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buvino nposedeno uccredosanue 603mosncnocmeii onpedenenus ycaosuil 603HUKHOBEH U HABOOHEHUIL ¢
UCTIONL308AHUEM OOCHLYNHBIX CRYMHUKOBbIX OaHHbIX (npodykmos Meteosat Second Generation, MSG).
Lna amozo bvina npouzsedena npogepra OOCMYRHOCIU OAHHBIX, 8 M. Y. UX HAIUYUE HA KOHKPEemHbll
BPEMEHHOU nepuod u meppumopuio. ns uccredoganus ouin 6biopan noryocmpos Kpvim u
npuiezaiowue mopckue axgamopuu. Omoéupaemvle danuvie NPeOCMaABIAIU coOOU 20MO8vle NPOOYKMbL
1O HAIU4UI0 00IAYHOCMU U KOAUYecmsy ocadkos, docmyntuie Ha caiime EUMETSAT. Ompaboman
npoyecc ux nOAY4eHus U 00pabdoOmKU ¢ NOMOWLIO CNEYUATUIUPOBAHHBIX NPOSPAMMHBIX NAKEMO8 O/A
OoanvHelue2o U3yyeHus U 603MONCHOCIU NOCIe0YIOue20 COCMABNEHUs ONEPATHUGHOU KAPMUHDL
B03HUKHOBEHUs HA80OHeHuU. Tlonyuentbie pe3yrvbmamol NOKA3AAU, YMO OAHHBLE NPOOYKNIbL
B03MOMNCHO UCHOTIL308AMD OJisL OeMEKMUPOBAHUsL HABOOHEHUL, HO Mpebyemc s MuameibHblil H00X00 K
ux obpabomre u 06513amenbHOe CONOCMABIEHUE ¢ OAHHBIMU U3 OPYIUX UMEIOUUXCS UCIOYHUKOS
ungopmayuy, 8 Mom yucie Ha3eMHbIx.

Knrouegvie crnosa: nasoonenus, kiumam, uzyuenue kmumama, EUMETSAT, cnymuuxu Meteosat,
OUCMAHYUOHHOE 30HOUPOBAHUe, CNYMHUKOBOE 30HOUPOBAHUE

Using METEOSAT satellite data for flood research
E. V. Savchenko, S. M. Maklakov

Kotel 'nikov Institute of Radioengineering and Electronics of Russian Academy of
Sciences, Fryazino Department, VVvedenskogo sq., 1, Fryazino, Moscow region, Russia

A study was made of the possibility of determining flood conditions using available satellite data
(Meteosat Second Generation, MSG products). For this purpose, data availability was checked, incl.
their availability for a specific time period and territory. The Crimean peninsula and adjacent marine
areas were chosen for the study. The data selected were cloud and precipitation data products
available on the EUMETSAT website. The process of obtaining and processing them with the help of
specialized software packages has been worked out for further study and the possibility of subsequent
compilation of an operational picture of the occurrence of floods. The results obtained showed that
these products can be used for flood detection, but a careful approach to their processing and
mandatory comparison with data from other available sources of information, including ground ones,
is required.

Keywords: floods, climate, climate study, EUMETSAT, Meteosat satellites, remote sensing, satellite
sensing

BBeaenne

B nHacrositiee Bpemsi B CBSI3U ¢ POCTOM KOJIMYECTBA CTUXHMHBIX O€ICTBUN BCE OOJBIIYIO
aKTyaJbHOCTh TPHOOPETACT BO3MOXXHOCTh WX OIEPATUBHOTO HAOJIOMACHHUS W OICHKH
BO3HHMKAIOIIUX TOCaenCTBUM. OIHON U3 BaXKHBIX 337a4 B 3TOM DSy CTOUT UCCIIEIOBAHHE
YCJIOBUM BO3HMKHOBEHHMS MAaBOJAKOB W HABOJHEHUMW, MPUYMHSIONIMX 3HAYUTEIbHBIM YpOH
JKU3HEIEATSIbHOCTH YEI0BEKa.
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Spxum npuMepoMm, IPOU30LIEIIINM 32 HEJaBHEE BpeMs, CTalIl HaBOAHEHHUs jietoMm 2021
rojia Ha Y4epHOMOPCKOM nobepekse Poccun. 3HaunTenbHbIN 00bEM 0CAKOB, BBINAIaBIINN 32
KOPOTKHUHM CPOK, CTajJ MPUYUHON MOATOIUICHUS B TOpojJax U B celbCKOM MecTHocTH [1, 2]. B
JaHHOH paboTe 0OBEKTOM HCCIIEI0BaHMs ABJSIETCS HaBOAHEHUE, npousouieniee B Kppimy B
UIOHE ATOr0 rojia, puHEciee yiuepo B BOCTOUHBIX U LIEHTPAIbHBIX pailoHax MOJIyoCcTpOBa.

Bce cuctemsl, ucnonb3yemble Ui MOTYYEHUS JAaHHBIX COCTOSHUS aTMOC(Epbl, MOXKHO
NOJIpa3/ieNINTh Ha JIBE pa3JInyHbIEe MOJCUCTEMbI: HA3EMHBIE U BO3AyIIHO-KocMuueckue [3]. K
HA3€MHBIM IIOJICUCTEMAaM OTHOCHUTCSI CE€Thb METEOCTAaHUUN U IIOCTOB, PA3JIUYHBIX JaTYMKOB
Ha0JII0IeHUs TEKYIIHNX aTMOC(EPHBIX XapaKTEepPUCTUK, METEOPOJIOTUYECKUE
pasMoNIOKALIMOHHBIE CTaHIMM, MOPCKHME M OKEaHWYECKHE CTaHIUM, adPOJIOrMYECKHE,
HOHOC(EepHBbIE, TCOMAarHUTHBIE U TeMHopU3nIecKue cTaHuu u ap. Kocmuyeckas noxcucrema
BKJIIOYAET CIyTHUKU JUCTAHLMOHHOrO 30HAMpoBaHus 3emiu ([I33) u HazeMHble KOMILIEKChI
npremMa CIyTHUKOBOW MH(OpMaIuu.

B uncio mnpeuMMyniecTB  MCIOJIB30BaHMs CIYTHHKOBBIX cpencts /133 BXxoaur
ONEpPAaTUBHOCTD IOJTYYEHUSI TaHHBIX, NO3BOJIAIOIIAS [TPOBOJAUTH MOCTOSIHHBIA MOHUTOPUHI U
BOBPEMsI OTCIIEKMBATh ATH 3a4acCTYI0 KPaTKOCPOUYHBIE IIPOLECCH YPE3BbIYAHBIX IPUPOIHBIX
ABJICHUM M HX BIIMSHUE HA OKPYXAIOLIYI0 Cpely, a TakXKe TEeppUTOPUAIbHBIA OXBaT
OJIHOBPEMEHHBIX HaOJI0I€HUI, HECOTIOCTAaBUMBIN ¢ Ha3eMHBIMU HccieqoBaHusaMU. [upokuit
JIMara3oH CIEKTPAIBbHBIX KAaHAJOB W HAJM4YMe Ha OpOuTEe MEeJoro psga OJHOBPEMEHHO
(GYHKLMOHUPYIOUIMX MPUOOPOB MPENOCTABISIET OIPOMHBIE BO3MOKHOCTH ISl JI€TaJIbHOTO U
KayeCTBEHHOI'O UCCIIEJOBAHMUS.

CnyTHMKOBBIE M3MEPEHHUsS SBJISIOTCS BAXKHBIMM HUCTOYHMKAMHU CBEIEHUH O COCTOSHUU
MOJICTUJIAIONICH TOBEPXHOCTH W arMocdepbl. OcoOeHHOE 3HAYCHHE OHH HUMEIOT IPHU
CIUIOIIHOW OO0JIAYHOCTH, KOT/Ia JIPYrHe CpeAcTBa HE MOTYT IOKa3aTh YAOBJIETBOPUTENIbHbIC
pe3ynbratel. [lannsie J[33 mMO3BOJISAIOT OLEHMBATh IUIOIIAAL 3aTOIUIEHUH, pacIpeneieHue
OCaJIKOB M COCTOSIHUE PACTUTEIBHBIX TIOKPOBOB, BIIAXXHOCTh IOYBBIL, CIEAUTH 32 U3MEHEHUEM
CTOKa peK, IUIOMIAJbI0 03€p, a TaKXKe CIyKaT OCHOBOM [UIsl NPOTHO3UPOBAHUS XoOja
HABOJHEHUM, YIYYIIEHUs TMAPOJOTUYECKHMX MOJEIEW M NPHUHATHS ONEPAaTUBHBIX MEpP IO
CHI)KEHHUIO yIiepOa oT HaBoJHEHUH [4].

B Poccun cpeactBa nucTaHUMOHHOrO 30HIupoBaHus 3emun (A33) i ompeneneHus
HABOJHEHUN U MABOJKOB MPUMEHSIOTCS ¢ KoHIa 90-X romoB mpomuioro Beka. Jlanusie /133
NPUMEHSIOTCS TaKoke JUId cozaanus reouHdopmaronssix cucreM (I'MC), oObennHAOMNX B
cebe BO3MOXXHOCTH aBTOMAaTU3MPOBAHHBIX KapTOrpaQUUecKUX peJakTOpOB M CHUCTEM
ynpaBieHus: 0azaMH JaHHBIX. OTO IO3BOJIAET MOJy4yaTh KOMIUIEKCHYIO HH(OPMALUIO O
CUTYyalluH, TaK KakK ecTb OOJIbIION 00BEM HPOCTPAHCTBEHHOW HMH(pOpMAIMMU: O PETHOHE B
1IEJIOM, 3aTarllIMBAEMbIX TEPPUTOPHUAX U 00 00BEKTaX, MOABEPKEHHBIX 3aTOIIEHHIO. [5]

[Tonyyenne n oOpabOTKa CIYTHUKOBBIX JAHHBIX 3TO CIIOKHBIA IpoOIEcC, TPEeOYIOUIHii
HAaBBIKOB U 3HAHUU B ONpENENEHHBIX oOsacTsaX. JlaHHbBIE mNpeacTaBiIeHbl B Pa3IMYHBIX
dopmarax U ¢ pa3HOU CTeNeHbl0 00pabOTKH, TPeOyIOTCS JAOMOIHUTENbHBIE TPeoOpa3oBaHus
JUIsL TIONyYeHUS MacCHMBa UWTAEMbIX JaHHBIX W HX MOCIEAYIOLeHd BHU3yaIu3aluu.
HeoOGxoauMbl  HaBBIKM ~ MPOrpaMMMPOBAaHUS B pa3jIMuYHBIX  cpenax, paboTel  Co
CHEIHaIM3UPOBAaHHBIMU MPOrPaMMHBIMHM YTUIMTaMU. JlocTynm K MaccuBaM JaHHBIX TOXE
3a4acTyIO SIBJISIETCS 3aTPYIHUTENBHBIM B CBSA3M C UX OTCYTCTBHEM WJIM OTPAaHUUYEHUSAMH AJIS
myOJIMYHOTO MCTIOIB30BaHUS Y 1IEJIOT0 psjia OpraHu3aluii, cBa3aHHbIX ¢ J[33.

B nanHOl paboTe MCMONB30BANMCH MPOAYKTHI, TNOdydeHHble OT EBponeiickoit
opraHu3anui cnyTHHKOBOM Meteoposoruu (European Organisation for the Exploitation of
Meteorological Satellites, EUMETSAT), noctynHble Ha X OQHIMATBHOM caiiTe AJisl 3aKasa
yepe3 crenuanbHblii cepBuc. [IpoaykTel ObUIM CO34aHBl HA OCHOBE OOpaOOTaHHBIX JaHHBIX
cnyTHHKOB Meteosat Broporo mokonenusi (Meteosat Second Generation, MSG), xoTopsie
HO3BOJISIIOT MOJYYUTh JOCTYI K Pa3IMYHBIM JaHHBIM O COCTOSIHMU 3€MHOM atMocdepsl 3a
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HEOOXOJUMBIM TMEepPUOJ BpEMEHU C OOJBIIONW MEPUOJUYHOCTHIO (OT Mojydaca J0 CYTOK B
3aBUCUMOCTH OT TpoaykTa). [6]. Takke maHHBIE CHOYTHHUKWA HWCIHOJIB3YIOTCSA IS
METEOPOJOTUYECKOT0 MOHUTOPUHTIA U HCCIIEA0BaHUs KiuMarta [7].

Cnyrauku MSG crabuiu3upoBaHbl 1O BpalllEHUIO, YTO IO3BOJSET 3HAYUTEIBHO
yIydIuTh HaOmroAeHne 3emid. 12-KaHaIbHBIN CITYTHHUKOBBIA TETUIOBHU30p, U3BECTHBIN Kak
BpaIalONUNCs YIYUYIICHHBIM BUAUMBIA M MHQGPaKpacHbIM TEIUIOBH30p (spinning enhanced
visible and infrared imager, SEVIRI), naGmtomaeT MOJHBIA AMCK 3eMJIM C I[HKIOM
noBTOpeHHs: 15 MuHYT B 12 crnekTpajbHBIX KaHajgaX M YJIy4YHIEHHBIM MPOCTPAHCTBEHHBIM
pa3pemenuemM. Meteosat-8 Obut 3anmymeH B 2002 roxy u Meteosat-9 B nekabpe 2005 rona.
[Iporpamma MSG BKJIIOYAaEeT CEPUI0 W3 YETHIPEX HACHTUYHBIX CIYTHUKOB, CO CPOKOM
ciyx0b1 Ooiee 15 ner. [7]

Lenbto Hacrosimieil paboOThl SABISETCS MPOBEPUTH BO3MOXKHOCTH OIPENETICHUS YCIOBUMN
BO3HUKHOBCHHUS HABOIHCHHWHA C WCIOJIH30BAHUEM JIOCTYITHBIX CITYyTHUKOBBIX JITAHHBIX
(mponyktoB Meteosat Second Generation). /{7151 5T0ro HEO6X0AUMO MPOBEPUTH JOCTYITHOCTh
JAHHBIX, B T.9. JJOCTYITHOCTh HA KOHKPETHBIM BPEMEHHOW MEPHO] U TEPPUTOPHIO (TIOTYOCTPOB
Kpeim 1 mpuneratoniue akBaropuud A3oBckoro u UEpHoro mopeit), HanaauTh MPOIECC UX
00pabOTKM JJIs1 W3Yy4YEHHs] M BO3MOXKHOTO TIOCIIEAYIOIIETO COCTABICHHS OIEPaTUBHOU
KapTUHBI BO3HUKHOBEHHsI HaBOAHEHUU. [Ipu sToM Tpebyercs MpOBECTH aHAIM3 JOCTYIMHBIX
00paboTaHHBIX MPOIYKTOB, OTHOCSIINECS K HaBOAHCHUIO B KppiMy B mroHe 2021 roga Ha Ux
MH(OPMATUBHOCTh U COBMECTUMOCTh MEXKY COOOM U ¢ IPYTMMH TUTIAMU JIaHHBIX.

HcxoaHblie JaHHbIE M METOAUKA 00padOTKH

beut mpomsBenéH aHammM3 BceX JOCTYNHBIX MPOAYKTOB Meteosat Ha npeamer
BO3MOXKHOCTH MX MCIIOJIb30BaHM Ul BBIOpaHHOW 3agauu. [[nsd Tekylero uccieqoBaHus 13
apxuBHOHM 0a3bl Ha moptate EUMETSAT Obutn 0ToOpaHbI J1Ba MPOYKTA, MOAXOISAIINAX IS
paboThl W MpPENCTaBIEHHBIX B JOCTYMHOM (opmaTe Ui OCYLIECTBICHHS ONEpPaTUBHOTO
JIEKOTUPOBAHMS OOJIBIIOT0 00hEMA JaHHBIX:

1). Multi-Sensor Precipitation Estimate (MPE) —cocTouT u3 3Ha4eHU# WHTEHCHBHOCTH
OIS B MM/4ac B peaJlbHOM BpPEMEHM Uil Kaxaoro mzoopaxenus Meteosat B ncxogHom
paspelIeHny MuKceneld. AJTOpUTM OCHOBAaH HAa COYETAHUM MHUKPOBOJHOBBIX H3MEpPEHHH
NOJIIPHOTO OpOUTaIbHOIO amnmnapara u uzodpaxenuil B UK-kanane Meteosat ¢ momoIpio Tak
Ha3bIBAEMOr0 MeToJa cMmeluBaHus. bbut momyuen B nByx ¢opmarax: GRIB (GRIdded
Binary) — s oopabotku u uccrnenosanus, u JPEG (Joint Photographic Experts Group,
pacTpoBblii (popMaT AAHHBIX) — A NPOBEPKH 0OpabOTAHHBIX JAHHBIX M Kak eué OAuH
BapUaHT MX HarsAHOro oToOpaxkeHus. KonmdyecTBO 0CalKoOB SBISETCS OCHOBHBIM
napaMeTpOM ISl BBISIBJICHHSI BO3MOKHBIX HABOTHECHHI.

2). Cloud Mask —omnuceiBaeT THIT ClEHBI («ICHas» MM «0ONa4Has») HA MUKCEITHHOM
ypoBHe. Kax/plii nmukcenb KIaCCUPHUIMPYETCS KaK OIUH M3 CIEAYIONIMX YETHIPEX THIIOB:
yucrtoe HeOO Haja BOJOM, uucToe HEOO Haja cymied, obimaka MM HeoOpabOTaHHBIA (3a
npeaenaMu 3eMHoOro nucka). [8] B Hacrosimeit paGoTte 3TO BCIOMOTATEIbHBIN MapaMmerp,
BBIOPAHHBIA C LENbI0 BBIABICHUS KOPPENALUHU A MPOBEPKH MH(OOPMATHUBHOCTH IEPBOTO
napamerpa.

BriOpaHHble NMPOAYKTHI OBLTM HPOM3BEAEHBI W3 JIAHHBIX, MOJYYEHHBIX CO CITyTHHKA,
noKpheIBarotero pernon Muauiickoro okeana (Indian Ocean 41.5 degrees E), tak kak 30Ha ux
0XBaTa TaKXe BKJII0OYAeT MOJHOCTHIO U IPUYEPHOMOPCKUI PErroH.

Be6-unrepgetic caiita EUMETSAT (ero moxpasmena ¢ COOCTBEHHBIM —aJIpecOM
https://archive.eumetsat.int/) MIPEICTaBIISIeT cobOoii MPHUIIOKEHNE, IIO3BOJISIOIIEE
OCYIIECTBIISITh BBHIOOP M 3aka3 00paOOTaHHBIX CIIYTHUKOBBIX JaHHBIX B BHJE TOTOBBIX
IPOAYKTOB U3 apXHBa Opranuzanuu. [Ipy 3TOM MOXXHO OCYIIECTBUTH BHIOOP KOHKPETHOTO
MPOJYKTa, 3aaB TOYHBIM HEOOXOIMMBIM Tuana3oH JaT, BHIOpaB HEOOXOAMMBIN PErvHoH Ha
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WHTEPAKTUBHON KapTe, (hopMar MpeICTaBICHHS U3 TOCTYITHBIX BAPUAHTOB JJIsi KOHKPETHOTO
MIPOJIYKTa M Croco0 ero moiydeHus — FTP-cchulka Ha apXuB € 3aKa30M WU (PU3UYECKHMA
Hocutenb. [Ipumep nnTepdeiica BEIOOpa JaHHBIX MPECTaBIICH Ha puc. 1.
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bbin ocymiecTBiéH 3aka3 JaHHBIX U UX HoOcieAyrolas 3arpyska uepes FTP (File Transfer
Protocol). ITonyuennsie nanuble 6b6uH npezcTaBieHsl B popmare GRIB (GRIdded Binary) —
MaTeMaTHYeCKOM (hopMaTe CHKAThIX TAHHBIX, HCIIOIB3YEMOM B METEOPOJIOTUH ISl XpaHEHHUS
UCTOPUYECKHX U MPOTHO3MPYEMBIX JaHHBIX O moroje. /[ns nexkoaupoBaHUsS 3arpyKeHHbIX
JIAHHBIX OBUT HCIIOJIb30BaH SI3bIK MporpammupoBanus Python. Jlns pacmupenust ero
BO3MOXHOCTeW Ha omnepaiuoHHoi cucteme Windows 10 ObUT yCTaHOBJIEH M HCIOJNB30BaH
aucTpuOyTHB  Anaconda, BKIIOYArOIIUKA HAO0Op MOMYJISAPHBIX CBOOOIHBIX OHOJIHOTEK,
CUHXPOHHM3UPOBAHHBIX MEXIY COOOH ¢ MOMOILIBIO BCTPOSHHOI'O MEHEIKepa 3aBUCHUMOCTEH
conda, KoTophlil pa3pelaeT BOSHUKAMOUINE 3aBUCUMOCTH M KOH(IIUKTBI, KOTOPbIC HEH30S/KHbI
Opu WX OJMHOYHOH yCcTaHOBKe. Takxke TUCTPHOYTHB TO3BOJSIET YCTAaHABJIHMBATH
JIOTIOJTHUTEIIbHBIE CIIEIUATU3UPOBAHHbIE OUOIMOTEKH JUIsl PelIeHHs] y3KOHAINPaBIECHHBIX
3aJa4 M CO3/1aBaTh OTJIEIBHBIE POTPAMMHBIC CPEMbI ISl HUX, YTOOBI YIIPOCTUTH MPOIETYPY
pasperieHus: KOH(IMKTOB MEX1y MPOrpaMMHBIMH MAaKETaMU U YCKOPUTH BBHIMOJIHEHUE 3aj1a4
KOMIIBIOTEPOM. XapaKTepHOH 0COOEHHOCThIO TUCTpUOyTUBa siBisieTca Anaconda Navigator -
ato rpaduueckuii mHtepdeiic (Graphic User Interface, GUI), mo3Bonsrommii 3amyckarb
NPUJIOKEHUS, YCTAaHABIWBATh JIOTIOJHUTEIFHBIC TAKEThl, AKTHBHPOBATH W HACTPAMBATh
IpOoTrpaMMHBIE Cpebl U T.J1. 6€3 UCIOIb30BaHUs KOMaHHOM CTPOKH (puc. 2).

s 00paGoOTKM CHYTHUKOBBIX TPOAYKTOB OBUIM 3arpy’KeHbl W YCTAaHOBJICHBI B
OTAETBHOW TNPOrpaMMHOM cpene B aucTpuOyrnBe Anaconda aBa mporpaMMHBIX ITaKeTa,
co3nanHbix EBponelickum Lentpom Cpennecpounsix I[Ipornozos Iloroasr (European Centre
for Medium-Range Weather Forecasts, ECMWF). IIporpammusrii maker ecCodes mo3Bousier
NOJIb30BATEISIM JICKOJMPOBaTh M KOAWMpOBaTh JaHHble B (Gopmarax GRIB u BUFR [9].
[Mporpammusbnii maker MagiCS — 3To0 OMOMMOTEKa METEOPOJOTMYECKUX IMOCTPOCHUH JUIs
BU3yaIM3alliK JCKOANPOBAHHBIX NaHHBIX B popmaTax BUFR, GRIB u NetCDF. [10]

[Iporiecc BBIMOMHEHHUS YKa3aHHBIX MPOTPAMMHBIX TAKeTOB U OOpabOTKM JaHHBIX
IPOUCXOAMWI C IOMOIIBIO YCTaHOBJIEHHOW Ha muardopme Anaconda yrwmutel Jupyter
Notebook — wuHTepakTUBHOW BBIUMCIMTEILHOW Ccpeasl Ha 0Oase BeO-Opaysepa C
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BO3MOXKHOCTBIO BBOJIa U UCIIOJIHEHHMs1 Koja Python u pa®oThl ¢ KOHKPETHBIMH MaKETaMH C
IIOMOUIbI0 KOMaHJIHON CTPOKH ISl BBOJA KOZA.
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Puc. 2. Ilporpammusbliii uaTepeiic Anaconda Navigator

Takxe B paboTe OBLIM HCIIONB30BAHBI, KaK BCIOMOTAaTEIbHBIC WCTOYHUKH JIAHHBIX,
unpopmanusa ¢ cepsucoB MUC [2], KpbiMckoro ympapieHUs MO TUIPOMETEOPOJIOTUU U
MoHuTopuHry [1]. Ilo »TumM naHHBIM ObUIM CBEpEHBl M YTOYHEHBI BPEMEHHBIE OTPE3KU
JUBHEBBIX JO0XAEH B peruoHe sl MepBOHAUATBHOTO BBHIOOpA MepHoja 3aKa3a CIyTHHKOBBIX
JAHHBIX W TPOBEPKU TOJYYEHHOW B Xoje paboTbl uHpopManuu. MHTEHCHUBHBIE OCaIKu
Habmonanuch 16,17 wions, a takke 21,22 uroHS [2], B 3TOT MEepUOJ BHINAIO0 OCHOBHOE
KOJIMYECTBO OCAJKOB, MPUBEANINX K CHJIBHOMY HaBOJHEHHUIO. BBUIO TPHUHATO peEIIeHHE
HEMHOI'O paclIMPUTh UCCIEAYEMbIN MEPUOJ U B3ATh JJIs UcciaeqoBaHus naHubie ¢ 0 yacoB 15
utons 10 0 yacos 23 uronst 2021 roma no Bcemupuomy Bpemenu (UTC).

Iony4yeHHbIe pe3yibTATHI

B pesynbrare ykazaHHoil 00paOoTku OblTa cocTaBieHa 0a3a JaHHBIX H300pakKeHUH,
MOJIyUEHHBIX M3 JIEKOAMPOBAHHBIX MPOJIYKTOB M COXpaHEHHas B pacTpoBOM ¢opmate .png,
BKJIIOYAIOLI[ast B ce0s:

Cloud Mask — MSG — Indian Ocean 41.5 degrees E — 572 uzo0paxeHus.

Multi-Sensor Precipitation Estimate (GRIB) - MSG - Indian Ocean 41.5 degrees E — 583
HU300paKeHHUS.

JlaHHBIE TpEJCTaBICHBl HAa BBIOPAHHOM Yy4YacTKe, reorpaduieckue IpaHHUIbl KOTOPOTro
cO0O0TBETCTBYIOT 3HaueHusM oT 30 1o 50 rpamycoB ceBepHOi mupoTsl, ¥ 0T 20 10 50 rpagycos
BOCTOYHOH JOJTOTHI.

Takke 9 4YacTM CHHMKOB, COOTBETCTBYIOIIMX II€pHOJAM CO 3HAYUTEIbHOU
00JIaYHOCTBIO U OCaZKaMHM, ObUTH caenaHbl Ooliee eTanbHble H300paxenus pernoHa Kpsima
U mpuierammmx akBaropuit UEpHOro m A30BCKOTO MOpEH ¢ TpaHUIAMH, JICKAIINMH B
npezenax o0iacTu ¢ KoopauHaTamMu oT 32 10 38 rpaaycoB ceBepHOU MHUPOTHL, OT 44 10 48
rpagycoB BOCTOYHOM JOJTOTHI.

[Tonmy4yeHHble U300pakeHUs MIPECTABISAIOT COOO0H KOOPIAMHATHYIO CETKY C HAaHECEHHBIMU
YEPHBIMU JIMHUAMHU KOHTypaMu cymu. Hammune npoaykra Ha n3o0pakeHUM oToOpakaercs
CHHHMM IIBETOM IHKCeNel, BcE mpouee OenbiM. J[1st 0cagkoB Takke 0TOOpaKaroTCsl TUHUSIMU
MX KOJIMYECTBO C YKa3aHUEM B METPax 3HAYCHUN B KAJKJOU BBIICICHHON 30HE.
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[Tony4yennble M300pakKeHUs OBUIM COMOCTABICHBI MEXIYy CO0OH 1O BpeMEHH H C

uHdopManyel, TONy4eHHBIMH OT JPYTMX HMCTOYHHUKOB. XapaKTEpPHbIE IPUMEPHI
npeCTaBJIeHbl Ha puc. 3 a-0.

s

o Ih.‘lﬂ".u"- Eak LY wat W . h — £t ‘ ‘Ail -.‘. !:'I'.
Puc. 3. a. Orodpaxenne npoaykra Cloud Mask — MSG — Indian Ocean 41.5 degrees
E 16 urons 2021 roaa B 15 yacoB 43 MUHYTbI 10 MOCKOBCKOMY BpeMeHH

_.!'-‘-.

-]

Puc. 3. 6. Orodopa:xxkenne npoaykra Meteosat Multi-Sensor Precipitation Estimate
(GRIB) 16 urons 2021 roaa B 15 yacoB 43 MuHyThl 10 MOCKOBCKOMY BpeMeHH

W3 nonydeHHBbIX pe3yabTaTOB MOKHO OTMETHUTb, UTO JJaHHBIE 00 OcajKax 3a yKa3aHHbBIN
NepuoJl He B TMOJHOM Mepe COOTBETCTBYIOT HMMEIOLIeWcs MHPOpPMAaLUU, UX HAa TEPPUTOPHU
Kpeiva 16 um 17 wuioHa He oroOpaxkeHO B jJocTtaToyHoM oO0bEMe. J[lns Haumbomee
MOKa3aTeJIbHBIX MPUMEPOB OBLTH chenaHbl Oosee NoApoOHbIe KapThl ocaakoB. [Ipumep
O0TOOpaKeHUS 3HAYNTEITHHBIX OCAJIKOB B HOYb ¢ 17 Ha 18 MIOHS, IpeICTaBICH HA puUC. 4.
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Puc. 4. KapTa ocaakos B peruone, 18 utons 2021 roaa, 4 yaca 28 MUHYT 1o
MoCKOBCKOMY BpEeMEHHU

Takum 00pa3oM, MOKHO CJe€NaTh BBIBOJ, YTO YKa3aHHbIH MpoaykT Meteosat Multi-
Sensor Precipitation Estimate (GRIB) He MOXeT SBISATHCS IMOTHOCTHIO HAJAEKHBIM
CaMOCTOSITEIbHBIM HUCTOYHMKOM JaHHBIX JUIS MCCIICAOBAHUS HAIWYMs OCAIKOB U Tpedyer
00513aTEIbHOM CBEPKH C MHBIMH UCTOYHUKAMU MH(POPMALIUH.

JlanHpie 00 OOJIAYHOCTH 3a YKa3aHHBIA IEPHOJ COOTBETCTBYIOT —HMEIOIICHCS
UHPOPMALIUK ¥ MOTYT MPUMEHSTBCS Ul PA3InYHBIX paboT Kak HaI&KHBI MUCTOYHHK (pHC.
5).

Puc. 5. Kapra o0saunoctu B IlpuyepHomopckom peruone, 17 yacos 58 munyr 16
nionda 2021 roga

BoiBOaBI

Pestomupys mpopenanHyto paboTy, ObLI NMPOBEAEH aHAINU3 JIOCTYIHBIX CITyTHHKOBBIX
JAHHBIX (MPOAYKTOB Meteosat), UMEIOIKUX OTHOILIECHUE K JETEKTUPOBAHUIO HABOJAHEHHH, Ha
npumepe HaBomHeHus B Kpeimy B wutoHe 2021 roma. beutn  BeIOpaHBI MPOJYKTHI,
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OXBaTBIBAIOIINE JJAHHBIM PETHOH, KOTOPbIE MOKA3bIBAIN KOJIMYECTBO OCAIKOB M 00JIAYHOCTD B
nanHoMm perrone [Ipuaepnomopbs: Meteosat Multi-Sensor Precipitation Estimate (GRIB) u
Cloud Mask — MSG — Indian Ocean 41.5 degrees E. [ToxydeHHbIe pe3ynbTaThl IIOKa3aJId, YTO
JMaHHbIE TPOAYKTHI BO3MOXHO HCIOJB30BaTh JJsl JETEKTHPOBAHHS HABOAHEHUU, HO
TpeOyeTcst TIaTeIbHBIN MOAX01 K UX 00paboTKe M 0053aTeNIbHOE COMOCTABICHNUE C JAHHBIMU
U3 IPYrUX UMEIOIINUXCS HCTOYHUKOB HH(OpMaLUY, B TOM YUCIIe Ha3eMHbIX. Takum oOpazom,
B HACTOSIIEM CiIy4ae pPEKOMEHIYEeTCS HCIIOJIb30BAaHHE COBOKYITHOCTH HECKOJIBKUX
UCTOYHUKOB JaHHBIX, YTO TIO3BOJHUT CJieJaTh MOJYYCHHYI0 KapTUHY BO3HUKHOBEHHS
HAaBOJHEHUM JIOCTOBEpHOW. B  ganpHelmieM aBTopaMHM IUIAHUPYETCS  IIPOBEICHHE
JOTIONTHUTEJIBHBIX HCCIEIOBAaHUI € IIeNbl0 Pa3pabOTKUM METOAOB CO3/aHus OIlepaTHBHON
KapTUHBI HABOJHEHUH C HCIOJIB30BAHUEM BCEX JIOCTYITHBIX UCTOYHUKOB.

Paboma evinonnena 6 pamkax cocyoapcmeennozo 3adanus UP3 um. B.A. Komenvnuxosa
PAH.
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