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The object of this research is a mathematical model of mass flow rate of 
moist bulk materials (construction sand) in feeding systems of concrete mixing 
plants (CMPs). The subject of the research is the experimental verification of this 
mathematical model under real production conditions.

The problem addressed concerns the critical instability of mass flow rate when 
using natural washed sand. Increased moisture content (6–10%) changes the mass 
flow regime to a funnel flow and causes the formation of arches above the discharge 
opening. The coefficient of variation in dosing under such conditions reaches 
12–25%, which is 4–8 times higher than the state standard for accuracy.

The mathematical model was verified using results obtained on a real 
CMP with a capacity of 60 m³/h, designed and commissioned by the authors 
and still in operation today. They confirm that installing an active loosener with 
a rotational speed of ωpr ≥ 2.5 · ωcr completely solves the problem of stabilizing 
the dosage across the entire range of production moisture contents. Threshold 
rotational speeds have been established depending on moisture content (specifi-
cally, 87 rpm for 6%). A constructed three–dimensional response surface dem-
onstrates that, for a guaranteed dosing error of ≤3%, the working speed of the 
loosener must be 2.5 times higher than the threshold. Adherence to this operating 
mode reduces the actual variation to 1.8%. A mathematical model of mass flow 
rate (R² = 0.963) was also statistically described, and empirical coefficients were 
determined: pin resistance in the material (1.12) and mechanism efficiency (2.8).

This effect is explained by the artificial, abrupt transition of the material from 
a vortex flow regime back to a bulk flow regime. Upon reaching the critical rotation 
speed of the pins, the capillary bonds between the grains are intensively broken, there-
by reducing the effective angle of internal friction and completely eliminating stagnant 
zones in the hopper. All of this instantly restores stable, continuous gravitational flow.

The results are practically applicable to the engineering calculation of feeding 
systems for concrete mixing plants and can be adapted for related industrial sectors.
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The object of this research is the behavior of soil mixing column.
The problem that this research aims to address is to better understand the 

behavior of soil mixtures under the effect of wetting-drying cycles (aging) and its 
impact on unconfined compressive strength.

The research consists of a parametric laboratory (experimental) research, with 
the preparation of different mixtures containing varying percentages of fine particles, 
cement, and water/cement (W/C) ratios. Eight different formulations were studied: 
a reference formulation, three formulations with 25% fine particles and different ce-
ment dosages, three formulations with 10% fine particles, and two with 5% fine parti-
cles. A reference sample was used to track the evolution of these results. This variation 
in mixture composition allows to observe the influence of particle size distribution, 
clay content, and cement content on the relative unconfined compressive strength 
of the prisms. The results show that the relative compressive strength of the prisms 
decreases by approximately 41% between 3 and 24 cycles, regardless of the cement 
content. It increases by 18 to 25% with increasing cement content for all formulations, 
but decreases by approximately 23% with increasing fine particle content. This re-
search allowed to propose an equation to predict the evolution of relative compressive 
strength as a function of time, the number of wetting-drying cycles, cement content, 
and fine particle content. The various results obtained highlight the influence of fine 
particle and cement content on the performance and durability of soil mixing col-
umns, and underscore the importance of conducting a thorough parametric research 
in the laboratory to facilitate the efficient and economical design of these columns.

Keywords: fine particles, soil-mixing, durability, damage, aging cycle, com-
pressive strength, cement dosage.
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The object of research is the process of cementite spheroidization of 20Г2Р 
low-carbon steel during heat treatment, in particular spheroidizing annealing.

Special attention in conducting research is paid to the influence of the initial 
structural state of the steel, temperature regimes and heating methods on the 
formation of the microstructure of the workpiece.

Traditional methods of spheroidizing annealing are characterized by a sig-
nificant duration of the regime, which reaches more than 10 hours and, in con-
nection with this, energy costs, which limits the efficiency of the technological 
process. This is especially true for low-carbon steels with a relatively weak ther-
modynamic stimulus for spheroidization.

The research problem is the need to reduce the duration of spheroidizing 
annealing of steel and reduce energy costs while ensuring a uniform distribution 
of cementite globules in the ferrite matrix.

The scientific novelty of the obtained results lies in the development of high-
speed regimes of spheroidizing annealing of 20Г2Р steel using the initial ferritic-
bainite structure and non-isothermal holding with increasing temperature, in con-
trast to known studies based on long isothermal holdings. It is shown that the total 
duration of spheroidizing annealing of low-carbon steels significantly depends on 
the initial structural state of the workpiece. It is established that the transition from 
ferritic-pearlitic to ferritic-bainite initial structural state provides a reduction in the 
duration of cementite spheroidization from 1500–1800 s to 200–450 s.

The features of the intensification of spheroidizing annealing of low-carbon 
steels have been studied and the influence of changes in the values of thermody-
namic and kinetic factors during structural transformation has been established. 
The effectiveness of using non-isothermal holding with increasing temperature 
in a certain temperature range and optimization of spheroidizing treatment 
parameters has been proven.

The practical significance of the results obtained lies in the implementa-
tion of the developed high-speed modes of spheroidizing annealing of 20Г2Р 
low-carbon steel for the production of coiled strip and wire with a diameter  
of 6.0–20.0 mm. The obtained structural states of the blanks provide the neces-
sary set of properties for the subsequent manufacture of metal products by cold 
drawing, in particular products of complex configuration. The proposed approaches 
are fully suitable and meet the requirements for technological and mechanical 
properties of blanks for the manufacture of metal products by cold drawing.
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The object of research is the technological process of rock mass handling. 
During active mining, this process required moving the overburden from the 
pit to surface terrain dumps. Once extraction was completed, the operation 
shifted to mine reclamation through in-pit dumping. At that stage, the stored 
rock mass was relocated from external dumps back into the mined-out space 
using regenerative conveyor systems. The main problem to be solved involved 
reducing the energy footprint of such reclamation operations without sacri-
ficing the geomechanical stability of the dump slope. Conventional haulage 
methods relied heavily on fossil fuels, leading to carbon emissions and high 
operating costs. This economic and environmental burden demanded a shift 
toward technologies capable of capturing the gravitational potential energy of 
the relocated rock mass.

The research combined limit equilibrium analysis for slope stability 
evaluation with numerical modeling of the interconnected energy and geome-
chanical balance. To pinpoint exactly where gravity acted on each rock volume, 
a step-by-step vertical discretization of the benches was applied, coupled with 
the geometric centroid method.

Modeling of the reclamation system designed for a 500-meter-
deep pit in Ukraine’s Kryvyi Rih region proved that regenerative con-
veyors are capable of accumulating up to 542.36 million kWh of en- 
ergy (1.24–1.34 kWh/m³). Calculations revealed a 6.9% technological gap 
from the theoretical limit. The centroid method yielded zero mathemati-
cal error, whereas the area bisection technique underestimated the energy 
potential by 11.7%.

These findings offered a practical framework for designing reclamation 
and decarbonization strategies at deep open-pit mines. By leveraging the pat-
ented technological solution (Ukrainian Patent No. 158796), mining operators 
could transform standard environmental cleanup operations into a revenue-
generating energy asset.
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The object of research is the filtration processes observed in the process of 
joint development of two hydrodynamically isolated different permeability layers 
by a single well grid. The subject of research is the interaction of different perme-
ability, hydrodynamically isolated layers (upper low permeability k1 and lower 
high permeability k2) in the process of development of a two-layer deposit in the 
presence of an impermeable membrane between the layers.

The research solved the problem of the influence of the permeability ratio 
on the final values of gas flow rates, layer pressure, gas recovery coefficients and 
the duration of the deposit development.

The work is aimed at studying the features of gas recovery from two differ-
ent permeability layers with an impermeable membrane, which are developed 
by a single well grid.

During the research, the influence of the permeability ratio of the  
layers (n = k2/k1) of the two-layer deposit on the final gas recovery coefficient 
was determined. It was established that with an increase in the value of n, the 
high permeability layer is depleted more intensively and is disconnected from 
development faster. Thus, at the final stage of development for n = 10 in a high-
permeability layer, the layer pressure is 3.00 MPa, and in a low-permeability  
layer – 4.77 MPa. The gas recovery coefficient for a low-permeability layer for 
n = 10 is only 83.94%, and for a high-permeability layer – 90.11%. Increasing gas 
recovery can be achieved by transferring wells to simultaneous-separate opera-
tion at a certain stage of development, by carrying out treatments of bottomhole 
zones of low-permeability layers.

The results obtained can be effectively used in the joint development of two 
hydrodynamically isolated different-permeability layers with joint development 
by a single well grid. This allows to increase the gas recovery coefficient and the 
efficiency of further development of two different-permeability layers with an 
impermeable membrane.

Keywords: field, modeling, permeability, gas recovery coefficient, layer 
pressure, gas flow rate, impermeable membrane.
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The object of research is the heat and mass transfer processes that occur on 
the surface of a gas hydrate granule moving in a gas pipeline.

The research solved the problem of the oil and gas industry – the fight 
against the formation of gas hydrates (GH) in hydrocarbon production and 
transportation systems. A promising approach to the intensification of hydrate 
dissociation by using microwave electromagnetic radiation is proposed. The 
features of the results obtained consist in the development of a mathematical 
model that combines two processes of synthesis and dissociation of gas hydrates, 
taking into account hydrodynamic processes in the pipeline. The main differ-
ences of the proposed mathematical model are: simultaneous consideration of 
two mutually opposing processes of synthesis and dissociation of gas hydrate 
on the surface of the granule; these processes occur during the movement of the 
gas hydrate granule inside the gas pipeline; heating of the gas hydrate granule 
occurs as a result of its absorption of direct and reflected multimode microwave 
electromagnetic radiation.

A complex approximation dependence was obtained for determining the 
required emitter power Pw = 124Cgh/R1.7, which allows one to quickly calcu-
late the required minimum magnetron power to combat hydrate formation.

It was established that for the destruction of small particles (<0.01 mm) 
even if their concentration is low (0.01–0.02%), a relatively high-power 
emitter (3–5 kW) is required. The same was observed in the case of GH ac-
cumulation to high concentrations (>0.1%) with particle sizes of 0.05–0.1 mm. 
Therefore, the most advantageous strategy for combating GH accumulation is its 
active destruction when it reaches sizes of 0.02–0.05 mm, which do not harm the 
course of the main technological process.

The obtained dependences are the basis for improving gas preparation 
technologies under hydrate formation conditions by using microwave radia-
tion energy.

Keywords: gas hydrates, ultrahigh-frequency electromagnetic radia-
tion, dissociation, mathematical modeling, gas pipeline, energy efficiency,  
heat balance.
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The object of research is a physical process of the electron energy trans-
port in electric propulsion devices with closed electron drift. Such devices 
include ionization chambers of plasma-ion thrusters, Hall effect thrusters, heli-
con thrusters, and high-frequency plasma, ions and electrons sources where 
electron-electron collisions free path is small compared to the channel width. 
This means that the electron velocity distribution function cannot be consid-
ered as Maxwell.

The height of the potential barrier in the boundary bipolar layer and 
the average electrons energies removed from the plasma should be solved as  
a kinetic one. The presence of a potential barrier also means that only electrons 
with energies greater than the barrier height participate in mass and energy 
transfer. The classical representation, which represents the entire spectrum, is 
therefore inapplicable.

This means that the results of the research must be used on the object, and 
this will enable the object to improve, i. e. the electron energy transport must be 
described by expression obtained in this research.

The above problem is solved in this work using the tools of a compromise 
kinetic-fluid model considering the presence of isotropy factors of electrons 
velocity projections distribution. It has been shown that the removal of mass 
and energy from the plasma is carried out only by electrons in a narrow 
spectral band, about half the electron temperature. The equations of the 
zero and first angular moments of the distribution function are written with 
an approximate notation for the radial-azimuth component of the second 
angular moment as a second-rank tensor. It is shown that the ratio of the 
energy and mass flux densities in the volume is almost the same as that at the 
boundary with the bipolar layer, which allows to close the equations system 
of the mathematical model of processes in electric propulsion devices with a 
closed electron drift. The obtained results can be applied in the case of sub-
sonic electron flow, which is typical for plasma of all types of electric propul- 
sion devices.

Keywords: closed electron drift, potential barrier, velocity distribution 
function, electrons mass and energy flux.
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