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ASSESSMENT OF THE AGRICULTURAL
VEGETATION DYNAMICS
OF THE KARASAI DISTRICT (ALMATY REGION) BASED
ON MULTISPECTRAL IMAGES

Abstract. The article contains the results of research and development, which can be considered as a solution to
the scientific problem concerning the selection and development of methods of decoding the occurring at different
times series of multispectral images for monitoring and evaluation of the dynamics of agricultural plants of Karasai
district of Almaty region.

The methods of pretreatment of multispectral imagery of medium spatial resolution (LANDSAT-7,8) based on
structural and spatial model allows to more efficiently decrypt the agricultural plants of Karasai district of Almaty
region in comparison with the classification of the original zonal images. The reliability of decryption by using the
structural and spatial model is increased by an average of 16%. Experiments on classification of agricultural plants of
Karasai district of Almaty region according to multispectral imagery by means of structural and spatial models have
shown the ability of decrypting alpine forests, mixed forests, bushes that are in the rivers basin and forest covers, cul-
tural lands of gardeners, agricultural lands especially rain-fed and irrigated lands with a sufficient reliability level.
The obtained results of decrypting the agricultural plants according to the occurring at different times multispectral
images LANDSAT-7, 8 provide an ability to create and update maps of vegetation, scale 1: 100 000, and also create
the maps of vegetation dynamics, scale 1: 100 000.

Spectral analysis of agricultural plants of Karasai district of Almaty region showed that the most informative
areas of agricultural land especially the rain fed and irrigated land are green and middle infrared band.

Keywords: LANDSAT-7, 8, vegetation classification, multispectral images.

Introduction. Remote sensing means to obtain information about the state of the Earth's surface
measured at a distance, without a direct contact with the sensor surface, the characteristics of electro-
magnetic radiation.

Since the early 70-ies of our century, remote sensing of the Earth was rapidly developing as a mul-
tidisciplinary field of research in science and practice. Based more than on half a century experience in
aerial photography and thematic use of its results (the classical methods of remote sensing), it is used
today in geography, forestry, agriculture, oceanology and oceanography, while planning the construction
area [1-3].

Since 1980 in Kazakhstan, the remote sensing first was used for topographic and special maps using
satellite images obtained by satellites of the USSR and foreign satellites of France, the United States.
Aerospace methods are used to monitor vegetation cover since 2000.0Over the past decade, a large volume
of work was carried out in the field of remote sensing of vegetation, including forest health assessment,
determining the area of agricultural land, the creation and updating of topographic maps of different
scales [4-6].
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It is known that human activities are accompanied by negative processes like soil erosion, disturbance
of agricultural land, pollution of surface water, etc.This usually leads to serious local and global environ-
mental changes that need to be analyzed and evaluated, and it is necessary to predict their development
with the purpose of comprehensive study of the target earth's surface, and increase of efficiency of using
its natural resources.Aerospace methods make it possible to solve the issues of assessing the dynamics of
the earth's surface, including the dynamics of vegetation [7, 8].

Plants, including agricultural land, are the main type of agricultural resources of Kazakhstan and play
an important role in the economy.But with the increasing versatile anthropogenic influence, agricultural
lands in Kazakhstan strongly change.These changes are displayed on satellite images, respectively, the
relevant one is the development of new ones and adaptation of existing methods, which would allow to
carry out regular monitoring of vegetation, assess and map its dynamics in order to take action for the
conservation and restoration of natural ecosystems.Analysis of the contemporary state of the problem
showed that space multispectral imagery have significant potential for the use in vegetation monito-
ring.Currently, vast amounts of space-based information, which is updated with the new of a period of
several days are accumulated, at the same time in Kazakhstan there is a need in the methods of decoding
satellite images, adapted to the peculiarities of its geographical area, especially for vegetation monitoring.
In the article the questions of the development of new methods ensuring the monitoring of agricultural
vegetation of Karasai districtof Almaty regionaccording to the data of multispectral imagery for assessing
its condition and dynamics [9, 10].

The relevance of the article topic is, thus, conditioned by the unresolved problems of information
support for monitoring of agricultural vegetation of Karasai districtof Almaty regionaccording to the data
of multispectral imagery.

The goal of the study is to solve the urgent problems of adaptation and development of modern
methods of decoding agricultural vegetation of Karasai districtof Almaty region, in order to assess its
dynamics of the occurring at different times space multispectral images.

To achieve this goal it was necessary to solve the following objectives:

— to conduct the data collection and data pre-processing of multispectral imagery in representative
areas of Karasai districtof Almaty region;

— to explore and compare the performance of agricultural vegetation decoding of Karasai districtof
Almaty regionby single-level controlled classification and modern methods of multi-level classification
based on structural and spatial model of the source images;

— to investigate the possibility of developing a new index images for decoding kinds of agricultural
vegetation of Karasai districtof Almaty region.

Materials for the research were the occurring at different time space multispectral imagery from the
satellite LANDSAT 7 and 8, topographic and thematic maps (geographicmaps and vegetation maps).

The subject of the research article is the development of state estimation techniques and dynamics of
agricultural vegetation on a series of multi multispectral images.

Study area. The study area is the territory of Karasai districtof Almaty region (figure 1), which has
an area of2.1 thousand km? [11]. Suitable for agricultural use area of which is 512.3 thousand hectares,
including 49.3 thousand hectares set aside for arable land, 22.1 thousand hectares of pasture and
1.4 thousand hectares of grassland, 13.2 thousand hectares of forests.

South and south - eastern part of the area are occupied by the mountain range (the highlands of the Ili
Alatau mountain), the middle part is a very complex watershed plains and the lower part - a piedmont -
piedmont plain with a general slope to the north.The highest point of the district is located on the source of
the river Aksay, starting with the peak Aydatau having 4029 m, which is covered with ice and snow.The
peak is located near the border with Kyrgyzstan.In the western part of the Ili Alatau mountainthere is a
series of mountains and passes (Ushkonyr, Tikka, Kebezhe, Aygaytas, Kokozek, Koktobe, Kumbel,
Kaskelen and others.), which exceed the 3000 meter mark. Densely populated and mastered density of the
district is located within the 800-1100m height above sea level [12].

Materials and Methods. With regard to the tasks of mapping of vegetation cover of geographic
information systems (GIS) a hardware and software systems are used, the basis of them are digital maps
with attached to them databases.It consists of 2 large blocks: electronic map database and supporting the
functioning of GIS tools.
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Figure 1 — Karasai district of Almaty region

The last one is divided into hardware (computers, local area networks, monitors, printers, plotters,
scanners, GPS-systems, etc.), software (a program for the construction of a GIS-. Maplnfo, ArcView,
ArcInfo, Ergas Imaging, etc.) and human ones ( operators that create and maintain GIS).

Application of GIS for agroecological land evaluation allows you to transfer to a new qualitative
basis for a solution to this complex problem, particularly when designing intensive farming systems and
agricultural technologies, without mentioning the high agro-technologies and adaptive-landscape systems
of agriculture of high accuracy.Creating land valuation basis for precision farming systems is virtually
impossible without the GIS technology. Its most important advantages are as follows:

— ease of processing the large amounts of information. (GIS provides ample opportunities for the
combination, sorting, sample data, easy to calculate the area and outlines the parameters);

— greater clarity of presentation of information achieved by providing a large number of thematic
maps;

— possibility of automation of maps creating process;

— ease of making changes, the ability to create systems of automatic changes to the database;

— possibility of widespread use of information coming from the means of remote sensing (air and
space);

— high precision maps, especially when using global positioning systems (GPS);

— possibility of creating interactive reference and advisory systems;

— convenience of storage, copying, reproduction of the information in any medium, the higher
reliability of information storage.

The use of GIS technology in the preparation of the landscape map is primarily due to the digitization
of cartographic material.Some multiple sampling methods are used, depending on your hardware, software
and staff development.The common position is scanning the topographic base and assigning the coor-
dinates to receive the raster imaging.The choice of the coordinate system depends on the topographic
base.If there is a grid basis, the designing are carried out in the coordinate system of topographic base,
while using GPS-systems the data obtained with the help of GPS-receivers are used [13, 14].

Currently, methods of remote sensing (RS) has been widely used to solve a variety of tasks, including
assessing the vegetation cover condition. Remote sensing of vegetation cover allows to evaluate the dyna-
mics of development and the state of vegetation cover, with varying degrees of generalization of the infor-
mation from global research on the scale of countries, regions and continents to small areas of vegetation.
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One of the modern trends of the use of remote sensing data and best information technology is precision
farming, for the conduct of which the preparation of large-scale NDVI maps are realized.

But the use of remote sensing data to solve practical problems of agrolandscape is still only in the
initial phase of its commercial use.This is connected primarily to the relatively high cost of remote sensing
data and some technical character limitations.Because of this, for our work, we used the free satellite
imagery from http://glovis.usgs.gov/ site, representing the United States Geological Survey archives (Eng.
United States Geological Survey, the USGS abbreviated) (figure 2).

Figure 2 — Search with satellite imagery Glovis directory

In conducting research the images from the spacecraft, Landsat-7 and 8 are used.Viewed image was
acquired in September 1999 and 2015 on the territory of Karasai district of Almaty region. This work
shows a portion of a single image from a series of images from the spacecraft Landsat-7 and 8, where
algorithms NDVI with learningwere used.

All processes related to the processing of satellite imagery we are doing in the software package
ArcGIS 10.1. The ArcGIS software package, available from the ESRI American corporation, provides the
most comprehensive set of features for editing, visualization and processing of remote sensing data (RS)
and their integration into geographic information systems (GIS).A distinctive feature of ArcGIS software
system is an open architecture and the availability of the Python programming language, with which you
can significantly extend the functionality of programs for specialized tasks: automate the existing algo-
rithms, as well as create their own data processing algorithms and perform batch processing of remote
sensing data. The advantages of ArcGIS includes an intuitive ArcToolbox, allowing novice users to
quickly learn all the necessary data processing algorithms.Logic drop-down menus make it easy to find a
function that is needed in the analysis or data processing [15].

Regardless of the task standing before the researcher, the image processing includes the following
processing steps:

— Selection and preparation of images (figure 2);

— channel bonding (figure 3);

— Cut the study area (figure 4);

— classification of NDVI (figure 5);

— processing and interpretation of results (figure 6, 7).

Initially, the images received from the satellite, require calibration, geometric correction, and bright-
ness distortion hardware and coordinate referencing.This process is now well developed. Our task here is
to determine the scale levels and spectral bands.Obviously, with all the choice of variety, there are objec-
tive limitations, such as the technical capabilities of existing imaging systems, the properties of the objects
themselves and transmitting environment, weather conditions, and also features the work of organizations
that prepare the image.

In our case, we must first unite the downloaded multichannel data into a single file. And it gives us
some advantages:

— Data are more convenient to be managed (copied, moved, etc.);

— Data can be visualized in full color (RGB), selecting the desired combination - a combination of
channels;
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— Analysis of the data also can be done on several channels, rather than for each one separately (eg
classification, index calculations, etc.).

To start we upload the individual zones and combine with the commands add data — Open —
ArcToolbox — Data Management Tools — Raster— Raster Processing — Composite Bands (figure 3):

S y - 10 D

Figure 3 — Add the data and their union

Next, we extract their territory of the images using the command ArcToolbox — the Spatial Analyst
Tools — Extraction — Extract byMask (figure 4):

Figure 4 — Remove the territory on the border

After that, we will prepare an image for the classification of NDVI.To do this in ArcGIS-lo, we go
into the Analysis of the image and open the Image Analysis Options.There we make setting on the Red
channel, select Channel 7, and in select Infrared Channel 4, the check mark is put on the output of scien-
tific data.Next we choose the cut satellite images and click on the NDVI symbol.After that, the result
comes out in black and white using Image property — Symbols — The choice of colors (figure 5):

Figure 5 — Classification methods of NDVI

Results and discussion. Development of computer spatial data analysis technologies has resulted in
the current use as object classification of grid cells (matrix), regularly covering the entire territory.Each
cell of the grid has a certain linear size and geographic coordinates.In accordance with the terminology of
K.V. Zworykin [16] the cell may be referred to regional carriers of information. However, in order to
emphasize the indivisibility of this unit, we will use the term - elementary territorial unit [17]. Selecting
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areas on the genetic basis of (mono-, parageneses) begins with the definition of objects and the factors
influencing them.As there is no coordination and subordination between the various factors, the grouping
can be performed on several grounds, regardless.Integrated physical and geographical studies include
three stages: preparation, field and desktop.Due to the increasing technical equipment of expeditions and
the constant improvement of methods of analysis and fieldwork ratio of durations of the three of stages
recent times changes to the side of increasing time spent in pre field and desktop.Their average ratio can
be determined as 2:1:3, whereas previously the ratio was 1:1:2 [18].

Final NDVI map, showing the genesis of morphological characteristics and vegetation patterns, will
be a synthesis of pre-NDVI maps and content information collected in the field.

On the basis of the classification criteria of NDVI and signs of their isolation, the proposed by
V.A. Nikolayev [19], each type was differentiated on the vegetation.To implement this separation as clas-
sification signs VI Kiryushin [20] proposes to use the level of sub-types of soils and sub-plant formations,
which are the major functional components of NDVI systems.Therefore, adhering to these principles, we
have the outline of each vegetation have been clarified in the study region.They are described in detail and
shown in the "Map NDVI of Karasai districtof Almaty regionof the RK» scale 1: 100 000.The total
number of plant cover is divided into 3 classes.As a result, it is shown in comparative tests in 1999 and
2015.2015 was more favorable for agricultural land. By comparing in 1999 agricultural landscapes-
developed a little, it is shown in figure 6.
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Figure 6 — Map fairness of NDVI 1999 and 2015 Karasai district of Almaty region

The results of the development of agricultural land in 1999, the total area was 8399 hectares. Of
these, 5005 ha of rainfed land, 3394 hectares of irrigated land.

The results of development of 2015, performance doubles. The total area was 1986 hectares (figu-
re 7). Of these, 9922 ha are rainfed land, 9064 hectares irrigated land.

Conclusion. Collection and data pre-processing of multispectral imagery of representative areas of
Karasai districtof Almaty region were performed. For processing the data Landsat satellite image and
software maintenance ArcGIS 10.1 was selected; A comparative and data analysis on efficiency of deco-
ding agricultural vegetation of Karasai districtof Almaty regionby single-level controlled classification
and modern methods of multi-level classification based on structural and spatial model of the source
images were carried out. Analysis of these studies were realized according to our order system. First we
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Figure 7 — Map fairness of NDVI and Plot of agricultural land in 1999 and 2015 Karasai district of Almaty region

conducted channel bonding and comparison for decrypting the desired channels. Then, classifications
NDVIwere made. Thereafter, a determination of the dynamics of change, which correspond to the
contours of plant formations was done. As a result, "Demonstration map of NDVI in 1999 and 2015 of
Karasai districtof Almaty region" in the scale of 1: 100,000was compiled; On the basis of the above card
stock materials using GIS technology ArcGIS made electronic versions of "Demonstration map NDVI and
agricultural land of 1999 and 2015 in Karasai district of Almaty region" in the scale of 1: 100,000 were
compiled. This job also required a system and order. First of all, analyzed maps (each separately) were
digitized through a geographic information system to specifically determine the extent of the contour in
differentiated subtypes of agricultural landscapes. Thus, through vegetation the types of agricultural
landwere determined. In conclusion, - In the end, using GIS technology, the electronic version of the
comprehensive maps of agricultural land have been obtained.

The study of agricultural land, consisting of rainfed and irrigated lands has shown that its comparison
of 1999 to 2015 doubled the agricultural landscapes.
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*Cor6aeB ynuBepcuTeTi, ©. BailkoHBIPOB aThIHAFbI TAY-KEH METAIUTYPrHs HHCTUTYThI, AnMatsl, KasakcTaH,
*K. W. Cot6aeB aThIHIaFbI T€0NOTHAIBIK FRUTBIMIAP HHCTHTYTHI, AnMathl, Kazakcras,
* AGaii aTpiHaarbIKa3ak YITTHIK Me1aroruKaiblK yHUBepeuTeTi, AnMartel, KazakcraH,
>OpTanbiK A3us SKOIOTHS KOHEKOPIIAFAH OPTA FHUTBIMHE-3pPTTEYOPTAIBIFBI, AMathl, Kazakcran

KAPACAM AVJIAHBIHBIH, (AJIMATHI OBJIBICHI) AYBLI TAPYAHIBLIBIK OCIMAIKTEPIHIH
JUHAMUMKACBIH MYJIbTUCIIEKTPAJIbJII BEMHEJIEP HET'I3IHAE BAFAJIAY

AunHoTamus. MakananaAnmMarel 00JbICEIHBIH Kapacail aymaHelHAAFbsl aybUIIAPYalIbUIBIK ©CIMAIKTEPiHIH
JMHAMHUKACHIH Oakpuiay jKoHe Oaranay YIIiH OpTYpi YakbITTBIK cepusuiapia maiina 0oJaThlH MYJIBTHCIICKTPaIbIi
OeliHenepi IIEIIyre apHAIFAaH QICTEP/l TaHJAy JKOHE OHZey OONBIHIIA FHUIBIMHU MPOOJIeMaHbl MIENIyAeri 3epTTey
MEHOHEY HOTIIKENepi KeNTipiireH.

KypbUlbIMIOBIK ~ JKOHE  KCHICTIKTIK ~ MOZETBACP HETi3iHAe OpTa KEHICTIKTIK  aXBIPaTHIMIBUIBIKTHIH
(LANDSAT-7,8) mynpTucreKkTpanbai OecifHedepiH aniplH-alda eHaey omicTepi AimaTel oOmbIchiHBIH Kapacait
ayJIaHBIH/IaFbl ayblI LIAPYallbUIBIK OCIMIKTEPiH OacTanmKpl 30HAIBIK OCHHeepi KiKTeyre KaparaHga THIMIIpeK
Hrerryre MyMkiHaik 6epeni. Jemmdpiaey ceHiMaiTIr KYpbUIBIMIBIK KOHE KEHICTIKTIK MOJENbl MaiilaiaHy apKbLIbl
opta ecemnmen 16%-ra aptanpl. KypbUIbIMIBIK XKOHE KEHICTIKTIK MOJAENbAEpIiNaliaaiaHa OThIPbI, AJIMAThl 00JIbI-
ceiHbIH Kapacail aynaHblHIarbl aybUIIapyallbUIbIK ©CIMIIKTEPiHIH JKIKTedyl OOMBIHIIA IKCIIEPUMEHTTEp aiblli
OpMaHAapbIH, apajiac OpMaHAaplbl, ©3¢H OacCeHHIEpIHIE >XKOHE OpMaH CeKIeNepiHAe, KerajIaHraH jKepiepai,
aybUIIIapyallblIbIK JKepJIepiH, acipece, KOJJIaH CyapbUIMalThIH JKOHE CyapbUIaThIH Xepliepe Aemundpriey JeHreini
JKETKIUTIKTI CeHIMAI. AybUI IIapyaIibUIbIK 6ciMIiKTepin aemmdpieyneH ansiarad HaTwkenepi LANDSAT-7, 8 myinb-
TUCHEKTPAIBII OeHHENep iy op Typii KedeHaepinae OomybiHa coiikec 1:100,000 mMacmiTaOTarbl ©CiMIIKTEp KapTa-
JaphIH Kacayra JXoHE jKaHapTyra, coHpait-ak 1:100,000 macmtabra eciMIIiKTEpIiH MUHAMUKACHIHBIH KapTachIH
JKacayFa MYMKIiHIIK Oepei.

Anmatel oOnpIchiHBIH, Kapacail aymaHBIHOAFBl aybUl IMAPYaIIbUIBIK OCIMIIKTEPIHIH CHEKTPAIIBl TajAaybl
OolibIHINA aybUILIAPYAIIBUIBIK KEPJIEPiHiH, ocipece, KOJIaH CyapbUIMAiThIHKOHE CyapbUIaThIH XKEPIep/iH eH aKia-
paTTaHIbIPbIIFaH aydaHAaphl KAChUI XKOHE OpTalia HH(PAKBI3bUT 00BN TaObLIa bl

Tyiiin ce3nep: LANDSAT-7, 8, eciMIiKTep/IiH KIKTENyi, MyJIbTHCIEKTPaJIb/II TyCiplimMaep.
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HuctutyT reonorndeckux Hayk uM. K. M. CarnaeBa, Anmatsl, Kazaxcras,
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OLEHKA TMHAMHUKH CEJILC}(OXO3HFICTBEHHOFI PACTUTEJIBHOCTH
KAPACAUCKOI'O PAUOHA (AJIMATHHCKAS OBJIACTD)
HA OCHOBE MYJIbTUCIEKTPAJIbHBIX U30BPAKEHUI

AHHOTanusl. B cratbe mpezacTaBieHbI pe3yIbTaThl UCCIEAOBAaHUN U Pa3pabOTOK, KOTOPBIE paccMaTpUBAIOCA
KaK pelIeHrne Hay4yHOH MpoOJeMbl, Kacaromeics: Beidopa U pa3paboTKU METOI0B AeMH(PHIPOBAHNE TPOUCXOIAIINX
B Pa3HbIX BPEMECHHBIX PAAAX MYJbTHCIEKTPATIbHBIX M300paKeHUH As1 MOHUTOPHUHTA U OLIEHKH JUHAMHKH CEIbCKO-
X03sCTBEHHBIX pacTeHuit Kapacaiickoro paiiona AJIMaTHHCKOW 00JIacTH.

Meroapl mpeaBapuTeNIbHON 00pabOTKM MYJIBTHCHEKTPAJIBbHBIX WM300paXEHHH CPEIHEro MpoCTPaHCTBEHHOTO
paspemennst (LANDSAT-7,8) Ha OCHOBE CTPYKTYpHOH M HPOCTPAHCTBEHHOW MOJEIH ITO3BOJISIOT Oonee 3dpdekTHs-
HO paciIM(pOBEIBATh CEIbCKOXO3HCTBEHHBIE pacTeHust Kapacaiickoro pailioHa AJMaTHHCKOW 00JlacTH 1O cpaB-
HEHHUIO C KJIacCU(UKALMel NCXOAHBIX 30HAJIBHBIX M300paxkeHui. HaneskHoCTh nemmppoBaHus ¢ UCIIOJIB30BAHHEM
CTPYKTYPHOM M MPOCTPAHCTBEHHOH MOAENN yBEIHYUBACTCS B cpelHeM Ha 16%.OKcnepruMeHThI o Kiaccudukanmm
CEeNIbCKOXO3SMCTBeHHBIX pacTeHnid Kapacaiickoro paiioHa AJMAaTHHCKOW OOJACTH IO MYJIBTHCIEKTPaIbHBIM
N300paKEHHUSM C TOMOIIBIO CTPYKTYPHBIX U IPOCTPAHCTBEHHBIX MOZENEH MMOKa3all CIIOCOOHOCTh pacn(poBHIBATH
aJIBIIMHCKHUE JIeca, CMEIIaHHbIE Jieca, KyCThl, HaxoAsdImuecs B 0acceifHaX peK M JIECHBIX HACaXJCHUSIX, KyJIbTYPHBIC
3eMJI CaJlOBOJIOB, CEIbCKOXO3SHCTBEHHBIE YroAbsi, OCOOCHHO OOorapHble M OpOLIaeMble 3eMJIM C AOCTATOYHBIM
YpOBHEM HaieXHOCTH. [losrydeHHbIe pe3ysbTaThl JeMn(pPUPOBAHUS CEIbCKOXO03SHCTBEHHBIX PACTEHHUI B COOTBET-
CTBHHU C HAJIMYHEM B pa3HOE BPEMsl MYJIbTHCHEKTpalIbHbIX n3o0paxeHuid LANDSAT-7, 8 obecniedynBaroT BO3MOX-
HOCTh CO3JIaHMsI ¥ OOHOBJICHHSI KapT pacTuTenbHOCTH MacmTtada 1: 100 000, a Takke co3maHue KapThl JUHAMHKH
pactutenbHocTH B Maciitade 1 : 100 000.

CreKTpaibHBIA aHaIN3 CeIbCKOXO3IWCTBEHHBIX pacTeHni Kapacaiickoro paiioHa AJsimMaTmHCKOH oOnactu
NoKasai, 4yTo Hambojiee MH(OPMATHBHBIMU OOJACTSIMU CEIBCKOXO3SHCTBEHHBIX YTOJMH, OCOOEHHO OOTrapHBIMH U
OpOIIaEMBIMHU 3eMJISIMH, SIBJISIFOTCS 3€JI€HBIN U cpeTHUH MH(PAKpaCHBII AHana3oH.

KuaroueBsie ciioBa: LANDSAT-7, 8, kinaccudukanus pacTUTEIBHOCTH, MYJIbTUCTIEKTPAIEHBIE H300pakKeHUSI.
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