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C 1enblo ucciaenoBaHuii TIpolieccoB OPMUPOBAHUS OOBEMHBIX 3apsSiIOB B 9PYNTUBHBIX 00JIaKax SKCILIO-
3uii BynkaHa D6eko B repuon 2018—2020 rT. mpoBOaMIMCH HAOMIOASHUS TPaaeHT MOTeHIIMaJIa 3JIEKTPpU-
yeckoro nosst armocdepsl B I. CeBepo-Kypunbck. 3apeructpupoBano 179 ciyyaes, Korma pacrpocTpaHe-
HYE 3pYNTUBHOTO 06J1aKa MPOUCXOANIIO B 6€300IaUHbBIX MJIM MaJIOO00IaYHbIX YCJIOBUSIX M COITPOBOXAATOCH
OTKJINKOM B BapHallMsX T'paarieHTa IMMOTeHIIMAIa SJIEKTPUYECKOTO TT0JIsT aTMOCchephl. BHISIBIEHO YeThIpe Xa-
pPaKTEpHbBIX TUIIA OTKJIMKOB B BapUallMsIX TpaJleHTa MOTEHIIMAaJa 3JIEKTPUYECKOTo 11oJist atMocdepsl. [1o-
KazaHo, YTO TUII PETUCTPUPYEMOTO OTKJIMKA OTIPENesIsIeTCs YCIOBUSIMU PACTIPOCTPaHEHUS 3PYNTUBHOTO
006J1aKa OTHOCUTEIbHO MYHKTAa PErMcTpalliu, a TAaKXKe ONpeaeisieTCs B3AMMHBIM PacIIOIOKEHEM 3apsiioB
B HIDKHE! M BepXHEil 06J1aCTsIX 3pYIITUBHOTO 00J1aka HAa MOMEHT PEerMcTpalny OTKiIMKa. [1py aToM B apym-
TUBHOM O0J1aKke IpeobJianaeT OTpULATeIbHbII 00 BEMHBIM 3apsi, KOTOPbIi1 JIOKAJIM30BaH B BepXHeii o01a-
CTH 3PYNTUBHOTO 00JIaKa, TMOJOXUTEIbHBIN 00BEeMHBIN 3apsij JIOKATN30BaH B HIKHe# obact. JlaHHbIe
HaTypPHBIX HAOIIOAEHWI COMIACYIOTCSI C pe3yIbTaTaMU YUCIEHHOTO MOICIMPOBAHUSI.

Karouesbie cno6a: SKCIUIO3MBHOE 00J1aKO, 3JIEKTPU3alLMs SPYNTUBHBIX 00JAKOB, TPAIMEHT MOTECHIIMAJIA
3JIEKTPUYECKOTO T10JIsI aTMOChEPBI, 00BEMHBII JIEKTPOCTATUYECKUI 3apsiT

DOI: 10.31857/50203030623700098, EDN: MHQJHP

BBEAJEHUWE

JleiicTByIOIInit CTpaTOBYJIKaH D6eKko
(50°41720” c.11., 156°00°54” B.11.) pacIIOJIOXKEH B CEBEP-
HOI 4acTtu xpebTa BepHanckoro o-Ba Ilapamyimp, B
7.4 xm K 3amany ot I. CeBepo-Kypwmibck (puc. 1). I1o
4acTOTe U3BEPXKEHUI SIBJISIETCSI OTHUM U3 aKTUBHE -
IMMX BynIKaHOB KypMIbCKOII OCTPOBHOII HOyru u
MPEACTABIISIET CEPhE3HYIO OIMMACHOCTH IJIsl TOpOoaa.

ITepBbie reoMopdoTOrnYecKre U reoJJIorndyecKue
oInvcaHus ByJKaHa ObLIM OonmyOJMKOBaHbI B paboTax
[Tanakadate, 1936; Gorshkov, 1958]. ITocTpoiika ByJ-
KaHa DOeKO MMeeT MaKCUMAaJIbHYIO BEICOTY 1156 M Hax
YPOBHEM MOPSI, HO He UMEET BBIIAIOIIETOCS U XOPO-
1110 pa3BUTOTO BYJIKAHWYECKOTO KOHyca. Ero Hu3ko-
Mpo(UILHOE COOPYKEHUE COCTOUT M3 HECKOJIbKMUX
CJIUTBIX MaJlOOOBEMHBIX aHIE3UTOBBIX JIABOBBIX KY-
nosioB. Illupokas u 1OBOJIBHO MJIOCKAsl BEPIIMHHAS
00J1acTb ByJIKaHa 3aHsITa HECKOJBbKUMU TTepeKphIBa-
IOLIMMUCS MEJIKUMU MaapooOpa3HbIMU KpaTepaMu
nuameTrpom 200—300 M (puc. 2).
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B pa6ore [Belousov et al., 2021] moka3aHo, 4To
U3BEpKEHUS ByIKaHa D0EKO OXBaThIBACT LICJIBIN psif
MEXaHU3MOB — OT YMCTO MarMaTU4eCKUX 00 ppeaTu-
YECKUX/TUAPOTEPMAILHBIX M (ppeaToMarMaTude-
cKuXx. mMTenbHOCTh U3BEPKEHUI, KaK MPaBUJIO, CO-
cTaBisieT 2—4 roma, a IIepUoabl MEXK3PYNTUBHOI 1Ie-
arenbHocT — 20—30 J1eT. 19 okTsa6ps 2016 r. Havascs
HOBBIIT LIMKJI aKTUBHOCTH ByJIKaHa D0eko [Walter et al.,
2020; Korenko u ap., 2018; I'mpuna u np., 2017; der-
tsapeB, Yubucona, 2020; Korenko u ap., 2019; Pri-
OuH u 1p., 2017], KOTOpHIi TPOIOIKAETCS U B HACTO-
smee BpeMsi. MI3BepXKeHUsT IIPOUCXOIST B BUIC DITN-
300MYECKNX OKCIUIO3WIA BYJIKAHCKOIO THIIA CO
3HAYUTEIbHBIMU BapualMsIMU MOILIHOCTH U NEePUO-
gnyHoctu [DPupctos u ap., 2020].

Bo Bpemsi uzBepxkeHUii ByJKaHa (pOpMUPYIOTCS
SPYNTUBHBIE 00J1aKa, KOTOPHBIE MPEICTaBICHBI eI~
JIOM, a’po30jieM M ra3oM. MakcuMasibHasl BBICOTA
MnoabeMa 3pYNTUBHON KOJIOHHBI 3KCIUIO3UI TOCTU-
raja 4—5 kM H.y.M. (cM. puc. 20). YciaoBusi cTpaTu-
dukamm arMocdepnl ONpeaessiioT MEePEeHOC Mace
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Puc. 1. ['eorpacduueckoe noyioxkeHue ByikaHa D6eko. Ha Bkiaake pacnoyioxkeHue myHkTa HaomoaeHuiit SKR B r. CeBepo-Ky-

PUJIBCK.

TIeTia ¥ Ta30B Ha pas3JIMYHbIe paccTosiHUS. [JOBOJIBHO
gacto B T. CeBepo-Kypuiabcke, KOTOPBI pacmono-
JKeH B 7 KM OT KpaTepa ByJIKaHa, BBITTamaeT Ierent.

B pesynbrate psina ¢pusnmyeckux mpoieccos, Ta-
KHMX KaK TpUOO3JIeKTpHU3anusi, GpakTodIMUCCHUS, B3a-
UMOJENCTBUE TIPOIYKTOB U3BEPXKEHUS C METEOPOJIO-
TMYecKUMU obJlakaMu, MPOAYKTHl UW3BEPKEHUS
2JIEKTpU3YIOTCSA. B apynTuBHOM 06Jake (opmMupy-
IOTCS OOBEMHBIE BJIEKTpOoCcTaTudeckue 3apsiapl [Py-
neHko, 1994; Behnke et al., 2013]. JoJroBpeMeHHbIE
HenpepbIBHbIE HAOIIOJEHUS TPaMeHTa MOoTeHIIMaa
ajieKTpudeckoro nost atmocdepnl (V' OI1A) sBisi-
FOTCSI 9KCIIEPUMEHTAIbHOM OCHOBOM JIJIS1 MCCIeloBa-
HUH BJIeKTPpU3allUU SPYNTUBHBIX 00J1aKOB.

ATITTAPATYPA, METOJIMKA HABJIIOAEHUIN

B 2018 r. B . CeBepo-Kypuibck Ha 6a3e ceiicMu-
yeckoit ctanuuu SKR CaxannHckoro ¢unuana @e-
JIepadbHOIO MCCJIeNOBaTeIbCKOTO ILieHTpa “EmgnHas
reodusndeckas ciryxk6a” (CO OUILL EI'C) PAH (cm.
puc. 1) GBI yCTaHOBJIEH amIlapaTHO-IIPOrPaMMHBIN
KOMIUJIEKC Ha 0a3e aHajoroBoro matyuka “Od-4”
[EdoumoB u np., 2013; Akb6ames, @upcros, 2021] mst
monutopuHra V' DITA [Akbashev et al., 2018, Akba-
shev, Firstov, 2019] ¢ ieabto uccaenoBaHus 2J€KTPO-
CTaTUUYECKOI CTPYKTYpPbI 3pYNTUBHBIX 00J1aKOB.

3a aKTUBHOCTBIO BylkaHa Db6eko B KO DUILIL
EI'C PAH Benmercsi HenpepblBHOE BUIEOHAOJIOAE-

Hue! (http://www.emsd.ru/video/Ebeko/img_1.jpg),
BuneokamMepa ycraHopiaeHa B SKR (cMm. puc. 1). Dtu

JIaHHBIE SIBJISIIOTCS TOCTATOYHBIMH TSI CEJIEKIIUU OT-
KJIMKOB B Bapuauusix V' BITA, cBsI3aHHBIX C pacnpo-
CTpaHEHMEM 3PYIITUBHBIX OOJIAKOB ByJIKaHa D0eKo
(cM. puc. 26). B HEKOTOPBIX CiTy4yasiX JOIOIHUTEIBEHO
HUCHONBL3YIOTCSI JaHHBIE aKyCTUYECKOTO U CITYTHUKO-
BOrO MOHUTOPHMHTIA, a TakKXe HaHHbIE OAJJTOHHOTO
30HAMPOBAHUS, KOTOPOE MPOBOAUTCS IBa pa3a B CyT-
KM Ha MEeTeOopoJIornuecKoii craHmuu CaxaJIuHCKOTO
VI'MC B 1. CeBepo-Kypunbck. laHHbIE OAJIOHHOTO
30HOIMPOBAHUSL HAXOMSITCSI B OTKPBITOM JIOCTYIIE
(http://www.esrl.noaa.gov/raobs/intl/int12000.wmo).
O1eHKa MaKCUMaJIbHOI BBICOThI DPYIITUBHOM KOJIO-
Hbl BBIMOJITHEHA HA OCHOBAHWU JAHHBLIX BUACOHA-
OJIIOACHUIA.

Bapuaiuy 31eKTpruyecKoro noJjist atTMocephl OT-
paxaioT MHOXECTBO (PpM3MUYECKUX IIPOLIECCOB, U B
MEepBYIO ouepelb 3TH BapUallud OOYCIIOBJIEHBI Me-
TEOpOJIOTUYECKOM obcTaHoBKo#. [loaTomMy celiek-
nust OTKIMKOB V' DITA, cBSI3aHHBIX C 3PYIITUBHBIMU
o0jaKaMM M3BEpXKEHMM BylnKaHa DOEKO, ITPOBOIM-
Jlach B TOM YMCJIE TI0 aMIUIMTYTHOI XapaKTepUCTUKE
CUTHAJIa MO CJIeNYIOIIeMY TTPaBIITY:

(Aan - Af)/Af > 1,

! MpuBreyeHs! naHHBIE, MOMYUEHHBIX HA YHUKAIBHON HAyIHOMN
ycraHoBKe “CeilicMonH(ppa3ByKOBO KOMILJIEKC MOHWTOPWHTA
APKTUYECKOU KPUOJUTO30HBI U KOMILUIEKC HEMPEPBIBHOIO CEii-
cMuyeckoro MoHuTopuHra Poccuiickoit ®epepauuu, corpe-
IeJbHBIX Tepputopuit 1 mMupa” (https://ckp-rf.ru/usu/507436/,
http://www.gsras.ru/unu/).

BVJIKAHOJIOTUA U CEUCMOJIOTUSA  Ne 2 2023
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Puc. 2. Cxema BepIIIMHHBIX KpaTepoB ByJiKaHa Doeko [ PeiouH, 2017] (a), mpumep hopMUpOBaHUS 3PYIITUBHOTO 00JIaKa B pe-
3yabpTate u3BepxeHust Doeko B 07:11:32 (UTC) 20 aBrycta 2020 r. (6). ®oto P.P. AkGalesa.

rne (A,, — A;) — abCOMOTHOE 3HAYEHUE AMIUTUTYIbI

orkimka V' OIIA, A4, MAaKCUMAJIbHOE 3HAYCHUE
aMIUIATYObI 3aperMCTPUPOBAHHOIO OTKiIMKa V' DIIA,

A; — dpoHoBoe 3HaueHue Bapuauuit V' DA 1o or-
KJIMKA.

I[IpuHgTOE MPaBUIO MO3BOJWIO UCKIIOYUTH U3
aHaJin3a MeHee MpeACTaBUTENIbHbIE TaHHBIE OTKIIU-
KOB V" BI1A oT 3pynTUBHBIX 061aKOB. Takue OTKIN-
KU PETrUCTPUPOBAIINCH B pe3yJibTaTe OTHOCUTEIIHLHO
cJIaObIx (BBICOTAa MOABEMA JPYITUBHONM KOJOHHBI
1500—2000 M H.y.M.) 9KCII03uii ByJakaHa D0eKo.

EctecTBeHHO, 9KCIUIO3UY TTPOUCXOIVIIN TIPU Pas3-
JIMYHBIX METCOPOJIOTUUECKUX YyCIoBUsSX. Perucrpa-
s oTkauku V' DITA npoucxonnia Kak B yCIOBUSX
XOPOIIEe IMOTOABI, TAK U B CJIOKHBIX METEOPOJIOTHYE-
CKUX YCJIOBUSIX, KOTLJA 3pyNTUBHOE 00J1aKO pacripo-
CTPaAHSIJIOCh Y B3aMMOJIEICTBOBAJIO C METECOPOJIOT Y-
yecKMMHU obnakaMu. Takoe B3aMMOAEHCTBUE MOIJIO
MOBJIUSITh HA YMEHBIIEHUE 3apsiia 9PYIITUBHOTO 00-
naka [KnmumuH u np., 1990]. Kpome Toro, Mmeteopo-
JIOTUYeCcKHe 00J1aka XapaKTepU3yITCsI COOCTBEHHBI-
MU 3JIEKTPOCTAaTUUECKUMU 3apsiiaMu, U B pe3yJibTaTe
pETUCTPUPYETCS CyMMapHOe HaBeIeHHOE TMOoJje OT
METEOPOJIOTUUECKNX 00JIAaKOB M 3PYNTUBHOTO 00JIa-
ka. I[Tostomy otkiimku V' DITA, cBs3aHHBIE C pac-
IMPOCTPAaHEHUEM BPYITUBHBIX O0JIAKOB B CJIOKHBIX

BVJIKAHOJIOTUS U CEMCMOJIOTUY

Ne2 2023

METCOPOJJIOTNUYECKUX YCJIOBUAX, OBUIM UCKJTIOYEHBI
M3 aHaJIn3a JaHHBIX.

st panbHeIIero aHaau3a 3JeKTPOCTaTUIECKOM
CTPYKTYPBI 3PYITUBHBIX 00JIAKOB 3KCIUIO3MI1 ByJIKa-
Ha D0eKo HeoOX0IMMO BeCcTH ImapaMeTp popM-dak-
TOpa 3pyNTUBHOIO 00JIaKa, KOTOPbIil OyIeT oTpaxaTb
XapaKTEepUCTUKY 3PYNTUBHOIO 0OOJlaKa Ha MOMEHT
peructpauuu B SKR (cMm. puc. 1). OueBunHO, 4TO
STOT MapaMmeTp ompeaesisieTcsl, BO-TIepBbIX, MOILIIHO-
CTBIO OTAENBHBIX 9KCILIO3MI ByJIKaHa DOeKO, KOTO-
past MOXeT OBbITh pa3InyHasi, U IO3TOMY MaKCUMAJTb-
Hasl BbICOTa Mo’beMa 3pYNTUBHOTO 00JiIaka OT YPOB-
HsI KpaTepa ByJKaHa MOXET ObITh OT IIePBbIX COTEH
METPOB JI0 MePBBIX KMJIOMETPOB. Bo-BTOpPEIX, (hopM-
dakTop omnpenensieTcss BETPOBOI cTpaTtuduKaluei
Ha BBICOTAX, IJI€ pacIpOCTPaHSIETCsI SPYIITUBHOE 00-
mako. Ha ocHoBaHMM HaHHBIX BUIIEOHAOIOACHUS
OIpeAesIeHBI ClIeAYIOIINe XapaKTepHbIe TUTIBI (DOPM-
¢aKTOPOB 3PYITUBHEIX 00JIAKOB 9KCIUIO3UI ByJIKaHA
D06eko.

Tun A. Popmupyerca npu cpexHux (2000—
2500 M H.y.M.) U cuJbHbIX (0o1ee 2500 M H.y.M.)
9KCIUIO3MAX (Tpadaliusi B paMKax IapaMeTpoB U3-
BepxKeHUI ByJiIkaHa D0eko). B pe3ynbrare popmupy-
€TCsI OPYNTUBHASI KOJIOHHA C XOPOIIIO BhIPaXKeHHBIMU
BepXHEM U HIDKHEl obaactamu (puc. 3a). I1pu aTtom
YCJIOBUSI BETPOBOM cTpaTrdUKAIMKU aTMOChephl Ta-
KH€e, YTO BOZHMKAET OOKOBOM CHOC 3pYNTUBHOTO 00-
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Puc. 3. Tunbl popm-hakTOpoB 3pyNTUBHOTO ObJIaKa.

a — copMUPOBAHHOE 3PYIITUBHOE 00JIAKO C XOPOIIIO BhIPAXKEHHOI BEepXHEl 1 HIKHEN 00J1acThIO; 6 — hopM-hakTop Tuma A,
B cxeMaTrueckoe B3aMMHOE pacIioiokKeHUe BepXHeil U HUKHEeM 006J1acTeit 3pynTHBHOIO 06J/1aka Ha MOMEHT peTrMCTpalivu B 3a-
BUCHMOCTH OT BETPOBOIA cTpaTuduKaLmu arMochepsbl, yroi a <35° mis ¢popMm-dakropa 3pylnTUBHOTrO objiaka tTuma A, a > 35°
niist popM-dakTopa 3pynTuBHOro otsnaka tumna B; B — tun C popM-(akTopoB 3pynTUBHOrO obiaka; I — tui D dopm-dakTo-
POB BPYIITUBHOTO 00JIaKa.

Jlaka W, COOTBETCTBEHHO, Ha MOMEHT PEruCTpalvuu
otkyimka V' BI1A, B3auMHOeE pacnojioXXeH1Ee HIKHEH
M BEepxHeU obJiacTell 3pyNnTUBHOro obJjiaka oCcTaeTcs
GJIM3KUM K BEpTUKATbLHOMY, YTONI d He 6ojee 35°.

Tun B. JaHHEBIIT TUII IO CBOEMY I'€HE3UCY aHaJIo-
rudeH ¢popM-daxkTopy Tuna A. Ho mpu aTom ycimoBust
BETPOBOM cTpaThudUKaIuU atMocdephbl TaKue, 4To
Ha MOMEHT perucrpauuu otkimka V' OI1A, Bzaum-
HOE pacIIOJIOXKEHNEe HWXKHEl M BepxHel obiacTeil
SPYITUBHOTO 00JIaKa 3HAYMTEIbHO MEHSIOTCS, yBe-
JIMYMBAETCS PacCTOSTHUE MEXIY STUMU O0JacTsIMU
KaK I10 BepTUKaJIU, TaK 1 [0 TOPU3OHTAJIU, Yo d 00-
nee 35° (cMm. puc. 30).

Tun C. XapakTtepeH st cnadbix (1o 1500 M H.y.M.)
aKkcmio3uii. B pesynbrate dopmupyerca “pacmbi-

JIECHHOE” 3pyNTUBHOE 00J1aKO0, T.€. 0€3 BhIpaKeHHBIX
HWKHEU 1 BepXHeii obacTeii (cM. puc. 3B).

Tun D. XapakTepeH Wil CI1a0bIX IJIUTEIbHBIX U3-
BepxkeHU# (MpoayBKa), B pe3yabTaTe KOTOPHIX (hop-
MUpPYeTCs IIPOTSKEHHEBIN 1ieiid (cM. puc. 3r).

PE3VJIBTATBI JOJITOBPEMEHHBIX
HABJIOAEHUU TPAINEHTA ITOTEHLHAJIA
SIEKTPUYECKOTI'O ITOJIA
ATMOC®EPDBI B SKR

3a nepuoz c 1 okTsa6psa 2018 mo 1 nekadpst 2020 rr.
B SKR 3apeructpupoBaHo 179 ciydaeB (puc. 4a), KO-
IIa pacrpocTpaHeHWe 3PYNTUBHOTO 06J1aKa IMpouc-
XOAWJIO B 0€300/IaUHbIX MJIM MaJI000JIaYHbIX YCIIOBU -

BYJIKAHOJIOTUS Y CEMUCMOJIOTHUA  Ne 2 2023
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(a) 179 cobbiTuit (6)

I Tum orkiuka V'OI1A

k'

IT Tun otkiuka V'OITA

el

T Tun orkiuka V'OI1A

4%
7%
5% g % sg 11%
IV tun otkuka V'OITA
tun otkimka V' OMA 1 11 1 v Tun otkimka V' DI1A I 1l 11 v
Dopm-dakTop A,B,.C,D A,B,C,D A A.B ®opm-pakTop AB.CD ABCD A B
V, m/c ~ ~ 12-25 d V, m/c 3-25 5-25 1225 9-21
[onoxenne 50 [Monoxenue 30
orHocuTenbHo SKR Hax SKR N ornocutensio SKR - Hax SKR nag SKR Han SKR nag SKR

(B) 115 cobbrTHit

19%

Puc. 4. CBonHbII aHAJIU3 JaHHBIX O PETUCTPAlMM OTKIIMKOB I'padv€HTa IMOTEHILHaIa SJIEKTPUYECKOIo I1OJIsA aTMOC(l)epr

(V' DIIA).

a — JaHHbIE, 3apPETMCTPUPOBAHHbIE B 0€300JaUHbIX Y MAJIOOOJIAYHBIX YCIIOBUSX; 0 — NaHHBIE, 3aPETrMCTPUPOBAHHBIC B TEX CITy-
Yasix, KOraa 3pyIITUBHOE 00JIaKO pacipOCTPaHsUIOCh HAll ITyHKTOM HabmoaeHust SKR.

SIX W COMNPOBOXIAIOCHh OTKJIMKOM B BapHUalusx
V' OIIA. B pesynbraTe aHajn3a BBIACICHO YETHIpE
XapaKTepHbIX TUIIOB OTKIUKOB V' DIIA Ha pacnpo-
CTpaHEeHUWe 3pyNTUBHOTrO obJyiaka. Ha puc. 46 nipen-
CTaBJIEHBI UcaTU3UPOBaHHBIE (DOPMBI XapaKTePHBIX
otknukoB V' DITA. Tlomasisioliee YMCIO OTKIUKOB
XapaKTepU3yeTCs OTPHUIIATEIbHBIM BO3MYIIICHUEM —
120 cirygaeB (67%); B 36 (17%) caydasix 3aperucTpu-
pOBaHBI MOJIOXKUTENbHBIE OTKIUKM; 15 (7%) citydaes
OTKJIMKOB UMeIOT KoHpurypauuto tuma “N/P/N” (oT-
pULATENIbHBIN /TIOJIOKUTEIBHBINA/OTpULIATE/IbHBIN); B
9 (5%) ciry4asix 3aperucCTpUpOBaHBI AUTIOJIBHEIE Bapy-
auyu V' BI1A, ipu 3ToM B 5 ciiydasx ¢ KOHPuUrypa-
uuent qumofs tuna “P/N” u B 4 ciydasx ¢ KOHGUTY-
pauueit gunons “N/P”; B 6 (4%) cnyyasx, Korga
3PYIITUBHOE 00JIAKO PACIIPOCTPaHSIIOCH B Oe300J1a4-
HbIX yciaoBusix 1 Hax SKR Bo3myllieHre B Baprualusx
V' BITA He 3aperucTpupoOBaHoO.

151 6o71ee moapoOHOro aHaIM3a JaHHBIX HE00XO-
JIIMMO PAacCMOTPETh BBIOOPKY MaHHBIX IO JTOMOJHU-
TeJIbHOMY KPUTEPUIO — BBIOpaTh Te CiIydyau, KoOraa
9PYINTUBHOE 00JIako pacmpocTpaHsuioch Haa SKR
(cM. puc. 4B). DTO ITO3BOJISIET ONPEACIUTDb, BO-TIEP-
BBIX, KaXYIIYIOCSI CKOPOCTh paCIpOCTPaHEHUSI 3pYTI-
TUBHOTO 00Jlaka, BO-BTOPbIX, MPOCIEIUTb B3aUMO-
CcBI3b popM-(akTOopa 3pYNTUBHOTO 00JIaKa M HaOJIIO-
nmaemoro otkinuka V' OITA. Kaxymasicss cKOpOCTb
pacnpocTpaHeHUsI 3pyNTUBHOTO obJ1aKa Jij1si MpeacTaB-
JICHHOI BBIOOPKM paccyuMTaHa Ha OCHOBAaHUM JTaHHbBIX
BuaeoHabmoneHus ¢ SKR, mo koropsiMm onpenensi-

BYJIKAHOJIOTUS U CEMCMOJIOT U

Ne2 2023

JIOCh BpeMsI Hadaja 3KCIUIO3UM C ITOTPEITHOCTHIO
160 ¢ ¥ Ha OCHOBAaHWUM BpeMeHH BCTYIIJICHUS MaKCH-
MyMa aMIuIuTyasl otkiimka V' OITA Ha SKR.

Paccmotpum 111 i otkmmka. Ha puc. 5 u 6 110-
Ka3aHbl MpuMepbl oTKJIMKOB 11 Tuna u coorBeTcTBY-
IOIIME WM 3Tamnbl PacrpoOCTpPaHEHUs] SPYNTUBHOTO
obyaka. M3 mpencraBieHHBIX TaHHBIX (CM. puc. 4)
BUJHO, YTO PErucrpalus JaHHOTO TUMa OTKJIMKa
BO3MOXHA TOJIbKO MPH YCIOBUU, €CJIU:

1. apyIITHBHOE 00JIAKO PaCIIPOCTPAHSIETCS CTPOTO
Haa SKR mim He3HAYMTEILHO B CTOPOHE OT ITyHKTA
perucTpalnm;

2. SpYITHUBHOE 00JIaKO Ha MOMEHT PErUCTpaIuy
OTKJIMKa COOTBETCTBYET (DOPM-(haKTOPy TUIMY A;

3. 3pyITUBHOE 001aKO pacIIpOCTPAHSIETCS CO CKO-
pocThio He MeHee ~12—25 M/C, MpU 3TOM HIMKHSIS U
BEPXHSIS 00JIaCTU 3PYIITUBHOIO 00JIaKa pacIipocTpa-
HSIIOTCSI IIPUMEPHO C OAMHAKOBOM CKOPOCTHIO.

Takme ycnoBust GopMUPOBAHUS M paCIpOCTpaHe-
HUS 3pYIITUBHOTO 00JIaKa CITOCOOCTBOBAJIM COXpaHe-
HUIO OJIM3KO K BEPTUKAJIILHOM CTPYKTypPe B3aMHOTIO
pachoJIoXXeHUs BEpXHEH 1 HUXKHE o01acTeil Ha MO-
MEHT perucTpalum OTKINKA.

Hanee paccmotpum 1V tun orkiuka. Konuuectso
TaKUX CJIy4aeB IJisl IBYX BBIOOPOK pasinyHoOe (CM.
puc. 4). D10 CBsSI3aHO C T€M, UTO B CJIy4asx, Korjaa
3PYITUBHOE 00J1ako pacnpocrtpaHsuioch Hag SKR,
ero opM-(}akTop OTHOCHWIICS TOJBKO K TUIy B (CcM.
puc. 4B), B TO BpeMsI KaK JJIsI 001k BLIOOPKHU (DOpM-



74

AKBAIIIEB, MAKAPOB

Peak = 3.09453
(2)
0 -
=
~
m
N
<
=
®
AN
{A/1000}MATH MATH [] unk Starts at 20181013(286)06:29:13.606 ,

5SM 10 M I5M 20 M
Bpewmsi, Mun

Puc. 5. ITpumep 111 Tuma oTkiIMKa rpageHT NOTEHIIMAJIA 3JIeKTPUIeCKOro mosist atMochepsl (V' DI1A) ot spynTMBHOTO 0612~
Ka n3BepKeHMs ByJiKaHa D6eko 13.10.2018 . (a), kanpsl BuneoHadomoneHus ¢ SKR, Ha KOTOpBIX TOKa3aHbI 3TAIlbl paclpocTpa-

HEHMSI SpYINITUBHOTO ob1aka (0).

Peak = 0.20726
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Puc. 6. [Tpumep 111 Tuna oTkiInka rpageHT NOTEHIMAIA 3JIEKTPUYECKOro 1mosist atMmocdepsl (V' BI1A) oT spynTUBHOTO 00J1a-
Ka n3BepxkeHus B. D6eko 19.07.2020 . (a), kagpsl BuneoHadmonenus ¢ SKR, Ha KOTOPBIX TOKa3aHbBI 3TAIbl pACIIPOCTPAHEHUS

3PYIITUBHOTO obJ1aka (0).
BVJIKAHOJIOTUS U CEUCMOJIOTUS  Ne 2 2023
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Puc. 7. [Tpumep IV Tuma oTkiIMKa rpaiMeHT MOTEHITAAIA JIEKTPUIECKOTO 110J1s1 atMochepsl (V' DITA) ot apynTuBHOTO 061aKa
U3BepxKeHUs ByJikaHa D06eko 4.05.2020 1. (a), kaapsl BuneonadmozaeHus ¢ SKR, Ha KOTopbIx moKa3aHbl 3Talbl pacrpocTpaHe-

HMSI 3pYOTUBHOTO obJiaka (0).

¢dakTOp 3PYNTUBHOTO 00JIaKa COOTBETCTBYET KaK TH-
my A, Tak Tuny B (cM. puc. 4a). IV Tun oTkiauka rnpu
¢dopM-dakTope 3pyNTUBHOIO 00JaKa TUIIA A perv-
CTPUPOBAJICI B T€X Cyyasix, KOorna 3pynTUBHOE 00-
JIAKO PacIipoCTPAHSIOCh TaKUM OOpa3oM, YTO €ro
HIDKHSST 061acTh He nmpoxoauia Hag SKR. Ha puc. 7
¥ 8 MoKa3aHbl MpUMepHI OTKIIMKOB IV Tnna u xagpel
pacrnpocTpaHeHUs] COOTBETCTBYIOIIMX 3SPYNTUBHBIX
o0akoB. KoHdurypauus oTkimkoB 1V Trira Mmoxer
obiTh “P/N” mnu “N/P”. IlocnenoBaTenbHOCTb OT-
KJIMKa MPOAUKTOBAaHA YCIOBUSIMM BETPOBOII CTpaTU-
¢dukanu atMocdepsl U, COOTBETCTBEHHO, YCIOBUSI -
MU pacripocTpaHeHUsl 3pyNTUBHOro obinaka. Eciau
HMKHSST 00JIaCcTh 3PYIITUBHOIO 00JIaKa pacIipocTpa-
HsIeTCsl ObICTpee, YeM BEPXHSISI, TO PErucTpUpyeTcs
koHdurypauus “P/N”. Korga BepxHss 001acTh pac-
MpocTpaHsieTcs: ObICTpee, YeM HUXKHSIS, TO PETUCTPU-
pyeTcst obpaTtHasi KOH(MUTrypaunus oOTKINKa.

KoMmrutekcHbIil  aHAnM3 3aperucTpUPOBAHHBIX
JIaHHBIX CBUIIETEJILCTBYET O MpeobIafaroneM OTpu-
LIaTeJIbHOM OOBEMHOM 3apsiic B BepxHeil o0JacTtu
SPYIITUBHOIO 00jaKa, MPU JIOKATU3ALUU TTOJIOXU-
TEJIbHOTO 3apsiJa — B HUKHE 061aCTU 3pyNTUBHOIO
obnaka. [lpu sTOM ompeaensioliee 3HaUYCHUE IS
dopM-dakTopa 3pyIITUBHOro 00JIaka Ha MOMEHT pe-
TUCTpALlUM OTKJIUKA SIBJISIETCS BeTpoBas CTpaTudu-
Kalust atMocdephl, B pe3yJbTaTe KOTOPOil KOHTPO-

BYJIKAHOJIOTUS U CEMCMOJIOT U

Ne2 2023

JINPYETCS B3aMMHOE MOJIOXKEHUE BEPXHEN U HUKHEN
obJiacTeit 3pynTUBHOIO 00J1aKa, KOTOpOe OMpeessi-
eTCSI pacCTOSHUEM MEXOy lLIEHTpaMu BepxHeill u
HIXKHEN o0JiacTeit 3pynTUBHOrO obylaka M BbIpaxKka-
eTCsI B 3HAYCHUU yTJIa 4.

Perucrpaiivs ToJbKO IMOJIOKUTETHHOTO WA TOJIb-
KO OTPHUIIATEILHOTO OTKJIMKAa IUIST CllydaeB, KOrma
SPYOTUBHOE 001aK0 UMeIo hopM GakTop Tha A u
B, saBasieTcs cneacTBueM B3aMMHOTO PacTONIOXEHUSI
00BEMHBIX 3apsiIOB B 3pYNTUBHOM obGiake. Mx cy-
MepIO3ULIMSI HA MOMEHT PETUCTPALIMU 1O BCE BUIU -
MOCTH TaKasl, YTO PETUCTPUPYETCS CYMMapHOE HaBe-
IeHHOE TI0JIe, XapaKTepU3yIoIleecs OMHOM MOISIPHO -
CTBIO.

IMpsmas B3aMOCBSI3b PETUCTPALIMU OTKIIMKOB | 1
II Tuna ¢ Tunamu ¢popM-(paKTOpOB IPYNTUBHOTO 00-
Jnaka C u D He yctaHoByieHa. [1pu Takux ciiydasix pe-
TUCTPUPOBAJINCH KaK OTpULIATeNIbHbIE, TaK U TTOJO-
KUTEJIbHBIC OTKIIUKU.

O0600611as pe3yabTaThl aHaau3a JaHHbIX 11 111 u
IV TumoB OTKJIMKOB, MOXHO cAeJiaThb BBIBOM, UYTO
HMKHSISI 00JIacTh 3PYIITUBHOTO O0JlakKa MMEeT, KakK
MIPaBUJIO, TTOJIOXKUTEILHBIN 3apsia, a BEPXHSIS — OT-
punarenbHbIii (cMm. puc. 30). Takoe pacmpeneieHue
O0O0BEMHBIX YHUIIOJSIPHBIX 3apsgoB B 3PYINTHUBHOM
00J1aKe MOXHO OOBSICHUTh U3BECTHOM (peHoIornye-
CKOM 0COOEHHOCTBIO TPUO03JIEKTPU3aLMU, B PE3YJib-
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Puc. 8. [Npumep IV Tna oTkIMKa rpaqveHT MOTeHIIMAaa 3JIKTpUIecKoro noist atMocdepsl (V' DITA) oT apynTuBHOTO 06J1aKa
u3BepxkeHus ByikaHa D6eko 30.05.2020 r. (a), kaapsl BungeoHadmoneHus: ¢ SKR, Ha KOTOpbIX MoKa3aHbI Tambl pacnpocTpa-

HEHUS 3pYNTUBHOrO ob61aka (0).

TaTe KOTOPOM YaCTULIbl 3apsKArOTCSl pa3HBIMU 3HaKa-
MU B 3aBUCMMOCTHU OT MX pa3mepa, MpU 3TOM OTpUlIa-
TeJbHBINA 3apsil XapakTepeH IJIsI MEJIKMX 4YacTHIl, a
TTOJIOXKUTEJIbHBIN — JIJ1s1 0oJiee KpymHBIX [Mendez et al.,
2021; Lacks, Levandovsky, 2007]. Takasg Mopenb
dopMHupoOBaHUSI OOBEMHBIX 3apPSIIOB B 3PYNTUBHOM
o0Jjlake HaxXOAWUT IIOATBEPXKIEHUE II0 pe3ylbTaTam
MHOTHX HAaTyPHBIX HAOIIOACHWI Ha Pa3INIHBIX BYJI-
KaHax Mupa [Pynenko, 1994; Lane, Gilbert, 1992;
Miura et al., 2002], moaTBepKmaeTcsl U pe3yabTraTaMm
SKCIEepUMEHTAJILHEIX padoT [Mendez et al., 2021] u B
TeopeTuueckux padorax [Lacks, Levandovsky, 2007].
TeMm He MeHee, OpMUPOBAHUS 0OBEMHOTO ITOJIOKU -
TEJIbHOTO 3apsiia B HMXXHEl 00JIJaCTU MOXET OBIThb
CBSI3aHO U C APYTUM (PU3NYECKUM MPOLIECCOM.

VYcnosusg BeTpoBOii cTpatudUKaim aTMocdephl
OIpeAesoT B3aUMHOE MPOCTPAHCTBEHHOE pacro-
JIOXKeHWE HadJIeKTPU30BAHHBIX HUXHEN U BepXHei
obJacTeii 3pyNTUBHOrO 00j1aka, YTo B CBOIO oUYepeb
ompeesieT TUIl perucTpupyeMoro curtana V" OI1A.
st moATBepXKIeHUsT TaKOM 3aKOHOMEPHOCTHU TIPO-
BeJeM YHMCIEHHOE MOJEIUPOBaHUE OTKJIMKOB B Ba-
puanusx V' OI1A Ha pacnpocTpaHeHUs SPYIITUBHO-
ro objlaka ¢ pa3JiMYHbIMU BapUaHTaMU B3aMMHOTO
pacroJIOXKEHS B HEM BEpXHel M HUKHEl obiacTeid.

YN CIEHHOE MOIEJIMPOBAHUE
DIIYKTYALUUN DJIIEKTPUYECKOTI'O
ITOJIAA ATMOC®EPHI, CBA3AHHbIX

C PACITPOCTPAHEHUWEM
OPYIITUBHbIX OBJIAKOB

CocpenoTodyeHHbIE Ha YacTHUILIAX IIETUIOB, a3p030-
JISIX ¥ ra3ax, 9JeKTpUYeCKUe 3apsiibl IPEICTaBIISIOT
Cc000i1 00BEMHBIIT JIEKTPOCTATUYSCKUIA 3apsia C 10-
BOJIBHO CJIOKHBIM pacripeieieHueM IJIOTHOCTHU IT0-
JIOXUTEAbHBIX M OTPULATEIbHBIX 3apsiiOB B IIPO-
crpancTtBe. Ilpu pacmpocTpaHeHUM SPYHNTHUBHOIO
o0Jlaka ero 3JeKTpocTaTudecKasl CTpyKTypa Hempe-
PBIBHO 3BOJIIOLMOHUPYET. B pe3ynbraTe 30/10BOM 1
rPaBUTALIMOHHON CeIMMEHTALIU IIPOIYKTOB U3BEP-
KEHUS, a TaKKe MX B3aMMOJICMCTBUS C BO3AYXOM, B
IPYIITUBHOM 00J1aKe POPMUPYIOTCS OObEMHBIC YHU -
noJigpHble 3apsaabl. Umes 3anucu V' DI1A u 3Has na-
paMeTpbl pacIpOoCTpaHEeHMsI 3PYITUBHOrO o0Jjaka,
MOXHO CYOUTbH O JIOKAIN3aLU1 XapaKTePHBIX 00beM-
HBIX 3JICKTPOCTAaTUYECKUX CTPYKTYP B HEM U 00 M3-
MEHEeHUM paclipencieHUs JIeKTPUUECKUX 3apsiIoB B
SPYIITUBHOM OOJIaKe.

Janee BaxKHO “yCIOBUTBHCS” O CBSI3U BEPTUKAJIb-
HOI KOMITOHEHTBI HAMPSIKEHHOCTH DJIEKTPUUECKOTO
nosist atmocepsl (E,) u V' BIIA. B paborax no atMo-
chepHOMY BIIEKTPUUYECTBY BCTPEUYAIOTCS pa3INYHbIe
BYJIKAHOJIOTUS U CEMICMOJIOTUS

Ne2 2023
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noaxoapl K JaHHOMY BOIIPOCY, COIVIACHO IIpaBMIIY,
5TH BEJIUUUHBI OTIMYAKOTCA 10 3HaKy. B HacToseit
pabdoTe MPUHST CICAYIOLINI MOMAXOH, XapaKTepHbIi
JUIS 3a7a4 DJIEKTPOCTATUKM: BEKTOP HAIPSIKEHHOCTU
DITA HampaBieH OT ITOJIOKUTEIBHOTO 3HaKa K OTPH-
LATEJIbHOMY, 2 OCU KOOPAUHAT COOTBETCTBYIOT 3TO-

My HarpasiieHn10. COIIACHO 3TOMY IOJIOXEHUIO ]z
OyJeT MMeTb HarpaBjieHUe CBEpXy BHU3 (OT MOJIOXKU-
TEJIbHO 3apsKeHHOU MOHOochephl K OTPULIATEILHO
3apsLKeHHOM 3eMiie) 1, TaKMM 00pa3oM, OyIeT COOT-
BercTBOBaTth V' DIIA 110 3HaKYy.

Hauboiiee mpocTast MoJieib pacIooXeHUs 00b-
€MHBIX 3JIEKTPOCTATUYECKHX 3apsIIOB B OPYIITUBHOM
obJjlake Ha 3Talle ero MakKCUMAaJIbHOro ItogbeMa U
pacipoCTpaHEHUS CIeayIonias: 00ObeMHasl JIEKTPO-
cTaTuyecKasl CTpyKTypa B 9pYIITUBHOM O0JIaKe 3aMe-
HsieTcsT IBYMsT 9(P(PEeKTUBHBIMU TOYSYHBIMU 3apsiia-
MM ¢, ¥ ¢,, PACITOJIOXXEHHBIMI Ha OCH Z ¥ Ha BBICOTaX
h, n h, coorBeTcTBeHHO. Ha puc. 9 mpencrasieHa
cxeMa pacroJIOXKEHUsI TOYSCYHBIX 3apsiioB U CUCTeMa
KoopanHaT. BemunHa 3P eKTUBHBIX 3apsI/IOoB U UX
pAaCIONIOXEHUE 3aBUCST OT YCIIOBUIT BETPOBOI CTpa-
tudukaimu. [Monarast, 4To 3eMiisi — uaeaabHbIN TPO-
BOIHUK, YYTEM I10JI€ UHAYLMPYEMBIX B HEW 3aps0B,
KOTOPOE€ SKBUBAJIEHTHO TTOJIIO 3JIEKTPUUECKUX U300-
pakeHWt 3apsimoB ¢, U g, (cM. puc. 9). Torma Ha TT0-
BepXHOCTU 3eMin (z = () oTmIMyHasE OT Hyjas1 OydeT
TOJIKO BEPTUKAJIbHAS KOMITOHEHTA HAaIpsDKeHHOCTU
BJICKTPUYECKOTO TIOJISI, KOTOpasi COOTBETCTBYET BhbIpa-
xeHuto [YepHea, @upcros, 2018; AnylikuH U ap.,
2018]:

h h
Ez: %13 Q223, (1)
2ne Ry 2meyR;

TIe €, — 3JeKTpuYeckas MnocrosiHHas, R;, R, — pac-
crosHue ot SKR 1o 3apsaa g, g,.

OCHOBHBIMU ITapaMeTpaMu, BAUSIONINMHI HA TUII
OTKJIMKA, KOTOPBII pErUCTPpUPYETCsSI Ha MOMEHT pac-
MpocTpaHeHus1 3pynTuBHOTO obiaka B SKR, oyayr
VIJbl a;, @, U 2MOEKTUBHOE pacCTOsSTHUE d MEXITY
LIEHTpaMM1 OOBEMHBIX 3JICKTPOCTATUYECKUX 3aPSIIOB.
ITapameTpsl yIJIOB a U paccTosiHUS d B KOH(PUTypa-
LIU1 0OBEMHBIX 3aPSII0B 3PYIITUBHOIO 001aKa, KOHT-
POJIMPYIOTCS YCIOBUSIMM BETPOBOM CTpaTUdUKAIINN
atrMoc(epsl 1, CIea0BaTeIbHO, OIPEACIISIIOTCS BEK-
TOPOM CKODPOCTH V;, V, Ha BBICOTaX paCIpOCTPpaHEHUA
h, 1 h, 5(pheKTUBHBIX DJIEKTPOCTATUYECKUX 3aPSII0B
g, 1 q, (cMm. puc. 9). I1pu ycinosuu, yro SKR pacno-
JIOXXEH Ha paccTosiHUM S Ha ocu OX COIJIacHO cxeMe
Ha puc. 9, BeipaxeHue (1) mpumeT BuUm;

BVJIKAHOJIOTUS 1 CEMUCMOJIOTHUA

Ne2 2023
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Puc. 9. CxeMa pacripeneiieHusl TOYeYHBIX 3(HEeKTUBHBIX
3JICKTPUYECKHUX 3apsSIIOB B 9PYIITUBHOM 00JIaKe U3BEPXKe-
HMi1 BylkaHa D0eKOo Ha CTaIuU €ro PaclpoCTPaHEHHS B
YCJIOBUSIX BETPOBOM cTpaTU(UKALIMKU aTMOCHhEPHI.

E.(1)= o :

3/2
271:80((S — vt CcoS O )2 + (vt sin 0c1)2 + hf)

@)

+ B ‘
27580((5 — Vo COS Oy )2 + (Vzt sin o, )2 + h2)3/2

MareMaTU4eCKOE MOIEIMPOBAHUE  CJIOKHBIX
NPUPOOHEBIX MPOIECCOB BCErla MMEEeT HEKOTOpPHIE
nornyeHus. B paccMaTprBaeMoM cityvae rmpearosia-
raeTcsl, 4YTo 3(pPEeKTUBHBIC TOUCUHEIC 3apsiabl, Chop-
MUpPOBAHHbBIC B HIDKHEN 1 BEepxXHEN 00JIaCTSIX 3PYIT-
TUBHOTO 00JIaKa, HE MEHSIIOTCSI CO BpeMeHeM. DTO He
OTpaxKaeT peaIbHOM KApTUHBI 9BOIIOLIMH a3PO3JICKT-
pUYECKOM CTPYKTYpPBI 00jaKa, TaK KakK 3apspKeHUE
MIPOAYKTOB U3BEPXKECHUI, peKOMOMHALIMS 1 peaKca-
1I1$1 3apsIIOB OIpeAeIsieTcs PsiioM (prU3UIeCKUX Mpo-
LIECCOB, IIPOTEKAIOIIMX HEMIPEPHIBHO C MOMEHTA Hava-
JIa BKCIUIO3MBHOTO Ipouecca. OgHAKO TaKOM ITOAXOI,
MO3BOJISIET KaYECTBEHHO MOKa3aTh, KaK pacIIpeaeIcHbI
00OBEMHBIE 3JICKTPOCTATUYECKUE 3apsIabl B PYNTUB-
HOM o0Jiake U JaTh OLIEHKY 3apsila Ha MOMEHT pac-
MIPOCTPaHEHUSI 3PYNTUBHOIO O0Jlaka B 30HE pPEru-
CTpalluy MyHKTa HAOIIOAeHUSI.

B xadecTBe IprMepa MaTeMaTUIECKOTO MOIEITH-
pOBaHUs PACCMOTPHUM 3KCILIO3MBHOE M3BEPXKEHMUE,
npowusoieniiee 10.10.2019 r. B 19:14 UTC Ha Bynka-
He D06eKo. DPYNTUBHOE 00JaKO OT 3TOTO U3BEPXKE-
HUs nogHsiock Ha BeicoTy 2000 (£200) M H.y.M. Pac-
YeTHBIC IMapaMeTphl NBVIKEHUS 3apsiioB obJlaka Jutst
JTaHHOTO CcIIy4ast TmpeacTaBiaeHbl B Tab. 1. Ha puc. 10
MoKa3aHbl JaHHbIe peructpauuu V' DIIA u pacuer-
Hast KpuBasi. Koppersiius pacdeTHOI MoIesn 1 Ha-
OmoaeHHBIX TaHHBIX cocTabiisieT 0.89. I1pu a3ToM Ha-
OI0JaI0TCS U 3HAUYUTEIbHBIE pacxXoxXAeHUs ¢Ghopm
KkpuBbIX. OcobeHHo B guana3zoHe oT 800 ¢, 3To cBsI3a-
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Puc. 10. PacueTHast Monenb OTKIMKA E, CBA3aHHOTO C PACNIPOCTPAHEHUEM 3PYNITUBHOTO 06s1aka Haji SKR, KoTOpoe BO3HUKIIO
B pe3yJibTaTe 9KCIUIO3MBHOTO U3BepKeHUsl ByJikaHa D6eko 10.10.2019 1.

ITapaMeTpsl pacueTHO# MoJie/IN MoKa3aHbl B Ta0I. 1.

4 - Ne 1
3+ —— Ne 2
5L — Ne 3
No 4
E 1+ — No 5
2 0 —
= Qb
2L
-3+
_4 1 |
0 200 1200

Bpewms, ¢

Puc. 11. ®opmbl na€aTM3UPOBAHHBIX OTKIMKOB £
ITapameTpbl pacyeTHOI MOEIN ITOKa3aHbI B TA0J. 2.

HO C TEM, YTO B OJIMXKHEHN 30HE OT KpaTepa ByJIKaHa
OpHU PacIpOCTPaHEHUM BPYITUBHOrO o0JIaka, Kak
MpPaBUJIO, XOPOIIO BBIIEISIETCS MEepPemaHsIsl 00J1acThb,
KOTOpas UMeeT c(popMUPOBAHHbIIA (PPOHT 1 00JIaCTh
nuieiida, KOTOPBIA MOXET PaCTIHYThCS Ha HECKOJIb-
KO KMJOMETPOB. B CBsI3u ¢ a3TUM HabogaeTcs mo-
CTEIIEHHOE BOCCTAaHOBJICHME HAIPSIKEHHOCTH 3JIEKT-
puueckoro 1o atMmocdepsl B SKR.

Hanee paccuutaeM uaeaan3MpoBaHHbIE (HOPMBbI
OTKJIMKOB COIJIACHO CXEME pacIlipelleJIeHUsI 3apsiioB
Ha puc. 9 1 Ha OCHOBaHUM BbipaxeHus (2). PaccMmoT-
pUM, KaK OyleT BJIUSITh CKOPOCTb PAcIIpOCTpaHEHUS
BepXHEll M HIDKHE oOJracTeil 3pynTUBHOTO oOJlaka
Ha TUIT PeTUCTPUPYEMOTO curHajia. BxogHble mapa-
METpBI IT0OKa3aHkbI B Ta0. 2. Ha puc. 11 moka3aHbl pe-
3y/JIbTaThl MaTeMaTU4YeCKOTO MOJCIMPOBAHUSI JIBU-

Ta6muna 1. BxonHble mapamMeTpbl MOAEIMPOBaHUS OTKIMKa V' DITA, cBA3aHHOTO ¢ paclpOCTpaHEHUEM 3PYNTUBHOTO
o6naka Hag SKR, KoTopoe BO3HUKIIO B pe3yJibTaTe 9KCILJIO3UBHOTO U3BepXeHUs ByiKaHa D6eko 10.10.2019 r.

Vi, M/C V3, M/C hi, M hy, M S, M o.;, Tpam. Oy, Tpam. q,, Kn g, Kn Egon> KB/M
10.7 13 1700 500 7486 0 —0.45 0.021 0.197
BYJIKAHOJIOIUA U CEMCMOJIOTHUS  Ne 2 2023
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Puc. 12. (DOprI NOICATTN3NPOBAHHBIX OTKIIMKOB EZ B 3aBUCUMOCTHU OT ;.

ITapameTpbl pacueTHOI Momeu MoKa3aHbl B Ta0JI. 3.

KEHUS 3apsiKeHHOI'O0 OUMOJISI ¢ 3aJaHHBIMU Mapa-
metpamu. Mcxomst m3 pe3yabTaToOB YMCIECHHOIO
MOJIEeJIUPOBaHUSI BUAHO, YTO CKOPOCTh pacIpocTpa-
HEHUWST HWXKHEW M BepxHel o0iacTeil 3pynTHUBHOTIO
obJ1aKa omnpeaensieT TUIl 3aperuCTPUPOBAHHOIO CUT-
Haja. Tak mpy paBHOMEPHOM JABVXKEHUN 3PYNTUBHOTO

o0Jaka, Korna v, = v,, OyayT perucTpupoBaTbCsl CUTHA-
gl IIT Tuma (MonenbHast kpuBast No 1, cMm. Tab6ma. 2).

Ta6muna 2. BxomHble IapaMeTpbl MOICIMPOBAHUS OT-
kiuka V' OI1A (E,) B 3aBUCMMOCTH OT CKOPOCTU PacIpo-
CTpaHEeHMs dPYNTUBHOTO 0bJIaKa

Ne| S, M Vi, | Vo | B | By, | Oy | O, | g1, | 4

M/c | M/c | M | M |rpan. |rpan.| Ki | Ki
1(7458| 14 | 14 |1700{250| O 0 |—0.5/0.015
2 (7458 15 13 |1700|250| O 0 |—0.5/0.015
317458| 13 15 [1700{250| O 0 |—0.5/0.015
417458| 12 | 10 [1700|250| O 0 |—0.5/0.015
517458 10 | 12 |1700|250| O 0 |—0.5/0.015

Taomuna 3. BxonmHble ImapaMeTpbl MOICIMPOBAHUS OT-
KJIKa B 3aBUCMMOCTH OT yTJa o,

Ne| S, m Vis | V2 By, M hy, | O, | O, | 41, | 4,

M/c | M/c M |rpan |rpan| Ko | Kn
1(7458| 14 | 14 | 1700 |250| O 0 | —-0.510.015
2 |7458| 14 | 14 [ 1700 ({250 0.1 0 | —-0.510.015
3(7458| 14 | 14 [ 1700 (250| 0.15( O | —0.5]0.015
417458 14 | 14 | 1700 [250| 0.2 0 | —0.510.015
517458 14 | 14 [ 1700 |{250| 0.25| 0O | —0.5]0.015

BYJIKAHOJIOTUA U CEMCMOJIOTUA  Ne 2 2023

Korma ckopocTy HUZKHEN U BEpXHEU 00J1acTeil 3pyIi-
TUBHOTO OOJlaka pa3JIu4HbI, HAOJIOJAeTCs CMellle-
HHE TIOJIOKUTEIBHOTO MMITYJIbCa B OTpHUIATEIHHOMN
objacTu curHaia (MoaeiabHbIe KpuBbie Ne 2, 3, cM.
puc. 11). C yBenuueHreM pa3HOCTU CKOPOCTEM BEpX-
Heil 1 HMXKHel 006JacTh 3pyNTUBHOTO OOJlaka, Ha-
OiromaeTcst cMellleHrue (QOPMEI PEruCcTpUPYyEMOro
curHana K IV tuny (MonenbHble KpuBbie No 4, 5, cM.
puc. 11), npu 3ToM, npu v, > v, KOHUTrypauus au-
noist OymeT coorBercTtBoBaTth “N/P” u, coorBer-
CTBEHHO, IPU v, > v; KOH(pUTrypauust aumnos oyner
cooTBeTcTBOBaTh “P/N”.

PaccmoTrpum, Kakum 06pa3oM MEHSIETCSI TUTI CUT-
HaJla B 3aBUCUMOCTHU OT YIJIOB (O UL, (CM. puc. 9).
BBenenme maHHOTO IMapaMeTpa ITO3BOJSET YIWTHI-
BaThb HaIlpaBJeHHE pPaCIIPOCTPaHECHMUsI OO0IacTeil
SPYOTUBHOTO 00J1aKa oTHOCcUTEeIbHO ocu OX cornac-
HO cxeMe Ha puc. 9. /11 pacyeToB pacCCMOTPUM MO-
JIeJibHyIo KpuByio Ne 1 (cMm. Tabdt. 2, puc. 11) u BBenem
pasnuyHble KOHGUTYpaLUU YIJIOB O, M O,. B Tabm. 3
MpeacTaBJeHbl BXOMHBLIC ITapaMETpbl MaTeMaThude-
CKOI MOJIeJIU € pa3/IMYHBIMU apaMeTpaMu yIiia o.
Yron o, KOHTPOJIMPYET CMELIEHNE 3apsiia ¢, MO OCU
OY u onpenenseTcs U3 BBIPAXKEHUA v,f sin O, comtac-
Ho cxeme Ha puc. 10. Ha puc. 12 nmoka3zaHbI pacyer-
Hble KPUBbIE [UUIs1 Pa3IMYHbIX 3HaUeHUi yria o,. Ta-
KUM 00pa3oM, PU YBEJIUYEHUU CMELLIECHUS 3apsiaa ¢,
o ocu OY ero BiaussHue Ha curHas B SKR ocirabeBa-
€T, B pe3yJbTaTe Ha MYyHKT HAOJIOAEHUSI HAaBOJIUTCS
CYMMAapPHbIN MOJIOXXUTEIbHbIA UMITYJIbC, CBSI3aHHBIN

C IBM2KCHUEM 3apsaa g, Hall IYHKTOM Ha6JIIOZ[CHI/IH.

B Ta651. 4 npencraBieHbl BXOAHBIE TTapaMeTPhbl Ma-
TeMaTUYECKOM MOJIeJIU C Pa3IUUYHBIMU TTapaMeTpaMu
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Puc. 13. ®opmbl na€aNM3MPOBaHHBIX OTKIMKOB £, B 3aBUCHMOCTH OT 0.
ITapameTphl pacueTHOM MoOIEIU IMOKa3aHbl B Ta0I. 4.
YIJIa O, . DTOT yrojl KOHTPOIUPYET CMELIEHHE 3apsia SAKJIIOYEHHUE
g, mo ocu OY ¥ ONDENenseTcs M3 BIPAXEHMs KomMmrmnekcHBINT aHaMM3 3aperncTpUpPOBaHHBIX

v,t sin i, cornacHo cxeMe Ha puc. 9. Ha puc. 13 noka-
3aHbl pacUeTHbIC KPUBbIE IUIs1 PA3JIMUHbIX 3HAYCHU I
yria o,. Takum obpa3om, IIpy YBEJIMYEHUN CMELLIE-
HUS 3apsna g, no ocu OY ero BIMSHUE HA CUTHAI B
SKR ocnabeBaet, B pe3yiabTaTe YMEHbBIIACTCS TTOI0-
KUTEJIbHBIA UMITYJIbC, CBSI3aHHBINA C IBMKEHUEM 3a-

pdada g,. HCO6X0£[I/IMO 3aMCTUTb, YTO YMCHBIICHUNEC

BJIMAAHUA 3apsia g, Ipyu UISMEHEHUU yriia O, Ipouc-
XOOUT 3HAYUTCIIbHO 6LICTpCe, YEM YMCHBILICHUE BJIN-

SIHUS 3apsifia g, IpU WU3MEHEHUM yriaa Q. DTOT pe-
3yJIbTAT COMIACYeTCsl C HATYpHBIMU HAOIIOACHUSIMHU,
Mo pe3yJjibTaTaM KOTOPBIX MMOKa3aHO, YTO perucTpa-
nug 111 tunma orxkimka V' ODITA Bo3aMoXXHa TOJIBKO B
TeX ciaydasx, KOrga HYXKHsSIS 00JacTh 3pYHNTHUBHOIO
oby1aKka pacIpOoCTpaHsIeTCs Hal IIyHKTOM perucTpa-
LM BOIW3M MOACTUIAONIE TOBEPXHOCTH.

Taommua 4. BxogHble napamMeTpbl MOAEIUPOBAHUST OTKJIH -
Ka B 3aBUCHUMOCTH OT YIJIa O,

Ne| S, m Vis | V2 By, M hy, | Oy, | O, | q1, | 4o

M/c | M/cC M |rpanm| rpam | Ki | Ki
1(7458| 14 | 14 [1700{250| O | O —0.510.015
2 |7458| 14 | 14 |1700{250| O | 0.01 |—0.5|0.015
317458 14 | 14 |1700(250| O | 0.05|—0.5|0.015
417458 14 | 14 [1700{250| O | 0.1 [—-0.5]0.015
517458| 14 | 14 |1700{250| O | 0.15 |—0.5|0.015

maHHbIX V' OIIA 3a mOJroBpeMEHHBI II€pUOI Ha-
omoaeHuii B SKR (¢ 1 okTsa6pst 2018 o 1 nexkabpst
2020 rT.) TTO3BOJMII ONPENCIUTD CBSI3b BBIICICHHBIX
tunoB curHajoB (111 u IV) ¢ Tunmom popm-dpakropom
SPYNTUBHOTO 00JlaKa Ha MOMEHT, KOrga 00JIako Ha-
xonutcs B 30He peructpaiuu SKR. I1pu aToM KoH-
durypanusi oObEMHBIX BJIEKTPOCTATUUECKMX 3apsi-
JIOB B 3pYIITUBHOM O0J1aKe 11t popM (paKTOPOB THUIIA
Au B ciaenyrolasi: B BepxHeil o61acTu cQopMUpOBaH
npeo0dIagaroInii 00 beMHBIN OTPUIIATEIILHBIN 3aps,
B HIDKHEN 00J1aCTH JIOKAJIM30BaH OOBEMHBIN I10JIO-
KUTENBHBIN 3apsia. YCI0BUS BETPOBOI cTpaTuduKa-
uuu atMochepbl OnpeaessioT B3auMHOe TIPOCTpaH-
CTBEHHOE PaCIIOJIOXEHNE HMKHEH 1 BepxHeil 001a-
CTell pyNTUBHOTO 00JIaKa HA MOMEHT pEerucTpallnu,
YTO B CBOIO OUYepeb OIPEAesieT TUIT 3apETUCTPUPO-
BaHHoro curHaja V' DITA. Takue BbIBOIBI ITOATBEP-
XKIAIOTCsS pe3yIbTaTaMM MaTeMaTUIeCKOTO MOICIIM-
poBaHUsI.

Ha ocHoBaHUM pe3ylbTaToOB TOJTOBPEMEHHBIX
HaOmoaeHuit V' DT1A B SKR, 6611 3aperncrpupoBaH
IIT Tt otkimka V' DITA, KOTOpBINE BO3MOXKEH TOJb-
KO TOTIa, KOTAa 3pYITHBHOE 00JIaKO pacpoCTpaHsI-
€TCsl HaJl MYHKTOM PErucTpaluy y MOBEPXHOCTU 3eM-
JIM, 9TO TaKXKe ITOATBEPXKICHO W MPU PETHCTPaINU
V' BITA B 6mKHeli 30He OT KpaTepa ByJIKaHa D0eKo
[AkGaiieB, @upcros, 2021]. [To pesynbTaTam marte-
MaTU4YeCKOTO MOACIMPOBAHUS MMOKA3aHO, YTO PETU-
crpauusa 111 Tuma orknmka V' BITA peiicTBuTeIbHO
BO3MOXHA TOJBKO TPHU YCIOBUM PacCIpOCTPaHEHUs
SPYITUBHOIO 00JIaKa Ha/l MyHKTOM pPEeTMCTpallvu.
BYJIKAHOJIOTUS U CEMICMOJIOTUS

Ne2 2023
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Pabora nmonnepxxana rpantoMm PH® 22-17-00125 u ¢
HCTIOIb30BaHUEM TAHHBIX, MOJydeHHBIX HA YHUKAJTbHOMN
HaygHOI ycTtaHOBKe “CeiicMOMH(Pa3ByKOBOII KOMILIEKC
MOHUTOPUHTA apKTUYECKON KPUOJMTO30HBI U KOMIUIEKC
HEMPEPBIBHOTO CEMCMMUYECKOTO MOHUTOpUHTa Poccuiickoit
Deneparu,  compeneNbHBIX — TeppuUTOpUidi W Mupa”
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Results of Long-Term Observations of the Electric Field of the Atmosphere During
the Eruption of Volcano Ebeko in the Period 2018—2020
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! Kamchatka Branch, Federal Research Center “Unified Geophysical Service of the Russian Academy of Sciences”,
bulvar Piipa, 9, Petropavlovsk-Kamchatsky, 683006 Russia
2Schmidt Institute of Physics of the Earth, Russian Academy of Sciences,
Bolshaya Gruzinskaya str., 10, bld. 1, Moscow, 123242 Russia
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In order to study the processes of formation of Volume charges in the eruptive clouds of the eruptions of the
Ebeko volcano in the period 2018—2020, observations of the atmospheric electric potential gradient in the
city of Severo-Kurilsk were carried out. 179 cases were recorded when the propagation of an eruptive cloud
occurred in cloudless or low-cloud conditions and was accompanied by a response in variations of the atmo-
spheric electric potential gradient. Four types of responses in variations of the potential gradient of the electric
field of the atmosphere are revealed, it is shown that the type of recorded response is determined by the con-
ditions of propagation of the eruptive cloud relative to the point of registration, and also determined by the
relative location of the lower and upper regions of the eruptive cloud at the time of registration of the response.
At the same time, the negative volume charge prevails in the eruptive cloud, which is localized in the upper
region of the eruptive cloud, the positive volume charge is localized in the lower region. The data of field ob-
servations are consistent with the results of numerical modeling.

Keywords: explosive cloud, electrification of eruptive clouds, of the atmospheric electric potential gradient,
volumetric electrostatic charge
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