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IIpumeHenune I'MMC PAIIN]1 a9 npOrHO3vMpoOBaHUS
30JI0TOPYJJHOM MHUHEpaJM3alMU [0 MaTepuaiam

KOCMHNYECKUX CHEMOK

IHpedcmasneno 25.06.07

PO3rIHyTO MOTOYHME CTAH NPOGJIEMU BUKOPUCTAHHS KOCMIUHMX 3HIMKIB HPH TEOJIOTYHOMY BHBUEHHI
tepuropii. Hamaui ocHoBHI BigoMocTi mpo crienianizosany reoingopmauiiiny cucremy PAIIIN ta ii Mmogyns
CEI'MEHT, mo saGesneuye pimedns 3ajgau o0pobku, aHajidy Ta iHTeprnperanii MarepiajiB KOCMiUHUX
3MOMOK. OmMCAaHO METOAMKY IIPOTHO3YBAHHS 30J0TOTO OPYACHIHHS V BiAKPUTOMY TipCbKOMY paMoHi
Va0ekucTany HUISXOM JIHEAMEHTHOTO aHAJi3y KOCMIUHMX 3HIMKIiB, 3po0ienux 3i cymyrauka SPOT-4.
HagepeHo MOpiBHSHHS PE3yJIbTATIB MPOTHO3YBAHHS, IO OTPUMAHI 3 BUKOPUCTAHHSM CYIYTHHUKOBOI iH(bOpP-
Mauii, Ta pe3yJabraTis iHTEpperaiii reosoro-reoisMuHNX JaHUX.

BBEJEHHWE

PazBuTue KoCMMUECKMX TEXHOJOTMW W MaTeMaTuue-
CKHX METOAOB 00paboTKK MpOCTPAHCTBEHHO-IPUBA3AH-
HbIX JAHHBIX TOJHOCTHI) M3MEHUJIO XapakTep Mpou3-
BOACTBCHHBIX M MCCJICAOBATEABCKUX TPOLECCOB B reo-
JIOTMH, HEAPOMOIb30BaHUM, JKojaoruu. B HacTosmiee
BpeMs OHUM 0a3MPYIOTC HA MOBCEMECTHOM UCIO/Ib30BA-
HUU KOMIIBKOTEPHBIX TEXHOJIOrMI Ha Gasze reoumHOp-
MmanuoHHbIX cucreM (M C-rexmosmormit). Ilpm stoMm
amaan3 xkocmmuecknx cHuMKOB (KC) cran omHmM mu3
OCHOBHBIX TOAXOAOB K TEOJOTUUSCKOMY M TEOIKOIOTH-
UECKOMY M3YyUCHUIK TEPPUTOPHI. DTO CBI3aAHO C MO-
CTOSHHBIM CHUXeHueM croumoctu KC mpu Bospacraro-
el AeTaJbHOCTH W ONEPATUBHOCTBI0 MX TOJYUCHUS.

Ha xadenpe reomndopmarnmonnsix cuctem Harmo-
HAJbHOTO TFOPHOrO yHHUBEpcHTeTa yxe Oonee 20 ser
paspabaThiBAETCS M COBEPIIEHCTBYETC CIIELNATUZNPO-
pannas [MC PAIIU] (pacno3naBaHue, aBTOMATHU3M-
POBAHHOE TIPOTHO3MPOBAHWUE, WMHTEPHPETALUS AAH-
HbiX), W3HauaspHO CcUCTEMA TPEIHA3HAUAJIACh AJIS
00paboTKM M KOMILJIEKCHOTO AHAIU3a HA3EMHBIX Kap-
Torpapuueckux u UUQPPOBBIX TEOJOTO-TeO(U3UUSCKUX
JAaHHBIX (reou3nueckue moJd, Pe3ybTaThl TEOXUME-
UECKUX ChEMOK, reojormueckue (hpakThl) € UEJbK MO-
WCKA W TIPOTHO3a MECTOPOXKACHMI TOAE3HBIX UCKOTAae-
MBIX M pemIcHUd Teodkosormueckux 3agau. [AIC PA-
I/, B yacTHOCTH, BKJIOUACT TOACHCTEMBI BBOIA W
(puabTpaLMM JAHHBIX, PACUETA PA3HOOOPA3HBIX TPAHC-
hopmanuii MCXOAHBIX JAHHBIX W OLCHKU MX MH(OpMa-
TUBHOCTH, KJAACTCPHU3ALMU, PACMO3ZHABAHUS U PAHXKMU-
posanus (puc. 1). Texnonaorug paGoTel, peaausyemas
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I'C PAIIN], Gasupyercd HA MeTOAAX PACHO3HABA-
Hug o0pa3os, 00paboTku M300paKeHMH, reoCTATUCTU-
KW, MPOCTPAHCTBCHHOIO aHAJMW3a M UCMIOIb3yET MPUH-
U MHOTOBAPUMAHTHOTO PEIICHUS 33a[au TMOCPEACTBOM
MMHTAIUOHHOTO MOACINPOBAHUA W TIPOBCACHWS BBI-
UNCIATEAbHBIX JKcnepumeHToB [1]. B menom T'MC
PATIV]I gBnsercd yHUBEPCAJbHBIM WMHCTPYMEHTOM
MPOTHOZUPOBAHUA W TOMACPXKH TPUHATHS PEIICHHIMA.

B macrogmee BpeMs OXHUM W3 HATIPABJICHUIN PAa3BH-
g TUC PATIN] crano pemenue Bompocos oGpabor-
KW, aHAIU3a ¥ WHTEPIPETAlUU MATCPUAJIOB KOCMUUE-
CKHX ChEMOK. B pesysbrare B paMKax CHCTEMbI ObLia
cosgaHa cnenumaabHaga mnoacucrema CEI'MEHT
(puc. 2).

IMoacucrema obecneunBaeT NpeABAPUTEIbHYIO 06pa-
OOTKYy KOCMHUECKHX CHUMKOB, MX CETMEHTALMIO, BbI-
JACTACHUE JUHECHHBIX, AYTOBBIX M KOJBIEBHIX CTPYKTYP,
a TakXKe psan MpoLeAyp aHaIu3a JUHCAMEHTHBIX CETeil.
IMockonbky mogcucrema CETMEHT wunterpupoBana B
cpeny TUC PATIU]/, mHTepnperatop MOJIydYacT BO3-
MOKHOCTb MCIIOJAb30BATH PE3Y/IbTATh PpaGOThl MOACKHC-
TEMBI B TIPOLEAYpPaX Kjaaccuukanum, pacno3HaBaAHUS,
PaHXXUPOBAHUS MCKOMBIX I'€OJOMMUECKUX OOBEKTOB.

IMOCTAHOBKA 3AJTAYU

BosibmvHCTBO 3a7au, peiaeMbiX TPU MOMOLIHA WHCTPY-
mentapug TYIC PATIV, Gasupyiorca Ha BHIASIEHUU
YUACTKOB 3E€MHOM KOpbI, OJArONPHATHBIX IO CBOMM
CTPYKTYPHBIM OCOGEHHOCTIM /I PA3MEINEHUS MCKO-
MBIX OOBEKTOB. PemeHue Takmx 3aaau, TPAAUIMOHHO
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®  1leHTpHI H3BECTHBIX PYAHBIX 00BEKTOB
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Puc. 3. ¢ — maHEXpOMAaTUUECKUN KOCMHUUECKUN CHUMOK PyAHOro mojs (coytHuk SPOT-4, pagpemenue 10 M); 6 — pe3yJbTaT BbIASICHUS
IPaHUIl SIPKOCTU METOAOM MEaJIbHOroO fAetektopa Canny



B. C. BycmiHI, C.JL. HiKy.IIiHl, B. O. Boiiko® ... IIpumenenne T'NC PATIU] ... 51

1
o 7

i

r
Ewm
Po3a-anarpamma Etfof
a3NMYTOB iHea- oF ¢ -
MEeHTOoB sz
Pl
Ux J—

%qﬁm [ N A |
— e m———
’ 9 0 1 2 3, KM
| g A —
N .
A
18
B i

Puc. 4. CxeMa CKBO3HBIX JIMHEAMEHTOB M PO3a-AuarpamMMa UX a3uMyTOB

O Yanbl nepecevyeHNA NMHeamMeHTOB

) N3BecTHble pyAHble 06bEKTbI

Puc. 5. K BBIUMCJICHUIO CPEAHETO PACCTOSHUS OT KAKJOTO M3BECTHO-
r0 pyaHOro 00beKTa [0 OJrXauIero yana

TPeOYIOIMX BBINOJHEHUS 00abHIOr0 o0beMa AOPOro-
CTOSIMMX TOPHBIX PAGOT M TPYAOEMKHX Te0I0r0-reodu-
3WUECKMX ChEMOK, MOXKET OBITh YIPOIIEHO ITyTEM
MPUBJICUCHNUS MATEPHAIOB KOCMUUYECKAX ChEMOK W BhI-
HNOTHEHUS CHOEOMAJBHBIX MPOIEAYpP JIMHEAMEHTHOTO
aHaIM3a.

I'MC PAIIW Geina onpoGoBaHa IMpU IPOBEAEHUMU
MMPOTHO3ZHO-TIONCKOBBIX PAtOT ¢ KMCHOIb30BAHMEM KOC-
MHUUYECKMX MATEPHAJIOB HA PIAE 300TOPYAHBIX MECTO-

poxaenuii B YKpauHe u 3a pyOexom [24]. B macroa-
nieit paboTe paccMaTpUBAIOTCS METOAMKA M HEKOTOPBIE
peayabsratel npuMmencHus noacucremsl CETMEHT na
ONHOM M3 30J0TOPYAHBIX mojed 3amagHoro Ysbekuc-
TaHa.

Ha wuayuaemoii Tepputopuu U3BECTEH PSS PYAHBIX
TEJ XUJABHOTO THIA, 3aJCTAKIINX B HOPOAAX IMO3MHE-
MAJE030UCKOTO Bo3pacTa Ha raybuHax ot 400 o 1-2 M
¥ AMCIOIINAX MPOMBINLICHHOE 3HAUCHNE., OTHOCHTEIBHO
Majaas MOIIHOCTh OCAOOUHOM TOJIMM IOBBIHACT (-
dextusrOCTh HMcoab3oBanug KC. B xauecrse mcxon-
HBIX JAHHBIX /IS IPOBEACHUS JUHCAMCHTHOIO AHAJIM-
33 WNCIOAb30BAJINCH HMAHXPOMATUUECCKHAEC CHHUMKH CO
cnytauka SPOT-4 ¢ paspemenuem 10 m (puc. 3, ).

METOINKA UCCIETOBAHUIA

HcxoaHble KOCMOCHUMKU, KOHBEPTHPOBAHHBIE B 0asy
aauubix [VIC PATIWJI wm reorpadwmuecku mpuBs3aH-
HBIE, TOABEPraMCh HPEABAPUTENBHOM 00paboTke —
KOHTPACTHPOBAHUID, JKBHJIM3AIWHA TUCTOTPAMM M yHa-
JeHUIO (IOAABJICHAK) TEXHOTCHHBIX OOBEKTOB (KAHAB,
JIOpOT ¥ T. T.).

HOanee Ha 00paloOTAHHBIX CHMMKAX BBIIOJHSIOCH
ABTOMATHMUYECKOE BBIACJCHUE JuHEAMECHTOB. [laga 2ToM
ueau 8 TMC PAIIWU] wucnosb3yercd OpurmHaj bHAS
METOAMKA, OTJAMYHAS OT PEATH30BAHHON B M3BECTHOM
makere LESSA [5, 71.
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©® LcHTPH! H3BECTHBIX PYAHEIX 0OBEKTOR

Puc. 6. Cxema jauneaMeHTOB ¢ azumytamu 0 = 10° u 45 = 10°

Kpatko Merogmka CBOAWTCS K BBHIMOJHECHUIO CACHY-
oOmMX omepauwii. BHauase K CHUMKY TpPUMCHSAETCS
anmapar BBIACJCHUS TPAHWUL, SPKOCTU METOAOM <«OTTH-
MansHOrO Aerekropa» Canny [6]. Beinencuue rpanui,
MPOUCXOANT MYTEM CBEPTKH WCXOTHOTO 3aITyMJICHHOTO
curHana f(x) c ¢dyHKOIEeR A(X) ¢ aCHMMETPHUYHBIM
MMIIYJbCHBIM OTKJMKOM, [pU 3ITOM aMILIuTyjga f(x)
paBHA HYJIO 32 TIpeAesaMy OKHA. Beimensemas rpaHu-
A HAXOAWTCA B TOUKE JIOKATBHOTO MAKCMMyMa CBEpT-
K1 f{x)Qh(x). OyHKIINA A(X), HA3BIBACMAS ONTHMAJIb-
HbIM omeparopom Canny sBbeiOupaercs Tak, 4TOOBI
00eCTeunTh €IMHCTBEHHOCTh OTKJINKA HA CAHHUUYHYIO
TPaHWIY, BBHICOKYI0 TOUHOCTH OMpEACJCHUS TPAHUL W
MaKCHMUZAUWI OTHOMICHUS CUTHAJ/ IIYM IJTS TIOMyYe-
HUS BBICOKOU BEPOATHOCTH OOHAPYXEHUS CYIMIECTBYIO-
mel TpaHWUObl W HU3KOH BEPOATHOCTU BBIACJACHUS
JIOXKHOU TpaHuUBl. Pe3yapTaT BIACACHUS TPAHWL, TIPH-
BemeH HA puc. 3, 6.

Hanee momxyueHHAs KapTa TPAHWL, SIPKOCTH CKAHU-
pyeTrcd B aBTOMATHUYECKOM PEXWME B PA3JIAUHBIX Ha-
MpaBJACHUAX ¢ MaJbM maroM ymia (ot 1°). IIpm stom
BBIOEASIOTCS CIPIMJICHHBIE YYACTKW TpaHWL (IITpu-
XH), KOTOPHIE OOBIUHO COOTBETCTBYIOT MEJKHM NH3Zb-
IOHKTUBHBIM HAPYIICHUIM W uacTIM 00Jce KPYMHBIX
pasaoMoB, TPYNIHPYICh B JAHCAMECHTHBIC 30HBI.

[Mogxoxm ¢ TOCTpOoCHWEM TpaHWL, W TOCACAYIOLINM
BBIOCJCHUEM WX TPOW3BOJBHO OPUCHTHPOBAHHBIX JIW-

HEWHBIX YACTEW BBITOJHO OTJIMYAETCSI OT MCHOJIb3yEMO-
ro B cucteme LESSA, rae mrpuxu BBIACASIOTCS MpU-
MCHECHMEM MACKW MPIMOJUHECHHOrO CTYMEHUATOTO
Kpasi, pa3BEpHYTOrO B OXHOM M3 BOCHBMU (PUKCHPOBAH-
HBIX HAMpPAaBJCHUN.

Ha cnenyioniem srane cTpPoSITCS CKBO3HbBIC JUHEa-
MEHTBI, TIEPECEKAIONINE BECh M3yvyaeMbiii CHUMOK. Jls
9TOr0 MOJYUEHHAd KapTa IITPUXOB CKAHUPYETCS B
pa3aMUHbIX HAMPABJACHUSIX M TPOU3BOAUTCS MOACUET
CYMMApHOM JAJTMHBI HITPUXOB BAOJb JUHUN CKAHMPOBA-
Hus. Ecim cymmapHas AuHA MPEBBIMIAST HEKOTOPOE
noporosoe 3HaucHue (Hanpmmep 90 % or obmeit aan-
HbI JIMHUY AAHHOTO HAMPABJCHUS B TPEASAAX UCCACHY-
€MOTO yuacTKa), TO COOTBETCTBYIOIUE MITPUXU BHIHO-
CATCS HA CXEMY CKBO3HBIX JIMHCAMEHTOB, €CIM HET —
orOpaceiBaiorca. Cxema, oTpaxamouias pacroIoKeHne
CKBO3HBIX JMHEAMCHTOB HA MCCACAYEMOU ILIOIIAAW U
po3a-guarpaMMa asMMyTOB UX MPOCTUPAHUS MPUBEAC-
HBI Ha puc. 4.

OBPABOTKA W UHTEPIIPETAIIUA PE3YJIbTATOB

BuzyanbHbili aHAIN3 TOJYUEHHBIX MATEPUAJIOB MOKA-
3aJ, 4TO HA W3YyYaeMol TEeppUTOpPWH 30J0TOPYIHBIC
OOBEKTHI XUJIBHOTO TUMA TATOTEIOT K y3JaM IEPEceue-
HHUS Pa3HOOPUEHTUPOBAHHBIX pAa3JaOMOB. B CBI3u
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. . KOHT‘ypr NCPCNCKTHBHLIX 30H, BRIACICHHBIX

10 reonoro-reopH3HIECKUM JaHHBIM
bt ITeHTpBI HEBECTHBIX PYAHBIX 00LEKTOR

Puc. 7. Kapra nepcnekTUBHOCTU TEPPUTOPUU

CpeaHee paccTosHUE OT PYAHBIX OOBEKTOB A0 OJKANRIIEro y3ia
nEPEeCCUCHUA JUHCAMCHTOB YKA3AHHBIX A3UMYTOB

A3uMYTBL Cpenree pacctogaue, M

O u45° 720
0u90° 670
0On135° 2600
451 90° 265
45u135° 1960
90 u 135° 1040

JTHMM B JAABHEHINEM OCHOBHOE BHUMAHUE YIACTAIOCH
I/ISY‘IGHI/IIO IPOCTPAHCTBCHHBIX BSBI/IMOOTHOHJGHI/Iﬁ pas-
HOHAIPABJACHHBIX CHUCTCM JIMHCAMCHTOB M MU3BCCTHBIX
pyaHBIX 00BEKTOB,

ITo pose-amarpaMMme HAWACHHBIX JHHEAMEHTOB ObLIN
BBIICIEHH IPEOOIATAIOMAE A3AMYTH MX IPOCTHPAHUS
— 0, 90, 45 u 135° (puc. 4). Janee n3 obmeir MaCCH
JIMHEAMEHTOB Oblin chOPMUPOBAHBL YETHIPE HAOOpa
JAHHDBIX, BKJIKUABIOINX B Ce6ﬂ TOJbKO JMHCAMCHTBI

MepcneKTUBHOCTD

HWXe

Bblllie

yKazaHHeIX HanpasjacHuit (8 mpemenax =10°). Ing
pasAMUHbIX MOMAPHBIX KOMOUHAIMI Pa3HOOPUEHTHPO-
BAHHBIX JMHCAMEHTOB OTPEACTIINCh Y3/l TIEpeceue-
HHAS W BBIUACISIOCh CPEOHEE PACCTOSHUE OT KaXXKAOTO
M3BECTHOTO PYAHOIO o0beKTa A0 Oamxxaiimero yaia
(puc. 5), oTpaxaromiee CTeNeHb TECHOTHI MPOCTPAHCT-
BEHHOM CBA3M PYAHBIX OOBEKTOB C Y3JaMU IEPECEue-
HUS JMHEAMEHTOB PA3/IMUHBIX HAMpasiaeHud (Tabau-
ua). AHanm3 TabAMUbl MOKA3BIBAET, UTO M3BECTHBIE
PYDHBIE TEAA TATOTCIOT TMPEHMYIMICCTBEHHO K y3JaM
MepeceueHnii TMHEAMEHTOB ¢ asumytamu 45+10° n
90+10° (puc. 6).

IMocrpoennas kapra CyMMapHOW IJIUHBI JHHECAMCH-
TOB YKA3AHHBIX HATIPABJCHUN B CKOJB3IMIEM OKHE
0.5%0.5 xm (puc. 7) oTpaxaer MEPCIEKTUBHOCTh TEP-
PUTOPUH C MO3UIMI BO3MOXHOTO OOHAPYXXEHHUS 30J10-
TOTO OPYACHEHM.

006 5(Pp¢eKTUBHOCTH ONMCAHHON METOAMKW CBUAEC-
TEJBCTBYET TOT (PAKT, UTO HA KAPTE TOJABKO ABA U3 28
W3BECTHBIX PYAHBIX TEJA HE MOMANAIOT B 30HBI TIOBBI-
MICHHBIX 3HAUCHWH TUIOTHOCTH COOTBETCTBYIOIIMX JIH-
HEAMEHTOB.
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CPABHUTEJBHBIN AHAJIN3 PE3YJIbTATOB

Panee g 5TOro ke pyaHOro moss Obla BHIIOJHEH
KOMILIEKC paboT MO TMPOrHO3WPOBAHWIO MEPCIIEKTHB-
HBIX 30H C WCTOJb30BAHNEM KAPTOTrpaPUUECKUX Teoso-
THUCCKHUX MATCPUAJIOB U I‘eO(bI/ISI/IIleCKI/IX CbCMOK MAC-
mraba 1:50000 (rpasuraummonHOoro TOAA V,, MATHUT-

HBIX dT, m Z, mojeil eCTECTBEHHbBIX IJEKTPUUYECKUX
TMOTEHIINAJIOB, W300M 1 ramMma-nosd). [1pn BemencHIM
TMCPCIEKTABHBIX 30H MPEUMYINCCTBECHHO WCHOIb30BAT-
Cd METOA AHAJOTHH, 3aKIIOUAONINNICS B PAHXWPOBA-
HUW TCPPUTOPUM TIO0 MEPE €€ CXOACTBA C YUACTKAMM,
COmEPXKALIMMU PyIHBIE OOBEKTHI, B MHOTOMEDPHOM IIPO-
CTPAHCTBE TEOJIOTO-TeO(M3UUECKUX XAPAKTEPUCTHUK.,

CpasHUTENbHBIN aHAAN3 A0COIIOTHO HE3ABUCUMBIX U
PAa3HOBPEMEHHBIX DPE3YJBTATOB TPOTHO3WPOBAHUA (C
npussicucarneM KC u mo KoMIuiekcy reosioro-reodusu-
YEeCKWX MJAHHBIX) TIOKA3aJ, UTO TPOTHO3HHIC 30HHI,
NOJYUYEHHBIE B paMKax OOOMX MOAXOAOB, B LIEJOM
BECbMA CXONHBI M O0ECHEUMBAKOT COMOCTABUMOE Kaue-
cTBo mporHo3a. Ha pmc. 7 mokasaHbl KOHTYPHI, BBHIAC-
JICHHBIC TIO TEOJIOTO-Teo(hM3NUeCKUM JAHHBIM Ha (hOHE
KapThl MEPCIEKTUBHOCTU, MOCTPOEHHON MO ONMMCAHHOMN
meroauke. CylnecTBEHHOE CXOACTBO PE3yJbTATOB CBHU-
aereabcTByeT 00 3d@dekTUBHOCTH 000MX IOAXOIOB.
OnxHaKo MpU 3TOM CTOMMOCTh TICPBUUHBIX MATEPUATIOB
KOCMUUECKUX ChEMOK 3HAUNTEIBHO HUXKE, UEM TECOJIO-
ro-reoPu3nuecKnx, a OMEePaTUBHOCTh WX TOAYyUCHUS
CYIICCTBEHHO BHITIC,

3AKJIFOYEHUE

AH&JIOI‘I/II{HI)IG pesyanaTbl 6I)IJII/I HOJIyI{GHbI n HAa pdac
JPYTUX 30JIOTOPYAHBIX MOJIEH, PACTOIOXEHHBIX B TOpP-
HBIX paMOHAX C MAJOW MOIIHOCTBIO OCAJOUHOTO UeXJsa.
DT0 CBUAETE/NBCTBYET O MEPCHECKTUBHOCTU MOAXOAA K
MPOTHO3UPOBAHUIO, OCHOBAHHOM HA WCHOJb30BAHUU
MATEPHUANOB KOCMUUECKMX ChEMOK, OCOOEHHO B TPyd-
HOZ{OCTYHHI)IX N TCOJIOTUUCCKU CJIa6OI/13y‘I€HHI)IX paﬁo—

HAX C OTKPBHITBIM XapaKTEpPoOM MECTHOCTH. B manapHEl-
MIAX WCCACAOBAHUIX BEPOITHO MEIECOO0PAZHO MpH-
BJACUb MYJBTUCHCKTPANBHBIC CBEMKU B PA3JTAUYHBIX
AMATa30HAX CIEKTPA.
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THE USE OF RAPID GIS FOR GOLD MINERALIZATION
PREDICTION ON THE BASIS OF SATELLITE DATA

B. S. Busygin, S. L. Nikulin, V. O. Boyko

Current state of space images usage problem in the geological study
of the Earth’s surface is considered. The principal information on the
specialized geoinformation system RAPID and its SEGMENT module
dedicated to image processing, analysis and interpretation are
presented. We describe some methods for ore-gold mineralization
prediction in an open mountain Uzbekistan region using lineament
analysis of SPOT-4 satellite images. The prediction results obtained
from satellite images are compared with geological and geophysical
data.



