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B.I. I'umuc

CETEBBIE TEOMH®OPMALIMOHHBIE TEXHOJIOI' MU
IJIsI HCCIIEJOBAHHU B HAVKAX O 3EMJIE

PaccMmaTtpuBaioTes e ceTeBkle reorHpopManHonnbie Texnonorun. Mx ocHoeHeie xapakrepucTukm: (1)
CeTeBOi MOCTYI K JaHHBIM, pacrpe/eeHHBIM Ha yaaneHHbIX cepsepax u [TK monesosareins, (2) coBpeMenHbie
METO/b! HM3BJIEYEHMs 3HAHHA M3 HPOCTPAHCTBEHHBIX M NPOCTPAHCTBEHHO-BPEMEHHBIX AaHHLIX, (3) BBICOKas
HHTEPAKTHBHOCTb M HAIIAAHOCTH aHaTH3a. JlatoTea NpiMepsl PEIieHns HCCIEN0BATEILCKHX 3a1a4.

Kmouesrle cioBa: reonndopmatuka; cerepble [MC; ananns npocTpaHCTBEHHEIX # [IPOCTPAHCTBEHHO-

BPCMCHHBIX JaHHBIX.

1. Beenenwme..Ilens paboTel - npeicTaBHThL ceTe-
Bble TeOMH(OPMALMOHHBIC TEXHOJIOIMM aHAIH3A
MPOCTPAHCTBEHHBIX M [POCTPAHCTBCHHO-BPEMEHHBIX
naHHbIX. TeXHOIOTMM pealn3oBanel B reorpadu-
ueckux wuHpopmanuonHbx cucremax (I'HIC) Teo-
Ipoueccop u I'eoTaiim. TexHONOTHH TPHMEHSITHCE
1Sl HCCTIeIOBAHMUS pana rnpofneM B Haykax o 3emie,
TAKHX KaK OLCHKAa CCHCMHYECKOH OIacHOCTH,
HCCIIEJOBAHHE pPYAHBIX H HEdTErasoBBIX MECTO-
pOXJIeHHH, OOHapy)KeHHe M aHAIM3 PEe/IBECTHHKOB
3eMICTpACCHHH 10 TeodH3HUecKHM BpeMeHHBIM
paaaMm H KaTanoram EENUTCT[JHCCHHﬁ, aHamni
THHAMHMKH B3aUMOEHCTBAA CEHCMHYHOCTH C MOJIAMH
deopmartit TOBEpXHOCTH 3emiM M ap. Kakioe
HCCITEC/|OBAHME BBINONHAIOCE B TECHOM COTpPYI-
HHYECTBE C DKCIIEPTaMH NpeaMeTHBIX obmacreil. 370
MO3BONMIO pa3paboTaTe METOABI M AJTOPHTMEL,
KOTOpBIE BO MHOIMX OTHOMWIEGHUAX HMHTHPYIOT
METOJIBI M3YUEHHS MPOCTPAHCTBCHHAIX M MPOCTPaHCT-
BEHHO-BPEMEHHBIX [aHHBIX 3KCIEPTAMH.

2. Metoael TeoMHPOPMANHOHHOIO HCCTe-
noBanust. CoBpeMeHHBIE reonHOpPMALMOHHBIE TEX-
HONOTHH JUIS HAYYHBIX MCCIEJ0BAHWH  JIOJIKHBI
obecnevHBaTh CIEAYIONIHE OCHOBHEIE TpeGoBaHMs!

1. KoMrmnekcHbIi reoMHGOpMALUMOHHBIH aHATH3
THIIOBBIX [POCTPAHCTBEHHBIX W IIPOCTPAHCTBEHHO-
BPCMEHHBIX reorpad)HuecKnx JaHHBIX.

2. JlunamMudecKas 3arpy3ka JaHHBIX H Iporpam-
MHBIX MOAYJIeH (IUIarHHOB), pacHpeac/ICHHBIX Ha
yranenHrix cepsepax H ITK none3osarens

3. 3amycK MHTCHCHBHBIX BBRIYHCICHHH Ha yza-
aennbix ceprepax uepes 'MC unrepdeiic.

4. Hanuuue WHTEPAKTUBHBIX CPEACTB @HAIHTH-
HeCKOT0 M BH3YAJIBHOI'O HCCIEIOBaHHS, KOTOphIE
00eCneYnBalOT KOTHUTHBHOE MOJETHPOBaHHE H
VTIPOIIAIOT IOHMMAHHE H3YUaeMOro MaTepnarna.

B TUC npumeHsrOTCS TPH OCHOBHBEIE MeTOZA
aHanH3a: BU3YANLHOE UCCIE/[0BAHUE, aHATHTHYECKHE
npeoOpa3oBaHms H BEIBOJ 3aKOHOMEPHOCTEH.

Ilenw BusyansHoro uccnemoBanua — (1) Ha-
TAANHEIH TIOMCK M TpeAcTaBleHHe IeeBbIX CBOMHCTB
TPOCTPAHCTBEHHBIX H IPOCTPaHCTBEHHO-BPEMEHHBIX

JdaHHBIX, (2)  BBINONHEHHWE  KapTorpaMuecKHX
m3MepeHHit, (3) cTaTHCTHYECKOE OLEHWBAHHE CBOHCTB
JaHHBIX ¢ [pPHMEHEHHEM  KapTorpadmueckoro

uuTepdeiica, Llenms aHanuTHuccKHX mpeobpazoBaHui
COCTOMT B BBIUMCIACHHH HOBBIX TEMATHIECKHX,
APOCTPAHCTBEHHLIX H MPOCTPaHCTBEHHO-BPEMEHHBIX
CBOHMCTB [aHHEIX C TOMOIIBI0 3apaHee 3aJaHHRIX
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onepaTopos. Metoasl npas/onoao6HOr0  BHIBOAA
NO3BONAIOT HAWTH 3apaHee HEM3BECTHBIE XapakTe-
PHCTHKH H3YHaCMbIX [IAHHLIX, BbIACIHTL LEICBLIC
00BEKTBI H MPOrHO3HPOBATH TPOCTPAHCTBEHHBIE W
MpOCTPAHCTBEHHO-BPEMEHHBIC CBOMNCTRA.

3. THC Teollponeccop. THC TIeollponeccop
npegHa3HadeHa U1 TIPOCTPAHCTBEHHOTO aHAIH3a
reofgaHHeix. Cuctema peann3oBaHa Kak Java amner.
Joctyn k cucreme n personanbHeiM IHC-npoextam
OTKpRIT MmO  agpecy:  http//www.geo.iitp.rw/
GeoProcessor-2/new/index.htm. Obnactamu
NPUMEHEHHA ABIAKTCA aHaln3 NpPOCTPAHCTBCHHBIX
IaHHBIX, HM3YYCHHE TeOJIOTHYMEecKOH Ccpefsl M noj-
JepikKa INPHHATHA PENICHWH B TaKMX 3ajadax Kak
OLEHKa  CEHCMHYECKOM  OINAcHOCTH,  IPOrHO3
OPHUPOOHEIX  PECYPCOB, IJKOJOTHYECKOoe paHoHH-
poeanne. OnHOH M BKHEHIINX CETEBBIX (DYHKIMHH
CHCTEMBI ABIACTCA BO3MOXKHOCTH JHHAMHYCCKH
HHTErpUPOBaTL TCONAHHBIC, PpACOpeIeiIeHHbIE B
TENeKOMMYHHKAIIMOHHBIX  ceTax u  Ha [TIK
nonb3osatena (mocneaHee obecneuuBacT KOHGHACH-
OHANLHOCTh JAHHBIX nonb3oBatens), CHeTeMa Takke
MO/LIEPXKHUBAET BO3MOKHOCT COXPAaHEHHS pe3yib-
TatoB 1noab3opatens (FHUC cnoes u FTMC-npoekTa).

4. Ipumepst npavenenna I'UC Ieollponeccop.

4.1. Oyenusanue MaKcuManbHOZ0 yuepoa.

3adaua: oucHuBaHHE yiiepba (MOCTPOHKH THOA
7KII) 0T MaxkCHMaJbHOrO 3E€MIETPACEHHA UIA
TOpOIOB.

Manuwie: TluxkoBble yckopenua A, ropona
CesepHoro Kapkasza ¢ Hacenennem Oomee 30000
YEJIOBEK, COOTHOIIEHAS HEXKEHEPHOH I'e0I0rHH.

Texrnonoeus:

1. Beramcnense moias MakCHMAaNIbHOH MHTEHCHB-
HocTH coTpaAcennit I=(1g4-0.014)/0.3.

2. Beraucienne nons fonu paspymennit Vi ¥V =0,
ecnu I<7; V=3.5%, ecom I=7; V=11.9%, ecnu I=§;
V=37%, ecin I=9. [AnTukaes u ap., 1997].

3. DBseluucneHHe KpPYroBEIX OVepHEIX 30H
TOPOIOB C PaAMycOM 5 KM, ¥ OLICHHBAHHE CPEIHErO
yuiepba B NpeanonoKeHuH PaBHOMEPHOH 3acTPOHKH
(Puc. 1).

4.2. Ananu3s celicMu4ecKou onacHocmu

3aoava: Br1aeneHne 308 ¢ Mmax >6.5.

Hannple: TeonoTHYECKHE M reo(H3NYEcKHe
CEeTOYHBIE 110714, PA3IoMbl, KIacCH(UIHPOBAHHEIE MO
reoNorM9ecKod  3HAYAMOCTH, o BO3pacTy H
KHHEMATHKE, KATAJIOT CHIBHSHILHX 3EMICTPACCHHH.
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Texnonoeus.
1. Anamus H
MPH3HAKOB.

BbIOOp  MH(OPMATHBHBIX

Puc. 1. ITone V. Pa3mep kpyxkka
COOTBETCTBYET JI0JI€ CpeaHero yuiepba

Fig. 2. CelicMOreHHsle 30HbI ¢ M, >6.5.
KpacHbie Kpy:KKH — JTHUEHTPBI C My, >6.5

Jna depGenta cpennnit yuep6 papen 27%.

2.BeIYHC/IEHHE CETOYHBIX NO0eH MPHIHAKOB.

3. HHAyKTHBHBIH BLIBOJ PELIAIOIIEro MpaBHIa Mo
mertony npeanourenus ['mtuc u Epmaxos, 2004].

Butbparnvie npusiaxu:

X) — Momyme TpalHeHTa CKOpoCTeil BepTHKalb-
HBIX TOCTCAPMATCKHUX [BMKEHMH B  YCIIOBHBIX
CANHHIIAX.

X, — monycyMMa pacCTOSHHIL 10 HAJBUTOBBIX U
CBMIOBBIX aKTHBHBIX B KaifHO30€ pa3ioMoB B [KM].

X3 - cpeaHeKkBagpaTHUYHEBIE OTKJIOHEHHA BBICOT
IOBEPXHOCTH 3eM/IH B CKOJBb3AlIEM KPYrOBOM OKHE
paauyca 10 xm [m].

[Ipasuno: Ecamn X;>5.0 M1 x,<8.25 U x3>290

HJIH x>2.0 B x><9.15 U x3>383

WA x,>18.5 1 x,<9 H x;>186,

TO Bo3MOXKHEI 09aru ¢ My, >6.5.

5. T'AC TeoTaiim. THC TeoTaiim GIS GeoTime
BeINONHeHa B apxutekrype Java Web Start. THC
MOMKET HHTErpUpOBaTh pacrpefieieHHble JaHHBIE H
nporpamMMHble  Moayam, obecnieuuBaer o00paboTky
GonpmMx 00BEMOB HaHHBIX, MOAAEPKUBAET Mapa-

62

feNbHEIE  BBIMHCIEHHA HA  MHOrOMPOLIECCOPHBIX/
MHOTOAIEPHBIX KOMIIBIOTEpax (
http://www.geo.iitp.ru/geotime/index.htm). I'Mc
npefHa3HayeHa UIS  aHANM3a MPOCTPAHCTBEHHO-
BPEMBHHBIX HPOUECCOB.

Otanyme TEXHONOrHH MPOCTPAHCTBEHHO-BPEMEH-
HOro awanmu3a ¢ nomowbi [eoTaiiM cocrour B
CYLUIECTBEHHOM DACUIMPEHHH [0 CpaBHEHHIO ¢
MHPOBBIMHM  aHajoraMM  MeToaoB  obpaborku
pazHoTHNHBIX 2D, 3D u 4D nanHbIX, B pa3paboTke
HOBBIX METOAOB M aJrOPHTMOB BH3yalH3alUUH ¢
TpaHcdOpMalii TaHHBIX, @ TAKKE B HAIHYHH CIICLH-
aNH3HPOBAHHEIX IpeIMeTHO-OPHEH THPOBAHHEIX
METOIOB, aArOPUTMOB M IIPOrPAMMHBIX CPEACTB I
PeLIeHNs 321349 CeHCMOIOTHH H Ie0IMHaMUKH.

6. Npumepst npumencuns F'UC TeoTaiim.

6.1. Busyanenoe uccnedosamnue EpeMeHHBIX
pados

BusyaneHplif aHanM3 noAnepKHBAeTCA HHTEp-
AKTHBHON aHMMauHOHHOH rpaduxoii. Ha Puc. 3
1oKa3aH (parMeHT BHU3YaJIbHOTO aHajlu3a CBA3H
MEKIY JTHHAMMKOH noneit nedopmarmii
MOBEPXHOCTH 3€MIH M ceiicMuHOoCThI0 A1 Hayunoit
cranunn PAH na Taub-1llane [CoGones n ap. 2010].
TpeyronsunkamMn  obo3Havensl craHuuu  GPS,
HKEJIThIE KPY/KKH - JMULEHTPHI 3emieTpacenuii ¢ 1994
no 2008 r. T'HMC TeoTaitm mnoxgepxuBa-
©T CHHXPOHHYIO aHUMALIHIO HECKOIEKHUX TPOLECCOB.

Puc. 3. Oxno I'MC I'eoTaiim ¢ pparmenTom
BH3yaJbHOTO aHAJIH3a MOC/Ie/10BaTENbHOCTEH
GPS monuTOpHHIa M KaTanora 3eMJIeTpsceHui

Pnc. 4. Oxno I'coTaiim ¢ obpazom
NpeaBeCTHHKA nycammpcxoro 3EMIIETPACCHHA,
KOTOPOE MOKa3aHO OOMbIINM KPACHbIM KPY/KKOM
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@parvenT aHamH3a OTHOCHTCA K 3D momo mepmmmo-
HATTBHOM KOMIIOHEHTEI CKOPOCTH mo AaHHsM GPS,
BCKTOPHOMY [O7}0 CKOpOCTeif M 3MHIIEHTpaM 3emite-
TPACEHHH HA TOAOBOM HHTEpBaNe Habmonermii. B
npoekimr XY (mmpora-monrora) mokazaH cpes 3D
MEPHITHOHATLHOA KOMTIOHEHTh! CKOPOCTH MO JaHHBIM
GPS s momenra 7=12.04.2002. B mpoexmm  XT
TMOKa3aH Cpe3 3Toro ke 3D mons, cooTBercTBYROINAL
mmpote Y=42.76°,

Tpu rpajguka B mpasoit yactn Puc. 3: BBepxy -
BPCMCHHAA II0C/CA0BATE/IBHOCTE MEPHAHOHATBHOH
KOOpAHHATBI JUis cTaHmuu iv07, B cepenmHe —
CrUIayKEHHEIH BpPEeMeHHOI psan cerounoro 3D mons
3ITOH K€ KOMIIOHEHTEI BOJIM3H CTaHINH iv()7, BHH3Y —
speMeHHOH pagx 3D nmons  MepUAMOHANBHOM
KOMIIOHEHTEI CKOPOCTH B 3TOH K€ TOUKE.

6.2. Ob6napyscenue npocmpancmeenno epe-
MEHHbIX AGNTEHUTL.

3adaua: obmapyxchue mpernsectHuko Cyyca-
Mbipckoro  3emnerpacenns  (K=17, A=73.63°E,
©=42.06°N, 19.08.1992).

Hannvie:  karanor
coOwrrait, 1980 — 2001 rr.

Texnonozus:

1. Beruncnenne
3EMIICTPACEHHH.

2. Bermcnenue 3D nons aHOMaanil ¢ MOMOMIBIO
METOJI0B NPOBCPKH CTATHCTHYECKHX THITOTES.

3. OucHusanme 'aycchanbl, KOTOpas HAXOIHT H
annpokCHMHMpYeT aHoManmbHble ofnactu. OlerHn-
BACMLIMH NApaMETPaMH ABJIAIOTCA CTCMEHb YBCPCH-
HOCTH B TOM, YTO Hd COOTBETCTBYIILUCM BPEMEHHOM
Cpe3e NMPHCYTCTBYET O/lHA AHOMAIHs, KOTOpas 0-
CTATOYHO XOPOIIO ANNpOKCHMHPYCTCH TaycCHAHOM,
KOOpAMHATEI LEHTPA rayCCHAHLI, NEKPEMEHT 3aTy-
XaHMsA rayCCHaHbl, aMIUIHTYA H 00BEM rayCCHAHEL

Ha puc. 4 nokasan pe3ynsTaT aHATH3a aHOMAITHI
B NpoeKuHAX Ha miockoetd XV, TY u XT,

[lpoekuma Ba wiockocTh XY moKashiBacT CHIEHYIO
OTPHIATENLHYIO aHOMATHIO 3a 2] [eHs 1o 3eme-
TPSCCHHA, YTO COOTBETCTBYET YMEHBIIEHHIO [UIOTHOCTH
OIHLEHTPOB BO BpPEMEHM. 3emueTpsicelus ¢ M > 5.5
NOKA3aHbl HA BCCX TPOCKLMSX KPACHBIMM KPYKKAMH.
Kpyr nanGonsimero pasmepa coorserctayet Cyycamsipe-
KOMY 3CeMJICTpsiceHMIO. Denble KPYKKH MOKa3bIBAIOT

KOOP/MHATB! TayCCHAHOB, KOTOPhIC ANIPOKCHMHPYIOT
aHOMAJIHH ¢ JOCTATOYHO BRICOKOH TOUHOCTLIO. Ha ph-

3emierpiacenmit: 16329

IUIOTHOCTH SMNHALCHTPOB

CYHKC MOXKHO BHICTH [BC Takue aHoManuy, Mamnkie
Oernble KPYKKH COOTBETCTBYIOT MOJIOKHTEIBHON aHOMA-
JIHH, KOTOpas He CBA3AHA C CHILHBIM 3EMIICTPSCEHHEM.
Bonbime Oenbie KpyKKH —COOTBETCTBYIOT —OTpHIa-
TENILHOA AHOMAMMH, KoTopas mpemuectsyer Cyyca-
MBIPCKOMY 3eMJIETpACeHHIO. JIaHHBIA MHOAXON MOKET
OLITh HCTIONIE30BaH V15 NIPOTHO3A 3CMIICTPACCHHIL

7. 3akmiouenme. Mbl KpaTko paccMOTpeIH IBe
CCTCBBIE TEXHONMOTHH, KOTOpBIC pa3paboTaHEl L1
HaY4YHBIX MCCIENOBAHMA B Haykax o 3emne. OcHos-
HBIMH XapaKTePUCTHKAMH 3THX TEXHOJIOTHIT ABJISIOTCH:
(1) cereBolt zocTyn k reorpadmEueckmM JAHHBIM,
KOTOpEIC. MOTYT ObITh pacnpeeneHbl Ha YIaNCHHBIX
CEpBcpax M Ha KOMIBIOTEpE Monk3oBaTens; (2)
COBPCMCHHBIC MCTO/bl M3BICYCHHA M3 TNPOCTpaHCT-
BCHHBIX H MPOCIPaHCTBEHHO-BPEMEHHBIX  JIAHHBIX
CYIICCTBEHHON HH(oOpMalmi W 3HaHus; (3) BhICOKas
MHTEPAKTHBHOCTE H HAMIHOCTL AHAIH3A, KOTOPBIC
YBCITHYHBAKOT HPPEKTHBHOCTS MPHHATHA PELLICHI.

Okna XY, XT, YT npencTaBnsioT mnpoekinu
cpe30s 3D nons aHoMannii. UIHTCHCHBHOCTH JKEITOro
H CHHEr0 LBETOB COOTBETCTBYIOT 3HAYMMOCTH 3Ha-
YCHHIl MONONKMTEILHBIX H OTPHUATENBHBIX AHOMA-
THA. YBEIHYCHHE MHTEHCHBHOCTH TOHA COOTBETCT-
BYET YBEIM'CHUIO 3HAYMMOCTH anoMainn, [Ipoekuus
XY cootBercTBYeT MOMCHTY Bpemenn 7=28.07.1992
(21 pewb mo 3emnerpsicenns). npoekuns XT coor-
BCTCTBYET 3HAYCHMIO KOOpAMHATEI Y=41° mpoekums
¥T cOOTBETCTRYET 3HAYCHHIO KOOPAHHATE X=74°,

PaGora nonnepkana rpautamu PODH 09-07-
12077-0pu_m 1 10-07-00204-a.

JlnTepatypa

Anrikaee ®.®,, I'mmuc B.I'., Kodd I'JI., dponosa
H.M. Ouenka ceiicMpyeckoif onacHocTH | ceiic-
MHMCCKOro pHcka (HmocoOHe mns NOMKHOCTHBIX
aun).//M. BCTC Llentp, 1997. 53 c.

I'mruc, Epmakos, 2004. OcHOBEI NpoCTpaHCTBCHHO-
BPEMCHHOTO TIPOTHO3MPOBaHAA B reomHdopma-
trke // M., DU3MATIINT, 2004. 256 C.

CoGones I'.A., 3axpienckas H.A., Axatosa K.H., Turuc
B.I', Jleperascs A.B., Bparun BJ],, Comesa HA.,
Kyznkop C.H. HKa B3AHMOJCHCTBHS MOJIEH
CEHCMHYHOCTH M e(OPMALIHI 3eMHOI N0BEPXHOCTH
(bruikekcknit  reommEammveckuii  nonmron)  /
M.:Dmsuka 3emum, Nel0, 2010, ¢. 15-37.

MEPEKEBI TEOTH®OPMAITHHI TEXHOJIOT I JUIsl IOCTIIKEHD ¥ HAVKAX ITPO 3EMJTIO
B.I'. I'iic

PosrnsijaloTeesa 1B MepexkeBi reoindopmaniiini Texsonorii, Ix ocHoBHi XapakTepHCTHKA: (1) Mepexesmii

ZOCTYI 110 JaHKX, PO3MOAINCHAX Ha Binjanenux cepsepax i ITK kopucrysaua, (2) cyuachi Metomn J00yBaHHS

JHAHHA 3 HPOCTOPOBHX i TPOCTOPOBO-YACOBHX [AHMX, (3) BHCOKA iHTEPAKTIBHOCTH i HAOUHICTH aHai3Yy.

AaioTses NpHKIaNH BUPILICHHS A0CTITHUILKHX 3aBAHb.

Kuiouosi ciioBa: reoindopmarnka; mepexesi I'lC; ananis NPOCTOPOBHX i MPOCTOPOBO-YACOBHX NAHMX.

WEB-GIS TECHNOLOGIES FOR EARTH SCIENCE RESEARCH
V.G.Gitis

Two network geoinformation technologies are considered. Their common major features are (1) network
access to geographical information, which may be distributed over network servers or reside on the user PC, (2)
modern methods of knowledge acquisition from spatial and spatio-temporal data, (3) high interactivity and
clarity of visualization boosting the decision-making efficiency. Case studies of GIS analysis are presented.

Key words: geoinformation technolog; spatial and ispatio-temporal data analysis; web-GIS,

Hucmumym npobnem nepedauu ungpopmavuu PAH un. A.A. Xapreeuua
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