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IIpeacraBieH KOMILIEKCHBIH MOAXO0/] K MOHUTOPHHTY HeTe3arpsi3HeHHOTO IOYBEHHO-PACTUTENHHOTO MOKPOBa
¢ HCIIOJb30BaHIEM AUCTAHIIMOHHBIX ¥ Ha3eMHbIX MeTo[0B. O6paboTKa KOCMHUYECKHX CHHMKOB Sentinel-2 cpencr-
Bamu mporpammbl Multispec mosBosmia kiraccuduipoBath HedTe3arpsisHEHHbIE 3eMJIH, Pa3Hble TUIIBI PACTHTE/b-
HOTO TIOKPOBa, 06BeKThI MHMPAcTPYKTYpbl. OTpaskeHbl METOAMYECKIE BOIPOCHI KapTorpadupoBaHUs 110 KOCMOC-
HIMKaM ¥ BepH(UKAINN MOJyIeHHOTO pe3yabTata mo ¢dororpadusm. CoctaBieHa KapTa, OTpaskaromiasi TPUPOIHO-
aHTPOIIOTEHHYIO CTPYKTypy Teppuropun Hedreoranckoro paiiora XMAO B yci0BuAX HedTerazoZoObldn, Ha KO-
TOpoit oTo6pakerbl 10 TUMOB PacTUTENHHOTO TMOKPOBa, 3 TUIA aHTPOIOTEHHBIX OOBEKTOB, HedTe3arps3HeHHbIE
semuri. /J[Jisl OIeHKY BO30GHOBJIEHUS [PEBECHOTO UM TPABSHOTO SIPYCOB PACCUUTAH BereTaluoHHbIN ungekc NDVI.
3uauenus NDVI na nedreszarpsasuenunix yyacrkax Ha 0,1—0,3 MeHbine, yeM Ha OHOBBIX. B marhl KocMUYeCKOit
CheMKH, GIM3KHE K JaTaM HazeMHbIX uccaenoBanuit, NDVI = 0,45 (8.08.2020 r.) u 0,42 (23.08.2021 r.) Ha Hedre-
3arpsI3HEHHBIX 0COKOBO-C(hATHOBBIX yUaCTKaX. B MEJKOJIUCTBEHHOM U CBETJIOXBOWHOM Jiecy Ha IUIOM[AJKAX CO CBe-
skumn Hedprepasausamu NDVI = 0,32 (25.09.2020 r.) u 0,42 (23.08.2021 r.). KoHuenrparus HedTenpomayKToB
B 3arps3HEHHBIX 06pasliaxX I0uBbI JeKUT B mpenesax 280—580 r/Kr ¢ IpeBbIlIeHHEM OPHEHTHPOBOYHO [OIMYCTH-
MBIX KoHIleHTpalmii B 70—145 pas.

Kniouesvie caosa: nedrepasinusbl, HedrTe3arpssHeHHbIe 3eMJIM, KapTa pacTuTeNbHOro mokposa, NDVI, koc-
muueckue cHuMkd, WK-crmexkrpomerpus; oil spills, oil-contaminated lands, vegetation map, NDVI, satellite im-

agery, IR spectrometry.

BBeaeunne

B oxpy:xkatomyio cpefly IIOCTOSHHO IIOCTYIIAIOT OP-
raHn4ecKrue 1 MUHepaJbHble BellleCTBa KaK eCTeCTBEeH-
HOTO, TaK W TeXHOTEHHOTO NPONCXOKAeHNUA. Harpyskn
Ha IPUPOAHYIO cpeiy 06ycioBienbl dpusndeckumu (Me-
XaHOTeHe3) U reoXUMUYecKuMu BoszelicrBusivu (aTmo-
cdeproe 3arpssHenne, OUTYMUHHU3AIUSA, TAJIOTEHE3),
BO3HHUKAIOINMHI TIPH aBapUIX HAa TEXHUYECKUX OObeK-
TaX M IPU TEXHOJIOTHMYECKUX IIAHOBBIX BbIGpocax. 3a-
IpsI3HEHHe 3eMeJb HedTera3oJoObIBAIOIINX PErHOHOB
IIPOUCXOJUT B OCHOBHOM B pe3yJ/ibTaTe aBapUIHBIX pa3-
suBoB Hedptn u Hedrenpoaykros. Ha teppurtopun
UHIYCTPUAJIbHO Pa3BUTOro XaHThl-MaHCUHCKOTO aBTO-
Homuoro okpyra — IOrpsr (XMAQO — [Orpa) no6biBa-
ercst 43,7% poccuiickoit Hedpru. 3a 2021 r. Ha TeppuTO-
pun XMAO — IOrpsr go6biTo 215,761 MAH T HedTH,
B Hedreoranckom pafione — 46,7204 mau T HedTH.
MoGbrua taza (IPUPOJHOTO U IIOIYTHOTO) COCTABHJIA
33,5 MapaM®, B TOM uHCTe TOMYTHOTO HedTSHOTO

* Mapusa Hukomaesna AuekceeBa (amn@ipc.tsc.ru);
Jlenuc Buxroposuuy Megopos (denilletti@gmail.com); Wpu-
Ha BuagumuposHa Pycckux (rus@ipe.tsc.ru); Mpuna Tepma-
HoBHa Smenko (sric@ipc.tsc.ru).

raza — 32,8 mupna M>. O6beM HUCIOIb30BAHHOTO HOIYT-
HOTO HedTAHOTO Tasza cocTaBWI 32,2 MJIP.A M (95,8%
ot ero go6br4am) [1].

B peectp 3arpsAsHeHHBIX HeTbio, HeMTEIPOIYK-
TaMHM, TIOJTOBApHON BOJON 3eMesJb U BOJHBIX 0ODBEK-
toB Tepputopun XMAO — IOrpsr Ha 1.01.2022 1. [1]
BHeceHo 10168 3arps3HeHHBIX YYACTKOB IJIOMIABIO
20,06 kMm%, w3 wHux: 7613 Y4acTKOB  ILJIOIA/IbIO
16,59 kM?, 3arpasHeHHBIX HedTbI0 U HedTempoayKTa-
mu (82,72%); 2436 ywacTkoB momazasio 3,39 KM,
3arpsI3HEHHBIX MOATOBapHOi Bomoi (16,92%); 119 yua-
cTKOB obeil miomanpio 0,07 kM2, 3arpsI3HEHHBIX Ta-
30BbIM KoHzeHcaToM (0,36%).

Cpenn nedreraszogo6oiBaionix kommanuit B XMAO
1o TJIOIMAN 3arps3HeHHbIX 3eMenb juaupyer OOO
«PH-IOranckuedreras» (IIAO «HK «Pocuedprb») —
13,898 kM?, uto cocraisier 70% oT o6Imel IUIOMAAN
3arpsasHeHHbix 3eMeib XMAO (Ges yuera 2021 r.)
(tab6a. 1) [1].

OO0 «PH-IOranckuedreraz» BezeT paspaboTKy
26 HedTAHBIX MecTOposkAeHuil (BKIOYass MaMOHTOB-
cxoe u Ileremnnckoe), pacnosoxkeHnbix B XMAO. Ilo
paHubiM [2], Gosmee 80% JgokasaHHBIX 3amacoB «PH-
IOranckuedTeras» cocpenorouero Ha [Ipmobekom, Ma-
MOHTOBCKOM, Maso6anbikckom u IIpupasiomuoM Me-
CTOPOSK/IEHUSAX.
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Ta6auima 1

PekyabTuBamnus 3arpsasuennsix 3eMesb OO0 «PH-IOranckuedreraz> B 2021 r.

Ocrajoch
HEDEKV B TIBIDOBAHHBIX O6pasoBaioch Ocrasioch HepeKyJIbTUBUPOBAHHBIX
SEFPS){,:;HGHHI)II))( senenp | SATPASHEHHDIX 3eMelh PekyibruBupoBaro 3arpsI3HEHHBIX 3eMellb
’ B 2021 r., kM 3eMeJIb, OCBH/E- Ha 1.01.2022 r., xM>
Ipeanpusarie na 1.01.2021 r., KM TeJIbCTBOBAHHbBIX
B 2021 T., xM* ,
HedTHIo TO/(TOBAPHBIMH | BrHI0 MTO/ITOBaPHBIMU HedTHIo MOJITOBAPHBIMU |  Ta30BbIM
BOJaMK BOJaMK BOJaMU KOH/I€HCATOM
00O «PH-
[Oranckuedrerasz»> | 11,76 3,36 0,41* 0,34* 2,09 10,69 3,15 0,05
Bcero mo XMAO 20,01 3,59 0,68 0,41 4,91 16,59 3,39 0,07

* [lannble no 3arpgsHeHHbM B 2021 1. 3emam OOO «PH-IOranckuedreras» yrouHsiorcs.

[Tocne HedTepazmmBa B HECKOIBKO 3TAIIOB MPOIC-
XOJWUT MpoIlecc Jerpajanui HedpTH HA ITOBEPXHOCTH
U B TOJIE TIOYBBI. YCTaHOBJeHO [3], 4TO Ha TepBOM
srame (mpogomkuTepHOCTBIO 1—1,5 Toma) mom BO3-
JleficTBeM yJbTpaduosieTa TPOUCXOJUT Pa3JI0KeHIe
JIETKUX TOKCWMYHBIX (pakimii. Ha BTOpoM sTame mpo-
JOJUKUTETBHOCTBIO TISITh JIET B cOCTaBe He(TSIHBIX
AKCTPAKTOB M3 3arps3HEHHBIX IOYB BO3pacTaeT HOJs
CMOJTHACTO-ac(aTbTEeHOBBIX KOMIOHEHTOB. OKICIeHne
HedTH, Tpebymolllee He MeHee 25 JIeT, CUUTaeTCs 3a-
KOHYEHHBIM, eCJIi B TI0YBe He OOHAPY’KeHBI HedTSIHbIE
yrIeBoopobl. 1o XpoHOJOTHYECKOMY TPHUHIIAITY 3a-
TpA3HeHHbIE YYACTKU JeNITCS Ha OYeHb CBEXHe — [0
OJIHOTO TOJla C MOMEHTa aBapHH, CBeXKHe — OJUH—TPHU
rojia u crapbie — 6ojiee Tpex Jet [3].

IIpu HedTesarpssHeHUN 3eMesb MPOUCXOAUT 06-
BOJIaKMBaHNe He(TbIO MOYBEHHBIX YACTHII, CIOCOOCT-
ByIolllee YBeINYEeHUI0 THAPOGOOHOCTH MOYBBI M BBITEC-
HEHWIO BO3JyXa W3 MOYBEHHBIX Top [4]. Peakumus pac-
TeHWl Ha HepTSIHOe 3arps3HeHne MOYBBI HEOAHO3HAUHA
7 3aBUCHT KaK OT XapaKTepa W KOHIIEHTPAIUU 3arps3-
HAIONIETO aredTa, TaK W OT TaKCOHOMWYECKOI TpUHAI-
JexxHocT pacteHuss. Hanpumep, B [5] BbIsSBIEHO, UTO
JU3ebHOe TOILIMBO B II0YBE B KOHIEHTparuax 1—2%
OKa3bIBaeT CTUMYJIHMpYIolllee BJUSAHUE HA PACTEHUs,
Ha6JII0/1aeTCsI YBeJNUeHe BBICOTBI CTeOSI Y 37IaKOBBIX
pacrenmit Ha 8,0—16,9% [5]. B 10 ke Bpemst B [4]
MIOKAa3aHO, YTO TPH KOHIEHTpAInu He(TH B MOYBE d—
10 n1/M? HabmogaeTcss HeTATHBHOE BJIMSIHEE HA TOJ-
POCT COCHBL.

B cBasu ¢ cymectBylotmeit mpo6ieMoil merpaja-
1IN 3eMeJib B pe3yJbTaTe aBapuii ¢ pa3amBaMu HedTe-
TIPOJIYKTOB T1eJIbI0 PAGOTHI SIBJISETCS OIleHKA COCTOSHUS
TTOYBEHHO-PACTUTEIHHOTO MOKPOBa B TIpeJesaX Teppu-
Topuii MamoHTOBckoro 1 [leTenmHCKOrOo MecTopoKie-
Huit XMAQO, Ha KOTOPBIX TPOU3OILIN aBapUU B pa3-
HbI€ TOJbI.

OO0ObeKThl H METOoAbI UCCJI€EAOBAaHHUA

OObeKTaMUl HCCJIEJIOBAHUS SIBJISIIOTCS TEPPUTOPUU
MamonToBckoro U IleTeJMHCKOTO — MeCTOPO:KAeHUit
XMAO, xoTopble HaXOA4TCS B IIEHTPAJIbHOH dYacTH
3anagHo-Cubupckoii paBHUHBI, B O6cKo-VIPTHIICKOI
PaBHUHHOII TaexHO-60J0THOI manmmadTHOH obaacTi
CampiMcko-O6CKoil  TIOCKOH  TeppacoBoil  60JIOTHO-
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TaeskHol sanamadTHo# nposuniuu (puc. 1) [6]. Jleca
Ha TepPUTOPUN MECTOPOKAEHUI XapaKTepH3yTcs Kak
CBIpBle C MHOXKECTBOM MOYLKHH U TOAGOJTOUE€HHBIX
yJacTkoB [7].

Ha yBraskHeHHBIX y4YacTKaX MPOM3PACTAIOT Jlepe-
BbSl TPENMYIEeCTBEHHO JIHICTBEHHBIX TMOPOJ — OCHHA
u Gepe3a, a Ha Haubosee CyXUX — XBOIHBIE [1€PEBbS
(enb, Keap, THXTa W COCHa). BeTpedaroTcs ydyacTKH
TOJBKO XBOWHOTO WJIM JINCTBeHHOTO Jeca. [lommecox
TIpeJICTaBJeH TeMU K€ JIPEeBECHBIMH MOPOJaMU ¢ J06aB-
JleHneM pPSIGWHBI W KYCTApPHUKOB; HAIIOYBEHHBIH ITOK-
POB — TPaBAHUCTO-MOXOBOIl. [To KpasM KOpeHHBIX Tep-
pac, Ha BO3BBIMEHHOCTAX W B TOHMaxX HEKOTOPBIX PeK
MpoU3pacTaeT CMeNIaHHbIl ypMaHHbIil jsec. Ha 60s10TH-
cToit paBHuHe 6acceiina p. Bosbioit Baibik BeiengtoTcs
COCHOBBIE Jleca Ha TPUBAX U ¢ TPUMeChIo Keapa Ha 6o-
Jlee HU3KUX y4acTKaX. HamouyBeHHbBIN TOKPOB TIpe/ICTaB-
JieH Jnraitnukamu (sresieM) u 3enenbivu Mxamu. Cyxue
VYACTKN B JIOJMHAX PeK MOPOCTH COCHOBO-6€pPe30BBIM
U COCHOBO-KE/IDOBBIM CMeIaHHBIM JecoM. Ha BepxXo-
BBIX C(aTHOBBIX 60JIOTAX TEPBBIN APYC TpeCTaBIeH
YIHeTEHHO! COCHOM, BTOpON — KapJmKOBOil 6epe3oit,
6aryJIbHUKOM M ToJy6uKoii. Ha moitMeHHBIX ydyacTKax
BCTPEYAIOTCS 3a/MBHbIE JIyTa, TPABIHUCTbIE GOJIOTA.

MaMOHTOBCKUI JINIIEH3UOHHBII y4acTOK HaXOJUT-
ca B Hedretoranckom paitone XMAO — IOrpbl k fory
ot 1. Hedretorancka. O6mias miomagb MecTOPOXKIe-
HHsg cocTaBager okomo 1000 kM’ 3amackl HedtH
B 3ajexax Ha ray6mnme 1,0—2,5 kM — 1,4 MuparT.
Hedtp MaMOHTOBCKOTO MeCTOPOKIEHUS XapaKTepPU3y-
eTca CJIeAyIUME CBOWCTBaAMU: yAenbHbIi Bec (ILIOT-
Hoctb) — 0,871—0,885 r/cM®, comepskamme ceppl —
1,2—1,5%, mapadpuna — 2,9—3,8%, cvmox — 7,6—9,1%,
acanprenoB — 2,2—3,1%, HedrsHoro raza — 41,5—
60,5 M /1 [8].

[leremnHCcKOe HedTera3oBoe MeCTOPOXKIAEHHUE TLIO-
mazabio 74,23 kM pacnosiokeHo Ha Teppuropuu Cyp-
ryrckoro pafiona XMAO B 100 kM k Ioro-zanamy
or 1. Hedretorancka. 3amacer medptn — 10,1 maHT.
Hedtp IleTennmHCKOTO MeCTOPOKIEHUS XapaKTepu3y-
eTcs CJIeAyoIUMEI CBOWCTBAMU: yaelbHbli Bec (ILI0T-
Hoctb) — 0,8716 r/cM°, comepkanue cepsr — 1,03%,
mapadpuna — 3,46%, cmoa — 6,7%, acdanbreHOB —
2,95%, conepkanue Hedranoro rasa — 43,14 >/ [9].

Jlo 2019 r. ma MaMOHTOBCKOM MeCTOPOK/IEHUN
66U 3adukcnpoBanbl Hedrepassanssl [ 10, 11]. B 2000 r.
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Puc. 1. Kapra mangmadrraoro pationuposanus XMAO u uccremyemoro yuactka (cM. I[BeTHOH pHCyHOK Ha caifte http://
iao.ru/ru/content,/vol.36-2023,/iss.06)

Ha TIPOM3BO/ICTBEHHOII TEPPUTOPUU ITOTO MECTOPOIK/e-
HUSI TIPOBOJMJINCH 06ceoBanus HedTe3arpsi3HeHHBIX
3eMesib. Bcero 6bLIO 3aperucTpupoBano 254 Hedresar-
PSI3BHEHHDBIX ydYacTKa oOlieil miomaabio 2,8 kM’ [10].
Ha TlereiuHCKOM MeCTOPOKIAeHHN ObLT OGHApY:KeH
pa3mmB wHedTtu B 2017 1. [12].

B pa6oTe 171 BBIABIEHUS U XapaKTEPUCTHKU TIOYB
U PacTUTETBHOTO TOKPOBa Ha HedTe3arps3HEHHBIX
yYacTKaX NPUMEHSTNCh Ha3eMHble U ANCTAHIIHOHHBIE
METO/IBI.

1. /IByxcTymneH4yaTas KJacCUMUKAIUI 3eMeJbHOTO
nokpoBa 1o kocmuyeckomy cHumky (KC) Sentinel-2
mporpammoit MultiSpec.

2. nenTndukaims KIaccoB 3eMeJbHOTO MOKPOBa
B COOTBETCTBUU C TIOJIEBBIMH ONUCAHUSIMU W KapTaMu
pacturesbHocTH [13, 14].

3. Pacuer Beretaimmontnoro muiaekca NDVI (Nor-
malized Difference Vegetation Index) B KakgoM K-
cejie TeppUTOpUM MecTOpokaeHUil B cucteMe ERDAS
Imagine.

4. JlabopaTopHOe OIIpeJe/ieHIle COAEP/KaHus yT-
JIEBOZIOPO/ZIOB B (POHOBBIX W 3arpsA3HEHHBIX 06paslax
TTOYBHI.

B Tabn. 2 mpuBeNeH TepevYeHb WUCIIOIb3YeMBIX
B pabore KC, maThl cbeMKH KOTOPBIX GJU3KU K JaTaM
ot6opa T1po6. IIpoctpaHcTBeHHOe pa3pemienne KC
Sentinel-2 u Landsat-8 cocrasisier 10 u 30 M B Hagupe.

Ta6numa 2

KC, HCIIOJIb3y€EMbIE€ B pa60Te, U METEeOPOoJIoTHYEeCKUe
XapaKTEepUCTUKHU C MeTeOoCTaHI[uUu He(l)TeIOI‘aHCK

CnyTHUK Jlata cpeMKI | T, °C | U, %
Sentinel-2 13.05.2020 . 26,4 45
Sentinel-2 05.06.2020 . 16,5 46
Sentinel-2 16.07.2020 . 23 65
Landsat-8 08.08.2020 . 26,5 43
Sentinel-2 25.09.2020 . 9,6 66
Sentinel-2 22.05.2021 1. 28,5 25
Sentinel-2 14.06.2021 1. 27,5 28
Sentinel-2 09.07.2021 r. 25,8 45
Sentinel-2 23.08.2021 r. 29,3 51
Sentinel-2 27.09.2021 r. 7,2 58
Sentinel-2 30.10.2021 r. -7,9 71

Ilpumeuanue. T — TeMmepaTypa BO3yXa Ha BbICOTE
2 M Hax mnosepxHocTbio 3emmn, °C; U — oTHocurerbHasA
BJIAJKHOCTD HA BBICOTE 2 M HAJ MMOBEPXHOCTHIO 3eMJIH, %.
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B cooTBeTcTBUM € peKOMEHAAIMAMU, TPUBeIeH-
opiMu B [13], A1 cocTaBiIeHNSA KapThl PaCTUTETHHOCTH
6bLTa UCIOJIb30BaHa mporpaMMHuas cucrteMa MultiSpec.
C ee momormipio ObLTO TpoBefeHa pasbuBka KC Ha
21 xyjactep € OTHOCHTEJIbHO HA€HTUDUIIMPOBAHHOIM
pacTuTeIbHOCThIO Ha ocHOBe uteparuBHoro (Isodata)
agropuT™Ma Kiactepusanuu. /[lamee Oblia BBITIOTHEHA
MHOTOMepHas KJIACCH(UKANNSA C MOMOIIBI0 aITrOpHTMa
ECHO Ha ocHOBe BblJle/iIeHHBIX KJaacTepoB. boJiee Tou-
Hagd UAeHTHUKAINA KJIACTEPOB MPOBOAUIACH B COOT-
BETCTBUH C HA3eMHBIMHU OMUCAHWAMHU W KapTaMU PacTu-
TeJLHOTO TIoKpoBa [13, 14].

Jl1s1 OTeHKM COCTOSTHUS PACTHTETHHOTO TOKPOBA
Ha HedTe3arpsI3HEHHBIX U (POHOBBIX yYacTKaX ObLIT pac-
cuutaH BeretainoHHblll nHaekc NDVI. Pacuer NDVI
OCHOBAaH Ha pasHUIle OTpaKeHUs B OmkHell nHpa-
kpacHoii (MK) o6acTi 51€KTpOMarHUTHOIO CHEKTpa
(NIR) u B kpacuoit uactu cuekrpa (Red). s
Landsat-8 mHa KpacHyo 06JacTh CIEKTpa € [JINHAMHE
BoH (,630—0,680 MKM TIPUXOAUTCA MAKCUMYM TIO-
TJIONEHUsI COJIHEYHON paaualuu XJopoduaioM, a Ha
6mmxaiolo MK-30ny 0,845—0,885 MKM — MakcuMasib-
HOe OTpa’KeHHe JHEPrHH KJIETOYHOIl CTPYKTYpOil JIMcC-
ta. Cienosarenvuo, a1 KC Sentinel-2 ginnHa BoJIHBL
Red cocraBager 0,665 MM, nHa BoaHbl NIR —
0,842 mxm [15]. NDVI gBagercs mokasateneM ¢oro-
CUHTETHYECKN aKTUBHOW (uToMacchl. MHaekc Bbrumc-
Jgercs mo GopMyJie

NDVI = (Pnir - pred )/(pnir + pred)y

rae Py, Prq — oTpaskenme B 6amxHeit MK- u kpac-
HOUl o6sacTax crekrpa. 3Hadenuss NDVI B Hapymien-
HBIX TOPGSIHBIX 6os0Tax uaMensiorcs ot 0,2 mo 0,45;
3HaueHus NDVI or 0,4 no 0,6 xapakTepusyioT pacTu-
TeJIbHOCTb KaK IIPOMEKYTOUHYI0 MeXXAy IYCTOi U pas-
peskeHHolt; Bble 0,6 TOBOpAT O I'ycTOM pacTUTEJbHOM
mokpose [16].

IKCIeNIINOHHDBIe PaboTHI 10 0T60PY P06 PoHO-
BBIX W 3arpsi3HEHHBIX IOYB Ha Tepputopun XMAO
npoogmn B 2020 u 2021 rr. Oco6oe BHUMaHIE OBLIO
y/IeJIEHO aHTPOIIOTEHHO HApYIIEHHbIM BCJIEJCTBUE aBa-
PUITHBIX pa3inBoB HedTH TepputopusaM. C 3Toil 1enbio
6l 06cJefoBaHbl  HedTe3arpsi3HEHHBIE  YYaCTKH
BOM3HW JIMHWIT TPyOGONPOBOIOB, TPOU3BOJICTBEHHBIX
00BEKTOB MecTOpOXkJeHuil. B Tabs. 3 mpuBeqeHbl HO-
Mepa IUIONA0OK C HAa3eMHBIMH HccjaeqoBaHuaMu (Ho-
Mepa COOTBETCTBYIOT o6o3HaueHusiM Ha puc. 1). Yua-
ctku Ne 1, 2, 5, 7 — MaMOHTOBCKOe MeCTOPOK/eHHE,

Ne 3, 4 — BOm3n IleTenmHCKOTO MeCTOPOKAEHNA,
Ne 6, 8 — ynmasmennbie QoHOBble y4acTKu. I[lmommaaku
Ne 1,7 — co crappiMu HedTepas3JnBaMu, KOTOPBIe

npousonmn B 2014 u 2015 rr., mnomanku Ne 3, 5 —
co ceexumn Hedrepasnuamu (2018, 2019 rr.). Ha-
3eMHBbIe JCCJIe/JOBAHUST TMPUBEAEHHBIX B Tabs. 3 ydacT-
KoB Ne 1—4 mpoBouan B 2020 T., a yqacTkoB No 5—8 —
B 2021 1.

Ha mromazakax Ne 1, 3, 5, 7 mponutanuyio HepThIO
3emiio ot6upaau mrHekoBbiM Oypom HINY-200,/3EM
Ha Tay6ure 10 cM. BusyanbHO MOYBeHHbIE TOPU30HTHI
6B OTHOPOHO TPONMUTAHBI HE(PTHIO C COOTHOIIEHN-
eM koHnentpannit 1: 1. Ha ¢onoBBIX miomamakax 06-
pasIibl TIOYB OTOMPAINCh HAa yKa3aHHBIX B TalJ. 3 pac-
CTOSIHUSIX OT HedTe3arps3HeHHbIX y4yacTKoB. Orto-
6paHHble 06pasibl MOYBBI M TOopda aHAIU3UPOBAIU
MetoqoM WK-criekTpoMeTpun, KOTOPBIN 3aKJIOYAETCS
B OKCTpPaKIMu HeDTENPOIyKTOB U3 TOYB YEThIPEX-
XJIOPUCTBIM YTJIEPOJIOM, XpoMaTorpaduiecKoM OT/ie-
JeHn HedTeTPOAYKTOB OT COIYTCTBYIONIMX OPTaHU-
YeCKUX COeJUHEHUN IPYTHX KJACCOB M KOJHMYECTBEH-
HOM oTlpe/leJIeHNN He(pTeNPOAYKTOB MO NWHTEHCHBHOCTU
moryomeHns B aAunamazoHe M K-o6iactim  cmektpa
4000..400 cm™' ma MK-Dypoe-crnexrpomerpe Nicolet
5700 (paspemrenne — 4 cM!, uncio cKaHOB IPOGBI —
64)[17].

Ta6aunma 3

XapakTepucTHKa OTOGPAHHBIX MPOG MOYBBI

Howmep MecroposxeHue Hedresarpsisuenue,/ Ghon Hata Hara Tun Buotron
ILTOMIAIKI aBapuu or6opa npo6 | mouB
1 MaMoHTOBCKOE Hedresarpssnenue WMionp 2014 1. 26.08.2020r. O Boaoro
2 MamoHTOBCKOE Don - 26.08.2020 r O Boaoro
(paccrosnaue 200 M or Ne 1) T : :
Hedresarpsasuenue
3 IlerenmuHCcKOE (pacctosmie 200 M ot No 4) Hos6ps 2019 . 10.09.2020 r. OM Jlec
4 [Terennckoe Don - 10.09.2020 r. OM Jlec
Hedresarpsasuenne
B MamoHTOBCKOE (na paccrosmm 25,73 K o1 No 6) 2018 r. 14.08.2021 r. OM Jlec
[ - Don — 28.09.2021 r. OM Jlec
Hedresarpsasuenne
7 MamoHTOBCKOE (wa paccrosmmm 34,55 kM o1 No 8) 2015 r. 20.08.2021r. O Bomoto
8 - Dou - 28.09.2021r. O Boaoro

[Ipumeuwanune. O — opranorenssiii Tun nouB; OM — opraHOMUHEPAJbHBIN THIT TIOYB.
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PesyabTarsl 1 006CYKAEHUS

B pesyabrate o6pabotkn KC Sentinel-2 Boigenen
21 wyacrtep 06BEKTOB, KOTOpbBIE jajee ObLIUA CTPYIIIIH-
poBaHbl B 16 KJIacCOB TPUPOAHBIX U aHTPOIOTEHHBIX
00bEKTOB, TIpeJCTaBJeHHbIX Ha puc. 2. M3 HEX
K IPUPOAHBIM oTHOocATca (puc. 2): TeMHOXBOHHBDIIL
Jlec; CMeIaHHBIN Jiec; CBETJOXBOWHBINA JieC; COCHOBO-

I TeMHOXBOITHBII Jlec
Bl CMelraHHbII JTec
I CBeT10XBOITHBIIT J1eC
' CoCcHOBO-KYCTapHIYKOBO-carHoBoe 6010TO
B Me/KOTICTBEHHBIIT JTec
TpaBsuble GUTOIEHO3BI C MEIKOINCTBEHHBIM HOIPOCTOM
B [ps1/10BO-MOYQKITHHO-03€PKOBBIE KOMILTEKChI

0 4,258,5 17 kM

| IS IS I S S—— |

KYCTapHUYKOBO-Cc(harHoBoe 6GOJIOTO; MEJKOJUCTBEHHDIH
Jlec; TpaBsIHbIE (PUTOIIEHO3BI C METKOJUCTBEHHBIM IO/-
POCTOM; TPSTOBO-MOYAKHHHO-03€PKOBbIE KOMILIEKCHI;
TPAI0BO-MOYKUHHBIE KOMILTEKCHI; MOXOBO-TPABSIHBIE
60JI0Ta; OTKPBITBIE YYACTKU W YYaCTKH C PeAKOH Tpa-
BAHUCTON PACTUTETHHOCTHIO. K aHTPOMOTEHHBIM OTHO-
caTcs: TPU Kjacca ¢ Pa3HOi 3acTpoilkoil B HaceseH-
HBIX TMyHKTaX, Ha pUC. 2 06beJNHEHHDbIE B OJUH KJACC

B ['pa10BO-MOYAKHHHBIE KOMILTEKChI
[ MoxoBo-TpaBsHbie 60JI0Ta

I OTKpbITbIe YYACTKH U YYaCTKI
C pelKoil TPaBAHNCTOIH PaCTUTEIbHOCTHIO

I KycToBble ILIONIAIKH
B HaceneHnHble ITyHKTBI
I JIOI1 u goporn

W HedresarpsasHeHHbIe 3eMJIH
Bl Pexun, osepa

[ I'panuna MecTopoxkaeHIi

Puc. 2. Kapra pacTuteJJbHOTO MOKPOBA U aHTPOIOTEHHBIX 06bekToB. O6osHaueHus (oHoBbix (Ne 2, 4, 6, 8) u HedrTesarpsa3HeH-

upix (Ne 1, 3, 5, 7) yuactkoB: 1 — HedresarpszHeHHoe c(HarHoBO-0COKOBOE GOJIOTO ¢ TPOCTHHKOM; 2 — cparHOBO-0COKOBOE 60JI0-

TO; 3 — HedTe3arps3HeHHbIII MeJKOJIUCTBEHHBIN Jiec; 4 — COCHOBO-eJIOBBIN Jiec; 5 — HedTepasnB B COCHOBO-€JOBOM Jiecy; 6 —

€JIOBBIN Jiec; 7 — 60JIOTO MeJNKO-KOUKoBaToe C(harHOBO-OCOKOBOE; 8 — TPSAA0BO-MOYaKMHHBIN KoMmiuieke (cM. IBeTHON pucyHOK
Ha cafite http://iao.ru/ru/content/vol.36-2023,iss.07)
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«HaceJeHHble TYHKTBI»; OAWH KJACC — JUHUH 3JeK-
tponepenaun (JIDTI) u Tpu K1acca — aBTOJOPOTHU C pas-
JIMYHBIM TIOKPBITHEM, o6beinHeHHBle B Kiacc <«JIIDII
1 IOPOTH»; OJINH KJIacC — KyCTOBBIE TIOIMAIKN. Takke
BbIJIeJIEHBI [[Ba KJIACCA BOJHBIX OOBEKTOB — PEKU U 03€-
pa, o6beIITHEHHBIE HAa PUC. 2 B OJNMH, U KJacc «HedTe-
3arpsi3HEHHBIE 3eMJIN».

YcraHoBsieHo, uto GoJiotamu 3aHsTo 39,3% Kap-
TupoBanHoii Teppuropuu (puc. 2). JlecucTocTh TeppH-
Topun cocrasisier 37,7%. V13 600T pacmpoCcTpaHeHbI
IPAI0BO-MOYAKUHHO-03epKoBble KoMIiuiekchl (10,6%),
rpsA0BO-MovakuHHble KoMiuiekchr (11,1%), cocHoBo-
KycrapHuukoBo-carioBbie Gosota (9,3%), MoXoBo-
TpaBauble  (IIpenMylIecTBEHHO —c(arHoBO-OCOKOBBIE)
tunbl Gosor (8,4%). Jleca CMeIIaHHBIX TMOPOJ 3aHH-
Mmator 10,7%, cocHoBbiil jec — 11,5%, MeJKOJIUCTBEH-
Helit Jec — 8,3%, TEMHOXBOWHBIH €JIOBO-KeIpPOBBIi
KYCTapHUYKOBO-3€JIEHOMOIIHBIN JleC Ha IOBBIMIEHIAX
U JIOJTOMOIIHBIT 1 C(arHOBBI JieC B TOHIIKEHISIX
pembeda — 7,2% oT 0o6uIell IIoMmaan KapTHPOBAHHOTO
ydyactka. TpaBgHUCTas PACTUTETHHOCTh HA MecTe BbI-
py6ox, Broab gopor u JIDII zanumaer 10,4%. Hedre-
TIPOMBICJIOBbIE OOBEKTBI, OPOTU U HaceJeHHbIe IYHK-
ThI 3aHUMAIOT 6,3% u BoaHble 06beKTbl — 4,7% OT 00-
IIell IO KapTHPOBAHHOTO YYaCTKa.

Ha MamonToBCcKkoM U IleTesMHCKOM MecTOPOXK/e-
HUSIX B WTOTE B3KCIIEPTHOTO aBTOMATHKO-PYYHOTO e-
mudgpupoBanna Ha Kapre (puc. 2) cocraBien mudpo-
Boll cyofi HedTe3arpsa3HeHHBIX 3eMeJb O0Ieil TLTomIa-
b0 1,94 KM?, UTO COMNOCTABUMO C BBISBJICHHBIME
B 2001 . nHedresarpsasHerHbiMu 3eMisamu [10].

Ha BocbMu tiomagkax or6opa mpob (OHOBBIX
n He(presarpsisHeHHBIX MOYB (pHc. 2) pacCYUTaH WHAEKC
NDVI (puc. 3), KoTopbIii Ha (HOHOBBIX yyacTKaX H3Me-
Hsercsa ot 0,5 mo 0,64, 4To He MPOTUBOPEUYUT JTAHHBIM,
npuBeZieHHbIM B pa6ote [17]. Hampumep, 3HaueHUS
NDVI B Tomckoit o67acTu B HEHAPYIIEHHOM TPSIIOBO-
MovakuHHOM KoMiutekce (cheMkn 21.08 m 22.09.2019 r.)
mo jgaHHBIM mnpoaykTa MYD13Q1 coctaBuin 0,64
u 0,57 [16].

B pesysbraTe MpoBeJEHHOTO WCCJIEOBAHUS YCTa-
HOBJeHO, 4To B 2020 r. Ha HedTe3arpsi3HEHHBIX yyYacT-
kax Ne 1 u 3 ungexkc NDVI 6b11 Menbiie Ha 0,1—0,3,
yeM Ha ¢oHOBBIX y4yacTkax Ne 2 m 4. B 2021 r. Ha
Hedrezarpsg3HeHHBIX yyacTkax Ne 5 m 7 NDVI 61t Ha
0,1—0,3 MenbIe, yeM Ha (POHOBBIX ydacTkax Ne 6 u 8.
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Puc. 3. 3Hauenne magekca NDVI B ¢oHOBBIX 1 Hedresar-

pasHeHHBIX mouBax: ¢ — 2020 r.; 6 — 2021 r. O6osHavyeHUsA
ITONIAZIOK CM. Ha pHUC. 2

23.08 27.09.2021 r.

ITo pesyibTaTaM Ha3eMHBIX HCCJIEIOBAaHUIl ycTa-
HOBJIEHO, UTO COJlepsKaHue YIJIEeBOIOPOJOB Ha (POHOBBIX
yuactkax Ne 2, 4, 6, 8 He IIpeBbIlIaeT OPUEHTHPOBOYHO
nonycrumble KoHuentpamun (OJIK) nedrn u Hedre-
TPOIYKTOB B TIOYBAX CpeHe- U I0:KHO-TaeKHBIX TO/30-
JcThIX 1 AepHoBo-noazommctbix (OJIK = 4 r/kr [18]).
OpUeHTUPOBOYHBIM [IOTIYCTHUMBIM YDOBHEM CO/leprKa-
Hug HedTH U HeDTEMPOIYKTOB B MOYBAX MPeIJIaraercs
CYUTATD HIDKHUN [OMYCTUMBIIl YPOBEHb 3arpsi3HEHUs,
MpH KOTOPOM B JAHHBIX IPUPOJHBIX YCJIOBUSX MOYBA
B TeyeHWE OJHOTO TOJIa BOCCTAHABJIMBAET CBOIO MPOAYK-
TUBHOCTb, a HeTaTHBHbBIE TIOCJEICTBUS JIJISI TIOYBEHHOTO
61OTIeHO3a MOTYT OBITh CaMOIIPOM3BOJBHO JHKBIINPO-
Banbl. KoHIeHTpalms yTJeBOAOPOAOB BapbUPYETCS OT
0,33 o 1,49 r/kr (ra6n. 4). Coxep:kanue HedTeIpo-
JIYKTOB B TIOYBAX HA YYaCcTKaX, 3arps3HEHHBIX He(ThIO,
CyIIleCTBeHHO BbIlle (POHOBBIX TOKa3ateseil. Ha ydacrt-
kax Ne 1, 3, 5, 7 xonnenrpaiusa B 70—145 pa3 GoJiblie
3HaueHus O/IK, 4To cOOTBEeTCTBYeT OYeHb BBICOKOIi
CTelleHn 3arpsi3HeHust tepputopun [18].

Ta6auma 4

CocTtosiHne mMoYB U PAaCTUTEJIbBHOCTH He(l)Te3aI‘pﬂSHeHHI)IX Y4YacCTKOB

| Conepxanue yriesozno-
Homep | Hedre pozioB B o6pasiie Crenenb PacrtureabHocTh NDVI
o6pasia| pas/iuB sarpssHenus [14]
HOYBBI, T/KT
1 Crapbrit 539,67 + 53,97 OueHb BBICOKAS Cdparrogo-ocokosoe 0,45
C TPOCTHUKOM 60JIOTO
2 — 1,49 + 0,15 CdaraoBo-ocokoBoe 60J0TO 0,64
3 Caexuit 279,23 + 27,92 OueHb BBICOKAA MeKOMCTBEHHBIN JTec 0,32
4 — 1,37 £ 0,14 COCHOBO-€JIOBBIIi Jiec 0,53
5 CBesxuit 579,76 + 57,98 OueHb BBICOKAS COCHOBO-€JIOBBIIi JIec 0,42
6 — 0,33 £ 0,03 EnoBbrit Jsec 0,5
7 Crapbrit 534,79 + 53,48 OueHb BBICOKAS Meo-Koukosatoe 0,42
c(arHoBo-0coKoBoe 60JI0TO
8 — 1,13 £ 0,11 I'psanoBo-mMouaskunubiii Kommieke 0,61
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Ha TopdaubIx MesKo-KOUYKOBATHIX C(aTHOBO-0CO-
koBbIX 6osotax (Ne 1 1 7) B 2020 u 2021 rT. coxpansa-
ercs BBICOKUiT ypoBeHb Hedresarpssuenus: 539,67 r/kr
(Ne 1) u 534,79 r/kr (Ne 7) coorBercTBeHHO. B jaTbI
KOCMHYEeCKO!l cheMKH, OJM3KHe K JlaTaM Ha3eMHbBIX HC-
caepoBanuit, 3Hadennsi NDVI Ha pmaHHBIX yuacTkax
cocrasigor 0,45 (8.08.2020 r.) u 0,42 (23.08.2021 r.)
cooTBeTcTBeHHO (Tabu1. 4), YTO CBUIETENBCTBYET O HAPY-
IIIEHHOM COCTOSTHHU TOP(SHO-PACTUTENBHOTO TTOKPOBA.
B MeJKOMMCTBEHHOM U CBETJIOXBOWHOM Jiecy Ha ILIO-
magkax co cBexxuMu HedrepasamBamu NDVI = 0,32
(25.09.2020 r.) u 0,42 (23.08.2021 r.), uTO MeHbIIe
QoHOBBIX 3Ha4YeHNII B HeHApYyUIeHHBIX Jecax Ha 0,1—
0,2 en. B necy yuactku Ne 3 m 5, HedTesarpAsHeH-
wole B 2019 u 2018 rr., OT/ANYAIOTCS KOHIIEHTPAIUSAMU
He(TIHBIX YIJEBOJAOPOAOB B TOYBAX: y4acTok Ne 3 —
279,23 +27,92 r/xr; ydactok Ne5 — 579,76+
+ 57,98 r/kr (Tabu. 4).

3akaoueHnne

B Hacrogmieii pabote TpeCTaBIeH KOMILIEKCHBII
O/IX0/1, 06beNHAOMNN ANCTAHIMOHHBIE W Ha3eMHbIe
MeToIbl MOHUTOPHHTA II0YBEHHO-PACTHTEJHLHOTO IIO-
KPOBa, K OlleHKe COCTOIHNS HedTe3arps3HEHHBIX IIOUYB.
O6paboTKa KOCMHYECKHX CHHUMKOB Sentinel-2 cpemcr-
Bamu mporpamMbl Multispec mosBosmia kJiaaccuduim-
poBath HedTezarps3HeHHbIE 3eMJIH, Pa3HbIe THIIBI pac-
THTETbHOTO MOKPOBa, 00DbeKThI HHMpacTpyKkTypol. OT-
pakeHBI MeToAMYeCKUe BOMPOCHI KapToTrpadUpOBaHUI
II0 KOCMOCHUMKAM M BepH(UKAIUK MOJYIeHHOTO pe-
3ynbrata nmo ¢otorpaduam. CocraBieHa Kapra, oTpa-
>Kaollasl IPUPOJAHO-aHTPOIIOTEHHYI0 CTPYKTYPY Teppu-
topun Hedreforanckoro pafiona XMAO B ycroBEAX
HedTeTa30100bI9M, Ha KOTOpPOil oTo6pakeHsl 10 THIOB
pacTuTeJbHOTO MOKpoBa U 3 THIIA AHTPOIOTEHHBIX
00DbeKTOB, HedTe3arpsi3HeHHbIE 3eMIU. BbisBieHa TL10-
maab HedTe3arps3HeHHbIX 3eMesib Ha lleTesmHCKOM
n MaMoHTOBCcKOM Mectopoxaenuax (1,94 kM?). 3Ha-
yeangs NDVI Ha HedTe3arpA3sHeHHBIX ydacTKaxX Ha
0,1—0,3 MenbIle, yeM Ha (DOHOBBIX.

Ha Bcex ycTaHOBIEHHBIX HedTe3arpsa3HEHHBIX
yYacTKaxX HaOJ0[aeTcsl O4YeHb BBICOKASI CTeleHb 3a-
TPSI3HEHWS ¢ KOHIleHTpalmeil HedTempoaykroB B 70—
145 pa3 GoJbllle OpUEHTHPOBOYHO AomycTuMoii. [Tosry-
YeHHDBIE B CTaTbe Pe3yJbTaThl MCCIeOBAHUII MO3BOJIAT
IPOBOJUTh MOHHTOPHUHT U OIEHKY COCTOSHHUS ceBep-
HBIX TEPPUTOPHI B 30HE BO3/elicTBUsS HedTerasomo0bl-
BaIOIIEr0 KOMILTEKCA.

Dunancuposanue. PaboTa BbINONHEHA B paMKaX
rocynapctBeHHoro 3aganuss UXH CO PAH npu ¢un-
HAHCOBOI Tojiepskke MUHHCTEPCTBA HAYKH M BBICIIE-
ro o6pasosarusa PO (HMOKTP 121031500046-7).
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M.N. Alekseeva, D.V. Fedorov, I.V. Russkikh, I1.G. Yashchenko. Remote-ground monitoring of oil-
contaminated lands of the Nefteyugansk region of Khanty-Mansi Autonomous Okrug.

An approach which combines remote and ground-based methods for monitoring oil-contaminated soil and
vegetation cover is suggested. A map is presented that reflects the natural and anthropogenic structure of the
territory of the Nefteyugansk region of the Khanty-Mansiysk Autonomous Okrug in the conditions of oil and
gas production. The legend of the map shows 10 natural and 3 anthropogenic types of vegetation cover and the
open surface of the Earth in the area located in the Salym-ODb flat terraced swamp-taiga landscape province.
It was revealed that after oil spills, the soil and vegetation cover experiences a long-term negative impact.
The NDVI values in the oil-contaminated areas are 0.1—0.3 lower than in the background ones. In satellite ima-
gery in days close to those of ground-based surveys, the NDVI of oil-contaminated areas of sedge-sphagnum
bogs is 0.45 (8.08.2020) and 0.42 (23.08.2021), respectively. In small-leaved and light-coniferous forests
on sites with a negative impact of fresh oil spills, NDVI = 0.32 (25.09.2020) and 0.42 (23.08.2021), respec-
tively. The concentration of oil products in contaminated soil samples lies in the range 280—580 g/kg, excee-
ding the approximately permissible concentrations by 70—145 times.
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