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Abstract. The proposed research paper systemises methodological approaches 

to optimisation and dynamic modelling of crop rotation in the development of land 

management projects that provide ecological and economic justification of crop 

rotation, since the crop rotation models proposed to date do not solve the task in 

general, but only in certain specific cases. In this regard, the need to develop full-

fledged software products with a user interface integrated into existing information 

and accounting databases of agricultural formations is substantiated. 

It is proved that economic and mathematical modelling of crop rotations should 

be developed by improving the methodology of dynamic crop rotations, which will 

allow farmers to analyse the economic efficiency of various alternative options for crop 

rotation under specific natural and economic conditions and constraints, as it is a 

promising interactive tool for substantiating management production decisions based 

on optimisation algorithms and analysis of large amounts of accumulated retrospective 

data. 

The approaches, criteria and limitations of the economic and mathematical 

model of crop rotation in the development of land management projects that provide 

ecological and economic justification of crop rotation are substantiated. 

The proposed economic and mathematical model with its objective function, 

constraints and algorithms is aimed at a comprehensive solution of issues related to 

production planning and rational land use. The presented model provides ample 

opportunities for further optimisation of the system of making effective managerial 

decisions in the agricultural sector and can serve as a basis for solving the problems 

of investment justification and development of agricultural land use. 

Key words: crop rotation, land management project, economic and 

mathematical modelling of crop rotation, methodological approaches, dynamic 

modelling, software products with user interface, agricultural land use, land use, 

crops. 

 

Problem statement. Crop rotation is an important technology in agricultural 

production, which consists in alternating different crops on the same field for several 
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years. This helps preserve soil fertility, reduce the negative impact of weeds, diseases 

and crop pests, increase crop yields, and reduce costs of plant protection products and 

other production inputs. 

The Law of Ukraine "On Land Management" provides for the development of 

"... land management projects that provide ecological and economic substantiation of 

crop rotation and land management" [1] in accordance with point "e" of Article 25 of 

the Law. The development of such projects is aimed at "... the organization of 

agricultural production and the arrangement of agricultural lands within the boundaries 

of land ownership and land use for the effective management of agricultural 

production, rational use and protection of land, the creation of a favorable ecological 

environment and the improvement of natural landscapes" [2]. According to the 

provisions of Article 52 of the Law, this type of land management documentation 

provides - determination of the location of industrial buildings and structures; - 

organization of the territory of land holdings and land use with allocation of crop 

rotation based on ecological and economic factors, including the formation of 

infrastructure (engineering and social); - determination of the types and types of crop 

rotation planned for introduction on the basis of specialization of agricultural 

production; - design of crop rotation fields; - drawing up schemes for alternation of 

agricultural crops in crop rotation; - development of a transition plan to an acceptable 

crop rotation; - transfer of designed crop rotation fields to nature (in the area) [1, 2]. 

The task of economic-mathematical modelling of crop rotation includes a large 

number of factors and is extremely complex from a mathematical and algorithmic point 

of view, which to some extent explains the lack of distribution of its integrated solutions 

both in the literature and in practice. 

The problem of developing an effective crop rotation cannot be solved without 

a proper modelling methodology, which should include interrelated blocks: land 

resources; technologies for growing agricultural crops; crop yield programming 

models; specialization and scale of the economy; restrictions on available material and 

technical, financial, personnel, informational, organizational and other resources of the 

economy; market conditions and economic environment of the enterprise; spatial 
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modelling of crop placement on crop rotation fields (based on GIS technologies); 

optimization of the composition of the machine-tractor fleet and execution of 

technological processes; investment justification of project decisions; comprehensive 

consideration of economic and ecological criteria of optimality of the model, etc. 

Currently, Ukrainian and foreign scientists have developed numerous economic 

and mathematical models for building crop rotations [3, 4, 5]. The most common today 

are the models of linear programming of the structure of cultivated areas of agricultural 

enterprises according to the criteria of the maximum net income. 

Unfortunately, the crop rotation models proposed to date do not solve the task in 

general, but only in certain specific cases or its components: designing soil-protective 

crop rotations or crop rotations on eroded or heavily washed lands; considering 

economic standards in linear models of the production structure; taking into account 

environmental restrictions. At the same time, there is no general methodology for 

complex programming and design of the crop rotation system, considering all its 

separate subtasks. However, in practice, not only effective optimization and search 

algorithms are needed to solve the specified problems with appropriate data structures, 

but also full-fledged software products with a user interface integrated into existing 

information and accounting databases of agricultural formations. 

We should also note that the lack of crop rotation in agricultural enterprises in 

modern conditions is connected with the complexity of long-term production planning: 

today the economic, organizational, legal and institutional foundations of management 

are changing rapidly; logistics processes in the industry are accelerating and changing, 

market fluctuations occur every year; As a result of the land reform in Ukraine, there 

has been a fragmentation of land ownership and land use, and most agricultural land is 

under short- and medium-term leases, which complicates the development of long-term 

land use plans. 

The problem of production planning is aggravated in connection with the losses 

of agriculture because of Russia's armed aggression, the role of external factors is 

increasing. 
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Economic-mathematical modelling of crop rotations, in our opinion, must be 

developed by improving the methodology of dynamic crop rotations, which will enable 

farmers to analyse the economic efficiency of various alternative options for crop 

rotation in specific natural and economic conditions and limitations, because it is a 

promising interactive tool for substantiating managerial production decisions based on 

optimization algorithms and analysis of large volumes of accumulated retrospective 

data. 

The purpose of the study is to substantiate the approaches, criteria and 

limitations of the economic-mathematical model of crop rotation (crop rotation) in the 

development of a land management project, which provide ecological and economic 

justification of crop rotation and land management. 

Methodical approaches. Based on our research, for economic and mathematical 

modelling of crop rotation, we suggest using linear programming (linear optimization) 

with the formation of a system of variables in the form of an oriented graph. 

Let's outline the main groups of factors that should be considered in the crop 

rotation model. These factors must be formalized through the establishment of 

appropriate standards, restrictions, and optimality criteria for crop rotation modelling. 

These factors include: 

1) agronomic factors, including the analysis of soils, climatic conditions, 

hydrology and other physical factors that affect the cultivation of agricultural plants. 

The nature of the influence of these factors depends on the compliance of specific 

conditions with the needs of individual crops, for example, on indicators of the level 

of humidity, pH of the soil, the availability of necessary nutrients, relief, soil fertility, 

the influence of predecessor crops on the yield level of subsequent crops, the 

development of negative phenomena and processes related to clogging weeds, pests, 

diseases, etc.; 

2) economic factors, including the analysis of production costs for growing 

crops, yield of crops depending on the level of intensity of cultivation technology, 

expected net income (profits), minimum and maximum economically justified volumes 
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of production of agricultural products by their types, available production resources by 

their types; 

3) environmental factors, including environmental impact assessment, soil 

conservation and humus balance, biodiversity, land and water pollution; 

4) social factors, including analysis of the needs of the local population and 

social aspects, ensuring food security of the region, jobs for the local population; 

5) engineering and technical factors, taking into account the analysis of the 

availability and efficiency of the use of energy machines, agricultural machinery, 

machine-tractor units, engineering systems and networks, sources of electricity, land 

reclamation; 

6) spatial and transport-storage factors, including spatial analysis of land 

resources and routes of movement of equipment through crop rotation fields, location 

of production resources, warehouses, available motor transport capabilities. 

All indicators calculated in the crop rotation model characterize the economic 

efficiency of current production activities and do not consider capital investments or 

long-term investments. 

Based on spatial analysis, it is necessary to determine the boundaries of 

agricultural land massifs and the boundaries and areas of fields within them. For each 

field, a probable pool of possible options for their further use for the cultivation of 

certain agricultural crops will be determined. 

To do this, it is necessary to build an oriented graph of possible options for 

alternation of agricultural crops on crop rotation fields. A graph is a collection of 

vertices (nodes) and connections (edges) between them. In our case, the vertices of the 

graph are the areas of specific crops (from among those included in the simulation), 

and the edges are the ecological and economic effect (net income), which is caused by 

growing a given crop on a given field, considering its predecessors. The task of 

modelling crop rotation is related to another scientific problem - modelling the 

productivity of each agricultural crop depending on many factors. 

At the vertices of the graph, we will place the variables that determine the area 

of the i-th crop in the j-th harvest year for the h-th field. The edges of the graph will be 
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the vectors of alternating crops, and their values will characterize the net income due 

to the change of crops from one year to the next. 

Of course, the graph is oriented, and after the culture of the 2nd year, only the 

culture of the 3rd year can go, and so on. This allows you to first form a graph for all 

possible rotation options for all crops in all fields for all planned years. And then 

discard those vertices and edges of the graph that do not meet the constraints that we 

must form. The tighter the constraints, the smaller the graph becomes and the fewer 

options remain. On the other hand, the restrictions should not be too strict to leave room 

for a sufficient number of crop rotation options. 

The algorithm searches for the "longest" path along the crop rotation graph, that 

is, the largest amount of net income, considering all economic, ecological, 

technological and other restrictions: 
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where: E nn )1(   is the net income of culture n after culture (n-1). 

In the classical problem, the areas of all fields are approximately the same, and 

the determination of the total area of crop rotation is calculated by the sum of the areas 

of all fields. The variable acquires only natural (Boolean) values, and there is either 

one field (several fields) for a given crop per year, or none (Fig. 1). Next year, the set 

of crops remains, only their location on the fields’ changes. 
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Figure 1 – Conventional scheme of the traditional form of crop rotation of five 

agricultural crops on five fields for five years 

 

In the crop rotation model we propose, the number of variables increases in 

progression with the increase in planning duration and the number of fields and crops 

(Fig. 2). And if you calculate such variables for each field, considering its soil and 

agroecological features, then the rotation of crops can be individual for each year and 

each field. That is, every year the set of crops can be different, which allows taking into 

account the dynamics of changes in the external and internal environment of the 

agricultural enterprise. 
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Figure 2 – Conditional scheme of all possible variants of the crop rotation model of 

five agricultural crops for five years for one field 

 

Based on the above scheme, it is possible to represent how the variables are 

formed in such a model, which are the areas for each crop for each year after each 

predecessor (Fig. 3). For simulation purposes, you can choose a Boolean variable that 

can take two values: 0 (zero) or 1 (one). So, if a zero value was obtained for some 

variable as a result of the model calculation, then the crop that corresponds to this 

variable does not enter the crop rotation on this field in a certain year after a certain 

crop. Conversely, a variable whose value is equal to 1 will be included in crop rotation. 
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Figure 3 – Conditional diagram of the formation of variables of the crop rotation 

model on the example of three agricultural crops for two years for one field 

 

If it is necessary to plan rotation for 10 crops and 7 fields, then the number of 

variables of the combinatorial problem for 10 years will be 77.8 billion. This can be 

calculated using the following formula: 

𝑦 = ∑ 𝑎𝑛𝑐
𝑛𝑁

𝑛=0  , 

where: y is the total number of variables (all variants of crops by their areas); 

n – year of crop rotation, N – duration of crop rotation (for example, 10 years); 

a n – the number of fields in the nth year (for example, 7 fields every year); 

c - a list of agricultural crops (for example, 10 crops each year). 

The calculation of the total number of variables of such a model according to the 

above formula is shown in Table 1. 
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Table 1 – Calculation of the total number of model variables according to the 

combinatorial problem for 10 crops and 7 fields for 10 years 

Model year The number of variables in this year 

0 7 

1 70 

2 700 

3 7,000 

4 70,000 

5 700,000 

6 7,000,000 

7 70,000,000 

8 700,000,000 

9 7,000,000,000 

10 70,000,000,000 

In total 77,777,777,777 

 

Thus, even a small task turns into one that cannot be formed or calculated 

according to the modern computing capabilities of personal computers or servers. In 

practice, the number of fields and crops is much larger, which further complicates the 

model. Therefore, when forming an oriented graph of the crop rotation model in each 

field for each year, it is necessary to introduce restrictions that will allow to 

significantly reduce all possible combinations of crops. But first, let's define the 

objective function, or optimality criterion. 

The goal function of this task (or the optimality criterion for solving the crop 

rotation problem), as was justified above, it is proposed to determine the maximum 

amount of net income for the entire period for which crop rotation is planned: 

 

    (𝑈𝑖𝐵𝑗 𝑖𝑉𝑘𝑖𝐾𝑗 𝑖𝑃𝑖𝑦

𝑙

𝑗=1

𝑡

𝑦=1

𝑛

𝑖=1

𝑚

𝑘=1

− 𝐶𝑖𝑦)𝑋𝑘𝑖𝑦𝑗 → 𝑚𝑎𝑥 
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where: Ui – estimated yield of i-th crop under the most optimal conditions (on 

the best soils with the best predecessor), t/ha; 

Bji – land assessment score (for example, soil quality score) on the j-th field for 

the i-th crop , B ∈ [0.0; 1.0]; 

Vki is the coefficient of influence of the k-th predecessor crop on the productivity 

of the k-th successor crop, V ∈ [0.0; 1.0]; 

Kji  is the coefficient of the possibility of placing the i-th crop on the j-th field, 

taking into account the biological characteristics of the crop, the ecological state of the 

soil, and other restrictions. In particular, soil differences and natural and agricultural 

conditions determine the level of suitability of the soil of a land plot for the cultivation 

of certain crops , K ∈ [0.0; 1.0]; 

Piy – estimated price of products for the i-th crop in the y-th year, hryvnias/t; 

Xkiyj – the area of the i-th crop on the j-th field in the y-th year after the k-th 

predecessor, ha; 

k – the number of the predecessor culture (k = 1, 2, ..., m); 

i – the current culture number (i = 1, 2, …, n); 

y is the year of crop cultivation (y = 1, 2, ..., t); 

j is the current number of the field (j = 1, 2, ..., l). 

In this formula, the crop area (Xkiyj) is the unknown, model variable that must be 

calculated . The crop area according to this variable is determined by the field area. 

The limitations of the model consist of the following elements. 

1. Initial limitations of the available area for each field (Sj) under crops, that is, 

as of year zero of the model: 

𝑋𝑘𝐾00𝑗 = 𝑆𝑗, 

where: K0 – initial crops in year zero, which are predecessors for crops of the 

first year, K0 ∈ {1 , 2, ... , m}; 

k – there are no predecessors for crops of zero year, k = ∅; 

0 – zero year indicator; 

j – field number; 

Sj is the area of the j-th field in year zero. 
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2. Restrictions on the total area of fields between predecessor and successor 

crops: 

    𝑋𝑘𝑖𝑦𝑗

𝑙

𝑗=1

=

𝑌

𝑦=𝑌

𝑛

𝑖=1

𝐾

𝑘=𝐾

    𝑋𝑘𝑖𝑦𝑗

𝑙

𝑗=1

𝑌−1

𝑦=𝑌−1

𝐾

𝑖=1

𝑚

𝑘=1

 

where: K is the predecessor culture, K ∊ {1 , 2, ... , m}; 

Y is the current year. Accordingly, (Y–1) is the previous year, Y ∊ {1, 2, …, t}. 

According to this limitation, the area of each culture will be equal to the area of 

its immediate predecessor. 

3. Limitation of production volumes of crop production for each crop in planned 

years: 

    𝑈𝑖𝐵𝑗𝑖𝑉𝑘𝑖𝐾𝑗𝑖𝑋𝑘𝑖𝑦𝑗 ≥ 𝑊𝑖𝑦

𝑙

𝑗=1

𝑡

𝑦=1

𝑛

𝑖=1

𝑚

𝑘=1

 

where: 𝑈𝑖𝐵𝑗𝑖𝑉𝑘𝑖𝐾𝑗𝑖𝑋𝑘𝑖𝑦𝑗– the estimated production volume of crop production 

by the i-th crop in the y-th planning year, tons; 

Wiy is the minimum amount of crop production for the i-th crop in the y-th year, 

which must be obtained to ensure the production program, in tons. For example, these 

minimum requirements may be stipulated by long-term contracts, necessary feed 

production needs for livestock industries, etc. 

4. Restrictions on the volume of production resources by year: 

     𝐴𝑠𝑖𝑦𝑗𝑋𝑘𝑖𝑦𝑗 ≤ 𝑅𝑠𝑦

𝑙

𝑗=1

𝑡

𝑦=1

𝑛

𝑖=1

𝑚

𝑘=1

𝑟

𝑠=1

 

where: Asiyj is the consumption rate of the s-th type of production resources on 

the j-th field for the i-th culture in the y-th year, calculated per 1 ha (UAH/ha, man-

hours/ha, um.ha/ha, kg d.r./ha, etc.). These can be critically important types of 

resources, for which there are possible restrictions on the power of tractors, machines 

and combines, the amount of labour, fertilizers, seeds, plant protection products, fuel, 

electricity, etc. The consumption norms of the specified resources are oriented towards 

achieving the estimated yield Ui. 
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Rsy is the maximum volume of the s-th type of production resources that can be 

used in the economy in the y-th year (UAH, man-hours, um.ha, kg d.r., etc.). 

5. Restriction of non-negativity of variables: 

𝑋𝑘𝑖𝑦𝑗 ≥ 0. 

This limitation is due to the chosen method for solving the given problem – linear 

programming, for which the variables must have a non-negative value. 

6. Limitation of the model by the sum of areas: the area under all crops each year 

should be equal to the total area of available land resources: 

 𝑋𝑖𝑗𝑦

𝑛

𝑗=1

= 𝑆𝑖𝑦 

where: Xijy is the area i-th culture for the j-th plot (field) in year y (n – number 

of plots); 

Siy - the area of the j-th field. 

Therefore, for the formation of an economic-mathematical model of crop 

rotation, it is advisable to use a set of restrictions on agricultural production planning, 

including the factors of productivity programming and the economic efficiency of the 

use of production resources. 

We highlight the following limitations of the crop rotation model: compliance 

with the total land area; not exceeding the number of available resources (regarding 

labor costs, monetary and material costs, mechanized and transport works); optimal 

dimensions and configuration of fields; years of return (rotation) of each culture; non-

negativity of variables; the total number of variables (no more than 500,000). 

The practical application of the above model showed that, even considering the 

limitations of the task, the method of full lexical search often turns out to be irrational 

for a large number of cultures, since its calculation takes a lot of time [6, 7, 8]. As the 

number of crop variants increases, the complexity of the model grows exponentially. 

Taking into account other parameters of the model, the duration of the planning period, 

the number of fields, the calculation of the optimal plan can take many hours or even 
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weeks. Sometimes the solution cannot be obtained due to the great complexity of the 

model. 

Therefore, to optimize the formation and solution of the model, we suggest using 

model modifiers related to the formation of the graph of variables, as they will allow 

you to reject wrong solutions known in advance (branches of the graph). The number 

of agricultural crops, fields, predecessors, other parameters of the model should be 

limited based on specialization, farm needs, available resources, etc. 

We offer the following directions for modification and reduction of the graph of 

variables: 

1. Unpromising branches of the graph should be weeded out for cases where a 

specific crop is unsuitable for growing on a specific field for the corresponding agro-

production group of soils. This is the first thing that will make it possible to 

significantly reduce the number of non-optimal directions for finding a solution. 

2. Unpromising branches of the graph should be screened out for cases where a 

specific crop does not have acceptable predecessors for a given field in a given 

planning year. This will also allow further reduction of the model by discarding 

suboptimal options. 

3. Unpromising branches of the graph should be screened out for cases where a 

particular crop should not return to this field earlier than after a certain number of years 

of rotation. This has both economic and environmental reasons. So, for winter rye and 

barley, spring barley, oats, buckwheat, the standard of frequency of crop cultivation on 

the same field is not less than one year. Winter wheat, potatoes, and millet should return 

to this field no earlier than in two years. For corn in crop rotation or in a field 

temporarily removed from crop rotation, the frequency of rotation is two to three years 

in a row. For sunflower, return is recommended no earlier than after seven years. 

Similarly, rotation restrictions should be set for all crops that are included in the model 

[9, 10, 11]. 

Due to the introduction of these graph modifiers, the stiffness of which can be 

adjusted by certain coefficients, it is possible to obtain a model size that fully 
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characterizes the research object and at the same time is suitable for calculation on 

modern computers or servers. 

Another limitation of the model can take into account the norms of the optimal 

ratio of crops in crop rotations in different natural and agricultural regions [12, 13, 14]. 

This is stipulated by the current Resolution of the CMU dated February 11, 2010 No. 

164 , according to which it is necessary to take into account the recommended ratios 

of crops in crop rotations by species cultures For example, the share of the area of grain 

and leguminous crops each year in the farm in Polissia should be limited in the range 

from 35% to 80% [15]. And such restrictions fit well into our model from a formal 

point of view. This is an additional important criterion that will help ensure the 

optimization of crop rotation and their structure in crop rotation. 

To speed up the search for a model solution, you can additionally use heuristic 

methods that do not guarantee finding the most optimal "path", but such methods allow 

you to set the desired value and the permissible deviation from it, which will 

significantly reduce the duration of the search for a solution, without significantly 

affecting the result. 

Also, heuristic methods are used to optimize existing "paths" with the possibility 

of finding a more optimal replacement for certain links, rather than the "path" as a 

whole, which will allow it to be optimized to the desired result, while spending 

significantly less time. Such methods include the genetic (evolutionary) algorithm, 

simulation modelling, etc. 

It should be noted that the problem of substantiation of crop rotations can and 

should be solved in conjunction with other planning tasks regarding the economic 

justification of technological processes in crop production and drawing up a system of 

operational and financial budgets of the enterprise (Fig. 4). 
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Figure 4 – Interrelated tasks of production and economic planning in crop production 

 

Therefore, the information system for supporting management decision-making 

regarding the placement of agricultural crops, their rotation and planning directions for 

effective land use should be based on the data of the accounting system of the 

enterprise, including spatial data in dynamics: boundaries and areas of fields and crops, 

the history of each field in relation to crops, agrochemical soil analysis , applied crop 

cultivation technologies, the actual yield of each crop in the field, rates of applied 

fertilizers and other data on land use and its ecological and economic parameters. 

We believe that today it is impractical to create a single system of static crop 

rotations, but it is necessary to form dynamic crop rotations that will constantly ensure 

a high economic effect in the volatile socio-economic environment in which today's 

agricultural producers operate. Accordingly, flexible tools of integrated management 

solutions are needed for the levels of strategic, tactical and operational-calendar 

planning, and the system of alternating cultures should become their integral 

component. 
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Crop rotation should not be a problem, the solution of which is separated from 

the problems of integrated production management. Along with crop rotation, it is 

necessary to plan and consider a large number of other parameters, both endogenous 

and exogenous in relation to the agricultural enterprise. 

Determination of all aspects of crop rotation should be implemented in all types 

of production and management planning, accounting, control, analysis, which are 

carried out in information support systems for making management decisions. 

Production structure and crop rotation ultimately have a direct impact on economic 

efficiency and cash flows in both the short and long term. 

Thus, the economic-mathematical model proposed by us with its objective 

function, limitations and algorithms is aimed not only at determining the composition 

of agricultural crops and the order of their rotation in the planning period. We believe 

that in such a model, other aspects of production planning and rational land use should 

be comprehensively addressed. It is about strategic and tactical planning and 

normalization of the optimal structure of production, including modelling of relevant 

production processes and the use of production resources. 

The presented model provides ample opportunities for further optimization of 

the system of making effective management decisions in the agricultural sphere and 

can serve as a basis for solving the problems of substantiating investments and 

developing agricultural land use. 

Conclusions. Methodological approaches to optimization and dynamic 

modelling of crop rotation (crop rotation) were systematized in the study when 

developing a land management project that provides ecological and economic 

substantiation of crop rotation and land management. 

The problems of organizing the structure of cultivated areas today are aggravated 

by the need to balance the export of agricultural products in the conditions of partially 

blocked seaports and other checkpoints for the export of products lost due to armed 

aggression of granaries and elevators, as well as the availability of food for domestic 

consumption in Ukraine. The structure is also affected by the uncertainty of agrarian 

business and the reduction of its material and technical base, significant fluctuations in 
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prices on domestic and foreign agricultural markets, and the distribution of land 

between land users. 

Crop rotation should not be a problem, the solution of which is separated from 

the problems of complex production management, together with crop rotation, it is 

necessary to plan and consider a large number of other parameters - both endogenous 

and exogenous in relation to the agricultural enterprise. 

Determination of all aspects of crop rotation should be implemented in all types 

of production and management planning, accounting, control, analysis, which are 

carried out in information support systems for making management decisions. 

Production structure and crop rotation ultimately directly affect economic efficiency 

and cash flows in both the short and long term. 

Thus, the economic-mathematical model proposed by us with its objective 

function, limitations and algorithms is aimed not only at determining the composition 

of agricultural crops and the order of their rotation in the planning period. We believe 

that in such a model, other aspects of production planning and rational land use should 

be comprehensively addressed. We are talking about strategic and tactical planning of 

the structure of production, crop yield, economic efficiency of production, as well as 

modeling of relevant production processes and the use of production resources. 

Part of this research has been conducted by Ibatullin Shamil and Sakal Oksana 

within the project “Substantiation and measures for implementation of a human rights-

based integrated approach to rural development, food security and land policy in post-

war rebuilding of Ukraine” financed under the “Long-term program of support of the 

Ukrainian research teams at the Polish Academy of Sciences carried out in 

collaboration with the U.S. National Academy of Sciences with the financial support 

of external partners”. 

 

References 

1. Pro zemleustrii: Zakon Ukrainy. [On land management: The Law of 

Ukraine.] (2003). Bulletin of the Verkhovna Rada of Ukraine. URL: 

http://zakon3.rada.gov.ua/laws/show/858-15. 

http://zakon3.rada.gov.ua/laws/show/858-15


20 

 

2. Dovidnyk iz zemleustroiu [Handbook on Land Management] (2015). 

Edited by L. Novakovsky. 4th edition, revised and supplemented. Kyiv. Ahrarna 

Nauka. 492 p. 

3. Barvinskyi A. (2013). Optymizatsiia struktury posivnykh ploshch 

silskohospodarskykh kultur na rehionalnomu rivni [Optimisation of the structure of 

crop areas at the regional level]. Zemlevporiadnyi visnyk. 5. 52-55. 

4. Kharchenko O., Masyk I., Mishchenko Yu., Davydenko H. (2015). 

Environmental assessment of different crop rotations on the balance of humus. Bulletin 

of Sumy National Agrarian University. Series “Agronomy and Biology”. 3(29). 126-

129. 

5. Kvasnitska L. (2018). Efektyvnist sivozmin za riznoho nasychennia 

technichnymy kulturamy [Efficiency of crop rotations with different saturation with 

industrial crops]. Agrarian science and education in the european integration context: 

collection of scientific papers of Intern. scient.-pract. confer. P.1. (March 20-22, 2018, 

Kamіanets-Podilskyi). Ternopil: Krоk. 174-176. 

6. U++ Cross-Platform App Development Framework. URL: 

https://www.ultimatepp.org/ 

7. SQL database engine. URL: https://www.sqlite.org/ 

8. LPSolve: Mixed Integer Linear Programming (MILP) solver. URL: 

https://lpsolve.sourceforge.net/5.5/ 

9. Tkachenko M., Lytvynov D. (2014). Productivity of the forest-steppe 

typical crop rotations depending on the intensity of the agrochemical load. Scientific 

papers of the Institute of Bioenergy Crops and Sugar Beet: Collected articles. Kyiv. 

vol. 22. p. 100-106. 

10. Habriel A., Petruniv I., Sorochynskyi V., Bul’o V., Olifir Yu. (2007). Rol’ 

sivozminnoho faktora v zemlerobstvi zakhidnoho Lisostepu [The role of crop rotation 

in agriculture of the western forest-steppe]. Bulletin of Lviv National Agrarian 

University: Series “Agronomy”. 11. 170-177. 

https://www.ultimatepp.org/
https://www.sqlite.org/
https://lpsolve.sourceforge.net/5.5/


21 

 

11. Boiko P., Kovalenko N., Dyshlevskyi V., Shapoval I. (2006). Vplyv 

poperednykiv, sposobiv osnovnoho obrobitku hruntu ta dobryv na zaburianenist 

posiviv ozymoii pshenytsi [Influence of predecessors, methods of basic tillage and 

fertilisers on weed infestation of winter wheat crops]. Proceedings of the 5th Scientific 

and Theoretical Conference of the Ukrainian Scientific Society of Herbologists. Kyiv. 

Kolobih. 201-210. 

12. Pro zatverdzhennia Metodychnykh rekomendatsii shchodo optymalnoho 

spivvidnoshennia silskohospodarskykh kultur u sivozminakh riznykh hruntovo-

klimatychnykh zon Ukrainy: Nakaz Ministestva ahrarnoii polityky Ukrainy vid 

18.07.2008 roku No. 440/71 [On Approval of Methodological Recommendations on 

the Optimisation of Crop Rotations of Different Soil and Climate Zones of Ukraine: 

Order of the Ministry of Agrarian Policy of Ukraine dated 18.07.2008 No. 440/71]. 

(2008). URL: https://zakon.rada.gov.ua/rada/show/v0440555-08#Text 

13. Pro zatverdzhennia Metodychnykh rekomendatsii shchodo rozroblennia 

proektiv zemleustroiu, shcho zabezpechuiut ekoloho-ekonomichne obhruntuvannia 

sivozminy ta vporiadkuvannia uhid: Nakaz Derzhavnoho ahentstva zemelnykh 

resursiv Urainy vid 02.10.2013 roku No. 396 [On Approval of Methodological 

Recommendations for Development of Land Management Projects Providing 

Ecological and Economic Substantiation of Crop Rotation: Order of the State Agency 

of Land Resources of Ukraine of 02.10.2013 No. 396]. (2013). URL: 

https://zakon.rada.gov.ua/rada/show/v0396821-13#Text. 

14. Normatyvy optymalnoho spivvidnoshennia kultur u sivozminakh v 

riznykh pryrodno-silskohospodarskykh rehionakh: Postanova Kabinetu Ministriv 

Ukrainy vid 11.02.2010 r. No. 164 [Standards for the optimal ratio of crops in crop 

rotations in different natural and agricultural regions: Resolution of the Cabinet of 

Ministers of Ukraine of 11.02.2010 No. 164]. (2010). URL: 

https://www.kmu.gov.ua/npas/243288952. 

15. Dolzhenchuk V., Krupko H., Hlushchenko M., Zapasnyi V. (2011). 

Neobkhidnist vprovadzhennia ratsionalnoii systemy sivozmin dlia pidvyshchennia 

rodiuchosti hruntiv zony Polissia [The need to introduce a rational crop rotation system 

https://zakon.rada.gov.ua/rada/show/v0440555-08#Text
https://zakon.rada.gov.ua/rada/show/v0396821-13#Text
https://www.kmu.gov.ua/npas/243288952


22 

 

to improve soil fertility in the Polissya region]. Bulletin of The National University of 

Water and Environmental Engineering. Series “Agricultural Sciences”. 3(55). 39-45. 

 

Дорош Й.М., Ібатуллін Ш.І., Дорош О.С., Дорош А.Й., Сакаль О.В. 

МЕТОДИЧНІ ПІДХОДИ ДО ЕКОНОМІКО-МАТЕМАТИЧНОГО 

МОДЕЛЮВАННЯ ЧЕРГУВАННЯ СІЛЬСЬКОГОСПОДАРСЬКИХ 

КУЛЬТУР (СІВОЗМІН) ПРИ РОЗРОБЦІ ПРОЕКТУ ЗЕМЛЕУСТРОЮ, ЩО 

ЗАБЕЗПЕЧУЄ ЕКОЛОГО-ЕКОНОМІЧНЕ ОБҐРУНТУВАННЯ 

СІВОЗМІНИ ТА ВПОРЯДКУВАННЯ УГІДЬ 

 

Анотація. У пропонованій науковій праці здійснено систематизацію 

методичних підходів до оптимізаційного та динамічного моделювання 

чергування сільськогосподарських культур (сівозмін) при розробленні проектів 

землеустрою, що забезпечують еколого-економічне обґрунтування сівозміни та 

впорядкування угідь, позаяк запропоновані до сьогодні моделі сівозмін 

вирішують поставлену задачу не в загальному вигляді, а лише у певних 

конкретних випадках або її складових. У цій відповідності обґрунтовано потребу 

в розробленні повноцінних програмних продуктів із користувацьким 

інтерфейсом, інтегрованих до існуючих інформаційно-облікових баз даних 

сільськогосподарських формувань. 

Доведено, що економіко-математичне моделювання сівозмін необхідно 

розвивати шляхом удосконалення методології динамічних сівозмін, які дадуть 

змогу аграріям аналізувати економічну ефективність різних альтернативних 

варіантів чергування культур у конкретних природно-господарських умовах та 

обмеженнях, адже це перспективний інтерактивний інструмент обґрунтування 

управлінських виробничих рішень на основі оптимізаційних алгоритмів та 

аналізу великих обсягів накопичених ретроспективних даних. 

Обґрунтовано підходи, критерій та обмеження економіко-математичної 

моделі чергування сільськогосподарських культур (сівозмін) при розробці 
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проектів землеустрою, що забезпечують еколого-економічне обґрунтування 

сівозміни та впорядкування угідь.  

Запропонована економіко-математична модель з її функцією мети, 

обмеженнями та алгоритмами спрямована на комплексне вирішення питань, 

пов’язаних із виробничим плануванням і раціональним землекористуванням. 

Представлена модель надає широкі можливості для подальшої оптимізації 

системи прийняття ефективних управлінських рішень в аграрній сфері та може 

слугувати базисом при вирішенні задач обґрунтування інвестицій і розвитку 

сільськогосподарського землекористування. 

Ключові слова: сівозміна, проект землеустрою, економіко-математичне 

моделювання сівозмін, методичні підходи, динамічне моделювання, програмні 

продукти із користувацьким інтерфейсом, сільськогосподарське 

землекористування, землекористування, сільськогосподарські культури. 

 


