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MULTISPECTRAL SATELLITE IMAGERY
INTERPRETATION TECHNIQUE FOR GEO-
LOGICAL PURPOSES (CASE STUDY OF
KONDJOR MASSIF)

Annomayusi:

B cmamve npedcmasnenvt pezynomamsl ucciedosa-
HUA UHDOPMAMUBHOCU OAHHBIX OUCIAHYUOHHO20
30HOUPOBAHUsL Ol peuleHUs 3a0ay 2eoMopghoaocu-
yeckoeo  Kapmozpaguposanus U - ONOUCKOBAHUS
MBEPObIX NONE3HBIX UCKONAeMbIX. Ycmanognenvi
onmuManvhslie Kpumepuu noobopa mMamepuanos ois
CO30aHUsL OUCMAHYUOHHOU OCHOBbL 2e0102UYeCKOl
Kapmul cpedne2o macuimaba. Pezynvmamer ucche-
008aHUsL  NO3GONUNU HAMEMUMb  NEePCHEeKMUGHbIe
yuacmku, Komopwie mozym Oblmb peKoMeHO08aHbl
0J1s nPOBedeHUs. OeMANU3AYUU HA CMAOUU 00pPa36e0-
K.

Knrouesvie cnosa: oanmvie OucmanyuouHo2o 30HOU-
posanusi 3emau, 2eomopgonocus, Konoépckuii mac-
cus, dewugpuposarue.

Abstract:

The results presented in the study show the potential
usefulness of remote sensing data for geomorpholog-
ical mapping and mineral exploration. A set of opti-
mal criteria for digital, medium-scale geological
map preparation has been established. The results of
the researches permitted to map out new areas that
could be advised for performing detailed field survey
at the stage of finishing exploration.

Key words: the Earth remote sensing data, geomor-
phology, Kondjor Massif, image interpretation tech-
nique.

FGOHOFI/I‘-IGCKOG HGHIH(prpOBaHHG 110 MaTepI/IaJ'IaM AUCTAHIIMOHHOI'O SOHHHpOBaHHH
(13) — aspodoTo- 1 KOCMUYECKUM CHUMKAM — SIBJISIETCS HEOTHEMJIEMOM YacThIO T€0JI0Topas-
BCOOYHBIX pa60T KakK Ha J3TaIlic peFI/IOHaJ'H:HBIX I/ICC.HGI[OBaHI/If/’I, TaK 1 Ha y‘IaCTKaX acrajini3a-
UM C BBIABJICHHBIMHU 3allacaMy MOJIE3HbIX UCKomaeMbIX [1, 2, 3]. [lepBUYHO AMCTAHIIMOHHYIO
OCHOBY T'€0JIOTHUECKOM ChEMKH COCTABIISUIM MaTepHajbl a3po(OTOChEMKH, MOTyUYCHHbIE TPU
ChEMKE KaK ¢ OopTa camoJieTa, TaKk U ¢ KOCMHYECKUX CITyTHUKOB OKOJIO3eMHOM opOuThI. Of1-
HAKO MPOTpecc B 00JIACTH KOCMHYECKOTO KOpaOIeCTPOCHHUs MIPHUBEN K TOMY, 4TO 3a TOCTE/I-
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Hue 20 et Ha opOUTY ObLIO BbIBeZEHO Oosiee 30 KOCMUUECKHX annapaTroB, KAYECTBO MaTEPU-
aJI0B KOTOPBIX HE TOJBKO HE YCTYMANO, HO U B PsJE CIy4aeB MPEBOCXOIUIO MaTEepHUalbl aHa-
J0roBoi cheMKH [4, 5]. Peub UAeT 0 AOArOCPOYHBIX KOCMUYECKUX MPOrpaMMax AMepHKaH-
ckoro u EBpomeiickoro KOCMUYeCKUX areHTcTB, Takux kak Landsat, Terra, JERS, ERS. Ot
JTAHHBIE CTaJlM JTOCTYIHBI IIMPOKOMY KPYTYy CHEIHMAaIMCTOB BBHIY WX CBOOOIHOTO pacIpo-
CTpaHEHHUs, YTO TPHUBEIO K pa3paboTKe CHEIUAIM3HPOBAHHBIX AITOPUTMOB U MPOTPaMM,
HaIpaBJIEHHBIX B TOM YMCJIE M HA PEILIEHUE Te0JIOTHYECKUX 3a1a4 [2, 4, 5].

OO0beKT U MeTObI McCaeI0BaHUsA. 3aaueil uccieoBaHus ObLIO CO3JaHKE JUCTAH-
[IMOHHOW OCHOBBI JIUCTA T€OJOTUYECKON KapThl ¢ HOMeHkiatypou O-53-XXI ¢ mocnemyro-
MM U3y4YeHHEM MH()OPMATHUBHOCTH MaTEPHUAIOB KOCMUYECKOW ChbEMKH AJI Te0JIOTUYECKOTO
nemudpupoBanus. B pabore HCMoOMb30BAMCh KaK TPAJAWIIMOHHBIE IMOJXOJBl BH3YaJIbHOTO
nemudpupoBaHus, TaK ¥ aBTOMAaTU3UPOBAHHBIE AITOPUTMBI U METOIHKH.

Tepputopust uccnenoBanus pacnonoxeHa B AssHo-Maiickom paiione XabapoBCKOTo
kpas (puc. 1). B npeaenax HomenknatrypHoro aucra O-53-XXI macmrada 1:200000 pacmo-
JIOKEHO YHHMKQJIbHOE MECTOpoXkaeHue 1iaTtuHbl — Konaépckuili MaccuB  ILEIOYHO-
yJIBTPAOCHOBHBIX MOPOJ, pa3paboTka KOToporo BeAercs ¢ koHma 70-x rogoB XX Beka. B pe-
Jabede MacCUBY COOTBETCTBYET OJHOMMEHHBIN XpebeT KoHaEp, KOTOphIN M3BECTEH MpExXIe
BCET0 M3-3a CBOEH MOUTH HACATBLHOW KONbIeoOpa3Hoi (opMBbI TUAMETPOM OKOJIO 8§ KM MpHU
BeicoTe OT 1200 mo 1387 wm. Ilerporpadmyecknii cocTaB BKIIOYAET MICTOYHBIC METMATHTEHI,
JTUOPUTHI, TUOPUTOCUEHHUTHI, METAHOKPATOBBIE JUOPHUTHI, KOCHBUTHI, MUPOKCEHUTHI, TIEPUIIO-
TUTBI, JyHHUTBI, a TaKKXe MAarHeTHT-OMOTUT-TIMPOKCEHUTHbIE ¥ MarHeTuT-am(puooI-
MUPOKCEHOBBIE MOPOJIbI, 00pa3yIolIie Mo TUH30BUAHBIX Tel U naek. LleHTpanbHas 4acTh
MaccUBa CJI0KEeHA IPEUMYLIECTBEHHO TyHUTaMH, TIOIIAb KOTOPBIX COCTABISAET OKOJIO 6 KM?
[6, 7]. 3amachl IUIATUHOKWOB U JAPArolieHHBIX METANIOB Ha MecTopoxaeHuu Konaép ncuunc-
JSIOTCS COTHSAMM ThICSIY TOHH, YTO ONpENENsieT OObEKT MCCIEN0BAaHUS KAaK CTPAaTErMYECcKU
BAXKHBIN 111 9KOHOMUKH Poccun.

CoBpemenHsbIil penbed chopMupoBaics 1MoJ ASHCTBHEM JEHYAALMOHHO-IPO3UOHHBIX
MPOLIECCOB, UHTEHCUBHOCTH MPOSIBICHUS KOTOPBIX ObliIa 00YyCIOBI€HA HOBEHIIIMMU TEKTOHU-
YECKHMH JBIKEHUSIMHU YETBEPTUYHOTO TIEPHOJA, @ TAKXKE COCTABOM U CTPOCHUEM cyOcTpara.

Hogeiimme TekToHUYECKHUE ABMKEHUS TPOSBIIMCH B BHjIe oOmiero cinado auddepen-
[IUPOBAHHOTO TOJHATHUS BCEH TEPPUTOpUH, HA (POHE KOTOPOTO MPOUCXOAWIA JOKAJIbHAS JIe-
dbopmariust TOBEPXHOCTH C 00pa3oBaHUEeM 00JIee MEIKUX CTPYKTYp [7].

B kadecTBe MaTepuanoB TUCTAHIMOHHOW OCHOBBI OBLIM UCIIOJNB30BaHbl 0€3001auHbIe
CHUMKH, TIOJIydeHHbIE CheMOouHbIMU cucteMamu Landsat ETM+ (2 caumka) u Landsat TM (4
cuumka), Terra/ASTER (1 cuena) , EO-Ali/Hyperion (2 cuensr), Takke 4 caumka SPOT ms
co3nanus oprodororiana Mmo3zauku (puc. 2). B pabore ncrnonp3oBanace kak mudpoBas Mo-
nens penseda (LIMP), nonydyeHHas myTeM BEKTOPHU3ALMU TONOTPapUUECKOW OCHOBBI JIUCTA
0-53-XXI, tak u IMP SRTM (mpoctpanctBennoe paspenieaue 90 m). B xauectBe mpo-
rpaMMHOrO obecriedeHust aisi paboTsl ¢ maHHbBIMH [I3 ucmonb3oBanack cucrema ArcGIS
Desktop, ENVI, WinLESSA cambIx mociaeaHux Bepcui.

Otan BU3yaJbHOTO JACMU(PPUPOBAHUS 3aKII0YajIcsS B IOJ00pe ONTUMAIBHOTO CUHTE3a
CIIEKTpaJbHBIX KaHAJIOB C MOCJIEAYIONIUM UX IpeacTaBienneM B Buae RGB-kommosurta [2, 4,
5]. Ilpouenypa BeIOOpa KaHAJIOB, UCIIOJIB3YEMBIX JJISi CHHTE3a, HEIIOCPEICTBEHHO COTPSHKEHA
C COMOCTaBJICHUEM KOCMHYECKOW MH(OPMAITUHU C TAHHBIMU T€OJIOTHYECKON KapThl. Y CTOWYH-
BOM 1 3(PPEKTHUBHON cuuTanach Ta KOMOMHAIMSA, KOTOpask OTpaXKaeT MeTporpadpuyueckuii co-
CTaB OJIHOTO CTpaTUrpauueckoro Bo3pacra Mo Bcel miomaau cHumka. [Ipu ucnonabzoBanuu
CTEPEOCKONMYECKUX CBOMCTB maphl kKocMmmuueckux cHUMKOB Terra ASTER Obina cosnana
[IMM BBICOKOTO pa3pelieHus U MPOBEICHBI padOTHI MO TPEXMEPHOMY T'€OJIOTHYECKOMY Kap-
torpadupoBanuio [8].
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Puc. 2 — IloxpeiTHe TeppuTOpUHN HCCaea0BaHus TaHHBIMU J(33

ABTOMaTHYECKOE HMHAEKCHOE AeU(PUPOBAHUE OCHOBAHO HAa PA3IUYHUSIX SPKOCTH
NPUPOAHBIX OOBEKTOB B JIBYX HJIM HECKOJBKHX YacTAX CHEeKTpa. Takue MHAEKCHI XOpOILIOo
pa3paboTaHbl ISl CHEKTPaJbHBIX KaHAJIOB KOCMUYecKkoi cucteMbl Landsat u 1octatodHo mo-
JIpOoOHO OIMHUCAaHBI B PAJE JIUTEPATYPHBIX UCTOUHUKOB [9]. CoBpeMeHHBbIE MPOrpaMMHBIE TIPO-
nykTel 11t oopabotku manuHbix 133 (ENVI, ERDAS) comepkaT OOJBIIMHCTBO yKa3aHHBIX
QITOPUTMOB, YTO MO3BOJISIET C JIETKOCTBIO MOJTy4aTh TOTOBbIE JJIsl KJIacCH(PUKAIUU (IKCIEePT-
HOM MHTEpPIpETAINK) TEMAaTHUECKHUE KapPThI.

Ucnons3ys nporpammy WinLESSA [10, 11, 12], npoBenu aBTOMaTU3MPOBAHHBIN pac-
yeT nuHeameHTOB 1o [IMP, a Takxke mo kocmudeckomy cHMMKY (cpemnmit UK, 1.5 —
2.2 MKM).
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Pe3yabTaThl u 00cy:kaeHue. Ha sTane BU3yalbHOTO AemU(PUPOBAHUS OBLIH OIpe-
neneHbl Hanbonee nH(pOpPMATUBHBIE KOMOMHAIIMK CIIEKTPAIbHBIX KaHaoB. CHHTE3 Cleayro-
mmx karanoB (mo maHHeM Landsat ETM+/TM) nocTtoBepHO OTpakaeT COACpKaHKE TeOJIOTH-
4ecKOi KapTel: 4-5-1 — 0TUETIMBO MPOSBICHO paJuaibHO-KOHIIEHTpUYeckoe cTpoeHne Kon-
JNEPCKOTO MAacCHBa M TEOJOTMYECKHE TPAHHIBI TOJII TOPU3OHTAIHHO 3AJIETAIONIUX TOPOX
Mexay oMHUHCKOM (Pt3 on) u suHMHCKO# (Pt3 en) cBuTamu (puc. 3, crnesa).

Vi 3 . 3

Puc. 3 — CuHTe3 criekTpaibHBIX KaHAJIOB 110 JaHHBIM ciyTHHKa Landsat TM

Kommo3ut xaHanoB 5-4-2 — y4acTKH HaANOWMEHHBIX Teppac KpymHbIX pek (Qiv) —
0TOOpaXaroTcsl CBETIBIM (POTOTOHOM U MMEIOT IIEPOXOBATYIO TEKCTYPY, UTO OTIUYAET UX OT
OPyTUX MOP(OIOrMYECKUX IEMEHTOB JOJIUH. 5-7-1 — BBIACIAIOTCS pycila BPEMEHHBIX BOJIO-
TOKOB U IyTH CHOCA IPOJIOBHAJILHOTO MaTtepuana (puc. 3, cmpasa). B crepeockonmueckom
pexuMe ObUTH 3aKapTHPOBAHBI MPOJIIOBHAILHBIE KOHYCHI BBIHOCA, HAAIOWMEHHBIC TEPPACHI,
nuteignl ochmanus 1 06sansl (Qlm u Q?m) — HOTEHIMANIBHBIE YYACTKU HOUCKOBBLIX pabOT Ha
POCCBIITHOE 30JI0TO U IUIaTUHY. JOCTATOYHO OTYETIMBO B 3TOM PEKHUME BBIIEISIOTCS pasiio-
MBI U OTIEPSIOLIUE TPEIIHHBI.

XO0poIIo U3BECTHO, YTO B MPAKTUKE T€OJOTUIECKOTO ACMIU(PUPOBAHUS ITUPOKO MPH-
MeHseTcst ctepeodddexT, momydaeMblii Ipu paboTe ¢ Mapoil mepeKphIBarONUXCcs adpodoro-
CHMMKOB Ha 3€pPKaJIbHOM CTEPEOCKoOIe. 3a CUeT OMHOKYJISIPHOTO 3pEHHUs penibed BHITIIAIUT Ha
TaKOH Mape B MpEeyBEJMYCHHOM BEPTUKAIBHOM MaciuTade, 4To MOBBIIIAET YETKOCTh U300pa-
xkeHus B 1,5 — 2 paza [13]. B Takom pexxume JeTKo AemupUpyIOTCS dJIEMEHTBI pa3IOMHON
TEKTOHHKH, KOTOPbIE HE BCEI/la CTOJb OJHO3HAUHbI Ha OJMHOYHOM CHUMKe. McKyccTBEeHHOE
NPEBBIIICHHE CTEPEOMOJICNIN TO3BOJISIET OTIMYATh AKKyMYJISTHBHbIE (hOpMBI penbeda, co-
3/1aHHBIE AESITEIbHOCTHIO BPEMEHHBIX BOJAOTOKOB, — MPOIIOBUAIbHBIE KOHYChI BEIHOCA OT all-
JIOBUAJIBHBIX PEUHBIX TE€ppac.

Eme onmHo# mone3Hoit 0COOEHHOCTHIO MU(PPOBON CTEPEOMOJIETN SBIISICTCS BO3MOXK-
HOCTB OBICTPOTO CO3AaHUs NceBaocTepeodpdeKTa uim odpaieHHoro penbeda. B rakom ciry-
yae BO3BBIIICHHOCTH CTAHOBATCS HU3MEHHOCTSIMH, a 0oJiee HU3KUE OTMETKH pelibeda BBITIIfA-
JSIT Kak rOpHbIE XpeOThl. Mcronb30BaHNe TAKOrO peKUMa MO3BOJISET U3y4yaTh pa3BUTHE ped-
HBIX JIOJIMHHBIX KOMILUIEKCOB PEK, BBIIEIATH 3JEMEHTHI IOJIMH U XapaKTep JUHEHHON 3po3uu
Ha MOpoJax pa3jIMYHOro JUTOJOTUYECKOIO COCTABA.

Haubonbiiee KoaMuecTBO MHIIEKCOB, PACCUUTHIBAEMBIX aBTOMATHUECKHU CPEICTBAMHU
nporpammbl ENVI, npennaszHaueHo i JemuprupoBaHus 3€JIGHOW BEreTUpyIomen pacTu-
TEIbHOCTH U OTJIEJICHUS €€ OT JIPYruX oOBbEKTOB. BbUT HCMONB30BaH METOJ «KOJIMAYOK C KH-
croukoi» (Tasseled Cap), 4TO MO3BONUIO PA3AEIUTh PACTUTEIBLHOCTh M OTKPBITHIE MOBEPX-
HocTu. ClielyeT OTMETUTh, YTO HauOoJblIel HHGOPMATUBHOCTHIO U MPAKTUYECKOM IEHHO-
CTBIO JJISl aHAJIM3a CTaJl MHAEKC MHUHEPAJIBbHOTO KOMIIO3MTA, TaK Kak Kaxnablil kaHan RGB-
KOMITIO3UTa COOTBETCTBYET OMPE/IEIICHHOMN JIUTOJIOTUYECKOM pa3HOCTH, a IIBETOBBIE MEPEXO/IbI
MIOKA3bIBAIOT HA COOTHOIIEHHUE MEXYy HUMH.

WHuTepecHble pe3ynbTaThl ObLIN MONTYYEeHBl PU UHTEPIPETALUU PO3-AHarpaMM JIHHE-
AMEHTOB: JIMHUH BBITSHYTOCTH, OCOOEHHO OPTOTOHAJIBHBIC JTUHHUH, MO3BOJISIIOT OKOHTYPHUTH
BCE M3BECTHBIEC KOJIBLIEBBIE CTPYKTYpHI B Mpejenax jucrta — maccuBbl Konaépckuii, Ononun-
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ckuii, OONavHbIA, a TaKXKe MOIyYUTh HHOOPMAIMIO O HOBEHIINX TEKTOHUYECKHUX BITAJMHAX,
BBIPQKEHHBIX B pesibee LEHTPOCTPEMUTENIbHBIM PUCYHKOM peuHoi cetu. CraTHcTHueckas
UHPOpPMALUS O TMHEAMEHTAX, MPEJICTaBICHHAs B BU/IE€ TUIOTHOCTH IITPUXOB, PO3-TUarpaMM B
OKHE, JIMHUI BBITSAHYTOCTH PO3 M OPTOrOHAIBHBIX JMHHUI IO3BOJSET FOBOPUTH O BBICOKOHN
CXOAMMOCTH PE3yJIbTaTOB aBTOMAaTU3UPOBAHHOIO JIMHEAMEHTHOI'O aHaJIM3a C allpHOPHOM reo-
aoruyeckoi nHpopmanueit. Hooii sBnsercsa nHpopmanys o TPEIIMHHON TEKTOHHUKE, MOJTY-
YeHHasl IyTeM COTOCTABJICHHUSI KOCMOJIIMHEAMEHTOB M JIMHEAMEHTOB penbeda meromamu Oy-
(epHoro HanoxxeHus B reouHpopmanronHoit cucreme ArcGIS. JInHelHHO BBITSHYTHIC U TIJI0-
I1a/IHbI€ YYACTKU BBICOKOM TPEUIMHOBATOCTH MOTYT PACCMATPUBATHCS KAK TPAH3UTHBIE 30HBI
MHUHEpaJIbHOTO (IIIOHIA.

Ha ocnoe LIMP Opumn mOCTpO€HBI KapTa YKIIOHa peibeda, a TakkKe KapThbl BEPTH-
KaJbHOHN U TOPU30HTAIBHON pacuJ€eHEHHOCTH, YTO MO3BOJIMIIO MPOBECTU YIUIyOJIEHHBIH MOp-
(homeTrpruyeckuii ananu3 Tepputopun. Llenpio aHamm3a ObUIO CO3JJaHNE CHHTETUYECKON KapTh
reoMop¢ooruueckoro paiionuposanus (puc. 4). Mcnonab3yss HHCTPYMEHTHl TeouHpopMa-
nuoHHoOl cucteMbl ArcGIS —
nepekjgaccu(uKalulo U OBepieiHbIe ONepalu ¢ pacTpaMu — OBLIM BBIJENIEHBI KaK MOp-
(OCTPYKTYpBI YHACTIEIOBAaHHOTO TEKTOHHYECKOTO PA3BUTHS, TaK M aCTPYKTPYpPHBIC MOBEPX-
HOCTH IK30JUHAMHYECKOI0 TeHE3HCa.

3akiouenne. Hamr mepBoiit onbiT 00pa®oTku naHHbIX [[33 mis permeHust peasbHbBIX
TeOJIOTUYECKHUX 3a]a4 JOKa3bIBAE€T, YTO MaTEpHasbl JUCTAHIUOHHOIO 30HAMPOBAHUS KOCMH-
YEeCKOW ChbEMKH HE MPETEHAYIOT Ha IMOJIHYIO 3aMEHY PyYHOTO ACIIHU(PPUPOBAHUS, HO BCE XKE
CYILIIECTBEHHO OO0JIEer4aioT MHTEPHNPETALUIO T'€0JIOTHYECKOro Aenm(pupoBaHus U 0COOEHHO
aKTyaJbHBbI JJI1 PAOHOB C HEOTEKTOHMYECKOW M COBPEMEHHOM aKTUBHOCTBIO, K KOTOPBIM OT-
Hocutcs 1 Konaépckuit maccuB. Bo3MOXHOCTH MPOrpaMMHBIX MMaKETOB MO 00paboTKe naH-
HbeIX J133- u TN C-TexHoM0ruu mo3BOIMIIA MTPOBECTH KOMIUJICKCHBIN aHAIN3 UMEIOIIECHCS Th-
CTaHLMOHHOM MH(OpPMAIMH, COOTBETCTBYIOIIEH 3Tally PeKOrHOCIIMPOBOYHBIX padoT, U Hame-
TUTh OTEHIIUAJILHO MEPCIEKTUBHBIE YYACTKH JIJIsl [IOUCKOB POCCHIITHBIX MECTOPOKIACHHM.

Meomo -H-.
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Puc. 4 — Mopdosoruueckue XxapakTepUCTUKHU pebeda U aHAIN3 CHHTETUICCKOU KapThl
reoMop(OIOTUYECKOTO PAOHUPOBAHYS:
1 — xapra yrioB HakioHa penseda (0 — 15 rpamycon),
2 — kapra 3po3uonHoro pacunesenus (0 — 1,4 m/xm?),
3 — kapTa nryOuHBI 3po3uoHHOTO Bpe3a (0 — 500 m)
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