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M3znoxeHbl ocCHOBHBIE cBeieHUs1 0 reorHdopmaiinoHHoi cucteme (I'MC) PAITU. Onucana reouHbopMalioHHast
TeXHOJI0TUSI, KoTopyio peanusyet cucrema. [ IC PAITHU]I opueHTHpoBaHa HA COBMECTHYIO 00pabOTKy M aHaIM3 Ha-
36MHBIX U KOCMUYECKUX JaHHbIX, TO3BOJISIET PellaTh IUPOKUI KPYT 3a1ay HayK O 3eMJjie Ha OOIIUX METOANYECKUX
npuHuunax. CucreMa o0benUHAET UHCTpyMeHTapuil yHuBepcaibHbix [[MC ¢ marematnueckuM ammapatom Data
Mining, 4To naeT BO3MOXHOCTb MHTETPUPOBATh PA3HOTUITHbIE MHOTOYPOBHEBbIE T'€OlaHHbIE U U3BJIEKATh U3 HUX
HoBYyI0 nHMopMaiuio. [IpencrasieHa nunbopmaiusg o GyHKIUOHAIbHBIX BO3MOXHOCTSIX U CTPYKTYPE CUCTEMBI, TaH
npumep npaktuyeckoro npuMmeHeHus texHojoruu PATIU/. [TokazaHo, 4To npu UCMOJIb30BAHUU CUCTEMbI U TEXHO-
JIOTHY TIoBbITIaeTCs 3HEKTUBHOCTH MHTETPUPOBAHHOTO aHATIM3a PA3HOPOIHBIX T€OIaHHBIX, PEIIeHUs 3a1a4 TPUPO-
JI0- ¥ HEAPOMOJIb30BAHMUSI, COKPALIAIOTCS 3aTPaThl BDEMEHU U CPEACTB.

Kimouessie ciioBa: l"eOI/IH(l)OpMaL[I/IOHHI)Ie CUCTEMDI, I/IHTel"pI/IpOBaHHHﬁ aHaJIM3 JaHHbIX, MaTeMaTU4eCKuii arrapar Data

Mining, mTpoOrHO3 U MOUCKU TOJIE3HBIX UCKOTIAeMbIX.

BBenenue. PerieHue 3a1a4y mprupoaonob30BaHMs
Ha COBPEMEHHOM 3Tarle MpejarnojaraeT npuBjiedeHue
U TIpUMEHEHMEe OOJIBIIOro 00bEMa Pa3HOPOIHBIX IIPO-
CTPAHCTBEHHBIX MAaTEePUATIOB — KOCMUUYECKUX ChEMOK,
Kaptorpaguueckux M UUMPOBBIX T'€OJOTUYECKUX,
reo(pu3nvecKknux, TreOXUMUUYECKUX, IKOJOTUUECKUX,
METEOPOJIOTUYECKUX U APYIUX reojaHHbix. Onepu-
poBaHME TaHHBIMU HEMBICIUMO 6€3 TOMOIIU UH(Op-
MallMOHHBIX TeXHOJIOTuil. B HacTosiiee BpeMst repBo-
CTEMEeHHOE 3HaUYeHUE UMEET CO3[aHre TTPOrPaMMHBIX
CpPeICTB, CIOCOOHBIX 3((HEKTUBHO 0OpabaThiBaTh U
QHAJIM3UPOBATH OOJBIINE MACCUBBI PAa3HOPOIHBIX U
MHOTOYPOBHEBBIX AaHHbIX. K TakuM cpeactBam B
MEPBYIO OYepelb OTHOCATCS TeonH(pOpMallMOHHBIE
cuctembl (ITMC), coueTarniye BO3MOXHOCTU XpaHe-
HUsI, 00pabOTKM, aHAJIM3a U BU3YyaJIM3allii IIPOCTpaH-
CTBEHHBIX JaHHbIX. MHTeHcuBHOE pasButue ['MC Ha
MPOTSIKEHUU TOCJIEIHUX JECITUIETUN oOecrevyusio
HOBBIA KA4YECTBEHHBIM YPOBEHb YIIPABIECHUS TIPO-
CTPaHCTBEHHOI MH(OPMaLIUE.

B HanuoHanbHOM TrOpHOM YHUBEPCUTETE CO31a-
Ha cnenuanusupoBaHHas 'TMMC PAITNU]/ (Pacno3Ha-
BaHUEe, ABTOMAaTU3UPOBAHHOE TPOTHO3UPOBAHUE,
HMHreprnipeTalidsi 1TaHHBIX) — MOILHOE CPEACTBO WMH-
TErPUPOBAHHOIO aHAJIM3a MPOCTPAHCTBEHHBIX TAHHBIX
Ha OCHOBe MaTeMaTHhuyeckoro amraparta Data Mining.
CucteMy MOXHO MCTIOJIb30BaTh JJIsI PElIeHUsT 3a1a4
MoucKa MECTOPOXACHUIN TIOJEe3HBIX MCKOIAEMBbIX,
9KOJIOTUM W MOHUTOPHWHIA OKpPYXKAIoIlel Cpelbl,
MPOTHO3a OMACHBIX MPUPOJHBIX U TEXHOTEHHBIX CHU-
Tyaluii, TeOKapTUPOBAHUS U .

Cocrosinne npo6Jemsbl. [TocTOsTHHOE YyCIIOXKHEHME
pelraemMbIX 3a7ad Hapsily ¢ pOCTOM BO3MOXHOCTEH
WH(MOPMAIIMOHHBIX TEXHOJIOTUU MPUBEIU K TOMY, UTO
3a MOCJeAHUE AECSITUIETHUS TIPOUCXOAUTA HEOAHO-
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KpaTHasi CMeHa TeXHOJOTUYEeCKOW U MHCTPYMEHTaJb-
HOU 6a3bl 00paboTKU reomaHHbIx. Hampumep, B reo-
JIOTUU OTIEJIbHBIC MPOrpaMMBbl, pelliaBliue KOHKPET-
HbIE YaCTHbIE 3alauu 00pabOTKU reo(UuanuecKnux
MaTepuasaoB U BHEAPSBIIUECS Ha MPOTsKeHuu 1950—
1960-x romos, B Havaje 1970-x ObUIM 3aMeHEHBI Ha
MPOrpaMMHBIE KOMTIUIEKCHI JUIsI paboThl ¢ JaHHBIMU
oTaenbHbIX MeTonoB. K Hauvany 1980-x rogoB B pe-
3yJIbTaTe Pa3BUTHsI alllapaTHOTO, aJITOPUTMUUYECKOTO
U MPOrpaMMHOTO 00ecrieueHusI CTajl BO3MOXEH Iepe-
XOJ K CO3JITaHUI0 MOIIIHBIX aBTOMAaTHU3MPOBAHHBIX CU-
cteM o6paboTku maHHbIX (ACO/l), obecrieynBaB-
KX KaK YIJOYyOJE€HHYIO IIOMETOAHYIO, TakK U
KOMIUIEKCHYIO 00paboTKy MaTepMajioB reodusnuye-
ckux cvreMok ACOM-PI, ACOM-AI'C, ACOI-
IMporuos (KazBUPT), TPABUITAK/TEOKOMIITAC,
CEMCIIAK, ADPOIIAK, KOMITAK (Mpxkyrckre-
onorusi), AUTUTC/ACOUTUC (III'D, Mocksa),
PETMOH  (MHUWUITY), Teoromo (BUPI),
COSCAD (MITPY), ACOI'M-MII (Mpxkytckuii ro-
CyIapCTBEHHBIN YHUBEPCUTET), a TAKXKE MaKeThl CTPaH
3amana, HampuMmep, RockWorks (RockWare Inc),
ErMapper [6, 15, 16 u gp.].

Pacnpoctpanenue B Hauane 1990-x rogoB nepco-
HaJIBHBIX KOMITBIOTEPOB OOECMEeUMIO BO3MOXHOCTh
CO3MIaHMSI U BHEIPEHUsI aBTOMaTU3MPOBAaHHBIX pado-
yux MecT (APM) reosioroB u reo¢pusukoB, 4YTO YII-
polIaio pellieHUe TEXHUUECKUX MPo0JeM, CBSI3aHHbBIX
C BBOJOM-BBIBOJIOM, PeIakKTUPOBaHUEM U Tpeodpa-
30BaHUEM JIaHHBIX, MPEIOCTABIsIIO BO3MOXHOCTh
OIepaTUBHON MPOBEPKU PA3IUYHBIX TUIOTE3 U BbI-
paboTkM Oojiee TMOKMX cXeM 00padOTKM JaHHBIX MO
cpaBHeHuio ¢ ACO/I.

BMmecTte ¢ TeM manbHelilllee CTpeMUTEbHOE pa3-
BUTHE BBIYMCIUTEIbHON TEXHUKU, KOCMUYECKUX TeX-
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HOJIOTUM W MaTeMaTWYEeCKUX METOJO0B 00paboTKu
TIPOCTPAHCTBEHHO MPUBSI3aHHBIX TAHHBIX (T€OTaHHbIX)
TMOJIHOCTBIO U3MEHWJIO XapaKTep TMPOU3BOICTBEHHBIX
U UCCIIEIOBATEILCKUX TIPOIIECCOB B HEAPOTIOIH30Ba-
HUM, Teojjornu, sKkonorun. Hauasireecst B 1990-x ro-
nax maciutabHoe BHenpeHue [ MC, opreHTMpOBaHHbBIX
Ha 00pabOTKy KOOPJAMHATHO-TTPUBS3aHHBIX JAaHHBIX U
00JIaIaBIINX 3HAYUTEIBHO OOJIBIIIMMU BO3MOXKHOCTSI -
MU JUUISI XpaHEeHWsI, MAaHUITYJIMPOBAHUST W BU3yasn3a-
IIMA TEOJAaHHBIX, [aJi0 CYIIECTBEHHBIA TOTYOK
KOMIIBIOTEPU3ALIMU OTPACU, MIEPEBOLY HAKOTUIEHHBIX
JMaHHBIX B 1IM(POBON B, UX KOOPAWHATHOU TIpU-
BSI3KE U PA3BUTUIO HOBBIX TeOMH(DOPMAIIMOHHBIX TEX-
Hoyoruit [13].

Cpenu yHUBepcalbHBIX MHCTpyMeHTanbHBIX [MMC
MoxHO oTMeTuTh ArcGIS, Maplnfo, GRASS GIS,
OpenGIS, AutoCAD MAP 3D, Quantum GIS —
KPYITHbIE KOMMEPYECKHE TMPOTrpaMMHBIE MPOAYKTHI,
peanu3yiolne OCHOBHBbIE (DYHKIIMM PabOTHI C ITPO-
CTPAHCTBEHHO MPUBSI3aHHBIMU TAaHHBIMU: cOOp, yIO-
psiioyeHue, XpaHeHWe, MaHUTTYJIMPOBAHUE, TTEPBUY-
HYy10 00pabOTKy, a TakXe BBbIIIOJHEHUE HEKOTOPBIX
onepauuit 'MC-ananuza [7, 27, 32 u np.] (ot60p
00BEKTOB MO 33J]aHHBIM KPUTEpUsIM, Oydepusaius,
OBEPJICMHBII, TEOCTATUCTUYECKUI U CETEBOI aHAIU3S,
kaptorpaguueckass anreopa u ap.). [lorpeGHOCTH
CMelUaTUCTOB KOHKPETHbIX 00siacTeit 00yclIOBUIU
HeoOxonuMocTh BKiItoyeHus B coctaB [MC cneuua-
JIU3UPOBAHHBIX WHCTPYMEHTOB ISl PEIIeHUs] 3aaay
KOHKPETHBIX MpoOjeMHbIX obyacteit. Hampumep, B
I'C ArcGIS Bouu cnenmann3upoBaHHbBIE CPEACTBA
00pabOTKM TMAPOreO0JOTUYECKUX TaHHbIX.

B nanbHeitmem cneuuanusuposanHubie ['MC paz-
BUBAJIMCh HA OCHOBE OO0BEIMHEHUS] UHCTPYMEHTAPUSI
1 BO3MoOxkHocTel yHuBepcaiabHbiX ITMC u paspabo-
TaHHBIX paHee oTpacieBbIX cucteM. CBoeoOpa3HbIi
CHHTE3 CUCTEM aHaJIM3a U MHTEePIIPpEeTallui KOMILICK-
ca reosioro-reousndyeckux gaHHbIx ¢ [ MC-uHcTpy-
MEHTapueM IPUBEI K BOSHUKHOBEHUIO CIIeLIMAIN3M-
poBaHHblx [TMUC (MHTEI'PO, Coscad 3D, MultAlt,
AC-ITAHTEA, ITAPK, ProSource, Oasis montaj u
IpyTHe), o0JamarollrX Pa3BUTBIMU CPEACTBAMU pe-
LIeHUs 3aJay IMpeIMEeTHON 00JacTM W MPUCYLIUMU
yHuBepcaibHbiM [TMIC IMpPOKMMU BO3MOXKHOCTSIMU
yOpaBJeHUs MPOCTPAHCTBEHHBIMU HaHHbIMU [8, 11,
12, 29, 31 u np.].

[ToBhillIeHHE POJIM a3POKOCMUYECKUX MaTepua-
JIOB TIPU pellieHUH 3a71a4 IPHUPOI0II0JIb30BaHMs 00yC-
JIOBIJIO IIUPOKOE PacIpOCTpaHEHME CIleLUaIu3Upo-
BaHHBIX CHCTeM O0O0pabOTKU a’pOKOCMOCHMMKOB
(Erdas Imagine, ENVI, eCognition, MultiSpec u np.
[24—26, 28]). Co3gaHbl crieMATM3UPOBAHHEIC MaKe-
Thl, OpDMEHTUPOBAHHbIE Ha pPelleHUE OMNpeaeIeHHOIO
Kpyra TeMaTU4YeCKUX 3aJay, B YACTHOCTU Ha BbIMOJ-
HeHMe JuHeaMeHTHoro aHaiuza (JIA) [9, 10, 17, 19].
Takue makeTbl He TPeOYIOT OT MOJb30BaTENSl IIUPO-
kux 3HaHuit B oosactu 'MC U npuMeHSIIOT TTOHST-
HbIe eMy TEPMUHOJIOTUIO U uHTepdeiic. OcobeHHOC-
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T MMAKEeTOB: UCITOJIb30BAHWE OTPAaHWUYEHHOTO Habopa
obpabaThiBaeMbIX JAHHBIX, 3a4acTyl0 (PUKCUPOBAH-
HbIE TEXHOJOTUUECKNE CXeMbI, CITeIIMaTM3UPOBAHHBII
MaTeMaTU4YeCKUI anmnapar.

B HacTosiiiee BpeMsi, HSCMOTpPsI Ha TOCTUTHYThII
MpoTrpecc B pa3paboTKe MPOrpaMMHO-TEXHOJIOTHYE-
CKUX CPEJCTB, Pa3BUTHE OOJIAUHBIX TEXHOJIOTMI U
GRID-T1exHoM0THIA, BCeBO3paCTAIOUINIA POCT 00BEMOB
TeOJIaHHBIX U PEe3KOe YCJIOXHEeHUE YCIOBUII TTorcKa
MECTOPOXIEHUI MPUBOAIT K TOMY, YTO Mpobiema
YBEJIMYEHUST CTETIEHU U3BJICUEHUS TT0JIE3HOM MH(bOP-
MalUuu M3 TEePBUYHBIX JTaHHBIX HE TEPSIET aKTyaslb-
Hoctu. OAWH U3 MyTel pelieHus: 3TO MpooIeMbl —
MCTOIb30BaHUE MOJieield 1 MeTofoB ammapara Data
Mining, 9TO TO3BOJISIET OCYIIECTBISATH MHTETPUPO-
BaHHBIN aHaIM3 Pa3HOPOIHBIX U Pa3HOYPOBHEBBIX
T€OJJaHHbIX U TOJIy4aTh HOBbIE 3HAHUSI.

OcHoBubie cemenusi o cucreme. [MMC PAITUJI
OpPUEHTUPOBaHA HA 0OPA0OTKY M MHTEJJICKTyaJbHbI
aHaJIN3 Pa3HOPOJIHBIX U PAa3HOYPOBHEBBIX T€OaHHbIX,
MO3BOJISIET HA OOIIUX METOANYECKUX MPUHIIUITIAX pe-
1IaTh HIMPOKUH KPYT 3aJay HayK O 3emJie: MPOTHO3
MOJIE3HBIX UCKOTIAEMbIX, KAPTUPOBAHUE TEPPUTOPUIA,
MOHUTOPUHT U MPOTHO3UPOBAHUE YPE3BBIYANHBIX U
Te0dKOJIOTUYECKUX cuTyauuit u np. [19].

Cucrema 1o3BoJisieT UCTI0Ib30BaTh PA3HOPOIHbBIE
U MHOTOYPOBHEBbIE T€OJaHHbIE U3 Pa3JIUYHBIX HC-
TOYHMKOB (LIMMPOBBIE Te0J0ro-reousnveckue u
Kaptorpaguueckue maTepuasbl, adpPOKOCMUYECKUE
CHUMKM, PE3yIbTaThl TEOXUMUYECKUX aHAJIU30B MPO0,
JaHHbIe OypeHMs, MHGpOPMaLMIO O JaHAlIadTax,
H1u(ppoBbIe TeoU300paXkeHNUsI), MOJIyYeHHbIE Ha OJ-
HOM U3 BBICOTHBIX YPOBHEN: KOCMOC (CIYTHUKOBbIE
MaTepualibl), atMocdepa (a3podoTo- u asporeodu-
3UYeckKue CheMKU), 3eMHasi WJIU MOpPCKasi MOBEPX-
HOCTh (MOJIEBbIE CHEMKM), HUXKHEE IOJIYIIPOCTpaH-
CTBO (M3MEPEHMST B TOPHBIX BHIPAOOTKAX).

Cucrema obecreunBaeT UHGOPMALIMOHHO-CIIpa-
BOUHBIE U U3MEPUTEbHbIE (PYHKIIUU, (DUITBTPALIUAIO
JNAHHBIX, (POpMUPOBAHKUE HOBBIX MPU3HAKOB U IMO-
CTpOEHUE TMPOU3BOAHBIX KapT, UCCIEIOBAHNE 3aBU-
CUMOCTE! U CTaTUCTUYECKYIO 00pabOTKy, MHOTOMEP-
HOe pallOHMPOBaHUE, KIacCU(PUKALIUIO C 00yYeHUEeM
1 6e3 oOyuyeHUs; paHXXUpoBaHUE, KapTorpadgupona-
HUEe CUTyauMii, padHooOpa3Hyw 2D- u 3D-Busyanu-
3alMI0 JAHHBIX, KOMIIOHOBKY M T€YaTh MUCXOMSIIINX
IOKYMEHTOB U APYTve (DYHKIIUU.

Cuctema UCIOJb3yeT HECKOIBKO MOJIENIE TIpe/I-
CTaBJICHUS JAHHBIX: CETOUYHYIO (pusnueckue Mosust u
TeOXMMUYECKHE JaHHbIE), BEKTOPHYIO (KapTorpadu-
YecKMe CJIOU) U pacTPOBYIO (a9POKOCMUYECKUE U30-
opakeHus1). OCHOBHOI SIBJISIETCSI CETOYHasl MOJEb,
B KOTOpOil mHMOpMamus o0 HccienyeMoM y4yacTKe
COOTHOCUTCS C y3JIaMU PETYJISIPHON CETU Ha 3eMHOU
TMOBEPXHOCTH.

T'eouHdopmamoHHast TEXHONIOTHUS, Oa3upyroLa-
gaca Ha TUC PAIIUI [14], peanudyeT OPUHLIUI
MHOTOBapUAHTHOTO pEeUIeHUs] 3aJady C TMOMOIIbIO
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Fig. 1. The technological scheme of searching and forecasting tasks solving on the basis of RAPID GIS

UMUTALMOHHOTO MOJICJIMPOBAHUS U TIPOBENEHUS BbI-
YUCIUTEJbHBIX dKcTIepuMeHTOB. OHa OpUEHTUPOBA-
Ha Ha YCTAHOBJIEHME TIPSIMBIX CBSI3€id MEXIy TpO-
CTPAHCTBEHHBIMU 3aKOHOMEPHOCTSIMU PACTIONIOXKEHUST
M3yYyaeMbIX OObEKTOB U SIBJICHUI U CTPYKTYpPOM OIK-
chiBarolnx ux gaHHbix. B cucreme T'MC PAIIU]L
peanu3oBaHbl QYHKIMHU, 00eCeYrBaOIINE:
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MHTETpalMIO JaHHBIX, 3aJaHHBIX B PacTPOBOM U
BEKTOPHOIi (popmax; aHaIUTUUYECKUEe, NUHPOpMa-
LIMOHHO-CITPABOYHbIE U U3MEpUTEIbHbIE (HYHK-
uu;

ornepalMy BeKTOpPU3AallUM, pacTepu3alluu U cer-
MEHTalINU;

paiiloOHMpOBaHUE TEPPUTOPUI METONAMU KJacTe-
pu3alum;

MOUCK CBSI3€ U YCTAaHOBJIEHUE 3aKOHOMEPHOCTE I
MeToJlaMU KjaccupuKaluu, pacrio3HaBaHMsI, CeK-
BEHLIMOHHOTO aHaJIN3a, MOKMCKa acCoLMallnii;

- peaau3aluio “aHOMAaJbHOIO” MOAXOAA K BhIIEJIe-
HUIO OOBEKTOB: MOUCK MCKIOUEHMUI (OTKJIOHE-
HUI1), HE XapaKTePHBIX JJISI UCCIEAYeMOI Teppu-
TOPUU WJIA OMUCHIBAIOIIUX €€ NaHHBIX;

- BblOEJIeHHE o0yiacTell (y4acTKOB, 30H), TepCIIeK-
TUBHBIX HA OOHapyXXeHHE HUCKOMbBIX OOBEKTOB;

- KaptorpaupoBaHUE U MOAETUPOBAHUE TEXHO-
TEeHHBIX U TPUPOJHBIX OOBEKTOB U CUTYaIIUIA;

- MHOTOBapUMaHTHYIO BU3yaJIU3AI[UI0 JAHHBIX, KOM-
TMOHOBKY U TleYaTh BBIXOIHBIX TOKYMEHTOB B 2D
u 3D dopmarax u ap.

YnpoumgnHas TexHogoruyeckast cxema rpuBese-
Ha Ha puc. 1.

Crpykrypa cucremsl. CuctemMa BKJIIOYAET B ceOsl
SIApO, obecrneunBalollee yrpaBieHe JaHHBIMU, a TaK-
K€ COBOKYMHOCTb MOJYJEH, CrpynnmupOBaHHBIX B
(yHKIMOHATbHbBIE TTOACUCTEMBI YITPABICHUST TaHHbI-
MU, (POPMUPOBAHUSI MPU3HAKOBOTO MPOCTPAHCTBA,
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Fig. 2. Function scheme of RAPID GIS

JIMHEAaMEHTHOIO aHaju3a, KOMIUIEKCHOIO aHajlau3a
JaHHBIX, TPOTHO3UPOBAHUSI HA OCHOBE METOJOB all-
napara Data Mining, rpagpuku. Bcero B coctaB TIC
PAITHU/ Bxomut okono 100 ¢pyHKLMOHATBHBIX MO-
NyJIE, UMEIIIUX €AUHBIA TTOJIb30BATEIbCKUN WH-
Tepdeiic, pyccKo- U aHMIOSI3bIYHBIN (pUcC. 2).

Anapo cucrtembl — MpoOrpaMMHbINA KOMIUIEKC, CO-

crosiiuii U3 nByx yacteil. [lepBast oTBevyaeT 3a BbI-
30B OTHENbHBIX MOIYJEN, a Takxke OOMEH JTaHHBIMU
MEXIy pa3HbIMU MOJYJISIMU, PELIAIOIIUMUA KOHKPET-
HbIe 3aJa4y 0OpabOTKM M aHajlu3a JAaHHBIX, a TaKXe
mexay TMC PAIIU v u3BECTHBIMU CHCTEMaMM,
Hanpumep ArcGIS, Micromine, Surfe u op. Bropas
4acTh, BCTPOEHHAsI BO BCEe (PYHKIIMOHATbHbBIE MOMY-
JId, YIpaBIIsieT TOTOKAaMU JaHHbIX, 00eCcTieunBast CUn-
ThIBaHUE, 3aIUCh, YIAJIEHUE, BU3yaIU3allUIO U TIPOC-
Thle TIpeoOpa3oBaHUs (CIVIaXKMBaHUE, 3allOJHEHME
MpPOITyCKOB, HopMupoBaHue). [Ipu Takoil cTpyKType
CUCTEMY JIETKO pacllUpuTh, a TakKe cO3[aTh Ha e¢
0a3ze Kak (PyHKUMOHAJIbHbIE MOACUCTEMbI, TaK U OT-
nenbHble [MC, npenHasHaueHHBIE IJIs1 peIIeHUs CIIe-
LMaJIu3upoBaHHbBIX 3amad [2, 3, 30].

Huxe pPacCMOTPEHLI OTIMYUTCIILHBIC 0CODOEeHHOC-

tm TUC PAIINI.
1.

IMoxcucrema (popMUpOBaHUSI IPU3HAKOBOIO IIPO-
CTPaHCTBa IPEIOCTABIISIET YHUKAJIbHBIE BO3MOX-
HOCTHU BBIYMCJICHUSI TpaHC(POpMaIMil MCXOIHBIX
JaHHBIX U BbIOOpa Haubosee MH(GOPMATUBHBIX U3
Hux. OOBIT pelleHus pa3HOOOpPa3HbIX MPOTHO3-
HBIX 3aJa4 CBUACTEIBCTBYET O TOM, UTO OYCHb
yacTo “TIpu3Haku”, T. €. pe3yJbTaThl MaTeMaTH-
YECKOro TpaHC(GOPMUPOBAHUS MCXOMHBIX HabO-
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POB JaHHBIX, O0Jiee UH(OPMATUBHBI C TOUKU 3pe-
HUSI 1IeJIeBOM MOCTAaHOBKM 3amgaud. [1ocKoabKy
CYILIECTBYET MHOXECTBO METONOB BBIUMCIICHUS
TpaHcOpMaLMii U alipuOPU HEBO3MOXHO YCTa-
HOBUTb, KaKMe M3 HUX Haubojee IOJe3HbI IpUu
pelIeHN KOHKPETHOM 3aga4yn, OOBIYHO IIPOU3BO-
OUTCSI Pacu€T pas3IMYHbIX TpaHC(HOPMAHT C IIO-
CJIeyIOIIUM BhIZeJIeHeM Haubosiee MHGOpMaTUB-
Heix. TMC PAITW] obecrnieunBaeT BBIMOJHEHUE
3HAYUTEJILHOTO YMCIa pPa3HbIX TpaHChOpMalUid,
OCHOBAHHBIX Ha ABYX MPUHLUUIIMAIBHO pa3iny-
HBIX MOAX0JaX — MUKCEIbHOM M OOBEKTHO-OpU-
eHTUpoBaHHOM. [IMKcCeJlbHBII MOAXOH OCHOBAaH
Ha pa3aejeHuU MPOCTPAHCTBA PEryJISIPHOI CEThIO,
IIe C KaxXIbIM 3JIeMEHTOM (SIYeMKOI CeTH) CBSI-
3aH HEKOTOPBIi Habop Mpu3HakoB. OOBEKTHO-
OpPMEHTUPOBAHHBIN MOAXOA Oa3upyeTcsl Ha Mpe-
CTaBJIeHUM MH(pOpPMAlLUU B BUIE MepapXuyeCcKu
OpPraHU30BaHHOU COBOKYITHOCTHU IUIOIIAIHbBIX UJIU
JIMHEMHBIX OOBEKTOB, KOTOpPbIC MPU HEOOXOMM-
MOCTH TMEPEeBOASTCS B CETOUYHYIO (OpMy IyTEM
pactepusauuu. Bcero T'MC PAIIU]I obecneun-
BaeT pacuét Oojee 200 TpaHchopMalMili, OCHO-
BaHHBIX Ha oboux moaxomax (puc. 3). Creuu-
aJlbHble ONTUMU3ALMOHHBIE METOABI MO3BOJISIIOT
BBIIEJIUTh CPEAY MHOXECTBA MOJIy4aeMbIX TpaHC-
¢opMaHT HabOphbl, obOecIieynBalolIie peleHue
33124 ¢ MUHUMaJIbHON ONINOKOIA.

Pa3BuThIif HHCTpYMEHTapUil JMHEAMEHTHOIO aHa-
J3a BXOIUT B cocTaB moxcucteMbl “CermMeHT”
(puc. 4). B moacucreme peain3oBaHO OOJIbLIOE
KOJIMYECTBO MPOLIEAYpP BblAEICHUs, 00pabOTKU U
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Puc. 4. OynakunoHanbHas cxeMma moxcucteMbl “CermeHt”

Fig. 4. Function scheme of “Segment” subsystem

aHaJM3a JIMHEAMEHTOB — JIMHEHMHBIX (DparMeHTOB -
KOCMHMYECKHUX CHHUMKOB M (PU3UYECKUX IIOJICH.
B ornuuune oT U3BECTHBIX CUCTEM JIMHEAMEHTHO-
ro ananu3a (Lessa, Lineament, ALINA [9, 10, 17])
I'MC PAITU][ oGecrieunBaeT TECHOE B3auMMO-
JNIEVCTBUE YKA3aHHOW MOJICUCTEMBI C TPOTHO3U- -
PYIOLIMMU MOIYJISIMU U BO3MOXHOCTh MCIOJb-
30BaHUSI Pe3yJIbTaTOB JMHEAMEHTHOIO aHalu3a
KakK IJIs YyTOUHEHUSI TEeKTOHMYECKOrO0 CTPOCHUS
TepPUTOPUIL, TAK U B KaYECTBE BXOIHBIX JaHHBIX
B npoueaypax Data Mining [21].

3. B MoluHoi# noacucTemMe peleHust MPOrHo3HO-T0-
MCKOBBIX 3a7a4 MeTogaMu arnmnaparta Data Mining,
B YaCTHOCTU, pealu30BaHbL: 18 METOI0B KJlaccu-
(uxanuu (3TaIOHHOI 1 6€33TaT0OHHOI ), OCHOBaH- -
HBIX Ha MPUMEHEHUU AETEPMUHUCTCKUX, CTaTUC-
TUYECKUX,  JIOTUYECKUX UM  HEHPOCETEeBBIX
pellalyX npaBwi; 12 KpurepueB TOUHOCTH TIPO- -
THO30B; OpPUI'MHAJIbHbIE aJTOPUTMbI, MMOBbIIIAIO-
11I1e TOCTOBEPHOCTh PE3y/IbTaTOB; CICLIUATU3UPO-
BaHHBIA rpauyeckuit peaaxkTop TS
(opMUpoBaHUS 00yYaOIIUX U KOHTPOJIbHBIX BbI-
0OpPOK B aBTOMATU3UPOBAHHOM pexxume (puc. 5).
Pemaembie 3agaun. CucteMa IO3BOJISIET pellaTh

LIUPOKMIA KPYT 3amay, B TOM YHUCJIE:

- MpPOTrHO3 3ajexell PyIHbIX M YINIEBOIOPOMHBIX
00BEKTOB MO KOMILIEKCY KOCMUYECKUX U Ha3eM-
HBIX ChEMOK;
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U3yYEeHUE TEXHOTEHHbIX MECTOPOXIEHUN U MECT
CKOTUIEHUSI MPOMBIIIJIEHHBIX OTXOJOB; OILIEHKA
9KOJIOTMYECKOI CUTYallMU Ha 9TUX Y4acTKax; Io-
HUCK ONTUMAJIbHBIX MECT IIJIsI OpraHu3aluu Mpo-
U3BOJICTBEHHBIX OTBAJIOB U 3aXOPOHEHUIA;
9KOJIOTMYECKOEe pailoOHMpOBAaHUE U OI[EHKA TeX-
HOT€HHOM 0MacHOCTU (palloOHMPOBaHUE 3KOJO-
TUYECKOTO COCTOSIHUSI TEPPUTOPUIL TTO COBOKYTI-
HOCTU TIOoKaszaTeseil; oOlleHKa 3arpsi3HeHUs
MOBEPXHOCTHBIX BOJ U aTMOC(EpHOro BO31yXa;
OIIEHKA re0JIOTUYECKOTO U TUPOTe0IOTNYeCKO-
ro pUCKa; BbIIeJIEHNEe aHOMAJIbHBIX 30H; OlEH-
Ka ypOBHSI TEXHOTEHHOU HArpy3kKu Ha JaH[I-
madThl);

BbISIBJICHME M3MEHEHUIN MPUPOAHON CpPEJbl, Bbl-
3BaHHBIX AHTPOTIOTEHHON NESITeIbHOCThIO, ISl
pelleHust 3a/1a4 SKOJIOTMYECKOi 0€30TTaCHOCTH;
MPOrHO3MPOBAHUE TIPUPOIHBIX KaTaCTPO(d MyTEM
aHain3a KOCMOCHUMKOB C I€Jbl0 BBISIBJICHUS
HEOTEKTOHUYECKUX TPOLIECCOB B Fe0JIOTHUYECKOM
cpefie ¥ IpeaynpexXIeHus KaTacTpoPUIecKux siB-
JIEHUI — OTIOJI3HEBBIX, DPO3UOHHBIX, CEJEBBIX,
KapCTOBBIX, MTPOCEIAHUI JIECCOBBIX TPYHTOB U 1IP.;
CO3ZjaHUE KapT MTOTEHLUMAJIbHON aBapuIiHOM omac-
HOCTHU, YYWUTHIBAIOIIMX BIUSIHUE TMPUPOMHBIX U
TEXHOT€HHBIX (DAKTOPOB 151 BBIACICHUS 30H MO~
BBILIEHHOUW OMAacHOCTH, a TakXXe y4YaCTKOB Hau-
MEHBIIIETO PUCKA;
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Fig. 5. Function scheme of forecasting subsystem

- KapTUpOBaHME OIMACHBIX CUTYyallUil, CBSI3aHHBIX C
JesSITeIbHOCTBIO TOPHOMPOMBIIIIEHHBIX TIpe-
MpUSATHIA (OLIEHKA IMOXapOOIMacHOCTH IIAXT ITy-
TEM MCClIefoBaHUSI UHOPAKPaCHOTO U TEILIOBOTO
KaHaJIOB KOCMUYECKUX CHUMKOB; OlLIEHKa CTere-
HU TEXHOTCHHOW HapyIIeHHOCTU pesbeda Io-
BEPXHOCTH IIAXTHBIX MOJIEH IO JaHHBIM KOCMU-
YeCcKOro MOHUTOPUHTA U Op.);

- NIPOrHO3MPOBAHUE CEHCMOAKTUBHOCTH IO KOCMM-
YeCKUM JTaHHBIM;

- co3maHue WU BeleHMUe 0a3 TeolaHHBbIX, MHOTOBA-
puaHTHas 2D- u 3D-Busyanusanus MaTepUaioB,;

- KapTorpadupoBaHUEe OOBEKTOB M SIBJICeHUI (MO-
CTPOEHHUE 3JIEKTPOHHBIX KapT MPOMBIILUIEHHBIX,
MYHUIMMAIbHBIX UM CEJIbCKOXO3HCTBEHHbIX
00BEKTOB; OTOOPaKEHUE TTPUPOTHBIX U TEXHOTEH-
HBIX SIBJIEHUI (OTMOJ3HEN, KapCcToB, MpoceaaHuit
MOBEPXHOCTU  pedbedha U T. 1A.), CO3JaHUE
TEMaTUYECKMX aTJacoB.
3a nocaenHue rogsl TMMC PAITW] ucrnonb3oBa-

Jach JUISI pelleHusl MPaKTUYECKUX 3amad MpUpoao-

MOJIb30BaHUSI U BKOJOTUU, & UMEHHO:

- KapTupoBaHUs TeppUTOpuM JJOHEIIKOrO YrodbHO-
ro GacceitHa 1o pe3yabTaTaM 00pabOTKM MaTepua-
JIOB TETJIOBBIX KaHAJIOB KOCMUYECKUX amapaToB;

28

KapTUPOBAaHMSI COCTOSTHUST PACTUTEILHOTO MTOKPO-
Ba ypOaHM3MPOBAHHBIX JaHIIIA(TOB, B TOM YKC-
JIe CEJTbCKOXO3SMCTBEHHBIX KYJIBTYP;

- MOHMTOPHWHIA JMHAMUKU OTOJI3HEBBIX MTPOIIECCOB
MO JaHHBIM JMHEAaMEHTHOTO aHaju3a pa3HOBpe-
MEHHBIX KOCMUYECKUX pagapHbIX CHUMKOB (VK-
pauHa, KazaxcraH);

- TMPOTHO3UPOBAHUS CEMCMOOTIACHOCTHU IO JaHHBIM
JMHEaMEHTHOTO aHajiu3a MaTepuajloB KOCMUYE-
ckux cbeMokK (Ykpauna, Poccus, Typuwms) [23];

- MOHUTOpPMHTa Pa3BUTHUSI OBPAXHO-0ATOUHOU
CTPYKTYPBI 3eMeJIb CeJIbCKOXO3SIHCTBEHHOTO Ha-
3HaueHus1 (YKpauHa);

- TPOTrHO3a YPaHOBBIX U 30JIOTOPYAHBIX OOBEKTOB
(Yxpauna, Y36ekucraH, KazaxctaH) mo KoMILIeK-
Cy TeosIoro-reo(u3nIecKux U a3poKOCMUYECKUX
naHHbIX [20];

- TPOrHo3a 3ajiexkeil YroJbHOro MeTaHa B Tpene-
Jlax 1axTHBIX noseit Jlonbacca [18];

- TPOrHO3a YIJIeBOAOPOIHBIX OOBEKTOB B Mpeneiax
HeHTpanbHON 4yacTtu [22] u B ¢pyHgameHte Ce-
BepHoro 6opra [4] JHenpoBcko-JloHeuKoi BHa-
JIMHBI.

IIpumveHenue TexHoJoruun W cuctemsl PAITUI.

IIponemonctpupyem padotry 'MC PAITU Ha npu-
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Puc. 6. TlonoxeHue ydactka uccienoBaHuii (a) u dparmeHT KocMuyeckoro cHumka QuickBird-2, coBMeméHHbIil ¢ 1MdPOBOI
Mozenblo penbeda (BepTUKaIbHBII MacluTabd yBeaunueH) (6)

Fig. 6. The study area allocation (@) and a fragment of the QuickBird-2 satellite image combined with digital elevation model (the

vertical scale is zoomed) (6)

Mepe MOUCKOB 30JI0TOPYIHOW MUHEpAJIU3aLIUU B TIpe-
nenax JIxxamaHcalicKux rop, Y3oekucraH (puc. 6). Pa-
6oTel TipoBoaminuchk B 2003—2006 rr. B arom paiio-
He, pa3MepoM 18x22KkM, ObUIO M3BECTHO HECKOJILKO
JIECSITKOB PYNOIPOSIBIIEHUI U OTHO MECTOPOXKIEHMUE.
CraBwiach 3aja4a BbIIEJEHUS] y4acTKOB, MEPCMeK-
TUBHBIX Ha OOHApYXEHWE HOBBIX 30JOTOPYIHBIX
OOBEKTOB.

WcxonHble faHHBIE: MaTepuasibl BHICOKOTOUHBIX
KocMuueckux cheMok co cmytHuka QuickBird 2 ¢
MPOCTPAHCTBEHHBIM pa3pelieHueM MaHXpoMaThye-
ckoro kaHaia 0,6 M U MyJIbTHCIEKTPaJbHbBIX (Kpac-
HBIU, 3eJIeHbIN, rosyooit m OJMXHUI UH(ppakpac-
HBII) — 2,5 M, MaTepuabl CbeMOK 6 reopU3nIecKux
noneit B maciurabax 1:25000 u 1:50000 (V,, AT,
AZ_, y- TIoJie, TI0JIe U300M U T10JI€ ECTECTBEHHBIX JJIEK-
TPUUYECKUX TTOTCHLIMAJIOB), MPEACTABICHHBIX B BUJE
KapT u3oJuHuii. Kpome Toro, ucrnoyib30Bajiuch reo-
JIOTUYECKHE U TEOXUMUYECKUE JaHHbIC: TOUKH MOBBI-
LIEHHOW MUHepalM3alluu 30J10Ta B KaHaBax U CKBa-
KUHaX, TeoJIOTUYECKUe KapThl U cXeMbl (puc. 7).

Kocmmnueckne CHUMKHM TIOCTYXXUJIM OCHOBOU JJIsT
CO3JIaHUsI mpex PasauvHvIX HAO0poe OAHHBIX.

A. Mamepuaavl 06pabomku u anaius cemeli AuHea-
Mmenmos. BoinenaeHre TMHeaMeHTOB MPOBOAUIOCH MO-
9TallHO B JIBYX peXHMax: aBTOMaTUYeCKOM, C IIO-
MOILIbIO  CMEUMaTbHBIX TPOrPaMMHBIX CPEICTB,
W pYyYHOM, KOTJa OTHAEJbHbIE BblIeJeHHbIE 00BEeKThI
MPOBEPSUIUCH ONEPaTOpoM. BblneseHu o mpeaiiecTBo-
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BaJia crelaabHas 00paboTKa CHUMKOB, HallpaBiIeH-
Hasl Ha YBEJIMUYEHUE UX KOHTPACTHOCTU U aBTOMATH-
YyecKoe ycTpaHeHue nmomex. B menom o0iee Koauyue-
CTBO JIMHEAMEHTOB Ha YYacTKe COCTaBWJIO OKOJIO
15 toIC. (puc. 8, a, 6). [locTpoeHHas po3a-guarpam-
Ma WX HampaBieHUll uMeeT 4 MakCMMyma, COOTBET-
crByoime asumyram 0°, 45°, 90° u 135°, mostomy
BCSI COBOKYMHOCTb JIMHEAMEHTOB B 3aBUCUMOCTU OT
a3UMYTOB MPOCTUpaHUs ObLTa pasnesneHa Ha 4 rpyr-
bl, KOTOPbIE UCITOJb30BAIUCH IJIs1 pacu€Ta Xapakre-
PUCTUK JuHeaMeHTHOU ceTu [20] B cKoJb3siieil oK-
pectHocTu pazmepom 400x400 m.

J17151 Bceit COBOKYITHOCTH JIMHEAMEHTOB M KasKIoM
IPyMIbl B OTAEJbHOCTH PACCUMTHIBAIUCH XapaKTepu-
CTUKHM, OTpaxkalolllie pa3Hble acIeKThl JIMHeaMeHT-
HOUl ceTu yyactka (puc. 8§, e).

Bb. Pe3zyasmamer npocmpancmeenHoco amaiu3a
Koavyegvix cmpykmyp. KocMuuyeckue CHUMKM Takxke
MOCJY>XUJM OCHOBOM ISl BbIIEJEHUS  KOJbLIEBbIX
(BKJIOYasi myroBbie) CTPYKTYyp. B aBTOMaTH3MpOBaH-
HOM pexxuMe BbifesieHo 0oJiee 200 KOJbLEeBbIX CTPYK-
Typ ¢ auameTpoM oT 100 mo 800 m. IlonyyeHHas
COBOKYITHOCTb KOJIBLIEBBIX CTPYKTYp CTajla OCHOBOIt
IIJIS BBIUMCIICHUST UX JOTIOJIHUTENIbHBIX XapaKTepuc-
TUK (KOHUEHTpalUu, TOYEK B3aMMOIepeceuyeHus u
IIp.), MCMOJb30BAHHBIX B JdajibHeiilneM isi (hopMU-
pOBaHUS MPU3HAKOBOTO MPOCTPAHCTBA 1 aHAJIM3a 3a-
KOHOMEPHOCTE pacrhpeneseHus 3TUX CTPYKTYD
(puc. 8, 0d).
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Puc. 7. cxonuble nanHbie: a — KocMudeckuit cHuMokK QuickBird-2; kapmer: 6 — 1ToJisi eCTECTBEHHBIX 3JIeKTPUYECKUX MTOTEHIMA-
JI0B, 6 — BJIEKTPUUECKOTO MOJS M300M, 2 — MarHUTHOro monus AT,

Fig. 7. Basic data: @ — QuickBird-2 satellite image; maps: 6 — natural electric potentials field, ¢ — electric resistance field, e — AT,
magnetic field
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Puc. 8. Ilpumep pe3ynbTaToB JIMHEAMEHTHOTO aHaIM3a: @ — CUHTE3UPOBAaHHBIN KocMocHUMOK QuickBird-2 mcciaemyemoit Teppu-
Topuu ((pparMeHT); 6 — pacroyioKeHWe JIMHEAMEHTOB, BbIIEJICHHBIX Ha (parMeHTe @; 6 — PAcloJIOXKEeHUe OCeil JTMHEaMEHTHBIX
30H; ¢ — Kapra Mpeo0IafalolMX HalpaBIeHU JUHEAMEHTOB; 0 — KapTa KOHUEHTpAlMU KOJbLEBBIX CTPYKTYDP

Fig. 8 Example of the lineament analysis results: @ — synthetic QuickBird-2 satellite image study area (fragment); 6 — location of
the lineaments identified on fragment a; ¢ — the location of the lineament axes zones; ¢ — map of the prevailing trends of
lineaments; 0 — map the concentration of ring structures
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B. Ocu auneamenmuovix 3on. K HUM OTHECEHBI:
1) ocwm y3kmx (mo 300 M) BBITIHYTBIX aHOMAJIWIA;
2) 1menoyek aHOMaJIMi (KaK TOJOXUTEIbHBIX, TaK 1
OTPUILIATENIbHBIX); 3) TPAaHUIBI KPYITHBIX YYaCTKOB C
CYILIECTBEHHO Pa3HBbIMU 3HAUYEHUSIMU XapaKTEPUCTUK
JIMHEAMEHTHOM CETU WJIM C Pa3JIMYHBIM MOBEACHUEM
M30JIMHUM 3TUX XapaKTePUCTUK.

Ocu JMHEaMEeHTHBIX 30H BBIICJISIIUCH Ha BCEX
MOCTPOEHHBIX KapTax, a Takke Ha KapTe IIOTHOCTHU
(KOHIIEHTpAIIMK) KOJBIIEBBIX CTPYKTYp. OcH, IposIB-
JICHHbIE HE 00Jiee YeM Ha OJHOW KapTe, OTOPaKOBbI-
BayinCh. [ITMHa oceil — OT MepBBIX COTEH METPOB J0
nepBbIX KWwioMeTpoB. Jlanee “omHOMMEHHBIE” OCH,
MPOSIBJIEHHbIE HAa HECKOJIbKMX KapTax, ObLIM COBME-
IIEHBI, YTO MO3BOJIWJIO TOJYYUTh OOIIYIO0 CXeMy MX
pacmnionoxenusi. [ToctpoenHast cxema (puc. 8, 6) oT-
paxaeT CTPYKTYPHO-TEKTOHMUYECKYI0 OOCTaHOBKY Ha
yYacTKe MCCJIeNOBAaHUN U TPEACTABsSET CaMOCTOSI-
TeJIbHBIN Teojiornueckuii maTepec. Kpome Toro, oHa
MCTOIb30BaAIACH JIJISI pacyéTa HECKOJbKUX MOTOJHU-
TEJIbHBIX XapaKTEePUCTUK.

Bce paccuntaHHble XapaKTepUCTUKU TOABEpra-
JIUCh aHaJIM3y Ha TIPEIMET BBISIBJICHUSI MPOCTPaH-
CTBEHHBIX 3aKOHOMEPHOCTE!; KpOMe TOT0, OHU TMPU-
MEHSIUCh Ha TOCHAEAYIIIMX dTarax B KayecTBe
CaMOCTOSITEeJIbHBIX MPU3HAKOB TIpU (HOPMUPOBAHUU
MPU3HAKOBOTO MPOCTPAHCTBA IJIs TIPOLIEAYp arnrapa-
ta Data Mining.

O0paboTKa eeo.1020-2eohusuneckux OaHHbIX 3a-
KJTIovajach B MPUBEACHUM JAHHBIX K €JIUHON CEeTH
20x20 M u pacuete Oosiee 1000 paznauMyHBIX TpaHC-
(opmaHT reodusnyeckux TMosel B CKOJb3SIIIUX OK-
pectHocTsIX (okHax) pasmepom 400x400 m. TpaHc-
(bopMaHTBI paccUUTHIBAIUCh KaK JaBHO U3BECTHBIC B
reousuke (rpagleHThl, IPOU3BOIHBIC, HAITPaBICHUS
MPOCTUPAHUS U3OJMHUI), TaK U TIPUMEHSIEMbIC, B
OCHOBHOM, IIpu 00pabOTKe M300pakKeHMIi: TEKCTyp-
HbIe, TUCTOTPpaMMHBIE, (ppaKTalbHbIe U Op. [5].

O0paboTka eeoqoeuneckux dannsvix (KapT U CXeM),
MpeACTaBICHHBIX, KaK MPaBWIO, Ha OyMaXXHBIX HO-
CUTEJISIX, BKJTIOYaIa UX OUU(MPOBKY U MPUBSIZKY, MTOC-
JIe yero nmyTéM BeKTopMu3auuu (opMUPOBaINCh HA0O-
Pbl BEKTOPHBIX O0BEKTOB — TeOJIOTUUECKUX TPaHUII,
Pa3JIOMHBIX CTPYKTYp, TOUEK TMOBBIIIEHHON 30JI0TO-
pyaHOII MuHepanu3auuu. s odecreyeHus: COBMECT-
HOT'0 aHaJIM3a ¢ Te0JIOro-reou3nYecKuMU JaHHbIMU
BEKTOpPHbIE OOBEKTHl MPEOOPa30BLIBAJIMCH B CETOYU-
HBI BUI MYTEM BBIUMCIEHUS B Y3JlaX PeTYJIsIpHOIA
cetu 20x20 M XapaKTepUCTHK, OTPakarmolluX CTPYK-
TypHbIE B3aMOCBSI3U T'€OJIOTUYECKUX 00BeKTOB [20]
M WCIOJB30BAaHHBIX B JajibHEWIIeM B Mpolleaypax
anmapata Data Mining.

Dopmuposanuro 3MAaL0HHOl 6b100pKU, HEOOXOI -
MO TSI TIPOBEACHUS TTPOLIEAYp STATOHHON KJlacCH-
(ukanuu, ynenssiocb ocoboe BHUMaHUe, KakK 3Tally,
CYLIECTBEHHO BMsIOlIeMY Ha 3()deKTUBHOCTD MPo-
rHosa [5]. B kauecTBe 3TaJlOHOB MCMHOJbL30BaJUCh
y37abl ceTd Han 20 M3BECTHBIMM 30JOTOPYIHBIMU
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00BbeKTaMU. DTaJTOHHBIE 0OBEKTHI, PACTIOJIOKEHHBIE B
Pa3HBIX TEOJIOTMYECKUX YCIOBUSIX Ha OCHOBE alprop-
HBIX CTPYKTYPHO-TIETpOTpaMueCcKUX MpeACTaBIeHNUI,
BBIICJISUINCh B HECKOJIBKO Tpymm (KiaccoB). Jlamee
BBITTOJIHSJIMCH TIPOLIEAYPHI KiIacTepru3aliud 00beKTOB
MPU Pa3IMYHOM KOJIMYECTBE MePBOHAYATILHO 3a1aBae-
MBIX KJIaCCOB (KJIaCTEPOB) M Pa3HO CTPYKTYype MpH-
3HAKOBOTO mpocTpaHcTBa. [locie aHanu3a pesysbra-
TOB KJIacTepu3allMy ObLJIO c(POPMUPOBAHO 2 Kiacca
9TAJIOHOB, Pa3HBIX, TOMUMO ITPOYETO, IO CBOUM IPO-
SIBJIEHUSIM B Teousnueckux nossix. Jlaxee Ha ocHO-
BE MHOTOMEPHOTO IIKAJMPOBAHUS U3 KaXKIOTO TOJy-
YEHHOTO KJIacca yaaJsIICh HE XapaKTepHbIE 7151 HETO
00BEKThI, YTO TMO3BOJIMJIO CYIIECTBEHHO MOBBICUTH
CTeTleHb KOMITAKTHOCTU 00pa30B KJIaCCOB.

W3 12 u3BecTHBIX 30JI0TOPYAHBIX 0OBEKTOB ObLIA
cchopMupoBaHa KOHTPOJIbHASI BbIOOPKA, MCITOJIB30-
BaHHasl ajee sl OLleHKM TOUHOCTU MPOTHO3a.

7151 npoeno3a MpUMEHSUTUCH IPUHIIATIMAIBHO pa3-
HbIE TIOAXObL: 1) paHXXUpOBaHUE TEPPUTOPUU TIO OT-
HOIIICHUIO K 3TAJIOHHOW BHIOOpPKE; 2) OLIEHKA CIIOXK-
HOCTH TeoJIoThdeckoro ctpoeHus [1]. Bropoit momxon
OCHOBAH Ha TIPEIIOJOXEeHUU, YTO OoJjiee CI0XHOe
CTpOEHME TTOTEHIIMAJIBHO TIePCIIeKTUBHEE JJIsT OOHApY-
>KeHUsT opyneHeHus. Mcrnonb3oBaHue 2TOro Moaxoaa
CBSI3aHO C TeM, YTO Ha TePPUTOPUM MOTYT pacrioJia-
raTbCsl OOBEKTHI, HAXOMSIIMeCs] B MHBIX (IO CpaBHE-
HMIO C U3BECTHBIMU) TEOJIOTUYECKUX YCIOBUSIX.

PanxupoBaHue 3aKiiO4ajioch B pacuéTe Mep
CXOZICTBA Y3JIOB CETH IO OTHOIICHHWIO K KaXIoMYy U3
JIByX KJIACCOB 3TaJIOHOB C TMOCJIEIYIOIIMM TTOCTpOe-
HUEM 0000IIEHHOM KapThl KOMITJIEKCHOTO MOKa3aTesst
nepcrneKTUBHOCTU Tepputopuun. OmubdKa 1-ro pona,
paccuuTaHHas 10 KOHTPOJbHOI BHIOOPKE, COCTaBUIIA
8 %, 2-ro poma — 16 %.

Ha noctpoeHHBIX KapTax Mepbl CXOICTBa B Ka-
YyecTBe MepCIeKTUBHBIX BHIOMPAIUCh YYaCTKHU, XapaK-
TEepU3yIoIIrecs: HauOOJIBIIUM CXOJCTBOM, U MPOBO-
IWIach Mmpouenypa reHepanusamnuu (puc. 9, a).

CJI03KHOCTB T€0JIOTMYECKOT0 CTPOEHUST OLIEHUBa-
JIach IMyTEM pacyéTa U IMOCTPOCHMST KapThl KOMILIEKC-
HOTO TlapaMeTpa CJIOXHOCTH, MpeaCTaBIsolIeil co-
0ol pe3ynbTaT HaJOXEHUs CJCNyIIIUX KapT
XapaKTepPUCTUK, BBIUMCICHHBIX B  CKOJIb3SIICH
okpectHocTU pazmepoM 400x400 m:

1) ma0THOCTHU (KOHILIEHTPALMM) Te0JIOTUUECKHUX Tpa-

HUL;

2) IUIOTHOCTHU M3BECTHBIX Pa3IOMHBIX CTPYKTYP;
3) IUIOTHOCTHU JIMHEAMEHTOB;
4) XonauuyecTBa HAIpaBJIeHWN JIMHEAMEHTOB B OK-

PECTHOCTH;

5) TUIOTHOCTH KOJIBLIEBBIX CTPYKTYP B OKPECTHOCTH;
6) IJIOTHOCTH OCEi TMHEAMEHTHBIX 30H;
7) TUIOTHOCTM TOYEK MepecevyeHust oceil JTMHeaMeHT-

HBIX 30H;

8) cymMMapHOII U3MEHUMBOCTU UMEIOIIUXCS reodu-
3UYECKUX TOJIei, MPeJCTaBICHHON KaK cpenHee
apupMeTnIecKoe X AUCTIEPCUil.
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Puc. 9. KapTa KOMIIJIEKCHOTO TIoKa3aTeisl CJIOXKHOCTU T€OJIOTMYECKOIo CTPOCHUS (a) n KapTa MEpbl CXOACTBa TEPPUTOPUU I10
OTHOLICHUIO K 9TAJJOHHBIM KJlacCaM (6) C PEKOMCHAYEMbIMU 1JIl U3YUCHUS ydaCTKaMH

Fig. 9. The map of a summarize factor of geological structure complexity (@) and the map of a measure of similarity of the territory
in relation to sample classes (6) with the sites recommended for next studying

Ha xapte 9, a BbleeHbl YyU4aCTKU, XapaKTepu3y-
IO1IMECs] MAaKCUMaJIbHBIMU 3HAYEHUSIMU KOMILIEKCHO-
ro nmapamMmeTpa CJI0XKHOCTH.

B pesynbrare mepcrneKTUBHBIMU ObLTA TPUHSITHI
Yy4acTKU, KOTOPbIE MPOCTPAHCTBEHHO COBMANAIN KaK
Ha KapTe CJIOXKHOCTU Te0JIOTHYECKOTro CTPOCHUSI, TaK
M Ha KapTe Mepbl cxoicTBa (puc. 9, 6). B utore cym-
MapHasi TJI0IIab YYacTKOB cocTaBmia okosio 20 km?
(5,1 % Tepputopun).

3akimouenne. Kak oteuecTBeHHas1 pa3padboTKa
T'C PAITU] He umeetr aHanoros B YkpauHe. boinee
TOTO, B TeUEHME TOCJIeNHUX 2 JIeT Ha Kadenpe mpoBo-
nuinock cpaBHeHue [TMC PAITM] ¢ aHaJ10TMYHBIMUA
MPOIYKTAMU OJTHOTO M3 MUPOBBIX JIMIEPOB B PACCMOT-
peHHolt obnactu — kommnanuu Geosoft. B yactHocTH,
paccMaTpUBaIMCh (DYHKIIMOHAJbHBIE BO3MOXHOCTH,
JIPYKECTBEHHOCTh MHTep(deiica, mupoTa pelraeMbix
3a/1a4 ¥ MPOrpaMMHBIX TTPOAYKTOB, B IEPBYIO0 OUYepeab
Oasis montaj u Geochemistry for ArcGIS.

DTOMy BOIpPOCY, BO3MOXHO, OyIeT MOCBsIIEHA
oTneabHas myonukamus. Bmecre ¢ TeM OTMETHUM, UTO
no nepeuyrcieHHbIM napameTpam PAITUJI mano B uém
ycTynaeT npoaykram kommaHuu Geosoft. Cucrtema
MMeeT HeMaJlblii TOTeHIMal IJIsl JajbHeiliero pas-
BUTUSI, CBSI3aHHBIN B MEPBYIO OoYepelb ¢ peaausali-
eii nmpoueayp o6paboTKu MYJIbTU- U TUIIEPCIIEKTPaIb-
HbIX KOCMHUYECKHMX CHUMKOB, aHajJIu3a TEKCTYp
reou3o0paxkeHUM, a TakXke KOJbLEBbIX U ITyTOBbIX
CTPYKTYD 3€MHOU MOBEPXHOCTH.
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ABTOpHBI MoJlaraloT, 4to paccmorpeHHas ['MC-
TEXHOJIOTUSI MOTJIa Obl CTaTh OCHOBOIA ISl OTpacJe-
BOM cUCTeMbl MUHMCTEPCTBA 3KOJOTUU U TIPUPOII-
HBIX PECYpCOB YKpauHbl.
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CIEIIAJII3OBAHA TEOITH®OPMAIIITHA CUCTEMA PAITIJ:
OCOBJIHNBOCTI, CTPYKTYPA, 3ABJAHHA

b.C. bycuein, C.JI. Hikyain

Jepacasnuil euwguti Hasuarvhuil 3akaad “Hauionanvruti eipnuyuil ynieepcumem”, npocn. Kapaa Mapkca, 29,
uinponempoecvk 49005, Ykpaina, e-mail: busyginb@yandex.ru, s-nikulin@yandex.ru

BuxnaneHo ocHoBHi BinoMocTi rpo reoiHdopmMmauiiiny cuctemy (I'1C) PAITI. Onucano reoiHdopmalliiiHy TeXHOJI0-
rito, siky peaiizye cuctema. ['1C PATII/l opieHTOBaHa Ha CMijibHY OOpPOOKY i1 aHaAJTi3 HA3€MHUX i KOCMiYHUX IaHUX, 1110
Jla€ 3MOTY BUPIllyBaTU LIUPOKE KOJIO 3aBAaHb HAyK MPo 3eMJII0 Ha 3arajibHUX METOAMYHUX NpuHuunax. Cucrema
noenHye iHcTpyMeHTapiii yHiBepcasibHux ['1C 3 MaremaTnyHum anapatom Data Mining /uist iHTerpyBaHHSI pi3HOTUII-
HUX OaraTopiBHEBMX T€OJaHUX i OTpUMaHHs HOBOI iH(opMaliii. HaBeneHo iHdopmallito mpo GyHKIiOHAIbHI MOXITH-
BOCTi i CTPYKTYpY CUCTEMU i MpUKJIIaA MpakKTUYHOTro 3actocyBaHHs TexHosorii PATTI. TToka3zaHo, 1110 3a 3acToCyBaH-
HSl CUCTEMU i TeXHOJIOTii MiABUILY€ETbCH €(EKTUBHICTh IHTEIPOBAHOIO aHaNi3y Pi3HOPIAHUX F€OJAHUX i BUPILIEHHS
3aBlaHb IPUPOJIO- i1 HAIPOKOPUCTYBAHHS, CKOPOUYIOTbCSI BUTPATH Yacy i KOIITIB.

KunrouoBi cioBa: reoiHdopmalliiiHi CUCTeMU, iHTErpOBaHUMIA aHaIi3 JaHUX, MaTeMaTUYHuUii anapaT Data Mining, nipo-
THO3 i MOIIYKU KOPUCHUX KOTaJINH.

SPECIALIZED GEOINFORMATION RAPID SYSTEM: FEATURES, STRUCTURE, TASKS

B.S. Busygin, S.L. Nikulin

State Higher Education Institution "National Mining University", 29 Karl Marx Ave., Dnipropetrovsk 49005, Ukraine,
e-mail: busyginb@yandex.ru, s-nikulin@yandex.ru

Purpose. The purpose of the paper is to describe the functionality and structure of the geographic information system
RAPID (created by GIS Department of the National Mining University) and GIS technology which the system
implements. The system focuses on the integrated processing and analysis of terrestrial and space-based data, and allows us
to solve a wide range of problems of nature and mineral resources management using common methodological principles.
The system unites universal GIS tools with mathematical apparatus of Data Mining that enables us to integrate
heterogeneous multi-level geospatial data and extract new information.

Design/methodology/approach. The developed system uses a variety of methods of mathematical statistics, image
processing, lineament analysis, as well as specific methods of Data Mining — classification, pattern recognition, sequential
analysis, association rules searching and others. It permits to extract new information from large volumes of heterogeneous
data. The geoinformation technology based on the RAPID GIS implements the principle of multivariate problem solving
with the help of simulation and computational experiments. It is aimed at uncovering direct links between the spatial
arrangement of the studied objects/phenomena and structure of the data describing them.

Findings. The developed system is a versatile tool of mineral deposits prediction, territories mapping, monitoring and
forecasting of various geological and ecological situations, eds. The paper gives an example of the practical application of
the RAPID technology for gold objects prediction within the Western Uzbekistan territory. The aim was to locate sites
promising for new gold objects detection. Source data were presented as high-precision QuickBird-2 space images,
geophysical fields and geological information. Some promising areas were detected by applying procedures of supervised
classification, lineament analysis, and methods of geological structure complexity assessing. Their area is estimated to be
5,1 % of the total area of the investigated territory.

Practical value/implications. The RAPID GIS has been used successfully by a number of geological enterprises of
Ukraine, Uzbekistan, Kazakhstan, and Russia. Experience has shown that its use can improve the effectiveness of integrated
analysis of heterogeneous multi-level geospatial data to reduce time and costs, and provides experts and researchers with a
powerful and flexible tool for investigating, in particular, tasks of ecology and mineral resources management. At the
moment the system has no analogs in Ukraine and possesses a number of functions that such widely known products as
Geosoft/Oasis montaj, ArcGIS, Erdas Imagine, ENVI, and eCognition are lacking.

Keywords: geographic information systems, the integrated data analysis, Data Mining, the forecast and searches of mineral
deposits.
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