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AHHOTaUMs. 3arps3HEHUE BOJ B JAHHBI MOMEHT OJ/IHA M3 PAaCIPOCTPAHEHHBIX TPOOIEM COBPEMEH-
HOro Mupa. MHoOrue cTrpaHbl MPUHUMAIOT 3aKOHBI, KOTOpPBIE 3alpelialoT 3aHUMAaThCs JAESITEeIbHO-
CTbI0, HAPYILIAIOLIEH SKOJIOIMUECKOe COCTOSHUE BO0eMOB. OHAaKO, MHOTUE NPEANPUITUS IIPEHE-
OperaroT 3aKOHO/IaTEIbCTBOM U MPOJIOJIKAIOT 3aHUMATHCS SKOJIOTMYECKHU ONAaCHOU e TEIbHOCTBIO.
Bopa siBrisieTcst OTHIM M3 CaMbIX IIEHHBIX PECYPCOB 3€MJIM JUTSI CYIIIECTBOBAHHUS Y€JIOBEKa, Onocheps
Y KU3HU B 11e7IoM. Ha HbIHelHeM 3Tane pa3BUTHS TeXHOCHEPDI, KOTa B MUPE B OOJbIIEH CTEeHH
BO3pacTaeT BO3/IEHCTBUE YEIIOBEKA HAa Tupocdepy, a IPUPOAHbIE CUCTEMBI B 3HAUUTEIbHOM CTETIEHU
yTPaTHUJIM CBOW 3alllUTHBIE CBOICTBa, OYEBUJAHO HEOOXOIUMBI HOBBIE MOJXOABI B 3KOJOTH3ALUU
MBIIIJIEHUS] 17151 OCO3HAHUS PEAJIbHOCTU U TEHIEHIUH, KOTOPbIE JI0JKHBI IOSIBUTHCS. B MUPE B OTHO-
IICHUH TIPUPOJBI B IIEJIOM U €€ COCTABIISIONIHX.

KuroueBble ciioBa: nHaeKc, MHOTOcniekTpaiabHbie, Envi, ERDAS, cimuBanune, ModelMaker, eBkiu-
moso, AWEIL Bonnsie, sentinel-2
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Abstract. Water pollution is currently one of the most common problems in the modern world. Many
countries pass laws that prohibit activities that violate the ecological state of water bodies. However,
many enterprises ignore the legislation and continue to engage in environmentally hazardous activi-
ties. Water is one of the earth's most valuable resources for human existence, the biosphere and life
in general. At the current stage of the development of the technosphere, when the human impact on
the hydrosphere is increasing to a greater extent in the world, and natural systems have largely lost
their protective properties, it is obvious that new approaches to the greening of thinking are needed
to understand the reality and trends that should appear in the world in relation to nature. as a whole
and its components.

Keywords: index, multispectral, Envi, ERDAS, stitching, ModelMaker, Euclidean, AWEI, aquatic,
sentinel-2

Beeoenue

3arpsi3HeHHe BOJl B JaHHBIM MOMEHT OJIHA U3 PaCIpOCTPAaHEHHBIX MPOOIEM CO-
BPEMEHHOTO MUpa. MHOTHE CTpaHbl IPUHUMAIOT 3aKOHBI, KOTOPbIE 3aMpenatoT 3aHH-
MaTbCsl JESATEIBHOCTBIO, HapylLIaroIled 3KOJOTMYECKOE COCTOSIHME BOmoeMoB. Og-
HAKO, MHOTHE MPEANPUATHS TPEeHEOPEraroT 3aKOHOAATEIbCTBOM U ITPOIOJIKAIOT 3aHU-
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MaTbCs SKOJIOTHYECKH OITACHOM AeATENbHOCThI0. Boa IBIII€TCS OJTHUM U3 CaMBIX LICH-
HBIX PECYpPCOB 3eMJIU JIJIs CYIIECTBOBAHUS UeloBeKa, ornocdepsl v xKU3HU B 11enoM. Ha
HBIHEIITHEM JTale pa3BUTUS TeXHOC(]EpHI, KOT/ia B MUPE B OOJIbILIEH CTENEHH BO3pac-
TaeT BO3/CHCTBHE YelOBeKa Ha THApocdepy, a MPUPOJAHBIE CUCTEMbI B 3HAUUTEIHHON
CTENEHU YTPATW/IA CBOM 3allUTHBIE CBOWMCTBA, OYEBUIHO HEOOXOIMMBI HOBBIE IMOJ-
XOJIbI B OKOJIOTU3AaI[M1 MBILLICHHUS I OCO3HAHUS PEATbHOCTH U TEHICHIINM, KOTOPBIE
JOJKHBI ITOSIBUTHCS B MUPE B OTHOLLIEHUU MPUPOBI B LEIOM U €€ COCTABIISAIOIINX.

Ilocmanoexka 3a0auu

[enbro maHHOM paOOTHI SABJISIETCS MPOAHAIM3UPOBATH paOOTy HHTEIIJICKTYaJIbHBIX
TEXHOJIOTUN Ha MYJIBTUCIICKTPAJIbHBIX CHUMKAX CIIYTHHKOBBIX CUCTCM C HAIIMYUCM
ruaporpaduu, MPOBECTH aHAIM3 CHUMKOB, CJIeJIaTh BEIOOPKY, KOTOPOH MOXKHO OyAeT
BOCITIOJIB30BAThCA Ha CIACAYIOIIUX MYJIbTHUCIICKTPAJIBbHBIX CHUMKAX AJIA OIIPCACIICHUA
3arpsisHeHus o [1-4].

I[JI}I HaxX0XIACHUA BOAHBIX 00BEKTOB Ha MYJBTUCIICKTPAJIbHBIX CHUMKAX MIMPOKO
HCIIOJIB3YIOTCA CICAYIOMNC NHACKCHI:

— AWEI (Automated Water Extraction Index) NDWI (Normalized Difference
Water Index);

— NDMI (Normalized Difference Moisture Index);

— MNDWI (Modified Normalized Difference Water Index);

— WRI (Water Ratio Index).

Bce BBIIICTICPCUYUCIICHHBIC MHACKCHI IIPHUCBAUBAIOT rm:[porpa(bm/l ITIOJIOKUTCIIb-
HBIC 3HAYCHHUS, [0 KOTOPHIM MOKHO OTIPENENSTh IBETEHUE U 3arps3HeHHe BOA [5—7].
@opMyJibl HUHAEKCOB IIPEICTABIICHBI B TAOIULIE.

Nnnexc Bripaxxenus

NDWI NDWI = (GREEN — NIR)/(GREEN + NIR)

NDMI NDMI = (NIR — MIR)/ (NIR + MIR)

MNDWI MNDWI = (GREEN — — MIR)/(GREEN+ MIR)

WRI WRI = (GREEN + RED)/ (NIR + MIR)

AWEI AWEI =4 x (GREEN —MIR) — (0,25x NIR + 2,75 x SWIR)

HauGounee nerkuii cioco0, peanu3yemslii ipu 00padOoTKe N-30HATBHBIX CHUMKOB,
BBITIOJIHACTCS, KOT/[a BCE MPU3HAKK MPUMEHSIOTCS B KaUeCTBE 3HAUCHUSI HHTEHCUBHO-
CTH B CIIEKTPAJIbHOM JMarna3oHne. Bektop npusHakoB MOXKET ObITh UCTIOJIb30BAH B Ka-
YEeCTBE ATAJOHA, COOTBETCTBYIOIIUN JAaHHOMY MTUKCEII0 Ha N300paKEHUSX, & PACCTO-
SHUE B MPOCTPAHCTBE MPHU3HAKOB OMpPEIEISIETCS KaK PacCTOSHUE B N-MEPHOM MpO-
CTpaHCTBE.

CoOOTBETCTBYIOUINM STAJIOHY B BEKTOPHOM MIPOCTPAHCTBE MPU3HAKOB N-MEPHOTO,
paccrostHus (1):

e = (8182 .en) (1)
Y BEKTOPOM, TEKYIIETro nukcens (2),
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X = (x1X5 ... Xp) 2

a TaK)Ke MOXKET OBITh OIIPEICIICHO KaK €BKIMI0BO paccTosiHue (3).

d(6,%) = \/(ey + x1)2+(e2+x2)% + -+ + (en + x,)? 3)

EcTh BO3MOXXHOCTH BOCHOJIB30BaTHCS KaK €BKJIMOBO PACCTOSHUE C BECOBBIMU
K03 uLIMeHTaMH, BHIOPaHHBIMU B TaJIOHE (4):

ds(e,x) = \/w1(31 —x1)?twy(e;—x3)% + -+ + wy (e — xp)? (4)

Huctanmus d3 wcnons3yeT BecoBbie KOA(D(PHUITMEHTHI, KOTOPBIE 3apaHee I0JI0-
OpaHbl B H(OOPMATUBHOCTH MPU3HAKOB IS TAHHOU 3a/1a4u. J[aHHBIM 00pa3oM, ¢ To-
MOIIBIO BEIOOpA TUCTAHIIUN CXOJICTBA, METOJ MOKET OBITh ITOABE/ICH K TAHHOM 3a]1a4e.

Ji1st co3manHOTO H300pakKeHUS B KAUECTBE ATATIOHA OBLITN B3SThI SPKOCTHBIC MTPH-
3HaKu AneMmeHTa gona [ 10—12], kak npeacraiaeHo Ha (puc. 1).

Puc. 1. IlpencraBienrne COBOKYITHOCTH U300paXEHUH B CHCTEME
JTUCTAHIIMOHHOTO 30HAMPOBAHUS MPUPOIHOTO JaHAIIadTa, MOJTyISHHBIX
B TpeX KaHayax (a) u cozaanHoe uobdpaxenue (0)

3Kcnepumenm CO cuiueanuem my,iomuCneKmpaibHbvlxX CHUMKO8

CkaunBasi MHOTOCTIEKTPAJIBHOTO U300payKeHNE NUCTAHIIMOHHOTO 30HIUPOBAHUS
HY>KHO 3HATh CIIEKTPAIbHBIC AUAMA30HbI CUCTEMBI JIJIS1 TOTO, YTOOBI CIIUTH MPABUIHLHO
M300paxeHusl AeCITUMETPOBOTO, IBAIIATAMETPOBOTO U MIECTUIECATUMETPOBOTO Pa3-
peuenus. [{ns npuMepa OyaeT nokaszaHa cucrtema sentinel-2 Ha (puc. 2) u (puc. 3).
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jfnd 4 (665 nm)

Band 3 (560 nm)

Puc. 2. CniexTpasibHBIN AUaNa3oH
JTECATUMETPOBOTO MYJIbTUCIIEKTPAIBHOTO U300pasKeHUS

SWIR
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Puc. 3. CnekrpanbHblii Juana3oH ABaJUATUMETPOBOTO
MYJIBTUCTIEKTPATIBLHOTO U300paKEeHUS

JIns cuivBaHust U300paKEHUM TTO KaHalaM UCIOJIb3YeTCsl TporpaMMHoe odecrie-
yenue ERDAS 2015 u Bctpoennas @ynkuus Model Maker (puc. 4).

[ New_Model - o X
File Edit Model Text Process Help

FEOES § 2B & 7 B4

< b3
Close the Model

Puc. 4. Untepdeiic nporpammuoro odecneuenuss Model Maker
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YToOB! CHINTh MHOTOCIEKTPAIbHbIE KaHAIbl HEOOXOJUMO 3HATh UX CIEKTpalb-
HbIE JMANA30HbI ISl AECATUMETPOBOIO CHUMKA. JlJIg CIIMBaHMS AECATUMETPOBOIO
n300pakeHus TpeOyeTcsl BTOPOd, TPETUH, YETBEPTHIA U BOCBMOW KaHaJ, 4To h300pa-

*eHo Ha (puc. 5).

di/student/practice/kyrsovaiftema kersovai/day 11.11.19/mdl/10m.gmd - O X
Eile Edit Model Text Process Help
sEDES & 2@d SN £ B4
~
n_t35vup_201E073009035_602 1 136, 2007 I0S0SE] bz ™-13Bvwe_ ABOTIONSOE!_b04 12 wp_201B07200S0651_bOB
STACKUAYERS
nE_10
v
Dismiss the tool palette

Puc. 5. IIponecc cumBanus AECATUMETPOBOTO CHUMKA

PGBYJ'IBTaT CHINBAHUA ACCATUMCTPOBOIO CHUMKaA ITPCACTABJICH Ha (pI/IC 6)

C Il B2 -Pre-= Raster Untitled:1 - ERDAS IMAGINE 2015 = X
Home | ManageData  Raster  Vector  Temain  Toolbox  Help ~ Multispectral  Drawing  Format  Table > @
E PN T3 Select|~ 5 )/@ A+ 9 Previous Extent P 1 Align North ~ @ Q-@ (ﬂ ol | ErrrrrrrE @t - 2 - ol e o -
e | 7 Inquire ~ Copy pos £~ %pan i yL i it = = i
- B [jFETo i & o EETITTom| O - ¥
(Contents Metadata | o peasure + | [ Paste | ) | Frame " 22 [1:748510 *] | Views Views Sentes | @ Clearview = | B¢ O - A (R | 9 C-HA<EDDN S
nformation Edit Extent Windov Scale and Angle Roam
Contents R X 2D View #1: 10img (Layer_4)iLayer_3](Layer_2) S AR T X
=[] mml 2D View #1
= @

_ Background

Retriever 2 x

596315.93, 6832262.17 meters (UTM Zone 36(WGS 84)) 0.00

596315.93, 6832262.17 (UTM / WGS 84)

Puc. 6. Pe3ynbTaT cliiBaHusI 1€CITUMETPOBOIO CHUMKA
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JIist ciumBaHMs 1BaIIaTUMETPOBOTO CHUMKA TPeOYIOTCS MATHIH, ECTOM, Cellb-
MOM, BOCbMO#, OIMHHAAIATHIN U ABeHaAnaThi kanasl [ 13—18]. ITpouecc cuimBanus

npeacTaBiieH Ha (puc. 7). Pe3ynbraT cuimBaHusi IBaAllaTUMETPOBOIO CHUMKA Mpe/-
CTaBJIeH Ha (puc. 8).

difst practic

flyrsovairt fday 11.11.18/mdl/20m.gmd

File Edit Model Text Process Help
= A
il
jm]

zEDRES & =222 & 2 3%
3201807 30090581, 0B r3_t36vwp_202072ypaossT| O Bowp_201 80730080561_baa M8 13Gp_ 2018073003051 _bi1

nl_t36vwp_201807301090551_b(Y 1_t36vwp_201 80730090551 _b12

| Ciose |

STACKLATERS

n6_20

Puc. 7. IIponiecc cuimBanus 1BaaliaTUMETPOBOTO CHUMKA

@ASEHL - Lo

Raster Untitled:1 - ERDAS IMAGINE 2015 = X

elp Multispectral Drawing Format Table (2]
= s | N )

K = 5 w0 s W ekl ow

IMAGINE Image Spatial Model Model pfosaic AutoSync — Stereo  Maps VirtualGIS
Photogrammetry Equalizer ~ Editor™  Maker” +  Workstation” Analyst™ - 3

Common

Contents R X 2D View #1: 20ima (Layer_d](Layer_3)iLayer_2) AR
= #= 2D View #1

@[ g E

@[] g 10:img

I Background

Retriever 1 x

33C. FARE

594437.22, 6878812.36 (UTM / WGS 84) 594437.22, 6878812.36 meters (UTM Zone 36(WGS 84))

Puc. 8. Pe3ynbraT clivBaHus ABAILIATUMETPOBOTO CHUMKA

Hcnonvzosanue 600nbix unoexcoeé

[TockoJibKy, HHTEpECYIONINE CIEKTpaibHble KaHaabl Haxoaarcs B 10-m u 20-m
CHHUMKaX MPOCTPAHCTBEHHOTO pa3pelieHus, Heo0XouMo OyIeT BhIYECTh U3 HUX WH-
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TEPECYIOIINE CIIEKTPaIbHBIC KaHaJIbI, HCIIOIL3Yst ModelMaker. B mporpamMmMmuoM o6ec-
neuennn ERDAS IMAGINE 2015, co3naercs moaens unaexkca AWEI (puc. 9).
[Tonyuennsiii pesyabtatr AWEI npencrasien Ha (puc. 10).

Mew_Model — O s
File Edit Model Text Process Help
5 ; -
= E DR S § B@m S £ 9
-~
n1_10 n2_20
o
nd_awei
v
< >
Execute the Model
Puc. 9. Moaens nnaekca AWEI
|G EPre- Raster Untitled:1 - ERDAS IMAGINE 2015 — %
File Home  ManageData  Raster  Vector  Terain  Toolbox  Help | Thematic | Drawing  Format  Table Q
_‘ﬁ B Layer 1 - j: A Fill ! ml .¥3 z # Control Points
B Nearest Neighb - ot . 4 Single Point
Statistical - Recode Subset Spectral Count Pyramids &  Transform i
Filtering™ | Pixel Transparency & Chip~ Profile™ Features Statistics™ | & Ortho~ w9 Check Accuracy
Enhancement Vie Edit Utilities Transform & Orthocorrect
a8 x

Contents X 2D View #1: aweiing [Layer 1]

=i == 2D View #1

7 (] @ aweiimg
O

=[] @ pedlimg

a-[] @ 20img

[ Background

Retriever

613850.53, 6840820.72 (UTM / WG5S 84)

Puc. 10. AWEI

UToOBI 1O0CTUYD MTOCTABJICHHOM 1€ UCIOJI30BAJIOCh TPOTpaMMHOE oOecreye-
Hue ERDAS IMAGINE 2015, dynakunu Model Maker aiist co3ganus Mojiesiu CIlivBa-
HUS MYJIBTUCIICKTPATbHBIX M300paKEHUI B MPABWJIBHOM MOCIEA0BATEILHOCTH KaHa-
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noB. Ucnionb3oBanack pyHkuus Export 1y Toro, 4To0bl NEPEeBECTH MOJIYUEHHBIE pe-

3yibTaThl B (aitn Hy)HOro hopMarta st paboThl B IporpaMMHOM obecriedenne ENVI
[19-20].

3akarouenue

B pesynprare mpojenmaHHONW paboThl ObUTM TOJYYEHBI CIIUTHIE MO WHIAEKCAM
MYJIbTUCTICKTPAIbHBIC CHUMKH, SKCIIOPTHPOBAHHBIE CHUMKH C TIPaBUJIILHOM T€OIpH-
Bsi3kor B dopmare tiff. B mporpammuaom obecrieuennun ENVI nocne 3arpy3ku Myiib-
TUCTICKTPAIBLHBIX CHUMKOB, BBITIOJHSUIACH BRIOOPKA MO BOJHBIM HHJEKCAM, KOTOpas
B TIOCTIE/ICTBHE ObIJIa CIIOJIH30BaHA Ha APYTUX MYJIbTHCIICKTPATbHBIX CHUMKAX.

Taxum 06pa3zom, MOXKHO ClIeIaTh BBIBOJ, YTO MYJIbTUCTIEKTPATIbHBIC CHUMKH TI0/T-
XOJIAT JUISI MHACKCAIMH 3arpsi3HEHUS BOJ U UCIIOJIb30BAHUE MHTEIUICKTYaIbHBIX TEX-
HOJIOTUH e pUpPOBAHHSL.
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