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BBEJEHUE

OnHa U3 OCHOBHBIX 33724 COBPEMEHHOT'O €CTECTBO3HAHMS — CO3/IaHHE 00-
1Ieil Teopuu CTPYKTYPHO-(QyHKIIMOHAIBHON OpraHU3alliy IPUPOIHBIX CHCTEM,
Ha OCHOBE KOTOpOW Moria Obl OBITH pazpaboTaHa cEcTeMa PaIOHAIBHOTO
IIPUPOAOIOJIB30BAHNA. MarucTpaabHbIM HAaIpaBJICHUEM HA IIyTH DPELUCHUS
9TOI 3aaud K HACTOSIIEMY BPEMEHM NpPU3HAH CHHTE3 Teorpauyeckoro u
9KOJIOTMYECKOTO TOAX0A0B, C(HOPMUPOBABIIMICS B MEKANUCIUIUIMHAPHOE Ha-
y4HOe HampaBiieHne — JanamadrHyto skonoruto (Risser et al., 1984; Forman
and Godron, 1986; Urban et al., 1987; Forman, 1995).

DTa HayKka HCCIIeHyeT:

1) ctpykrypy nannmadTa U TEPPUTOPUATBHBIC CBA3U MEXIY dKOCHCTE-
MaMH;

2) (QYHKIUH, WA B3aUMOJACHCTBUE, MEXIY TEPPUTOPHUATIBHBIMH dJe-
MEHTaMH, TO €CTh IOTOKH SHEPTHH, BEIIECTB U BUJIOB;

3) u3MeHeHHne CTPYKTYpPHl U (PYHKIIHI IKOCUCTEMHO MO3aWKH BO Bpe-
MEHH.

W3 maHHOTO mepeducieHus 3anad JIaHAMA(QTHONH SKOJIOTUH OYEBHIHO,
YTO OHM HAIIPaBJIECHBI IpEXJe BCEro Ha H3ydeHHe IPOCTPAaHCTBEHHO-pac-
MPENIENIeHHBIX 00BEKTOB U MPOIECCOB, M MTOITOMY HE MOTYT OBITh PELICHBI
0e3 ucronb3oBanus reouHpopmanuoHHsix cuctem (I'MC). B mocnennue
roJbl UCIOJIb30BaHKE IeOMH()OPMALMOHHBIX TEXHOJIOTHH B JAaHHOI obuac-
TH TOJYYWJIO OYECHb LIMPOKOE PaclpOCTpaHEHHE, U NPOLECC ATOT IPOJI0II-
JKaeTcsi B TEOMETPUYECKON MPOrpeccun — NepevyrciIeHre CChUIOK Ha MyOun-
Kalluy 3aHsu10 OBl HECKOJbKO cTpaHun. OJHAaKO B OONBIIMHCTBE CIy4acs
I'MC ucnonp3yroTes JIMIIB JUIsl MHTETPallii pe3yIbTaToOB paHee MPOBEACH-
HBIX HCCJICAOBAHHU MyTEM IEepPeBOJa Pa3IMYHOTO polaa OYMaKHBIX KapT B
nudpoByo popmy U GopMupoBaHHs 0a3 OMHUCATEIBHBIX TaHHBIX.

He orpumas Ba)KHOCTH Takoro poja AESATENIBHOCTH, OTMETHM, YTO JTOT
noxxox Hed(p(EKTHBEH NP W3YyYEHHH CTPYKTYPHI U AMHAMHKH SKOCHCTEM B
UX peajbHOM COCTOSHUH. [1JIsi 3TOro HE0OXOIUMO UCIIOIb30BAaHHE KOMILIEKCa
BBICOKHMX KOCMHYCCKUX, KOMIIbIOTCPHBIX, I/IH(bOpMaI_II/IOHHBIX TeXHOJ’[OFHﬁ,
00BEMHSIONIETO B €MHOE LIEI0e TeOMH(POPMATUKY U CPEICTBA AUCTAHIIMOH-
Horo 3oHmupoBanus (JI3) 3emum. McciaenmoBanus B 3TOM HalpaBIICHUH TaKKe
MIPOBOASATCS. OYCHb WHTEHCUBHO, HO B OOJIBIIMHCTBE CITy4acB OHH IOCBSIIEHBI
PELICHUIO YaCTHBIX 331a4 — HCCIIEIOBATENLCKUX, METOIUUECKHUX,, 3HAUUTEIBHO
pe’ke XO3IHCTBEHHBIX — Ha JIOKAJIBHBIX 00BEKTaX.

C TOUYKHM 3peHHs] TEXHOJIOTHH JIaHIIIA(QTHO-IKOIOTHYECKHIE HCCIIECTOBaHMUS
MOYKHO pa3/ieJINTh Ha TPY OCHOBHBIX 3Tara, I YPOBHS:
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

— HaTYPHBIE HCCIICIOBAHMSI SKOCUCTEM Ha MPOOHBIX TUIOMIAMSX, TaHAIIA(T-
HBIX TIPOPUILIX;

— ¢opmupoBaHrne TH(POBBIX KapT JaHIMAPTHOH CTPYKTYpHL, TO €CTb
CTPYKTypHOE MozenupoBanue. Croa ke MOKHO OTHECTH MOHUTOPHHT, PErH-
CTpALMIO €CTECTBCHHBIX U AHTPOIIOTEHHBIX H3MEHEHUH 3KOCUCTEM;

— (QYHKIMOHAIBHOE MOJICTMPOBAaHHE — MOCTPOCHHE MaTeMaTHYEeCKUX MO-
JieNield MEKIKOCHCTEMHOTO OOMEHa BEIIECTB M JHEPIUH, WHTErPalMOHHBIX
nporeccoB GOpMUPOBaHUS CTPYKTYP HaJUTaHAIIA(THOTO YPOBHS H T.I.

B nmanno#i pabore paccMaTpHBarOTCSI BOIPOCHI, MOCBSIIEHHBIE BTOPOMY
YPOBHIO — KOHLEMIUU U METOJIUKE CTPYKTYPHOTO MOAEIUPOBAHUSA U MOHHU-
TOPHMHTa KaK OCHOBBI JJIS TPETHEro 3Tana — (QyHKIMOHAIHHOTO MOJIEIHPO-
Barms. O0o0maercs onsIT paboT, MPOBOANMBIX ¢ Hadama 1990-x rogoB mo
N3YYEHHUIO CTPYKTYpPHl M TUHAMHMKH JaHIMa(ToB TaexHOW 30HBI Bocrou-
HOoM DPEHHOCKAHANHN C IMOMOIIBIO JUCTAHIIMOHHBIX MeTonoB 1 I UC-TexHO-
JIOTUH.

B mepBoii rmaBe paccMaTpuBaIOTCS CYIIECTBYIONINE MOIXOB! K (hOpMU-
POBaHUIO MPHUPOTHO-PECYPCHBIX I'€OMH()OPMAIIMOHHBIX CHCTEM M HCIIOJb-
30BaHUIO NIPH 3TOM JAaHHBIX JUCTAHIHOHHOI'O 30HIUPOBAHUSI U (HOpMyIH-
pyeTcsi aBTOpCKas KOHILENLUS MO0 JaHHOMY Bompocy. C Tem 4ToOBI 3Ta
paboTa MoTJa UCIOJIB30BATHCS B KaYeCTBE yU4eOHOTO MOCoOus 1o MeToaaM
uudpoBoro JanamadTHOro KaprorpapupoBaHus, BO BTOPOU TlIaBe CXKaro,
HO JIOCTaTOYHO IOJIHO AaroTcsi 0a30Bble CBEJCHHS O NMPUHIUIAX U METO/Iax
I'C-texHonoruii — crnocobax nudpoBoi 3amucu H300paKeHUH, Gopmax
IpeJcTaBJIeHus] KapTorpaduieckoid U onucarensHoi nHpopmamyu B ['MC,
OCHOBHBIX NPUHIUIAX AUCTAHIIMOHHOIO 30HAUPOBaHUS. 3aTEM paccMaTpH-
BafOTCA Hambosee pacipoCcTpaHEHHbBIE METOABI KOMITBIOTEPHOTO AN pPHU-
poBanus (kKiIaccu(UKaMK) CKAaHEPHBIX CHUMKOB, MOKa3bIBa€TCA MX Orpa-
HUYEHHAs NMPUTOMHOCTH IS Iesiel TaHamadTHOTro KapTorpadupoBaHus u
MpeJaraeTcsl albTEPHATUBHBIA METOJ KiaccH(pUKanmuu — ympasisemas
CETMEHTAIlUsI CIIEKTPAJILHOTO MPOCTpaHCTBa. Jlamee OMUCHIBAIOTCSA CIOCO-
Obl mosy4eHus UUGPOBBIX MoJenel penbeda U HUCHOJIb30BAHHE ITOW WH-
(dbopManuu i MOJEIUPOBaHNUS JIaHAMADTOB, IPUBOIITCS KpaTKUE CBeJe-
HUS 00 aHAJIM3e TEKCTYPhl pacTpOBOil reouHpopmanuu. B 3akirouenue na-
Hbl IpPHUMEPHl HUCIHOJIb30BAaHUS ONUCAHHBIX MPUHIUIOB M METOAOB s
JaHAMaGTHOTO MOACITUPOBAHUS U MOHUTOPUHIA COCTOSIHHS TaeXHBIX KO-
cucteM Ha tepputopun Kapenuu.

B nmpouecce onucanus pazauyHbIX ONEpalUii MOJAECIUPOBAHUS CTPYKTYpPBI
nmaHamadToB ykaseiBaercs, kKakumu monynsamu ['MC-nakera GRASS mannas
ollepanys BBINOJHSAETCS. BBHIOOp MMEHHO 3TOro makera OOBSCHIETCS OBYMS
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Baenenue

00CTOATENBCTBAME: BO-TIEPBBIX, B HEM PEaTM30BaHO OOJIBIIMHCTBO pa3pado-
TaHHBIX K HACTOALIEMY BPEMEHH METOJOB OOpaOOTKM AWCTAaHI[MOHHBIX JaH-
HBIX U TeorpauecKoro aHajin3a, a BO-BTOPBIX, 9TOT IIaKeT CBOOOIHO pacIpo-
CTpaHsercs, B TOM 4ducie u yepe3 Marepret, no nunensnn GNU (GecratHo,
C COXpaHEHUEM aBTOPCKUX MpaB). OQHAKO HCIIOIb30BAHUE 3TOTO MAKETA I10JIb-
3oBaTesiMu Windows TpeOyeT OCBOCHHSI HEKOTOPBIX €r0 0COOCHHOCTEH | IM0-
OTOMY B MNPUIOKCHUHU JaHbl KPATKUC HMHCTPYKUOHUU IO YCTAHOBKE ITaKETa U
BaXHEHUIITMM MOMEHTaM pabOoThI C HUM.



1. TEOUH®OPMALMWOHHBIE CUCTEMBbI
B JJAHAIMA®THBIX UCCIIEJOBAHUAX

Jlo HacTosIIero BpeMEHU CPEIH €CTECTBOHMCIBITAaTeNeH, oco0eHHO B Poc-
cuu, pacrnpoctpaneHo MHeHue, yTo ['MIC — 3To Hekue nuppoBbie KapThl TLTIOC
KOMITBIOTEpHAsI TIpOrpamMMa, IMO3BOJISIONIAs 3T KapThl aHaJIM3MPOBaTh, KOP-
peKTUpOBaTh, MOMOJHATH, CO3/laBaTh HOBBIE ciou U T.A. (EpmakoB um np.,
200606). B ompenaeneHHOM CMBICIIE 3TO Tak U ecTh. C caMoro Havyajia pa3BUTHS
I'NC mmdpoBsie KapThl MOTYYAINUCh MPAKTHYECKHA HCKIIOUUTENBEHO B PE3YIlb-
TaTe OHU(POBKM (BEeKTOpW3aIMU) OYyMaKHBIX KapT, TONOrpapuYecKux H
uHBIX. 1 B HacTosIIee BpeMs 3TOT CIIOCO0 OYCHB IIUPOKO pacrpocTpaHeH. Bo
MHOTHX CITydasiX 3TO OKa3bIBACTCS BITOJHE JOCTATOYHBIM. Hampumep, s aHa-
JM3a SKOHOMUYECKHUX, COLMATBHBIX MPOIECCOB U SIBICHUNA. B Apyrux ciydasx
TaKO# CI0cO0 OKa3hIBACTCS CIMHCTBEHHO BO3MOKHBIM, HAIPUMeEp, IIPH OIU}-
POBKE HCTOPHYECKUX, TEOJOTHUECKUX U APYTHX KapT, HHOOPMAIHS KOTOPBIX
HETIOCPEIICTBEHHO Ha MIOBEPXHOCTH 3eMJIH HE TPOSIBIISETCS.

OpHako coBceM HMHaue OOCTOUT €0 B TeX CIy4asx, KOriaa HeoOXOauMo
MMETh JaHHbIE 0 KOMIIOHEHTax JiaHmadra (pexae Bcero OMOTHUECKUX) B UX
pearbHOM cocTostHUU. J[s TaHAmadTHO-IKOJOTMYECKUX HCCICIOBAaHUN, H
0COOCHHO ISl TPUMEHEHHS UX Pe3yJIbTaTOB Ha NMpaKTUKe (JaHImadTHO-IKO-
JIOTHYECKOTO TUIAHUPOBAHUS), HEOOXOAMMbI TEOMETPHUCCKH KOPPEKTHBIC, Jie-
TaJIbHBIE M aKTYaJIbHbIE KapThl PACTUTEIBHOTO (JIECHOTO U OOJIOTHOTO) ITOKPO-
Ba. KapT, nmonHOCTBIO OTBEYAIONIMX 3THM TpeOOBaHHSM, HE CYIIECTBYET HE
TOJIBKO B IM(POBOM, HO ¥ B OyMa)KHOM BHJIE.

HmeroTcst TOBKO JiBa TOTOBBIX HCTOYHUKA TaKOW MH(OpManuu — Tornorpa-
(udeckre KapTel W IUIAHBI JIeCOHACaXACHUH. OqHaKo JFO00H, KTO MBITANICS
MONTyYUTh JaHHYI0 WH(OpMAIIo, 3HACT, YTO HA TOMOKApTaX, Jake KPYITHO-
MacIITaOHBIX, KOHTYPHI O0JIOT HaHECEHB BEChMa MPUOIN3UTENHHO, a HHPOP-
MaIys O JECHOM ITOKPOBE, OCOOCHHO O COBPEMEHHOM €T0 COCTOSIHHUH, IPaKTH-
YECKH OTCYTCTBYET.

Kpome Toro, mpakTuka Hoka3bplBaeT, YTO HHU(POBbIE KaPThl, MOITYyYSHHBIE
nyTeM oUu(pOBKM OyMa)KHBIX TOmOrpaMuecKux KapT, Aa)Ke BBIIOJIHEHHBIE
opraHuzanusaMu, UMCIOUMIMMHU TOCYAAaPCTBCHHBIC JIMICH3UN HAa WX HU3TrOTOBJIC-
HHE, 4aCTO OYeHb HU3KOI'O KauecTBa. TeMaTHYECKUE CJIOH, 32 MCKIIOUCHUEM,
BO3MOXKHO, OEperoBoil JIMHUU 03€p, CHIIBHO MCKaKEHBI M MaJOMH(pOPMAaTHB-
Hbl. JlopokHas ceTh ycrapelia U COJIEpKUT MHOTO OIIMOOK, B rHAporpaduye-
CKOH (peKH) CeTH Takke MHOTO MCKa)KEHHM, a CIION JIECOB U OOJIOT — BasKHEH-
X B TAac)KHOW 30HE KAaTETOPUI 3€MHOW MOBEPXHOCTH — YacTO BOOOIIE HE
HUMEIOT HUYEeTO OOLIEro ¢ AEHCTBUTEIBHOCTHIO. DTO CTAHOBHUTCS OYEBHIHBIM
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1. reOH(bOpMaL[I/IOHHLIe CUCTCMBI B .]'IaHI[IJ_Ia(bTHLIX HUCCIICI0OBAaHUAX

IIPY MX COTIOCTABJICHHUH C JaHHBIMH JUCTAHIIMOHHOTO 30HANPOBAHUS — KOCMH-
YECKUMH CKaHEPHBIMU CHUMKaMH.

Takum obpa3om, eciiu pedb UAeT 0 COOCTBEHHO JaHAMIA(THO-IKOIOTHYE-
CKHX, IPHPOIHO-PECYPCHBIX, MHYOPMALHMOHHBIX CHCTEMAax, HCIIOIb30BaHHE
TOTOBBIX IU(POBBIX KaPT HUKAK HEJIb3s CUYMTATh MPHEMIIEMBIM ISl CO3JIaHUs
I'C, naxxe B kauecTBe KapThI-OCHOBBI.

ITo cpaBHeHHIO ¢ TONOKAapTaMH IIJIaHBI JIECOHACAXKACHHUM colepikar, ec-
TECTBEHHO, 3HAYUTEIHHO OoJiee AeTATbHYI0 HHPOPMALHIO O TAEXKHBIX KO-
CHUCTEMaX, TIOCKOJIbKY CO3Jal0TCsi Ha OCHOBE a’pOo(OTOCHHUMKOB MacmiTaba
1:15 000 — 1:50 000. OgHako UMeeTCsT HECKOIbKO OOCTOSATENBCTB, HE TO-
3BOJISIOIIMX CUNTATh M IJIAHBI JIECCOHACAXKIACHUHN a/lleKBaTHBIM MCTOUYHHUKOM
nHMopmaruu s nasamadTao-skonorudeckux 'UC.

[Tnans!l necoHacaxIeHUH CO3/1AI0TCS MPEK/e BCEro Al 00ecIeueHus
XO035MCTBEHHOM NESATENBHOCTH, LEJIb KOTOPONU — MOJYyUYEHUE PEBECHUHBI.
BennuuHel, XapakTepusymoliue 3amac APEBOCTOS, COOTBETCTBYIOT (IO
KpaifHe#f Mepe, IOJKHBI COOTBETCTBOBATH) NEeWCTBHTENbHOCTH. OmHAKO
BaXKHEHIINE 3KOJIOTMYECKUE XapaKTEPUCTHKHU, MPEXJE BCEro mun Jecd,
YacTO 3aBEAOMO HCKakeHbl. KOHTYpBI BBIZICIOB AalleKO HE BCErAa oTpa-
JKAIOT €CTECTBEHHYIO CTPYKTYpY JIECHOI'O IOKPOBA, MOCKOJIbKY 3aBHUCST
OT paspsja ynecoycTtpoiicTBa. IloaToMy NiaH O4eHb Malo MPUTOAEH A
pelIeHus 3a/1a4, BEIXOAAIIMUX 3 PAMKHU JIECHOTO X034MCTBa, KaK Hay4YHBIX,
TaK ¥ IPaKTUYECKUX.

B HacTosiee BpeMs MIIaHBI JIECOHACAXKACHUN CO3MAOTCSA MO Tpagulu-
OHHOH «OyMa)KHOW» METOMKE — IUIaHbl YepTATCS Ha Oymare, 3aTeM BEKTO-
pusyitorcs. To ectb 'MC-TexHOJIOTMU KaK TaKOBBIE€ B JJAHHOM CIly4ae OT-
CYTCTBYIOT, M JIMIIb Ha KOHEYHOM OJTalle HCIOJB3YIOTCS 3JIEMEHTH Ha-
cronpHON KapTorpadpuu (desktop mapping). Ha Bcex cramusax moxydeHUs
IJIaHa, B TOM YHCJIE€ M Ha CTaauu OLM(POBKH, BO3HHUKAIOT HEM30EKHBIE
OIMOKHN ¥ HETOYHOCTH. Kpome TOro, IIaHbl IECOHACAXICHIH 0OBITHO CO3-
Jal0TCsl HE B pEalbHOM CHCTEMe reorpauiyeckux KOOPAMHAT U COCTaBUTh
I[EJIOCTHOE BEKTOPHOE IOKPHITHE U3 OTAEIBHBIX IUIAHOB HEBO3MOXKHO.
Cpencrea 'MC no3BonsoT nepeBoguTh HU(GPOBBIE AaHHbIE M3 YCIOBHOM
CUCTEMbI KOOPJIMHAT B peajbHYI0 reorpauueckyto, HO 3TOT IPoIecC J0C-
TATOYHO TPYNOEMOK U MPHUBOJUT K J100aBOYHBIM, OOJIBIINM MM MEHBIINM,
HO HEN30€KHBIM HCKaKECHUSIM.

Takue cocTaBisIONIME TOIOKapThl, Kak penbed W Tuaporpaduyeckas
CeTh, HAHOCSTCS C MaKCUMaJIbHOW CTENEHbI0 OOBEKTUBHOCTH U OOBIYHO He-
HM3MEHHBI B T€UCHHE AJUTEIBHOIO BpeMEHU. A JaHHBIE IUIaHA JIECOHACaXe-
HUIl HE TOJBKO H3MEHSEMBbl BO BPEMEHH, HO U B 3HAYNTEIBHOW CTEIEHU
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CyOBEKTHBHEI, 3aBUCAT OT KBATH(PUKAIIUN HUCIIOTHUTENEH 1 HX TOOPOCOBECT-
HocTH. [lmaH — cymMMa mpencTaBieHHH COCTABISIOIIMX €ro TaKCaTOPOB O
JIECHOM ITOKPOBE. DTO ICHO BUIHO HA MPHJIECTAIOMIMX APYT K APYTY ydacTKax,
TaKcalus KOTOPHIX BBIIIOJIHEHA PA3HBIMH UCTIOJHHUTENIAMH (aHAIOTHYHBIE He-
YBSI3KM OTHOCHUTEJIBHO JIECHOTO U OOJIOTHOTO IIOKPOBA OYEHB YacTo OpocaroT-
cs B TJIa3a ¥ HAa CMEXHBIX JIUCTaX TOMOKAPTHI OJHOTO MaciiTada).

Ha mnane necoHacaxaeHuii kpaiiHe Maio HH(GOPMAIHK 0 00JI0TaX, COCTaB-
JISIFOUIMX 3HAYMTEBHYIO 110 IUIOLIAIM YacTh TAeXKHBIX dKocucTeM. W HakoHer,
JlaXKe B TAeKHOW 30HE 3eMIIM JiecHOro (oHna 3anuMaroT He 100 mponeHToB 1o-
BepxHOCTH 3eMii. TeppuUTOpHN HACEJIEHHBIX MyHKTOB, CEIbCKOXO03SIHCTBEHHBIX
3eMelb U JIECOB, He npuHamiekammx [JID, octaroTes Ha MaHax OeNbIMH IIAT-
HaMu. B ceBepoTaexHON MOA30HE WX JOJSI HEBEIHKA, HO B CPEAHETACKHOH —
MeCTaMH BeChMa 3HAUUTEIbHA.

EcrecTBeHHO, TOMOKApTHl W IUIAHBI COJEp)KaT MH(POPMALMIO, KOTOPYIO B
NPUHIHMIE HEJIb3s ITOMYYUTh TUCTAHIIMOHHBIMU METOJaMH. DTO Ha3BaHUS 00b-
€KTOB — 03ep, PEK, HaCEJICHHBIX MTYHKTOB, XapaKTEPUCTHKN dJIEMEHTOB HH(pa-
CTPYKTYp (ZOpOT, JTMHHUH 3JIEKTPOIepeAadyd MU T.J.), YTO KpaiHE BaKHO VI
JaHAA(QTHO-IKOJIOTHYECKUX HcciaenoBaHui. TomokapThl comepxkaT Takke
uHpoOpMaIHIo 0 penbede.

B nanmmadTHO# SKomornu penbed paccMaTpuBaeTcsi Kak CBOMCTBO JIMTOT€H-
HOI OCHOBBI — a0MOTHUYECKOTO KOMIIOHEHTA IPHUPOHO-TEPPUTOPUATBEHBIX KOM-
TUIEKCOB. DTa OCHOBA UrpaeT BEAYIYIO IO CPABHEHHIO C IPYTUMHU KOMIIOHEHTaMU
poiib B JOPMUPOBAHUN M Pa3BUTUH JIAHAMIA(TOB, YTO CBS3aHO C ee OoJiee Mell-
JICHHBIM TEMIIOM M3MEHEHHH M OTHOCHTENHHOW HE3aBUCUMOCTBIO pazBUTHS. C
9KOJIOTUYECKON TOUKH 3pEeHHs penbed sSBIseTCs MOCTOSHHO AeHCTBYIOMMM (ak-
TOPOM, HMI'PAOIIMM 3HAYUTENBHYIO POJb B MpOLECcax KPyroBOPOTA BEILECTBA H
sHepruu. Penbed onpenenser HampaBleHHE W HHTCHCHBHOCTD (PU3HYCCKHX, XHU-
MHYECKHX TIPOLIECCOB, MUKPOKIIMMATHYECKUE OCOOCHHOCTH, BOJHBII PEXKUM, pac-
TpeeNicHHe PACTUTENBHOCTH M T0YB. [103TOMy mMONMHO(YHKIMOHANBHAS JIAHI-
magTaO-3K00orHYecKas I UC nomkHa OBITE TPEXMEPHOI! IO OTIPEIEICHHIO.

B nmocnennue roapl NOSBIsSETCS MHOTO paboOT, CBUETEILCTBYIOIIUX O BbI-
COKO# 3((eKTUBHOCTH MPUMEHEHHsT HU(POBBIX NaHHBIX O penbede (uudpo-
BbIX MoJienieit Beicot, DEM — digital elevation model) u I'MIC-texHonoruii npu
u3y4eHun cTpykTypsl nanamadTos (Iaraesa u ap., 2003; T'odapos, 2004; Ep-
MakKoB U jp., 2006a). B 6onbmnacTBe Takux pador DEM ¢dopmupoBanace my-
TeM 00pabOTKM BEKTOPHU30BAHHBIX TOPH30HTANEH TOMOKapT. DTOT Crocod
MOYKHO IIPHU3HATh IPUEMIIEMBIM JIMIIb BBUIY OTCYTCTBHS B HACTOSIIEE BPEMs
B Poccun 3HaunTensHO OoJiee TOYHBIX TAHHBIX, KOTOPbIE MOTYT OBITh ITOITyde-
HBI INCTaHIIMOHHBIMH METO/IAMH.
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1. reOH(bOpMaL[I/IOHHLIe CUCTCMBI B .]'IaHI[IJ_Ia(bTHLIX HUCCIICI0OBAaHUAX

Takum oOpa3om, MHGOPMAIMA O PACTUTEIHFHOM IIOKPOBE KaK TOMOKAapT,
TaK ¥ IUIAaHOB JIECCOHACAXKICHUN HEaKTyallbHa, BTOPHYHA, CyObEKTUBHA, HCKa-
xKeHa. bonee mocroBepHa, HO HEe OYSHPB yI00HA 7151 00pabOTKH M HH(OpMAIHS
TOTOKapT 0 penbede. CrepoBaTeabHO, OMUPPOBHIBATE HY)KHO HE BTOPHYHBII
UCTOYHHMK MHGOPMAIMU — TONOrpapuIecKue U MHbIC KapThl, a MEPBUYHBIN —
HEIOCPEICTBEHHO MOBEPXHOCTh 3eMJH. DTy 3aJauy M PElIaloT COBPEMEHHBIC
CpeACTBa JUCTAHIIMOHHOTO 30HUPOBAHMS — CKAHEPBI, PaJapbl, JIUAAPHI.

Haubonee pacmpocTpaHeHHBIH B HACTOSIIEE BpPEMs THIl JAUCTAHIIUOH-
HBIX JAaHHBIX — OU(QPOBbIE CHUMKH KOCMHYECKHX CKaHEPOB. DTH NMPUOOPHI
PETHCTPHUPYIOT OTPaXEHHOE OT 3€MHOW MOBEPXHOCTH COJIHEYHOE H3IIyde-
HUE B HECKOJBKMX CIEKTPaJbHBIX AMANazoHaX (BHIMMBIX M WHQpakpac-
HBIX), 1 CHUMKH, TAKUM 00pa3oM, HECYT OIPOMHOE KOJIMYECTBO Ka4eCTBEH-
HOW MH(pOpPMAINK O CTPYKTYPE U COCTOSIHUU PACTHUTEIHHOTO MOKPOBA, BBI-
paXXeHHOW B KOJIIMYECTBEHHOH, nppoBoit popme. Apyroi BaxxHEHIINNA THIT
JTUCTAaHIMOHHBIX NaHHBIX — paJapHble CHUMKH. X COBMECTHOE HCIIONIB30-
BaHHE CO CKaHEPHBIMH CHHUMKAaMH O4YeHb 3(p(PEeKTHBHO, HaeT «CHHEpruye-
ckuit a¢dext» (Kpasuosa, 2003), mOCKOIbKY CKaHEPHI U pagapbl JAIOT HH-
¢dbopManuIo 0 Ka4yeCTBEHHO PAa3JIMYHBIX XapaKTePUCTHKaX 3eMHOH MOBepX-
HOCTU. B mocnenHue rojpl HauMHAET MOJydaTh PAacHpOCTPaHEHUE HOBBIH,
UCKJIIOYHUTENBHO dPPEKTUBHBIN THIT AUCTAHIIHOHHOTO 30HIUPOBAHUS — Jia-
3epHOE CKaHMPOBAHHE, BBINOJIHAEMOE JIMJApaMu — JIa3epPHBIMH JlajbHOME-
pamu (danwnus u ap., 2005).

[Ipn wcronb30BaHMS AaHHBIX CKaHUPOBAHUS BO3MOXKHBI J[Ba NMPUHINIIH-
AJIBHO PA3IMYHBIX MOJX0Ja: BU3yalbHOE JICINU(PPHUPOBAHIE I aBTOMATHU3UPO-
BaHHAasi KOMIIBIOTEpHAs 00paboTKa.

BuzyansHoe pemmdpupoBaHue MPOBOANUTCS HKCIEPTAMH Ha M300pakeHH-
SIX, CHHTE3UPOBAaHHBIX M3 Pa3IMYHBIX KaHAJIOB CKAHEPHBIX CHUMKOB. JleiicTBu-
TEJIFHO, TI0 BETY M TEKCType M300pa)KeHUS] MOKHO C BBICOKOW JOCTOBEPHO-
CTBIO BBIIEJIUTH Pa3IMYHbIC JAHIMAGTHRIE CTPYKTYPHl U YIaCTKH B pa3ind-
HOW CTETIeHN aHTPOIoreHHo! Tpancopmartun (Mansimesa, Opiosa, 2003).

OpHaKO TakOMy cIIoco0y MOJIydeHUs] MHPOPMAIMU MPHUCYLIH CIIEYIONINe
Hen30e)KHbIE HeIOCTATKHU:

— IJI BU3yajin3alun O6I)I‘IHO HCIIOJIB3YETCA JIMIIDb YaCTh HH(bOpMaHPII/I CKa-
HEpPHOTO CHUMKA;

— 9TO JaHHBIE 110 CYTH CBOEH B 3HAYMTEIBHOW Mepe CyObeKTHBHBI. Bu-
3yanu3alys M Mmoclieayromnas HacTpoika n3odpaxenus (1o LBETOBOMY 0a-
JaHCy, SPKOCTH, KOHTPACTHOCTH M T.JI.) NPAaKTHYECKH HCKIIOYAIOT U3
CHUMKA HM3HAYaJIbHO COJEPKaBIIYIOCS B HEM OOBEKTHBHYIO KOJMYECTBEH-
HY0 HH(OpPMAIHIO;
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— TOJTydeHHE U OCOOEHHO (hopmanm3anust pe3yibTaToB SKCIEPTHOTO Jie-
mupPUPOBaHNUS, TO €CTh MX IIPEACTABICHNE B BHIE T€OMETPHUECKH KOPPEKT-
HBIX BEKTOPHBIX KapT C COOTBETCTBYIOILEH aTpUOyTUBHOM nH(popMmanueii, Tpe-
OyIoT OOJIBIIMX TPYAO03aTpaT W IPU 3TOM BO3HUKAIOT HEM30EKHBIC JOIMOITHH-
TEJIbHBIC NCKAKEHUS («UeIOBeUeCKUil paKTopy);

— YTO, BO3MOXKHO, Han0OJIee BaYKHO — 3TH PE3yJIbTaThl OJJHOKPATHBI, COOT-
BETCTBYIOT OIIpE/ICIEHHOMY Iepruoy BpeMeHH. CpaBHEHHE JaHHBIX, TOJTy4eH-
HBIX pa3HBIMU JKCIIEPTAMH, Ha CHHTE3UPOBAHHBIX PA3JIMYHBIM 00pPa30M CHUM-
Kax, 10 KpaitHeil Mepe, Masio3((HeKTUBHO.

BusyanbsHoe nemmdpupoBaHne — B ONpPENEICHHON CTENEHH AaHb Tpa-
JUIHSIM UCTIOJIb30BaHMSI A9POKOCMHUYECKUX (POTOCHUMKOB. Il CKaHEPHBIX
CHUMKOB OBbUI gake mpuaymaH TepMHH «HedorTorpaduueckue». o cux
IIOp MHOTHE HCCIIEOBATEIN pacCMaTpPUBAIOT CKaHEpHbIE CHMUMKH KaK He-
KU HEIMOJHOLEHHBII aHaloT a’pOKOCMHUYECKHX (OTOCHHMKOB. HemoxHo-
LEHHOCTh 3aKJII0YaeTCsI B HU3KOM IO CPAaBHEHHUIO C (POTOCHHMKAMH IIPO-
ctpancTBeHHOM pa3pemennnu (10-30 M y Hamboyee pacmpocTpaHEHHBIX
ckaHepoB). OHAKO CKaHEPHBIE CHUMKH — HE aHaJor (POTOCHHUMKOB, 3TO
MPUHLIUIHAIBHO Ipyroi Bua uHGopmanuu. CKaHEepHBIN CHUMOK — 3TO IIO-
Ka3aHUS TU(POBOTO M3MEPHUTENBHOTO NMPHOOPa, KOTOPHIE HYKHO COOTBET-
CTBEHHBIM 00pazoM o0paboTaTh, U TOTA MOJIYYEHHBIH Pe3yiIbTaT HE TOJb-
KO He OyAer ycrynaTrh TPaAMLUOHHBIM, HO U MHOTOKPaTHO €ro mpeBOCXO-
1uTh. 1o OONBIIMHCTBY MapaMeTpOB: reOMETPHYECKO TOUHOCTH, MaclITa-
Oy oxBaTa, TOYHOCTH BBIACICHHS Pa3IMYHBIX KaTErOpHil 3eMHOI MOBEpX-
HOCTH M TPYyAOEMKOCTH 00paboTku, dortorpaduyeckas uHopmanus co-
BEPIIEHHO HECONOCTaBMMa CO CKaHEPHOW BBUIY SIBHOTO ITPEBOCXOJICTBA
nocnenneid. I1o neranbHOCTH (TPOCTPAHCTBEHHOMY Pa3pelICHHUIO) CKaHep-
Has wHpOpManus ACHCTBUTENBHO YyCTymaeT (oTorpadudeckoid, HO Mg
maHAmapTHON SKOJIOTHH, 3JIEMEHTapHbIE OOBEKTH KOTOPOH NMEIOT JTMHEH-
HBIE pa3Mepbl B IECATKH METPOB U 00Jiee, 3TO HEJOCTATKOM HE SBIISETCSI.

CrnenyeT mOOYEpKHYTh, YTO CKAaHEPHBIE CHUMKH T€OMETPHYECKH KOp-
PEKTHBI, TO €CTh NPUBEACHBI K peallbHOM cucTeMe reorpaduueckux Koop-
JUHAT B 33JJaHHON KapTorpaduueckoil NpoeKIuH, 1 IOITOMY caMH 1o cebe
SIBIISIIOTCS. BBICOKOTOYHOM reorpaduueckoit kaproit macmrada 1:50 000 —
1:5 000 (B 3aBHCHMOCTH OT NPOCTPAHCTBEHHOTO pa3peuieHus). Hukakoi
JpYroi JTOCTYNHBIA MCCIeA0BaTEIsIM UCTOYHUK TaKOW TOYHOCTH He obec-
MeYUBaCT.

B xommbrorepHOi 00paboTke nH(POPMAIINN CKAaHUPOBAHHS TaKXe CyIle-
CTBYIOT JIBa OCHOBHBIX II0JIX0/1a — HEYIpaBlisieMasi M yIIpaBiseMas KIacCu-
¢dukanum, nogpodHO oHM OyayT paccMoTpeHsl Hmke. Hanbomnee s dexTus-
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1. reOH(bOpMaL[I/IOHHLIe CUCTCMBI B .]'IaHI[IJ_Ia(bTHLIX HUCCIICI0OBAaHUAX

Ha yTmpasisieMas Ki1accu(uKanus, TO €CTh MaTeMaTHIECKast SKCTPATIOIISAIIHS
CHEKTPAJIBHBIX XapPaKTEPUCTHK (CUTHATYpP) HA3€MHBIX KJIFOUEBBIX y4acCTKOB
C M3BECTHBIMU XapaKTEPUCTHUKAMHU Ha BCIO TEPPUTOPHIO, OXBAUCHHYIO CKa-
HEPHbIM CHMUMKOM. O4YEBHJHO, YTO MOIYYHTh TaKUM 00pa3oM JOCTOBEp-
HYI0 KapTHHY pAacTHUTEIBHOTO IOKPOBAa AN 3HAYUTEIBHOH TEPPUTOPUU
MOXHO JIMIIb NMPU HaJU4YMM HAa HEH JOCTAaTOYHO PENpe3eHTATHBHOW ceTu
KJIFOUEBBIX yYaCTKOB, MPEICTABIAIONINX BCE OCHOBHBIC KAaTErOPUHU 3€MHOMN
MTOBEPXHOCTU C TOYKU 3PEHUS CTPYKTYPHI U COCTOSHUS PACTUTEIBHOTO IO-
kpoBa. lllupokomMy mpUMEHEHHIO YIPaBIsIEMOH KiIaCCH(PHUKAIIUK MPETSITCT-
BYET NpEXAE BCEro NMpakTHYEeCKOe OTCYTCTBHE I Jr000# Oosee-MeHee
OOLIMPHOW TEPPUTOPUH JOCTATOYHO IOCTOBEPHBIX M PENPE3CHTATUBHBIX
HaTYPHBIX JaHHBIX.

Opnako teppuropus Kapennn (taexxHod 30HBI Boctounoit ®eHHOCKaH-
JIMH) MOXKET CIY>KUTh NMPAKTUUECKH WACATHHBIM IOJUTOHOM ISl pa3paboTKH
METOIMKH CO3JaHUs JaHIMAPTHO-IKOJIOTHYECKON reorpadudeckor MHPOp-
MalnMOHHOHM cucTeMbl. Ee TeppuTOpHs OXBATBIBAET CEBEPO- U CPETHETACKHYIO
MOJI30HBI TalTH, XapaKTEPU3yeTCsl CI0KHON U B TO K€ BPEMsI XOPOIIIO U3yUCH-
HOM JnaHmmadTHOU cTpyKTypoii. JlanamadTHele nccnenoBanus Beayrces B H-
crutyte neca KapHL PAH c cepenunst 1970-x rr. HakoruieH orpoMHBIi 005b-
€M HaTYPHBIX JIaHHBIX 1O Bcell Teppuropun Kapenuu (Gonee 50 manmmadr-
HBIX TIpoduiIeH 001l MPOTIKEHHOCTHIO Oosiee 250 kM), pa3paboTaHa OPUTH-
HallbHasi perHoHaibHas Kiaccudukanus TUroB nanamagdrTos (Bonkos u np.,
1990, 1995). Ha ocHoBe naHHBIX MccieqoBaHMN copMHUpOBaIOCh HOBOE Ha-
YYHOE HalpaBJICHHE B M3YYEHHH Ha3eMHBIX SKOCHUCTEM — JIaHJmadTHas KO-
norust TacxkHBIX JiecoB (I"pomiies, 2000).

Hcnonp3oanne ['MC-TexHoNOTHiA 1 IMQPOBOIT CKaHEPHOI HH(OPMAINH B
WucTtuTyTe Neca Haganock B 1990 r. OCHOBHBIC HAIpaBICHUS — MOHUTOPHHT
a’pOTEXHOTEHHOH nerpananun jJecoB (Jlutuackuit, 1995, 1996), naBeHTapH3a-
must OIIT m KpymHBIX MaccHMBOB KopeHHBIX JecoB (I'pomrieB, JlutuHCKUiA,
1999). OTmeTnM, YTO OMBIT CO3MAHUS TEOMH(DOPMAITIOHHBIX CHCTEM Pa3iIny-
HOTO YPOBHS M Ha3HA4YEHUS — OKPECTHOCTEH My3es-3amoBeaHuka Kioku, He-
CKOJIBKUX aJMHHHCTPAaTHBHBIX paiioHOB Kapenum (B pamkax mpoekToB TA-
CUC), mMozpenbHBIX 00BEKTOB JIaHANIA()THO-IKOJIOTMYECKOTO IUIAHUPOBAHUS
npoekta TACUC «Ymnpasnenue necHpiMu pecypcamu Ha CeBepo-3anane Poc-
CHUM», a TAK)KE 3HAKOMCTBO C JPYTMMH aHaJIOTUYHBIMH pa3paboTKaMu — MOKa-
3a1 o4eHb Maiyto uHpopmatuBHOCTh ['MC, cO3maHHBIX TOJBKO Ha OCHOBE
oun(ppOBaHHBIX TONOKAPT M IUIAHOB JIECOHACAKICHUH.

W3-3a BBICOKOW CTOMMOCTM Ka4yeCTBEHHBIX 3apyOeXHBIX CKaHEpHBIX
CHUMKOB UX NPUMEHEHHE J0JIroe Bpems, A0 KoHuma 1990-x rr., orpanuyu-
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

BaJIOCh B OCHOBHOM TEPPUTOPHUSIMH 3allOBEIHUKOB M HAIMOHAIBHBIX Map-
KOB, TPWIETAIOINX K POCCUICKO-(UHCKOHN IpaHuIle, MOJyuYeHHBIX B paM-
KaX COBMECTHBIX IIPOEKTOB. TeM He MEHEe 3TO MO3BOJMIO HAKOIMUTH OIBIT
00paboTKK cKkaHEepHOH MHpopManuu. B TOT e mepros BO3HUKIIA OYEBHU-
Has HJes — HMCIONb30BaTh NaHHBIC JAHAMA(THBIX HNpoduiel B KauecTBe
KIIIOYEBBIX Y4aCTKOB s nemnpupoBaHus ckanepHod uHdopmanuu. Boi-
SICHUJIOCh TaK)Xe, 4TO pe3yJibTaThl KIacCU(UKALUU CKAaHEPHBIX CHHUMKOB
CTaHAapTHBIMU, YUCTO MATEMATUYCCKUMHU METOJaMH, pCAJIN30BaHHLBIMU B
pacnpoctpanennbix nakerax (Idrisi, GRASS, Erdas), Bo MHOTHX citydasx
HEYIOBJIETBOPUTEIBHBI C TOYKH 3PEHHSI COOTBETCTBHSI PEATbHON CTPYKTYype
PacTHTEIBHOTO NMOKPOBa. B cBsi3M ¢ 3TM ObUI pa3paboTaH NPUHIMIIAAIBHO
WHOW, «aHAINTHYECKUIH», METOJ KJIacCU(UKAIINN, OCHOBAHHBIH Ha H3yue-
HUM 3aKOHOMEpHOCTEeH (OPMHUPOBAHUS MHOTOMEPHOTO CIEKTPalIbHOTO
MIPOCTPAHCTBA CKAHEPHOT'O CHUMKA.

Bnaronmaps 3amycky B 1999 r. amepruKkaHCKOTO HEKOMMEPUYECKOTO CKaHepa
Landsat 7 BrICOKOKadeCTBEHHBIE CHUMKH C pa3perieHueM 15-30 M umeroTcs
st Beert Kapenuu u conpenenbHbix Tepputopuid. [Iporpecc kKoMmbIoTepHON
TEXHHUKH MMO3BOJIMT 3()()EeKTUBHO HCIONB30BaTh I 00PaOOTKH CHHUMKOB IIep-
COHANbHBIE KOMITbIOTEPHI cpeaHero ypoBHa. B 2001 r. mo rpanty PODU BEI-
TIOJTHEHBI Pa0OTHI MO CO3/IaHMIO JIEKTPOHHOTO aTiaca Janamadros Kapemun,
B TpOLIECCE KOTOPHIX HAKOIUIEHHBI paHee ONbIT CO3AaHus JaHAma(THBIX
KapT ObUI TPaHC(HOPMHUPOBAH JJIs IPUMEHEHHS HAa OCHOBE HOBBIX TEXHOJIOTH-
YeCKMX BO3MOMKHOCTEH. Bce 3To co3mao mpeanochulky Ul CO3JaHusl Mac-
mrabHOH MoMMQyHKINOHAIBHOH JanamagdTHo-3konorndeckoi ' C ¢uzuko-
reorpaduueckoil odmact — Bocrounoit @enHockananu. OCHOBHBIC TTPHUHITH-
61 e (POPMHUPOBAHUS CIEIYIOIIHE:

— TeOpeTHYEeCKasi OCHOBA — PE3yIbTaThl JaHAMIA(THBIX NCCIECAOBAHMUI;

— MH(OPMAILMOHHASI OCHOBA — I (POBBIE JaHHBIE KOCMUYECKOTO CKaHUPO-
BaHUs BeICOKOTO paspemeHns (10-30 M) u udpoBeIe MOAETH BEICOT;

— MeTo 00paboTKH JaHHBIX — YIIpaBisieMas Kiaccu(UKaIus;

— HUCKIIIOYCHUE BU3YaAJIbHBIX METOI0B )leI_HI/I(pr/IpOBaHI/IH N HEaBTOMATHU4C-
CKHUX METOJI0B 00pabOTKH MAaHHBIX BBUAY MX HEIOCTOBEPHOCTH M Hedddek-
THUBHOCTH,.

Hasnauyenue cucremsl — oOecriedeHue JalbHEHIINX JTaHAMa(THBIX Uccie-
JIOBaHHH, NIEPEX0]] B TIEPCIEKTHBE OT CTPYKTYPHOI'O MOJICITUPOBAHHS K MOJIe-
JMPOBAaHHIO (PYHKIMOHAILHOMY W HaAy4HO 0OOCHOBaHHOMY JaHAIIA()THO-IKO-
JIOTHYECKOMY TUIAHHPOBAHUIO.
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

2. OCHOBHBIE ITPUHIMUIIBI U METO/IbI TUC-TEXHOJIOI Ui

IIpuHOMNBI 1MPPOBOH 3aNTHCH M300PasKeHHU

Cucremsl 1(poBO 3armicu U300paKeHUST MOACIUPYIOT YCTPOUCTBO Yelo-
BEYECKOT0 IJIa3a, KOTOPBIA pearupyer Ha 3JIEKTPOMAarHUTHOE U3IIy4EHHE — OCO-
OBIif BUIT SHEPTUH, TPEICTABILIIONICH CO00H MyIbCHPYIONINE C BBICOKOW YacTo-
TOM TTOJIST — HNEKTPUYECKOE M MATHUTHOE. DJIEKTPOMAarHUTHOE M3IIydeHUE CO3/1a-
eTcsl KaK €CTECTBEHHBIMU (3BE3/1bl, IUTAHETHI), TAK M NCKYCCTBEHHBIMH OOBEKTa-
MH — Pa3NUYHBIMHU JIAMIIaMH, Ja3epaMu, pajapaMu. YeaoBedecKkuil ria3 qyBCT-
BUTEJICH JIMIIb K OYeHb HEOOJBIIOMY TUANa30Hy YacTOT U3Iy4eHHs, KOTOPBI U
Ha3bIBAeTCsl BUAMMBIM cBeTOM (puc. 1). HacTtoTa n3Mepsiercs B repiax, TO ecTbh
KOJIMYECTBOM IyJIbCAallMii B CEKyHHy. M3IyueHne MOXET TakkKe XapaKTepH3o-
BaThCs JUTMHOW BOJIHBI, TO €CTh PaCCTOSTHHEM, KOTOPOE M3ITydEeHHE MPOXOIUT 3a
OJIHO KoJIeDaHue, I03TOMY Ha PUCYHKE PHBE/ICHBI 00€ IIKAaIbL.

DNEeKTPOMarHUTHOE HM3JIydeHHE 4epe3 XPYCTAIMK — JIMH3Y C M3MEHSEMbIMU
ONTHUYECKHMH TTapaMeTpaMH — IOCTYIAeT Ha CEeTYaTKy, B KOTOPOW MMEETCs MpH-
MEpHO 6.5 MIJIIIMOHA KJICTOK TPEX THIOB, yYaCTKH MX HaNOOJbIIEH YyBCTBUTEIIb-
HOCTH COOTBETCTBYIOT TPEM YYacTKaM 3JICKTPOMAarHHUTHOTO CIIEKTpa: KpacHOMY,
3erneHoMy, cuHeMy (puc. 2). Tpu psmoM pacnonoXKeHHBIE IIBETOUYBCTBUTEIBHEIC
KJIETKH COCTABILIIOT OJIFH JIEMEHT ceTdaTku (puc. 3). B ceryaTke MMeeTcs TakKe
0oJee cTa MUJTMOHOB CBETOUYBCTBUTEIIBHBIX KJIETOK, YyBCTBUTEIBHBIX KO BCEMY
BUJIIMOMY JIMaNa3oHy, TO €CTh PETUCTPUPYIOMINX JIUIIb IPKOCTh H300paKEHUsL.

WNudopmarms 00 ypoBHE curHaja (SPKOCTH) KaXIOW KIETKH IepeaaeTcs B
MO3T, TJI€ U3 OTACIBHBIX DJIEMEHTOB (DOPMHPYETCS IEIOCTHOES H300pa)KeHUE
MPEAMETOB — MX OuepTaHust U nBeTa. OTMETHM, 4TO M300paxeHue, Gopmupye-
MO€ MO3TOM, 3HAYUTENIHHO OTIMYAETCS OT TOTO, KOTOPOE MOTyYaeTcsi Ha ceTyart-
Ke. 3aKOHBI BOCIIPHSTUS U300paKEHHS, OCOOCHHO I1IBETa M300paKeHHUs, OUYCHb
CJIOXHBI M 10 KOHIIA HE M3y4YEHBI, O YeM He CIEAyeT 3a0bIBaTh IPHBEP)KEHIIAM
BU3YaJILHOTO JICIM(PUPOBAHMS TAHHBIX TUCTAHIIMOHHOTO 30HJUPOBAHMSI.

[[BeTOBOI OTTEHOK, BOCHPHHIMAEMBIH MO3rOM (2 BCErO MX YEJIOBEK Pa3Jiu-
yaeT 0osiee TPEXCOT THICAY), 3aBHCUT OT COOTHOLIEHHSI YPOBHEH SIPKOCTH, PEru-
CTPHUPYEMOI KaXI0l U3 TpeX IIBETOUYBCTBUTEILHBIX KJIETOK. Tak, eciii ypoBHA
BCEX TPEX CHIHAJIOB OJMHAKOBBI M MAaKCHMAIBHBI, IIBET BOCIIPUHUMACTCS Kak
Oenprit. Ecnu curHan B KpacHOM ydacTKe MakCHMaleH, a B ABYX APYTHX MHUHH-
MaJleH, LIBET BOCIIPUHUMAETCS KaK KpacHbIl. MakCUMasbHbIN CUTHAJ B KPACHOM
U 3€JIEHOM YYacCTKE CIIEKTpa IPU MUHHMYME CHUHETO JAET KEJTBIA LBET U T.J.
Takum o6pazom, mr000H OTTEHOK I[BETa MOXKHO 3alMcaTh TPeMs YuClIaMd —
ypoBHsAMH spkocTH kpacHoro (R — red), 3enenoro (G — green) u cunero (B —
blue) nBeToB. DTOT NPHHIMI U MCHOJIB3YETCSl BO BCEX TEXHUYECKUX CHCTEMax
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Puc. 3. CxemaTHuecKoe n300paxkeHne CeTIATKH

IToka3aHo BoceMb IIBETOYYBCTBUTEIBHBIX 3JIEMEHTOB (TPUAIbl KJIIETOK O0BETUHEHBI
MyHKTUPHBIMU TPeyroJibHUKaMu). LIBeTHBIMU Kpy>KKaMU MOKa3aHbl KJIETKU
C YYBCTBUTEJILHOCTBIO B COOTBETCTBYIOILEM JUAMA30HE — KPACHOM, 3€JIeHOM, CUHEM



Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

3aIliiCH ¥ BOCTIPOM3BeeHNs n300pakeHns. [lanee OykBocoueranne RGB Oymer
BE€3JI€ 03HAYaTh KPACHbIH, 3€JI€HbIH U CHHUI LIBETA.

N300paxkeHne B 3THX CUCTEMAX TaK XKe, Kak M B CETYaTKe I7a3a, pa3OuBaeTcs
Ha OTJIEbHBIE DIIEMEHTHI — IMUKCENBI (OT aHrMickoro picture element — snement
KapTHHKH). B ycTpoiicTBax 3ammcu (ckaHepax, pOoTo- 1 BUAEOKaMepax) HCIOIb3Y-
IOTCS JATYMKHU TPEX OCHOBHBIX IIBETOB, @ B YCTPOMCTBAX BOCIIPOU3BEICHHUS ([IHC-
IUIeSsIX, MOHUTOPAX) — U3Ty4yaTesil 3TUX e 1[BeToB. Tprasia u3mydareneif cocTas-
JII€T OJVH MHUKCEN. Y CTPOMCTBO AUCIUIEEB KOMUPYET YCTPOUCTBO CETYATKH T1a3a,
TOJIBKO IIBETOYYBCTBUTEIIBHBIE KJIETKH 3aMEHEHBI N3ITy9aTelIsIMU.

OkpaH OOBIYHO TpEJCTaBIsIET cOOOH MPSMOYTONBHUK, COCTOAIINN U3 He-
KOTOPOT'O KOJIMUECTBA CTPOK (TOPU30HTANIBHBIX TOJIOCOK), KXKIas U3 KOTOPBIX
COCTOMT M3 OJJHOTO M TOTO K€ KOJIMYECTBA MUKCETIOB. MOKHO CUUTATh, UTO HA
puc. 3 nokasaH (parMeHT SKpaHa — JJB€ CTPOKH 10 YEThIpE MUKCENa B KKIOH.
[omy4eHnHoe TakuM 00pa3oM M300pa’keHNE HA3bIBAECTCSI PACTPOBBIM MM MPO-
CTO PacTpoOM.

Ecnmn HeoOxoanmo ompezaeneHne MO3UINN OTEIBHOTO MUKCENa B pacTpe,
9TO JeNaeTcs B AByXMepHoi cucteme koopaunaT X/Y. Koopaunara X yBenu-
YUBaeTCs CIEBa HAIPaBo, a KOOpAUHATA Y, B OTIMYHE OT TPAAUIMOHHBIX KO-
OpIMHAT Ha rpadukax, — CBEpXy BHH3, TAKUM XKe 00pa3oM, KaK MO3ULHUSI CUM-
BOJIa B CTPOKE B TEKCTOBBIX pellakTopax. AHAJIOTUYHO U KoopAuHara Y B pac-
Tpe 0OBIYHO HA3BIBAETCS «CTPOKa», WU «psiay» (row), a X (MopsAKOBBIN HOMED
ITUKCENa B CTPOKE) — «KOJIOHKa» (column, col).

Uro KacaeTcst CHCTEM 3aIMCH U300paKeHUsI, TO TEXHUUECKH OHU MOTYT OBITH
Pa3IMYHBIMA — WJIM YCTPOCHBI aHAJIOTMYHO 3KpaHaM B BHJE NPSIMOYTOJBHOM
Marpuibl (Kak B HUQPOBBIX (HOTO- M BUJIEOKAMepax), WIH COCTOATh U3 OJHOU
JIBIDKYIIEHCS TTOCTYNATENBHO Hall M300paKeHneM JIMHEHKH (CTPOKH) JaTIHKOB,
KaK B HAaCTOJBHOM CKaHEpe, WM BCEr0 U3 OJHOTO Tpex3ieMeHTHoro RGB-pat-
YHKa, N300pakeHne Ha KOTOPBIi MOAAETCS CHCTEMOM ITOJIBIKHBIX 3epKall.

B moboMm ciyuae m3o0paxenne i JanbHeimei 00padoTKH HIiT BOCIIPO-
W3BEACHHS Ha 3KpaHe JODKHO OBITh 3alMCaHO B BHJIE MOCJIEAOBATEIHFHOCTH
YpOBHEH CUTHaJA (IPKOCTH) BCEX TPEX LBETOB JIJISI KAKIOTO MUKCENa Kaxaon
CTPOKH M300pa)KEeHHUs, TO €CTh B BHJIC PACTPOBOTO (aiia.

Pacmpoeutii ¢paiin

ILTIH nepeaain ypoBHs APKOCTH B TEXHUYCCKUX CUCTEMAX MPUMCHAIOT OTHOCH-
TCJIIbHYIO BCIIMINHY, TO €CTh SIPKOCTb MOXKCT U3MCHATLCA OT HyJ'IeBOﬁ J0 HeKOTOpOfI
MaKCHUMaIBHOM. YeM 5T0 MaKkCHMAaIILHOE YUCIIO OOJIbIIE (TO €CTh, YEM 0oJIbIIIe rpa-
I[aIII/Iﬁ ﬂpKOCTI/I), TeM OoJiee TOYHO MEepEaAar0TCs LBETOBBIC OTTCHKH — 0oblIIe rny-
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

Ouna 1Bera. B GONBIIMHCTBE CITyd4aeB MaKCHMAIIbHAS SPKOCTh BBIOpaHa pPaBHOM
255, Tak KaK Py STOM YPOBEHB SIPKOCTHA MOYKHO 3aITUCATh OJJHAM OaliTOM.

baiiT — anemenTapHas equHMia Qaiiia. balT MoXKeT paccMaTpuBaThCs U Kak
4uCI0 B OMHAPHBIX (baiinax, 1 Kak CMMBOJ (IIEUYATHBIH 3HAK) B TEKCTOBBIX (hailyiax.
Baiit kak umcno cocrout u3 8 6ut. but (anmemenTapHas eauHMIA HHOOPMAIHH,
OCHOBAaHHC [[BOH‘IHOfI CHUCTEMBbI C‘II/ICHeHI/IH) MOXKET NPUHUMATD TOJIBKO ABa 3HAYC-
aust — O wn 1. Pa3nmuuHbIX KOMOHHAIMI U3 BOCBMH CIUHUI] U HYJIeH MOXET ObITh
256 (1Ba B BOCBMOI! CTeTIeHN), TOATOMY OAHUM OalTOM MOXKHO 3alMcath JIo0oe
YHCIIO B UHTEpBaJe OT HyJs A0 255, a MAKCUMaJIbHOE YUCIO OTTEHKOB, KOTOPOE
MOXKHO 3aIMcaTh TpeMsl Oaiiramu, cocTaBisieT 256 x 256 x 256 = 16 777 216, uro
BIIOJIHE JOCTATOYHO JJIsl BRICOKOTO KauecTBa [IBETOIIEPEayH.

B pactpoBom ¢aiinie (00bIYHO B ero Hayase) yKasblBaeTcs HEoOXOoquMas
JUI BU3YyaJIM3allMU pacTpa WHGOpPManus — KaKk MUHHMYM, 3TO pa3MepHOCTb
pacTpa: 4HCIIO PAIOB U KOJIOHOK, a TakXke Mopsitok mBeros B Tpuange (RGB
mwm BGR), 3aTem 3ammceiBaercss coocTBeHHO pactp — Tpuanasl RGB mocnemo-
BaTEJIBHO IS KAXKIOTO THKCEIIa KaXKI0W CTPOKH.

DTOT NpOoCTeHIMiA COCcO0 3amKCH IIBETHOTO W300PXKEHHS B BHIIE pacTPOBOTO
(haifa c ucmonb30BaHUEM Tak HasbiBaeMoii RGB-Mozeny 1Bera npumeHsieTcs: B He-
CKOJIBKHX pa3inYHbIX (hopMarax pacTpoOBBIX (ailjioB M Ha3pIBACTCS 24-OMTOBBIM
(cymma 6uTOB B Tpex Oaiitax), nmm «EctectBennsie 11Beta» (True color). CyecTBy-
10T U JIPyTU€ LIBETOBBIE MOJIEIIH, & TAKIKE CIIOCOOBI 3aITMCH H300payKEHHSL.

IIpocmpancmeennvie mooenu yeema
RGB-mo0ens

OrvcaHHBIH BBIIIE CIIOCOO 3aITiCH OTTEHKA IIBETA B BUIE YPOBHEH SIPKOCTH Kpac-
HOTO, 3€JICHOTO M CHHEro IBeTOB HasbiBaeTcsi RGB-Mozenbro mBera. Oty Monensb
MOXKHO CXEMaTH4eCKH MPEACTAaBUTh B BHIE KyOa B TPEXMEPHOH MPSIMOYTOIBHOMN
CHCTeME KOOPIIFHAT, OCH KOTOPOI COOTBETCTBYIOT TPEM OCHOBHBIM IBETaM (pHC. 4).

Hauano ocu xoopauHAT COOTBETCTBYET HYJIEBOM SIPKOCTH IO BCEM OCHM,
TO €CTh YEepPHOMY LIBETY, MaKCUMaJbHbIE IPKOCTH IO OCSM (YCIOBHO 0003Ha-
YCHHBIC ¢AUHUIICH) — Oenomy. JI000i OTTCHOK I[BETa MOXHO MPEICTABUTH KaK
KOOpJIMHATY B TPEXMEPHOM IIBETOBOM mpocTpaHcTBe. RGB-monens Hanbonee
LIMPOKO NMPUMEHSETCS JUIsl 3alTUCH LBETHBIX M300pa)KEHUI B Pa3IN4HBIX QOp-
Marax pacTpoBbIX (aiiIoB, TOCKOJIBKY OHA BIIOJIHE PUTOHA JJIS 3aIicH PUK-
CHPOBaHHOTO M300paxeHust. OgHaKo WHOTAA (HarpuMep, pu 00paboTKe JaH-
HBIX JUCTAaHIIMOHHOTO 30HAMPOBAHUS U aHAIU3€ JPYTUX MPOCTPAHCTBEHHBIX
JTAaHHBIX) BO3HHMKAIOT 33J]a4M, KOTOPbIE HENb3s BBHITOJIHUTE C HCIIOJIb30BAHUEM
TONBKO 3TOH Mojenu. B aTux cirygasx npumensiercs HSV-monens.
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

F 3

01,00 zeneHei (1,1,0) skenteii

o1 AR
ronyGoi Genwii
0,00) 4epHeIl 1,00 Kpacmiﬁ
L
Puc. 4. CxemaTnueckoe
moﬁpame}me TPpeXMepHOro
HBETOBOI'0 NNPOCTPAHCTBA
0,0,1) cHHui (1.0,1) duoneToBrIR RGB'MOHQJI]{I uBeTa

HSV-mooenv yeema

Haspanue nporcxoaut ot aHrmiickux cioB Hue (oTreHok), Saturation (Hachl-
IeHHOCTh) U Value (BenuurHa, B JaHHOM Cily4ae SIpKOCTh). IMEHHO YHCIIeHHbI-
MH 3HaYCHUSIMH 3THX TPEX BEJIMYHH B JJAHHOW MOJIENH OITHCBHIBACTCSI JIIOOOH IIBET.
Mopienb MOXKHO TIPEACTAaBHUTh, HANIPHMED, B BHJIE IEPEBEPHYTOr0 KOHYca (pHc. 5).

120 - aeneHsli 60 - xenTslit

V - value

0 - KpacHblit
180 - rony6oit

240 cuHuit Ny - i
ation 300 - dyoneToBbIii

V=0
Puc. 5. Cxematnyeckoe n3odpaxenne HSV-monenn nsera
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

Bce OTTeHKH BHIMMOTO CIIEKTpPa PACIOJIATAIOTCS 110 OKPYKHOCTH, TO €CTh
Kaxaplii et 3amaercs yraoM (0-360°) ot myneBoro mBera. C Qu3muecKoi
Toukn 3peHus orreHOK (H) ompenensercs mpeobnamaromiei IMHOW BOJHBI
ANIEKTPOMArHUTHOTO U3JIyYCHHs], CO3/IAIOIIEro Ha ceTdaTke riiasa 3hQexT nan-
Horo 1BeTa. HyneBbiM, B MpHHIIUIIE, MOXKET OBITH 337aH JI000H 1BeT, Hanbo-
JIee 4acTO B KAYECTBE TAKOBOT'O MPUMEHSIETCS KPACHBIH IIBET.

HaceimenHocTs (S) XapakTepu3yeT CTeleHb pa30aBlicHus OTTCHKA OCIbIM
I[BETOM U 3aaeTCsl PACCTOSTHHEM OT OCEBOM JIMHHH KOHYCa, MOXKET BhIpaKaTh-
cs B poreHTax (0-100).

Spkocts (V) xapakrepusyeT oOIIyro, O€30THOCHUTEIBHO ITMHBI BOJIHEI,
SHEPrHUI0 AIEKTPOMATHUTHOTO M3ITyYSHUS] U M3MEHSIETCSI OT HYJIEBOU BHU3Y (Ha
BepIIMHE KOHYCA) IO MaKCHMaJIbHOH HaBEpXY (B IUIOCKOCTH €0 OCHOBAHUSA),
TaK)Ke MOXKET OBITh BEIpa)keHA B MPOIICHTAX.

[paxTrueckn xe (mpu 3amucu B Buze ¢aitnos) Bce BenuauHsl (H, S u V),
kak ¥ B RGB-Momenn, 00BI9YHO 3aMMCHIBAIOTCS OJHUM OaWTOM, TO €CTh B HMH-
Tepsaine 0-255.

Mexny 3nadennsimu RGB u HSV cymiectByer MmaTeMaTuueckoe cOOTBET-
CTBHE, TO €CTh JIF00bIe U(POBBIC JaHHBIE MOTYT OBITH ITPEOOPA30BAHBI U3 OJ-
HOW MOJIENIU B JIPYTYIO U 00paTHO, OJJHAKO 3TO COOTBETCTBUE HE BIIOJIHE B3a-
HMHO OJTHO3HAYHOE, TO €CTh MPH OOpaTHOM MPeoOpa30BaHMU HU300paKCHHE
6y}1€T HE3HAUYUTCJIBbHO OTJINYATHCA OT UCXOIHOI'O.

B paznuuHbIX IPOrpaMMHBIX IIAKETaX Pealu30BaHbl HECKOIBKO BAPUAHTOB
JTAHHOM MOJIeNH, OTIIHYArOIIUECs crtocoOoM mepecyera 3HaueHmit RGB B HSV.
Onu 0003HAYAIOTCS pa3HBEIMH a0O0peBUATYpaMu, B KOTOPBIX BCETIa MPUCYTCT-
BYIOT OykBBI H 11 S (OTTEHOK U HACBIIIICHNUE), @ TPEThS MOXKET COOTBETCTBOBAThH
OJTHOMY U3 aHTJIUICKUX CHHOHUMOB MOHSTHUS Value IPUMEHHUTEILHO K CBETY —
ato u L (ligtness), u B (brightness), u I (intensity). COOTBeTCTBEHHO MOACTH
HasbpBatoTcss M1 HSB (manpumep, maker PhotoShop), m HLS (Idrisi), n IHS
(Erdas), HIS (GRASS).

L[semosnie pesrcumul pacmposozo uzooparcenus

B nanHoM paszpnene moitner peub 00 uM300pakeHUsX, JUIS 3aIHCH KOTO-
PBIX B KauecTBEe OCHOBBI ucmonbdyercss RGB-moaens upera. [lpu ucnosb-
30BaHMHM BhIIeonucaHHoOro pexunma «EctectBennsie mnperay» (True color,
24 bit) pa3smep (Qaiina B OaliTax paBeH YyTPOSHHOMY pa3Mepy pacTtpa, TO
€CTh KOJIMYECTBY COCTABIAIOIINX €ro IHKCEJIOB, KOTOPOE B CBOK OYepelb
paBHoO umciy cTpok (H — BbIcoTa pacTpa), yMHOKEHHOMY Ha JJIMHY CTPOKH
(W — mupuHa pactpa), N=Wx*H=3.
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

B 3TOM pexnme MOXKHO HPaKTHUECKH Oe3 MCKaXEHWH COXpaHUTh JII00oe
n300pakeHre — OT MPOCTOTO YePHO-0e10ro rpaduKa, JruarpaMMbl U T.JI. IO BBI-
COKOKa4eCTBEHHOH IBeTHOH (ororpadum. OngHako, ecian HU300paskeHHE MMeeT
BCET0 HECKOJBKO I[BETOB WJIH )K€ N300pakeHHe YepHO-0eTIoe, 3TOT Crocod oka-
3bIBACTCSl «HEAKOHOMUYHBIM» C TOYKH 3pPEHHS HEOOXOIMMOTO Ul €ro 3alHCH
pa3mepa ¢aiina. B HacTosiee Bpemsi, KOraa 00beM KECTKUX JIUCKOB KOMIThIOTE-
POB M3MEpSETCsl COTHAMH THrabaiT, 5To He MMeeT 0CO00ro 3HAUCHUs! TIPH Xpa-
HEHHM HE CIIMIIKOM OOJIBILIOrO KOJNIMYECTBa M300pakeHU, HO, HAIIpUMED, MpU
ux repenade o MHTepHETY OKa3bIBaeTCs YKE JOCTATOYHO CYIIECTBEHHBIM.

Hamnpuwmep, B pactpe puc. 3 ucronb3yeTcs JUIIb YeThIPe BETa: KPaCHBIH,
CHHUI, 3eeHbIi 1 Oenblif. OueBHIHO, YTO HE NMEET CMBICIIa MHOTOKPATHO 3a-
MHCHIBAaTh B PacTpOBBIX (aitn oqun u Te ke RGB-Tpuansl, cooTBeTCTBYIOMNE
9THM YETHIPEM I[BETaM.

Hnoexcuposannoe uzobpasicenue

Wnnexcanust 3akit09aeTcs B TOM, 9TO B (ailil Ul KaXKJOro IMHUKcesla 3aIu-
ceiBatoTcsl He Tpu ynciaa RGB, a Tombko omHO — WHAEKC (HOMEp) IBETa, a
ypoBHE RGB 151 kaxmoro nsera (IIBeTOBas MaJUTpa, UM IIBETOBAs TaOInIIa,
color table) coxpaHsitoTcss B 0ocoboM Mecte Gaiina (MM MHOTAA B OTAEIEHOM
¢aiine, kak B nakerax 00pabOTKM JaHHBIX TUCTAaHIIMOHHOTO 30HIMPOBaHMUS).

[Manmutpa MoxeT GOPMUPOBATHCS HECKOJIIBKUMHU criocobamu. B mobom city-
Yyae cHayajla IPOYMTHIBACTCS BECh PACTP M OINPEAEISIETCS YUCIO PasIMuHbIX
Tpuaj. Ecau oHO MeHble iy paBHO 256, B MaTUTPy NPOCTO MOCIEA0BATENb-
HO 3aIlMCHIBAIOTCSl BCE TPUAJbl, U MHJEKCHPOBaHHOE M300pakeHHe He Oyner
HUYEM OTIMYATHCS OT MCcXOoaHOoro. Takoi crnocod mpuMeHseTcs Ui pacTpoB
TaKk Ha3bIBAEMOW JETIOBOW TpaduKy, HAmpuUMep, depTexel, TpaduKoB, Ana-
rpamM. Ecmu ke uncino Tpuan B pactpe Oombire 256, momydeHHOE n300paKe-
HyUe OyZIeT B TOH WM MHOW CTENEHH, B 3aBHCUMOCTHU OT CIOC00a MHJICKCAINH,
OTIIMYATHCS OT UCXOAHOTO.

Pa3paboTaHo HECKOJIBKO BapHaHTOB JOPMHUPOBaHUsS MaNUTPbl. B nmpocreii-
LIeM Clly4yae Bce KyOMuecKoe I[BETOBOE MPOCTPAHCTBO Pa30MBAETCs HA KOHEY-
HOE YKCJIO Y4acTKOB-KYOHKOB (Ha MPaKTHUKE, TOYHEEe, MapajuieleluIe/loB) ¢
OIIpeJIeTICHHBIME HOMEpaMu (MHIEKCAMH), U KaXKIOMY ITUKCETy IPUCBaNBaET-
csl HOMEp NapaJulesienuIeia, B KOTOPOM OH okazascs. Hanpumep, ucnosib3yer-
sl cXeMa, B KOTOPOM MO 3€JIEHOM M CHHEH 0CsIM NMPOCTPaHCTBO pa3duBaeTcs Ha
IIECTh MHTEPBAJIOB, a II0 KPacHOI — Ha ceMb. [lannuTpa B 3TOM cilydae COCTOUT
n3 252 uBetoB (6 * 6 * 7). LBeTa kak OBl PacKJIQABIBAIOTCS 10 HYMEPOBaHHBIM
SIIUYKaM-TIapaieiernumeaaM (puc. 6).
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2. OCHOBHBIE TPUHIIHUITBI 1 METO/IbI TUC-TEXHOJIOTUH
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Puc. 6. Ilapanienenume] IIBETOBOT0 MPOCTPAHCTBA, COOTBETCTBYHOINUI
TpeThbeMy HHTePBAJIy 110 KPACHOIi U 3eJIeHOi 0CSIM M YeTBepTOMY —
1o cuHei

Orot anroputM Hamboiee OBICTPBIN (fast), Tak Kak WHAEKCHPOBAaHUE OCY-
IIECTBIISETCS 32 OAMH MPocMOTp ¢Gaiina. Ho BBUIY TOTo 4TO YMCIO rpajanui
YpOBHEH SIPKOCTH 0 BCEM IHANa30HaM yMEHBIIAETCS] B HECKOIBKO pa3, MpH
3TOM MPOUCXOJUT 3HAYUTEIBHOE OrpyOJIeHHE, KOTOPOE OOBIYHO XOpOIIO 3a-
METHO Ha IJIa3, B WHAEKCHPOBAaHHOM H300paKCHUH HEBO3MOXKHO II€PENaTh
IUTaBHBIE Tepexo/ibl IBeTa. HecKompKo Jydlne pe3ysbTaThl JaeT adrOpUTM,
IIpY KOTOPOM CHadaja IPOCMaTpUBaeTCs Bech (ailsl U oNpenensoTcs 001acTu
HauOOJBIIIEro «CTYIIEHUs» LBETOB B TPEXMEPHOM MPOCTpaHCTBE. BhiOHparoT-
cs 256 (nnm MeHbllee, eclii HEOOXOANMO, KOJIMYECTBO) HanboJee IIOTHBIX
obuacTeil, 1 KOOpJMHATHI UX LIEHTPOB BHIOMPAIOTCS] B KAUECTBE 1IBETOB MaJIUT-
pol ¢aiina. ITamurpa B 3TOM ciydae HasblBaeTCs aJaNTHPOBAaHHOW, TO €CTh
HaunboJiee TOYHO Mo100paHHOM K JAHHOMY KOHKPETHOMY M300paKEHHIO.

Yepro-benviii

Nudopmarmro, conepxarnryrocs B iBeTHOM RGB m300paxennu, MOXKHO 3a-
NHCcaTh U APYTUM CIIOCOOOM — B BHZE TPEX PACTPOB OJMHAKOBOTO pasMepa, B
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

KaXIOM M3 KOTOPBIX COJIEPXKATCS YPOBHHU SPKOCTH OJHOTO M3 TPEX LIBETOB
n3o0paxkenus. llBera B maHHOM cilydae Ha3bIBAIOTCS KaHaimamu. Kambrid
pactp Oyzaer mpeacTaBiATh coboi yepHo-6enoe (U-b) m3zobpaxenne, Tounee,
n3o0paxkeHne B rpajganusx ceporo pera (grey scale, 8 bit). C Texunueckon
TOYKH 3PEHUS PACTp B peKUME grey scale aHamornyeH BETHOMY HHJICKCHUPO-
BaHHOMY pacTpy, 3a UCKJIIOUEHHUEM TOT'0, YTO B 3TOM CJIydae HEeT HEOOXOAUMO-
CTH B TAJIUTpPEe — MPOCTO 3HaueHHe Oaiita (OT Hyds M0 255) COOTBETCTBYET
ypoBHIO sIpKOCTH. C KaueCTBEHHOH jK€ TOYKH 3PEHUS 3TH PEXKUMBI OTINYAIOT-
Cs IPUHIMITHAIIBHO: HHAEKCUPOBAHHBIA PACTP COAEPKUT AUCKPETHYIO HHPOP-
Malulo, YepHO-0esblii — KOHTUHYaJIbHY0. [103TOMY M HEKOTOpEIE OIepaIiH,
MPUMEHUMBIE K YePHO-0eIOMY PacTpy, HEPUMEHUMBI K HHACKCUPOBAHHOMY
1 Ha00OPOT.

WHadopmanus cucrteM IUCTAaHIMOHHOTO 30HAMPOBAHUS, KOTOPHIE MMEIOT
KaHaibl He TONbKO B BUANMEIX (RGB), HO ¥ B HEBHONMEIX YEJIOBEYECKOMY
riia3y JAvana3oHax JIEKTPOMArHUTHBIX BOJH, OOBIYHO 3aIlMCHIBACTCS B BUIC
HECKOJIBKUX, TI0 YHUCITYy KaHAJOB, pacTpax pexxuma Y-b (grey scale, 8 bit).

N3o6pakenune, B KOTOPOM JIMIIE JIBA [IBETA — YEPHBIN U OEJIbIil — Ha3bIBACT-
Cs1 MOHOXPOMHBIM, WK oAHOOUTHBIM (1 bit, bitmap), TOCKOJIBKY I[BET KaXI0-
rO MHUKCeNa ONMUCHIBACTCSI OAHUM OUTOM. [10 CBOI CYTH 3TO MHIIEKCHPOBAHHOE
(muckpetHoe) n3o00paxkeHue.

Dopmamul pacmposwix aitnios

st 3anmcu pacTpoBBIX M300paKeHHH pasHBIMH (pUpMaMy pa3padoTaHbI
JECATKH pa3nuuHbIX (opmaroB ¢aitoB. CaMblii mpocToil crmocod — Tak
Ha3biBaeMbIi ceipoit (RAW) dopmat: mocnenoBaTenbHas 3anmuch Tpuaj Oaii-
toB RGB s xakmoro mukcena KaKA0H CTPOKH WM OTICIBHBIX OAlTOB IS
WH/IEKCUPOBAHHOTO M YEPHO-0€I0T0 PEeXHUMOB. XOTS TaKOH CIIocod MHOTAA U
UCTIONB3YETCA Ha MPAKTHKE, OUYEBHIHO, YTO M300pakKeHHE MOXKET OBITH Ipa-
BIJIBHO BBIBEJICHO Ha DKPaH, €CIIM M3BECTHBI, KAK MHHUMYM, TIOPSIOK LBETOB
B TpHUaJie U JJHMHA CTPOKH pactpa. [loaToMy A Mcnonb30BaHus B rpadudie-
CKHUX PelaKTopax 0ObIYHO MCIONB3YIOTCSl opMaThl (ailiioB, B KOTOPbIE TIOMH-
MO COOCTBEHHO pacTpa BKIIOUEHa M BCsSl OCTaibHas HeoOXxonumas MH(opMa-
1ust (TaK Ha3bIBA@MBIH 3arojIoBOK pactpa). CucreMbl 00pabOTKM JaHHBIX JIUC-
TAHIIMOHHOTO 30HIUPOBaHUs, HA00OPOT, UCIONB3YIOT (OPMATHI, B KOTOPBIX
COOCTBEHHO pacTp 3amucaH B OJHOM (ailyie, a ero 3arojloBOK — B JIPYTrOM,
00BIYHO TEKCTOBOM (haiie.

Hawubonee pacripoctpanensl B HacTosiee Bpemst popmarst BMP (*.bmp),
GIF (*.gif), JPG (*.jpg), TIFF (*.tif). Otu hopmarsr moanep>xuBaroTCsi OOIb-
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

IIMHCTBOM HPOTPAaMMHBIX CPEICTB CaMOT0 pa3IMdHOrO HazHaueHus. B pas-
JYHBIX OPMATaX MOTYT OBITh 3aIHCAHBI PA3JINIHBIC PEKHUMBI H300paKECHHS.

BMP u TIFF — yHuBepcanpHbie (popMaThl, B HUX MOTYT COXPAaHATHCS pac-
TPBI BCEX PEXHUMOB — OT YEPHO-0EII0r0 MOHOXPOMHOTO IO HHIEKCHPOBAHHOTO
usetHoro u RGB. B ¢aitnax ¢opmara TIF, kpome Toro, Moxer coaepxaTbcs
TaKKe M Pa3HOTO poJa JOMOJHHUTENbHAs HH(OpMAILHs, Hapumep, reorpadu-
Yeckasi MPUBS3KA ISl JaHHBIX JUCTAHIIMOHHOTO 30HIUPOBaHUs (a’dpo- M Koc-
MHUUYECKHX CHUMKOB). B aTOoM ciydae popmar HaseiBaercs GeoTIFF.

TIFF — Hanbonee ynoOHBIH YHHBEpCAIBHBIH GopMar Juisi XpaHEHHs caMoi
pa3nuuHON MH(GOPMAINH, €IUHCTBEHHBIH €ro HEJOCTaTOK — OrpaHUuYeHUE Ha
o0mwuit pa3mep ¢aiina, on He MoxeT ObITh Oonbire 4 Gb. [{jist JaHHBIX TUCTaH-
LIMOHHOTO 30HIMPOBAHUS 3TO YK€ MMEET CYIIECTBEHHOE 3HAUCHHE, HAallpHMeD,
CHUMKH KOCMHYECKHX CKAaHEpOB CBEPXBBICOKOTO pPa3pEUICHUs, 3alCaHHBIC
6e3 crienuaNbHBIX METO/IOB CXKAaThsl, IMEIOT ropasio Oombmme pasmepsl. Kpo-
M€ TOTO, B 3TOM (hOpMAaTE MOKET 3aMHChIBATHCSA HE TOJIBKO I[BETOBAS, HO M KO-
JIMYECTBEHHAs] MH(POPMAIHS, HAIPUMEP, PacTpbl HU(POBBIX MOJENECH BBICOT,
I7ie 3HaYeHHe IHKCeNna COOTBETCTBYET BBICOTE TOUKHU HaJl YPOBHEM MODA.

B dopmare GIF MoryT coxpaHSAThCS TOJBKO MHACKCHPOBAHHBIE PACTPHI.
3710T (hopMaT MHUPOKO UCTIONB3YETCS IPH CO3AaHUU BeO-CTPAHHMI] eIle U II0TO-
My, 4TO M300pakeHHe B Qaiinax 3Toro opmara MOXET OBITh MYJIbTHUILIHKA-
LOHHBIM.

B ¢opmare JPG, Ha000poT, COXpaHATCS TOJBKO HEMHAEKCUPOBAHHBIE pac-
Tpbl (RGB nim grey scale). 3ToT Gopmar uMeeT BaXXHYIO OCOOCHHOCTB: NPH
3aIliCH pacTpa B HEM NPOMCXOANUT UCKaKEHUE MCXOAHOTO M300paxenus. s
YMEHbIIEHUsT pa3Mepa (aiisia onpenesieHHbBIM CII0COO0M M3MEHSETCs IIBET HE
KaXJIOTO OTAEITBHOTO MUKCENA, a [ET0N TPYHIIBI PSIIOM PacloI0KEHHBIX TTHK-
CEJIOB.

®opmatsr GIF u JPG — B HacTosiiee BpeMsi OCHOBHBIE (pOPMATHhI, HCIIONB3Ye-
MBIE TIPU CO3aHUM BeO-cTpaHmil. s 3Tux uerneil pa3paboTaH TakkKe yHHBEP-
canpHBIN hopmaT PNG, HO OH elmie He TOTydriI IUPOKOTO pacIipOCTPaHEHHS.

Corcamue pacmposvix Gaiinos

Jns yMeHbIIEHUs] pa3Mepa pacTpoOBBIX (aiiioB, KpoMe WHJIEKCAIlU
(YMeHBIIIEHHST KOJIMYECTBA [[BETOB), CYLIECTBYIOT U JIPyTUe CIIOCOOBI CHKaTus,
i kommpeccun. CrieyeT pa3auyaTh JBa BapHaHTa 3TUX CIIOCOOOB — CxKaTHe
(aiina 6e3 MCKaXKEHHs COJICPIKAIIErocs B HEM H300paKEHUs M ¢ KOMITpeccHei
COOCTBEHHO M300pakKeHHs, YTO IPUBOAUT K OOJIBIIEMY HWJIM MEHBIIEMY €ro
HCKaXXEHUIO.
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

B nHaexcupoBaHHBIX (aiiax, colepKalluX AEIOBYIO TpaduKy, B Kax-
JOW CTPOKE YacTO MOBTOPSIOTCS ITOCIEAOBATEIBHOCTH OJWHAKOBBIX I10
LBETY IHKCENOB (JMHUH, OJWHAKOBO 3aKpamleHHBIE oOxacTh M T.A.). B
3TOM CJIydae MOCJIEJOBATEIbHOCTh M3 HECKOJIBKHX OIMHAKOBBIX IO IIBETY
MIUKCEJIOB B CTPOKE MOXKET OBITh 3allMCaHa BCEro IByMs OaliTaMu — HOMe-
pPOM IBeTa MHKCENa M KOJIMYECTBOM IHKCENOB. [Ipu packoinpoBaHuu H30-
OpakeHHE BOCCTAHABJIMBACTCSA 0€3 KAKUX-JTHOO HCKaXCHHH. DTOT METO.
HasbiBaercs RLE (Run Lengh Encoding). Oco6enno on 3¢ dexruBen, ecre-
CTBEHHO, JJISl YETKUX MPOCTHIX HEMHOTOLBETHBIX PacTPOB «IEJOBOH TIpa-
¢ukn», HO He A poTorpaduIecKrX N300paKeHH, B 3TOM CIIydae C)KaToe
n300pakeHne MOXKET UMeTh OoybIINi pasMep daitna, yem Hecxkaroe. J{is
¢otorpaduii mpennouTHUTENbHEE HUPOKO M3BECTHBIM anroputM LZW, uc-
MOJIB3YEMBIH TaKXKe U B apXuBaTopax obmiero HazHaueHus. OHaKo ero 3¢-
(heKTHBHOCTH HEBBICOKA, B PEAKUX Ciydasx mpesbimaer 50—60%. Mckaxke-
HUSI M300pakeHUS NPH HCHOIB30BAaHUHM 3TOTO AJITOPUTMA, HAIpHUMEp, B
tdopmarax GIF, TIF, He mpoucxoawur.

Hns dororpaduii 3HaunTenarHo Oosiee 3G(GEKTHBEH CIOCOO CKATHA,
npuMeHsieMblil B popmare JPG. 3xech o ompeneaeHHOMY alrOpUTMY IPo-
HMCXOIUT KOMIIPECCHsI COOCTBEHHO HM300pakKeHUs, TO €CTh HEOOIbINOE H3-
MEHEHHEe I[BeTa CMEeXHBIX oOxactell pactpa. CTemeHp CKaThUs MOXET Me-
HATBCA B HIUMPOKUX Mpeaciax, U 4EM OHa BbIIIEC, TEM 60J1])L[Ie HCKAXKXCHUC
MCXOJHOT0 N300pa)XEHUsI M TEM MEeHbIIe pa3Mep ¢aitia. B HekoTopsIx ciy-
Yasx, HanpuMmep, M CKaHMPOBAaHHBIX MHOTOLIBETHBIX (JOTOCHHMKOB, IIO-
Tepsl KauecTBa IpU CpegHel creneHu cxarus (B 2-4 pasza) o4eHb Majo 3a-
MeTHa Ha ria3. [lo sToil npuunne dpopmat JPG mmpoxo ucmonb3yercs A
¢dororpadwuii, pasmemaemMmsIx Ha BeO-cTpaHubl. [Ipyu coNb30BaHNN 3TOTO
¢dopmaTa 11 AeTOBON TpadUKH HCKAKEHHSI OyIyT XOPOIIO 3aMETHEI B BH-
Jie TPSA3HOBATHIX Pa3BonOB. IlosToMy Henb3st Mcmonb3oBath Gopmar JPG
IUT XpaHEHUs! N300paxeHUi, KOTOphIe OyIyT MOABEPraThes B AANbHEHIIEM
KOMITBIOTEPHON 00paboTKe.

B xonne XX Beka paspaboranbl 04eHb d((HEKTUBHBIE AITOPUTMBI COKATUS
pacTpoBbIX M300paKEHUI Ha OCHOBE BEWBJIET-aHAIN3a, pa3Mep (aiiina yMeHb-
HIaeTCsl B JICCATKH pa3 0e3 BU3yalIbHOT'O 3aMETHOTO yXY/IILIEHNsI KaueCTBa U30-
Opakenusi. PeannszoBanbl 3TH anroputMsel B popmarax MrSid (Multiresolution
Seamless Image Database, *.sid), paspaboran ¢upmoii LizardTech, a Taxxke
ECW (ERMapper Compressed Wavelets, *.ecw), dpupma ERMapper. B ocHoB-
HOM 3TH (OPMaTHl HCHONB3YIOTCS ISl BU3YaJIM3UPOBAHHBIX JaHHBIX [[3, Ha-
npuMep, B TIJ00aJIbHOM TOKPBITHM CKaHEpHBIX CHHUMKOB GeoCover
(https://zulu.ssc.nasa.gov/mrsid/mrsid.pl).
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2. OCHOBHBIE TPUHIIHUITBI 1 METO/IbI TUC-TEXHOJIOTUH

BexmopHutii cnocob 3anucu uzobpasicenuti

Kpome pactpoBoro cymecTByeT elie OJ1H OYEHb IUPOKO PacIIpOCTPAHEH-
HBIN c1oco0 HU(POBOIi 3anucu n300pakeHH — BEKTOpHbIH. ['eoMeTprueckue
¢burypsl, hopmupylouye H300pakeHne, B JaHHOM ClIy4ae NPeICTaBIsIOTCS B
BUIC TPEX OCHOBHBIX KJIACCOB 00BEKTOB — TOYCK, HHHHﬁ, TIOJIMT'OHOB!

1. Touka xapakTepusyercs napoit koopauHat — X u Y.

2. Jlunus npeAcTaBieHa Kak MOCIeI0BaTeNbHOCTh OTPE3KOB (BEKTOPOR), TO
€CTb MOCTIeIOBATEIBHOCTHIO Map KOOPANHAT.

3. 3aMKHYTBIC TUHUA 00PA3YIOT NOIUSOHBL.

TodeyHbIMH 00BEKTAMH MOTYT OBITH, HAIIPUMEP, Pa3In4YHbIE CUMBOIIHI (0y-
KBEHHBIE, TMKTOTPAaMMBI), TPEJICTaBIISIOIINE COOOH pacTpoBbIE H300paKEHHS.

B npunmune mo0ble 00BEKTH MOTYT OBITH NPEACTABIEHBI KaKk B pacTpo-
BOH, Tak ¥ B BEKTOpHOH hopmax (puc. 7).

Puc. 7. CxemaTH4eckoe H300pakeHue 0JJHOTO U TOTO
’Ke 00beKTa B PaCTPOBOii (c/ieBa) U BEKTOPHOIi
(cnpasa) popmax
TO‘{KaMI/I ITOKa3aHBbI y3JIbI I[TIOJIMTOHA, IOCJIEA0BATEIIBHOCTE

KOOPJMHAT KOTOPBIX U COCTABIAET BEKTOPHBIH (aid,
OIHCHIBAIOIIHI (HOpPMY TaHHOTO 0OBEKTa

B ¢aiine BekTOpHOrO M300pakEHHs MTOCIIEAOBATENBHO 3aIIUChIBACTCS LIS
KaXXI0T0 00BEKTa ClIeayroas HHGopMaIus:

— Tum o0bekTa (TOYKA, JIUHUS, TOJTUTOH).

— Koopnunarts! y310B 00BeKTa.

— I'paduueckue arpudyTsl — 11BeT 00BeKTa (B BHAe cooTHomeHus RGB,
HaIrpuMep), TOJIIMHA ¥ TUI (CIUIOIIHAS, ITyHKTHD, IITPUX) JIMHUHA; IS TIOJTH-
TOHOB — THII 3aJIUBKH U T.JI.

[Ipmmep daiina BekTopHOTO M300pakeHns — metadaiin Windows — WMF.
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[IpuMeHATh BEKTOPHBIN croco0 Oomee IenecooOpa3Ho s W300pakeHHs
YETKUX TEOMETPUYECKHX (PUryp, MOCKONBKY MPH €ro UCHOJIb30BaHUH JI0CTATOY-
HO CJIOXKHO TIepeaTh IUIaBHbIE IePEeX0/bl LIBeTa M HeYeTKue rpaHuLbl. [loaTomy
3TOT €cIOCO0 B OCHOBHOM IIPUMEHSETCS B TEXHHYECKUX CUCTEMAaX — IIaKeTax I
koMmmbioTepHoro npoektupoBanus (CAD, computer aided design), s u3o0pa-
JKEHMs1 KapT B reorpadmyeckiux MHPOPMALMOHHBIX cUcTeMax. B kaxol cucre-
M€ UCTIONB3YIOTCS CBOM (hOpMaThl BEKTOPHBIX (aiiyioB. YHUBEpcabHBbII (hopMar
JUTsl OOMeHa (MMIIOpTa/3KCIopTa) BEKTOPHBIX JaHHbIX — DXF.

JIro60e m300paxeHue, HaxXOAIIeecs B pPacTpoBoi (hopMe, MOKET OBITh Oe3
HCKa)XCHUH 3aIMCaHO B BEKTOPHOH Gopme, a 00paTHOE peoOpa3oBaHUE BEICT
K HEeMUHYEMbIM HCKa)XEHHSM — abCTpakTHas (HyJICBOl TOJLIMHBI) psMasi JIU-
HUSI B pacTpoBo# (hopme Bcerna OyneT N300pakaThesl TOIIMHON 110 KpaltHen
Mepe B OJIMH MTHKCEI.

I'eoundopManmoHHbIe CUCTEMBI

OcHoBHoe cBoiictBo [ IC — uHTerpanus KapTorpapuuecKux U OMHCATEIIb-
HBIX (aTpUOYTHBHBIX) MaHHBIX. Kak u ms mro0bix m3o0paxenuii, B I'IC Bo3-
MOXXHBI JIUIIb JBa CIOco0a TpECTaBiIeHHUS KapTorpaduueckux OOBEKTOB:
pacTpoBbIil U BekTOpHBIH. O0a 3THX crocoda TecHO B3auMoOCBs3aHbl. Ha pas-
HBIX 3Tanax 00pabOTKM M aHAK3a JAHHBIX MPOUCXOIUT MPEe0oOPa30BaHUE TaH-
HBIX U3 BEKTOPHOH (pOpMBI B pacTpOBYIO H OOPATHO.

OnHako xapakTep HH(OPMaIMK KaK UCXOIHOM, TaK M MOJy4aeMOW B pe3yJib-
Tare 0OpabOTKM M CaMH METOAbl OOpPa0OTKM NMPUHLMITHAIEHO Pa3INYaroTCs.
Paznuuarorcst Takke M CriocoObl XpaHeHWs! aTpHOYTHBHBIX JaHHBIX. Bo Bcex
I'MC-nakerax B TOW WM WHOW CTETICHW HMCHONB3YETCS M Ta, U Apyras ¢opma
npeacraeneHns. OqHako oxra rpymma [IC opueHTHpOBaHa MpeXIe BCETO Ha
00paboTKy DaHHBIX B PacTpoOBOH (opme, Apyras Ipymma — B BeKTopHOi. CooT-
BETCTBEHHO U ITAKEeTHI HA3BIBAIOTCS PacTpOBEIMU 1 BekTopHBIME [ VIC.

Wudpopmarms 0 eCTeCTBEHHBIX MPUPOIHBIX OO0BEKTaX (PacTHTEIHHOCTH,
IOYBax U T. JI.) IO CYyTH CBOEH pacTpoBast (Mo3anyHast), mostomy u I'MIC-nake-
Thbl, TPEAHA3HAYCHHBIC U1 CO3AaHUA U aHaJIW3a ICOJJaHHbIX, paCTPOBLIC. Hau-
Oounee pacripoctpanennble U3 Hux — Idrisi, ERDAS, GRASS. Cucremsl, npen-
Ha3Ha4YeHHbIE B OCHOBHOM JUIS aHallM3a T'OTOBBIX JIAaHHBIX, — BEKTOPHBIE, UX
Ha3bIBAIOT €IIe CHCTEMaMH HACmOabHOU Kapmoepaguu. TepMuH, BO3MOXHO,
HE OYCHB y/aueH, 3TO mepeBo/ aHruiickoro desktop mapping. Mmeercs B BU-
Iy, 94TO KapTorpaduieckue paboThl OCYIIECTBISIOTCS Ha SKpaHe KOMITBIOTEpa.
Boobuie ciemyer oTMETHTB, YTO BBUIY HE CTOJb JABHETO BOSHUKHOBEHHS U
OBICTPOTO Pa3BUTHA T€OMH(POPMAIMOHHBIX TEXHOJIOTHH WX TEPMHHOJIOTHS
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

OKOHYATEIbHO HE C(HOPMUPOBATIACH U PA3HBIMH CIICLHAINCTAMH HCHONb3YIOT-
Csl OHU W T€ K€ TEPMHHBI B PAa3IMYHBIX CIy4asX, 1 HA000POT, OAMHAKOBBIC
oTepaIy Ha3bIBAIOTCS O-Pa3HOMY.

Camble pacnpocTpaHEHHBIE ITAKEeThl HACTOJNBHOU KapTorpaduu — ArcView
u Maplnfo, orn oueHb yq0OHBI A1t pabOTHI C TOTOBBIMH BEKTOPHBIMH JAHHBI-
MU, OJTHAKO CO3JIal0TCS OTH JIaHHBIE ¢ ToMOIIIbio pacTpoBbix [ IC. HyxHo cka-
3arb, 4To AeneHue I'MIC Ha pacTpoBble U BEKTOPHBIE JHOCTaTOYHO YCJIOBHO U
MOCTETICHHO HcYe3aeT. Bce MOIIHBIE CHCTEMbI BKIIIOYAIOT CPENCTBA IS
UCIIONIb30BaHMs 000OUX THITOB MPE/ICTABICHUS U aHAIN3A JTaHHBIX.

Pacmpoesvie u eexmopuvie oannvte 6 ' HC

B pactpoBoii opme conepxarcsi CKaHMPOBaHHBIE ()parMeHTHl OyMasKHBIX TO-
norpaduecKux U MHBIX KapT U JaHHBIC AUCTAHIIMOHHOTO 30HIMPOBAHMUS (a3pO- U
KOCMHIYECKHE CHIMKH) — HCXOTHbBIE U 00paboTaHHbBIE. Y MCXOAHBIX JaHHBIX 30H-
JIMPOBaHN, HAXOASIINXCS B BUAE PACTPOB grey scale, arprnOyTHBHBIE TaHHBIE KaK
TaKOBBIE OTCYTCTBYIOT. Pe3ynbTaT 00paboTKH (KiIacCU(pHKAIKT ) — THIEKCUPOBaH-
HBIE PAcTpbl, MHAEKC 0003HAYAET HE CTOJBKO IBET, CKOJIBKO HOMEDP OIpeJieIIeH-
HOM KaTeropuu 3eMHOH MOBEPXHOCTH (Pa3IMYHBIC THUIBI MOYB, JIECOB, OOJOT,
cerpxo3yroauii). OnucaTensHble JaHHBIE TIPEACTABISIOT COO0N XapaKTEePHCTUKY
kaxaou kareropuu. [Tostomy pactposbie nannbie B ['VIC 00bIMHO XpaHsTCS B
HECKOJIbKHX (haiiax: B OTHOM — COOCTBEHHO pacTp (3HaueHUsl [THKCEJIOB), B APY-
TOM — JIaHHBIE O KOJIMYECTBE PSJIOB M KOJIOHOK, 3HAUCHHUsI KaTeropuii (3aroJioBOK
pacTpa), B TpeTbeM — nanutpa (1BeroBas Tabimna). OIUH U TOT XKe pacTp MOXET
BU3YaJIN3UPOBATHCS C PA3HBIMU IIBETOBBIMH TAOJIMIIAMHU B 3aBUCUMOCTH OT Ha3Ha-
YEHHMS U IIPOCTO OT MPEATIOUTEHHH MOJIb30BATENCH.

PactpoBslit popmMar naet 0030pHYI0 HHPOPMALHIO O TEPPUTOPUH B LICIIOM.
OmnwcarenbHbIe TaHHBIE OTHOCATCS HE K OTAEIBHBIM O0BEKTaM, a K KJ1accy, TH-
Iy, KaTeTOPUX OAWHAKOBBIX TI0 KAKUM-TIHOO XapaKTEpPUCTHKAM OOBEKTOB, KO-
TOpBIE MOTYT OBITh TPOCTPAHCTBEHHO PAa300IIEHBI.

HckmounTeabHO BaXKHbI MacCHUB JaHHBIX, KOTOPbIE COJEp>KaTcs B pac-
TpoBOH (opMe, — 3TO JlaHHbIE O pelibede MecTHOCTH (LHdpoBas MOJENb BbI-
cot — digital elevation model, DEM). CooTBeTCTBEHHO B 3TOi1 3x¢ (hopme Tpo-
W3BOJIUTCS M AaHAIN3 MOBEPXHOCTEH (YKIIOH, SKCIIO3HIIUS, TeOMOP(OIIOTHs, OIl-
pelneneHye rpaHul BogocOOpoB U T.JI.).

DEM - 370 pacTp, 3Ha4eHHE MUKCeNla KOTOPOro — BBICOTa COOTBETCTBYIO-
IIeil TUIoIIAIKK 3eMHOW TTOBEPXHOCTH HaJl ypoBHEM Mops. [I0CKONBKY BBICOTHI
MOT'yT TpeBBIIaTh 255 M, 11 3amucu 3HadeHus nukcena DEM HeoOxomumo
Gonbmie oxHOro Oaiita. Ecim mcmombe3yercs nenounciieHHbId GopmaT (BbICOTa
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

3aIIChIBAaeTCsl C TOYHOCTRIO 10 1 MeTpa), Hy»kHO 1Ba Oaifra (16 bit), ectu He0O-
XOAUMBI IpoOHBIC 3HAYCHHS BHICOTHI, IOTpeOyeTcs 4 Oaiita Ha mukcen (32 bit).

Bce 'MC-makeTsl UMIOPTHPYIOT PACTPOBBIE JaHHBIE NMPAKTHYECKH BCEX
n3BecTHBIX (hopmaros. Hanbonee pacripocTpaHeHHBIM, CTaHAAPTHBIM AJIS pac-
TPOBBIX TeoNaHHbIX sBIsieTcs popmar GeoTIFF.

Memoowl 0bpabomxu pacmpoewix OaHHbIX

K pacTpoBbIM IaHHBIM HPUMEHSETCS MHOXKECTBO PazIMYHBIX OIEparui
00paboTku n aHanm3a. OAWH W3 BaKHEHIIMX THUIOB — 00paboTKa MeToI0M
cKronv3auwe2o okHa. IIpr 3TOM I KaXA0ro IMHUKCea pacTpa o ONpeeIeHHO-
My aJrOPUTMY PacCUMTHIBAETCS HOBOE 3HAYEHHE MCXOIS W3 3HAYEHHH ero
OmKaliMx coceielf, TO €cTh 10 pacTpy Kak Obl epeIBUTacTCsl «OKHO» (pHC.
8), ero pasmep MoxkeT OBITh OT 3 X 3 mHKcena U 6oJee 10 HECKOJIBKUX JIECST-
KoB. Takoif MeTo 1 00pabOTKH Ha3BIBACTCS TAKKE hunbmpayueti pacTpa.

W | ~

Puc. 8. Cxema 00paboTKHu pacTpa
CKOJIB3SIIIIM OKHOM

Hens unpTpamn MoxxeT OBITH caMOl pa3INYHOM, HO3TOMY U pa3paboTaHo
MHOJKECTBO Pa3IMYHBIX PACTPOBBIX (GribTpoB. [IpocTeiimmii 3 HUX — BBIYHCIIC-
HHE CpeHEro U3 3Ha4YeHMH BCEX IMKCENOB OKHA. Ero mprMeHeHne npuBOIMT K
CIIIKMBAHHIO PAcTpa, ¢ TAKOW LENbI0 OH HCIOJB3YeTCs, HalpuMmep, pH o0pa-
6otke DEM, kor1a Hy>KHO IOIYy4IHTh OoJtee IiaBHbIe (JOpMBI penbeda.

Yacto ucronb3yercst BBHAY CBOSH d(P(GEKTHBHOCTH M YHHBEPCAIBHOCTH TPO-
CTOH (UIBTP «MeIMaHa» — 3HAYEHHs BCEX IHKCEJIOB OKHA YIOPSIOYUBAIOTCA 10
BO3PACTAHHIO, M LICHTPAIGHOMY NIMKCEITy IIPHCBANBACTCS 3HAUCHUE, HAXOIAIIEecs B
CepeliHe 3TOH IIOCIIeNOBAaTEbHOCTH. [IpH 3TOM HCKIFOYAOTCS SKCTpEeMabHBIC
3HAUEHUS, HO CIJIKUBAHUS, Pa3MBIBAHUS HE TIPOUCXOAUT (pHc. 9), 4TO MO3BOJISIET
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2. OCHOBHBIE TPUHIIHUITBI 1 METO/IbI TUC-TEXHOJIOTUH

HCTIONB30BATh (DIJIBTP VISl OUMCTKIY PACTPA OT MOMEX — CIyUYaHbBIX, HCKAXKEHHBIX
3HAYCHHH, HAPUMED, JIs 00PAOOTKN HU3KOKAYSCTBEHHBIX CKAHEPHBIX CHIMKOB.

MoXeT UCIOJIb30BaThCS PUIBTP «MEIUaHa» U JUIs KIACCUPHUIIUPOBAHHBIX
CHHMKOB, B 3TOM Cjlydae NMpUMeHEeHHE (UIbTpa MPUBOJIUT K TeHEpaIn3aluu
n300pakeHus (yIaIeHUIO MEITKHUX, HECYIIECTBEHHBIX JeTanel), uTo Tpedyercs
BO MHOTHX Clly4asx mociie kimaccudukanuu cHumka (puc. 10). Takoro poaa
onepanuu BeIMONH0TCS MoaylieM GRASS r.neighbors.

il
il

| (L ey

MoxoaHoe CpelHee MedraHa

Puc. 9. Pe3yabTaTbl NpuMeHeHUsI GHIBTPOB «CpeIHEe» H KMeTHAHA»
AJIs TPYNIBI COCETHUX ITHKCEJI0B

Bousibiioe KoJIM4ecTBO CrielMAIBHBIX PACTPOBBIX (HIBTPOB MPUMEHSETCS B
maHqmUaGTHON SKOJIOTHMH /ISl KOJIMYECTBEHHOIO aHajiM3a JaHMmadTHOH
CTPYKTYpHI (MOIyTTH F.texture u r.le.pixel).

Yacrto ucrons3yeTcst onepanyst MocTpoeHus OydepHbIX 30H — IOJIOC 33JaHHON
HIMPUHBI BOKPYT PA3IMYHBIX 00beKTOB (puc. 11), BhIMonHseTCst MofysieM r.buffer.

Puc. 11. Co3nanue 6ydepHoii 30HbI (MOKa3aHA YEPHBIM HA MPABOM PUCYHKE)
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

K pacTpoBbIM CITIOSIM MOTYT TPHUMEHSTHCS JIOTHUYECKHE M MaTeMaTHYECKHe
ormepari. YacTo MCHONB3yeTcsl omepanus Iepecdera 3HaYeHu (pexiaccudu-
KAy, MHICKCUPOBAHUS, PAHKUPOBAHUS TAaHHBIX), HAIPUMEp, 3HAUYCHUSAM BBI-
cotsl oT 0 1o 100 M mpucBanBaercst uumekc 1, ot 100 no 500 M — mHAEKC 2 U
1.1. Bemonuasercst mozynem r.reclass.

K HecKOJBKHMM CIIOSIM TPUMEHUMBI JIOTHUECcKHe onepaiuu. Harnpumep, He-
00X0IMIMO BBITIOJHHUTH 3aPOC:

Haiimu yyacmku oanno2o muna aeca (kamezopus nomep 4) ¢ genuuunamu
ykaona nosepxnocmu 6 3adannom unmepsane (0.1 — 0.5), naxooswuecs na
paccmosnuu ne 6onee 500 m om ozep.

Jis peanmuzamy 3TOTO 3aIlpoca HEOOXOIUMO MMETh COOTBETCTBYIOIIVEC
pacTpoBEIe KapTHI:

A — tun neca, B — yknon nosepxnocty, C — o3epa.

CHauvana ¢opmupyercst pactpoBast kapra D OydepHOit 30HBI, KOTOpas mo-

my4yaeT uHIeKc 1. PesynmprHpyromast pacTpoBas KapTa CO3JacTCs C MTOMOIIBIO

MOYJISt F.mapcalc yTeM 3aaHusT BBIPAKCHUSL:
A=4 and B>0.1 and B<0.5 and D=1.

Bexmop

Jliist 06paboTaHHbIX (POpPMATM30BaHHBIX JAHHBIX 00Jiee Y00CH BEKTOPHBIN
¢dopmat. KOHTYpBI Y4acTKOB pa3jIMuHBIX TUIIOB Jieca U BBIPYOOK, 00JIOT, 03ep
W T.J. ONUCHIBAIOTCS MOJMIOHAMU; PEKH, JOPOTH, JIMHUU 3JIEKTpoIepesad u
T.JI. — JIUHASIMH.

B BekTopHOM (hopmMaTe ommcaTenbHas HHPOPMAIHS MOXKET OBITH JIOKaJIH-
30BaHa — COOTBETCTBOBATh HE TOJBKO KAaTCTOPHSIM OOBEKTOB, HO M KaXKIOMY
OTACNBHOMY O0BEKTY (KagacTpoBas MHMopMauus). B aToM npuHIMNHATBHOE
OTJINYHE PAaCcTPOBOrO U BeKTOpHOTO popmaToB nanubix ['MC.

Bexropnast (hopma 1o3BosisieT 00eceunTh ABYCTOPOHHIOIO CBSI3b MEKIY Kap-
TOI 1 TaOJNHMILIEH, TO €CTh MO3BOJISAET (POPMUPOBATE 1B OCHOBHBIX BUJIA 3aIIPOCOB!

— om kapmol k maoauye — «4T0 30eco Haxooumea?» (Kakosvl HesUOUMbLe
Ha Kapme xapakmepucmuku 00vexma?);

— om mabauysl k kapme — «IJJE smo naxodumcsa?» (mecmononodcenue
00bexma ¢ OaHHbIMU XAPAKMEPUCTIUKAMLL).

K naHHBIM, HaxoIsIIMMCSI B BEKTOPHOW (OpMe, MOTYT OBITh Takke cop-
MHPOBaHBI 3aIIPOCHI TAKOTO POJIA!

— HAX0O0UMCsL U MOYKA ¢ OAHHBIMU KOOPOUHAMAMU 6HYMPU OAHHO2O NOU-
2oHa?

— nepecexaem i OGHHASL TUHUS OAHHBIL 00bEKM?
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

[pencraBneHne HaHHBIX B BEKTOPHOH (opMe JIaeT Tarkke BO3SMOXKHOCTb
MOCTPOCHUS TEMAaTHYECKUX KapT 110 3HAYCHHUSAM aTPHOYTOB 0OBEKTOB.

Taxum 00pa3zom, BEKTOpHas M pacTpoBasi (pOopMbI NpeCTaBICHUS IpeaHa3Ha-
YeHB! I Pa3IMYHOTO BHJA aHAIW3a JaHHBIX. BekTopHas Gopma 0OBIYHO COOT-
BETCTBYET 00JIee BRICOKOMY YPOBHIO 00paOOTKH TaHHBIX. BekTopm3oBaTs pacTpo-
BOC M300pakeHHE (HAMPUMEpP, CKAHUPOBAHHOE M300paKeHHE OYMA)KHOM KapThI
WM KOCMUYECKU CHUMOK TOBEPXHOCTH 3€MIIM) MOXKHO B PYyYHOM PEXKHME C
TIOMOIIBIO MBIIIKW Ha JUCIIJICC KOMIIBIOTEpPA, BBOAA IMOCICAOBATCIIbHO TOYKU I10
KOHTYypaM OOBEKTOB, HO 3TOT CIIOCOO OYEHBb TPYNOEMOK M HeroueH. Hamboree
s dexTBHa aBTOMaTHUECKass BEKTOPH3AIKs CIIEHHAIBHBIMH ITPOTPaMMHBIMU MO-
OyJSIMH — BEKTOpU3aTopamu. [Ipy BEKTOpU3alMHM PacTPOBOH KapThl KaTeropuii
3eMHO MOBEPXHOCTH MPOrpaMMa OKOHTYPHBACT K&Ky IPYIILY ITMKCETIOB OJl-
HOTO IIBETa W MPHUCBANBAET MOJyYEHHOMY BEKTOPHOMY IIOJIMTOHY 3Ha4YEHNE aTpH-
OyTa, paBHOE MHJCKCY IIBETa (HOMEPY KaTerOpuH).

Ipu npeoOpa3oBaHNK BEKTOPHBIX ITOJIUTOHOB B PAacTp BCEM MHKCENaM, Ha-
XOISAIIUMCSL BHYTPH TOJUTOHOB C OJMHAKOBBIMU 3HAYCHHSMH aTPHOYTOB,
MIPUCBaUBACTCs MHACKC, PaBHBIA dToMy 3HadeHuio. B makere GRASS npeob-
pa3oBaHHe pacTpa B BEKTOPHYIO (OpMY OCYLIECTBIIET MOIYNb F.lo.vect,
obpatHoe mpeodpa3oBaHUE — MOAYIb V.fo.rast.

Haubonee pacnpocTpaHeHHbI (hopMaT BEKTOPHBIX JaHHBIX — TaK Ha3bl-
BaeMbIil shape-daiin (.shp), ncnonszyemslii B makere ArcView, ero uMmnop-
tupytor npakrtuuecku Bce ['MC-makersl. B kaxknom shape-daitie MmoryT 3a-
MUCHIBATHCSl OOBEKTHI JIMIIL OJHOTO KJlacca — MIIM TOYKH, WIM JIMHUH, WU
noJuroHsl. Bropo#i mo pacnpocrpanennoct ¢popmat — tab-daitn Maplnfo.
3neck B 0lHOM (hailie MOTYT coiepiKarbes JIIo0ble Kiacchl 00BEKTOB — U
TOYKH, W JHHUH, U TIOJUTOHBI. JTO, C OTHOH CTOPOHEI, CO31aeT HEKOTOPHIC
ynoOCTBa U IMOJIb30OBATeel, ¢ JAPYrod — yXy[OIIaeT CTPYKTYPH3aLHUI0
JAHHBIX.

Tononozcuueckue u nemonoaocuyecKue 6EKMOpHblLE ¢0pMambl

Tononorust B ['MC 06b14HO oIpeaessieTcst Kak IPOCTPAaHCTBEHHBIE B3aHMO-
OTHOWICHHUSI MEXJYy CMEXHBIMH WM OJIM3KOPACIIONOKEHHBIMU OO0BEKTaAMH.
Maremarnueckasi TOTIOJIOTHs IpEAIoaraeT, 4ro reorpaduiyeckue 0ObEKTHI
pacnojaratoTcs Ha IByXMEPHOH INIOCKOCTH. DTO 03HAYaeT, HallpuMep, YTO CO-
CEJHUE IIOJUTOHBbl HE JOJDKHBI B3aUMOIICPEKPBIBATBCS U MEXAY HUMU HE
JIOJDKHBI OCTaBaThCsl «IIyCTOTBD», €CIIM MX HET B PeanbHOCTU. Taxke HE JOJK-
HO OBITH M caMomepeceueHHi IMoiuroHa (Koraa (opmupyiomas ero JUHUSA
oOpasyer meriio). Takoro poja KOPpPEKTHOCTH JAHHBIX OOECIICUMBAIOT TaK
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Ha3bIBa€MbIE TOIOJOTWYECKHE (popMaThl BEKTOPHBIX AAHHBIX, HCIOIb3yEeMbIe
B mpodeccronanpueix ['MC-nmakerax, Takux kak Arclnfo, GRASS. B stom
Cilyyae KOOPIMHATHI Y3/10B JINHUH, OOIIMX ISl IBYX COCEIHUX MOJIUIOHOB, 3a-
MIUCHIBAIOTCSI OJIUH a3, a Ul KaKIOTO MOJIWIOHA YKa3bIBaeTCsl, U3 KaKUX OT-
PE3KOB JIMHUI OH COCTOMT.

B 6osee mpocToM citydae Uit KaXkKAO0ro MOJUTOHA 3alHUChIBAETCs OCIEN0-
BaTEJIbHOCTh KOOPJMHAT Y3JI0B 00pa3yOUIMX €ro JUHUMA, KOPPEKTHOCTD TOIO-
JIOTHHU B 9TOM Clly4ae MOXKeT He oOecrieunBarbesi. TakoBbl (pOpMaThl IPOCTHIX
I'IC-naketoB (shape-daitnbsr ArcView, Tabmuipt Maplnfo).

Tononorust MHOTUMH CHEUAIMCTaMU PacCMaTPUBAETCS KaK OJHA U3 KO-
yeBblX KoHIenmuid ['MIC. OgHako HY>KHO UMETh B BHIy CIEIyroIee 00CTos-
TenbCcTBO. Tomonorndeckue GopMaThl BOSHUKIM B OCHOBHOM IIOTOMY, YTO B
Havasne pa3BuTus [ IC-TexXHOIOTHi BEKTOPHBIE KapThl CO3AaBAINCH HUCKITIOUH-
TEJIHO ITyTE€M pPYYHOH WIM MOJIyaBTOMATHYECKOH OLU(PPOBKH OyMasKHBIX
KapT, B IIpoIiecce KOTOPOI M MOTJIM TTOJTy4aThCsl HapymeHus Tonosorud. Ho B
CiTy4ae, €CII BEKTOPHBIC ITOJIMTOHBI 00pa3yIoTCsl IyTeM aBTOMAaTHIECKOH BEK-
TOPHU3ALUK PACTPOBBIX KapT, MOIYUYEHHBIX B pe3yJbTaTe aBTOMAaTHYECKOH 00-
paboTku maHHBIX /I3, HapylieHHs He MOTYT BO3HUKHYTh B IPHHIHUIE, IIO-
CKOJIBKY pacTp IBYXMEpeH Mo ompeneneHuto. [loaToMy 3T JaHHBIE BIOJHE
MOT'YT XpaHUThCSI B HETONOJIOTHUECKHX (popmaTax.

Ampubymusnvie oannvie ' UC

J1J11 BEKTOPHBIX CIIOEB Yallle BCETO aTpuOyTHBHBIE JaHHBIE COJIEPIKATCS
B BHJe (aiiyioB OOBIYHBIX PENIHUOHHBIX TaOJHMII U K HUM IIPUMEHHMBI BCE
OTIepaliy CTAaHAAPTHHIX CUCTeM ymnpasienus O6azamu manabix (CYB/]). He-
kotopeie 'MC-nmaketsr (ArcView, GRASS) HemocpeacTBEHHO HCIIONB3YIOT
(dopmat crarmapTHeIX 0a3 maHHBIX dbf, W Bce MakeTH UMIOPTUPYIOT (aii-
aer popmatoB dbf (dBASE), xls (Microsoft Excel), mdb (Microsoft
Access) U T.1I.

B3auMocBsi3b POCTPaHCTBEHHBIX OOBEKTOB U MX aTpHOYTOB OOecIeyrBa-
€TCS MPOCTHIM MO3UITMOHUPOBAHUEM — Kbl ciioit [ IC copepKUT HEKOTO-
poe KOIUYEeCTBO MPOCTPAHCTBEHHBIX OOBEKTOB (TOUYEK, JIMHUM, TTOJUTOHOB) U
TabMIly aTpUOYTHBHBIX JJAHHBIX, HIMEIOIIYIO TO YK€ KOJIMUECTBO CTPOK. B ¢aii-
Jlax JaHHBIX OOBEKTHI U COOTBETCTBYIOLIME UM CTPOKH TaOJIUI] PACIIOJIOKEHBI
B 0J1HOM Topsiaike. Takum oOpa3oM, BekTopHblit cinoit [IC Moxer ObITh npea-
CTaBJICH, KAK MUHUMYM, ABYyMs (aiinamu — KapTorpapuieckux u aTpuOyTHB-
HBIX JaHHBIX (B 0OMeHHBIX (hopmatax, Hanpumep DXF, u ta, u npyras nadop-
MaITsi MOJKET OBITh 3aITicaHa B OJHOM (aiiie).
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2. OCHOBHBIE TPUHIIHUITBI 1 METO/IbI TUC-TEXHOJIOTUH

Jis pacTpoBBIX ci0eB aTpuOyTHBHAS WH(GOpPMAIHA MPEICTaBIsIeT cOOOH
pacumpoBKy (JIETeHy) IBETOB H300pakeHNs! (KaTeroprii MOBEPXHOCTH), BU-
Jie OTJeNbHOTO (haiiia.

Kapmozpaguueckue npoexyuu

Jns obecriedyeHUs] COBMECTHMMOCTH NPOCTPAHCTBEHHBIX JaHHBIX U pac-
TpoBble, U BekTopHbIe ciion ['IC momkHb! OBITH IPEACTABICHBI B pealbHOM
cucrteMe reorpaduueckux KoopauHat. B mpocreiimem cirydae anst BEKTOp-
HBIX JIaHHBIX 9TO 03HAYaeT, YTO KOOpAWHATH X M Y Ka)JI0i TOUKH WU y3Jia
JUHWN BBIPAXAIOTCS B Tpajlycax LIMPOTHI M JOJITOTHL. JTa cHcTeMa (Tak M
Ha3bIBAETCS «IIMPOTA/NOAT0Ta, latlon) ynoOHa TeM, YTO MO3BOJISET yKa3aTh
MECTOHAaXOXXICHNE 0001 TOYKHM OE30THOCHTENFHO K (OpMe M pasMepam
3eMHOT0 MIapa. JTOT CHOCO0 ACHCTBUTEIBHO NPHMEHSECTCS B HEKOTOPBIX
Cllydasix, HO IIPH 3TOM NPOUCXOIST 3HAYUTEIbHBIE UCKaXEHUsSI (HOPMBI 00B-
ekToB (puc. 12).
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[apoobpasnas ¢opma peanbHOro HEOECHOTO Tena — IUIAHETHl 3eMilsl —
JIOCTaTOYHO CI0XKHA U IPOCTOI MaTeMaTH4eCKONH HHTEPIPETAINN HE TOAaeT-
cs1. HasbiBaercst ata dopma «reoun». Jlisi mpakTUYeCKUX Lieneil reoqe3nn u
Kaprorpaduu MaTeMaTH4ecKONd MOJENbI0 3eMin npuHsTa popMa abCTpakTHO-
T'0 T€OMETPUUECKOro Tella — UIUICOUA, 00Pa30BaHHOTO BPAICHUEM JJUIUII-
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

ca BOKpPYT OAHOM u3 oceil. OCHOBHBIE MapaMeTPhI AIIUIICOMIA — 3TO BEIMYHHA
Oospieil (9KBaTOpMANbHOM) W MeHbIIeH (TmonsipHOH) ocelt. Kaprorpaduue-
CKast TIPOEKLHSI — 3TO CHOCO0, KOTOPHIM TOYKH ITOBEPXHOCTH 36MHOTO 3JUIUII-
couJia NEPEHOCSTCS Ha IIOCKYIO OBEPXHOCTh KapThl — MM PeajlbHyI0 OyMax-
HYI0, WJIM BUPTYaJbHYIO OBEPXHOCTh DICKTPOHHOM KapThl B reOMH(pOpMAIH-
OHHOII cucteme.

OueBUIHO, YTO TPagycHas CUCTeMa MaJlo IIPUIo/iHa KaK A1 OTOOpaXKeHHs
reorpauueckux oObeKTOB Ha Oymare, Tak M Ui uX npencrasiaenus B ['MC.
BOm3u sKBaTopa MCKaKeHUs! OT peajibHOW (OPMBI OOBEKTOB MHUHHUMAJIbHBL,
HO 110 Mepe NPUOIKEHHs K MOJII0caM OHHU Pe3Ko Bo3pacTtatoT. C Ienblo CHU-
JKEHUSI NCKaKEHNH pa3paboTaHO MHOXKECTBO Pa3sIMUHBIX KapTorpadguiyeckux
MIPOEKNUH M X BapHAHTOB, MPUMEHSIOIUXCS ISl H300paskeHUsI 3MHOTO IIIa-
pa B pa3IMYHBIX MacmTabax — BCEro Iapa, NOoJyIapus, OTACIbHBIX MaTepu-
KoB (puc. 13).

Puc. 13. Ilpoexuuu: 1 — Poouncona; 2 — cunycounaibHas; 3 — JlamGepra
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

ITockonbKy 0€3 HMCKa)KeHHMH NEepeHecTH IapooO0pa3Hyl0 MOBEPXHOCTh Ha
IUTOCKOCTh HEBO3MOJXKHO, Pa3JIMYHBIC ITPOCKINH OPHEHTHPOBAHBI HA COXpaHE-
HHUE OJJHOTO U3 MapaMeTPOB!

— nurenHoro MacmTaba (Equidistant, paBHOIIPOMEKYyTOUHBIE TTPOCKITHH);

— momragHoro MacmrTaba (Equal-Area);

— YIJIOB MEX[Y JMHUSAMH (PaBHOYTOJIbHBIE IPOCKITNHN);

— MaxkCHMaJIbHO TOYHYIO Tepenady (GhopMbl 00beKTOB (KOH(DOPMHBIE ITPO-
eKIIUK).

B mr000i#t IpsiIMOYyToJIBHO# KapTorpadyecKoi MpOeKIMH KOOPAUHATEI TOYEK
W3MEPSIOTCS B JIMHEHHBIX €AMHUIIAX, KaK MpaBuiio, B Merpax. OOBIMHO 3TO pac-
CTOSIHHE OT JAaHHOW TOYKHM 0 9KBaTopa (KoopauHara Y) M 0 HEKOTOPOTO MEpH-
mana (koopauHata X). Takum 0Opa3oM, OUeBHIHO, YTO KOHKPETHBIC 3HAUCHUS
KOOPJIMHAT 3aBHCST OT 1apaMeTPOB HCIIOIb3yEMOTO 36MHOT'O HJUIMIICOU 1A,

Ipoexyus UTM

Jnst n300paXkeHus y4acTKOB 36MHOH ITOBEPXHOCTH HAa PETMOHAILHOM H JIO-
KaJbHOM YpoBHsIX (B MaciuTabax 1:1 000 000 — 1:10 000 u xpynHee) B HACTOsI-
mee BpeMsi B MHUpe HanboJiee pacrpoCTpaHEHA LMIMHAPUYECKAs MPOCKIHS
Mepkaropa UTM (Universal Transverse Merkator). Touku 3eMHO# TOBEpXHO-
CTH BEPTUKAIBHO MPOCHUPYIOTCS Ha MOBEPXHOCTH IMIMHAPA, KACATENbHYIO K
OmmKaiilieMy IEeHTpaTbHOMY MEpUANaHy OTHOHM m3 60 30H, OTCYHTHIBAEMBIX
Ha BocToK oT 180 mepunuana (puc. 14).
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Puc. 14. CxemaTuyeckoe u3odpaxenue npoexuuu UTM
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

KoopauaaTta Toukn X paBHa PAacCTOSIHMIO OT TOYKU INEPECEUCHUs JIMHUN
MIPOCKIUH C MOBEPXHOCTHIO LIIMHAPA O HEHTPAJIbHOTO MEpHanaHa, a Y —
PAcCTOSHUIO OT TOYKHU IIEPECCUCHNUS 10 IKBATOPA.

W3 «kOHCTpYKIMU» MPOEKIUH SICHO, 4TO OHa KoH(popMmHas. [lapamenn n
MEpPUINAHBI B HEHl — CIIOXKHBIE KPUBBIC, 33 NCKIIOUEHHEM 3KBATOPa U OCEBO-
ro mMepuauana (puc. 15), moaToMy paBeHCTBO YIJIOB Ha KapTe U Ha MECTHO-
CTH He MOXxeT coOxironathes. JIMHEHHBIH MacmTad COXpaHsIeTCs JHIIb 10
0CEeBOMY MepUauaHy (CTpOro ToBOps, MO IBYM PaBHOYIAJIECHHBIM OT HEro B
pa3Hble CTOPOHBI MapajielIbHBIM eMy JuHUAM). IloaToMy maHHYIO HpOeK-
IIUIO 11e71ec000pa3HO MPUMEHSTD JUIS TEPPUTOPHIA, IPOTSHKEHHOCTh KOTOPBIX
B HaIPaBJICHUH CEBEp — IOT HE MEHBIIIE, YeM 3aIaj — BOCTOK (Hampumep, Al
Kapenuu). [y KpynHBIX TEPpUTOPHH IMUPOTHON NPOTSDKEHHOCTH (HANpPH-
Mmep, Poccun) nenecoobpasHee MPUMEHATh KOHMYECKHE IPOEKINHU, B KOTO-
PBIX MEPUANMAHBI MIPEACTABIAIOT CO00I psSMBIE, a MapaUIEIN — KOHIICHTPH-
YECKUE OKPYKHOCTH:

Puc. 15. T'eorpadmyeckasi npuBsi3Ka pacTpa
Pasmep pacTpa nokasas yclIoBHO

upuna 30ub1 B mpoekunu UTM cocrasiser 6 rpagycoB (360/60) nonro-
Thl. YTOOBI M30€KaTh OTPHUIATCIBHBIX 3HAUCHHH KOOpauWHAT X, B MPOCKIIUU
UTM « wum mpubasnsercs 500 km. Tak, koopauHaTa X TOYKH, PacIoNOKEH-
HOW Ha LEHTpalbHOM MepuauaHe 30HbI, paBHa 500000 m. J{ns Kapenuu nen-
TpaibHBIH Mepuanal — 33-i (36-s 30Ha, ot 30 1o 36 mMepuanana). Jns koop-
muHaT Y npuMensiercst kooddumment 0.9996.
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3HaueHNs KOOPAWHAT TOYKH B METpPax C 3a/JaHHBIMHU B rpagycax IIH-
POTHI/IONTOTHl KOOPJUHATAMHU B OJHOW M TOH K€ NMPOEKIHMH OyIOyT pas-
JUYHBIMU B 3aBHCHUMOCTH OT MPUMEHSIEMBIX apaMEeTPOB 36MHOTO 3JLIUII-
couaa.

Onauncouapl MOryT OBITh TE€OLIEHTPUUECKUMH U TOMOLEHTpHUYEeCKUMH. [1a-
paMeTpsl TEOICHTPUUYCCKOTO 3JUTUIICOMIA BBIOPAHBI TaKUM 00pa3oM, YTOOBI
o0ecreyuTh MUHUMAIIbHBIE OTKIOHEHUS! OT TeOoMia B JIO0OW TOYKE 3eMIIH.
Hawubonee Tounsle ero 3nadenust ooozHavarorcst WGS-84, corinacHo KOTopsiM
paanyc 3eMIi COCTaBISIeT:

Ha skBarope — 6378137.000 m;

Ha nositoce — 6356752.314 m.

Takum 00pazoMm, Ui TOJHOTO OIMMCAHMS TPOEKIHH KapTOrpadUuecKux
JIAHHBIX HEOOXOJMMBI 1Ba MapaMeTpa — THUII MPOSKIMU U MapaMeTphl HCIIOb-
3yeMOT0 3JUIUICONIA. MHUPOBBIM CTaHAAPTOM Jie-(hakTo SIBISETCS MPOCKIHS
UTM wu siumnconn WGS-84.

[TapameTpsl TOMOIEHTPUYECKHUX OBIIIHIICOUAOB O00ECIEYNBAIOT MHHHU-
MaJIbHbIC OTKJIOHEHHS OT Te0HJla Ha KaKOW-TO ONpeAcICHHON TEpPUTOPHH.
[Ipu 3TOM MEHSIOTCA 3HA4YCHHS OOJBIION W MaJOW MOIYOCeH AIIUIICONAA,
U KOOPAMHATHI LIEHTPA 3JUIMIICOMJA MOTYT HE COBIAJaTh ¢ KOOpAMHATAMHU
reolieHTpudeckoro auuncouaa. Hampumep, nns Poccun TomoueHTpude-
CKHM SIBISIETCS 3JUIMIICOMJI, MapaMeTpbl KOTOpOro moiaydeHs! B Ilynkos-
ckoit oocepBaropuu ®@. H. Kpacosckum B 1940 r. (B anrmos3eraabix ['HMC-
Makerax 3TH mapaMerpbl oOo3Hauatorcsi kak Pulkovo 1942 wmm Kras-
sovsky). OHU COCTaBISIOT:

Ha 3xBarope — 6378245.000;

Ha nofoce — 6356953.019.

B Poccun cranaapToM sIBISETCS HECKOJIBKO U3MEHEHHBIN BapuanT UTM —
npoekuus ['aycca-Kprorepa. 30HbI B Hell Takke IMUPHUHON 6 rpagycoB, HO OT-
CUHTBIBAIOTCS OT HyJeBoro Mepuauana (I'puHBHYa), mosToMy, Hampumep, 33
LEHTPAIBHOMY MEpPHANAHy COOTBETCTBYET O-i 30HA, MHOE TaK)Xe 3HAUCHHE
C/IBUT@ KOOPJAMHAT OATOTHI ([isi 6-i 30HBI — 6500 kM), U KOIPPUIMEHT 1JIst
KoOpJAuHaT Y paBeH €IMHULIE.

Paznuuune B mapameTpax 3JUTMIICOUIOB cocTaBisieT 6osiee 100 m. PasHu-
I1a B pACCTOSIHUU HA MECTHOCTH MEXIYy TOUKaMH, UMEIOIUMHU OJINHAKOBBIE
KOOPAMHATHI B Tpajycax, IpU pacdyeTe MO Pa3sHbIM MapaMeTpaM 3JUIUIICOU-
Jla MOXKET JIOCTUTaTh HECKOJIBKUX JECSITKOB METPOB. JTO CO34aeT HEKOTO-
pble HEeyJ00CTBa, HO HE CIMIIKOM 3HAYMTEIbHBIC, TOCKOJIBKY JII0ObIe IH -
poBBIe KapTorpaduyeckue ITaHHbBIE JIETKO TPaHCHOPMHUPYIOTCS U3 JIO0OH
M3BECTHOM mpoeknnu B Jr00yio npyryto. B GRASS mnpeobpazoBanus
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MPOEKINH OCYIIECTBIAIOT MOIYJIW F.proj — AN PAacTPOBBIX IAHHBIX U
V.proj — sl BEKTOPHBIX.

B mro0oii mpoeknnu peanbHOE (Ha OBEPXHOCTH 3€MIIH) PACCTOSHUE MEX-
Iy oOBeKTamMu Bcerza OyZeT MEHbINe, YeM B INIOCKOCTH IMPOEKINH (32 UCKITIO-
YEHHEM PACCTOSHUSI 10 HEHTPAIBHOMY MEPHINAHY B IIMIMHAPHUYECKUX MPOEK-
LUsX, TJIe OHU coBmaaaoT). [ToaTromy B HekoTopeix I'MIC-nakeTax npuBoasaTCS
00e BeNUYHHBI pacCTosHu — peanbhbie (Spherical) u B mrockocTr mpoekimn
(cartesian).

T'eozpagpuueckan npusaska (pezucmpayus) pacmpa

g Toro 4To65BI pacTpoBoe n3obpaxkeHne (KapThl WIH a3pOKOCMOCHUM-
Ka) Morno ciyxuth ciaoeM ['MIC, oHO MOJKHO, BO-TIEPBBIX, HAXOAUTHCS B
OTIpeieIeHHON reorpadndecKoi MPOEKIHH U, BO-BTOPBIX, UMETh TI'eorpa-
¢uyeckyro MpuBs3KY (OBITh 3apETHCTPUPOBAHHBIM B ONPEIEIECHHON cHCTe-
Me KoopnuHaT). PacTp mo cyTu cBoeil mpeacTaBisieT co0Ooi MpsSMOYTOIb-
HYIO CHCTeMYy KoopAMHAT (kojoHKa/psn). [losToMy B mpHBEJEeHHOM K IpO-
eKLIUU PacTpe BCe Psiibl UMEIOT OJHO U TO K€ 3HAUYEHUE KOOPIUHATHI Y, a
KOJIOHKH — OJIHO U TO K€ 3HaueHue koopauHatel X. CienoBaTenbHO, AJIS
MPUBSI3KH (pEerucTpanur) CHUMKa JIOCTaTOYHO yKa3aTh 3HAYEHHUs KOOPIH-
HaT JI000ro yria, 0OBIYHO 3TO BEPXHMU JIEBBIH yroi (KOOpAMHATHI pacTpa
0,0). Koopnunara npoexkiuu Y OTCUMTHIBAETCS OT 9KBATOpa, B CEBEPHOM
MOJIyIIapHU — C ora Ha ceBep, a KoopAuHaTa X — C 3amaja Ha BOCTOK, I10-
9TOMY KOOpPAMHATHI BEPXHETO JIEBOTO (ceBepo-3anmaaHoro, NW) yria o6o-
3HavyaroTcs kKak Xmin, Ymax. (puc. 15). s npaBHIBLHOTO MO3WIIMOHUPO-
BaHUS HEOOXOAMMO TaK)Ke YKa3bIBaTh Pa3pelIeHHe pacTpa (pasMep MHUKce-
Jla Ha MECTHOCTH).

Wuopmariiiss TeonpuBsI3KH 0OBIYHO 3aIMCHIBAETCS B OTACTEHOM TEKCTOBOM
(haitie, Tak Ha3bBaeMoM world-gaiime. OH COCTOUT U3 MIECTH YHCeN (CTPOK):

Rwe (paspewienue pacmpa 6 mempax 6 HanpagieHuu 3anao — 0CMOK)

0

0

Rns (paspewenue pacmpa 6 mempax 6 Hanpagienuu 3anao — 60CMOK)

Xmin

Ymax

Bropas u TpeTbs mudpsl — 3TO HapaMeTpsl BpalleHHs, 0OBIYHO OHH PaBHBI
HyJ10. B HEKOTOPBIX MEPBBIX MOAEIAX KOCMHUYECKHX CKAHEPOB MUKCEN UMEI
HEKBaJpaTHYIO (HopMy, IOAITOMY B (a1 BKIIOYECHBI 002 3HAYECHUs, B HACTOS-
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niee BpeMst BenmmurHbl Rwe 1 Rns 00bIYHO paBHBI (HEKOTOpPHIE COBPEMEHHEIE
NpOrpaMMbl HE MOTYT KOPPEKTHO OTOOpa3HTh PacTp C HEKBaJIPATHBIM HHKCE-
J0M). 3HaK MUHYC y pa3penieHus ceBep — IO 03HAYaeT, YTO 3HaYCHHS B 9TOM
HaIlpaBJICHUH YMEHBILIAIOTCA.

Nwms world-daiina Takoe ke, Kak y COOTBETCTBYIOIIETO pacTpa, a pacuiupe-
HHUe 00pa3yeTcs Tak: OepyTcs MepBas U TPEThsl OYKBBI U3 PACIIUPEHHUS pacTpa
u nobasmsiercst W (bmp-bpw; tif-tfw; jpg-jgw u T.1.). Ecnu pacmmpenue y
(aiina pactpa orcyrerByer (B OC UNIX, mampumep), world-¢aitny maercs
pacmupenue wld.

World-¢aiin pazpaboran komnanueit ESRI n ncnosnp3yercs B ee makerax —
ArcView u Arclnfo. Hexoropsie 'MIC-nakeTsl MCTIONB3yloT CBOM (hopMatsl
¢aiina npusssku. B makere Maplnfo atot ¢aiin (*.tab) nomken conepxaTh 1Mo
KpaiiHeil Mepe TpH TOYKH IPHUBA3KH, B JIIOOOM MECTE pacTpa, HO OHU HE JIOJIK-
HBI JIXaTh Ha oxHOU mpsiMoi. B Idrisi mpuBsizka comepxurcs B Qaiiie ToKy-
MEHTAIlMH PacTpa U BKIIIOYAET YEThIpe «rabapHTHBICY» KOOPAWHATHI — MHHH-
MalbHBIE U MaKCHMaJIbHBIC 3HaUeHHA 10 ocsiM X U Y. B ¢aiinax dhopmaTos
GeoTIFF, MrSID, ECW reorpaduueckas NpuBs3Ka 3allMCHIBACTCS B CAMOM
daiine, npuyeM MOXeT OBITh YKa3aHO HE TOJBKO pa3pelleHHue U KOOPAWHATHI
NW yrna, HO U JaHHBIE O IPOSKINH M SIUIUIICOUIE, TO €CTh HCUEPIIBIBAOIIA
UH(MOPMAIIUS PETUCTPAIIMH PACTPA.

3Has pa3Mep MHUKCela, a TaKKe KOJIMYECTBO PSJIOB M KOJIOHOK B pactpe,
MOXHO OIIPEEIUTh KOOPIUHATHI JII0OOT0 MUKCeNla CHUMKA U JII000ro ero yr-
na. Takum 00pa3oM, CKaHEPHBIH CHUIMOK UMEET JIBE MPSIMOYTOJIbHbIC KOOPIH-
HATHBIC CUCTEMBI — PACTPOBYIO (KOJIOHKA/PS) U CHCTEMY KOOPJHMHAT reorpa-
¢uueckoit npoexunu (X/Y).

Pexmughuxayusn

B HEKOTOpPBIX Clly4asX BO3HHKAET HEOOXOJUMOCTHh HCIIOJIb30BaHHUS B
I'NC undpoBsx KapTorpadmuecKux MaHHBIX, HAXOAMIUXCS B HEHU3BECT-
HOW TpPOEKIHH, HANpUMep, CKaHUPOBAHHBIX a’PO(OTOCHUMKOB M Oy-
MaXXHBIX KapT, CXEM. HpI/IBe}]eHI/Ie TaKuUX JaHHBIX B 3aaHHYIO IPOCKIUIO
Ha3bIBACTCS peKTH(bHKaLlPIeﬁ U BBIIIOJIHACTCA METOAOM TaK HA3bIBAEMOTO
rubber sheet-nmpeobpa3oBanusi (OT AHTIUHCKOTO «PE3HMHOBOE IOJIOTHOY).
Hdns 3TOro HEOOXOAUMO JIOKANIHU30BaTh (OMPEACIUTh KOODIUHATHI) HE-
CKOJIbKO OJIMHAKOBO PACIOJIOKEHHBIX TOYEK M Ha CKAHHUPOBAHHOM CHHM-
Ke, 1 Ha KapTe, HaxOJsIIeiicsl B U3BECTHON MPOCKIUK, HApUMeEp, mepe-
KPECTKH JOPOT, YETKO ONpeAesieMble 3JIEMEHTHI Iuaporpaduieckoil cery,
u 1.1. (puc. 16).
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U=fX 1)
Y v V=gX D
1
1
2
2
3
4 4 3
5
6
5 6
0 X 0 u

Puc. 16. Cxema npeodpa3oBaHusi KOOPAMHAT NPH PeKTHOUKATNA

Koopaunatsr kaxnoit Touku (U, V) B HOBOH cucTeMe KOOpAWHAT OIpe-
nensirorest 1Bymst dyukuusimu (f, g) koopaunar (X, Y) B crapoii cucreme,
TO €CTh HEOOXO/JMMO paccuuTaTh YPaBHEHUS PErpeccCHH OT ABYX MEPEMEH-
HbIX. OOBIYHO MCIONB3YIOTCS MOJUHOMBI 1-3 MOPSIKOB B 3aBUCUMOCTH OT
CJIOHOCTH KOPPEKIMH: 1-ro — JuIst MpocToro npeodpasoBanus (IOBOPOTA,
MacIITaOMpOBaHust), 3-T0 — JUIsI KOPPEKTUPOBKH CHJIBHO MCKa)KEHHBIX ad-
podoTocHUMKOB (puc. 17).

Puc. 17. Cxema u3meHneHust GopMbI HCXOTHOTO (MPSIMOYT0JIHLHOI0) CHUMKA
MPHU KOpPpeKUuu noanHomamu 1-ii, 2-ii u 3-ii crenenn
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MuHMMaJIEHOE KOJIMYECTBO TOYEK 3aBHCUT OT CTEIICHH ITOJIMHOMA, TI0 KOTOPO-
My OyIeT MPOM3BOIUTCS KOPPEKIMS (I TIEpBOH CTEeTIieH: — 4, BTOpOi — 9, TpeTh-
et — 16), omHaKo KenaTenbHO, YTOOBI TOUYeK OBUIO TI0 KpaifHel Mepe B IjBa pas3a
Oospiue. Jlyumme pe3ysnbTarhl TOTy9aroTes, KOra TOYKH PaBHOMEPHO pacrojiara-
I0TCSI TI0 Beel KOPPEKTHPYEMOH TUIOMIAAN M KaK MOXKHO OJIFDKE K IIEpUMETDY.

Ecmu pekTuuupyroTcs BEKTOPHBIC JaHHBIC, TO KOOPIMHATHI KaKIOH
TOYKH MPOCTO TEPECUNUTHIBAIOTCS B HOBYIO CHCTEMY KoopauHar. /s pactpo-
BBIX JJAHHBIX TIpOLIECC OO0JIEE CIIOIKHBIM.

[Mocne nokanu3anyy TOYEK KOPPEKIMHA HEOOXOIMMO 33/1aTh TPAHUIIBI T€0-
rpaduyeckoi 00JIacTH HOBOTO PacTpa, U €ro MpPOCTPAHCTBEHHOE pa3pelIeHHe.
Takum 0Opa3oM 3agaeTcss MACCHB TOYCK — KOOPIUHAT KaXXIOro MHKCea pac-
Tpa B HOBOW CHCTEME KOOpAHWHAT. 3aTeM 0 YPaBHEHHIO PErPECCHH PACCUUTHI-
BaeTCsl COOTBETCTBYIONIMI MacCHB KOOPAMHAT TOYEK B CTAPOM CHCTEME KOOp-
auHat. EcrecTBeHHO, 9TH TOYKM He OyAyT COBIIAAATh C LIEHTPAMH ITHKCEIIOB
CTaporo pacrpa.

MOXHO NPHMEHUTH HECKOJBKO BAPHAHTOB BHIOOPA IMHKCEJIOB HCXOIHOTO
n300pakeHus A HoBoro. [IpocTeimuii BapuaHT — B3SATh 3HaUCHUE OJrbKam-
IIETo IUKCeNTa UCXOAHOTO M300pakeHns. MeTo Tak U Ha3bIBaeTCs «OmKaii-
it coceny (nearest neighbor), ua puc. 18 3To mukcen HoMep 7. DTOT METON
MIPUMEHSETCS ISl MHACKCUPOBAaHHBIX PACTPOB, a TaKkxkKe Ui U(POBBIX JaH-
HBIX JIMCTAHIIMOHHOI'O 30HIMPOBaHMS, KOTJa HEOOXOIUMO MaKCHMAIBHO CO-
XPaHUTh UCXOJHYIO CHIEKTPaJIbHYI0 HHPOPMAIIHIO.

Jliist pacTpoB grey scale v IBETHBIX 24-OUTHBIX OoJiee MPUroAeH METO I NH-
TEPIOJSIINY 3HAYCHUH HOBOT'O MHMKCEJIa 3HAUCHUSIM YeThIPeX WM HIECTHA/Ia-
TH OJDKaiIMX nuKcenoB. JInHelHHass HMHTEPIOISIHS 110 YEThIpEM 3HaYECHHSIM
HasbIBaeTcs Owmneitnoi (bilinear, puc. 19).

[Ipu 3TOM NPOUCXOIUT HEKOTOPOE «CIIIaXKHBAHUEY», Pa3MbITHE H300pake-
Husl. [109TOMY MHOTAA A yMEHBIISHHUS 9TOTo 3 deKxTa UCoNb3yeTcs HHTep-
TOJIAITIMSA TI0 3HAYEHHSAM IMECTHAANATH MMUKCENOB — Kyonueckas (cubic) — mo
CHeNHANTbHO pa3paboTaHHOMY ISl 3TOTO MOJIMHOMY 3-H CTETIeHH.

Mopymu pekrudukanuu BriodeHsl Bo Bce [ MC-nakersl, B GRASS — 3T0
MOJYJIb L rectify.

Criocob6bl  MHTEPIOJSNUAK 3HAYEHHH muKcenoB Nearest neighbor,
bilinear, cubic ucmonp3yrorcss Takke MpU U3MEHEHWH MPOEKIMI PacTPOB
(Monynb r.proj). Haubonbine mckakeHHss BO3HUKAIOT NpU IpeoOpa3oBa-
HUM PacTpOB, HAXOJSIIMXCS B MPOCKIMH NIMPOTa — A0JITOTa, B LMJINHAPH-
YEeCKHe IPOCKINH, TOCKOJIBKY B 3TOM Cllydae CHJIBHO H3MEHSIOTCS (DaKTH-
YecKue IPOIOPIMH IHKCeN0B. boiee menecoodpaseH B 3TOM ciaydae BHIOOp
KyOMUYecKoil HHTEPIOISIIIHH.
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Puc. 18. Boabmioii kpy:kok
MOKa3bIBaeT HEHTP MHKCeJa HOBOro
pacTpa OTHOCUTEIBHO eHTPa

13

B OJIMIKAMIIUX IECTHAAIATH
MUKCEJ0B UCXOHOI0 pacTpa

Puc. 19. Cxema HHTepHOIALNHT
— ya ‘ OnMHeiiHbIM MeTon0M. BbicoTa
[T BePTHKAJIBHBIX JUHUH YCJIOBHO
| MOKAa3bIBaET 3HAYEHHUS MUKCETIOB
I/ 11 6, 7, 10, 11 u nuckomoro

Mudposbie JaHHbIEe JUCTAHUMOHHOIO 30HAMPOBAHMS

Tunot cucmem /I3

JMCTaHIMOHHBIM 30HIMPOBAHUEM Ha3bIBACTCS MONy4YeHHE HH(OpMAIHU O
3eMHOH ITOBEPXHOCTH C HCKYCCTBEHHBIX CITyTHHKOB 3€MJIM U JIETaTeJIbHBIX all-
naparoB (CaMoJIeTOB, BEPTOJETOB) IyTEM aHAIM3a OTPAKCHUS SJIEKTpOMar-
HUTHBIX BOJIH — COJHEYHOTO cBeTa min panumomsnydenus (puc. 20). /I3 Boz-
MOXXHO IOTOMY, YTO TOTJIOIIEHHE, W3JIyueHHEe, PACCEHBAHHME M OTpPaKEHHE
OHEPIrun J'IIO6I)IM KOHKPETHBIM THUIIOM BCIIECTBA 1/1361/1paTean1>1 B OTHOIICHHUH
JUJIMHBI BOJIHBI U UHAUBUAYAJIBHBI JJI KaXXI0I0 BEIICCTBA, ITOCKOJIBKY OIIPEC-
JISIFOTCSL €70 aTOMHBIM M MOJIEKYJISIPHBIM CTPOECHHEM U CTPYKTYpPOH OTpaskaro-
meit mosepxHocTH (Oxym, 1975; Colwell et al., 1963).
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YacToTa B repyax ———=—

4 g g 10 12 14 16 18
10 10 10 10 10 10 10 10
1 f f f f f f f
| N
MY SV FM | EM M
FaguoeanHe MUKPOBONHEL  [pdpakpacHbiit
YeTpathHoneToEEIR Tamua-nyun
Buaumeli

PenTren

Puc. 20. YepHble NpAMOYTOJIbHAKA MOKA3BIBAIOT HCMOJIb3yeMble
s 13 ananazonst OM BoJIH

Cucremsl /I3 naioT MHGOPMALUIO IPOCTPAHCTBEHHYIO — OYEPTAHHUS dile-
MCHTOB naHumatha, N CHCKTPAJIbHYIO — ONMCBIBAIONIYIO CIICKTP OTPaXCHUA
9THX DJIEMEHTOB, MO3TOMY XapaKTEPU3YIOTCS IPEXIe BCEro BeIMYMHAMHU
CIEKTPAIBHOTO M MPOCTPAHCTBEHHOTO Pa3pelICHHs.

IIpocmpancmeennoe paspeuienue — pa3mMep HaMMEHBIIETO Y4acTKa 3eMHOM
MOBEPXHOCTH (ITMKCETa), Ha KOTOPOM ONPEJENSIOTCS YPOBHU OTpPa)KeHHOU
SHEPTUH, TO CTh KaKyl0 MaKCHUMAJIbHYIO IE€TaIbHOCTh H300paKEHUsI TT03BOJIS-
eT moy4nTh mpubop J13. Yem MeHbIIe pa3Mep MUKCENa, TEM BBIIIE IPOCTPaH-
CTBEHHOE pa3pelIeHue.

Cnexmpanvnoe paspeuieHue — 3TO KOJIMYECTBO KAHAIOB (CIEKTPaIbHBIX
QMama30HoB), B KOTOPBIX BeAETCS cheMKa mpubopamu /I3, ¥ 9acTOTHBIE WH-
TepBalIbl KQKIOTO KaHaa, TO €CTh HACKOJIBKO JAETATbHYIO CIIEKTPAIBHYIO WH-
(hopManuro Mo3BOJSLET MOTYINTh iprudop /3.

CyliecTBeHHOE 3HAUYEHHE MMEET TaKKe HIMPUHA IMOJIOCHl CheMKH (OT Je-
CATKOB OO0 COTCH KI/IIIOMeTpOB) 1 NCpUOAUYHOCTE CBbEMKH OAHOTO M TOI'O K€
yJacTka TeppuTopuH (0T OJHOTO JHSI 10 IBYX HEIEINb).

Cucremsl /I3 moapaszuensioTcsl Ha MacCUBHBIE M akTHBHBbIE. K 1mepBbIM
OTHOCSTCSI MYJIbTHCIIEKTPAJIbHBIE (ONTHYECKHE) CKaHEPHhl, KOTOPBIE PETUCT-
PUPYIOT OTPaKEHHYIO COJIHEYHYIO PaJUallMi0 B HECKOJIBKUX JUAla30Hax —
BUJIUMBIX U HH(paKpacHbIX (Tabiu. 1), HO3TOMY € MX ITOMOLIBIO HEBO3MOX-
HO TOJIYYUTb MH(OPMAIUIO O 3€MHOW MOBEPXHOCTH, 3aKPBITOM 00JIaYHBIM
IIOKPOBOM M B TEMHOE BpeMs CyTOK. DTOTr0 HEJOCTaTKa JIMIIEHBI aKTHBHBIC
PaAMOJIOKAIMOHHBIE CHCTEMBI (pajapbl), B KOTOPBIX CBEPXBBICOKOYACTOT-
HOE M3JIy4YCHHE IepeAaTINKa CITyTHUKA HANpaBIsieTCs Ha 3€MIII0 U PETHUCT-
pHUpYyETCsI OTPaKEHHBIH CHTHAJ, SHEPTUSI KOTOPOTO 3aBHCHUT OT IPOCTPAH-
CTBEHHOM CTPYKTYpPbl U JUAIJIEKTPUUECKUX CBOMCTB OTpa)karolled MOBEpX-
Hoctu (Moor, Simonett, 1967).
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Tabnuya 1. CneKkTpajbHble 1HANA30HbI (KAaHAJIbI) KOCMHYECKHX CKAHEPOB

Bunnmble Wndpaxpac isie
Cunut , B (0.5-0.6) bamxunii nadpakpacusiid, NIR (0 8-0.9)
3enew i1, G (0.6-0.7) 1-ii cpenneBosiHOBBIN, SWIRI (1.£-1.7)
KpacH 1if, R (0.7-0.8) 2-it cpepneBosiHOBBIN, SWIR2 (2—!.3)
TemnoBoii, t° (10.5-12.5)

Tlpumeuanue. B ckoOkax — JUIMHA BOJIHBI B MUKPOMETPaX (MKM), Y Pa3jMYHbIX CKAHEPOB IPAHMIIBI IHa-
1a30HOB MOTYT HECKOJIBKO OTINYATHCS. I paHHIIb! TMAa30HOB OKA3aHbI TAkKe CTOIOHKaMU Ha pHC. 21

Pamapsr xapakTepu3yroTcs pabodeii 4acTOTON MM AMUHOW BONHEL. Han-
6osee pacupocTpaHEHBI MpUOOpPHI, padotaromue B amamasonax C (5.7 cm,
win 5.3 I'ra — cartumerpossrit) u L (23.5 cm, nwimn 1.28 I'rp — geuumerpo-
BeIi). D10 pamapser ERS, JERS, RADARSAT u npyrue, CHUMAaromue mojiocy
upunoit 100-1000 km ¢ paspemenuem 10-50 M. B mocnennue roas! noss-
JISIIOTCS pafiapbl ¥ 0oJiee BHICOKOTO pa3pelieHusl.

Oco0eHHO 3 PEKTHBHO COBMECTHOE HCIIOIb30BAaHNE IAHHBIX PaJJapHOIl U CKa-
HEpHOH CHEMKH, ITOCKOJIBKY OHH JIAI0T MH(OPMALHIO O Pa3IMYHBIX CBOMCTBAX MO-
BEPXHOCTH, B CBSI3M C YEM B ITOCIIEJHUE TO/IBI MOSIBIISIFOTCSI CITYTHUKH, HA KOTOPBIX
YCTaHOBJIEHBI M ONTUUECKUE CKAHEPHI, U pafap, HanpuMmep, smoHckuit ALOS.

K akTBHBIM cHCTEMaM OTHOCSTCS TaKXKe CKaHUPYIOLINE JIa3epHbIE JaTbHOME-
pbl, paboTaroIye B BUIMMOM M HH(PPAKPACHOM JHAra3oHax. JTH IPHOOpPHI ycTa-
HaBJIMBAIOTCS HA BEPTOJIETAX U IIyTEM MaTEMaTHIECKOTO MOJICTUPOBAHNS PE3YITh-
TaTOB CKAHMPOBAHWS CO3JAIOT IMOJHYIO TPEXMEPHYIO KapTHHY peibeda 3eMHOU
TIOBEPXHOCTHU U BCEX PACTIONOKEHHBIX Ha HEH OOBEKTOB — IEPEBBEB, 31aHUH 1 T.1I.
C TOYHOCTBIO JI0 HECKOJIBKUX caHTUMETpoB ([lanmmuH u 1p., 2005). OcHOBHOM He-
JIOCTaTOK 9THX CUCTEM — OUECHb BBICOKAs B HACTOSILIEE BPEMsI CTOUMOCTD JIaHHBIX,
B JlaJIbHEHNIIIEM OHa, 110 BCEH BEPOATHOCTH, IOMKHA TTOHMKATHCSL.

Hawubonee pacnipocTpaHeHHOW B HacTOsIIIee BpeMsl TEXHOJIOTHEH TUCTaH-
IIUOHHOT'O KOCMHYECKOTO 30HMPOBAHUS SIBISIETCS MHOTOCIIEKTPaJIbHOE CKa-
HupoBanue (Tabdi. 2).

Tabauya 2. XapakTepucTHKH HaHG0JIee PacCIPOCTPAHEHHBIX KOCMHYECKHX CKAHEPOB

Ckanep Crpana Jlnama3oHbl Honoci;LeMxn, Paspe;wﬂue,
Landsat CIIA B,G R,NIR,SWIR1,SWIR2,t° 180 30 (15%)
IRS Wupus G, F, NIR, SWIR1 160 25
SPOT Dpanys G, F, NIR, SWIRI 60 20 (10)
Tkonos CIIA B,G R,NIR 60 4(1)
QuickBird | CIIA B,G R,NIR 2.4 (0.6)

* B cko0Okax yKa3aHO pa3pellieHHe MaHXPOMaTHYEeCKOrOo (COOTBETCTBYIOIIETO BCEMY BHIAMMOMY
Jmaraszony, 0.5-0.8 Mxm) kaHasa ckaHepa.
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

Ocobennocmu CREeKmpa ompaX)tcenusa pacmumeslibiHo2o noKkposa

CxaHepsl IPUTOJHBI AJS1 TUCTAHIMOHHOTO 30HAWPOBAHUS CTPYKTYPHI U
COCTOSIHHUSI PAaCTHTEIBHOIO MOKPOBa Oyiarogaps 0COOCHHOCTSIM CHEKTpPa OT-
pakeHus PAacTUTENBHOCTH. JIMCT Kak ONTHYEcKas CHUCTEMa OTJINYAETCs
YPE3BBIYANHO CI0KHOM CTPYKTYPOHl Ha BCEX YPOBHSX — TKAHEBOM, KJIETOY-
HoM, MoJekyisipHoM ([opsimmaa, 1979). B Buaumo# u OmmxHe#dt uHdpa-
KpacHO! 00JacTAX CHEKTpa MOKPOBHI JUCTA (KYTHUKYJa U SMHAEPMHUC) OT-
paXXaroT M M3ITydaroT c1abo ¥ He 0YEHb CEJIeKTHBHO. XJIOpO(HIIT NOTIIoa-
et Oonee 80% nHepreTnyecku HachIeHHBbIX cuHero (B) m kpacuoro (R)
Y4acTKOB BUAMMOTO CIIEKTpa, 3HaYUTENIbHas 4acTh 3eneHoro (G) cera ot-
paxaetcs (puc. 21).

Ancbego

100%
80 4
60 —
40 |

/N

20 SWIR1 \
SWIR2 N
0 1 T T T T T T T
4 6 8 1.0 14 1.6 20

ANWHa BOMHbI, MKM

Puc. 21. CnexTp oTpaskeHHs 3eJI€HOI PACTHTEIHLHOCTH H CIEKTPAJIbHbIE
auana3oHbl ckanepa Landsat-TM (mo: Sabins, 1987)

MakcuManbHO OTpaXKeHHE JIMCTA B ONMKHEM HMH(PaKpacHOM IHala3oHe,
9T0 OOBSICHAETCS HM3MEHEHHEM Ko3(h(UIMeHTa NpeloMIeHHs B TyO9aToi
MapeHXUMe MEXIY BO3LYXOM B MEXKKIJIETOYHBIX IPOCTPAHCTBAX U TUIPATHPO-
BaHHOH LIEIUTIONIO30M KJIETOYHBIX CTEHOK. DTO SIBISIETCS 3BOJIOLMOHHO BBIpa-
0OTaHHBIM TPUCIIOCOOJICHHEM JJIsi MPEAOTBPAICHHUS TeperpeBa JHCTBBI Ha
COJHIIE.

KoaddunmeHTsl oTpaskeHHs1 B KaXKIOM JIHaNa30He CIIEKTpa 3aBUCAT OT CO-
CTaBa TKaHeW pacTeHHs, MOp(OJIOrUHU I0JIO0ra, BO3pacTa, YCIOBUI Hpou3pa-
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cTanus. VI3MEeHeHns B CIIEKTPE OTPaKCHUSI CBUAETEIBCTBYIOT 00 M3MEHEHUSIX
B (PM3HONIOTUYECKOM COCTOSIHUH PACTHTEIBHOCTH (KOMUYECTBO 3€IICHOH Ono-
Macchl, CTPYKTypa TKaHEH JHCTa, FeOMETPUsl U Typrop KJIETOK, BOAHBINH pe-
KHUM, COJCpP)KaHWE MHUIMEHTOB — XJIOPOMMIUIOB, KapoTWHOWAOB). Tak, mpu
YMCHBIICHUN 3€JIEHOW OMoMacchl CHIKAeTCsS KOI((UIIMEHT OTpaXeHUS B
OmkHeW MH(ppaKpacHOil 00JIacTH CHEKTPa, MOCKOJIBKY CHMU)KAETCSl KOJIMYECT-
BO «OTOpPAaCHIBAIOLIEH» ITO U3Ty4YeHHE ryOUaToi MapeHXUMbl. JTO TO3BOJISIET
ONPEACIATE YUAaCTKHU MOBPEKACHUA JIECOB HACCKOMBIMH-BPEAUTCIIAMU, adpO-
TEXHOT€HHBIMH BBIOPOCAMH M WHBIMH €CTECTBEHHBIMH W aHTPOIOT€HHBIMH
(hakTopamu.

Pazniunst B BOIHOM peXHMe pacTeHHH HanboJiee CHIbHO MPOSIBIISIOTCS B
cpenHeBOIHOBOM MHGpakpacHoMm nuarnazoHe (SWIR). CoorBercTBeHHO 1O
OTPa)XEHHUIO B 3TOM JHara3oHe MOXHO BBIJICIUTh Pa3JIMYHbIC THUIIBI PacTH-
TENBHOCTH, IPHYPOICHHBIC K PA3TMYHBIM 110 BIA)KHOCTH YCJIOBHIM MPOU3pPa-
CTaHUS.

JlaHHBIE OCOOCHHOCTH CIIEKTpa OTPaXKCHUS PACTHUTEIBHOCTH HCIOIB3Y-
IOTCSI B TaK Ha3bIBAEMBIX CHEKTPAIbHBIX MHAEKCAX — BEJIMYMHAX, PACCUUTHI-
BaeMbIX MCXOJ U3 3HAUECHUI pa3INyYHBIX KaHaloB ckaHepoB. Hanboiee mu-
pPOKO TpUMEHSETCS TaK Ha3blBa€Mbli BereTalmoHHbId uHAEKC NDVI,
Normalized Difference Vegetation Index (Tucker, 1979; Sabins, 1987). 1n-
JIEKC PacCUMTHIBACTCS KaK Pa3HOCTh 3HAYCHUH OTPaKEHUsS B OJIIKHEH MH-
(dbpakpacHOW M KpacHOW 00JIACTAX CIEKTpa, JCJICHHas Ha WX cymmy. B pe-
synbTaTe 3HaueHuss NDVI mensitorcs B auanasone ot —1 go 1. J{ns 3eneHoi
PacTUTENBHOCTH OTpaK€HHE B KPAacHOW 00JacTu Bceraa MeHbIIe, YeM B
OmkHel nHQpaKpacHOi, 3a CYET MOTJIOMICHHUS CBETa XJIOPOPHILIOM, TT03TO-
My 3HaueHuss NDVI s pacturensHOCTH HE MOTYT OBITH MeHbIe 0, a Mak-
CHUMalbHOE 3HaUCHHE MHJCKCa OyIeT B yd4acTKaX ¢ MaKCHMaIbHBIM KOJIUYE-
CTBOM (DOTOCHHTE3HpPYIOLIeH OroMacchl.

Jinst BBISIBIICHUS! YYAaCTKOB € PA3IMYHBIMH THIPOJIOTWYECKUMH YCIOBUSIMU
HCTIONB3YeTCsl TakkKe CIEKTPAIbHBIA WHIEKC CcTpecca BIaxkHOoCcTH — MSI
moisture stress index, paBen otHomenuro kananoB SWIR1 u NIR (Rock et al.,
1985).

KpuBas cHekTpanbHOTO OTpaXkKeHHsI HasbIBaeTcs «cucHamypa» (0T
aHTJIMHCKOTO signature — moanuck). CkaHepbl perucTpupyoT GopMy Cur-
HaTypbl B HECKOJIbKHMX €€ Y4acTKax B KaKJOM IHKCeJe CHHMKa B BHUJE
MOCJIeI0BATEILHOCTH YHCEIN, COOTBETCTBYIOIIUX YPOBHSIM CUTHAJIa 1O Ka-
HanaMm (puc. 22, 23).
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

200_ 200_ 200_ 200, 200_
150 | 150 150 150] 150
100 | 100 100 100] 100]
a0 50 50 a0 50
D_DDHDD 0l000a= DDH HD EI|:||:| H D_:| H H
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e BOOA GonoTo BelpyOka NecoK

Puc. 22. IIppmMepsbI THIMYHBIX CHTHATYP Pa3JIHYHbIX KaTeropuii 3eMHOI
MOBEPXHOCTH B BHJ/IE THArpaMM ISATH KaHaJI0B ckaHepa Landsat 7 (2-G, 3-R,
4-NIR, 5-SWIR1, 7-SWIR2). Ocb opauHaT — ypoBeHb CHIHAJIA JATYMKA CKaHepa
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Puc. 23. CxemaTHueckoe uzo0pazkeHne (pparMeHTa CKAHEPHOIro
CHMMKa KaK pacTpa CHTHATYpP
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Peructpupyemble CKaHEpOM 3HAYCHHsI YPOBHEH OTPaXKCHUSI 3aBUCIT OT
MHorux (hakropos. [Ipexie Bcero 3to mpo3pavHocTbh aTMOcdepbl, KOTopas 3a-
BUCHT OT JUTMHBI BOJHBI OTPaXEHHOTO U3iydeHusi. CyliecTBYIOT 00JIacTH I10-
BBIIIEHHOTO TOTJIONIeHus yueit atmocepoit (1.3-1.5 u 1.6—-1.8 mxm), B xo-
TOPBIX KPHBasi CIIEKTPAILHOTO OTPaKEHHs PE3KO HIET BHU3, TOITOMY JHaria-
30HBI KAaHAJOB CKaHepa BBIOpAHBI TAKMM 00pa30oM, YTOOBI COOTBETCTBOBATH
«OKHaM IMpo3pavyHoCcTU» (cM. puc. 21).

YpoBeHb cHrHalla JJaT4MKa CKaHepa OINpeaesseTcsi COOTHOUIEHHEM OT-
paxaTeNbHOW W TOTJIOMIATEIEHONH CIMOCOOHOCTH TOBEPXHOCTH (anbdeso)
3eMJiIH, a TaKXKe YIJIOM MEXIY HCTOYHHKOM OCBEIICHHUS, PETHCTPUPYIOIIAM
mpubOPOM M TIOBEPXHOCTHIO, KOTOPHIN B CBOIO OYEPE/(b 3aBUCHUT OT BBICOTHI
COJIHLIa HaJl TOPU30HTOM, penbeda 3eMHOW MOBEPXHOCTH U yIJIa CKAaHHPO-
BaHus (puc. 24).

cKaHep

nec Wnyr,6on0To,Bb|py6Ka

Puc. 24. Cxema oTpa:keHHUsI COJTHEYHOT0 H3.Ty4eHHS OT OCHOBHBIX KaTerOpHii
3eMHO OBEPXHOCTH

Bricota CostHIIa B CEBEPHBIX INIMPOTAX JIaKe B MEPHOJ JIETHETO COJIHIIE-
cTosHUA He mpeBbimaer 50 rpaxycoB, a CKAHUPOBAHUE NPOUZBOAUTCS BEPTH-
KaJbHO WY C HEOOJIBIINM OTKJIOHEHUEM OT BEPTHKAJIH.

JlecHoti mosior oTnn4aeTcst OOJIBIION HEPOBHOCTHIO MTOBEPXHOCTH, M 3HAYH-
TeJIbHAs 9acTh U BUIMMOTO, M MH(PAKPACHOTO M3IYUYEHHs MOTJIONIAETCS, 110-
9TOMY JIEC Ha CKaHEPHOM CHHUMKE BBITJIIIUT TeMHbIM. Kak u 171 Bcex TUIOB
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2. OCHOBHBIE TIPUHIIMUIIBI U METO/IbI THC-TEXHOJIOTUI

PacTHTEIBHOTO IIOKPOBa, B OJMKHEM HMH(PAKPaCHOM IHAala30HE OTPAKCHHUE
MaKCHUMAaJIbHO.

BonHas moBepXHOCTh Iiiajikast, IeHCTBYeT KakK 3epKajio, U OoJblIas 4acTb
m3mydeHus orpaxkaercs (JIabyruna, 2004). Kpome Toro, 3HaunTeNbHAs 9acTh
W3JTy4eHHs MTOTJIOIAETCs BOJOH (110 Mepe Mepexona OT BUAUMOTO IHara3oHa K
nH(}ppakpacHOMYy TOIJIOIIEHHE YBEIMYMBAETCS), MOITOMY Ha CHHUMKE BOja
HauOoJee TeMHasl.

PoBHBIE TOBEPXHOCTH, MOKPHITHIE TPABSIHUCTOH PACTHUTENHLHOCTBIO (00JI0-
Ta, BBIPYOKH, CEIIbX03YT0/ibs1), TOTJIOAI0T 3HAYMTEILHO MEHbIIEe KOIUIeCT-
BO M3JIy4YEHUs], YEM JIECHOH I0JIOT, IOATOMY Ha CHUMKE ITOJTy4aroTCsl CAaMBIMHU
CBETJIBIMH, 0COOCHHO B OJIFDKHEM HH(PPAKPaCHOM JMara3oHe.

PoBHbBIE MOBEPXHOCTH, HE MOKPHITHIC PACTUTEILHOCTHIO (HAIPUMEp, Tec-
KH), TaKKe BBIMVIAAAT Ha CHUMKax OoJiee CBETJIBIMHU, HO 0e3 OOJIbIINX pasiu-
YHi B BUOIUMBIX 1 HHPPAKpacHBIX TUana30Hax.

HUckaocenus qu)opMab;uu KOCMUYECKO20 CKARUPOBAHUA

Bcenencreue KpUBH3HBI MOBEPXHOCTH 3€MIIH, €€ BpalleHHs BOKPYT coOCT-
BEHHOH OCH U NEpeMEIEeHUs] CaMOTro CKaHepa MO0 OpOuTe OTKIOHEHHs yrIia
CKaHMWPOBAHUS OT BEPTUKAIH MPSIMOYTOJIBHBIH pacTp, MONTYyYeHHBIH KOCMUYe-
CKUM CKaHEpOM, B PEaJIbHOCTH (Ha MOBEPXHOCTH 3eMJIH) MPEACTABISET COO0M
¢burypy ciaoxHoi popmsl (puc. 25).

Puc. 25. PeanbHas ¢opma ¢pparMeHTa MOJIOCHI
CKAaHEPHOi CheMKH Ha MOBEPXHOCTH 3eMJIH

Hckaxxenus Ha PUCYHKE I HAITIIAHOCTU 3HAYUTECIIBHO NMPECYBEIINYCHBI, B
JENCTBUTEILHOCTH IS OOJIBIIMHCTBA CKaHEPOB KPpUBU3HA JIMHUU CKaHHUPOBa-
HHS COCTaBJIIET He 00JIce HECKOIBKUX METPOB HAa KUJIOMETP MPOTAKECHHOCTHU.
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Tem He MeHee Ha NepBOW CTalui CKaHEPHbI CHUMOK I'€OMETPUUYECKH UCKAKEH.
ITockonpKy Bce BEIMYMHBI, TPUBOSIIME K JaHHBIM HCKOKEHMSAM (IapaMeTphl
opOuTHI cKaHepa, (opMa B CKOPOCTh BpPAIICHHS 3€MJIIH), U3BECTHBI, TeOMETpHYe-
CKHE HCKaXEHMs JIETKO YCTPAHSIOTCS IyTeM MaTeMaTH4YeCKOd o0paboTkH, B
pe3ynbTate KOTOpOW CKaHEpHBIH CHUMOK OyIeT HPEICTaBIATh COOOH TOYHYIO
reorpaMuecKyro KapTy B 33/IaHHOM IPOEKLUH. DTH NpeoOpa3oBaHusi OCYIECT-
BJISIFOTCA Ha MpUeMHOW cTaHumu. Ho juid JOCTHMKeHHs MaKCHUMajbHOW TOYHO-
CTH, 10 HECKOJIbKMX METPOB U MCHEC, HCO6XOI[I/IM8. JOIIOJIHHUTEIIbHAs ITPUBA3Ka
CHHUMKa K TOYKaM Ha MECTHOCTH, KOOPJJMHATHI KOTOPBIX OIPE/IeNIeHbI TI0 Mprubo-
pam GPS. Dra okoHuaTenbHas NMpHBs3Ka, KaK MPaBUIIO, TPU HEOOXOANMOCTH
OCYIIIECTBIISIETCS YK€ KOHKPETHBIMH TI0JIb30BaTEIISIMUA CHIMKOB.

HckaxkeHus1, BEI3BaHHBIC Pa3JINYHON YyBCTBUTEIBHOCTHIO JATINKOB CKaHE-
pa K BOJIHAM PA3IMYHON JJIMHBI M Pa3INYHBIM NTPOIYCKaHHEM 3THUX BOJH aT-
Moc¢epoit, Ha3bIBAIOTCS pafuoMeTpudecKuMH. [IpuBoasmue Kk HUIM (GakTops
Gostee CIIOKHBI, UM B CIIy4ae T€OMETPHUECKUX MCKaxeHHH. OIHAKO CyIecT-
BYIOT METO/IbI, TO3BOJISIOIINE B 3HAYUTENBHON CTENIEHN YCTPAHUTD BIUSIHUE U
ATUX HCKKEHUH, — paguoMeTpuueckas Koppekius. OObIYHO MOTpeOUTENnsIM
CKaHEpHbIE CHUMKHU IIOCTaBIIIOTCA M T€OMETPHUYECKH, U PaJUOMETPUUYECKU
CKOPPEKTHPOBAHHBIMH, XOTSI [0 KEJIAHUIO TOJIb30BaTENeH MOTYT NPEJOCTaB-
JIATHCSI U HEKOPPEKTUPOBAHHEIE.

Dopmamul haiinoe ckanepHvix CHUMKOG

Wudopmanus ckaHMPOBaHHUS MOXKET OBITh 3acaHa B YETHIPEX OCHOBHBIX
TUnax (opmMaros:

1. B popmarte, anamornaHOM (opMaTy OOBITHOTO PaCcCTPOBOTO (aiiia mBeT-
Horo m3o0paxenus (True color-RGB), Hanpumep, BMP, B xoTopom amst kax-
JIOTO TIMKCEJIa CHUMKA 3aIlUCHIBAIOTCS TTOCIEIOBATEIBHO OalThl, COOTBETCT-
BYIOIIME YPOBHAM BCeX KaHajoB. JToT (opmar HaswsBaercs BIP (Band
Interleaved by Pixel).

2. B dpopmare BIL (Band Interleaved by Line) kaHanbl 4epemyroTcs mo-
CTPOYHO — CHavasa MepBble CTPOKH BCEX KAHAJIOB, 3aTEM BTOPbIC U T.JI.

3. PacTpbl Bcex KaHaJOB 3alMCHIBAIOTCS MOCIE0BATEIbHO, 3TOT (opMaT
HaseiBaercs BSQ (band sequential).

4. KaxxgoMy KaHaTy COOTBETCTBYET OT/EIIbHBINA (haiin grey scale, Bce (aiibl
MMEIOT COOTBETCTBEHHO OIMHAKOBOE YMCJIO PS/IOB M KOJOHOK. B 3TOM cityuae
(atiner 06br4HO 3ammckiBatoTes B popmare GeoTIFF, craBmmM cranmapTom ne
¢axro ms pactpoBoil reomHpopmanuu. B sTom xe dopmare B ogHOM (haiine
MOTYT 3allHChIBaThCs Cpa3y HECKONBKO KaHaloB, o Tuiry BIP, BIL nnu BSQ.
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2. OCHOBHBIE TPUHIIHUITBI 1 METO/IbI TUC-TEXHOJIOTUH

Bu3ya.nu3auu;l CKAHEepHO20 CHUMKaA

[pocreiimii cioco6 Mcob30BaHMsT HHPOPMAIMU CKaHUPOBAHUS — 3TO €ro
BU3yaIM3aLisl B BUJIE paCTPOBOTO M300paxkeHus. Tak, ecii co3aaTh pacTp U3 ofl-
HOT'0 KaKoro-jin0o KaHajga CHUMKA, MOJyYuM M300paXKeHHe B Ipajialisax Ceporo
(grey scale). ®aiin popmarta GeoTIFF, B koTOpoM 3aricaH OJHH 13 KaHAJIOB CKa-
HEPHOT'0 CHUMKA, MOXKHO IIPOCTO OTKPBITH B rpauueckoM peaakTope, Harpumep
PhotoShop. Eciu 310 rcxo/HbIi, HeoOpaOOTaHHbIH, CHUMOK, H300pakeHue OyieT
o4eHb TeMHBIM. OOBSICHSIETCS 3TO TEM, UTO 3HAUYCHUsI YPOBHEH CUTHANA HEBEIIHKH,
00braHO He mpeBbimaroT 100 — 150 B camoM sipkoM — OnmkHEM UH(PaKpacHOM
KaHaJle — BEPXHsSA THCTOrpaMMa Ha puc. 26 (THCTOrpaMMa ITOKa3bIBaeT OTHOCH-
TeJbHOE KOJIMYECTBO IIMKCEJIOB C TAHHBIM YPOBHEM SIPKOCTH BO BCEM CHHUMKE).

Puc. 26. Cxema npeodpazoBaHus

] 127 255 APKOCTH

IToBbIcHTh BU3YyallbHYIO «YMTAaEMOCTBY» CHHMKa MOXHO C IIOMOIIBIO pyd-
HOW MJIM aBTOMAaTH4ECKOM HAaCTpoMkH sipkocTH. OHa 3aKJII0YAeTCs B «PacTArH-
BaHUI» THCTOIPAaMMBl — Ka)XJJ0€ 3HAYEHHUE SIPKOCTH NEPECUUTHIBACTCS TaKUM
00pa3zoM, 4TOObI MHHUMAIBHOE 3HAYEHHE MCXOJHOW MMCTOrPaMMBbl OKa3aJloCh
PaBHBIM HYJIIO, @ MAKCUMaJIbHOE — 255 (puc. 26, HWKHSIS THCTOTpaMMa).

RGB-cunmes

BusyanbHass MHPOPMATUBHOCTh KaXKJOTO OTIEJIBHO B3STOrO KaHala
oueHb HeBenrnka. OHa MHOTOKPATHO IOBBIMIACTCS, €CIHM B3STh Kakue-Inoo
TpPH KaHaJla CHUMKa M CO3/1aTh U3 HHUX LBeTHOE 24-O0uTOBOE M300pakeHHE B
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HCKYCCTBEHHBIX IBETaX. JTH ONEpallud MOXHO BBINOJHHUTH, HAIPUMED, C
momotrsio pemxaktopa PhotoShop, omepamus Merge Channels (Cxirents ka-
Haisl). Bee Tpu (aiina DOMKHBI OBITH OZHOTO pa3Mepa M B pEXHME grey
scale. B aTom ciryuae Taxke He00X0oAMMa aBTOMATHUYECKasi MIIM PydHas MOJ-
CTpPOKa SIPKOCTH MO KAXKAOMY KaHaIy.

CuHTe3upOBaTh IBETHOE M300paKEHHE MOXKHO U3 JIIOOBIX TPEX KaHAaJIOB.
Takoe n3oOpaxkeHne HasbiBaeTcs «false color» (B MCKyCCTBEHHBIX IBETaX,
nceBaorBeTHoe). OObIYHO 111 cHUMKOB Landsat ncnonb3yroT kaHais! 2, 4, 7
(G, NIR, SWIR2), cOOTBETCTBEHHO KaK CHHWIA, 3€JICHBIN, H KPACHBIH.

B aTom ciyuae OynyT MakCHMallbHO KOHTPACTHO TIPENICTAaBIIEHBI BCE KaTe-
TOPHH 36MHOH TIOBEPXHOCTH — PACTHTEINILHBIE, HEPACTUTENIbHBIE U BOAHBIE. Ec-
T K€ HEOOXOJMMO BBIIEJIUTH ITPEUMYIIECTBEHHO PaCTUTEIbHBIE KaTeropuH,
Gostee 11e71€CO00PA3HO MCMOIB30BATh Ul 3TOTO MH(PAaKpacHble KaHAJbI, TaK
KaK MMCHHO B 3THX YYacTKaxX CIIEKTpa Ooiee BCETO MPOSBIISIOTCS Pa3Indus
MEXIy THIIAMH PACTHTENBHOTO MOKpoBa (puc. 27). CHHTE3NpOBaHHBIE TaKUM
00pazoM M300pakeHNsI MOTYT HCIIOIb30BATHCS YIS TIOJyYEHHUS] Pa3HOTO Poja
0030pHoOit nHDOpMaru 0 Tepputopur (cM. puc. 59 u 60, cieBa u B LIEHTPE).

Tlosvluenue paspeuteHusl CKaHepHoco CHUMKa
C UCNOJIb306AHUEM NAHXPOMAMUYECKO20 KaHala

JIns CHUMKOB CKaHEpOB, UMEIOIIMX KaHaJ B MAHXPOMAaTHYECKOM AMAINa3o-
He, MPOCTPAHCTBEHHOE pa3pelieHre KOTOPOTro 00bIYHO B 2—4 pa3a BHIIIE, YeM
CHEKTPAJIBHBIX KAaHAJIOB, BO3MOXKHO HEKOTOPOE BU3YyaJbHOE MOBBILIIEHUE Pa3-
pemennst RGB-cuHTE3MpOBaHHBIX NM300paKEHUH METOZOM MpeoOpa3oBaHUs
RGB - HIS - RGB.

BriOpannble 115t cMHTE3a KaHalbl IpeodpasyioTes B Mozaens HIS (Momyns
i.rgb.his). Ilomyuaetcs Tpu pactpa — I, H, S. PacTpsl, cooTBeTCTBYIOIIHE BEIH-
ynHam H m S, mpuBOAsTCS K paspemeHnIo MaHXpPOMATHUECKOTO KaHala, TO
€CTh YHCIIO PAAOB U CTPOK PAacTpa yBEIWIUBACTCS B COOTBETCTBYIOIIEE YHCIIO
pa3 — aBa wiM 4deThipe (Momaynb r.resample). IIpu 3TOM KaxaoMy MUKCETY
CHEKTPaJbHBIX KaHaJOB OYyJEeT COOTBETCTBOBATH YETHIPE HJIM IIECTHAALATh
MTUKCEJIOB MMAHXPOMATHYECKOT0 KaHaNa, YTO U MO3BOJISIET BU3YAIbHO MTOBBICHTH
JIETAIbHOCTh CHUMKA.

ITpu ob6parHom npeoOpazoBannu HIS B RGB (Monynb i.his.rgh) B xadect-
Be SIPKOCTHOro KaHana | mcroip3yercss maHXpoMaTH4ecKHid pacTp. 3aTeM u3
noJy4eHHbIX (aitoB cunresupyercs RGB-u3o0paxenue. Ilpumep pesynbpra-
TOB TaKOT'O CHHTE3a NIPUBEJEH Ha PUC. 28.
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Puc. 27. CUrHaTypsl pa3jH4HbIX KATErOpHii pacTUTEILHOrO MOKpoBa (1—6)
Ha ciuMKe Landsat 7. Hau6oabmas sapuanus B kanajgax NIR u SWIR



Puc. 28. Cnesa — RGB-cunre3 u3 uH¢pakpacHbIx KaHaIO0B ¢ paspemenuem 30 m,
crnpaBa — RGB — HIS — RGB-cuHTe3 ¢ HCNO/1b30BAHUEM NAHXPOMATHYECKOTO
KaHaJa ¢ pa3pemenueM 15 m

max

mm

Puc. 29. OTHOCHTEIbHASA MJIOTHOCTD MUKCEJIOB B IBYXMEPHOM CIIEKTPAJILHOM
npoctpancTie KaHajoB NIR (ocs X) u R (och Y)



3. KTIACCUDPUKAIIMS CKAHEPHOM MTH®OPMAILIUU

Bmsyanuzanusa caumMia crocooom RGB-cuHTe3a (mpumeps! Ha cM. puc.
59 u 60, cineBa U B LIEHTpE) JaeT JHiIb 0030pHYyI0 HH(popMalmio. s Toro
YTOOBI MOMYYUTH KOJMYECTBECHHBIE MOKA3aTEIH, HAIPUMEp, TUIOMAAb BEIPY-
00K, X0J1 Ipolecca JIECOBOCCTAHOBIICHHS U T.J., CHHMOK HEOOXOJUMO KJlac-
CU(UIHMPOBATh, TO €CTh BBIACIUTh y4acCTKH (KOHTYPBI), COOTBETCTBYIOIINE
JIaHHBIM KateropusiM. Eciin HeoOXOAMMBI JaHHBIE 10 KAXKAOMY OTACIHHOMY
00BEKTY — yUacTKy BBIpYOKH, BETPOBaJa U T.JI., KOHTYPHI JOJKHBI OBITH BEK-
Topu3oBaHbl (cM. puc. 59, 60, crpara). [IpuHIun kraccudukanuu OCHOBaH
Ha MPEATOJIOKEHUH, YTO CXOJHBIE TI0 OMOJIOTHYECKUM XapaKTepUCTHKAM Ka-
TErOpPUH MOBEPXHOCTH JOJDKHBI UMETh M CXOJIHBIE 10 ()OpME CHI'HATYPHI.
TexHuYeckn nporuecc 3aKI0YaeTcsl B TOM, YTO IPOTrpaMMa IHKCEeN 32 IHKCe-
JIOM IPOYUTHIBAET BeCh (Dailyl CHUMKA, aHAIN3HUPYET 1O BHIOPAaHHOMY ajro-
PUTMY CUTHATypy Ka)KIOT0 IMHKCENa ¥ OTHOCHUT €ro K ONPEJIEIEHHON KaTeTro-
pUH, KOTOPOH MpHCBaWBaeTCA KaKOH-ITNO0 3aJaHHbBIN [IBET. TakuM o0pa3om,
pe3ysbTaT KiaccuUKaluy IPpeCTaBIseT cO00H HHISKCHPOBAaHHOE H300pa-
JKEHHE, Ha KOTOPOM pa3IHYHBIMU L[BETaMH 0003HA4YarOTCsA Pa3INuHbIC KaTe-
TOPHM 36MHON IOBEPXHOCTHU U THIBI PACTUTENBHOTO OKpoBa. OTMETUM, YTO
IpHY KiaccH(UKaUU UCTIONb3YyeTCs BCS coiepKamiasics B CHUIMKe HH(opMa-
us, Toraa kak i RGB-cuHTe3a — nuiib Tpu KaHajga, a HHPOpMAIUsI OC-
TaJbHBIX OCTACTCS HEBOCTPECOOBAHHOM.

ITo cBoeli cytn KiaccuUKanys aHAIOTHYHA ONHCAHHOW B MEPBOU TIIaBe
nHnexcanun RGB-pactpoB. Kak B ToM citydae, 0oiblIoe KOJIMYECTBO TpUa
YPOBHEH «C)KUMAETCs» A0 OTPAaHWYEHHOTO YMCIia IIBETOB MAIUTPHI, TaK U MPH
KJaccu(pUKaym MHOXKECTBO CHTHATyp pa30MBaeTCst HA KOHEYHOE YHCIIO Kilac-
COB KaTEropuii 3eMHOH MOBEPXHOCTH.

CymecTByeT 00JIBIIOE KOJINYECTBO METOAOB KiIaccuuKaiuu. Bo MHOrHX
U3 HUX UCTIONB3YyeTCs OHITUE CHEKMPAIbHO20 NPOCMPAHCMEA.

CnexkmpansHnoe npocmpancmeo

AHaJOTUYHO TOMY, Kak Kaxblid 1BeT RGB-n300pakxenus 3aHMMAeET B 11Be-
TOBOM MPOCTPAHCTBE MECTO, OmpeneisieMoe 3HaueHueM ypoBHell R, G u B
(cM. puc. 4), Kaxaas CUTHATYpa CKAaHEPHOTO CHUMKA 3aHUMACT B CHEKMPA/lb-
HOM NPOCMPAanHcmee MECTO, OMPeNesIeMOe YPOBHSIMU CUTHANIOB KaXJIOTO Ka-
Hana. PazMepHOCTh CIEKTPajIbHOIO MPOCTPAHCTBA CHUMKA paBHA YHUCIY KaHa-
JoB ckaHepa. Boiee WeM TpexMepHOE MPOCTPAHCTBO (THIEPIIPOCTPAHCTBO)
MPEACTAaBUTh CIIOKHO, OJIHAKO C MAaTEMAaTUYECKON TOUKU 3pEHHs Pa3MEPHOCTh
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HE UMeeT 3HauCHUs — BCE OIepaliii ¢ 00BbEKTaMH BBIIOJIHIIOTCS OJHHAKOBO —
U JUISL IBYXMEPHOTO, U U1 MHOTOMEPHOTO TIPOCTPAHCTBA.

CurHaTypsl BCeX ITUKCEIOB CHUMKa 00pa3yloT B CIIEKTPaJIbHOM IIPOCTPaH-
CTBE «00JIAK0» C PA3INYHOM INIOTHOCTHIO TOUEK: YeM OOJIbIIe HA CHUMKE ITHK-
CEJIOB C ONpENeNICHHOH CUTHATYPOH, TeM IUIOTHEE TPYIIHPYIOTCS TaM IHKCe-
Jbl. B IByXMEpHOM NPOCTPAHCTBE TOYKH CHHUMKA C OTHOCHTEIBHO OIHOPO[-
HOU TeppuTopueit popmupyror durypy, 6muskyto k smmurncy (puc. 29). Coot-
BETCTBEHHO ()OPMUPYEMOE B MHOTOMEPHOM MPOCTPAHCTBE «00JIAK0» Ha3bIBa-
€TCS 2UNEPINIUNCOUOOM.

Tpaouyuonnvie mMemoowvl Knaccuguxayuu

[pn xmaccuduranuu MUPPOBBHIX NAHHBIX CKAHUPOBAHHS IPUMCHSIOTCS
JIB& OCHOBHBIX MPHHIUIUAIBHO OTIMYAMONIMXCS TOAXO0Aa — YIpaBiisiemMas
(supervised) u meympasisemas (Unsupervised) kmaccudukamun. [TepBsiil -
XOJ TPECTABISAET COOOW OSKCTPAMOISAIMIO CHEKTPAIBHBIX XapaKTEPUCTHK
(curHatyp) mpeaBapUTEIbHO UCCICOBAHHBIX HA3EMHBIX KIIIOYEBBIX YYaCTKOB
Ha BCIO TEPPUTOPHIO, OXBAUCHHYIO CKAHEPHBIM CHUMKOM. [Ipu BTOpOM Mo xo0-
Je kiaccuukaius MpoBOIUTCS Oe3 ydeTa Ha3eMHBIX JaHHBIX, UCXOJs W3
BHYTPCHHUX 3aKOHOMEPHOCTEH OpraHHW3allid MHOTOMEPHON MaTPHIIBI CHUM-
ka. Pa3ButHe 3TOro moaxoja Ha4ajioCh Cpasy MOCIE MOSBICHUS KOCMHUECKUX
ckanepoB (Ball, Hall, 1966; Sammon, 1969), B03M0XHO, IOTOMY, 4TO JJIsI Ta-
KHX «TEOPETHYCCKHX» HCCICIOBAHUN HATYPHBIC NaHHBIC HE HYXXHBI. YIIpaB-
nseMas Kiaccu(UKaIys Havanda MOJIydaTh PACHpPOCTPAHCHHE 3HAYHTEIBHO
MO3/IHEE, KOT/Ia CKaHEPHBIC CHUMKH W TIPOTPaMMHBIC CPEICTBA I UX 00pa-
OOTKH CTaJIM AOCTYITHBI IS IMUPOKOTO KPYra UCCIIe0BATEICH-TPAKTHKOB.

Ho u 10 HacToOsIIIEro BpeMeHH BO MHOTHX HCCJICIOBAHUSIX HCIIOIb3yETCs He-
ymnpasisemas knaccudukanus (Kohonen, 1997; Tyrybanusa, [lvmmrusaa, 2003;
Bapranes, Hcaes, 2004). MeToap!l HEyTIpaBIsIeMOH KITACCH(PHUKAIIN PEATH30BAHBI
BO BCEX MakeTax oOpabOTKM CKaHEPHBIX CHUMKOB. JTO METOJ KIIaCTEpHOTO aHa-
nu3a (makets Idrisi, GRASS), MeTos mocienoBaTeIpbHON CaMOOPraHU3aIiy TaH-
HbIX ISODATA (Erdas) u 6nm3kuii k Hemy Isoclust (Idrisi) 1 ux BapuaHThL

B aTHx MeTomax Ha3eMHBIM JaHHBIM OTIACTCSI BTOPHYHAS POJib, TO €CTh CHA-
Yaja MPOBOAUTCS KiacCU(UKAIUSI CHUMKA, a 3aTeM NP MPOBEICHUHU TOJICBBIX
UCCJICTIOBAHUH TPEIIPUHAMAIOTCS TIONBITKA BBISCHHUTH, YTO )K€ COOTBETCTBYET
B JICHCTBUTEIILHOCTH BBIICIICHHBIM KaTeropusM. Takoi MOAXOA B TPUHIIUIIC
MOXKET OKa3aThCs MOJIE3HBIM TP IIEPBUYHOM U3yUCHUH TEPPUTOPUH, IS BBIIC-
JICHUSI OIHOPOJHBIX MO KAKAM-TO AalpHOPH HEM3BECTHBIM XapaKTEPUCTHKAM
Y4acTKOB U IUIAHMPOBaHUS NalbHEHIIMX ucciaenoBaHud. OgHako AJs Leen
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3. Kiaccudukanus ckanepHoit nadopmarmu

JICTaIbHOTO M3YYEHHSI CTPYKTYPHl W JUHAMUKH JaHAMA(TOB PE3yNbTaThl He-
YIPaBIsieMON KJIacCH(HUKALMU HETIPUTOAHBI 110 CICAYIONIMM IIPUYHHAM.

Bo Bcex 3THX METOZax M3HAYAIBHO 337aeTC HEKOTOPOE MPOM3BOIBHO BbI-
O6upaemMoe KOTMIECTBO KJIACCOB (KaTErOpril 3eMHON MOBEPXHOCTH), YTO HEMH-
HYeMO BHOCHT HCKa)XEHHs B PEAIbHYI0 OPTaHU3alMI0 CIIEKTPAIBLHOTO THIIEp-
npocTpaHcTBa. MHOrma B kadecTBe «saep KouaeHcamum» (seed cluster) uc-
nojp3yercs komnozutHoe RGB-u300pakenne. It kareropuu HEoOXOIUMO
KaK-TO Ha3BaThb (BLI}IeHI/ITL CECMaHTHUYCCKHC KJ'[aCCI)I), a 3aTeéM TEM HJIN UHBIM
CHOCOOOM OTIPENeNsTh, YTO K€ COOTBETCTBYET B HATYpPE ATUM Ha3BaHUSM, TO
€CThb B JII00OM citydae He0OXOAMMBI HaTypHble oOcienoBanus. Kpome Toro, B
GospmHCTBE ciydaeB rmpoctoe RGB-n3o00paxenue st 0030pHBIX IieIel 3Ha-
YUTENFHO OoJsiee MHGOPMATHBHO M JIETYE MHTEPHPETUPYETCS, YeM pe3ysbTar
0001 HeynpaBIsieMol KiacCu(UKaLny.

ITo sTiM npuauHam Oosee 1erecoo0pa3HoO UCTIONB30BATh METOABI KOHTPO-
JTUPyEeMOH (CHHOHHMM: YTIPaBIIIEMON) KITaCCH(PHUKALINH.

Memooul ynpaensiemoii knaccuguxayus

[lpu ympasmseMoll KiIacCH(UKAIMK SKCHIEPUMEHTAJIbHO OIpe/eeHHbIe Ha
MECTHOCTH TapaMeTphl KIIOUYEBBIX yYaCTKOB HKCTPAIIONUPYIOTCSI HA CXOIHBIE O
CHTHATypaM y4acTKH Bcero cHuMmka. Co CHUMKa CHHMAIOTCSI CIIEKTpalbHbIEe Xa-
PAKTEPUCTHUKU MUKCEIIOB, COOTBCTCTBYIOIIUX KIIOYEBBIM YUaCTKaM, U IporpaMmma
COTJIaCHO BBIOPAaHHOMY aJITOPUTMY OTHOCHT JAHHBIM IMHKCEN K KaKOH-TOO 3a-
paHee 3alaHHOW Kareropuu. JIokanmzanmust KITFOYEBBIX YYacTKOB HPOBOIUTCS
BU3yanbHO 1o RGB-1300paskenuio mimm ¢ ucnons3oBanueM npruodopos GPS.

HyXHO OTMeTHTB, 4TO ympaBiseMas KiacCH(UKALHs MPU HEJOCTATOYHOM
KOJIMYECTBE HATYPHBIX JaHHBIX, BKIKOYAIOIINX JIUIIb YaCTh MPUCYTCTBYFOLINX
Ha BCEM CHHUMKE KAaTETOPHi MMOBEPXHOCTH, B 3aBUCUMOCTH OT HCIIOJIB3YeMOTr0O
KOHKPETHOT'0 METO/Ia JaeT JINOO0 COBEPILEHHO JIOKHBIE PE3yIbTaThl Ul 3HAUH-
TENBHOW YacTH TEPPUTOPHUH, OO OCTABISAET HA Hell «Oemple maTHay. OxHaKo,
€CITM KITIOUEBbIE YUACTKH HPE/ICTABISIFOT BCE OCHOBHBIE KATETOPUH 3€MHOI1 M0-
BEPXHOCTH C TOUYKH 3PEHUS CTPYKTYPBI U COCTOSIHUS PACTUTEIBHOIO ITIOKPOBA,
ympasisieMasi Kilaccugukaiusi odecreunBaeT nojydeHne Haubosiee IMOoJHON U
JIOCTOBEPHOU MH(pOpMAITUH.

3aj1aua KOHTPOJIMPYEMO# KiacCU(UKAIMU CBOANTCS K HaXOXKICHUIO MaKCH-
MaJIbHO TOYHOTO MAaTE€MaTHYECKH BBIPRKEHHOTO COOTBETCTBUSI MEXHY (OpMOi
CHUTHATYPBI M KAYECTBEHHON XapaKTEPHCTUKOH (KaTeropueil) KIIF0YeBOro y4acTka.
Jnst 3TOr0 NMPHMEHSIOTCS HECKOJIBKO METOZIOB, PACCMOTPUM HanbOojee pactpo-
CTpaHEHHbIE, PeaJIN30BAaHHbIE B OOJIBIIMHCTBE AKETOB 00pAa0OTKH TaHHEIX 3.
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Memoo napannenenuneoog (makersl Idrisi, Erdas u np.). Ilpu xnaccu-
(GuKanuy 3TUM HanOoJee MPOCTHIM METOJOM 3aJal0TCsl MAaKCHMAaJbHBIE H
MUHUMaJbHbBIE YPOBHYU CUTHAJNA 110 KaHAIaM JUIsI KaXJI0H KaTeropuu (puc.
30). ITuxcen oTHOCUTCS K OMpeaeJeHHOW KaTeTOpPUU TOJIBKO B TOM CIIy-
Yae, €CJIM YPOBHM €ro CUTHAJIOB II0 BCEM KaHajlaM IONajaloT B MHTEpBa-
Jbl, 3a/laHHble IUJIsl NaHHOW Kareropuu. MHade roBops, ompenensieTcs, B
KaKoOM M3 3aJlaHHbIX THIIepHapaljie/IeIiIIeIoB MHOTOMEPHOTO CIIEKTPalb-
HOTO MPOCTPAHCTBA CHUMKA HaXOJMTCS JaHHBIA muKcen. Eciau nukcen He
MOTalaeT HU B OJUH THIIeprapajuieJienunesl, OH OTHOCUTCS K KaTeTOpHH
«BCE OCTAJIBHOEY.

60 | \
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a0 p—""] T~
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_‘_‘_‘-\—\_,_\_‘_\_\_—_\-‘
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Puc. 30. MuTepBasbl kaTeropuii: 6os0to (1), nec (2) u Boaa (3)

[Ipocreiimmii BapuaHT 3TOr0 METO/1a — BBIJICJICHNE KAaTErOpuil 110 YPOBHAM
BCEro JIBYX KaHAJOB, HalpUMep, Hanbosee HHOOPMATUBHBIX VIS PacTHTEIb-
HOTO TTOKPOBa KpacHOTo u OimkHero nadpakpacHoro (puc. 31).

Jaxe TakuM NPOCTEHIIMM METOIOM MOXKHO IOJYYHTh CO CKaHEPHOTO
CHHMKa BakHyI0 mH(popMmarmro (puc. 32). OgHako JaHHBIA METO] IPUTOACH
IUIS BBIIEIIECHUS TOJBKO JOCTATOYHO KOHTPACTHBIX MO CIIEKTPAJILHBIM XapaKTe-
PHCTHKaM KaTerOpHUi 3eMHOM MMOBEpXHOCTHU (BOAA, Jiec, CBeXasi BBIpyOKa), 1mo-
CKOJIBKY TIPH MEHEE BBIPDXXCHHBIX PA3JIMUYMSIX OAMH M TOT )K€ THKCEN MOXKET
0Ka3aThCs B Pa3IMYHBIX KaTEropHsx, WM, HA00OPOT, TOCTATOYHO OJM3KHH K
KaKo#-1nbo KaTeropuu — He BOWTH B Hee.
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Puc. 32. Knaccupummpoannslii cHuMok ckanepa SPOT 1997 r.

ITo cooTHomeHuto kaHaioB NIR 1 R BbleieHbI 3€JIeHBIM LIBETOM CIIeJIbIe XBOMHBIE
Jieca, COXpaHUBLIMECS TPEMMYIIIECTBEHHO B 3alIMTHBIX MOJIOCAX KPYITHBIX PEK U 03ep






3. Kiaccudukanus ckanepHoit nadopmarmu
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Puc. 31. Boiaenenne KaTeropuii 3eMeib 1o IByM KaHaJaM

Heckomnpko mydiine pe3ysabTaThl MOXKET JaTh METOX NPOCMPAHCMEd npu-
space B Tepmunoioruu Erdas, B JTaHHOM cilydae 3TO CHHOHUM
npocTpaHcTBa — spectral space). OTinyme OT MeTo4a apaie-
JIETIUTIEJIOB 3aKJII0YaeTCs B TOM, YTO 33Jal0TCsl HE MPSIMOYTOJIbHBIC, a MTPOH3-

snaxos (feature
CIIEKTPAIBHOTO

BOJIbHOM (hOPMBI TpaHMIIBI KaTeropuit (puc. 33).
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Puc. 33. Knaccuduxanus merogom feature space
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DTO MO3BOJISAET TOUHEE ONPENEIUTh IPAHMUIIBI KATETOPHUH B CIIEKTPAsb-
HOM NIPOCTPAHCTBE M COOTBETCTBEHHO — Ha KIACCU(UIMPOBAHHOM CHUM-
ke. OQHAKO M B 3TOM clly4ae, IOCKOJbKY HMCIOJb3yeTcs HHGpOpManus
JIMIIb IBYX KaHAJIOB, yIOBIETBOPUTEIBHO BHIIENAIOTCS KOHTPACTHBIE Ka-
TErOpUH, & CXOXKHE MO CHEKTPAIBLHBIM XapaKTEPUCTUKAM, HAIPUMED, yda-
CTKH Jieca, JOCTATOYHO Pa3jInYHbIe 110 THIY W BO3PACTy, HE Pa3jin4aroTCs
9THM METONOM. B Takux ciydasx WHOrAa 0ojiee MPUTOJEH METOJ Hau-
MEHBILIET0 PACCTOSHU.

Memoo naumenvuieco paccmosnus (Minimum distance) 3axro4yaeTcst B TOM,
YTO U KXKIOW KATETOPUM 3a/Ial0TCsI HE MHTEPBAJIbI, & KOHKPETHBIC 3HAYCHUS
YPOBHE# CUTHAJIOB 10 KaHajIaM (LEHTPhI KATErOPUM B CIIEKTPAILHOM IPOCTPaH-
CTBE), JUIs K&KIOTO TMUKCEa CHUMKA PaCCUUTHIBACTCS €BKIMIOBO PACCTOSHHE
(KBapaTHBI KOPEHb W3 CYMMBI KBaJpPaTOB OTKJIIOHEHHH MO KaXKIOMY KaHawy)
OCJIENOBATENLHO [0 LIEHTPOB BCEX 3a[aHHBIX KATETOPHiA, ¥ IUKCEN OTHOCUTCS
K TOH KaTerOpHH, PacCTOSIHUE 10 KOTOPOi HanMmeHsIee (puc. 34).

Kateropua 1
e

j

Kateropua 2

G R MIR SR SWIRZ

Puc. 34. Ilpuanun Kaaccu(PpUKANMA METOAOM HANMEHBIIEro
paccrosinus. Kareropust, K KOTopoii 0yaeT OTHeCeH IHMKceJl,
CHEKTPAJIBLHAS XapaKTePUCTHKA KOTOPOro NOKa3aHa MyHKTUPOM,
omnpesensieTcsi cpaBHeHHEM BeInynH S1 u S2:
Sl=a’+b’+c*+d*+¢*

S2=f* + g + W’ +i* +j7,
eciu S1<S2, To — k kareropuu 1, ecnu S1>S2, To — K Kareropuu 2
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3. Kiaccudukanus ckanepHoit nadopmarmu

B otimume ot MeTona napayuiesienuIe1oB, TP KOTOPOM M3 BCEX ITUKCEIIOB
CHMMKa BBIOMpAETCs JIMIIb YyIOBJICTBOPSIONIMHA 3aJaHHBIM YCIOBHSM, HpPHU
KIIacCHU(UKAIINY METOIOM HAHMMEHBIIETO PACCTOSIHUS KayKAbIH MUKCET CHUMKa
Oyzer oTHECEH K TOW WM MHOH Kateropud. [1o3ToMy npH OTCYTCTBUH JaHHBIX
KITFOUEBBIX YYaCTKOB JUIsl KAKOK-JTHOO JOCTATOYHO PACHpPOCTPAaHEHHOH Ha aH-
HOM TEpPUTOPHUU KAaTErOPHH BO3MOXKHBI OIIMOKH, WHOTJA CHJIBHO HCKa)Xalo-
1IMe peanbHyr KapTUHY. MOYKHO SKCIEPUMEHTANBHO OMNPENEIUTh U YCTaHO-
BUTH HCKOTOPOC MAaKCUMAJIbHOC 3HAUYCHUC PACCTOAHUA, ITPU MPEBLINICHUU KO-
TOPOTO MHUKCeN OyJeT OTHECEH K KaTerOPHU «BCE OCTAIbHOE», HO B 3TOM CIIy-
Yyae Ha CHUMKE OCTaHyTCsl «Oenble MATHa», KaKk ¥ NpH KJIacCUPHUKAIHA METO-
JIOM TIapaJljIesIeTTUIIE0B.

Beinensiercst cTONBKO KIJIACCOB, CKOJNBKO OBUIO 33aHO KITIOYEBBIX Yy4acT-
KOB, M BCE CHEKTPAJIBHOE NMPOCTPAHCTBO AEIHUTCS MEXKIY LIEHTPaMH KIIacCOB
aHAJIOTUYHO TOMY, Kak (GOpMHUPYIOTCS MOMUTOHBI Boponoro (puc. 35), Torma
KaK B ICHICTBUTENBHOCTH BPS/ JIM BO3MOXKHO, YTOOBI B X)KHBOH IPUPOJE 00BEK-
THI, IlyCTh W BUPTYaJIbHbIC, IMEJIN CTPOTO IPSMOINHEHHBIE TPAHUIIBI.

Puc. 35. Cxema JesleHHsl CIEKTPATBHOT0 MPOCTPAHCTBA MEKIY KATerOPHsIMH
NpH KJaccupUKalMy METOA0M HAMMEHBIIET0 PACCTOSHUSA
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B mpuHIHIIE MOKHO MPEANIOTIOKUTE, YTO ATOT METOJ MOXKET AaTh JOC-
TaTOYHO JOCTOBEPHBIC PE3yIbTaTHl IIPHU YCIOBHH, YTO OyIeT HalIeHO
CTOJIBKO KITFOUEBBIX YYaCTKOB, CKOJBKO KAaTErOpHi MOBEPXHOCTH CYIIECT-
BYeT B pEalbHOCTH. 3aZjadya yCIOXHSIETCSA TeM, U4TO KaTeTOpPHH 3aHUMAIOT
pasnuYHBIE 10 «00BEMY» OOJIACTH B CIEKTPAIBbHOM IPOCTPAHCTBE W IS
HEKOTOPBIX KaTeI‘OpI/Iﬁ JOJI’)KHO 6I)ITI) 3aJ1aHO HCCKOJIbKO HCHTPOB IJId KaX-
noi. B moboM ciydae 3TUM METOJOM KpailHe TPYAHO OMNPEAENIUTh Mpa-
BHUJIBHOC IIOJIOKCHHUE T'paHUL MCKIAY KaTCTrOpUAMMU. Tem He MeHee METO
MUHUAMAJIFHOTO PACCTOSIHUS B HEKOTOPBIX CIIyYasX MOXKET OBITh OYCHb (-
(heKTUBEH, TpPEkKJe BCero Oyiaromaps CBOCH BBICOKOW YYBCTBHUTEIBHOCTH
MU pa3AelieHuN ONM3KHUX M0 (OPME CHUTHATYP.

Memoo naubonvuieco nooobus

IMpu wnaccudurarmu >teM Merogom (maximum likelihood classification,
MLC) HeoOXOANMO CTATHCTUYECKH JIOCTOBEPHOE KOJIMYECTBO CHUTHATYDP KIIFOUe-
BBIX YYaCTKOB JUIs KaX0# KaTteropuu. [Ipy onpenenennu, k Kakoi KaTeropuu Oy-
JIeT OTHECEH KaXKIbIi TTUKCETI, YIUTHIBACTCS INIOTHOCTH BEPOSTHOCTH PHHAIIEK-
HOCTH ITHKCENa K TOW WIN WHOM KaTeTOPUH, TO €CTh METOJ ABJIAETCS BapHAHTOM
JIMCKPUMHHAHTHOTO aHanu3a. [IpuHATO cunTaTh 3TOT METO/ Hanboliee JOCTOBEp-
HbM (Richards, Xiuping, 1999), oH BKIIIOUEH NpaKTHYECKH BO BCE MaKeTbl 0Opa-
60tku, B GRASS 310 B0OOOIIE SIMHCTBEHHBIA METOJ COOCTBEHHO YIIPABIIACMON
knaccupukaryy (Moxyib Lmaxlik). OnHako, Kak OTMEUAFOT MHOTHC UCCIICIOBa-
TeJH, pHEMIIEMast JIOCTOBEPHOCTh KJIACCU(HKALIMKA 3THM METOIOM JIOCTHIAeTCS
TOJIBKO TIPU JIOCTATOYHO OOJIBIIIOM KOJIMYECTBE MPABUIILHO ITOJOOPAaHHBIX KITI0Ue-
BbIX yuactkoB (LllaramoB u ap., 2007). Mcnoms30BaAme 3TOr0 METO/1a, OCOOSHHO
aBTOpaMH, 00JIACTh HAYYHBIX HHTEPECOB KOTOPHIX Jajieka OT €CTECTBEHHO-TEOTpa-
(hrUecKoi, MPUBOAUT HE TONBKO K HETOYHBIM, HO M IPOCTO aOCYpIHBIM pe3yIIbTa-
tam. Tak, B omgHO# pabdote (3amstiH, 2006) Bcepres yTBEp)KIAeTCs, YTO HA HEKO-
TopoM ydacTtke fImano-Henerkoro HanpoHaidpHOTO OKpyra B mepron ¢ 2000 mo
2002 roza HpoH30LLIO YBEIMYCHHE TUIOMIANN «MILKUCTHIX 00JOT» Ha 59.6 KB.KM.
[Mockomnbky CKOPOCTH TOPU30HTATIEHOTO pocTa TopdsiHOM 3asexxu B Hanbosee Ona-
TOIPUSITHBIX YCIIOBUSAX COCTABIISIET HECKOJIBKO CAaHTHUMETPOB B TOJI, IOTy4YaeTcsl,
YTO TEPUMETP 3THX OOJIOT JIOJDKEH COCTaBIIATh HECKOJIBKO JIECSITKOB THICSY KHJIO-
METPOB, TO €CTh 3HAYUTEIBHYIO YaCTh 36MHOT'O 3KBaTOpA.

Hy»xHO 0TMETUTB, YTO AUCKPUMHMHAHTHBII aHAIN3 [0 CYyTH CBOEH mpenHa-
3HaYeH s auddepeHnuanu 00beKTOB (WK SBICHUH), pasiuuus Mexicoy Ko-
mopuimu He ouesuonvl (UBantep, Kopocos, 2003). Knaccudukammio xe cka-
HEpHOTO CHHMMKa MpeACTaBIIeTCsl OoJiee 1e7Ieco00pa3HbIM MPOBOJUTE HOCTE
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3. Kiaccudukanus ckanepHoit nadopmarmu

uccaenoBanus GOpM CHIHATYD, KOTOPBIE OMPEICISIFOTCS CBOMCTBAMHU KaTEero-
pHii 3eMHOI TOBEpXHOCTH. [IpUMEHEHHE BEPOSITHOCTHBIX METOJOB B ITOM
cllyyae MOXET M He OTPeOOBaThCs.

[Ipoure MeTO/BI KOHTPONUPYEMOW KiIacCU(PUKAIMK MEHEee PacrpoCTpaHe-
Hbl. [IpyM HCIIONB30BaHUU MemOOd pespeccuoHHO20 AHAU3A PACCUUTBHIBACTCS
YPaBHEHHE PErPEecCHH MEXKIY CICKTPAIBHBIMU XapaKTCPUCTHKAMH M XapaKTe-
PUCTUKAMM KIIFOYEBBIX YYAaCTKOB, U IIPpU KJ'IaCCI/Iq)I/IKaI_[I/II/I TaKCAallTMOHHBIC ITOKa-
3aTeNnu JPeBOCTOs (CpefHUH NHUaMeTp, BbICOTa, 0OBEM CTBOJIA) ONPECIISIOTCS
Kak (DYHKIMH YPOBHEH KaHAJIOB M MX COOTHOIICHHUT (CIIEKTPAbHBIX HHICKCOB):

Dep, Hep, V, ... =f (B, G, R, NIR, SWIRL, ..., NIR/R, ...).

Takum 00pa3oM, pe3yJIbTaThl yIPaBIsieMOl KiiacCu(UKAIINU, BO-TIEPBBIX, B
3HAYUTENHLHON CTEMEHHU 3aBHUCST OT KOHKPETHOTO METOJa U, BO-BTOPBIX, B €LIe
0oL CTEIICHH ONPEACIIOTCA KOJIMYSCTBOM U KaueCTBOM KITIOYEBBIX yda-
CTKOB. XOTS CYIIECTBYIOT METO/Ibl, 00JIEr4aroiine mog00p KIFOYEBbIX y4acT-
KOB ITyTE€M aHalln3a CUTHATYp, HallpuMep, MoayIb iclass makera GRASS, un-
TEPaKTHBHO OLCHUBAIOIIUI MPUTOJHOCTh BBHIOPAHHOTO y4acTKa JJIsl KIacCH-
(ukanuy, npu HeoOXOIUMOCTH BBISIBJICHHUS JOCTATOYHO CIOXHOW JaHamadr-
HOM CTPYKTYpBI PaHO HJIM MO3[JHO OKa3bIBAETCS, YTO METOJMbI YIPaBIIEMOMN
KiIaccuukanuy B JaHHOM ciydae HedddektrBHbl. He ciyyaifHO BO MHOTHX
CTaThsIX, KACAIOIIMXCS KIacCH(HUKAIMH CKAHEPHBIX CHHUMKOB, BCTpEYAETCS
TEPMUH «IEPENYThIBAHUE)» PA3JIMYHBIX KATETOPUN 36MHOH IIOBEPXHOCTH.

[TpoGiema B TOM, YTO 3TH METOJBI IAIOT PE3YJIbTaThl C TOW MM UHOM CTerle-
HBIO CTATHCTUYECKON JIOCTOBEPHOCTH, TO €CTh ONPEACIICHHBIH MPOLICHT MI0Wa0u
Ka)KIIO# KaTETOPUH COOTBETCTBYET KaTErOPHH KITFOUEBOTO YYaCTKa, ICHCTBUTEb-
Hasi ke ghopma 0OBEKTOB MPH ITOM UCKAKAESTCS, TIOITOMY Pe3yIIbTaThl KIacCu(pu-
KallU¥ TPAKTUYECKH HETIPUTOTHBI JUTSl U3YUCHUsI TAaHAADTHOW CHpyKmypbl.

Konmekcmmuvie maccuqbukauuu

CymecTByIOT METOABI KiacCH(UKAINH, B KOTOPBIX OIMpPEIeIEHHBIM 00pa-
30M YYHTHIBACTCS KATETOPHUS HE TOJNBKO KAXIOTO OTACIBHOTO MHKCENA, HO H
cocemHUX ¢ HUM (KOHTekcra). I1o Meroasl SMAP (sequential maximum a
posteriori) (Bouman, Shapiro, 1992, 1994), peanu3oBannsiii B makere GRASS
(Monyns i.smap), 1 ECHO (Extraction and Classification of Homogeneous
Objects, mporpamma MultiSpec). DTu METOBI TaK)Xe HE MOTYT OBITH MPH3HA-
HBI IPUEMJIEMBIMH [UTsl BBUSIBIICHHS JTaHIA(QTHOW CTPYKTYphl. B HEKOTOPBIX
CIy4asiX OHH JAalOT Ha MEePBbIA B3I JOCTATOYHO JOCTOBEPHYIO KAPTHHY, HO
NpU JETATbHOM PAcCMOTPEHHU OOHAPY)KHBACTCSl 3HAYUTENBHOE KOJIHYECTBO
Cepbe3HbIX OmMOOK. IIpakTHyecku 3TH KiaccHDUKaUUH OOBEAUHSIOT ABa
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MIPUHOMIHAIGHO Pa3IMYHBIX Ipoliecca — COOCTBEHHO KJIAcCH(HUKALUIO U aHa-
JIU3 TEKCTYPHI.

Memoo HeliponnvIX cemeti, TIO CyTH JieNla, OTHOCUTCS K METOJIaM HEyIpaB-
JsleMOH KITacCU(MKAIMK, TTOCKOJIBKY CHadaja B CIEKTPAIBHOM IIPOCTPAHCTBE
IIPOM3BOJIUTCS NTOCTPOEHUE UCKYCCTBEHHOW HEMPOHHOW CETH, a yXe 3aTeM ee
Temaruueckas uHTepnperaiusa (IIporpamma.., 2005). YTBepkmaercs, 4Tto npu
WCTOJIb30BaHUKN O0YYEHHOW HEHPOHHOM CETH «C BBICOKOW TOYHOCTHIO MICHTH-
(GULMPYIOTCSL OJTHU M T€ )K€ KJIACChl Ha PA3HOBPEMEHHBIX CHHUMKax» (3aMsITHH,
2003). Bo3M0OXHO, B HEKOTOPBIX CITy4asiX 3TO JEHCTBUTEIHHO LEIECO00pa3HO.
OnHaKO MPUMEHHUTENHHO K IIENSIM JIaHAMAQTHON SKOIOTHHU 3TO TIPUBONT JIUIIIb
K MCKaXCHHIO pealbHOM KapTHUHBI — NPAKTHYECKH BCE KaTETOPHH PACTUTEIIBLHO-
TO TIOKpPOBa Ha CHMMKaXx, C/ACJIAHHBIX B Pa3HbBIC CE30HBI, OyIyT UMETh pazHble
CHTHATYphl BCJEACTBHE Pa3IMYHOIO OCBEIICHHS M (PEeHOJIOrHYecKoi (asbl, n
aHaJIN3 UMEHHO 3THX PA3INYMi YBEITMINBAET JOCTOBEPHOCTH KITACCH(PUKAIIIH.

Bce BblImeonrcanabie METOBI KTacCH(PUKAINK HAPABICHBI HA TTONUCK YHC-
TO MaTEMaTHIECKOTO CXOACTBA CUTHATYP 03 KaKoro-1mbo ydera ux (popMbl Kak
TaKoOBOH, KOTOpasi OIpenesieTcs 3aKOHOMEPHOCTSAMH OTPaXEHHS B KaXKIOM
CIEKTPaJIbHOM [HAIa30HE, TO €CTh OMOTHYECKUMU CBOWMCTBAMH OTpakaroleh
noBepxHocTH. Kpome Toro, mouemy-To Ipearnoaraercsi, 4ro CHEKTpalbHOE
IPOCTPAHCTBO JTUCKPETHO (PAa3[eNIeHO Ha OIPEAENEHHOE KOIMYECTBO OTAEINb-
HBIX oOJsacTeil), TOrJa Kak Ha caMOM JieJie, KaK BUJIHO, HallpuMep, YK€ Ha pucC.
29, OHO KOHTHHYaJIbHO M OPTaHW30BaHO COBEPLICHHO ONPEJEICHHBIM 00pa3oM.
OTO 03HAUAET, YTO 3apaHee HEBO3MOXKHO BBIJEIUTH CTOJBKO KIIFOUEBBIX y4acT-
KOB, CKOJIbKO MMEETCsI Ha M3y4daeMoi Tepputopuu. Mccnenosarens, npubderaro-
Ui K JI000My M3 BBIICONHCAHHBIX METOJOB KJIaCCH(MKALMH, 110 CYTH Jiena,
JICUCTBYET BCIIETTYIO, TO €CTh HE MOXET OLICHUTH PEAJIbHBIC Pa3MEpPhI U TIOJIOXKe-
HHE OINpEICICHHON KaTeropuy 36€MHOM MOBEPXHOCTH B CIEKTPAJIBHOM THIEp-
MPOCTPAHCTBE CHUMKA, KOTOPOE OCTAETCs «ICPHBIM SIITUKOM.

Memoo ceemenmauyunuy CneKmpajilbHo2o npocmpancmea

Heo0x01uM0 NpUHLIMIIMAIBHO MHAUYE MOJONTH K KIIACCU(HUKAIMHA CKaHEep-
HOTO CHHMMKa — «3arJITHYTh» BO BCE CHEKTPAIBHOE THIEPIPOCTPAHCTBO, UC-
CIIeJI0BaTh 3aKOHOMEPHOCTH €r0 OpPTraHU3allud M YK€ ILIeJICHANpPaBICHHO MO-
JIOWTH K BBIOOPY KIIIOYEBBIX Y4acTKOB. J[Jis 3TOro B MepBylo ouepesib Hy)KHO B
MPOCTON M HArJISAHOW (POpPME ITO TUIEPIPOCTPAHCTBO BU3YaJIM3UPOBATh, IPH-
YeM OpPHEHTHPOBATh €0 TaKUM 00pa3oM, YTOOBI MaKCUMAaJIbHO BBIPA3HTh Ka-
YECTBEHHBIE Pa3IMuMs MEXIy BCEMH IPEICTABICHHBIMU B HEM KaTETOPHUSAMHU.
Camplif pocToi croco® 3To crenarb — TpaHC(HOPMHPOBATH CIIEKTPAITEHOE
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IIPOCTPAHCTBO, MPEACTABIAIONIEe COO0H MHOTOMEPHYIO MaTPHILy, C TIOMOIIBIO
CTaHAAPTHOTO IJISl TAKUX OOBEKTOB METOJa — aHAJIM3a IVIABHBIX KOMIIOHEHT,
principal component analysis (Taylor, 1977), koTopslii peann3oBaH BO BcexX
makeTax 00pabOTKH CKaHEPHBIX JaHHBIX.

BennuuHbl SpKOCTH Pa3IHYHBIX KaHAJIOB CHIMKA B BHICOKOW CTETICHM B3a-
HUMHO KOppenupyroT (Tabi. 3), ¥ MO3TOMY 3HAYUTENbHBIM MPOICHT BapUaIuu
MMPUXOAUTCA Ha JOJIIO JABYX MCPBBIX KOMIIOHCHT.

Tabnuya 3. TUNHYHAS KOPPEJISIIHOHHASI MATPHIIA CKAHEPHOT0 CHUMKA

Kananst G R NIR SWIR1 SWIR2
G 1 0.931 0.865 0.903 0.899
R 0.931 1 0.726 0.838 0.880
NIR 0.865 0.726 1 0.868 0.762
SWIRI1 0.903 0.838 0.868 1 0.965
SWIR2 0.899 0.880 0.762 0.965 1

Kak mokazanmu pesynbTaTel 00paOOTKM METOAOM TIJIABHBIX KOMIOHEHT
MOJICNBHBIX (parMeHTOB maTukaHanbHBIX (G, R, NIR, SWIR) cuumKkoB
Landsat 7 pa3nu4HbIX TUIIOB JaHAMA(PTOB U PA3JIMYHON CTENEHH aHTPOIIO-
reHHOW HapymieHHocTH (puc. 36), T0JII NEPBOM KOMIOHEHTHI COCTaBIISACT,
KaKk MHHHMYM, OK0JO 60 NMpOLEHTOB, BTOPOW — KOJIEOJIETCSI OT OJHOTO JI0
30 mpOICHTOB, HO B CYMME UX JI0JIs B OOJBINIMHCTBE ciaydaeB Onuska k 100
nporneHTam (tabi. 4).

Tabnuya 4. IIpoueHT BapHaly, ONMHCHIBAEMBIii JBYMSI NEPBBIMH IJIABHBIMH
xomnoHentamu (PC1 u PC2) B pa3iMyHbIX THIAX JaHIIADTOB

Ne Tunsl Jian) wadToB PC1 PC2 PC1+PC2
1 | Huskoropwsiii (HIT «ITaanast 8u») 95.01 3.71 98.72
2 | KaneBasbckuii HIT 94.04 4.76 98.80
3 | 3anoBenHuK «KoCTOMYKIICK! (i) 97.98 1.08 99.06
4 | KoCTOMYKIICKUI IPOMBIIILIE IHBIH y3el 77.10 19.32 96.42
5 | CkanbHoe nobepexbe benor« mops 88.40 10.24 98.64
6 | BonotHslii MaccuB Ysyxcy 88.54 9.04 97.58
7 | Jlecobonorasiii (HIT «Bou10 iepcKuii») 90.31 6.93 97.24
8 | 3abonoueHHas mpubEIOMOpPCK 11 HI3MEHHOCTh 59.59 33.43 93.02
9 | CpenHeraexHble BTOPUYHBIE XBOHHO-TUCTBEHHBIE Jieca | 77.94 18.44 96.38
10 | Arponanamadt (IpHIafgoxKe s paBHHHA) 84.31 13.19 97.50

Jons nHbOpMaLUK, TPUXOISILIAICS Ha TPETHIO M MOCIIEIYIOIINE KOMIOHEH-
ThI, MEHBIIIE U3MEPUTEIHHON MOrPEIIHOCTH CKaHepa M KaKoro-M0o CMbICia He
nMeeT. DTO O3HA4aeT, YTO MPAKTUYECKU C HECYIECTBEHHBIMU MOTEPSIMH HH-
¢dopmany abCcTpakTHOE MHOTOMEPHOE IMPOCTPAHCTBO IPHU3HAKOB (B JIAHHOM
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CITydae CIEKTPAIbHBIX APKOCTEN 10 HECKOJIBKUM KaHajlaM) MOKHO TPEJCTaBUTh
B HanbOosee yJoOHOM JUTs TOHUMAaHUS U aHAIN3a BUAE — B IBYXMEPHON MPSIMO-
YIOJIBHOM CUCTEME KOOPAMHAT, TJ€ OCh X — IIEpBasi KOMIIOHEHTA, a Y — BTOpasl.

3aKOHOM€pHOCWlu opeaHuzayuu CnekmpdalbHoco npocmpancmeda

ITpu npencTaBieHNN 0OBEKTOB B OCSIX ITIABHBIX KOMIIOHEHT POMCXOUT aBTO-
MaTH4ecKasi OpAMHAIMS OOBEKTOB (B JIAHHOM CIIy4ac CIEKTPAIbHBIX CHUTHATYP)
TaKUM 00pa30oM, YTO CXOAHBIC N0 (OpME CUTHATYPBI PACIIONAratoTCsl PSIOM JPYT
C ApyroM, a HauOosee KOHTPACTHbIE — [0 PA3IMYHBIM KpasM IOJI pacrpeserne-
HUS, 00pasyst MPOEKIUIO CHEKTPAIEHOTO THUIIEPAIUIAIICON A, TO €CTh BU3YaJIbHBIH
00pa3 criekTpaibHOro poctpaHcTBa. CyMMapHast BETMYMHA ()OPMUPYIOIINX CHT-
HaTypy 3HA4€HWH, TO ecTh 00IIast IPKOCTh MTOBEPXHOCTH, BO3PACTAaET ClIeBa Ha-
MIPaBo, BJOJb TIEPBOW TIIaBHOM KOMITOHEHTHI (puc. 37). BTopast rmaBHas koMro-
HEHTa OTBETCTBEHHA 33 KAYECTBEHHBIC PA3NIMUMS KATETOPHH, ONpeaessieMble TH-
TIaMH PacTUTENHHOTO MTOKPOBA M MAUHEPAITBHBIX 3€MelIb.
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Puc. 37. OpauHanusi CHTHATYP B ABYXMepPHOM MPOCTPAHCTBE
TepBBIX INIAaBHBIX KommonenT PC1 n PC2

Kondurypauus cnekrpaibHOro THIepaJUTUIICONUAA 3aBUCUT OT THUIIA CKaHe-
pa (TIpexie BCero OT KOJIMYECTBa KaHAIOB) U 0COOCHHOCTEH TEPPUTOPHH, OJ-
HaKO CYIIECTBYIOT U HEKHE 00IIre 3aKOHOMEpHOCTH. HarmsiHo npogeMoHCT-
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Puc. 36. PacnioioxeHue MOIeJIbHBIX ()pAarMEHTOB CKAHEPHBIX CHUHMKOB HA
Teppuropuu Kapenun (Hymepamusi ¢pparMeHToB COryiacHo Ta0.. 4)






3. Kiaccudukanus ckanepHoit nadopmarmu

PUpPOBaTh WX MOXHO Ha TPUMeEpE THUICPILINIICONIA, «PACKPAIICHHOTO» II0
3HAUEHUIO CHEKTPaJbHOro BereraunoHHoro uHaekca NDVI B kaxnoi Touke
CIIEKTPAIBHOTO mpocTpaHcTBa (puc. 38). O6macTu OTPUIATENBHBIX 3HAUCHHH
WHZEKCA, COOTBETCTBYIOIINX JIHIICHHBIM PACTHTEIBHOCTH KAaTErOpHsSM II0-
BEPXHOCTH, PACIIONAraloTCsl BJIOJb BEPXHEH T'paHHIBI JUIMIICOWIA, a M0 Ha-
MpaBJICHUIO BHU3 W BIIPpaBO 3HAYCHUA MHJACKCA BO3pACTArOT, MHAULHPYS YBC-
nyeHne (pOTOCHHTE3UPYIOIeH OMOMAcCHI.

Knaccudukaius MeToaMu yIpaBsIeMO KITacCH(PHUKAIMK MTPOUCXOIUT B
JBa dTamna: | — onpezieneHne CUrHATyp KIIIOYEBBIX YYacTKOB; 2 — COOCTBEHHO
Kaccudukarnms.

[Ipr WCHONB30BaHUM OMUCHIBAEMOTO METONAa — HA30BEM €ro METOIOM
YNPABNAEeMOU CecMeHmayuy CneKmpaibHo20 NPOCMpaHcmea — TIEPBBIA 3Tam
CBOJWTCSI K JIOKaJIM3allMK oOJyiacTell, 3aHMMaeMOlW CHTHATypaMH KITIOYEBBIX
YYacTKOB, B CIIEKTPAJILHOM MPOCTpaHCTBE. J{JIs 3TOT0 mpeABapuTEIbHO CO3/Ia-
10TCs (aiiel ABYX HepBeIX KOMIOHEHT (B GRASS 310 ocymectBnsercs moy-
neMm ipca). @aiinpl KOMIOHEHT UMEIOT IEIIOYUCIICHHBIH (opMaT, MOSTOMY
CHEKTPAIbHOE MIPOCTPAHCTBO COCTOUT U3 fUeek pasmepoM | X 1, a ero mmpuna
M BBICOTa COOTBETCTBYIOT MHTEpBAlaM 3HAYCHHH KOMIIOHEHT OT MUHHMMAalb-
HOM 10 MaKCHUMAaJIbHOM.

B sTom nmpocTpaHcTBe (hopMHpyeTcst 00pa3 CeKTpaJIbHOrO MPOCTPAHCTBA
KJIFOYEBBIX YYaCTKOB B BHJIE MOJIA pacmpenesicHus (scatterplot), mokaspiBaro-
IIEro W 00JIACTH NMPOCTPAHCTBA, COOTBETCTBYIONINE KIIOYEBOMY y4YacTKy, U
UX IUJIOTHOCTH (OTHOCHTEIBHOE KOJMYECTBO ITHKCENIOB B KaXIOH sueiike
npocTpaHcTBa). KauecTBo mog00paHHBIX KIIOUEBBIX YYaCTKOB IPH 3TOM JIeT-
KO OLICHMBAETCSl BU3yaJIbHO — B TPEXMEPHOM IPEACTABICHUU 00JIaCTH Ipa-
BHJIFHO TOMOOpaHHBIX KIIOYECBBIX yYAaCTKOB 00pa3ylOT OOBEKTHI, HAIIOMH-
HaIOIUe «KOJOKOI» HOpPMAalbHOTO pactpenencHus (puc. 39). HikHue, mo-
JIOTHE YYaCTKH KOJIOKOJOB 00pa3yroT 00JIacTH 3KOTOHOB, NMEPEXOMHBIX 30H
MEXIy KaTeropusMu. boismioit pa3dpoc TodeK CBUAETENBCTBYET O TOM, UTO
KIIIOYeBbIe YY9aCTKH B ACHCTBUTEIHLHOCTH MIPEACTABIISIIOT COOOH HECKOIBKO
Pa3JIMUHBIX KaTETOPUM.

OO0pa3 CreKkTpaIbHOTO MPOCTPAHCTBA MO3BOJISIET TAK)KE OLIEHUTH CTENEHb
PEOPE3CHTATUBHOCTH KIIIOYEBBIX YHACTKOB OTHOCUTCIIBHO BCEX KaTeFOpI/H\/’I 10~
BEPXHOCTH, TPE/ICTABICHHBIX Ha CHUMKE. [ KiaccuduKanuy BCero CHUMKa
00J1aCTH KITIOUEBBIX YYacTKOB JIOJDKHBI 3aHUMATh BCE MPOCTPAHCTBO THITEPII-
nuncousa (MoKa3aHo cepbiM Ha puc. 40).

Knaccudukamnus ocyniectsisercs cienyonmmM odopazoM. CriekTpaibHoe
MIPOCTPAHCTBO KIIFOUYEBHIX yYACTKOB 3alMCHIBAETCS B BUE WHAEKCHPOBAHHO-
TO pacTpoBoro (aiiia, maguTpa KOTOPOTO COOTBETCTBYET IIBETaM KaTErOpHH.

65



Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

Pactp mo3unuoHMpoOBaH B CIIEKTPaIbHOM MPOCTpaHCTBE, ero world-gaiin
BBITJISLIUT CIIEAYOLIMM 00pa3oM:
1
0
0
-1
minl (munumansnoe snauenue PC1)
max?2 ( maxcumanvroe snavenue PC2)

[Ipu xnaccupuKanyy MUKCEN 3a MUKCENOM U3 (aiiIoB KOMIIOHEHT YHTa-
torcst 3HaueHuss PC1 u PC2, n nukceny KiacCH()UIIMPOBAHHOTO pacTpa Ha-
3Ha4YaeTcsl MHJEKC IHUKCeNa pacTpa CIEKTPaJbHOIO MPOCTPAHCTBA, TO3HUIUS
KOTOPOT'0 B KOOpJMHATaX pacTpa KOJOHKa/psix (col/row) ompenensercs 3Ha-
YEHUSAMU:

col=PCl-minl,
row=PC2-min2.

Takum 00pa3oM, pacTp CIIEKTPaJIbHOTO MPOCTPAHCTBA KIIOYEBBIX ydacT-
KOB, €CJIM 3aIiCcaTh €ro B KaKOM-JIHOO CTaHIapTHOM rpadudeckoM dopmate
(bmp, tif u T.1.), MOKXET COaepKaTh KaKk mapaMeTpsl KIacCH(PUKAIIUH, TaK U
nanutpy (Tabnuiy nBeToB) Kareropuil. [Ipm HeEoOXOAMMOCTH mapaMeTpbl
KJaccu(uKauy MOTYT OBITH 3alucaHbl TaK)Ke B BEKTOPHOH (Gopme B BHJE
MOJIMTOHOB C COOTBETCTBYIOIIUMH 3HAYEHHSIMHU aTpUOYyTOB (Kak B METOJe
Feature Space naxera Erdas).

IMpouecc coznanus oOpasa CrieKTPaIbHOTO MPOCTPAHCTBA, /IEKBATHO OTpa-
JKAIOIETro JIAaHJIAPTHYIO CTPYKTYPY, MOXKET OBITh JOCTaTOYHO TPYJIOEMKHM.
OnHako B OTAMYHE OT APYTHX METOJOB KIACCH(UKAIIMU 3TOT MPOLECC MTPOBO-
JUTCSI HE BCIICIYIO, TO9TOMY JTaHHBI METOJ MOXKHO Ha3BaTh MCCIIEJOBATEIb-
CKHUM, aHaIuTHYecKnM. OH MO3BOJISIET OCMBICIIEHHO NOAOHPATh ONTHMATbHBIN
BapUaHT KIACCHU(UKAINH, WCIONb3Yys HW3BECTHBIE 3aKOHOMEPHOCTH YPOBHEH
OTPaKECHUs CUTHAJIA B PA3IIMYHBIX CIIEKTPAIBHBIX JHana3oHax. [Ipu sTom BO3-
MOXKHO TIOCIIE/IOBATENLHOE, MTOLIAT0BOE YBEJIMYCHNUE TOUHOCTH U JETAbHOCTH
knaccudukanuu. Hanpumep, Ha puc. 41 (cneBa BBepxy) NPHBEICHBI PacTp
CHEKTPaJIBHOI'O MPOCTPAHCTBA TpeThero (parmenta (tabn. 4) ¢ obmacTsMu
JIBYX HanOoJee pacipocTpaHeHHBIX KaTeropuii — BoJla ¥ XBOWHBIH Jiec, U COOT-
BETCTBYIONIMH pe3yibTaT Kiaccudukanuu (crpasa BBepxy). JlornuHo npearno-
JIOKUTh, YTO TPOMEXKYTOYHAS MEXAYy OTHMH KaTErOpUsIMH OO0JacTh CIEK-
TPaJBHOTO IPOCTPAHCTBA JIOJPKHA COOTBETCTBOBATH ITOTPAHMYHBIM, HIEPEXOI-
HBIM 30HaM MEXJIy 03€pOM M JIECOM. 3aKpacuB B pacTpe 3Ty 00JacTh CIIeK-
TPaJBHOTO TPOCTPAHCTBA YEPHBIM (CJIeBa BHH3Y), B pe3yibTare Kiaccupuka-
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Puc. 38. Cxema opraHu3anuy CieKTPaabHOro MPOCTPAHCTBA

1— Boma; 2 — TOIM BepXOBBIX OOJIOT; 3 — MUHEpaJIbHBIE 3eMJIH (ITECOK,
3aCTpOiKa U T.1.); 4 — crieJibie XBOWHbIE Jieca; 5 — BTOPUYHbBIE XBOMHO-
JINCTBEHHBIE Jieca; 6 — TpaBIHUCTAsI U KyCTAPHUKOBAsI pACTUTEIbHOCTD;
7 — criesible CebXO3KYJIbTYPhI

Puc. 39. ObaacTu curHaTyp ABYX KJII0YeBbIX YYACTKOB B
CNEKTPAJbHOM NMPOCTpaHCTBe raBHbIX KoMINoHeHT PC1 u PC2

KoimoueBbie y9acTK mogo0paHbl: 1 ¥ 2 — MpaBWIbHO, 3 — HEMPAaBUWILHO



PC2 S

Puc. 40. ObnacTH CUTHATYP KJII0YEBBIX Y4aCTKOB Ha (DOHE BCETO
THIIEPIJUTAIICOMIA CHUMKA (TMOKA3aH CePbIM IBETOM)



PC2

* -
PC1
PC2
(C—
PC1

Puc. 41. BeiejieH1e nepexoaHbiX 30H B CHIEKTPAIBHOM MPOCTPAHCTBE (CJIeBa) H
Pe3yabTaThl COOTBETCTBYIOMIMX KJIaCCH(PUKAIMIA CKAHEPHOTO CHUMKA (CIpaBa)






3. Kiaccudukanus ckanepHoit nadopmarmu

OUU TONYYNM, KaK W TPEAIoNIarajock, OeperoBble JIUHUH (CIIpaBa BHH3Y).
[Tpumep mpuBeneH [UId HArTSAHONW IEMOHCTPALMH MPOCTOTHI U 3()(HEKTHBHO-
CTH MeTOJia cerMeHTanuu. [1omydnTs 4eTKyto OeperoBylo JIMHUIO JIIOOBIM ApY-
T'MM METOJIOM YIPAaBIAeMOH KIacCU(pUKAUNK MPAKTHYECKH HEBO3MOXHO, I10-
CKOJIbKY 3Ta KaTEeropus MPeJICTaBIEeHa BEChbMa PA3IIMUHBIMU CHUTHaTypamu. Ec-
JIM K€ MPHOETHYTh K MPOCTEHILEMY aHalM3y CHEKTPaJbHOIO MPOCTPAHCTBA,
npobiemMa peraeTcst cama coOoM.

Crenyromiee IPUHIMITUAIBHOE OTIMYHE TaHHOTO METOJa OT TPaAUIHOH-
HBIX 3aKJI0YaeTCs] B TOM, YTO HOSBISIETCS BO3MOXXHOCTH MaTeMaTH4YE€CKOTO
OTHCaHMsI KaYEeCTBEHHBIX XapaKTEPUCTHK KAaTETOPUIl MOCPEICTBOM JIOKAIH-
3alMU WX IOJIOKEHHSI B CIIEKTPAIILHOM MPOCTPAHCTBE — Hampumep, Gopmu-
POBaHHEM BEKTOPHBIX IMOJUTOHOB, OTPaHHYMBAIOIINX OOJIACTH KaTErOpHH.
HwmxHIOI0 9acTh TUNEpIUIMIICONAA CpeHeTaekHoro dpparMenTa 9 (tabn. 4)
3aHUMAeT 00JIACTh BTOPUYHBIX €I0BO-JIMCTBEHHBIX JECOB, BO3PACT KOTOPBIX
(¥ COOTBETCTBEHHO JIOJISI €T B COCTABE) YBEINIMBACTCS CIIPaBa HAJIEBO (CM.
puc. 39, obmacts 2). Bektopu3oBas 3Ty 00yacTh, Kak MOKa3aHO Ha Bpe3Kax
puc. 42, U pa3fenuB ee Ha JBE WJIM TPH 4acTU (COOTBETCTBEHHO BBEPXY U
BHHM3Y PHCYHKa), IIOJy4HM IIPHU KIacCU(PUKAIMKM YYacTKH JIECOB, HAXOIs-
IIHUXCSI HA COOTBETCTBYIOUIMX CTAJUSAX CYKLECCHM (Ha PUCYHKE B KauecTBE
pactpoBoii moanoxku — RGB-u300paxenue, cuHTe3UpOoBaHHOE U3 MH(Dpa-
KpPacHbIX KaHAJIOB, a OKOHTYpPHUBAIOIIME YYaCTKU JIMHUM — aBTOMAaTHYECKH
BEKTOPU30BaHHbIEC PE3yJIbTaThl KiIaCCH(PUKALIUN).

[TonoxeHue KaTeropuy B CIEKTPaJIbHOM IPOCTPAHCTBE U COOTBETCTBEHHO B
CYKIIECCHOHHOM DSy B JJAHHOM CITy4ae JOCTaTOYHO JIOCTOBEPHO ONHCHIBACTCS
JIMHEWHBIM ypaBHEHHEM, a JINHUSI PETPECCHU CTAHOBUTCSI MATEMaTHIECKH BbIpa-
JKCHHON TPAaeKTOPHEH CYKIIECCHH B CIIEKTPAIbHOM TPOCTpaHCTBe (pHc. 43).
CBs3bIBaHNE TPACKTOPUI CYKIECCHH € pa3IMYHBIMHA HAa3eMHBIMHU JaHHBIMH, Ha-
TIPUMeEp, MOJEISIMU XOJa POCTa HACAXICHHUH, TAaeT BOZMO)KHOCTH CaMOTO pa3-
JIMHOTO KOJIOTHYECKOTO M XO3IHCTBEHHOTO MOJICITUPOBAHMS.

Takum 006pa3oM, ZaHHBIH METOJl 0OECIIEYNBAET HE TOJIBKO IKCTPAIOIS-
LUIO JaHHBIX KIIOYEBBIX YYaCTKOB, HO M MHTEPIIOJALHUIO TPOMEKYTOUHBIX
3HA4YEeHUH, TO €CTh B IIOJIHOM CMBICJIE 3TOTO CIIOBA YHPAGIAEMYI0 KIIACCH-
¢ukanuto. Kinaccuduxaius nepectaeT ObITh OJIHOHAIIPABICHHOW — OT KJIIO-
YEeBBIX YYaCTKOB KO BCEMY CHUMKY, IOSIBIISICTCS B3aHMOCBSI3b MEX1Y I'€o-
rpaUYecKuM U CIEKTPaIbHBIM IIPOCTPAHCTBOM, TO €CTh BO3MOXKHOCTb OII-
pEeNEeNuTh!

— 8 KAKOM Mecme CHeKmpaibHO20 NPOCMPAHCINGA HAXOOUMCS MOYKA C
OanHbIMU 2e02paguyeckumu KOOPOUHamamu?

— 20e meppumopuUaIbHO HAX00AMCsA 00bEKMbl ¢ OGHHOU CUSHAMYPOU?
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y=-0.3166x+100.8563 r=-0.8448
100_

pC2

60 a a

20 40 60 80 100 120
PC1

Puc. 43. TpaexTopusi BTOPHYHBIX €J10BO-THCTBEHHBIX HACAKICHU I
B CHEKTPAJIBLHOM MPOCTPAHCTBE

Bo03MOXXHOCTh Takol B3aMMOCBSI3H MO3BOJISET BBISICHUTBH, KAKUX KaTeropuﬁ
KITFOYEBBIX YYaCTKOB HEAOCTATOYHO JId I[OCTOBepHOﬁ KJ'IaCCI/l(l)I/IKaIJ,I/II/I, u 1nona-
OupaTh MX B KOHKPETHBIX ydacTKax TEPpUTOpUH. B xauecTBe Bcriomorarelb-
HOW MH(OPMAIMU JUIsl TOBBILICHNUS TOYHOCTH KIIACCU(HKAIIMA MOTYT TaKXe
UCIIOJIb30BaThCS a9PO(OTOCHUMKH M CKaHEPHBIE CHUMKH CBEPXBBICOKOTO pa3-
penrenus. Uto ke KacaeTcs TPyIOSMKOCTH IPOIIECca aHaIU3a CIIEKTPaIbHOTO
MPOCTPAHCTBA M €r0 CerMEHTAIMH, HYKHO YYUTHIBATh, YTO 3TOT IPOLECC IS
OIIpe/IeNICHHOI TEePPUTOPHU OCYLIECTBISIETC OMH pa3. Tepputopus sta Mo-
JKeT jmocturark, Hampumep, 6 500 000 ra (mBe coceqHMX Ha BUTKE CIICHBI
Landsat). B ganpreiimem OyneT IpOBOIUTHCS JIHIIE OCIEIOBATEIHHOE YTOU-
HCHHEC U ITOBBINICHUEC ACTAJIBHOCTHU KHaCCI/I(l)I/IKaHI/II/I.

Ilpeobpaszosanue cnekmpanbHozo nPOCMPAHCIEA
ona yayuuwenus ouggpepenyuayuu kamezopuii

[pu aHanu3e JaHHBIX KIIOYEBBIX YYaCTKOB HEKOTOPBIX TEPPUTOPHHA 0OHA-
PYXKUBAeTCs, YTO CYLIECTBYIOT KATETOPUH, 00JIACTH KOTOPBIX B CHIEKTPAILHOM
MIPOCTPAHCTBE B3aUMHO IMepeKprIBatoTcs (Ha puc. 38 3To obnactu 6 u 7 — npu-
ONMU3UTENHHO JIeBast HIKHSSI 9eTBEPTh MpocTpaHcTBa). Kimaccuduxanus cHUM-
Ka TOJIBKO IO CEIrMEHTY HEpeKpPhITHS MOKA3bIBAeT, YTO ITH KaTErOpHU HaXo-
JIATCSL U Ha CEJIbCKOXO3SIMCTBEHHBIX 3eMJIsIX (JIyrax), M Ha HEKOTOPBIX y4acT-
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Puc. 42. BapnanTsl K1accuuKanuy BTOPUYHBIX XBOWHO-
JIMCTBEHHBIX JIECOB C PA3JIMYHO¥ J101eii XBOIHBIX B COCTaBe

Ha Bpe3kax — cxeMbl CerMEeHTaLIMK CIIEKTPAIbHOTO MPOCTPAHCTBA, CEPbIM
TOKa3aHbl KOHTYpbI rurnepasurconsa. Lidpel odozHauaror
COOTBETCTBYIOILIME 00JIACTH B CIIEKTPATIbHOM 1 TeorpahuueckoM
TPOCTPAHCTBAX CHUMKA. JINCTBEHHbIE MOJIOTHSIKY UMEIOT JKEJITO-OPaHKEBYIO
OKpacKy, 6oJiee cTapble — CBETIO-3eJICHYIO, a CPeIHEBO3PACTHBIC U
TIPUCTIEBAIOIIME YIACTKH C BHIXOIOM €1 B TIEPBbIIA SIPYC — TEMHO-3JIEHYI0



Puc. 45. Ucxonnoe (caesa) u JorapupMupoBaHHoe (CIpaBa) CNEKTPaIbHOE
NPOCTPAHCTBO

Puc. 46. O6nacTH CUTHATYP KJII0YEBBIX YYACTKOB B HCXOJHOM (CJIeBA) U
JorapuMIpoBaHHOM (CNPaBa) CIEKTPATLHOM MPOCTPAHCTBE

1 — COCHSIK 3eJICHOMOIITHBIN; 2 — COCHSIK JINIIIAHNUKOBEII; 3 — 00J10TO; 4 — JIyT



3. Kiaccudukanus ckanepHoit nadopmarmu

Kax BEpPXOBBIX 00JIOT, mpmdeM Jake Ha RGB-moanmoxke mBera Kareropuii 3a-
METHO pa3INyaroTcs. PasniyuHbl M CUTHATYPBI 3THX KaTE€ropHii, IpUYEM B HaH-
6oJee CyIIecTBEHHOM JIJIsl paCTUTENIFHOCTH THara3oHe — KpacHoM (puc. 44).

200
100
Puc. 44. CurHaTypbl HEKOTOPBIX YYaCTKOB
0COKOBO-charHoBoOro 60J10Ta (cj1eBa) H
TPaBSIHUCTOIi (JIyroBoii) pacTHTEILHOCTH
(cmpaga). Kanansi G, R, NIR, SWIR1, SWIR2
ol cJIeBa HANPABO HAa 00enX uarpaMmax

[TpyuanHa 3TOTO SIBICHHUS B CAMOM aJrOPUTME METO/A aHAIN3a TJIABHBIX KOM-
TIOHEHT W B OCOOCHHOCTH CHTHATYpP 3THX KaTeropuil — SKCTPEMAIbHO BBICOKOM,
10 CPAaBHEHHIO C IPYTMMH AWANa30HaMH, YPOBHE OIMKHETO MH(PPAKPACHOTO Ka-
Hana. KOMIOHEHTHBIH aHaju3 «CYMTAaeT» 3Ty OCOOCHHOCTh HamOoJjee BayKHOM
XapaKTEPUCTUKOM CUTHATYPBI, a Pa3iIMdMs B YPOBHE KPAaCHOTO — HECYILIECTBEH-
HbBIMH U MIOMCHIACT CUTHATYPBI C NMPUHIUITNATIBHO Pa3JIMYHBIMU OMOJIOTHYECKH-
MU XapaKTEepUCTHKaMU B OJJHY 00JIaCTh MPOCTPAHCTBA.

YMEHBIIUTD BIUSHUE MIMKOBOTO YPOBHS OJMKHETO HH(PAKPACHOTO HA IO-
JIO)KEHHE CUTHATYPHI B CHIEKTPAJIbHOM MIPOCTPAaHCTBE M MOBBICUTH TAKMM 00pa-
30M cTerneHb TuddepeHranuy KaTeropuii MO>KHO Iy TeM JIoTapu(MHPOBaHUS
WCXOJHBIX 3HAYEHUH MaTpulbl cHUMKa. CHEeKTpalibHOE MPOCTPAaHCTBO IpU
3TOM, KakK U CIEAO0BAJIO OXKMAATh, B LIEJIOM HECKOJIBKO «CKHMAETCs» B BEPTH-
KaJIbHOM HaIpaBJICHHH, JIEBasi €TO YacTh, HAO0OPOT, CTAHOBHUTCS Oojiee 00beM-
HOH (puc. 45), HO NepeKphIBaBIINECS B MCXOAHOM IIPOCTPAHCTBE KATETOPHU
COBEPIIEHHO YETKO OTACISIOTCS APYT OT APYra, a BO B3aMMHOM PacIONIOXKe-
HUH JPYTUX CUTHATYP CYIIECTBEHHBIX H3MEHEHHI HE IPOUCXOANT (pHC. 46).

Tpaekmopuu CuZHamyp 6¢ CneKmpajilbHom npocmpancmee
PA3HOBPEMEHHBIX CHUMKOB

CylecTBYIOT KaTeropuu, o0JiacTH KOTOPBIX YaCTHMYHO NEPEKPhIBAIOTCS U B
CIEKTPaJbHOM MPOCTPAHCTBE IPEIBAPUTEIBHO JIOrapH(PMUPOBAHHOTO CHHUMKA.
OT0 TaKke HEKOTOpble y4acTKH OOJIOT, CENbXO3yroauii M BIpyOOK (0OBIYHO
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JABHOCTBIO 5 JIET, CBEXKHE BEIPYOKH 3aHUMAOT YETKO 000COOJIEHHOE OT APYTHUX
KaTeropuii MOJIOKEHWE B runepaumnconse). Ho B 3ToM ciydae mpakTH4ecKu
OJIMHAKOBBI M X CHUTHATYPBI, YTO MCKIIFOYAET BO3MOXKHOCTH Ju(depeHnnaim
KaTeropuii KakUMHU-TMO0 METOJIaMU MaTeMaThuueckol kiaccudukanuu. Ha puc.
47 Takas o01acTh MpeCTaBIeHa CETMEHTOM, 0003HaYeHHBIM Itdpoit 3. B cer-
MEHTe 2 HaxoAdATCsa JIMIONEHHBIC PACTUTCIBHOCTH CCIbXO03YTroAbsA (CBe)KCBCHa-
XaHHBIC SeMHI/I), B YCTBEPTOM — CIICIIBIC CEIIbCKOXO03SMCTBEHHBIC KYJIbTYPBEI. Co-
OTBETCTBCHHO TpeTI/Iﬁ CEIrMCHT 3aHMMArOT Y4aCTKU IPOMEXKYTOYHOI'o THIA, C
PEIKOM PaCTUTENBHOCTHIO — TPABIHUCTOM M KYCTapHHKOBOM.

Puc. 47. CxemaTu4eckoe n300paxeHne cerMeHTOB
KaTeropuii «6010To» (IIyHKTHPOM) H «CEJIbX03YT O/IbsI»
(cnuronHast IMHUS) B CNEKTPATLHOIO MPOCTPAHCTBE

OueBHIHO, B TAKKX CITyYasiX M YIOTPEOIAETCS B HEKOTOPBIX MyOIHMKAIMAX YIIO-
MUHABIIHICS BBIIIE TEPMHUH «IIEPEIyThIBAHHE» (KATErOPU TIPU YIPABISEMO#
krnaccudurarmn). Hy:HO ckazath, 4TO ¢ TOUKH 3PEHHUSI TEXHMYECKOH CHCTEMBI (CKa-
Hepa JIAHHOTO CIEKTPAITBHOTO M MPOCTPAHCTBEHHOTO Pa3pellicHus) HUKAKOTO «ITe-
PEITyTHIBAHHS» B TAHHOM CITydae He TIPOMCXOIUT, 3TO O3HAYAET JIMIIIh, YTO KOJIHYe-
CTBO M CTPYKTYpa (POTOCHHTEZHPYIOIIEH GHOMACCHI M CTETIEHb POBHOCTH TTOBEPXHO-
CTH — OCHOBHBIE (haKTOPBI, ONpeIeNsIonHe GopMy PErHCTPHUPYEMO CHTHATYPBI, —
B JIAHHBIX KATETOPHSX TIOBEPXHOCTH OJIM3KH, U TSl KAKKX-TO 3a/1a4, HaTpHMep, TIPH
OIICHKe 3araca (PUTOMACCHI, 3TH KaTeropur MOTYT COBIaaath. Ho ecu, Hampumep,
HEOOXOMMO BBIICHUTH TPOMCXOXKICHHE KATErOPHH — €CTECTBEHHOE HMIIM aHTPOIIO-
TEHHOE — 3TO «IIePEITyTHIBAHKE)», OE3YCIIOBHO, SBIISICTCS OIIMOKOM.
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3. Kiaccudukanus ckanepHoit nadopmarmu

MUHIMH3HUPOBATh TAKHE OMMMOKHA MOXHO IIPH UCCIICNOBAaHUH JAaHHBIX CKaHEp-
HOH CBHEMKH TPOIDTHIX JIeT. OTKpBITHIC (HeoONIeceHHBIE U c1ab000eceHHbIe) 00mo-
Ta XapaKTepU3yIOTCsl HAMOOBIIMM Pa3HOOOpa3HeM CIIEKTPATBHBIX XapaKTePUCTUK
TI0 CPaBHEHHIO CO BCEMH JPYTIMH KaTerOpHsIMH ITOBEPXHOCTH, TO €CTh B THIIEPAII-
Jurconzie 00aKo 6oNoT Hanbdosee 0OBEMHO, @ B HEKOTOPBIX CITy4Yasx COCTOUT U U3
HECKOJIbKMX 000COOJIEHHBIX IPYT OT Apyra (hparmMeHToB. B To e Bpemst cpenu Bcex
KaTeropuii 310 Haubosee CTaOWIbHAsA BO BPEMEHH IO CIIEKTPAIBHBIM XapaKTepH-
CTHKaM OMOTHYECKasl KaTeropys 3eMHOM HOBEPXHOCTH (€CTECTBEHHO, €CIH CIIEK-
TpaJIbHbIE XapaKTEPUCTHKH OIPEEIISIIOTCSI B OJTHO M TO K€ BPEMS IoJ1a).

Ha BrIpyOKe ke B TeYeHHE KOPOTKOTro (B MacmTadbe MpoJOIDKUTEILHOCTH
CYKLIECCHHM PACTHTEIFHOTO MOKPOBA) IEpHOJa BPEMEHH MPOHUCXOMIAT 3HAYHM-
TeJIbHBIE 3aKOHOMEPHBIE U3MEHEeHHUs curHaTyp (puc. 48). Ha neBoii auarpamme
TUIMYHASI CUTHATYpa PAaCTUTEILHOCTH: YPOBEHb KpacHOTO KaHaua (3) 3Hauu-
TETPHO MEHBINE, YeM 3eleHOro (2), 3a CcYeT MOTJOMCHHS XJIOPOPHIIIOM,
ypoBeHb OMKHero HH(paKpacHoro (4) MaKCHMaJeH, a YpOBHH CPEIHEBOIHO-
BBIX MH(paKpacHBIX KaHaMOB (5 u 7) TuiaBHO yMeHbIIaroTcs. OTMETHM, 9TO
YKa3aHHbIE 3aKOHOMEPHOCTH IIO3BOJIAIOT CO34aTh PACTPOBBIN CIOH «MAacKm»
pacTuTenbHOCTH (JII0OOTO THIIA), KOTOPBIH MOXKET OKa3aThCs BeCbMa II0JIe3-
HBIM JJIs1 YBEJIMUYEHHUS JOCTOBEPHOCTH PE3y/IbTaTOB KJIACCH(DUKALIIH.

100 100 100 100

0l 0. 0. 0.

23457 2344587 23457 23457

Puc. 48. BpeMeHHAasi TAHAMHAKA CNEKTPAILHBIX CHTHATYP BHIPYGOK
(mo cammky Landsat 7)

CreBa — crenblii COCHSIK YepHUYHBIH, Jajee BHIPYOKH JJTaBHOCTbIO COOTBETCTBEH-
HO 1, 9 u 15 ner. [luarpamMMbl TNOKa3bIBAIOT 3HauYeHHE OaiiTa MUKCeNa CHHUMKA
B KaHayax 2-5 u 7

Cpasy mociie pyOku (opma CUTHATYpBI pe3ko u3MeHsiercs. IIpexzae Bcero
9TO BBIPAKACTCSI B TOM, YTO 3HAYCHHE KPACHOTO KaHala CTAHOBHUTCS OOJIbIIE,
YeM 3eJICHOTO0, TaK KaK ()OTOCHHTE3MPYIONIas Ouomacca B 3TOT IEPHOJ IPAKTH-
YeCcKU OTCYTCTBYeT. KpoMme Toro, mepBblid CpeIHEBOIHOBBIA HH(PPAKPaCHBIH Ka-
Hai (5) CTaHOBUTCS OJIM30K M0 YPOBHIO ONIMKHEMY MH(PPAKPACHOMY, YTO TaKXKe
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IUISL PACTHTEIBHOCTH HeXapakTepHO. Uepes HeCKOJBKO JIET C MOSBJICHUEM pac-
THUTEIBHOCTH, IIyCTh €Ile M HEeJIECHOW, (opMa CHTHATYpbhI BBHIPYOKH HAauMHACET
MIPUOTIIKATECS K MCXOIHOM («IECHOI»), HO YPOBHHU BCEX KAaHAIOB €IIe J0JIT0e
BpeMsi OyZyT 3HAYUTENBHO OOJBIIE BBUAY OTCYTCTBHUS IOTJIOIEHHS JIECHBIM TO-
JoroM (TO3TOMY Ha BH3YaJIM3HPOBAHHOM CHHMKE BBIPYOKH BBINJIIAT 3HAYM-
TENbHO cBeTiee Jieca). [lajee ¢ TeueHMEM BpEMEHH SIPKOCTH BCEX KaHAaJOB
YMEHBIIAIOTCA. DTH U3MEHEHHS 00YCIOBIMBAIOT U COOTBETCTBYIOIIMI «apeiidy»
CHTHATYp JIAHHBIX KaT€rOPHi B CIIEKTPAILHOM IIPOCTPAHCTBE THIIEPAIUIUIICOUIA
M0 TPAaCKTOPHU AHTPOIIOTEHHOW CYKIIECCHM JIECHOH SKOCHCTEMBI — CHTHATypa
CHayaJia BBIXOJIUT 3a ITPe/ielIbl «ECTECTBEHHOT0» THITEPAJUIMIICONAA 1 3aTEM BO3-
BpamiaeTcss 00paTHO, MPOXOAS IMPU 3TOM (HA CTaIuM «cTapas BEIPYOKa») 00-
JIaCTh, 3aHUMAEMYIO0 M HEKOTOPBIMHU THITaMu 0oJ1oT (puc. 49).

O CBeXan
R T BhIpYDKa
-
o O cTapan Puc. 49. CxemaTH4eckoe
nec P H300pazKeHHe TPAEKTOPUH

BLl py’ﬁ-l{ﬁ BBLIPDYOKH B CHIEKTPAJILHOM

NPOCTPAHCTBE

Takum o0Opazom, NpH ONpeNeNIeHHH, K KaKOH KaTeropuy Hy>KHO OTHECTH
«COMHHTEJILHYIO BBIPYOKY», CIEIyeT pacCMOTPETh TPACKTOPHUIO €€ CUTHATYPHI
B CIIEKTPAJIBLHOM IIPOCTPAHCTBE: €CIM Ha Pa3HOBPEMEHHBIX CHUMKax He Ha-
OrroiaeTcs 3HAYUTENBHBIX TIEPEBIKEHHUI, TO 3TO OOJIOTO, €CIH )K€ CHUTHATypa
TIepeMeNIaeTcs COracHo puc. 49, TO NaHHBIH YYacTOK SIBISETCS BBIPYOKOM.
AHANOTWYHO B CIy4ae «IEPEryThIBAHHUS» OONOT M 3eMellb, HaXOISIINXCS B
CEJIbCKOXO03SHCTBEHHOM 000pOTe, MOCIETHIE B OTIHYNE OT O0NOT OymyT me-
pemermaTbes U3 BTOPOTO CETMEHTa B UeTBEPTHIN (CM. puc. 47).

Crnenyer oTMeTHTD, uTO ckaHep Landsat 5 (oTnmuarommiics ot Landsat 7
JUIb OTCYTCTBUEM HEHYXHOI'O IJId KJ'IaCCI/I(bI/IKaLII/II/I MaHXPOMATUYCCKOT'O
kaHasa) pyHkuonupyet ¢ 1984 r. no Hacrosuiero Bpemenu. Kak nokasbiBa-
et onbIT OUHISIHANY, T/Ie Ha AaHHBIX Landsat 5 ocHOBaHa rocyaapCcTBEHHAs
cucrteMa yuera JiecHoro ¢onna, 6e300J1a4HbIe CLEHBI JUIS JII000r0 ydacTKa
MOTYT OBITH MOJIy4CHBI ¢ HMHTepBajioMm He Oosiee 3 yer (Tomppo, 1990).
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3. Kiaccudukanus ckanepHoit nadopmarmu

Takum oOpa3om, npu Hamuunu Bcex cHUMKOB Landsat 5 u Landsat 7 3agada
TOYHOTO OMNpPENEICHUS JTaHHBIX KaTeropuil ObLIa OBl NMPAKTHYECKH PEIICHA
0e3 MCIOIb30BaHUS JOMOJHUTEIbHBIX METONOB MM JaHHBIX. Kpome Toro,
PETPOCTIEKTUBHAS 3KCTPANOIALUS JAHHBIX CbEMKHU MO3BOJIMIA Obl B 3HAYM-
TEJIBbHOH CTETIEHN BOCCTAHOBUTH CTPYKTYPY JIECHOTO MIOKPOBA, CYIIECTBOBAB-
myro B Hayane 1960-x Tr., Korja 3HauuTeNbHast 4acTh TeppuTopun Kapennu
erie He OblJIa 3aTPOHYTA MacIITAOHBIMU PyOKaMHU.

[Ipu knaccupukanum ckaHnepHoil mH(pOpMAIMKM HEOOXOIUMO B MEPBYIO
ouepenb yYUTHIBATH TEXHHUECKHE BO3MOXXHOCTH CKaHEpa, a HE IBITAaThCs
«HACHIJIBHOY» TIOJIYYHTh PE3yJIbTAT, )KeJaTeIbHbIH 10 HKOJIOTHIECKUM HITH XO-
3SMCTBEHHBIM KpuTepusM. Hampumep, «0600TO», «Iyr», «IamHg», «3apac-
Talonas BEIPyOKa» — KaTEerOPHH SKOJIOTHIECKHE U XO3SHCTBEHHBIE, YCIOBHO
Ha30BeM UX «JIaHqmadTHbIE». [ToNBITKA MMOJI0KUTH UX B OCHOBY KilaccH(u-
Kallii HEW30€KHO NMPUBEIET K IEPEIMyTHIBAHNIO» KATETOPHH TPH JH0O00M
MeToze Kinaccudurannu. Ho MeTox cerMeHTanun CeKTpajsbHOTO MPOCTPaH-
CTBa MO3BOJIIET ONMPEIEIUTH CTEIIEHD U XapaKTep COOTBETCTBHS «JIaHAmIa(T-
HBIX» KaTerOpUil pacTUTENBHOIO MOKPOBA «CHEKTPAIBHBIM», TO €CTh TEM,
KOTOpBIE pa3IM4aroTCsad MO IOJOXKEHUI0 CETMEHTOB MX CHUTHAaTyp B CIEK-
TpaJbHOM IIPOCTPAHCTBE.

WHorpa ciekTpaibHble KaTETOPUH YE€TKO COOTBETCTBYIOT JaHIIa() THBIM,
KakK B CcIy4yae NMPOMU3BOJHBIX XBOWHO-JIIMCTBEHHBIX JIeCOB (CM. puc. 42), uHO-
IJla TAKO€ COOTBETCTBUE MEHEE BBIPAKCHO HJIM IOJIHOCTHIO OTCYTCTBYeT. B
3TOM cily4dae IepeBOJ CIIEKTPAJIbHBIX KaTEeropuil B JaHAmA(THBIC JOJDKEH
MIPOU3BOJINTHCS APYTUMH METOJIaMH — IIyTeM OTCIIEKHMBAHUS TPACKTOPHUH Ha
Pa3HOBPEMEHHBIX CHUMKaX, UCCIIC0BAaHUS TEKCTYPhl CHUMKa, IPUBIICYCHUS
HHpOpPMALUHU 0 penbede, TaHHBIX APYTUX CUCTEM MUCTAHIIMOHHOTO 30HIHU-
pOBaHMA — palapoB U JINAAPOB.

Auanu3numcmypm

IIpn oTCyTCTBMM pPa3sHOBPEMEHHBIX AAHHBIX, €CJIH S HCCIEAyeMOi
TEPPUTOPUH UMEETCS JUIIb OJWH CKAHEPHBII CHUMOK, JOIOJHUTEIBHYIO
nH(}OPMALMIO MOXKET JaTh aHAIU3 €ro TeKCTyphl. HyXHO OTMETHTB, YTO
TEKCTypa — BTOPOH Ba)KHEHIIMI MacCHB KadecTBEHHOH MHpopmanuu (1o-
clie CHEKTpaJlbHOM), coAepKalluiics B CKaHEPHBIX CHUMKAaX, U €ro Hc-
M0JIb30BAHHE MOJXKET TOBBIIIATH JOCTOBEPHOCTh CIIEKTPAIBHON Kilaccu(pu-
Kaluu.

Tax, Hanpumep, B OONBIIMHCTBE cllydaeB HeoOieceHHoe 00JI0TO 00ja-
naeT Ooljiee «IJIagKoi» MOBEPXHOCTHIO, YeM BhIpyOka. Cienbl TEXHHKH U
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NOpyOOYHBIE OCTATKU CO3JAIOT JOCTaTOYHO XaOTHYECKYIO KapTUHY BO BCEX
CHEKTpaJIbHBIX Juana3zoHax. [lon riaagkocTeio 37ech HOHUMAETCS HE TOJb-
Ko (u3uyeckas IiIajKoCcTh, POBHOCTb IMOBEPXHOCTH (XOTS OHA TOXE UMeEeT
3HAYeHHe, TaK KaK CHJIBHO BIHMSET Ha OTpa)kaTeJbHbIE CBOICTBA), a pa3iu-
YU B CIEKTPAJIbHBIX XapaKTEPUCTHKAX MEXIY COCEIHHMH ITHKCEIaMHu
CHUMKA, KOTOPBIE U OMPENEISIIOT €ro TEKCTYpY.

XapaKTEpUCTUKON CHEKTPaJbHOM «IrJIaJKOCTH» TMOBEPXHOCTU MOTYT
CIIYXXUTb pa3jIMYHbBIC MHIACKCHI, UCIIOJIb3yCMbIC B J'[aHI[HIa(bTHOﬁ OKOJIOTUHN
JUTIS BBUSIBIICHHS 3aKOHOMEPHOCTEH MpPOCTPAHCTBEHHOW OpraHM3alldd pac-
TUTENBHOTO MOKpoBa: MHIEKC (pparmentanuu (Monmonier, 1974), unnek-
cbl paznooOpasust (diversity), orHocurtensHoro obwnus (relative richness) u
nomuuupoBanus (dominance) (Turner, 1989), NDC (number of different
classes), CVN (center versus neighbor), BCM (binary comparison matrix)
(Murphy, 1985), moBropsiemoctu kiaccoB (class frequency). Bece onn tem
WIN WHBIM CII0OCOOOM OIICHHWBAIOT CTENEeHb pa3sHooOpa3us 3HA4YCHUH B
CKOJNB3AIIEeM OKHe 3X3 MHKcesa Ul OJHOTO M3 KaHaJOB CKaHepa WM Kiac-
cudunupoBaHHoro cHuMKa. CyIIeCTBYIOT Tak)Ke MOKa3aTeNH IS OLEHKU
apaMeTpoB TEKCTYpPbl IS HECKOIbKUX KAaHAJIOB OJHOBPEMEHHO, HAIpHU-
Mep, CpEeIHEero SBKIWAOBA pACCTOSHUSA, BapHallUH, acCCHUMETPUH
(«skewness») (Haralic, 1977; Irons & Petersen, 1981).

I{enecooOpa3HO MPOBOAUTH pPacyeT HHACKCOB s OJivkHEro uHppa-
KpacHOro KaHalla, B KOTOPOM COJEPXKUTCS HauOoJblliee KOJWYECTBO HH-
bopMauK 0 XapaKTEpUCTUKAX PACTHTEIBHOrO MOKpOoBa. MOryT OBITh HC-
MOJb30BaHbl mpocTeinme nHaekcsl NDC (KOTHYECTBO pa3IMYHBbIX 3HAYe-
HUI B OKHe) W (parMeHTalMu (OTHOCHTENBHOE KOJHYECTBO PAa3IUYHBIX
3HAYeHUH B OkHe). OUeBUIHO, YTO YeM MEHbBIIEC 3HAYCHHUS ITHX HHACKCOB,
TEM pOBHEE IIOBEPXHOCTb.

MOXHO Takxe paccMaTpUBaTh OTACIBHBIA KaHAl CHUMKa (B TaHHOM
ciaydae ONMMKHHNA MHOpPaKpacHBIH) Kak HU(PPOBYIO MOIETH BBICOT — BEBICO-
TOW CIIY>KUT SIPKOCTBH ITUKCEJIA, & POBHOCTD OIIPENENICTCS BETUINHON YKIIO-
Ha. OIHAKO HAWITydIllHe Pe3ybTATHl JaeT MPUMEHEHNUE B KauyecTBE KpHTe-
pusi  POBHOCTH BeNWYMHBI (¢paktanpHoi pasmepuocta  (fractional
dimension) (Eastman, 1985). Oxaszaioch, 4TO i MOBEPXHOCTH GOJIOT,
CXOIHBIX MO0 CUTHAType C 3apacTarollliMHU BBIpDYOKaMH, e€e BEJIMYMHA HE
npesbimaetr 2.0001-2.00015 (puc. 50). Takum 00pa3oM, IpHU UCKIIOUCHUU
U3 00BEKTOB YYAaCTKOB C JIaHHOW BEJIMYMHON (pakTaibHOH pa3MEpPHOCTH,
Kiaccu(UIMPOBAHHBIX KaK «BBIPYOKa», JOCTOBEPHOCTH PE3YJIbTATOB 3Ha-
YHUTENBHO YBEITUYHNBACTCS.
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Puc. 50. Ucnoab3oanue ¢GpakTaibHOi Pa3MepPHOCTH LISl KOPPEKIHH
pe3yJbTaToB KIaCCH(UKALMHU MO CNEKTPAILHBIM CHTHATYpaM

Ha ¢oHe Bu3yanm3npoBaHHOTO 13 MH(PPAKPACHBIX KAaHAJIOB M300pakKeHMsI KPACHBIM IIBETOM

MOKa3aHbl KOHTYPbI KaTETOpHii, KITacCUGbUIIMPOBAHHBIX KaK «BbIPYOKa», CHHUM — KOHTYpPbI

¢ (pakranmbHOI pazMepHOCThIO MeHblne 2.0001. YkazaHHBIN CTPeKOil 0OBEKT (M BU3YaTbHO
0oJtee «IaaKuii», 4eM BBIPYOKa), TAKMM 00pa3oM, SIBJISIETCSI O0JIOTOM, a He BBIPYOKOT






4. PEJIBE® B I'HC

Dopmuposanue yudposwvix mooeneii gpicom

Hudposas monens Boicor (DEM) MoxeT $opMUpPOBATHCS C MCIONB30Ba-
HUEM MH(OpPMAILMKM BCEX TPEX KIIACCOB CHCTEM JMCTAHIMOHHOTO 30HAMpPOBaA-
HUS — CKaHEPOB, PaJapoB, TUJIapOB.

CoBpeMeHHbIE TEXHOJOTHH KOHBEPICHTHBIX CHEMOK CBEPXBBICOKOTO pa3-
pEeIIeHNs, BBIMOTHIEMBIX ONTHKO-3JIEKTPOHHBIMU CKaHEPaMH € JITMHHO(OKYC-
HBIMH 3€PKaJIbHBIMH O0BEKTUBAMH, MO3BOJIIOT NoydaTh DEM ¢ TOYHOCTBIO
JI0 OJHOTO METpa MO BBICOTE, TO €CTh 3HAUYUTENBHO O0JIee BBICOKOH, 4eM B Tpa-
TUIHIOHHOH aspodoroTonorpaduu (Kamxuankos, Kpasmosa, 2003).

[Ipu panapHoit (pagrorHTEpHEPOMETPHUIECKOI) ChEMKE BBICOTHI OIpEie-
JISIFOTCSL TIO Pa3HOCTH (ha3 CHTHAJIOB, NPHUHUMAEMBIX NBYMS Pa3HECEHHBIMU B
IIPOCTPAHCTBE AHTCHHAMHU, TeOpeTudecku ToYHOCTb DEM pocrturaer nosei
JUIMHBI BOJIHBI CUTHAJIA, TO €CTh HECKOJIBKMX CAHTHMETPOB, YTO 3HAYMTENIBHO
NpEBBIIAET MOTPEOHOCTH JaHMAPTHONH 3KoNoruu. Takyro e TOYHOCTh
oOecnieunBaert yazepHas Jokanus (Janvwmus u np., 2005).

Onnako nuQpoBble MOJENN BBICOT, TIOMYYEHHBIE TUCTAHIMOHHBIMHI METO/Ia-
MH, IO HACTOSIIEr0 BPEMEHH OCTAOTCS MaJIOAOCTYITHBIMY JUISl IIUPOKOTO Kpyra
HCcIea0BaTeNnel BBUY UX BBICOKOW CTOMMOCTH, a B Poccuu — elne u BBUy cek-
PETHOCTH HEKOTOPBIX W3 THX AaHHEIX. B 2000 r. mpoBeneHa pammonHaTephepo-
MeTpudeckas cheMka ¢ marria Endeavor, B pe3ynpraTe KOTOpOH ObLIa Imosyde-
Ha riro0anbHast Tu(poBast MOAETh BEICOT C JETATBHOCTHIO TOTIOKAPTHI MacITaba
1:50 000, omHaxo TeppUTOPHS CheMKH OorpaHndeHa 60 rpagycamMu CeBEpHON IIIH-
POTHI, TO3TOMY OOJIbIIAs YaCTh TaeKHOM 30HBI Pocciy 0cTanach HEOXBaYEHHOM.

Ilo TuM mnpuYmMHAM, OYEBHUAHO, €IIE B TEUCHHE HEKOTOPOTO MEpPHOAa
€IMHCTBEHHBIM MCTOYHUKOM mosiyueHuss DEM jns mmpokoro xkpyra crienua-
JMCTOB OynyT M(POBBIE TOMOKAPTHI, TOUYHEE, BEKTOPU30BAHHBIE TOPU3OHTAIIH
(m3onmHMN BBICOT) 3TUX KapT. @opmupoBanue pactpa DEM mpowusBogurcs
IIyTeM HMHTEPHOJISAIUM 3HAUYEHUH BBICOT y3J10B M30JIMHUN B PETYISPHYIO pe-
IIETKY C 33JJaHHBIM I1aroM (pa3peuieHueM pacTpa).

Jnst aTorO HMCIoib3yeTcss HecKoiIbKo MeTonoB: IDW (cpenHeB3BemeHHbIE
10 paccTOSHUIO 3Ha4eHNs), TIN — Tpuanryssinus [lenoHe, KpUTHHT, peTyIspH-
3oBaHHble craitHel. Metoasl IDW u TIN natoT y1oBI€TBOPUTEIBHBIE PE3YJIIb-
TaThl JIUIIb B TOM CIy4ae, €CIH y3JIbl N30JMHUI PacroI0kKEeHbl PABHOMEPHO
M0 TUIOLIAJH, Yero IMPaKTHUECKH HHUKOTJAa HE OBIBACT — IUIOTHOCTh TOYEK
BJIOJIb JIMHUM B OOJIBIIMHCTBE CITy4acB OOJbIIE, YEM MEKAY COCETHUMH TOPH-
30HTAISIMU. METO/1 KpUTHHTa YacTo JIaeT €CTECTBEHHO BBINISSIIME apTedak-
16l (I"'odapos, 2004).
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Hawnyumme pesynbraTsl o0eclieunBaeT METO/ PETyJISIPU30BAHHBIX CIUIAH-
HOB ¢ HaTshkeHueM (regularized spline with tension), peamsoBaHHbIi B MOY-
ne v.surf.rst .

WHTepnionsinys 3TUM METOAOM MPOU3BOJUTCS MO 3HAYEHHUSIM BBICOT YIPY-
TOll «IUIEHKM», OOJeTarome U30JIMHUH, PACTIONOKEHHBIX HA COOTBETCTBYIO-
IIUX BBICOTAaX B NMPOCTPaHCTBE (pHC. 51, BBepXy), MPUUEM CTEIIEHb YIIPYTOCTH
W TOYHOCTb NPHJIETAHUS IJICHKH K TOPU3OHTAISIM MOXHO PEryJnpoBaTh. Ap-
Te(aKThl IPU TOM METOJIe MOT'YT BO3HUKATh JIUIIb IIPH OYEHb PE3KUX Tepera-
Jlax BBICOT Ha HEOOJBIIOM NPOCTPAHCTBE, HO U OHU NMPAKTHYECKU MCUE3ArOT
NpH YCTAHOBKE MaKCUMAIIbHOTO HaTsDkeHus (tension).

T'eomoppomempuueckuii ananus

[Mpocreiiire KONMNYECTBEHHbBIE XapaKTEPHUCTHKH pesibeda, KOTOPbIe MOTYT
OBITH MOJTYYCHBI U3 MOJICTH BBICOT — 3TO YKIIOH (Slope) 1 Kcrmo3unus CKIIoHa
(aspect). VIx BeNWYMHBI pacCUUTHIBAIOTCS METOJOM CKOJIB3AMIETO OKHA 3 X 3
M0 3HAYEHHUSM OTMETOK BBICOT COCEIHMX MHUKCENOB (puc. 51, B IGHTpe U BHH-
3y). OYHKIMU AJIs1 BBIYUCIICHHUS YKIIOHA M 9KCIO3UIMU BKJIFOUEHBI BO BCE pac-
tpoBrie [ IC, B GRASS oHnu peannzoBanbl B Moayie r.slope.aspect.

Yike 3TH apamMeTphl HeCyT BaKHYIO JIaHIIA(QTHO-OKOJIOTHYECKYIO HH(POP-
Maluro, NOCKOJIbKY UX BECJIMYMHBI ONIPEACIIAIOT PEXKUM CBETO-, TCILUIO- U BJIaro-
obecrieueHHOCTH MecTooOuTaHui. [IpuBieyeHne KapT SKCHO3UIMU U YKJIOHA
TIO3BOJISIET TIOBBICUTH JICTAIBHOCTH CIIEKTPAIBHON KilaccH(UKaMU B TEX CIy-
YasX, KOTJa He3HaYMTENIbHBIE pa3sindusl 3JaUyecKux yclIoBHH MecTooOuTa-
HHUH HE OTPaXXalOTCsl Ha CUTHAType W HE JICTEKTHPYIOTCs ckaHepoM. Hampwu-
Mep, CErMEHTBI CUTHATYDP COCHSIKOB JIHMIIAHHUKOBBIX Ha ()IFOBHOTIISIIMOHHON
PaBHUHE M COCHSKOB CKAJbHBIX MPAKTHYECKU COBMAIAIOT, HO CPEIHUN YKIIOH
MOBEPXHOCTH MECT UX MPOU3PACTAHUS PE3KO PA3IUYeH, YTO JAET BO3MOXK-
HOCTh JIETAJIM3UPOBATh PE3yJIbTAThl KiIacCH(UKAIMU, TMONYyYCHHON JIUIIb Ha
OCHOBE CIIEKTPAIIbHBIX XapaKTEPHUCTHK.

[Mpu nuddepeHnmranu cXokKHUX MO CUTHATYpaM y4acTKOB OOJIOT U BBIpY-
0OK MOXET HCIIOJIb30BaThCsl MEpa POBHOCTH MOBEPXHOCTH — YK€ HE CIICK-
TpaJbHOM, KaK B IPUBEICHHOM BBIIIE PUMEPE ¢ PpaKTaibHOU pa3MEPHOCTHIO
O6mpKkHero nHQppakpacHoro KaHaia, a (PU3NUECKOM, HO VI STOr0 HE0OXOIUMO
Hanmnuue DEM ¢ neTanbHOCTBIO, COOTBETCTBYIONIEH pa3pelIeHUI0 CKaHEPa, TO
€CTbh, Kak MUHHMYM, MacmTaba 1:50 000.

Bosee cnoxHbBIE 1 JEeTalbHBIE METOIBI T€OMOP(OIOTHUECKOTO aHAIN3a C
HCIIOJIb30BaHNEM IH(POBON MOJENH BHICOT (reOMOP(HOMETPHN) H3JI0KEHBI B
mucceprarun J.Wood’a (1996) — onxoro u3 pazpaborankoB GRASS. Muorue

76



Puc. 51. CBepxy BHU3, 1Jisl O/IHOTO W TOTO K€ Y4ACTKA HU3KOTOPHOT0
aanmmadra:
Beepxy — DEM, uHTepnoanpoBaHHast U3 BEKTOPHBIX TOPU3OHTAJIEH

TOIIOKAPTHI (BBICOTA B METpax);
B LIGHTPE — YKJIOH (B MPOLIEHTAX); BHU3Y — 9KCIO3ULIUS CKIOHA (a3UMYT)






4. Pennd B ruc

napaMeTphl aHaln3a BKIFOYECHBI B MOIYINb F.param.scale. HanGonee npaktu-
YeCKH 3HAYUMBIN U3 HUX — PopMa penbeda, KOTopasi MOXKET OBITh paccurTaHa
IUIS JTI000TO pa3Mepa CKOJNB3AIIEro OKHA, TO €CTh C PasiIMYHON CTENEHBIO Te-
Hepanu3anuu. Beero Beiaensiercs mects hopm pesbeda (puc. 52).

Puc. 52. OcHoBHbIe TeoMopodomMeTpuuecKkue GpopMbl pesbeda

Homepa cooTBETCTBYIOT HOMEPaM KaTErOpHil pacTpa, MoIy4aeMoro
B pesyJibTare paboThl MOy F.param.scale

1 — plane — mockocTh; 2 — pit — Baauua; 3 — channel — 10x061Ha, BOJOTOK; 4 — pass — IiepeBal;,
CeJUIOBHMHA (BOTHYTHIN 311eMEHT penbeda); S — ridge — rpedeHb (BBITYKIIBII 2JIeMeHT pernbeda);
6 — peak — BepmHa

@parmenT kapthel GopM penbeda npuBeneH Ha puc. 53. Kak Buaum, stu
(OpMBI pacCUMTHIBAIOTCS 0€3 yueTa YKJIOHa, I03TOMY KOMIUIEKCHAsI XapaKTe-
pHucTHKa penbeda MOXKET ObITh MOJTyYeHA JHMIIb ITyTEM HAIOKEHUS! HECKOJIb-
KHX PacTpoB — yKJIOHA, aclekTa, (opM U NpH HEOOXOIUMOCTHU JPYTHX, TTOITy-
YEHHBIX C MCIOJIb30BaHHEM Monylied r.slope.aspect, r.param.scale, r.buffer,
r.texture. Hapumep, OTHOXKYS CKIIOHOB — 3TO JOXOMHBI (hopMma 3) ¢ Hyme-
BBIM HJIM MaJIbIM 3HAYCHHEM YKIIOHA.

Ipouue npumernenus DEM

Hudposas Moaenp BEICOT IMO3BONISIET MOJCINPOBATH YCIOBUS OCBEIICH-
HOCTH (YroJl TaJIeHHsI COJTHEUHBIX JIy4eii) JII000i TOYKU MOBEPXHOCTH B 3a-
JTAHHYIO JaTy W BpeMsI CYyTOK M COOTBETCTBEHHO KOJHYECTBO NMPUXOAIICH

77



Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

COJIHEUHOW paJualliiy, 9YTO JAeT BO3MOXHOCTPH JeJaTh PacueThl BOJHOTO H
TeroBoro Oanadca (MoAyns r.sun). Monyns r.sunmask onpenenser obnac-
TH 3aT€HEHUS MPH 3aAaHHOM NostoskeHnn CotHna.

[Ipodmins MECTHOCTH IO 3aJaHHON BEKTOPHOW JIMHUU PACCUUTHIBACTCS
C TIOMOIIBIO MOAYJS r.profile. JIng THAPOIOTHYECKUX PACUETOB IpeaHA-
3HAYEH MEJbIA psAx MOAYJCH, Hampumep, TpaHHIBI BOJOCOOPOB Jaer
r.watershed (puc. 54).

Tpexmepnaa eusyanuzayus

Ha ocrnoe DEM moxHO (opMHpOBaTh TpeXMEPHbIE KOMITO3HUILIUH, TIOME-
masi JBYXMEpHBIC PAacTPOBBIC WIIM BEKTOPHBIC KApThl HA HU(POBYIO MOJEIb
penbeda (puc. 56, 58). B cocrap maketa GRASS BXOAHT MOIIHEIA MOIYJIh
TpexMepHOi Bu3yanuzauuu NVIZ, no3BoJsOMMN CO3/1aBaTh KOMIO3ULUH C
JMOOBIMH TTapaMeTpaMy HaIlPaBIICHUS M yTJla BUHPOBAaHUS W OCBEIICHUS (ce-
30Ha ¥ BPEMEHH CyTOK). [lociieqoBaTeNbHOCTh TAKIX KOMITO3UIIHHA, TOCTPOCH-
Hasl B OIPEICIICHHOM IMOPSIKE, Ja€T BO3MOKHOCTh BUPTYAJILHOTO TIOJIeTa HaJl
TEPPUTOPHEH 10 33JaHHOMY MapUIpyTy U B 3aJaHHOE BPEMSL.



Puc. 53. Dopmsi penbeda Ha (oHe ropu3oHTAIEN,
U3 KOTOPBIX ObLIa MHTepnoupoBana DEM

Hymeparust cooTBeTCTBYeT PpUBENCHHOW B TIOAIUCH K pHC. 52

Puc. 54. MonempoBanue cTpyKTypsl Bogocoopos mo DEM






5. UCCIIEAOBAHUSI CTPYKTYPbI U JUHAMUKU JIAHAIIAD®TOB

JlanamadTHoe kaprorpadupoanue na ocnose ' MC-TexHonoruii
u qanHbIx /13

B pesynbrare mHoronetHux uccinenoBaHuii B Uuctutyre neca KapHLI
PAH pa3pabortana pernoHanbHasi KIacCUPHUKAIMA THIOB JaHIMA()TOB, B OC-
HOBY KOTOPOM HOJIOKEHBI TPU (aKTopa Cpepl:

1) reHeTHYeCKHE THIBI penbeda U YETBEPTUYHBIX OTJIOKEHHH — 6 TUIIOB U
4 noarrmna;

2) creneHp 3a0ono4yeHHOCTH Teppuropun — Hu3Kas (<20%), cpemHss
(20-50%), BbICOKas (>50%);

3) npeobnamarmuil TUM KOPEHHBIX JIECHBIX MECTOOOUTAHHA — COCHOBBIN
WM €JIOBBIH.

CooTBeTcTBYIONIAas 3TOH KiaccupUKanuy JaHAmadTHAsS KapTa co3jaa-
Basack B 1980-¢ rr. myTeM coBMmelleHuss OyMaxHbIX KapT Kapenwu mac-
mrabdos 1:500 000 — 1:1 000 000: reomMmopdosIOTHIECKOH, YETBEPTUIHBIX
oTJIOXKEeHHH, TopdsiHOTO (hOHIA, KapThl JECOB MO COCTOSHHMIO Ha 1958 r.
BBuny pasHomacmTabHOCTH, pa3IMYUil MCIOJIb3YEMBIX HPOEKIHMI U Me-
TOAMK COCTaBJICHHUS MCXOJHBIX KapT TOYHOCTH BBIACICHUS JIaHIIA(THBIX
KOHTYPOB Ha 3TOH NaHAMAa()THOW KapTe COBEPIICHHO HEJOCTaTOYHA HHU
JUIsL IPAKTHUYECKOro, HU AJI1 HAy4YHOTo NPUMEHEHMs, 110 CYTH Jeja, 3TO
KapTa-cxema.

Pabotel mo nanamadrHOMy KaprorpadupoBanuio Ha 6aze ['MC-texHomo-
i U JaHHbIX J[3 Hadanuchk ¢ CO3/aHUS Ha OCHOBE 3TOM KapThI-CXEMBbI Teo-
METPHYECKH KOPPEKTHOW 1IM(POBOM KapThl THIOB JanamadTos. [Ipu aTtom uc-
MOJIB30BAJIUCH CIIEIYIONINE HCXOAHbIE JaHHbIE:

— CKaHEpHbIe CHUMKHU BbIcokoro paspemenus (Landsat TM/ETM+, Spot,
IRS):

— 1M poBBIE MOJIETH BHICOT;

— BEKTOpHBIE IAaHHBIE KIIOYEBBIX YYACTKOB (JTaHAIIA(THBIX MpOoQmiIeH u
MPOOHBIX TUIOIAACH):

— pactpoBas kapTta jgecoB 1958 r. M 1:600 000;

— pacTpoBas KapTa 4eTBepTHIHBIX oTioxkeHnir M 1:1 000 000.

Kapta TopdsiHoro donna He HCIOMB30BaNach, MOCKOIBKY CTEIEHB 3200710~
YEHHOCTH CO 3HAYUTEIBHO 0O0Jice BHICOKOH TOYHOCTBIO ONPEAEIANACH IyTeM
KJ1accH(UKaIMU CKaHEPHBIX CHUMKOB.

B kadecTBe HU(POBBIX MOAENEH BBICOT HCIOIb30BasIoCh OKpbiTHe Global
DEM (http://edc.usgs.gov/products/elevation/gtopo30/gtopo30.html) momymu-
HYTHOTO paspemieHus (okoso 1 kM), a Takke (IS HEKOTOPHIX yYacTKOB
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TEPPUTOPUHN) MOJEIH BBICOT, MHTEPIOIMPOBAHHBIE W3 BEKTOPHBIX T'OPH-
30HTaNeH TomokapTel MacmTaba 1:200 000. Bce manHbIe ObUTH TIPUBEICHBI
K enuHoil Kaptorpadpuueckoil mpoekumu (UTM 36-1 30HA, SIIUICOHI
WGS84).

Jlokanu3zanus naHAMaQTHBIX TPoQuIeH MPOBOAUIACH C HCIIOJIB30BAHU-
€M TpaHC(HOPMHUPOBAHHBIX B pa0OUYyI0 MPOEKIUI0 COOTBETCTBYIOIIMUX (par-
MEHTOB PacTpoOBbIX Tonokapt mMacurrada 1:50 000 — 1:100 000, nnanoB Je-
CoHacaxJIeHUuH (IOCKOIbKY JaHAmadTHBIE MPO(UIN B OOJIBIINHCTBE CIIy-
YyaeB 3aKi1aJbIBAIUCh 110 KBaPTaJbHBIM IIPOCEKAaM) H PACTPOBBIX MOJUIOKEK
¢ paspemeHueM 15 M, cunte3npoBaHHbX nyTeM RGB-HLS-RGB npeobpa-
3oBaHus u3 4, 5, 7 u 8 xananoB Landsat 7. JlaHHBIE MapIIpyTHBIX KJIIOUe-
BBIX YYaCTKOB BBOJMJINCH HETIOCPEICTBEHHO IO ONpEAeIeHHBIM NPHOOpoOM
GPS koopauHaraMm M Mpu HEOOXOAWMOCTH KOPPEKTHPOBAIUCH MO PACTpPO-
BOH motoxke (puc. 55). IIoaUTOHBI KITIOYEBBIX YYACTKOB CO3/1aBAIMCh ITy-
TEM PYYHOH BEKTOPU3ALHHU MO PACTPOBOH MOAJIOKKE, 3aTEM K I'€OJJaHHBIM
MO/IKJIIOYAJIach aTpUOyTHBHAS MH(OPMAIUI — KaTETOPUs 3€Melb, THII Jieca
WJIN BBIPYOKH, BO3pPAcT U T.1.

[Tpn mpoBeneHNH TpaHMI] JaHAMAQTHBIX KOHTYPOB HCIIONB30BANCS BECh
KOMIUIEKC OIIMCaHHBIX BBINIE METOJOB aBTOMATHYECKOH 0OpabOTKH CKaHep-
HBIX CHUMKOB M IIM(POBBIX MOJIENEH BBICOT, JIMIIb B OTIEIBHBIX CIIydasx, KO-
rj1a uMmeroleics nadopmaluu ObLJIO0 HEAOCTATOYHO, TPAHHIIBI KOHTYPOB OBLIH
OCTaBJICHbI B TAKOM BHJIE, KaK Ha KapTe-CXeMe.

[Ipu BBILAETICHUN CENBrOBBIX TUIOB JIAHAIA(TOB MCIIOJIB30BAIOCH 3HAYE-
HUE a0COFOTHOM BBICOTHI HaJl YPOBHEM MODS, a TAKXKE BEJIMYMHA YKJIOHA TO-
BEPXHOCTH. ['paHuIla MeXy pPaBHUHHBIMHA M XOJMHUCTO-TPSIIOBBIMH JIAH]I-
madTaMu TakKe ONMpeesnsIach Mo CpeJHeH BETHYMHE YKIOHA TOBEPXHOCTH.
CreneHpb 3a00I0YEHHOCTH OIPEACIIACh Ha KIACCU(PUIMPOBAHHBIX IO 3TO-
My IapaMeTpy CKaHepHBIX cHMMKax. Ha puc. 56 mokasana TpexMepHas Mo-
Jenb JaHMMa(@THOW CTPYKTYphl C HECKOIBKHMMHM KOHTPACTHBIMH THIIAMHU
nanamadra.

CkanbpHble THIBI JIAHAMAPTOB YETKO HACHTH(PHIIMPOBAIKHCH MO 000C00-
JICHHOU OT JIPYTHX JIECHBIX KaTeropuil CUTHAType Mpeo0IagalonuX B STOM TH-
TIe COCHSIKOB CKaJIbHBIX.

Haubonpmne pacxoxaeHus ¢ KapToH-cXeMOoi BOSHHUKIIM MPHU OTpejerie-
HUM TpeoOiIaaloniX TUIIOB JIECHBIX MECTOOOMTaHUI Ha CKaHEPHBIX CHUM-
kax. O4YeBUAHO, YTO OJHOI M3 NMPHUYMUH ITUX PACXOXKJICHHUH SBISIOTCS HE
TOJIFKO OTpaHMYEHHBIE BO3MOXXHOCTH CKaHEpHOH MH(OpMaIyH, HO U pas3-
JMYHBIE KPUTEPHH OTHECEHHS JIECOB K «COCHSKAaM» WIIHM «EJIbHUKaM» IpHU
KJIAaCCH(HKAIMKA CKaHEPHBIX CHUMKOB U IIPH JIecOycTpoiicTBe. Pazpemenne
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5. HccnemoBanus CTpyKTypBl M IMHAMHKH JIAHAIIA(TOB

3TOr0 BOMPOCAa OTHOCHUTCS K MEPCHEKTHUBHBIM HAIMPABICHUSIM JaHamadr-
HBIX MCCJIEIOBAHUH.

Kapra yTo4YHEHHBIX IpaHHMIL JJaHIAQTHBIX KOHTYPOB CTalla OCHOBOM 3JIeK-
TpoHHOTrO0 ariaca nanamadros Kapenuu, paspaboTka KOTOPOro Obuia HavyaTa B
2002 r. (epanm PODHU 02-07-97502p2002cesep_g). ATiac mpeaCTaBisieT co-
001 BEeKTOpHYIO KapTy THNOB JaHAmadToB (puc. 57), UHTETPUPOBAHHYIO C
Pa3IMYHBIMHA KAQUYECTBCHHBIMH M KOJIMYECTBEHHBIMH XapaKTEPUCTUKAMH KaxK-
JOTO THTA JaHAmapTa Mo SKOJOTHUSCKUM, PECYPCHBIM M XO3SHCTBEHHBIM
KPHUTEPHUSAM U TO3BOJISCT MOIy4aTh HAOOP COOTBETCTBYIOIIMX TEMATHUSCKUX
KapT pailOHUPOBAHHS TEPPUTOPHH.

B anexTpoHHOM atiiace COOCTBEHHO THUII JIAHAIIAPTA XapaKTEPU3yeTCsl Tpe-
M3l [TOKA3aTeISIMU, BRIPAYKAEMbIMU OYKBEHHBIMHU U LIU(DPOBHIMU HHICKCAMHU:

a) TeHETHYECKUE THITbI pesibepa U YeTBEPTHUUYHBIX OTIOKEHHUU — 6 TUIIOB U
4 moaTHma:

1 — osepuvie, ozepro-neonurosuvie u mopckue(1a) pasnunsl;

2 — 1eonuKo08bie u 600HO-1edHUK08ble (28) XOAMUCMO-2PAA08bIE;

3 — IEOHUKO0BO-AKKYMYISIMUBHbBLE CLOJNCHO20 pelvedda;

4 — OenydayuoHHo-mMeKmMOHUYECKUe XOIMUCTO-2PA008bIE C KOMIAEKCAMU
Jednuxosvix oopaszosanuii(4a) u nuskozopvamu(4b);

5 — denyoayuonno-mexmonuveckue 2psooswvie (cenveosvie);

6 — ckanvnvie,;

0) crenens 3ab600ueHHOCTH Tepputopun — Huskas (L), cpeonss (M), evi-
cokas (H);

B) mpeobaatonuii Tun Mecroobutanuit — cocrosuiil (P) wiu enoswiii (S).

Takum 06pa3oM, COBOKYIHBIII HHIIEKC, TTOMYYCHHBIN KOHKaTeHALUEH Tpex
YKa3aHHBIX WHJIEKCOB, MOJHOCTHIO OTPa)kaeT Ha3BaHHE THIIA JaHAmadra: Ha-
npumep SLS — manamadT cenpropolii c1ab03a00I0ueHHBIN ¢ TpeodagaHneM
€JIOBBIX MECTOOOUTAHH.

B atnac BiodeHa cie/yrommas arpu0yTuBHas HH(GopMaIus:

1. Ilpeobnadarowue munsi neca.

2. [lpouszgooumenvHocmy 1 NOMEHYUATbHAS NPOOYKMUBHOCHb JIECO8.

3. Uumencuenocmo 60300H061€HUSL €U NOO HOJLO2OM COCHOBbIX U IUCHIBEH-
HbIX 1€C08.

4. Tenoenyuu u 0coOEHHOCMU €CMECMBEHHO20 1eCO80300HOBUMENbHO20
npoyecca Ha 6bIpyOKAX U CROCOObBI BOCCMAHOBLEHUS IECO8.

5. [Mupozennas yszgumocmo.

6. Jlecopacmumenvhvle YCL08UsL.

7. Pexpeayuonnvie kauecmaa.

8-13. buonoeuueckue 3anacwl:
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— 5200 YepHUKU,

— IUCMA YepHUKU,

— 5200 OpYCHUKU,

— nobez208 6pycHUKU;

— nobez208 bazynbHUKA,

— TUUAUHUKOS.

14. Dxonozuueckasn yenecoobpasHocmo 6edenus CHIOWHBIX PYOOK 2NA6HO-
20 NONBL308AHUAL.

15. Ilpuopumemnoe nanpasnenue necononvzosanus (yeneeoe nasHauenue
71eco8).

16. Vazsumocms 1ecos k aHmpono2enHbiM 6030€UCMBUSIM.

17. 3anacer mopgpa (0bwuii u omrpeimuix 6010M).

18-20. IInomnocmo Hacenenus n1ocs, enyxaps u memepesa.

CrpykTypa 0a3bl JaHHBIX aTiiaca He SBISETCS KOHEYHOH, 0 Mepe MPoaodI-
JKEHHS JTaHAMAaQTHBIX UCCIIEOBaHUH OHa OyIeT IOMONHATHCS, KOHKPETH3HPO-
BaThCS U KOPPEKTUPOBATHCSL.

KaprupoBanue cTpyKkTypbl Ha cy0aanamadTHOM ypoBHe

[IpuHIUT BBIICICHHS THIIOB JaHIIIA()TOB MyTEM HAJIOKCHHS PACTPOB MO-
JIeNTH BBICOT M KJIACCU(MIIMPOBAHHBIX IO CTENEHH 3a00J04YEHHOCTH M THUIIAM
PacTUTENILHOCTH CKaHEPHBIX CHUMKOB, IIPUMEHSIBIIMICS B MPOLIECCE CO3IaHMs
KapThl TUTOB JaHmadTa, UCIOIH30BAJC U MPU MPOCTPAHCTBCHHOM JCTAIH-
3alUK KOHTYPOB Ha cyOi1aHAmadTHOM ypoBHE (MECTHOCTH M yPOUHIIA).

Ha puc. 58 nmokasan ¢parmMenT Hanbosee MMPOKO PACHPOCTPAHEHHOTO B
Kapenuu tuna nanamadra 1eHyIalnOHHO-TEKTOHUIECKOTO XOJIMHUCTO-TPSIO0-
BOTO C KOMIUTIEKCAMH JISTHUKOBBIX 00pa30BaHUi CpeaHE3a00I0YEHHOTO C TIpe-
oOnamaHneM COCHOBBIX MectooOmutanuii. Ha mamHOM yuactke (Kocromykmi-
CKUi 3aTI0BEIHNK) HATMYECTBYET TPH THIIAa MECTHOCTEH, BCe ¢ mpeobiaatanneM
COCHOBBIX MECTOOOMTAHUIA:

1 — cpenHe3ab0I0UeHHBIC TP I000pa3HbIC BO3BBIIICHHOCTH;

2 — cuIbHO3a00I0YEeHHBIE PaBHUHHBIE IETIPECCUU;

3 — ¢1a603200J109€HHBIC BCXOJIMIICHUSI BOJHO-JICTHUKOBOTO MPOUCKOK-
JICHHUSL.

J1yist BBIIEIIEHHE THIIOB MECTHOCTH HE00X0/1MMa MOJIEsb BBICOT C JieTalln3a-
IUCH, COOTBETCTBYIOIECH MacmTady kapTel He meHee 1:200 000. MecTHOCTH
MIepBOTO THUMA (KyNojJ000pa3Hble BO3BBIIICHHOCTH) OKOHTYPHUBAINCH 110 a0co-
JIOTHBIM OTMETKaM MOJEIH BBICOT M BEIMYUHE YKIIOHA IMMOBEPXHOCTH. B Mac-
mrabe 1:200 000 HeOOMBIIME BCXOMMIICHHS MECTHOCTH 3 HE IMPOSBISIOTCS,
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5. HccnemoBanus CTpyKTypBl M IMHAMHKH JIAHAIIA(TOB

[I03TOMY Pa3AeJICHUE PABHUHHBIX MECTHOCTEN 2 U 3 IPOBOAMIIOCH IO KJIACCH-
¢unmpoBaHHbIM cHUMKaM Landsat 7, Ha KOTOPBIX YETKO BBIIEISIOTCS MECTO-
0OUTaHMA C HEJOCTATOUYHBIM YBIAXXHEHHEM — COCHSKH CKallbHbIC W JIMIIAHHU-
KOBBIE.

J1nst BBISIBIICHUS. CTPYKTYPBI HA YpOGHE Yypouuya NETaNn3alii MOAEIH Bbl-
COT, MONy4eHHOi n3 kapThl Maciitada 1:200 000, yxe HeocTaTOuHO, HE00XO0-
UM, Kak MuHEMYM, MacmTab 1:50 000. Knaccudukamnust caumka Landsat 7
[0 JaHHBIM JaHMIMIA(QTHRIX OpOoQuiIcH Takke HE O00CCICUYUBACT BBIIACICHHUS
BCEX THUIIOB (POPMUPYIOLINX YPOUHIlIa OHMOIIEHO30B, TOCTOBEPHO Pa3IMuaroTCs
JIMIIb COCHSIKY, €EHUKH U OTKPBITBIE 60J10Ta pUc. 59. AHAIM3 CEKTPaIbHOTO
IIPOCTPAHCTBA TOKa3bIBAET, YTO B NPUHIUIIEC BO3MOXKHA AalbHEHINAs AeTau-
3aIusl 0 THIIAM JIeca, OJIHAKO JUIA ATOTO0 HEOOXOAMMBI JIOTIOJHHUTENbHbIE Ha-
3eMHbIE JaHHBIE C TOYHOCTBIO HX JIOKAJM3allMM Ha MECTHOCTH Ha YpPOBHE
KPYIHBIX TapIieut (OHOTPYII IepPEeBbEB) C pa3MEpPOM, COOTBETCTBYIOIIAM Pa3-
Mepy nukcena (30 m). [lepcrieKTHBHBIM B 3TOM HAIIPaBIICHUN MPEICTABISACTCS
BOBJICUCHNE B KIACCH(UKAIHNIO, TOMUMO OCHOBHBIX KaHAJIOB, CIIEKTPAIBHOTO
MHJIEKCa cTpecca BiakHoctu MSI.

B nmr000M citydae npu HaJIMUUKM MOJIENIN BBICOT COOTBETCTBYIOIIEH AeTanu-
3alUH, Pa3JeleHue Jake ONU3KUX WINM OJUHAKOBBIX 10 CIIEKTPaIbHBIM Xapak-
TEPUCTUKAM THIIOB Jieca MOTJIO OBl OCYIIECTBISITHCS MO WX IIOJIOKEHUIO B
penbede, onpeaensooneMy peKiM yBIaKHEHUs. Tak, yepHUYHbIE U OpyCHHY-
HBIE TUITBI OOBIYHO MPUYPOUEHBI K BEPIIMHAM M CKJIOHaM, C(arHOBbIE — K UX
TIOJTHOKUSIM U TUIOCKUM TTOHHKEHHSIM.

MOHI/ITOPHHF €CTECTBCHHBIX U AaHTPONOT€HHBIX Hapymelmﬁ
PACTHTEJIBLHOIO MOKpOBa

Buisgnenue evipyook, éemposanos, capei

OOHapyXeHHE €CTECTBEHHBIX M aHTPONOTCHHBIX HapyIIEHUH, MPUBOIS-
LIMX K [OJHOMY YHUYTOXXEHHUIO PaCTUTEJILHOTO NOKPOBa, — OJHAa U3 Hanbo-
jee MPOCTO pelIaeMbIX ¢ MOMOIIbIO CKaHEPHOW MH(pOpManMu 3amad, Io-
CKOJIBKY TaKue HapyUICHHUs! IPUBOJAT K PE3KOMY M3MEHEHHIO (POPMBI CUTHA-
TypBI JaHHOTO Y4YacTKa IIOBEPXHOCTU U COOTBETCTBEHHO K U3MEHEHUIO MOJIO-
XKEHHUsSI CUTHATyphl B CIEKTPaJbHOM MpocTpaHcTBe. OAHAKO NpPHU 3TOM B
OOJIBLIIMHCTBE CIIy4aeB OHU OKa3bIBAIOTCS B O0OJIACTSX IPYTUX KAaTETOPHHA — U
€CTECTBEHHBIX, U aHTPOMOTeHHbIX. [103TOMY 17151 MAaKCHMAaJIbHO TOYHOTO aB-
TOMAaTHYECKOr0 BBIAEICHUS TaKHMX IOBPEXKACHHBIX Y4YacTKOB, HAlpUMED,
BeTpoBasia Ha puc. 60, kenareabHO UMETh CHUMKH MPOILIBIX JIET, Ha KOTO-
PBIX TPOBOAMTCS KJIACCH(HKALUSA BCEro MO JBYM KaTETOPHSIM — <JIEC» H
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«Bce ocTanbHOe». TakuMm o0pazom, eciu B pacTpe B (rmocnenHss mo BpeMeHn
ChEMKa) KaTeropus l= «BeTpoBai», a B pacTpe A (CheMKa IPOMIIBIX JIET)
Kareropus | = «iecy, UTOroBas KapTa MOIy4aeTcsl B pe3ybTaTe JOrHYeCKON
omeparmu (A=1 and B=1).

Ha puc. 61 mokaszaHsl pe3yibTaThl aHAIOTUYHON OOpabOTKH CHHMKOB C
LEeNbI0 MOHUTOPUHra BBIPYOOK W OIEHKH ECTECTBEHHOTO BO300OHOBIICHUS
necoB B okpecTHocTsAx Kocromykickoro I'OKa u r. Koctomyxkimu.

Paszpabomka Kapmul aHmMpPOnO2eHHON MPAHCHopmayuu 1aHouLadhmos

Haubosiee macmrabHOe uccieoBaHNe aHTPOIIOT€HHON TpaHC(hOpMannuu
O6uocdepsl B Tae)KHOW 30HE — COCTaBJIeHHE ATiaca MaJIOHAPYLICHHBIX Jiec-
HBIX Tepputopuii Poccun (AkceHoB u ap., 2003). He ymansas BaxHOCTH U
HY>KHOCTH 3TOW pabOTbI, OTMETHM, YTO BBIJICJICHHUE MaJOHApyIICHHBIX Jec-
HBIX MacCHBOB — 3TO JIMIIb NEpBasi MHBCHTAPU3aMOHHAS CTAIMsI OpraHn3a-
UM 9KOJIOTHYECKH COaIAaHCHPOBAHHOTO MPHPOIOTIONb30BaHus (Janamadr-
HO-3KOJIOTHYECKOTO IIaHUpOBaHUsA). Heo0X0auMo UMeTh aKkTyallbHbIe 00b-
eKTUBHBIC JJaHHBIC O TEHACHIMSIX €CTECTBCHHBIX M aHTPONOTEHHBIX CYKIIEC-
CHIl HE TOJIBKO B MacCHBaX MaJOHApyIIEHHBIX JIECOB, HO M Ha OKPY’Karomei
UX TEePPUTOPHUH, B IIEJIOM O PECYPCHOM IMOTEHLIHAJE MPUPOIHO-TEPPUTOPH-
AJBHBIX KOMILJIEKCOB.

ITomyunTh MX BO3MOXKHO JIMIIb IMPU OPraHU3ALUU MOCTOSITHHOTO MOHHUTO-
pHUHra Ha OCHOBE COBPEMEHHBIX HAYYHBIX 3HAHUII O MPUHIUIIAX OPraHU3AIUU
1 (pyHKIMOHUPOBAHUS NPUPOJTHBIX CHCTEM.

KommiiekcHoe u3ydeHne aHTpPONOTeHHOHM TpaHchopMmannu jJaHamadTos
Kapenuu aucrannmonHeiMu Merogamu Hayato B 2005 r. Ha nepBoM stamne B
KayecTBEe MOJIENFHBIX OBUIN BBHIOpAHBI B TEPPUTOPHHU B CEBEPO- M CPEIHE-
TaeXHOU MoA30HaxX (pHC. 62), B OKPECTHOCTAX 3aroBEeTHIKOB «KocToMyKmI-
ckuit» (A) m «KuBaw» (b). Takum o0pa3om, OBUTH BKIIFOUEHBI YYaCTKH B
MIPAKTHYECKH €CTECTBEHHOM COCTOSHHM M B Pa3iIMYHON CTENEHHW aHTPOIO-
FeHHOU TpaHcpopMaIii. Bosbinas 4acTh MOAEIbHBIX TEPPUTOPUI HAXOIHUT-
cs B IpelesiaXx OJHOTo THa JaHAmadra. B kxauecTBe KIIOUEBBIX y4acTKOB
HCIIOJIb30BAIMCH JaHAAaQTHBIC TPOQUIIH, 3aJI0KECHHBIE B IIpeiesiaX MOACIb-
HBIX (pparmeHTOB (ueThipe Bo (parmeHte A u nBa Bo ¢parmente b). Uc-
MIOJIB30BAJINCH TaKXe JaHHBbIE TOYCUHBIX KIIOYEBBIX YYACTKOB (pa3iHUHBIX
MIPOU3BOJHBIX JIECOB M CEIIbCKOXO3SHCTBEHHBIX 3€MeENlb B CPEeJIHETaeKHOU
MOJI30HE), XapaKTEPUCTHUKH KOTOPHIX ONPEACISUINCH B XOJI€ MapLIPyTHBIX
HCCIIeIOBAaHMM, a KoopAuHATHl (pukcupoBaiuck no npudopy GPS ¢ TouHo-
cThO B npeaenax 10 m.
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Puc. 59. CTpykTypa pacTuTe bHOTO HOKPOBA MECTHOCTEl NEPBOrO
| BTOPOTO THIA HA puc. 58

1 — 60110TO; 2 — COCHSIKM, 3 — eIBHUKU; 4 — 03epO
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5. HccnenoBaHust CTpyKTYpbl M AMHAMHUKH JaHIIA(TOB

Puc. 62. Paiion ucciie0BaHuii, CleHbI CKAHEPHBIX CHUMKOB
U MoJeJIbHbIe TeppuTopun A u b
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

MopenbHsbI# (pparmedT A (puc. 63) pacnoiIoKeH MPAaKTHISCKH [ETHKOM
B Ipejenax OAHOTO THHa JIaHAmadTa, IMHPOKO PACTIPOCTPAHEHHOTO KaK B
CEeBEPO-, TAK U B CpeHEeTae)KHOU noa3zoHax BocTounoii enHockanauu ne-
HYJIAaIIHOHHO-TEKTOHMYECKOTO XOJIMHUCTO-TPSAOBOTO C KOMIIJIEKCAMH JIE[-
HUKOBBIX OOpa3oBaHM cpeaHe3a00JI09eHHOTO C TpeodiiajaHueM COCHO-
BBIX MECTOOOMTAHMH, CHEKTP JECHBIX COOOLIECTB 3AECh BKIIOYAET MOYTH
BCe THUIBI Jeca, Berpevaromuecsa B Kapenun (I'pomues, 2000). B mpenenax
3alI0OBCAHHUKA ((KOCTOMmeCKHﬁ)) HaXOJUTCA 4aCTb MEPBOI0 MO BEIUYUHE
B DeHHOCKaHAMM W caMoro 3amagHoro B EBpore cpaBHUTENBHO XOPOIIO
COXpaHMBIIETOCSI MaccuBa MepBOOBITHONH cocHoBOH Taiiru (I'pomues, JIu-
TrHCKUH, 1999, 2002).

Bocrounast yacte ¢parMeHTa HaXOIWUTCS, HAOOOPOT, B YCIOBHSIX CHJIBHOTO
AHTPOIIOTEHHOTO CTpecca. 3/1eck pacrosokeH . Kocromykina, pazinndHble 00b-
€KTbI HH(PACTPYKTYPBI, JaUHbIE YIACTKH, CBAIKHU, BELYTCS MHTCHCUBHBIC PyOKH
(ocobenno B mocieanue 10 mer), a psIoM ¢ ceBepO-BOCTOYHOM rpaHMIIeH (par-
MeHTa pacronoxeH KocroMmykmickuii ropHo-o0oraTuTenbHbI komouHat (I'OK)
— MOIIHBIN HCTOYHHUK a3POTEXHOT€HHBIX BBIOPOCOB, MPEXIE BCEro AUOKCHIA Ce-
pel. OHaKo pe3ynibTaThl Kak HazeMHBIX (JIazapesa u mp., 1992), Tak u qucras-
IIMOHHBIX mccnenoBannii (Jlutuackmid, 1995, 1996) mokaseBarot, uro Kocto-
MYKIICKHI 3aIIOBEIHUK HaXOJUTCS TIPAKTHYECKH 3a TpeJeiaMi UMITAaKTHOHM 30-
HBI BEIOpOCOB, ¢ 1992 1. ee pacumpenus, no KpaifHel Mepe 10 TUCTaHIMOHHBIM
nmaHHbIM, He HaOmomaercs (Litinsky, 2002), mo3TOMy €ro TEpPPUTOPHS MOXKET
CITYKUTb «KOHTPOJIEM» TIPH OIIEHKE aHTPOIIOTeHHOH HApyIIEHHOCTH.

Teppuropust 'OKa, ero kaprepa 1 XBOCTOXpaHWIMIIA HAMEPEHHO HE ObLIN
BKJIIOYEHBI B TIPEENbl MOAENBHOr0 (hparMeHTa, IOCKOJIbKY CHEKTpaJIbHBIC Xa-
PaKTEPUCTHUKH ITUX OOBEKTOB PE3KO OTIIMYAIOTCS OT BCEX JIPYTHX €CTECTBEHHBIX
1 aHTPOIIOTEHHBIX KaTETOPH 3eMHOM TOBEPXHOCTH JICCHOHM 30HBI, U HX HAIUYHE
3aTPYAHIIO OBl CpaBHEHHE CIIEKTPAIBHOTO ITPOCTPAHCTBA MOJEIBHBIX (par-
MEHTOB. Bbinenenne ke mpu KiIacCH(HKAIMU 3THX OOBEKTOB MMEHHO BBHUIY
YHUKQJIBHOCTH UX CUTHATYp TPYJHOCTEN HE MPEICTaBIISIET.

[Tpoekuuu creKTpabHOTO rUnepaumnconna (puc. 64) ObUIM NOCTPOSHBI
Kak JUIs Bcero QparMeHTa, Tak M Uil BH3YyaJbHO BbIOpaHHOW uyactu Kocro-
MYKIICKOTO 3anmoBefnuka (okojo 30% ero 1uiomiaam), He UMEKIeld Jopor U
JIPYTUX BUIUMBIX CJIEJI0B aHTPOIIOTEHHBIX HApYIICHHUH.

Kak BUIMM, CIIEKTpaJIBHBINA THUIEPAIUTUIICOH]] TEPPUTOPUH, HaXoJsIIeics B
€CTECTBEHHOM COCTOSIHWM, Ooiee KOMIMAaKTeH. AHTPONOTeHHOE BO3JCHCTBHE
MIPUBOJUT K TIOSIBIICHUIO YYACTKOB CO CHEKTPAJIbHBIMH XapaKTEPHUCTHKAMH, KO-
TOpbIe HE BCTPEYAIOTCSI B HEHAPYIICHHBIX TEPPUTOPUSX, M TIO3TOMY TaKHE yda-
CTKU MOT'YT OBITh aBTOMATHYECKH BBICIICHBI ITyTeM KJIACCH(UKAIIN CHIMKA.
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.

4 -
@ 1. KocToMyKIna

‘. - W 9

4 Kiomelels

Puc. 63. Cxema MozesIbHOTO (pparmenTa A

CepbIM 10Ka3aH 3amoBeJHUK «KocTOMYKIICKHii», TMHUK — JaHmadTHBIE TPOGUI
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Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

162 |PC2

42 PC1

21 245

Puc. 64. CnexTpanbHbIi THNEPIIIHICON] CeBEPOTAEKHOI MO-
JeJIbHOW TepPUTOPHH B OCSX JBYX MEPBBIX INIABHBIX KOMIIO-
HeHt (PC1l u PC2)

Cepblil LBET — TEPPUTOPUS B 1IE€IOM, YepHBI — KocTOMYKILICKHI 3amoBe-
HuK. Lludpamu 0603Ha4EHBI LIEHTPBI KaTErOPHIA:
1 — 03epo; 2 — COCHSIK 3EeICHOMONIHBIN; 3 — COCHSIK CKAIbHBIH; 4 — OTKPBITOE
60110TO; 5 — crapas BeIpyOKa; 6 — cBexast BEIpYOKa; 7 — IyT; 8 — MUHEpAJIbHbIC
3eMIIH

Mopenbabiii hparment b (puc. 65) pacrionoskeH OoJibllield 4acThIO B Ipejie-
Jlax OAHOro Tuma jaHmmuadra — AeHyIAMOHHO-TEKTOHHYECKOIO TPSIO0BOTO
(ceNnbroBoro) cpenHe3ad0I0UeHHOTO ¢ MPeo0IIalaHueM COCHOBBIX MECTOOOHTA-
nuii (I'pomues, 2000), Mo (HUTOLEHOTHYECKHM XapaKTEPUCTHKAM OJIM3KOTO K
TUITy JNaHgmadTa CEeBEPOTACKHOTO (PparMeHTa. AHaJOTMYHBIM 00pa3oM Hccite-
JIOBAJIOCH CIIEKTPAILHOE MPOCTPAHCTBO — ITPOBOJMJICS KOMIIOHEHTHBIN aHau3
BCero (pparMeHTa M MOCTPOEHHE THIICPIILINIICONAA IEMKOM I (parMeHTa u
JUIs OOJIBIIIEH YacTH TepPUTOPHH 3anoBeaHNKa «KuBawy», 6e3 JOpor 1 3acTpoeK.

lNimepamwmmncons cpeqHeTac)KHON MOETTFHON TeppUTOpHH (pHC. 66) 10 KOH-
(uryparmm CXofieH C CEeBepOTaeKHBIM, HO Ooiee 0O0BeMeH. OTO OOBICHIETCA
Oonee OIATOIPHATHBIMHU JIECOPACTUTEIFHBIMU YCIIOBHSAMH, OOINBINEH CTEIIEHBIO
AHTPOIIOTEHHOW HAPYIIEHHOCTH TEPPUTOPHU U COOTBETCTBEHHO OOJIBLINM Pa3HO-
o0Opa3uemM KaTeropuil 3eMHOH TOBEPXHOCTH — HAIMYHMEM CMEIIaHHBIX U JIMCTBEH-
HBIX JICCOB, pa3JIMYHBIX CeJ'ILXOSyTOZ[PIﬁ, TIPOMBINIICHHBIX 06’beKTOB U T.I.
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@ noc. [ ipea
JIE RN
R ) "

e

—
kilometers

Puc. 65. Cxema moneasHoOro pparmenta b
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244 |PC2

25 PC1
4 203

Puc. 66. I'nnepauIHIICOMA cpeIHETAE;KHOTO MOIETLHOTO hparmMeHTa
Cepblif IBET — Bech (hparMeHT, YepHsIil — 3anoBeJHUK «KuBauy.

Ludpamu o6o3HadeHsI: 1 — 03epo; 2 — COCHSIK 3€JICHOMOLIHBII; 3 — COCHSIK CKaJIbHBIN;
4 — cMellaHHbIe Jieca; KyCTapHUKHU; 5 — cBexas BbIpyOKa; 6 — crapas BeIpyOKa;
7 — oTKpHBITOE 60JI0TO; 8 — IyTa, ManHy; 9 — 3aCTPoiiKa, Kapbepsl H T. 1.

BepxHsist mpaBasi yacTb rMIepaJuIMIiconia 0osee BBITSHYTA. 3/1€Ch HaXOSTCs
CHUTHATYPbI KaTCT Opldﬁ, TIOJIHOCTBIO JIMIICHHBIX PACTUTCIIbHOCTH. Cur HaTypbI BTO-
PHUYHBIX KaTErOPHil paCTUTENHFHOCTH — JIMCTBEHHBIX, CMEIIIAHHBIX JIECOB U KyCTap-
HHKOB, arpapHbIX 3eMellb — PAacIioararoTcs B paBol HIDKHEH YacTH.

Opnnako (hopma rHIIEepIIUIUIICONIa HEHAPYIICHHOW TepPUTOPUH — 3aII0BE/I-
HHKa «KuBaw» — yxe 3HaYHMTEIBHO OTIHMYaeTcst oT ceBeporacxkHou (Kocro-
MYKIIICKOTO 3allOBETHHKA), 1 MPUYMHA ITOTO, BEPOSTHEE BCEro, HE TONBKO B
Jy4IINX JECOPACTHUTENBHBIX YCIOBUAX. Teppuropus 3amoBeqHuka «KuBaw»
MOXKET CUUTAThCSl HEHApyLIEHHOW JIMIIb YCIOBHO, IIOCKOJBKY HHTEHCHBHOE
NPUPOIOIIOIB30BaHIE 3/1€Ch BEJIOCH HA IMPOTSHKCHUM HECKOJIBKHX CTOJICTHH.
[IpupogHBle KOMITIEKCH OBLTH TITyOOKO TpaHC(HOPMHUPOBAHBI AaHTPOIIOTEHHEI-
MH (akTOpaMu (IIOBCEMECTHOE arpapHoe OCBOCHHE 3eMejb, B TOM YHCIEe
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5. HccnemoBanus CTpyKTypBl M IMHAMHKH JIAHAIIA(TOB

METO/IOM IT0JICEK, HEOHOKPATHBIE CIIOIIHBIC W BEIOOPOYHBIE PyOKH, TOKaphl
u z1p.). PyOku Obliy peKpaleHbl co BpeMEHH CO3/IaHus 3aII0BEHNKA, TO €CTh
JUIIB OKOJIO 75 JIeT Ha3al, MO3TOMY M CpEeAHHH BO3pacT jiecoB He Oomee 120
jeT. PaznBoeHune B IpaBOW 4acTH TMIEPAJUIMIICOMIA 3anoBenHuka «Kupau»
KaK pa3 ¥ CBUACTEIBCTBYET O HAINYNH HA €T0 TEPPUTOPHH 3HAUUTEINBHOMN yac-
TH BTOPUYHBIX TIPOU3BOJTHBIX JIECOB H ellle Ooiee TpaHC(HOPMHUPOBAHHBIX KaTe-
ropuil NOBEPXHOCTH.

Bonbuiee pazHooOpa3ue KaTeropuii MOBEPXHOCTH MOBIIEKIO U OOJblIee
KOJIMYeCTBO OMMOOK pacmo3HaBaHus. Kak M B ceBepoTaekHOH MOJ30HE,
pH KJIAaCCU(UKAIIMY BO3HHMKAJIM OIIMOKH IIPU paclo3HaBaHHH 3apacTalo-
IKUX BBIPYOOK M OTKPBITHIX 0010T. Kpome TOro, 4acto B OJHY KaTEropHio
MOTIaJJaJIA OTKPBITHIE 00JIOTa U HEKOTOPBIE CEIbCKOXO3SICTBEHHBIE 3EMJIH,
B IIEPBYIO O4Yepe]b CO3JaHHBIC HAa OCYIIEHHBIX OoyoTax. B maHHOM ciydae
WCIIOJIF30BAaHUE TTapaMeTPOB TEKCTYPhI M300pakeHus Obu1o HedhPeKTHB-
HBIM, TIOCKOJIBKY IIOBEPXHOCTH 3THX KAaTErOpHi OJMHAKOBO POBHBIEC KakK B
(m3nyecKOM, TaKk M B CIEKTPaJIbHOM OTHomeHHH. [lo 3TO# ke mpuuuHe
31ech Hea((HEKTUBHO U UCIIOJIB30BaHKE TapaMeTpPoB penbeda, a TakxKe, Be-
pPOATHO, M paJapHbIX CHUMKOB, IOCKOJBbKY 3TH KAaTErOPUH HE OJIKHBI
CHJIBHO OTJIMYATLCSA M MO BJIAKHOCTH. Hambosiee 3¢ (eKTHBHBIM OBLIO OBI
UCIIOJb30BaHHE PA3HOBPEMEHHBIX CHHMKOB, IOCKOJIBKY W 37eCh 0o0yoTa
JOJDKHBI UMETh 0oJjiee CTaOWIIbHBIE CIEKTpPajbHbIE XapaKTEPUCTUKH, YeM
CeJIbCKOX03sHCTBeHHbIE 3eMiH. K coxaleHuio, UIsl 3TOH TeppUTOPUU MBI
HE pacrnoJjlaraji CHUMKaMH JOCTaTOYHOI'O CIIEKTPAIbHOTO M NPOCTPAHCT-
BEHHOTO pa3pelIeHns JaBHOCThIO 0oJiee OHOTO roja.

Tem He MeHee I JIECHBIX JKOCHCTEM IaHHBIE OJHOKPATHOW CHEMKH
Landsat 7 oka3amuck goctatodHo 3¢¢ektuBHBIMU. [lpu kiraccupukanum
YEeTKO pa3IngajIich HACAKICHUS M0 KpailHeH Mepe Ha TpeX CTalusX CyKIlec-
CHH — JINCTBEHHBIE MOJIOAHSAKH, CPETHEBO3PACTHBIE (C Hadala BHIXO/a XBOM-
HBIX B TIEPBHIH SIpyC) U MPUCIEBAIONINE U CIENbIe (C mpeobiagaHneM XBOH-
HBIX TIOPOJI).

PaccMoTpeHHbIE METOIbI OLIEHKH aHTPOIIOTeHHOW TpaHchOpMaIHH 10 JIaH-
HbIM /I3 ObUTM NPUMEHEHBI P pa3padoTKe KapThl HAPYUIEHHOCTH JaHamad-
TOB TI0 Tpacce IUIAHWPYEMOTro Tra3onpoBoja BumseBo—Bonxos, npoxozsiieid
o Tepputopun Kapenuu ¢ ceBepa Ha 1or Ha npotsbkeHud 710 km. K momenty
COCTaBJICHUsI KapThl YPOBEHb IIOHUMAHUSI COOTBETCTBHSI CIIEKTPAIBHBIX CHTHA-
TYp OIpEIETICHHBIM KaTerOpHsIM 3€MHOI OBEPXHOCTH MO3BOJIMII C JOCTATOY-
HO BBICOKOH CTEINEHBIO JOCTOBEPHOCTH BBIJCIHUTH YETHIPE KATETOPUH aHTPO-
MTOTeHHON HapyIIEHHOCTH: c1abo-, CpeHe-, CHIIFHO- U MOJHOCTBIO TpaHChop-
MHPOBAaHHBIX 3KOCHCTEM.
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CHUMKHN OBUTH KIACCH(PUIHUPOBAHBI MO JAaHHBIM KaTETOPHUSIM, IIOIY-
YeHHBIE pacTPhl aBTOMATHYECKH BEKTOPHU30BAHBI. Pe3ynbTaTel BEKTOpHU3a-
LM TI0 BCEH Tpacce MPOBEPSUINCH BHU3yaIbHO IO PACTPOBOM MOIIIOXKKE,
3HAYUTEIBHBIX SBHBIX OMHOOK OOHapyXeHO He OBLIO, 3a MCKII0YCHHUEM
HECKOJIBKHX HEOOJBIINX YYAaCTKOB «BBIPYOOK» cpeam OOJIOT B ceBepoOTa-
eXHOU moazoHe. OgHako 3TH omKMOKKM ObUTH B TuIe JaHamadra, 3Ha4Yu-
TEIBHO OTJIMYAIOIIEMCsl OT JIaHamadTa MOJAEIbHOr0 (parMeHTa, mo3To-
My, BEpOsTHEE BCEro, NPH JETAILHOM H3YYEHUHU THIEPIJUIMIICOUA JaH-
HOTO THMa JaHamadTa (CHILHO3a000UeHHOH MOPCKON PAaBHHUHBI) U 3TUX
OMIMO0K MOXKHO OBLITO OBl M30€KaTh. dparMeHT KapThl B HanOOJIee aHTPO-
MOTE€HHO HApYIICHHOM y9acTKe Tpacchl (oKpecTHOoCcTH moc. ['mpBac) npen-
CTaBJIEH Ha pHuc. 67.

OnucaHne BBIICICHHBIX KaTErOpUi HAPYIICHHOCTH (COCTAaBICHO COBMECT-
HO ¢ A.H. I'poMmIieBBIM):

1. MasioHapyuieHHbIe TEPPUTOPHH — XBOIHbIE U XBOIHO-JIHUCTBEH-
Hble (C JOMMHUPOBAHUEM XBOIHBIX MOPO]) Jieca W He 3aTPOHYThIE Me-
Juopanueii OTKpbIThIe H 00JieceHHbIe 00Ji0Ta. JlaHHAs KaTeropus mpea-
CTaBlsAeT cO00Il MO3aWKy HMPHUPOAHBIX KOMIIJICKCOB, HAXOMSIINXCI B €CTe-
CTBEHHOM COCTOSHUU WJIM Ha MO3JHUX CTaAMSIX BOCCTAaHOBICHHS JO CO-
CTOSIHHSI, OJIN3KOTO K €CTECTBEHHOMY IIOCNE Pa3IMYHBIX BHJIOB aHTPOIIO-
FCHHOTO BO3JIEUCTBHS (MOYTH HMCKIIOYHUTEIBHO PyOoOK). DTO pasHbIe IO
iomaay GpparMeHThl KOPEHHBIX JIECOB, OJIHOBO3PACTHBIE U Pa3HOBO3PACT-
HbIE IPOU3BOJHBIC XBOIHBIC U CMEIIAHHBIE B CAaMBIX PA3JIMYHBIX BapHalu-
X COCHO-CJIOBO-JMCTBEHHBIE JIPEBECHBIE TPYNIUPOBKH. I[Ipu ycioBuun
CHIOHTAHHOTO Pa3BUTHS W3 HUX MOCTENEHHO (pOpPMHPYETCs JIECHOW TIOKPOB,
Omm3kmii kK ucxomHOoMy. K 3TOH ke KaTeropuu OTHECEHBI M HEOCYIICHHBIC
OTKPBITHIE U YACTUYHO OOJIECEHHBIC 0OJI0TA B €CTECTBEHHOM COCTOSIHHUH, TO
€CTh HE 3aTPOHYTHIC MEIHOpAIUCH.

2. CpenHeHapylIeHHbIEe TEPPUTOPHH — Jieca ¢ AOMHHUPOBAHUEM JIH-
cTBeHHBIX mopoa. Kareropust xapakrepusyercs MpOU3BOAHBIM PACTHTEIb-
HBIM MOKPOBOM, C(HOPMHUPOBABIINMCSI Ha MECTE Pa3jMYHBIX MPEHUMYIIECT-
BEHHO CIUIOIIHBIX PYOOK XBOWHBIX J€COB. /IpEBOCTOM OTIMYAIOTCS SIPKO
BBIPQ)KCHHBIM JIOMUHUPOBAaHUEM JIMCTBEHHBIX MOPOJ — Oepe3bl ¢ HeOOJb-
ol josied ocuHbl. OOBIYHO TOJ MX TOJIOTOM IOCTENEHHO (hOpMHUpPYETCS
CHauajia TOJPOCT, a 3aTeM BTOpoul Apyc enu. 3a npenenamu 100-meTHero
BO3pacTa JAPEBOCTOsI €Jb HaYyMHAeT JOMHHHPOBATh B IIEPBOM sIpyce M K
150-200 romam oOpa3yroTcsi MOHOJIOMHHAHTHBIE enbHUKHU. [lo cBouM ¢u-
TOIICHOTUYECKHM XapaKTePUCTHKaM OHU CXOJHBI C KOPEHHBIMH OJIHOBO3pa-
CTHBIMH CIIbHUKAMHU.
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5. HccnemoBanus CTpyKTypBl M IMHAMHKH JIAHAIIA(TOB

3. T'ny6okoHapylmieHHble TEPPUTOPUHU — JIyra, moJjisi, MacTouma u
CMelIaHHbIe JIMCTBEHHbIe HU3KOCTBOJIbHBIE Jeca. [laHHAs KaTeropus
MPEACTABISIET COO0H MO3auKy aOCONIOTHO MPOU3BOAHBIX (AHTPOMOTEHHBIX )
PacCTHTEIBHBIX COOOIIECTB CAMOTO Pa3HOr0 (PUTOLEHOTHUYECKOrO CTaTyca —
OT JIyTOBBIX A0 HU3KOCTBOJIBHBIX JHCTBEHHBIX (C OJBXOH, psIOMHOMN, depe-
MYyXOH#, ocuHOH, O6epe30i, HBOM B caMmoM pa3zHooOpa3HoM cMemieHunn). Cme-
LIaHHBIE HU3KOCTBOJIBHBIE Jeca BO3HHUKIM Ha MECTe MOJCEK, JyroB, MacT-
OMIl W APYTUX OTKPBITHIX MPOCTPAHCTB MPEUMYIIECTBEHHO arpapHoro
Ha3Ha4YeHHs. DTO aOCONIOTHO POU3BOAHBIN PaCTUTENbHBINH MOKPOB. B mpo-
LIecce €CTECTBEHHOM AMHAMUKHU (IIPH OTCYTCTBHU aHTPONOTEHHOTO BO3/EH-
CTBHUSI) OH OYEHb MEJIEHHO TPAaHC(HOPMHUPYETCS IO COCTOSHUS, OJIM3KOTO
K cleaylomeld kareropuu. 3a0poIleHHbIE arpapHbIe 3€MJIM MOKPBIBAIOTCS
JUCTBCHHBIMH JIECAMH, PA3BHBAIOIIMMHUCS B XBOWHO-TUCTBeHHBIC. [lox
MIOJIOTOM HHU3KOCTBOJIBHBIX JINCTBEHHBIX JIECOB HAKaIUITMBAE€TCA MOJPOCT
enn. OH 10 Mepe pocTa MPOHHUKAET B BEPXHUIL SPYC, U €1b CMEHSIET HEIO0I-
TOBEYHBIC JINCTBEHHBIC TOPOJIBI.

4. IToJIHOCTBIO HAPYIIEeHHbIe TEPPUTOPHH — 3eMJIU MOCeJIeHUI, Kapbe-
PbI, NMOIPY304HbIe IJIOIIAAKH, HeoO/lecHBIIMeECS] BBLIPYOKHM, rapu H T.II.
B npenenax naHHOM KaTeropuu MPUPOIHBIE KOMIIJIEKCHI 3aMEIEHbI CTPOSHHS-
MU, THXEHEPHO-TEXHUYECKUMHU COOPY)KEHUSIMHU CaMOT0 Pa3InYHOIO THIIA, ITy-
TSIMH TPaHCIOPTa M TPAHCHOPTHBIMH y3JlaMU ¢ MH(PACTPYKTYpOH, a Takxke
BBIpYOKH 1-5-1eTHeil naBHOCTH (0€3 BO30OHOBIICHHUS JIPEBECHBIX mopon). Mx
OTJIMYAeT MPAKTHYECKH IOJHOE OTCYTCTBHE PACTUTEIBHOIO MOKpoBa. boiee
TOT0, IMEHHO 3TH OOBEKTHI NPEJCTaBIISIOT COO0H HCTOYHUKH OBITOBOTO H TEX-
HOTCHHOTO 3arpsi3HEHUS.

HckmodenneM SBISIOTCA BBIPYOKH M TapH, HAa KOTOPBIX HAYWHAETCS IPO-
I[lecC €CTECTBEHHOTO BO300HOBICHHMS Jieca n 4yepe3 10-15 mer dopmmpyercs
€ro HoBoe nokosieHue. CMbIKaHUE KPOH MPOUCXOIUT B cpenHeM uepe3 15-20
net nocine pyoku. Takum 0Opa3oM, BEIpYOKH HMEIOT BPEeMEHHBIH CTaTyC «II0JI-
HOCTBIO HapYIIEHHBIX TEPPUTOPHI».

Heo0x0quM0 OTMETHTb, YTO MPH Ki1acCU(UKALUU 110 JAHHON METOIHMKE
B KATETOPHIO «MaJIOHAPYIICHHBIX» YKOCHCTEM B CEBEPOTACKHOMN MOI30HE
MOMa AT U 00JI0Ta, MPOHIEHHbIE OCYIIMTEIbHON MeIHopalue, MoCcKob-
KY B 3THX NPUPOJHBIX YCIOBHUSIX OCYLIEHHE HE IPUBOJUT K 3HAUUTEIHBHOMY
W3MEHEHHIO CIEKTPAIBbHBIX XapaKTEPHCTUK 00JI0Ta, PErHCTPUPYEMBIX HC-
MOJIb3yeMBbIM ckaHepoM. C Ipyroi cTOpPOHBI, 3TO 0OCTOSATENHCTBO TO3BOJIS-
€T YTBEp)KIaTh, YTO B JAHHOM Cilydac OCYLICHHE HE NMPHUBOJUT K 3HAUYU-
TEJIHHOMY HapyLICHHIO COCTOSHHUS 3KocHucTeMbl. KpoMe Toro, paGoTsl 1o
JecoocynieHuto npekpamensl 15-20 ner Ha3zan. B cpenneraexxHoi noa3oHe
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B 3aBHUCHUMOCTH OT JIaThl NPOBEJIEHHUS Mennopauuu u ee 3(PpPpeKTHBHOCTH
HEKOTOpPBIE yYaCTKN OCYIICHHBIX OOJIOT MOTJIH OBITh OTHECEHBI TAKXKE K Ka-
TETrOPUH «CPETHCHAPYIICHHBIX).

Monumopunz cocmosanus 1eco6 6 30ne 6030eicmeus
AIPOMEXHOZEHHBIX 6bLOPOCOE

Oco0eHHOCTH CIIeKTpa OTPaXKEHMS JICCHOTO I0JIOTa MO3BOJISIIOT HCIOIb-
30BaTh MHQOPMALMIO CKAaHUPOBAHMS W JUIS MHIMKAIMW HavaJbHBIX CTaJni
JIeTpaslalliy JIECOB 0] BO3JIEHCTBUEM a3pPOTEXHOTEHHBIX BEIOPOCOB, OJJHAKO
3/1eCh HEOOXOJUMBI HECKOJBKO WHBIE MOIXOMBI, YeM IpH KiacCH(pHUKaLUU
Pa3IMYHBIX KaTErOPUH PaCTUTEIHLHOTIO IIOKPOBA.

B 1982 1. B ceBepo-3anaaHoii yactn Kapenn Havan ¢pyHkimonnposats Koc-
TOMYKIICKHI TOpHO-000TaTrTenbHbI KoMOnHaT (I"OK), exxeroaHo BrIOpackIBato-
it B atMocgepy O6omee 60 ThIC. TOHH 3arps3HSIONINX BEIISCTB B PA3IHMIHBIX
¢dopmax. OCHOBHOW KOMITOHEHT BBIOPOCOB — THOKCHJT CEPBI — CHIIBHBIN (PUTOTOK-
cukaHT. K ymMepeHHbIM (PUTOTOKCHKaHTaM OTHOCHUTCS JKeNe30, B OOJNBIIMX KOJU-
YeCTBaX COAEpIKaIeecs B MbUIEBBIX BHIOPOCAX, K CHIIbHBIM — HUKEIb U XPOM, CO-
JiepKaHUe KOTOPBIX B BHIOpOCAX HE3HAUUTEIbHO. MOHUTOPHUHT COCTOSIHHS JIECOB
B paitone I'OKa mpoomuicst Mactutrytom seca KHI] PAH ¢ 1986 r. Hazemubie
WCCIIeJOBaHMS COACPYKAHMsI TEXHOTCHHBIX BHIOPOCOB B TI0YBE M HAIIOYBEHHOM I10-
KPOBE MO3BOJIMIIH ITPUOIIM3UTENBHO OLIEHUTh pa3Mephl 0uara MoBPeKASHUs], OJJHA-
KO C WX TIOMOIIBIO 3aTPYAHHUTEIGHO TOJIYYHTh LENOCTHYIO KapTHHY COCTOSIHHS
JIECOB B OKPECTHOCTSIX MCTOYHHKA BEIOPOCOB, B CBSA3H C YeM M ObLIa NPEIIPUHSTA
TIOTIBITKA UCTIOJIb30BAHMST JAHHBIX CKAaHNPOBAHUSL, B KAYeCTBE KOTOPBIX OBLIN B3si-
Thl JeTHUE CHUMKH 1986 m 1992 1., caenaHHblE COOTBETCTBEHHO CKaHEpamu
Landsat-TM u poccuiickum MCY-3, uMmerommM KaHaisl B auama3zoHax G, R,
NIR u npoctpancTBeHHOE pazpelieHue 34x45 .

OO0BeKTOM HcCIeI0BaHNI N30paHBI CIIENbIe COCHIKN YePHUYHBIE — HAN00-
Jiee pacIpoCTPaHEHHBIN B 3TOM paifoHe THII Jieca: cBhIiIe 60% JIeCONOKPHITON
rtowmamy. [Ipu 3aknanke npo6Heix rromanei (I1I1) 6bu1 uconb30BaH rpagu-
€HTHBIH IOAXO0/I, HallpaBJIeHHEe IPaIUEeHTHOMN JIMHUHU COOTBETCTBYET HaIpaBJe-
HUIO Tpeo0IIaaroNuX BETPoB B paiione uccienosanuii (FO3—-CB).

Ouenka cocrosinus aepeBbeB Ha [111 mponsBoaunack 1o creneHu aedoina-
LM KPOHBI COIJIACHO METOJIUKE, PEKOMEHJOBaHHOM MexIyHapoaHol mpo-
rpamMMOif MOHUTOPHHI'a BO3/ICHCTBUS 3arpsi3HEHMs Bo3Iyxa Ha jieca (Manual..,
1986), mpu KOTOPOH JIepeBO B 3aBUCHMOCTH OT CTEIICHHU mMoTepu XBou (10 10,
10-25, 2660, cBoime 60%, cyX0OCTO#) OTHOCUTCS K OJJHOMY W3 ISTH KJIACCOB
nedosmanuy (KaTeropuii COCTOSHHUS).
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JUIss OLIEHKM COCTOSTHHISI HACKACHUS B ILIEIOM IPHMEHSUICS PacYeTHBIN
ungeke DI, ompenenseMblii Kak CpeJHEB3BELIEHHBIM MO IUIOLIA[NA CEUEHUS
cTBOJIa Ha BIicOTe 1.3 M Kitacce gedonuaimm KuBbIX aepeBbes (kinace 0-3). Cy-
xocToH (kmacc 4) He yUUTHIBAJICS, MOCKOIBKY Bo3zaericTBue ['OKa eme He mMor-
JI0O BBI3BATH OTMHUpPAHHUSA JepeBhEeB. s pacdeTa MCIIONB30BAINCH AEPEBBS
TOJIKO JIOMHHAHTHOT'O ¥ COJIOMHHAHTHOTO MOJIOXKEHHSI B IOJIOTe, Ae(OTHaIis
KOTOPBIX OINPEIENIICTCS MPEKIC BCErO BHEIIHUMH BO3JCHCTBUAMU, a HE (ak-
TOPOM KOHKYPCHIIUH.

Ho 1991 r. cocrosinue HacaxkaeHuit Ha Bcex [1I1, He3aBUCUMO OT paccTosi-
HUSI OT UCTOYHHKA BBHIOPOCOB, OBLIO MPUMEPHO OJUHAKOBHIM, BEJIUYMHA WH-
nekca DI — B penenax 0.2—0.4, 9To CBHIACTEIHCTBYET O MpeoOIaTaHu B Ha-
CaKJICHUM HENOBPEXIECHHBIX AepeBbeB. B 1991 r. mponsomno peskoe yxya-
[ICHUE COCTOSHUSI HACAKICHUHN, U OTYCTIMBO IPOSIBIIIOCH BO3/ICHCTBHE KOM-
6unata — Ha Bcex [II1, pacnonoxeHHBIX Ha pacctosHuU m0 10-15 kM ot uc-
TOYHHUKA BEIOpOCOB, MHIEKC DI mpeBrlmaeT eanHUITy, a Ha OCTAIBHBIX HE3HA-
9UTETHHO KoJNebaercs B mpeaenax 0.6—0.8.

YBenuuenue creneHu Aeoualuu 3a neproj HabaroeHni 3aduKcupoBa-
Ho Ha Bcex [1I1, B TOM 4nciie U Ha 3HAYUTENLHOM PAaCCTOSHUHM OT KOMOHMHATA.
DTO MOXET OBITh CBSI3aHO C TPUPOJHBIMH TMEPUOAWMYESCKUMH KOJIeOaHUSIMHU
cTemeHu  AedoyManyu, OTMEUYCHHBIMHA IPH MHOTOJICTHHX HAOJFOICHUIX
(Jukola-Sulonen et al., 1990). OnHako aepeBbs, MEpEIISAIIre BO BTOPO Kiacce
nedomuanuu (25—60%), Kak mpaBUIIO0, HE BO3BPAIIAIOTCS B MEPBBIN Ki1acc, Mo-
3TOMY YBEJIMYCHUE HHICKca Aedonmaruu 6onee 1.0—1.2 cnemxyer cuntaTh CBU-
JIETEITLCTBOM HECOMHEHHOTO TIOBPEIKIICHUS HACAXKICHUS.

JInst MUCTaHIIMOHHON WHAWKAIIUM COCTOSHHS JICCHOH PaCTHTEIBHOCTH WC-
MONB30BAJICSL TIpOCTeimuii BereTannoHHBId uHIEKC RVI (ratio vegetation
index), mpencTaBILIONINI cO0OM OTHOIICHWE YPOBHEH CHTHajla IO KaHajIaM
«OmmxHIA WHQpaKpacHBI» U «kpacHEI» (NIR/R), mockomsky ymeHbIICHHE
KOJIMYECTBA 3€JICHO OMOoMacChl BCIeACTBHE Ae(hOoTHaiy MPUBOINUT K CHIKE-
HUIo K03 duimenTa orpaxkeHus B 6mwkHel nH(pakpacHONH 007IaCTH CIIEKTpa,
a MaJeHne KOHIEHTpAIMU XJIOpoduilia yBelMuuBaeT K0d(QGHUIUEHT OTpaxe-
HUs B KpacHo# obmactu (Hame, 1991).

[Tpu pemmdprpoBaHuK CKAHEPHOTO CHUMKA HEOOXOJUMO CPeH pasiiny-
HBIX KaTeTOpUH 3EMHON MOBEPXHOCTH BBIJICIHUTH OOBEKT HCCIICOBAHHA —
CIIEJIBIC COCHSKHM YCPHUYHBIC U OMPEACIUTh UX COCTOSHUE. [[Js BBIJCIICHUS
00BEKTa HMCCICTOBAHUS KIIFOUCBBIMHU yYACTKAMU CIYXKWiH moctossHabie [111
Ha3eMHOT'O0 MOHUTOPHHTA, a TAKKE TaHAMAa(THRIC TPO(HITH, 3aI0)KCHHBIC Ha
teppuropun Kocromykmickoro 3amoBemHnka. Kak mokaszama BBIOOpOYHAsS
MpOBEpKa Pe3yabTaTOB NCIIU(PPUPOBAHUS IO HATYPHEIM HAOIIOICHUSIM, TIPH

95



Tpexmepnoe MoeHpoOBaHNe CTPYKTYPBI H THHAMHKH TaeKHBIX JAHIA(TOB

HEKOTOPOM OTpPYOJIEHUH IS STOH LEeTN MOCTaTOYHO NMPUMEHHUTH IPOCTEH-
it meton maTepBanoB (Nakane, Kimura, 1992), To ecTh 3a1aTh COOTBETCT-
BYIOII[E MHHUMAaJIbHBIE 1 MaKCUMaJIbHBIC BETMYHMHEI 10 KaHaiaMm G, R, NIR,
cHsaTeie ¢ octosHHBIX [II1. IIpu mcmonp30BaHMM 3TOTO METOAa K OOBEKTY
HCCJIEeOBAaHUI MOTYT OBITH OTHECEHBI M OJHM3KHE THIIBI Jieca — HECKOJIBKO
Oosee cyxue cocHsIKM OpycHuuHble. OJJHAKO peakius IepeBbeB Ha BO3ACHCT-
BHE a’POIOJIIIOTAHTOB B CTOJIb OJM3KUX TUIAX jeca HE MOXKET 3HAYUTEIbHO
OTJINYATbCA, MOCKOJBbKY NpU Afrpagalvn JECHBIX 3KOCHCTEM IMPOUCXOAUT
OTIpe/IeJICHHOE HHUBEIMPOBAHUE POJIN 3Aa(hUUeCKUX (haKTOPOB YCIOBHHA Me-
crooburtanus (L{BetkoB u ap., 1991). YuuTsBas Takxke, 4To jeca 3ejl€HO-
MOIITHOH TPYIITEI 3aHUMAIOT TOJABJISIONIYI0 YaCTh TUIOIIAIN JIECOB M3ydae-
MOH TEepPPHUTOPHUH, MOXXHO CUHTATHh TAaKOE YIPOMICHHE TOITYCTUMBIM. BoIb-
Imas 9acTh JIECHBIX COOOIIECTB B paiiOHE MCCICAOBAHUNA HAXOIUTCS B KIIH-
MaKCOBOHM CTaJW{ Pa3BUTHUSA, U TOITOMY IIPH KIaCCH(PHUKAINH MPAKTHIECKU
HE BO3HUKIIO JOTOJHUTEIBHBIX TPYIHOCTEH, CBA3aHHBIX C BBIJCICHUEM CO-
00IIECTB OJTHOTO THIIA, HO Pa3IMIHOTO BO3pACTA.

B 1986 r. He ObUTIO OOHAPYIKEHO KOPPEIAIMHA MEKIAY HUHACKCOM aedosna-
LMK U CIIEKTPAILHBIMH MapameTpaMu (abcomoTHas BenndrHa KoddduimeHra
koppensiun 1<0.2), ogHako Ha Hanbosee Onm3kux k komOuHaTy I1I1 mHTEH-
cuBHOCTh kaHaiga NIR Obuta Hike Ha 10—15%. O6paboTka CHUMKA TIO COOT-
BETCTBYIOLIEMY aJIrOPUTMY I0Ka3ajia, 4YTO TaKWe HACaKAECHHsI CKOHIIEHTPHPO-
BaHbl BOKPYT Kapbepa U KOpIycoB komOuHaTa B paauyce 1o 10 kM (puc. 68,
ciieBa). DTO TMO3BOJISIET YTBEPXKIaTh, YTO CHIKCHHE MHTEHCHBHOCTH KaHaa
NIR BBI3BaHO HAYABIIMMCS B STOT MEPHOJ YMCHBIICHHEM KOJHYCCTBA XBOU
6—7-netHero Bo3pacra.

B 1992 r. mposiBuiack cuibHas oTpunaTenbHas koppemsanus (r = —0.728)
Mexny uaAekcoM DI u cnexrpansasiM uHAekcoMm NIR/R. 3aBucumocTs omu-
CBIBaeTCs YPAaBHECHUEM PErPECCHU:

NIR/R =-0.216 * DI + 1.819 (1)

[Ipn moBpexneHnH, BBIXOIIIIEM 3a TPAHHUIBI €CTECTBEHHBIX KOJIeOaHWH
crernieHd nedonmanuu, BenmduHa uHAekca DI mpessmmaer 1.1-1.2, mostomy
MOJKHO TIPUHSTH MCXOMS M3 ypaBHEHHA (1), YTO HENMOBPEKICHHBIE HACAXIe-
Hust xapakrepusyrores uaaekcoMm NIR/R B npenenax 1.80-1.62, a noBpexieH-
Hele — 1.61-1.44 (puc. 69). lemudpupoBanue cuumka 1992 r. no naHHOMYy
ITOPUTMY BBISIBHJIO YE€TKO Pa3IMuMMOE MATHO OBalIbHOW (OpMbI, 00pa3oBaH-
HOE MHKCENaMH MMOBPEKACHHBIX HACAKACHHH, C IIEHTPOM B TOUKE PACIIONIONKE-
HUSI KOPITyCOB KOMOMHATA; IJIOLIA/h €0 3HAUUTENbHO OoJibiie, yeM B 1986 .
(puc. 69, cipasa).
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r=-0.728

NIR/R

04 0.6 0.8 1 12 14 1.6 1.8
]

Puc. 69. 3aBUCHMOCTH Mexay BereraimoHHbiM uHaekcom NIR/R
U uHaexcom aedomanuu DI

Jnst uccnenoBaHusi 3aKOHOMEPHOCTE M3MEHEHUSI CTEIIEHH MOBPEXICHUS
JICCOB B 3aBUCHMOCTU OT PACCTOSAHHA OT MCTOUYHUKA B])l6POCOB 6I)IJ'II/I B35ThI
YacTH CKaHEPHBIX CHHMKOB K CEBEpy M CEBEpPO-BOCTOKY OT KOMOMHATa, I0-
CKOJIBKY K IOTY OT HET'O TePPUTOPHS MOIBEPTHYTA 3HAYUTCIHFHON aHTPOITOTCH-
HOH TpaHcdopMaluy — 3/1eCh PacIoIOKEHBI JKeJle3Hasl U IIOCCEHHbIE JIOPOTH,
pa3u4HbIe MENKUe Tpearnpuiatus U ropon Kocromykina, mo3Tomy KapTHHA
MOBPEXKICHUN MOXKET OBITH Ooliee ciokHOoi. CeBepo-BOCTOUHOE HAIIPABIICHHE
COOTBETCTBYET TAK)KE HATIPABIICHHUIO TPEOOIIATAIOIINX BETPOB.

OTH y4acTKHA CHEMKOB OBUTH 00paboTaHbI clexyromuM oopazom. B momoce
IIMPUHOHN 0KoJI0 20 KM ISl KXKIO0TO MUKCeNa, KIaCCH(PUINPOBAHHOTO METO-
JIOM MHTEPBAJOB KaK COCHSK YePHHYHBIN, BRIUHCISUINCH 3HAUEHUE CIIEKTPaJIhb-
Horo uHaekca NIR/R u paccrosiHue 10 komOMHATA. 3aTeM Ul YMEHBIICHUS
MacCHBa ONAaHHBIX U CIJIa>XKUBaHUS KoJeOaHmi HHACKCAa paCcCUYUTBIBAJIOCH €ro
CpeJlHee 3HAUYCHUE [T PACCTOSHUM OT KOMOMHATA, KpaTHBIX 500 M.

Pesynbratel mpuBenensl Ha puc. 70. Xapaktep 3aBucuMOcTH B 1986 u
1992 r. oAWH ¥ TOT XKe: OT MUHUMAJILHOTO YPOBHsI BOJI3M HCTOYHHKA BHIOPOCOB
nanexc NIR/R nuneitHO Bo3pacraer, 3aTeM, HauMHAsI C ONPEEIICHHOIO pac-
cTosHUS, cTadbmwmsupyercs. B 1986 r. 310 paccrostHue cocTaBisio okoio 10 km,
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PaccTosiHue, kM

Puc. 70. luHAMHKA M3MEHEHHUS CHEKTPAJIbHBIX HHIEKCOB COCHSIKOB
YePHUYHBIX B 32aBUCUMOCTH OT PACCTOSIHUS OT HCTOYHHKA BHIOPOCOB

B 1992 — okono 22 kM. Bennunna unaekca NIR/R Ha ypoBHe crabunnzanuu
COOTBETCTBYET YPOBHIO, CBOIICTBEHHOMY HETIOBPEXKICHHBIM HACAXKICHHUSIM U B
1992 r. nmpakTHYECKH COBMAJAET C TPAHUYHON BETMYUHON CIIEKTPAIbHOTO MH-
JIeKca, TOJTy4eHHOH 1o ypaBHeHHIO (1).

Crnenyer nog4epKHYTh, YTO JaHHBIE CKAHEPHOH ChEMKH ITO3BOJIHIIN OII-
peAETUTh HAIWYHE MOBPEXKIECHHOW 30HBI BOKPYT MCTOYHHKA BBIOPOCOB 3a
HECKOJIBKO JIET JI0 TOTO, KaK OHM ObUIM BBISBJICHBI Ha3€MHBIMU HaOIIOJe-
HUSMU.

Busyanpras omnenka gedonuanuu KpoH mocie 1992 r. B OKpecTHOCTAX
I'OKa ne mpoBogmmace. ObOpabotka cammka 2000 r. He moka3anxa 3HAYH-
TEIbHBIX PA3JINIMHA B BEIMYMHAX BEr€TAlMOHHOTO MHJECKCA BOIM3M KOMOH-
HaTa ¥ HA 3HAYUTEIBHOM OTAAJCHUH OT HETO, YTO, IO BCEH BEPOSTHOCTH,
Tak)Ke O0BICHACTCS IIMKINYECKUMH MHOTOJIETHUMH KOJICOAHUSIMH CTETICHU
nedonranu.
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3AKIIOYEHUE

PaccMoTpeHHbBIE IPUHIMITBI 1 METOJbI MOAEIUPOBAHUSA CTPYKTYPHI U JH-
HAaMUKU TAaeXHbIX JAHAMA(TOB IO3BOJSIIOT OOPHCOBATH OCHOBHBIE HYEPTHI
naHamadTHO-3KOIOTHYECKOH reorpaduueckoil HHPOPMAIIMOHHON CHCTEMBI.

I'IC B naHHOM cily4ae IIOHMMAETCsI He TOJIBKO M HE CTOJIbKO Kak Habop Ka-
KUX-JINOO BEKTOPHBIX M PAaCTPOBBIX CJIIOEB M IPOTPAMMHBIX CPEICTB JIS MX
aHaM3a, a KaKk IporpaMMHO-He3aBUCHMasl cUCTeMa il MPou3BoAcTBa (op-
MaJIM30BaHHOM reorpaduueckoil, JaHamadTHO-9KOIOTNIeCKOH HH(OPMALIHH.
EcrectBeHHO, «IIporpaMMHasy HE3aBHCHMOCTh OTHOCHUTEIbHA, UMEETCS B BH-
Iy, 4TO TIOJl «CUCTEMOI» ITOHUMAETCS MPEXK/E BCETO CUCTEMa MCXOIHBIX JIaH-
HBIX (06a3a JaHHBIX) M AITOPUTMOB MX 00paboTku (0a3a 3HaHMH), a IPOTrpaMM-
HBIE CpesicTBa U (hopMaThl (aifioB, UCIOIB3YEMbIX IPH 00paboTKe, HE UMEIOT
MPUHITUITHATRHOTO 3HadeHus. Ha coBpemenHoit cragmu passutus [ IC-texHO-
JIOTHH BCE 3TO 3aBHCHUT TOJIBKO OT MPEINOYTCHUH U (PMHAHCOBBIX BO3MOXHO-
CTeN HUCCIIeqoBaTeNEH.

CucreMa BKIIIOYaeT B ce0s apXWB HCXOTHBIX JAaHHBIX U OJ0K 0OpaboTKu
(puc. 71).

B coctaB apxuBa BXOIAT pa3HOBpPEMEHHbIE IU(POBbIE CHUMKH CKaHEPOB
BBICOKOTO IpocTpaHcTBeHHOro paspemenus (Landsat TM/ETM+, Spot, IRS),
LII/I(l)pOBI)Ie MOJECJIN BbBICOT U BEKTOPHBIC JAaHHBIC KIHOYEBbBIX YYAaCTKOB: JIMHUU
Y MTOJIMTOHBI JIAHIAPTHBIX NPOQUIEH U TOUKH MapLUIPYTHBIX UCCIIEI0BaHUH C
COOTBETCTBYIOLIMMH aTPUOYTHBHBIMH XapaKTEPUCTHKAMH.

TpasuIMOHHBIE CTATHCTHYECKHE METOJbl KIACCU(PHKAIMKA CKaHEPHBIX
CHMMKOB HE MOT'YT 00€CHEUYHTh BBISBICHUE I'PAHMUI] JaHAIIA(THBIX CTPYKTYP,
MO3TOMY B CHCTEME NPUMEHSETCS IPOCTON U JTOCTOBEPHBII METOJ| yIpaBJsie-
MOH KiaccH(UKanuh — CErMEHTAalMs CIEKTPAIFHOTO npoctpancTBa. OH 3a-
KITIOYAeTCs B CKATHH MHOTOMEPHOTO CHEKTPAIBHOTO IIPOCTPAHCTBA CKAaHEPHO-
TO CHHMKa B JBYXMEPHOE METOAOM IJIaBHBIX KOMIIOHEHT M B IIOCTPOCHHHU B
STOM HIPOCTPAHCTBE MO AAHHBIM KJIFOUEBBIX yYYacTKOB OOacTeil (CErMEHTOB),
COOTBETCTBYIOIINX KATCTOPUAM KIIFOUCBBIX YYACTKOB.

OrtzenbHbIE KATErOpuH 3eMHOM MMOBEPXHOCTH (HEKOTOPBIE THIIBI OOJIOT, BBIPY-
OOK, CeNIbX03YTO/IMil) TOJNBKO MO CIEKTPAIbHBIM XapaKTEPUCTUKAaM Ha OTJIEIBHO
B3TOM CHHUMKE HE pa3inyarorcs. B aToMm ciydae HeoOX0AMMO Ha pa3HOBPEMEH-
HBIX CHUMKaX HCCJIE/IOBaTh TPAEKTOPHHU TaKHX KaTErOpUid B CHIEKTPAJIBHOM IIPO-
CTpaHCTBE, YTO B OOJIBIIMHCTBE CIIyYaeB JAacT BO3MOKHOCTb MX JIOCTOBEPHO HJICH-
TuunmpoBars. Takum 00pa3oM, OJJHOBPEMEHHO U UCCIIENYeTCsl OUHAMUKA PACTH-
TEIIBHOTO TIOKPOBA, M YTOUYHSETCS €T0 crmpykmypd. B HEKOTOPBIX CIydasx JOMOI-
HUTEJIEHYIO MHPOPMALIMIO MOXKET JIaTh U3yUEeHHE TEKCTYphl CHUMKA.
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APXVIB UCXOOHbIX AaHHbIX

1 |
| i
i 1
. |
i i
: |
' uncbpoBLle MOAENN BLICOT pasHOBpPeMeHHble 6asa gaHHbIX !
E CKaHepHble CHUMKM KIQUeBbIX YHaCTKOB :
i i
I U SO (ORISR |

*  yKMoH *  knaccudukayms

*  3KCMO3uULMs *  OTCReXUBaHWE TpaeKTopuid

« copma penbeda *  aHanu3s TeKCTyphl

pacTp CTPYKTYpbl
pacTuTenbHOro Nokposa

}

‘ pacTp naHawaTHON CTPYKTYpbI ‘

|

‘ TpeXMepHaa MogenNb | ‘ BEKTOPHbIE NOMUroHbI ‘

l l

i+ yHKUMOHANbHOE MOZENUPOBaHUE

|+ naHawadgTHO-3KoNornyeckoe nnaHMpoBaHme

Puc. 71. CTpykTypHO-pYyHKINOHAIBbHAS cXxeMa JaHamadTHo- Kkoaornyeckoii 'UC

B pesynbrare kinaccupuKanny CKaHEpPHBIX CHUMKOB ITOJTy4aeTCsl IBYXMep-
HBIH pacTp CTPYKTYpBl PACTUTEIBHOTO MOKpoBa. [t mosmydeHus nanmmadr-
HOW CTPYKTYpBI HEOOXOAMMA €T0 MHTErpanusi ¢ JaHHBIMU O penbede — pas-
JUYHBIMH T'€OMOP(OMETPHYECKUMH MapaMeTPaMy, PaCCUMTAHHBIMU IO LH}-
POBOIf MOZETH BBICOT, X C MOJICIBIO penbeda Kak TakoBoi. [Ipu 3ToM Ha ocHO-
BE€ BBIABJICHHBIX HA3€MHBIMH UCCIICIOBAHUAMU 3aKOHOMEPHOCTAX MPUYPOICH-
HOCTH Pa3IMYHBIX THIIOB PACTUTCILHOCTH K (hopMaM peibeda TakKe IeTalu-
3UPYETCs U CTPYKTYpa PacTUTEIHHOTO IIOKPOBA.

JlaHHBIE KIIIOYEBOTO ydacTKa SKCTPANOIMPYIOTCS HAa BeChb KOHTYp THIA
naHamadra, B KOTOPOM y4YacTOK pacrojokeH. JTO MOo3BoJisieT (OpMHPOBATh
aTprOyTHBHBIE JaHHBIE (HAIpHMeEp, MMOKa3aTely MPOJYKTUBHOCTH JIECOB) Ha
OCHOBE M3y4eHHS JIaHAMAPTHEIX 3aKOHOMEPHOCTEH, a He ITyTeM MONCKa YHCTO
CTaTUCTUYECKUX 3aBUCHUMOCTEH MEXKAY CIEKTPAIbHBIMH XapaKTEPUCTHKAMU
KPOH M TaKCaIlMOHHBIMH MTOKa3aTEISIMU KITIOYEBBIX Y9aCTKOB.

TakuM 00pa3oM, OCHOBHAs «IPOAYKIHS» CHUCTEMBI — KapThl CTPYKTYPBHI
nmaHAmAadTOB Ha BCEX MEPApXMUYECKUX YPOBHIX M IWHAMHKA WX M3MEHEHHUI B
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3aKioueHne

pe3yibTaTeé eCTECTBEHHBIX M aHTPOIOTEHHBIX BozneWcTBuid. Cremyer oTme-
TUTb, YTO B JJAHHOM CIIy4ae CIIOH, CITy’Kalllie KapTOH-OCHOBOW TPaJHUIIMOHHBIX
I'C (6eperoBas nmuHHS 03€p, O0IOTA, BRIPYOKH H T.1I.), 3€Ch N3HAYAIHHO He
HY’KHbI, HA000pOT, OHU TIOJIyJarOTCs] aBBTOMAaTHUECKH, B KAUECTBE «IIOOOYHOTO
npoxykray. Tak, B HacTosliee BpeMsi Oeperopasi IMHUSA 03€p U KPYIHBIX peK
st Oosblielt yactu Kapenuu BeKTOpH30OBaHA C JAeTalu3alldeil maciiraba
1:100 000 — 1:50 000, mpuyeM 3T0 HE MOTPEOOBAIO MPAKTHUCCKU HUKAKHX J10-
TIOJTHUTEIBHBIX TPYI03aTpaT. ITH AaHHBIE 3HAUYUTENBHO TOYHEE JaHHBIX BEK-
TOopHOI KapThl MaciuTaba 1:200 000, He TOBOPS yKe O TOYHOCTU KapThl MHJI-
JIMOHHOTO MacIiTaba.

OcHOBHOE Ha3HAa4Y€HHE CHCTEMBI — OOECIIEUEeHHE AaNbHEHIIEero pa3BUTHS
JMaHImAa(THO-3KOJIOTHYECKUX HcCiIeoBaHni. B (yHaaMeHTanbHOM acriekTe
OHa TOCIY)XUT OCHOBOW (CTPYKTYpHOH MOAENBIO) Ui pa3paboTKH TEopHH
(YHKIIMOHNPOBAHUS] TEOCHCTEM, B MPUKIATHOM OTHOIIEHHH 00JacTh ee Mpu-
MCHEHHS OYCHb IIMPOKA, YTO CIEAYET U3 OUYEBHIHOTO (hakTa — OOJIBIIMHCTBO
XapaKTEPUCTUK MPUPOJHON cpebl B TOM WIM MHOM CTENEHH CBSI3aHbI C TUIIOM
nanmmradra. [Ipencrasnennsiec B [ IC maHHBIC yiKe HIMPOKO BOCTPEOOBAHBI B
MpaKTUKe TPOBEAEHUS TOCYIapCTBEHHBIX KOJOIMYECKUX 3KCIEPTH3 IUIAaHOB
CTPOUTEIHCTBA IPOMBIIUICHHBIX NPEIIPHUITHH, 3KOIOr0-3KOHOMHUYECKOM
000CHOBaHMU 0CO00 OXpaHJIEMBIX MPUPOIHBIX OOBEKTOB, CepTHHOUKAINU
KPYIHBIX JIECOMPOMBIIIJICHHBIX MPEANPUATHHA U B LIEJIOM IPU PErHMOHAILHOM
TUIAHUPOBAHUU MPUPOJIONIOIb30BAHMS — JIAHIAPTHO-OKOJIOTHUECKOM TUIAaHH-
posanuu (Gromtsev et al., 1999), dopmupoBanuu nanamadrHo-KapTorpadu-
YeCKOM OCHOBBI TeocucTeMHOro MoHuTopuara (Jlutnnckuit, 2004).

B mepcrniexTrBe MmIaHUpyeTCs HCHOJNb30BaHWUE B CHCTEME IAaHHBIX pasap-
HOM W JIa3epHON ChEeMOK (B TOM 4Hciie IH(POBBIX MOJENEH BBICOT), YTO HAPSI-
Iy C pacUIMpPEHHEM CETH Ha3eMHBIX KIIIOUEBBIX yYacTKOB ITO3BOJIUT IPHHIIH-
MMHAJIbHO TOBBICUTH YPOBEHb NETAIM3AIMK MOJCIMPOBAHUA JIaHTAPTHON
CTpYKTypbl. [lmaHupyroTCsS nccie0BaHNs, HAIlPaBIECHHbIE HAa OILEHKY OHope-
CYpPCHOTO NOTEHIHala PETHOHA, U HCIOJIb30BAHUE CHCTEMBI I TOCYIapCT-
BEHHOTO y4eTa JIECHOr0 (hoH/a.
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MNPUJIOKEHUE
I'C-naker GRASS (Geographic Resources Analysis Support System)

Pa3paboTka nmakera Haganach B 1982 r. B maboparopun MuHHCTEpCTBa 000-
poust CIIA, a ¢ 1997-ro k paboTe HAYMHAIOT MTOJKITIOYATHCS HE3aBUCHMBIE Pa3-
paborunku Bo Bcem mupe. [laker pacmpocrtpansercs mo yuier3na GNU (Gec-
IUIATHO, C 3aIlUTOH aBTOPCKHUX MPaB), TO €CTh SIBISIETCS «BCEOOIINM JTOCTOSIHU-
em», public domain. Ha caiite http:/grass.itc.it MOXXHO TMOJYYHMTh IAKET Kak
B BUJIC Ha6opa HCIIOJIHACMBIX (1)31711103, TaK U B BUAC UCXOAHOI'O KOJAa Ha A3bIKE
C s camocroatensHoi kommunanuu. GRASS ncnons3yercst Bo MHOTUX Beay-
IIMX MHUPOBBIX yYEOHBIX, HAYYHBIX, IPOMBIIUICHHBIX U TOCYAAPCTBEHHBIX Opra-
Hmsaimsix (Bkimrodass NASA, NOAA, USGS) anst aHanm3a reoJaHHbIX, yIIpaBiie-
HUS TIPUPOJIOTIOIB30BAHIEM 1 SKOJIOTHIECKOTO TIAHMPOBAHHS.

[Naker pabortaer B omepammonHoi cucreme UNIX, HO 11 moNMB30BaTeNei
Windows Takske UMeeTcss BO3MOKHOCTE HConb30BaTh GRASS, HeoOXoauMo JHIIb
npeaBapuTeNbHO yeTtaHoBHTE cpeny CygWin, smymupyronryto OC UNIX B OC
Windows. [1prrdaem B 3ToM ciydae HeT HeoOX0AUMOCTH B n3ydeHnr komang UNIX,
HY>KHBI JIMIIIb HEKOTOpBIe 0a30BbIe cBelieHMs. Y cTaHOBOUHBIE (aitmbl CygWin Tak-
’Ke €CTh Ha BBIIIIEYKa3aHHOM CaiTe ¢ IOAPOOHON MHCTPYKITHEH 1Mo ycTaHoBKe. CHa-
YaJia Hy)KHO yctaHoBuTh CygWin, 3aTeM 3aIyCTUTh €€ U yKe M3 ITOH Cpejibl ycTa-
HoBUTh GRASS. Ananormyano npu padore ¢ GRASS: cHagana Hy)KHO 3aITyCTHTb
CygWin u u3 Hee 3amyckath GRASS. Bepcrn GRASS Haunnas ¢ 6.3, kak 00emaroT
pa3paboturku, OyayT paboTaTh HemocpeacTBeHHO B Windows.

[Mpuniumnsr pabotel ¢ GRASS cymiecTBeHHO OTIIMYAIOTCS OT MPUBBIYHBIX
qutst onb3oBareneit Windows. GRASS mpezcraBnser co0oit makeT U3 HECKOIb-
KHX COTEH MojyJsell (MCIOMHEMBIX (haiiIoB), KaKABIH U3 KOTOPBIX BBITOJHSET
OIIpe/ieNIeHHBIE ONepaly aHaIn3a reorpadudeckoll HHPOpPMAIMK B PacTPOBOH
1 BEKTOpPHOH (hopmax, oOpaOOTKH JaHHBIX AWUCTAHIMOHHOTO 30HIUPOBAHUS H
reorpa)Mueckoro MOAEIUPOBaHUS. BONBIIMHCTBO MOMIYyJEH BBIONHSIOT Clie-
JIYIOIIME OMepaluu: 3arpy3ka UcXomHoro (BxojaHoro) daiina (¢paitnos), obOpa-
00TKa M 3a1uch pe3yNbTUpyoLIero (BbxoaHoro) daiina (daitnos). st kaxmgoro
MOJIYJIsl UMEeTCsl UcUepIibiBatolmii ¢aiin crpaBku B popmare html co ccputka-
MU Ha JIUTEPATYPHBIC HICTOYHUKU 1 UMCHAMU U aapeCaMn paSpaGOT‘-H/IKOB.

B otinune ot maketoB Windows, KOTOpbIe CHayala 3amyCKaloTCs, a TOTOM
B HUX 3arpyxaroTcs naHusie, s 3amycka GRASS HeoOxoauMo cHadamna BbI-
Oparp pabouMii KaTajor ¢ JaHHBIMH, MHAue TOBOPS, 3aMyCK M IPEICTABISIET
co0oii BEIOOp pabodero karajora.

@aiinbl nanHeix GRASS xpansTcs B cTporo ormnpeneiaeHHOH CTPYKType
kartanoros — /database/location/mapset.
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IIpu ycranoBke CygWin Ha mucke C: co3maeTcs OTHOWMEHHBIH KaTalor
(cygwin), 1o cTpyKType KOMMPYIOIIHiA CHCTEMY KaTaJoroB C 3ape3ePBHPOBAH-
ueiMu umenamu UNIX (bin, usr, etc, lib, home). ®aiinel ¢ qaHHBIME TOJIB30Ba-
TeJIsI IIOMEIIAIOTCS B KaTajior hOMe, B MOAKATaIor ¢ HMEHEM, COOTBETCTBYIO-
MM MMEHHU Y4ETHOW 3aIMCH, HarpuMmep, USer, B KOTOPOM U CO3JaeTCs KaTa-
nor ¢ nanaeiMu GRASS, nanpumep, grass_data.

Cornacuo tepmunonorun GRASS, nanubni karamor — c:/cygwin/home
/user/grass_data — nassiBaercs database. B Hero BXOAMT OAMH MM HECKOJIBKO
MOJIKATAJIOroB, Ha3biBaeMbIxX l0cation, B Kax0M M3 KOTOPBIX B CBOKO O4Yepelb
CO3IaeTCsl OIVH WMJIM HECKOJIBKO ITOJIKATalIoroB, MMEHYEeMbIX Mapset, B KoTo-
PBIX U coziepKarcsi COOCTBEHHO KapThl, pacTPOBbIE W/UiK BeKTOpHBIE. [Ipn 00-
pasoBanuu location aBTOMaTH4ecKHM co3maeTcs mapset IOA Ha3BaHUEM
PERMANENT, B pmampHEHIeM MOXHO JTOOABUTH APYTHE C IMPOU3BOIHHBEIMH
Ha3zBaHUAMH. Bee kapTel ogHOTO location JOIDKHBI OBITH B OJHOM Teorpadude-
CKOM IIPOEKLHH.

3amyck GRASS ocymecTBnsiercst B HeCKoIbpKo 3TarmoB. CHagama makeTHBIM
daitmom Windows cygwin.bat 3amyckaercs CygWin, mosBisieTcsi TEKCTOBBIN
tepmuHan UNIX, B kotopom koMaHmoit startxwin.sh samyckaercst rpadude-
cKas cpefa Xwin (TEKCTOBBIN TepMHHANT). 3aTeM KOMaHIOH grasséx (x — Ho-
Mep BEpPCHH) 3aIlycKaeTcss MOAYJIb BbIOOpa (MM co3iaHus) pabodero Karaio-
ra, B KOTOPOM HY)XHO yKa3aTh Hy»HbIe location u mapset, 3aTeM MOSBISETCS
okHO rpaduueckoro uHrepdeiica GIS Manager, mocpencrBomMm KOTOporo
MOXHO 3aIlyCKaTh Pa3JIM4YHbIE MOJYJH U BU3yaJIH3HPOBAaTh PacTPOBBIE U BEK-
TOpHbIE KapThl. [Ipy 3TOM MOy I MOKHO Tak>Ke 3aIycKaTh IIyTeM Habopa ux
UMCHH B TEKCTOBOM OKHe XWin.

Kaxnas ceccuss GRASS BrimonHsieTcst B onpeaeraeHHOM mapset u location,
JUId nepexoza B Apyroi HykHO U3 GRASS BbIiTH U BBIIOIHUTS 3aIlyCK CHOBA.

Kaxnast kapra GRASS, pacTpoBast 1 BEKTOpHasi, 3alIHCHIBACTCS B HECKOJIb-
Kux (aifiax ¢ OJMHAKOBBIMU MMEHAMH, XPAHAIINXCS B OTACIBHBIX KaTanorax:

Karanor Conepxanue
cats KaTEerOpPHH PACTPOBBIX JAHHBIX (TEKCT JIETeHbl)
cell pacTpoBbIe IAHHBIE B IIETIOYUCICHHOM dopmare
cell misc pa3NuYHbIe JaHHBIE O PACTPOBHIX JAHHKIX (range, null)
cellhd 3aroJIOBKH PacTPOBBIX (ailioB
colr TIATUTPHI (I{BETOBBIE TaOIHIIB]) PACTPOBEIX (hailioB
dbf aTpuOYTHBHEIC JaHHBIE BEKTOPHBIX (ailioB
feell pacTpoBble IaHHBIE B (JopMaTe C IJIaBAONIEH TOYKON
group rpymis! GailJioB MyJIBTUCHEKTPAIEHBIX CHUMKOB
hist ucropuH daiinos
vector BEKTOPHBIC ITAHHbBIC
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Karanoru cell_misc m vector comepar moaKaTasord ¢ MMEHaMH, COOT-
BETCTBYIOLIMMH UMeHaM KapT. [lo mpuuMHe Takoil CIOXKHOW OpraHu3alHu
JaHHBIX OIEpaluy ¢ KapTamu (yJajleHue, NepeuMeHOBaHHe, KONNPOBAHNUE)
ClIeyeT MPOU3BOAMTE C TIOMOIIBIO IPEAHA3HAYCHHBIX UL 3TOr0 MoayJiei —
g.rename, g.remove. Ilpu HeoOxoqumocTH ucnoib3oBanus B GRASS ¢aii-
noB Windows (Hanpumep, pU UMIOPTE/IKCIIOPTE AAHHBIX) MEPEX0]] Ha QU-
3WYECKAE W JIOTHYSCKHME TUCKH OCymiecTBiseTcs depe3 katamor CygWin
cygdrive (puc. 72).

m— —
| F—bin ; Windows
-
‘ — cygdrive —I: c T—'i c: —cygwin—!
——efc d‘ —0D: | navible GRAS S
— home — user—'—’-[_database] Iocaﬁon_1—|:PERMANENT— T
—lib } ‘ mapset_2 —— ‘
— usr | ‘ location_2 PERMANENT —
L
UNIX ‘ mapset_2 — cats
— cell
‘ - cell_misc
| cellhd |
‘ I— colr
|— dbf |
‘ — foel
|— group ‘
‘ L hist |
— vector
L _ - _

Puc. 72. Ctpykrypa nanasix GRASS B ¢aiinoBoii cucreme
Windows/CygWin

IIpu pabore ¢ GRASS xiroueBoe MOHATHE — PETHOH (region) — TECHO
cBs3aHo ¢ mousthuem location. Region — aTo Tekymas reorpadudueckas 06-
JacTh, OPSIMOYTOJIbHAs B mpoekiuu location, ¢ ompexeneHHBIM 3HaYCHHEM
IPOCTPAaHCTBEHHOTO pa3pelIeHus, B KOTOPOH ocymiecTBiseTcs oOpaboTka
JAHHBIX. BBIMOTHEHHE BCEX OmMepaiuii BCEMH MOIYJISIMH OCYIIECTBIISCTCS
TOJIBKO B Mpejiesiax YCTAHOBICHHOTO PETHOHA U C YCTAHOBJICHHBIM 3HAUCHH-
€M MPOCTPAHCTBEHHOTO pa3pelneHus. [Ipu mepBoM 3amycke CHCTEMbl HE0O-
X0AMMO co3aath location, To ecTh yka3zaTh mpenenbl reorpaduueckoi
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061acT (KOOPIWHATHI CEBEPHOH, F0)KHON, BOCTOYHOH U 3aIIaTHOH T'PaHuIl), C
KOTOpOii OyneT paboTaTh cucTeMa, a TaKke MmapaMeTpbl KapTorpaduueckoi
MPOEKINH (THII IPOSKIUH M SIUTUIICOHT), B KOTOPOH 3Ta paboTa OymeT ocy-
IeCTBIATHCA. [I0oCKONIBKY cUCTeMa OpHEHTHPOBAHA MPEXIe BCEro Ha paboTy
C pacTpOBBIMH JAaHHBIMH, YKa3bIBAETCS TAKXKe IPOCTPAHCTBEHHOE pasperie-
Hue (pa3mep nukcena). B nmepuon Havana pa3pabOTKH CHCTEMBI HEKOTOPHIE
CKaHepbl MMEJNIHM HEKBaJpaTHBIN IHMKCEJ, MMO3TOMY CHCTEMa 3ampaiinBaeT
paspelieHre OTACIbHO N0 IUPOTe U A0JTOoTe. B HanpHelinieM ycTaHOBKH pe-
ruoHa («rabapuThl» M MPOCTPAHCTBEHHOE pa3pelleHHe) MOXXHO M3MEHHTH,
HO ITPOEKIUS OCTAETCsl HEM3MEHHOM.

HaszBanne monyneit GRASS ¢opmupyercss 3 HECKOIBKUX pa3feieHHbIX
TOYKaMH OYKB M COKPANICHHBIX CJIOB, COOTBETCTBYIOIIUX HA3HAUCHHUIO MOJIY-
ns1. [lepBast OykBa B Ha3BaHUH 0003HAYACT:

i (image) — onepayuu c dannvimu OUCMAHYUOHHO20 30HOUPOBAHUS,

r (raster) — onepayuu ¢ kapmamu 6 pacmpogoii popme;

v (vector) — onepayuu ¢ kapmamu 6 6eKMopHoi gopme;

g (general) — obwue onepayuu: ynpaenenue gainamu, ycmanoska pado-
YUX napamempos cucmemul u m.o.;

d (display) — onepayuu suzyanuzayuu ¢ epapuueckux oxnax (Monumo-

pax).

Crnenyer umers B BHAY, 4TOo B rpaduueckuii nnrepdeiic GIS Manager
BKJIIOUEHBI HE BCE MOJIYJIN CHCTEMBI U ITOCPEJCTBOM €r0 MOKHO HCIOJIb30BaTh
HE BCE MapaMeTpbl HEKOTOPBIX Moayiei. Kpome Toro, opranuzanms Motyien
Mo paszenaM MeHI0 MHTepdeiica mocTaToyHO ycnoBHa. Hampumep, Momynb
aHAIIN3a TEKCTYD F.fexture BKIIIOYCH B MYHKT MEHIO « AHANH3 penbeday, Toraa
KaKk 3TH ONepald MOTYT HCIOJIb30BAThCSI M B JPYTHX CaMbIX Pa3IMYHBIX
CITyYasix.

[osToMy menecooOpa3HO HCIOIB30BATH MOAYIH B TEKCTOBOM PEKHME.
J1nst 3TOrO HY’KHO B TEKCTOBOM TEPMHHAJIE BBECTU Ha3BaHHE MOYJIs, UIMEHa
BXOJIHOTO M BBIXOJHOTO (haiiyioB, mapameTpsl U (IIpU HEOOXOJUMOCTH) KITFOUH
(flags). ITapameTpbl BBOJSTCS uepe3 3HAK «=» MOCIIE Ha3BaHUs mapamerpa. B
OOJIBIIMHCTBE CITy4YaeB AJIs KaKoH-T00 00paboTKH HYXKHO NPUMEHHTD ITOCTIe-
JIOBATEIBHOCTh OIEpalnii, BBIMOJHIEMBIX Pa3INuHBIMU MOJYJIsIMU. [l1st aTOTO
MOXHO CO3/1aTh MaKeTHBIH (aiiy, 3amycKaronMi ocIe10BaTeIbHOCTh OTepa-
Ui — OOBIYHBIA TEKCTOBBIA (paiin ¢ MFOOBIM Ha3BaHWEM, 0€3 pacIIUpEHHUS.
Hexortopele Moxmynu paboTaloT TOJNBKO B WHTEPAKTHBHOM pEXHME, KOT/a
TIOCJIE 3aITycKa MOYJIS HEOOXOIMMO BBOANTD 3aIpallliBacMble ITapaMeTphI.
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Buzyanuzamust AByXMEpHBIX JaHHBIX (PaCTPOBBIX W BEKTOPHBIX) PEAIN30-
BaHa B GRASS naneko He caMbIM YAOOHBIM 00pa3oM, OTOMY IPH HATHINH
MaKeTOB HACTONBHON Kaprorpaduu turna Maplnfo unu ArcView ynobHee um-
noptupoBath naHHble B GRASS s 06paboTku U 3aTeM SKCIOPTHPOBATH pe-
3ynbTaThl. [IprMepbl HEKOTOPBIX MaKeTHHIX (haiiIoB A1 TaKoro crocoda pado-
ThI TIPUBENICHBI HIDKE. B 3TOM ciydae HEeT HEOOXOIMMOCTH B rpaduyecKoi
cpene XWin u 3anmyckatb GRASS MOXXHO cpa3y B TEKCTOBOM TEepMHHAIE
CygWin HerocpeJCTBEHHO B HY’)KHOM KaTayiore KOMaHI0# Buja:

grasséx /home/user/grass_data/location_1/PERMANENT

OCHOBHBIE OITEPAIIMU 1 BBITOJHAIOIUE UX MOJIYJIN

Hmnopm
BeKTOPHBIX (paitimoB (MapInfo, ArcVIew) .......ccoccovviniiiiiiinieniieen, v.in.ogr
pactpoBbix ¢aiinoB popmaroB TIF, BMP, GIFuT. 1. ..coceevieenee r.in.gdal
Oxcnopm
PACTPOBBIX KAPT  evveervreeureerereenereensreenseessseesseessseesssessssessssesssessssessnne r.out.gdal
BEKTOPHBIX KAPT .veveeuteuientetenteeteeseeneentensentessesteeseeneensensensessesseesesneenes v.out.ogr
VCTAHOBKH PETHOHA ....eonvienieeniieniieiiinieenieenieeteereeeresirenieesieenseenneensennns g.region

Teomempuueckue mpancgopmayuu

N3MEHEHHE TIPOSKIMN PACTPOBBIX/BEKTOPHBIX KAPT .c.eevvervennense r.proj / v.proj
N3MEHEHHE PA3PEIICHUS PACTPOB  ...oeevvemvireienienieeneenrensensensessenseenees r.resample
PEKTH(HUKALIAS PACTPOB i.rectify
CnexmpanvHvle mpancgopmayuu
MIPEOOPA3OBAHUE MOACTEH IIBETA ....eovveneeenreenieenieenienerenieennees i.rgb.his, i.his.rgb
QHAJIN3 TJIABHBIX KOMITOHECHT .....evveueerertinterersensenestenseneesenseneenesseneesessensenenne i.pca
Knaccugpurayus
CO3ZAHUE TPYIIIBL KAHAIIOB .....evvenveurererreneereseneerenseneenenseneesesseneeresseneenens i.group
(DOPMHUPOBAHUE CHTHATYP  -evevvrenvernrernressresneesseesseensesssesssesssesseessesssenssens i.gensig
HEYTPABIITIEMAS  ..vveeuveeeneeeeieeeieeeieeenteeateeenseeenseeessseesaseessseesseeessseessseenns i.cluster
ynpasisieMasi (METOJ{ MAKCUMAIBHOTO TTOJIOOHSA)  ..oveverveeeeeneeneeneenne i.maxlik
YCTAHOBKA MAITHTPBL PACTPA  ..euvervrerereererteneerearenserestensesessensesesseneesessenene r.color



[Ipunoxenue

Ananuz u mooearuposanue

(QUITBTPALIHST PACTPA  cevvenveeneeenreeeeeneeeieeseeesseeneeeneeeneesseesseesseeseensesnees r.neighbors
AHAIIM3 TCKCTYPBI  .oviiiiiiiiiiiiiiiiiiiiiie ettt et ee e e e e eees r.texture
uatepnosinus DEM 13 BEKTOPHBIX TOPUBOHTATICH  ....evveeeneeeeeanneenn. v.surf.rst
YKITOH/IKCTIOZUIIHST CKIIOHA  .nveentientienteentenutenseenteenseeneeeesneesneenaes r.slope.aspect
TFEOMOPPOMETPHUYCCKUI AHATIH3 ....eevveneeneenienienrenieeneeneeneenieneennenne r.param.scale
MOJICTTUPOBAHUE BOJOCOOPOB .eovvvieereeerierereeniieenreenireeneneensneenanesnnns r.watershed
CO3MTAHHUE OY(DEPHBIX B0H ..veevveervieereeeieereesreeseeseeseessesseesseesseessessesssenns r.buffer
JMAHIITA(QTHOE MOJCITUPOBAHIE  ...eevveerveenverererereeeeeeeneeenns r.le.pixel, r.le.patch
PaCTPOBAST MATEMATHKA/TIOTHKR «..c..eeuveurerensinrensenseensensensenuensesseeseenens r.mapcalc

Ipeobpa3zosanuss munog 0anHwix

PACTPOBBIX B BEKTOPHBIC ....ccuvunniiiiiiiiiiiiiiiieiiiiiiie e eeiiiiiia e e eeniaannas r.to.vect
BCKTOPHBIX B PACTPOBBIC ....ccovvvriiniiiiiiiiiiiieieeeiiiiiiie e e eeariie e e eeeaaaaes v.to.rast

IIpnMmeps! nakeTHBIX (ailI0B VISl BHINOJHEHNs] HEKOTOPBIX onepanuii

[TocnenoBarenbHOCTh Onepanuii BKIIOYAaeT B ce0sl MMIIOPT JaHHBIX B
GRSS, o6pabotky 1 3xcropT. BekTopHbIE TaHHBIE Ha BX0J1€/BBIX0JIE 3AIHCHI-
BatoTcs B popmare Maplnfo (.tab), pactpoBeie — GeoTiff mim Tiff, B mocnen-
HeM city4ae Juist oOecreueHust reorpaduyeckoil IpUBSI3KA HEOOXOIMMO HAIH-
4re cooTBeTCTBYIomero world-gaiina (.tfw). Bxogapie/BEIXOQHBIC TaHHEIE T0-
MeIMIalTcsl B KopHeBoH KaTanor SygWin (/).

Co3zoanue yugposoit mooenu evicom u3z 6eKMOPHLIX 20PU3OHMAIEH

v.in.ogr dsn=/h.tab output=h (ummopt MapInfo daiina)

g.region vect=h res=100 (ycranoBka rpanuil u pasperreaus DEM)
v.surf.rst input=h zcolumn=H elev=d

r.out.gdal input=d format=GTiff type=Int16 output=/dem.tif
g.remove vect=h rast=d (yaanenue ¢aiinoB GRASS)

Bexmopusayusn knaccugpuyuposannozo pacmpa

r.in.gdal /a.tif output=a (ummopt [GEO]Tiff ¢aiina)

r.to.vect input=a output=a feature=area —v (BexTopu3aIus C yCTAaHOB-
KOH aTprOyTOB IOJIMTOHOB COTJIACHO KaTETOPHUSIM pacTpa)

v.out.ogr input=a type=area dsn=/ olayer=a format=Maplnfo_File
g.remove vect=a rast=a (ynamenue daitnoB GRASS)
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OtaenbHast YacTh CHCTEMBI — MOLIHBIN MOMIYJb TPEXMEPHOH BU3yalH3aliu
NVIZ ¢ gocraTouHo y1oOHBIM U TIOHATHBIM HHTEp(eiicoM. OH 3aImycKaeTcs KO-
MaHZIOH MViZ U TO3BOJSIET CO3/IaBaTh TPEXMEPHBIC KOMIIO3HIIMH, TOMEIIAs pac-
TPOBBIE ¥ BEKTOPHBIE CJIOM Ha IU(PPOBYIO MOJIENb BBICOT, IIPOCMATPHUBATh HX C
TrO0BIMU 3HAYEHHUSIMH yTiIa 0030pa M OCBEICHHS, a TAKXKE CO34aBaTh AaHMMALUH
BUPTYAJILHOTO I0JIeTa HaJl MOBEPXHOCTHIO 110 33JJaHHOMY MapUIpyTy.
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