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The processing of poultry droppings under anaero-
bic conditions, in special hermetic reactors — methane
tanks is considered to be the most promising technolo-
gy in terms of efficiency in agrochemical, environmen-
tal, and energy fields. Organic fertilizer in the methane
tank is in the form of concentrated liquid, purified from
disease causatives and weed seeds. It is easily absorbed
by fermented plant mass and contains macro and micro-
nutrients, amino acids and phytohormones that stimu-
late the development of the plant. The rare utilization of
such facilities is explained by the lack of funds for their
purchase. On the other hand, it is assumed that biogas
is not a dominant factor in terms of economic efficiency,
and organic fertilizer is also important. In this respect,
the utilization of poultry droppings has also gained
practical relevance.

The paper covers the discussion of the feasibility of
utilizing poultry droppings as a non-waste technology.
The methodological approach is based on the evalua-
tion of more rational technological projects. In logical
modeling, the rules drawn up by highly qualified spe-
cialists are used. The rules determine how to act in a
certain situation. Such rules are considered favorable
for non-skilled performers. The results of the studies
have allowed analyzing the dynamics of nitrogen pres-
ervation depending on the utilization technology of
poultry droppings and impact factors. Based on a math-
ematical model, a computer methodology for research
on improving the energy efficiency of a poultry farm has
been developed. The number of LEDs (a=20°, I)=20 kd)
Jor a 66x12 m poultry house using a computer program
N=273 pcs., the number of LEDs (a=20°, 1)=20 kd) for
a building with dimensions of 78x18 m N=259 pcs. The
design parameters of the lamps are substantiated
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cessing, nitrogen preservation, non-waste technology,
organic fertilizer
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1. Introduction

Bird droppings are used irrationally and unecologically
in the case of pile composting, storage in litter storage fa-
cilities, burning of manure to produce heat and electricity,
anaerobic decomposition of compost components to produce
biogas, drying of manure of various humidity, thermal dry-
ing to obtain dry bird droppings used as organic fertilizer,
burning of manure, processing of manure by biofermen-ta-
tion in plants, vermicomposting, conducting pyrolysis and
therefore there is no ecological and systematic approach to
solving the problem of disposal of bird droppings. Poultry
farms are forming an increasingly complex ecological situ-
ation, as accumulated bird droppings have become a serious
source of environmental pollution. In this regard, specialized
enterprises for processing bird droppings are needed.

For applied ecology, the utilization of poultry waste is of
great importance. There are the following variants applied to
the practice of poultry waste utilization in the world: organic
fertilizer, vermiculture, and feed preparation.
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The utilization of poultry droppings under anaerobic
conditions, in special hermetic reactors — methane tanks is
considered to be the most promising technology in view of
efficiency in agrochemical (fertilizer preparation), environ-
mental (neutralization and deodorization) and energy (fuel
and electricity generation) fields [1].

It should be noted that the preparation of organic fertilizers
can help resolve the critical problem in terms of soil fertility and
agricultural crop productivity contributing to the rapid devel-
opment of the agricultural sector. Despite the urgency of this
problem, the use of technologically developed organic fertilizers
decreased more than twice in comparison with the 1990s. The
livestock and poultry farms of the republic produce millions of
tonnes of manure and poultry droppings, which is 62 % of the
total fertilizer demand. However, more than 25 % of this poten-
tial is not used. The main reason for this is that the economical-
ly feasible, constructive, and exploited simple technologies and
techniques are not justified for specific economic conditions.

Under oxygen-free (anaerobic) conditions as a result of
the activity of methane-producing bacteria, fermentation




of poultry droppings occurs in the reactor at 39-40 °C,
where the gas containing 60-65 % methane and 35-40 %
carbon dioxide emerges [1]. The calculations revealed that
from manure with 92 % moisture, 20 m® of biogas with a
thermal capacity of 23-25 MC/m? can be obtained during
10-15 days. 50 % of this fuel can be used to maintain the
required temperature in the methane tank, and the rest can
be used for agricultural needs.

Organic fertilizer in the methane tank is in the form of
concentrated liquid purified from disease causatives and
weed seeds. It contains macro and micronutrients, amino
acids and phytohormones that stimulate the development
of the plant. Such fertilizers can be used in all types of soils
where vegetables, fruits, berries, fodder plants, lawns, deco-
rative plants, etc. are cultivated. World practice shows that
when using such fertilizers in the cultivation of vegetables
in irrigated soils (3—4 times, every 10 days), productivity
increases by 2—3 times.

In our country, only a few farms use small methane tanks
for the processing of cattle manure. The insufficient use of
such facilities is due to limited financial resources. In addi-
tion, it has been assumed that the main economic effect of
these installations is at the expense of biogas. In fact, biogas
is not a dominant factor in economic performance. Here the
organic fertilizer factor is not taken into account.

From this point of view, the utilization of poultry drop-
pings has gained urgency for obtaining eco-friendly products.
Therefore, the research that is devoted to the justification of
the operating parameters of the device for the fermentation
of bird droppings has great scientific significance. In this re-
gard, specialized enterprises for processing bird droppings are
needed. After analyzing the results of the research, an urgent
problem arises: the solution and the right approach to solving
the problem of recycling bird droppings. So, the proposed
method of waste-free technology is relevant.

2. Literature review and problem statement

The abundance of technologies and techniques offered
for the utilization of poultry droppings and the variety of
capabilities of the facilities available make it necessary to
search for more rational, more efficient and adaptable design
methods for the given technological conditions.

The purpose of [1] was to analyze the current state of
the practice of handling poultry manure in Poland and to
present future prospects in terms of technologies that allow
closing the cycles of the cyclical economy and, thus, restor-
ing nutrients and energy. The scope of the review focused
mainly on the analysis of poultry farming and poultry ma-
nure production with special references to quantity, prop-
erties (for example, fertilizer properties), seasonality, etc.,
but the authors did not conduct a complete analysis of the
use of poultry manure. The paper [2] critically analyzes the
potential of largely underutilized biomass waste resources
for biogas production as a waste-to-energy conversion tech-
nology to overcome the energy crisis in Pakistan, the author
analyzes the ecological energy system but does not mention
bird droppings, which is sufficient, and as is known, bird
droppings are one of the main resources for biogas produc-
tion. The study [3] is aimed at studying the use of poultry
and household waste for the production of biogas. The cur-
rent level of diesel fuel consumption is quite high, taking into
account gas emissions and the rapid depletion of non-renew-

able fuel sources. The conducted research consists in adding
a certain optimal amount of biogas from poultry waste to the
gas mixture from the carburetor to reduce fuel consumption.
The greatest potential for biogas production for a mixture
of excrement of dairy animals and poultry is achieved
at a ratio of 25% CD+75% PL, >50% CD+50 % PL,
>00 % CD+100 % PL. A two-component mixture of 20 %
and 30 % biogas with air shows that the amount of diesel fuel
consumption is decreasing, but unfortunately the authors do
not fully disclose this technology and there is no analysis
with the existing advantages. The parameters [4] of acrobic
solid fraction fermentation of a mixture of solid swine ma-
nure, poultry litter with the addition of carbon-containing
plant materials have been investigated. A bioreactor design
has been developed. Qualitative rating of the process and the
end product has been made by measuring such parameters
as: process temperature, mixing process, air supply for aera-
tion, pH and ash. A rational mixing mode for the mixture has
been found by investigating the dependency of temperature
and time of mixture fermentation, but no analysis of the unit
and the principle of its operation was carried out. In [5], the
authors investigated mainly disposal by incineration, result-
ing in the formation of greenhouse gases and NOx. These
wastes are a source of nutrients that can be recovered using
circular economy methods if recycling of materials is given
priority over energy recovery. In order to use high-protein
animal waste (containing bones, meat, feathers) as fertilizer,
the waste was treated with acid solubilization and neutral-
ized with a solution of potassium hydroxide, resulting in
a liquid fertilizer with biostimulating properties for plant
growth (due to the presence of amino acids). The analysis
of the composition showed that the new fertilizers meet
all the quality requirements established by law, contain
~0.5 % m/m of amino acids and are microbiologically pure.
The fertilizer was enriched with trace elements to the level of
0.2 % m/m and tested for biological efficacy in germination
tests and field studies. The authors conducted a full analy-
sis of the proposed disposal method and noted the positive
part, but the distinctive characteristics, as well as the more
rationality of this method compared to existing ones, have
not been done. Formal and informal methods are used to
make decisions about designing. Making a formal decision
is a creative process realized on the basis of accurate recom-
mendations. These decisions are based on two main methods:
logical modeling and optimization. The work [6] provides a
method and device for drying and conditioning bird drop-
pings or similar paste-like materials in the form of particles
of selective microorganisms in the microbiological phase
that are fixed on a stable molded carrier element, but the au-
thor analyzes the effectiveness for drying bird droppings and
basically the principle of optimizing climatic conditions with
conditioned air for the activity of microorganisms. In [7],
the analysis of manure processing technology is carried out,
which allows producing several types of the final product,
unifying production, reducing economic costs and optimiz-
ing labor costs. The study [8] showed that poultry waste
can be used as a suitable renewable medium for the growth
of Chlorella sp. Consequently, the author analyzed the use
of poultry waste, but unfortunately this technology and its
advantages are not disclosed. The paper describes the use of
bird droppings as a feed ingredient. The analysis [9] of this
work showed that the research was aimed at the preparation
of waste, but the technology and comparison with those used
in the agricultural sector are not fully described.



Despite the large number of studies conducted, there are
currently no scientifically sound universal technical and tech-
nological solutions that ensure the production of several types of
end products using a single set of technical equipment. In [10],
the effect of broiler droppings on the primary productivity and
net yield of large carp fish during one year in four earthen fish
ponds was studied. These studies showed the productivity of
plankton, the number of phyto- and zooplankton, as well as the
ratio of phytoplankton/zooplankton differed significantly in
the treated and control ponds, but no studies were conducted
to compare other forms, which would help to assess the positive
aspects of this product. The proposed technology [11] of utiliza-
tion of fresh bird droppings considered in the paper is complete-
ly new and has no analogs in the Russian Federation. It is based
on the process of bioconversion of droppings from poultry farms
using larvae of the black soldier fly (Hermetia illucens L.). The
proposed system provides a solution to several problems: dis-
posal of poultry waste (bioconversion: 4.9...6.3 kg/m?/day), the
use of dried fly larvae as a protein-rich feed additive in feed pro-
duction (0.2...2.1 kg/day/m? of larvae). This method is unique,
but the principal system that differs from the existing ones is
not specified. The author [12] shows the ways of finding and im-
plementing scientific and technical solutions that increase the
efficiency of organic fertilizers by improving the quality of the
mechanized process with resource conservation and greening
of agricultural production. In the work, the research carried out
isaimed at developing new and improving existing technologies
and technical means that ensure maximum payback of fertil-
izers when obtaining programmed harvests and prevent envi-
ronmental pollution, the reason for which is the urgent need
to develop machine technologies for the rational use of organic
fertilizers due to the action of objective factors — narrowing the
boundaries of effective use of fertilizers, stricter requirements
for environmental protection. The paper [13] analyzes the prob-
lem of effective use of poultry farm excrement on the use of new
technologies for more efficient use of bird droppings, but does
not specifically disclose the methodology, as well as technical
means. In [14], the directions for improving technologies and
technical means are analyzed, the main reason for which is the
need to create new technologies for the use of fertilizers due to
the action of objective factors, but the authors do not specifical-
ly address this area and there is no critical analysis of existing
technologies, which allows us to conclude using the research
methodology to find new ways to reduce costs and increase the
quality of use of the proposed technologies.

As our research has shown, solving the problem of fer-
mentation of poultry manure in poultry farms by substanti-
ating the basic design and operating parameters is open and
therefore we have made an attempt to analyze the shortcom-
ings made by many authors and try to solve this problem.

3. The aim and objectives of the study

The aim of the study is to substantiate energy-re-
source-saving, environmentally safe technology of poultry
production and its technical solution.

In order to achieve the aim, the following objectives were
defined:

— to study the cooling depth of the air flow evaporator
unit and the impact on performance;

— to investigate the physical, mechanical, and thermo-
physical properties of materials that participate in the heat
exchange process.

4. Materials and methods

The object of the research was the technology of utiliza-
tion of bird droppings. Depending on the nature of the study
of technological processes, various mathematical methods of
research are used.

When conducting logical modeling, we mainly used gen-
eral rules that were developed by highly qualified specialists.
The rules of which determined the necessary action under
certain conditions.

The computer programs we used had several advantages.
The first one is a quick answer to the question, and the sec-
ond is the possibility of conducting a large-scale experiment,
which is often impossible to conduct on a real object. Our
research has shown that the provision of technical means
of agriculture requires specific models of mathematical op-
timization, since mathematical models can be conditionally
divided into analytical and statistical variants. In the first
case, the key quantitative indicators of technological opera-
tions are tied to analytical dependencies. The system of these
equations is considered as an analytical model. When devel-
oping a statistical model (simulation model, Monte Carlo
model), it was taken into account that there is a random
element in technological operations that is not defined, but it
obeys the law of distribution of random variables. The pres-
ence of non-linearity, dynamism and the probable nature of
a number of events allow the statistical model to correspond
to reality and conduct an express experiment on a fast time
scale, exploring it.

However, classical regression analysis, when the specifics
of agricultural work are neglected, causes the model to be
faulty and even inconsistent, making it impossible to use.

In general, the regression equation is expressed by the
following formula:
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Obtaining the correct values of the a; coefficient based
on the results of the passive or active experiments solves the
problem of statistical model identification. The least squares
method was proposed by Gauss as an algorithm for solving
this problem.

The method is based on the minimum sum of deviation
squares for the experimental and calculated values of the
function:
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where y; — experimental value; y; — values calculated by (1).
The statistical significance of the coefficients is deter-
mined by the Student’s criterion (¢):
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where ¢; — calculated value of the criterion; 6,; — error of the
coefficient “ay”; teq (v, P) — v degree of freedom and P table
value of the criterion for reliability.

If the condition (3) is met, the coefficients are considered
significant for probability P.

The significance and adequacy of the entire regression
equation are assessed by the Fisher’s criterion (F):
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F,oq — v1 and vy degrees of freedom and table value of the
Fisher equation for probability level P;

N — number of observation points;

m — number of regression coefficients;

y — points calculated by the regression equation.

If inequality (4) is met, then the mathematical model is
considered significant [13, 14].

To solve problems with the implementation of linear pro-
gramming methods, we used the more common one because
of its simplicity and universality, since in linear dependence
changes are formed only in the first degree and there is no
mathematical operation associated with obtaining them.

When conducting the research, we used linear program-
ming of problems, which was expressed by linear equations.
This method allowed us to solve the linear programming
problem with a limited number of steps, since each of these
steps consists of algebraic transformations in accordance
with the accepted rules.

We also used differential rent methods and potentials to
solve linear programming problems. And when determining the
economic and mathematical model of transportation, we used
it in the distribution of technical means depending on the task.
In the mathematical model, nonlinear programming is used to
solve problems where variables are not the first order or there
is the production of the variables [16, 17]. Quadratic program-
ming is the most commonly used. This method is based on the
maximum (minimum) of quadratic function when there are lin-
ear constraints in the solution of economic planning problems.

One of the types of mathematical modeling is dynamic
programming. This programming method is used when the an-
alyzed variables are viewed in dynamics, and their solution is in
the form of the time dependence of the target function [17, 18].

The analysis of dynamical systems plays an important
role in the research on the mechanization of agricultural
production processes. Dynamical systems include all moving
mechanical systems, technology, and technical facilities, the
process of development within a limited time interval and the
boundaries of coordinates, automatic control of heat and hu-
midity modes in greenhouses, livestock and poultry buildings.

Differential equations (linear and nonlinear) are used as
the basic model for the above systems:

X=F(A,x,y,t), ®)

where X — vector of derivatives of the first degree;

x, y, t — argument vectors of the system equations;

A — unknown coefficients of the model.

There were multiple studies on the identification of dy-
namical systems [17].

The optimization of the composition, structure, and use of
agricultural machinery can be solved by applying a network
model [18] as a type of logical model. [19-21] successfully
applied the network graphics method to poultry and manure
processing technology. The optimization of the technological
problem was implemented based on the “minimum operating
costs”. The general expression of this issue is as follows:
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where Cjj, — operating costs of the manure harvesting sys-
tem, people/hour;

Xijki, — number of technical means to perform the opera-
tion of manure transportation through the system;

m — as a system,

[ — in manure (in an organic fertilizer);

j — during the period;

Cpm — employee’s salary according to the system, AZN/h;

X, — number of employees of a certain degree;

Bijtim — book value of technical means, AZN;

REN ., REN ;. — respectively, depreciation and mainte-
nance costs of technical means, AZN/h;

Nijkim — engine power of a specific technical device, kW;

N}y, — power of internal combustion engine tools, kW;

P — cost of 1 kWh of electric energy, AZN;

Pt — cost of 1 kg of fuel, AZN.

One of the main tasks in researching the mechanization
of agricultural production processes is to build an accurate
statistical model (solution of the identification problem), to
investigate it and optimize its application to specific criteria
and production conditions. Various heuristic methods are
used to solve the problem of identification for application
to dynamical systems, but the least squares method still
remains a universal mathematical method. Different algo-
rithms and methods are used in practical calculations. But
all of these issues have something in common — they all
belong to the search class. For example, search for the last
number of variables in hyperspace provided by users. Vari-
ous methods were compared and their capabilities were ana-
lyzed. As a result of comparative analysis, recommendations
were developed to address these issues.

5. Results of the study on the utilization of poultry
droppings

5. 1. The study of the cooling depth of the air flow
evaporator unit and the impact on performance

One of the factors determining the effective operation
of the super cooler is the flow-pressure characteristic of the
fan used.

The volume of air supplied by the fan is especially im-
portant. This indicator affects the intensity of physical pro-
cesses in the air ducts of the refrigerator. At the same time, it
determines not only the cooling depth, but also the cooling
efficiency of the auxiliary evaporator unit.

The dependence given in Fig. 1 shows that the evapora-
tor unit varies depending on the specified air flow. It should
be noted that the temperature and humidity parameters of
the incoming air at this time were stable.



Based on the determination of the cooling capacity, a
directly proportional dependence of the desired parameter

on the air flow is obtained.
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5. 2. Investigation of the physicomechanical, ther-
mophysical properties of materials involved in the heat
exchange process

The utilization of poultry droppings is usu-

ally assessed based on nitrogen preservation or
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loss. Nitrogen balance evaluation is used for this
purpose. Based on nitrogen balance, agricultural

enterprises of many countries are evaluated using
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obtained as a result of the calculation is con-
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sidered to be a generalized environmental in-
dicator. The higher this coefficient, the less the

0 10 20 30 40 50

Air consumption, m*h

Fig. 1. The effect of air consumption on cooling capacity

At certain values of air flow (35 m3/h or more), the de-
crease in the intensity of cooling is explained by a decrease
in the cooling depth. This changes as the fan performance
increases, as shown in Fig. 2.
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loss of organic fertilizer, and pollution of the
environment and water.

The main disadvantage of this method is
that it is not possible to analyze individual
processes, especially those that result in more
nitrogen losses due to the utilization of poultry droppings.
Many studies point to the difficulty of assessing nitrogen
dispersed in the environment and the need for numerous
expensive experiments.

To determine nitrogen preservation during

?

the utilization of poultry droppings, the method
of the formation of expert knowledge as a logi-
cal-linguistic model in multidimensional systems

(o]

has been used.
Based on the results of the experiments, there
is a fundamental difference in the processing of

Cooling depth, °C

\O

solid and liquid manure. Aerobic and anaerobic
processes occur in the first and second cases,
respectively. Due to differences in the characteris-

100 15 20 25 30 35 40 45 50
Air consumption, m’/h

Fig. 2. The effect of air flow on cooling depth

It can be seen from the above graph that the cooling
depth decreases inversely with the increase in air flow. This
is explained by the fact that with an increase in the effi-
ciency of the fan, there is a sharp increase in air velocity at
fixed sizes of cooling channels. This is due to the fact that it
quickly passes through the channel and as a result of reduced
thermal and physical processes is not able to get enough
moisture. Thus, even the air at the outlet of the evaporator
lacks moisture, which means that the temperature is higher.

However, the analysis of the presented dependencies
shows that with an increase in the air supply per unit of time
by 5-6 times, the cooling capacity of the unit increases al-
most 4—5 times, despite a decrease in the cooling depth by
3..5°C.

It can be concluded that in some cases there is no need
to achieve the maximum cooling depth, since the second air
flow has a decisive influence on the cooling capacity.

Undoubtedly, as the thermal balance shows, in order to
achieve a certain temperature in a closed volume, the value
of the incoming air temperature should be slightly lower
than the standard for this building.

Based on this, it can be concluded that there is no need to
obtain the maximum cooling depth when designing cooling
units. It is enough to choose a mode in which the air inside
the building is supplied with air of the required temperature
with a minimum reduction in cooling capacity.

tics of the processes, nitrogen losses are different.
Therefore, two separate models (Y; and Y5) were
used for the calculation of nitrogen preservation
during the processing of poultry droppings with
contrasting humidity (>92 % and <92 %).

Based on the information model, the following list of
factors affecting the target function is defined:

— X — nitrogen preservation level during the processing
phase, %;

— X, — nitrogen preservation level during storage, %;

— X3 — level of nitrogen preservation in the soil during
fertilization, %;

— X, — humidity of the processed material, %;

— X5 — carbon-to-nitrogen ratio in the processed material;

— X — quality of work.

It is important to note that the given factor was chosen
taking into account the systematic approach to the stud-
ied phenomenon, from the quality of raw materials used
throughout the technology chain to the method of fertilizing
the soil. The variables X; and X5 characterize the raw ma-
terial (input factors), X; and X, — technology of processing
and storage of the raw material, X is an external factor
affecting the entire technological chain.

The individual reflection scale was developed for the
spatial variables (Y; and Y5) and for each variable. These are
important for the comparison of the linguistic scale (upper
arm of the axis) in the numerical (bottom of the ordinal axis)
scale and in the standardized format at the interval [—1, +1].

The following symbols are used in the linguistic scale:

— A — low level of preservation;

— OA — lower intermediate level of preservation;
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— O — intermediate level of preservation;

— OY — upper intermediate level of preservation;

— Y — high level of preservation.

Where appropriate, intermediate values (for example,
“A—0A” are located between A and OA) are used to increase
the accuracy of the evaluation. The numerical axis has values in
the corresponding unit of measure. The scale has a whole range
of values and can accept factor variables. The direction of the
numerical axis is chosen so that the least favorable value of the
factor corresponds to “—1” in the scale. Similarly, standardized
“—1” for the target function corresponds to the worst preserva-
tion of nitrogen, and “+1” to the best (most accessible).

Fig. 3 presents the scale for the dependent variables (Y}
and Y5).

The minimum values for preservation are 25 % and 19 %,
which correspond to the A linguistic value (low level of
preservation).

The maximum values are 81 % and 75 % and correspond
to the Y linguistic value (high level of preservation). Similar
scales were also developed for independent variables.

Fig. 4 depicts the scale for the X; variable factor during
the processing of semi-fluid manure.

This variable factor reflects the level of preservation,
depending on the processing technology. Experts have
identified low level (1) and more favorable preservation (5)
technologies for nitrogen.

The scale presented in Fig.2 describes the following
technologies:

1) processing through long-term storage;

2) passive composting;

3) active composting;

4) processing in a chamber-type reactor;

5) processing in a drum-type bioreactor.

Fig. 5 depicts the opposite position scale for the X, vari-
able factor. The factor space is set similarly to the X; space.
All methods were evaluated according to the rules chosen by
experts: 1 — the least suitable method for nitrogen preserva-
tion, 4 — the most suitable method for nitrogen preservation.

Storage methods:

1) field areas;

2) waterproofed areas;

3) waterproofed areas with covering material (wood
bran, etc.);

4) covered waterproofed areas.

Similarly, an opposite position scale is set for the X3 fac-
tor (soil fertilization factor) (Fig. 6).

Methods for soil fertilization:

1) fertilizing the soil and plowing in less than a day or
not plowing;

2) fertilizing the soil and plowing in less than a day;

3) fertilizing the soil and plowing in less than 4 hours;

4) fertilization along with cultivation;

5) fertilization along with plowing;

6) fertilization along with plowing (by turning the layer).

Fig. 7 shows the scale of the X factor (humidity of the
processed material, %) for solid or semi-fluid material. Ac-
cording to experts, the higher the moisture content, the great-
er the nitrogen loss.

Depending on the C: N ratio in the starting material,
the nitrogen preservation factor is formed by the scale given
in Fig. 8. According to experts, when the ratio is low (10:15),
nitrogen preservation decreases, but when it is greater, nitro-
gen preservation increases and the highest value is obtained
when the ratio is equal to 30.

Fig. 9 shows the linguistic scale for the quality of the
workforce. According to experts, a higher quality of work
increases nitrogen preservation, and, on the contrary, lower
quality of work reduces nitrogen preservation.

Table 1 presents a survey matrix that is linguistically
formed and completed by expert evaluations.

A OA 0 oY Y
1
0
25 53 81 Y,%
19 47 75 Y, %
Fig. 3. Scale for Y; and Y, target functions
A OA 0] oY Y
1 2 3 4 5
X
-1 0 +1
Fig. 4. Linguistic scale for the Xj variable
A 0A 0] oY Y
1 2 3 4 5
X
-1 0 +1
Fig. 5. Linguistic scale for the X; variable
A OA 0] oY Y
1 2 3 4 5 6
X3
-1 0 +1
Fig. 6. Linguistic scale for the X3 variable
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Fig. 8. Linguistic scale of the X5 variable




A 0A 0 oY Y Table 2
Survey matrix with expert data
Xi Xy X3 Xy X5 X Yy Yy
-1 -1 -1 -1 -1 -1 25 19
1 -1 -1 -1 -1 1 46 40
1_(1) 2(? 3_? X6 -1 1 -1 -1 -1 1 32 26
Fig. 9. Linguistic scale of the Xj variable L L ! - - ! o3 A7
-1 -1 1 -1 -1 1 39 40
Table 1 T TR EN R
Linguistical survey matrix with expert data 1 1 1 1 1 1 53 54
X, X, X X, X5 X; Y, Y, 1 1 1 -1 -1 1 74 61
] ] ] ] ] 1 A A -1 -1 -1 1 -1 1 32 26
1 -1 -1 -1 -1 1 |oA-0]04-0 1 -1 -1 1 -1 -1 39 40
-1 1 -1 -1 -1 1 |A-0A|A-0A -1 1 -1 1 -1 -1 53 33
1 1 ] 1 1 1 0 0 1 1 -1 1 -1 1 67 47
-1 -1 1 -1 -1 1 OA | OA-O -1 -1 1 1 -1 -1 39 40
1 -1 1 -1 - -1 [0)4 0 1 -1 1 1 -1 1 46 54
-1 1 1 -1 -1 -1 (0] OA-0 -1 1 1 1 -1 1 60 61
1 1 1 -1 -1 1 oY-Y| 0OY 1 1 1 1 -1 -1 67 68
-1 -1 -1 1 -1 1 A-OA | A-OA -1 -1 -1 -1 1 1 39 33
1 -1 -1 1 -1 -1 OA OA 1 -1 -1 -1 1 -1 60 61
-1 1 -1 1 -1 -1 (0] A-0OA -1 1 -1 -1 1 -1 32 40
1 1 -1 1 -1 1 oy (0] 1 1 -1 -1 1 1 60 54
-1 -1 1 1 -1 -1 OA | OA-O -1 -1 1 -1 1 -1 46 33
1 -1 1 1 -1 1 0OA-0O | O-0Y 1 -1 1 -1 1 1 74 61
-1 1 1 1 -1 1 0-0Y| OY -1 1 1 -1 1 1 60 54
1 1 1 1 -1 -1 oYy | oY-Y 1 1 1 -1 1 -1 67 47
-1 -1 -1 -1 1 1 OA OA -1 -1 -1 1 1 -1 53 40
1 -1 -1 -1 1 -1 0-0Y| 0OY 1 -1 -1 1 1 1 67 54
-1 1 -1 -1 1 -1 [|A-OA | OA-O -1 1 -1 1 1 1 53 40
1 1 -1 -1 1 1 0-0Y (0] 1 1 -1 1 1 -1 46 33
-1 -1 1 -1 1 -1 OA-0O| OA -1 -1 1 1 1 1 67 47
1 -1 1 -1 1 1 oY-Y | 0oY-Y 1 -1 1 1 1 -1 67 54
-1 1 1 -1 1 1 0-0Y | 0-0Y -1 1 1 1 1 -1 60 61
1 1 1 -1 1 -1 oY (04 1 1 1 1 1 1 81 75
-1 -1 -1 1 1 -1 0 OA-0
1 ~1 —1 1 1 1 oYy 0 Taking into account the adequacy of the obtained re-
-1 1 -1 1 1 1 O |0A-0| gression equations, the analysis revealed new features of the
1 1 9 1 1 1 loa-ol| oa factors. Thus, prior to formalization, experts believed that
] ] 1 1 1 1 oY 0 the target function is highly influenced by the quality of the
1 ) 1 1 1 1 oY oy work (Xg) of the.personnel. , '
However, this hypothesis was disproved after the for-
il ! ! ! ! —1 |0-OY]O-O¥}  halization. The nitrogen preservation factor during the
1 1 1 1 1 1 Y Y soil fertilization phase, on the contrary, was underestimat-

The linguistic values for Y; and Y, (Fig. 1) have been
converted to numerical values and presented in Table 2.

Based on the results of expert evaluations, the following
two polynomial expressions were obtained:

Y1=54.75+7.44X1+3.5X5+5.69X3+1.75X,+4.81 X5+
+3.06X6+3.94 X X;+1.31 X, X3+1.75X, X+

+4.81 X9 X5++2.19X, X6+1.75X5 X +1.75X X Xg—
—2.19X; X3X6+1.75X9, X3X5, )

Y>=48.31+5.69X,+3.5X,+6.56 X3+1.75X,+1.75X5+

+1.76 X6—1.75X, X5+2.63-306 X, X5+
+2.63X3X,+1.31. X X0 X,—2.19X, X, X5+

+1.31 X X9 X6+2.63 X1 X0 X;+3.06 X, X3X. (8)

ed (especially, for the manure with moisture content less
than 92 %). In addition, significant interactions between X,
and X5 were identified. This again underlines the importance
of a systematic approach to the object under study. Fig. 10
shows the surface of the response function as a result of the
numerical experiment.

The average values of all the variables except X; and X;
have been designated. Factor X; corresponds to the X-axis,
X, factor to the Y-axis, Y; target function to the Z-axis.

This surface clearly shows that nitrogen preservation
(Z-axis) is more dependent on the processing technology
factor (Y;) than on the moisture content of the initial ma-
terial (Xy).

Fig. 11 shows the surface of the numerical experiment
results recorded with the average values of all the variables



except X; and Xs. The results of this experiment allow a com-
parison of the effects of the carbon to nitrogen ratio factor and
the moisture factor of the initial material on nitrogen preser-
vation. The surface clearly shows that nitrogen preservation
depends more on the C:N (X5) ratio than the moisture content
of the initial material (X;).

Factor analysis shows that nitrogen preservation is
mainly influenced by Xj, X3, X5, X5 factors and X, X5, X» X3,
XX, factor pairs during utilization of liquid poultry drop-
pings. Factor Y; corresponds to the Y-axis, factor Y, target
function to the Z-axis.

When during the utilization of solid and semi-fluid
droppings, the moisture content is less than 92 %, nitrogen
preservation is more influenced by X3, X,
X5, X, and factor pairs X5 X3, X2 X5, X3Xj.

The results of these studies provide an

Correlation coefficients of expert and calculated values
were found to be 0.93 and 0.95, respectively. This shows that
they have a high degree of compliance and a high expert level.

The comparison of calculated and actual values of nitrogen
preservation for specific poultry factories (Table 3) demon-
strates the high adequacy of the developed model.

Only the coefficients of the regression equation with a de-
gree of significance were checked for adequacy by evaluating
the correlation between the values of the expert and the report.
The correlation coefficients of the expert’s values and the
report were 0.93 and 0.95, respectively. This shows that they
have a high degree of compliance and a high degree of expert
qualification.

Table 3

Comparison of calculated and actual values of nitrogen preservation

opportunity to analyze the dynamics of
nitrogen preservation depending on the

utilization technology of droppings and the

impact factors. The evaluation of nitrogen
preservation allows determining the tech-

. Factors Nitrogen preservation
Factories
X X, X | X4 | X5 Xs |Actual, % | Calculated, %
Samukh poultry farm |-0.50|-0.25[-0.75|0.69|-0.50| 0.00 | 38.40 39.86
Samukh poultry farm |-0.50|-0.25{-0.75|1.00| 0.20 | 0.00 | 39.76 41.89
Ismayilli poultry farm |[-0.50[-1.00{—-1.00[0.81| 0.00 |-0.50| 39.10 39.33

nology’s effectiveness criteria.
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Fig. 10. The surface of the nitrogen preservation dependence on the selected

X

A comparative assessment of the re-
ported and actual values of nitrogen re-
serves at specific poultry farms (Table 3)
on the example of feed fertilizer process-
ing technology showed the high adequacy
of the developed model.

Thus, the accumulated knowledge
about the legality of processing poultry
manure, the developed methodology and
models that allow determining the lev-
el of nitrogen preservation allow us to
evaluate the technology of economic and
ecological utilization of feed for specific
farms [22-31].

6. Discussion of the results of the study
on the disposal of bird droppings

processing technology and moisture content of the source material

60

55

50

-0.5
-1 -1

Fig. 11. The surface of the nitrogen preservation dependence on the C:N ratio and

moisture content of the initial material

The research results obtained by us
are based on the analysis of modern ways
of temperature and humidity regime in
poultry houses. To this end, we analyzed
the optimization of the composition, struc-
ture and use of agricultural machinery by
applying a network model as a type of
logical model, and also successfully applied
the method of network graphics to poultry
farming and mature processing technology.
Also, based on the determination of the
cooling capacity (Fig. 1), we obtained a
graph of the directly proportional depen-
dence of the required parameter on the
air flow (Fig. 2) and found that at certain
1 values of the air flow, the cooling intensity
decreases, which is explained by a decrease
in the cooling depth, and this changes as the
fan performance increases. We also com-
piled a scale for dependent variables, where
the minimum values for maintaining them
are 25 % and 19 %, which corresponds to




the A linguistic value (low level of preservation) and the survey
matrix was compiled, formed linguistically and supplemented
with expert assessments (Fig. 3).

The study of the cooling efficiency of the evaporator air
flow showed that a decrease in the intensity of the cooling effi-
ciency at certain values of air flow, i.e. at 35 cubic meters/hour
or more, explains the decrease in the cooling depth.

As a result of plotting the air flow rate depending on the
depth and performance of the cooling effect, it was found
that with an increase in the volume of air by 5-6 times, the
cooling performance increases by 4—5 times, although the
cooling depth decreases by 3—5 °C. All this allows us to con-
clude that there is no need to obtain the maximum cooling
depth when designing cooling units.

The most important elements in refrigerators that evapo-
rate water directly are boards. They largely determine the ef-
fectiveness of the device. They continuously moisten the surface
with water vapor. For this reason, the material of the boards
should be easily and evenly wetted with water. The capillary
rise should be at least 18—20 cm in 30 minutes when water is
supplied from below. The plates must be water-retaining and
absorb a sufficient amount of water. They must be strong, as
they are the weakest element of the device and are exposed to
all kinds of negative influences (due to constant contact with
water). In other words, it should not swell and should be chem-
ically stable in water.

At the same time, it is necessary to take into account eco-
nomic and environmental factors (it should not be expensive,
the harvested material should be affordable, its preparation
should not be difficult in the organization, environmental safe-
ty should be ensured).

The weak points of our research are a wider range of
analysis of this area, as well as the results obtained, and the
conditions for the applicability of the proposed solutions.
Therefore, in the future, in order to eliminate these shortcom-
ings, we plan to analyze the stability of solutions to changes
in influencing factors.

7. Conclusions

1. Based on the determination of the cooling capacity, we
obtained a graph of the directly proportional dependence of the
required parameter on the air flow and found that at certain

values of the air flow, the cooling intensity decreases, which is
explained by a decrease in the cooling depth, and this changes
as the fan performance increases. With an increase in the air
supply per unit of time by 5—6 times, the cooling capacity of
the unit increases almost 4—5 times, despite a decrease in the
cooling depth by 3...5 °C. It can be concluded that in some cases
there is no need to achieve the maximum cooling depth, since the
second air flow has a decisive influence on the cooling capacity.

2. A mathematical model of the energy balance in wa-
ter-evaporating air coolers has been developed, the main
distinguishing feature of which is taking into account the
specific evaporative properties of the heat exchanger plates.

Based on the formation of expert knowledge about fuzzy
multidimensional systems, a method and a mathematical
model of nitrogen preservation during zygote burial have
been developed by the logical-linguistic method. It is de-
termined that the main factors affecting the preservation of
nitrogen are: the processing method is Xj, the storage meth-
od is X5, the method of application to the soil is X3, the soil
moisture is Xy, the ratio of carbon and nitrogen in the treated
mixture is X5 and the quality of workers is Xj.

According to the results of research, the following is
recommended for production:

—the use of refrigeration units and heat recuperators
with improved and justified parameters as a result of re-
search for the maintenance of 30,000 laying hens with an
average weight of 1.6 kg per head in a cage and the possibili-
ty of generating heat of about constant 322.6 kW, this allows
you to maintain the necessary temperature and humidity
inside the building throughout the year;

— increasing the economic efficiency of the poultry farm,
taking into account the impact of production conditions on
the environment and the use of machine technology for flax
utilization, which ensures environmental safety;

— application of the developed LED lighting and com-
puter software in poultry farms.

Acknowledgments

Thank the department of Machine engineering and logis-
tics of the Azerbaijan University of Technology and the depart-
ment of Agricultural techniques of the Azerbaijan State Agrar-
ian University for their support in conducting the research.

References

1. Drézdz D., Wystalska, K., Malinska, K., Grosser, A., Grobelak, A., Kacprzak, M. (2020). Management of poultry manure in Poland — Current
state and future perspectives. Journal of Environmental Management, 264, 110327. doi: https://doi.org/10.1016/j. jenvman.2020.110327

2. Yaqoob, H., Teoh, Y. H., Ud Din, Z., Sabah, N. U,, Jamil, M. A., Mujtaba, M. A., Abid, A. (2021). The potential of sustainable biogas
production from biomass waste for power generation in Pakistan. Journal of Cleaner Production, 307, 127250. doi: https://doi.org/
10.1016/j.jclepro.2021.127250

3. Vechera, O., Tereshchuk, M., Chuba, V., Tsyvenkova, N. (2019). Investigation of aerobic solid fraction fermentation process
parameters for organic material. 19th International Scientific Conference Engineering for Rural Development Proceedings. doi:
https://doi.org/10.22616/erdev.2020.19.tf363

4. Golub, G., Kukharets, S., Yarosh, Y., Zavadska, O. (2019). Structural models of agroecosystems and calculation of their energy
autonomy. Engineering for Rural Development. doi: https://doi.org/10.22616 /erdev2019.18.n073

5. Marchenko, V., Sorokin, A., Sidel'nikov, D., Panasenko, A. (2017). Investitsii v protsess fermentatsii medi v bioreaktore. Inzhener
dlya razvitiya sel’skikh rayonov Elgava, 860—866.

6. Eigner, E. (1990). Pat. No. US4909825A. Process and apparatus for drying and conditioning chicken manure or similar pasty
substances. Available at: https://patents.google.com/patent/US4909825

7. Bryukhanov, A. Yu.,, Gaas, A. V. (2016). Strategiya upravleniya otkhodami predpriyatiy ptitsevodstva na osnove vnedreniya
nailuchshikh dostupnykh tekhnologiy pererabotki pometa. Ekologiya i promyshlennost’ Rossii, 2, 60—63.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

Islam, O., Akter, S., Islam, M. A., Jamee, D. K., Khan, R. I. (2018). Preparation of wastelage with poultry droppings and rice straw
(Oryza sativa L.) as a cattle feed. Asian Journal of Medical and Biological Research, 4 (3), 251-258. doi: https://doi.org/10.3329/
ajmbr.v4i3.38463

Mahboob, S., Al-Ghanim, K. A. (2014). Effect of Poultry Droppings on the Primary Productivity and Growth Performance of Major
Carps in Polyculture Syste. Pakistan Journal of Zoology, 46 (3), 799—803. Available at: https://citeseerx.ist.psu.edu/viewdoc/dow
nload?doi=10.1.1.878.5867 &rep=rep1 &type=pdf

Antonov, A., Ivanov, G., Pastukhova, N. (2021). Quail Droppings Utilization System. IOP Conference Series: Earth and
Environmental Science, 666 (2), 022073. doi: https://doi.org/10.1088/1755-1315/666,/2,/022073

Agwa, O. K., Abu, G. O. (2014). Utilization of poultry waste for the cultivation of Chlorella sp. for biomass and lipidproduction. Int.
J. Curr. Microbiol. App. Sci., 3 (8) 1036—1047. Available at: https://www.ijcmas.com/vol-3-8/0.K.Agwa%20and %20G.O.Abu.pdf
Es’kov, A. 1., Lukin, S. M., Tarasov, S. 1. (2006). Novye vidy organicheskikh, organo-mineral’nykh udobreniy i biokompostov.
Plodorodie, 5, 20—23.

Sekar, S., Karthikeyan, S., Iyappan, P. (2010). Trends in patenting and commercial utilisation of poultry farm excreta. World’s
Poultry Science Journal, 66 (3), 533—572. doi: https://doi.org/10.1017 /s0043933910000607

Kamra, D. N,, Srivastava, S. K. (1991). Lactic fermentation of poultry droppings with molasses and wheat straw. World Journal of
Microbiology & Biotechnology, 7 (5), 537—540. doi: https://doi.org/10.1007 /bf00368357

Atinkut, H. B., Yan, T,, Arega, Y., Raza, M. H. (2020). Farmers’ willingness-to-pay for eco-friendly agricultural waste management in
Ethiopia: A contingent valuation. Journal of Cleaner Production, 261, 121211. doi: https://doi.org/10.1016/j.jclepro.2020.121211
Shafeeva, E., Komissarov, A., Ishbulatov, M., Mindibayev, R., Lykasov, O. (2022). Utilization of poultry manure when cultivating
potatoes in the southern steppe of the Republic of Bashkortostan. Saudi Journal of Biological Sciences, 29(3), 1501—1509. doi:
https://doi.org/10.1016/j.sibs.2021.11.022

Islam, M., Urmi, U., Rana, M., Sultana, F, Jahan, N., Hossain, B. et. al. (2020). Poultry chicken gut-bacteria carry high extent of colistin
resistant mer-1 gene in Bangladesh. International Journal of Infectious Diseases, 101, 60. doi: https://doi.org/10.1016/].ijid.2020.09.187
Mau, V., Arye, G., Gross, A. (2020). Poultry litter hydrochar as an amendment for sandy soils. Journal of Environmental
Management, 271, 110959. doi: https://doi.org/10.1016/j.jenvman.2020.110959

Gudda, E O., Ateia, M., Waigi, M. G., Wang, J., Gao, Y. (2022). Ecological and human health risks of manure-borne steroid estrogens: A
20-year global synthesis study. Journal of Environmental Management, 301, 113708. doi: https://doi.org/10.1016 /j.jenvman.2021.113708
Gadzhiev, R. M. (2018). Otsenka tekhnologii utilizatsii ptich’ego pometa. IX Mezhdunarodnaya nauchno-prakticheskaya
konferentsiya “Voprosy tekhnicheskikh, fiziko-matematicheskikh nauk v svete sovremennykh issledovaniy”.

Gogoladze, D. T, Kotlyar, P. Yu., Serova, N. Yu. (2015). Promyshlennoe ptitsevodstvo v Rossii - realii i vozmozhnye ugrozy. Ptitsa
i produkty ptitsevodstva, 4, 8—10. Available at: http://www.vniipp.ru/images/statya/0415/st4.pdf

Dolgov, Yu. A. (2009). Osnovy matematicheskogo modelirovaniya. Tiraspol”: Izdatel’stvo Pridnestrovskogo universiteta, 100.
Dubrovin, A. A. (2011). Tekhniko-ekonomicheskoe obosnovanie energosberegayuschey sistemy otopleniya v ptitsevodstve.
Ptitsevodstvo. Ptitsefabrika, 3, 32—38.

Zavrazhnov, A. I, Mironov, V. V. (2012). Matematicheskoe modelirovanie biotekhnologicheskoy sistemy proizvodstva organicheskikh
udobreniy. Michurinsk: Izd-vo MichGAU, 151.

Kachanova, L. S., Bondarenko, A. M. (2013). Tekhniko-ekonomicheskoe obosnovanie sistem primeneniya udobreniy. Vestnik
Irkutskoy gosudarstvennoy sel’sko-khozyaystvennoy akademii, 59, 7—-14.

Kovalev, N. G. (2008). Resursosberegayuschie tekhnologii pererabotki organicheskogo syr’ya. Ptitsevodstvo i produkty ptitsevodstva,
4,21-23.

Kovalev, N. G., Baranovskiy, I. N. (2006). Organicheskie udobreniya v XXI veke (Biokonversiya organicheskogo syr'ya). Tver”:
CHudo, 304.

Bryukhanov, A. Yu., Trifanov, A. V,, Spesivtsev, A. V., Subbotin, I. A. (2016). Logiko-lingvisticheskoe modelirovanie dlya resheniya
agroekologicheskikh problem. Sbornik dokladov XIX Mezhdunarodnoy konferentsii po myagkim vychisleniyam i izmereniyam
(SCM-2016). Sankt-Peterburg: LETI, 236—239.

Lokhvinskaya, T. 1. (2015). Sistemnyy podkhod v reshenii zadach tekhnologicheskogo protsessa obespecheniya kachestva
produktsii. SOK (Santekhnika, otoplenie, konditsionirovanie), Ezhemesyachnyy otraslevoy zhurnal, 12, 71-73.

Popov, V. D., Spesivtsev, A. V., Sukhoparov, A. I. (2014). Formalizatsiya ekspertnykh znaniy v vide logiko-lingvisticheskikh modeley.
Vestnik Rossiyskoy akademii sel’skokhozyaystvennykh nauk, 13, 10—13.

Kardashev, 1. P, Motorin, V. B,, Spesivtsev, A. V., Utkin, N. N. (2003). Elementy preventivnogo upravleniya riskami pri ekspluatatsii
sistemnykh obektov. Sankt-Peterburg: izd-vo SPbGTU, 132.



