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OBIIIASA XAPAKTEPUCTUKA PABOTBI

AKTyanbHOCTb. B0 Bpemsi 3KCIUIO3MBHBIX W3BEP)KEHHI' BYJIKAHOB (OPMUPYIOTCS
SPYNTHBHBIE KOJIOHHBI NHPOK/IACTHUECKOTO Marepuasa, KOTOpble MOTYT IOJHUMAThCS [0
BBLICOT TPOTIOTAY3kl U cTpatocdeprl [[opikos, 1965; Meng, 2022]. IToz BAMsSHIEM BETPOBOM
cTpatuduKaiuu B atMocdepe (GOPMHMPYIOTCS 3pYNTHBHBIE 00/1aKa W TETVIOBble IUIeH(BI,
KOTOpbIe PACTIPOCTPAHSIFOTCSI HA COTHU U THICSYM KM OT 1IeHTPOB U3BepsKeHuit [['upuHa, 2017].
B  pesynbrare  TpuOO3seKTpu3anyk, — (PaKTOIMHUCCHM U B3aUMOJEHCTBUS  C
MeTeopoJIoTUYeCKUMH  0obO/nakamMyd  TMPOAYKTBl W3Bep)KeHWsT B  SPYNTUBHBIX  0Osakax
3/1eKTpu3yroTCs [PysnieHko, 1994; Behnke, 2014]. TIpu pacnpocTpaHeHHH 3pyNTHBHOTO obJiaka
€ro 5/1eKTPOCTaTHuecKasi CTPYKTypa HeNpepblBHO 3BOIIOLMOHUPYET C (hopMUpOBaHUEM
00BeMHBIX 7IeKTPOCTaTHUECKHX 3apsiZoB MOJIOXKUTEIbHOT0 U OTPULATE/IbHOTO 3HAKOB [James,
2008]. IlosTomy spymnTHBHBIe 00jaka TpU 3KCIVIO3UBHBIX W3BEPXKEHUSIX —SIBJISIFOTCS
€CTeCTBEHHBIMI MICTOUHHKAMH BO3MYIL|eHHsI TIOCTOSIHHOTO 3/IeKTPUIeCKOro T10JIsT aTMOCheps!
3emym. Takve BO3MYILEHHSI DETUCTPUPYIOTCS B BapyalWsX TpajWeHTa TIOTeHIWana
aeKTpudeckoro rnoJisi armocdeps! [Hatakeyama and Uchikawa, 1951; Pynenko u ap., 1986], u
3T JaHHble SIB/ISIOTCS SKCIIEDUMEHTa/bHOM OCHOBOM [yl M3yueHUsl 3J/eKTpuU3aliuy
SPYNTUBHBEIX 007akoB. VccieoBaHUsT TIPOLIECCOB 3JIEKTPU3ALMM SPYNTUBHBIX 00JIaKOB
TIPOBOJATCS B palioHaX akTUBHOro ByJjKaHu3Mma fAnonuu, Utamuu, CIHA, Poccuu u fip. ¢
IleJIbI0  OL|EHKH PHCKOB [UISl XO3SHCTBEHHOW JesITeJIbHOCTH 4YeloBeKa M IJI0OanbHOrO
u3MeHeHUs1 KuMaTa [Meng, 2022].

PalioHbl CcOoBpeMeHHOro ByJKaHM3Ma Ha T-oBe Kamuatka u Kypuibckux 0-Bax
MIPe/ICTAaB/SAIOT YHUKa/JbHble TMPUPOJHbIe TIONMITOHBI A WCC/Ae[0BaHUS COBPEMEHHOTO
BYJIKaHW3Ma W TIPOSIBIEHWH SJI€KTPU3aLMM APYNTUBHBIX 00JIaKOB TIPU  IKCIIIO3MBHBIX
M3BepXKeHUsIX. OKCIlepUMeHTalbHOe U TeOpeTUYecKoe H3yueHue 5j1eKTpU3alidd MpPOJyKTOB
BYyJIKAHUUECKUX U3Bep)KeHWI HallpaBleHO Ha YCTaHOBJeHHe (yHJaMeHTalbHbIX OCHOB
($U3UKM 371eKTPOCTaTUYeCKUX IIPOLIECCOB, KOHTPOJUPYIOUIMX HaXOxX/eHue BYJIKaHUYeCKUX
a’po3osiell, TBUIM U MeJKoJuClepcHoro rervia B aTmocdepe [Esposito, 2016].
HonroBpeMeHHble HempephIBHBIE HAOMIOEHMST 3a BapvalUsMHM TpaJueHTa I[OTeHIhasa
3JIEKTPUUYECKOTO TO/Isl  aTMocdepbl BOMM3M  JEHCTBYIOLIMX BYJIKAHOB BO BpeMs HX
9KCIVIO3UBHBIX W3BEp)KEHHH C HCIOb30BaHWEM COBDEMEHHOH ammapaTyphbl, 00paboTka,
aHa/M3 M KOMIUIEKCHAasi MHTepIIpeTalysi TaKuX AaHHBIX SIB/ISIOTCS aKTyabHBIMM 3aJadyaMHu
reodU3MKH U BYJIKAaHOTIOTHU.

Ienpio padoThl ABJSIETCS KCC/Ie0BaHUE SBOJIIOLMM 3JIEKTPOCTATUUECKON CTPYKTYPBI
3PYITUBHOTO 00/aka MpU ero pacrpoCTpaHeHWH B aTMocdepe, HA OCHOBAHMU PETHCTPALIU
OTKJIMKOB B BapHallUsIX rpajiieHTa MoTeHLaa 3/1eKTPUUecKoro rmosist arTMocdepsl.

OCHOBHBI€ 331a44 HCC/IeJ0BAaHHUA:

1. mosyueHHWe  SKCIIepUMEHTANBHBIX  [AHHBIX  BapHaliii  TpaileHTa  TOTeHIMana
3/IEKTPUUECKOTO TI0IT  aTMOC(ephl [T WCCAef0BaHUST SJ€KTPUIECKOH CTPYKTYpPHI
SPYNTHBHBIX 00/1aKOB, BO3HHUKAIOLIMX BO BpeMsl SKCIVIO3UBHBIX H3BEP)KEHHH ITyTeM
CO3/]@aHMsl CeTU IYHKTOB HAOJ/IIOJEHWH TrpajyeHTa MOTeHIWaa 3JeKTPUUeCKOro IoJist

1
Vi3BepikeHHe By/IKaHa B pe3y/ibTaTe B3pbIBa MarMaTHUeCKUX ra3oB, CONPOBOXK/aeMoe BbIOPOCOM U3 Kepiia
ByJ/IKaHa BOJBIINX MacC PIXJIBIX TIPOJYKTOB.
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aTMoc¢epsl BO/MM3U AeHCTBYIOMIMX BYJKAHOB, HA OCHOBAaHWU 3THX JAHHBIX BBIIIOHUTD
MO/Ie/TMPOBaHUSI TIPOLIECCOB, CBSI3aHHBIX C PACTIPOCTPAHEHKEM 3PYIITHBHBIX 00/1aKOB;

2. aHanu3 KOMIUIeKCa JJaHHbIX reo(U3U4yecKoro MOHWTOPUHIA BY/IKaHUUYEeCKOW aKTHBHOCTH,
CIyTHUKOBBIX JIJaHHBIX, JaHHBIX O0a/UVIOHHOTO 30H/MPOBAHWS C IIelbI0  BBIE/IeHUs
BO3MYLeHHI B BapualysiX TpaZiveHTa MOTeHL[Masa 3/eKTPUUecKOoro TOJsi aTMoCdepsl,
CBSI3aHHBIX C PAaCTpOCTPaHeHHe SPYIITUBHBIX 00/1aKOB;

3. ucciefjoBaHMe TIPOLeCCOB (POPMUPOBAHUS 5/1eKTPOCTAaTUUECKOM CTPYKTYPhl SPYNTUBHBIX
00/1ak0B  00pasyromxcsi BO BpeMsl MOIJHBIX W3Bep)KeHHH By/KaHoB IlluBenyu wu
Be3biMsHHBIN (m-0B KamuaTka) W [/ MeHee MOIIHBIX HM3BED)KeHHI By/iKaHa O6eko
(o. [TapaMymIvp) Ha OCHOBAaHMM aHa/lW3a 3aperMCTPUPOBAHHBIX OTK/IWKOB B BapHallUsX
rpajjieHTa MoTeHLMasa 3/1eKTPUYeCcKOro 1oJist aTMocdephl;

4. WccnefoBaHWe BAWSHUSL T[IOBEDXHOCTH 3eM/M  Ha  (GopMupoBaHWe  OOBEMHOTO
3JIEKTPOCTaTUUECKOT0 3apsifia B SPYNTHUBHOM 00JIake Ha OCHOBAHUM [JaHHBLIX Hab/oAeHuH
Ha ByJIKaHaX M ()M3MUECKOro 3KCIIepHMeHTa I0 MOJeJIMPOBAHMIO TIeMIOBBIX 00JIaKOB C
OJHOBpEMEeHHOW perucTpaleii rpajjieHTa roTeHL asa 31eKTPUYecKOoro 1oJisi aTMOC(eph;

5. UuC/eHHOe MOJle/IMpOBaHMe B3aWMOCBS3U [UHAMUKK OTK/IMKA rpajueHTa IOTeHLMasa
3JIEKTPUYECKOTO TO/IsT aTMocdepsl ¢ 0COGEHHOCTSMH B3aWMHOTO MPOCTPAaHCTBEHHOTO
pacrionokeHuss  CHOPMMPOBaHHBIX ~ OOBEMHBIX  3/IEKTPOCTAaTHYECKUX  CTPYKTYP B
SPYNTHUBHOM 00/lake Ha OCHOBE 9SKCIIEPUMEHTANBHBIX [JaHHBIX, MOMYYEeHHBIX C
WCII0/Ib30BaHKeM CO37laHHOM ceTH HabuIoieHUH;

6. MaremaTU4ecKoe MOJeNUpPOBaHNe 3aperMCTPUPOBAHHBIX OTK/IMKOB IpaJjieHTa MoTeHLana
3JIEKTPHUUECKOT0 TI0JIs1 aTMOC(]epHl, CBSI3aHHBIX C pacIpoCTpaHeHHeM 3PYIITUBHOrO obsiaka.

O0BeKT U mpeMeT UCCIeJ0BaHUs

OOBEKTOM HCC/Ie0BaHUs SIBSIOTCS OPYNTHBHBIE 007aKa, MX 3JeKTPOCTaTHUecKas
CTpyKTypa. B KauecTBe mpejmera WCC/Ie0BaHMSI pacCMaTpPUBAIOTCS BpeMeHHblE Dsi/ibl
rpajiieHTa TOTeHIMana >3/IeKTPUUeCKOTO TOoMsi aTMOCdepbl, B KOTOPLIX PEerrCTPUPYIOTCS
OTKJIMKY (CUTHAJIBI) OT 3PYNITUBHBIX 00/IaKOB.

HayuyHnas HoBH3HaA

1. BrepBele B TMpakTHKe HAOMIOJEHWH 3a BYJKAaHMUYECKOH JesTe/lbHOCTBIO BYJIKAaHOB
[usenyu u Be3bMsHHEIH (T-0B Kamuarka) 1 By/nkaHa D6eko (0. IlapaMyImip) poBezeHs!
WCCJIefIOBaHMsl /1eKTPOCTAaTUYeCKOM CTPYKTYpbl SPYNTHBHLIX 00/71aKOB Ha OCHOBAHHMHU
perucrpaliid OTK/IMKOB B BapHalUsiX TpajiieHTa TIOTeHI|Mana 3/1eKTPUUecKOro IoJs
aTtMocdepsl Ha CETU CTaHLUH.

2. BrnepBble 3aperuCTpUpOBaHbl CHUrHalbl B BapualUax TIpajueHTa IOTeHLMana
3/IeKTPUUECKOro ToJis aTMocdepsl, CBsi3aHHble ¢ (OpPMHUPOBaHHWEM U PaclpOCTpaHeHHeM
SPYNTHBHBIX 00/1aKOB B O/IMDKHEI 30He OT KpaTepa ByJ/KaHa (IO /JaHHBIM HaO/oleHuH Ha
By/KaHe D0eKo), JMHAMHKA KOTOPBIX XapaKTepH3yeTcs MOJIOKUTeTbHBIMY MMITy/IbCAMH B
OTpHLaTe/IbHOM 06/1acTH CHUTHAA.

3. IToxa3aHO, UTO perucTpalysi OTK/IMKA C IOJIOXKUTEJbHBIM MMITY/IbCOM B OTpULIATe/IbHOU
obylacTi CWTHajda CBUZIETENIBCTBYET O TIpeoOJafialolieM OTpHLATeLHOM  3apsifie
3PYNTHUBHOTO 06JaKa TIpU JIOKaIM3aLMH TOJI0XKUTEILHOT0 00BEMHOIO 3apsiia B HIDKHeH
YaCcTH IPYITHBHOrO 0b/1aKa.

4. TlpezsokeHa 'MIIOTe3a 0 HOBOM MeXaHH3Me ()OpMHMpPOBaHUsI 0OBEMHOTO 3apsiJia B HIDKHeH
06J1acTy 3pYNTHBHOTO 00J/aKa, COTIacCHO KOTOPOMY B MOMEHT B3aMMOZIEMCTBHUS HIDKHeH
obsact  3pynTHBHOrO 0067aKa C TIOBEPXHOCTBIO CKJIOHA BYJIKAHA TIPOUCXOJUT
nepepacripeie/ieHde 3apsifioB 3a CueT KOHTAKTHOIO B3aUMOJEWCTBHUS UYacTUL] TIeIUIOB C
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TIOBEPXHOCTBIO BYJIKaHA. IIpeo)keHHas TUIOTe3a [OIMOJHSET W3BECTHBIE MOJENTN
¢hopmrpoBaHUsI 00bEMHBIX 3apsiIoB B SPYIITUBHOM 00JIaKe.
Ha 3amuTy BBIHOCATCS C/IeYIOIIHe 0/I0KeHH:

1. B pampHeir 30He (50 kM u Oombllle) OT LIEHTPOB SKCIUIO3WBHBIX H3BEP)KEHHH
3/IeKTpPOCTaTUUecKasi CTPYKTypa SpPYNTUBHBIX 00/aKOB COIJIaCyeTcs C M3BEeCTHBIMU
(heHOMEHO/IOTNUEeCKUMHU MOZie/IsIMA (POPMHUPOBaHuUsE 00bEMHBIX 3apsiZioB 3a CUET S0/10BOH U
TPaBUTALMOHHON AvddepeHIayiy IPOAYKTOB H3BepKeHWsI ITPH UX PaclpoCTPaHeHHUH.

2. B OmmkHell 30He 3KCIVIO3MBHOTO M3BeP)KeHUs By/JKaHa DOeKo BbIfjesieHbl UeThIpe THIIA
OTK/IMKOB TpajiieHTa TIOTeHI|Mana 371eKTPUYecKoro mMossi arMoctepbl OT SPYNTUBHBIX
00/1aK0B, KOTOpble OIpeJe/sIOTCS  B3aUMHOM IPOCTPAHCTBEHHOH —KOHGMryparuei
BEPXHEr0 OTPHL{ATENBHOr0 0OBEMHOrO 3apsifia M HIDKHEro IOJIOKUTENTBHOr0 3apsifia B
3pyNTHBHOM 0b/IaKe.

3. [ns BysnkaHa D0eKO OTK/IMK C IOJIOKUTEbHBIM MMITY/IbCOM B OTPHUILIATe/NbHOM 06s1acTH
CHTHaJIa PeTUCTPUPYETCs TOJIBKO B TOM CJTydae, KOT/la HIDKHSIS YacTb 3PYNITUBHOTO 0b/1aKa
pacripocTpaHsieTcst 110 TIOBEPXHOCTH 3eMJIM B paiioHe ITyHKTa HabmofieHui 3a BapUaLisiMi
rpajiiieHTa TIOTeHIMana 3/1eKTPUUecKoro Mot aTMocdepbl, UTO CBUAETENIbCTBYET O
npeo6siaZiarolieM OTPULIATEIBHOM  3apsifie  SPYNTHMBHOTO oOmaka TIIpH  JIOKa/IM3ariiu
TIOJIOKUTETEHOT0 00BbeMHOTO 3apsifia B HIDKHEH YacTy SpyNTHBHOTO obsiaka.

HPEIKTI/I‘—ICCKEIH IJéHHOCTb paGOTBl

PerucTpaiysi rpaJyieHTa TMOTeHIMaaa 37eKTPUUECKOro Mo aTMOC(epsl B IPHU3EeMHOM
csioe aTMoCdeps! BOIM3M ICTBYIOIINX BYJIKAHOB 1103BOJIsSIET 0OHAPYKUTH MPHCYTCTBUE JjaXKe
c/1a00HACHIITIEHHBIX TIeTVIOM 3PYNTHBHBIX 0071aKoB. CeTh ITyHKTOB PeTHCTpAl{M TpafidieHTa
TIOTEHL[a/a 3IeKTPUUECKOro TOojs aTtMocthepbl BOIM3M W3BEPralolUXCs BY/IKAHOB JaeT
BO3MO)XKHOCTb OOHapy)XeHHs W OLIEHKA TpPaeKTODUM JBWKEHHs 3pYNTUBHOrO oO0aka.
HemnpepeiBHble HaO/IIOeHUsT BapvalWii rpaJWieHTa [OTEHLWaAa 3JEKTPUUECKOTO IIOJIst
atMocdepbl MOTyT ObITh OAHOM U3 COCTABJAIOIMIMX KOMIUIEKCHBIX HabofeHuid 3a
BY/IKaHUYECKUMH U3BepP>KEeHHUSIMHL.

TemaTuka BbINO/IHEHHBIX WUCC/I[0BaHUN COOTBETCTBYeT NPUOPUTETHBIM HarlpaB/ieHUsIM
(byHIaMeHTanBHBIX MCCTe/[0BaHUM B 06/1aCTH HayK O 3emsie: Tporpamme (yHAaMeHTaIbHBIX
HayuyHBIX HCCJIeJOBAaHMI TOCy/|JapCTBEHHBIX akajemud Hayk Ha 2013-2020 rogsl 1o
HarpaBieHUI0 Ne 70 «BbIsSCHEHHMEe MeXaHHW3MOB TIpeoOpa3oBaHUS W B3aUMO/IEHCTBUS
¢usnueckyx mosiedl 3emsid Ha TpaHuIle 3eMHasi Kopa - aTMocgepa, OLleHKH KOppessILiuOHHbIX
CBsi3eli Bapualuii reor3nueckyx noJjedi ¢ 6apuyecKUMY BapHalsiMU B aTMOC(hepe», a TakkKe
B cooTBeTcTBUU € 11.1.5.3.4. «CoBpeMeHHBI! BY/KAaHU3M; H3yueHUe COCTaBa MarM M
MIPOJYKTOB BYJIKAHUYECKUX WU3BepKeHUM; MogenupoBaHue (HU3UKO-XHMUUYEeCKUX MPOLIeCCOB»
Iepeuns TIPUOPUTETHBIX HarpaBJ/ieHUH ITporpammsl (byH/IaMeHTabHbIX
HayuHbIX UccaeoBaHuil B Poccuiickoil ®efepaiiun Ha A0nrocpouHblid nepuof (2021-2030
roJpl).

Pabora BeInosHeHa Ipy nofep>kke MuHoOpHayku Poccuu (B paMKax TOCyJapCTBEHHOTO
3aganusi Ne 075-01304-20) ¥ c ucCnonb30BaHWEM JAHHBIX, TMOYUYeHHbIX Ha YHUKaTbHOU
HayyHOM ycTaHOBKe «CelicMOMH(]Pa3ByKOBOM KOMIUIEKC MOHUTOPMHIA apKTHUYeCKOU
KPHOJIUTO30HBI M KOMILJIEKC HeNpepblBHOIO CelCMUYecKOro MOHMUTOpUHra Poccuiickoit
®Deepalviy, CONpe/iebHbIX TeppuTopui 1 Mupa» (https://ckp-rf.ru/usu/507436/).

HWccnenoBaHusi, NONOXKEHHble B OCHOBY JUCCEpTAliUM, BbINOJHEHb! MpU (HDUHAHCOBOU
noagepxke POOU, rpant Ne 18-35-00175.
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JI0CTOBepHOCTD MOJIyYeHHBIX pPe3y/bTAaToOB IOJTBEPKJAeTCS 3HAUWTeNbHBIM 00beMoM
JKCIIePUMEHTaNbHBIX ~ JaHHBIX,  KOTOpble  TOJy4eHbl  (GHU3U4ecKd  00OCHOBAaHHBIM
0OIIeNPUHATHEIM METO/IOM PErMCTPALIMM, XOPOIIIUM COTJIaCOBAaHWEM MO/ieJiell U COOTBETCTBUEM
BBIBO/]AM JIUTEPATYPHBIX UCTOYHHKOB.

Anpobanua pa0orel. OCHOBHBlIe pe3y/lbTaThl W BBIBOJBI, MPHBEJIeHHBIE B
[IVICCepTaLMOHHON paboTe, OblTK MpeAcTaBeHbl Ha: VI CaxaJWHCKOW MOJIOAEXHON Hay4YHON
uikose «IIpupojHble KaTacTpodbl: W3yueHWe, MOHUTOPUHT, rporao3» (MMI'ul' IBO PAH B
r. FOxkno-Caxamuuck, 2016 r1); XII MexayHapogHOW — CeliCMOJIOTHYECKOW — ILIKOJe
«CoBpemeHHBIE MeTOZIbI 00pabOTKM U WHTepIpeTaljid CeHCMOJIOTHUeCKNX JJaHHBIX»
(Kazaxcran —Ammarer, 2017 r.); IX, X (wobuneiiroit), XI u XII MeXIyHapOAHBIX
KOoH(epeHLUsAX «Co/HeuHo-3eMHble CBsI3M W GU3MKa MpeJBeCTHUKOB 3eMJeTpsiCeHui» (C.
IMaparynka, Kamuarckuii kpaii, 2018, 2019, 2020 u 2021 r.); XXIV MeXIyHapogHOM
cummosnyMe «OnTrka atMocdepsl U okeaHa. Pusmka atmocdepen» (Tomck, 2018 r.); XXI
BCEPOCCUHACKOH MIKOJe-KOH(epeHI[M MOJIOABIX yueHbIX «CoctaB aTMocdepsl. ATMocdepHoe
anekTpuyecTBo. KiMaTtuveckue mpotieccel», (Bopok, 2017 r.); V BcepoccuiCKON HayuyHOU
KoHGepeHIUM  «IIpo6sieMBl  BOEHHO-TIDUK/IAJHOM TeOo(U3VKH W KOHTPOJIST COCTOSIHHS
TIPUPOJHOM cpefbl» U I MomofexkHoit 1kose «IIpo6sieMbl BOEHHO-TIPUK/IAJHON Te0dhHU3UKH,
PaJMOJIOKALIMIOHHOTO M a3pPOKOCMHUECKOT0 30HAMPOBAaHUs NPHUPOAHOW cpedbl» (CaHKT —
IMetepbypr, 2018 r.); VIII OtkpeITOli Bcepoccuiickoli KOH(EepeHIMH 10 aTMoC(hepHOMY
snmektpuuectBy (T. Hambumk, 2019 r.); V Bcepoccuiickoil KoHbepeHin «I'obanbHast
aneKTpuyeckass nemnb» (1. bopok, 2021r.). A Takke Ha CeMUHapax W KOH(epeHLUsX,
npooguMbix K@ OUIL EI'C PAH, MBuC [BO PAH B r. IleTponaBnoBcke-Kamuarckom:
XVIII, XX peruoHanpHOi KOH(epeHLUU «By/KaHU3M U CBsi3aHHble C HUM IPOLIECCHI»,
niocBsitieHHOW [IHI0 ByskaHosora B 2015 u 2017 r.; Hay4HO-TEXHHUUECKUX KOH(epeHIHsX
«[TpobnemMbl KOMIUIEKCHOTO reo¢u3nueckoro MoHutopuHra [laneHero Bocroka Poccum» B
2017, 2019 u 2021 rr.

JIMuHbBIA BK/JIaA. ABTODOM CO3/jaHa CeTh MYHKTOB HaOJIIO/IeHUsT IpajjieHTa MOTeHIMaIa
3/1eKTpUYecKoro nosisi arMocdepbl Ha nonyoctpoBe KamuaTtka u ocrpoBe Ilapamyiup;
anmapaTHO-TIPOrPaMMHBIN KOMIUIEKC PErMcTpald JAHHBIX W WX TePBHUUYHON 006paboTku
pa3paboTaH COBMECTHO C M.H.C. ByaunoBbim [1.W. ¥ WHX.-KCCIT. 3aBO/IeBKUHBIM VI.A. ABTOpOM
BBLINOJIHEHa 00paboTKa HU(POBLIX [JaHHBIX TPAJVEHTa TOTEHIMasa 3JIeKTPUUECKOTO TIOJs
aTtMocdepsl. MIHTeprnipeTalys JaHHbIX BBITOJIHEHA COBMECTHO C HayYHBIM HACTaBHUKOM [.Q.-
M.H. ®upcroeeiM [L.II. ABTOpOM TpOBeAeHbI MoJieBble pabOThI Ha By/KaHe J0eKO U
9KCIIePUMEHT TI0 perucTpaliiM TpajyieHTa IMOoTeHLMana 371eKTPUUecKoro mosisi artMocdepsl B
O/mDKHEH 30He OT KpaTepa ByJKaHa (3 KM W 4 KM); BBIIIOJHEH (U3NUYECKUN KCTIEPUMEHT U
UMC/IeHHOe MofenupoBaHre. KOMITIEKCHBIM aHanW3 JIaHHBIX HATypPHBIX HaOMOJeHUd
rpajiveHTa MoTeHIMana 371eKTpUYecKoro noss armocgeps! 3a nepuog 2018-2020 rr. Bo Bpemst
aKTMBHU3AIMU BYyJKaHa D0EKO W pe3y/bTaTOB (PU3NUECKOTO SKCIEPUMEHTa U UHC/IEHHOTO
MO/Ie/IMPOBaHKs [IPOM3Be/IeH JIMYHO aBTOPOM.

ITyomukanuu. ITo TeMe auccepTalioHHON paboThI Omy6J/IMKOBaHbI 7 cTaTell B HayUHBIX
pelieH3UpyeMbIX JKypHaiax, Bxopsiux B mnepeueHb BAK (ro cneuumansHoctu 25.00.10 —
I'eodu3uika, reopusrueckrie METOZBI TIOUCKOB T0JIe3HBIX UCKOTIaeMbIX — 5 cTateid), 11 crared,
OIyO/IMKOBAHHBIX B [PYTYX M3[@HUSX U MaTepHanax KoH(pepeHIIHH.

CTpyKkTypa ¥ 00beM AuccepTanuu. [lyccepTariysi COCTOUT U3 BBEJ|eHHs], YeThIpex IJIaB,
3aK/TIOYeHUsT W W3/oKeHa Ha 136 crpaHuiax, comgep>kuT 61 pucyHkoB u 17 Tabsmi,
COMPOBOJKAAETCS CIIMCKOM JIUTepaTyphl U3 167 HauMeHOBaHUA.
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OCHOBHOE COJEPXXAHUWE PABOTbI

Bo BBegeHuH Orpe/ie/ieHbl aKTyalbHOCTh TEMbI UCC/Ie/JOBaHUH, 11e/1b U HOBHM3HA PabOTHI,
TpaKThYecKas 1JeHHOCTb, M0JI0KeH!s], BBIHOCUMbIe Ha 3alllUTy, IMUHbIN BK/1aJ, aBTopa.

B mepBoii ri1aBe «3J/1eKTpHU3anusi 3PYNTHBHBIX 00/1aKOB 3KCIUIO3MBHBIX H3BeP)KeHHI
BYJIKQHOB» PacCMOTpeHbI 00111 MpejcTaBieHust 06 3/1eKTPUYecKoM 1oJie atMocdepb! 3emMnu
[Robel, 1986; Mapees, 2010]. TIpeacraBieHbl OCHOBHbIE (QHU3MUECKHE XapaKTE€PUCTUKU
s/eKTpuueckoro mosst  atMoctepnl [ApymkuH, 2018]. PaccmoTpensl  aTMocdepHO-
3/IeKTpuuecKkre 3(GeKTsl, KOTOpble BO3HUKAIOT B 3PYNTHUBHBIX 00/1aKax NMPH BY/IKaHUYECKHX
u3Bep>keHUsix. IlpejcraBieH 0030p MHCTPYMEHTalbHBIX HabOmojeHW Ha pa3/MYHbIX
ByJIKaHaX Mupa, 0030p SKCIlepUMeHTa/lbHBIX U TeOpeTHUecKMX paboT, Ha OCHOBAHMM 3THX
pabor 0600111eHO COBpeMeHHOe NTOHMMaHKe MeXaHM3MOB 3JIeKTPHU3aL[ SPYIITHBHOIO 00/aKa.
B BbIBOAX T71aBBI C(HOPMYJIMPOBAHLI LN U 337aUH UCCI/Ie/JOBAHHH 110 TeMe [JUCCePTALH.

Bo Bropoii rimaBe «Paiion

4. oy HCC/IeJ0BaHUs, armapelTypa "
e MeTOoJUKa Ha0/I0JeHui» JlaHa
KpaTKasi XapakKTepHUCTHMKa aKTUBHOCTHU

w6 Kmiouugckou™  * o
S riviannit ByJikaHOB IIluBenyu, be3bIMSIHHBIN,

SR T IpUBOUTCS  OMMCAHMe  AKTUBHOCTH

¥ ByikaHa J0eko. [laHo omHcaHue

S e arnmapaTHO-TIPOrpaMMHOI0  KOMITJIeKca

HeTéonas:;oncK-Kamqarcmm BiS AT perucrparin rpajineHTa

Sl e = TIOTeHI|Maja 3/eKTPUYeCcKoro IoJs

: armocdeper (V' DITA),  ocHOBOI

KOTOpOTO sB/IsieTcsl (IIOKCMETp THIIa

«O®P-4» [Edumos, AkbameB u [.p.,

2013, AkbareB u zip., 2015]. Ha puc. 1

TipeficTaBIeHa cxema MyHKTOB

Habmogennit V°  JDIIA Ha 1-Be
KamuaTtka u o. [lapamyiup.

PucyHok 1 — CxeMa pacriosio)keH!sl TyHKTOB pPerucTpaLu
V' OIIA nHa mnonyoctpoBe KamuaTka (BepxHsisi TmpaBast
naHesnb) U CeBepHbIx Kypunax (HWKHsIA IpaBasi NaHesb). B pasgene 2.3 omucaHa MeTOAWKa
KLY pacnonioxeH B roc. Kmouu, KZY — noc. Ko3blpeBck, BBIJIENICHUs] OTK/IMKOB B BapuaLusx V
KBR - noc. Kpytobeperoo, SKR — r. CeBepo-Kypuibck,

PET - r. [IlerponanBock-KamuaTtckuid, [S44 - JlA, CBA3aHHBIX ¢
uHppa3BykoBasi craHius, PRT — obcepBatopus VKUP pacrpocTpaHeHnemM SPYNTUBHBIX
JBO PAH IBO PAH OGJ’IaKOB, KOTOpas OCHOBAHa Ha

KOMITJIEKCHOM ~ aHajvM3e [JaHHBIX: CITyTHUKOBOTO, CEeHCMHUYECKOr0 U  aKyCTHYeCKOro
MOHUTODHHTA, BUEO0 U BHU3yalbHBIX HAOOEHUN, METEeOpOJOrMYeCKOr0 MOHHUTOPUHTA U
6an7IOHHOrO 30H/MPOBAHUS, 4 TakKXKe [AHHBIX MHPOBOM CeTH perucrparuv rpo3 WWLLN
[Hutchins et. al., 2012] u ganabix peructpanmu rpo3 UKUP IBO PAH [Shevtsov, Akbashev u
7p. 2015, Malkin, 2021].

B Tperbeii rnaBe «Bapuanuu TrpajueHTa IOTeHIHAJa 3/1eKTPHYECKOro 0/
aTtMocepsl, 00yc/I0B/IeHHbIEe PAaCPpOCTPaHeHHeM 3PYNTHBHBIX 00/1aK0B KCIUVI03MBHBIX
H3Bep)KeHHH» TIpefiCTaB/ieH JeTalbHbI aHaJU3 3aperdCTPUPOBAHHBIX OTK/IMKOB  OT
3KCIUIO3UH BysiKaHOB I[TuBenyd, Be3sMsHHBIH, J0eKo.

B paspesne 3.1 naHo ornmcaHue cOOBITHI, CBSI3aHHBIX C M3Bep)KeHHeM ByskaHa llluBesnyu,
JJIs1 KOTOPBIX 3aperdCTpHUpOBaHb! OTKIMKH B V' DITA. 3a nepuog Habmogennii 2013 — 2018 r.
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B KZY, KLY (puc. 1) 3apeructpupoBaH0 4 cOOBITHsI, CBS3aHHBIX C MOIIHBIMU
9KCIUIO3MBHBIMU U3Bep)keHUsiMUA B. [IIuBenyu [®upcroB, Akbames, 2017, 2019, 2020].
PaccmotpuM nogpo6Hee cobertre I11-3 (Tabs. 1).

Ta6ma 1 — Tlapametpsl otkmukos V' A, 3aperMcTpupoBaHHbIX OT 3PYMNTMBHbIX
061aK0B M3BEPXKEHMM BYJIKaHa LLineenyy.

Cobbrtviel  [daTa to KZY KLY
10gpHOCTh| V', KB/M | at, MUH. l'IO]ISIpHOCTbl V', kB/m | at, MUH. | 8, rp/m*
-1 | 16.11.2014 [10:17:55 + 0.17 85 [MyHKT He paboTas
-2 | 16.12.2016 | 22:31:32 0O6/1aK0 MPOILIJI0 MUMO — -0.125 51 20
-3 | 14.06.2017 | 16:26:37 + | +2 | 360 -/ + —5.9/+4.8 | 40/34 ~300
I1-4 | 30.12.2018 | 00:34:46 TIyHKT He paboTan — -0.59 90 80

[IpuMeuaHue. st — JIUTeNLHOCT Bo3MylleHust V' OITA.

H3zeepocenue eynkaua Illueenyu 14 utowa 2017 2. B stom ciyuae otknuk V' OIIA ot
3pynTUBHOTO 0obmmaka 6bir 3apervctpupoBad B KLY u KZV (50 1 100 kM ot Bysikana). B KLY
yepe3 ~80 MMH MOC/le Hayajla U3Bep)KeHUsl 3aperucTpupoBaH OTKMMK V' OITA. AHomanus
npe/iCTaBeHa OWIIOJISIPHBIM CHUTHAJIOM C MaKCHMalbHBIMH aMIUTUTYAMH — OTPULIATESILHOTO
BO3MyILeHus 5.9 KB/M u onoxkurenbHOrO 4.8 KB/M. (puc. 20).

PTCC SMK

40| 2
20 L r 6:26:46
i
0 ﬂ ‘1 }

Z, MKM/c

-20

-40

KLY
18:55:00

w

6
17:40:00

V'3MA, kB/m

Kzy

V' 3MA, kB/m
5

21:33:55

6H 12H 18H 24

Bpewms, yac

PI/ICyHOK 2 —a-— q)paFMeHTLI 3aIImMcu: CKOPOCTEI CMelleHns TPyHTa BepTHKaJ’[BHOﬁ COCTEIBJIH}OH.[EI‘/‘I Ha
ceficmoctaniun SMK (56.582 c.mn., 161.468 B.#.); 6, B — dparMeHT 3amicH rpafiyieHTa MOTeHIMaIa
3/1eKTprueckoro moJist armocgepsl B KLYu KZY; r — cTafyu pacripocTpaHeHusi SpyNnTHBHOrO obsiaka o
JIAHHBIM CITyTHUKOBBLIX CHUMKOB HIMAWARI-8; 1 — naHHbIe BUIe0OHa0/I0AeHUI

CornacHo 6a30BbIM MogensiM 1o ¢opme curHama V' SITA MOXKHO TIPeJIIoJ/IOXKUTh, UTO
3apsf, APYNTUBHOTO oOmaka TmpeAcTaBssii COOOM HAK/IOHHBIM JWIOMb, OCb KOTOPOTO
orpefiesieHa YC/IOBUSIMU BeTPOBOM cTpaTu(uKaluy atMocdepbl W OpUEHTHPOBaHAa BAOJb
nBwkenus. [lpu mpubwkeHud spyntuBHOro obsaka k KLY (puc.1), perucTpupoBagoch
oTpuLaTesibHOe Bo3MylleHre V' DOIIA, KOTOpoe OTpaskaeT CyMMapHOe 3/IeKTPOCTaTUYecKoe
rioJie, HaBeZieHHoe Ha KLY, UTO CBH/ETe/ILCTBYeT O Mpeob/iajaroiieM OTPULIaTe/IbHOM 3apsije
B OSpynTHBHOM o6sake. B MOMEHT TpOXOKIEHHWs 3pynTHBHOro obsaka Hag KLY ¢
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BbIMaZieHWeM Oosiee KPYMHBIX YaCTHL] Teryia ObUI0 3aperucTPUPOBAHO TIOJIOXKUTETBHOE
Bo3myienre B V' JIIA, uTo CBUZETENbCTBYeT 00 OOBEMHOM IIOJIOKUTETLHOM 3apsie,
KOTOPBIH JIOKa/IM30BaH B HIKHeH 00/1aCTH 3pyNTUBHOTO 00/1aKa.

Ha ocHoBe JaHHBIX cTpaTUhUKALUM aTMochepbl U KHHeMaTHUeCKUX MlapaMeTpoB OTK/IMKa
V' DIIA MOXXHO OLleHUTh MapameTpbl C(HOPMHUPOBAHHOH 3/1€KTPOCTaTUUECKONW CTPYKTYPHI.
CorsiacHO BBITIOJITHEHHOH OLleHKe Ha MOMEHT paclpoCTpaHeHHs SpPYNTHBHOTO obaka B paioHe
KLY smekTpuueckasi CTPyKTypa SpyNTHBHOrO o6jaka TMpe/iCTaB/eHa  BepXHUM
OTpULIaTe/IbHBIM 00BeMHBIM 3apsi/ioM, paBHbIM — 26 KT M HIDKHUM TOJIOKUTE/TBHBIM 3apsiZioM,
paBsbIM 15 Kii. Pacuer nponsBefieH cornacHo opmysie (2).

OpHononsapHbid curdan V' 3ITA ot muuteiida spynTrBHoro obsaka B KZY, Takke Kak U B
riepBoM ciiydae II-1 (Tabs. 1), IMesn MOI0KUTeNBHLIN 3apsiy. [Ipoo/pKUTeTBHOCTE AaHOMATHH
Obula Oonee 1mectTd YacoB ¢ V'max ~ 2 KB/M, wW3pe3aHHbIM XapakTep aHOMajuu
CBUZETENBCTBYET O CJIOKHOM PAacrpefie/ieH| TVIOTHOCTeH 0OBeMHBIX 3apsZioB B 3PYNTUBHOM
obJ1ake C peob/1aaroIIM MOJIOXKUTETBHBIM 3apsiioM (pHC. 2B).

B pa3sgeste 3.2 faHo orucaHue COOBITUH, CBSI3aHHBIX C U3BEP>KEHNEM B. be3bIMSHHBIH.

3a nepuog Habmogenwi 2013 — 2022 rr. B KLY (40 km ot ByikaHa) (puc. 1)
3aperucTpUpoBaHo 2 coObITHsl (Tabn. 2), CBA3aHHBIX C MOIIHBIMUA 3KCIUIO3UBHBIMU
U3Bep)KeHUsAMU B. BeswiMsHHBIN [DupcToB, Akbamie, 2021]. B mepBom ciydae «B-1»
BEpXHsis, CPeJHss W HIDKHsIsE 00/acTH 3pyNTHUBHOrO 06Jsiaka pacrpoCTPaHsS/INCh B OJHOM
HarpaBieHun. B n. Kmouw menen He Bbimagan [Girina et al., 2018], B pe3ysbrare
pacrmpocTpaHeHusi 3pynTUBHOTO oOsaka B KLY ObLT 3aperucTpupoBaH OTPUIATETBHBIN
OTK/IMK B Bapuanusax V' DITA, mpepcTaB/ieHHbId IByMsi OyXTOOOpasHBIMU aHOMA/MSIMU
(tabn. 2), 4To CBUAETENBCTBYET O MpeobsafarollieM OTpUIIaTeNbHOM 3apsifie B 3pYNTUBHOM
006J1ake Ha MOMEHT PerucTparivi OTK/IHMKa.

Tabmuna 2 — Tlapametpel otkikos V' JlA, 3aperMcTpMpoBaHHbLIX OT 3PYNTUBHbIX
06/1aKOB M3BEPXKEHMUI BYJIKaHa Be3bIMAHHbIN.

KLY
Cogre Hara () MOISIPHOCTh V', kB/m At, MHH. 8, rp/m?
B-1 [ 20.12.2017 | 3:39:24 - -0.09 | -0.08 20 | 90 | nemen He BbInagan
b-2 15.03.2022 | 12:51:19 + 1.3 75 Tieries He BbITIazan

H3zeepaicerue gynkaHa besbivsaHHbll 15 mapma 2022 2. Tlo faHHbIM celicMocTaHui BZW
(55.964° c.m1., 160.496° B.1.), HA KOTOPO# 3aperuCTPUPOBAHO KCIIO3UBHOE 3eMJIeTpsiCeHue

(puc. 4a) cnepyer, 4TO W3Bep)KeHHMe Hauvanoch B 12:51:19, a MakcumarnbHasi BbICOTa
3PYINTUBHOTO 006/1aKa oLjeHeHa B ~11 KM H.y.M. B 3TOM ciy4yae BepxHsist 06/1aCTh 3pYIITUBHOTO
ob/laka pacrmpocTpaHsyiach TPEUMYIIECTBEHHO B CeBepHOM Hampaeienun (180-210°), B
COOTBETCTBUU C BeTPOBOM cTpatuduKaiyeii Ha Beicote 10-11 KM co ckopocThio 5-8 M/c, ero
CpefiHsisl U HIDKHsIsl 06/1aCTH paciipoCTPaHsUIMCh Ha BbICOTe 6-10 KM B ceBep-ceBepo-3arajHoOM
Haripasiennn (150%) co ckopoctbio 9-12 m/c. TTo gaHHBIM SIMOHCKOTO METeopOJIOrHUeCcKOoro
arenTctBa (ds.data.jma.go.jp/svd/vaac/data/vaac_list.html), Ha CHyTHHMKOBBIX CHHMKax
(Himawari-8) XopoIIIo Ipoc/eXXuBaeTcsi pasBUTHe BepXHel M HIDKHell 061acTy 3pPyNTHBHOIO
o6saKa, UX pacmpoCTpaHeHHe COrIacHO BeTPOBOM cTpaTvdMKaLuy aTMocdeph! MOKa3aHO Ha
puc. 3 a, 6, B. Takum obpaszom, B 3ToM ciayuae Hag KLY pacripocTpaHsiiach BepXHsisi 00/1acThb
5PYNTHBHOTO 06/1aKa Ha BBICOTE TPOTIONAY3HbI U BHIIIIE.
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PucyHok 3 — CrafuM pacrpocTpaHeHHe SPYINTHUBHOTO 00Jiaka MO JaHHBIM CIyTHUKOBBIX CHMMKOB
HIMAWARI-8: a — pa3sutue 3pynTuBHOro obiaka Ha 13:00; 6 — 14:00; B — 17:00

B meprog ¢ 13:30 mo 14:30 B Bapmarmsix V' OIIA ObIT 3aperdCTpHpPOBAaH OTK/IMK C
MOJIOKUTEIbHBIM ~ BO3MyIlleHHeM  (puc.  46),  KOTOpPBIA  OTpakaeT  CyMMapHOe
3JIeKTPOCTaTHUeCKoe ToJie, HaBegeHHoe Ha KLY oT BepxHell obsiacTu 3pynTHBHOTO 006J1aKa,
UTO CBU/IETE/ILCTBYeT O TIpeoOsafiarolrieM B HEM IIOJIOKUTENBHOM 3apsiZie Ha MOMEHT
perucrpaiji OTK/IvKa. Ilo dopmyse (2) oueHeH 3apsiy 3PyNTHBHOTO 00Jiaka Ha MOMEHT
peructpauyu otkivka V' OTTA, kotopslit coctaBu +12.2 K.

Peak=6 24§19e-005

Peak=1269.4

13:30

V' 3I1A, kB/m
=
oo

0.6 12:51 Hauano usBepxeHus
A L,M

40 _80 © 120
Bpewmst, Mun

PucyHoK 4 — a — ®PparMeHTBI 3allMCH: CKOPOCTH CMeIleHHsl TPYHTa BepTUKalbHOW COCTaBIsioleil Ha
ceiicmMocTanmy BZW; 6 — dparmeHT 3amucy rpa/ivieHTa NoTeHLHasa 1eKTPUYeCcKOro MoJis aTMOC(ephl B
KLY

KomriiekcHbIM aHamM3 [JaHHBIX Teo(u3nyecKoro MOHUTOPWHra akTMBHOCTH BYJIKAHOB,
CIyTHAKOBOTO MOHHUTOPWHIA, [AHHBIX 0a/VIOHHOTO 30HJUPOBaHMS aTMOChEpBI, AAaHHBIX
peructpauyu rpo3 (MKWP IBO PAH) ro3Bo/ma BOCCTAHOBUTb KUHEMaTUUeCKKUe IapaMeTphbl
pacrnpocTpaHeHUs1 BepxHeH, cpeHell U HIKHel obmacTelt spynTuBHOTO 06s1aka B atMocdepe
ot us3BepkeHuil B. IlluBenyuy u B. bBesbiMsiHHbIM. B pesynbraTe BbisiB/ieHa B3aUMOCBSI3b
3aperruCTPUPOBaHHbIX OTKIMKOB V' DITA ¢ 00BEMHBIMH 3/IEKTPOCTaTUUECKUMU 3apsijaMH B
3PYNTHBHBIX 06JlaKax [yisi 3aperrCTPUPOBaHHBIX COObITHH (Tabn.l, Tabm.2.). Ha ocHoBaHMH
3TWX JaHHBIX TO0KA3aHO, UTO Jyisl 9KCIUI03Wi BysiKaHOB [IuBenyd U Be3bIMSHHBINA 00BeMHEBIE
3/1eKTpOoCTaTUUeCcKue 3apsi/ibl ¢dhopmupyroTcst To W3BECTHOM Mo/ienu -
positive/negative/positive ("P/N/P") [Pynenko, 1994; Miura, 2002]. CornacHo Mojen,
OCHOBHOM 3apsifi B 3pYNTHBHOM 00Jlake — OTPHIL{aTeJbHBIH, KOTOPLIN ITePeHOCHTCS MeJIKHM
TIEN/IOM U JIOKA/TM30BaH B €ro cpejHeit 06acTu. [1010)KUTeIbHBIN 37TeKTPOCTaTHYeCKUH 3apsij
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¢dhopmupyeTcss B HIDKHeH W BepxHel obmactsax. B HwkHel o6macTv 3TOT 3apsifi IepeHOCUTCS
Hanboree KPYIHBIM TETJIOM, B BepxXHeil 00/acTU TepeHOCUTCs a’po3osieM U ra3oM. Ilpu
JlaJIbHEHITIIeM pacrnpoCcTpaHeHUH 0O6beMHBIe 3apsAZibl B 3PYNTUBHOM 00J1ake TpaHCHOPMHUPYETCS
B 60Jiee IPOCTHIe KOHUTYPAIUK, B TOM YKC/Ie U B YHUIIOJISIDHBIE 0ObeMHBIE 3apsi/bl.

B pa3spene 3.3 mpejcTaB/ieHbl pe3y/bTaThl J0JTOBPEMEHHBIX Habmomenuit V' OITA B
r. CeBepo-Kypunsck (SKR) (puc.1). JelcTByromuii cTpaTtoByKaH J6eko BbicoTod 1156 M
H.y.M., pPacriojio>keHHbI! Ha 0. [Tapamy1mp (puc. 1), o yacToTe U3BepKeHUil sIB/sSIeTCsl OAHUM
13 aKTUBHEHIINX By/KaHOB KypuabCKoii 0CTpoBHOM Ayru. 3a mepuof ¢ 1 okts6ps 2018 o 31
Jekabpss 2020 rr. B SKR 3apeructpmpoBaHo 115 ciyuaeB, KOrjja 3pynTHBHOe 007aKo
pacTpoCTpaHsyIoch Haf TMyHKTOM HabmogeHuss SKR, ¥ ObUT 3apervcTpUpOBaH OTKIIHK
V" OIIA. Tlo 3TUM [JaHHBIM BBIIEJIEHO UeThIpe XapaKTepHBbIX THUIA OTKIWKOB (Tabs. 3), mpu
sToM III Tun oTk/mMka (puc. 5), KOTOPBI XapaKTepu3yeTcsl MOJIOKUTeNbHbBIM UMITYJIbCOM B
OTpHULaTeTEHOM 00/1aCTH CUI'Hasa, paHee He OB OMKCAH B TUTEpaType.

Tabma 3 — Tunel oTKIMKOB B V' JIIA, 3aperucTpUpOBaHHbIE TIPU PACMPOCTPAHEHHUU 3PYNTHBHBIX
06/1aKOB OT U3Bep)KeHWH BysikaHa J6eko 3a mepuof ¢ 1 okrsiops 2018 r. mo 01 gekabpst 2020 . B

6e300/1auHBIX U Mas006/1auHbIX ycnoBusix Hag SKR.

TUN OTKAMKa V' OITA I 1T III v Her curnana
TTosIsipHOCTB CUrHajIa "N" "P" "N/P/N" "P/N" |"N/P" 6
KonuuectBo cinyuaeB 69 22 13 3 2

B pesy/bTaTe KOMIUIEKCHOI'O aHa/iM3a AaHHBIX ObLIM BOCCTAHOBJIEHBI KHHEMaTHYeCKHe
rlapaMeTpsl PacTIpOCTPaHEeHHs SPYNTHUBHOrO 00slaka — ompejieneHa JIOKaad3alus BepxHed U
HIDKHeH obnacTeil B obsiake Ha MOMEHT perucTpalyy oTKIMKa. [TokasaHo, UTO perucTpanus
III Thma OTK/IMKAa BO3MOXKHAa TOT/a, KOTJA HIDKHAS W BepxHssS 00JacTH Ha MOMEHT
perucTpalii OTK/IMKa 00pasyloT BepTUKAIbHYIO CTPYKTYPY WM OMU3KYIO K BepTHUKaIbHOM,
YTO OIMpefiesisIeTCss YCIOBHSMH BEeTPOBOWM CTpaTU(MKAlMM, TIPU 3TOM HIDKHss 007acTh
3PYNTHBHOTO 06jIaKa pPacIpoCTPaHseTCsl ¥ CaMOi MOBEPXHOCTH CKJIOHA BYJIKaHA U MPOXOJUT
yepe3 MyHKT peructparuu V' OITA. Perncrpanys [V THa oTK/IMKa BO3MOXKHA B TOM C/Iydae,
KOT/la BEepXHssi W HIDKHss 06/1acTy 3pyNTHBHOTO o6siaka Ha MOMEHT perucrpauud 0Oosee
PacTsHyThl JpYr OTHOCUTeNBHO Jpyra. IIpW 3TOM perucrpauus JAWIO/NBHOTO OTK/IMKA C
KoHOurypanueii "P/N" mwm "N/P" 00yc/ioBmeHa YCJIOBHSMU BeTPOBOH CTpaTH(UKAIWH,
KOTOpbIe ONpeJeNsioT B3aUMHOe PacIoyIoKeHHe BepXHeii 06/1acTH ¢ OTpULiaTeTbHBIM 3apsiioM
U HIDKHeH 06J1acTH C TOJIOXKUTeNBbHBIM 3apsifioM. Peructpanust I u I Tuma oTK/IMKa Takke
00BsICHSIETCS] YCIOBUSMU  PaclpOCTPaHeHUsT 3PYNTUBHOTO 00jaKa OTHOCHUTENBHO ITyHKTa
HabmoaeHus.

B mepuog ¢ 29.07.2020 mo 05.08.2020 rr. 6K TpoBeZieHbl Habmogenus V' OITA B
O/mDKHEeM 30He OT Kparepa By/KaHa J0eKo, rie ObLIM OpraHW30BaHbl BpeMeHHbIe ITYHKTHI
Habmogenus (BITH): BITH, 6611 pacmonoskeH Ha paccTosHuu 3.2 kM, BITH, — Ha paccTrostHum
4.1 kM. Ha BIIH Obumi yCTaHOBJIEHBI: 3/7I€KTPOCTaTHUeCKHH (mrokcMerp Tuma «3P-4» ¢
peructpatopom ALMEMO-2590; Buzeokamepa (time lapse camera Brinno-100). BITH 6biiu
pacrioniokeHsl G/IM3KO0 K Tpodumo «kparep B. J6eko — SKR» (puc. 1). BoiOGpanHas
paccTaHOBKa M03B0JIW/IA TIPOCAeSUTh AUHAMMKY M3MeHEHUs 3/71eKTPOCTaTUueCcKol CTPYKTYpbl
SPYNTUBHOTO o0Ojaka TIpM €ro pachpocTpaHeHWd. B  pe3ysmbraTe HabmogeHwii ObLIO
3aperucTpupoBao 24 ortkimka V' DITA, CBSI3aHHBIX C PaclpOCTPaHEHWEM 3PYIITHBHOTO
obsiaka. B COOTBeTCTBUM C TPHMHATON KnaccudUKaipeidl 1o Tab/i. 3, BbIJeseHO TPU THIIA
XapaKTepHBIX OTKJIMKOB: 1) OyxT00Opa3HbIi, OTpULIATeTLHON MOISIPHOCTH, 3aperuCTpUPOBAHO
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17 cobbrtuii umu 71% (puc. 5a); III) OyxTooOpa3HBIN, OTpPULATENBHOW TIOMSPHOCTA U B
obacT MHHMMyMa HAOJIIO[IAeTCs TIOJIOKUTEIBHOE BO3MYIEHHE WMITY/IbCHOTO THIIA,
npeBbImaroliee (oHoBoe 3HaueHHe V' DITA — 5 coberrrit (21%) (puc. 5a); IV) bunosnspHbIi
OTKJIMK, (DOpMa KOTOPOTO, CBUZETENLCTBYET O IPOXOKAEHWHI TOPHU30HTAJBHOTO IO — 2
cobbITus v 8% (puc.5a).
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-02
12
6 12 18 09 18 27 36
Bpewms, MuH Bpemi, ¢

Pucynok 5 — Ilpumepsl 3apeructpupoBaHHbIX OTKIMKOB V' OIMA I, III, IV Tuma: a — 1o JaHHBIM
Habsro/leHnii BO BpeMsi SKCIUIO3WBHBIX M3Bep)kKeHWH Ha ByjkaHe O6exko B BITH1; 6 — mo JaHHBIM
(hu3nYecKoro MoeMpoBaHusI.

Peructparus III Tura OTKIMKAa B O/IKHeH 30HE OT KpaTepa CBUAETEIbCTBYET O
cOpMHPOBAHHOM 3/1€KTPOCTaTUYECKOW CTPYKType B 3DYNTHBHOM 06jake, B KOTOPOW
BBIJIEJISTFOTCST TIOJIOXKUTEIbHO W OTPULIATENTBHO 3apshkeHHBIe oOsiacth. Takum o6pasom, Mo
KOMITJIEKCY 3apervCTPUPOBAHHBIX JIaHHBIX [l SPYNTHUBHBIX OOJIAKOB JKCIUIO3WHM BYJIKaHa
D6eko, xapakTepHa KOH(puUrypaius 0ObeMHBIX 3apsJ0B TUMA negative/positive. TIpu 3TOM B
BepxHell 00/1acTH JIOKaJW30BaH OTPHLIATe/bHBIA OOBEeMHBIN 3aps B HIWKHeH o0bjactu —
TIOJIOXKUTETHHBIH.

B 4 riaBe «MojeiMpoBaHHe 3/IeKTPH3ALMHM 3PYNTHBHBIX 00/1aKOB 3KCIIO3MBHBIX
W3Bep)KeHUI» TIpe/ICTaB/IeHbl pe3y/bTaThl (U3NUECKOro KCIePUMeHTa 10 MO/e/TMPOBAHUI0
TeryI0Boro 06/1aka, YC/IOBHI ero pactipoCTpaHeHus C OJHOBpeMeHHOM pervctpaieii V' SITA.
IMpescTaBeHbl Pe3yabTaThl UYMCIEHHOTO MOJIEJTMPOBAHUS OTKIUKOB V' DITA B 3aBUCHMOCTU
OT YCJIOBHH JIOKa/TM3alii 00beMHBIX 3apsii0B 3PYIITUBHOM 0obake.

B pa3pene 4.1 nmpencraBneHbl pe3ysibTaThl  (DU3MUECKOro  3KcriepumeHTta.  [lnist
TIOJTBEPK/IEHNST 3aKOHOMEPHOCTH HabmoflaeMbIX OTK/IMKOB B Bapuanusax V' OITA B
3aBHCHMOCTH OT YCJIOBMH JIOKajM3alMK OOBEMHBIX 3apsiloB B 3PYNTHBHOM oOnake, Obu1
nipoBeieH (PU3MYecKuil SKCIIEPUMEHT TI0 MOJIE/TPOBAHMIO TEIJIOBOr0 0b/aka M yC/IOBUH ero
pacrpocTpaHeHus1 ¢ OJHOBpeMeHHOM peructpanyeil V' OITA. Ha puc. 6 rpeacTaBieHa cxema
cTeH/ia [yisi PU3NUECKOTO MOJe/TMPOBAHUS.
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PucyHok 6 — Cxema cTeHja /sl TIpOBeJieHUs (PU3MUECKOTO SKCIepUMeHTa I0 MOJeIMpOBaHUI0
00BEMHOrO 3apsiia 3pyNTUBHOTO ob6saka U Qortorpadus skcrepumenta. (1) — BeHTHIATOp, HUMeeT
Pery/iMpoBKy CKOPOCTU BO3/lyILIHOTO TIOTOKA U Pery/JMPOBKY yIJla HAK/OHAa OTHOCUTE/bHO TOPU30HTaH,
YTO I103BOJISIET CMO/e/IMPOBATh HAlpapieHHe U CKOPOCTh PacIpoCTpaHeHHUs IeIUIoBOro obnaka; (2) —
KoMIIpeccop, obecrieyrBaeT Mofauy C)KaToro Boszyxa B IeI/IOBYIO Kamepy (3), MerioBast Kamepa BHyTpU
MpOK/IeeHa aMOMUHUEBOM JIeHTOM M He 3a3emseHa; (4) — MeTa//lMuecKasi CeTKa, YCTaHOBJIeHa /sl
ycunenus shdekra HaBeJeHHOW MHAYKLMU U 3(ddeKTa mnepepacnpejiesieHus 3apsioB Npu (HU3MUeCKOM
B3aUMOJIefiCTBMM Tlelyla C  CeTKOM, MeTa/uyeckas ceTKa 3a3em/eHa; (5) — MOJIOKeHHe
3/IeKTPOCTaTUUECKOr0 AaTurka «ID-4».

BrIOpoc memnsioB U3 Kamephbl IPOMCXOAWT 3a CUeT MoJaud B BOPOHKY (3) cKaToro Bo3zyxa
ot Komrpeccopa. Ilenen moJ BO3ZelCTBHEM [jaB/ieHUs] BO3/lyXa U3 KaMepbl yCTPeMJISIeTCsl B
y3KOe TODJIBIIIKO BepxXHell BOPOHKU. Takasi KOHCTPYKLHMS 3HAUUTEIbHO IIOBBIIIAET
TpuboaekTpruecknii  3dekT 3apskeHHss Teria. B KOHIIE CeTKM —YCTaHABJ/IMBAJICS
9/IEKTPOCTaTHUECKHUN (DIFOKCMeT: ToJioxkeHre A — 0.5 M OT TeryIoBoi KaMephl, TojiokeHue B
— 1 m, monoxxenue C - 5 M (puc. 6).

st cnyyaeB, Korfia MoJie/iipyeMoe TIeryioBoe 06/1ako pacrpoCTpPaHsIoCh TAKAM 00pa3oM,
YTO HWKHSIA 00/1aCTh He B3aMO/IEHCTBOBAA C MOBEPXHOCTBIO (C METalIMyecKod CeTKOMH),
Ob 3apervcTpupoBaHbl OTKMMKKA V' OITA I tuma (puc. 560). MogemipoBanue III Turma
OTKJ/IMKA OBIJIO BO3MOXKHO TOJIBKO IIPH YCJIOBUM KOHTAKTa HIDKHeH 006/1acTH MOZAYIMPYeMOoro
TMerUIoBoro 06s1aka C MOBEPXHOCTHIO CETKH U TNPH YCJIOBUM, KOTAA JATUMK 3JIEKTPHYECKOTOo
mosisi ObUT pacrosioykeH OMM3KO K TEIVIoBOM Kamepe B mo3vuun A wii B (puc. 6). st
MofleMpoBanus IV Thmna JaTuuk 3/71eKTpUYecKoro IoJis yCTaHaB/IvBajcs B mosoxeHue C. B
3TOM CJIydae HIDKHsS 06/1aCTh TIeIVIOBOTO 06/1aka B3aUMO/IeHiCTBOBAIa C CeTKOM 3HAuMTebHO
Josbllle, 4eM TIpyU MogfeympoBaHuu III Tuma curHama. B pe3ysbrare SKCIIepHMEHTOB OBIT
3aperuCTpUpoBaH Aumosb tuma "N/P" (puc. 56 — IV Tum), mo ¢opme crurHama COOTBETCTBYIOT
HaTypHbIM HabsmogeHusM (puc. 5a — IV Tum). Kpome Toro, Gbli1 3aperucTpyUpoBaH JUITONb
tuna "P/N", a TakKe 3aperMCTPUPOBaHbl UWCTO MOJIOKUTe/bHble OTKAMKMU II Tuma. Takoit
Habop CWTrHa/MOB CBs3aH C KWHEMATWKOH paclpoCTpaHeHWsi HIDKHeH 0071acTH TIeTUIOBOTO
006J1aKa OTHOCHTENBHO ero BepxHel 00/1aCTH ¥ OTHOCUTEJIBHO MYHKTa PErMCTPALAM B L[eJIOM.
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B pa3spene 4.2 npepacraBieHbl pe3yJIbTaThbl
YKMCIEHHOTO MO/IeJTMPOBaHus OTKIMKOB V' OITA B
SKR. Haubosee mpocTasi Mo/iesib PacHoIOKeHHUsT
O00BEMHBIX  3/IeKTPOCTAaTHUECKHX  3apsijloB B
IPYITHUBHOM 0bJiaKe Ha JTare ero MakCUMalabHOTO
rnogbeMa W paclpoCTpaHeHWs  CJleflyrolas:
obveMHast  3/IeKTpOCTaTHuUecKass CTPYKTypa B
S SKR .x 2PYNTHBHOM obyake  3aMeHsieTCS  JBYMS
3(deKTUBHBIMU TOUEUHLIMH 3apsfiaMu (i U (q,
pacrosioyKeHHbIMU Ha OCH Z U Ha BbICOTax h; u hy,
cooTBeTCTBeHHO. Ha puc. 7 mpepjcraBieHa cxema
pacrioyio)KeH!sl TOYEeUHbIX 3apsiZioB W CUCTeMa
KoopauHat. Ilonarasi, uto 3emnsi — ujeaabHbIN
npoBoAHUK [AaymikuH, 2018], yurem mone
WHAYLMpYyeMbIX B Hel 3aps/oB, KOTOpoe

Pucynok 7 — Cxema pacnpejeneHus
5(deKTUBHBIX 3/€KTPUUECKMX 3apsifloB B

SDYNTUBHOM oO6siake W3Bep)KeHWH ByJ/KaHa BKBHBEMQHTH? H0/o S/IEKTPUIECKIX
D0eko Ha CTaguu ero pacmpocTpamemusi B M300paKeHui 3apsanoB i ¥ Q. Torpa Ha
YCIOBUSIX BeTpPOBOI crpathduKalmy  1oBepxHOCTH 3emiu (z=0) OT/MUHas OT HyJ/s
aTMocdepsr Oymer TOMbKO  BepTHKalbHass  KOMITOHEHTa

HarpsDKEHHOCTH 3/IEKTPUUECKOT0 T0JIsl, KOTOpasi COOTBETCTBYeT BhIpaykeHHto [UepHesa, 2007,
2018; Apymkus, 2018]:

a1hy q2hy
3 3 37
wegRY 2megR3 (]_)

Z

rjie € — 3/IeKTpUUecKas mocTosiHHas; R, Ry — paccrosaue ot SKR 110 3apsiza qi, qx; hy, ho—
BBICOTA PACII0/I0KeHHs 3apsiioB.

OCHOBHBIMM T1apaMeTpaMM, BJMSIOLMMU Ha pe3y/bTaT PerucTpUpyeMoro OTK/IMKa Ha
MOMEHT PacIpoCTpaHeHus 3pynTuBHOro obnaka Hag SKR, 6yAyT yribl ai, a, U 3bpeKTUBHOE
paccrosiHie d MeXy ILieHTpaMH 0OBeMHBIX 3/IeKTPOCTaTHUeCKHX 3apsifjoB. IlapaMeTprl yIioB
Qi, 0, ¥ paccTosiHUs d OmNpeensioTCs JIOKanu3alell 060beMHBIX 3apsfioB B 3PYNTHBHOM
obsake ¥ KOHTPOJMPYIOTCS YCJIOBUSIMH BeTPOBOM cTpaTuduKauuy atMocdepbl U,
C/lefioBaTesIbHO, OTpe/le/IsIIoTCS BEKTOPOM CKOPOCTH Uj, U, Ha BBICOTAaX pacrpocTpaHeHus h; u
h, sddekTUBHBIX 371€KTpOCTaTUYeCKUX 3apsfioB i U Gz (puc. 7). Ilpu ycinoBuu, uro SKR
pacrio/io)keH Ha pacCTOSIHUM S Ha OCH OX COTrJIaCHO CXeMe Ha puc. 7, BblpakeHue (1) asist
MOMeEHTa BpeMeHH t IpUMeT BUJ;

q1hy azh;
E,(t) = 2 — T 2 o 24n2y32
2meg((S—vytcosay )~ +(vytsinay )= +hy) 2meg((S-vqtcosay ) +(vqtsinay )4 +he) )

r7ie S — pacCTOsIHUS OT IeHTpa KpaTepa By/kaHa J0eko o SKR (7.4 km)

B pesysbTaTe 4MC/IEHHOIO MOZE/NMPOBAHUSl YC/IOBUM PaClpOCTPaHEHUs] SPYNTHUBHOIO
obsiaka paccuuTaHbl Weasn3UpOBaHHbIE KPUBBIE HAIMPsHKEHHOCTH 3eKTpuueckoro mosms (E,)
(puc. 8). TIpu U3MeHeHHH V1 U Uy, OyayT 3aperrctpupoBansbl 111 v IV Tumbl otkinkos V' JITA
(puc. 8a). IIpu M3MeHeHUM YTJIOB O; M O, OyAyT 3apervctpupoBansl I u II Tum oTknukoB V
" OITA (puc. 8).
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PucyHok 8 — ©opMel uieanu3poBaHHbIX OTKIMKOB E,. a — oTK/IMK B V' OIIA nipu u3MeHeHUN CKOpoCTei
V1 U Ly (Nel — 14 m/c 1 14 m/c; Ne2 — 15 m/c 1 13 m/c; Ne3 — 13 M/c u1 15m/c; Ned — 12 m/c m1 10 m/c; Ne5 —
10 m/c u 12 m/c); 6 — oTkmuk B V' DITA mipu o = 0 1 usmenennu yria o; (Nel — 0°; Ne2 — 0.1°; Ne3 —
0.15° Ne4 — 0.2°; Ne5 — 0.25%); B — oTkimuk B V' OITA npu o = 0 ¥ u3MeHeHuH yriia o (Nel — 0°; Ne2 —
0.01°; Ne3 — 0.05%; Ne4 — 0.1°%; Ne5 — 0.15°).

PaccmoTpuM nprMepsl MOZie/TMPOBaHKS 3aperMCTPUPOBAaHHbIX OTKIMKOB V' JITA.

10.10.2019t B 19:14 UTC mnpowu3oluia 3KCIJIO3UBHOE HW3Bep)KeHWe Ha B. J0eKo.
OpynTHBHOE 00/1aK0 OT 3TOr0 M3BEP)KEHWs TIOAHIOCh Ha BbicoTy 2000 (£200) M H.y.M.
PacueTHble TIapaMeTphbl [BI)KEHUsSI 3apsiioB obiaka /sl JaHHOTO C/ydas TIpe/iCTaBleHbI B
Tabnmiie 4 Nel. Pe3y/ibTaThl pacueTa o MO/ie/IM TIpeiCTaB/IeHbl Ha puc. 9a.

a 6
1 8
——Ez - pacyeTHOE = [1H SKR_10102019 5 ——Ez - pacyeTHO® A —KLY_14062017
05 AN
4 A Y
. -‘\\17 —~ X \
Fs A,.’\./‘/. é 0 N
E )/ : N
N1 a2 \
: | J -
1.5 302"
1 \ % NOPOr PErUCTPALMM AaTuMKa "IO-4' 6
2 v 5 V nopor pervcTpauuu gatimka "3e-4"
2.5 T T T 1 -10 T T T T T T 1
0 500 1000 1500 2000 0 2000 4000 6000 8000 10000 12000 14000
Bpems, c Bpems, c

PucyHok 9 — PacueTHast MoZiesib OTK/IMKA E, a — MaTeMaTHueCcKoe MOJie/IMpOBaHue OTKI/IMKa, CBSI3aHHOI'O C
pacripocTpaHeHueM 3pynTUBHOro ob6saka Haz SKR, KOTOpoe BO3HHMK/IO B pe3yJbTaTe 3KCIJIO3UBHOTO
usBepkenuss B. J6eko 10.10.2019 r; 6 — MareMaTHuecKoe MO/ie/IMPOBaHHe OTK/IMKA, CBSI3aHHOIO C
pacripocTpaHeHueM 3pynTUBHOro obsaka Hajg KLY, KOTopoe BO3HHK/IO B pe3yJsbTaTe 3KCIJIO3UBHOTO
u3BepskeHus B. lllusenyu 14.06.2017 r

Tabsvia 4 — BxoHble TlapaMeTpbl MO/e/IMpOBaHust OTKIMKOB V' DITA, CBS3aHHBIX C PacrpoCTpaHeHHeM
spyntuBHbIX 00/1ak0B HaZ SKR -Nel u KLY -Ne2, KOTOpble BO3HHK/IM B pe3yJ/bTaTe KCIIO3UBHOTO
u3Bepkenus B. 6eko 10.10.2019 r. u B. [lIusenyu 14.06.2017 r

Ne Ul, M/C Uz 5 M/C hl,M hz, M S, M 2 q1, Kn 2, ki Eqmﬂ, KB/m
1 10.7 13 1700 500 7486 0 -0.45 0.021 0.197
2 7.35 6.95 5700 4150 50000 0 -26 15 0.01

PaccmoTpum 3Kcmo3snBHOe u3BepykeHue, npousomenniee 14.06.2017 r B 16:29 UTC na
ByJiKaHe [[luBenyu. DpynTHBHOE 06/IaK0 OT 3TOTO U3BEP)KeHHs MOHSAIOCh Ha BhicoTy 12000 M
H.y.M. B pesynbrarte B KLY 6bUT 3aperucTpUpoBaH OTKIWK B Bapuaiusx V' OIIA (puc. 26).
PacueTHBle TapaMeTphl [JBIDKEHHs 3apsijoB SpYNTHBHOro obsaka [jisi JAaHHOTO Ciyvast
ripefcTapsieHbl B Tabsmie 4 Ne2. Pe3ynbTaThl pacyera Mo MOZe/H Tpe/CTaBieHbl Ha puc. 96.
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JI0CTOBEPHOCTh amnmpOKCUMAlMM pPacueTHOW MOJAeTM W HaOJIIOJeHHBIX JAHHBIX COCTABJISET
0.89 u 0.87, coOoTBETCTBEHHO.

3AK/IFOYEHUE

Ba)XHBIM pe3y/bTaTOM TpeJCTaB/JeHHON pabOoThl SIB/ISETCS CO3/laHUE CETH PEruCTpalyuu
V'’ OITA B6sm3u CeBepHOM IpyMIibl BYJIKAHOB Ha T-Be Kamuatka v Ha o. ITapamyuip BO/M3U
By/JkaHa O6eko. IIpocTpaHCTBEHHOe pacrpe/ie/ieHHe IYHKTOB [03BOJIM/IO TIPOC/IEAUTE
MVUHAMUKY W3MEHEHHs 3JIeKTPOCTaTHUYEeCKOW CTPYKTYphl SpPYNTUBHOrO 00/iaka TpU  ero
pacnipoctpaHenud. [aHHble cetd V' OIIA B KOMIUIEKCE C JPYrUMH Teo(U3UUeCKUMU
MeToZlaMd  MOHHMTODWMHIa  aKTUBHOCTH  BYJIKAHOB ~ OOECIeUMBaKOT  BO3MOXKHOCTb
JeTeKTHPOBaHMsl C1abo Harpy>KeHHBIX 3PYNTHBHBIX 00JIaKOB, KOTOpble TIPeACTaB/IeHbI
MeJIKOJVCTIEPCHBIM TIeIVIOM M aspo3oJieM, Takwe ob/aka HeJOCTYIHbBI HaOIIOfeHHI0 CO
cyTHUKOB. CeTb MyHKTOB pervictpauyu V' OITA BOMU3M W3BEpraroliuxcsi BYJTKAaHOB JaeTr
BO3MO)KHOCTH 0OHApY>KeHHsI U OLIeHKH TPAaeKTOPHH [JBIDKEHHS SPYIITUBHOTO 00/1aKa, MosyJaTh
HEKOTOpble OLIeHKM pa3MepoB BYJIKAHMYECKOrO as3p030/s8. BaXHbIM MperMylecTBOM
TIPUMEHSIEMOr0 MeTOJia WCC/IeIoBaHUM SIB/ISIETCS TO, UTO METOJ, sIBJSeTCS AWCTaHL[MOHHBIM,
UTO Ba)KHO TPU UCC/IEJOBAHKUHM 3JIEKTPU3ALIMU SPYNITUBHBIX 00/IaKOB [JIsk TAKMX BYJKAHOB Kak
[MTuBenyu 1 Be3bIMAHHBIN Ha KOTOPBIX BO3MOXKHBI MOLIIHbIE KaTacTpodrUUyecKre U3BepXKeHUs
TWTA «HarpaB/ieHHbIM B3pbIB». KpoMme TOro, jaHHble HAaTYPHBIX SKCMEPUMEHTOB SIBJISTFOTCS
OCHOBO /1151 UCC/Ie/I0BaHMUM (U3UKK TIPOLIECCOB /IEKTPU3ALUN 3PYIITUBHBIX 00/1aKOB.

Ons skcriosuit BynkaHoB IIuBenyuy u  Be3biMsiHHBIA  (m-0B Kamuatka) —Obumi
BOCCTAHOBJ/IEHBI TapaMeTpbl PaCHpPOCTPAaHEHUs 3PYNTHBHBIX 00JIAKOB, TIPOBe/leH aHajv3
3aperruCTPUPOBaHHBIX OTKJ/IMKOB, TOKAa3aHO, UTO B 3PYNTHBHOM OOsake [Jis 9KCIUIO3WH 3THX
BYJIKAHOB (pOpMHpOBaHe 0OBEMHBIX /IEKTPOCTaTUUECKUX 3apsiJOB COOTBETCTBYET M3BECTHOM
MoJzienu — positive/negative/positive («P/N/P»). CormacHo Mojend, OCHOBHOM 3apsiy B
SPYNTHBHOM 00/aKke — OTpHLaTeJbHBIA, KOTODBIA II€PEHOCHTCS MeJKUM Te[VioM M
JIOKa/IM30BaH B ero cpejHeil o6sacTy. I10I0KWUTeNbHBIA 3/IEKTPOCTaTHUECKUH  3apsif
¢dhopmupyeTcst B HIDKHel W BepxHell obmactsax. B HibkHell o6macTy 3TOT 3apsifi IepeHOCUTCS
HauboJsiee KPYITHBIM TITUIOM, B BepXHEi 06/1acTi MepeHOCHUTCs a3p030J1eM U ra3oM. JIOrHuHo,
YTO SPYNTHBHOEe O00/1aK0O B TIpOL{ecCe paclpOCTpPaHeHWs 3SBOJIIOLMOHUPYET U €ero
3/IeKTPOCTaTHUeCcKasi CTPYKTypa MeHsieTcs W TpaHchopmupyeTcss B 0ojee TIPOCTHIe
KOH(Urypawuy 06beMHbIX 3aps/I0B BIUIOTh [0 SPYITUBHOIO 00/1aKa C YHUIO/ISIPHBIM 3apsifioM,
YTO COOTBETCTBYeT 3apeructpupoBaHHbiM B KZY (m. KoswipeBc, ~100 KM OT ByJKaHa
[MuBenyu) otkmukam V' OITA ¢ Tipeobiafialo[iM  YHUIOJSPHBIM  BO3MYIIEHHEM OT
3PYNTHBHOTO 0671aKa KCILI03ui BysikaHa [uBesyy.

B pe3synbTaTte MHOroneTHedl (4 Tona) HempepbiBHOWM peructpaupu V' 3ITA B SKR
(r. CeBepo-Kypuiibck) mostydeH 60/bIION MacCHB SKCIIEPUMEHTAMbHBIX JAHHBIX MO OTK/IMKaM
V' BIIA, CBsI3aHHBIX C PacIpOCTpaHeHHe 3pYNTUBHBIX 00/IaKOB OT 3KCIJI03Ui ByJIKaHa JbeKo.
BeienieHo 4 XapakTepHBIX TUIOB OTKIMKOB V' DITA, peructpupyembix B T. CeBepo-
Kypunbck: I Thn — orpuuaTesnbhble, 11 Tun — nonoxkutenbHble, 111 TUIM — OTK/IMK, KOTOPBIM
XapaKTepU3yeTcsl MO0KUTEeIBHBIM UMITY/IECOM B OTPHULIATeIbHOM 06acT curHana, IV i —
JIATIOJIbHBIE OTKJIUKU.

OTK/IMK C TOJIOKUTEIbHBIM WMITY/IbCOM B OTpHIaTe bHON o6mactu curHama (III i)
paHee He ObUT OMUCAH B JIUTEPAType. Y CTAHOBJIEHO, UTO 3TOT THI OTK/IMKA PETUCTPUPYETCS
TOJIBKO B TOM C/Tyuae, KOT/]a HIDKHSISI YaCTh 3PYTITUBHOTO 00/1aKa pacrpOCTPaHsIeTCsl B IPSIMOM
KOHTaKTe C TIOBePXHOCTBIO 3€M/IM B pPaiioHe MyHKTa HaOJIF0JieHNH 3a BapyUaLUsMH rpaJjiieHTa
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MOTEHIIMA/Ia JIEKTPUUECKOTO 10/l atMocdepbl. Perucrpanusi TAKOro CUTHAIA Ha ByJIKaHe
D0eKo CBHUeTeILCTBYET O MpeobsiaZjatolieM OTPULIaTe/TbHOM 3apsifie SPYNTHBHOTO 00/1aKa TpH
JIOKa/IM3aliy TI0JIOXKUTEBHOI0 00BeMHOT0 3apsiZia B HIDKHeH uYacTW 3pYNTHBHOrO 00JiaKa.
Pe3y/bTaThl BBIMOJHEHHOTO JUCCEPTAHTOM UHCIEHHOTO MO/IEJUPOBAHMs IOKA3bIBAIOT, UTO
pervcrpauusi III Tuna otkmuka V' SIIA gelicTBUTENBHO BO3MOKHA TOJBKO TIPU YCJIOBUH,
KOr/la HIWKHAS 00/1aCTh 3PYNTHUBHOrO O6JilaKa paclpOCTPaAHsSeTCs MaKCHMalbHO OJIM3KO K
MYHKTY perucTparyu.

Ha ocHOBaHMM pe3y/bTaTOB /I0JTOBpeMeHHbIX Habmogenuit V' OITA B nmyHkte SKR u B
OmkHell 30He By/nkKaHa O0eko OBIIO BBIABUHYTO MpeJTIosioKeHHe O (DOPMHPOBAHUN
TI0JTIOXKUTETBHOTO 06beMHOTO 3apsiia B HIDKHel 00/1acTi 3pynTHBHOrO o6siaka IMog BIWSHHAEM
JBYX OCHOBHBIX (DaKTODOB: OCHOBHOW CyMMapHBI 3apsii 3pynTUBHOro obsaka
OTpULiaTe/IbHBIMA, KOTOPBIA 3a cyeT 3¢deKra 3/eKTPOCTaTUUeCcKOl WMHAYKLMM HaBOAUT Ha
TIOBEDXHOCTH 3eMJIM TIPOTHBOIIOJIOXKHBIM 3apsii — TIOJIOXKUTENBHBINA; MPH OOKOBOM CHOCE
3PYNTUBHOTO 0b/1aka co CKopocThio 6osee 10 M/C B IPUrpaHUUHOM C/I0e BOIM3Y TIOBEPXHOCTH
3eM/M BO3HMKaeT TypOyJIeHTHOe JBIDKEHHe, 3TOT TIPOLeCC CIOCOOCTBYeT KOHTaKTHOMY
Tiepe3apsDKeHHI0  YaCTUL] TIeIVIOB OT TOBEPXHOCTH CK/IOHAa BYJIKaHa. B pe3sysibraTe 3THX
TporieccoB hopMUpyeTcst 00beMHbIH 3apsi/ B HIKHEH 00/1aCTH 3pYIITUBHOTO 06JlaKa.

'E[J'[H MOATBEPXKAEHUA TAKOI'O IIpoLecCa BbITIOJIHEH q)H3HQECKHﬁ SKCIIEpUMEHT TI0
MO/Ie/IMPOBAHMIO TIETVIOBLIX 00/1aKOB C OZHOBpeMeHHOM peructpauueid V' OITA. B pe3ysbraTe
BBISIBJIEHO: OTpHLIaTe/bHOe 3HaueHWe V' OIIA perucTpupyeTcs BO BCex C/yuasx, KOrja
TieryioBoe 06/1ak0 He B3alIMOZeIICTBOBAIO C MOBEPXHOCTHIO; 111 T cUTrHasIa PerruCTPUPOBAICS
TOJMBKO TOTZla, KOTJ@ HIKHsA 00/acTh TerioBoro oOsiaka B3anMOJeHCTBOBama C
TIOBePXHOCTHIO; IV THUI curHana cBUeTensCTByeT 06 3Bosttouuu I1I Tuma curHama u CBsi3aH C
B3aMMHBIM TIPDOCTPAHCTBEHHBIM DacIlONo)KeHHeM BepxXHell M HIDKHeH 00J1acTH TeryIoBOro
o6siaka Ha MOMEHT PeruCTpaLUy.

TakuMm 06pa3om, MpeJJioXKeH HOBBIA MexaHW3M (OpMHUPOBAaHUS OOBEMHOTO 3apsiia B
HWKHel o6macty 3pynTuBHOTO obmaka. IlpejjioykeHHasi THIOTe3a JOTOJHSET W3BECTHbHIE
Mo/1esii POPMHUPOBaHUSI 0ObEMHBIX 3apsJOB B 3PYNITHBHOM 06/1aKe.

BrirnosiHeHO uvcieHHOe MO/ie/TMpOBaHUe YCAOBUM pachpoCTpaHeHUs! BepxXHel U HIDKHeN
obsacTy 3pynTUBHOrO 06/1aKa. B3arMHoe pacrionoeHre 00beMHBIX YHUIIOISIPHBIX 3apsiioB B
SPYNTUBHOM o006jlake Ha MOMEHT perucTpauuu OTkiuka V' OITA  onpedenstoT yCIOBUS
BeTpPOBOM cTpatudukanmy atMocdepbl. B pesynbTare paccuMTaHbl «HieaJd3MPOBaHHBIE»
OTK/IMKH, KOTOpble COOTBETCTBYIOT Bblje/ieHHbIM 4 TumaMm oTkauka V' OITA f1s By/nkaHa
Dbeko. TakuMm 06pa3oM, MOKa3aHO, UTO B 3PYNTUBHBIX 06jaKax 3KCIUIO3MH By/iKaHa J0eko
ripeo6siajiaeT OTpPULATEBHBIM OOBEMHBIN 3apsifi, B HIWKHEH 00s1acTH 3pYNTHUBHOTO 00Jaka
(hopMUpyeTCs TOJIOKUTeNbHBIN 00BeMHBIN 3apsiy. B3avMHasi TpOCTPaHCTBEHHAS JIOKAIA3alUs
3TUX 00beMHBIX 3apsI0B Ha MOMEHT PervCTPaLH OTK/IHKA OTpe/ieNsieT TUIT PerCTPUPyeMOoro
oTknvka V' OITA.

BbimosiHeHO MaTeMaTHUyecKoe MO/e/IMPOBaHHe 3aperdCTPUPOBAHHBIX OTK/IUKOB /ISt
By/JKaHa J0eko W BysikaHa [lIuBenyu. PacCUMTBHIBAlCS PsAJ, MOJENBHBIX KPUBBIX U TIO
MakCUMyMy Ko3(dulieHTa KOppeasiud ¢ 3KcrepuMmeHTambHbiMM  (0.89 u  0.87,
COOTBETCTBEHHO) ObLM BeIOpaHbl Harbosee nmoaxosiiye. C UCMO/Ib30BaHHEM KOMILIEKCHOTO
aHa/m3a Treo(U3UUECKUX, CIOYTHUKOBBIX W  [JAHHBIX  OA/VIOHHOTO  30HJWUPOBAHMUS
BOCCTAHOBJIEHbl KMHEMaTUYeCKHWe TMapaMeTphbl PaclipOCTPaHeHMsl SPYNTHBHBIX 00sakoB. Ha
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OCHOBaHWM 3THX JAHHBIX U BBIOPAHHBIX MOJEIbHBIX KPHBBIX MPOBEAEHBI PacueThl 3apsja
SPYITUBHBIX 00JIAKOB, COOTBETCTBYIOLIME 3HAUeHHUSIM Ha MOMEHT PErrucTpaliii OTK/IMKA.
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