HCIOJIb30BAHUE TEOMH®OPMAIIMOHHBIX TEXHOJIOTW B IOCTPOEHUN
HUHTEPHET-ITOPTAJIOB JJISI CTATUCTHYECKOI'O AHAJIM3A APXUBOB
IMPOCTPAHCTBEHHO-IIPUBA3AHHBIX TAHHBIX ITPU ITPOBEJIEHUU
TEO®U3NYECKHAX UCCJIEJOBAHUI

E.IL T'opnos, U.I. Oxaanuuxos, A.I. Turos, T.M. lllyabruna

B cmamwe onucana paspabamvieamass 6 pamkax — cneyuanusupoeannoeo — HMumepuem-nopmana
UHPOPMAYUOHHO-GLIMUCTUMENbHASE CUCEMA OIS NPOBEOEHUSI HAYYHBIX UCCIE008AHUU, CEA3AHHBIX CO CMAMUCTNUYECKOU
06pabomKoll U AHANUZOM APXUBOE NPOCPAHCMEEHHO-NPUBSI3AHHBIX 2€0(DUUYECKUX OAHHBIX, NOTYYEHHbIX KAK 8
pesyibmame HAOMOOeHUU, MaK u MoOeluposanusi. B npoyecce pearuzayuu ucnoib306aics HAKONIEHHbLU ONbLM
paspabomku  UHDOPMAYUOHHO-BLIYUCTUMETbHBIX — 8eO-CUCmeM, 0DEeCNeuUBAIOUUX  GbIYUCTUMENLHYIO  00pabOmKy
OONBUIUX MACCUBOE NPOCMPAHCINEEHHO-NPUB3AHHBIX OaHHbIX. DYHKYUOHAIbHBIE B03MONCHOCMU  PA3PAOOMAHHOU
MoOenu cucmemvl GKIIOYAOM 8 cebsi psd npoyedyp Olsl ONEPAmuUEHO20 MAMEMAMUYECKO20 U CIMAMUCTIUYECKO20
ananusa, obpabomku u euzyaruzayuu Oanuslx. B kauvecmee 00020 U3 npunodicenull paspadbamvléaemori cucmemvl ObLIU
peanu308aHvl NPOPAMMHbBLE MOOYIU OJisl AHATU3A PESUOHATIbHBIX 0COOEHHOCMEN OUHAMUKU OCHOBHBIX KAUMAMUYECKUX
Xapakmepucmuk u ux 63aumocessell, a maxace 0 obecnevenus spapuueckoeo npedcmasienus pe3yibmamos 6 euoe
2pagpuros, ouazpamm u nojeil Ha Kapme COOMeemcmeyowel meppumopuu ¢ ucnonvzosanuem Beo-I UC mexnonozuil.

BBegenue

HaGopel mpocTpaHCTBEHHO-TIPUBS3aHHBIX  TI'eOPU3UUCCKAX JaHHBIX  (0a3bl METCOPOJIOTHUCCKHAX |
reorpauecKUX NAHHBIX, PE3YJAbTaTOB MOACIHPOBAHUS W peaHalN3a, CIIYTHHKOBBHIX CHHUMKOB, M JIp.) aKTHBHO
WCTIONB3YIOTCSI B MHOTOUMCJICHHBIX MPWJIOKEHHSX, BKJIIOYAIONIUX, B YAaCTHOCTH, MPOTHO3, MOJEIUPOBAHUE U
MHTEPIPETAIMIO KIMMAaTUYECKUX W SKOCHUCTEMHBIX M3MEHEHMH Ha pa3HbIX MPOCTPAHCTBEHHBIX U BPEMEHHBIX
MacmTabax. [Ipu mpoBeneHHHM TeoOpH3UUCCKUX, W, B YACTHOCTH, KIMMATHYCCKUX HCCICIOBAHUMN, HAXOISAT MIMPOKOE
MPUMEHEHHE TPAJAUIMOHHBIE METOJbl MaTeMAaTUYeCKOW CTAaTHCTUKH JJIsl ONHMCAHWUS TOBEACHHS M W3MEHYMBOCTH
METEOPOJIOTHIECKAX I1apaMeTPOB, OIEHKH IJIMHEHHBIX B3aWMOCBS3EH, OIPEHeNCHUsI SKCTPEMAIBHBIX COCTOSHHNA
KIuMara u T. I. [1]. MeToasl mcciaenoBaHus KIIMMAaTHIeCKUX MPOIECCOB MIMPOKO MPEACTABICHBI B OTEUECTBCHHON H
3apyOeKHOH JuTeparype, HadWHAS C MPOCTHIX OICHOK KIMMATHYCCKHX CpPEHHUX M JUCICPCHHA, W 3aKaHIHBAsS
CJIIO)KHBIMH CTaTUCTHYCCKUMH METOHOJIOTHUSIME, KOTOpPBIE (DOPMHUPYIOT 0a3y IHATHOCTHYECKHAX BBIYHCICHUN MpU
OTMCAaHUH TUHAMUKHU KJIMMAaTUYECKUX cucTeM [2].

Ipexme Bcero, Ui Ka4ECTBEHHOTO HM3YUCHHS KIMMAaTa HEOOXOMUMBI PsIBI MHOTOJICTHUX CHUCTEMATHYCCKHX
HaOJIOICHUH METEOPOJIOTUYECKUX BEJIMYMH, KOTOPhIE MOTYT OBITh MOMy4YeHBI M3 CETH CHHONTUYECKHX CTaHIUH, a
TaKKe M0 pe3yiabraraM pabOThl METEOPOJOrHMUYECKUX Mopenei. Tak, NpPH HCCICAOBAHMK PSIOB CTAHIIMOHHBIX
HAOJMIONCHUH CIleMyeT yYUTHIBaTh BIMSHHE HAa HUX HEKIMMATHYCCKHX (DAaKTOPOB, TAKMX KaK MPOCTPAaHCTBEHHOE
CMEIIleHNe CTaHINi, M3MEHEHHs B JIOKAJBHON OKpyKalomel cpeme (pOCT TOpOJOB), M3MEHEHHS B HpUOOpax u
MeToAMKax cOopa HaOJIONCHUH, KOTOphIE NPHBOAIT K HEPENpe3eHTaTHBHOCTH MAaHHBIX [3-7]. IIpumepamu
CMOZCTHPOBAHHBIX HA0OPOB TAHHBIX, YACTO HCIOJIB3YEMBIX MPU MPOBEICHUN KIMMATHICCKUX HCCICIOBAHMMA, CITyXKaT
apXUBBl FeO(PU3NUCCKUX JAHHBIX, CO3MAHHBIC IICHTPAMH aTMOC(EPHBIX HCCICIOBAHUI M MPOTHO30B IOTOJBI CTPaH
EBpomns! u A3un.

C 11enpi0 UCCNIeOBaHUs U3MEHEHUH KJIMMAaTa IO AKCTPEeMajbHBIM 3HAUYEHHUSIM METEOPOJOTHIECKUX BEITMUUH
HCIIOJIB3YIOTCS MHICKCHI, PACCMOTPEHHBIC M OTOOpaHHBIC [ PYIIIOH IKCIEPTOB IO OOHAPY)KEHHIO, MOHUTOPUHIY U HHICKCAM
m3MeHeHusT KmMara Kommcenmn mo kimmmaronornii BeemmpHoi Meteopomormdeckort oprammsarrm (BMO) [8]. MHnekcsr,
XapaKTepU3yIONHe SKCTPEMAIbHBIC 3HAYECHMSI EKECYTOYHOM TeMIlepaTypsl W KOJIMYECTBA OCAAKOB, IIPESACTAaBICHBIL, Kak
MPOLEHTWIN, MOPOTOBbIE 3HAYEHHUA, a TaKXKe HHACKCHl NMPOJODKUTEIBHOCTH MEpUoJa C 3aJaHHBIMHU YCIOBUSIMH,
KOTOPBIC MIOKPHIBAIOT MHOTHE aCIIeKTHI I00ATHHOTO N3MEHEeHUs KinMara [9].

Ha ceropssimiamii 1eHb OOJBIIOE KOJIMYSCTBO METOJOB CTAaTHCTUYECKHUX PACUYETOB M Pa3HOOOpasHe METOI0B
rpadu4ecKoil MHTEPIPETAIUN PE3YIBTATOB, MOXET OBITh PEAM30BAHO C MOMOIIBIO, KAK PA3IMYHBIX MPOrPAMMHBIX
makeToB, Takux Kak Excel, Statistica, ArcGis U T. 1., Tak U psiia HHPOPMAIIMOHHO-BBIYUCIUTENBHBIX crcTeM (KNMI
Climate explorer [10], ECA&D [11], NASA GES DISC Interactive Online Visualization ANd aNalysis Infrastructure
(GIOVANNI) [12-14], CLIMVIS [15] u ap.), TO3BOJSIOMNX BBHITOIHITE OCHOBHBIE CTAaTHCTUYECKHE MPOIEAYPH Ha
OCHOBE JaHHBIX MOJCITHPOBAHUS M HAOMIONEHI METEOPOIOTUIECKIX CTAaHINH. TakKe CyIecTBYeT psA MPOrpaMMHBIX
MAaKETOB, PEAIU3YIOIINX aBTOMAaTUYeCKOE BBIUHUCICHUE SKCTpeManbHbIX HHJIekcoB BMO. Ognum u3 Hux ssisercs 110
RClimDex [16], mpencrapmusromee co00i mporpaMMHOe oOecriedeHre I CTaTUCTUYCCKUX BBIYUCICHHHA WHICKCOB
M3MEHEHUs KJIMMara U BU3yalu3allui Pe3yJbTaToB.

CrnemyeT OTMETHTh W3HAYAIBHYIO PA3HOPOIHOCTh HA0OPOB JTAHHBIX, MOJYYCHHBIX OT Pa3HbIX HCTOYHUKOB HJIH
opraHu3aiuii, KoTopas 3arpylaHseT He TOJIbKO OOMEH JaHHBIMH U Pe3yJbTaTaMt, HO TaK)Ke 3HAYUTENLHO YCIOXKHSET
BO3MOXXHOCTh UX CpPaBHEHHS, YTO YMEHBIIAET JOCTOBEPHOCThH BBHITIOJHEHHOTO aHaiu3a. TakuMm oO0pa3oM, OMHOW H3
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BOXHBIX 3a/1a4 WHPOPMALMOHHON MOANEPKKH WHTEIPHPOBAHHBIX HAYYHBIX MCCIEIOBAHMI B 00NAacTH HayK O 3emie
ABJISIETCSI  CO3JaHWE OCHOBAaHHOW Ha COBPEMEHHBIX HMH(OPMAIIMOHHO-TEICKOMMYHUKAIIMOHHBIX — TEXHOJIOTHAX
NporpaMMHON  MH(PACTPYKTYphl JUIS KOMIUIEKCHOTO HCIOJIb30BaHMS HAOOpPOB MPOCTPAaHCTBEHHO-TPUBSI3aHHBIX
reoduzndeckux AaHHbIX. COBpEeMEHHBIE TEXHOIOTHH 00pabOTKH reopn3nuecKux AaHHBIX MMO3BOJIIIOT HHTETPUPOBATH
pa3yuHbIe TEXHOJOTHYECKHE PELICHUs JUIsl OPTaHM3allMi TaKMX MH()OPMAIMOHHBIX PECYpCOB, B TOM YHCIE IaHHBIX
JIUCTAHIIIOHHOTO 30HAUPOBAHMUSL.

B Hacrosiee Bpemst psiA CIIEIMATHCTOB, PaOOTAIOMMX C TEONPHUBSI3aHHBIMH JaHHBIMH, IIOJIATaloOT, YTO
COOTBETCTBYIOIAs] HHPOPMALMOHHO-BBIYUCIUTENbHAS HHPPACTPYKTYpa IOJDKHA 0CHOBBIBaThesi Ha [ MIC-TexHonmorusx
[17-20]. Hecmotps Ha psx nmocTmwxeHWd B o3Toi obmactm ([21-22], http://gis.ict.nsc.ru), MBI CYHTaeM, HYTO
ucnomnb3oBadne Toabk0 ['VIC-TeXHONMOrnid B COUETaHNH C BBIYUCIUTENBHBIMEI PECYPCAMH, TPEOYyEMBIMH IS TOAJIEPIKKH
COBPEMEHHBIX MOJENECH M pacHpefeleHHBIM JOCTYIOM K OrPOMHBIM apXHWBaM [JaHHBIX, SBJIAETCS HE OYEHb
nepcrekTUBHEIM. OCOOEHHO 3TO CIIPaBEIUINBO AJIsI re0(U3NKHU TaK Ha3hbIBAEMBIX «TEKydnX» cpea (aTMocdepa, OkeaH), B
KOTOPOM aHalM3 JUHAMUKHU MPOLECCOB HAa OCHOBE CIOXKHBIX BBIYMCIMTENBHBIX MOJEINEH sSBIsSeTcd OCHOBHOM 3ajaueil.
Juist ool 0bnacTi HaMK ObUT BBIOpaH MOAXO0[], OCHOBAHHBIM Ha KOMOMHUPOBaHHOM HCIIOJIb30BAaHUH IOTEHIIMAIIA BeO- 1
I'MC-TexHONOTMiA, W HAIENCHHBIH Ha CO3JaHWE MPHKIAJHONH HH(POPMAIMOHHO-BBIUMUCIUTENBHON BEO-CUCTEMBI,
obmamaromnieit GpynknuonaabaocThio I'MC.

Ha ceronusinramii AeHb yKe CyIIECTBYET HECKOIBKO MH(OPMAIIMOHHBIX BEO-CHCTEM ITOCBAIICHHBIX, B TOH WIIN
WHOU Mepe, 00paboTKe MPOCTpaHCTBEHHO-TPUBSI3aHHBIX reodpmsndecknx mAaHHBIX (GIOVANNI, [13]). Eme onmma
cHCTeMa paclpoCTpaHEHHWs ¥ BU3yaJIM3allMM JAaHHBIX Oasupyercst Ha COBMECTHOW MoOneNd oOmIeH LUPKYISINN
armocepel W OKeaHa, paspaboraHHoi B WHcTHTyTe BBMUCIUTENbHONH Maremaruku (MBM) PAH [23-25].
Oynkunonansable Bo3MoxkHocT cucteMbl KNMI "Climate explorer” [26-27] BKIIIOUaroT 0TOOpa)KeHHE BPEMEHHBIX
MOCJIEI0BATENIbHOCTEH JaHHBIX B BUAE 2-MEpHBIX I'paMKOB, BU3yaJIM3alMIO IOJEH MAaHHBIX, pacyeT CPEeAHUX U
SKCTPEMAJIbHBIX 3HAYEHHH, a TAK)KE CTaHAAPTHOTO OTKIOHEHMS U KOPPEIAINH ¢ APYTUMHU TapameTpamMu. MOXKHO Takxke
YIIOMSHYTh MOJIENb PACIPEACICHHON MH(GOPMAIMOHHO-aHATUTHYCCKON cucTeMbl [28-29] mms moucka, oOpabOTKH U
aHaJM3a TPOCTPAHCTBECHHO-PACTIPEICICHHBIX JaHHBIX, OCHOBaHHYI0O Ha KoMmOmHammu [MIC u BeO-TexHONOTHH, H
pa3pabarsiBaeMyto B Hactosmiee Bpemsa B MHctuTyTe BhranciuTensHbx TexHonoruid (MBT) u MuCcTHTYTE Teomorun u
munepanorun (MI'M) CO PAH. Onnako, HECMOTpsI Ha psii CIICNIAaHHBIX MOMBITOK, B 00IacTH HHPOpMATH3aluN HayK O
3emiie TO-TIPEKHEMY HET MOIIHOTO MHCTPYMEHTa, OOJaJalomero yHH(QHIUPOBAHHBIM BeO-MHTEpdercoM u
00BEIMHSIONIET0 NIMPOKKE BOBMOKHOCTH MO 00pabOTKe, aHAN3Y M BH3yaJIH3alMH HA0OPOB JaHHBIX, MTOJIYYEHHBIX U3
Pa3IMYHBIX HCTOUYHHUKOB, JUIS IPOBEICHHS HHTETPUPOBAHHBIX Ie0(U3MYECKUX UCCIICOBAHUI.

ApXuTeKTypa
Pa3pabarpiBaemast WH(GOPMAIIMOHHO-BEYNCIUTEIbHAS BEO-CHCTEMa COCTOMT W3 YETHIPEX OCHOBHBIX HYacTel
(Puc. 1):
* CTpyKTypHpOBaHHBIE  apXWUBHI  IPOCTPAHCTBEHHO-TIPUBS3AaHHBIX  TeOQU3NYECKHX  JaHHBIX, CHaO)KEHHBIC
COOTBETCTBYIOIIIUMH METaTaHHBIMHU.
* BrluncnurensHOE SIIPO, MPENCTaBIsIONIee coO0l HAOOp HE3aBUCHMBIX MOIYJEH, pealln30BaHHBIX Ha s3bike [DL
(Interactive data language, [30]).
* BebO mopran, peanu3yrOIIMH JIOTUKY BeEO-TIPUIOKEHHHA, CBsI3b C KapTOrpadUuecKuMu BeO-cepBUCAMHU, H
obecreunBaromuil padoTy ¢ XpaHWIUIIEM METaaHHbIX
* I'padmueckuiit maTEpdElic MOTH30BATEIS
B pamkax pa3paboTku mpoBOaUTCs cOOp, aHAIHM3, aBTOMAaTH3UPOBaHHAs CHCTEMATHU3AIMsI U IPeoOpa3oBaHue K
tdopmaram NetCDF/HDF5 meTeoponornuecKkuxX JaHHBIX U JaHHBIX TUCTAHIIMOHHOTO 30HAWPOBAHHSA, C TOCICIYIOIIIM
pa3MeleHneM X Ha BEICOKOIIPOM3BOAUTEIIEHOM CepBEpe ISl HCIIOIB30BaHUS CHCTEMOIA.
JIiis BEIOpaHHBIX PETHOHOB, B YaCTHOCTH, 1T 3anaaHoi CHOMpH, Ha OCHOBE apXWBOB JaHHBIX HAONONCHUIA C
METEOpPOJIOTUYECKUX CTAaHIM, a Takke TMoJed MeTeonapaMeTpoB HU3KOTO0 MPOCTPAHCTBEHHOIO pa3peleHus
(peaHanu3oB), BOCCTAHABIMBAIOTCS MOJISI METEOPOJIOTUYECKUX BETMYHH C BEICOKMM MPOCTPAHCTBEHHBIM Pa3pelIeHUEM.
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Puc. 1. O6mas apxuTeKkTypa pa3padarsiBacMOl CHCTEMBI

BoccraHoBneHne AaHHBIX MOJEH MPOM3BOAUTCS C TIOMOIIBIO CTaTUCTHYECKHMX METOJOB M COBPEMEHHOM
BerunciuTenbHoi Mozenn WRF [31], Bkirowaromedi B ceOsi (YHKUMIO YCBOGHHSI JAHHBIX HM3MEPEHHH BHYTpHU
BBIUMCIIAEMON oOnacTu. BeramcnnTensHOE SAPO peanusyeT (YHKIMOHAIBHOCTh JOCTYINA, IOWCKA, BBHIOOPKH M
00paboTtkn HabopoB maHHBIX. Momymu sapa BEIONHSAIOTCS B cpene IDL, a X BBI30B U ympaBiieHHE TPOU3BOIUTCS BEO-
MPWIOKEHUSIMH, BBITOJHIEMBIMH B paMKax CIEIHAIN3UPOBAaHHOTO BeO-moprana. 3amada, c(hOpMHpOBaHHAsS
MIOJIE30BATEIEM CHUCTEMBI, a TAaKXKe IapaMeTphl JKeJlaeMOW BU3yaln3aliii pe3y/bTaToB, IepeNatoTCsl MEHEIDKEPY sIpa B
Bune XML-¢aiina. 3amaua comepXuT yka3aHus Ha oOpabarbiBaeMble Teo(M3MUECKHE XapaKTEPUCTUKH (Ha3BaHUS
apXMBOB JIaHHBIX W IEPEMEHHBIX), [TPOCTPAHCTBEHHBIE M BPEMEHHBIE TPaHHIBI MHTepecymoleid obmactu (mupora,
JIOJITOTa, OJMH WIJIM HECKOIBKO YPOBHEH MO BBICOTE, OJMH WIJIM HECKOJIBKO BPEMEHHBIX HHTEPBAJIOB), THIl KapThl
BBIOpAHHOW Uil aHalu3a TEPPUTOPHH, a TaKKe IMOCIEA0BATeIbHOCTh MareMaTHYeCKOW W/WIIM CTaTHCTHYECKOU
00paboTKN KaXIOW TEPEMEHHOH, C yKa3aHHEM IapaMeTpoB Ipa(HuyYecKoro BBIBOJA pPE3ylbrara Ha KaXKIAOM J3Tare
o0Opaborku. I'padmdeckuii BBIBOI TpencTaBiseT coOOW OAWH WM HECKOJBbKO Tpadudeckux (ainoB B (opmare
GeoTIFF, mbo anmmanms B dopmare MJPEG, mubo Bekropubie shape-daitner B ¢gopmare ESRI (Environmental
Systems Research Institute), [32]. ITapameTpsl BbIBOAA OIHMCHIBAIOT COAEP)KaHWE M THII Tpaduueckoro pesynbrara (3-
MepHoe rpaduuecKoe moje ¢ 1BeToBol AnddepeHaniel o BelMuNHe B KaKA0H TOUKe, KOHTYPHOE I0JIe, BEKTOPHOE
none, 2-MepHbIi rpaduk), HaIMYKME W THI JIETeHJIbl, Teorpadguyeckyio MpoeKIuio (IpH BBIBOAE 3-MEpHBIX IOJei Ha
IUTIOCKOCTH), pa3Mep rpaduKoB B MUKCENAX, UMs (aiiima amsa BeIBoga. MeHemkep siipa MPOM3BOAWT aHAIU3 3a/1adH,
MOJTOTABINBACT PACUETHBIA KOHBEilep M MPOM3BOIUT 3allyCK COOTBETCTBYIOIIMX pPacdeTHBIX Moxynel. Kaxmprit
pacdeTHBIH MOAYIb HMEET HOCTYI K apXWBaM JaHHBIX Yepe3 CIICHHUANbHYI0 ONMOIMoTeKy (DyHKIMH M HAYEro HE 3HAET O
(hopme ux xpanenus. bubnmoreka 70CTyna K JaHHBIM 00€CHEYNBACT ITOUCK, YTEHHUE W BEIOOPKY AaHHBIX U3 apXUBOB, a
TaKKe TMpeAocTaBiIsieT crenuanusupoBanHblii APl. Ha mepBoHawampHOM 3Tare peanusyercst (YHKIMOHAIBHOCTb,
IIPEe/ICTaBICHHas B MPOTOTHUIIE MH()OPMAIIMOHHO-BBIYNCIUTEIBHON CUCTEMBI, CO3JJaHHON aBTopamu paHee [33]: pacuer
SKCTPEMANIbHBIX M CPEJHMX 3HAUCHHMH, CTAaHJAPTHOTO OTKJIOHEHHUS, MOJACYET 4YHCIa JHEW i1 KOTOPBIX 3HAYCHUE
napameTpa JIeKHUT B 33laHHOM JiHana3oHe, BbIUUCICHUE KOd(P(UIIMEHTOB KOPPEIALUK 1 JIMHEHHOH perpeccuu, pacyer
TPEHI0B U UHIEKCOB U3MEHEHUs Kiumara [8].

[To okOHUaHMM pacyeTOB MPOM3BOAUTCS BU3yaJH3allUsl IMOJIYYEHHBIX PE3Y/IBTaTOB CONNIACHO crienudukanuu
3aJa4n C 3aIMChI0 PE3yIbTaTOB PAcueTOB B BHJE OJHOTO MM HECKOMBKHX IpaMUeCKHX, aHUMAIlMOHHBIX WiH shape-
(haitmoB. Kpome Toro, pe3ynsraTsl pacyeToB NMPENOCTaBILIIOTCSA mosb3oBaremo B ¢opmare NetCDF, a takxke B BUIE
yHuBepcasibHOro XML-mpencraBienns, 4ro oOecrmeunBaeT WX HHTeponepadenbHocTh. Paitnm ¢ MeTagaHHBIMH
pesyabraroB ymoBnerBopsier XML cranmapram mpencraBiieHHs reorpadudeckoidl MHpOpManuM W METaJlaHHBIX, B
gactHocth, ISO19115 u TOCT P 52573-2006. [lns obecniedeHUs COBMECTHMOCTH CO CTaHIapTaMH TEXHOJIOTHH
Semantic Web, B ToM unclie CEMaHTHYECKOH WHTEPOINEpadeNIbHOCTH MPHU aBTOMAaTHYECKOW 00paboTKe pe3yiabTaroB,
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MeTanaHHble Takxke npegocrasistores B popmare RDF [34]. CoorBerctByromas RDF-cxema [35] co3mana Ha ocHOBE
VIOMSHYTHIX BBIIIE CTAaHIAPTOB METAJaHHBIX, a TaKKe HAa OCHOBe Takumx XML-cranmaproB, kak JlyommHCcKoe Smpo
[36], Directory Interchange Format [37], Ecological Metadata Language [38], u ap.

Criennam3upoBaHHbBI BEO-TIOPTAN SIBISIETCSl CBA3YIOIIMM 3BEHOM MEXIy JJIEMEHTaMH pa3padarbiBaeMoit
CHCTEMBI, a TaKXXe MEXJIy CHCTEMOH W KOHEYHBIM IIOJIb30BareneM. B Hem peanu3oBaHa HeoOxogumas 0azoBast
(hyHKIIMOHANBHOCTD, TaKasi KaKk aBTOpU3alys [10JIb30BaTesel, NOAKIIoYeHHe K 0a3aM JaHHBIX, ucrnonab3zoBanne HTML-
mabJI0HOB, SI3BIKOBAS JIOKATHM3AIUs, CUCTeMa yrpaBieHneM KoHTeHToM (CMS) u psajg Apyrux BO3MOXKHOCTEH. 3amada
aHHOTAIMHU, XpaHeHus, 3PPHEKTUBHOIO CEMaHTHYECKOTO MIOMCKA HEOOXOAMMBIX JUlsl HAyYHBIX MCCienoBarelneil HabopoB
reoU3NIecKuX JaHHBIX, a TaKKe OPTraHHW3allMM K HUM ONEPATHBHOTO JOCTYNA, K HACTOSIIEMY MOMEHTY HE TepseT
cBOEll akTyanpbHOCTH. BcmeacTBme 3TOro, B paMkax BeO-mopTama co3macTcss BEO-TIPUIIOKEHHE Al paboThl ¢
METaJaHHBIMH, OTMCHIBAIONIMMH apXUBBI Te0(U3MIECKUX JaHHBIX, U peanusyiomiee TpedyeMylo GpyHKIMOHAIBHOCTh C
WCTIONB30BaHueM TexHonorui Semantic Web [39].

B Hacrosimee BpeMsi oOmiye MPUHIMOBI U CTaHAAPTHI B 00NacTu pa3pabOTKH MPOrpaMMHOTO oOecIieueHusl,
NPEIOCTaBIISIIONIEro  Kaprorpaduueckue BeO-CEepBUCHI, pa3palbaThiBalOTCS W ACKIAPUPYIOTCS  MEXIIyHapOIHOM
HekoMMepueckoil opranuzanueii Open Geospatial Consortium (OGC, [40]). [TomuMmo mpocToil BH3yalnu3aluu |
CO31aHus JaHHBIX, HOBBIM aCIICKTOM pa6OTI)I C IPOCTPAHCTBEHHBIMH JAHHBIMH ABJIACTCA IIEPEHOC B BeO COOCTBEHHO HX
00paboTKH W aHanmW3a. OTO CTAHOBUTCS BO3MOXKHBIM Olarofapsi pa3BUTHIO MOIIHOTO HWHCTPYMEHTApHWs, JIETKO
pa3mernaemMoro Ha BeO-cepBepax, Takoro kak Mapserver [41], GeoTools [42], u T. a. Mcnonp3oBanue TexHONMOTHIA Bed-
I'C, u, B yactHoCTH, mpoToKoinoB WMS/WFS, mpenmonaraercs mis peanu3anuu CleAyomed (yHKIHOHATBHOCTH
CHCTEMBI:

6. MacmrabupoBanue rpagu4eckux pe3ylibTaToB BEIYMCICHUIH.

7. BeIOOp reorpadpuueckoro quamasoHa.

8. Hcnonb3oBaHne MHOXKECTBA CIIOEB LIS TIPENICTABICHHS Pa3InYHON KapTorpaduueckoi HHGOpMaIHH.

9. Ilpenocrasnenne mMaccuBa UH(OpPMAIMU, CBSI3AHHONW C KOHKPETHBIM reorpa)uuecKkuM OOBEKTOM, 110 yIAJICHHOMY
3aIpocy MOIb30BATEI.

ITonb3oBarens pa3pabaTbIBAGMON CHUCTEMBI OIEPHPYET BeO-Opay3epoM, KOTOPBIM SBISETCS CTaHIApTHBIM
KJIMEHTOM, HMeomeMcss Ha Jro0ol  coBpeMeHHOH paboueil cranmmu. [paduueckmit wmHTEepdelic s
aJIMUHUCTPHPOBAHMS M O3KCIUTyaTallMd WH()OPMAIIOHHO-BBIYMCINTEIBHON CHCTEMbI NPEAOCTABISET I10JIb30BATEIII0
BO3MOXXHOCTh B MPOCTOH M MHTYMTHBHO IIOHATHOH (opme chopMupoBaTh 3ajaHue Ha 00pabOTKY MpPOCTPaHCTBEHHO-
pacrpenelieHHbIX JaHHBIX. Pa3zpaboTka rpaduueckoro uaTepdeiica Benercs ¢ ucnoip3oBanueM s3pikoB DHTML, PHP
u JavaScript. Bubnuoreka Ijist TPOSKTHPOBAHUS TEMEHTOB HMHTep(deiica ocHoBaHa Ha wHCTpyMmeHTapuu GeoExt [43],
obbenunstonieM JavaScript-Oudnuorekn Ext]JS Framework [44] u OpenLayers [45]. Iocnennsisi ucnons3yercs Aist
peammzamn  pyHKIHoHAEHOCTH [MIC, W TO3BOJIIET OIEPaTHBHO CO3/aBaTh BeO-WHTEepdeic sl OTOOpakeHHs
KapTorpa)u4eckux MaTepualioB, INPEACTABICHHBIX B pa3dHYHBIX (opMmaTax W pACHONOXKEHHBIX HA PA3IHMYHBIX
cepBepax.

Hcnonb3yemble HAG0PHI AaHHBIX

B Hacrosimee Bpems Ui MCIOJB30BaHUS B pa3zpadarbiBaeMod MH(OPMAaIOHHO-BBIYUCINTEIBHOW BeO-
CHCTEME JOCTYIHBI CICAYIOUINE apXHWBBI IMPOCTPAHCTBEHHO paclpe[e/ieHHBIX NaHHBIX: MepBas M BTOpas PEHaKIIHs
peananu3a HaumonansHoro nentpa armocgepubix uccienoBanuii (NCAR) u HanmoHanbHBIX LIEHTPOB HpelcKa3aHuii
mo okpyxkaromeit cpexe (NCEP) [46-48], peanamm3 JRA-25 SmoHckoro Mmeteoposormueckoro areHTcrBa (JMA) u
I{eHTpaIEHOTO HCCIIENOBATENBCKOTO HHCTUTYTA 3MekTpudeckor mpomeimuieHHOCTH (CRIEPI)[49], peananns ERA-40
EBporeiickoro menrpa cpeaHecpodHbix nporHo3oB morogsl (ECMWF) [50], a takxke ImoGanpubiii peananmn3 XX
cronerusi HarpoHanpHOTO ynpaBiieHHsl OKeaHWdecknx u armocgepHsix uccienoBanuii (NOAA) u OObeqMHEHHOTO
HCCIIE0BaTeNIbCKOI0 MHCTUTYTa Hayk 00 okpyxatomeit cpene (CIRES). Kpome Toro, B XpaHuiuile JaHHBIX HMEIOTCS
apXUBBl CIIYTHUKOBBIX NMaHHbIX Landsat 4-7, Global Land Survey (GLS), MODIS (http://glovis.tsc.ru/), a Takxe
JIaHHbIE HAOMIONEHUH C METEOCTaHIIMH.

IIpenBapurejbHbIe pe3yJbTaThl

K Hacrosimemy MOMEHTY OBIIM MONY4YCHBI CIEAYIOUIME pe3yinbTarbl. BeipaboTaHa oOmas KOHLEMIUS
ApXHUTEKTYPbl MH(POPMAMOHHO-BBIYUCIUTENFHON BeO-CHCTEMBI M CTPYKTYpa XpaHWJIMIIA HaOOpOB reodu3niecKux
JTaHHBIX. [IpoBeneH cOOp M MOATOTOBKA ONMMCAHHBIX B MPEIBIAYIIEM pa3/ielie apXHUBOB IIPOCTPAHCTBEHHO-IIPUBI3aHHBIX
JIAaHHBIX ISl KCIIOJIB30BAaHMSI B CUCTEME, BHIOPAHBI M peaii30BaHbl METO/IBI X MpEABapUTeNbHOM 00padoTku [51-52]. B
YaCTHOCTH, OJJHUM M3 NPUIIOKEHUH CHUCTEMBI SIBISIETCSI OLIEHKa OCOOEHHOCTEH IMHAMHKH U B3aHMOCBS3€Hl OCHOBHBIX
METEOPOJIOTHYECKUX XapaKTEPUCTHK M UX aHaiu3. B nanbHeitmeMm HaOOp MOCTYMHBIX Al 00pabOTKH aHHBIX Oyaer
pacupsaTbCs, B TOM 4HCIIE 3a CueT OOpabOTKH II0JIb30BaTeNIbCKUX JaHHBIX. IlomroroBneH 0a30Bblid HabOp
TEONPUBSA3AHHBIX KapT, BKJIIOYAsl KapThl PAaCTUTEIBHOTO IMOKPOBAa, NMPUPOAHBIX 3KOCUCTeM, MHAeKkca NDVI, mins nx
nocienyromero ncronb3oBanus B Be6-I'MIC cepsuce.

Peanm3oBana cnexyromas (QyHKIMOHAIBHOCTH st pabOTBl ¢ HabopamMu Teo(pU3MYEecKHUX HaHHBIX:
nobasnenne/penakruposanre RDF-mMeTafaHHbBIX, TOMCK MO aBTOPaM METaJaHHBIX M 10 MCCIIENOBATEISIM BXOISAIINM B
COOTBETCTBYIOIIMI IPOEKT, CEMAaHTUUYECKUN MOUCK MO KirodeBbIM cioBaM. CepBep penosutapus RDF meramanHbIx
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Sesame [53] ¢pyHKIHOHUpPYET B paMKax cpeabl Tomcat u obecrieunBaeT HEOOXOAUMBIA HHCTPYMEHTApUH IS aHAIN3A,
HMHTEPIIPETALINY, CO31aHUA 3a11pocoB U XpaHeHust RDF MeTagaHHbIX.

Pazpaborana mporpammuasi OuOnmoTeka, oOecreunBaronass BBIYUCIUTEIBHBIM MOIYISM JOCTYII K
MOATOTOBJICHHBIM HabOpaM JaHHBIX. Pealn3oBaH MEHEKEp 3a4ad BBIYMCIMTEIBHOTO spa, co3maH Habop u3
TPHUHAIIATH BBIYMCIUTEIBHBIX MOIYJEH Uil pacuera 0a30BOH CTATUCTUKU M WHJAEKCOB HM3MEHEHUs kiumara [8].
[TonydeHHble pe3ynbrarhl pacyeTOB HMHAEKCOB M3MEHEHHs KinuMara JJisl pa3iM4YHbIX HaOOpOB IPOCTPaHCTBEHHO-
pacmpeneNieHHbIX JaHHbBIX MpuBeeHbl Ha Puc. 2 u 3.

Mohthly maximum of daily minimum temperature, October, 1980 WMO indices: Monthly maximum of daily minimum temperature, October, 19¢

3 50 0 20

(a) ECMWF ERA-40 Reanalysis (6) NCEP/DOE Reanalysis 2

Puc. 2. npexc nameneHus kinmara «MecsiuHbIi MAKCUMYM JHEBHOI MUHUMAaJIbHOW TeMIepaTypb», oKTs0pb 1980r

WMO indices: Annual number of icin ays, 1920 WMO indices: Monthly minimum of daily maximum temperature, April, 1920
WMO ind days, 1920 MO Monthl f y [ . April, 19

(a) «Uucno muelt ¢ 3amopo3kaMmy, 1920r. (6) «MecsuHBI MUHUMYM JHEBHOH MakCHMAaJIbHOU
TeMIleparypbl», anpenb 1920r.

Puc. 3. Unaekce u3amenenus kimMara o ganaeiM NOAA-CIRES XX Century Reanalysis

Kpome Toro, paspaboran rpaduueckuii MOAyIh sapa, OOECIEUMBAIONINNA BH3YAIN3AIlMIO PE3YJIBTATOB
o0Opabotkn u 3ammchk ux B ¢aitmer ¢opmara Encapsulated Postscript, GeoTIFF m ESRI Shapefile, a Taroke
MIPE/IOCTaBICHHE KOHEYHOMY IIOJIb30BATENI0 KapTOrpaMuecKuX JIEreH[ 10 COOTBeTCTBylomemMy WMS-3anpocy. B
KauecTBE TEXHOJIOTNYECKOH 0a3bl 1J1s IpefcTaBiIeHns kKapTorpaduaeckoit napopmannu B MHTepHET Hcnonb3yercs [10
GeoServer [54], coorBerctByromee crangapram OpenGIS [55]. Ilpoussenena wuHTerpanus ©0aszoBoit [HC-
¢ynkmonansHocti ¢ 10 Be6-moprana (Puc. 4), a Takke peann3oBaHO COBMECTHOE IpEICTaBlIeHHE IpadUuecKux
pe3ynbTaTtoB BhIUMCICHHH 1 KapT Google Maps [56] (Puc. 5). DTo 3akiaapBaeT IpOrpaMMHYIO OCHOBY Il Pa3pabOTKu
BeO-TopTala Kak 4acTH reoMH(OPMaIlMOHHON BEO-CHCTEMBI.
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Puc. 4. Cpennsis Temneparypa Bo3ayxa Ha BeicoTe 2M, 19791, B popmare GeoTIFF, ¢ HanmoxxeHHON BEKTOPHON KapTon
MHpa U COOTBETCTBYIOIIEH JIETeHAO0MN.
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Puc. 5. KoHTypbl cpenHeil Temmeparypsl Bo3yxa Ha Beicote 2M, 19791, B dopmare ESRI Shapefile, ¢ 6a3oBbiM ciioem
oroopaxkaromum uHIeKke NDVI (ciea) u Google Maps Satellite (cipara).

3aKiIroucHIe

OnucaHHBII  TMPOEKT HAMpaBJIeH Ha  pa3pabOTKy  METOAOB  HHTErPAllMM  MEKIMCIUILTHHAPHBIX
(reorpaduueckux, KIMMAaTHUCCKUX, METCOPOJIOTMYCCKUX ) apPXUBOB JaHHBIX IOJICBBIX HAONIONCHUH, MOIACITHUPOBAHUS H
JAHHBIX AWCTAaHIMOHHOTO 30HIUPOBAHHWSA; pPa3pabOTKy YHHBEPCAIBFHOIO IPOTPaMMHOTO HHCTPYMEHTApHs B BHIE
KOMIUTEKCHON HMH(GOPMAITMOHHO-BBIYHCIUTEIBHON cHcTeMbl, obnanaromnieii [ MC-hyHKIIMOHATBHOCTRIO, ISl pabOThI ¢
Pa3HOPOAHBIMU MPOCTPAHCTBEHHO-PACHIPEACICHHBIMA JaHHBIMA. J[aHHAs MH()OPMAIMOHHO-BRIYHACIHTENbHAS CHCTEMA
SBISICTCA CIICAYIOIIMM IIaroM B IIporiecce pa3paboTKH NPUKIATHBIX WHPOPMAIMOHHO-TEICKOMMYHHKAITMOHHBIX
CUCTEM, TPEAOCTABIMIONIAX CICIUATUCTAM PA3JIMYHBIX OOJIACTed HAYKH YHHKAIFHBIC BO3MOXKHOCTU HAJICKHOTO
aHalM3a Pa3HOPOJHBIX TeO(PH3MUYECKUX TaHHBIX. lICrmoip30BaHUE ampOOMPOBAHHBIX BBIYHCIUTEIBHBIX AITOPUTMOB
00€CIeYHT JOCTOBEPHOCTD MOIYYaEMbIX B KOHKPETHBIX IPEAMETHBIX 00JIACTSX PE3yJIbTaTOB.

JoctymHOCTh cucTeMbl B IHTEpHETE U BO3MOXKHOCTH pa0OTHI ¢ JAHHBIMU 0€3 MCIOJIb30BaHUS CHCIUATBHBIX

3HaHUH B TPOTPaMMHPOBAHUH HOJDKHA ITO3BOJUTH INMHPOKOMY KPYI'y YYEHBIX CKOHIICHTPHPOBATHCS Ha PEIICHUH
KOHKPETHBIX 33]1a4.
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