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AHHoTauums. PasHoobpasHast MHGopMaUmMs 0 AVHAMUKE BY/IKAHWUYECKMX MPOLKECCOB, MOyYaemas mpy MOMOLLM
Pa3/IMYHbIX CPEACTB HA3EMHOTO U a3POKOCMUYECKOTO MOHWTOPUHIA, HY)XAAETCS B CBOEBPEMEHHON W
Ka4yecTBeHHOM 00paboTKe. TaKyld BO3MOXHOCTb  0GECNeuMBatoT  reoMH(OPMALMOHHBIE  TEXHOIOTUM,
MO3BONSAIOLME MPOBOAUTL COOP M aHaM3  MPOCTPAHCTBEHHO-OPMEHTUPOBAHHbIX  AaHHbIX. B cTaTbe
paccmMaTpyBarOTCs TEOPETUYECKME OCHOBbI OTPAaC/M HayKW, OMpeaenstoweii NpuHUMNIbl - 06ecneyeHus
MOZe/IMPOBAHMSA Te0NPOCTPAHCTBA BY/IKAHOOMACHbIX TEPPUTOPUIA, KOTOpblE MO3BO/AKOT (hOPMMPOBATL €AMHbINA
KOMM/IEKC B3aMMOOOYCNOBNEHHBIX AaHHbIX U3 Pa3/IMYHbIX UCTOYHMKOB. OAHOM M3 BaXXHbIX 3afay 6e30nacHoi
YKU3HELEATENbHOCTU HA BY/IKAHOOMACHbLIX TEPPUTOPUSX SABMSIETCA MOHWUTOPUHI AEMCTBYIOLMX BY/KaHOB U
CBOEBPEMEHHOE OMOBELLEHWE HACENEHMST B YCIOBUAX YPe3BbIYaiHbIX CUTyaumidi. B pesynbTaTe mccnegoBaHuii
BbISIB/IEHO, YTO B LENSAX MHKOPMALMOHHOTO 06ECrneyeHnst MepOnpUATUIA N0 KOHTPO/KD 3a AECTBYHOLWMMM
BY/IKaHaM/, CBOEBPEMEHHOTO MPEAYNPEeXAeHNs W NIMKBUAAUMIA MOCNeACTBUA U3BEPXKEHWA [LOMKHO O6bITh
C(hOpPMMPOBAHO TEOMPOCTPAHCTBO BY/IKAHOOMACHBIX TEPPUTOPUIA C UCMOMb30BaHWEM AaHHLIX COBPEMEHHBIX
CPeACcTB  AUCTAHUMOHHOTO — 30HAMPOBAHWS,  FEOMH(IOPMALMOHHBIX  TEXHOMOMWA, a Takke MeTOofoB
reonpoCTPaHCTBEHHOTO M MaTeMaTM4yeckoro MOfenmpoBaHus. B uUensx onepaTMBHOrO aHamM3a U
MPOrHO3VPOBaHUS ANHAMUKIN BY/IKAHUYECKMX MPOLECCOB, BAUSIOLLMX HA KIMMAT U M3MEHSIIOLLMX COAEpyKaHue
MapHMKOBbLIX ra3oB B aTMocepe M COCTOSIHME 3KOCMCTEM B LENOM, TPebyeTcs HenpepbiBHOE OOGHOB/EHWE
KapTorpagmueckoii JOKyMeHTaLIMN KafacTpa BY/IKAHOOMACHbIX TEPPUTOPUIA C TOUHOI reo1e3NYECKOIA MPUBSA3KONA.
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Abstract. Various data on the dynamics ofthe state of volcanoes obtained using diverse monitoring tools,
both ground-based and aerospace-based ones, needs timely and high-quality processing. Such an
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opportunity is provided by geoinformation technologies that allow collecting and analyzing spatially
oriented data. The article examines the theoretical foundations of the branch of science that defines the
principles of modeling the geospace of volcano hazard areas, which make it possible to form a single set
of interdependent data from various sources. Monitoring of active volcanoes and timely notification ofthe
population in emergency situations is one of the important tasks of safe life in volcano-prone areas.
The research revealed the need to form a geospace of volcano hazard areas using data from modern
remote sensing tools, geoinformation technologies, as well as geospatial and mathematical modeling
methods. This will allow information support for measures to control active volcanoes, timely prevention,
and elimination of the eruption consequences. Continuous updating of the cartographic documentation of
volcano hazard areas cadastre with accurate geodetic reference is required in order to promptly analyze
and predict the dynamics of volcanic processes affecting the climate and changing the content of
greenhouse gases in the atmosphere and the state of ecosystems as a whole.

Keywords: remote cadastral surveys, geospace of volcano hazard areas, volcanic activity, aerospace
survey, zoning maps of territories, geoinformation technologies
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BeegeHue

B uensix obecneyeHns 6e30MacHOl XU3HeAEATENbHOCTU Ha TEPPUTOPUAX, MOLBEPXKEH-
HbIX BO34ENCTBMAM BY/KaHWYECKOW [OeATeNbHOCTU, HEO6XO0AMMO BECTU MOHUTOPMHI U OCYy-
W ecTBNATbL CBOEBPEMEHHbIA aHanu3 NPOCTPAHCTBEHHO-OPUEHTUPOBAHHON MHGpoOpMaLUnM o0 Au-
HaMWKe COCTOSHMA BYJNIKAHOB. [lns yero HeobxoAMMO co3faTb reoMHPOPMALMNOHHOE NMPOCTPaH-
CTBO, C(opMMpoBaHHOe Ha 6a3e eAMHON MHGPOPMALMOHHON MOAENN, OCHOBAHHOe Ha 06U KnX
NpuUHUMNAx u efuHbIX Tpeb6oBaHuAX. eonmHpopmaLnoHHOe obecneyvyeHue AnNA COOTBETCTBUSA
3TUM TpeboBaHMAM LONXKHO:

- OblITb OCHOBOI 415 NPOBEPKM M COBMECTHOTO KOMMJIEKCHOIO MCMOMb30BAHUA AAHHbIX:
KOCMMUYECKOr0 MOHUTOPUWHTA, 3KOIOTMYECKNX HAbNAeHWIA, aspoKocMuueckoim cbemkn (AKC);

- obecneynBaTb BO3MOXXHOCTb aHanuM3a AUHaMWUKW COCTOSHUSA BYNIKAHOB W MPOrHo3a MX
N3BEPXKEHUA,

MeTofonornyeckass OCHOBa HampaBfieHUs Hayku, o6ecrneuymBarolleil aHanM3 MPOCTpaH-
CTBEHHO-OPWMEHTUPOBAHHON MH(pOPMaLMKN O ANHAMUKE COCTOAHWUA BY/NKaHOB, 6a3npyeTcs Ha Teo-
peTUYeCcKMX OCHOBAaxX reOMH(pOPMAaLMOHHOIO NPOCTPAHCTBA M er0 MOHUTOPUHTra, pa3paboTaHHbIX
B Tpygax B.l. CaBuHbix, B.I'. boHgypa, A. T. 3BepeBa, A. 1. Kapnwuka, [A. B. Jiucuukoro,
B.A. MannHHukoBa, B.A. Menkoro, B.C. Xopowwnnosa, [.B. fonrononosa, A.B. [1y6poBcKoro u
ApYyrux cneunanncToB B 06/1aCTU HayK O 3eM/1eyCTPOACTBE, KagacTpe, MOHUTOPUHIe 3eMefb pas-
INYHOTO Ha3Ha4YeHUs, a3POKOCMUYECKNX UCCNef0BaHWiA, reogesnn, kaprtorpaum n reouHgpopma-
Tukn [BoHayp, 1995; Menkuid, 1999; Kapnuk, 2004, 2013; boHayp v ap., 2005; 3BepeB, ManuH-
HuKoB, 2011; 3BepeB u ap., 2011; Aonrononos, 2020, 2021; AHTOHOB 1 ap., 2021; Ay6poBCKUiA,
2022; Khoroshilov et al., 2022; Kapnuk n gp., 2023; Xopowwnnos u gap., 2023].

Beaywyto ponb B 06ecrnevyeHUn reonpocTPaHCTBEHHbIMW JaHHLIMW UrpaeT cUMCTemMa Koc-
MUYECKOr0 MOHMTOPUHra. KoHLUenTyanbHble NPUHLUMbLI (HOPMUPOBaAHNS TaKON cUCTEMbI ChHopMY-
nuposaHbl B Tpygax B.I'. boHaypa [1995], KoTopble pa3BMBannCb MM B COBMECTHbIX MUCCMefOBa-
Huax ¢ B.M. CasuHbiM 1 K.A. KoHgpaTtbeBblM [2005], B HanpaB/ieHWN COBEPLUEHCTBOBAHUA WH-
CTPYMEHTapusa Ans matemaTuM4yeckoro MOAenuMpoBaHWs U aHann3a JUHAMWKW MPOLLECCOB B OKPY-
Xawluwen cpege, B TOM uucne Ans npeackaszaHWsa NpUpoOAHbIX KatacTpod. A.T. 3BepeB u
B.A. ManuHHuKoB [2011] yKa3ann Ha HEO6XO0AMMOCTb MOHUTOPUHIOBLIX HAbGMOAEHNIA 32 aKTUB-
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HbIMWU AUHAMUYECKUMU npoLeccaMmu, NPOTEKaLW UMM HA UCC/IefyeMbIX TEPPUTOPMAX, U paspabo-
Tanu NyTW pelleHns MHOTMX 3afay onpefeneHns COCTOAHUS CNOXHbIX Fe04MHaMUYEeCKUX CUCTEM
C MNOMOLWbI aspokocmumyeckmx TexHonoruin. A.M. Kapnukom [2004, 2013] COBMECTHO C
0.B. Nucnyknm [2023] paspaboTaHa KOHUEeNUUsA CTPYKTYPUPOBaHUS HeO6X0A4MMOro obecneveHuns
[JaHHbIMU Te0NpPOCTPaHCTBEHHbIX MoAeneil. TeopeTuyeckne OCHOBbI Npeobpa3oBaHUA reonHpop-
MaLMy B re03HaHMs Ha OCHOBE KOTHWTUBHbIX CMOCOBHOCTEN 4Ye/ioBeka Moay4vuna pasBmTue B pa-
6otax C.C. AHkeneBny n E.C. AHTOHOBA [AHTOHOB U1 ap., 2021]. TeopeTuyeckne 0CHOBbI POpPMU-
POBaHUA CUCTEMbl MOHUTOPUHIa BY/IKAHOOMACHbLIX TEPPUTOPWMIA  3an0XeHbl B paboTax
B.A. Menkoro [1999]. AanbHelilee pa3BUTUE Hay4YHbIX OCHOB OMepaTMBHOW 06paboTKM reonpo-
CTPAHCTBEHHbIX AaHHbIX MOCAYXUT obecnevyeHnto 6€30NaCHOCTM XU3HELEATE/IbHOCTU U PYHKLU-
OHUPOBAHUA CNOXHbIX TEXHOTEHHbIX CUCTEM HAa TEPPUTOPUAX, NOLBEPXEHHbLIX BO3JEWCTBUIO aK-
TWBHbIX F€0AMHAMUYECKUX MPOLECCOB, KIUMATUYECKNX U3MEHEHU, MOBLIWEHNIO KOHLEHTpaLuu
NapHMKOBbLIX ra3oB. OCHOBHblIE MPUHLMUNbLI PaLUOHaNLHOIO NPUPOLONO0AL30BaHUSA, MOLENNPOBa-
HMS OMacHbIX FeoIOrMYecKUX MPOLEeCCOB, OpraHusauum 6e3onacHoii akcnayaTauum Tpybonpo-
BOAHbIX cucTeM npeactaBneHbl B pabotax B.C. Xopowwunosa [Khoroshilov et al., 2022, Xopown-
nos u gp., 2023], A4.B. fonrononosa [2020, 2021] n A.B. Ay6posckoro [2022].

O6beKTbl ¥ METOAblI MCCNEA0BAHUS

C OpeBHUX BPEMEH OAHOI M3 BaXXHEMW WX NOTpeOGHOCTel Ntoaeid, KOTOpble XXUBYT U Be-
AYT XO3ANCTBEHHYIO AeATeNbHOCTb Ha TeppUTOPMAX, NOABEPXEHHbLIX BO3LENCTBUIO BY/IKAHOB,
ABNSETCA HEOOXOAMMOCTb HabnAaTh 38 UX cocTosiHMEM. Kax bl ByfiKaH ob6agaeT «Habopom»
crneum@urueckmx onacHbIX BO3AENCTBUIA Ha 3eMIU, KOTOPbIe 3aBUCAT B NEPBY o4yepedb OT XU-
MMWYECKOro cocTaBa MarmMaTU4ecKoro pacnnaBa, MocTynawLero K nosepxHoctn. O6ycnoBieHo
3TO Mpexje BCero reojMHaMnMyeckoin nosuunein 610K0B 3eMHOW KOPbl, K KOTOPbIM NPUYPOYEHDI
BY/IKQHMYECKMe annapaThl.

MeTogonorns GopMUpoBaHUA reonpoCTPaHCTBEHHbLIX MOAeNe BYyN1KAHOB OCHOBbLIBAETCH
Ha NIOFMYECKOM BblGOpPE Hay4HbIX FMNOTe3, CUCTEMHOM MOAXO4e U pa3paboTKe TexXHOMoruye-
CKUX CXeM [N19 aHa/nu3a faHHbIX 0 XapakTepe NpoTeKkalowWmMx npoleccoB. FeonpocTpaHCTBEHHas
cuctema Ana obecnevyeHUs aHanmM3a COCTOSIHWA BY/KaHa [0/MXHa (DOPMUPOBATLCS C YYETOM
KOMMNNEKCHOCTU MCCNef0BaHUI napaMeTpoB, XapaKTepusyrlowWwmxX MNpoLecchbl, KOTOPble MOryT
NpoTeKaTb BO BpeMsl U3BepXeHuii (puc. 1). OnpegeneHne HabnogaemMblX napaMeTpoB NPOU3BO-
ANUTCA NpWM NOMOLWM LIMPOKOrO CreKTpa pa3HoobpasHbiX UHCTPYMEHTOB M NpUOOPOB ANS KOH-
TaKTHbIX U3MEPEHUNA U AUCTAHLUOHHOTO 30HAMPOBaHUS.

MpoCcTpaHCTBEHHbLIN aHann3 OCYLLECTBMSETCSA C NOMOLWbLI NPoOrpaMmMHOro obecnevyeHus
F’MC, koTopoe peanusyeT pag PYHKUMI npeobpa3oBaHWs BEKTOPHbLIX W PacTPOBbIX MOfefNei
TeppuTOopumK. Takoro poja nporpammMbl NO3BOAAKOT aHANM3UPOBATh MPOCTPAHCTBEHHOE MOJI0Xe-
Hue 06HEKTOB, B3aMMOOTHOLLEHWE UX YacTel, 30Hbl pacnpoCTPaHEHUs MPOAYKTOB M3BEPXKEHMUIA
BOKPYr 06bEKTOB, BbINOAHATbL ONepauuun BbIYUCINTENbHOW reoMeTpumn n 06paboTky LUGPPOBbLIX
moaenein penbea u ap. [Kapnuk, 2004]. Kpome Ttoro, B F'MC npeaycMOTpPeHO MCMNONb30BaHME
NPOrpaMMHbLIX MOAYNEeN-NPUNOXEHNA, PYHKLUOHUPYIOLWMX HA OCHOBE anropuTMOB AeTepMu-
HUCTCKMX M CTOXAcCTMYECKUX MOJesNeid, a TakXe MOTyT yCTaHaBIMBaTbCA Creunann3npoBaHHbIe
NPUNOXEHNA AN aHanM3a 1 NPOrHO3UPOBaHUA CUTYaLUA.

Ha nepBom 3Tane 06paboTKu B pesyfbTaTe aHanM3a MPOCTPAHCTBEHHO-MPWBA3AHHOW WH-
thopmaumm hopMupyeTca MOAeNnb pasHoMacwWwTabHbIX (hopm penbedha Ha CKAOHAX BY/JKaHUYECKON
MOCTPOIKN, 3aTEM K XapaKTEpPHbIM TOYKaM MPMBA3LIBAOTCA AaHHbIE, MOCTynawlne B MpoLecce
MOHUTOPUHIA U MONYYEHHbIE B pe3ybTaTe 06paboTKM 1 aHanm3a. Mogenb TepPUTOPUM LONOSNHAET-
CSl HOBbIMM MpefMeTamMu - 30HAMW PUCKA, XapaKTepUCTUKaMU 06bEKTOB, PacmONOXEHHbIX Ha 3eM-
NAX BO3MOXHOrO BO3AEACTBMA NPOLYKTOB W3BEPXEHUI. [MpoCTpaHCTBEHHbIA aHainu3 Mo3BONseT
OCYLLEeCTBNATb MPOrpamMMHOe obecrneyeHune, KOTOPOe BbIMOMHAET MaTemMaTU4eckme npeobpasoBaHus
B KapTorpauyecknx Npoekumsax n KOJIMHEeCTBEHHYIO OLEHKY U3MeHeHWUI [fluceukuin n ap., 2024].
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Puc. 1. Cxema onpegeneHns reonpocTpaHCcTBa BY/IKAHOONACHbIX TEPPUTOPWI
[no Kapnuk, 2004 ¢ n3mMeHeHUAMHU]: A - MOHUTOPUHT COCTOSHMS BY/TIKAHOOMACHbLIX TEPPUTOPUIA;
b - mepegaya faHHbIX MOHUTOPUHIA B XPaHUMNLLE NPOCTPAHCTBEHHbIX AAHHBbIX;
B - uukn nepropnyeckmx HabnoaeHui 3a COCTOSHUEM BY/IKAHOOMNACHbIX TEPPUTOPUIA
Fig. 1 The scheme for determining the geospace of volcano hazard areas
[by Karpik, 2004 revised]: A - monitoring the state of volcano hazard areas;
B - transmission of monitoring data to the spatial data repository; C - cycle of periodic observations
ofthe state of volcano hazard areas

CaMbIMK NoNynspHbIMKU nporpammamu cuymtatoTea ArcGIS n QGIS. Kaptorpaguyeckue
3afaym pewaroT ¢ nomoubio Mapinfo, DataGraf, NextGIS.

M3yueHne xapakTepHbIX 0COGeHHOCTEl NPOsABAEHUA BYNKaHUYECKUX NPOLLECCOB BbIMOAHSA-
eTCA C MCMNO/Sb30BaHWEM MEPBUYHbLIX W BTOPUYHBLIX faHHbIX. Cpean HUX MOXHO 0COB0 OTMETUTb
Tonorpaguyeckme nucTtbl KapT KypunbCKUX OCTpoBOB, KamuaTCKOro nojsyocTpoBa MacliTabos
1: 50 000 - 1: 200 000, KkpynHomMacwTabHble KapTbl ocTpoBoB [aBain un KcnaHgus, npocTpaH-
CTBEHHO-NPUBA3aHHbIE [aHHbIE, MOMYyUYeHHblE MPU CbeMKax cO cnyTHMKoB (KaHonyc, ApKTuWKa-
M Ne 1, NOAA-18/19, GOES-R, Terra, Aqua, Landsat-1-9, Sentinel, FY-3D, JPSS-1, Suomi NPP,
Himawari-9, un ap.) B u1MpoBoM Buae C pasMYHbLIM MPOCTPAHCTBEHHbLIM paspeLleHreM, KOTopble
LWIMPOKO nNpefcTaBieHbl B CreunannM3npoBaHHbIX 6a3ax fAaHHbiX [[eonopTan..., 2024; Global
Volcanism Program, 2024; TEPPA TEX, 2024]. N306pa)xxeHnsa aHanu3upyTcs Ha npejMeT nomcka
NPOSIBNEHNI A BYNKaHUYECKUX MpoLeccoB (TakMX Kak TOH, TeKCTypa, (opma, y3op, accoumauuu u
T. 4.). O6paboTKa, aHanM3 U MHTerpauus NPOCTPAHCTBEHHbLIX AaHHbIX A8 AOCTUXEHUSA Leneid uc-
CNefl0BaHMA BbINOMHAOTCA NPU NOMOLW M NporpaMMHoro obecneveHuns ArcGIS u nogo6Horo.

B HacTofwee BpeMs pa3paboTaHO [OBOJILHO MHOI0 MeTOAWK, KOTOpble ob6ecneunsarT
paboTy C AaHHbIMU KOCMUYECKUX CbEMOK NPW MOMOLLU MYNbTUCMEKTPaNbHbIX, UHPPAKPACHbIX,
pagnMonoKauMOHHbIX U UHbIX CKaHWpylowmx yctpoincte [Aveni, Blackett, 2022; Campus et al.,
2022; Marti et al., 2022]. Mpu Heo6XOAUMOCTM MNOAYYEHUS AaHHbLIX C 60nee BbICOKUM Mpo-
CTPaQHCTBEHHbIM paspelleHreM WCNONb3YKTCA fAaHHble a3poPoOTOCHEMOK C pasNU4YHbIX neTa-
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TeNlbHbIX annapaTtoB, B TOM 4ucae 6eCcnuioTHbIX, a TakXe BO3AYLIHOro f1a3epHOro CKaHuMpoBa-
Hua [Chen et al., 2021; Liu et al., 2022]. 3aBepweHune paboTbl MO CO34aHNI0 TeMaTUYECKUX KapT
M TPeXMepHbIX MOfefieil OCyLLeCTBASAETCA B CNeLManu3MpoBaHHbIX KapTorpauyeckux npo-
rpammax. lMpoBepka TOYHOCTM MOLENNPOBAHUSA BbINOMHAETCA MEPUOAMYECKM B NMpoLecce none-
BbIX MCCNefOBaHN Ha COOTBETCTBYIOLWUX BY/IKaHaX.

Pe3ynbTaTbl U UX 06CYXAeHME

M 3BepXeHNa BY/IKAHOB OKa3blBAKOT CYLLECTBEHHOE BAIMAHWE Ha NPUPOLHYIO U aHTPONO-
FeHHYI0 CpeAy ¥ MOTYT NoB/ieYb 3a CO60 OrpoOMHble MaTepuanbHble MOTEPU U CYLLECTBEHHbIE
3KoNnormyeckme nocneacteus. Bce 3aTo faeT NosHOe NpaBO Hapagy C TEPMUHOM «reonpocTpaH-
cTtBo» [Kapnuk, 2013] BblgennTb OTAENbHO MOHATME - «[eONPOCTPAHCTBO BY/IKAHOOMACHbIX
TeppuTOopUii». MeonNpoCTPaHCTBO BY/IKAHOONACHbLIX TEPPUTOPUIA - 3TO MPOCTPAHCTBO, OrpaHu-
YeHHOe (hakTOpaMy BO3AEWCTBMA BY/NKAaHWYECKMX MPOLECCOB B OMNpeAeNeHHblIA Mepuof Ha
OKpYyXatoLy cpegy.

dopmupoBaHme reoMHPOPMaLMOHHOIO MPOCTPAHCTBA M0G0 HA3eMHOW CUCTeMbl Mpea-
cTaBnseT coboi co3gaHne LUGHPOBOro ABOIMHUKA, KOTOPbLIN COOTBETCTBYET MAE0N0rUN MOAENNPO-
BaHWS B paMKax npoeKkToB «LlndpoBoi 3emnm». Hanbonee MHGOPMaTMBHbLIM NMPOEKTOM ANA aHa-
NUTUYECKUX MnCCNefoBaHU B 3TOM HanpaBfieHWU ABNAeTCA FeoMH(popMauMoHHas nnatgpopma
Kopnopauun «Pockocmoc» [TEPPA TEX, 2024]. And aHanv3a COCTOAHUSA NMPUPOAHOI cpeabl K
NPON3BOACTBEHHO-TEPPUTOPUASIBHBIX KOMMIEKCOB Pa3fIMYHOro NPOCTPaHCTBEHHOro OxBaTta, Mo-
KOMMOHEHTHbIX N3MEHEHMWIA B 3KOCMCTEMAX, pa3HOo6pasHbiX NPOLLECCOB B nuToCchepe, rmapocde-
pe n atmMocdepe, TpaHchopmaunuii B pe3ynbTaTe aHTPOMNOreHHOro BO34eiNCTBMA HEOOX0ANMO Npu-
MEHSATb METOAbl NCCEL0BaHNIA, KOTOpble 6a3MPYOTCSA Ha 3HAHUAX Pa3/INYHbLIX 0Tpac/eil HayKu.

Ona popmmnpoBaHMa eAUHOr0 reoMHMOPMALUOHHOIO MPOCTPAHCTBA UCMOMNbL3YIOT COBpe-
MEHHblE TeOUH(POPMALUOHHbIE CUCTEMbI, KOTOPble 06ecrneynBaldT BO3IMOXHOCTbL KOMMIEKCHOTO
aHanmM3a reonpocTpaHCTBEHHON MHGOPMaLMM U BO3MOXHOCTb COBMECTHON paboTbl C AaHHbLIMMK
pacnpejeneHHbIM B Fpynnax ucciegoBatesneil ByJKaHUYECKMX MPOLECCOB U 3KOCUCTEMHBIX W3-
MEeHEeHU B pe3ynbTaTe UX BO3AENCTBMA Ha aTMochepy u rugpocdepy.

paHMLbl BY/IKAHOOMACHbIX TEPPUTOPUIA B MPOCTPAHCTBE BbIAENSOTCA MO pAAy Npu3Ha-
KOB, TAKMX KakK:

e 0060c06neHNe BYNKAHOTEHHbIX NAHAWANTOB MO CAEKTPanbHbIM U TEKCTYPHbIM NpU-
3HaKaM, CBWAETeNbCTBYIOLWMUM O 3HAUYUTENbHbIX WU3MEHEHUAX 3KOCUCTeM (NOBpexAeHue wunu
CBefleHne pacTUTEeNbHOCTK);

e Hanuuue cneumduyeckux ¢opm penbeda Ha TeppuTopuax, nonagasWwWunx nog onpe-
feNeHHOe BO34eNCTBME MPOAYKTOB U3BEPXEHWIA UAW MOMHOCTHH CHOPMUPOBAHHbLIX TAKMMU OT-
NOXEHUAMMU;

e ofnpejeneHne Ha CKJIOHAX BYJ/IKAHWYECKUX NOCTPOEK pPyces, No KOTOPbIM MOryT Npo-
XO0AWTb NlaBOBble, NMPOKIACTUUECKME NOTOKKN, coeraTb Nanswme Ty4m Uamn naxapsbl.

MogenupoBaHue MPOLECCOB BYNKAHWYECKUX W3BEPXEHWIA HauyMHaeTCA C OonpefeneHus
TUNa LesATeNbHOCTM U 3KCNI03MBHOCTW, CBOWCTBEHHON UCCNeyeMOMY BY/IKaHY. XapakTep Aes-
TeNIbHOCTW MpefonpefensieTcs MecTOMNONOXKeHNEM MarmMaTU4YeCKMX 04aroB B 3eMHOW Kope, 4e-
pe3 KOTOpble MPOXOAUT MarMaTUyeckuil pacnnas, - KOPOBbIX W MaHTUMHbIX (K-Tun u M-Tun)
[CbiBOPOTKMH, 2017]. 3MeHeHMe XMMNYECKOro cocTaBa MarMbl B pe3yfibTaTe MpoLEeccoB CMme-
WeHUs, angdepeHymnaLnmn, nukKsaLmm M NoJO6HLIX NMPUBOAUT K CO3[4AHUIO BYNKAHUYECKUX an-
napaToB, KOTOPbIM CBOMCTBEHHA 3 (Py3nBHAsA, 3KCMI03MBHAA NN SKCTPY3UBHAA AEATENbHOCTb.

A dy3nBHas LeATEeNbHOCTb XapakTepHa N8 BY/KAHOB, Y KOTOPbLIX BbICOKOTEMMNepaTyp-
HbliA MarMaTU4YecKnin pacnsiaB U3NMBAETCS HA MOBEPXHOCTb U3 XepS Uau TpewnH. MpoayKTbl 3d-
(hy3MBHOI [eATeNbHOCTU Yalle BCEro npefcrasBfieHbl 6a3anbTaMu. Camblil KPYNHbIA U aKTUBHbIN
npescTaBuTenb M3 3Py3nBHbIX BYNKaHOB - MayHa-/1oa Ha 0. [aBaiin: ero gesiTeNbHOCTH yaens-
eTca Hanbosblliee BHUMaHWE BY/IKAHOMOI0B. V3BepXeHune By/KaHa B HOsOpe - fekabpe 2022 roga
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Habntoganocb € reoctaynmoHapHbiXx cnyTHMKOB GOES-R. YBenuuyeHue Tenn0BOW aKTUBHOCTW B
Hayane M3BEPXEHWSA, a 3aTeM CHVDKEHWe Ha APYroi AeHb Obl0 ONpefeneHo No JaHHbIM MHPpa-
KpacHoro kaHana SWIR My/fbTUCNEKTPasbHOro MHCTPYMeHTa MSI, a TakXXe 0TCNnexusanocb ¢ no-
mouibto Tennosusopa ABI [Genzano et al., 2023]. MnowagHoe pacnpocTpaHeHne NaBOBbIX MOTO-
KOB TaK)Xe XOpOLUO OTCNeXMBaeTCa C MOMOLW b0 MHCTPyYMeHTOB OLI (cnyTHuMkn Landsat 8/9), M S|
(Sentinel-2), maHXpomMaTNUYeCKON M MHOT030HaNbHOW CHEMOYHbIX cMCTeM (KOCMUYeCKUId annapat
KaHonyc-B-VK). [eTanbHble NOCTPOEHUA penbeda, TOUHOE KapTorpagupoBaHme pasioMOB U U3-
MEPEHUA KMHEMATUKUN PACKPbITUS TPELLMH TPeBYIOT NPUMEHEHMSA a3pOCbEMOK C UCNOMb30BaAHUEM
BEPTONETOB MM 6eCNMNOTHBLIX BO34YLWHbLIX cyAoB [Mannini et al., 2024].

BONbWMWHCTBY OCTPOBOAYXHbIX BY/IKAHOB CBOWCTBEHHbI 3KCMA03MBHO-(hpeaTnyeckne
N3BepPXeHUA. VIHTEHCMBHOCTb 3KCMA03MBHOW BYNKAHWYECKOW [EATENbHOCTM XapakTepu3yeTtcs
nugekcom akcnnosmsHocTn (VEI) [King, 2024]. 3kcnno3nBHble n3BepxeHus ¢ VEI = 1-3 go-
CTaTOYHO XOPOLO M3y4yeHbl Npu HabnoaeHUAX Ha BynkaHax WTanum, Kamuyatkun n Kypunbckux
OCTPOBOB (M3BEPXEHMUS ITHbI, 3b6eko, Anampa, bonbwoe TpewmHHoe TonbavymHCKoe)
[Belousov et al., 2021; Aveni, Blackett, 2022; Calvari, Nunnari, 2024]. Ha apXuBHbIX KOCMUyYe-
CKUX CHUMKAX 3apMKCUPOBaHbl 3KCNN03UBHbIe BbIOPOCH! BY/IKAHOB. ["a30B0-Te()pOBble KOMOHHbI
NOAHUMaIOTCH HAa BbICOTY [0 HECKO/IbKUX KWOMETPOB Haj ypoBHeM mops. OCHOBHYK onac-
HOCTb MPMW 3KCM/I03UBHbLIX N3BEPXEHUAX NPEACTaBAAT 06/1IOMKM Tedpbl Pas3iMYHO pasMepHo-
cTn. KpynHblii 06N0MOYHBIN MaTepuan BblnafjaeT HeMnoganeky OT Kpatepa, nenea NepeHocuTcs B
atmocepe Ha COTHU M TbICSAYM KUTOMETPOB OT 3pYNTMBHOIO LeHTpa [Menkuii n gp., 2024].

BynkaHu4yeckaa fAeATeNbHOCTb MHTeHcMBHOCTbO VEI > 4 Habnwopganacb Ha BynKaHax

besbiMAHHbLIN, LWwueenyuy [FupuHa wn  gp., 2023; Ridolfi et al., 2023], CeHT-XeneHc
[Fink, Anderson, 2023]. Bce 3Tu B3pbIBHbIE N3BEPXEHUSA MOXHO OTHECTU K 3KCTPY3UBHbLIM, MO-
TOMY 4YTO MPWU HUX paspyllanacb BeplIMHHAA YacTb BYNKAHWUYECKOW NOCTPOWKK, KOTOpasa npej-
cTaBnana co6oli 3KCTPY3MBHbIM Kynon. [MapoKcm3manbHOe BbICOKO3KCNN03MBHOE W3BEPXEHMUE
cy6naMHMaHCKOro Tuna, npousowegwee Ha BynkaHe LWueenyu 10-13 anpena 2023 roga, pas-
PYLIWNAO 3KCTPY3MBHbIA Kynosn. Mo CAYyTHUKOBbLIM faHHbIM BbiCOTa 3pYNTUBHON KONOHHbLI npe-
BbicMna 15 KM H.Yy. M., nennoBoe 06/1aKo pacnpocTpaHMAoOChb Ha paccTosHue 6onee 3500 KM K
Bbinano Ha Kamuyatke Ha naouiagan 3280 Tbic. KM2.

CaMblM MHTEHCUBHbLIM U3BEPXXeHWEM, HabNO AaBLLIMMCA B UCTOPUYECKUI nepuos, cHnuTa-
eTcs paspyweHne Kpakatay B 1883 rogy. BbicoTy BbiGbpoca 3pynTUBHON KONOHHbI OLEHNBAKOT B
80 KM, Ha yganeHuu 150 KM OT nenna cTafo TeMHO AHeM. B3pbiB MHTeHCUBHOCTLIO VEI = 6 1
coMpoBOXfjatoliee ero uyHamu yHecnum »xusHu 6onee 30 000 yenoBek, CTepan c nuua 3eMaun
165 HacefleHHbIX NYHKTOB, & 132 HaHeCNM 3Ha4YUTeNbHbIA YPOH. 3BYK B3pbiBa YC/bIWANU XUTeE-
nn aBcTpanuiickoro r. MNepT, pacnonoxeHHoro B 2100 km oT KpakaTtay, npn6opbl, HaXo4uBLL ne-
ca B 160 Km, 3athmKcupoBanu 3ByK B3pbiBa B 172 geumbena. Y gapHas BO/Ha nocne B3pbiBa 060-
Wna 3eMHON wap 4 pasa [LbiraHos, 2024].

B cBfi3n ¢ HEOBXOAMMOCTbLIO MPOrHO3a KatacTpoPUUecKUX COObITUIA Ha 3KCTPY3UBHbIX
BY/JIKaHax BO3HUK 60/bLIOA MHTEpeC K MOAENMPOBAHUIO Kanbhepoobpasylowero M3BepXeHus
By/nkaHa OKMOK (0. ¥YMHaK, Anscka), KoTopoe npousowno B 43 rogy A0 H. 3. NMupoknactuye-
CKMe NMOTOKWM NOKPbLIIN Ha 0. Y MHaK 3eMaun nnouagbio okono 1000 km2. Bbibpoc B cTpatocdepy
601bLIOro KoNM4yecTsa nenna, cepbl U ee COeAUHEHWIA BbI3BaN M3MEHEHUA KauMaTa U BceobLliee
noxonogaHune [Peccia et al., 2023]. AHann3 NeTPONOrMYECKUX, MONEBbIX TePPOXPOHONOTrnyYe-
CKMUX, ManeoKIMMaTUYeCcKUX AaHHbIX MO3BOMSET MOLENUpPoBaTb MpoLecchl UX BO3JEWCTBUA Ha
OKpyXatuwyw cpeay [Burgisser et al., 2024].

Ecnu ¢ naBoBbIMWU M MUPOKNACTUYECKUMU MOTOKAMW H60POTLCH OYeHb C/I0XHO U 3aya-
CTYI0 HeT B TOM HeobXxoAMMOCTU, TO BbIGOP CNOCO6GOB 3aWMThl OT MenaonagoB u pacyert ycune-
HUS 3/IEMEHTOB KOHCTPYKLMW KPbILW B 30HaX BO3MOXHOr0 pasHONNaHOBOro BO3AENCTBUS He CO-
cTaBuT 60nbwIoro Tpyga. Cnegyert 3aMeTUTb, 4YTO BblMajeHue MNENOB MOBbIWAET Naofopoaue
noys. Ha BynkaHax Anang v 36eko nennsl 0671a4al0T NOBbILWEHHON PaguoakKTUBHOCTHI M NpU-
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BHOCAT B MOYBbl 06/IOMKU C 6OMbLWIMMM MO CPaBHEHUIO C APYTrUMKN 06bekTamMmu KypunbCKnx oct-
poBoB M KamuaTkm copgepxaHuem U, Th. J1.B. 3axapuxuHa ¢ kKonneramu [3axapuxuHa u ap.,
2021] npu uccnegoBaHuK NenaoB onpegenunna Hanmuue 6onee BbICOKOTO NOKas3aTens MNOTEHUM-
anbHOro NJOLOPOAUSA KYPUNLCKUX MOYB, YEM Ha NONYOCTpoBe KamuyaTka.

HecmoTpsa Ha TO, YUTO Ha CKNOHaX BYNKAHWYECKUX MOCTPOEK MPAKTUYECKU MOBCEMECTHO
MPUCYTCTBYET ONACHOCTb BO3AEACTBUA TeX MU MHbIX MPOLLECCOB, YIpoXakwLWmx 6e30MacHOCTy
XU3HEeeATeNbHOCTN NIO4ed U CTPOEHWIR, BO3MOXHOCTb MOMYYEHUS OTHOCUTENbHO [eLleBol
3Heprun Ha MNeoTIOC, BLICOKMX YPOXKAEB arpoKy/ibTyp Ha NAOLOPOAHbLIX MOYBaxX BO BCE BPEMEHA
nob6y>aanu xenaHne MCNoNb30BaTh 3TN 3eMAN ANS XO3A9MCTBEHHON AeaTenbHOCTU. B 3Toli cBA-
31 BO3HWKAET HeoOXOAUMOCTb OLLeHWTb BCE PUCKM MPU WUCMOJSIb30BAHUWM BY/KAHOOMACHbLIX 3€-
Meflb, BECTU MOHWUTOPUHI COCTOAHUA BY/IKAHOB U MOLENNPOBaTb CLEHapuUu pasBuUTUA NpoLec-
COB, KOTOpble MOTYT OKa3biBaTb HeraTMBHOE BO3AEACTBUE HA OKPYXallLlyH cpeay, rpaxpaH-
CKME U NPOMbILINEHHbIE 0BBLEKTHI.

FeonH(OpMALNOHHbIE TEXHONOTUN ANA aHanu3a AMHAMUKKM N6oro nNpupogHOro npo-
Lecca fO/HKHbI obecneynBaTb €ro MOAenMpoOBaHWE Ha OCHOBE HaKanjaMBaeMoW W CTPYKTYypupo-
BAHHOW MWHMOpMayMn 0 napaMmeTpax, OTpaxakwlMX CBONCTBA KOMMOHEHTOB CUCTEMbI
[Khoroshilov et al., 2022]. Pe3ynbTaTbl HabnlOAEeHWI MepemMelLeHMsa MacC FOpPHbIX NOpPog Mo
CK/I0OHAM aHanu3upylTCca B coyeTaHUM ¢ Tonorpadmyeckoit MHpopmauneid o penbede MeCTHO-
CTV M NaHAWAMPTHLIMYU NPU3HaAKaMU, OTpaXKalowWw MM 0COBEHHOCTU ABMXEHUSA NMOTOKOB Ha CKJO-
Hax [Xopowwunos u ap., 2023]. MoaenvpoBaHue MepeMeLLeHWiA MacC MO3BONSET ONpeAenunTb
CTeNeHb PUCKa, OCHOBbLIBAACh Ha 3HAHUAX O reonNpPOCTPAHCTBE BY/IKAHOB.

Mcnonb3oBaHMe reonHMOPMaLUOHHbLIX TEXHOMOTMA NO3BONAET CHOPMUPOBATbL e€AUHOE
NPOCTPaAHCTBO AN18 KPYNHbIX NPUPOAHO-TEPPUTOPUANBHBLIX NN NPUPOLHO-TEXHUYECKUX CUCTEM,
KOTOpble NMO3BOMIAT aHaiM3MpoBaTb AMHAMUKY WX COCTOSAAHUS MO AaHHbIM MOHUTOPUHIA U3Me-
HALWMUXxeca napameTpos (puc. 2) [Aonrononos u ap., 2021]. OcobeHHOCTAMM Pa3HOMIaHOBOrO
MOHMTOPMHIA BY/IKAHOOMACHbIX TEPPUTOPMIA onpedenseTcsd MOTPeOHOCTL B CO3AAHUWN €L4WHON
MHMOPMALMOHHOW NPOCTPAHCTBEHHOW cpefbl, OPUEHTUPOBAHHOM Ha 3ajayn obecrneyeHns 6es-
OMNacHOW >XXN3HeaeATeNbHOCTU B 30HAX C Pa3/IMYHON CTEMeHbd BO3MOXHOrO BO3[ENCTBMA NpK
N3BEPXKEHMNAX, CBOEBPEMEHHOIO OMOBELLEHUSA HACENEHWNS B YC/IOBUAX Ype3BblYalHbIX CUTyaLWi,
a TakXxe Ana nHgpopmaymnoHHoro obecneyeHns paboTbl WTaboB M OpraHoB BAacCTM.

BxogHas nHpopmauuns, Heobxoammas AN pelleHUs reonpocTpaHCTBEHHbIX 3a4ay [AHTO-
HOB U ap., 2021], o6ecneyunBaroWux MOLeNMpoBaHNe BYIKAHUYECKMX U COMYTCTBYOLWNUX UM MPO-
LLeCCOB B OKpY>KaloLein cpefe, NOATPYXKaeTca U3 XpaHUIULLA NPOCTPAHCTBEHHbLIX AaHHbLIX B BUAe
ungpoBbix kapT, 3D-mofeneit, cocTaBfeHHbIX paHee. [NS KaXAOro U3 MUCCNefyembiX BY/JKaHOB
(B 32aBMCUMOCTU OT TUMa XapaKTePHbIX AN HUX W3BEPXEHWI) NPOM3BOAUTCH BbIGOP 00BLEKTOB
HabnLeHns, a Takxe ornpefefieHNe NapameTpoB, XapakKTePM3YHOLWMX NPOLEeCcChl, NPonCxXoaaLime
B MOMEHT M3MepeHUs. Kpome TOro, npefBapuTtesnibHOlW 06paboTKe MofABepramTcs onepaTtmBHbIE
faHHble AKC, TeneMeTpuYecKUX CBELEHWUIA O KOHTAKTHbIX M3MEPeHUAX HabM4aeMblX napamer-
POB rasoaHanm3aTtopamu, Hak/lOHOMepamu, BUAeOKamepamu, TennoBuM3opaMmu u ap. npubopamu,
aBTOHOMHbIMUW METEOCTaHUUSAMU, MONEBLIMU U CTALMOHAPHBIMU CEACMOCTAHLMAMN.

CoBpeMeHHbIe BO3MOXHOCTU (POPMMUPOBAHMA TeonpoCcTPaHCTBa BY/IKAHOONACHbLIX TEpPU-
TOopuin 6asnpyloTca Ha HOBbIX MeToAax W cpefcTBax cbopa, aBTOMaTM3MPOBaHHOW 06pPaboOTKM
JaHHbIX. MeToAbl a3pOKOCMUYECKOT0 MOHUTOPUHIA 3a NOCNefHUE HEeCKONbKO NeT BbIWAN Ha
KauyeCTBEHHO HOBbI YPOBEHb B CBA3W C MPUMEHEHWEM HOBbIX CUCTEM U TEXHOMOTMIA KOCMUYe-
CKOWN CbeMKMW, Na3epHOro CKaHMpoBaHus, LM(HPOBOIN aspoCbeMKuK, B TOM YuMC/ie C UCMOJIb30BaHU-
eM 6ecnunoTHbIX NeTaTefibHbIX annapaTos.

MOHUTOPUHT TEPPUTOPUIA C aKTUBHOI BYNIKAHWYECKOW AeATEeNbHOCTbIO, BbISIBEHWE U MO-
LenMpoBaHune MPOTEKAKLWMX NPOLECCOB JO/MKHbI ObITh MOCTPOEHBI C YUETOM 3HAHUI O XapaKTepe
npoTeKalLWwmnx npoueccoB. Tak Kak UMEHHO TUN AeATeNbHOCTU onpejenseT CKOpocTb gedopma-
LW 1 BO3MOXHbIN XapakTep NpoTeKaHWsa OMacHbIX ABNeHWA. MogenupoBaHWe reonpocTpaHcTBa
BY/IKAHOOMNACHbLIX TEPPUTOPMIA Leslecoo6pa3HO BbIMOAHATL C y4eTOM TpeboBaHWU KOMMbIOTEPHOTO
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BOCMPUATUA U BO3SMOXHOCTbIO TPEXMEPHOTO MpeAcTaBieHnsa faHHbIX B cOBpeMeHHbIX TC. Mpu-
MEepPOM aHasorMYHON CUCTEMbI MOXET CAYXWUTb TeXHO0TrnYeckas Lugposas niathopma MOHMUTO-
PUHIa NPUPOAHO-TeEXHONOrM4Yeckoi cpegbl (TLLM MMTC) [Aonrononos v gp., 2022].

NukBupauns nocneacTsui
M3BepXeHus

OnoseuweHne
HaceneHus

WHpopmupoBaHne
wrabos
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W3MEHEHWA B TEONPOCTPAHCTBE BYNKAHA
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Puc. 2. TexHonornyeckas cxema MOHUTOPUHTIA BY/IKAHOOMNACHbIX TEPPUTOPUTA
(no OonrononoBy u Ap., 2021 ¢ AONONHEHUAMMU)
Fig. 2. Technological scheme for monitoring volcano hazard areas
(according to Dolgopolov et al., 2021 with additions)

MOHWUTOPUHT BY/IKAHOOMACHLIX TEPPUTOPMWIA BbINONHAETCA AN 06ecrnevyeHUs Mopenei
reonpocTpaHCcTBa BY/IKAHOB [JOCTOBEPHOI/ OMepaTUBHON MHMDoOpMaLMein 0 mapaMeTpax COCTOS-
HMS CUCTeMbl, KOTOpas MocTynaeT PerynspHo B pe3y/bTaTe pPa3HOBPEMEHHbIX KOCMUYECKUX
CbeMOK, OMy6AMKOBaHHbIX AaHHbIX 06 WCTOPUU BY/KAHWYECKOW AesATeNIbHOCTW W MPOLECCOoB,
npeacTaBAAOWMX ONACHOCTb ANA NOAeN N CTpoeHWiA. Ana anpobupoBaHMa npeanaraemoi cxe-
Mbl 06pab0TKM MHGOPMaLUN COCTABAAKTCSA MPOCTPAHCTBEHHbIE MOAENN TEPPUTOPUMN W KapThbl
30HUPOBaHUA 3eMeflb C BblAe/NlEHWEM MOA30H, COOTBETCTBYHOLWMNUX TUNY W UHTEHCUBHOCTU BO3-
felicTBMA BYNKAaHOOMACHbLIX fBAeHMWI. Vcnonb3oBaHUe MeToAa pPeTPOCMeKTUBHOIO aHanms3a Ha
OCHOBE KOCMMWYECKUX CHUMKOB CpEHEero 1 BbICOKOro paspelleHns MO3BOMINIO OLEHWUTb Mac-
WTabbl BO34ENCTBUSA OMACHbLIX ABAEHUIA Ha BynkKaHe O6EKO W COCTaBUTb KapTbl 30HUMPOBAHMUS
TEppMTOPMU N0 BYNKAHOONACHOCTU. [1poBeAeHHOe WCCMefOBaHMe MO3BOAMAO OMNpeaennTb
Hay4YHble MPUHUUNbI 30HUPOBaHUA BYNKAHOOMACHbLIX TEppUTOpPUIA. B rpaHuuax BblAensieMblX
NOA30H cneayeT NPUMEHATbL onpejeneHHbie 0OpeMEHEHUA Ha MCMOMb30BaHWE 3eMeflb, a Takxke
NpPoOu3BOANTbL MEPEOLEHKY WX KagacTpoBOW cTommocTu [BepxoTypoB, 2024]. KoppeKTHble AaH-
Hble 415 MOLENMPOBaHUA ONacHbIX MPOLECCOB MO3BONAIOT NOHATH MacWTabbl NPeACTOALLMX Ka-
TacTpouMUecKUX COBLITUA M MakKCUManbHO MOBbLICUTH 6E30MACHOCTb XU3HEAeATeNbHOCTN NH0-
[ei n coopyxxeHuii [Masaposuy, Cokonos, 2022].

[ns no6oro BynKaHM4Yeckoro amnnapara XapakTepHbl CBOWCTBEHHbIE TO/IbKO eMy (hm3unye-
CKMe MmpoLecchbl, KOTOpble TONbKO B 06W KX YepTax MOryT NMPOMCXOAUTb Ha BY/JKaHAX aHanorMyHoro
Tuna. CnefoBaTenbHO, ANS MOAENMPOBaHMA NPOLLECCOB Ha ONpefeneHHOM BynKaHe TpebyeTca Tuia-
TeNbHOe McCefoBaHMe MPOLECCOB M NOMyYeHUe [OCTOBEPHbLIX MCXOAHbLIX AaHHbIX. Mogennposa-
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HWe pacnpocTpaHeHWs naxapoB W NyTel ABMXEHWUA NUPOKIACTUYECKUX MOTOKOB MPOM3BOAUMIOCH
ans BynkaHa Murep (BputaHckas Konym6us) ¢ mcnonb3oBaHWeM LUKPOBLIX MOAenein penbeda
[Warwick et al., 2022], koTopble 6bliM NOCTPOeHbIl MO0 faHHbIM LIDAR n SRTM c paspelueHunem
30 m [[yceB u ap., 2022; PsizaHoB, KynarunHa, 2022]. Bonbloe KOAMYECTBO MOAENeNn N KapT BY/Ka-
HOOMacHOCTU NpefjcTaB/ieHOo B 6a3e faHHbIK Ha Beb-caliTe MexAyHapoLHOW accoumaumnmn ByaKaHo-
norun n xumun Hegp 3emnu (IAVCEI) [Ogburn et al., 2023]. OueHKa ANHAMUKKM 3KOJIOFMYECKONA
06CTAaHOBKUN N M3MEHEHUI 3KOCMCTEM KaK Ha Cylle, TaK U B OKpY>XXaloLnMx Mopsax 1 atmocgepe no-
cne BO3JeNCTBUSA pacnpocTpaHeHMs NPOAYKTOB N3BEPXEHUI 1 gerasaunu 3emamn B 30HaxX pas3/ioMoB
MOXET MNPOU3BOAMTLCA C MOMOLLLID aHanm3a reonpocTpaHCTBa BY/NKaHOB [Menkuii, BepxoTy-
poB, 2022; Chen et al., 2022; IyceB, 2023; Bisson et al., 2023; Tesfaye, 2024]. BonbLLIOA UHTEpPEC
npeAcTaBfseT aHaIN3 KAMMATUUYECKUX U3MEHEHUI B YCNOBUAX BbICOKOrOpbA Ha BYJ/IKaHax Mo Cpa.-
HEHWIO C APYTMMU TOpHbIMK pernoHamn [bekmyp3saesa u gp., 2022].

BHe BCAKMX COMHEHWI, Hanbonee MHHOPMATUBHLIM MCTOYHUKOM aKTyaNibHOW M 06beK-
TUBHOW WMHGOpPMALMU MPU MOHUTOPUHIE BYNKAHOOMACHbIX TEPPUTOPUI CAYXAT MaTepuansl
aspo- M KOCMUYECKUX CbEMOK. KOHEYHO, MeCcTOMNOI0XEeHUE CNYTHUKOB Ha opbmuTax u TexHuue-
CKMe BO3MOXHOCTM CbEMOYHOI anmapaTypbll He BCerfga Mo3BOSIAKOT HENpPepbIBHO OTCAEXUBATb
OMHaMUKYy BCeX MPOLECCOB Ha aKTUBU3MPYIOLLEMCA BY/KaHe, NMO3TOMY KPOME KOCMWYECKOro
MOHUTOPMWHTIa BefeTcsA c60p AaHHbIX Ha3eMHbIX HABGNHAEHNIA.

MepBbIM NPU3HAKOM aKTUBM3ALWMW ByfiKaHA U ABUXKEHWUA MarMbl B NOABOASALLEM KaHasne
ABNAETCA YBE/IMYEHMNE KOMMYECTBA U SHEPreTUKMU BYNKAHOTEKTOHUYECKUX 3eMeTpsaceHunid. Mo-
Xanyi, cambiM 3PMEKTUBHLIM CNOCOOGOM BbISIBEHUSA NEPBbIX NPU3HAKOB NPeACcTOoALLero n3sep-
XEHUS ABNAOTCA CeMCMUYeCKMe HabNAeHNS, KOTOpble BEAYTCA MpW MOMOLWM AaTYMKOB aBTo-
HOMHbI/ ceiicCMOCTaHUWIA, NepejarWwnx gaHHble N0 pagMokKaHanaM, a TakXXe nNpubéopos cTaymo-
HapHbIX CTaHuWiA. POl BYNKaHOTEKTOHWYECKMX 3EMETPACEHWI A O0ObIYHO pacrno3HaeTcsd Mo
MeHbLUEN cune n 60nblIe YacToTe APOXKAHUA, YEM OT/IMYAETCA OT TEKTOHUUYECKUX TONUKOB, Y
KOTOPbIX HANpPsXXeHWUs, HaKoM/eHHble B TeYeHUe NPOLO/DKUTENIbHOIO Nepuoja nokKos, NPomncxo-
[OAT B pe3ynbTaTte O4HOI0 UM HECKONbKUX CUbHBLIFX TONYKOB M apTepllokoB. B KayecTBe npu-
Mepa CeiicMOIoOrnYecKuX Habnof4eHNId 3a 3eMIETPACEHUAMU, NPEALECTBYOLIMMMN U3BEPXKEHNIO
BY/IKaHa, MOXHO MNpejcTaBUTb pe3ynbTaTbl MPOCTPAHCTBEHHO-BPEMEHHOTO aHanu3a faHHbIX 0
rnyo6uHe rMNOLEHTPOB BbIAENEHNS CECMMUYECKO 3HepruyM B nepuofdbil 3a HECKONbKO MecsLeB
0O  UM3BEPXEHWS U BO BpeMs aKTUBU3ALWUU 3PYNTUBHOW [EATENbHOCTU, BbIMOJHEHHOIO
C.N1. CeHIOKOBbLIM C Konneramm (puc. 3).

BbI6poC packaneHHbIx 60M6

0T CseueHue B KpaTepe ~n”~l.OL.OS 5%
TepmasbHasa aHoManms
t0 -- 5
15.01.05
12.01.05

|.O -

-15
4o+

08.01.05 --25

01.10.04 01.11.04 01.12.04 01.01.05 01.02.05

[ata
Puc. 3. MpocTpaHCTBEHHO-BPEMEHHOW aHann3 BblAeIeHNS SHEPTUM B TUNOLEHTPax 3eMIeTPACEHWA ByIKaHa
KntoueBckoii 3a nepuof ¢ 01 ceHTs6psa 2004 r. no 27 deBpansa 2005 r. (no CeHoKoBY 1 ap, 2008)
Fig. 3. Spatial and temporal analysis of energy release in earthquake hypocenters of Klyuchevskaya
volcano from September 01, 2004 to February 27, 2005 (by Senyukov et al., 2008)
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VMH(popmaumna o AMHaMnKe MepeMelleHnsa LeHTPOB BblJe/IeHHON CeliCMUYECKOn 3Heprum
(u. B. C. 3.) PErncTpMpyeTCa KakK pou 3eMNEeTPACEHUIA B TeYeHUe KaXAblX CYTOK. B utore 6bino
yCTAHOBMAEHO, 4YTO rny6uHa MECTOMONOXEHUS LEeHTPOB M3MeHsinacb oT 30 KM A0 -5 KM Hap
YPOBHEM MoOps. BbigeneHHasa ceicmuyeckas aHeprusa nepeg mnssepxxeHmem 2005 roga HapacTana
oT 105 g0 1011 4x. NccnepgosaHua C.J1. CeHIOKOBaA C KO/M1eramuy nokasanu, 4To MepemMeLyeHune
L. B. C. 3. B BEPXHIOK 4acTb BY/IKaHWYECKON NOCTPOIikKM KNHO4YeBCKOro By/ikaHa MPOMCXOANUT 3a
HECKONbKO [Hel [0 Hayana M3BEPXEHMWSA, 4YTO MO3BONSAET CUYMTaTb 3TOT MPOLECC HAAEXHbIM
npesBecCTHUKOM AN NPOrHo3a n3sepxxeHnit [CeHOKOB 1 Ap., 2008].

[aHHble AKC 1 ceicMOnornyecknx HabnogeHuii 4oNonHATCA MHpopMaLmnen ¢ Buageoka-
Mep HabnwaeHUs, HaKIOHOMEPOB, ra3oaHanuM3aTopoB U APYrux NpuGopoB U JATYMKOB, YCTAHOB-
NEHHbIX HEMOCPeACTBEHHO Ha HabntogaeMoM 00bEKTE UK B Npedenax NpsiMoii BuanumocTtu (puc. 4).

c, n o'tai 1 etru IVS FEB RAS Geoportal. Volcanoes of Kurile-Kamchalka Island Aic. Webcams

Main ' Monitoring of volcanoes ~ Weocams

Current Volcanic Activity

KVERT information
Releases

Danger prognosis for
aviation

X Webcams

Avacftnsky Ebeko
Bezymianny Webcam ol KB GS RAS Gorety
1kanp/30TT Webcam of IVS FEB RAS
a Ebeko Bczymianny lkanpWrr
Gorety Webcam of KB GS RAS
KiZinen 1 kagp/30TWw

Kiyuchevskoy
Koryaksky

Maly Semyachik
Mutnovsky

Piosky Tolbachik

Sneveluch Maly Somyacftik
Weocam of KB GS RAS
Zhupanovsky Koryaksky 1 kagp/30TwW Mutnovsky
Webcam of KB GS RAS Webcam of KB GS RAS
1 kagp/30TWw 1 kapp/30TWw

IVS FEB RAS Geopottal, Volcanoes of Kurile-Kamchatka Island Arc

Koryaksky Volcano Location 53“16*15" N 158°4243* E. Elevation 3456 m
View from IVS FEB RAS buWing (Petropavlovsk-Kamcnateky, 30 <m to the south-wesl from the volcano)

Size ofimage: 2048x1536
Service started on 2009-03-15
Frame frequency 1«wp/30TT

r. Webcam ol KB GS RAS
Puc. 4. MOHMUTOPUHT 06LLEr0 COCTOAHUSA BYyNIKaHOB KaMuaTky BujeoKamepaMun: a - nHTepdgeiic
reonopTana IHCTUTyTa BynKaHonorum un ceiicmonorum ABO PAH; 6 - Bug Kopsikckoro ByskaHa
B flekabpe 2024 ropa [FeonopTan..., 2024]
Fig. 4. Monitoring ofthe general condition of Kamchatka volcanoes with video cameras: a - interface
ofthe geoportal ofthe Institute of Volcanology and Seismology ofthe Far Eastern Branch ofthe Russian
Academy of Sciences; b - view ofthe Koryak volcano in December 2024 [Geoportal..., 2024]
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[eTanbHble CbeMKWM TMPOBOAATCA Ha BYyJIKAHAX, KOTOPble 4acTo MocewarwTcs wu
nNpeAcTaBAsOT KaKyr-M1n60 Cepbe3HY 0NacHOCTb AN X03S9MCTBEHHON aeaTenbHOCTM (puc. 5).

Puc. 5. ConbaTtapHoe nosie BynkaHa MeHaeneeBa Ha 0. KyHawunp: a) Ha hoTtorpagpun
(hboTo B.A. Menkoro); 6) B BUAe TPeXMepHOI MoAeNun, MOYYEHHO Mo MmaTepuanam
unposoin aspooTocbemkn (LLA®DC BbinonHeHa A.A. BepxoTypoBbiM), B BE6-HTepdeiice
nporpammMmHoro o6ecrnedeHusa TLUM MMNTC [Aonrononos u 4p., 2022]

Fig. 5. The solphataric field ofthe Mendeleev volcano on Kunashir Island: a) in a photograph
(photo by V. A. Melkiy); b) in the form of a three-dimensional model obtained
from digital aerial photography (Digital aerial photography performed by A. A. Verkhoturov),
in the web interface ofthe "Technological digital platform for monitoring the natural
and technological environment™ software [Dolgopolov et al., 2022]
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3aK/yeHne

B pe3ynbTaTe Nony4yeHbl CNefyloWne 0OCHOBHbIE Pe3ynbTaThl:

1. CchopmynmpoBaHO onpefeneHne reonpocTpaHCcTBa BY/IKAHOOMACHbIK TEPPUTOPUIA.

2. MoAaTBepXaeHo, 4YTo AaHHble 33 ABNAOTCA Hanbonee BaXXHbIM UCTOYHUKOM 0ObEK-
TUBHOWN W aKTyanbHOW MH(OPMaLUN NPU MOHUTOPUHIE BY/IKAHOONACHbLIX TEPPUTOPUIA, KOTOpPbIE
MOTYT UCNONb30BaTbCA ANA:

- (hopMuUpoBaHMA reonpoCTPaHCTBEHHbLIK MoJefell BY1KAHOB C MCMNO/b30BAHWEM BbICO-
KOTOYHbIX LMK POBbLIX MOAENeN penbeda;

- MOHMWTOPWUHIa TepMalibHbIX MAOWAA0K AUCTAaHLNOHHbIMYU MeToAaMWN B MHPPaKpPacHOM
AnanasoHe 31eKTPOMarHUTHbIX BOJH;

- (opmupoBaHusa 6a30BON MynbTUMacW TabHOW NPOCTPAHCTBEHHO OCHOBDbI;

- 06HOBNEHMA eANHOI LU(POBOIN KapTorpaMUYeCcKon OCHOBHI;

- 30HMPOBAHUSA TEPPUTOPMUN MO CTEMEHU ONACHOCTHU;

- peweHMa 3ajay OLEHKW 3KONOrMYecKol 06CTAHOBKM W ee AMHAMWKKU B pe3ynbTaTe
BO34EeMCTBUSA BYIKAHWYECKUX U3BEPXKEHUIA;

- perynsipHblil HabnaeHUid B PagnOBONIHOBLIX AMamnasdoHax 3a paspylleHMem 3KCTpY-
3UBHbIX KYMOJ/IOB, 0COGEHHO MPW HaIMUYUK CANOLWHOW 061a4HOCTM.

3. BbiiBNeHbl NOTPEOHOCTU B UCTOYHMKAX AAHHbIX, HEOOXOAMMbIX MPU NOCTPOEHUUN CU-
CTEM MOHUTOPUHIA BY/IKAHOONACHbLIK TEPPUTOPUIA.

B KauecTBe nmpumepa MOJenn BynKaHa WM 30HMPOBaHUA TeppuTOopuK, Monagarolleid nofg
BO3jelcTBUE WHTEHCUBHOCTH BYIKAHNYECKNX npoweccos n NPOCTPaHCTBEHHOTO
pacnpocTpaHeHUs NPOAYKTOB W3BEPXEHWN, MOXHO MPMBeCTH paboTy MO BbIABNEHUIO XapaKTepa
NeATeNbHOCTW 3PYNTUBHOIO LEHTpa BynkaHa 36eko. B pesynbTaTe ucCnefoBaHMA Oblnu
BbiIB/IEHbl 30Hbl CW/IbHOTO, CpeAHEero u cnaboro BO3AeWCTBUS, a MO34Hee OMpeAeneHsl
NPUHLUWNbI U OCHOBHbIE KPUTEPUUN 30HUPOBAHUA BYIKAHOOMACHbLIX TEPPUTOPUIA.
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