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Article’s History: Abstract. The existing behaviour models of the structures under constant
Received: 04.05.2021 load (creep) have a fairly wide forecast horizon and low accuracy. As a rule,
Revised: 25.06.2021 they consider the transition from an undestroyed state of an element to a
Accepted: 10.08.2021 destroyed one, in one stage. The purpose of this study is to substantiate

and develop a new approach to predicting long-term strength based on
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Long-term strength prediction of wood based composites using the kinetic equations

INTRODUCTION

Fracture simulation of structured materials is critical
for technical applications. This includes issues not only
of the short-term strength of composite materials, but
also of their long-term strength and creep. The theory
of damage gives a phenomenological description of the
evolution of scattered defects, pores, and microcracks,
the number of which in any elementary volume is as-
sumed to be extremely large. Initially, the concept of
damage was associated with the proportion of voids ap-
pearing in the body section under the action of intense
loads [1; 2]. In case of a multidimensional stress-strain
state, this visual interpretation of damage encounters
difficulties associated with the need to determine the
fraction of voids in sections of a material element with
different orientations of the normal. The study proposes
various definitions of material damage, which are ten-
sor quantities obtained by averaging the parameters of
the microstructure [3]. However, the interpretation of
damage based on microstructural concepts appears to
be unnecessary.

Admittedly, at the phenomenological level, the
presence of micropores and microcracks leads to two
main effects: degradation of elastic moduli and residual
deformations. In addition, in applied problems, as a rule,
the issue of the preferred orientation of microdefects is
not acute. This fact is conditioned upon the structure
of the material, which is often known in advance. For
example, a beam made of wood (this also applies to
other composites) is predominantly destroyed by split-
ting along the fibres (delamination of the fibre from the
binder matrix). In addition, the presence of planes of
weakening (healed or open cracks and faults), which
are oriented in a special way, considerably affects the
result of technogenic impact on the wood-based com-
posites (WBC).

The studies [4-6] discuss a model of an isotropic
damaged body, wherein a scalar damage parameter is
used, which is closely related to the energy spent on
the appearance of new surfaces during cracking. At this
stage,a model of the initially damaged isotropic material
with strength anisotropy is constructed using the scalar
damage parameter, which is considered to be related
to the surface energy of microdefects. The type of an-
isotropy that a material acquires is determined by its
structure. In this case, a medium composed of identi-
cal plane-parallel layers is considered to be “glued” to
each other. The interlayer tensile and shear strength
is considered lower than the strength of the material,
which the layers themselves are composed of, thereby
dictating the predominant orientation of microdamage.
In this case, there is no need to introduce a tensor mea-
surement of deformation, and the scalar measurement
of damage becomes possible, while in the anisotropic
case, the measurement can be interpreted in terms of
the irreversible energy consumption for the appearance
of new surfaces.

Scientific Horizons, 2021, Vol. 24, No. 3

One of the first theories of strength was formu-
lated by Griffith [7]. According to this theory, strength
is defined as the stress under which the condition of
equality of two energies is fulfilled: the energy expended
on the formation of a new surface of a growing crack,
and the elastic energy released during a crack growth.
According to this theory, destruction is interpreted as a
critical event, which follows a critical tension.

This interpretation is not confirmed by experience,
because it is known that the accumulation of molecular
and supramolecular defects occurs long before the mo-
ment of destruction. Therefore, destruction develops over
time and does not constitute a critical event. The in-
troduction of a temporary scale of the fracture process
led to the creation of a kinetic theory of strength. Tempo-
ral dependencies were proposed by A. Aleksandrov [8]
upon describing the relaxation properties of viscoelastic
deformation of solids in the form of generalised Max-
well equations. The clearest physical interpretation and
development of these ideas was provided by Professor
S.M.Zhurkov, who is the founder of the kinetic theory of
strength [9]. This theory considers destruction as a tem-
porary accumulation of molecular and supramolecular
defects. The durability of stressed bodies is defined as
a fundamental parameter of strength and reflects the
average rate of destruction at all structural levels: mo-
lecular, supramolecular, and macroscopic.

A fundamental form of kinetic strength theory is
the Zhurkov equation. Moreover, the Zhurkov equation,
which is created to describe the mechanism of destruc-
tion at the molecular level, is automatically transferred
to describe the mechanism of destruction of meso-and
macro-levels, and does not take into account the way
the relaxation processes occur at these levels. In ad-
dition, this equation assumes that the process passes
within one stage. In particular, the connections between
the elements are considered to be either not destroyed,
and are under the action of thermo-force load or de-
stroyed after a time determined by the Zhurkov formula.

The purpose of this study is to substantiate and de-
velop a new approach to predicting long-term strength
based on kinetic equations, which, in turn, should con-
sider the multistage nature of gradual destruction of
structure elements. To achieve this purpose, the study
solves the tasks of creating a multistage kinetic tran-
sition of individual structure elements from an initially
elastic state to a viscoelastic state, and then to a fractured
state.

THEORETICAL OVERVIEW

To create a kinetic model of the relaxation behaviour
of a polymer under the action of thermomechanical ac-
tion, several different states of its individual structure
element (SE) are to be considered. Individual elements
of a structure are understood as local body volumes,
whose local stresses differ. For a crystalline polymer




under load, these can be both crystalline and amorphous
regions [10].

The initial (input) state of a structure element is
a state wherein no external mechanical effect occurs.
In this case, all the individual structure elements of the
target are in thermodynamic equilibrium. Elastic steady
state (E) of a structure element is a structure element
that has been in an elastic state for a certain time. The
viscoelastic steady state of a structure element (VE) is a
structure element in a viscoelastic state, i.e., a state of
relaxation of internal stresses. Destructed steady state
of a structural element (D) is a destroyed structural ele-
ment formed from a viscoelastic one, whose stresses at
the time of destruction are redistributed between those
structure elements that are in elastic and viscoelastic
states at that moment [11; 12].

The authors consider a solid not in the form of
an uninterrupted continuum, but in the form of a solid
structure, comprising separate supporting structure el-
ements, interconnected in a particular way. Then, due
to internal heterogeneity, the action of external loading
on the surface of the body causes its internal structure
elements to experience internal stresses of various
magnitude and vectors [13; 14]. Structure elements
with stresses greater than the tensile strength will be
immediately destroyed. After their destruction, external
forces will be redistributed between the remaining un-
damaged structure elements so that each of them bears
a new load on the part of neighbouring SE [15; 16]. The
behaviour of polymers over time is usually described in
the form of combinations of primary rheological bodies,
such as the elastic body of Hook, the viscous body of
Newton, or combinations thereof (Maxwell or Voigt bodies).

By combining these primary rheological bod-
ies, one can create a certain rheological model, the
behaviour of which in time (kinetics) would accurately
describe the behaviour of the real body under the in-
fluence of external loads. It is generally recognised that
during a period of constant creep, a solid body, under
the action of external temperature-force loading, be-
haves as if it were consistently in an elastic, viscoelastic,
or plastic state. Therewith, it is assumed that the total
deformation of the body, as a rule, comprises three dif-
ferent parts: instantaneously reversible (elastic), highly
elastic, reversible in time, i.e., relaxing in time (visco-
elastic), and irreversible (plastic) [17; 18]. In this case,
total deformation is understood as the total deforma-
tion of the entire body, and not of its individual parts or
structure elements.

The main hypothesis of the deformation is for-
mulated as follows: firstly, the body is deformed and
destroyed into separate structure elements. In particular,
only into those elements where the local stress first
reaches the limits of proportionality,and then the limits of
strength. In this case, the individual structure element
is first elastically deformed, and then passes in series
into a viscoelastic or plastic state, and then collapses.

Kulman et al.

Secondly, a single destroyed structure element is sur-
rounded for a certain time by non-destructive structure
elements that are in an elastic or viscoelastic state. Thirdly,
the body is considered destroyed if the number of de-
stroyed structure elements exceeds certain predefined
values.

Thus, the destruction kinetics of the body under
the action of thermomechanical loading will comprise
different variants of the transition sequence of the elas-
tic structure elements (£) into the viscoelastic structure
elements (VE), and then in the destroyed structure el-
ements (D):

E—-VE-D 1)

Thus, in the process of destruction,the number and,
consequently, the concentration of structure elements
in different rheological states are constantly changing.
The concentration of changes of a particular structure
element can be determined experimentally by measuring
values that correlate with the fracture parameters of a
particular type of body deformation.

In this case, according to the law of conservation
of masses, the total number of structure elements in
different states must remain constant at each moment.
Consideration of the fracture process from the stand-
point of combining cracks, for example, smaller ones into
larger ones, does not change the number of structure
elements, but only examines them in different states.

Mathematical model of deformation-destruction
process. The main variables describing the state of the
system, determine the substances Ai, that is in different
rheological states. The number SE in different states
shall be denoted as N; n is the vector of quantities
components. The concentration is denoted as follows:
C=N/V. Each stage of the system is matched by its
speed W_(C, T). The velocity of the stage is intense and
is defined as a function of intense quantities - concen-
tration and temperature.

The kinetics equations have the following in coor-
dinate form:

Where y_is the stoichiometric vector with com-
ponents y_=a_-f_; s is the stage; are the non-negative
integers and stoichiometric coefficients. In the absence
of autocatalysis, as in this case, this vector completely
determines the stoichiometric equations of the stage.

For each material, there are a priori restrictions
on vectors linear conservation laws (balance ratios). If
N_ is the number of structure elements that are in a

certain rheological state and k is a species in the molar
volume of a substance A, then for any s and k:

20N =2 BN, o D y.N,=0 0

The balance relations (2) give rise to linear conser-
vation laws for system (1), that is, for any k: 0N, =const,
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which means:

%Z’a’“ N = st,fasﬂ W, =0 4)

Then the following kinetic model of the DD pro-
cess will correspond to the transformation scheme (1):

W) __kcan) )
d%t(t) _kCA(1)-k,CB()  ©
%t(t) =k,CB(t) (7)

with initial conditions t=0; CA(0)=1; CB(0)=CC(0)=0,
and boundary conditions CA(t)+CB(t)+CC(t)=1, where
CA(t)€(1...0) is the current concentration of structure
elements that are in an undamaged, elastic state at time ¢;
CB(t)€(0...1) is the current concentration of structure
elements that are in a non-destructive, i.e., viscoelastic
state at time t; CC(t)€(0...1) is the current concentration
of the structure elements that are in a destroyed state
attime t; isthe rate constant of the transition of structure
elements from elastic state to viscoelastic, s*; k? is the
rate constant of the transition of the structure elements
from the viscoelastic state to the destroyed, s*[19].

MATERIALS AND METHODS

Materials. For the present study, Kronospan UA Ltd.
provided three commercially produced structural

particleboards bonded with urea formaldehyde resin (UF):
melamine faced particleboard (MF PB) according to
EN 14322; veneered by oak particleboard (VF PB) accord-
ing to EN 316, EN 622-5, and particleboard P2 (P2 PB)
accordingto EN 312,type P2; EN 13501-1:class D-s1,dO0.
For each type, two regular-size (2750 mm x 1830 mm)
boards with thicknesses of 18 mm were cut into 450 mm
(length) x 50 mm (width) pieces. Before cutting, boards
were stored in a conditioning room maintained at 20°C
and 65% RH. Static 3-point bending tests were per-
formed in the special test machine with temperature-con-
trolled chamber. Specimens were prepared and cut ac-
cording to ASTM D 1037-99. Loading and deflection were
measured,and MOR and MOE were calculated according
to Section 9 in ASTM D 1037-99 [19]. The temperatures
analysed were 20°C and 60°C.

Specimens were preheated in the chamber until
they reached equilibrium with the target temperature.
The preheating times were determined from preliminary
experiments by an embedded thermocouple, and the
prediction model was developed in a previous study [20].
Table 1 presents the results of tests performed on the
samples to establish their mechanical properties in
the chamber at the target temperature. 150 specimens
were cut from each type of board. 10 specimens were
prepared for testing modulus of elasticity (MOE) and
rupture (MOR) before main testing. All specimens were
conditioned at 20°Cand 65% RH prior to use. The aver-
age densities of specimens were 757 kg/m?, 792 kg/m?,
and 733 kg/m?, respectively, in an air-dried condition
moisture content of about 5%.

Table 1. Properties of particleboard used in study

Board type Density?, Number Thickness?, MORY, MOE¢,
kg/m3 of samples mm MPa MPa
MF PB? 757%7 10 18.1+0.1 17111 2 110+29
VF PB® 792+8 10 18.5+0.1 20.5¢1.9 2 520+15
P2 PB¢ 733%6 10 18.1+0.1 16.2+0.6 2 020%22

Notes: °MF PB - Melamine Faced Particleboard; °VF PB - Veneered Faced Particleboard;P2 PB - Particleboard according
to EN 312, type P2; 4 Thickness, density, MOR and MOE was measured after specimens reached equilibrium at 65% RH,

temperature 20°C and moisture content 5%

Tests were performed according to the scheme of
three-point bending per ASTM D 1037-99 loads equal
to 75% of the maximum allowable. The nature of the
behaviour of the system under the action of constant
load was described by the movement of the midpoint
in time until rupture.

Methods. Considering the curve of long load, it can
be established that its initial section contains structure
elements only in the elastic state, which return to the
undeformed state after the load is removed. During this
period of elastic deformation, there is no transition of
structure elements to a viscoelastic state. Therefore, the
beginning of the kinetics of the DD is taken to be the
end time of the elastic deformation and the beginning
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of the site of viscoelastic deformation, i.e., the time of
the beginning of the process first unsteady and then
steady creep. Throughout the process of creep, there is
a decrease in the number of non-destructive structure
elements, i.e., those in elastic or viscoelastic states and
anincrease in structure elements in the destroyed state.

To describe the kinetics of deformation, it is pos-
sible to compare the change in the concentration of SE
in the elastic state and the destroyed state with the
change in the magnitude of the deformation over time.
In this case, the rate of change of the concentration over
time of elastic SE will be proportional to the change in
the rate of deformation due to the transition of elastic
SE in viscoelastic, and the decrease in the concentration




of elastic SE will be proportional to the increase in
the absolute deformation of the DD process, that is,
CA(t)oxe(t).

Since the change in the SE concentrations in a
certain state can be given as a first-order kinetic depen-
dence [21], the following equation can be written:

di(t) =—k, -CA(t)
dt

& (1) 5 €.(1)

Evidently, when the deformation changes ¢, and
€, the same number of times, the value k, does not
change. This allows creating a kinetic model of deforma-
tion-destruction to replace concentrations proportional
to their values - deformations, stresses, acoustic, or elec-
tromagnetic emission pulses, quantities of matter, etc. [19].

The magnitude inverse of the first order reaction
rate constant, t,=1/k,, is a temporal measurement de-
scribing the average life expectancy of SE that are in
an elastic state before their transition to a viscoelastic
state. Similarly, the inverse of the rate constant of the
transition of the viscoelastic state of the SE to the de-
stroyed determines the average life expectancy of the
structure elements in the viscoelastic state: T =1/k,.

Since time is included in Eq. (9) as a difference
rather than a relation to a deformation, a dimensionless
time is introduced to eliminate the dimension factor:
T=t/t .Therewith, total creep deformation can be rep-
resented as the sum of total elastic and viscoelastic
deformations, i.e., deformations due to the destruction
of elastic and viscoelastic SE:

Ee t+ Epe = Ecr (10)
te +tye = ter (11)
Because according to Egs (8), (10):
l"é‘e +L‘éve :gcr’
k ~ kK
then
ty t,
1 1 Z t"i +Z t""i
T L W e B | (12)
kl k2 tcr

The expression for k, is obtained by solving the
system of two Egs (13), (16) as follows:

&2
in(2)
€

ty —ty; — te*In (2
i~ o=t (D)

The solution of the system of differential equa-
tions (5), (6), (7), for example, by the operating method,
allows obtaining the values of current concentrations

of SE, which are in elastic, viscoelastic, and destroyed
states:

ky = (13)

dsg(l‘):_klt, ‘fdge_(t)z_jkldt, m[i
4 3

2
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or, having undergone a proportional deformation:

de, (1)
— P — k- (t
dt -e.(1)
The equation (12) is integrated after the separation

of variables (time, deformation) (9):

(8)

1 &£
=—k (t,-t), k,=———In| L )
J (64), A (t,-1) [‘92}
CA(t)=CA(0)e™ (14)
TR
CB(1)=CA(0)(——e ™ ———¢™) )

k k
CC(t)=CA(0) 1-—fo gty Ko ot
(1) (){ i J (16)

Moreover,given the initial conditions t=0; CA(0)=1;
CB(0)=CC(0)=0, and boundary conditions t€(0...1): CA(t)+
+CB(t)+CC(t)=1 in the coordinates of dimensionless time,
one can obtain as follows:

[ca(e)ade+ [cB(¢)de+ [cC(r)de=1  @7)

therefore, k,'+k,* = 1. Thus, in real time coordinates
L e

The method involves determining the damage
characteristics and predicting the time of reaching the
critical mark of the measure of damage. While as a sca-
lar value o is a preventive comparison of the degree of
damage equal to the ratio of the current concentration
of destroyed structure elements to the current concen-
tration of non-destructive structure elements. The re-
source is considered to be exhaustive value describing
the extent of damage exceeding [22]:

__ ce)
V= ca(n)+cB(r)
where 1, the measure of permissible damage; CA(1),
CB(t), CC(t) are determined by formulas (14), (15), (16),

respectively; ke = 1 In (ﬁ) is the rate constant of
,=—
1~ b &2

2y, =1 (18)

transition of structure elements from elastic state to
viscoelastic creep diagram, s*; t, is the time of the end
of the section of elastic deformation and the beginning
of the section of viscoelastic deformation, s; ¢, is the
time of measurement of deformation at the site of con-
stant creep; ¢, is the deformation at time ¢;; ¢, is the
deformation at time t,; k,=a k, is the rate constant of
the transition of the structure elements from the vis-
coelastic state to the destroyed, s'!; a is the parameter
describing the rheological properties (features) of the
material, the degree of its inelasticity.
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In this case, the rate constants of the transition
of local structure elements from one state to another,
depending on the load and temperature, are deter-
mined according to the long-term strength chart, which
establishes the dependence of the change in the rate of
deformation in time.

The method is implemented as follows. A basic de-
formation diagram is constructed at isothermal creep
of a part under constant load at a fixed temperature
in the coordinates: € is the absolute deformation, um;
t is the time, s. In this case, the time to fracture and
the maximum deformation at the time of fracture are
determined. The moment of time of the end of elastic
deformation is fixed, as well as the magnitude of the
deformation at this moment t. After the base diagram
is constructed, the moment is selected ¢,= t_/2.5 and at
this point the deflection value is determined. Further,
formulas (9) and (1) determine the value k, and k,, as
well as the value:

a=k /k,

By measuring the change in the deformation of
a part over time, a control chart of deformation is con-
structed. The moment of time ¢,, is chosen at the point
of constant creep and absolute deformation ¢, at that
moment is recorded. Eq. (16) allows obtaining a value
k,,,and Eq. (19) — k, =k ,/a.

Eqgs (13), (14), (15) are used to determine the
change in the current concentrations of SE, which are
in elastic, viscoelastic, and fractured states. Based on
Eqg. (18), the estimated time t, is determined reaching
the limit value of the damage parameter .

(19)

RESULTS AND DISCUSSION

The experimental factors levels and test results of studies
long-term strength PB at constant load are presented
in Table 2.

Table 2. Experimental factors levels and test results for particleboards

Test conditions

Displacement, mm

Test results®

Time displacement, h

Board
Stress
type  NUmDSr ol ey TemPerature Inay Visco Elastic Inai  Visco Elastic
samples (MPa) Q) . elastic % . % " elastic % ¢ %
cr sve e cr tve e

20 20 246 0.79 321 1.67 679 1271 984 774 287 22.6
MF PB 12.8

20 60 3.95 1.33 337 2.62 66.3 84 73.3 87.3 10.7 12.7

20 20 1.5 0.59 39.3 0.91 60.7 47782 3809 79.7 9692 20.3
VF PB 15.4

20 60 1.77 0.54 30.5 1.23 69.5 190.71 140 734 5074 266

20 20 491 1.63 33.2 3.28 66.8 78.77 696 884 9.17 11.6
P2 PB 12.15

20 60 1.57 0.51 321 1.07 679 3575 24.2 678 11.51 32.2

Notes: “The average test values for each group of 20 samples are presented

Experimental studies of the long-term strength
curve of PB have found that the material behaves in a
complex viscoelastic manner during the creep.And the

curve of its deformation contains the recurring sections,
inherent in the curves of elastic and viscoelastic defor-
mation (Fig. 1).

1.2

1 cond®

0.8 ; BRI e
£ 06 ,f" et
% /“ ——Basic
N 0.4 » ——Control

0.2 !

0 7

0 50 100 150 200 250 300 350 400 450 500
t,h

Figure 1. Basic and control creep diagrams. Dependences of the average absolute deformation for one group of the
samples VF PB by stress level SL = 15.4 MPa and temperature T = 20°C for basic diagram, and by stress level SL=17.7 MPa
and temperature T = 20°C for control (predicted) diagram
Scientific Horizons, 2021, Vol. 24, No. 3




The nature of the deformation-destruction curves
over time (Fig. 1) indicates that the process is non-sta-
tionary. The deformation process at all its stages, both
at the subcritical (stationary creep process) and at the
closed (active fracture process) behaves nonlinearly
and has a stepped character. In Figure 1 it is shown
that the general curve of dependence of deformation in
time, consists of separate sections, which have different
repetitive strain rates. Table 1 shows that the amount of
viscoelastic deformation is on average 33% of the total
amount of deformation. In this case, the time of visco-
elastic deformation (behaviour) PB occupies about 80%
of the total deformation time. And the value of both the
magnitude of viscoelastic deformation and its time is
in a very narrow range, which indicates the similarity
of the deformation process and the destruction of PB

Kulman et al.

under different conditions of its loading.

Analysing the deformation curves over time, it
can be stated that the general deformation curve up to
fracture periodically repeats cycles of elastic and vis-
coelastic behaviour. This confirms the assumption that
the process is multi-stage.

According to the graph of the basic deformation
diagram (basic long-term strength curve Fig. 1), the fol-
lowing quantities are defined: t,=0.003*3600=10.8 [s],
£,=80 [um], t,=20073600=7.2"10° [s], &,=730 [um],
t =47773600=1,717*10° [s]. Eqgs (9), (13), (19) yield the
following results: k,=0,307*10° s, k,=0.719*10° s,
a=4.273.

Figure 2 demonstrates a basic model diagram,
constructed in the coordinates of the “‘concentrations of
SE in different states - time” [19].

CB(t)+CC(1)
C?(t) 0.8 =
e |
A 0.6 . Pt
_CA-(.t)+CB(t) f,..r—:""i- |
(CA(t)+CB(t))—CC(t)0.4 - o
1_CA()
— 0.2 -
e U
1-10° 1.5-10°

Figure 2. Basic model diagram of long-term strength (creep): change concentrations of SE in the states: elastic - CA(t),
viscoelastic - CB(t), destroyed - CC(t) in time for the basic deformation diagram

The deformation control chart was investigated
for a similar part load exceeding the baseline by 15%.
According to the control chart of deformation at the site
of permanent creep at time - ¢,,=100*3600=360000 [s],

k =
1k (tzk_

The critical amount of damage will be reached
at the moment when, based on the condition (18):

CA(t,)+CB(z, )-CC(1,)=0

Solving together equations (14), (15), (16), and
(20) yields the time to the predicted destruction: ¢ =
= 6.6"10°s. The factual time to destruction of the control
sample is ¢, =6.7"10%s.

82 k

(20)

£,=730 [um].
The value of the rate constants k., k,, according
to the control deformation chart are determined using

Egs (9), (19):

—;)m(iJ =0.614%107° s &k, =a ' *k, =0.144%10° s’
tl

Figure 3 demonstrates a control model diagram,
constructed in the coordinates of “‘concentrations of SE,
which are in different states - time”, which clearly indi-
cates the process of loss of bearing capacity of the part
in time during creep.

The results of basic tests of six groups of samples,
as well as the results of calculations of the kinetic basic
parameters are presented in Table 3.

Scientific Horizons, 2021, Vol. 24, No. 3
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CB(t)+CC(t)
CB(O 0.8
CC(t)

_ 0.6
CA(t)

CA(t)+CB(t)

0.4
(CA(t)+CB(t))-CC(t)

— 0.2

| el it PR

0 2-10°

4-10° 6-10° 8-10°

Figure 3. Control (predicted) creep model diagram: change concentrations of SE in the states: elastic — CA(t),
viscoelastic - CB(t), destroyed — CC(t) in time for the deformation control chart

Table 3. Basic test results and calculated basic kinetic parameters

Test conditions

Test results

Board type
Stress level (MPa) Temperature (°C)  Creep life ¢, (s) k, (s7) k, (s?) a
20 457560+7250° 1.16E-05 2.69E-06 4.325
MF PB 12.8
60 302400£3500 1.74E-05 4.08E-06 4.261
20 1717000+£9500 3.07E-06 7.19E-07 4.273
VF PB 15.4
60 6865565600 7.94E-06 1.78E-06 4453
20 283572%850 1.88E-05 4.34E-06 4.331
P2 PB 12.15
60 128700+780 4.53E-05 9.38E-06 4.831

Notes: “The confidence interval is indicated at p=0.05 level

The results of control tests of six groups of sam-
ples,as well as the results of calculations of the control
kinetic parameters are presented in Table 4.

Comparing the results of the model time before
the destruction of the control samples in each test
group (Tab. 4. Creep life predict by Eq. (18)) with the ac-
tual time before the destruction of the control samples

(Tab. 4. Creep life control diagram), it can be concluded
that the convergence of these quantities is quite high.
This suggests that the proposed method for predicting
long-term creep strength can be used to improve the
accuracy of predicting the performance of controlled
mechanical systems.

Table 4. Control test results, calculated control kinetic parameters and predicted time to failure

Test conditions

Test results

Creep life ¢_ (s)

Board type
Stress level (MPa) Temperature (°C) k, (s k, (s) Predict by
Control diagram
Eq.(22)
20 1.43E-05 3.30E-06 338933+7500° 372827°
MF PB 14.72
60 1.82E-05 4.27E-06 262957%5600 289252
20 7.99E-06 1.87E-06 670000£9800 660000
VF PB 1771
60 1.19E-05 2.67E-06 504821£5500 458928
20 2.50E-05 5.78E-06 234357+6200 213052
P2 PB 13.97
60 5.95E-05 1.23E-05 99000860 98000

Notes: “The confidence interval is indicated at p=0.05 level; ®Prediction results based on average kinetic coefficients

Scientific Horizons, 2021, Vol. 24, No. 3




A multi-stage description of the kinetics of de-
formation-fracture allows considering the change in
the rheological state of the material during its defor-
mation. Therewith, it becomes possible to mathemati-
cally describe not only the process of its destruction,
but also the healing process that goes along with it.
However, this issue requires separate consideration and
will be the subject of further research.

CONCLUSIONS

Based on the analysis of the results of theoretical and
experimental studies of the process of deformation-de-
struction of wood composite materials, the following

Kulman et al.

conclusions can be drawn:

1. For the first time, a two-stage nonlinear kinetic
model of resource loss due to the creep of wood-based
composites is proposed.

2. The use of formal kinetics methods for mod-
elling the physicochemical processes that occur during
deformation-destruction allows designing the multi-stage
kinetic models.

3. The use of the method of basic deformation
diagrams in combination with the two-stage descrip-
tion of the process of accumulation of damage, allows
increasing the accuracy of the prediction of allowable
time under different load schemes during creep.
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MporHosyBaHHA TPMBanoi MiLLHOCTI AepeBHMX KOMMNO3UTIB
3 BUKOPUCTAHHSIM KIHETUYHUX PiBHAHDb

Cepriit Mukonaiiosuu Kynbman?, JlogmMuna MukonaiBHa boiiko?, I Ceanaumnk?

Monicbkuit HaLioHaNbHUI YHIBEpCUTET
10008, 6-p Crapu#, 7, M. Xutomup, YkpaiHa

ZTexHiYHU yHiBEpPCUTET Y 3BONEHI
960 53, Byn. T.I. Macapwka, 24, M. 3BoneH, (loBaY4MHa

AHoTauif. |cHytodi Mopeni noBediHKM KOHCTPYKLIM MNpU NOCTIMHOMY HaBaHTaXeHHi (NOB3y4OCTi) MaloTb AOCUTH
LUIMPOKMIM FOPU30HT MNPOrHO3YBAHHS | HU3bKY TOUHICTb. K MPaBMI0, BOHW BPaXOBYOTb Nepexif Bif HEPYMHOBAHOIO
CTaHy efneMeHTa L0 3pyMHOBAHOro 33 OAHY CTafilo. MeTok LbOro foCnigkeHHs 6yno obrpyHTyBaHHS Ta po3pobka
HOBOrO NigXxo4y A0 NMPOrHO3yBaHHSA AOBrOCTPOKOBOI MiLHOCTI HQ OCHOBI KIHETUYHWMX PIBHSAHb, KWW, Y CBOKD Yepry,
NoOBMHEH BPaxoBYyBaTK HaratoCcTyneHeBUIM XapakTep NpoLecy NOCTYNOBOro pyMHYBaHHS eneMeHTiB KOHCTPYKLii. [1ng
[LOCSITHEHHS Li€i MeTW 6ynn BUpilleHi 3aBAaHHS CTBOPEHHS 6araToCTyniHYacToro KiHeTMYHOro Mepexody OKpeMMX
CTPYKTYPHUX €NeMEHTIB i3 CMOYaTKy NPYXHOro CTaHy Yy BA3KONPYXHWI, @ NOTIM y TPilMHOBaHMI. Onucyoun Len
npoLec,aBTopu CTaTTi BUKOPUCTOBYBANN MeToAM HOPMasbHOI KIHETUKM Ta TEOPiT MEXAHIKM MOLLKOAXEHb KOHTUHYYMY,
a Takox MeTop 6azoBux piarpam. B skocti martepianis, WO BMBYAKOTLCS, BYAM BUKOPUCTaHI KOMMO3UTU HA OCHOBI
[lepeBuHU. 3a pe3ynbTaTtaMu NpoBeAeHMX MOBHOMACLUTAOHMX Ta 06YNCTIHOBANbHUX eKCNePUMEHTIB ByNo BU3HAYEHO:
MaTeMaTUyYHa MOAENb Ha OCHOBI KIHETUYHMX PiBHAHb 3AEKBATHO ONUCYE NOBEAIHKY AOCNIAXKYBAaHMX MaTepianis Ans
[LOBroCTPOKOBOI MiLLHOCTi; 3anNponoHOBaHa ABOETanHa MOAENb BU3HAYAE TOPU3OHT NPOrHO3y HabaraTo TOUHiLLe, HiXX
icHytoui ogHoeTanHi moaeni. KiHeTMyHi napameTpu, Wo BM3HAYaKTh WBUAKICTb NEpPeExXoay CTPYKTYPHOMO efieMeHTa 3
NPY>HOTO CTaHy Y B'A3KONPYXHWUIA, @ MOTIM Y pyMHOBaHWUM, OyNM BU3HAYeHi Ha OCHOBI eKcnepuMeHTanbHMUX 6a3oBuX
niarpaM. Yac o pyrMHYyBaHHS BM3HAYanM Nnpu TPUTOUKOBOMY BUIMHI 3@ HaBaHTAXKEHHS, WO A0piBHIOE 70 % MiLHOCTI
Ha BurmMH npu Temnepatypax 20 °C i 60 °C, nocTinHin Bonorocti RH 65 % Ta Bonorocti MC 8 %. MNpu nobynosi
KOHTPOJIbHUX KapT HaBaHTaXeHHs 36inblumnoca we Ha 15 %. MeTton [,03BONSIE 3BY3UTU FOPU3OHT MPOrHO3y Ta 3
6iNbLUOK TOYHICTIO BU3HAYUTU MOMEHT NEPeXoay CNopyau 3i CTaLiOHAPHOIO CTaHy B PEXMM i3 3aroCTPeHHAM

KniouoBi cnoBa: KiHeTUYHa TeOPisi, MeXaHiKa NOLIKOMKEHHS KOHTUHYYMY, MOB3Y4iCTb, 4OBrOTPUBANA MiLHICTb, NAapaMeTpu
MOLUKOOXKEHb, KPUTEPIN pyMHYBaHHS
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INTRODUCTION

The microclimate in a pigsty is determined by the com-
bination of temperature, relative humidity, chemical and
mechanical composition of the air. Each of these indica-
tors individually has a significant impact on the animal
productivity and must be maintained within strict lim-
its due to the physiological needs and capabilities of
animals. The microclimate is also affected by the tech-
nology of keeping animals, the density of their place-
ment, the quantity and quality of bedding, the type of
feeding, the species and age composition of livestock.
In other words, a microclimate is a meteorological regime
of closed rooms for animals, the concept of which in-
cludes temperature, humidity, chemical composition and
speed of air movement, dustiness, and illumination. The
optimal microclimate helps to increase animal produc-
tivity, reduce feed costs for obtaining a unit of production,
which has a positive effect on the health of farm animals.
The state of the microclimate depends on climatic and
weather conditions, the type of pen and its enclosing
structures, the level of air exchange, the perfection of
the systems of ventilation, heating, sewerage, and manure
harvesting [1].

A significant number of research papers are
devoted to the study of the influence of microclimate
on the productive qualities of pigs [2-4]. M. Kalinin [5],
V. F. Lipatnikov and V. P. Stepanov [6] note that the con-
ditions of keeping pigs during rearing significantly af-
fect their productivity. At the same time, a significant
number of researchers point out the dependence of
microclimate parameters on the technical devices used
to provide it [7].

In industrial animal husbandry, the creation of
an optimal microclimate depends on many factors and
is carried out through a number of compromises. Now-
adays, there are data based on which it is possible to
accurately determine those environmental factors nec-
essary for the manifestation of genetically determined
abilities of animals. However, providing a thermoneutral
zone is associated with large capital investments, high
energy prices, and recently requires increasing operat-
ing costs. As long as there are no significant changes in
pricing, instead of forming a thermoneutral zone, it is
advisable to create an optimal productive environment,
which is a compromise between high production costs
and the quality of livestock products. Given that the size
of capital investment and operating costs can change
significantly in a short time, the microclimatic condi-
tions characteristic of an optimal productive environ-
ment also cannot remain unchanged, even taking into
account the fact that the requirements of animals for
their environment practically do not change for a long
time [8].

Modern climate control systems in pig breeding
premises include: climate control computers, temperature,
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humidity and gas sensors, fans, humidifiers. The heart
of the microclimate control system is a computer that
controls all mechanisms. The computer continuously
controls the fans, changing their performance from 0
to 100%, while providing greater resistance of ventila-
tion to changes in atmospheric pressure and less sensi-
tivity to winds. This allows ensuring an optimal indoor
microclimate and is cost-effective. At the same time,
non-automatic exhaust devices (roof shafts of various
configurations; shafts that draw air from manure chan-
nels) and supply devices (roof shafts, wall and ceiling
vents-valves, windows [9] are also used.

The sex and age of pigs and the configuration of
the pig breeding room affect the need to use a par-
ticular type of heating. The heating system is selected
taking into account the availability of certain energy
resources at the farm enterprise. The use of electricity
and direct fuel combustion equipment is considered the
most common in modern pig breeding complexes. The
most economical is the use of blower heat generators.
Taking into account the technological features, such
systems can be used in pens for keeping boars, mat-
ing-gestating sows, and fattening pigs. Due to the gener-
ation of intense air flow, they cannot be used in nurseries
and rearing pens. To provide heating of rearing pens, a
ribbed general heating pipe, water heating registers
such as delta tubes and water mats are most often used.
In turn, infrared emitters are successfully used in nurseries.
Their energy source is electricity or natural gas [10].

The purpose of the study is to establish the de-
pendence of the operating parameters of the automatic
ventilation system for the polluted air intake on the air
quality in the pigsty, taking into account the permissible
gas concentrations.

MATERIALS AND METHODS

Analytical studies of the automatic ventilation system
for the intake of polluted air from a pigsty are carried
out based on mathematical modelling of the process us-
ing the main provisions of aerodynamics and numerical
calculation methods.

The Mathematica computer mathematics system
was used to simplify the obtained expressions and
mathematical modelling. The following provisions were
adopted to develop a mathematical model of the oper-
ation of the ventilation system for polluted air intake:

— in each section of the air flow through the air ducts,
part of the total pressure used to overcome the forces
of pneumatic resistances is lost due to the molecular
and turbulent viscosity of the moving air, the mechanical
work of the resistance forces is converted into heat;

— there are two types of pneumatic resistance in an
air duct: friction resistance and local resistance;

— pneumatic friction is caused by the air viscosity
(both molecular and turbulent) that occurs during its




movement, and is the result of the exchange of the
amount of motion between molecules (in laminar mo-
tion), and between individual particles (in turbulent
motion) of neighbouring air layers moving at different
speeds;

— local resistances occur when a local violation of
the normal flow, separation of the flow from the walls,
vortex generation, and intense turbulent mixing of the
flow in places where the configuration of the air duct
changes or when obstacles meet and flow around. These
phenomena increase the exchange of motion between
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moving air particles (i.e., friction), increasing energy
dissipation.

The main parameters of the microclimate of pig
breeding premises are regulated by the norms of
technological design [11]. According to the recommen-
dations of well-known animal technicians and vet-
erinarians [12; 13] and the existing requirements of
VNTP-APK-02.05 “Pig breeding enterprises (complexes,
farms, small farms)”, the technological parameters of
the microclimate of premises for keeping pigs can be
summarised in Table 1.

Table 1. Technological parameters of the microclimate of premises for keeping pigs

Parameter N;V;lt; c;;n u:it?)l;tig Growing Fattening Closed gilts Sugcilﬁisng
Air temperature, °C
Maximum 33 30 20 20 18 22
Minimum 30 24 15 12 13 18
Relative humidity, %
Maximum 60 70 70 70 70 70
Minimum 55 40 40 40 40 40
Maximum permissible air velocity, m/s
At the minimum temperature 0.15 0.2 0.2 0.3 0.3 0.15
At maximum temperature 0.4 0.5 0.5 1 1 0.4
Permissible concentrations of gases and dust in the air
Carbon dioxide (long-term), % 0.2
Carbon dioxide (short-term), % 0.35
Ammonia (long-term), mg/m? 20
Ammonia (short-term), mg/m?* 30
Hydrogen sulphide, (long-term), mg/m? 10
Hydrogen sulphide, (short-term), mg/m? 15
Naturally, such microclimate parameters at ruling i 2 3 4 65 7
energy prices reggire high cost;, but these_ are 'Fhe most i ﬂ
favourable conditions for the life of suckling piglets. /—/ \"\~

RESULTS AND DISCUSSION

To ensure the removal of air from the pigsty, an appro-
priate ventilation system has been created (Fig. 1). To
substantiate the design and technological parameters of
ventilation system automation, it is necessary to perform
analytical studies.

Automatic ventilation system for polluted air in-
take (Fig. 1) is located in the middle of the livestock
room under the ceiling and consists of a central air
duct for air intake (1), to which the air intake pipes (2)
are connected. Air intake pipes (2) are located in the
middle above each pen where animals are kept. Intake
dampers with servomechanisms (3) and temperature,
humidity, and air quality sensors (4) are installed at the
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|
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:

|

Livestock ;
_house | i
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|

|
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Figure 1. Technological scheme of automatic ventilation
system for polluted air intake: 1 - central air duct; 2 — branch
pipes; 3 - intake dampers with servomechanisms;

4 - temperature, humidity, and air quality sensors;

5 - exhaust fan; 6 - electrical wires; 7 - control unit
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inlet of the air intake pipes (2). The outlet of the central
air duct for air intake (1) is connected to the exhaust
fan (5). Intake dampers with servomechanisms (3) and
temperature, humidity, and air quality sensors (4) are
connected to the control unit (7) by means of electrical
wires (6).

The automatic ventilation system for polluted air
intake works as follows: depending on the air quality
above the pens, which is determined using temperature,
humidity, and air quality sensors (4) and the limit values
set by the operator, the control unit (7) transmits a sig-
nal to the intake dampers with servomechanisms (3) by
electrical wires (6). If the measured air quality values
are less than the limit values set by the operator, the
intake flap with servo drive (3) is closed. Otherwise, the

intake flap with servo drive (3) opens at an angle that
is directly proportional to the corresponding difference
between the air quality values and the limit values. Under
the action of exhaust fan (5), air is sucked into the air
intake pipes (2) and is formed into a stream that moves
through the central air intake duct (1) of the polluted
air intake system. Then the air flow is removed from
the room.

Due to the fact that certain group pens may con-
tain different numbers of animals grouped by age, the
gas concentration (carbon dioxide, ammonia, and hydro-
gen sulphide) located above the pens may differ (Fig. 2)
[14-16]. Therefore, the automatic ventilation system for
polluted air intake must adjust the air flow rate for each
pen individually.

Il,%“
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S A R T M i
| I | I I I | \ I
| I | | I I | \ |
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| | | | | | | | |
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Figure 2. Distribution of gas concentrations (carbon dioxide, ammonia, and hydrogen sulphide) ng above the pens:

n, - gas concentration (carbon dioxide, ammonia, and hydrogen sulphide) above the pens, %; n,

- limit values of gas

norm

concentration in the pigsty, %; N ™ maximum value value of gas concentration above the pen, %; i - pen number;
N - total number of pens; L, - width of the pen (provided that the geometric dimensions of all pens are the same), m

The operation of an automatic ventilation system
for polluted air intake can be mathematically represented
as follows:

Ngi < Ngnorm = 4i = 9o )

Ngi = Ngmax = 9i = Gmax = 9o + AGmax
where q, = q, + Aq, - volumetric air flow rates through
i-th air intake pipe, m*/s; q, - volumetric air flow rate
through the air intake pipe when the servo-operated
intake flap is completely closed, m*/s; Aq, - volumetric
air flow rate through the open i-th intake flap with servo
drive at a certain angle, m’/s; g, - volumetric air flow
rate through the air intake pipe when the servo-operated
intake flap is fully open, m/s; Aq, - volumetric air
flow rate through a fully open i-th intake flap with servo
drive, m¥/s.

The values of air flow through the open i-th intake
flap with a servo drive must be directly proportional to
the gas concentration (carbon dioxide, ammonia, and
hydrogen sulphide) over i-th pen:

4q; = k(ngi - ngnorm) (2)

AGmax = k(ngmax - ngnorm) (3)

where k - proportionality coefficient, m3/(c-%).
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Combining equations (1)-(3), the dependence of
air flow through the open i-th intake flap with servo
drive from the gas concentration (carbon dioxide,ammo-
nia, and hydrogen sulphide) over i- th pen is obtained:

qo + Aqmax

n _ (ngi - ngnorm)' Ngi > Ngnorm,
gmax

Ngnorm

" 4)
Ao Ngi = Ngnorm

In turn, the volume flow rate of air through the
open i-th air intake flap with servo drive at a certain
angle directly proportional to the area of the opening
0,and air velocity V:

qi =qo to;V; (5)
Expressing from (5) o, and substituting in (4):

1 AQmax

V (ngi - ngnorm):ngi > Ngnorm»
o; = i Ngmax — Ngnorm

0, ngi < ngnorm (6)

In accordance with previous studies [17-18], it
was found that under the condition of uniform place-
ment of air intake pipes and their identical diameter,




the velocity field is deformed, which consists of air ve-
locities from each hole V.

The deformation of the velocity field consists in
the fact that the air velocity field has a skewed profile:
from the axis of the central air duct for air intake in
the direction of the opening, an increase in speed is
observed, and in the opposite direction (a wall without
a hole) - a decrease. The static air pressure changes in
the cross-section in the opposite order: it is the smallest
in the hole and continuously increases in the direction
opposite to the wall of the hole. When moving from
one cross-section to another, the average air velocity,
dynamic average and average pressure change.

In the direction from the beginning to the end of
the central air intake duct (opposite to the air flow), the
average speed decreases. Thus, the dynamic pressure
will decrease in such a direction that it is opposite to
the direction of air flow by a certain amount, which, ac-
cording to the law of conservation of energy, will turn
into static pressure. This value of dynamic pressure is
called “released dynamic pressure”. Due to the released
dynamic pressure, the static air pressure inside the central
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air intake duct increases in the opposite direction of the
flow. However, it will be spent in the same direction on
overcoming friction and local resistance. If the released
dynamic pressure is greater than the pressure losses on
friction and local resistances, then the static pressure
will eventually increase,and if it is less than these pres-
sure losses, then the static pressure will decrease. If the
released dynamic pressure is equal to the pressure loss,
then the static air pressure inside the central air intake
duct will remain unchanged. Thus, the nature of the
change in static air pressure inside the central air in-
take duct depends entirely on the ratio of released dy-
namic pressure and pressure losses. Taking into account
the above, equation (6) needs to be clarified taking into
account the non-uniformity of the air flow velocity dis-
tribution, which occurs due to pressure losses.

Central air duct for air intake of constant cross-sec-
tion length L (Fig. 3) has a perimeter R and cross-sec-
tional area F. Along the air duct in its side surface, N
air intake pipes is evenly distributed. The area of the
openings of the air intake pipes is different. The air flow
rate at the end of the duct is equal to w,.

s N

N*B N/B
ON—I 0'N
vl wl

Figure 3. Design scheme of the central air duct for air intake

It is necessary to determine how the areas of the
openings of the air intake pipes should change along
the length of the central air duct to ensure that air is
sucked into the openings in accordance with the equa-
tion (4). TIt is necessary to number all the holes in the
direction of the air flow and draw cross-sections 1-1,
2-2,...,1i-i, (N-1)-(N-1), N-N after each hole.

Air intake rate in i-th air intake pipe opening:

v = /%(pa - ) 7)

where p - air density, kg/m*; p, - pressure in i-th opening
of the air intake pipe, Pa; p, - atmospheric pressure,
p,=101,325 Pa; u - coefficient of friction of the hole,
u=0.65 [19].

Since the volume is limited by i-th and i-1-th

sections and walls of the central air duct for air intake,
the equation of the amount of motion in projections on
the axis of the air duct has the form:

pFwf _ pFwi

pi-1F —piF —7,_1PLy = > > 8)
Apwly
Ti—l = Z 2 (9)

where L, - distance between the axes of two adjacent
holes, m; A — coefficient of friction resistance, A=0.01717
[20]; w, - air velocity through i-th cross-section, m/s.

Substituting equation (9) into (8) and dividing all
terms of the equation by F, obtain:

APPLoWiZ—l_PWiz pwiy
8F 2 2

Pi-1—Pi — (10)
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With uniform air distribution:

i i—1 dk
W; = W=, Wi_1 = Wp—, Ag-— (11)
i kNa i—-1 k N’ q N max

Substituting in the last equation w, and w, ,:

pwZ 1 [/APL,
Pi-1 =p; + [(

- - — P — 2 P2 12
2 N2\aF 1>(l b +l]( )

According to equation (8) for the end of the central
air intake duct:

2
_ Pwg

Pn =5~ (13)

The air flow rate at the end of the central air
intake duct is determined by the equation (14):

qr = Wi F (14)
from here:
_ I (15)
Wy F

The dependence of (12) and (13), taking into ac-
count (15), takes the form:

2
pai 1 [(APL . .
Pi-1 =Pt ZFZ NZ [( 4F0 - 1) -1+ ’2] (16)
2
P
PN =552 (17)

Substituting the pressure value according to
equation (16) into (7):

2 pqi 1
Vioa = MJ; (Pa —Pi~ S

Substituting (18) into (6), an equation is finally

obtained for calculating the area of the opening formed

AQmax

(‘:’;0 - 1) (-2 + iZ]) (18)

by the intake flap with a servo drive in the air intake
pipe:

ngmax - ngnorm

(ngi - ngnorm)

Ngi > Ngnorm 19

o =4 |2 pai 1
u 5 Pa—Pi—ﬁm

0, ngi < ngnorm

The methodology developed above and the al-
gorithm implemented on its basis are executed in the
Mathematica software package.

Taking the structural and technological param-
eters of the ventilation system for polluted air intake
(L=42 m; P=1.25 m; p=1.27 kg/m?; q,=1.5 m*/s; F=0.126 m?,

(G- 1)a-vr+])

u=0,025; p =101325 Pa; A=0.01717, ngnm=10%) and
distribution of gas concentrations (carbon dioxide, am-
monia, and hydrogen sulphide) ng above the pens (Fig. 4)
the speed distribution in the air intake pipes is deter-
mined (Fig. 5).
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Figure 4. Distribution of gas concentration ng above the pens
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V, m/s

9.4

9.2

i 2 3 4 5 6 7 8

Analysing Figure 5, it can be argued that the speed
in the air intake pipes gradually decreases from 9.5 m/s
to 8.8 m/s in the direction opposite to the air flow. Given
the resulting velocity distribution V_in the air intake
pipes (Fig. 5) and the gas concentration distribution is
accepted ng above the pens (Fig. 4) taking into account

8.8

8.6

8.4

9 10 11 12 13 14 15 16
Figure 5. Velocity distribution V. in the air intake pipes

equation (19), a diagram of the distribution of the area
of holes formed by intake dampers with servomech-
anisms in the air intake pipes is obtained (Fig. 6). For
comparison, Figure 6 shows a diagram of the hole area
distribution without taking into account the velocity
distribution V_in the air intake pipes.

[T | 0, m
B V=V()
0.1
B V=const
- 0.08

- 0.06

- 0.04

- 0.02
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i 23 45 7 8
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Figure 6. Velocity distribution V. in the air intake pipes

Analysis of Figure 6 shows that given the velocity
distribution V=V of the control unit of the automatic
ventilation system for polluted air intake, it is possi-
ble to more accurately adjust the intake dampers with
servomechanisms. This allows fulfilling the specified
condition (4).

CONCLUSIONS

An increase in pig productivity can be achieved in various
ways. The most effective of them is to create a favour-
able microclimate in the pens where pigs are kept. A fa-
vourable microclimate is achieved in various ways, but
the simplest is the arrangement of professional ventila-
tion. Proper design of livestock facilities and equipment
with ventilation systems prevents cases of dangerous
viruses and, as a result, improves the quality and safety
of pork.

As a result of analytical studies of the automatic
ventilation system for polluted air intake from a pigsty,
the conditions for its effective operation have been math-
ematically substantiated. The developed technique and
the algorithm implemented based on the Mathematica
software package allows calculating the area of holes
that form intake dampers with servomechanisms in the
air intake pipes.

Taking the structural and technological parame-
ters of the ventilation system for polluted air intake (L,
Bpa,Ewp,An,, )anddistribution of gas concen-
trations (carbon dioxide, ammonia, and hydrogen sul-
phide) n_the speed distribution in the air intake pipes
above the pens V. is determined and a diagram of the
hole area distribution o, which form intake dampers
with servomechanisms in the air intake pipes.

Taking into account the speed distribution V=V

i
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of the control unit of the automatic ventilation system  air flow through the open i-th air intake flap with servo
for polluted air intake, it is possible to more accurately  drive depending on the gas concentration (carbon dioxide,
adjust the intake dampers with servomechanisms. This ~ ammonia, and hydrogen sulphide) over i-th pen.

allows fulfilling the set condition for the dependence of
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Yaropud

AHaniTU4Hi gocnig)XeHHs aBTOMaTUYHOI BEHTUNSILIMHOI cucTeMm
3a6opy 3abpyaHeHOro NoBiTPS CBMHAPCbKOro NpUMILLeHHS

Bitaniit Mukonaitiosuu Slponyp,

BiHHMLbKMIA HaLiOHaNbHWI arpapHUi YHiBEpCuTeT
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YkpaiHa

AHoTauif. MikpokniMaT CBMHAPCbKOrO MPUMILLEHHS BU3HAYAETLCS CYKYMHICTIO TeMnepaTypu, BiAHOCHOI BOMOrOCTi,
XiMIYHOrO Ta MEeXaHi4YHOro cknafy noBiTps, SKi MalTb CYTTEBUM BNAMB HA MNPOAYKTUBHICTb TBApWH i MaloTb
NiATPMMYBATUCS B CYBOPUX paMKax, 00yMoBneHnx disionoriyHummn notpebamMm i MOXIMBOCTAMM TBAPUH. Y paMmKax
3a3HayeHoro AN 3abe3neyeHHs BiaBeAeHHS NOBITPS 3 NMPUMILLEHHS CBMHAPHWMKA CTBOPEHA BiAMOBIAHA BEHTUNALiHA
cuctema. MeTolo JoCnifXeHb € BCTAHOBMIEHHS 3aNI@XXHOCTI PEXMMHUX NMapaMeTpiB aBTOMATUUYHOI BEHTUAALIMHOT
cuctemu 3abopy 3abpySHEHOro NOBITPS Bif, AKOCTi NOBITPS Y CBUHAPHMKY 3 YpaxXyBaHHAM LOMYCTUMUX KOHLEHTPALLil
rasis. Po3pobneHa aBTOMaTM4YHa BEHTWUAALIMHA cucTeMa 3abopy 3abpyaHEHOro MoBiTPsS pPO3MilleHa B CepefuHi
TBAaPUHHULLKOTO MPUMILLEHHS Nif CTenel i CKNafa€ETbCs 3 LEHTPaNbHOro MoBiTponpoBsomy Ansg 3abopy nosiTps,
[0 9KOro MpUERHAHHI NaTpybku ans 3abopy nogiTps. MaTtpybku ans 3abopy NoeiTps po3MilleHHi nocepenmHi Haz
KOXXHWMM CTaHKOM, [ie YyTPUMYoTbCs TBapuHU. Ha Bxoai natpybkis ansg 3abopy noBiTps BCTaHOBAEHI 3abipHi 3acniHKK
i3 cepBonpuBOAaMM i OaTYMKM TemMmnepaTypwu, BONOrOCTi Ta AKOCTI NOBITps. Buxig LeHTpanbHOro noBiTponpoBoAy
ona 3abopy nNoBiTpS NPMELHAHO LO BUTSXKHOrO BEHTMAATOPA. 3abipHi 3aC/iHKK i3 CepBONPUBOAAMM i AATUMKM
TemnepaTypu, BONIOrOCTi Ta AKOCTI MOBITPA N0 3ac06ax enekTpUYHMX MPOBOLIB 6 NPUEAHAHI A0 6NOKA KepyBaHHS.
Y pe3ynbraTi aHaNiTUYHWMX [OCNIAKEHb aBTOMATMYHOI BEHTMAALIMHOI cucTemMu 3abopy 3abpynHeHoOro nosiTps
CBMHapHMKa MaTeMaTMYHO NpeaCcTaBieHo YMOBY ii eeKkTMBHOI pob6oTu. Po3pobneHa MeToamKa i peanizoBaHuii Ha
OCHOBI Hei anropuTM y nporpaMHoMmy naketi Mathematica no3Bonse po3paxoByBaTi NAOLLI OTBOPIB, AKi YTBOPIOKOTb
3abipHi 3acniHkM i3 cepBonpuBogamMu y natpybkax ang 3abopy nositps. [puiiMaoym KOHCTPYKLIMHO-TEXHONOTiYHI
napameTpu BEHTUAALIMHOI cucTeMun 3abopy 3abpyaHEHOro NoBiTPSa i po3NoLin KOHUEHTpaLii rasis (BYrnekmMcioro
rasy,amiaky i CipkOBOZH0) Haj, CTaHKaMM BU3HAYEHO PO3MOoiN WBMAKOCTEN y naTpybKax ansa 3abopy noBiTps i giarpamy
pO3MnoAiny NnoLLi 0TBOPIB, AKi YTBOPHOKOTL 3abipHi 3acniHKM i3 cepBONpMBOAAMM Yy NaTpybKax Ans 3abopy nositps

KntouoBi cnoBa: MiKpoknimMaT, CBUHAPHMK, BEHTUASLLIS, aBTOMATU3aAL,if, TAapaMeTpu, LOCNIAKEHHS, 3aN1EXHOCTI
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Abstract. This article presents materials on the role of the rice weevil
(lat. Sitophilus oryzae) in the process of transmission of Mycobacterium of
tuberculosis. The relevance of the study is conditioned by the rapid spread
of tuberculosis around the world and the need to develop more advanced
methods for diagnosing this disease,which, for its part, is impossible without
expanding knowledge on all possible reservoirs of the causative agent of
infection. Long-term research around the world has proven that insects
are carriers of various microflora, including pathogenic ones. Therefore the
purpose of study was to establish the epizootological role of the rice weevil
as a reservoir for Mycobacterium bovis in the process of occurrence and
spread of tuberculosis. The study determined the duration of transfer and
isolation of Mycobacterium tuberculosis in the external environment by
infected beetles. The museum dissociative strain of Mycobacterium bovis
(118 passage) was used for the study, the subject of the study was rice
weevils. For the furtherance of this goal, the culture, microscopic, and
statistical studies were conducted, and the viability of mycobacteria was
determined after passages through the beetle body by evaluating colony-
forming units.The epizootological role of the rice weevil in the development
and spread of tuberculosis has been established. It is proved that the beetle
can keep mycobacteria in its body for 50 days with a gradual decrease in
their number and is then able to secrete the pathogen for another 30 days,
contaminating environmental objects. When evaluating colony-forming
units of mycobacteria in the dynamics of the experiment, a decrease in their
viability after persistence through the body of beetles was revealed from
5.3*108in 1 g of the original crop up to 1.4*10% in 1 g of crop that grew from
beetle homogenisate for 30 days. These study results will allow developing
and improving existing measures for the prevention of tuberculosis and
prevent the introduction of this infection into safe territory

Keywords: mycobacteria, dissociative strain, infection, beetles-pests of grain
stocks, colony-forming units
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INTRODUCTION

Tuberculosis is one of the most common problems
among zooanthroponic diseases, and the issue of im-
proving prevention measures is relevant all over the
world, including in Ukraine. This disease poses a high
epizootological danger and causes great social and eco-
nomic damage, which include control measures in the
affected area, mass destruction and disposal of animals,
health and preventive measures [1]. The ability of my-
cobacteria to adapt to the environment, their variability
and existence in various morphological forms compli-
cate the diagnosis of tuberculosis. Moreover, animal and
human organisms can carry the causative agent of in-
fection latently, without showing any clinical signs. In
particular, Mycobacterium bovis has an extremely large
range of susceptible animals, which makes it difficult to
eliminate tuberculosis.

Despite many years of fruitful work of researchers
around the world, there is still no exhaustive data on all
possible ways of introducing the pathogen to the farm.
And to completely eradicate the disease, the first prior-
ity should be to expand and deepen knowledge on the
prevention and elimination of tuberculosis. Special at-
tention, according to the authors of the study, deserves
the establishment of all reservoirs of mycobacteria, which
are a potential threat of outbreaks of infection in previ-
ously safe territories.

Numerous studies from researchers around the
world indicate that insects are a reservoir of many types
of microorganisms. Foreign researchers managed to iso-
late mycobacteria from cockroaches, beetles, butter-
flies, ticks, mosquitoes, and other invertebrates [2-4].
According to many researchers, insects are carriers of
potentially pathogenic and pathogenic microorganisms,
including the causative agent of tuberculosis. In partic-
ular, Mycobacterium intracellulare, Mycobacterium avium
ssp., Mycobacterium fortuitum, Esherichia coli, Klebsiella
pneumoniae, Staphylococcus aureus, Salmonella spp., Shigella
spp., Pseudomonas aeruginosa and other types of bacte-
ria were isolated [5-8]. For their part, Fischer et al. have
conducted an experimental infection with a suspension
of mycobacteria of cockroach nymphs and found that they
are able to accumulate and secrete the pathogen into
the external environment. Researchers isolated myco-
bacteria in the excrement of cockroaches after 3 days,
and in the homogenisation of infected insects - 10 days
after infection [9].

Therefore, existing data indicate the ability of in-
sects to accumulate and secrete mycobacteria into the
external environment, that is, to be a potential cause
of the active spread of the disease. However, to date,
there are no exhaustive data on the duration of the car-
rier of microorganisms, in particular Mycobacterium of
tuberculosis, in the body of insects. And the complete
elimination of the disease without perfect knowledge
of potential reservoirs and carriers of the causative agent
of the disease is impossible.

Tkachenko et al.

The objects of research in this study were bee-
tles-pests of grain stocks. In Ukraine, the most common
representatives of this group are weevils of the genus
Sitophilus, namely, the rice weevil. Numerous foreign
research papers indicate that beetles of this genus are
end carriers of gamma-proteobacteria of the species
Sodalis pierantonos. These microorganisms are involved
in the formation of the beetle’s cuticle. Morphologically
S. pierantonos is a gram-negative rod with a length of
3-4 to 100 pm, a diameter of 1-2 ym, and a microbial
cell surrounded by mucopolysaccharide substances.
S. pierantonos - an intracellular microorganism that is
cultivated exclusively in the body of weevils and is not
cultivated on a nutrient medium. The number of these
bacteria in the beetle’s body varies throughout its life
cycle: in the larval stages there are many of them, and
in adult insects it decreases sharply or disappears alto-
gether after the final cuticle formation [10-12].

The purpose of the study is to investigate the epi-
zootological significance of the rice weevil Sitophilus
oryzae as a reservoir for Mycobacterium bovis in the
process of occurrence and spread of tuberculosis.

Research objectives: to establish the duration of
the transmission and secretion of Mycobacterium bovis
into the external environment with infected beetles.

MATERIALS AND METHODS

The research was conducted in the training laboratory
of the Department of epizootology and Infectious Dis-
eases of animals of the Dnipro state agrarian and eco-
nomic University during 2020. The subject of the study
were cultures of the dissociative form of Mycobacterium
bovis (passage 118, microscopy revealed acid-resistant
red grains), which were stored in the museum of the
department and beetles-pests of grain stocks, in par-
ticular the rice weevil (lat. Sitophilus oryzae), from the
family Curculionidae (Fig. 1).

Figure 1. Rice weevil (lat. Sitophilus oryzae)

Prior to the start of experimental infection, to ex-
clude the existence of Mycobacterium bovis in beetles,
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insects were examined by microscopy for the presence of
acid-resistant rods. For this purpose, the beetles were
washed three times in an isotonic 0.9% sodium chloride
solution and smeared on a slide, followed by staining
smears according to the Ziehl-Neelsen method.

For the study, an experimental group of beetles was
created, which included 50 rice weevils. Experimental
beetles were kept in grain treated with a suspension
prepared from the culture Mycobacterium bovis with sub-
sequent repeated transplantation into sterile grain during
the experiment.

For experimental infection of beetles, pre-auto-
claved wheat grains were contaminated for 20 minutes
at 1.5 atm. For grain contamination with mycobacteria,
a suspension from a dissociative strain of Mycobacterium
bovis (118 passage) was prepared in the proportion
of 10 mg of bacterial mass of Mycobacterium bovis in
1 cm? isotonic 0.9% sodium chloride solution for every
10 g of grain, a total of 20 g of grain and, accordingly,
20 mg of crop per 2 cm?® solution were used. Adult
beetles (50 pieces) were placed in grain contaminated
with M. bovis for 3 days, on the 4™ day the beetles were
moved to sterile grain for another 4 days, after which
they were again transferred to sterile wheat grain until
the 12" day of the experiment, the next transplantation
was done on the 20™ day of the experiment. Further on,
the beetles were moved every 10 days until the exper-
iment was completed to determine the duration of the
transfer.

During this time, on days 4, 8, 12, 20 and then
every 10 days (up to 90 days inclusive), a microscopic
examination of the suspension from grain was carried out
after the weevils stayed in it and the beetles themselves
were examined directly for the content of mycobacteria.
For this purpose, beetles were selected from the exper-
imental group, washed with an isotonic 0.9% sodium
chloride solution 3-5 times, depending on the previous
results, each time examining the washing samples under
an immersion microscope system. After washing, the
beetles were smeared on a slide,and the homogenisate
was stained according to the Ziehl-Neelsen method.

In addition, on the 30, 60", and 90™ days of the
experiment, beetles pre-washed with sodium chloride
solution were pulverised,a suspension was prepared, which
was sown on a Mordovsky nutrient medium (‘Novaya”).
After transplanting the beetles, samples of grain were
taken for the study, in which the weevils stayed for a
certain time (4-10 days, according to the method). It was
added to a mortar with a sterile isotonic 0.9% sodium
chloride solution and kept for 30 minutes in a sterile box,
after which it was ground. A smear was made from the
resulting suspension, stained according to Ziehl-Neelsen
method and sown on a Mordovsky nutrient medium
(“Novaya”). Grain and beetles that remained after the
experiment were decontaminated by autoclaving at
1.5 atm for 3 hours.

The viability of microbial cells was also determined
by evaluating colony-forming units (CFU) by serial dilu-
tions [13-15]. For the study, Eppendorf microtubes were
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used, a sterile isotonic 0.9% sodium chloride solution
in an amount of 0.5 cm® was added in the first test tube
and 0.4 cm?® in the next tubes. The bacterial mass was
taken from a test tube using a wire inoculating loop,
squeezed between sheets of filter paper, and weighed
50 mg (0.05 g) using a torsion scale. The weighted bac-
terial mass was placed in micro-tube No. 1 and sus-
pended, thoroughly mixing with an inoculation loop.
0.1 cm?® of suspension was taken using an insulin sy-
ringe, the resulting suspension was transferred to test
tube No. 2, thoroughly mixed, and 0.1 cm®was taken
again and transferred in the next test tube up to the
10% iteration. After that 1 cm? of suspension was taken
from each microtube using separate insulin syringes,
which was introduced into two test tubes with Mordovsky
nutrient medium and evenly distributed over the surface.
Further on, the test tubes were placed in a thermostat
at a temperature of +37 °C

When determining the viability of microbial cells
of the initial culture by evaluating CFU, calculations
were made in the 8" dilution in the study of the initial
culture and in the 7™ dilution in the study of the culture
that grew from beetle homogenisate on the 30™ day of
the experiment. These breeding grounds were chosen
because the smaller one showed continuous growth,
and the larger one showed no colony growth. After the
appearance of colony growth, the number of viable mi-
croorganisms in 1 g of the experimental culture was
mathematically calculated. Statistical analysis of the
findings was performed in the Microsoft Office Excel
software application.

RESULTS AND DISCUSSION

Microscopic examination of washing samples and ho-
mogenisate from beetles before experimental infection
revealed non-acid-resistant cocci (Fig. 2). This means
that the beetles were carriers of non-acid-resistant mi-
croorganisms before the study began. After conducting
an experimental infection of beetles, microscopic ex-
amination of the latter revealed blue and red grains,
which indicates successful infection of insects with the
experimental strain M. bovis.
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Figure 2. Microorganisms from beetle homogenisate
before experimental infection
Notes: Ziehl-Neelsen colour scheme




Washing samples. According to the study results,
it was found that during smear microscopy on Days 4
and 8, acid-resistant (red) and non-acid-resistant (blue)
cocci were detected up to and including the fourth
washing of beetles. On days 12, 20, 30,and 40 up to and
including the third wash, microorganisms were detected
by the microscopy, and on days 50 and 60 up to the
second wash. On day 70, bacteria were detected only in

Tkachenko et al.

the washing samples after the first rinse. By day 50, acid-
resistant and non-acid-resistant cocci were detected, with
a gradual decrease in the number of microorganisms,
and by day 70, only non-acid-resistant cocci were de-
tected. On days 80 and 90, micro-organisms were ab-
sent from the microscope view during the analysis of
washing samples (Fig. 3).

Day 80
70 -

60 -

50
40 -
30 -
20 -
10 -

Beetles Washing

m Non-acid-resistant
microorganisms

m Acid-resistant
microorganisms

Grain

Figure 3. Duration of isolation of microorganisms from the experimental material (days)

Bugs. During microscopy of smears of infected
beetles, red grains were found in their body up to the
50" day. That is, acid-resistant microorganisms that were
contaminated with grain at the beginning of the exper-
iment and blue cocci, non-acid-resistant microorganisms
that the beetles were carriers of before infection, also with
a gradual decrease in the number of microorganisms,

starting from the 20* day of the study (Fig. 4). After the
50" day of the experiment, no bacteria identical to the
dissociate Mycobacterium culture that was studied were
found in the experimental samples, but by the 70" day,
non-acid-resistant cocci were still detected (Fig. 5). On
days 80 and 90, no bacteria were present during the
microscopic examination.
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Figure 4. Microorganisms from beetle homogenisate by day: a) - on the 4" day of the experiment, b) - on the 20" day
of the experiment, ¢) - on the 40" day of the experiment, d) - on the 50" day of the experiment

Notes: Ziehl-Neelsen colour scheme
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gy
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Figure 5. Microorganisms from beetle homogenisate on the 70" day of the experiment
Notes: Ziehl-Neelsen colour scheme

When sowing homogenisate from beetles on the
Mordovsky nutrient medium:

— on day 30 of the experiment: on the nutrient
medium (on day 12 after sowing), the growth of single
rounded smooth orange colonies with smooth edges

was recorded (Fig. 6), identical to the original culture
(red grains under microscopy (Fig. 7a)) and the growth
(on day 8) of light yellowish rounded S-shaped colonies
(blue cocci under microscopy (Fig. 7b));

Figure 6. Colonies of microorganisms from beetle homogenisate on the 30" day of the experiment: A — rounded orange
colonies (acid-resistant bacteria); B - yellow rounded colonies (non-acid-resistant bacteria)
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Figure 7. Microorganisms from colonies from beetle homogenisate on the 30" day of the experiment from the nutrient
medium: a) - from orange colonies; b) - from yellow colonies

Notes: Ziehl-Neelsen colour scheme

—on day 60 of the experiment: the growth of

light yellowish rounded S-shaped colonies was recorded

Scientific Horizons, 2021, Vol. 24, No. 3

on the nutrient medium (Fig. 8) on the 13" day of the
experiment (blue cocci under microscopy (Fig. 9));
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Figure 8. Colonies of microorganisms from beetle homogenisate on the 60" day of the experiment
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Figure 9. Microorganisms from beetle homogenisate on the 60" day of the experiment
from the nutrient medium

Notes: Ziehl-Neelsen colour scheme

— on day 90 of the experiment: on the medium,
the growth of light yellowish rounded S-shaped colonies

Figure 10. Colonies of microorganisms from beetle
homogenisate on the 90" day of the experiment

Thus, the findings indicate the ability of beetles
to accumulate microorganisms in their body for quite a
long time and be a reservoir of the causative agent of
infection.

Grain. Microscopic examination of the grain on
which the experimental beetles were kept revealed acid-
resistant (red) grains on the 4™ day of the experiment,

(Fig. 10) on the 22 day of the experiment (blue cocci
under microscopy) (Fig. 11).
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Figure 11. Microorganisms from colonies from beetle
homogenisate on the 90" day of the experiment
from the nutrient medium
Notes: Ziehl-Neelsen colour scheme

that is, after one beetle transplantation. On days 8 and
12, i.e., after the second and third beetle transplanta-
tions, respectively, microscopy of grains revealed acid-
resistant (red) and non-acid-resistant (blue) cocci. Further
on, no bacteria were found in the grain that would be
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identical to the Mycobacterium culture that was studied.
However, during microscopic examination of the grain on
the 20" and 30" days of the experiment, non-acid-re-
sistant cocci were found. Microscopy on days 40, 50, 60,
70,80,and 90, i.e., from the sixth to the eleventh beetle
transplantation, no microorganisms were detected by
the microscope. Consequently, non-acid-resistant mi-
croorganisms were detected by the 12" day of the ex-
periment (i.e., by the third beetle transplantation), and
acid-resistant microorganisms were detected by the
30t day (i.e., by the fifth transplantation).

When sowing a suspension of grain on a Mordo-
vsky nutrient medium on day 4, that is, after one beetle
transplantation, the growth of orange rounded colonies
with smooth edges was detected, which have the ap-
pearance of red grains (identical to the original culture)
on day 12.When sowing a suspension from grain on the
8th, 12t 20" and 30" days of the experiment (i.e., after
the second or fifth beetle transplantation), the growth
of light yellowish rounded S-shaped colonies (blue
grains under microscopy) and orange rounded colonies
(identical to the original culture) was detected on the
nutrient medium. When the suspension was sown on
days 40 and 50 (i.e., after the sixth or seventh beetle
transplantation), only light yellowish S-shaped colonies
(non-acid-resistant cocci under microscopy) were found
to grow, and no growth of dissociative mycobacteria

identical to the experimental cultures was detected. No
growth was detected on days 60-90.

The presence of microorganisms in the grain that
was sterile before the beetles were transplanted suggests
that insects play the role of a mechanical and probably
biological carrier of the pathogen. Given that the du-
ration of isolation of blue and red grains was not the
same, it can be assumed that the period of isolation of
non-acid-resistant bacteria was longer than the isolation
of acid-resistant microorganisms due to the fact that ini-
tially the density of non-acid-resistant bacteria was higher.

It was found that the number of colonies that grew
during the eighth dilution of the initial culture was 317
in test tube No. 1 (sample No. 1) and 359 in test tube No. 2
(sample No. 2) (Table 1). According to the CFU assess-
ment methodology, the average value was determined
for further calculations, it is equal to 338 (colonies in
0.00064 mg of culture (eighth dilution)), respectively,
in 1 g of the original culture 528125000 or 5.3*108 viable
microorganisms. And when determining the CFU of the
culture that grew after sowing homogenisate from bee-
tles on the 30 day of the experiment, it was found that
during the seventh dilution,419 colonies grew in test tube
No. 1 (sample No. 1) and 465 in test tube No. 2 (sample
No. 2), the average value was 442 colonies in 0.0032 mg
of culture (seventh dilution), respectively,in 1 g of culture
138125000 or 1.4*108 viable microorganisms.

Table 1. Assessment of colony-forming units of dissociative form of Mycobacterium bovis (118 passage)
in the dynamics of experiment

Source culture

Culture of homogenised experimental
beetles on the 30t day of the experiment

Sample No. 1 317" 419**
Sample No. 2 3597 465™
M#£m 338+29.7 442%32.5
Number of CFU in 1g of culture 5.3*108 1.4*108

Notes: * The number of grown colonies on the nutrient medium for the eighth dilution (0.00064 mg of culture); ** the
number of grown colonies on the nutrient medium for the seventh dilution (0.0032 mg of culture)

When determining the CFU, it was found that the
number of viable microorganisms in 1 g of the initial
culture was higher than in 1 g of the culture isolated
from beetles on the 30" day of the experiment, which
may indicate a decrease in the viability of microbial
cells after mycobacteria pass through the beetle body.
A two-sample t-criterion with different variances was
used to assess the reliability of the ratio of the initial
culture to the culture obtained from homogenised bee-
tles. The value of p=0.04, which indicates high (96%)
statistical reliability.

The problem of the widespread and rapid spread
of tuberculosis still requires deepening existing knowl-
edge. Thus, science does not have perfect data on all
possible reservoirs of Mycobacterium tuberculosis. After
analysing the study results, it was found that these data
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complement the existing findings of other researchers.
The study results confirm that beetles, in particular rice
weevils, can be a reservoir of mycobacteria and participate
in the active spread of tuberculosis and transmission of
the causative agent of infection to susceptible animals.
Perhaps it is insects that are one of the main causes of
tuberculosis in previously safe places.

After experimental infection of beetles with a
dissociative strain M. bovis, they were kept on pre-sterilised
wheat grain, periodically transplanting the insects into
a new grain. Microscopic examination of the grain sus-
pension, after transplanting the experimental beetles,
revealed acid-resistant bacteria (identical to those that
infected the beetles) for up to 12 days, that is, for three
transplantations. Culture studies of grain suspensions
revealed the growth of rounded orange colonies with




smooth edges (identical to the original culture) on the
nutrient medium for up to 30 days, during which time
five beetle transplantations were made into a new sterile
grain. These data indicate that the beetles isolated
mycobacteria from their bodies during this time and
contaminated the grain. The results obtained do not
contradict the research by O.A. Fischer et al., which
found that microorganisms, in particular mycobacteria,
are able to remain viable in the intestines of insects
for a certain time and release bacteria into the exter-
nal environment [5]. Similar data can be traced in other
researchers, for example, B.W. Allen and J. Guzman &
A.Vilcinskas reported that after passing through the in-
testines of cockroaches, viable mycobacteria can be re-
leased with faeces into the external environment [16; 17].

F. Portaels et al. suggested the theory that ani-
mals can be infected with mycobacteria through insect
bites, and Marsollier et al. reported that Mycobacterium
ulcerans are transmitted to rodents through the bites of
water bugs from the family Naucoridae [18; 19].). Kazda
notes that mycobacteria, due to their cell wall structure,
are resistant to the action of insect gastric enzymes, as
a result of which they can be excreted in both saliva
and faeces [20]. In addition, the study, L. Durnez et al.
reports of isolation of mycobacteria from the body of
insectivorous animals and rodents [21]. The ingestion
of mycobacteria in their body may have occurred as a
result of eating infected insects, which is quite a natural
phenomenon, analysing our results. Known data suggest
that beetles infected with mycobacteria can be captured
by animals or birds susceptible to tuberculosis and di-
gested, while acid-resistant mycobacteria, for their part,
remain viable and can persist in the body and be released
into the external environment.

Thus, summing up this study and the work of
many researchers, it can be argued that insects, in partic-
ular the rice weevil, can participate in the process of the
emergence and spread of tuberculosis.

Tkachenko et al.

CONCLUSIONS

According to the study results, it was found that the rice
weevil can accumulate pathogenic microorganisms, in
particular Mycobacterium of tuberculosis, and able to
release them into the external environment, contami-
nating it, and remain a reservoir of the causative agent
of infection for quite a long time. Microscopy revealed
acid-resistant grains in the beetle’s body for up to 50 days,
and non-acid-resistant cocci for up to 70 days of the
experiment. Microscopic examination of beetle smear
samples revealed microorganisms up to 70 days of
the experiment (acid-resistant bacteria — up to 50, and
non-acid-resistant ones-up to 70 days inclusive). When
sowing homogenisate from beetles on a nutrient me-
dium, the growth of orange colonies (identical to the
colonies of the original culture) was detected up to
30 days of the experiment, and the growth of yellow
S-shaped colonies (blue cocci under a microscope) up
to 90 days of the experiment. At the same time, when
evaluating the CFU of a dissociative strain M. bovis a
decrease in the viability of mycobacteria after passing
through the body of beetles on the 30 day of the
experiment was established.

Microscopic examination of the grain suspension
revealed acid-resistant bacteria up to 12 days of the
experiment, that is, after three beetle transplantations,
and non-acid-resistant microorganisms were detected
up to 30 days of the experiment.When sowing grain sus-
pensions on a nutrient medium, the growth of orange
colonies (identical to the original ones) was detected
up to 30 days of the experiment, i.e., after five bee-
tle transplantations, and the growth of yellow S-shaped
colonies was detected up to 50 days, i.e., after seven
beetle transplantations. The data obtained indicate the
ability of the rice weevil to accumulate mycobacteria in
its body for 50 days and release them into the external
environment for 30 days.
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Eni3ooTonoriyHe 3Ha4eHHA PUCOBOro AOBroHOCUKa
K pe3epByapa Mycobacterium bovis

Onekciii AHgpiitoBuu TkaueHko?, Kipa BonoaumupieHa AnidoHoBa®’,
OneHa leHHapjiiBHa MaBpuninal, AMenia Hait?

1IHINpOBCbKMIA AEPXKaBHMIA arpapHO-eKOHOMIYHWIA YHiBEpPCUTET
49600, Byn. Cepria €dppemMosa, 25, M. [IHiNpo, YkpaiHa

MiBHiyHO-MiBOEHHMI YHiBEpCUTET
1229, Mnot 15, bnok b, bawyHaxapa, M. [1akka, baHrnagew

AHoTauif. Y naHin ctatTi HaBeaeHi MaTepianu WoAo poni pUCOBOro AOBroHOocKKa (nat. Sitophilus oryzae) y npoueci
nepenayi MikobakTepii TybepKynbo3y. AKTyanbHiCTb NPOBEAEHOMO JOC/IAXKEHHS 00YyMOBNEHA CTPIMKMUM NOLWMPEHHAM
TybepKynbo3y Mo BCbOMY CBiTYy Ta HEOOXiAHICTHO po3pobKM 6inbll AOCKOHANMX METOAIB [iarHOCTMKM [AHOro
3aXBOPIOBAHHS, LLO, 3i CBOro HOKY, € HEMOX/IMBUM 6e3 pO3LIMPEHHS 3HAHb 3 MUTAHHS BCiX MOX/IMBUX pe3epByapiB
30yAHMKa iHpeKLii. bBaraTopiyHUMKM 0OCNIIKEHHAMM HAYKOBLLIB CBITY JOBELEHO, L0 KOMAXU € NEPEHOCHUKAMM Pi3HOT
Mikpodnopu,30KkpeMa 1 naToreHHoi. ToMy MeTOK HayKOBOIO A0CiAKEeHHS Oyn0 BCTAaHOBIEHHS eNi300TON0rYHOI poni
pMCOBOro AOBrOHOCKKA K pe3epByapy Mycobacterium bovis y npoueci BAHUKHEHHS Ta NOWMPEHHS TybepKynbo3y.
Y HaykoBil CTaTTi OyN0 BM3HAYEHO TPMBANICTb HOCIMCTBA Ta BUAiINEHHSA MikobakTepilt Ty6epKynbo3y B 30BHiIHE
cepefoBulLe 3apaXeHUMU XykaMu. [Ins npoBeaeHHsS AOCNIOXKEHHS BUKOPUCTOBYBANN MY3eMHWUIA AUCOLLIATUBHUMA
wrtam Mycobacterium bovis (118 nacax), npeamMeToM AOCHiAXeHHS OynuM puCOBi AOBrOHOCWMKMW. Ng AOCATHEHHS
BCTaHOB/IEHOI MeTM aBTOpamMu Bynn NpoBeaeHi KynbTypasbHi, MiKpPOCKOMNiYHI Ta CTAaTUCTUYHI AOCNIOXKEHHS, @ TaKOX
BM3HAYEHa XMUTTE3AATHICTb MiKOBAKTEpIl, NiCaS NACaXiB Yepe3 OpraHi3M XyKiB, LUNSXOM OLLIHKM KONOHIEYTBOPHOOUMX
OAMHUUb. BCTaHOBNEHa eni3ooTo/oriYHa ponb PUCOBOrO AOBrOHOCMKA B MPOLEC BUHWKHEHHSI Ta MOLUMPEHHS
Ty6epkynbo3y.[loBefeHo, L0 XKyK MOxe BNpoaoBxX 50 #i6 yTpuMyBaTh MikobakTepii y CBOEMY OpraHi3mi 3 NoCTynoBum
3MEHLUEHHAM iX KiNbKOCTi M Hajani 34aTHUI BUAINATM 30yaHuMKa we 30 aib, KOHTaMiHyuM 0OEKTU 30BHILLUHBOIO
cepepoBuLa. MNpw OLHLI KONOHIEYTBOPIOKUYMX OAMHULL MiKODAKTEpIl y AMHaMIL AOCNILY BUSBNEHO 3HUXKEHHS X
KUTTE3AATHOCTI Nicas nepcucTeHLii Yepes opraHism xykis 3 5,3*10% B 1 r BuxigHoi kynbTypu oo 1,4*108 8 1 r
KYyNbTypW, IKa BUPOC/IA 3 rOMOreHi3aTy XykiB Ha 30 noby. HaBeaeHi pe3ynstati LOCIIKEHHS LO3BONSATb PO3pOOUTU
Ta YOOCKOHANUTM BXE iCHYHOYI npaBuna NnpodinakTuku Ty6epKynbo3y Ta HeAONyCTUTU 3aHECEHHS AaHOI iHDeKLii Ha
6narononyyHy TepuTopito

KniouoBi cnoBa: MikobakTepii, AMCOLiaTMBHUIA LUTAM, iHDEKLif, )XYKU-LIKiLLHUKM 3epHOBMX 3aMaciB, KOJIOHIEYTBOPHOHOYI
OAMHUL
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Abstract. The present study analyses the composition and main components
of toxic dust. To develop and understand the methods of controlling the
dust generation process, it is necessary to study the data that provide
detailed information about the reaction mechanism. The results of studies
of the phase composition of dust conducted in the laboratory and their
comparison with the data obtained earlier by other authors allowed
establishing a fairly reliable diagnosis of the phase composition of dust. The
analysis revealed that the dust of various phosphorus plants comprises the
same basic components, yet the chemical bonds between them differ. The
purpose of this study, conducted in the research laboratory of the Zhambyl
Branch of LLP “Kazphosphate” (NDFZ) is to investigate the possibility
of using new toxic dust, as well as the toxic dust from storage tanks to
obtain NPK fertilisers. The study comprises three stages of investigating
the oxidation of elementary phosphorus with nitric acid, since elementary
yellow phosphorus is dangerous for the environment. As a result of the
1ststage of the study, it was found that toxic dust oxidised with nitric acid
cannot be used as a fertiliser, since a non-technological mass is generated,
such as acid resin, which is not suitable for drying and granulation.
To neutralise the acid reaction mass, it was decided to use an aqueous
solution of ammonia, thereby increasing the nutrient content and obtaining
a complex NPK fertiliser. In the course of the study, the authors found in
the 2" and 3™ stages of the experiment that to obtain a productsuitable
for fertilisation, it is necessary to strictly control the content of elemental
phosphorus in the initial toxic dust and adjust the consumption of nitric
acid based on its results

Keywords: nitric acid, carbon, phosphorus, sample, temperature, experiment
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INTRODUCTION

The development of methods for controlling the dust
generation process is impossible without information
about the reaction mechanism. In general, it leads to
the generation of individual dust components. Infor-
mation about this is not found in the literature. Until
recently, the scientific literature contained only scattered
and incomplete data on the composition of dust [1]. The
results of studies of the phase composition of dust con-
ducted in the laboratory and their comparison with the
data obtained earlier by other authors allowed establishing

Zhumadilova et al.

a fairly reliable diagnosis of the phase composition of
dust. It was found that the dust of various phosphorus
plants comprises the same basic components, and only
the chemical bonds between them change. Such compo-
nents are as follows: silicon dioxide,double calcium and
potassium pyrophosphate, double calcium and potassium
metaphosphate. The mass of the total content of these
components in dust often reaches 30%.The average phase
composition of the dust of various phosphorus plants is
presented in Table 1 [5; 6].

Table 1. The average phase composition of the dust of various phosphorus plants

Phase

Composition (% of weight)

Si0, (@amorphous)
K,CaP,0,
KCaP,0,

C
CaF,
K,SiF,
KCl
Ca,P,0,

KCaPO,

31
20
38

11

To investigate the conditions for the development
of double pyro-, meta-, potassium-, calcium phosphates,
the authors of this study calculated the thermody-
namic probability of the development of these salts from

compounds K,0, KPO,, Ca0, P,O,, which are the furnace

bl 2 5,
gas components. The calculation results are presented

in Table 2 [7].

Table 2. Thermodynamic characteristics of reactions between furnace gas components

Seq. No. Reaction AN 298°C AG-298°C AG 1773°C
kcal/mol kcal/mol kcal/mol
1 K,0 + Ca0 + P,0, — K,CaP,0, -187.0 -185.0 -159
2 2KPO, + Ca0 — K,CaP,0, -45.0 -44.7 43.0
3 K,0 +2Ca0 + 3P0, — 2KCa(PO,), -294.0 X -
4 3KPO, + Ca0 — KCa(PO,), + K,0 +66.0 +67.0 -
5 KPO, + Ca0 + P,0, — KCa (PO,), -76.0 -73.6 -

Note: X* - for compounds involved in the reaction, the calculation was not performed due to the lack of thermodynamic

constants in the literature

Thus, from a thermodynamic standpoint, the reac-
tion (reactions 1 and 3) of formation of double pyrophos-
phate and double metaphosphate from K,0, Ca0, PO,
is possible in the furnace process. Reactions involving
HPQO, are less probable, and in the absence of P,0, are
not realised. According to the results of thermodynamic
calculations, the study revealed the synthesis of these
double compounds. Potassium metaphosphate KH,PO,
was pre-formed by heating according to a two-stage

method: at t= 100°C, the water is evaporated, then the
crucible is slowly cooled, and then heated to 325°C for
1 hour.The diagnosis of obtaining pure KPO, by infrared
spectroscopy and X-ray phase was made.

The purpose of this study, conducted in the research
laboratory of the Zhambyl Branch of LLP “Kazphosphate”
(NDFZ2) is to investigate the possibility of using freshly
yielded toxic dust, as well as the toxic dust from storage
tanks to obtain water-soluble complex (NPK) fertilisers.
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THE REASONS FOR THE EMERGENCE OF RED
PHOSPHORUS IN THE TOXIC DUST OF THE
NDFZ (NEW ZHAMBYL PHOSPHORUS PLANT)

The special composition of the dry residue of the toxic
dust was observed at the NDFZ since the launch of the
plant into operation. If the phosphorus content is ex-
pressed through P,0O,, then the sum of the constituent
elements exceeded 100%. The studies performed in the
laboratory of the Physico-Chemical Research Methods
and Analyses (PCRMA) on several samples of elemen-
tal phosphorus Py (from benzene extract) and the total
(distillation) type amount to 5%. Toxic dust from the

NDFZ showed the difference between the definitions.

Since it was assumed that the elements in toxic dust
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are represented by red phosphorus, the derivatograms
of the dry residue of the dust and the red phosphorus
sold were removed [8; 9].

According to the derivatogram in Figure 1, the
oxidation process of red technical phosphorus proceeds
in several stages:

1.The onset of oxidation is observed at 240°C,which
is manifested on the thermogram in the form of an ex-
oeffect accompanied by an increase in the sample mass.

2.The second stage of oxidation begins at 350-360°C
and is accompanied by an intensive increase in the sample
mass.

3.The third stage of oxidation begins at 450-470°C
and is accompanied by an intense increase in the sample
mass.
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Figure 1. Derivatogram of technical red phosphorus

At temperatures above 500°C (after the end of the
exoeffect), a sharp decrease in the mass of the sample
begins, which corresponds to the generation of volatile

forms of P,O, (white vapour can be visually observed).
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On the thermograms of the studied samples of toxic
dust (Fig. 2), the oxidation process begins at 200-230°C
and is accompanied by an intensive increase in the
sample mass to a temperature of 400-420 °C.
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Figure 2. Dervitogram of the solid phase of toxic dust
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During the experiments in the electrothermy labora-
tory in an inert medium, a light brown condensate was
yielded, heated by the dry residue of the toxic dust to
280-350 °C. Like red phosphorus, it is stable in air and does
not dissolve in organic solvents, but ignites at a tempera-
ture lower compared to red phosphorus and instantly
discolours a weakly coloured solution of KMnO, (red
phosphorus discolours when left to stand undisturbed).
Upon combustion it gives off white smoke P,Q,, like red
phosphorus. This suggests that the elementary phos-
phorus in the test sample has the form of a polymer
with a less ordered structure than commercial red phos-
phorus (when the structure is regulated, the inertia of
phosphorus increases) [10].

The study analysed the samples of Sholaktau
phosphorite, Zhanatas shale, NDFZ agglomerate in pure
form and with a mixture of coke. The light-brown plate
on the first gas filter was found only in the agglomerate,
while the coke mixture did not increase the yield. Spectral
analysis of the coated part of the filter confirmed that
the main composition of the light-brown sublimation

Zhumadilova et al.

is phosphorus. When heated up to 8000°C, the filters
remained clean, the polymer form transforms into P4
and re-mains in the gas phase [11].

Upon developing a method for determining various
forms of carbon in the agglomerate with the preservation
of samples in nitrogen, in some cases, a decrease in
carbon was detected at 5000°C. Conventionally, it was
called “active carbon” It has been suggested that the
agglomerate takes part in the low-temperature reduction
of certain secondary phosphates generated upon the
decomposition of phosphorites during carbon agglom-
eration. 3 samples with a relatively high total carbon
content were tested (Table 3), but various carbon losses
were observed at 5000°C, various carbon losses were
observed in nitrogen, the third sample was selected in
the absence of PO in the factory dust. Perhaps PO is not
a consequence of low-temperature reduction of phos-
phites, for example, heavy metals, but a product of the
decay of low-temperature phosphates, an intermediate
form of reduction of ortho-, pyro- metaforms.

Table 3. Comparative analysis of carbon losses in nitrogen at 5000°C

Amount of carbon

The increase in the mass of the

Sample No. Total N, 500°C filter compared to a blank, (g)
1 1.13 0.62 0.0005
2 1.06 0.36 0.0011
3 1.47 1.24 n/a

However, upon processing the agglomerate, it is
inevitable that polymer phosphorus can be released into
the toxic dust, and this is conditioned upon the action of
residual carbon. Since PO is oxidised in the liquid phase,
oxidants must be introduced upon dust processing [12].

INVESTIGATION OF THE OXIDATION OF
ELEMENTAL PHOSPHORUS BY NITRICACID
IN LABORATORY CONDITIONS

The study comprised three stages of investigating the
oxidation of elementary phosphorus with nitric acid,
since elementary yellow phosphorus is dangerous for
the environment:

— investigation of the possibility of yielding NPK
fertilisers from freshly generated toxic dust and dust
mixture from components stored for a long time (up to
20 years);

— study of the possibility of yielding NPK fertilisers
from fresh toxic dust [13].

The method of investigation of the oxidation of
simple phosphorus was as follows. The content of sim-
ple yellow and red phosphorus in toxic dust prepared
with the ratio S:L=1:1 (S — solid, L — liquid phase) was
identified according to the following methods. Upon
constant stirring with a laboratory mixer at a speed

of 600 rpm, 56% nitric acid was poured into the dust
placed in a porcelain glass in a thin stream and kept at
a temperature of 65-700°C for 2 hours. By changing the
ratio of toxic dust and nitric acid, complete oxidation
of yellow phosphorus in the test sample (99.7%) was
achieved (Table 4). The oxidation process of red phos-
phorus occurring under the action of nitric acid was ob-
served mainly throughout the entire period of research
until the emergence of lower phosphate forms [14].

As a result of the 1st stage of the study, it was
found that toxic dust oxidised with nitric acid cannot
be used as a fertiliser, since a non-technological mass
is generated, such as acid resin, which is not suitable
for drying and granulation. To neutralise the acid reac-
tion mass, it was decided to use an aqueous solution
of ammonia, thereby increasing the nutrient content
and obtaining a complex NPK fertiliser. The method of
conducting experiments to obtain NPK fertiliser from a
mix of toxic dust and a new mixture of toxic dust was
as follows. The authors of the study analysed the pre-
formed, average, and sufficient amount of dust yielded
from a disk from a depth of 1 m, and fresh dust with a
ratio of S:L=1:1.The results of the analysis are present-
ed in Table 5, columns 4, 5. 0.8 weight part of the toxic
dust in the current formation and 1.1 weight part of
56% nitric acid were added to one weight part of the
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toxic dust from the mixer, while stirring constantly at a
temperature of 60-70°C for 2 hours at a speed of 600 rpm
in a laboratory mixer. Cellulose was neutralised with a
concentrated ammonia solution to pH 6-7, dried, ground,

sieved through a 0.5 mm sieve, analysed to prevent ni-
trogen loss at 600°C. The results of the analysis are pre-
sented in Table 5, Figure 1.

Table 4. The results of the analysis of toxic dust

Analysis of toxic dust after oxidation with HNO,

g .
f g2 " 55 %
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Seq. No. 2 oE 3 88X sEEz 0¥ 5% R SEF 2
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g s B 3 285 558 = 2o : 23T
=< £3 & §8= 25e 2= o F°
1 Basic - 0.3 9.8 11.2 1.1 12.3 0.5 -
2 After 1:0.5 0.04 10.2 12.3 16 13.0 0.3 86.7
oxidation
3 -//- 1:0.8 0.01 10.3 12.5 17 13.0 0.2 96.7
4 -//- 111 0.001 10.4 14.0 2.8 14.1 n/a 99.7
5 -//- 1:1.3 0.001 10.4 13.7 2.6 13.5 n/a 99.7
Table 5. The empirical data on yielding NPK fertilisers
Analysis of the product on dry basis
o X " 2
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Scheme 1 111 170 22.5 25.1 2.0 25.2 0.04 20.0 9.9 0.4 7.1 8.5
Scheme 2 11.5 70 23.7 24.1 0.2 24.3 0.04 18.8 10.0 11 9.1 7.2
Scheme 3 12.6 50 21.3 21.7 0.3 22.1 0.17 16.5 8.6 0.2 10.2 7.5
Scheme 4 13.0 70 22.4 22.6 0.2 22.9 0.13 16.3 8.4 0.2 124 7.0
Scheme 5 12.2 40 224 22.8 0.3 23.2 0.17 16.2 79 0.4 12.5 6.8

To reduce the drying time and minimise the con-
sumption of the ammonia solution, first 0.15 weight
part, and then 0.3; 0.4; 0.6 weight parts of the phosphor
are introduced into the mixture oxidised with nitric
acid, while constantly stirred and heated to 60-700°C
for 2 hours. The process was accompanied by intense,
active gas generation. Then the cellulose was neu-
tralised with an ammonia solution to pH 6-7 and dried
at a temperature of 600°C. From the standpoint of the
effectiveness of the neutralised reaction mass, the most
optimal was the product obtained according to Scheme 4.
It served as the basis for a set of statistical data with
samples of toxic dust taken from the surface of the disk
from different depths: 5 cm, 15 cm, 30 cm, 50 cm, 100 cm.
The analysis results for toxic dust samples are presented
in Table 4, columns 6-10, based on which the results of
experiments on yielding NPK fertilisers are presented
in Table 6.
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Analysis of the data in Table 6 suggests that in
this series of experiments, the oxidation process of el-
emental phosphorus turned out to be unsatisfactory.
All samples had a characteristic smell of yellow phos-
phorus, the content of which in the samples was in the
range of 150-840 ppm. Apparently, the samples taken
from the samples were heterogeneous (the toxic dust
in the storage was poorly averaged), and part of the nitric
acid was spent on the oxidation of red phosphorus and
lower phosphates in the lower layers of the storage [15].

Adjustment of nitric acid consumption was re-
quired. The basis for this series of experiments was
again Scheme 4 of Table 5. The content of nitric acid -
1,7;1,6; 1,4; 1,3, from the mass of toxic dust obtained
from the storage. The experimental results are sum-
marised in Table 7, diagrams 1-4. The analysis of the
empirical data suggests that based on a toxic dust mixture
and fresh toxic dust, it is possible to obtain a technological




product with the characteristics provided in Table 7.The
purpose of the next stage of the study was to investi-
gate the composition of the resulting product without
the addition of toxic dust in the storage of NPK fertilisers
obtained from toxic dust generated at that time. For the
experiment, average samples of toxic dust were prepared,
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the analysis results for which are presented in Table 4,
column 11. The previous method served as the basis
for this series of experiments, but all the toxic dust was
preformed and the required amount of nitric acid was
selected empirically, factoring in the large amount of
red phosphorus in the source dust.

Table 6. The analysis results for samples of toxic dust taken from the storage surface at different depths

Analysis of products on dry basis
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5cm 100 230 116 255 108 252 -0.15 188 11.0 1.6 11.7 6.7 4.0 19.6 1.7
15cm 9.0 220 237 25.0 1.0 254 015 180 113 1.7 109 6.7 3.0
30 cm 5.0 840 235 270 2.7 31.6 2.0 19.2 121 1.9 11.0 7.6 3.1
50 cm 8.8 150 254 279 1.9 30.9 1.3 180 111 1.6 11.0 72 3.2
100cm 146 360 254 270 1.2 29.6 11 190 103 14 10.9 75 3.4 194 1.7
Table 7. Study results
Analysis of products on dry basis
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£ X - as =7. ° [ o 5 ) ) T — s
o - 2 - o T ° o a E] = - © o
3 = 2 g% %o o = g ! S 3 S 8 E
wn T g g £ $ o o o o pr e % 8 = H
a § g a ﬂ.N n-N N =z
[-%
1 2.0 40 219 23.2 1.0 23.2 n/a 171 11.0 1.5 9.8 10.0 4.6
2 2.6 40 20.0 20.8 0.6 20.8 n/a 16.1 9.0 1.1 9.9 12.3 4.1
3 4.0 40 19.9 20.8 0.7 20.5 n/a 16.2 9.1 1.3 10.2 11.2 4.6
4 3.7 40 21.0 21.8 0.6 219 n/a 16.9 8.7 1.2 10.3 11.2 4.3
CONCLUSIONS

For a complex fertiliser,a product with acceptable char-
acteristics has been successfully obtained. According to
the content of absorbing and water-soluble P,O,, total
and ammonium nitrogen, it is similar to the product
currently obtained from a mixture of storage dust and
freshly generated toxic dust, but due to the consider-

able content of elemental red phosphorus in the initial

toxic dust, the content of total and incomplete oxidised
phosphates P,O, is much higher. The general conclusion
based on the empirical data found at stages Il and Il1: to
obtain a product suitable for fertilisation, it is necessary
to strictly control the content of elemental phosphorus
in the initial toxic dust and adjust the consumption of
nitric acid based on its results.
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Oocnip)keHHs yMOB yTBOpeHHS ¢pa3oBux KomnoHeHTiB K,CaP,0_, KCaP,O,
KOTPEJIbHOIro Nuiy Ta «MOJIOKa»

AHap KapartaesHa XXymaginoea, EnbMupa beranieeHa MapanieBa,
Cayne 3atubekoBHa XKuritoBa

XopTuubka HauioHanbHa HaBYaNbHO-peabiniTauiiHa akageMis
69017, Byn. Haykosoro Micteuka, 59, M. 3anopixoks, YkpaiHa

AHoTaujiq. Y cTaTTi NpoBeEHO aHani3 Cknafsy Ta OCHOBHUX KOMMOHEHTIB KOTPeNbHOro nuny. [1ns po3pobku Ta po3yMiHHS
METOAMKM YyNpaBAiHHA MNPOLECOM MUNOYTBOPEHHS HEOOXiAHO BMBYMTU AaHi, WO HAAAOTb AeTanbHy iHDopMaLito
Npo MexaHi3M peakuii. Pesynstati pocnigpkeHb GasoBoro ckiagy nuay, npoBeneHunx y n1abopatopii, i ix 3icTaBneHHs
3 JaHWMK, OTPUMAHUMUK paHille iHWWMK aBTOpamu, AO3BOMMAN BCTAHOBUTWU AOCUTb JOCTOBIPHUIA AiarHo3 ($a3oBoro
cknapy nuny. Mig yac aHanizy 6yno BCTAaHOBAEHO, O MW Pi3HUX DOCPOPHMX 3aBOLIB CKNALAETLCA 3 OAHUX i TUX Xe
OCHOBHMX KOMMOHEHTIB, TiIbKW 3'9COBYETHCS, LLLO XiMiYHi 3B'A3KM MiX HMMM pi3Hi. MeTolo aaHoi poboTu, npoBeaeHoi B
focniaHuubkiv nabopatopii M TOB «Kazdocdhat» (HAD3), € BUBUEHHS MOXK/IMBOCTI BUKOPUCTAHHS HOBOTO KOTPEbHOIO
MOJIOKA | KOTPENbHOro MOJIOKa 3 HaKoMMuyBadiB Ans oTpuMaHHsa NPK nobpus. JocnigHuupbka poboTa ckiaganacs 3 Tpbox
€TaniB BMBYEHHS NMPOLECY OKUC/IEHHS eneMeHTapHOro Gocdopy a3oTHOK KUCIOTOR, OCKIIbKM eneMeHTapHUI KOBTUI
dochop HebesneuHuit ong ekonorii. Y pesynsrati 1-ro etany focnimkeHHs 6yno BCTAHOBNEHO, WO KOTPEbHE MOJOKO,
OKMC/IEHE a30THOK KMCNIOTOK, HE MOXe OyTW BUKOPUCTAHO B SIKOCTi AOOPMBA, OCKiNbKM YTBOPIOETHCS HETEXHOMOTIYHA
Maca, Taka gK Kucna CMona, SKa He NiAXoauTb ANS CYWKK i rpanynauii. nga HedTpanisauii KCNOTHOI peakuiiHoi MacK
BMPILLUMAW BUKOPUCTOBYBATU BOAHMIM PO3YMH aMiaKy, TUM CaMWM 30iNblLUMBLUM BMICT MOXMBHUX PEYOBWH i OTPMMABLLM
komnnekcHe NPK nobpuBo. Y npoueci JocnimkeHHs aBTopaMm 6yno BCTAHOBMEHO HA 2-My i 3-My eTamnax eKCrepuMeHTY,
L0 AN OTPMMAHHS NPOLYKTY, MPUAATHOIO AJ1S BUKOPUCTAHHS B IKOCTi l06pMBa, HEOOXiHO CTPOro KOHTPOJIHOBATH BMICT
enemMeHTapHoro ¢ocdopy y BUXiGHOMY KOTPENbHOM MOJIOL, i 32 MOro pe3ynstaTaMu KOpUryBaTy BUTPATU a30THOI KUCNOTH

KntouoBi cnoBa: a3oTHa KMCNOTa, ByrneLpb, pocdop, 3pa3ok, TeMnepaTypa, EKCNEPUMEHT
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INTRODUCTION

The water content in the plant tissues indicates their
moisture supply. It is an important indicator of the physi-
ological state of the plant and is of great importance in
the comparative assessment of their cultivation mea-
sures that increase productivity. One of these measures
is rational fertilisation of plantings, which determines
the relevance of the study. The water in the leaf tissues is
in a free and bound state. This characterises the water
balance of the leaves and determines its correspond-
ing physiological significance. Free water determines
the physiological activity of fruit plants and deter-
mines the level of viability. Bound water, which plays a
structure-forming role, is of great importance at crit-
ical (drought, high temperatures) moments of growing
plantings [1-3].

The ratio of bound water to free water can be
one of the physiological features indicating the degree
of activity of physiological processes in the plant: the
predominance of bound water slows down growth pro-
cesses, and the content of free water, on the contrary,
accelerates them [4; 5]. The amount of bound water and
its ratio to free water varies depending on the age of
the tree, water supply, air and soil temperature [6]. The
leaf cover of fruit trees is the main structural element
of photosynthesis. The level of productivity of plantings
depends on its features of life activity in the future [4-7].

In recent years, there has been a change in climatic
conditions, in particular, the air temperature rises and
the amount of precipitation decreases during the main
periods of plant vegetation. Climate change factors are
mainly biotic processes, fluctuations in solar radiation,
and certain types of human activity [8]. One of the most
pressing problems is the drought. Air drought limits the
normal growth and high productivity of cultivated plants.
It also negatively affects photosynthesis, reducing the
generation of chlorophyll grains in leaves and the as-
similation of nutrients [9-11]. Stressful phenomena re-
duce the turgor of plant cells, which negatively affects
the passage of biochemical and physiological processes
in the plant [12; 13]. Under such conditions, one of the
most effective ways to reduce stress is to use a rational
system of fertilising plants, especially in nonirrigated
plantations [14-16].

The purpose of the study is to establish the effect
of optimised fertilisation of pear trees on leaf water
content and fractional composition (free, bound) of water
during stressful growing periods.

MATERIALS AND METHODS

Studies were conducted in 2011 and 2018 in a certified
educational and research laboratory for optimising soil
fertility in fruit and vegetable plantations with the sta-
tus of a research laboratory for mass analysis of the
Uman National University of Horticulture.An experiment
included variants of optimised fertilisation of a pear
garden with Konferentsia and Osnovianska varieties on
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a vegetative rootstock Quince A planted according to
the 5x3 m scheme. Experimental plantings were not
irrigated.

The experimental design included the follow-
ing options: 1. Without fertiliser (absolute control);
2. N,,P, K, (production control); 3. calculated fertiliser
rates (background); 4.Background + N, ; 5.Background +
N,.K,,; 6.Background + N, P, K, . The options were laid
down in three repetitions with a randomised placement
of plots, each of which grows five accounting trees. When
laying the experiment, the level of soil supply with ni-
trate nitrogen (by nitrification ability) was insufficient
(N-NO, content in the 0-40 cm layer was 16.5 mg/kg of
soil,which is less than the optimal level (23.5 mg/kg) by
7 mg/kg). The soil supply with mobile phosphorus com-
pounds was higher, and potassium forms were within
the optimal level in the layer of 0-60 cm (P,Oh, content
was 166 mg/kg at an optimal rate of 70-100 mg/kg and
K,O - 250 mg/kg with an optimal 230-280 mg/kg of soil).
To create an optimal background of nitrogen nutrition,
according to the indicators of agrochemical analyses, the
norm of only nitrogen fertiliser was calculated to bring
the N-NO, content in the soil to the optimal level. Further,
the soil in the experiment was analysed annually and
based on the results of the analyses, the norms of nitro-
gen fertiliser were calculated to maintain the optimal
N-NO, content in the root layer of the soil (0-40 cm).
The amount of K,0, which was applied with potash fer-
tiliser, was designed to maintain its optimal content in
the soil for a 3-4-year period.

The total moisture in the leaf was determined
by the thermogravimetric method [17] by drying it in
a drying cabinet at a temperature of 100-105°C to a
constant weight. Washed glass weighing cups with an
open lid were pre-dried in a drying cabinet at a tem-
perature of 105°C, cooled and weighed on an analytical
scale with an accuracy of 0.01 g. Then 15-20 g of fresh
leaf clippings were added into the weighing cup and
weighed. Weighing cups with an open lid were placed
in a drying cabinet and the leaves were dried first at a
temperature of 50-60°C (4-5 hours), and then at 100-
105°C (4-6 hours). After drying, the weighting cup was
covered with a lid, cooled, and weighed. This procedure
was repeated to a constant weight (the difference be-
tween the two weighings should not exceed 0.02 g).
The moisture content (Y), as a percentage of dry weight,
was calculated by the equation (1):

_ (a—b)*100
- m

Y (1)
where a - weight of the weighting cup with leaves be-
fore drying, G; b - weight of the weighting cup with
leaves after drying, G; m — weight of the weighing batch
after drying, g; 100 - for conversion to percentages.
Determination of bound water was carried out
by the refractometric method [18], placing a weighing




batch of leaves in a sucrose solution of a known concen-
tration. After the weighing batch stayed in such a solu-
tion, its concentration decreased due to the release of
free water from the leaves. Bound water is firmly held in
the cell and was calculated from the difference between
the total amount of water and free water that passed
into the sucrose solution. The 10 g weighing batch of
leaf clippings was filled into 100 cm? flasks, in which
25 c¢cm? of sucrose solution were added (25% concen-
tration). Flasks with the solution were pre-weighed on
analytical scales, and after adding the leaves, they were
weighed again for the reliability of weighing batch and
solution. Next, the material with the filled solution was
kept in flasks for two hours. At the end of the prescribed
time, the contents of the flask were mixed with a glass
stick and several drops were taken to determine the su-
crose concentration on a refractometer.

The amount of free water as a percentage (x) was
determined by the equation (2):

100 *(a—b)*v
a b*xn

(2)

Yakovenko

where a - percentage of sucrose in solution (before de-
termination); b — percentage of sucrose in the exper-
imental solution after holding the weighing batch in
it; v - weight of the solution before analysis (G); m -
weighing batch of the studied material.

Describing the weather conditions that prevailed
during the surveys, it is worth noting that in 2011, the
amount of precipitation in June exceeded the long-term
data by 42.2 mm, while in August it was 8.6 mm less
(Fig.1).In 2018, there was a lack of moisture in the study
months, respectively, by 4.6 and 56.4 mm, which further
affected the fractional composition of pear leaves. The
temperature regime in 2011 in June and August was
higher than the annual average. The excess temperature
in June and August was 2.1 and 0.7°C, respectively (Fig. 2).
The summer months in 2018 were hotter. The excess of
the average annual temperature in June was 2.6, while
in August - 3.9°C. Fluctuations in climatic indicators
over the years of study have had different effects on
the total water content and its fractional composition
in pear leaves due to different fertilisation of plantings.
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Figure 1. Deviation of average monthly temperatures (a) and precipitation (b) from long-term data
in 2011 and 2018 (data from the Uman weather station)
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RESULTS AND DISCUSSION
Studies have established that the total moisture con-
tent in pear leaves differed by age periods of cultivation
and experimental varieties. There was also a decrease
in the total water content in the leaves of experimental
pear varieties during the growing season (Table 1). During
the period of growth and fruiting (2011) in June, under ex-
cellent climatic conditions and active growth of biomass
by young trees, the leaves of the Konferentsia variety were
characterised by a significantly higher water content

compared to Osnovianska variety. Among the fertiliser
options, more moisture in the leaves was in the option
with an additional application of N, K, against the
background of optimised fertiliser, where the excess of
control options for the Konferentsia variety was 2.2 and
0.6%, respectively, while for the Osnovianska variety - 1.8
and 0.4%. No significant differences in fertiliser options
were found, which was obviously conditioned by the
equally active increase in biomass.

Table 1. Total water content in pear leaves depending on the optimised fertiliser, %

Periods
Varie Fertiliser Growth and fructification Fructification and growth
ty option 2011 2018
VI* Vil Vi VI
Without fertiliser (control) 58.9 57.1 57.7 51.0
NyoPoKgo (Production control) 60.5 594 58.9 52,6
Calculated fertiliser rates (background) 60.0 59.0 58.3 51.4
Konferentsia
Background + N, 59.7 59.1 56.8 51.7
Background + N, K, 61.1 60.0 59.1 53.0
Background + N, P, K./ 60.7 59.5 58.9 52.3
Without fertiliser (control) 57.5 56.0 54.0 50.8
NyoP oKy (production control) 58.9 57.8 55.8 51.2
Calculated fertiliser rates (background) 58.7 57.1 55.8 52.0
Osnovianska
Background + N, 58.9 58.0 55.6 524
Background + N, K., 59.3 58.2 56.0 52.4
Background + N, P, K., 58.9 57.9 55.6 51.6
LSD,, 1.3 1.3 1.1 0.8
Notes: *Sampling time (months)
1 2
AB
2%

Figure 2. Influence of factors and their interaction on the water content in pear leaves depending
on the variety and fertiliser in 2011
Notes: A - rootstock; B - fertiliser; AB - interaction; 1 - June; 2 - August

In August, there was a decrease in moisture in all
fertiliser options of the studied varieties. All fertiliser
options had a significantly higher moisture content com-
pared to the control, with the exception of the option with
the calculated application of fertilisers in Osnovianska

Scientific Horizons, 2021, Vol. 24, No. 3

variety. The leaves of the Konferentsia variety had a higher
moisture content compared to Osnovianska, although this
increase was not significant.

According to the data of the variance analysis
(Fig. 2) on the moisture content in the leaves in June,




the influence of factors was almost at the same level -
factor A - 28%, factor B - 22%. In August, there was a
noticeable effect of fertiliser (factor B) - 42% and a de-
crease in the influence of the variety (factor A) to 35%.

During the growth and fruiting period (2018), a
similar trend was observed regarding changes in leaf
moisture during the growing season.The June was char-
acterised by close to the average annual climate data
and the moisture content in pear leaves in the studied
fertiliser options ranged from 54.0-59.1%. Describing the
varieties among themselves, the leaf moisture content
in Konferentsia trees was significantly higher by 3.7%
with LSD,=1.1. There is also the highest leaf humidity
in both varieties in the background + N, K, option.

In August, due to the drought, the moisture con-
tent in the leaves of the studied pear trees significantly
decreased compared to June. Among the studied fertiliser

1 AB Other

6% 99,
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options in trees of the Konferentsia variety, the moisture
content in leaves in the background + N, K, , N, P, K -
and background + N, P, K, options was significantly
higher compared to the control, where the excess of
controlwas 2.0,1.6,and 1.3%.Leaves of the Osnovianska
variety were characterised by a significantly higher mois-
ture content in the areas of options where calculated
fertiliser rates were applied and additionally - N, and
N, K,,. Excess in control (without fertilisers) was 1.2
and 1.6%, while in production control - 0.8 and 1.2%.
According to the data of the variance analysis
(Fig. 3) the moisture content in the leaves was highly
influenced by the variety (factor A) - 71%, the fertiliser
effect (factor B) was 14%, and their interaction - 11%.In
August, there was a noticeable effect of fertiliser (factor
B) - 48% and a decrease in the influence of the variety

(factor A) to 4%. The interaction of factors was 23%.

2 A

Other

Figure 3. Influence of factors and their interaction on the water content in pear leaves depending
on the variety and fertiliser in 2018
Notes: A - rootstock; B - fertiliser; AB - interaction; 1 - June; 2 - August

During two age periods of pear trees of the Konfer-
entsia and Osnovianska varieties (Table 2) when using
the studied fertiliser options in leaves with changes in
soil moisture and age of plantings, water forms were

redistributed within the options, in particular, there was
an increase in free and a decrease in bound water. This
is confirmed by other researchers [1; 2; 6].

Table 1. Influence of the variety and optimised fertiliser on the state (fractional composition)
of water in the leaves of pear trees, %

Periods
Variety Ferti!iser Growth and fructification 2011 Fructification and growth 2018
option Free Bound Free Bound
VI* VIII VI VI VI Vil VI VIl
Without fertiliser (control) 23.6 18.2 353 38.9 19.3 10.7 38.4 40.3
NyoP,oKs, (Production control) 227 177 378 417 213 107 376 419
Konferentsia Calculated fertiliser rates (background) 22.2 16.8 37.8 42.2 20.5 10.7 37.8 40.7
Background + N, 22.0 16.9 37.7 422 21.0 10.1 35.8 416
Background + N, K,/ 224 174 38.7 42.6 213 10.7 37.8 423
Background + N, P, K, 22,6 17.7 38.1 41.8 21.2 10.8 37.7 415
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Table 1, Continued

Periods
Variety Fertl!lser
option Free Bound Free Bound
VI Vi VI* Vil VI* Vi VI* VIl
Without fertiliser (control) 221 171 354 38.9 20.8 10.7 33.2 40.1
Ny,P,oKs, (Production control) 22.1 17.3 36.8 40.5 212 10.6 34.6 40.6
Calculated fertiliser rates (background) 22.6 177 36.1 394 214 10.7 344 413
Osnovianska
Background + N, 222 174 36.7 40.6 21.2 10.8 34.4 416
Background + N, K., 220 16.9 373 413 21.6 10.1 344 423
Background + N, P, K./ 223 17.5 36.6 40.4 21.6 10.9 34.0 40.7
LSD 0.5 0.3 0.7 0.8 0.4 0.2 0.7 0.8

05

Notes: *Sampling time (months)

During the period of growth and fruiting (2011)
in June, when the amount of precipitation exceeded the
annual average by 48.3%, young leaves retained mois-
ture and a higher content of free water, which positively
affected the growth and development of trees. At the
same time, a higher content of free water was observed
in trees of the Konferentsia variety in the areas of ab-
solute and production control and when applying full
mineral fertiliser against the background of optimised
nutrition of 58.9%. In August, there was some lack of
moisture (15% less precipitation), which affected a de-
crease in free water and an increase in bound water. For
trees of the Konferentsia variety, it was most significant
in control at 18.2, and for the Osnovianska variety - in
the option with estimated fertiliser rates of 17.7%. The
background + N, K, option was characterised by the
largest amount of bound water. During the period of
fruiting and growth (2018) in June, when the amount
of precipitation and air temperature of free water in
the leaves of both varieties were close to optimal, ac-
cording to the studied options, it was in the range
of 19.3-21.6%. A significant increase was noted in the
Osnovianska variety compared to the Konferentsia. In
August, when precipitation was 23 times less than the
annual average and the air temperature increased by
3.9°C, there was a significant decrease in the free water
content and an increase in bound water in all fertilised
options of both experimental varieties, which positively
affected the water content in the leaves,and among the
fertiliser options, the best result was obtained in the
background + N option - 42.3%.

30K3O

CONCLUSIONS

During the age periods of growth and fruiting, the total
water content in pear leaves in nonirrigated plantings
changed. Leaves from pear trees of the Konferentsia va-
riety had a higher water content compared to the Os-
novianska variety. At the young age of trees (the period
of growth and fruiting) in the month of June, additional
application of N, K, - against the background of optimised
fertiliser, it contributed to an increase in moisture in the
leaves, compared to the control, in the Konferentsia variety
by 2.2% and 0.6%, while in the Osnovianska variety -
1.8% and 0.4%. In August, all fertiliser options had a
significantly higher moisture content compared to the
control, with the exception of the option with the calcu-
lated application of fertilisers in Osnovianska varieties.

During the growth and fruiting period in August,
due to the drought, the moisture content in the leaves
of the studied pear trees significantly decreased. Under
such conditions, the Konferentsia variety had a significant
increase in leaf moisture in the background + N, K.,
N,oP.Kq, @and background + N, P. K. ~options, where the
excess of control was 2.0, 1.6% and 1.3%. Leaves of the
Osnovianska variety had a significantly higher content in
the options where the calculated fertiliser rates were ap-
plied + additional N,, and N, K, . It was found that at the
beginning of the growing season, the free water content in
the leaves of pear varieties Konferentsia and Osnovianska
was higher, while in the middle it significantly decreased.
The bound water content was higher in all studied op-
tions. Under stressful situations (drought, rising tempera-
tures), fertiliser application had a positive effect on the
water content in the leaves of both studied pear varieties.
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3aranbHum i paKuUinHMA cKap BOAU B NUCTI rpyLui
3aNe)XHo Bif ONTUMi30BaHOro yao6peHHs

PomaH BonogumupoBuy ikoBeHKO

YMaHCbKMM HaLiOHaNbHUI YHIBEPCUTET CaAiBHMLTBA
20305. Byn. IHCTUTYTCBKA, 1, M. YMaHb, YkpaiHa

AHoTauisn. BMicT Bogy y TKAHMHAX € BaX/IMBUM MOKA3HUKOM (i3i0Nn0oriYHOro CTaHy poCIMHU Ta MAE BENUKE 3HAYEHHS Npu
MOPIBHSAMbHINM OLHLi 3aX0AiB iX BUPOLLYBAHHS, 9Ki MiABULLYIOTb BPOXaAMHICTb. OQHMM i3 TaKMX 3aX0A4iB € paLjioHanbHe
yO0OpEeHHS HAacaaKeHb, LLLO 1M BU3HAYa€E aKTyaslbHiCTb OCiAXeHb. MeTo HaykoBoi poboTK Byno BCTaHOBNEHHS BMIMBY
OMTMMI30BAHOIO YA0OpEeHHs AepeB rpywi Ha 0OBOAHEHICTb INCTA Ta dpaKLUiiHWMIA CKNaL BOAM Yy CTPECOBi nepioau
BMpoOLLYBaHHS. OOHIE 3 KPUTUUHMX NPOBAEM € NOCYXa, WO HEraTUBHO BIJIMBAE HA PIiCT i NPOAYKTUBHICTb HACAAXKEHD.
3a TaKMX YMOB 3MEHLLYETbCS TYProp POCMHHUX KNITUH i YNOBINIbHIOETLCS NPOXOIKEHHS BioXiMiuHMX Ta di3ionoriyHmx
NpOLeCiB Y pOCAMHI. Y CTATTi PO3rNa4atoThCs pe3ybTaTi BUBYEHHS BOGHOIO PEXMMY JIMCTS (BMICT 3arafibHOi, AOCTYMHOI
Ta HeLoCTynHOI Bonoru) rpywi coptis KoHdepeHuis Ta OCHOBAHCbKA Ha BereTaTuBHIM AlMBa A nmigLeni, BUPOLLYBaHOI
Ha POHax ONTMMI30BAHOrO YA0OPEHHS B HE3POLUYBaHMX HacamkeHHsX. JocnimpkeHHs nposoamnuch y 2011 i 2018 pp.
y cepTndikoBaHil HaBYaNbHO-AOCNIAHIA NabopaTtopii 3 oNTUMI3aLii poaYOCTi FPYHTY B MIOAOSATIAHUX HACALXKEHHAX
3i cTaTycoM HaykoBoi nabopaTopii MacoBux aHanisis YMaHcbkoro HYC. BctaHoBNEHO, WO NpOTAroM BikOBMX Nepiofis
poCTy i MNOLOHOLWEHHS BifbyBanacs 3MiHa BMICTy 3aranbHOi BOAM B JIMCTI rpyLi AOCNILKYBaHMX coOpTiB. Jlnucra 3
nepes rpywi copty KoHdepeHLis Mano BULWuMIA BMICT BOAM, IK NOPiBHATK 3 copToM OcHOBSHCbKA. BapiaHTu yoobpeHHs
niABWLLYBaNM 3arafbHUM BMICT BOAM B JINCTI, LWLO MO3UTMBHO BMIMBANO Ha CTaH AepeB. 31COBAHO, WO Ha MOYaTKy
BereTawii BMiCT BinbHOi BoAM B ICTi rpywwi copTiB KoHdepeHLis i OcHoBSHCbKa 6yB 6inbLuniA, TOLI SIK Y CEpeanHi 3HAYHO
3MeHLYyeTbca. BMicT 38913aH0i Boau 6yB BULWMM Yy BCiX OOCNIAXKYBaHWX BapiaHTax. 3a CTPECOBMX CUTyaLin (Mocyxa,
NiABULLEHHS TeMnepaTypu) BHECEHHS AOOPMB MO3UTMBHO BM/IMHYNO Ha OOBOAHEHICTb IMCTS 060X AOCNILKYBaHMX
CopTiB rpywi. [pakTMYHa UiHHICTb HayKoBOi poboTV Nonsdrae y pekomeHaauii BUpOOHMLUTBY paLioHasbHOI CUCTEMM
yO0bpeHHs HEe3POLLYBAaHUX HAaCaAXKeHb rPyLUi B Pi3Hi BiKOBi Nepioau pocTy i NIOAOHOLLEHHS, iKa NO3UTUBHO BM/IMBaNa
Ha 06BOJHEHICTb IMCTA Ta QPAKLiMHUIA CKNaL BOAM Y CTPECOBI NEPioan BUPOLLYBAHHS

KntouoBi cnoBa: nucta rpywi, KoHdepeHuis, OCHOB'IHCbKa, I1CTA, BilbHA BOAa, 3B'93aHa BOAA, POAIOYICTb IPYHTY
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Article’s History: Abstract. A significant degree of ploughness of agricultural lands of Ukraine
Received: 12.06.2021 has led to increased erosion and the creation of soils of varying degrees
Revised: 15.07.2021 of washout, which leads to dehumification and contamination of soils with
Accepted: 22.08.2021 toxic substances. Therefore, the purpose of the study was to establish the

features of horizontal migration and accumulation of heavy metals of
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Tkachuk, O., & Verhelis, V. (2021). radionuclides of caesiumand strontium on podzolicheavyloamychernozems
Intensity of soil pollution by toxic with varying degrees of washout: non-eroded, weak and medium washout,
substances depending on the degree conditioned by the development of erosion processes. During the study,
of its washout. Scientific Horizons, spectrophotometric, colorimetric,gamma-spectrometric,and radiochemical
24(3),52-57. methods were used to determine the content of toxic substances in the

soil. The study results showed that on slightly washed soils, the content
of humus is 12.9% less, easily hydrolysed nitrogen - 13.3%, mobile forms
of phosphorus - 51.1%, mobile potassium - 34.9% less than on slightly
washed soils. The humus content on medium-washed soil was 8.8% Lless
than on lightly washed soil, easily hydrolysed nitrogen - 14.3% less, mobile
phosphorus - 15.3% more, mobile potassium - 42.9% more. A strong
horizontal migration of mobile lead forms in washed podzolic heavy loamy
chernozem was established, which increases with increasing degree of soil
washout with the content of mobile lead forms on medium-washed soil by
24% more than on non-eroded soil. The same dependence was established
on the content of mobile forms of zinc in the soil, with their predominance
on medium-washed soil by 17 %, compared to non-washed. The content of
mobile forms of copper is lower on slightly washed soil, compared to non -
washed soil by 5%, boron — 18.8% less on non-washed soil, compared to
medium-washed, and the content of mobile forms of manganese increases
by 3.3% from slightly to medium-washed soil. It was also found that the
concentration of caesium decreased by 25.6% on medium-washed soils,
compared to non-washed ones
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INTRODUCTION

The modern use of land resources in Ukraine is charac-
terised by intensity and does not meet the requirements
of rational use of natural resources. Land resources lose
their fertility and degrade due to crop rotation irregu-
larity, ploughing soils on slopes, applying high rates of
mineral fertilisers and pesticides, and over-compaction
with machinery [1]. One of the defining agroecological
problems of agriculture in Ukraine is the high degree
of ploughness of agricultural soils. The ploughness
of soils in Ukraine is one of the largest in the world
and accounts for 57% of the country's territory, and the
ploughness of agricultural land reaches 80%. Intensive
ploughing of lands, including inclined ones, leads to a
decrease in soil fertility due to their over-compaction,
deterioration of the structural condition, reduction of
water permeability, aeration, and contamination with
toxic substances [2].

In Ukraine, the following degradation processes
in soils are most widespread: dehumidification and re-
duction of the content of nutrients, physical degradation
(over-compaction), erosion, pollution, etc. [2]. Especially
dangerous for soils is erosion, which has significantly
accelerated with the introduction of intensive farming
technologies and significant ploughing of protected
land on the slopes. Due to the development of erosion
processes caused by anthropogenic activity, the soil is
washed away, which leads to a decrease in its fertility
and contamination with toxic substances [2].

Accelerated erosion is estimated by the volume of
soil washout per year: weakly washed soils - 0.5-1.0 t/ha;
medium-washed soils - 1.0-5.0 t/ha; heavily washed
soils - 5-10 t/ha; very strongly washed soils — more
than 10 t/ha [3]. In Ukraine, the area of eroded and ero-
sive soils is approximately 17 million hectares. Most of
the washed-off soils were found in Luhanska, Vinnytska,
Dnipropetrovska, and Odeska oblasts, where the share
of washed-off soils reaches 53-66% of the total arable
land area [4]. The number of polluted and unproductive
soils on the territory of Ukraine reaches 15 million hect-
ares, while over the past 130 years their number has in-
creased significantly, which is also affected by a decrease
in the humus content in the soil. On such soils, along
with the problem of acidification, pollution with heavy
metals, radionuclides, pesticide residues, and salts is
growing. Data from the Institute of Soil Science and Ag-
rochemistry show that 20% of the soil area in Ukraine
is contaminated with heavy metals [4], which requires
their constant agroecological monitoring.

Studies by E.Ya. Zhovinsky, A.l. Samchuk [5], and
A.l. Fateev [6] are devoted to the issues of heavy metal
contamination of the soil cover. Considerable attention of
researchers is focused on the study of issues of landscape
ecogeochemistry in agrogenesis zones: T.M. Myslyva [7],
O.l. Trunova [8]. Part of the research concerns the fea-
tures of migration and accumulation of certain chemi-
cals in the soil. Study by Yu.M. Dmytruk [9] is aimed at
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investigating the features of the movement of copper
and zinc in the soil thickness of the Carpathian region,
A.l.Melnyk [10] - migration and accumulation of heavy
metals in the soils of the Chernihivska Oblast, S.S. Rudenko
and S.S. Kostyshin - in the soils of agricultural land of
the Chernivetska Oblast [11; 12]. Features of distribution
of Zn in agricultural soils of the Kharkivska Oblast are
considered by M.M. Miroshnichenko and A.l. Fateev [13],
the nature of migration and accumulation of heavy
metals in the soils of protected areas - by A.l. Samchuk
and E.Ya. Zhovinsky [5], agro-cultural landscapes -
T.M. Myslyva [7]. A small amount of research papers
concerns the study of the horizontal movement of toxic
substances and their accumulation in the soil. There are
almost no data on the horizontal redistribution of toxi-
cants in soils undergoing erosion.

Considering the above, the purpose of the study
is to establish the features of horizontal migration and
accumulation of heavy metals, some trace elements
and radionuclides under conditions of varying degrees
of washout of soils due to the development of erosion
processes.

THEORETICAL OVERVIEW

According to the degree of mobility, all heavy metal
compounds in the soil are divided into stationary, po-
tentially mobile, and mobile components. Among them,
heavy metals in mobile form have the most negative
effect on living organisms, including humans. Agrochem-
ical properties of soils significantly affect the mobility
of heavy metals: in soils with low buffering, the number
of mobile forms of heavy metals will be significantly
higher than in soils with high buffering with the same
other characteristics: the background content of heavy
metals, the level of anthropogenic pollution,and others.
Based on this, “the buffer capacity directly determines
the protective properties of soils, so to determine the
actual danger of heavy metals, it is necessary to moni-
tor the content of their mobile forms. The value of the
gross content of heavy metals should be used only to
establish the general characteristics of soil contamination
and identify their potential danger”[14].

It was found that the transfer of heavy metals from
landscapes located above the landform leads to an in-
crease in the content of Pb in the lowlands by 4.5 times,
Sr-by1.7,Ag - by 2.2,Cu - by 1.7,Zn - by 2.5, Ga - by
1.5,Sn - by 1.6 and Yb - by 1.5 times [15]. Admittedly,
the reaction of the soil environment also directly af-
fects the mobility of chemical elements. In an acidic
environment, most cationic elements (Cd, Hg, Pb, Ni, Co,
Mn, Zn, Cu, etc.) easily migrate, and an increase in PH
leads to a sharp decrease in the intensity of migration
processes due to the generation of poorly soluble com-
pounds of these substances.

An important factor in the intensity of movement
of heavy metals in the soil is its redox properties. Heavy
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metals are the least mobile in the soil under highly re-
ducing conditions (50-150 mV), and Co, Cd, Mn, Fe, Ni,
and Zn are the most mobile at the reducing properties
of soils of 400 mV,and Cu - at 700-800 mV [16]. However,
since the redox potential of soils is a very dynamic Value,
its study is rarely conducted.

A significant part of heavy metals is bound in the
soil by the organic matter of humus - humic and fulvic
acids. Fertile soils with a high humus content are able
to retain high concentrations of heavy metals compared
to sandy or humus-poor soils [17]. At the same time, the
long-term supply of heavy metals to the soil, even in
low concentrations, causes their significant accumulation
in the soil [18]. The toxic effect of heavy metals in heavy
soils with a high humus content is less than in light and
humus-poor soils. This can be explained by the property
of clay particles and organic matter of humus to transfer
heavy metals to a bound and sedentary state.

When pollutants enter the soil, its structure is
destroyed, which leads to preconsolidation of the soil. The
consequences of this are a decrease in water permeability,
the generation of a soil crust, and the deterioration of
the water-air regime. When heavy metals accumulate
in the soil, its physical and chemical properties dete-
riorate: the mobility of the clay fraction increases, the
acid reaction of the soil environment changes, the con-
centration of calcium and magnesium exchange com-
pounds decreases, compounds of carbonates and iron
hydroxides are destroyed, the quantitative composition
of humus decreases, and the mobility of humic acids of
humus increases [19].

MATERIALS AND METHODS

The study was conducted during 2017-2020 based on
processing materials for monitoring and ecological and
agrochemical certification of agricultural land of the
farm “Avgust VA’ in the village of Markovka, Tomashpol
district, Vinnytska Oblast, which were developed by the
Vinnytsia branch of the state institution “Institute of soil
protection of Ukraine”[20]. The soil of the experimental
site is podzolic heavy loamy chernozem with varying
degrees of washout: non-eroded, slightly washed, me-
dium washed. The following ecological and agrochem-
ical parameters of the soil were analyzed: the content
of mobile forms of heavy metals: lead (Pb), cadmium (Cd),
copper (Cu) and zinc (Zn) - by spectrophotometric method;
the content of trace elements:boron (B) - by colorimetric
method,manganese (Mn) - by spectrophotometric method;
the density of radioactive contamination: Caesium -
137 (Cs) - by gamma spectrometer, strontium-90 (Sr) -
by radiochemical method [20].

Agrochemical survey of the soils was carried out
on a total area of 740.5 hectares. Sampling was carried
out inaccordance with the guidelines for large-scale ag-
rochemical survey of soils in the agrochemical service of
Ukraine. The study was conducted on two adjacent soil
areas with different degrees of washout: non-eroded
and slightly washed soil and slightly washed and me-
dium-washed soil. On the experimental non-eroded
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podzolic heavy loamy chernozems by mechanical com-
position, the humus content was 2.94%. On slightly
washed soils, the humus content was 12.9% lower. The
content of easily hydrolysed nitrogen on non-eroded
soils was 113 mg/kg, and on slightly washed soils -
13.3% less. The content of mobile forms of phosphorus
on non-eroded soils was 137 mg/kg, and on slightly
washed soils - decreased by 51.1%. The content of mo-
bile potassium on non-eroded podzolic heavy loamy
chernozems was 152 mg/kg. This was 34.9% more than
on lightly washed soil.

Observation of a section of podzolic heavy loamy
chernozem with a weak and medium-washed degree
showed that the humus content on slightly washed soil
was 2.94%, and on medium-washed soil it decreased
by 8.8%. The content of lightly hydrolysed nitrogen
on lightly washed podzolic heavy loamy chernozem
was 112 mg/kg, and on medium-washed - decreased
by 14.3%. The content of mobile forms of phosphorus
on lightly washed soil was 50 mg/kg, and on medi-
um-washed soil - increased by 15.3%. The content of
mobile forms of potassium on lightly washed podzolic
heavy loamy chernozems was 89 mg/kg, and on heavily
washed - increased by 42.9%.

The hydrolytic acidity of non-eroded soil was
2.34 mg-eq/100 g, and slightly washed - increased by
4.9%. The reaction of the soil solution on unwashed
soil was 5.5 pH, and on slightly washed soil - increased
by 1.8%. The sum of the absorbed bases of non-eroded
podzolic heavy loamy chernozem was 25.6 mg-eq/100 g,
and slightly washed - increased by 11.4%.

Observations of the acidity indicators of another
soil area, where the degree of washout was higher,
revealed the hydrolytic acidity of slightly washed soil
of 1.72 mg-eq/100 g. Medium-washed podzolic heavy
loamy chernozem had a hydrolytic acidity of 11.3% higher.
The reaction of the soil solution of slightly washed soil
was 5.8 pH, and the reaction of medium-washed soil
was 1.7% less. The sum of the absorbed bases of weakly
and medium-washed soils was the same and amounted
to 29.2 mg - eq/100 g.

RESULTS AND DISCUSSION

The main toxic substances in soils that can negatively
affect plant growth and development are heavy metals,
radionuclides, pesticide residues, salts and acids. At high
concentrations in soils, trace elements can also be toxic
to plants.

Among the group of heavy metals, lead and cad-
mium are the most dangerous. At the same time, cop-
per and zinc can act in soils, depending on their con-
centration, as heavy metals, and microelements useful
for plants. In this study, the influence of the degree of
washout of podzolic heavy loamy chernozem on the
concentration of mobile forms of heavy metals in it was
revealed. In particular, on non-eroded soil, the content
of mobile forms of lead was 1.13 mg/kg, and on lightly
washed soil, it increased by 6.6% and amounted to
1.21 mg/kg (Table 1).
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Table 1. Intensity of soil contamination with heavy metals depending on the degree of its washout, mg/kg

Mechanical Degree of

Heavy metals

Soil type composition washout Pb Cd Cu Zn
Content MPC Content MPC Content MPC Content MPC
Non-eroded 1.13 6.00 0.07 0.70 0.20 3.00 0.47 23.0
Podzolic
Heavy loam
chernozem Slightly
1.21 6.00 0.07 0.70 0.19 3.00 0.49 23.0
washed
5“9[‘1“(‘1’ 085 600 006 070 024 300 041 230
Podzolic washe
Heavy loam
chernozem Medium
1.03 6.00 0.06 0.70 0.24 3.00 0.47 23.0
washed

Notes: MPC - maximum permissible concentrations
Source: compiled based on [20]

The content of mobile forms of cadmium in the
soil did not depend on the degree of its washout and
amounted to 0.07 mg/kg on unwashed and slightly
washed soil. The concentration of mobile forms of copper
on unleaded podzolic chernozem was 0.20 mg/kg, and on
slightly washed chernozem it was 5% less and amounted
to 0.19 mg/kg. The content of mobile forms of zinc on
unwashed soil was 0.47 mg/kg, and on lightly washed
soil - increased by 4.1% and amounted to 0.49 mg/kg.

Comparison of indicators of the content of mo-
bile forms of heavy metals between lightly and medi-
um-washed podzolic heavy loamy chernozem revealed
an increase in lead concentration by 17.5% on medium-
washed soil: from 0.85 mg/kg on slightly washed - to
1.03 mg/kg on medium washed. The concentration of
mobile cadmium forms did not depend on the degree
of soil washout and was 0.06 mg/kg. In addition, there
was no effect of the degree of soil washout on the
content of mobile forms of copper in it - 0.24 mg/kg.
At the same time, the content of mobile forms of zinc
on slightly washed soil was 0.41 mg/kg, and on medi-
um-washed soil it increased by 12.8% and amounted to
0.47 mg/kg.

Analysis of indicators of the content of heavy
metals in soils of various degrees of washout showed
that the concentration of mobile forms of lead and zinc
increases from unwashed to medium-washed soil, and the
concentration of mobile forms of cadmium and copper

does not depend on the degree of its washout. At the
same time, the concentration of mobile forms of lead
and zinc in the soil increases three times more in-
tensively during the transition from slightly washed
to medium-washed than from unwashed to slightly
washed. This indicates a horizontal migration of lead
and zinc along the slope. Lead has a greater horizontal
migration in the soil compared to zinc. At the same time,
cadmium and copper migrate in a horizontal plane along
soil slopes less intensively. In particular, only copper mi-
gration was detected in slightly washed soil compared
to non-eroded soil, while such migration between slightly
and medium-washed soil was not detected.
Assessment of the content of heavy metals in ex-
perimental soils in comparison with maximum permis-
sible concentrations (MPC) did not detect that the per-
missible limits were exceeded. In particular, the content
of mobile forms of lead was 0.14-0.20 MPC, cadmium -
0.09-0.10 MPC, copper - 0.06-0.08 MPC, zinc - 0.02 MPC.
The study analysed changes in the concentration of trace
elements in the soil depending on the degree of its
washout. In particular, the content of mobile forms of
boron on unwashed soil was 0.84 mg/kg,and on lightly
washed soil - decreased by 9.5% and amounted to
0.76 mg/kg. The manganese content on non-eroded
soil was 35.80 mg/kg, and on lightly washed soil it de-
creased by 0.2% and amounted to 35.74 mg/kg (Table 2).

Table 2. Content of trace elements boron and manganese in the soil depending on the degree of its washout, mg/kg

Trace elements
. Mechanical Degree of
Soil type composition washout B Mn
Content Background Content MPC
Podzolic Non-eroded 0.84 6.0 35.80 700
h Heavy loam ]
chernozem Slightly washed 0.76 6.0 35.74 700
Podzolic Slightly washed 0.86 6.0 35.64 700
h Heavy loam
chernozem Medium-washed 0.78 6.0 36.84 700

Source: compiled based on [20]
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During the transition of soil from slightly to
medium washed, the content of mobile forms of boron
decreased by 9.3% (from 0.86 to 0.78 mg/kg), and man-
ganese - increased by 3.3% (from 35.64 to 36.84 mg/kg).
The results of the conducted studies indicate that with
an increase in the degree of soil washout, the boron
content in it decreases - evenly between weakly and
medium-washed soil, but the manganese content in-
creases, especially in medium-washed soils. The back-
ground content of boron in the soils of the forest-steppe
of Right-Bank Ukraine is 6.0 mg/kg, which is significantly
higher than the actual content of boron in the soil of exper-
imental sites. The maximum permissible concentration

of mobile forms of manganese in the soil is 700 mg/kg,
and the actual content is 0.05 maximum permissible
concentration.

The influence of varying degrees of soil washout
on the content of radionuclides in it is revealed. In par-
ticular, the caesium content in the undisturbed soil was
0.37 Ki/km?2. On slightly washed soil, the caesium con-
tent decreased by 18.9% and amounted to 0.30 Ki/km?Z.
On medium-washed podzolic chernozem, the caesium
content also decreased by 16.7% (0.25 Ki/km? against
0.30 Ki/km?). The content of strontium in the studied soils
did not depend on the degree of its washout (Table 3).

Table 3. Intensity of changes in soil contamination with radionuclides
depending on the degree of its washout, Ki/km?

Trace elements
. Mechanical Degree of
Soil type com-position washout Cs S
content MPC content MPC
Podzolic Non-eroded 0.37 1.0 0.02 0.15
h Heavy loam
chernozem Slightly washed 0.30 1.0 0.02 0.15
Podzolic Slightly washed 0.30 1.0 - 0.15
h Heavy loam
chernozem Medium-washed 0.25 1.0 - 0.15

Source: compiled based on [20]

At the maximum permissible concentration of
caesium in the soil of 1.0 Ki/km?, its actual content at
the experimental sites was 0.3-0.4 MPC,and strontium -
0.1 MPC.

CONCLUSIONS

According to the study results, the migration ability of
toxic substances in the soil was revealed, depending on
the degree of its washout. A strong horizontal migra-
tion of mobile forms of lead in the soil was established,
which grows from non-eroded to medium-washed soil
with the highest lead content on medium-washed podzolic
heavy loamy chernozems, which is 24% more than on
non-eroded soil. A similar relationship was found in the
content of mobile forms of zinc in the soil, where its

concentration on medium-washed soil was 17% higher
than on non-eroded soil. The content of mobile forms
of copper decreases on slightly washed soils by 5%
compared to non-eroded ones, boron - by 18.8% from
non-eroded to medium-washed soils,and the content of
manganese increases from slightly to medium-washed
soil by 3.3%. A decrease in the concentration of caesium
was revealed on medium-washed soils compared to
non-eroded soils by 25.6%.

Prospects for further research are to investigate
the features of accumulation of toxic substances: heavy
metals, radionuclides, salts and acids in crop products
grown on soils with varying degrees of washout and
develop measures to reduce the horizontal migration
of such toxicants along soil slopes.
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IHTeHCUBHICTb 3a6pyAHEHHS FPYHTY TOKCUHMHUMM PEUYOBUHAMMU 3aJIEXKHO
Big CTyneHsa Moro aMUTOCTI

Onekcanpp Metposuu Tkauyk, Biktopis IropisHa Beprenic

BiHHMLbKMI HALiOHaNbHWI arpapHUi YHiBEpCUTET
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YkpaiHa

AHoTaUuif. 3HaYHWUIA CTYNiHb PO30PAHOCTI CiIbCbKOrOCNOAAPCHKMUX IPYHTIB YKpaiHU NpM3BiB A0 MOCUNEHHS epO3iiHMX
NpoLLeCiB Ta YTBOPEHHS FPYHTIB Pi3HOro CTyMeHs 3MUTOCTI, WO MPU3BOAMTb He TiNbkW A0 AeryMmidikauii, ane n
[0 33abpyAHEHHS IPYHTIB TOKCMYHUMM PEYOBMHAMWU. TOMY METOK [OCNiOXeHHS 6yno BCTaHOBMTM 0COBAMBOCTI
rOPU30HTaNbHOI MirpaLii Ta HAKOMMYEHHS BaXKKMX METasiB CBUHLID, KAAMItO, Mifi Ta LIMHKY, MiKpoeneMeHTiB bopy Ta
MapraHLo, pagioHyKNi4iB Le3ito i CTPOHLI0 Ha YOpHO3eMax ONiA30/1IeHUX BAXKOCYTNIMHKOBUX i3 Pi3HUM CTyMeHeM
3MUTOCTI: HE3MUTI, cnabo- Ta cepefHbO3MMUTI, 3yMOBNEHOI PO3BMTKOM epo3iliHUX npouecis. Mig Yac fLOCNioKEHHS
6yn0 BMKOPUCTAHO CMNEKTPOPOTOMETPUYHI, KONOPUMETPUYHI, raMMa-CNeKTPOMETPUYHI Ta paAioXiMiyHi MeToam
BM3HAY€HH$ BMiCTYy TOKCMYHUX PEYOBUH Y I'PYHTI. Pe3ynbTataMu focnigkeHb BUSIBIEHO, WO HA CNabo3MUTUX FPpyHTaxX
BMiCT rymycy Ha 12,9 % MeHwwuit, a3oTy nerkorigponizoBaHoro — Ha 13,3 %, pyxomux dopm docdopy - Ha 51,1 %,
PYXOMOrO0 Kanito — Ha 34,9 % MeHLWii, Hix Ha cnabo3MUTUX rpyHTax. BMicT rymycy Ha cepefHbO3MUTOMY IpyHTi 6yB
Ha 8,8 % MeHLUMM, HixX Ha C1labo3MUTOMY, a30Ty NErKoriAposi3oBaHoOro — Ha 14,3 % MeHLwuMm, pyxomoro docdopy - Ha
15,3 % 6inblunM, pyxoMoro kanito — Ha 42,9 % 6inblimm. BctaHOBNEHO CUNBbHY FOPU30HTANbHY MirpaLito pyxoMmnx hopMm
CBMHLIO Y YOPHO3EMi OMiA30MEHOMY BaXKKOCYTIMHKOBOMY 3MWUTOMY, LLO 3pPOCTAE i3 30ibLIEHHAM CTYNeHs 3MUTOCTI
PYHTY i3 BMiCTOM pyXoMux (OPM CBMHLIO Ha CEPEeAHbO3MUTOMY IPYHTI Ha 24 % BiNnbLIOMY, HiXX Ha HE3MUTOMY I'PYHTI.
Taka X 3aN1eXHiCTb BCTAHOB/IEHA 3@ BMICTOM Y PYHTI pyXOMUX GOPM LIMHKY, 3 iX MepeBaXaHHSM Ha CepefHbO3MUTOMY
rPYHTi Ha 17 %, NopiBHSAHO i3 He3MUTUM. BMicT pyxoMux GopMm Mifi MeHWMI Ha cNabo3MUTOMY IPYHTI, MOPiBHSHO i3
He3MUTUM Ha 5 %, 6opy — Ha 18,8 % MeHLWMIH Ha HE3MUTOMY I'PYHTI, MOPIBHSHO i3 CepeAHbO3MUTUM, @ BMiCT pyXOMMUX
dopM MapraHuto 36inblyeTbes Ha 3,3 % Big cnabo- 4O CepefHbO3MUTOrO IPYHTY. TaKOX BCTAHOB/IEHO 3HMXKEHHS
KOHLLeHTpaL,ii uesito Ha 25,6 % Ha cepefHbO3MUTUX I'PYHTAX, MOPIBHSHO i3 HE3MUTUMMU

KntouoBi cnoBa: BaXki MeTanu, MikpoeneMeHTH, pafioHyKNiau, FOPU30HTaNbHA Mirpauis, eposis FpyHTy
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Abstract. The use of various types of neutralising materials in the cultivation
of standard planting material of high-quality forest wood species has a
significant effect on substrate acidity. Therefore, the study sets a goal to
select peat substrates with different dosages of the neutralising component
and determine their effect on the reaction of the peat substrate medium.
The paper presents the results of the influence of neutralising materials of
dolomitic meal and chalk of various doses with the use of mineral fertilisers.
Dolomitic meal was used as a neutralising component, the pH of the peat
substrate was 6.6 and chalk was 7.5. It was found that when neutralising a
peat substrate created based on high-moor milled peat (pH 2.5) with the
introduction of dolomitic meal in doses of 2-4 kg/m* (European spruce), 3-4.
5 kg/m>® (Scots pine), optimal acidity can be achieved in a month. An
increase in the concentration of lime material was recorded, which leads
to an increase in the neutralisation of the substrate at a dose of 2.5 g and
3.0 g per 125 g of peat. The best indicators were demonstrated by options
of doses of 1.5-2.5 g per 125 g of peat for 7-8 days of use and a dose of
3.0 g per 125 g of peat for 5-6 days compared with the control. An increase
in the concentration of chalk in the neutralising material from 30% to 70%
leads to a faster deoxidation of the substrate (pH 3.2), and an increase
in the dosage of chalk increases substrate neutralisation. The electrical
conductivity of the substrate at a dosage of 6-8 kg/m* when applying chalk
and dolomitic meal increases by 1.6-2.0 and 1.2-1.4 times, respectively. At
the rate of application of 6-10 kg/m?, it has a lesser effect on the change in
the electrical conductivity of the high-moor peat, and the introduction of
dolomitic meal 2-4.5 kg/m? into the milled peat during neutralisation does
not lead to a change in the electrical conductivity of the peat. This data
allows choosing neutralising materials of a certain concentration that will
enable the cultivation of standard planting material of European quality
and thereby ensure the proper quality of future stands

Keywords: acidity of the medium, planting material, dolomitic meal, chalk, peat,
substrate
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INTRODUCTION

In the 21t century in the Republic of Belarus, high-
moor peat, enriched with the necessary nutrients and
pre-neutralised, is used in containers for preparing the
substrate for the cultivation of standard seedlings [1-3].
The success of growing planting material is influenced
by technical and technological aspects. Technical prob-
lems are associated with the use of lines for filling cas-
settes and sowing seeds, and with technical means of
observing the elements of growing technology. These
problems can be solved at the level of the equipment
manufacturer, provided that the entire line of equipment
is assembled by one manufacturer, or there is a risk of
the inconsistency of individual components, which can
be expressed in a decrease in the quality of filling cas-
settes or sowing seeds, violation of growing regimes.
Technological problems can be caused by regional fea-
tures that affect individual elements of the technology,
for example, the choice of substrate, the microclimate of
the substrate, mineral nutrition, water regime, etc. [4-7].

When using peat as a substrate for growing seed-
lings, it is necessary to take into account the influence
of the entire organic complex of peat mass as a carrier
of a wide variety of physiologically active substances,
which manifests itself mainly in stimulating the growth
processes of vegetative organs, intensifying protein me-
tabolism and in the relative inhibition of the synthesis
of a complex of carbohydrate substances [8; 9].

There is no unambiguous opinion on the prepa-
ration of peat substrates for the cultivation of ball-rooted
planting stock (BRPS) among the producers of planting
material. Each breed has its own optimal characteristics,
which requires mandatory preliminary testing before pre-
paring the substrate. As a result of conducting detailed
studies on the chemical properties of the substrate
suitable for growing BRPS, it is necessary to establish
its best indicators [10]. The formulation of the substrate
varies not only between manufacturers, but also in the
case of self-preparation of a nutrient substrate — within
each centre for growing BRPS [10]. Sometimes certain
target additives are added to the substrate, which allow
changing the chemical or water-physical properties of
peat. The main goal, in this case, is the enrichment of
the substrate with nutrients to ensure an optimal nu-
trition regime for young plants immediately after trans-
planting to the forest-cultivated area. Another possible
option is to ensure a favourable water regime of the sub-
strate by creating moisture reserves in it, which allows
for rational use of it on the forest-cultivated area when
there is a shortage of atmospheric or soil moisture [6].
Therefore, the cultivation of BRPS of the main forest-
forming species with an optimal reaction of the envi-
ronment would allow obtaining a high yield of standard
seedlings for creating forest crops on the territory of
the Republic of Belarus.

Since there are quite large areas of swamps on
the territory of Belarus - about 2.5 million hectares (14.1%
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of the total area), the reserves of raw peat are about
30.4 billion m?* [8], which is used in greenhouses when
growing seedlings of forest tree species in the closed
ground. The peat of high moors contains an insignificant
amount of macronutrients (about 0.56-2.0% nitrogen,
0.03-0.26% phosphorus and 0.01-0.1% potassium), but
such a substrate has a high water-retaining and absorb-
ing capacity (moisture capacity 600-1200% by volume,
56-84% by weight),and valuable bactericidal properties
that block the spread of fungal microflora. The acidity
of the high-moor peat (pH 3.2) is negative, which pre-
vents the development of good seedlings. Therefore, the
study selected the most common neutralising materials
and their doses in a certain ratio relative to the control
to grow a standard planting material with improved
planting properties.

The purpose of this study is to determine the effect of
neutralising materials on the reaction of the peat substrate
medium for their use in growing ball-rooted seedlings.

The object of study is a substrate for growing
ball-rooted planting stock. The subject of study is the
selection of peat substrates with different dosages of
the neutralising component.

MATERIALS AND METHODS

Dolomitic meal with a mass fraction of magnesium
and calcium carbonate and chalk with a mass fraction
of calcium carbonate of at least 85% were used as a
lime material. Experimental studies were conducted in
March-April 2020-2021 in laboratory conditions at a
temperature of 17-20°C and relative humidity of 50-60%.
For the integrity of the experiment, 2-litre containers
of polyethylene were used. The active experiment was
based on two coniferous wood species (pine and spruce)
in 2 or 5-fold repetition for each study option with a cer-
tain ratio of doses of dolomitic meal and chalk, which
is designed for 500 cm?® (125 g) of separated high-moor
milled peat (fraction 0-7 mm).

To optimise the acidity, mixtures of dolomitic meal
and chalk were used in different ratios and different
dosages in 3 repetitions:

Option 1:with an excess of dolomitic meal in the
composition, the ratio was in the total weight of dolo-
mitic meal (70%) and chalk (30%), respectively, and the
dosage of mixed lime substance in the experimental
options was: 1.5 g; 2.0 g; 2.5 g; and 3.0 g of mixed lime
substance per 125 g of peat;

Option 2:in the composition, the ratio was in the
total weight of dolomitic meal (50%) and chalk (50%),
respectively, and the dosage of mixed lime substance in
the experimental options was: 1.5 g; 2.0 g; 2.5 g; and
3.0 g of mixed lime substance per 125 g of peat;

Option 3: with an excess of chalk in the composi-
tion, the ratio was in the total weight of dolomitic meal
(30%) and chalk (70%), respectively, and the dosage of
the mixed lime substance in the experimental variants
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was: 1.5 g; 2.0 g; 2.5 g; and 3.0 g of mixed lime substance
per 125 g of peat.

The pH value of the deoxidised peat was analysed
for 8 days in accordance with GOST 11623-89 [11] until
the onset of constant acidity. A characteristic feature of
peat is the high water content in it. The ratio of the weight
of moisture in peat to the weight of wet peat or to the
weight of its dry matter, expressed as a percentage, is
called peat moisture. The moisture content of peat was
determined in accordance with GOST 11305-2013 [12].

The moisture content in peat as a percentage of
the weight of wet or dry peat substrate is calculated
according to the equations (1-2):

my - me

Wret = ——-100
c P
m;-m

Waps = =— <+ 100
c™ p

The humidity result is recalculated according to
the equations (3-4):

100 - W,
Wyo = — - Tabs

100 + Wy

100 - Wyg

Wb =
5100 - Wy
where W

» W, — relative and absolute humidity of the
substrate, %; m, - the weight of aluminium weighing cups
with the substrate before drying, g; m_ - the weight of
aluminium weighing cups with the substrate after drying, g;

m, = the weight of aluminium weighing cups, g.

The total acidity of peat includes active (pH) and
potential acidity, the latter is divided into the exchange
and hydrolytic. Since peat has a large moisture capacity
and its acidity is mainly conditioned by the presence of
a large amount of free humic acids in it, it is necessary
to take a wider (1:25) ratio of peat to the solution when
determining the acidity (1:2.5) compared to mineral
soils (1: 2.5).

The particle size distribution was determined
using a Fritsch GmbH laser microanalyser Analytte 22.
The X-ray phase analysis was performed using a Bruker
X-ray diffractometer “D8 Advance”, which includes an
X-ray tube with a copper cathode. Table 5 shows the tech-
nical characteristics of dolomitic meal GOST 14050-93
(data from the manufacturer of JSC “Dolomit”) [13].

RESULTS AND DISCUSSION

The negative property of high-moor peat - excessively
high acidity. According to L.P. Smoliak [14], the acidity of
peat in the high moors of Belarus is at the pH, . level of
3.2-4.2,and according to V.A. Ipatiev - pH,, 2.6-4.2 [7].
The studies of N.I. Piavchenko [15] established that the
acidity of the high-moor peat of the northern regions of
Europe is pH, . 2.8-3.7 [15].

To determine the acidity in this experiment, milled
and spade-cut peat of PU “Vitsebsktorf” (Vitebsk region,
Dokshitsky district) was used. Peat samples were selected
from big bales in the Republican Forest Selection and
Seed Centre, followed by mixing and forming an average
sample (Table 1).

Table 1. Options of peat samples and its acidity for analysis

Sample option Sample characteristics pH in KCL Repetition of the determination
1 Milled peat 2.63 5
2 Spade-cut peat 2.58 5

Under laboratory conditions, peat samples were
dried to an air-dry mass, then their analysis was carried
out according to modern methods used in the study of
peat and substrate [15]. The pH value of peat was deter-
mined using a pH meter in a KCl salt extract [11], which

is similar in its values in peat of various types of prepa-
ration. This acidity is characteristic of peat bogs. When
using lime material with an excess of dolomitic meal in the
composition and ratio of the dolomitic meal (70%) and
chalk (30%), the following results were obtained (Fig. 1).

Y 70% Dolomite 30% Chalk
S — Y — pH value
Pt X — observation

4.40 period (dates)

420 =TT TTTTT B I5g
20¢g

4.00 - --25g

----- 3.0
3.80 £
3.60 ‘ ‘ ‘ ‘ w
31.03 01.04 02.04 03.04 04.04 0504 0604 07.04

Figure 1. Change in the pH value with the predominance of dolomitic meal in the mixture (70%)
over chalk (30%) as a neutralising component
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Increasing the dosage of the mixed lime material
increases substrate neutralisation. However, the growth
of deoxidation process does not occur quite evenly. At
a dosage of 1.5 g of lime material, the final pH value
was 3.66, and at dosages of 2.0 and 2.5 g - 4.04 and
4.22, respectively. At a dosage of 3.0 g, the pH value was
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significantly higher and amounted to 4.64.

The use of an equal ratio of dolomitic meal and
chalk in the composition (50% each) indicates that an
increase in the dosage of the mixed lime material increases
the neutralisation of the substrate, while the growth of
the deoxidation process occurs more evenly (Fig. 2).

Y 50% Dolomite 50% Chalk
4.90 B
AN — Y - pH value
et X — observation
4.50 R ————— period (dates)
430 -7 I5¢
20¢g
4.10 ---25¢g
----- 30g
3.90
3.70 T T T T T T T
31.03  01.04  02.04  03.04 04.04 0504 06.04 07.04

Figure 2. Change in the pH value at an equal ratio in a mixture of dolomitic meal (50%) and chalk (50%)
as a neutralising component

At a dosage of 1.5 g of lime material, the final pH
value was 3.77; 2.0 g - 4.03; 2.5 g - 4.48; 3.0 g - 4.80,
respectively.

The use of lime material with an excess of chalk
in the composition with a ratio of dolomitic meal of 30%
and chalk of 70% indicates that an increase in its dosage
increases the neutralisation of the substrate (Fig. 3), while

the growth of the deoxidation process also occurs more
evenly.At a dosage of 1.5 g of lime material, the final pH
value was 3.70, at a dosage of 2.0 g - 4.03, at a dosage
of 2.5 g - 4.34, at a dosage of 3.0 g - 4.81.

The process of neutralising the substrate using
different dosages of mixed lime material is shown in
Figure 4.

Y 30% Dolomite 70% Chalk
U S —————
4.60 Y - pH value
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4.40 —- === period (dates)

420 . I5g
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4.00 ---25g

----- 3.0
3.80 £
3~60 T T T T T T T 1 X
31.03 01.04 02.04 03.04 04.04 05.04 06.04 07.04

Figure 3. Change in the pH value when chalk (70%) prevails in the mixture over dolomitic meal (30%)
as a neutralising component
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Figure 4. Dynamics of the change of substrate neutralisation with the use of different dosages of mixed
lime material in different study periods

An increase in the concentration of chalk in the
neutralising material leads to a faster deoxidation of
the substrate prepared based on separated cotton-
grass-sphagnous high-moor milled peat with a pH of
3.2 before neutralisation begins.

Table 2. The results of determining the actual acidity (pH,,

Chalk was used as a lime material. The peat un-
der study is characterised as cottongrass-sphagnous,
pH 3.2, humidity 50-60% per wet weighing batch (relative
humidity). The results of the conducted analyses are
shown in Table 2.

o) of high-moor peat at different rates of chalk application

and duration of experiment

The norm of chalk, kg/m?

Duration of experiment, days

1 3 5 7 9 14
2 4.1 4.1 4.2 4.3 4.4 4.4
4 4.4 4.5 4.7 4.9 4.7 4.7
6 5.1 5.2 53 5.4 5.1 5.4
8 53 5.8 6.1 6.8 6.7 6.6

Source: [6]

According to the results of the conducted studies [6],
it follows that the norms of its application from 2 to 8 kg/m?
were selected for the neutralisation of the peat substrate
with chalk. With an increase in the chalk norm, the actual

acidity of the peat substrate increases from pH, 4.1 to
pH, 4.3-6.8. The dose of chalk application is calculated
for 1 m? of the substrate (Table 3).

Table 3. The required amount of chalk to be applied to the substrate

Indicator name

Tree species

Spruce Pine Larch Oak
Relative humidity of the peat substrate, Wh, % 50-60
Acidity of the peat substrate, pH, 4.0-5.0 4.5-5.5 5.5-6.0 5.5-6.5
Introduction of chalk into the peat substrate, kg/m?® 2.5-4.5 3.5-5.5 5.5-7.5 5.5-8.0
Introduction of chalk into the peat substrate, kg/t 10-18 14-22 22-30 22-32
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With humidity of 50-60% and natural addition, the
specified volume of peat has a weight of about 250 kg.
This calculation is given according to the recommenda-
tions [11] for the volume and weight of peat. According to
the literature data [16] and the study by S.V.Suravyov [6],
the amount of chalk applied should be more than do-
lomitic meal. The reaction of the medium in the peat
substrate was established on day 7 when the substrate
interacted with chalk. When applying chalk, the reaction
of the medium in the substrate changes depending on
the dose and the period of interaction of the substrate
with the chalk.

Dolomitic meal of JSC “Dolomit” of various
deposits (GOST 14050-93 [17]) and/or finely gran-
ulated chalk of JSC “Krasnoselskstroymaterialy” (TU
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RB 590118065.007-2004 [18]), ground separated chalk of
JSC “Shebekinsky Melovoy Zavod” (GOST 12085-88 [19)),
ground chalk for the production of compound feeds
of JSC “Belarusskiy ~Cementnyy Zavod” (TU
BY 700002051.001-2009 [20]) can be used as an addi-
tive in the neutralisation of peat substrate.

Table 4 shows the chemical composition of the
dolomites of the Gralevo deposit (data from the man-
ufacturer of JSC Dolomit). Raw materials from this de-
posit are used for the production of limestone (dolomite)
meal GOST 14050-93, which is used for the production
of substrates by the branch of the production republican
unitary enterprise “Vitebskoblgaz” of the production
department “Vitebsktorf”,

Table 4. Chemical composition of dolomites from “Gralevo” deposit of JSC “Dolomite”

Fluctuations, %

Oxides The most typical values, % Average value, %
From

Sio, 0.39 13.37 1.0-2.0 1.65
ALO, 0.10 1.79 0.2-0.5 0.37
Fe,O, 0.11 1.27 0.2-0.5 0.35
Tio, 0.01 0.14 0-0.05 0.05
o 23.34 34.54 29.00-31.00 30.02
MgO 14.75 22.36 20.00-21.00 20.50
K,0 0.02 0.64 0.05-0.20 0.13
Na,O 0.03 0.24 0.03-0.10 0.05
SO, - 1.02 0-0.62 0.26
PO, - 0.17 0-0.03 0.03
MnO - 0.11 0-0.05 0.02
Total - - 46.39
Caco, 47.0 58.0 50.0-52.0 51.0
MgCO, 38.0 47.0 43.0-45.0 420
CaCO,+ MgCo, 85.0 99.8 93.0-96.0 95.0

It was found that when neutralised with dolo-
mitic meal, the maximum pH value in the KCl of the peat
substrate reaches 6.6, while when neutralised with
chalk - 7.5.To determine the cause of this phenomenon,
it is necessary to determine the qualitative and quan-
titative compositions of the neutralising additives
used. The content of magnesium, calcium, water, and

the amount of the residue insoluble in hydrochloric
acid were determined in the starting substances. In the
chalk, the sum of sesquioxides (Fe,0,) was additionally
determined + ALQ,). In addition, the dolomites used
and the insoluble residues obtained from them were
studied by granulometric and X-ray phase analysis.

Table 5. Technical characteristics of limestone meal (dolomite) GOST 14050-93

Indicator Value
Total mass fraction of calcium and magnesium carbonates, %, not less 85.0
Mass fraction of moisture, %, not more 1.5
Grain composition, total residue on the sieve, % -
5 mm, not more -
3 mm, not more 1.0
1 mm, not more 3.0
The index of active ingredient, not less 81.0
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The results of the analysis of samples of dolomitic

meal from the PU Vitsebsktorf Oktyabrsky (sample 1),

(PU Vitsebsktorf) Krulevschina (sample 2), (PU Vitsebsktorf)
Obol (sample 3) are presented in Table 6 and Table 7.

Table 6. Results of the analysis of dolomitic meal of JSC “Dolomit”

Deposit
Component Sample 1 Sample 2 Sample 3
Gralevo Ruba
MgCo,, % 431 42.9 43.0 39.2 36.5
per MgO, % 20.5 20.5 20.5 18,7 17.4
CaCo,, % 53.6 53.4 437 55.4 48.4
per Ca0, % 30.0 29.9 24.5 31.0 271
H,0, % 0.3 0.1 0.26 0.42 0.15
Insoluble residue, % 3.2 3.0 2.7 3.5 2.1
Table 7. The results of the analysis of the chalk deposits Gralevo, Ruba, PU Vitsebsktorf
Chalk
Component Ground
Small-pelleted For the production of feed
Separated
compounds
CaCo, + MgCO, in terms of CaCO, 95.57 91.87 98.00
CaCo,, % 94.5 91.31 96.00
Fe,0, +ALO, 0.21 0.65 0.2
H,0, % 0.48 0.6 0.42
Insoluble residue, % 1.98 5.11 1.3

Samples of dolomite from the Gralevo and Ruba
deposits and three samples presented by the PU Vitebsk-
torf were used for the analysis. As can be seen from the
analysis, dolomitic meal consists of a class of carbonates
of the chemical composition CaC0O,xMgCO,, while in ac-
cordance with regulatory documents, the total residue
on the sieve of 1 mm or more is 25%, which indicates
the size of dolomite particles of 0.1-1.5 mm. In turn, the
basis of chalk is calcium carbonate with a small amount
of magnesium carbonate and a slight admixture of the
smallest quartz grains, while the residue on the 0.045 mm
sieve does not exceed 5%, i.e., chalkis a finely dispersed
material.

The particle size of the neutralising material affects
the speed of the process: the smaller the particle size
of the material, the larger the interaction surface of the
phases (liquid-solid). Therefore, when adding chalk in
the preparation of a peat substrate, the neutralisation
process proceeds faster than when adding dolomitic
meal. This can also explain the impossibility of obtaining

a peat substrate with a pH, =7 when using dolomitic

meal. Organic acids entering the pores of a granular ma-
terial (dolomitic meal) are blocked in the pores after a
certain period of time due to the generation of prod-
ucts of the interaction of acids with calcium and mag-
nesium carbonates. And they do not have access to the
original neutralising additive. When selecting the con-
sumption rate of a neutralising additive, it is necessary
to rely not on the mass of limestone flour (dolomitic meal)
GOST 14050-93, but on the total content of calcium and
magnesium carbonates in terms of CaCO,.

During the experiment on neutralising the peat
substrate with chalk, 3 options were delivered in 3-fold
repetition with a rate of application from 8 to 10 kg/m?
using the PNT 3000 combi device. The use of chalk led
to a gradual change in the acidity of the peat substrate
from pH, 2.5,EC-0.05 mS/cm (milled peat from field 2A)
to pH, 6.4-7.5 and the establishment of a medium reaction
on 6-7 days (Table 8). When conducting an experiment
on the neutralisation of a peat substrate with dolomite,
3 options were delivered in 3-fold repetition with a rate
of application from 8 to 10 kg/m>.

Table 8. Actual acidity (pHKCl) and electrical conductivity of high-moor peat
during neutralisation, taking into account the rate of application of chalk and dolomitic meal

PH,., EC, mS/cm
The norm of chalk, kg/m’ Chalk Dolomitic meal Chalk Dolomitic meal
64 59 0.08 0.06
8 75 6.4 0.09 0.06
10 75 6.6 0.10 0.07
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The use of chalk led to a gradual change in the
acidity of the peat substrate from pH,  2.5,EC-0.05 mS/cm
(milled peat from field 2A) to pHKCL 5.9-6.6 and the
establishment of the reaction of the medium on day 14.
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For an active experiment, milling peat (fraction from O
to 7 mm) was taken. These data show that the change in
the electrical conductivity of peat depends on the dose
and type of neutralising material introduced (Table 9).

Table 9. Changes in the acidity and electrical conductivity of top separated peat
when applying dolomitic meal

Experiment option Tree species pPH, EC, mS/cm
22.02 (the day of experiment)
Milling peat + dolomitic meal 2 kg/m? 3.47 0.05
European spruce
Milling peat + dolomitic meal 4 kg/m? 4.04 0.05
Milling peat + dolomitic meal 3 kg/m? 3.82 0.05
Scots pine
Milling peat + dolomitic meal 4.5 kg/m?* 4.34 0.05
27.02
Milling peat + dolomitic meal 2 kg/m? 3.61 0.05
European spruce
Milling peat + dolomitic meal 4 kg/m? 4.48 0.05
Milling peat + dolomitic meal 3 kg/m? 411 0.05
Scots pine
Milling peat + dolomitic meal 4.5 kg/m?* 4.79 0.05
13.03
Milling peat + dolomitic meal 2 kg/m? 3.67 0.05
European spruce
Milling peat + dolomitic meal 4 kg/m? 4.68 0.05
Milling peat + dolomitic meal 3 kg/m? 4.18 0.05
Scots pine
Milling peat + dolomitic meal 4.5 kg/m? 5.07 0.05

Initially, the milled peat from field 2A had an
electrical conductivity of 0.05 mS/cm. When applying
chalk: 6 kg/m?, the electrical conductivity increases by
1.6 times (0.08 mS/cm), 8 kg/m? - increases by 1.8 times
(0.09 mS/cm), 10 kg/m?® - increases by 2.0 times
(0.10 mSm/cm). The introduction of dolomitic mealin a
dosage of 6-8 kg/m? changes the electrical conductivity
by 1.2 times (0.06 mS/cm), and 10 kg/m? - by 1.4 times
(0.07 mS/cm).

Compared with chalk, dolomitic meal at a rate of
application of 6-10 kg/m? has a lesser effect on the change
in the electrical conductivity of the high-moor peat. To
conduct an experiment on neutralising the peat substrate
with dolomite and changing the electrical conductivity,
4 options were studied in 3-fold repetition with a rate of
application from 2 to 4.5 kg/m3. The milled peat from
field 2A was taken (bulk density at relative humidity (Wrel)
60% - 238 kg/m’, actual acidity (pH,) - 2.5, electrical
conductivity (EC) - 0.05 mS/cm The experimental data
show that the introduction of dolomitic meal from 2 to
4.5 kg/m? into the milled peat during neutralisation does
not lead to a change in the electrical conductivity of the
peat.

CONCLUSIONS

Thus, according to the study results, it was found that
with an increase in the dosage of mixed lime material

(2.5 g and 3.0 g per 125 g of peat), the neutralisation
of the substrate naturally increases. The equalisation of
the neutralising ability of the mixed lime material occurs
approximately on day 7-8 at a dosage of 1.5-2.5 g per
125 g of peat and on day 5-6 at a dosage of 3.0 g per
125 g of peat. Moreover, at a lower dosage, after an in-
crease in the pH value, a certain decline occurs at the
end of neutralisation.

An increase in the concentration of chalk in the
neutralising material from 30% to 70% leads to a faster
deoxidation of the substrate, which is conditioned by
the fact that the reaction of the medium in the peat
substrate is established after a 10-day interaction with
dolomitic meal and a 7-day interaction with chalk.

It was found that when neutralised with dolo-
mitic meal, the maximum pH value in the KCl of the
peat substrate reaches 6.6, while when neutralised
with chalk = 7.5. These studies have shown that the
change in the electrical conductivity of peat during the
cultivation of Scots pine depends on the dose and type
of neutralising material introduced. Initially, the mill-
ing peat had a conductivity of 0.05 mS/cm, but with the
introduction of chalk at 6-8 kg/m?, its electrical conduc-
tivity increases 1.6-2.0 times (0.08-0.10 mS/cm, and the
introduction of dolomite in a dosage of 6-10 kg/m?®changes
the conductivity of 1.2-1.4 times (0.06-0.07 mS/cm).
Compared with chalk, dolomitic meal with a rate of
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application of 6-10 kg/m? has a lesser effect on the
change in the electrical conductivity of high-moor peat.
The introduction of dolomitic meal in a dosage from 2
to 4.5 kg/m°® into the milled peat (acidity (pH,) - 2.5,
electrical conductivity (EC) - 0.05 mS/cm) during neu-
tralisation does not lead to a change in the electrical con-
ductivity of the peat substrate (when growing European
spruce).

When carrying out the neutralisation of milling
peat (pH in KCL - 2.5), the introduction of the dolomite
in dosages of 2-4 kg/m3 (European spruce), 3-4.5 kg/m?
(Scots pine) allows achieving optimal acidity within a

before the emergence of woody plants. According to
TU BY 100061961.001-2015, the optimal acidity of the
substrate for growth of European spruce is pH in KCL
4.0-5.0; for Scots pine - pH in KCl 4.5-5.5. As a result of
experiments, it was possible to achieve neutralisation
of the peat substrate when applying dolomitic meal
at a dosage of 5.8-10 kg/m> only up to a pH in KCl of
4.9-5.4. Increasing the dose of application of dolomitic
meal to 11-14 kg/m?* allows reaching a pH of 6.0-6.1 in
KCl after a month in the greenhouse. The use of large
doses of dolomite does not significantly or practically
affect the change in the acidity of the peat substrate.

month of finding the substrate in the greenhouse and
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Bnnue HenTpanisylouux MaTepianis Ha peakuilo cepeaoBuila Topd'aHoro
cy6cTpaTy npu BUpOLLYBaHHI CisIHLUIB i3 3aKpPUTOIO KOPEHEBOIO CUCTEMOIO

Cepriii Bonogumuposuu Pe6ko?, IaH Bacunboeuu Kimeiuyk?*',
Cepriit Banepiitoeuu Cypas’eB?, Bacunb Muxaitnosnu Xpuk?,
CsitnaHa MukonaiBHa JleBaHAOBCbKa®

'binopycbkuit AepxxaBHUIA TEXHONOTIYHMI YHIBEPCUTET
22006, Byn. CBeppnoBa, 13a, M. MiHcbk, Pecnybnika binopycb

binouepkiBCbKMIA HaLiOHANbHMI arpapHUii yHiBepCuTeT
09117, Byn. CobopHa nnouua, 8/1, m. bina Llepksa, YkpaiHa

*HauioHanbHKI1 yHiBEpCUTET BiopecypciB i NpUPOAOKOPUCTYBAHHS YKpaiHM
03041, syn. lepois O6opoHu, 15, M. Kuis, YkpaiHa

AHoTauif. BUKOpUCTaHHS pi3HMX BMAIB HEMTPaANi3ytounx MaTepianis npu BUPOLLYBAHHI CTAaHAAPTHOMO NMOCAAKOBOMO
MaTepiany NicoBUX LepeBHUX BWUIIB BMCOKOI IKOCTi iCTOTHO BM/IMBAE Ha KMUCIOTHICTb cybcTpaTy. ToMy aBTOpamu
CTaTTi 6YN0 NOCTAaBMEHO 33 METY NifibpaT TOpPaHi CybCcTpaT 3 Pi3HMM A03YBAHHSAM HEWTPANi3y4oi CKNagoBoi i
BM3HAUMTK BMIMB iX HA peakLito cepenoBuLla Topd'sHoro cybcTpaty. Y npeactaBieHin cTaTTi HaBeAeHi pe3y/bTati
BMNAMBY HEWTpani3yumx MaTepianis fONOMITOBOro 6OpOLIHA i Kpenamn pi3HUX 003 i3 3aCTOCYBaHHSAM MiHepanbHUX
[06puB. AK HeWlTpanisywumii KOMNOHEHT BMKOPWUCTOBYBANOCA A0NOMIiTOBE 60polwHo pH TopdaHoro cybcrpaty -
6,6 i kpeian — 7,5. BcTaHOBNEHO, WO NpU HeWTpanisauii TopgaHoro cybcTpaTy, CTBOPEHOrO Ha OCHOBI BEPXOBOMO
Topdy dpesepHoi 3aroTieni (pH 2,5) i3 BHeCEHHSM [0M0MiTOBOrO 60poLHa A03aMu 2 -4 Kr/M3 (snnHa eBponeicbka),
3-4,5 kr/M* (cocHa 3BMYaiHA), ONTUMAIbHOI KMCNOTHOCTI MOXHA [0CArTM Yepes Micsub. ABTOpaMu cTaTTi 6yno
3a(ikCcoBaHO 30iNblUEHHS KOHLEHTpaLii BaMHAHOro Matepiany, WO Npu3BOAMTbL A0 30iNMblUeHHS HerTpanisauii
cybcTtpaty npu po3si 2,5 ri 3,0 r Ha 125 r Topdy. Kpawi nokasHWKM NpoLeMOHCTpyBanu BapiaHtTi fo3 1,5-25r
Ha 125 r Topdy npu 7-8-aeHHOMY BMKOpUCTaHHI i Ao3yBaHHi 3,0 r Ha 125 r Topdy Ha 5-6 AeHb y NOpPiBHSHHI 3
KOHTposeM. 36inblleHHs KOHLeHTpaLii Kpeian B HelTpanisytoyomy mMatepiani Big 30 % no 70 % npu3BoauTb L0
6inbL LWBMAKOMY pO3KUCNEHHIO cybcTpaTy (pH 3,2), a Npu NiABULLEHHI A03YBaHHS Kpeiamn 36inbluye HelTpanisauio
cybcTparty. EnektponpoBigHicte cybcTpaTy B L03yBaHHI 6-8 Kr/M® nNpu BHECEHHI Kpeiam i LONOMITOBOrO 6OpOLIHa
36inbwyetbest B 1,6-2,0 i 1,2-1,4 pa3u BignosigHo. MNpy HopMi BHeceHHs! 6-10 Kr/M> YMHUTL MEHWMWI BMMB Ha
3MiHY eleKTPONpPOBILHOCTI BEpX0OBOro Topdy, @ BHECEHHS LOIOMITOBOrO 6opowHa 2-4,5 kr/mM> B Topd dpesepHoi
3aroTiBAi B npoueci HeWTpanisauii He NPU3BOAUTL A0 3MiHW eNekTPOonpoBiAHOCTI TOpdY. 3a3HaYEHi HAYKOBI 3HAHHS
[03BOSISAIIOTL MiAibpaTy HeWTpanisyui MaTepianu NeBHOI KOHLEHTPaALi, Ki LO3BONSTb BUPOLLYBATU CTAHAAPTHUI
NnocafkoBMIM MaTepian €BPOMNENCHKOI IKOCTI | TUM CaMMM 3abe3neyaTb HaNexHyY AKiCTb MalbYTHIX fepeBOCTaHIB

KniouoBi cnoBa: KMCIOTHICTb cepefoBuLLa, MOCALKOBMIA MaTepian, 4ONOMITOBe BOPOLLHO, Kpeiaa, Topd, cybcTpat
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private garden plot in the city of tree plantations - only 1.9%. The area under paving and flower beds will
Zaporizhzhia. Scientific Horizons, 24(3),  be increased at the expense of the territory that is not occupied in the
68-74. reconstruction project. In the project area, most woody plants require only
pruning and are in good condition. Pruning is planned for 10 black mulberry
trees (Mdrus nigra L.), remnants of a privet hedge (Ligustrum vulgdre), one
bush of Vanhoutt Spiraea (Spiraea x vanhouttei (Briot) Zabel.) and one bush
of rosehip corymbose (Rosa corymbifera), which have lost their decorative
appeal. The formation of plantings in this study aims to create an orderly
shape of the crowns of trees and shrubs, which will give them a geometric
shape. For decorative purposes, it is also planned to plant the following plants:
boxwood tree (Buxus sempervirens var.), iris brazenberry (Iris L. brazenberry),
moss phlox (Phlox subulata L.). On the site located to the east of the outbuilding,
it is proposed to set up a flower garden from groundcover and flowering
plants in a peculiar geometric shape that would follow the shape of the
path. On the north-western side of the plot, it is planned to replace the
fence with a modular gabion wall covered with rambling vine. The colour
of elements of this style should be made in cool, grey tones, white, blue
and purple colours are well combined. As a result, it is planned to set up
a decorative pond near the arbour, the contour of which will be decorated
with smooth stones. The rest of the area is to be covered with a rolled lawn.
As a result, an individual and beautiful style of landscape design will be
selected for the project area
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INTRODUCTION

Art Nouveau gardens replaced the then-popular luxurious
gardens with a riot of colours and plants at the turn of
the 19™-20% centuries and became a worthy alternative.
It was an attempt to escape from a style that copied
historical forms and set a new development vector. The
main inspiration for the creators of this period was na-
ture, its asymmetry, variety of textures, elegant colours
or smooth and wavy lines. Artistic motifs were drawn from
the richness of the local flora and fauna. Flowering shrubs,
perennials and lianas were particularly inseparable dec-
orative and compositional elements of the garden.Ava-
riety of shrubs - especially roses and perennials such as
lilies, irises, and phlox — gave the impression of archi-
tecture immersing itself in the surrounding garden. [1]
Art Nouveau appeared at the junction between the aes-
thetically beautiful and the pragmatically functional,
between the idealised natural world and the industri-
alised society [2]. Nowadays, it is widely used in landscape
design, which is expressed through a special interpreta-
tion of the basic rules and compositional techniques, the
colour scheme of a small garden, the choice of plants and
their combinations, types of decorative paving, small
architectural forms and garden equipment [3].

When choosing the style of landscape design of
the territory, it is worth paying attention to the style
of the house and choose the style of landscape design
accordingly. For the design of the territory, this style
of landscape, described by aesthetics and simplicity, is
combined with the plants existing on the territory [4-7].
Previously, all that could be attributed to professional
landscaping in the city was large objects: squares, parks,
boulevards, alleys, etc. But over the past few decades, the
situation has radically changed. At present, the demand
for the services of a landscape designer has increased,
precisely if it concerns the landscaping of private garden
plots. Modern trends in the design of such objects are
becoming an integral part of creating a homely, aestheti-
cally attractive object [8-10].

Efforts to design gardens and preserve and de-
velop green open spaces in and around cities are efforts
to maintain contact with the original rural landscape.
Filling open areas in cities, gardens and design land-
scapes create integrity in the space between structural
urban landscapes and open rural landscapes outside
them [11; 12]. Key aspects of green plantings are their
contribution to habitat suitability. A key feature of the
home garden is that it is considered as an external exten-
sion to the residence, providing a unurged rest [13; 14].

An important key to successful landscaping is to
think about the people who use the space. An important
element of any project is the seats and they should be
placed where the hosts and guests will feel comfortable.
Many successful locations currently have movable chairs
so that people can find the most comfortable location

Khoroshkov and Derevianko

and feel a sense of ownership in this territory [13; 15].
The scientific originality of the obtained research results
lies in the development of new proposals for landscaping
of private territory.

The purpose of the study — development of a land-
scaping project of a private garden plot in the conditions
of the city of Zaporizhzhia.

To achieve this purpose, the main objectives of
this study are determined as follows: conduct a compre-
hensive assessment of the territory to be reconstructed;
create a reconstruction project for the object; give rec-
ommendations on the maintenance after the project is
implemented.

MATERIALS AND METHODS

One of the main points of the works was to conduct an
inventory of the available plantings. Based on the data
obtained, drawings were compiled. The survey data was
used to develop a project on improvement of the exist-
ing condition of plantings and decorative design of the
object. Inventory of existing plantings was performed in
accordance with the Instructions for Inventory of Green
Plantings in Localities of Ukraine [16]. Plant names are
given according to the guide to plants [17], Latin names
are specified according to the international classification
of The Plant Database.

The design site is located in the private sector
“Zelenyi Yar” of the Shevchenkivskyi District in the city
of Zaporizhzhia, at 80 Izmailvska Street. The territory has
a rectangular shape, bounded on three sides by other pri-
vate estates and partitioned off from them by a fence.
The entrance to the property is on the west side.

At the pre-project stage, a survey of the proposed
site was carried out, considering the terrain features.
The landscape type is open. The terrain of the site is flat.
The object area is 520 m2 Length is 46.9 m; width is
11.1 m. Survey of soil conditions: the mechanical com-
position of the soil was determined according to the
N.A. Kachynskyi's “wet” method. The reaction of the soil
solution was determined using the Alyamovsky's de-
vice. The structure and colour of the soil were deter-
mined visually [15]. The authors investigated the state
and proper condition of stationary engineering and ar-
chitectural structures and gardening equipment, under-
ground and ground engineering networks and commu-
nications. On the project territory, engineering networks
are in satisfactory condition: air electric network, un-
derground water supply, sewerage. In the course of the
study, the authors developed a calendar plan for land-
scaping works on the object, indicating all types of works
according to seasons.

As a result, all project work, namely the key plan
and the landscaping plan, were created using the
CorelDraw 2018 software.
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RESULTS AND DISCUSSION

Territory inventory at the 80 Izmailivska Street, city of ~Deds; paths, buildings, and structures, etc. - Table 1).
Zaporizhzhia On the project territory, the largest area is oc-

cupied by herbaceous vegetation. It is 32.5%. And the

After the inventory, the following indicators were smallest area allocated for tree stands is only 1.9%.The

identified: reconstruction project will be increased the area under

1. Land use distribution (total area under green  paving and flower beds at the expense of the territory
plantings, in particular under trees, shrubs, lawns, flower  that is not occupied.

Table 1. Land use distribution at the 80 Izmailivska Street, city of Zaporizhzhia

Seq Current state Under project
: Structure elements
No. m? % m? %
1. Path coverage 131.4 25.3 135.0 25.9
Plantings: 1977 38.0 120.1 231
Namely: 10.0 19 10.0 19
trees
Z shrubs 18.9 3.6 19.8 3.8
lawns 169.0 325 103.3 19.9
flower beds - - 9.0 1.7
TOTAL 520 100 520 100

2. Species composition of trees and shrubs. Most  networks, and according to the rules must be removed.
woody plants are in good condition and only require  However, according to their indicators, they do not cause
pruning. The vast majority of plantings are about 5 years ~ damage to engineering networks; therefore, it is recom-
old, some were planted in sanitary areas of engineering  mended to leave them in the reconstruction project (Table 2).

Table 2. Species composition of trees and shrubs in the landscaping territory at the 80 Izmailivska Street,

city of Zaporizhzhia
Seq. . . Share of the species in the . .
No. Plant names, species Quantity totality of plantings, % Decorative features Condition
1 Boxwood tr.ee 9 333 Crown shape, Good
Buxus sempervirens L. evergreen
Red raspberry Crown shape,
2 Rubus iddeus L. 222 decorative fruits Good
Grape vine Liana, decorative
3 Vitis vinifera 14.8 fruits Good
Domesticated apple Crown shape,
4 Malus domestica (Borkh.) 74 decorative fruits Good
5 C.ommon juniper 74 Evergreen, Good
Juniperus communis L. crown shape
Crown shape,
6 Peach tre_e 3.7 well-flowering, Good
Prunus persica L. - ;
decorative fruits
7 Cqmmon lllac. 37 Crown shape, Good
Syringa vulgaris flowering
Common plum Well-flowering,
8 Prunus domestica L. 37 decorative fruits Good
Sweet cherry Crown shape,
? Prunus avium L. 3.7 decorative fruits Good
TOTAL: 27

Scientific Horizons, 2021, Vol. 24, No. 3




3. State and proper condition of stationary en-
gineering and architectural structures and gardening
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equipment, underground and ground engineering net-
works and communications (Table 3).

Table 3. Explication of aboveground and underground engineering networks and communications

Seq. Type of utility Area of the protected
No. networks Length, m territory, m? Placement Note
1. Sewerage 14.5 72.5 Underground
Water supply
2. system 44.6 223.0 Underground Planting trees is
forbidden in a
3, Power grid 32.2 161.0 Air zone of 5m
4 Inspection wells of _ 5 Overland
eng. networks

The project territory contains an inspection well
of the drainage network. According to the Construction
Standards and Regulations (SNiP), it is prohibited to
plant woody plants that fall under the five-metre sanitary
zone of engineering networks [5]. Currently, there are

six architectural elements on the site.

During the preliminary survey of the site and
work on the inventory of plantings, it was established
that the territory of the design object, in general, is in
good condition (Fig. 1).

b REFERENCE PLAN
O SCALE 1:100

LEGEND

Seq. No. Symbol Note
1 A Present
2 3 Present
3 4 Present
4 Lianas $ Present
B Sanitary zone of Present

| engineering networks

6 | Buildings and structures Present
7 Plants to remain [
8

|  Powergid | A-----
9 Sewerage Present
10 Water supply system Woeoooo Present

11 Operational well Present

12 Red line

EXPLANATION OF PREMISES

Seq. No. Name Note
[ Residential building Present
2 Garage Present
EN| Household outbuilding Present
4

Arbour

[CH{ it | Doc. No. | Sign._[Date]

Riorosilor

Figure 1. Reference plan based on the inventory of plantings

Pre-project survey of the soil allowed identifying
the characteristics of the soil as follows: mechanical
composition - sandy loam; soil structure - pulverescent
and granulated; pH of water extraction - 7.2; soil co-
lour - grey. With this colour, soils usually contain about
3-4% humus.

General planning composition and landscape organisation
of the territory

The choice of plot design was influenced by its small
size, rectangular shape of the garden plot, including
buildings and structures available on the territory. Art
Nouveau was chosen as the best and appropriate style,
through which it is proposed to create a unique place

for recreation and embody original and bold landscaping
ideas. The design of a private garden plot in the Art
Nouveau style is an opportunity to create maximum
beauty with a minimum of space. The main principle of
organising a plot in this style is geometric shapes and
natural decorative materials.

The bulk of plantings on the territory of the gar-
den plot were laid recently, but without considering any
rules and styles. Since the plants are arranged randomly,
it was necessary to pay attention to their harmonious
combination with the style of the future garden. It is
proposed to leave the entire western half of the plot
unchanged. On the site located to the east of the out-
building, it is proposed to set up a flower garden from
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groundcover and flowering plants in a peculiar geometric
shape that would follow the contour of the path. On the
left, near the arbour, it is planned to set up a decorative
pond of square shape, decorated with smooth stones
(pebbles) along the contour, stretching it directly to the
arbour. The path leading to the arbour is proposed to be
made step-by-step, slightly wavy in shape. In addition,
on the north-western side of the plot, it is planned to
replace the fence with a modular gabion wall covered
with rambling vine.The rest of the area is to be covered
with a rolled lawn.

The formation of plantings in this study aims to
create an orderly shape of the crowns of trees and shrubs,
which will give them a geometric shape. In this case, it
includes 10 black mulberry trees, remnants of a privet
hedge, one bush of Vanhoutt Spiraea and one bush of
rosehip corymbosem which have lost their decorative
appeal. According to the landscaping plan (Fig. 2), the
following plants are to be planted: boxwood tree (Buxus
sempervirens var.), iris brazenberry (Iris L. brazenberry),
moss phlox (Phlox subulata L.).

LANDSCAPING PLAN
SCALE 1:100

LIST OF LANDSCAPING ELEMENTS

Symbol Name Note
Planned

Planned
Planned

Figure 2. Landscaping plan for the territory at the 80 Izmailivska Street, city of Zaporizhzhia

Garden and park equipment for landscaping and calendar
plan of landscaping works

To improve the territory, it is proposed to create conditions
for comfortable rest using the following elements: a
step-by-step path; decorative filling; a reservoir; gabions.
The future pathway will cross the eastern part of the
garden from west to east. The shape and surface of the
paths are designed according to the style of the recon-
struction project. Material — white granite. Using deco-
rative filling, it is proposed to make squares of different
sizes on the surface of the soil, which are inherent in the
Art Nouveau. Material - white granite chips. Due to their
shape, ornaments made of coloured filling form a single
composition with other landscaping elements, reproduc-
ing the contrast against the background of a green lawn.

Gabions are three-dimensional factory-build

Scientific Horizons, 2021, Vol. 24, No. 3

structures, made of galvanised metal gauze. Gabion
structures perfectly fit into the environment, often al-
most completely merging with it. Not only do they not
alter the aesthetic value of nature (unlike, for example,
reinforced concrete structures), but even complement
it. For a rational organisation of the construction of an
object, it is necessary to establish the order of execution
of certain types of work. When establishing such a priority,
it is necessary to consider the following factors: the
performance of one type of work should not complicate
and affect the quality of another type of work; natural
conditions and weather features; real opportunities for
obtaining the necessary materials.

The calendar plan for works at the landscaping
object was developed in accordance with the design
decisions and is presented in Table 4.
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Table 4. Calendar plan of works for the construction of a landscape architecture object

2 Schedule
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1 Engineering preparation

of the territory
2 Dismantling the path
3 Laying the lawn
4 Path arrangement
Construction of a water
5
body

6 Planting flower beds
7 Sanitary care of plants -

The calendar plan of reconstruction works on
the territory of a private estate is designed for 1 year.
According to the calendar plan, all types of work can be
divided into seasons as follows:

1. Autumn. Starting from October, one can start
engineering preparation of the object’s territory; col-
lection and removal of garbage; laying of engineering
networks; dismantling of the old road surface, planting
seedlings of woody plants.

2. Winter. Starting from January, sanitary care is
to be carried out for the available tree plantings.

3. Spring. Starting from April, one can start the
reconstruction of the path; installation works on the
arrangement of a gabion fence, including the setup of
a water body; breakdown and arrangement of flower
beds and decorative filling; pruning of woody plants;
laying of lawn cover.

4. Summer. Plant maintenance: watering, fertilising

plants, pest and weed control, lawn mowing.

CONCLUSIONS

The authors developed a landscaping project for a private
garden plot at 80 Izmailivska Street, city of Zaporizhzhia:
¢ a comprehensive assessment of the territory to be
reconstructed was carried out. An inventory was carried
out and the land use distribution was identified. The
species composition of trees and shrubs was studied.

e According to the project, the main landscaping
features of the site will be in the Art Nouveau style,
which will fit harmoniously into the project.

« A project for the reconstruction of landscaping of
the garden plot has been created, tackling the urgent
problems of the given territory and considering the in-
tended functionality of the object.

¢ Recommendations for the maintenance of plantings
after the project implementation are presented.
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MpoeKT 651aroycTpolo Ta o3e/IeHeHHA NpuUBaTHOI Npucaau6Hoi
BINSHKU y MicTi 3anopxik4a

JleoHip, Muxaitnosuu Xopowkos, Hatanis MNetpisHa [lepeBsaHKo

XopTuupbKa HaLioHaNbHA HaBYaNbHO-peabiniTaLiiHa akagemis
69017, Byn. Haykosoro Micteuka, 59, M. 3anopixks, YkpaiHa

AHoTauif. 3eneHi HacafXeHHs HafAKTb iIHAMBIAYANbHI, CBOEPIAHI PUCK Ta BiAirpalTb BaXKAUBY ponb Yy GOPMYBAHHI
cepenoBuLLa NPUBATHOI NPUCaAMOHOI AingHKW. ABTopamu cTaTtTi 6yno po3pobneHo NpoekT 61aroycTporo Ta 03eNeHeHHS
Npu1BaTHOI NpMcaanbHoi OiNsHKM 33 agpecoto Byn. I3mMainiBebka, 80, M. 3anopixoks. OLHWUM i3 OCHOBHMX MYHKTIB PObIT
6yno npoBefeHHs iIHBEHTapM3aLii iCHYIOUMX HACaaKeHb. BU3HauUeHO BULOBMIA CKNAf, AePeB i KYLLIB, AKi 3HaX04ATbCs
Ha TepuTOpii 03eNneHeHHs Ta bnaroycTpoto. Ha Teputopii npoekTyBaHHS HalbinbLy NAoLLy 3aMMa€e TPaB'AHUI NOKPUB
i ctaHoBUTbL 32,5 %, a HaliMeHWwa nnowa BifBeAeHa Nif AepeBHI HacamxeHHs — Bcboro 1,9 %. byne 36inbweHo
NAOLL Nif MOLWEHHAM | KBITHUKaMM 33 paXyHOK TEpUTOPIi, O He € 3aMHATO0 Y NPOEKTi peKOHCTPYKLii. Ha TepuTopii
NPOEKTYBaHHSA BiNbLLIiCTb AEPEBHMX POCIMH NOTPEBYHOTH TibKK 3aX0A4iB 3 GopMytoUoi 00pi3kM Ta € y LOBPOMY CTaHi.
3annaHoBaHo 06pi3ky 10 nepeB WOBKOBULI YOPHOI (Mdrus nigra L.), 3anvLuKu XMBONNOTY i3 BuploumMHK 3BMYaAlHOI
(nam. Ligustrum vulgdre) Ta no ogHoMy YarapHuky Tasonru BanrytTta (Spiraea x vanhouttei (Briot) Zabel.) i LUunwmHu
LUMTKOHOCHIM (Rosa corymbifera), iki BTpaTUIM CBOK LeKOPATUBHY NpUBAOIMBICTb. DOPMYBaHHS HAaCAKEHb Y JAHOMY
[OCNIAKEHHI MA€E HA METi CTBOPEHHS aKypaTHOI POPMU KPOH AepeEB | YarapHWKIB, WO HAJACTb iM reOMeTpUYHOI hopMMu.
[ng nekopatMBHOCTI 3anj1aHOBAHO TaKOX BMCaAKa Takux pocauH: Camwut BiyHo3eneHun (Buxus sempervirens var.),
MiBHukKn 6nasexbepi (Iris L. brazenberry), ®nokc Wunosuanui (Phlox subulata L.). Ha mingHui, Wwo po3TalioBaHa
Ha CXiA, Bif rocnoaapcbKoi Cnopyau, MPONOHYETLCS PO3OUTU KBITHUK LLiIKaBOi reOMeTpUYHOi GopMHu, iKa NMOBTOPIOE
BUMNISA LOPIKKK, 3 FPYHTOMNOKPOBHMUX | FAPHOKBITY4YMX POCMH. 3 NiBHIYHO-3aXiAHOI CTOPOHM LiNSHKM NepenbayvaeTbes
3MIHUTK ICHYIOUYMIA NapKaH Ha MOAYNbHY CTiHKY 3 rabioHiB, MpUKpUBLUYK ii BIOHKMM BMHOrpagoM. Konip enemeHTiB
TaKoro CTu/o Ma€e ByTM BUKOHAHO B XONOAHMX, CipUX TOHaX, 406pe NOEAHYETLCS BiNniA, CUHIN | GioneToBMi Konbopy.
Y pe3ynbTaTti 6ina anbTaHKW NNAHYETbCA 06NalITyBaTM AEKOPATUBHY BOAOMMY, KOHTYp aKOoi Byae 3a4eKopoBaHO
rNagk1UM KaMiHHSAM. YCIo iHLWY NioLy 3anponoHOBaHO BKPUTU PYIOHHMM ra3oHoM. B pesynbtaTi 6yne nigibpanumii
iHOMBIAYyaNnbHWIA Ta KPAaCMBUIA CTUb NaHAWA(THOrO AU3alHY ANS TepUTOpPii NPOEKTYBaHHS

KntouoBi c/10Ba: CT/Ib MOAEPH, 03eN1eHEHHSI TEPUTOPIT, NPUBATHA TEPUTOPIS, LOPIXKKK, NaBKa, GnaroycTpiv
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Abstract. Nowadays, an important aspect for achieving a high level of seed
production is the expansion of the range of high-quality seed material,
which disrupts the technological process of separation and increases its
costs. The purpose of the study is to analyse indented separator cylinders
for cleaning small-seed crops and develop an appropriate mechatronic
system for their control, the use of which would allow performing the
technological process of separation with lower specific operating costs and
higher productivity. The presented analysis of the technical support of the
process of separation of seed material of small-seeded crops indicates the
need to improve indented separator cylinders based on automated control
of their parameters using photo or video recording of the seed separation
with subsequent processing. It has been established that the determination
of formal performance indicators of an indented separator cylinder is not
trivial. Based on the results of the analysis, a design and technological
scheme of the mechatronic system of an indented separator cylinder has
been developed. The difference between the proposed system and the
conventional one is that the camera captures the trajectory of seeds. This
information is processed in the control unit, which in turn changes the
speed of rotation of the gear motor and, as a result, the drum with cells,
the angle of inclination of the tray, the angle of rotation of the flap with
the stepper motor of the hopper dispenser. These manipulations with the
operating parameters of the indented separator allow adjusting it to changes
in the seed mixture composition, thereby improving the quality and
productivity of separation. In addition, due to the automatic adjustment
of the operating parameters of the indented separator, the participation
of the operator in the separation process is practically not required, which
reduces labour costs
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INTRODUCTION

An important task of agro-industrial production remains
to increase the range of seed material to meet the
growing needs of farms of various forms of ownership.
When the level of seed production is reached, the load
on seed cleaning equipment increases, which leads to
a violation of the technology of its in-line post-harvest
processing [1].

The quality of seed material after processing is
largely determined by the compliance of technical means
of volume and rational technology of post-harvest seed
treatment [2]. Therefore, seed treatment in existing
production lines does not allow selecting high-quality
seeds without cost and ensure the efficiency of their
cleaning from impurities in length. In Ukrainian institu-
tions engaged in selection and seed work, grain sepa-
rators made more than 20 years ago are used as basic
machines for cleaning seeds of various agricultural crops
collected from research sites. Physically, the machines are
worn out and need to be upgraded.

There are a large number of technologies and
technical means of post-harvest seed processing and
preparation of seed material of small-seeded crops. The
most famous manufacturers of seed cleaning equipment
are Buhler Schmidt-Seeger, Denis Prive, NEUERO Farm-
und Fordertechnik GmbH, PETKUS Technologie GmbH
(Germany), Zanin F.lli s.r.l. (Spain), Westrup (Denmark),
Akyurek (Turkey). However, even the proposed integrated
approach, including the use of universal cleaning ma-
chines, does not allow systematising and developing
the technological basis for the processes of cleaning
and separating seeds of a number of oilseed varieties,
such as flax, mustard, rapeseed, ginger, sage, amaranth,
etc. [3]. One of the options for solving this problem is
to improve existing technical means for separation by
creating mechatronic systems for automated control of
their design and operating parameters.

Therefore, the purpose of the study is to analyse
seed separators for small-seeded crops and to develop
an appropriate mechatronic system for their control, the
use of which would allow performing the technological
process of separation with lower specific operating costs
and higher productivity.

THEORETICAL FOUNDATIONS OF THE
SORTING PROCESS

Seed sorting is an important step in the overall seed
processing. In the seed mixture collected from the fields,
there are such impurities as stems, leaves, mineral im-
purities, etc. In addition, the seed material contains:
low-quality seeds of other crops, broken and damaged
seeds of the main crop, weed seeds [4-6]. The quality
of seed material increases due to its processing by re-
moving impurities and excess moisture. Separation ma-
chines are based on physical differences in characteris-
tics that may exist between seeds of cultivated plants
and other undesirable particles. Seed sorting can be
considered as a subtask of separation and improving the
quality of seed material.

The result of separation depends on various in-
dividual physical properties of seeds [7]. Examples of
such physical characteristics are: size, length, weight,
shape, colour, etc. [8]. Conducting an overview of the
physical characteristics of various types of seeds is im-
portant for the further customisation of modern seed
cleaning machines [9; 10] and for the development of
new types of machines [11; 12]. Several such reviews were
published [13-15], the generalisation of which allowed
forming a modern technological line of processes for
separating seed material of small-seeded crops according
to their physical and mechanical characteristics (Fig. 1).
New methods for determining these characteristics con-
tinue to be developed [16].
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Figure 1. Modern technological line of oilseed separation
Source: [3]
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All methods of seed material separation can be
divided according to the corresponding physical and
mechanical properties of seeds [17-19]: according to
aerodynamic properties (in pneumatic columns and
other air channels); according to dimensional charac-
teristics (width and thickness - on sieves with round
and rectangular holes, length — on indented separators);
according to density or bulk volume (on pneumatic ta-
bles, pneumatic vibratory separators) [20-22]; according
to surface properties and shape (on slides, friction sep-
arators); according to elasticity (on reflective sorting
tables); according to electrophysical properties (in di-
electric separators, separators in the corona discharge
field); by colour (colour sorting machines) [23-25].

There are some preliminary studies in the field of
mechanical seed separation and optimisation. For ex-
ample, [26] investigated the improvement of the win-
nower and rice cleaning machine to reduce the amount
of impurities and the loss of viable seeds.A prototype win-
nower and regression models were developed, through
which the researchers drew conclusions about the choice
of basic parameters such as air velocity, humidity,and feed
rate. Other researchers [27] developed a mathematical
model of cleaning efficiency in a stationary thresher.
The model applies the principles of dimensional analysis
as a theoretical basis. Dimensional analysis was also used
in [28] for mathematical modelling of the cleaning process
on flat sieves.

In [29], a hybrid intelligent approach was used to
control pneumatic separators to obtain the most optimal
result, including the use of an artificial neural network
and genetic algorithms. A pneumatic separator was de-
veloped [30] and analysed using crushed mixtures of
three lupine varieties. The researchers identified cor-
relations between the parameters of the separation pro-
cess and its efficiency. Automated modelling and con-
trol of post-harvest aspects have also been studied for
seed drying and sorting systems [31]. Recently, there has
been interest in the use of artificial intelligence methods
to control such processes.

A cylinder with cells is used to sort or improve
the quality of seeds using length as the main distin-
guishing feature. The cellular cylinder divides the seed
mass into 2 fractions: “long” seeds and “short” seeds.
There are also other seed sorting machines. The next
machine used after the cylindrical separator is the
gravity separator. This device separates seeds based on
their weight. It is necessary that the seeds are relatively
uniform in physical characteristics or length - any that
a cylinder with cells can capture. The researchers [32]
modelled the granular flow on the gravity separator table.
Particle motion was modelled as a stochastic process [33].
In further analysis, the researchers [32] used digital im-
aging technologies and computer scanning (or image
analysis) techniques as a mechanism for the empirical
sampling of some of the corresponding initial cellular
cylinder variables.

Aliiev and Lupko

Work in related fields such as artificial intelligence
and object recognition has been carried out for at least
60 years, starting with the invention of the first digital
computers. Since then, these areas have developed and
a large number of studies are being conducted in these
areas. Over time, they gave rise to the field of computer
scanning - an area of research aimed at developing
methods for extracting visual information encoded by
pixels of a digital image. The goal is to obtain digital or
symbolic information necessary for decision-making [34;
35]. Both the main and applied discipline of computer
science, this branch relies heavily on methods of geom-
etry, statistics, physics, learning theory, etc., to obtain
visual information from data stored in pixels [36; 37].

Automation and optimisation of seed validation and
classification using computer scanning/image analysis
remain important, especially for non-invasive seed ger-
mination testing [38]. Recently, the line of equipment for
seed sorting has been supplemented with the use of a
simple form of image analysis - colour division. Such a
machine classifies certain types of seeds based on their
colour using various sensors. Seed sorting machines are
used at the end of the machining process [39; 40].

Classifying non-moving seeds is usually seen as a
simple object recognition task.Researchers [41] addressed
the problem of seed crops classification, focusing on
various characteristics and categorisers. The artificial
neural network (ANN) was one of the categorisers used.
Discriminant analysis and k-nearest neighbour (k-NN)
were used in the control (controlled) classification. A
fairly popular and generally successful approach with
controlled ANN was used to assess wheat quality [42].
Studies [43] have taken a very careful approach to the
assessment of the quality and classification of barley
seeds. The method used estimates of placement, ori-
entation, direction, and surface structure of individual
barley grains.

The studies mentioned so far are united by the
fact that they do not deal with the actual physical sep-
aration of seeds. Instead, the studies were focused on
the task of analysing images to classify seeds that were
statically placed in front of the camera. The main focus
was on developing new sorting machines - usually based
on colour separation as a reference. An automatic seed
sorting system based on machine scanning for auto-
mated classification of red and white wheat seeds was
developed in [44]. The system was capable of processing
15 seeds per second with a classification coefficient of
more than 92%. A similar system was developed [45]
for testing wheat and other grain crops. The system was
capable of processing 30 seeds per second with an ac-
curacy of 95 to 99%. The experiment was conducted using
red and white wheat grains.

The study [46] developed another low-cost im-
age-based sorting device capable of processing 75 seeds
per second. Minor colour deviations and small defects in
the seed surface were the main criteria for classification.

Scientific Horizons, 2021, Vol. 24, No. 3
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An interesting innovation in seed sorting was a device
patented in [47]. The idea that became the basis of this
invention is a pellet sorting machine, which is based on
the performance characteristics of an indented cylinder
separator.

The presented analysis indicates the need to im-
prove indented separators based on automated control
of its parameters using photo or video recording of the
seed separation process with subsequent processing.

SEPARATION OF SEEDS ON INDENTED
SEPARATORS

The length of the seed is used as an excellent physical
characteristic in the cellular cylinder. As a rule, the seed
material sent to the machine is divided into 2 groups:
long seeds and short seeds. Cellular cylindrical machines
are known as an indented separators. They sort seeds
by length.

Figure 2 is a graphical representation of the perfect

separation process in a cellular cylinder along the length.
At the top is a graph of two normal distributions with
different mean and standard deviations. These are ex-
amples of possible distribution of seeds by length in
the input mixture. A circle in the centre represents a
cellular cylinder. The cleaning process depends on sev-
eral parameters: seed mix, machine settings, and inter-
ference that can and cannot be measured (controlled
and uncontrolled). The input mixture is two-component -
long (1) and short (2) seeds. The last 2 graphs show two
separate divisions of long and short seeds into sepa-
rate components. The scenario shown in Figure 2 is very
simplified and can be considered unrealistic. The sepa-
ration of input material by length in most cases cannot
be statistically modelled as an ideal two-component
mixture of long and short seeds. A more realistic way to
statistically model the separation of the source material
by length is to use the separation of a mixture of normal
random variables with the corresponding mixture density.
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Figure 2. Conceptual model of the operation of indented grain separator

Source: compiled by the authors based on [18]

The working body of a cylindrical cellular separator
is an inclined steel cylinder with cells of a certain shape
and size. These cells are tightly located on the inner
surface of the cylinder. Such a cylinder is usually made
of a steel sheet that has indentations on the surface.

The cylinders have recesses with identical geo-
metric dimensions or close to those shown in Figure 3.
An overview of the principle of operation of an indented
cylinder separator is shown in Figure 4. While the cyl-
inder rotates at a constant speed, the seed enters the
cylinder continuously from the raised end (for example,
using a vibrating feeder). The seed falls to the bottom
of the cylinder, where a layer of seeds is subsequently
formed. The input material consists of seeds and other

Scientific Horizons, 2021, Vol. 24, No. 3

large components that do not fit in cells. In this case,
they are affected by friction with the surface of the cyl-
inder between the cells. Alternatively, they can fit, but
due to their longer length, the centre of gravity will not
be in the cells. These two scenarios usually result in a
low level of rest during rotation. Other seeds and other
small fractions (dust, broken seeds) are quite small and
do not fit in cells (where they will remain dormant for
some time before falling out of the cells). This is es-
pecially relevant for seeds with a length equal to or
less than the depth of the cell. The centre of gravity
of such seeds is usually located inside the cells, which
means that the seed is securely fixed in the cell during
rotation.
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Figure 3. Geometry and photos of stamped drop-shaped cells on the inner surface of the cylinder: a - geometry
of stamped drop-shaped cells on the inner surface of the cylinder; b — photo of drop-shaped cells

Source: [48]
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Figure 4. Cylinder with cells, front view (the superimposed graph shows the angles of long and short seeds at which
seeds fall out of the cylinder cells along a parabolic trajectory)

Source: [48]

The next two fractions of material are formed

during continuous rotation of the cylinder.“Unreclaimed”

fraction - a fraction of a material with low support at
rest in a cell during rotation. Seeds in this fraction are
transferred in the direction of rotation of the cylinder
and fall out of the cell at a certain angle. This part of the

source data is called the unselected fraction. “Raised”

fraction - a fraction of a material with high support at

rest during rotation. During rotation, the seeds are in
the cells up to a certain departure angle, after reaching
which the seeds fall out of the cells. This fraction is
called raised. Usually, due to the difference in support
atrest ®  lessthan @, .Hence the name ‘raised”and
“not raised”. This expected physical phenomenon is re-
ferred to as the “lifting phenomenon”.

The cellular cylinder is also equipped with a

Scientific Horizons, 2021, Vol. 24, No. 3
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collection hopper mounted on the axial support of the
cylinder. This prefab hopper is adjustable and has a hor-
izontal working angle. Particles of the “raised” fraction
from the inner surface of the cylinder fall out and enter
the collection hopper, provided that its working angle
has been correctly adjusted for this purpose. These trapped
particles, classified as “short” seeds, are transferred and
removed from the total mass. Particles of the “unoccu-
pied” fraction do not enter the collection hopper. These
particles, classified as “long” seeds, fall to the bottom of
the cylinder and exit the inclined cylinder through the
lower end.

An important point is the difference between
partitioning and sorting processes. Separation process -
separation by length performed by rotating a cell cyl-
inder. The sorting process is the result of the collection
hopper capturing the raised fraction and passing the
unoccupied fraction. The inner surface of the cell cylin-
der is an important part of the machine, and this part
is responsible for the actual separation of the “raised”
and “not raised” fractions. Thus, the separation efficiency
does not depend on the existing collection hopper, which
acts as a form of adjustable memory of the inner surface
of the cylinder. The ability to sort, on the other hand,
depends on the collection hopper, because without it,

the efficiency of separation quickly “disappears”.

To make a conclusion about the correct separation
of “long” and “short” seeds, it is necessary to know the
actual data of the source material. In other words, the
equipment operator needs to know what the sorting re-
sult should be. For example, if the source material con-
sisted of a mixture of whole and broken barley grains,
the operator expects the broken grain in the short
fraction, and the whole grain in the long fraction. De-
termining the formal performance indicators of a cylin-
drical cellular separator is not trivial. The optimal sorting
result can be one that has a minimum “overlap” of the
seed distribution between the two initial subgroups in
the source material. This can be considered as a form of
‘optimality criterion” for a cell cylinder. “Overlap” can
be defined as the number of short seeds that fall into
the long ones, plus the number of long seeds that fall
into the short ones.

INDUSTRIAL SEED CLEANING EQUIPMENT

The cell cylinder is available in two different scales: (1)
industrial scale and (2) laboratory scale. Among indus-
trial cylinder separators, the most famous are the BTS,
BTHM brands and modern separators of the Westrup A/S,
TR series (Fig. 5, 6).

Figure 5. Industrial cellular cylinder separator (Westrup A/S, TR series) with or without doors

Source: [48]

Figure 6. Laboratory cellular cylinder separator (Westrup La-T model)

Source: [48]
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The disadvantages of cylindrical separators are
low efficiency because they require special settings for
the optimal mode of its operation for cleaning seeds of
various crops, the frequency of vibrations of the separa-
tor chute, and when the frequency of oscillation of the
chute decreases, its transport capacity decreases or is
completely suspended. Therefore, such a separator can-
not be used for cleaning complex seed mixtures, which
must be separated using small revolutions of the cyl-
inder. Another disadvantage is the short service life of
the drive and support rollers assembled in the form of
packages of flat rubberised disks.As a result of the wear
of the contact surfaces of the rollers, the smoothness of
the separators is disrupted, which causes vibration and
reduces the separation efficiency. Another significant
disadvantage of indented cylinder separators is the high
power and, as a result, high energy consumption.

To eliminate the shortcomings of indented cyl-
inder separators, researchers from different countries
conducted a large number of studies. In [49], relatively
simple models of seed movement in a cell cylinder are
presented. In these models, the seed is modelled as a
dimensionless body. In addition, the simulation is per-
formed only in two dimensions - provided that the
movement of the seed is limited by a plane perpendicular
to the axis of rotation of the cylinder. Two main options
are usually used: diagrams of the forces acting on the
seed between the cells and inside the cell. The active
element of the cells is simplified to a small area of a
more inclined surface. The event when the seed leaves
the surface or cell is expressed by trivial equivalents of
forces, including frictional forces and normal pressure
forces (depending on the speed of rotation of the cylinder
W and the acceleration of gravity g).

In [49] a more complex model is also presented
for long and short seeds inside the cell. This model takes
into account the fulcrum points in the cell, which would
be different for each seed type. These models give defi-
nitions for ©_ ~and ©, . Moreover, given that they
depend on specific biological parameters (seed length,
coefficient of friction, humidity, etc.), it is likely that the
ranges 6, and 8, intersect, which makes it difficult to
completely separate. Observation, identification of the
system, and modelling of existing seed sorting devices,
such as the cellular cylinder separator, using state-of-
the-art technologies such as computer scanning and
other computer technologies, received some attention
in later years, although to a limited extent.

The basics of modern literature on the analysis
of indented cylinder separators are presented in the
following papers: in [50], the author contributed to an
early and important analysis of perhaps the most complex
and least understood parameter of a cylinder cell - the
analysis of cylindrical cells (described as cells in the
work). H. Fouad provided recommendations on the most
optimal ranges of cell shape parameters.

In [51], the researcher continued to improve the
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cellular cylinder separator. A new cellular device (on a
laboratory scale) equipped with perforated metal with
round cells has been developed. The new model was
equipped with a self-cleaning device in the form of a
brush that rotated together with the cylinder and re-
moved seeds that remained in the cells. The conclusions
mention that the separation was mainly affected by the
speed of rotation of the cylinder W, the tilt of the cyl-
inder, and the working angle of the collection hopper.

In [52], the researchers made some interesting
and early attempts to achieve a reproducible set of rules
(“decision support system”) for length separation using
a cylindrical cellular separator (scalable in the labora-
tory). Three different rotation speeds W, three different
working diameters of cells d (here called “pockets” in-
stead of “cells”), and three different working angles of
the collection hopper A (Alpha) were used. As a result,
27 experiments were conducted. Stevens' early computer
analysis system was used to measure the length of
pre-peeled wheat. The authors concluded that all three
parameters had a significant effect on seed length sep-
aration in the raised fraction (“short” seed) and did not
significantly affect seed length separation in the unoc-
cupied (“long” seed) fraction.

In [53], a cellular cylinder separator (scaled in the
laboratory) was used to find optimal working condi-
tions for removing broken rice. 41 different rice grades,
three different indentation diameters r, and three dif-
ferent settings for the working angle of the collection
hopper A (Alpha) were used (the rotation speed W did
not change). The study was summarised by providing
recommendations on the working cell diameter for dif-
ferent rice varieties. An overview of important mechanical
laws regulating the movement of long and short seeds
in a cylinder with cells is presented in [54].

The study [55] is extremely relevant and contains
several important conclusions. A high-speed camera was
installed in front of a laboratory-scaled cylinder with
cells. The use of variables from the cells themselves is
applied to construct a physical model used to simu-
late the angle of incidence and parabolic trajectories
of short seeds (impurities). A good correlation between
the model and reality is shown, and this is despite simpli-
fying assumptions in the mathematical model, such as
using point masses and neglecting any seed resistance
forces.

Since researchers delved upon universal cleaning
machines, and the studies in the field of cleaning var-
ious varieties of seeds of small-seeded crops were not
conducted, the urgent task remains to improve existing
technical means for separation by creating mechatronic
systems for automated control of their design and regime
parameters.

To solve this problem, a design and technological
scheme of the mechatronic system of an indented separa-
tor is proposed (Fig. 7), which consists of a frame (1) in
which supporting rollers (2) are installed. A drum with
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cells (3) is installed in the middle of the frame on roll-
ers. On the frame (1) on the rear part, a gear motor (4)
is installed, the shaft of which touches the drum with
cells (3) through the drive roller (5).In the middle of the
drum with cells (3), a tray (6) is installed, which is fixed
to the frame (1) at a horizontal angle with the ability
to rotate around its axis. The rear part of the tray (6) is
attached to the shaft of the stepper motor (7), which
is rigidly mounted on the frame (1). On the frame (1)
on the rear part there is a hopper dispenser (8), which
dispenses the seed mixture using a flap with a stepper

6 3 z

motor (9). On the frame (1) on the front part, a larger
seed intake (10) is installed under the drum with cells (3),
and a smaller seed intake (11) is installed under the
tray (6). A camera (12) is installed on the front of the
tray (6), the lens of which is directed to the middle of
the drum with cells (3). The control unit (13) is attached
to the frame (1). A gear motor (4), a stepper motor (7),
a damper stepper motor (9) and a camera (12) are con-
nected to the control unit (13) by means of electrical
wires (14).

Figure 7. Design and technological scheme of the mechatronic system of an indented cylinder separator:
1 - frame; 2 - supporting rollers; 3 - drum with cells; 4 - gear motor; 5 - drive roller; 6 - tray; 7 - stepper motor;
8 - hopper dispenser; 9 - flap with stepper motor; 10 - larger seed intake; 11 - smaller seed intake;
12 - camera; 13 - control unit; 14 - electrical wires

Source: [2]

The difference between the proposed mecha-
tronic indented separator system and the conventional
one is that the camera (12) captures the trajectory of
seeds (Fig. 8).This information is processed in the control
unit, which in turn changes the speed of rotation of the
gear motor (4) and, as a result, the drum with cells (3),
the angle of inclination of the tray (6), the angle of rota-
tion of the flap with the stepper motor (9) of the hopper
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dispenser (8). These manipulations with the operating
parameters of an indented separator allow adjusting
it to changes in the composition of the seed mixture,
thereby improving the quality of separation. In addition,
due to the automatic adjustment of the operating pa-
rameters of the indented separator, the participation of
the operator in the separation process is practically not
required, which reduces labour costs.
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Figure 8. Photo recording of the seed trajectory of mechatronic indented separator system

Source: [48]

CONCLUSIONS

The presented analysis of the technical support of the
process of separation of seed material of small-seeded
crops indicates the need to improve indented separators
based on automated control of its parameters using photo
or video recording of the separation of seed material with
subsequent processing. It has been established that the
determination of formal performance indicators of an
indented separator cylinder is not trivial. The optimal

sorting result can be one that has a minimum “overlap”

of the seed distribution between the two initial sub-
groups in the source material. This can be considered as

a form of “optimality criterion” for a cell cylinder. “Overlap”

can be defined as the number of short seeds that fall into
the long cells, plus the number of long seeds that fall
into the short cells.

Based on the results of the analysis, a design and

technological scheme of the mechatronic system of an
indented separator has been developed. The difference
between the proposed system and the conventional
one is that the camera captures the trajectory of seeds.
This information is processed in the control unit, which
in turn changes the speed of rotation of the gear motor
and, as a result, the drum with cells, the angle of incli-
nation of the tray, the angle of rotation of the flap with
the stepper motor of the hopper dispenser. These manip-
ulations with the operating parameters of an indented
separator allow adjusting it to changes in the composition
of the seed mixture, thereby improving the quality of sep-
aration. In addition, due to the automatic adjustment of
the operating parameters of the indented separator, the
participation of the operator in the separation process is
practically not required, which reduces labour costs.
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MepeayMoBU CTBOPEHHSI MEXAaTPOHHOI CUCTEMMU TPIEPHUX cenapaTopiB HaciHHEBOro
MaTepiany Api6HOHACIHHEBUX KyNbTyp

EnbunH baxtusap ornm Anies?, Kpuctuna OnerisHa Jlynko?

HHcTUTYT onifiHKMX KynbTyp HauioHanbHOi akageMii arapHux Hayk YkpaiHu
69093, Byn. IHCTUTYTCBKA, 1, €. COHsiYHE, 3anopi3bKuit p-H, 3anopi3bka 0671., YKpaiHa

2[IHINPOBCbKMI fepXXaBHWUIA arpapHO-EKOHOMIYHWUIA YHiBEpCUTET
49600, syn. Cepria €dppemosa, 25, M. [IHinpo, YkpaiHa

AHoTauif. B ymMoBax CborofeHHs BaXX/IMBWMM aCMeKTOM A/ AOCATHEHHS BMCOKOrO PiBHS BMPOOHMLTBA HaCiHHA
3a/IMLLIAETLCS PO3LUMPEHHS ACOPTUMEHTY SKICHOrO HACiHHEBOrO MaTtepiany, 3aBASKM YOMY MOPYLLYETLCS TEXHONOMYHMA
npouec cenapauii, 3pocTaloTb BUTpaTU. MeTo A0ChifKeHb € aHani3 HAaCiIHHEOYMCHUX TPIEPHMX cenapaTopis
LNS OYMLLEHHS APiIOHOHACIHHEBMX KYNbTYp i po3pobka BiAMOBIAHOI MEXAaTPOHHOI CUCTEMM iX KepyBaHHS, 3aBOSKM
3aCTOCYBaHHIO $KOi TEeXHOMOriYHMI npouec cenapauii Oyae XapakTepusyBaTUCS 3HWXKEHMMM MUTOMUMM
eKCcnayaTaliiHMMK BUTpaTaMm i Binblu BUCOKOK NPOAYKTUBHICTHO. [peacTaBieHunii aHanis TexHiYHOro 3abesneyeHHs
npouecy cenapadii HaCiHHEBOro MaTepiany ApiOHOHACIHHEBUX KYNbTYp AAE€ 3MOry CTBEPIXKYBATM NP0 HEOOXiAHICTb
YAOCKOHaNEeHHs TPIEPHMX cenapaTtopis 6a3youncb Ha aBTOMATUM30BAHOMY KEPYBAHHI iX NapaMeTpaMu 3 BUKOPUCTAHHAM
doto- abo BigeodikcaLii npouecy cenapauii HaCiHHEBOro MaTepiany i3 noganbLio 06pobkoto. BctaHoBNEHO, WO
BM3HaYeHH: GOpPManbHMUX NOKA3HMKIB NMPOAYKTUBHOCTI LMAIHAPUYHOIO YapyHKOBOIO TpiEpa He € TpMBiaibHUM. 3a
pe3ynsTaTaMu aHanisy po3pobaeHo KOHCTPYKTUBHO-TEXHOOTUHY CXEMY MEXATPOHHOI CUCTEMM TPIEPHOTO cenaparopa.
BigMiHHICTb 3anpomnoHOBaHOI cuCTeMM Bif, TpaAMLUiMHOI mongarae B TOMy, Wo ¢otokamepa GikCye TpPAEKTOPIt0
NonbOTy HaCiHUH. Lia iHbopmMauis 06pobnseTbcs B 610U KepYBAHHS, IKMIA Y CBOKD Yepry 3MiHIOE YacToTy 0b6epTaHHS
MOTOp-pefyKTopa i fK Hacnigok 6apabaHa i3 YapyHKaMu, KyT Haxuay N0TKa, KYT NOBOPOTY 3aC/iHKM i3 KPOKOBWM
[BUrYHOM OyHKepa-fo3atopa. aHi MaHinynauii i3 peXxMuMHUMM napameTpaMu TPIEPHOrO cenapaTtopa L03BONSKTH
NignawToByBaTM MOro A0 3MiHM CKMady HACiHHEBOI CyMili, TUM CaMUM MiABULLYIOYM AKICTb | NMPOAYKTUBHICTb
cenapauii. OKpiM Uboro, Yepes aBTOMaTUYHE NiANALUTYBAHHS PEXUMHUX NapaMeTpiB TPIEPHOro cenapaTtopa, y4acTb
onepaTtopa YCTaHOBKM B NpoLeCi cenapauii MpakTUYHO HIBENHOETLCS, WO 3MEHLLYE TPYAOBI BUTPATH

KntouoBi cnoBa: HacCiHHS, Tpi€Ep, KEpyBaHHS, aBTOMATU3aL,iq, NApaMeTpu, PeXUMu
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Abstract. The relevance of the study is conditioned by the need to develop
and implement technological solutions for processing food and garden
waste into compost. The purpose of this study is to investigate the methods
of obtaining compost from the organic component of household waste
and analyse composts for compliance with the requirements for their
use as fertilisers. Theoretical research on the issues of the application
of an organic component of a firm household waste as a raw material
for compost production is carried out. According to statistical information
on the accumulation of household waste in Ukraine, the amount of food
and garden waste in the regions of Ukraine has been calculated. Modern
methods of industrial processing of food and garden waste into compost
are analysed, and the most effective technology from the standpoint
of ecology and energy saving is determined. Data on the influence of
composted digestate on crop yields are given. Composts were analysed
for compliance with the requirements for their use as fertilisers The data
show that the difference between the content of heavy metals in the
composted digestate and compost from food waste is not significant and
both composts meet the German quality requirements of compost. Data on
the influence of composted digestate from food waste on the growth of
winter grain yields are given. It has been found that the use of composts
can supplement conventional mineral fertilisers in crop cultivation. The
practical significance of the study is to determine the prospects of obtaining
fertiliser from the organic component of solid waste and to determine its
effectiveness when applied to the soil

Keywords: mineral fertilisers, composting, digestate, food and garden waste
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INTRODUCTION

In Ukraine, the problem of environmental pollution by
household and industrial waste has become acute. In
this regard, the Cabinet of Ministers in 2017 approved
the National Waste Management Strategy until 2030.
The strategy is aimed at solving problems in the field
of waste management [1].

Biodegradable waste is not allowed to be dis-
posed of in landfills in accordance with the EU Waste
Management directive [2] and Directive 1999/31/EC on
waste disposal [3]. It can be recycled using controlled
biotechnological processes that partially or completely
transform substances. One way to recycle biodegradable
waste is to compost it. This strategy suggests processing
the organic component of household waste by compost-
ing. This applies to waste from private households. This
method requires a significant size of the land plot and
it is a long, time-consuming process. The strategy pro-
vides for an increase in the volume of waste sent for re-
cycling by up to 50% and the development of an action
plan to reduce the volume of disposal of biodegradable
household waste. The study suggests that measures
aimed at reducing the volume of disposal of biodegrad-
able household waste and increasing the volume of
waste sent for processing should include: separate col-
lection of solid household waste (SHW); commissioning
of waste sorting lines; introduction of projects for bio-
logical processing of mixed household waste.

The organic component of solid household waste
is a high-energy raw material for the production of bio-
gas. For example, the theoretical yield of biogas from a
tonne of kitchen waste is 180-200 m>. For comparison,
the theoretical yield of biogas from a tonne of solid
household waste is 100 m?, from a tonne of cattle ma-
nure - from 50 to 70 m?, from a tonne of a mixture of
manure and plant biomass - up to 150 m?® [4]. One of
the methods of energy utilisation of the organic part
of solid waste is the technology of solid-phase methane
fermentation (SMF). SMF is the process of recycling
organic waste, the humidity of which does not exceed
80% and allows obtaining biogas, liquid fertilisers, and
compost.

The Department of Renewable Organic Energy
Carriers of IRE NASU deals with issues related to the
production of biogas from various organic substrates,
including the organic component of household waste.
When obtaining biogas from household waste, after
press separation of the fermented mass, digestate is
formed, the solid fraction of which can be composted
and used as fertilisers. Admittedly, compost from the or-
ganic component of household waste can be obtained
by other methods. Therefore, the task is to analyse var-
ious methods of processing the organic component of
household waste into compost.

Organic fertilisers consist of components of ani-
mal and plant origin,during the decomposition of which
minerals are formed. Organic fertilisers contain plant
nutrition elements in the form of organic compounds.
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Organic fertilisers include peat, manure, bird droppings,
straw, and various types of compost. One of the sources
of raw materials for the production of such fertilisers
can be individual organic components extracted from
solid household waste (SHW) and processed into compost.
These organic components include food and garden
waste (leaves of trees and shrubs, mown grass). Therefore,
the task is to analyse compost for compliance with the
requirements for their use as fertilisers.

In recent years, many research papers have been
published that reflect the issues of obtaining compost
from the organic component of household waste. Suc-
cessful attempts to present the problems and possibili-
ties of this direction are presented in [5-7]. 0. Sagdeeva
investigated composting of a mixture of food, agricultural
and garden waste in an aerobic reactor depending on
microbiological additives to accelerate this process [8].
M. Tereshchuk determined the energy parameters of the
bio-raw material conversion process in a drum-type re-
actor [9].Y.Xu reported on the need for pretreatment of
household waste before its conversion to compost [10].

The principles of operation of well-known tech-
nologies of solid-phase methane fermentation of house-
hold waste are covered in [11]. Anaerobic technology
of fermentation of several types of organic waste is
considered in [12]. C. Yirong investigated the effect of
ammonium on the fermentation of food waste [13].
L. Wilson investigated the process of fermentation of
waste, for which the dry matter in the substrate starts
from 40%. The author proposed using a hydrolysis reactor
and recirculation of the liquid fraction of the fermented
mass to accelerate the fermentation process [14].
A. Shewani was engaged in optimising the fermentation
of solid waste by recycling percolate [15]. D. Pezzolla
investigated the effect of Percolate recycling frequency
on biogas vyield [16]. The paper [17] presents Chinese
technologies for waste fermentation.

KYIV Logan provides methods for processing di-
gestate after anaerobic digestion of household waste [18].
KYIV Reilly highlights the suitability of digestate after
fermentation of food waste for application to agricul-
tural land as an organic fertiliser [19]. In France, there
is a standard for the quality of organic additives NFU
44051, which in particular regulates the indicators of
compost obtained from the organic component of solid
waste [20]. Study on the processing of the organic com-
ponent of solid household waste into compost helps to
better understand the possibilities and future prospects
for obtaining and using organic fertilisers from this raw
material.

The purpose of the study is to investigate methods
for obtaining compost from the organic component of
household waste and to analyse compost for compliance
with the requirements for their use as fertilisers. For
the furtherance of this goal, the following tasks were
set: to estimate the amount of food and garden waste
by regions of Ukraine; to investigate various methods of
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processing the organic components of household waste — study of industrial technologies of solid-phase
into compost; to analyse composts for compliance with  methane generation from solid household waste, which
the requirements for their use as fertilisers. are now the most common in the world, is reflected;

— data on the use of composted digestate from food
MATERIALS AND METHODS waste as fertiliser are provided;
The research materials for this paper are fundamental — composted digestate obtained from the organic
and applied studies of Ukrainian and foreign authors  component of household waste is compared with compost
on the problem of recycling the organic component of obtained by the conventional method from the same
solid waste into compost. The solution of the tasks set  waste for the content of heavy metals in them;
in the study was carried out using well-known scientific — the indicators of composted digestates obtained
theoretical methods: critical analysis, systematisation by anaerobic digestion of the organic fraction of house-
and generalisation of results. To search for scientific  hold waste according to the requirements of standards
information, the method of obtaining a finished in-  of different countries are considered.
formation product was applied. A detailed review of a To estimate the amount of food and garden waste
number of research papers was carried out, from which  in the regions of Ukraine, statistical data were used
the most informative works were selected for further according to the official website of the State Statistics
use as research material. The selection criteria were  of Ukraine for various regions of Ukraine. To check the
the degree of study and completeness of the presen- completeness of the selection of sources of scientific
tation of questions about the possibility of using the information and its ordering, the method of systemati-
organic component of solid waste as a raw material for ~ sation was used, and for its versatile assessment - the
compost production. At the same time, research papers  method of critical analysis, which analysed the scientific
were considered in which: and practical achievements of specialists in obtaining
— information on the component composition of food = compost from the household waste and its use to improve
and garden waste is provided, and factors affecting this  soils.

composition are revealed;
— studies related to the problem of obtaining organic RESULTS AND DISCUSSION

fertilisers using various technologies for composting  Estimation of the amount of food and garden waste
food and garden waste are reflected; Food waste includes food products that have completely
— technologies of industrial processing of food and  or partially lost their consumer properties during their
garden waste into compost (composting and anaerobic  production, processing, use, or storage. They are formed
fermentation in bioreactors), and the main advantages in the residential sector and in public institutions. These
and disadvantages of these technologies are revealed;  also include food industry waste. In terms of the volume
— alternative methods of solid waste processing are  of food waste accumulation, then its significant share
given, and the basics of anaerobic decomposition of  falls on households, retail chains, and the hospitality

organic matter are described; business.

— the energy parameters of the bio raw material The study provides brief reference material
conversion process in a closed fermentation chamber on the properties of the organic component of solid
are investigated; household waste. Food waste consists of food residues

— the issues of anaerobic digestion of several types after cooking (the non-edible part of food products)
of organic waste are considered and the need for pre- and spoiled products. Figure 1 shows a histogram of
treatment of raw materials before their conversion into  the distribution of food waste components (a range of

compost is considered; values is taken) [21].
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Figure 1. Distribution of food waste components
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According to the data of [22; 23] and based on
statistical information on the accumulation of house-
hold waste in Ukraine for 2019 [24], the amount of food
and garden waste in the regions of Ukraine is estimated.
According to the State Statistics of Ukraine, approxi-
mately 11.5-11.9 million tonnes of solid waste are gen-
erated in Ukraine annually. The total content of garden
and park waste in their composition is approximately

15% [23]. As for food waste, according to the Food and
Agriculture Organisation of the United Nations and the
All-Ukrainian Environmental League, which conducted
a joint assessment of its accumulation, the amount of this
waste in Ukraine ranges from 20 to 55% of all SHW [22],
or an average of 38%. Based on this, the amount of food
and garden waste in the regions of Ukraine was estimated,
which is shown in Table 1.

Table 1. Amount of food and garden waste by regions of Ukraine, thousand tonnes

Amount of waste, thous. tons

Regions of Ukraine and Total,

No- Kyiv city Food waste Garden and park waste thous. tons
1. Vinnytska Oblast 99 39 138
2. Volynska Oblast 66 26 92
3. Dnipropetrovska Oblast 476 188 664
4. Donetska Oblast 270 107 377
5. Zhytomyrska Oblast 88 35 123
6. Zakarpatska Oblast 122 48 170
7. Zaporizka Oblast 182 72 254
8. Ivano-Frankivska Oblast 104 41 145
9. Kyivska Oblast 469 185 654
10. Kropyvnytska Oblast 80 32 112
11. Luhanska Oblast 57 23. 80
12. Lvivska Oblast 180 71 251
13. Mykolayivska Oblast 127 50 177
14. Odeska Oblast 256 101 357
15. Poltavska Oblast 128 51 179
16. Rivnenska Oblast 80 32 112
17. Sumska Oblast 108 43 151
18. Ternopilska Oblast 55 22 77
19. Kharkivska Oblast 513 202 715
20. Khersonska Oblast 25 10 35
21. Khmelnytska Oblast 87 35 122
22. Cherkaska Oblast 109 43 152
23. Chernivetska Oblast 111 44 155
24. Chernihivska Oblast 145 57 202
25. Kyiv city 545 215 760

Total 997 394 1391

Source: calculated by the authors based on data from the State Statistics of Ukraine on the accumulation of household waste
by regions [24],and data on the percentage of food waste (38%) and garden and park waste in their composition (15%) [22; 23]

As can be seen from the table, the largest amount
of food and garden waste was generated in the Kharkivska,
Dnipropetrovska, Kyivska oblasts and in Kyiv. The con-
tent of food and garden waste in solid waste tends to
be unstable and is directly related to the season of the

year and the geographical location of the area where
this waste accumulates [25].

Based on the above reference material on the
properties of the organic component of solid house-
hold waste, the amount of food and garden waste was
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estimated in the regions of Ukraine, which allows de-
termining the possibility of their use for the production
of organic fertiliser and biogas both at the state and
regional levels.

Analysis of methods for processing the organic
component of household waste into compost

The practice of composting in agriculture goes back a
long time. As early as 4,500 years ago, Mesopotamians
used compost to improve soil fertility and increase crop
yields, which was reflected in their first cuneiform texts.
Composting was known to the Mayan civilisation, the
ancient Egyptians, Romans, and Greeks. In the middle
of the 20™ century, mineral fertilisers took the place of
compost. However, in private households, waste com-
posting is actively used to this day. Preparations for
optimising conditions and speeding up the process in
compost pits became marketable. For example, the use
of the EM preparation “Baikal” accelerates composting
and produces high-quality compost in six weeks [6].

Composting is also widespread in urban house-
holds using microorganisms such as bokashi [7]. Not so
long ago, a useful invention appeared in stores - a com-
post container, inside which the necessary temperature
regime is maintained. With the help of this invention,
residents of villages and summer residents have the
opportunity to make their own compost.

Nowadays, research is underway in the field of
accelerating the processes of industrial composting of
household waste. Thus, in [8], information is provided
that the introduction of a bacterial complex acceler-
ates the composting process of the organic household
waste by 3.3 times under thermophilic conditions and
by 2.1 times under mesophilic conditions of the com-
posting process.

In Ukraine, there are a number of companies that
produce compost based on manure, bird droppings, peat,
sapropel, etc. Unfortunately, the production of compost
on an industrial scale based on the organic component
of household waste has not become widespread. At the
beginning of 2020, the first city composting station for
organic waste was launched in Lviv. This station processes
food and garden waste into compost. During 2020, more
than 2,500 tonnes of waste were processed [26]. The
produced compost can be purchased by residents for the
needs of their farms and agricultural enterprises.

The use of the organic solid household waste
(SHW) for compost production would help to reduce the
volume of landfills, reduce greenhouse gas emissions
from them, prevent the formation of smog, and, as a
result, preserve public health. Methods of industrial
processing of food and garden waste into compost in-
clude: composting of digestate obtained by solid-phase
methane fermentation of household waste; composting
of household waste by conventional methods. Next, the
study considers these methods in detail.

1. Composting of the solid fraction of digestate

Masliukova et al.

obtained by solid-phase methane fermentation of house-
hold waste. SMF - the process of recycling organic waste,
the humidity of which does not exceed 80% and allows
obtaining biogas and digestate. Digestate, which is ob-
tained from droppings, manure, a mixture of droppings,
and a mixture of manure with plant biomass, is an or-
ganic fertiliser [19]. The solid fraction of digestate may
contain heavy metals, depending on the garbage col-
lection and sorting system. At the same time, unsorted
household waste contains a sufficient amount of heavy
metals [10; 12]. The solid fraction of digestate obtained
from food and garden waste can be composted and
used as fertilisers [18]. The centralised approach to SMF
of food industry waste is currently used only in Europe
and California [5], where the disposal of organic waste
in landfills is prohibited at the legislative level.

Currently, 26 SMF technologies have been im-
plemented on an industrial scale by commercial com-
panies [27]. The most common and thoroughly studied
technologies are those with a single stage of fermenta-
tion. These technologies differ in the method of mixing
and the mode of fermentation of the substrate. Among
the well-known single-stage SMF technologies are the
following ones: “Kompogas”, “Dranco’, “Valorga”, “Bekon”.

Belgian company OWS it started building biogas
plants in 1997. As of the end of 2020, 32 biogas plants
were built, which are designed for processing house-
hold waste, food waste, industrial organic waste, energy
crops, and garden and park waste [28]. The essence of
the technology is that household waste is sorted by
separating metals, glass, plastic, and the like. The pre-
pared substrate enters a container in which it is mixed
with digestate. The mixture is then heated and pumped
to the top of the reactor. The mixture moves down the
reactor, a vertical structure with a cone-shaped bottom,
while self-mixing of waste occurs. Most of the digestate
is used for mixing with a fresh portion of waste. The re-
maining part of the digestate, together with bio-waste,
is sent for composting. According to the manufacturer
of biogas plants with the “Dranco” reactor, the yield of
biogas - 103-147 m?/t of waste, the dry matter content
(DM) - 20-35%, the substrate retention time in the re-
actor - 15-30 days [28]. The duration of composting
digestate with bio-waste is 14 days. Composting of
digestate occurs as follows: First, the inert component
and the light fraction are separated from the digestate
using the “Sordisep” process. The organic component
of digestate is composted in structures with automatic
control of the composting process, air circulation, oxygen
content, and temperature. This method of composting
was called tunnel composting. It is designed for aerobic
treatment of bio-waste, mixed household waste, kitchen
waste, and digestate [28].

French company Valorga International was founded
in 1981 to develop solid waste treatment technologies.
In the mid-80s, the anaerobic digestion process was in-
troduced on an industrial scale at the French enterprises
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La Buisse and Amies for the biological treatment of me-
chanically treated SHW [29].

The essence of the technology is that waste is
automatically sorted, crushed, and the heavy fractions
and other pollutants are removed. The sorted waste is
fed to the lower part of the reactor, where the inlet is
located. From the inlet, the raw material moves around
the baffle to the outlet on the opposite side, creating
a flow in the reactor. The reactor consists of a vertical
steel cylinder with a central baffle. Part of the biogas
enters the cogeneration plant, the other part is fed by a
compressor to the reactor [29]. According to the manu-
facturer of biogas plants with the “Valorga” reactor, the
yield of biogas - 80-160 m>/t of waste, the DM content -
25-35%, the substrate retention time in the reactor -
16-35 days [11; 29]. Digestate is dehydrated using a
screw press, and the solid fraction is composted. The
duration of digestate composting is approximately two
weeks.

‘Kompogas”technology. The Swiss company Hitachi
Zosen Inova started building biogas plants in 1992. By
end of 2020, 100 biogas stations were built using SMF
“Kompogas”technology, which is designed for processing
the organic fraction of urban solid waste, garden and park
waste of biological origin (grass, leaves, branches) [30].
The essence of the technology is that the waste enters
the shredder, where it is pre-treated to a particle size of
less than 10 mm, after which it is mixed in a container
with a liquid fraction of the fermented mass and diluted
with water to a DM content of 23-28% in the substrate.
The prepared mixture is fed to a horizontal reactor with
internal slow-rotation rotors. With the help of axial ro-
tors, the substrate is homogenised and moved from the
inlet to the outlet. Plug flow reactor with continuous
loading of raw materials. Dry heavy components of the
substrate are held in a suspended state. The fermented
mass is divided into two fractions using a press sep-
arator: solid and liquid. Part of the liquid fraction is
used for mixing with a new portion of the substrate,
the other part is stored in the lagoon and, if necessary,
used as liquid fertilisers. The dry part of the fermented
mass is composted in a composter [30]. According to
the manufacturer of biogas plants with the “Kompogas”
reactor, the yield of biogas - 110-130 m3/t of waste, the
DM content - 23-28%,the substrate retentiontimein the
reactor — 15-30 days [30]. The compost yield is 500 kg per
tonne of waste [31]. The duration of digestate composting
is approximately two weeks. The result is high-quality,
nutrient-rich compost.

Notably, recently two stages of fermentation have
been used for household waste. For this purpose, studies
of the fermentation process are conducted. L. Wilson
suggested using a hydrolysis reactor and recirculating
filtrate. It was proposed to use filtrate in the hydrolysis
reactor to start the fermentation process, the proportion of
which is 10% of the initial substrate for dry matter [14].
D. Pezolla showed that the maximum yield of biogas
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from food waste occurred when percolate was fed four
times a day [16].A. Shevani investigated the optimisation
of solid waste fermentation with the addition of straw
and cow manure by recycling percolate [15]. It should
also be noted that K.Jurong indicated that high concen-
trations of ammonium lead to inhibition of the fermen-
tation process and instability of the biogas yield. The
author established limit concentrations of ammonium,
which should not exceed 5 g/dm? [13].

In [17],the Chinese technologies “VPD”and “TPAD”
are presented, which use two stages of fermentation. They
have better indicators of organic matter decomposition
compared to single-stage SMF technologies.

2. Composting in closed reactors. If land resources
are limited, raw materials are composted in closed reactors.
Reactors are containers, such as pallets with three walls,
or fully enclosed rotating drums. The main condition for
composting is mixing and aeration of raw materials [32].
Currently, the most common type of closed reactors are
drum-type reactors. Such reactors are capable of process-
ing a large amount of waste in a relatively short period
of time (up to 2-3 weeks) [9]. The essence of composting
in closed reactors is that raw materials are loaded into
the reactor gradually. Inside the reactor, raw materials
are mixed and oxygen is constantly supplied. Aeration
is carried out by supplying hot air, while controlling the
level of humidity and oxygen [9].

3. Row composting. The essence of row compost-
ing is that compost is formed in long, narrow piles. The
equipment for turning and aeration of collars affects
the width and height of the composting piles. The size of
land plots affects the length of piles. Turning is usually
carried out by a bucket loader or tractor. Over time, the
piles settle.Row composting can be applied throughout
the year. To retain moisture and heat in the piles and
to protect them from animals, coverings are used [32].
Field composting requires large areas, and there is a
need for environmental protection measures.

4. Composting in static aerated piles. The essence
of this type of composting is that a perforated pipe
is laid in static aerated piles. Aeration of the piles is
provided by mechanical fans that supply air through
holes in the pipes. The pipe itself is covered with a
layer of porous material, on which raw materials are
laid, pre-thoroughly mixed. To retain heat and moisture,
the pile is usually covered with geotextile material or
ready-made compost [32].

Next, the study compares the above methods for
obtaining compost from household waste. Consequently,
field composting requires large areas, and there is a need
for environmental protection measures. Composting in
closed reactors is used in conditions of limited land re-
sources.Composting in closed reactors allows controlling
and regulating the oxygen content and temperature in
the reactors, but at the same time requires large capital
and operating costs. Composting of the solid fraction
of digestate is usually carried out in automated closed




reactors. This method of composting involves the pro-
duction of biogas.

Thus, compost from the organic component of
household waste can be obtained using such industrial
technologies as composting household waste and the
solid fraction of digestate obtained by solid-phase meth-
ane fermentation of household waste. After analysing
the above methods of processing the organic compo-
nent of solid waste into compost, it can be concluded
that taking into account energy saving and environ-
mental protection, compost from the solid fraction of
digestate obtained by solid-phase methane fermen-
tation of household waste has significant advantages
over the other methods, since, as a result of waste pro-
cessing, the biogas and compost are obtained, and the
emission of greenhouse gases into the atmosphere is
zero. The process is carried out in bioreactors that are
completely isolated from the environment, and there
are no greenhouse gas emissions into the atmosphere.
Confirmation of this is found in [33].

Analysis of compost for compliance with the require-
ments for its use as fertilisers

Compost is a source of organic matter and minerals of
natural origin, which are vital for soils. In the process of
composting in the organic mass, there is an increase in
the content of nutrients available to plants. Thanks to
its nutrients, compost increases the level of humus, re-
stores soil fertility, improves the structure and increases
the moisture capacity of the soil. Improving the condition
of the soil would help to increase the yield of agricultural
crops. Such types of organic fertilisers as compost and
digestate require testing of their agronomic efficiency
and environmental safety in vegetation and field studies.
It is necessary to check the environmental safety of organic
fertilisers with previously established agronomic efficiency.

A number of EU-27 member states have developed
standards and specifications for compost and digestate.
In Germany, there is a quality assurance system for
digestate, which is controlled by the “Bundesgiitege-
meinschaft Kompost (BGK)” (Federal Compost Quality
Association) and “Gite Gemeinschaft Garprodukt (GGG)”
(Digestate Quality Association). The quality criteria for
digestate and instructions for its use in this country
are called RAL-GZ 245. Belgium has a voluntary quality
assurance system for digestate. In the UK, the quality
standards for digestate are called BSI PAS (publicly
available certificate of the British Standards Institute
110:2010). The Swedish Quality Guarantee is called
SPCR 120. In Switzerland, there are quality guidelines
for the solid and liquid fractions of digestate.

In France, compost entering the market must meet
the French standard for the quality of organic additives
NFU 44051. According to this standard, the indicators
of compost with the organic component of solid waste
should be within the following limits: dry matter con-
tent — more than 30%; organic matter content - 15-25%;
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phosphorus - not less than 1%; nitrogen - not less than
1%; potassium - at least 1%; C/N ratio — more than 8.
The concentration of heavy metals in compost should
not exceed the following values, mg/kg DM: zinc - 600;
nickel - 60; mercury - 2; lead - 180; copper - 300;
chromium - 120; cadmium - 3; arsenic - 18 [20]. Com-
posted digestate obtained at the plant in Burk en Bres
meets the French standards NFU 44051 according to
the technology of SMF “Dranco’, in particular in terms
of heavy metals concentration, mg/kg DM: zinc - 402;
nickel - 57; mercury - 0.2; lead - 66; copper - 126;
chromium - 67; cadmium - 0.8; arsenic - 2.4 [20].

In Ukraine, there is no state standard regulating
the quality requirements of composted digestate and
the norms for its introduction into agricultural land. This
is conditioned by the fact that composted digestate
obtained as a result of methane fermentation of food
waste is not used in Ukraine, although the practice of
producing and using composted digestate based on
other types of raw materials is used. Therefore, when
determining the suitability of composted digestate as a
fertiliser, it is advisable to use standards for fertilisers,
for example, the standard of housing and communal
services of Ukraine “Household waste. Technology of
processing organic matter that is part of the household
waste of SOU ZhKH 03.09-014:20107 [34]. The standard
sets out the procedure for composting the organic frac-
tion that is part of household waste and its anaerobic
processing, and also provides recommendations for the
use of compost. According to this standard, the agro-
chemical and physicochemical parameters of compost
with an organic component of solid waste for use as
fertiliser in agriculture should be within the following
limits: the mass fraction of organic matter should not
be less than 40% per dry product; the mass fraction of
total nitrogen, phosphorus, and potassium per dry product
should be more than 1.8; 2.0, and 0.1%, respectively.
The content of fractions with a size higher than 50 mm
should not exceed 2%; the wet content should be from
20 to 80%; the pH value should be 6.5-8 [34].

The concentration of heavy metals in compost
should not exceed the following values, mg/kg DM: zinc -
2500; nickel - 200; Mercury - 15; lead - 750; copper -
1500; chromium - 750; cadmium - 30 [34]. Thus, re-
garding the content of heavy metals in compost, the
established standards according to the French standard
for the quality of organic additives NFU 44051 are more
stringent in comparison with the Ukrainian standard of
housing and communal services of Ukraine “Household
waste. Technology of processing organic matter that is
part of household waste SOU ZhKH 03.09-014:2010" In
ripe compost, the matter should be homogeneous and
loose,the components of raw materials that make up its
composition should not differ. Plant seeds should lose
their ability to germinate in compost. In accordance with
the SOU ZhKH 03.09-014:2010, the presence of patho-
genic microflora and viable helminth eggs in compost
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is not allowed. It must have no smell, or the smell must
have an ‘earthy” character. Compost should contain humic
acids. The colour of the compost should range from dark
brown to black.

Composted digestate obtained by anaerobic di-
gestion of the organic fraction of household waste is
an important source of humus, rich in nutrients such as
nitrogen, phosphorus and potassium,which help to improve
the properties of the soil. The introduction of digestate
into the soil helps to preserve and improve soil fertility,
its structure, the activity of soil microorganisms, retain
moisture in the soil, and protect the soil from erosion.

The use of composted digestate from food waste
as fertiliser gives an effect even higher than that of more
conventional analogues. For example, in England, com-
posted digestate from food waste provided a 10% in-
crease in winter grain yields over an average of 3 years,
while compost from green mass - 7%; mixed compost
(from green mass and food waste) — by 8%; slurry — by
9%; manure with straw - by 10%. Consequently, the
effect of using composted digestate from food waste is
not inferior to manure with straw. Therefore, it can be
used as a fertiliser to increase soil fertility [35].

G. Riedel compared compost obtained by various
methods for the content of heavy metals in them. The
author considered composted digestate from food waste
and compost from the same food waste. G. Riedel found
that the content of heavy metals in composted diges-
tate has the following values, mg/kg DM: zinc - 197;
nickel - 11.5; mercury - 0.097; lead - 26.8; copper -
71.5; chromium - 23; cadmium - 0.366. For compari-
son, the content of heavy metals in compost from food
waste has the following values, mg/kg DM: zinc - 191;
nickel - 14.4; mercury - 0.126; lead - 37.4; copper -
59.9; chromium - 22.1; cadmium - 0.455. The content
of heavy metals in compost from garden and park
waste has the following values, mg/kg DM: zinc - 147;
nickel = 12; mercury - 0.096; lead - 27; copper - 38.9;
chromium - 20; cadmium - 0.383 [36]. Thus, in all in-
dicators, the difference between the content of heavy
metals in composted digestate and compost from food
waste is insignificant and both composts meet the German
quality requirements of compost [36].

Therefore, the study analysed composted diges-
tates for compliance with the requirements for their use
as fertilisers. Data suggest that composted digestate
obtained at the plant in Burk en Bres meets the French
standards NFU 44051 and the Ukrainian standard of

housing and communal services of Ukraine “Household
waste. Technology of processing organic matter that is
part of household waste SOU ZhKH 03.09-014:2010"
There are also data showing that the difference be-
tween the heavy metal content of composted digestate
and food waste compost is insignificant and both com-
posts meet the German compost quality requirements.
The use of composted digestate from food waste pro-
vided an increase in the yield of winter cereals by 10%.
The use of compost allows supplementing conventional
mineral fertilisers in the cultivation of agricultural crops.

CONCLUSIONS

Based on the results of the conducted research on the
production and use of compost from the organic com-
ponent of household waste, it was established:

1. The organic component of household waste
(food and garden waste) is a promising raw material for
compost production. The study estimated the amount
of food and garden waste in the regions of Ukraine,
which allows determining the possibility of their use
for the production of organic fertiliser and biogas both
at the state and regional levels.

2. Industrial technologies for obtaining compost
from organic household waste are presented and an-
alysed. It is shown that the use of organic household
waste for compost production will help reduce the volume
of solid waste in landfills, reduce greenhouse gas emis-
sions from them, and prevent the generation of smog. It
is revealed that compost from the solid fraction of di-
gestate obtained by solid-phase methane fermentation
of household waste has significant advantages over con-
ventional composting, provided that energy-saving and
environmental protection are taken into account.

3. Compost can be used as fertiliser in agricul-
ture for landscaping urban and adjacent areas, roads,
forest plantations, etc. Composted digestate obtained
at the plant in Burk en Bres meets the French standards
NFU 44051 and the Ukrainian standard of Housing and
communal services of Ukraine “Household waste. Tech-
nology of recycled organic matter that is part of house-
hold waste SOU ZhKH 03.09-014:2010". A comparative
analysis of the content of heavy metals in composted
digestate and compost from food waste is carried out.
Both of these composts have been shown to meet Ger-
man quality requirements. The use of compost allows
supplementing conventional mineral fertilisers in the
cultivation of agricultural crops.

REFERENCES

[1] Order of the Cabinet of Ministers of Ukraine No. 820-r “On Approval of the National Waste Management
Strategy in Ukraine until 2030” (2017, November). Retrieved from https://www.kmu.gov.ua.

[2] Directive of the European Parliament and of the Council No. 2008/98/EC “On waste and repealing certain Directives”
(2006, April). Retrieved from https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0098#ntr4-

L_2008312EN.01000301-E0004.

[3] Directive of the Supreme Council of Ukraine No. 1999/31/EC “About waste disposal”. (1999, April). Retrieved
from https://www.kmu.gov.ua/storage/app/sites/1/55-GOEEI/direktiva-radi-1999-31-es.pdf.

Scientific Horizons, 2021, Vol. 24, No. 3




Masliukova et al.

[4] Eder, B., & Schultz, H. (2011). Biogas plants. Kyiv: Zorg Ukraine.

[5] Clarke, W.P. (2018). The uptake of anaerobic digestion for the organic fraction of municipal solid waste Push
versus pull factors. Bioresource Technology, 249, 1040-1043. doi: 10.1016/j.biortech.2017.10.086.

[6] Beletskaya, G.A., & Matyushenko, I.V., (2019). Composting of organic waste in domestic conditions. Natural
Science Almanac, 26, 16-23.

[71 Prykhodko,V., & Hiulakhmedova, K. (2019). Organizational and legal aspects of bioorganic waste management
in Ukraine. In Problems of ecological safety: Materials of the XVII international scientific and technical conference
(pp. 203-207). Kremenchuk.

[8] Sagdeeva,O.,Krusir,G.,Tsykalo,A., & Leuenberger, G.(2018).Research of composting processes of solid domestic
wastes food composition. Technogenic and Ecological Safety, 4(2), 13-21.doi: 10.5281/zenodo.1244572.

[9] Tereshchuk, M., Klius, S., Tsyvenkova, N., & Chuba, V. (2021). Investigation of energy parameters of biomaterial
conversion process in closed fermentation chamber. Renewable Energy, 1(64), 87-97. doi: 10.36296/1819-
8058.2021.1(64).87-97.

[10] Xu,Y.,Zhang, C.,Zhao, M., Rong, H.,Zhang, K., & Chen, Q. (2017). Comparison of bioleaching and electrokinetic
remediation processes for removal of heavy metals from wastewater treatment sludge. Chemosphere, 168,
1152-1157.doi: 10.1016/j.chemosphere.2016.10.086.

[11] Nozhevnikova, A.N. (Ed.). (2016). Biotechnology and microbiology of anaerobic processing of organic municipal
waste. Moscow: University Book.

[12] Awe, OW.,, Zhao, Y., Nzihou, A., Minh, D.P., & Lyczko, N. (2018). Anaerobic co-digestion of food waste and FOG
with sewage sludge - Realising its potential in Ireland. International Journal of Environmental Studies, 75(3),
496-517.doi: 10.1080/00207233.2017.1380335.

[13] Yirong, C.,Zhang, W., Heaven, S., & Banks, C. (2017). Influence of ammonia in the anaerobic digestion of food
waste. Environmental Chemical Engineering, 5(5), 5131-5142. doi: 10.1016/j.jece.2017.09.043.

[14] Wilson, L.P, Sharvelle, S.E., & De Long, S.K. (2016). Enhanced anaerobic digestion performance via combined
solids- and leachate-based hydrolysis reactor inoculation. Bioresource Technology, 220, 94-103. doi: 10.1016/j.
biortech.2016.08.024.

[15] Shewani,A., Horgue, P., Pommier, S., Debenest, G., Lefebvre, X., Decremps, S., & Paul, E. (2017). Assessment of
solute transfer between static and dynamic water during percolation through a solid leach bed in dry batch
anaerobic digestion processes. Waste Biomass Valorization, 9(47), 1-9. doi: 10.1007/s12649-017-0011-1.

[16] Pezzolla, D., Di Maria, F., Zadra, C., Massaccesi, L., Sordi, A., & Gigliotti, G. (2017). Optimization of solid-state
anaerobic digestion through the percolate recirculation. Biomass Bioenergy, 96, 112-118. doi: 10.1016/j.
biombioe.2016.11.012.

[17] Fu,Y., Luo, T., Mei, Z., Li, )., Qiu, K., & Ge, Y. (2018). Dry anaerobic digestion technologies for agricultural straw
and acceptability in China. Sustainability, 10(12), article number 4588. doi: 10.3390/5u10124588.

[18] Logan, M., & Visvanathan, C. (2019). Management strategies for anaerobic digestate of organic fraction of municipal
solid waste: Current status and future prospects. Sage Journals, 37(1S), 27-39. doi: 10.1177/0734242X18816793.

[19] Reilly, M., Cooley, A.P, Richardson, B., Duarte, T., & Theodorou M.K. (2021). Electrocoagulation of food waste
digestate and the suitability of recovered solids for application to agricultural land. Journal of Water Process
Engineering, 42, article number 102121. doi: 10.1016/j.jwpe.2021.102121.

[20] De Baere, L., & Mattheeuws, B. (2017). Production of clean compost out of mixed MSW: A giant leap towards
zero waste. In M. Kihle-Weidemeier, & K. Buscher (Eds.), Resources and Energy from Municipal Waste (pp. 554-567).
Melbourne: Australian Council for Educational Research.

[21] Collection and utilization of food waste. (2010). Retrieved from https://www.waste.ru/modules/section/item.
php?itemid=98.

[22] Ukraineisreducing food waste.(2021).Retrieved from http://www.fao.org/europe/news/detail-news/ru/c/1379542/.

[23] Prykhodko,V., & Hiulakhmedova, K. (2018). The characteristic of bioorganic component of municipal solid waste.
Visnyk of VIN. Karazin Kharkiv National University Series “Ecology’, 19,82-90. doi: 10.26565/1992-4259-2018-19-08.

[24] Official website of the State Statistics Service of Ukraine. (2021). Retrieved from http://www.ukrstat.gov.ua.

[25] Fisgativa,H., Tremier,A., & Dabert,P.(2016).Characterizing the variability of food waste quality: A need for efficient
valorisation through anaerobic digestion. Waste Management, 50, 264-274. doi: 10.1016/j.wasman.2016.01.041.

[26] The composting station is our most successful project to date. (2021). Retrieved from https://city-adm.lviv.ua/
news/city/housing-and-utilities/283844-stantsiia-kompostuvannia-tse-stanom-na-sohodni-nash-naiuspishnishyi-
proekt-sviatoslav-yevtushenko.

[27] Wellinger, A. (2013). Mechanical-biological treatment. Retrieved from https://www.ieabioenergy.com/wp-content/
uploads/2013/09/5043.pdf.

[28] Official website of the “OWS”. (2021). Retrieved from https://www.ows.be.

[29] Official website of the “Valorga International”. (2021). Retrieved from https://www.valorga.fr.

Scientific Horizons, 2021, Vol. 24, No. 3

95



96

Obtaining and use of compost from the organic component of household waste

[30] Official website of the “Hitachi Zosen Inova”. (2021). Retrieved from https://www.hz.inova.com.

[31] Trzcinski, A.P., & Stuckey, D.C. (2017). Microbial biomethane from solid wastes: Principles and biotechnogical
processes. In F.D. Harzevili, & S.Hiligsmann (Eds.), Ch.4: Microbial Fuels Technologies and Applications (pp.77-151).
New York. doi: 10.1201/9781351246101.

[32] Program to promote green modernization of the Ukrainian economy. (2016). Retrieved from https://eco.kiev.ua/
assets/files/Dod.5-Vidhodi-silskogo-gospodarstva.pdf.

[33] Shah, G.M., Tufail, N., Bakhat, H.F., Imran, M., Murtaza, B., Farooq, A.B.U., Saeed, F., Wagar, A., & Rashid, M.I.
(2017). Anaerobic degradation of municipal organic waste among others composting techniques improves
N cycling through waste-soil-plant continuum. Journal of Soil Science and Plant Nutrition, 17(2), 529-542.
doi: 10.4067/S0718-95162017005000038.

[34] Standard of housing and communal services of Ukraine “Household waste. Technology for processing organic
matter that is part of household waste. SOU HCS 03.09-014:2010".(2016). Retrieved from https://www.minregion.
gov.ua/wp-content/uploads/2016/01/SOU-ZHKG-03.09-014_2010.pdf.

[35] How biogas plants produce fertilizer. (2020). Retrieved from https://propozitsiya.com/ua/yak-u-biogazovyh-
ustanovkah-dobryvo-vyroblyayut.

[36] Riedel, H., & Marb, C. (2008). Heavy metal and organic contaminants in Bavarian composts — An overview. In
International congress CODIS 2008 (pp. 63-64). Solothurn.

OTpUMaHHS i BUKOPUCTAHHS KOMIMOCTY i3 opraHiuHoi
CKNapoBoi No6yToBUX Bigxoais
3oca BikTropiBHa MacniokoBa?, [eHHaaiin OnekcaHapoBuy Yetsepuk?,
EHTOHi Heokneyc?, ®in OTT0®

YHctuTyT BiZHOBNOBAHOT eHepreTukn HAH Ykpainu
02094, Byn. [HaTa XoTkeBunua, 20-a, M. Kunig, YkpaiHa

BinbHuWi YHiBEpCUTET AMCTEpAaMyY
1081 HV, Byn. bynenan, 1105, M. AMcTepzam, lNigHiyHa lonnangia, Hinepnanam

SYHiBepcuteT Kelic BectepH Peseps
OH 44106, npocn. Eeknig, 10900, m. Knisneng, Cnonyuyeni LUtatn AMepuku

AHoTauif. AKTyanbHiCTb AOCNiAXeHHS 06yMOBieHa HeOOXiAHICTIO pO3p0O6KM Ta BNPOBAAYKEHHS TEXHOMOTYHMX pilleHb
010 NepepobKM XapuoBMX i CafLOBO-NAapKOBMX BiAXOAIB Y KOMMNOCT.MeTa faHOi po6OTH — aHasi3 METOLIB OTPUMAHHS
KOMMOCTY 3 OPraHiyHoi CknagoBoi NobyToBMX BIAXOLIB i aHaNi3 KOMMOCTIB Ha BiANOBIAHICTb 1O BUMOT ANS1 iXHBbOTO
BMKOPUCTAHHSA 9K 006puB. [poBeaeHO TeOpETUYHI AOCNIIKEHHS MUTAHb, MOBY3aHMX i3 3aCTOCYBAHHSIM OpraHivyHoi
CKNafoBoi TBEpAMX NOBGYTOBMX BiAXOAIB B SIKOCTI CMPOBWMHMU A5 OTPUMAHHS KOMMOCTY. 33 AaHUMM CTAaTUCTUYHOIT
iHdbop™MaLii Woao HakonNnYeHHs NOBYTOBMX BiAXOAiB B YKpaiHi po3pax0BaHO KilbKiCTb Xap4OBMX i CAA0B0O-NapKOBUX
Bigxognis. [MpoaHanizoBaHO cy4acHi MeToaM MPOMMCIOBOI NepepobKM XapuyoBMX i Caf0BO-MAPKOBUX BiAXOAIB Y
KOMMOCT. BCTaHOBNEHO, WO OTPMMAHHS KOMMOCTOBAHOIMO AMrectaty 3 BMKOPUCTAHHAM TBepAoda3HOi MeTaHOBOI
depMeHTaLii 3 ypaxyBaHHAM eKonorii Ta eHepro3bepexeHHs Ma€ CyTTEBI nepeBaru nepep, iHWUMKW MeTOAAMM
OTPUMMaHHS KOMMOCTY. BUKOHAHO aHani3 KOMNOCTIB Ha BiANOBIAHICTb 4O BUMOT AN1S IXHbOrO BUKOPUCTAHHS B SKOCTI
[06puB. HaBeaeHo AaHi, gKi MOKa3ykoTb, WO Pi3HMLA MiXK BMICTOM BaXKKMX MeTasiB y KOMNOCTOBAHOMY AMrectati Ta
KOMMOCTi 3 Xap4oBWX BiAXOAIB He3HayHa i obuaBa KOMMOCTM BiANOBIAAKOTb BUMOraM sKOCTi KoMNocTy. HaBeneHo
[aHi WoAO BNAMBY KOMNOCTOBAHOMO AMIecTaTy 3 XapyoBMX BiAXOAIB HAQ 3pOCTaHHS BPOXAWHOCTI 03UMMUX 3€PHOBMUX
KyNnbTyp. 3’'9COBaHO, L0 BMKOPUCTaHHA KOMMOCTIB AA€ 3MOry [LOMOBHWTWM TPafMLUiNHI MiHepanbHi Lo6puBa npu
BMPOLLYBaHHI CifIbCbKOroCNoAapCbKMX KynbTyp. MpakTMYHa UiHHICTb pobOTM MONAra€ y BM3HAYEHHI MepcrneKkTUBM
OTPMMaHHS 0O6PMBA 3 OPraHiYHOi CKNAf0BOT TBEPAMX NOOYTOBMX BiAXOLIB Ta Y BU3HAYEHHI MOro epekTUBHOCTI Npu
BHECEHHI B I'PYHT

KntouoBi cnoBa: MiHepanbHi fo06puBa, KOMMOCTYBaHHSA, AMrecTat, NobyToBi BiAX0AM, XapyoBi Ta CalOBO-MAPKOBI
Biaxoom
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