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fasal. AUCTaHUMNOHHbDbIE UCCNea0BaHMUA NOYBEHHOIO noKpoBa
COZIOHUOBbIX KOMNJ/IEKCOB U 3aCO0/Z1IEHHOCTUN No4B

B Poccun mouBbI CONIOHIIOBBIX KOMILIEKCOB 3aHUMaroT 22938,7 Thic. Ta (KauecTBeHHas xapak-
TEPUCTUKA M KYJIBTYPTEXHHUECKOE COCTosiHuE 3eMenb B Poccuiickoii deneparun, 1996). Onn Ha-
XOJISITCS. B OCHOBHOM B FOXKHBIX 30HaX Poccuu (CTEMHOM, CyXOCTEIHON U MONTYITyCTHIHHOW) U TIPH-
YPOYEHBI K paifoHaM aKTHBHOTO CEITbCKOXO3SMCTBEHHOrO Mpon3BoacTBa. Okosio 20 MIIH. Ta MoYB
COJIOHIIOBBIX KOMILJICKCOB OBLTO BOBJICUCHO B MaliHi0 (['eHe3rc v Memruopaiusi movYB COJOHIIOBBIX
komiiekcoB, 2008). 3BecTHO, YTO OCHOBHAS YacTh COJIOHIIOBBIX TMOUYB XapaKTEPU3yeTCs HATMUH-
€M JIETKOPACTBOPUMBIX COJICH B ITEPBOM MJIM BTOPOM METPE MOYBCHHOTO NPOMUIIS U, ClieI0BaTEb-
HO, COJIOHIIOBBIC IMOYBBI B OOJIBIIMHCTBE CBOEM OTHOCSATCS K KaTeropvu 3acoiieHHbIX. CoracHo
JTAaHHBIM, MIPUBEJCHHBIM B MOHOTpaduu «3acoseHHbie mouBbl Poccuny (2006), obmas miomaip 3a-
COJICHHBIX TI0YB, BKJIFOYAsl ¥ ITOYBBI COJIOHIIOBBIX KOMITIEKCOB, cocTapisier 53997,0 tric. ra (3,3% ot
IUTOINA/IM TI0YB CTPAHBbI), HO IPH 3TOM B OTIeNbHBIX pernonax (IToromkckom, CeBepo-KaBkasckom,
VYpasbckom, 3anagaHo-CHOUPCKOM) U OTAEITBHBIX 3 JMHUHUCTPATHBHBIX 00JACTIX TUIONIAIh 3aCOJICH-
HBIX (B TOM YHCJI€ 3aCOJICHHBIX COJIOHIIOBBIX) TouB focturaet 30—50% ot ruromaan pernoHa win
00JIaCTH, ITPU 3TOM OCHOBHASI YaCTh BXOJIMT B COCTAB CEIbCKOXO3SIMCTBEHHBIX YTOIUIA.

Ha nmaHHBI MOMEHT HE CyNICCTBYET aKTyaJIbHOH M HAJC)KHONW MH(POPMAIMH O COCTOSHUU H
IUTOINA/ISAX MOYB COJIOHIIOBBIX KOMILIEKCOB. HaunHast co BTopoi mosnioBuHbl 20-Tr0 Beka JUis ydera
TUTOINA/ICH MOYB IHUPOKO MCIONB3YFOTCS MaTepHabl JUCTAHIIMOHHOTO 30HIUPOBAHMS, TAK KaK OHH
COBMECTHO C JIaHHBIMH HA3€MHBIX OMPOOOBAHHUI MO3BOJIIOT YTOUYHHTH MMEIOIIYIOCS U TIOYyYHTh
HOBYIO MH(OPMAIIHIO 0 pactpe/ieICHUH TI0YB B Pa3HBIX PErHOHAX Mupa. B HacTosiiiee BpeMs B Ipo-
1ece KapTorpadupoBaHusl aKTUBHO BHEJIPSIOTCSI COBPEMEHHBIE TEXHOJIOTHH, OCHOBAHHBIC HA KOM-
MBIOTEPHOM 00pabOTKE CHUMKOB M COCTABJICHUH KapT. [ TaBHBIMH JIOCTOMHCTBAMH HOBBIX METO/IOB
SIBJISIFOTCSL TOYHAS TIPUBSI3Ka OOBEKTOB UCCIICOBAHUS C MTOMOIIBIO HABUIATOPOB CITyTHUKOBOW CBS-
31, BBIBIICHUE M MaTeMaTHUECKOE 00OCHOBAHHE CBSI3M M300PaKCHUS HA CHUMKAX C TIOUYBAMH U X
CBOWCTBaMH, a TaKXKe aHAIN3 OCOOCHHOCTEH MX PacnpOCTpaHeHHs Ha KapTorpadupyeMon Teppu-
TopuH. Pa3BUTHE KOMITBIOTEPHOTO KapTOrpaprpOBaHHs SBISICTCS OJHOM M3 aKTyaJbHBIX 3a/1a4 CO-
BPEMCHHO# MOYBCHHOW HAYKH, O YE€M CBHICTEIILCTBYET PE3KO BO3POCIIIEE KOJIMIECTBO MyOTHKAIHIA
o ganHor Teme (Hartemink et al., 2001; McBratney et al., 2003; Environmental Soil-Landscape
Modeling..., 2006). B pamkax cTpykrypbl MexayHapomgHoro odmectsa mouBosenos B 2004 1. co-
3naHa pabouas rpynmna «lludposas mouseHHast KapTorpadus», KOTopas HapaBHE CO MHOTUMH JIpY-
MU 33/1adaMH 3aHUMAETCsl pa3pabOTKOW JMCTAHIMOHHBIX METOOB OIIEHKH 3aCOJICHHBIX TOYB
(Digital Soil Mapping..., 2007; Digital Soil Mapping..., 2008). O kpaifHe#l 3aHHTEpPECOBAHHOCTH
MEXTyHapOIHOTO COOOIIECTBA B PA3BUTHH METOJIOB JMCTAHIIMOHHOTO 30HINPOBAHUS 3aCOJICHHBIX
TI0YB MOXKHO CYJTUThH IO TOMY, YTO IO JJAHHOW TEMAaTHKE COCTABIISIFOTCSI 0030PbI, BBITTOHSIFOTCS MEXK-
JTyHapOJIHbIE U HAIIMOHAIbHBIE TIPOEKTHI, B PA3HBIX CTPAaHAX MUPA Ha BBICOKOM TEXHIHUYECKOM YPOBHE
OCYILECTRIISICTCS JMArHOCTHUKA 3aCONICHHSI Ha OCHOBE JIUCTAHIIMOHHOM HH()OPMAITUH J7IsSI BBIPAOOTKH
MEPOTPUATHH 110 METTHOPAIIUHN TIOYB.

B Hacrosiiiee BpeMst TUIOMIAAM ¥ COJIEBOE COCTOSIHUE COJIOHIIOBBIX MOYB HYXKIAIOTCS B yTOY-
HEHHH, YTO HEBO3MOKHO OCYILIECTBUTh B MOJIHOW Mepe 0e3 pa3paboTKH MOAX0I0B K KapTorpadupo-
BaHUIO 3TUX ITOYB 10 JIAHHBIM JIUCTAHIIMOHHOTO 30HMPOBAHNUS U C UCTIOJIb30BAaHHEM COBPEMEHHBIX
METOJIOB.
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1.1. I[ncranunonmﬂe HCC/ICA0OBAHUSA MOYBECHHOI'0 MOKPOBA COJTOHIOBBIX KOMIIJIEKCOB

JucTaHIIMOHHBIE MaTepHaIbl IPUMEHSAIOTCS U1 U3YyUEHMs TOYBEHHOTO MOKPOBa HAuU-
Has ¢ 1930-x rr. (Aunponuxos, 1979). B 1950 r. B [louBennom nuacturyre uM. B.B. JlokyuaeBa
OblTa co3naHa jJadbopaTtopus KPyIMHOMACIITaOHOTO KapTorpadupoBaHUs IOYB, KOTOpAs CTa-
BHJIAa CBOEH 3amadeil pa3paboTKy METOIOB KPYIMHOMACIITAOHOTO KapTOrpa(pupOBaHUS ITOYB
B Pa3IMYHBIX MMOYBCHHO-TCOrpaUUIeCKUX 30HAX HAIled CTPaHbl Ha OCHOBE a’POMETOJOB
(I'aBemaH, JluBepoBckuii, 1953). Hauunas ¢ 1970-x rr. 1 u3y4yeHus MOYBEHHOIO MOKPOBa
CTaJIM LIMPOKO NPUMEHATHCS KocMuyeckue cHuMku (I'puroposes, 1975; MccnenoBanue npu-
POIHOMN cpelibl KOCMUYECKUMHU cpeacTBamMu, 1976; AspokocMuyecKue ucciieloBaHus 3eMIlH,
1979; Kocmuueckas cheMKa U TeMaTudeckoe Kaprorpadpuposanne; Cumakosa, CaBuH, 1998
1979; KpaBuosa, 2005; ).

CoJ10HIIOBBIE KOMILJIEKCHl B €Bponelckoi yactu Poccuu mpuypoyeHbl B OCHOBHOM K
[Ipukacnuiickoil HU3BMEHHOCTH U MPUJIETAIOIINM K Heil MaHbruckoit noxxOnHe, EprennHckon
BO3BBIIIEHHOCTH, I0KHON 4acTu IIpUBOIIKCKOH BO3BBIIIEHHOCTH M HU3MEHHOTO 3aBOJIXKbA
(puc. 1). B anMUHUCTPATUBHOM OTHOILUIEHHUM COJIOHLIOBBIE KOMIUIEKCHl CKOHLIEHTPHPO-
Banbl B Kanmmbikum, Bonrorpaackoit u CaparoBckoidl oOnacTsix, 4aCTUYHO B POCTOBCKOH,
Actpaxanckoid 1 Openbyprekoid obnactsax. [lnomans coOHIOBBIX KOMIIJIEKCOB B Mpezenax
eBporeiickoif vactu Poccuu cocrasnsier 41 mMiH. ra, a cOOCTBEHHO COTOHIIOB — 9,4 MIH. Ta
(Xutpos u 1p., 2009).

KaprorpadgupoBanue TeppuUTOpUil ¢ KOMIUIEKCHBIM OYBEHHBIM OKPOBOM OCJIOKHEHO
13-32 MEJIKOI KOHTYPHOCTH OYBEHHBIX apeasioB U KOHTPACTHOCTH ITOYBEHHBIX CBOUCTB. Tak,
B mpezenax yyactka miomaasio 0,25 ra (50 *50 M) BcTpevaroTcst Bce BapHaHThI TOYB OT CHJIb-
HO3aCOJICHHBIX, CJ1a00TyMyCUPOBAaHHBIX, IIEJIOYHBIX COJIOHIIOB A0 HE3aCOJEHHbBIX CUIIBHOTY-
MYCHPOBaHHBIX ¢ HEUTpalbHBIM PH JTyroBo-kamTaHoBbIX M04YB. POPMHUPOBAHUE CTPYKTYPHI
COJIOHILIOBBIX KOMIIJIEKCOB CBA3aHO C MUKPO- U Me30pelibe(h)oM, He OTpaxaloluMcs Ha KPYTI-
HOMAaCIITA0HBIX Tomorpaduueckux Kaprax u nudpoBeIx Moneisx peiabeda. C mpyroii cro-
POHBI, TECHAasl CBA3b MEXJAY COCTOSHHMEM PacCTUTEIbHOCTH (OTpa)kalollleics Ha CHUMKax) M
MOYBEHHBIMHU BblJIeJIaMH M MOYBEHHBIMU CBOMCTBaMM MPHUBOAMUT K 0c000# 3ddexkTuBHOCTH
MCIOJIb30BaHUs JaHHBIX AUCTAHLMOHHOTO 30HIMPOBAaHUS JJIs KapTorpadupoBaHus MOYBEH-
HOT'0 TOKpPOBa 0Tr0-BoCcTOKa EBpormeiickoit Poccun.

[TepBoii paboTO#l, B KOTOPOW MOAPOOHO M3JI0KEHBI METOAMYECKHE MOAXObI K MOYBEH-
HOMY KapTorpadupoBaHHIO LEIUHHBIX TIOYB COJOHIIOBBIX TeppuTopuil Ilpukacnuiickoit HU3-
MEHHOCTH Ha 0CHOBE a3podoTocheMok sBisiack padora M.C. Cumakosoii (1959). Exo Obutn
OTIpeeICHBl TPEOOBAaHUS K CHUMKAM, UCIIOIB3YEeMBIM I KapTorpadupoBaHUs IIOYB COJIOH-
LIOBBIX KOMIIJIEKCOB, @ TAaK)K€ Ha OCHOBE BHU3yaJIbHOTO JeM(PUPOBAHUS U MOJIEBBIX MPO-
BEpOK pa3paboTaHbl AeIMPPOBOYHBIE TPU3HAKU JIJIsl BBIAEICHUS KOHTYPOB C OAHOPOAHBIM
MMOYBEHHBIM MMOKPOBOM (IIOYB COPOB, JIMMAHOB M MaJWH) U PA3JIMYHBIX BUJIOB COJOHI[OBBIX
KOMIUIEKCOB (JIYTOBBIX, JIYTOBO-CTEIHBIX JIBYXUJIEHHBIX, JIYTOBO-CTEIHBIX TPEXWICHHBIX W
crennbix). CornacHo ucciegoBanusiMm M.C. CumakoBo#, TOH M300paxkeHusi Ha a’podoTto-
cHuMKax Ilpukacnuiickoil HU3MEHHOCTH 3aBHCUT OT T'YCTOTHI PACTUTEIBbHOCTH (YeM Trylie
pPacTUTENBHOCTh, TEM TEMHEE TOH U300pakeHUsI B BUAMMOI 30HE CIIEKTpa) U BIaKHOCTH MO-
BEPXHOCTH (C yBEJIMYEHUEM BJIAKHOCTU MOBEPXHOCTH TOH M300pa)KeHUs CTAHOBUTCS TEM-
Hee). Ilpu aspocbeMke Ha MAHXPOMATHUYECKYIO IJIEHKY HAWIYyYIIUMH JEIU(POBOUYHBIMU
CBOlicTBaMU 00J1aJJal0T JIETHUE U PAaHHEOCEHHUE CHUMKH, T.K. B 3TO BpeMs HaOIIonaroTcs
HauOoIbIIME KOHTPACTHI B PACTUTEIILHOM IMOKPOBE U JeU(POBOYHBIEC IPU3HAKU HE OCII0XK-
HAIOTCA Pa3JWYUsSMH B YBJIQXXHEHUHU MOBEPXHOCTH. BecHOU mblIHO pa3pacrarorca sdeme-
pbl, IpUYeM HauOOJbIIee UX KOJUYECTBO MPUYPOUYEHO K COJIOHLIAM, YTO HUBEIUPYET KOH-
TpacTsl Mexay nouBamu. Pazpadorannsie M.C. CumakoBoil MeToabl KapTorpaduu BOLLIN B
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Puc. 1. Kapra pacnpocTpaHeHHs CONOHIIOB B Ipeenax eBponeiickoil vactu Poccnn, coctaBieHHas Ha
ocHose Kaptsr 3aconenns mouB Poccnn macmtada 1:2,5 munH. (ox pex. JIJI. umosa, E. 1. [TaakoBoi,
A.®. HoBuxoBoii; [Tousennsiit nactutyT, 2003 T.). DnekrpoHHas Bepcus coctaBieHa H.b. XuTpoBsiM,
J .. Pyxosuduem, H.B. Kamuaunoii, E.C. KpsutoBoii.

OCHOBHBIE METOIHWYECKHE PYKOBOICTBA MO KPYIMMHOMACIITaOHOH MOYBCHHOH ChEMKE, H3IaH-
Hele B 1960-70-¢ rT. (Ob1mecoro3nast HHCTPYKIus..., 1973; Meronuka coctaBieHus..., 1976).
B 1985 . B.A. KopHOi1roMOM ¢ coaBTOpaMu ObLTa co31aHa «MeToIuKa COCTaBICHUS KPYTI-
HOMACIITa0HBIX IIOYBEHHO-MEITHMOPATHBHON KapThl U KApTHI MEINOPATHBHOM OLIEHKH ITOYBEHHOTO
MTOKPOBA COJIOHIIOBOI TEPPUTOPUI». B kKadecTBe OCHOBHI AJIs COCTABICHMS KPYITHOMACIITAOHBIX
MMOYBEHHBIX KapT MPEAJIaralioch MUCIIOIh30BaTh KapTy KIACCOB adpodoTon300pakeHus, Ha KOTO-
PO¥i B IPEAIOIEeBO IEPHOL B Pe3yJIbTaTe BU3yaIbHOTO aHAIN3a a9POCHUMKOB BBIICIBIIHCEH OTHO-
ponHbIe (3JIEMEHTAPHEIC TIOYBCHHBIC apeajbl, KOTOPBIE MOYKHO OTPa3UTh KaK OTICIBHEIA KOHTYP
B MacmTabe KapThl), 3aT€M KBa3HOTHOPOIHBIC (C PAaBHOMEPHBIM paCIpee/iCHHEM TI0YB B TIpe-
IeNlaX COJOHIIOBOTO KOMIUIEKCA) M, HAKOHEI, TPCHIOBBIC y4acTKH (B IpenenaX KOTOPBIX COOT-
HOIICHUE apeasioB MOYB COJOHIIOBBIX KOMILICKCOB HETIPEPHIBHO M TUIABHO M3MEHSICTCS B OJHOM
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WM HECKOIBKUX HAIPABICHUSAX). ABTOPAMHU METOAMKH OBUIHM OIPEICNICHBI IIPaBHIa IpOBee-
HUS TPAHUIl MKy PAa3HOTHITHBIMU y4acTKaMu a’pooTon3odpakeHus. B monesoil nepuox
KapTa KJIacCOB a3popOoTON300paKeHUs JOIDKHA OblIa yTouHAThCs. [Ipu moneBsIX uccienona-
HUSX IpeIaraioch OMUPaThCs Ha MPOQUIBHBIC U KIIOUYCBBIC HCCIEIOBAHUS, a HE Ha PABHO-
MEpHOE IUIOLIAJHOE HCCIIe0BaHUE, KOTOPOE NPEUMYILIECTBEHHO U MCIIOJIb30BAIOCH 110 pa3-
paboTku nanHoi Metoauku. Kaxknpril kimacc a3podoron3o0paxeHus, COJIaCHO TPEeOOBAHIIM
METOAMKHU, JOJKEH OBITh 00ecIeueH KIUeBbIMU UCCIeA0BaHUAMU. B KaMepalibHbIN epuoa
KaXKJIbIi KJIacC JOJDKEH HAIONHATHCS MMOYBEHHBIM U MEJIMOPATUBHBIM COAEPIKAHUEM COTIJac-
HO pe3yJbTaTaM, MOJIy4YEeHHBIM B 110JIeBOH nepuoj. Takxke Ha OCHOBE MMOJEBON MPOBEPKU Kap-
Ta KJIaccOB a3po(oTON300paxKeHIs JOKHA YTOUHATHCS U KOPPEKTUPOBATHCS.

PaccmoTpeHHbIe BbIlIE€ METOJUKU COCTABICHUS MOYBEHHBIX KapT COJIOHLIOBBIX TEPPHU-
TOPHIA ONMHPATUCH Ha BU3yaIbHOE Acemu(pUpOBaHue a3poOoTOCHUMKOB. Kak m3BeCTHO, BU-
3yajibHO€ el (pUpOBaHUE ITOYB COJIOHIIOBBIX KOMIUIEKCOB — OYE€Hb TpyJdoeMKas padoTa.
dakTHYECKH, KapT Ha 00JIbIINE TEPPUTOPUHU C UCTIOJIBb30BAHUEM pa3pabOTaHHBIX METOAOB CO-
3naHo He ObLT0. [lpemmaranuck pa3IHYHbIC CIIOCOOB aBTOMATH3AUUU AeMU(PUPOBAHUS ad-
POCHUMKOB. [[7151 TEppUTOPUI COTOHIIOBBIX KOMILIEKCOB K ITOJJOOHBIM paboTaM OTHOCATCS HC-
canegoBanua @.1. Kosznosckoro ¢ coaropamu (1975) u ®@.1. Kosznosckoro u T.B. Koposntok
(1980).

@.1. Koznosckum ¢ coaBropamu (1975, 1980) ObuT0 MpeaioxKeHO HCIOIB30BaTh OII-
THKO-CTPYKTYPHBIH MAaIIMHHBIN aHAIH3 Uil COCTABJICHHS KPYIMHOMACIITAOHBIX IMOYBCHHBIX
KapT ¥ KapT MOYBEHHBIX CBOUCTB (B YaCTHOCTH, 3aCOJICHUS IOYB), a TaK)Ke aBTOMAaTHYECKO-
ro BBIJICJICHUS Ha OCHOBE aHaIN3a KPUBOU pacnpeeseHus INIOTHOCTH MOYePHEHUsI Ha CHUM-
K€ JIByX-, TP€X, YETHIPEXKOMIIOHEHTHBIX COJIOHIOBBIX KOMIIJIEKCOB (I10 KOJUYECTBY MUKOB
Ha KpUBOH pacmpezeneHus). [IpeanoxkeHHbI MOAX0] — ONTHUKO-CTPYKTYPHBIH MalllMHHBIN
a"anu3 (OCMA) — 3akitoyaercss B 0000IIeHHOM (CTaTUCTUYECKOM) aHanu3e mMopdoiaoru-
YECKOU CTPYKTYphl CHUMKA C BBIJICJICHHUEM Ha KPUBBIX paclpenesieHus] ONTUYECKUX MIIOTHO-
creil hoTom300paskeHNus OTACIBHBIX (a3, COOTBETCTByIOmUX moyBaM. Ha ocHoBe pas3pabo-
TaHHBIX OJX0A0B ObUIM COCTaBJIEHBI JeTaIbHbIe TOUYBEHHAS U COJIeBasi KapThl HAa HEOOIbIION
yuacTok (12 ra).

Taxxxe @.MN. Kosznosckuii ¢ coaBt. (1975) ocraHaBnuBaroTCs Ha BONPOCE COBIAICHUS
IpaHULl dJIEMEHTapHBIX OYBEHHBIX apeanoB (DIIA) u rpaHul] TOHOBBIX MATEH a3pOCHHUMKA.
WNMu ycTaHOBIIEHA CTENEHb COBMAACHUS IPAaHULl U TUIOLAJel Pa3InYHbIX 110 TOHY (a3 CHUM-
Ka ¢ peaJibHbIMM I'paHuuaMu U miuomaasmu OIIA, onpeneneHHBIMU Ha OCHOBE JETalIbHOM
nouBeHHOH cbemku (1:1000). Kak nmokaszanu pe3ynbraTbhl UCCIEAOBAHUS, JIyUlIe BCEro CO-
BIAJAIOT I'PAHUIBI IOYB U TOHOBBIX MATEH JyTOBOI'0 KOMIUIEKca (0AHO3HAYHOE COBIAJEHUE).
[Inowmanu moys, OLEHEHHBIE 110 CHUMKY ¥ Ha OCHOBE JETaJIbHOW MOYBEHHON KapThl, COBIIA-
JalT. B nmyroBo-crenHoM KOMIUIEKCE OJHO3HAUYHO COBIANAIOT IPAHULBI TOHOBBIX MATEH Jy-
TOBBIX MIOYB U COJIOHIIOB KOPKOBBIX U MeNKUX. OcTajbHble TOYBbI, 3aHUMAIOIEE MPOMEKY-
TOYHOE IMOJOKEHNUE MEXK/Y JYyTOBBIMU U COJIOHLAMH KOPKOBBIMU M MEJIIKUMU — Pa3IuyHbIe
JIyTOBaTO-CBETI0-KALITaHOBbIE, JIYTOBaTO-KAaIITAHOBBIE, COJIOHIIBI TITYOOKHE U CPEeIHHE, CBET-
JIO-KalITaHOBBIE COJIOHIIEBAThIE, COJOHIBI U CBETJIO-KAIITAHOBBIE MEPEPHIThIE — HE UMEIOT
crienu@uuHOTO ToHA N300pakeHuss. COOTHOIICHUE TUIOIIAIeH B TyTOBO-CTEITHOM KOMILICKCE,
OIEHEHHOE 10 CHUMKY U JIeTalbHOU Kapte, cocTaBisieT oT 0,76 no 1,18. Xyxke Bcero copmna-
JIal0T TPaHULIBI TOHOBBIX IATeH U DIIA MOYB CTEMHBIX KOMILIEKCOB, T.K. OJHOMY TOHY HM30-
OpakeHHs] B JEUCTBUTEIbHOCTH COOTBETCTBOBAJIO HECKOJBKO, MOPOH CHIBHO KOHTPACTHBIX
10 CBOWCTBAM IO4B (TaK, B OJHON rpymIe Mo TOHY U300pakeHHsI MOTJIM 0Ka3aThCsA COIOHIIBI
nepephIThie, TyroBaTO-KallITAHOBBIE M CBETI0-KAIITAHOBBIE COJIOHIIEBATHIE TIOYBHI).

Crates ®.U. Koznosckoro u T.B. Kopomok (1980) mpexacrasisier coboii anro-
PUTM COCTAaBJICHHUS JIETalIbHBIX MOYBEHHBIX KapT Ha OCHOBE I0JIyaBTOMAaTH4EeCKOTO aHaju-
3a aspodorocHuMKOB. OHaKO 3Ta paboTa HE MOJTyuusia MPOJOJDKEHH U He ohopMuUIach B
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OKOHYATEIFHYIO0 METOAUKY M3-32 HU3KOH JOCTYIMHOCTH Ha TOT MOMEHT TEXHUIECKHUX CPEACTB IS
ee Oosree MacTabHOTO OCYIIECTBICHUS.

B cuny psima mpuuuH SKOHOMHUKO-COIIMAIBHOTO Xapakrepa 3a rnepuoy 1990-2010 rr. nanb-
HEHINUX MCCIICIOBAHUI IO KPYITHOMACIITAOHO! KapTorpaduul IMOYB COMIOHIIOBBIX KOMIUIEKCOB Ha
OCHOBE MaTEpUAJIOB TUCTAHIIMOHHOTO 30HAMPOBAHUSA B POCCHU TpakTHYECKH HE MPOBOAMIOCH.
Hamm paGoThl, moxamyi, sSBISTIOTCS TIEPBBIME B POCCHH, BO3HHKIINMU ITOCIE CTONb JITHTEINb-
Horo nepepsiBa (I'aduenko, 2008; Konromkosa, BermmskuH, 2009; Konromkosa, Kosmnos, 2010;
Konyushkova, 2010; Kontonikosa, [Tankosa, 2012).

B o0 e Bpemst 3a pyOeskoM IPOU30IIIeIT BCILIECK UCCISIOBAHNH, TOCBSIIICHHBIX HCIIOIb30Ba-
HUIO NU(POBBIX METOJOB B KapTorpaduu mous (McBratney ef al., 2003; Digital Soil Mapping...,
2007; Digital Soil Mapping..., 2008; Ko3mos, Konronikosa, 2009). LlndhpoBomy kaprorpadpupona-
HUIO COOCTBECHHO COJIOHITOBBIX KOMILICKCOB MOCBSIIEHO HE TaK MHOTO paboT. B ocHOBHOM, B 3apy-
OCKHBIX IMyOIMKALUIX OMUCHIBAIOTCS MOAXOIBI K KapTOrpadupOBaHUIO TIOYBEHHOTO ITOKPOBA, IIIC
COJIOHIIBI (FUTH ITOYBEI C COJIOHIIOBBIMU CBOMCTBAMH) SIBJISIFOTCS JIUIIB YaCTHIO IIOYBCHHOTO Pa3HO-
o0pasus teppuropun. ONEHKH CTPYKTYPBI IIOYBEHHOTO IIOKPOBA COJIOHITOBBIX KOMIUIEKCOB B ATUX
paboTax HE IPOBOIUTCA.

Tak, B paboTe 110 KapTorpapupoBaHHIO TTOYB MPOBUHINHN YTTap [Ipanenr (ceBepHas Mumws)
Ha OCHOBaHMHM CHHMKOB Landsat MSS OpLia cocTaBieHa Kapra paclpoCTPaHECHHUS Pa3TUYHBIX
THUIIOB 3aCOJICHHBIX COJOHIOBBIX 1mo4B: Typic Natrustalfs (aBToMOpP(HBIX CONOHIIOBEIX MOYB) U
komruiekca Typic Natraqualfs (ruapoMopdHBIX CONOHIOBEIX Mo4YB) ¢ Aquic Natrustalfs (comon-
[OBBIMH TIOYBaMH C TIpH3HaKamMu ayroBocTh) (Singh and Dwivedi, 1989). Crioco6 mudpoBoii 00-
pabOTK! M300paXKeHUsSI 3aKITF0YAJICS B KOHTPOIUPYEMOH KIIacCU(UKAIINU METOOM MaKCHMAIIbHO-
r0 MpaBIoNoaoous.

Ha Boctounom mnoGepexbe bonbmoro Conenoro ozepa (CILIA) cosoHLIOBBIE ITOYBBI
(Natrixeralfs, Natrixerolls, B komOunarmu ¢ Calcixerepts), 3aHIMArOIIUE BO3BHILICHHYIO PABHUHY,
ObUIM BbIJENIEHBI HA OCHOBE KOHTPOJIMPYEeMOH kiaccudukanum n3odpaxenus cuumka Landsat-7
cnocobom Heuetkoi oruku (Kienast-Brown, Boettinger, 2006).

PaboTtsl, nocsieHHbIE KapTOrpadupoOBaHUIO COOCTBEHHO COJIOHLIOBBIX KOMILIEKCOB, OTpa-
xensl B myonukanusix T. Tora (Toth et al., 1991; Toth and Pasztor, 1996). B Hux npu uccnemnona-
HUU 1IETMHHBIX COJIOHLIOBBIX KOMILJIEKCOB paiiona XoproOaab (Benrpus) Oblia oleHeHa BO3MOXK-
HOCTb aBTOMAaTHYECKOI'O BBIJEJICHUS COJOHIIOBBIX IATEH MO JaHHBIM HAa3€MHBIX CHEKTpPajbHBIX
u3Mepennii. CorllacHO JaHHBIM ITUCKPUMHHAHTHOTO aHANW3a, Hanbosaee MHQOPMATHBHBIMU IS
BBIJICJICHUSI COJIOHIIOBBIX ISATEH OKa3zaics auana3oH crekrpa 450-520 um (royOoii) u oTHOIIIE-
HUE KpacHOU K OnmkHel nHppakpacHo 30HaM crekrpa (630-690 u 760-900 HM, COOTBETCTBEH-
Ho). TouHoCTh KITaccuuKkanuu cocraBmia 59% mnpu camonpoBepke u 56% mpu MPOBEpKe Ha KOH-
TPOJILHOH BBIOOPKE.

1.2. /lucTaHIMOHHbIE HCCJIETOBAHUS 32COJIEHHOCTH MOYB

B 1970-e rr. B [TouerHoM uHCTUTYTE M. B.B. Jloky4yaeBa Obliii Ha4aThl paOOTHI 10 UCIIOb-
30BaHUIO a3pO(OTOCHEMKH IS OLICHKH 3aCOJICHUS MTOYB KaK OTAEIEHOTO CBOHCTBA, XOPOIIIO OTpa-
xatomierocst Ha cauMkax. B Cpenneit Aszuu E.U. TTankoBoit 1 B.M. Ma3ukoBbIM OCYIIECTBISLIACH
HCCIICIOBAHMS 110 BBIIBICHHIO BO3MOJKHOCTH OICHKH 3aCOJICHUS TI0YB 110 (POTOM300paKCHUIO Ha
aspodorocHrMKaX. PaboTel mpoBonmirck B HoBoii 30He opomenwst ['ononHoi crenu. [1o pesysib-
TaTam paboT Obuia omyonukoBaHa cepus crareid (ITankoa, Ma3sukos, 1975a, 06, 1976; [1ankoBa u
np., 1978), koropsle jeru B OCHOBY «MeTOIU4YeCKUX PEeKOMEHIALMHA 10 MCIIOIb30BaHUIO Mare-
pHaIoB a3poOTOCHEMKH IS OIICHKH 3aCOJICHUS TTOYB W IIPOBEICHHS COJIEBBIX CHEMOK OpOIIIa-
eMBIX TEPPUTOPHI XJIOMKOCEIOIIEH 30HbI B KPYIHBIX M cpeHUX MacmTadax» (1985). OcHoBHOE
BHUMaHHE B 3THX pab0Tax yAeJIeHO 3aCOJIEHHIO MOYB OpPOLIAEMbIX TEPPUTOPHM. YCTaHOBIEHO,
YTO 110 CHUMKaM MOYKHO OLIEHUTbH IUIOIIAJb 3aCOJIEHHBIX MOYB M CTENEHb 3aCOJIEHUS, HO MpPU
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YCIIOBUM 00s13aT€IbHOTO BBINIOJIHEHUS TPEOOBAHUN K CHUMKAM, KOTOpPbIE pa3IHyaroTcs B 3aBUCH-
MOCTH OT JIaHAmadTa U BEIpaIlIUBaeMOl KylbTypsl. JlemmpprupoBanue 3acoNeHHs TPOBOAUTCS
10 KOCBEHHBIM IPU3HAKaM, Yallle BCEero M0 pacTUTENbHOCTH. BbIIO KOHCTATUPOBAHO, YTO OCHOB-
HYI0 HH(MOPMAIHIIO O 3aCOJICHUH MOYB HECET PUCYHOK (POTOM300paKeHUS, OTPaKAIOIINN TISATHU-
CTOCTD IOJICH, CBSI3aHHYIO C HEOTHOPOAHOCTHIO 3acoeHus. UeM OouibIe KOMMIeCTBO IMSATCH BEI-
MajoB U 4yeM OoJiblle pa3Mep IATEH, TeM CHJIbHEe 3aCOJICHHUE BEPXHEro METPOBOIO CJIOS IOYB
(Meronnyeckue pexkomeHaanud..., 1985; ITankoBa, Conosnes, 1993). [Tonxomsl K OlEHKE 3acO-
JICHUS TIOJIeH XJIOMYATHUKA 110 MaTepraiaM a’spodoTrocheMkH, pazpadoranubie E.U. [lankoBoii ¢
KOJUIEraMu, ObUIM OIIPOOOBaHbI M HAa MarepHuajaXx KOCMUYECKON ChEeMKH M Al MOJI0KUTEIbHbIE
pesynbrarsl (IlankoBa u ap., 1986). DTH ke 1MoAX01bl ObUIM YCHEIIHO MCIIOJIb30BaHbl IS OLIEH-
KM 3aCOJieHUsI IoJieil monepHsl Ha tore Poccun B padorax M.H. T'opoxosoii (1992, 1997, 1999).

B pa6orax B.A. Xaputonosa (1982) u B.A. XapurtonoBa u A.H. EmenssaoBa (1988) 3aco-
JIEHHE OLIEHUBAJIOCh HA OCHOBE TOHA (HOTOM300paXKEeHHUs, ONPEAEIAEMOro 10 IUIOTHOCTH HEraTHBa
IIpU JEHCUTOMETHYECKOM aHanu3e. 110 monmy4eHHbIM JaHHBIM OBbLIM ONpEeAesIeHbl CPeIHNE 3HaYe-
HUS ONTHYECKUX IJIOTHOCTEH U BhIBEJEHA 3aBUCUMOCTb MEX/Y ONTHYECKOM MIIOTHOCTBIO U 3aC0-
JIeHWEeM TI04B. /IMarHoCTHKa 3aCONICHNUS IT0YB, OCHOBaHHASI Ha TOHE (POTOM300paKeHus, ObLIIa TaK-
&Ke MpoBezieHa B padbote D.A. Mamenona (1985).

OneHka3acoieHUs T0YB HEOPOLIaeMbIX TeppuTOopHii OplaocymectsieHa 1. J{. BeImBKuHbIM
(1975), C.1O. Anronosoii u B.1. Kpasuogoii (1976). B pa6ote JI./l. BelinuBkrHa 3acoyieHue olie-
HUBAETCs IO MPOSBICHUIO MSATHUCTOCTU (OTOM300pakeHUs] Ha CHUMKAX apUIHBIX TEPPUTOPHIA.
Brbuto BbIsBIIEHO, 4TO MH(OPMALU O 3aCOJEHUH TIOYB HEOPOLIAEMbIX TEPPUTOPUNA MOXKET PE3KO
pa3iaMyarbes B 3aBUCUMOCTH OT THIPOJIOrO-TUTOIOTHYECKHUX YCIOBHIA, I03TOMY BBIICIUTE O0LIHE
JermnppoBOYHbIE IPU3HAKY JIJIsl STUX TeppUTOpHUil HeBo3MOkHO (BocTtokosa, 1980).

CriekTpalibHasi OTpaXkaTelibHasi CIOCOOHOCTh 3aCOJICHHBIX IIOYB M3y4anach B JaOOpaTOPHBIX
ycnoBusix (Bunorpaznos, 1981; Opinos u ap., 1982; KapaBanosa, Opinos, 1993). b.B. Bunorpanos
(1981) ycTanoBmII, 4TO 3acOJIEHHBIE ITOYBBI B KpacHOH yacTu criekrpa (0,6—0,7 MKM) UMEIOT BBICO-
KHH K03()(HDUIMEHT SIPKOCTH, OJJHAKO OH HUBEIUPYETCS B PE3YJIBTATEe YBIAKHCHHUS ITOYB.

B wurore, MHOTHE HCCIe0BAaTENH MPUILLIM K BBIBOY, YTO OLICHKA 3aCOJICHHS TIOYB IO CHUM-
KaM OTKPBITOH MOBEPXHOCTU MOYB (0€3 pacTUTENbHOCTH) B apUAHBIX PErMOHaX 3aTpylHEHa M3-
3a CI1a0OKOHTPACTHOM OTpa)kaTeNbHON CIIOCOOHOCTH KaK 3aCOJICHHBIX, TaK U HE3aCOJIECHHBIX ITOYB
(TomuenvHukoB, 1974; Po3anosa, Jlonyxuna, 1988; Opnos u ap., 1991). PazButue e pacrurensb-
HOCTH CITIOCOOCTBYET paclioO3HABAHHIO MTOYB PA3HOW CTEIICHU 3aCOJICHHS, B CBS3U C YeM HH(popMa-
THBHA ChEMKA, BBIIIOJHEHHAS B KPaCHOM M ONM>KHEM MH(PAKpacHOM CHEKTpajIbHOM HWHTEepBaje
(Bunorpaznos, 1996).

AHanu3 3apy0eKHOH U 0TeueCTBEHHOM IUTEpaTyphl, NpoBeaeHHbIH B padote E. M. I1ankoBoii
u JI.A. ConoBbeBa (1993), mokasai, 4To IIABHBIM IPOU3BOACTBEHHBIM METOIOM JCIIH(pPUpPOBa-
HUSl CHUMKOB Kak B Poccuu, Tak u 3a pyOesxoM Ha Hayano 1990-X rr. aBmsuics BU3yasbHbBII METOA.

3a nocnennue 15-20 jet, HECMOTPs HA MOSBJIEHNE KAY€CTBEHHO HOBBIX MaTePUAIOB KOCMHU-
YEeCKOM ChbeMKH (CBEPXBBICOKOT0 paspereHus 10 0,5 M) 1 upokoMacTadHOe pa3BUTHE KOMITbIO-
TEPHBIX NPOrpaMM, MO3BOJIIOLUINX 00pabaThiBaTh CHUMKHU U COCTaBJIATh KapThl, B OTE€YECTBEHHOM
MOYBEHHOH JIUTEpaType MOCIEIHUX JIeT MpodiieMa MCIOJIb30BaHUS KOCMUYECKHX CHUMKOB IS
KPYITHOMACIITaOHOTO KapTorpapupoBaHHsI 3aCOJICHHBIX ITOYB MPAKTUIECKU HE paCCMATPHBAIACh.
Nmerotcst muib eJMHUYHBIE paOOThI, TOCBsIICHHBIE 3T0M npobneme (ITankosa, Pyxosuu, 1999;
Cracrok, J1o6peianH, 2013), a Takke onpeelIcHHbIe HApaOOTKH MO IH(POBON ITOYBSHHOU KapTo-
rpaduu, BEIIOJHEHHOW C UCIIOJIb30BAHUEM JaHHBIX KOCMHUYECKON ChEMKH, LIl TEPPUTOPHIL C He-
3acoyieHHbIMU MoyBaMHu: 10kHOH Taiiru (Copokuna, Kosznos, 2009), necocrennoii 3oub1 (CaBuH,
1990; Kopomtox, [lepbenko, 1994, 2003; KpaBuosa, [Tnorposckuii, 2004).

B 10 xe Bpems 3a pyOexom pazpabOTKO MOJX0A0B K JUCTAHLIMOHHOM THarHOCTHUKE 3aCOJICH-
HBIX [10YB 3aHUMAIOTCS MHOTOYMCIIEHHbIE HHCTUTYTHI B Pa3HbIX cTpaHax Mupa. Bee Oomnbliee 3Ha-
YeHUE MPUOOPETAIOT ABTOMATUYECKUE METO/BI NCIU(PPUPOBAHUS TUCTAHIIMOHHBIX MAaTEPUAIIOB.
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Hamu G611 poBeieH 0030p 3apyOe:KHOM JIUTEPaTyphI 10 POOIIeME ICTAHIIMOHHON AUATHOCTH-
KU 3aCOJICHIS TI0YB, OIyOJIMKOBAaHHOM 3a mocienHue 25 jer. Kak MOKHO CY[UTh U3 €T0 pe3ylibTaToB,
MEXIYHAPOIHOE COOOMIECTBO KPaiHE 3aMHTEPECOBAHO B Pa3pabOTKe TAHHON MPOOIEMBL. 3a pyOeskoM
CHHUMKH aKTUBHO HCIIONB3YIOTCS [UTSI M3ydeHHs TI0YB, MoIBepKeHHbIX 3acoenuto (Csillag et al., 1993;
Ben-Dor, Banin, 1995; Dwivedi, 1996; Metternicht, Zinck, 2003; Shao et al., 2003; Farifteh et al., 2006;
Singh et al., 2006; Nield et al., 2007). B tatmutie 1.1 mpuBeeH 1ajaeko He MOMHbIN ITIepeIeHb CTPaH | Op-
TaHM3aLHH, 3aHIMAIOIIXCS UCTAHIIMOHHBIMHU UCCIICIOBAHISIMA 3aCOICHHBIX MIOYB.

Tabmuna 1.1. CTpaHbl U OpraHW3alliH, 3aHUMAIOIIHECs pa3pabOTKOW METOAO0B JUCTAHIIMOHHOM
OLIEHKH 3aCOJIEHHUS II0YB.

Crpana Opranuzanus

Nuaus LeHTpanbHblii  MCCIEIOBATENILCKUNA ~ MHCTUTYT — 3aCOJIGHHBIX
nous Uuguu (r. Kapnan), Lentp npumenenus /(3 (r. JlakHoy),
HanuonanabHOe areHTCTBO MO JUCTAHIIMOHHOMY 30HIHUPOBAHUIO
(r. Xaiinepaban), Wuawmiickuii TexHOJOrW4ecKuid HMHCTUTYT (T.
Jenn), LlenTp mnpumeHeHust kocMuueckoil uHpopmanuu (T
Axmenabar), Bropo 1o nouBeHHO# CheMKe U 3eMeJIbHBIM pecypcaM
(r. Harnyp), TocymapcTBeHHOE areHTCTBO IO JAMCTaHIMOHHOMY
3oHaupoBanuio (. Jxonxmyp), LleHTpalibHbIi UCClie0BaTeIbLCKUI
WHCTUTYT apHIHBIX Tepputopuil (. J[koxxmyp), PermonanpHblii
LIEHTpP JIUCTAHIMOHHOT'O 30HIUPOBAHMS Wupmiickoi
OpraHm3aluy 10 KOCMHYEeCKHM HcciienoBanusM (. [JlexpanayH)

ABcTpanus OO0beIMHEHHBIH HCCIIEA0BATENbCKHIN LIEHTP MO JaH AP TOBEACHUIO
u reostornueckoii passenke (CRC LEME), ®akynpreT npukiia Hoi
reojorud YHuBepcutera mrata Hobii IOxHBIT VYomse (T
Cunneit), l'eomormyeckmii (akynpTeT YHHBEpcUTETa IITaTa
Hosbiit  FOxupiid  Yonee (r. Cuaneit), Otnen pa3BeIOYHBIX
TEOJIOTHYECKUX HCCIICIOBAHUN ABCTPAUIICKOTO COI03a HAyYHO-
HCCIIeIOBAaTeNbCKUX Opranmsauuii (r. YsmOmum), YmpapineHue 1o
SHEpreTHKe U BOAHBIM pecypcam (T. Japeun), QakynbsTeT reoae3nn
u 3eMenbHOIl HMHopMaiy TeXHOMOrn4eckoro yHHBEPCHTETa
(. Ilepr), Teorpaduueckuit ¢axyasrer TeXHOIOTHIECKOTO
yauBepcutera (T. llepr), JlemaprameHT cenbCcKOro Xo3aHCTBa
3amagnoit Asctpanmuu (r. banGepu), ABcTpanuiickuii LEHTp
M0 TOYHOMY 3eMyeAenuio (aKynbTeTa CeNbCKOTO XO3fHCTBa,
MIPOJOBOIBCTBEHHBIX M TIPUPOJAHBIX PECYPCOB YHHBEPCHTETA
Cunnes (r. Cuaneit)

CIIA Ciyx0a arpopecypcoB CeJIbCKOXO3SHCTBEHHOIO JenapTaMeHTa
CIIOA (USDA-ARS), Ciyxba oxXpaHbl TPUPOIHBIX PECYpPCOB
cenbckoxozsiictBeHHoro  nenapramenta CLHA (USDA-NRCS),
leomormueckas ciyxba CIIA (USGS), dakynbTeT NpUPOIHBIX
pecypcos I'ocynapcrtBeHHOro yHUBepcuTeTa mtara I0Ta (. Jloran),
Yuusepcurer Cupakys (1. Cupakyssl), Jupekropar mo sHepreTuke
U OKpyKatoteii cpeze Jlaboparopuu o IPUPOAHBIM PECypcam UM.
Jloypesnca (r. JluBepmop)

KHP ®dakyneTeT pecypcoB U Hayk 00 okpykaromeil cpene Ileknackoro
obmeodOpasoBarensHoro yHuBepcutera (r. Ilexun), UucTuTyT
JIICTaHIMOHHBIX nccienoanuii (T. [leknn), Kuraiickuit mHCTUTYT
reosKkosorndeckoro Mouutopunra (I. Ileknn), CHHBIBSIHCKMH
HHCTHTYT OSKojormu reorpadum (r. VYpymum), IlleHbstHCKMIA
HHCTHTYT TpukiagHoi skonoruu (r. Ulenssn), Komnemk Hayk
00 OKpyKarolleld cpene W NPUPOIHBIX pecypcax YHHBEpPCHTETa
npoBUHINH PKd13sH (T. XaHWKOY)
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Tabnuma 1.1. Ipogomkenue

Amxup JlaGoparopusi  BOXHBIX PECypcoB W OKpYyXKaloIied  cpembl
VYuusepcureta um. Xaccubsl berOyanu (1. Uned)

benbrus Yuusepcurtet I. ['eHT

bpazunus MUHHUCTEPCTBO CENILCKOr0 X03s1icTBa

Benrpus Hay4Ho-mccneoBaTeIbcKUii ~ MHCTHTYT — IIOYBOBEICHUS U
arpoxumud (I. Bynamemr)

Eruner Teonoruueckuit dakynsrer Kanmpckoro yHusepcutera (I ['m3sa),
OTaen TOYBEHHBIX U BOJHBIX pecypcoB LleHTpa HpUpPOAHBIX
pecypcos (r. Kaup)

W3zpannb Jenaprament reorpaduu (1. Tens-ABUB)

Hcnanus ®dakynpTeT pernoHaIbHON reorpaguu M (QHU3NIECKOH Teorpadun
Manpunckoro ynusepcurera (r. Maapun)

Mekcuka Wuctutyr reonorumn HarmonaneHOro yHuBepcutera MekcHKH
(UNAM, r. Mexuxo)

Hunepnannet MexTyHapOAHbIM HHCTUTYT a’pPOKOCMHUYECKHX HCCIEIOBAHUNA M
Hayk o 3emze (ITC, . DHcxene)

OAD l'eonormuecknit akynsrer YauBepcutera OAD (T. Anb-AiliH)

[Takucran Komuccus no kocmuueckum uccnenoanusaM (r. Kapaun)

CaynoBckas Lentp BomHBIX pecypcoB YHmBepcutera M. Kopoms @eficana

ApaBus (1. Xodyd)

Taunann Asnarckuii TexHonornaeckuit ”HeTuTyT (T. [Tarymrann)

Dpannus I'EOCUC (GEOSYS, r. Tyny3sa)

[Beitmapus WuctutyT npuponoodyctpoiictsa (. Liropux)

Smonnst ®DakynpTeT rpaXkIaHCKOTO U MPUPOT000yCTPOHCTBa YHUBEPCUTETA
Kymamoro (r. KymamoTo)

[Momumo pa3pa®oTOK OTHENBHBIX OpPTaHH3AIMA, IO MpoOieMe AUCTAHIIMOHHBIX HCCIEIO-
BaHUIl 3aCOJIEHHBIX IIOYB OCYLIECTBISIOTCS KOMIUIEKCHBIE MEXIyHApOIHbIE U HallMOHAJIbHBIE
[IPOrpaMMBbl.

Nuano-Tonnmamackuil MexayHapoaAHBH nmpoektT. B 1995 . Ha npaBuremns-
CTBCHHOM ypoBHe Mexnay Munmedt m Hunmepmanmamu ObIIO 3aKITIOYCHO COINIAIICHHE O COTPYI-
HUYeCTBe 1Mo lIporpamMme KOHTPOJS 3a MEPEyBIaKHEHHEM U 3aCOJICHHUEM OPOIIACMBIX 3EMEITb.
[Iporpamma, BeIMONHSIEMas TIPH (PUHAHCHPOBAHUN TOJDIAHACKOW CTOPOHBI, Hadaja CBOIO padoTy
B HostOpe 1995 1. m 3akonumitack 30 anpens 2002 1. (Indo-Dutch Network Project (IDNP). Result
#1. A Methodology for Identification of Waterlogging and Soil Salinity Conditions Using Remote
Sensing. 2002). Ilenpto mporpaMMbl OBUTO Pa3BUTHE TEXHOJIOTHU 0 O0phOE ¢ MepeyBlIaXHEHH-
€M U 3aCOJICHHEM IT0YB. BBIJIO COCTaBICHO HECKOIBKO OTYCTOB 110 MPOCKTY, B IIEPBOM U3 KOTOPBIX
MIPEICTABICHBI PE3yNbTaThl O Pa3paboTKe METOMOIOTHH JUIs BHISBICHUS TEPECyBIAKHCHHBIX H
3aCOJICHHBIX TI0YB C MCIIOJIh30BAaHUEM JaHHBIX AUCTAaHIHOHHOTO 30HAMpoBaHus (/1J13). B pado-
Te MpUHUMATH y9acTre LleHTpanbHBIi HCCIenoBaTeIbCKA HHCTUTYT 3aCONEHHBIX 1MoYB VHInN
(CSSRI), a Taxxe cebCKOX03sICTBEHHBIE YHUBEPCUTETHI pa3nnyHbIx mrratoB Muann (Kapraraka,
I'ymxapar, Pamkacran) npu yyactun HarmoraapHOTO ATEHTCTBA MO JUCTAHIMOHHOMY 30HIHPO-
Banwmio (T. Xaitnepabam) u [ocynmapcTBeHHOrO ATEHTCTBA 110 TUCTAHIIMOHHOMY 30HIMPOBAHHIO (T.
Jxonxmyp).

B otdere mpencraBieHsl pe3yabTaThl HCCICIOBAHHN, BHIIOIHEHHBIX B TPEX MOYBEHHBIX 30-
Hax: MHI0-['aHrCKUX ayuTIOBHANBHBIX PABHUHAX; TIECYAHBIX aPHIHBIX OPOIIAEMBIX PABHUHAX U B
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Puc. 1.1. brok-cxema METONOJOTHM COCTaBIICHUS KapT 3aCOJCHHBIX U IIEPEyBIaXHCHHBIX IOYB C
HCTIONB30BaHueM Bu3yanbpHOTo Aemmdpuposanns (Indo-Dutch Network Project..., 2002).

paifoHe THKETONIMHUCTHIX YePHBIX IMOYB. bhIIH BEIpaboTaHbI JBE METOJONIOTHH OLIEHKH 3aCOJICH-
HBIX 1T0uB 110 J{/13: mepBast METOOIOTHS OCHOBaHA Ha BU3yalIbHOM Nemudpuposanun (puc. 1.1),
Ipyrasi — Ha aBTOMarudeckoM aemmdpuposanuu (puc. 1.2). [lokazano, 4To memmudpoBoIHBIC
TIPU3HAKY TIPH BBIACTICHUH 3aCOJICHHBIX TI0YB OYAyT pa3HBIMH B 3aBICUMOCTH OT TIOYBCHHOM 30HEI.

3acoJyeHHBIC TOYBH 30HBI AJUTIOBHANBHBIX WHIO-I'aHTCKUX paBHHUH C AIIEKTPOIIPOBOIHO-
ctero (EC) Gonbure 10 1Cm/M MOTYT OBITH BBIZIETEHBI C TOYHOCTBIO 85%, MPH 3TOM HEHTpab-
HO-3aCOJICHHBIC ITOYBBI MOTYT OBITH OTIEJICHBI OT INEJOYHBIX (COMOBBIX) ITOYB. YCTaHOBJIECHHAS
CBsI3b MeXIy anb0eno u NDVI (B ce30H pabu) MO3BONISIET ONPEACIUTh CHUKEHUE TIPOU3BOACTBA
OMoMaccHl B pe3ylibTaTe MepeyBIaKHCHUS U 3aCOJICHUS M aBTOMATHUECKH Pa3IelUTh TOUBBI OT-
CYTCTBYIOIIETO, CIa00T0, CPETHETO, CHIIBHOTO 3aCOJNEHHS U COJIOHYAKH, a TAKXKE MOYBEI Pa3HOM
cTerneHu nepeysnaxHeHus (puc. 1.3).

B 30HE YepHBIX TSHKEIOTIMHUCTHIX MOYB aBTOMAaTHUYECCKOE MEITHU(PPUPOBAHIE OCIOKHEHO.
Boinenenne cunbHo conosbix (ESP > 20; pH > 9,0) u 3aconenno-conosbix nous (EC >10; pH >
8,5) ocymecTBisercs BU3yajabHO ¢ TOYHOCTBIO 80%.

B 30He necyaHBIX MOYB BO3HUKACT MTpolieMa pa3aesieHHs 3aCOICHHBIX II0YB M MIECKOB B pe-
3yJIBTATe CXOMHBIX CIICKTPAIEHBIX OTPAKATEIBHBIX XapaKTEPHCTHK ATUX IBYX TPYIIII ITOYB, OXHAKO
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Puc. 1.2. briok-cxema cocTaBleHUsI KapT 3aCOJICHHBIX I10YB C HCIIOJIb30BaHHEM LH(POBOrO aHAIHM3a
m3o6paxkerns u [ UC (Indo-Dutch Network Project..., 2002).

WCTIOJIb30BaHUE OTPaXKCHUs B HaibHel uH(ppakpacHoi (MK) 30He oka3aioch MepcreKTHBHBIM
crioco6oM st nuddepeHnmanuy 3acoNeHHbIX U IecyaHbiX mouB (B ganbHei MK 30He mecuanbie
MOYBEI 00JIATAI0T MOBEHIICHHON OTpakaTeIbHOM CIIOCOOHOCTHIO TI0 CPABHEHHIO CO BCEMH KaTero-
pusiMu 3acosieHHBIX TouB). [lo pa3nuuunio B orpakennu B cpeaneit UK 30He criekTpa BO3MOXKHO
pasaenenne HeUTpaIbHO- U COJOBO3ACOIICHHBIX TMOYB (OTpaKEHUE B 3TOM 30HE Y HEHTPAIbHO-3a-
COJICHHBIX MIOYB CYILIECTBEHHO BBILIE).
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Puc. 1.3. CkarreprpaMmmMa pa3indHbIX KaTErOpUil MIOYB B 3aBUCUMOCTH OT aIb0C0 U BEreTalluOHHOTO
nanekca NDVI (Indo-Dutch Network Project..., 2002).

ITo pesyasratam pabor LleHTpasbHOrO HCCIENOBATENbCKOIO HMHCTUTYTA 3aCOJICHHBIX
mouB Uunnu (CSSRI) cocraBneHs! onudpoBaHHBIE BEPCHH KapT 3aCOJICHHBIX MTOYB MTPOBHHIIUIA
Xapuitana, [Tanmxa6, Yrrap [Ipanem, Aaaxpa [Ipagem n Maxapamrpa (IIpecTaBIeHBI
Ha o(pUIMaIbHOM caliTe MHCTUTYTA http://cssri.nic.in/).

ABcTpanuiickue HAaIHMOHAJNbHBEIEC NMpoeKTH . [Ipu duHaHCOBOW MOmIEpPIKKE
Hannonansnol (ABcTpanuiickoii) mporpaMmsl 1o oxpane 1mouB (NSCP) u ABcTpanuiickoro coro-
3a HaygHO-HccienoBaTenbckux opranuzanuii (CSIRO) Ob1T BRIIONHEH MPOEKT «J{MCTaHIIHOHHOE
30HIMPOBAHUE 3aCOJICHUS CEIIbCKOX03siicTBeHHBIX 3emenby (Hick, Russell, 1990). brina cobpana
Ha3eMHas U IUCTAHIIMOHHAS HHPOpMANUS Ha TEPPUTOPHSIX PACIIPOCTPAHEHHUS 3aCONICHHBIX MTOYB
B 3amamHoi ABcTpanuu. B pe3ynsraTe mpoBEeICHHBIX UCCISIOBAHUN OBUTO YCTAaHOBICHO, YTO, 11O
cocrostHAIO Ha 1990 T., CYIIECTBYIOIIIE CUCTEMBI AUCTAHIIMOHHOTO 30HIUPOBAHIS HE 00CCIICUH-
BaIOT HEOOXOMUMOM MH(pOPMAIH ISl BBIICICHUS 3aCONCHHBIX MOYB. bblTa oTMedeHa mpuron-
HOCTB ITOJICBBIX CIICKTPOPATHOMETPOB U adPOCKAHUPYIOMINX CHCTEM JIISI TUATHOCTUKH 3aCONICHIIS
ITOYB HA CAMBIX PAaHHHUX CTAIUSIX €TO IPOSBICHHUS.

BriocnencTBum, B IEpBYIO OUepeib M3-3a YCOBEPIICHCTBOBAHHS ChEMOYHBIX CHCTEM, B paM-
kax HanmonansHO#M (ABCTpanniickoil) mporpammsl o n3ydenuro 3aconenus (NDSP) (1993-2004)
yAaJI0Ch pazpaboTars Ooiee yAadHbIe TIOAXOIBI AUCTAHIIMOHHON MUAaTrHOCTHKH, KapTOrpaduu u
MOHHUTOpPHWHTA 3acojeHus mouB ABcrpanmn. OCHOBHOH 3aadeil mporpaMMbl ObIIO oOecTicueHue
obMeHa MH(OpPMAIIUEeH U TEXHOJIOTHSIMU MEKIY TOCYAapCTBOM, Pa3IMYHBIMU COOOIIECTBAMH H
OT/IEBHBIMU JEIOABMU [UTSL YIPABICHHS 3aCOJICHHBIMU 1mouBaMu B ABctpamun (http://www.ndsp.
gov.au/).

Pesynbrater pabot B paMKax ABCTPaSUICKON MPOrPaMMBI TI0 adpOreo(pu3NIECKUM UCCIIe-
noBanusM (1997-1998) mpogeMoOHCTpUPOBAIH MMEPCIEKTUBHOCTh B MCTIOIB30BAHUH JIAHHBIX ad-
POMarHUTHON CHEMKH JUIS OIeHKH 3aconeHus mouB (George et al., 2003). 3acomenue, auartHo-
CTHPYEMO€ JaHHBIMH METOIAMH, B OCHOBHOM CBSI3aHO C TITyOHMHHBIMH Pa3lIOMaMHU 36MHOU KOPBI 1
BBIXOJIAMH 3aCOJICHHBIX TITyOMHHBIX BOJI.

3a py6e>1<0M pa3pa60T1<a METOJOB JIMCTAHLIMOHHON AUAarHOCTHUKHU 3aCOJICHHUS IOYB BEICT-
Cid B Pa3JIMYHBIX HAIPaBJICHHUAX: PA3JIMYarOTCA THIIBI CBEMOK, METOIbI O6p8.6OTKI/I CHHMKOB,
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OTACIIBHO PCIIAIOTCA BOIIPOCHI I/IH(l)OpMaTI/IBHOCTI/I PAa3JIMYHBIX 30H CIICKTpa U CHCI_II/I(I)I/I‘IHOCTI/I
CIICKTPAJIbHBIX XapPaKTCPUCTUK PA3TIUYHBIX cojiel. Huke ocTaHOBUMCS Ha OTIEIIBHBIX pe3yiibTa-
Tax UCCJICIOBAHMIA.

THOobe CheMOK, HCHONB3YEMBIX NPU AUCTAHIHMOHHONW OMEHKE 3aCO-
JTCHUS MOYB.

Cvemxa 6 uoumom, onudicrem u cpeonem ungpaxpachom ouanasorax. OMHAM U3 OCHOB-
HBIX UCITOJb3YEMbIX METOOB TUCTAHIIMOHHOW TUATHOCTHKH 3aCOJICHHBIX ITOYB SIBISICTCS M3y4e-
HHME CHMMKOB, BBIITOJHEHHBIX B onTHyeckoM auara3one ot 400-500 no 2400 am. CheMKa MOXKET
BBIMOJHATHCS € TFO00I BBICOTHI, HAYHHAS OT HECKOIBKAX COTEH M THICSY KIJIOMETPOB HaJl 3eMIIeH
(KOCMHYECKHEe CHUMKH) IO COTEH METPOB (a3POCHUMKH) U JIECSITKOB CAHTHMETPOB (JIaHHEIC T10-
JIEBBIX CIIEKTpopaanoMeTpoB). Hambosee 9acTo MCHONB3YIOTCS CHUMKH cO CIyTHHKOB Landsat,
Terra (cremounble cuctembl Modis u Aster), Ikonos, QuickBird, OrbView, WorldView (CILIA),
IRS (Muaus), SPOT (Dpanuus).

[TokazaTensiMu KauecTBa CHHMKOB SIBJISIFOTCSI IIPOCTPAaHCTBEHHOE, CIEKTPAILHOE, Pajno-
METPUUECKOE U BpeMeHHOe pa3pereHue. [IpocTpancTBeHHOE pa3pelieHiue — pa3Mep HauMCHb-
MIUX O0OBEKTOB, PA3IHMYMMBIX HAa W300paKCHHU; OHO COOTBETCTBYET JIMHCHHOMY pa3Mepy ITHK-
cella Ha MECTHOCTH (dallle BCEro paspelieHne cheMKu ObiBaeT B quamna3zoHe ot 0,5 mo 1000 m).
CrekTpalpHOe pa3pelieHie — YHCIO KaHAJIOB ChbeMKH (4acTO COOTBETCTBYET YHCIIY CEHCOPOB,
YCTaHOBJICHHBIX Ha CheMOYHOI argopme). Landsat-7 BEIONHSI CheMKY B 7 KaHanax (3 B BUAU-
MO 30HE cIieKTpa, 1 B OyimkHelH HH(paKpacHoO, 2 B cpeHel nH(ppaKpacHO# 30He U 1 B TEIIIOBOM
nuarazone), Landsat-8 — B 10 kananax (4 B BuanMoii, 1 B OrkHE#H HHGpaKpacHOH, 3 B cpeaHe
uH(paKpacHoii 30He 1 2 B TeIoBoM auanaszone), QuickBird — B 4 kananax (3 B Bunumoii u 1 B
OmxHEH nHppaKkpacHOH 30He criekTpa), a MODIS — B 31 kanane. PagnoMerpuueckoe pasperie-
HUE — YHUCIIO TPaJalliii HHTCHCUBHOCTH H3IyYCHHUS, KOTOPOE pa3indacT ceHcop. M3MepsieTcs B
OnTax, yacTo OHO ObIBaeT B auama3zone ot 8 g0 14 our (T.e. ot 28 (256) mo 2'* (16384) oTTeHKOB).
BpemMennoe paspemnienrne — 4acToTa IpoJIeTOB Hal OJJHAM U TEM K€ YIACTKOM; B CBSI3H C TEM, UTO
00JIAYHOCTD MOXKET CYIIECTBCHHO CHIKATh KaUeCTBO CHEMKH, BAKHO, YTOOBI YacTOTa IPOJICTOB
HaJl N3y4aeMBbIM O0BEKTOM OBLIA KaKk MOKHO Harie. [1onpoOHO XapaKTepUCTHKH Pa3HBIX ChEMOU-
HBIX CITyTHHKOBEIX aIlllapaToB IPHBEICHBI Ha caiiTax kKommauuu «Cos3zoHny (http://sovzond.ru/
products/spatial-data/satellites/) u «Cxanake» (http://scanex.ru/ru/data/index.html).

Cpenu CbeMOK, BBITIONHSACMBIX B BHIAMNMOW M WH(paKpacHOH 30HAX CHEKTpa, BBHIICIICT-
csl 0ocobast TPyIIa — THUIEPCIIEKTpaNbHas cChbeMKa. [IoMHMO 04eHb GONBIIOTO KOMHYECTBA PETH-
CTPUPYEMBIX 30H CHEKTpa (HECKOIBKO IECSATKOB HJIM COTEH), OCHOBHBIM OTIMYHEM THITCPCIICK-
TPaJbHOH CHEMKH SIBIISICTCSI HEOOIBIIAs IUPUHA STHX 30H (B cpeqHeM okoio 10 HM, Toraa Kak y
MPOCTHIX cheMOK oHa cocTaBisier S0—100 aHM). JlaHHOE CBOWCTBO CHEMKH TTO3BOJISIET C JTyUIIEeH
TOYHOCTBIO BBIIEIITh XapaKTEPHCTHUSCKUE 30HBI CIICKTpa M3y4aeMBIX 0O0BEKTOB M Ooiee Tou-
HO WX Aemmu(pHUpoBaTh. [ HIlepcnekTpaabHas ChbeMKa BBITOTHICTCS HAa KOCMHUYECKUX CITYyTHHKAX
NASA EO-1 cencopom Hyperion u cniytHukax Hccnenosarenbckoit maboparopurn BBC CIIA
MightySat Il cencopom FTHSI, a Takke MOXKET BBITIOIHATHCS MPH MTOMOIIH a3POCICKTPOMETPOB
(AVIRIS, HYDICE, PROBE-1, HyMap, EPS-H, DAIS, AISA), uiu moneBbix CIIEKTPOMETPOB
(ASD Fieldspec) (Howari, 2003; Shippert, 2003; oy Lln, Mun Cun Xyasn, 2007).

[lpn w3yueHHM 3aCONCHHBIX ITOYB CAMBIMH IMHPOKO HCIIONB3YEMBIMH MaTepHaIaMHU IC-
TaHIIMOHHOTO 30HMPOBAHMUS SIBIISIOTCS TaHHBIC cO ciTyTHUKA Landsat B crity MX JOCTYITHOCTH U
JIOCTaTo4YHO BbicOkoro paspemenust (30 M y Landsat-OLI, Landsat-TM, Landsat-ETM u 80 m y
Landsat-MSS) npu mupokom mokpbITHH oaHOTo Kaapa (180 * 180 km). OHU YaCTO MCITOIB3YOTCS
IUTSL OLCHKH PAaCIPOCTPAHCHHS 3aCOJICHHBIX IT0YB Ha OOJBIIHX TUIOMIAISX.

[Tpu momomny Bu3yanpHOTrO AenmudprpoBanus CHUMKOB Landsat ObUIH COCTaBICHBI KapThl
3acosneHHbIxX mouB HOkuoit Anboeptel (Kamugpopuus, CIIA) (Sommerfeldt et al., 1985), paitona
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Macypa npoBunnun Ytrap [Ipagem (Mugus) (Sharma, Bhargava, 1988), mo6epesxns Caypamrpa
(mpoBunnms ['ymkapar, Uaaus) (Joshi, Sahai, 1993).

Hcnonp3oBanue pa3HOBPEMEHHBIX CHUMKOB TI03BOJISIET OCYIIECTBIATH MOHUTOPHHT 3aC0-
JICHHBIX IT0YB. AHAJIH3 a3poCcHUMKOB 1972 1. m kocmocHuMKOB Landsat TM 1986 r. u ux cpaBHe-
HUE C UCXOAHBIMU KapTaMu 1956 I. MO3BOJIMI MPOCIEAUTh U3MEHEHHUE IUIOMAeil 3aCONeHHbIX
nouB B paitone Kannyp (npoBunuus Yrrap [Ipanem, Unaus). Pesynprarsl mokasanu, 4To 10 Ie-
pudepun apeanaoB IPOU30ILIO YBEIHUSHHE ILIOMANN CHIIBHO3aCOJICHHEIX mouB (Singh, 1994).
[To nanubIM cheMku Landsat 3a 1987 u 1999 rr. ObuTa M3yuYeHa TUHAMHKA 3aCOJICHHS B 0a3HCe
Cusa (Erumer) (Madani, 2005).

CyuiecTBeHHYI0 WH(GOPMALUIO IS BBIICICHUS 3aCOJCHHBIX ITOYB MOXET IaTh ChEMKa,
BBITIOTHEHHAs B meniogom ouanazone (10,4-12,5 Mxm). JIomMOTHUTEIBHBIN aHATTN3 JaHHBIX TE-
IUTOBOM CheMKH (30Ha 6 Landsat) mo3BONHI pa3neNnuTh 3aCOJICHHBIC U IIeCYaHbIe TIOUBEI 3aI1a/l-
HO yacTu nposuHuMK YTTap [Ipanem (Muaus), KOTopble XapaKTepU3yIOTCS CXOAHBIM CBETIIBIM
¢dororornom Ha cHrMKax Landsat (Verma et al., 1994).

Cvemra 6 muxposonnosom ouanaszone (nmuasl BoH 0,1-30 cm, unn gactora ot 300 go 1
['T). JlaHHBIH THII CBEMKH PETUCTPUPYET PATUOTEILIOBOE M3IYICHHUE B MUKPOBOIHOBOM U~
arma3oHe, KOTOPOE TECHO CBS3aHO C BIAXKHOCTBIO, 3aCOJICHHEM H KPHCTAJUIHICCKOH CTPYKTY-
poli aHaTH3UPYEMBIX 0OBEKTOB. /I0CTOMHCTBOM CHUMKOB SIBIISIETCSI TO, YTO OOJIAYHOCTH HHKAK
HE BJIMSCT Ha TONyYaeMbIl CUTHAJT, H CHUMKH, TAKUM O0pa3oM, MOXKHO ITOJy4YaTh HE3aBHCHU-
MO OT MOTOJHBIX YCIOBHI H OCBEIICHUs. KpoMe TOro, MHKPOBOJTHOBAS ChEMKa OTPa)kaeT IO~
TTOBEPXHOCTHBIE CBOMCTBA 00BEeKTOB (0 TryOuHBI 30—50 cM). MuKpoBOSTHOBAs (PaUOIOKAIIH-
OHHAs1) ChEMKA BBIMTONHICTCS B aKTHBHOM pEXHME, T.. CITyTHUKOBBIM pajap H3IIydaeT CBOM
COOCTBECHHBIN 30HAUPYIOMIHN UMITYIIEC U TIPUHIMAET €T0 OTPAKEHHBIM OT HA3eMHBIX 00BEKTOB
(KamxnuxoB u np., 2004).

Ha ocHoBaHWM 1a00paTOpHBIX UCCIEIOBAHHUN MMOKa3aHA MEPCHEKTHBHOCTh HCIOIh30Ba-
HUSI MEKPOBOJIHOBOW CHEMKH IS OLICHKH 3aCONICHHBIX MoYB (Singh, Srivastav, 1990; Sreenivas
et al., 1995; Shao et al., 2003). Haubonee nH)OpMaTUBHEIM [T KapTOTpapHpPOBAHUS 3aCONICH-
HBIX TIOYB SIBJISICTCS McMoNb3oBanue L-BomH (quanason 0,1-1,5 I'T'm) (Singh, Srivastav, 1990;
Taylor et al., 1996). B pabore Cpunuaca ¢ coapt. (Sreenivas et al., 1995) nposeneno nabdopa-
TOPHOE MCCIIEIOBAHNE TUDIICKTPUICCKUX CBONCTB MOYB (KaK ()YHKIIUHU BIQKHOCTH) IIPH Pa3HOM
YPOBHE 3aCOJIEHUS U IPaHyJIOMETPUUYECKOM cOocTaBe mpu mnpomnyckaHuu L-Bomusl (1,25 ['T).
[TokazaHo, 4yTO peasibHas 4acTh AUDIEKTPUUECKON MPOHUIIAEMOCTH CBsI3aHa C IPaHyJIOMETprye-
CKHM COCTaBOM M BJIQ)KHOCTBIO I10YB, @ MHUMAsl YaCTh JUAJIEKTPUUYECKON MPOHULIAEMOCTH — C
3aconennocthio (Taylor et al., 1996; Bell et al., 2001). Takxe moka3aHo, YTO BO BIAXHBIX IMO-
YBaxX BO3MOXKHO pa3lieJIieHHe COIOBbIX U HEHTPalbHO-3aCOJICHHBIX MOYB.

CnyTHUKOBasg Chb€MKa B MUKPOBOJHOBOM JHara3oHE 0 MOCJIEIHEr0 BPEeMEeHH AJis Mou-
BEHHOT'0 M IOYBEHHO-COJIEBOTO KapTorpagupoBaHusl HE MPUMEHSIACh B CBSI3M C HU3KUM pas-
pelIeHreM ChbeMKH (€IMHMIIBI U JAECATKU KUIOMETPOB), HO B CBSA3H C MOSBICHUEM PaJIMOJIOKa-
LUOHHOU CHEMKH C pa3pelieHueM B eiuHuLbl MeTpoB (cityTHUKH RADARSAT-2, TerraSAR-X,
TanDEM-X, ALOS-2, CosmoSkyMed) pe3ko BO3poc HHTEPEC K UX UCIOIH30BAHUIO VISl H3yYe-
HUS 3aCOJICHHBIX MTOYB.

B pabore lao c coasr. (Shao et al., 2003) moka3aHa BO3MOXXHOCTb OLIEHKH 3acoje-
HUS N0 JJAHHBIM CIIyTHUKOBOM paJuOCheMKH B MHKPOBOJIHOBOM JHMama3oHe (CO CIIyTHUKa
RADARSAT-1). [Tpu 1abopaTOpHBIX UCCIEIOBAHUAX HA MUKPOBOJIHOBOM CETEBOM aHAIU3aTOPe
[IPY KOHTPOJIMPYEMBbIX BIQXKHOCTHU U 3aCOJICHUH (B HCKYCCTBEHHO YBJIQ)KHEHHBIX U UCKYCCTBEHHO
3aCOJIEHHBIX 00pa3lax), a Takke Ha 00paslax Mmo4B CoJIOHYaKa OblsI0 00HAPYKEHO, YTO CAMBIMH
MH(OPMATUBHBIMU C TOUKH 3PEHUS OLIEHKH CTENIEHH 3acONeHUs ABIsA0TCA 4acToThl 1-6 I'T' (L-
u C-BoHBI), IpU 3TOM L-BoJHa JTydille oTpa)kaeT 3acCoJIeHHOCTb, yeM C-BoisiHa. JlabopaTopHbie
JIaHHBIE OBLITN COMOCTaBIEHBI ¢ JaHHBIMU co ciyTHHKa RADARSAT. Koadduunent koppensunn
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Puc. 1.4. JIaBopaTopHbIe CIIEKTPHI TI0YB, UCKYCCTBEHHO 3aCONICHHBIX pa3nudHbiMy coisimu (Farifteh et
al., 2006).

coctaBun 0,70 miiss MHUMOW COCTABIISIIONICH TUAIICKTpUIEecKoi mporuraemoctd u 0,27 — nns
peanbHON COCTABIISIONIECH.

daxkTophHl, BIUSIIMUE Ha COHEKTpPAJIbHBIEC OTpaXaTEJIbHBIEC Xapak-
TEPUCTUKH M300pakeHUS Ha CHUMKAX.

B 3aBucuMOCTH OT THITA CHEMOYHON ammaparypbl pETHCTPUPYETCS OTPasKeHHOE M COOCTBEH-
HOC M3TyYCHUE HA3EMHBIX M IIPH3EMHBIX OOBEKTOB, a TAK)KE MUKPOBOJIHOBOE, TEIIOBOC M PaJIHO-
AKTHBHOE U3ITyYCHUE TIOIIIOBEPXHOCTHBIX 00heKTOB. OCHOBHEIMU 0OBEKTaMH, 0TOOpaskacMBIMH Ha
CHHUMKaX, SIBJSIFOTCSI PACTUTENHFHOCTD M IPOXYKTHI e¢ (PYyHKIIMOHUpOBaHNS (OMa], TIOJCTIUIKA U TIp. ),
o0HaKeHHAs TOBEPXHOCTH ITOYB ¥ TIOPOJI, BOZIA (B Pa3IMIHBIX (Pa30BBIX COCTOSHUSIX) H pa3HO00pas-
HBIC aHTPOIIOTCHHBIC OOBCKTHI.

Ha orpaxarensHyIo crtocOOHOCTH COOCTBEHHO IOYB BIMSIIOT Takue (paKTOpHI, KaK MHHEpa-
JIOTUYECKUI COCTaB TOYB, COICPKAHUE OPTaHUIECKOTO BEHICCTBA, BIAKHOCTH, TPaHyIOMETPHIC-
CKHH cOCTaB, ColiepyKaHre OKCHJIOB JKelle3a u Xapaktepuctuku nmosepxHoctH (Farifteh et al., 2006).
B 3acoreHHBIX 1MOYBaX OCHOBHBIMHU (haKTOPaMH, ONPEICILIFONIIME OTPaKaTeIbHbIC XapaKTePHCTH-
KI COOCTBEHHO TI0YB, SIBJISIOTCS KOJIMYESCTBO M MUHEPATOTHUECKHUI COCTAB COJICH, BIaXKHOCTB, IIBET
u mepoxoBarocTb. Ha puc. 1.4 mpuBeqeHB! CIEKTPHI ITOYB, HCKYCCTBEHHO 3aCOJICHHBIX Pa3IHIHBI-
MH COJIIMH (TaTUTOM, OHIIIOPUTOM H STICOMUTOM). BHIHO, 9TO TIpH YBETHMUYCHUH COICPKAHUS Ta-
JIUTa B ITOYBaX OTpaKEHHE BO3PACTAET BO BCEM M3ydeHHOM auarna3one (350-2500 um). [Tpu yBenu-
YEeHUH COICPXKaHM OUIMIO(pHTA OTPAKESHNE YMEHBINIACTCSI BO BCEM IUAIa30HE, a TIPH YBEIMUCHUH



[MCTaHUMOHHbIe UCCeA0BaHUA NOYBEHHOTO MOKPOBa 25

COIepKaHMS STICOMUTA — YMEHbBIIACTCS Py IHHAX BOJIH >1500 aM. TakuMm oOpazom, OT MUHEpa-
JIOTUYECKOTO COCTaBa CoJIel CIEKTPAIbHOE MOBEICHUE TIOYB KOPEHHBIM 00pa3oM MEHSETCSI.

CxomHble pe3ynbrarhl OBUTH MONYYEHBI IIPH HCIONH30BAHUU IOJEBBIX PAJIUOMETPUICCKIX
u3MepeHni (B BUAMMON W OMIKHEH WH(PaKpacHO 30HAX CHEKTPa), BHIIOJHECHHBIX B JIOJHHE
p. Kogabamba (bormuBrst). OCHOBHBIME (haKTOpaMH, OIIPEICIIIONINMI CIIEKTPAIBHBIA 00pa3 3aco-
JICHHBIX TI0YB, OKa3aJHCh MOP(OIOTHS U MIEPOXOBATOCTh MOBEPXHOCTH, TPAHYIOMETPUICCKHIN CO-
CTaB IMOBEPXHOCTHOIO TOPU30HTA, IIBET KOPKH, pacTUTeIbHOCTH (Metternicht, 1998).

[pu moNeBBIX pagHOMETPHICCKUX H3MEPEHISX OpOIIaeMbIX ITOYB B IPOBUHINK PamkacTan
(Muamus) B quanazone criekrpa ot 400 1o 1000 HM OBLI0 BBISIBICHO HECKOIBKO TAPaMETPOB, BIIUSIO-
[IAX HAa OTPaKaTEIbHYIO CIIOCOOHOCTH 3aCOJICHHBIX ITOYB: BIaYKHOCTb, I[BET, [PAHYIIOMETPHICCKHUI
cocras, pH, anekrponpooaHocTs 1 conepxanue CaCO, (Joshi et al., 2002). TIpu sTom nuckpumu-
HAHTHBIA aHAIM3 TIOKa3ajl, YTO B IIEPBYIO OYEpENb OTPAKECHHE ONPEACIBIIOT (TIepBasi KOMIIOHEHTA)
TPaHYJIOMETPUIECKUI COCTAB, BIAKHOCTD, COICPIKaHNe KapOOHATa KaJbIHs U COIPOTHBIICHHE TIe-
HETPAIHX; BO BTOPYIO Oodepers (BTOpasi KOMIIOHEHTA) alb0e10 TIOBEPXHOCTH U [IBET; B TPETHIO (Tpe-
ThsI KOMIIOHEHTa) — PH, MEKTPONPOBOIHOCTD M IIBETHOCTb. DTH TPU KOMIIOHEHTHI OTBEYAIOT 32
81% BapnalOebHOCTH OTPAXKEHUSL.

Crexrpockornuueckas jaboparopust Ieonornueckoit ciryx0Obl CHIA u3yunna oOpasisl Bce-
BO3MOYKHBIX W3BECTHBIX TIOPOJI, B TOM YHCJIC COJCH, M COCTaBHJIA UX CIEKTPBl. OHH MPENCTaBICHBI
Ha caiire maboparopun (USGS Digital Spectral Library) — http://speclab.cr.usgs.gov/spectral.1lib06/
ds231/datatable.html.

NuadpopmMaTuBHBIE 30HB CHEMKH IJSI OINCHKHU 3aCOJCHHUS MOUYB.

[1pu m3ydeHN: COEKTPOB YHCTHIX CONICH Y BOIOCOAEPIKAIINX COJICH OBLTH OTMEUCHBI MAKCHMY-
MBI ortoneHust B ommkaer MK 30He, cBsI3aHHBIC ¢ KOIeOaHHIME BOIOPOAHBIX CBsI3el BOABL. Takum
00pa3oM, CIIeKTPBI CheMKH ¢ BUANMOi u ommkaeil MK 30HaX MOTYT HCIIONB30BaTHCS AJISI BEISBIIC-
HUSI MAJIOBOIHBIX CMECEH COJeH, OCHOBHYIO JIOJIO KOTOPBIX cocTaBisiioT 6e3Bomuble Tamt (NaCl)
w teHapaut (Na,SO,) (Crowley, 1991), 4to MoXkeT HCTIONB30BaTHCS Ul AMATHOCTUKHU STHX COJIEH
B CciIy4ae (POPMHUPOBAHUS COJIIEBBIX KOPOK HA ITOBEPXHOCTH TIOYB.

B pab6ote Jlpeiika (Drake, 1995) ObLIM M3ydeHBI CIIEKTPBI COJICH VIS OLCHKH BO3MOXXHOCTH
uX onpeneneHus U kaprorpaduposanus o [1/13. bompmas gacts coreit oOmamaet cnenuduaecKum
CTIEKTPOM, CBsi3aHHBIM ¢ Konebanuamu ceazedt H,0, CO,, HCO,, NH,, NO,. 1 Tonbko Ge3BOaHbIE
COJTH XJIOPHUIIOB U CYNTB(ATOB HE COACPIKAT AUATHOCTUIECKIX CBOMCTB U IOTOMY HE MOTYT OBITH BEI-
NIETICHBI OTIEIBHO IPYT OT Ipyra. B To jke BpeMst MHOTHE THAPATHBIC COJU TPOSIBIIIOT Pa3IndHOe
MIOBEIICHUE B 3aBUCHMOCTH OT Pa3sMEPOB KPHCTAIUIOB B 00pasie. Tak, KpyITHOKPHCTAIUTHYECKHE 00-
Pa3IbI MPOSBILIIOT MHOTOYHCIICHHBIE XOPOIIO BEIPAKEHHBIE MAKCUMYMBI ITOTTIOMICHUS TIPU JITHHAX
BOJH MeHee 1600 HM, 0fHAaKO, MEHBIIHE IO pa3Mepy KPHUCTAIIOB 00pa3Ibl MPOSBILIIOT MEHEE BBI-
pakeHHbIe MAKCUMYMBI B JaHHOM JHaITa3oHe U OoJiee BBIpaKEHHBIE B Iuana3one comee 1500 HM.
BrIsiBIIeHHBIE 0COOCHHOCTH CIIEKTPOB COJICH TTOKA3bIBAIOT, UTO, XOTS KaXKIIBIH MUHEpAI U 00IagacT
CTICIIM()UUCCKIMH CIIEKTPOCKOIIMICCKIMHI CBOHCTBAMH, MPOSIBIICHUE YTUX CBOWCTB MOXKET CHIIBHO
3aBHUCETH OT (DOPMBI HX CYIICCTBOBAHMS B IPHPOLIE.

Pesynerars! 1abopaTopHBIX THITCPCIICKTPATTEHBIX H3MEPECHHUH, TIPOBSICHHBIX Ha 00pa3iiaX 3acOMCHHBIX
niouB Karmoprrm v BeHrprm, Tiokasanm, 9To It OLEHKH 3aCOICHIS CYIIIECTBYET HECKOIBKO HH(OPMATHB-
HBIX CIIEKTPaIbHBIX 30H: B BrmuMon (550770 um), GmkHeit nHdpakpacHoi (900-1030, 1270-1520 aM) 1
cpemueit mHppakpacHoit (1940-2150, 2150-2310, 23302400 M) 30Hax criektpa (Csillag et al., 1993).

[lo maHHBIM, MONYYEHHBIM B pE3yJbTaTe THICPCIEKTPATBHON adpOCHEMKH, IMPOBEICHHBIX
Jexaanom u Taitnopom (Dehaan, Taylor, 2003), m71st nieneli kapTorpaupoBaHus OpOITaeMbIX BTOPHY-
HO-32COJICHHBIX ITOYB, TIOBBIIICHHAS 3aCOJICHHOCTh THATHOCTHPYETCS TIO CIIEAYIONIAM TIPH3HAKAM: B
criekTpe nosBisiercs wiato B OmwkHel MK 3one (Mexay 800 1 1100 HM), BOHHKAFOT MAKCUMYMBI ITO-
miomenwst ipy Jumraax BorH 1010, 1180, 1780, 1950 1 2210 HM, cBSI3aHHBIE C IPUCYTCTBUEM THIPATOB,
YMEHBIACTCS MHTEHCHBHOCTD MOMIOMICHHS TIPH JUTHHE BOMHBEI 2200 HM, CBSI3aHHOTO C MPHCYTCTBUEM
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THIIPOKCHIILHBIX TPYIIIL, U pacimpsieTcs vk nonomenus mpu 1950 u 1400 HM, cBS3aHHOTO ¢ TIPHUCYT-
CTBHEM BOJIBL

Psin aBropos (Hick et al., 1984; Hick, Russell, 1990; Craig et al., 1998) Takke nokasaim, 4To cooT-
HOIICHIS MEXKTy 3HAYSHUSIMHI OTPa)KSHIS B BUMMBIX 30HaX CIIeKTpa K 3HadeHmnsiM B MK 30Hax 1 coot-
HOILCHIS My 3Ha4eHHsIMU B pasHbix VK 30HaX SBISFOTCS MH(OPMATHBHBIMY JIIS BBIICIICHHS 32C0-
JICHHBIX [TOYB ¥ YIACTKOB C KYJIBTYpPaMHU B YTHETCHHOM COCTOSIHHU B PE3YJIBTaTe 3aCONCHHSL.

[Tpu momomm moneBoro criekrpopamroMerpa ASD (Analytical Spectral Devices spectroradiometer)
ObLTa OLICHEHA CBSI3b MY CIICKTPAJIBHBIMU XapaKTEPHCTUKAMU OB paiioHa 03. D0u-Hyp u smek-
TpornpoBoaHocThio (Huang et al., 2005). PerpeccroHHbIi aHATM3 MOKa3ajl, 4To Hanbosee HH(popma-
THBHBIMH SIBISTIOTCS KOO((PUIMEHT ITOTIOMICHHS (PACCIUTAHHBIA KaK JIOrapu(M 9rcia, 00paTHOro OT-
paxeruto log(1/R)), a Tarke orpaskeHue B romy6oit (0,45-0,51 Mxm) 1 TeroBoi (2,295-2,365 MkM)
3oHax crekrpa. Koahdumment nerepmunaimu R? perpeccrnonnoi mozmenu cocrasui 0,48, a cranmapt-
Has ormOka kamnopoBkr (SEC, standard error of calibration) cocraBma 37,3141.

HccnenoBanue 3aconeHHBIX mouB oazuca Cusa (Erurer) mokasaino, 4to 3acONeHHbIE TI0YBBI Xa-
PaKTepI3YIOTCs 60ee BRICOKUM OTPaKEHHEM BO BCEX 30HAX CIieKTpa, kpoMe cpearux MK 30n. OueHb
TECHAs CBSI3b CYILECTBYET MEXKITY 3aCOJICHHEM H Pa3IndieM B OTPAKCHUN MEXITY 30HaAMH 4 (OMVDKHSS
UK) u 5 (cpennsist UK) (Madani, 2005).

[Tpu U3ydyeHnH 3acONCHHBIX MTOYB CEBEPO-BOCTOUHOrO Taranaa Hanbonee HHPOPMATHBHBIMH C
TOYKH 3PEHHS 3aCOJICHHUS OKa3asiach OvkHsIs MH(ppakpacHas (3oHa 4 Landsat) 3ona chemku (Shrestha,
20006).

[Mpr mOOPOOHBIX UCCIEIOBAHUSIX CIICKTPOB OTPaKEHIS 00PA3LOB 3aCONCHHBIX TIOYB B ONMIKHEN
uH(ppakpacHoii 30He criekrpa (M3paniib) Takxke ObLIO IOKA3aHO, YTO ChEMKA, BBIIOHEHHAS B 3TOM [TH-
arasoHe, naeT 00BEKTUBHYIO MH(OPMAIMIO O 3aCOJICHHH MOYB APHIHBIX H CEMHAPHIHBIX PETHOHOB
(Ben-Dor and Banin, 1995).

Pacuernsie mHAekchb. [lpum m3y4eHNH CHEKTPOB IIOYB H PACTUTECIHHOCTH OBLIA
SMIIAPUYECKH BBIBSACHBI PA3NIYHBIC WHICKCHL, 0Opa30BaHHBIC IMyTEeM MATEeMaTHYECKHX OICpaIvid
(cmokeHVe, BBMYHUTAHWE, YMHOKCHHE, NEJCHHE) Hal CICKTPATGHBIM OTPaXXCHUEM B Pa3INYHBIX
30HaX CIEKTpa. Takwe HWHIEKCHI, JITKO PacCUHMTHIBAEMbIe, 0oNiee HAIITAHO IULTFOCTPUPYIOT CBA3b
MEXIY Pa3MIHBIMA COCTOSHISIMH H3Y9aeMOro O0OBEKTa W ero CIICKTPAbHBIMU CBOMCTBaMH. [Ipu
OLICHKE 3aCOJICHHS IT0YB OBLT ONMPOOOBAH LENBIA CIIEKTP PaCUETHBIX MHACKCOB, TAKMX KaK MHICKCHI
WHTCHCHBHOCTH, SIPKOCTH, 3aCOJICHHS U BereTaMoHHble nHAeKchl (Taomuia 1.2). B padote A. A6Gaca
(Abbas et al., 2013) ObuTa U3ydeHa CBs3b 3acoyieHUs MouB B paiioHe [lanmkaba ([Takucran) co
CHEKTPabHBIMHA MHICKCAMH, PACCUNTAaHHBIMH Ha OCHOBE JaHHBIX MHIMICKOTO cryTHHKaA IRS-1B
LISS-II. Han6ompmryro 9yBCTBUTEIBHOCTD K 3aCONICHHIO TTOYB (KodddurmenT xoppemsamuu 0,82)
MPOSIBIIT UHIEKC S4, pacuUTHIBAEMBIN KaK /B = R, e B u R — sproctu oTpakeHus B ToxyooM
¥ KpaCHOM KaHaJlaX CheMKH, COOTBETCTBEHHO.

[Ipu u3y4eHnY 3aCOJICHHUS ITOYB CEBEPO-BOCTOYHOM bpazwmnu o nanaeiM MODIS Terra 6bu1
onpoOOBaH IEJBIN PsA CICKTPaIbHBIX HHIEKCOB (Bouaziz et al., 2011). HaubGonbmiast koppemsiius
C 3aCOJICHHEM OKa3zanach Mexay 4-m kananoMm ckeMku MODIS Terra u nnaexcom 3aconennst SI2
(paBHBIM +/GZ + B2 + Nig2), rae G, R, NIR — sApkocTH oTpakeHHs B 3€JIEHOM, KPaCHOM H
OnmmkHEM HH(pPaKpacHOM KaHajlaX CheMKH, COOTBeTCTBEeHHO. [lomo0Hast paboTa 1mo onmpoOoBaHUIO
pa3IMYHBIX WHICKCOB ObLIa IIPOBEIcHa Ha 3aCONICHHBIX TouBax B Aypkupe (Douaoui et al., 20006).
3mech cpeau MHOXKECTBAa MHIEKCOB HamOONbBIIyi0 (HO HEBBICOKYIO) Koppemsuio (0,44-0,50) ¢
3aCOJICHUEM TOKa3alld BCe TPH ONMPOOOBaHHBIX MHHekca 3aconenus (SI1, SI2, SI3) (dbopmyisl
pacueTa MpHUBEJCHBI B Ta0muIe 1.2).

B paborax, OmMCaHHBIX BHIIIE, H3yJaIOCh 3aCOJICHUE TIOYB C MOBEPXHOCTHIO, CBOOOTHOMN
OT PacTUTEIBHOCTH, M C COJEBHIMU BEHIIOTaMH. 3/1€Ch, KAaK MOXXHO 3aMETUTh, 3aCOJICHHE ITOYB
KOppeNupyeT ¢ WHIEKCAMH, PACCUNTHIBACMBIMU Ha OCHOBE CYMMHPOBAHHS W TEPEMHOKEHII
SPKOCTEH OTpasKeHUs B BUAUMON 1 ONrKHEH nHPpaKpacHOil 30He CIIEKTpa, U HUKaK He CBS3aHO C
BETeTAlMOHHBIMH HHICKCAMH. DTO XOPOIIO COIMIACYeTCs ¢ BBHIBOJAMH, ONYUYCHHBEIMU B paboTax






