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CTPYKTYPBI
AnHoTtanmmsl. [IUCTAaHIMOHHOE 3OHAMPOBAHHME 3EMIM M3 KOCMOCA HMMEET OONBIIHE IEPCHCKTHBBI I

BBIABJICHUS CKPBITBIX MO KAWHO3ZO0MCKHMH OOPA30BAHHAMH PYIOKOHTPOJIHPYIOIIHX CTPYKTYP. 3TO CTAHOBHTCSH
BO3MOKHBIM HAa OCHOBC pa3pabOTAHHON MCTOIWKH JACIIH(PHPOBAHHA M TCOJIOTHUCCKOH HHTCPIPCTALIHH
KOCMHYECKUX CHUMKOB.

Beeacume. B nmemax gemudpupoBaHHS —KOCMOTCONOTHUSCKHX — CTPYKTYP — HCHONB30BATUCH
MYJIbTHCTICKTPaIbHbIC KocMmuueckue cHuUMKH Landsat ETM+ (7 kananoB B Bugumoi, Ommwxaedt UK u
TCILIOBOW 00JacTH CHEKTPA) CPEAHEr0 MOPOCTPAHCTBCHHOro pasperncHus (14,25-90 M) u uudposas
mozenb penbeda (zanasiec SRTM - Shuttle radar topographic mission, ¢pespans 2000 r).

ChEMKH BBITIOIHCHB PAHHCH BECHOH, MPH YTHETCHHOM PACTUTCIBHOM MOKPOBE, YTO COOTBETCTBYET
OCHOBHBIM TPEOOBAHMAM K MaTepualiaM TakKoro xapakrepa. TOYHOCTh MPOCTPAHCTBCHHOU MPUBSI3KH
COOTBETCTBYET MACIITAa0y BHIMIOTHICMBIX padoT.

HcexoaHpiMu JAHHBIMHE /151 BBITIOJTHEHUS PA0OT SIBUTHCH!

— APXUBHBIC MATCPHAIBI MYJIbTHUCICKTPANIBHON KocMHudIeCcKoi chemiku Landsat, CheMKa BbIMOHEHA
27.04.2001 r. ConextpansHbie quana3onsl kaHaaos: PAN — 520-900 awm, 1 - 450 - 515 um, 2 — 525 - 605
oM, 3 — 630 - 690 um, 4 - 750 — 900 um, 5 - 1550 — 1750 am, 6 - 10400 — 12500 mm, 7 - 2090 — 2350 aMm.
IpocrpancTBeHHOE pasperieHne CHUMKOB cocTaBisieT 14,25 m ams PAN kanama, 30 m g 1,2, 3,4, 5u7
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kanaaoB u 60 m ams 6 xkanana (puc. 1). ApxuBHeie marepuansl Landsat B3sTel HA CalTe YHUBEPCHUTCTA
mrrara Mapuieng (CLILA): http://glcfapp.glef.umd.edu:8080/esdi/index jsp;
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Puc. 1. CriekTpanbHple XapakTepUCTHUKH KOCMITIeckoit cucteMsl Landsat

— uudpoBas Moxenp penbeda (MpocTpaHCTBCHHOE paszpemeHue 90 M) B3gra Ha  caifre:
http://glcfapp.glef.umd.edu:8080/esdi/index jsp.

[Tpu oOpaboTke HcxomHOM HHGOPMALIMN UCIIOIb30BAHB! TULCH3NOHHOE MPOrpaMMHOe 00ecrcUcHIE
Erdas Imagine, ArcGIS.

B peaynbrare npoBeJCHHBIX HCCICAOBAHHUN HOTYUCHBIL:

— KOMITOHCHT [JUCTAHLMOHHOW OCHOBBl KOCMOCTPYKTYPHOH cxeMbl yuacTka. Kommozur mo
MaTepuajgaM KOCMHUIeCKol cremiu Landsat (cniektpansabiii auanazon 500-900 um), macmtaba 1:200000;

— KOMITOHCHT [JUCTAHLMOHHOW OCHOBBl KOCMOCTPYKTYPHOH cxeMbl yuacTka. Kommozur mo
MarepuajgaM KocMmuueckol cremiku Landsat (cmextpasieaeie 30Hb 750-900, 630-690, 450-520 HM),
macmraba 1:200000;

— KOMITOHCHT [JUCTAHLMOHHOW OCHOBBl KOCMOCTPYKTYPHOH cxeMbl yuacTka. Kommozur mo
MaTepuagaM KocMuueckoi cremkn Landsat (cmextpanpabie 30Hbr 2090-2230, 1550-1750, 530-610 HM),
macmraba 1:200000;

— KOCMOCTPYKTYPHast CXeMa y4yacTka, macirrada 1:200000.

MeTtoauka aemudpupoBaHus U pa3paboTaHHAS HA €€ OCHOBE TCXHOJIOTHUCCKAS cXema 00paboTKU u
aHanmn3a H300pKEHHS BKIIOUANa B ce0s TPH OCHOBHEIX STama!

1) nepeuuHas oOpaboTka (reoMeTpudeckas TPHUBA3KA, CHHTE3 LBETHBIX HW300paXKCHUH W3
MOHOKaHAIbHBIX PacTPOB);

2) Temaruueckas o0paboTka - Co3gaHHe HEOOXoauMoro HabOpa TEMATHUYCCKUX PACTPOB IMyTEM
knaccupuKanuy (aBTOHOMHOH U 1O HAOOPY BBIACICHHBIX 3TATOHOB), BETCTATUBHBIX HHACKCOB, MCTOIOB
(UNbTpaiK ¢ MPUMEHEHHUEM PA3INYHBIX aITOPHUTMOB H JP.;

3) aHAMH3 UCXOTHBIX U TEMATUYCCKUX MATCPHATIOB COBMECTHO ¢ LU POBOH MOAETbIO peibeda.

O06paboTka U MOATOTOBKA N300pakeHUH 1 uPoBOI MoaeTU penbeda

O0paboTKa JaHHBIX JUCTAHIHMOHHOTO 30HIHPOBAHHS TS LCICH TCOTOTHICCKOrO ACHIUGPUPOBAHUS
paszaeicHa Ha 1Ba OCHOBHBIX O0ka onepanuil. [lepsriii 610k — TexHonormdeckuid. OH NpegHa3HAYCH AT
KOPPCKTHPOBKH W VIIYYLICHHS CIYTHHKOBBIX JAHHBIX, W IO CYIICCTBY, SIBISICTCS YHHUBEPCATbHBIM,
HE3aBUCUMBIM OT 3aJa4 AAJIbHEHINEH HHTEPIIPETALIUU.

Bropoii 010k 00paboTKH CIyKHT HEMOCPEACTBEHHO LEISIM [COIOTHUSCKOro nernudpuposanus. B
CBSI3M C O3THUM, OCHOBHOH CMBICT MPOLCAYP BTOPOro Onoka OOpabOTKH CBOJUTCS K BBISBICHHUIO
0CcOOCHHOCTEH 36MHOH MOBEPXHOCTH, HMCIOLIHIX MPSIMYEO HIH KOCBCHHYIO T'€OIOTHUCCKYIO TPUPOAY.

«TexHonormIeckuin» 60K TPAAULHMOHHO BKIFOUACT B ¢C0s1 CICAYIOMIME BUABI MPEOOPA30BAHHIA:

1) reoMeTpuyecKas KOPPEKLHS CIIYTHUKOBBIX H300PaKCHHUI;

2) paauoMeTpHIecKas KanOpOBKa CHUMKOB;

3) KOppeKLHs BAUSHUSA aTMOCHEPHI;

4) BOCCTaHOBIICHHUE MPOIYLICHHBIX MHKCEIIOB;

5) KOHTPaCTHPOBAHKUE,

6) dunbTpanmys;
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7) mepekaanOpoBKa MYJIBTHCICKTPATBHOIO H300paKEHUS B 0OONee BBICOKOC IMPOCTPAHCTBCHHOC
paspeLicHe.

TeomeTprdeckas KOPPEKITHS CITy THUKOBBIX JAHHBIX BKITFOYACT B CCOS:

1) ycTpaHeHHE UCKAKEHUH;

2) reorpadiuECKyIO MPHUBS3KY .

Hu oauH 13 KOCMHYSCKUX CHUMKOB TOYHO HE OTOOPAXKACT MOBEPXHOCTh 3eMIu. BCe CHUMKH HECYT
Ha cc0e KOMIUICKC TFEOMETPHYCCKUX HCKaKCHHH. CyIecTBYEeT HECKOIBKO NMPHYMH TAKUX HCKAKCHUH.
OCHOBHBIMY TIPUYHUHAMH SBIIAIOTCS KPUBH3HA MOBSPXHOCTH 3¢MIIM M HEPOBHOCTH peibeda. Oanako onu
MPOSIBJSIFOTCS,, KaK MPaBWIO, COBMECTHO. Kpome Toro, cneayet OTMETHTh, YTO MAJISI PA3HBIX THIIOB
KOCMHMYCCKUX CHUMKOB KOMOHHAITHS STHX MPUYHH PA3TAYHA.

TeomeTprdeckre NCKAKCHYS CHUMKOB, BBI3BAHHBIC KPUBH3HOH MOBEPXHOCTH 3EMITH, TTOJYYAIOTCA B
pe3yabTaTe TOTO, YTO TOYKH CKAHUPYEMOW MECTHOCTH HE JICKAT B OJHOH MIIOCKOCTH M HaOMIOACHHUE
BCACTCS HE B HAAMPE, a MOJ VIIOM K MOBEPXHOCTH 3eMiH. [loaToMy mpH yaaneHHH OT LECHTPAIbHOU
JAUHUM CKaHUpOBaHHs (A€ ChEMKA BEACTCA B HAAUPE) HCKAKCHHEC (OPMBI U pa3Mepa OOBEKTOB
YBCIUIHBACTCA.

HeposrocTu penbeda BhI3BIBAIOT TC KE UCKAKCHHS, YTO U KPUBU3HA MOBEPXHOCTH 3CMIIH, HO 33a4a
YCTPAHCHHUS HMX CJIOKHES, MO MPUYUHE TOro, 4ro (opmbel peaseda ciaokHee, deM (opma 3emin.
IMockonbKy KOCMHYCCKHE CBEMKH JACAAIOT ¢ OONBIIOW BBICOTH, TO BimsHUEC (opM peabeda
HE3HAUUTEIBHO, TIOITOMY JAHHBIH THIT HCKOKCHUI YUHUTHIBAIOT JTHING T TOPHBIX obactei. [poreaypa
VCTPAHCHHUS TCOMCTPHUCCKMX — WCKAKCHMH, BBI3BAHHBIX HEPOBHOCTAMH  peiabeda, HasbBacTCs
OpTOpeKTHUKALMCH.

leorpadmueckas mpuBsA3Ka 3aKMIOYACTCS B 3aJaHUM MUKCEIBHOW MATPHIEC CHHUMKA PCaNTbHBIX
MPSIMOYTOJIBHBIX KOOPAUHAT ¢ MOCACAYIOMICH TPAHCHOPMALTHCH.

Pagnomerpuueckas kamuOpoBka CHUMKOB. CHHUMKH, MEPBOHAYAIBHO MOIYYACMBIC CO CIIYTHHKOB,
3aITUCaHbl B BUAC TaK HA3BIBACMBIX «IM(POBEIX 3HAYCHMI SpkocTH. JlaHHbIe B TakoMm GopMaTe HENb3s
COTIOCTABIATE C AAHHBIMH JIPYITHX CBEMOK. 3ajada pPagvioMETPHICCKOH KaMMOpPOBKH 3aKITOYAcTCSd B
MPUBCACHIH DTHX 3HAMCHUH B OOIICTIPUHATHIC (PUBMUICCKHE CTUHMITH,

Koppexums Bausaus armocdepst. [Ipu nmpoxoskacHu gepes atMochepy dMEKTPOMArHUTHBIC BOTHBI
YACTUYHO TOTTOIIAIOTCS W PACCCHBAIOTCS, MPHYMHOW TOTJIOICHHUS W PACCEHUBAHHS SBILSIFOTCA. O30H,
BOASIHOH map (0071aYHOCTD), YIJICKUCIBIH ra3, KUCIOPOA, METaH, mblib, AbiM. K HACTOSIEMY BPEMCHH
paspaboTaHbl MaTEeMAaTHUYCCKUE METOIBl YCTPAHCHHS OTHX TMOTPCIIHOCTEH € VUETOM COCTOSHHS
arMocdepsl, BpEMEHHU roa U METCOPOIOTHICCKUX JAHHBIX.

BoccranoBeHHE TIPOMYIMEHHBIX THKCETOB. «[IpOTyICHHBIC MHKCEAB» BO3HHUKAIOT BO BPEMS
CheMKH (HCHCTIPABHA ChEMOYHAS aIlaparypa) Wik B MOMCHT MEPEAady JaHHBIX. Takue ABICHUA MOTYT
CTaTh TMOMEXOH NpU MOCICAYIOUICH TeMmarnieckod obpaborke cHuMKa. [lpomyimieHHEBIE MHKCENTBI
BOCCTAHABIHBAIOTCS MyTEM MHTCPIIOJISLIUN 3HAYCHUS COCCAHUX MTUKCEIIOB.

Koutpactuposanue. KouTpact wuszoOpaxkeHuss — 3TO PasHOCTh MEKAY MAKCHMATbHBIMH U
MUHUMAJIbHBIMH 3HAYCHUSMH spkocTH. CaaObili KOHTpAcT — HamOOJCEe PACHpPOCTPAHCHHBIM AC(EKT
n3o0pakeHnii. CylIeCTBYET HECKOIBKO METOAOB MOBBIIICHUS KOHTpAacTa myTeM nudpoBoii oO6paboTky.
Omepanysi  TOBBIIIICHAST KOHTPACTHOCTH CHHMKA MOXCT OBITh HWCTONB30BAHA TIPU BU3YaJIbHOM
gemudpupoBaHuy  CHUMKOB. Hambomee TOMyMApHBIC METOABI TOBBIMICHUA KOHTPACTA JTHHCHHOC
pacTArvBaHNC, HOPMAJTHU3AINS W BEIPABHUBAHIC THCTOTPAMMbI H300PaKCHUS U JP.

IMpu nUHCHHOM pPaCTATHBAHMM THCTOTPAMMBI BCCM 3HAYCHUAM SAPKOCTH MPHUCBAUBAIOTCS HOBBHIC
3HAYCHUS C TCITBIO - OXBATUTH BECh BO3MOKHBIH HHTCPBAT H3MCHCHHUS IPKOCTH.

IMox HOpMaIM3aIHEH THCTOTPAMMBI TOHUMACTCS PACTITHBAHUEC HAMOOJICE HHTCHCHBHOIO €€ y4acTKa
Ha BECh MHTCPBAL.

B mporiecce BBHIpaBHUBAHMA THCTOTPAMMbI (DKBANM3AIHA) TIPOVZBOAWTCS H3MCHCHHC 3HAYCHUH
SAPKOCTH MHUKCEIOB TAKHM 00pa3oM, YTOOBI [T KaXKIOTO YPOBHS SPKOCTH OBLIO OAMHAKOBOE HIH ONH3KOE
KOJIMYCCTBO MHKCETIOB.

OunabTpanms — 3T0 MATPUYHOE MPeoOpa3oBaHHe, KOTOPOE MO3BOMACT YCHINTH MOJC3HBIH CHIHAT C
OJHOU CTOPOHBI U OCIAOUTE HIIH MOTHOCTBIO YCTPAHUTD CITYYaHHBIC TOMEXH.

Yame Bcero (UIbTpalHHM OCYIICCTBIAIOTCA B CKOMb3ameM okHe. [Ipu TtakoMm mnpeoOpazoBaHun
MEPCCUNTHIBAIOTCA 3HAYMCHHUS SPKOCTH BCEX TIMKCEIOB M300pakeHus. Korga MaHHBIN MHKCENT ABIACTCA
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LCHTPAIBHBIM B OKHE, KOTOPOE «IBHIKETCSD) MO CHUMKY, €MV JACTCS HOBOC 3HAUCHHE, KOTOPOC SIBIISICTCS
GVHKIHCH OT 3HAUCHHUN OKPYKAOIIMX €0 B OKHE MTHKCEIOB. Pa3Mep okHa MOKeT OBITh, HampuMep 3x3,
5x5 wm 7x7 nukcenoB. HawbGonee mpocteic cmocoObl —  (UABTpAUS HU3KOYACTOTHBIM,
BBICOKOYACTOTHBIM U CTATUCTHUCCKUMH (DUIBTPAMH.

[NepexanuOpoBka MyJIBTHCHCKTPATBHOIO H300pAXKEHHS B 0O0JCE BBICOKOC MPOCTPAHCTBEHHOC
pa3peuICHUe MPOBOIUTCS C LCIBIO MOAYUCHHUST MYJIbTUCIICKTPATIBHOTO H300PKCHHUS C 0OEe BBICOKHM
MPOCTPAHCTBCHHBIM pasperucHueM. [Ipu OCyINECTBICHUN 3TOH MPOLCAYPH HCHOIB3YIOTCS MHKCEIBHBIC
matpupl PAN kanana KC Toii e, mubo apyroi kocMuueckor cucteMbl. HeoOxoammo cpazy oTMETHTD,
YTO UCIOJIb30BATh MOJYYCHHBIC TAKUM 00Pa30M MYIIBTHCICKTPATIbHBIC H300PAKCHUS A/l IOCICAYIOIICH
00paboTKM HE PEKOMCHAYCTCS, TaKk Kak B XOJAC BBIMOJHCHHS MPOLCAYPHl HECKOIBKO MCHSIFOTCS
CIICKTPANBHBIC XapaKTCPUCTHKH CHUMKA. Pe3yiabrarel Takod oOpaboTKHM dHame HCMOAb3YIOT s
BU3YAJIBHOTO ACUIH()PUPOBAHUSL.

IMocme 3aBepuicHust pabOT MO KOPPSKTHPOBKE W VIYYIICHHUIO CIYTHUKOBBIX JaHHBIX,
OCYIICCTBISICTCS BTOPOH OJ0K 00pabOTKM, KOTOPBIH CBOAUTCS K BBISIBACHHIO OCOOCHHOCTCH 3¢MHOM
MOBCPXHOCTH, UMCIOLIHX MPSIMYIO HJIH KOCBCHHYIO 3aBHCHMOCTb OT TeOJIOTH4IeCcKOi cpeasl. K ocHOBHBIM
MPOLICAYPAM 3TOTO STAIA OTHOCHT:

1) co3manne MyIbTHCIICKTPATIBHOTO H300PKECHHUS W3 MOHOKAHAIBHBIX PACTPOB;

2) pacyeT CrIeKTPaIbHBIX HHICKCOB;

3) aHanH3 rJIABHBIX KOMIIOHCHT;,

4) COeKTPATBHOES PA3ACICHHUC,

5) knaccuukarpy;

6) coBmecTHas 00paboTKa H30OPAKEHUH U JAHHBIX O Peibe(he MECTHOCTH.

Co3manne MyIbTHCOCKTPATBHOTO H300pakeHus. Omneparopbl W MOCTABIIUKHA KOCMOMATCPHAIIOB
MPEACTABISIIOT JAHHBIC B BHIC MOKAHAIBHBIX HAOMOACHHH. Takoe MOHOKAHAIBHOC H300PAKEHHE MOYKHO
BU3YAJIM3UPOBATh B OTTCHKAX ceporo, nubo B mceBromseTax. [Ipu 3TOM HAa MOHHTOPE, OTOOPAKACTCS
uH(popMaLIKS TOTYUCHHAS B OJHOM CIICKTPATIBHOM KaHAJIC.

Jlyamie BOocIpHHHMAETCS HE HYEpHO-Oenoe, a LBETHOE H3oOpakeHue. lIBeTHoe M300pakeHHE HA
MOHHUTOPE MOKHO HOJNYYUTh, OTOOPA3UB TPU MOHOKAHAIA KOCMHUUCCKOro cHuMka B nanurpe RGB (puc.
2). O4eBHIHO, YTO B CHUMKE € 6 KaHATAMH MOXKHO MOTYYHUTh 20 Pa3TuuHBIX KOMOWHALHH.

> £ b
Puc. 2. Co3zjlanue MyJIbTUCTIEKTPAILHOTO H300pa keHUS
— 7) ——
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Pacuer cnektpanbHbIX HHACKCOB. Mg MOnyYeHHS WHACKCHOTO H300PaXKCHIS, 3HAUCHHUE SPKOCTH
KQKIOTO IHKCEIA BBIYHCIACTCS IMyTEM MPUMEHCHUS anrcOpamdeckux ONCpaldil HaJ 3HAYCHUSIMH
SPKOCTH 3TOTO THKCEIa W3 Pa3HBIX CHEKTPAIBHBIX KaHATIOB CHUMKA. [lpm TakoMm moaxoxe BaKHBI HE
abCOMIOTHBIC 3HAYCHHS B PA3MUYHBIX CICKTPATIbHBIX 30HAX, & UX OTHowCHMs. [Ipsambie M KOCBCHHBIC
MPHU3HAKA TCONOTHYCCKUX OOpa30BaHHUNl TPAZWLMOHHO BBUBIIIOT B CICAVIOIUX  HHACKCAX:
BCTCTALIHOHHBIM, HOPMAIM30BAHHBIH BETCTALIMOHHBIN, HH(PAKPACHBIN/KPACHBIH, KEIC30-OKCHAHBIMH,
TIUHUCTBIE MUHEPAJIbI, SKEIC3HUCTBIC MHMHEpanbl, THAPOTCPMAIbHBIE MUHEPAIbl, MHUHEPATIbHBIC
KOMIO3ULMH U 1. (pHc. 3).

Puc. 3. UndopmaTuBHBIe crieKTpaibHbIe HHACKCH: a — [R/R; 6 — BereTallMoHHbIN, B — MIMHUCTHIC MUHEPAITH,
I' — KeJIe3UCThIe MUHEPANIBL, JT — OKCH/IBI JKeresa

AHaJN3 IMaBHBIX KOMIIOHCHT. DTO METOJ AHANN3a MHOTOCIICKTPATbHBIX KOPPCIHPOBAHHBIX JAHHBIX.
IlonsTHe KOppenMpoBaHHBIE AAHHBIE O3HAYACT, UTO IPH BO3PACTAHWM 3HAYCHHSA SPKOCTH IHKCEIOB B
OJHOM CHEKTPAJIBHOM KAaHAIE HM3MCHSIOTCS 3HAUCHUS SIPKOCTU U B JAPYTUX CHCKTPAJIbHBIX KaHAIAX.
[TomoOHas xoppensumus MOXKET BO3HHKATh HO PAAY NPUYHH, HANPUMEP, HPH OTHOCHTEIBHO HHU3KOH
OTPaKaTCIbHON CHMOCOOHOCTH PACTHTEIBHOIO TMOKPOBA B BHAMUMOH YAaCTH CIEKTPA, YTO MPUBOJUT K
CXOJKECTH CHECKTPATBHBIX 00Pa30B 0OBEKTOB BO BCEX AUANA30HAX PETHCTPALMH BUIUMOTO H3TYUYCHHS.

Tonorpaguueckue 0cobeHHOCTH penbeda TakKe MOTYT —BBI3BIBATE  KOPPESALMHA  MEKAY
Juana3zoHaMH. Y POBEHb 3aTEHEHH IPH CHEMKAX B TOPHCTON MECTHOCTH, WJIHM IPH CHEMKE HA 3aKare WIH
BOCXOJ€E COJHI@A, MOXKHO CUHTATh OAMHAKOBBIM BO BCEX JAMANA30HAX PETUCTPALUU OTPAKEHHOTO
COJIHEUHOTO U3IYUCHUSL.

Takas xoppensuuss NPUBOAUT K H3OBITOYHOCTH HH(pOpMAIMK, H3-32 YEro aHadu3 AAHHBIX B
HUCXONHBIX CHCKTPANBHBIX AMana3zoHax craHoButcd HedddexktusHeiM. [nga mpeomoneHust 3TOH
HU30BITOYHOCTH U MPUMEHSIOT METOX TTIABHBIX KOMITOHEHT.

PesynpraTom npeoOpazoBaHHs CHHUMKOB METOJOM TIJIABHBIX KOMIIOHCHT SBISICTCS YCTPaHCHHUE
KOPPEIILIMOHHON 3aBUCUMOCTH MEXKAY HCXOJHBIMU MHOTOMEPHBIMH JAHHBIMU NPU OJHOBPEMEHHOM
cKatud  OoJbIICH YacTH  JUCTIEPCHH  MOMHOrO  m3oOpakeHus. IlonmyueHHBle B pesynbTare
HEKOPPEIUPOBAHHBIC MHOTOCTIOHHBIC H300PKCHUS TPUHATO HYMEPOBAaTh B MOPSAAKE YOBIBAHUSA
mucnepenu (puc. 4). JIpyruMu c1oBaMu, €CIH CHUMOK COACPKUT IICCTh CICKTPATIbHBIX KAHATIOB, MOXKHO
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€034aTb IIBCTHOC I/I306pa.>KCHI/Ie U3 TPCX IIABHBIX KOMIIOHCHT, IMOCKOJIBKY B TUITUMYHOM MHOTI'030HAJIbHOM
I/I306pa.>KeHI/II/I, O6LI‘IHO, nCPBBIC ABC, TPU WU YCTBIPC KOMITIOHCHTBI CHOCO6HLI OIMUCaTh, MPAKTUICCKHU,
BCHO USMCHYUBOCTD CIICKTPAJTBbHBIX XapPaKTCPUCTHUK. OCTaHLHbIC KOMITOHCHTHI YaIinc BCCTO O6YCJ'IOBJ'ICHBI
ITyMOBBIM BOS,Z[GI\/'ICTBI/ICM. I/ICKJ'IIO‘{aH 3TU KOMIIOHCHTBI, MOKHO YMCHBIIUTDH O6’beM JAHHBIX 663 3aMETHOH
notepu HHGOpMALHY.

Crextpansroe pazaencuue. OIuUH MHUKCET CHAMKA MOKET OTOOPAKaTh OT HECKONBKHMX O THICAMT
KBaPATHBIX MCTPOB TIOBSPXHOCTH 3¢MJIH, U COACPIKATh HHPOPMAITHIO HE 00 OJHOM OOBEKTE, a O TPYIITS
00BEKTOB, KOTOPHIC PACTIOIOKEHE! HA COOTBETCTBYIONICH TCPPHUTOPHH.

Meton cnekTpanabHOTO Pa3geICHHs MPUMCHSIOT I PACIIO3HABAHUA HA CHUMKAX OOBCKTOB, Pa3Mep
KOTOpBIX MCHbIIC pasmepa mukcena. CyTh METOAA COCTOMT B CICAYIOUMICM. CMCIIAHHBIC CICKTPBI
AHAUTU3UPYIOT, CpaBHHUBAad HNX € UNU3BCCTHBIMHU YHUCTBIMH CICKTPAMH, HAMNMPUMCP, N3 CHCKTPAIBHBIX
6I/I6J'II/IOTCK YUCTBIX MAaTCPHUAJIOB. HpOI/ICXO,Z[I/IT KOJIMYCCTBCHHAS OLCHKA COOTHOLICHUA AOAHHOTO
M3BECTHOTO (YHUCTOrO) CICKTPA M MPUMECCH B CHCKTPE KakAoro mukcena. [locie BBIMOIHCHMS Takoi
OIICHKH MOKET OBITh MOMYYCHO HM300PAKCHUE, PACKPALICHHOS TaK, YTO IBST MHKCETA OYACT O3HAYATH,
KaKOM KOMIIOHCHT MPEOo0IaaacT B CICKTPES ITOTO MUKCEIA.

Knaccudukammn — 370  KOMIBIOTCPHOS  ACIIH(PPUPOBAHHUEC  CHUMKOB  HJIH  MPOLECC
ABTOMATU3HUPOBAHHOIO PasAC/ICHUA IHKCCJ/IOB CHUMKa Ha T'PYIIIBI (KJ'IaCCbI), KOTOPBIC COOTBCTCTBYIOT
pasHoTunHeiM 00beKkTaM. CyIIECTBYET [1Ba OCHOBHBIX MOAXOJA K MPOBCACHHIO KIACCH(PUKAIMH —
HCYIIPABIICMas U YIIPaBsiCMas!.

CyTh HeympamBIseMONW KIACCHPUKAMH CBOAUTCS K ABTOMATHYCCKOMY pAa3JCICHHUIO TTHKCCIOB
M300pAKCHHST HA 33JaHHOC YHCI0 KIACCOB HA OCHOBE CTATHCTUYCCKUX MOKA3ATCICH PaCHpeIC/ICHUs
sprocTei. Takob crnocod kaaccupukau MPUMEHSIIOT B CIIYYaC SCIIH:

— 3apaHee HCU3BECTHO, KAKUE OOBEKTHI €CTh HA CHUMKE,

— Ha CHUMKE O0JIBIIOE KOIUISCTBO 00BEKTOB (00ee 30) CO CA0KHBIMU TPAHULIAMHU.

C0KHOCTB TAKOTO Coco0a 3aKIIYACTCS B TIOCICYIOIICH HHTSPIPETALIMH BbIACICHHBIX KJIACCOB.

Haubonee pacnpoctpanenHsie MeToapl kiaaccudukammu 6e3 ooyueHus — ISODATA u K-cpexnux.
ISODATA 3t0 knaccuduxkarus, KOTOpast OCHOBAHA HA KIACTCPHOM aHam3e. K 0THOMY K1accy OTHOCATCS
MUKCCJIbI, 3HAYCHUA APKOCTU KOTOPBIX HaI/I6OJ'ICC 6J'II/13KI/I B MPOCTPAHCTBC CICKTPAJIBHBIX IMPU3HAKOB.
Meton knaccuukammu K-cpeauux ormudaetes ot metoga ISODATA tem, uto TpeOyeT U3HAYAIBHOTO
33aHUA  HEKOTOPOTO KOJHUYCCTBA CPCAHHMX 3HAYCHUH Uis  (POpMHUpPOBAHMS HAYATBHBIX KIACCOB,
CICMOBATEIBHO, 3TOT CIOCOO0 HCHONB3YIOT TOMAA, KOrAa OOBCKTHL HA CHHUMKE JOCTATOYHO XOPOIIO
Pa3THYAIOTCSL.
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VYnpasnsiemast Knaccu(pHKaus CBOAUTCS K PA3ACICHHUIO MUKCEIOB N300PKCHHST HA OCHOBE 3apaHee
ONPEIEICHHBIX 3TATIOHHBIX OOBCKTOB, JINOO MO CIICKTPATBHBIM ONOITHOTEKAM.

Knaccudukauus mo sranoHaM npoBOIUTCS B CICAYIOLIEM MOPSIIKE:

1) onpenecHue 3MeMEHTOB Kaaccupuramuu (OMpeaeICHUE 00BEKTOB AT ACITH(PPUPOBAHI);

2) BBIACIACHHUE STATOHOB (BBIACICHUC HA KIACCHUPHUIMPYEMOM CHUMKE 00/1acTeH COOTBETCTBYHOIIUM
TCM UJTH UHBIM 3JICMCHTAM Kjaccupurarmm);

3) oueHKa KadecTBa OJTATOHOB (OLICHKA XapakTepa pacTpeACICHHs 3HAYCHHH SPKOCTH OSTHX
JTANIOHHBIX OOBEKTOB);,

4) BeIOOp criocoba kaaccupuKarum;

5) knaccudukaiys ¢ HOCICAYIOMICH OLICHKOH Ka4eCTBa MOIYICHHOTO PE3yIbTaTA.

B npuBeAcHHOH TEXHOMOTMYECCKOW MIECMOYKEC HAHOOJCE CIOXKHBIM MOMECHTOM SBISICTCS BBIOOD
cnocoda kinaccuukanmu. Haubosee pacnpocTpaHCHHBIME CIIOCOOAMU PA3ACICHUS MUKCEI0B HA IPYIIIbL
[0 JTAJOHAM SIBJSMIOTCS. CINOCO0 MHHHMAIBHOTO PACCTOSHUS, CMOCO0 MapaUICACIHIICAOB, CIOCO0
MaKCHMAaJIbHOTO MpaBronoxodus, cnocob paccTosHHd Maxananobuca, cnocod CIEKTPATbHOTO VITIA.
Kaxkapiii U3 MpUBEACHHBIX BBILIC CIIOCOOOB KIACCH(UKALMHA MMCIOT CBOH OCOOCHHOCTH, JOCTOMHCTBA,
HEJOCTATKH U 001acTu mpuMeHeHus (Tad. 1)

Ta6m/1ua 1- HpCZ[HO‘{TI/ITCJ'IBHI)Ie o0acT TIPUMECHEHMS CTATUCTHUCCKUX KJ'IaCCI/I(l)I/H(aTOPOB

Crioco6 Kiraccuukanm O061acTH IPUMEHEHUS

MUHUMAITLHOTO PACCTOSHUS Krnaccnduxarust 06beKTOB, 3HAUESHHS SIPKOCTH KOTOPBIX TIePEeCceKaroTCsl

TTapanmenermenos Knaccuduxarmst 06beKTOB, 3HAUESHMST SIPKOCTH KOTOPHIX HE ITepeceKaloTes

Maxcumar,HOTo TIpaBIoTIoIOCHS Knaccnduxarmst 06-eKToB, Y KOTOPBIX 00IacTH 3HAYCHUH SIPKOCTH PA3HBIX KIacCOB B
TIPOCTPAHCTBE TIPU3HAKOB IIEPEKPHIBAIOTCS W MMEIOT CIIOXHYIO (WIH BBITIHYTYIO)
dopmy.

Paccrosmamsa MaxanaHoOuca 3r10T crocol sBiseTcs 0oee TOUHBIM, 110 CPABHEHHIO CO CIIOCOOOM MHHUMAIBHOTO
PacCTOSIHUS, TIOCKOIIPKY YUMTHIBAET paclipefielleHre 3HaYeHUH SIPKOCTH 0GyHaronmx
BBICOPOK.

CIeKTpaIbHOTO YITa Knaccnduxarmst 060beKTOB, KOTOPBIE UMEIOT CXOXKHE 3HAUCHUS IPKOCTH

JocTatoyHO NEPCICKTUBHBIM SIBILICTCS HCIONB30BAHHE VYIPABIACMOH Knaccu(pukamuu 1o
crekTpanbHbiM OubmuotTekam. CreKTpaibHbIC OMOMHOTCKM MPESACTABISMIOT CO0ON HAOOpPhI rpaduKoB-
KPHUBBIX CICKTPAIbHON OTPAXKATCIBHOH CIOCOOHOCTH OOBCKTOB, MOJYYCHHBIC MHOTOKAHAIbHBIMH
CHEKTPOMETPAMH B TaOOPATOPHBIX HIH MOJCBHIX YCIOBUAX.

Hcrnonb30BaHue JaHHBIX CHCKTPAJIBHBIX OHOJIHOTCK B KAUSCTBE OTAJOHOB MPU MPOBCICHUH
CHCKTPATBHOTO aHATH3a AN BBISIBICHHSA OOBCKTOB HA KOHKPETHOM CHUMKE TpedyeT cOOMIOACHHS psaa
00s13aTCIbHBIX TPCOOBAHMIA

1) oaunakoBbie eAMHMIBI H3MEpeHMA. [lOCKONBKY CHEKTpanbHbIC OHOMHOTEKH —COACPIKAT
MHPOPMALIHUIO O 3HAYCHUSX KOI(P(UIIMCHTOB OTPAKCHHUS HA MOBCPXHOCTH 3CMITH, BBIPAKACMBIX, KaK
MPABUIIO, B JOJISX CAHUHHIBI, IPKOCTH MMUKCEIOB A0KHBI OBITh MTPUBEACHBI K TAKOMY K€ BHIY. 10 €CTh
JOJIKCH OBITH BBIMOJHCH MEPECUCT SPKOCTCH MUKCEI0B B KO3 duiment otpaxenus (3naucuus 0-1) u
VCTPAHCHO BIHSHUC aTMOCHEPHI;




Becmnux Hayuonanetoil akademuy Hayx Pecnybnuxu Kasaxcman

2) OOMHAKOBBIM CHCKTPAJbHBIA AMANA30H U paspeurcHue JaHHBIX. CHCKTPAIbHBIHA AMANA30H H
paspericHue OMONHOTEK COOTBETCTBYIOT XapaKTEPUCTHKaM crekTpoMeTpa. CIeKTpajbHBIH IUana3oH
GonpmuHcTBA OHOMHMOTEK cnekTpo ot 0,2-04 mo 14-25 mMukpoMmeTpoB ¢ paspeumicHueM oT 1 1o
HECKOJBKHX HAHOMETPOB. TO €CTh, B OMONIHOTEKE MOXKET COACPKATHCS HECKONBKO COTCH, & TO M THICAY
TOYEK AT IOCTPOCHHUS OXHOU KprBoi. CIEKTpaIbHOE Pa3peLICHHEC MHOTO30HATBHBIX ChbEMOYHBIX CHCTEM
HE COTIOCTABHMO C TAKUMH JAHHBIMH.

Hecmotps, Ha kxakyimyrocs MNpPUBICKATCIBHOCTb, METOJ OONAmacT OUYCBHIHBIM HEOOCTATKOM —
peanbHbIC CIICKTPBI OTPAXKCHHS TOPHBIX MOPOJ BO MHOTOM 3aBHCAT OT OOMbmIOro uncna (akrtopos —
MHUHCPAITBHOTO COCTAaBa, CTCICHH BBIBETPEIOCTH, HANHYHS W Ka4yecTBA PACTUTCIBHOCTH, COTHCYHOM
SKCIO3ULMH, CTEICHH OOBOJHCHHOCTH, NPOCTPAHCTBEHHOTO M PAaJHOMETPHUYCCKOTO Pa3peLICHUS
KOCMHYCCKOH CHCTEMBI 1 MHOTOT'O IPYTOTO.

CosmecTHass 00paboTKa M300paKCHUN W JAAHHBIX O PEabe(e MECTHOCTH BKIIOYACT B CCOS B BHUIC
OCHOBHBIX Pa3/C/iOB APAMHPOBKY TPEXMEPHOW MOJCIH MECTHOCTH MEPBHYHBIMH HIH MPOU3BOIHBIMH
M300PAKCHUSAMH, 4 TAKKE COOCTBEHHO 00paboTKy LudpoBOU MoAenu peabeda pa3TudHIMA METOJAMHU
(Hampumep, TSKCTypHas GUIbTpalys, HanpasacHHOS AuddepeHiupoanue). [10CKOIbKY 3HAYUTCIBHBIN
00beM JCIIU(POBOYHEIX MPHU3HAKOB CBA3aH B TOH MM HHOW Mepe ¢ OCOOCHHOCTAMH pebedha MECTHOCTH,
MOCTOJBKY U3VUCHHUE STOU COCTABIAIOMICH Bcero Onoka HMH(GOPMALNU SBIICTCI O4YCHb BAXKHBIM. Kpome
TOro, H3y4acMblC IUIOMAOH B PIAC CIy4YacB JOCTATOYHO HMHTCHCHBHO <«GalIyMIICHBD) OOBEKTAMH
AHTPOIIOTCHHOI'O XapakTepa: ypOaHH3HPOBAHHBIE TEPPUTOPHH, CEIBXO3YTOAMS H T.I., YTO JETAcT
MPAaKTUYCCKHA HEBO3MOXKHBIM PACTIO3HABAHUC MPOSBICHUI I'€ONOTHUCCKUX MPOLICCCOB HA U300PAKCHHUAIX,
OJTHAKO HEPEAKO CIICIBI 3THX MPOLIECCOB COXPAHSIIOTC B penbede.

Pabota BrImonHeHa B pamkax rpantoBoro (rHancuposaHus «DyHIAMCHTATBHBIC HCCICIOBAHUS B
o0nacTy ecTecTBEHHBIX Hayk», Ne 747 MOH.I'®.12.7
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KACBIPBIH PY JABAKBIJIAYIIbI KYPBLIBIMJIAP/IbI AHBIKTAY YIIIH FAPBIII
CYPETTEPIH I'EOQOJIOT'UAJBIK PUACBI3JIAY 9JICTEMECI
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2¥ arTHIK 3epTTeyY TOMCK MOMHTEXHHUKAIBIK YHHBEPCUTETI, TOMCK K.

Annotammst. JKepai KammbIKTaH FApBINTAH 30HABLIAYABIH KAiHO30M »KApambIMIAPBI ACTHIHAAFHI KACBIPHIH
pyaabaxpUIay bl KYPBUIBIMAAPAB AHBIKTAY YIIIH IIEPCHCKTHBACH! YIKEH. OHBIH FAphII TYCIPIMACPIH PHACHI3IAY
JKOHE TEOJIOTHSUIBIK OaXkaiiray 91icTeMeci HETi31HAe MYMKIH €KEH/IT] KOPIHET].

Tipek ce3zep: KOCMOCHHMOK, ACHI()pPHPOBAHUE, ICOJNOIHYECKAsd HHTEPIpPETalHs, PYAOKOHTPOIHPYIOLIHE
CTPYKTYPBL.




