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The article considers the methodological principles of triaxial
graphs using in the analysis of the agricultural production efficiency.
It is substantiated that the methodology of triaxial graphs is based
on the concept of barycentric coordinates, which are expedient to
use for modeling systems with three components, where the sum
of the particles is always equal to 100%, which limits the system to
two degrees of freedom. It is emphasized that ternary diagrams are
the world standard for soil texture classifying with the purpose of a
well-founded cultivation strategy, make it possible to visualize the
contribution of individual factors (number of spikelets, grain size)
to the total grain yield and help to assess not the absolute content of
N:P:K, but their mutual balance for precise adjustment of fertilization.

It is established that this methodological approach is expedient to
use for assessing the balance between renewable (R), non-renewable
(N) and purchased (F) resources, which allows to establish the
dependence of modern systems on technological investments. It is
argued that the use of graphs in the current environment is combined
with machine learning (Random Forest) and satellite monitoring for
real-time yield forecasting.

The necessity of applying three-axis graphs as a modern tool of
statistical analysis in agricultural economics has been established. It
has been clarified that tabular data provides the basis for production
calculating and financial indicators, but their analytical value is limited
by the difficulties of visual comparison between heterogeneous data
series. Statistical data of SRL «AgroVerde» for the period 2020—
2024, including gross yield, harvested area, cost of production, sales
revenues, and profit, have been systematized. Calculations of return on
sales, cost recovery, unit costs, and profit per hectare and per centner of
wheat have been carried out.

The potential of three-axis graphical visualization, which enables
the integrated representation of multi-level indicators (costs per hectare,
unit production costs, profit per hectare, and profit per centner) in a
single coordinate system, has been evaluated. It has been proven that
the application of three-axis graphs allows to identify multidirectional
trends — such as the growth of unit production costs accompanied by
a simultaneous decline in profit per hectare. It has been substantiated
that the use of trend equations in graphical interpretation increases the
reliability of analysis and provides a quantitative confirmation of the
dynamics of the studied indicators.

It has been emphasized that three-axis graphs should be considered
not only as a means of statistical data visualization but also as a method
of forecasting, contributing to the identification of development
patterns in agricultural production and the formulation of scientifically
grounded managerial decisions.

Keywords: three-axis graph, cost of production, profitability,
profit, expenditures, agricultural economics, statistical analysis.
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Problem statement and analysis of recent
research. Modern trends in the development of
the agro-industrial complex are characterized by
a high degree of uncertainty caused by variable
natural and climatic conditions, fluctuations in
domestic and foreign market conjuncture, and
instability of prices for agricultural products and
resources. Under these circumstances, the search
for analytical tools that ensure a comprehensive
and visual assessment of production and eco-
nomic processes in dynamics becomes increas-
ingly important. One of the effective approaches
in this context is the application of graphical vi-
sualization methods, which significantly expand
the analytical capacity of traditional statistical
data processing.

The analysis of agricultural enterprises re-
quires consideration of a wide range of hetero-
geneous indicators — from sown area and gross
harvest to production cost and profitability of
sales. The interdependence among these indica-
tors is often difficult to interpret based solely on
tabular data, since the relationships are non-lin-
ear and multifactorial. Therefore, graphical mod-
eling methods, particularly three-axis diagrams,
gain growing relevance as they make it possible
to simultaneously reflect the dynamics of sever-
al variables expressed in different units of mea-
surement and to reveal key regularities that may
remain hidden in conventional tabular analysis.

This study examines the potential of applying
three-axis graphs to the analysis of production
and economic indicators of enterprises in the ag-
ricultural sector. The proposed method not only
provides a clear visualization of the relationships
between yield, cultivated areas, cost of produc-
tion, and profit level but also facilitates a deeper
understanding of the structural changes that af-
fect the efficiency of economic performance.

The relevance of the research lies in the need
to improve tools for visual and analytical data in-
terpretation, which is particularly important for
agricultural enterprises operating under the con-
ditions of increased natural and climatic risks.
The use of graphical models based on three-axis
representation principles ensures an integrated
approach to assessing the sustainability of agri-
cultural production and enables the development
of more informed managerial decisions aimed at
improving efficiency, stability, and overall per-
formance in the agricultural sector.

The relevance of the methodology studying
of triaxial graphs using, known as ternary dia-
grams or simplex plans in the scientific literature,
offers a unique approach to the visualization and
analysis of ternary mixtures, where the sum of
the parts is always a constant [1]. It should be

noted that in the analysis of the efficiency of ag-
ricultural production, this tool allows us to go
beyond the traditional linear representation and
explores the synergy between economic, techno-
logical and natural resources.

In scientific literature, methods of statistical
analysis aimed at assessing the stability and ef-
ficiency of agricultural production are actively
discussed. Researchers emphasize that the use
of graphical methods makes it possible to com-
prehensively interpret the dynamics of heteroge-
neous indicators and to identify interrelations be-
tween them. Both domestic and foreign authors
consider the application of multidimensional
graphs as a tool for detecting hidden trends asso-
ciated with changes in production and financial
conditions. It is known that the methodological
principles of three-axis graphs were laid at the
beginning of the 19th century. In 1827, the Ger-
man mathematician August Ferdinand Mdbius
proposed the concept of barycentric coordinates,
which had become the foundation for construct-
ing graphs in the form of an equilateral triangle.
Initially, this method was used in geology, chem-
istry, but in the second half of the 20th centu-
ry. began to be actively introduced into biolog-
ical and economic sciences [2]. In agricultural
research, this approach is critically important,
since it allows modeling phenomena where re-
sources are interchangeable or form a holistic
structure, such as the composition of fertilizers,
the structure of land, or the energy balance of an
agroecosystem. The property of a ternary graph
is that the system has only two degrees of free-
dom, since the third component is always rigidly
defined through the other two.

The scientific debate on the choice of the
graph form is still ongoing. The most fundamen-
tal application of ternary diagrams in the agricul-
tural sector is the classification of soil texture,
which is determined by the relative content of
sand, silt and clay, which directly affects fertility,
drainage, aeration and the ability to retain nutri-
ents [3]. It should be noted that the USDA texture
triangle, which distinguishes 12 texture classes
[4], dominates international practice. The use of
ternary diagrams allows agronomists to visualize
areas of optimal cultivation. For example, Mini-
till and No-till technologies are most effective in
specific segments of the texture triangle, where
the soil structure allows the preservation of an-
aerobic microorganisms ecosystems and the pre-
vention of erosion without mechanical turning of
the plot. At the same time, three-axis diagrams
are a powerful tool for yield decomposition.

The research of the Polish scientist Golba [5]
demonstrated how ternary diagrams can be used
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to illustrate the relationships between the total
grain yield, the number of spikelets per square
meter and the grain size of each spike. This ap-
proach allows us to identify which component is
the limiting factor for a particular variety under
certain environmental conditions.

Another important direction is the analysis
of macronutrients ratio in plant tissues. Thomas's
work [6] on potato leaves showed that it is not
the absolute content of nitrogen, phosphorus or
potassium that is important, but their mutual bal-
ance. The methodological advantage is that each
point on the ternary graph represents a unique
combination of N:P:K. The shift of a point to-
wards one of the vertices indicates a deficiency
or excess of a particular element relative to the
others, which allows for precise adjustment of
feeding [7].

One of the most complex and profound meth-
ods of applying ternary diagrams is Emergy Ac-
counting. It should be noted that emergy is the
amount of energy of one form (usually solar)
that was spent directly or indirectly to create a
product or service [8]. In this methodology, all
input resources of the agricultural system are
divided into three categories that form the axes
of the ternary graph: R (Renewable resources) -
renewable natural resources (sun, rain, wind); N
(Non-renewable resources) - non-renewable nat-
ural reserves (soil humus, groundwater); F (Pur-
chased inputs) - purchased resources (machinery,
fuel, mineral fertilizers, pesticides) [8].

Studies of agricultural systems in the provinc-
es of Chaoyang and Fushun over a 25-year peri-
od (1980-2005) clearly demonstrated the process
of intensification using ternary trajectories. The
share of purchased inputs (F) has almost dou-
bled, which has led to a shift in the system points
from the peak of renewables (R) to the peak of
technological dependence. This graphical analy-
sis confirms that although modern investments in
«high-quality» inputs (fertilizers, machinery) in-
crease yields per hectare, the economic and ener-
gy efficiency of these investments often declines
due to the depletion of natural capital [9].

The concept of eco-efficiency (Agricultural
Ecological Efficiency, AEE) integrates economic
output with ecological costs, which is defined as
the ability to maximize output while minimizing
resource consumption and environmental pol-
lution. Modeling «unwanted outcomes» can be
methodologically implemented through SBM-
DEA (Slacks-Based Measure Data Envelopment
Analysis) models, which take into account not
only desired outputs (yields), but also unwanted
ones (carbon emissions, nitrate leaching) [11].
In ternary diagrams, this allows us to distin-
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guish specific zones: the zone of high efficien-
cy and low emissions - includes areas in which
agricultural enterprises operate, characterized
by an optimal combination of technologies and
natural conditions; in this case, high total factor
productivity (TFP) is observed; the zone of «ex-
cess costs» - includes areas in which farms with a
high level of chemicalization are located, where
each additional unit of fertilizer gives a minimal
increase in yield with a significant increase in
the ecological footprint [11]; the zone of poten-
tial intensification - areas with low resource use,
where the introduction of modern methods (for
example, precision agriculture) can significantly
increase yields without a critical impact on the
environment [12].

Studies in the Yangtze River Basin (YEB)
have shown that over the period 2008-2023,
most regions have transformed from «low sur-
plus and low efficiency» zones to «high effi-
ciency» zones due to the introduction of green
finance and technological innovation [9]. This
is an important conclusion regarding the need
for differentiated state support depending on the
zone in which a particular farm is located on the
ternary plan.

The methodological framework for sustain-
able development in agriculture requires the si-
multaneous analysis of five key domains: pro-
ductivity, economy, environment, human factor
and social aspect [13]. Ternary diagrams are used
in this case to visualize trade-offs and synergies.

When evaluating new technologies such as
intercropping (combined crops) or the use of
legumes, researchers use ternary models to de-
termine the optimal proportions. For example, a
study of mountain meadows found that a certain
degree of intensification (increased livestock and
fertilizer application) is possible without a sig-
nificant decrease in soil organic carbon (SOC)
stocks, provided that the balance of cereals and
legumes is maintained [14]. An interesting con-
clusion from the study on the effect of legumes
on carbon accumulation is that the ternary plots
clearly show that when a certain proportion of le-
gumes in the grassland is exceeded (over 17%),
their positive effect on SOC disappears. This
demonstrates the nonlinear nature of agricultural
systems, which cannot be adequately described
by simple correlations, but can be easily identi-
fied visually on a three-axis plot.

The analysis of agricultural land use efficien-
cy (CLUEE) is becoming critical in the context
of global urbanization. Ternary modeling allows
us to assess how urban expansion and changes
in landscape structure affect the productivity of
peripheral lands [15].
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The modern methodology of triaxial graphs
using is increasingly integrated with IT technol-
ogies. The use of Random Forest (RF) models
and neural networks allows us to automate the
process of classification and forecasting based
on ternary outputs [16]. Thus, one of the break-
throughs is the use of satellite data for monitor-
ing crop types in real time. Ternary diagrams dis-
play the accuracy of models (Overall Accuracy)
depending on the share of different crops in the
field [15]. To increase the reliability of the anal-
ysis, researchers propose replacing traditional
calendar time with «thermal time» (Growing De-
gree Days, GDD). Such innovations are extreme-
ly relevant for agricultural producers who need
accurate tools for predicting the yield of wheat,
corn, and sunflower, taking into account the het-
erogeneity of soil cover and weather conditions
variability.

In particular, the studies of Professor D. M.
Parmakli and co-authors demonstrate the high ef-
fectiveness of using graphical models in assess-
ing the sustainability of agricultural production,
as well as in analyzing the yield and profitabil-
ity of specific agricultural crops [17-20]. This
approach confirms the relevance of integrating
visualized data into a comprehensive system of
economic and statistical research, which allows
for the identification of structural changes and
the evaluation of the dynamics of economic per-
formance in agriculture. However, the problem
of adapting three-axis visualization, especially
when analyzing a set of four heterogeneous in-
dicators (for example, yield, sown area, cost, and
profit), remains insufficiently developed to date.
This fact determines the relevance of the present
study and highlights its specific feature, which
lies in expanding the tools of comprehensive
analysis of production and economic dynamics
through three-axis visualization.

Purpose of the article. The purpose of the
study is to substantiate and apply in practice
three-axis graphs for analyzing the dynamics
of statistical indicators of agricultural produc-
tion, using the data of SRL «AgroVerde» for the
period 2020-2024. The implementation of this
objective involves demonstrating the potential
of the graphical method in the comprehensive
evaluation of production and economic results,
as well as in identifying hidden trends in the en-
terprise’s development.

The scientific significance of the research
lies in the proposed methodological approach to
the systematization and visualization of hetero-
geneous indicators (yield, sown area, production
cost, and profit) within a unified coordinate sys-
tem. The expediency of using a three-axis graph-

ical model is substantiated as a tool for in-depth
statistical analysis, which makes it possible not
only to record current results but also to identify
the regularities of their changes.

Special attention is given to the sectoral
specificity of the agro-industrial complex, which
is characterized by a high dependence on natu-
ral and climatic conditions and seasonal factors.
These features make the results of economic ac-
tivity less predictable and increase the importance
of tools that allow for a clear comparison of mul-
tidirectional trends. The use of three-axis graphs
in this field provides a deeper understanding of
interrelations and contributes to well-founded
planning and forecasting of production and eco-
nomic dynamics.

Materials and research methods. The
empirical basis of the study consisted of the fi-
nancial and production reports of SRL «Agro-
Verde» for the period 2020-2024, which includ-
ed data on gross harvest, harvested area, yield,
production cost, and sales revenues. A unified
methodological approach was applied as the
calculation basis, ensuring the comparability of
results across the years. Profit was defined as
the difference between revenues and production
costs; sales profitability was calculated as the ra-
tio of profit to revenues; and cost recovery was
determined as the ratio of revenues to produc-
tion costs. In addition, specific indicators were
calculated: costs per hectare, production cost,
and profit per quintal of output and per hectare
of cultivated area.

The application of a three-axis graphical
model made it possible to present several het-
erogeneous indicators (yield, sown area, pro-
duction cost, and profit) simultaneously within
a unified coordinate system, thereby ensuring a
more comprehensive perception of their dynam-
ics. For the analysis, trend equations and de-
termination coefficients were employed, which
made it possible to quantitatively confirm the
direction of changes.

Special attention was paid to the sectoral
specificity of the agro-industrial complex. Agri-
cultural production is highly dependent on natu-
ral and climatic conditions, seasonality, and bio-
logical cycles. These factors increase the volatil-
ity of indicators, making traditional tabular anal-
ysis less illustrative and limiting the possibilities
of forecasting. Under such conditions, three-axis
graphs serve as an effective tool, enabling the vi-
sualization of multidirectional trends, the iden-
tification of cause-and-effect relationships, and
the provision of well-founded planning and stra-
tegic management of production and economic
processes.
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Summary of the main results of the study.
The analysis of statistical data of SRL «Agro-
Verde» for 2020-2024 revealed a decline in yield
and gross harvest while maintaining the sown
areas, which resulted in a decrease in the enter-
prise’s revenues and profits. A reduction in sales
profitability and cost recovery was established,
as well as an increase in the production cost per
unit of output, accompanied by a decrease in
profit per hectare and per quintal. The application
of three-axis graphs made it possible to clearly
record multidirectional trends and to confirm the
negative dynamics of production efficiency.

Graphical methods play a particularly im-
portant role in studying the dynamics of statis-
tical indicators in the agro-industrial complex.
One of the most effective tools is the construc-
tion of three-axis graphs, which make it possible
to analyze changes in three or more indicators
expressed in different units of measurement. For
agriculture, this is especially relevant, since it is
necessary to simultaneously take into account the
sown area, gross harvest, and yield level.

Table 1 presents the data on the dynamics of
winter wheat production in SRL «AgroVerde»
for 2020-2024. In 2020, the enterprise achieved
comparatively high results: the gross harvest
amounted to 3,625 tons with a harvested area of
1,140 hectares, and the yield was 31.8 quintals
per hectare. In subsequent years, a steady down-
ward trend was observed: in 2021-2022 the de-
cline was moderate and was associated with un-
favorable climatic conditions and rising costs; in
2023 the decline intensified, while the sharpest
decrease was recorded in 2024 — with an increase
in the harvested area, the yield fell almost three-
fold compared to 2020.

Analysis of the data presented in Table 1
makes it possible to identify a clearly pronounced
downward trend in the production of winter wheat
at SRL «AgroVerde» during the period 2020—
2024. Thus, in 2020 the enterprise achieved rel-
atively high indicators: the gross harvest amount-
ed to 3,625 tons with a harvested area of 1,140

hectares, while the average yield reached 31.8
quintals per hectare. However, in the following
years, a gradual reduction in production volumes
was observed. In 2021-2022, the decline was
moderate and was primarily associated with unfa-
vorable climatic conditions, as well as rising costs
for fuel, lubricants, and plant protection products.

In 2023, the situation deteriorated further:
the gross harvest fell to 2,480 tons, while the
yield decreased to 20.7 quintals per hectare. The
sharpest decline was recorded in 2024, when the
gross harvest dropped to 1,410 tons and the yield
fell to only 10.9 quintals per hectare, despite an
increase in the harvested area. Such dynamics
indicate a decrease in the efficiency of land use,
which is likely linked to insufficient renewal of
the material and technical base and limited adop-
tion of modern agrotechnologies.

This provides a rare case where indicators
expressed in different units of measurement but
comparable in scale can be represented on the
same axis of a graph (Fig. 1).

Thus, the trend of recent years demonstrates
growing problems in the enterprise’s production
process. The use of graphical methods of analy-
sis, in particular three-axis line graphs, makes it
possible not only to capture the overall decline
but also to clearly show the interrelation between
the reduction of gross harvest, the change in sown
areas, and the decrease in yield. This represents
a rare case in which indicators expressed in dif-
ferent units of measurement but comparable in
magnitude can be presented on the same axis of
a graph, making the analysis more compact and
illustrative (Fig. 1). On the left vertical axis, it is
advisable to display the cultivated area in hect-
ares and the gross harvest in tons, since their ab-
solute values fall within comparable ranges. This
avoids excessive overloading of the chart while
simultaneously demonstrating the relationship
between sown areas and production volumes.
Yield, expressed in quintals per hectare, is placed
on the right vertical axis, which ensures correct
perception and maintains analytical accuracy.

Table 1 — Indicators of winter wheat production in SRL «AgroVerde» for 2020-2024

Year Gross harvest, t
2020 3625
2021 3360
2022 3015
2023 2480
2024 1410

Harvested area, ha Yield, gq/ha
1140 31,8
1150 29,2
1185 25,5
1200 20,7
1290 10,9

Source: compiled on the basis of the financial reports of SRL «AgroVerdey.
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Fig. 1. Dynamics of cultivated area, gross harvest, and yield of wheat
in SRL «AgroVerde» for 2020-2024

Source: compiled on the basis of Table 1.

Analysis of the three-axis graph (Fig. 1)
makes it possible to clearly trace the dynamics
of the key indicators of winter wheat production
in SRL “AgroVerde” for 2020-2024. The use of
a three-axis scheme allows for the simultaneous
observation of the interrelation between
cultivated area, gross harvest, and yield—
something that cannot be demonstrated as clearly
in tabular form. The constructed trend lines and
corresponding equations make it possible not
only to capture general tendencies but also to
quantitatively assess the rate of change of the
indicators.

Thus, the trend equation for the gross harvest
is: y = =531x + 4371 (R? = 0.9177), which
indicates an annual decrease in gross harvest of
approximately 530 tons. This is confirmed by
the high degree of reliability of the model (R* =
0.9177).

For the cultivated area, the trend equation
is: y = 35x + 1088, R? = 0.8639, which shows
a slight upward tendency of expansion—about
35 hectares per year. However, this increase
does not compensate for the decline in yield.
The determination coefficient R*> = 0.8639
confirms the presence of a stable but moderate
relationship.

The most significant is the yield trend: y =
-5.03x + 38.71, Rz = 0.9305, which indicates
an annual decrease in yield of about 5 quintals

per hectare. The high R? value (0.9305) confirms
the reliability of the model and demonstrates
that yield is the factor determining the decline
in gross harvest, despite the relative stability or
even slight increase in sown areas.

The three-axis graph confirmed that the
decisive factor in the production dynamics is
yield, whose decline determines the overall
downward trend of gross harvest. Even with
an expansion of cultivated area, the enterprise
cannot increase production volumes without
stabilizing and improving the efficiency of
land use. This result emphasizes the analytical
value of the graphical method, which performs
not only an illustrative but also a generalizing
function, and can serve as a tool for forecasting
and managerial decision-making in the agro-
industrial complex.

Let us now consider the specifics of using
three-axis graphs in the analysis of sales
efficiency indicators. As an example, we take
the wheat sales data presented in Table 2. The
information provided makes it possible to
evaluate the dynamics of the enterprise’s sales
over the past five years, to identify trends in
changes in sales volumes and average price
levels, as well as to establish the interrelation
between sales revenues and the physical volume
of products sold.
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Table 2 — Summary indicators of wheat sales in SRL «AgroVerde» for 2020-2024

Production cost,

Sales revenue,

Year Quantity sold, t thousand MDL thousand MDL Harvested area, ha
2020 3625 6200 9800 1140
2021 3360 6 400 9740 1150
2022 3015 6300 9000 1185
2023 2480 5900 8400 1200
2024 1410 5100 6200 1290

Source: compiled on the basis of the financial reports of SRL «AgroVerde».

Based on the data presented in Table 2, it is
advisable to carry out sequential calculations of
the key indicators characterizing the efficiency
of wheat sales in the studied enterprise. The
application of these calculations makes it
possible to determine the production cost and
selling price per unit of output, to establish
the profitability of sales, and to calculate the
cost recovery ratio. The obtained results are
summarized and systematized in Table 3, which
provides a more illustrative representation of the
dynamics of indicators over the analyzed period.

For greater clarity, the results of the
performed calculations will be presented in
graphical form, which will make it possible to
more clearly trace their dynamics and to identify
the main trends of change during the analyzed
period (Fig. 2).

Analysis of wheat sales efficiency indicators
in SRL «AgroVerde» demonstrates a steady
tendency toward declining profitability of
production, expressed in the gradual narrowing
of the profit margin. In the dynamics of
recent years, an increase in the selling price is
recorded, averaging 27.8 MDL/q per year (y =
27.8x + 238.8; R? = 0.9938), while production
cost has grown even faster—by approximately
42.9 MDL/q per year (y = 42.88x + 115.68;
R? = 0.8226). The mismatch in growth rates

leads to a systematic decline in cost recovery,
which is quantitatively confirmed by the
equation y = —0.082x + 1.68, with a high level
of approximation (R* = 0.8999), reflecting an
annual decrease in the cost recovery ratio by
about 0.08 MDL/MDL.

The specific feature of three-axis graphical
visualization lies in its ability to present
heterogeneous series jointly, thereby revealing
the divergence in the rates of change of price
and production cost, as well as their impact on
the decline of cost recovery and the narrowing
of the margin per unit of output. Unlike the
tabular form, the graph makes interrelations and
patterns visible, while trend equations make it
possible to quantitatively assess the intensity of
processes and to use the obtained relationships
for analytical forecasting.

The identified negative dynamics correspond
to the specific risks of the agro-industrial
complex: the high dependence on natural and
climatic conditions increases yield volatility
and, through the mechanism of allocating fixed
costs over a smaller volume, drives the growth
of unit production cost. This was manifested
most clearly in 2024, when the combination
of unfavorable natural and climatic factors
amplified the decline in yield and reinforced the
trend of weakening profitability.

Table 3 — Efficiency indicators of wheat sales in SRL «AgroVerde» for 2020-2024

Year Selling price, Production cost, Sales profitability,  Cost recovery ratio,
MDL/q MDL/q % MDL/MDL

2020 271,0 171,0 36,7 1,58

2021 290,0 190,5 34,3 1,52

2022 320,0 260,5 30,0 1,43

2023 350,0 2379 29,8 1,42

2024 380,0 361,7 17,7 1,22

Source: compiled on the basis of Table 2.
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Fig. 2. Dynamics of wheat sales efficiency indicators in SRL «AgroVerde» for 2020-2024

Source: compiled on the basis of Table 3.

The calculation of profit indicators, both for
the enterprise as a whole and recalculated per unit
of output and per unit ofarea, is presented in Table
4 and visualized in Figure 3. Such an approach
makes it possible to compare the overall results
of economic activity with the specific efficiency
of land resource use and production, thereby
providing a more comprehensive understanding
of the enterprise’s economic dynamics.

Considering the data from Table 4 and Figure
3, it can be noted that it is precisely the graphical
representation that makes it possible to identify
the most significant patterns in the dynamics

of profit in SRL «AgroVerde» for 2020-2024.
While the table records absolute values and
their annual distribution, the three-axis graph
and trend lines make it possible to determine the
average rates of change and to assess the stability
of these tendencies.

Thus, the trend equation of total profit y =
—543.1x + 3884.5, with a high coefficient of
determination (R? = 0.91), shows that during the
analyzed period the annual decrease averaged
543 thousand MDL. The graph demonstrates not
only the fact of reduction but also the nature of
the process—stable and consistent decline.

Table 4 — Profit indicators from wheat sales in SRL «AgroVerde» for 2020-2024

Y Total profit received, thousand Including per unit, MDL
ear MDL -

1 quintal 1 ha
2020 3600 99,3 3158
2021 3340 99,4 2904
2022 2700 89,6 2278
2023 2500 100,8 2083
2024 1100 78,0 853

Source: compiled on the basis of Table 2.
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Fig. 3. Profit indicators per unit of output and per hectare of sown area
in SRL «AgroVerde» for 2020-2024

Source: compiled on the basis of Table 4.

As for the specific indicators, the situation
has its own particularities. Profit per hectare de-
creased especially sharply: from 3,158 MDL in
2020 to 853 MDL in 2024. This dynamic reflects
the decline in the economic return of land re-
sources, that is, the reduction in their productive
efficiency. At the same time, profit per unit of
output is characterized by a less stable trend (y
= —4.12x + 105.78, R? = 0.45), which indicates
a stronger dependence on natural and climat-
ic conditions and the variability of yields. It is
precisely the graphical display of the two curves
within a single coordinate system that makes it
possible to clearly compare their divergence and
to show that the key factor in the reduction of ef-
ficiency is the decline in land return as the main
factor of production, rather than the productivity
of each individual unit of output.

Thus, the graph, unlike the table, makes it
possible to see not only the final values but also
to identify a hidden pattern: the structural reduc-
tion of the enterprise’s profitability, manifested
in the progressive decrease of profit per hectare,
while profit per unit of output decreases less
linearly and reflects to a greater extent climatic
variability. For SRL «AgroVerde» this is a sig-
nal of the need to adjust its production strategy:
without renewing technologies and improving
the efficiency of land use, the enterprise will face
further declines in total profit.
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A comprehensive assessment of the enter-
prise’s efficiency requires taking into account
several interrelated indicators at once. Table 5
presents data on the dynamics of costs per hect-
are, production cost per unit of output, as well
as profit calculated both per hectare of land and
per unit of output. Such a comparison makes it
possible not only to identify the level of econom-
ic performance but also to determine the factors
that exert the greatest influence on the formation
of the final financial result.

It should be emphasized that even with the
high informativeness of tabular data, its graph-
ical representation provides significantly great-
er analytical opportunities. The construction of
three-axis graphs ensures a holistic perception of
trends, making it possible to reflect the interre-
lation of four indicators simultaneously within
a single coordinate system. This enables a clear
tracing of how the growth or decline of costs and
production cost is associated with the dynamics
of profit per hectare and per unit of output.

It is in this regard that Figure 4 has been con-
structed, where the development of these indica-
tors for 2020-2024 is presented. The graphical
expression makes visible the patterns that re-
main less evident in tabular form, which is espe-
cially important for analyzing the sustainability
of agricultural production and for developing
managerial decisions.
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Table 5 — Dynamics of costs, production cost, and profit per unit of output and per hectare of sown area

in SRL «AgroVerde» for 2020-2024
Costs per 1 ha,

Ry MDL MDL/q
2020 5439 171,0
2021 5565 190,5
2022 5317 260,5
2023 4917 237,9
2024 3954 361,7

Source: compiled on the basis of Tables 3 and 4.

Production cost,

Profit per 1 ha, Profit per 1 q, MDL

MDL

3158 99,3

2904 99,4

2278 89,6

2083 100,8
853 78,0

Fig. 4. Dynamics of costs, production cost, and profit per unit of output
and per hectare of sown area in SRL «AgroVerde» for 2020-2024

Source: compiled on the basis of Table 5.

The consideration of data in graphical form
makes it possible to go beyond the simple re-
cording of absolute values and to reflect the
internal interrelations between costs, produc-
tion cost, and production performance. Unlike
tabular presentation, the graph simultaneously
combines four indicators that determine the eco-
nomic sustainability of the enterprise: costs per
hectare, production cost per unit of output, profit
per hectare, and profit per quintal of wheat.

It is precisely their joint comparison
within one graph that makes it possible to

identify hidden disproportions. Thus, the high
cost burden combined with the simultaneous
growth of production cost clearly demonstrates
the decline in efficiency, even despite the
fact that in certain years it was possible
to maintain profit per unit of output. The
situation worsened in 2024, when, against the
background of relatively lower costs, there
was a sharp decline in profit, which indicates
the instability of the production process and
the enterprise’s high dependence on natural
and climatic conditions.
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The significance of this graph lies in the fact
that it allows for the evaluation of not just one
aspect of efficiency but a comprehensive picture:
how well costs and production cost correspond
to the obtained profit, how results change per
hectare and per unit of output, and which trends
emerge when they are combined. Thus, the
visualization of four key indicators provides the
basis for a more precise analysis of economic
activity and forms the foundation for managerial
decisions aimed at reducing production cost and
stabilizing enterprise revenues.

Discussion. It is substantiated that the
use of three-axis graphs in the analysis of the
efficiency of agricultural production turns
dry statistics into a dynamic model of system
interaction. The main value of the method is the
ability to simultaneously observe three critical
parameters without losing the context of their
interdependence. It is summarized that the
development of this methodology in scientific
research and practical activities involves: the
introduction of compositional analysis - when
processing data on the structure of costs, soil
composition or animal rations, CoDA methods
(logarithmic transformations) should be used to
avoid statistical evidence; the use of rectangular
three-axis graphs - in economic reports,
rectangular shapes should be preferred due to their
higher accuracy of data reading; the integration of
energy indicators - to assess the real sustainability
of farms, it is necessary to analyze the balance
between natural and purchased resources, using
ternary development trajectories; the allocation
of efficiency zones - use ternary plans for zoning
territories by the level of eco-efficiency, which
will allow developing point measures of state
agricultural policy. It is emphasized that the risov
graphs are the very tool that helps to find this
balance in the complex multidimensional world
of agricultural science.

The results of the study confirm that the
use of three-axis charts in the analysis of wheat
production and sales indicators provides a more
comprehensive and visually clear representation
of the interrelations between costs, yields, and
the enterprise’s final performance outcomes.
Graphical visualization made it possible to
identify hidden trends that are difficult to trace
through tabular analysis alone: the decline in
yield and the increase in production costs proved
to be the determining factors behind the decrease
in profit, despite the gradual rise in selling prices.
This combination of analytical and graphical
methods enables not only the recording of
facts but also the interpretation of the causes
of changes, thus contributing to more informed
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managerial decision-making. This represents the
main value of the three-axis approach as a tool of
modern statistical analysis.

Conclusions. It is substantiated that the
methodology of three-axis graphs is based on
the concept of barycentric coordinates, which
are expedient to use for modeling systems with
three components, where the sum of the particles
is always equal to 100%, which limits the system
to two degrees of freedom. It is emphasized
that ternary diagrams are a world standard for
classifying soil texture for the purpose of a well-
founded cultivation strategy, make it possible to
visualize the contribution of individual factors
(number of spikelets, grain size) to the total grain
yield and help to assess not the absolute content
of N:P:K, but their mutual balance in tissues for
precise adjustment of feeding.

It is established that this methodological
approach is expedient to use for assessing the
balance between renewable (R), non-renewable
(N) and purchased (F) resources, which allows
to establish the dependence of modern systems
on technological investments. It is argued that
the use of graphs in the current environment
is combined with machine learning (Random
Forest) and satellite monitoring for real-time
yield forecasting.

The analysis conducted has shown that the
use of three-axis graphs made it possible not only
to identify the general tendencies of declining
yield, gross harvest, and production profitability,
but also to establish hidden interrelations
between the dynamics of costs, production cost,
and enterprise profit. The graphs demonstrated
that the reduction of efficiency has a complex
nature and is determined by a combination of
factors — from natural and climatic conditions to
the cost structure and the level of technological
renewal.

Graphical methods acquire particular
significance when compared with tabular data.
While tables record absolute values, graphs
make it possible to visually capture the entirety
of indicators, trace their interrelations and
dynamics, identify the degree of fulfillment of
planned parameters, and evaluate the structure
of changes. In this way, graphs become not only
a visual form of data presentation but also an
effective analytical tool.

The method of three-axis graphs is especially
valuable for agro-industrial production, where
key indicators are often expressed in different
units of measurement. The possibility of
combining them in a single coordinate system
facilitates information perception, allows for
a systemic evaluation of development trends,
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and enables a more accurate identification of
cause-and-effect relationships. The simplicity
of construction and interpretation makes this
method accessible both to students mastering
statistical analysis and to practicing specialists
making managerial decisions.

Thus, it has been substantiated that graphical
methods, and particularly three-axis graphs, are
an essential complement to statistical tables,
enhancing the analytical depth of research and
increasing the reliability of conclusions.
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CHKOT0CNOAAPCHKOr0 BUPOOHNITBA

Hynorao T.

VY cTarTi pO3TISIHYTO METOJONOTIUHI 3acaid 3a-
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JIMHAT, SIKI IOLIBHO BUKOPHCTOBYBATH ISl MOJIEIIO-
BaHHS CHCTEM 13 TphOMa KOMIIOHEHTaMH, JI¢ CyMa Jac-
TOK 3aBxau gopiBHIOE 100 %, mo oOMexye cuctemy
JIBOMa CTymeHsMH cBoOoam. HaromomreHo, TepHapHi
JiarpaMy € CBITOBUM CTaHIapTOM JJs kiacudikamii
TEKCTypH IPYHTY 3 METOI0 OOIPYHTOBAHOI cTpaTerii
00pOOITKY, Taf0Th MOKIIMBICTD Bi3yaii3yBaTH BHECOK
OKpeMHX (akTopiB (KIIBKICTH KOJIOCKIB, 03€pPHEHICTB)
y 3arajJbHUH 30ip 3epHA Ta JOMOMAraroTh OI[IHIOBATH
He abcosrorHuii BMicT N:P:K, a ixHiii B3acMHMiI1 Oa-
JIaHC JUIS IPEeU3iHHOT0 KOPeryBaHHS Mi/UKUBICHHS.

JoBeneHo, o 1ieii METOAOIOTIYHMMA MiAXiT J0-
LIBHO BUKOPUCTOBYBATH JUISl OLIHIOBaHHS OajlaHCy
MiX BigHOBIMIOBaHUMH (R), HeBinHOBmIOBaHMMH (N)
ta KymieHumH (F) pecypcamu, 10 103B0OJIsI€ BCTaHO-
BHTH 3aJICKHICTh CYYaCHHUX CHCTEM Bill TEXHOJIOTiU-
HUX {HBECTHUIIil. ApTYMEHTOBAaHO, [II0 BHKOPHCTAHHS
rpadikiB y HUHIIIHIX yMOBaX MOEIHYETHCS 3 MAIIKH-
HuM HaBuaHHAM (Random Forest) Ta cynmyTHHKOBUM
MOHITOPUHI'OM JUIsl TIPOTHO3YBaHHS BPOXKaHHOCTI B
pearsHOMY Yaci.

BcranoBneHo ~ HEOOXimHICTH  3aCTOCYBAaHHS
TPUOCHOBUX TpadikiB SIK Cy4acHOTO IHCTPYMEHTY
CTaTHCTHUYHOTI'O aHANI3y B arpapHiii ekoHoMii. 3'sico-
BaHO, 110 TAOJMYHI JJaHI € OCHOBOIO JUISl PO3paxyHKY
BUPOOHMYMX Ta (iHAHCOBHX MTOKA3HUKIB, aje iX aHa-
JITHYHA IIHHICTH 0OMEKEHa TPYMHOIIAMH Bi3yailb-
HOTO TIOPIBHSAHHS MK Pi3HOPITHAMH PSIIaMH JTaHHX.
CucrematuzoBano cratuctuyHi nani HJIJI «Arpo-

Bepne» 3a mepion 2020-2024 pokiB, BKJIIOYHO 3
BaJIOBMM 300poM, 3i0paHOI0 IJIOIIEI0, COOIBAPTICTIO
MPOAYKIii, BUPYUKOIO BiJ peaiizarii Ta mpuOyTKOM.
[IpoBeneHo po3paxyHKH peHTAOCIBFHOCTI pearizoBa-
HOI IPOAYKIIii, OKYITHOCTI BUTPAT, COOIBapTOCTI IIpO-
JYKIIii Ha OJIMH TEeKTap Ta LEHTHEP MIICHHUII.

OI11iHEeHO TIOTEHITial TPHOCKOBOI rpad)ivHOi Bizya-
Jni3anii, ska 103BOJISE IHTETPOBAHO MPEACTABIATH Oa-
raTopiBHEBI IOKA3HUKH (BUTPATH HA TEKTap, codiBap-
TIiCTh MPOAYKIIi1 Ha OAWHUIIIO TIPOAYKIIii, MPUOYTOK Ha
reKTap Ta mpuOyTOK Ha IICHTHEP) B €JHWHIN CHCTeMi
koopauHaT. JIoBeIeHO, 1110 3aCTOCYBaHHS TPUOCHOBHX
rpadikiB 103BOJISIE BHSBHTH Pi3HOCHPSIMOBAHI TEH-
JeHIIi — TaKi sIK 3pocTaHHs c00IBapTOCTI MPOIYKIiT
Ha OJIMHHUIIIO TPOIYKLIi, IO CYNPOBOIKYETHCS OJHO-
YaCcHUM 3HIKEHHSIM MPUOYTKY Ha rextap. OOrpyHTO-
BaHO, III0 BUKOPHUCTAHHS PIBHAHB TPEHAY B IpadiuHii
iHTeprperaunii MiJBUILYE JOCTOBIPHICTh aHai3y Ta
3a0e3neuye KUTbKICHE MiITBEPIXKCHHS JUHAMIKU J0-
CITIDKYBAHHUX MTOKA3HUKIB.

HaromomeHo, mo TpruockoBi rpadiku ciix po3-
TIAIaTH He JUIIEe SK 3aci0 CTaTHCTUYHOI Bi3yaiza-
1ii JaHWX, a # K METOJ MPOTHO3YBAaHHSA, IO CIIPHIE
BUSIBJICHHIO 3aKOHOMIPHOCTEH PO3BHTKY CLIBCHKO-
TOCIIO/IaPChKOTO BUPOOHHITBA Ta (HOPMYITIOBaHHIO
HayKOBO OOI'DYHTOBaHHX YIPaBIiHCHKUX PillI€Hb.

KuarouoBi ciioBa: tpuocsoBuii rpadik, codiBap-
TiCTh MPOAYKIii, peHTaOeNbHICTh, MPHOYTOK, BUTpA-
TH, arpapHa eKOHOMiKa, CTATUCTUYHUN aHaTi3.
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