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The article suggests an economic and mathematical tool for 
optimization of production costs as a tool for justifying the 
efficiency of resource-saving production methods in the precision 
farming system.  In particular, an economic and mathematical 
model of optimization of resource saving in agricultural 
production has been developed, which provides the most 
objective, in comparison with known analogues, justification of 
certain resource-saving technologies for the agricultural 
production due to integrated consideration of natural and 
production factors, including the difference in the amount of 
production resources at areas with various agrochemical 
characteristics; these characteristics were identified on the basis of 
soil tests, crop losses, depending on a technology of crop 
cultivation, a degree of reproduction of soil fertility, a product 
quality and the environmental safety of production. The practical 
implementation of precision farming technologies is based on 
capabilities of modern geo-information systems GLONASS. 
Thus, the conducted studies suggest that economic and 
mathematical modeling, as one of the elements of the economic 
mechanism of resource saving, can be successfully used to 
optimize resource consumption in agricultural production. The 
approbation of the improved economic and mathematical model 
has proved a possibility of more accurate and objective 
justification of the use of one or another resource-saving method 
(technology) of production. 
© 2019 INT TRANS J ENG MANAG SCI TECH. 
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1. INTRODUCTION 
In a market economy, agricultural enterprises can expand reproduction only by the most 

complete use of their production resources. This task is often solved by the introduction of 
a resource-saving method (technology) of production in the so-called system of precision 
farming, and the economic feasibility for choosing such a method (technology) plays a 
crucial role in obtaining a positive economic effect. 

Resource-saving is introduced in various branches of agriculture. Precision Livestock 
Farming (Tullo et at., 2019) is “the application of principles and methods of technological 
design in animal husbandry for automatic monitoring, modeling, and management of animal 
husbandry”. These technologies in animal breeding allow making production more cost-
effective (Anestis et at., 2015), socially and environmentally sustainable (Bartzanas et at., 
2015; Aguirre-Villegas et at., 2017), and this can be achieved by observing, interpreting of 
behaviour (Almeida et at., 2017; Andretta et at. 2016) and, if possible, individual control 
over animals (Alhamada et at., 2017). 

The meaning of precision farming, normally based on navigation satellites (such as 
Anantakarn & Witchayangkoon, 2019), is determined by ensuring the differentiation of an 
agrotechnology (or its elements) in accordance with differences in soil fertility or a status of 
soil preparation, including a degree of soil degradation, weed infestation of crops, damage 
by pests or diseases, etc., crop productivity management with consideration of the intra-field 
variability of a plant habitat, an economic goal of obtaining maximum profit with 
optimization of agricultural production, resource saving (Shayakhmetov and Dubrovin, 
2013). 

The practical implementation of precision farming technologies, sometimes called 
information technologies, is based on capabilities of modern geo-information systems 
Glonass which allow on-line (real-time) determining of positioning data of operating 
agricultural machines and adapting of processing practice in accordance with specific 
conditions at particular field parts. This approach aims to maximize profits with optimizing 
production, substantial resource savings (of fertilizers, water, toxic chemicals, etc.) while 
meeting the strict requirements to environmental protection. 

Economic and mathematical modeling of resource-saving projects allows finding the 
most efficient way (technology) of resource-saving production, as well as assessing the cost-
effectiveness on its introduction with limited resources and consideration of branch 
peculiarities. 

2. MATERIAL AND METHODS 
The general concept of economic and mathematical modeling of optimization of 

production costs was formulated in 1960 by L.V. Kantorovich, a Nobel laureate in 
economics, who proposed to solve the problem of developing an optimal production plan 
for a certain period in such a way (a task of short-term planning) with consideration of the 
following terms: a) availability of resources for the planned period, it means, that certain 
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types of production factors exist (or will be) in required quantities, b) demand in production 
of certain types of products in a required proportion (assortment), c) one or more 
technologically acceptable methods of manufacturing each type of production with an 
apparent cost structure, it means the availability of information about a required amount of 
production factors per unit of production, d) necessity of an optimal plan, that is, to indicate 
what product volumes of each type should be manufactured in various methods so that the 
total costs of production factors do not exceed the resource, and the products should be 
manufactured in an assortment and a maximum volume (Kantorovich, 1960). 

In general, a task of the optimum allocation of resources by Kantorovich is: 

��� z𝑖𝑖𝑖𝑖𝑖𝑖

𝑡𝑡

𝑘𝑘=1

𝑛𝑛

𝑗𝑗=1

x𝑗𝑗 ≤  � r𝑖𝑖

𝑚𝑚

𝑖𝑖=1

𝑚𝑚

𝑖𝑖=1

; (1), 

� x𝑗𝑗

𝑛𝑛

𝑗𝑗

→ 𝑚𝑚𝑚𝑚𝑚𝑚, (2), 

where z𝑖𝑖𝑖𝑖𝑖𝑖  is the norm of an input of the i-type resources for manufacturing the j-type 
products with the k-type method; 

r𝑖𝑖– the amount of the i-type resources in a proper unit of measurement; 

xj – the required amount of an output of the j-type products. 

The mathematical model of the task is:  

X1 + x2 + … + xn → max; (3) 

⎩
⎪
⎨

⎪
⎧
𝑧𝑧111𝑥𝑥1 + 𝑧𝑧122𝑥𝑥2 + … + 𝑧𝑧1𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛 ≤  𝑟𝑟1,
𝑧𝑧211𝑥𝑥1 + 𝑧𝑧222𝑥𝑥2 + … + 𝑧𝑧2𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛 ≤  𝑟𝑟2,
… … … … … … … … … … … … … … … … ,

𝑧𝑧𝑚𝑚11𝑥𝑥1 + 𝑧𝑧𝑚𝑚22𝑥𝑥2 + … + 𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑛𝑛 ≤  𝑟𝑟𝑚𝑚,

𝑥𝑥1 ≥ 0,𝑥𝑥2 ≥ 0, … 𝑥𝑥𝑛𝑛 ≥ 0.

 (4) 

 
The top line is about maximizing the objective function. The objective function is a sum 

of output for different types of products. The brace combines the system of delimitations, 
inequations correspond to different types of resources and production methods. Each 
inequality suggests that a total amount of the resource used in the manufacturing of various 
types of products does not exceed a total availability of this resource. The last line of the 
system of delimitations indicates that a product output cannot be negative. It should be noted 
that it can equal zero, that is, some (or even all) types of products may not be produced, 
although they are available for production. 

3. RESULTS AND DISCUSSION 
3.1 ADAPTATION OF THE MODEL 

The universality of this economic and mathematical model allows its application in any 
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sector of the national economy, however, it should be understood that the existing features 
of a particular branch should be considered for the solution of applied problems. Adaptation 
of the economic and mathematical model of optimizing the use of production resources in 
agricultural production can be carried out by introducing a coefficient that will allow 
differentiating agricultural technologies (or their elements) in accordance with differences 
in the soil quality. Thus, we consider, it is necessary to adjust the norms of resource costs 
independence with agrochemical characteristics of land for agricultural production. 

To develop an economic and mathematical model of optimizing the production costs of 
resources in agricultural production, we take a land parcels with different agrochemical 
characteristics, give them numbers from 1 to a, and we mark the numbers with the letter l in 
such a way that the inequality should be 1 ≤ l ≤ a. At the same time, the parcel area with the 
l-type agrochemical characteristic is marked by s. Thus, the task of the optimal allocation of 
resources in agricultural production will be: 

���� z𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝑡𝑡

𝑘𝑘=1

𝑛𝑛

𝑗𝑗=1

x𝑗𝑗 ≤  � r𝑖𝑖

𝑚𝑚

𝑖𝑖=1

𝑚𝑚

𝑖𝑖=1

;
𝑎𝑎

𝑙𝑙=1

 (5) 

�𝑥𝑥𝑗𝑗

𝑛𝑛

𝑗𝑗

→ 𝑚𝑚𝑚𝑚𝑚𝑚, (6) 

where z𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  is the norm of an input of the i-type resources for manufacturing the j-type 
products with the k-type method on the parcel with the l-type agrochemical characteristic; 

ri – the amount of the i-type resources in a proper unit of measurement; 
xj – the required amount of an output of the j-type products; 

The economic and mathematical model of the task will be: 

x1 + x2 + … + xn → max; (7) 

⎩
⎪
⎨

⎪
⎧
𝑧𝑧1111𝑥𝑥1 + 𝑧𝑧1222𝑥𝑥2 + … + 𝑧𝑧1𝑛𝑛𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛 ≤  𝑟𝑟1;
𝑧𝑧2111𝑥𝑥1 + 𝑧𝑧2222𝑥𝑥2 + … + 𝑧𝑧2𝑛𝑛𝑛𝑛𝑛𝑛𝑥𝑥𝑛𝑛 ≤  𝑟𝑟2;

… … … … … … … … … … … … … … … … … … … ;
𝑧𝑧𝑚𝑚111𝑥𝑥1 + 𝑧𝑧𝑚𝑚222𝑥𝑥2 + … + 𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑛𝑛 ≤  𝑟𝑟𝑚𝑚;

𝑥𝑥1 ≥ 0,𝑥𝑥2 ≥ 0, … 𝑥𝑥𝑛𝑛 ≥ 0.

 (8) 

The desired economic and mathematical model is successfully integrated into the system 
of precision farming in the context of optimizing resource costs with consideration of the 
intra-field variability of crop habitats. 

 

3.2 ADDITIONAL COEFFICIENTS 
There are verified hypotheses of calculating the optimal ratio between a resource input 

on a resource-saving project (land, water, labour, material, energy, financial and others), 
qualitative characteristics of product output and the environmental safety of this project 
through the development of economic and mathematical models. The minimum input of all 
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resources based on the complex factors of product quality and the project’s environmental 
sustainability is taken as a model’s optimality criterion (Vorotnikov, 2006). Similarly, we 
transform this economic and mathematical model to differentiate agrotechnologies (or their 
elements) in accordance with the differences in a soil qualitative status. 

At the same time, to consider the crop losses in dependence on a production method 
(technology), let’s adjust the objective function of the economic and mathematical model 
by a coefficient of technological losses of agricultural products produced by the i-type 
method (technology) on a parcel with the l-type agrochemical characteristic (zil), which 
represents the ratio of an output of agricultural products per 1 ha of planting acreage in the 
physical mass after improvement (z𝑖𝑖𝑖𝑖𝑑𝑑) to its biological yield (z𝑖𝑖𝑖𝑖v). 

 

z𝑖𝑖𝑖𝑖 =  
z𝑖𝑖𝑖𝑖𝑑𝑑
z𝑖𝑖𝑖𝑖v

. (9) 

 
Agricultural enterprises should pay particular importance to preserve (improving) the 

soil fertility, where crops are cultivated, and therefore we consider it necessary to introduce 
a coefficient of the soil fertility stability into the objective function of the economic and 
mathematical model of resource saving optimization. 

 

y𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 =  
k𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖1
k𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖0

 (10) 

where y𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖  – is a coefficient of soil fertility sustainability at planting acreage where crops 
are cultivated by i-type method (technology) at a parcel with the l-type agrochemical 
characteristic; 

k𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖0 is a basic indicator of soil fertility before crop planting, when the i-type method 
(technology) is used at a parcel with the l-type agrochemical characteristic; 

k𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖1  is an indicator of soil fertility after crop harvesting, when the i-type method 
(technology) is used at a parcel with the l-type agrochemical characteristic. 

To calculate the soil fertility indicators, we use the method approved by the Order of the 
Ministry of Agriculture of Russia dated by January 11, 2013 No. 5 «On Approval of the 
Method of calculating the soil fertility indicator in the Russian Federation» [11]. 

In accordance with this method, a fertility indicator is calculated as the average of the 
sum of the ratios of the actual values of four agrochemical parameters (soil acidity, humus 
content, the active forms of phosphorus, the content of exchange potassium) to their 
optimum values. And, the acid value for alkaline soils is calculated as the ratio of the optimal 
value to the actual value, for acidic soils - the actual value to the optimum one. In our study, 
we will expand the list of indicators used for calculation with a coefficient that will allow us 
to reveal the number of active forms of nitrogen in the soil. After transformations, the 
formula for calculating the soil fertility indicator will be: 
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𝑘𝑘𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 = ( 
G𝑓𝑓
G𝑜𝑜

+
F𝑓𝑓
F𝑜𝑜

+
K𝑓𝑓

K𝑜𝑜
+

N𝑓𝑓

N𝑜𝑜
+

pH𝐻𝐻2𝑂𝑂о �pH𝐾𝐾𝐾𝐾𝐾𝐾𝑓𝑓�

pH𝐻𝐻2𝑂𝑂𝑓𝑓�pH𝐾𝐾𝐾𝐾𝐾𝐾о�
)/5, (11), 

where 𝑘𝑘𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 – is an indicator of soil fertility of planting acreage when crop are cultivated 
with the i–type method (technology) at a parcel with the l-type agrochemical characteristic; 

G𝑓𝑓 –an actual content of humus in the soil, %; 
G𝑜𝑜– an optimal content of humus in the soil, %; 
F𝑓𝑓 – an actual content of active forms of phosphorus in the soil, mg / kg; 
F𝑜𝑜– an optimal content of active forms of phosphorus in the soil, mg / kg; 
K𝑓𝑓 – an actual content of exchange potassium in the soil, mg / kg; 
K𝑜𝑜 – the optimum content of exchange potassium in the soil, mg / kg; 
N𝑓𝑓 – an actual content of active forms of nitrogen in the soil, mg / kg; 
N𝑜𝑜 – an optimal content of active forms of nitrogen in the soil, mg / kg; 
pH𝐻𝐻2𝑂𝑂𝑓𝑓 – an actual acidity of the soil (for alkaline soils), units; 

pH𝐻𝐻2𝑂𝑂о – an optimum soil acidity (for alkaline soils), units; 
pH𝐾𝐾𝐾𝐾𝐾𝐾𝑓𝑓 – an actual acidity of the soil (for acidic soils), units; 

pH𝐾𝐾𝐾𝐾𝐾𝐾о – an optimum acidity of the soil (for acidic soils), units; 
The soil fertility indicator across the whole planting acreage for crop cultivation (kpp) 

can be calculated as follows: 

  kpp=
∑ ∑ 𝑘𝑘𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑥𝑥𝑖𝑖𝑖𝑖

𝑚𝑚
𝑙𝑙=1

𝑛𝑛
𝑖𝑖=1

S𝑧𝑧
.          (12). 

3.3 OBJECTIVE FUNCTION 
Considering the above-mentioned facts, the objective function will be 

𝐹𝐹(𝑥𝑥) = ��
a𝑖𝑖𝑖𝑖

g𝑖𝑖𝑖𝑖q𝑖𝑖𝑖𝑖z𝑖𝑖𝑖𝑖y𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖

𝑚𝑚

𝑙𝑙=1

(Z𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

Р𝑧𝑧 + Т𝑖𝑖𝑖𝑖Р𝑡𝑡 +М𝑖𝑖𝑖𝑖Р𝑚𝑚 + D𝑖𝑖𝑖𝑖)x𝑖𝑖𝑖𝑖 → 𝑚𝑚𝑚𝑚𝑚𝑚. (13). 

 
We introduce the following parametric values: 

𝑖𝑖 – a type of the method (technology) of crop cultivation; 

𝑙𝑙 – an agrochemical characteristics of the soil; 
xil – the planting acreage for crops cultivated with the i-type method (technology) at a 

parcel with the l-type agrochemical characteristic, ha; 
Zil – the land intensity of the i-type method (technology) of crop cultivation at a parcel 

with the l-type agrochemical characteristic, ha / c; 
Til – the labour intensity of the i-type method (technology) at a parcel with the l-type 

agrochemical characteristic, person-hours / cent; 
Mil – the material intensity of the i-type method (technology) at a parcel with the l-type 

agrochemical characteristic, rubles / c; 

Р𝑧𝑧 – a unit price of land resources, rub; 

Р𝑡𝑡 – an hourly average wage of an employee, rub.; 
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Р𝑚𝑚– a unit price of material resources, rub; 
Dil – costs per other units of the i-type method (technology) at a parcel with the l-type 

agrochemical characteristic, rubles / c; 
ail – crop yields at a parcel with the l-type agrochemical characteristic, produced with the 

i-type method (technology), c / ha; 
τil1, τil2, ... τilj – the j-type quality indicator of agricultural products produced with the i-

type method (technology) at a parcel with the l-type agrochemical characteristic; 

𝑟𝑟il1, 𝑟𝑟il2, ... 𝑟𝑟ilj – the j-type indicator of the environmental safety of the i-type method 
(technology) of production at a parcel with the l-type agrochemical characteristic; 

𝜏𝜏nj, 𝑟𝑟nj – regulatory indicators of quality and environmental safety; 
V – a production task, c; 
Sz – availability of land resources, ha; 
ST – availability of labour resources, person-h; 
SM – reserves of material resources, rub.; 
SD – reserves of other types of resources, rub.; 
gil – a complex coefficient of quality of agricultural products produced with the i-type 

method (technology) at a parcel with the l-type agrochemical characteristic. 

The 𝑔𝑔 il coefficient will be defined as the intersection of partial coefficients with 
consideration of certain properties of agricultural products, for example, grains: 𝜏𝜏𝑖𝑖𝑖𝑖1 is a 
gluten content, 𝜏𝜏𝑖𝑖𝑖𝑖2 is a protein content, 𝜏𝜏𝑖𝑖𝑖𝑖3 is a carbohydrate content divided in standard 
quality indicators. 

Thus, the complex coefficient of a grain quality is:  

𝑔𝑔𝑖𝑖𝑖𝑖 =  
𝜏𝜏𝑖𝑖𝑖𝑖1𝜏𝜏𝑖𝑖𝑖𝑖2𝜏𝜏𝑖𝑖𝑖𝑖3
𝜏𝜏𝑛𝑛1𝜏𝜏𝑛𝑛2𝜏𝜏𝑛𝑛3

. (14). 

The complex coefficient of environmental safety of the i-type method (technology) of 
agricultural production at a parcel with the l-type agrochemical characteristic (qil) measures 
harmfulness of applied types and portions of fertilizers 𝑟𝑟𝑖𝑖𝑖𝑖1  for the environment and for 
consumers, toxic chemicals 𝑟𝑟𝑖𝑖𝑖𝑖2 , plant-protecting agents 𝑟𝑟𝑖𝑖𝑖𝑖3with a maximum permitted 
concentration (rn), that is: 

𝑞𝑞𝑖𝑖𝑖𝑖 =  
𝑟𝑟𝑛𝑛1𝑟𝑟𝑛𝑛2𝑟𝑟𝑛𝑛3
𝑟𝑟𝑖𝑖𝑖𝑖1𝑟𝑟𝑖𝑖𝑖𝑖2𝑟𝑟𝑖𝑖𝑖𝑖3

. (15) 

4. THE SYSTEM OF DELIMITATIONS 
We introduce the system of delimitations to solve the task: 

https://www.multitran.ru/c/m.exe?t=1650310_1_2&s1=%FF%E4%EE%F5%E8%EC%E8%EA%E0%F2
https://www.multitran.ru/c/m.exe?t=7730542_1_2&s1=%EF%F0%E5%E4%E5%EB%FC%ED%EE%20%E4%EE%EF%F3%F1%F2%E8%EC%E0%FF%20%ED%EE%F0%EC%E0
https://www.multitran.ru/c/m.exe?t=7730542_1_2&s1=%EF%F0%E5%E4%E5%EB%FC%ED%EE%20%E4%EE%EF%F3%F1%F2%E8%EC%E0%FF%20%ED%EE%F0%EC%E0
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The terms of a production program: ��𝑎𝑎𝑖𝑖𝑖𝑖

𝑚𝑚

𝑙𝑙=1

𝑥𝑥𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

= 𝑉𝑉. (16) 

Delimitation on the use of land resources: ��З𝑖𝑖𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑚𝑚

𝑙𝑙=1

𝑥𝑥𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

≤ 𝑆𝑆𝑧𝑧. (17) 

Delimitation on the use of labour resources: ��Т𝑖𝑖𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑚𝑚

𝑙𝑙=1

𝑥𝑥𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

≤ 𝑆𝑆Т. (18) 

Delimitation on the use of material resources: ��М𝑖𝑖𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖

𝑚𝑚

𝑙𝑙=1

𝑥𝑥𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

≤ 𝑆𝑆М. (19) 

Delimitation on the use of other production 
resources: ��𝐷𝐷𝑖𝑖𝑖𝑖𝑎𝑎𝑖𝑖𝑙𝑙

𝑚𝑚

𝑙𝑙=1

𝑥𝑥𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

≤ 𝑆𝑆𝐷𝐷. (20) 

Delimitation on the non-negativity of 
variables of the economic and mathematical model 

𝑥𝑥𝑖𝑖𝑖𝑖 ≥ 0 (𝑖𝑖
= 1, 2, 3, 4, 5, … ,𝑛𝑛; 𝑙𝑙
=  1, 2, 3, 4, 5, … ,𝑚𝑚). 

(21) 

 
We introduce additional delimitations on the reduction of technological losses of 

agricultural products, the preservation (improvement) of its quality and environmental 
safety. 

Delimitation on the reduction of technological losses: 

𝑧𝑧𝑖𝑖𝑖𝑖 ≥ 𝑧𝑧𝑛𝑛(𝑖𝑖 = 1, 2, 3, 4, 5, … ,𝑛𝑛; 𝑙𝑙 =  1, 2, 3, 4, 5, … ,𝑚𝑚), (22) 

where zn - is a standard indicator of technological losses established by the enterprise. 
Delimitation on preservation (improvement) of quality: 

𝑞𝑞𝑖𝑖𝑖𝑖 ≥ 1 (𝑖𝑖 = 1, 2, 3, 4, 5, … ,𝑛𝑛; 𝑙𝑙 =  1, 2, 3, 4, 5, … ,𝑚𝑚) (23) 

Delimitations on ensuring environmental safety of production: 

𝑞𝑞𝑖𝑖𝑖𝑖 ≥ 1 (𝑖𝑖 = 1, 2, 3, 4, 5, … ,𝑛𝑛; 𝑙𝑙 =  1, 2, 3, 4, 5, … ,𝑚𝑚). (24) 

Delimitation on ensuring the stability of soil fertility: 

𝑦𝑦𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 ≥ 1 (𝑖𝑖 = 1, 2, 3, 4, 5, … ,𝑛𝑛; 𝑙𝑙 =  1, 2, 3, 4, 5, … ,𝑚𝑚). (25) 

The effect of the sale of manufactured products will be as follows: 

𝑏𝑏 =  ��(𝑐𝑐𝑖𝑖𝑖𝑖 −  𝑧𝑧𝑖𝑖𝑖𝑖)𝑠𝑠𝑖𝑖𝑖𝑖;
𝑚𝑚

𝑙𝑙=1

𝑛𝑛

𝑖𝑖=1

 (26) 

𝑏𝑏𝑖𝑖 =  ��(𝑝𝑝𝑖𝑖𝑖𝑖1 −  𝑝𝑝𝑖𝑖𝑖𝑖0)𝑠𝑠𝑖𝑖𝑖𝑖0;
𝑚𝑚

𝑙𝑙=1

𝑛𝑛

𝑖𝑖=1

 (27) 
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𝑝𝑝𝑖𝑖 =  �(𝑓𝑓𝑖𝑖𝑖𝑖1 −  ℎ𝑖𝑖𝑖𝑖1)𝑦𝑦𝑖𝑖𝑖𝑖1 −  (𝑓𝑓𝑖𝑖𝑖𝑖0 −  ℎ𝑖𝑖𝑖𝑖0)𝑦𝑦𝑖𝑖𝑖𝑖0�𝑠𝑠𝑖𝑖𝑖𝑖0, (28) 

where b is the economic effect of production; 
bi – the economic effect of using of the i-type method (technology) of production; 

pi – the profit from the use of the i-type method (technology) of production; 

𝑐𝑐𝑖𝑖𝑖𝑖 – monetary evaluation of the results from the production per 1 ha of a land area with 
the l-type agrochemical characteristic with the use of the i-type method (technology) of 
production; 

zil – the cost of production per 1 hectare of land with the l-type agrochemical 
characteristic with the use of the i-type method (technology) of production; 

cil – a parcel area with the l-type agrochemical characteristic with the use of the i-type 
method (technology) of production. 

pil – a profit from producing products per 1 ha of land with the l-type agrochemical 
characteristic with the use of the i-type method (technology) of production; 

fil – a selling price of 1 centner of products produced with the l-type agrochemical 
characteristic with the use of the i-type method (technology) of production; 

hil – a cost value of 1 centner of products produced at a parcel with the l-type 
agrochemical characteristic with the use of the i-type method (technology) of production; 

yil – a yield of agricultural crops produced at a parcel with the l-type agrochemical 
characteristic with the use of the i-type method (technology) of production. 

Thus, the improvement of the economic and mathematical model of optimization of 
resource saving allows considering the peculiarities of land resources identified according 
to the agrochemical soil survey, where an agricultural enterprise plans to produce products, 
focusing on keeping (improving) the product quality, preventing environmental damage, 
reducing technological loss and also contributes to solving the problem of ensuring the 
fertility sustainability for agricultural soils. 

4.1 TESTING 
We test the improved economic and mathematical model at the OOO “Nadezhda” in the 

Makushinsky district, the Kurgan region, as this enterprise, according to the results of a 
resource efficiency analysis, is typical by the average level of resource use at agricultural 
enterprises of grain specialization of the Kurgan region, which have similar climatic and 
economic conditions. 

Having 16 parcels of 4 hectares each were allocated at one of the fields, according to 
the results of an agrochemical survey on the average N-NO3 content in the soil before 
mineral fertilizers application. As the complex agrochemical survey was not carried out 
there, we equal the coefficient of soil fertility to one (ypp = 1). A comparison between the 
conventional method of applying fertilizers and the differentiated method of applying 
mineral fertilizers was made on the basis of an improved economic and mathematical model. 
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5. DISCUSSION 
The results of our task solution allowed justifying a certain advantage of the 

differentiated method of applying fertilizers in comparison with the conventional method 
with consideration a number of important factors, including information about the 
agrochemical soil survey, technological yield losses, quality of products, the environmental 
safety of production. And special attention in the process of optimization of resource saving 
is paid to ensuring the sustainability of soil fertility used in agricultural production. 

At the same time, according to the results of the economic and mathematical modeling 
conducted at a typical enterprise, it became known that with a production task of 896.0 
centners and a differentiated method of applying fertilizers (ammonium nitrate 34% a.v.) for 
the planned yield of spring wheat of 14.0 c/ha, production costs will be 263,605.6 rubles, 
the resource intensity of commercial products will be 0.792 rubles, which is 5.5% lower than 
with the conventional method of applying mineral fertilizers (Table 1). 

Table 1: Comparison of the effectiveness of the conventional and differentiated methods 
of applying mineral fertilizers by the example of the Kurgan region 

Indicator 
The conventional 

method of applying 
fertilizers  

Differentiated 
method of applying 

fertilizers 

Fluctuation 

(+/-) % 
Planting acreage of grain crops, 
ha 64.0 64.0 – – 

The yield of grain crops, t/ha 14.0 14.0 – – 
Grain production, c 896.0 896.0 – – 
Sold grains, c 784.0 784.0 – – 
Marketable value, % 87.5 87.5 – – 
Costs on grain production, total, 
rub 279024.5 263605.6 -15419.0 94.5 

Price of sold products - total, rub. 333043.2 333043.2 – – 
Including 1 c, rub. 424.8 424.8 – – 
Resource intensity, rub. 0.838 0.792 -0.046 94.5 
Profit (+), loss (-) from sale    – 
total, rub. 88896.7 102388.3 13491.6 115.2 

Cost effectiveness, % 36.4 44.4 8.0 – 

The cost-effectiveness will be 44.4%, which is 8.0% higher than with the conventional 
method of applying fertilizers. Thus, the developed economic and mathematical model of 
optimization of resource-saving justifies the practicability of use of the differentiated 
method of applying fertilizers at a typical agricultural enterprise of grain specialization. 

6. CONCLUSION 
The conducted studies suggest that economic and mathematical modeling, as one of the 

elements of the economic mechanism of resource saving, can be successfully used as a tool 
to justify the effectiveness of resource-saving production methods in the system of precision 
farming. Testing of the improved economic and mathematical model proved a possibility of 
a more accurate and objective justification of the use of one or another resource-saving 
method (technology) of agricultural production by deepening the analysis process, 
considering more natural and production factors. 
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