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oQzqzaJlbHoro o[roHeHTa AoKTop a $uzuKo-MareMarnqecKr4x HayK
il.C. MapruruKo Ha rvccepraur4rc Borxosofi Mapuu CepreeBHhr

( I|IP ZMEHE HI4E c ITv rHI4K oB oIZ p A AAp Ho rZ I,THTE p <p Ep oM ETpwr
lnnI,I3vtIErMn14MOAErI4pOBArturA[OnEr>rcMEIrIErilil>rHA

CKJIOHAX B yJIKAHOB IIOJIyOC TPOBA KAMIIATKA), rpeAcraBneHHyro
Ha coutcKaHne yueHofi creneHl4 KaHAr4Iara Slaszro-MareMarr4rrecKprx HayK no

creqz€IJlbHocrl4 25 .00 .1 0 - feoQzs LrKa) reoQzsI4rrecKl{e MeroAbr rroucKoB
IIOJIE3HbIX LICKONACMbIX.

B Hacro.fiqee BpeMt AaHHbre, rroJryqeHHbre c r4crroJrb3oBaHlreM

I4cKyccrBeHHbIX ctIyrHI4KoB 3eulu, [n4poKo t4crroJrb3yrorc,fi Infl u3y-qleHkr1

IIpI4pOAHbIX VI TeXHOfeHHhIX [poueccoB, B TOM rrr4cJre, tlpu r4ccneA oBa:Hvru

ceficuzqecKvx 14 BynKaHr.rqecKr4x npoqeccoB.

Ha Kal{'Iarre pa6oru [o t43yrreHl4lo u MoHt4Topr4Hry BynKaHr4rrecKr4x
rpoqeccoB rlpoBoA,fir Llucrntyr BynKaHoJIorI4r4 vr ceficuoJrorr4r,r ,FO PAH vr

Karr{'rarcxzfi $wman E4zuofi reo$zszqecrofi clyx6u PAH. ,,{auHrre cerr,r
ceficuuqecK[x craHqzfi vr rocro.f,HHblx rryHKToB fno6anbHhrx Hanuraqr4oHHbrx
CnyrnnKoBblx Czcreu, MoHI4TopI4Hr aKTI4BHbrx BynKaHoB rro olrr,rqecKlaM
cIIyTHr4KOBbrM cHI4MKaM no3BoJr{roT r43yrraTb cTpoeHrle ByJIKaHOB Lr

nporHo3rrpoBaTb foToB.xquecs LI3Bep)KeHufl. O4Haxo B TpyAHoAocrynHbrx
pafiouax ua6nro4areJlbHble ceTH He AocraroqHo rrJroTHbre. lloeroMy ueo6xoAr4Mo
I4CrrOJIb3OBaTb coBpeMeHHhre clyTHr4KOBbre MeToAbr r4ccJreAoBaHr4.f,, TaKr.re KaK
cr€uxa c rprIMeHeHI{eM paAapoB c crrHTe3rrpoBaHHofi areprypofi (PCA
nnrepQepoMerpuq). Srzira orpeAe Jrfl.ercs, aKry€ubHocrb salia-q^, paccMorpeHHhrx
B rlpeAcraereHHofi pa6ore: coBeplxeHcrBoBaHr4e TexHoJr orr42r o6pa6orKt4
paAapHbIX OHI4MKoB I'nfl Teppl4Topukr Kauuarrz, Tecrr4poBaH7e rexHoJroruu c
rIpI4MeHeHI4eM OHI{MKOB p€Bnl4rlnofi Anr4Hbr BoJrHbr, pazpa6orKa MeToAoB
I4HTeplpeTarlvpt, [peAH€t3HaqeHHbIX l.rrfl u3y:qle]ts{ufl, BynKaHr4rrecKr4x vr

ceI{cMI'IqeCKI,IX IIpO qec c oB.

Ile.nr nccJreAosanufi, pe3ynbraTbr Koropbrx r43JrolKeHbr B perleH3vpyeMou

PCA cHrrMKoB,pa60re, coBeprxeHcrBoBaHne TexHoJrofr4r4 o6pa6orKrr
a4anrkrpoeaHHofi K ycJIoBI4f,M rloJlyocrpoBa Kavlvarra, pazpa6orKa HoBbrx
qLIcJIeHHbIX MoAenefi nylxaHl,IqecKl4x rlpoqeccoB vr vHTeprrpera r\krfl [onyqaeMhrx
nolefi cvelqenzfi geuuoft noBepxHocrl4 B paMKax orkrx ruo4enefi (zsyueHze
rIpI4poAhI vr xapaKTepa pasBvrrr4fl, BynKaHvrrecKr.rx [poqeccon). llocrpoeHr,re
rrl4 cJIeHHbIX MareMarl4qecKlax uoAerefi r{ccJIeAyeMbIX reoAl4HaMr4rrecKl4x



lpoqeccoB flBJIteTct aKTyaJrbHofi HayrrHofi [po6leMofi, perreHkre Koropofi
IAMeeT Ba)ItHOe TIpaKTIITIeCKOe 3HarreHr4e.

B paMKax pe€uruI3 al\uu [ocraBneHHofi rlenn AvrccepraHToM lonyrreHbr
cneAyroqr4e HoBbre HayrrHbre pe3yJrbTaTbr.

1. Parpa6oran L n o6ocHoBaHa rlyreM MaccoBoro recrrrpoBaHrrfl Ha cHrrMKax
C u L Anana3oHa rexHoJrorlrfl o6pa6orKl{ PCA cHrrMK oB) ailarrrrrpoBaHHafl K
ycJroBrrflM rloJryocrpoBa KauqaTKa. lpn o6pa6orKl,I cryrHr4KoBbrx paAapHbrx
cHI'IMKoB I{crloJrb3oBaJlct L-[nana3oH (cuyrHzx ALOS- ll2). OrvreveHo, rrro
I4Melorc-f, orpaHllqeHz.fl K rrplaMeHeHr4ro cHr4MKoB ALOS: y AnvHHoBoJrHoBoro
InarJa3oHa xy)Ke paAl4oMerpuIqecKoe pa3perleHr{e vr 6olrruoit urutepBan creuxz
TeppkITopkrr4 KaM'rarxz (l-2 pasa B roA); cHLrMKr{ B oroM A1rana3oHe [oAxo.qrr
Anfl rIpI4MeHeHus' Mero.4a rIapHbIX zurep$eporpaMM. !1t r{ccneA oBa1vrfl.
AulJaldvKu ctueuleuzfi Bo BpeMeHI4 I,IcrroJrb3yrorcr paAapHhre uzo6paxeHr4.f, C-
Avrana3oHa cnyrHl4ra Sentinel- 1 . Paspa6oraHHaf, TexHonorlr.f, rrpprMeH e;g11rfl PCA-
znrepQepoMerplIz rro3BoJlura olpeAeJII4Tb cqenapzfi o6pa6orKkr cHr,rMKoB:

Auana3oH napaMeTpoB I4 MeTOAOB Anfl rrpr4MeHeHurfl Ha reppuropkru [onyocrpoBa
KaM'rarxa. Bulz paccMorpeHbl co6urvq BynKaHz.recxofi u ceficrrnu.recrofi
aKTI4BHOCT}I, npoI4cXOAI4BrrrI4e Ha nonyocrpoBe KaM.rarrca c 2006 foAa (roa
3anycKa ALOS-1) no 2021r. 3a oror rrepr4oA yAarrocb rronyrrr,rrb noJr,f, cuerqeHzft
n BpeMeHHbIe ptAbl cMelrleHufi na BynKaHax flno crcuft Tol6avzr, Koprxc rcufi u
lllznely't. llo PCA oHI4MKaM crryrHr4Ka Sentinel- 1 sa 20lg roA BrrepBbre
orIpeAeJIeHhI CKOpOCTI4 OCeI;AIJ.LTfl noBepxHocrrr JraBoBoro rroroKa,
c$opvrzpoBaHHoro B pe3ynbrare rr3Bep)K oaufl. BynKaHa llnocrufi Tol6aqzrc B
20121013 rr. llo pesyJrbraraM l4HTeprlper ar\krvr, nonyqeHHbrM MeroAoM M€urhrx
6agonrtx lluttuit, olpeAeJleHa o6lacrr c MaKcr{Mamuofi cKopocrbro oce1aHr4fl.
rloBepxHocrl4 JIaBoBoro cJlot B paftone KoHyca Kleruns u cy6neprr4K€UrbHbre
cKopocrkl oceAaHvrn (ao 285 iuu/rog s 2017 roga,24g ruu/ro4 s 2018 roaa u26l
vrn'r/ro4 B 2019 ro4a). Cropocrr oceAaHl4f, noBepxHocrr4 B rleHrpanbHbrx vr
HIIDI(HI4X qacTf,X JIaBoBhIX rIoToKoB He [peBbIIIIaeT 80 uu/rO4. floraSaHo, rrTo
JlenvnrpaAcKoe rroJre oceAaer HeMHoro 6srcTpee, rreM Tony4cKoe.
2. [stt rrHTeprlperallun rloJrfl cMelrlenufi [ocrpoeHa HoBafl MareMarr{qecKaq
MOAeJrb ocrblBaHnq JraBoBofo rroroKa'- lllflTbrBarouafl cKopocrb
QopuupoBaHrrfl ToJrIrIlrHbI JraBoBoro cJro fl, n (onpeaeJreHHbre [o cocTaBy JraB
ByJrKaHa ff.rrocnufi To"rr6aqllK) cKpbITyIo TerrJrory KprrcraJrJr[3arlu[,
3aBl{c[Mocrlr ren"no6MKocrllr TerlJrorlpoBoAHocrg n rrJrorHocrtr or
TeMIIepaTypbIr TeMrleparypHylo 3aBl{crMocTb KoHIIeHTpaIIur Kpr{cTaJrJroB B
o6r6rvre pacrlJraBa v [poIIeHT He3aKpllcraJrJr[r3oBaHHoro Mareprr aila (crerc"rro
ulrn pacn.nan), [oprrcTocTb. floxasaHo, rrTo 6olee qeM sa 90o/o noBepxHocT7
JIaBOBO|O fIoJIfl' 3ABkTCI4MOCTb OCeAaHLrfl, OT Tonrrlr{Hhr JraBbr xoporuo o6r.scHf,ercfl



MoAeJIbro, ocHoBaHHoit ua repMl4trecKoM oxJIax(A e:avru r4 ynJrorHeHVI4 orJIo)Ke rruit
JIaBbI. Haunyurlee coorBercrBlle AaHHbrM PCA zurepQepoMerpkrr4 6rrlo
Aocrl4rHyro I'nfl npoqecca MeAJIeHHoro QopvrkrpoBaHr4fl arro.fl JraBbr (upvparrleHpre
MoIrIHocTu cro.[ B 6 M B rerreHl4e 20 4Hefi), c ropr4crocrbro 10-30% u
coAep)KaHI4eM creKJra 30-5 0%. O6tacrn aHoM€urbHo 6ucrporo oceAaHkrtr
paclonaraloTcf, B oKpecTHocTI4 npopblBa Ha6oro, rAe Bo BpeMt r43Bep)K e;gILrA

ABkIlKeHI4e paclnaBa npol4cxoAnno rro JraBoBbrM rpy6avr, ypoBeHb MarMhr B
Koropblx 6ucrpo IToHLIX arrcfl,. 3Aecr cKopocrl4 oce1a:unfl. nyq111e o6rscusrorc,f,
6rrcrprrvr Sopvu4poBaHr4eM JraBoBoro rroroxa (6 M 3a 2 glil.
3. flo cHrrMKaM cryrHrlKa ALOS-I, pa6orarcqero B AJrrrHHoBoJrHoBoM L
AIdAIIASOH€T BIIepBbIe O[peAeJIeHbI CM€III€lHnfl, IIOBSp1HOCTII ByJIKaHa
Kopnrccnnfi B pe3yJrbrare rl3BeplmeHrrfl 200V2009 rr. florasano, qro
cMeIrIeHZt B HarlpaBlrelrurkr Ha cryrHr'tK (<uo4nxr:rx>>) npeBocxogxt 25 cM u He
Moryr 6urr o6lscueHbl cJIoeM IrerIJroBbIX orJroxesnfi (r.r. cKJroHoBbre lpoqecchr
u raflHkre JIOAHLIKa AODKHbI 6:';^ttu [pI4BecrI4 K cMerIIeHuflM rrporr4BorroJro)KHoro
snara). O6ocHoBaHo, rrro vau6orree Bepo flTHas, npnrrr.rHa cMerrl ep1uit - BHeApeHr4e
MarMarrrrrecKoro Marepzura B rlocrpofiry BynKaHa. 3ro [oATBep)KAaerct
un0opua\ueit o [oBblrrleHnofi B paccMarprrBaeurrfi repvoA ceficruz.recxofi
aKTI4BHocrI'I I,I AaHHbIMI4 TerrJloBt43t4oHHhrx uccneAoBagnfi napom3oBbrx nrt6pocon.
ZurepuperallI4.fl AaHHsIX o cMelrleHuflx rroBepxHocrr4 BynKaHa Kopxnc rcuit

BbIrIoJIHeHa B paMKax MOAeJIV BHeApeHVfl, gafiicu B BynKaHr4rrecKyro [ocrpofiny,
ocHoBasuofi Ha perreHI4LI Oxa4a, Koropoe 6ulo uo4n$krrlrpoBaHo Anfl yuera
ropHoro penre$a. B pe3ynbrare perxeHl4,f, o6parHofi 3a1a-qlv rroKa3aHo, rrro
MoAeJIb Aaftrcu c uy6unofi uzxHefi KpoMKI4 0.5 r<na HaA ypoBHeM Mopf, , rJJvrpvrHofi

flo npocTklpaHrrro 1.0 KM, rro naAeHnro 2.4 KM, c yriroM na1e1vrfl or 45 .{o 60
fpaAycoB xopolxo cooTBeTcrByeT cMerrleHr4flMl, OrrpeAeJreHHbrM rro PCA
zHrep0epoMerpI4l4; pacrreruufi o6reu gafircu cornacyercr c orIeHKaMr4 Apyrr4x
aBropoB [KzproxzH vr AP., 2017], [fopaeeB, [posnzn, 2010]. Bce pe3ynbrarbr
coorBercrBylor o6renry MarMbI, [o nopflAKy Berr4rrr4Hbr panHofi 106 M3, vr

noATBep)KAaror fl4tlore3y o ToM, rrro Lr3BeplKeHurs, KopxncKofo BynKaHa 2008-
2009 rr. corpoBoxAaJrvcb BHeApeHI{eM MarMbr B ByJrKaHr4qecKyro rocrpofiry.
4. IIo cHr{MKaM crIyrHI{Ka Sentinel-lA BrrepBbre orpeAeJreHa cKopocrb
oceAauufi cJrofl rlrrpoKJracTlrqecKl{x orJror(eHufi Ha ByJrKaHe lllr.rssryq,
c0opruupoBaBurrrxcfl Bo BpeMfl rr3BeplKeHrrfl 29 aBrycra 20lg roAa: B 2020
roAy cy6neprllK€ulbHas, cKopocrb oceAanuft Aocrr{f ata385 nauhoA, s 2021 ro4y -
257 uu/rog; MorrlHocrb rrr,tpoKnacrr4rrecKrrx orJro)Ke unfi /Iocrr.rr aer 30 vr.

[tts uIccJIeAoBaHIafl rlpoqecca oceA aHufl. rrr4poKnacrr4rrecKoro rroroKa [ocrpoeHa
TepMoMexaHI{qecK€uI MoAenb ocrblBaHr4fl, rroroKa, B Koropofi yrrreHo ynnorHeHlre
ornolKelfuia 3a crrer rI3MeHeHI4.a Bo BpeMeHr,r ux nopr4crocTu u rrJrorHo cru. llpz



conocTaBJleHnld pAcqeTHbIX v peaJrbHbrx AaHHbIX yCTaHOBJIeHO, IITO TepMl.rqecKafl
KoM[oHeHTa ocel.anvrir rloJlHocrbro He o6tscH.leT ua6lroAaeMhrx cKopocreit
oce4auufi. floxasano, rrro Anfl o6t,scn elr4fl. 3aBr4carMocrr4 cKopocrr4 oceganuit
noBepxHocTl4 IIOTOKa OT MOIIIHO CTl/. rrOpOA, AocTaTorrHo npeAnoJro)Kr{Tb
ue6oluroe I43MeHeHue roplIcrocrl4 c 2019 no 2021 rl., Koropoe B 3aBvrcvrMocrr4
or Harr€urbsofi TeMrleparypbl rloroKa cocraBJrreT oT 1.5 Ao 1.7%. Pas6poc
3aBucvrMocTl4 cKopocTb oceAa]F.uit - MoIrIHocTb rIoToKa o6rqcHfleTcfl npoqecca6vr
pul3MhlBa rllapoKnacrl{rrecKl4x orJlo}Kesuit. Cle4u MHororl4cJreHHhrx rroroKoB
Xopouo BI{AHbI Ha aMrlJlnry.quofi KoMrroHeHTe paAapHbIX clyrHr4KoBbrx cHr4MKoB;

I4x noJIo)KeHLIe cornacyerc.a c naprofi MorrIHo crvr noroKa, rrocrpoeuHofi rro

AaHHbrM cnyrHlrrosofi PCA uHrepQepoMerpr4r4.

Crpyr<rypHo rvrcceprar\r4s. cocror4T u3 BBeAeHr4fl, -q'erhrpex rJraB, 3aKnroq eHufl
Lr crII4cKa III4TI'Ipyeuofr nl4Teparypbl. O6reru pa6orrr - 97 crpaHr{rl TeKcra, 2l
pI'IcyHoK, 3 ra6l,iugu. Bn6nzorpaSuuecruft cnucoK coAep)Kr{ 94 uauMeHoBap1uit.
OQopuJIeHI4e pa6oru coorBercrByer rlpeAbflBirfleMbrM rpe6on aHLrflM, Bce

LIccneAoBaHI.lt 14 pe3yJlbraTbl AocrarorrHo no4po6Ho z rroH.f,THo r43Jro)KeHbr.

3aDre.raHlrfl.

1. B pa6ore Hr4rrefo

psAaM B cpaBHeHvrvr

He foBopurcfl, o ror{HocrtI oIIeHKI.I CMeIrIeHUfi, nO BpeMeHHbIM

c rorrHocrbro alnpoKcLrMaIIZU peiurbHhrx AaHHbrx MoAenblo.
2. B npeAnoxeuuofi MareMarl4qecKofi nao4 elrut oceAaH ue y6stBaer rro oKcloHeHTe,
a B pacuerax ro uHrepQepoMerpl4la BpeMeHHbIe ptAhl arnpoK cvr;iy1upyrorc.tr

lzuefiHofi Syru<qHefi. 3ro rpe6yer AorroJrHzreJrbHbrx o6s,scH enuir.
o6qefi rroJro)Kr{relrnofi oueHKr4VxasauHhre 3aMerranvrfl. He cHrDxaror

rlpoBe.{eHHbrx r{c cneA or,anuir.
Cqutaro, rrro rIpeAcTaBJreHHaf, Al,Icceprarlufl flBJr,rlerc.fl 3aKoHrleugofi HayrrHo-
nnanu$I4Kalll4ouHofi pa6orofr, B Koropofi co4epr(r{Tcfl perueHr{e Ba}r(nofi saaaqkr)
uprerolllefi 3HarreHrle AJIfl r3yrreHuq rpupoAbr n xapaKTepa pa3Brrrr.rfl
ByJTKaHI'rqecKI'Ix [poqeccoB: pazpa6oraHa HoBas rrr4creHHafl. MoAeJrb
BynKaHI4qecKLIX npoqeccoB vI MeroAbI I4HTeplp erarluvr lonyqaeMbrx uolefi
cuelqenzfi seNaHofi noBepxHocTlz (4auHsrx crryrHr,rrosofi pa4apnofi
uHrepQepoMerpkrvr) B paMKax eroft MoAenkr.

Paspa6oraHHble coI4cKareJIeM aJlroprzTMbr u nporpaMMbr BcecropoHHe
rIpoTecTrIpoBaHbI C nCnOJIb3OBaHI4eM I43BeCTHbIX, aHaJrLrTULreCKr4X U rII4CJIeHHbrx

penreHufi, oupo6oBaHhr Ha npaKTIarrecKLIX AaHHhrx, [poBeAeHo cpaBHeHr{e c
pe3ynbraraMvr Apyrl4x aBTopoB. KopperTHoe I4crroJlb3oBaHr4e annapara
MareMarz'recKofi Quszxu u BblrrllcJlzrelrnofi MareMarr{ kr vr anpo6ar\u5 Ha
rIpaKTkIqecKI4x AaHHbIX IIO3BOJIflIOT CAeJraTb BbrBoA o nrrcorcofi cTefreHkr
o6ocHoBaHHocrl4 u AocroBepHocrl4 rrpoBeAeHHbrx r4ccneA osa1uir. Bce
pe3ynbTaTbl' [OnyqeHHble B AI4CCepTarILlr4, rroJrHocTbro oTpDKeHbr B



ony6nr4KoBaHHbrx pa6orax. OcnoBHbre pe3ynbrarhr ony6nzKoBaHbr
peIIeH3LIpyeMbIX HayrrHhrx )KypH€LrIaX u ]/l3AA:H:Zrflx Vr3 cfr?rcKa BAK, AOnO)KeHbr

a Bo"urconofi Mapnu CepreeBHbr
zHrepSepoMerpktrr 1.nfl vrsy-.reHn.fl. vr

B

HA
MexAyHapoAHbIX vr poccuircKLIx ronQepeHllz,ax. AsropeQepar coorBercrByer
coAep)KaHr.rro .qr4c cep T awu.
Cqurarc, rrro Ar4cceprarllroHHas. p
<<flpzueHeHr4e crryrHrrxosofi paAapH

MoAenI4poBaHI4fl nolefi cueqeuufi Ha cKJIoHax BynKaHoB nonyocrpoBa
KaM'IarKa), [peAcraBreHHa.s Ha coLIcKaHr4e crerleHlr KaHATIA ara essnrco-
MaTeMarI'IqecKIrx HayK ro crerlr4anbHocrkl 25.00. 10 feosus vrKa)
reoSzsl{rlecKLIe MeroAhI rIokIcKoB noJle3Hhrx I'rcKorraeMhrx, orBerraer Kpzrep r4flM
rIyHKTa 9 llono)KeHr4r o rrpr4cy)KAeHr,rr4 yrreHbrx cTerrenefi, a ee aBTop 3acny)K r4Baer
npncylr Aerrufl. zcKoMofi y.reuofi creneHz.

O $ zqzanrHrrfi orlrl oHeHT - 3 aB eAyrorqzfi ta6 oparop zefi MareMarz.re cxofi
reo0zskrKvr (De4epanbHoro rocyAapcrBeHHoro 6roA)KerHoro yqpe)KAeHr4r HayKr4
<<I4ncturyr reo$zsvIKtr ?IM. IO.[. EynaneBr,rrra Ypa6cKoro orAene H.'fl.
Pocczftcxofi aKaAeMnv HayK), qJr.-Kopp. pAH, npo0eccop, A.Q.-vr.H.

fl,, MapruruKo llerp

Ilerp CepreeBkrrr MaprurrrKo

cepreeBvr.q^, Aaro corJracl4e Ha BKJrroqeHn e cBor4x
rIepcoHEUrbHhIX AaHHbIx B AoKyMeHTbI, cBs3aHHbre c pa6orofi gnccepraUrdoHHoro
coBera, kr Lrx Aa[bHeftuyro o6pa6orKy.

(18) aBrycra 2022r.
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