKTEPUCTUK BBIOPOCOB HU3KOIACTOTHON 3JEKTPOMATHUTHOMN
SMUCCUU UX KOJIMIECTBA, YACTOTHI MOSIBJIEHNS, (DOPMBI B KaHAJIAX ITPHU-
eMa KaK MarHUTHOW TaK M JIEKTPUIECKON KOMIIOHEHT ITOJIsI B T€IEHUMN
cyTok. Vcmosp3oBasiuch JaHHbIE M3MepeHuit, mojydenabix Ha CHY-
OHY anTennoMm Komiuiekce skcueaunuonHoi 6aser KPP JIBO PAH
Kappmvmmuaa . Vcxonmbie manable comep:KaT MUpPOBYIO 3amuch 24-
9aCcoOBOTO CUTHAJIA, 32 22 mexadbps 2017 roma, depe3 JBa JIHs TOCIE 3eM-
Jlerpsicenust B paitore Oxorckoro mopsi 20 jieKabpsi MarHuTymaon 7,2
GaJura.

JlJ1st m3ydeHns: CyTOYHBIX BapHUAIWil 3aIMCAHHBIN CUTHA OBLT pas3-
JIeJIeH Ha JIBe YaCTU CYIIECTBEHHO OTJINYAIONIUECS 110 YPOBHIO: JIHEBHOM
IEePHUOJ, JTUBIIHICS IO MEPOBOMY BpeMeHHu ¢ 5 1acos jio 20 waco GMT
U HOYHOH II€PUO/I, COCTOSINNI U3 IBYX YacTeil, mepBast n3 KOTOPHIX ObI-
jga ¢ 0 gacoB /10 5 4acoB yTpa, u Bropas dacTb ¢ 20 gacos jgo (0 gacos

GMT.

90



Nsy4gasiocs pacipejiejieHue KOJIMYeCTBa OTKJIOHEHHUI curHaja (Bbl-
6GpOCOB) OT BEJIMYMHBI PA3JINIHBIX TIOPOTOB, BHIPAYKEHHBIX B €IUHUIAX
CPEJIHEKBA[PATUIHOIO OTKJIOHEeHUsI (0), JJIs PA3IMYIHBIX BPEMEHHBIX
obJracTeil M KAHAJIOB pUeMa. YCTaHOBJIEHO, YTO B JIHEBHON [T€PUO/T BbI-
6pPOCHI UMeH OOJIBITYI0 AMILIATYILY U 9aCTOTY CJICIOBAHUS.

UccemoBaacs BotHOBast (hopMa MAKCUMAJIHHBIX 3HAYEHUN CHUIHA-
Jia IyTeM IPUMEHEHNs MeTO/[a HAKOILIEHNS ST0X K MAKCHMAJIbLHBIM 3Ha~
YEHUSIM BOJIHOBBIX (DOPM CUTHAJIOB HA HHTepBaJje 15 MUuH. YCTaHOBJIEHO,
9T0 KakK (popMa, TaK U JJIMTEIbHOCTb UMITYJILCOB B PA3JIMYHBIX KAHAJIAX
CYIIIECTBEHHO OTJINYIAIOTCS U U3MEHSIOTCA B TEUEHUE CYTOK.

[Ipu mI0THOCTH MOITHOCTHA TEKTOHMYECKOTO MIOTOKA UMITYJIBCA, IIPe-
BOCXOJISAIIEH MTOPOrOBYIO MOIITHOCTB JAMCCHIIAIIME HUMIIYJIbCA B TOPHOM
[OpOJie, JBU2KeHUe 11pruobperaeT TYPOYJIEHTHBIN B IIPOCTPAHCTBE M UM-
IyJIbCHBIN BO BpeMeH! xapakTep. [Ipu 3ToM 3/1eKTpOMAarHUTHBIE ITPOsiB-
JIEHUsI JUCCUTIAINYN IOTOKA UMILYIbCA UMEIOT UMITYJILCHBIA XapakTep.

[TosTomy mposiBIeHNSI, OTPAKAIOIIIE XapAKTEP MOTOKA TEKTOHUIE-
CKOT'O UMITYJIbCA, [IO3BOJISIET OIEHUTH ME€OJNHAMUIECKYIO0 OOCTAHOBKY U
HCIIOJIB30BATHCA IIPH IPOTHO3€ 3€MJIETPSICEHNU, NCCIeIOBAHUN CTPYK-
TYPBI HEIpP, pa3BeJKe U KCIUIyaTallud IPUPOIHBIX pecypcos. K uuc-
JIy BayKHBIX XapPaKTEPUCTHUK IIPOSIBJIEHUN TEKTOHMIECKOTO MOTOKA HMM-
IIyJIbCA OTHOCUTCSI HHTEHCUBHOCTH BEIOPOCOB U CPETHUN MHTEPBAJT MEXK-
Iy HEMH, KOTOPbIE MO2KHO HCITOJIb30BATh B Ka4ecTBE NH(MOPMATUBHOTO
[IPpU3HAKA [IPE/IBECTHIKA 3€MJIETPSICEHSI.

VcTaHOBJIEHO, YTO YaCTOTa IMOSIBJIEHHS BHIOPOCOB, X AMILIUTY/IA W
dopmMa CyIecTBeHHO U3MEHSIOTCS B Te€UeHUe CyTOK.

[Tonydyennble pe3yabTaThl MOTYT HCIIOJIB30BATHCA IMPU CO3JAHUN
MMUTAIMOHHBIX MOJIEJIell MIPOIECCOB IJIEKTPOMATHUTHON SMUCCHU JIH-
TOCHEPHOTO TPOUCKOIK ICHMSI.

Pa6ora BoimoHena mpu punancoBoit moiepKke rpanta POOU 19-
05-00543, MexaHu3Mbl Ipo3000pa30BaHUs B YCJIOBUSX aKTUBHOU BYJI-
KaHWYECKOU JIesITeJIbHOCTU Ha ImojryocrpoBe KamuaTka u npu ydactuu
MumncrepcTBa ITPOMBIIIIJIEHHOCTA U TOPTrOB/In BheTHaMA.
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3.16 HabGiroaeHne ceiicMMYeCKOro pe>xKmmMa
”drumbeats” Ha aHge3UTO-IAIMTOBBIX
BYJIKAHaX MUPa

Haxuposa A. AL, Oupcmos I1.11.1:2

U Kamuwamerkuti gusuan @HUI] EI'C PAH
2 Uncmumym eyaxanonozuy u ceticmonrozun JBO PAH

JIBu2KeHne MarMbl B IIOCTPOIKe BYJIKAHA, & TaAKXKe BHIKIMAHUE BSI3-
KHX JIABOBBIX IIOTOKOB U OTJIEJbHBIX OJIOKOB Ha IKCTPY3UBHBIX KYIIOJIaX
BO BpeMsl M3BEDYKEHWI aH/Ee3UTO-ITAINTOBLIX BYJIKAHOB COIIPOBOXK A~
€TCsl POEBBIMH IIOCJIEIOBATEIHHOCTSIMA BYJIKAHUIECKUX 3€MJIETPACEHUI
(B3). 910 Habmomanock Ha Bysakanax: Cenr-Xesenc, CeBepuast Amepu-
ka, Kackasuble ropsl, ussepxkenust 1984 r., 2004-2005 rr.; PenayT, Ase-
yrckue octpoBa, 1989 r.; Cydpuepe Xujuic, Majbie AHTHIBCKHE OCT-
posa, ocrpos Monrceppar, 1995-1997 rr.; ITuuunyga, FOxunas Amepu-
ka, 3amagaabie Kopamabepsr, 1999 r.; Kuznmen, nosyocrpos Kamaarka,
2010-2013 rr. ITocenoBarensaoctn B3 (My/IbTHIIIETE) HMEIH XOPOIIO
BBIPAYKEHHBIN KBA3UIIEPHOJT, MEXKJTY 3€MJIETPSICEHUSIMU JIJTATEIBHOCTHIO
OT JI0JIEH JIO HECKOJIbKUX MUHYT, & TaKKe II000HbIe BOJIHOBBIE (DOPMBI
v HeOOJIbIINEe BapUAINN JUHAMUYECKOTO JUAMTA30HA C MarHuTyaamMu M
< 3. 3a XOpOIIO BBIPAXKEHHBIN KBa3WIIEpHUOJ, BO3HUKHOBeHus B3 Ta-
Kol pexxuM Obur HasBan "drumbeats"(6apabanustii 6oit). ITomoGHbI
PEXKUM YacTO IIPeJIBapsieT IKCILIO3UBHBIE m3Beprkenus. [1o coBpemen-
HOlt KJtaccudukanuu B3, BoJiHOBbIE (POPMBI JAI0T OCHOBAHUE OTHECTHU
uX K rUOpHHBIM U JyinHHOIepuoanbM (LP) semuerpsicerusim. B pabo-
Te pacCMOTPEHBI OCODEHHOCTH ceficMuaeckoro pexkuma "drumbeats"wa
AHJIE3UTO-JIAIIUTOBBIX BYJKAHAX MUPA U IIPUBEJEHBI HEKOTOPBIE IIPE/I-
CTABJIEHUSI O MEXaHU3Me €r0 BOZHHUKHOBEHUSI.
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3.17 Meroa momniaroBoi aJanTaidy MINPUHbI
N3MEPUTEJIbHOIO MHTEPBaJa K IIapaMeTpam
cuUrHaja

Tepexos JI.C., Jlaspyzun A.A.1
L Omexuti 2ocydapecmeennvili yrusepcumem nymet coobuwerus

[Tokazano, YTO M3BECTHBIE METOILI U3MEPEHUI MCXOIHOTO CHUTHAJIA
MPUBOJAT K IOTPENTHOCTSM, €CJIM IMAPUHA M3MEPUTEIbHBIX HHTEPBa-
JIOB TIOIIIArOBO HE aIAlITUPYETCs K MEHSIONUMCS ITapaMeTpaM CUTHAJIA.
AJiropuT™ MOMIArOBON aJaITalil U3MEPUTEIbHOIO WHTEPBAJa OCHO-
BaH HA MOCTYJIMPOBAHHOM JIMHAMUYIECKOM COOTHOIIEHUU HEOIPeIesIeH-
nocreit (JJCH). Buepsbie JICH 6bL10 10CTPOEHO B pE3yJIbTaTe KOPEHHO-
ro nmpeoOpa30BaHUSA PAINOJOKAIIMOHHOIO COOTHOIIEHUSI HEOIIPEIeIeH-
nocreit (PCH) n no3Bosmio o6bgaCHATS He HAXOAUBIIHI paHee [IpUeM-
JIEMOT'O OO'bSICHEHHSI PE3YJIbTAT IKCIEPUMEHTA BEPTUKAJIBHOIO PaJIno-
30HIMPOBaHUSI MOHOC(EPHOTO CJIOsl ILIA3MbI OJIHOBDEMEHHO € 3eMJId
U CO CIyTHUKA (B MAaKCUMyMe 3JIEKTPOHHOI KOHIEHTPAIMH CJIOs Pac-
XOXKJICHIE N3MEPEHHBIX CHU3Y U CBEPXY BBICOT, coryiacHo oreake PCH,
oxkusaaoch B npesesax 0,25 0,5 kM, B ToO BpeMsI KaK dKCIIEPUMEHT I10-
Kazas pacxoxaenue B 50 k). [IpesyioxKeHHBINH aJrOPUTM PACKPHIBAET
€/INHYI0 (DU3UIECKYI0 OCHOBY U3MEPEHWS W WHCTPYMEHTAJbHOI'O BBI-
YUCJIeHUsI. AJIPOPUTM TIO3BOJISIET ONPEJIESIATH ONTUMAJBHYIO, JIOKAJIb-
HO OIIPeIe/IAeMYI0 MUPUHY WHTEPBAJIa YCPEIHEHNUs, OOECIIeUNBAIOILY O
[IpY U3MEPEHUHN WJIM PEIIEHUH BBIYUCIUTEIbHON 3339l YMEHbIIEHNe
IIOT'PENTHOCTH U3MEHSIOIIEHCS BeJINYNHBI. BBISBIEHHOE POJICTBO OIXO0-
JIOB BBIUHCJINTE/IbHON MATeMAaTHKH U KJIACCHIECKON (PU3UKU IIPUBEJIO
K OObeIMHEHWIO aHau3a W OOPabOTKH JTAHHBIX C PEIeHUEM BBIYUC-
JINTEILHON 3aJa9i B €IMHBLIA 1 OZHOBpEeMeHHBIH mporiecc. O6paboTka
7 aHAJN3 JAHHBIX U3MEPEHUil B PeabHOM BPEMEHU, MOXKHO OXKUJIATH,
OKa KyTCsI [TOJIE3HBIMU [[JIsI OOHAPYKEHUsI IIPEIBECTHUKOB 3€MJIETPSICE-
HUIA.
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Kopcakos A.A., Kozyios B.I. KapHMOB P P Bapuamm
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Cios B., Kopouennes B.I1., 9m A.A., IlInak FO.B. Bza-
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IMammesa C.FO., Mangpukosa O.B., Xomyros C.IO.
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Cusokonb B.II., Yepuesa H B MaHKI/IH E I/I ﬂHaFHO—
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Yen B., Yepnenko B.A., Ilerpocwann B.B., Pbl6quK0

AA. KOMHJ‘IGKC JJ1d 9KCIIePUMEHTaIbHbBIX I/ICCJIe,ZLOBaHI/II/I
B3aUMOJIEICTBUA YIPYTUX BOJH CO CJIOEM JIbJa

ITeryxoea A.C., Ileryxos U.C., Ileryxos C.U. Kocmu-
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HUTHBIX 00JIaKOB
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Mouasio B.A., Mouasnosa A.B. Tlouck reocbn31/1quKHx
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Bogunuap I'M., ®@emenko JI.K. Ilpumenenue cucrem
KOMIIBIOTEPHOI aJiredphl /11 aBTOMATU3NPOBAHHOI'O I10-
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Hpyxwun I'"U., Mankun E.N., @upcros I1.I1., Yepuesa
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Ba C.H. HpOCTpaHCTBeHHO—BpeMeHHLIe U3MEHEHUs Ieo-
MAarHUTHOTO CKJIOHEHHusI D Jjisi TeOMAarHUTHBIX 0OCepBa-
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TEeHEPATOPOM CTEIIEHHOT'O THUIIA e
Hazapos 1. Pesonanc Illymana u ero Bo3jeficTBue Ha
3/I0POBbE UEJIOBEKA,
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1.1 Air temperature anomalies before strong
earthquakes

Smirnov S.E.*, Mikhailova G.A.2, Mikhailov Yu.M.?,
Kapustina O.V.?

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

Diurnal variations of electric (quasi-electric fields and electrical
conductivity), meteorological (air temperature, pressure, atmospheric
relative humidity and wind velocity) quantities and Earth infrared
radiation fluxes were investigated in detail. These quantities were
measured simultaneously before strong Kuril earthquakes occurred on
November 15, 2006 (M = 8.3), on January 13, 2007 (M = 8.1), and on
January 30, 2016 (M = 7.2). It was obtained that anomalous growth
of temperature is observed 6—7 days before the earthquakes in spite of
the negative regular trend in these winter months. It was shown that
radiation fluxes at the ground level, which are measured at satellites
over earthquake epicenters and over the observatory, coincide in value
and in time behavior. The air temperature measured at the observatory
and the temperature estimated by the results of satellite observations
for the ground level differ in value but coincide in the time behavior. The
discovered temperature increase, in spite of the negative regular trend
during this season, is caused by the inclusion of an additional source of
heat penetrating into the near-ground atmosphere. This result together
with the results of investigations of different geophysical quantities
before strong earthquakes, which had been carried out in Kamchatka
before, allowed us to make the conclusion that the additional source of
heat is located in the Earth crust.
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1.2 Atmospheric response to high and relativistic
energy electron precipitation

Mironova I.A., Golubenko K.S.
Saint Petersburg State University

The question of the effect of precipitations of high and relativistic
energy electrons (> 30 keV to several MeV) on the chemistry and
dynamics of the middle polar atmosphere is still open. To understand
atmospheric effects, an accurate description of the ionization rates
of the atmosphere caused by the deposition of energetic particles is
required. This paper will discuss the progress made in understanding
the high and relativistic energy electron precipitation into the Earth s
atmosphere. Special attention will be paid to the processes associated
with ionization of the atmosphere and changes in the chemical
compositions and ozone layer in the polar atmosphere.

1.3 Comparison of internal gravity waves
variations in the mesopause region derived
from observations at Maimaga station with

EOSMLS (Aura) temperature data

Sivtseva V.I., Ammosov P.P., Gavrilyeva G.A., Koltovskoi I.1.,
Ammosova A.M.

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

The temperature data of the mesopause region obtained for the
period 2013-2018 at the station Maimaga (63.04 N, 129.51 E) was
investigated. During the winter period of the 2014 2015 observation
season, the characteristic of the internal gravity waves (IGW) activity
gw has lower values than in other seasons, and the average night
temperature of the mesopause region, on the contrary, exceeds
corresponding values in other seasons. For comparison, satellite data
of temperature profiles obtained by EOSMLS (Aura) are given.
After isolating and subtracting the contribution of the gravitational
component from the EOSMLS temperature profiles for the region
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above the Maymaga station, the difference in the winter stratopause
of the 2014-2015 season is noticeable. During this season, the winter
stratopause has lower temperatures than in other seasons, taking into
account the deduction of the contribution of temperature fluctuations
due to IGW

1.4 Cyeclicity of solar activity and emergency
launches of missiles through orbit space
satellites

Kozlov S.I1.}, Nagorsky P.M.?

L Institute of Geosphere Dynamics, RAS
2 Institute of Monitoring of Climatic and Ecological System, SB RAS

From 1957 to 2014 the relative number of unsuccessful launches of
rocket and space equipment (RSE) N products was ~ 6.4%. Despite
the overall increase in the reliability of the RSE as a whole, it seems
that it will not be possible to rule out the occurrence of emergency
situations during its operation. The purpose of the work is to analyze
the frequency of emergency launches of RSFE products depending on
the phase of the solar activity cycle (SA).

The creation of RSE facilities and the exploration of outer space
in the USSR and the USA developed almost in parallel, and there
were practically no contacts between teams of RSFE products in
these countries. Until 1991, these countries belonged to different
socio-political systems. These circumstances are very important when
searching for external factors that lead to an increase in the accident
rate of the RSE: they make it possible to identify those factors that
determine the particularities of the functioning of the RSE, regardless
of the development processes of the RSFE, the countries and the socio-
political system.

For N of the Russian Federation and the USA, general patterns
were revealed: N rows, excluding the initial segment (1957-1968), are
characterized by pink color of noise; Hurst performance almost the
same. This implies: a) the variations of N are determined by the laws
of the functioning of complex dynamic systems; b) N does not depend
on the country, the socio-political system and the team of developers
of the RSE; c) the systems themselves are antipersistent.
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An unexpected result is that N is higher on the SA growth branch,
while the most intense solar flares and the geomagnetic disturbances
excited by them are recorded on the decay branch and near the SA
maximum. It is assumed that under the influence of space weather
factors on the man-machine system, the most vulnerable element of
this system is man, the negative influence of which on space weather
factors for unknown reasons is higher on the SA growth branch.

1.5 Dynamics of energetic particles at low
altitudes and its influence on the ionosphere

Suvorova A. V.12

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

We studied the dynamics of the keV-energy electrons and protons
measured by low-altitude NOAA/POES satellites during 23 and 24
solar cycles. We performed the research in following interrelated
directions. 1) Global distribution of particle fluxes was investigated
and occasional abrupt enhan-cements of energetic electrons at low
latitudes were found. These electron enhancements do not coincide in
time with the well-known proton enhancements, and their mechanisms
are different. Results of statistical analysis of temporal and spatial
variations of electron and proton fluxes in connection with solar and
geomagnetic activities are presented. 2) The energetic particles at low
altitudes impact on neutral gas in the upper atmosphere, altering
ionospheric parameters, ionization, conductivity, and chemical content.
A special atten-tion is given to the particle-related ionospheric
effects at low latitudes as a new direction of research. We found
evidences of the ionizing particle effects in the topside ionopshere
at low latitudes. Iomizing effects produced by electrons at low
latitudes is comparable in magnitude with ionospheric positive storms.
Impact of the energetic protons on the ionosphere at low-middle
latitudes results in ionospheric irregularities. 3) A comprehensive
study of solar wind driving parameters of particle enhancements at
low-middle latitudes allows finding a new factor, which can play a
key role during magnetically quiet time. The radial interplanetary
magnetic field (IMF) together with IMF discontinuities can lead to
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interrelated magnetosheric and ionopsheric phenomena such as local
magne-tospheric compressions, ULF activity in Pcl band, electron
enhancements at low latitudes and ring current proton precipitation
bursts.

1.6 Estimation of anthropogenic impact on
lightning activity over urbanized areas of
North-East Asia

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

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

The anthropogenic influence on lightning activity is revealed by
an increase in the density of lightning stroke in the places with
accumulation of artificial products in air and by an additional period of
one week in temporal variations. In this study, a comparative analysis of
the density of lightning strokes within the city (with a resolution of 0.25
degrees along longitude-latitude) and the surrounding areas (up to 0.5
degrees around the city center cell). The shortest resolution of temporal
variation is 6 hours (on meteorological term). The observations are
carried out using the World Wide Lightning network (WWLLN), one
of the sensors of which was installed in Yakutsk in 2009. We selected
cities within the territory of 60-180E, 40-80N. Selected cities in Siberia
and Russian Far East have a population of more than 50 thousand
57 cities. Due to the high population density in the North-Eastern
China, we selected only large cities with a metropolitan population of
more than 400 thousand people 23 cities. The variations in the number
of lightning strokes in each cell of the selected area of the city and
surrounding areas is analyzed by its spectrum.The reported study was
funded by RFBR according to the research project 18-35-00215 mol
a. The instrumental base is supported by the budget topic 11.16.2.1.
(State registration number AAAA-A17-117021450059-3).
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1.7 Estimation of ionosphere state in Aurora
online data analysis system

Polozov Yu.A.Y2, Fetisova N.V.!

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

The paper presents the results of detection of ionospheric
anomalies in online mode according to the data from
an ionosonde at Paratunka station, Kamchatka peninsula
(IKIR FEB RAS). The developed algorithms have been
implemented in Aurora online geophysical data analysis system
(http://lsaoperanalysis.ikir.ru:9180/lsaoperanalysis.html). The
algorithms allow us to detect sudden anomalous changes of different
intensity in the dynamics of ionospheric parameters, as well as to
estimate their characteristics. The efficiency of the system and the
possibility of its application in space weather forecast tasks have been
shown on the examples of events occurred in 2018.

1.8 Impedance spectroscopy in geophysical
researches

Uvarov V.N.

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

The principles of the impedance spectroscopy method in
engineering, biophysics, and physical chemistry are briefly considered.
Analyzed the possibilities of application in geophysics using natural
electromagnetic radiation of the ELF-VLF range and the qualitative
difference of the method as applied to the radio-geophysics of the ELF-
VLF range.

The possible basic parameters of the analysis are considered taking
into account the basic model of the ionosphere-atmosphere-lithosphere,
their physical interpretation is given, and the averaging intervals are
estimated during the analysis. Examples of Nyquist and Baud diagrams
of natural electromagnetic radiation for different averaging intervals
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are given, and conclusions are made about the properties of the
geophysical propagation medium. It is concluded that the use of the
method in radiophysical studies in geophysics is promising.

1.9 Instrumental monitoring of the activity of
whistlers in the radiophysical station
”Oybenkel” SHICRA SB RAS

Gotovcev M.R., Karimov R.R.
SHICRA SB RAS

Scientific research directions and instrumental observations of the
Tonosphere and magnetosphere radioemission laboratory:

1. Very low frequency radio emission: investigation of
magnetospheric VLF radio emissions, their propagation issues in
the magnetosphere and exit to the earth’s surface (whistlers),
study of the relationship of VLF radio emissions with variations
in solar activity, parameters of the solar wind and interplanetary
magnetic field; investigation of manifestations in VLF emissions
of seismic processes and thunderstorm activity; study of the
propagation of VLF emissions in the earth-ionosphere waveguide
using the example of VLF radiation signals and electromagnetic
radiation from lightning discharges

2. Thunderstorm activity: monitoring thunderstorm activity in
eastern Siberia, connection of thunderstorm activity with solar
and cosmophysical parameters

3. Atmospheric electricity: variations of the electric field during
"good"weather, electric field variations during thunderstorm
activity, relationship between cosmic ray variations and
atmospheric electric field

The main observations conducted by the laboratory are carried
out at the stationary expeditionary point, the radio-physical Oybenkel
polygon, founded in 1972 and located in the taiga at a distance of 25 km
from Yakutsk. The power supply of the polygon is autonomous - from
solar panels and a wind generator most of the year and additionally
from diesel generators on winter days. Thus, industrial interference
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has little effect on signal reception. The reception of VLF signals is
carried out on the radiophysical test site for the following receiving
and recording complexes:

1. multichannel VLF recorder operating since 1972, frequency range
up to 10 kHz. Reception is carried out on a frame antenna with
an effective area of 770 square meters, oriented in the east-west
direction;

2. SSAN (sensor signal analysis network) registration point from
November 2017, frequency range up to 96 kHz, receiving to a
whip antenna;

3. registration point AWDANET (Automatic Whistler Detector and
Analyzer systems network) from September 2018, frequency range
up to 20 kHz, reception also to a whip antenna.

1.10 Laser remote gas analysis of the atmosphere
by OPO lidar system

Romanovskii O.A., Romanovskii Ya.O., Sadovnikov S.A.,
Kharchenko O.V., Yakovlev S.V.

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

A series of laboratory experiments out to measure the absorption
of the OPO laser radiation by methane as part of a calibrated C Hy:
N5 molecular mixture in a gas cell has been carried. The experiments
were carried out in the spectral range of 3.30-3.43 m, in which there is
a fairly strong absorption band of methane and there is no interfering
absorption by water vapor and carbon dioxide. The results of measuring
the absorption of laser radiation at selected sensing wavelengths and
their comparison with the calculated data are presented. Using the
developed OPO-lidar system, backscattered signals were received
and processed in the range of the spectrum of 3.30-3.43 m for the
horizontal route of atmospheric sensing. Based on the experimental
data obtained, the absorption coefficients were estimated and the C' Hy
concentrations were restored in the spectral range under study at a
800 m atmospheric path with a spatial resolution of 100 m.
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1.11 Magnetic storm effects in the atmospheric
electric field variations at the Mikhnevo
Observatory

Riabova S.A.
Institute of Geosphere Dynamics of Russian Academy of Sciences

Temporary variations in the atmospheric electric field are
determined by the state of the global electrical circuit. Currently,
the main generators of electric fields and currents in the Earth
s atmosphere include lightning discharges in global thunderstorm
centers located in Central America, Africa and Asia, as well as changes
in current systems as a result of the interaction of the solar wind with
the Earth s magnetosphere. Solar activity, manifesting on the Earth in
the form of magnetic storms and substorms, can also have a significant
influence on the magnitude of the atmospheric electric field. It should
be noted that the results of studies of the effects of solar activity and
geomagnetic storms associated with it on atmospheric electricity at
high and middle latitudes are still not enough. Moreover, they are
rather contradictory. This research analyzes the data of instrumental
observations of variations in the vertical component of the atmospheric
electric field at the Mikhnevo Geophysical Observatory of Institute of
Geosphere Dynamics of Russian Academy of Sciences in fair weather
conductions during magnetic storms. In the course of this study,
the features of the diurnal variation of atmospheric electricity at the
Mikhnevo Observatory are established; during the period of magnetic
storms, significant disturbances in the atmospheric electric field are
revealed.

1.12 Mathematical modeling of the upper
atmosphere processes

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

Numerical model for the upper atmosphere and the ionosphere-
magnetospheric processes for the heighs of 50-500 km is cons-
tructed. The model includes a set of magneto hydrodynamic equations
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(continuity, momentum and energy) for electrons and ions, and neutral
atmosphere. She relies numerical solutions the continuite, temperature
neutral gas (7},), ion (T;) and electron (T¢), macroscopic average winds
of velocities Vyz, Viy, Voo equations for the partially ionized plasma
for the neutral, ions and electrons. In this paper we shall describe
our calculations of the following species: No, O, Oz, O3, O(1 D), O(19),
05('2), 0o(X0), N{V,0Y) H, Hy, OH, Ha, H,0, Hy05, N(*5),
N(2D), NO,NO,, CO, COy, H*,0%,05, NO*.

In the heat balance equation the following heating sources and sinks
are taken in to account: heating by photoionization, heating arising
from absorption of solar radiation in the Schumann-Runge continuum
135 < X\ < 175nm; chemical heating, cooling by vibrational-rotational
bands COy, NO,O3,0H, CO in the 1.27 mk Oy and 63 mk O('D);
molecular heat conduction; heating and cooling produced by durimal
contraction and expansion of the atmosphere. For the function K ,(lz),
which is the eddy thermal conductivity (assumed to be equal to the
eddy diffusion coefficient), the analytical approximation is used. The
height z,, of Kj; maximum (K}"**) has been varied within range of
90-110 km, with the value of (K"%*) varying from 10° to 2-10"sm?/s.

The upper boundary conditions for zero temperature gradients is
imposed at the heigh of 500 km, and lower boundary conditions in the
form of zero heating flux is imposed at the heigh of 50 km is discuss.
General input parameter of the model is a coefficients of chemical
reactions and coefficient eddy diffusion, absorption and ionization
cross sections, solar EUX flux. We have carried out of a number of
computations using various altitude profiles of the eddy conductivity
the order to study the relative and consistency of acts simultaneity
importance or the turbulence and constituents. The analytical model
of the altitude distribution of the [NO] and [N] was based on numerical
results of the mesosphere for NO density depends on main atmospheric
species densities No and Oy and neutral gas temperature. Altitude
distribution of the [N,| density was obtained from expression for NO.
The analytical expressions for NO and [N,| easily explains winter
[NO] and [N.] exceeding over summer values and winter anomaly in
ionosphere D-region

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

and photochemical processes in Ng(v) dynamics was discussed.

1.13 On the relationship of the intensity of
dropping liquid drains with the evolution of
the level of -, 7- background of ionizing
radiation in the ground atmosphere

Nagorsky P.M.", Yakovleva V.S.2, Pustovalov K.N.', Smirnov §.V.1,
Yakovlev G.A.3, Belyaeva I.V.%, Zelinsky A.S.?

L Institute of Monitoring of Climatic and Ecological Systems SB RAS
2 Tomsk Polytechnic University
3 MBOU Lyceum at Tomsk Polytechnic University
4 Tomsk State University of Architecture and Civil Engineering

Soil radioactive gases and atmospheric radionuclides are excellent
tracers of various atmospheric and geophysical processes.

The aim of the work is to estimate the intensity of liquid
precipitation using radiation markers, which used the magnitude of
the anomalous surge of the v -radiation dose rate and the [ -radiation
flux density.

The dependences of the v -radiation dose rate and g -radiation flux
density on the height of the rain clouds, the density and turbulence
of the atmosphere are analyzed. The simulation took into account the
spatial (in the vertical direction) and temporal dynamics of the v -
radiation dose rate, formed by short-lived daughter decay products
of radon and toron in the surface atmosphere, precipitated during
precipitation.
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1.14 Radiation characteristics of cirrus clouds:
The effect of the orientation of ice crystals

Samokhvalov 1. V.Y, Zuev S.V.?, Bryukhanova V.V.',
Bryukhanov I.D.Y, Zhivotenyuk I.V.', Pustovalov K.N.?, Ni E.V.!

L National Research Tomsk State University
2 Institute of Monitoring of Climatic and Ecological Systems SB RAS

The results of a complex experiment on studying the radiation
characteristics of cirrus, which has been performed since 2016, are
discussed. The orientation of crystalline particles in the clouds is
estimated based on backscattering phase matrices obtained with a
polarization lidar. Solar radiation fluxes are measured according to
conventional methods with an actinometer and a pyranometer. It is
shown that under certain meteorological conditions at the altitudes
of formation of cirrus, ice crystals can orient horizontally, which
significantly affects the transmission of solar radiation.

1.15 Real orographic effect in cosmic ray studying
Balabin Y. V.

Polar Geophysical Institute, Apatity, Russia

Baksan neutron monitor (NM) is placed in Baksan Neutrino
Observatory on Northern Caucasus. It is placed at the floor of
Baksan gorge and 1700 m above sea level. The place has 430 16’
22.81” N and 420 41’ 06.04” E coordinates. Cosmic ray flux at
the surface level depends on amount of matter above NM. It is
proportional to atmospheric pressure. This is a reason to fix the
atmosphere pressure as fine as cosmic ray flux. Analysis of the data
has shown there usually was a day pressure variation. Generating
of pressure variations caused by local conditions (like a wind, local
orography ect.) doesn’t have influence to cosmic ray flux because
these variations free of matter amount change. It would be called
dynamic variations. A revealed pressure variation (about 1 mb) is
synchronous to cosmic ray variation. We consider it to be special
orographic effect spreading to significant part of the troposphere with
changing amount of matter of NM. In this case NM is like an matter
amount detector and shows real changing of matter amount above NM.

117



1.16 Reflection of seismic and solar irregularities
in hydrogeological fields of Kyrgyzstan

Kendirbaeva J. Z.

Institute of Seismology of the National Academy of Sciences of the
Kyrgyz Republic

The Kyrgyz Tien-Shan is the promising regions for earthquake
prediction, where the inhomogeneous heterogeneity is highlighted, with
which the crustal blocks are different in thickness (from 20 to 40
km), density (2.75-2.85 g / cm3) composition. With this in mind,
since 1979, the hydrogeoseismological network has been operating in
Kyrgyzstan, consisting of 8 wells with depths ranging from 125 to
1500m. The theory of pulsating earth and the theory of reflection, as
well as the multifactorial nature of hydrogeological fields, are taken
as the basis for the analysis of hydrogeological materials for solving
problems. Two types of restructuring - regular and random in the
mode of observed waters are allocated. The first is due to climatic and
seasonal conditions, the second is due in the first approximation to the
periods before, during and after earthquake seizures, but the anomalies
do not repeat from one tremor to another. For the objectivity of their
substantiation as a source, morphological features of the structures,
especially deep faults, represented by a multi-directional network of
tectonic blocks, are taken into account. Some come from single sources,
and sometimes in the form of azonal hydrogeological lines, in which
the physicochemical parameters are characterized by an exotic set.
Thus, the parameters of the Teskei hydrothermal line circulating in
practically identical geological formations vary from west to east the
temperature varies from 320 C to 50-560 C, pH from 7.8 to 8.8, and
the redox conditions (mV) - from oxidizing to reducing. It turned out
that their indifference to the stratigraphic affiliation and lithologic-
geochemical confinement of the aquatic environment is reflected in
a causal relationship with the nature and intensity of neotectonic
movements. Neotectonic movements, being a long geological time in
conditions of steady stretching, reached the greatest extent in the east.
There, the epicenters of earthquakes with K 12-14 and areas of natural
outlets of hydrotherms with a temperature of 500 C are concentrated.
In the west, the temperature varies from 20 to 36-370C and weak
seismic shocks prevail. Such regularities of spatial interrelation take
place in the vertical section, i.e. according to numerous data obtained

118



as a result of hydrogeological testing of wells with depths of up to 5-6
km drilled in oil, gas and thermal waters.For temperature, pH and Eh,
as well as ion concentrations in hydrotherms, passing regardless of the
nature of the water-bearing medium, common roots of variability were
revealed, which are graphically clearly represented by broken curves,
at which the largest inflow falls on the geological stages associated
with the maximum tectonic activation. For temperature, pH and Eh,
as well as ion concentrations in hydrotherms, passing regardless of the
nature of the water-bearing medium, common roots of variability were
revealed, which are graphically clearly represented by broken curves,
at which the largest inflow falls on the geological stages associated
with the maximum tectonic activation. For example, in them, the
background values of the determined parameters deviate to the largest
portions at the interface of the Upper Neogene and Paleogene-Neogene
rocks, when the Earth stresses are activated inside, leading to the
renewal of the ancient and the appearance of new faults in this region.
The participation of exogenous components in these hydroplasts is
also indicated by the interconnection situation according to the Wolf
numbers (W) - the average annual index of solar activity detected
under conditions of 11-year cyclicality: according to the available data,
a decrease in earthquakes activity with MW 8 often corresponds to
its maxima. This is confirmed in our work: correlation coefficients
calculated between the temperature and flow rate of Sopu-Kurgan
water, seismicity and solar activity index. So, in 2015, in a relatively
seismically active period, the correlation coefficients have negative
values (-0.3), in 2016, they become positive (0.2), and in 2017, they
become positive rise to 0.4. At the same time, the correlation coefficient
is also high between each studied parameter and the solar activity
index, but decreased from a positive 0.64 (2015) to a negative -0.12
(2016), reaching a minimum of -1 (2017)
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1.17 Resonant propagation of laser radiation in
the upper ionosphere

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

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

A brief overview report on the study of the resonant propagation
of laser radiation in the ionosphere excited by charged particle
precipitations is presented. The results of research and perspectives
for the development of scientific area are discussed. A solution is
proposed for the problem of wave propagation in random resonant
media, taking into account the backscatter features, which can be
used for remote sensing of the characteristics of the excited ionosphere.

1.18 Resonant scattering on excited ions as a
possible reason for the registration of
imaginary aerosol formations in the
stratosphere and mesosphere

Bychkov V. V., Perezhogin A.S., Seredkin I.N.

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

The results of two-frequency (532 and 561 nm) lidar atmospheric
sensing in the altitude range of 25-500 km, and a sounding method
at a frequency of 532 nm with recording of a signal on two receiving
channels, allowing to expand the range of available heights and obtain
a signal profile in the lower stratosphere from the height 10-12 km are
presented. It is shown that the Nh-profile of the scattering ratio can
be reconstructed at altitudes of 12 80 km and the molecular scattering
signal can be extracted. The possibility of separating the signal of
resonant scattering and the formation of imaginary aerosol formations
in the middle atmosphere, the calculation of the spectra of precipitated
charged particles is discussed.
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1.19 Scenarios of development of variations of
atmospheric-electric values of the
ground-term atmosphere duting the strong
frost in Siberia

Kozlov V.I.', Nagorsky P.M.2, Pustovalov K.N.2, Toropov A.A.!

L Institute of Cosmophysical Research and Aeronomy SB RAS
2 Institute of Monitoring of Climatic and Ecological Systems SB RAS

The formation of the anticyclonic weather regime on the territory
of Siberia in winter is closely connected with the interaction of
anticyclones forming in the Kara Sea and moving southward with
the Siberian anticyclone (Asian maximum). The establishment of
severe frosts, when the minimum air temperature is —40°C' and lower
for 3 days or more, is characterized as a dangerous meteorological
phenomenon. Adverse events include the formation, with a significant
decrease in temperature, of ice fogs that limit the Sd visibility range.
The purpose of the work is to investigate during the winter fogs in
years. Yakutsk and Tomsk evolution of variations of the field strength
FE with decreasing temperature to extreme values.

For Yakutsk, lowering T' to ~ —40°C and lower results in the
formation of ice fog, limiting the visual range. In the absence of
fog, the spectrum of oscillations E can be divided by periods into
three areas: horizontal (periods less than 1 min); linear growth due
to turbulent mixing, and the area associated with saturation, the lower
limit of which is more than 10 minutes. During ice fogs, the upper
limit of the electrostatic noise range (white noise) increases by more
than an order of magnitude and is at least 10-60 minutes. The lower
boundary of the portion of the spectrum associated with saturation
increases to hundreds of minutes. Comparison of Tomsk and Yakutsk
data showed that as T decreases and Sd decreases, the magnitude of the
electric field strength decreases during fog, and the polar conductivities
L, ,_ increase. These changes indicate that the dehydration of the
troposphere plays the main role in the transformation of the £ variation
spectrum, and the removal of moisture from the atmosphere seems to
be due to spontaneous crystallization, which is significantly accelerated
at T ~ =39 + —41°C.

According to the data recorded in Tomsk, another variant of the
development of electrical processes in the surface layer is possible when
T decreases to —20 =+ —30°C, when the value of E increases, and
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the polar conductivities L ,_ fall to minimum values. In both cases,
apparently, the key role belongs to the processes that regulate the flow
of light ions to the aerosol, which ensures a change in the electrical
conductivity of the surface layer and, consequently, the electric field
intensity F.

1.20 Simulation of the emission spectra of the
14 N0 molecule in the region 200-400 nm

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

A simulation of the emission spectrum of a stable N0 diatomic
radical in the UV range of 200-400 nm was performed. Radiation in
this region of the spectrum is due to electronic transitions 2II —2 ¥
and 2II —2 II. The calculation of the parameters of the spectral lines
of electronic transitions was carried out on the basis of the created
program "SpecRad".

1.21 Spectroscopic databases for modeling
atmospheric radiation processes

Tashkun S.A.
V.E. Zuev Institute of Atmospheric Optics SB RAS

The radiation properties of the earth s atmosphere from microwaves
to ultraviolet are determined mainly by the spectroscopic properties
of the molecules that make up it. Monitoring the state of the
atmosphere, as well as predicting climate change, requires more and
more complete and accurate account of their properties. Currently, the
main parameters of the spectral lines of these molecules are collected
in spectroscopic databases, which are regularly updated and enlarged.

The poster provides an overview of the general purpose databases:

HITRAN Spectroscopic Database, Harvard Smithsonian Center
for Astrophysics, USA GEISA Spectroscopic Database, Laboratoire
de Meteorologie Dynamique, FRANCE Millimeter and Submillimeter
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Molecular Spectroscopy Catalog, Jet Propulsion Laboratory, USA The
Cologne Database for Molecular Spectroscopy (CDMS), University of
Cologne, GERMANY

As well as specialized dedicated to individual molecules:

PNNL Vapor Phase Infrared Spectral Library, Pacific Northwest
National Laboratory, USA Ames Molecular Spectroscopic Data
for Astrophysical and Atmospheric Studies, SETI, USA SMPO
Spectroscopy and Molecular Properties of Ozone, IAO, Tomsk, Russia
CDSD-296 Carbon Dioxide Spectroscopic Databank, TAO, Tomsk,
Russia

Their comparative characteristics and recommendations for use will
be presented.

1.22 Supersubstorms during the strong magnetic
storms on 7-8 September 2017

Despirak 1. V.Y, Lubchich A.A.*, Kleimenova N.G.2, Gromova L.I.3,
Gromov S.V.2, Malysheva L.M.?

L Polar Geophysical Institute
2 Schmidt Institute of Physics of the Earth, RAS
3 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation, RAS

The term supersubstorms (SSS) is used for the extremely strong
substorms with intensity higher 2000-2500 nT, i.e. an order of
magnitude more the greatest values of the Dst index. The SSS are
mainly observed during magnetic storms caused by magnetic clouds
(MC) and SHEATH plasma compression regions ahead of MCs. Here
we analyzed the appearance of two events of SSS observed during
the magnetic storms on 7-8 September 2017. These storms are widely
discussed in the literature. Two severe geomagnetic storms (on 7 and
on 8 September 2017) have been associated with two consecutive solar
wind structures: SHEATH with EJECTA and SHEATH with magnetic
cloud (MC). Because the first SHEATH has the positive IMF Bz on
its front edge, the substorm activity was absent in this time. After
the second SHEATH arriving with the strong negative IMF Bz, the
main phase of the first magnetic storm began and it was accompanied
by the first supersubstorm (up to -3500 nT). The second magnetic
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storm was caused by MC with the negative IMF Bz, and the second
supersubstorm (up to -2500 nT) was registered in this time. Both SSSs
demonstrated the global longitude expansion and were accompanied
by the dayside polar magnetic bays. The SSS behavior is discussed.
According to our knowledge, the possible influence of such huge local
magnetic perturbations on processes in the lithosphere has not yet been
studied. Probably, it would be useful to start research in this direction.

1.23 The analysis of dependence of the values of
the Dst-index counted by means of two
techniques from the level of solar and
geomagnetic activity

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

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

In work two ways of calculation of the Dst-index are analyzed:

- by means of the automated approach which is based on use of
data the priekvatorialnykh of Hermanus, Kakioka, Honolulu and San
Juan stations (the algorithm and results of calculation are given in the
website Kyoto http://wdc.kugi.kyoto-u.ac.jp/aedir/),

- by means of the automated method of the calculation using
veyvlet-transformation for calculation of Sq-variations.

The analysis of dependence of values of the Dst-index counted by
means of two above described techniques from the level of solar and
geomagnetic activity is made.

1.24 The diagnostic of auroral electron flux
characteristics used the optical observation
data

Kozelov B.V., Dashkevich Zh.V., Ivanov V.E.

Polar Geophysical Institute, Apatity, Russia
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Based on the data of triangulation observations, the energy spectra
of precipitating electrons responsible for the rayed forms of auroras
were diagnosed. The parameters of electron fluxes were obtained from
altitude profiles of auroral emissions using an algorithm based on a
previously created numerical model of the transport of auroral electron
fluxes in the Earth s atmosphere. Examples of the restored spectra are
given.

1.25 The effective recombination coefficient in the
auroral ionosphere

Ivanov V.E., Dashkevich Zh.V.
Polar Geophysical Institute, Apatity, Russia

The effect of the precipitated electron flux parameters on the
effective recombination coefficient of electron eff has been studied.
The studies were performed by a numerical modeling using the time-
dependent model of the auroral ionosphere. It has been demonstrated,
that in the ionosphere E-region the eff value is related to the physico-
chemical properties of environment. However, in the ionosphere
Fl-region the effective recombination coefficient becomes dependent
from both the energy flux and the average energy of the precipitated
electrons.

1.26 The physicochemical interaction in the
auroral ionosphere: the time dependent
model

Dashkevich Zh. V.Y, Ivanov V.E.', Kozelov B.V.', Sergienko T.I.?

L Polar Geophysical Institute, Apatity, Russia
2 Swedish Institute of Space Physics, Kiruna, Sweden

The time dependent physicochemical model of the auroral
ionosphere, occurred during electron precipitation is presented. The
model computes the altitude density profiles of the excited and
the neutral components of the ionosphere. These are: O2+, N2+,
0-+(4S), O+(2D), O+(2P), O(1D), O(1S), N(4S), N(2D), N(2P), NO,
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NO+, N+, N2(A3), N2(B3), N2(W3), N2(B 3) and electrons. The
energy spectrum of the auroral electrons in the upper boundary of
the ionosphere, the densities of atmosphere neutral components and
the atmosphere temperature are the input parameters of the model.
The 56 physicochemical reactions characterizing the redistribution of
electron energy form the basis of the model. The model is tested on the
coordinated rocket and satellite measurements of the auroral event.
The best, at present, fit between modeling and experimental data has
been achieved.

1.27 Variations of the level of ionizing radiation in
the surface atmosphere under the influence of
a snow cover

Nagorsky P.M.", Pustovalov K.N.', Yakovleva V.S.2, Smirnov §.V.1,
Belyaeva I.V.3, Yakovlev G.A.2, Zelinsky A.S.2

U Institute of Monitoring of Climatic and Ecological Systems SB RAS
2 Tomsk Polytechnic University
3 Tomsk State University of Architecture and Civil Engineering

The aim of the work was to study the dynamics of the fields of
8- and 7-radiation in the surface layer of the atmosphere during the
establishment, growth and descent of snow cover.

An increase in the height of the snow cover leads to the formation of
a failure in the annual course of the - and - background. The depth of
the dip is determined by the height of the snow cover. During periods
of stabilization of snow depth, the dispersion of the levels of the -,
~v- background increases significantly. Comparison of variations in the
levels of the 8-, v- background and the neutron component of cosmic
rays with a change in the height of the snow cover showed that this
factor affects the neutron component, unlike the S-, - background,
only slightly. For the 5-, v- background, the change in atmospheric
pressure affects only in the case of small heights of snow cover.

Conclusion. A study was made of the dynamics of the fields of 8- and
v-radiation in the surface layer of the atmosphere. The dependences of
the characteristics of the 8- and ~- radiation fields on the height of the
snow cover and variations in atmospheric pressure are established.
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1.28 Variations of the parameters of thunderstorm
activity of tropical cyclones at the stage of
maximum development in August 2016

Shabaganova S.N.', Tarabukina L.D.?, Kozlov V.I.2

L Polytechnic Institute (branch) M.K. Ammosov North-Eastern
Federal University
2 Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy,
Siberian Branch of the Russian Academy of Sciences

In August 2016, 5 tropical cyclones, which reached the territory
of Russia at the stage of a decaying cyclone, affected the Far East.
Of these, tropical cyclones Lionrock (date of birth: 08/16/2016) and
Mindulle (date of birth: 08/17/2016) reached the typhoon stage on
08/24/16 (03 LT) and 08/19/16 (15 LT) respectively with a wind speed
of the order 36 m / s The maximum stage of development of tropical
cyclones Omais, Conson and Chanthu is a strong tropical storm. The
data of the WWLLN registration system in tropical cyclone zones
of 10 35 degrees north latitude, 125 - 145 degrees east longitude in
the stages of their maximum development. The spatial distributions
of densities of lightning discharges in the zone of action of each
of the tropical cyclones at the stage of maximum development are
investigated. The distribution density of lightning discharges in the
range of tropical cyclones (up to 1000 km) that have reached the
typhoon stage is characterized by two local maxima. The distribution
density of lightning discharges in the range of tropical cyclones that
have reached a strong tropical storm is characterized by one maximum.
The average lifetime of thunderstorm cells is 40 50 minutes on average.
An analysis of the shape of the cells showed that the maximum value
of the eccentricity of the ellipse describing the shape of the cell, up
to 0.8, corresponds to a maximum wind value of 43 m / s, and is
observed in cells of a thunderstorm center that are short in life time
within a tropical cyclone’s radius of action. Up to the typhoon stage, the
area of thunderstorm cells increased, and further, the number of cells
increased, the intensity of discharges per cell, and their lifetime and area
decreased. The reported study was partially funded by RFBR according
to the research project 18-35-00215 mol-a. The instrumental base is
supported by the budget topic 11.16.2.1. (State registration number
AAAA-A17-117021450059-3).
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1.29 Winter lightning in Kamchatka

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

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

Winter lightning in Kamchatka is a rare meteorological pheno-
menon. Heat energy, brought by cyclones, is not always enough for
lightning activity to be initiated. Additional source of heat radiation
in the near-ground atmosphere is required that would cause lightning
activity. To investigate the nature of this phenomenon, the paper
applies time variations of quasistatic electric field and meteorological
quantities at Paratunka observatory of IKIR FEB RAS and the data on
solar, seismic and cyclone activities. It was shown that powerful solar
flares, accompanied by radiation increase in visible and infrared spectra,
and the Earth infrared radiation, penetrating into the atmosphere
before earthquakes with M>8, may be the additional sources of heat
in the near-ground atmosphere of Kamchatka.

1.30 Charge accumulation in thunderstorm clouds:
fractal dynamic model

Kumykov T.S.

Institute of Applied Mathematics and Automation of Kabardin-Balkar
Scientific Center of Russian Academy of Sciences

Convective clouds inside which thunderstorm processes mainly
develop are natural objects with nontrivial fractal structure. One
of the most important thunderstorm parameters is the electric field
intensity. Once a lightning strike have occurred, the electric field
weakens and then recovers. The process of restoring neutralized charges
and respectively the electric field after the thunderstorm discharge
is the matter of animated debate among scientists. As is known, a
central place in thunderstorm electricity occupies charge generation
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and separation processes inside convective clouds. About two dozen
current mechanisms are known that result in charges generation inside
the thunderclouds. They can be divided into two groups. The first group
is associated with elementary processes in the clouds: the electrification
within the ionic environment, the electrification caused by frictional
contact between two icicles, the electrification accompanying the
freezing of water and its solutions, the electrification upon destruction
of crystallizing droplets, etc., The second group includes the induction
electrification mechanism stipulated by the electric field, whose origin is
not yet clear. Here we have the contact electrification, the electrification
associated with droplets colliding with hailstones, the electrification
produced by the melting of hailstones, etc. None of these mechanisms
can currently be considered dominant. Some authors believe that
several processes may simultaneously happen in a thundercloud leading
to the electrification of hydrometeors. The efficiency of each mechanism
depends on the stage of the cloud development. Some mechanisms
are valid only in certain parts of the cloud. Fractal nature of clouds
and their specific fractal dynamic characteristics were disregarded in
all proposed mechanisms. Meanwhile, the fractal-dynamic properties
provide reliable description of the charge accumulation process and
electric field recovery in the study of thunderstorm electricity. In this
regard, this paper proposes a fractal dynamic model of the charge
accumulation in thunderstorm clouds along with the fractional integro-
differentiation apparatus for this phenomenon study.

1.31 Wahistling characteristics during periods of
ionospheric disturbances

Mikhailov Yu.M.*, Kapustina O.V.', Druzhin G.I.2

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

The results of observations of whistlers in obs. Karymshina
(Kamchatka) in the period November-December 2008 are presented.
This period was characterized by an excess of foF2 values and a
decrease in hF2 compared to the usual level. This effect was most
clearly observed in Irkutsk, however, it also manifested itself in
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Kamchatka, although it was less pronounced. Such an event is explained
by both a change in the composition of the thermosphere and the
appearance of the western component of the electric field and the
electron concentration gradient at the maximum of disturbances.
The latter is also associated with a change in the direction of the
northern component of the interplanetary magnetic field. Under normal
conditions, the refractive index of VLF waves in daytime conditions is
higher than at night, and the number of whistlers, on the contrary,
is higher at night than during the day. On December 18-19, the
appearance of whistling atmospherics in the daytime was observed
in Kamchatka in the same amount as at night, about 10 1/min. At
the same time, in the periods following the maximum changes in the
ionosphere characteristics (23, 24, 27, 29, 30 December), there was a
sharp increase in the number of whistles in the daytime to 50 1/min. It is
possible that in this case the source of whistles is atmospheric discharges
initiated in a typhoon, which is observed near the conjugate region in
the southern hemisphere. The increase in the number of whistlers is
associated with a change in the conditions of capture on the force line
= 2.4.
The work is executed at support of RFBR, Grant 19-05-00543.

1.32 Current status of the PWING project for
investigation of the plasma and field
dynamics in the inner magnetosphere

Kazuo Shiokawa', PWING Team!

U Institute for Space-Earth Environmental Research (ISEE), Nagoya
University, Japan
2 PWING Team:
http:/ /www.isee.nagoya-u.ac.jp/dimr/PWING /en/pdf/
ERG _ground_collaborators PWING list 171217 pdf

The PWING project is a 5-year project from April 2016 as the
Grant-in-Aid for Specially Promoted Research of the Japan Society
for the Promotion of Science (JSPS) (16H06286). The PWING stands
for "study of dynamical variation of Particles and Waves in the
INner magnetosphere using Ground-based network observations."The
PWING project deploys all-sky airglow imagers, 64-Hz sampled
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induction magnetometers, 40-kHz VLF receivers, and 64-Hz riometers
at 8 stations at magnetic latitudes of 60 degree around the north-
pole to cover longitudinal distribution of aurora and electromagnetic
disturbances in the inner magnetosphere. These PWING instruments
are in automatic operation at various locations from high to equatorial
latitudes in Canada, US (Alaska), Russia, Norway, Finland, and
Iceland. Fast-sampling EMCCD cameras were also deployed at three
stations in Finland, Alaska, and Canada. Details of the PWING project
can be seen at http://www.isee.nagoya-u.ac.jp/dimr/PWING /en/.
Various new scientific results have been obtain through this project,
including conjugate measurements with the Arase and Van Allen
Probes satellites, for longitudinal distribution of electromagnetic ion
cyclotron waves and ELF/VLF waves, detachment of Stable Auroral
Red (SAR) arcs from the main auroral oval, and comparison with global
models of the inner magnetosphere.
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2 Geophysical fields and their interaction

132



2.1 Accounting for the real shape of the proton
spectrum when calculating the transport of
solar cosmic rays through the Earth’s
atmosphere

Germanenko A.V.
Polar Geophysical Institute

During the calculation of the transport of the protons of galactic
cosmic rays through the Earth s atmosphere using the RUSCOSMICS
software package, one of the most important input parameters is the
value of the geomagnetic cutoff rigidity. If we are talking about solar
cosmic rays, then, due to the anisotropy of the primary proton flux, it
is also necessary to calculate the direction of arrival of the particles,
called reception cones. This paper presents of specialized software
usage for integrate the pitch-angle distribution function into the
calculation of the transport of primary solar cosmic rays through the
Earth’s atmosphere during the GLEG0 event. As a result, the obtained
spectra are presented for several values of geographic coordinates,
which are input parameters for a particle generator. It also provides
typical characteristics of secondary cosmic rays fluxes obtained during
calculations.

2.2 Algorithms of ionospheric parameters
detection in ionograms

Mochalov V.A., Mochalova A.V.

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

In this paper, an algorithm for recognizing traces of reflections
from different layers of the ionosphere in ionograms is proposed. The
algorithm is based on the use of deep neural networks (DNN). The
training of the DNN is based on the reference markings created by the
operators. To recognize traces of reflections from each of the E, F1, and
F2 layers of the ionosphere, a separate DNN was trained for each layer.
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On the basis of automatically recognized traces of reflections from
the layers of the ionosphere, the ionosphere parameters are detected
using the algorithms proposed in the work. The accuracy of automatic
detection of ionospheric parameters in ionograms and ways to improve
the quality of automatic analysis and interpretation of ionograms are
analyzed. We show the place of the results obtained in the work in the
developed intellectual support system for ionogram analysis.

2.3 Amplitude and phase variations of the LF
radio signals of NRK transmitter received in
Yakutsk and Tixie Bay during the solar eclipse
on August 11, 2018

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

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

During a solar eclipse the moon blocks the solar ultraviolet and
X-ray fluxes. The fluxes are the main source of daytime ionization
of the lower ionosphere. Electromagnetic signals of low and very low
frequencies (LF: 30-300 kHz, VLF: 3 - 30 kHz) are sensitive to such
changes. The first contact of the lunar penumbra was at 8:02 UT (57.78
N 54.82 W) on August 11, 2018. The largest linear phase of the partial
eclipse was 0.737 recorded at 9:46 UT in the East Siberian Sea region
(70.44 N 174.70 E). A registration of VLF and LF radio signals from
navigation stations is organized in Yakutsk (62.02 N, 129.70 E) and
on the territory of the Polar Geocosmophysical Observatory in Tixie
Bay (71.6 N, 128.9 E). Stable diurnal phase and amplitude variations of
the NRK signal (37.5 kHz, Iceland, 63.9 N, 22.5 W) were obtained. The
great circle paths of NRK - Tixie Bay and NRK - Yakutsk are 4800 and
5800 km respectively. According to the data from the Tixie Bay receiver
the maximum phase delay increase of the NRK radio signal on August
11 relative to the median values of August 9-13 was 0.419 radians, the
amplitude increase was 2 dB (09:41 UT). According to the Yakutsk
receiver, the phase delay increase was 0.297 radians (09:56 UT). The
effective height of the Earth ionosphere waveguide is estimated. The
distributions of ratios of the open part of the Sun to the total visible
solar disc area along the NRK Tixie Bay and NRK - Yakutsk paths with
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a resolution of 200 km and a time resolution of 126 seconds are obtained
based on the Bessel elements of the solar eclipse on August 11, 2018. It is
assumed that the ratio of the intensities of ionizing nighttime radiation
to the daytime one is 0.01, and the ratio of the intensities of the
solar corona to daytime radiation is 0.1. The normalization coefficient
determined using the least squares method based on the LF signal
phase variations data during the solar eclipse. The coefficient relates
the changes the effective height of the Earth ionosphere waveguide and
the logarithm of the ratio of the solar radiation flux during an eclipse to
the total daytime ionizing radiation flux. The normalization coeflicients
are 4.01 km (path NRK-Tixie Bay) and 1.91 km (path NRK-Yakutsk).
According to our estimates the maximum shadowing segment of the
NRK - Tixie Bay propagation path (80 N 107 E, 09:43:48 UT, eclipse
linear phase 0.635) corresponds to an increase the effective height of the
Earth-ionosphere waveguide by 2.72 km. For the segment of the NRK
- Yakutsk propagation path (75 N 114 E; 09:56:24 UT, eclipse linear
phase 0.651) the maximum increase in the effective height of the Earth-
ionosphere waveguide was 1.37 km. The study was partially supported
by the Ministry of Education and Science of the Russian Federation
and by Siberian Branch of the Russian Academy of Sciences (Project
11.16.2.1, registration number AAAA-A17-117021450059-3). The study
was supported by RFBR, research project No. 18-45-140028 r-a.

2.4 Analysis of cosmic ray dynamics and
ionospheric parameters during increased solar
activity and magnetic storms

Mandrikova O.V.*, Polozov Yu.A.'2, Mandrikova B.S.?

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Kamchatka state Technical University
3 Saint-Petersburg Electrotechnical University

The paper analyzes the data of cosmic rays and ionospheric
parameters during extreme solar events and magnetic storms. The
applied approach is based on the application of wavelet transform,
neural networks of vector quantization and regression methods.
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Features of ionospheric disturbance occurrences have been investigated
and their correlation with anomalous processes in the near-Earth space
has been shown. Anomalous changes, preceding and accompanying
strong and moderate magnetic storms, have been identified in the
dynamics of cosmic ray intensity. The results of investigation are of
interest in the tasks of space weather forecast.

2.5 Analysis of forced oscillations of nonlinear
fractional oscillators

Parovik R.1

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

The paper analyzes the forced oscillations of a nonlinear fractional
oscillator, which has the property of memory or hereditarity. The
memory effect in a dynamic system is caused by the dependence of its
current state on a finite number of previous states and its mathematical
description is given using integro-differential equations or equations
in fractional derivatives. In the article, the model of a nonlinear
fractional oscillator is a Cauchy problem for a nonlinear equation with
derivatives of fractional orders in the sense of Gerasimov-Kaputo and
is a generalization of the classical nonlinear oscillator. The orders of
fractional derivatives are related to the properties of the medium in
which the hereditary oscillatory process occurs. However, of interest
is the study of the question of the relationship of orders of fractional
derivatives and characteristics of the oscillatory process, for example,
Q-factor. Therefore, using the amplitude-frequency (AFC) and phase-
frequency characteristics (PFC) of forced oscillations of a non-linear
fractional oscillator, their connection with the orders of fractional
derivatives, which are included in its model equation, is justified. The
frequency response and phase response were calculated on the basis of
an explicit non-local finite-difference scheme, which was implemented
in a computer program. With the help of a computer program, the
simulation results were visualized, the calculated frequency response
and phase response curves were constructed. It was shown by computer
simulation that the orders of fractional derivatives are related to the
quality factor of the oscillatory system. A decrease in the higher order,
which is responsible for the "fractional"inertia, leads to a decrease
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in the quality factor, and a decrease in the lower order, which is
responsible for the "fractional"friction, leads to an increase in the
quality factor. Therefore, we come to two mechanisms for controlling
the Q of the hereditary oscillatory system, where the orders of fractional
derivatives play the role of control parameters. This result suggests that
under conditions of forced oscillations a mathematical model of a non-
linear fractional oscillator without friction is equivalent to the classical
mathematical model of a non-linear oscillator with friction.

2.6 Analysis of the dynamics of geomagnetic
disturbances during periods of increased solar
activity and magnetic storms (according to the
network of ground stations INTERMAGNET)

Mandrikova O.V.', Rodomanskay A.L', Zaitsev A.N.?

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Waves Propagation of the Russian Academy of Sciences, Russian

We present and describe an automated method for analysis of
magnetic data and the detection of geomagnetic disturbances based
on wavelet transformation. The parameters of the computational
algorithms allow us to estimate the characteristics of non-uniformly
scaled peculiar properties in the variations of the geomagnetic field
that arise during periods of increasing geomagnetic activity. Analysis of
geomagnetic data before and during magnetic storms was carried out on
the basis of data obtained from the network of ground stations. Periods
of increasing geomagnetic activity are highlighted which precede
and accompany magnetic storms. The dynamic of variation of the
geomagnetic field in the auroral zone is considered in detail.
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2.7 Artificial field - aligned ionospheric
irregularities and the efficiency of radio
engineering systems

Sivokon V.P.

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

The heterogeneity of the electron concentration of the ionosphere,
as a rule, reduces the efficiency of radio engineering systems. This fully
applies to the specific form of inhomogeneity-magnetically oriented.
However, they can be used to solve a number of applied problems,
for example, the excitation of an ionospheric waveguide. Observations
on the formation of artificial magnetically oriented inhomogeneities
showed variations in the intensity of the heating wave scattered
on them, which may affect the efficiency of the excitation of the
ionospheric waveguide. To reduce this effect, it is proposed to use
specific modulation schemes of the heating wave.

2.8 Automatic cleaning of geomagnetic variations
from technogenic disturbances for calculation
of ULF-index

Kudin D.V.}>2, Dobrovolsky M.N.!

L Geophysical Center of the Russian Academy of Sciences
2 Gorno-Altaisk State University

The ULF wave index characterizes the level of variations of the
Earth’s magnetic field in the range of 2-7 mHz. The index is operatively
calculated and used in the study of the magnetosphere and space
weather. The index is calculated according to the ground magnetic
stations of the Northern hemisphere. At some stations, magnetic
variations are recorded with significant technogenic disturbances.
Often, magnetometers with significant baseline drift and strong
temperature dependences are used to observe the magnetic field.
The work is devoted to the development of an automated software
package that allows cleaning of heterogeneous magnetic variations for
subsequent use in the calculation of the ULF-index.
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2.9 Can solar flare trigger earthquake? Analysis of
field observations, theoretical model and
laboratory experiments

Nowikov V.A.', Klyuchkin V.N.', Ruzhin Yu.Ya.2, Sorokin V.M.?,
Yaschenko A.K.?

L Joint Institute for High Temperatures of RAS
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation of RAS

Results of complex research of a possibility of earthquake triggering
by solar flares are presented, which incorporate a theoretical analysis of
impact of ionizing radiation of solar flare on the earthquake source, an
analysis of response of the Earth’s seismicity to the power solar flare of
X9.3 class of September 6, 2017, laboratory experiments for a study of
earthquake triggering by electric current pulse in the fault simulator
of the spring-block slider, as well as experimental determination of
electric current concentration in the simulated fault. A physical and
mathematical model of interaction of ionizing radiation of solar flare
with ionosphere and lithosphere has been developed. It was numerically
shown that solar flares can induce variation of density of telluric
currents in seismogenic faults comparable with the current density
generated in the Earth crust by man-made pulsed power sources
provided a spatio-temporal redistribution of regional seismicity. Based
on this result it may be concluded that the earthquake triggering
is possible both by the man-made power sources and ionosphere
perturbations generated by solar flares. For verification of a hypothesis
on a possible earthquake triggering by specific solar flare an analysis
of the Earth’s seismic activity after the solar flare of X9.3 class of
September 6, 2017, the strongest flare for the last twelve years, was
made. It has been shown that the earthquake number of M=4.1-
8.2 (USGS catalogue) during 10 days after the solar flare was raised
1.65 times in comparison with similar period before the flare. The
obtained results are supported by experiments at the spring-block
slider simulated a seismogenic fault, when the electric current was
injected into the fault at shear stresses of 0.98-0.99 of the critical value
resulted in a sharp increase of acoustic emission from the fault (cracking
in the fault), which transforms into an avalanche-like dynamic slip
along the fault (an occurrence of the laboratory "earthquake"). Taking
into account that the current density triggered the slip in laboratory
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experiments is several orders higher than estimations of the current
density at the depth of earthquake focus, an experimental study was
made of the current concentration in the conductive fault, the resistance
of which is lower by an order in comparison with the host rocks. It was
shown that due to the current concentration in the fault, its density
can be several times higher than the current density in a homogeneous
medium.

The reported study was funded by RFBR according to the research
project No.18-05-00962.

2.10 Complex for experimental investigations of
elastic waves interactions with ice layer

Chen W.', Chernenko V.A.2, Petrosiants V.V.2, Rybchenko A.A.3

L Harbin Engineering University, China
2 Far Eastern Federal University, Russia
cientific Research Center «Arktikas , Russia
3 Scientific R h Center «Arktika» FEB RAS, Russi

Radiating and receiving broadband systems were developed to make
experimental investigations of interactions of elastic waves of low range
from 10 to 100 Hz propagating in an ice layer. The radiating systems
were constructed on the basis of pneumatic radiators which allow
one to regulate elastic wave pressure in a wide range. The receiving
systems were constructed on the basis of magnetostrictive materials
with transition layers from passive materials. The coefficients of the
relation of elastic waves with the boundaries of ice-atmosphere and
ice-marine environment were estimated. Some methods of complex
application were suggested to investigate elastic wave emission from
earthquake sources.
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2.11 Cosmic rays as an indicator of the
geoeffectiveness of magnetic clouds

Petukhova A.S., Petukhov 1.S., Petukhov S.I.

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

Geomagnetic storms are initiated by organized magnetic structures
of the solar wind. The intensity of magnetic storms is determined by
the product of the southward component of the magnetic field and the
time interval, during which the structure is located near the Earth:
the larger the product, the higher the storm intensity. To determine
the local properties of the structures, direct spacecraft measurements
of the plasma and magnetic field characteristics are used. Global
properties of the structures are also of great interest. Such information
can be obtained using measurements of cosmic rays by the worldwide
network of neutron monitors. Magnetic clouds are examples of these
structures. About 30% of magnetic storms are caused by magnetic
clouds. In our theory of the formation of Forbush decrease in a
magnetic cloud, it has been found that the components of the vector
anisotropy in time are determined by the magnetic cloud type. Thus,
using the cosmic ray method, it is possible to determine a connection
between the magnetic cloud type and the intensity of the magnetic
storm. Similar connections can be made for other magnetic structures.

2.12 Detection and structural analysis of noise in
the magnetic data

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

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

The method of detection of noise in magnetic data based on wavelet
-transformation and threshold functions is considered. Efficiency is
shown by the example of analysis of measurements of 3-axis fluxgate
magnetometer FGE-DTU (the Observatory Paratunka, Kamchatka,
IKIR FEB RAS). The some of noise is resulted of natural sources, for
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example, earthquakes in Kamchatka region, and some of artificial noise
is due to the work of the ionozonde near Observatory are considered.
Detailed time-frequency structure of noise in 2 Hz records of Z and D
components is investigated. To automation the method for considered
examples of noise the informative scale levels of wavelet-transformation
are determined and parameters of threshold functions appreciated.

2.13 Development of MAGDAS project: Search
for global electromagnetic coupling from
polar to equatorial ionosphere

Yoshikawa A.

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

The equatorial ionosphere is a final destination of electromagnetic
energy brought about by energy incidence to the polar ionosphere.
Distribution of geomagnetic disturbance accompanying such a coupling
phenomenon shows strong asymmetry. Such an aspect suggests that
the magnetosphere-ionosphere form a unique transmission and /
or propagation system depending on each event.The MAGDAS
project investigates such a global electromagnetic coupling system
by combining global geomagnetic field network observation with
electric field observation using ionosonde installed at low and dip-
equator region.Recently, by using 250Hz sampling and 10Hz averaged
MAGDAS 9 magnetometer data, we found that when the auroral
substorm were enhanced during geomagnetic storm, together with
enhancement of Pcl wave at the polar region, the global Pc2 type
disturbances (period range from 5 to 20 sec) can be captured from
polar to equatorial region. In this talk, we will present recent update
of MAGDAS project and of which scientific results.
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2.14 Diagnostics of geomagnetically induced
high-voltage power lines

Sivokon V.P., Cherneva N.V., Malkin E.I

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

It was "the Executive Order of National Resilience Electromagnetic
Pulses"signed on March 26, 2019. depends on, among other things, on
the electric power systems. The effectiveness of protection against GIT
depends, among other things, on the effectiveness of their diagnosis in
electric power systems. The presence of geomagnetic-induced currents
can be detected by direct measurements or by indirect evidence. The
Institute of Cosmophysical Research and Radio Wave Propagation of
the FEB RAS uses the second approach. On the example of the local
energy network of Kamchatka, the evolution and results of applying
this method for diagnosing geomagnetic-induced currents are shown.
The work is executed at support of RFBR, Grant 19-05-00543.

2.15 Difference scheme for fractional
generalization of the Kelvin-Voigt model

Vodinchar G.M., Perezhogin A.S.

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

The deformation process in the Earth’s crust, which has a
complex non-uniform structure with fractal geometry, has the
character of plastic deformations. One of the possible formal
approaches to introducing fractality into rheological models of visco-
elastic media is to replace classical differential operators with their
fractional generalizations. The resulting fractional equations require the
development of specific difference schemes.

The report discusses a single difference scheme for fractional
generalization of the Kelvin-Voigt model, examines its properties.

This work was carried out with partial support from the Integrated
Program for Fundamental Scientific Research of the Far Eastern
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Branch of the Russian Academy of Sciences «Far East» for 2018-2020:
project 18-5-002 «Information Computing System for Simulating the
Propagation of Geoacoustic and Nonlinear Deformation Disturbances
in the Earth’s Crust (Section 1)»
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2.16 Dynamo effects in gravity
Shevtsov B.M.

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

Nonlinear oscillations in the dynamic system of gravitational and
material fields are considered. The problems of singularities and
caustics in gravity, expansion and baryon asymmetry of the Universe,
wave prohibition of collapse into black holes, and failure of the Big Bang
concept are discussed. It is assumed that the effects of the expansion of
the Universe are created by the reverse collapse of matter motions. This
hypothesis is used to substantiate the vortex and fractal structures
in the distribution of matter. A system of equations is proposed
for describing turbulent and fluctuation processes in gravitational
and material fields. Estimates of the diffusion parameters of such a
system are made in comparison with the fundamental world constants.

2.17 Estimation of long-range correlation scales by
seismoacoustic emission signals of
near-surface sedimentary rocks in Kamchatka

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

L Scientific station of the Russian Academy of Sciences in Bishkek
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

A measurement complex is installed on the ground surface at
«Karymshina» complex geophysical observation site of IKIR FEB
RAS (Kamchatka) to record seismoacoustic emission signals. A three-
component piezoceramic seismic receiver, which records oscillatory
acceleration in the frequency range from 0.2 to 400 Hz, is used as
the signal sensor. A series of seismoacoustic responses on regional
earthquakes of 2017-2018 with the energy class Ks>11.0 has been
considered. Self-similarity of their structures has been established in a
limited interval of time scales by statistical methods. That, in its turn,
indicates the presence of long-range correlations in the system under
consideration and allows one to estimate correlation scales.
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2.18 Experience of using the component
Overhauser magnetometer POS-3 at points of
the century course of the Earth’s magnetic
field.

Cherepanova E.A.

Institute of Geophysics, Ural Branch of the Russian Academy of
Sciences

In 2018, repeated absolute observations of the vector module
and the Z-components of the geomagnetic field were conducted
at points of the secular variation (PVC) in the area of the Artie
observatory. To measure the secular variation at the PVC points,
the component Over-Sauer POS-3 magnetometer (ZT-POS), made in
the UFU quantum magnetometry laboratory, was used. The purpose
of observations of the elements of the geomagnetic field on PVC: a)
control of observatory observations of the secular variation of the
Earth s magnetic field b) the selection of the anomalous component
of the secular course on the area of the Manchazh anomaly relative to
the value obtained at the Arti Observatory in stationary conditions.
As a result, the absolute values of the modulus (F) and the vertical
(Z) component at each observation point were obtained. A map of the
values of the difference Z of the vector components of the geomagnetic
field on PVC and in the Arti Observatory on a geological basis and
the map of the anomalous component dZ / dt of the secular variation
of the vertical component of the geomagnetic field of the 2018 epoch
were constructed. In geological terms, the maximum of the secular
course falls on the contact of the Lek and Lemazinsk Formations of
the Kungur tier of the lower section of the Perm system. The Lek
suite is represented here by rhythmically alternating sandstones, shale,
medium lenses and interlayers and conglomerates, and limestone. The
Lemazinsk Formation is composed of brecciated limestones. These
rocks are weakly magnetic and, apparently, cannot have a significant
effect on the secular course of the geomagnetic field. In this regard,
the differences in the values of the secular variation are caused,
presumably, by the heterogeneous structure of the Manchazh anomaly
source, which lies in the crystalline basement of the Archean and
Early Proterozoic igneous and metamorphic rocks at depths from 4-6
(upper edge of the source) to 30 km (lower edge of the source) . Such
a phenomenon as the difference of the secular variation within the
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anomaly was established by us for the first time, and this may be of
interest for further study of the anomalous field.

2.19 Features of the soft gamma-rays variations in
the atmosphere

Balabin Y.V., Mikhalko E.A., Maurchev E.A., Germanenko A.V.,
Guvozdevsky B.B., Shchur L.I.

Polar Geophysical Institute

Monitoring of soft gamma-rays (20-400 keV) is conducted in
Polar Geophysical Institute since 2009. There are some stations from
Spitsbergen up to Caucasus equipped with uniform detectors. During a
year soft gamma-ray variations are observed with amplitudes up to 100

2.20 Indications of anomalous changes in the
geomagnetic field in the Siberian and
Far-East regions

Dmitriev A. V.12

L Institute of Space Science, National Central University, Jungli,
Tarwan
2 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State
University, Moscow, Russia

Latitudinal location of the outer radiation belt (ORB)
was determined during last 17 years from 2001 to 2018 with
using NOAA /Polar-orbiting Operational Environmental Satellite
observations of energetic electrons. It was found that in the Siberian
sector, ORB was displaced equatorward by more than 3 degrees that
was 2 degrees larger than that predicted by the IGRF-12 model. The
equatorward shift became prominent after 2012 that might be related
to a geomagnetic jerk occurred in 2012 2013. The displacement of ORB
to lower latitudes can contribute to an increase in the occurrence rate
of mid-latitude auroras observed in the Eastern Hemisphere. We have
analyzed 18 geomagnetic storms occurred from 2011 to 2018 and found
that during some of them, the auroral precipitations were observed in
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close vicinity of Irkutsk and Paratunka. This exceptional cases support
the conclusion about anomalous changes in secular variations of the
geomagnetic field in the Siberian and Far East regions.

2.21 Interaction of elastic waves with ice layer in
shelf zone

Yin J.', Korochentsev V.I.2, Viland A.V.3, Shabanov G.A.*,
Korchaka A.V.2, Soshina N.S.?

L Harbin Engineering University, College of Underwater Acoustic
Engineering, China
2 Far Eastern Federal University, Russia
3 Far Eastern Territorial Department of the Ministry of Science and
Higher Education of the Russian Federation, Russia
4 Scientific Research Center «Arktikas FEB RAS, Russia

A theoretical model of elastic wave propagation in an ice layer
of arbitrary wave size from 0.5 to 20 units has been developed. The
estimations are based on the Green’s function theory for Helmholtz
equation. Special directed Green’s functions has been introduced.
They allow one to analyze wave fields in enclosed volumes bounded by
impedances different in angel. The developed algorithms of calculation
make it possible to analyze fields within 1-5 minutes by the means
of medium-powered computers. The suggested methods allow one to
estimate the interaction of elastic waves with different impedances in
marine bays, lakes and other volumes with bounded wave sizes.

2.22 Interaction of electromagnetic waves in ice
layer

Xue W.', Korochentsev V.12, Em A.A.2, Shpak Iu.V.?

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

A mathematical model of spherical wave propagation near an ice
layer was developed. The suggested mathematical model is based on
directed Green’s functions with boundary conditions inhomogeneous
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in angle. Spherical source field, radiating electromagnetic waves, was
analyzed by the proposed model for two cases: the source was in the
air and radiated waves along the marine ice surface; the source was
in the ice layer and radiated waves. The modeling results for different
frequencies and different ice thickness are presented. It was shown that
wave amplitude increases by about two times inside the ice compared
to free space. Amplitude of electromagnetic wave, propagating along
the marine ice surface, increases by 50

2.23 Magnetic field of the Hot Earth. Reversals,
magnetic anomalies and mechanism of the
magnetic poles drift

Kuznetsov V. V.

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

Principally new model of the magnetic field of the Hot Earth is
proposed. Unlike the commonly accepted approach which considers
that the Earth’s temperature doesn’t increase because heat released
under selfgravitation is removed through radiation our model assumes
that early substance of the Earth heated up to 30 000 K was a
superheated and overcompressed vapour consisting of silicide oxide,
water and hydrogen.

Cooling the Earth substance was condensing and the specific
energy of about 15 kJ/g released. Cooling the system was expanding
adiabatically that governed the character of the Earth enlargement.
The operation of this system origins from the phase transition
(PT) condensation-evaporation under the benefit of condensation. PT
provides the heat, geodynamics of expansion and the Earth’s magnetic
field (EMF).

The high temperature of the substance causes its thermoionization,
whereas PT operation relating to mass transfer initiates charges
separation and generation of the double electric layer (DEL). A diurnal
rotation of DEL induces a weak initial EMF which enhances then at the
expense of the Hall dynamo (Hall current) inside PT area. Shifting to
the benefit of evaporation causes the Earth compression and reversal of
the EMF polarity. Nowadays the Earth’s compression mode is executed.
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According to our model reversals, excursions and jerks as
phenomena with heat nature are initiated by PT and manifesting
themselves in EMF. Principally differing from accepted, in addition to
the axial dipole of the main field our model considers four radial dipoles
as magnetic anomalies taking a small part of the current generating
EMF which retain the magnetic field during its reversals over 10 kyr
that is crucial for the drift of the magnetic poles the unexpected speed
increase of one of them (North one) is widely discussed now.

The approach we develop provides an insight into just all features
of the magnetic field the planets and satellites of the Sun system
include.

2.24 Manifestation features of electric and
acoustic responses of near-surface
sedimentary rocks on seismic waves from
earthquakes

Muratov P. V.Y, Rulenko O.P.2, Marapulets Yu.V.!

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

Two orthogonal horizontal components of electric field and
acoustic emission in the near-surface layer of sedimentary rocks were
simultaneously measured at Karymshina site (52.83° N, 158.13° E)
located in the region of Verchne-Paratunskaya hydrothermal system
of South Kamchatka. The recorded frequency range was 0.1 Hz —
1 kHz. Joint electric and acoustic responses of these rocks were
recorded during seismic wave passage from some earthquakes with the
magnitudes of 4.0 — 7.3 at the distances of 80 — 500 km from epicenters.
These responses are determined by intensive deformation of rocks.
Results of time-frequency analysis of the responses are presented.
Manifestation features, depending on earthquake epicenter location
and magnitude, are considered. It was discovered that the upper
frequency of electric response reached more than 30 Hz and that of
acoustic response reached 11 kHz during a strong earthquake. These
exceed the frequencies of seismic wave mechanic impact on rocks and
carry the information on the characteristics of the response generation
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mechanisms. Investigation of seismo-electro-acoustic transformation in
widely spread near-surface sedimentary rocks is topical to understand
the formation of different near-surface field disturbances during rock
deformation at the time of a seismotectonic process.

2.25 Method of extraction of geoacoustic emission
pulses

Gapeev M.I., Senkevich Yu.l.

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

The task of cleaning the signal of geoacoustic emission from natural
and artificial interference with using prior knowledge of characteristics
extracted impulses. The difficulty of the selection is due to wide
dynamic range (from 10 dB to 10 dB), duration variability (from 0.1
to 10 ms) and a wide variety of forms of the envelope of the useful
signal which perceived against the background of unsteady interference.
The last two circumstances do not allow to organize optimal reception
and selection of impulses in a statistical sense. The number of errors
can be significantly reduced if we use some empirical rules obtained
in the course of long-term observations. The method of allocation of
pulses of geoacoustic emission, using an adaptive threshold calculated
on the basis of the dispersion of the sliding window, and subsequent
selection using a sequential multi-pass ranking of signal areas where
the level of the additive mixture of the signal and noise in the windows
of fixed length exceed the threshold is proposed. The selected pulses
are checked for consistency by applying the rule of logical inclusion
of a certain number of local extrema, the number of which depends
on the pulse rank and the magnitude of its amplitude. The results of
the computational experiment showed the possibility of lowering the
threshold value of the selection pulses in the range of 3-6 dB in the
practical elimination of errors of the first kind up to the value SNR of
the order of 0-3 DB
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2.26 Mobile complex for registration of some
components of SCR

Mikhalko E.A., Balabin Y.V., Maurchev E.A., Germanenko A.V.
Polar Geophysical Institute, Apatity, Russia

There is continuous monitoring of different components of secondary
cosmic rays (SCR) in the cosmic ray laboratory of Polar Geophysical
Institute. In addition to the stationary equipment on Apatity station
a portable complex was developed and manufactured. It consists of
scintillation spectrometer, a charged component detector (CCD) based
on Geiger-Muller counters and a neutron component detector (E <1
MeV) based on helium counters SNM-18. The portable complex was
set in operation from the beginning of the year. The complex works in
parallel with the main equipment in the station. The small size, low
power consumption and the ability to write data to flash drives are
suitable to use the complex in hard-to-reach and isolated places or in
expedition too.

2.27 Modes of magnetic field generation in a
af2-dynamo with a power type of a-generator

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

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

In the work there is investigated the generation of the magnetic
field in the af)-dinamo model where the velocity field v and the
magnetic field B are axially symmetric in the spherical shell of a
viscous incompressible fluid rotating around an axis Oz with constant
angular velocity €. The velocity field of a viscous fluid v is zero on
the inner » = r; and the outer r = ry spherical envelope boundaries.
The magnetic permeability of the inner and outer nuclei is the same,
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the medium outside the nucleus (r > 73) is not conductive. In this
model we assume that the mean flow ¥ has the character of differential
rotation, corresponding to the modes vf?lyo from the linear shell
{vfhl)o, Vsz,2,0’ v{3’370, VIZA,O’ ...} is invariant under the Coriolis
drift. Any such mode generates the rest of the chain. The magnetic
field is represented by the minimum number of lower eigenmodes
B({LO, B{ 2.0, B53,0, sufficient to obtain 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, where max|a(r, 0)| =
1. Two variants of the radial part of the a-effect are used: a(r) = r,
a(r) = —sin(n(r —ry)).

Reversions of the magnetic field are simulated in the dynamic model
af)-dimensions with a varying intensity of the a-generator defining by

the integral
t

Z(t) :/J(t—T)BQdT
0

with power law kernel such that J(t) = tFexp(—bt)cos(at) ore
J(t) = tFexp(—bt). We consider such changes in intensity as a
consequence of the synchronization of the higher discarded modes
of the velocity field and the magnetic field. Dynamo regimes are
studied depending on the change of the intensity of the generator and
parameters of the model.

2.28 Nonlinear acoustic methods in the
investigations of elastic wave interactions in
ocean

Chen W.', Korochentsev V.I.2, Tarasov S.P.2, Pivnev P.P.3,
Durov D.S.3

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

Hydroacoustic parametric systems and nonlinear acoustic methods
are considered in the investigations of the Ocean and Arctic Shelf. The
most perspective directions of development of hydroacoustic systems
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with parametric antennas are briefly described. The application results
for hydroacoustic tasks and earthquake forecast are considered.

2.29 Numerical methods in the study of the
angular and energy characteristics of
secondary cosmic rays in the Earth’s

atmosphere

Mikhalko E.A., Maurchev E.A.
Polar Geophysical Institute

Passing through the atmosphere of the Earth, primary cosmic rays
interact with its substance. Creating cascades of particles of various
types. One of the most interesting problems of astrophysics of cosmic
rays is a detailed study of the characteristics of secondary radiation
(intensity, angular distributions and energy spectra). In the present
paper, the possibility of using the RUSCOSMICS software package for
obtaining such data is considered. The source of primary particles is
a proton generator with a spectrum corresponding to the spectra of
galactic cosmic rays, and the value of the geomagnetic cutoff rigidity
is taken to be equal to the geocoordinates of the city of Apatity. As
a result, typical graphs of the energy spectra of protons, electrons,
muons, neutrons and gamma rays for heights of 100 meters, 5, 10 and 30
kilometers are presented. The angular characteristic of these particles
in the cascade relative to the direction of motion of the primary proton
is also given.

The study was carried out with the financial support of the Russian
Foundation for Basic Research in the framework of the research project
No. 18-32-00626

154



2.30 Observation of global atmosphere and
lithosphere disturbances by means of
spatially distributed strainmeters,
gravimeters and tiltmeters

Dubrov M.N.%, Volkov V.A.2

L Kotel'nikov Institute of Radioengineering and Electronics, Russian
Academy of Sciences
2 Shmidt Institute of Physics of the Earth, Russian Academy of
Sciences

The results of investigation and use of new instrumental method
for precise geophysical monitoring of strain-stress media condition
are summarized. The method is based on application a system
of spatially distributed strainmeters, gravimeters and tiltmeters.
Laser strainmeters ensure accuracy the order of 10(-2)-10(-3) nm
under measuring common displacements of media parts on 1-400
m bases. Capacitive seismogravimeters have resolution of 0.5 uGal
under measuring the gravity variations while seismotiltmeters have
correspondently 0.1 milliarcsecond (mas) in tidal band and 0.01 mas
in seismic band of periods. Distance between the separate system
components of the spatially distributed instruments is 10(2)-10(3)
km. The linear and area deformations of earth surface exited of
seismic events, as well as their interrelation with powerful processes in
atmosphere, ionosphere and magnetosphere of the Earth, are studied.
It is shown, that increase of amplitude variations of recorded signals in
the frequency range of 10(-6)-10(-3) Hz, as a rule, is accompanied by
increase of the Earth’s seismic activity and forerun large earthquakes
M=T7-9. Applicability of these results for hazard evaluation of powerful
seismic and other natural disasters is analyzed.
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2.31 On the possibility of disturbance for dynamic
balance of Earth by technogenic factor

Vilayev A., Stikharny A.
Institute of Ionosphere

The hypothesis of the relationship between natural and technogenic
processes that may disturb the dynamic balance of the Earth is
considered. Based on satellite data, it was shown that due to the
slowing down of the Gulf Stream oceanic current as a result of climate
change over the past 150 years, as well as technogenic disaster in
the Gulf of Mexico in 2010, there has been a change in the current
path. A mathematical model is proposed and calculations of changes
in temperature and density of ocean masses in local regions of the
Atlantic Ocean are performed. The redistribution of density in large
volumes of water could cause a shift of the center of mass of the
Earth by 0,0001 m and a deviation of its rotation axis by 3.4x10(-6)
arcs. It is shown that the process of disturbance the Earth s dynamic
balance can be accompanied by an increase in the number of relatively
weak earthquakes (in the range of magnitudes from 4.2 to 4.8 to 41.5
percent) and the intensity of seismic noise (tremor) according to the
data of broadband seismic networks and satellite GPS navigation. At
the same time, the total value of the seismic energy released remains
almost unchanged. The hypothesis about the violation of the dynamic
balance of the Earth corresponds to the postulate about the change in
the mechanisms of interaction of various geophysical fields due to the
impact of random processes.

2.32 On the question of the relationship of
variations of geophysical fields, lunar-solar
tidal effects and seismic events

Bataleva E.A.
Research Station RAS in Bishkek

Monitoring of electromagnetic parameters by the method of
magnetotelluric (MT) sounding has been carried out since 2003 in
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the Bishkek geodynamic station (BGS). The urge for the development
of research was the Kambarata experiment, which confirmed the
interrelation of variations in the stress-strain state of the blocks of the
Earth’s crust and variations in electrical conductivity. A characteristic
feature of the identified anomalies was a sharp change in apparent
resistance in orthogonal directions. As a model to explain such
anomalies, a model of fluid redistribution in the porous-fractured rock
space was proposed. Further, this assumption was confirmed during
the monitoring studies both at stationary monitoring stations, and at
regime and profile ones. The technique of azimuthal magnetotelluric
monitoring was created, on the basis of which time-frequency series
were obtained and the correlation relationship between lunar-solar
tidal effects, seismic mode and changes in apparent resistance, and
other electromagnetic parameters was studied. For all items of MT
monitoring (mode, profile, stationary) on the territory of BGS,
the estimates of correlation coefficients of variations of the module
of apparent resistance and impedance phases with lun-solar tidal
influences, determined using the Tide.exe program, are shown in
diagrams. To compare the time-frequency series of electromagnetic
parameters with gravitational tidal effects in different geological and
tectonic conditions, we propose a way to present the results in the
form of correlation polar diagrams. Based on the analysis of the
behavior of the electromagnetic and gravitational fields in comparison
with the geological and tectonic structure of the monitoring points,
they were assessed for their strain sensitivity in order to organize
repeated (monitoring) measurement points there. The results of MT
monitoring allow us to conclude that under the influence of lunar-solar
tides, the maximum variations in apparent resistivity occur in stress-
sensitive zones confined to fault structures. Theoretical calculations
are confirmed by experimental observations for the territory of the
Bishkek geodynamic station. To verify the calculated data, the Research
Station of the Russian Academy of Sciences performs observations using
a Scintrex CG-5 Autograf gravimeter, which is installed in a gallery
with a constant temperature of + 8 C in the territory (30 km from
the city). Observations are carried out at intervals of 12 s, and then
during processing they are averaged at intervals that are necessary for
the tasks and the required data discretization. It should be noted very
high quality of the observed data (about 0.001 mGal). Interferences in
this case are seismic events that are clearly recorded by a gravimeter
(Golitsyn pendulum).
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The work was performed in the framework of the RFBR project
17-05-00654 and the State Assignment of the RS RAS.

2.33 Power regularities in the foreshock sequences
of the statistically related events

Sheremetyeva O.V.

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

In the paper there are researched the chains of statistically related
events in order to identify foreshock sequences and to determine the
regularities to which they obey.

2.34 Principles of Creating a Local Network of
Observations of Lightning Discharges on
Active Volcanoes of the Kamchatka Peninsula

Druzhin G.I1.', Malkin E.I', Firstov P.P.2, Cherneva N.V.,
Uvarov V.N.', Sannikov D.V.', Stasiy I.E.!

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

For research thunderstorm activity according to the registration
data of electromagnetic radiation, it is necessary to create a
local network of observers who will be located near the volcanoes
Klyuchevskaya Sopka, Shiveluch, Tolbachik. VLF direction finders,
electric field sensors, synchronization system, auxiliary equipment
will be installed at the observation points. Based on the analysis
of waveforms and spectral-temporal characteristics, the locations of
radiation sources, their belonging to a certain class will be determined,
the parameters by which volcanic lightning differ from ordinary ones
will be determined. Examples of electromagnetic radiation arising near
Shiveluch volcano are given. The information can be further used to
monitor thunderstorm and volcanic activity

The work is executed at support of RFBR, Grant 19-05-00543.
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2.35 Results of atmospheric-lithospheric
observations of acoustic radiation in
Kamchatka

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

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

In order to realize atmospheric-lithospheric acoustic observations,
a laser strainmeter-interferometer, a seismoacoustic receiver and
a microbarometer were installed in Kamchatka at <«Karymshinas
observation site located in the zone of different-rank tectonic faults.
It had been shown before that this system records simultaneous
signals in rocks and by the ground surface during wave passage
from earthquakes. During deformation process intensification, in
particular, during earthquake preparation, geoacoustic emission pulse
signals are generated in near-surface sedimentary rocks when their
micro-fragments interact. Simultaneous signals in lithospheric and
atmospheric acoustic fields were detected by the method developed to
identify geopulses. That confirms the assumption that acoustic signals
generated in sedimentary rocks may penetrate into the atmospheric
near-surface layer.

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

2.36 Schumann resonance and its benefits for the
human well-being

Nazarov 1.
Energy Tools International, LLC, USA

Schumann resonance (SR) is a natural phenomenon of standing,
low-frequency electromagnetic waves manifesting themselves in the
atmospheric gap between the surface of the Earth and the ionosphere.
These waves come into existence mainly due to the intensive lightning
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activity in the atmosphere. Standing electromagnetic waves of SR
create a stable set of frequencies with an average base frequency
observed at 7.8 Hz and harmonics at (approximately) 14 Hz, 20 Hz,
26 Hz, 32 Hz, etc. These rhythms correspond to the different brain
waves alpha, beta, gamma, delta, etc. responsible for various mental
states and functional characteristics of the human brain. Suggesting
this accordance is not just a coincidence, and taking into account
low-frequency electromagnetic waves cannot interact directly with the
human brain, ionospheric effects are taken into consideration as a
possible mechanism of this synchronization.

The Earth-ionosphere is, in fact, a low-temperature plasma, a
mixture of electrically charged ions and electrons. Electromagnetic
waves of SR force these particles to vibrate. A vibrating ionospheric
plasma emits the energy flow of a particular pattern that influences
the Earth and everything on its surface. This flow interacts with the
human brain, providing a basis for neuro-feedback and a possibility for
the human mind to evolve using SR frequencies as reference points.

One of the mechanisms behind this synchronization might be a
multipartite entanglement suggested by Dr. V.V.Kuznetsov as the
explanation of the correlation between storm-glasses behavior and
activity of the cyclones he observed in Kamchatka in 2014.

To check the hypotheses presented above, a low-temperature plasma
generator was used to vibrate a gas discharge plasma with SR
frequencies. The resulting flow of energy was recorded and then
embedded and enhanced into dielectric samples. Several people who
are hypersensitive to the electromagnetic radiation were chosen to
test these samples. While they were using their phones, they were
able to pursue normal activities, which would have otherwise been
compromised by the electromagnetic pollution coming from their cell
phones, cell phone towers, home appliances, and other electromagnetic
devices.

Devices using a multipartite entanglement with the SR could
serve as a potential solution for counteracting polluting effects of the
electromagnetic radiation.
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2.37 Search for geophysical signals by their
mathematical models and templates

Mochalov V.A., Mochalova A.V.

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

When we analyze geophysical data, the task of searching for
signals by their templates and mathematical models often appears.
We propose to use deep neural networks (DNN) to search and detect
the forms of geophysical signals. At the same time, both the signal
samples themselves and the synthesized signal samples according
to their mathematical models act as a training dataset. Based on
the algorithms developed in the work, the geophysical signals search
architecture, as well as the results of the analysis of real geophysical
data, a conclusion is made about the effectiveness of using proposed
deep learning approaches in the problems of geophysical signals
analysis. End-to-end demonstration examples of waveform detection in
VLF spectrograms using the DNN are given. Each DNN is trained to
select a specific type of low-frequency VLF signal in the spectrogram
based on a prepared database of signal patterns, which can be
created either manually by detection of the required signals in the
VLF spectrograms, or automatically by creating a signal model with
variable parameters and generating the required number of patterns by
applying a synthesized signal to the VLF spectrogram not containing
the desired signal. The results of detection of various signal forms in
the VLF spectrograms are statistically analyzed.

2.38 Seasonal dependence of semidiurnal
equatorial magnetic variation during quiet
and disturbed periods

Fugimoto A.', Yoshikawa A.2, Uozumi T.2, Abe 8.2
L Kyushu Institute of Technology

2 International Center for Space Weather Science and Education,
Kyushu University
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The fundamental structure and features of Equatorial Electrojet
(EEJ) are well known from the many studies involving the ground-
based magnetometer, rocket observations, radars and simulation.
These results are based on the data during the geomagnetic quiet
time. The continuous observation of EEJ is most important on the
studies of space weather and space climates. In 2008, International
Center for Space Weather Science and Education, Kyushu University
(ICSWSE) proposed the EE-index (Uozumi et al., 2008; Fujimoto
et al., 2016), which is an index to monitor quantitatively various
equatorial geomagnetic phenomena in real time. EE-index separates the
magnetic disturbances in the equatorial region into the global (EDst)
and local (EUEL) magnetic variations. Especially, the detail analysis of
EUEL index provides the quantitative and visible information in order
to reveal the electromagnetic phenomena affecting the fundamental
structure of EEJ. We have already demonstrated some examples
applying EE-index to the equatorial magnetic variation by using EUEL
data: solar cycle variation of EEJ peak, semiannual EEJ variation
(Fujimoto et al., 2016). In this paper, we will show the result from
the time series analysis of the semidiurnal EUEL variation by using
the data from Huancayo in Peru and Davao in Philippine during 2005-
2009. We found the 5-year average of semidiurnal EUEL variation is
strongly related to the lunar phase. The strong semidiurnal EUEL
variation appears around full and new moons. The monthly average
of 5-year semidiurnal EUEL variations show the remarkable seasonal
dependence. The semidiurnal variation is stronger around January
solstice and weaker around July solstice. This feature is confirmed
on the data from Huancayo and Davao. The seasonal dependence of
semidiurnal variation agrees with the seasonal profile of atmospheric
neutral wind (2.2) mode. The quiet EEJ is well known to be
associated with lunar tides. The unquiet EEJ, however, has not well
examined the relationship with the lunar tides. In this paper, we will
present comprehensively that the quiet and unquiet semidiurnal EUEL
variations result from the lunar tide effect.
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2.39 Seasonal variations of natural electric
potentials over thawed patch in central
Yakutia

Kozlov V.I., Baishev D.G.

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

The location of three pairs of measuring lines 100 m long in our
measurements is oriented along the N S and E W compass. Two
pairs of lines are located above the thawed patch in the permafrost.
Thawed patch make up about 0,2 of the cryolithozone area. The first
measurements are made from September 2016 to May 2019, and the
second from October 2017 to May 2019. The third pair of lines is located
away from the taliks. Measurements on it are made from September
2018 to May 2019. Seasonal variation on it ranges from -10 to 15
mV /100 m. In winter, the potential difference varies little from these
lines, from -5 to 5 mV /100 m. In the absence of magnetic Perturbation
variations of natural potentials have a characteristic diurnal variation,
described by a single wave period, which varies from summer to winter.
In the seasonal fluctuations of the electric potentials for all three pairs of
lines, the transition from summer to winter values occurs in November.
The reverse transition of the values of natural electric potentials from
winter to summer conditions, according to our observations, occurs
in late April - early May. These spring and autumn transitions are
caused by the freezing of the upper layer of soil, which thaws in summer
conditions and the corresponding changes in the electrical properties of
the soil. Above taliks, the range of the seasonal variation ranges from
-150 to 150 mV /100 m. In winter, the potential difference varies little,
making on separate lines from -70 to -20 mV /100 m, varying within
10- 20 mV /100 m. This work was carried out with the partial financial
support of the RFBR 18-45-140028 ra and 11.16.2.1. (state registration
number AAAA-A17-117021450059-3).
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2.40 Slow variations of the Earth’s magnetic field:
technical, methodological and organizational
features of measurements

Khomutov S.Y.

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

Variations of the Earth’s magnetic field with times of several years
or more reflect the processes within the planet and cause great scientific
interest. Over the past 100 years the regular observations at magnetic
observatories (MOs) and repeat stations are the only experimental basis
for studying such variations. In recent decades, satellite measurements
have complemented ground-based measurements, thus partially solving
the problems of spatially highly heterogeneous global network of MOs.
Absolute observations are made at MOs to get the total field intensity
vector. Until now, these measurements are performed manually, they
are labor intensity and subject to many factors, that are often poorly
controlled and reduce the reliability of the results, especially over long
periods of time (years and decades), including:

- systematic errors of used magnetometers;

- magnetic pollution of the absolute pavilion and its surroundings (at
a distance of the first hundred meters);

- instability of the pillars and remote target required to determine
magnetic declination;

- changes of observers and their weak qualification.

Significant methodological problems arise if MO is moved to new
location without special activity or infrastructure of MO (pavilions or
pillars) is changed without careful control.

For long-term stability and reliability of measurements, magnetic
observatories were joined in IAGA network and then INTERMAGNET.
Within these networks, requirements and standards have been defined,
absolute magnetometers are compared every two years and observers
are being trained. Modern hardware technologies allow to solve
partially problems the automation of absolute observations, the self-
calibration of the magnetometers, the checking of the MO’s magnetic
environment, etc. Fully automated measurement systems help to
expand the MO network.
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2.41 Solar cosmic rays on the ground level
observing

Balabin Y.V., Mikhalko E.A., Germanenko A.V., Maurchev E.A.,
Guozdevsky B.B.

Polar Geophysical Institute, Apatity, Russia

Large solar flares eject in the space energetic particles fluxes
called Solar Cosmic Rays (SCR). Sometimes the particles with energy
about tens GeV are observed in SCR. In the case of Earthward
spreading ground level detectors show radiation increasing which is
called Ground Level Enhancement (GLE). The galactic cosmic rays
are the background level. An amplitude of GLE events can be reach
to thousands percents. Such events are dangerous due to its global
appearance: increases of the ground radiation are up to dozens of
times. The number of GLE events is more than seventy. A main unit
for GLE registration is a global neutron monitor (NM) network. Using
data of these NM tens of GLE events were obtained by the specific
methodics of the inverse problem solving of GLE. Energetic and spatial
characteristics of SCR were derived. There are some common regular
occurrences. They point to similar conditions both in the generation
of SCR and spreading to the Earth.

2.42 Spatial-temporal changes of geomagnetic

declination D for geomagnetic observatories
AAA and NVS for 1963-2018

Malimbaev A.M., Sokolova O.1., Kim A.S., Mukasheva S.N.

Institute of the Ionosphere, National Center for Space Research and
Technology, Almaty, Kazakhstan

The geomagnetic field is unstable and changes in magnitude and
direction over time. The so-called age-old course of the geomagnetic
field, we can explore with the help of long-term observations of
geomagnetic parameters in special observatories, which are located
in different parts of the Earth. Two spatially spaced geomagnetic
observatories "Almaty"(AAA) [43.25 N; 76.92 E| Institute of the
ionosphere, Almaty, Kazakhstan and "Klyuchi"(NVS) [54.85 N; 83.23

165



E| of the Russian Academy of Sciences (RAS), Novosibirsk, Russia
were selected to obtain real values of declination D for the period
1963-2018. The spatial-temporal changes of geomagnetic declination
D are presented for the AAA observatory for 55 years the value
of geomagnetic declination D increased by 16.4 min, the average
rate of change of geomagnetic declination D 1.9 min/year. For NVS
observatory for 55 years, the magnitude of geomagnetic declination
D decrease by 45.8 min, the average rate of change of geomagnetic
declination D 2.08 min/year. The results of calculations of changes
in geomagnetic declination D for six seismically active regions of the
Kazakhstan for 2018, made according to the international reference
model of the geomagnetic field IGRF15, are also given. It is shown
that in terms of area, the magnetic declination tends to increase
in the western direction for the East Kazakhstan, Almaty and
Zhambyl regions, for the South Kazakhstan and Kyzylorda regions
the geomagnetic declination increases in the northwestern direction,
for the Mangystau region the geomagnetic declination increases in
the northern direction, which indicates a heterogeneous distribution
of geomagnetic declination in the territories of these regions. This
work was supported by the program-targeted financing of the scientific
and technical program 0.0799 by the Aerospace Committee of the
Ministry of Digital Development, Defense and Aerospace Industry of
the Republic of Kazakhstan, project No. 0118PK00799.

2.43 Stochastic model of 6-jet kinematic dynamo

Vodinchar G.M., Feshchenko L.K.

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

The low-mode model of kinematic geodynamo is researched.
The structure of the stationary velocity field corresponds to 6-jet
convection in the Earth’s liquid core. The magnetic field is represented
by 8 modes of free dissipation with the lowest eigenvalues, which are
generated by a 6-jet large-scale flow and a a-effect. The intensity of the
a-effect is excited by a stochastic process. Process implementations are
sequences of rectangular pulses of random duration. Impulses occur at
random times. The process is interpreted as the influence of coherent
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structures arising spontaneously in small-scale turbulence. The results
of numerical simulation of the sequence of reversals in this model are
given.

2.44 Different scale anomalies of Earth’s natural
pulsed electromagnetic field and their
correlation to geodynamic processes

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

The authors suggest a hardware-software integrated solution to
monitor temporal variations in pulse flow intensity of Earth’s natural
pulsed electromagnetic field (ENPEMF). A test site for stress-strain
state (SSS) of the rocks estimation using ENPEMF parameters is
established and continues to function on the landslide lot of main
gas pipeline “Urengoy-Pomary-Uzhgorod”. That test site allocates 12
multichannel geophysical recorders “MGR-01", 11 of those are located
on the landslide slope in the areas of geodynamic anomalies and
the remaining one reference (variation) recorder is located outside
the geological processes activity zone to estimate temporal variation
of the regional scale. The essence of the method is to determine
relative changes in ENPEMF intensity between monitoring points’
recorders and reference recorder, in order to predict geodynamical
activity manifestations of rock masses. In the night of September 5,
2018, at 1:58 Moscow time (3:58 local time) an earthquake occurred in
the Chelyabinsk region. Its seismic focus was located 7 km northeast
of the town of Katav-Ivanovsk in the Chelyabinsk region. The nearest
populated site to the focus, Orlovka, is within 1.5 km of the event
location. According to the European Mediterranean Seismological
Centre, the magnitude reached 5.5 at the depth of 10 km. That
means the shock was quite strongly felt. It should be pointed out
that the earthquake’s epicenter was at the distance of 300km from
the test site in the azimuth angle of 120 degrees, and the anomaly
decrease in ENPEMF pulse flow intensity, as an upcoming earthquake
precursor, was registered by all the recorders. However, that decrease
was considerably smaller at the record points in the active geodynamics
zone on the landslide slope and the diurnal variation was still visible
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there. That could be attributed to the fact that at those points
the anomaly manifested wasn’t completely related to the upcoming
earthquake precursor, but to the local landslide geodynamic as well.
Based on earhquake preparation mechanics we could suggest that
mechanical stress wave, when propagating in all directions from the
epicenter, supresses mechanoelectric transformation sources at the
locations of ENPEMF recording, but sometimes those waves’ energy
is not sufficient to supress stress-strain state of the rocks, caused by
local geodynamic processes.

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

2.45 Structural features of complex hydrochemical
systems

Shevtsova O.V.
Pacific Oceanological Institute FEB RAS

The set of non-conservative hydrochemical parameters is considered
as a complex system which displays collective behavior. It is found that
it is described by the power relation between the temporal variability s
and average concentrations (P) of different hydrochemical parameters
in the scale range 100-0.0001 mg/kg: log(s) = vlog(P) + log(£), where
~ is the exponent, £ is the normalization coefficient. The most probable
values for v are 0.7-0.9, for & are 0.03-0.31. Each system of non-
conservative parameters has the structure that is characterized by
certain values of v and &, single deviations and a scatter of all chemical
parameters around power regression. All chemical parameters exhibit
certain fluctuations and nonlinear oscillations, which are a common
result of their non-conservative behavior and dynamic mixing of water.
It is shown with specific examples that changes in the characteristics of
the hydrochemical system structure are the result of the manifestation
of biogeochemical processes against the background of the dynamics of
water.
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2.46 The amplitude of the daily changes in the
speed of the magnetic poles on quiet days

Semakov N.N.'2, Kovalev A.A.2, Pavlov A.F."2, Fedotova, O.1.2

L Nowosibirsk state University, Novosibirsk
2 Institute of petroleum Geology and Geophysics SB RAS

For a number of magnetic observatories from different regions
of the globe the comparison of parameters of motion of calculated
(virtual) magnetic poles was made. The position of the magnetic
pole at each minute of the selected quiet day was calculated by the
minute values of declination and inclination and the geographical
coordinates of the main column of the Observatory. The obtained
values of the average velocities of the magnetic pole motion from
observations in tropical latitudes are significantly lower, than in
polar latitudes. The difference in the mean and maximum values
of the magnetic pole velocities in the Arctic observatories is due to
their location relative to the true North magnetic pole, the region of
"walks"which is stretched along the arc of a large circle, connecting
the epicenters of the Canadian and Siberian world magnetic anomalies.

2.47 The chaotic regimes in a two-modes model of
the aw-dynamo with hereditary quenching of
the a-effect

Vodinchar G.M.2, Kazakov E.A.?

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

The dynamic regimes in a two-mode integro-differential system,
which is a phenomenological model of cw-dynamo, are researched. The
phase variables correspond to the toroidal and poloidal components of
the magnetic field. The integral term of the system models the dynamic
hereditary quenching of the a-effect by a quadratic form from the field
components. The conditions for the occurrence of chaotic regimes in va-
rious areas of the parameter space are researched using the calculation
of Lyapunov exponets. The statistics of waiting times for field reversal
was studied, and the fractal dimension of a time series of reverals was
estimated.
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2.48 The influence of different types of
geomagnetic disturbances on a GIC in
electric power lines

Belakhovsky V.B.', Pilipenko V.A.2, Sakharov Ya.A.l,
Selivanov V.N.3

L Polar geophysical institute, Apatity, Russia
2 Institute of the Physics of the Earth, Moscow, Russia
3 Kola Scientific Center, Apatity, Russia

In this work it is conducted the estimations of the influence of
different types of geomagnetic disturbances (SC, TCV, impulses,
substorm, Pi3 pulsations) on the value of geomagnetically induced
current (GIC) registered in electric power lines of Kola Peninsula and
Karelia (Russia). The registration system is oriented mainly in the
North-South direction. For the registration of the geomagnetic field
disturbances the IMAGE magnetometer data are used. It is commonly
accepted the models of GIC in which the main source of GIC is a
variations of the auroral electrojet. On the base of this notion it is
considered that the geomagnetic disturbances are dangerous for the
technological systems oriented in the East-West direction. In this work
on the base of analyses of geomagnetic field variability is shown that
noticeable contribution to the growth of GIC value can have not only
auroral electrojet but also small-scale vortex current systems. Thus
the GIC are dangerous also for the technological systems oriented
in the North-South direction. The Pi3 pulsations during a substorm
with a vortex structure of the ionosphere current systems can lead
to additional growth of the GIC value. It is shown that in individual
cases GIC can better correlate with the geomagnetic field variations
than with its derivate. So the high values of the GIC can be caused
not only by the temporal variations of the geomagnetic field but also
spatial variations of the vortex current systems connected with the
field-aligned currents in the magnetosphere.
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2.49 The study of changes in the geodynamic,
heliogeophysical and climatic characteristics
of the Crimea using the measuring
instruments of the “Simeiz-Katsiveli”
geodynamic test area

Volvach A.E.', Kurbasova G.S.', Kanonidi K.Kh.2, Boborikina O.V.?

L Crimean astrophysical observatory RAS
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation Russian Academy of Sciences
3 Schmidt Institute of Physics of the Earth RAS

The mountainous region of Crimea is a zone of dangerous
geodynamic processes (earthquakes, landslides, landslides, intense
karst processes, etc.). The epicenters of earthquakes are concentrated
mainly in the Black Sea off the southeast coast - between Yalta and
Gurzuf, as well as in the southwest from Sevastopol. The epicenters of
past earthquakes with a large magnitude (from 6.1 to 6.7) are located
on sections of the maximum steepness of the slopes in places of the
most contrasting displacements of the earth’s crust. The systematic
work on geodynamic area allows you to identify patterns of behavior
of the earth’s surface before, during and after strong earthquakes.
Created in the Crimea, the Simeiz-Katsiveli geodynamic test area
formed the basis of the ground and space time series of observations of
the climatic and geophysical characteristics of the Crimea, especially
its Mountainous part. A fundamentally new approach has been used -
the Simeiz-Katsiveli geodynamic testing area includes three mutually
complementary observation technologies: VLBI, laser satellite location
and a global navigation satellite system. According to the data of
geodynamic observations by the stations of the landfill, the horizontal
and vertical component of the speed of movement of the Crimean
peninsula and the Eurasian tectonic plate was determined with an
accuracy of several millimeters. To ensure monitoring of large-scale
tectonic processes and control of fast deformations in local seismic and
landslide-prone areas of the Crimean peninsula, the local speed and
direction of movement of the coast of the Southern Coast of Crimea
in the area of Simeiz-Katsiveli settlements was determined based on
the results of geodynamic measurements. Analysis of the climatic
characteristics of the Crimea peninsula, carried out on average daily
and average satellite measurements of climatic parameters, made it
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possible to obtain information on insolation and warming up of the
ground in Crimea, on the temperature of the ground surface on the
peninsula as a whole, as well as an anomalous decrease in the ground
surface temperature at the extreme eastern point of the peninsula.
Indicators of extreme events (earthquakes, volcanoes, mudflows) are
also local changes not only of atmospheric parameters, but also
variations of the local geomagnetic field. In order to study lithospheric
deformations, their causes, the search for prognostic signs, upcoming
regional seismic events of natural and man-made origin in the Crimea
region, in 2018 the Simeiz-Katsiveli geodynamic testing area was
expanded by the oblique and magnetovariation stations included in
the All-Russian Observation Network.

2.50 The use of computer algebra systems for the
automated construction of shell models of
MHD turbulence

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

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

Cascade models of turbulence make it possible to reproduce
realistic distributions of field spectra. When constructing such models,
the main task is to calculate such coefficients with nonlinear terms
that would ensure the fulfillment of the conservation of certain
quadratic forms. All such forms are analogues of conserved quantities
known in hydrodynamics (magnetic hydrodynamics). These analogues
are determined in an ambiguous manner, which leads to a wide
variety of cascade models. In addition, additional restrictions on the
coefficients can dictate the existence of stationary solutions with a
power dependence on the spatial scale. As a result, the construction
of a cascade model is reduced to the compilation of a system of linear
equations with rational coefficients of high dimensionality. This system
is usually underdetermined. To build a model, you have to solve it
exactly. The error-free compilation of such a system and the subsequent
«manual» solution is very difficult. The report describes the developed
method for constructing cascade models in which the compilation of
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a system of equations and its exact solution is implemented using
symbolic computation systems. The technique allows one to vary the
sizes of the nonlocality of nonlinear interaction in the space of scales,
expressions for cascade analogues of conservation laws, and the nature
of power-law stationary solutions.

2.51 Rotation of the Earth and variations of
gravitational field

Zotov L. V.
Sternberg Astronomical Institute of Moscow State University

Under the influence of centrifugal potential, the Earth tends to take
a hydrostatically equilibrium form, but the solid planet does not quite
succeed. Compression of the planet and the non-equilibrium character
of her figure reflected in a gravitational field. The mass distribution,
which determines the inertia tensor, sets the rotation mode, and the
mass redistribution associated with the processes occurring in the
shells, lead to inhomogeneities in the rotation of the Earth. If we
discard the moments of external forces that lead to precession and
nutation of the earth’s axis, and focus on geophysical factors, they
will determine the fluctuations of the earth’s pole and changes in the
speed of its rotation in a wide range of frequencies. The report presents
the current state of Affairs in the field of observations of The earth’s
rotation parameters and the global gravitational field from GRACE
satellites. An overview of the geophysical processes that cause them is
given. Particular attention is paid to the issues of climate change, which
induce mass redistribution and can lead to the observed displacement
of the Earth’s axis of rotation.
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2.52 Under-ice acousticcommunication in the
Arctic: difficulties and experimental results

Yin J.

Harbin Engineering University, College of UnderwaterAcoustic
Engineering, China

In Polar Regions, under the influence of perennial ice cover, itis very
difficult to obtain and transmit information under theice. Therefore,
underwater acoustic technology has becomethe most preferable or only
alternative under the ice. Manycountries have set up arctic research
stantions. From 1999to 2017, China has conducated eight scientific
expeditions tothe arctic. At the end of 2014, Harbin engineering
universityconducted the first congnitive study on differences of
acousticcharacteristics between glacial and non-glacial periods in
theBohai Sea, as well as underwater and high-speed underwateracoustic
communication under ice. In 2017, China completedthe eighth arctic
acoustic research mission in cooperationwith the three Marine research
institutes, and realized thefirst measurement and test of data fron
eighth stantions 22km (arctic underwater acoustic transformassion,
ice sourcesnoise, underwater acoustic communication). Due tothe
complexityof polar enveronment, polar acoustics research is essential.
Inthe future, polar acoustic technology will be eleborated fromthe
aspects of underwater acoustic foundation under the ice,ice thinkness
measurement and iceberg detection technology,under-ice acoustic
communication, and information acquisitionand transmission of cross-
ice medium.

174



3 Physics of earthquake precursors
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3.1 Application of daily monitoring of the
ionosphere state and complex borehole
measurements to study the seismic hazard of
the Kamchatka region

Boganov V. V.Y, Gavrilov V.A.2, Buss Yu.Yu.2, Morozova Yu.V.?,
Paviov A. V.Y, Gasheva O.V.1

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

This report presents the results of a joint review of borehole
measurement data conducted by the IVS FEB RAS at the
Petropavlovsk-Kamchatsky geodynamic test site, with ionospheric
monitoring data by means of vertical radio sounding conducted by the
IKIR FEB RAS for the period from 01.01.2018 to 31.12.2018. This
approach allows to improve the efficiency of the short-term forecast of
strong Kamchatka earthquakes.

This work was carried out with partial support from the Integrated
Program for Fundamental Scientific Research of the Far Eastern
Branch of the Russian Academy of Sciences «Far East» for 2018-
2020:project 18-5-095 «Development of new methods of integrated
geophysical monitoring in order to predict strong tectonic earthquakes
and prevent accidents in industrial power systems» (Session 1).

3.2 Auto clustering of the variety of pulse signals
based on their symbolic description

Senkevich Yu.l.

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

In a number of applied studies of geophysics, medicine,
cosmophysics, atomic physics and other fields of knowledge, useful
information is often hidden in the character of the behavior of a stream
of friquency modulated pulses, which are represented by a large variety
of forms, significantly different from each other up to several orders
volue of magnitude amplitude and durations. Noise is often present in

176



the signal. Under these conditions, the problem arises of identifying
both individual pulses and groups of pulses to assess the connection
between their dynamic characteristics and the state of system. To solve
the problem by a method is proposed that includes signal cleaning
from interference, the operation of extracting and converting pulses
into a code representing a sequence of invariant amplitude and time
transformations of similar pulses combined by a single graphic pattern -
a symbol. All symbols extracted from the signal make up the alphabet.
A procedure for narrowing the dimension of the alphabet is shown,
which allows you to automatically divide it into clusters according
to the degree of coincidence of the code. The results of the practical
application of the developed method for the selection of base classes
of GAE signals related to the objective data of the state of the
signal-generating medium are presented. The study used data from the
archives of observations IKIR FEB RAS.

The research was supported by Russian Science Foundation (project
No. 18-11-00087).

3.3 Caused by earthquakes effects in
electromagnetic activity which were obseved
in relec experiment on-board vernov satellite

Panasyuk M.I1.', Svertilov S.I.', Klimov S.I.?, Ruzhin Yu.Ya.3,

L Lomonosov Moscow State University
2 Space Research Institute RAS
3 Institute of the Earth magnetism, Tonosphere and Radio-wave
Propagation RAS

During observations on the Vernov spacecraft in December 2014,
when flying over seismically active regions (Kamchatka), unusual
electromagnetic signals were detected: whistlers with a specific rare
time-frequency structure like swallow-tail were observed on the spectral
diagrams (sonograms). Such a structure indicates the expansion of
the spectrum of the detected VLF signal to the higher ( 15 kHz)
frequency bands. This may be the result of the ionosphere conductivity
decreasing due to higher seismic activity. The analysis of earthquakes
taken place near the sub-satellite point (between the Commander
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and Aleutian Islands) within 5 days after observations on the Vernov
satellite was carried out. The coincidence of the place and time of
the detecting of an unusual whistler and earthquakes gives reason to
consider such electromagnetic signals as possible precursors of seismic
activity.

3.4 Complex analysis of pre-seismic geoacoustic
and electromagnetic emission signals

Lukovenkova O.0., Solodchuk A.A., Marapulets Yu.V.,
Tristanov A.B., Malkin E.I.

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

The results of complex analysis of geoacoustic and electromagnetic
emission signals registered in the observation point "Karymshina'in
Kamchatka are presented. The signals recorded during background
periods and earthquake preparation periods are investigated. The
method of complex analysis includes the stages of extraction of
useful signal fragments containing pulses; structural analysis using the
methods of the system approach; time-frequency analysis using sparse
approximation methods and Wigner-Ville transform. The statistical
processing of the results of the computational experiment is carried
out. The characteristic features of background and pre-seismic signals of
geoacoustic and electromagnetic emission are considered. The research
was supported by Russian Science Foundation (project No.18-11-
00087).
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3.5 Development of a methodology to estimate a
region and waiting period for strong
Kamchatka earthquakes based on seismic and
ionospheric predictive signs

Bogdanov V. V., Pavlov A.V.

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

In the paper the authors make an attempt to combine
the conventional (seismological) and unconventional (ionospheric)
precursor predictive signs accompanying formation of earthquakes to
develop a methodology of estimation of a region and waiting period
of strong Kamchatka earthquakes. Based on the probabilistic model
[Bogdanov, 2006; Bogdanov et al., 2010], parameter £ p was determined.
On the basis of it the authors investigated seismic regime changes
preceding strong earthquakes with Kg > 13.5 in 12 zones S; having
the dimensions of 150 x 150 km and located along the eastern coast
of Kamchatka. Parameter £p is statistically significant deviations of
current probabilities Py (S;) for seismic events with the energy class
Ks > 9.0 to fall within the zones S; from long-term (background)
probabilities Pr(.S;). Current values of Py (S;) were calculated in the
time window AT, = 1 year with the step At = 1 day, long-term
values of Pr(S;) were estimated over the whole observation period
T = 1962—2018. Intensification and quiescence periods were considered
as seismic regime anomalies and were determined by the times of
occurrences of ép > 2 and £p < —2, respectively. For each zone S;
the authors estimated average waiting time 7" for an earthquake with
the forecasting energy class Kg > 13.5 both for the anomalies of seismic
intensification and for seismic quiescence. The predictive efficiency of
parameter £p was estimated by Gusev and Molchan s methods. The
expectance zone Sexp of an earthquake with Kg > 13.5 was determined
as a group of zones S; in which seismic regime anomalies were identified
by parameter {p. Occurrence probability Prq of earthquake with
Kgs > 13.5 in an expected zone Sgy, was estimated on the basis of
Bayes method. As long as the seismological parameter £p is a mid-
term precursor, in order to check the period of a predictable earthquake
occurrence, short-term ionosperic precursors with the waiting time of an
earthquake up to several days were applied. For Kamchatka region, the
most informative ionospheric precursors are the following parameters:
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critical frequency foF2 of ionospheric layer F2, K-layer, stratification of
F2 with respect to frequency and sporadic layer Es of r type. When thee
out of four ionospheric precursors occur within 5 days, the expectance
period is alarmed. Its duration is 5 days. The authors analyzed 26
earthquakes and their groups with Kg > 13.5 for the period from
2010 to 2018. From all the selected seismic events, 21 hit the zone of
expectation Sexp, and 5 events hit the background region (target drop-
out). The occurrence average probability Prq of an earthquake in the
zone of expectance Sy, was 0.76. A complex of ionospheric precursors
preceded 12 earthquakes occurred in the zone of expectance Sexp and
one event occurred out of Sexp.

3.6 Features of geomagnetic activity according to
the Mikhnevo observatory in the
twenty-fourth eleven-year cycle

Riabova S.A.
Institute of Geosphere Dynamics of Russian Academy of Sciences

Geomagnetic activity is associated with changes in the
magnetosphere-ionospheric current system. The main manifestations
of geomagnetic activity are strong disturbances such as magnetic
substorms and magnetic storms, as well as weak disturbances are
various types of magnetic pulsations. Dynamic processes on the Sun,
such as solar flares, coronal mass ejections, which are sources of
fast solar wind streams, affect geomagnetic activity. Geomagnetic
disturbances in many cycles reach the maximum frequency of
occurrence not at the maximum of sunspot numbers, but with
a certain time shift. The task of this work was to specify the
characteristics of local geomagnetic activity in the 24th cycle of solar
activity in order to determine the relationship with the cycles of solar
activity. All data used in the work on the state of the Earth s magnetic
field was obtained at the Geophysical Observatory "Mikhnevo"of
Institute of Geosphere Dynamics of Russian Academy of Sciences
(Moscow region). According to the registration of the magnetic field,
the K-index was calculated using the adaptive smoothing method.
Solar activity in the considered 24th cycle was characterized by an
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F 10.7 index and the number of sunspots. In the work, the main
periodicities of the geomagnetic activity are determined. Its seasonal
variations are analyzed. The results of a joint analysis of geomagnetic
and solar activities in the twenty-fourth eleven-year cycle are also
presented.

3.7 Hydrogeodynamic effects of the preparation
and occurrence of strong earthquakes

Kopylova G.N.

Kamchatka Branch of the Geophysical Survey RAS,
Petropavlovsk-Kamchatsky

When conducting monitoring studies in seismically active regions, it
is necessary to have an idea about the patterns of behaviour of the fluid-
saturated environment under the influence of earthquakes. The data on
water level observations in wells, in terms of diagnostics and modelling
of hydrogeoseismic variations in groundwater level/pressure changes
(HGSV) make it possible to consider hydrogeodynamic processes in the
well-water-bearing rock system during the preparation and occurrence
of earthquakes.

The KB GS RAS provides long-term water level observations in
two wells. The main result of such observations is the detection of a
variety of HGSV due to strong local and remote earthquakes. Local
earthquakes with magnitudes M > 6 at epicentral distances up to the
first hundreds of km are accompanied by hydrogeodynamic precursors,
co-seismic impulses of pressure, as well as post-seismic variations in
the water level due to dynamic deformation of seismic waves. Four
types of vibration effects were recorded in water level changes in the
YuZ-5 well due to 19 earthquakes with M = 6.8 — 9.0 at epicentral
distances of 80-14600 km: I - oscillation, II - oscillations with short-
term rises, III - short-term rises, IV - long-term decreases. It is
established the dependency of the selected HGSV types on the intensity
of seismic impact determined by the ratio of magnitude and earthquakes
epicentral distance, the calculated values of the specific seismic energy
density in the wave and the maximum velocity of the earth surface, as
well as the amplitude-frequency composition of the maximum phases
of motions at the nearest seismic station. With increasing seismic
impact, there is a change of HGSV types from I to IV. The study
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of the HGSV was conducted by comparing the observed variations in
the water level with their calculated behaviour according to known
mathematical models taking into account the parameters of water-
bearing rocks and the geometric dimensions of the well. Also in the
report are considered data on the hydrogeodynamic precursors in
water level/pressure changes at the preparation stages of Kronotsky
(12/05/1997, M,, = 7.8) and Zhupanovsky (01/30/2016, M,, = 7.2)
earthquakes.

This work was supported by the Russian Foundation for Basic
Research, grant 18-05-00337.

3.8 Investigation of Earth’s crust tension degree of
Almaty active region by registering cosmic
rays muons of high energy

Iskakov B.A.", Vildanova L.I1.2, Salikhov N.M.3, Piscal V.V.2,
Sadykov T.Kh.*, Shepetov A.L.5, Zhukov V.V.2, Tautayev Y.M.!,
Argynova K.*, Mamina S.P.2, Ryabov V.A.%, Beisenova A.D.?,
Argynova V.A*

L Al Farabi Kazakh National University, Almaty, Kazakhstan
2 Tien-Shan Mountain Research Station, Almaty, Kazakhstan
3 Institute of Tonosphere JSC National Centre Research and
Technology , Almaty, Kazakhstan
4 Institute of Physics and Technology, Satbaev University Almaty,
Kazakhstan
5 P.N. Lebedev Physical Institute of the Russian Academy of Sciences,
Moscow, Russia

Radiation acoustics is a scientific multidisciplinary area, which
is developing between acoustics, nuclear physics and high energy
physics. Its foundation is formed by studies and application of
radiation-acoustic effects that are nascent at the penetrating radiation
interaction with a matter. At the turn of the 80 s and 90 s of the last
century, scientists of the Physical Institute after P.N. Lebedev and
Earth Physics Institute (Russia) had developed a concept of a new
promising area of seismology: using a signal from elastic vibrations
in the acoustic frequency band for earthquake forecasting. These
elastic vibrations are generated under local ionization influence,
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which is formed at the moment when passing of cosmic radiation
penetrating particles happens. These particles are high-energy muons
and neutrinos, which pass through seismically tense environment in
the deeper layers of Earth.

3.9 New station of complex geophysical and
seismological observations on Sakhalin

Kostylev D. V.12

U Institute of Marine Geology and Geophysics, FEB RAS,
Yuzhno-Sakhalinsk, Russia
2 Sakhalin Branch, Geophysical Survey, Russian Academy of Sciences,
Yuzhno-Sakhalinsk, Russia

The concept of creating a complex geophysical observation point
is considered. The implementation of this concept is presented on
the example of a new observation point in the area of the Central-
Sakhalin fault. Point of observation is located Petropavlovskoye,
Aniva District, Sakhalin Region. To monitor the seismic process, a
broadband molecular-electronic and a group of mechanical short-period
velocimeters are installed, forming a triangle with distances from 20
to 30 km from each other, which allows to record local events in
the area under investigation with a confident determination of their
epicentry. The hydroacoustic part of the observation system of the
puncture contains a molecular electron hydrophone with a passband
of 0.02 200 Hz. A network of observation points for changes in radon
content and meteorological parameters has been developed. Examples
are given showing the effectiveness of ensuring the overlapping of the
registration capabilities of the various levels of the system, which
guarantees the reliability of determining the parameters of seismic
events. A communication and centralized control system has been
developed and implemented, allowing to collect data from all levels
of the monitoring system. The main technical requirements for the
monitoring system, installation and adjustment of equipment, data
transmission systems, data acquisition and control systems, and the
primary processing of seismological data have been systematized.
The model of the GIS-project is presented, which contains data on
the location of geophysical observation points, their characteristics,
geological and tectonic and seismic conditions. The conclusions
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are made about the need to integrate various types of geophysical
observations to improve the effectiveness of monitoring methods and
short-term earthquake prediction.

3.10 Quasi-periodic variations of amplitude of
lightning discharges electromagnetic signals
during the period of strong seismic activity

Argunov V. V., Gotovcev M.R.

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

The specific features of a method for radiosounding the lower
ionosphere over earthquake epicenters using LF electromagnetic signals
of thunderstorm sources (atmospherics) have been considered. The
effects of shallow-focus earthquakes with magnitudes larger than 4.0
and their precursors manifest themselves in amplitude characteristics
of atmospherics. It has been assumed that variations in the signal
characteristics are related to disturbances in the lower ionosphere.
According to the results of azimuthal scanning, cross sectional
dimensions of disturbed regions, as a rule, correspond to the dimensions
of the first two Fresnel zones for signals at a frequency of 10 kHz.
Azimuthal scanning also indicated that the positions of disturbed
regions during and before earthquakes could have a certain dynamics
and differ from the projection onto the earthquake epicenter. Quasi-
periodic variations of signal amplitude of lightning discharges passing
over earthquake epicenters are in details considered. It has been
obtained that the period of amplitude modulation makes up 2-3 hours,
i.e. in the ionosphere D-layer the same values of the periods of wave
phenomena are registered as which are observed in a higher F-region of
the ionosphere. The results obtained during the work specify that, at
least, in the part of events the seismic disturbances in the ionosphere
can be caused by AGW, propagating upwards from the epicentral area.

184



3.11 Research of local seismicity in the zone of the
Central Sakhalin fault

Boginskaya N.V., Zakupin A.S.
Institute of Marine Geology and Geophysics, FEB RAS

Earthquake is the most dangerous of all natural disasters. It
destroys cities, sometimes accompanied by a huge number of victims.
Destruction occurs in a matter of minutes, people do not have time to
escape from collapsing buildings. Research of seismicity of Sakhalin,
as one of the most seismically dangerous regions, does not lose its
relevance. Three devastating earthquakes on Sakhalin (Neftegorskoye
1995, Mw = 7.2; Uglegorskoye 2000, Mw = 7.0 and Nevelskoye 2007,
Mw = 6.2) indicated a high level of seismic danger of this region. It
is especially important to study the southern part of Sakhalin, where
the population density is highest, and the settlements are located near
active faults. In the past few years, on Sakhalin, members of the IMGG
FEB RAS have achieved significant success in the field of medium-term
assessments of the main seismic zones of the island with moderate
potential (M = 6-7). The main method for assessing the medium-term
seismic hazard is the LURR method (load-unload response ratio),
which allows you to detect the threat of a strong earthquake in a period
of up to two years. Since 2017, in addition to LURR, using the method
of SDP (self-developing processes) developed by A.I. Malyshev (IGG
UB RAS) and adapted to observational data in various seismically
active regions. According to the LURR method, the patented Seis-ASZ
software package is used. LURR calculations are performed with a
choice of standard for our work parameters: a window of 360 days, a
shift of 30 days, a range of magnitudes from 3.3 to 5. To work with the
SDP algorithm, the SeisDynamicsView software package is used, which
was provided by A.I. Malyshev. The method allows one to isolate
foreshock sequences by solving a nonlinear second-order differential
equation (the equation of self-developing processes). The authors use
the the method of SDP for calculations in selected area using a catalog
of earthquakes with M from 1.5 to 4.5. An analysis of seismicity in the
zone of the Central Sakhalin fault from 2015 to 2019 has been carried
out. according to data from automated digital seismic stations of the
Sakhalin Branch, Geophysical Survey, Russian Academy of Sciences.
The calculations of the parameter LURR and SDP are carried out.
Periods of anomalous values of the LURR parameter were determined
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in conjunction with the existing solutions using the method of SDP. A
seismic hazard period has been established (earthquakes with M 5.5)
for a given research area using two methods until 2020.

3.12 Search for Earthquake Precursors in regions
of intraplate seismicity

Kusumita A.', Jayashree B.', Prasanna S.?

L CSIR-National Geophysical Research Institute, India
2 Institute for Seismological Research, India

The Gujarat state of India is at the tri-junction of three failed
rifts: Kachchh, Cambay, and Narmada, with several active faults. The
northern part of this state Kachch, is considered seismically one of the
most active intraplate regions of the world; paleoseismicity record and
several seismic events point to a continued tectonic activity. Historical
records of earthquakes in Kachchh like the 1030 A.D. earthquake,
which ruined the city of Braminabad, the earthquake of Indus delta
in 1668 of magnitude 7.8, the earthquake (Mw 7.8) of 16th June 1819
near the NW international border of Kachchh, which was associated
with a surface expression in the form of the roughly E-W trending
Allah Bund Fault (ABF) extending for about 90 km, the April 19,
1845 earthquake of Mw 6.3 at Lakhpat with 60 strong aftershocks
and earthquake of June 19, 1845, the Mw 6.0 Anjar earthquake of
1956, causing a wide spread destruction of properties and 115 fatalities
bear witness to the known history of seismic hazard in this region.
Last catastrophic earthquake of magnitude Mw 7.7 occurred at the
region of Kachchh Mainland Fault (ISC location 23.4420N, 70.3100E)
on 26th January 2001 followed by a large number of aftershocks.
This marginal portion of the Indian shield forms a mobile zone
characterised by block faulting. There are clear evidences that various
parts of Kachchh have undergone differential movements even during
Quaternary period along reactivated faults. Subsequent to 2001 Bhuj
M7.7 earthquake, seismicity in Kachch has increased significantly
since 2006, which continues till today posing threats to life and
property. In order to pursue the science of medium- and short-term
precursors for earthquakes, the Institute of Seismological Research
(ISR, Gandhinagar) established three Multiparametric Geophysical
Observatories (MPGO) in Kachchh in the Wagad Fault area in
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2008. Analysis of this data (2009-2017) is being carried out jointly
between CSIR-NGRI and ISR, to look for signatures of precursors in
characteristics of pulsations from these observatories. Our preliminary
observations of the patterns are presented in this work.

3.13 Space and ground-based electromagnetic
data - a possible source of information on
earthquakes: the state of the art and future
directions

Isac A.Y, Mandea M.?

L ONES-Centre National d’Etudes Spatiales, France
2 Geological Institute of Romania - Surlari National Geomagnetic
Observatory, Romania

Even the civilization has reached its greatest level of technology,
natural hazards are often out of human control. Among them,
earthquakes (EQs) are extreme events with unpredictable
consequences. Many efforts have been made for a deeper understanding
of them, in terms of experimental, numerical or theoretical models but
their evolution phases such as source initiation, fracture mechanisms or
dynamics of the crust, are not clearly explained yet due to the unique
character (geodynamical and lithological settings) of each event.
Past magnetic single satellite missions and especially ESA-Swarm
constellation with data taken at three different orbits and two altitudes
and with sensors which represent the cutting edge technology, make
possible the investigation of distinctive seismogenic signatures in the
ionosphere by means of proper analysis in order to extract the correct
information from non-seismic external electromagnetic signals with an
unprecedented accuracy. However, the satellite data need to be merged
with data collected from ground-based stations in order to describe a
geophysical scenario to support the understanding of the physics of
the earthquakes. Here we focus on pre-EQ lithosphere-atmosphere-
ionosphere (LATI) coupling by analyzing ionospheric perturbations and
magnetic data together with seismic data. The goal is not an EQ
prediction, but to understand the process of earthquake preparation
and the geospheres coupling. Few study-cases and different techniques
showing potential EQ related pattern are presented, as well as some
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possible future directions of developing.

3.14 Spatial analysis of geoacoustic emission
signals in shallow lake Mikizha, Kamchatka
region

Shcherbina A.O., Solodchuk A.A.

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

The results of the location of geoacoustic emission sources by a
point receiving system based on a combined receiver installed at the
bottom of a natural reservoir are presented. Directions of geoacoustic
signals arrival in horizontal and vertical planes during seismically
quiet periods and before the earthquakes occurred in 2008-2016 were
determined. It was established that the emission sources are located in
sedimentary rocks at the depths from 1 to 5 m. The specific features
of application of vector-phase methods to locate geoacoustic signals
sources in shallow waters are considered.

3.15 Study of Lithosphere-Atmosphere-lonosphere
coupling on the example of the 30 December
2017 earthquake M4.2

Salikhov N.M., Pak G.D.

Institute of the Ionosphere, JSC National Center of Space Research
and Technology, Republic of Kazakhstan

The distribution of perturbations in various geophysical fields from
lithosphere to the heights of ionosphere was traced prior to and at
time the 30 December 2017 earthquake Mpv = 4.2 (43.10 N, 76.90 E).
Hypocenter of earthquake was at a depth of 10 km (some.kz). The
uniqueness of this event was that complex of measuring equipment
turned out to be practically above the earthquake source, only 5.3 km
from the epicenter, what’s happens rarely. Therefore, the registration
of disturbances was performed in the near zone of Dobrovolsky radius,
where deformation processes in lithosphere under the activation of
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seismic processes the most expressed. Six days before the earthquake
there was a sharp increase in the intensity of gamma ray flux in
the dry well at a depth of 39 m occurred simultaneously with a
significant increase in geoacoustic emission and temperature in the well.
Perturbations in variations of gamma ray flux were also recorded on the
ground surface near the well. Doppler ionozond registered perturbations
in ionosphere whose emergence coincided with an increase of gamma
ray intensity and geoacoustic splashes. The radio wave reflection point
was above the earthquake epicenter. The geomagnetic environment
during observation period was calm, that is an important condition
for identifying seismogenic effects in the ionosphere. The increase of
gamma ray flux intensity is a factor promotes atmospheric ionization
and changes of conductivity in the surface layer of atmosphere. And
according to the concept of lithosphere-atmosphere-ionosphere coupling
(S.A.Pulinets, et.al, 2013, 2015) it can be considered among the
main causes for the appearance of disturbances in the ionosphere
and anomalous effects in the records of Doppler frequency shift
of ionospheric signal above the earthquake preparation area. Study
perspectives are associated with the experimental confirmation of
lithosphere-atmosphere-ionosphere coupling and development of the
comprehensive methodology for detection of anomalous phenomena in
the geophysical fields on the eve of earthquakes.

3.16 The influence of seismic activity on the
development of the formation of
heterogeneities in the sporadic layer Es

Alimov O.A., Kalashnikova T.M.

Institute of astrophysics of the Academy of sciences of the Republic of
Tajicistan

Based on the study of small-scale in homogeneities in the night
sporadic layer of Es, which arose in the August 1986 earthquake
preparation periods with a magnitude of 4.0 < M <5.5 and an epicentral
distance of R < 250 km, criteria for large ranges of translucency of
the sporadic layer Es fOEs 2fbEs were developed. It is shown that the
duration of the existence of intense continuous small-scale irregularities

189



of the sporadic Es layer in the seismically active period with the fOEs
2fbEs translucency criterion is from 2 to 6 hours 1-2 days before the
earthquake.

3.17 Variations of seismic activity caused by the
Chandler Wobble

Blagoveshchenskaya E.E.*, Lyskova E.L.2, Sannikov K. Yu.?

L SPbF IZMIRAN
2 St.Petersburg State University

The problem of the correlation of the global dynamic phenomenon
«Chandler wobble» with the local dynamics in different parts of
the Earth’s crust and lithosphere is wide of the solution. In this
study, an attempt was made to approach the solution by analyzing
the temporal variations of local seismic activity in the restricted
geospace volumes (GSV) within the uniform seismoactive regions.
Seismic data (1965-1990, M=2-7) were taken from USGS catalog
(http://earthquake.usgs.gov).

The Euler or Chandler wobble is free rotation mode of the rigid
Earth. Its driver is the deep mantle - the most hard and most massive
Earth’s layer, whose large inertia tensor value is able to keep up
Chandler’s specific rotation of the Earth for a long time. We use the
geocentric coordinate system where daily rotation is absent. In this
system Chandler wobble is very slow rotation of the Earth (as the
whole) around the current equatorial axis (the pole of which is denoted
as EP14). Namely this slow rotation influence on the seismic events in
the GSV. This influence is determined by the some statistical parameter
EP14gsv which indicates the most typical position EP14 on equator
when the most part of the earthquakes have occurred in the given GSV.
The pole moves along the equator eastwards and EP14(t) passes the
whole cycle 0-3600 during the time about 14 months (430 days). For
each time ti, you can specify the position of the equatorial axis EP14
(ti) = Ai. Thus, for a given GSV, it is possible to estimate the number
of seismic events in different phases of the cycle of EP14. It is observed
that for some GSV the distribution indicates certain longitudes, where
the number of seismic events is maximal (or minimal).
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For several GSVs satisfying the conditions: 1) located in the zone of
the Mid-Ocean Ridges (from 5 to 50 S) in the Southern Hemisphere; 2)
submeridional strike, the prevalence in the spectrum of seismic activity
variations in the period band of 0.5 - 2 years of the Chandler period
(430 days) was revealed. However, EP14gsv for them were different. The
combined GSV (Pacific + Indian Ocean) demonstrates the absence of
significant maxima in the spectrum at the Chandler period. Apparently,
because their EP14gsv have maxima on opposite meridians. For the
combined GSV around the south of the African Plate, the total EP14gsv
defines a 17W meridian close to the pole of rotation of the African Plate
(Minster and Jordan, 1978).

3.18 Transient electromagnetic radiation of the
lithosphere in a seismically active region.
Comparative analysis of ground measurement
results

Nguyen X.A.', Lutsenko V.2, Yi-yang L.®, Uvarov V.N.*

L Institure of Geophysics, Graduate University of Science and
Technology, VAST, Vietnam;
2 Usikov Institute for Radiophysics and Electronics, NANU, Ukraine
3 Karazin Kharkiv National University, Ukraine
4 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

The importance of studies of electromagnetic signals of lithospheric
origin is due to the fact that they are another source of information
about the geodynamic state of the lithosphere, which can be used
in various fields of geophysics. However, to date there are no full-
fledged methods for isolating these signals, which is largely due to the
problem of their separation from the powerful masking background of
thunderstorm, magnetospheric radiation.

The purpose of these studies was to study the distribution of the
characteristics of emissions of low-frequency electromagnetic emissions
— their number, frequency of appearance, form in various reception
channels of both the magnetic and electric field components during
the day. We used the measurement data obtained at the VLF-VLF
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antenna complex of the expedition base IKIR FEB RAS "Karymshina".
The initial data contains a digital recording of the 24-hour signal for
December 22, 2017, two days after the earthquake in the Okhotsk Sea
area on December 20 with a magnitude of 7.2 points.

To study the daily variations, the recorded signal was divided into
two parts significantly different in level: the day period, which lasted
from 5 am GMT, and the night period, consisting of two parts, the first
of which was from 0 am to 5 am and the second part is from 8 pm to
0 pm GMT.

We studied the distribution of the number of deviations of the signal
(outliers) from the magnitude of various thresholds, expressed in units
of the standard deviation (o), for different time domains and reception
channels. It was established that during the day period, the emissions
had a large amplitude and repetition rate.

The waveform of the maximum signal values was investigated by
applying the method of accumulating epochs to the maximum values
of the waveforms of signals over an interval of 15 minutes. It has
been established that both the shape and the duration of the pulses
in different channels differ significantly and change during the day.

When the power density of the tectonic pulse flow exceeds the
threshold power of the momentum dissipation in a rock, the motion
becomes turbulent in space and pulsed in time. In this case, the
electromagnetic manifestations of the pulse flux dissipation are pulsed.

Therefore, manifestations reflecting the nature of the tectonic
impulse flow make it possible to evaluate the geodynamic situation and
be used in the prediction of earthquakes, the study of the structure
of the subsoil, the exploration and exploitation of natural resources.
Among the important characteristics of the manifestations of tectonic
pulse flow is the intensity of emissions and the average interval between
them, which can be used as an informative feature of an earthquake
precursor.

It is established that the frequency of occurrence of emissions, their
amplitude and shape change significantly during the day.

The results can be used to create simulation models of
electromagnetic emission processes of lithospheric origin.

This work was supported by a grant from the Russian Foundation
for Basic Research 19-05-00543, Thunderstorm formation mechanisms
under active volcanic activity on the Kamchatka Peninsula and with
the participation of the Ministry of Industry and Trade of Vietnam.
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3.19 The seismic regime ”drumbeats” on
andesite-dacite volcanoes of the world

Shakirova A.A.', Firstoy P.P.1:2

L Kamchatka Branch of Federal Research Center of the United
Geophysical Survey, RAS
2 Institute of Volcanology and Seismology FED RAS

The movement of magma in the volcano and squeezing viscous
lava flows and blocks on extrusive domes is accompanied by swarm
sequences of volcanic earthquakes (VE) during eruptions of andesite-
dacite volcanoes. This was observed on the volcanoes: St. Helens, North
America, the Cascade Range, the eruption of 1984, 2004 2005; Redout,
Aleutian Islands, 1989; Soufriere Hills, Lesser Antilles, Montserrat
Island, 1995-1997; Pichincha, South America, Western Cordillera,
1999; Kizimen, Kamchatka Peninsula, 2010-2013. VE sequences
(multiplets) had a well-defined quasi-period between earthquakes
lasting from seconds to a few minutes with similar waveforms and
small variations of the dynamic range of magnitudes M<3. For
a well-defined quasi-period of the earthquakes regime was called
"drumbeats". Regime "drumbeats"often precedes explosive eruptions.
Earthquakes are hybrid and long-period. The features of the seismic
regime "drumbeats"on andesite-dacite volcanoes are considered in the
article and some ideas about the mechanism of its occurrence are given.

3.20 Method of step-by-step adaptation of the
width of measurement interval to the signal
parameters

Terekhov L.S., Lavrukhin A.A.!
L Omsk state transport university

It is shown that known methods of measuring an original signal
lead to errors if the width of the measurement interval does not
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adapt step-by-step to changing signal parameters. Proposed step-
by-step adaptation algorithm of the measurement interval is based
on a postulated dynamic uncertainty relation (DUR). For the first
time, the DUR was built as a result of a radical transformation of
a radilocational uncertainty relation (RUR). The DUR has allowed
to explain the result of an experiment of vertical radio sounding of
the ionospheric plasma layer simultaneously from the Earth and from
a satellite (according to the RUR, at the maximum of the electron
concentration the discrepancy between top and bottom heights was
expected to be in the range of 0.25 0.5 km, while the experiment
showed the discrepancy of 50 km). The proposed algorithm reveals
the single physical basis of measurement and instrumental (computer)
calculation. The algorithm allows to locally determine the optimal
width of the averaging interval, which ensures the reduction of the error
of a variable quantity when it measured or calculated. The revealed
similarity of the approaches of computational mathematics and classical
physics led to the unification of data analysis and processing with the
solution of a computational problem into a single and simultaneous
process. Processing and analysis of real-time measurement data can be
expected to be useful for detecting earthquake precursors.
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