
[image: image139.jpg]Current [A]

10

Vmp at 100 °C

Vmp at 60 °C

Voltage [V]

Vmp at 20 °C

10

12





[image: image2.png]LIST OF EXECUTIVES

Research program supervisor:
Doctor of Physical and Mathemaical sciences,

Professor, Engincer of the Ist category of the /ilf(mu?x. Bakiybekov.

Space systems development Division of the R&D.
Department

Agricultural Production Monitoring Division of
the Spatal Data Department,  Exccutive of
subprogram |

G. Kabzhanova

Candidate of Agricultural Sciences, Head of the

Engineer of the 1st category of the Office of Space
Systems Development of the R&D Depart
the Department n charge of subprogram 2

N

Candidat of Geogrphical Scence, PhD, Head
of the Emergency Sivations and Naura
Resowncs vionionne Dvionf e s Dua 14§

frsciodt
A ——

Sy Dvgmen o e KD Depwn. (2 .
e S Gf wsammo

Head of the Geoanalyies Offce of the Spatial 5

0. Toyshibekov
g

G. Kabdulova.

Data Department E. Alipbaev
Engincer of the 2nd category of the Offce of y

Space  Systems Development of the - R&D. b2

Devarmem, engineer A Mukhamdeiey

e of b 18 gy of e Image
o e oo i

‘Space System Department A Kezheneva
R ——

B vty Doison 3

of the Spatial Data Department N. Tenat

e e Rt e Ot v

s e e s op

A e o B, AKamashon

Head of the Land use monitoring Office of the

Agticulural Producion Monioring Divison of (7)
the Spatal Data Department L Siikhilyas





[image: image3.jpg]Engineer of the Rangelands monitoring Office of _
the Agricultural Production Monitoring Division (/j/[/f M.Alibayeva
of the Spatial Data Department

Engineer of the Forest resources Monitoring
Office of the Emergency Situations and Natural . .
Resources Monitoring Division of the Spatial Data 7/ A. Aligazhiyeva

Department




ABSTRACT

Report 98 p., 55 fig., 19 tab., 42 sourc., 2 app.
GEOGRAPHIC INFORMATION SYSTEMS, SPATIAL DATA, SPACECRAFTS, EARTH REMOTE SENSING, SPACE IMAGES

POWER SUPPLY OF SATELLITES, SHADING EFFECT OF SOLAR ELEMENTS, BATTERY CHARGE CONTROLLER.

The object of the research:

- soil cover of the North Kazakhstan;

-  a hardware and software complex for controlling power take-off from solar panels of the power supply system for spacecraft and ground-based solar stations.

The aim of the research:

- development of scientific methodological basis of the North Kazakhstan soil’s fertility monitoring and evaluation with a usage of Remote Sensing of the Earth methods and GIS technologies for an effective management of land resources;

-development of a hardware and software complex to ensure constant selection of maximum power from solar photoconverters of the power supply system of spacecraft and ground-based solar power plants by applying various algorithms for optimizing the battery charge. 
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TERMS AND DEFENITIONS

	Information resources
	Assembly of information databanks and knowledge

	Spatial object
	Any specific object that can be defined by individual content and boundaries and described as a digital data set

	Spatial data
	Digital data about spatial objects, including information about their location, shape and properties, presented in the coordinate-time system

	Basic spatial data
	Generally accessible standardized set of spatial data allowed for open publication, differing by the stability of the spatial position in time and serving as the basis for positioning other spatial objects

	Metadata
	Data that allows to describe the content, volume, position in space, quality and other characteristics of spatial data and objects

	National Spatial Data Infrastructure Operator 
	An organization that maintains databases of a complex of basic spatial data and metadata, evaluates their quality and provides them to consumers

	Hardware and software complex
	The technical solution of the concept of the algorithm of a complex system, which is controlled, as a rule, by executing code from a certain basic instruction set (instruction set)

	Microcontroller
	Chip designed to control electronic devices

	Programmable logic integrated circuit
	An electronic component (integrated circuit) used to create configurable digital electronic circuits

	Pulse width modulation
	The process of controlling the power supplied to the load by changing the pulse duty cycle at a constant frequency

	Solar panel
	The combination of photovoltaic cells (photovoltaic cells) solar energy into a constant electric current


DESIGNATIONS AND ABBREVIATIONS
	JSC "NC "KGS"
	"Joint Stock Company "National Company "Kazakhstan Gharysh Sapary"

	AIC    
	Agro-industrial complex

	GDB  
	Geodatabase

	GIT
	Geoinformation technology

	GAS     
	Geo-analytical system

	GIS
	Geographic Information Systems

	ERS
	Earth remote sensing

	HSNS
	High accuracy Satellite Navigation System

	NDVI 
	Normalized Relative Vegetation Index

	DEM  
	Digital Elevation Model

	SD
	Spatial data

	AB    
	Accumulator Battery

	MPPT
	Maximum power point tracker - Track point with maximum power

	ECSS
	European Cooperation for Space Standardization - European cooperation on standardization in the field of space technology

	HSS
	Hardware and software

	PLD  
	Programmable Logic Device

	Sat   
	Solar battery

	ACS
	Automated Control System

	PP
	Packing and PACKAGING

	SPTA  
	Spare parts, tools and accessories

	OD
	Operational documentation

	SW
	Software

	CAN
	Controller Area Network – (Network of controllers)

	GS
	Ground Station

	S/C             
	Spacecraft

	MPR
	Maximum power point

	RE
	Renewable Energy


INTRODUCTION
During the period of active implementation of space monitoring on statewide scale it is important to monitor threatened agricultural resources that require effective management and constant control. Monitoring the rational use of land resources, the quality of the soil – are the priority areas of land policy of the state.

Reliable and relevant data on the soil fertility allow optimizing decisions on the management, storage and maintenance of soil fertility. Developed technologies for monitoring of the soil fertility will become the basis for the composition of change predictives in the state of the land and will serve as the main source for the creation of soil-agroecological maps, fertility cartograms, etc.

For the Republic of Kazakhstan, the introduction of a system for monitoring soil resources is an important stage in the commercialization of the results of the activities of ERS space systems and HSNS of RK. Therefore, the scientific basis of the methodology for assessing soil fertility in the settings of Kazakhstan carries a high practical interest and is deeply relevant today.
The power supply system of the spacecraft is a combination of energy sources and energy-converting equipment that stabilizes the voltage of the output load power bus and the distribution of energy flows in accordance with the operating modes of the system and the operating conditions of the satellite.

Despite the significant created scientific and technical groundwork, the refinement of the results and the successful implementation of shunt power supply systems for automatic Spacecraft, it is not possible to directly apply these results in the implementation of the power supply system for Spacecraft of other types of orbits with sharply varying load curves and various operating conditions due to their low energy efficiency due to significant changes in the parameters of volt-ampere characteristics of solar cells.

Therefore, research and development aimed at finding new technical solutions and approaches in the design of energy-converting equipment for a power supply system for spacecraft with abruptly variable load curves and variable operating conditions (for example, low-orbit spacecraft for remote sensing of the Earth), with increased energy efficiency, reliability and ease of matching the voltage levels of sources energy and load are relevant.

Objectives for the realization of scientific research:

- development of the predictive soil map of the territory of Northern Kazakhstan on the basis of the ERS data (DEM, spectral classification, digital mapping) with the subsequent verification using fieldwork methods;

- development of assessment methods of main indicators of soil fertility on the basis of calibration (biophysical indicators, spatial analysis) and field measurements using space imagery of foreign and domestic Spacecrafts KazEOSat 1-2;

- creation of a prototype of the geoportal for soil monitoring in solving the issue of rational land use;

- development of a technical specification for the creation of engineering models of a hardware-software complex for controlling the power take-off from solar panels of the power supply system for spacecraft and ground-based solar stations;

- development of mathematical and simulation models for the functioning of various solar photoconverters; 

- development of methods, algorithms and software and software for solving problems to optimize the determination of points of maximum power of solar panels;

- designing, assembling and testing of engineering models of a hardware-software complex for controlling the power take-off from solar panels of the power supply system for space vehicles and ground-based solar stations. Formation of design documentation.


Inventory number of the report for 2018: 0218РК01321 
Inventory number of the report for 2019: 0219РК00915
MAIN PART OF REPORT ON SRW
Subprogram 1: Development of scientific methods for assessment of soil fertility of Northern Kazakhstan based on the ERS data from KazEOSat-1,2 spacecrafts and geoinformation technologies.
1 Identifying a research area

Accounting and assessment of the state of land resources has a huge value, as the land in Kazakhstan is the basis of agricultural production, has a priority value in the protection of national security. The work on monitoring the parameters of land fertility in country is assigned to the Republican Scientific-Methodical Center of Agrochemical Service of Ministry of Agriculture of RK, which annually conducts agrochemical surveys of cotton fields in Kazakhstan on the area of 1.8 hectares. Together with that, the pace of agrochemical research does not allow to provide new materials for arable land of agricultural purpose with the purpose of monitoring them on the basis of soil fertility every five years.
Materials of soil survey (soil maps, cartograms of agro-industrial grouping of soil and others) are on the area of 187.2 million hectares, which is 86.8% of all agricultural land, of which 150 million hectares of land were surveyed in 1990 re-examination [1].
Development of monitoring of soil condition on the basis of application of methods of remote sensing and geoinformation technologies carries out significant functional features.

The first is informational, which is included in the realization of monitoring observations, collection, systematization and analysis of data on soil fertility parameters and use of land resources. Observations have a synchronous manner, the unique method, the required level of detalization. The information must be unified, processed, systematized and presented in a single database, and, consequently, in cartographic expression and constantly updated.
The second  is predictive, which assumes the possibility of close or remote forecasting of the state of the earth and their trends to change. This feature has a very high practical value and is realized through the use of modeling capabilities of GIS technology.

The third is the management function, which is involved in the development of activities to eliminate or prevent the negative impact of anthropogenic factors, as a result of which occurs land degradation and deterioration of the environment.
International experience shows that the use of space images to study the state of agricultural land is the most relevant for the following types of conditions. First of all, it is a brightly expressed high anthropogenic load, which contributes to the intensification of degradation processes in the soil. Evaluation of ecological pressure on soil and agrocenosis in general, from the point of view of remote sensing, necessary for operational adoption of decisions on the conservation of fertile soil [2]. The second type of conditions for the use of ERS - hard-to-reach areas. This is, first of all, desert areas. Significant area, climatic features, weak population and underdevelopment of road and transport infrastructure make it difficult to study its soil. Space monitoring of these lands contributes to the effective control of negative processes (depopulation, salinization, etc.) [3]. There are detailed data on the nature of the soil. In this case, space images appear as a source of accurate data, allowing fast and relatively cheap to explore the earth and soil resources [4].
The current state of remote monitoring of the soil is characterized by the development of digital analysis, integration with GIS technology, the formation of the information field of open data sources. All this allows you to carry out the integration of information with the development of new criteria and indicators that characterize the condition of the soil [5].
In order to solve the problem of development of the remote steppe forest zone of Western Siberia, it is necessary to conduct an in-depth analysis of the materials of the new generation of ERS spacecraft, which are distinguished by a high resolution of 10 percent. For conducting such analysis, a method of soil decoding of space images for the detection of arrays of potentially fertile soils and their introduction in agricultural use, 
which is based on the comparison of 1995 soil mapping materials according to the standard method (Evdokimov, 1981), space photography Rapid Eye (June 2013) and the result of their classification by cluster analysis using K-Means in the software complex ENVI [6].
The main application of ERS to determine the soil fertility is, first of all, the spatial assessment of the fertility of the soil, including mapping the deficit of nutrients, which determines the reduction of the crop. Components of fertile soil, which can be mapped with the use of ERS, include: content of organic carbon, NPK and trace elements (Fe, Mn, Zn, Cu). It can be difficult to diagnose a certain deficiency of nutrients on this remote sensing, when the plant is exposed to a lack of multiple elements. Hyperspectral remote sensing is an important tool for diagnosing plant stress associated with nutrient substances, which is an indicator of soil fertility. Another basic application of these drugs is the preparation of cartograms of fertile soil, which help to reduce the frequency of field observations. Original segmentation of the studied area is produced using remote sensing, digital earth model (DEM), topographic data, based on changes in physiography, land use, land use, land use, land use. The use of geostatistics and GIS with remote sensing can provide a powerful tool for understanding the spatial variability of nutrients in the soil [7].
A number of issues of methodological nature of soil monitoring require scientific study, primarily at the regional level in relation to specific soil and climatic conditions. Scientific approaches to the timing and technique of soil sampling, rational levels of indicators of properties of various types and varieties of soils require changes. Comprehensive monitoring of soil fertility should also include remote methods for a complete survey of soil fertility and coverage of regions that account for the bulk of agricultural production, to develop regional optimal values and the range of their possible fluctuations, and to develop effective operational solutions for production management [8] .
2 Results of study
2.1 Development of methods for digital mapping of the structure of the soil cover of the territory of Northern Kazakhstan on the basis of data ERS and geoinformation analysis

Digital soil maps are the main source of information for studying the structure of the soil cover of agricultural landscapes and developing measures to optimize and increase soil fertility in a changing climate and increasing anthropogenic load on agroecosystems [9]. In modern soil cartography, there are 2 methodological approaches: the classical ("patchwork" method), based on the field study of the genetic features of the soil profile, and then the compilation of a soil map [10] and geomorphological, based on the analysis of the relationships between landforms and soil cover, which results in a survey of the soils of watersheds in one direction, the soils of slopes in another, in depressions in the third [11].
The basic hypothesis of  V. Dokuchaev about the processes of soil formation, where the soil is a function of soil formation factors, is based on the forecast of digital soil mapping: maternal mountain breed, local climate, vegetation, age. Also McBratney et al. (2003) proposed SCORPAN – a model of empirical quantitative description of the relationship between the soil and spatially distributed predicates [12], which was borrowed from the proposed hypothesis of Dokuchaev.
Currently, the technology of traditional visual-expert thematic mapping is developing in several directions:

1. Geoinformation inventory at different levels (creation of databases of electronic data maps, agreement of different types of spatially distributed data, reproduction of spatial information, etc.);

2. Remote sensing of the surface – improvement of multi-zone survey;

3. Digital cartography - production of thematic maps with the use of digital technologies [13].
The research results show that it is possible to display the factor dependence of soil cover formation through spatial data, remote information, and terrain characteristics. A digital field for soil mapping is being formed on the geoinformation platform, where an analytical and integrated approach to accounting for all factors of soil formation and economic activity is reflected at a new level (table 1).
Using a model for accounting for soil resources based on geospatial information, it is possible to verify cartographic material for large territories, correct maps with subsequent scale expansion, information analysis, analytical detection etc. [14].
Table 1 – Comparative analysis traditional soil mapping and digital mapping methods based on the ERS data.

	Characteristics
	Traditional soil cartography
	Digital mapping on the basis of ERS data

	Basics of mapping
	Landscape identification - soil links on the basis of data field research
	Landscape detection - soil links on the basis of remote monitoring

	Elementary area of soil mapping
	Landscape habituation
	Elements of a raster grid

	Identification of soil cover indicators
	Grouping of relief forms, soil-forming breeds
	Digital relief model, morphometric relief analysis, spectral characteristics of the territory by data, analysis of economic activity and degradation processes in space and time

	Analysis of indicators and soil-forming factors
	Expert evaluation

	Information spatial analysis based on methods of geoinformation design

	Methods of mapping
	On the basis of the analysis of soil-landscape connections on the materials of field research
	On the basis of methods of spatial modeling of soil-landscape connections

	Data verification
	Observance of soil moisture standards
	Evaluation of the reliability of data for each pixel

	Specific cost of mapping
	Field soil shooting
	Space imagery and processing


Based on the results obtained, it is possible to construct an algorithm for analyzing the soil cover based on remote sensing data, geoinformation design, DEM and source soil maps in vector format.
The need for the introduction of new methods of soil mapping is determined by the high level of industrial impact and anthropogenic stress, which contributes to the change in the content of soil maps after the correction of 20-25%.
The use of remote monitoring methods allows to move to the practical application of digital soil mapping at the regional level. The presented algorithm for digital mapping of soils using satellite data as the main source of information. During the validation and verification of some methods in the future research work, some points will be clarified. The need for further research of potential possibilities of soil decoding, development of methodological justification, adaptation of soil indication features to digital format determines the further direction in the work.
The following are methods for soil interpretation of remote sensing data In the GIS system for visual and digital analysis.
2.1.1 Development of a DEM for test polygons to characterize the landscape and geomorphological situation
Relief is the main soil-forming factor. The terrain forms the initial landscape grid of soil contours, and the description of terrain elements - surface shape, steepness, exposure, nature and size of dissecting elements, as well as the position of elements in the landscape – is an analysis of their indicative role in the selection of soil contours. Morphometric characteristics of the terrain have a close relationship with soil properties such as organic carbon content, particle size distribution, the thickness of the soil horizon, etc.
In most countries, the method of soil-agrochemical monitoring of soil fertility is based on the preparation of a digital terrain model based on satellite images and subsequent interpolation of the results obtained to assess the structure of the soil cover based on the popular dependence of soil Genesis on climate and terrain features, relative to zonal vegetation, and the predicted groundwater level.
The most important thing at the initial stage of work is the selection of terrain elements and the choice of parameters for their characteristics. The digital terrain model based on remote sensing data clearly characterizes the components of the landscape and describes the indicative role for the selection of soil contours.
To create a digital terrain model (further – DEM), stereo pairs from the KazEOSat-1 satellite (spatial resolution – 1 m), ground control points (GCP) and SRTM (dem with a resolution of 30 m – in open access) were used, according to Erdas Imagine. The DEM was developed for test sites for the main types of soils in the Akmola and North Kazakhstan regions.  

The process of creating a DEM includes the following steps:

1. Alignment of the triangulation block and mutual orientation of the stereo pair of images;

2. Extraction of Digital terrain models (DTM);

3.Editing the DMM in stereo mode.

In the North Kazakhstan region, the test grounds are common chernozems and chestnut soils (fig. 1, 2). The territory is characterized as a denudation-abrasion plain and is a flat or slightly undulating plain.
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Figure 1 – Horizontal polygons of the North Kazakhstan region extracted from the DEM 
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Figure 2 – DEM of test sites of the North-Kazakhstan region
In the Akmola region, test sites are located in the dark-chestnut solonetzic soils and southern chernozem (Fig. 3, 4).
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Figure 3 – Horizontal polygons of the Akmola region extracted from the DEM
[image: image9.jpg]Profie

Tabe | setings

x:00]

Resetvew

1z * interposted profie

Graoh oG

2

AddLayer

* Showarsor

s seuch bt

- |

Remove Layer

Tenporary piine.

rkouse poston
%/ o0 graph with camvas

&0




Figure 4 – DEM of the test site of the Akmola region
Based on the obtained data, it is possible to state the possibility of estimating the soil microrelief by DEM. Microrelief refers to small landforms that occupy small areas, with fluctuations in relative heights within 1 meter (less often 1-2 m) and fluctuations in diameter from 1 to 10 m. The microrelief is represented by various pronounced saucer-shaped depressions, depressions and small flow hollows connecting them, as well as various kinds of microvals and bumps. With the dominant weakly undulating nature of the terrain, it is changes in the microrelief that contribute to the description of generic soil features and the identification of intrazonal soil types.
With indirect interpretation of soils, it is essential to determine the microrelief from the images, which is well displayed due to the excessive moisture content of the depressions, the early development of crop seedlings in them, the uneven density of seedlings, and the appearance of salt crusts [15]. Knowing the influence of terrain on the process of soil formation, it is possible to interpret the development of certain types of soil in conditions of different moisture and warming, performing indicative spatial forecasting.
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Figure 5 – DEM of the territory of the test site of the Akmola region

(the southern chernozems)
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Figure 6 – Cross-section of the DEM profile of the test site in the Akmola region (the southern chernozems)
The height of the terrain within a single field can vary up to 11 m, which contributes to the development of soil hydromorphism, denudation of landforms, the development of water erosion and deflation. According to the DEM data, detailed interpretation of meadow hydromorphic soils, saline spots, malts, and other intrazonal soils is possible.

Thus, in order to identify intrazonal soils whose origin is associated with the microrelief of the territory, soil mapping requires the use of a digital terrain model based on high-resolution remote sensing data (KazEOSat-1).
2.1.2 Development of predictive soil map for test sites of northern soil types based on ERS data
The need for soil mapping using the analysis of Earth remote sensing data from space is due, first of all, to the imperfection of large-scale soil maps because of the use of the source materials of the soil observations of past years, the need to clarify the boundaries of the soil contours on the map to reflect the real structure of the soil cover which is connected with the changes in modern ecological, economical and technological conditions of agricultural production, etc.

Soil mapping using space technology is necessary when:

· using raw materials for more than 15-20 years of limitation;

· carrying out radical land reclamation;

· change in land use;

· increasing the intensity of eroded areas and other manifestations of degradation characteristics of soils;

· changing the boundaries of on-farm planning and other land transformation;
· lack of high-quality field inspection of the territory over the past 5 years.

In case of studying satellite imagery with an image of the area of interest and comparing it with a soil map, an objective idea is created about the patterns of soil distribution in relation to the landscape terrain, deciphering signs of different soils are established, inaccuracies in the selection of soil contours, missing contours and other shortcomings are revealed, which contains the corrected map.

Find out the probable causes of disadvantages, analyze the availability of soil contours of cuts and selectively get acquainted with their description. For this, the field soil map are used, on which the points of laying the sections are plotted, and the journals with field descriptions of the sections are also used.

The territory where changes in the soil cover are possible due to human activities (improvement or deterioration of soils) is established by analyzing the satellite image. There are reference signs for determining the state of the soil cover such as magnitude of the fields, tone of their image, absence or presence of spotting on their surface, image of "effusions" of salts, erosion gaps, etc.

The main reason for changing soil fertility is the use of soils as the main means of production. It is the agronomic grouping of lands, the efficient use of land resources that affect the qualitative composition of soils, and the change in the generic and species characteristics of soils. Analysis and presentation of the agronomic interpretation of soils based on remote sensing data should be the basis for developing recommendations for the grouping of soil objects depending on the level of potential fertility and the agricultural production structure of the region. 
The solution to this problem lies in an integrated approach to the assessment of agricultural land - the use of adaptive-landscape farming system approaches and in the conduct of agroecological monitoring of land usage.

An analysis of land use according to remote sensing data on the example of the Tselinograd district of Akmola region showed that , from 1985 to 2019, the area of ​​arable land decreased significantly (by 30-32%). The rate of change in different years varied, so until 2000 the decrease was about 10-11%, from 2000 to 2019 – about 20-22%. 

Depending on production influence and anthropogenic stress, a change in the soil map content after adjustment is possible by 20–25%, taking into account a change in the area of ​​arable land, maintenance of pasture and hayfields, involvement of the forest fund in crop rotation, degradation processes, such as the development of ravines, desertification, changes in agricultural land productivity, etc.

A digital soil map, constructed taking into account spatial analysis of the geomorphological structure, relief, degree of agricultural development intensity, has several advantages over paper maps due to the usage of geoinformation design methods, analysis of relevant remote sensing data, accounting and collection of various parameters in the database [16].

Based on the analysis of primary materials — the digitized soil map obtained from the soil observations and remote sensing data, a preliminary model of the updated soil map was compiled.
The digital map was created by vectorization the boundaries of soil allotments using the ArcGIS 10.2 program. Based on the results of the vectorization of the soil map of the North Kazakhstan and Akmola regions, an experimental digital map was developed. The digital map format allows to expand access to existing information and provides additional opportunities for its analysis. The correspondence of the soil contours and the accuracy of the boundaries were controlled by the results of visual interpretation of the remote sensing data from the KazEOSat-2 spacecraft. As a result, a topologically correct vector map of the soil cover structure of the zone of interest was created, where each elementary soil plot was highlighted. The next stage of work is filling in the attribute database of the vector layer with the full name of the soil combination, particle size distribution, type of relief, etc.

Visual analysis of remote sensing data (KazEOSat-1, Sentinel-2) revealed the landscape situation of the territory. First of all, micro-depressions, negative landforms, saucer-shaped depressions, floodplain soils are decoded. Decoding was carried out by superimposing satellite images, DEM on the layer of a vectorized soil map, in cases when it was necessary the corresponding conclusions about the relationship of the landscape to the soil structure were done.

A digital soil map of the territory of Northern Kazakhstan was used in space monitoring of agricultural production for the Ministry of Agriculture of the Republic of Kazakhstan, for agro-industrial grouping of lands, for monitoring the rational use of land, as well as for filling out existing geoportals for government bodies and local executive bodies. 

Considering that North Kazakhstan belongs to the grain-growing region of the country, the zone of interest is mainly occupied by arable land, and geographic information design technologies using information components: spectral characteristics of the soil cover, DEM, digital soil map of the zone of interest and landscape relationships were used in decoding first of all, with a relief and its parameters: forms and their elements, steepness and exposure of slopes. According to high-resolution remote sensing data, erosion formations (ravine network, grooves), a microrelief with a pronounced hydromorphism of soils, and also the complexity of the structure of the soil cover in the form of a spotted image of arable land are revealed. Based on the results of decoding, it is important to note that with a high complexity of the soil cover, high-resolution remote sensing data is a necessary tool for accurately determining the location, boundaries, and sizes of ranges of different components in the complex structure of the soil cover.

Remote sensing data for analysis were used for different shooting periods, the ravine-girder network, high moisture content in microdepressions, and the effusion of salts on the soil surface are well decrypted from spring images. According to summer photographs, interpretation by indirect signs (heterogeneity of the vegetation cover, «bald patches» and low amount of biomass) was carried out using the analysis of spectral dependencies. The predictive soil map for the territory of the North Kazakhstan region contains about 340 thousand elements to be decrypted, not the territory of the Akmola region – 140 thousand elements. This work is quite time-consuming, requires a lot of effort and skills, high-quality verification and interpretation of data depends on the competence of the researcher. In this regard, search initiative works on automation of these processes are laid.
Table 2 presents the structure of the soil in a digital format soil maps on the example of Kyzylzhar district of the North Kazakhstan Region (fig. 7).
Table 2 – Structure of soil cover of Kyzylzhar district of the North Kazakhstan Region
	№ 
	Soil type
	The area of the soil contours, ha
	№
	Soil type
	The area of the soil contours, ha

	1
	2
	3
	4
	5
	6

	1
	Sod malts
	89063,94
	37
	Meadow solodized
	61,67

	2
	Ordinary chernozems
	40813,65
	38
	Bog turf
	55,63

	3
	Solonetzic ordinary chernozems
	27612,20
	39
	Small chernozem meadow salt licks
	55,49

	4
	Swampy malts

	21388,67
	40
	Meadow chernozem salt licks, medium
	49,72

	5
	Swamp saline
	16974,23
	41
	Floodplain meadow chernozem + solonetz meadow chernozem deep
	46,01

	6
	Solonets soils meadow-chernozem small + meadow-chernozem medium-thick
	13352,59
	42
	Underdeveloped saline
	45,76

	7
	Meadow salt marshes
	10601,81
	43
	Meadow solodized shallow
	34,23

	8
	Swamp chernozem
	6173,48
	44
	Meadow chernozem shallow
	33,69

	9
	Ordinary malts
	2921,42
	45
	Meadow chernozem medium-thick carbonate
	27,83

	10
	Meadow-bog chernozem
	2723,11
	46
	Underdeveloped solodized
	27,43

	11
	Floodplain meadow chernozem
	2005,52
	47
	Underdeveloped floodplain
	24,58

	12
	Forest malts
	1839,26
	48
	Underdeveloped with the release of breeds
	23,83

	13
	Floodplain swamp chernozem peaty
	843,28
	49
	Leached chernozems, thin, low-humus
	22,79

	14
	Meadow chernozem
	445,96
	50
	Salt marshes
	22,14

	15
	Nursery of forest and ornamental varieties
	438,89
	51
	Meadow chernozem malts are boggy carbonate
	21,91


Continuation of table 2
	Light gray forest
	415,36
	52
	Floodplain forest-meadow
	21,46

	Floodplain meadow-bog chernozem
	301,00
	53
	Meadow marsh light chestnut
	15,31

	Floodplain meadow chernozem solonchak
	270,69
	54
	Chernozem saline
	12,85

	Meadow chernozem carbonate
	269,75
	55
	Reservoirs in operation (type 3)
	12,70

	Meadow-chernozem medium-thick
	232,66
	56
	Meadow-chernozem solodized
	10,99

	Soloized chernozems
	197,6
	57
	Meadow chernozem flooded
	9,94

	Floodplain chernozem sod-layered
	191,14
	58
	Southern chernozems dug
	8,524688

	Meadow chernozem solonchak
	173,32
	59
	Meadow chernozem + solonetzes meadow chernozem small
	7,62

	Meadow chernozem crust salt licks
	167,13
	60
	Ordinary chernozems, medium-thick, deep-boiling, low-humus
	6,65

	Ordinary marsh
	156,75
	61
	Recultivated on loess
	5,97

	Meadow-chernozem solodized
	155,86
	62
	Displaced soil and soil
	4,23

	Meadow-boggy underdeveloped
	147,45
	63
	Meadow chernozem solonchak
	4,20

	Meadow chernozem solodized
	142,38
	64
	Meadow chernozem shallow
	4,05

	Thick forest undergrowth (small forest)
	105,20
	65
	Сhernozemic saline
	3,93

	Swampy thickets of shrubs with sparse forest
	102,69
	66
	Chestnut solonetzic and solonetz steppe
	3,56

	Forest gray
	100,39
	67
	Meadow chernozem + solonetzes meadow chernozem crust
	3,27

	Felled forest
	100,28
	68
	Dark forest gray
	2,66

	Thickets of bushes
	92,92
	69
	Dark chestnut solonetzic solonetz and meadow chestnut
	2,52

	Constant shoreline ponds
	76,04
	70
	Solonets soils meadow-chernozem crust
	1,05

	Medium-thick leached chernozems with low humus content
	70,05
	71
	Floodplain meadow
	0,13

	Lakes with constant coastline fresh
	66,18
	
	
	


[image: image12.jpg]


[image: image13.jpg]



Figure 7 – Soil map of the Kyzylzhar region of the North Kazakhstan region, updated according to the remote sensing data of 2019
According to remote sensing data, about 36 soil varieties were decoded in the test site of Akmola, while zonal 7 types of soils were marked on the original soil map, the average area of the soil variety decreased from 35738,8 ha to 6793,9 ha, and less than 10 ha soil ranges were decoded according to remote sensing data.

	№
	Soil type
	Area of soil contours, ha

	
	
	according to data from 1946
	according to RS data from 2019

	1
	Swamp salted
	0,00
	8367,33

	2
	Swamp black- earth
	0,00
	516,65

	3
	Mountain forest
	0,00
	31929,88

	4
	Chestnut and salt marsh
	17224,74
	15794,47

	5
	Meadow-chernozem low-power deep boiling
	0,00
	56,93

	6
	Meadow-chernozemic low-power deep-salt
	0,00
	70,83

	7
	Meadow-chernozemic low-power solonchakous
	0,00
	70,08

	8
	Meadow-chernozem underdeveloped
	0,00
	15,42

	9
	Meadow-swamp
	0,00
	2729,14

	10
	Meadow-swamp chernozemic
	0,00
	17,90

	11
	Meadow-chernozemic medium-power
	0,00
	817,74

	12
	Meadow-chernozemic medium-power 

solonchakous
	0,00
	10,82

	13
	Meadow coastal solonchakous
	0,00
	6,96

	14
	Meadow solonchakous and solonchak
	396,43
	396,43

	15
	Meadow chernozem
	0,00
	291,49

	16
	Meadow chernozem solonchak
	0,00
	1336,81

	17
	Primitive salted
	0,00
	42,63

	18
	Forest malodi
	0,00
	10172,65

	19
	Solonetzes meadow brown cortical
	0,00
	10,32


According to remote sensing data, about 30 soil varieties were decoded in the test site of the North Kazakhstan region, while zonal 7 types of soils were marked on the original soil map, the average area of the soil variety decreased from 35798,8 ha to 8354,4 ha, and less than 10 ha soil areas were decoded. Elementary soil ranges have homogeneous processes of genesis and soil formation factors, are characterized by one type of topography, parent rocks, a similar type of vegetation cover and climatic conditions, one type of agricultural land usage. The use of the geoinformation format in combination with high-resolution remote sensing data and a high-quality topographic basis made it possible to refine the contours of generic and specific varieties of soils in the region.
Thus, the analysis of land use based on remote sensing data of the territory of Northern Kazakhstan showed that over the past 35 years the area of ​​arable land has significantly (about 30%) decreased, this is the basis for making adjustments to the content of the soil map. A predictive soil map in digital format was prepared based on the original paper cartographic base of 1948, medium-resolution remote sensing data of KazEOSat-2 spacecraft and GIS. According to remote sensing data, about 340 thousand elements of the territory of the North Kazakhstan region were deciphered, 140 thousand elements of the territory of the Akmola region, we can state an increase in the detail of the soil map when using remote sensing data to 23%.

2.1.3 Results of field interpretation and verification of the predictive soil map of Northern Kazakhstan based on remote sensing data

In the field determination of the soil type, an integrated approach to soil survey was used: the study of morphological characteristics, soil formation conditions, anthropogenic impact, functional soil zones. Field interpretation is carried out along a characteristic route that crosses various elements of the relief, lands, and is accompanied by the imposition of main sections at the most typical locations. A field route was drawn up and approximate places were highlighted where the main verification sections (half-holes) should be laid (Fig. 8).
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Figure 8 – Route of field survey of test sites in Akmola region
Table 4 – Results of verification of predictive soil map data for the territory of Akmola region based on remote sensing data

	№
	Coordinates
	Soil type

	
	
	predictive
	actual

	1
	E 51°20'51,679"

N 70°38'12,778"
	primitive seaside saline and meadow chestnut
	meadow-dark chestnut solonetzic shallow loamy

	2
	E 51°20'40,309"

N 70°38'4,409"
	chestnut salt licks small and medium
	saline soils typical chestnut shallow loamy

	3
	E 51°19'30,940"

N 70°27'22,111"
	meadow chestnut loamy
	meadow chestnut loamy

	4
	E 51°39'56,979"

N 69°53'43,184"
	marsh seaside saline
	swamp saline

	5
	E 51°7,'667,51"

N 71°0'342,06"
	southern chernozems thin medium solonetsous-solonchak
	southern chernozems solonetzic shallow low-humus light loamy

	6
	E 52°30' 22,237"

N 70°14' 12,167"
	swamp chernozem
	meadow - boggy chernozem

	7
	E 52°30' 1,157"

N 70°15' 32,921"
	primitive coastal saline and meadow-chernozemic
	alluvial gley shallow clayey

	8
	E 52°23' 48,312"

N 70°10' 30,173"
	medium-thick meadow chernozem
	meadow-chernozem shallow loamy

	9
	E 52°23' 50,675"

N 70°14' 44,197"
	low-power meadow chernozem
	southern solonetzic chernozem shallow light loamy

	10
	E 52°24' 4,670"

N 70°15' 26,057"
	forest malts
	forest malts

	11
	E 51°36' 34,702"

N 72°3' 30,351"
	medium-sized meadow chestnut
	undeveloped meadow chestnut shallow

	12
	E 51°45' 50,888"

N 72°23' 1,655"
	marsh seaside saline
	alluvial chestnut shallow loamy

	13
	E 51°51' 25,451"

N 72°39' 34,072"
	floodplain meadow-bog chestnut
	meadow-bog chestnut

	14
	E 51°44' 19,598"

N 72°44' 52,929"
	meadow chestnut saline and meadow saline
	saline meadow-chestnut shallow medium loamy


Continuation of table 4
	15
	E 51°853' 71,037"

N 72°693' 08,187"
	floodplain meadow-bog chestnut
	meadow chestnut solonetzic

	16
	E 52°42' 57,384"

N 70°36' 23,110"
	meadow-swamp chernozem
	carbonate chernozem-meadow

	17
	E 52°43' 8,139"

N 70°36' 35,141"
	small chernozem meadow solonetzes
	black earth loamy salt marshes

	18
	E 52°43' 22,466"

N 70°36' 23,401"
	swamp chernozem
	meadow-boggy chernozem

	19
	E 52°43' 46,128"

N 70°36' 37,134"
	meadow-chernozem medium-thick
	meadow-chernozem medium-thick heavy loamy

	20
	E 52°43' 47,395"

N 70°36' 50,111"
	swampy malts
	solodized chernozem solonetzic

	21
	E 51°056ʹ55,299ʺ 

N 70°022ʹ54,938ʺ 
	meadow chernozem solodized
	meadow chernozem low-humus solodized loamy

	22
	E 51°057ʹ14,150ʺ 

N 70°02ʹ36,172ʺ 
	meadow chestnut saline
	meadow-chestnut saline loamy

	23
	E 51°0893ʹ16,161ʺ 

N 69°0982ʹ50,380ʺ 
	meadow chestnut slightly solonetsous
	meadow chestnut saline loamy

	24
	E 51°0715ʹ51,164ʺ

N 69°0908ʹ49,964ʺ
	salt licks chestnut crust
	typical crusty salt marsh

	25
	E 51°039ʹ28,113ʺ 

N 71°04ʹ18,724ʺ
	southern chernozems shallow medium solonetzic solonchakous
	meadow low-power solonetzic clayey
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Figure 9 – Description of the morphological properties of saline soils in Akmola region
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Figure 10 – Description of the morphological properties of meadow soils in Akmola region

According to the results of the field selective interpretation and verification of the data of the predicted soil map, it is noted that the mapping of the types of saline soils is maligned due to the characteristic fine contour and intrazonal properties, attachment to the microforms of the relief. According to remote sensing data, the main diagnostic sign of saline soils is the state of the vegetation cover [17]. Solonets soils, in contrast to solonchaks, are distinguished by the location of the salt horizon at a certain depth, low projective cover, and rough structure.

Hydromorphic soils (meadowish, meadow, bog) are tied to low relief forms, are distinguished by dense oasis-shaped vegetation, groundwater outlet to the surface or accumulation of surface waters.

According to the data of the field survey, the generic characteristics of soils of about 26% of the control polygons are specified, according to the typical characteristics, the coincidence is about 90-93%, depending on the complexity of the soils.

2.2 Development of methods for assessing the main indicators of soil fertility based on calibration and field measurements using remote sensing data

In the framework of scientific research on the indexing of soil fertility parameters according to remote sensing data, the following results were obtained.

The spectral response of soils according to remote sensing data in different seasons bears its own part of informativeness. The classification of the zone of interest in the spring with an open surface contributes to the identification of homogeneous soil areas with a similar lithological, granulometric, and morphometric structure. There is a clear decipherability of signs such as humus, moisture, salinity, etc. The different density and biomass of vegetative plants indicates the variability of the initial soil fertility and the type of soil habitats. Vegetation as an indirect sign of soil cover serves as an indicator of soil cover. In this case, the pictures are informative during the period of maximum growth and development (July). Thematic processing of images with the allocation of classes and the calculation of vegetation indices contributes to the identification of soil heterogeneities and interpretation of the main soil polygons.

Studies were aimed at identifying the relationship between the content of macronutrients in the sowing layer of the soil and the value of the vegetation index were carried out in the test site of the Akmola region. The area of 1 ha became the elementary soil site of the first test site for soil sampling, the number of sites was 162, the area of the elementary soil site for sampling was 5 ha at the second test site, the total number was 62 (figure 11).  

Soil samples for determining the content of nitrate nitrogen and mobile phosphorus were taken in the pre-sowing period (mixed sample from 5 samples) from each elementary site.

A regression analysis was carried out between the variables – the values of the derivatives of vegetation indices and the values of the N-NO3 and P2O5 content in the sowing layer of soil to determine the cause-effect relationship and further study the spatial distribution and dynamics of soil properties.
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Figure 11 – Сartograms of N-NO3 and P2O5 sufficiency of test sites of Akmola region
For a complete assessment of the dependences, Sentinel-2 images were examined in the spring period with an open soil surface for May 3, May 8, May 13, May 15, 2019, for the summer period of July 7, July 12, July 17, July 19, 2019 at the maximum growth and development of plants. Thematic processing of remote sensing data and calculation of spectral indices NDWI (Normalized Difference Water Index), NDVI (Normalized Difference Vegetation Index), GNDVI (green normalized difference vegetable index), GDVI (generalized Difference Vegetation Index), SAVI (Soil Adjusted VI), Bare Soil (bare ground index) was conducted.

Below are the results of studies on a landfill with an elementary area for sampling in 1 ha. The determination coefficient R of the values of the Bare Soil index and the content of nitrate nitrogen in the sowing layer of the soil on July 19 reaches 0,4. The determination coefficient R for July 7, the values of the GNDVI index and the content of mobile phosphorus reaches 0,5. According to the Cheddock scale, this means that he relationship between the indicators is moderate.

A statistical analysis of the influence of the content of macronutrients in the inoculated soil layer on the spectral did not reveal a clear dependence, the degree of determinism of the variation of values is below average. 

During the period of the maximum development of cultivated plants, the Bare Soil index is the most informative in terms of the nitrogen content in the soil – this is an indicator where the short-wave infrared and red spectral ranges are used to quantify the mineral composition of the soil, the blue and near infrared spectral ranges are used to enhance the presence of vegetation, according to the content nitrate nitrogen – GNDVI, a green normalized differential plant index.
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Figure 12 – Spectral analysis of remote sensing data on a test site of Akmola region
Thus, for the conditions of 2019, a moderate dependence of the values of the N-NO3 and P2O5 contents in the inoculated soil layer and the Bare Soil and GNDVI indices, respectively, with an elementary area of 1 ha, i.e. with thematic processing of satellite images during the period of maximum growth and development of cultivated plants, it is possible to identify zones of supply with nutrients by pronounced changes in the spectral substrate.

Kriging is a spatial interpolation method based on a semivariogram model, which determines the weight of a variable in the vicinity of a desired point or region (Webster, 2008). The term "kriging" unites a whole family of spatial regression algorithms.
Estimation of dependencies of kriging methods is more smoothed in comparison with distribution of initial data. Kriging is the best estimator in a statistical sense in the class of linear interpolators – its assessment has a minimal error variation. An important property of kriging is the accurate reproduction of measurement values at existing points. The error obtained allows us to characterize the uncertainty of the obtained data estimate using confidence intervals.
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                                            а)                                            b)

Figure 13 – The result of kriging to determine spatial interpolation of the Bare Soil index values and N-NO3  (а) and values of the GNDVI and Р2О5 in the seed soil layer (b)

The result of spatial analysis of index values and the values of the content of the main nutrient element in the seed soil layer are probabilistic maps of variability by a factor that changes due to the relative dependence of factors from low to high. The next task of the research is to find out the reasons that contribute to the manifestation of a strong dependence of the index value and the content of nutrients.

Thus, kriging makes it possible to conduct probabilistic mapping of the level of the spatial variable – the content of nutrients in the seed layer of the soil; the accuracy depends on the correct selection of the timing of the space survey and the spectral index. 

Taking into account the decrease in the planned funding of the scientific and technical program in 2019, studies on the classification and indexing of remote sensing data, depending on nutrients, were carried out on zonal chestnut soils of the Akmola region.

2.3 Development of a prototype of a geoportal for soil monitoring for solving problems of rational land use

The reason for creating a prototype of a geoportal is the need to streamline the received spatial data, cartographic materials based on the results of research. A single point of access to distributed geoinformation resources is a geoportal. A geoportal is an electronic geographical resource located in a local network or the Internet and is a catalog of cartographic and descriptive information, formed to solve a specific thematic problem in a given territory, accompanied by basic or advanced capabilities of geographic information systems and available to users through browsers. Modern GIS technologies allow publishing geographic data of various types on the Internet: satellite images, maps, vector layers and descriptive information. The term "geoportal" in the scientific and technical literature denotes the concept of "a site providing access to services", i.e. geoservice for searching spatial datasets, visualizing and loading them. According to the subject specialization, geoportals can ensure the effective functioning of urban planning, monitoring of forests, rivers, seas and oceans, environmental monitoring of the results of human activity, etc.
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Figure 14 – Architecture of Geoportal
On the basis of JSC "NC "KGS", the creation of a single online resource was implemented, consolidating basic spatial information and data on the soil cover of Akmola and North Kazakhstan regions. The most widespread software for building geoportals in recent years has become ESRI products. On their basis, national and regional SDI geoportals of many countries of the world, industry solutions for large corporations have been created. The ArcGIS Server 10.4 platform was chosen as the core of the system, which is currently one of the most functional and easy to use. The geoportal implements standard tools for scaling, map navigation using a general view window, measuring distances and areas, as well as tools for managing layers on the client side. For the convenience of navigation and semantic content of the geoportal, a vector map of a scale of 1: 25,000 was used. A search system for spatial objects was implemented based on descriptive information. In addition, textual descriptive information can be obtained for each feature of the vector map based on data from the database.

When creating a geoportal, the following main stages of work were performed:

1. Collecting the required set of geodata (cartographic information, attributive data, satellite images, accompanying documentation in the form of reports, graphs, tables, etc.).
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Figure 15 – Creating a soil cover map

2. Preparation of data for integration into specialized software for publication on the Internet.
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Figure 16 – ArcGIS Server Manager


3. Design and creation of a web interface of the future geoportal, setting up functionality, as well as direct integration of the prepared data.
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Figure 17 – Geoportal settings window

4. Placing a geographical resource on the Internet.
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Figure 18 – Interface of the developed geoportal
The software platform for the Geoportal operation is ArcGIS Desktop and ArcGIS Enterprise by ESRI, the world leader in the geographic information systems market.

ArcGIS for Desktop is used for the preparation and design of maps, which later become available to users of the geoportal, as well as for managing data in the geodatabase. ArcGIS Enterprise is used to support the functioning of a geoportal, to process user requests for data.

A geoportal based on the results of research within the framework of a scientific and technical program is designed to solve its specialized tasks, its essence is a spatial basis, which includes a variety of data sets. The visibility of the spatial basis is provided by a combination of a base layer of mosaics from satellite images with additional data layers and various user services, which allows you to provide the necessary information to anyone without the use of special software.

Currently, the geoportal provides interested parties with prompt access to cartographic and cadastral information, and also makes it possible to objectively assess the situation with the accuracy and completeness of the available data. As a result of creating a geoportal, all available data (maps, satellite images, etc.) are brought to a single format. The geoportal provides access to space images from the KazEOSat-2 ERS satellite with a spatial resolution of 6 m for the entire territory of Kazakhstan in the form of a seamless panchromatic mosaic. Also, if necessary, it is possible to upload images from open sources, such as Landsat, Sentinel, Modis. The geoportal contains a whole set of layers containing various spatial information such as: agrochemical analysis data, predictive soil map, boundaries of districts and regions, hydrography, roads, etc.

The list of various functions available to users of the geoportal: viewing geographically distributed data presented in vector and raster formats; viewing descriptive (attributive) information of map objects; using basic or advanced GIS tools (map management tools; viewing additional documents in various formats; intuitive search service and obtaining reference information for all objects of a digital topographic map; setting the composition, display sequence and style of cartographic layers; managing the visibility of cartographic layers; measuring distances and areas; exporting selected objects; search by addresses and names of objects; obtaining help on the object selected on the map; use of various SQL queries to search and simplify work with layers.

Thus, the developed prototype of the geoportal carries spatial information on the structure of the soil cover of the territory of Northern Kazakhstan, remote sensing data of different times, digitized data on soil agrochemistry, the results of spectral indexing and classification of remote sensing data.

Subprogram 2: Development of a hardware-software complex to optimize the search and selection of maximum output power from solar panels of spacecraft and ground-based solar stations.
1 The problem of the influence of the solar panel shading effect

The conducted review for the reporting 2018 of foreign research publications on the application of various methods for finding MPPT points made it possible to study existing and most frequently used methods Some of which are Perturb and Observe (P&O) and Incremental Conductance (Inc.Cond). Also in the studies of 2019, in order to compare the obtained simulation results, two mathematical methods and their algorithms were additionally disassembled, used in the photovoltaic system charge controller - Proportional-Integral-Derivative (PID); Adaptive Fixed Duty Cycle (AFDC). According to the simulation results, we faced the problem of solar cell shading, which leads to the appearance of local maxima on the current-voltage characteristic curve and makes it difficult to find MPPT points. Partial dimming is one of the decisive factors in reducing the power output of a photovoltaic system [18-23].

Under such circumstances, the performance of the photovoltaic system is significantly reduced. In addition, the influence of external factors on the cells leads to heating of certain points, which lead to degradation of the panel and shorten its life. To fix the problem, PV panel manufacturers often use shunt diodes. Photovoltaic installations for industrial use are located in areas where environmental conditions are ideal for collecting sunlight. However, partial shading is inevitable. Thus, the problem of non-uniform solar radiation is one of the main problems in the solar industry.

In the past decades, MPPT received more and more attention, and numerous algorithms with different complexity able to track global maximum under partial shading conditions were developed [24-26]. 

Static optimization of the PV array scheme – Serial Parallel, Series, Total Cross Tied configurations have different resilience toward partial shading [24-26]. 

Static optimization of the PV array scheme – Serial Parallel (SP), Series (S), Total Cross Tied (TCT) configurations have different resilience toward partial shading [27-30]. Depending on the geometry of the shade, their performance varies. However, such configurations have little to no resistance to partial shading. 

Dynamic optimization of the PV array scheme – is the method of extracting maximum power based on the reconfiguration of the electrical scheme using switches [31-33]. Such a method allows to adaptively alter the configuration of the PV array based on the solar irradiance, therefore, to reduce mismatch effects actively.
We propose a method that reduces the effect of partial shading on solar panels of any size and shape. The proposed structure is not only able to extract more of the available power, but also to flatten this curve, thus reducing the requirements for finding the maximum power point of the MPPT controller. (Module 1 in figure 19). Other modules of the PV system are not significantly modified.
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Figure 19 – PV system main modules
The starting point of our analysis is a basic building block of the PV system - PV cell. for the optimization of the electrical interconnect, it would be more important to see possible outcomes of the partial shading to the PV system and pick algorithm accordingly rather than putting efforts on determining the most accurate model. Therefore, the focus was kept on a simpler model (figure 20). The performance of the PV cell was simulated on MATLAB and results of single diode solutions could be seen from Figure.
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Figure 20 – PV cell electrical scheme
The current can be calculated using the formula:
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                                                          (1)
Where:

I - output current of the cell (A)                     IL – current generated by solar irradiance (A)

Id – current passing through the diode (A)
IP – current dissipated in shunt resistor (A)

Rewriting Equation 1 would give:

                                     [image: image35.png]


                                            (2)
Where:

q - 1.602 *10−19C (C) (electronic charge)
k - 1.380 *10−23 (J/K) (Boltzmann constant)

n - is ideality factor
Io - is diode reverse saturation current (A)

Rsh - shunt resistance (Ω)
Rs – series resistance(Ω)
Current generated by the solar irradiance was taken as shown in 1.
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                                        (3)
Where:

G - Solar Irradiance (W/m2)

T - Temperature (oC)

µI,sc – Temperature coefficient of short circuit current (A)
If the reference parameters of the solar panel are not known, the simulation could be performed by parameter estimation methods based on the data from the PV manufacturers (models constructed empirically) [23-20]. However, it is not always possible to do so as not all manufacturers provide the necessary information. Therefore, single diode computation was performed on imaginary PV cell Table 5. Simulation results for various temperature and irradiance ranges are presented in figure 21.

Table 5 – Single diode reference parameters at standard reference conditions (SRC: T = 25◦C and G = 1000W/m2).

	Parameters
	Values

	IL,ref
	7.53 A

	I0,ref
	82.689 nA

	Eg,ref
	1.121 eV (Band gap of semiconductor)

	Rs,ref
	0.094 Ω

	Rsh,ref
	15.72 Ω

	µI,sc
	3 mA/◦C


From a single diode numerical computations, the influence of environmental factors on the PV cell could be observed. This dependence changes over time due to the degradation of materials, therefore, altering the property. However, data is key in the further analysis as operation range under different temperatures and solar irradiance are very important information of efficient array structure. From figure 21 it could be already observed how non-uniform temperature or irradiance might disrupt synchronous functioning of the PV array. Furthermore, from Figure 21 (c) significance of bypass diodes becomes obvious, as shaded cells will block all current in the string [38].
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	(a) I-V under different temperatures
(1000 W/m2)
	
	(b) under different temperatures
(1000 W/m2)
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	(c) I-V under different solar irradiance (20oC)
	
	(d) P-V under different solar irradiance (20oC)

	Figure 21 – I-V and P-V characteristics of PV cell at various temperature and irradiance ranges


We have simulated the electrical characteristics of a photovoltaic array in a series-parallel configuration. The calculation was carried out on a panel of 20 x 20 elements connected according to the scheme shown in Figure 22. In principle, the performance of an array of any dimension can be represented by the following procedure.
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Figure 22 – SP electrical scheme
Sum of voltage drop across the cells connected in series is equal to the output voltage (Kirchhoff’s voltage law):

                                                 [image: image40.png]


 :                                                               (4)

Where:

Va - output voltage of the PV array (V)
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V i – voltage drop across the functioning cell (V)

According to the Kirchhoff’s current law, current at the output is sum of all currents generated in each series connection (module):

                                                    [image: image42.png]
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                                                (5)
Where:

Ia - output current of the PV array (A)
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Ii – current passing through the cells connected in series (A)

Using the data from the PV cell model and applying it to the scheme in Figure 23,  several test scenarios of partial shading were simulated figure 23. The results are presented in Figures 26 - 27.
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Figure 23 – Example irradiances inputed to the PV array
The simulation was carried out under the following conditions:

· Voltage drop across the functioning cells connected in series are same [39];

· Temperature across the PV array is uniform. (Temperature of each cell could be specified as well. However, to keep it simpler, it was decided to keep uniform temperature (20 oC) distribution across the panel.)

Partial shading of the PV panel regions prevents to harvest all the available power. Such an event is taking place because of shaded modules (strings of cells connected in series) that go out from the operation range earlier. Thus mismatched functioning could be seen from figure 24. The SP configuration is not able to extract all the power produced by the PV array.
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	Figure 24 – I – V & P - V curve along with number of working cells for case 8 
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	Figure 25 – Estimated I – V curve for the irradiance cases shown in Figure 24 before rearrangements
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	Figure 26 – Estimated P – V curve for the irradiance cases shown in Figure 24 before rearrangements


1.1  Algorithms for calculating the maximum power point with partial shading

The problem was simplified for simulation so that each PV cell represents an element in a matrix. Function Equation 6 which reposition elements (permanently) to minimize mismatch effects, needs to be derived. (prevent early reaching of open-circuit voltage due to shaded cells) Bluntly searching for a whole state space would require an analysis of 400! combinations which is not feasible and will require computational time more than the age of the universe [40 We attempted to solve the problem by setting manageable constraints, and derived search algorithm to rearrange shade across all circuitry. Through trial and error, many scattering methods where tested. Методом проб и ошибок были проверены многие варианты. In the SP configuration, to mitigate the negative effect of shaded cells, the array needs to be dispersed in a way that each module (a string of series-connected cells) contain an equal number of shaded elements. To achieve mismatch reduction cells were relocated to the furthest distance relative to original neighbors. In other words, the distance between original neighbors is the controlling parameter, which has to be maximized to all elements in a uniform manner. The analytical solution describing the transformation was not derived. However, the principle of homogeneously displacing cells further away from original neighbors worked best for efficient power harvesting.
                                                   [image: image48.png]
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Where A is original n x n (n = 20) matrix and B after transformation:
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Number of elements in the matrix is N = [image: image51.png]400



 For each element I (from 1 to N) there are set of neighbors located (d) distance away.
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                  (7)
Where d (Chebychev distance) could be found from standard coordinates.
                                                             [image: image55.png]


                                                      (8)

For instance -  Ai1 = aNW , aN , aNE, aW , aE, aSW , aS, aSE  - is set of nearest neighbors or elements located one Chebychev distance away in the original matrix. Chebychev space was used for the convenience, while other coordinate systems are suitable as well.  If the shape of the PV cell is not square (hexagonal, triangular... etc.) or there is a non-PV element in the panel, sets would change but optimization algorithm would still be able to solve it.
Constraint for final matrix should be set so that shadow is dispersed uniformly across all circuitry. No nearest neighbors could be located less than four Chebychev distance away. Thus distance could be increased based on the size of the PV array. For n = 20 maximum distance nearest neighbors could be dispersed from rearranging matrix was four. Constraint applies to all elements. Thus would ensure dispersion of PV cells across all panel in all directions. In the final matrix displacement should be done in such way that condition (Equation 9) is true for each element i.

                                                                 {Bi(1,2,3)| b ∈/  Ai1}                                                             (9)

To avoid boundary conditions of non-equal number of neighbors computation were performed on toroid (see figure 27) and results were transformed back to original coordinates.

	
	
	

	(a)  Visual explanation of Equation 12
	
	(b) Simulation was done on toroid.

	Figure 27 – Visualization of set operation and coordinate system which was used


1.2 Algorithm for calculation with partial shading

There are many ways to achieve condition Equation 9. Several algorithms have been proposed that solve this problem. (Particle Swarm Optimization (PSO) [41], Simulated Annealing (SA) [42] etc.). A simple search algorithm and backtracking, as there is no single unique solution. Following Equations 10-12 are done for all elements from 1 to N in a random pattern till constraint (Equation 9) is satisfied for all elements.
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Where b and b’ are selected randomly from sets represented in Equation 10 - 11.  Matrix is updated IFF after certain iteration more elements satisfies Equation 9. d in Equation 11 - 12, could be altered therefore creating several versions of algorithm Table 6.  Altering shifting distance would change distribution of elements across matrix.  Distinctive advantage of using sets are possibility to ignore non-PV elements if they are present in the panel and optimization regardless of shape and dimensions.
Table 6 – Different versions of algorithm where d in Equation 11 - 12 are varied
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Main Loop pseudo-code:

[image: image58]
Solutions extracted by using the algorithm are not unique as several more could be obtained by rotating or mirroring. Furthermore, the way toroid is converted back to the two-dimensional surface also creates additional combinations. Therefore, there is no unique solution to the constraint set. The resulting structure resembles magic square as rows and columns dispersed across all the matrix and mostly elements of the same row and column are not in the same row or column in the final matrix. The main advantage of working with sets is the possibility to use constraints and use them to the array of any dimensions. Each version of the algorithm where d was varied table 6 were tested for convergence. Results received from version 1 of the algorithm presented in figure 28.
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Figure 28 – Fitness vs Iterations for algorithm version 1 (results for 20 runs)
For different test case scenarios shown in figure 29 after rearranging the photocells, an increase in the maximum power was found. In actual use, it is impossible to predict the shape and size of the shadow, so tests were carried out with different shading models. It should be noted that it is physically impossible to evenly distribute some of the shadow combinations throughout the entire circuit due to size limitations. However, such a model also had to be tested to see the effectiveness of the method. The simulation results are shown in the figures 30 and 31. In all cases, a more synchronous functioning of the photovoltaic system was observed, and curves I-V, P-V had smaller peaks compared to conventional series-parallel connection. The results for the change in d in Equations 11 to 12 are shown in table 7. 
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Figure 29 – Perception of the radiation scheme shown in fig. 24 after rearrangement according to the proposed algorithm
Table 7 – Maximum Power results for irradiance cases shown in Figure 5 for different versions of the dispersion algorithm

	Case
	Original [kW]
	V1 [kW]
	V2 [kW]
	V3 [kW]
	V4 [kW]
	V5 [kW]
	V6 [kW]

	1.
	22.74
	22.74
	22.74
	22.74
	22.74
	22.74
	22.74

	2.
	19.33
	20.57
	20.66
	20.69
	20.57
	19.93
	20.51

	3.
	13.21
	15.44
	16.18
	16.30
	15.38
	14.98
	16.79

	4.
	12.95
	13.47
	14.55
	14.58
	13.92
	13.70
	14.63

	5.
	16.48
	19.17
	19.71
	19.65
	18.94
	19.41
	19.70

	6.
	14.11
	17.09
	17.59
	18.02
	17.06
	16.91
	18.19

	7.
	12.05
	14.19
	14.86
	14.62
	14.98
	14.56
	14.90

	8.
	7.27
	9.44
	9.63
	9.80
	9.53
	9.27
	9.28

	9.
	13.75
	16.12
	16.91
	17.72
	17.57
	17.18
	16.15

	10.
	17.13
	17.67
	18.12
	18.56
	18.95
	19.14
	17.99

	11.
	15.85
	17.08
	17.91
	18.27
	18.07
	17.91
	17.11

	12.
	9.08
	11.21
	10.61
	10.90
	10.58
	11.79
	11.50

	13.
	15.42
	15.45
	15.81
	15.61
	16.40
	16.34
	15.96

	14.
	12.83
	14.96
	14.92
	14.58
	15.66
	15.34
	14.87

	15.
	11.37
	14.05
	14.20
	12.74
	14.18
	14.72
	14.24

	16.
	11.37
	13.42
	13.29
	11.97
	13.29
	13.96
	12.97
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Figure 30 – Estimated I–V curve for irradiances shown in Figure 24 after rearrangements by version 1
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Figure 31 – Estimated P–V curve for irradiances shown in Figure 24 after rearrangements by version 1
2 Engineering model of a hardware-software complex for optimization of search and selection of maximum output power (HSCC)
The hardware and software complex for optimizing the search and selection of the maximum output power from the solar panels of spacecraft consists of a power board, a control controller implemented using a TMS 470 and a box.
The power section is shown in figure 32, which was developed using CADSTAR software, this software is intended for the design and creation of printed circuit boards. For the production of a printed circuit board, a Gerber file was generated that contains a description of the sequence of commands aimed at drawing various elements of the topology (pads, vias, lines, arcs and text labels). This printed circuit board was manufactured by JSC «ZIKSTO».
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Figure 32 – Power board
Integration of electronic components with the board was carried out in a clean room of «Ghalam» LLP with all the requirements for temperature and humidity for assembling electronics. Figure 33 shows the clean room parameters and Figure 36 shows an electronics assembly workstation that includes special equipment from Finetech, including a convection center for surface mount components of all types.
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Figure 33 – Parameters of the clean room in «Ghalam» LLP
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Figure 34 – Workplace for assembling the board with electronic components

Figure 35 shows the control board – TMS 470, which implements the MPPT search algorithms.
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Figure 35 – TMS 470 control board
The box for the integration of the power board and the control board is realized on a 3 D printer. This box was designed in the SolidWorks software package, which provides the development of products of any complexity. 3 D product design was generated in this software, design documentation was created in accordance with National Standards. The model is formed in stl format for printing on a 3D printer. Figure 38 shows the finished case for integrating the power and control boards.
[image: image67.png]



Figure 36 – Bottom and top case of the box
The hardware and software complex for optimizing the search and selection of the maximum output power of ground-based solar stations consists of a power board, a control controller implemented using STM32F030 Nucleo - 64, a solar panel and a box.

The power board is shown in figure 37, which was developed using Altium Designer software, this software is intended to implement electronic projects at the level of a circuit or program code and for the design and creation of printed circuit boards.A Gerber file was generated for PCB production. This printed circuit board was manufactured in SKTB "Granit".
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Figure 37 – Assembling the board with electronic components

Figure 38 shows the control board, which is implemented on the STM32F030 Nucleo - 64 and controls the power board through the I2C asymmetric serial bus, which is used to connect low-speed peripherals to microcontrollers.
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Figure 38 – STM32F030 Nucleo – 64
Figure 39 shows a solar battery and a case, which is intended for a hardware-software complex to optimize the search and selection of the maximum output power of ground-based solar stations. The box was designed in the SolidWorks software package and printed on a 3D printer. Figure 42 shows a 3 D model of the case in accordance with National Standards.
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Figure 39 – Solar panel and box
[image: image71.emf]
Figure 40 – 3D model of the box
Module overview – a hardware and software complex for optimizing the search and selection of maximum output power from solar panels regulates the output power of the solar panel to maintain a given voltage and current by implementing pulse-width modulation (PWM) power. The battery charger also functions as a battery charging regulator (figure 41).
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	Figure 41 – Functional diagram of the power section of the module


The functional diagram consists of an MPPT controller based on a TMS470 microcontroller, a MOSFET driver and a buck converter.

The MPPT controller measures the Isa current, the solar panel voltage Vsa and the battery voltage Vbat. Next, the algorithm for finding the maximum power point based on the input data generates a PWM signal to generate the duty cycle by controlling the MOS transistors.

The principle of operation of the MPPT controller is based on finding the maximum power point on the I - V characteristic of the solar panel at each moment of time.

The position of the maximum power point depends on the following parameters:

Ambient temperature;

Illumination of solar panel;

The heterogeneity and scatter of the parameters of the photoelectric converters included in the solar panel.
3 Testing and results

Necessary equipment for electrical testing of the hardware-software complex to optimize the search and selection of the maximum output power.

List of equipment for electrical testing of the power section of the module:
Table 8 – Equipment list
	№
	Name
	Manufacturer and model

	1
	Portable multimeter
	Keysight U1252B

	2
	Multimeter
	Keysight 34465A

	3
	Electronic load
	BK Precision 8540 150W DC Electronic Load

	4
	DC power supply
	Базовый блок Keysight N 6700 B
Модуль Keysight E 4360 A


Figure 42 shows a Keysight U1252B multimeter and an electronic load that simulates different loads depending on the type of consumption.
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Figure 42 – Keysight U1252B Portable Multimeter and BK Precision 8540 150W DC Electronic Load

Figure 43 shows two power supplies for the Keysight N 6700 B base unit, which provides constant current and voltage at the output, and the Keysight E 4360 A module simulates the current-voltage characteristics of various photovoltaic cells and a solar panel at specified values of open-circuit voltage and short-circuit current. This device has unique I - V characteristics and controls the output power, which is dependent on environmental conditions (temperature, irradiation) and depending on the shading and rotation of the spacecraft.

Perform remote programming using Modulator Solar Array Simulator software over GPIB, LAN and USB using the SCPI command set. Figure 46 shows the constant current and voltage modes and volt-ampere characteristics of the solar battery.
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Figure 43 – Keysight N 6700 B Base Unit and Keysight E 4360 A Module
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Figure 44 – Mode of constant current and voltage and volt-ampere characteristics of the solar battery

Electrical Test Plan

Electrical tests were carried out in the electronics design laboratory at “Ghalam” LLP. The sequence of electrical tests of the power section of the module is shown in table 9.
Table 9 – Sequence of electrical tests

	Test type
	Part

	Visual inspection
	А

	Determination of mechanical parameters
	B

	Continuity testing
	C

	Checking electrical parameters
	D

	Performance check
	E


Electrical tests are performed to experimentally determine the electrical output parameters such as current, voltage and power. Tests are carried out in order to obtain information about the performance and correct assembly of the power section of the module. The block diagram of electrical tests of the power section of the module is shown in figure 45.
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	Figure 45 – Block diagram of electrical tests


Figure 46 shows the assembly of the power board, control board - TMS 470, electronic load and power supply. All electrical tests are performed on this assembly.
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Figure 46 – Assembling the hardware and software complex for conducting electrical tests
Electrical test results


A) Visual inspection

Table 9 shows the results of a visual inspection of the power section of the module.

Figure 47 shows the power circuit board of the module before the components are soldered.
	Table 10 – Results of visual inspection

№
	Visual inspection
	Result

	1
	PCB marking and identification
	Compliant

	2
	Broken parts, scratched PCB
	Absent

	3
	Burrs, dents on the PCB
	Absent

	4
	Oxidation on PCB
	Absent

	5
	Positioning components
	Correct

	6
	Component polarity
	Correct

	7
	Soldered joint quality
	Absent: short circuit, non-solder, excess or lack of solder

	8
	Pad geometry
	Correct, not broken

	9
	Broken conductors
	Absent
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Figure 47 – Photo of the printed circuit board of the top and bottom of the power section of the module
B) Mechanical parameters

Certain mechanical parameters of the power section of the module are shown in table 11.
	Table 11 – Mechanical parameters

№
	Parametr
	Value

	1
	Length
	160 мм

	2
	Width
	100 мм

	3
	Height
	2 мм


C) Continuity testing
Before connecting the power section of the module, it is necessary to check the correct assembly and the polarity of the power section of the module.

Table 12 shows the results of checking the continuity of the circuits of the power section of the module.
Table 12 – Continuity test results
	Test point number
	Value
	Criteria
	Conformity

	TP 1
	TP ground
	R ≤ 1Ω
	no open circuit
	Conformity

	TP 2
	TP ground
	R ≤ 1Ω
	no open circuit
	Conformity

	TP 3
	TP ground
	R ≤ 1Ω
	no open circuit
	Conformity

	TP 4 
	TP ground
	R ≤ 1Ω
	no open circuit
	Conformity

	TP 5
	TP ground
	R ≤ 1Ω
	no open circuit
	Conformity

	TP 6
	TP ground
	R ≤ 1Ω
	no open circuit
	Conformity

	TP 7 
	TP ground
	R ≤ 1Ω
	no open circuit
	Conformity

	TP 8
	TP ground
	R ≤ 1Ω
	no open circuit
	Conformity

	TP 9
	TP ground
	R ≤ 1Ω
	no open circuit
	Conformity


D) Checking electrical parameters
This test is carried out to verify the minimum and maximum values of the electrical parameters.

Table 13 shows the results of checking the electrical parameters of the power section of the module.
Table 13 – Results of verification of electrical parameters
	Input voltage setpoint
	PWM setpoint
	Output voltage value
	Criteria
	Conformity

	40 V
	50%
	20 V
	20 V
	Conformity

	50 V
	50%
	26 V
	25 V
	Conformity

	60 V
	50%
	32 V
	30 V
	Conformity

	70 V
	50%
	32.5 V
	35 V
	Conformity

	80 V
	50%
	33 V
	40 V
	Conformity


E) Performance check
Table 14 shows the results of evaluating the efficiency.

Table 14 – Efficiency assessment results

	Input voltage value Vin
	Input current value Iin
	Input power
	Output voltage value Vout
	Output current value Iout
	output power
	Efficiency

	40 V
	1 А
	40 W
	32 V
	1 А
	31.9 W
	99 %

	50 V
	1 А
	50 W
	32.5 V
	1 А
	32.4 W
	98 %

	60 V
	1 А
	60 W
	32.7 V
	1 А
	32.6 W
	99 %

	70 V
	1 А
	70 W
	32.8 V
	1 А
	32.7 W
	99 %

	80 V
	1 А
	80 W
	33 V
	1 А
	32.9 W
	99 %


For the hardware-software complex to optimize the search and selection of the maximum output power of ground-based solar stations, testing methods were used - visual and in-circuit. 

Table 15 – Sequence of electrical tests

	Test type

	Visual inspection

	Determination of mechanical parameters

	Checking electrical parameters


Electrical test results
Visual inspection in appearance has the properties of diagnostic control, as it allows detecting base defects, loosening of conductors, ring cracks in holes and others, which are often difficult to detect by means of electrical control. Disadvantages of visual control: subjectivity of human perception of certain external signs of the manifestation of defects, a high probability of errors and omissions of defects, inaccessibility for observation of connections in the structures of multi-level printed circuit boards.

Figure 34 shows the printed circuit board of the HSCC and indicates the tracks and electronic components. The outline of the board is rectangular - average dimensions 152mm x 101mm, the board is routed two-sided, the arrangement of the elements is one-sided. A connector is located on top of the assembly on the short side. The subassembly contains both surface mount (SMD) and push-through components. Further, according to the model of the board, we carried out diagnostics of the installation, the presence or absence of holes and also the presence or absence of ring cracks. Based on the inspection, no flaws or defects were found, the installation was carried out in accordance with the requirements.

As a result of visual inspection, we see that the DA 1 microcircuit is installed with a key in the top, cylindrical capacitors and diodes are installed in accordance with their polarity. The HSCC power board is ready for the next test.

Table 16 – Results of visual inspection.

	№
	Visual inspection
	Result

	1
	PCB marking and identification
	Compliant

	2
	Broken parts, scratched PCB
	Absent

	3
	Burrs, dents on the PCB
	Absent

	4
	Oxidation on PCB
	Absent

	5
	Positioning components
	Correct

	6
	Component polarity
	Correct

	7
	Soldered joint quality
	Absent: short circuit, non-solder, excess or lack of solder

	8
	Pad geometry
	Correct, not broken

	9
	Broken conductors
	Absent


Certain mechanical parameters of the power section of the module are shown in table 17.
	Table 17 – Mechanical parameters

№
	Parameter
	Value

	1
	Length
	152 мм

	2
	Width
	101 мм

	3
	Height
	35 мм


In-circuit testing tests individual components on a board or portions of circuits. Methods of eliminating the influence of parallel circuits are applied.
Table 18– Checking the electrical parameters of the HSCC power board.
	Item name
	Dimension
	Result

	CAP CER  C1, C5
	0.022UF 50V
	Ок

	CAP ALUM  C2, C6
	1000UF 20% 80V
	ОК

	IC, MOSFET DRIVER, HIGH/LOW SIDE, SOIC-8 DA1
	10-20Vout 
	Ок

	INDUCTOR, TOROID,  L1
	100UH
	Ок

	RES SMD  R1, R5
	100K OHM 1% 1/4W
	Ок

	RES SMD  R2, R7
	20K OHM 1% 1/4W
	Ок

	RES SMD  R3
	200 OHM 1% 1/4W
	Ок

	RES SMD  R4, R6
	470K OHM 1% 1/4W
	Ок

	TVS DIODE  VD1
	30.8VWM 64.3VC
	Ок 

	DIOD GEN PURP  VD2
	100 V 300MA
	Ок

	TRANS MOSFET P-CH VT1, VT2
	100V 19A
	Ок

	FUSE  F1
	18A
	Ок


The power board uses PWM transistors, the duty cycle of which is controlled by the MRPT controller. The options were 25%, 50%, 75% and 99%. Figure 50 uses a duty cycle of 25%, and Figure 51 shows a duty cycle of 25%, but the outputs are in antiphase. To check the performance of the PWM controller, the reduced duty cycle of the two output signals is 50% and with different amplitudes, which is shown in figure 48.
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Figure 48 – 25% duty cycle of the output signal
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Figure 49 – 25% duty cycle output signals in antiphase
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Figure 50 – 50% duty cycle output signals in antiphase

When implementing the MPRT controller, the following were used:

- Perturb and Observe algorithm (P&O algorithm);

- Algorithm of increasing conductivity;

- MPRT algorithm in case of shading or failure of an element / elements.

When shading or failure of the photocell, several maxima are formed, the above two algorithms for finding the MPPT begin to not work, since they get stuck at the local maximum and there is no search for the global one, which is necessary for fast charging of the battery. 

The voltage axis is divided into equal sections with a step multiple of the open circuit voltage of the solar cell / series connected cells. Further, using interpolation methods (spline, Lagrange polynomials, etc.), the function will be restored. On each segment of the graph, the area will be determined using integration. The areas are compared with each other and the maximum area is determined. In the area where the maximum area is determined using the Perturb and observe or Incremental conductance method, the maximum power point is determined. This algorithm is shown in figure 51.
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Figure 51 – Algorithm for searching for MRPT when shading or failure of an element / elements
Figure 52 shows a diagram of the sequence of work of software and mathematical software, in which various algorithms are used.
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Figure 52 – Diagram of the sequence of the software and mathematical 
When developing the software and mathematical software, the capabilities of the Delphi rapid development tools were fully used with the use of the Object Designer tool and libraries of visual components. A general view of the user interface of the HSCC is shown in figure 53.
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Figure 53 – General view of software and mathematical 

Figure 54 shows the result of finding the point with the maximum power.
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Figure 54 – Result of finding the point with the maximum power
The software for the controller is built on a state machine architecture. The program blocks and state and transition diagram of the MPPT controller are shown in figure 55. After power is applied, the firmware is read from the ROM flash memory and control is transferred to it to execute commands. The required interfaces are initialized using device drivers and configuration data. If for some reason an initialization error occurs, an error code is sent to the SCI communication port and the transition to reboot. With nominal initialization, a transition occurs to the main program loop in which two main processes take place:
- Calling the function of calculating the PWM value by timer;

- Processing of commands coming from the SCI communication port.
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Figure 55 – Diagram of states and transitions of the MPPT controller
Table 19 – List of Major Functions Used in the Main Firmware Loop

	Name
	Moduke
	Short description

	uint8 create_TM(TCData_t TC,TMData_t  * TMData)
	sys_main.c
	Formation of telemetry package for transmission via SCI interface

	void sciNotification(sciBASE_t *sci, uint32 flags)
	sys_main.c
	Event handler appearance of characters in the SCI buffer

	void rtiNotification(uint32 notification)
	sys_main.c
	Real-time timer interrupt handler

	uint32 mppt_init (SolarPanel_t * SolarPanel,  BCMcontroller_t * controller, mppt_algorithm_t method);
	mppt.c
	MPPT program block initialization

	uint32 mppt_base (SolarPanel_t * SolarPanel,  BCMcontroller_t * controller);
	mppt.c
	Function that implements the Perturb and Observe algorithm

	uint32 mppt_ICon (SolarPanel_t * SolarPanel,  BCMcontroller_t * controller);
	mppt.c
	Function that implements the increasing conductivity algorithm

	uint32 mppt_Bisectant (SolarPanel_t * SolarPanel,  BCMcontroller_t * controller);
	mppt.c
	Function that implements the algorithm of the secant method

	uint32 mppt_process (SolarPanel_t * SolarPanel,  BCMcontroller_t * controller);
	mppt.c
	Functions - container of MPPT algorithms used in the main loop


CONCLUSION
The use of remote monitoring methods makes it possible to move to the practical application of digital soil mapping at the regional level. To identify intrazonal soils, the origin of which is associated with the microrelief of the territory, during soil mapping, it is necessary to use a digital elevation model constructed from high-resolution remote sensing data. The positive multiplicativity of remote sensing and topography values ​​indicates that the soil formation processes determined by the topography intensify the processes displayed by the remote sensing data. Thus, there is a reason to recognize the possibility of extracting analytical information from remote sensing data and digital elevation models, as well as correcting modern soil maps. The most informative for soil interpretation are images of the territory of Northern Kazakhstan in the first half of May, a moderate dependence of the values ​​of the relief heights and indices GrDVI, Bare Soil (up to 0,5), i.e. during thematic processing of satellite images, it is possible to identify some forms of microrelief based on pronounced changes in the spectral substrate. The analysis of land use according to remote sensing data of the territory of Northern Kazakhstan showed that for the period from 1985 to 2019 the area of arable land has significantly (about 30%) decreased, this is the basis for making adjustments to the content of the soil map. According to remote sensing data, about 30 soil varieties in North Kazakhstan and 36 varieties in Akmola region were deciphered on test sites with an area of 2500 sq. km, we can state an increase in the detail of the soil map when using remote sensing data up to 23%

For the conditions of 2019, a moderate dependence of the values of the content of N N-NO3 and P2O5 in the sowing layer of the soil and the Bare Soil and GNDVI indices, respectively, with an elementary plot area of 1 ha, i.e. during thematic processing of satellite images during the period of maximum growth and development of cultivated plants, it is possible to identify zones of supply with nutrients based on pronounced changes in the spectral substrate.

Based on the results of the work, an algorithm for analyzing the soil cover was built on the basis of remote sensing data, geoinformation design, DEM and initial soil maps in vector format.
As part of subprogram 2, engineering models of a hardware and software complex for controlling power take-off from solar panels of the power supply system for spacecraft and ground-based solar stations were developed, and software for the MPPT controller was developed, which uses optimal algorithms to find the point with maximum power. These algorithms were selected after a systematic analysis of domestic and foreign works. In this subroutine, hardware and software control systems were developed and created, consisting of a power board, a control board and a box.

Algorithms for finding the maximum power during shading or failure of the photoconverter were analyzed and new ones were proposed, the modeling of which showed their effectiveness in comparison with the known ones. The proposed MRPT search algorithms use minimal calculations using mathematical formulas that do not facilitate and speed up the controller's work.

The results of experimental studies of the developed devices were obtained when testing the hardware-software complex for controlling the power take-off from solar panels of the power supply system of spacecraft and ground-based solar stations, which meet the requirements for spacecraft.

The results of this project will be applied in the development of the power supply system of the spacecraft, since in this work a full cycle was carried out from the creation of algorithms operating in various conditions, software, design, assembly and testing of the hardware and software control complex.
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Application 1

to the contract of January 20, 2020 № 12

CALENDAR PLAN OF WORK
under contract of January 20, 2020 № 12

	№
	The name of the activities to implement the objectives of the program
	Period of execution
	Cost, tenge
	Expected results

	Subprogram 1: Development of the North Kazakhstan soil’s fertility evaluation methods based on data from Remote Sensing of the Earth provided by KazEOSat-1,2 space vehicles and geographic informational technologies

	1
	Testing and approval of the methodology for assessing fertility based on the results obtained from calibration and field measurements according to remote sensing data of foreign and domestic spacecraft KazEOSat-1,2. Creation of a pilot geoportal for monitoring soil fertility parameters based on the developed methodology. Publication of 2 articles
	I-IV sq
	28 450,0
	Scientific substantiation of methods for assessing soil fertility in Northern Kazakhstan based on remote sensing data


	1.1
	Development of a methodology for assessing fertility according to remote sensing data of foreign and domestic spacecraft KazEOSat-1,2 on the territory of Northern Kazakhstan. Submission of an article for publication
	I sq
	7 112,5
	Scientifically grounded methodology for assessing soil fertility in Northern Kazakhstan according to remote sensing data

	1.2
	Approval of the methodology for assessing fertility using remote sensing satellite images of foreign and domestic spacecraft KazEOSat-1,2 on the territory of Northern Kazakhstan. Submission for article publication
	II sq
	7 112,5
	Approved methodology for assessing soil fertility in Northern Kazakhstan JSC “NC “KGS”


	1.3
	Testing the methodology for assessing fertility according to remote sensing data of foreign and domestic spacecraft KazEOSat-1,2 in the territory of Northern Kazakhstan. Submission of an article for publication

	III sq
	7 112,5
	Results of field studies to substantiate the methodology for assessing soil fertility in Northern Kazakhstan using remote sensing data

	1.4
	Development of a geoinformation platform (geoportal) to control the parameters of soil fertility in Northern Kazakhstan

	IV sq
	7 112,5
	Pilot geoinformation platform (geoportal) for monitoring soil fertility parameters

	Subprogram 2: Development of a hardware-software complex for optimizing the search and selection of maximum output power from spacecraft and ground-based solar stations

	2
	Design, assembly and testing of engineering models of the hardware and software complex for controlling power take-off from solar panels of the power supply system for spacecraft and ground-based solar stations.

Formation of design documentation.

Publication of 2 articles

	I-IV sq
	17 160,0
	Engineering models of the hardware and software complex for controlling the power take-off from solar panels of the power supply system of spacecraft and ground-based solar stations

	2.1
	Design, assembly of an engineering model of a hardware and software complex for controlling power take-off from solar panels of a power supply system for spacecraft. Formation of design documentation.
	I sq
	4 290,0
	Engineering model of the hardware-software complex for controlling the power take-off from solar panels of the power supply system of spacecraft. Design documentation


	2.2
	Design, assembly of an engineering model of a hardware and software complex for controlling power take-off from solar panels of a power supply system for ground-based solar stations.

Formation of design documentation

	II sq
	4 290,0
	Engineering model of the hardware and software complex for controlling the power take-off from solar panels of the power supply system of ground-based solar stations. Design documentation

	2.3
	Tests of the engineering model of the hardware-software complex for controlling the power take-off from solar panels of the power supply system of spacecraft.

Submission of an article for publication (in a rating journal)

	III sq
	4 290,0
	Results of testing an engineering model of a hardware-software complex for controlling power take-off from solar panels of a power supply system for spacecraft

	2.4
	Tests of the engineering model of the hardware and software complex for controlling power take-off from solar panels of the power supply system of ground-based solar stations.

Submission of an article for publication (in a rating journal)

	IV sq
	4 290,0
	Results of testing the engineering model of the hardware and software complex for controlling power take-off from solar panels of the power supply system of ground-based solar stations


APPLICATION B

List of publications of articles in journals, collections of scientific papers for 2018-2020

	№  i/o
	Authors
	Article Title
	Title of publication

	1
	2
	3
	4

	2018

	1


	K.S.Baktybekov G.R.Kabzhanova
G.A.Kabdulova

A.A.Aimbetov
	Monitoring of Land and Agricultural Resources of the Republic of Kazakhstan with the Use o ERS Data
	20 International Research Conference Proceeding (ICARSPF 2018): 20th International Conference on Applications of Remote Sensing in Precision Farming, June 14-15, 2018 Vienna Austria, pp. 1500-1503

	2
	К. Бактыбеков, Г.Кабжанова, 

А.Аимбетов, Г.Кабдулова, 

Б. Рахимжанов,

А. Зеленовский
	The results of the use of space technologies in the management of agricultural resources of the Republic of Kazakhstan
	Materials 18 int. Scientific and Technical Conference "From imagery to digital reality: remote sensing of the Earth and photogrammetry", 2018, p.25-32 (Crete, Greece), pp. 25-32

	3
	К. Бактыбеков, Г.Кабжанова, 

А.Аимбетов, 

А Рыщанова

	The use of space technology in the monitoring of agricultural resources of the Republic of Kazakhstan
	Proceedings of the International Conference on the implementation of the latest scientific developments for GEOSS in the agricultural sector, Kiev, Ukraine (September, 2018). The collection is being prepared for publication Scopus (in press)

	4
	K.S.Baktybekov,

А.Syzdykov, К.Sakhanov  

А.Muhamediyev .
	Software-hardware method for optimizing the charge of spacecraft batteries in a solar-synchronous orbit
	Materials 17th Int. scientific conference "Aviation and Cosmonautics", Moscow (in print)

	5
	Zh. Baizhuma 
S.A. Bolegenova 
R.K. Manatbayev 
K. Baktybekov 
A. Syzdykov
	Evaluation of wind power potential in shelek corridor (Kazakhstan) using weibull distribution function
	International Journal of Mathematics and Physics, vol. 9, № 2, 86-93 (2018)

	2019

	6
	Suresh Babu, 
Gulzhiyan Kabdulova, Gulnara Kabzhanova
	Developing the Forest fire danger index for the country Kazakhstan by using geospatial techniques
	Journal of Environmental,

IF 4.251, pp. 48-59

	7
	G. Kabzhanova, K. Baktybekov, 
A. Aimbetov, 

A. Kurmasheva, 

G. Kabdulova
	Remote Monitoring of the Main Types of Soil in Northern Kazakhstan
	7th International Conference on the Use of Remote Sensing Methods of the Earth and Geoinformation Technologies in Environmental Protection, Cyprus (RSCy2019)
e-library: SPIEDigitalLibrary.org/conference-proceedings-of-spie 

111740Q (27 June 2019); doi: 10.1117/12.2533057
e-library: SPIEDigitalLibrary.org/conference-proceedings-of-spie 

1117406 (27 June 2019); doi: 10.1117/12.2533563

	8
	G. Kabdulova,

 G. Kabzhanova, 
K. Baktybekov, 
A. Aimbetov, 

L. Aligazhiyeva
	Satellite Remote Sensing for Monitoring of the Forest Resources of Kazakhstan
	


Continuation of table of Application B

	9
	K. Baktybekov, G. Kabzhanova,

G. Kabdulova,

A. Kezheneva
	Use of DEM as an element of digital soil mapping of the territory of Northern Kazakhstan 
	Bulletin of West Kazakhstan State University № 4 (76), 2019. Pedagogy, philology, tarikh zhane ecology, geography series, pp. 525-531

	10
	K. Baktybekov,

K. Sakhanov,

A. Syzdykov,

A. Mukhamediev
	About the possibility of using the MRI controller for various positions of the solar panels of the spacecraft of the relative Sun 
	Materials of the 18th Int. scientific conference "Aviation and Cosmonautics", Moscow (in press)

	11
	R.K. Manatbayev

N. Kalasov

B. Bektibay

Y. Urumov

K. Baktybekov

A. Syzdykov

E.M. Zulbukharova 
	Definition of the basic geomentric parameters of a carousel type turbine its technological solution
	International Journal of Matyematics and Physics (in press)

	2020

	12
	K.S. baktybekov

G.R. Kabzhanova

A.A. Aimbetov

G.A. Kabdulova

A.S. Kezheneva
	Stages of photogrammetric processing of images of the domestic satellite KazEOSat-1

	Bulletin of the Eurasian National University. L.N. Gumilyov. Chemistry Geography. Ecology series. (in press)

	13
	K. Baktybekov, 
A. Aimbetov, 
G. Kabzhanova, 
N. Tanat


	Application of space technologies in monitoring of agricultural resources of the republic of Kazakhstan


	ArcReview, electronic version of the journal: https://www.esri-cis.ru/news/arcreview/detail.php?

ID=28380&SECTION_ID=1126

	14
	K. Baktybekov, 
A. Aimbetov, 
G. Kabzhanova, 
N. Tanat


	Remote sensing capabilities for characterizing the soil cover structure of the territory of Northern Kazakhstan


	Earth Sciences (in press)

	15
	K. Baktybekov, 
A. Aimbetov, 
G. Kabzhanova, 
M. Alibayeva

	Application of remote sensing data for monitoring soil fertility

	Bulletin of the Eurasian National University. L.N. Gumilyov. Chemistry Geography. Ecology series, № 2 (131)/2020. Pp. 78-84
ISSN (Print) 2616-6771

ISSN (Online) 2617-9962

	16
	K.S. Baktybekov
A.B. Syzdykov

	"ETU" LETI "method for finding the MPPT point in cases of failure or shading of photovoltaic converters on solar batteries of remote sensing spacecraft"
	XI International Scientific and Technical Conference dedicated to the 45th anniversary of the formation of the AUPET named after Gumarbek Daukeev. Energy, infocommunication technologies and higher education
electronic version of the article: https://mntk.aues.kz/index.php/ru/56-2/ 

	17
	K.S. Baktybekov
A.B. Syzdykov
K.S. Sakhanov
A.S. Mukhamediev
A. Kurmanbai
	Algorithm for finding mri in case of shading or failure of solar panel photovoltaic converters on spacecraft using low orbits


	VIII Belarusian Space Congress (in press)

	18
	G .Kabzhanova, 
K. Baktybekov, 
G. Kabdulova, 
A. Aimbetov,
 L. Aligazhiyeva
	Use of the Earth Remote Sensing data for the monitoring of the level of soil fertility
	Bulletin of the Karaganda university

Biology. Medicine. Geography series (in press)
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	19
	Kabzhanova Gulnara, Baktybekov Kazbek, Aimbetov Aidyn, Aligazhiyeva Linara, Kabdulova Gulzhiyan
	Use of Earth remote sensing data for the monitoring of the level of soil fertility
	8th International Conference on the Use of Remote Sensing Methods of the Earth and Geoinformation Technologies in Environmental Protection, Cyprus (RSCy2020).

e-library: SPIEDigitalLibrary.org/conference-proceedings-of-spie 

115241X (26 August 2019); doi: 10.1117/12.2570967
e-library: SPIEDigitalLibrary.org/conference-proceedings-of-spie 

115240R (26 August 2019); doi: 10.1117/12.2570965

	20
	Kabdulova, Gulzhiyan, Meirmanova Tomiris, Aimbetov Aidyn, Kabzhanova Gulnara, Baktybekov Kazbek
	GIS capabilities in monitoring of forest logging and assessment of burned areas based on Earth remote sensing data
	

	21
	A.A. Aimbetov, M.T. Alibayeva, K.S. Baktybekov, G.A. Kabdulova, G.R. Kabzhanova, N.B. Tanat
	Method of creating vector digital soil maps of Northern Kazakhstan

	Useful model patent. At the examination at the RSE "National Institute of Intellectual Property" (application dated April 30, 2020)


	22
	K.S. Baktybekov, G.R. Kabzhanova, G.A. Kabdulova, A.Zh. Kurmasheva, M.T. Alibayeva, L.R. Aligazhiyeva, I.V. Stikhilyas, A.S. Kezheneva
	Monitoring of soils in Northern Kazakhstan based on the use of remote sensing data and geoinformation technologies

	Methodical instruction. Approved at the meeting of the Scientific and Technical Council of JSC "NC "KGS "for the 2nd quarter of 2020 (14.07.2020)
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Monitoring of Land and Agricultural Resources of
the Republic of Kazakhstan with the Use of ERS
Data

K. S. Baktybekov, G. R. Kabzhanova, G. A. Kabdulova, A. A. Aimbetov

Abstract—With the development of own space system in
Kazakhstan the possibilities of using modem methods of
monitoring and cconomic activity control and_environmental
‘management have extended in general. The national system of the
Earth remote sensing of the Republic of Kazakhstan includes the
following groups: two RS satellites (high and average resolution).
ground control system for satelltes and target complex for data
receiving and processing. This article presents the experience on
space monitoring of land resources use, conditions of agricultural
‘grounds, monitoring of timeliness and quality of agrotechnological
operations, targeted subsidies and agricultural insurance of the
Republic of Kazakhstan based on the Earth remote sensing data.
The received resulis became a substantiation for implementation of
the state program on realization of space monitoring for the branch
tasks solution of public authorites trough creation of infrastructure
of spatial data on the basis of Remote Sensing data and satellte
navigation in 2018,

Keywords—Agriculural production monitoring, - geoporial,
IS, land resources, remote sensing.

EING mighty source of new materials, information the

space technologies contribute to all sectors of economic
development and lead in supporting the politics interests and
questions of defense and security of the country.

The usage possibilities of modem monitoring methods
and control of economic activities and nature management
in gencral cxpanded with developing of own space systems
in Kazakhstan.

In present time the National system of remote sensing of
the Earth includes grouping of two satellites of Earth
Remote Sensing, with high and medium resolution, ground
control system for satellites and ground-based ~target
complex for space data receiving and processing.

During exploiting of native satellites it has been revealed
that one of the main direction of Earth Remote Sensing is
monitoring of land and agricultural = resources ~(inc.
agriculture production).

“KazEOSat-2" is one of native satellite that has 6.5 m/pix
resolution, 5 multispectral channels, and represent spatial
information about the earth surface in visible and infrarcd
wavelength ranges of clectromagnetic waves, first of all
adapted for agroindustrial complex and land use.

First of all potential and possibilities of space crafts in
Kazakhstan are dirccted 1o solve the actual agro-problems
(grocery management, assessment of export potential,
system of coordinate land agriculture, sharp decline in
corruption costs, investment attractiveness of agricultural
land, solution of ccological problems in agriculture and
ete).

JSC“NC “Kazakhstan Gharysh Sapary”, Astana city (Kazakbstan)
(e-mail: ¢ kabzhanovat@ gharysh kz).

1500

The space technologies in the Republic of Kazakhstan
became an organic part of agro-management and the main
tool in controlling and monitoring for public agencies and
organizations in agro-industrial complex sphere [1, 2].

There are demands for agriculture monitoring, such as
complexity, efficiency, information objectivity:

- rational usage of land sources;

- monitoring of land condition;

- monitoring of agro-technology operations timeliness and
quality:

- monitoring the targeting of sul
insurance.

The Je stock company “National ~company
“Kazakhstan Gharysh Sapary”, being the National Operator
of the Space Remote Sensing System of the Earth of the
Republic of Kazakhstan, has realized projects on monitoring
agriculture manufacturing of the country guided by
objectivity principle and authenticity.

Having high strategic crop value. the north cropland
regions of the country (Akmola, North-Kazakhstan,
Kostanay regions) cause great interest both the state
agencies and private cntreprencurs in controlling and
‘monitoring of agriculture.

Being located in the zone of the risk, agriculturing of the
Northern  Kazakhstan must be under constant control
including ~ agrotechnical and  agrochemical ~measures
carrying-out, and conditions for phase development of
crops, and refinement of yields and gross fees. Objective
and qualitative monitoring on huge areas is possible only
using Earth Remote Sensing datas. Earth Remote Sensing
datas allow giving non-contact assessment conditions of
vegetation by the reflective properties of the underlying
surface [3].

In Kazakhstan. since the late nincties of the last century,
an automated information system of the state land cadastre
of the Republic of Kazakhstan has been introduced, from the
point of view of keeping cadastral records, taking into
account the legal regime of lands, the location of lands,
accounting for the size of land plots and related real estate
objects working in full mode, has a number of limitations
for mapping, accounting, assessment and monitoring of land
use and soil quality [4].

Satellte cstimation of crop areas of agricultural crops is
carried out on the basis of actual remote sensing data and the
use of modern geoinformation technologies. The main
conditions for conducting space monitoring of agricultural
production are high spatial resolution and simultancous
observations. An electronic map of fields created on the
basis of vectorization of Earth Remote Sensing data of high’
and medium resolution carries accurate information on the
arca and boundaries for each field in the context of the farms
when integrating with the land registry data. This approach

idies and agri-
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excludes a subjective land use assessment and deliberately
false data on sown areas.

Fig.1 - Filling of atributive information for the "arable land”™
layer in the Akmola region

Terms of sowing are one of the main elements of modern
\echnology of cultivation of agricultural crops. Sowing in
optimal terms ensures the return of the funds invested in the
Cultivation of crops, contributes to obtaining a high yield
and product quality with the overall favorable phytosanitary

fate of crops.

When choosing the optimum sowing period, conditions
e created for the formation of physiologically stable, hardy
wd competitive crops to harmful organisms. When
Choosing optimal sowing periods, the following main
1 are taken into account, the value of which varies by

the total length of the growing scason, the
quirements  of crops for soil temperature ~ during
Jermination and seedling formation, and the requirements of
ops for the consumption of moisture for the formation of
spticultural products.

Monitoring the timing of crop planting is important, first
o all, for the reasoning of subsidy payments aimed at

upporting agricultural production, provided that agro-
technology of cultivation and rational land use are observed.

Applying the analysis of time-lapse satellite imagery, it is
Jossible to orient monitoring to control compliance with the
iing, of agrotechnological operations (timing of sowing,
(g of harvesting, timing of phytosanitary measures,
olc.)

For Northern Kazakhstan, the optimal scientific and
Justified time for sowing agricultural crops is determined by
(e regional research institutes of agriculture, taking into
sccount the conditions for the autumn er accumulation
o moisture, the conditions of sowing, soil characteristics,
swiometcorological and other agricultural producers, as a
in order to obtain a sustainable harvest, must adhere to
(e aptimal time for sowing. And only space monitoring
(olibly and_ promptly determines the observance of the
g of sowing.

10 evaluate the state of spring crops in Northern
V- azalkhistan, the processing of space images are carrying out
i the basis of Erdas software.
sments of the state of vegetation were
varied out based on the calculation of the Normalized
Difference Vegetation Index.

When performing Normalized Difference  Vegetation
{ilex  caleulations, the pixels of the space image

itative asse
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corresponding to water objects, clouds, open soil were
excluded. After the processing, containing the procedures
for adjusting the display of the image channels, the
information was saved in a raster format and exported to a
database on agricultural land. To obtain vegetation status
maps, this image was uploaded to the ArcGIS software
product, where procedures were performed to assign values
to one of the state classes and per-pixel export of
Normalized Difference Vegetation Index values to the
database.

The assessment of the state of spring grain crops in the
northern grain-bearing region of Kazakhstan was carried out
on the basis of an algorithm worked out using the Earth
Remote Sensing archive database with the separation of 5
types of states from very good to very bad.

Fig. 2 Map - the scheme of spring crops condition in 2015 in
‘Akmola region on the basis of remole sensing

Assessment of the state of crops was carried out during
the period of maximunm accumulation of biomass by plants -
the state of milk ripeness of spring wheat. On the map
Normalized Difference Vegetation Index a mask of
agriculural fields was imposed on the regions. Then a per-
pixel count of the area was carried out according to the
classes of the vegetation state.

Thus, satellite assessment of the state of spring grain
crops allows spatial and temporal monitoring of agricultural
crops both at the regional level and at the level of individual
fields and can serve to make menagerial decisions in
agriculiural production.

Yield is a qualitative, complex indicator that depends on
many factors and, above all, an indicator of the applied
cropping culture. With all other equal agrometcorological
conditions, it s the observance of crop rotation and the high-
quality implementation of agrotechnology that contributes to
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an increase of the productivity of fields. This is the resultant
indicator, which serves as the basis for planning and making
effective management  decisions in the  agricultural
production.

Information about the expected harvest, the causes of
possible losses and the level of losses are  the interest to
both producers of agricultural products and state structures.
For the previous, this information s not only economic, but
also political. The loss of crops and the decline of the
quality of products for various reasons reaches 30% or
‘more. Therefore, there is a great importance of strategical
forecasting crop yields and  regulation of the production
process by available technological means.

Actual data on the condition of crops at the regional level
can only be obtained using remote sensing data.

Forecasting the yield of grain crops using satellite
information has a number of advantages, which consist in
the promptness of obtaining information on  the spatial
location of crop areas, the objectivity and independence of
the information obtained.

Forecasting the yield of spring wheat was carried out on
the simulated derivatives of Earth Remote Sensing data
from 2007 for the northern region of Kazakhstan (vegetation
indices VHI - Vegetation Health Index, VCI - Vegetation
Condition Index, TCT - Temperature Condition Index, NDVI
- Normalized Difference Vegetation Index). the error of
models trained on various data was 5.98 -13.1%. The main
direction now s to improve the quality of forecasts, lead
times, which ultimately will positively affect on  the
planning and management of agricultural production

The space monitoring of agricultural production also
includes dircctions for the satellte assessment of the arcas
of the current year's steam fields and the structure of the
cereal crop rotation, weediness of spring grain crops and
monitoring of harvesting and harvesting rates of agricultural
crops.

Fig. 3 Satellite monitoring of rangelands

Clarification of boundaries and arcas of agricultural land
is the primary task when introducing space technologies in
gricultural production, since this information serves as a
geographically coordinated basis for further work [S].
Accurate mapping of agricultural land on the basis of the
application of actual remote sensing data is also necessary
for resolving land disputes. uncovering unauthorized land
grabs, determining the misuse of land.

At present the satellite image is becoming an important
1ol for inspecting and controlling agencies in the field of
land use.

The main tasks of space monitoring of land use are:
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- determination of the quantitative structure of land;

- automatic receipt of data on the land use (with a change
in the legal relationship);

- monitoring of actual use of land resources:

- updated inventory characteristics of the land plot
(location, area, purpose):

- providing information for the calculation of land tax and
rent;

- drafting of cadastral maps;

- determination of targeted use of land plots and
automatic.deteetion of violations of land legislation and
established requirements;

-identification and monitoring of land degradation

processes.

Fig. 4 Identification of illegally captured land plots and illegally
used land through the overlay of land cadastre data

A reliable assessment of the use of agricultural land
according to remote sensing data reveals elements of
untargeted use of land, contributing to the development of
degradation and deterioration of soil properties, a decrease
inthe quality and fertility of lands.

In the sphere of the agrarian and industrial complex, the
Iegislation provides for 18 kinds of subsidies, for which
648.6 billion tenge was  allocated for 2013-2016The
important state significance in this case s the targeting and
effectiveness of subsidies. To prevent untargeted use of
budget funds and control of the legality of subsidies, the use
of remote sensing data is uniquely.

The Joint stock company “National company
“Kazakhstan Gharysh Sapary”, at the request of anti-
coruption services and the lacal prosecutor’s office of the
Republic of Kazakhstan, measures were taken to monitor
settlements and identify inconsistencies

The subsidization of the sowing area of agricultural crops
is carried out for each hectare of the sown area. Afier!
optimal planting terms, the results of the work of the
interdepartmental ~ commission of the district and!
confirmation of the crop area are subsidized payments to.
agricultural producers. In some cases. this process can be
characterized by objectivity and unreliability. In this case,
only remote sensing data is evidence of the presence of
agricultural crops and agrotechnical measures on the field:

In Figure S, the areas of agricultural fields that have not
undergone ~ agronomical  processing (plowing, ~sowing,
cultivation) (marked in red) may have been included in the

Conference Proceedings, Vienna Ausiria Jun 14-15, 2018, 20 (6) Part XIIl

subsidy area of the farm. This fact indicates the need for
additional inspection by the inspecting authorities of the
legitimacy of subsidies.

e il
114 Seed monitoring according to KazEOSat-2 (North-
Kazakhstan region)

I Figure 6, according to remote sensing data, it was
found out that the crops did not cover 100% of the field,

il the subsidy payments corresponded to the whole area
ol the field.
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s of previous monitoring of  agricultural

v become the basis for the implementation of

A o the creation and development of spatial
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data infrastructure based on remote sensing data from space
and satellite navigation for the Ministry of Agriculture of the
Republic of Kazakhstan for 2018-2020, which includes the
decision of 35 sectoral tasks of the ministry.

Thus, methods of objective remote analysis based on
remote sensing data allow for comprehensive monitoring of
agricultural production and land use, with high operational
efficiency, periodicity of data, reduced analysis time and
high reliability of data

The Joint stock company “National ~company
“Kazakhstan Gharysh Sapary”, being the the National
operator of the Space Remote Sensing Systems of the
Republic of Kazakhstan, contributes to the development of
‘modern space technologies in Kazakhstan and the effective
application of remote sensing data in various sectors of the
economy, including the country's agroindustrial complex.
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Pe3y/IbTAThI HCIIOIB30BAHMSA KOCMHYECKHX TEXHOIOT M B YIPABICHHH
CeJIBCKOX03SIHCTBEHHBIME pecypeamu pecnydimnku Kasaxcran
K. Bakmwibexos, I Kabocanosa, A. Aumbemos, I Ka6dynosa, b. Paxumcanos, A. 3enenosckuil

AO «Hayuonanvnas komnanus «Kasaxcman Fapouu Canapoy, 2 Acmana, Kazaxcman

AO «HaumonanpHas komnanus «Kasakcran
Fapein Canaps» A3pOKOCMHYECKOTO KOMHTETA
MunncTepcTBa 0GOPOHHON M a9POKOCMHYECKOI
npomsinuienHocTH Pecry6miku Kasaxcra, sBis-
sich Hanmonansubiv oneparopom Kocmuueckoit
CHCTEMBI JIMCTAHIIMOHHOTO 30HMPOBAHHS 3eMiIu
u CHCTEMbI BBICOKOTOYHOI CITyTHHKOBOH HaBHIa-
uun PecniyOnukn Kasaxcras, BiaaeeT MOIIHBIM
MHCTPYMEHTOM JUISl PELICHHs aKTyalbHbIX MpO-
GieM arpoNpPOMBIILUIEHHOTO cektopa cTpansl. C
Ppa3BUTHEM COOCTBEHHOI KOCMHYECKOH CHCTEMbI B
Kasaxcrane pacLIHPHIHCh BOSMOKHOCTH HCIIOIb-
30BaHMsi COBDEMEHHBIX METOIOB MOHWTODHHIA H
KOHTPOJIA XO3SHCTBEHHO# JIEATENLHOCTH M IIPHPO-
JIOTIO/Ib30BAHMS B IIEJIOM.

HarnuoHanpHas CHCTeMa JMCTAHIMOHHOTO 30H-
nmposanus 3emun Pecry6muku Kasaxcran BKIo-
YaeT rPyNIMPOBKY JIBYX JEKTPOHHO-ONTHYECKHX
kocmuueckux anmaparos JI33 — KazEOSat-1 n
KazEOSat-2 ¥ Ha3eMHOTO CErMEHTa, IJI€ MPOBO-
nsiTes pabotsl no ynpasiennio KA, npuemy, 06-
paboTke, pacnpocTpaHeHuio 1aunbx /133 u co3-
JIaHAI0 TIPOM3BOJHBIX OT HHMX TEONPOAYKTOB H
re0CepBHCOB.

CBCH Bkmovaer 1ueHtp audepeHImHanbHOR
KOPPEKIMM ¥ MOHWTOpHHTa, CeTh audepen-
LMATBHBIX CTaHUMH, MOGHIBHYIO Iupepenum-
aIbHYI0 CTAHUMIO, TabOPaTOpPHIO  OLEHKH COOT-
BETCTBHS aNNapaTypsl CIlyTHUKOBOH HABUIALIWH,
NPOM3BOACTBO HABHUIALMOHHOTO 0GOPYAOBAHMS H
(opMHUpyeT YCIIOBHS [UIs TapaHTHPOBAHHOIO 110-
JTydeHHs Ka4eCTBEHHBIX KOOP/IMHATHO-BPEMEHHBIX
M HABMTAUMOHHBIX YCIYT TOTpeOHTENnsiMH III0-
GabHbIX HABUTALMOHHBIX CITyTHUKOBBIX CHCTEM.

OCHOBHBIM HAnpaBieHHeM paboThl KOCMHYE-
CKHMX CHCTEM SBISETCS OOECTIeYeHHE MPOCTPaH-
CTBEHHO-BPEMEHHBIMH JIAHHBIMH TOCY/apCTBEH-
HBIX OPraHOB H OPraHHM3alHii, POU3BOJICTBEHHBIX
CTPYKTYp, TOUIEPXKA Da3BUTHS OCHOBHBIX OT-
pacieii SKOHOMHMKHM ~ CTpaHbl M TOJIHTHYECKHX
MHTEPECOB M BONIPOCOB 0GOPOHHI M G€30MacHOCTH
CTpaHbL.

Omn w3

OTEYECTBEHHBIX CITYTHUKOB

«KazEOSat-2» uMeeT NpoCTpaHCTBEHHOE paspe-
menne 6,5 M/MHUKCENb, 5 MyIBTUCIEKTPAIBHBIX
KaHalloB, NPE/CTAB/IseT MPOCTPAHCTBEHHYIO HH-
dopmauuio 0 3eMHOI TOBEPXHOCTH B BHAMMOM
¥ uHGOPAKPACHOM JIMANia30HaxX JUIMH JJIEKTpoMar-
HUTHBIX BOJIH, a/[alITHPOBAH, MPEJKIE BCEro, Ha pe-
ImeHHe 3a/1a4 arpoIPOMBINLIEHHOTO KOMILIEKCA H
3eMJIETI0Nb30BaHNs (BHEPEHHE CHCTEMBI TOYHOTO
3emulezieNnsi, TIPOTHO3 YPOKAHHOCTH CelIbCKOXO-
3AHCTBEHHBIX KYJIBTYp, LEIEBOE HCIONb30BaHUE
CEJIbCKOXO3SHCTBEHHBIX 3eMelb, PENICHHE BOTPO-
COB 9KOJIOrHYECKOH 0€3011aCHOCTH, KOHTPOIIb HAl
PaLMOHAIBbHBIM HCTIONB30BAHHEM TIOYBEHHBIX pe-
CypCOB H JIp.).

OTpacineBble 3a71a4i CETbCKOTO XO35MCTBA, pe-
IeHHe KOTOPBIX BKIKYAET CO3/IaHHe HHPacTpyk-
TypBI OTPAC/IEBBIX IPOCTPAHCTBEHHBIX JIAHHEIX HA
ocHoBe JanHbIX JI33 M3 KocMOCa M CIlyTHHKOBO#
napurauum, B PecnyOimke Kasaxcran yrsepxie-
HBI HAa TOCYJapCTBEHHOM YPOBHE M BKJIOYCHBI B
TocyapCcTBEeHHYIO IPOrpamMmy.

Hcnonp3osanne nauubiX J[33 npu pemenun
OTpacIeBBIX 3a/1a4 CebCKOI0 Xo3sicTBa obectie-
YMBAIOT  KOMILIEKCHOCTb, ONEPATHBHOCTh, 00B-
eKTHBHOCTb, HAyKOEMKOCTh M JIOCTYIIHOCTh WH-
(opmarmu. Pesynsratel ananusa Janueix J[33
[0 pELICHHIO OTPAaCJEBBIX 3a/ia4 MOHHTOPHHIA
CeJTbCKOXO03SHCTBEHHOTO TIPOM3BO/ICTBA /IS [TOBBI-
menust 3GPEeKTUBHOCTH YNPABJIECHHUS ¥ KOHTPOIIS
TOCYapCTBEHHBIMH OPTaHaMH Pa3sMELIeHbl B OT-
PpacieBbIX reonopraax.

CriekTp 3ajad CeNbCKOTO XO3siCTBa, pelae-
MBIX Ha OCHOBE MCIOJIb30BaHus JaHHbIX [(33 u
OKa3bIBAEMBIX TOCYAaPCTBEHHBIM OpraHaM ¥ opra-
nmsarmam AO «HK «Kasakcran Fapeir Canapsi»,
BKJIIOYACT CJIETYIOIee 3a/1a9n:

1. MOHHTOPHHT HCIIONB30BAHMS 3EMENb Cellb-
CKOXO3SHCTBEHHOTO HA3HAYCHMs (WICHTHUKALMS
M ydeT Iuiomaeii MoCeBOB CENbCKOXO3AHCTBEH-
HBIX Ky/IBTYp, OLEHKa IUIOmAzei NapoB M Mact-
6u, oleHKa IUIOManH YOOPKH ypoxas CelbCKo-
XO3SHCTBEHHBIX KYJIBTYP M JIP.);

2. OteHKa COCTOSHHS CEbCKOXO3AHCTBEHHBIX
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Puc. 1 — Oyenka ucnonb306anus 3eMeTbHbIx pecypeos Akmonunckoii obracmu no oannvim [133

yrommii (BBISBICHHE OYaroB TOBBIICHHON 3ac0-
PEHHOCTH 3EPHOBBIX Ky/ETYD, O4aroB MOPakKeHHs
CeIIBCKOXO3SHCTBEHHBIX Ky/IbTYp TOJ JEHCTBHEM
NOKapOB, HABOIHCHHIA, BBIABICHHE JCrpajaliy
€CTECTBEHHBIX KOPMOBBIX YIO/IMii — NacTOnuIHAs
JIMTPECCHA);

3. TIporHo3 ypoxaiHOCTH — OICHKA BCXO/I0B,
CTEINEHH CTIEIOCTH ¥ IPOTHO3 YPOXKAHHOCTH Cellb-
CKOXO3SHiCTBEHHBIX KYIBTYp, OLEHKA CE30HHOM
IIPOKTHBHOCTH IACTOMIIL, OlIEHKA 06BeMOB €60~
pa NPOLYKIHA PAaCTECHHEBO/ICTBA;

et P =

e p————e

= R

n P

Puc. 2 — Cnymnuxo6as oyenka Hegpmsnpix 3a2pA3HENUL 6 AKEAMOPUU KA

4. MOHUTOPHMHI' CBOGBPEMEHHOCTH M KauecTBa
NpPOBE/ICHHs arpOTEXHHYECKUX MEPONpPHATHA —
CPOKOB M Ka4yeCTBa MPOBEICHUS arPOTEXHUUECKUX
MEpONPUSTHIi, TOYHOE 3eMIIEAEIHe — ONpesiene-
HHC HEOJHOPOIHOCTH moniei i ddexTnHOr0
BHECCHHs Y/0OpEHHH M CPEJICTB 3aIUMTHI pacTe-
HUil U1 TIOBBILIEHMS NPOJYKTMBHOCTH CEIIECKO-
XO3SHCTBEHHBIX KyIBTYP;

5. MOHHTOPHHT PeCypCOB PhIOHOTO X03sHCTBA
(oueHka He(TSHBIX 3arps3HEHHMil, KapTHPOBAHHE
JIeSTEBHOCTH PHIOOXO3SHCTBEHHBIX 00BEKTOB);

axcmancko2o

cexmopa Kacnuiickozo mops (02.04.2018 2,)
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6. Ouenka mIonopoaus mouB (Kaprorpadu-
POBAaHHE OCHOBHBIX THIIOB MOYBEHHOTO MOKPOBA,
BBISBJICHHE CTPYKTYPhI IOYBEHHOTO MOKPOBA), Xa-
PaKTEpPHCTHKA CBOMCTB MOYB (OLEHKA COICPIKAHMSL
ryMyca B 104BaX H BIQKHOCTH [104B, OIIPE/IeICHHE
TEMIIepaTyphl [O4B), OLEHKA CTEleHH 3aCONCHMsS
TI0YB, OLIEHKA HAPYIICHHOCTH IIOYBEHHOIO MOKPO-
Ba (BBIABICHHE MACCHBOB TOYBEHHOTO MOKPOBA C
NpU3HAKAMH JIETPANalliH, BBIABICHHE YYacTKOB
Pa3BUTHSA NPONECCOB AC(IIAIMH, OIYCTHIHHBAHHS;

7. OueHKa JIeCHBIX PECYPCOB — OLEHKA JIECHO-
ro donna u necucroctu Teppuropun PK; necopa-
CTHTEITLHOE PaHOHHPOBAHHE - ONPE/ICICHHE T1eCO-
PAaCTHTENBHEIX 30H C OTHOCHTEIEHO OHOPOIHBIMI
JIeCOPACTHTE IBHBIMH PH3HAKAMH; OLICHKA TTOPOJI-
HOTO COCTaBa JPEBOCTOS H COMKHYTOCTH II0JIOTa;
BBIIEJICHHE MACCHBOB DPEIKOIECHil, BETPOBANIOB;
WHBEHTApH3allMs JIecoB (paclpelielieHHe JIeCOB
Pa3IMYHOTO LENEBOT0 HA3HAYCHMs IO Ipeobna-
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=
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JalolHUM IPEBECHBIM NOPOAAaM JIECHBIX Hacax/e-
HHi{); BBISBICHHE M3MEHEHHIl COCTOSHHS JIECOB,
NPOHMCXOIAIIHMX B PE3yIbTaTe JICCHBIX I10JKapoB,
BETPOBAJIOB, HCIIOIb30BAHHS JIECOB H T.I.; CO3/a-
HHUE U aKTyaJlu3alus KaJacTpa JECHBIX PeCypCoB;
OLEHKa I107KapOOIIaCHOCTH JIECOB, ONPEACIICHHE
KOOP/IMHAT Y4acTKOB BO3rOPAHHS H OIEpPATHBHOE
Haﬁnwﬂenue 3a JICCHBIMM IIOKapamu, IPOrHO3
PacTIPOCTPAHEHHs JIECHBIX MOXKAPOB), BBIICICHHE
rapeﬁ M ONpEACICHHE HMX BO3pacTa, OICHKa CO-
CTOSIHHMSI BO300HOBICHHS BBITOPEBIINX Y4YaCTKOB
Jieca, aHTPOIIOTCHHbBIC BOSHBﬁCTBHX TPOMBIIITIEH-
HBIX W JIp. 06’561(1'03; BBIABIICHHE Y4YaCTKOB Jieca,
TOCTPAJABIINX OT HPOMBIILICHHBIX BHIOPOCOB,
BO3JICHCTBUS TIpH 3arOTOBKE JIPEBECHHBI, OIIpe/ie-
JICHHE OCBOCHHOCTH JIECHBIX MAacCCHBOB pyGKBMPI;
OIIpPEJ/ICNICHUE TUIOLIA/IN JIECOCEKH; BbISBIICHUC Ha-
PYyLIEHUH IPAHMIL OTBOJIA JIECOCEK H JIP.;

Puc. 3 — Cnymnukosas oyenxa aecnozo gonoa Pecnybnuxu Kasaxcman

8. Bozuble pecypchl - KapTorpahupoBaHHE I'i-
nporpauyecKoi ceTH; KapTorpahupoBaHue o3ep
M BOJOXDAHWJHMII H HMX OCHOBHBIX 3JICMCHTOB;
BBISABJICHHE JICJIOBBIX 3aTOPOB, YYacTKOB pycla €
TEYEHHEM BOJBI TOBEPX JIbAA M JP. JUIS TIPOTHO-
3MPOBAHHSA HABOJHCHMH; BBIABICHHC Y4YaCTKOB
pasnMBa peK B NEPHOJ TOJNOBOIHI M TaBOIKOB

28

JUIS TIPOTHO3MPOBAHMS HABOIHEHHIA; OTIpE/ICIICHHE
TPaHMIL 30H 3aTOILICHUS TIPH HABOJHEHHMSAX H IPe/l-
BapUTEIbHASA OLEHKA MOCIEJCTBHH HABOIXHEHHI;
BBISBICHHE HECAHKIMOHMPOBAHHON 3aCTPOMKH B
BOJIOOXPAHOI 30HE; CO3/IAHHE M AKTyaJM3alHs Ka-
JIacTpa BOJIHBIX PECYPCOB H OOBEKTOB.
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Puc. 4— Cnymnuxosas oyenka nagookosoii cumyayuu no pyciam pex no oannvin 33

Pesynbrarsl HEKOTOPBIX MPOEKTHBIX pabor AO
«HK «Kasakcran Fapbim Camapbi» npeicTaBIeHbl
HUKE.

CryTHHKOBasi OLCHKA IIOCEBHBIX ILIOIIAJCH
CeIIbCKOXO3SHCTBEHHBIX KY/IBTYP IIPOBOJMTCS HA
OCHOBE aKTyalbHBIX JaHHbBIX J[33 M Mcnons3oBa-
HHS COBPCMCHHBIX T€OMH(OPMAIMOHHBIX — TeX-
Honoruii. OCHOBHBIMH YCJIOBHSIMH TIPOBEICHUS
KOCMHYECKOr0 MOHHTOPHHIA CEIbCKOXO3SHCTBEH-
HOTO NPOM3BO/ICTBA SABJIAIOTCS BLICOKOE NPOCTPAH-

CTBCHHOE Pa3peIICHHE H PAa3HOBPEMEHHEIE Ha0I0-
JieHns. DIEKTPOHHAs KapTa IOJeH TeppUTOpHH
Pecnybnukn Kasaxcran, cos3fanHHas Ha OCHOBE
BEKTOPH3allMH JaHHBIX /133 BBICOKOTO M CpejiHe-
TO pa3peLICHHs, HECET TOYHYI0 MH(DOPMALMIO .10
TUIOLIA/M U TPAHUIAM 110 KaXKJIOMy TOIIO B paspe-
3¢ XO3sCTB [IPH MHTEIPALIMH C JAHHBIMHU 3EMEJTb-
HOro Kazactpa. JIaHHbIi IOJIXOMT HCKIT0YaeT CyOb-
€KTHBHYIO OLIEHKY 3eMJICTIONIb30BAHU U 3aBEJIOMO
JIOKHBIC JIAHHBIE T10 TIOCEBHBIM IUIOMIA/IAM.
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Puc. 5 — Oyenka nocesnwix nnowadeii na ocnose dannvix /133
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JIiA OUEHKH COCTOSHMS SIPOBBIX M O3MMBIX
CeNbCKOX03AHCTBEHHBIX KynbTyp Kazaxcrana o6-
paboTka KOCMHYECKHX CHHMKOB NPOBOAMTCS HA
©6a3e nporpammuoro obecneyenns Erdas.

TTon oueHKOH COCTOAHMS MOCEBOB CEILCKOXO-
3AHCTBEHHOM Ky/IBTYphl IIOHMMAETCS XapaKTepH-
CTHKa PaCTHTEIBHOTO MOKPOBA B JIAHHBIH MOMEHT
BPEMEHH, COBMECTHO OTpaXaollas pasBUTHE,
M3PEXKEHHOCTh, BBICOTY, 3aCOPEHHOCTB, MOBPEX-
JIEHUS. PACTHTEIBHOTO TIOKPOBA M €r0 OTHOCH-
TEJBHYI0 NPOJYKTHBHOCTh B BHJIE YCJIOBHO# Tisi-
THGaLTbHOM mKaibl. OLEHKa COCTOSHHSA MOCEBOB
SBIAETCA CPABHUTENBHBIM TOKA3aTeIeM, YUHThI-
BAIOIIMM TIPEIECTBYIONIHI OMBIT B3aHMOCBSA3N
COCTOSHHMSA TOCEBa C ypoxkaitHocThio. CocTosHHe
TIOCEBOB OIICHHBAIOT I10 IIKaJIe C y4eTOM COBOKYII-
HOCTH TNPH3HAKOB, ONPENE/AIONINX OKHIAEMYIO
TIPOTYKTHBHOCTb.

VICTOYHHMKOM JaHHBIX OIpPEACNCHHs COCTOsI-
HHS TIOCEBOB SBILUICS HMHIEKC «310pOBbS pac-

tutensHocTHy  VHI - (VegetationHealthIndex),
TIOJTY4eHHEBIH ¢ momompbio npubopa AVHRR (Ad
vanceVeryHighResolutionRadiometer)  cryTHH-
ka NOAA ¥ OCHOBaHHBIN Ha OTPAKEHHH BHIH-
MOTO CBETa PACTHTEIBHBIM TOKPOBOM. JlaHHBIH
unjekc Gasupyercs Ha codyeranuu umaexca VCI
(VegetationConditionIndex), —koTopblii  Xapak-
TEPU3UPYET YTHETEHHOCTh PACTHTEIBHOIO II0-
KpoBa M MHJieKca TemmeparypHoro pexuma TCI
(TemperatureConditionIndex).

WiHnekc B34T B hopmaTe 6-TH JHEBHOTO KOMIIO-
3uta. OlEHKa COCTOSHHMS II0CEBOB NPOBOJAMIACH
B TIEPHOI MAKCHMAJIBHOTO HAKOIUICHHs PaCTEHH-
SIMH GMOMAcChl — COCTOSHHE MOJIOYHOM CIIEIOCTH
sipoBoii muenuipl 30 Henen 2018 roxa, uro co-
OTBETCTBYeT KOHIY HI0Isi Mecsiua. Ha ato Bpems
TIPUXOIUTCS TIEPUOJT KOIOMICHHS PACTEHHUH, KOria
MOJKHO XOPOILIO ONPEAEIHTE CocTosHme. Kakzomy
OO IPHCBAMBANIOCH OTJENBHOE 3HAYCHHE, B 33-
BHCHMOCTH OT 3HAYCHHS MH/ICKCA.

CocTosiHue noceBHbIX nnowaaei Cesepo - KazaxcraHckoil obnactu
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Takum 00pa3oM, CIyTHHKOBas OLEHKA CO-
CTOSIHHS SIPOBBIX 3€PHOBBIX KyIBTYp IO3BOJISET
peanu3oBath NPOCTPAHCTBEHHO- BPEMEHHOH MO-
HUTOPHHI CEJIbCKOXO3AHCTBEHHBIX MOCEBOB Kak
Ha PErMOHAIBHOM yPOBHE, TaK U Ha ypOBHE OT-
JIETBHBIX TOJIEH ¥ MOXET CIyJKHTh JUIA IPHHATHS
YIpaBIeHYECKHX PELIeHHH B arpoIPOH3BO/ICTBE.

VpoxaiHOCTb — 9TO KaueCTBEHHBIH, KOMILIEKC-
HBII TI0Ka3aTelb, KOTOPbIH 3aBUCHT OT MHOTHX
(haKTOpOB, U ABIAETCH, TIPEXK/IE BCETO, HHANKATO-
POM TIPUMEHAEMOH KyabTyphl 3emienenus. Ilpu
NPOYMX PABHBIX ArpOMETEOPONOrHYECKHX YCIO-
BHSX MMEHHO COOJIIONICHHE CeBOOOOpOTa M Kaue-
CTBEHHOE BHITIOIHEHHE ArpOTEXHOTIOTHH CTOCO0-
CTBYET MOBBILIEHAIO IPOAYKTHBHOCTH 10J1ei. 910
Pe3y/IBTHPYIONIHIi TI0Ka3aTeb, KOTOPBI CIyXKHT
OCHOBaHHEM JUISl TUTAHUPOBAHHs H MPUHATHS 3¢)-
(EKTHBHBIX YIPABICHYECKUX DEIICHHH B arpo-
TIPOHM3BOJICTBE.

Wndopmanust 00 0XHIaEMOM YpOXKae, O TpH-
YMHAX BO3MOKHBIX IIOTEPh M 00 ypOBHE IOTEph
HHTEpECYeT KaK CaMHX NPOM3BOJMTENEH CelbCKO-
XO3SHCTBEHHOM MPOAYKLMH, TaK H TOCYAapPCTBEH-
Hble CTPYKTYpbL. JlIsi IOC/IEIHHX 9Ta MHpopMAIHs
SIBIIAETCS HE TONBKO CYry00 SKOHOMHHECKOH, HO
He B MeHbIIeil cTenenn M noimrHyeckoit. [lore-
PH ypokasi i CHIKEHHE KayecTBa NPOAYKIHH 110
pasnMuHbIM npuyuHaM gocTHraorT 30% u Gonee.
TlosToMy MMeeT GOMIBIIOE 3HAYCHHE OLIEPATHBHOE
NPOTHO3UPOBAHHME YPOKAWHOCTH CENIBCKOXO3siii-
CTBEHHBIX KYJIBTYP H PEryIMpOBaHHE MPOAYKLH-
OHHOTO IPOLECCA AOCTYITHBIMH TEXHOIOTHYECKH-
MH CPE/ICTBAMH.

OObEeKTUBHBIC JaHHBIE O COCTOSHUU CENBCKO-
XO3AHCTBEHHBIX KY/IBTYP HA PETHOHAILHOM ypPOB-
He MOKHO IOJIy4aTh TOJBKO C HCIONb30BAHHEM
JIaHHBIX AUCTAHIMOHHOTO 30HMPOBAHHSL.

[IpOrHO3HpOBAaHHE YPOXKAHHOCTH ~3€PHOBBIX
KyJIBTYp C HCTIOTB30BAHHEM CITYTHHKOBOH HH(Op-
MalMH HMeeT PsiJl IPEHMYIIECTB, KOTOPbIE 3aKII0-
4alOTCA B ONEPATHBHOCTH NOJIyYeHHs HH(popma-
LMK O [IPOCTPAHCTBEHHOM Pa3MELEHHH IIOCEBHBIX
iomaseil, B 0ObEKTHBHOCTH M HE3aBUCHMOCTH
T0JTy4aeMoi HHOPMALHH.

IIporHo3upoBaHye YpoKaiHOCTH APOBOIi Mue-
HHLBI [IPOBOJMIIOCH HA CMOJIE/IMPOBAHHBIX NIPOH3-
BoHbIX AaHHbIX [133 ¢ 2007 roaa ayis CeBEPHOrO
pernona Kasaxcrana (BereTalMOHHbIC HHIEKCHI

VHI, VCI, TCI, NDVI), ommnbka mozesnei, oby-
YEeHHBIX HA PA3IMYHBIX JaHHBIX, cocTasuia 5,98
-13,1%. OCHOBHBIM HalpaBIeHHEM B HACTOAIIEE
BpEMs SBIISIETCS TOBBILIEHNE KaYeCTBa IPOTHO30B,
3a671ar0BpEMEHHOCTH, YTO B KOHEYHOM CHeTe Mo-
JIOKMTEIBHO NOBJIHSIET HA IVIAHMPOBAHHE U YIIPaB-
JICHUE CeTbCKOXO3SHCTBEHHBIM NIPOM3BOJICTBOM.

JlauHble KOCMHYECKOTO JMCTAHIMOHHOTO 30H-
JMpoBanus 3eMIIH SBISIOTCS Hanbosee 00beKTHB-
HOIl MH(OpMaLHell 0 TEKyIIeM COCTOSHHH Cellb-
CKOXO3SICTBEHHOTO ~IIPOM3BOJICTBA, I03BOIAIOT
KOJIMYECTBEHHO OLEHHTh PAHHME CTA/MA HECTa-
GHMIIBHOCTH 3eMENBHOIO (OHIA U arpOdKOCHCTEM,
onpenensior 3 PeKTHBHOCTH YNPABICHH 10 OTie-
PEXKEHHI0 TIPH HHDOPMAIMOHHOM 0GeCIeYeHHH
CE/IbCKOXO03SHCTBEHHOTO TIPOM3BOJICTBA U IIPUHATH
TpaBUIIbHOE pelleHHe 00 ajanTaluu CHCTEMbI
3emnenenus. B KoHEYHOM cueTe, TOUHOe 3eMiIe/ie-
JTHE ABJISETCS HHCTPYMEHTOM 00BEKTHBHOH Xapak-
TEPUCTHKH OHOTCOLEHOTHYECKOH CHCTEMBI.

CHcTeMa TOYHOTO 3eMIIE/IENNs JI0JDKHA yIUThI-
BaTh HEOJHOPOIHOCTH TIOCEBHBIX y4aCTKOB, B TOM
uuclie ¥ pasnuity 1o penbedy. [l BbIsBICHHS He-
OIHOPOHOCTEH 1O pelbedy HCTONB3yIoTes -
poBble Mozenu penbeda, TOMyYEHHBIE METONOM
MOJIEBOI CHEMKH WIM ONTHYCCKOH M PajapHOH
CBEMKH.

Jlnst pa3paGOTKH JIEMEHTOB CHCTEMBI TOYHOTO
semnenenus B Pecnybimke Kasaxcran HCmoib-
30BaNM KOMOMHAUMIO LHU(MPOBBIX MOJENeH pe-
nbeda, TOMyUEeHHYI0 ¢ KocMuyecKoii cheMkn KA
KazEOSat -1 u madpossie Mozenu penseda, no-
nydenssie ¢ BITIA.

Jlisi IOCTPOEHMS MOJEITH PAacTPOBBIE LH(pPO-
BBIE MOJIETH petbedha epeBe/ieHs! B 06/1aK0 ToYeK
LAS.

Jlanee, 06:1aK0 TOUEK 3arpy’KaeTCs B IPOrpamMMm-
Hy10 koHcons Open GL, B crienuaibHyio CTpyKTy-
Py AaHHBIX, TpejcTaBisiomas coboi kiace s
XpaHeHus ¥ 06pabOTKH JaHHBIX, € TOCIEaAYIomeii
BBIIAY€H Pe3y/IbTaTOB B BEKTOPHOM BHUIE.

Cosnanmbie mudpoBbie Moxenn peibeda 3a-
[TO/THEHBI LIBETAMH C IIArOM 3aroHeHus 1 MeTp B
BBICOTY. DTO CBA3HO C NPOCTPAHCTBEHHBIM Pa3-
pemenueM uexoaHoro DTM u maroM penbedHbIx
BBICOT Ha KaxKaple | MeTp B JIeKapToBOii cucTeme
KOOP/IMHAT.

JlauHbIi METOX CIIOCOOCTBYET OMNpEAEICHHIO
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HepoBHOCTel pebeda Ha MoceBax JUls MOCIey-
JOLIEr0 TPOrHO3a NPOLECCOB 3a00NAYNBAHHA H
YNPABIICHHs MEJTHOPATHBHBIMH MEPOIIPHATHIM.

Takum 06pa3oM, MeTozbl 0OBEKTHBHOIO JHC-
TaHIHOHHOTO AHANN3a, OCHOBAHHBIE HA JAHHBIX
133, 1O3BONAIOT OCYLIECTBIATH KOMILICKCHBII
MOHHTOPHHTI' CEIbCKOXO35iCTBEHHOIO MPOH3BOJI-
CTBA M 3eMJIETIONB30BAHMS, TIPH 3TOM XapaKTepH-

32

3YIOTCS BBICOKOH ONEPAaTHBHOCTBIO, TIEPHOIMIHO-
CThIO IAHHBIX, YMCHBIICHHEM BPEMEHH aHATH3a H
BBICOKO# CTEIEHBIO JIOCTOBEPHOCTH AAHHBIX.

AO «HK «Kasakcran Fapeim Camapei, siB-
nasick Hanmonansueiv oneparopom KC /133 PK,
CMoCOOCTBYET Pa3BHTHIO COBPEMEHHBIX KOCMMYE-
ckux TexHonoruil B Kazaxcraune u appexTrBHOMY
NPHMEHEHHIO TaHHBIX J[33 B pasMuHbIX OTpacisIX
9KOHOMHMKH, B ToM uncie B AITK crpanbl.
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Evaluation of wind power potential in shelek corridor
(Kazakhstan) using weibull distribution function

Abstract. Kazakhstan currently has one of the highest, per capita, carbon footprints in the world. There
are heavy reliance (approx 85%) on coal for electricity production in Kazakhstan. Coal is a very carbon
intensive fuel. A drive to moderate coal’s contribution to electricity production provides a driver for wind
energy development. Finding a suitable location requires a detailed and often costly analysis of local wind
conditions. Wind resource assessment is a crucial first step in gauging the potential of a site to produce
energy from wind turbines. In this paper, the wind energy potential of Shelek corridor, located in the
Almaty region in Kazakhstan were examined. Local wind speed distributions are represented by Weibull
statistics. The results show that the average annual mean wind speed variation for Shelek corridor ranges
from 4.0 to 8.0 m/s. The wind power density variation based on the Weibull analysis ranges from 280.0 to

320.0 W’

Key words: wind power, energy production, renewable energy, MERRA, Weibull distribution.

Introduction

For nowadays Kazakhstan is among the top 20
countries which produce the highest carbon dioxide
emission per capita. There are several reasons of this
such as a small population per square kilometer, a
strong dependence of the power plant on coal. Coal
emits very high amount of carbon dioxide to the
atmosphere. It means that wind electric stations will
be attractive opportunity for Govermnment and
business sector. Investing in such projects is
commercially feasible [1].

Kazakhstan’s geographical location is very
suitable to develop wind energy stations with power
up to 760 GW. For instance; Shelek corridor has
potential to produce power from wind energy
aprroximately 3200 kW//MW [2].

The performance of the wind power conversion
system depends on a wide range of criteria including

© 2018 al-Farabi Kazakh National University

a lot of aspects [3]. The characteristics of the wind
tendency are one of the main and influential
parameters that support when determining the
suitability of a site for the use of wind energy. Due
to the stochastic nature of the wind, several models
were developed to analyze the available wind data
in order to obtain the characteristics of any wind
mode. One of these established models operates on
the basis of the Weibull distribution [3]. This article
presents the details of the analysis based on the
‘Weibull distribution of wind data, from the NASA’s
Modem-Era Retrospective Analysis for Research
and Applications.

Kazakhstan’s wind power market
The Republic of Kazakhstan has the ninth

largest territory in the world. It is about 2.7 million
km’. However, Kazakhstan is one of the countries

Printed in Kazakhstan
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with the least population density in the world (5.5
persons per km?). There are three cities with
population over 1 million people: Astana, Almaty
and Shymkent.

Kazakhstan has huge resources of fossil fuels
such as coal, oil, gas and uranium. These resources
are being actively exporting. For instance,
Kazakhstan produces just less than 100 million tons
of coal and approximately 35% of this is exported to
the neighboring countries. 1.5 million barrels of oil
produced per one day. And 75% of them sold to the
China and Russia.

There is no any country in the world, which
produces more uranium than Kazakhstan. According
to the data in 2009 year, 27.6% of world’s uranium
production was made by Kazakhstan.

Excess of energy resources is the main factor
hindering the development of renewable energy
sources in Kazakhstan.

Based on the outcomes of the World Summit on
Sustainable Development held at Johannesburg in
2002 Kazakh government accepted Sustainable
Development Concept for 2007-2024. That Concept
was devoted to sustainable use of renewable

Installed Capacity (MW)
|S

resources and alternative energy in Kazakhstan.
Efficient and sustainable use of renewable resources
and alternative energy sources will be possible if:

— innovative technologies in use of land, water,
forestry, fishery, biological resources and renewable
sources of energy will be introduced;

— efficient use of hydropower resources, solar
and wind resources and other renewable resources
and alternative energy sources will be simulated;

— the Centers for distribution of international
experience in the area of energy and resource
efficiency and use of renewable sources of power
will be established.

Considering all of the above, it is possible to list
the main challenges, which are the strong drivers for
the development of wind energy in Kazakhstan:

— the old power generation infrastructure;

— high amount of transition and distribution
loses;

— The highest carbon footprints in the world.

As a result, since 2012 year the amount of
installed capacity by the onshore wind turbines has
increased 65 times. It can be shown in the diagram
below.

2016

Figure 1 — Trends in renewable energy (Installed capacity)
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In 2012, installed capacity was only 1.5 MW,
the first wind power station was installed in Kordai,
Zhambyl region. Next year power production
increased three times. 2014 year was significant for
Kazakhstan wind power market, because the second
wind power station was set up in Ereimentau,
Akmola region. And it drove to fundamental growth
in the installed capacity: from 5.5 MW in 2013 to
the 52.81 MW in 2014. In 2015 and 2016, there
were still positive trends in the installed capacity.
Compared to 2014 year, potential power produced
from the wind rose by the 40% each year.

Methods and materials

There are two ways of obtaining data. First way
is analysing of production data. The benefits of
using production data are that they are reflecting
true fluctuations and do not require any additional
calculations. But this approach is applicable to the
places where a wind turbine has already been
installed. The second way is using data from the
weather station. However, that way has several
disadvantages: it is not available; data records
sometimes not complete. Moreover to that, to
calculate a new location, you need to install
anemometers. This is not economically profitable
[4].

In Kazakhstan there is no free available wind
speed data at the moment. Companies should
measure wind data themselves. Previously a wind
atlas of Kazakhstan was created in the framework of
the UNDP / GEF Project and the Government of the
Republic of Kazakhstan "Kazakhstan is an initiative
to develop the wind energy market". However, at
this moment that site is not available.

Ritter et al. [4], recommended an alternative
dataset which is providing wind power analysis and
reanalysis data, such as Modem-Era Retrospective
Analysis for Research and Applications (MERRA)
data provided by NASA [5]. MERRA offers wind
data all over the world and an hourly temporal
resolution since 1979. It consist two components at
three different heights (2 m, 10 m and 50 m above
ground). A northward and an eastward wind
component are helpful to derive the wind speed and
wind direction at various turbine heights [6].

In this study the data used from “MERRA-2
instl_2d_asm_Nx: hourly, instantaneous, Single-
Level, Assimilations, Single-Level Diagnostics
V5.12.4” during the period from 01.01.2015, until
28.02.2018 for each day. We used the northward
and eastward wind speed at the heights of 2 m, 10 m

and 50 m above the ground. To cover all Shelek
corridor grid points with a latitude between 440 E
and 47.50 E and a longitude between 73.50 N and
77.80 N are used.

In recent years, more attention has been paid to
the Weibull distribution, as suggested by the nearby
approximation of the probabilistic laws of a number
of natural phenomena and is expected to ensure a
good correspondence to the experimental data [7].

Mathematically, i.e. The Weibull distribution
function of the two parameter functions is expressed
as:

f) =E Qe @ )

The integral distribution function F (x) is given
by:

F)=1-e @ ©

where:
v —wind speed, m/s;
k — shape factor ;
¢ — scale parameter, m/s.

The shape factor k is the main factor in
determining the uniformity of the wind. The
uniformity of the wind changes direction with a
change to i. with increasing k, the uniformity of the
wind increases.

It has been established that almost all
parameters, such as wind speed, wind speed
probability, must be within a certain range, the
energy is available in a certain mode, etc., are
necessary to fully appreciate the dignity of the wind
regime, depend on the rough calculation of these
values of k and ¢ [8].

k and ¢ parameters can be found with the several
methods such as the power density method; least
square method, Modified likelihood method etc. [9].
The methods are briefly discussed below

1) Standard deviation method
The standard deviation method gives the ratio
between the mean (1) and the standard deviation

(ov):

(Q)z B r(1+%) 1 ®

vm/  r2(143)

After k is determined, c is determined as:
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€= r(l’%) @

In a simple methodology, an acceptable
approximation for & and ¢ can be approximated:

k= (:_;)*1.090 (5)
c=Zm ©

2) Empirical method (EM)
A special case of the method of moments, the
empirical method determines k & c, as in equations

). (5):

c=

r(x) :J t*le~tdt
o

3) Power density method (PDM)

This is the one of the most important methods of
determining & and c. First of all, energy pattern
factor Epis calculated by the division of cubic wind
speed to cube of mean wind speed [9-10]. After that
k and ¢ may be found by formulas (7, 8):

Table 1 —Monthly mean velocities at height of 2 m

3.69
+ 7
= )

_ @
‘= T+ ®
4) Modified likelihood method (MLM)
That method was proposed by Stevens and
Smulders [10] and describes k¥ and ¢ by the
following formulas:

B :1v}‘ln(vi)72?zlln(vi)] !

n k
i-1Yi n
& 1/k
- _Z vf
n
i=1

Results and Discussion

In this study the data used from 01.01.2015,
until 28.02.2018 for each day. The northward and
eastward wind speed at the heights of 2 m, 10 m and
50m above the ground were horizontally
interpolated by the formula [4]:

uh + vf ©

Monthly mean values of wind speed are shown
in the tables 1-3. The frequency distribution of the
data is shown in Table 4.

Um

Mean velocity m/s
Month

2015 2016 2017 2018

January 2.7242 33995 29572 5.9183

February 3.4051 3.6068 2.8878 3.0978
March 2.2784 2.8207 3.4395 -
April 2.0906 2.2409 1.6123 -
May 15377 2.8716 2.6959 -
June 24187 1.0863 0.8440 -
Tuly 24385 13534 24462 -
August 1.9352 5.6995 4.1758 -
September 2.5953 5.6995 2.6755 -
October 2.0809 2.5965 2.1037 -
November 2.2091 2.3995 2.5797 -
December 2.9105 2.5473 3.1505 -
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Table 2 — Monthly mean velocities at height of 10 m

Mean velocity m/s
Month

2015 2016 2017 2018

January 33320 3.6725 33897 6.4588

February 3.8281 4.0027 3.4253 3.6344
March 2.9956 32741 4.0367 -
April 2.3681 2.6763 2.0381 -
May 1.8185 3.0655 29150 -
June 2.8588 1.2251 09799 -
Tuly 3.0926 1.4276 29774 -
August 2.4606 6.4904 4.7401 -
September 3.0329 6.4904 33571 -
October 2.4876 3.0643 2.6479 -
November 2.7427 3.0442 2.9889 -
December 34514 2.9444 3.7378 -

Table 3 — Monthly mean velocities at height of 50 m
Mean velocity m/s
Month

2015 2016 2017 2018

JTanuary 5.4955 5.8329 5.8604 9.8087

February 5.8815 62380 53924 5.6900
March 4.3439 63175 6.0201 -
April 3.7365 4.8102 3.1457 -
May 24771 4.1304 4.5861 -
June 4.7340 4.1634 1.7987 -
Tuly 4.9166 1.6786 4.7932 -
August 4.0327 2.2848 7.8409 -
September 4.7945 9.3863 5.1376 -
October 3.8964 93863 4.1561 -
November 4.6451 5.0147 4.9872 -
December 5.4955 4.5663 6.0211 -

According to these table the highest speed was
detected in January, 2018 and reached almost 6m/s
in between 2015 and 2017, and over 9 mv/s in 2018.
Respectively in the beginning of summer there
always was low wind speed. The least meaning of
wind speed for summer is 0.9 m/s.

Collected speed data was also divided to the
intervals to find more common velocity. It was
observed that the most frequent velocity at height
2m is 2+3 m/s (0.58). As for 10 m height 3+4 m/s
repeated with almost 40% frequency. The wind

speed of 4-6 m/s at the height of 50 m was repeated
at a frequency of 0.6.

As we can see from the table, when the height is
increasing the value of velocity is also increases.
Thus, wind speed data at these three heights could
be vertically extrapolated to the turbine height
[11].

From the above formulas and wind data, the
results for shape and scale parameters are calculated
using various methods described above is indicated
in Table 4.
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Table 5 — Wind velocity distribution

Frequency
Methods 2m 10 m 50 m
c c k c
SDM 2.74 314 2.93 3.66 3.10 5.74
EM 2.53 313 3.65 2.86 572
PDM 312 3.63 3.09 5.70
MLM 2.62 313 2.76 3.63 2.93 5.70

Accuracy of calculations was checked by the
following three methods: RMSE, R2 and Chi —
Square tests:

N
RSME = [%Z(yi —xi)z]

i=1

1/2

e 0 —x)?
N-—-n

Table 6 — Wind velocity distribution

2 _ IO —z)? - I — x)?
TG 2)?

R

‘Where y; is observed frequency and x; Weibull’s
frequency, N is a number of observations, n is a
number of used constants. The results are shown in
a table below

Tests SDM EM PDM MLM
RSME 0.675 0.0678 0.0692 0.0673
Chi-square 0.063 0.0063 0.0067 0.0061
R? 09485 0.9469 0.9472 0.9466

As shown in Figures 1-6, all the methods
discussed show more or less similar results, even if
the maximal likelihood method and the energy
properties are a little more accurate and, therefore,
can be considered as the most appropriate.

As we can see from the graph, the most probable
wind speed at this height is under 3 m/s. And our
calculations have shown the mean value of the
velocity is 2.78 m/s.

According to the Fig.4 we can see that the most
probable wind speed occurs at speed 5 m/s with a
probability of 22.5%. This means that at Shelek
corridor the wind speed that often arises at 5 m/s.

Usually, 4-5 m/s is an ideal wind speed for wind
turbines. However, the use of wind energy is
commercially installed only for high (8-9 m/s) and
medium (6-7 m/s) wind conditions. If wind energy

is available in low wind conditions, it is possible to
develop turbines specifically for these regions,
which will help to reduce dependence on fossil
fuels.

To analyze the wind energy potential there is
also mean power density based on Weibull
distribution must be calculated [13].

1 3
Pyp =5pc’T(1+3) (10)

‘Where ¢ shape factors which were calculated by
the four methods described below. p is air density
related to the pressure, temperature and humidity.
However, air density has not significant effect on
wind resource calculations, thus it can be taken as a
constant value 1.225 g/em’.
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On the other hand, mean power density can be
calculated by the formula:

an

1,53
Prer = PV
Conclusion

The potential of wind energy in Shelek corridor
have been studied in this analysis using widely used
Weibull distribution technique. The Weibull
parameters such as shape factor and scale factor
have been calculated by four different methods such
as least squares method, power density method,
empirical method and modified likelihood method.
Relative percentage of error and chi-square error has
been analyzed for each method and also calculated
the efficiency of these methods. The wind data was
obtained from NASA Modern-Era Retrospective
Analysis for Research and Applications “MERRA-2
instl_2d_asm_Nx: hourly, instantaneous, Single-
Level, Assimilations, Single-Level Diagnostics
V5.12.4” during the period from 01.01.2015, until
28.02.2018 for each day.

The results found that Shelek complex is
prospective site to set up vertical axed wind turbine.
The results have been verified by Weibull
distribution technique where Weibull shape factor
and scale factor were calculated using four different
approaches. The statistical analysis also found the
modified likelihood method is more efficient
method with minimum error in the wind data
analysis. The study presented the potential of Shelek
corridor to produce pure energy using wind power.
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ABSTRACT. Forest fire is a major ccological disaster, which has economic, social and environmental impacts on humans and also
causes the loss of biodiversity: Kazakhstan forests are more prone to fires duc to the presence of coniferous forests and loss was cnormous.
There is a need of forest fire danger indices to estimate the potential fire danger so that fire officials cffcctively control the fires. Global
forest fire danger indices require daily metcorological stations data as well as ground investigation data. But, there arc less number of
metearological stations are available in Kazakhstan, hence, the satellite derived parameters were used to develop the firc danger index
in this study. In this study, Static forest fire probability index was developed by using the SRTM DEM and MODIS TERRA and AQUA
Land cover type product (MCD12Ql). Dynamic forest fire probability index was calculated by using the MODIS TERRA Land Surface
Temperature (MOD11A1) and Surface reflectance (MOD09GA). Dynamic forest fire probability index has been developed from the
parameters, i.e. LST, Normalized Multi-band Drought Index (NMDI), Visible Atmospheric Resistant Index (VARI) and Modified Nor-
malized Difference Fire Index (MNDFI). Finally, Fire danger index was developed by adding both the static and dynamic probability
indices and Firc hotspot data (MCD14) has been used for the validation of the index. Accuracy was ranging from 77.78%to 90.32% and
the overall accuracy was 84.14%, Developed Fire danger index was in operational, calculating by using MODIS Near Real Time datasets

and uploading and updating every day in the websitc.

Keywords: MODIS, forcst fire, firc danger index, dynamic forest fire probability index, static forest fire probability index

1. Introduction

Forest fires are considered as major disaster across the
world to damage forest resources, environment (Roy, 2003).
The term “fire hazard” described as phenomenon which can
cause harm to the forest resources, humans and the environment
due to fire (Bachmann and Allgower, 2001; Hardy, 2005). The
term “fire danger” describes the probability that a fire can occur
due to the natural causes and anthropogenic activities (Bachmann
and Allgower, 2001; Hardy, 2005). The prediction of forest fire
danger is essential for the fire management and strategic plan-
ning of forest protection. Forest fuel characteristics, terrain fea-
tures as well as weather conditions are the main factors for the
initiation and spread of forest fires (Abatzoglou and Kolden, 2013;
Birch et al., 2015). The essential part of the strategic planning
is to identify the fire potential danger zones i.e., sites where a
forest fire most probable to start and from where, the fires can
spread to other forest areas, at local level and sometimes at re-
gional level (Jaiswal et al., 2002). There are four different ap-
proaches proposed to model the forest fire danger, some of them
knowledgei.e., classify the fire danger variables using a numer-

* Corresponding author. Tel.: 789-520-8605; fax: +7 (7122) 24-88-61.
E-mail address: sureshbabu iiith@gmail com (K. V. S. Babu).
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ical scale based on the weights, derived from the review of liter-
ature, experts’ opinion, field-based observations and reclassify
into a level of danger classes like Extreme, high, medium, and
low (Chuvieco and Salas, 1996). 2. Multi-criterial based quanti-
tative models i.e., here also models involve expert opinions, but
they reduce the subjectivity when selecting the weights. This
method though helps to make agreement among the experts
when there is difference of opinions (Chen et al., 2001). 3. Sta-
tistical models (Chuvieco and Salas, 1996; Hernandez-Leal et
al., 2006) .e., they depend on the study area spatial characteris-
tics. So, these models cannot be extrapolated to other areas.
Linear regression, poison distribution and logistic regression
are the examples of statistical models. This models also include
neural network-based approaches. 4. Fire dispersion modelsiic.,
fire spreading models such as Behave, FARSITE etc. 5. Physical
models i.e., based on the scientific principles and extensive ground
studies. Canadian Fire Weather Index (Van Wagner and Forest,
1987) and McArthur Fire Danger Rating (McArthur, 1967) are the
examples of physical models

Fire danger is often associated with numerical indices cal-
culated based on different temporal scales like daily, weekly
and monthly referring to the meteorological conditions that might
lead to fire ignition and fire propagation (Allgdwer et al., 2003)
Fire danger is defined as the result of both static (fuel and topo-
graphic characteristics) and variable (weather parameters) factors
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ABSTRACT

The results of researches presented in article were obtained within implementation of the scientific and technical
‘program for program-targeted financing of applied scientific research on space activities for 2018-2020 by the Aerospace
Commitee of the Ministry of Defense and Aerospace Industry of the Republic of Kazakhstan. Considering the high
production significance of soil resources for Kazakhstan as the main means of production, soil fertility assessment,
methods of rational use of land resources is estimated as a priority scientific direction. The article shows the application
of the remote sensing (RS) data and GIS-technologies for the assessment of the soil fertility of the main soils types in
Northern Kazakhstan. Kazakhstan is the ninth biggest country in the world, the production resource of arable lands takes
more than 18.3 million hectares. Operational assessment of such data is possible only with use of RS methods.
Kazakhstan, having own space system of ERS, has the powerful tool for effective management of land resources,
operative and reliable monitoring of agricultural production and economic activity. It is established that the pre-sowing
content of basic nutrients on the main soil types have the considerable impact on development of cultural plants biomass
which is registered by satellites through vegetation indices. On the basis of empirical dependencies using the universal
equation by reporting year the particular dependence of significance of some soil nutrients with derivates of vegetation
indices according to the RS data is revealed. Results of space monitoring and also the confirmed ground-truth
observations noted high anthropogenic influence on the leading soil-forming processes, high coefficient of familiarity of
agricultural grounds and the developing processes of soil cover degradation in Northern Kazakhstan.

Keywords: Remote Sensing data, geographical information systems, space monitoring, geospatial data, satellite images,
monitoring of agricultural resources, soil types, soil fertility.

LINTRODUCTION

Scientists note that the problem of the qualitative condition of land has global character. In recent years in the world
there is a change of nature of using land resources and soil cover, which according to the UN estimates in the next
decades will be the most important factor of global change of the existing ecosystems [1].

With the development of own space technologies in Kazakhstan, it becomes possible for carrying out
scientifically based monitoring of the fertility of the zonal soils in Northern Kazakhstan based on
innovative methods — space observation and geoinformation technologies. Reliable and actual data about
condition of soil fertility will allow to optimize decisions on management, preservation and maintenance of
soil fertility. The research results will form the basis initiation of efficient measures to eliminate objective
and subjective reasons for the decline in the agricultural land quality, and to increase the environmental
safety of agricultural production.

The newest technologies of soils fertility monitoring will become a basis for making predictions of land
condition changes and will be the main source for creation of soil and agro ccological maps, fertility
cartograms, etc.

For the Republic of Kazakhstan introduction of a system of soil resources monitoring is an important stage
in commercialization of results on activity of the Earth remote sensing space system (ERS SS) and High-
accuracy satellite navigation system (HSNS) of the Republic of Kazakhstan. Therefore scientific
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ABSTRACT

The results of the project presented in this article were obtained within the framework of the
implementation of the Republican budget program 010 «Ensuring the safety and expansion of the
use of space infrastructure» from the Aerospace Committee of the Ministry of Defense and the
aerospace industry of the Republic of Kazakhstan. Since 2018, the National Operator of the Earth
Remote Sensing Space System (JSC «NC«Kazakhstan Gharysh Sapary») has begun work on
studying geographic information systems for conducting space-based monitoring and forest
management of the world.

In Kazakhstan, forest area occupies less than 5% of the total area of the territory and therefore the
question of monitoring of forest resources is particularly relevant: changes in forest area, number
of loggings, number of burnt areas, fire danger forecast for forest cover, etc. Given the importance
of forest as a climate and resource-forming factor, forest resources, changes in forest resources
are estimated as one of the priority of scientific and practical directions. The article presents the
results of using the Earth Remote Sensing data and geo-information technologies in the
assessment of forest cover of Kazakhstan, the legality of loggings and estimation of the burnt
areas, etc.

As the result of space-based monitoring, according to the Earth remote sensing data, also
confirmed by field surveys in key areas, for the first time ever all forests of Kazakhstan were
decrypted, digital maps of forests of Kazakhstan were created with the detailed attribute
information up to the species composition of forests, age and other specific information provided
by the State Enterprise «Kazakh Forest Management enterprise», several thousand of logging were
detected including illegal loggings, burnt areas were also decrypted and all data were uploaded to
the industrial geoportal with up-to-date attribute information.

KEY WORDS: Remote Sensing data, geographical information systems, space monitoring, geospatial data,
satellite images, monitoring of forest resources, tree-felling, deforestation, forest cover, burned areas.

LINTRODUCTION

The results presented in the article were obtained within the framework of the implementation of
the Republican budget program 010 «Ensuring the safety and expansion of the use of space infrastructuren
from the Aerospace Committee of the Ministry of Defense and Aerospace Industry of the Republic of
Kazakhstan and the scientific project of the Ministry of Education and Science of the Republic of
Kazakhstan No. BRD05336483 for program-targeted funding «Optimization of technical parameters and
methodological approach to the use of the Earth remote sensing data from «KazEOSat-1,2».

Since 2018, the National Operator of the Earth Remote Sensing Space System of the Republic of
Kazakhstan (JSC «NC «Kazakhstan Gharysh Sapary») began the work on creating geographic information

Seventh International Conference on Remote Sensing and Geoinformation of the Environment (RSCy2019),
K. Themistocieous, G. Papadavid, S. Michaelides, V. Ambrosia, D. G. Hadjmitsis, Eds., Proc. of SPIE Vol. 11174,
1117406 - © 2019 SPIE - CCC code: 0277-786X/19/$21 - doi: 10.1117/12.2533563

Proc. of SPIE Vol. 11174 1117406-1

Downloaded From: hitps //www spiedigitalibrary org/conference-proceedings-of-spie on 02 Jul 2019
Terms of Use: hitps://www.spiedigitallibrary.org/terms.of-use.




[image: image117.jpg]IS SN 68020761

Shalgar '\ v Zhezqazghan ®
Al / ;
/- 1\ [leQaeoeauka .

i (Tyuratam)

buosoausi e

B [oozpachusiy

A ¢l .

i
| btto: kil




[image: image118.jpg]VIIK 528.854.4; 528.873; 528.8: 621.31
BakTbi0exoB K. — TOKTOp (H3HKO-MaTeMaTHIECKHIT HAyK,
mpodeccop, AO «HK «Kasakcran Fapsn Camapsp
E-mail: k.baktybekov@gharysh.kz
KaoxkanoBa I'. — KaHIHIAT CENbCKOXO3AHCTBEHHBIX HAYK,
AO «HK «Ka3axcras Fapsmr Camapsny
E-mail: gurashkab@mail.ru, g kabzhanova@gharysh kz
Kaoayaosa I'. — fokrop ¢rocoduu (PhD), kKaHIHAAT reorpadHIecKiX HayK,
AO «HK «Ka3axcras Fapsmr Camapsny
E-mail: g.a kabdulova@gmail.com, gkabdulova@gharysh.k
KeikeHeBa A. — MarucIp,
AO «HK «Kasaxcras Fapsmr Camapsny
E-mail: aruana-15@mail ru, a.kezheneva@gharysh.kz

HCIIOJIb30BAHHE ITMP KAK 3JIEMEHTA ITA®POBOI'O IIOYBEHHOI'O
KAPTOIT'PA®HUPOBAHIA TEPPUTOPHI CEBEPHOI'O KABAXCTAHA

AHHOTaUus. Perbed SBNAETCS OOHMM W3 OCHOBHBLIX MPUPOAHLIX (PAKTOPOB, BRMSIOWMX Ha
¢opmnpoBaHKe MouBkl, ee MMoAopoausi. B AaHHO cTaTbe paccMaTpuBaloTCst METOAbl MPUMEHEHMs
MHopMaLMM 0 perbedre ANA KAPTUPOBaHUS Mous. OBLEKTOM WUCCreAoBaHNs ABNSITCA NouBbl CeBepHoro
KasaxcraHa. [ina cospgaHus uudposoit Mogenu penbedpa (LMP) 6bin  Ucnonb3oBaHbl AaHHble
[BVMCTaHUMOHHOTO 30HAMPOBaHUS 3eMIN, B YaCTHOCTV CHUMKW C OTeYeCTBEHHOro cryTHuka KazEOSat - 1, ¢
NPOCTPaHCTBEHHBLIM paspelleHrem — 1 M. B pesynbTaTe nposefeHHo paboTbl ¢ NOMOLLbo cosaaHHoi LIMP
6biNo BbISBMEHO, UYTO Ha OCHOBHOM TeppuTopun CeBepHoro KasaxcTaHa npeo6nagaeT mukpopenbed ¢
KonebaHNAMM OTHOCUTENbHLIX BbICOT B npegenax 1 metpa. Mo aanHbiM LIMP BoamoxXHO AeTanbHoe
[elundprpoBaHie MyroBbIX MaPOMOPMHLIX MOYB, COMOHLIOBLIX MATEH, COMOAEN U APYIUX UHTPa3OHAMBHbIX
nouB, YTO CBMAETENbCTBYET O HeobXxoauMocTu npuMmeHenust LIMP, nonyuyeHHol us aaHHbix [133 Bbicokoro
pa3spelueHys), ANsi NOYBEHHOTO KaPTUPOBAHMS.

Takke B CTaTbe MpUBEAEH aHanM3 MeXay NEPEMEHHbIMI BEMMUMHAMU — 3HAUEHU NPON3BOAHBIX
BEreTaLMOHHbIX MHAEKCOB 1 BbICOT penbeda no LIMP ans onpeieneHnst MpUUMHHO-CIIEACTBEHHOM CBSA3N 1
[ankHeiiLLIEero U3yyeHus MPOCTPaHCTBEHHOTO PacripeieNneHns U AMHaMUKN CBOVICTB MOYB.

KnioueBble croBa: uucposas Moferns penbeda, MUKpOperbed, UYepHo3eMbl OBbIKHOBEHHBIE,
KalUTaHOBbIE MOUYBbI, TEMHO-KAlUTaHOBbIE COMOHLEBAThIE MOYBLI, UYEPHO3EMbI HOXHbIE, NaHAWadT,
KazEOSat-1, koacbpuLMeHT aeTepmuHaumum R, BereTaLWoHHble WHOEKCbl, AaHHble AUCTAHLMOHHOro
30HAMpPOBaHMA 3eMnu, ctepeornapa, SAVI, Bare Soil, nousbl CeBepHoro KasaxctaHa.

Perbed ABIAETCA OCHOBHBIM II0YBOOOPA3yIOIHM (akTopoM. Pembed (pOpMHpYeT HCXOMHYIO TaHAMABTHYIO
CETKY MOYBEHHBIX KOHTYPOB, H OITHCAHHE 3IEMEHTOB penbeda - hopMa MoBEPXHOCTH, KDYTH3HA, SKCIIO3HIHA, XapaKTep
H pa3sMep PACWICHAIONHX >IEMCHTOB, a TAaKKe IONOKEHHE HIEMCHTOB B IaHMadTe — ABIACTCA AHATH3 HX
HHIHKAIHOHHOH POIH B BBUIETCHHH IIOYBCHHBIX KOHTYPOB. MOPhOMETpPHICCKHE XapAKTEDHCTHKH Pembeda HMEIT
TECHYIO CBA3b CO CBOMCTBAMH II0YB, TAKHMH KaK COJEPXKaHHe OPTaHHYECKOTO YITIePOJIa, TPAHYIOMETPHIECK I COCTAB,
MOIITHOCTH IOYBEHHOrO TOPH30HTA H T.1. IIpH ommcaHHH penbeda:

1. BBLIEIAIOT 3IeMEHTHI THHEHHOTO pactIeHeHHA (TOMHHHO-0aI0qHOMH CeTH):

a - TIOHMBI H HH3KHE TePPachl MalbIX PEK;

6 - [HHIIA H CKIOHBI KPYIHBIX GATIOK H JOIHH;

B - HeGONbIIIHE T0XKGHHSI (TTyOHHa Bpe3a Goree 0,4 M) Ge3 pas/eleHHs Ha JHHINA H CKIOHBL.

2. OKOHTYPHBAIOT JIOKA/IbHBIE 3aMKHYTHIE (DOPMBL:

a - TIONOKHTEBHBIE - METKHE XOMMEL, GYTDBI, 9eTKO BBIPAXKCHHEIC BEPIIHHBI TP H XOTMOB;

G - OTPHIATENBHBIC - 3AMKHYTHIC JCPECCHH, 3alla JHHBL.

3. IIpoBoaAaT au(pdEpEHIHALHIO Ha STeMeHTapHble YIaCTKH OCTAIbHOH TepPHTOPHH, NPe/CTaBILomei coGoH
CKIIOHBI Pa3HOH KPYTH3HBL, (JOPMBI SKCIIO3HITHH.

Pemsed), B OTIHUHE OT APYIHX (AaKTOPOB Ipomecca IMOIBOOGPA3OBAHHA (KIHMATA, MATEPHHCKOH MOPOLIEL
PDACTHTEIBHOTO IIOKPOBA) H XapAKTEPHCTHK CaMOii IIOUBEL, JOCTATOYHO XOPOIIO H TOYHO KOTHICCTBEHHO ONHCHIBACTCA,
ABILACH HaHOOIEe YCTOHIHBEIM BO BPEMEHH KOMIIOHEHTOM MaHmuadra [1].

B GONBIIMHCTBE CTPAH METOJHKA IOYBEHHO-arPOXHMHYECKOTO MOHHTOPHHTA ILIOODONHA IIOYB 3EMElb
GasHpyeTcs Ha COCTABICHHH IO KOCMHYECKHM CHHMKAM IH(POBOH MOJENH pembeda H mOCTeTyromel HHTepIOTAIHE
TOMy9EHHBIX PE3YIBTATOB HA OUCHKY CTPYKTYPHI IOYBEHHOTO IIOKPOBA HA OCHOBE TOIYIAPHOM 3aBHCHMOCTH TeHE3HCA
TIOYBEI OT OCOGEHHOCTEH KITHMATa H Perbed)a, OTHOCHTENBHO 30HABHON PACTHTEBHOCTH H NPOTHO3HPYEMEIi YDOBEHD
TPYHTOBBIX BOL.
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TonbIpaKThIH KYHAPJIBLIBIK geHreilin 6akpuiaysa 2KK3 nepekrepin naiiganany

Amnnoranus:: Tonbipak Maccusrepinin skep yeri 6akpbuiaybl Typa KoHe erskeii-rerskeiini 6osca
Jla, KOII yaKbITTHL, eHOEKTI Kole MaTepHaJIbIK pecypeTapinl KaxkeT eresi. Tolblpak KaMbUIFBICHIH
GaKplIay/IblH KelleH i ojicTepin eHrisy Kesinje PapbllITBIK TEXHOJOIHMsIADIABI €Hrisy MingerTti
Gospinr Tabbimagapl.  ZKK3  gepexrepi, oprypii crexrpiik jananasongapiaH ajblHPaH, YIIKeH
ayMakTap TypaJbl 0ObeKTHBTI akmapartapiasl Kamtuael. Maxamaga Conrycerik Kasakcramabig
TOIBIPAK JKAMBLIFBICBIHBIH e3repicTepin Gaxpuray yirin 2KK3 gepekrepin maiiganany mymkingikrepi
KapacTelpbliajpl.  Oranjplk kepcepikrepain ZKK3 jepexrepin TakbIpbINTBIK oHJIEYIIH Herisinie
TOIBIPAKTHIH eric KabaTblHJarel Herisri KOpeKTiK sarrap/plH KypaMblHa KeHICTIKTIK Tamjay
sxacanpl, Conryerik Kasakcrangarsl cblHAK ajlaHJapbl YIIH KYHapIIbLIBIK KepceTKimrrepi Men
BereTaIMSUILIK MHCKCTeD MOHJICPIHiH apachlHarsl bafimanbic ambKrampsl.  TonbIpakTbH ericrik
KabaThIHIATBl 3JIeMEHTTep KOpPCeTKIilrTepinin KeHiCTIKTIK HMHTepIOJISIMSCHH Kambra  Gesird
KPUTHHT 9J(icii KoyJamy apKbUIbl BIKTHMAJ KapTara Tycipy Kys3ere achIphblIjibl.

Tyitin cesmep: 7Kepial KalbIKTBIKTaH 30HATAY, FPapBINTHLIK TEXHOJOTHSIAD, FapBIIT
TycipiaiMepi, TonbIpak KyHapIbUIBIFBIH GaKbliay skoHe Garanay, TAZK, BereTalyisuibK HHIEKC.

DOLI: https://doi.org/10.32523/2616-6771-2020-131-2-78-84

Kipicne. 2Kep pecypcrapbli yTBIMABI HaliajaHy MeMIIEKETTIH JKep CasiCATBIHBIH OachiM
GarIThl G0JIBIT TabbLIa/ABL AYBLT APy AIILUILIFLL KepJIepili aca MaHbI3/bl CHIIATTAMACHL TOIBIPAK,
Calachli JKIHAKTARTHIH KyHAPIIBUIBIK GOMBIT TabbLIaibl, THiciHIe JKep naijianany s Gakpliay MeH
Garaayra JKoHe KyHAPJILUIBIKTLI CAKTayFa KaTaH TalalTap KOHbLIabL.

Tombipak — KAMBIIFBICHLIH — KANIBIKTHIKTAH — Oakpliay — ojicrepimin — samamaynm — skaii-kyiil
mudpIbIK  Taljay KypalJapblHBIH JjgaMybiMeH, leorpadmsuiblk  aknaparTeik okyite (FAZK)
TeXHOJIOIMSUIAPBIHBIH, KipiryiMeH, aliblK JepekTep Kesjepl aKIapaTThK epiciHin KasblracybiMen
cunarranagel.  OCBHIHBIH GapibIFEl TONBIPAK JKAMBLIIBICHIHBIH, ZKaif-Kyiiin cunarraiiTein sKana
eueM/iep MeH GeJirisiep osipriey apKbLIbl, aKIAPATTHL KellleH 1ey/i xkyprisyre mymkinix 6epeai [1].

ZKK3 ogicrepin xone TAZK TexHOIMMsIapbIH KOJJIAHY APKLLILI TOIBIPAK KYHADIIBUIBIFBIHA
Gakpliay JKYprisy esekTi GarblT »KoHe HHHOBAIMSUILIK cHIATTaMaigapra ne. Kesemexkre 6yi
GarpIT JKep pecyperaphlH Gackapy MeH Hafifaiamy/pl OHTaiilanjbIpy/a, COHJa-aK, TOIBIPAK
KYHADJILUILIFBIH CaKTay JKoHe KaifTa KaulblHa Kearipy »Keningeri Tuimai ic-mapasapisl aHsIKrayia
Herisri aknapar ke3i Gomajpl.

OTasblK Papblll TeXHOIOHSIAPLIH JaMybiMen Gaitmambicter, 2014 sxbuist KazEOSat-1 sxone
KazEOSat-2 kasakcramupik 2Kepal kajgaramay xepcepikrepi corri ymmipeuiael.  Kasakcran
Pecny6imikacel  ymiiH,  TONBIPaK —KYHAPIIBUIBLINBIHBIE, —KOPCETKIMTEpiH —GaKbLIAY/IBIH — FHITLIMI-
oaicremenik merisin xypy, KP-mpm ZKK3 rapbin sxyiiecinin HoTmkecin KoMepIMsiIaHIBIPYIbIH
MaHBI3/Abl  Ke3eHI GOJbII  TabbLIa/Ibl. Comapikran, Kasakcran —skarjgaiiblHga, —TONBIPAK
KYHAPJIBUIBIFBIH  KAIIBIKTBIKTAH OaKbLIayiblH ojicTeMecin Herisgey, Oyrinri kymme »xorapbt
HPAKTHKAIBIK KbI3LINYIILIILIKKA 1€ JKOHE OTe O3€KTi.

XanblKapasblK  ToxKipube TONBIPAKTHIH JKaii-Kyill Typasbl axmaparTel, OGbLEKTHBTI JKoHe
cenimai kesi — ZKK3 gepexrepi 6oma anmarbiHabirbi Kepeeredi. TONBIpaK KyHapJIbUIBIFBIHBIH
KOPCETKIITepiH KAIBIKTBIKTaH GaKbliayapl THIM/L 2Kyprisy ymin rapsin Tycipinivuepi 6Goiibima
TOIBIPAK JKAMBLIFBICBIH 3ePTTEeY/IIH TeOPHSIILIK YKoHe djicTemenik Herisgepin osipiey kaxer. Ocbt
JKYMBICTBI 2KYPrisy GapbIChlH/ia, arpoKINMATTHLIK 30Ha HeMece afiMakTbK TuicTigiri Goiibinmia,
TabuII KoHeE MAPYAlILLUILIK epPeKIIeIiKTepiH ecKepy KazkKer

Beprresnerin ayMaKTa, 9pTYPJI yaKbITTa AlIbIHNaH FaPBIITHIK aKIIapaTTap/Ibl Tajay HoTHxKecinie
JKBIPTBLIATHIH TONBIPAK KYHAP/ILLILIFBIHLIE JeHreifine Tepic ocep Geperin, keseci yaepicrepai
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Maxkanaja ycblHblIran  seprreyiep morikenepi Kasaxcran Pecrybimkacsibiy  udpibik
JlaMy, HMHHOBAIUSLIAD JKOHe asporapblll eHepKoci6i mummcrpiirinin Asporapbim komurerinen
Faphill KBI3METI CajachIiiarsl KOIaHOAILl FLUILIME 3epTTeysiepi 6ariapiaMaiblK-MaKCaTThl
KapzKblIaHaplpy Goiipimma N BR05336483 rolabMu-TeXHUKAIBIK OarjapiaMachlH  iCKe acbIpy
meHGepinie anbIHIbL.
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Mcnommsaosanue gannbix J33 s MOHUTOPHHTA yPOBHSI IIOAOPO/MSI MOME

Anmoranusi. HaseMibili MOHUTOPIHT IOMBEHIBIX MAcCHEOR SAMIMACT GOMbIIe BpeMEHHEe, TPYAOBLE i MATEpUATbIbIC
DeCyPCh, XOTs SBIseTCS Hambofiee TOHBIM M JeTatbHbnt  [IpH BHEIDEHWH KOMIICKCHBIX METOJOB MOHMTODHHTA 3a
HOUBEHHBIM TOKPOBOM BITIONEHIe KOCMIeCKIX TeXHomormi smisiercss obssatensient.  Jlammbie [[33 HecyT obeKTHBIyI0
HiichopMAIIo T GOTBIIE TePPHTOPI, TOMYYEHHyIO B PASMIMHBIX CIEKTPATLHBIX JHaasonax. B craThe paccyaTpmBaiorcs
BO3MOAKHOCTH HCTIOMb30BAMIs Aanibx J133 /s MOHHTOHAra W3Mereruii mouBeroro nokposa Ceseprioro Kasaxcrara. Ha
ocHoBe TemaTuIecKolt 06paboTKit Aabix [[33 OTeUECTRENHEIX CITYTHIKOR NPOBEJCH MPOCTPARCTECHHE ARATITS COTepIKAMIs
OCHOBHEIX S7IEMCHTOR INTAHWS B NOCCBHOM Cl0e MOWB, BEISBICHA B3AMMOCHSSL MEXKIY NOKASATGISMI IUIOAOPOMAS It
SHAMCHUEM BETCTAINONHEX WHJCKCOB HA TECTORHIX NoMMromax Teppuropmi Cepeprioro Kasaxcrama. — Bepostioctioe
KApTHPOBAHMeE MIPOCTPAHCTBEHHON MHTEPIIONSAIIE COIEPHKAHNST 3JIeMEHTOB IMTAHNS B TOCEBHOM CJI0€ TIOYBEI GBLIO TIPOBEICHO
€ HCIONE30BAeM OBIEH3BECTHONO CIIOCO5A KPUIHHTa,

KimioueBbie c/oBa: JICTAMIORNOE 30HMPOBARIe BeMII, KOCMITECKITe TeXHOMOMH, KOCMIeCKHe CHIMKIH, MORWTODHHT
It OIeRKa 1100powst 0B, IHIC, BereTalHOMHbIC HHICKCHL

K.S. Baktybekov, G.R. Kabzhanova, A.A.Aimbetov, M.T. Alibayeva
"JSC "National Company "Kazakhstan Gharysh Sapary”, Nur-Sultan, Kazakhstan
Use of Earth Remote Sensing data of monitoring the level of soil fertility

Abstract. Ground monitoring of soil massifs takes a lot of time, labor and material resources, although it is the most
accurate and detailed. When introducing complex methods of monitoring the soil cover, the inclusion of space technologies
is mandatory.Remote sensing data carry objective information over large areas, obtained in various spectral ranges. The
article discusses the possibility of using remote sensing data for mapping and monitoring changes in the soil cover of Northern
Kazakhstan. On the basis of thematic processing of remote sensing data of native satellites, a spatial analysis of the content
of main nutrients in the sowing layer of soils was carried out, the relationship was revealed between fertility indicators and the
value of vegetation indices for test ranges of the territory of Northern Kazakhstan

Keywords: Earth remote sensing, space technology, space images, monitoring and assessment of soil fertility, GIS, vegetation

indices.
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Agricultural Production Monitoring in the Republic of Kazakhstan Based on Remote Sensing Data

HaunionansHas komnaris «KasaKcrar [apei Canapsi» OCyUIECTBILE PSA MIPOEKTOB 110 MOHIITOPIIHIY Ce/lbCKOXOAIICTBEHHOTO NpOII3B0ACTEa B
CTpare. OHit OCHOBaH®! Ha 11CMONb308aIN AakHeix 13 11 [VIC-TEXHONOMIISX, 4TO 0GECTENIIBAET PeLeHile HAPOAHOXO3AIICTBEHHBIX 33434 Ha
CoBpenmeriHoM ypostie.

KOCHUIECKMe TEXHOTIOTWM, ABRACH MOLLHBIM UCTOMHMKON HOBLIX MGTEaNoB U pasHoo6pasHoii unopmauw, [
CrocoBCTBYHOT Pa3BUTMIO NPAKTMHECKM BCEX OTPAC/IEN HALIMOHAMBHOI SKOHOMUKM 1 IMAVIDYIOT B NOAEPXKKE
MONMTUHECKYIX MHTEPECOB M BOMPOCOB 06ECTIEHEHHS 0BOPOHbI 1 GE30MACHOCTH CTPatbI.

C passuTviem COBCTBEHHOM KOCMUYECKOI CUCTEMbI B Ka3aXCTaHe CyLLECTBEHHO PACLIMPUING: 1 BOSHOKHOCTH MCONB30BaHMUA COBPEMEHHBIX
METO/0B MOHUTOPHIA 1 KOHTPONS XO3AMCTBEHHOI ACATENLHOCTM M MPUPOAOMIONB30BAHNS.

B HacToswee Bpems HaUMOHa/bHas CUCTEMa AVCTaHLMOHHOMO 3oHAMpoBaHua 3emnm (I33) Pecny6anky Kasaxcran (PK) BkniouaeT rpynmmposky
V3 ABYX CyTHUKOB /133 BLICOKOTO W CPEAHETO PaspeLIEHNS, Ha3EMHBIV KOMMNEKC YTIPBNGHNS CYTHWKAMH 1 HA3EMHBIA LENEBOV KOMMNEKC AN
npuema 1 06pAGOTKU KOCHMIECKIX AAHHBIX.

3 rogs! IKCMNYaTALMA OTEECTBEHHBIX CMYTHUKOB BLICHITIOCS, HTO OAHMM M3 OCHOBHBIX HAMPABNEHWI NCNONL30BaHMA AaHHbix [133 sBnseTcs
MOHUTODVIHI 3EMENIbHBIX U CENlbCKOXO3AVICTBEHHBIX PECYPCOB, B TOM YMCNIE CNbCKOXO3AMCTBEHHOMO MPON3BOACTBA.

Ok w3 3TMx CyTHIKOB, <KazEOSat-2», MMEET MPOCTPAHCTBEHHOE paspelenye 6,5 M/MUKCENb, 5 MYNbTUCTIEKTPANbHBIX KAHANIOB, NPEACTABNsET
NPOCTPEHCTBEHHYIO MHAOPHALMIO O EMHO/ MOBEPXHOCTH B BUAVIMOM U MH(bPAKPACHOM AWANasoHaX CEKTPa 1 AanTMpOBaH, MPEXAE BCero, Ha
peLUeHye 33334 arpONPOMBLILINEHHOTO KOMTMNEKCA U 3EMNENONb30BaHMS.

TIOTEHUMaN 1 BOSMOXHOCTH KOCMMMECKYIX annapaTos & KasaxcraHe B NepByto O4epedb HAMPaBneHs! Ha PeLIeHe HauGonee aKTyanbHbIX arpapHbIx
NpoG/IeM: NPOOBONLCTBEHHAR GE30NACHOCTL, OLEHKA SKCMOPTHOO NOTEHLMANG, BHEAPEHHE CUCTEMbI TOYHOTO JEMNIEACTUA, PE3KOE CHIXEHNE
KOPPYNIUVIOHHBIX M3AEPEK, MHBECTULOHHES MPUBNIEKATENLHOCTS CENILCKOXO3SACTBEHHBIX 3EMeNb, PEWEHNE SKOMOTUMECKAX NPOBIEM CEnbekoro
X03SIACTBa 1 T.A. B CUNY STOTD, KOCMUMECKVIE TEXHONOMM CTANIM OPIAHWHECKOI HACTbIO aTPOMEHEAKMEHTa M OCHOBHBIM UHCTPYMEHTOM B
YIDaBAEHyY 1 MOHWTOPUHFE ANA FOCYAAPCTBEHHLIX OPraHOB U APYVX OpraHM3aLwii 8 chepe AMK pecnybnmia [1, 2].

CyliecToyer psiA_ 3adad YNPaBneHns CeNlbcKOXOSAVICTBEHHbIM MPOMIBOACTBOM, TPEGOBAHMAMM K KOTOPbIM SBNSIOTCA  KOMMIEKCHOCTH,
OMepaTUBHOCTS, 06bEKTUBHOCTS MHdpOpHALMH:

PaLVOHaNbHOE MCTONB30BAHNE SEMENbHBIX PECYPCOB;
MOHUTODHT COCTOSIHUS CENlbCKOXOBANICTBEH HBIX YTOAWA;

MOHUTODHI CBOEBPEMEHHOCT U Ka4ECTEa ArpOTEXHONOTMMECKVX ONepaLMil;
MOHUTOPUHT 8APECHOCTH CYGCHAMPOBAHWS M ArpPOCTPaXOBaHNS.

NpuHumnb M MeTonb!

HauvoHanshas komnawms «Kasakcraw [apwiw Canapbi», SERSch HAUMOHANbHbIM ONEPAaTOpOM KOCMAMECKOH CHCTEMbI AMCTAHLMOHHOTO
30HAMpOBaHMA 3emnn PK, PYKOBOACTBYSCH MPUHLMMAMU OGBLEKTUBHOCTA M AOCTOBEPHOCTM, OCYLIECTBUNG PSA MPOEKTOB MO MOHWTOPUHIY
CebCKOXO3AICTBEHHOO MPOM3BOACTEA CTPaHSI.

Vies: BbICOKOE CTPATErMueckoe NpoAOBONLCTBEHHOE HAUEHME, CEBEpHbIE 3epHOCEIOWME 06nacTH CTpansi (AkMonuHckas, Cesepo-Kasaxcramckas,
KocTawaiickas)) NMPUBNEKAIOT GOMLUWOM WHTEPEC KK CO CTOPOHbI MOCOPIAHOB, Tak W MacTHbIX CTPYKTYP B 4acTu KOHTPONS W MOHMTOPUHTG
Cenbxo3NponsBoACTEa.

Arponpon3soacTeo CesepHoro Kasaxcraa PacrioflokeHo B 30HE PUCKOBAHHOTO SEMIEASTMS M AONKHO HAXOAWTLCS MOA MOCTOSHHAIM KOHTPOMEM.
370 OTHOCHTCH M K MPOBEAGHMIO ArPOTEXHAYECKUX W ArPOXVMWYECKMX MEPOMPMSITW, W K YCIOBMSM MO(asosoro paseutvsi KymsTyp, M K
YTOUHEHMIO YPOXEMHOCT M BanoBbix C6OPOB. Ha GONbLWIMX TEPPUTOPUAX OGLEKTMBHBIA W KaueCTBEHHIA MOHMTOUHT BOMOXEH TONBKO C
MCnonb30BakMeM faHHbX [133. 3TU AaHHble NO3BONSIOT HEKOHTAKTHO OLUEHWTH YC/IOBUS BETETALWM PacTeHWii MO OTPaXaTeNbHbiM CBOVCTBAM
noacTWnatoweit nosepxHocT [3].

B cTpare © koHua 1990-X 10408 BHEAEHa ABTOMATUSMPOBAHHAS UH(OPMALWOHHAS CACTEMA roCyABPCTBEHHOMD SEMENLHOO KaaacTpa PecryGanki
Kasaxcran (AMC [3K PK). Mpn 3TOM, C TOUKN 3peHWsi BEACHMS KaAACTPOBOTO YYeTa, y4eTa MPABOBOTO PEXUMA 3EMEN, WX MECTOPACTIONOKEHNS,
Y4ETa PasMepOB 3EMENbHBIX YHACTKOB M CBSZBHHBIX C HUMA OGBEKTOB HEABMKMMOCTH WMEETCS PSA OTPaHWYEHUiA ANA MOMHOLEHHLIX PaGoT Mo
KApTMPOBAHMIO M YHETY, OLEHKE KAUECTBA OYBEHHOO MOKPOBA U MOHWTOPHHIY 3eMnenoNs30sanns [4].

CRyTHUKOBas OLieHKa NOCEBHLIX MNOWA/AEH CebCKOXO3AMCTBEHHBIX Ky/bTYp NPOBOAUTCS Ha OCHOBE aKTyanbHbiX AaHHbIX [133 M MCnoNb3oBaHNs
COBPEMEHHbIX re0MHDOPMALMOHHBIX TexHonoruii (IIC). OCHOBHLIMM YCTOBISMM NPOBEAEHNA KOCMUYECKOTO MOHATODUHIE CENbCKOXO3ACTBEHHOTO
NPOM3BOACTBa SIBASIOTCA AOCTATOMHOE NPOCTPAHCTBEHHOE Pa3peUIEHNe 1 PasHOBPEMeHHble HaBIoAEHUS. DNEKTPOHHas KapTa Monei, cosnaHHas
Ha 0CHOBE BEKTOPM3ALIMM AaHHbIX [133 BLICOKOTO U CDEAHErD PaspellieHus, HECET TOYHYI0 MHGOPMALWIO MO MNOWaA 1 TPaHVLIAM KaX[oro Nons B
paspese X03MCTB MDU WHTErpaLMM C AaHHbIMA 3eMenbHOMO Kajactpa (puc. 1). Takoii NMOAXOA MCKMIOMZeT CYGBLEKTUBHYIO OLEHKY
3EMNeroNb30BaHNA 11 33BE0MO NOXHbIE aHHbIe N0 NOCEBHBIM NOWAASH.

PHC. 1. 3an07HerHe STDUGYTUBHOS MHGOPMALNH ANA C/IOR STALIHA» HA TEDPUTOPHIO AKHOMMHCKOI 06nacTH PK.

MoHuTOpHHT CpoKoB nocesa

CpoKkiu Mocesa SBNSIOTCA OAHUM M3 OCHOBHBIX S/IEMEHTOB COBPEMEHHOM TEXHONOTUHN BOAEMBIBAHIS CENbCKOXOSAVICTBEHHbIX KynbTyp. Moces &
OMTMMaNBHbIe CPOKM OBECTIENMBAIOT OTAANY BKNAAbIBAEMbIX B BOSALMLIBAHUE CPEACTS, COCOBCTBYET MONYHEHHIO BLICOKOTD YPOXas i KaMecTsa
MPOAYKUYM My OBLLEM GNrOMPUATHOM (GHTOCAHUTAPHOM COCTORHMMU MOCEBOB.

Mpu npaswibHom Bhifope CpoKa MoCesa CO3AAOTCH YCMOBMS ANS  (OPMMPOBAHS DMIMONOTMNECKN YCTORMMBBIX, BBIHOCTMBLIX W
KOHKYPEHTOCTIOCOBHBIX K BPEAHbIM OPraHMaMam Mocesos. [ Bbi6ope OMTUMANGHBIX CPOKOB MOCEBA YWMTHIBAIOTCA CMIEAYIOLUME OCHOBHBIE
KPUTEPVM, SHaHEHHE KOTOPbIX MIMEHSIETCA M0 30HaM: OBUIAR ATMHA BETETALMORHOTO NMEpMOAa, TPEBOBAHMS CeMbCKOXO3FHCTBEHHbIX KYNBTYP K
TemMnepaType MoMBbI B MEPUOA MPOPACTaHMs M (OPMUPOBAHMA BCXOOS, K MOTPEBNEHMio Bnarn Ansi hOPMUPOBAHMS CENbCKOXO3NACTBEHHOM
npoayKuMM.

hitps:/fwww. dataplus. ruiews/arcreview/detail php?ID=283808SECTION_ID=1126&print=Y
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MOHMTOPUHT CPOKOB CeBa BaxeH, MPEXAE BCEro, [A/IA apryMEHTUPOBAHHOCTH CyGCHAMOHHBIX BHIMNAT, HAMPBMEHHbIX HA MOAAEPXKY
CeNlbCKOXOSACTBEHHOO MPOUSBOACTEA NPU YCTIOBHM COBMIOACHHS ATPOTEXHONOTUM BOSACNILIBAHMR M PALMOHANIEHOM 3EMNENONL30BaHUM.

MpUMEHAS  aHAnus PasHOBDEMEHHbIX KOCMOCHUMKOB, BOSMOXHO OPMEHTVDOBAHWE MOHMTODUHIA HA  KOHTPOMb COGIOAGHMS  CPOKOB
arpOTEXHONOrMMECKUX OnepaLMii (CPOKOB MOCEBa, CPOKOB YGOPKM, CPOKOB NPOBEAHUA (UTOCAHMTADHBIX MEPONPUATHTA U Ap.). [ina CesepHoro
KasaxcraWa ONTUMANbHbIE HAyMHO-OBOCHOBAHHBIE CDOKM CEBA CENbCKOXOSSIMCTBEHHBIX KyNbTyp ONPEAENSIOT pervioHarnbHble  HayuHo-
VCCNIEA0BATENbCKAE MHCTUTYTbI CENbCKOTO XO3SIMCTBA, MPUHAMAA BO BHAMAHME YCTOBMA OCEHHE-3UMHETO HAKOTNEHMS BNIATM, YCTOBM Cesa,
MOuBEHHbIE XBPAKTEPUCTVKY, arPOMETEOAAHHBIE W ADYTUE XaPaKTEPUCTUKY. [I15 MONYHEHNS YCTORUMBOrO YPOXas CeNlbX03TOBPONPONIBOAUTENL,
KaK NPaBUo, AOMKEH NPUASPKVBATLCH ONTUMANLHLIX CPOKOB CeBa. Ul TONLKO KOCMAMECKWIA MOHATOPUHT MOSBONSET AOCTOBEPHO W OMEPaTUBHO
onpenensT, CobiofeHve STUX CPOKOB.

Ouenka cocTosHus nocesos

15 OUEHKN COCTORHMS APOBBIX NoceB0B CesepHoro Kasaxctana 06paGoTka KOCMUMECKMX CHMMKOB MPOBOAUTCA HaMM Ha 6ase MpOrpaMMHOro
obecnevenus Erdas.

KOnWMECTBeHHbIE OLEHKN COCTOSHMS DACTUTENLHOCTM MPOBOAWTMCH HA OCHOBE BLMACTEHAS HOPMANMIOBAHHOTO  ANDOEPEHLMANEHOMD
BereTauyoHoro unaekca (NDVI). Mpu sbinonermn pacuetos NDVI 66 MCKMIOMEHSI MMKCENM KOCMUYECKOTO U306PaXEHNs, CoOTBETCTBYIouMeE
BOAHIM 0GbeKTaM, 06NaUHOCTH, OTKPLITOV Nouse. Mocne 06PaBOTKY, COAEPXALLEH MPOLEAYPbI HACTPOViKM OTOBPaXEHMS KaHanos U3o6paxeHus,
MH(OPMALMA COXPaHANACh B PACTPOBOM OPMATE U SKCMOPTUPOBANACk B 6a3y AAHHBIX MO CENILCKOXO3AMCTBEHHBIM YTOAbSM. [U15i MONyHeHNs KapT
COCTOSHMS PACTUTENBHOCTM 3TO M3OGPaXeHNe MOATPYXANoc B MpOrpaMMHbIA MPOAYKT ArcGlS, rae BHINOMHSUCE NMPOLEAYPbI MO OTHECEHMIO
SHaUEHNYi K OAHOMY M3 KNACCOB COCTOSIHMI 1 MONMKCENbHOMY SKCMIOPTY 3Hauermii NDVI 8 Gasy AarHbix.

OueHKka COCTOSHMS SPOBLIX 3EPHOBLIX TIOCEBOB CEBEPHOTO 3EPHOCEIOWErO PerMoHa Kasaxcrawa BAINOMHANACH HA OCHOBE anropuTMa,
0TPAGOTAHHOIO C MCTIONL3OBAHMENM apXMBHO Gasbl AarHbIX [133 C BRIAENEHVEN 5 TUIMOB COCTORHMIA: O O4eHb XOPOWIErD A0 O4EHb MOXOro.

OueHKa COCTOSHNA NOCEBOB NPOBOAVNACE B NEPUO MAKCMMANILHOTO HAKOMNIEHIS PACTEHMSMM GHOMACCH ~ COCTOSHMN MOMIOMHOM CMIENIOCTH AIPOBOM
nwennusl. Ha kapty NDVI HaknaasiBanace Macka CENlbCKOXO3MMCTBEHHBIX MONeVi Mo 06NaCcTAM. 3aTem MPOBEAEH MOMMKCENLHLIA CHET MAOAAN MO
KNaCCaM COCTORHMS PaCTUTENBHOCTH (pUC. 2).

=3
PHC. 2. Kapra-crema CocTosHus ApOBbiX M10CeB08 2019 rO43 B AKHOMMHCKON 0G/IACTH H3 OCHOBE AKTYanbHsIX ABHHbX [133.

Taknm 06pa3soM, CNYTHUKOBAS OLIEHKA COCTOSIHUA APOBLIX SEPHOBBIX KY/ILTYP MO3BONSET PEANMS0BATH MPOCTPAHCTBEHHO-BPEMEHHO MOHUTOPUHT
CenbCKOXOSAMCTBEHHBIX MOCEBOB KAK Ha PErVIOHNIbHOM YPOBHE, TaK 1 Ha YPOBHE OTAE/IbHHIX MONEA M MOKET CNYXWTh OCHOBOV ANS MPUHSTUA
YNPABEHUECKAX PELeHNiA B arpONPON3BOACTEE.

KapTuposarue rpanuu u nnowanei

YTOuHEHME FPaHUL W MNIOWAAEH CENbCKOXOSSMCTBEHHBIX YTOAWA SBNAETCS MEPBAUHOM 3ajaduell MpU BHEAPEHNN KOCHMYECKMX TEXHOMOTWIA B
CenbCKOXO3AMCTBEHHOE  MPOM3BOACTEO, MOCKONbKY MMEHHO 3Ta WH(OPMALWS CNYXWT reorpadWueckn KOOPAMHWPOBAHHOW OCHOBOM AnA
pansheiwnx pabot [5]. TouHoe KApTOrpadmMpoBaHme CENbCKOXOAVCTBEHHBIX YTOAWA C MPUMEHEHWEM aKTyanbHbIX AaHHbix 133 Heobxommmo
TAIOKE AN PELLEHNS 3EMENbHBIX CIOPOB, BLIBNIEHNS CAMOBONILHOTO 3aXBaTa SEMe/lb, OMPEAENEHNS VX HELLENEBOTO MCMONL30BaHNSA. KOCMUUECKI
CHUMOK B HACTORILEE BPEMA CTAHOBUTCS OAHWM U3 BAXHbIX MHCTDYMEHTOB ANSI WHCMEKTVDYIOUWX W KOHTPOMPYIOLWX OpraHos 8 o6nacti
semnenonb3oBaHMs.

OCHOBHBIE 387341 KOCMUYECKOTO MOHMTOPUHTa 3eMNenob308aHMS:

OMpefenerie KONUHECTBEHHOMO COCTaBa 3eMenb;
ZBTOMATMHECKOR MONYHEHYE AGHHBIX M0 MONb30BAHMIO SEMENbHBIMM YHaCTKaMM (M MIMEHEHUM MPABOCTHOWeHIS);

MOHMTOPMHT haKTUHECKOTO MCTIONb30BAHMS 3EMENbHBIX PECYPCOB;

OBHOBNAIEMbiE UHBEHTAPU3ALMOHHbIE XBPAKTEPHCTVKM 3EMENIbHOMO YHaCTKa (MeCTOMoNOXeHMe, MOWaAs, HasHaveHne);

NPeAOCTaBNErMe MHGOPMALIM ANA ICHMCTIEHS SEMENLHOTO HANOTa M aPEHAHOM MNATHI;

CocTaBeHMe KanacTpoBLIX KapT;

onpesenenie LENEBoro UCTIONB30BaHMUS 3EMENBHBIX YHACTKOB U aBTOMATUYECKOE BbISBNEHHE HapyLIEHMI 3EMENBHOMO 3aKOHOAATENLCTEa 1
YCTaHoBeHHbIX TPe6oBaHMTi;

OnpeAenerie HenCroNb3yeMbix 3eMens;

BLIRBNEHME U MOHMTODUHI NPOLIECCOB AerpagaLum sewens (puc. 3).

PHC. 3. ONIDEAENEHHE HENCOTe3Y eMsiX SENEITs OCPEACTRON HaTOXERHS AaHHSIX SENETSHOTO KAAACTPa Ha KOCHOCHHHOK.
MoHuTOpHHT 3eMnenonb3oBanms

[l0CTOBEPHaS OLEHKa UCTIONb30BAHMS 3EMENb CENbCKOXO3AMCTBEHHOTO HaSHANEHNA N0 AaHHbIM [133 MO3BONSET BLIABUTL INEMEHTEI WX HELENeBOoro
VCTIONL30BaHWS, NPUBOASILVE K PASBUTIO ACTPAAALIAM 1 YXYALIEHMIO MIOMBEHHBIX CBOMCTE, CHIKEHMIO KAYECTBa M GOHMTETHOCTH yroawi.

B abepe ATK 3aKOHOAATENLCTBOM MPEAYCMOTPEHO 18 BUAOB CyGeuawii, Ha KoTophie 3a 2013-2016 rogsi BwideneHo 648,6 Mpa. Tewre. BaxHoe
rOCYABPCTBEHHOE 3HAYEHNE B ABHHOM ClyHae WMEET APECHOCTb 1 SMEKTUBHOCTL CyGCHaWi. 19 NPEAOTBPALIEHNS HELENEBOTO PACXOAOBAHNS
GHOIKETHBIX CPEACTBA 1 KOHTPONS 33KOHHOCTH CYGCHAMPOBAHWS MCTIONB30BAHME AaHHBIX [133 OAHOSHANHO HEOBXOANMO.

AO «HK «Kasakctan Tapbiw Canapbi» Mo 3anpocy aHTMKOPPYMUMOHHBIX Cryx6  eHepansHoi npokypaTypsi Pecnybnvk Kasaxcraw 6o
NpOBEneHSI MEPOMPUSTHSL M0 MOMTOPYHTY MOCEBHBIX YHACTKOB U BLIABNIEHHIO HECOOTBETCTEMIA.

CyGcnamposanue MOCEBHOA MNOWAAN CENbCKOXOSSVICTBEHHBIX KyNbTyp NPOBOAWTCA Ha Kaxawiii retap nocesos. focne onpeaenemus
OMTUMANHBIX CPOKOB MOCEBA MO Pe3yNLTaTaM PaGOThl MEXBEAOMCTBEHHOM KOMCCHN PAiioHa W MOATBEPXASHMS MOCEBHOM NOLIaAN NPOBOASTCA
CYGCHAMOHHbIE BLINMATI CENbXO3TOBAPONPONSBOANTENSIM. B HEKOTOPLIX Cly asix AaHHIV MPOLIECC MOKET XaPAKTEPU3OBATCA HEOGLEKTUBHOCTbI
W HEAOCTOBEPHOCTLIO. B AaHHOM Clyuae TONbKO AaHHbie [133 SBNSIOTCA AOKA3ATENLCTBOM HANMMHA CEMbCKOXOSAMICTBEHHBIX MOCEBOB 1 NPOBEACHUA
arPOTEXHMHECKWX MEPONPHSTH Ha one.

Tak, Ha PUCYHKE 4 BbIdEneHsI TEPPUTOPUM CENbCKOXO3AVICTBEHHbIX MONEli, He MOABEPrLIMECs arpoTexHMueckoii obpaboTke (Bcnalika, noces,
KYNIbTUBAUWS — OTMEJEHb! KDACHBIM LBETOM), HO, BOSMOXHO, BKIIOYEHHBIE B MNOLAAb CYGCWAMPOBAHWMA X03SWCTBA. [laHHbIi hakT rosopuT o
HEOBXOAMMOCTY AOTIONHATENLHOM MPOBEPKY MHCMIEKTHPYIOLIMMA OPraHaMi MPABOMEPHOCTH CYGCHAMPOBAHMS.

3
PHC. 4. MOHUTOpWHI MOCEBHbIX YUaCTKOS 10 AaHHbIM [133 CpefHero paspewenus 33 2019 rog (AKMOTHHCKas 06nacTs): 3) 18 anpens, 6) 05 was, 5) 15 mas.

NporpaMMa AMCTAHUMOHHOTO MOHUTOPMHIA

PesyneTaThl paHee MpOBEAGHHbX PAaGOT MO MOHWTOWHTY CENbCKOXOSSCTBEHHOTO MPOWSBOACTBA CTANnM OCHOBAHWEM ANS Peanusaumn
rOCYABPCTBEHHOM MPOTPaMMBI MO CO3AAHMIO M Pa3BUTUIO MHHPACTPYKTYPbI MPOCTPAHCTBEHHBIX AAHHBIX HA OCHOBE AanHbiX [33 M3 kocMoca M
CNYTHUKOBOV HaBUTaLMYU NS MAHICTEPCTBA CenbaKoro Xo3aiicTBa Pecnybnuii Kasaxctan Ha 2018-2020 rofsi, KOTOpas BKIIOYAET pewieHme paaa
oTpacnesbix 33aak MUHUCTEDCTBA.
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Taknn 06pasom, METOAbI OBBEKTUBHOTO AMCTAHLMOHHOTO aHanusa, OCHOBAHHbIE Ha AadHbix [133, MOSBONSIOT OCYLUECTBNATH KOMIEKCHBIA
MOHMTODVH  CENbCKOXO3SIFICTBEHHOTO MPOM3BOACTBA M 3EMNEMONLI0BAHWS. STW AAHHbIE XAPAKTEPU3YIOTCS BHICOKOW OMEPAaTMBHOCTBIO,
MEPYIOAMMHOCTLIO MONYYEHWS, COKPALLEHNEM BDEMEHN ANS MPOBEACHNS AHANM3A M BHICOKO/ CTEMEHbI0 AOCTOBEPHOCTH.

AO «HK «Kasakcran apuiw Canapei», sensace HauvonansheiM onepatopon KC [133 PK, CnocobCTeyeT passuiio COBPEMEHHBIX KOCHMAMECKMX
TexHOMOTMi B KasaxcraHe v ShheKTVEHOMY MPUMEHeHMo AanHbIX [133 B PasnuuHbIX OTPACTSX SKOHOMMKM, B TOM YAC/E B arpONPOMBILIEHHOM
KOMInEKce CTpakI.

C 2018 ropa Hauweil KOMNAHYEN B PAMKaX HaYHHO-TEXHUMECKOM NporpamHbl 008 «[IPUKNaAHSIE HAyuHbIe NCCTEAOBAHNS B OBNACT KOCMUMECKOM
BESTENLHOCTU PEaTM3YETCA HayHHO-TEXHWIECKas NporpanMa BRO5336483 «ONTMMU3ALIA TEXHUHECKIX NapaMETPOB M METOAMHECKOrO MOAXOAA
K VICMO/Ib30BaHMIO AAHHBIX AVICTAHLWMOHHOMO 30HAMPOBAHWS MM OTEUECTBEHHLIX KOCMUYECKX annapaTos KazEOSat — 1,2». Ee uensio sensierca
paspaboTka HayuHO-0GOCHOBAHHBIX METOAOB OLIEHKM MOYBEHHOTO MOKpOBA CeBepHOro Kasaxcrama PK Ha OCHOBE ABHHBIX C OTEMECTBEHHBIX
cryTHuKoB. [lanHbie /133 06ECnEuMBAIOT BLICOKYHO ACTANbHOCTb U AOCTOBEPHOCTL LNGPOBLIX NOHBEHHBIX KApT.

B Lensix NPOBEACHNS aHAMM3A BOSMOXHOCTE AVCTAHUVIOHHOTO SOHAMPOBAHMS ANIA XAPAKTEPUCTUKI CTPYKTY bl MOMBEHHOTO MOKPOBA TEPPUTOPUM
Ceseproro Kasaxctana BhINONHEH paA paGoT Mo CMIeAyloLieMy anropuTHy:

1. paspaGoTia UMdPOBOI MOAENH Penbeda TECTOBLIX MOMIOHOB ANIA XBPaKTEPUCTUKN NaHAWAMTHO 1 reoMopdONOTMHECkoii CUTyaLIK;
2. paspaGoTka NPOrHOSHOI MOMBEHHOV KApTHI Ha TECTOBLIE MOMMTOHBI M0 CEBEPHBIM TUMAM MOMB Ha OCHOBE AaHHbIX [133;
3. BIMAHYE NAPAMETPOB NNOAOPOAVS MOHB Ha GMODUINHECKME NIOKASATENN PACTEHMIA N0 AaHHbIM [133.

[Lins cosparma undposoii Moaeny penbeda (LIMP) Guinv HCMonk3oBaHs! CTepeonaps! co cnyTHuka KazEOSat-1 (NpocTpaHcTBenHoe paspelerime —
1 MeTp), HasemMHbie KOHTPONbHBIE ToukM M SRTM, mporpammhoe obecneuenve Erdas Imagine. LIMP paspaGoTaHa Ha TECTOBbIE MOMMIOHbI MO
OCHOBHBIM TUNaM nous CesepHoro Kasaxctawa.

Mocne NposeaeHys MonHOro Npouecca cosaanms LIMP Gbini oTHEUeHbI BOSMOXHOCTH oLieHKM Mo LIMP:

MOMBEHHOIO MUKpOpEnbeda (Menkme hopHbi Penbeda, JaHUMAIOLIME HESHAMUTENbHBIE MNIOWAAH, C KONEBAHUAMM OTHOCTENbHBIX BHICOT B
npeaenax 1 Metpa (pexe 1-2 M) u koneGanMaMM AaMeTpa oT 1 A0 10 m.);

BbIACIEH NS MHTPASOHANEHBIX M04E, MPOMCXOXAEHUE KOTOPbIX CBRIAHO C MUKPOPENbed oM TeppUTOpMH;

VSBNEHEHWA GHANMTUHECKOR MHDOPMALIAN M3 AaHHbIX AMCTAHLIOHHO! OLIEHKM M UMPOBbIX MOAENEl penbeda, a Takke KOpPEKTUPOBKM
MEIOLLUXCS MOMBEHHBIX KapT.

3aTem 6bin NPOBEACH PErPECCHONHLI BHANWS MEXAY MEPEMEHHBIMM BEMVIMHANMM ~ SHAYEHWI MPONIBOAHBIX BETETALMOHHBIX MHACKCOB W BLICOT
penbeda no LIMP 418 ONPeAENenis NPUUMHHO-CNEACTBEHHOM CBSSM 1 ARNLHEMLLETO M3Y4EHNS MPOCTPHCTBEHHOTO PACTIPEACNEHNA 1 ANHAMMKM
CBOVCTS novs.

[INA MONHOM OLEHKM aHAZUSWYEMbIX 3aBUCHMOCTEV PaCcCMATPUBANMCH KOCMWMECKME CHAMKA B MEPUOA MaKCHMANHOTO POCTa W passuTus
pacrenui. [lanee NpOBOAWCH TemaThueckas 06paboTka AamHbix [133 M PacveT CneKTpanbHeix uraekcos NDWI (Normalized Difference Water
Index), NDVI (Normalized Difference Vegetation Index), GrDVI (senerbiii HOPMAPOBAHHBIA DasHOCTHBIA PACTUTENbHBIA MHAEKC), GDVI
(generalized Difference Vegetation Index), SAVI (Soil Adjusted VI), Bare Soil (uraexc ronoro rpywra).

[InA npoBejeHMs aWanusa XapaKTEUCTWKA CTPYKTYPhi MOMBEHHOTO MOKpOBA TeppuTopin CesepHoro KasaxcTaWa Ha OCHOBE A@HHBIX
AVCTAHLMOHHOTO SOHAVPOBAHUA B KAYECTBE WCXOAHBIX ABHHBIX GbUT WCTIONb30BaHbI KOCMAMECKAE CHAMKA CDEAHETO MPOCTPAHCTBEHHOTO
paspewenms — kak oTedecTenHbix (KazEOSat-1,2), Tak u sapyGexbix (Landsat-8, Sentinel-2) KocMmueckmx annapatos. Paspewerie, a Takxe
CMEKTPaNbHbIE BO3MOXHOCTH ABHHBIX KOCMUMECKVIX ANNApaTos MO3E0NSIOT NPOBOANTS MOMHOLIEHHbI aHANN3 MOYBEHHOTO MOKPOEa.

Avanus semnenons3osams Mo AanHeim [133 TeppuTopuy Ceseproro Kasaxcrana nokasan, 4o 3a nepuo ¢ 1985 no 2019 roa nowass NaxoTHsix
YrOAWiA SHAUUTENbHO yMeHswMnack (nopsiaka 30%), 3TO CYXKWT OCHOBAHVIEM NSt BHECEHNA KOPPEKTUPOBOK B COAEPXAHWE MOMBEHHOM KapThl. Mo
Ranbin [133 Aewmdprposaro nopsaka 30 NOYBEHHSIX PASHOBMAHOCTER MoWaAbH0 2500 K. K. [POBEACHHaS PaBOTa C MCTIONL30BAHMENM AAHHBIX
1133 1 Bo3MOXHOCTei [VIC NPUBENa K YBENMIEHMIO ACTANLHOCT MOMBEHHOV KapThi CesepHoro Kasaxcrara A0 23%.

VccnienoBams B AaHHLIX HANPABNEHMSX MO3BONSIOT COBEPLUMTL NEPEXO OT HayUHbIX SKCMEPUMEHTOB M Pa3pO3HEHHBIX MOMBITOK PETMOHANLHOMD
MPaKTMHECKOTO BHEAPEHIA WX PESYNIbTATOB K COSAAHMIO CMCTEM KOMMBIOTEPHOTO KapTOrpadVpOBAHUA MONB, BaUPYIOWMXCH Ha MPUHLMMaX
CoBpeMerHol L POBOV KapTOrpacMi 1 MCTIONb3YIOUYX B KAHECTBE OCHOBHOTO MCTONHMKa HHGOPMELIM CMy THUKOBbIE AAHHbIE.

Takum 06pasoM, pesyNbTaTbl MPOBEACHHbIX MCCNIEAOBAHMIE MOTYT BbiTb UCMONb30BaHbI ANA COBEPLIEHCTEOBAHMS AUCTAHLMOHHOTO MOHUTOPHHTa
CeNlbCKOXOSAVICTBRHHbIX 3eMenb, MW Mocese, y6opke YPOXas W T.A. [poBedeHHbie paboTbl MOSBONAIOT OMPEAENHTS SddeKTUBHOCT
MCMONE30BaHMA 3EMENb CeNbCKOXOAVICTBEH HbIMM MPEANPUATHSMM, B PE3YTIETATE Hero NPeACTABNAETCS BOSMOXHON OPraHM3aLMs MEPONPUATHI Mo
PaLMOHaNbHOMY MCTIONB30BAHMIO CEMBCKOXO3ANICTBHHbIX 32MENlb Ha BCEX MPOMIBOACTBEHHbIX CTaIMSX.
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AnHoTanus. JlaHHag paGoTa MOCBSIIEHA ONpeIeNeHHI0 BRIXOJHOH MAKCHMATBHOH MOIIHOCTH C
COITHEUHBIX MaHeNeil KOCMHYECKHX alIapaToB THCTAHIHOHHOTO 30HAHPOBAHHA IPH CIydasxX BBIXOJA H3
CTpOsl HIH 3aTeHeHHA (OTOSMeKTpHUeCKHX sIeMeHToB. Merox ETU “LETI” mo3BomsfeT ¢
MHHHMATBHBIMH BEIMHCTHTETBHBIMH TPOLECCAMH HAaHTH Touky MPPT a1 ycKOpeHHA 3apaga B
AKKyMYIATOPHYIO 6aTapeto, Ab —akKyMmymATopHas Gatapes, Cb — coHeuHas GaTapes.

Kmouessle cmoBa: MPPT — Maximum Power Point Tracking, ETU “LETI” — Saint-Peterburg
Electrotechnical University “LETI”, J[33 — IHCTAaHIIHOHHOE 30HIHpOBaHHe 3eMmH, KA — KocMHYecKHit
ammapar.

KOnHYeCTBO KOCMHYECKHX alllapaToB AHCTAHIHOHHOTO 30HIHPOBAHMS HA HH3KHX OKOIO3eMHBIX
OpPGHTAX yBEeTHIHBACTCA [IA OOECIIeUeH s eKeJHeBHOTO MOHHTODHHIA 3eMIH U1 Pa3IHJHBIX Lerlelt,
TakHe KaK CelTbCKOe XO3AHCTBO, Upe3BhIUAiHbIe CHTYALHH, 0GOPOHBI H Ap. Takke pacTeT KOTHYECTBO
PalapHBIX KOCMHYECKHX alIapaToB AId J[33, KOTOphle HCIONb3YIOT aKTHBHYIO NONE3HYIO HATPY3KY,
KoTopasi TpebyeT yBelHUeHHe SHepreTHKH KA. Ha HH3KHX OpOHTAX CITyTHHK HAXOZHTCS HA CONHEUHOM
CTOPOHE OTpaHHUEHHOe BpeMs H TeHepHPOBAHHE OSHEPIHH OrpaHHYeHHO. Bo3HHKaeT IpoGiema
YCKOpeHHOiT 3apsakH AB H 5To obecleuynBaeTcs IIPH 3apsAde MaKCHMAIbHOH MOIIHOCTBIO. CHCTeMa
97MEeKTPOCHAGKEHHS KOCMHYECKHX allllapaToB SABIMETCA OJHOH M3 BaXHEIIHX GOPTOBBIX CHCTEM
KOCMHYECKOTO alllapaTa H INPeACTABIfAeT COGOH COBOKYIHOCTh HCTOYHHKOB SHEPIHH, HArPY3KH H
3HEpronpeodpasyromeli ammapaTypsl, 00eCeUHBAIONIHX CTACHTH3AIHIO HAPSIKEHHA BHIXOIHOH NIHHB
THTAHHS HATPY3KH H paclpeleleHHe IOTOKOB SHEPrHH B COOTBETCTBHH C NPHHATHIMH 3aKOHAMH
VIOpaBIeHHs, Pa3paGOTAHHBIMH HAa OCHOBE 3aJaHHBIX YCTIOBHII SKcIIyatamui KA [1]. Ommum H3
PaCIpPOCTPAHEHHBIX ~ METOJOB OTCIEKHBAaHHA TOYKH C MAaKCHMAlbHOH MOmHOCTBIO — MPPT
HCTIONB3YeTCs B CHCTeMe SHeprocHaGKeH .

MeTox OTCIIeXHBaHHA TOUKH C MaKCHMalIbHOH MomHOCTEI0 (MPPT), HCIOIB3yeTcs B CHCTeMe
97MEeKTPOCHAGKEHHS KOCMHUECKHX alllapaToB IA BHIOOPA MAaKCHMATBHOI MOIIHOCTH OT COJHeYHOIl
TaHeNH, KOTopas 3aBHCHT OT yria HaknoHa Cb, Temmnepatypsl Cb, KIIJI CB, cpoka skcmuryaTanuu Cb 1
JPYTHX IapaMeTpoB.

Ha JaHHEI MOMEHT CyIIeCTByeT MHOXecTBO MPPT anropHTMOB IO HAaXOXIEHHIO TOUKH C
MaKCHMATEHOH MOITHOCTEIO, OCHOBHBIE KaK:

- Perturb and observe — MeTox Bo3MyIIeHHA H HAOIIIO JeHHS;

- Incremental conductance — MeTOJ TOIIOTHHTENHHOI IPOBOIHMOCTH;

- Current sweep — MeTOZ Pa3BePTKH IO TOKY:

- Constant voltage — MeTOZ IIOCTOSHHOT O HAIPSKEHH;

- CHMIUTEKC METOJ;

- Temperature method — TeMmepaTypHEIif MeTox [2].

B JaHHEIT MOMEHT KOCMHYECKHe aaparkl J[33 HCIOMb3YI0T MeTo BO3MYIIEHH H HaGII0JeHH
(Perturb and observe) m MeTox JOIONHHTeNbHOH mpoBoauMocTH (Incremental conductance), Tak Kak
JIaHHBIE aTOPHTMBI G07ee CTAGHIBHEI IT0 TIOHCKY TOUKH ¢ MAKCHMATTBHONR MOIIHOCTEIO.

JIaHHEIe METOZBI IIPOH3BOAAT IOHCK IIO BOTBT-AMIEPHO} 3aBHCHMOCTH COJHEUHOI MaHemH H
3aBHCHMOCTH MOIIHOCTH OT HAIpPSKEHHS, KOTopas Ipe/ICTaBIeHa Ha PHCYHKe 1 1 2.
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PHCYHOK 1 - BoIbT-aMIIepHAas 3aBHCHMOCTb COTHEUHOI aHeIH IPH Pa3lHIHEIX TeMIlepaTypax
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PHCYHOK 2 - 3aBHCHMOCTh MOIHOCTH OT HATIPSOKEHHS COTHEYHOI IIaHe/H IIPH Pa3IHIHBIX
TeMIepaTypax

BpIlie IpHBe/IeHHBIE AT OPHIMEI HCIIOIB3YIOTCS B HAeaIbHEIX BOIBT-aMIIEPHBIX XapAKTEPHCTHKAX,
HO YacTO BO3HHKAIOT CIIy4aH, Korga (oTodTeKTpHUeCKHe 3IIeMEeHTHl BRIXOIAT H3 CTPOS HIH 3aTeHEHBI
pa3nHYHBEIME 30eMeHTaMH KA. W IIpH TakHX COydasX BO3HHKAeT MHOTO IIHKOB, B KOTOPHIX alrOPHTMBI
TpUBEJIeHHbIE BEHIIe HAYMHAIOT HE HAXOJHTh HCTHHHOE 3HAUeHHe MAKCHMAIbHOH MOIIHOCTH, a
3aCTpeBaloT Ha NePBOM MakcuMyMe. Ha pHCyHKe 3 IpuBejieHa 3aBHCHMOCTh MOIIHOCTH OT HANPsDKEHHA
COITHEYHO{! IIaHe/IH IIPH 3aTeHeHHH HIIH BEIXOJIe H3 CTPost GoTompeoGpa3oBaTes.
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PHCYHOK 3 - 3aBHCHMOCTB MOIIHOCTH OT HANPsUKEHH COHEUHOT IIaHeNH TPH 3aTeHEeHHH HITH
BBIXOJIe H3 CTPOs (hoTOMpeoGpasoBaTent

Och HANPSDKEHHs JeNHTCA HAa PaBHBIE YYACTKH C IIAroM, KPAaTHBIM HAMNPSKEHHIO Pa3OMKHYTOM
LEeNH COINHEYHOTO 3IeMeHTAa/ToCIeI0BATeNbHO COeHHEHHBIX (OTOSMEKTPHUECKHX HpeoGpasoBaTeneii.
Ha KaI0M OTpe3ke rpaduka ¢ IOMOIIBIO MeToJa TpAIelHH OyAeT ompejeNeHa ILIOmanb. IlTomanu
CPaBHHBAIOTCA JPYT C APYTOM H ONpeeNsiercs MaKCHMANbHas IIOMManb. B 06macTH, Ije ompeieneHa
MaKCHMATbHAA M0k ONpeeNderca Touka MaKCHMATBHOH MOIIHOCTEIO C MIOMOIIBI0 MeToa Perturb
and observe um Incremental conductance.

BbIBOIBI

BBUIH IPOAHATH3HPOBAHE! ATOPHIMEI 10 TIOHCKY MaKCHMATBHOI MOIIHOCTH IPH 3aTeHeHHH HIH
BBIXOJa H3 CTpost (oTompeoGpasoBarens. IIpeToXeHHBIH anropHIM mo HoHcKy MPPT Hcmoms3syer
MHHHMATBHbIE MaTeMaTHUecKHe (OPMYIEL, KOTOpble He 3arpy3aT paGoTy KOHTpoitepa. M JaHHBIH
AITOPHTM MOKHO HCIIONB30BaTh HA GOPTY KOCMITUECKOr0 alIapara.
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ABSTRACT

Humanity is associated with the environment throughout all stages of mankind evolution. Ongoing processes occurring
with forest resources are being investigated on the territory of Kazakhstan. In order to quickly obtain information on the
state of forests, it is necessary to organize a multi-level monitoring system based on integration of ground-based data
and remote observations using innovative capabilities of geographic information technologies. This article discusses
issues related to the semi-automatic thematic processing of forest resources of the Republic of Kazakhstan based on GIS
using Earth remote sensing data. In order to increase productivity the model has been created in the specialized ArcGIS
software. Using the satellite remote sensing data set, the model enables semi-automatic processing for detection of forest
areas that have undergone changes, in particular, forest logging, burned areas, etc. The studies were carried out on a
scientific basis using image analysis methods, spatial data analysis of remote sensing, the latest achievements in the
field of modern GIS technologies.

Keywords: Earth remote sensing, GIS, space technologies, space images, monitoring and assessment of forest logging
and burned areas, vegetation indices, semi-automation of processing.

1. INTRODUCTION

Considering Kazakhstan’s large area of 2,725,000 sq. km., it is often required to obtain operational information on the
basis of remote sensing and GIS data. Using the modern capabilities of GIS technologies, a number of tasks are executed
based on remote sensing data. Since 2018, JSC “National Company “Kazakhstan Gharysh Sapary” has been conducting
space monitoring of agriculture, forest and water resources of the Republic of Kazakhstan, as well as emergency
situations (fires and floods), waste dumpings, subsoil use, etc. The results presented in the article were obtained within
the framework of the implementation of the Republican budget program 008 No. BR0533648 / EFP "Optimization of
technical parameters and a methodological approach to the use of remote sensing data of domestic satellite KazEOSat —
1,2 "Subprogram 1 "Development of scientific methods for evaluating soil fertility of North Kazakhstan on the basis of
the Earth remote sensing data from KazEOSat - 1,2 satellites and geoinformation technologies".

Reliable data on the forest land cover and its changes are necessary to undertake a number of important objectives. Since
the forest is a part of the natural landscape, therefore changes in the forest in general, will affect the microclimate of the
region, which means an alteration in the hydrological regime, vegetation, soil and wildlife. Thus, it was fundamental to
begin with monitoring of the forest change using remote sensing and GIS data. The results of the research in the field of
forest resources of the Republic of Kazakhstan based will be given below.

In order to quickly obtain information on the state of forests, a systematic approach was applied using space-based
monitoring along with thematic data processing of the forest resources of the Republic of Kazakhstan. A model has been
developed that allows performing an automotic geoprocessing to identify forest areas which have undergone changes, in
particular forests logging and burned areas. Estimation of the forest restoration process after fires is a relevant problem
so far. Multitemporal and multispectral imagery datasets from the Sentinel-2 satellite with a resolution of 10 m were used
to carry out space-based monitoring of forest loggings and burned areas. Calculations of the vegetation indices, burn
indices and thematic pixel differences were chosen to be the indicators for the monitoring of the state of forests!.
Derivatives characterizing the ratio of two spectral bands, such as Normalized Difference Vegetation Index - NDVI
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ABSTRACT

Ground monitoring of soil massifs takes a lot of time, labor force and material resources, yet is the most accurate and
detailed method. When implementing complex methods for monitoring the soil cover, inclusion of space technologies is
necessary. Remote sensing data carry objective information over large areas, obtained in various spectral ranges. The
article discusses the possibility of using remote sensing data for mapping and monitoring changes in the soil cover of
Northern Kazakhstan. Based on thematic processing of remote sensing data of domestic satellites, spatial analysis of the
content of main nutrients was executed in the sowing layer of soils, the relationship was revealed between fertility
indicators and the value of vegetation indices for testing ground on the territory of Northern Kazakhstan.

Keywords: Earth remote sensing, space technologies, space images, monitoring and assessment of soil fertility, GIS,
vegetation indices

1 AREA OF RESEARCH

The results presented in the article were obtained within the framework of the implementation of the Republican budget
program 008 No. BR0533648 / EFP "Optimization of technical parameters and a methodological approach to the use of
remote sensing data of domestic satellite KazEOSat — 1,2" Subprogram 1 "Development of scientific methods for
evaluating soil fertility of North Kazakhstan on the basis of the Earth remote sensing data from the KazEOSat - 1,2
satellites and geoinformation technologies".

Rational use of land resources is a priority area of country’s land policy. The most important characteristic of
agricultural lands is fertility, which accumulates the soil quality; accordingly, there are requirements for the monitoring
of land use and fertility conservation.

The soil map is the main document which enables a qualified assessment of land cover, as well as the development of a
system of practical measures aimed at improving soil fertility. Using digital mapping methods based on remote sensing
data can be a solution of the objectives on updating information on the condition and properties of soil cover at high
costs for field mapping and a limited number of specialists.

The application of new methods for describing the spatial laws of soil properties is relevant, including aerospace
methods for determining the characteristic scales of spatial variation of the soil cover and revealing the average size of
the soil individual, geostatic methods for quantifying soil variability, creating regional and global soil databases and
others.

Reliable and relevant data on the state of soil fertility will optimize decisions on the management, conservation and
maintenance of soil fertility. The research results will become the basis for taking operational measures to eliminate the
objective and subjective reasons of reducing the quality of agricultural land, along with improvement of the
environmental safety of agricultural production. The latest technologies for monitoring soil fertility will become the basis
for making forecasts of changes in land conditions and will serve as the main source for creating soil-agroecological
maps, cartograms of fertility, etc.
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Scan Surroundings.	            % scan all elements in d−1 distance ("Chebychev ") away





Sort Based on distance.	% classify based on original position


Repel Nearest Neighbours (if detected). % repel to d distance away (randomly). 


Update matrix (if more elements found their position)
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Select Element (from 1 to N)
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while (CONSTRAINT IS NOT SATISFIED FOR ALL ELEMENTS)


% (not all matrix elements are shifted from t heir n e a r e s t neighbours to the set distance)
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