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Density of soil composite composition
in a changing magnetic field

Abstract. The advancement of technical means for determining soil density in precision
(controlled) agriculture necessitates the enhancement of non-destructive flow interaction
methods. There is also a need to improve methods for assessing soil density, as existing deviations
from optimal values adversely affect the yield of agricultural crops. This research aims to establish
the density of the composites in the granulometric composition of soil by determining the self-
induction voltage in a changing magnetic field. The research methods are adapted to determine
the relationships of Larmor precession under variable inductive current for the density of each
composite in the granulometric soil composition. Experimental investigations were conducted by
measuring the self-induction voltage of a solenoid acting as a sensor for each of the composites
located within the core. The processing of experimental results was carried out according to
the principles of mathematical statistics and probability theory, using approximations in the
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Excel and Statistica software packages. Based on the results of the experimental investigations,
models of the relationships between the density p (1.0-1.5 g/cm?) of soil composites and the self-
induction voltage ¢ =184-192 mV, with a generator voltage of 5 V and determination coefficients
R?=0.95-0.99, have been established. These models enable the assessment of soil density with high
accuracy, thereby facilitating the optimisation of agronomic processes. It has been determined
that these models can be used with a high degree of reliability as calibration characteristics for
the design of technical means for flow-based non-destructive measurement of the density of the
main soil types in Ukraine. Furthermore, it has been identified that future research should focus
on a more in-depth investigation of the relationships between magnetic permeability and the
agrophysical characteristics of soil within the locally defined inductive field of the sensor (solenoid).
An applied aspect of the obtained results is the further development of adaptive machinery and
monitoring systems for soil conditions, aimed at achieving optimal cultivation indicators, as well
as their utilisation by research institutions and instrument-making enterprises

Keywords: soil density; magnetic permeability; self-induction; magnetisation; Larmor precession

INTRODUCTION
Determining soil density in a variable magnet-
ic field is crucial for enhancing the precision
of agrophysical characteristic measurements,
which directly impacts the efficiency of agri-
cultural processes. This method enables flow-
based, non-destructive assessment of soil
conditions, facilitating high-speed, intelligent
cultivation and monitoring of physicochemical
properties. It contributes to the optimisation of
cultivation technologies, increased yields, and
reduced risks of land degradation. Furthermore,
this research opens up new avenues for the de-
velopment of adaptive machines and control
systems that utilise modern methods of contin-
uous non-destructive soil condition assessment.

Research by G. Baranov et al. (2022) indi-
cates that modern agricultural technologies
are based on the use of intelligent systems for
high-quality flow-based soil condition mon-
itoring and the adaptation of machine com-
ponents to achieve the desired agrophysical
parameters, particularly soil density, during
pre-sowing cultivation.

The normative requirements for pre-sow-
ing soil cultivation, particularly for sugar beet,
are established by DSTU 4819:2007 (2009). Ac-
cording to this standard, the depth of the loos-
ened layer, depending on soil moisture, should
be between 2.5 and 4 cm across the entire width
of the mechanised unit and should not devi-
ate from the set value. The density of the seed-
bed should be between 1.2 g/cm?® and 1.3 g/cm?.
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Deviations in soil density from the optimum
lead to reduced yields. For example, experi-
mental studies by S. Kartashov et al. (2012) have
shown that deviations in soil density of 0.1..0.3 g/
cm? (from the optimum) result in a decrease in
yield, particularly for sugar beet, by 20-40%.

The implementation of modern sugar beet
cultivation technologies using precision farm-
ing methods and electronic maps, as proposed
by M. Ivaniuta et al. (2023), should guarantee
flow-based monitoring of soil density in both
time and space, considering its compositional
makeup, and allow for corresponding adjust-
ments in the operation of farming implements.

The impact of soil compositional composi-
tion on density during flow-based monitoring
using electronic devices has not been suffi-
ciently studied. According to J. Ruehlmann et
al. (2020) and P. Panagos et al. (2024), the solid
portion of soil is primarily composed of “physi-
cal clay” (aluminium oxide) and “physical sand”
(silicon dioxide), which are classified as diamag-
nets and paramagnets, respectively.

Existing methods for measuring soil agro-
physical characteristics, as exemplified by the
research of M. Abdulraheem et al. (2024), rely on
the soil's ability to alter its dielectric permittiv-
ity between submerged electrodes depending
on its condition. These methods are effective
for determining parameters such as moisture
content, temperature, and cation exchange
capacity, and are widely used in agricultural
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monitoring tools. However, despite the success
of these methods in measuring these indicators,
they primarily focus on agrochemical properties,
neglecting other important characteristics such
as soil density, which can be determined through
interactions with a changing magnetic field.

In the research conducted by M. Zaouche et
al. (2017), it was noted that to achieve results in
determining agrophysical parameters using
non-destructive flow-based methods, the inter-
action of an electromagnetic field with the soil is
utilised. These methods are based on studies of
eddy currents and reflectometry (radar sensing)
which are applied in soil profiling tools and the
determination of soil horizons.

Measurements of soil magnetic sus-
ceptibility, as proposed by F. Shirzaditabar &
R.J.Heck (2022), are widely used to identify zones
with elevated concentrations of contaminants.
This approach allows for the effective determi-
nation of the content of ferromagnetic minerals
of anthropogenic origin, such as iron oxides and
heavy metals, commonly found in contaminated
soils. Due to its sensitivity to changes in magnet-
ic properties, this method is useful for environ-
mental monitoring, however, its application is
primarily limited to the detection of contami-
nation, requiring further development for ad-
dressing agricultural tasks.

Promising directions for determining soil
density, considering its compositional makeup,
were proposed in the research of N. Asgari et
al. (2018), M.O. Kanu et al. (2014) and S. Ayoubi et
al. (2018), where the adaptation of Larmor pre-
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Figure 1. Diagram of connecting
a solenoid (coil) with inductance L
to an alternating current source
Note: ¢ - generator voltage, ¢, - self-induction voltage,
L - solenoid inductance, I - current
Source: J. Rawlins (2000)

2)

cession methods for analysing the interaction of
a non-homogeneous magnetic field with soil is
considered. This approach involves using induc-
tion measurement methods to convert the elec-
tronic signal into electrical quantities, opening
up new possibilities for the precise determina-
tion of the physical properties of soil. This is a
relevant area of research, as such methods can
significantly improve the accuracy of soil moni-
toring and cultivation.

This study aimed to investigate the depend-
encies of the density of the soil's composite
composition on the self-induction voltage in a
changing magnetic field.

MATERIALS AND METHODS

Experimental research was conducted in 2024 at
the Institute of Bioenergy Crops and Sugar Beet
of the National Academy of Agrarian Sciences of
Ukraine, a research institution located in Kyiv,
Ukraine. For the study, soil composition samples
optimal for sugar beet cultivation were selected,
specifically sandy loam, light loamy, medium
loamy, and heavy loamy.

The essence of the method lies in the fact
thatwhen avoltage from a generator, ¢, is applied
to a solenoid with inductance L, a phase shift in
the current occurs due to Larmor precession
(the interaction of the magnetic field with the
core), as shown in Figure 1. The characteristic of
the phase shift of the current can be determined
from known values of inductive reactance, X,
by measuring the current, I, flowing through the
solenoid (Fig. 2).

o
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I
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Figure 2. Diagram for determining
the inductive reactance X,
Note: ¢ - generator voltage, e, - self-induction voltage,
L - solenoid inductance, I - current
Source: J. Rawlins (2000)
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Inductive reactance, X, depends on the rate
of change of current, o, and the magnetic per-
meability of the core, which is proportional to
the inductance L (Rawlins, 2000; Chakraborty §
Majumdar, 2023):

X=wlL, 6)

where o is the angular frequency, rad/s; L is the
inductance of the solenoid (coil), H. Alternatively:

X, =2nfL, %)

where f is the frequency of the alternating cur-
rent, Hz. The inductance of the solenoid can be
calculated from known characteristics of the
construction and magnetic permeability of the
core (Rawlins, 2000):

L=ppy - 3)

where S is the cross-sectional area of the core,
mm?, u is the magnetic permeability of the core,
U, is the magnetic permeability of the vacuum,
U, =4m-107, N is the number of turns; [ is the
length of the solenoid, m.

The current in the solenoid, according to
Ohm's law, can be found by determining the
self-induction voltage ¢, (Fig. 2):

A
1= (4)
The power P consumed by the solenoid in
an alternating current circuit can be calculated
by determining the self-induction voltage ¢, and
the current I (Rawlins, 2000):

P=¢, L (5)
The inductive reactance of the solenoid X,

Q, expressed through the magnetic permeabil-

ity u:
XL=27T'f',U',UO'¥' (6)

The power consumption P, W, used for the
interaction of the solenoid’s induced current
with the soil in the core is determined by the re-

lationship:
_a® )

N2S*
21 f upg—=

P =

To establish the relationships between the
agrophysical parameters of the soil, it is neces-
sary to conduct research on magnetic permea-
bility at a set magnetisation time of the core of a
given density for each soil composition optimal
for growing sugar beets (Table 1).

Table 1. Classification of the soil sample compositions
by granulometric structure (based on N.A. Kachinsky)

T ——— B
Sandy loam 10/20
Light loam 20/30
Medium loam 30/45
Heavy loam 45/60

Source: developed by the authors based on DSTU 4819:2007 (2009)

Optimal indicators and methods for deter-
mining and controlling soil density for sugarbeet
cultivation have been established by research
and relevant regulatory acts, namely: DSTU ISO
11272:2001 (2001), DSTU 4362:2004 (2005),
DSTU 11277:2005 (2005), DSTU 4819:2007 (2009),
DSTU 7846:2015 (2016).

The soil compositions from Table 1 were
pre-cleaned, dried to a moisture level of 0.5-1%,
and weighed with an accuracy of 0.01 grams.
The density range of 1.0-1.5 g/cm?® was artificially
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achieved by pressing each composition into a
50 ml volume. For conducting experimental
studies, the instruments and equipment de-
picted in Figure 3 were used. The AC generator
9 was connected to a laboratory power supply
with stabilised voltage and a coil 11 (solenoid)
functioning as a sensor. The frameless coil con-
sists of 50 turns with a diameter of 32 mm and a
length of 65 mm. The AC generator was set to a
frequency of 600 kHz, with the ability to gener-
ate amplitudes of 3, 4, and 5 V (Fig. 4).
€
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Figure 3. Instruments and equipment

for conducting experimental research
Note: 1 - FNIRSI 1013D oscilloscope (FNIRSI Technology
Co., Ltd, China), 2 - scales (Digital Pocket, China), 3 -
multimeter - DT838 (Avrora LTD, Ukraine), 4 - probes,
5 - sandy loamy soil composition; 6 - light loamy soil
composition; 7 - medium loamy soil composition;
8 — heavy loamy soil composition; 9 - AC generator
(author’s development), 10 - syringe for forming soil
composition samples (Jiangsu Zhengkang Medical
Apparatus Co., LTD., China), 11 - measuring coil
(solenoid) (author’s development)
Source: photo by authors

For the experimental research, a classical
approach to planning was chosen, in which each
factoris changed in turnuntil a partial maximum
is determined while the values of other factors
remain constant. The object of the experimental
research is the relationships between magnetic
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Figure 4. Oscillogram of the alternating
current (voltage) of the generator e
Note: FNIRSI 1013D oscilloscope
Source: photo by authors

permeability and the compositional composi-
tion of the soil, which is established by analytical
studies of the interactions of the magnetic field
with molar mass. The scientific hypothesis is the
presence of relationships between the density
of soil compositions and the inductive current
power of the solenoid under the influence of
magnetic flux interactions.

RESULTS AND DISCUSSION

In the experimental research, a first-order facto-
rial design was used with independent variables
x, - X, (density p) and y, - y, (generator voltage &)
and dependent variable z_ (self-induction volt-
agee,). (Table 2).

Table 2. Results of experimental studies of self-induction voltage ¢,

Density, g/cm3 Self-induction voltage £, mV (z)
X ‘ p Sandy loamy ‘ Light loamy ‘ Medium loamy ‘ Heavy loamy
Generator voltage € (y,=3 V)
X, 1.0 59.3 58.5 58.3 59.2
X, 1.1 59.3 58.5 58.8 58.8
X, 1.2 59.0 59.2 59.2 58.7
X, 1.3 59.3 58.9 59.2 58.5
Xg 1.4 59.0 57.7 58.3 57.3
X 1.5 57.6 57.0 57.9 56.9
Generator voltage € (y,=4 V)
X, 1.0 156.2 154.4 156.1 155.3
X, 1.1 156.1 155.5 154.0 154.5
X, 1.2 155.0 154.5 155.1 154.0
X, 13 153.8 153.0 154.3 153.3
Xy 1.4 151.8 151.8 152.0 153.4
X, 1.5 151.2 150.4 151.8 150.2

Plant and Soil Science (15)3
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Table 2, Continued

Density, g/cm? Self-induction voltage £, mV(z )
X ‘ p Sandy loamy ‘ Light loamy ‘ Medium loamy ‘ Heavy loamy
Generator voltage € (y,=4 V)
X, 1.0 190 189 191 190
X, 1.1 190 190 191 190
X, 1.2 189 189 190 188
X, 1.3 188 188 189 188
X 1.4 186 187 188 186
X 1.5 185 184 187 185

Source: developed by the authors

The results of the study of the generator am-
plitude of 3V determined the range of variation
of the self-induction voltage ¢, =59.3-56.9 mV
for density values p=1.0-1.5 g/cm? of all soil com-
positions placed in the solenoid core. It was es-
tablished that with an increase in the density p
of soil composition samples, the self-induction
voltage ¢, decreased, which is justified by the
increase in the specific energy costs of the in-
duction field. For soil compositions, with an in-
crease in their density p from 1.0 g/cm? to 1.5 g/
cm?, the self-induction voltage As, decreased by:
sandy loamy - 17 mV; light loamy - 2.2 mV, me-
dium loamy - 1.3 mV and heavy loamy - 2.3 mV.

Forthegeneratoramplitude of4V,thechange
in self-induced voltage ¢, was determined to be
150.2-156.2 mV for all soil compositions placed
in the solenoid core within the density range
p=10-15 g/cm?. It was established that with an
increase in the density p of soil composition
samples, the self-induction voltage ¢, decreased,
which is justified by the increase in the current
in the sensor (solenoid) supply circuit. For soil
compositions, with a change in their density p
from 1.0 g/cm® to 15 g/cm? the self-induction
voltage Ag, changed by: sandy loamy - 50 mV;
light loamy - 51 mV, medium loamy - 4.3 mV
and heavy loamy - 4.9 mV.

Experimental investigations using a gen-
erator amplitude of 5V revealed a range of
self-induction voltage ¢, from 185 to 191 mV for
all soil composition densities p between 1.0 and
1.5 g/cm?. Results indicated that as the densi-
ty p of soil composition samples increased, the
self-induction voltage ¢, decreased, attributa-
ble to the increased induction current required
to generate the induction field. For soil com-
positions, as their density p increased from
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10 g/cm?® to 1.5 g/cm?, the self-induction volt-
age Ag, decreased by: sandy loamy - 5 mV; light
loamy - 6 mV: medium loamy - 4 mV; and heavy
loamy - 5mV.

To investigate the influence of various fac-
tors based on the results of experimental stud-
ies, mathematical models of the parameters of
their interrelationships have been developed,
along with the determination of their numerical
values. The mathematical model was construct-
ed using a set of factors that characterise the
conditions under which measurements were
taken for each soil composition, following the
current plan.

Based onthe experimental results, function-
al relationships between self-induced induction
and soil composition density (magnetic perme-
ability) were established. Graphs were plotted to
provide a preliminary visual analysis of the in-
teractions of induction current power, resulting
in second-degree polynomial equations for each
soil composition (Fig. 5):

n sandy loamy:

¢,=-6207+36.2p-12.34p?+

+314¢-30.67¢2-3.3p-¢+0; (8)
n light loamy:
€,=-632.7+66.86p -239p%+
+310¢-3015¢2-3.5p-¢+0; (9)

n medium loamy:

¢,=-623.8+40.6p-12.8p%+

+313¢-30.4¢2-3.6p-¢+0; (10)
n heavy loamy:
£,=-606.8+27.6p-8.68p>+
+309.45¢-29.99¢2-370p - ¢+ 0. (12)
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Figure 5. Surface graphs of generator voltage ¢, self-induction voltage ¢,
and density p for soil compositions
Note: a - sandy loamy, b - light loamy, ¢ - medium loamy, d — heavy loamy

Source: developed by the authors

Based on the surface graphs, a dominant in-
fluence of the generator voltage ¢ on the self-in-
duction voltage ¢, was established about the
density indicators of the soil compositions. This
finding is supported by second-order analytical
models of the relationships between the densi-
ty values and the self-induction voltage for each
voltage level of 34 and 5V, with coefficients of
determination R?=0.8-0.98.

From the graph in Figure 6, it can be con-
cluded that the approximation of the measure-
ments using the least squares method (LSM)
enabled the characterisation of the numerical
values of the change in self-induction voltage

%)

g, concerning density p through second-order
equations, yielding coefficients of determi-
nation for each soil composition: sandy loamy
R?=0.81; light loamy R?= 0.89; medium loamy
R?=0.90; and heavy loamy R?=0.95. The per-
centage of variation attributed to the influ-
ence of the factor characteristics on the overall
change in the outcome variable can indicate the
acceptable prospects for the models of relation-
ships based on the data from the experimental
studies. It was established that the coefficient
of determination increases as the fractional
composition of the examined soil composition
decreases.

Plant and Soil Science (15)3
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Figure 6. Results of experimental investigations into the relationships between
soil composition density and self-induction voltage ¢, (amplitude 3 V)

Source: developed by the authors

As illustrated in the graph in Figure 7, the
approximation of the measurements using the
LSM enabled the modelling of the dependencies
of self-induction voltage ¢, on density p through
second-order equations, yielding coefficients of
determination for each soil composition: sandy
loamy R?= 097, light loamy R?=0.95; medium
loamy R?=0.99; and heavy loamy R?=0.88. It was

157

established that the coefficients of determina-
tion increased with the amplitude of the alter-
nating current for the majority of the soil com-
positions. The percentage of influence of the
factor characteristics on the overall change in
the outcome variable can indicate the acceptable
prospects for the models of relationships based
on the data from the experimental studies.

156

155

154

153

«Sandyloamy , Lightloamy

Self-induction voltage ¢, mV

y=-0,19x*- 0,35x + 156,91| |y = 024x2+073x+15431
151 R? = 097 R*=0,95

»Medium loarr loamy »Heavyloamy

150 |[¥=-009¢-023x+ 1915 | [y=-017¢+036x+ 1388
R*= 0,99 L G R*=0,88 i
129 ‘ | | ‘

1.0 11 1.2

13 1.4 15

Soil composition density, d/cm?

Figure 7. Results of experimental investigations into the relationships between
soil composition density and self-induction voltage ¢, (amplitude 4 V)

Source: developed by the authors
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The results of the graphical modelling
(Fig. 8) indicate that the approximation of the
determined parameters using the LSM facilitat-
ed the modelling of the relationships between
self-induction voltage ¢, and density p through
second-order equations, yielding coefficients of
determination for the soil compositions: sandy

loamy R?=0.98; light loamy R? = 0.97, medium
loamy R?=0.99; and heavy loamy R?=0.95. The
percentage of influence of the factor charac-
teristics on the overall change in the outcome
variable can determine the prospects for the de-
velopment of relationship models based on data
from experimental studies.

«Sandyloamy , Lightloamy

185
y =-0,16x2+0,04x + 190,3 | |y =-0,36x? + 1,5x + 188
R?=0,98 R2=0,97

Self-induction voltage ¢, mV

~oMedium loamy , Heavy loamy

y=-0,00x2-0,23x+191,5| |y =-0,00x2-0,43x + 190,7
183 | R?=0,99 1 R*=0,95 [
182 | |

1.0 1.1 1.2

13 1.4 1.5

Soil composition density, d/cm3

Figure 8. Results of experimental investigations into the relationships between
soil composition density and self-induction voltage ¢, (amplitude 5 V)

Source: developed by the authors

Analysis of the graphs (Fig. 6-8) reveals that,
with the increase in the amplitude of the gen-
erator’s alternating current from 3 V to 5V, the
self-induction voltage ¢, of the solenoid (sensor)
increased from 59.3 mV to 190 mV for a sandy
loamy soil density of p=1.0 g/cm?®.

The highest coefficients of determination
R?2=095 - 099 for the models describing the
relationships between the density of soil com-
positions p =1.0-15 g/cm?® and the self-induc-
tion voltage £, =184 - 192 mV were observed at
a generator voltage of 5 volts. The models fea-
turing these relationships can be employed as
calibration characteristics for technical means
of non-destructive testing for determining the
density of composite soil compositions.

Comparing the results obtained in this re-
search with other similar approaches to this
issue, it can be noted that density is one of the
critical indicators of soil fertility. Optimal den-
sity levels facilitate the faster development of
the root system (by an average of 2-3 days) and

%)

the increase in vegetative mass, ultimately con-
tributing to higher yields. For most agricultur-
al crops, optimal density levels fall within the
range of 1.1to 1.3 g/cm?. Overall, a deviation from
the optimal density of 1.2 g/cm? for sugar beets,
as noted by S. Kartashov et al. (2012), by 0.1 to
0.3 g/cm?® may lead to a reduction in yield of 20
to 40 per cent.

In agricultural practice, bulk density serves
as a comprehensive indicator of soil physical
condition. For most crops grown on medium to
heavy loamy soils, optimal growth conditions
occur within a density range of p=1.0-1.3 g/cm?,
while for sandy and sandy loamy compositions,
the optimal range is p=12 - 1.5 g/cm? However,
existing methods often fail to provide accurate
measurements of soil conditions throughout the
entire plough layer, hindering the assessment
of tillage equipment performance. According
to V. Kravchuk et al. (2023), current electronic
devices for flow-based density measurement
lack the necessary capabilities for precision

Plant and Soil Science (15)3
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agriculture and adaptive tillage operations. No-
tably, non-destructive methods based on elec-
tromagnetic interactions with the soil layer are
gaining prominence in modern agriculture.
These methods encompass both contact and
non-contact interactions, as highlighted in the
research by V. Kravchuk et al. (2023).

One of the approaches to addressing the is-
sues of guaranteed adaptive management of soil
cultivation operations is the implementation of
automated tools through the use of electronic
maps with specified indicators of soil cultivation
quality. An important task in designing these
automated systems is the development of flow-
based measurement tools for agrophysical in-
dicators, as highlighted by I. Trinks & M. Preges-
bauer (2016), as well as Y. Zhou et al. (2022).

However, the aforementioned tools inade-
quately respond to the compositional compo-
sition of sandy and clay soils, which form the
basis of the physical composition according to
the classification by Kachinsky, as outlined in
DSTU 4730:2007 (2008), and the research con-
ducted by J. Ruehlmann et al. (2020) and X. Xu et
al. (2022).

According to this classification, the division
of soils based on their granulometric composi-
tion is founded on the complexity of cultiva-
tion by the working components of soil tillage
machines and the fractional composition, as
confirmed by the researcher P. Sanchez (2019).
Soils can be classified into light, such as sandy
and sandy loamy; medium, including light and
medium loams; and heavy, comprising heavy
loams and clays. The granulometric composi-
tion is one of the factors that influence various
physical properties of soils, including densi-
ty, porosity, plasticity, permeability, swelling,
shrinkage, and others.

Research by O. Kruglov et al (2022) indi-
cates that information regarding the agronom-
ic indicators of soil forms the foundation of the
modern concept of “precision” (or smart) ag-
riculture. Soils used in agrotechnological pro-
duction exhibit high levels of differentiation and
dispersion. Standard agrochemical surveys do
not provide adequate monitoring of the actual
situation or the complete realisation of the po-
tential fertility of the soil cover. Consequently,
the measurement of magnetic permeability has
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been proposed as an alternative. It is important
to note that conducting the necessary research
using standardised agrochemical and agrophys-
ical methods is a labour-intensive procedure,
requiring significant time and financial resourc-
es to carry out the relevant analyses.

In the study of M. Hanesch & R. Scholg-
er (2005), it is explored that the determination
of the characteristics of magnetic susceptibil-
ity x and magnetic permeability u is a widely
accepted method in soil science, particular-
ly within the framework of molar mass mag-
netism, frequency dependence, and thermal
behaviour of soils. Furthermore, this study
confirmed that fundamental principles of mag-
netism can be applied to determine parameters
relevant to soil contamination studies. The in-
fluence of several factors, such as mineralogical
composition and particle size, on magnetic field
indicators, is analysed, as well as the relation-
ship between the magnetic susceptibility of soil
and its parent lithology, climate, organic mat-
ter content, topography, sediment sources, and
particle size, among others.

According to the research conducted by
A. Ouallali et al. (2023), a simple, rapid, and
cost-effective method for determining mag-
netic susceptibility y is essential for the precise
mapping of soil erosion. Furthermore, the stud-
ies are aimed at identifying the factors that in-
fluence the variation in soil susceptibility x and
utilising this susceptibility to assess soil erosion
as an inexpensive and efficient means of track-
ing long-term morphological processes and
sedimentation. The results confirm that land
use, slope, and soil type significantly affect sus-
ceptibility x values. Current research indicates a
high efficacy of magnetic susceptibility values
as a rapid, straightforward, and economically
viable approach that can serve as an alternative
method for assessing soil redistribution.

The research conducted by F. Shirzaditabar
§ R. Heck (2021) examines the relationships be-
tween the volume and bulk density of magnetic
permeability p in soil materials. The study pre-
sents a comparison of two types of instruments
formeasuring soilmagnetic susceptibility,based
on interactions in a magnetic field and elec-
tromagnetic induction (EMI). Magnetochem-
ical investigations encompassed particle size
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analysis, pollutant detection, organic matter
identification, paleoecological studies, archae-
ology, as well as soil erosion and degradation.
The results indicate that the investigated devic-
es, which utilise magnetic fields, can accurately
measure the magnetic susceptibility of small
soil quantities, thinly applied layers, or exposed
soil, but are ineffective at measuring materials
beyond 10 cm from the sensor.

The determination of individual soil prop-
erties by compositional composition is partially
traced in the scientific studies of D. Robinson et
al. (2004) and P. McLachlan et al. (2022), using
equipmentbased on the principles of interaction
of the electromagnetic field with the soil and are
not intended to solve the goal of research aimed
at developing non-destructive flow determina-
tion of agrophysical indicators and tillage man-
agement systems.

The studies made it possible to develop de-
vices for flow-based non-destructive determi-
nation of soil magnetic permeability by meas-
uring the values of self-induction voltage in a
changing magnetic field.

CONCLUSIONS

The conducted studies of flow-based determi-
nation of soil density by the induction method
concerning the compositional composition can
be the basis for the development of equipment
for guaranteed adaptive control of working
bodies, which will ensure the achievement of
the specified indicators during the operation
of the unit, increase the yield and efficiency of
the technological process. The obtained results
made it possible to establish the expediency of
determining the magnetic permeability of soil
for flow-based non-destructive density deter-

with the soil, are based on the methods of de-
termining eddy currents and reflectometry. The
disadvantages of eddy current methods in the
soil during flow-based measurement are the
susceptibility to electrochemical corrosion of
the root layer and scattering of the probing sig-
nal depending on its structure, which compli-
cates the use of reflectometry tools.

It is noted that the development of means
for flow determination of soil agrophysical in-
dicators by induction methods will provide an
opportunity to obtain operational monitoring of
therootlayer and respond to changesin the state
during cultivation. Studies have shown that the
relationships between the density of soil com-
positions p and the self-induction voltage ¢, can
be determined by second-order models with de-
termination coefficients R?=0.80 - 0.98 at gen-
erator voltages of 34 and 5 volts. The smallest
error of the models of the relationships between
the density of soil compositions R?=1.0-1.5 g/cm?
and the self-induction voltage ¢, =184 - 192 mV
was observed at a generator voltage of 5 volts.

The obtained models can be used as calibra-
tion characteristics for the design of technical
means for flow-based, non-destructive deter-
mination of the density of various soil structure
compositions. It has been established that to
improve the accuracy of non-destructive flow-
based determination of soil density by induc-
tion methods, it is advisable to use second-or-
der models that characterise the compositional
composition of the corresponding soil type.

The prospect of research is the introduction
of methods for flow-based determination of
agrophysical indicators in the system of guar-
anteed adaptive management of soil cultivation.

mination about the compositional composition ACKNOWLEDGEMENTS
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LLlinbHiCTb KOMMNO3ULIMHOIro CKNnagy rpyHTty
B 3MiHHOMY MarHiTHoMy norsni

AHoTauifa. PO3BUTOK TeXHIUHMX 3acO6iB BU3HAYEHHS LIIBHOCTI I'PYHTy B YMOBaX TOYHOIO
(kepoBaHoro) 3eMJIEpO6CTBA ITOTPEGYE BAOCKOHAJIEHHS METO[iB HEPYHHIBHOI TOTOKOBOI B3AEMOI]I.
IcHye TaKOXX HeobXiIHICTh BIOCKOHAJIEHHS METOZIB BU3HAUYEHHS MUIUTBHOCTI I'PYHTY, OCKIJIBKU
HasBHI BiIXWJIeHHA BiJ ONTHMAaJbHUX 3HadeHb, MAIOTh HETaTMBHUN BIUIMB HA BPOKAWHICTD
CLTBCBKOTOCIIONAPCHKUX KyJIBTYp. MeTa AOCHifyKeHb CIIpSMOBaHa Ha BCTAaHOBJIEHHS IIIJIBHOCTI
KOMIIO3ULII I'PaHyJIOMETPUYHOIO CKJIaJly I'PYHTY LUISXOM BU3HAUEHHS HAIPYT'M CaMOiHJIYKIII
y 3MiHHOMYy MarHiTHOMy IIoni. MeTomu IOCHTiI)KeHb aJalToBaHi 0 BU3HaYeHHS 3B'I3KiB
mpeliecii JlapMopa 3a 3MiHHOTO IHAYKI[IMHOTO CTPyMy IJISl IIiJIBHOCTI KOKHOI 3 KOMIIO3MLIiM
TPaHyJIOMETPUYHOIO CKJIAZy I'PYHTY. EKCIIepUMeHTasbHI AOCTIIKeHH BUKOHYBAJIUCh IIIAXOM
BU3HAUEHH HATIPYTY CAMOIHIYKIIil COIeHOIa K JaTY KA J1J15 KOYKHOI 3 KOMITO3ULIiM pO3TalllOBAHMX
B ocepzi. O6pobKa pe3yNbTaTiB eKCIIepUMEHTAIBHUX JOCTIIKeHb BUKOHYBaIaCh BiIIOBIAHO [0
MIpaBWJI MaTeMaTU4HOI CTAaTUCTHMKU Ta Teopii MMOBIPHOCTI i3 3aCTOCyBaHHAM alpoKCHMallii B
mporpaMHoMy KoMmIieKci Excel Ta Statistica. 3a pesynbTaramMu eKClieprMeHTaIbHUX JOCTiI>KeHb
BU3HAUEHO MOJENi B3a€EMO3B'A3KIB wiiibHOCTI p (1,0-1,5 r/cM?) KOMIIOSHUI[M TPYHTY, HAIPyTH
caMOIHAYKIIiI £, =184 - 192 MB 3a Harpyru reHeparopa 5 B 3 RoedilieHTu geTepMinarii R*=0,95-0,99.
Mogeni 703BOJIAIOTh OLIHIOBATH LIUIBHICTh IPYHTY 3 BHCOKOIO TOUHICTIO, L0 CIIPUSAE ONTHUMIi3allil
arpoTexXHIUHUX IpoLieciB. BU3HAUEHO, IO 3 BUCOKOIO BipOTiAHICTIO 3a3HaYeHi Moziesi MOKYTh 6yTH
BUKOPHCTaHI AK KaJIi6pyBajIbHi XapaKTepUCTUKY AJIS TIPOEKTYBAHHSA TEXHIYHIX 3aC06iB ITOTOKOBOTO
HepyMHIBHOrO BM3HAYeHHS LIUIBHOCTI OCHOBHUX THUIIIB I'PYHTIB YKpaiHU. BU3Ha4eHO TaKOX, L0
TIEPCIIEKTUBOI0 TOJABIINX JOCHTIIKEHb € IIOMINGJIeHe BUBYEHHS B3aEMO3B'A3KIB MarHiTHOI
TIPOHUKHOCTI Ta arpodisvyHuX XapaKTePHUCTUK I'PYHTY B MiClieBU3HAYE€HOMY iHIYKIIMTHOMY II0JIi
ceHcopa (conmeHoina). TIpUKIaHUM aCIIEKTOM OTPUMAHUX PE3YIIBTATIB € MOAAJIBLINI PO3BUTOK
amanTUBHUX MallWH Ta 3acobiB MOHITOPHHIY CTaHy IPYHTY [Js JOCATHEHHS ITOKa3HUKIB
OIITMMAJIBHOTO MOr0 O6pO6iTKy, a TaKOoK, BUKOPUCTaHS HAYKOBO-LOCHIZHUMU YCTAaHOBAMH Ta
IpUIago6yaiBHUMU MiAIIPUEMCTBAMU

KnioyoBi cnoBa: IIiBHICTh I'PYHTY, MarHiTHa [IPOHUKHICT; CaMOIHAYKIIif; HaMarHiUyBaHHS;
npeniecisg JlapMopa
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