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APPLICATION OF SIMULATION
MODELING FOR ASSESSMENT OF
ENVIRONMENTAL SAFETY OF SOILS

O6’cxmom docnidncenns ¢ exonoziuna 6esnexa 3a6pyoHeHHs epYHMI6 NPOMUCIOBUM NIONpUEMcmeom. 3a-
2abHUIL nPouec 2e0inbmpayii Po3zasoaemvpcs K KOMNIEKC OKPeMUX QI3uunux i (isuxo-xXiMiunux npouecis.
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mamemamuunux mooenei 0ns ix onucy. OOnuM i3 NPOOIEMHUX MICUb € OUIHIOBANHA GNIUGY MUNY TPYHMY Ma
610n06101HOT UbOMY MUNY cxemu 2eopirempayii na sazarpnuil pesyivmam Qirompavitinux npouecie. Poszisiymo
KAGCUDIKAUiI0 TPYHMIE 3 MOUKU 30pY Npouecie pirompauii, axi 6 nux 6idoysaromvcs. /s pisnux munie rpynmis
6CMAan08/IeHl 842081 KOeiyicHmu 6NIUBY OKPEMUX NPOUECI8, WO CManossimy zeoditompayilo. B sxocmi ouinku
pesyavmamis 2eopiivmpauii 3anpononosano eionoueHs nomounol Konyenmpauii 3abpyoniosaua 00 11020 po-
10601 Konuenmpayii. 3anpononosano MemoouKy SUSHAUEH NOKA3HUKIG eQeKmUSHOCME OUUlels, 3ACHOBANA
na imimayitinomy excnepumenmi. Pospo6ieno anrzopumm nposeoenis iMimauyitiinozo excnepumenmy Ha KOMNIexcl
Mooenell 3 ypaxysannsim ecmanosienux xoegiuienmis i nposedeno 10000 tiozo pearizauiii. 3a pesyrvmamamu
IMIMAuitinozo excnepuMenmy 6USHAUeno GeJUdUNL, Wo 00360LI0Mb CYOUMU npo SKicmy 2eopirompaii:

— IHmMepeanvua OUiHKa CMmynens. OUULeHHs;

— BUCOMA TPYHMOBOZ0 WAPY, AKA 3A0€3NEUYE MAKCUMATLLHO MONICIUBY CMYNIHD OUUUEHI MA UMOBIPHOCTI
1061020 ouuenHs 610 3a6pyonI06aua nio Yac NPoxoONCeHHs uepes wap rPYnmy Ois 6CixX POSLAAHYMUX TPYHMIE.

3anpononosano posensdamu pusux nPOHUKHeHHs 3a0pyoHIeaua 6 nid3emui 600U Yepes wap rpyHmy ma
BCMANOBLCHO WKANY OUTHIOBANHS Ub020 PUSUKY Ha 0CHO6I wkaiu baxcanocmi Xappinemona. /s 6cix poseis-
HYMUX MUnie TpYHmie Oyineno PUsUK NPOHUKHEeNHs 3a0pyonens y 6UNAOKAX, KOIU NOUAMKOBA KOHUEHMPAlis
3abpyonosava nepesuiye honosy 6 mpu, n’smo i decsamo pasis.
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1. Introduction

The increase in anthropogenic influence, which is due
to technological progress, leads to an increasingly notice-
able change in the state of the environment, and most
of them have a negative effect on all life on the planet.

Man-made environmental impacts in modern condi-
tions are so great that catastrophic changes in climatic,
geological, tectonic and seismic conditions are possible,
as well as the occurrence of global pollution, etc. And, as
a result, changes in the development of ecosystems, biological
diversity of living conditions of people and their health,
the change in the sustainability of technological activities.

The fundamentals of the general concept of influence on
environmental elements, in particular, on soils and ground-
water, are presented in [1] at the end of the last century.
In connection with the intensive development of industrial
and urban areas, the scales of the manifestation of the
negative influence of processes and phenomena, as well
as the amount of damage to the soil, are expanding. As
a result of this, a problem arises in studying the processes
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of influence and changes that arise in the territories for
the development of protective measures with maximum
regard for varieties of natural and man-made factors.

Thus, the study of the impact of industrial facilities
on the environment is relevant. For this, it is necessary
to create such methods of mathematical modeling that
will make it possible to reduce the technological load on
the components of the environment.

2. The ohject of research
and its technological audit

The object of research is environmental safety of soil
pollution by an industrial enterprise.

Currently, passivity in the problem of resolving en-
vironmental safety issues, and soils in particular, for hu-
manity can cause irreversible processes. Human activity is
inextricably linked with an increase in the load of pollu-
tants on the soil of industrial ecological systems. A high
degree of pollution of atmospheric air and water leads
to the accumulation of pollutants in the soil. Moreover,
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this is also observed during the normal operation of en-
terprises, especially the chemical industry. Only monitor-
ing can’t solve the problem of environmental safety of
territories; forecasting methods are needed for informed
decision-making. For an objective solution to the problem
of reducing the man-made load, it is necessary to estimate
the level of distribution of the pollutant in the soil in
advance quantitatively.

3. The aim and ohjectives of research

The aim of research is to determine all the features of
the process of soil pollution by an industrial enterprise.

To achieve this aim it is necessary to perform the fol-
lowing objectives:

1. To highlight the mathematical models, which best
describe the physicochemical processes in soils.

2. To separate soil types of Ukraine with different geo-
filtration conditions in a separate classification.

3. To determine the ratio of mathematical models to
soil types.

4. To determine the level of influence of the industrial
enterprise on the soil layer.

4. Research of existing solutions
of the prohlem

The authors analyze a number of works devoted to the
assessment and modeling of filtering processes of pollutants
coming through the soil layer. The fundamental work in
this direction, according to the authors, is the work [2].
In this work, a number of models of the process of mass
transfer of soluble substances when moving through a soil
layer are proposed. The generalized geofiltration model
proposed by the author of this work is a functional dif-
ferential equation of the second order in partial derivatives.
The author does not set the task of obtaining a generalized
solution to this equation, since the functions introduced
into it strongly depend on the conditions of the process.
However, the paper considers three main options for solv-
ing this equation — for the averaged and variable filtration
rates and in the case of convective diffusion. However, the
problems of transferring the obtained simulation results to
real soils remained unsolved, since the author does not
give recommendations on the criteria for the applicabi-
lity of one or another solution to the model. In addition,
only the convective diffusion process is considered in the
work, at the same time, other physicochemical processes
also have a significant effect on geofiltration.

In continuation of the aforementioned work, it is pro-
posed in [3] to consider filtration in the soil, based on
mass transfer processes occurring at the phase boundary
during the motion of a Newtonian fluid through cylindrical
tubes. The author of [2] suggests considering such a formal
structure as ideal soil. To describe the filtration process,
the author of [3] recommends using the dependence of
the filtration rate based on the Leverett function, which
approximately corresponds to low and high filtration rates.
However, the assumption about the movement of the pol-
lutant in the soil in the capillary mode is not accurate
enough, and the author’s conclusion about the need to
clarify Darcy’s law is general.

In [4], mathematical modeling of the process of saline
water purification with an initial salt concentration of

15 g/1 when passing through the soil layer is considered.
This takes into account the partial accumulation of salts
and the establishment in the soil of the concentration of
salts, which has the essence of the background. The ma-
thematical model of the filtration process proposed by the
authors has the form of a system of algebraic equations
and second-order differential equations in partial deriva-
tives. However, the authors do not take into account the
difference in the composition of soils of different types.
In addition, the authors did not complicate the model by
introducing into it the whole complex of processes occur-
ring in soils during filtration. At the same time, it seems
appropriate for the authors to use a simulation experi-
ment to study filtration processes in the soil, since finding
a generalized solution to a system of mathematical models
is extremely difficult.

The authors of [5] proposed a mathematical model of the
mass transfer process in saturated and unsaturated porous
media under isothermal conditions to simulate the spread
of contaminants in the soil. The model is a system of dif-
ferential equations of the first and second orders in partial
derivatives. The undoubted advantage of the proposed model
is the consideration of the movement of the pollutant not
only in the vertical, but also in the horizontal directions.
The result of the solution of the model is the field of
pollutant concentrations in the soil. However, the authors
focus their work only on the processes of mass transfer and
mass transfer, although geofiltration is not limited to only
these processes. Thus, the problems of taking into account
the influence of the processes of mechanical, chemical, etc.,
components of geofiltration remained unresolved. It should
be noted that the authors also failed to obtain a genera-
lized solution to their proposed model due to its rather
high complexity. The solution proposed by the authors is
obtained by numerical methods.

In the development of research [2], in the work [6],
performed with the participation of the authors, it is pro-
posed to take into account the physicochemical charac-
teristics of the soil to build a model of the geofiltration
process. In addition to the already mentioned convective
diffusion coefficient, the active porosity of the medium and
bulk density is introduced into the model. The obtained
results more adequately describe the experimental data
of the filtration process in real soil. At the same time,
the issues of the influence of other physical and chemical
parameters of the soil remained unresolved.

In [7], the authors present the results of modeling the
spread of pollution in sandy soils. As pollutants, the com-
bined composition of the municipal waste dump is conside-
red. The undoubted advantage of the work is the form of
the model accepted by the author — linear, power-law and
quadratic regression equations. These equations describe the
relationship between the masses of the introduced and filtered
pollutant per unit area of soil. Despite the use of simple
mathematical dependencies, the obtained simulation results
correlate with real results with a coefficient of 0.98+0.99.
The authors point out the possibility of adapting the re-
gression equations it proposed for other soil compositions
other than those considered in the work of sandy soils
and various types of pollution, but the adaptation itself
was not carried out.

It should also be noted [8], in which the authors propose
a mathematical model of the inverse problem of removing
contaminants from the soil by washing contaminated, in
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this case saline, soils. The models proposed by the authors
are based on fairly simple structural equations of chemical
kinetics. The authors propose to consider the process of
removing contaminants as a first-order chemical reaction.
However, other types of interactions between pollutants and
the soil layer remained unexamined. The authors” assumption
of the first order of interaction when washing with water
particles of a solid substance — soil — seems rather crude.

A more thorough attempt to develop a mathematical
model of the processes occurring during leaching of the
soil, as well as desalination and purification of soils from
pollutants, is made in [9]. The authors propose a model of
the dynamics of the locally non-equilibrium in time process
of convective diffusion of soluble substances under the
conditions of plane-vertical stationary filtration of ground-
water, taking into account the presence of interphase mass
transfer. The authors obtain integral differential models
of the non-equilibrium convective-diffusion process in a po-
rous medium under mass transfer conditions. Based on
the developed models, the authors perform computational
experiments and computer simulations, the results of which
show the propagation front of contaminants in soils tak-
ing into account mass transfer. However, the authors do
not take into account the differences between the types
of soils that are to be washed, which would undoubtedly
make adjustments to the processes occurring in the soil.

In [10], the authors develop a facility for studying
the penetration of pollutants — heavy metals generated as
a result of fuel combustion in a car engine, into the ground.
Based on theoretical and experimental studies, they propose
a physical and mathematical model of the penetration of
these pollutants into the soil and determined the maximum
depth of their penetration. However, the mathematical
model proposed by the authors is actually an equation of
the material balance of the process. Also, the authors do
not take into account the background concentrations of the
studied pollutants in the study, the measurement of which
made significant adjustments to the results obtained by
the authors, since the error in the concentration changes
(reaching 10 %, in one case 15 %) significantly exceeds
the background concentration of pollutants.

It is also possible separately to distinguish works in
which specific features of the movement of moisture in
the soil are noted [11, 12]. And studies in which several
groups of specific phenomena of soil moisture transfer are
distinguished:

— fast transfer along the <«leading» pore spaces and

further exchange with stagnant zones;

— uneven movement of soil moisture associated with

variability of soil properties;

— movement along macropores [13];

— formation of individual water channels, lines of pre-

ferential flow [14].

After analyzing the results of studies on the problems of
filtering contaminants when passing through a soil layer,
the authors came to the conclusion that it is difficult
to describe this process using one mathematical model.
The geofiltration process is complex and various physical,
physico-chemical and chemical processes take part in it.
Therefore, it is advisable to conduct studies of the filtra-
tion properties of soils on the basis of models of individual
processes, taking into account the relative contribution
of such processes to the overall geofiltration process for
various types of soils.

5. Methods of research

To solve the problems, the most promising are the fol-
lowing of the above models:

1) a model for assessing soil pollution taking into ac-
count a chemical reaction in the filtering process [15-17];

2) a model for assessing soil pollution taking into ac-
count the features of the soil layer [6];

3) a model for assessing soil pollution taking into ac-
count mass transfer processes [2];

4) a model for assessing soil pollution taking into ac-
count mass transfer processes: with uniform sorption [2];

5) a model for assessing soil pollution taking into ac-
count mass transfer processes: with uneven irreversible
sorption [2];

6) a model for assessing soil pollution taking into ac-
count mass transfer processes: during crystallization or
dissolution of rock components in wastewater [2].

6. Research results

B6.1. Consideration of soil features during a simulation
experiment. The types of soils with different geofiltration
conditions are presented in [1].

Systematization of data on geological and hydrogeo-
logical conditions makes it possible to distinguish 4 areas
of filtration schemes and 9 regions in their composition
in Ukraine:

1. Aeolian-deluvial soils of the loess complex:

1.1. With the presence at the base of the cover deposits
of relative water resistance.

1.2. Without the presence of relative waterproofing
at the base of the cover sediments.

2. Alluvial deposits of river terraces:

2.1. With the presence at the base of the cover deposits
of relative water resistance.

2.2. Without the presence of relative waterproofing
at the base of the cover sediments.

3. Modern marine sediments:

3.1. With the presence at the base of the cover deposits
of relative water resistance.

3.2. Without the presence of relative waterproofing
at the base of the cover sediments.

4. Fissured rock and semi-rock:

4.1. With the presence of integumentary aeolian-deluvial
deposits.

4.2. With the presence of integumentary alluvial deposits.

4.3. With the presence of aeolian-deluvial deposits, de-
stroyed rock and semi-rock.

According to the classification, which is proposed based
on the study [1], the aeolian-deluvial soils of the loess
complex include: aeolian-deluvial soils of the loess com-
plex, continental red-brown Pliocene-Lower Quaternary
clays and/or green-gray sea clays of the Neogene age and
sand-clay deposits of river and sea terraces with a pre-
dominance of the first species. Depending on the types
and composition of the soil, certain physical and chemical
processes in the soils prevail, which can significantly affect
the filtration properties of the soil layer. In this type of
soil, in connection with the ratio of its composition, the
processes prevail in which it is necessary to take into
account the features of the soil layer to a greater extent,
as well as processes in which the chemical reaction and
mass transfer are taken into account. In this regard, to
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assess soil pollution, processes are taken into account in
the following ratio:
— assessment taking into account the features of the
soil layer during the filtration process will be 35-40 %;
— assessment taking into account mass transfer pro-
cesses in 15-25 %;
— assessment taking into account the chemical reac-
tion in the filtration process will be 15-20 %;
— assessment taking into account mass transfer pro-
cesses: with uniform sorption of 7-20 %, with uneven
irreversible sorption of 5-10 %, with crystallization or
dissolution of rock components in wastewater at 0—-5 %.
Let’s assume that these ratios of filtration processes
will correspond to the fraction that describes their models
in the general calculation. For the indicated type and
other soils in accordance with the classification, the ratio
of the models is shown in Table 1.

The purification degree is calculated as the ratio of the
current concentration to the background. At the third
step, the found purification degrees are summarized tak-
ing into account the degree of influence of individual
models (Table 1). Thus, the top and lower boundaries of
the purification degree at each depth are determined. If,
as a result of addition, the obtained value exceeds one,
it is replaced by one.

Table 2 shows the results of calculations by the described
algorithm — the depth of achieving a single purification
degree at the upper boundary (D;) and the maximum
purification degree at the lower boundary (qmax)-

Tahle 2

Depths at which a purification degree is achieved, equal to one at the top
boundary (;) and the maximum possible purification degree at the lower
boundary (g, in soils of different types

e L3 [ [
. . . . Tahle 1 . type B1 gmax ﬂl Jmax Dl Hmax
Matrix of relations of mathematical models to soil types 1 Ta 0833 31 0833 91 0833
Soil | Impact assessment Model serial number 1.2 1.5 0.833 3.5 0.833 9.6 0.833
type houndary 1 2 3 4 5 B 2.1 17 0.833 3.9 0.833 9.9 0.833
11 lower 0.15 | 0.35 | 0.15 | 0.07 | 0.05 0 2.2 1.8 0.87 4.1 0.87 10.1 0.87
’ top 02 | 04 |025| 02 | 0.1 |0.05 3.1 1.5 0.833 3.1 0.833 9.1 0.833
12 lower 02 |028|009|015|005| O 3.2 1.4 0.847 29 0.847 9 0.847
top 025|035 02 | 025 0.1 |0.05 4.1 15 0.87 2.5 0.87 7.9 0.87
21 lower 03 |0z )01)01)005] O 4.2 15 | 084 | 2B | 084 8 0.84
tap D4 103 | 02[015) 01 |0.05 43 17 | 0847 | 27 | 0847 | 84 | 0847
09 lower 03 |025| 01 0.1 | 0.05 0
top 035] 03 | 02 1015) 01 1005 6.3. Simulation experiment to determine the probabhility
71 lower 045/ 03 |017/005]011( O of the maximum possible purification. To determine the
top 0z |035|025] 01 ]025)|005 probability of the maximum possible purification, which
59 lower 0.15] 0.3 | 016|007]008| O will be interpreted as achieving a pollutant concentra-
top 02 | 04 |025|0.12|0.16 | 0.05 tion equal to the background, it is proposed to conduct
lower 01 | 01 | oos| 005|005 04 a simulation experiment. The implementation of a single
41 tap 015 02 | o1 | o1 | 01 | os experiment is as follows. Let’s accept that the degree of
lower 0051 015 | 0.07 | 005 | 0.05 | 0.4 influence of each of the purification processes in the soil
4.2 o 01 | 0z 1013 1012 |01z | 05 and, as follows from the above accepted assumption, the
: - : - : : degree of participation of the model, is a random variable.
43 lower 01/ 0 10050071007 05 The distribution law of this quantity is uniform in the
top 02 ] 0 | 01 ]015)015] 0B interval equal to the accepted interval from the Table 3.

6.2. Determination of interval assessment of the de-
gree of possible purification during geofiltration. Since the
accepted assessment of the degree of influence of indi-
vidual processes and their corresponding models on the
result of geofiltration are interval in nature, as can be
seen from the Table 1, an assessment of the degree of
possible purification determined on the basis of a group
of models will also be interval. To determine it, let’s use
the following algorithm. At the first step, let’s simulate
the concentration of the pollutant for each of the models
selected in section 5 separately. Let’s calculate based on
the depth of the soil layer in increments of 0.1 m until
the concentration calculated by all selected models reaches
the background. Thus, the maximum layer depth (Dpax)
will be found. The calculation showed that for the initial
concentration of the pollutant, exceeding the background
depth by 3 times, this depth is 2.9 m, 5 times — 4.9 m,
10 times — 11.0 m.

In the second step, let’s calculate the purification
degree at each point in depth for all selected models.

According to the indicated law, wet’s draw these random
variables and obtain their point values. When drawing, let’s
take into account that the sum of all the values played
is equal to one.

Tahle 3

Depths at which the maximum probability (Ppyp) of the maximum possible
purification in soils of different types is achieved

Depth, m
Soil type Povp

Lpx3 Lypx5 Lyx10
1.1 0.610 1.3 3.7 9.5
1.2 0.600 1.8 4.1 9.8
2.1 0.660 1.7 42 10
2.2 0.714 18 4.3 10.4
3.1 0.570 1.8 3.7 9.8
3.2 0.716 1.6 3.6 9.7
4.1 0.832 1.6 2.6 8.9
4.2 0.634 1.6 2.5 7.9
4.3 0.616 1.7 3.2 9.3
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The next step is to calculate the concentration of pol-
lutants in the soil for all models, taking into account the
obtained point values of the degrees of their influence.
The calculation is carried out for each depth from the
soil surface to that found in Subsection 6.1 with an ac-
cepted step of 0.1 m. If the obtained concentration at
a given depth does not exceed the background concentra-
tion of pollution in the soil (with a rounding error), let’s
recognize a single experiment for this depths successful,
otherwise — not successful.

Based on the results of implementing a sufficiently
large number of single experiments, the relative frequency
of successful experiments for each depth can be calculated.
According to the law of large numbers, with an increase
in the number of experiments, this relative frequency will
tend to the probability of complete purification with an
increase in the number of single experiments. In this study,
10,000 such experiments were implemented. The results
of the calculation of the relative frequency (statistical
probability) of the maximum possible purification (Pyp0)
are given in Table 3.

As can be seen from the Table 3, the statistical proba-
bility of the maximum possible purification does not de-
pend (up to the results of a simulation experiment) on
the initial concentration of the pollutant. Only the depth
at which the maximum possible purification is achieved
depends on the initial concentration.

6.4. Determination of the risk of contamination through
the soil. Let’s establish the acceptability of purification based
on the magnitude of the risk of incomplete purification.
Let’s take such a risk as 1-Ppyp and set its marks in ac-
cordance with the Harrington desirability scale [12], Table 4.

Tahle 4
Acceptability grade
1-Ppmp Acceptability grade
0:0.2 Definitely acceptable
0.2:0.37 Acceptable
0.37+0.63 Conditionally acceptable
0.63+0.8 Unacceptable
0.8+1 Definitely unacceptable

The acceptability of the risk of contaminant penetra-
tion through the soil layer depending on the depth of
this layer is summarized in Tables 5, 6.

Table 5

The risk of pollution penetration through the soil layer (initial concentration
three times higher than the background)

&l Depth, m, at which the risk of penetration:
type definitely conditionally definitely
unacceptable acceptable acceptable
1.1 <2.0 >2.2 not achieved
1.2 <2.1 >2.3 not achieved
2.1 <2.1 2.2 -2.4 not achieved
2.2 <2.1 2.2-2.3 not achieved
3.1 <2.0 >2.3 not achieved
3.2 <2.0 2.2-2.3 not achieved
4.1 <1.8 2.0-2.1 >2.4
4.2 <1.8 2.0-2.3 not achieved
4.3 <2.1 2.2-2.4 not achieved

Tahle 6

The risk of contamination through the soil layer (the initial concentration
exceeds the background tenfold)

Sl Depth, m, at which the risk of penetration:

Y% | cepatle | sccspale. acospable
1.1 <10.3 >10.5 not achieved
1.2 <104 >10.6 not achieved
2.1 <10.5 10.7-10.8 not achieved
2.2 <10.5 10.7-10.8 not achieved
3.1 <10.4 >10.7 not achieved
3.2 <10.2 10.5-10.7 not achieved
4.1 <9.8 10.1-10.4 >10.8
42 <9.8 10.1-10.7 not achieved
4.3 <10.2 10.5-16.4 not achieved

Based on the results of the simulation experiment, it
is possible to draw the following conclusions:

— for aeolian-deluvial soils of the forest complex of type

1.1, conditionally acceptable purification is achieved at

a depth of 1.3, 3.7, and 9.5 m for 3 different experi-

ments, respectively;

— for aeolian-deluvial soils of a forest complex of type

1.2, conditionally acceptable purification is achieved

at a depth of 1.8, 3.6 and 9.8 m, respectively;

— for modern marine sediments of type 3.1, condition-

ally acceptable purification is achieved at a depth of

1.8, 3.7 and 9.8 m, respectively;

— for fractured rock and semi-rock type 4.3, condi-

tionally acceptable purification is achieved at a depth

of 1.7, 3.2 and 9.3 m, respectively;

— for alluvial deposits of river terraces of type 2.1

acceptable purification is achieved at a depth of 1.7,

4.2 and 10 m;

— for alluvial deposits of river terraces of type 2.2,

acceptable purification is achieved at a depth of 1.9,

4.3 and 10.4 m;

— for modern marine sediments of type 3.2 acceptable

purification is achieved at a depth of 1.6, 3.6 and 9.7 m;

— for fractured rock and semi-rock type 4.2, acceptable

purification is achieved at a depth of 1.6, 2.5 and 7.9 m;

— for fractured rock and semi-rock rocks of type 4.1,

unconditionally acceptable purification is achieved at

a depth of 1.6, 2.6 and 8.9 m;

— for rock types 1.1, 1.2, 3.1 and 4.3, acceptable puri-

fication in the territory can’t be achieved.

7. SWOT analysis of research resulis

Strengths. The main strength of the proposed methodo-
logy is that at the moment there are no such methods that
can allow to assess the risk level of the influence of an
industrial enterprise on the soil by the height of its layer.

Weaknesses. The main weakness of the proposed metho-
dology is that the matrix of the ratios of mathematical
models to soil types (Table 1) is suitable for the corre-
sponding soil types with the classification presented in
Section 6.1. And when using the methodology for other
types of soils, it will be necessary to introduce a correla-
tion matrix that better describes the physical processes
that occur in it.
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Opportunities. The problem of predicting the anthro-
pogenic impact on the state of the soil layer is nowhere
sufficiently integrated into the decision-making system. In
this regard, the application of this technique will allow:
to actually assess the level of negative impact on the soil,
as well as decide on its consequences.

Threats. The application of this technique does not
require separate costs for its implementation, and it is
necessary to know the list of substances that enter the soil
and their concentration. In this regard, the introduction
and use of it in enterprises does not pose any threats.

1. Six mathematical models have been identified that
best describe the physical and chemical processes in the
soil layer.

2. The Ukrainian soil is classified to describe the dis-
tribution of pollutants with a fluid flow in the soil layer,
depending on its different geofiltration conditions.

3. To solve the problem of determining the level of
influence of enterprises on the soil layer, a matrix of re-
lations of mathematical models to soil types is created,
which takes into account the specifics of the composition
of the soil layer and the physicochemical processes in it.

4. To determine the level of influence of an industrial
enterprise on soils, interval estimates of the degree of pos-
sible purification for different types of soils were found.
It also found the probability of the maximum possible
purification and the depth at which it is achieved for
different types of soils. As a result, this allows to deter-
mine the risk of contaminants penetrating through the
soil layer for different types of soils.

References

1. Abramov, I. B. (2007). Otsenka vozdeistviia na podzemnye vody
promyshlenno-gorodskikh aglomeratsii. Kharkov, 285.

2. Lavrik, V. L. (1981). Reshenie zadachi massoperenosa vodorast-
vorimykh veschesto v sluchae zavisimosti koeffitsientoo konvektionoi
diffuzii ot skorosti filtratsii. In-t Matematiki AN USSR, 3-24.

3. Khairullin, A. A. (2018). Application of the ideal soil model
and tube hydraulics to study filtration processes. IOP Confe-
rence Series: Earth and Environmental Science, 194, 062011.
doi: http://doi.org/10.1088,/1755-1315,/194/6/062011

4. Ravshanov, N., Khurramov, 1., Aminov, S. M. (2019). Mathe-
matical modeling of the process of water-soline transport in soils.
Journal of Physics: Conference Series, 1210, 012118. doi: http://
doi.org/10.1088,/1742-6596,/1210,/1/012118

5. Vlasyuk, A. P, Tsvetkova, T. P. (2015). Mathematical Simulation
of the Transport of Salt in the Case of Filtration and Moisture
Transfer in Saturated—Unsaturated Soils in a Moistening Re-
gime. Journal of Engineering Physics and Thermophysics, 88 (5),
1062—1073. doi: http://doi.org/10.1007/s10891-015-1285-4

6. Boiko, T. V., Zaporozhets, Tu. A. (2015). Modeling of mass
transfer of pollutants in the soil. Technology Audit and Production
Reserves, 1 (3 (21)), 8—11. doi: http://doi.org/10.15587/2312-
8372.2015.37648

7. Szymanski, K., Sidetko, R., Janowska, B., Siebielska, I., Walen-
dzik, B. (2017). Modelowanie parametrow migracji zanieczyszczef-
chemicznych w podiozu gruntowym skladowisk odpadow ko-
munalnych. RocznikOchrona Srodowiska, 19, 651-667.

8. Mustafayev, Z. S., Kozykeeva, A. T., Abdeshev, K. B. (2013).
Mathematical modeling of salt leaching of saline soils. World
Applied Sciences Journal, 27 (2), 191-200.

9. Bohaienko, V. A, Bulavatskiy, V. M. (2019). Computer Simula-
tion Based on Non-local Model of the Dynamics of Convective
Diffusion of Soluble Substances in the Underground Filtration
Flow under Mass Exchange Conditions. Journal of Automation
and Information Sciences, 51 (5), 16-29. doi: http://doi.org/
10.1615/jautomatinfscien.v51.i5.20

10. Kryshtopa, S., Melnyk, V., Dolishnii, B., Korohodskyi, V., Prun-
ko, I, Kryshtopa, L. et. al. (2019). Improvement of the model
of forecasting heavy metals of exhaust gases of motor vehicles
in the soil. Eastern-European Journal of Enterprise Technolo-
gies, 4 (10 (100)), 44-51. doi: http://doi.org/10.15587/1729-
4061.2019.175892

11. Flury, M., Flihler, H., Jury, W. A., Leuenberger, J. (1994).
Susceptibility of soils to preferential flow of water: A field
study. Water Resources Research, 30 (7), 1945-1954. doi: http://
doi.org/10.1029,/94wr00871

12. Siminek, J., Jarvis, N. J., van Genuchten, M. T., Girdenis, A.
(2003). Review and comparison of models for describing non-
equilibrium and preferential flow and transport in the vadose
zone. Journal of Hydrology, 272 (1-4), 14-35. doi: http://doi.org/
10.1016,/s0022-1694(02)00252-4

13. Shein, E. V., Guber, A. K., Kukharuk, N. S. (1995). Perenos vody
i veschestv po makroporam v dernovo-podzolistoipochve. Vestnik
Moskovskogo universiteta. Seriia 17: Pochvovedenie, 2, 22—-32.

14. Shein, E. V., Marchenko, K. A. (2001). Vzaimosviaz putei dvizhe-
niia vlagi i prostranstvennogo raspredeleniia plotnosti pochvy
Vladimirskogo opolia. Pochvovedenie, 7, 823-833.

15. Khramchenkov, M. G. (2003). Elementy fiziko-khimicheskoi me-
khaniki prirodnykh poristykh sred. Kazan: 1zdatelstvo Kazanskogo
matematicheskogo obschestva, 178.

16. Environmental Indices: Systems Analysis Approach. Vol. 1 (1999).
Hardcover, 655.

17. Zaporozhets, J. A. (2016), Influence of filtration on groundwater
quality. Fifth International Scientific and Practical Conference.
Kyiv, 203-206.

Bojko Tetyana, PhD, Associate Professor, Acting Head of Depart-
ment of Cybernetics of Chemical Technology Processes, National
Technical University of Ukraine <Igor Sikorsky Kyiv Polytechnic
Institute», Kyiv, Ukraine, e-mail: tobojko@gmail.com, ORCID: http://
orcid.org/0000-0002-9710-8055

Skladannyy Denys, PhD, Associate Professor, Department Cy-
bernetics of Chemical Technology Processes, National Technical
University of Ukraine <Igor Sikorsky Kyiv Polytechnic Institutes,
Kyiv, Ukraine, e-mail: skl _den@ukr.net, ORCID: http;//orcid.org/
0000-0003-3624-5336

Zaporozhets Julia, Senior Lecturer, Department Cybernetics of
Chemical Technology Processes, National Technical University of Uk-
raine <Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine, e-mail:
zjuli@bigmirnet, ORCID: http.//orcid.org/0000-0001-5052-7036
Plashykhin Sergii, PhD, Associate Professor, Department Cy-
bernetics of Chemical Technology Processes, National Technical
University of Ukraine <Igor Sikorsky Kyiv Polytechnic Institutes,
Kyiv, Ukraine, e-mail: plashihin@ukr.net, ORCID: http.//orcid.org/
0000-0003-0039-3302

;30

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 1/3(51), 2020



