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Abstract. Topicality. The article examines modern methods and technologies that can be used to increase the accuracy of land valuation. The authors analyze the current problems in the field of rating and offer ways of integrating geoinformation systems with the aim of creating a more objective and information-rich picture of land quality. The purpose of the article. Study of the potential of using the latest technologies and geoinformation systems in determining the quality and classification of land with the intention of increasing accuracy and impartiality in the assessment of land resources. Research methods. During the research, the following methods were used: comparative analysis, the method of automated image decoding, the cartographic method and the geo-information mapping method. The results. The article emphasizes the importance of geoinformation systems in the collection, processing and analysis of data, which allows taking into account a wide range of factors when evaluating land, including erosion processes, soil fertility, ecological status and other critically important indicators. Special attention is paid to the possibilities of using remote sensing and other automated methods for data collection. Conclusions. The results of the research are of practical importance, as they can be used to optimize agricultural management, plan the use of land resources, and develop strategies for their effective use and protection. Prospects for further research may include the development of new algorithms for the analysis and processing of data obtained from satellite images, as well as the improvement of existing geoinformation models for land evaluation. Integration of the obtained models and systems into the practical aspects of land use and agricultural management is also envisaged to optimize the use of land resources and increase the efficiency of land use.
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Topicality. To analyze the territory of Ukraine, agricultural maps of different territorial coverage and different scales were created. However, they do not provide a complete and unified understanding of the quality of lands and prospects for their use. Existing agricultural maps, created at different times, no longer meet the growing requirements of science and practice. There is an insufficient amount of research dedicated to mapping the current state of agricultural lands, their characteristics, ways of use and measures to improve agro-ecological properties, soil quality and their protection. There is also a lack of large- and medium-scale maps for comprehensive assessment of land.
Regional development in Ukraine is based on the justified use of land resources, which prompts a growing interest in land information as a foundation for planning, development and monitoring of natural resources. Reliable and updated information about territorial objects and processes is critical for effective management of dynamically changing territories [3, p. 27-28]. A tool that can serve this purpose is land information systems built on the basis of innovative geoinformation technologies. Modern methods of collecting, processing, visualizing and distributing information have reached a high level of development and widespread implementation in everyday life. In recent years, there has been a need to implement an adaptive approach to the qualitative assessment of lands and their valuation. This approach is taken as a key conceptual basis, a system of scientific views, which is aimed at finding methods not only for preserving and increasing the natural resource potential of agricultural lands, but also for qualitative assessment and valuation of lands using geoinformation system technologies.
Analysis of recent research and publications. Today, land mapping is one of the priority tasks of modern cartography and land management science. This direction is based on the theoretical foundations and methodological principles of cartographic science, which were developed in the scientific works of: Vertegel S., Vyshnyakov V., Gurelia V., Slastin S., Piskun O., Kharchenko S., Moroz V. [2], Lazorenko-Hevel N. [6], Piccoli F., Locatelli S., Schettini R., Napoletano P. [23] and due to modern approaches to visualization of spatial data.
Geoinformation mapping, as a specialized branch of cartography, deals with the automation of the creation and use of maps using geoinformation systems, databases and knowledge. This field is developing on the basis of the work of many scientists: Rudenko M. [8], Sitkovska A., Maslyaeva O. [9], Butora A., Solonevych B., Schwartz K., Aziz K., Su S., Mahmud M. [14], Mohd Zuki N., Mohamad A. [22], whose works laid the foundation for the current state of geoinformation mapping. Such a scientific base provides opportunities for conducting research in the direction of the use of modern technologies and geoinformation systems in order to improve the quality of land evaluation.
The aim of the study. The goal is to study and analyze the possibilities of applying innovative technologies and geo-information systems in the processes of quality assessment and valuation of land in order to increase the accuracy and objectivity of the assessment of land resources.
Research tasks include:
· analysis of the current state and main problems in the quality assessment of lands and their valuation;
· review of innovative technologies used in geoinformation systems for land valuation;
· studying the possibilities of using modern geoinformation systems in the process of land quality assessment;
· carrying out experimental assessment of land with the help of selected geoinformation systems;
· assessment of the effectiveness of the use of geoinformation systems in comparison with traditional credit rating methods.
Methods. The basis for the research was multispectral space images from satellite systems of the LandSat-8 class, received in June-August 2023 year, topographic maps, cadastral plans of the studied territories, as well as data from the Ukrainian geoportal "National Cadastral System" [4].
In the course of the work, the following research methods were used: comparative analysis, the method of automated image decoding, the cartographic method (morphometric analysis) and the geo-information mapping method.
The research is based on the fact that the creation of an attributive database is impossible without the appropriate arrangement of information, which is a necessary condition for the functioning of an effective geographic information system (GIS). Modern GIS programs and database management systems offer intuitive and convenient tools for working with data. Vector electronic maps are able to display not only the metric parameters of objects, but also their attributes and semantic features, which are recorded in the database tables of cartographic objects. Attributes of objects on the electronic map are determined using the "ArcGIS" software, which includes such data as: the name of the land layer, its number, the name of the object, the code of the object, the number of the object, the localization code, the unique key about of the object In addition to attributes, objects have individual characteristics known as semantic properties, which include qualitative and quantitative parameters of objects [24].
This study uses a relational data model, which is based on the relationships between various attributes, thereby reflecting the relationships between objects and their characteristics in the physical world. So, in order to give the informational representation of the object a "spatial" status, it is necessary to add at least one attribute to it that accurately indicates the spatial location of the object. The integration of such an attribute transforms a conventional database into a geographic information system (GIS). Spatial attributes can be defined through the relative or absolute position of an object, resulting in two main models for storing spatial data: raster (for relative position) and vector (for absolute position).
Research results. The management of agricultural holdings often does not have accurate information about the size of their own planted areas and the quality of the lands, as they undergo changes due to various natural and managerial influences, which leads to constant changes in the characteristics of the soil and vegetation on individual plots and between them. This information should be the basis for drawing up agrotechnical plans and electronic maps for each field or plot in particular. The development and implementation of systems of assessment and crediting of agricultural land are a key direction of modern development. The importance of their research, development and testing stems from the need to take into account economic and territorial aspects, as well as the need to use specialized agricultural maps [5, p. 53]. A large amount of spatial and statistical information of different time and scale requires the involvement of the potential of geoinformation mapping (GIS). Geoinformation mapping, which is a synthesis of cartography, geoinformatics and remote sensing methods, is particularly useful for comprehensive land assessments.
Features of the use of spatially oriented information are large volumes of cartographic and aerospace data, which require their effective processing and preservation with a spatial context. This stimulated the development of specialized geoinformation technologies for the analysis and storage of such information. The methods of synthesized and systematic mapping, which formed the basis of the creation of digital maps, required the development of mathematical and cartographic modeling methods, the automation of technologies for their implementation, and the formation of cartographic databases [20]. Also, the use of aerospace images for thematic mapping became impossible without the introduction of automated decoding.
This required the creation of automated mapping systems and automatic image processing systems, which eventually became key elements of GIS. Thus, it is possible to state the software and technical integration of relevant scientific disciplines on the platform of computer systems and GIS technologies. Geoinformation mapping goes beyond the use of only GIS technologies and is, first of all, a process of mapping objects and phenomena, based on methods of analysis and synthesis of their content [7]. When mapping agricultural lands, a complete methodological base developed for land management studies is used.
In fact, multi-scale geoinformation map is a global information complex, an integrated information data system (IISD), which is stored in a database and serves as an analogue of the spatial data infrastructure (ISD). The difference between them is that IPD is a universal depository, while IISD is focused on certain subject areas. Thus, IISD covers not only the data itself and technologies for their visualization, but also software for performing specialized tasks. In particular, IISD provides an opportunity to organize a new procedure for access to the storage of electronic aerospace images and plans. The IISD map takes shape only in the process of information visualization [10]. The use of electronic multiscale maps is an innovative technology that opens up new ways to solve traditional tasks of accounting and land management, and also allows to cope with new challenges in the field of land use management [8]. The implementation of such an electronic map requires the use of GIS, which can be divided into several subsystems, each of which performs certain functions.
A subsystem for establishing the borders of agricultural lands with the determination of their exact coordinates, taking into account the topography of the area. Subsystem of analysis and processing of information of land resources for making management decisions. Subsystem of registration of land identification features with indication of their characteristics and spatial reference. A subsystem for creating and processing information using identification features, including statistical and dynamic data. Information presentation and visualization subsystem. Subsystem of land condition monitoring and development of decisions regarding their use. The general system integrating all the above subsystems and information resources was implemented in the ArcGIS program [13].
The electronic field map provides support for geodetic characteristics for spatial data visualization, such as projection, ellipsoid type, coordinate system, and others. This provides an opportunity to use the map for monitoring with GPS measurements, including the determination of corner and turning points in fields, locations for soil composition analysis, agrochemical monitoring points, navigation data and other parameters. Each layer of this map is connected to a database that stores information corresponding to the theme of the layer and data on each depicted object on the map.
The land registration system was created to provide information support in the process of managing agricultural enterprises, taking into account such aspects as relief, soil composition, hydrogeological conditions, current climate and phytosanitary status. In addition, this system is equipped with an agricultural machinery monitoring module, which allows you to automatically collect information about the agrotechnical measures performed and evaluate the quality of the mechanized work performed.
The electronic map of the fields allows you to accurately plan, keep records and control all types of agricultural activity, because it is based on reliable information about the size of the fields, the length of the roads and data about the objects marked on the map. Monitoring of the forms and characteristics of the fields is carried out through GPS measurements. Data obtained from geodetic instruments, GPS equipment, raster images and photographs, information from remote sensing of the earth, as well as aerial photos and satellite images are used to create accurate border contours [16].
Information from geodetic instruments and GPS technologies are used to model three-dimensional graphics. With the help of GIS tools, you can process the data obtained from geodetic and satellite equipment and display them on the map as a network of routes and points. Each point records information about its coordinates, height, biological and chemical characteristics of soils. On the basis of these data, relief matrices, soil property matrices and even three-dimensional images of fields are formed (Fig. 1.).
It is usually necessary to have databases containing geospatial and semantic information. Integrated storage of such information is carried out using geo-information technologies and decision-making support systems in the field of territory management. 
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Fig. 1. An example of a map overlaying information from Google and vector information obtained using the ArcGIS PC [19]

The development of the land assessment project is carried out in the "ArcGIS" program, an example of the interface of which is shown in fig. 2. The process of creating a land information system project includes three main stages [11]:
1) development of the logical, physical and conceptual structure of the land valuation model;
2) creation and filling of the database with tables reflecting the state of the land fund of the territory;
3) development of specialized forms for interaction with database tables and electronic maps.
The practical importance of the development of a land information system lies in the possibility of creating a unified database that will include information about territories, rules for their use, real estate objects, transport and engineering infrastructure, centralization and systematization of storage and updating of this data, as well as providing access public to open information resources of the region. 
The maximum accuracy of vectorization of the borders of the treated areas is from 5 to 20 meters in plan, which is quite enough for data classification, digital determination of boundaries and management decisions. 
[image: ]
Fig. 2. Graphs of spectral luminances of agricultural land at different points of the territory in the PC " ArcGIS " (formed by the authors on the basis of satellite images [21] )

In some areas, the image resolution can reach 0.5 meters per pixel on the ground, ensuring high accuracy of mapping of most areas [15, 17].
All collected data are sorted into several categories, on the basis of which technologies for their processing, classification and storage in the database have been developed in the land accounting system - "ArcGIS". Among the key technologies, the following can be distinguished: the technology of creating and updating maps based on field data ("Geodesy" segment), the technology of creating large-scale plans and topographic maps ("Map Editor" segment), the technology of updating maps based on the results of remote sensing of the Earth and laser scanning. The process of creating electronic field maps begins with linking to the hydrographic network and the spring -beam complex, which is often supplemented by the road network and other objects visible on the soil map and cartographic basis (Fig. 3.) [9].
Data obtained from space images can be used to evaluate and analyze soil components such as erosion, salinity, and others. The shapes, sizes of the components, their location in relation to the meso-relief, the genesis of soil-forming rocks and other data based on literary sources and reports of previous studies are analyzed. 
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Fig. 3. Fragments of space images with existing water erosion networks

As a result, the electronic map of the fields provides all the necessary information for the development of project solutions regarding the placement and optimization of the use of the territory for agricultural crops, differentiation according to certified features, that is, for the adaptation of land cultivation technologies within the framework of the farming system and the intensification of production processes.
Analysis tools allow you to perform retrospective spatial and logical queries and information analysis, and three-dimensional data tools to form samples and graphic materials (Fig. 4.).
[image: ]
Fig. 4. Fragments of three-dimensional models of the electronic field map [25]

The basis of the land use accounting subsystem is the object classifier, which serves for the development of multi-level electronic maps in the agricultural sector and their use in the management of agricultural holdings. It is used to create schematic images of agricultural lands, register data about fields, conduct agrochemical monitoring of fields, thematic mapping taking into account various categories and indicators, developing land assessment maps and rating [22].
The system allows you to visually present data on various aspects of fields and work areas through the creation of thematic maps. There are the following types of thematic models: vector, raster and matrix. Such maps are developed on the basis of semantic information of objects and data obtained from the database. Creating color cartograms requires a project file that contains all the data needed to create the map, including the type, color palette, number of color gradations, legend, and other elements.
A quality matrix is a digital model that illustrates the distribution of a particular continuous property, such as air pollution, precipitation, or radiation levels. The quantities in this model change smoothly from one element to another, creating a surface simulating the distribution of the characteristic.
The quality matrix is effectively used for computer modeling of land assessment data and their valuation. For this, a specialized technique is used, which allows you to calculate quality indicators for each part of the matrix based on point test data. Spot studies represent collected data of agrochemical indicators from soil samples obtained through their selection and laboratory-chemical analysis. Such measurements can be carried out with the help of special samplers or other collection methods. Soil analysis allows you to determine the level of nutrients in the soil, which are critically important for the healthy growth and development of plants and bonito itself. The choice and dosage of applied fertilizers depends on these data, it becomes one of the key factors of success in land evaluation [18].
Point data on the map are used to form the matrix of qualitative assessment of land and grading, in the semantics of which the values of the studied characteristics are fixed, such as: nitrogen content available for plants; the content of mobile phosphorus; exchangeable potassium content; acidity level; content of humus; degree of base saturation.
The basis for an integrated information data system (IISD) is an electronic thematic map, which displays objects with relevant attribute information, statistical or dynamic data, as well as estimates and forecasts, for making informed decisions on processing certain fields, applying fertilizers, determining the main agrochemical, vegetation and phytosanitary indicators, as well as for comparing the yield of cultivated crops. The sources of this information can be individual measurements made with the help of GPS equipment by employees of the agricultural holding, or specialized equipment on agricultural machines. Therefore, continuous land monitoring is required. To collect all the mentioned data and provide statistical information, a geographic information system that covers the full range of data is needed. Thus, the electronic field map in this GIS provides detailed accounting and control over all aspects of agricultural activity, based on reliable data: field sizes, road lengths, field information. [23]. Thanks to the map, you can conduct an in-depth analysis of the conditions that affect the growth of plants in each specific field or part of it. The maps serve as a basis for developing a crop rotation structure, optimizing production to increase profitability, and quality land assessment and appraisal. Electronic maps of fields allow accurate planning, accounting and control of agrarian processes, based on accurate measurements of areas, the length of roads and other objects marked on them during their creation.
For each field, a passport containing information on its area, cultivated crop, previous crops, mechanical composition of soils, presence of slopes and degree of soil erosion, etc. is drawn up. Data on the results of agrochemical research can be attached to each work site [14].
Based on point measurements, the program creates a surface model that reflects the distribution of nutrients throughout the site. This method makes it possible to detect local differences in each work area, showing the real distribution of elements, not just their average value. However, for some calculations, it is necessary to use generalized indicators of the content of nutrients in the soil for the entire plot. The software allows you to calculate a single value based on distributed data using different methods. This approach to agrochemical monitoring is progressive and prepares the soil for differentiated fertilization [6].
In order to qualitatively assess land and carry out assessment, each type of land is analyzed for the degree of influence of such negative processes as salinization, waterlogging, erosion, deflation, flooding, desertification and others observed in the studied territory. Determining the ecological state makes it possible to identify the productive potential of lands, establish recommendations and rules for their use as a natural resource, and also develop measures to restore their characteristics.
The condition of land types is assessed according to established methodology, which includes comparative analysis and soil research data, such as soil description and soil mapping. According to this methodology, the quality state can be defined as satisfactory, insignificant, moderate, strong ecological pressure or critical and crisis. The criteria for qualitative assessment of land and carrying out appraisals are presented in Table 1.
Table 1
Criteria for qualitative assessment of the condition of lands for their valuation (formed by the authors)
	Qualitative condition of lands
	Manifestation of negative processes
	Possible use

	Satisfactory
	Not are found
	Intense using

	Weak
	The weak degree
	Intense using

	Average
	Average degree
	Limited using

	Strong
	Strong degree
	Limited using

	Critical
	Very of a strong degree
	Partial or full conservation

	Crisis
	Conditions are being created for the occurrence of environmental disasters
	Withdrawal from agricultural circulation



This scale is used to determine the qualitative state of different types of land by comparing the collected points with the established regulatory parameters. The assessment is carried out in points according to a specialized scale that takes into account not only the type, but also the intensity of negative processes. This evaluation system is based on point indicators, where the highest score is assigned to the most negative degree of manifestation of the factor. As the intensity of each process decreases, the number of points decreases. The scale is defined in the range from 0 to 5 points, while the points are distributed depending on which of the assessed factors, as well as the degree of their manifestation, are the most harmful and irreversible for the studied territory and for their assessment.
The suitability group is formed by land types with the same quality condition, similar credit score and comparable productivity. Relief and soil properties that affect negative processes are the basis for the division into suitability groups. Thus, the number of groups depends on the expressiveness of the relief and the variety of soils. Depending on the suitability of land for arable land or pastures, taking into account the need for organizational and economic, agrotechnical and land reclamation measures, land should be classified into seven types:
1) land that can be used for plowing;
2) lands suitable for plowing using special agricultural techniques;
3) lands that will become suitable for plowing after their improvement;
4) lands suitable for use as pastures;
5) land that can be used as pasture after improvement;
6) lands suitable for pastures with the condition of carrying out complex hydraulic meliorations;
7) lands that are not suitable for agricultural needs.
It is not possible to find all the above types of land in all territories; their diversity is determined by their quality and suitability for use. The selected land types are associated with specific categories of relief, as well as with similar productivity and ecological status. Land valuation serves as a basis for the development of land use characteristics [1]. Zones combine land types that are similar from a qualitative point of view, which is presented in Table 2.
The transformation of agricultural lands helped to eliminate a number of problems in land use, in particular cases of fragmentation and fragmentation of plots, and also allowed to stop the cultivation of degraded and low-productivity lands. Thanks to the use of GIS technologies, a structural and functional model of the organization of land use and crop rotation was created, which allows automating land management processes. All components of this model are interconnected and arranged in such a way that they take into account interaction with each other. The developed methods are aimed at raising agricultural production to a higher level of efficiency and ensuring the growth of its profitability [2, p. 95].
Table 2
Characterization of the condition of the lands for their assessment (improved by the authors)
	Zone number
	Land type number
	Characteristics of the zone

	1
	1
	Includes arable arrays without manifestations or with manifestation in a weak and medium degree of deflation, salinization, waterlogging, are located on plains, reductions and gentle slopes

	2
	2
	Includes arable arrays weakly medium wetlands , medium salted on reductions

	3
	3
	Includes arable arrays medium wetlands , highly salted , weakly deflated on plains

	4
	4
	Includes fodder land without manifestation or with the manifestation of a weak and medium degree of deflation, waterlogging, salinization, are located on plains, reductions and depressions

	5
	5, 6
	Includes fodder areas with medium and strong exposure degrees of waterlogging, salinity are located on the plains, reductions and on strongly reduced areas

	6
	7
	Includes arable massifs and fodder lands on lowlands areas and depressions in a crisis and critical ecological state



All data collected during aerial photography, including information on the structure of cultivated areas, crop productivity, use of fertilizers and plant protection products, were integrated into the ArcGIS PC. Using this program provides opportunities to:
· management and storage of electronic maps of fields of agricultural holdings;
· carrying out inventory and monitoring of lands of agricultural holdings;
· keeping records of fields, land legal relations, cadastral records of the land fund, regardless of the form of ownership;
· implementation of agronomic accounting and analysis of the state of land and crops.
Conclusions and perspectives. The development and implementation of accounting systems for agricultural land is one of the key directions of today's development. The need for research, improvement and testing of these systems is due to a number of reasons, in particular, the need to make sound economic, territorial, navigational and statistical decisions. The availability and accuracy of important information can increase the efficiency of land resource management by enterprises, contributing to their development at a new level.
It was determined that the assessment of the condition of the lands for their valuation is of crucial importance for the development of lands, contributing to the selection of soils for agricultural use, increasing the productivity of agricultural crops and effective specialization of agro-industry. Agricultural landscape planning is aimed at reducing the load on land resources and creating conditions for preserving and restoring their fertility. The implementation of credit rating in management is key to balanced land use and ecosystem protection.
It has been proven that the activation of the use of intra-farm land management on the basis of land, as well as the transition to the improvement of intensive use of nature through the structuring of land within the framework of balanced management of land resources will contribute to the change of spatial and functional characteristics of land, the determination of agronomic measures and the increase of the economic return from land and the efficiency of agricultural production. The integration of GIS technologies is a key element in adaptive landscape systems, assessment of the state of land for their assessment, which leads to increased productivity and improved product quality, optimization of fertilizer application and plant protection products, as well as effective management of land assets.
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