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B I'eodmsmueckom nierrpe PAH (I'Ll PAH) pa3paboTan HOBBIN TOIX0 K aHAIH3Y U 00paboTKe reonpoCcTpaHCTBEHHBIX
JTAHHBIX, OCHOBAHHBIM Ha CO3JaHUM MHOTOMUCIHMIUIMHAPHOW aHamuTHdeckoit [ MIC. OnHa peanusyer GpyHKIUU oOpa-
OOTKH, aHAJIHM3a ¥ TPE/ICTABICHHSI TEONPOCTPAHCTBCHHBIX JAHHBIX, ISl 00SCIIEYEHUS] COBMECTHBIX MEXKTUCIHILTHHAD-
HBIX UCCIICIOBAaHUH B 0OacTy Hayk o 3emite. JlaHHBII moaxon moapasyMeBaeT oobequHenne TexHonoruit [ UC u anro-
PUTMHUYECKUX MPOTPaMMHBIX CPEICTB, MOCTPOCHHBIX METONaMHU AUCKPETHOTO MaTeMaruieckoro ananusa. B I'T] PAH
HAKOIUICHBI 3HAYUTEIILHBIC 00BEMBI IeOMPOCTPAHCTBEHHBIX JaHHBIX. B HacTosIiee Bpemst 0a3a reonpoCcTpaHCTBEHHBIX
nmasHEIX [T PAH comepxut 6omee 230 TemaTHdecKuX CIIOeB MO 19 kateropusM W BKIOYAET B ceOs TaHHEIC, TIONTY-
YeHHBIE METOaMHU JIMCTAHIIMOHHOTO 30HAWpOoBaHUsA. Hampumep, oHa comepxuT HouHble orau 3emun (1992-2010);
CpeIHEMECSYHBIE TTOJIS CTFIOYEHHOCTH MOpcKoro JipAa (1982—2009 rr.) mo JaHHBIM MUIO0THOTO MpoekTa [TTobansHOTO
9KCIIEPHMEHTA 110 YCBOCHHUIO OKeaHorpaduuecknx gaHHbIX (GODAE) mo u3y4eHuto B BEICOKOM pa3pelIeHuH TeMIIe-
parypsl Mopckoii moBepxHOocTH GHRSST-PP.

KiaroueBrle ciioBa: AUCTAaHIIMOHHOC 30HAUPOBAHUC, FGOI/IH(I)OpMaIII/IOHHLIC CHUCTCMBI, FI/IC, MMPOCTPAaHCTBCHHLIC TaH-
HBIC, 06pa60TKa TCONMPOCTPAHCTBCHHBIX JAHHBIX, I[HCerTHLIﬁ MaTeMaTHICCKUHA aHaJIu3.

BBenenue

B TeueHne MHOTMX JIET BEIETCS HENPEPBHIBHBI MOHUTOPUHI COCTOSHUS BCeX (PU3UUECKHUX
obosouek 3emuu. K HacTosieMy BpeMeHH HAaKOIUIEH 3HAYUTEIbHbIN (POHI JTaHHBIX AUCTAHIIMOH-
HOro 30HAUpoBaHus 3emiH (/]33), kKoTopble MOTHOCTHIO MOKPHIBAIOT BCIO TOBEPXHOCTh 3eMIIH (3a-
Y4acTYI0 C MHOTOKpaTHbIM nepekpbiTieM) (CaBunbix, [lBeTkoB, 2001). Jlnsa apdexTuBHON pabOThI
¢ ganHbIMH J133 Heo0xoauMo 06eceynTh BO3MOKHOCTD OBICTPOTO Mepexoia OT MpeiBapUTEeIbHOM
00pabOTKH U TEMaTUYECKOro AeMn(PUPOBAHUS K BHIMOJIHEHUIO UX MPOCTPAHCTBEHHOTO aHAJIN3A.
B cBs31 € 3TUM aKTyaJbHBIM CTAHOBUTCS CO3/IaHHE COBPEMEHHBIX IeOMH(POPMAIIMOHHBIX CHCTEM
(FHUC), npenocTapasonMX JOCTYI K JaHHBIM Pa3IMYHON TEMATHKH M MO3BOJISIFOIIUX BBIMTOIHATD
KaK TPUBHAJIbHBIE OTIEPAIMU 110 paboTe ¢ MaCCUBaMH I'€ONPOCTPAHCTBEHHBIX TAHHBIX, TaK U CIIOXK-
HbIA MHOTOYPOBHEBBIN UHTEIICKTYaJIbHbIA aHAIH3.

MuorogucunmiimHapHaas anaauTudeckas 'MC

BaxxnpiM HampaBienueM aestenbHocTH [eodusnueckoro nentpa PAH (I'Ll PAH) sBisroTcs
HCCIIEIOBAaHMS, HAIIEJIEHHBIE HA CO3JaHMe MHOTOMCIUIUITMHApHBIX aHanmuTudeckux ['MC nis ana-
JU3a U MPeACTaBICHUS T'€ONpPOCTPAHCTBEHHBIX NAaHHBIX IPU PELICHUH 33734 B 00JacTH HayK O
3emiie (bepesko u ap., 2008). OcHoBHOM 3anaueii B pa3padbotke I'MIC sBnsieTcss uHTErpanus B e1u-
HOW reonH(pOPMaIIMOHHON cpenie 6a3 JaHHBIX MO0 HayKaM O 3eMJie U pealu3als CUCTEMBbI Mpel-
CTaBJICHUS T€OMPOCTPAHCTBEHHBIX JaHHBIX, KOTOpas obecrneunBaeT B3aumozaeiicteue mexay ['C
1 NI0JIb30BATEISIMU ITOCPEICTBOM TOHKOT'O KIMEHTA.

Hpyrum BaxkHbIM HanpasiaeHueM uccienosanuii I'Ll PAH B o6nactu reoundopmatuku siBisi-
eTcsl pa3paboTKa MaTEMAaTUYECKUX aJIFTOPUTMOB pacro3HaBaHUs 00Opa30B Ha OCHOBE TEOPUU He-
YETKHX MHOXECTB U HEUETKOH JIOTHKH, TTO3BOJISIONIMX aBTOMAaTH3UPOBaTh 00paboTKy uHpopMa-
1uu. Ha ocHOBe THCKPETHOTO MaTeMaTUYeCKOro aHanu3a pa3paboTaH psijl aIrOpUTMOB KIIacTepu-
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3alliM, KOTOPBIE PEaM3yIOT BBIABICHUE TOHKUX CBOMCTB pacipeneieHus] 00beKTOB B UCXOIHOM
MPOCTPAHCTBE. DTU AJITOPUTMBI OCYIICCTBIISIFOT TOMOJOTHYECKYIO (DHIIBTPAIMIO TIPOCTPAHCTRA,
MO3BOJISIONIYIO OTCEUBATh HECYIIIECTBEHHBIC €T0 YacTh. Pa3paboTaHHbBIC alTOPUTMBI HOCAT YHU-
BEpCaAIbHBIA XapaKTep U MOTYT paboTaTh C Teonoro-reopusnueckumMu JanapivMu (IBUIIMaHN H
ap., 2008; 2010).

I'maBHas ocobenHocTh pazpadorannoii [ IC cocTouT B Hanuuuu B ee 6a3e reonpocTpaHCTBEeH-
HBIX JAaHHBIX PA3IMYHON TEMAaTUKH U UHTETPUPOBAHHBIX B HEHl METOAOB TUCKPETHOIO MaTeMaTH-
YECKOTO aHaJIN3a, YTO MO3BOJISET PElIaTh MUPOKUI CIIEKTp 3a1a4 B oomactu Hayk o 3emie. [UC,
paszpaborannas B I'll PAH, npennasnayeHa st KOMIUIEKCHOTO aHalM3a T€OMPOCTPAHCTBEHHBIX
JMaHHBIX, B yacTHOCTH naHHBIX J[33 (Beriozko et al., 2011). AHanuTHYeCKast COCTABISIONIAs CO3-
nanHor ['MIC peanu3oBana B opMe LIEHTPAIM30BAHHOTO KaTajora ajaropuTMOB ISl 00pabOTKH
reONpPOCTPAHCTBEHHBIX JaHHBIX, O00JAJaONIEro CIeIyIOINIMMH OCHOBHBIMH IPEUMYIIECTBAMHU
(JIe6enes, bepesko, 2010): mocTosTHHO MOMOHAEMBIN HAOOP TaHHBIX HAYK O 3eMJIC U aJITOPUTMOB
C JIETaIhbHBIMU CBEIICHUSMHU O HHX; BO3MOXKHOCTB TIOCIIEIOBATEILHOTO BBITOJIHEHUST HECKOIBKUX
aJITOPUTMOB; MHHUMAJIbHBIC TPEOOBAHUS K pabodeMy MECTY IMoJib30Barels (00padoTka JTaHHBIX U
BCE€ BBIUMCIICHUS BHITIOJHSIIOTCS Ha CEpBEpe).

JlaHHbIe TUCTAHUMOHHOIO 30HAMPOBaHKs, HaKkoIIeHHbIe B 'Ll PAH

B I'll PAH HakoruieHbl 3HaYUTENbHBIE 0OBEMBI T€ONPOCTPAHCTBEHHBIX JaHHBIX Pa3JInYHOM
TeMaTuku. B HacTosmee Bpems umeromiasca 0aza reofaHHbIX BKJIIOYAaeT B ceOs U(POBBIE TO-
norpaduueckre KapTel U 1udpoBbie Moaenu penbeda, nanusie no /133, reodusuke, reojaoru,
MOJIC3HBIM MCKOIIAeMbIM, TVISIIMOJIOTHH, TUapoioruu u T. 1. (Beriozko et al., 2011). B I'll PAH
BEIYTCS CIIEAYIONINE UCCIICIOBAHMS 110 aHan3y AaHHbIX J[33.

CpenHeMecsyHble 0 CILIOYEHHOCTU MOPCKOIO JIbJia B ADKTHKE

B pamkax uccinenoBaHui CriodeHHOCTH Mopckoro Jbaa B I'Ll PAH Ob11 BeITTOTHEH Bpe-
MEHHOW aHaJIU3 JAaHHBIX MEXIYHAapOAHOIO MPOEKTa MO U3YUYEHUIO B BBICOKOM pa3pelIeHUH
temnepaTypsl Mopckoil mosepxHoctu GHRSST-PP. Jlanusle npeacrtasistor coboil cpenHe-
CYTOYHBIE TIOJIsI CTIIOYEHHOCTH MOPCKHX JIbA0B ¢ ceHTs10ps 1981 . mo nexadbps 2009 r., yc-
pEJHEHHbIE METOJIOM ONTHUMAJIbHON MHTEPIOJIALMM Ha PETyJspHYO ceTKy c marom 0,25°.
Janubie nonyuyensl cnyTHukamMu NOAA paguomerpom AVHRR. [lpumep o6paboTaHHBIX U
0(hOpPMIIEHHBIX JAHHBIX MO CIUIOYEHHOCTH MOPCKOTO JbJla B ApKTHKE U AHTapKTHUKE Ipea-
CTaBJIEH Ha puc. 1.
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Puc. 1. Cpeonemecsunvle nonst cnioyeHHOCHU MOPCKo20 1b0a 8 Apkmuxe u Aumapxmuxe (saneaps 2009 2.)

25



Hounbie oruu 3emnu (1992-2010)

[TepBoHauanbHbIe HaHHbBIE TOyYeHBI AreHTCcTBOM Torosl BBC CIIA ¢ HU3K0OpOUTATBHBIX
BOCHHBIX METEOPOJIOTUYECKUX CITyTHHKOB ¢ nojsipHoit opouroit DMSP 5D 2 F10-F16 B 1992—
2010 rr. Anmaparypa, yCTaHOBJIEHHAsI HA OOpTy CIIyTHMKOB, PETUCTPUPYET CJ1ad0€ U3IyUEHHUE B
WK-nuamna3one B HOUHOE BpeMsi. DTU JaHHbIE MTO3BOJISIIOT BbIAEIATH OTHU HACEJIEHHBIX TyHKTOB U
MIPOMBITIICHHBIX 00BEKTOB, Ta30Bbie (pakenbl 1 moxapsl (Doll, 2008). B 6a3y reomannbsix '] PAH
BKJIFOYEHBI JJaHHBIE IO HOYHBIM OTHSM 3eMJIH, tosrydeHHble ¢ 1992 o 2010 .

[IpocTpaHCTBeHHBINM aHAIW3 JAHHBIX O HOYHBIX OTHSX TO3BOJIAECT M3y4YaThb SKOHOMUYECKOE
COCTOSIHHE PETHMOHOB TI0 PA3IUYHBIM HANPaBICHHUSIM (TpaHCTIOPTHAs MH(PACTPYKTypa, YPOBEHb
ypOaHu3aImm, pa3padoTka MECTOPOXKICHUI YIIEBOJOPOIOB U Jp.). AHATM3UPYS JaHHBIC Ha pa3-
JUYHbIE BpEMEHHbBIE ITOXU, MOXKHO M3y4YaTh JUHAMHKY Pa3JIMYHBIX MMPOILIECCOB, BIUSIONIUX HA U3-
MEHEHHE YPOBHsI OCBEIIEHHOCTH. B kauecTBe mpumMepa Ha puc. 2 TPEACTaBICHbl KOMIIO3UTHBIE
pacTpoBbie N300paKeHUSI HOYHBIX OTHEW MoCKBBI, MOCKOBCKOM 00JIaCTH M MPUJICTAIOIINX 00JIa-
creit LlenTpanbaoro denepansaoro okpyra (L{DO).

Puc. 3. Conocmasnenue oceewjennocmu oonacmeti LJ®O paznocmuvim memooom

Kaxomy nukcesnato pacTpoBoro n300pa)keHHs COOTBETCTBYET CIEIMAJIBHO PAaCCYUTAHHOE,
OCpPEIHEHHOE 3a I'0Jl 3Ha4eHHE MHJEKCa OCBEIEHHOCTH, IpUHUMarolee 3HaueHue ot 0 (oTcyT-
CTBUE JIOJTOBPEMEHHBIX HCTOUYHUKOB CBeTa) A0 63 (MakcUMallbHasi MHTEHCUBHOCTh, Ha00a-
emasi B KpynHbIX ropozaax). IIpu ocpenHeHuu 3a roj y4uThIBAIOTCS TOJIBKO JOJTOBPEMEHHBIE
HCTOYHMKH CBETA.
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B I'll PAH Op1u11 ipoBeieHbI paOboThI 10 CPAaBHEHUIO YPOBHSI OCBEIIEHHOCTH OT/AEIbHBIX PETH-
OHOB. J1J11 3TOTO JIsl KaKJI0TO MHUKCEJIsl ObLIO BBIMOJIHEHO BhIYUTAHHE 3HAYECHUI MHIEKCOB IOJTY-
YEHHBIX, B pa3Hble rofael. Ha puc. 3 mpencrasiieH pe3yapTUPYOIUN pacTp, NOJyYEHHBINH ITyTEM
BBIYMTAHUS 3HaUYeHUU uHIEeKCOB 1992 1. u3 unaexkcon 2009 r. OtpunarenbHble 3HAUCHUS, TO €CTh
HCTOYHMKH OCBELIEHMsI, TPEKpaTuBLIKE cBoe cymiecTBoBaHue K 2009 1., oTMeueHs! rpagauusMu
KpacHoro. I'pajanusiMu 3eJ1€HOro OTMeUeHbl HICTOYHUKH, nosiBuBIIKEcs K 2009 1.

13 nomyyeHHOro pa3HOCTHOTO M300pakeHUsI BUIHO 3HAUUTENIbHOE YBEIUYEHNE OCBEILEHHO-
CTH B paiioHax MOCKOBCKOI 00J1aCTH, pacloiI0KEHHBIX K 3amajy, ro-3amnany 1 rory or MOCKBBI.
OTO0 OoTpaxkaeT peajbHYI0 KapTHHY pa3BUTHs 3TUX pailloHoB. HaOmoneHus 3a ¢akenamu coxurae-
MOTO MOIYTHOIO raza B palloHax pa3pabOTKU MECTOPOXACHUH YIIIEBOIOPOIOB IO3BOJISAIOT OCY-
IIECTBJIATh HENPEPBIBHBIM MOHUTOPUHI YPOBHS 0OBIUU U pa3pabOTKU MECTOPOXKIECHHUH YIeBO-
JOPOHOTO ChIpbs. KonnyecTBeHHOE COMOCTABICHUE PA3HOBPEMEHHBIX CI0EB IIM(PPOBBIX JAHHBIX
00 ypOBHE OCBEIICHHOCTH B pailoHaX pa3pabOTKH HEPTAHBIX U HEPTETa30BBIX MECTOPOXKICHUM
¢ ucnonb3oBanueM ['MC no3BossieT mosyyaTh OLEHKU TEMIOB J0ObIUM YIIIEBOJOPOJIOB U BECTH
KOHTPOJIb 3KOJIOTHYECKON OOCTAHOBKH B 3TUX pErHOHAaX.

3akJiroueHue

HenpepsiBHbIN pocT 00EMOB TaHHBIX JUCTAHIIMOHHOTO 30HIUPOBAHUS U T€ONIPOCTPAHCTBEH-
HBIX JIaHHBIX, MMOJIY9aeMbIX B CETSX HEMPEPHIBHOTO Te0(U3NYECKOr0 MOHHUTOPUHTA, a TAKXKE B
pe3ynbrare 00paboTku U 0000IIeHUsT paHee cOOpaHHBIX MaTepualioB, TpeOyeT CO3/1aHUsl COBpe-
MeHHbIX [TMC cucTteM, Mo3BOJISIIONIMX MPOBOAUTH MX KOMIUIEKCHBIM aHaiu3. [IpencraBieHHas B
HACTOSIIEH CTaThe MHOTOAMCIMIUIMHAPHAs aHamuTudeckas [ MIC npencraBiseT coboit ynoOHBII
WHCTPYMEHT JJ1 paOOTHI C pa3TUYHBIMUA TEMATHUYECKUMU JTAHHBIMU. JIexariue B ee OCHOBE TEXHO-
JIOTUU HAXOJIAT IIMPOKOE MPUMEHEHHE TPU CO31aHUH TTOJOOHBIX cUcTeM. OTIMYUTEIHLHOM 0COOeH-
Hocthio 'YIC, co3mannoii B I'll PAH, saBisercsa ¢e aHaIUTHYCCKas COCTABIIAIOIIAS, BKIFOYAIOMIAs
B ce0s1 aJITOPUTMBI Ha OCHOBE JIMCKPETHOTO MaTeMaTHYECKOTO aHaIH3a.
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A new approach for spatial data analysis and processing was elaborated at the Geophysical Center of RAS (GC RAS).
It is based on the creation of integrated geoinformation environment. It implements the functions of processing,
analysis and representation of spatial data for joint interdisciplinary research in geosciences. This approach implies the
combination of GIS technologies and algorithmic program tools, based on discrete mathematical analysis methods. A
significant selection of geoscience datasets is stored at GC RAS. The GC RAS’s geodata base currently includes more
than 230 thematic layers within 19 data categories including remote sensing data. The geodata base includes Nighttime
lights of the Earth (1992-2010), Global Ocean Data Assimilation Experiment (GODAE) High Resolution Sea Surface
Temperature (GHRSST-PP) (1981-2009).

Keywords: remote sensing, geoinformation systems, GIS, spatial data, geodata processing, discrete mathematical
analysis, remote sensing.
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