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1. HEJIb OCBOEHUSA JUCHUITJINHBI

JucuumuimHa «Remote Sensing of MSW objects» BxonuT B mporpamMMmy maructparypsl «KomrmiekcHoe
ylnpaBleHHEe TBEpPAbIMH  OBITOBHIMH  OTXOmamu» 1o  HampaieHuto 05.04.06 «Oxomorus wu
NpUPOMIONIONb30BaHNe» M u3ydaercs B 1 cemectpe | kypca. ducuumiuinHy peanusyer JlemaprameHT
palMoHAIFHOTO MPUPOAONOIL30BaHUS. JMCIIUIIIMHA COCTOUT U3 4 pa3nenoB U 11 Tem U HampaBieHa Ha
u3yuyenue The course is designed to help students the in-depth study of the method of remote sensing of the
Earth and the features of its application for solving the problems of integrated management of production
and consumption waste.

Llenpro 0cBOCHMS TUCHMILIMHEI siBisieTcss The students should:

Know:

theoretical foundations of remote sensing;

mechanisms and principles of the RSE images obtaining

basic techniques for photointerpretation the remote sensing images;
basic techniques of geoinformatics;

Be able to:

use the methods of aero and space images photointerpretation to solve practical problems in the
management of production and consumption waste;

use the GIS software to solve practical tasks;

use spectral indices to solve practical tasks

use spatial analysis of territory to solve practical tasks;

Own :

skills in working with design and engineering documentation;
skills of working with normative - legal documentation

2. TPEBOBAHUA K PE3VJIBTATAM OCBOEHUSA JNUCIUIIVINHBI

OcBoenue muctuiiuHbl «Remote Sensing of MSW objectsy HanpasieHo Ha popMuUpoBaHHUE Y
00y4JaroIIMXCs CIASAYIOMNX KOMITETCHIINH (YaCTH KOMITETCHITHN ):

Tabnuya 2.1. Ilepeyenv komnemenyuii, popmupyemvlix y 00y4aouuxcs npu 0C80eHUuu OUCYUNIUHb
(pe3ynbmamsi 0C80eHUs OUCYUNTUHDL)

Indp KoMmeTenmuust HNuukatopsl AROCTHKEHHS KOMIETEHIIHH
(B paMKax JaHHOH JUCHMILIMHBI)
Crioco0eH UCToIbh30BaTh COBpEMEHHBIE ITK-12.1 YMeeT npuMeHsATh COBpEMEHHbBIE
cpencTBa reorpadguueckux HHPOPMAITMOHHBIX MH(GOPMAITMOHHBIE TEXHOJIOTHH U
CHCTEM H CHeHaI3UPOBAHHBIE TPOTPAMMEI T 00pabOTKH
K-12 MHPOPMAITIOHHO-KOMMYHHUKAITHOHHBIX MTOJYYCHHBIX JAaHHBIX M IPOBEICHHS UX aHAJIN3a,
TEXHOJIOTHA B TPOdeCcCHOHATEHOM [TK-12.2 Cnoco6eH ncnoabp30BaTh COBpEMEHHBIC
JIeSITETTBHOCTH cpezncTBa reorpapuuecKux HHPOPMAIIOHHBIX CHCTEM
1 TH(HOPMATNOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTHH B
podeCCHOHATBFHOM eATeTHHOCTH;
CIOCOOHOCTHIO pa3pabaThIBaTh THIIOBBIC TIK-5.1 Ymeer npoBOAUTH OLIEHKY BO3JICUCTBHS Ha
MPHUPOIOOXPAHHBIE MEPOIIPUATHS U OKPYKAIOIIYI0 CPeIy MPOCKTHPYEMOTO IPEATIPHATHS H
TIPOBOANTE OIICHKY BO3ICHCTBUS COOpYKEHHUH, TPOTHO3NUPOBATH 1 OLCHUBATH
TUTAHUPYEMBIX COOPY>KEHHH FITH HHBIX (POpM HEeTaTUBHBIE TIOCIIECCTBHUS;
K-S XO3STMCTBEHHOM JIEATEIILHOCTH HA ITK-5.2 CriocobeH pa3pabaThiBaTh THIIOBBIC
OKPY>KaIOIIYIO CPEIy MIPUPOIOOXPAHHBIE MEPOIIPHATHS;
[IK-5.3 BrnageeT HaBBIKaMH SKOJIOTUIECKOTO
TIPOEKTHPOBAHUS U TIOATOTOBKH CIICIIHATIBHOM
JOKYMEHTAIMH Ha MPEANPOSKTHON CTaIIH KU3HEHHOTO
UKJIa IPOCKTA;
Bnaneer HaBbIkamMu OATOTOBKHU [TK-8.1 Bnageer HaBBIKAMH MOJTOTOBKHA TEMATHIECKUX
TEMaTHYECKHX KapT M IUTAHOB, aHATUTHICCKOM KapT ¥ IUTAHOB, aHATMTUIECCKOH HHPOPMAITIH IO
WH(POPMAITIH TT0 HHKCHEPHO-IKOJIOTHIECKIM WH)XEHEPHO-3KOJIOTHYECKUM U3BICKaHUSM;
K-8 M3BICKAaHUSM ITK-8.2 CriocobeH cobuparh, aHATH3UPOBATh U
00001aTh MaTepuaibl Kaprorpaduaeckoi
H3yYCHHOCTH TEPPUTOPHH, THAPOMETEOPOTIOTHUECKIX
HaOIONEHNH, M3BICKAHNH TPOIILIBIX JIET; CBEICHUS O
HAJIMYHAN ¥ XapaKTepe MPOSIBICHHUS OMTACHBIX MPOIIECCOB




Mudgp

Komnerenuus

HNuaukaTopsl A0CTHKEHUST KOMIIETEHIIUH
(B pamMKax JaHHOM TUCHMIIJINHBI)

U SIBJICHUI; KapTorpadMyecKuii Marepua, MaTeprabl
a3poh0TO-, KOCMUYECKUX TOMOrpapUIECKUX ChEMOK;
HaBHTAIIIOHHBIE KapThI U JIP.;

[IK-8.3 YmeeT npuMeHATs COBPEMEHHBIE
MH(OpPMAaIIOHHBIE TEXHOJIOTHU U
CHeLUUaIM3uPOBaHHbIE TPOTrPAMMBI JJ1s1 00paboTKN
MOJyYCHHBIX JaHHBIX U TIPOBEJICHUS UX aHAJIN3a;

3. MECTO JUCHUMIIJIMHBI B CTPYKTYPE OII BO

HucuumuinHa «Remote Sensing of MSW objects» oTHocutrcss Kk 4yacTu, popMUpyeMOil ydacTHUKaMU
o0pa3oBaTeIbHBIX OTHOIICHUH Onoka 1 «Aucuumimasl (MOIyn)» 00pa3oBaTeaIbHON MPOrpaMMBbl BBICIIIETO

o0pa3oBaHws.

B pamkax o0Opa3zoBaTenbHO MPOrpaMMbI BBICIIETO 00pa3oBaHHs OOYYaIONIUECs TAKKE OCBAMBAIOT
IpyTrue JAUCUUTUIMHBI W/WIW TPAKTUKH, CHOCOOCTBYIOIINE IOCTHKEHUIO 3aIUIAHUPOBAHHBIX PE3YIIETATOB
ocBoeHHs quciuIuiHbl «Remote Sensing of MSW objectsy.

Tabnuya 3.1. Ilepeuensv komnonenmog OIl BO, cnocobcmayrowux 00CcmudiceHuro 3anianupo8anHbix
Dpe3yIbmamos 0C80eHUs OUCYUNTIUHDBL

IlpenmecTBylonue IMocaenyrommue
Mudgp Haumenosanue uncll)mﬂnnnHLJMol)lllynn, nncunnnnil[};llllsl:oaynn,
KOMIeTeHIHH . «
NPaKTUKH NMPaKTHKH
Crroco0eH UCIoJIb30BaTh Research Work;
COBpEMEHHBIE CPEIICTBA Pre-Graduation Practice;
reorpaduyecKux
K-12 WH(POPMAIIMOHHBIX CHCTEM H
HHPOPMAITIOHHO-KOMMYHHKAIT
HMOHHBIX TEXHOJIOTHA B
npodeccruoHaTbHON
JeSITeTbHOCTH
Bianeer HaBBIKaMH Research Work;
MOATOTOBKH TEMATHYECKUX Pre-Graduation Practice;
KapT ¥ IUIaHOB,
TIK-8 aHAJTMTHYECKOW HH(POPMAITIH
o
WH)XEHEPHO-3KOJIOTHYECKUM
M3BICKaHUSAM
CIOCOOHOCTHIO pa3pabaThIBaTh Research Work;
THITOBBIC TIPHPOJOOXPAHHBIE Work Experience Internship;
MEPOTIPHUATHSI U TPOBOIUTH Pre-Graduation Practice;
K-5 OIIEHKY BO3CHCTBUA

TJIAHAPYEMBIX COOPYKEHUIH
WA UHBIX (GOpM
XO3STMCTBEHHOM JEATSITLHOCTH
Ha OKPYKaroIy1o Cpeny

* - 3aMONHSETCS B COOTBETCTBHY ¢ Marpuieil komnerenuuit u CYII OIT BO
** _ 3JIeKTHBHbIC AUCUUILIHHBI /TIPAKTUKU




4. OFBbEM JUCHUILIMHBI 1 BUJIbl YYEEHOM PABOTBI

O6mmas TpymoeMkocTh AucuuinHbl «Remote Sensing of MSW objects» coctapinseT «4» 3a4eTHBIE TUHUIIBI
Tabnuya 4.1. Buowl yuebHot pabomuvl no nepuooam 0C8oeHUsl 00pa308amMenbHOU NPOCPAMMDBL 8biCULE20 0OPA308aHUSL OISl OYHOU OopMbL 00YUeHUS.

Bun yueoHoii padoTsl BCEIO, ak.u. CeMeclTp(-M)
Koumaxmmuas paboma, ax.u 54 54
Jlexmmn (JIK) 18 18
Jlaboparopusie pabotsi (JIP) 36 36
[Ipaxtnueckue/cemmnapckue 3ausatus (C3) 0 0
Camocmosmenvhas paboma obyuaouuxcs, ax.y. 72 72
Koumponw (sx3amen/3auem c oyenkou), ax.y. 18 18
ak.u.| 144 144
Oo0masi Tpy10eMKOCTb JHCHUILINHBI aK. Y.
3a4.ef. 4 4




5. COAEP)KAHUE JUCLHUIIJINHBI

Tabnuya 5.1. Coodeporcanue oucyuniutvl (MoOYs) no eudam yuebHou pabomot ™

Homep HaumeHoBaHue pa3iena B .
HaunmeHoBaHue TeMbI Conepixanune TeMbl y4ueoHOMI
pa3nena JTUACHHILTAHBI "
padoThI
This topic examines the physical foundations of Earth remote sensing, focusing on
The study of the physical electromagnetic radlagon principles, atmospherlc Wmdows, and spegtral signatures of natural
basics for Earth Remote and anthropogenic objects. It presents a classification of remote sensing methods by energy
. source (active vs. passive), spectral range (visible, infrared, microwave), and sensor type
1.1 Sensing, the study of types . . . . . . JIK, JIP
(optical, radar, LIDAR). The topic also reviews the major types of remote sensing platforms
and means for remote . . . : . .
sensin and sensors, including satellite systems (Landsat, Sentinel, WorldView) and airborne systems,
& highlighting their spatial, spectral, and temporal resolution characteristics for environmental
monitoring and resource management applications.
Remote sensing data This topic examines the range of geographic information systems (GIS) software used for
Pasnen 1 |Introduction. 1.2 processing software: a variety |processing and analyzing Earth remote sensing data, categorized by their functional JIK, JIP
of GIS, capabilities, architecture, and application domains.
1.3 QuantumGIS QuantumGIS interface, loading raster data, vector layers creation. JIK, JIP
This topic examines the integration of OpenStreetMap data, satellite imagery, and
georeferencing techniques as foundational elements in remote sensing and GIS workflows. It
. covers the structure and applications of OpenStreetMap as a freely available vector data
Openstreetmaps, satellite Sy o
1.4 . . source for basemaps, reference layers, and map validation. The role of satellite imagery from | JIK, JIP
images, georeferencing. . . . L . .
open sources (Landsat, Sentinel, high-resolution commercial imagery) is explored for visual
interpretation, digitization, and updating of geographic features. The topic also details the
georeferencing process.
Photointerpretation. This toplc.: examines photomterp.retatlon (1mgge .mterpretatlon) as the process of identifying
. . . and classifying objects from aerial and satellite imagery based on a systematic set of
photointerpretation signs. . Je . . . .
2.1 .. interpretation signs. It covers the direct interpretation keys—shape, size, tone, texture, JIK, JIP
L Features of recognition of . . .. s . .
Basic principles of remote P . pattern, shadow, and site (topographic position)—as well as indirect interpretation keys,
. . . artificial and natural objects. |. . . . L
Paznen 2  |sensing, classification of remote including ecological association, seasonal context, and anthropogenic indicators.
sensing methods This topic covers semi-automatic classification as an approach to thematic mapping from
29 Semi-automatic remote sensing data that combines user input—in the form of training samples representing TIK. JIP
' classification. Multispec known land cover classes—with automated algorithms to classify the remaining pixels based ’
on their spectral characteristics.
This topic examines spectral indices as quantitative measures derived from multispectral and
31 Spectral Indices. hyperspeptral rerpote sensing data to hlghhght spemﬁp lapd s;.urface properties. It. covers the JIK, JIP
formulation and interpretation of key indices: vegetation indices (NDVI); water indices,
urban indices, and landscape indices.
Methods fi lvi 1 i . . . . .
© ods for so ving p roblems The dl.V erse range of This topic covers the diverse range of ecological tasks that can be addressed using
Paznen 3  |using remote sensing and GIS ecological tasks that can be .. . L e . .
3.2 . . geographic information systems (GIS), highlighting the capabilities of spatial analysis, data JIK, JIP
tools addressed using geographic |3 . . )
. . integration, and modeling for environmental research and management.
information systems (GIS)
Spatial analysis of GIS, a This topic covers the methods of spatial analysis in geographic information systems (GIS),
33 method for analyzing focusing on techniques for modeling spatial relationships, identifying patterns, and JIK, JIP

hierarchies

supporting multi-criteria decision-making. It introduces the Analytic Hierarchy Process




Bun

Homep HaumenoBanmue pa3gena "
HaumeHnoBaHue TeMbl Conep:xanue TeMbl yueOHoit
pasnena AMCIMIIINHBI *
padoThI
(AHP) as a structured approach for solving complex spatial problems
This topic covers the application of remote sensing methods for solving tasks related to
municipal solid waste (MSW) management, including the identification, monitoring, and
characterization of waste disposal sites. It examines the use of satellite and aerial imagery for
. detecting illegal dump sites through direct interpretation keys: spectral anomalies (bright
Landfills. The main . . . .
. S tones associated with exposed waste), irregular shapes and textures, thermal anomalies from
deciphering signs of . o . .
. active decomposition or combustion, and associated features such as access roads and
4.1 unauthorized dumps. . . . . .. JIK, JIP
C vegetation stress in surrounding areas. The topic also addresses the application of
RSE methods to solve MSW Methods for determining . . I . ) .
Paznen 4 . multispectral and thermal infrared data for monitoring operational landfills: assessing thermal
tasks unauthorized dumps. . . . . .
activity to identify subsurface fires or methane hotspots; using spectral indices such as the
Normalized Difference Vegetation Index (NDVI) to evaluate vegetation recovery in closed
landfills; and employing change detection techniques to track landfill expansion and identify
new unauthorized dumping sites.
This topic covers geoecomarketing as an interdisciplinary field that integrates geographic
4.2 Geoecomarketing information systems (GIS), spatial analysis, environmental legislation and norms and JIK, JIP

marketing principles to support the waste management.

* - zanonHsiercst Tonbko o OUYHOU dopme obyuenus: JIK — nekum; JIP — maboparopusie padotsl; C3 — npakTHUeCcKre/CEMUHAPCKHE 3aHATHSL.




6. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYHEHUE JUCIHHUIIVINHBI

Tabnuya 6.1. Mamepuanoho-mexnuyeckoe obecneuerue OUCYUNIUHBL

Crnenuaau3upoBaHHoe
y4yeOHOe/1adopaTopHOe 000pyI0BaHHE,
IO n maTepuaJibl 171 0CBOCHUS
AUCHMIUINHBI (IPH HE00X0IMMOCTH)

Tun ayiuropuu OcHaleHue ayTuTopuu

Aynutopus A71sl IPOBEIEHHS 3aHATHH JTEKIIMOHHOTO
THUIIA, OCHAIIIEHHAs] KOMIUIEKTOM
JlexunonHas CIeLMAIM3UPOBAHHOI MeOeIH; TO0CKOit (3KpaHoM) U
TEXHUYECKUMU CPEICTBAMU MYyIbTUMETNA
Ipe3eHTalHH.

KommnbrotepHbiii Ki1ace uist MpOBEASHUS 3aHATHIA,
TPYIIIOBBIX U HHIWBHUYAIBHBIX KOHCYIBTAIINH,

TEKYIIEro KOHTPOJISI U IPOMEKYTOUHON arTecTalu,
KommnbrotepHsiii kitacc OCHAIIICHHAS MTEPCOHATBHBIMHI KOMIBIOTEPAMHU (B
kosmaectse 10 mT.), 10cKoi (3KpaHoOM) 1
TEXHUYCCKUMU CPEIICTBAMU MYJIbTUMEIUA
Ipe3eHTalMH.

Aynutopus A7sl IPOBEAEHUS 3aHATHI CEMHUHAPCKOTO
TUMAa, TPYNIOBBIX U HHAWBUAYAJILHBIX KOHCYJIBTALUI,
TEKYILETO0 KOHTPOJIS U MPOMEXKYTOUHOH aTTecTaluy,
OCHAIIICHHAs] KOMIUIEKTOM CIIEUaTU3UPOBAHHON
MeOeIl U TEXHUYECKUMH CPEICTBaMK MYJIBTUMEANA
Ipe3eHTalMH.

CemuHapcKas

Ayaurtopust JuIsi CaMOCTOSITENbHON paboThI
o0yuaronuxcst (MOXKET UCTIONb30BATHCS IS
NPOBE/ICHUS CEMUHAPCKUX 3aHATHH U KOHCYJIbTaLuii),
OCHAILICHHAsI KOMITJIEKTOM CIIELHaIM3UPOBAHHOM
MeOenu u komnbloTepamu ¢ goctynom B SUOC.

Jms  caMocCTosITeIbHOM
paboTHI

* - ayoquTOpUs ISl CAaMOCTOSITEIFHOH padoTs! oOydaronmxcs ykassiBaercst OBSI3ATEJIBHO!

7. YHEBHO-METOAUYECKOE U UTHOOPMALIMOHHOE OBECIIEYEHHUE JUCHUITJINHBI

OcnosHnas tumepamypa:

1. Martin Wegmann , Jakob Schwalb-Willmann , Stefan Dech An Introduction to Spatial Data
Analysis: Remote Sensing and GIS with Open Source Software (Data in the Wild) 1st Edition, Kindle
Pelagic Publishing, 2020

2. E.O. Wilson , Dawn J. Wright , Christian Harder GIS for Science, Volume 3: Maps for Saving the
Planet. Esri Press, 2021

3. Jindong Li Satellite Remote Sensing Technologies Springer, Singapore, Space Science and
Technologies, 2021 https://link.springer.com/book/10.1007/978-981-15-4871-0

4. Remote Sensing and Image Interpretation, 7th Edition, Thomas Lillesand , Ralph W. Kiefer , Jonathan
Chipman https://www.geokniga.org/bookfiles/geokniga-remote-sensingandimage-interpretation.pdf

5. Ujaval Gandhi End-to-End Google Earth Engine (Full Course Material) A hands-on introduction to
applied remote sensing using Google Earth Engine. https://courses.spatialthoughts.com/end-toend-gee.html

6. Otto Huisman and Rolf A. de By Principles of Geographic Information Systems An introductory
textbook The International Institute for Geo-Information Science and Earth Observation (ITC),
webapps.itc.utwente.nl

7. Jonathan Campbell, MIchael Shin, UCLA Essentials of Geographic Information Systems, Publisher:
Saylor Foundation https://open.umn.edu/opentextbooks/formats/249
Hononnumenvnas ntumepamypa:

1. Jonathan Campbell, MIchael Shin, UCLA Essentials of Geographic Information Systems, Publisher:
Saylor Foundation https://open.umn.edu/opentextbooks/formats/249

2. T. Takagi, T. Oguchi, J. Matsumoto, MJ Grossman, MH Sarker, MA Matin (2007) Channel braiding
and stability of the Brahmaputra River, Bangladesh, since 1967: GIS and remote sensing analyses,
Geomorphology 85, 294-305.




3. John D. Bossler; John R. Jensen; Robert B. McMaster; Chris Rizos, (Editors), 2001. Photogrammetric
and remote sensing considerations; Chapter 16, Manual of Geospatial Science and Technology, Vol 1 Part 4
Pages 233 — 252

4. John D. Bossler; John R. Jensen; Robert B. McMaster; Chris Rizos (Editors), 2001. The remote
sensing process: how do we collect the required in situ and remotely sensed data? Chapter 17, Manual of
Geospatial Science and Technology, November 2001, Vol 1 Part 4 Pages 253 — 275K

5. George Joseph: Fundamentals of Remote Sensing; Universities Press India Pvt Ltd, Hyderabad,India
Editors: John D. Bossler; John R. Jensen; Robert B. McMaster; Chris Rizos, 2001. Manual of Geospatial
Science and Technology, November 2001, Vol 1 Part 1and II

Pecprbl MHd)OpMCZL;UOHHO-meﬂeKOMMyHMKaL}LlOHHOIZ cemu «HHmepHem»:

1. ObC PY/IH u croponnune ObC, kK KOTOPbIM CTyAEHTHl YHUBEPCUTETA UMEIOT JOCTYI Ha OCHOBAaHUU
3aKJIFOUYEHHBIX IOTOBOPOB

- OnexrponHo-oubanoreunas cucremMa PYJIH — ObC PY/IH https://mega.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas oubmuoreka onnaitn» http://www.biblioclub.ru
- OBC KOpaiit http://www.biblio-online.ru
- OBC «Koncynbranr crynenray www.studentlibrary.ru
- OBC «3nannym» https://znanium.ru/
2. ba3bl TaHHBIX U IOMCKOBBIE CHCTEMBI

- List of available Indices Index DataBase A database for remote sensing indices.
URL:9https://www.indexdatabase.de/db/i.php

- Sage https://journals.sagepub.com/
- Springer Nature Link https://link.springer.com/
- Wiley Journal Database https://onlinelibrary.wiley.com/
- Hayxomerpuueckas 6a3a nanusix Lens.org https://www.lens.org
3. List of available Indices Index DataBase A database for remote sensing indices. URL:
https://www.indexdatabase.de/db/i.php
Yuebno-memoouueckue mamepuanst 05 camocmosamensHou pabomsl 00y4arOWUXcs NPU 0C80EHUU
OUCYUNTUHBL/MOOYIS*:
1. Kypc nexunii mo aucturuinae «Remote Sensing of MSW objectsy.
- Ujaval Gandhi End-to-End Google Earth Engine (Full Course Material) A hands-on introduction to
applied remote sensing using Google Earth Engine. https://courses.spatialthoughts.com/end-to-end-gee.html

- Introduction to geoinformation systems / Web-site "GIS-Lab and authors"
(http://gis-lab.info/docs/giscourse), Aug. 2007

* - Bce yueOHO-METOANUECKUE MaTepHaIbl 1711 CaMOCTOATEIbHONH paboThl 00yHaIOIMXCS Pa3MEILAIOTCs B COOTBETCTBHUU C JEHCTBYIOIMM
NopsAKOM Ha crpanule aucuuinssl B TYUC!



PABPABOTYUKH

JIOTICHT JIeTIapTaMEHTa PariOHAIBHOTO
MIPUPOIOTIOIH30BAHUS

Kanpasnosa /1.O.

JlomKHOCTD

PYKOBOJUTEJIb BYII

JTUPEKTOp JenapTaMeHTa palliOHAIbHOTO
MPUPOOTIONH30BAHUS

damunmus 1.0

Kyuep /I.E.

JlomKkHOCTD

PYKOBO/JUTEJIb OII BO

JIOTICHT JIeTIapTaMEHTa PaliOHAIHHOTO
MIPUPOIOTIOIH30BAHUS

damunmus 1.0

Kanpasnosa /1.O.

JlomKkHOCTD

damumus 1.0



