
62 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 2/1(76), 2024

ABSTRACTS AND REFERENCES

DOI: 10.15587/2706-5448.2024.298972

ENVIRONMENT EFFECT ON MECHANICAL PARAMETERS OF 
SOIL-MIXING

pages 6–11

Menari Farouk, Postgraduate Student, Department of Civil Engineer-

ing, University de Batna, Batna, Algeria, ORCID: https://orcid.org/ 

0009-0000-4758-307X, e-mail: menarifarouk@yahoo.fr

Sabah Moussaoui, Associate Professor, Department of Civil Engi-

neering, Civil Engineering Research Laboratory, S tif 1 University, 

S tif, Algeria, ORCID: https://orcid.org/0000-0002-8641-089X

Mourad Belgasmia, Professor, Department of Civil Engineering, 

Civil Engineering Research Laboratory, S tif 1 University, S tif, 

Algeria, ORCID: https://orcid.org/0000-0003-1409-0281

Khelifa Abbeche, Professor, Department of Civil Engineering, Uni-

versity de Batna, Batna, Algeria, ORCID: https://orcid.org/0009-

0006-2476-6408

Soil improvement is originally an economical solution to make 
soil buildable, particularly compared to deep foundation methods 
using piles. The object of this research is the understanding of the 
behavior of soil-mixing material, in particular, what concerns the ef-
fect of environmental parameters, whether: temperature, water table 
level, chemical attacks, the phenomenon of aging etc. on the mechan-
ical and physical characteristics (resistance to simple compression, 
resistance to simple bending, modulus of elasticity, porosity, den-
sity, etc.), of a soil-mixing column, in the short term and long term.  
The big problem is how to carry out experiments in the laboratory, 
which will be representative of the different phenomena that take 
place on a real scale (on site). To do this, our approach consists of 
studying different soil-mixing mixtures composed of «artificial» 
soils (clay and sand) and a CEM III/C cement, and with a variable 
W/C ratio. After making the test pieces, with the different dosages 
of cements and a ratio between clay and fixed sand, they were kept 
under normal temperature conditions, in order to reach a maturation 
age (180 days), to be able to begin the series of experiments. Once 
the specimens were subjected to the aging test, let’s begin to crush 
them with simple compression and simple bending. The parametric 
study highlights a percentage of clay beyond of which the resistance 
decreases and the rigidity of the material can pose a problem for 
certain structural uses. The different results obtained show that for  
a low cement dosage, the humidification-drying cycle influences both 
the resistance to simple compression and to bending simple, as well 
as the number of cycles affects the resistance values in a significant 
way. On the other hand, for a greater or lesser dosage of cement, the 
resistance values are not affected. Based on the results obtained, it is 
possible to conclude that the choice of cement dosage depending on 
the nature of the soil influences the soil-mixing column and plays an 
important role on the lifespan of the column; therefore, it is necessary 
to give primary importance to the choice of cement dosage depending 
on the nature of the soil treated.

Keywords: soil-mixing, formulation, mechanical properties, du-
rability, damage, aging cycle, compressive resistance, bending 
resistance.
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The object of research is the behavior of the load of the tower 
crane during the break of the sling. One of the most problematic  
areas is the safety of work and the prevention of emergency situations. 
Despite the presence of mandatory safety measures, during cargo 
transportation, one of the sling branches may be destroyed due to the 
presence of a dynamic component during the operation of the crane, 
or errors of the slinger when securing the cargo. Also, the presence  
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of hidden internal or unnoticed defects in the sling construction itself 
cannot be ruled out. Also, one of the most problematic places is the 
chaotic fluctuations of the load, which negatively affect the stability 
of the crane and safety. The paper describes the case of the destruc-
tion of one of the branches of a two-rope sling during the transporta-
tion of a long product by a tower crane.

The proposed method of cargo behavior analysis is based on the 
use of a dynamic description of cable system failure modes within the 
framework of setting and solving differential-algebraic equations. 
This makes it possible to more accurately describe the behavior of the 
cargo when the sling breaks.

The obtained results show that the application of the proposed 
method makes it possible to bring the mathematical model of the 
two-link mathematical pendulum significantly closer to the actual 
mutual oscillations of the load during the sling break. This is due to 
the fact that the proposed method has a number of features, in par-
ticular, high sensitivity to changes in the behavior of the cargo and  
a quick reaction to a rope break.

These results can be used in practice in the design and operation 
of tower cranes. Thanks to the application of the proposed method, it 
is possible to obtain accurate values of cargo behavior indicators and 
timely detection of a rope break. Compared to similar known me-
thods, this method has such advantages as high efficiency, reliability 
and safety of operation.

Keywords: tower crane, sling break, two-link pendulum, load 
swinging, Lagrange equation, nonlinear differential equations.
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The object of research is the design of a jaw crusher for crushing 
limestone for the production of silicate bricks. The article is devoted 
to the study of the problem of reducing the efficiency of material 
crushing in a jaw crusher. The efficiency of crushing materials in jaw 
crushers ensures the quality of manufacturing bricks, etc. Therefore, 
this work is aimed at choosing a way to improve the design of the jaw 
crusher to increase the efficiency of material crushing.

The article defines the classification of jaw crushers, their ad-
vantages and disadvantages, describes the principle of operation of 
the most widely used jaw crushers in the construction industry with 

simple and complex rocking of the cheek. A literature and patent 
search and analysis of existing methods of increasing the efficiency 
of material crushing in jaw crushers was carried out. As a result of 
the literature and patent search, one of the methods of improving 
the design of the jaw crusher to increase the efficiency of material 
crushing based on the use of longitudinal protrusions on the movable 
jaw was selected and proposed. The protrusions on the flat sections 
of the working surface of the plate are made with the same pitch of 
their location within each section with a decrease in the pitch of the 
protrusions in the direction of distance from the upper part of the 
plate. The considered design of the movable jaw with longitudinal 
protrusions in the jaw crusher will ensure reliable pulling of the ma-
terial into the gap between the movable and stationary jaws, which 
ensures high contact stresses acting on the crushed material from the 
side of the working surface of the plate.

Compared to known designs of jaw crushers, the improved design 
of the movable jaw in the jaw crusher with longitudinal protrusions 
of different sizes with a decrease in their size in the direction from the 
upper part of the plate on three sections of the working surface of the 
plate will contribute to ensuring high contact stresses acting on the 
crushed material from the side of the working surface cheeks, during 
its advancement between the moving and stationary cheeks and in-
creases the efficiency of destruction of various materials.

Compared to known designs of jaw crushers, the improved de-
sign of the jaw crusher has a movable jaw with longitudinal protru-
sions of various sizes. At the same time, these protrusions are located 
on three sections of the working surface of the plate with a decrease 
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in their size in the direction from the upper part of the plate. This will 
help ensure high contact stresses acting on the crushed material from 
the side of the working surface of the cheek, during its advancement 
between the moving and stationary cheeks. Also, this design of the 
working jaw of the jaw crusher with longitudinal protrusions helps to 
increase the efficiency of destruction of various materials.

Keywords: jaw crusher, moving jaw, fixed jaw, longitudinal pro-
trusions, material crushing efficiency, contact stresses.
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The object of research in the work is cast iron of the SCh20 grade 
according to GOST 1412-85 (DSTU EN 1561, EN-GJL-200), which 
is melted in an electric arc furnace. In this work, the parameters of 
serial smeltings of cast iron used for machine-building castings were 
determined, which were used to select the content of elements of the 
chemical composition.

The existing problem is that the impossibility of taking into 
account many factors influencing the formation of the chemical 
composition of cast iron during smelting leads to deviations of the 
chemical composition from the requirements regulated by the tech-
nical conditions. The main reason for this is the uncontrollability of 
the chemical composition of the charge materials and the difficulty of 
accurately determining the soot of the elements during the smelting 
process. This can lead to the formation of a shortage of cast iron, or to 
excessive costs for smelting, associated with the need for additional 
technological operations and the use of additional materials to elimi-
nate detected deviations of the composition from the requirements.

The procedure of technological audit of serial smeltings is pro-
posed, the feature of which is a comprehensive assessment of the actual 
indicators of smelting. They include: mathematical expectations of the 
content of the elements of the chemical composition, estimates of their 
dispersions, root mean square deviations, systematic errors, scattering 
fields and deviations of the lower and upper limits of the content of 
each element from the lower and upper limits required by the techni-
cal conditions. The results of such an audit are the possibility of cal-
culating corrective combinations of charge materials and ferroalloys, 
which eliminate inaccuracies in the calculation of the charge and the 
determination of the heat of the elements during the smelting process.

As a result of the audit of a sample of 31 serial smelters, it was estab-
lished that the average content of the elements C, Mn, Si, Cr exceeds the 
average required by technical conditions. These deviations are: +0.04 % C,  
+0.06 % Mn, +0.038 % Si, +0.06 % Cr. To compensate for these de-
viations, the following combination of charge materials and ferroalloys, 
which are introduced into the melt before delivering the cast iron to the 
casting area, is proposed: 44 kg of steel scrap +88 kg of recycled iron.

The presented study will be useful for machine-building enter-
prises that have foundries in their structure, where iron is melted for 
the production of castings.

Keywords: electric arc smelting, chemical composition of cast iron, 
technological audit, serial smelting, charge materials, ferroalloys.
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The object of research in the paper is the production technology 
of casting «brake drum» from cast iron of the basic grade SCh20 
according to GOST 1412-85 (DSTU EN 1561, EN-GJL-200). The 
existing problem is that due to the imperfection of the technological 
processes of manufacturing castings, final internal defects of a shrink-
ing nature are possible. This can lead to a decrease in the strength and 
operational reliability of the drums, regardless of the chemical compo-
sition, which may meet the technical conditions and should provide 
the specified strength indicators according to the grade of cast iron.

Based on the results of 3D modeling, it has been found that with 
the existing technology of manufacturing brake drum castings in 
one-time sand molds, final shrinkage defects are formed in the upper 
part of the casting. To eliminate this problem, a decision is proposed 
to increase the allowance for mechanical processing on the upper 
surface of the casting. The possible excess of the mass of the casting 
and excess consumption of the alloy that will occur when imple-
menting this solution can be compensated by reducing the allow-
ance on other surfaces based on their optimization by the method of 
dimensional chains and reducing the thickness of the casting wall. 
For this, a reduction in the carbon content in the alloy is proposed 
as a factor in increasing the tensile strength of cast iron. On the 
basis of 90 serial meltings in industrial conditions, the possibility 
of increasing the strength limit of cast iron by approximately 11 % 
by reducing the average carbon content in cast iron from 3.45 % to 
3.4 % has been proven.

The proposed solutions are the essence of improving the produc-
tion technology of cast brake drums, which are produced by casting 
in one-time sand molds.

The presented study will be useful for machine-building enter-
prises that have foundries in their structure, where iron is melted for 
the production of castings.

Keywords: brake drum, chemical composition of cast iron, allowan-
ces for mechanical processing, serial melting of cast iron, charge 
materials, strength limit of cast iron.
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The object of research is the complex realm of energy localization 
and coherent ballistic electronic transport within low-dimensional sili-
con quantum wires, specifically those doped with germanium atoms. 
Unlike their three-dimensional counterparts, low-dimensional systems 

exhibit unique electronic transport behaviors, necessitating novel ana-
lytical approaches for a comprehensive understanding. The core of this 
investigation leverages the Phase Field Matching Theory (PMFT) 
and the tight-binding (TB) approximation, sophisticated methodolo-
gies that enable a deep dive into the quantum mechanical nuances of 
these systems. Through this lens, we examine the intricate dynamics 
of dispersion relationships, phase factors, group velocities, and notably, 
the impact of defects introduced by the germanium doping.

This research meticulously analyzes how these defects affect 
electronic and thermal conductivities, along with densities of states, 
offering new insights into the role of Fano resonances in the fluctua-
tion of transmission and reflection spectra. These resonances, we find, 
are crucially dependent on the nature of the defects, their configura-
tion, and the electronic parameters in their vicinity, underscoring 
the nuanced interplay between material composition and electronic 
properties in low-dimensional systems.

The implications of our findings extend far beyond the theo-
retical. They pave the way for significant advancements in nano-
technology and the design of electronic devices, highlighting the 
potential for creating more efficient, high-performance components. 
Furthermore, this work proposes a framework for developing non-
destructive testing methodologies that could revolutionize material 
science by enabling the precise analysis of defects in low-dimensional 
systems without causing damage. This is particularly critical for the 
ongoing development of materials with optimized properties for va-
rious applications, from electronics to energy storage.

In essence, this research not only enriches our understanding of 
the physics governing low-dimensional systems but also offers practi-
cal insights into leveraging these properties for technological innova-
tion. By bridging the gap between theoretical physics and material 
science, our study sets the stage for the next generation of electronic 
components and non-destructive evaluation techniques, marking  
a significant step forward in the application of quantum mechanics to 
real-world challenges.

Keywords: Phase Field Matching Theory (PMFT), tight-bind-
ing (TB), Landauer B ttiker formalism, Green’s functions.
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The object of research in the work is the FracCADE software, 
with which it is possible to simulate the process of hydraulic fractur-
ing and well field, on which the intensification method is designed. 
This hydraulic fracturing simulator was developed by Schlum-
berger Ltd. based on proven physical principles of hydraulic fractur-
ing to optimize the treatment process and proven in practice. The sys-
tem includes a range of hydraulic fracturing models, from 2D models 
to extensive 3D simulations with lateral communication. It includes  
a number of complementary modules for fracturing fluid and proppant 
optimization, injection scheduling, real-time monitoring, pressure 
equalization, production forecasting and economic evaluation. Some 
models allow simulating the geometry of the fracture, solving prop-
pant concentration problems, and simulating possible shielding due to 
proppant covering the fracture or the dehydration process.

Hydraulic fracturing remains one of the main engineering tools 
for increasing the productivity of wells. The effect is achieved due to:

– creation of a conductive channel (fracture) through the dama-
ged (contaminated) zone around the well, in order to penetrate 
beyond its boundaries;

– spreading of the channel (fracture) in the formation to a con-
siderable depth in order to further increase the productivity of  
the well;

– creation of a channel (fracture), which would allow changing, 
influencing the fluid flow in the formation.

In the latter case, fracturing really becomes an effective tool 
that allows to manage the operation of the reservoir (in particular, 
change its filtering characteristics) and implement long-term stra-
tegic development programs. The concept of hydraulic fracturing is 
quite simple. In general, for relatively simple geology, the physical 
foundations of fracturing theory are fairly well developed and tested. 
For the most part, the difficulties boil down to two problems: the real 
geological conditions and the complex multidisciplinary nature of 
the fracturing process itself.

The process of designing fracturing in order to achieve a certain 
result is closely related to rock mechanics (which affects the geo-
metric parameters of the fracture), fluid hydromechanics (in which 
the tasks of controlling the flow of the working fluid and placing the 
proppant in the fracture are solved) and chemistry, which determines 
the behavior of materials, which are used during hydraulic fracturing. 
Moreover, the hydraulic fracturing project must take into account 
the physical limitations imposed by the specifics of the real deposit 
and well. In addition, to achieve the desired results, the fracturing 
operation must be carried out in strict accordance with the calcula-
tions (that is, a complete cycle in which each operation plays its role).

Keywords: FracCADE, hydraulic fracturing, fracture, permeabi-
lity, proppant, viscosity, well, productive horizon.

References

1. Davis, J. R., Edgar, T. F. (2015). A Practical Guide to Process Intensi-

fication. Wiley.
2. Kristanto, D., Jagadita, I. S. (2021). An Integrated Analysis for Post 

Hydraulic Fracturing Production Forecast in Conventional Oil 
Sand Reservoir. Journal of Earth Energy Engineering, 10 (1), 1–17. 
doi: https://doi.org/10.25299/jeee.2021.5024

3. Petruniak, M., Rubel, V., Chevhanova, V., Kulakova, S. (2021). Ap-
plication of grout slurries with the defecate addition for effective well 
cementing. Mining of Mineral Deposits, 15 (1), 59–65. doi: https://
doi.org/10.33271/mining15.01.059

4. Page, J. C., Miskimins, J. L. (2009). A Comparison of Hydraulic and 
Propellant Fracture Propagation in a Shale Gas Reservoir. Journal of 

Canadian Petroleum Technology, 48 (5), 26–30. doi: https://doi.org/ 
10.2118/09-05-26

5. Ektefa, G., Shahbazi, K. (2020). Hydraulic fracturing process in tight 
base shale of asmari formation in Ahwaz Oilfield. Journal of Petroleum 

Science and Technology, 10 (2), 49.
6. Budiharjo Sulistyarso, H. (2019). Effect of Pump Rate Penetration 

Sensitivity on Hydraulic Fracturing in Low Resistivity Reser-
voir. Petroleum Science and Engineering, 3 (1), 10. doi: https:// 
doi.org/10.11648/j.pse.20190301.13

7. Ramadhan, D., Tulloh, H., Julianto, C. (2020). Analysis Study Of 
The Effect In Selecting Combination Of Fracturing Fluid Types 
And Proppant Sizes On Folds Of Increase (FOI) To Improve Well 
Productivity. Journal of Petroleum and Geothermal Technology, 1 (2), 
92–99. doi: https://doi.org/10.31315/jpgt.v1i2.3886

8. Ahmed, A. A., Bayoumi, A. W. A. H. (2023). Improving Hydraulic 
Fracturing Productivity in Khalda Oil Fields (Western Desert-
Egypt). Journal of Physics: Conference Series, 2594 (1), 012001. 
doi: https://doi.org/10.1088/1742-6596/2594/1/012001

9. Fairhurst, D. L., Marfice, J. P., Seim, M. R., Norville, M. (2000). 
Completion and Fracture Modeling of Low-Permeability Gas Sands 
in South Texas Enhanced by Magnetic Resonance and Sound Wave 
Technology. Proceedings of SPE/CERI Gas Technology Symposium. 
doi: https://doi.org/10.2523/59770-ms

10. Chandra, S., Daton, W. N., Herlambang, S. A., Aziz, P. A. (2023). 
Optimizing hydraulic fracturing operation on water dominated 
geothermal reservoir: A case study of well X in Indonesia. AIP Con-
ference Proceedings. AIP Publishing, 2598 (1). doi: https://doi.org/ 
10.1063/5.0134885

DOI: 10.15587/2706-5448.2024.301779

ANALYSIS OF THE ENERGY EFFICIENCY OF A SYSTEM WITH 
A HYBRID SOLAR COLLECTOR AND THERMAL ENERGY 
STORAGE

pages 51–56

Stepan Mysak, PhD, Senior Lecturer, Department of Heat Power 

Engineering of Thermal and Nuclear Power Plants, Lviv Polytechnic 

National University, Lviv, Ukraine, e-mail: stepan.y.mysak@lpnu.ua, 

ORCID: https://orcid.org/0000-0003-2064-7015

Stepan Shapoval, Doctor of Technical Sciences, Professor, Depart-

ment of Heat and Gas Supply and Ventilation, Lviv Polytechnic 

National University, Lviv, Ukraine, ORCID: https://orcid.org/0000-

0003-4985-0930

The object of research is heat transfer in a hybrid thermal photo-
voltaic solar collector.

International agreements and strategies aimed at combating climate 
change and reducing greenhouse gas emissions strongly call for the 
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active implementation of renewable energy sources on a global scale.  
A special emphasis is placed on the development of solar energy, which 
has significant growth potential due to the constant improvement of 
technologies and cost reduction of production. With this in mind, the 
authors focused on the development and analysis of a computer model 
of an innovative hybrid system that effectively combines a solar collector 
for the simultaneous production of both thermal and electrical energy.

The research included a detailed study of the temperature chan-
ges of the heat carrier in the hybrid photovoltaic solar collector and 
thermal accumulator during the period of solar irradiation. Thanks 
to careful monitoring, the main patterns of gradual temperature in-
crease in both key components of the hybrid system were established. 
In addition, an assessment of the dynamics of changes in the instan-
taneous thermal power of the solar collector under the influence of 
various factors, such as the intensity of solar radiation, the angle of 
inclination of the collector, wind speed, etc., was carried out.

The results of computer modeling showed the average indicator 
of the efficiency of the entire hybrid system, as well as its variations 
during a certain time of operation. In addition, the change in the 
instantaneous specific heat capacity and the overall efficiency of heat 
energy generation by the hybrid photovoltaic solar collector were 
analyzed. Special attention was paid to the study of the dynamics 
of changes in the thermal efficiency of the entire system, as well as 
its ability to efficiently store thermal energy in a specialized battery.

The comprehensive analysis made it possible to obtain the key 
thermophysical parameters of the developed hybrid system with 
a photovoltaic solar collector. This data is extremely important, 
as it will allow engineers and scientists to accurately calculate the 
potential performance and efficiency of such a system when it is put 
into practical use in the future. In general, the results of the study 
emphasize the promising development of hybrid solar collectors as 
one of the leading technologies in the field of renewable energy in the 
context of global challenges of climate change.

Keywords: energy efficiency, solar collector, thermal battery, ener-
gy supply system, alternative energy sources.
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The object of research is the dynamic processes that occur in the 
drill string during the deepening of the hole in deep wells. The work 
is aimed at solving the problem for an idealized system in the form of 
rod systems while preserving its main oscillatory properties.

The nature of oscillatory processes that occur in the drill string 
during drilling with downhole motors is considered, in some cases it 
turns out to be very complicated. In the general case, the dynamic 
process changes according to an aperiodic law, which is superimposed 
by processes of an oscillating nature with an increasing (damping) 
nature of the amplitudes of different frequencies.

The influence of the torque characteristics of the downhole mo-
tor and bit on the development of oscillatory processes in the drill 
string during well drilling has been theoretically determined.

The results of theoretical and experimental studies of oscillatory 
processes and their interaction with the use of proposed models of 
hole deepening in the future make it possible to create a simulation 
model. This model would include taking into account the mode 
parameters of drilling, the mechanical properties of the rocks to be 
drilled and the layout of the drill string bottom (DSB).

The obtained research results can be applied in practice in the 
process of designing the structure of the drill string bottom (DSB) 
with the use of downhole motors, in particular, screw motors, the use 
of which leads to energy stress, the complication of work processes 
and structural schemes. As a result, the nature of vibrations changes 
and the vibration loads on parts of the downhole motor, bits and ele-
ments of the drill string are reduced.

In the future, it is necessary to take into account the hydrodyna-
mics and the type, as well as the design and parameters of the applied 
downhole elements for the development of their dynamic models.

Keywords: drill string, downhole motor, bit, low-frequency oscil-
lations, oscillatory processes, hole deepening.
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