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1 Introduction 

 
In today's ambiguous conditions of the transformation of land relations, the formation of an 

effective system of land relations, considering international experience and meeting the needs of 

society, is an urgent issue. The duration of the land reform in Ukraine led to the existence of a significant 

number of legislative and regulatory acts in the field of land relations. However, it is almost impossible 

to transform land relations without adequate changes in their legal regulation. It was determined that the 

adopted legal acts adopted by the state authorities may be inconsistent with the current land legislation 

or contain contradictory provisions. The imperfection of the activities of some individual legislative bodies 

creates problematic aspects that reduce the effectiveness of regulatory and legal support and land use 

at the regional level.  

Disadvantages and problems of land use are revealed by comparing existing domestic 

regulations and international experience (Table 1) [1].  
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Table 1. The results of a comparative analysis of domestic and international experience in the 

formation and implementation of land relations (developed by the author)  

No. International experience Domestic practice 

1 
Land legislation is systematic and clearly related to 

legislative acts in other spheres of life 

The legislation of Ukraine in the field of land relations is not 

complete, 

2 
International requirements for land relations between 

society and the state are clearly controlled 
holistic and has certain contradictions 

3 
Elected bodies at all levels are an effective link of the 

state policy system 

Modern land relations in Ukraine within the boundaries of land 

use and land ownership are not sufficiently regulated at the 

legislative level 

4 

The system of formation and implementation of the 

state land policy is effectively integrated into the 

national management system 

Local self-government bodies are not efficient enough due to the 

irrational distribution of functions and powers between them and 

state administrations, as well as due to pressure from the state 

authorities and lack of resources 

5 
The information support system is complete, detailed, 

accessible and convenient 

State and regional programs and activity plans in the spheres of 

industry, energy, and urban planning do not always agree with 

the norms of land use, urban planning, and environmental 

regulations, and sometimes violate these norms 

6 
Land management bodies are covered by effective 

and transparent control and audit systems 

The elements of the cadastral and registration systems have 

been developed, meet international standards and practical 

needs, but have not yet been fully implemented due to the 

complexity and lack of independence of bodies that have an 

impact on land management processes 

 

 

As can be seen from the Table 1 in fact, none of the recommended requirements in land use 

practice is fully implemented and has certain problematic aspects. The state domestic land policy does 

not fully meet European and global criteria and requirements for effective management of land 

resources. Identified problematic aspects of the formation and implementation of land relations at the 

regional level. First, there is insufficient control over legislation, which is evidenced by a significant 

number of violations during the adoption of laws and insufficient time for their consideration by 

specialists and society before approval. Secondly, the implementation of laws in practice makes it 

difficult for some public services to fail to fulfill their obligations. Thirdly, corruption in land relations, as 

evidenced by the official reports of the anti-corruption bureau. Fourthly, failure to perform soil protection 

works and lack of comprehensive land protection measures in practice. Fifth, the lack of comprehensive 

computer support aimed at organizing the administration of land relations using modern IT technologies, 

the need for which is presented in the Decree of the Cabinet of Ministers of Ukraine "On approval of the 

Procedure for information interaction between cadastres and information systems".  

Existing scientific research substantiates approaches to the development and improvement of the 

modern system of land administration (hereinafter – LA),  [2-13]. The works of scientists also discuss 

the issue of determining LA substantiation of functions and factors of its formation and implementation, 

peculiarities of its application for regulation of various spheres of economy, including food security. 

However, at a low level, cause and effect relationships between the factors of LA, its influence on the 

general criteria for the development of regions and the state are influenced. In this context, it is proposed 

to use mathematical modeling tools to solve the complex issue.  

To achieve effective land use, it is necessary to implement a whole set of actions. It is advisable 

to use not only a quantitative approach in solving land management tasks, but also a qualitative one to 

increase its efficiency. All this should lead to effective land legislation [14, 15].  

In the system of land management management, the formation and use of quantitative basis by 

applying the methods and models of mathematical and geospatial modeling is of particular importance 

for making informed decisions. In addition, the use of the presented tools provides an opportunity to 

build a monitoring system of distribution, use, development of land resources as functions of LA.  

The importance of using mathematical tools in the system of land relations and the peculiarity of 

its use is determined by the development of authors [16, 17]. In addition, it is established that the low 

level of influence of land relations indicator on the general criterion of regional development (the index 

of gross regional product) (the coefficient of determination is 0.005). This indicates the need to rethink 

approaches to the formation of the land management system, the introduction of elements of LA, the 
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construction of theoretical platform and regulatory support, the creation of a quantitative basis for 

decision-making based on mathematical and geoinformation modelling results.  

To correct the problems, the state is taking steps that can change the perception of land 

management. One of such solutions is digitization of land management. In the presented research, 

directions for the formation and implementation of land management are analysed and modelled in 

synergy with the principles of LA, which allows to single out problematic aspects and propose ways to 

solve them.  

 
2 Literature review 
 
2.1. Principles of LA 
 

The main three dimensions of sustainable development of land management are distinguished: 

economic, ecological, and social. From an economic point of view, the economic essence of land 

management, its socio-economic content, which characterizes the impact on the overall gross regional 

product, is revealed. To do this, it is necessary to outline objective economic laws, establish the forms 

and regularities of their manifestation in the organization of the territory of land ownership and land use, 

evaluate their impact on land management, and as a result, create conditions in which the 

implementation of land relations will bring maximum profit. The importance of land management in the 

economic mechanism of land relations regulation is growing. Therefore, it is necessary to improve the 

methods of economic substantiation and assessment of the effectiveness of land management 

decisions, to determine the most effective ways of forming sustainable land use at the regional level. 

This, in turn, will lead to the determination of ways to increase the capitalization of land management in 

the presented process [18]. 

The development of land management is closely related to land transformations, an integral part 

of which are ecological processes. The development of ecologically safe land use is based on three 

principles: 

- land suitability for maintaining balance in ecosystems, 

- land suitability for population's livelihood, 

- the suitability of land for economic use, as well as the protection of land from the catastrophic 

consequences of its use, i. e. ecologically safe use of land by: 

- ensuring the ecological and economic condition of land resources for a long time, 

- predicting opportunities for both present and future generations regarding land use, 

- positive impact within certain territories on land use processes, 

- preventing the occurrence of irreversible processes that lead to a violation of the quality of land 

resources and, indirectly, through food products, will affect people's lives and health, 

- determination of a complex of land use indicators at the regional level. 

 

Preservation of the integrity and sustainability of land use development in conditions of only 

qualitative changes is possible only with the integration of ecological, economic, and social interests of 

people. The biggest problem in land use is related to the fact that the level of ecosystem development 

is differentiated. Ecosystems with infertile lands have a significant capacity reserve (territorial and 

demographic) and are characterized by a tendency of quantitative demographic growth. However, next 

to them there are ecosystems with fertile lands, the reserve of both territorial and demographic capacity 

has been exhausted. The initial stage of the development of natural ecosystems is the dominance of 

economic interests over ecological ones, the final stage of the development of intensively used 

ecosystems is the superiority of ecological interests over economic ones.  

The main goal of sustainable land reclamation is not only to achieve a state of equilibrium between 

ecological and economic interests, but also to limit the quantitative growth of population parameters, 

man-made load, etc. in the ecosystem with further maintenance (fluctuation) in the range of sustainability 

[19]. Along with this, man-made processes are determined to ensure the development of land 

management: the construction of power grids, gas pipelines, sewers, roads, and many other 

infrastructure elements. The presented processes form a balancing exercise of rights for these large-

scale infrastructure projects, regardless of whether they are provided by public or private agencies, to 

implement effective land use from an administrative and legal perspective. For this, it is necessary to 

realize the importance of information about land and its processing for different groups of stakeholders. 

The importance of integrated land information for the sustainable development of land relations at all 

levels is increasing [20, 21, 22].  
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Modern land management is being transformed in the context of forming a synergistic system 

with other spheres of production and human life. Land management should turn into a new, more 

modern tool that should cover and optimize all processes related to land use. In this context, the toolkit 

of LA deserves attention. LA is characterized by discussions on the development of disciplinary ties and 

improving the response of stakeholders to the most complex problems [23, 24]. For the successful 

implementation of the LA system, its institutions must be stable, transparent, and free from corruption. 

Uncontrolled use of land resources leads to massive over-regulation of land-related activities and the 

emergence of contradictory legislative acts [25].  

Despite the uniqueness of local LA systems and the various difficulties that may arise, it is 

possible to develop an effective process. The Ten Principles of Land Management provide a framework 

for designers, developers and managers dealing with land use to assist them in making decisions about 

the local system. In general, these principles are written to facilitate the creation and reform of the LA 

system, reflecting a modern philosophy in the field of development and optimization of the use of assets 

and resources to ensure sustainable development. Their versatility lies in the fact that countries at 

different stages of development can use them depending on technical and professional capabilities, 

improving LA through appropriately developed process and tools. These principles reflect a 

comprehensive approach to LA, focused on the principles of sustainable development, which constitute 

a key strategy for any national system, regardless of the specific country that implements them [26]. 

Below is a description and functionality of these principles to understand the practical meaning of each 

of them. LA systems create a basis for the implementation of land use strategies and policies, 

contributing to sustainable development. This infrastructure includes institutional arrangements, legal 

frameworks, processes, standards, land information, management and distribution systems, and the 

necessary technologies. It is intended to support the effective distribution of land resources, 

development of land markets, conducting assessments, control of use and protection of interests in land 

matters.  

Land management paradigm is a conceptual basis for understanding and implementing 

innovations in LA systems. This paradigm is a set of principles and practices that define land 

management as an independent discipline. These principles and practices are related to the four key 

functions of LA systems: land ownership, land assessment, land use and land management, as well as 

their interaction. These functions determine the efficiency of the land market and the efficiency of land 

use management. The term "land" encompasses the natural and built environment, including both land 

and water resources.  

 

2.2. Comprehensive frameworks for effective land administration systems 
 

LA systems interact with the overall social and institutional structure of each country, including 

citizens in this unique process. This encompasses effective governance, capacity building, institutional 

progress, social interaction, and a focus on the needs of users, not just providers. Land management 

systems must be revised to better meet the needs of citizens, governments, and businesses. Interaction 

with society and people's perception of the land is a key aspect. Achieving this goal requires effective 

management when making and implementing decisions. This requires the development of the 

necessary skills in individuals, organizations, and society in general for effective and sustainable 

performance of functions. LA systems establish a framework for conceptualizing rights, constraints, and 

responsibilities related to politics, place, and society. Rights, restrictions, and obligations must be 

tailored to the individual needs of each country or jurisdiction and balanced across different levels of 

government, from local to national. Rights usually involve aspects of ownership and possession, while 

restrictions usually regulate the use and activities on the land. Responsibilities are more related to social 

and ethical obligations or concern environmental sustainability and the rational use of resources.  

The cadastre serves as the basis for LA systems, ensuring spatial integrity and unique 

identification of each piece of land. Most cadastres guarantee ownership through the registration of land 

rights in the relevant register. A cadastre can be seen as a detailed cartographic representation of how 

a community divides its territory into functional parts, often defined as parcels. Spatial integrity within 

the cadastre is usually supported by a cadastral map, which is periodically updated using cadastral 

surveys. Ideally, a cadastre should cover all types of land in each jurisdiction, including public, private, 

communal, and open land. The unique identification of land plots establishes a link between the 

cadastral map and the land register, which is the basis for LA systems and land information, especially 

in digital and geocoded format. LA systems are dynamic covers four aspects. First, it involves 

transformations that reflect the ongoing development of the relationship between people and the earth. 
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This process can occur due to economic, social and environmental influences. Secondly, the 

development of information and communication technologies and globalization, as well as their impact 

on the structure and functioning of land resource management systems, are considered. A third aspect 

concerns the dynamic nature of information in land management systems, such as changes in the 

ownership, valuation, use and distribution of land parcels through their subdivision. The fourth aspect 

involves changes in the use of land information.  

 

2.3 Optimizing land administration systems for sustainable development  
 

LA systems include a complex of processes that regulate changes. The main processes cover 

the transfer of rights to land, changes in its status, creation and distribution of interests, evaluation, and 

development of land. These processes, including actors and their responsibilities, explain how land 

management systems function, serving as a basis for comparison and improvement. While institutions, 

laws, technologies, or aspects of land management systems, such as land ownership, a land registry, a 

particular piece of legislation or a cadastral survey technology, are important, the processes act as a 

basic element for an overall understanding of how these systems work. Technology opens new 

opportunities for increasing the efficiency of LA systems and for using spatial opportunities in the field 

of land issues. The potential of technologies is revealed much earlier than the ability of institutions to 

respond to these opportunities. The technology contributes to the improvement of the processes of 

collection, storage, management, and distribution of land information. At the same time, the 

development of information and communication technologies opens opportunities for spatial resolution 

of land issues, using space or place as a key organizer of human life.  

Effective and efficient LA systems aimed at sustainable development require the use of spatial 

data infrastructure. This infrastructure is an enabling platform that enables interaction between people 

and information. It promotes the combination of natural (mainly topographic) and man-made (in 

particular, land or cadastral) environmental data as a prerequisite for sustainable development. Spatial 

data infrastructure also allows the integration of land information at different levels, from local to national. 

Successful LA systems are measured by their ability to manage and dispose of land efficiently, 

effectively and at low costs. The success of LA systems is not determined by the complexity of the legal 

framework or the sophistication of technological solutions. Success lies in the adoption of appropriate 

laws, institutions, processes and technologies designed for the specific needs of a country or jurisdiction 

[26]. In the future, by introducing these principles into the land processes of Ukraine, it will be possible 

to get rid of most of the existing problems, including corruption.  

 

3 Materials and methods 
 

This study is based on the ten principles of land administration (LA), which serve as foundational 

elements in the development of modern LA systems. To analyze and display the connections and logical 

sequences between these principles and elements of LA, we propose utilizing the mathematical 

frameworks of graph theory and category theory. This approach allows for a comprehensive 

representation of the LA system, emphasizing its complexity and interrelated components. These 

mathematical tools enable the logical, structured representation of the LA system, informed by 

theoretical provisions and international practices [27, 28, 29, 30].  

Data formation and separation of factors of LA was carried out based on generalization of 

theoretical provisions and international experience of its implementation in developed systems. In this 

context, international documents and development should be noted [26, 31, 32, 33].  

Fig. 1 presents the principles in the form of vertices of a disconnected graph, as the foundation 

of a full-fledged LA system.  
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Fig. 1.: Conceptual model of land management principles.  

 

3.1. Categorization of land administration processes 
 

The principles of land administration (from 1 to 10) are represented numerically and form the 

basis for the LA system, shown in Table 1. Each number corresponds to a specific principle, and all the 

graph edges are directed towards the "ground administration" (LA), signifying the interconnectedness 

of the principles in forming the overall system.  

Currently, land administration at the regional level in Ukraine is underdeveloped. It faces unique 

challenges that hinder its optimization. The study identifies several key industry impacts (AI) affecting 

land administration practices: 

1. Procedures, distribution, or determination of land rights (LR). 

2. Determination of boundaries between sections (B). 

3. Storage of land rights information (SI). 

4. Procedures regulating transactions with land, including sale, lease (O). 

5. Resolution of uncertainties or disputes regarding land rights and boundaries (D). 

6. Tools and processes for land planning, control, and monitoring (R). 

7. Land valuation and taxation (RT) procedures. 

 

At the same time, with the implementation of the principles of land administration, in addition to 

the optimization of existing processes, new opportunities appear in the form of promising industries (PI): 

1. Public involvement procedures and bureaucratic transparency (Pu). 

2. Visualization of land management elements (V). 

3. Management of land restrictions (L). 

4. Information technologies and technologies of land management (IT). 

5. Control and regulation of productivity, profits obtained from the land (SS). 

6. Support for the management of communal services and the provision of services (electricity, 

drainage, sewage, communications) (Ut). 

7. Sustainable development accounting (DA). 

 

3.2. Graph theory and category theory applications 
 

The graph makes it possible to determine the level of structuring of the administration system and 

the impact of principles on development prospects. Category theory methods are used to detail the 

further analysis. Each of the principles of LA characterizes the complexity and complexity of the process, 

which should lead to certain positive results in the LA system. The presented principles are a set of 

elements that ensure the functioning of the LA system. At the same time, each principle can be 

represented as an independent system with a set of elements and functions that ensure the fulfilment 
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of these LA functions. Essentially, in category theory, these are categories that can appear in the form 

of the object class "Ob(LA)" and the morphism class "Mor(LA)" of the LA land administration category. 

The actual industry "Ob(AI)" of land administration in Ukraine and the prospective industry "Ob(PI)" can 

be presented as a class of objects of the LA category. The resulting formalized elements can be 

presented in the form of a commutative diagram (Fig. 2). 

 

 

 

Fig. 2.: Commutative diagram of land administration category. 

 

 

The resulting commutative diagram characterizes the relationships and influence on: 

- implementation of new principles of PI land administration from the point of view of introducing 

them into the existing land management system of Ukraine at the regional level, considering that some 

of these AI principles are part of the system. It is necessary to implement these principles in such a way 

that they are embedded in the existing system, taking into account the laws and traditional aspects of 

the functioning of the land management system; 

- ensuring or optimizing existing processes in the field of LA in Ukraine, that is, the implementation 

of the principles of LA is characterized not by the fact of their implementation, but by the functioning of 

the system ensuring these principles and their interaction; 

- the formation of new processes in the field of LA in Ukraine, which arise as a result of the 

introduction of the principles of LA into the existing system, which provide new connections and 

dependencies; 

- ensuring the functioning of LA based-on principles to achieve synergy between all existing and 

new elements and processes of the LA system.  

 

4 Results 
 

It should be noted that to form a quantitative basis for effective decision-making in the LA system, 

cause-and-effect relationships between the presented factors are determined by mathematical 

modelling methods [30, 34, 35, 36]. 

Thus, directions for mathematical modelling of LA factors by regions of Ukraine are proposed, 

based on the obtained commutative diagram (Figure 2), considering the assumption that only one of the 

four points characterized by this commutative diagram is considered. Namely, the implementation of 
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new principles of LA from the point of view of their introduction into the existing land management system 

of Ukraine [37]: 

- formation of information and analytical support for modelling; 

- selection of LA factors that have the greatest influence; 

- determination of quantitative parameters of LA factors by methods of expert analysis; 

- construction of a model of the general indicator of LA; 

- determination of the general indicator of land administration; 

- building a model of the influence of the general indicator of LA on the index of gross regional 

product; 

- definition of criteria for the adequacy of mathematical models; 

- interpretation of established cause-and-effect relationships between LA factors. 

 

A numerical experiment was conducted on the formation of information and analytical support for 

modelling, which is carried out based on the parameters and factors defined in Figure 1 and will 

characterize the quantitative impact of the principles of land administration. The selection of factors is 

characterized using expert methods based on points (from 0 to 10 - depending on their importance), the 

results of which are presented in Tables 2, 3 and 4. 

It should be noted that experts are defined for the implementation of the expert assessment 

method by the following criteria: 

- participation in expert assessments; 

- the number of projects implemented in the field of land relations; 

- availability of vocational education; 

- availability of scientist, title; 

- experience of functioning in the field of land relations; 

- experience in the system of distribution and use of land resources; 

The level and possibilities of application of modern technologies in the field of land relations. 

Table 2 presents expert scores for criteria that characterize the principles of LA that are already 

implemented in practice in Ukraine, and Table 3 presents expert scores for criteria that may be in the 

future. 

 

Table 2. Selection of land administration factors affecting the generalizing criterion now (AI), 

resp. unit (developed by the authors).  

Experts (Ei) LR В SI О D Р RT 

E1 6 2 3 2 3 7 3 

E2 7 3 2 2 3 6 4 

E3 7 2 2 2 2 6 4 

E4 6 2 2 2 2 6 4 

E5 6 2 2 2 2 8 4 

E6 6 3 2 2 3 8 3 

E7 7 3 3 3 3 7 4 

E8 7 3 2 2 2 7 4 

E9 6 3 2 2 2 6 4 

E10 6 3 2 2 2 7 3 

E11 7 2 2 2 3 7 4 

E12 6 3 2 2 3 8 4 

E13 6 3 3 3 3 7 4 

E14 7 2 3 2 3 7 3 

E15 6 2 2 2 2 6 4 

Average value 6,4 2,533 2,267 2,133 2,533 6,867 3,733 

 

Next, the selection of factors affecting the generalizing prospective criterion (PI) is carried out, 

relative to (Table 3).  
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Table 3. Selection of land administration factors affecting the generalizing prospective criterion 

(PI), resp. unit (developed by the authors).  

Experts (Ei) Pu V L IT СС Ut DA 

E1 3 2 2 5 3 1 5 

E2 4 2 1 5 3 2 5 

E3 4 2 1 6 2 2 5 

E4 4 2 2 7 2 1 6 

E5 5 3 1 7 2 2 5 

E6 4 3 1 6 3 2 5 

E7 4 2 2 6 3 3 5 

E8 4 2 2 6 2 2 5 

E9 3 3 2 7 2 2 6 

E10 4 2 3 5 2 2 5 

E11 4 2 2 5 3 3 5 

E12 3 3 1 5 3 2 4 

E13 4 1 1 5 3 2 5 

E14 4 2 2 6 3 2 5 

E15 3 2 2 7 2 2 5 

Average value 3,8 2,2 1,667 5,867 2,533 2,0 5,067 

 

As a result of the study, the selection of factors affecting the generalizing criteria (AI) and (PI) is 

carried out when the criterion (PI) is implemented. This is since each new implemented principle affects 

the LA system, considering the improvement or deterioration of the functioning of existing industries 

during the implementation of promising industries, where each factor (PI) is characterized by the 

possibility and relevance of its implementation in Ukraine. So, the change in AI factors under the 

influence of the RI criterion is presented in the Table 4.  

 

Table 4: Indicators of changes in land administration factors affecting the generalizing 

prospective criterion (AI) relative to the criterion (PI), resp. unit (developed by the authors). 

АІ РІ Average value 

Factors Pu V L IT СС Ut DA  

LR 5,045 2,367 0,298 5,286 0,004 1,869 2,46 2,476 

В 1,95 2,98 0,597 5,309 0,056 0,468 2,569 1,99 

SI 1,27 2,398 2,298 5,352 0,099 1,365 2,698 2,211 

О 3,128 2,998 2,98 6,368 1,296 1,265 2,579 2,945 

D 4,386 2,458 3,245 6,295 1,396 1,024 2,564 3,052 

Р 2,108 2,298 0,195 5,297 1,386 1,105 2,197 2,083 

RT 0,26 2,398 3,658 5,208 1,386 1,385 2,975 2,467 

 

 

In addition, the factors of LA affecting the generalizing criterion (AI) are singled out, considering 

their changes (Table 5). 

Models (1) and (2) were constructed considering the results of factor evaluation. The first model 

(basic) characterizes the cause-and-effect relationships between the generalized indicators of the 

regions with the principles of administration, which are already implemented in practice according to the 

data in Table 2. The second model (transformed) shows the results of determining the generalized 

indicators by region, considering the principles of administration that have already been implemented 

and will be implemented in the future, considering their synergistic impact, which is presented in Tables 

3 and 5.  
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Table 5: Land administration factors affecting the generalizing criterion (AI) considering their 

changes, resp. unit (developed by the authors).  

Experts 

(Ei) 
LR В SI О D Р RT 

E1 8,476 3,99 5,211 4,945 6,053 9,084 5,467 

E2 9,476 4,99 4,211 4,945 6,053 8,084 6,467 

E3 9,476 3,99 4,211 4,945 5,053 8,084 6,467 

E4 8,476 3,99 4,211 4,945 5,053 8,084 6,467 

E5 8,476 3,99 4,211 4,945 5,053 10,084 6,467 

E6 8,476 4,99 4,211 4,945 6,053 10,084 5,467 

E7 9,476 4,99 5,211 5,945 6,053 9,084 6,467 

E8 9,476 4,99 4,211 4,945 5,053 9,084 6,467 

E9 8,476 4,99 4,211 4,945 5,053 8,084 6,467 

E10 8,476 4,99 4,211 4,945 5,053 9,084 5,467 

E11 9,476 3,99 4,211 4,945 6,053 9,084 6,467 

E12 8,476 4,99 4,211 4,945 6,053 10,084 6,467 

E13 8,476 4,99 5,211 5,945 6,053 9,084 6,467 

E14 9,476 3,99 5,211 4,945 6,053 9,084 5,467 

E15 8,476 3,99 4,211 4,945 5,053 8,084 6,467 

Average 

value 
8,876 4,523 4,478 5,078 5,586 8,95 6,2 

 

The basic model for determining general indicators by LA region is as follows: 

LA = (k1 ∙ AI) ∙ kri,         (1) 

k1 – the weighting factor characterizing the influence of the criterion "AI" on the generalizing 

indicator "LA", resp. unit; 

kri – the regional coefficient, which considers the peculiarities of the formation and use of land at 

the regional level, resp. unit. 

The presented coefficient is determined according to the author's method based on theoretical 

and methodological developments [38, 39, 40]. 

The transformed model for determining the generalized indicators of LA by regions of Ukraine, 

considering the influence of the principles of administration that have already been implemented and 

will be implemented in the future: 

LA = (k1 ∙ AI + k2 ∙ PI) ∙ kri
′
,         (2) 

k1 – the weighting factor characterizing the influence of the criterion "AI" on the generalizing 

indicator "LA", resp. unit; 

k2 – the weighting factor characterizing the influence of the "PI" criterion on the generalizing 

indicator "LA", resp. unit; 

kri
′
 – prospective regional coefficient of peculiarities of land formation and use, which considers 

modern directions of implementation and realization of land administration, resp. unit - the results of the 

calculation of the general indicator of LA according to the basic model are presented in the Table 6. 

 

The results of the assessment of the general indicator of LA by regions of Ukraine showed its low 

or insignificant development in most regions. Along with this, there are significant opportunities for the 

introduction of LA in the Dnipropetrovsk, Kyiv, and Lviv regions.  

The results of the assessment of the general indicator of LA according to the transformation model 

by region are presented in the Table 7. 
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Table 6. Results of the calculation of the general indicator of LA according to the basic model, 

resp. unit (developed by the author).  

Regions Indicator value 

Vinnytsia 3,887 

Volynskyi 2,551 

Dnipropetrovsk 5,345 

Donetsk 1,093 

Zhytomyrskyi 3,037 

Transcarpathian 2,672 

Zaporozhye 1,458 

Ivano-Frankivsk 3,158 

Kyivskyi 6,802 

Kirovohradskyi 2,551 

Luhansk 0,121 

Lviv 5,709 

Mykolaivskyi 1,944 

Odesa 2,915 

Poltava 3,28 

Rivne 3,037 

Sumy 2,672 

Ternopilskyi 3,523 

Kharkiv 3,158 

Khersonskyi 1,093 

Khmelnytskyi 3,158 

Cherkasy 2,915 

Chernivtsi 2,794 

Chernihivskyi 2,672 

 

 

The model of the influence of the transformational generalizing indicator of land administration on 

the gross regional product index (IGRP) is presented in Fig. 3.  

 

 

IGRP  

 

Fig. 3: The model of the influence of the transformational generalizing indicator of land 

administration on the gross regional product index, resp. unit.  

IGPR= -0,0036*(LA)6 + 0,1529*(LA)5 - 2,6106* (LA)4 + 23,026* (LA)3 -
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R² = 0,56
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Table 7. Results of the calculation of the general indicator of LA according to the transformation 

model, resp. unit (developed by the author).  

Regions Indicator value 

Vinnytsia 8,226 

Volynskyi 6,763 

Dnipropetrovsk 9,271 

Donetsk 5,672 

Zhytomyrskyi 9,211 

Transcarpathian 8,866 

Zaporozhye 7,329 

Ivano-Frankivsk 8,227 

Kyivskyi 9,565 

Kirovohradskyi 8,228 

Luhansk 2,228 

Lviv 9,381 

Mykolaivskyi 7,773 

Odesa 8,085 

Poltava 8,139 

Rivne 7,452 

Sumy 7,032 

Ternopilskyi 8,054 

Kharkiv 8,889 

Khersonskyi 7,002 

Khmelnytskyi 8,012 

Cherkasy 8,002 

Chernivtsi 7,794 

Chernihivskyi 7,799 

 

 

 

 

Fig. 4: Geoinformation map of the transformational generalizing indicator of land administration 

by region, reflecting the prospects for its development.  
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The criteria of the adequacy of the mathematical model testify to the completeness and reliability 

of the established relationships (Fisher's F-test and Student's t-test), the absence of autocorrelation of 

the residuals (the Durbin-Watson criterion), homoscedasticity (the criterion of the homogeneity of the 

distribution of the residuals of the model). Multicollinearity testing was not performed because a one-

factor model was built [41, 42].  

The geo-informational map of the transformative generalizing indicator of LA by region, which 

reflects the prospects for its development, is presented in Fig. 4.  

 

5 Conclusion 
 

Based on the results of the research, an analysis of scientific publications characterizing the state 

of land relations in Ukraine was carried out, the main shortcomings of land management were identified. 

Analyzed works on the development of modern land administration, considering international 

experience. It was determined that the formation and application of LA is influenced by factors and 

principles that ensure the functioning of the system of land relations. Using mathematical methods of 

formalization, mathematical logic, graph theory and category theory, a conceptual model of the 

principles of land management was developed, which characterizes the possible influence on the 

development of LA in Ukraine, and a commutative diagram of LA category was developed, which 

comprehensively reflects the processes of implementation and development of LA in Ukraine.  

The provisions of scientific developments characterizing the practical directions of applying the 

theory of categories at the level of LA objects are analyzed. The defined principles of LA influence the 

formation of regional development processes. A low level of influence of LA processes on the factor of 

regional development has been established, which requires a rethinking of approaches to the 

development of measures and implementation of the LA system, considering the influence of relevant 

factors. To implement the LA system, it is proposed to ensure the comprehensive application of the 

procedure, distribution or determination of the right to land; intensification of the processes of 

determining boundaries between areas; increase in the level of informatization of land relations; 

ensuring transparency of procedures regulating land transactions, including sale, lease; resolution of 

uncertainty or dispute resolution regarding land rights and boundaries; use of modern tools and 

implementation of land planning, control and monitoring processes; ensuring land assessment and 

taxation procedures; active public involvement and bureaucratic transparency; increase in the level of 

visualization of land management elements; increasing the effectiveness of land restriction 

management; ensuring control and regulation of productivity, profits obtained from the land; support for 

the management of communal services and the provision of services (electricity, drainage, sewage, 

communications); ensuring sustainable development.  

The results of mathematical modelling of the influence of the transformed indicator of LA on the 

gross regional product index showed the need to increase the factors of LA due to the application of 

modern foreign experience, methods and models of increasing the efficiency of land use at the regional 

level, the possibility of implementing a multi-purpose cadastral system, modern practice of formation, 

use, assessment and development of land based on relevant principles. In addition, the development 

and application of monitoring procedures using geographic information systems at the regional level is 

of particular importance. Geoinformation maps of LA indicators by region were built, which made it 

possible to monitor the implementation of land relations, considering the directions and perspectives of 

the implementation and implementation of elements of land administration.  
Compared to existing scientific developments, which discusses certain issues of use of 

geoinformation systems and mathematical modelling to ensure the management of land relations, the 
presented research proposes a comprehensive approach to the formation of a quantitative basis of 
decision -making, which is built using geospatial modelling tools. It combines the directions of 
determining the factors of management of land relations, methods and models of mathematical 
modelling, tools of geoinformation technologies, which allowed to offer a modern system of distribution, 
use and development of land.  
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