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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.

1t 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 1s
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
i1s, the largest amount of net income, considering all economic, ecological,

technological and other restrictions:

N
Zl En(n—l) — max
n=.
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In the classical problem, the areas of all fields are approximately the same, and

where: """ is the net income of culture » after culture (n-1).

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.



fields 2024 2025 2026 2027 2028
Field #1 Wwihnetaetr —» | Sunflower —p Barley —p Corn —» Pea
Field #2 Sunflower—» Barley —p Corn — Pea —> V\‘Tﬂihnetaetr
Field #3 Barley T%» Corn —> Pea —> T/\‘Tﬂihnetaetr —» | Sunflower
Field #4 Corn —» Pea —» Vi’ihnetaetr —3 | Sunflower—» Barley
Field #5 Pea —> Wwihnetaetr —» Sunflower —p| Barley —» Corn

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.




2024 2025 20206 20277 2028
Winter
wheat Sunflower
Sunflower
O Winter
Barley wheat
Corn Winter
wheat
Pea Winter \Sunflower
wheat

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 1s 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 = Yn=oanc",
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 ,— 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 77,7717,771,777

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:

Z Z z Z(ULB]LVkl - Ciy)inyj — max

=l1i=1y=1j=
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where: U, — estimated yield of i-th crop under the most optimal conditions (on
the best soils with the best predecessor), t/ha;

B;; — land assessment score (for example, soil quality score) on the j-th field for
the i-th crop , B € [0.0; 1.0];

Vii1s 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];

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

Xiivj — 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);

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

j 1s the current number of the field (j =1, 2, ..., [).

In this formula, the crop area (Xj;,) 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 (S;) under crops, that is,
as of year zero of the model:

Xrko0j = S

where: K;— initial crops in year zero, which are predecessors for crops of the
first year, Ko € {1, 2, ..., m};

k — there are no predecessors for crops of zero year, k£ = @,

0 — zero year indicator;

j — field number;

S; 1s 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:

K n K v-1 1
ZZZZ% ZZ 2. 2. Ko
k=K i=1 y=Y j= =1i=1y=Y-1j=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:

m n t l
2. 2.2 D UK Xuayy 2 Wy

k=1i=1y=1j=1
where: U;B;;Vy;Kj; Xyiyj— the estimated production volume of crop production
by the i-th crop in the y-th planning year, tons;

Wi, 1s 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:

r m n t l
zzz zzAsiijkiyj = Rsy

s=1k=11i=1y=1j=1

where: A4, 1s 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 U;.
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R,y 1s the maximum volume of #he 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:

n
Z Xijy = Sty
=1

where: Xy, 1s 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”.
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METOANYHI HMIAXOAN A0 EKOHOMIKO-MATEMATHUYHOI'O
MOAEJIOBAHHSA YEPI'YBAHHSA CIUIBCBKOT'OCITIOJAPCBKHUX
KVJIBTYP (CIBO3MIH) ITPA PO3POBLI ITPOEKTY 3EMJVIEYCTPOIO, IO
3ABE3IIEYY€ EKOJIOTI'O-EKOHOMIYHE OBIPYHTYBAHHA
CIBO3MIHHU TA BIHOPAJAKYBAHHA YI'TAb

Anomauia. Y npononosauili Haykogiil npayi 30ilICHEHO CUCMeMamu3ayiro
MemoOUUHUX NiOX00i8 00 ONMUMIZAYIUHO20 MA OUHAMIYHO20 MOOEN08AHHS
YepeyB8aHHs CilbCbKO2OCNO0O0APCbKUX KYIbMyp (Ci803MiH) npu po3pooOneHHi npoeKmie
3emaeycmpoio, o 3abe3neuyroms eKoio20-eKOHOMIYHe 0OTPYHMY8AHHS CIBO3MIHU MA
BNOPSIOKYBAHHS  V2i0b, NO3ASK 3ANPONOHOBAHI 00 CbO20OHI MOOeNi CIBO3MIH
BUPIWYIOMb NOCMAGNEHY 3a0ayy He 6 3d2albHOMY 6u2iadi, a Juuie y NeHUX
KOHKPEemHUX 8UNaokax aoo ii ckradosux. Y yii 6ionogionocmi 00IpyHmosano nompeoy
8 pO3pOOJIeHHI  NOBHOYIHHUX  NPOCPAMHUX  NPOOYKMIE i3  KOPUCH)BAYbKUM
inmepgheticom, iHme2po8aHux 00 ICHYIOYUX I[HGopmMayiliHo-00iKo8UX 6a3 OaHux
CIIbCbKO20CNOO0APCHKUX (POPMYBAHD.

Jloseoerno, wo exonomiko-mamemamuune MOOENO8AHHIA CIBO3MIH He0OXIOHO
PO38UBAMU ULTIAXOM YOOCKOHANEHHS MemOoOoa02ii OUHAMIYHUX CIB03MIH, SKI 0adymb
3MO2Yy azpapiam ananizyeamu eKOHOMIYHY eqheKmueHiCmb pPI3HUX AlbMePHAMUBHUX
8apiaHmie 4epey8anHs KYibmyp Y KOHKPEMHUX NPUPOOHO-20CNO0APCHLKUX YMOBAX Mda
obMedrcenHsxX, aodice ye nepcneKmusHUL IHMepaxkmugHuLl IHCmpymenm oOIpyHMY6aHHs.
VIPABNIHCOKUX BUPOOHUYUX pilleHb HA OCHOBI ONMUMIBAYIUHUX AIcOPUMMIE mda
AHAanizy 8eNUKUX 00Cs2i8 HAKONUYEHUX PeMPOCHEKMUBHUX OAHUX.

ObtpyHmosano nioxoou, Kpumepii ma 0OMedHCeHHs eKOHOMIKO-MAmMeMamudHoi

MoOeli  4epey8amHs CLlbCbKO20CNOOAPCbKUX KYIbmyp (CiB03MiH) npu po3pooyi
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NnpoeKmie 3eMleycmporo, Wo 3a0e3neuyioms eKon020-eKOHOMIYHe OOIPYHMYEAHHS
CIBO3MIHU MA BNOPSAOKYBAHHSL Y2iOb.

3anpononosana exoHOMIKO-MamemamuiyHa moodenv 3 i QyHKyielo Mmemu,
0OMEdHCEHHAMU MA ANOPUMMAMU CHPAMOBAHA HA KOMNJIEKCHe SUPIUEHHS NUMAHDb,
no8’a3anux i3 GUPOOHUYUM NIAHYBAHHAM 1 PAYIOHATLHUM 3EMIEKOPUCHYEAHHIM.
Ilpeocmasnena modenv HAOA€e WUPOKI MOMCAUBOCMI OJisL NOOAILULOI OnmMUMIZaAYIT
cucmemu NPUUHAMMs epeKMUHUX YNPABGIIHCLKUX PILUEHb 8 a2papHill cghepi ma modxce
cryeyeamu 6a3ucom npu eupiuleHHi 3a0ay OOIPYHMY8AHHs IHEECMUYIl | PO36UMK)
CIIbCLKO20CNOO0APCHKO20 3eMILEKOPUCHTY BAHHSL.

Kniouogi cnoea: cisosmina, npoexm 3emaeycmporo, eKOHOMIKO-MamemMamuyine
MOOEN0BAHHS CIBO3MIH, MEMOOUYHI NIOX00U, OUHAMIYHE MOOeN08aAHHs, NPOCPAMHI
npooyKmu i3 KOpUCM)8aybKUM inmep¢eticom, CLIbCLKO20CNO0ApChKe

3eMIEeKOPUCTYBAHHSL, 3eMIIEKOPUCIYBAHHS, CLIbCLKO20CNOOAPCHKI KYIbmMypU.



