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PREFACE 

The success of the Russian-Taiwanese Symposium “Physics and Mechanics of New 

Materials and Their Applications”, PMNM-2012 (Russia, 2012), 2013 International 

Symposium “Physics and Mechanics of New Materials and Underwater Applications”, 

PHENMA 2013 (Taiwan, 2013), 2014 International Symposium “Physics and Mechanics of 

New Materials and Underwater Applications”, PHENMA 2014 (Thailand, 2014), 2015 

International Conference “Physics and Mechanics of New Materials and Their Applications”, 

PHENMA 2015 (Russia, 2015), 2016 International Conference “Physics and Mechanics of 

New Materials and Their Applications”, PHENMA 2016 (Indonesia, 2016), 2017 

International Conference “Physics and Mechanics of New Materials and Their Applications”, 

PHENMA 2017 (India, 2017) and 2018 International Conference “Physics and Mechanics of 

New Materials and Their Applications”, PHENMA 2018 (South Korea, 2018), 2019 

International Conference “Physics and Mechanics of New Materials and Their Applications”, 

PHENMA-2019 (Vietnam, 2019) and 2020 International Conference “Physics and Mechanics 

of New Materials and Their Applications”, PHENMA-2020, (Japan, 2021) predefined 

objectives and scientific directions of the 10th Anniversary International Conference on 

“Physics and Mechanics of New Materials and Their Applications” (PHENMA 2021 – 2022, 

Divnomorsk, Russia, May 23 – 27, 2022). 

A significant interest to the PHENMA-2020 has led to the great sponsor support from 

Ministry of Education and Science of the Russian Federation, Russia; Russian Science 

Foundation; Russian Foundation for Basic Research; Ministry of Science and Technology of 

Taiwan; The Society of Materials Science, Kyushu Branch, Japan; Kitakyushu Convention & 

Visitors Association, Japan; The Korean Society for Composite Materials, South Korea; 

National Foundation for Science & Technology Development (Vietnam); Vietnam Union of 

Science and Technology Associations (VUSTA); Vietnam Association of Science Editing 

(VASE); South Scientific Center of the Russian Academy of Science; New Century Education 

Foundation (Taiwan); Ocean & Underwater Technology Association (Taiwan); Unity Opto 

Technology Co. (Taiwan); Fair Well Fishery Co. (Taiwan); Woen Jinn Harbor Engineering 

Co. (Taiwan); Lorom Group (Taiwan); Longwell Co. (Taiwan); Kyushu Institute of 

Technology, Japan Korea Maritime and Ocean University; Hanoi University of Science and 

Technology (Vietnam); Vietnam Maritime University; Vinh Long University of Technology 

Education (Vietnam); Hanoi University of Industry; Vietnamese-German University 
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Institute of Agriculture Machinery (Vietnam); University of 17 Agustus 1945 Surabaya 
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International Projects, Ltd.                                               

The following PHENMA abstracts cover five scientific directions: (i) processing 

techniques of new materials, (ii) physics of new materials, (iii) mechanics of new materials, 

(iv) applications of new materials, and (v) industry and management. These are present by 

scientists from 17 countries, demonstrating strong scientific collaboration, formed for last 

years. 
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In a remote area, there are many problems related to the electrical energy for wireless 

communication. The energy consumption of wireless microdevices is very low. A small 

amount of power is required for the microdevices. Wind flow is easily available in remote 

areas, and wind energy is converted into useful energy. In this work, a mechanism is proposed 

to convert wind energy to electrical energy with the help of the microfiber composite (MFC) 

and sets of various shapes of artificial grass. The deflection is obtained from the wind, and the 

bending mode of the piezoelectric is considered for this conversion. The amount of energy 

that can be extracted from such a type of artificial grass depends on its design parameters, such 

as length, width, tip mass, and shape are analyzed. The MFC energy harvester consists of a 

polypropylene beam, a polypropylene proof mass, and a microfiber composite patch. The 

MFC patch is attached to a polypropylene beam and the proof mass is attached at the top of 

the free end. The finite element analysis, as well as the analytical simulation of the MFC power 

harvester, has been performed using COMSOL Multiphysics to analyze and enhance the 

electrical properties in turns of charge output through geometrical analysis and mechanical 

properties of MFC material.   

Acknowledgments. The equipments of SFedU and GHRCE Nagpur India were used. The 

authors acknowledge the support by Southern Federal University, grant No. VnGr-07/2020-

04-IM (Ministry of Science and Higher Education of Russia). 

 

10th Annual International Conference on “Physics and Mechanics  
of New Materials and Their Applications” (PHENMA 2021 – 2022) 
Divnomorsk, Russia, May 23 – 27, 2022 



38 

Systematic Investigation of Dielectric Characteristics of  

BaFe1/2Sn1/2O3-δ Ceramic 

 
Abhinav Yadav1*, E. A. Bikyashev2, S. P. Kubrin1, N. V. Ter-Oganessian1, I. P. 

Raevski1 

 
1Institute of Physics, Southern Federal University, Rostov-on-Don, 344090, Russia 

2Faculty of Chemistry, Southern Federal University, Rostov-on-Don, 344090, Russia 

 

*abhinavyadav.ism@gmail.com 

 

Lead-free barium ferrostannate BaFe1/2Sn1/2O3-δ (BFSO) ceramics were prepared by 

conventional hydrothermal chemical synthesis followed by sintering at 1300 ºC for 3 – 10 h 

in air. Structural analysis of the material has been done using X-ray diffractometer at room 

temperature. X-ray diffraction (XRD) patterns revealed the single-phase perovskite structure 

with cubic symmetry. Room temperature microstructural analysis has been done by scanning 

electron microscopy (SEM) and it revealed that grains are distributed homogeneously 

throughout the surface. The high density and small porosity of the sample are also confirmed 

by the microstructural study of the sample. The dielectric analysis has been done for 50 – 450 

K temperature range over a frequency window 600 Hz – 1 MHz. It was found out that prepared 

sample exhibits giant dielectric response with comparatively low losses. The BFSO ceramic 

suggests temperature dependent strong dispersion at low frequency in its dielectric behavior. 

The dielectric analysis reveals that orientational and interfacial polarization are present in 

BFSO sample. The activation energy value of conductivity-temperature dependence suggests 

that the single ionized oxygen vacancy is responsible for the conduction. The impedance 

analysis of BFSO sample revealed negative temperature coefficient resistance (NTCR) 

behavior for both grain's bulk and grain-boundaries. The results of impedance analysis also 

suggest that space charge polarization plays important role at low frequency region over all 

the measured temperature region. The modulus study suggests the non-Debye characteristics 

of the material and its strong dependence on frequency irrespective of temperature. The 

obtained results of BFSO ceramic analysis over a wide temperature and frequency ranges 

suggest that BFSO is a suitable lead-free candidate to use in semiconductor devices, oxide 

solid fuel cells and frequency dependent dielectrics prospective for practical applications.  
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In this report, a comprehensive study of the frequency dependences of complex 

electromechanical characteristics for porous piezoceramics based on PZT-type composition 
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was carried out. Ferroelectrically "soft" PZT-type piezoelectric ceramics of the composition 

Pb0.95Sr0.05Ti0.47Zr0.53O3 + 1% Nb2O5 with different relative porosity in the range of 0 – 50 % 

and average pore size of 10 – 30 μm were chosen as the object of the study. Experimental 

samples of porous piezoceramics were obtained using a modified method of pore former 

burning-out. The measurements of the complex dielectric, piezoelectric, and elastic 

parameters of the samples and their frequency dependences in the frequency range up to 10 

MHz were obtained using impedance analyzer Agilent 4294A (Agilent Technologies, USA) 

and the software PRAP. Dispersion characteristics of complex dielectric, piezoelectric and 

electromechanical parameters for samples with porosity in the relative porosity range 0 – 50 

% were measured and analyzed. As a result of experimental studies, regions of elastic, 

piezoelectric and electromechanical dispersion, characterized by anomalies in the frequency 

dependences of the real and imaginary parts of the complex constants of porous piezoelectric 

ceramics were revealed. It was found that the main microstructural features of porous 

piezoceramics that define the character of frequency dependences of complex 

electromechanical parameters of porous piezoelectric ceramics are branched 3D 

piezoceramics frame and quasi-rod piezoceramics structure. It was found out that 

ferroelectrically “hard” porous piezoceramics are characterized by unique combination of 

complex electromechanical parameters that makes them prospective materials for different 

technical applications. 

 

 
 

Fig. 1. Impedance spectra for the fundamental and higher-order resonances of the thickness 

extensional mode of PZT-type piezoceramic disks with diameter of 26.3 mm and thickness of 1.3 

mm, polarized in thickness direction 
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An electroelastic actuator on the piezoelectric or electrostriction effect is applied in 

nanotechnology, nanobiology, biomechanics and adaptive optics for the precision matching in 

nanomechatronics systems [1 − 8]. We used the harmonic linearization of hysteresis 

characteristic of an electroelastic actuator for the analysis and calculation of nanomechatronics 

systems. The piezo actuator works on the basis of the inverse piezoelectric effect due to its 

deformation, when the electric field strength is applied. To increase the range of movement of 

the piezo actuator to tens of micrometers, the multilayer piezo actuator is applied. The piezo 

actuator is used in nanomechatronics systems for nanodisplacement in adaptive optics, 

nanotechnology, scanning microscopy, nanobiomechanics, multicomponent telescopes [9 − 

16]. The coefficients of harmonious linearization for the basic loop characteristic are 

determined by the metod of the theory of nonlinear automatic systems [17 − 19]. On the 

characteristic of electroelastic actuator deformation from the electric field strength, the initial 

curve is observed, on which the vertices of the basic hysteresis cycles lie. The basic hysteresis 

loops have a symmetric change in the electric field strength relative to zero, and partial cycles 

have an asymmetric change in the strength relative to zero. We recieved expressions for the 

hysteresis basic and local loops of an electroelastic actuator. We obtained the coefficients of 

harmonic linearization for the basic loop characteristic of an electroelastic actuator of nano 

mechatronics systems. Basic and local loops for hysteresis characteristics of an electroelastic 

actuator are proposed. Expression is determined for the generalized frequency transfer 

function of a nonlinear link with a hysteresis characteristic in the form of the basic hysteresis 

cycle of an electroelastic actuator. 
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The equipment of wells with screw pump installations and their incorrect selection leads often 

to exceeding the maximum permissible depression on the formation, reducing the dynamic 

level of fluid in the well and releasing free gas into the annulus, the formation of depression 

funnels, increasing the water content of the extracted reservoir fluid [1 – 4]. The report is 

devoted to the modernization of the surface drive of the screw pump for the extraction of high-

viscosity oil. The aim of the work is to increase the technical and economic indicators of the 

surface drive design by expanding its control range. The report proposes a promising design 

of the surface drive of a screw pump. The proposed surface drive of a submersible pumping 

unit is equipped with a gear insert kinematically connected to a gearbox made in the form of 

a two-stage gear mechanism, including driving, middle and driven gears of different diameters, 

sequentially engaged with each other. In this case, the shaft of the middle wheel is made with 

two connecting ends, and the intermediate shaft of the gearbox is equipped with one 

connecting end, derived respectively from the module and gearbox housings, which are 

equipped with attachment points at the outlets of the connecting ends. This allows the motor 

to be connected to any of the connecting ends of the shafts of the gearbox insert, which is 

connected to the drive or intermediate shaft of the gearbox. The driving, middle and driven 

wheels of the module are made with consistently increasing diameters in unequal proportions. 

This design allows one to obtain fourteen values of the gear ratios of the drive, and, 

consequently, the same number of control stages of the screw pump drive. The selection of 

the gear ratios of the pump drive was carried out and the design calculation of the main 

components of the reduction insert was carried out. A comparative analysis of the flow 

diagrams of a screw pump with a drive of the standard and proposed design is carried out. A 

3D model of a reduction insert in CAD has been created. The strength calculation of the 
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housing of the reduction insert by the finite element method is performed. Possible sources of 

economic efficiency of this study are identified. The results obtained can be used in the oil 

industry for the extraction of hard-to-recover, high-viscosity oil, as well as oil with a high 

content of abrasive particles, when using a screw pump with a surface drive. 
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Low-temperature proton-exchange membrane fuel cells are an important part of the rapidly 

developing hydrogen energy industry. Almost all commercially produced PEMFC uses a 

catalyst that provides current-forming reactions (electroreduction of oxygen, electrooxidation 

of hydrogen and methanol). Pt-containing materials are the best electrocatalysts for proton 

exchange membrane fuel cells. Their widespread commercial use requires a reduction in the 

precious metal content while maintaining the activity and stability of the catalyst. This 

research is carried out in several directions: (I) Development of new methods for the Pt/C 

catalysts synthesis characterized by a uniform distribution of platinum nanoparticles on the 

surface of a carbon support and a narrow dispersion in particle size [1]. The authors of [2] 

confirmed the hypothesis that catalysts containing small-sized nanoparticles, uniformly 

distributed over the surface of a carbon support, can be both more active and more stable than 

catalysts based on larger particles, but with a lower uniformity of size and spatial distribution. 

(II) Development of a synthesis method for obtaining new catalysts with a special structure of 

bimetallic nanoparticles, which exhibit increased activity in ORR [3, 4]. (III) Doping of the 

carbon support in order to increase the stability of catalysts based on it in long-term stress 
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testing [5]. (IV) Development of new approaches to the certification of structural and 

electrochemical characteristics of catalysts [2]. 
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Carbon-supported platinum (Pt/C) catalysts are widely used in low temperature fuel cells. The 

actual problem of such catalysts, connected with a reducing the content of precious platinum, 

while maintaining high activity and stability, is solved both by selecting the optimal carbon 

carrier and by controlling the size, shape, size and spatial distribution of platinum 

nanoparticles. In this report, we present the results of joint studies of Pt/C electrocatalysts 

obtained at R&D LLC PROMETEY (Russia) and studied at the Laboratory of Nanostructured 

Materials for Electrochemical Energy Engineering of the Southern Federal University. It was 

established that the electrocatalysts of the PM_X series (where X = 20 – 60 and corresponds 

to Pt-loading, % wt.) demonstrate the highest ORR activity among the Pt/C materials studied. 

Figure 1a shows a TEM photograph of fragments of the PM20 and PM40 electrocatalysts 

surface, indicating a small size of Pt NPs. For the PM20 material, the average size of platinum 

nanoparticles is 2.2 ± 0.2 nm. For the PM40 material, the average size of platinum 

nanoparticles is 3.0 ± 0.2 nm. Due to the strong anchoring and small size of NPs, the PM series 

catalysts exhibit higher electrochemically active surface area (ESA) during accelerated 

voltammetric stress testing (Fig. 1b) and, as a result, higher durability and mass activity in 

ORR compared to other studied. 
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Fig. 1. TEM photograph of the PM20 (a) and PM40 (b) electrocatalysts surface fragments 
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The widespread use of piezoelectric ceramics in industry, diagnostics, medicine, and everyday 

life appliances put forward the problem of creating reliable mathematical models describing 

the behavior of polycrystalline ferroelectric materials in weak and strong electric and 

mechanical fields. The use of finite element programs imposes on the polarization models the 

requirements of simplicity, universality, and minimality of the stored information. An 

important feature of modeling is the satisfactory agreement between the calculated and 

experimental data in both strong and weak fields. To meet these requirements, within the 

framework of quasi-static processes, a mathematical model was developed for describe 

irreversible processes. Based on the one-dimensional Giles – Atherton model, a generalization 

was obtained to the case of three dimensions. The section of accounting reversible components 

has been supplemented and revised. The bloc of external loads has undergone a radical change. 

It provides a simultaneous action of both the electric field vector and the mechanical stress 

tensor for the most general case, when none direction of the principal axes of the stress tensor 

not coincides with the direction of the electric field vector. In the process of modeling, the 

functional dependences of the physical constants of material on the residual parameters were 

used. Generalized limiting dependences of polarization and strain are obtained for the three-

dimensional case. The geometric relationships between the polarization vector and the strain 

tensor are established, which are necessary for describing the electromechanical response. 
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Energy balance relations are derived and hysteresis operators are obtained in the form of 

equations in differentials. As a result, the model makes it possible: (i) to calculate the residual 

polarization fields; (ii) to determine the principal axes and principal values of the permanent 

deformation tensor; (iii) to find the physical characteristics of non uniformly polarized and 

deformed ceramics as a locally anisotropic body, including a partial polarization; (iii) to 

determine dielectric and deformation hysteresis loops for any type of mechanical and electrical 

load. The tuning of the model for a specific type of ceramic material is carried out by selecting 

the parameters of the model by comparing the experimental and calculated hysteresis curves 

in a continuous metric. The developed model can be included in finite element programs; it 

allows storing information only about the residual polarization vector and the residual strain 

tensor at each finite element. 
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In this work, the electrophysical properties of a material based on synthesized arrays of ZnO-

nanorods grown by the hydrothermal method on a quartz substrate were investigated [1]. The 

formed ZnO-nanorods with a predominantly vertical orientation had an average transverse size 

of about 40 – 60 nm and a length of 500 – 800 nm. Gold (Au) nanoclusters were formed on 

top of the obtained ZnO-nanorods by vacuum thermal deposition, and tin (Sn) nanoclusters 

were formed on another sample. Au and Sn metal nanoparticles were deposited on top of ZnO-

nanorods uniformly and had an average transverse size for a ZnO (Au) sample of 4 – 6 nm, 

and for a ZnO (Sn) sample, the size of Sn metal particles ranged from 5 to 28 nm. 

Investigations of the electrophysical properties of the obtained film samples were carried out 

on a hardware-software measuring setup, which makes it possible to measure the dependences 

of resistance on temperature, activation energy, and potential barrier [2]. The calculation of 

the activation energy of conductivity (Ea) was carried out on the basis of the expression of the 

Arrhenius equation: 1/R = (1/R0)exp(−Ea/kT), where Ea is the activation energy of 

conductivity, k is the Boltzmann constant, 1/R0 is a preexponential constant for temperature 

ranges in which a linear decrease in resistance is observed (from about 44 to 150 C). The 

temperature range of 44 – 150 °C for the material, based on ZnO (Sn) nanorods, Ea was 0.25 

eV, and for the material based on ZnO (Au) nanorods, it was 0.23 eV. To measure the potential 

energy barrier (φb) of the obtained samples, the method of thermally stimulated conductivity 

measurements was applied. In this method, the conductivity is measured as a function of the 

time after a sharp change in the sample temperature with a sharp temperature switch from the 

maximum to 200, 220 and 240 C. The potential barrier values (φb) for the ZnO (Sn) and ZnO 

(Au) samples were 0.43 and 0.37 eV, respectively. Thus, the activation energy of the 
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conductivity of a ZnO (Sn)-based structure is slightly higher than that of a ZnO (Au)-based 

structure. This indicates that the mechanism of gas sensitivity of structures based on ZnO 

nanorods may differ from the mechanism of sensitivity of samples based on SnO2 – ZnO films 

previously obtained by solid-phase pyrolysis, in which the values of the activation energy of 

conductivity decrease from 0.78 eV to 0.6 eV with an increase in the content of SnO2. 
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The report considers the features of the dependences of the dielectric properties of solid 

solutions of a number of multicomponent systems based on the lead titanate-zirconate on the 

electronegativity of their constituent cations. Solid solutions (SSs) of 3- and 4-component 

systems of the form   PbZrO3 − PbTiO3 −  ∑ (Pb𝐵1−𝛽
′ 𝐵𝛽

′′O3)𝑛𝑛  (n = 1, 2; B' = Nb/W; B'' = 

Ni, Mg, Co, Zn, Mn, Cd) were chosen as objects of the study. The dependences between the 

electrophysical parameters of the SSs of some multicomponent systems based on the lead 

titanate-zirconate and the crystal chemical characteristics of the cations B', B'' were previously 

established in [1]. They showed that the ferrohardness of the SSs (resistance of the domain 

structure to external influences) is directly dependent on the electronegativity (EN) of the B'' 

elements in the corresponding oxidation states, that is on the degree of B–O bond covalence. 

The relative permittivity of the polarized samples, 0
T
33 / εε , in the solid solutions of the systems 

under consideration should decrease with an increase in the effective electronegativity (taking 

into account the fraction of elements in different valence states) in the series Mg → Cd → Co 

→ Zn → Ni → Mn, that is in the order of the increasing degree of the bond covalence. 

However, the solid solutions with Ni2+ and Cd2+ do not satisfy the established regularity: the 

first show the highest values, the second demonstrates the lowest. The correspondence of the 

dependence on the electronegativity of the cations B'' (ENB'') occurs with a significant decrease 

(by ~ 25%) in ENNi2+ and an increase (by ~ 20%) in ENCd2+. Thus, in the solid solutions of the 

multicomponent systems, Ni2+ exhibits a significantly lower, and Cd2+, higher 

electronegativity. The possible mechanisms of the observed are considered, namely, the 

mechanism of a decrease in the amount of Ni2+ in regular octahedral positions of the structure 
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of the solid solutions and the redistribution of Cd2+ over A- and B-positions, which is allowed 

by its size, which satisfies the stability conditions for a perovskite-type structure. 
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Ceramic solid solutions (SSs) based on the lead zirconate-titanate (PZT) system are still 

practically no alternative components for various areas of piezoelectric instrumentation. 

Various research groups are actively working to improve their properties by moving to more 

complex, multicomponent systems. In this regard, the development, creation and study of 

PZT-compositions with a third non-structural component seems to be relevant. The objects of 

the study were the SSs of the three-component system (1 – x)Pb(Ti0.5Zr0.5)O3 – xCdNb2O6 with 

x = 0.025 − 0.100, Δx = 0.025. X-ray diffraction shows that in the specified system in the range 

0.025 ≤ x ≤ 0.100, SSs are formed, the tetragonal symmetry of which is preserved, as in the 

basic system, but in the range 0.075 ≤ x ≤ 0.10 clusters with lower symmetry appear. A very 

small amount of ZrO2 is contained in all samples, except for SSs with x = 0.100. It is shown 

that with an increase in x, the diffraction pattern degrades: for all values of x, the diffraction 

peaks are a superposition of several peaks. It should be noted that the only condition 

preventing the formation of substitutional solutions in the system has not isostructural nature 

of the extreme components (perovskite – columbite). Other conditions, such as the difference 

in ionic radii and the difference in electronegativities of interchangeable elements, correspond 

to the rules of isomorphism. The grain landscape is represented by crystallites, the size, shape 

and nature of the packing of which change depending on the quantitative ratios of the 

components in the system. When the latter is enriched with cadmium niobate, the average 

grain size, �̅�, decreases almost threefold with CdNb2O6 variation in the range 0.025 ≤ x ≤ 

0.100. In this case, the nature of the dependence �̅� (x) is nonmonotonic with a rapid change in 

�̅� in the range 0.025 < x ≤ 0.050, a gradually decreasing grinding rate �̅� in the range 0.050 < 

x ≤ 0.075 and a slow decrease in the transformation rate �̅� at 0.075 < x ≤ 0.100. It was found 

that an increase in the CdNb2O6 content to x < 0.075 does not cause any significant changes 

in the dielectric properties. The piezoelectric characteristics of the samples under study change 
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on average by ~ 60%. The most significant fluctuations of quantities are subject to elastic 

constants, namely, QM increases by ~ 2.5 times, while Y11
E and V1

E change by ~ 80%. The 

work provides a scientific interpretation of the results obtained. 
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One of the objectives of robots is to remove human intervention from the hazards work 

environment, like to explore inaccessible workplaces. Pipelines also come under the 

categorization of the inaccessible workplace, due to its small space, the complex path having 

bend, joints and toxic gases, which might be harmful for human intervention. With an increase 

in automation in oil and gas transportation the demands of in-pipe inspection robots are 

increasing. The primary focus of such robots is the inspection of pipelines used for fuel or 

water transportation. Several robots have been developed in the past few decades and the gap 

of universal and sustainable design is still present. However, several designs have been 

proposed recently but the pipeline industry is not accepting them as a universal design for their 

use, and it is due to their design constraints. A comprehensive study related to the design of 

in-pipe inspection robot is required to move further towards the proposal of a new design. This 

paper is presenting a comprehensive review of different mechanisms and their capability of 

in-pipe inspection robots. It is also discussing the design considerations and constraints of 

different in pipe inspection robots, which have been proposed and reported in the literature. 

 

 

Utilization of Industry 4.0 by City Farmers, Indonesia 

 
Annisa Purnamasari 

 

Department of Industrial Engineering, Universitas 17 Agustus 1945 Surabaya, Indonesia 

Jl. Semolowaru No.45, Surabaya, Jawa Timur 60118, Indonesia 

 

annisapurnamasari2806@gmail.com 

 

Urban farmers are farmers who have experienced improvement and progress in terms of 

thought, knowledge, and ways to develop the field. The city's own farmers aim for farmers to 

continue to have an improvement in the industrial 4.0 era and not fall behind. The activities 

that have been carried out by previous people in planting and earning a plant have made young 

people reluctant to continue these activities. The activity in question only makes the minds of 

today's young people tired. The branding of a farming activity makes the work of farmers no 

longer in demand and over time it becomes lost. It is important to introduce farming methods 
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using the machines and tools that have been provided and an introduction to using the Internet 

on using farmers to change the mindset of today's young people, so that young people continue 

to preserve agriculture by continuing to develop, not eliminate. Utilizing social media to 

eliminate bad thoughts and provide constructive information about today's agriculture, 

especially in the industrial 4.0 era. In addition, the importance of digital marketing in 

marketing agricultural products in order to get feedback that is in accordance with the results 

of hard work and product results. The use of digital marketing is also very important so that 

many people know the agricultural products produced and make it easier for outsiders to place 

orders for these agricultural products. 
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Nowadays, in order to achieve greater efficiency of hydroacoustic receiving systems that 

ensure the detection of low-noise objects and provide for stable underwater communication, 

an approach based on an increasingly complete extraction of information contained in the 

acoustic field is being intensively studied. This is usually accomplished by using vector-scalar 

antennas that can measure acoustical pressure and vibrational velocity of the particles of the 

medium simultaneously. The most common of them are stationary, towed and onboard. The 

noise component that makes the largest contribution to the resulting noise field differs for each 

type of the antennas. For stationary systems, the greatest noise source corresponds to the noise 

of the sea surface and the water column, for towed ones due to the flow-induced turbulent 

noise, and for onboard systems because of the structural interference, which is produced by 

vibrations of the frame and hull elements of the carrier structure. The purpose of this paper is 

the analysis of the detection characteristics of a target signal and the accuracy of determining 

the location of its source during the operation of the onboard receiving system in the presence 

of a background structural noise. The research is carried out using computer modeling and 

experimental data processing for a set of detection methods: P-method, based on pressure 

measurements processing; PV-method, employing both pressure and particle velocity; and W-

method, using power flux components. Experimental characteristics of the structural noise are 

presented for the scalar and vector components of the acoustic field, as well as for the power 

flux. Based on the results of the calculations, a comprehensive comparison of the performance 

characteristics of scalar and vector-scalar antennas is carried out according to the following 

set of the considered criteria: the signal-to-noise ratio at the output of the receiving system, 

the probability of correct detection and false alarms, and the accuracy of the target coordinates 

assessment, namely the root-mean-square error and the target azimuth bias. Analysis of the 

results shows that the intensity of the structural noise for the power flux components is much 

lower than the noise intensity for the scalar and vector components. Variance values for the 

power flux components are lower than for scalar and vector ones even at small averaging 

times, and decrease faster depending on the averaging time. This factor is significant in further 

research and development of the detection algorithms, and it also explains the significant 
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advantage in detection probability for vector-scalar antennas in comparison with scalar ones. 

It is shown that the best detection characteristics for all the considered criteria are obtained for 

the method that employs a vector-scalar antenna and uses power flux components of the 

acoustic field in the data processing. The worst performance for all the considered criteria is 

observed for the method that uses only the scalar component of the acoustic field and is limited 

to acoustical pressure measurement. It is also important to note that when the direction of 

arrival of a signal from the target is close to the fore-and-aft aspects of the carrier, the P-

method in most of the considered situations was not able to detect the signal at all, while the 

W-method has provided for target signal detection with a high probability. Thus, it can be 

concluded that vector-scalar antennas that allow for processing power flux components of an 

acoustical signals are promising and can be used to develop on-board receiving systems that 

achieve greater target detection probability. 
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Active studies of the electrodynamic properties of bulk ferroelectric materials in the 

microwave range have been carried out for more than two decades. Many prospects for their 

applications in radio engineering have been discovered, from varistors and varicaps, to filters 

and phase shifters. At present, the range of materials used in real microwave devices is often 

limited to compositions based on BaTiO3 and PbTiO3. The technology for the synthesis of 

such compositions is well developed, and materials based on them have acceptable 

characteristics. The development of synthesis and research methods makes it possible to obtain 

new promising materials and to refine the properties of previously known materials. Therefore, 

investigations in this area remain relevant to this day. In this research, we study the dependence 

of the electrodynamic characteristics of the 0.98 (xPbTiO3 – yPbZrO3 – zPbNb2/3Mg1/3O3) – 

0.02PbGeO3 quaternary system on the composition. A wide selection of samples with various 

compositions along various sections of the Gibbs triangle is used as the objects of study. The 

samples are examined by the microstrip method in the frequency range from 10 MHz to 20 

GHz. For each section, the dependences of direct and reverse electromagnetic losses on the 

composition were obtained. The total energy dissipated by the samples is calculated. 

Correlations were found in the dependences of the absorption energy on the composition. This 

is due to the relationship between dielectric constant and composition. Correlation 

relationships are nonlinear, which is associated with the dispersion of the dielectric constant 

in the studied range. The studies performed only characterize samples of a given shape, from 

a given material and within the scope of the chosen method. The technique used does not 

provide complete information on the properties of the material, but makes it possible to assess 
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the characteristics, and helps in the selection of compositions and forms for subsequent, more 

accurate studies. To refine the results, it is necessary to resort to various methods of 

mathematical modeling. 
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Memristor structures are one of the promising elements of nanoelectronics that can find 

their application in RRAM elements for large data processing systems, as well as in the 

manufacture of neuromorphic artificial intelligence devices. These structures can switch 

between a state with high (HRS) and low (LRS) resistance, have a high switching speed 

between states, low power consumption and can be used in non-volatile systems. In addition, 

memristor structures based on electrochemical titanium oxide have a large ratio of resistances 

in the HRS and LRS states and a long time of their preservation, low switching energy, and 

also do not require an additional electroforming operation. Thus, the task of studying the 

reproducibility of resistive switching of titanium oxide nanostructures obtained by local 

anodic oxidation is an urgent area of research. To conduct experimental studies of resistive 

switching of titanium oxide nanostructures, probe nanolithography was performed at the 

Ntegra nanolab (NT-MDT, Russia) by local anodic oxidation of titanium film. Then, for 1000 

cycles, the voltage characteristics were measured at one point of the nanostructure, when a 

voltage loop was applied in the range ± 7 V.  

 

 
 

(a) (b) 
Fig. 1. Volt-ampere characteristic: (a) 1st cycle, (b) 1000th cycle 
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Analysis of the data obtained showed that at a voltage of 5 V during 1 cycle, the current 

through the structure in the LRS state was 71.8 pA, and 1.9 pA in the HRS state, the ratio of 

resistances in the LRS and HRS state is 37.8. For 1000 cycles, at a voltage of 5 V, the current 

in the LRS state was 46.6 pA, and 0.45 pA in the HRS state, the ratio of resistances in the LRS 

and HRS state is 103.5. The obtained results can be used in the development of technological 

processes for the formation of nanoelectronics elements and neuromorphic devices. 
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Rapid development of nanophotonic devices and various quantum applications requires 

improvement of semiconductor technology, including droplet epitaxial growth of III-V 

nanostructures [1], which have advantageous optical and electronic properties. To control relative 

distances between quantum objects and exclude their mutual influence, a low surface density of 

nanostructures below 1108 cm−2 must be achieved. In this report, we demonstrate that low-

density InAs/GaAs nanostructures with an optically suitable size (~25 nm) can be obtained using 

two-stage exposure of In-droplets to the As-flux. Droplets obtained after deposition of 1.0 and 

1.5 monolayers (ML) of indium (1-ML and 1.5-ML droplets) were exposed to an As4 flux 

evaluated as a relative value P/P0 (where P0 is a background pressure) under different conditions. 

We observe that 1-ML droplets have low stability under the influence of the As-flux implying that 

they rapidly decay in the result of diffusion of atoms out of droplets. 1.5-ML droplets were found 

to increase in an average diameter from 65 to 98 nm but they show better resistance to As-vapor 

[2]. An increase of P/P0 from 1 to 2.9 leads to a reduction of the droplet diameter from 98 to 18 nm 

and ring formation around original droplets. An increase of the As-pressure P/P0 from 4 to 10 

causes droplet etching of the surface with the formation of arrays of holes, which become deeper 

with increasing As-flux. To discuss a possibility of achieving fixation of the original droplet 

parameters, we also study the temperature effect on nanostructure parameters after the high-flux 

As-exposure (P/P0 = 714). A decrease in the temperature (at which the exposure was carried out) 

down to 200 °C does not enable better control over characteristics of nanostructures. Appearance 

of monolayer disks is typical for As-exposure at T = 300 °C and 400 °C. In the latter case, an 

average disk diameter decreases, which may be due to the formation of stable bonds of surface 

atoms with the underlying epitaxial layer. A transition to T = 500 °C leads to the transformation 

of droplets into crystal nanostructures. The arrays have a large variation in size, which decreases 

with increasing time t between the beginning of As-supply and substrate heating up to 500 °C. 

Using two-stage exposure in an ultra-low As-flux and then during high-temperature irradiation, 

we achieve reproducible formation of arrays of small-size (25 nm) nanostructures with a low 

surface density (3108 cm−2) and a low variance in size (4%). 
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A study of the mechanical properties of a thin titanium nitride (TiN) film deposited using the 

magnetron sputtering method on a Si (100) surface has been carried out. To create the coating 

under consideration, we used the method of magnetron sputtering of particles onto a silicon 

substrate using a VSM100 unit (Aktan Vacuum, Russia). The deposition took place in the 

mode with a stable power of 600 W, deposition type DC. The microgeometrical characteristics 

of the film surface were studied using an AFM Nanoeducator (NT-MDT, Russia) equipped 

with a tungsten probe in the semi-contact mode. The average values of the average roughness 

Ra and the maximum roughness height Rt were 17 ± 2 nm and 127 ± 35 nm, respectively. The 

probe movement speed was 7 μm/s, the estimated scanning time was 40 min. The film 

thickness and its chemical composition were determined using a Crossbeam 340 SEM (Carl 

Zeiss, Germany). For the present study, an Everhart-Thornley secondary electron emission 

detector was used at an accelerating voltage of 2 kV. The microgeometrical characteristics of 

the film surface (average roughness, maximum roughness height) were determined from the 

results of atomic force microscopy. The chemical composition of the film and its thickness 

were estimated using scanning electron microscopy. Thus, the thickness was 734.7 nm. The 

chemical composition investigated via energy-dispersive X-ray spectroscopy testified to the 

high quality of the deposition. The values of indentation hardness and reduced Young's 

modulus were evaluated using nanoindentation in a course of a series of experiments with 

increasing indentation load. A Nanotest 600 Platform 3 nanoindentation unit (Micro Materials, 

UK) with a Berkovich diamond indenter was used. The maximum indentation force, 

increasing from experiment to experiment, was set: from 1.5 to 29 mN. The indentation time 

into the TiN thin film was set to 30 s, the holding period of indenter at maximum load was 30 

s, then the indenter was unloaded for 30 s. Starting from the indentation depth of about 120 

nm, a characteristic “step” (also called “pop-in”) appears on the loading branches of the 

diagrams, indicating plastic processes in the coating. The plots of mechanical properties reveal 

a rather complex behavior. At small indentation depths (up to 180 nm), underestimated values 

of mechanical properties are observed due to the influence of surface microgeometry on the 

process of indenter penetration. Peak values of mechanical properties (a reduced Young's 
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modulus of 256.38 ± 12.79 GPa, a hardness of 21.3 ± 1.64 GPa) were found at depths of hmax 

= 209.26 ± 6.49 nm, presumably these values are close to the real values of the TiN coating. 

Taking Poisson’s ratio of TiN for 𝑣 = 0.23 the presumable value of the Young’s modulus of 

the film can be restored E = 312.75 ± 12.25 GPa.   
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In this work, a multiferroic (1 – x)CoFe2O4 – xPbTiO3 system was synthesized by the 

conventional solid-phase reaction method. Using a synergistic application of X-ray structure 

analysis, scanning electron microscopy (SEM) and energy-dispersive X-ray analysis (EDX), 

we found that the joint solid-phase sintering of the inverse spinel CoFe2O4 and the ferroelectric 

PbTiO3 is often accompanied by the formation of additional phases: lead hexaferrite and solid 

solutions. These phases are not in small amounts, for example, for the sample x = 0.3, the 

hexaferrite accounts for 60.7%. These additional phases often affect the physical properties of 

this multiferroic (1 – x)CoFe2O4 – xPbTiO3 system. For example, we observed the dielectric 

saturation polarization of 0.5CoFe2O4 – 0.5PbTiO3 is higher than the pure lead hexaferrite and 

lead titanate detailed in the literature. A concentration range (0.3 ≤ х ≤ 0.7) was found, within 

this range has the characteristics of a saturated ferroelectric hysteresis loop. These heterophase 

also affect their dielectric properties, activation energies, Raman spectra, FTIR spectroscopy 

and bandgaps. Magnetic coercive force (Hc), remanent magnetization (Mr), were obtained 

from the magnetic hysteresis loops, and saturation magnetization (Ms), and exchange field 

(HR), and anisotropy field (HA) were obtained by the law of approach to saturation 

magnetization.   
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The pollution of the aquatic environment in the 21st century has acquired a global scale. The 

most promising are photocatalytic methods of wastewater treatment, in which titanium dioxide 
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is most often used as a photocatalyst, since it is effective in purification processes, chemically 

inert and cheap. An active study of the properties of this material has led to the need to modify 

it to shift the absorption region to the visible part of the spectrum. N-doped TiO2 is one of the 

promising materials. Most often, the low-temperature sol-gel method is used to obtain N-TiO2. 

Previous studies have shown that amorphous titanium dioxide has low photocatalytic 

properties; therefore, it must be heat treated to obtain crystalline powders. The choice of the 

synthesis path determines the final properties of the material. Therefore, the purpose of this 

work was to determine the optimal conditions for the synthesis of N-doped TiO2 nanoparticles, 

which can be used as a photocatalyst in wastewater purification from organic pollutants. In 

this work, this material was obtained by three methods of heat treatment: low-temperature, 

high-temperature, and hydrothermal synthesis. Synthesis was carried out using titanium (IV) 

chloride TiCl4 and thiourea as precursors. The N-doped TiO2 samples were characterized by 

X-ray diffraction (XRD), differential thermal analysis (DTA) and thermogravimetric analysis 

(TGA) and transmission electron microscopy (TEM). Optimum calcination temperatures are 

determined by TGA/DTA. XRD has shown that the introduction of nitrogen makes it possible 

to stabilize the catalytically active anatase modification of titanium (IV) oxide up to 800 °C. 

TEM micrographs showed differences in the surface morphologies of the samples, obtained 

by different methods: materials, obtained by the hydrothermal method, have a boat-like shape; 

nanoparticles, obtained by low temperature and high temperature are spherical. The average 

crystallite sizes of various samples were 8 – 35 nm. It was found that an increase in the heat 

treatment temperature leads to an increase in the particle size during crystallization. The 

particle size is practically independent of the amount of nitrogen introduced. The 

photocatalytic activity (PCA) of the obtained samples was studied using the photodegradation 

reaction of a model organic pollutant, methylene blue. All synthesized materials showed 

higher photocatalytic activity than the commercial sample Degussa P25. The introduction of 

nitrogen into the material increases the PCA in visible light. It was found that the sample 

obtained by low-temperature sol-gel synthesis, both in the visible and UV regions, exhibits 

the maximum photocatalytic activity. 

 

 

Synthesis Methods of High-performance Electrocatalysts with a Low 

Platinum Content 

 
 Yu. A. Bayan*, A. A. Alekseenko 

 

Southern Federal University, Faculty of Chemistry, Rostov-on-Don, 344090, Russia 

 

*bayan@sfedu.ru 

 

Nowadays the problem of finding new highly efficient energy sources remains relevant. One 

of the alternative sources is low-temperature fuel cells. Such devices must contain a platinum-

containing catalyst. Various requirements are put forward for electrocatalysts that characterize 

their properties. There are various methods for the synthesis of Pt/C catalysts, in which 

reducing agents or process conditions may vary. It is known that the amount of deposited 

platinum particles and (structural and morphological) characteristics of the material depend 

on the selected reducing agent, as well as on various conditions of the process: the pH of the 

system, the volume of reagents added, temperature, holding time and other parameters. In this 

study, two of the most common liquid-phase methods of obtaining materials were investigated. 
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Materials were obtained in the synthesis of which sodium borohydride (samples Y-1, Y-3) and 

formaldehyde (samples Y-2, Y-14, Y-15, Y-16) were used as reducing agents. The Vulcan 

XC-72 was selected as the carbon support for these materials. Via gravimetric analysis, it was 

found that the mass fraction of platinum in the obtained materials Y-1, Y-3 does not exceed 5 

% (theoretical loading of 20 %). It was determined that it is impossible to obtain high-quality 

materials with this method without losing expensive platinum. The materials that were 

synthesized using formaldehyde as a reducing agent are characterized by an average size of 

platinum crystallites from 2 to 7.5 nm and a mass fraction from 17 to 20 %. The formaldehyde 

synthesis method was chosen as the main method for obtaining catalysts in further works. 

Porous carbon materials are used as support for platinum-containing electrocatalysts. The 

support used in the described experiment, Vulcan XC-72 carbon black, is one of the most 

widely used in the synthesis of Pt/C materials. However, the search for other carbon supports 

and modification of Vulcan XC-72 to obtain catalysts with better structural and morphological 

characteristics remains an urgent task. So, at the second stage of the study, we obtained 

materials based on various carbon carriers: Vulcan XC-72 treated with nitric acid; Vulcan XC-

72 treated with sodium persulfate; Vulcan-XC-72R; C-TOB-S-75; Vulcan XC-72 aged in an 

oven with N in an argon atmosphere; Vulcan XC-72 aged in an oven with N in an argon 

atmosphere, pretreated with nitric acid. Further investigation of the obtained materials will be 

associated with the study of the nanoparticles size, their spatial distribution over the surface 

of the support, and electrochemical characteristics. 
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The paper considers the inverse problem of reconstructing a cylindrical cavity of small circular 

cross-section in a heterogeneous layer. A multiphase medium within the concept of effective 

homogeneity is considered as an equivalent homogeneous orthotropic medium [1]. First, the 

direct problem of oscillations of a layer weakened by a cylindrical cavity was studied in a two-

dimensional formulation. The steady-state regime of layer oscillations under the action of a 

load applied at the upper boundary of the layer is considered. The solution is implemented by 

the method of boundary integral equations and by an asymptotic method. The system of 

boundary integral equations is obtained along the boundary of the guiding cylindrical cavity. 

Asymptotic analysis established the structure of the wave field on the contour of the defect 

and the structure of the wave field on the boundary of a semi-infinite medium. The wave field 

at the upper boundary of the layer consists of two terms [2]. The first of them is the wave field 

generated by the oscillation source in the layer without a defect. The second term is the field 

scattered by the defect. The wave field is presented as an expansion in terms of normal modes, 

with uniform and inhomogeneous modes taken into account. This approach made it possible 

to establish that information about the defect is contained in the amplitudes and phases of the 

scattered field. The structure of the scattered field amplitudes is established. When solving 
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inverse problems, this information was used. The resolving equations in the inverse problem 

are formulated on the basis of a system of boundary integral equations. As input information, 

wave fields were used, which were obtained in the framework of frequency and position 

soundings. We considered the frequency ranges outside the thickness resonances, in which 

one or two traveling waves propagated. The probing points were located to the left and to the 

right of the source of vibrations with a circular frequency ω. The combination of such probing 

methods made it possible to obtain a unique solution to inverse problems, excluding phantom 

solutions. In the case of antiplane vibrations, formulae are obtained for determining the 

characteristics of a small defect. The results of computational experiments were presented. 

The boundaries of the region of correct operation of the asymptotic approach were established. 
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Cobalt oxide films are interesting as a sensing element in gas sensors. This is due to the fact 

that cobalt oxide has a good response to a large number of industrial gases, selectivity and 

long-term use. The aim of this work is to determine the activation energy of conductivity for 

cobalt oxide films. Cobalt films were formed on a pre-cleaned sitall substrate by vacuum 

thermal evaporation. After that, the obtained cobalt films for the formation of cobalt oxide 

films were subjected to rapid thermal annealing (RTA) by halogen lamps in the air at 

temperatures of 500 °C, 600 °C and 700 °C [1, 2]. Cobalt metal contacts were deposited on 

the surface of cobalt oxide films by vacuum thermal evaporation to measure the electrical 

parameters of the samples. Resistance measurements in the temperature range from room 

temperature to 400 °C were carried out using a universal voltmeter B7-78/1. There are two 

main types of cobalt oxide, Co3O4 and CoO. Both semiconductors have p-type conductivity 

due to the presence of defects. The change in the resistance of the samples during heating from 

room temperature to 400 °C was measured. At room temperature, the resistance of cobalt oxide 

films formed by RTA at 500 °C, 600 °C and 700 °C was 12.4 M, 83.3 M and 9.04 M, 

respectively. At a temperature of 400 °C, the resistance of the samples annealed at a 

temperature of 500 °C, 600 °C, and 700 °C was 84.36 k, 220 k, and 83.23 k, respectively. 

The values of the activation energy of conductivity (Ea) were calculated by Arrhenius equation 

[3, 4]: σ = σoexp(−Ea/kT), where σ is the conductivity at temperature T, σo is a constant, k is 
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the Boltzmann constant, T is the absolute temperature (К) and Ea is the activation 

energy of conductivity. Figure 1 shows the dependence of the conductivity of cobalt oxide 

films annealed at temperatures of 500 °C, 600 °C and 700 °C on 1/T in the temperature range 

from room temperature to 400 °C. The calculation results of the activation 

energy of conductivity are presented in Table 1. From the results, it can be seen that the 

activation energy of conductivity increases with increasing heating temperature. It can be 

explained by an increase in the energy of electrons in the result of thermal heating and their 

throwing to higher zones of the acceptor level. In addition, the cobalt oxide film formed at 600 

°C shows the highest values of Ea in almost the entire temperature range. This sample is also 

characterized by the highest resistivity in comparison with samples, obtained at temperatures of 

500 °C and 700 °C. Based on the obtained calculations of the activation energy of conductivity, 

it can be concluded that the activation energy of conductivity of cobalt oxide films depends 

significantly on the heating temperature, as well as on the resistivity of the cobalt oxide films.  

 
Fig. 1. Dependence of the conductivity on the heating temperature  

in the range from room temperature to 400 °C 

 
Table. 1. Influence of heating temperature on the activation energy  

of the conductivity of cobalt oxide films 
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For example, a cobalt oxide film, formed by RTA at 600 °C and having a higher resistivity, 

has a higher average activation energy of conductivity than cobalt oxide films having a lower 

resistivity. It can also be added that in the temperature range from room temperature to 400 °C 

there is no intrinsic conductivity for cobalt oxide films because the band gap for Co3O4 is 1.4 

– 1.8 eV, whereas the band gap for CoO is 2.2 – 2.8 eV [5]. Thus, it can be concluded that, in 

this temperature range, only acceptor conductivity is observed for cobalt oxide films. 
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In this work, we studied the dependence of the surface roughness and thickness of cobalt films 

on the temperature of rapid thermal annealing (RTA). Cobalt films were formed on a pre-

cleaned sitall substrate by vacuum thermal evaporation (UVN-72). The thickness of these 

films was 310 nm. After that, the obtained cobalt films were subjected to RTA by halogen 

lamps in air for the formation of cobalt oxide films. RTA was carried out at temperatures from 

400 to 1000 °C with a step of 100 °C. Earlier, it was found that RTA at temperatures from 600 

to 1000 °C allows one to form the phase of cobalt oxide (Co3O4) from metallic cobalt [1, 

2]. The roughness of the surface of cobalt films without annealing and with RTA 

annealing was investigated by the AFM method using the Ntegra Vita nanolaboratory (NT 

MDT, Moscow), see Fig. 1(a). The thickness of the cobalt films was measured by the MII-4 

microinterferometer depending on the annealing temperature, see Fig. 1(b). Figure 1(a) shows 

that with an increase in the annealing temperature from 400 to 1000 °C, the roughness of the 

film surface increases, with the exception of the sample annealed at a temperature of 900 °C. 

For this sample, the surface roughness was 18.2 nm. At an annealing temperature of 400 °C, 

the thickness of the cobalt film decreases from 310 to 210 nm, which can be explained by the 

compaction of the film and an increase in the roughness of the film surface without oxidation. 

A further increase in the temperature of the RTA leads to an increase in the thickness of the 

film, which is associated with the diffusion of oxygen into the depth of the film through the 

previously formed oxide film on the surface. This leads to loosening of the film and the growth 
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of the oxide and thereby to an increase in surface roughness. According to the results of the 

XRD study, the annealing temperature of 500 °C is not enough for the formation of the cobalt 

oxide phase. At a temperature of 500 °C, only insignificant oxidation of the cobalt film is 

possible. At an annealing temperature of 600 °C, the cobalt oxide phase (Co3O4) is formed [2, 

3]. With a further increase in temperature, the growth of the film in thickness passes into the 

saturation stage, which is associated with the complete oxidation of the film to the entire 

thickness. Based on these results, it can be seen that the use of RTA can significantly change 

the surface roughness of the cobalt film, as well as significantly change the thickness of the 

cobalt film. Thus, at an annealing temperature of 1000 °C, the roughness of the cobalt oxide 

film is 26.55 nm, and its thickness is 584 nm, whereas the roughness of the metallic cobalt 

film without annealing is 2.316 nm, and its thickness is 310 nm. 

 

 
Fig. 1. (a) Influence of RTA temperature on the surface roughness and (b) thickness of cobalt films  
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SPO (descent and lifting operations) is a labor-intensive, as well as a noticeably long part of 

the drilling process. They account for up to 40% of the total time spent on the construction of 

the well. Automation and mechanization of these drilling operations is the most effective 

means of improving their organization. To perform all operations, the drilling rig is equipped 

with a set of mechanisms and tools for grabbing, lifting, holding the rotor of the drill or casing 

string on the weight or on the table when screwing and unscrewing pipes extracted from the 

well or lowered into it [1]. Pneumatic wedge grippers are designed to hold the drill string 

during descent and lifting operations and the casing string when fixing the well. Moreover, 

wedge grips hold the column directly behind the cylindrical surface of the pipe [2]. When 

lowering the wedges, their working elements-dies with notches come into contact with the 

pipe surface and when lowering the pipe column for a certain distance, its jamming and 

retention occurs. Thus, the principle of operation of the wedge gripper is the same as that used 

in column heads. The only difference is that the column heads provide a permanent suspension 

of the casing strings, and in the rotor, the capture of the drill string is temporary, periodically 

carried out only when lifting or lowering the pipes. The pneumatic wedge gripper is 

interlocked by the rotor drive in such a way that when the wedge gripper is raised, the 

possibility of rotation of the rotor table is excluded. During the operation of the grippers on 

the well, it is necessary to fulfill certain conditions, including such as maintenance after the 

end of each well, the establishment of basic operating conditions under which reliable 

operation is ensured within the specified loads (matching the size of the wedges (dies) to the 

size of the gripped pipes; simultaneous replacement of the dies for all wedges (in the amount 

of 4 pieces) for all the gripping wedges; inspection of the equipment: the toothed surface of 

the dies must be smooth, the absence of burrs, cracks, dents, potholes on the working surfaces 

of the wedges, dies, housing inserts is checked; ensuring the lubrication and cleaning process 

of the support surfaces of the wedges and inserts in accordance with the lubrication map; the 

rotation of the wedges in the hinge joints must be free, without jamming; checking the 

smoothness and freedom of lifting and lowering the wedges; checking the absence of damage 

to the pipe in the places of its capture by wedges; the landing of the pipe column on the wedges 

should be carried out only after the complete stop of the column, compliance with the actual 

loads, which should not exceed 320 tons in accordance with the technical characteristics [3]. 
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One of the most important units that ensure the efficient and safe operation of the drilling rig 

is anti-blowout equipment (air defense). The universal spherical preventer is used during well 

drilling and is intended for sealing the mouth during drilling operations both in the presence 

of drill pipes and drilling tools, and without it. The reliability of the preventer depends on the 

greatest extent of the rubber-metal seal. Various designs of seals are known to have certain 

advantages and disadvantages [1]. The main problems of existing structures are high metal 

consumption, significant weight and low reliability of seals, when working on a complete well 

closure. In order to optimize the design of sealing elements, studies on the nature of stress 

distribution and the stages of deformation of the elastic element of the seal are relevant [2, 3]. 

This report presents studies of the stress-strain state of seals with various shapes of reinforcing 

metal segments [4], concentrically distributed over the volume of a massive rubber matrix, 

compressing the columns of casing and drill tubes, and also considers the deformation and 

stress of the seal in the absence of drilling tools. The research is carried out using numerical 

methods on full-scale models in applied CAD packages. In the course of the study, data were 

obtained on the ratio of the volumes of rubber and metal parts of the seal to the diameter of 

the conditional passage. The nature of stresses arising in reinforcing segments of various 

shapes, as well as the direction and degree of shaping of the rubber matrix at various degrees 

of compression (casing pipe, drill pipe, complete closure of the well) are considered. The 

greatest values of the contact force and contact pressure in the contact zones with the lid and 

pipe are calculated. The obtained values can be used to calculate the structural elements of the 

improved and newly designed seals of universal annular spherical preventers. Determination 

of the main parameters of their operation: the required stroke of the piston, pressure in the 

hydraulic control system, friction forces arising during the operation of the unit. 
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Modelling of new inhomogeneous materials, in particular, functionally graded materials 

(FGMs), taking into account the presence of characteristic prestress (PS) fields in them, is a 

one of most important directions of modern science. Such materials are widely used in the 

modern high-tech industry, in particular, in instrument making, aviation and space industries, 

and the production of components for nuclear reactors. A distinctive feature of these materials 

is that their mechanical properties and PS are functions of spatial coordinates and can vary 

significantly over the volume of the body. The reasons for the gradient of the characteristics 

of such materials can be inhomogeneities in the structure of the chemical composition, 

microstructure, or atomic order arising from the peculiarities of their manufacture. The nature 

of the occurrence of PS in them is most often technological temperature treatments followed 

by cooling, used in the production of FGMs. Operational problems arising from the use of 

FGMs can affect the strength characteristics, in particular, fragility and susceptibility to 

extreme operating conditions, caused by the possible development of defects and residual 

stress concentrators. Another problem is the need to verify that the values of mechanical 

properties correspond to those specified at the design stage. In this regard, the inverse 

problems of identifying the characteristics of such materials, both mechanical properties and 

PS, are of particular importance, both for checking these materials at the manufacturing stage 

and for current operational monitoring. For identification, it is necessary to develop new 

diagnostic non-destructive techniques that meet the requirements for speed, accuracy, and ease 

of practical implementation. These requirements are met by the acoustic sensing method, 

which has proven itself in other identification problems. This method makes it possible to 

determine the necessary parameters by analyzing the acoustic response when measuring 

dynamic characteristics. In this report we present modeling of round solid and annular 

inhomogeneous prestressed plates within the framework of the Timoshenko hypotheses. Using 

the general linearized statement of the problem on vibrations of a prestressed body, a general 

form of expressions for bending moments and shear forces of the Timoshenko plate having 

prestress is obtained, with the help of which the equations of bending vibrations are derived. 

New inverse problems of prestress identification are studied based on the analysis of the 

acoustic response by applying a probing load. To solve the inverse problems, a special 

projection approach is used, based on the constructed weak statements of problems, which 

makes it possible to determine the desired characteristics in given classes of functions. For 

both cases of solid and annular plates, we estimate the sensitivity of the amplitude-frequency 

characteristics, the values of which are used as additional data in the inverse problems, to a 

change in the prestress level; the most favorable frequency ranges of identification were 

revealed. The solution of inverse problems is illustrated by a series of computational 

experiments on reconstructing prestress of various levels and distribution patterns within the 

plates. 
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Functionally graded materials are new inhomogeneous materials, the change in structure and 

properties of which throughout the volume is continuous and can be described by smooth 

functions. At the same time, the main advantage of these materials is that the laws of change 

in the properties of these materials can be accurately designed in advance, taking into account 

the specifics of the area of their use. This is of great interest in a variety of fields, including 

aerospace engineering, nuclear power, sensor manufacturing, biomedical implants, 

optoelectronic devices, and energy absorption systems. In the case when the properties of 

FGMs depend on one coordinate, in the modern literature such FGMs are denoted 1D (one-

dimensional inhomogeneity), the dependence of properties on two and three coordinates, 

respectively, is denoted as 2D and 3D. At the same time, for various plate structures, in 

particular, rectangular, the most common case is precisely 2D FGM. FGMs manufacturing 

technologies, in particular, based on 3D printing, make it possible to create objects of complex 

geometry without using classical technologies, including casting, which requires additional 

production of molds. However, due to the fact that temperature and other preliminary 

influences are used in the manufacture of FGMs, they are often characterized by the presence 

of prestress (PS) fields. Modeling of 2D FGMs plates, for which both the mechanical 

properties and the PS are functions of two coordinates, is currently rather poorly studied, but 

its development is necessary for constructing the theoretical foundations for solving problems 

of identifying these characteristics. This work is devoted to modeling the vibrations of solid 

and perforated 2D FGMs plates taking into account the inhomogeneous field of prestress. The 

properties of the plate and the components of the preliminary state in the considered plate 

formulation were functions of two coordinates. On the basis of a general linearized 

formulation of the problem of vibrations of a pre-stressed-deformed body, the problem of 

steady-state planar vibrations of the considered plates is presented. A weak formulation of the 

problem is also given, with the use of which a finite element scheme for solving the direct 

problem of calculating the vibrations of plates is constructed. Numerical solutions of boundary 

value problems were implemented using the finite element method in the FreeFem++ 

software. To increase the accuracy for perforated plates, a local refinement of finite element 

meshes was used. It was believed that the prestresses arose in the result of the combined action 

on the plates, the PS fields were calculated in the result of solving the corresponding auxiliary 

problems of statics, also implemented in the FreeFem++ software. An extensive analysis of 

the solution of direct problems on the calculation of plate vibrations, amplitude-frequency 

characteristics, stress-strain state has been carried out. The influence of the factors of the PS 

level, its distribution in the plates, the area and the location of the holes on the dynamic 

characteristics of the plates was evaluated in order to identify the optimal loading modes and 

frequency ranges for constructing an approach to their identification. The results obtained can 

become the basis for the development of new methods for identifying two-dimensional 

distributions of material parameters and PS state in plates. 
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Unalloyed samples of solid solutions of the ternary system (1 – x – y)BiFeO3 – xPbFe0.5Nb0.5O3 

– yPbTiO3 (x = 0.60, 0.075 ≤ y ≤ 0.175, Δy = 0.025) were prepared by the solid-phase 

reactions technique with following sintering using conventional ceramic technology. Using 

X-ray studies, it was found that these objects have a tetragonal crystal structure. X-ray 

diffraction studies at various temperatures showed a rather complex evolution of the phase 

composition with increasing T, including the formation of planes of crystallographic shear and 

the appearance of sinusoidal modulation of the crystal structure of the studied objects. Phase 

states diagrams for researched section have been determined. The diffuse phase transition, 

which corresponds to the first maximum in the ε'/ε0(T) dependence, occurs in the range 

(360 − 430) K (Fig. 1). The second maximum at the ε'/ε0(T) dependence is associated with the 

effects of Maxwell-Wagner polarization and relaxation of charge carriers at the grain 

boundaries in the temperature region (500 − 630) K. High piezoelectric response (~ 351 pC/N) 

was observed in the sample with y = 0.15. 

  

Fig. 1. Dependences ε′/ε0(T), tgδ(T) in the temperature range (300 K − 460 K) at the f = 50 kHz  
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In quantum physics, the main tool is the statistical operator �̂�. However, a covariant quantum 

equation for this operator has not yet been written.           

Let us write a new equation for a free particle [1 – 3]: 

iℏ𝜕�̂� 𝜕𝑡⁄  = 1 (2𝑚)⁄  [�̂�2𝜚] + i𝛾 ℏ⁄ {[�̂�[�̂��̂�]] − iℏ𝛽 (2⁄ 𝑚)[�̂� [�̂��̂�]+]}, 

here γ is an attenuation coefficient. This is a non-relativistic equation.  

We write down the momentum and kinetic energy operators of a relativistic particle: 

�̂�relativ = �̂��̂� ,          �̂�relativ = �̂�𝑚𝑐2, 

where 

�̂� = 𝑚�̂�,        �̂� = (1 – 𝑣2 𝑐2⁄ )−1 2⁄ .                            

Using the formula �̂� = 𝑚�̂�, we express the velocity operator �̂� of the particle in terms of the 

momentum operator: �̂� = �̂� 𝑚⁄ . Thus, we get:  

𝜆(�̂�) = {1 − �̂�2 (𝑚2⁄ 𝑐2) }−1 2⁄ . 

Therefore, we will have a covariant quantum equation for the statistical operator of a free 

particle [4]  

iℏ𝜕�̂� 𝜕𝑡⁄  = 𝑚𝑐2[𝜆(�̂�)�̂�] − i𝛾 ℏ⁄ {[�̂�[�̂��̂�]] + iℏ𝛽 (2⁄ 𝑚)[�̂�[𝜆(�̂�)�̂��̂�]+]}. 

If we decompose the function 𝜆(�̂�) into a Taylor series, we will have 

iℏ𝜕�̂� 𝜕𝑡⁄  ≅ [�̂�2 (2 𝑚⁄ ) – 3 (4 𝑚3⁄ 𝑐2)�̂�4, 𝜚] − i𝛾 ℏ⁄ {[�̂�[�̂��̂�]] + 

+ iℏ𝛽 (2⁄ 𝑚)[�̂� [{1 + �̂�2 (2𝑚2⁄ 𝑐2)}�̂� �̂�]+]}. 

Now we write down a covariant quantum equation for the statistical operator of the hydrogen 

atom. There are two particles in this atom. This is an electron and a proton, which carry electric 

charges −e and +e. Therefore, they have a potential energy: 

𝑈𝑒𝑝(𝒓𝑒 − 𝒓𝑝) = −e2 |𝒓𝑒 − 𝒓𝑝|⁄ , 

where 𝒓𝑒 and 𝒓𝑝 are the radius-vectors of the electron and proton.  

The Hamiltonian of the atom will be equal to 

�̂� = �̂�𝑒
𝟐 (2𝑚𝑒)⁄  +  �̂�𝑝

𝟐 (2𝑚𝑝)⁄  + 𝑈𝑒𝑝(𝒓𝑒 − 𝒓𝑝), 

where �̂�𝑒  and �̂�𝑝  are the electron and proton pulses, 𝑚𝑒 and 𝑚𝑝 are their masses. 

We take the dissipative operators equal to 

iℏ�̂� = − i𝛾 ℏ⁄ {[𝒓𝑒 − 𝒓𝑝[(𝒓𝑒 − 𝒓𝑝)�̂�]] + iℏ𝛽 (2⁄ 𝑚𝑒)[𝒓𝑒 − 𝒓𝑝[(�̂�𝑒  −  �̂�𝑝)�̂�]+]. 

Now we will write a non-relativistic equation: 

iℏ𝜕�̂� 𝜕𝑡⁄  = [�̂��̂�] + iℏ�̂�. 

In relativistic physics, the formulas are known: 

�̂�relativ
(𝑒)

= �̂�𝑒 �̂�𝑒 ,         �̂�relativ
(𝑒)

= �̂�𝑒 𝑚𝑒𝑐
2, 

where 

�̂�𝑒 = 𝜆(�̂�𝑒 𝑚𝑒⁄ ) = {1 − �̂�𝑒
2 (𝑚𝑒

2⁄ 𝑐2)}−1 2⁄  

for an electron; 

�̂�relativ 
(𝒑)

= �̂�𝒑 �̂�𝒑 ,      �̂�relativ
(𝒑)

= �̂�𝒑 𝑚𝒑𝑐
2, 

where 
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�̂�𝒑 = 𝜆(�̂�𝒑 𝑚𝒑⁄ ) = {1 − �̂�𝒑
2 (𝑚𝒑

2⁄ 𝑐2)}−1 2⁄  

for the proton. 

Now we will write down a covariant quantum equation for the statistical operator of the 

hydrogen atom [4]: 

iℏ𝜕�̂� 𝜕𝑡⁄  = [𝜆(�̂�𝑒 𝑚𝑒⁄ )𝑚𝑒𝑐
2 +  𝜆(�̂�𝒑 𝑚𝒑⁄ )𝑚𝒑 𝑐2 + 𝑈𝑒𝑝(𝒓𝑒 − 𝒓𝑝), �̂�] −  

− i𝛾 ℏ⁄ {[(𝒓𝑒 − 𝒓𝑝)[(𝒓𝑒 − 𝒓𝑝)�̂�]] + iℏ𝛽 (2⁄ 𝑚𝑒)[(𝒓𝑒 − 𝒓𝑝) ∙  

∙ [𝜆(�̂�𝑒 𝑚𝑒⁄ ) �̂�𝑒  −  𝜆(�̂�𝒑 𝑚𝒑⁄ ) �̂�𝒑, �̂�]+] . 

Spin manifests itself only when a term that describes the influence of spin appears in the 

equation for the operator �̂�: 

− 𝜇В[�̂�ℋ̂�̂�] ,  

where 𝜇В = eℏ (2𝑚)⁄  is the Bohr magneton, 𝜎 = ± 1 2⁄  is the electron spin, ℋ = ℋ(𝑡, 𝒓) is 

the modulus of the magnetic field strength. 
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In this report, we study the problem of how the statistical operator �̂� can be used to describe 

the nuclear reaction of the death of deuterium D when it is irradiated with a γ-quantum:    

𝛾 + D → p + n, 

as a result, deuterium decays into a proton p and a neutron n. A gamma-ray quantum having a 

frequency ω is identified with that part of the light wave that is carried in space at the speed 

of light c and occupies the volume V = SL of a cylinder with an area S and a length L ~ 1 𝑘⁄ , 

where k is the modulus of the wave vector k, and directed along this vector. In quantum 

physics, a photon is considered as a wave particle having energy 휀 = ℏ 𝜔 and momentum p = 

ℏ k, where k = 𝜔 𝑐⁄ . 

In classical physics, the electromagnetic field is described by the vectors of electric E = E(t, 

r) and magnetic H = H(t, r) fields. A gamma-ray quantum is a part of a plane wave:          

𝐸𝑥 = 0 ,   𝐸𝑦 = 𝐸0cos(𝜔 𝑡 − 𝑘 𝑥) ,   𝐸𝑧 = 0 ; 

𝐻𝑥 = 0 ,   𝐻𝑦 = 0,   𝐻𝑧 = 𝐻o cos(𝜔 𝑡 − 𝑘 𝑥) , 

and the energy of the gamma-ray quantum 휀 = ℏ 𝜔 and its momentum p = ℏ k will be equal 

to the wave energy: 

                                   W = 1 2⁄  ∫( 휀0 𝑬
2  +  𝜇0 𝑯

2)dV = 휀0SL𝐸0
2cos2(𝜔𝑡 − 𝑘𝑥) 

and the energy 𝑊(𝑆), which is transferred by radiation through the area S during the time 𝜏 = 

𝐿 𝑐⁄ . This energy will be equal to 
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𝑊(𝑆) =  𝑆 ∫ 𝑆𝑥
 𝑡

 0
d𝑡, 

where 𝑆𝑥 is the projection of the Umov – Poiting vector 𝑺 = [EH], the projections of which 

on the coordinate axis will be equal to 

𝑆𝑥 = √휀0 𝜇0⁄ 𝐸0
2 cos2(𝜔𝑡 − 𝑘𝑥),       𝑆𝑦 = 0 ,     𝑆𝑧 = 0 . 

Deuterium consists of a proton and a neutron. To write down the equation for it, we need to 

know their potential energy �̂�(�̂�). It was hypothesized that the proton and neutron have a 

nucleon charge 𝜅, and their energy is equal to 

�̂�(�̂�) = U(𝒓𝑝 − 𝒓𝑛) = −𝜅2 | 𝒓𝑝 − 𝒓𝑛|⁄  , 

where  𝒓𝑝 and 𝒓𝑛 are the radius-vectors of the proton and neutron. Thus, we can write the 

equation [1 – 4]: 

iℏ𝜕�̂� 𝜕𝑡⁄  = 1 (2𝑚)⁄ [(�̂�𝑐
2 + �̂�2)�̂�] + [�̂�(�̂�)�̂�] + 𝛼 (2⁄ m)[�̂�[�̂� �̂�]+]. 

The solution of this equation is equal to �̂� = �̂�(𝐷)�̂�(𝑐), where �̂�(𝐷) is the operator of the 

deuterium at rest: 

                       iℏ𝜕�̂�(𝐷) 𝜕𝑡⁄  = 1 (2𝑚)⁄  [�̂�2�̂�(𝐷)] + [�̂�(�̂�) �̂�(𝐷)] + 𝛼 (2⁄ m)[�̂� [�̂� �̂�(𝐷)]+]. 

and the operator �̂�(𝑐) describes the motion of the center of mass: 

iℏ𝜕�̂�(𝑐) 𝜕𝑡⁄  = 1 (2𝑚)⁄ [�̂�𝑐
2 �̂�(𝑐)]. 

Now we need to write down the equations:  

iℏ𝜕�̂�(𝑐) 𝜕𝑡⁄  = 1 (2𝑚)⁄ [�̂�𝑐
2 �̂�(𝑐)] + [�̂�(𝑆) �̂�(𝑐)], 

iℏ𝜕�̂�(𝐷) 𝜕𝑡⁄  = 1 (2𝑚)⁄ [�̂�2�̂�(𝐷)] + [�̂�(�̂�) + �̂�, �̂�(𝐷)] +𝛼 (2⁄ m)[�̂�[�̂� �̂�(𝐷)]+]. 
The first equation describes the motion of the center of mass under the action of a light wave 

along the x-axis, and the second equation describes the change in the state of deuterium under 

the action of a wave in which the vector E is directed along the y-axis.  

Now we will calculate the average values of the coordinates 〈�̂�〉 and the momentum 〈�̂�〉, which 

by definition are equal: 
〈�̂�〉 = Tr(�̂�𝜚),     〈�̂�〉 = Tr(�̂��̂�), 

and the change of these values over time will be obtained by the formulas: 

d〈�̂�〉 d𝑡⁄ = Tr (�̂� 𝜕�̂� 𝜕𝑡⁄ ),        𝜕〈�̂�〉 𝜕𝑡⁄ = Tr(�̂� 𝜕𝜚 𝜕𝑡⁄ ). 

It turned out that the equation for �̂�(𝑐) gives the value of the deuterium velocity after irradiation 

with its gamma quantum, which will be equal to  

𝑣𝑥(𝜏) = 𝑐 2{⁄ 𝜔𝜏 + 1 2⁄ sin( 2 𝜔𝜏)},        𝑣𝑦(𝜏) = 𝑣𝑧(𝜏) = 0. 

Under the action of a gamma-ray quantum, the energy of which does not coincide with the 

decay energies of deuterium: ℏ 𝝎 ≠ 𝑬𝐨, it receives the velocity: 

𝑣𝑦(𝜏) = 𝑣0exp{𝛺2 𝐴 (2𝜔)⁄ [cos(2𝜔𝜏 + 𝛼) − cos 𝛼]}, 

𝑣𝑥(𝜏) = 0,        𝑣𝑧(𝜏) = 0, 

where  

A = 𝑐𝜔[1 − 𝑣(𝜏) 𝑐⁄ ] √{(𝛺2 −  4𝜔2)2  +  (4𝑎𝜔)2} ⁄  . 

When the condition ℏ𝜔 = 𝐸0 is fulfilled, deuterium decays into a proton and a neutron. The 

projections of the decay product velocities have the form 

𝑣1𝑦(𝜏) = 𝑣0exp{𝛺2 𝐴 (2𝜔)⁄ [cos(2𝜔𝜏 + 𝛼) − cos 𝛼] }, 

𝑣2𝑦(𝜏) = − 𝑣1𝑦(𝜏). 
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An algorithm for reconstructing the shape of nonconvex solid obstacles in two-dimensional 

acoustic and elastic media, as well as cavity defects in an elastic material in the ray 

approximation, is presented. We consider simply connected domains of obstacles with a non-

smooth boundary contour of positive curvature, which has a finite number of corner points, 

the opening angle of which is greater than a straight line. When an obstacle is irradiated with 

short longitudinal waves in an echo mode at an arbitrary angle, there is always at least one 

point of specular reflection lying on one of the convex parts of the convex shell of the boundary 

contour. In the general case, the diffraction pattern in the vicinity of the convex parts of the 

boundary located inside the convex hull is more complicated. However, the above assumptions 

mean that for a given angle of the incident wave, there is one point of simple single reflection 

lying on one of the arcs located inside the convex shell of the defect contour. The considered 

reconstruction algorithm is as follows. We will assume that for circular irradiation of the 

boundary in the echo mode, the time of arrival of the reflected pulse and the real amplitude of 

the reflected longitudinal wave are known. Knowledge of the time of arrival of the pulse 

completely determines the convex hull of the object boundary, since in this case the support 

function becomes known, which determines the distance from a certain selected center inside 

the region to the tangent to the convex boundary at a point with a normal parallel to the 

direction of incidence of the wave. In this case, the convex hull of the defect contour is the 

envelope of the family of these tangents, the Cartesian coordinates of which are written out by 

the well-known methods of differential geometry. After the convex hull has been built, to 

determine the internal arcs of the boundary, it is necessary to draw the square of the complex 

amplitude of the reflected wave. At the intervals of variation of the angle of irradiation in the 

visibility zones of the inner convex parts, there is a superposition of waves. In this case, the 

amplitude of the reflected wave is represented by the sum of two terms and its intensity, 

expressed through the support function, does not depend on the distance between the obstacle 

and the observation point. The amplitude intensity, equal to the square of the modulus of the 

amplitude, contains the sum of two radii of curvature at the corresponding points of back 

reflection and a rapidly oscillating term depending on the wave number of the longitudinal 

wave. To restore the internal arcs, the natural equation of the curve is used and the coordinates 

of its points in the Cartesian coordinate system are written out through integrals over the length 

of the curve. The operation of integration in the obtained formulae, if a function known from 

the experiment is substituted in them, provides filtering of the low-frequency component. 

Numerical experiments have shown that this natural filtering way provides a more accurate 

reconstruction than many other known methods. An example of reconstruction of a contour 

from the considered class in the form of intersecting circles is given. However, the accuracy 
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of the reconstruction of the proposed method is wider than in the class of contours described 

in this work. This is also confirmed by the example of reconstructing the contours of areas in 

the form of a union of two touching circles and a smooth contour in the form of a three-petalled 

rose. It was found that the accuracy of reconstruction improves with increasing frequency. 
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Eudialyte is a rock and ore-forming mineral of lujaurites and uvites with its content in these 

rocks up to 20 – 30%, which ensures high concentratibility of eudialyte ores by gravitational-

magnetic separation with eudialyte recovery to concentrate up to 75 – 80%. The eudialyte-

group minerals are readily soluble in mineral inorganic acids; however, the recovery of 

zirconium does not exceed 75 – 77% during acid leaching. To reduce the loss of Zr and other 

rare elements, it is recommended to decompose the eudialyte concentrate for obtaining sol at 

the initial stage and/or use mechanical, physicochemical and energy effects on mineral raw 

materials as preparatory operations before the leaching of concentrates and eudialyte flotation. 

The use of energy-saving high-voltage electric discharge technologies in the processing of 

rebellious minerals allows achieving effective separation of mineral complexes (liberation) 

and creating optimal conditions to enhance the contrast of the physicochemical and flotation 

properties of minerals and subsequent separation during flotation due to the appearance of 

hydrophobic and hydrophilic nanoformations on their surface [1, 2]. This work aims at 

studying and analyzing the mechanisms of exposure to high-power nanosecond 

electromagnetic pulses (HPEMPs) and dielectric barrier discharges (DBDs) in air under 

standard conditions (atmosphere pressure) on surface morphology, microhardness, 

physicochemical properties, adsorbabolity and floatability of eudialyte 

Na15Ca6(Fe2+, Mn2+)3Zr3[Si25O73](O, OH, H2O)3(OH, Cl)2 and eudialyte concentrate from the 

Lovozero deposit (Russia) in order to increase the efficiency of flotation concentration of 

complex eudialyte ores. The research methods were the Fourier-transform infrared 

spectroscopy, electron microscopy, microhardness testing, flow potential determination and 

other techniques. The results obtained testify to the effectiveness of high-power 

electromagnetic pulses and a dielectric barrier discharge for a directed change in the 

physicochemical properties and floatability of eudialyte. In all experiments, a decrease in the 

negative zeta-potential of eudialyte leads to an increase in adsorbability of anionic collector 

and, as a consequence, an increase in the eudialyte recovery to concentrate. In the result of 

preliminary short-term electromagnetic pulse treatment and the use of sodium oleate at a 

consumption of 1000 g/t during flotation, the recovery of eudialyte concentrate to the flotation 

froth increased by 15% and amounted to 57 – 63%, and at a consumption of 2000 g/t it 

increased by 4% and amounted to 84%. The rational parameters of electromagnetic pulse 

treatment are developed and recommended: HPEMP (τ ~ 4 – 10 ns is the pulse duration, U ~ 
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25 kV is the pulse amplitude, E ~ 107 Vm-1 is the electric field intensity) and DBDs (duration 

of pulse-initiating charges ~10 μs, τfront ~ 200 – 300 ns, U ~ 20 kV). The advantages of short-

term (ttreat = 10 − 50 s) energy deposition toward enhanced efficiency of complex eudialyte-

bearing ore flotation are justified experimentally. 
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The priority direction in the production of building materials is the development of new 

technologies for obtaining high-quality, competitive materials based on man-made industrial 

waste, allowing not only to reduce the cost of production, but also to save natural resources. 

In the Rostov region, a significant amount of waste from the extraction, enrichment and 

combustion of solid fuels is concentrated. Most of these wastes, according to the results of 

scientific research [1, 2] and practical experience, are valuable technogenic raw materials and 

can be successfully used in the manufacture of building materials of a wide range. The purpose 

of this work is to substantiate the possibility of using rocks of mine dumps, ash-and-slag waste 

in the technology of heat-insulating materials. There is some experience in the use of heat 

electric station (HES) ash in the production of aerated concrete. The use of burnt rocks in 

aerated concrete technology is less common. However, due to the burnt mine rocks, it is 

possible to significantly expand the raw material base for the further development of the 

production of products from aerated concrete and other heat-insulating materials. Mine rocks 

are thermally affected in dumps during long-term self-firing. Ash-and-slag waste is formed 

during the combustion of coal in boilers. Ashes from thermal power plants and burnt rocks 

have some peculiarities. These man-made materials are capable of exhibiting physicochemical 

and latent hydraulic activity. The activity of burnt mine rocks and ash-and-slag waste is due 

to the presence of several active components in them. The presence of these components is 

associated with a violation of the crystal lattice of clay minerals under thermal influences and 

the appearance of a certain energy potential in thermally altered products. Burnt rocks exhibit 

the properties of active clay. The most active component of ash-and-slag is vitrified substance 

and glass phase. The activity of the ashes is mainly associated with the presence of the glass 

phase. On local areas of the surface, there are active centers that make a certain contribution 

to the binding of calcium hydroxide. Such particles actively interact with calcium hydroxide 

released during cement hydrolysis. In this case, a significant quantity of cementitious 
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substances is formed. The use of burnt rocks and ash-and-slag materials in the technology of 

aerated concrete technology is promising instead of sand. The specificity of the formation of 

this technogenic raw material contributes to the formation of particles with a macro- and 

microporous structure. The sources of pore formation are the processes of dehydration of clay 

minerals and the dissociation of particles of limestone, gypsum and organic matter. In the 

result of appearance of the gaseous phase, the melt swells and the porous structure is fixed 

upon cooling. Unlike quartz sand, they are more reactive. Due to the porosity of the particles, 

they have a lower bulk density. These properties make it possible to use ash and burnt mine 

rocks in the non-autoclave method of producing aerated concrete more efficiently than sand. 

The specific surface area of ash-and-slag waste and burnt mine rocks used as a silica 

component for the preparation of aerated autoclave-free concrete must be at least 200 m2/kg. 

Aerated concrete, based on dry ash with a density from 700 to 1100 kg/m3, has the following 

strength: 3.6 – 7.5 MPa in compression; 2.0 – 4.1 MPa in bending; 0.54 – 1.12 MPa in tension. 

Burner-type aerated concrete has the following strength: 2.2 – 3.8 MPa in compression; 1.2 – 

2.1 MPa in bending; 0.33 – 0.57 MPa in tension. Aerated concrete with a density from 500 to 

900 kg/m3 can be obtained with materials from burnt rocks. Drying shrinkage for aerated 

concrete varied from 0.04 to 2.5 mm/m, for aerated concrete from burnt rock it did not exceed 

2.0 mm/m; frost resistance was at least 25 cycles of alternating freezing and thawing; thermal 

conductivity was within 0.15 – 0.23 W/(m·C); water absorption was 41.7 – 56.0 %. The raw 

material base for the production of lightweight aggregates, as well as materials for heat-

insulating backfill, are burnt or burnt-out mine rocks with a highly porous structure and a bulk 

density of less than 100 kg/m3.  Aggregates from burnt rocks are comparable in bulk density 

to artificial porous aggregates. Strength grade of the recommended aggregates for heat-

insulating backfill is 200; 400; 600, water absorption is 0.5 – 4.0 %, porosity is 3 – 12 %.  

 
Table 1. Results of comparative tests for thermal conductivity of materials for bulk thermal 

insulation 

Material Density (), kg/m3  Thermal conductivity coefficient (), W/(m°C) 

Expanded clay 

sample No. 1 586 0.142 

sample No. 2 590 0.146 

sample No. 3 612 0.152 

sample No. 4 610 0.150 

sample No. 5 578 0.148 

Crushed stone-sand mixture from burnt rocks 

sample No. 1 885 0.161 

sample No. 2 897 0.170 

sample No. 3 923 0.172 

sample No. 4 932 0.175 

sample No. 5 951 0.181 

sample No. 6 664 0.154 

sample No. 7 668 0.157 

sample No. 8 661 0.152 

sample No. 9 670 0.158 

  sample No. 10 676 0.164 
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Comparative tests of crushed stone fraction from burnt rocks and expanded clay for thermal 

conductivity are shown in Table 1. Ash and slag waste and burnt mine rocks can become a 

raw material base for obtaining expanded granular thermal insulation materials with a density 

below 300 kg/m3. Gas generators, cullet and liquid glass are additionally introduced into the 

composition of the charge for molding granules. Expanded of granules on ash-and-slag waste 

occurs at a temperature of 860 – 880 °C and on burnt rock occurs at a temperature of 930 – 

950 °C, holding at a swelling temperature of 10 minutes. The production of such material takes 

place according to the principle of thermal shock. With the rapid firing of granules, the 

processes of gas evolution and melting coincide, and a porous structure is formed. Such 

material can be used quite widely. Figure 1 shows samples of heat-insulating materials from 

technogenic raw materials, namely burnt rocks of mine dumps and ash-and-slag materials. 

 

 
  
Fig. 1. Laboratory samples of heat-insulating materials from technogenic raw materials 
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Pottery is the oldest of all man-made building materials. The ceramic art of each country 

reflects the era in which peoples live and create. Ceramic products have an almost unlimited 
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service life. Such products as wall bricks, ceramic tiles, facade and facing tiles, art ceramics, 

refractories, etc. are architecturally more expressive and durable in color, texture, shape. 

Buildings made of ceramic materials are perceived as prestigious, the aesthetic appeal of 

which persists over time. The exceptional richness of the aesthetic possibilities of ceramics 

has ensured its wide application in almost all structural elements of buildings and structures, 

including roofing materials, external and internal cladding, in the chemical and metallurgical 

industry, namely acid-resistant and refractory materials, in electronics and radio engineering, 

in art and household products for various purposes. The ceramic industry is developing, 

creating and filling new niches in a changing environment. The production of ceramic 

materials is one of the most material-intensive sectors of the national economy. In ceramics 

technology, an important point is a selection of raw materials, the quality of which directly 

affects the properties of the finished product [1]. There is a wide range of ceramic products on 

the building materials market. Products with high consumer properties at a relatively low cost 

can win the competition. The solution of these two tasks: improving the quality and reducing 

costs for the production of ceramic products will be facilitated by the use of technogenic raw 

materials as corrective additives to natural substandard raw materials. In this regard, the use 

of industrial waste in the technology of ceramic products is of particular relevance. Mine rocks 

and ash and slag waste are used as corrective additives to regulate the technological properties 

of low-grade clay raw materials in order to bring it to the required level [2, 3]. The technical 

and economic interest, that this type of technogenic raw materials arouses, is linked: (i) with 

the huge reserves of mine rocks and ash and slag waste in all coal-mining regions, (ii) with the 

aggravated ecological situation near mine waste heaps and ash dumps, (iii) with the search for 

new mineral raw materials, equal in quality and properties to traditional ones, but more 

accessible and cheaper. In this work, the possibility of using burnt rocks of mine dumps and 

ash-and-slag materials in the technology of ceramic products for various purposes was 

investigated. The object of study of this work was clay raw materials of Russia: loams of the 

Oktyabrsky and Sukho-Chaltyrsky deposits and refractory clay of the Fedorovsky deposit. 

Loams are classified as medium-plastic raw materials, and refractory clay is classified as 

highly plastic raw materials. The preparation of clay raw materials was carried out by dry and 

wet methods, depending on the products being manufactured. Technogenic raw materials are 

represented by burnt rocks of the mine dump Petrovsky and ash-and-slag materials of the 

Novocherkasskaya TRES. Technogenic raw materials are the products of thermal impact on 

coal-bearing rocks and mineral components of coals. The conditions for the formation of these 

materials are different. Burnt rocks are formed during prolonged self-burning of coal-bearing 

rocks, which occurs in waste heaps, namely cone-shaped dumps near coal mines at 

temperatures of 600 – 1000 °C. According to the lithological composition of the rock mass, 

the dump of the mine. Petrovsky is clayey. The material composition of the dump is 

represented by mudstone-siltstone, sandy-clayey, weakly sandy rocks. There are carbonaceous 

and clayey shales, sandstones. The composition of the clay component is hydromica with an 

admixture of kaolinite and chlorite. Ash-and-slag waste is a product of coal combustion in 

boiler furnaces at temperatures above 1000 °C, up to 1700 °C. In terms of chemical, 

granulometric and phase-mineralogical composition, these wastes are largely identical to 

natural mineral raw materials. Ash and burnt rocks contain the main groups of substances: 

crystalline, amorphous and organic. The amorphous component of the ash is represented by 

the glass phase and amorphous clay substance, that is metakaolinite, amorphous silica and 

alumina. The preparation of technogenic raw materials included drying to a moisture content 

of 2 – 3 %, crushing, fractionation to a given granulometric composition. Finely ground burnt 

rocks and fly ash were also used in the compositions of charges for ceramic products. Finely 

dispersed materials have been used in batch compositions for tiles and roof tiles. The 
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compositions of the charge for facing ceramic bricks, ceramic tiles, roof tile, refractory 

products were developed. The technology for the production of prototypes included the 

preparation of a charge by mixing the components, molding the samples by a semi-dry or 

plastic method, drying and firing the samples, testing the physical and mechanical properties. 

Burnt rocks of mine dumps and ash-and-slag materials in the compositions of ceramic masses 

were a lean, burn-out additive, a melting and structure-forming element. A clay component 

was used as a binder. The main advantages of using burnt rocks and ash-and-slag waste in the 

technology of ceramic masses include the effect of reducing the sensitivity of raw materials to 

drying, expanding the sintering interval, eliminating the formation of stresses in the structure 

of the material, increasing the brand strength, frost resistance of finished products, reducing 

shrinkage and rejects. The efficiency of using burnt rocks and ash-and-slag materials in the 

manufacture of thin-walled ceramic products is associated with their dispersion. The finely 

ground fraction of the additive is evenly mixed with the finely dispersed clay and is an 

effective weakening agent. The binding and sintering part of the mass becomes clay, emaciated 

by one or another amount of dust-like fraction. If this finely dispersed fraction is sufficient, 

then the lean clay in drying and firing has moderate volumetric changes that do not lead to a 

violation of the forming structure of the shard. With a decrease in the amount of a fine fraction, 

the degree of depletion of the binder clay decreases and the likelihood of the appearance of 

structural defects and disruption of its continuity increases. Good formability of masses with 

finely dispersed additives ensures the correct shape and dimensional accuracy of products. 

This allows them to be used in the manufacture of shaped products, which are subject to 

stringent requirements in terms of correct shape and dimensional accuracy, as well as 

increased density. Figure 1 shows samples of pilot batches of ceramic products, in the 

manufacture of which burned rocks of mine dumps and ash-and-slag materials were used. The 

use of the investigated technogenic raw materials in the technology of ceramic products 

provides high indicators of their quality. So, the strength grade can reach values from M200 

up to M600, and M300 at bending, frost resistance does not lower than the F300 brand, fire 

resistance is 1380 – 1670 °C, water absorption is 0.2 – 3.9 %. With the emergence of crushing 

and screening complexes for processing and preparing rocks for use at mine dumps, 

construction industry enterprises will have the opportunity to more widely use this raw 

material in the production of ceramic materials and products. When using technogenic raw 

materials, it is equally important to reduce the load on the environment during the disposal of 

solid waste. 

 

   
 

Fig. 1. Prototypes of ceramic products from technogenic raw materials 
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Transplantation of hematopoietic stem cells (HSCs) is a promising technology that can cure 

such blood diseases as myeloma, lymphoma, leukemia, aplastic anemia, and myelodysplasia. 

The existing in vitro HSC production methods are far from being technologically proficient 

and are still with dangerous side-effects including the ones associated with transgenes. In the 

organism, the first HSCs are formed from the endothelial cells of the embryonic aorta via a 

complex process known as the endothelial-to-hematopoietic transition (EHT). This process 

was discovered in Danio rerio fish in 2010. Today we know that the main wave HSCs 

production occurs in a similar manner in embryos of all vertebrates. In the dorsal aorta (DA) 

of the Danio rerio embryo, the HSCs production process starts near 24 hours post fertilization 

(h.p.f.) and ends by 65 h.p.f. During this period, almost 50% of endothelial cells comprising 

walls of the DA transform into HSCs via EHT. The shape of the aorta undergoes significant 

changes: in the ventral region between 40 h.p.f. and 55 h.p.f., the initially straight cylindrical 

vessel with constant radius develops a characteristic pattern of thicker and thinner regions 

alternating along the axis of the vessel. During the same period, stem cell production rate 

reaches its peak. In the present work, we investigate the physical mechanisms that govern the 

shape evolution of Danio rerio embryonic aorta during the main wave of HSC production. We 

develop a coarse-grained DA model within the framework of the theory of elastic membranes. 

The proposed model also considers the anisotropic interaction with surrounding tissues, blood 

pressure, as well as inhomogeneous mechanical stress that occurs in the vessel due to the 

growth and collective migration of cells to the ventral region. Comparing the results of our 

numerical simulations with obtained micro images of the aorta, we show that the accumulation 

of mechanical stress in the ventral region leads to an instability, which results in the formation 

of the periodic pattern that persists throughout the main stage of HSC production. The 

proposed theoretical approach also suggests how mechanical forces (the considered stress in 

tissue and hydrostatic blood pressure) can provide different elastic responses in the dorsal and 

ventral regions of the aorta, and, therefore, lead to an effective difference in mechanical signals 

that control gene expression and contribute to the production of HSCs. 
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Modern surface engineering includes the processes of modifying the surface of products by 

applying various coatings. Typically, these surface structures are thin or ultra-thin. In this 

regard, the problem arises of determining their physical and mechanical properties. One of the 

methods widely used in the study of thin coatings and films is the indentation method. It 

consists in simultaneous measurement of indentation force and displacement of a specially 

shaped indenter to build a “load-unload” curve. The analysis of such a curve allows one to 

determine hardness, modulus of elasticity, creep, and other parameters. However, 

experimental determination of some characteristics, such as the yield strength, for such 

structures is quite time-consuming and sometimes impossible. In the present work, an attempt 

is made to quantify the yield strength of thin composite coatings by comparing the finite 

element model of indentation and experimental data. The simulation was carried out using the 

ANSYS software package. A planar axisymmetric problem for a homogeneous layer was 

considered. A cone with special parameters of cone angle and rounding angle at the apex was 

used as an indenter. Such an indenter has the same area and depth projection function as a 

standard Berkovich indenter. The resulting model allows plotting “load-unload” curves similar 

to the experimental ones. The coating material was a composite with a matrix based on 

Phenylon C-2 with various fillers. For each coating, an experiment was performed on a 

NanoTest 600 complex (Micro Materials Limited, UK). The obtained elastic characteristics of 

the composites were used as input parameters in the calculations. The initial value of the yield 

strength was taken as to 1/3 of the hardness value. Based on the comparison of the load-unload 

curves, the yield strength value was optimized in order to obtain the maximum coincidence of 

the curves. The simulation results showed that by adjusting the yield strength value, it is 

possible to achieve a good agreement between the simulation and experimental results. 
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Porous materials are a sufficiently new class of materials with unique physical, mechanical, 
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acoustic, electrical and thermal properties. It is widely used in the space industry due to the 

optimal balance of weight and strength. The most important issue in the production of such 

materials is the control and assessment of their mechanical characteristics. There are various 

approaches to the study of such problems. One approach to modeling porous materials was 

developed by Cowin-Nunziato. This theory, called the theory of microdilation, was applied to 

the study of porous bodies with empty (unsaturated) pores. It uses linear elasticity theory with 

an additional kinematic variable that describes the properties of porosity change. Thus, 

deformation and porosity are related fields that have a common response to external loads 

applied to the body. In this report on the basis of the equations of the theory of poroelastic 

bodies by Cowin-Nunziato, the contact problem of the penetration of a rigid punch in the form 

of a rotation paraboloid into a poroelastic layer, fixed on an elastic half-space is considered. It 

is assumed that there is no friction in the contact zone. Using the Hankel integral transform, 

the problem is reduced to solving an integral equation for an unknown contact stress. The 

collocation method is used to solve the integral equation. The contact area and the values of 

contact stresses are found, and the deformation of the surface outside the punch is investigated. 

The relationship between the force, acting on the stamp, and its displacement is also 

investigated. A comparative analysis of the investigated quantities for various values of the 

poroelastic layer parameters and the elastic foundation is carried out. Numerical results are 

presented in the form of tables and plots.  

Acknowledgement. The work is financially supported by the Southern Federal University, 

project No. VnGr-07/2020-04-IM (Ministry of Science and Higher Education of the Russian 

Federation). 

 

 

Effect of High-Temperature Annealing on the Morphology of the  

FIB-Modified GaAs Surface 

 
N. E. Chernenko*, D. V. Kirichenko, N. A. Shandyba, S. V. Balakirev,  

M. M. Eremenko, M. S. Solodovnik 
 

Institute of Nanotechnologies, Electronics and Equipment Engineering, 

Southern Federal University, Taganrog, 347928, Russia 
 

*nchernenko@sfedu.ru 
 

Controlling the position, size, and shape of quantum dots, both single and in an array, is an 

urgent task for creating a promising element base for quantum communications (sources of 

single and entangled photons) and quantum computing (quantum registers based on quantum 

dots). One of the promising ways to control the self-organization processes is the pre-growth 

surface nanopatterning. In this paper we study effect of a combination of focused ion-beam 

(FIB) treatment modes of a GaAs surface and subsequent ultra-high vacuum annealing on the 

nanoholes formation on the FIB-modified GaAs surfaces. The FIB treatment of the GaAs 

surface was carried out using a NovaNanoLab 600 scanning electron microscope (SEM) 

equipped with an FIB system with a Ga+ ion source. Then, the samples were annealed in the 

growth chamber of molecular beam epitaxy (MBE) system SemiTEq STE 35. The resulting 

samples were studied by SEM, AFM, and the Kelvin probe method (KP-AFM). The results of 

the studies showed that after annealing, nanoholes begin to form at the points of FIB-exposure. 

Nanohole’s size, shape and faceting are determined by the number of beam passes (dose). The 

dependence of the nanohole size is nonmonotonic. Initially (up to 20 passes) both the diameter 
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and depth increase from 197 to 361 and from 75 to 160 nm, respectively. Then (starting from 

40 passes) they decrease to 197 and 85 nm, respectively. The coefficient of asymmetry of the 

structures (the ratio of the lateral sizes in the [010] and [001] crystallographic directions) 

remains at the level of 0.9 over the entire range. One of the most important results of the work 

is that, as the dose increases, the shape of the nanoholes changes from a regular 4-sided 

prismatic, faceted (111) planes, to a regular rectangular, faceted by complex, which includes 

eight facets: four (111) and four (110) facets. In this case, the dispersion of characteristics also 

decreases. This opens broad prospects for using this method to obtain regular arrays of 

symmetric quantum dots. 
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With arising the digital technologies in the field of digital image processing, analytical 

methods of image matching began to be used to restore the contours of three-dimensional 

objects. The image of an object is represented as a three-dimensional display array of the color 

palette and the coordinate area. The object has some points in the image with known 

coordinates, that have peak color values. Using simple enumeration algorithms, as well as 

elements of linear interpolation in the selected range in a certain area of image points, a set of 

points corresponding to extreme values is searched. Knowing these data, it is possible to solve 

the optimization problem. For this, it will be necessary to find the minimum of the error 

function by varying the object's center of mass matrix T and the object's rotation matrix R to 

find the boundaries of the object's shape. To analyze the classification of an object, a database 

of information features can be built. The basis of the base is a set of qualitative integral 

indicators that allow, by a minimum set of five characteristic features, to determine or classify 

the type of an object. Neural networks can be used as a tool for classifying an object in an 

image. 
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Vibration diagnostics is a method of diagnosing an object based on the analysis of vibration 

parameters generated by operating equipment or being a secondary vibration due to the 

structure of the object under study. The task of vibration diagnostics is troubleshooting and 

assessing the technical condition of the object under study. Vibration analysis implies the 

study of the functional dependence of the measured vibration parameters on time, frequency, 

spatial coordinates and serial number in a group of independent vibration measurements. 

Analysis in the time domain, together with analysis in the frequency domain (spectral vibration 

analysis, etc.) is the main analytical tool for vibration diagnostics. Vibration diagnostics 

examines the following parameters: (i) vibration velocity is the speed of movement of a point 

or system under the action of vibration; (ii) vibration displacement is the displacement of a 

point or system under the action of vibration; (iii) vibration acceleration is the acceleration of 

the movement of a point or system under the action of vibration. 

Vibration diagnostics can be used as an element. Emergency protection systems are designed 

to automatically shut down equipment at the initial stage of an emergency. Their use allows 

minimizing the consequences of the accident and the volume of restoration work. Vibration in 

buildings and structures, in addition to the negative impact on human health, can have a serious 

impact on the condition of load-bearing and enclosing structures. Objects operated under 

conditions of vibration exposure undergo increased wear, which significantly reduces the 

service life of structures. In such cases, constant monitoring of the state of structural units and 

elements is required. As a hardware platform for vibration diagnostics, the choice consists of 

three microcontroller platforms: Arduino, ESP32 and STM32. Vibration analysis can be 

performed in 2 ways. The first is to use the NUCLEO-H743ZI2 debug board to take vibration 

measurements and perform analysis. In this case, it is necessary to connect a display to the 

board, and part of the processor time will be occupied by calculations and displaying the result, 

which will slightly reduce the accuracy of measurements, as the frequency of polling sensors 

will decrease. Send the second readings of the sensors to another device, on which vibration 

analysis will be performed. Communication can be organized in the following ways: (i) using 

built-in USB OTG FS micro-AB and data transfer via virtual COM port; (ii) using the built-in 

Ethernet RJ45 connector; (iii) connecting an esp8266 module or ESP32 series board for Wi-

Fi transmission;(iv) connecting a radio module according to the nRF24L01 type. When 

comparing options, two favorites stand out. When using USB, the issue of supplying electricity 

is immediately closed and in the cases of wireless communication, a carrier of electricity is 

needed. Transmission via Wi-Fi, although it has a smaller radius and higher power 

consumption than that of radio modules, it compensates for the transfer rate of 150 Mb/s versus 

2 Mb/s. 
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Within the framework of scientific research, a finite element model was developed using the 

ANSYS software. Experimental testing of a piezoelectric generator (PEG) with a proof mass 

and an active base was carried out. The active base is made in the form of cylindrical 

piezoelectric elements, located in the place, where the generator plate is fixed parallel to the 

generator axis. The axial piezoelectric transducer for converting mechanical energy into 

electrical energy contains a base plate in the form of a rigid beam structure made of an elastic 

material, on which piezoelectric bimorph elements are glued. One end of the beam structure 

is bolted to the base using fixing supports. From the other end, at the base, piezoelectric 

elements of a cylindrical type are fixed coaxially with the base bar through the L-shaped bar. 

An additional attached mass is located between the edge of the base, fixed with a bolt, and the 

piezoelectric elements. The paper [1] presents the results of modal and harmonic analysis of 

vibrations. In this case, energy generation in cylindrical piezoelectric elements occurred due 

to the transfer of compression forces to the piezoelectric element at the base of the PEG during 

excitation of structural vibrations. A technique for experimental analysis of vibrations is 

described, and a laboratory setup has been developed, which made it possible to obtain 

experimental results of the output characteristics of a piezoelectric generator under low-

frequency loading, which differ from the finite element results within 5%. 
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The use of means for identifying defective (ID) zones of linearly extended objects can be 

considered together with design elements of algorithms for multi-parameter identification of 
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properties (MIP). Various sections in a linear type bar structure may have prestressing 

elements. The proposed method of MIP and ID, based on the analysis of the shapes of various 

vibration modes (mode shape-based damage detection, MSBDD), is used in conjunction with 

the preliminary preparation of neural networks based on modeling in the ANSYS FE software 

and the use of boundary problems describing the longitudinal and transverse vibrations of the 

rod based on analytical models in the Matlab software [2]. The use of neural networks makes 

it possible to prepare in advance a static model for restoring the initial feature field based on 

the analysis of the collected data on the vibration parameters of the bar structure. Additional 

information for solving the problem of defect reconstruction is a set of natural frequencies and 

vibration modes of the structure under study. The refinement of the solution can be based on 

the use of analytical models in solving inverse coefficient problems, describing the 

propagation of waves in an inhomogeneous elastic body. At the same time, the analysis of 

vibration modes allows solving the problem at the first stage, after which an analytical or finite 

element model of a structure with defects is built, and the problem at the second stage is solved 

using direct calculations. The novelty of the algorithm lies in the fact that the ID procedure is 

divided into the following stages: (i) a preliminary model is assembled in the calculation 

software, variational parameters are determined in the form of deviations of certain values that 

determine the cross-section and properties in it; (ii) oscillations are simulated at determined 

impacts and data collection in the diagnosed locations of the structure; (iii) the construction of 

a neural network depending on the given values; (iv) the location of the defect is determined, 

and (v) the degree of damage is stated. These diagnostic elements are tested on analytical 

models. 

Acknowledgement. The study was supported by the Russian Science Foundation grant No. 

22-29-01259, https://rscf.ru/project/22-29-01259/. 

References 

[1] Soloviev A. N., Parinov I. A., Cherpakov A. V., Esipov Y. V. Experimental vibration 

diagnostics of the floor plate set of building construction. In: Proceedings of the 2nd Annual 

International Conference on Material, Machines and Methods for Sustainable Development 

(MMMS2020), Lecture Notes in Mechanical Engineering, Banh Tien Long, Yun-Hae Kim, 

Kozo Ishizaki, Nguyen Duc Toan, Ivan A. Parinov, Ngoc Pi Vu., Springer Nature, Cham, 

Switzerland, 255 – 260, 2021. 

[2] Cherpakov A. V., Soloviev A. N., Gricenko V. V., Goncharov O. U. Damages 

identification in the cantilever-based on the parameters of the natural oscillations // Defense 

Science Journal, 66(1), 44 – 50, 2016. 

 

 

 

 

 

 

 

 

 

 

 

 



83 

DM-MIMO Based GFDM Advanced Underwater Image 

Transmission Scheme 
 

Chin-Feng Lin1*, Yu-Chi Wei1, Chai-Sheng Wen1, Chan-Chung Wen2,  

Shun-Hsyung Chang3, Ivan A. Parinov4, Sergey Shevtsov5  

 
1Department of Electrical Engineering, National Taiwan Ocean University, Taiwan, ROC 

2Deaprtment of Shipping Technology, National Kaohsiung University of Science and 

Technology, Taiwan, ROC 
3Deaprtment of Microelectronic Engineering, National Kaohsiung University of Science and 

Technology, Taiwan, ROC 
4I. I. Vorovich Mathematics, Mechanics, and Computer Science Institute, Southern Federal 

University, Russia 
5Head of Aircraft Systems and Technologies Lab at the South Center of Russian Academy of 

Science, Russia 
 

*lcf1024@mail.ntou.edu.tw 
 

 

In the report, a 2  2 direct mapping (DM) multi-input multi-output (MIMO) based generalized 

frequency division multiplexing (GFDM)-low density parity check (LDPC) code underwater 

image transmission scheme (UITS) is proposed. The adaptive 4 quadrature amplitude 

modulations (QAM) and 16 QAM modulations, are integrated into the proposed UITS (see 

Fig. 1). The performances of bit error rates (BERs) and peak signal-to-noise ratios (PSNRs) 

of the proposed UITS with perfect channel estimation (PCE) (0%) are explored. From these 

simulation results, we evaluate the performances of the proposed advanced UITS with a PCE 

(see Fig. 2).  
 

 

 

Fig. 1. Proposed DM MIMO based GFDM-LDPC advanced UITS 
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                   (a)                                                             (b) 

 

Fig. 2. (a) BER performance and (b) PSNR performance of the 

DM-MIMO GFDM-LDPC UITS with PCE 
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The Convolutional Neural Network (CNN) is a neural network architecture of a mapping 

function. Recently, it has shone in the fields of face recognition, image classification, and 

autonomous driving. Randomly generated bar pictures of different colors and different lengths 

are used for classification. The images are divided into number 1 (No. 1) and number 2 (No. 

2), each with 1000 sheets. The number of bars in graph No. 1 is 1. The number of bars in graph 
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No. 2 is 2. This research is concerned with the numbers of bars in the graph. CNN is used to 

recognize randomly generated images and visualize the results. The research flowchart is 

shown in Fig. 1. After model training is completed, different epochs produce different 

accuracy and loss. The accuracy of training and testing is close to 100% when the epoch is 5. 

In addition, the loss in epochs is 5.0%. This result shows that the model is effective for the 

classification of this type of images. A 2  2 pooling operation can reduce the size of the 

original image to 25% without affecting the object. Through pooling, we reduced the number 

of image features to 25% and retained the original information. The extraction of the upper 

layer of the classification is shown in Fig. 2.  
 

 

Fig. 1. CNN image classification flowchart。 

  

Fig. 2. Extraction of the upper layer of the classification: (a) train, (b) test 

 

The most obvious benefit of this is that it can reduce the number of pixels and calculations 

that the neural network needs to process, and increase the training speed of the model. In future 

research, the results of the CNN classification model pre-trained by others will be used for 

feature extraction of the picture. In more in-depth research in the future, for example, the 

texture, direction, and style of graphics can be changed. 
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Reinforced concrete, compared to other building materials, appeared relatively recently and 
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almost simultaneously in Europe and America and is widely used in construction. Ceilings of 

prestressed slabs are used in high-rise construction to build apartment houses, industrial 

buildings, etc., with a span length from 8 to 13 m. The practicability of their use is conditioned 

by the insufficient loading ability and the length of the span of slabs with unstressed 

reinforcement. The slabs can be up to 3 m wide and from 80 to 120 mm thick. Technical 

inspection of the slabs gives full information on the state of design and existing defects. Timely 

examination of the floor slab can prevent it from collapse. Modern ultrasonic devices are used 

for the examination to measure the parameters of the cracks that have occurred. Concrete 

strength can be quickly measured with impact pulse, elastic rebound, and shear rebound 

instruments. Concrete strength testing of reinforced concrete structures is an integral part of 

slab testing. Increased operating loads require additional calculations, analytical studies with 

subsequent reinforcement. The final document of the experts' work contains a description of 

all the defects identified during the examination, the nature of the destructive processes is 

explained, the forecast of the situation is built, the allowable loads are calculated. Early 

diagnosis of defects allows one to detect design flaws or errors in the device technology in 

time. Inspection of floors before the reconstruction or repair gives the opportunity to 

objectively assess the current technical condition of the structures. Based on the results of the 

inspection, a design decision is made to repair or completely replace the floor slabs. 
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In recent years, there has been an active search for environmentally friendly lead-free ceramics 

that can compete with the well-known, widespread and highly demanded ceramics based on 

lead zirconate-titanate (PZT). One of the currently popular lead-free ceramic compositions is 

potassium-sodium niobate K1-xNaxNbO3 (KNN) ceramic. KNN solid solutions have become a 

significant representative of lead-free piezoelectric materials with environmentally friendly 

properties, good piezoelectric performance and high Curie temperature. In our study, the 

multicomponent composition 0.965(K0.48Na0.52)(Nb0.96Sb0.04)O3 – 

0.035(Bi0.5Na0.5)(Zr0.85Hf0.15)O3 (KNNS-BNZH) is considered. KNNS-BNZH piezoelectric 

ceramics are manufactured using the conventional solid phase reaction method. According to 

the chemical formula, Bi2O3, Nb2O5, Sb2O3, ZrO2, HfO2 oxides, Na2CO3 and K2CO3 

carbonates were used for the preparation of these ceramics, with a chemical purity of more 

than 99 %. To obtain a homogeneous mixture, the reagents were mixed in a mortar with the 

addition of alcohol for 1 hour. Then the dried mixture was pressed into disks of 10 mm in 

diameter and 1.5 mm height under a pressure of 2 – 3 MPa. The KNNS-BNZH composition 

was synthesized for 6 hours at a temperature of 1123 K. Next, the sample was subjected to 

repressing and the repeated synthesis at a temperature of 1343 K for 6 hours. Using the XRD 
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method, the structure and phase composition of the synthesized samples were refined. By 

selecting various additives, it was possible to increase the size of the coherent scattering 

regions of the studied composition. The following additives were used: tungsten oxide WO3, 

quartz SiO2, germanium oxide GeO2, zinc oxide ZnO, potassium carbonate BaCO3, nickel 

nitrate NiNO3. The presence of the additional phases, in addition to KNNS-BNZH, with the 

perovskite structure, demonstrates the composite nature of our compositions. Similarities of 

structural types and behaviour of the structures in the presence of the external influences 

(electric fields, pressure) suggest that lead-free ceramics have a high potential for 

improvement. The samples, due to glass-forming additives in the concentrations of 1 – 2 mass 

%, have good ceramic qualities, namely hardness and density. Moreover, when developing 

new composite-like compositions based on KNN, we used the concept of non-ergodicity of 

the materials exhibiting interesting properties in the low-symmetry phases [2]. In contrast to 

[3], our preliminary studies have shown that the values of the thick piezoelectric modulus d33 

in the synthesized compositions are about 30 pC/N, and the value of the Curie temperature is 

about 673 K. 
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The study of the electronic structure of composites based on carbon nanotubes and transition 

metal oxides is important since they can provide unique physical and chemical properties that 

make them suitable for many applications, including catalysts, sensors, and supercapacitors. 

The aim of this work was to study the electronic structure of nanocomposite materials based 

on transition metal oxides (Cu, Ni) and multi-walled carbon nanotubes (MWCNTs) by 

XANES spectroscopy and optical spectroscopy in the UV and visible range. The X-ray 

absorption spectra of CuOx/MWCNTs have features associated with the interaction of CuOx 

with nanotubes and also changes in the local structure. Because of formation CuOx/CNT 

nanocomposite, the change in oxidation state and phase composition of CuOx nanoparticles 

were observed. In contrast to pure nanoparticle, significant increase of CuO phase and 

reduction of Cu2O phase were observed [1]. The X-ray absorption data indicate the formation 

of new chemical bonds in the carbon nanotubes in the result of NiOx/MWCNTs 

nanocomposite formation, associated with chemical interaction between the NiOх and the 

nanotubes. The analysis of the Ni K-edge XANES spectrum showed that chemical state of Ni 
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in the composite compound is 2+ and there is Ni with different oxygen surroundings in the 

composite [2]. The optical absorption spectra of the studied samples were measured. The 

spectral profile of different samples was compared. It was found that the functionalization of 

MWCNTs by transition metal oxide nanoparticles has a weak effect on the absorption 

spectrum profiles. At the same time, the introduction of metal oxide nanoparticles can lead to 

a modification of the surface of the nanotubes, which, in turn, leads to a change in the band 

gap energy. 
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This report is devoted to a review and analysis of works aimed at obtaining thin films of 

vanadium dioxide by pulsed laser deposition. In this year, a large review of studies on the 

preparation, properties, and application of nanostructures and films of vanadium dioxide was 

published [1]. However, very little attention is paid to the laser deposition there, despite the 

fact, that the use of this method makes it possible to obtain sufficiently high-quality films of 

vanadium dioxide. Therefore, we consider, just, this method. The sharp changes in the 

structural, electrical, and optical properties accompanying the phase transition of vanadium 

dioxide (VO2) make it a promising material for the wide range of thin film applications in 

electronics, photonics, and plasmonics. Vanadium dioxide (VO2) undergoes the metal-

insulator transition (MIT) at 68 °C, after which its conductivity changes by several orders of 

magnitude. In this case, a second-order phase transition occurs in VO2 from the low-

temperature monoclinic dielectric phase to the high-temperature octahedral metallic phase 

(rutile). This transition can be caused thermally, mechanically, electrically, or optically. The 

MIT transition occurs especially quickly (Δt < 100 fs) at the optical exposure. MIT in VO2 has 

been used in particular for various microwave/terahertz applications (i.e. tunable filters and 

modulators), steep tilt transistors, antennas, photoelectronic devices, sensors, and opens a door 

to the development of the next generation of memory devices. Thin VO2 films withstand a 

significantly higher number of switching cycles than the single crystal samples. In this work, 

we consider the parameters of pulsed laser deposition of vanadium dioxide, which lasers and 

substrates are used, and the main properties of condensed thin films. In particular, KrF pulsed 

excimer laser with wavelength λ = 248 nm, pulse width of 25 ns, and repetition rate ranging 

from 3 Hz up to 25 Hz [2], Ti: sapphire laser (central wavelength of 800 nm), Nd: glass laser 

(λ = 527 nm, τ = 250 fs) and TiO2, glass, Si/SiO2, sapphire (0001), r-sapphire, silicon (100) 

substrates etc. were used. The targets for deposition, for example, were the metal vanadium, 

pressed powder of V2O5, V2O3 or VO2. The deposition was usually carried out in the oxygen 

atmosphere. 
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Surface acoustic wave (SAW) sensors are increasingly used in the automated systems for 

remote wireless monitoring of the physical parameters of various structures, vehicles and other 

objects. This is due to their reliability, miniature size, high manufacturability, temperature 

stability, relatively low cost and the ability to work in the passive wireless mode [1, 2].       

When the passive wireless SAW sensors are using, the single frequency reader is used to detect 

acoustic fields based on a membrane capacitor. The main element of the sensor is the SAW 

delay line, which includes the receiving and reflective interdigital transducers (IDTs). The 

reflective IDT is loaded on an impedance (in our case, the membrane capacitor), the value of 

which depends on the measured physical magnitude, in particular, on the parameters of low-

frequency oscillations. Under the influence of the acoustic field, the sensor membrane begins 

to vibrate, which leads to a change in its capacitance, and, consequently, to a change in the 

SAW reflection coefficient from the IDT, to which the membrane capacitor is connected. This 

leads to a change in the time of the parameter S11 of the sensor antenna, as well as to a change 

in the parameter S11 of the reader, which receives the signal from the sensor antenna. Then 

the amplitude of the signal, received by the reader, begins to change in accordance with the 

change in acoustic fields, that act on the membrane capacitor. For example, if the sound wave 

is monochromatic, then the on output of the reader will be a sine wave. Using the calibrated 

sound source, we can create a calibration curve from which we can determine the amplitude 

of the signal acting on the membrane capacitor. With such reader, to process information from 

the sensor, Fourier transform programs of the received signal are used, which makes it possible 

to determine the frequencies of the harmonic components of the received acoustic signal, as 

well as their amplitudes. The algorithms have also been developed that make it possible to 

determine the distance between the sensor and the reader by the amplitude of the received 

signal, using data from the reference channel and calibration curves, which are taken at the 

different distances between them. The reader operating at the one frequency makes it possible 

to simplify the mathematical processing of the signal as much as possible, since at its output 

a signal is obtained, that corresponds to the emitted signal.   
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The motion of viscous fluid substances is described by the Navier-Stokes equations carried 

out from the equation of continuum dynamics and the incompressibility equation considered 

in the case of isothermal motion. In the research presented, the stream function approach is 

applied to a plane problem, previously used, for example, in studies [1, 2] in the context of a 

problem on a fluid motion in a channel of constant width. Let xv , 
yv  denote the velocities of 

the liquid’s particles and ν  stand for kinematic viscosity. After certain transformations, the 

Navier-Stokes equations can be reduced to the equation: 

 ν =0,
t y x x y

 
   

    
 +  −  − 

    
  (1) 

where the stream function   is introduced with the relations: 

, .x yv v
y x

  
= = −

 
 

This report provides a solution to equation (1) carried out by applying specific properties of 

the Riesz potentials. On the other hand, hypersingular integrals are known to provide an 

extension of partial differential operators, since any homogeneous partial differential operator 

with constant coefficients may be represented as a hypersingular-type operator [3, p. 505]. 

Together with potential-type operators, they form the Riesz fractional integrodifferentiation 

terminology that is used here to investigate the solutions of (1) and their properties.  
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The Riesz potential on the half-axis defined as the integral operator: 

( ) ( )
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is known as the most important operators in fractional calculus, arising as an analogy with 

those known from mathematical physics [1, p. 213]. Due to the equation [1, p. 221]: 
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that appear to deliver the realization of an integral on a fractal [2, p. 25]. In this report, a 

generalization of 0I 
 is considered in the form of the integral operator:  

( ) ( )0 0J f x x I f x  −=  
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and the theoretical results of [4] are applied to investigate the solutions of the corresponding 

integral equations. Due to their strong relation to mathematical modeling of solids with non-

classical material structure, the obtained results are interest for applications in mechanics and 

physics of new materials. 
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Ferroelectrics make up a class of dielectrics with spontaneous polarization, the dipole moment 

of which can be reoriented by inducing an external electric field. The process of switching 

polarization in such materials is the result of the formation of self-similar structures, resulting 

in the self-similar structure of domains and the fractality of electrical responses. A 

mathematical model for switching the polarization of a ferroelectric under electron irradiation, 

considering fractality, was proposed in [1] and then developed in [2], which reported the 

results of its computational implementation within the framework of the hybrid fractal-

stochastic approach. 

The proposed model includes an initial value problem for the equation of a domain’s 

boundary:  

                       
𝑑 𝛼𝑢

𝑑 𝑡  𝛼 = 𝑓(𝑡, 𝑢(𝑡)), 𝑢(𝑡0) = 𝑢0,                      (2) 

where 𝑢(𝑡) is the desired distance function, 𝑡 ∈ [𝑡0, 𝑇], 𝑡0 ≥ 0. The order of the differential 

operator is assumed to be fractional: 0 < 𝛼 < 1, which is intended to reflect the fractality of 

the domain’s boundary dynamics. Depending on the type of initial condition, two definitions 

of fractional derivative are used: Riemann – Liouville and Caputo, connected by certain 

expressions. This report aims to propose analytical approaches to the study of problem (1), 

developed in two directions: the application of the spectral theory of operators and the 

application of fractional analysis in non-standard functional spaces. The first method goes 

back to the paper [3] and is used for considering 𝑊𝑢 as the right side of the equation, where 

𝑊 is an operator, that meets specific conditions. It is shown that in this case the exact solution 

of problem (1) can be written in the form of a series, the coefficients of which are calculated 

from the system of root vectors of the operator in the right part. The second method uses the 

representation of the desired function by a fractional integral in both the case of a constant and 

variable order of integration. In the second case, for generalized Hölder spaces, the following 

representation takes place [4]: 

𝐷𝑡0+
𝛼( ⋅ )

 𝐼𝑡0+
𝛼( ⋅ )

𝜑(𝑡) = 𝜑(𝑡) + ∫𝑘(𝑡, 𝑡 − 𝜏) 𝜑(𝜏)

𝑡

𝑡0

 𝑑𝜏, 𝑢 =𝐼𝑡0+
𝛼( ⋅ )

𝜑, 

which makes it possible to consider the original equation as  

a Fredholm equation of the II kind, where the kernel 𝑘(⋅) is explicitly expressed. 
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In this report, the Airy stress function, and the values of normal and tangent stresses due to 

pure stretching of a rod with two symmetric hyperbolic notches are considered. The classical 

result of Heinz Neuber [1, 2] is extended for an isometric curvilinear coordinate system in the 

form of  

( ) ( ) ( )

( ) ( ) ( )
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( ) ( )
0 0

0 0
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x u v u v v v v v v
v

v v v v vy u v u v

  


 

= − + − 
= 
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where 
0 0v  , and the coordinates used by Neuber are included as a particular case. 

To calculate stresses due to pure stretching, the stress function:   

( )
0 1

0 1

,

cosh cos , ,

F x

A yv xu B u v Au

=  + 

 = − +  =
 

is reconsidered for this generalized coordinate system. The results obtained are particularly 

useful when designing methods for reducing a three-dimensional problem of stress 

concentration in complex-shaped elastic bodies to more accessible two-dimensional ones. The 

method of local approximations (MLA) is an example of such an approach [3]. For MLA, the 

combination of two-dimensional problems is applied. The one is on deflections in a cantilever 

plate under concentrated or distributed loading, while the other is on stress concentration in a 

rod with two deep symmetric hyperbolic notches. MLA is applied not only for theoretical 

studies in solid mechanics but also for sustainable design of details with loaded projections, 

providing the possibilities of varying the calculated section of a projection. 
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Let  𝑆𝑛: = {𝑥 ∈ ℝ𝑛+1: |𝑥| = 1}  is a hypersphere centered at the zero point of the Euclidean 

space  ℝ𝑛+1, whose elements are multidimensional vectors with real coordinates. In this report, 

the following equation is considered:  

 𝛿𝛼 2⁄ 𝑓 = 𝑔, 𝑓, 𝑔: 𝑆𝑛 → ℝ, (3) 

where  𝛿𝛼 2⁄ , 0 < Re𝛼 < 2, is understood as the power of the Laplace-Beltrami operator:  

𝛿𝑓(𝑥′) = |𝑥|2 𝛥 𝑓(𝑥 |𝑥|⁄ ), 𝛥 𝑓(𝑥) =
𝜕2 𝑓

𝜕 𝑥1
2 +. . . +

𝜕2 𝑓

𝜕 𝑥𝑛+1
2 , 𝑥′: =

𝑥

| 𝑥 |
. 

The latter can be expressed as the composition 𝛿𝛼 2⁄  𝑓(𝑥′) = 𝑃  (𝐼𝛼,𝜈)−1 𝑓(𝑥′), where 𝑃 is a 

spherical convolution operator with the known Fourier − Laplace multiplier, (𝐼𝛼,𝜈)−1 is the 

inverse operator for the spherical Riesz potential:  

𝐼𝛼,𝜈𝑓(𝑥′) =
1

𝛾𝑛(𝛼)
   ∫

𝑓(𝜎)

|𝑥′ − 𝜎|𝑛−𝛼
 ln𝜈 √2

|𝑥′ − 𝜎|
 𝑑𝜎

𝑆𝑛

, 𝜈 = {
0, 𝛼 ≠ 𝑛 + 2 𝑘,
1, 𝛼 = 𝑛 + 2 𝑘,

𝑘 ∈ ℕ0, 

And 𝛾𝑛(𝛼) is a normalizing constant. The research presented aims to bring the results of the 

papers [1, 2] on the structure of (𝐼𝛼,𝜈)−1 to representing the solutions of (1) in various cases. 

Moreover, the methods for considering the conditioning of Equation (1) are described, based 

on the concept of generalized Hölder spaces and the results on acting of  𝐼𝛼,𝜈 on them [2, 3]. 
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In this study, a hypersingular integral equation is considered, written in its operator form as 

 ( ) , 0 Re 1,c I D A f g

  + =     (4) 

where c  is a real constant, I  is the identity operator: I f f= , and D

  is a hypersingular 

integral with a special characteristic ( )  , generally defined as [1, 2]: 
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with the function f  bounded at infinity and locally differentiable. In the equation (1), the 

operator A  is considered as a parameter defined in the context of the current problem 

statement. Equations similar to (1) arise in the context of various problems in mathematical 

physics [3]. Thus, the superdiffusion process is known to be described by equation [4]: 

( ) ( )
2

, , , 0,D x t D
t


 


= − − 


 

where the fractional order of the Laplace operator is defined by a hypersingular integral with 

constant characteristic. Considering its stationary statement leads to a special case of equation 

(1), which makes the corresponding research of interest within this problem. The presented 

research aims at determining the kernels of the integral operator A , for which the solutions of 

the equations considered can be represented in terms of Riesz potential-type operators. Related 

physical interpretations are discussed, motivated mostly by applications of the fractional 

Poisson equation to processes in fractal media.  
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One of the relevant problems in various fields of technology is the stress-strain state of a 

cantilever plate bended by a transverse load [1]. It is stated in both engineering calculations 

and in the creation of new methods for researching stresses in bodies of complex shape [2]. At 

the same time, the main difficulty in calculating cantilever plates is in complicated systems of 

partial differential equations which do not have a solution in a closed form. In this report, 

emphasis is placed on the approaches proposed within the framework of two theories: 

Kirchhoff’s classical theory of thin plates and the Reissner refined theory for plates of finite 

thickness. Within the framework of the first of them, exact solutions to the problem of 

displacement and force factors are considered, for example, in [3, 4]. Within the framework 

of both theories, variations of the numerical-analytical solution [5] are considered, as well as 

numerical solutions, using the finite element method. The report presents an overview of 

specific solutions and ways of their implementation, both with the studying of their 

applicability and accuracy. The results of the presented mathematical models are vitrificated 

by comparing with the finite element method models carried out in ANSYS.  
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In this study, the smoothness properties of potential type operators are considered. The paper 

reviews specific results on such operators in the generalized Hölder spaces, providing relevant 

terminology for formalizing the local smoothness of a reflection on a hypersphere, and due to 

the stereographic projection on the compactification of a hyperplane. Theoretical results 

establishing the characteristics of the function spaces are implemented in Julia and Python 

software with estimation of the performance of algorithms considered. As these integral 

operators form the basis of the Riesz fractional integro-differentiation used in mathematical 

modelling of complex structured media [1], the results on them are of interest for mechanics 

and material science. It is demonstrated that the acting of such operators on the generalized 

Hölder spaces, both weighted and non-weighted, can be studied with two different approaches. 

The first one is based on the concept of the Fourier−Laplace multiplier, while another one 

supposes sophisticated estimating the continuity modulus of the operator. The first way allows 

for considering the integral operators as spherical convolutions with specific kernels, and their 

images are calculated here in the case when a function is expanded into a series through 

spherical harmonics. The paper presents methods for computing the Fourier−Laplace 

multiplers and their estimation, which makes it possible not to include complicated transforms 

into consideration. As an example, the implementation of powered Laplacian through 

potential-type operators is considered, and the solutions of Poisson-type equations in the 

Hölder spaces are discussed [2]. For applications in practical problems, coefficient estimations 

are applied and their relation to the precision of the computation is considered [3, 4]. 
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A fractional Riesz integro-differentiation is known to implement the fractional powers of the 

Laplace operator as integral operators of two kinds: the Riesz potentials I  and hypersingular 

integrals D  [1, p. 483]: 

( )
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The Riesz potential for all  , Re 0  , is defined as the convolution [2, p. 492]: 
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In the present report, a generalization of I  is studied on a sphere 1S Rn n−   in the form of  
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where  1S : R : 1n nx x− =  = . The integral operator ,K   is called the Riesz potential type 

operator with a power-logarithmic kernel, and here its smoothness is studied, being understood 

in terms of the generalized Hölder spaces. For specific values of  , the inverse operator is 

calculated, and these results, including [2] and those on its boundedness [3], are used to 

investigate the properties of related equations. The results obtained are discussed for 

possibilities of use in mathematical modeling of mechanical objects with complex material 

properties. 
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Nowadays materials with continuously varying physical properties are increasingly being 

applied. They are characterized by increased crack resistance compared to conventional 

layered composites. The production of objects with given variable characteristics is a complex 

process and includes several technological stages. Therefore, one of the important applied 

problems is the certification of finished products properties. The most popular method for 

identifying solid characteristics is the acoustic method. In the present study, within the 

framework of the linear elasticity, the problems of steady vibrations of an inhomogeneous 

hollow elastic cylinder and a plate are considered. Assume that the material properties are 

described by continuous functions in two spatial coordinates. Solutions for both problems 

were obtained numerically using the FEM implemented in the FlexPDE package. One of the 

advantages of this package is the ability to set the laws for variable properties explicitly. On 

the basis of the obtained numerical solutions, the influence of the inhomogeneity laws on the 

amplitude-frequency characteristics, natural frequencies, free oscillations modes, and 

displacement fields is studied. The analysis of the results showed the possibility of using the 

data obtained to determine the variable material properties. Some methods and approaches for 

the implementation of the identification procedure are proposed. 
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Among the materials that are most promising for meeting the modern requirements of the 

technical and technological development of the world community, multiferroics stand out, 

which are a wide class of media with a combination of ferroelectric, ferromagnetic and 

ferroelastic properties. This determines new areas of their application in devices based on 

mutual control of magnetic and electric fields: magnetic field sensors, information 

recording/reading devices, in spintronics and others. The most popular among others is 

bismuth ferrite, BiFeO3, as it does not contain toxic elements and has high temperatures of 
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electrical (Curie temperature, TC, ~ 1083 K) and magnetic (Néel temperature, TN, 643 K) 

ordering [1]. However, technological difficulties in the production of bismuth ferrite ceramics 

limit its widespread use in practice. The aim of this work is to select the optimal technological 

procedures for the production of BiFeO3 modified with rare earth elements (REE) in a wide 

range of their concentrations. The following compositions were considered: Bi1-xREExFeO3 

(REE = La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu; х = 0.00 – 0.50, Δх = 0.025, 

0.05, 0.10). The samples were obtained by two-stage solid-phase synthesis from high-purity 

oxides, followed by sintering using conventional ceramic technology. The optimal 

technological procedures for the manufacture of the solid solutions ceramics were selected on 

a series of samples by varying the multiplicity, temperatures and durations of synthesis and 

sintering with X-ray control of each stage of the technological process. The optimal conditions 

for the phase formation of high-density, strong, unalloyed (or with a small content of ballast 

phases) ceramics of the specified composition, obtained by the described method, were 

determined on the basis of a comprehensive (using various experimental techniques) study of 

their structure, grain structure, and dielectric properties. The influence of size effects (ionic 

radii of REEs) on the form of phase diagrams of BiFeO3/REE systems, structural 

nonstoichiometry of the solid solutions, polycrystallinity of the ceramics and their 

macroresponses has been established. 
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Actively engaged in the development of the ferroelectric materials based on the alkali metal 

niobates, the technology of their manufacture in large blocks, we made sure that when using 

different batches of Nb2O5 that meet the current State Standards, but differ in impurity 

composition, it is not possible to achieve reproducibility of the properties of the ceramics. The 

spread in the values of the electrophysical characteristics sometimes reaches several tens and 

even hundreds of the percent. In some cases, ceramics cannot be obtained at all due to their 

spontaneous destruction. All this testifies to the dependence of the physical properties of the 

alkali metal niobates on the characteristics of the applied Nb2O5. An analysis of the 

bibliographic and original data on the cationic modification of the alkali metal niobates 

showed that, as a rule, they improve the quality of the alkali metal niobates. The influence of 

the anionic impurities, namely F, S, P remains unknown. Among them, a fluorine impurity 

can be harmful to the alkali metal niobates, forming the most aggressive compounds to Nb-

containing oxides – low-melting salts of alkali metal fluorides, as well as complex F-

containing niobates such as LiNbOF, NaNbO3F, Li3NbO4F 1. The presence of the impurity 

phases and the associated fluctuations of the composition determine the corresponding 

changes in the kinetics of the solid-phase sintering of the solid solutions (from solid-phase to 
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liquid-phase), the nature of the recrystallization (from continuous to discontinuous secondary 

one), grain growth conditions (from isotropic the solid phase to anisotropic, when the resulting 

liquid phase acts as an active solvent, causing the crystallization of large grains from the melt), 

their final form (from equiaxed to ideomorphic) and packing (from dense to loose). 

Crystallizing in the form of small single crystals, ideomorphic grains form numerous 

interlayers in the bulk of the samples, contributing to the formation of a composite-like state: 

“single crystal – ceramic”. Insufficient intergranular connectivity of such particles softens the 

samples, favoring spontaneous destruction of the ceramics during the sintering. The 

deterioration of the ceramic properties leads to the suppression of the piezoactivity of the solid 

solutions. The report considers rational technological methods that neutralize the effects of the 

presence of fluorine associated with the introduction of mechanoactivating procedures at 

different stages of the technological process. 
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The results determined the activity of natural radionuclides in 55 soil samples taken from the 

Sin Quyen copper mine area, Lao Cai province. The activities of natural radionuclides 226Ra, 
232Th and 40K in soil samples were analyzed by low background gamma spectrometer with 

HpGe probe. The average activity results of natural radionuclides: 226Ra, 232Th and 40K were 

157.1 ± 11.5 Bqkg−1, respectively; 183.8 ± 14.3 Bqkg−1 and 423.2 ± 19.3 Bqkg−1. The 

average activity of 226Ra and 232Th in this region is higher than the world average. Meanwhile, 
40K activity is roughly equivalent to the world average. The mean annual effective external 

dose (Eeff) and radium equivalent equilibrium (Raeq) are 0.39 ± 0.03 mSvyear−1 and 379.8 ± 

24.4 Bqkg−1, respectively.  
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One of the tasks being solved on manufacturing a piezo-composite consists in a choice of a 

monolithic ferro-piezoceramic (FPC) matrix. Our study is concerned with a novel FPC that is 

based on lead zirconate-titanate and suitable for this matrix function. The novel FPC is 

characterised by large values of the longitudinal (d33 and g33) and hydrostatic piezoelectric 

coefficients dh = d33 + 2d31 and gh = g33 + 2g31 as well as by a reduced acoustic impedance Za 

as compared to compositions (Table 1) being widely used in hydroacoustic applications.       

Table. 1. Electrophysical parameters of FPCs at room temperature 
FPC 

T

33
/0 

d33, pC/ N dh, pC/ N g33, mV.m/ N  gh, mV.m/ N Za, MRayl 

Novel FPC 970 333 79 39.1 8.7 21.1 

ZTS-36 [1] 

][1] 

655 221 43 38.0 7.2 25.3 

ZTS-19 [1] 1770 377 81 24.1 5.3 22.9 

The value of the longitudinal piezoelectric coefficient d33 of the studied novel FPC (see Table) 

complies with most highly sensitive FPC compositions, and this indicates an applicability of 

the novel FPC in general-purpose electromechanical transducers. Moreover, when 

manufacturing piezo-composites, including those with porous structures, an anisotropy of the 

piezoelectric coefficients d3j increases [2], and the hydrostatic piezoelectric coefficient dh
 = d33

 

– 2|d31| is restricted by the upper bound (d33). As a consequence, the large d33 value of the 

monolithic FPC is a prerequisite for achieving the large hydrostatic parameters of the piezo-

composite based thereon. Experimental studies on the novel FPC show that the large value of 

dh leads to the large value of gh, and the hydrostatic piezoelectric coefficient gh serves as one 

of the most important characteristics of electronic-acoustic transducers that operate in a 

hydrostatic reception mode. Achieving large values of gh (ca. 1.7 times larger than gh of the 

ZTS-19 FPC) is caused by a decrease of the relative dielectric permittivity  T

33
/0 of the studied 

FPC, see Table 1. It should be also taken into account that the large hydrostatic piezoelectric 

coefficient dh of the manufactured FPC exceeds dh of the ZTS-36 FPC by ca. 1.8 times, see 

Table. The set of the properties of the studied novel FPC enables one to recommend it as a 

component of piezo-composites with various connectivities. To date, of great interest are 

porous piezo-composites that are applied in hydroacoustic systems due to the large hydrostatic 

parameters. In deep-sea applications, important characteristics are the mechanical strength of 

piezo-composites and stability of their sensitivity at various pressures [3]. Initial 

characteristics of the novel FPC indicate a possibility of achieving high hydrostatic sensitivity 

even at low porosities of the samples, and this circumstance will allow for expanding a range 

of operating pressures for final products. It should be noted that the acoustic impedance Za of 

the novel FPC is smaller than Za of the majority of the known FPCs. This leads to a better 

acoustic matching to a water medium and to decreasing losses of a radiation intensity of 
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transducers. Thus, based on the shown characteristics, one can conclude that the novel FPC is 

of interest for use in hydroacoustic transducers, as a piezo-active component of composites.       
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Russia is the largest country-producer of materials and structures made of industrial 

commercial wood [1]. The turnover of commercial timber is constantly growing and 

expanding, representing a huge potential for economic development. Offenders of trade and 

customs transactions often use the techniques of imitation, falsification on a qualitative and 

quantitative basis for the implementation of criminal intentions in order to extract illegal 

profits [2]. The development of a methodology and program for the examination of timber 

will make it possible to identify the structure and properties of the samples under study, 

classify and encode information, prevent the declaration of timber from valuable wood species 

that are subject to a certain duty, excluding forgery (replacement) for low-grade, substandard 

timber, which is undoubtedly a measure to protect the economic interests of the state. The 

purpose of the research is to develop a technological cycle of customs construction and 

technical examination of timber. A general cycle of customs examination has been developed, 

which includes the following stages:  

(I) The stage of commodity assessment of timber samples selected for the purposes of the 

examination, including the determination of the geometric dimensions, mass, density, 

roughness, moisture content of the samples in dry and natural conditions. The assessment of 

properties is carried out by measuring methods according to standard methods using modern 

means of technical diagnostics.  

(II) The stage of qualimetric assessment, which includes an assessment of the indicators of the 

weight of individual properties, their ranking depending on the purpose of timber. For building 

structures and furniture lumber, the physical and mechanical properties (density, moisture) 

will be priority for finishing materials (veneer, parquet board, interior products), in particular, 

texture, color, shine, etc. Assessment of properties is carried out by expert organoleptic 

methods.  

(III) The stage of economic assessment, including classification in accordance with the All-

Russian Product Classification code, Harmonized System Codes and the calculation of the 

commercial, customs value of timber.  

(IV) The stage of preparation of an expert opinion, allowing to identify the timber under study 

and establish their value and environmental safety.  
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The value of the research work is to develop a methodology for identifying timber samples to 

prevent the risk of economic damage due to the replacement of valuable timber with 

inappropriate analogs. 
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As a result of the implementation of state programs for the demolition of emergency buildings 

in various regions of Russia, a large amount of technogenic raw materials in the form of brick 

and concrete scrap has been accumulated, which can be reused in construction production. 

This problem is especially relevant for areas where there is no natural gravel and rocks suitable 

for the production of crushed stone, and such areas make up almost a third of the territory of 

Russia. As the foreign and domestic experience shows, with an integrated approach to solving 

the problem of using technogenic raw materials, it is possible to develop a technology for the 

production of a new type of building material [1]. Brick buildings of the 1960 – 70s make up 

more than 50% of those planned for demolition. The use of brick fighting in the manufacture 

of wall products is one of the urgent tasks of resource conservation [2]. An integrated approach 

will expand the raw material base of building materials and improve environmental safety in 

the region. The purpose of our research work is to study the properties of ceramic aggregates, 

structure and properties of ceramic concrete based on them. It was found that the grains of 

crushed brickwork, consisting of crushed bricks and masonry mortar, have a similar structure 

and strength values, so there is no need to separate them. However, due to the high porosity 

of the ceramic aggregate, concrete mixtures are characterized by increased water demand, and 

concretes by increased shrinkage deformations, which reduces the strength and durability of 

the finished wall blocks. To solve the problem, the technology for preparing concrete mixtures 

has been improved. The technological cycle consists of the following stages: (i) intensive 

mixing of brick aggregates in a mixer in order to separate loosely fixed particles of masonry 

mortar from the surface of large grains; (ii) introduction of polyvinyl acetate emulsion into the 

concrete mixture with 2/3 of the mixing water followed by mixing in order to increase the 

adhesion of the cement-sand stone with grains of coarse aggregate; (iii) introduction of an 

organosilicon polymer and 1/3 of mixing water into the concrete mixture in order to form 

polysilicic acids in the mixture; (iv) introduction them into cement and sand mixer and final 

mixing. A complex additive including an organosilicon polymer and polyvinyl acetate 

contributes to an increase in concrete strength and a decrease in its open porosity, as evidenced 

by a decrease in the amount of water absorption of the resulting concrete by 35 – 40 %. The 



105 

use of a complex additive and a two-stage scheme for preparing concrete mixtures made it 

possible to obtain concrete of class up to B25 with improved thermal performance. 
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The formation of the market of dismantling and demolition of buildings and structures creates 

prerequisites for the development of a promising area of business – recycling [1]. The product 

of demolition of building structures is a valuable raw material, namely rebar, coarse and fine 

aggregate for concrete, dusty aggregate [2]. Crushed concrete aggregate is a non-standard 

material and special methods should be developed for its evaluation, but at the same time, 

since this construction material is used for the preparation of concrete structures for mass 

construction, this type of aggregate should meet the requirements for concrete materials. The 

use of secondary aggregates will be possible if standard tests confirm its identity with natural 

aggregates. The purpose of the research work is a construction-technical expertise of aggregate 

from crushed concrete to assess the possibility of replacing natural crushed stone in concrete 

for the manufacture of ordinary concrete and reinforced concrete structures of prefabricated 

construction. The Table 1 shows a fragment of the program of construction-technical expertise 

of aggregate from crushed concrete: 

Table 1 

Cycle Composition of expert procedures 

Preparation 

stage 

Selection of the expert group. Formulation of the task. Information 

support of work of experts. Studying of normative documents. Sampling. 

Visual 

quality 

assessment 

Assessment of the condition of the object by organoleptic methods. 

Instrumental 

laboratory 

examinations 

Determination of quality indicators (grain composition); content (dust and 

clay particles, clay in clumps, grains of weak rocks, lamellar and needle 

forms, crushed grains); determination (density; grade of strength, frost 

resistance, water absorption, environmental class of crushed stone). 

Comparative 

expertise 

Assessment of compliance of quality indicators of secondary aggregates 

and concretes based on them with the requirements of standards 

Conclusion 
Analysis of the results of expert evaluation, discussion of the results, 

preparation of the expert report. 

 

The developed expert methodology for assessing the quality of aggregates made from crushed 

concrete will take into account the structural and physicochemical features, the effect on the 
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properties of concretes based on them, predict and manage the formation of a high level of 

quality and safety of concretes based on them. 
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At present, in all countries of the world there is a persistent tendency towards urban growth 

and an increase in building density. Territories favorable for development have already been 

practically used, therefore, the process of modern urban construction is increasingly taking 

place in unfavorable geotechnical conditions. Foundations and their soil bases are among the 

most important and critical elements of buildings and structures that determine the fulfillment 

of this condition. Construction and reconstruction of foundations is a complex of construction 

work, which is often complicated by the presence of unfavorable geomorphological, 

engineering-geological, hydrogeological and mining-geological conditions. During the 

operation of buildings and structures, the properties of soil foundations and the 

hydrogeological regime of the territory often deteriorate, which necessitates their 

strengthening [1]. Common methods of strengthening soil foundations are surface and deep 

compaction and consolidation of soil with binders, but in recent years, new, more rational 

combined methods of improving the building properties of a soil massif, combining the 

advantages of two or more technologies for transforming soil properties, have become more 

widespread. So, soil compaction and consolidation are shared, as well as vibration and 

vibration pressure [2]. In this work, a combined method of strengthening the foundations of 

buildings and structures is considered, namely the method of high-pressure cementation, in 

which the fixing solution is fed into the soil under high pressure, which provides soil rupture 

in a certain zone of the massif with the formation of voids in the form of cavities, gaps and 

cracks, followed by filling the voids with a fixing mixture based on cement and aggregates 

from crushed concrete [3]. When the fixing mixture is supplied under pressure, additional 

compaction of the surrounding soil occurs. After the mixture hardens in the borehole and 

cracks in the soil, a spatial body of increased strength is formed. The advantages of the high-

pressure cementation method are: the absence of dynamic effects on the soil; high strength 

and water resistance of the fixed base; the possibility of carrying out work in the winter period 

above and below the groundwater level; the use of inexpensive and non-scarce materials. The 

advantages of the considered method include a wide area of use: strengthening the soil 

foundations of buildings and structures; conservation of dumps of highly toxic, radioactive 

and other wastes without their development; straightening in this way the banks of high-rise 

buildings and structures. The main disadvantage of the high-pressure cementation method is 

the insufficient volume of recommendations for the selection of technological process 

parameters, which determines the relevance and goals of our further research. 
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Today, dry building mixtures for carrying out repair and restoration works and caring for 

monuments, as a rule, multicomponent compositions based on cement, are widely represented 

on the market of building materials. During the customs registration of such goods, there are 

problems of customs identification. Unscrupulous violators of customs legislation often 

attempt to import expensive restoration compositions under the guise of ordinary mineral 

binders. Unfair declaration complicates customs registration, distorts the customs value and 

import duties in the direction of understatement and poses a threat to the economic security of 

the country [1]. In the cases of detection (suspicion) of facts of customs offenses, customs 

officials have the right to initiate a customs identification examination, which is a 

comprehensive study and, as a rule, includes types of examinations: (i) documentation 

(analysis of shipping documentation); (ii) classification; (iii) technological (identification of 

raw materials and finished products during processing in the customs territory), the main 

stages of which are considered in [2]; (iv) commodity science (establishing the belonging of 

goods to a certain group, class). Customs identification is carried out by specialists of customs 

laboratories, in some cases, involving experts in the field of special knowledge of the object 

under study. In the research work, an algorithm for a comprehensive customs examination of 

restoration dry mixes has been developed, which includes the following stages: (i) study and 

analysis of shipping documents, labeling, inspection of packaging for violation of integrity, 

replacement of contents or the presence of hidden attachments; (ii) selection of identification 

criteria, namely the main properties of the product; (iii) sampling for testing; (iv) separate and 

comparative tests using express methods and laboratory tests, including conducting 

mineralogical and petrographic studies. Conducting a comprehensive customs examination 

will allow unambiguously identifying restoration multicomponent compositions for the 

purpose of reliable customs clearance. 
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A huge number of vehicles are imported into Russia [1]. The purpose of the custom expertise 

is to determine the technical parameters of the vehicle, clearly establish the location of the 

markings, the content of the marking, the principle of application, anomalies in the vehicle's 

marking for the purpose of identification for subsequent customs clearance. Trasological 

expertise of vehicle is part of a comprehensive customs formalities [2]. Features, sequence and 

content of the customs trasological expertise of the vehicle are presented in Table 1.  

 

Table 1. Content of the custom expertise of the vehicle 

Step   Contents Substantive content 

Previous 

step 

Custom  

expertise of 

vehicles 

Inspection, registration of detained vehicles, examination of 

documentation.  

Inspection of vehicles by criminal investigation officers.  

Study of the requirements of national and industry standards for 

labeling vehicles and their units. 

Primary 

step 

Definition of 

general 

identification 

parameters 

Product name, brand name, trade name, country of 

manufacture, manufacturing company, month, year of 

manufacture, environmental class.  

General technical data: type, category, wheel arrangement, type 

of transmission, weight, color of body (cabin). Technical 

information of the engine: model, number, type, capacity, 

displacement.  

Accordance to the information declared in the declaration. 

Analysis of 

marking 

labels 

Establishment of marking locations. Structure and content of 

markings. Principle of marking (micro milling, micro 

engraving, "punching by dots"). Identification of anomalies in 

markings. 

Comparative 

studies 

Finding differences in identifying indicators and evaluating 

them. Determining matches in the identifying indicators and 

estimating them. 

Final  

step 

Documenting 

the results of 

the expertise 

Customs classification and coding. Valuation. Drawing up an 

expert report, completing the customs formalities (registration). 
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Traceological expertise of vehicles with the issuance of an expert opinion is extremely 

important for making an informed decision on the passage of goods through the customs 

border. 
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Recently, interest has increased in possible solutions for the integration of A3B5 structures on 

Si. However, achieving the desired low-defect and, as a result, high-performance structures 

remain a difficult task. To date, a large number of techniques are used to reduce more defects 

during the monolithic integration of A3B5 on Si. However, studies of the initial stage are still 

crucially important for understanding the processes of formation of further grown layers, and 

will also make it possible to obtain regimes with the lowest density of defects, most of which 

are assumed to be localized in the lower layers. In this work, we studied the effect of initial 

annealing on the modified areas of silicon. Silicon substrates were modified with a focused 

ion beam (Ga+) at various accelerating voltages and beam passes. Accelerating voltages varied 

from 5 kV to 30 kV, and number of passes were 1, 5, 30 and 200. Annealing was carried out 

at temperature equal to 800 C. A decrease in the accelerating voltage from 30 kV down to 5 

kV led to the disappearance of Ga droplets in almost all ranges of the considered modifications 

and temperatures, except for 200 beam passes at a temperature of 800 C. We believe that this 

is due to the intense evaporation of the material from the surface, which does not lie deeply, 

and this process is more advantageous when modifying the surface with beams with a low 

accelerating voltage and annealing at high temperatures. On the other hand, with an increase 

in the accelerating voltage on the surface of the modified areas, the implanted material emerges 

on the surface already from 5 beam passes. We explain its presence by the fact that at a high 

accelerating voltage, the depth of the material is high and the material gradually comes out to 

the surface and does not have time to completely desorb from the surface during annealing. 

However, it should be noted that during processing with an accelerating voltage of 30 kV and 

200 beam passes, holes were left on the surface of the modified areas, without the presence of 

droplets of implanted Ga. The presence of such holes is apparently caused by a large 

deformation of the Si surface during processing by focused ion beams. In the future, it is 

planned to study these samples using Raman spectroscopy to confirm or disprove our theories. 
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The air-coupled or submerged transducers are increasingly used in the structural health 

monitoring (SHM) of safety-critical engineering constructions such as aircraft, pipelines, 

nuclear storages, etc. They are easy to operate, allowing for inspection of large areas with both 

bulk and guided waves (GWs). Optimization of the contactless ultrasonic technologies 

assumes the choice of better parameters for the wave excitation, for example, the angle of 

source inclination depending on the frequency, distance to the surface, and the ratio between 

the material properties of the sample and acoustic environment. This requires mathematical 

and computer models to adequately simulate the wave generation and propagation in the 

coupled system “source – acoustic medium – elastic plate”. For this purpose, we have been 

developing analytically based computer models providing fast numerical study. The models 

are based on the integral and asymptotic representations through Green's functions of the 

corresponding boundary-value problems. If the emitter is parallel to the sample surface, the 

solution can be derived in the close form of inverse Fourier transform path integrals. The far-

field asymptotics of the reflected and transmitted acoustic waves are derived from these 

integrals by the stationary phase method. The GWs generated in the plate by the incident 

acoustic beam are obtained as the residues from the integrand's real and nearly real poles. With 

a tilted transducer, a closed-form solution is also possible, but it is too cumbersome. Therefore, 

we simulate it as a superposition of point sources distributed over the radiating element area 

and use the already obtained explicit representations for the wave fields generated by each. 

This approach retains the advantages of analytical solution, essentially decreasing 

computational expenses compared to the mesh-based finite element simulation and providing 

physically clear insight into the wave structure (e.g., source energy distribution among the 

excited wave modes). The developed computer model is validated against the finite element 

simulation (Comsol Multiphysics 5.6). Numerical examples illustrating the dependence of 

GW amplitudes on the source inclination are presented, and the search for optimal parameters 

(sweet spots) for the excitation of selected modes is discussed.  
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Micro, small and medium enterprises (MSMEs) have a social function as a safeguard for the 

national economy. MSMEs are needed low-income people to carry out creative economic 

activities. At present, the MSME creative economy sector faces various challenges in 

developing its business, including (i) complexity of entering the global market, (ii) limited 

production capacity, (iii) production machine capacity is not standardized, (iv) complexity in 

accessing market information, and (v) inadequate capacity to explore export markets. Various 

strategies need to be applied to overcome the problems of creative economy SMEs. Thus, 

MSMEs can carry out their functions as the backbone of the national economy and the 

spearhead of the economic cycle in Indonesia. The development of creative economy MSMEs 

requires a variety of strategies. These strategies are as follows: (i) intensive provision for 

MSME actors, (ii) creation of a creative economy roadmap with comprehensive programs, 

(iii) training for creative economy MSME actors, (iv) legal protection for creative economy 

products, and (v) the existence of investors to accelerate the realization of creative economy 

MSME activities. 
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Local economic development is very important to encourage national economic growth 

activities. The driving wheel of the local economy can contribute to the improvement of the 

national economy to face global challenges. The local economy that continues to develop will 

generate added value and income, especially for people who are unable to bridge income 

inequality. Local economic development plays an important role in supporting the 

implementation of sustainable development goals. Village economic development is a process 

that makes the village economy independent. Thus, the village community will be able to 

develop well and the village government can become a driver of the village economy. The 

main purpose of village economic development is to foster a village economic environment 

that allows the community to have an active, healthy, and long life. Indicators of village 

economic development, as such: adequate village infrastructure, good public facilities, access 

to information, quality of human resources, and local community income. Several strategies 

for village economic development in Indonesia are as follows: (i) building comparative 

advantages of villages, (ii) building globally competitive villages, (iii) increasing village 

independence, (iv) building village economic institutions, and (v) development of local 

potential. 



112 

Performance Evaluation Using Input-oriented Envelopment DEA Method: 

A Case Study of Micro and Small Industry in Indonesia 

 
Erni Puspanantasari Putri*,  Zainal Arief, Istantyo Yuwono 

 

Department of Industrial Engineering Universitas 17 Agustus 1945 Surabaya, Indonesia 

 

*erniputri@untag-sby.ac.id 

 

Performance evaluation is necessary for the company's business to operate effectively in a 

changing business environment. Therefore, this function is necessary for the survival of the 

company. Performance evaluation is defined as the process required to measure actions on the 

basis of qualifications and performance. The role of micro and small industries (MSIs) in 

economic growth in Indonesia is considered important because MSIs are able to absorb labor 

and contribute to the gross domestic product (GDP). MSIs are faced with several problems 

that hinder their business development. Therefore, we need an effort to encourage and 

empower MSIs to a better level. Performance evaluation is an effort to determine the 

effectiveness of the MSIs. The effectiveness of the MSIs can be used as a reference to improve 

the fluctuating MSIs' business performance as a result of competitive business competition. 

Thus, MSIs can develop their business activities even better in the future. The purpose of this 

research is as an effort to encourage and empower micro and small industries to a better level 

through the performance evaluation of MSIs. Performance evaluation is an effort to determine 

the effectiveness of the MSIs. The method used in this research is the Input-Oriented DEA 

Envelopment Model. Data envelopment analysis (DEA) is a linear programming method that 

deals with measuring performance in an integrated model. The DEA model uses a linear 

programming formula that is oriented to minimize input while the output condition remains at 

the current level. The results of the efficiency analysis for micro and small industries identified 

9 efficient DMUs and 25 inefficient DMUs. The percentages for each of these conditions are 

efficient DMUs (26%) and inefficient DMUs (74%). 
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The temperature regime of the gas pipeline affects the pressure and throughput [1]. When 

choosing the operating modes of compressor stations, it is necessary to take into account not 

only the capabilities of the gas cooling systems after compression, but also the temperature 

distribution in the sections of the gas pipeline between neighboring stations [2]. The 

distribution of temperature when calculating heat transfer between pipelines and the 

environment depends on many factors, including seasonal fluctuations in air and soil 

temperature, accompanied by a change in the aggregate state, a change in moist soil, and a 

change in the temperature of the pipeline surface [3]. The movement of a perfect gas through 
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a pipeline under conditions of heat exchange with the environment is described by a system 

of equations, including the law of conservation of specific energy, continuity equation, and 

the equation of state of the gas [4]. The equation, describing the temperature distribution along 

the length of the gas pipeline, which is due to heat transfer to the environment has the form: 

( )
exp ,oc

H oc p

T x T DkL x

T T MC L

 −
= −   −  

 

where Toc is the ambient temperature; Cp is the average isobaric heat capacity of the gas; k is 

a heat transfer coefficient. It is possible to obtain the temperature at the end of the gas pipeline 

section from this equation at x = L [5]. 
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The operation mode of the main gas pipeline is determined by the joint operation of 

compressor stations, as well as linear sections. The output parameters of the previous section 

are considered the input parameters of the subsequent one [1]. When gas is compressed in gas-

pumping apparatuses, the gas temperature increases, which at the output of centrifugal blowers 

can reach 70 °C. This technological procedure is used when transporting hydrocarbon gases 

through trunk pipelines, pumping them into oil and gas bearing structures in order to maintain 

reservoir pressure, during filling of underground gas storage facilities, and also during 
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transportation of liquefied gases [2]. The main sources of hazards during the operation of 

compressor units are: (i) increased gas pressure; (ii) increasing the temperature of the 

compressed gas; (iii) reciprocating and rotational movement of working bodies; (iv) the 

possibility of liquefying individual components of compressible gas mixtures; (v) the presence 

of flammable and toxic substances in the compression volume [3]. Compression of gas at 

compressor stations leads to an increase in its temperature at the output of the station. The 

numerical value of this temperature is determined by its initial value at the input of the 

compressor station and the degree of gas compression [4]. Excessively high gas temperature 

at the output of the station, on the one hand, can lead to the destruction of the insulating coating 

of the pipeline, and on the other hand, to a decrease in the supply of process gas and an increase 

in energy consumption for its compression (due to an increase in its high consumption) [5]. 
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Many environmental studies – from agriculture and forestry to flood prediction and natural 

resources conservation, as well as studies on fundamental stability of buildings and other 

structures, require a deep understanding of soil processes and sub-surface water flow 
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dynamics. Estimation of the moisture level (water saturation), as well as soil porosity, is 

important for forecasting and, accordingly, improving of yields. The goals of this investigation 

are parametric analysis of porosity on phase velocities of surface waves and estimation of 

effective parameters of the poroelastic fluid-saturated medium based on the solution of the 

inverse problem. For the theoretical study of elastic wave propagation in fluid-saturated media 

with pores, the Biot-Frenkel equations, generalizing the Lame equations of the classical linear 

theory of elasticity to the case of two-phase media, are used.  It is well known that the mutual 

oscillations of the elastic skeleton and pore fluid result on change of the velocities of 

longitudinal (P1), shear (S) body waves as well as the occurrence of the additional slow 

longitudinal wave (P2). The microstructure is also manifested in wave effects connected with 

the presence of boundaries. Firstly, the laws (coefficients) of refraction and reflection of body 

wave incident on the interface of two-phase media change, and, therefore, characteristics of 

surface and channel waves propagating along extensive boundaries change. Secondly, 

additional surface waves manifest due to the porosity and fluid saturation that is discussed in 

details, too. The influence of the porosity and fluid saturation on the phase velocities of surface 

waves is discussed in details. The solution of inverse problem for the effective parameters of 

poroelastic medium, based on the minimisation of the discrepancy between the experimental 

measured and simulated phase velocities, is discussed, too.    
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The aim of the study is mathematical modeling of the concentration field of an electrolyte in 

a controlled electrochemical resistance. All processes occurring in the object are considered 

isothermal, electric fields in all fragments of electrochemical resistance are potential, plane-

parallel [1]. All physical and chemical parameters of the object's materials are constant values. 

The kinetics of all electrode processes in the object of study is controlled by the diffusion stage 

in the electrolyte [2]. As a research method, the operator method of Laplace and Fourier 

decomposition is used to obtain an analytical description of the concentration field of the 

electrolyte [3]. In the course of the study, a mathematical model of the concentration field of 

the electrolyte was obtained with a uniform distribution of the current density [4]. An 

analytical expression is obtained that allows one to construct the surface of the change in the 

concentration of the electrolyte in the controlled electrochemical resistance. The concentration 

profiles of the electrolyte at different temperatures and the time dependences of changes in the 

concentration of the electrolyte are calculated [5]. 
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Plastic is gradually shifting glass, wood and metal, while coal bottom ash is a relatively cheap 

material that tends to be free, because it includes factory waste from coal combustion which 

is usually piled up unused in the ash disposal area of the factory. From the explanation above, 

an analysis will be carried out on how to increase the strength of the plastic composite material 

(thermoplastic) with coal bottom ash reinforcement in order to inhibit the deformation of the 

molecular bonds in the plastic. The present study employed an experimental study, starting 

with the process of making composite materials with a ratio of 90% polypropylene as a matrix 

and 10% coal bottom ash with particle size of 200 – 350 (mesh). First, the polypropylene is 

heated at a temperature of 170 C. Once it melts completely, the coal bottom ash is added and 

stirred at 20 rpm for 30 minutes. Following this, the castings are poured into the mold (die), 

and added with a compressive load with a jack of 15, 25, and 35 kgf/cm2 for 5 minutes. The 

composite material was then adjusted to the shape of ASTM D-638 for tensile testing, and 

ASTM D-790 for bending test to determine its mechanical properties. Morphological analysis 

was also carried out with SEM photos to show the microstructure of the composite. The study 

collected the data about the effect of pressure and particle size of coal bottom ash on the 

mechanical properties of the polypropylene matrix composite material. It is expected that this 

research can be used as a reference on similar research for the development of polymer 

composite technology. 
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Blade field emission cathodes and multiemitter structures make it possible to increase the 

current density in comparison with single tip emitters. However, in this case, the phenomena 

of local amplification of the electric field on the emitting surface, overheating of the cathode 

sections and changes in the cathode shape can occur [1]. Therefore, it is necessary to take into 

account the processes affecting the stability of the emission and the durability of the field 

emission cathode when developing field emission structures with a high current density. 

Modeling the distribution of the electric field in the interelectrode gap makes it possible to 

predict emission processes and optimize the structure of the field emission cell to increase the 

uniformity of the field on the emitting surface. The aim of this work is to theoretically study a 

planar nanoscale field emission cell containing a multipoint cathode based on graphene films 

on silicon carbide. The use of graphene films on silicon carbide is explained by their high 

mechanical strength, thermal conductivity, and electrical conductivity. The simulation of the 

distribution of the electric field strength in the interelectrode space of the field emission cell 

was carried out. The influence of the distance between the tips, the interelectrode distance and 

the change in the height of the tips of the cathode on the uniformity of the electric field strength 

at the emitting surface of the tips is investigated. The interelectrode distance was varied from 

10 to 100 nm, the distance between the tips was from 110 to 200 nm, the height of the cathode 

tips was changed according to the Gaussian law by changing the coefficient σ from 103 to 104. 

The dependences of the electric field strength at the emitting surface on the parameters of the 

field emission cell were obtained from the simulation results. The simulation results showed 

the presence of a local increase in the electric field strength at the edge tips of the field emission 

cathode. The theoretical dependences made it possible to determine the distance between the 

tips, the interelectrode distance and the value of the coefficient σ, at which an increased 

uniformity of the electric field was observed at the emitting surface of each tip of a planar 

cathode. The minimum distance between the tips in the matrix was from 160 to 200 nm, and 

the minimum value of the coefficient σ was from 7  103 to 104, at which the field strength is 

uniform in the considered range of the interelectrode distance. 
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The ferro-, antiferroelectric, magnetic and rotational phase transitions of known binary 

perovskite structure oxides (PSO) ABO3 and fluorites (PSF) ABF3 have been considered. The 

correlations between their phase transition's temperature values, on the one hand, and the 

interatomic bond A – X (X = O or F) strain values, on the other hand, have been constructed. 

It has been established that the known binary PSO and binary PSF with different nature of 

phase transition (PT) caused of a lot of their composition and structure factors, are conditioned, 

among another, by the interatomic bond A – O strain in their structure (see Fig. 1).  

 

a 

b 

Fig. 1. Correlations between δAO (a) and δAO for PSO and δAF for PSF (b) and their rotational PTs 

temperatures, where symbols "O3" in the chemical formulae ending are not indicated for PSO, but 

symbols "F" without "…3" are indicated in contrast for PSF. 
 

As effect of the structural PT's symmetry Oℎ
1  of preceding phase reduces abruptly into a lower 

symmetry and, as rule, transforms to any of its subgroups. Ferroelectrics and their solid 

solutions (SS) are basic of the active functional materials for electronics and their PTs 

temperatures values play an important role. In this connection understanding why a compound 

is ferro- or antiferroelectric or undergoes rotational PTs and what its temperature can depend 

on is of great theoretical interest as well as has a practical implication for directed research 

into new compounds and materials with the certain structure and properties? Is there a 

common feature of the binary PSO and PSF structure that can determine their PT's nature and 

temperature Tc values to classify their PTs? The theory of ferroelectricity tries different 

concepts and parameters for this role. They are used to construct some qualitative and 

quantitative correlations between the PT's nature and their temperature values and those 

parameters. Some of them can been determined only experimentally, others – both 

experimentally and calculated a'priori. Why are ferroelectric PTs not observed for PSFs while 

there are no symmetric constraints for it? Can polar phases appear for those fluorites? Why do 
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similar rotational PTs take places for both PSO and PSF? The aim of this work is to answer 

the above and other questions using the strains of the interatomic bonds A-O, δAO, and A-F, 

δAF, calculated using the perovskite structure quasi-elastic model proposed by Sakhnenko V. 

P. with co-authors and to construct some correlations between these parameters and PT's 

temperatures. 
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Perovskite structure binary oxides ABO3, possessing the consecutive phase transitions (PTs): 

ferro- (FE) or antiferroelectric (AFE) at Curie temperature TC, and ferro- (FM), antiferro- 

(AFM) at Neel temperature TN, which can be called multiferroics (MFs), and also classical 

ferro- and antiferroelectrics without any magnetic PTs are considered.  

 

 
 

Fig. 1. Rectangular change in ТC areas for FE and AFE PTs of binary perovskites and MFs with a 

change in their interatomic bond A-O strains, and the corresponding dependences TC (δ𝐴O). 

 



120 

The goal is to find out to what extent the areas of change in their interatomic bonds A-O strains, 

δ𝐴O, are separated from each other together with their different nature PT's temperatures and 

their differences, or how much they overlap with each other by constructing these areas using 

the calculated values of  δ𝐴O. Previously, we studied all of these characteristics for different 

perovskite categories or separately, or together. At the same time, we found out what and how 

the temperatures ТC, ТN and their differences ТC – ТN of considered binary perovskites depend 

on. It is noticed that ternary MFs with FE PTs occupy the δ𝐴O ranges: δ𝐴O = 0.1 – 1.4 %, where 

ТС = 203 – 385 K, and ТN = 11 – 213 K, that is less than those observed for the binary MFs 

with FE PTs: δ𝐴O = 1.1 – 4.4%, where ТC = 200 – 1100 K (Fig. 1) and ТN = 4.2 – 643 K. For 

example, the PTs temperature variation areas of classical binary ferroelectric and 

antiferroelectrics with their interatomic A-O bond strains change are clearly separated from 

each other, in contrast to MFs with FE and AFE PTs areas, which intersect with each other 

partially, as well as with the classical AFE oxides area. In these cases, the ranges of differences 

ТC – ТN in the same  δ𝐴O ranges are as follows: ТC – ТN = 50 – 214 K for ternary MFs, and for 

binary MFs, it is much wider: 43 – 452 K.  However, binary MFs with AFE Ps are clearly 

distinguished from classic AFE oxides. 
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The interest in the search for and development of bases for lead-free ferropiezoelectric 

materials has not decreased for several decades. One of the most popular materials for the 

construction of lead-free multi-component systems is sodium potassium niobate (KNN). The 

works aimed at increasing the combination of mechanical quality factor and piezoactivity are 

particularly relevant [1]. Despite on the great interest in these compositions, their preparation 

complicated by the critical dependence of the properties of lead-free ceramics on their 

thermodynamic history [2, 3]. Therefore, many works study the effect of mechanical activation 

(MA) on the synthesis and properties of solid solutions based on KNN [2]. Thus, the purpose 

of this work was to study the effect of MA on the particle size distribution and properties of 

solid solution LiaKbNacNbdTamSbnO3 modified (BiFeO3 + CuNb2O6). The raw materials were 

NaHCO3 (99%), KHCO3 (98%), Li2CO3 (98%), Nb2O5 (98%), Ta2O5 (99%), Sb2O5 (99%), 

Fe2O3 (98%), Bi2O3 (99%), and preliminarily synthesized CuNb2O6. The solid solutions were 

synthesized by the solid-phase method in two stages at T1 = 1000 °C, T2 = 1100 °C for 6 h, 

followed by sintering according to the conventional ceramic technology Tsint = 1195 °C for 

two hours. MA was carried out in an AGO-2 planetary mill in an alcohol medium using ZrO2 
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grinding balls for 5 – 20 min. (drum rotation speed 1800 rpm). It established that when using 

MA, it is possible to reduce the inhomogeneity of the granulometric composition. The average 

size of crystallites reduced for a short MA time (5 min). The use of MA led to an increase in 

the values of the permittivity, as well as to a qualitative change in the thermal-frequency 

behavior of the dielectric properties of solid solutions was established.  
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Presently, one of the most intensively studied areas of materials science is multiferroics 

(materials with a combination of electrical, magnetic, and elastic ordering). They are attracting 

attention due to their wide range of possible applications. Bismuth ferrite (BFO), as well as 

ferroniobate (PFN) and lead ferrotungstate (PFW), are representatives of this class of materials 

and are currently considered as the basis for the creation of magnetoelectric devices. However, 

the widespread application of these materials in the industry is limited by several factors. Thus, 

it is well-known the preparation of BFO in a single-phase state is difficult due to its location 

at the boundary of stability perovskite compounds. Moreover, the presence of ions of variable 

valence (Fe2+/Fe3+) and oxygen vacancies in these compounds leads to the high electrical 

conductivity of objects. Despite on this, the creating of solid solutions based on the above 

compounds allows one to stabilize the perovskite structure and improve the properties of 

materials. Thus, the study of regularities of phase formation, microstructure formation and 

dielectric responses of ceramics of the system (1 – x)BiFeO3 – (x/2)PbFe1/2Nb1/2O3 −  

(x/2)PbFe2/3W1/3O3 is relevant. The solid solutions of the (1 – x)BiFeO3 – (x/2)PbFe1/2Nb1/2O3 

− (x/2)PbFe2/3W1/3O3 (0.05 ≤ x ≤ 0.50, Δx = 0.05) system were the subjects of this study. The 

solid solutions were prepared using a two-stage solid-state synthesis at Т1 = 800 C, Т2 = 850 

C; τ1 = τ2 = 10 h, including mechanoactivation. The sintering was carried out using 

conventional ceramic technology at Тsint = 870 – 890 C, τ = 2 h. X-ray diffraction 

demonstrated that a series of phase transitions appear in the system under study at room 
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temperature: the objects have a rhombohedral crystal structure at 0.05 ≤ x ≤ 0.30, a transition 

from the rhombohedral to the cubic phase through the pseudocubic phase occurs at 0.30 ≤ x ≤ 

0.40, and the objects have a cubic crystal structure at x ≥ 0.40. Analysis of the microstructure 

demonstrated that sintering occurs in the presence of a liquid phase, and there is also a 

correlation between X-ray and microstructural data. The transition to the cubic phase leads to 

compaction of the microstructure and increasing its homogeneity. The study of the dielectric 

characteristics demonstrated that the objects under study exhibit relaxor behavior associated 

with the Maxwell-Wagner polarization caused by the accumulation of oxygen vacancies in the 

structure due to a change in the oxidation state of ions with variable valence. The anomaly on 

the dependences of dielectric characteristics was found at 0.30 ≤ x < 0.50, in region of T = 550 

– 570 C, depending on the composition, which can be associated with structural changes. The 

obtained data is advisable to use in the development of new materials based on multiferroics.  
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In underwater communication, the acoustic method of sending and receiving messages is the 

most common method. Underwater communications are known to be difficult due to factors 

such as multipath, limited bandwidth and severe signal attenuation, especially over long 

distances. The most realistic way to increase the reliability of communication is the use of 

towed arrays for receiving. Vector scalar receiving systems (VSRSs) are a relatively new type 

of hydroacoustic systems for various purposes. Signal detection algorithms based on VSRSs 

for onboard systems and systems operating against the background of sea noise have shown 

their significant advantage over scalar ones. This advantage is due to the power flow signal 

processing. Towed receiving systems are usually used for underwater communications. Since 

the main source of interference in such arrays is considered to be the noise generated by the 

towing vehicle itself (a ship or a submarine), it is necessary to know the experimental 

characteristics of the hydrodynamic noise (HN) of the towing vehicle. This paper presents an 

experimental study of such noises. In the experiment, an array was used in which the vector 

component was calculated as a pressure gradient, using two spaced hydrophones. The 

receiving array had an aperture of 10 m, the operating range was from 0.02 to 2 kHz. Towing 

was carried out by a surface vessel at a depth of 10 m with a cable length of 50 m. Analysis of 

the spectral, correlation and statistical characteristics of the HN for all components of the 

acoustic field required for signal processing in the proposed detection algorithms using scalar, 

vector components and power flux revealed a number of features that distinguish the 

characteristics of the HN from the noise, generated by the disturbed sea surface. Due to the 
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small-scale structure of the turbulent flow, the signal on two closely spaced sensors is not 

correlated even when the distance between them is much less than the wavelength. As a 

consequence, the noise power at the vector component is twice as high as the noise power at 

the scalar sensor, while for sea noise the noise power at the vector receivers is four times less 

than at the scalar sensors. This fact was confirmed by an analysis of the spatial correlation 

characteristics of the HN: (i) in the entire operating frequency range, all components of the 

acoustic field at the array aperture are not correlated, while for sea noise, the correlation radius 

is at least half the wavelength; (ii) as a consequence, the noise power on the vector component 

is two times higher than the noise power on the scalar sensor, and for sea noise, the noise 

power on vector receivers is 3 – 4 times less than on scalar sensors; (iii) the power flux has a 

Laplace distribution, and the variance of the flux component decreases much faster than the 

variance of the scalar and vector components of the field. The statistical characteristics for the 

power flux of the HN are similar to the characteristics of sea noise and interference in the 

direct vicinity of the ship. This shows that the creation of vector scalar towed arrays is one of 

the promising ways that contribute to an increase in the quality and range of underwater 

communications. 
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Rod structures are widespread in construction due to a number of advantages, such as 

economy, versatility, freedom of design shapes and sizes.  

 

 
 

Fig. 1. Plot drawing of a bar and a statically indeterminate frame 
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Due to these characteristics of rod structures, their modeling and calculation are urgent tasks 

in the design of building structures. Automatic solution of these problems leads to an increase 

in design efficiency and calculation accuracy and lower costs. This report presents a software 

module that generates output documents of a web application for calculating rod metal 

structures. The software is developed in C# on the .NET platform using the Spire.Doc and 

netDxf plug-in libraries. The module generates AutoCAD-compatible drawings and text 

reports in accordance with Russian standard SP 16.13330. The internal forces in the structure 

are preliminarily calculated using the finite element method 0. Information output for each 

section is carried out in accordance with the requirements for a specific type of section and 

structural element. Figure 1 shows an example DXF drawing opened with nanoCAD. The 

possibility of automated generation of reports allows more efficient use of the computing 

complex in production, which makes it a useful instrument for design engineers. 
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Being non-radiative, non-invasive, and relatively cheap, Quantitative Ultrasound (QUS) is a 

promising tool for assessing the quality of bone tissue. Uncovering the regularities of guided 

wave (GW) propagation depending on the bone thickness, porosity, and effective elastic 

moduli (degree of mineralization), as well as accounting for the presence of surrounding soft 

tissues, can provide hidden signs of osteoporosis to improve its diagnostics [1, 2]. Our report 

aims to present and discuss the results of experimental measurements and analytically based 

computer simulation of ultrasound GWs, generated in samples (phantoms), mimicking real 

bones to identify such signs predicting osteoporosis. To focus on the influence of porosity and 

soft covering, bi-layer phantoms (gelatin/PMMA) with regular sets of holes drilled to the half-

thickness of the PMMA plate have been of prime concern. Frequency B-scans and time-

frequency patterns obtained using discrete Fourier transform and windowed wavelets are 

analyzed. Promising results are obtained with the matrix pencil method (MPM) [3], allowing 

wavenumber estimation of the excited GWs, including their imaginary parts, that is the 

attenuation decrements depending on the porosity level. Analytically based computer 

simulation provides a deeper insight into the influence of bone structure on the GW 

characteristics. The computer models are based on explicit integral and asymptotic 

representations via the waveguide’s Green matrix. In addition to the case study, these models 

are used to assess effective elastic moduli and thicknesses using the experimentally obtained 

GW characteristics, similar to those implemented in the case of fiber-reinforced [4] and nano-

wared [5] composite structures. Extraction of the effects of mode repulsion, zero group 
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velocity (ZGV), and thickness resonances from the measured data to use them as diagnostic 

signs and the influence of soft covering on their distinguishing are also discussed. 
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Nowadays composite materials and smart structures are used extensively in the aerospace 

industry, mechanical and civil engineering, and many high-performance facilities due to their 

enhanced properties. In recent years, a novel class of composites, the so-called phononic 

crystals and acoustic/elastic metamaterials (AMМs), providing several unusual properties has 

been receiving special attention in the scientific community. AMMs are composites 

periodically engineered to have special properties arising from the composition of two or 

several material components. For the wave propagation analysis, efficient and accurate 

mathematical models and numerical simulation tools should be developed for fast parametric 

studies at the development stage or the implementation in real electromechanical devices and 

systems. In particular, they should take into account the coupled mechanical and electrical 

fields, complex shapes of sensors as well as wave-fields scattered by inhomogeneities located 

at the surfaces or inside the structures. In this study, the boundary integral equation method is 

employed to simulate periodic arrays of cracks and electrodes in layered AMМs, where sub-

layers are periodically arranged. Also, the frequency-domain spectral element method 

(FDSEM) and a hybrid approach based on the semi-analytical BIEM and the FDSEM are 

employed to simulate the elastic wave propagation in multi-layered AMMs with a finite 

number of inhomogeneities and a network of piezoelectric transducers mounted on their 

surface. The proposed method incorporates the advantages of the BIEM, which is efficient to 

model the wave propagation in elastic, piezoelectric, dielectric elastomer or functionally 

graded waveguides with electrodes and cracks, and the FDSEM, which is convenient for the 

discretization of the surface-mounted components (such as piezoelectric actuators or sensors, 

stiffeners, T-joints, etc.). The results of numerical analysis (reflection/transmission 

coefficients, band-gaps and pass-band formation) are demonstrated. The manufacturing of the 

proposed configurations of AMMs is also discussed, and some examples of the structures 

based on the proposed AMMs are demonstrated. Possible applications of these AMMs as wave 

filters or converters are discussed. 
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Rare-gas crystals (RGCs) (He is the exception) form the fcc-structure with one atom in the 

unit cell. They are the simplest molecular crystals that are confined by comparatively weak 

Van-der-Waals forces. As a result, RGCs are frequently used as standard test objects in many 

theoretical studies. The dynamic matrix of rare-gas crystals was constructed by us on the basis 

of an ab-initio short-range repulsive potential, taking into account the three-body interaction 

and deformation of electron shells of dipole-type atoms within the pair and three-body 

approximations. Ab-initio calculations of the zero-point energies for compressed rare-gas 

crystals are performed at two mean-value points (the values of which are determined by the 

Chadi-Cohen method) in a wide pressure range. The numerical analysis showed the 

contribution to the zero-point energy from dipole-type electron shell deformation within the 

pair and three-body approximation increases with an increase in pressure (compression). In 

this case, the relative contributions from three-body forces due to the electron shell 

overlapping are small and only slightly increase with an increase pressure for Kr and Xe. 

Unfortunately, we know experimental data on the zero-point energy Ezp for Ne, Ar, and Kr 

only at p = 0. Our calculated Ezp value in model that takes into account three-body forces due 

to the electron shell overlapping and electron shell deformation for dipole-type atoms within 

the pair and three-body approximations is 79.185 K. The experimental zero-point energy for 

Ne is Ezp = 78.5 K. The discrepancy of our calculation result compared to the experimental 

value is γ = 1.4 %. The experimental zero-point energy is Ezp = 86.1 ± 2.5 K for Ar (the 

discrepancy is γ = 11.95 %) and Ezp = 67.4 ± 3 K for Kr (the discrepancy is γ = 7.77 %). The 

worst consistency between our and experimental Ezp values is for Ar; although, it should be 

taken into account that the experimental error is 3 % for Ar and 4 % for Kr. Thus, our results 

of calculating Ezp with allowance for three-body forces and deformation of dipole-type atomic 

electron shells within the pair and three-body approximations are in satisfactory agreement 

with the experiment data. 
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In this work, we studied the photoconductivity parameters of thin ZnO – SnO2 films formed 

by the sol-gel method on opaque substrates. Nanocomposite ZnO – SnO2 films were deposited 

on polycor substrates with a Zn:Sn molar ratio of 0:100, 1:99, 0.5:95.5, 5:95, 50:50 and 

annealed at a temperature of 550 C. The film thickness was 150 – 200 nm. Over the films, by 

thermal vacuum evaporation through a mask, interdigital contact V-Ni metallization was 

deposited and a planar photoresistor with an initial "dark" resistance R0 was formed. The 

electrophysical and gas sensitive properties of these films were studied in [1]. In this work, we 

studied the direct change in photoconductivity under the action of light from an LED with a 

peak wavelength of 470 nm, which forms an illumination level of 525 lux on the sample. The 

measurements showed that the ultraviolet component was absent in this case. Radiation 

parameters were measured using a CENTER 532 ultraviolet radiation intensity meter (China) 

and a CENTER 530 light meter (China). Measurements were carried out until the beginning 

of the "flattening" of dependencies. In this case, a change in the photoconductivity was 

observed for all the films under study. Subsequently, the time constant of the generation of 

charge carriers under the action of light was calculated. Studies have shown that pure tin 

dioxide has the longest time constant for the generation of charge carriers of 87 s. Zinc oxide 

additions of 0.5 % and 5 % to tin oxide sharply reduce the time constant to 17 – 19 s. At the 

same time, with the addition of 1 % zinc oxide, an increase in the time constant to 43 s is 

observed. The fastest response time of 9 s is found in a sample with a Sn:Zn ratio of 50:50. 

This behavior of the photoconductivity parameters is associated with the nanocomposite 

structure of the film material, and lower values of the time constant are associated with a higher 

concentration of charge carrier generation centers at the ZnO – SnO2 interface at a Sn:Zn ratio 

of 50:50. It can also be noted that the response kinetics for all the films was similar, which 

indicates the same generation mechanisms, namely the recombination of charge carriers in the 

sol – gel SnO2 films with the addition of ZnO. Thus, the photoconductivity kinetics of thin 

ZnO – SnO2 films, formed by the sol-gel method, was measured and the time constant of 

charge carrier generation was calculated. The calculations showed that the time constant has 

a minimum value of 9 s for ZnO – SnO2 films with a Zn:Sn ratio of 50:50. 
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Compliant Mechanisms (CMs) are the external force-based dynamic and variable mechanisms 

based on the elastic deformation of materials with advantages such as compactness, high 

accuracy, ease of fabrication, and application in many different fields [1]. In this work, a case 

study of using flexible hinges in drilling applications for a non-resonant vibration-assisted 

drilling application is proposed. The geometric design of the mechanism was optimized using 

finite element analysis (FEA) based on NSGA-II optimization procedure, aiming to maximize 

the natural frequencies. The optimization procedure is programmed in MATLAB whereas the 

ANSYS Mechanical ADPL-code is embedded to support and enhance the calculation process. 

Finite element analysis was performed to verify for the accuracy of the design model. The 

analysis shows that the discrepancy between the optimization results and the FEA results is 

1.7% for the displacement and 0.6% for the dynamic frequency of the designed mechanism. 

Finally, the structure, using the optimal parameters, will be fabricated and performed the 

system performance testing. The developed mechanism (Fig. 1) includes outer and inner base. 

The outer base will be located on the machining base and linked to the inner base via flexible 

hinges. Guiding shaft and sliding bearings will guild the inner base therefore only vertical 

movement remain on it which will be actuated by piezoelectric actuators. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Structure of VADrill system: drill machine (1), workpiece (2), outer base (3), support (4), 

clamp workpiece (5), slide bearing (6), flexible hinge (7), piezoelectric actuator (8)   
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In this report, a new design of an energy generator with d31 piezo-patches and d33 piezo-

cylinders is analysed and compared. Based on the generic coupled technique, this work is 

focused on a coupled piezoelectric-permanent magnet-electromagnetic energy harvesting 

technique that converts energy using an extended cantilever beam design. The permanent 

magnet is attached at the free end, and it also works as a proof mass. The electromagnet is 

used to generate impulse and reactive forces. The force causes a deflection to the permanent 

magnet. Numerical simulations were carried out to calculate their natural frequencies and 

output voltages. The different positions of the piezo-patches and piezo-cylinders are analysed 

and the output characteristics are compared. Software ANSYS is used for the numerical 

solutions. 
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According to United Nations statistics, about 1.3 billion tons of food are thrown away annually 

worldwide. In Taiwan, according to statistics from the Environmental Protection Agency 

(Taiwan EPA) in 2018, more than 590,000 metric tons of food waste was recycled nationwide. 

In 2020, Taiwan EPA reported the daily recovery averaged at 1,447 metric tons is an increase 

of 6 % compared to that of 1,365 metric tons in 2019. Therefore, a diversified food waste 

resourcing and reuse scheme is in demand. Food waste composting can significantly reduce 

the amount of municipal solid waste to reduce the burden of the incinerator.  The finished 

compost product is high-quality organic fertilizer, and it is the best soil conditioner to maintain 

fertilities. However, the successful food waste composting operation is seriously hindered by 

the emissions of malodorous gases. In order to reduce the odorous gases production and to 

preserve the nutrients, the amendment of various proportions of biochar was employed in this 

study to optimize the food waste composting processes. Adding biochar can increase the 

starting pH of initial compost mixture that may benefit to the thriving of bacteria at the initial 

stage of composting.  Compost porosity can also be increased by adding biochar; thus, aerobic 

composting environment is favored. Biochar is also known rich in adsorption capacity, 

therefore, reduction in odorous gases emission is well anticipated. Finally, our results have 

demonstrated that adding different proportions of biochar can effectively adsorb NH3 and H2S 

and other odorous substances. The removal efficiency of odor substances reached 99 % by 

adding 5 % of washed biochar, which achieves the best effect of odor reduction. Therefore, 

adding biochar, particularly washed biochar, is suggested for future food waste composting 

processes. 
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Methods for non-invasive registration of magnetic nanoparticles in aqueous suspension 

(biological environment model) are considered. A simple analytical formula has been obtained 

for calculating the maximum distance l  from the magnetic field sensor to the object under 

study, relating this distance to the parameters of magnetic particles and the threshold magnetic 

sensitivity δB  of the sensor. Magnetic measurements of aqueous suspensions containing 

superparamagnetic nanoparticles of iron oxide (linear dimensions ≤ 30 nm) with a 

concentration of 1 − 5 wt. % [1]. The measured and calculated values l  are compared for 

different values of residual magnetization. In the case when magnetic nanoparticles acquired 

magnetization in the Earth's magnetic field, they were recorded at a distance of l  ≤ 23 mm 

from the magnetic field sensor having δB = 10 nT. The estimate of the same distance, obtained 

by the proposed formula, was l   9 mm. In another case, in a constant magnetic field of 100 

mT, magnetic nanoparticles acquired a residual magnetization of 1.8 − 2.0 A·m2/kg, and the 

measured and calculated distances (50 and 48 mm) practically coincided. It is shown that for 

some types of commercial magnetic nanoparticles with high remanent magnetization (> 50 

A·m2/kg), this distance can be ≤ 200 mm, that is they can be registered at a great depth of their 

occurrence in the human body. It is noted that at low concentrations of ≤ 10−5 wt. % of 

magnetic nanoparticles, they can only be controlled using magnetometers containing 

magnetically sensitive elements having ultra-low ≤ 10 fT, in particular SQUIDs [2], combined 

magnetic field sensors and nanostructured combined magnetic field sensors [3, 4]. Thus, 

experimental studies have shown: (i) using a magnetometer, it is possible to non-invasively 

control magnetic nanoparticles in an aqueous suspension; it is possible to estimate their 

concentration and residual magnetization, as well as the distance of their location to the 

magnetically sensitive element of the magnetometer, that is assess the depth of their 

occurrence in the biological environment; (ii) satisfactory correlations of calculated and 

experimental data on registration of magnetic nanoparticles were obtained. Apparently, non-

invasive control of magnetic nanoparticles loaded with various drugs and antibodies will be 

in demand in theranostics. For example, knowing the magnetic parameters and the 

concentration of magnetic nanoparticles in the biological environment, one can adequately 

select the parameters of a remagnetizing alternating magnetic field for effective hyperthermia 

of cancer or, based on data on changes in the concentration of magnetic nanoparticles, evaluate 

the effectiveness of osteoarthritis therapy [5, 6]. 
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Magnetic hyperthermia is a new treatment method in which irreversible thermal ablation of a 

pathological target is performed. This occurs due to the generation of heat and an increase in 

the local temperature of the dispersion with magnetic nanoparticles (MNPs). As a result, the 

viability of cancer tissue cells is significantly reduced in the temperature range of 41– 46 °C, 

while healthy cells can survive. We analyzed literature sources in which MNPs based on iron 

oxides with different physical parameters were used for cancer hyperthermia. In particular, 

they were spherical superparamagnetic nanoparticles (SPION) with iron oxide γ-Fe2O3 SPION 

with an average diameter of d ~ 11 nm and a saturation magnetization of M ~ 4 emu/g [1], as 

well as Fe3O4 SPION particles (d ~ 5 nm) with a value of M ~ 20 – 25 emu/g [2]. In the in-

vitro mode during hyperthermia, in the case of large sizes of Fe3O4 MNPs (d ≥ 20 nm) and 

low M ~ 10 emu/g, the tissue temperature increased by T ~ 0.7 C, and at large M ~ 70 emu/g 

the tissue additionally warmed up by T ~ 2.0 C [3]. For Fe3O4 magnetic nanoparticles with 

diameters in the range of 30 – 80 nm, the maximum efficiency was obtained at a level of ~ 0.9 

kW of allocated power per 1 g of magnetic nanoparticles [4]. It is noted in many works that 

the heating efficiency depends on many factors, and the main ones are: the magnetic energy 

stored in the magnetic nanoparticles, the parameters of the alternating magnetic field, and the 

dosage of the magnetic nanoparticles. The shape of the magnetic particles is also important. 

For example, in rod-like nanoparticles (d ~ 100 nm), due to their magnetic anisotropy, the 

value of M is much higher than in spherical magnetic nanoparticles. In this regard, it can be 

assumed that bacterial magnetosomes and carbon nanotubes with MNPs will also be promising 

for cancer hyperthermia. In general, hyperthermia using magnetic particles is a complex 

technique that depends on numerous parameters, therefore its effectiveness in the treatment of 

cancer has not yet been optimized. However, at present, hyperthermia for the treatment of 

cancer has moved from laboratory research to clinical trials. 
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Most magnetic field sensors (MFSs) have high resolution, that is low threshold sensitivity:

0B ≤ 1 nT, achieved through the use of superconducting film magnetic field concentrators 

(MFCs). They decrease in the MFSs, in which various structures can serve as magnetosensitive 

elements (MSEs), such as Josephson junctions, Hall sensors, sensors based on spintronic 

effects, etc. [1 – 4]. In this work, we study a planar structure (see Fig. 1), in which the MFCs 

and MSEs are on the same plane and do not intersect with each other. The above structure had 

the following parameters. Figure 1a, b: receiving rings 1 – 2 mm outer diameter, 0.8 mm ring 

width; 2 – substrate; 3 – active bands (ABs), 30 µm wide; 4 – MCE having a width of 10 µm; 

5 – the width aw  of the gap between the AB and MSE varied in the range 0.2 − 5 µm; (0,0)  is 

the coordinate system; 0 0( , )x y  are the coordinates of the AB. All elements deposited on the 

substrate have the same thickness of 20 nm. Figure 1c, d and e: parallel sections in the AB are 

located uniformly across the width, unevenly far from the MSE and close to the MSE, 

respectively. 

The concentration factor F of the 

magnetic field is defined as the 

ratio of the average magnetic 

field at the MSE to the value of 

the external registered field 0B . 

It has been established that the 

MFC made from a film of a low-

temperature superconducting 

material (LTSC, the penetration 

depth of the magnetic field is   ~ 

50 nm) concentrates the 

magnetic field on the MCE, 

which has a degree of 

inhomogeneity of more than 

20% in the range 0B ≤ 1 µT. 

MFC from a film of high-temperature superconducting material (HTSC,  ~ 1000 nm) 

concentrates the magnetic field on the MSE, which has a degree of inhomogeneity of less than 

10%. It is shown that parallel cuts with coinciding widths increases the value several times, 

especially strongly for the case shown in Fig. 1c. In this case, for LTSC films, higher values 

 
 

Fig. 1 
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of F are realized as compared to HTSC films. The results obtained will improve the efficiency 

of existing magnetic field sensors in the form of a decrease in their threshold sensitivity, which 

will also make it possible to reduce the size of the receiving antenna and, accordingly, register 

magnetic particles with smaller sizes.  
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The most sensitive mechanical receptors are found on the tips of the tongue and fingers. Their 

tactile sensitivity is in the range of 2 − 5 mg/mm2 (20 − 50 Pa) with resolutions: spatial ~ 1 

mm, temporal 700 Hz [1]. Various tactile sensors are currently being actively developed to 

approach these limits. Biological nanomaterials containing carbon nanotubes, upon 

deformation, acquire the properties of a tensoresistive effect. We studied the change in 

resistance R/R0 from the bending angle  of the film of biological nanomaterials and the 

possibility of their use as a prototype of a tactile sensor. Here R0 is the resistance in the absence 

of deformation, R is the resistance in the presence of deformation. Films with a size of (0.05 

− 0.5 μm)  (2 − 5 mm)  (10 − 20 mm) of bovine serum albumin (BSA) or microcrystalline 

cellulose (MCC), containing multi-walled carbon nanotubes (MWCNTs), served as a sensitive 

element to deformation. An aqueous dispersion of a composite nanomaterial was applied on 

flexible polyethylene terephthalate (PET) substrates with thicknesses of d0 ~ 30 μm, 60 μm 

and paper ~ 60 μm. PET substrates at d0 ~ 30 µm had weights of ~ 4 − 4.8 mg. Deformation 

and measurements of physical parameters were carried out automatically, the data were saved 

in a computer. Films with a thickness of d ~ 0.1 μm showed an optical transparency of ~ 80% 

and a high resistance of ~ 1 MΩ. Thin films (d < 0.2 μm) exhibited the properties of a bipolar 

strain sensor [2]; when bending in the form of a concavity, the resistance decreases, and when 

bending in the form of a bulge, the resistance increases. The bending strain sensitivity was 

determined as S = (R/R0 – 1)/, where  is the change in the bending angle . Highest S  

1.5%/deg was realized in a film made of MCC/MWCNTs nanomaterial with a thickness of d 
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~ 0.1 μm. The recalculation of the force coming to the bending area corresponded to 2 − 6 

mg/mm2 (20 − 60 Pa). These values are in the same order as the tactile sensitivity of human 

fingers. Apparently, an increase in the accuracy of measuring the film resistance (error ≤ 0.1%) 

will make it possible to record a detectable pressure ≤ 10 Pa. The films studied by us from 

composite nanomaterial BSA/MWCNTs and MCC/MWCNTs contain a small amount of 

carbon nanotubes (≤ 0.1%), have a high degree of biocompatibility, can be applied directly to 

the surface of human skin and be a prototype of a tactile sensor. 
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Nanostructured film materials based on zinc oxide doped with various additives are of great 

interest in different fields of industry. The ability to use them as solar cells, gas-sensitive 

sensors, lasers, and LEDs in the UV-region of the spectrum is due to the availability of 

materials, as well as unique physical and chemical properties. The main purpose of this study 

was to investigate the effect of calcination temperature on the formation of thin nanocomposite 

films. During the two-stage synthesis by solid-phase pyrolysis, materials of zinc oxide 

containing 10 mol % Co3O4 were obtained according to the previously described method [1]. 

Zinc acetate dihydrate, cobalt (II) acetate tetrahydrate and organic acid were used as starting 

compounds. During the first stage, zinc and cobalt salts were melted in organic acid. The 

resulting mixture was further ground to a finely dispersed state, and an intermediate product 

was obtained. During the second stage, the intermediate product was dissolved in a non-polar 

solvent 1,4-dioxane. Then, the resulting solution was applied three times to the pre-prepared 

glass substrates. All substrates were calcined for 2 hours at 600, 700 and 800 C. 

Nanostructured film materials were examined by XRD (diffractometer Thermo ARL, 

Switzerland) in CuKα radiation and scanning electron microscopy methods (SEM, scanning 

electron microscope Nova Nanolab 600). According to the results of X-ray phase analysis, it 

was found that the obtained materials are two-phase, because all the peaks of the final product 

are matched either with Co3O4 or ZnO. Moreover, the peak intensities of the hexagonal ZnO 

phase are much stronger than the peak intensities of Co3O4 phase. The particle sizes were 

calculated using the Scherrer formula. With an increase in the annealing temperature, the 
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particle size decreases and is about 23, 29, and 41 nm for films calcined at 600, 700, and 

800C, respectively. Thin nanocomposite films of Co3O4 – ZnO were obtained by solid-phase 

pyrolysis. The annealing temperature had a significant impact on the quality of film materials. 

Further study of the optical and electrophysical properties of the obtained composites is a 

promising direction in modern chemistry. 
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The problem of non-destructive testing of the stress-strain state (SSS) of structures and the 

presence of defects in various mechanical objects is urgent, which determines the need to 

create new methods for monitoring the "serviceability" of complex structures to improve their 

reliable operation and prevent emergencies. In connection with the modern development of 

technology for the production of new materials and increased requirements for the 

characteristics of parts and assemblies, it becomes necessary to create simple and effective 

methods of continuous control (continuous monitoring) of the state of the object. The method 

of monitoring the state of an object, namely the presence of internal stresses, the occurrence 

and development of defects by analyzing the features of surface vibrations assumes the 

presence of a large number of control points in various nodes and structural elements. The vast 

majority of such systems use accelerometers. However, in some cases, the use of 

accelerometers is impractical and often impossible. Especially when it comes to monitoring 

the integral parameters of the controlled object. In such cases, it is advisable to use strain 

gauges that allow obtaining "integral information" about the state of the object. Of 

considerable interest are miniature ferroelectric film sensors of the generator type with a low 

intrinsic mass, a wide range of operating frequencies at relatively low cost. They are created 

using thin-film technology and represent a thin ferroelectric film deposited on a metal foil. 

Thus, an object was created that combines the high piezoelectric characteristics of ceramics 

with the high strength of the metal to mechanical stress. These sensors have shown high 

efficiency when used in systems for monitoring the state of bar structures. In this paper, we 

propose a system for monitoring the stress state of a structure based on the use of thin-film 

ferroelectric sensors. The object of observation is the wave field on the surface of a square 

metal rod, which is acted upon by a force applied at its center. The surface wave field is created 

by a pulse source located at one of the ends of the rod. Studies have shown that small changes 
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in the load lead to a significant change in the surface wave field, both in amplitude and in 

phase characteristics. The complex nature of the change in the parameters of the wave process 

does not allow sufficient control of their relationship with the deformation of the object. To 

establish a clearer connection between the wave field and the loading of the object, a bispectral 

method is used, which converts the signal coming from the sensor in the form of an amplitude-

time diagram to a specific point in the two-dimensional space of recognition features. The 

studies carried out have shown a high sensitivity of a thin-film sensor compared to an 

accelerometer. 
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The problem of developing simple and effective methods for monitoring the state and resource 

capacity of pipeline transport based on low-frequency continuous monitoring is one of the 

most urgent in the reliability assurance system operation and prevention of emergencies, 

prevention and elimination of undesirable consequences of technological disasters. In this 

regard, the technique for registering the state of a product or structure by analyzing surface 

vibrations is a simple and effective method that allows one to obtain integral information about 

the state of the controlled object. The method of registering the state of the product by 

analyzing surface vibrations assumes the presence of a large number of control points in 

various nodes and structural elements. In this study, we propose a system for monitoring the 

occurrence and development of internal defects in a pipe, based on the use of miniature 

ferroelectric accelerometers. The object of monitoring is the wave field on the surface of a 

circular pipe. The surface wave field is created by a pulsed source located at one of the ends 

of the pipe. The complex of experimental studies carried out showed that small changes in the 

position of the defect on the inner surface of the pipe lead to certain changes in the wave field, 

both in amplitude and in phase characteristics. The complex nature of the change in the 

parameters of the wave process does not allow sufficient control of their relationship with the 

deformation of the object through the use of traditional methods of processing the recorded 

signal such as correlation, autocorrelation, cross-correlation, etc. In this work, to establish a 

clearer connection between the wave field and the state of the controlled object, the bispectral 

method is used, which converts the signal coming from the sensor in the form of an amplitude-

time diagram to a specific point in the space of recognition features. This approach makes it 

possible to represent possible changes in the controlled object to geometric objects in the 

recognition space. The experiment showed that the most convenient and at the same time 

sufficient in terms of information content form for the implementation of such an approach is 

the presentation of information in the form of a two-dimensional image. The studies carried 

out have shown the high sensitivity of the proposed approach to changes of various nature. 
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Problem of the identification of time history of external loadings applied to structural elements 

has important practical significance. Since in the many instances direct measurements of loads 

is difficult or impossible, this class of problems is often considered in the framework of inverse 

problems of mechanics. Among other methods, the frequency domain approaches, e.g. [1, 2], 

are used to tackle such problems. In this work, using an original combined approach, we solve 

a problem of estimating the time dependence of external load with known geometrical 

distribution on the boundary of an isotropic elastic solid. Time domain structural response of 

the solid directly measured at some point by some other means serves as an input data. At the 

first step, we formulate an accompanying direct problem in the Laplace domain, where load 

with known time history is applied at exactly the same boundary area as the load in question. 

This accompanying problem is then solved with Laplace domain Boundary Element Method. 

After the solution is obtained the load in question firstly restored in Laplace domain and after 

that can be inverted to the time domain using some method for numerical inversion of Laplace 

transform or used to obtain structural responses in Laplace domain at other points of the solid. 

The described original technique is expanded to address the issue with effective sampling 

strategy for Laplace domain boundary element solution of the accompanying problem. The 

present approach is used to determine the time history of impact loading acting on a base of a 

long cylindrical metallic bar. 
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The purpose of this study is to analyse potential barriers that could impede Indian 

manufacturing organizations to implement Enterprise Resource Planning II (ERPII). This 

paper uses interpretive structural modelling (ISM) to establish relationships between the 

barriers and MICMAC analysis to determine the driving and dependence power of barriers. A 

group of industry and academic experts was contacted to develop the contextual relationship 

among the barriers and to construct the structural model. The findings of the study are useful 

in identifying and categorising the significant barriers, as well as revealing the direct and 

indirect effects of each barrier on ERPII implementation. The findings will aid practitioners 

and policymakers in developing a thorough understanding of the ERPII implementation 

process and the barriers to its implementation. 
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In the near future, cyber-physical systems and the Internet of Things will be ubiquitous. These 

technologies will be deeply integrated with manufacturing strategies, processes, and systems 

to assist manufacturing firms in carrying out routine operations while achieving the 

organizational objectives. However, to realise this vision, several barriers and obstacles need 

to be conquered. Therefore, the aim of this research is to identify and prioritize the barriers to 

the adoption of cyber-physical systems in manufacturing SMEs. To this end, the study 

employs a two-phase approach. In the first phase, an exhaustive literature review has been 

conducted to identify the barriers and categorize them into different groups. In the second 

phase, the barriers are ranked using the fuzzy analytical hierarchy process (AHP) technique. 
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Further, the robustness of the findings has been evaluated by performing sensitivity analysis. 

The findings of this study offer a roadmap that could be helpful to the practitioners in deciding 

how to proceed towards the adoption of cyber-physical systems.  
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Gas detectors are widely used in all areas of human activity, especially in production, at 

nuclear power plants, etc. The area of their application is continuously expanding. The 

semiconductor sensors are most promising and widely used, since, in addition to their small 

size, they are easy to manufacture and fit well with subsequent electronic devices. If these 

sensors are incorporated into integrated circuits, it can take the development of gas sensors to 

a higher level. To do this, it is necessary to research and use new materials, the properties of 

which can be changed over a wide range and their parameters must be reproduced when 

repeating technological processes. In [1], a gas sensor based on a 2D FET transistor is reported, 

consisting of several layers of black phosphorus (BP), boron nitride (BN) and molybdenum 

disulfide (MoS2) as the upper gate, dielectric layer, and conductive channel, respectively. In 

this device configuration, the BP top gate with good gas adsorption capacity serves as a 

sensitive material, while the MoS2 conductive channel is isolated from the environment by a 

coating of the BN dielectric layer. The authors experimentally demonstrated that the proposed 

2D FET material not only achieved a detection limit of 3.3 ppb to NO2 but was also capable 

of differentiating oxidizing and reducing gases. In [2], the authors report on a toxic gas 

detection system based on amorphous indium-gallium-zinc oxide (IGZO). The microsystem 

contains an IGZO thin film transistor (TFT) as a sensing element and exhibits high selectivity 

and sensitivity to low concentrations of nitrogen dioxide (NO2), 100 ppb. In both cases, the 

control potential of the sensor sensitivity equal to 15 – 25 V was applied to the gate. In order 

to reduce this potential and increase the sensitivity of the sensor, nanocomposite oxide films 

with their own surface potential can be used. To study the surface potential by solid-phase 

low-temperature pyrolysis, thin nanocomposite ZnO – SnO2 films with a ratio of 0 : 100; 0.5 

: 99.5; 1 : 99; and 5 : 95 were synthesized [3]. The study of the surface potential was carried 

out by scanning probe microscopy using the Kelvin method (SKPM). The Kelvin Probe 

method is based on a two-pass technique. In the first pass, the surface relief of the sample is 

determined, and in the second pass, this relief is tracked when passing over the sample at a 

certain height to determine the surface electric potential. During the second pass, the 

oscillations of the cantilever are excited not mechanically, but electrically by applying a bias 

voltage to the probe, and the surface potential is recorded. Studies have shown that the surface 

potential of ZnO – SnO2 nanocomposite films was rather high in the range 0.01 – 1 V, 

depending on the film composition. Thus, depending on the composition of the material 

components, it is possible to form films with a higher or lower surface potential, which in 

MOS structures can strongly affect the value of the gas sensitivity to the analyzed gas.  
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Lead zirconate titanate Pb(Zr1-xTix)O3, known as PZT, is one of the most popular materials in 

every modern field of electronics based on its versatile functionalities [1]. Because of its high 

electromechanical coupling, PZT shows strong piezoelectric effect, high ferroelectricity, 

pyroelectricity and dielectric response. Based on these properties, the PZT-based materials are 

used in applications like miniaturized tunable capacitors, transducers, actuators. The aim of this 

work was studying of possibility of managing the physical properties of piezoelectric ceramics on the 

basis of PbZr0.7Ti0.3O3 solid solutions by changing of concentration and type of structural defects by 

mechanical activation of synthesized powder with using of Bridgman anvils.  

 

  
   (a)         (b) 

 

Fig. 1. Temperature dependence of dielectric permittivity of the reference (a) and activated (b) 

samples for different frequencies of the applied electric field 
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The PbO, TiO2 and ZrO2 metal oxides were used to obtain PbZr0.7Ti0.3O3 by “columbite” 

method. Mechanical activation between the Bridgman anvils in the pressure range from 80 to 

320 MPa was applied to synthesized samples. Depending on the applied pressure, the activated 

material ends up in various metastable states, which leads to changes in both the structure and 

physical properties of the material. In this report, the relationship between the pressure and the 

change in the lattice parameters of the synthesized samples was studied by XRD method. 

Dielectric characteristics were investigated at various frequencies (25Hz – 1MHz). The 

maximum value of temperature, Tm of the dielectric permittivity changes nonmonotonically 

with an increase in applied pressure (see Fig. 1). Moreover, the IR spectra and magnetic 

properties of the compositions at room temperature were studied. A shift in the absorption 

bands of the IR spectra were found. The pressure dependences of the band gap Eg were 

determined by optical absorption spectroscopy. 
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Aspheric glass lenses used in optical and electronic devices are manufactured by the 

compression molding method of the mold, and mold technology is very important. In this 

study, the improvement of surface roughness by tool marks on the mold core surface according 

to DTM grinding was studied. Cemented carbide with high hardness and excellent thermal 

properties was manufactured as a mold, and the mold surface is subjected to a process of 

removing fine scratches or oval tool marks remaining by DTM grinding machine processing 

or subsequent polishing process depending on the shape of the aspherical lens. For DSLR 

camera lenses, the performance level of the bokeh captured in the photo is determined 

depending on whether the tool mark is removed from the mold. The mold was precisely 

machined with a resolution of 0.1 μm with a DTM grinding machine, and the processing and 

dimension correction were repeated 10 times to improve the shape precision of the aspherical 

lens. The processed mold core was hand-polished according with diamond-paste particle sizes 

of 3, 1, 1/2 and 1/4 μm, and lubricant SPR-O was mixed. The surfaces of two samples, the 

mold core subjected to the subsequent polishing process and the mold core subjected to pure 

DTM grinding without the subsequent polishing process, were analyzed. Also, a ta-DLC thin 

film with excellent releasability was deposited on the mold surface to a thickness of 100 nm. 

A compression molding process was performed by inserting an aspherical lens raw material 

into two types of mold cores depending on the presence or absence of a subsequent polishing 

process. For molding conditions, the maximum temperature (UT-Max) of the upper mold core 

was set to 600 °C, the lower mold core maximum temperature (LT-Max) was set to 610 °C, 
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and the cylinder pressure was set to 300 MPa. The shape error of the real coefficient value of 

the aspherical glass lens transferred through compression molding was confirmed through the 

FTS measuring machine. In the result of FTS measurement, the PV and ACC before polishing 

were at the maximum of 2.5 μm and 1.4 μm, respectively, but the PV and ACC after polishing 

were at the maximum of 1.3 μm and 1.0 μm, suggesting that the shape error of the mold core 

was improved. The surface roughness of the aspherical lens of the two mold cores was 

measured by AFM, and it was found that RMS was improved to 2.206 and 1.005 nm, 

respectively, before and after polishing. In the result of photographing performance by 

assembling, the aspherical lenses of the two mold cores directly into the imaging optical 

system, it was found that the performance level of the bokeh was clearly differentiated 

according to the process before and after polishing, so that the performance level of the bokeh 

was distinguishable with the naked eye. In addition, in the result of measuring the resolution 

with the MTF measurement system, the aspheric lens PV and ACC showed that the central 

resolution peak was reduced by about 5% after the polishing process. 
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Gallium oxide is in the spotlight as a next-generation power semiconductor material due to its 

excellent properties with a wide band gap and high breakdown field [1]. However, the thermal 

conductivity of gallium oxide is 22.5 W/m∙K for beta gallium oxide (010), which is low 

compared to other power semiconductor materials. If single crystal diamond (thermal 

conductivity 2500 W/m∙K) with very good thermal conductivity is used, the thermal properties 

of gallium oxide can be dramatically improved [2]. CVD diamond growth methods include 

high-frequency plasma chemical vapor deposition and microwave plasma chemical vapor 

deposition. Among them, the hot filament chemical vapor deposition method is a method of 

applying heat to the filament without using plasma, so it is easy to expand the deposition area 

and has economic advantages. In this experiment, a CVD diamond heat dissipation layer was 

formed by controlling the concentration of hydrogen as a carrier gas and methane as a source 

gas, filament voltage, pressure in the reaction chamber, gas flow rate, and thin film growth 

time using a hot filament chemical vapor deposition apparatus. After that, a gallium oxide 

layer was grown on the diamond/silicon substrate using an atomization chemical vapor 

deposition apparatus, and the experiment was carried out by setting a variable to a growth 

temperature of 400 – 550 °C to observe the thin film formation. To confirm the formation of 

the diamond heat dissipation layer, Raman analysis was performed to observe the D-peak 

(1333 cm−1) and the G-peak (1580 cm−1), and the crystal structure of the diamond heat 
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dissipation layer was (111) through XRD 2-theta scan. In addition, the thickness of each layer 

of the gallium oxide/diamond structure and the state of the interface were observed through 

SEM, and it was confirmed that the diamond heat dissipation layer was about 3.2 – 3.6 μm 

and the gallium oxide thin film was about 1 – 1.5 μm. Then, to study how the thermal 

properties of each thin film had an effect on the gallium oxide/diamond epitaxial structure, 

thermal conductivity was measured using the TDTR method and samples were prepared. To 

measure the thermal conductivity of the diamond heat dissipation layer using the TDTR 

method [3], thin films with a thickness of about 1.8 μm and 3.5 μm were measured, and an 

Au-layer, which is a heat reflective layer, was deposited on it with about 0.4 μm. As a result, 

the thermal conductivity of the diamond heat dissipation layer was confirmed to be 142 

W/m·K and 163 W/m·K. Thermal conductivity measurements of gallium 

oxide/diamond/silicon structures require additional research. Since thermal properties are one 

of the important research fields in the semiconductor, aerospace industry, and next-generation 

material development, the possibility of application of next-generation power semiconductor 

materials is expected by improving the thermal properties of gallium oxide. 
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Woven fabrics are widely used as reinforcement in composite materials. The yarn weave 

architectures highly influence the mechanical response of woven fabrics. To provide an 

accurate prediction of woven fabrics under tension, a mesoscale model is developed in this 

study. The model takes into account yarn properties, yarn weaving pattern and interactions 

between yarns. Each yarn in fabric is modeled as a Timoshenko beam with a weaving shape 

modeled by a parabolic function. The yarn shape evolution and mechanical response of 

undulated yarn under tension are computed based on the Castigliano’s second theorem. The 

maximum stress failure criterion is used to establish damage onset by introducing random yarn 

strength. The damage variable is introduced to characterize the progressive failure behavior of 

woven fabric. The model is demonstrated on woven jute fabrics. Analytical and numerical 

analysis are carried out and show good prediction in macroscopic tensile response of woven 

jute fabric with progressive failure. The model provides a quantitative understanding between 

yarn geometrical parameters and the expected material response and makes it helpful for 

designing woven structural composites with high performance. 
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In this work, aluminum alloys with inclusions of Al-Ti-Zn ternary intermetallic compounds 

were studied. The distribution of these phases in samples after hot extrusion has been obtained. 

The amplitude dependences of internal friction and Young's modulus were obtained for a 

frequency of about 100 kHz by the piezoelectric resonator method. Aluminum alloys ASD-1 

hardened by inclusions of Al11Ti4Zn and Al66Ti25Zn9 phases was studied. Samples were 

obtained in several stages: synthesis of the Al3Ti intermetallic compound by SHS in vacuum, 

mechanical alloying using zinc powder, addition of aluminum D16 to the alloy, and 

thermoplastic processing of the prepared mixtures by hot extrusion. Both intermetallic 

compounds showed a microscale hardening effect in the original aluminum alloys. Particles 

of the Al11Ti4Zn intermetallic compound have a greater effect on the hardness of the matrix. 

This hardening is realized by means of the wrapping mechanism (Orowan mechanism). This 

conclusion was confirmed by the amplitude dependences of internal friction. The harder 

intermetallic compound (Al11Ti4Zn) introduces more stress into the matrix, thereby creating 

more barriers to the movement of dislocations. Dynamic tests also showed a hardening effect 

in both samples with the addition of intermetallic inclusions. 
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The advantages and prospects for the use of magnesium-based materials are due to their low 

density and high strength. In comparison with alloys of other light metals, they can 

significantly reduce the weight and dimensions of products (against aluminum alloys) or 

provide economic advantages and safety of their use (against beryllides). Obtained by 

traditional methods, magnesium alloys have low plasticity and can be destroyed during 

processing or operation. However, for some of them, methods are known that make it possible 

to form an ordered periodic structure (LPSO), changing the mechanism of stress relaxation 

and significantly improving mechanical properties. The search for such materials and the study 

of the origin and interaction of defects in them is an important scientific problem. The alloys 

obtained by the method of rapid crystallization and subsequent hot extrusion in the Mg-Zn-Y 
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system for the content of zinc from 0.2 to 6 and yttrium from 0.6 to 9 atomic percent have 

been studied. The density of the samples varied in the range of 1.768 − 2.320 g/cm3. The 

volume fraction of the LPSO-phase was determined by X-ray diffraction (Dron-8, Cukα) and 

scanning electron microscopy (Tescan Vega 3). Microhardness was determined by the Vickers 

method with a load of 200 gf and an exposure of 60 s. The corresponding values varied in the 

ranges of 8.5 − 12.5 gf/cm² and 7.0 − 2.0 gf/cm² when measured in the direction of extrusion 

and normal to it, respectively. The effective modulus of elasticity, measured by the compound 

piezoelectric resonator method, increased with the content of the LPSO-phase from 44.3 GPa 

to 53.8 GPa. 
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Novikov’s gearing is widely used in high-loaded drives (drilling rigs, crane production, mining 

equipment) due to its high contact strength of the teeth, relatively involute. This advantage 

applies mainly to cases, where gears are manufactured with low tooth hardness (up to 350 

НВ), where the contact strength plays a decisive role. The basis for an active study of the load 

capacity of Novikov gears and their introduction into production was the Resolution of the 

Council of Ministers of the USSR of January 18, 1960 No. 53 "On the specialization of the 

production of normalized gearboxes", according to which it was necessary to organize the 

production of cylindrical gearboxes with an axial distance of up to 250 mm at the Izhevsk 

Gear Plant and ensure their production up to 180 thousand pieces per year [1]. Based on the 

results of the tests, the following main conclusions were made. Gears with post-pole 

engagement of Novikov (OLZ) with the initial contour according to the temporary all-Union 

normal with heat treatment of gear shafts "improvement" with the hardness of the teeth НВ 

270 − 300 and НВ 230 − 260 wheels transmit loads to continuous operation by 1.5 times, and 

with Novikov pre-post-pole gearing (DLZ) with the original contour "Ural-2N" by 2.0 times 

larger than similar gears with involute gearing. Based on V. I. Korotkin's calculations, it can 

be concluded that the load capacity of Novikov's gears in terms of contact strength is 

significantly higher than that of involute gears with any hardness of the tooth surfaces and the 

degree of accuracy of the compared analogues. The load capacity of high-precision 

uncorrected Novikov and involute gears of the same module in bending strength is comparable 

with a slight advantage in the latter. Starting from the 8th degree of accuracy and coarser, the 

advantage passes to Novikov transmissions, which is confirmed by long-term bench tests [2]. 

Thus, having understood the history of the Novikov transmission and all its nuances, it can be 

concluded that the use of this transmission at the slow-speed stage of the rocking machine 

gearbox will significantly reduce the mass dimensions of the drive itself, which will reduce 

the cost of materials and transportation. SO, the complexity and high cost of the tool can be 

leveled in large series. 
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Solid solutions of ferroelectrics SrxBa1-xNb2O6 (SBN) in the form of nanoscale films are of 

interest from both applied and fundamental points of view. Earlier, we presented the results of 

optical studies of heteroepitaxial films of barium-strontium niobates of various thicknesses on 

single-crystal substrates Al2O3(0001) and MgO(001). This report is devoted to the research of 

the SBN-50 film deposited by RF cathode sputtering of a ceramic target of stoichiometric 

composition in an oxygen atmosphere on single-crystal substrates of MgO orientation (110); 

the sputtering time was 60 minutes. By means of X-ray diffraction analysis, it was found that 

under the deposition modes used, the SBN-50 film crystallizes in such a way that the direction 

410 is perpendicular to the plane of the substrate. In this case, the crystallographic Z-axis 

(direction of the optical c-axis) of the film lies in the plane of its surface. This orientation of 

the film made it possible by using spectrophotometry at normal incidence of partially polarized 

light in different planes of incidence of the beam to determine the refractive indices 
o

n  and 
e

n

, as well as their dispersion. The transmission spectra were measured at room temperature in 

the wavelength range of 300 – 800 nm using a Shimadzu UV-50 spectrophotometer. The 

analysis of interference extrema made it possible to calculate the values of the refractive 

indices at the corresponding points of the spectra. The theoretical curve was interpolated using 

the Sellmeier formula; the root-mean-square deviation of the experimental points from the 

theoretical curve did not exceed 2%. The Table 1 shows the obtained values 
o

n  and 
e

n  

depending on the wavelength of electromagnetic radiation. 

 

Table 1 

n  
  , nm 

400 450 500 550 600 650 700 

o
n  2.52 2.44 2.38 2.34 2.32 2.30 2.28 

e
n  2.45 2.37 2.33 2.30 2.29 2.26 2.25 

 

In order to determine the exact value of the film thickness and study the nature of the surface, 

ellipsometric measurements were carried out using a multi-angle reflective ellipsometer at a 

wavelength of a helium-neon laser of 632.8 nm. The plane of incidence of the beam, 

intersecting the crystallographic axis of the film material, was used for a two-layer model of 
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the surface, including a substrate, a base transparent layer with a thickness 
0d
 
with a refractive 

index 
en , and a damaged layer with effective parameters 

efd and 
efn . Based on the results of 

ellipsometric measurements, the following values of the optical parameters of the film were 

obtained: 𝑛𝑒 = 2,28, 𝑑0 = 418 nm, 
ef

n = 1.42, 
ef

d = 10 nm. There is no boundary film-

substrate layer. The value of the effective refractive index of the damaged layer 
ef

n = 1.42 

corresponds to the volumetric filling factor of the damaged layer with the film material q = 

0.47. 
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In [1], the magnetic field surface acoustic wave (SAW) sensors on the basis of changes of 

inductance in the gap in magnetic core, located around the current bar, and also on the basis 

of changes in the capacitance of varicaps under the voltage induced in the coil wound on this 

magnetic core are described. Such sensors must necessarily have a magnetic circuit for their 

operation, which significantly increases the weight and dimensions of the sensor, as well as 

complicates its installation. Dual channel designs of passive wireless SAW current sensors 

(Fig. 1) with a sensitive element in the form of a FeNi film or based on them are proposed and 

considered. Sensors with such films have a high sensitivity (the velocity of the SAW changes 

1/30000, when the current changes by 1 A) and therefore do not need magnetic cores and can 

be installed directly on the conductive busbar [2 – 5]. 

 
Fig. 1. Design of two-channel sensor with mutually perpendicular channels 
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A method for obtaining a new type of surface acoustic waves (SAWs) transducer operating at 

double frequency with a single-phase closed-loop lattice and a piezoelectric zinc oxide film is 

developed and experimentally investigated (Fig. 1). A method for calculating such a converter 

has been developed, its equivalent circuit has been compiled, taking into account propagation 

losses, losses in the metal film and the inductance of the connecting wires. When the frequency 

is doubled, the SAWs attenuation per unit length increases [1 – 5]. 

 
Fig. 1. New type of SAWs transducer with a single-phase grid and a piezoelectric zinc oxide 

film on YX/128 LiNbO3 cut 
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Currently, plasma-chemical etching is widely used in modifications of substrate surfaces [1 – 

3]. This technological process, in comparison with similar ones, gives a high quality of micro- 

and nanostructures. The present work is aimed at studying the dependence of the accelerating 

voltage of the ion beam on the local modification of the surface and the height of the structures 

during plasma chemical treatment, as well as the effect of the processing time on the angle of 

inclination of the walls of the structure. The studies used silicon substrates with a local 

modification of the 55 µm2 regions by a focused beam of Ga+ ions at the number of beam 

passes N-50, with a dose of 12.5 pC/mm2, and an ion beam current of 10 pA, at an accelerating 

voltage from 10 to 30 keV. Plasma-chemical treatment of samples with modified regions was 

carried out in a fluorine-containing plasma under the following conditions: the flow of 

fluorinated gas NSF6 is 15 cm3/min, the flow of NAr is 100 cm3/min, the pressure in the reactor 

is 2 Pa, the power of the inductively coupled plasma source WICP is 250 W, the power of the 

capacitive plasma source WCP is 25 W, the bias voltage UBV is 16 V, the processing time varied 

from 15 to 180 seconds. As a result, the dependence of the height of the structures on the 

accelerating voltage of the ion beam and the dependence of the angle of inclination of the wall 

of the structure on the processing time and on the height of the structures were obtained. 
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Vibration assisted machining (VAM) is a hybrid machining method that combines small 

amplitude vibration into either the conventional or non-conventional subtractive machining 

approaches to enhance the cutting performance and efficiency.  

 
Fig. 2. 3D model of the 2-DOF vibration-assisted milling mechanism.  

 

This report proposes a new 2-DOF XY vibration compliant stage using flexural hinges and 

leaf springs for a vibration-assisted milling application. The design uses a symmetrical two-

stage lever mechanism to transfer and amplify vibrations from piezo-actuators. In the design 

process, the Taguchi method and finite element analysis are used to evaluate the influence of 

each design variable on the design optimization problem. The objectives of the design are to 

Lever 

mechanism 1 

Lever 

mechanism 2 
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maximize the first-order natural frequency and minimize the parasitic motion while 

maintaining the equivalent stress under the allowable limit. Optimization results show 

machining stability in the frequency range from 1,000 to 1,900 Hz, which would be preferable 

for various vibration-assisted milling applications. Figure 1 illustrates the schematic of the 2-

DOF vibration-assisted milling mechanism. Vibration from the PZT actuator is amplified and 

transferred to the central table by symmetrical two-stage compliant lever mechanisms. Semi-

circular flexural hinges and leaf springs are used to design the mechanism. During the 

machining process, the integrated vibration will intermittently separate the tool from the 

workpiece to reduce the cutting force and processing temperature. Consequently, this 

machining method can fabricate hard materials and the lifetime of the tool can also be 

enhanced as well. 
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The laying of pipelines is carried out single or in parallel with other existing or projected main 

pipelines in a technical corridor [1]. The technical corridor of main pipelines is understood as 

a system of parallel pipelines along one route, intended for the transportation of oil or gas. In 

some cases, with a feasibility study and the condition of ensuring the reliability of the 

operation of pipelines, joint laying of oil pipelines (oil product pipelines) and gas pipelines in 

the same technical corridor is allowed. The maximum permissible (total) volumes of 

transportation of products within one technical corridor and the distance between these 

corridors are determined in accordance with building codes and regulations approved in the 

prescribed manner [2]. It is not allowed to lay main pipelines through the territories of 

settlements, industrial and agricultural enterprises, airfields, railway stations, sea and river 

ports, wharves and other similar facilities [3]. To ensure normal operating conditions and 

exclude the possibility of damage to main pipelines and their facilities, protective zones are 

established around them, the size of which and the procedure for production in these zones of 

agricultural and other work are regulated by the rules for the protection of main pipelines [4]. 

Pipelines and their structures should be designed taking into account the maximum 

industrialization of construction and installation, while the decisions taken in the project 

should ensure uninterrupted and safe operation of pipelines [5]. 
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The material for pipes of main pipelines is steel [1]. According to the manufacturing method, 

pipes for main pipelines are divided into seamless, electric longitudinal seam and welded with 

a spiral seam [2]. Pipes with a diameter of up to 500 mm inclusive are made of calm and semi-

calm carbon and low-alloy steels [3]. Pipes up to 1020 mm in diameter are made of calm and 

semi-calm low-alloy steels [4]. In the manufacture of pipes with a diameter of up to 1420 mm, 

low-alloy steels are used in a thermally or thermomechanically hardened state. The welded 

joint of pipes must be of equal strength to the base metal [5]. In this case, the curvature of the 

pipes should not be more than 1.5 mm per 1 m of length, and the total curvature should not be 

more than 0.2% of the length of the pipe. The length of the pipes supplied by the plant should 

be in the range of 10.5 – 11.6 m. As a material for pipes with a diameter of 1020 mm and 

more, sheet and coil steels are used, which have passed 100% inspection by physical non-

destructive methods (ultrasound with subsequent decoding of defective places by X-ray 

transmission). 

References 

[1] Fugarov D. D., Purchina O. A., Poluyan A. Y., Gerasimenko A. N., Rasteryaev N. V. 

Magnetodielectric ac measuring transducer for automation systems in oil refineries // Journal 

of Physics: Conference Series. International Conference "Information Technologies in 

Business and Industry", 062020, 2019. 

[2] Gerasimenko Y., Gerasimenko A., Fugarov D., Purchina O., Poluyan A. Mathematical 

modeling and synthesis of an electrical equivalent circuit of an electrochemical device // 

Advances in Intelligent Systems and Computing, 1259, 471 – 480, 2021. 

[3] Onyshko D., Fugarov D., Purchina O., Poluyan A., Rasteryaev N., Skakunova T. 

Synchronization system in wireless sensor networks of oil and gas complex // E3S Web of 



154 

Conferences. Topical Problems of Green Architecture, Civil and Environmental Engineering, 

TPACEE 2019, 03030, 2020. 

[4] Poluyan A. Yu., Purchina O. A., Fugarov D. D., Golovanov A. A., Smirnova O. V. Solution 

of task on the minimum cost data flow based on bionic algorithm // Journal of Physics: 

Conference Series. International Conference "Information Technologies in Business and 

Industry", Mathematical Simulation and Computer Data Analysis, 2, 032056, 2019. 

[5] Poluyan A. Yu., Purchina O. A., Fugarov D. D., Gerasimenko E. Yu., Skakunova T. P. 

Application of bionic and immune algorithms for the solution of ambiguous problems of 

transportation routing // Journal of Physics: Conference Series. International Conference 

"Information Technologies in Business and Industry", Mathematical Simulation and 

Computer Data Analysis, 2, 032057, 2019. 

 

 

AFM Study of FIB Induced Holes on GaAs Surface 

 
D. V. Kirichenko*, N. E. Chernenko, N. A. Shandyba, M. M. Eremenko,  

S. V. Balakirev, M. S. Solodovnik 

 
Institute of Nanotechnologies, Electronics and Equipment Engineering,  

Southern Federal University, Taganrog 347922, Russia 

 

*dankir@sfedu.ru 

 

Controlling the parameters of quantum-dimensional structures, including quantum dots is of 

great importance for the development of electronic and photonic devices. One of the promising 

ways to control the quantum dots parameters is the use of modified substrates. The use of 

focused ion beams (FIBs) for these tasks has a number of advantages, including a high 

precision of the technique and wide possibilities for creating topologies. The aim of this work 

is to study the effect of the mode of ion beam treatment on the characteristics of the hole arrays 

on the GaAs surface, which can act as the centers of the future quantum dot nucleation. The 

surface modification was carried out with the following FIBs parameters: accelerating voltage 

was 30 kV, current was 1 pA, number of passes was 5 – 300. Analysis of morphology at the 

exposure points was carried out by atomic force microscopy. The analysis of the surface 

potential was carried out by Kelvin-Probe force microscopy. We compared such parameters 

of obtained holes arrays as depth, diameter at the substrate level and at the half-depth level. 

With an increase in the number of passes from 5 to 300, the depth at the hole increased from 

15.1 to 69.7 nm. At the same time, the hole diameter at the level of the surface and half of the 

depth varied within 154 – 197 nm and 42 – 56 nm, respectively. It follows that the aspect ratio 

increases with the number of passes. KPFM showed the largest change in surface potential at 

120 passes. Small bursts of surface potential were also detected in the holes obtained at 40 and 

300 beam passes. Potential changes were not recorded in surface holes with a lesser degree of 

FIB treatment. Changes in the surface potential can be associated with the occurrence of 

imperfections of the crystal structure in the near-surface region. Thus, it was shown that with 

an increase in the number of FIB passes, not only the depth of the hole increases, but also their 

aspect ratio. Analysis of the distribution of the surface potential showed that with an increase 

in the degree of FIB treatment of the GaAs substrate, the degree of crystal structure 

imperfections in the obtained holes increases. 
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Heterostructures based on ferroelectrics and semiconductors receive much attention, which is 

associated with the prospects of their application in non-volatile memory (FeRAM) and 

MEMS elements. This report presents a study results of the ferroelectric characteristics of a 

multilayer SBN-50/BST-20/Si(001) heterostructure using dielectric spectroscopy and 

scanning probe microscopy (SPM). The heterostructures were fabricated by RF cathode 

sputtering of the corresponding ceramic targets. Figure 1 shows images of the topography and 

piezoelectric responses (vertical and lateral) of the unpolarized region of the SBN-50 film. It 

is shown that the SBN-50 films with a thickness are characterized by a low surface roughness 

(less than 6 nm), the average size of ferroelectric domains is ~ 93 nm. 

 

   

(a) (b) (c) 

Fig. 1. Surface topography (a), vertical (b) and lateral (c) pictures of the piezoelectric response of 

the SBN-50 film 

 

An analysis of the experimental results showed that, after synthesis, in c-oriented SBN-50 

films, a polydomain structure is formed, which, on the one hand, is characterized by the 

spontaneous polarization, arising during the synthesis of the film and directed from its surface 

to the substrate, and, on the other hand, by the predominance of the horizontal component of 

the polarization vector in comparison with vertical. The revealed regularities were reflected in 

the study of the dielectric characteristics of capacitor structures based on SBN-50/BST-

20/Si(001) before the field effect, the capacitance of the investigated heterostructure is ~ 10 

pF, which indicates that the surface of the Si (p-type) substrate is in the mode impoverishment. 

The reasons for the revealed regularities are discussed, taking into account the specifics of the 

domain structure, which was reflected in the analysis of the effects of aging. 
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This report presents a study on the production of graphene-like films by atomic layer etching 

(AST) [1]. AST is a cyclic self-limited process that consists in the removal of thin layers of 

material. Currently, this technology is considered by the semiconductor industry as an 

alternative to continuous etching, as well as an existing analogue of atomic layer deposition 

[2, 3]. A graphene-like film was formed on a silicon carbyl substrate. The substrate underwent 

preliminary chemical cleaning. At the first stage, a pointed structure was created by the method 

of focused ion beam (FIB). According to the simulation results, it became known that gallium 

ions under these modes of formation by the FIB method are located at a depth of 5 – 10 atomic 

layers. Defective atomic surface layers were removed by layer-by-layer plasmochemical two-

stage etching. On the formed nanoscale defect-free silicon carbide structures, a graphene 

coating was formed by plasma chemical etching in a fluoride low-temperature discharge 

inductively coupled plasma (ICP) by removing silicon atoms from the silicon carbide lattice. 

As a result, a structure with a depth of 900 nm, a height of 860 nm and a minimum structure 

size of 280 nm was formed. This structure can be used as a sensitive element of a gas sensor 

due to increased selectivity to such gas molecules as NH3, CO, NO2, and H2O vapors. 
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The possibility of obtaining thin films on dielectric and semiconductor substrates is very 

important for the design of functional devices such as photoelectric converters or sensitive 

elements of gas sensors. Application of laser radiation for obtaining thin films on substrate 

surface increases performance of gas element production, provides stability of film parameters 

and increased oxide quality. The main benefits of gas sensor development on sapphire 

substrate with TiO2 film are: lowering of working temperature, high selectivity to detectable 

gases, and increased stability in time. The mismatch of the lattice parameters and the thermal 

expansion properties between thin film layers and substrate materials is the main cause of 

cross-layer defect development and stress generation. Thermoelastic stresses in a thin film 

often hamper its performance. Therefore, to increase the quality of thin films and minimize 

their defects, it is important to be able to control the stress formation in thin film. We have 

simulated TiO2 thin films obtaining on sapphire substrates and conducted the experiments. 

The laser annealing is carried out using the radiation of a pulsed solid-state Nd:YAG laser 

with a wavelength of 1064 nm. The materials properties, cracks and fracture risk were 

considered. We develop a three-dimensional model of stresses distribution in film-substrate 

structure in ANSYS and analyze the emergence of stresses and other defects in film-substrate 

structure. The films properties were investigated with atomic force microscopy method, 

scanning electron microscopy, and X-ray phase analysis. We have found out that the 

temperature on TiO2 film (thickness of 5 μm) surface is about 500 – 600 C at an average laser 

radiation power of 30 W, which is a prerequisite for the growth of films on the substrate 

surface. It corresponds to the level of thermoelastic stresses (lesser than material elastic limit) 

such that the cracks formation is not expected. The morphology of the film structure can be 

varied by changing the laser power and temperature, which allows one to reallocate defects in 

the structure and improve the quality of the films for their using in microelectronics and thin 

film optics. Higher scan speed leads to lower temperatures and higher thermal gradient during 

the material heating and cooling. The film thickness and substrate thickness play the key role 

in cracks and defects formation in films. The studies showed that cracks on the surface can be 

formed in thicker films. Thus, the thickness ratio of TiO2 film/substrate, laser power and laser 

scan speed are one of the crucial conditions to obtain the most uniform film for their 

application in microelectronics. 
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The main danger in accidents at oil trunk (OT) pipelines is oil emissions, which, getting into 

the environment, pollute it [1]. One of the main factors determining the scale of pollution and 

fire and explosion hazard is the amount of oil leaked from the oil refinery. This value depends 

on a number of factors: technological parameters of the pipeline (diameter, pressure); 

operating regulations for OT; relief (profile) of the route; the nature of the destruction (size 

and shape of defective holes) of the pipeline; promptness of actions to prevent and localize the 

accident [2]. Obviously, when analyzing and assessing the consequences of accidents at the 

OT, it is necessary to correctly take into account the above factors. Unfortunately, in recent 

years, there has been a tendency towards simplified and often erroneous modeling of situations 

in OT [3]. The proposed method is based on the numerical solution of a nonstationary system 

of one-dimensional equations of hydrodynamics for a weakly compressible isothermal 

medium [4]. The approach under consideration is fully consistent with the points of 

methodological documents and can be used: (i) at the design stage of the oil pump in order to 

substantiate the protection systems against overpressure and minimize emissions, for example, 

due to the optimal placement of valves on the route; (ii) to analyze the consequences of 

accidents that have already occurred and determine the damage caused; (iii) for the analysis 

of the risk of oil and gas, for example, in order to develop measures to eliminate and localize 

emergency situations, to justify design solutions that compensate for deviations from the 

current requirements, when justifying the minimum safe distances [5]. 

References 

[1] Fugarov D. D., Purchina O. A., Poluyan A. Y., Gerasimenko A. N., Rasteryaev N. V. 

Magnetodielectric ac measuring transducer for automation systems in oil refineries // Journal 

of Physics: Conference Series. International Conference "Information Technologies in 

Business and Industry", 062020, 2019. 

[2] Onyshko D., Fugarov D., Purchina O., Poluyan A., Rasteryaev N., Skakunova T. 

Synchronization system in wireless sensor networks of oil and gas complex // E3S Web of 

Conferences. Topical Problems of Green Architecture, Civil and Environmental Engineering, 

TPACEE 2019, 03030, 2020. 

[3] Poluyan A. Yu., Purchina O. A., Fugarov D. D., Gerasimenko E. Yu., Skakunova T. P. 

Application of bionic and immune algorithms for the solution of ambiguous problems of 

transportation routing // Journal of Physics: Conference Series. International Conference 

"Information Technologies in Business and Industry", Mathematical Simulation and 

Computer Data Analysis, 2, 032057, 2019. 

[4] Gerasimenko Y., Gerasimenko A., Fugarov D., Purchina O., Poluyan A. Mathematical 

modeling and synthesis of an electrical equivalent circuit of an electrochemical device // 

Advances in Intelligent Systems and Computing, 1259, 471 – 480, 2021. 

[5] Poluyan A. Yu., Purchina O. A., Fugarov D. D., Golovanov A. A., Smirnova O. V. Solution 

of task on the minimum cost data flow based on bionic algorithm // Journal of Physics: 

Conference Series. International Conference "Information Technologies in Business and 

Industry", Mathematical Simulation and Computer Data Analysis, 2, 032056, 2019. 

 



159 

Investigation of Carbon Dioxide Absorption by Microalgae in  

the Aerosol State 

 
Yu. B. Kohanov1, Yu. E. Drobotov2* 

 
1Don State Technical University, Rostov-on-Don, Russia 

2Southern Federal University, Rostov-on-Don, Russia 

 

*yu.e.drobotov@yandex.ru  

 

Currently, there are various models for the absorption of carbon dioxide CO2 by microalgae 

(MA), for example, Chlorella vulgaris, which are in a liquid state and in a certain volume: a 

circular cylinder, parallelepiped, container of arbitrary shape [1, 2]. This modeling can 

accurately predict how much CO2 is consumed by a given quantity of microalgae when filling 

the volume with carbon dioxide due to aeration and/or mixing of the entire volume of culture 

liquid. In this report, it is stated that when microalgae are transferred from liquid: MA + H2O 

+ MA, to aerosol: MA + CO2 + MA, state the absorption capacity of a given quantity of 

microalgae increases. This hypothesis is based on the fact that the concentration of carbon 

dioxide entering the aerosol is equal to the concentration in the air, while in the case of using 

a liquid solution, its absorption capacity is limited by the solubility of carbon in the liquid. 

Furthermore, the distance between MA cells in the aerosol state significantly exceeds their 

transverse diameter, while they are surrounded by CO2 molecules, which negates the effect of 

shielding neighboring microalgae cells. To prove this hypothesis, the authors used full-scale 

tests and mathematical modeling. The latter is performed under various assumptions about the 

nature of the diffusion process, being based on a non-classical diffusion equation with a Riesz 

fractional derivative, for the study of which the Riesz fractional integro-differentiation is used 

[3, 4]. 
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The paper presents studies of the mechanical characteristics of composite materials with 

matrices of the structural material phenylone C-2, epoxy-diane resin. Spinel TiN, Al2O3 was 

used as nanoadditives. Laboratory experimental studies of the mechanical properties of such 

nanocomposites were carried out on the NanoTest 600 setup by the nanoindentation method. 

In the result of laboratory experiments, “load – depth of immersion” diagrams were 

constructed, which are analogous to the “stress – strain” diagram in traditional macrotests on 

a tensile testing machine. The mechanical characteristics of composites for different volume 

fractions of applied nanosized additives were studied based on a finite element model in the 

ANSYS software. The static contact problem of penetration of a conical indenter into a 

multiphase medium is considered. A multiphase heterogeneous medium within the concept of 

effective homogeneity is considered as an equivalent homogeneous isotropic medium [1]. 

Diagrams “load – depth of implementation” were constructed, which were obtained in 

numerical experiments. Comparison of experimental and numerical diagrams made it possible 

to verify the proposed model and study relaxation processes in composites. Important 

conclusions have been made. The use of the considered nanosized additives contributes to the 

suppression of relaxation processes in composites [2]. The value of energy dissipation, which 

is due to internal friction in the material under study, was estimated for a composite with 

nanoadditives. The energy absorbed and dissipated by the sample in one loading-unloading 

cycle during nanoindentation is proportional to the area of the hysteresis loop. Irreversible 

losses of mechanical energy in one cycle are due to the presence of internal friction in a 

viscoelastic medium, the indicator of which is the so-called mechanical loss tangent. For the 

composites under consideration with such nanosized additives, the formation of interfacial 

regions due to the presence of good interfacial adhesion is observed. In this regard, a 

significant improvement in the mechanical properties of composite materials with a small 

proportion of additives is observed. Mechanical properties (hardness, Young's modulus) 

increase compared to the original matrix. 
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Recently, there have been a lot of papers devoted to the study of highly porous materials. The 

increased interest of highly porous materials is associated with both the development of 

methods for the production of these structures from plastics or metals, and their mechanical 

advantages in some areas. For example, foam, cellular or honeycomb structures have relatively 

high rigidity and low thermal conductivity at low density. There are various mathematical 

approaches that describe the behavior of cellular materials, but the method based on the 

Gibson-Ashby cell is the most generally accepted and popular today. This model is determined 

by a fairly simple frame structure and describes the relationship between stiffness moduli and 

porosity. Numerical studies, in which the cell shape depends only on the porosity value, have 

been carried out. In this report, we consider regular lattices composed of Gibson-Ashby cells, 

in which not only porosity but also geometric characteristics can change, namely the 

dimensions of the edges and the inner frame of the cell. Algorithms for building models, 

generating finite element lattices, and numerically solving of the homogenization problem in 

the software package ANSYS have also been developed. The formulation of six boundary-

value problems with displacement boundary conditions (three problems of stretching along 

the axes and three shear problems) is given. These problems allow us to find a complete set of 

effective stiffness moduli. Numerical experiments for a relative cell, which was considered 

earlier in other works, showed that the Gibson-Ashby analytical model accurately describes 

the effective properties of the material at a porosity of more than 70 %. These results were 

obtained in the researches of various authors, including the paper [1]. In the current study, the 

calculations were carried out at a fixed porosity and at various edge thickness values. The 

presented results demonstrate that the effective moduli of highly porous structures composed 

of Gibson-Ashby cells depend not only on porosity, but also on the geometric configuration. 

It has been found that the lattice stiffness increases as the thickness of the Gibson-Ashby cell 

struts increases at the same porosity. Anisotropic properties of Gibson-Ashby cell regular 

lattices were also determined by the Zener ratio. 
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The extended concept of numerical modeling of trunk pipeline networks was developed and 

scientifically substantiated by V. E. Seleznev [1]. Initially, this concept was considered as a 

set of interrelated and mutually agreed propositions, formulated in the form of key rules and 

detailed recommendations for the use of high-precision numerical modeling to solve 

production problems of pipeline transport at all stages of its life cycle [2]. A promising form 

of practical use of such modeling is the technology of high-precision computer modeling 

(THPCM) of the life cycles of trunk pipeline networks [3]. The term "life cycle" should be 

understood as the period of time from the moment the need arises to create a system to the 

moment of its disposal [4]. Thus, the use of the technology of high-precision computer 

modeling of the life cycles of trunk pipelines networks is necessary already at the stages of the 

production of pipes and tubular parts, the design of pipeline systems and verification of the 

design decisions. The basis for the construction of a specific THPCM is a specially formed 

group of developed or selected methods of computer modeling [5]. It should provide a high-

precision numerical analysis of the full range of states and processes in pipeline systems, 

corresponding to the complex of production tasks that this THPCM solves. 
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The use of Novikov gearing with teeth of different hardness for various purposes is considered. 

For gearboxes of general machine-building application, the options of transmissions with 

hardened teeth are offered, for which a special basic profile is developed, which is part of the 

Russian State Standard. A fundamental approach to solving the problem of determining the 

main parameters for calculating the strength of these gears, consisting of two stages, is 

presented: (i) determination of both the main bending, contact stresses and stiffness of the 

teeth, and the phase, taking into account the coefficients of influence of the ends of the gear 

rim; (ii) modeling of the process of real multi-pair engagement with finding criterial stress in 

dangerous areas of the teeth that determine the load-bearing capacity and service life of the 

gearbox. By implementing this approach, generalized results of solving the spatial problem of 

the stress-strain state of the teeth at any position of the contact pad along their length are 

obtained and the way of obtaining partial forces at the contact sites and criterial stress are 

indicated. An engineering method for calculating the strength of Novikov gearing is proposed, 

on the basis of which gearboxes of general mechanical engineering with high-hard Novikov 

gears of relatively low degrees of accuracy are created. This made it possible to replace high-

precision expensive involute gearing on the strained output stages of the gearboxes with less 

time-consuming in the manufacture hardened Novikov gearing of coarser degrees of accuracy 

and reduce the specific gravity of the gearbox by 1.5 times compared to the involute analogues. 

Preliminary calculations of the created promising hardened high-precision Novikov gearing 

are given and their significant advantage in comparison with involute analogues is shown. 

First, the developed modified Novikov gears with longitudinal modification of the working 

surfaces of thermally improved teeth of drive gearboxes of widely used for oil pumping units 
are described. On the example of one of the models of the gearbox, it is shown that the use of 

the proposed longitudinal modification of the working surfaces of the teeth in combination 

with an increase in the gear module provides a significant impact on reducing contact and 

bending stresses, increasing the load-bearing capacity and service life of the gearbox compared 

to the serial version produced by the domestic industry. The achieved effect at different stages 

of the gearbox reduces the stresses of the teeth from 1.75 to 2.54 times, increases the load-

bearing capacity of the gearbox from 2.81 to 4.1 times, and increases the service life of the 

gearbox by an order of magnitude. 
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The reliability of technical systems is one of the important indicators in the design of a car 

service [1]. This is especially true for the production of automotive equipment. A modern car 

is a complex system equipped with an on-board computer that allows real-time tracking of 

failures and possible pre-failure states. One of the important conditions for the efficient 

operation of modern automotive technology is the high-quality and timely maintenance [2]. 

Modern technical service is an interconnected system, the main purpose of which is to 

maintain the performance of automotive equipment. New automotive equipment coming into 

operation invariably needs constant monitoring and high-quality warranty service. It is the 

warranty policy of the enterprise that determines both the quality of the manufactured products 

and the possibility of attracting additional customers to purchase the manufactured equipment. 

In particular, a dealership providing a guarantee to a consumer of automotive equipment can 

offer other, but no less favorable conditions than a factory warranty, thereby expanding the 

circle of loyal customers. The methods used in evaluating the effectiveness of the warranty 

service are based on standard software products and the individual policy of the manufacturer, 

which consists in assessing the following indicators: (i) the number (percentage of the total 

number) of claims returned for revision due to violation of the requirements for their execution 

and presentation; (ii) the number (percentage of the total number) of rejected reclamation acts; 

(iii) presence of violations of the rules and requirements of KAMAZ PJSC, detected during 

on-site audits of the service center. The second important point in improving the efficiency of 

the service center is the well-functioning work of the spare parts service. The relationship of 

spare parts service and warranty service largely determines the terms of repair of automotive 

equipment, eliminates possible shortcomings of new cars made by manufacturers and allows 

expanding the base of loyal customers by improving the quality of customer service. 

Optimization of the work of the spare parts warehouse requires compliance with the following 

indicators: (i) mandatory maintenance of vehicles at the dealership; (ii) development of an 

algorithm for the storage of spare parts in a dealer center; (iii) optimization of cost and 

probability of meeting the demand for spare parts; (iv) development of informative 

relationship with the warranty service; (v) development of appropriate methods and software 

products to track demand and calculate the likelihood of complaints. Moreover, when 

developing methods to improve the efficiency of the car service, it is necessary to take into 

account the experience of world car brands, in which the warranty system and the spare parts 

supply system have already been debugged. 
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A technique for determining the strength characteristics of reinforcing steels A240 and A500S, 

exposed to various temperature factors, has been developed [1]. Samples of building steels 

were loaded with uniaxial tension. The rods were hardened to a certain level. As a criterion, 

the proportion of the viscous component in the fracture of the samples after impact fracture 

was used, and the proportion of the viscous component of 70 % − 75 % was set as extreme 

values. An analysis of the experiments carried out allows one to draw the following 

conclusion. Unhardened reinforcement A240 has an almost 100 % ductile character at 20 C 

in fracture. However, at −10 C, the proportion of the viscous component drops to a critical 

70 %. Hardened reinforcement A240 by 10 % above σt.av. even at 20 C already loses 20 % of 

the fraction of viscous component, and it exhausts the viscous properties at −5 C. The 

reinforcement, hardened to 1.2σt.av., demonstrates at any temperature a brittle fracture. The 

conducted studies have shown a high tendency of steel A240 to brittle fracture. This tendency 

was clearly observed both with a decrease in temperature and with hardening of the samples 

by uniaxial tension. Such a behavior of steel A240 samples determines the scope of its 

application in non-critical structural elements not subject to deformations. The study of the 

strength potential of thermomechanically hardened steel A500S showed its greater resistance 

to thermal and mechanical stress. The use of steel A500S is possible at low temperatures not 

lower than −50 °C.  
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The relevance of the issues of transportation of municipal solid waste (MSW) has not raised 

questions for many years. The constant growth of the population in cities [1], the difficulties 

with the disposal of solid waste and recycling are the tasks that need to be addressed in the 

near future. When solving technical issues related to the development of various devices, it is 

necessary to solve the following tasks: (i) development of automated places for temporary 

storage of solid waste; (ii) development of technical devices, which will be based on the 

technology of a smart container, designed for transporting solid waste; (iii) development of 

appropriate sanitary standards that allow organizing at the legislative level a system for the 

removal of solid waste for subsequent disposal at waste processing plants; (iv) development 

of a service system to monitor the technical condition of containers and carry out maintenance. 

The basis for the development of the service area and the recovery of containers for the 

transportation of MSW should take into account the type of container, the material from which 

the supporting elements are made. Such devices must meet modern safety requirements and 

provide the necessary functionality with minimal time spent on moving the container, 

operating the towing device, providing the possibility of assessing the technical condition, etc. 

An important element of the functioning of the solid waste disposal system is the development 

of an appropriate regulatory framework and a modern complex for managing the system for 

moving vehicles with containers. As temporary storage and sorting points, the development 

of terminals is required, the use of which is possible not only for the restoration of containers, 

but also for the storage of already restored containers, their sanitization, and preventive 

measures related to monitoring their current state. As the analysis of literary sources shows, 

the most common material for the manufacture of containers is steel with a thickness from 

1.25 to 3 mm. The connection of the elements of the container is carried out by well-known 

methods, by means of welding. The operating conditions of containers determine the advised 

loaded zones, and the main task of the repair zone is to carry out diagnostic operations in order 

to control these zones. As diagnostic methods, it is planned to use scanning devices and an 

organoleptic method. The site for maintenance and restoration of containers must be equipped 

with specialized equipment that allows turning, milling, drilling and welding. The design of 

such lines requires the use of various approaches related to ensuring their reliability [2]. After 

the repair, it is required to control the welded joints, as well as the organization of a site for 

the restoration of the paintwork, the application of which should take into account the impact 

of aggressive environments. 
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Let Rn
 is the Euclidean space of multidimensional vectors with real coordinates.  It is known 

that the class of hypersingular integrals D


 with a homogeneous characteristic ( )   contains 

all homogeneous differential operators [1, p. 114; 2, p. 527]: 

( )
1

1

1

1

: , ... , R .
... n
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Consequently, a large number of equations of mathematical physics can be reduced to the form 

of a hypersingular differential equation in the sense of Riesz differentiation: 

 ( ) ( ) , R ,nD x f x x  =   (1) 

It is also clear that Equation (1) itself is of interest in the context of the creation of new 

mathematical models of complex physical processes. 

The present paper raises the question of the fundamental solution of equation (1) in the case 

of more general conditions on ( )  a function, based on its smoothness characteristics. Thus, 

a function ( )x , R nx   is found, satisfying the equation:   

 ( ) ( )D x x

  = , (2) 

where ( )x  is the Dirac delta-function. Equation (2) is understood in the sense of generalized 

functions over the Lizorkin class [2, p. 487]: 

( ) ( ),
0

lim , , , ,D

 


    
→

=   

where ,D

  is the truncated hypersingular integral [1, p. 122], and   is a subspace of Schwartz 

space whose elements are orthogonal to polynomials [2, p. 487]. The resulting fundamental 

solution is then used in application to some problems of mathematical physics, providing 

Equation (1).  
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Let Rn  is a Euclidean space of multidimensional vectors with real coordinates. In this report, 

a regularization and a numerical method for solving the following integral equation of the first 

kind are discussed: 

 ( ) ( ) ( ) ( ), R , R , 1 ,p n n

c

n
K x f x L f I p  


=      (1) 

where 
cK  is the integral operator of the Riesz potential type with the difference characteristic: 
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is the space of Riesz potentials [1, p. 39]. The numerical multiplier ( )n   is selected in such 

a way as to provide the following for Fourier images [2, p. 490]: 

𝑘�̂�(𝑥) = |𝑥|−𝛼, 𝛼 > 0. 
The paper demonstrates the conditions under which Equation (1) is reduced to the form: 

 ( ) ( ) ( ) ( ) ( ), ,x A x g x g x R f x + = =  (2) 

where A  and R  are the integral operators computed in the framework of the study. The 

presented work reports the algorithm for solving the equation of the second kind (2) and its 

software implementation.  
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Let Rn  denotes the Euclidean space of real vectors, and 
cK  is the Riesz potential type 

operator 

 ( )
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where the function ( )c x t− , called a characteristic, is bounded. In this report, the characteristic 

is assumed to have discontinuity of homogeneous function type:  

( ) ( ) ( )c t b t t t= . 

Then, if ( )b r  and ( )   are smooth enough with respect to the radial variable r x=  and the 

angle variable x x = , the integral operator (1) may be inversed in the form of a convolution: 

 ( )
1

cK f D f f 


−

= +  ,  (2) 

where ( )x  is integrable, D


  is the hypersingular integral with the characteristics ( )  : 
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and specific conditions hold [1]. In the relation (3), ( )( )l

t f x  is a finite difference of the 

function f  centered at the point x , having the order l  and the step t ; ( ),n ld   is the 

normalizing constant such that ( )
/2

D


 = − , if 1  . In fact, hypersingular integrals can be 

considered as a natural generalization of partial differential operators to the case of non-integer 

orders [2], which brings new possibilities to handle sophisticated problems in physics and 

engineering.   

In the report presented, the solutions of the equation related to operator (2) are studied, and 

the ways in which the results obtained may be applied are discussed.  
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Development and research of nanoscale field emission cathodes is a promising area of 

nanoelectronics. However, it is necessary to solve several problems associated with lowering 

the threshold voltage, optimizing the nanoscale structure of the field emitter, and using cathode 

materials that meet the requirements for the stability and durability of the cathode. The use of 

carbon nanomaterials is advisable, since they are characterized by high electrical and thermal 

conductivity, as well as high resistance to ion bombardment. In this study, a vertical-type 

nanoscale field-emission cell is considered. The design is based on a blade SiC cathode with 

multilayer graphene films on the surface. Blade emitters allow an increase in the emission 

current density due to the larger surface area compared to pointed cathodes. The disadvantage 

of blade field emission cathodes is the destruction of the edge sections of the emitter. This is due 

to a local increase in the electric field strength and overheating of the cathode material [1]. The 

aim of the work is to optimize a field emission cell with a blade-shaped cathode and to increase 

the uniformity of the electric field strength on the emitting surface. The report presents a 

theoretical study of the electric field strength distribution in the interelectrode space of a cell 

with a blade-shaped cathode. The influence of the anode length on the distribution of the 

electric field strength at the emitting surface of the blade cathode was evaluated. The 

simulation results made it possible to reveal that the length of the homogeneous section of the 

field near the emitting surface is maximum in the considered range of cell parameters and is 

about 850 nm, when the anode length is ~ 97% of the cathode length (1000 nm). At the same 

time, local enhancements of the electric field strength at the corners of the field emission 

cathode were present in the plots. The field strengths at the corners of the emitter are 18% 

higher than those in the central region. It is possible to increase the uniformity of the field 

strength on the emitting surface by decreasing the anode length to a value of ~ 89% or less 

than the cathode length. In this case, the electric field strength at the corners of the blade does 

not exceed the value in the flat section by more than 0.5%, and the length of the homogeneous 

section is ~ 625 nm. Thus, it has been shown that reducing the length of the anode as compared 

to the length of the blade-shaped cathode is an effective way to increase the one-sidedness of 

the electric field at the emitting surface. 
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Polyvinyl chloride is one of the modern materials that are widely used commercially. It is 

characterized by wear resistance, mechanical strength, rigidity, lightness, dielectric and 

thermal insulation properties, resistance to corrosion and chemical attack, weather and 

temperature changes, lack of toxicity, high biocompatibility, etc. Such a unique combination 

of properties makes this material indispensable in construction and automotive industries, in 

the production of a wide range of medical products, sports equipment, etc. The monomer of 

this demanded plastic is vinyl chloride, about a third of which is industrially produced by the 

acetylene method. The industrial process for the acetylene hydrochlorination uses readily 

sublimated mercuric chloride deposited on activated carbon as a catalyst, and is accompanied 

by toxic emissions of mercury into the environment. Currently, there is no environmentally 

benign replacement for the industrial HgCl2/C catalyst capable of providing the required 

process efficiency. This stimulates the search for alternative catalysts for the acetylene 

hydrochlorination. Purposeful development of new catalytic systems is impossible without the 

reaction mechanism understanding. A practical tool for establishing the mechanism of 

catalytic acetylene hydrochlorination is the method of isotopically labeled reagents, which 

makes it possible to reveal the stereoselectivity of the reaction and its rate-determining step. 

Using this method, we showed that products of both anti- and syn-addition of DCl to the triple 

bond in C2H2 are formed over carbon-supported palladium catalysts PdCl2/C and 

(NH4)2PdCl4/C. In addition, the reaction is accompanied by vinyl chloride isomerization: 

trans-HDC=CHCl is transformed into cis-HDC=CHCl. The activation energy of the anti-

attachment pathway is lower than that for the formation of a syn-product: trans-vinyl chloride 

is predominantly released at low temperatures whereas at increasing temperature, the 

proportion of cis-vinyl chloride rises. The results of a study of the catalytic acetylene 

hydrochlorination in the systems with PdCl2/C and (NH4)2PdCl4/C will be reported. The main 

attention will be paid to the nature of the active sites of heterogeneous catalysts responsible 

for the formation of anti- and syn-addition products. 
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The issues of implementing unique design solutions using parametric fractal algorithms are 

considered. The statement is substantiated that natural forms must be used in the design of 

unique buildings and structures. Fractal geometry allows the development of new biomorphic 

structures applicable in information design. The evolution of the shaping of flat and volumetric 

fractal structures is studied. The structures were modeled using specially developed 

algorithms, including those simulating the Koch fractals. The deterministic approach allows 

one to control the process of evolution. On the basis of the study, it was found that the obtained 

fractal structures of older generations are light without loss of stability. Recommendations are 

given for the use of fractal and parametric structures for solving a wide range of engineering 

problems: from the creation of load-bearing structures to the development of a road transport 

network of an urban environment. The introduction of innovative technologies, such as 3D 

printing, in conjunction with the new paradigm of parametric shaping, allows one to obtain 

architecturally and structurally more optimized and highly efficient designs. The result is the 

solution of structural and spatial problems in architecture, aesthetic improvement of the 

designed objects. 
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The mechanisms of laser sound generation are different, and their relative contributions 

strongly depend on the density of the released energy. This effect is based on the thermal 

expansion of the part of the medium, where the light has been absorbed [1, 2]. The presence 

of microparticles in the liquid layer significantly changes the nature of sound generation due 

to the "deferred" release of heat from the particles into the liquid. The optoacoustic 

contribution of individual particles immersed in a non-absorbing liquid was investigated 

theoretically in the case of pulsed laser excitation [2]. The shapes of acoustic signals were 

calculated. When an acoustic pulse formed by a cylinder was formed in a liquid layer, a bipolar 

signal was formed with a rise amplitude equal to the duration of the laser action and a 
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relaxation zone, while the total duration of the signal was 550 s. The calculations performed 

allow a more complex modeling process, when micron-sized sources may be present in a liquid 

cylindrical source, which will make it possible to evaluate the change in the signal depending 

on the number and size of these sources [3, 4]. The results obtained complement the studies 

carried out in the modeling of the optoacoustic signal for detecting infections in the blood and 

establishing the level of oxygen saturation, for flow cytometry [5 – 7].  
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Currently, optoacoustic imaging is a new imaging technique in biomedicine [1 – 3]. The use 

of reconstruction for layered media is gradually attracting more and more attention [4]. We 

use a general extension method and pre-migration to construct an optoacoustic image. The 

proposed method transfers the positions of the transducer in advance to the corresponding 

position of the virtual scan, thereby forming a reconstruction that satisfies the assumptions 

about the homogeneity of the medium [4]. It is shown that it is efficient to combine the pre-

migration method with all classical reconstruction algorithms. Due to calculations over a wide 

frequency range, the pre-migration operation is computationally efficient [5]. In addition, pre-

migrations in polar and Cartesian coordinates can be used for tomography and microscopy 

applications, respectively. Forms of acoustic signals are calculated, during formation The 

method of preliminary migration is used to solve the problem of reconstructing an optoacoustic 



174 

image in inhomogeneous layered media. Moreover, direct wave propagation data are 

simulated by the Matlab 2017 k-wave program on a PC with a GeForce 1060 GPU [6 – 8]. 
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Additive manufacturing (AM) is widely used for part fabricating from thermoplastic materials 

and metals. Fused filament fabrication (FFF) is one of the popular methods of AM, which is 

used to fabricate parts from thermoplastic materials. In FFF, the material in filament form is 

supplied to the extruder. Extruders heat up the filament up to the temperature so that the 

material can reach up to a semi-molten phase. The nozzle deposits the material on the build 

platform in a layered manner to fabricate the part. For filament-based extrusion, the filament 

must have enough column strength that it can feed in the extruder without its buckling. So that 

it can produce the required pressure in the extruder to deposit material from the nozzle on the 

build platform. Filament extrusion of Ethylene-Vinyl Acetate (EVA) is not possible due to its 
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low column strength. EVA filament may get buckled while it is feeding in the extruder. This 

article presents the development of FFF based AM machine and its software for pellet-based 

extrusion of the EVA material. The developed AM machine can directly process the pellets to 

fabricate the flexible parts using EVA material.  
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Compositional dependences of magnetic phase transition temperature, TM, for lead-free 

perovskite solid solutions of BiFeO3 (BFO) with the highly-ordered complex perovskite 

SrFe1/2Sb1/2O3 (SFS) and its disordered counterparts CaFe1/2Nb1/2O3 (CFN) and SrFe1/2Nb1/2O3 

(SFN) were studied using Mössbauer spectroscopy. Ceramic samples of BFO – SFS were 

obtained using high-pressure synthesis at 4 – 6 GPa and those of BFO – AFN (A = Ca, Sr) by 

usual synthesis at atmospheric pressure. Neither XRD nor Mössbauer studies detected the 

presence of the long-range ordering in the compositions studied except BFO – SFS 

compositions with x = 0.9 and 1. It was established previously [1] that in solid solutions of 

BFO with the highly-ordered complex perovskite PbFe1/2Sb1/2O3 (PFS) concentration 

dependence of the magnetic phase transition temperature TN is close to the theoretical TN(x) 

dependence [2], calculated for the case of the ordered distribution of Fe3+ and non-magnetic 

Sb5+ ions in the lattice. In contrast to this TN(x) dependences for BiFeO3 – xSFS, BiFeO3 – 

xSrFN and BiFeO3 – xCaFN solid solution compositions with x < 0.6 were found to be close 

to the TN(x) dependence for BiFeO3 solid solution with disordered perovskite PbFe1/2Nb1/2O3 

(PFN) plotted using the results of the magnetization and Mössbauer studies [1, 2]. It is worth 

noting that for the latter system experimental TN values are somewhat lower than those 

calculated for the case of the disordered distribution of Fe3+ and non-magnetic B5+ ions in the 

lattice [2]. This ordering is likely to be a short-range and local and thus not detectable by the 

XRD. However, for compositions with x > 0.6 the TN(x) dependences show an abrupt drop 

down to TN ≈ 50 K. For all the three solid solution systems studied, these drops in the TN(x) 

curves are located in the x ≈ 0.65 – 0.75 range, that is close to the percolation threshold for 

Bi3+ ions in the A-sublattice. Thus, the results obtained seem to be an experimental evidence 

of the magnetic superexchange between Fe3+ ions in BiFeO3 via the empty 6p-states of Bi ions 

theoretically predicted by De Sousa et al. [3]. 
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Multiferroics are the materials that possess two or more order parameters, for example 

ferroelectric and magnetic, attract huge attention due to the possibility of cross-control of their 

magnetic and electrical properties. The most widely studied perovskite is BiFeO3, in which 

the temperatures of both ferroelectric and magnetic phase transitions significantly exceed 

room temperature. One of the main disadvantages of the most widely studied perovskite 

multiferroic BiFeO3 is that it is an antiferromagnetic. On the basis of first-principal 

calculations, the possibility of obtaining ferromagnetic properties in BiFe0.5Cr0.5O3 

composition was predicted [1]. However, several works failed to find neither ferro- nor 

ferrimagnetic properties in ceramics, fabricated by a high-pressure synthesis (it is the only 

known method to obtain the perovskite modification of BiFe0.5Cr0.5O3) [2].  Bi1–

xNdxFe0.5Cr0.5O3 (x = 0.05, 0.2, 0.4, 0.6, 0.8) compositions studied were obtained by both usual 

and high-pressure (TS = 1300 – 1400 C, P = 4 GPa) synthesis. Samples, obtained by usual 

solid-state synthesis at atmospheric pressure, contained besides perovskite phase also some 

parasitic phases, mainly γ-phase of Bi2O3 (sylenite phase). In contrast to this the samples, 

obtained by high-pressure synthesis, consisted of pure perovskite phase. X-ray diffraction 

studies have shown that in such samples the morphotropic region between R3m and Pbam 

phases lies in the x = 0.1 – 0.2 compositional range, that is approximately at the same x-values 

as in other Bi1–xNdxFe1–yCryO3 systems. Thorough studies of Mӧssbauer spectra, measured at 

15 K have shown that in Bi1–x NdxFe0.5Cr0.5O3 compositions a severe clustering of Fe and Cr 

ions takes place. As a result, the volume of the sample is almost completely filled with clusters, 

either enriched or depleted in Cr-ions. This clusterisation seems to be the main origin of the 

absence of ferro-nor ferrimagnetic properties in BiFe0.5Cr0.5O3 as well as the similarity of 

concentration dependences of Neel temperature in solid solutions, where Fe-ions are replaced 

by paramagnetic ones [4, 5]. The temperature dependences of tgδ and both the real ε' and 

imaginary ε" parts of the complex permittivity ε* of Bi1–xNdxFe0.5Cr0.5O3 compositions were 

studied in a wide range of temperatures (15 – 450 K) and frequencies (100 Hz – 1 MHz) using 

an E7-20 impedance meter. Measurements at higher temperatures were not carried out because 

of the fast increase of conductivity and the danger of transformation of the metastable 
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perovskite phase, obtained by synthesis under high pressure into other phases stable at 

atmospheric pressure. While the tgδ(T) and ε"(T) curves show several maxima, the 

temperature of which increase with the measuring frequency, the anomalies at the ε'(T) curves 

have the step-like form and the low-frequency values of ε' are very large. Such behavior is 

typical, for example, for materials with the relaxation of the Maxwell – Wagner type. 

Conductivity activation energy (0.44 eV) corresponding to grain boundaries appears to be is 

substantially larger than activation energies of tgδ and ε" (0.13 eV) which confirms the 

supposition of the relaxation of the Maxwell – Wagner type. 
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Currently, many scientific centers around the world are conducting intensive research on 

methods for modifying a metal surface and obtaining coatings with optimization of deposition 

technology, using digital synthesis software methods to predict the composition, structural 

parameters and functional properties of the deposited material. In addressing this ambitious 

challenge with regard to, for example, thermal barrier coatings (TBCs), which are applied to 

turbine blades of gas turbine engines in order to reduce thermal load, one of the key obstacles 

remains the lack of methods for predicting the thermophysical data of a thin modified surface 

layer or coating. One of the important conditions in the field of designing heat-shielding 

coatings is to ensure their low thermal conductivity, which, in turn, significantly depends on 

the microstructure and its characteristics such as volume, configuration and distribution of 

pores and secondary phases in the coating, matrix texture, structure of the substrate-coating 

interface, etc. In this regard, the main goal of the work was to create a calculation and 

experimental technique for determining the thermal conductivity of coatings. Its 

distinguishing features are: (i) a clear formulation of the basic physical principles of the model 

based on measuring the contact potential difference (CPD), calculating the Fermi level energy 

and calculating the thermal conductivity of a single-phase coating matrix from these data; (ii) 

instrumental determination of the characteristics of the microstructure, elemental and phase 

composition of the coating; (iii) correction of the value of thermal conductivity of the coating 

matrix, taking into account the morphology of the coating structure, their phase composition 

and porosity. To test the calculation method, we used the blades of an experimental high-speed 

gas turbine locomotive engine made of heat-resistant precipitation-hardening cast chromium-

nickel alloy Inconel 713LC. Using vacuum ion-plasma technology, an experimental 

multiphase coating of the Nb-Ti-Al system with a small presence of Cr and Si and a thickness 

of about 80 μm was deposited on the blades. Due to the large thickness of the coating, arc 

deposition was carried out in a forced mode simultaneously from three cathode units with the 
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magnetic separation turned off. As a result, a coating with a complex morphology was formed, 

namely with porosity, elemental and phase composition variable in depth. A complex of fine 

metal-physical studies made it possible to take into account these structural features to the 

maximum extent in the calculation procedure. Calculating the thermal conductivity of the base 

metal of Inconel 713LC blades gives a result of 14.34 W/mK. This value corresponds with 

satisfactory accuracy to the reference data, where the range of experimental values of 11.2 – 

14.5 W/mK is given for this alloy (for the corresponding temperature range of 25 – 800 C). 

When calculating the thermal conductivity of the Nb-Ti-Al coating, a value of 4.76 W/mK 

was obtained, corresponding to the level of thermal conductivity of ceramic materials. This 

result characterizes the Nb-Ti-Al coating as a thermal barrier coating that fully meets its 

functional purpose. Thus, as the main result of the work, it should be noted the creation and 

testing of the calculation and experimental technique for predicting and modeling the 

thermophysical properties of materials and coatings, taking into account their structural and 

phase features. The obtained values of the thermal conductivity of the base metal and the 

experimental coating of the Nb-Ti-Al system also indicate the expediency of using the CPD 

measurement technique in the process of predicting thermal conductivity. 
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Double perovskites of AB1
1/2B

2
1/2O3 compositions have been actively studied over the past 

decade, since controlling the degree of ordering in the B-sublattice makes it possible to obtain 

objects of the same composition, but with different ferroelectric properties. Using the example 

of indoniobate and ytterboniobate, it was possible to show how a change in the degree of 

ordering in a B-sublattice changes the properties of ceramics from ferroelectric 

(antiferrelectric) with complete ordering of B-cations, to relaxor (with disordering of the 

corresponding sublattice). In double perovskites of type AB1
1/2B

2
1/2O3, there is an ordering in 

the B-sublattice, otherwise, the system PbB3+B5+O3 can be considered as two sublattices 

PbB1O3 and PbB2O3, which can be in relation to each other as in an unordered state (then each 

elementary cell of a perovskite can have any neighbor, that is, the system will be in an 

unordered state, and in the volume of the crystal the parameter of the elementary lattice will 

be the average parameter of the entire set of elementary cells). However, there are states in 

which cations B3+ and B5+ are distributed in the volume of the crystal in such a way that they 

form an independent sublattice. This condition leads to changes in the properties of the 

samples. There are a number of double perovskites that can be both in a state of disorder and 

an ordered state, and the ferroelectric state of the system depends on the degree of order. It 

was shown [1] that in the PbIn1/2Nb1/2O3 system, when the degree of order s changes from 0.6 

to 0, both the temperature of the maximum dielectric susceptibility and its magnitude change. 

With complete disordering in the B-sublattice, a change in the dielectric susceptibility 
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characteristic of relaxor systems was observed, such as a shift in the maximum of the dielectric 

permittivity depending on the frequency of the applied field. In the absence of ordering in the 

B-sublattice for both PbYb1/2Nb1/2O3 and PbIn1/2Nb1/2O3 [2], the samples retain an elementary 

cell in a wide temperature range and a structural phase transition is not observed. The ordering 

temperature of PbIn1/2Nb1/2O3 is 2325 K, but by varying synthesis methods it can be obtained 

in an unordered state in the form of a single crystal [2]. Obtaining monocrystal samples made 

it possible to observe the displacements of cations in A-sites and in sublattices depending on 

the presence of ordering In and Nb from the ferroelectric state with complete ordering of In 

and Nb ions to the manifestation of relaxor properties, when measuring the permittivity [2]. 
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We have implemented a concept of the “impedance loaded surface acoustic waves (SAWs) 

sensor” [1, 2] to embed a high quality epitaxial VO2 film to SAWs devices. The VO2 sensor, 

being the external load outside the acoustic channel, influences on the radio frequency (RF) 

signal reflection of interdigital transducer (IDT) or SAWs transfer to another channel, but not 

attenuating SAWs, which is beneficiary for wireless applications. Electrical characteristics 

alteration induced by phase transition in VO2 film were optimized by varying oxygen ambient 

pressure, growth temperature and substrate type to meet requirements for embedding of a 

sensor to SAWs device. Best epitaxial VO2 films grown by our pulsed laser deposition 

protocol show great switching characteristics with resistance altered from ~0.8 MΩ to ~100 

Ω and narrow R(T) hysteresis loop. We have characterized two SAWs devices, in which VO2 

sensing element is connected to input receiving-transmitting IDT, or to intermediate SAWs 

splitting IDT, in which the response is altered more than 3 times or more than twice 
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correspondingly upon phase transition in VO2. Moreover, a 50° SAW phase shift is observed 

for SAW transmitted through the coupler. Additionally, the proposed devices were shown to 

operate as near infrared (IR) photodetectors/optically controlled RF splitters, which are 

prospective building blocks for smart wireless applications.  
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The study conducts the research on establishing mathematical model for drying process, in 

which the temperature field and moisture content are also determined. In which, the thermal 

conductivity equation, single-valued conditions, boundary conditions and thermal physics 

parameters of moist materials are determined. In this study, a novel method is proposed to 

simultaneously determine the thermal conductivity coefficient, thermal diffusion coefficient 

and specific heat capacity of moist materials by numerical analysis, and based on approximate 

roots of the thermal conductivity equation with symmetric boundary conditions of second type 

when Fourier is small enough. The formulas are established for determining the thermal 

conductivity coefficient, thermal diffusion coefficient and specific heat capacity of moist 

materials, in which: (i) thermal conductivity coefficient, ( )
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Based on this result, the drying experiments were conducted using rice ( = 12%, t = 29 C) 

and pollen ( = 30%,  t = 21 C) as the materials to detect the error and evaluate the reliability 

of the method proposed. In comparison to the results of the Rahman study, the method error 

for thermal conductivity coefficient of rice is 7.8%, and for thermal diffusion coefficient is 

7.7%. In comparison to the results of the Monika study, the method error for thermal 

conductivity coefficient of pollen is 1.05%, and for thermal diffusion coefficient is 4.9%. The 

comparison results showed that the error of the method proposed is acceptable, which is 

helpful for the dryer design. 
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Ferroelectrics-relaxors are objects of great interest of researchers all over the world due to 

their unique properties [1, 2]. Due to these properties relaxors are perspective materials for 

using in areas of electronic engineering and energy storage [3]. One of the reasons for the 

appearance of relaxor properties is the presence of disorder, caused by the composition. 

Relaxors are characterized by cationic disorder at the nanoscale, which leads to random fields 

and local phase fluctuations. Among oxide perovskites of complex composition A3(B'B"2)O9, 

lead magnoniobate PbMg1/3Nb2/3O3 (PMN), which is still a traditionally model object for 

studying relaxor properties. Classical PMN has a cubic perovskite structure, but disorder in 

the В-site occupation by Nb5+ and Mg2+ results in the strongly distorted local structure. Despite 

intensive studies of relaxors the atomistic mechanism of the relaxor phenomenon is not well 

understood [3, 4]. The aim of this work was to obtain and study the structure and properties of 

ferroelectric ceramic samples of non-stoichometric lead magnoniobate. Samples of non-

stoichiometric lead magnoniobate were obtained by solid-phase synthesis from a mixture of 

PbO, MgO, and Nb2O5 oxides, selected in the appropriate proportions, corresponding to the 

demanded compositions of Pb(Mg1-yNby)O3-z with y = 0.25; 0.50; 0.75 and z = 0; 0.25. The X-

ray diffraction patterns of the initial precursors obtained by the solid-state methods for each 

composition of nonstoichiometric PMN-based solid state samples, taken at temperatures from 

20 C to 450 C, are the typical X-ray diffraction profiles for the X-ray ceramic samples [5]. 

In the paraelectric phase, the arrangement of atoms in the PMN is described by the space group 

Pm3m. It was found that the cubic perovskite cell in PMN does not undergo distortion over 

the entire investigated temperature range from 20 C to 450 C. The obtained temperature 

dependences of the dielectric constant of the samples under study were used to estimate the 

size of the regions of chemical ordering in the В-sublattice. The possible structural models 

corresponding to the results, obtained in the study of non-stoichometric lead magnoniobate, 

are discussed in this work.  
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This work continues our series of studies on the structural features of the ferroelectric relaxors 

[1, 2]. Relaxor ferroelectrics with the general chemical formula Pb(B’B”)O3 and with a 

perovskite structure have attracted a great deal of scientific attention because they exhibit a 

range of unique physical properties. It was found that only lead magnoniobate PbMg1/3Nb2/3O3 

(PMN) with a perovskite structure has unique relaxor properties, but not with a pyrochlore 

structure [3, 4]. Therefore, the main purpose of this work was to determine the conditions for 

obtaining samples of non-stoichometric PMN with a perovskite structure and then to 

investigate its physical properties. To solve the set tasks, a number of non-stoichiometric 

samples were synthesized by solid-phase synthesis of samples of lead magnoniobate with 

general chemical formula (1 − x)PbMg1/3Nb2/3O3 – xPbMg1/2Nb1/2O2.5 in the concentration 

range of x from 0 to 1 with a step of Δx = 0.1 at firing temperatures equal 870, 880 and 890 

°C. X-ray diffraction profiles obtained of synthesized samples on a DRON-3M X-ray 

diffractometer (using Со𝐾𝛼
 radiation with Bragg-Brentano focusing). The X-ray diffraction 

profiles of all samples were processed using the PowerCell computer program. For 

compositions (1 – x)PbMg1/3Nb2/3O3 – xPbMg1/2Nb1/2O2.5 with x = 0.1, 0.2,…, 0.9 phase 

concentrations are determined perovskite and pyrochlore structure of PMN, as well as small 

amounts of lead and niobium oxides. For the composition 0.3PbMg1/3Nb2/3O3 – 

0.7PbMg1/2Nb1/2O2.5 the concentrations of the perovskite and pyrochlore PMN phases are 

determined, and also a small amount of magnesium oxide. Reflections, present on X-ray 

diffraction patterns, corresponding to the extreme compositions (1 – x)PbMg1/3Nb2/3O3 – 

xPbMg1/2Nb1/2O2.5, are characteristic of the perovskite and pyrochlore PMN phases, while also 

for lead oxide. It was found that as the parameter x increases, slight decrease in the volume of 

perovskite cells from V = 66.35 Å3 at x = 0 to V = 66.21 Å3 at x = 1 indicates the formation of 

a solid solution (1 – x)PbMg1/3Nb2/3O3 – xPbMg1/2Nb1/2O2.5. Noted, that the relative intensity 

of the peaks of all reflections does not change from changes in concentration x at all firing 

temperatures.  
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Ytterbium iron perovskites (YbFeO3) and ytterbium perovskite manganites (YbMnO3), have 

attracted considerable attention for their potential using as materials for magnetic field sensors 

and magneto-optical data storage devices. Rare-earth ferrites with the general formula RFeO3 

(R = Dy – Yb) have generally orthorhombic structure, and the hexagonal phase of YbFeO3 has 

been successfully synthesized in the form of thin-film at a specific temperature [1]. ErMnO3 

undergoes a phase transition from hexagonal to orthorhombic structure at 20.2 GPa [2]. 

However, the phase transitions in YbMnO3 under pressure have not been adequately studied. 

Moreover, the influence of the concentration of the lattice defects, caused by the high-pressure 

torsion (HPT) in the phase transition, on the magnetic and dielectric behavior of YbMn1-

xFexO3 is still poorly understood. In this work, we investigated the phase transition of 

YbMn0.3Fe0.7O3 at relatively small pressures (less than 1 GPa) and shear deformation using 

rotating Bridgman anvils. The relationship between the HPT pressure and the change of the 

lattice parameters of these synthesized samples was built. The dielectric characteristics were 

studied at various frequencies (1 kHz – 1 MHz) and temperatures (77 K – 773 K) by the 

dielectric spectroscopy method. The pressure dependencies of bandgap Eg on the pressures 

were determined by the optical absorption spectroscopy method. The influence of pressure on 

the Fourier-transform infrared spectroscopy (FTIR), magnetic and ferroelectric dielectric 

hysteresis loops were analyzed. The frequency-dependent magnetoresistive responses were 

studied at various frequencies (1 kHz – 1 MHz) and temperatures (77 K – 773 K). 
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Ytterbium iron garnet (YbIG) has properties similar to other rare-earth garnets, which could 

be used in various microwave, acoustic, and optical devices. However, YbIG has not been 

well studied, and there are only a few published results on its properties. In this work, YbIG 

was synthesized by the solid-phase reaction method and mechanically activated by the high-

pressure torsion (HPT) method in Bridgman anvils in the pressure range from 50 MPa to 1 

GPa. The lower anvil was rotated at the speed of 6 revolutions per hour (rph). Using a 

synergistic application of X-ray diffraction analysis (XRD), scanning electron microscope 

(SEM), and energy-dispersive X-ray analysis (EDX), we revealed that the unit cell parameters, 

particle sizes, and the crystalline sizes of mechanically activated samples are varying with the 

pressure. In the result of a change in the concentration of the lattice defects in mechanically 

activated samples, various metastable phases were formed. We also found that the 

recrystallization process occurred at a pressure of about 380 MPa, and the amorphous phase 

begins to increase significantly when the pressure exceeds 500 MPa. The dielectric 

characteristics were investigated at various frequencies (1 kHz – 1 MHz) and temperatures (77 

K – 773 K) by the dielectric spectroscopy method, and the dependencies of bandgap Eg on the 

pressures were determined by the optical absorption spectroscopy method. The influence of 

pressure on the Fourier-transform infrared spectroscopy (FTIR), magnetic and ferroelectric 

dielectric hysteresis loops were analyzed. The frequency-dependent magnetoresistive 

responses were studied at various frequencies (1 kHz – 1 MHz) and temperatures (77 K – 773 

K). These studies were a proceeding of previous studies [1] in a deeper and broader range.   

References   

[1] Abdulvakhidov K., Soldatov A., Dmitrenko I., Li Z., Kallaev S., Omarov, Z. The 

influence of the structural defects on the physical properties of Er3Fe5O12 ferrite-garnet // 

Results Phys. 22, 103905, 2021, https://doi.org/https://doi.org/10.1016/j.rinp.2021.103905. 

 

 

 

 

 

 

 

 

 

 



185 

Influence of Structural Defects and Crystallite Size on  

Physical Properties of YbFeO3 

 
Li Zhengyou1, Kamaludin Abdulvakhidov*1, Pavel Plyaka2, Marina Sirota1,  

Marina Vitchenko3, Irina Mardasova3, Elza Ubushaeva4 

 
1Southern Federal University, 178/24, Sladkov Str., Rostov-on-Don, 344090, Russia 

2Southern Scientific Center of the Russian Academy of Sciences,  

41, Chekhov Ave, Rostov-on-Don, 344006, Russia 
3Don State Technical University, 1, Gagarin Sq., Rostov-on-Don, 344000, Russia 

4Moscow Aviation Institute, 4, Volokolamskoe shosse, Moscow, 125993, Russia 

 
*phys.kam@mail.ru 

 

The perovskite-structured orthoferrite YbFeO3 is an antiferromagnetic phase at room 

temperature and high temperature, and can be used as smart devices, gas detection sensors, 

oxygen-permeable membranes, and oxidation or reduction active catalysts due to its unique 

properties. Therefore, it has attracted extensive attention of researchers in recent years. 

Another thing that has attracted the attention of researchers is mechanical activation, which is 

one of the ways to control the physical properties of materials without changing their 

stoichiometry. Mechanical activation using a Bridgman anvil is a relatively clean method 

compared to using planetary ball mills and other dispersants. This paper was the first time to 

study the effects of structural defects and crystallite size on the physical properties of YbFeO3. 

YbFeO3 was synthesized using conventional solid-phase synthesis reaction method, with 

structural defects and size controlled by mechanical activation in the Bridgman anvil. The 

pressure range was from 100 MPa to 1.4 GPa. Several methods such as SEM, XRD, UV-vis, 

VSM, EPR were used to analyze the physical properties of reference and mechanically 

activated samples. The size of coherent scattering regions (D) and magnitude of microstrain 

(Δd/d) were determined by the full-profile Rietveld method using the Fullprof software 

package. The dislocation density was calculated from the size D. Since mechanical activation 

is a process of mechanical action with the relaxation of mechanical energy through various 

channels, the crystal lattice should undergo significant distortion and enter a metastable state. 

By analyzing the dependence of the magnetic hysteresis loop on the crystallite size D, we 

found the critical crystallite size of YbFeO3, at which the coercive force Hc has a maximum 

value. The changes in g-factor of nanoscale crystallites were found to be correlated with the 

parameters of the magnetic hysteresis loop. 
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In this paper, a comprehensive study of microstructure/properties interrelation for porous 

piezoceramics based on PZT-type composition was carried out. Ferroelectrically "soft" PZT-
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type piezoelectric ceramics of the composition Pb0.95Sr0.05Ti0.47Zr0.53O3 + 1% Nb2O5 with 

different relative porosity in the range of 0 – 50 % and average pore size of 10 – 30 μm were 

chosen as the object of the study. Experimental samples of porous piezoceramics were 

obtained using a modified method of pore former burning-out. Microstructural studies were 

performed on polished and chipped surfaces of porous piezoceramics samples using the 

scanning electron microscopes (JEOL JSM-6390LA and TM-100, Hitachi). The 

measurements of the dielectric, piezoelectric, and electromechanical parameters of the 

samples were carried out at the radial and thickness modes of oscillations of piezoceramic 

discs in accordance with the IEEE Standard, as well as using the method of analysis of 

resonance spectra (PRAP). Porosity dependencies of dielectric, elastic, piezoelectric and 

electromechanical coefficients of the porous ceramics in the relative porosity range 0 – 50 % 

were measured and analyzed. In the result of SEM microstructure analysis, it was found that 

at any connectivity type (3-0, 3-3) and porosity up to 50 % the real structures of porous 

piezoceramics were close to the matrix medium structure with continuous coral-like 

piezoceramic skeleton. It was revealed that the following microstructural features of porous 

piezoceramics define the dielectric, piezoelectric and electromechanical properties of porous 

piezoelectric ceramics: branched flexible three-dimensional piezoceramics skeleton and quasi-

rod piezoceramics structure in the direction of residual polarization of porous piezoceramics. 

Changes in the mechanical and electrical boundary conditions on the branched coral-like 

microstructure, as well as inhomogeneous polarization of the piezoceramic skeleton also play 

a significant role in the formation of electromechanical properties of porous piezoelectric 

ceramics. It was found that porous piezoceramics similarly to 1-3 type composites are 

characterized by increased values of kt and d33, and reduced values of d31, kp, compared to 

dense piezoceramics, that makes them perspective materials for different ultrasonic 

applications in medical diagnostics and therapy, nondestructive testing, and active 

piezoelectric membranes for reverse osmosis, ultra- and microfiltration processes. It was 

revealed that the microstructural features of porous piezoceramics define the character of the 

porosity dependences of the dielectric, piezoelectric and electromechanical properties of 

porous piezoelectric ceramics. In conclusion, the relationship between microstructure and 

properties, as well as technological aspects of industrial production and new applications of 

porous piezoceramics for medical ultrasound diagnostics and therapy, non-destructive testing 

and piezoelectrically active membranes for reverse osmosis, ultra- and microfiltration 

processes are discussed. 
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Using the example of ternary reciprocal systems (TRS) with exchange interaction in melts, a 

new thermodynamic platform has been developed and successfully tested. Instead of the 
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traditional enthalpies and entropies, it is based on two energy characteristics expressed in RT 

units, one of which belongs to exchange interaction in melts ( G /RT), and the second 

characteristic describes the transition of the corresponding solid phase into the liquid state              

( AXZ /RT). Using new thermodynamic parameters, the primary equations for symmetric 

isotherms of solubility of TRS phases were obtained.  In particular, for the solubility isotherms 

of salt AX in the TRS melts, this equation has the form:  

                                        0)1)(1(ln =−−−+
RT

Z
yx

RT

G
xy AX

                          (1) 

where x and y are equivalent fraction of ions 
+A and 

−X in the equilibrium melt, respectively. 

On the basis of these equations, we have derived for the first time the quantitative criteria for 

the existence of a homogeneous melt (complete phase solubility) of a fuel assembly and the 

conditions for the existence of equilibria of melts with their solid phases. More than that, we 

obtained conditions of limited solubility (stratification) in fuel assembly melts, as well as a 

number of other breakthrough results. It is concluded that, in comparison with the traditional 

thermodynamic approach, the platform of new variables is much more effective when applied 

to the analysis of phase equilibria of fuel assemblies. It can be recommended for the analysis 

of other phase systems as well as complicated physico-chemical process of solubility in 

general. 
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The regularities of elastic wave propagation in topographic waveguides, are widely used in 

flaw detection, aircraft industry, seismology and space industry. Using the method of non-

destructive testing in welding and soldering structures, the resulting defects are detected. 

Taking into account the peculiarities of the behavior of edge bending waves, compact devices 

are being created to monitor the state of the cutting tool. Topographic waveguides made of 

elastic materials can be used as delay lines, and can also be used as filters to suppress false 

signals. In previous studies [1 – 6], based on the hypotheses of plates of variable stiffness of 

the Kirchhoff type [1 – 4] and the Timoshenko type [5, 6], using the variational principle of 

Hamilton-Ostrogradsky, semi-analytical methods were developed for constructing dispersion 

dependences for wave modes, propagating in elastic orthotropic topographic waveguides with 

different types of cross-sections. In [1], oscillations of an infinite orthotropic wedge-shaped 

waveguide were studied. Using the developed method, the relative phase velocities of the first 

two modes are found. For an isotropic material, a comparison was made with similar results 

obtained from the well-known geometric-acoustic theory. An orthotropic topographic 

waveguide limited in height with a triangular cross-section was studied in [2]. In [3], the 

dispersion properties of orthotropic topographic waveguides limited in height were studied 

depending on the geometry of the cross-section. The dispersion sets obtained are compared 

with the results of [2]. In [4], oscillations of a semi-infinite plate waveguide were studied and 
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compared with the results obtained for the Konenkov flexural wave. In [5], for a Timoshenko-

type model, vibrations of a topographic waveguide limited in height with a triangular cross-

section were studied. In [6], a topographic waveguide with a cross-section in the form of an 

isosceles trapezoid was studied, and the functional, constructed for a Timoshenko-type model, 

was compared with the functional, constructed for a Kirchhoff-type model, and described in 

[3]. A comparison was also made for models of the Timoshenko type and the Kirchhoff type. 

In [7], the features of wave processes in topographic waveguides with rheological properties 

were studied. A problem is formulated in operator form for a topographic orthotropic 

waveguide with an arbitrary cross-section, limited in height. The constructed dispersion curves 

for a viscoelastic waveguide are compared with similar curves, constructed for an elastic 

waveguide. In the present study, using the finite element method, the oscillation features of 

isotropic and orthotropic height-limited topographic waveguides with a triangular cross-

section are studied. The cut-off frequencies obtained by the semi-analytical method are 

compared with similar results, obtained using the FlexPDE finite element package. 
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References 

[1] Vatulyan A. O., Parinova L. I. Study of Wedge Waves in Orthotropic // Vestnik DGTU, 5 

(4(26)), 491 – 499, 2005 (In Russian). 

[2] Vatulyan A. O., Parinova L. I. On the Elastic Waves Propagating Along the Edge of the 

Wedge with Small Opening Angle. In: Advanced Materials - Techniques, Physics, Mechanics 

and Applications, Springer Proceeding in Physics, Ivan A. Parinov, Shun-Hsyung Chang, 

Muaffaq A. Jani (Eds.). Heidelberg, New York, Dordrecht, London: Springer Cham. 193, 309 

– 319, 2017. 

[3] Vatulyan A. O., Parinova L. I. On The Study of Dispersion Properties of Topographic 

Waveguides // News of Universities North-Caucasus Region. Natural Sciences. 3, 10 – 17, 

2018. (In Russian) 

[4] Parinova L. I. On the Wave Propagating Along the Plate-like Waveguide. In: Advanced 

Materials Proceedings of the International Conference on “Physics and Mechanics of New 

Materials and Their Applications”, PHENMA 2018, Springer Proceeding in Physics. Ivan A. 

Parinov, Shun-Hsyung Chang, Yun-Hae Kim, 224, 487 – 494, 2019. 

[5] Vatulyan A., Parinova L. On the Use of Models of the Timoshenko Type in the Analysis 

of Wave Processes in Wedge-Shaped Waveguides. In: Advanced Materials – Proceedings of 

the International Conference on “Physics and Mechanics of New Materials and Their 

Applications”, PHENMA 2019, Springer Proceedings in Materials, Ivan A. Parinov, Shun-

Hsyung Chang, Banh Tien Long (Eds.). Springer Nature, Cham, Switzerland, 6, 383 – 389, 

2020.  

[6] Vatulyan A. O., Parinova L. I. A Study of Wave Processes in Elastic Topographic 

Waveguides // Acoustical Physics, 67(2), 101 – 107, 2021. 

[7] Vatulyan A. O., Parinova L. I. On Wave Processes in Viscoelastic Topographic 

Waveguides // Mechanics of Solids, 57(2), 50 – 60, 2022. 

 

 

 

 

 

 



189 

Triode-type Field Emission Cell with a Nanoscale Pointed Cathode 

 
G. A. Malakhov, I. L. Jityaev*, A. I. Kovalets, G. D. Gavrishchakin, A. M. Svetlichnyi 

 

Southern Federal University, Institute of Nanotechnologies, Electronics, and Equipment 

Engineering, Taganrog, 347922, Russia 

 

*izhityaev@sfedu.ru 

 

Important tasks in the development of field emission structures are the reduction of the 

geometric dimensions of the field emission cell, the reduction of the power consumption, the 

choice of materials that ensure the durability of the cathode and emission stability. Recently, 

increased interest has been observed in field emission nanostructures based on graphene films. 

Therefore, the aim of this work is to study a triode type field emission cell with a graphene-

based cathode on silicon carbide and a nickel control grid separated from the cathode by a 

silicon dioxide dielectric layer. Theoretical studies of design parameters make it possible to 

optimize the shape of the cell and take into account possible destabilizing factors [1]. The 

influence of the design parameters of the cell on the distribution of the electric field strength 

in the interelectrode space was estimated and the following series of studies were performed: 

(i) the influence of the SiO2 thickness in the range of 10 – 100 nm and the voltage on the 

control grid in the range from −5 to +5 V on the distribution of the electric field strength in 

the interelectrode space at fixed values of the interelectrode distance; 

(ii) the influence of the interelectrode distance in the range of 10 – 100 nm and voltage in the 

range from −5 to +5 V at the control electrode on the distribution of the electric field in the 

interelectrode space at a fixed SiO2 thickness;  

(iii) the influence of the height of the SiO2 layer and the control grid in the range of 900 − 990 

nm and the voltage in the range from −5 to +5 V at the control electrode on the distribution of 

the electric field in the interelectrode space at fixed values of SiO2 thickness and interelectrode 

distance.  

The dependences of the electric field strength on the design parameters of the triode-type field 

emission cell were obtained on the basis of the simulation results. The obtained dependences 

made it possible to determine the design parameters of the field emission cell at which the 

maximum values of the electric field strength are reached at the top of the field emission 

cathode. It was revealed that the minimum allowable dielectric thickness to ensure the absence 

of electrical breakdown is 50 nm. A decrease in the interelectrode gap leads to an increase in 

the electric field strength by 37 – 160 % for a fixed dielectric thickness of 50 nm. A change in 

the potential of the control electrode from −1 to +5 V and an increase in its height from 900 

to 990 nm leads to an increase in the electric field strength by 6 – 32 %. 

References 

[1] Jityaev I. L., et al. // J. Vac. Sci. Technol. B, 37, 012201, 2019. 

 

 

 

 

 

 



190 

The Electromagnetic Field Localization Method in the Topology of a 

Microwave Double Ring Split Resonator 

 
I. V. Malyshev*, E. V. Nikolayev, A. A. Fedotov 

 

Southern Federal University, Taganrog, Russia 

*ivmalyshev@sfedu.ru 

 

Based on the electrodynamic analysis of the double ring split resonator topology, the filling of 

the resonator internal space with electromagnetic power is revealed. The picture of the 

electromagnetic field level distribution is shown in Fig. 1a. The propagation of 

electromagnetic power must be localized under study in the structure volume. The optimal 

solution lies in the location placement of the metallized polygon inside the resonator [1]. The 

width of the gap between the inner polygon and the resonator ring is chosen according to 

orientation of the region width with the maximum level of electromagnetic power in the inner 

resonator region.  This size corresponds to a value equal to half of the ring width. The image 

of the resulting topology is shown in Fig. 1b. In the result of further research, it was found that 

the location of radio-electronic path elements or microwave path elements is possible at the 

polygon place, because they do not influence on the resonator transfer characteristic. 

Application the sampling in the polygon location area allows us to use the internal space for 

placing other microwave structures or for interlayer transitions, which may be relevant, when 

modeling such structures in a multilayer microwave printed circuit board. The considered 

topology change does not shift the resonant frequency of the structure. In the transmission 

characteristics, one can detect an increase in the attenuation coefficient by 0.8 %. 

 

                              

(a)                                                          (b) 

Fig. 1. Results of ring resonator simulation: (a) distribution of electromagnetic power in the ring 

resonator, (b) proposed option for shielding of the resonator inner region  
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The most of investigators and designers, dialed with circuit boards for strip and coplanar 

transmission lines, show interest in developing of microwave and EHF transmission lines 

passive nodes [1]. When the substrate is represented as a chiral medium containing a uniformly 

distributed equal number of single-pass left- and right-helical elements (so-called modified 

Tellegen elements [2]), which are made of thin-wire metal spiral spring elements consisting 

of N turns with radius R, located at a distance h from each other, one can consider the theory 

of elements, set with next parameters: l is the length of the spiral in the expanded state, r is the 

radius of the wire [1, 2]. Maxwell's equations for such medium are determined by the known 

relations: �⃗⃗� = 휀0휀�⃗� ∓ 𝑖𝜒а�⃗⃗�  ,    𝐵 ⃗⃗  ⃗= 𝜇0𝜇�⃗⃗� ± 𝑖𝜒а�⃗� , where 휀0 and 𝜇0 are the electric and 

magnetic permeability of the vacuum; 𝜒а =  𝜒√휀0𝜇0  is the absolute chirality index; the  sign 

of plus corresponds to left-screw, and the sign of minus corresponds to right-screw spiral 

inclusions. The chirality coefficient unites the chiral properties in the form of a constant, 

having the linearly dependence on the frequency and conductivity of the entire substrate [1 −  

3]. It is known that, when metamaterials are represented as a set of chiral elements distributed 

in a homogeneous container with a medium, the material Maxwell-Garnett relations take place 

[1], which have the form:              

               
𝜀−𝜀𝑠

𝜀+2𝜀𝑠
= 𝑛

𝜀𝑟−𝜀𝑠
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2+ 𝜔2

 ,     𝜒(𝜔) =  𝐴
𝛽0

2𝜔

𝑐(𝜔0
2+ 𝜔2)

 ,                  (1)                                                           

where: 휀𝑟, 휀𝑠 and ε are the relative permeabilities of the container, the Tellegen element, and 

the medium, respectively, 𝛽0 is a parameter associated with internal processes in the medium; 

c is the speed of light; A is a parameter proportional to the value of (R/r2)Nhl, 𝑛 is the 

concentration of spirals in the container. It follows to: 𝜒 =  
𝐴𝜔

𝑐𝑛

(𝜀𝑟+2𝜀𝑠)(𝜀𝑠−𝜀)

(𝜀+2𝜀𝑠)
 , which get 

possibility to associate three important parameters F, n and χ, which, with the total permittivity 

parameter 휀𝛴 = 휀𝑟 + 휀𝑠 +   , determines the main properties of this structure. The results of 

the calculations are given in Figs.1 and 2 for frequencies of UHF range F (20 – 30 GHz), for 

three values of the concentration n (n1 = 1011 m−3,  n2 = 1012 m−3,   n3 = 1013 m−3). These 

dependences are convenient for calculating the chirality coefficient and for solving 

electrodynamic problems related to determining of the parameters of chiral inclusions. 
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Fig. 1. Dependence of the (χn) parameter on 

the frequency F 

Fig. 2. Dependence of χ parameter on the frequency 

F for three values of the concentration n 
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It is known [1] that the mobility of charge carriers in III–V type semiconductors will determine 

the conductivity of the entire structure. When using the phenomenological approach to the 

description of kinetic processes, the mobility is determined on the basis of the quasi-

momentum and energy conservation equations, which can be represented as an equation for 

the average drift of charge carriers: dp/dt = eE – p/τ (where e is the electron charge, E is the 

electric field strength, p is the average drift quasi-momentum, τ is the average quasi-

momentum relaxation time) and their heating equations: dW/dt = eEp/m − −(W−W0)/τe (where 

τe is the average energy relaxation time, m is the effective mass of electrons, W is the bottom 

of the conduction band, T0 = 300 K is the temperature of the medium, k is the Boltzmann 

constant). In this case, the dependence of the effective mass of electrons on their kinetic energy 

is determined by the dispersion law. After representing the dependence: 1/m = f(W) in the 

form of a Taylor series expansion and limiting it to two members of this series: 1/m = 1/m0(1 

− pm(W−W0)/W0 and using the stationary case dW/dt = 0 we can get the components for the 

constant: 
𝑊00−𝑊0

𝑊0
 = 

𝑥2

𝑝𝑚(1+𝑥2)
  (where 𝑥 =

𝐸0

𝐸𝑡
= √

𝑝𝑚𝑒2𝜏𝜏э𝐸0
2

𝑚0𝑊0
  is the dimensionless strength of the 

constant electric field, 𝐸𝑡 = 
𝑚0𝑊0

𝑝𝑚𝑒2𝜏𝜏э
 is the strength of the threshold field of the Gunn effect) 

and the variable component W~. Taking into account the above relations, the expression for 

the current density can be written in a dimensionless form: X = 
𝑗~

𝑒𝑛𝐸~𝜇пл
= 

𝜇𝛼л+𝑗𝜇𝑟л

𝜇пл
 =

1

1+𝑗𝑥𝑦 
(1 −

𝑥2(2−𝑗𝑥𝑦)

(1+𝑥2)+𝑗𝑦
) (where μal and μrl are the low-signal volumetric active and reactive 

high-frequency mobilities [2]). Therefore, it is possible to find the components of the 

volumetric conductivity of the structure in the form: x = var (0.5 − 2.5). The numbering of the 

curves corresponds to different values of the external field strength: 1 – x = 1; 2 – x = 1.2; 3 – 

x = 1; 4 – x = 1.6; 5 – x = 1.8; 6 − x = 2.5 (see Figs. 1, 2).  
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Fig. 1. Frequency response of the normalized 

volumetric signal conductivity 

Fig. 2. PFC of the normalized low-signal 

conductivity 

 

From the obtained graphs, it is possible to determine the required values of the constant field 

strength, which provides the required mode of operation of devices at given frequencies.  

Reference 

[1] Malyshev I. V., Osadchiy E. N., Fil K. A. Methods for taking into account the energy 

dependence of the effective mass of hot carriers in the volume of AIIIBV semiconductors for 

various cases of dispersion // Engineering Bulletin of the Don, 4, 2017, 

ivdon.ru/magazine/archive/n4y2017/4396 (In Russian). 

[2] Malyshev I. V., Fil K. A., Parshina N. V. Nonlinearity of the diffusion coefficient of hot 

carriers in the bulk of a semiconductor under the action of electric and magnetic fields // News 

of Universities. Physics. 6, 3 – 6, 2017 (In Russian). 

 

Using Sequential Cascade Combining of Double Ring Split 

Resonators to Control the Frequency Notch Filters Response 

 
I.V. Malyshev*, N.V. Parshina, E. V. Nikolaev 

 

Southern Federal University, Taganrog, Russia 

 

*ivmalyshev@sfedu.ru 

 

Currently, research is being actively carried out on the use of double ring split resonators 

(DRSRs) for the formation of notch filters in the microwave frequency range. Such resonators 

make it possible to obtain a high-quality filter with smaller linear overall parameters in 

comparison with a bandpass filter (Fig. 1) [1]. The results presented in this report were the 

studies of three types of notch filters, based on the DRSR. Experimental studies of the filter 

gain, obtained in the result of measurements on a vector network analyzer, are shown in Fig. 

2. A filter, based on a single DRSR, gives a suppression value of about 12 dB. Filters are made 

by their cascade placement (Fig. 1).  

 

                                          
(a)                                                                   (b) 

Fig. 1. Printed circuit boards of notch filters: (a) filter based on single resonator; 

(b) filter based on three resonators. 
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Fig. 2. Microwave power transmission coefficient of filters, based on 1st, 2nd, and 3th DRSR types. 

 

The three-stage arrangement of the resonators increases the suppression ratio at the resonant 

frequency up to 30 dB.Similar elements with DRSR are structures for coplanar, strip and 

similar transmission lines. An increase in the number of pairs of split ring resonators makes it 

possible to increase the transmission coefficient (S21) by several times. The parameters of the 

modeled and fabricated working layouts of structures with several DRSRs can be adjusted by 

finely adjusting the overall parameters, that is also a practical convenience, when creating 

specific microwave devices [2]. 
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Among the wide range of ferroelectric materials, a special place is occupied by materials 

designed to work in extreme conditions. Such ferroelectric materials are characterized by the 

stability of electrophysical parameters under the influence of high temperatures and pressures. 

Strict operational requirements are imposed on converters used in aviation and space 

technology, energy, oil and gas complexes and others. The main properties of ferroelectric 

ceramics are formed at the sintering being the most important technological stage of 

production. The sintering process consists in the nucleation of grains and the formation of a 

ceramic frame responsible for the mechanical properties directly related to the dielectric 

characteristics of ceramics (since the piezoelectric effect is an electromechanical 

transformation). The aim of the work was to study the influence of manufacturing methods 
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and technological parameters on the functional characteristics of ferroelectric ceramics 

designed to work in extreme conditions. A material based on the Bi0.75Ti0.24Na0.01 system with 

relatively high values of the piezomodule d33, resistant to high temperatures (up to 500 °C) 

and uniaxial mechanical compression (up to 1500 kg/cm2) was selected as the model object of 

the study [1]. In addition to the conventional method of sintering in a chamber furnace at 

atmospheric pressure, there are more effective methods of consolidated sintering of ceramic 

materials, namely hot pressing and spark plasma sintering. Both sintering methods reduce the 

final sintering temperature and form a dense homogeneous ceramic structure. Recently, 

special attention has been paid to the spark plasma sintering (SPS) method, which allows not 

only to reduce the final sintering temperature, but also to significantly shorten the duration of 

the sintering process, used for sintering powder materials (technical, structural and 

ferroelectric ceramics). The SPS method provides the formation of fine-grained, close to the 

monophase structure of ceramics, compared with conventional sintering at atmospheric 

pressure. In this work, three sintering methods were used: the conventional method using a 

chamber furnace, the hot-pressing method and SPS. The quality of sintered ferroelectric 

ceramics Bi0.75Ti0.24Na0.01 was evaluated based on the results of scanning electron microscopy, 

experimental density values and electrophysical parameters. The study showed that the 

sintering of ceramics by hot pressing and SPS increases the density values by 14% and 20%, 

respectively, with a decrease in sintering temperatures by 160 – 200 °C. At the same time, the 

microstructure of ceramic elements obtained by consolidated sintering significantly differed 

from the microstructure of elements, obtained in a chamber furnace. Despite the homogeneous 

fine-grained and defect-free architecture of ceramic frames with increased density indicators, 

the values of the piezoelectric modulus (d33) and the relative permittivity (εТ
33/ε0) were the 

same. However, a significant reduction in temperatures and sintering durations by 50 times (!) 

significantly decreases energy consumption in the manufacture of ceramic elements and 

reduce their cost. Thus, the methods of consolidated sintering considered in this work are 

promising methods for producing not only ferroelectric ceramics based on the Bi0.75Ti0.24Na0.01 

system, but also previously studied PCR-8, BST, PMN-PT and other compositions [2 – 4]. 
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A direct boundary element approach for solving dynamic initial-boundary value problems of 

the three-dimensional linear theory of isotropic fully saturated poroelasticity is presented. The 

approach is based on the joint application of the Laplace transform and an original iterative 

algorithm for rational approximation of Laplace domain vector-valued functions [1]. The 

boundary element technique is based on the regularized Laplace domain boundary integral 

equations (BIEs) for displacements. A scheme based on a mixed approximation model is used. 

According to this scheme, the boundary surface of the region under consideration is 

approximated by quadratic elements, displacements are linear, tractions are approximated by 

constant elements. For spatial discretization, the collocation method is used. Iterative 

algorithm for rational approximation of Laplace domain vector-valued functions is used for 

adaptive sampling of the response functions over a given frequency range. It allows for 

computationally efficient (without oversampling) and accurate (without undersampling) 

representation of their main characteristics in the frequency domain. The described boundary 

element approach is used to solve dynamic problems of a suddenly applied load acting on a 

poroelastic half-space with various configurations: homogeneous, half-space containing a 

cavity, half-space with a slab rested on it, and a half-space with a tunnel. 
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Polyconjugated polyacrylonitrile (pPAN) is widely used in gas sensors as a sensitive element 

of a resistive type in gas sensors. It is known that this material has a significant advantage 

among electrically conductive analogs due to its gas sensitivity at low (room) temperature [1 

– 5]. However, to assess the effect of molecules and atoms by metals of d-, f-groups on the 

pPAN matrix and to study the structural and electronic properties, it is more promising to study 

the structure of Me-pPAN by multilevel quantum mechanical calculations. At present, the 
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methods of quantum chemistry is the only method for studying the structures and properties 

of materials, which makes it possible to study the possibility of the occurrence of chemical 

reactions and the products of their formation without financial costs and laboratory 

experiments. In addition, the successful use of the implementation of quantum chemical 

calculations is due to the speed of obtaining the necessary data. As part of the implementation 

of multi-level quantum mechanical calculations using basis sets (PM7, RHF/6-31G, DFT/cc-

PVDZ), the structural and electronic properties of the “pPAN – Cr2O3” cluster model were 

evaluated. The frequency of stretching vibrations for pPAN was calculated, the optimal 

interatomic distances and the Mulliken distribution of point charges on atoms in the initial 

molecules and in the cluster model were calculated, as well as the volume parameters and the 

values of the HOMO-LUMO EHL gap for Cr2O3. In the process of optimizing pPAN by the 

DFT/cc-PVDZ method, the characteristic vibration frequencies of individual functional 

groups (1700 – 1600 cm−1) were determined, which correspond to the v(C=N)calc vibrations, 

weak deformation vibrations in the range of 1470 – 1410 cm−1 belong to H−C−H, stretching 

vibrations v(C−H)calc in the region of 3000 − 2960 cm−1 are also identified. Additionally, it 

was established that the introduction of a Cr2O3 molecule into the pPAN structure leads to an 

increase in the contact surface area and to a redistribution of point charges, which confirms 

the results presented in [7, 8]. 
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The use of modern high-performance computer systems allows solving quite complex 

problems in modal analysis, calculating the stress-strain state of building structures and 
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determining their bearing capacity. The work considers supports of shallow water (diving 

depth up to 50 m) production complexes of offshore oil and gas structures. The support in 

question is used for its functional purpose to store the obtained oil product and is a hollow 

concrete cylinder tapering upwards, coated for protective purposes from the outside and from 

the inside with a layer of metal. The problem is considered as an axisymmetric problem in a 

linear statement. Lower end of column is rigidly embedded in base, located at sea bottom. At 

the upper end there are above-deck structures, modeled by the attached mass. During its 

operation, the support can experience complex rather heterogeneous loads: the effect of wind 

on the surface of the support; the effect of wind on the above-deck structures, reduced to 

additional force applied to the upper part of the support; impact of waves on the upper part of 

the support; the effect of the bottom currents on the part of the column under water; 

fluctuations of support base caused by earthquakes, hydrostatic pressure of oil stored inside 

the column. For offshore oil and gas production facilities located in the northern seas, 

additional bulk action of ice on the surface part of the support is possible. All these loads have 

a constant deterministic component. However, at the same time, they can all have, in addition 

to the deterministic, also a stochastic component. The work builds a mathematical model of 

such a support. In the software complex of finite-element analysis ANSYS, there are built 

finite-element model of support, performed analysis of own oscillation frequencies [1, 2], 

calculated stresses and deformations occurring in support over its entire height depending on 

applied loads [3 – 5]. Calculations are performed both for averaged values of deterministic 

loads acting on the support, and taking into account stochastic components. The contribution 

of the latter to the emerging stress-strain state is evaluated. 
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The solution to the important problem of preserving and restoring populations of valuable fish 

species is to create a cryobank of reproductive cells. However, in order to create it, it is 

necessary to effectively protect the cells from damage during cryo-freezing. To date, the most 

relevant method of protection is the use of a cryoprotectant at the equilibration stage. 

Reproductive cells placed in the cryoprotector represent a certain suspension. Exposing this 

suspension to an acoustic field with specially selected parameters allows the cryoprotectant to 
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penetrate the cell more quickly, which leads to an increase in the survival rate of reproductive 

cells. In this report, we build a mathematical model of acoustic impact by a piezoactuator on 

the cryoprotector, which contains fish reproductive cells [1 – 3]. Within the framework of 

continuum mechanics, the equations of linear elasticity theory; equations of linear 

electroelasticity theory; equations of motion of liquid and gaseous media in the acoustic 

approximation are used. To these equations, the corresponding boundary conditions for 

mechanical and electric fields are added. The suspension is in a standard glass laboratory low 

graduated beaker B-1-50 XC and simulated by a homogeneous liquid medium with some 

averaged parameters. Acoustic waves are excited by a piezoactuator glued externally to the 

bottom of the beaker at the center. A circular plate of piezo-ceramics, pre-polarized to the 

thickness, is used as a piezoactuator. Electrodes of negligibly small thickness are placed on its 

front surfaces. The piezoactuator causes bending oscillations of the bottom of the beaker, 

which leads to effective excitation of the acoustic field in the suspension. The geometrical 

model of the considered problem and the corresponding finite-element mesh are constructed 

in the program complex of the freely distributed (free software) finite-element analysis 

software ACELAN. The modal analysis is performed and the dependence of the natural 

frequencies of resonance, antiresonance, and electromechanical coupling coefficient on the 

piezoelement radius is found. The piezoelement radius at which resonance occurs at the first 

bending mode of oscillations is determined. Analysis of the velocity and pressure field in the 

acoustic medium shows that at the resonance frequency the phenomenon of stirring of 

suspension inside the occupied volume is also observed. This phenomenon contributes to 

intensive penetration of the cryoprotectant inside the reproductive cells and ensures their 

protection from damage during cryo-freezing. 
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The basis of the forecast of the load capacity of the designed construction structure is the 

correct determination of the strength indicators of the used construction materials. When 
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designing masonry, these indicators are established on the basis of compression and bending 

tests. The methods of such tests are regulated by state standards. During the tests, it is assumed 

that the samples should be in a uniaxial stress-strain state. However, triaxial compression is 

practiced due to a number of reasons, among which the presence of contact friction forces 

between the sample and the plate of the test press. In addition, the support face of ceramic 

bricks always has some deviations from flatness. This does not ensure uniformity of load 

distribution on the entire support surface [1, 2]. In this regard, in preparing the samples for 

testing, the surfaces are pre-aligned. As an alignment method, according to the standard, 

grinding must be used. Such grinding is not only a very time consuming and unsafe method, 

but also leads to a systematic error during testing. Moreover, the friction forces between the 

contact surfaces of the body and the metal plates of the press must be taken into account. This 

coefficient of friction depends significantly on the method of brick surface alignment. In the 

work, a finite element model of the tested ceramic brick was built, the corresponding boundary 

conditions were set [3]. The numerical experiment was performed in the software complex of 

finite element analysis ANSYS using eight-node three-dimensional finite elements. In 

addition, a number of field trials were carried out. Based on the results of field and numerical 

experiments, it was found [4, 5] that the method of preliminary alignment significantly affects 

the value of the coefficient of friction between the supporting surface of the brick and the press 

plate. This in turn affects the value of the friction force, which leads to the appearance of a 

complex three-dimensional stress-strain state and significantly affects the deformation 

conditions of the samples. Ultimately, this leads to a distortion of the test results. In order to 

reduce this effect and achieve uniaxial compression, it seems appropriate to further adjust the 

standard test method. 
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In oilfield engineering, steel, as well as non-ferrous metals and cast iron, are mainly used as 

structural materials for the manufacture of equipment in the fields [1]. Designers in the 

development of parts are faced with the problem of choosing a material, since the work of 

tools, machines, apparatus and structures used in the oil and petrochemical and gas industries 
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are in different conditions, the selection of materials makes it necessary to look for criteria for 

a rational choice, and in some cases create new ones. types of alloys and non-metallic materials 

in relation to the working conditions. When choosing, it must be taken into account that the 

parts work under static, cyclic and shock loads, at low and high temperatures, in contact with 

various media, for example, for oil production in Siberia, it is necessary to choose a material 

taking into account not only heavy loads, but also take into account the effect of low 

temperatures at which metals exhibit a loss of plasticity and toughness and an increased 

tendency to brittle fracture. Operational requirements are of paramount importance in the 

selection of materials. To ensure operability, the material must have high structural strength. 

Structural strength is a combination of mechanical properties that ensure reliable and long-

term operation of a material under operating conditions. The most widespread in the oilfield 

machine building are steels, which for the manufacture of certain products are classified 

according to grades and strength groups [2]. Strength group is determined by mechanical 

characteristics, higher strength is achieved by varying the chemical composition of steel or by 

heat treatment [3]. A significant part of the equipment for drilling and operating wells is made 

up of metal pipes. These include kelly, steel, drill collar, casing and tubing. Let us consider 

the importance of the correct choice of material using the example of the choice of material 

for oil country tubular goods. Special drilling, casing and tubing pipes supplied according to 

GOST or international standards are used in drilling and operation of wells. The analysis of 

compliance of strength groups according to Russian and international standards has been 

carried out. In recent years, many Russian standards have been brought into conformity with 

international ISO and American API standards, the classification of strength groups according 

to these standards differs from that used in Russia. The operating conditions of downhole 

equipment, including drilling, production and production strings, are significantly difficult: 

high axial loads, cyclic tensile-compressive stresses, torsion, as well as abrasive and corrosive 

environments impose special responsibility on the selection of materials for oil country tubular 

goods, it is necessary to strictly observe values of ultimate loads by strength groups 

recommended by the standards. 
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High-temperature and high-pressure processes are required to produce high-quality materials 

such as metal smelting. In particular, precise control of the gas used during this process is 
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required. There are several methods to measure the state information of gas. Thermocouples 

are widely used for temperature measurement. On the other side, the tunable diode laser 

absorption spectroscopy (TDLAS) technique can simultaneously measure the temperature and 

concentration of the target gas. Hard to measure the information of gas that changes rapidly 

within tens of microseconds like an explosion phenomenon. This study, suggests a method of 

measuring the temperature of the flame generated during the explosion process. In this case, a 

real-time temperature measurement method TDLD, using the characteristics of the 

photodiode, was applied. The important factors in the measurement of the explosion process 

are pressure and temperature terms. The temperature was corrected by considering real-time 

pressure in addition to the existing optical measurement method. The temperatures obtained 

using the TDLD technique were evaluated relative to those obtained by the thermocouple and 

TDLAS methods. 
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The emergence of new structural materials, namely, layered structural materials with isotropic 

and transverse-isotropic layers and their use in various machines and equipment leads to the 

need to develop new methods for analyzing the results of diagnosing their condition. This is 

most relevant for cases of the use of multiple probing effects in the process of diagnostics by 

acoustic active methods of non-destructive testing. The problem of recognizing the diagnostic 

results obtained in terms of identifying the compliance of typical internal defects also remains 

relevant. The stress state is modeled in typical layered structural materials with isotropic and 

transverse-isotropic layers under various variants of multi-pulse probing impact. In the 

simulation, mathematical models were used to determine the stress state in isotropic and 

transverse-isotropic layered plates and layered cylindrical shells, based on the application of 

the generalized method of scalarization of dynamic elastic fields in transverse-isotropic media 

[1]. The obtained results are intended for a priori and a posteriori analysis in the process of 

diagnostics by acoustic active methods of non-destructive testing of the state of layered 

structural materials with isotropic and transverse-isotropic layers under multi-pulse probing 

impact in mechanical engineering, shipbuilding, aircraft construction, etc. 
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In [1, 2], optical interference devices are proposed for contactless measurements of the 

displacements of control object surfaces when diagnosing the state of structural materials by 

acoustic active methods of non-destructive testing and during experimental studies of the 

strength properties of power elements of various goods. These measuring instruments are 

developed on the basis of the method of illumination of the surface of the object of control by 

laser radiation (or the "luminous point" method) [3]. Their functional characteristics are 

sufficiently well studied in the process of conducting computational, theoretical and 

experimental studies, they have been tested and successfully applied to solving practical 

problems. A new design (modification) of measuring instruments has been developed [1, 2], 

which allowed expanding the functionality of known devices by providing the possibility of 

measuring spatial (linear and all angular components) displacements of the control object 

surface. The computational and theoretical modeling of the functional properties of the new 

measuring instrument was carried out, the results of which allowed us to confirm the 

achievement of the goals of its development. The obtained results are intended for use in the 

creation of new contactless optical interference measuring instruments for spatial 

displacements of control object surfaces.   
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The residual stresses that appear during the additive manufacturing process is one of the 

challenges this technology faces. This work is devoted to the study of some technical 

treatments  that help reduce residual stress, one of which is non-homogeneous additional 

volumetric heating that can be achieved through the skin effect phenomena. The study focuses 

on a developed mathematical model for estimating the temperature and residual stress fields 

in thermo-viscoelastic  cylindrical growing body, with analysis of the influence of the viscosity 

properties of the material and additional volumetric heating on reducing the residual stresses. 

The model of the process is carried out by recurrently solving a sequence of boundary value 

problems of full coupled thermoelasticity, that determine the thermoelastic response of the 

joints of the initial cylinder and the increasing number of attached layers. The initial data for 

each step is determined by the final values of the fields at the previous step, supplemented by 

the initial data for the attached layer. A closed-form solution is constructed for this problem 

and the temperature field on the growing surface is analyzed numerically for various accretion 

scenarios. 
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This paper presents a study of an ionization sensor of gases with a sensitive element based on 

a graphene-like film. The formation of a graphene-like film includes two stages: the formation 

of a relief sensitive element by the method of focused ion beams and the formation of a 

graphene-like film by plasmochemical etching in fluoride plasma. Silicon carbide was used as 

the substrate material, when creating the sensing element of the gas ionization sensor. The SiC 

substrates were previously chemically cleaned. The method of focused ion beams was used to 

form the pointed structures. The formed nanoscale structure was placed in the reactor of a 

plasma chemical etching plant, where the remaining gallium ions were removed in several 

stages after treatment with focused ion beams, and then a graphene film was formed on the 

surface of the structures in a fluoride plasma atmosphere by removing silicon atoms from the 

silicon carbide lattice. At the second stage, a dielectric layer was applied to the attachment 

points of the upper contact by plasma chemical deposition; silicon oxide was used as a 
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dielectric [1, 2]. In the result of experimental studies, structures with a depth of 900 nm, a 

height of 860 nm and a minimum structure size of 280 nm were formed. The manufactured 

mock-up of the sensing element of the ionization gas sensor has a low sensitivity threshold 

due to ionization processes, which ensures energy efficiency. Such detector devices can be 

integrated into various multifunctional environmental monitoring systems and control 

environmental parameters of the environment [3]. 
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This report presents a study of the modes of forming nanoscale structures on the surface of a 

silicon substrate by the method of focused ion beams. The regularities of the influence of the 

ion beam current, accelerating voltage and radiation dose on the morphology of the surface of 

nanoscale structures are determined. Due to the tendency to decrease the lateral dimensions of 

nanoelectronics and nanophotonics elements, the urgency of mastering new methods for local 

modification of the surface of substrates and structures with nanoscale resolution increases. 

One of the promising methods for the formation of nanoscale structures is the use of focused 

ion beams (FIBs), which is used for maskless etching, deposition, as well as surface 

modification in the formation of nanoscale structures in micro- and nanoelectronics 

technology [1]. The method is based on the interaction of accelerated ions with the substrate 

surface, in the result of which various processes occur on the surface and in the subsurface 

layer: ion implantation, formation of a disturbed layer, sputtering of the material, etc. The 

minimum diameter of the ion beam in the FIBs method can reach 7 nm, which opens up wide 

opportunities for using it to form nanoscale structures of nanoelectronics and nanophotonics 

elements [2]. As a result, it was investigated that due to the overlap of the etching areas of the 

FIBs and the broadening of the ion beams due to an increase in the density of the ion flux at 

high doses, an increase in roughness is observed. The results obtained can be used in the 

development of manufacturing technology for nanoelectronics and nanophotonics instrument 

structures [3]. 
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The problem formulation for finite element (FE) models can be implanted in multiple ways. 

Packages usually rely on graphical user interfaces (GUIs) or scripting languages. While GUIs 

allow prototyping the geometry of model and visualize results, they usually lack the flexibility 

of scripting languages, including custom computational scenarios. The main purpose of 

ACELAN-COMPOS [1, 2] package is to solve series of boundary problems to estimate the 

effective material properties of the representative volume. The representative volume can be 

generated with different parameters and each combination of parameters requires new series 

of computation. Such tasks require both automation of parametrized numerical experiment 

and interactive visualization of the representative volumes. Some computational results 

obtained during the experiment can be used on the next step of the series. This set on 

requirements led us to development of new web application that relies on interactive editor 

with domain specific language (DSL) for modelling of composites and has distributed scalable 

back-end architecture. In this study we present approaches to build parametrized interactive 

FE models with specific type of caching that allow us to reduce time of numerical experiments.  

The structure of the application consists of three parts: client application that includes 2D and 

3D visualization and text editor with syntax highlighting, webserver which stores sessions and 

cache, parses the input scripts, and distributed computational tasks between multiple 

computational nodes, and set of computational nodes responsible for solving different FE 

problems. Computational nodes have different specification for different tasks: CPU, GPU or 
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memory could be the most important for the problem, and web server select the most suitable 

node for a problem with the respect to current load of the node. This architecture allows one 

to perform series of experiments in parallel queues and balance the load on the computational 

nodes. Set of policies implemented on the server allows simultaneous access to the model for 

multi-user editing or viewing and sharing parts of models.  
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Earlier, in [1] we studied the dielectric spectra of solid solutions (SSs) of the (1 – x – y) 

NaNbO3 – xKNbO3 – yCdNb2O6 system with x = 0.05 – 0.20, y = 0.075 in the temperature 

range 300 − 1000 K, and in [2] these studies were continued in the low-temperature 10 − 300 

K region, with the object being SS with x = 0.15, y = 0.025. Taking into account the current 

interest of researchers in lead-free compositions and the possibilities of their use under critical 

conditions under the effects of ultra-low temperatures, in this work the concentration range of 

the components included in the SSs is expanded and a spectroscopic analysis of the dielectric 

properties of the SSs of this system in the field of "nitrogen" and "helium" temperatures is 

undertaken. At the same time, studies of the real, 휀′/휀0,, and imaginary, 휀′′/휀0, parts of the 

relative complex permittivity depending on the frequency of the alternating electric field, f, were 

carried out on unpolarized samples in the temperature range 10 – 330 K using LCR-meter 

Wayne Kerr 6500 B. The samples were cooled using a CCS-150 closed-type helium refrigerated 

cryostat manufactured by Cryogenics. Temperature control was carried out using a LakeShore 

331 temperature controller, which allows maintaining the set temperature with an accuracy of ± 

0.01 K. During measurements, the samples were placed in the vacuum chamber of a cryostat, 

and the vacuum was created with a Boc Edwadrs turbomolecular pump. Figure 1 shows the 

dependences 휀′/휀0(𝑓, 𝑇), combined with the results obtained in [1]. It is clearly seen that, in 

addition to the extremum 휀′/휀0 at the Curie point, in the ferroelectric region below room 

temperature, at first (for small values of x) a small local maximum 휀′/휀0 is formed, which 

gradually (as the system is enriched with potassium niobate) is smeared and becomes to the 

inflection point at significant concentrations of KNbO3. The nature of the emerging anomaly 

is clarified with the help of low-temperature X-ray experiments. 
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Fig. 1. Dependence ε′/ε0(𝑇)of TS samples of the system (1 – x – y) NaNbO3 – xKNbO3 – yCdNb2O6 

with y = 0.075, x = 0.05 and 0.20 
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To improve the mechanical, electrical, and functional properties of porous piezoceramic 

compounds, A. Rybyanets et al. developed a new method for manufacturing piezocomposites 

by introducing different types of polymeric microgranules, which are filled or coated with 

metal-containing micro- or nanoparticles, into the ceramic matrix during the manufacturing 

process. With this approach, they produced a piezoceramic composite with superlattices of 

closed pores coated by metal nanoparticles, which is referred here to as the system with a 

metalized pore surface (SMPS). Computer simulation approaches for piezocomposites are 

required to obtain a prior estimate of the proportion of each component based on the needed 

equivalent characteristics. Since there are no constraints on geometry, material properties, 

number and size of phases in the piezocomposite, numerical inhomogeneity approaches, such 

as finite element analysis, appear to be a well-suited way to describe the behavior of these 

materials. The finite element homogenization approach predicts the equivalent properties of a 
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heterogeneous material by analyzing the constitutive mathematical relationships over a 

periodic/random representative volume element (RVE) using specific boundary conditions. 

Then, the homogenized properties are calculated from the finite element solution according to 

the law of energy conservation. Unlike periodic structures such as cellular solids, particle-

filled compounds lack a basic repeating unit that properly reproduces the microstructure of the 

composite. In fact, the microstructure of these composites is a matrix with a specific volume 

ratio of irregularly distributed impurities. Here, we are interested in modeling the effect of 

potential fabrication inaccuracies on the composite's effective properties. For this purpose, we 

introduced the regularity coefficient into the relationship determining the inclusion's volume 

fraction and generated an RVE with cubic inclusions of different sizes randomly dispersed 

throughout the piezoceramic matrix. The hollow metal inclusions are designed as cubes filled 

with piezoelectric material with minimal elastic stiffness, piezoelectric coefficients, and very 

high dielectric permittivity coefficients. Finally, we explored the effects of changing the 

regularity coefficient on the equivalent properties of the composite. The results of this work 

confirm that there is a good agreement between the results obtained using the periodic RVE 

and those obtained using the random RVE. The effects of the regularity coefficient on the 

equivalent properties increase as the inclusion’s volume fraction increases. The effective 

dielectric permittivity decreases as the regularity coefficient increases, increasing the 

effectiveness of the piezoelectric transducer in sensing applications. According to the findings, 

the volume fraction of the inclusions has a stronger impact on the electromechanical 

characteristics of SMPS compared to the regularity coefficient. The SMPS-based piezoelectric 

transducers are expected to perform well in piezoelectric motors and transverse piezoelectric 

sensors. The newly developed RVE in this work can be applied to model a wide range of 

composites with inclusions or pores of various sizes. 
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As it is known, the presence of impurity phases in ceramics, which are subsequently used as 

cathodes for the synthesis of thin films, can significantly affect the quality of the obtained 

materials. Therefore, the study of their granular structure, phase and elemental composition, 

the internal structure of crystallites using complementary methods (optical and electron 

microscopy) is relevant. One of the promising materials for the fabrication of thin films is the 

SrFe2/3W1/3O3 (SFWO) compound, a ferrimagnet with high TM and TC values. The magnetic 

phase transition in SFWO occurs in the temperature range 380 – 400 K, while the ferroelectric 

phase transition occurs in 420 – 490 K. The report presents the results of studying the grain 

structure and internal structure of cleavage crystallites of single-phase (according to X-ray 

diffraction analysis) ceramics SrFe2/3W1/3O3. The study was carried out using complementary 
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methods (optical and electron microscopy). It is noted that the cleavage proceeded mainly 

through the volume of ceramic crystallites, which indicates higher strength characteristics of 

grain boundaries compared to the grain volume. The grains are characterized by a prismatic 

habit, while their shape varies from quadrangle to hexagon. Ceramic has a very high density. 

An elemental analysis of the internal structure of the grain was carried out at a qualitative 

level, which showed that the composition is consistent with above formula. The spectrum of 

elements is well distinguishable with an acceptable natural background. An analysis of the 

crystallite sizes showed that grains of different sizes vary from 3 to ~18 µm. The average size 

is 9 – 11 microns. When considering the scatter of grains in size, a tendency for a symmetrical 

(normal) distribution was noted. which can be an important characteristic, when creating films 

based on SFWO. This kind of homogeneity can affect the mechanical properties (elasticity, 

surface tension, acoustic properties, etc.).  
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As in the case of material inhomogeneity, there is a lack of studies in the literature, devoted to 

theoretical modeling and identification of a complex inhomogeneous prestress state in 

cylindrical bodies. This is mainly due to the complexity of the mathematical apparatus and 

computational difficulties that arise at the stage of setting and solving the accompanying 

inverse problems. In the literature, there is often an approach to solving problems of modeling 

and restoring a uniaxial prestress field in cylindrical structures, based on a priori information 

that these stresses are formed as a result of applying some mechanical loads. For a finite 

cylinder that is inhomogeneous in the radial and axial directions, a weak statement is 

formulated that takes into account the presence of prestress fields of an inhomogeneous 

structure. The prestress tensor is given by four nonzero components that are functions of the 

coordinates. Two techniques are proposed for specifying the prestress fields for a cylinder 

clamped by one end. The first one is based on the calculating of the prestress field as a finite 

element solution of the corresponding initial statics problem on the deformation of a cylinder 

under the action of some preload; for that, the cases of initial swelling by internal pressure, 

pre-twisting and pre-stretching are considered. The second way is based on the construction 

of analytical solutions for the ring in the case of swelling and twisting by the moments applied 

to the inner and outer boundaries, and also for the problem of stretching an infinite cylinder. 

A significant difference between the analytical and finite element solutions is observed in a 

fairly small neighborhood of the pinched end of the cylinder. The possibility of using 
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analytical solutions instead of numerical ones was demonstrated by analyzing the solutions in 

the vicinity of the clamped end and then analyzing the effect of prestress on the deformation 

characteristics of the cylinder. The calculated displacement fields in problems with analytical 

and numerical prestress differ insignificantly due to the conditions for fixing the cylinder. An 

influence of the three considered prestress types on the field of small superimposed 

displacements was analyzed; sensitivity analysis was carried out for three types of loading: (i) 

tensile load applied to the free end; (ii) swelling by internal pressure; torsion by a tangential 

load applied to the end. The computational experiments performed have shown that the highest 

sensitivity is observed mainly in the vicinity of the free edge. The inverse problem on the 

reconstruction of the intensities of the three considered prestress types is studied, when the 

additional data on the displacements field in the entire region is known. The system of linear 

equations for finding the inhomogeneous prestress amplitudes is built on the basis of weak 

statement equations. In the absence of noise in the input information, a sufficiently high 

accuracy of the inverse solution is observed. 
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Materials, based on organic substances with high electrical conductivity, are used for 

electronic and nanoelectronic devices (field-effect transistors, organic solar cells with high 

efficiency, chemical sensors). One of such materials is polyaniline (PANI), to being the most 

common representative of the class of conducting polyconjugated polymers with their own 

conductivity. PANI is a polymer consisting of oxidized and reduced fragments. Depending on 

the degree of oxidation, there are three main forms of PANI: (i) the fully oxidized form of 

PANI, namely pernigraniline; (ii) the fully reduced form of PANI, namely leucoemeraldine; 

(iii) PANI with a ratio of oxidized and reduced fragments equal to 1:1, namely emeraldine. In 

addition, the conductive properties of polyaniline, which are based on its electronic structure, 

can be varied by modifying the polymer with various compounds, in particular metal salts. 

The atomic and electronic structure of various forms of polyaniline and composites based on 

it PANI/Cu and PANI/Zr has been studied by spectral methods: UV and visible spectroscopy, 

X-ray absorption spectroscopy. The samples for the study were obtained by the acid-free 

method followed by thermostating [1]. The presence of two bands on the UV-spectra 

corresponding to the amine and quinonimine forms allows us to conclude that polyaniline in 

the studied samples is in a partially oxidized state. Doping of polyaniline with copper 

dihydrochloride and zirconium oxide-dichloride leads to a shift in the absorption bands, which 

indicates a change in the shape of polyaniline in PANI/Cu. Analysis of changes in the optical 

spectra of PANI and PANI/Zr composites showed that pure PANI is in the form of an 

emeraldine base, PANI-Zr composites at temperature control temperatures of 30 °C and 90 °C 

have the same degree of oxidation. The study of the features of the atomic and electronic 
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structure of various forms of PANI and PANI/Zr was carried out on the basis of quantum 

chemical calculations using the electron density functional theory and theoretical modeling of 

X-ray absorption spectra beyond the carbon edge using the FDMNES software package. The 

calculation of the density of electronic states obtained by the chains of polyaniline forms 

showed that the smallest band gap is in emeraldine, and it is approximately equal to 0.4 eV, it 

is 1.8 eV in leucoemeraldine, and it is 0.9 eV in pernigraniline. All the values obtained 

correspond to semiconductors. Polyaniline is characterized by the presence of unoccupied 

states up to the Fermi level. In the course of geometric optimization of the PANI/Zr composite 

based on the quantum chemical calculations, using the electron density functional theory, 

structural models were obtained and theoretical calculations of absorption spectra were carried 

out for them. Based on the analysis of NEXAFS spectra, it was found that PANI is the part of 

the Pani/Zr nanocomposite in the form of an emeraldine salt. The presence of zirconium in the 

composite causes the protonation of emeraldine. Zirconium interacts with the polymer chain 

through nitrogen atoms, which indicates that positively charged imine groups predominate in 

the composite, obtained by the acid-free method. 
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The main characteristics that make it possible to perform technological calculation of the mode 

of the main pipeline are: pipeline performance, physical properties of the transported 

substance, soil temperature at the depth of the pipeline axis and air temperature [1]. Physical 

properties are required, when performing hydraulic and thermal calculations for a pipeline. 

For this purpose, the values of density, viscosity, specific heat and Joule-Thomson coefficient 

are required at various pressures and temperatures [2]. Gas viscosity characterizes the ability 

of a gas to resist the movement of one part of the gas relative to another. The magnitude of the 

force of internal friction between two moving layers is proportional to the area of contact of 

these layers and the change in the speed of movement in the direction perpendicular to the 

plane of contact of the layers [3]. The coefficient of proportionality between the force of 

internal friction and the product of the surface area by the change in the speed of movement is 

called the coefficient of dynamic viscosity [4]. For example, the viscosity of a gas depends on 

the pressure, temperature and composition of the gas. The compressibility factor shows the 

ratio of the real volume of the transported substance to the ideal volume. These characteristics 

are necessary, when creating complex mathematical models that allow calculating the 

technological modes of operation of pipelines [5]. 
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It is known that a person practically lives in the field of electromagnetic radiation, that is the 

so-called "scattered" energy surrounds his. One of the types of devices collecting scattered 

energy is "harvester" (from English "Harvester" - a combine, a machine for harvesting), 

allowing one to collect and accumulate scattered energy to subsequent transmission and used 

by other devices. On the other hand, a modern person uses numerous small-sized electronic 

devices in his daily life, which make it more comfortable life. Their disadvantage is the 

constant need for their recharging. The task that has actively become developed in the last two 

dozen years is to use energy harvesters for nutrition (or recharging) of gadgets. The same 

problem also relates to medical gadgets (hearing aids, pacemakers, etc.). Here, the use of 

energy harvesters can help reduce dimensions, product costs, as well as an increase in their 

service life. The main materials used to convert the mechanical energy of motion, oscillations, 

vibrations into electrical are piezo- and ferroelectrics, the most applicable of which is zinc 

oxide, lead zirconate, Pb(Zr, Ti)O3, and niobate lithium. One of the serious problems in the 

development of harvesters of energy is the formation of ohmic and barrier contacts for 

removing the electrical signal. In some cases, it is proposed to use carbon nanotubes (CNTs) 

arrays, which can serve as highly elastic electrode materials of harvesting energy. CNTs 
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technology, the length of which exceeds several microns, is well known. However, for the 

harvesters of energy, using active material in the form of a film, it is necessary to have a CNTs 

length not higher than 1 μm. It is known that the length of the CNTs is affected by the thickness 

of the film of the catalytic material. In this work on the surface of oxidized silicon, a thin film 

of nickel (60 – 120 nm) was applied by the method of thermal vacuum evaporation (UVN-

2M, Russia). The cultivation of CNTs was carried out by plasma chemical deposition from the 

gas phase (PECVD, Russia). Studies of the parameters of formed carbon nanostructures were 

carried out on the scanning electron microscope (Nova Nanolab 600, The Netherlands). 

Studies have shown that nanostructures have a shape of a cone that have a diameter of the base 

of 80 – 250 nm. The diameter of the vertex was 50 – 100 nm. The height of the nanostructures 

was within 400 – 600 nm. 
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Recently, the properties of new semiconductor oxide materials and heterostructures based on 

them have been actively developed and studied for use in photosensitive sensors and 

photovoltaic devices. The optical properties of thin films of new materials, as a rule, are 

investigated by spectrophotometry. For this, thin films must be formed on transparent 

substrates, namely glass or quartz. However, in photosensitive sensors, these materials are 

applied to opaque substrates. In this case, the optical properties of the oxide material films 

deposited on transparent and opaque substrates may differ. On the other hand, the study of the 

photosensitive characteristics of thin oxide films directly during their formation allows one to 

reduce technological and financial costs. In order to study the parameters of the 

photoconductivity of thin semiconductor films and heterostructures, formed on opaque 

substrates, a setup was designed and manufactured. The work of the setup is based on 

measuring the kinetics of the photoconductivity of a resistive structure, based on the film under 

study, when it is irradiated with a LED with a given wavelength. Eight LEDs with a maximum 

radiation wavelength of 940, 660, 625, 525, 470, 400, 365 and 265 nm were chosen for the 

research. In addition, the design of the setup includes a pulsed constant voltage power supply 

AKIP-1101 (Russia), which makes it possible to regulate the energy characteristics of the 

radiation. To measure the characteristics of radiation, an ultraviolet radiation intensity meter 

CENTER 532 (China) and an illumination meter (luxmeter) CENTER 530 (China) are used. 

A sample of an oxide material film deposited on an opaque substrate is placed on a heating 

table, which provides heating of the film sample to 300 °C. Before the photoconductivity 

measurement process, contact metallization is formed over the film to create a photosensitive 

resistor. The electrical contact is provided by tungsten probes, and the photoconductivity is 
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monitored with a Tektronix DMM 4050 digital multimeter (China). Studies, carried out with 

samples of nanocomposite films of the SnO2 – ZnO composition with a Sn:Zn molar ratio of 

5:95, 50:50, and 95:5, the optical properties of which were investigated by us in [1], showed 

that the sample with Sn:Zn ratio equal to 50:50 had better properties, which is probably due 

to the higher concentration of SnO2 – ZnO heterostructures in the film. This leads to a higher 

concentration of centers of generation - recombination of charge carriers and, accordingly, to 

lower lifetimes of charge carriers.  
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In connection with the development of microelectronics and micro-electromechanical 

systems, much attention of scientists is drawn to the study of the stress-strain state of small-

sized bodies. When calculating the mechanical behavior of small homogeneous beam 

structures, non-classical models of continuum mechanics are usually used, for example, the 

gradient theory of thermoelasticity, which takes into account scale effects. However, the 

bending of a layered and functionally graded microbeam, which occurred under the influence 

of a thermal load, has not been studied. In the work, in the framework of the beam theories of 

Bernoulli-Euler and Timoshenko, the scale effects that arise during thermoelastic bending of 

a layered and functionally graded microbeam are studied. Scale effects are taken into account 

using the one-parameter gradient theory of thermoelasticity. Equilibrium equations, boundary 

conditions and conjugation conditions are obtained by applying the Lagrange variational 

principle. Displacements and stresses are presented as the sum of solutions to the 

thermoelasticity problem in the classical formulation and gradient parts. The difference 

between the displacement distributions found on the basis of the solutions of the problem in 

the classical formulation and in the gradient formulation is shown. The influence of the 

mechanical and thermal gradient parameters, the conditions of fastening and loading, the 

thickness of the layers, as well as the laws of inhomogeneity on the magnitude of the beam 

deflection is studied. A comparison is made of the calculations, obtained in the result of 

applying the beam theories of Euler-Bernoulli and Timoshenko.  
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To calculate the strength of structures under thermal power loading, it is necessary to solve 

problems associated with finding the stress-strain state. Such calculations are most often 

carried out for homogeneous materials. However, today more and more heterogeneous 

materials used are the layered composites and functionally graded materials (FGMs). In this 

case, the thermomechanical characteristics of inhomogeneous materials can be determined 

only on the basis of the apparatus of coefficient inverse problems (COPs). Currently, a lot of 

research has been carried out on the solution of the COPs of thermal conductivity and theory 

of elasticity. For some materials, it is necessary to take into account the field coupling and 

solve the COPs of thermoelasticity, which are currently poorly studied for inhomogeneous 

materials. Usually, the study of inverse problems is reduced to solving the corresponding 

extremal problems and applying the gradient method for minimizing the residual functional. 

COPs of thermoelasticity are nonlinear problems. To solve such problems, the author 

previously applied an iterative approach, at each stage of which the Fredholm integral equation 

of the first kind was solved. On the basis of an iterative approach, the inverse problems of 

thermoelasticity for a rod, layer, and cylinder are investigated. At the same time, alternative 

methods for solving the COPs are used, for example, the method of algebraization. This work 

is devoted to the application of the method of algebraization to solve the COPs for an 

inhomogeneous thermoelastic cylinder. Two types of cylinder loading are considered, namely 

thermal and mechanical ones. The thermomechanical characteristics of the cylinder are 

functions of the radial coordinate. Unknown thermomechanical characteristics are presented 

in the form of a polynomial, the coefficients of which must be determined. To solve the direct 

problem after applying the Laplace transform, the Galerkin method is used. The Maple 

software calculates the determinant of a system of algebraic equations. This determinant 

becomes equal to zero for some values of the Laplace transform parameter p. To find these 

values, we approximate the additional information, measured at the boundary of a cylinder at 

some points in time in the form of a linear combination of exponential functions. The 

exponents in the expansions are found by the Prony method. In the result of substitution of the 

values of p into the determinant, we obtain a system of nonlinear algebraic equations, the 

solution of which is sets of numbers. The criteria for selecting a suitable set are: (i) limited 

thermomechanical characteristics; (ii) the minimum value of the residual functional.   The 

method of algebraization allows an identification with high accuracy only for monotonic 

functions, but with much less machine time than the iterative approach. For nonmonotonic 

functions, the solution obtained by the algebraization method can serve as an initial 

approximation in the iterative process.  
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The Ultrasonic Vibration Assisted Welding (UVAW) showed the effective solution to 

improve penetration, microstructure, and mechanical properties of the weld metal of SS304. 

Thus, the experiment was made on oscillation of the surface of SS304 tube by a piezo-actuator 

during the TIG orbital welding using metal filler. The TIG welding parameters were set for 

purpose of creating a full penetration and different ultrasonic vibration parameters (amplitude 

of voltage was 2 V, 4 V, 5 V; frequency was 400 Hz, 500 Hz, 600 Hz). The bead geometry, 

mechanical properties, and microstructure of tube welds were discussed in this report. The 

result illustrates that the finer and uniform microstructures of the weld zone are observed in 

samples that were assisted by the ultrasonic vibration (UV). The UV process has significantly 

affected the mechanical properties of tube welds. The highest tensile strength was 534 MPa at 

a voltage amplitude of 2 V and a frequency of 600 Hz, which is higher than for specimen 

without vibration (408 MPa). It is also found that the hardness slightly increases with the 

various frequency from 200 Hz to 600 Hz at a voltage amplitude of 2 V. 
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Phytoremediation is widely considered a sustainable method to treat polluted water sources. 

However, choosing the right plants is the key factor of successful implementation. Thus, this 

study evaluates the efficiency of using Vetiver grass (Vetiveria Zizanioides L.) to treat organic 

matter such as BOD5 and COD in the canal D, Binh Duong province, Vietnam. The major 

sources of wastewater are from the local residential and industrial areas in the canal catchment. 

A high concentration of organic matter has been observed in the water of canal D and were 

equal to 121±41 − 146±39 mg/L and 204±7 − 276±9 mg/L for BOD5  and COD, respectively. 

For the experimental, pilot tanks (dimension: 1×1×1 m3) designed based on constructed 

wetlands were built to culture the grass for five months, reaching stability and maturity. 
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Finally, water from the canal was led through the tanks with different loading levels of 500 

mL/min/m2 (T1), 1000 mL/min/m2 (T2), and 1500 mL/min/m2 (T3). Results show that the 

removal ratio of BOD5 and COD is more than 90% and 80%, respectively. High removal 

efficiency can be explained by the great contribution of Vetiver grass within the tanks based 

on vertical flow characteristics. Also, the loading level is considered a significant factor (p < 

0.05) affecting the treatment. Treated water that meets the Vietnam irrigation water standard 

can be reused for agricultural activities. 
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Clothing technology template is a special auxiliary clothing production tool, and it is a new 

mode of clothing production. Now the development of garment template technology is more 

and more extensive for many products; it is used for garment processing manufacturing 

process. Based on the theory of garment process template, this report introduces how to design 

and make the sewing template for jacket, a complex structure product. From the basic design 

principles, component composition and basic design steps of the template are analyzed from 

the structure of jacket prototype and process characteristics in order to provide beneficial 

reference for the template design process. The results of paper is going to solve the demand of 

garment enterprises for high-quality products, provides reference for the transformation and 

upgrading the designing templates process. 
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When a vehicle is braked, slip coefficient occurs at the tireprint between the tire and the 

ground, which affects the braking efficiency and safety of the vehicle. The authors establish a 

dynamic model of the tractor semi-trailer and use Matlab-Simulink software to simulate the 

slip coefficient. The results show that, when a tractor semi-trailer is braked with the torque MB 

= 80%MBmax on three types of roads with grip coefficient xmax = [0.8, 0.9, 1.0] at a speed of 

80 km/h, the slip coefficient is less than 5 %, the tractor semi-trailer moves stably and safely. 

When a tractor semi-trailer is braked on three types of roads with grip coefficient xmax = [0.5, 

0.6, 0.7] the slip coefficient is 100%, the tractor semi-trailer moves unstably and unsafely. 
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Fabric treated by natural essential oil was one of textile applications. Microencapsulation is 

the good method to keep the fragrance longer in fabrics. Because the odor is a psychophysical 

phenomenon so the evaluation of fragrance durability of fabric treated by natural essential oil 

was always the subject of many researches. At the same time, the quantitative determination 

of the fabric fragrance intensity is difficult and not always be agreement with odor 

characteristics, obtained by different testers.  In this report we used the quantitative method to 

evaluate the fragrance intensity, which was related the remained oil quantity on knitted fabric 

treated by microcapsule loaded by cinnamon essential oil. The evaluation was based on the 

combination of the expert method and diluted solution method. The research had carried out 

on single jersey fabric which were knitted from the Ne 40/1 CVC yarn (60% cotton and 40% 

polyester), then treated by microcapsule containing cinnamon essential oil. The influence of 

the fabric using conditions such as applied pressure and the duration by using for fabric 

fragrance intensity had been investigated. The results showed that fabric fragrance intensity 

remained only about 30% after 60 minutes in used under applied pressure of 15 mmHg.  
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After a period of using garment products, some deformation appears due to external forces 

such as laundry, ironing or body movements affecting the aesthetic value. The phenomena are 

more severe in tight-fitting sportswear which require a high elasticity.  Knitted fabrics which 

use the yarn combined elastic fibres in different proportions can promote elastic properties. 

This report investigated the creep relaxation behavior after 5 washing cycles to simulate the 

creep relaxation behavior of two groups of single jersey fabrics. The first fabrics were knitted 

from CVC yarn (60% Cotton, 40% Polyester) with four spandex setting levels: 100%, 50%, 

33%, 25% of total stitches. The seconds were knitted from TC yarn (35% cotton, 65% PES) 

with four spandex feeding ratios: 100%, 75%, 66%, 50% of total stitches. The fabric stress 

was calculated by Laplace's law to find the suitable applied load for the study. The three-

element viscoelastic model has been applied to build the equations, which simulated 

viscoelastic characteristics of the knitted fabrics. The results showed that the fabrics with more 

spandex yarn ratio had less total deformation and elastic deformation before and even after 

washing cycles. In the other hand the residual deformation increased while spandex yarn ratio 
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decreased. The equations simulated the fabric’s creep relaxation behavior had been created 

depended on the fabric’s elastic yarn ratio and the washing cycles. 
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Currently, graphene is a promising self-organizing material, which has a high carrier mobility 

and resistance to ionizing effects [1]. Thermal decomposition of the SiC surface is the main 

method for producing graphene films on the SiC surface [2]. The advantages of the method 

consist in low cost and the possibility of obtaining homogeneous nanocarbon films of a large 

area [3]. A significant drawback is that annealing is required at very high temperatures, which 

lead to the formation of high mechanical stresses. In this regard, it is important to study the 

use of a combination of focused ionic and plasma-chemical etching to obtain graphene films 

on SiC [4]. At the initial stage, the studies were carried out by the method of focused ion 

beams. A scanning electron microscope with an ion column NovaNanoLab 600 (FEI, 

Netherlands) was used, with the help of which templates for etching structures were formed, 

which were a torus with an outer diameter of 2 microns and an inner diameter from 600 to 800 

nm. The ion beam current was 30 pA. The accelerating voltage was 30 keV. The structures 

were then etched onto a silicon carbide substrate. In this experiment, studies were carried out 

for the formation of carbon nanostructures on the surface. This technology can be used for the 

formation of modern vacuum microelectronic devices, as well as for the development of 

pressure and gas sensors.  
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The structural, optical, and electrical properties of zinc oxide nanorod arrays, grown by 

carbothermal synthesis on oxidized Si (001) substrates, were studied. These rods served as the 

active element of the photodetector prototype. The prototype was made in several steps. First, 

a thin (~100 nm) ZnO film was deposited on the surface of oxidized silicon using pulsed laser 

deposition. Then, using a combination of direct and reverse photolithography methods, 

parallel ZnO strips were formed on the surface of the substrate with a length of about 4 mm, 

a width of 30 micrometers and a period of 30 micrometers. After that, using pulsed laser 

deposition, gold nanoparticles were deposited on the resulting system of strips, which acted as 

a catalyst for the growth of nanorods. Contacts to the resulting structure were made using 

silver paste. Studies using a scanning electron microscope showed that a dense network of 

misoriented nanorods grew in the space between the ZnO strips, while nanorods with a 

predominantly vertical orientation grew on the surface of the strips. The resulting nanorods 

had a relatively low concentration of point defects and had a high crystallinity. This was 

confirmed by studying X-ray spectra and photoluminescence spectra. The current-voltage 

characteristics of the prototype had a pronounced asymmetric diode nonlinearity. The 

photoresponse of the prototype was measured by exposure to a halogen lamp. Sections were 

cut out from the lamp spectrum using an MDR-2 monochromator, and the response was 

recorded at each wavelength segment from 300 to 800 nm with a step of 20 nm. To take into 

account the influence of intensity on the measurement results, the photoresponse of the 

prototype was normalized relative to the full spectrum of the used halogen lamp, obtained with 

a SOLAR TII monochromator-spectrograph. The obtained spectral intensity of the prototype 

showed predominantly ascending character from 300 to 800 nm with a pronounced peak in 

the interval from 340 to 380 nm. Next, a study of the time-resolved photoresponse of the 

prototype was carried out using a nanosecond laser. The prototype showed high sensitivity to 

optical radiation and a very fast response to single nanosecond laser pulses. To clarify and 

verify the reproducibility of the results obtained, a series of prototypes was made with various 

combinations of strips and rods, oxidized silicon, ZnO thin films and ZnO nanorods were 

studied. Various versions of silver contacts were also investigated, for example, deposited 

using a pulsed laser method. The obtained results explained the non-linear behavior of the 

current-voltage characteristics of the prototypes. 

Acknowledgement. This work was supported by the Russian Foundation for Basic Research, 

project 20-07-00637 A.  

 

 

 

 

 

 

 

 



222 

Drop Precision Control on Distribution of Medical Equipment and 

Medicines Using UAV for Hard-to-reach Areas Affected by Disasters  

 
Nuril Esti Khomariah*, Muaffaq Achmad Jani, Niken Adriaty Basyarach 

 

Informatics Engineering Department, University of 17 Agustus 1945 Surabaya, Indonesia 

 

*nuril@untag-sby.ac.id 

 

Indonesia is one of the Asian countries that is most frequently affected by natural disasters 

such as volcanoes and tsunamis. Disaster areas always experience severe damage, especially 

in transportation infrastructure. This resulted in delays in the delivery of aid such as food and 

medicine. In this report, we propose the application of UAV technology, which has the main 

function to help drive the aid delivery process. Delivery is prioritized for areas that are difficult 

to reach using land routes and urgently needed items such as medical equipment and 

medicines. The UAV is equipped with various supporting sensors to be able to fly to the target 

location point and be able to drop the package in a safe condition. The UAV also equipped 

with live streaming video, where users can see the conditions around the UAV in real time 

when flying. The drop point control system uses the Fuzzy Logic method. The system will 

determine the release time of the package based on the input data, that is air speed and altitude 

sensors. The drop point precision test was carried out on 5 variations of flying height, such as 

30 m, 40 m, 50 m, 60 m and 70 m. The results show that the flying height is 30 m, getting the 

smallest error, which is 11.48 m. While the largest error of 37.38 m was obtained when the 

UAV was flown at a height of 70 m. 
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The communication channel determines the design of telesystems, information content, 

reliability, usability, as well as the conditions for the passage of signals. It is the 

communication channel that is the main problem for telemetry systems while drilling due to 

the physical conditions of signal transmission [1]. The communication channels of telemetry 

systems for drilling rigs use hydraulic, electromagnetic, acoustic, electrically conductive and 

combined methods of information transmission. Each of these methods has its own advantages 

and disadvantages. The variety of drilling conditions, as well as economic feasibility, 

determine its area of application for each communication channel [2]. At present, an 

electrically conductive communication channel is widely used, since it does not require the 

expenditure of hydraulic energy and has high communication reliability, speed and noise 

immunity. The disadvantage of this type of connection is the presence of a cable in the drill 

string, which complicates the drilling process, and also increases the time spent on laying it 

and ensuring the cable is protected from mechanical damage [3]. The hydraulic 
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communication channel uses devices that create pressure pulses in the flow of drilling fluid. 

Such a communication channel has poor informational content due to the low speed of 

information transmission, as well as low noise immunity, consistency in the transmission of 

information [4]. The electromagnetic channel is based on electromagnetic waves that 

propagate between an isolated section of the drill string and the rock. On the surface of the 

earth, the signal is received as the potential difference from current spreading over the rock 

between the drill string and a receiving antenna installed in the ground at a certain distance 

from the drilling rig. The quality of communication in this case depends on the physical 

properties and the alternation of rock layers. The acoustic communication channel is based on 

sound vibrations that are transmitted in the borehole through the drilling fluid, drill string or 

surrounding rock. The complexity and variety of properties of the hydroacoustic channel in 

the borehole have led to its poor knowledge [5]. 
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Currently, communication networks with a heterogeneous topological structure, consisting of 

wired and wireless elements, are widely used [1]. Wireless and energy-saving technologies 

allow the creation of fundamentally new sensor networks [2]. They cover a wide range of 

frequencies, including real-time delivery and streaming of large amounts of data from one 

device to another. Wireless network elements often have a limited energy resource, since the 

nodes operate on batteries of chemical current sources. Therefore, the network has limited 

bandwidth and the probability of transmission errors increases [3]. In our case, it is very 

important that the sensor network works for a long time. In this case, data aggregation helps 

to reduce the amount of data transferred between the sensor nodes and the base station, and 

the chosen LEACH protocol is the solution to this problem. This is a hierarchical protocol in 
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which most of the nodes transmit data to the head elements of the clusters, which collect and 

compress data and then send it to the base station. This routing protocol provides power 

savings for the power supplies of the sensor nodes on the network, thus maintaining a long 

network life [4]. Each stage of the protocol corresponds to the clustering levels: the network 

is divided into groups (clusters) with head nodes (CH); head nodes are divided into their 

clusters. All operations in such a network are divided into rounds. In the initial phase for 

transmission, each time a master node is selected in the cluster. The choice is made 

independently by all nodes at the same time. Energy efficiency is a critical consideration, when 

using the wireless sensor network routing protocol. Efficiency, as well as energy balancing, 

significantly increases the service life of the elements of this network [5]. 
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Currently, a large number of  industrial companies are introducing new IT technologies, with 

the help of which they increase the safety and efficiency of production processes [1]. To 

minimize the human factor, the most effective is the use of automated monitoring of 

parameters using wireless sensor network technologies. The main elements of the network are 

wireless sensors, which are infocommunication devices consisting of microcontrollers, 

memory modules, ADC and DAC, radio frequency modules, sensors, and batteries. The types 

of sensors used depend on the monitored parameters of the elements of the technological 

process [2]. The data processing of the sensor network is carried out at the control station, 

which is the operator's computer. The elements of the sensor network implement the exchange 

of information among themselves using their radio frequency modules. In the event that one 

or part of the sensor nodes go out of the network, for example, due to a loss of battery power, 

then the functioning of the network is ensured after its automatic reconfiguration. The design 
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of sensor systems is carried out on the basis of network protocols that take into account 

international standards in the field of infocommunication technologies [3]. One of the efficient 

network protocols that provide reliable data transfer for industrial automation sensor networks 

is the ZigBee protocol. The main advantages of the protocol are: (i) international standard 

IEEE 802.15.4; (ii) automatic configuration of routing for a network with a large number of 

devices (up to several thousand); (iii) self-healing in case of router failure; (iv) exchange 

security using AES128 data encryption; (v) long-term operation of self-powered sensors [4]. 

The system structure of ZigBee technology consists of three main components: a ZigBee 

coordinator, a router, and an end device. Each ZigBee network should consist of one 

coordinator, which acts as a bridge to the network. The coordinator acts as a center for 

receiving and storing important information during data transmission operations. The ZigBee 

router acts as an intermediary between the information hub and the end devices, which allows 

traffic or commands to travel through them to the end device [5]. 
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Composite materials are widely used in various industries [1]. The unique properties of 

composites ensured their distribution in mechanical engineering, construction, optics, and 

other fields. An important factor determining the set of performance characteristics of 

composite materials, including the high sensitivity of electrical conductivity to external 

influences, is their structure. Impedance spectroscopy is one of the most effective methods for 

determining the structure and electrophysical characteristics [2]. In recent years, the 

possibilities of constructing impedance measuring instruments have significantly expanded 

due to the widespread use of digital signal processing technology [3]. For example, Analog 

Devices manufactures integrated impedance converters AD5933 and AD5934, on the basis of 
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which it is possible to implement portable frequency impedance analyzers with a measurement 

range from 100  to 20 MΩ in the frequency range of a probing signal from 100 Hz to 100 

kHz. High metrological characteristics of converters are achieved due to: (i) digital synthesis 

and tuning of the frequency of the sounding harmonic signal; (ii) formation of measurement 

results using digital processing of samples the signal of the measuring circuit according to the 

fast Fourier transform algorithm; (iii) digital correction of the temperature error, based on the 

data of the built-in temperature sensor [4]. The developed device is based on the analysis of 

the passage of a calibration signal of a certain frequency through a circuit with a complex 

resistance, followed by comparison with a reference voltage. In this case, the test signal is 

formed by the direct digital synthesis (DDS) method, and the value of the complex resistance 

is calculated through the values of the current and voltage on the measured element according 

to a programmable algorithm [5]. 
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The report considers the principles of building a communication channel for data collection 

systems of remote objects [1]. An important advantage of these principles is the possibility of 

rapid deployment, as well as spatial movement of system elements located in the area of the 

radio network [2]. If the automation elements are densely located, for example, within a 

workshop or factory, it is more reasonable to use a corporate network that is not charged. For 

these purposes, various wireless communication technologies can be used in telemetry 

systems. When building a network, it is necessary to take into account the specialized IEEE 

802.15.4 standard, which regulates the use of a wireless information network for industrial 

automation systems. This standard is the basis for the ZigBee, Wireless-HART, Mi-Wi, ISA-
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100.11 and Thread protocols aimed at building communication systems through the 

implementation of upper layers [3]. The ZigBee network is a priority, it contains three types 

of logical devices, which include the coordinator, the router and the endpoint. The coordinator 

is used to scan frequency channels, determine free channels and organize the network, create 

a network identifier, connect new network devices, etc. The functions of the router include 

packet retransmission, routing, and information buffering. Terminal nodes implement only 

application actions, that is they are engaged in data collection and management of remote 

objects and do not carry out retransmission [4]. ZigBee is a promising energy-saving standard 

for building local wireless networks. It is convenient to use it for building self-organizing and 

self-repairing communication lines with a large coverage area [5]. 
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In recent years, great interest has arisen in the use of carbon nanotubes (CNTs) as a basis for 

the creation of nanogenerators [1, 2]. This is due to the manifestation of anomalous 

piezoelectric properties when the centrosymmetric structure of CNTs is violated [3, 4]. 

However, studies in the research field of the mechanism of the piezoelectric response of CNTs 

and the dependence on the growth parameters are at the initial stage and require further 

investigations. Currently, piezoelectric force microscopy (PFM) is widely used for 

quantitative characterization of the piezoelectric properties of nanostructures. This method 

makes it possible to estimate the piezoelectric strain coefficient of a nanostructure, which 

reflects the dependence of its deformation on the magnitude of the applied voltage. The aim 

of this work is to establish the dependence of the magnitude of the piezoelectric strain 

coefficient of CNTs on the growth temperature by using the PFM method. The studies were 
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carried out on vertically aligned CNTs grown by plasma chemical vapor deposition (PECVD) 

at a growth temperature from 630 to 690℃. A 15 nm thick nickel film was used as the catalytic 

layer. A 100 nm thick TiN film was used as the bottom electrode. An NSG10/Pt AFM probe 

was used as the upper electrode. Measurements of the piezoelectric strain coefficient d33 were 

carried out by registering the dependence of the change in the CNTs deformation upon 

application of an alternating voltage U = UDC + UAC (sin φt), where UDC varied from 0 to ± 

10 V, UAC of ± 3 V, and a frequency φ of 5 kHz. Analysis of the obtained dependences showed 

that d33 was 15.03 ± 0.06 pm/V for CNTs grown at a temperature of 630 ℃; 

d33 was 4.05 ± 0.09 pm/V for 675 ℃; d33 was 7.29 ± 0.07 pm/V for 690 ℃. It was found that 

a decrease in the magnitude of the piezoelectric strain coefficient is observed with an increase 

in the CNTs growth temperature. This dependence is associated with a decrease in the 

defectiveness of CNTs with an increase in the growth temperature [5]. At the same time, the 

defectiveness is the main source of the piezoelectric properties of CNTs as a result of violation 

of the centrosymmetry of the CNTs structure [3]. Thus, in this work, we calculated the 

magnitude of the piezoelectric strain coefficient of aligned carbon nanotubes by the PFM 

method. It is shown that the magnitude of the piezoelectric strain coefficient of CNTs 

decreases with an increase in the growth temperature. The results obtained can be used in the 

development of promising nanopiezotronic elements based on aligned CNTs. 
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Energy harvesting technologies have been intensively developing since the beginning of the 

21st century, representing an alternative to traditional energy sources. Mechanical vibrations 

are common in all media used by man. Oscillations can be fruitfully used for the operation of 

the mechanisms of energy converters from mechanical to electrical. To do this, various devices 

are used that are implemented in the environment. The main elements of the environment are 

wind, fluid flow, ground vibrations. One of the cyclic elements can be used by generators, 
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containing rotating cyclic systems. Existing sources of energy collection based on vibrations 

and other mechanical influences seem to be more advantageous. The collection and conversion 

of energy from the surrounding oscillatory processes using piezoelectric elements is usually 

aimed at collecting energy to power low-power electronics, ranging on a scale from a few 

microwatts to milliwatts. Compared to thermal and solar-powered harvesters generating 

hundreds of watts, piezoelectric materials typically operate at several orders of magnitude 

lower energy levels. Certain advantages of piezoelectric conversion compared to thermal and 

solar collection are due to the fact that environmental fluctuations are often continuous due to 

system operating conditions that do not depend on unstable environmental conditions that 

change in time and space. Moreover, there are a huge number of reasons why thermal and 

solar energy may not be available. Finally, piezoelectric harvesters are especially useful in 

embedded systems. This review [1] presents the latest developments in the field of 

piezoelectric energy collection over the past decade, largely focused on experimental, 

analytical and computer model solutions obtained by Russian researchers, whose research is 

still not well known in the scientific world. The presented review is organized as follows: (i) 

medical applications are considered, including piezoelectric micropumps with microneedles; 

(ii) an overview of the models of energy rotating combines is given; (iii) the flexoelectric 

effect is discussed in relation to energy collection, based on experimental and analytical 

approaches; (iv) the results obtained for piezoelectric generators (PEGs) of cantilever and 

stack types are given; (v) some variants of piezoelectric actuators used for vibration isolation 

of aircraft structures are presented. 
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Despite more than half a century of research using the most advanced methods of measurement 

and calculation, the question still remains unanswered how local symmetry breaking of the 

long range order in relaxor ferroelectrics leads to the formation of unusual, and in many 

respects outstanding, macroscopic properties, such as ultra-high piezoelectric coefficients, 

high dielectric permeability over a wide range of temperatures, diffused phase transitions, 

strong frequency dependence of the dielectric response. Recently, there has been a new wave 

of interest to fundamental research of ferroelectrics-relaxors, which is associated both with the 

development of methods of experimental and theoretical analysis [1], the establishment of new 

records of macroscopic properties [2], and with new prospects for their practical application. 

Of particular interest to researchers is the amplification of piezoelectric and electromechanical 
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properties of such materials, the study of which at various spatial scales is devoted to this 

work. The macroscopic piezoelectric activity in the field of low electric fields was investigated 

by inducing piezoelectric resonance in non-polarized ceramic samples with a DC electric 

voltage from the range ± 40 V. In parallel, unipolar deformation curves, induced by the field, 

were obtained using the device for checking end length measures MICRON-02, 

nanovoltmeter/microohmmeter Agilent 34420A, and developed software for automatic 

control of the measurement process. Studies of the domain structure, local piezo-response and 

deformation were performed by force microscopy of the piezo-response using the NT-MDT 

Ntegra probe nanolaboratory. Scanning was carried out at a probe oscillation frequency of 5 

kHz and a bias voltage up to ±50 V. 
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Lead-free multiferroics in various solid states are being intensively investigated. This is due 

to both the large prospects for their use as sensors and detectors, and the great interest from a 

fundamental viewpoint. In this work, the phase composition, structure, and dielectric 

characteristics of the multiferroic ceramic Ba2NdFeNb4O15 (BNFNO) have been studied. X-

ray diffraction studies of ceramic samples at room temperature were measured by a DRON-4-

07 (CuKα radiation) and DRON-3 (CoKα radiation) X-ray diffractometers in the 20 – 110º 

angle range with a step of 0.02º. The calculation of the structure characteristics was carried 

out according to the standard procedure. Measurements of the relative complex permittivity 

ε*/ε0 = ε'/ε0 – iε''/ε0 (ε' and ε'' are the real and imaginary parts of ε*, respectively, ε0 is the 

dielectric constant) were carried out in the f  =  20 – 2  106 Hz frequency range and T = 10 − 

320 K temperature range following GSSSD ME 184 – 2011. It was found that the material is 

single-phase and has a tetragonal structure with а = 12.477 Å, с = 3.923 Å, V = 611 Å3 unit 

cell parameters at room temperature. It is shown that the anomalies at Т = 100 – 200 K on 

ε'/ε0(T, f) and ε''/ε0(T, f) dependencies are caused by a diffuse ferroelectric phase transition. 

With the temperature incensement of BNFNO the electrical conductivity increases, resulting 

in the possibility of free charges accumulation at various interfaces, when a measuring AC 
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field is applied to the sample. This will subsequently lead to the appearance of interlayer 

polarization effects (Maxwell – Wagner polarization). This, in turn, leads, from our viewpoint 

to the appearance of a second relaxation process, which makes a significant contribution to 

the paraelectric phase. 
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The mathematical model of non-stationary non-isothermal motion of real gas along a section 

of the pipeline is built on the basis of fundamental laws of conservation of mass, energy and 

momentum in gas dynamics, using the general propositions of thermodynamics without 

simplifying restrictions [1]. The problem statement is as follows. It is necessary to determine 

the gas pressure and its temperature at the end of the section of the main gas pipeline at a 

stationary non-isothermal flow, taking into account heat exchange with the environment [2]. 

The length of the main gas pipeline section is l = 200 km a pipe diameter of d = 1000 mm. 

The gas pressure Р1 and its temperature Т1 at the beginning of the section are equal to 10 MPa 

and 40 С, respectively; a gas pipeline capacity of Q = 30 million of m3/day; a soil temperature 

at the pipeline laying depth of T0 = 0 °C. The relative density of the gas transportation is Δ = 

0.6. The missing parameters or the gas flow regime are set on the basis of the available 

experience or recommendations, after which the adopted parameters are determined and their 

convergence with the accepted values is checked [3]. If the deviation exceeds the desired 

calculation accuracy or the mode differs from the expected one, the calculations are repeated 

in a different mode or with different values of parameters. Taking into account the accuracy 

of the instruments installed on the gas pipeline, the accuracy of determining the parameters of 

the section operation is set [4]. In this case, the accuracy of determining the pressure: ΔР = 

0.1 MPa and temperature ΔТ = 1 K. According to the simulation results, the gas pressure at 

the end of the P2 pipeline section will be 3.2 MPa, and its temperature at the end of the T2 

section will be 289.456 K. Thus, the gas pressure at the end of the section depends significantly 

on the productivity and the pressure with which the gas enters the linear section. Moreover, at 

a flow rate of more than 35 million of m3/day, there is a sharp drop in pressure down to zero. 

The temperature decreases slowly and tends to the ambient temperature [5]. 
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The paper presents the solution of the Laplace equation by the boundary element method using 

the Elmer software package. Elmer implements a direct version of the BEM as a modular 

solution written in the Fortran language. The discrete representation of the equation is 

constructed using the collocation method; nodes of approximation of boundary functions are 

chosen as collocation nodes. The domain boundary and unknown functions are approximated 

by linear elements. Regular integrals are calculated using the Gauss formulas. We consider a 

boundary value problem as a test for the Laplace equation in the domain with a boundary in 

the form of an ellipse having semiaxes a = 5 and b = 3 in the Cartesian coordinate system and 

centered at its origin. The potential and flux values at the boundary were obtained on seven 

grids with uniform partitioning and containing 20, 40, 80, 160, 320, 640, and 1280 boundary 

elements each. The obtained results show that the error in calculating the boundary functions 

at the points of the coarsest grid does not exceed 8%. With increasing the number of boundary 

elements, the numerical solution is seen to approach the analytical one and the relative error 

does not exceed 1% when calculating on a grid of 160 elements, and 0.3% on a grid of 1280 

elements respectively. Analytical and numerical results are in good agreement, thus the 

possibility of using the Elmer software for solving mixed boundary value problems for the 

Laplace equation by the boundary element method with sufficient accuracy in many 

engineering and research calculations is demonstrated. 
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In this paper, the motion of viscous incompressible fluid in a limited medium is computed by 

applying the means of the Julia programming language. As a test mathematical problem, a 

non-stationary diffusion problem is considered, that is stated for a second-order differential 

equation with two unknowns. Julia language is used due to its high performance [1] and 

popularity [2]. The motion of fluid is described by the Navier−Stokes equations, which are 

known to be reducible from their vector form: 

2U p
U U U

t
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to the vorticity transport equation for incompressible viscous flow: 

2U U
t
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, 

where U  is the flow velocity along x -axis, p  is the pressure,   is the kinematic viscosity, 

and   is the vorticity in flow [3]. If viscous diffusion is considered to act independently of 

convection, the latter equation becomes as  

2

t


 


= 


, 

which is the subject of discussion. The report aims to demonstrate the efficiency of various 

approaches to the stated problem, as well as the features of the Julia programming language.  
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The von Neumann architecture, which is still used in modern computers, has a number of 

narrow and technological barriers associated with the use of cache memory and the use of 

overheating. To overcome these barriers, it is necessary to create a new generation of artificial 

intelligence. This technology allows us to overcome technological barriers and create great 

opportunities for creating cognitive technologies, as well as to improve the Internet of things. 

In order to create the crossbar architecture, we developed a technology, based on the method 

of local anodic oxidation (LAO) under laboratory conditions. LAО was performed on a Ntegra 

probe microscope. At the first stage of experimental studies, oxide nanoscale structures were 

formed on the surface of pre-cleaned Si-substrates by the LAO method using a template. At 

the next stage of the studies, Ti was deposited on the formed substrate structures by magnetron 

sputtering using a VSE-PVD-DESK-PRO desktop magnetron sputtering vacuum unit. Then 

TiO2 memristor structures were formed on the surface of Ti-film by LAO method and used in 

the crossbar architecture as a working layer. The formed layer of TiO2 at −5 V showed a 

resistance of 1.4 ± 0.4 G (high-resistance state of the membrane structure), and at +5 V the 

resistance was 0.2 ± 0.1 G (low-resistance state of the membrane structure), which is typical 

for the working mechanism of the membrane structure. Thus, the results obtained can form 

the basis for the creation of nanoscale elements of neuromorphic artificial intelligence systems, 

modern computers and elements of synaptically similar electronics. 
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The work is devoted to the study of intelligent methods of information protection. The report 

describes the ways of possible application of artificial intelligence methods in the field of 

information protection, and also proposes an algorithm for the information protection system 

from anomalous requests. Artificial intelligence (AI) is present in all areas of our activity [1]. 
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Whether it is a household area or a commercial one. The growth in the number and variety of 

attacks on information systems is growing every year, and financial losses from the 

introduction of computer viruses and unauthorized access to the system also grow 

proportionally [2]. In this regard, the use of AI in the areas of information security is more 

often observed, which is a promising area of research. To ensure the security of network 

resources, a range of different specialized systems is used, such as load testing systems, 

network monitoring systems, management system tools, and intrusion detection systems [3]. 

Intrusion detection systems can be classified according to various criteria. Each of them has 

its own advantages and disadvantages. The report analyzes modern intrusion systems and their 

classification. A review of the positive and negative qualities of intelligent and traditional 

security systems allows one to give a clear answer to the question of more reliable and safe 

systems. Of course, AI-based systems are superior to traditional security systems, combining 

the performance of computers and emulation of the human thought process, intelligent 

solutions. The features of artificial immune systems, their elements and requirements for them 

have been studied [4]. An algorithm for detecting intrusions into information networks has 

been designed. It uses artificial immune systems to detect the presence of anomalies in network 

traffic, which makes it possible to increase the efficiency of threat detection [5]. 
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The problem of drying solids is described by the diffusion equations (1), (2), therefore as 

the unknown we can select the relative humidity φ. At the same time, many authors [1, 2] 

are consider the coefficients 𝑘, 𝑐, ρ, which characterize the speed of moisture movement as 

constant or dependent on coordinates, but they may also depend on the humidity itself φ, 

what makes the problem nonlinear. In mathematical formulation of the problem, for the 

components u of an unknown displacement vector and relative humidity φ, the system of 

differential equations has the form: 

∇𝝈 = 0, (1) 

∆𝜑 =
𝑐𝜌

𝑘

𝜕𝜑

𝜕𝑡
. 

(2) 

In the equilibrium equations (1) ,  mass forces are not taken into account. In diffusion 

equation (2), c is a specific heat coefficient of the solid, ρ is the density, k is a diffusion 

coefficient and in this formulation of the problem these parameters are considered constant. 

Cauchy’s equations have the form: 

𝛆 = (∇𝒖 + ∇𝑢T)/2. (3) 

By defining the equations, we take into account the linear dependence on φ: 

𝝈 = 𝜆tr𝛆𝑬 + 2𝜇𝜺 + 𝜘(1 − 𝜑)𝑬  (4) 

For the Young’s modulus 𝐸, the following three-parameter dependence on relative 

humidity and φ is: 

E = 𝛾 (𝛽
𝑒−𝛼(𝜑−0.5)

1 + 𝑒−𝛼(𝜑−0.5)
+ 1 − 𝛽), (5) 

where α, β, γ are parameters. Mechanical boundary conditions at the boundaries define 

absence of displacements and stresses. Boundary conditions for relative humidity at the 

boundary correspond to constant humidity and drying conditions across the boundary. 

As an example, we consider a two-dimensional problem for a rectangular area. Numerical 

simulation was carried out for the following values of physical constants and parameters 

from (4) and (5): 𝜘 = 1, 𝑘 = 1, 𝑐 = 1, 𝜌 = 1, α = 6, β = 0.8, γ = 10. The dependence of 

Young ’s modulus on relative humidity is shown in Fig. 1. The problem is solved by the 

finite element method in the FlexPDE package. Figure 2 shows the calculation schemes 

of the problem. Figure 3 shows a grid of triangular finite elements with cubic 

approximation on the deformed state of the domain for a non-stationary problem at the 

time when the solution goes into stationary mode. Figure 4 shows the von Mises stress 

distribution in the sealing area (Scheme a) at the end of the drying process. In the 

numerical experiment, the entire boundary of the region is stress-free and the same drying 
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conditions are set on it. At the same time, the shape of the region remains rectangular 

when entering the stationary mode, and the humidity becomes constant in all areas and is 

equal to the humidity of the environment. 

 
Fig. 1. Dependence of Young’s modulus on relative 

humidity  

Fig. 2. Scheme a and b 

   

Fig. 3. Grid on deformed body Fig. 4. Mises stress distribution 

 

Nonstationary model of drying of a solid deformable body relative to the components of 

the displacement vector and relative humidity is constructed assuming a smooth 

dependence of Young’s modulus on relative humidity, with the remaining constant 

physical coefficients. Numerical experiments were carried out for a rectangular area and 

a model material to determine the stress-strain state and relative humidity under various 

boundary conditions. The results of calculations qualitatively coincide with possible field 

experiments, which indicates the adequacy of the model.  
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Compressor stations (CSs) on the gas pipeline route are placed taking into account both purely 

technological and economic considerations [1]. In particular, it is necessary to strive to ensure 

that the placement of the compressor station meets the requirements for the convenience of 

their construction and operation. In addition, it should be remembered that the location of the 

compressor station along the route significantly affects the throughput capacity of individual 

sections and the gas pipeline as a whole, as well as the total capacity of the compressor station 

[2]. Using the gas pipeline throughput equation, the distance between the CSs at pressure P1 

at the beginning of the section and P2 at the end is determined. The theoretical number of the 

compressor station n0 is determined by the following relationship: n0 = (L – lk)/l – 1, where L 

is the length of the main gas pipeline, l is the length of the intermediate section, lk is the length 

of the end section. Since it is recommended to build a gas pipeline without looping, the 

fractional number of compressor stations is usually rounded up [3]. If the gas pumping unit is 

equipped with gas turbines, the capacity of the gas pipeline will decrease by the amount of 

fuel gas, which will lead to an increase in the lengths of the sections, the theoretical number 

of the compressor station in this case can be determined from the equation [4]: 
1

1 0

,
n

i T T

Q Q
L l a

Q n Q Q n Q

− 
= + 

−  −  
      (1) 

where ni is the number of the compressor station operating in the i-th section; α is the 

lengthening of the end section. In accordance with Equation (1), the arrangement of 

compressor stations is carried out taking into account the conditions for the construction and 

operation of the main gas pipeline [5]. 
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In this work, polyvinyl pyrrolidone (PVP) non-covalently functionalized multi-walled carbon 

nanotubes (MWCNTs), graphene nanoplates (GNPs) and MWCNTs/GNPs hybrids were 

respectively dispersed into epoxy adhesive to investigate their effects on mode I fracture 

toughness of unidirectional composite bonded joints through double cantilever beam tests. The 

synergy effects of MWCNTs and GNPs with different ratios were also studied. Testing results 

showed that 0.75wt% MWCNTs/GNPs (1:4) hybrid had the highest toughening effect of 

286% improvement compared with pure adhesive. In addition, PVP was proved to have a 

positive effect on improving fracture toughness for single nanofillers while it declined the 

toughening effect of MWCNTs/GNPs hybrids. Furthermore, the fracture micromorphology of 

adhesive layer as well as the toughening mechanisms of MWCNTs, GNPs and 

MWCNTs/GNPs hybrids were analyzed. 
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Complex perovskites Pb2В
2+W6+O6 (В = Mg, Co, Mn) are antiferroelectrics and are 

characterized by a high degree of ordering of В2+ and W6+ ions. For many applications, in 

particular for solid-state energy storage, it is desirable to reduce the strength of the electric 

field required to induce the ferroelectric phase and increase the smearing of the maximum of 

the dielectric constant. Both of these goals can be achieved by partial disordering of the В2+ 

and W6+ ions. Very low melting points of tungstates, however, do not allow using traditional 

methods of changing the degree of ordering, such as prolonged annealing at high temperatures 

[1, 2]. We made an attempt to use high-energy mechanical activation for partial disordering 
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of Pb2В
2+W6+O6. This method previously succeeded in disordering a number of complex 

perovskites of the Pb2B
3+B5+O6 type (B3+ = Yb, In, Sc; B5+ = Nb, Ta) [3 – 6]. The use for 

mechanical activation of a high-energy planetary-centrifugal mill - activator AGO-2 with the 

acceleration of steel balls 40 g made it possible to reduce the time, required for the synthesis 

of Pb2В
2+W6+O6 (В = Mg, Co) from 20 – 30 hours down to 10 – 20 minutes. X-ray structural 

studies have shown that the Pb2В
2+W6+O6 powders obtained by mechanochemical synthesis 

have a high degree of ordering S = 0.9 – 0.95. At the same time, the temperature Тm and the 

diffuseness degree of the dielectric constant maximum of the Pb2В
2+W6+O6 ceramics sintered 

from these powders depended strongly on the sintering temperature in contrast to the degree 

of the В2+ and W6+ ions ordering, which varied relatively little. Samples with diffuse maxima 

of the dielectric constant exhibited relaxor-like properties; in particular, the dependence of Tm 

on frequency was well described by the Vogel-Fulcher law. Tm values changed by 50 – 150 

K, when the firing temperature was varied within 600 – 1000 °C range. Since the degree of 

chemical (compositional) ordering S, according to X-ray diffraction data, almost does not 

depend on the firing temperature, possible reasons for such a strong dependence of properties 

on the firing temperature can be a change in the size of ceramic crystallites and/or 

contamination of powders with iron during high-energy mechanical activation in steel drums 

using steel balls, leading to the formation of a solid solution Pb2В
2+W6+O6 – Pb3Fe2WO9.  
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Ceramic samples of BiFeO3 (BFO) solid solution with highly-ordered complex perovskite 

SrFe0.5Sb0.5O3 (SFS) were fabricated by high-pressure synthesis at 4 – 6 GPa. The temperature 

dependences of loss tangent tanδ and the real part ε' of the complex dielectric constant ε* were 

investigated in a wide range of temperatures (15 – 600 K) and frequencies (100 Hz – 1 MHz). 

Measurements at higher temperatures were not carried out because of the danger of 

transformation of the metastable perovskite phase obtained by synthesis under high pressure 

into the pyrochlore phase, which is stable at atmospheric pressure. All the samples studied had 
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substantial conductivity and showed at low frequencies very high ε' values above room 

temperature. In contrast to the previously investigated similar (1 – x)BiFeO3 – xPbFe0.5Sb0.5O3 

solid solution system, in which diffuse ε'(T) maxima associated with the ferroelectric  phase 

transition, appeared at high frequencies for compositions with x > 0.6, in the (1 – x)BiFeO3 – 

xSrFe0.5Sb0.5O3 samples no such maxima were observed. The ε'(Т) and tanδ(Т) dependences 

of most of the studied (1 – x)BiFeO3 – xSrFe0.5Sb0.5O3 samples did not show the relaxation 

maxima. At the same time, these dependences exhibited poorly resolved anomalies. 

Apparently, they correspond to maxima, which are masked due to high conductivity. For a 

more detailed analysis, the so-called modulus spectroscopy was used. It was found out that 

temperature dependences of the imaginary part M'' of the complex electrical modulus M* = 

1/ε* usually have one or two relaxation maxima. The temperature dependences of the 

frequencies corresponding to the maxima of both tanδ(Т) and M''(T) dependences are well 

fitted by the Arrhenius law. The values of thus obtained relaxation activation energy fall within 

0.35 – 0.4 eV range. These energies correspond to the relaxation of electrons trapped on the 

energy level created in the band gap by the singly-ionized oxygen vacancy (tenths of an eV) 

[1]. These data allow one to assume that dielectric relaxation in the compositions studied is 

due to the hopping of electrons captured by oxygen vacancies. 
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Ternary graphite nitrate co-intercalation compounds with ethyl formate, ethyl acetate, acetic 

acid, formic acid, acetonitrile and 1,4-dioxane were prepared and used as a source of thermally 

expanded graphite (TEG). Obtained cointercalates demonstrated a good thermal expansion 

ability: the thermal expansion coefficient, determined for considered compounds, was within 

340 – 380 cm3·g−1. Few-layer graphenes were obtained by sonication of TEG in tert-butanol.  



242 

     
Fig. 1. Representative TEM image along with corresponded SAED patterns of carbon nanoparticles, 

obtained by TEG900 (a) and TEG500 (b, c) sonication in tert-butanol 

 

Planar sizes of the as-prepared few-layer graphenes reached several tens of μm and the 

thickness was within 1 – 10 atomic layers according to TEM data (Fig. 1a). The co-intercalate 

of graphite nitrate with acetic and formic acid was expanded in different conditions at 500 °C 

and 900 °C, in linear and shock mode of heating. Dispersions based on TEG obtained at a 

lower temperature, in addition to few-layer graphenes (Fig. 1b), also contain a significant 

amount of amorphous carbon particles with planar sizes up to 100 nm (Fig. 1c). The influence 

of the conditions for obtaining the thermally expanded graphite on the morphology of resulting 

carbon nanoparticles is discussed. 
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The chelating ability of water (CAW) is defined as a feature of natural waters that provides a 

buffer capacity of water to reduce the toxic effects of metal ions [1]. Determination of CAW 

is carried out for one metal (mostly for copper ions, Cu2 +). However, in real conditions several 

metals enter a water body simultaneously, which can significantly change the chelating ability 

(CA) calculated for each metal. This is due to the influence of some metals on the CA of 

others. Therefore, in natural waters, the effect of one metal on another can lead to both an 

increase and a decrease in CAW. In [2], it is shown how the mutual influence of metals in 

natural waters leads to an almost complete transition of their ionic forms to other forms. The 

behavior of certain metals in river waters (Cu2 +, Pb2 +, Zn2 +, Cd2 +, Cr3 +, Co2 +, Ni2 +) and their 

behavior in the joint presence in the water of the Seversky Donets River was studied. First, the 

behavior of metals in river water samples was studied, when one metal was added to the water 

sample. The concentration of Cd2+ ions nearly did not change during the experiment (more 

than 100 minutes) and was recorded quantitatively. The concentrations of Co2+ and Ni2+ ions 

in river water significantly decreased (by 55 %) as early as after 1 – 3 minutes and then 

stabilized. For the remaining metals (Cu2+, Pb2+, Zn2+, Cr3+), typical behavior in natural waters 

was revealed, namely the recorded concentrations after introduction into river water gradually 

decreased in time and then were established at a certain level. It should be noted that there are 

also differences in the behavior of the studied metals when diluting river waters. The effect of 

a) 

10 μm 

b) 

1 μm 

c) 

2 μm 
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Cr3+ on the behavior of metals in river and distilled water has been studied. The concentrations 

of metal ions (Cu2+, Pb2+, Zn2+, Cd2+, Co2+, Ni2+) in river waters with the presence and the 

absence of Cr3+ differs significantly although Cr3+ ions do not affect them in distilled water 

even if organic substances are added as ligands. The effects revealed are exactly typical for 

the Cr3+ ions in the waters of the Severskiy Donets River; and this is not caused by competing 

chelating processes (as the mutual influence of metals in natural waters is usually described) 

but by the ability of Cr3+ to facilitate the transition of other metals from ionic forms to 

chemically bounded ones. The results of the experiment demonstrated that in the presence of 

Cr3+, the CA of many metals in river waters increases and Cr3+ promote the transition of ionic 

forms of metals to other ones. In other words, Cr3+ and several ions such as Cu2+, Pb2+, Zn2+, 

Cd2+, Co2+, Ni2+ cannot simultaneously occur in ionic forms in river waters. Thus, Cr3+ help 

to reduce the toxic effects of these metal ions [2]. We used these data in a comparative 

assessment of the chemical composition of the water of the Seversky Donets River with data 

on the toxicity of river waters. In some cases, we observed discrepancies between the level of 

water toxicity and the concentration of metal ions [3]. There was a low level of water toxicity 

in some samples of river waters, where the presence of chromium ions was recorded. This is 

due to the fact that other metals were in a chemically bounded form. 
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Climate change could alter the frequency and intensity of forest disturbances such as insect 

outbreaks, invasive species, wildfires, and storms. These disturbances can reduce forest 

productivity and change the distribution of tree species. In other cases, existing species may 

shift their range or die out. One of the most useable woods in construction is teak wood. 

Teakwood is the perfect wood for many household projects because it is strong, water-

resistant, and rot-resistant. A teak garden table would last for decades and age gracefully while 

requiring very little care. From cabinets to counters and utensils, the use of wood in kitchen 

design is once again gaining prominence, as it can be used in almost all styles, from rustic to 

modern. Teak wood is stealing the scene, besides being easy to adapt into different formats, it 

has a natural waterproofing which provides a strong barrier against moisture. Its composition 
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also guarantees protection against heat and parasite attacks. All those features bring versatility 

for teak wood to be present in multiple objects. Teak color allows the creation of sophisticated 

and eclectic pieces. In addition, it has strength and durability. It is possible to create panels of 

all styles and for different purposes. It will gain more durability and time before maintenance. 

Teak wood is also used in kitchen utensil designs, creating fine pieces. Then it is needed 

research for teak wood as a climate change resilience furnishing Mmaterial for identifying the 

potential and searching some alternatives for maintaining the product to adapt the micro 

climate condition. 
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The investigation of properties of innovative materials contributes to the solution of applied 

problems in molecular diagnostics. An isolation of DNA is often the first step in such studies. 

Actually, an extraction of DNA on magnetic particles has been recognized as one of the most 

effective methods for DNA isolation. However, this method has at least two drawbacks. 

Firstly, it is the high cost of the used materials (1 ml of a suspension of magnetic particles 

costs $ 25 – 30). Secondly, as a rule, the molecules of contaminants are retained in addition to 

DNA during the aggregation of the magnetic particles. These substances can inhibit 

subsequent reactions. In this report, it is proposed to replace the previously used magnetic 

particles with multi-walled carbon nanotubes (MWCNTs) of the "Taunit MD" type. Note that 

during CVD synthesis of MWCNTs, catalytic magnetic particles are formed mainly at the ends 

of nanotubes. Consequently, MWCNTs "Taunit MD" acquires properties similar to magnetic 

nanoparticles. It has been shown that DNA from its solution can be deposited on such 

MWCNTs without additional modifications, and the coating of the tubes with 

polydimethyldiallylammonium chloride (PDDACh) makes it possible to achieve selective 

binding of the sorbent to DNA from the cell lysate. It has been found that ~7.5 mg of PDDACh 

and 4 ng of DNA could be deposited on 1 mg of carbon nanotubes, regardless of CNT 

modifications. The elution of DNA into solution from the sorbent surface can be effectively 

carried out using 3.16 × 10−3 M aqueous solution of copper acetate. In this case, the final yield 

of DNA is ~67% according to both the spectrophotometry and the PCR analysis. The results 

of PCR, which was carried out by using DNA, isolated from the model samples by using the 

studied MWCNTs, confirmed the absence of inhibition of the reaction. Thus, a simple method 

has been developed for DNA isolation from solutions and mixtures due to reversible DNA 
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sorption on domestic multi-walled carbon nanotubes of the "Taunit MD" type containing 

catalytic magnetic nanoparticles. 
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Flanged connections are widely used in fountain fittings and shut-off devices of the oil 

industry. One of the most important factors is their sealing. There is an extensive range of seal 

designs, for the manufacture of which both metallic and non-metallic materials are used, 

depending on the aggressiveness of the working environment and temperature fluctuations [1]. 

Here we will consider the design of a flange connection with a metallic ring seal. It should be 

noted that it is the designs with metallic ring seals that are standardized [2]. The most common 

are flanged joints designed for a pressure of 70 MPa with a conditional passage of Dy equal 

to 50, 65, 80 and 100 mm, and fastened with stud connections M20, M22, M24 and M27, 

respectively [2]. At the same time, the material of the sealing ring is much less durable than 

that of the flanges. The performed calculations for the strength of standard sealing rings, taking 

into account the full tightening force of the stud joints [3], showed that the ring in its entire 

volume passes into a plastic state and fills the annular groove associated with it. In this case, 

it is impossible to reuse the ring, and it is very difficult to remove it for replacement and 

requires considerable time. The design of a flange connection with an O-ring with the 

possibility of reuse is proposed by analogy with the well-known design [4]. However, unlike 

it, in which the sealing ring in the axial section is a rectangle with rounded edges and 

conjugated with the corresponding conical surfaces of the grooves on the flanges, the outer 

surface of the proposed ring is spherical, conjugated with the conical surfaces of both flanges 

according to the well-known "sphere-cone" scheme, and the inner surface contains two sealing 

rounded edges. The spherical surface makes it possible to reliably position the flanges relative 

to each other and compensate for misalignments of their axes during assembly. A 

mathematical model has been created that allows optimizing the shape and dimensions of the 

proposed O-ring design. At the same time, the necessary changes in the annular grooves in the 

flanges do not violate the basic dimensions of the flanges.  
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Most types of oil and gas equipment are connected using flange connections. Despite the 

seeming unpretentiousness, such a connection performs complex and dangerous functions that 

oblige it to be exceptionally reliable. Accidents with this kind of equipment can lead to serious 

consequences, such as: emissions and fires. It is for this reason that when designing fittings, it 

is necessary to strive to increase its reliability [1]. The flange is used in the installation of 

equipment and pipelines in almost all industries. The variety of materials from which the 

flanges are made allows these products to be used as connecting parts of the pipeline under 

almost any environmental conditions (humidity, temperature) and in accordance with the 

environment passing through the pipeline, including aggressive. The advantages of the flange 

connection are strength, reliability, the possibility of repeated installation and disassembly and 

use in a wide temperature range, disadvantages are caused by excessive labor intensity of 

installation work, relatively high cost. The use of flange connections in pipelines is due to the 

ease of assembly. This design provides a solid connection of the pipeline parts. The flanges 

according to GOST 12820-80 are most often used in non-industrial fittings for flat welded 

parts. The element is "dressed" on the pipe with subsequent fastening by welding for butt-

welded parts (collar flange) based on the GOST 12821-80, for free parts on the ring based on 

the GOST 12822-80. The package includes an additional element, namely a ring having a 

diameter equal to the flange [2]. The most important requirement for any connection of pipe 

fittings is tightness, to ensure it, gaskets are installed that seal the flange connection when 

compressed. The main requirements for sealing are: elasticity, resistance to the environment 

in which they work, preservation of their physical properties at the operating temperature of 

the medium and corrosion resistance. These properties are achieved due to the design features 

of the sealing element and the selection of its material [3]. Metallic gaskets are the most 

common: they are usually produced on the basis of plastic and soft metals, which are easily 

deformed during clamping and seal the joint. They can be copper, steel. Metal gaskets 

(including steel sealing flange gaskets and lenses) of various shapes and sizes are 

recommended for use at high temperatures and pressures, when non-metallic and semi-

metallic gaskets cannot be used. The analysis allows us to conclude that the problem of 

improving the sealing of the flange connection remains relevant today. 
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One of the main tasks of ophthalmology today is the study of the mechanical characteristics 

of eye tissues, the knowledge of which makes it possible to predict a group of diseases directly 

related to degenerative diseases of the eye, primarily such diseases include keratoconus and 

dystrophy, which, in the absence of therapy, lead to deterioration and loss of vision [1]. 

Moreover, when obtaining these characteristics, it becomes possible to reduce the risks during 

interlayer refractive keratoplasty, namely transplanting a part of the donor's cornea between 

the layers of the patient's cornea. With this aim, it is required a preliminary study of the stress-

strain state of the cornea under the action of intraocular pressure. In this case, it is possible to 

build a shell calculation scheme using several basic surfaces. The model is based on a 

kinematic hypothesis, according to which the spatial deformation field of the shell is 

determined by the deformation of several basic surfaces, as well as operations to restore 

individual corneal tissues. The study of the mechanical characteristics of eye tissues is also 

important for the development of new biocompatible materials used to create new types of 

implants, as well as the possibility of predicting complications, which allows choosing the 

method of surgery. In this report, a method is proposed for studying mechanical characteristics 

by considering the topological features of the layers of the cornea of the eye, as well as 

neighboring tissues. This technique takes into account the peculiarities of the cellular structure 

of the soft tissues of the eye, and also suggests the possibility of considering the cellular 

structure of individual layers, such as: anterior epithelium, anterior boundary membrane 

(Bowman's), stroma, Dua's layer, posterior boundary sheath (Descemet's membrane), 

posterior epithelium. Enucleated rabbit eyeballs provided by the Rostov State Medical 

University (RostGMU) were used as samples for testing the technique. The studies were 

carried out with the permission of the ethical committee of Rostov State Medical University. 

The topology of the corneal surface was obtained using a NanoEducator atomic force scanning 

microscope (NT-MDT, Russia). Guidance was carried out using positioning microscopy. 

Electrochemically sharpened probes with a tungsten tip were used for scanning. To process 

the results obtained, the Gwyddion software environment was used. 
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Fiber-reinforced materials are high-performance reinforcements used in body and vehicle 

armors. The use of lightweight armors against ballistic plays a vital role in the aerospace and 

defense industry in terms of saving energy and increasing mobility. In the present study, basalt 

(natural) fiber and Kevlar (synthetic) fiber improves the ballistic performance with the 

addition of silicon carbide ceramic tile at the impacting face. The partial replacement of 

Kevlar/ceramic with basalt encourages the use of natural fibers for the development of eco-

friendly armors. The effectiveness of three-dimensional (3D) basalt fabric hybridization with 

Kevlar/silicon carbide for different stacking sequences of composite armors have compared. 

9 mm full metal jacket (FMJ) bullet is used with different impact velocities under ballistic 

impact. A constitutive model based on the concept of continuum damage mechanics is 

implemented based on Yen’s criteria. JH-2 model is used for the damage modeling of ceramic 

tile. Cohesive elements are used at inter-layers for damage modeling. The damage initiation 

and propagation model is developed and implemented in finite element (FE) code ABAQUS 

as a user-defined subroutine (VUMAT). Parametric studies are performed by varying the 

stacking sequence of silicon carbide tile, Kevlar 3D (K3D), and basalt 3D (B3D) layers.  

Results revealed the panels with silicon carbide tile on the impacting face with basalt/Kevlar 

3D fabric composite as backing layers in the composite laminate improved the ballistic 

performance among all stacking sequences impacting with 9 mm FMJ impactor. 
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We are presenting a 3D numerical homogenization strategy for determination of elastic 

material properties of porous medium with a closed pore system. The performed 

homogenization procedure employs micro-computed tomography (micro-CT) and 
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instrumented indentation testing data (IIT). The results from the micro-CT testing are used to 

determinate the following characteristics of the considered porous material – the volume 

fractions of the pores and the solid phases, the average size of the pores, the pore size 

distribution in a representative volume element (RVE). Using the micro-CT data, a 3D 

geometrical model of the closed pore material RVE is created and this geometrical model is 

used to generate the respective finite element model. For simplicity, the pores are considered 

to have a spherical form as it is depicted in Fig. 1. In order to apply the homogenization 

technique, proper periodic boundary conditions are imposed. The obtained within the applied 

homogenization procedure six boundary value problems with periodic boundary conditions 

are solved using the finite element software ANSYS. The employed material model in the 

homogenization is the linear elastic model. The elastic properties of the solid skeleton are 

determined based on IIT data from testing of small volumes of the porous material. In order 

to verify the numerical results, a parametric study is performed. The determined elastic 

characteristics of the porous material are analysed against data from literature in order to reveal 

the applicability of the homogenization procedure used in this study. 

 
Fig. 1. RVE with spherical pores 
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At the frequency range 3.2 – 12 GHz, the absorption spectra of microwave energy for the solid 

solutions compositions of bismuth ferrite – lanthanum manganite (1 – x)BiFeO3 – xLaMnO3 

with x = 0.1 – 0.9 are investigated. The samples were prepared from the pre-annealed mixtures 

of the simple oxides Bi2O3 and FeO3 (T = 580 °C, for 4 hours) and La2O3 and Mn2O3 (T = 

900 °C, for 4 hours). The final solid-phase synthesis of the samples was performed by 

sequential annealing at temperatures T1 = 850 °C (for 4 hours) and T2 = 1100 °C (for 4 hours). 
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To obtain the absorption spectra, a waveguide channel operating in the "transmission" mode 

was used. It consisted of a replaceable microwave generator, a microstrip line, a matching 

load, and a VSWR indicator. The synthesized compositions are non-single-phase and differ 

greatly in the chemical and physical properties. The obtained absorption spectra of the solid 

solutions with different values of х are also fundamentally different. So at the spectrum of the 

resonant type of the solid solution with x = 0.1 (rhombohedral phase R3c) three large 

absorption maxima are observed. At largest of them, located at a frequency of 8.6 GHz, the 

absorption reaches L = −40 dB. The absorption spectrum of the solid solution sample with х = 

0.2 (tetragonal phase P4mm) is even more indented and has 5 maxima with the absorption L 

≤ −23 dB. For the solid solutions of the cubic phase Pm-3m (x = 0.4 – 0.6), the spectra have a 

different form. In the spectra of the solid solutions with х = 0.4 – 0.5, where there is an impurity 

phase in the form of the oxide La2O3 and the compound Bi2Fe4O9, apparently in a larger 

amount, the small oscillations of L are observed only at low frequencies (f < 8 GHz). The solid 

solutions with х = 0.6 – 0.7 in a wide frequency range (6 – 12 GHz) equally absorb energy at 

the level of 6 – 8 dB. The absorption spectra of the compositions of samples with х = 0.7 – 0.9 

(rhombohedral phase R-3c) contain 2 – 3 diffuse maxima with L ≤ −15 dB. The sharp peaks 

of absorption of microwave energy in the spectra are characteristic of ferroelectrics and are 

associated with the presence in them of the ensembles of the oscillators with frequencies close 

to the frequency of the measuring field [1]. The role of the oscillators, that vibrate in an 

electromagnetic field and absorb energy can be played by the domain walls of the mechanical 

twins. Exposure to a constant magnetic field with the induction up to 370 mT does not change 

the obtained absorption spectra. 
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Carbon nanotubes (CNTs) are a unique material that has attracted the interest of scientists over 

the past 30 years. The greatest success in obtaining CNTs is associated with the use of the 

PECVD method. However, many interrelated technological parameters affecting the 

properties and geometric dimensions of CNTs are still the subject of many researches. At the 

same time, control of the carbon-containing and hydrogen-containing gases ratio flows during 

the growth process allows one to manage geometric parameters of CNTs, concentration of 

impurities and processes of the amorphous carbon formation [1, 2]. In this work, we studied 

the effect of the carbon-containing (C2H2) and hydrogen-containing (NH3) gases flows ratio 

on the geometric and structural parameters of CNTs. p-Si (100) wafers with a TiN buffer layer 
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(100 nm) and a Ni catalyst (10 nm) were used as samples. The C2H2 flow was 70 sccm for all 

experiments. The NH3:C2H2 flow was varied in the ratios of 0:1, 1:1, 2:1, 3:1, 4:1 and 5:1. 

Scanning electron microscopy studies have shown that the presence of ammonia is critical for 

the formation of CNTs by the PECVD method. It was found that in the absence of ammonia, 

the formation of CNTs occurs with the formation of a large amount of amorphous carbon. It 

is deposited both on the substrate surface and on the walls of growing CNTs. In this case, the 

shell of amorphous carbon slows down the growth of nanotubes by reducing the rate of 

diffusion of carbon atoms to the catalyst surface. An increase in the NH3:C2H2 ratio to 1:1 

resulted in a significant decrease in the amount of amorphous carbon. In this case, carbon 

flakes are formed on the surface of CNTs, that reduces the growth rate of CNTs and prevents 

vertical alignments growth. The conical shape of CNTs can indicate both the etching of the 

nanotube surface by plasma ions during the growth process and the effect of ammonia on the 

CNT growth mechanism (top/root). With a further increase in the NH3:C2H2 ratio from 2:1 to 

5:1, the structure of the CNT changes. The amount of amorphous carbon on the surface of the 

tubes decreases, and the concentration of nitrogen impurities also changes. With an increase 

in the ammonia flow, the nanotube diameter decreases and the alignment of CNT growth 

approaches normal with respect to the substrate. The obtained data can be used in the 

development and creation of devices for carbon micro- and nanoelectronics. 
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The force impact of food on the occlusal (chewing) surface of the tooth causes a stress-strain 

state of the enamel, characterized by natural stress concentrators, such as fissures. The 

concentration of stresses at the apexes of the fissures leads to the formation of areas with 

reduced enamel mineralization, which are areas of virtual destruction. Configuration and 

volume of such areas depend on the force load on the lateral surface of the fissure, on the angle 

at the apex of the fissure, on the location of food in the fissure, on the quality of the fissure 

surface and other options. In practical dentistry, the destruction of enamel is recorded using 

bitewing X-ray and computed tomography, and for research purposes, the state of the enamel 

is assessed using computed microtomography (micro-CT). In the present report from a 

theoretical point of view the problem of the theory of elasticity of the stress-strain state of 

enamel with a V-shaped notch in the form of a wedge is considered to determine the degree 
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of stress concentration at the apex of the fissure. The solution of the problem makes it possible 

to construct the boundaries of the areas of virtual destruction of the enamel at the top of the 

wedge. From a practical viewpoint, using micro-CT, a mineral density map is built at the apex 

of a real fissure, which contains an area of reduced density. Then the area of virtual enamel 

destruction and the density map are compared, which makes it possible to establish their 

approximate congruence. Thus, the researcher receives tools for recreating by theoretical 

means the nature and magnitude of the force load on the lateral surface of the fissure, leading 

to the formation of areas of demineralization. At the same time, the solution of the problem 

makes it possible to determine a number of parameters important in practical dentistry, 

primarily in the treatment and prevention of cracked tooth syndrome: critical values of bite 

force and the force of food impact on the side surfaces of fissures, critical angles of fissure 

opening at a given bite force, the influence of food location by the depth of the fissure, as well 

as the critical values of food adhesion on the lateral surface of the fissure. An experimental 

study was carried out on a human molar removed from a patient for orthodontic reasons at the 

dental clinic of the Rostov State Medical University (Rostov-on-Don, Russia). The local 

independent ethical committee of the Rostov State Medical University approved the study 

protocol (No. 13/20, dated September 10, 2020), informed consent was obtained from the 

patient. The sample under study and the calibration phantom were scanned simultaneously in 

Zeiss Xradia 520 micro-CT with the following parameters: X-ray tube voltage of 110 kV, 

power of 9.5 W, pixel size of 19.1 μm, sample rotation by 360°, exposure time of 0.9 s, X-ray 

tube filter HE6. During the scanning process, 1601 projections were obtained.  
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The effect of chemisorption of molybdenum atom (Mo) single walled (8, 0) zigzag carbon 

nanotube (CNT) is studied with band structure, density of state, charge transfer, charge 

isosurface, HOMO, LUMO molecular orbitals. The binding energy of chemisorption of 

molybdenum atom on carbon nanotube is found using band structure and density of state. The 

molybdenum is strongly chemisorbed on carbon nanotube with binding energy range 0.196 

eV to 0.906 eV. The band structure and density of states clearly illustrates the creation of extra 

states and reduction in the band gap. The amount of charge transfer is found using Mulliken 

population analysis and it is in the range of 0.508 to 0.603 electron depending upon site of 

chemisorption. The nature of bonding between molybdenum atom and carbon atom of carbon 

nanotube is explained with molecular orbitals and the charge density analysis. It shows the 

formation of sigma bond between Mo and Carbon atoms. 
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To protect sensitive elements of electro-optical systems and organs of vision, active and 

passive optical systems are being developed, the main task of which is to limit the transmitted 

radiation to a safe level. Active systems do not have sufficient speed and are not able to 

attenuate single pulses of laser radiation in the microsecond range. For example, the minimum 

response time of active optical protection means, such as liquid crystal shutters, is at least 30 

– 50 ns. Single pulses of shorter duration can only be attenuated using passive optical 

protection systems. Widespread filters based on linear attenuation of the light equally attenuate 

both powerful and weak non-hazardous radiation, which makes it difficult to visually control 

technological processes, in particular, medical operations. For these reasons, protection 

measures based on nonlinear optical effects are being developed. The main disadvantage of 

such devices is the lower degree of attenuation of laser radiation in comparison with active 

protective equipment. The current study is aimed to composites represented as functionally 

substituted monophthalocyanines adsorbed on the surface of multi-walled carbon nanotubes 

(MWCNTs), which have strong nonlinear optical attenuation. A nonlinear absorption 

coefficient of 46 cm/GW and a threshold optical fluence of 0.0260 J/cm2 were obtained for a 

liquid dispersed medium with such nanoparticles in dimethyl sulfoxide (DMSO), which was 

confirmed by studies with nanosecond laser pulses with a duration of 17 ns. Sedimentation 

resistance was achieved by ultrasonic treatment with a homogenizer in a small volume of 

liquid (50 ml). However, in practice it is convenient to use solid materials. The preparation of 

the corresponding samples was carried out by mixing nanodispersions with polymethyl 

methacrylate (PMMA) at 80 °C. After evaporation of the solvent, thin films with high 

transmission (at least 78 %) were obtained in the range of 355 – 1064 nm. When studying the 

effect of nanosecond laser pulses on such films, it was found that the nonlinear absorption 

coefficient practically did not change, but the threshold optical fluence increased to 

0.5496 J/cm2. With the same transparency as liquid dispersions, the composites show less 

attenuation of radiation and begin to reduce the transmitted power at a higher threshold optical 

fluence. Despite this, film limiters are more suitable for practical use in means of protection 

against laser radiation. The main purpose of the obtained functional nanomaterials is the ability 

to attenuate high-intensity laser radiation without damaging the sensitive elements of electro-

optical systems and organs of vision. 
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Many structures in operation carry variable loads, because of which fatigue cracks can occur 

in structural elements. The growth of fatigue cracks when they reach their critical size leads 

to the breakdown of the element. Operating conditions are usually associated with loads of 

random or variable nature. Therefore, loading history may be the main factor determining 

fatigue life. In order to study the influence of the character of external cyclic loading on fatigue 

crack growth kinetics, it is necessary to choose such methods of its change measurement that 

allowed to reveal the mechanisms of deformation and failure of material and to simulate crack 

behavior under conditions characteristic of operational loading. The aim of the present work 

was to study the behavior of fatigue crack growth kinetics associated with positive and 

negative overloads and their interaction in titanium alloys based on studying the history of its 

rate of advance and the manifestation of this phenomenon on fractographs of failure. 

Fractographic studies allow revealing on the fracture structure characteristic features 

associated with changes in the crack growth rate depending on the nature of the external action. 

To study the kinetics of fatigue crack growth, titanium alloys VT6 and 3M were used. Alloy 

VT6 belongs to the large group of titanium alloys based on α- and β-solid solutions containing 

in the stable state from 5 to 25 % of β-phase (Russian GOST 19807). Alloy VT6 refers to 

martensitic type alloys, has a good relationship between strength and ductility in the annealed 

state, can be subjected to hardening heat treatment, has a higher specific strength in 

comparison with α-titanium alloys. However, the alloy has a sensitivity of service properties 

to thermal influence, especially in insufficiently stable state. 3M is a titanium α-alloy, which 

occupies a dominant position in the manufacture of marine-based shipbuilding structures. It is 

widely used as a heat-resistant alloy, which is an α-hard solution (Russian GOST 19807-91) 

preserving many advantages of α- and α+β alloys. The diagrams of the loading modes are 

shown in Fig. 1. Table 1 shows the fatigue crack growth life in the studied VT6 and 3M 

titanium alloys under different types of overloading effects. Based on fatigue crack growth 

curves a-lgN, curves of fatigue fracture kinetic diagrams were plotted to determine the fatigue 

crack growth in titanium alloys of VT6 and 3M. 
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                         Fig. 1. Schemes of loading patterns with UL-OL and OL-UL sequences    
 

                    Table 1. Influence of type of overloads on fatigue crack growth life in titanium alloys 

Overload, 

% 

Experimental crack growth life, cycles 

VT6 VT6 3M 3M 

UL-OL OL-UL UL-OL OL-UL 

0 830167 959940 

30 1420283 920093 1820365 850086 

40 7440163 1062192 8710581 1074206 

50 23314663 1090110 15843169 1260127 

 

 
Fig. 2. Variation of crack growth rate for titanium alloy VT6 (globular structure) 

under UL-OL and OL-UL loading (Pmax = 4 kN, R = 0.7, overload = 50%). 

 

Fig. 2 shows curves of changes in the crack growth rate da/dN (mm/cycle) at control points of 

fatigue crack size a, mm of titanium alloy VT6 (globular microstructure) under underload – 

overload (UL-OL) and overload – underload (OL-UL) loading (Pmax = 4 kN, R = 0.7, overload 

= 50%). The solid line is the fractography crack velocity measurement, the dashed line is the 

crack opening gauge measurement. A significant difference of UL-OL and OL-UL effects on 

the slowing down of fatigue crack growth in comparison with the regular loading has been 

noted for the investigated titanium alloys VT6 and 3M. UL-OL depending on the half-cycle 
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value of OL loading can retard fatigue crack growth by up to 27 times. For OL-UL, this 

retardation is negligible. For titanium alloys VT6 and 3M, which have a globular structure, a 

similar response of the fatugue crack growth rate curves to the identical cyclic effects of 

overloading and underloading is common, although for the alloy VT6, which has greater 

strength and ductility, this is more pronounced. 
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In practice, all gas pipelines are complex, because they are constructed from pipes of different 

wall thicknesses and have parallel pipe sections, such as loopings, reserve threads and multi-

stranded gas pipelines [1]. Two methods could be used for calculating complex gas pipelines: 

calculating a gas pipeline by sections and replacing the calculation of a complex gas pipeline 

with a simple calculation. In the first method, it is required to divide the calculated area into 

subsections with a constant diameter [2]. Calculations are performed by alternating transitions 

from one section to another in the direction of the gas flow. The gas temperature and pressure 

at the end of the section are initial in the following [3]. When using the second method, the 

calculation of a complex pipeline can be replaced by the calculation of a simple one, using 

concepts such as equivalent diameter and flow coefficient [4]. Equivalent diameter is the 

diameter of a simple gas pipeline, which has a capacity equal to the capacity of a real gas 

pipeline under other equal conditions. The flow coefficient (kp) is the ratio of the throughput 

of a real gas pipeline Q to the throughput of a reference gas pipeline Q0 with an arbitrarily 

chosen reference diameter D0 under other equal conditions: kp = Q/Q0. In this case, the 

capacity equation will take the form: 
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Based on the convenience of calculations, the reference diameter is taken. It is most convenient 

to take the dominant one in a complex gas pipeline as a reference. It is best to use D0 = 0.7 m 

or D0 = 1 m, as there are flow coefficient tables for these values. Sections of a complex gas 

pipeline are connected in series or in parallel [5]. 
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Currently, solar cells are actively investigated, which include organometallic compounds with 

a perovskite structure as a photoactive material, such as methylammonium lead halides 

(CH3NH3PbI3-xClx). The efficiency of these solar cells reaches more than 20 %, and their 

manufacturing technology does not require energy-intensive and complex technological 

processes, which makes it possible to create lightweight, inexpensive and flexible film devices 

[1, 2]. Despite the impressive progress in perovskite solar cells, their commercialization still 

requires solving several problems, including stability, when exposed to light, humidity and 

high temperature, as well as improved manufacturing processes and structure optimization.  

 

a      b 
 

Fig. 1. Dependence of solar cell efficiency on the work function of the back contact  

material (a) and their current-voltage characteristics (b) 
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In this work, a model of a perovskite solar cell with the FTO/TiO2/CH3NH3PbI3/Cu2O/Me 

structure has been created in the SCAPS-1D numerical simulation program. The study of the 

influence of the back contact material (Me) work function on the photovoltaic characteristics 

and parameters of the solar cell has been carried out. A gold back contact is widely used in the 

structure of the perovskite solar cell. Replacing this expensive material is an important task. 

In this structure, as a back contact, it is necessary to use a material with a certain work function 

to obtain an ohmic contact with the Cu2O layer. Figure 1 shows the dependence of the solar 

cell efficiency on the work function of the rear contact material and their current-voltage 

characteristics. As a material for the back contact when modeling a solar cell with the 

FTO/TiO2/CH3NH3PbI3/Cu2O/Me structure, we used Ni (5.15 eV), Au (5.1), C (5 eV), Ag 

(4.74 eV), Cu (4.65 eV) and Al (4.3 eV). It was found that an increase in the work function 

leads to a significant increase in the open circuit voltage from 0.76 V to 1.1 V (Fig. 1, b). In 

this case, the short-circuit current practically does not change (24.87 mA/cm2). The efficiency 

of a solar cell increases approximately up to the work function of 5 eV (Fig. 1, a) due to a 

decrease in the potential Schottky barrier at the Cu2O/Me interface, which contributes to a 

more efficient transfer of holes in Cu2O to the back contact. Thus, the work function of the 

rear contact must be greater than or equal to 5 eV, which is necessary to obtain high 

characteristics of the solar cell (efficiency 21.55 %). The most suitable back contact for the 

FTO/TiO2/CH3NH3PbI3/Cu2O/Me structure is carbon (C) with a work function of 5 eV. 
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Generative design is a modern approach to the design and design of a digital or physical 

product, in which a person delegates part of the processes to computer technologies and 

platforms. This approach to creating a 3D model, including using artificial intelligence, is 

implemented by Autodesk and is integrated into the Autodesk Fusion 360 CAD/CAM/CAE 

platform and the Autodesk Netfabb Premium product. The use of this method of 

manufacturing models for additive production is due to a number of important factors: (i) the 

ability to significantly reduce the mass of the product without loss of strength; (ii) convenient 

subsequent sorting of generated models according to the desired characteristics; (iii) aesthetics 

obtained in designing products similar to natural structures; (iv) significantly reduced design 

time [1, 2]. To apply a generative design, you must specify: (I) Points of the generated article 

attachment. When designing bolted or other connections, it is necessary to specify the location 

for the working tool immediately with the attachment points. (II) Areas, where the generative 

design should not be implemented. Such areas, for example, are places where maintenance of 
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other units should be carried out. (III) Selection of part manufacturing method (additive 

manufacturing, milling). (IV) Safety criterion (margin). Software manufacturers recommend 

choosing it from two units or higher, or set the maximum stiffness of the designed product at 

all. The program creates many models of different forms at once for the selected types of 

production, indicating the percentage of recommendation. Models are created with no stress 

concentration regions, which provides a uniform load on the resulting part. All model creation 

operations are not performed locally on the user's computer, but on the company's cloud 

servers. Calculation time can take from 1 to 20 hours depending on the selected quality (the 

higher the quality, the smoother the product shapes are obtained) [3, 4]. In this work, using the 

generative design, a model of a bracket for attaching lathe tooling with numerical software 

was created. This model was developed specifically for additive production purposes. Ten 

different product variants have been obtained for different types of workpieces, designed for 

a given load. Several different types of materials with uniformly optimized structure are 

discussed. 
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One of the many challenges in A3B5 solid state electronic technology is finding efficient 

processing and etching methods. Such a processing technology should provide the required 

surface quality (minimum microroughness and defects), the invariability of the chemical 

composition of the surface until the formation of the next layer of the heterostructure, and the 

ability to control these characteristics. One of the promising directions in this area is the use 

of etching in a gas-discharge combined plasma. Plasma etching technology provides a 

structure that allows the gate of the field-effect transistor to penetrate [1, 2]. In summary, we 

have been formed on the GaAs surface the nanostructure with 14, 58, 234 nanometers in 

height. We have shown that a combination of methods of scanning probe lithography and 

plasma etching can be used to nano-structure surface formation in the manufacture of 

microwave devices. The etching rate and roughness of etched surface was installed. The 

combined technology of AFM lithography and plasma etching can be a competitive 

technology of electron-beam lithography. The results can be used in the formation of active 

elements of gallium arsenide.  
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In parallel to the developments of beam-based methods lithography, SPL methods are 

receiving renewed interest because of their flexibility to handle novel materials, and their 

inherent inspection and positioning capabilities [1]. The Solver P47 PRO microscope, like 

most modern probe microscopes, is capable not only of scanning the investigated surface, but 

also of modifying it due to the action of the probe. We use mechanical lithography in our 

experiment [2]. In summary, we have formed nanostructures on the surface of a thin polymer 

layer. These nanostructures can be used as a mask for plasma etching of the lower layer. The 

pattern of nanolithography is represented by seven stripes with a constantly decreasing 

distance between them. The pattern was applied in the vector mode of nanolithography, with 

a " HA_HR/W2C+" probe, on the surface of the photoresistive polymer layer. The parameters 

of the formed structures on the photoresist are also taken using a probe microscope. The 

average height of the structure was 20 nm, and the distance between them was 230 nm, 

however, if we reduce the force of impact between the probe and the surface, then we can 

reduce this distance in the future. 
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Transparent or translucent structures are enclosing structures, used to provide thermal 

insulation, the necessary natural light and the possibility of visual contact with the 

environment. The versatility of these structures is that they can be as a stand-alone independent 

structure, and an element of any object. They are classified into external, enclosing and internal 

[1, 2]. During the construction-technical examination of these objects a number of parameters 

are assessed – lighting and thermal characteristics, the influence of the external and internal 

environment on the durability. The examination evaluates the compliance of the area of 

lighting apertures with the normative documents, conducts a pre-trial or forensic examination 

of the installation of window structures and glass units and determines the presence and causes 

of defects. The main complaints of users of translucent structures are mainly: the formation of 

condensation, frost, ice, snow deposits, leakage of rain or melt water, the presence of increased 

air permeability, the appearance of cracks, scratches, warping, loose or tight closing. In this 

case, the examination is carried out visually by external signs. Thus, the efficiency of operation 

of opening devices, condition of wooden elements (swelling, warping, destruction), metal 

bindings (deformation, corrosion and mechanical damage), seals, gaps between structural 

elements, loose seals, as well as moisture penetration into the adjacent areas of coatings and 

walls, damage to window sills on the outer sashes, etc. are determined. During the 

construction-technical examination of translucent structures, instrumental, such as thermal 

imaging, and laboratory tests are also widely used. In the course of measurements, physical 

and technical parameters are determined, namely resistance to heat transfer and air penetration, 

coefficient of light transmission, temperature field of the entire surface of the light structure. 

Such measurements are necessary to determine the area of condensation or frost formation. 

The purpose of this study was to collect, analyze, systematize the most common defects of 

translucent structures, to identify the causes of their occurrence and determine the possibility 

and ways to eliminate them [3 – 5]. This work develops a methodical approach to solving 

expert issues related to the establishment of compliance between the regulatory and technical 

documentation, on the one hand, and the technical characteristics of translucent structures, on 

the other hand, which are made using profiles of polyvinyl chloride alloys and metals from 

different companies-manufacturers. 
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Construction and technical expertise play an important role in legal proceedings. Construction 

and technical expertise are the complex of engineering and technical studies that includes an 

assessment of the compliance of documentation (design, executive, primary accounting, 

contractual, technical or any other) with the requirements of federal, sectoral and departmental 

regulatory documents [1]. An integral part of these studies is the verification of technical 

parameters and characteristics of construction facilities for compliance with the requirements 

of design documentation, the requirements of regulatory and legal acts, technical regulations 

in force on the territory of the Russia. The evidentiary significance of the expert's conclusion 

is established by such indicators as: (i) consistency of regulatory documents; (ii) accuracy of 

all actions and operations; (iii) a competent choice of methods and means of measurement; 

(iv) correct formulation of conclusions; (v) following methodological justification. Errors 

made by the expert lead to a decrease in the evidentiary strength of the conclusion or make its 

use impossible at all [2]. This clearly confirms the need to conduct competent and competent 

construction and technical research that meets all modern requirements. The work carried out 

measurements of the conditions for achieving reliability and stability of the test results carried 

out by the expert in the laboratory using the dispersion method. In addition, the impact of 

expert qualifications on these indicators was assessed [3]. Determination of strength properties 

of concrete carried out during technical examination of civil buildings [4] is considered as the 

object of research. The following were used: a device for testing the strength of concrete by 

the method of tear-off with chipping and a test press (destructive control method) [5]. Analysis 

of the results showed: (i) measurement system "object (building structures) – expert – 

instrument" is acceptable under conditions of simulated expert center and does not require 

improvement; (ii) expert qualifications do not have a significant impact on test results. The 

obtained statistical estimates of the variance analysis of the test results confirmed the validity 

of the results, their reproducibility and sufficient accuracy. 
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Steel structures used in the construction of buildings and structures are a popular and effective 

building material. However, despite favorable forecasts for the use of steel structures in 

construction, deformations and damage to structures occur. The main causes of accidents 

include: (i) redevelopment of the construction facility; (ii) natural or man-made situations; (iii) 

illiterate dismantling and dismantling of the facility; (iv) poor performance of construction 

and installation works; (v) poor quality of steel structures, etc. Based on the obtained facts, 

evidence reasoning is formulated because of which there was collapse, deformation and (or) 

damage of metal structures. On the basis of the indicated criteria, a decision is made: is it 

worth conducting a technical examination; check quality of project execution or construction 

and installation works. Factors leading to defects at various stages of the life cycle of the 

structure [1, 2] are studied in the work. In conducting the study, a natural examination using 

destructive and non-destructive testing methods was used. Simulation using software set of 

finite-element analysis ANSYS [3 – 5] includes metalwork design methods compared: manual 

design, automated 2D design, automated 3D Design. The analysis showed that the main 

defects of steel structures can include: (i) structural defects, arising from design errors; (ii) 

production and construction defects caused by the use of low-quality materials, non-

compliance with construction and installation work; (iii) operational defects due to corrosion 

processes, changes in structural loads, etc. Since the designer-computer system acts as an 

executor at the design stage, the requirements for the executor are a set of requirements for its 

component parts. To do this, it is required: (i) to collect all the information in the form of 

forms, documents and technical solutions, providing the necessary and sufficient level of 

information support for the implementation of the selected design direction; (ii) to systematize 

the obtained information, ensuring the permissible level of labor costs for searching for the 

required information, as well as for implementing the found information in the form of newly 

developed technical solutions.  
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The strengthening of materials with nanoparticles (NPs) is a promising area of modern 

materials science. Nickel, due to its high-temperature strength, is used as a metal matrix in 

composite materials. NPs such as graphene, graphite, and carbon nanotubes have been studied 

as reinforcing phases for Ni-based composites. Hexagonal boron nitride (h-BN) has a high 

Young’s modulus and lubricating properties similar to those of graphite, but has a significantly 

higher oxidation resistance. This can be an important advantage over carbon nanostructures. 

In this work, for the first time, Ni-x%BN composites (x = 0.001, 0.05, and 0.1 wt.%) with 

enhanced tensile and bending strength, as well as high ductility were obtained by a 

combination of ball milling (BM) and spark plasma sintering (SPS). Material with 0.05wt.% 

of hexagonal BN (h-BN) nanoflakes show an increase in tensile strength of 26% (25 C) and 

63% (750 C) compared to additive-free Ni counterpart and high ductility. Doping with h-BN 

increases the resistance to plastic deformation at both room and high temperatures. The 

bending strength of Ni – 0.05%BN composite at room temperature has been increased by 

121%. Small addition of h-BN leads to a decrease in the Ni grain size, and solid solution and 

grain boundary strengthening. Thus, the mechanical properties were improved by the 

introduction of very small amount of h-BN, which resulted in Ni grain refinement, and solid 

solution and grain boundary strengthening. 
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Today, the synthesis of nanowires (NWs) is one of the actively developing technologies due 

to the unique electronic, optical, mechanical and magnetic properties of materials and 

structures based on these objects. However, the issue of effective control of various parameters 

of the NWs (length, diameter, density, etc.), including using pre-growth surface modification, 

remains relevant to this day. The use of traditional technological processes based on the 

operations of optical lithography, wet chemical and plasma etching either do not provide the 
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required parameters of the resulting structures, or are poorly compatible with growth 

processes, or have a high cost of pre-growth substrate processing. At the same time, the 

technology of focused ion beams (FIB) makes it possible to carry out technological operations 

of local ion-beam etching and ion-stimulated deposition of materials with high spatial 

resolution under high vacuum conditions, without the need for resists, masks, and chemical 

etchants. The aim of this work is investigation the effect of the dose of ion-beam treatment of 

the Si(111) surface on the growth processes of GaAs NWs. The FIB treatment of the Si(111) 

surface was carried out using a Nova NanoLab 600 scanning electron microscope equipped 

with a FIB system (with a Ga+ ion source). The epitaxial growth of NWs was performed on a 

SemiTEq STE 35 molecular beam epitaxy system. Analysis of the obtained data shows a sharp 

difference between NWs formed on modified and non-modified regions of Si, as well as a 

non-linear dependence of the NW parameters on the dose of Ga+ ion implantation into the 

substrate. So, in the area with an irradiation dose of 0.052 pC/μm2, almost complete 

suppression of NWs growth is observed. With an increase in the dose to 0.26 pC/μm2, active 

growth of NWs begins on the modified regions, which corresponds to a sharp increase in the 

density of NWs with a simultaneous decrease in their length and diameter relative to NWs on 

the unmodified surface. A further increase in the ion implantation dose first leads to an 

increase in the NWs density with a peak value of 7.8 pcs/μm2, corresponding to a dose of 

5.21 pC/μm2, and then to a slight decrease to 5.76 pcs/μm2. In the entire range of dose values 

(except for the first point), the NWs density is more than 2 times higher than the density on 

the unmodified surface. Thus, the experimental studies carried out have shown that control of 

various NWs parameters by the FIB method is possible by varying the dose of implantation of 

Ga+ ions into the Si(111) substrate. It has been shown that a change in the Ga ion implantation 

dose from 0.052 to 10.4 pC/μm2 makes it possible to adjust the NWs length in the range 

1 – 6 μm, density into 0 – 7.8 pcs/μm2, diameter into 28 – 95 nm, and verticality into 5 – 70%. 
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Perovskites PbB'1/2B''1/2O3 (B' = Sc, In; B'' = Nb, Ta) exhibit different dielectric properties depending 

on the degree of ordering of B' and B'' cations, namely a relaxor-like behavior with diffuse phase 

transition in the case of complete disordering or experience a sharper phase transition in the ordered 

case [1]. An increase in the number of atoms of different sorts leads to an increase in the entropy of 

mixing, which, presumably, should contribute to an increase in the ordering temperature. This report 

describes the synthesis and study of the electrical properties of the PbSc1/4In1/4Nb1/4Ta1/4O3 

compound with the perovskite structure. The synthesis was carried out by the classical solid-phase 

method from oxides of the corresponding metals. Mixing and grinding of the starting materials was 

carried out in a planetary mill with a rotation speed of 400 min−1, the grinding time was 4 hours. The 

first firing was carried out at 800 °C for 4 hours, the second one was at 900 °C for 2 hours with 



266 

intermediate grinding. To obtain the ceramics, the synthesized powder was crushed to a particle size 

of ≈ 1 μm, homogenized with the addition of a 5% solution of polyvinyl alcohol in an amount of 5%, 

and pressed into discs with a diameter of d = 12 mm and sintered at 1100 °C for 2 h. 

 

 
 

Fig. 1. (left) X-ray diffraction profile of the crushed ceramics; (right) temperature 

dependence of the dielectric constant 

 

To refine the crystal structure by the Rietveld method (Fig. 1, left), an undistorted perovskite 

structure was used as the initial model of the crystal structure of the main phase, in which the 

A-site positions are completely occupied by lead, whereas Sc, In, Nb, and Ta are randomly 

distributed over the B-positions. The refined value of the unit cell parameter was 4.09372(9) 

Å. The reflections of the impurity phase with the pyrochlore structure and a volume fraction 

less than 3% are described by the LeBail method in the space group Fd-3m with the unit cell 

parameter a = 10.58448 Å. Figure 1 shows the temperature dependence of the dielectric 

constant, revealing the strong frequency dependence characteristic of relaxors. The resulting 

ceramic is characterized by a low dielectric loss tangent < 0.05. 
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The problem of rational use of fine sands as aggregates in concrete for various purposes has 

long attracted the attention of researchers. In our country, this is due to the fact that in most of 

its regions, deposits of such sands prevail. The main disadvantages of fine sands are their high 

intergranular hollowness and, often, a high content of dusty and clayey particles (DCP). Their 

content is often regulatory requirements for aggregates for concrete. Increased hollowness of 

fine sands causes significant overconsumption of cement, amounting to about 10 – 15 %.  This 

not only worsens the economics of concrete, but can also lead to an increase in shrinkage and 

cracking in the hardened concrete. The latter defects reduce the strength of structures made of 

such concrete, their durability and operational reliability. The excessive content of DCP in 

excess of the regulatory requirements leads to a deterioration of adhesion of aggregate grains 

with the cement stone, resulting in lower concrete strength and requires a large overspending 

of cement. To reduce cement consumption in concretes with fine sands, the use of enlarging 

additives and microfillers is known. In the case of high content of DCP, washing and 

fractionation of aggregates is used. However, the use of these fine sand in beneficiation 

methods requires substantial costs to implement, especially in agricultural and water 

management construction environments. These types of construction, due to their considerable 

distance from the developed construction infrastructure, require additional investment in 

transportation costs, which constitute a significant part of the total costs. We have developed 

a resource-saving method for the preparation of concrete mixtures [1] on substandard 

aggregates, which does not require additional costs at the existing concrete mixing plants. The 

method allows the use of local substandard sands, which does not lead to an increase in 

transportation costs for the delivery of high-quality aggregates to the objects of agricultural 

and water management construction. 
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As it is well-know, the most mass in the production of concrete, the products of extraction and 

processing of non-solid rocks are used as aggregates. Natural raw materials for the production 

of building materials belong to non-renewable natural resources and a number of regions of 

the Russia are already experiencing a shortage of fillers. In this regard, the search for 

alternative types of aggregates for the production of concrete and reinforced concrete is 
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becoming more and more relevant. The available raw material base for this purpose is various 

industrial wastes, among which are sufficiently well-studied ash and slag mixtures of thermal 

power plants. Despite the fact that the possibility of using ash and slag mixtures as aggregates 

for various types of concrete is confirmed by many years of practice, for each particular plant 

producing this type of waste, special additional experimental studies and the development of 

relevant technological recommendations are required. In the present study, the possibility of 

using ash and slag mixtures of Novocherkassk GRES as aggregates for fine-grained concrete 

is evaluated. Characteristics of the Novocherkassk GPP ash mixture used in the studies are 

given in Table 1. 

 

Table 1. 

Fractional composition, % by weight, mm Bulk density, 

kg/m3, more 

than 

Content, % 

less than  

0.315 

0.315 – 5 more than 5 SO3, no more 

than 

SiO2, no 

less than 

21.0 54.0 25.0 1400 3.0 40 

 

Portland cement CEM I 42.5N of the Sebryakovskiy cement plant was used in the work. As a 

control, a composition of a fine-grained concrete mixture was taken, using quartz natural sand 

from the Aksai quarry in the Rostov region as a filler and screening of stone crushing from 

dense sandstone of a fraction of 0 – 5 mm. The consumption of cement is assumed to be 

constant in the control and in the composition on the ash and slag mixture. The mobility of the 

concrete mixture was evaluated by the standard method for the draft of the cone and amounted 

to 10 cm. Cubic samples with a rib of 10 cm were steamed under the regime (3 + 5 + 2) hours, 

at a temperature of isothermal heating equal to 80 + 5 C. After heat and moisture treatment 

the strength of steamed concrete on ash-and-slag mixture was 86 %, the control composition 

showed 79 % of the design class of concrete B15. After curing samples of steamed concrete 

in the laboratory for 28 days, the strength of the control composition was 20.9 MPa or 108 % 

of the design class of concrete. The strength of the composition using ash-and-slag mixture as 

an aggregate showed 20.4 MPa or 106 %. Application of ash-and-slag mixtures for concrete 

production is a very promising direction, economically and technologically justified. This 

way, in addition to the above, allows one to solve the issues of man-made waste recycling, 

reduce the environmental problem of protecting the planet from pollution. 
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In recent years, the construction industry has experienced an increasing shortage of raw 

materials for the production of various building materials, products and structures. This 

situation has arisen, first of all, in connection with the rapidly increased rates of housing 

construction, which, according to analysts, have an annual growth of more than 5%. Over the 

past 20 years, the construction industry has shown steady dynamic growth and is one of the 

most stable industries in the Russian economy. This makes it possible to predict a further 

increase in the industry's demand for high-quality raw materials, the supply of which is 
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currently limited in nature. One of the ways to solve this problem may be the disposal of a 

variety of large-tonnage man-made wastes that have accumulated in numerous dumps in all 

industrially developed regions of the Russian Federation. This waste occupies areas that can 

be effectively used in production, or it can be agricultural land that is currently being removed 

from circulation. The solution of issues related to the disposal of industrial waste has both 

practical and environmental significance. For use in the production of building materials, 

industrial wastes are very promising products resulting from the combustion of solid fuel in 

the furnaces of thermal power plants. One of the enterprises that annually send tons of ash-

and-slag waste to dumps is the Novocherkassk state district power station (SDPS) operating 

in the south of Russia. To date, significant experience has already been accumulated by the 

use of waste of power plants in construction [1, 2], summarizing which is proposed to expand 

the local raw materials base through the use of waste from Novocherkassk SDPS. The 

following ways can be attributed to the possible ways of using waste: (i) production of binders 

such as lime-ash, lime-slag, autoclave hardening binders, ash-slag-alkaline, gold-Portland 

cement and composite binders; (ii) fly ash, which contains the required amount of unburned 

fuel, can be used as a component of the charge in the production of clay bricks, ash gravel and 

agloporite; (iii) slag waste can serve as a basis for the production of slag melts for the 

manufacture of slag wool, slag pumice, slag casting; (iv) ash-and-slag mixtures can be used 

as aggregates for concrete, mortar, ash and asphalt concrete. These directions can be 

implemented after conducting special studies to assess the possibility of obtaining a particular 

building material based on fuel waste. As a result, in each particular case, rational 

compositions and optimal technological regimes for the production of construction materials 

and products, using waste from power plants, are determined and regulatory technological 

documentation is developed. The expansion of the raw material base of construction materials 

due to the use of man-made wastes will reduce the amount of natural non-renewable resources 

used. 
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Alternative to Portland cement hydraulic binders with high technical performance at a 

relatively low cost are clinker-free slag-alkaline binders. The undoubted advantage of alkaline 

activation binders is the possibility of using a wide range of man-made waste in their 

production, as well as the absence of an energy-intensive firing operation in the technology 

[1]. The technology of production of slag-alkaline binders with a hygroscopic alkaline 

component is based on fine grinding of blast furnace or electrothermophosphoric granular 

slag, followed by their mixing with aqueous solutions of alkalis [2]. Concretes based on slag-

alkaline binders have high strength characteristics reaching 100 – 120 MPa. The structure of 
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such composites is stable over time, cement stone has high resistance, low solubility, increased 

density and the predominance of closed rounded gel pores and micropores. However, 

concretes based on slag-alkaline binders also have a number of disadvantages, the main of 

which are very short setting times. 

 

Table 1. Characteristics of fly ash 

Title of the hydroelectric 

power station 

Chemical composition of fly ash, mass, % 

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O SO3 

Novocherkasskaya 50.00 22.5 14.3 3.6 0.7 2.4 5.1 1.5 

Physical and mechanical characteristics of fly ash 

рН water 

extract, 

units 

Water 

extract, 

units (g) of 

100 g 

Mass loss 

during 

calcination, by 

weight, % 

The content of 

alkaline oxides in 

terms of N2O, by 

weight, % 

The remainder 

on the sieve  

No. 008, % 

Bulk 

density, 

kg/m3 

9.92 0.1 8.6 1.10 4.91 1200 

 

This makes it excessively difficult to work in the manufacture of concrete and reinforced 

concrete structures, and sometimes makes it impossible. This effect is especially pronounced 

on freshly ground finely ground slags sealed with solutions of liquid glasses. The setting time 

of these binders can be characterized by a very narrow range: the beginning in 3 – 5 minutes 

and the end in 10 – 15 minutes. The paper investigated the possibility of replacing part of the 

scarce imported granulated blast furnace slag with fly ash from the Novocherkassk 

hydroelectric power station of the Rostov region. The aim of the work was to obtain 

compositions of a slag-alkaline binder with high strength indicators and technological setting 

times, consisting in a certain ratio of blast furnace slag, fly ash and an alkaline component. 

The main characteristics of fly ash of the Novocherkassk hydroelectric power station are given 

in Table 1. 
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One of the urgent problems of the modern construction industry is the search for effective and 

relatively cheap binders that allow not only expanding the raw material base, but also to 

significantly reduce the environmental burden on natural mineral resources. Today, the main 

hydraulic binder, the most widely used in the production of concrete and reinforced concrete, 



271 

is Portland cement. The production of Portland cement depletes natural mineral resources, 

requires large production areas, is very metal-and energy-costly, and is accompanied by 

significant greenhouse gas emissions. An alternative to Portland cement can serve, developed 

in the twentieth century, non-clinker slag-alkaline hydraulic binders that are not inferior to 

Portland cement in their technical characteristics. Slag-alkali binders are obtained by mixing 

finely ground blast furnace or electrothermophosphoric granular slag, with a grinding fineness 

characterized by a specific surface area of at least 3000 cm2/g. They are closed with aqueous 

solutions of alkalis of 18 – 40 % concentration by weight. The strength of compositions based 

on these binders can reach 120 MPa [1]. The significant disadvantages of alkaline binders 

include short setting times, which are influenced by the type, amount and method of 

introduction of the alkaline component, chemical and phase composition, as well as the 

fineness of the slag grinding. The recent continuous increase in the price of Portland cement 

contributes to an intensive search for alternative ways to reduce the cost of binders, the most 

acceptable of which is the use of clinker-free slag-alkali binders. In the Rostov region, the 

main supplier of metallurgical blast furnace slags for the needs of the construction industry 

for a long time was the Donbass [2]. However, due to the crisis in the ferrous metallurgy and 

difficult political conditions, there is a significant decrease in the production of pig iron in the 

industry and granulated blast furnace slag becomes a deficit. The expansion of the raw material 

base of slag-alkali binders at the expense of local technogenic waste of the Rostov region with 

the simultaneous synthesis of neoplasms that bind sodium oxide into water-resistant 

compounds is an urgent task and can allow solving not only economic issues, but also a 

number of technological ones. The report considers the possibility of using ash-slag waste of 

Novocherkassk hydroelectric power station as the main component of slag-alkali binders. In 

the studies, fly ash and ground slag were used in various combinations, five-and nine-water 

sodium metasilicate was used as a hardening activator. As a result, binders with an activity of 

35 – 58 MPa were obtained, which differ from slag-alkali binders on blast furnace slags by 

extended setting times. 
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Due to the rapid growth of prices for Portland cement observed in the last few years, the issue 

of the production of alternative linker-free efficient hydraulic binders is becoming more and 

more urgent. To the greatest extent, these requirements are met by slag binders of alkaline 

activation. Slag-alkaline binders are obtained on the basis of finely dispersed aluminosilicate 

materials of amorphous or crystalline structure, which give an alkaline reaction when mixed 

with alkali solutions. In the result of hydration of slags with alkali solutions, a cement stone 

with high physical and mechanical characteristics is formed. It is known that the activity of 
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the slag-alkaline binder directly depends on the optimal value of the density of the mixing 

solutions, the nature of the alkaline component and the value of the specific surface of the slag. 
The density of the solutions is in the range of 1.15 – 1.25 g/cm3, and the specific surface area 

of the slag should be 320 – 350 m2/kg [1]. The peculiarity of using aqueous silicate solutions 

as an alkaline component is that the setting time of cement is sometimes reduced to values that 

do not allow preparing and forming a concrete mixture. The setting time of the slag-alkaline 

binder is influenced by the type, amount, concentration and method of introduction of the 

alkaline component, as well as the fineness of the slag grinding, its chemical and phase 

composition [2]. If for binders on caustic alkalis and non-silicate salts, the setting speed is 

comparable to the setting speed of Portland cement, then for binders, in which the alkali metal 

silicate is the alkaline component, the picture changes. The setting time in this case will be 

determined by the value of the SiO2/Na2O silicate module and will vary widely. If sodium 

silicate with a silicate modulus of 0.5 – 4 is used, the beginning of setting can start from 5 

minutes, and the end from 15 minutes. The quality of the slag is also directly related to the 

setting time of slag (alkaline binders): with a decrease in the basicity of the slags, they increase. 

The main blast furnace slag of NLМК with a basicity modulus of Mo = 1.09 was used in the 

work. To assess the possibility of regulating the setting time of the slag-alkaline binder, the 

fly ash of the Novocherkassk state district power station (SDPS) was used instead of a part of 

the blast furnace slag. This ash is acidic in its composition and helps to reduce the basicity of 

the slag component of the binder. The content of the introduced fly ash varied from 20 to 80 

%, the density of the alkaline component, namely nine-water sodium metasilicate, remained 

constant. Due to the introduction of fly ash, the setting time increases from 15 minutes (the 

beginning of setting) for a composition without fly ash to 20 – 47 minutes for compositions 

with fly ash. The setting time increases with an increase in the dosage of fly ash, while there 

is a decrease in the strength parameters of the slag-alkaline binder in proportion to the 

proportion of ash introduced. In the result of the research, it was found that the introduction 

of fly ash from the Novocherkassk SDPS instead of a part of the blast furnace slag helps to 

prolong the setting time of the binder. 
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The use of fuel ashes and slags, which have already accumulated to date and continue to 

accumulate in huge quantities in the dumps of thermal power plants, is an increasing interest 

on the part of research organizations and industrial enterprises. This is due to the fact that the 

widespread use of ashes and slags for the needs of the construction industry will contribute to 
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saving material resources, reducing the costs of building and operating ash-and-slag dumps, 

provide a significant economic effect. In addition to the above, fuel waste disposal is an 

integral part of one of the most important problems of our time, namely protection of the 

environment from pollution by man-made waste. According to statistics, tens of millions of 

tons of ash-and-slag waste are generated annually in Russia. Only at Novocherkassk state 

district power station (SDPS), being the largest power plant at the south of Russia, 3.4 million 

tons of anthracite coal are burned annually. At the same time, about a million tons of ash-and-

slag waste are formed. More than 52 million tons of ash-and-slag waste are now stored in the 

dumps of the Novocherkassk SDPS. Most of the ash-and-slag mixtures are sent to dumps, and 

only 3 – 5 % are disposed of in the construction industry. At the same time, the order of 40 – 

60 % is being disposed of in the USA and Germany. By this time, a lot of positive experience 

has been accumulated, both foreign and domestic, of the use of fuel ashes and slags in the 

production of building materials. They are successfully used as a component of moulding 

mixtures, cellular concrete, aggloporite, mixed binders, concrete aggregates, asphalt concrete 

components and much more [1]. The purpose of the studies was to assess the possibility of 

using the waste ash-and-slag mixtures of Novocherkassk SDPS as aggregates for the 

production of heavy concrete. In the result of the performed studies, it was found that 

according to the chemical and grain composition, ash-and-slag raw materials meet the 

requirements of regulatory documents and are suitable for use as a component of a concrete 

mixture. To determine the effectiveness of ash-and-slag mixtures as aggregates, ash-slag 

mixtures were tested directly in concrete on a combined and single-component ash-and-slag 

aggregate. The combined aggregate was selected as a result of a change in the ratio between a 

large aggregate of natural origin from sandstone of 5 – 20 mm fraction and ash-and-slag 

aggregate. The composition of the ash-and-slag mixture contained at least 10 – 15 % of the 

slag component with a grain size of 5 – 20 mm, the rest relates sandy and dusty components. 

Content of sand fraction (particle size 0.315 – 5.0 mm) in ash-and-slag mixture should be 

within 40 – 60 %. As a result, it has been found that based on the condition of achieving the 

best workability of the concrete mixture with a constant water content and the maximum 

strength of the equally movable mixtures for concrete on a combined aggregate, a ratio 

between ash-and-slag aggregate and crushed stone of 0.6 can be recommended. Comparison 

of strength values of steamed concrete and concrete of natural hardening of similar 

compositions showed that steaming increases strength of ash-and-slag concrete on combined 

aggregate by 10 – 20 % at monthly age. 
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The permeability of concrete, depending on the nature and structure of the material, 

characterizes the intensity of the passage of gases or liquids through its thickness. The degree 

of permeability can be estimated by the filtration coefficients of the liquid or gas through the 
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concrete. Three main varieties of liquid transfer are known. These include: (i) a viscous flow 

subjected to Poiseuil's law; (ii) diffusion transfer according to Fick's law and, (iii) capillary 

flow, described by Darcy's law. In the works of V. M. Moskvin, Yu. V. Chekhovsky and other 

authors, on the issues of permeability and the mechanism of transfer of gases and liquids in 

capillary-porous samples, it was noted that the permeability of concrete is very much 

influenced by its age and specific hardening conditions. Therefore, water permeability is one 

of the most inaccurate and difficult to determine properties of concrete. At the same time, it 

should be noted that the waterproof index is one of the main factors determining such a 

property of concrete as its durability. It is known that during the operation of reinforced 

concrete products there is a decrease in waterproofness due to the influence of various negative 

factors on them. Therefore, timely detection of an increase in water permeability will make it 

possible to quickly take measures to prevent further manifestation of a decrease in durability 

and avoid destruction of the structure. Existing standards allow many different methods of 

determining water permeability, which can be divided into two main types: (i) methods based 

on tests of samples specially prepared or drilled from the used structure, and (ii) methods when 

tests are carried out directly on structures or constructions. In our opinion, the most rapid and 

least time-consuming method is the method of assessing the waterproofness of concrete by the 

amount of air filtration through the same concrete. The method developed at the time by 

DONNII, and modernized by us in relation to the assessment of the permeability of the lining 

of irrigation channels, can be used both in laboratory conditions and directly at the facilities 

in operation. The proposed method is carried out as follows. A metal bell connected to the 

manual vacuum pump of the Komovsky system is installed on the surface of the tested 

structure, on which a layer of sealant is previously applied. In the space of the bell, a discharge 

of up to 96000 Pa (0.96 atm.) is created, controlled by a vacuum meter. The time during which 

the vacuum meter arrow drops to zero is fixed, and then the concrete waterproofness grade is 

determined from the calibration curve. The accuracy of the proposed method of determining 

the waterproofness of concrete in service structures depends mainly on the quality of the 

calibration curve. The calibration curve is constructed taking into account the specifics of each 

unit and the type of sealant used. 
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Many years of experience in the production of reinforced concrete products in the conditions 

of construction plants allow us to say that it is possible to identify the most common defects 

in production, classify them and propose ways to prevent their occurrence. Obviously, these 

measures will allow manufacturers of reinforced concrete products to improve the quality of 

their products and reduce the percentage of rejects. Reinforced concrete prestressed hollow-

core slab with round voids for overlapping buildings and structures was considered as the 

object of research. The product is manufactured by the aggregate-flow technology with the 

use of a forming machine with punches for the formation of voids, with subsequent heat and 

moisture treatment in the pit steaming chambers. It should be noted that the analysis 

highlighted the most common defects of multi-hollow plates. According to the requirements 
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of the standard, the surface of the boards are requirements for the absence of cracks, except 

for shrinkage cracks on the bottom (front) and lateral surfaces, the width of the opening is not 

more than 0.2 mm; on the top surface, it is not more than 0.3 mm. However, this requirement 

does not fully reflect all the variety of types of cracks, the places of their localization, as well 

as the possible causes of their appearance and ways to eliminate them. The solution of the 

problems associated with the analysis of the causes of cracking in prestressed hollow-core 

slabs is of great practical importance. It must be taken into account in the development of 

technological charts of the manufacturing process at enterprises, in the design and 

modernization of heat treatment chambers, in the appointment of modes of heat and humidity 

treatment and cooling of products. Practical experience in manufacturing of reinforced 

concrete products using heat and moisture treatment allows one to say that the main reason for 

formation of technological cracks is, as a rule, the difference of thermal and physical 

characteristics of metal mold and reinforced concrete product. As a result, temperature 

deformations occur during heating and cooling, and to avoid cracking and loss of concrete 

strength, it is necessary to avoid large temperature differences between the inside and outside 

of the chambers. Thus, [1] recommends that the permissible rate of temperature decrease was 

no more than 40 C per hour, but this recommendation cannot always be used. The following 

factors must be taken into account when assigning cooling modes to the products: (i) ambient 

temperature (summer or winter); (ii) wind speed; (iii) conditions of product retrieval, that is 

landfill or indoor shop; (iv) density of stacking; (v) conditions of storage, that is the heated, 

unheated room or open area. These factors must be accounted of to avoid disrupting the 

structure of the concrete, if it cools too quickly, inevitably leading to cracks. 
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Building in general and agricultural, in particular, is the most material-intensive sphere of 

production. This is due to the urgency of the problem of expanding the raw material base for 

the manufacture of building products and constructions. First of all, this applies to concrete 

aggregates, since they account for 80 – 85 % of the consumption of raw materials, including 

up to 50 % for the share of a large aggregate. In general, on the territory of the Russia, more 

than half of all deposits of stone materials are carbonate rocks, and in such regions of Russia 

as the Central, Central Chernozem, Volga-Vyatka, Volga, there are practically no other stone 

rocks except carbonate for construction needs. Carbonate rocks include sedimentary rocks 

consisting mainly of calcite CaCO3 (limestones), or dolomite СаMg(СО3)2. As with other 

sedimentary rocks, the properties of carbonates vary in a very wide range depending on 

composition, origin, structure and other factors. If dense limestones and dolomites are widely 

studied and widely used for the preparation of concrete mixtures for various purposes, then 

the use of carbonates of low and medium strength (below 30 MPa) is very limited. At the same 

time, it should be noted that only in the Rostov region more than 100 deposits of limestone 
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shells and porous limestones have been explored, the total reserves of which amount to more 

than 10 million m3. Such limestones with good thermal properties can be used as basic 

materials in the form of slab stones and large blocks, or as fillers of light concrete and products 

made from them. The expansion of the scope of application of the carbonate rocks under 

consideration is facilitated by their ability to be well machined, sawing, cutting, grinding. 

Denser carbonate rocks can be used as rubble stone for foundations and basement walls in 

low-rise agricultural construction. Carbonate sands can be used as a fine aggregate in 

conventional and fine-grained concrete and mortar. Crushed to a pulverized state, carbonate 

rocks can be used as micro-fillers in cement concretes, as components of autoclave binders in 

silicate concretes and as mineral powders in the production of asphalt concrete. Based on the 

above, it is proposed to organize the work of quarries of carbonate raw materials according to 

a complex scheme providing for waste-free production of products. Such production will be 

carried out without polluting the environment with pulverized waste, which will contribute to 

improving the environmental situation in the region. The technological scheme of production 

should be flexible and modified taking into account the specific conditions for which it is 

being developed. 
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The protective effect of a new organic compound and its mixtures with KBr on the corrosion 

of low-alloy steel in a 1 M of H2SO4 solution has been investigated. The inhibitor is a 

substituted imidazobenzimidazole derivative (SAS surfactant). The SAS concentration was 

kept constant at 10−3 mol/l. The concentration of KBr (CKBr) was varied in the range of 0.01 – 

0.1 mol/l, the time of film formation is t = 1 – 3 days. It was found that the use of a composite 

inhibitor SAS + KBr significantly reduces the rate of corrosion of steel in a sulfuric acid 

medium. The protective effect increases to a greater extent, the higher the KBr concentration 

and the longer the film formation time. However, the dependence of the degree of protection 

on t was determined by the concentration of KBr. The inhibitory effect increases over the 

entire time interval of film formation at a KBr concentration of more than 0.01 mol/l. The 

degree of filling the steel surface with inhibitor components θ was determined by the 

capacitive method. The full compliance of the capacitive measurements with the gravimetric 

ones has been established. For a composite inhibitor, θ is higher than for an individual 

compound and increases with increasing CKBr. The microstructure of the coatings was studied 

using a scanning electron microscope. It was found that the morphology of the coatings is 

disordered. Extended crystal cells of various sizes were observed locally on the surface of the 

samples. They were completely surrounded by intercrystalline boundaries. However, most of 

the coatings were a collection of chaotically fused crystallites that have only locally 

intercrystalline boundaries. Some crystallite formations contained a large number of pores of 

different depths and separate segments of boundaries of different lengths. Locally extended 

intercrystalline boundaries of various widths had a large number of triple or even quadruple 

joints. Due to the large number of conjugated double bonds and delocalized π-electrons in the 
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inhibitor macromolecule, the conductivity of the films is high and ranges from 0.02 – 0.2 Cm 

for samples with an area of 1 cm2. A slight increase in the external pressure increases the 

conductivity of the films by one or two orders of magnitude. In the frequency range of (25 − 

3106) Hz, the frequency dependences of the electrical capacity and conductivity of the films 

are investigated [1]. The stability of the films under study in one molar solutions of sulfuric 

and hydrochloric acids has been studied. It was found that films, obtained in the presence of a 

composite inhibitor, are more stable in acidic media [2]. Moreover, the higher the 

concentration of KBr in the mixed inhibitor during the preparation of the film, the more 

resistant the film is to acid etching. The investigated organic coatings are significantly more 

stable in hydrochloric acid than in sulfuric acid. The stability of adsorption films, regardless 

of the nature of the etching solution, is higher, the greater the protective effect of the inhibitor, 

when obtaining films. 
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The inhibitory effect of a new organic compound of the imidazole class (surfactant, SAS) and 

its mixture with KBr on the corrosion of steel St3 in a 1M HCl solution was studied. The 

investigated organic compound is a salt consisting of a bulky organic cation and an anion of 

chlorine. The surfactant concentration was kept constant (10−3 mol/l). The KBr concentration 

(CKBr) in the mixture was varied in the range of 0.1 – 0.3 mol/l. The time of obtaining organic 

films is t = 0.5 – 3 days. This work is a continuation of the studies of the physico-chemical 

properties of adsorption films, obtained from electrolytes, inhibited by various organic and 

inorganic compounds [1, 2]. It was found that the degree of protection of the composite 

inhibitor Z is higher than that of the organic compound and increases with an increase in CKBr 

and the time of formation of a protective film t. The microstructure of the films was studied 

using a scanning electron microscope. Films obtained in electrolytes at low values of CKBr and 

t (especially at CKBr = 0) have a disordered structure. It is a chaotically arranged fine-crystalline 

formations with numerous pores and separate sections of intercrystalline boundaries. All 
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studied films have a negative electrical capacity due to the jumping mechanism of their 

electrical conductivity and/or a negative contribution to the polarization of the film from the 

relaxation process in an inverse electric field. Two dielectric dispersions are observed on the 

frequency dependence of the electrical capacity C(f) in the frequency range (25 − 3106) Hz. 

The deepest low-frequency dispersion is characteristic of films, obtained without potassium 

bromide. The electrical capacity and conductivity of the films are sensitive to mechanical 

stress. A decrease in the capacity of the double electric layer (DEL) in the presence of 

inhibitors, compared to the background, indicates the adsorption of inhibitors on the steel 

surface. The degree of filling the steel surface with surfactant cations θ is calculated. It is 

higher for a composite inhibitor and increases with an increase in CKBr. The isotherm of 

adsorption in θ – lgC coordinates is S-shaped, which is realized in the presence of interacting 

particles in the adsorption layer. It is known that this isotherm is realized in the presence of 

interaction of particles in the adsorption layer [3]. Indeed, for the HCl + SAS + KBr system 

under study, the adsorption of organic cations occurs over the surface, on which there are 

already adsorbed chlorine anions. An electrostatic attraction is realized between surfactant 

cations and chlorine anions. It increases with additional adsorption of bromine anions, the 

greater the higher the CKBr. Comparison of gravimetric and capacitive measurements (Z > θ > 

0) allowed us to determine a mixed blocking-activation mechanism of inhibition of steel 

corrosion in HCl.  
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Ferroelectrics based on bismuth-containing compounds with a perovskite-like structure 

(BCPS) are characterized by high values of the Curie point temperature, but low 

electromechanical and piezoelectric activity, associated with two-dimensional limitation of 

possible rotations of the spontaneous polarization vector of crystallites. To improve the 

piezoelectric and electromechanical properties, it was proposed to use textured piezoelectric 

BCPS ceramics with a controlled degree of preferred orientation of crystallites. The aim of 

this work was to reveal the regularities of the formation of crystal textures and anisotropic 

electromechanical properties of layered bismuth-containing piezoceramics. Piezoceramics 

based on solid solutions of the bismuth-sodium titanate system (NBT) was chosen as the object 
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of the study. Textured piezoelectric ceramics were obtained by uniaxial hot pressing at the 

optimal sintering mode. The degree of crystallite orientation was evaluated using X-ray 

diffraction analysis (XRD) using DRON-7 diffractometer (Co-Kα radiation) and scanning 

electron microscopy (JEOL JSM-6390LA). Diffraction patterns obtained for textured samples 

from surfaces, the normal n to which is parallel (n || P) and perpendicular (n ⊥ P) to the 

pressure axis P, were compared with the diffractogram of a reference, namely an untextured 

powder of the same composition. To study the anisotropy of electromechanical properties, 

experimental disk-shaped samples were cut from the hot-pressed blocks and polarized parallel 

(E || P) and perpendicular (E ⊥ Р) to the hot-pressing axis (P). The measurements of the 

dielectric, piezoelectric, and electromechanical parameters of the samples were carried out at 

the radial and thickness modes of oscillations of piezoceramic discs in accordance with the 

IEEE standard, as well as using the method of analysis of resonance spectra (PRAP). It was 

found that textured NBT piezoceramics of the cut ( E ⊥ Р ) is characterized by high piezo- and 

electromechanical characteristics 33d  = 3510−12 C/N, tk = 0.35, along with a high anisotropy 

of the indicated properties 31d  = −2.2810−12 C/N, 
pk = 0.03, as well as low elastic losses and 

dispersion of ultrasonic waves over a wide frequency range. The Curie point temperature of 

NBT- based piezoceramics, found from the temperature dependence of the dielectric constant, 

is 920 K. It was shown that the features of the domain structure and the degree of crystallite 

orientation determine the anisotropy of the piezoelectric and electromechanical properties of 

NBT piezoceramics. The textured NBT piezoceramics with a unique combination of high and 

essentially anisotropic electromechanical and piezoelectric characteristics and high Curie 

point temperature can be used in high-frequency ultrasonic transducers for medical equipment 

and non-destructive testing. 
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Currently, ultrasound methods are used in almost all areas of medical practice and are among 

the most important modern methods of diagnosis and treatment. Ultrasound is used both for 

diseases diagnosis and for the effect of high-intensity focused ultrasound (HIFU) on blood 

vessels for the purpose of hemostasis, vein obliteration and local tissue ablation in the 

treatment of cancer and some cardiovascular diseases. The main advantages of HIFU therapy 

in comparison with other surgical methods of treatment are: non-invasiveness, no blood loss, 

no harmful chemical and radiation factors, the ability to control the processes occurring in the 
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area of the tumor focus during the procedure, and rapid patient recovery. One of the 

disadvantages of the HIFU method in the treatment of superficial and nearby organs of the 

patient is the small size of the area of ultrasound exposure and the large focal length. Thus, 

there is a need for biological tissue processing methods and devices, in which ultrasonic energy 

is applied to a patient in a safer, more efficient and more productive manner. The aim of this 

work is to develop new alternative methods of focused ultrasound for spatial and temporal 

localization of ultrasonic therapeutic effects using cylindrical standing waves for ultrasonic 

therapy of the superficial tissues of patients. In the result of the research and development 

carried out, the following results were obtained: (i) finite element and finite difference models 

of ultrasonic transducers and processes of formation of ultrasonic standing waves in biological 

tissues; (ii) results of theoretical calculations and numerical simulation of fields of ultrasonic 

standing waves in viscoelastic media; (iii) designs and prototype samples of ultrasonic 

transducers of cylindrical standing waves; (iv) results of physical modeling of the impact of 

ultrasonic standing waves on biological tissues, measurement techniques, ultrasonic and 

therapeutic phantoms (tissue or organ-substituting objects for visualization and measurement 

of ultrasonic exposure) and test benches; (v) results of ultrasonic transducers parameters and 

ultrasonic fields measurements in a 3D acoustic bath; (vi) results of experimental testing of 

the developed methods for spatial and temporal localization of ultrasonic exposure using 

ultrasonic transducers of cylindrical standing waves on therapeutic phantoms and ex vivo 

biological tissue samples. The results of the work will be used to create a new generation of 

ultrasound equipment, which will make it possible to widely apply modern methods of 

diagnostics and treatment of patients with non-invasive methods, promote the introduction of 

new competitive scientific and technical products to the market, develop world-class 

technologies, and develop new therapeutic standards. 
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HIFU therapy, based on the principles of local heating or mechanical destruction of biological 

tissues under the influence of high intensity focused ultrasound, has been successfully used to 

remove solid tumors in various areas of the body, as well as to stop bleeding, dissolve blood 

clots, treat joints, block nerve conduction and non-invasive liposuction. One of the 

disadvantages of the HIFU method in the treatment of the surface tissues of the patient and 

nearby organs is the small size of the area of ultrasound exposure and the large focal length. 

Realization of the potential of new ultrasound technologies requires the development of new, 
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more effective and safe methods for diagnosing the condition and effects on biological tissues, 

as well as ultrasound hardware for ultrasound therapy. The aim of this work is to develop new 

methods of spatial and temporal localization of the therapeutic effect, alternative to focused 

ultrasound, using various combinations of ultrasonic and thermal fields for complex 

ultrasound therapy of superficial tissues or nearby organs. The development is based on new 

designs of flat ultrasonic transducers with a controlled temperature of the radiating surface. 

As a result of the research and development carried out, the following results were obtained:  

(i) finite element and finite difference models of ultrasonic transducers and ultrasonic wave 

propagation processes in biological tissues; (ii) the results of theoretical calculations and 

numerical modeling of various combinations of ultrasonic and thermal fields of flat ultrasonic 

transducers with a cooled surface; (iii) designs and mock-up samples of flat ultrasonic 

transducers with a controlled temperature of the radiating surface; (iv) The results of physical 

modeling of ultrasonic impact on biological tissues, measurement methods, ultrasonic and 

therapeutic phantoms (tissue or organ replacing objects for visualization and measurement of 

ultrasonic impact) and test benches; (v) parameters of ultrasonic transducers and ultrasonic 

fields measured in a 3D acoustic bath; (vi) the results of experimental approbation of the 

developed methods of spatial and temporal localization of ultrasonic exposure using the 

superposition of thermal fields of flat ultrasonic transducers with a cooled surface on 

therapeutic phantoms and ex vivo biological tissue samples. The results of the work will be 

used to create a new generation of ultrasound equipment, which will make it possible to widely 

apply modern methods of diagnostics and treatment of patients with non-invasive methods, 

promote the introduction of new competitive scientific and technical products to the market, 

develop world-class technologies, and develop new therapeutic standards. 
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Organic materials have recently been of great interest, as they are the basis for the elemental 

base of various electronic devices of molecular electronics. We have obtained and studied 

protective films on the steel surfaces of a new organic compound and its mixtures with 

potassium bromide (KBr). Films with a new inhibitor differ in KBr concentration within 

CKBr = (0.01 – 0.1) mol/l and formation time (t = 1 – 3 days). All investigated films, regardless 

of CKBr and t, have a negative value of the real part of the complex electrical capacity C'. An 

experimental proof of this fact has been carried out. Measurements of parallel-connected 

measuring film with capacitors of different capacitance CC were performed at different 

frequencies with the help of immitance meter E7-30. A family of curves lg∣CR∣ = f(lgCC) was 

obtained. At the intersection points of these curves with the abscissa axis, the resulting 

capacity CR is zero. It is established that the studied films have a large through electrical 

conductivity G'. The value of electrical conductivity, as well as the C' modulus at low 

frequencies (LF), increase by more than an order of magnitude with an increase in uniaxial 
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compression of samples. The imaginary part of the complex electrical conductivity G" is 

negative. The frequency dependence G''(F) has a maximum, the modulus of which also 

increases with an increase in pressure. In the frequency dependences of the capacitance C' 

obtained at different pressures, there are two regions of dielectric dispersion. The first 

dispersion is located at the LF (F < 102 Hz), and the second is in the high frequency region. 

The start of high frequency dispersion observed for films, measured at low pressure at 

frequencies F ≥ 105 Hz is shifted by an order of magnitude to the LF region as the pressure 

rises to 3105 Pa. The specific frequency dependence of the electrical capacity C', as well as 

the presence of a maximum in the frequency dependence of the imaginary part of the electrical 

conductivity G", suggest that the cause of the negative capacitance in the films under study is 

the process of relaxation polarization development with an inverse vector of the electric field 

strength. However, the real part of the electrical conductivity G' in these films decreases with 

decreasing frequency and reaches saturation. An additional factor affecting the occurrence of 

negative capacitance is the hopping mechanism of charge carrier transfer in the studied films. 

This is indicated by the areas of volt-ampere characteristics with negative differential 

resistances in anticorrosive organic films [1]. When voltage is applied to the sample, charges 

are accumulated on numerous traps of the organic compound with their subsequent emptying. 

The resulting current flowing through the sample lags behind the applied voltage in phase, 

which is a sign of the inductive nature of the film reactive resistances or negative C' values. 
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The surface morphology of organic protective films was studied by atomic force microscopy 

(AFM) using a Veeco Multimode VS scanning probe microscope. The images were processed 

using the built-in software. 2D and 3D AFM images of the films surface and histograms of the 

height distribution of structural formations were obtained. The values of the arithmetic and 

geometric roughness of the coatings, as well as the distribution of the heights of structural 

formations in the sections of the scan surface are determined. Fourier filtering of images was 

used to highlight small-sized details of the surface relief. The films on the surface of the St-3 

steel samples were obtained from an inhibited sulfuric acid solution. The composite inhibitor 

based on an organic compound of the imidazole class and thiocyanate anions was used. The 

concentration (СKCNS) of thiocyanate anions varied within (0.01 – 0.09) mol/l, and the time of 

formation of the protective layer t was from 1 to 3 days. 1M H2SO4 was used as a medium. 

The concentration of the organic inhibitor was equal to 10−3 mol/l. The protective properties 

of the inhibitor, expressed by a corrosion inhibition coefficient K, for various values of CKCNS 

and t, were studied. It was found that the protective effect of the organic compound 

significantly increases with the introduction of thiocyanate anions and an increase in the time 

t. The extreme nature of the K – CKCNS dependence was found. This fact is associated with 
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different mechanisms of the interaction of KCNS with the steel surface, depending on its 

concentration. The study of the surface morphology of the films indicates the islet mechanism 

of their growth. Schematically, the process of their growth can be represented as follows. 

Small islands (critical nuclei) are formed from metastable clusters of organic molecules. 

Subsequently, their three-dimensional growth and coalescence occurs. Crystalline cone-

shaped globules are formed, the number, size and shape of which depend on СKCNS and t. The 

globules cover the entire surface of the steel substrate and have a great protective effect. The 

surfaces of the films with high values of СKCNS and t are covered with conglomerates of 

intergrown crystalline 3D formations of a globular structure. In photos of a scanning electron 

microscope, crystalline conglomerates look like cells separated by boundaries. The 

dimensions of the cells, as well as their depth, width, and the presence or absence of boundaries 

breaks, depend on the experimental conditions. Thus, an increase in t contributes to the 

formation of large cells separated by clear boundaries. On the contrary, with an increase in 

СKNCS, films with smaller cell sizes and local discontinuities of shallow boundaries are 

deposited. Thus, the protective properties of organic coatings are determined by the 

morphology of the formed precipitation. A high degree of protection is provided by thickened, 

multilayer coatings of large intergrown crystal globules forming big cells with clear outlines 

of the boundaries. 
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PLZT ceramic compounds with different lanthanum content are of particular interest for 

applied and fundamental research. They exhibit a number of abnormal properties due to the 

relaxor state. PLZT ceramic compounds are characterized by a wide frequency-dependent 

maximum of the imaginary part of the complex permittivity and a complex phase diagram. 

They are characterized by a morphotropic phase boundary between high-temperature (RHT) 

and low-temperature (RLT) rhombohedral phases. This variety of properties of PLZT ceramics 

is attributed to the presence of polar nanoparticles in them, which are the cause of spontaneous 

polarization. In this work, X-ray diffraction studies were performed and lattice parameters of 

PLZT (8/65/35) were determined. AFM images of the surface of ceramic samples were 

obtained. The energy absorption spectra in the electromagnetic field of the microstrip line 

were taken in the frequency range of 3.2 – 12 GHz for PLZT piezoceramic samples. The 

samples under study were plane-parallel plates with an area of 1 – 0.8 cm2 and a thickness of 

400 µm. The spectrum contains two huge (L ≥ − 40 dB) sharp resonance-type maxima in the 

region of lower 4 – 5 GHz and higher 10 – 11 GHz frequencies. These maxima shift 

significantly to higher frequencies during aging of piezoceramic samples. The changes in the 

absorption spectrum in the range 3.2 – 5.6 GHz when heating PLZT samples were 

investigated. It was found that with increasing temperature from room temperature to 90 C, 

the absorption maximum observed at a frequency of 5 GHz shifts to a lower frequency range 

by 0.6 GHz, and absorption decreases by 15 dB. When further heating the sample, the position 

of the maximum in the spectrum and its magnitude did not change. At the same time, it was 
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found that at a frequency of 4 GHz at t = 90 C a new maximum is born and with increasing 

temperature to 160 90 C reaches an absorption level of 35 dB. The microstrip line with the 

PLZT sample under study on its surface forms a dielectric resonator antenna capable of 

radiating electromagnetic energy. We obtained energy emission spectra of electric and 

magnetic fields at different heights from the surface of the sample. The presence of large 

maxima in the microwave absorption spectra, changes in their frequencies and absorption 

levels depending on external factors are interpreted in terms of resonance processes. PLZT 

piezoceramics crystallites contain ensembles of elements of the domain structure (twin domain 

walls) capable of making forced oscillations in the electromagnetic field and selectively 

absorbing energy, converting it into heat. This view is confirmed by the visually observed 

dynamic nature of the spectra when we examine the maxima in a narrow frequency band in 

more detail. 
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PbFe2/3W1/3O3 (PFW) is the multiferroic ferrovoltaframate of lead exhibits relaxor with 

antiferromagnetic properties. Multiferroics have high dielectric permittivity values and 

increased dielectric and magnetic losses. Therefore, they are promising for use as radio-

absorbing materials (RAMs). The RAMs are widely used to protect radio equipment and 

people from electromagnetic radiation, to reduce the radar visibility of objects, and to protect 

computer information processing systems from unauthorized access. We obtained ceramic 

samples of PFW by the method of spark plasma sintering at 700 C. Their domain structure 

was studied using an electron microscope. These ceramics are characterized by a fine-grained 

porous structure. The grains are well faceted and have a size of 1 – 2 µm. The irregularly 

distributed large pores, which significantly affect the strength of the ceramic samples, are 

observed. The absorption and emission spectra of electromagnetic energy of the PFW 

multiferroic in the frequency range 3.2 – 12 GHz were studied using a microstrip line as a 

measuring cell. The same measurement technique was used as in earlier works [1, 2]. The 

measured samples without electrodes had a cylindrical shape with a diameter of 1 cm and a 

height of 0.1 cm. The average level of microwave energy absorption is (15 – 20) dB. The 

absorption spectra L(f) have a resonant character. They, as a rule, along with a large number 

of small maxima, contain 3 – 4 large (up to 30 – 40 dB) maxima with bandwidths of (1 – 0.5) 

GHz. Uniaxial compression of samples up to 3105 Pa contributes to the disappearance of 

previously existing maxima and the appearance of new ones with higher resonance 

frequencies. Heating samples to 150 °C causes the appearance of a large number of 

narrowband maxima with absorption levels of (15 – 20) dB. As the temperature increases, the 
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large maxima (35 – 40) dB shift to the high frequency region and new lower frequency maxima 

are formed. Three-mode spectra of integral emission of electric field strength and magnetic 

field induction at different heights from the sample surface were obtained. When probing the 

field with a pin-type antenna, the detected signal measured by a digital voltmeter B7-38 

without an additional amplifier was fixed at heights up to 60 mm. At room temperature, a 

constant magnetic field did not change the PFW absorption spectra either because of the weak 

magnetoelectric effect in the studied multiferroics or because of the small value of the field 

induction (B = 0.375 T). The absorption spectra of PFW with a large number of resonance-

type maxima, sensitive to external influences, indicate the existence in this multiferroic groups 

of oscillators with different natural frequencies. Domain walls of mechanical twins of PFW 

polar nanoregions (clusters) can be considered as oscillators. They are capable of making 

elastic vibrations and absorbing energy while in an electromagnetic field when their natural 

frequency coincides with the frequency of the field. 
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The object of research is composite materials of ferropiezoelectric ceramics, namely a polymer 

with a connectivity type of 0-3, which is a ceramic powder uniformly distributed in a polymer 

matrix. The purpose of the work is to study the processes of interfacial interactions, their 

influence on the piezoelectric properties in highly elastic composite structures, to establish the 

patterns that determine the volume-sensitive piezoelectric characteristics of composites, and 

to create effective piezoelectric materials for hydroacoustic receiving devices. In the process 

of work, the development of a method for obtaining anisotropic ferropiezoelectric ceramics, 

the development of methods for the preparation of perfect ceramic powders and composite 

materials based on thermoplastic fluoropolymers, and the study of composite materials based 

on lead-calcium titanate were carried out. In the result of the study, the dependences of the 

hydrostatic parameters of the composites on the degree of filling, particle size distribution, 

piezoelectric anisotropy of the active phase, and the elastic properties of the polymer matrix 

were established. Composite materials are based on ceramics of the TS-TK system and 

thermoplastic fluoropolymers F-2ME, F-62, F-2N (JSC Plastpolimer, St. Petersburg) with a 

degree of filling with a ceramic phase from 30 to 60 % vol. The dependences of the hydrostatic 

piezoelectric moduli gh and dh, and the quality factor ghdh on the degree of filling of the 

composite for polymers F-62 and F-2ME with different average sizes of ceramic particles are 

plotted. It has been established that the maximum values gh = 119.110−3 V·m/N and the 
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quality factor ghdh = 607410−15 m2/N are achieved for a polymer with a higher elastic 

compliance (F-62) at a degree of filling of 60 % vol. and the use of granular filler. These 

results correspond to the best foreign literature data [1, 2] for composite materials "ceramic-

polymer" with the type of connectivity 0-3. 
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An applied theory of vibrations of a bimorph plate is developed, which takes into account the 

inhomogeneous distribution of mechanical properties over the thickness in piezoelectric 

layers. A similar distribution can occur during the manufacturing process when the electrode 

is burned into the surface. This inhomogeneity was modeled as a linear or quadratic 

dependence of the components of the tensor of elastic constants on the thickness. Based on the 

developed theory, a plane problem of harmonic vibrations of a three-layer plate was studied, 

the outer layers of which have electroelastic properties and a non-uniform distribution of the 

values of elastic coefficients, and the inner layer is purely elastic. Within the framework of the 

problem, it was assumed that the electric potentials at the external and internal electrodes are 

known, and the distribution of the electric potential along the length in the middle of the layer 

is an unknown function. To simplify the problem, Kirchhoff's hypotheses were adopted. Based 

on the variational principle and the quadratic potential distribution adopted in the work, a 

system of differential equations and boundary conditions was obtained. COMSOL 

Multiphysics provides the ability to solve general partial differential equations. This made it 

possible to develop a two-dimensional finite element model, which takes into account the 

inhomogeneity of the thickness distribution. On the basis of the model obtained, comparisons 

were made between the obtained applied theory and the results of finite element analysis. 
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The flexoelectric effect is the occurrence of electric polarization in solids during their bending 

or any other form of inhomogeneous deformation. Unlike piezoelectricity, which occurs in a 

material with a certain symmetry, the flexoelectric effect appears in all dielectrics. However, 

the values of flexoelectric potentials are much lower than piezoelectric ones. Nevertheless, 

this effect is of research interest due to the fact that it is observed not only in solids, but also 

in polymers, liquid crystals, and biological tissues. The plane problem of steady bending 

vibrations of a cantilever consisting of two identical dielectric layers with flexoelectric 

properties is considered. Large surfaces of the layers were electroplated, one of the ends of the 

beam was clamped, while the other was free. A distributed mechanical load acted on the upper 

boundary of the beam. All other surfaces were free from mechanical stresses. The electric 

potential was equal to zero at the inner electrode, while at the outer electrode it was unknown. 

The side surfaces were considered isolated from the electric field. COMSOL Multiphysics 

does not support the flexoelectric effect, but it is possible to solve partial differential equations 

written in general form. Therefore, using the Cauchy equation of motion, which takes into 

account the stress tensor of a higher order, the electrostatics equation, as well as the 

constitutive relations for the material with the flexoelectric effect, a model of cantilever 

bending vibrations was built. On the basis of this model, the distributions of electric and 

mechanical fields were obtained, and a modal analysis was also carried out. 
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When operating piezoelectric generators (PEGs), it is possible to use piezoelectric elements 

having different porosity. The question remains how much the output power of such a 
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generator can be changed. Using the example of [1], the simulation of vibrations of a 

cantilever-type PEG with active fixing, which has piezoelectric elements with the effective 

properties of piezoceramics with a certain porosity, is considered. The simulation was carried 

out in the FE ANSYS software. As part of the simulation, it is possible to consider variations 

in porosity ranging from 0 to 80%. A modal harmonic analysis of the calculations was carried 

out. When modeling, calculations of 10 vibration modes were carried out. The most effective 

were modes 1 and 3 of vibrations, which had bending modes of vibration in the plane of least 

rigidity. The analysis showed that when comparing the output characteristics of ceramic 

material with 0% and 80% porosity, the output voltage of the structure decreased by 31 times, 

and the output power under load decreased by more than 1000 times. Cylindrical piezoelectric 

elements are proved to be more effective in comparison, located by pinching the PEG. When 

comparing the output characteristics of these ceramic structures to a structure with porosity 

0% and 80%, the voltage changed by a factor of 6.8, while the power changed by a factor of 

47, respectively. 
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This work is devoted to the study of transverse vibrations of a bimorph, consisting of two 

piezomagnetoelectric layers, located in an alternating magnetic field. On the basis of the 

applied theory of oscillations of a multilayer plate, taking into account the nonlinear 

distribution of the electric and magnetic potential in the piezoactive layers, both in the 

longitudinal and transverse directions, the stress-strain state, electric and magnetic fields of 

the cantilever bimorph have been studied. The electric potential is assumed to be zero at all 

electrodes, while the magnetic potential is equal to zero at the inner boundary and is unknown 

at the outer ones. Therefore, the distributions of the electric and magnetic potentials in the 

middle of the layer are assumed to be unknown functions, and in the case of a magnetic 

potential, the distribution at the outer boundary is also a function to be found. In the problem, 
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Kirchhoff's hypotheses for mechanical characteristics were accepted. Using the variational 

principle and the quadratic dependence of the electric and magnetic potentials over the 

thickness of the piezoactive layers accepted in the work, a system of differential equations and 

boundary conditions was obtained. The resulting boundary-value problem was solved by 

numerical methods. Comparison of the calculation results according to the proposed theory 

with the plane problem solved in the finite element (FE) package Comsol Multiphysics in the 

low-frequency region showed that the error in finding the characteristics of the mechanical 

and magnetic fields is less than 1%. In turn, when determining the electric field, the difference 

was of the order of 5%, with the exception of the clamping area. The study of the size of the 

area of this discrepancy depending on the relative thickness of the bimorph showed that its 

size is of the order of the thickness of the bimorph. In this case, the value of the output 

potential, calculated according to the proposed theory and FE, differs by 1.7%. It was found 

that this discrepancy is due to the fact that in applied theory, due to the introduction of 

Kirchhoff's hypotheses, tangential stresses disappear, while they are present in the FE model. 

The shear stress distribution diagram indicates that these stresses are negligibly small 

everywhere except for the ends of the cantilever, where their extrema are observed. Thus, the 

proposed applied theory makes it possible to determine the output characteristics of the 

considered bimorph with a sufficient degree of accuracy. On the basis of the conducted 

numerical experiments, it was shown that the developed applied theory of oscillations of 

piezomagnetoelectric bimorphs is described with a high degree of accuracy due to the 

introduced hypotheses. 
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A layered composite consisting of alternating piezoelectric and piezomagnetic layers is 

considered. Such a layered package can be used as a piezoactive layer in a bimorph structure, 

in which these layers are glued to the middle passive layer, that is to the substrate. The 

presented piezoelectric element can be used as a piezoelectric generator (PEG) for an energy 

harvesting device operating in an external alternating magnetic field. An alternating magnetic 

field is associated with some electromagnetic device or may be artificial due to the rotation of 

some mechanism on which permanent magnets are located. Damping must be taken into 

account in order to calculate the actual characteristics of the PEG, such as the beam 

displacement and the output electric potential, as well as to plot their frequency response 

characteristics. The theory is based on the plane problem of steady bending vibrations of a 

plate. The plate consists of two piezoactive elements, which are two identical layers made of 
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a composite electromagnetoelastic material. It is assumed that the considered composite 

material is a package consisting of alternating piezoelectric and piezomagnetic layers. 

Therefore, to simplify the problem, when describing the layers of a piezoactive bimorph, we 

will use the effective physical constants of a multilayer package. The presented problem is 

solved within the framework of the linear theory of electromagnetoelasticity. Applied theory 

is based on hypotheses about the distribution of mechanical, electric and magnetic fields using 

the variational principle. Damping is introduced by taking into account mechanical losses 

associated with the elasticity tensor. All unknown variables are assumed to be complex-

valued. The resulting system of equations and boundary conditions consists of real and 

imaginary parts. Within the framework of the constructed theory, the problem of finding the 

frequencies of the plate resonances is solved, the values of the mechanical, electrical and 

magnetic characteristics of the field, as well as their frequency response characteristics, are 

calculated. 
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Cataract is a clouding of the lens of the eye, which leads to a decrease in vision. 

Cataracts often develop slowly and can affect one or both eyes. Signs of cataracts include 

faded colors, blurry or double vision, halos around a light source, vision problems at night, as 

well as with intense lights. This can cause problems with driving, reading, and face 

recognition. This type of visual impairment causes half of all cases of blindness and 33 % of 

visual impairments worldwide. Approximately twenty million people have gone blind due to 

cataracts. This is the cause of approximately 5 % of blindness in the world. Cataract blindness 

occurs in approximately 10 – 40 per 100,000 children in developing countries and 1 – 4 per 

100,000 children in developed countries. An intraocular lens implanted into the eye for the 

treatment of diseases such as cataracts or myopia. Most often, lenses consist of a small plastic 

plate with side posts called haptics, which serve to hold the lens in place in the capsule bag of 

the eye. The aim of the work is to develop a project of a bioptic complex that simulates the 

natural accommodative properties of the lens of the eye using a computer simulation method. 

Computer modeling was performed using the ANSYS software package. The models were 

created using SpaceClaim CAD. polymethylmethacrylate was chosen as the material, because 

unlike silicone lenses, in cases of turbidity, they often become cloudy at the edges, without 

violating the optical properties of the lens. Mathematical modeling was performed using the 

finite element method, which is essentially a method of approximate numerical solution of 

physical problems. Which is based on two main ideas: discretization of the object under study 

into a finite set of elements and piecewise-element approximation of the functions under study. 

The finite element method leads to a ribbon sparse structure of the matrix of coefficients of 

the resolving system of equations. The body subject to deformation is divided into finite 
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elements. In the result of the breakdown, a grid is formed from the borders of the elements. 

The intersections of these boundaries form nodes. Additional nodal points can be created on 

the borders and inside the elements. The discrete model should cover the area of the object 

under study well enough. Loads were applied to which the lens would presumably be subjected 

in the lens equal to 0.4 MPa and boundary conditions were set limiting movement along the 

edges of the lens and contacts between the lens and the lens. The solution of the problem 

consists of three stages. The first stage is pressing the haptic parts to the lens, which is located 

inside the capsular sac of the lens (Fig. 1).  

 

 
 

Fig. 1 

 

 
 

Fig. 2 
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The second stage is the implementation of internal contact of the haptic parts with the lens bag 

(Fig. 2). The third stage is the application of loads to the outer surface of the capsule sac of 

the lens, which simulate the action of the muscles of the eye. (Fig. 3). The result of this study 

confirm that it is possible to create an accommodating complex simulating the natural 

accommodation of the eye. The models are deformed according to the assumptions and their 

optimal preliminary shape has been established. The obtained models are suitable for further 

work on their optimization, the maximum displacements do not exceed the maximum 

displacements specified biologically. 

 

 
 

Fig. 3 
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In our time, the number of blind people is constantly growing according to WHO, their number 

worldwide is approximately 39 million, and people with poor eyesight are about 246 million, 

moreover, they quickly lose it completely as a result of diseases, poor healing or unsuccessful 

surgical interventions. In Russia, the number of registered visually impaired and blind patients 

exceeds 218 thousand people. Of these, about 22% are young people of working age, 

respectively, almost every fifth inhabitant of Russia suffers as a result of the progression of 

one or another ophthalmic disease. This leads to a constant increase in the number of blind 

citizens in our country. Corneal ulcer is one of the most common causes of this. This disease 

is often caused by the herpes simplex virus, as well as fungi and bacteria. With a rapid, acute 

course of this disease, the only method of restoring vision is corneal transplantation. 

Transplantation of donor cornea and artificial keratoprostheses is currently widely used and is 

the most effective method for treating ophthalmic diseases leading to the formation of 

leukomas. The use of donor grafts in the treatment is often quite problematic, because may 

cause rejection of the donor material. This postoperative complication will cause tissue 

necrosis (complete or partial rejection), which is fraught with repeated surgical intervention 
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or a long implantation time. In addition, in the result of the growth of such patients, the demand 

for transplanted tissues is constantly growing, that is eye transplant banks cannot keep up with 

the growing demand for donor tissue. This is provoked by the age restrictions of the 

population. The shortage of donor tissue is a continuing concern for shortages in the global 

medical community. This gives rise to the need to develop alternative developments that can 

replace the donor cornea. That is why the interest of the scientific and medical world 

community in the development of artificial structures has recently been growing. Now such 

structures are made from various synthetic, biocompatible artificial materials that can replace 

living biological tissues functionally. Gradually, structures appear and are used that can 

replace the cornea without compromising the visual function of the eye [1, 2]. The human eye 

has a rather complex structure. The cornea is the transparent front part of the eye, covering the 

iris, the anterior chamber, and the pupil. Quite often, in the result of complications after 

ophthalmic diseases, mechanical damage, clouding of the cornea is possible, which contributes 

to a significant decrease in vision. The most common method of treatment in this case of 

damaged layers of the cornea is surgical intervention, namely keratoprosthetics. This explains 

the great interest in the development of tissue engineering products. Currently, attempts are 

being made to develop and improve keratoprostheses, which are necessary, when replacing 

the cornea or part of it with artificial tissues consisting of biocompatible materials. In the 

process of research, it was revealed that the corneal tissues have a multilayer structure, which 

causes anisotropy in the meridional, circumferential and perpendicular directions to its 

surface. Also, its mechanical properties are affected by the stroma, formed from many parallel 

plates (lamellae), which are woven from collagen fibers that is a transparent layer that makes 

up the main part of the cornea of the eye. The thickness of the stoma is almost 90 % of the 

entire thickness of the cornea. Therefore, when modeling the contact interaction of a 

keratoprosthesis with the natural tissues of the eye, the cornea should be considered as a 

multilayer shell, since its geometric parameters (h/R < 0.1) make it possible to represent the 

layers of the cornea as a shell. When creating a model, it is necessary to take into account that 

the cornea is uneven in thickness, and its outer surface is non-spherical. End-to-end 

keratoprosthetics, presenting implantation of the keratoprosthesis structure into the layers of 

the patient's cornea, requires a preliminary study of the stress-strain state of the contact of the 

cornea with the implant structure under the action of intraocular pressure. To do this, it is 

required to create a shell model based on several base surfaces. Such a model should be based 

on a kinematic hypothesis, according to which the spatial deformations of the shell will be 

determined by the deformations of several basic surfaces. Such a model will allow one to study 

deformations of the shell, taking into account shear, as well as changes in the thickness of the 

multilayer shell, depending on the conditions of interaction between the layers of the cornea 

and the keratoprosthesis. A keratoprosthesis is an artificial cell-free implant, the design feature 

of which is an optical element (lens) fixed in a frame, which is a thin-walled cylinder [3]. The 

bulk of modern keratoprostheses consists of an optical lens with a base. Which structurally 

can be made in the form of a ring with holes, ears, perforated crossed plates, amoeba-like legs, 

a wheel with spokes, etc. [4]. Keratoprostheses are being developed to replace the opaque part 

of the cornea. This replacement is necessary in case of irreversible damage to the cornea, 

which occurs as a result of mechanical injuries, burns, diseases or unsuccessful surgical 

intervention, complications in the healing process (rehabilitation) and as a result of the lack of 

a subsequent possibility of another method of recovery. For successful operation of a 

combined keratoprosthesis, its supporting part must withstand DVZh, while minimizing the 

deformation of the natural tissues of the eye. Also, it should be made a biocompatible material, 

structured in such a way that the fusion of the super- and underlying layers of the cornea 

occurs, which are separated during the indentation of the structure. The supporting part of 
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keratoprostheses can be made of the following materials: polyethylene, PTFE, nonreactive 

polymer, titanium or metal. Each material has its own advantages and disadvantages. Titanium 

and metal injure tissues much more, such prostheses more often than others cause the death of 

biological tissues. In turn, structures made of PTEF or polyethylene due to excessive flexibility 

and low mechanical strength are short-lived in operation and less reliable in fixing and holding 

a large optical structure. The operation to install a keratoprosthesis consists in excising a burr 

hole, through which the affected fragments of the cornea are removed. A keratoprosthesis 

support (haptic element) is inserted into the resulting hole, after healing, a lens is screwed into 

it (optical part of the structure) [3]. Rejection of an artificial implant (the most common 

complication after surgery) may occur in the result of the impact of design of the 

keratoprosthesis on the living tissues of the cornea, namely aseptic necrosis of biological 

tissues. Since the corneal tissues are subjected to deformation, which in the result makes it 

difficult or completely blocks the movement of vital substances in the layers in contact with 

the implant support [4]. Taking into account the data of the study, in this work we will assume 

that the biocompatibility of the material from which the supporting part of the keratoprosthesis 

is made. Its structure ensures the fusion of the layers of the cornea, separated during the 

introduction into the burr hole of the base of the keratoprosthesis. This study is conducted to 

consider the causes that affect the minimization of exposure, deformation of the natural tissues 

of the eye. It will contribute to the development of an implant model with a functionally 

gradient layer. This layer will be the connection of the hard part with the soft biological tissue, 

functionally preventing traumatization of the corneal layers by the artificial implant. Such a 

constructive connection is necessary due to the large discrepancy between the elasticity moduli 

of the corneal tissue and the materials from which the haptics and the optical element of the 

keratoprosthesis are made. The difference between them is three orders of magnitude. Based 

on the above reasons, it is important to carry out modeling and calculation of a keratoprosthesis 

with an intermediate functionally gradient layer, which will have heterogeneous, functionally 

gradient mechanical properties. In order to be able to produce artificial implants with a similar 

design, a study of the stress-strain state of the contact interaction of a keratoprosthesis with 

the boundary layers of the cornea is performed.  

 
         Fig. 1. Finite element 3D model of keratorothesis with a buffer layer 
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For the calculation, a 3D finite element model of keratorothesis was used, created in the finite 

element model constructor for partial differential equations FlexPDE (Fig. 1). The figure 

shows an artificial implant, whose optical part is of 6 mm in diameter and 5 mm in height; 

support disk, has an outer diameter of 15 mm and a thickness of 0.9 mm with a functionally 

gradient layer of 5 mm in height and 0.3 mm in thickness, which has non-uniform mechanical 

properties. Next, we plan to calculate the displacements, the components of the stress tensor 

and the strain tensor. To obtain the dependences of the distribution of displacements and 

stresses at different values of IOP in the area under study, which will make it possible to create 

a more convenient and efficient design of the keratoprosthesis. 
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When developing prostheses of biological tissues based on preliminary mathematical 

modeling, it is necessary to know their mechanical properties; one of the ways to determine 

them is indentation. In the result of this process, the relationship between the force and the 

penetration depth can be established, the shape of the deformed surface can be determined, 

and in the case of inelastic deformation, the size of the imprint after the load is removed. These 

data can serve as additional information for solving the inverse coefficient problem, to which 

the described problem is reduced. As a model of soft biological materials, which are the 

prototype of the cornea of the eye, here we consider a poroelastic water-saturated medium, 

known in the literature as a model of consolidation or Biot. Within the framework of plane 
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deformation, a mathematical model of indentation of the cornea of the human eye is studied, 

in the form of a rectangular area with a total thickness of h = 543 µm, a length of L = 3000 

µm, with a flat stamp of 500 µm long. Two different models were considered: a layered model 

that takes into account Young's modulus and Poisson's ratio, which are different for layers, 

and a model of a homogeneous water-saturated medium. Four types of boundary conditions 

for pore pressure under a flat die are considered. Moreover, three types of different mechanical 

conditions under the stamp during indentation were considered: (i) contact without friction, 

(ii) conditions, taking into account Coulomb friction, and (iii) rigid adhesion. Their influence 

on the relationship between the depth of its penetration and the contact force is studied. 12 

problem statements were considered for different boundary conditions under the die for a 

model with different mechanical properties in the layers of the cornea of the eye (shear 

modulus and Poisson's ratio). Moreover, similar 12 settings were considered, but for a 

homogeneous model close to a porous sponge. The calculation was carried out in the FlexPDE 

finite element analysis complex. Graphs of the distribution of pore pressure in the layers during 

indentation and the dependence “force – depth of penetration of the stamp” were obtained, the 

forms of the deformed surface and their difference for a certain set of boundary conditions 

were determined. The calculation results for a model homogeneous poroelastic water-

saturated medium can be compared with a natural experiment. In the result of this comparison, 

the most adequate set of boundary conditions will be selected. This set of boundary conditions 

will be used to solve the inverse coefficient problem based on the results of a natural 

experiment on the cornea. 
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In the work, numerical simulation of the thermal state in the vehicle cabin is carried out, taking 

into account air humidity, based on the equations of convection-diffusion. This model allows 

one to find the "dew point" on car windows and optimize the process of no fogging windows. 

One of the urgent problems of thermal comfort and maintenance of safe operating conditions 

of transport (HVAC) is the problem of window fogging. This phenomenon is commonly called 

the "dew point", and it consists in reaching the state of saturation of the steam on the surface, 

in particular, the window due to the temperature difference. Water vapor can enter the cabin 

both from the ventilation system from the ambient air and from the breathing of passengers. 

To unambiguously determine the "dew point", it is necessary to determine the amount of water 

vapor in the air, the temperature and pressure at the desired points. To obtain the fields of these 

quantities, an algorithm based on the numerical solution of the Navier-Stokes equations and 

the energy equation together with the convection-diffusion equations is proposed. For the 
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numerical implementation of the model, the Ansys Fluent computer fluid dynamics complex 

is used. When modeling, the initial data are, among other things, the proportions of wet steam 

and air in the deflectors of the climate system. The problem is solved in the formulation of a 

steady state, and the fields of pressure, velocities, temperature, density and relative humidity 

inside the cabin are calculated. The implemented numerical method for determining the 

relative humidity inside the cabin allows one to effectively determine the formation of a "dew 

point" on the inner surface of the vehicle window and provides opportunities to minimize this 

phenomenon by controlling the parameters of temperature, direction, speed and humidity of 

the incoming air from the transport climate system. 
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The paper implements a method for calculating the heat transfer coefficients of a multilayer 

wall of a vehicle cabin with internal and external air during convective heat transfer. A 

stationary case is considered, taking into account the movement of air, the solution is 

constructed using the methods of computer hydroaerodynamics. At the moment, the materials 

of the cabin of vehicles and mobile technological machines, including those for special 

purposes, are, as a rule, a complex multilayer composition of heat-insulating, decorative, 

protective and other layers. Increasingly complex cabin materials, additional heat-loaded 

equipment, and increasing requirements for thermal comfort (HVAC) require the development 

of refined approaches to modeling the thermal state of vehicles. When modeling the problem 

of thermal comfort, determining the coefficient of convective heat transfer with internal and 

external air is one of the key tasks of heat and mass transfer and applied hydroaerodynamics. 

Due to the impossibility of obtaining an analytical solution of the Navier-Stokes equations for 

such problems, the main way to find the heat transfer coefficients is the experiment and the 

Nusselt criterion based on dimensionless complexes and similarity theory. In this way, 

experimental values were obtained, in particular, for vertical and horizontal walls and pipes 

under natural and forced convection for a constant air velocity. However, the vehicle cabin 

may be a structure with a rather complex geometric shape with significantly non-uniform air 

flows inside and outside the cabin. This paper discusses the calculation of the cabin heat 

transfer coefficients based on the Navier-Stokes equations using turbulence models, and the 

energy equation. The internal and external domains of cabin air are considered. Ansys Fluent 

is used as a numerical implementation of the computer fluid dynamics model. This method 

makes it possible to obtain the most accurate values of the heat transfer coefficients and 

evaluate the applicability of applied theories, including those depending on air velocities. In 

the study, the values of heat transfer coefficients for vehicle cabins were obtained, a 

comparison was made with existing applied formulas. This method can be used to simulate 

the thermal state of cabins of any complexity and high air flow rates. The proposed numerical 
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implementation can be considered as the most optimal alternative for obtaining values based 

on experimental data. 
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In this study, a three-dimensional coupled stationary problem of elastic waves propagation for 

a system of bodies made of various elastic materials by the finite element method is considered 

and solved. The aim of the study is to analyze and compare wave processes that are generated 

in a large thin plate by piezoceramic transducers for isotropic and orthotropic materials. An 

aluminum alloy, widely used in aircraft construction, is regarded as an isotropic analogue of 

the selected composite. The choice of computational frequencies is based on the data of 

numerical experiments. Harmonic analysis was chosen because of its low computational cost 

and ease of measuring wave attenuation. Analysis of the data for isotropic media allows us to 

conclude that the obtained distributions of the amplitudes of harmonic waves for a directed 

transducer strictly depend on the normal displacements of the actuator footprint surface. 

Comparisons of the investigated values for both types of transducers show the best amplitude 

characteristics for directed transducer. For an orthotropic material, the wavefront is elliptical. 

Amplitude distributions are measured for points located on the same waveform. The results 

obtained showed that there is a deviation of the directivity peak from the main direction of the 

transducer orientation towards the direction of the main axis of anisotropy. An approach to 

damage detection for harmonic analysis by the finite element method has been developed. It 

is shown that the presented technique can interact with structural defects. Further development 

of the method is associated with the formation of a database of structural responses to various 

types of damage and their localization. The presented approach is economical in time and 

allows one to reduce the computation time in comparison with the non-stationary problem. 

Despite the low level of accuracy of the developed method, the high speed of calculations 

makes it an effective tool for fast calculations in the first assumption and the choice of 

frequency ranges for further calculations in nonstationary problems. 
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In this work, we present the results of studying the structure and dielectric properties in the 

terahertz frequency range of heteroepitaxial barium-strontium niobate SBN50 films, grown on 

a magnesium oxide substrate of the (001) cut. The parameters of the unit cell of the film (c = 

0.3961 ± 0.0001 nm and a = b = 1.241 ± 0.001 nm) were determined from the data of X-ray 

diffraction analysis. The deformation in the conjugation plane of the film and the substrate 

was – 4.3 × 10−3; in the perpendicular direction, it was 4.6 × 10−3, and the relative change in 

the volume of the tetragonal unit cell was 0.996. The calculations of the terahertz properties 

of the heterostructure shown in Fig. 1 were performed for an MgO substrate thickness of 560 

μm and an SBN50 film thickness from 2.41 μm to 2.55 μm (the inaccuracy in determining the 

film thickness determined the main error in the calculations). 

 
Fig. 1. ε1(f) and ε2(f) dependence of an SBN film at room temperature; 

the error range is indicated by thin lines 

 

The measured dielectric terahertz properties of the SBN50 films in terms of the magnitude and 

nature of the dispersion are in good qualitative agreement with the calculations of the dielectric 

constant, obtained for SBN35 and SBN61 single crystals by analyzing the IR reflection data. 

In single crystals, phonon modes were observed at frequencies of ~ 45 cm–1, ~ 72 cm–1, and ~ 

100 cm–1. In the films, in the spectrum of the imaginary part of the permittivity ε2, a more 

diffuse maximum at a frequency of 1.1 THz (37 cm–1) and an increase in ε2 at high frequencies 

up to 2.5 THz (83 cm–1) are observed. Most likely, it is advisable to study the effect of external 

influences on the dielectric properties in the terahertz region in the vicinity of these 
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frequencies, which is planned to be implemented in further research. The reasons for the 

revealed patterns are discussed. 
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Monolayer-protected metal nanoparticles have received immense attention since the past 

decade because of their unusual electronic properties and potential applications in plasmonic 

sensing. Gold nanoparticles exhibit size-dependent the localized surface plasmon resonance 

when their conducting electrons in both the ground and excited states become confined to 

dimensions smaller than the electronic mean free path (ca. 20 nm). These electrodynamic 

theories predict observed spectra of gold nanoparticles with diameters larger than 2.3 nm, but 

fail for smaller particles (Fig. 1).  

 

 

 

Fig. 1. (a-e) Fluorescence emission spectra of 1, 1.5, 3.0, 4.6 and 6.0 nm gold nanospheres during 

aggregation taken at an interval of 5 minutes upon addition of CTAB; and (f) temporal change in 

fluorescence response of gold nano-aggregates for five different sizes 
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Fig. 2. (a) Vectorized transmission electron micrograph; (b) schematic representation of the 

assignment of r0 coordinate; (c & d) the fractal dimension and the radius of gyration as a function of 

particle count, respectively. 

 

Confinement of electrons within metallic nanostructures, particularly, at sizes comparable to 

the Fermi wavelength of the electrons (ca. 0.7 nm) results in electronic energy states, which 

show molecule-like transitions as the density of states is, too, low to reproduce the properties 

of bulk metals. The photoluminescence quantum yields of monolayer-protected gold clusters 

can be enhanced up to eight orders of magnitude compared to that of bulk gold (10−10). 

Alkanethiol-protected gold nanoclusters possessing several atoms to small particles (less than 

1.2 nm), exhibit fluorescence (quantum yield ≈ 10−5 − 10−2) in the blue to near-infrared region. 

Decreasing the size of the homologous ligand-protected gold nanoclusters, the emission 

wavelength exhibits a blue shift (Fig. 2). 
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The bimetallic core-shell nanoparticles are of greater interest than the monometallic ones from 

both technological and scientific points of view [1 – 3] and this can be well-attributed to the 

fact that in such bimetallic nanoparticles, one of the metals (the shell) determines the surface 

properties while the specific functional properties (optical, catalytic, magnetic, etc.) of the 

system may be characterized 

by the other metal (the core) 

[4]. These physical and 

chemical properties of core-

shell nanoparticles strongly 

depend on the structure of the 

core, the shell and the 

interface. The properties can 

also be modified by changing 

the constituent materials or the 

core-to-shell ratio. Such core-

shell particles have a varied number of applications, such as, in drug-delivery, providing 

chemical stability to colloids, enhancing luminescence properties.   

In this work, we have focused on the 

synthesis of ‘normal’ and ‘inverted’ 

gold-silver core-shell nanostructures 

following the method of Pal group [5]. 

The ‘normal’ and ‘inverted’ core-shell 

so formed was characterized using 

transmission electron microscopy (see 

Fig. 1) and UV-visible spectroscopic 

techniques. Then, we have simulated 

the electric field generated using finite 

element method (FEM) (see Fig. 2) and 

validated the experimental results with theoretical calculations.  

Acknowledgement. The study was carried out with the financial support of the Southern 

Federal University (SFedU grants No. VNGr-07/2020-01-IF and No. P-VNGr/21-07-IF). 

References 

[1] Norman T. J., Grant C. D., Magana D., Zhang J. Z., Liu J., Cao D., Bridges F., van Buuren 

A. // J. Phys. Chem. B, 106, 7005, 2002. 

[2] Treguer M., de Cointet C., Remita H., Khatouri J., Mostafavi M., Amblard J., Belloni J., 

de Keyzer R. // J. Phys. Chem. B, 102, 4310, 1998. 

[3] Anandan S., Grieser F., Ashokkumar M. // J. Phys. Chem. C, 112, 15102, 2008. 

 

Fig. 1. TEM image of core-shell of different shell thickness 

 

 

Fig. 2. FEM simulation of core-shell of different 

shell thickness 
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Most practical applications of fatigue crack growth rate data involve service loading that is 

variable-amplitude by nature. Prevailing standard testing practice prescribes constant 

amplitude testing to characterize fatigue crack growth rate properties of a material. Crack 

growth behaviour under spectrum loading can be vastly different from estimates based on 

constant amplitude behaviour [1, 2]. The difference tends to grow under near-threshold 

conditions and smaller crack sizes, associated with the early stages of fatigue. This assumes 

particular importance, given growing requirements of extended service life between 

inspections and larger inherent defect size as in the case of additive manufactured components. 

Prevailing engineering practice for estimating residual fatigue life involves the use of one of 

several load interaction models that rely on constants derived from constant amplitude crack 

growth rate data coupled with other constants iteratively selected to model load interaction 

effects [3, 4]. The proposed report is a review of work in progress targeting laboratory testing 

to characterize material properties associated with different known mechanisms of load 

interaction. The effort is based on the assumption that individual load interaction effects can 

be characterized in isolation, by a suitably designed reproducible and standardizable 

laboratory testing practice. The hope is that properties characterized in this manner can be 

incorporated into analytical estimates of crack growth for any given spectrum loading. The 

first project in the ongoing research is an encouraging example of progress in the development 

of standard practices for testing to target engineering application. It involved the development 

and validation on more than half a dozen different materials of a fully automated and therefore 

reproducible testing practice to characterize the unique relationship between intrinsic (closure 

free) threshold stress intensity range and a certain computed near-tip residual stress, * [5 – 

7]. * is sensitive to Kmax under constant amplitude loading and extremely sensitive to load 

history under variable amplitude loading. The Kth,i versus * relationship was established for 

an Al-Cu alloy, an Al-Li alloy, a stainless steel and an automotive steel, a titanium alloy and 

two additive manufactured steels, one stainless and the other from maraging steel powder. 

Obviously, these materials may be expected to exhibit vastly different sensitivity to variable-

amplitude loading. This was brought out by testing under extremely different but statistically 

identical load sequence variations of an extended duration load spectrum in the HCF/VHCF 

range of residual life. For all materials studied, the Kth,i versus * relationship was able to 

model observed variations in crack growth response, suggesting the success of an emergent 

standard practice for laboratory characterization of a new material property vital to 

engineering application [8, 9]. The focus of ongoing effort is on an Inter Laboratory Study to 

confirm satisfactory reproducibility of test results obtained from the test procedure to 
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characterize the Kth,i versus *  relationship. Work is also in progress on methods to account 

for the isolated effect of other mechanisms that are bound to affect crack growth under service 

loading. It is proposed to report progress in these activities at the forthcoming symposium. 
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The present investigations mainly focused on the colossal dielectric response, temperature and 

frequency dependent studies of electrical conductivity and complex impedance analysis of 

LaFeO3 ceramics. The studied sample was prepared by a chemical method. Structural and 

microstructural properties are analyzed from the XRD pattern and SEM micrograph. The 

anomalies in the dielectric constant vs temperature plots are analyzed on the basis of 

polarization induced by the Maxwell-Wagner mechanisms and ferromagnetic interaction 

between the Fe3+ ions driven by the oxygen vacancy mediated Fe3+ − Vo − Fe3+ exchange 

interaction. A giant dielectric permittivity of 225392 was observed in the sample even at the 

room temperature for 100 Hz. The colossal dielectric constant in LaFeO3 is mainly driven by 

the internal barrier layer capacitor (IBLC) formation. The formation of IBLC was explained 

on the basis of highly insulating grain boundary and less resistive/semiconducting grain, which 

was confirmed from both the activation energy and capacitance of grain and grain boundary 

from the impedance analysis. The non-Debye type relaxation process, associated with the 
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grain and grain boundary effect, was investigated from the broad and asymmetric relaxation 

peak. The relaxation time for both the grain and grain boundary effect was also calculated. In 

addition to this, we have also analyzed the normalized bode plot of imaginary part of 

impedance and electrical modulus, which suggests the relaxation process, dominated by the 

short-range movement of charge carriers. The frequency and temperature dependent studies 

of conductivity are analyzed by the Jonscher’s power law and Arrhenius relation (see Fig. 1).   

 

 
 

 
 

Fig. 1 
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Among the whole plethora of pyrochlore-like structures, there are only several reliably 

confirmed examples of the bulk ferroelectrics [1]. All of them are related to the cadmium 

niobate (pyroniobate) Cd2Nb2O7 family of materials [2, 3]. In spite of more than half-century 

history of studying Cd2Nb2O7, the nature of its ferroelectric behavior remains practically 

unknown that is largely due to the extremely complex phase diagram including paraelectric, 

improper ferroelectric-ferroelastic, proper ferroelectric, relaxor, incommensurate and glassy 

phases [4, 5]. The aim of this work was to define the main features of the ferroelectric state as 

well as the origins of the relaxor-like behavior in Cd2Nb2O7. The objects of the study were 

(111)-oriented single crystals of Cd2Nb2O7 grown by a fluxed melt technique using cadmium 

borate as a flux. Dielectric and electromechanical properties were studied with a help of setup, 

which includes a nitrogen cryostat with a RTD temperature sensor, Cryotel TC-77 temperature 

controller, Wayne Kerr 6505B impedance meter, and a personal computer. It was shown that 

the temperature-frequency behavior of the dielectric permittivity in these crystals 

demonstrates all the typical features for the systems with domain-walls "freezing" dynamics 

such as the characteristic "kink" of the temperature behavior of the dielectric permittivity and 

the corresponding asymmetric dielectric loss maximum as well as following the temperature 

dependence of the mean relaxation time on the Vogel-Tammann-Fulcher with the fitting 

parameters close to other systems with domain-walls "freezing" dynamics [6]. 

Acknowledgement. The reported study was funded by the Russian Science Foundation 

(projects No. 20-72-00086). The dielectric spectroscopy measurements were performed using 

the equipment of the Shared Research Facility Centre of SFedU, Research Institute of Physics. 

References 

[1] Talanov M. V., Talanov V. M. // Chem. Mater. 33, 2706 – 2725, 2021. 

[2] Cook W. R., Jaffe H. // Phys. Rev., 89, 1426, 1953. 

[3] Jona F., Shirane G., Pepinsky R. // Phys. Rev., 92, 903 – 909, 1953. 

[4] Kolpakova N. N., Shulpina I. L., Shcheglov M. P., Waplak S., Bednarski W., Nawrocik 

W., Wiesner M. // Ferroelectrics, 240, 1531 – 1538, 2000. 

[5] Salaev F. M., Kamzina L. S., Krainik N. N. // Soviet Phys. Solid State, 34, 982 – 985, 1992. 

[6] Talanov M. V., Pavelko A. A., Kamzina L. S. // Mater. Res. Bull., 145, 111548, 2022. 
 

 

 

 

 

 

 

 



307 

Multi-order States and Emergent Phenomena on the  

Pyrochlore Lattice 

 

M. V. Talanov1,2*, V. B. Shirokov1,2,3, E. A. Muratova2, V. M. Talanov2
 

 
1Southern Federal University, Rostov-on-Don, 344090, Russia 

2South-Russian State Polytechnic University, Novocherkassk, 346428, Russia 
3South Scientific Center, Russian Academy of Sciences, 

Rostov-on-Don, 344006, Russia 
 

*mvtalanov@sfedu.ru 

 

Pyrochlore lattice allows competition between different interactions giving rise to a 

geometrical frustration and highly degenerate ground states, as well as it acts as a playground 

for theoretical models for quantum and electronic materials. Crystals with a pyrochlore 

sublattice (including pyrochlores, spinels and Laves phases C15) also have attracted great 

attention because their unique physical properties: superconductivity, metal-insulator 

transitions, quantum spin liquid state, radiation resistance, anomalous Hall effect, heavy 

fermion behavior and many others [1 – 5]. In many ways unprecedented diversity of crystal 

and magnetic structures as well as intriguing physical behavior are the results of interplay 

between spin, lattice, charge and orbital degrees of freedom giving rise to the multi-ordered 

states. In this work, we considered the problem of the multi-ordered states formation on the 

pyrochlore lattice in the framework of the Landau theory. Using the order parameter concept 

for the magnetic crystals with the pyrochlore sublattice allowed us to describe in a uniform 

manner the possible magnetic structure derivatives of the high-symmetrical aristotype phase, 

features of magnetic crystallography of the low-symmetrical phases, symmetrical hierarchy of 

magnetic structures and interactions, the improper degrees of freedom and symmetry-

permitted spin-induced properties, as well possible phase diagrams. Special attention has been 

paid to the emergent phenomena and, in particular, to possible multiferroic and 

magnetoelectric phases. Based on the results of group-theoretical analysis the multi-ordered 

classes of low-symmetrical phases were distinguished that open new prospects to the design 

of quantum materials.  
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Day-to-day expended traditional energy sources and their noxious effects on environment 

have attracted the scientists to alternative. Energy harvesting from the kinetic energy of 

blowing wind or flowing water through piezoelectric material is one of the better alternatives. 

Various small-power based sensors, wireless communications devices and actuators, 

implantable medical devices and structural health monitoring system depend on batteries to 

operate [1]. The replacement of batteries in such devices have become a tough and tedious 

task [2]. Rezaei-Hosseinabadi et al. [3] developed a topology for lift-based wind turbine 

piezoelectric harvester without contact vibration mechanism. Xie et al. [4] designed a ring 

piezoelectric energy harvester having inner and outer concentric ring. The results show that a 

power of 5274.8 W has been generated at radius 0.5 m of the harvester. Wang and Liu [5] 

fabricated a shear mode piezoelectric energy harvester for harnessing the power from 

pressurized water flow. FEM simulation and experimental results show that the open circuit 

peak-to-peak voltage varies from −72 mV to +72 mV. Zhou et al. [6] combined shear mode 

(𝑑15) piezoelectric constitutive equations and single degree of freedom vibration system to 

harvest the energy from cantilever. Frequency dependent peak-to-peak voltage and power has 

been found out. Assembly of ‘shear mode (𝑑15) rotary energy harvester’ is shown in Fig. 1. 

For extracting power from rotating object, shaft is coupled to the rotary object. The main 

components of harvester are a rotating hub of radius 𝑅1, a leverage system (see Fig. 2) to 

magnify the shear force at the PZT patches, 12 magnets are mounted on the rotary hub while 

the same number of magnets   with same pole in front of faces, mounted on the end of the 

levers. The rotation of the hub produces a repulsive magnetic force on the lever end and 

magnifies at the PZT. The piezoelectric patches of length, 𝑙𝑝, width, 𝑤𝑝, and thickness, 𝑡𝑝, 

are mounted on the support as shown in Fig.1. A mathematical model has been developed to 

calculate RMS of the output electric power. Electrical power is plotted against various physical 

and geometrical parameters of the harvester. The maximum power (see Fig. 3) is calculated 

as 160 W at 𝑙𝑚 = 𝑤𝑚 = 10 mm, 𝑡𝑚 = 10 − 20 mm, 𝑙𝑝 = 𝑤𝑝 = 𝑡𝑝 = 10 mm, d = 10 mm, 𝑑15 = 

5.8410−10 C/N, and rotation of shaft varies from 1160 RPM to 1391 RPM. Depending on the 

available ambient energy more and more power can be harvested by increasing dimension and 

size of the harvester. The analytical results are compared with FEM results and better 

agreement has been found. 
 
 



309 

 

Fig. 1. Simple configuration of energy harvester 

 

 
 

Fig. 2. Leverage system 
 

 

Fig. 3. Variation in power and rotation of shaft with thickness of magnets 
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All strings of a multi-line gas pipeline are interconnected by jumpers [1]. The use of jumpers 

allows one to solve two main problems: increasing the reliability of the gas pipeline and 

reducing the hydraulic resistance of the gas pipeline [2]. Moreove, the advantage of the 

jumpers available on the main line is that in case of an accident on one of the lines, only the 

section between the jumpers is turned off. This function allows one to keep the performance 

of the gas pipeline at a higher level [3]. If the gas flows are optimally distributed along the 

lines between the bridges, then it is possible to achieve a decrease in hydraulic resistance. Gas 

flow from one line to another is possible only if there is a pressure drop in the lines [4]. 

Different pressure can be caused with different clogging of the threads, with different lengths 

and positions of loopings, as well as with different layouts of pipes along the length of the 

section. According to the change in the throughput of the gas pipeline, the effectiveness of 

opening the bulkhead is estimated: X= Q+/Q−, where X is the effectiveness of the bulkhead; 

Q+ is the throughput of the section with an open bulkhead; Q– is the capacity of the section, 

when the bulkhead is closed. Taking into account the flow rate: X=kp
+/kp

−, where kp
+ is the 

flow rate with an open bulkhead; kp
− is the flow coefficient with a closed bulkhead [5]. 
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Complex perovskite PbFe1/2Nb1/2O3 (PFN) is a multiferroic, that is it combines ferroelectric 

and magnetic properties [1].  Dielectric  permittivity ε dependences on temperature for the 

Pb1−xBaxFe1/2Nb1/2O3 solid solution compositions in the 0 ≤ x ≤ 0.5 compositional range were 

found to change, as x grows, from relatively sharp frequency-independent maxima typical of 

usual ferroelectrics to the diffused and frequency-dependent maxima typical of relaxors and 

then to the saturated at low temperatures and frequency-independent ε(T) curves typical of 

incipient ferroelectrics [2] At the same time, Ba-doping leads to the drastic change of magnetic 

properties of PFN, namely to the drop down of the temperature of the antiferromagnetic phase 

transition (Néel temperature) in the vicinity of the x ≈ 0.15 – 0.20 compositional threshold [3]. 

The scope of the present work is to compare the compositional ranges, where the relaxor 

properties appear with that, where the drastic change of magnetic properties of PFN is 

observed. To evaluated the degree of the relaxor behavior, we used a theoretical framework 

for PbBnNbmO3 relaxors suggested in [4] which takes into account the contributions made by 

individual NbO6 octahedra, which are believed to be polar units and are said to be 

“ferroelectrically active”. Later it was shown [5] that the probability, w, of the situation when 

the Nb ion is surrounded by only the Pb-ions for Pb1-xAxBnNbmO3 solid solutions is given by a 

simple analytical expression: w = (1 – x), where  = 8. In order to check this model, the fall-

off in the dielectric permittivity maximum, εmax, with the concentration x for the 

Pb1−xBaxFe1/2Nb1/2O3 solid solution was compared with the computed values of w. In contrast 

to the model [4], for which  = 8 and should not depend on x, the -values are estimated from 

the experimental max(x)/ max(x = 0)  ratio dependence on composition, vary crucially with 
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x at small x-values. It seems that this decrease of  with x corresponds to the decrease of the 

polar volume, where the substitutions in the A-sites (near the Nb-ions) are absent. This implies 

that the w = (1 – x) dependence is not true at very small x, where  exceeds the polar region 

of the composition with x = 0. On the other hand, in the 0.15 < x < 0.4 compositional range 

the - values are close to 8, implying that the polar volume reduces to eight-unit cells. These 

data correlate well with the compositional dependence of the activation energy ΔW in the 

Vogel-Fulcher relation, which shows an abrupt increase at x ≈ 0.15 up to the values typical of 

the textbook relaxor PbMg1/3Nb2/3O3. Thus, the classic relaxor behavior in the 

Pb1−xBaxFe1/2Nb1/2O3 solid solution starts above x ≈ 0.15 and is stable up to x ≈ 0.4.    
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The development of memristor memory is one of the priority areas of the electronics industry. 
In particular, the scientific community is focused on the manufacturing and research of 

elements of non-volatile memory (ReRAM), the principle of operation of which is to change 

the electrical resistance between low-resistance states (LRSs) and high-resistance states 

(HRSs) under the electric field (resistive switching effect) [1, 2]. Much attention is currently 

being paid to the study of resistive switching in various nanostructures, such as zinc oxide 

nanorods grown by pulsed laser deposition. However, the fabrication of ReRAM elements 

based on zinc oxide nanorods requires systematic regimes of the resistive switching effect and 

the study of the effect of the control voltage amplitude on the HRSs and LRSs resistances, 

which is the purpose of this work. The zinc oxide rods were produced by pulsed laser 

deposition on a Pioneer 180 system (Neocera Co, USA) at the following modes: substrate 

temperature 400 C, target-substrate distance 50 mm, O2 pressure 1 mTorr, pulse energy at 

300 mJ, number of pulses 1000. An Al2O3 plate with a TiN film bottom electrode 50.6 ± 4.2 

nm thick was used as a substrate. The geometrical and electrical parameters of the ZnO 
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nanorods were investigated using the Ntegra probe nanolaboratory (NT-MDT, Russia) with 

W2C probes. The results were processed using Image Analysis 2.0 software. As a result, 

current-voltage characteristics were obtained with the amplitude of the control voltage in the 

range from 1 to 6 V. The HRSs and LRSs, as well as the HRSs/LRSs ratio, were derived from 

the results. The analysis of the results showed that the ZnO nanorods have a diameter of 421.3 

± 87.1 nm. It was also shown that increasing the amplitude of the control voltage (U0) from 1 

to 6 V leads to a decrease in HRSs resistance from 25.32 ± 1.64 GΩ to 0.36 ± 0.07 GΩ, and a 

decrease in LRSs resistance from 0.32 ± 0.05 GΩ to 0.06 ± 0.01 GΩ. The result obtained can 

be explained by an increase in the concentration of oxygen vacancies in the zinc oxide 

nanorods with an increase in voltage U0 and, therefore, an increase in the electric current 

flowing through the zinc oxide rods. The maximum HRSs/LRSs ratio was 78. The results 

obtained can be used in the formation of ReRAM elements based on ZnO nanorods for 

neuromorphic systems of artificial intelligence. 
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In recent years, the relevance of technology development and the creation of artificial 

intelligence systems is increasing, due to the low efficiency of processors based on the von 

Neumann architecture in solving problems associated with machine learning algorithms [1]. 

To solve this problem, it is necessary to eliminate the movement of data between the processor 

and memory, which causes increased power consumption and a significant decrease in the 

performance of computing systems. To create neuromorphic systems, CMOS technology has 

serious limitations, so there is a need to develop and research a new element base, which would 

meet several requirements for energy efficiency, layout density, nonvolatile, etc. Nonvolatile 

resistive memory (ReRAM) is considered one of the most promising candidates for 

neuromorphic applications because of its high switching speed, low operating voltage, and 

high degree of scalability. Resistive switching is observed in many metal-oxide systems, the 

most popular of which are TiO2, Ta2O5, ZnO, etc. Also, the analysis of the literature data 

showed that one of the most promising materials for the fabrication of ReRAM elements of 

neuromorphic systems is a forming-free nanocrystalline zinc oxide (ZnO) film, which can be 

obtained under certain growth modes of the pulse-laser deposition method [2]. However, the 
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use of forming-free ZnO nanocrystalline films for neuromorphic applications is currently 

limited by the insufficient study of resistive switching and by the insufficient study of the 

patterns of occurrence of multilevel resistive switching. To experimentally study the effect of 

multilevel resistive switching on the Si/TiN substrate, forming-free nanocrystalline ZnO films 

were obtained by pulsed laser deposition at the Pioneer 180 unit (Neocera LCC, USA) under 

the following conditions: substrate temperature was 300 °C, distance between the target and 

the plate was 50 mm, O2 pressure was 1 mTorr, pulse energy was 250 mJ. Electrical 

measurements were made using the Keithley 4200-SCS semiconductor measurement system 

(Keithley, USA). The top and bottom contacts were a tungsten probe and a TiN film, 

respectively. Analysis of the experimental results obtained showed that increasing the film 

thickness of forming-free nanocrystalline ZnO from 12.3 ± 2.7 nm to 42.2 ± 4.6 nm leads to 

an increase in the HRS/LRS ratio from 76 to 912 and an increase in the stable resistive states 

from 4 to 9. Also, analysis of the experimental results showed that increasing the resistivity of 

the forming-free nanocrystalline ZnO film from 0.38×10−2 to 0.67×10−2 Ω∙cm leads to an 

increase in the HRS/LRS ratio from 435 to 1871 and an increase in the stable resistive states 

from 6 to 11. The results obtained can be used in the fabrication of neuromorphic systems 

based on forming-free nanocrystalline zinc oxide films.  
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Piezo-active 1–3-type composites based on domain-engineered single crystals (SCs) [1, 2] are 

of interest due to high piezoelectric sensitivity and anisotropy, large electromechanical 

coupling factors and other parameters. Among them, the hydrostatic parameters exhibit 

numerous examples of a non-monotonic volume-fraction behaviour. The aim of the present 

report is to compare the hydrostatic parameters of the lead-free 1–0–3 composites with 0–3 

matrices where either piezo-passive or piezoelectric inclusions are surrounded by polymer 

media. The main piezoelectric component is a [001]-poled domain-engineered [Lix(K1-yNay)1-

x](Nb1-zTaz)O3:Mn (KNNTL-Mn) SC with the perovskite-type structure, where x = 0.06, y = 

0.1 – 0.3, z = 0.07 – 0.17, and the level of Mn doping is 0.25 mol. %. Our study is carried out 

within the framework of the model of the 1–0–3 composite [1, 2]. In this composite a system 
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of the parallelepiped-shaped SC rods is surrounded by the 0 – 3 matrix with the spheroidal 

inclusions. A regular arrangement of the rods and inclusions is assumed. A shape of the 

inclusion is characterised by its aspect ratio i that is varied from 0.01 (the heavily prolate 

inclusion along the poling axis) to 100 (the heavily oblate inclusion). The matrix method [3] 

and effective field method [3] are applied to evaluate effective electromechanical properties 

of the 1–0–3 composite and its following hydrostatic parameters: piezoelectric coefficients dh
* 

and gh
*, related figure of merit (Qh

*)2 = dh
*gh

*, and electromechanical coupling factor kh
*. 

Hereby we consider the performance of the following 1–0–3 composites: KNNTL-Mn 

SC/corundum ceramic/polyethylene and KNNTL-Mn SC/Li2B4O7 SC/polyethylene. The 

hydrostatic parameters of the 1–0–3 composites are compared at fixed volume fractions m (SC 

rods in the composite) and mi (inclusions in the matrix), and the aspect ratio i. A presence of 

the isolated piezoelectric Li2B4O7 SC inclusions in the 0–3 matrix does not lead to an 

appreciable increase of maxima of the aforementioned hydrostatic parameters in comparison 

to their maxima related to the corundum-containing composite with the piezo-passive matrix. 

Maxima of the piezoelectric coefficient dh
* of both the studied composites at i = 1 – 100 and 

mi = 0.05 – 0.20 are in the range of 188 – 282 pC/N, and these values are by an order-of-

magnitude larger than the piezoelectric coefficient dh
(1) of the KNNTL-Mn SC. The 

hydrostatic electromechanical coupling factor kh
* of both the composites at i = 100 is 

characterised by max kh
*  0.6–0.7, and these max kh

* values are ca. 4.7 – 5.4 times larger than 

the hydrostatic electromechanical coupling factor kh
(1) of the KNNTL-Mn SC. Our results on 

the hydrostatic parameters of the lead-free 1–0–3 composites are compared to literature data. 

Due to the large hydrostatic parameters, the studied piezo-active composites can be applied as 

active elements of hydroacoustic devices and systems.          
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A study on novel piezo-active 1–2–2 composites [1] based on [001]-poled domain-engineered 

single crystals (SCs) points an effect of the laminar 2–2 matrix on electromechanical properties 
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and many parameters of these composites. The aim of the present report is to analyse a high 

piezoelectric performance, large piezoelectric anisotropy and large figures of merit of the 1–2–

2 composites in the context of sensor and energy-harvesting applications [2]. In the 1–2–2 

composite, a system of long ferroelectric domain-engineered SC rods is surrounded by a 

laminar matrix (see Fig. 1), and this matrix contains two types of polymer layer that are 

arranged regularly [3]. The SC rods with a spontaneous polarisation Ps
(1)  OX3 are poled 

along [001] of the perovskite unit cell (see inset 1 in Fig. 1) and are arranged in a regular 

square in the (X1OX2) plane. The crystallographic axes X(1), Y(1) and Z(1) of each SC rod obey 

conditions X(1) || OX1, Y
(1) || OX2 and Z(1) || OX3. Two shapes of the SC rod are considered, see 

insets 2 and 3 in Fig. 1. The main components are domain-engineered perovskite-type 

0.92Pb(Zn1/3Nb2/3)O3 –
 0.08PbTiO3, 0.67Pb(Mg1/3Nb2/3)O3 –

 0.33PbTiO3 and [Lix(K1-yNay)1-

x](Nb1-zTaz)O3:Mn SCs, where x = 0.06, y = 0.1 – 0.3, z = 0.07 – 0.17, and the level of Mn 

doping is 0.25 mol. %.  

 

 
Fig. 1 

 

Non-monotonic volume – fraction dependences of the piezoelectric properties, anisotropy 

factors and figures of merit are studied. New diagrams are put forward [3] to demonstrate the 

volume-fraction regions where a large anisotropy of the piezoelectric coefficients d3j
* and 

electromechanical coupling factors k3j
* is achieved, and where energy-harvesting figures of 

merit of the composite are at least five times larger than analogous parameters of the SC 

component. The studied 1–2–2 composites are of interest as anisotropic materials with high 

piezoelectric sensitivity, large piezoelectric anisotropy and large figures of merit, which are 

important for sensor, energy-harvesting and related applications.  
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Among the piezoelectric materials that attract much attention in the recent years, composites 

based on ferroelectric domain-engineered single crystals (SCs) occupy one of the important 

positions. This is concerned with a high performance of the 1–3- and 2–2-type composites and 

with opportunities to vary their effective electromechanical properties, anisotropy factors, 

energy-harvesting parameters, and other characteristics in wide ranges. In the present study 

novel 1–3-type composites based on lead-free perovskite-type alkali niobate – alkali tantalate 

SCs poled along [001] are in the focus of our attention. The main microgeometrical feature of 

the studied 1–3-type composites is a system of long parallel SC rods surrounded by a large 

matrix being heterogeneous [1, 2]. The aim of the present report is to highlight the active role 

of the matrix subsystem in forming the piezoelectric performance and energy-harvesting 

parameters of the 1–3-type composites. The main connectivity patterns of the studied 

composites are 1–0–3 and 1–3–0, and the matrix is characterised by 0–3 or 3–0 connectivity, 

respectively. We study an effect of the anisotropic elastic and/or piezoelectric properties of 

the heterogeneous polymer-based matrix on the following parameters of lead-free composites:   

(i) piezoelectric coefficients d3j
* and g3j

*, where j = 1 and 3;  

(ii) energy-harvesting (voltage or squared) figures of merit: (Q3j
*)2 = d3j

*g3j
*;  

(iii) modified figure of merit [3, 4] at the applied mechanical stress: Fij
* = max (dij

*)2/[(kij
*)2 

ii
*], where max = {(kij

*)−1 – [(kij
*)−2 – 1]1/2}2 is the maximum transmission coefficient, kij

* is 

the electromechanical coupling factor, and ii
* is the dielectric permittivity at stress  = const;  

(iv) modified figure of merit at the applied mechanical strain Fij
* = max(dij

*)2/ 

[(kij
*)2ii

*sjj
*Esjj

*D], where sjj
*E and sjj

*D are elastic compliances at the electric field E = const 

and electric displacement D = const, respectively.  

An influence of the piezoelectric anisotropy of the composite on the anisotropy of figures of 

merit (ii) – (iv) is considered depending on the anisotropic properties and contents of the 

heterogeneous matrix. Large figures of merit [for instance, (Q33
*)2  10−10 Pa−1 and F33

*  

10−10 Pa−1 at the longitudinal piezoelectric effect] and a large anisotropy of figures of merit 

[(Q33
*)2 / (Q31

*)2  102] are achieved in specific volume-fraction ranges and in the presence of 

the heterogeneous matrix with a large elastic anisotropy. New diagrams that link figures of 

merit of the composite and volume fractions of its components [4] are put forward to show 

advantages of the studied lead-free composites over traditional 1–3 composites based on 

ferroelectric PZT-type ceramics. The large parameters of the studied lead-free composites are 

compared to the similar parameters of piezo-active composites known from earlier studies, see 

for example monograph [2].   
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Piezo-active 2–2 composites based on domain-engineered single crystals (SCs) are advanced 

piezoelectric materials with large piezoelectric coefficients, electromechanical coupling 

factors, hydrostatic parameters, and other characteristics. Orientation effects in these 

composites [1] are mainly concerned with rotations of crystallographic axes in the SC 

component. This component is represented by relaxor-ferroelectric SCs, for example (1 – 

x)Pb(Mg1/3Nb2/3)O3 – xPbTiO3 (PMN – xPT) or (1 – x)Pb(Zn1/3Nb2/3)O3 – xPbTiO3 (PZN – 

xPT) with perovskite-type structures and compositions near the morphotropic phase boundary.  

           

  
 

                                  (a)        (b) 
 

Fig. 1.(a) Schematic of parallel-connected 2–2 composite [2]; (b) orientation dependence of modified 

FOMs F3j
* (in 10−12 Pa−1) of the 2–2 PZN–0.07PT SC/polyurethane composite at the volume fraction 

of SC m = 0.1. 

 

The aforementioned rotations influence the electromechanical properties and many parameters 

of the 2–2 composites [1, 2]. In the present report we show an influence of the rotation of the 

main crystallographic axes in the [011]-poled SC component on some energy-harvesting and 
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modified figures of merit (FOMs) of the 2–2 SC/polymer composites. In the 2–2 composite 

shown in Fig. 1, a, the SC (volume fraction m) and polymer layers (volume fraction 1 – m) are 

arranged regularly along the OX1 axis. Irrespective of the rotation angle , the poling axis of 

the composite is OX3. The effective electromechanical properties are found by means of the 

matrix method [1]. Non-monotonic orientation dependences of energy-harvesting FOMs 

(Q3j
*)2 = d3j

*g3j
* and modified FOMs F3j

* = L3j
*(Q3j

*)2 at stress  = const (see Fig. 1, b) are analysed 

for the 2–2 composites based on SCs (either PMN – xPT or PZN – xPT). Highlighted is the active 

role of the elastic and piezoelectric properties of the [011]-poled SC in forming the non-

monotonic dependences of (Q3j
*)2 and F3j

* on m and , and the large anisotropy of some 

FOMs. 
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Every year the expansion of the sphere of construction industry has both positive and negative 

factors of impact on society, associated with increased risk of work process, in the result of 

the workplace traumas and deaths, increase in defects and low-quality houses that do not 

respond to the requirements of quality standards. The main problem of disturbance in 

construction is the abuse of authority of the builder, or his carelessness [1]. Construction of 

buildings and structures is the sphere of ensuring the safety and comfort of human life. 

Construction is characterized by the following functions: sale, operation of construction 

projects, social one, connected with improving the quality of life of the population, juridical 

one, connected with protection of rights and interests of consumers, the guarantee of safe and 

comfortable use of building facilities. Safety and quality of construction processes depend on 

a large number of external factors and, to a large extent, on the human factor [2]. However, in 

spite of rather effectively organized activity of author's and technical supervision services, a 

number of defects take place and tend to multiply and develop during the exploitation of 

construction objects. These are not only invisible defects due to the complexity of accounting 

of internal processes in the structure of building materials, these are also the types of defects 

that are visually detected during the inspection of building structures. Cases of carelessness in 

construction and montage, finishing, roofing and other works are widespread enough in the 

construction sphere, which is the most frequent reason of unsatisfactory quality of buildings, 

occurrence of uncontrolled condition of constructions, reason of independent rearrangement, 

insulation and other violations that create potential risk of causing harm to life, health of 

citizens, material damage personal, municipal, state [3]. Prevention, detection, elimination, 

continuous monitoring in order to reduce and eliminate the consequences of nonconformities 
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and defects in the course of production, construction and operation of buildings and structures 

is the most important state task directly related to the safety of life of citizens. Therefore, 

considerable attention is paid to the issues of supervision in construction. Construction 

inspection (author's design organization, construction and technical inspection services) 

prevents non-compliance with design requirements, increases the level of construction culture, 

reveals and eliminates theft, irresponsible attitude to work. 
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Currently there are several tens of various types of expertise. One of the most demanded is 

construction-technical expertise. The purpose of forensic construction-technical expertise is 

to prevent irregularities in construction. In its essence, the construction technical expertise is 

a kind of guarantee of the safety of the result, as the research is aimed at identifying mistakes 

and negative consequences of construction. The expertise becomes judicial, when the parties 

refer the case to the court. Conditions for the development of expert practice and theory in the 

field of forensic examination are issues of methodological support and science-based methods. 

Currently, more than three hundred methodologies are passported. However, the analysis of 

research papers [1 – 3] allows us to conclude that there are no unified expert methodologies. 

In this aspect is the disadvantage of methodological support of forensic examination, namely 

the lack of certified, scientifically based techniques, which does not allow one to carry out 

qualitative research, generates numerous expert and investigative errors. The general order of 

methodology of construction expertise includes the following stages: (i) statement of the goal 

of the study and the choice of necessary method; (ii) study of related regulatory and legal 

documentation, identifying relevant standards and regulations; (iii) implementation of the 

necessary measurements and their fixation; (iv) performance of calculations, drawing 

conclusions and recommendations. Methods of forensic construction expertise includes the 

use of such techniques as: (i) technical and legal monitoring of available documentation; (ii) 

detailed examination of facilities for obvious defects; (iii) implementation of the required 

measurements; (iv) methods of nondestructive testing; (v) laboratory examination of samples 

that are collected at the facility; (vi) field tests by means of mechanical impact on certain areas 
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of the construction; (vii) observation of cracks appeared by placing lighthouses in areas with 

problems; (viii) examination of specific building elements. Development of a common 

algorithm of forensic construction expertise, program of procedures for its implementation 

with the use of modern technical means and devices, development of express methods of rapid 

obtaining information about the object are timely relevant research objectives. The purpose of 

the present research work is improvement of methodical approaches to execution of forensic 

construction-technical expert examination of residential buildings and development of express 

methods of building and construction examination for solving tasks of investigation; quick, 

operative and reliable revealing and prevention of crimes in construction. 
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Hydrodynamic well survey methods are a system of special works that are carried out to 

determine the general characteristics of productive formations and wells by establishing links 

between pressure drops in the formation and well flow rates [1]. Among the parameters 

characterizing the hydrodynamic properties of formations and wells, the permeability 

coefficient and well efficiency are taken into account [2]. The piezo-conductivity coefficient 

of layer, c, characterizes the rate of pressure distribution in the layer, under elastic conditions, 

or the ability of the layer to transmit disturbances, caused by a change in the operating mode 

[3]. For a homogeneous reservoir: c=k/μ, where μ is an effective porosity [4], k is a reservoir 

permeability coefficient. This is the most important hydrodynamic characteristic of a porous 

medium; it characterizes own ability to pass liquids and gases through the medium at pressure 

drops. In accordance with the laboratory determination method, the reservoir permeability 

coefficient is equal to: 

1 2

,
( )

Q l
k

F P P

 
=

 −
 

where Q is the volumetric flow rate of the well, F is the cross-section area, µ is the coefficient 

of fluid viscosity, P1, P2 are the pressures at the input and output of the channel of the porous 

medium, l is the length of the porous medium. These parameters allow solving numerous 

practical problems, when planning the process of developing oil and gas fields [5]. 
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Let   denote an open bounded set in the metrical space ( ),X d , such that the balls 

( ) ( ) , : ,B x r y X d x y r=    are measurable with their measures satisfying the growing 

condition with not necessarily integer exponent 0N  : 

( ), , 0, 0.NB x r K r r K  →     

 In this report, hypersingular integrals are defined on   in the form of the following operator:  

( ) ( )
( ) ( )

( ) ( )
( )

( )
0

: ,

lim , .
,

N x

y M d x y

f y f x
D f x d y x

d x y









+→
 

−
=   

The smoothness properties of 
( )

D
 

 are studied, considered in terms of the generalized variable 

Hölder spaces 
( ) ( ),H w

 
  with the weight function ( )w x . These function spaces are defined 

by the condition on the local continuity modulus of their elements, i.e., 
( ) ( ),f H w

 
   if       

( )
( )

( )( ) ( )( ) ( )
: ,

, , : sup , , , 0.d
y d x y t

w f x t w f x w f y A x t A t
 

 = −    
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Previously, 
( )

D
 

 was considered in [1] for a constant   and classical Hölder spaces ( )H  

. The case of a special weight ( )Re x  was presented in [2], while variable order 

hypersingular integrals were shown to be bounded from the variable exponent Hölder space 
( ) ( )x

H


  into the space with “worse” exponent ( ) ( )x x − , ( ) ( )x x  . The purpose of 

the presented paper is to generalize the problem under consideration and discuss the 

possibilities of using the theoretical results obtained in a number of disciplines, such as those 

related to machine learning. 
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When determining the solvability and stability of solutions to multidimensional integral 

equations of the first kind, an essential role is played by the study of the relationship between 

the smoothness of the image of an integral operator and the analytical properties of its 

preimage. The presented study is devoted to solving this problem in the case of the integral 

operator: 
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that is of the Riesz potential type and has weak singularities at the poles of the unit sphere

 1 : : 1n nS x R x− =  =  embedded into the n -dimensional Euclidean space nR . In (1), 

( )1 ,n  −  is, with   and   fixed, a numeric constant whose value is determined by the 

spectral properties of the operator (1). When (1) is decomposed into spherical harmonics, its 

spectrum is called the Fourier−Laplace multiplier. By analyzing the multiplier, the properties 

of reflection by (1) and similar integral operators can be researched [1, 2]. The smoothness of 

functions defined on 
1nS −
 is understood in terms of the generalized Hölder space H  that is 

defined by a condition on the continuity modulus of its elements. Conditions under which 
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,K f H    are found by representing (1) as a classical Riesz potential that is contained in 

the definition (1) with 1n = −  [3]. The smoothness properties of the Riesz potential can be 

investigated through applying the Zygmund type estimates for the continuity moduli of 

specific integral constructions, related to (1) [4]. The objectives of this study include the proof 

of isomorphisms in H  of a spatial operator corresponding to (1) due to the stereographic 

projection. Also, general theorems on action of this operator in the spaces ( )H w  with radial 

weights ( )w   are formulated. 
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In this report, a variable order Abel equation of the first kind is considered in the form: 
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where a  is real, and the function ( )x  satisfies the following conditions: 
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      (3) 

By ( )Lip   the set of functions, for which the Lipschitz condition holds, is denoted as 

( ) ( ), , 0,x x h f x h f x c h c +  + −    

Regularization of equation (1) under conditions (2) is carried out in the generalized variable 

Hölder spaces 
( )

H
 

 with a characteristic ( )   dependent on a parameter. This space of 

functions continuous on the segment  ,a b  of the real line is defined by the condition: 

  ( ) ( ), , , ,fx a b t x c t x     
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where the constant 0c   is independent of x  and t , while the left side functional is the local 

continuity modulus of the function ( )f x : 

( ) ( ) ( )    , sup , 0, , , .f
h t

t x f x h f x t b a x a b


= + −  −   

The spaces 
( )

H
 

 are of interest because of their role in generalizing the concept of 

smoothness. They contain as particular cases both classical Hölder spaces with a constant 

exponent and their most common generalizations for the case of a variable exponent or specific 

characteristics. Numerous natural science problems lead to Equation (1), making it relevant to 

research conditions for smooth solutions in the broadest formulation of this problem. 

Previously, the regularization of (1) was considered in [1] for the pL  spaces, as well as in the 

prior studies [2, 3]. In the present report, the applications of these theoretical results are 

discussed.  
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Formation of nanocrystalline ferroelectric films with controlled surface parameters is 

challenging and significantly limits the abilities of the films integration with the silicon 

technology of micro- and nanoelectronics. One of the ways for controlled modification of the 

ferroelectric films surface morphology is plasma micromachining. Thus, the purpose of this 

work to determine the influence of capacitive and inductively coupled plasma power on the 

morphological parameters of nanocrystalline ferroelectric LiNbO3 films. The combined 

plasma-chemical etching technique used in an atmosphere of fluoride plasma with two types 

of discharge (capacitive and inductively coupled). It is possible to combine two modes of 

plasma-chemical etching: (i) reactive ion etching and (ii) plasma-chemical etching in 

inductively coupled plasma. Si/LiNbO3 structures, fabricated by pulsed laser deposition, were 

used as experimental samples. Protective layer of a plasma-resistant layer was applied to the 

samples for correctly determination of the etching depth. The morphological parameters of the 

samples after plasma micromachining were investigated using the atomic force microscope 

(AFM) study in the semicontact mode. The samples were processed in plasma at a pressure of 

2 Pa, the flow rate of process gases was Ar = 100 cm3/min, SF6 = 10 cm3/min. The power of 

the inductively coupled and capacitive plasma sources varied from 200 to 600 W and from 10 
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to 40 W, respectively. It was found that increasing in the power of the inductively coupled 

plasma source from 200 to 600 W results in increasing in the etching depth of LiNbO3 films 

from (0.4 ± 0.03) nm to (1.9 ± 0.17) nm. The etching depth of LiNbO3 films increased from 

(1.1 ± 0.1) nm to (3.1 ± 0.3) nm, with a change in the capacitive plasma power from 10 to 40 

W. Increasing in the etching rate of the films can be associated with strong influence of the 

physical component in the etching process with increasing in the power of the capacitive 

plasma source. In the result of AFM images analysis, it was found that with an increase in the 

power of the inductively coupled plasma source from 200 to 400 W, the surface roughness of 

nanocrystalline LiNbO3 films decreases from (3.8 ± 0.3) nm to (2.4 ± 0.2) nm. Two points can 

be highlighted, which describe the surface roughness on plasma source power: (i) there is a 

decrease in the surface roughness of the films (up to 400 W for inductively coupled plasma 

and up to 20 W for capacitive plasma), which corresponds to the polishing mode; (ii) a gradual 

increase in the surface roughness of the films is observed (etching mode), with an increase in 

the power of plasma sources (more than 400 W for inductively coupled plasma and more than 

20 W for capacitive plasma). Thus, using the obtained regularities, it is possible to form 

LiNbO3 nanocrystalline films with controlled morphological parameters. Obtained results are 

promising and opens new ways to the fabrication of MEMS, new generation of energy 

conversion devices, and the sensors for the Internet of Things devices based on lead-free 

ferroelectric films. 
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Currently, polymeric materials called electroactive (EAP), which can undergo large 

deformations under the influence of an electric field, are being actively researched. Two 

classes of electroactive polymers are distinguished: ionic and dielectric. Ionic polymers are 

deformed due to the movement of ions within the polymer. Deformation of dielectric polymers 

is caused by electrostatic forces between two electrodes that compress the body. Ionic EAPs 

require low voltage to operate, but require a constant energy input to maintain the deformed 

state of the body. Dielectric EAPs can be classified as capacitors with variable capacitance 

due to compression in the direction of electrostatic forces and expansion in the perpendicular 

direction. Their operation requires high voltage (up to several kilovolts), but no energy is 

required to hold the deformed state of the body. Devices based on EAP offer new opportunities 

for the development of soft robots, actuators, artificial muscles, etc. [1 – 4]. In this work, a 

large deformation problem of a single layer and a double layer dielectric reinforced tube, 

which is a prototype of a linear and rotary actuator, is considered. In the problem of a single-

layered tube reinforced with two families of fibers, dependence between tube deformation 

(elongation, twisting angle, radial expansion) and electric charge induced on compliant 

electrodes on its side surfaces are constructed. It is shown that we can controlled the response 
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of the tube to electrical action by selecting the reinforcement angles. For the two-layer tube 

problem, an approach to the description of its deformation under the action of electric charges 

on its lateral surfaces and on the surface between the layers is proposed. It is supposed, that 

the choice of reinforcing parameters of each layer will allow regulate a response of the tube 

on an electrical action in wider limits. 
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In this report, we explore and develop nondestructive testing techniques in combination with 

advanced developments in neural network architectures. We propose an approach to identify 

and visualize internal defects based on an ultrasonic nondestructive testing model. By 

conducting a series of numerical experiments, we have analyzed the results and trained a 

neural network model. The neural network can reconstruct the shape, position, and orientation 

of the defect based on ultrasonic vibrations obtained from the external surface of the test 

object. In contrast to previous works [1], the convolutional neural network does not allow one 

to carry out additional transformations of the information before its training. This set of 

methods shows the promising application of neural network technologies in solving inverse 

problems of mechanics and in the problem of visualization of internal defects in general [2 – 

4]. The input of the convolutional neural network is the ultrasonic signal received at the 

internal points of the control object. The output generates an image, visualizing the internal 

defect. The inner part of the steel plate is chosen as the object of study. Inside the strip, there 

may be a defect marked by a lack of material. The shape, size, and orientation of the defect 

are randomly set. The approach consists of a series of numerical experiments from which it is 

possible to train a deep neural network model. By varying the geometric parameters of the 

defect and modeling the acoustic ultrasonic wave propagation, a training set is created for each 

case. Based on the collected data the optimal structure of the neural network model and its 

training are constructed. Modeling of ultrasonic wave propagation is carried out by the finite 

difference method in the time domain [5]. It belongs to a class of grid methods of differential 

equations solution. In this method, the velocity and acoustic pressure of particles of the 

simulated object are placed one-by-one at grid nodes. Then their values are calculated 
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sequentially, which makes it possible to calculate the sound field propagation in time. The 

inner part of the steel plate containing the defect is chosen as a model of nondestructive testing. 

The size of the investigated area is 20  20 mm2. Physical parameters of the defects vary 

concerning the modeled area in the following limits. Defect position from 0.3 to 0.7, defect 

size from 0.1 to 0.35, defect inclination angle from 0° to 360°. The probing pulse frequency is 

10 MHz. After several numerical experiments, the neural network model is trained and tested. 

Based on the results obtained, it is revealed that the proposed model shows high accuracy in 

the cases, when the wavelength of the probing pulse is tens of times smaller than the defect 

size. We believe that the combination of the proposed methods in this approach can serve as 

a good starting point for future research in the field of nondestructive testing problems and 

inverse problems in general. 
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In connection with the development of microelectronics and micro-electromechanical 

systems, much attention of scientists is drawn to the study of the stress-strain state of small-

sized layered bodies. In such structures, the dimensions of the elements under study can 

become commensurate with the characteristic dimensions of the microstructure of the material 

and, therefore, scale effects may arise. Scale effects for homogeneous bodies are usually taken 

into account on the basis of gradient mechanics models, which contain gradient parameters of 

the length dimension. However, at the moment there are no works on the study of the stress-
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strain state of layered electroelastic bodies. In this report, based on the gradient theory of 

electroelasticity, we study the stress-strain state that occurs during the deformation of layered 

electroelastic bodies. Based on the variational principle of gradient electroelasticity, 

equilibrium equations, boundary conditions and conjugation conditions for a composite rod, 

micro-beam, micro-cylinder are obtained. Analytical expressions are obtained for finding the 

stress-strain state of electroelastic bodies. Specific examples show the difference between the 

distributions of displacements, potential and stresses found on the basis of solutions to the 

problem in the classical formulation and in the gradient formulation, scale effects are 

estimated.  
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Inhomogeneous planar waveguides are widely used in many areas of industry. The 

heterogeneity considered in this study is represented by local heterogeneity (delamination 

from the base). This kind of inhomogeneity are found very often in practice and arise as a 

result of not gluing or not welding. As a result, areas of stress concentration form, presenting 

itself the area around the delamination tips. That is why the problems, connected with the 

search for mathematical models, allow us to clarify the behavior of mechanical fields in the 

area of the tips. The problems deal with study and estimate of the stress-strain state in their 

vicinity are especially actual. Such mathematical models include models of the nonclassical 

theory of elasticity, that is the gradient theory of elasticity and the generalized theory of 

elasticity. The problem of oscillations for the plane isotropic waveguide with delamination is 

considered. The Aifantis single-parameter gradient model is used as a mathematical model, 

which takes into account the first-order gradients of the strain tensor in the expression for the 

strain energy density. The boundary problem is represented by the fourth-order differential 

equations and completed by boundary conditions in terms of moment stresses. A system of 

boundary integral equations (BIEs) is formulated with respect to the components of the strain 

tensor at the delamination edge, which are represented by integrals with cubic singularity. 

Numerical investigation of BIEs was realized using approximating Chebyshev polynomials 

and corresponding spectral relations. The specific character of gradient models in the study of 

crack theory problems is the possibility to obtain regular solution for components of the 

deformation tensors and Cauchy stress tensors, which makes it possible to estimate the stress-

strain state in the vicinity of the delamination tips, with the stress components having a 

pronounced maximum, the estimation of which makes it possible to formulate a new strength 

criterion. An asymptotic investigation of the problem depending on the correlation between 

the parameters, namely the gradient model parameter and the delamination length, was also 

carried out. A numerical study of the problem was realized and a comparative analysis of the 

results of the gradient and linear theory of elasticity was performed.   
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In recent years, functionally graded materials (FGMs) have become important in the design of 

structural elements and replaced layered structures in many practically important situations. 

The problem of forced oscillations of a cylindrical FGM waveguide is solved taking into 

account the rheological properties of the material. Wave propagation is studied on the basis of 

a model of a cylindrical waveguide inhomogeneous in the radial direction. Damping was taken 

into account within the concept of complex modules using the standard viscoelastic solid 

model for shear components. The rheological properties of the material are determined in 

terms of the functions of the instantaneous and long-term moduli of elasticity, which depend 

on the radial coordinate, and the constant relaxation time. To construct the wave fields, we 

used a combination of the integral Fourier transform along the axial coordinate of the 

waveguide and a complex version of the shooting method, which was used to numerically 

construct the displacement transforms and find residues in simple poles. The problem of 

reconstructing the properties of a waveguide from information about the displacement field 

on the final part of the outer boundary of the waveguide in a certain frequency range is 

considered. The inverse problem is reduced to a sequential (iterative) finding of corrections 

for the restored functions. At each iteration, using the A. N. Tikhonov regularization method, 

the system of Fredholm integral equations of the first kind with smooth kernels is solved. The 

implementation of the computational scheme showed a high efficiency of the reconstruction 

of the shear modulus and density in the elastic version using additional information in the 

frequency range up to the first radial resonance. In experiments with attenuation, it was 

possible to restore the long-term elastic moduli and density. In the low-frequency range, the 

influence of instantaneous moduli on displacement fields is rather weak, which manifests itself 

in the small norm of some kernels of integral operators. A technique for determining the 

relaxation time for a cylinder made of an inhomogeneous viscoelastic material is proposed 

from the points of the dispersion set using a formula derived from the perturbation theory 

method. Computational experiments have been carried out. 

Acknowledgement. This work is supported by the Russian Science Foundation under grant 

22-11-00265. 

 

 

 

 

 

 



331 

Phase Formation and the Effect of Phase Formation on the Dielectric 

and Magnetic Properties of Solid Solutions (Bi0.5La0.5)1-xRxMnO3 

 

D. V. Volkova, L. A. Shilkinaa, A. V. Nagaenkob, A. A. Pavelkoa 

 
aResearch Institute of Physics, Southern Federal University 

bInstitute of High Technologies and Piezotechnics, Southern Federal University 
Rostov-on-Don, 344090, Russia 

 

*dvvolkov@sfedu.ru 

 

In recent years, the attention of many researchers has focused on a group of solid-state media 

called multiferroics. Multiferroics are substances in which at least two of the possible orders 

coexist simultaneously, namely ferromagnetic, ferroelectric or ferroelectric.  They have a wide 

range of possible applications. Bismuth manganite, and its solid solutions of multicomponent 

systems using BaO, La2O3 and PbO, are representatives of this class of materials. Currently, 

they are considered as the basis for the creation of various magnetoelectric devices. However, 

the widespread use of these solid solutions is limited by several reasons. Thus, the presence in 

these compounds of ions of variable valence (Mn3+/Mn4+) and oxygen vacancies are one of 

the reasons for the high electrical conductivity. The effects associated with interlayer 

polarization make it difficult to describe dielectric and magnetic properties. However, the 

creation of solid solutions based on bismuth manganite using the above compounds makes it 

possible to stabilize the structure of perovskite and improve the properties of materials. Thus, 

the purpose of this work was to establish the influence on the structural, dielectric and 

magnetic properties of the cationic composition of ceramics of solid solutions (La0.5Bi0.5)1–

xPbxMnO3 and (La0.5Bi0.5)1–xBaxMnO3. In the course of the work solid solutions La0.5Bi0.5)1–

xPbxMnO3 and (La0.5Bi0.5)1–xBaxMnO3 with x = 0.03, 0.05 were prepared. For their 

manufacture, BaCO3 (99%), La2O3 (99%), Mn2O3 (99%), Bi2O3 (99%), and PbO (98%) 

compounds were used. The solid solutions were prepared using a two-stage solid-state 

synthesis at T1 = 1073 K, τ1 = 10 h. and T2 = 1223 K, τ2 = 10 h. The sintering was carried out 

using conventional ceramic technology at (Tsint = 1293 K, τsint = 2.5 h). At each stage of the 

technological process, a phase optimization of the conditions for the formation of solid 

solutions was carried out. The phase composition and completeness of the synthesis were 

controlled using X-ray diffraction on the DRON-3 diffractometer. In the course of the work, 

information was obtained on the structural characteristics of the studied samples of ceramics, 

phase analysis was carried out, their dielectric and magnetic properties were investigated. 

Based on the data obtained, a conclusion was made about the possibility of using the 

considered solid solutions as a basis for the development of new functional materials. 
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Nanostructures based on zinc oxide, containing small amount of other oxide materials, are 

widely used in various fields of modern industry. Due to the combination of low cost and 

promising physicochemical characteristics, film materials can be used in solar cells, various 

sensors, energy converters, etc. The two-step synthesis of zinc oxide nanorods with a tin 

dioxide content of 0.5 – 5 mol.% was the main aim of this study. The seed layer was formed 

by the sol-gel method using SnCl4•5H2O, Zn(NO3)2•6H2O and isopropanol as a solvent. The 

required quantity of salts was dissolved in the organic solvent. The resulting solution was 

applied once on the pre-prepared soda-lime glass, silicon and polycore substrates, after that all 

of substrates were calcined in a muffle furnace at 550 °C for two hours. The obtained substrates 

were cooled with muffle furnace at the room temperature for homogeneous coating without 

cracks. The second step of synthesis was hydrothermal treatment, while the concentration of 

substances in the solution was 25 mmol/l of tin and zinc salts and 25 mmol/l of 

hexamethylenetetramine. The substrates obtained at the first synthesis step were placed in a 

hydrothermal cell and kept for 2 hours at a temperature of 100 °C. At the end of the synthesis, 

the samples were washed with distilled water and dried. Obtained materials were studied by 

XRD (diffractometer Thermo ARL, Switzerland) in CuKα radiation and scanning electron 

microscopy methods (SEM, scanning electron microscope Nova Nanolab 600). According to 

XRD analysis results, the obtained samples are amorphous, this fact indirectly confirms the 

nanostructures. According to SEM analysis data, during the hydrothermal synthesis arrays of 

nanorods with an average length of about 240 nm and inner diameter of 85 nm were obtained 

(for a sample containing 1 mol.% SnO2 and 99 mol.% ZnO). Thus, during the two-step 

synthesis, arrays of zinc oxide nanorods with a small content of tin dioxide were obtained. The 

obtained materials are nanoscale and homogeneous, which makes it possible to recommend 

this material for further study of optical, gas-sensitive and electrophysical properties. 
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The report presents an algorithm for engineering modelling the amplitude-dependent 

diffraction of electromagnetic waves propagating in the material of analog and digital 

integrated circuits. For example, the dielectric in integrated circuits surrounds feeding wires 

and over-emitting vacuum or semiconductor electronic devices with electrostatic control. It is 

shown that multiparameter symbolic analysis of the composition of influences and coherent 

responses in any type of integrated circuits in the giga- and terahertz ranges should be carried 

out by methods known in electrical and radio engineering, microelectronics and technical 

microwave electronics – equivalent circuits and sinusoids, complex amplitudes and harmonic 

linearization. In this case, analytical calculation of collective amplification and signal 

recuperation by dependent sources of electromotive forces, instantaneous coordination of 

conduction currents, displacement, and transfer in ambient space are performed using 

Kirchhoff laws and Tellegen's theorem without the superposition principle. Graphical and 

analytical operators of the wave nonlinear element, which describe the phenomena of 

nonlinear diffraction and interference of the electromagnetic field as a function of transmission 

inertia and regeneration of electric disturbances of different intensity based on the theory of 

electronic wave circuit, are proposed. Determination of changes in flux density and 

redistribution of oscillatory energy between its common parts is based on the study of 

impedance and traveling wave coefficient of nonreciprocal four-terminal network equivalent 

to a long line shunted by a concentrated resistor and negatron (Fig. 1) [1, 2].  
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This theoretical study of mixed current wave mode in analog and digital giga- and terahertz-

band integrated circuits substantiates and specifies a way to increase energy efficiency and 

reduce heating of a single set of one-dimensional metal junctions and discrete microwave 

electronic devices by joint design of conductive and wireless connections using the non-

autonomous block method. 
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At the initial stage of mathematical modeling of telemetry and information, communication or 

energy network modes (for example, LPWAN or Wi-Fi, IoT or WPT), it is necessary to 

estimate the limitations for modern energy-saving methodology, which requires short-term 

power on and off of wireless microwave integrated circuits systems. This determines the 

circulation directions of convection and induced current, coherent superposition and 

redistribution of electromagnetic field energy in space and time. At present, the above-

mentioned energy saving method for inertially interacting electronic microwave devices is 

intended to increase the autonomous operation time of " open" analog-digital equipment and 

providing stable signal regeneration in giga- and terahertz ranges in it. However, such a 

realization of receiving and transmitting blocks stationary state in wireless network is always 

accompanied by spontaneous amplification and recuperation of the current and voltage 

thermal oscillations, self-excitation and spontaneous generation of electrical impacts, 

uncontrolled diffraction and multipath interference in transporting electromagnetic 

disturbances. At present, there are no engineering mathematical models of electromagnetic 

field scattering, which take into account the manufacturing technology and material (Si, GaAs, 

etc) of integrated circuits, can objectively predict oscillatory and wave processes, assess 

thermal breakdown conditions and reliability of integrated electronic devices in air and space. 

The study proposes to use the theory of forced mode electron wave circuit for preliminary 

estimation of amplitude-dependent steady-state adjustment criteria of a set of integrated 

circuits in the giga- and terahertz bands in monochromatic approximation to solve the 

described problem. The developed single-frequency phenomenological model of the wireless 

network reliably determines the correlated operation of electronic devices and controlled 

microwave power regeneration under composition and instantaneous variation of 

electromagnetic flows in its any reflecting fragment [1, 2]. Nonlinear impedance of branches 
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and circuits in electron wave circuit depends on signal intensity and power of electric sources 

and is estimated by analytical method based on the method of complex amplitudes and 

harmonic linearization of receiving and transmitting unit parameters, which excludes the use 

of the superposition principle. When formalizing the initial and boundary conditions, it uses 

an impedance approach based on the Helmholtz equations and electron mobility, the laws of 

energy and charge conservation. To minimize energy consumption and heating of analog-

digital equipment, correlated variation of "working" points on the DC and AC current and 

voltage of the volt-ampere characteristics of electronic components, and modification of the 

existing component design are used. In this case, commensurability and "complex-conjugate" 

adjustment of input impedance of electronic devices systems and free space is achieved. 

Maximum acceptable power factor and efficiency of integrated circuit is obtained by losses 

recuperation and oscillatory energy amplification in the course of purposeful parameters 

control of the surrounding electromagnetic field in giga- and terahertz ranges. 
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Significant technological limitations are imposed on the sliding contact parameters when 

processing products from functionally graded materials by grinding. These limitations are 

related to contact heating temperature, contact wear, abrasive wear rate, contact pressures, 

abrasive movement speed, etc. For this purpose, the problem of wear of an elastic strip of a 

functionally graded material by an abrasive is considered. The speed of sliding of the abrasive 

over the upper surface of the strip is constant, the abrasive has a flat shape at the point of 

contact. The surface of the strip is heated by friction at the point of contact. The lower surface 

of the functionally graded strip is rigidly linked to the non-deformable base. In the result of 

solving the problem, the sliding contact parameters (temperature, pressure, wear on the contact 

and in the strip) are represented as Laplace convolutions from the abrasive upset in the strip 

and the corresponding kernels from the difference in time variables. The stability of the 

obtained solutions is studied. A scheme for solving the problem with restrictions on the 

parameters of the sliding contact is developed. Examples of calculations for grinding 

functionally graded materials under conditions of restrictions on the sliding contact parameters 

are given. 
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An inverse coefficient problem is considered for a one-dimensional wave equation that 

describes the propagation of longitudinal waves in an inhomogeneous elastic solid. Based on 

known data on displacement, velocity, and acceleration at a given point of the solid, such 

parameters as density and Young's modulus are identified. The solution is based on 

minimizing the misfit between recorded and modeled data, using various regularization 

methods. The numerical solution of the wave equation is carried out using the method of lines. 

Based on the solution of the forward and conjugate problems, the sensitivity or Fréchet 

derivative matrix is constructed, that is partial derivative of measured data with respect to 

model parameters. This operator is used as the Jacobian matrix in the Newton’s method and 

the Levenberg-Marquardt’s algorithm. It is used to calculate the residual functional gradient 

and the Hessian matrix in Trust-Region methods. The resulting algorithm was used in a full-

scale experiment to study the characteristics of a metal beam.  
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In this study, a 3D finite strain viscoelastic model with uncoupled structural and stress 

relaxations is proposed to characterize the thermomechanical behaviors of amorphous shape 

memory polymers (SMPs). The temperature- and rate-dependent viscoelastic behaviors and 

stress relaxation are described by the modified Eyring model and nonlinear Adam-Gibbs 

model based on molecular mechanism. A modified weight function analogous to frozen 
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fraction in phase transition theory is proposed to improve accuracy of the model on predicting 

the stress-strain response before yielding when temperature is below glass transition 

temperature. The developed model is implemented with MATLAB to simulate shape recovery 

experiments of amorphous SMPs under constraints or free in the literature. Good consistency 

between simulation results and experimental data is obtained. 
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To increase the rigidity of the shells, as a rule, they are supported by a grid of ribs. This is 

characteristic of the designs of aircraft fuselages and ship hulls. The grid of edges is easy to 

take into account for axisymmetric shells having an orthogonal coordinate system. In the case 

of skew-angle grids, it is necessary to work according to the rules of tensor algebra and 

analysis. Here, the elasticity relations for non-axisymmetric shells supported by a grid of edges 

are derived, which are taken into account according to the scheme of constructive anisotropy. 

We assume that the grid lines coincide with the directions of the coordinate lines that can be 

selected for the grid configuration of the reinforcing set. We consider the edges spaced with a 

sufficiently small step so that at least two edges fall on the half-wave in the expected 

waveforms. Then we can apply the scheme of constructive anisotropy by the method of 

"smearing" the energy of each edge at the placement step. In general, the placement step will 

be discretely variable. However, the smearing scheme essentially moves away from a more 

complex scheme with discrete edges to a scheme of an anisotropic shell with continuously 

changing properties. Therefore, in cases of non-sharp variability of the placement of edges, 

we can take their averaged values within the section (module-element) as steps in each of the 

two directions. For more accurate modeling, we can introduce functions that approximate the 

distribution of steps in each of the coordinate directions. In general, we assume that the 

sections of the grid edges are in a stress-strain state of the same type as the shell, that is, they 

are determined by the same set of components of stress and strain tensors. According to the 

scheme of energy smearing, the contribution of the edges to the specific potential energy of 

the system is determined by the sum of integrals over the sections of the edges of two 

directions. Integration is performed over the areas of the oblique section of the edges by a 

plane passing through the normal of the shell and tangent to the coordinate line intersecting 

the edge at the point of attachment of the edge. The attachment point is understood as the 

projection of the center of gravity of the section on the skin. The energy components for the 

edges and the potential energy of the shell are summed up. After performing the integration, 

a quadratic form is obtained from the deformation components of the median surface. The 

derivatives of the total potential energy of the shell with respect to the deformation 

components give the relations of elasticity in forces and moments. Formulas are presented and 

on their basis the construction of the main surface of non-axisymmetric shells closed in the 

circumferential direction is carried out. Parameterization of such shells is performed in the 

class of framed shells with linear surfaces of the constituent sections (module elements). The 
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module-element is built on two guiding plane contours, defined in local coordinate systems. 

The contour equations are translated into a polar coordinate system and given by analytical or 

piecewise analytical functions. The contours can have different angles of inclination to the 

local axis of the module element. The plane passing through the axis intersects the guiding 

contours at two points. When this plane rotates, the segment between the points forms a ruled 

surface. The shell of a composite structure is assembled from a chain of module elements. The 

main line of a composite structure can be a multi-link flat polyline, on which the centers of the 

contours of the frame are located. The surface of a composite structure is constructed in a 

global Cartesian coordinate system under the assumption that the diametrical planes of all 

contours are in the same plane. The ability to control the angles of inclination of the planes of 

the guide contours allows one to combine them with the configuration of the ends, the docking 

lines of the sections and the external borders of the frames. Examples of constructing the main 

surfaces in a grid form are shown. 
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Many types of equipment that operate under the influence of increased pressure of liquid and 

gaseous media are used in the chemical and oil refining industries, in thermal and nuclear 

power. The destruction of such equipment leads to catastrophic results, namely leakage of 

aggressive liquids, explosions and fires. To prevent such consequences, appropriate protection 

devices against abnormal pressure increase are necessary. In the beginning, these were valves. 

Then bursting membranes appeared. But the most effective were flapping membranes, which 

lose stability and collapse at the required pressure [1]. At the same time, ensuring high-

precision actuation pressure proved to be a difficult task. The technology of free drawing by 

pressure from round plates does not allow ensuring the stability of critical loads. This is due 

to the influence of a number of random factors, which are called initial imperfections. These 

include, first of all, geometric imperfections such as small loss and features of the edge support 

in the area of bends from the dome part of the membrane to the support surfaces of the holder. 

There are other deviations from the calculated models. The difference in the physical and 

mechanical properties of the sheet material along and across the direction of rolling and the 

thickness difference in the area of the sheet significantly affect. Ideas about the real nature of 

the support of membranes under conditions of their clamping in the elements of the holders to 

the stages ensuring the achievement of the required tightness, as a rule, are not identical with 

the usual concepts such as "rigid pinching”, "plastic hinge" or "free support". Microstructural 

analysis of the marginal zone of membranes obtained by plastic molding showed that the 

membrane material has a pronounced heterogeneity in thickness in the form of microstructure 

grains and local zones of compaction and loosening in the inflection zone. This leads to 

instability of critical loads and their significant dispersion. On the basis of numerous 
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experiments, a technology was found for influencing the shape of the shell with additional 

force influences, which allows creating membranes with high actuation accuracy. Having the 

experimental results, we set the task of mathematical modeling of the dome extraction process 

by pressure combined with the force in the apex. Equations were derived and a theoretical 

method was developed, which gave a good agreement with the experiment on the ratio of 

exhaust pressure and lifting height. However, when compared with the load of loss of stability, 

coordination failed. In this report, the reasons for the discrepancy are analyzed and a possible 

correction of the shape is given, leading to a given critical load. It also gives an idea of the 

technology actually used for manufacturing high-precision membranes. The molding of the 

shell is carried out by free extraction by pressure from a flat round plate, pinched along the 

contour, with additional force action. This is a concentrated force in the apex, which is created 

by the load on the rod. Thus, by the method of mathematical modeling, the problem of plastic 

molding of a domed shell providing a given critical load of loss of stability is considered. A 

semi-inverse method is used to solve the physically and geometrically nonlinear molding 

problem [2]. In the method, a functional for the molding load is constructed based on a 

differential system of equations, which is brought to a stationary value. The buckling load is 

estimated for a uniform pressure applied from the side of the bulge. The stability problem is 

solved using a geometrically nonlinear system of second-order precision equations in the 

elastic domain of the material. 
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For many years, many researchers have been searching for optimal methods for obtaining 

piezo materials, including those with reduced sintering temperatures. Reducing the sintering 

temperature is one of the main tasks in the production of piezo materials in large batches to 

reduce the cost of final products. The transition to lead-free piezoceramics is also a priority to 

exclude toxic elements from production. The solution of these two tasks can be realized 

through the creation of lead-free piezocomposites, that is piezoceramic/polymer or 

piezoceramic/cement. In [1] we have shown that a lead-free piezocomposite 
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piezoceramic/polymer based on potassium-sodium niobate using 25 vols.% 

polyvinyldenafluoride (KNN-LSTN/PVDF) has a piezo module |d33| = 30 pC/N at a 

production temperature of 180 °C and a pressure of 20 MPa for 10 min. If cement is used as a 

binder, the sintering stage leaves the production method, which will reduce the cost of 

production many times and increase its energy efficiency. Work on the study of 

piezocomposites with cement is underway, but mainly in interaction with PZT [2], lead-free 

ceramics have been used very rarely. The paper [3] shows a connection diagram of 2-2 

unleaded piezoelectric ceramic composites Bi0.5Na0.5TiO3/Portland cement with a content of 

about 30 – 70 vol.% At the same time, cement was not a binder, but was used as interlayers 

between parts of piezoceramics, besides, less bismuth oxide is also a dangerous component. 

Accordingly, the paper presents the preparation and study of dielectric [4] and piezoelectric 

properties of modified lead-free NaNbO3 – KNbO3/White-cement composite ceramics. The 

choice of white cement is due to the minimum content of manganese, chromium and iron 

compounds, as well as almost identical strength characteristics compared to cement of other 

brands. A composite material of 3-0 type is obtained, where the connectivity of the structure 

is provided by a three-dimensional cement matrix. When using sodium-containing materials, 

ion exchange occurs on the surface of the material due to the almost identical ionic radius of 

Na+ and Ca2+ cations. For example, for the material: Na0.495K0.495Cu0.005NbO3 + Ca(OH)2 = 

Na0.495-2xK0.495Cu0.005NbO3 + 2xNaOH. The materials obtained are thermally stable and can 

withstand heating over 400 C. At temperatures of about 700 °C, another endothermic effect 

occurs associated with the decomposition of the cement matrix. When the electric field 

strength exceeds 4 kV/mm, an electrical breakdown occurs. At the maximum achieved 

intensity, the value of d33 was 34 pkCl/N. Storage of the polarized sample for a month led to 

a decrease in this value to 15 pcCl/N. At the same time, the dispersion of the dielectric 

permittivity was studied using a new model to describe the complex electrical conductivity 

[4].   
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Due to the deterioration of the environmental situation in the world, technologies for the 

rational use of subsoil are becoming more and more relevant. Oil recovery enhancement 

technologies significantly extend the service life of oil and gas wells, which generally 

increases production efficiency. The most common method of intensification of production is 

hydraulic fracturing (HF) [1]. The efficiency of HF is primarily dependent on the pump 

equipment used [2]. As a rule, the pump unit consists of the following units: electric motor, 

reduction gear box and pump. The most efficient in such units are single-stage cylindrical 

gearboxes with oblique engagement. In most cases, it is necessary for each pump to design a 

gear box with the required torque and gear ratio. During the design of the reduction gearbox 

for the three-plunger high pressure pump NP-720 [3], certain calculations were made. The 

requirements for the reduction gear of the pump in question are high, since the torque on the 

output shaft is 47,677 Nm, at a gear ratio of 5. These values are provided by single-stage 

cylindrical transmission. The choice of high-strength alloy steel for the gear pair of the 

reduction gear was made, the axial distance was calculated according to the design formula 

for contact endurance. It is known that with other equal values of transmission parameters, 

helical gears are able to transmit more torque. The estimated angle of inclination of the teeth 

was 10. The engagement modulus was 6 mm. The number of gear and wheel teeth was 

calculated, after which the remaining necessary geometric parameters of gear engagement 

were determined. All calculations were made according to the method [4].  According to the 

calculations, the design of the gear box was developed. Moreover, the pump layout diagram 

is made using the developed design of the reduction gear box. The overall layout showed that 

the promising direction of improvement of the pump unit is to reduce its weight and 

dimensions by combining the designed reduction gear and pump NP-720 into a single unit. 
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Relaxor ferroelectrics are of promising interest for science and technology due to their 

intriguing physical properties. One interesting feature of the relaxor ferroelectrics is the 

occurrence of the electric-field induced phase transition into a normal ferroelectric state [1]. 

Such transition can activate the polarization rotation mechanism in the compositions of the 

relaxor-based solid solutions with the initial rhombohedral or monoclinic structures [2]. It is 

believed that polarization rotation is the structural origin of high values of the piezoelectric 

and dielectric response of the ferroelectric solid solutions near the morphotropic phase 

boundary [3]. In the case of relaxor ferroelectrics, the presence of the polar nano regions can 

facilitate the electric-field induced polarization rotation leading to ultra-high 

electromechanical properties [4]. In this work we perform X-ray diffraction study of the 

multicomponent ceramics based on the typical relaxor ferroelectrics PbMg1/3Nb2/3O3, 

PbZn1/3Nb2/3O3 and PbNi1/3Nb2/3O3 with ultra-high values of electric-field induced strain 

(large-signal piezoelectric coefficient d33 is more than 2000 pm/V) [5]. Our investigation 

shows visible changes in the X-ray diffraction patterns starting with relatively small values of 

electric field (~200 V/cm). The results are discussed in terms of the polarization rotation 

mechanism and its influence on the macroscopical strain of the ceramics studied. 
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In recent years, it has been noted in physical materials science that transition metal oxides, in 

particular SrTiO3 (STO), would open a new path for heterogeneous new functions in 

inexpensive silicon technology. In this work, the results of studying the structure, dielectric, 

and optical properties of STO thin films, grown by RF cathode sputtering in an oxygen 

atmosphere on Si (001) substrates, are presented. Preliminary XRD studies of the SrTiO3 film 

indicate the absence of impurity phases and its polycrystallinity, as well as the presence of unit 

cell deformation. The revealed effects affected the dielectric and optical characteristics of the 

STO film. According to dielectric measurements, polycrystalline SrTiO3 films on silicon 

substrates are in the ferroelectric phase. It was shown by spectral ellipsometry that the film, 

obtained by RF cathode sputtering in an oxygen atmosphere, contains a small amount of 

silicon oxide. The picked-up structure optical model (rough layer – film – buffer layer – 

substrate) allowed one to reach good coincidence to experimental data in spectral parameters 

ψ and Δ and to define layers’ optical characteristics of STO/SiO2/Si (001) structure. Thus, the 

films have weak absorption, a normal dispersion of the refractive index, and interdiffusion 

layers at the interfaces. The resulting films have a high refractive index (n = 2.4) compared to 

conventional planar materials (n = 1.46 for SiO2), which is beneficial for miniaturization of 

devices. 
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Currently, multiferroics based on bismuth ferrite (BiFeO3, BFO) and lead ferroniobate 

(PbFe0.5Nb0.5O3, PFN) are being actively investigated. This is due to the prospects for their 
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application in functional electronics devices. In this work, we investigated the dielectric 

characteristics of (1 – х)BFO – хPFN system. The ε'/ε0(Т) dependences of the (1 – х)BFO – 

хPFN solid solution (SS) in the range Т = (300 – 1000) K at f = 106 Hz are shown as an 

example in the Fig. 1. The regularities, obtained in the study of the dielectric characteristics, 

indicate the existence on the system phase diagram of boundaries separating compositions 

with different manifestations of ferroelectric properties: ferroelectrics with a diffuse phase 

transition (FDPT1) at 0.00 ≤ x < 0.40; ferroelectrics-relaxors (FRs) at 0.40 ≤ х ≤ 0.90 and 

ferroelectrics with a diffuse phase transition (FDPT2) at 0.90 < х ≤ 1.00. It is interesting, in 

this case, the fact of localization of SS related to the FDTP, near the extreme components of 

the system. At the same time, we note the large extent of the FDPT near BFO. From our 

viewpoint, this is associated with the inherent dielectric instability of BFO and pronounced 

structural instability. The reasons for the revealed patterns are discussed in the work. 

 

 
Fig. 1. ε'/ε0(Т) dependences for ceramics of the (1 – х)BFO – хPFN SS system (f = 1 MHz) 
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Analysis of the more than a century-old inconsistency of methods to calculate the axial 

approach of elastic circular cylinders in the initially linear contact usually begins with the 

works of Hertz. Hertz, however, did not provide the solution to this problem, which had led to 
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the creation (and, moreover, widespread use) of various methods: fewer incorrect as [1, 2] 

(nevertheless, sufficiently accurate for a number of theoretical and practical fields), as well as 

misleading ones like [3]. This conclusion became fully justified only after the selective 

independence of the contact approach in the smaller radius was revealed. The mechanical 

effect, called here ‘EA’ for short, has its place only when the difference between the cylinder 

radii is large enough, which has been demonstrated applying the results of [4, 5]. In the report 

presented, it is stated that studying this effect can explain the reasons for the traditional 

inconsistency of the known solutions to the problem on the contact approach. To prove EA, a 

theoretical investigation is carried out for various combinations of material parameters, and 

the experimental data are considered in the framework of the theoretical models developed. It 

is shown that, for a large difference in the radii of the contacting cylinders, varying the radius 

of the smaller cylinder selectively leads to the same absolute value but different sign of the 

displacements in the contacting cylinders. The well-known methods, which were based on the 

classical Hertz solution, such as [1], and on the solution of N. I. Muskhelishvili [6], such as 

the method [2], completely denied the absence of the influence of radii on the approach. At 

the same time, other methods (for example, [3]) fundamentally denied its presence, being 

based on theory, which was proven to be false in [4]. 
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Analytical and numerical methods for calculating maximal shear stresses and their depth in 

the contact area of two parallel elastic circular cylinders are considered. The presented 

research aims to discuss the reasons for the contradictory nature of these methods and to argue 

for the statement that the most important is in the misstatement of the role played by the 
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curvature of the contact elements by the solutions treated as exact ones. Hertzian contact 

theories have been being the common basis of standards in mechanical engineering for 

decades. The Boussinesq−Cerruti solution of the Hertz problem assumes substituting one of 

the cylinders with an elastic half-space [1]. In this case, the relative values max maxz   and 

maxh b  of the maximal shear stress 
max , the maximal contact stress maxz  , the depth maxh  

of 
max , and the minor b -axis of the elliptical contact area appear to be independent of the 

curvature of the cylinders. However, the solution [2] has shown that, with varying one of the 

radii, these values correspond to those of the classical theory only for a particular range of 

geometric parameters [3, 4]. In this report, the solution [2] is compared with the finite element 

modelling for the contact problem. The Hertzian solution is assumed as a criterion, and the 

contradictions between the results are studied. An approach to a reliable assessment of the 

accuracy of classical and numerical solutions to contact problems is provided by calculating 

the maximal shear stresses and the depth of their occurrence.   
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The presented report shows the possibilities of using structural strength techniques to propose 

an original technology (in the development of the method [1]) for the hardening of machine 

elements with loaded projections. Such elements are complex shaped and loaded by bending 

with compression of the projections on their stressed base. The position of the calculated 

section depends on various factors and generally does not match the minimum thickness 

section of a rod. However, the stress concentration values are usually provided for the 

minimum thickness section in the recess zone of the rod, whereas information on the base of 

a projection is limited and relates to specific cases only.  In this report, the stress-strain state 

of machine elements with a geometric concentrator is carried out based on “elastic” solutions, 

particularly with the application of widely used S. P. Timoshenko’s hypothesis on deformation 
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distribution law’s being independent of the way in which material is strained and hardened [2, 

3]:  

( ) ( )
( )

T
x x

I T

y y
y


 


= . 

Here, ( )x y  and ( )x y  are relative linear deformations at the current point y  for a specific 

cross-section at constx =  for an ideal absolutely elastic material and the real one, 

respectively; 
T  is the relative deformation, corresponding to the material yield stress; ( )I Ty  

is the criterion value, characterizing transition from elastic deforming to the nonelastic one at 

the boundary point 
Ty y=  of the section for ideally elastic material. To calculate the stresses 

in the elastic part, the analytical solution of Heinz Neuber [4] is used, which is generalized to 

model various geometric characteristics of a loaded rod, specifically to vary its thickness and 

the orientation of the hyperbolic recesses. The precision of the constructed elastic-plastic 

model is compared with the results provided by the finite element method. 
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Layered perovskite-like bismuth oxides with the Aurivillius phase (AP) structure have been 

known for several decades [1, 2], but interest to them has been growing due to their potential 

practical applications. APs are promising materials for fabricating high-temperature 

piezoelectric transducers operating in extreme conditions and are considered as elements of 

ferroelectric memory devices (FeRAM), as multifunctional materials exhibiting magnetic 

properties (multiferroics), photoluminescence etc. At the present time, the number of known 

APs is several hundred, and this continues to increase. A number of solid solutions 

Bi7−xYxTi4TaO21 (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) have been synthesized from oxides by solid-
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phase reaction. The crystal structure, the electrophysical characteristics (see Fig. 1) and the 

microstructure of the prepared ceramic samples have been studied. According to X-ray powder 

diffraction, all the compounds are single-phase with the structure of mixed-layer Aurivillius 

phases (m = 2.5) with the orthorhombic crystal lattice (space group I2cm, Z = 2). The activation 

energies of charge carriers have been found in different temperature ranges. 
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Fig. 1 
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The perovskite-like layer of the phase Aurivillius (APs) unit cell has a structural fragment in 

which six X = O ions form a crystallographic polyhedron in the form of an octahedron around 

the smaller B-cation, and eight large A-cations can form a cube. Twelve oxygen ions form a 

cuboctahedron. For each X = O, the nearest neighbors will be both A and B, located in the 

form of a tetragonal bipyramid and having different sizes and properties. Four A-cations form 

the base of the bipyramid with sides equal to the unit cell parameter a. Two B-cations (RB < 

RA) are located perpendicular to the center of the base of the bipyramid on both sides at 

distances a/2. Cations A in positions with a cuboctahedral environment can be one-, two-, and 

trivalent large-radius cations (Na+, K+, Ca2+, Sr2+, Ba2+, Pb2+, Bi3+, Ln3+ (lanthanides) and Ac 

(actinides)), and positions B inside oxygen octahedra are occupied by highly charged (≥ 3+) 

cations with small radii (Ti4+, Cr3+, Ga3+, Mn4+, Fe3+, Nb5+, Mo6+, Co3+, Ta4+, W6+, Ir4+, etc.). 

The value of m is determined by the number of perovskite layers [Am-1BmO3m+1]
2− located 

between the fluorite-like layers [Bi2O2]
2+ and can take integer or half-integer values in the 

range m = 1 – 5. If m is a half-integer number, then there is an alternation of perovskite layers 

with m, differing by 1 in the lattice. Figure 1 shows the APs structures with m = 2, 3, 4. The 

AP structure above the Curie point is tetragonal and belongs to the space group I4/mmm. 

Positions A and B can be occupied by the same or by several different atoms. Atomic 

substitutions in positions A and B have a significant effect on the electrophysical 

characteristics of the AP. 

 

 
 

Fig. 1. APs structures with m = 2, 3, 4 
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Polycrystalline AP samples were synthesized by solid-phase reaction of the corresponding 

oxides Bi2O3, TiO2, Nb2O3, CaCO3. The oxide powders weighed in accordance with the 

stoichiometric composition of the synthesized compound were pressed into a tablet after 

prolonged grinding and mixing. The samples were fired in a laboratory muffle furnace in air. 

The sample was preheated to temperatures T = 770 °C, after which intermediate grinding and 

mixing were performed. The final firing was carried out at a temperature of T = 1100 – 1150 

°C [1]. It was found that all the obtained APs crystallize in the orthorhombic system with the 

space group of the unit cell B2cb. For electrical measurements, Ag-Pd electrodes were applied 

to the flat surfaces of ceramic samples. The measurements were carried out using an E7-20 

immitance meter in the frequency range of 100 kHz – 1 MHz in the temperature range from 

room temperature to 960 °C (see Fig. 2). 
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Fig. 2. Temperature dependence of the relative permittivity ε/ε0 and the loss tangent tgσ for 

Bi3.25Ca0.25Ti1.75Nb0.75O10.5 

 

It is generally accepted for mixed-layer PA that the first peak ε/ε0(T) at T1 corresponds to a 

phase transition from the polar to the polar phase (ferroelectric – ferroelectric), while the 

temperature T2 corresponds to the transition from the polar to the nonpolar phase (ferroelectric 

– paraelectric), that is the Curie temperature TC. Table 1 shows the values of the phase 

transition temperature T1 and T2, the values of ε/ε0 (T1, T2) at a frequency of 100 kHz. The 

Bi3.25Ca0.25Ti1.75Nb0.75O10.5 compound can be represented as a combination of a two-layer 

Bi3TiNbO9 compound and a three-layer B4T3O9 compound doped with calcium Ca. It is a well-

known fact that doping in a mixed layer compound occurs in a perovskite layer with fewer 

layers. Calcium ions Ca2+ replace bismuth ions Bi3+ in Bi3TiNbO (m = 2) [2]. An increase of 

the Curie temperature TC is associated with the difference in ionic radii in positions A of 

perovskite-like layers, where Bi3+-ions are replaced by ions of a smaller radius Ca2+ (RBi4+ = 

1.38 Å, RCa2+ = 1.34 Å) [3]. 
 

Table 1. Curie temperature TC1, TC2, ε/ε0(T1, T2) 
Compound TC1, C TC2, C ε/ε0 (T1) at 100 kHz ε/ε0 (T2) at 100 kH 

Bi3.25Ca0.25Ti1.75Nb0.75O10.5 678 928 450 1100 

 

A layered perovskite-like oxide of the Aurivillius family of phases Bi3.25Ca0.25Ti1.75Nb0.75O10.5 

was synthesized by the method of high-temperature solid-state reaction. The synthesized 

mixed-layer compound with m = 2.5 has a high-temperature ferroelectric-paraelectric 

transition with a Curie temperature TC = 928 C at a frequency of 100 kHz. This is the highest 
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phase transition temperature for mixed-layer compounds of the Aurivillius family of phases 

in the world! 
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The Aurivillius phases [Bi2O2][An-1BnO3n+1] are well-known ferroelectrics with high Curie 

temperatures. High-temperature piezoceramics Bi3 – xNdxTiWO9 (BNdTW, x = 0.25, 0.5, 0.75, 

1.0) were prepared by a solid-state reaction method [1]. The structural and electrophysical 

characteristics of BNdTW-ceramics have been studied.  
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Fig. 1. X-ray diffraction patterns Bi3 – xNdxTi1.5W0.5O9(BNdTW, x = 0.25, 0.5,0.75,1.0) 
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According to the data of powder X-ray diffraction (Fig. 1), all the compounds are single-phase 

with the structures of two-layer Aurivillius phases (m = 2) with the orthorhombic crystal lattice 

(space group A21am). Figure 2 shows the temperature dependences of the relative permittivity 

and dielectric loss tangent at frequencies from 100 kHz to 1 MHz. The temperature 

dependence of the relative permittivity ε/ε0(T) of the compounds was measured and showed 

that the Curie temperature of perovskite-like oxides Bi3-xNdxTi1.5W0.5O9 decreases linearly 

with a decrease in the substitution parameter x to TC = 165 °C. Table 1 presents Curie 

temperature, piezomodule and tolerance factor for Bi3-xNdxTi1.5W0.5O9 (x = 0.25, 0.5, 0.75, 

1.0) compounds. 
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Fig. 2. Temperature dependences of the relative permittivity ε/ε0 for APs Bi3-x NdxTi1.5W0.5O9 

(x = 0.25, 0.5, 0.75, 1.0) at a frequency from 100 kHz to 1 MHz: Bi2.75Nd0.25Ti1.5W0.5O9, Bi2.5Nd0.5, 

Ti1.5W0.5O9, Bi2.25Nd0.75Ti1.5W0.5O9, Bi2 NdTi1.5W0.5O9 

 
                      Table 1. Curie temperature, piezomodule and tolerance factor  

                        for Bi3-xNdxTi1.5W0.5O9 (x = 0.25, 0.5, 0.75, 1.0) compounds 
Compounds        TC         d33, pC/N          t 

Bi2.75Nd0.25Ti1.5W0.5O9       681          4       0.9615 

Bi2.5Nd0.5Ti1.5W0.5O9       525          5       0.9577 

Bi2.25Nd0.75Ti1.5W0.5O9        280          3.5       0.9581 

Bi2 NdTi1.5W0.5O9        165           0       0.9563 
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Layered perovskite-like oxide Bi3Ti1.5W0.5O9 was synthesized by high-temperature solid-state 

reaction. X-ray diffraction studies (see Fig.1) have shown that the compound is single-phase 

and has the structure of the Aurivillius phase corresponding to the space group A21am. The 

temperature dependences of the relative permittivity ε/ε0 and the tangent of the dielectric loss 

angle tanσ were measured at different frequencies. The piezomodule was measured and a 

hysteresis loop was obtained, and the Curie temperature TC was determined. Aurivillius phases 

(APs) form a large family of bismuth-containing layered perovskite type compounds, with the 

chemical composition described by the general formula Am–1Bi2BmO3m+3. The crystal structure 

of APs consists of alternating layers [Bi2O2]
2+, which are separated by m perovskite-like layers 

[Am–1BmO3m+1]
2. Layered perovskite-like oxide (AP) Bi3Ti1.5W0.5O9 was described in work [1]. 

The purpose of our study was to refine the dielectric characteristics and refine the technology 

for the synthesis of Bi3Ti1.5W0.5O9. Polycrystalline samples of APs were synthesized by the 

solid-phase reaction described in work [2]. It was found that synthesized APs crystallize in an 

orthorhombic system with a unit cell space group A21am(36). Figure 2 shows the temperature 

dependences of the relative permittivity and dielectric loss tangent at frequencies from 100 

kHz to 1 MHz (see Fig. 2). The piezomodule was measured and a hysteresis loop was obtained. 

The values of the piezomodule d33 and the phase transition (ferroelectric – paraelectric) 

temperature are given in Table 1. In the result, it has been obtained a high Curie temperature 

TC = 760 C for the manufactured Bi3Ti1.5W0.5O9 and its piezomodule was equal to d33= 8 

pC/H.  
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Fig. 1. Diffraction data for pure Bi3Ti1.5W0.5O9 
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Fig. 2. Temperature dependences of the relative permittivity ε/ε0 and loss tangent tgσ for APs 

Bi3Ti1.5W0.5O9 at a frequency from 100 kHz to 1 MHz 

     

    Table 1. Curie temperature, piezomodule, tolerance factor of Bi3Ti1.5W0.5O9 
Compound TC TC (1) d33, pC/H t 

Bi3Ti1.5W0.5O9 760 730 8 0.9634 
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SCHEDULE OF 10th Anniversary International 
Conference on "Physics and Mechanics of New Materials 
and Their Applications" (PHENMA 2021 - 2022), May 23 

– 27, 2022   

 
23 May 2022 (Monday) 
 
Arrival and registration of the PHENMA 2021 – 2022 participants in Divnomorsk  

 
24 May 2012 (Tuesday)  

8:30 – 9:30 Breakfast 

8:30 – 9:50 Registration of the PHENMA 2021 – 2022 participants at REGISTRATION 
DESK 

OPENING CEREMONY 10:00 

Greetings of the PMNM-2012 Co-Chairmen:   

Arkady N. Soloviev 10:00 - 10:10                                                 

Shun-Hsyung Chang 10:10 - 10:20 

Ivan A. Parinov 10:20 - 10:30 

Plenary Report: Ivan A. Parinov1, Shun-Hsyung Chang2. The way to success: PHENMA 
for the last decade.  1I.I. Vorovich Institute of Mathematics, Mechanics and Computer 
Sciences, Southern Federal University, Rostov on Don, Russia; 2National Kaohsiung 
University of Science and Technology, Kaohsiung, Taiwan 10:30 - 10:50 (the report duration 
is 15 min + questions and discussion during 5 min) 

Plenary Report: Rakesh Kumaar Haldkar. Design Modeling and Analysis of Axial-type 
Piezoelectric Energy Generator. I. I. Vorovich Mathematics, Mechanics and Computer 
Sciences Institute, Southern Federal University, Rostov-on-Don, Russia; G H Raisoni 
college of Engineering Nagpur, India 10:50 - 11:15 (the report duration is 20 min + questions 
and discussion during 5 min) 
 
Plenary Report: President Tai-Wen Hsu, National Taiwan Ocean University, Keelung, 
Taiwan 

10th Annual International Conference on “Physics and Mechanics  
of New Materials and Their Applications” (PHENMA 2021 – 2022) 
Divnomorsk, Russia, May 23 – 27, 2022
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11:15 - 11:40 (the report duration is 20 min + questions and discussion during 5 min) 
 
Coffee-Break 11:40 - 12:10  

On-line/video Sessions:  

“Technologies of New Materials” (T1) 12:10 - 13:00 (a report duration is 10 min) 
(Chairman – Dr. A. V. Cherpakov) 
 
E.M. Bayan1, L.E. Pustovaya2, Yu.A. Bayan1, T.G. Lupeiko1. Optimization of the synthesis 
conditions of N-doped TiO2 nanoparticles wastewater treatment. 1Southern Federal 
University, Faculty of chemistry, Rostov-on-Don, Russia; 2Don State Technical University, 
Rostov-on-Don, Russia 12:10 - 12:20 
M.G. Volkova1, V.V. Petrov2, E.M. Bayan1. Preparation and Characterization of Sn-ZnO 
Nanorod Array. 1Southern Federal University, Faculty of Chemistry, Rostov-on-Don, Russia; 
2Southern Federal University, Institute of Nanotechnologies, Electronics, and Equipment 
Engineering, Taganrog, Russia 12:20 - 12:30 
Sangeeta A. Nirmal1, M.R. Sonawane2, R.G. Atram3. Chemisorption of Molybdenum Atom 
on Carbon Nanotube using Density Functional Theory. 1Department of Physics, Patkar Varde 
College, Mumbai University, Mumbai, India; 2The Institute of Science, Dr. Homi Bhabha 
State University, Mumbai, India; 3The Institute of Science, Nagpur, India 12:30 - 12:40 
Chu Dieu Huong, Nguyen Thi Tu Trinh. Fragrance Durability depending on compression 
of Knitted Fabric bandage coated by Microcapsule Contained Cinnamon Essential Oil. Hanoi 
University of Science and Technology, Hanoi, Vietnam 12:40 - 12:50 
Chu Dieu Huong, Nguyen Thi Tu Trinh. Investigation of the creep relaxation behavior in use 

of single jersey fabric depending on the elastic yarn ratio. Hanoi University of Science and 

Technology, Hanoi, Vietnam12:50 ‐ 13:00 

 

Dinner 13:00 - 14:00 
 
“Physics of New Materials“ (P1) 14:00 - 14:50 (a report duration is 10 min) (Chairman 
– Dr. A. V. Chebanenko) 
 
V.O. Dmitriev, M. Khalil, A.P. Budnik, E.S. Bogoslavskaya, V.A. Shmatko, G.E. 
Yalovega. Features of the Electronic Structure of Some MeOx/MWCNTs Faculty of 
Physics, Southern Federal University, Rostov-on-Don, Russia 14:00 -14:10  
Abhinav Yadav1, E.A. Bikyashev2, S.P. Kubrin1, N. V. Ter-Oganessian1, I. P. 
Raevski1, Systematic investigation of dielectric characteristics of BaFe1/2 Sn1/2 O3-

δ ceramic. 1Institute of Physics, Southern Federal University, Rostov-on-Don, 
Russia; 2Faculty of Chemistry, Southern Federal University, Rostov-on-Don, Russia 14:10 -
14:20 
Sudip Kumar Pala, Anton A. Scrjabina, Alexey T. Kozakova, Sujit Kumar Ghoshb. 
Localized Surface Plasmon Resonance of ‘Normal’ and ‘Inverted’ Core-Shell Nanostructures. 
aResearch Institute of Physics, Southern Federal University, Rostov-on-Don, Russia; 
bDepartment of Chemistry, Assam University, Silchar, Assam, India 14:20 -14:30 
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Sudip Kumar Pala, Anton A. Scrjabina, Alexey T. Kozakova, Sujit Kumar Ghoshb. 
Plasmonic Properties upon Aggregation of Size-Selective Ultrasmall Gold Nanospheres. 
aResearch Institute of Physics, Southern Federal University, Rostov-on-Don, Russia; 
bDepartment of Chemistry, Assam University, Silchar, Assam, India 14:30 -14:40 
L.P. Ichkitidze1,2, M.V. Belodedov3, A.Yu. Gerasimenko1,2, D.V. Telyshev1,2,  
S.V. Selishchev1. Registration of Magnetic Particles in a Biological Medium with Using 
Magnetometers.1Institute of Biomedical Systems of National Research University of 
Electronic Technology, MIET, Zelenograd, Moscow, Russia; 2Scientific and Technological 
Park of Biomedicine of I.M. Sechenov First Moscow State Medical University, I.M. Sechenov 
University, Moscow, Russia; 3Bauman Moscow State Technical University, Russia 14:40 -
14:50 
 
“Mechanics of New Materials (M1) 14:50 - 16:00 (a report duration is 10 min) 
(Chairman – Dr. R. K. Haldkar) 
 
Roumen Iankov1, Ivan Georgiev2, Mikhail Chebakov3, Elena Kolosova3, Maria 
Datcheva1. Computational Homogenization for Determination of Porous Material Properties. 
1Institute of Mechanics, Bulgarian Academy of Sciences, Sofia, Bulgaria; 2Institute of 
Information and Communication Technologies, Bulgarian Academy of Sciences, Sofia, 
Bulgaria; 3Vorovich Institute for Mathematics, Mechanics and Computer Sciences, Southern 
Federal University, Rostov-on-Don, Russia 14:50 - 15:00 
G. A. Zhuravlev, Yu. E. Drobotov. Maximum Tangential Stresses Due to Contact of Two 
Elastic Parallel Circular Cylinders and Their Depth Southern Federal University, Rostov-on-
Don, Russia 15:00 - 15:10 
G. A. Zhuravlev, T. M. Andreeva, Yu. E. Drobotov. Explaining the Inconsistency of 
Solutions to the Contact Problem on the Convergence of Two Elastic Cylinders 15:10 - 
15:20 
Yu. E. Drobotov. On the Stress State of Details with Projections of Complex Shape. 
Southern Federal University, Rostov-on-Don, Russia 15:20 - 15:30 
Yu. E. Drobotov, R. K. Haldkar. On Numerical and Analytical Approaches to the Problem 
on the Stress-Strain State of a Cantilever Plate Southern Federal University, Rostov-on-Don, 
Russia 15:30 - 15:40 
D.A. Kalganov, V.V. Kaminskii. Influence of ternary intermetallic inclusions on the 
mechanical properties of aluminum alloys in Al-Ti-Zn system. Advanced Data Transfer 
Systems Institute, ITMO University, Saint-Petersburg, Russia 15:40 - 15:50 
D.A. Kalganov1, V.V. Kaminskii1, A.E. Romanov1, E. Abe2, Y. Kawamura3. Investigations 
of magnesium alloys containing LPSO phase by composite oscillator method. 1Advanced Data 
Transfer Systems Institute, ITMO University, Saint-Petersburg, Russia; 2Research Center for 
Structural Materials, National Institute for Materials Science, Tsukuba, Japan; 3Magnesium 
Research Center, Kumamoto University, Kumamoto, Japan 15:50 - 16:00 
 
Coffee-Break 16:10 - 16:40 
 
“Applications of New Materials” (A1) 16:40 - 17:50 (a report duration is 10 min) 
(Chairman – Yu. E. Drobotov) 
 
M.S. Savelyev, P.N. Vasilevsky, A.V. Kuksin, L.P. Ichkitidze, A.Yu. Tolbin, A.Yu. 
Gerasimenko. Nonlinear Absorbers Based on Multi-wall Carbon Nanotubes for Protection 
of Sensitive Elements of Electro-optical Systems and Vision Organs 16:40 - 16:50 
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L. P. Ichkitidze1,2, G. Yu. Galechian1, A. Yu. Gerasimenko1,2, D. V. Telyshev1,2. The role 
of magnetic particles and nanoparticles in cancer hyperthermia. 1Institute of Biomedical 
Systems of National Research University of Electronic Technology, MIET, Zelenograd, 
Moscow, Russia; 
2Scientific and Technological Park of Biomedicine of I.M. Sechenov First Moscow State 
Medical University, I.M. Sechenov University, Moscow, Russia 16:50 - 17:00 
G.M. Glebova, G.A. Zhbankov, O.A. Maltseva. Prospects of the Vector Scalar Arrays 
Usage for Underwater Communications. Institute for Physics, Southern Federal University, 
Rostov-on-Don, Russia 17:00 - 17:10 
L. P.  Ichkitidze1,2, V. A. Petukhov1, N. A. Demidenko1, E. P. Kitsyuk3, A. Y. 
Gerasimenko1,2, D. V. Telyshev1,2. Films of biological nanomaterials as a prototype of a 
tactile sensor. 1Institute of Biomedical Systems of National Research University of 
Electronic Technology, MIET, Zelenograd, Moscow, Russia; 2Scientific and Technological 
Park of Biomedicine of I.M. Sechenov First Moscow State Medical University, Sechenov 
University, Moscow, Russia; 3Scientific-Manufacturing Complex "Technological Centre", 
Zelenograd, Moscow, Russia 17:10 - 17:20 
Nguyen Thanh Tung and Luong Van Van. A study on the effect of the grip coefficient on 
the slip coefficient when braking of the tractor semi-trailer on a straight road at a speed of 80 
km/h. Vinh Long University of Technology Education, Vinh Long City, Vietnam 17:20 - 
17:30 
Artem M. Kharakhashyan. Comparative analysis of the efficiency of scalar and vector-scalar 
antennas for onboard receiving systems. Department of Applied Mathematics, Don State 
Technical University, Rostov-on-Don, Russia 17:30 - 17:40 
Jeong Wan Kim1, Tae Gyu Kim2. Mold core DSLR camera tool mark analysis according 
to the surface roughness of the aspherical lens. 1Department of Nano Fusion Technology, 
Pusan National University, Busan, Korea; 2Department of Nanomechatronics Engineering, 
Pusan National University, Busan, Korea 17:40 - 17:50 
 
Supper 18:00 - 19:00 
 

25 May 2022 (Wednesday) 
 
8:30 – 9:30 Breakfast 

Poster Session 10:00 - 18:00 (Co-Chairmen – N. I. Glushko) 
 
Oral Sessions  
 
“Physics of New Materials” (P2) 10:00 - 11:10 (a report duration is 10 min + questions 
and discussion during 5 min) (Chairman – Dr. S.V. Zubkov) 
 
Yu. E. Drobotov. On analytical approaches in mathematical modelling of ferroelectric 
switching kinetics in injection mode 10:00 - 10:15 
V. Yu. Topolov,1 A. N. Isaeva,1 C. R. Bowen,2 B. O. Protsenko1. Piezoelectric Properties, 
Anisotropy Factors and Energy-harvesting Characteristics of Novel 1–2–2 composites Based 
on Domain-engineered Single Crystals. 1Department of Physics, Southern Federal 
University, Rostov-on-Don, Russia; 2Department of Mechanical Engineering, University of 
Bath, Bath, UK. 10:15 - 10:30 
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V. Yu. Topolov,1 A. N. Isaeva,1 A. O. Denisova,1 C. R. Bowen2. Effect of the Matrix 
Subsystem on Piezoelectric Properties and Related Parameters of Lead-free 1–3-type 
Composites. 1Department of Physics, Southern Federal University, Rostov-on-Don, 
Russia; 2Department of Mechanical Engineering, University of Bath, Bath, UK  10:30 - 
10:45 
M.V. Talanov1, A.A. Pavelko1, L.S. Kamzina2. Dielectric Relaxation and Electromechanical 
Resonance in Ferroelectric Cd2Nb2O7 Single Crystal. 1Research Institute of Physics, Southern 
Federal University, Rostov-on-Don, Russia; 2Ioffe Institute, St. Petersburg, Russia 10:45 - 
11:00 

Coffee-Break 11:10 - 11:40 

“Mechanics of New Materials (M2) 11:40 - 13:00 (a report duration is 10 min + questions 
and discussion during 5 min) (Chairman – Dr. V.A. Chebanenko) 
 
M.V. Golub1, S.I. Fomenko1, O.V. Doroshenko1, I. Moroz2, E. Okoneshnikova1, Y. 
Wang3, C. Zhang3. Multi-layered acoustic/elastic metamaterials with arrays of strip-like 
cracks: modelling and manufacturing. 1Institute for Mathematics, Mechanics and Informatics, 
Kuban State University, Krasnodar, Russia; 2Membrane Institute, Kuban State University, 
Krasnodar, Russia; 2Chair of Structural Mechanics, Department of Civil Engineering, 
University of Siegen, Siegen, Germany 11:40 - 11:55 
S.I. Fomenko1, R.B. Jana2, M.V. Golub1. Theoretical estimation of porosity and fluid 
saturation by ultrasound methods based on surface waves. 1Institute for Mathematics, 
Mechanics and Informatics, Kuban State University, Krasnodar, Russia; 2Digital Agriculture 
Laboratory, Skolkovo Institute of Science and Technology, Moscow, Russia 11:55 - 12:10 
V.E. Yakovlev, A. V. Cherpakov, Construction of a technique for identifying the parameters 
of a stubble structure during the propagation of longitudinal waves 12:10 - 12:35 
A.N. Soloviev1,2, A.V. Yudin2,3,4, V.A. Chebanenko3. Numerical study of the propagation of 
harmonic surface waves generated by two types of piezoelectric actuators. 1Don State 
Technical University, Rostov-on-Don, Russia; 2Vorovich Mathematics, Mechanics and 
Computer Science Institute, Southern Federal University, Rostov-on-Don, Russia; 3Federal 
Research Center "Southern Scientific Center of the Russian Academy of Sciences", Rostov-
on-Don, Russia; 4Platov Southern Russian State Polytechnic University, Novocherkassk, 
Russia 12:35 - 12:50 
 
Dinner 13:00 - 14:00 
 
On-line/video Sessions:  

“Applications of New Materials” (A1) 14:00 - 16:10 (a report duration is 10 min) 
(Chairman – Dr. A. V. Cherpakov) 
 
Chin-Shiuh Shieh1, Chin-Dar Tseng1,2, Chen-Lin Kang3, Hsuan-Chih Hsu3, Liyun 
Chang4, Chin-Hsueh Lin1, Yu-Jie Huang5, Tsair-Fwu Lee1,2,6. Using convolutional neural 
networks to recognize randomly generated images and visualize the results. 1Department of 
Electronics Engineering, National Kaohsiung University of Science and Technology, 
Kaohsiung, Taiwan, R.O.C.; 2Medical Physics and Informatics Laboratory of Electronics 
Engineering, National Kaohsiung University of Science and Technology, Kaohsiung, 
Taiwan, R.O.C.; 3Department of Hematology and Oncology, Kaohsiung Chang Gung 
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Memorial Hospital and Chang Gung University College of Medicine, Kaohsiung, Taiwan, 
R.O.C.; 4Departments of Medical Imaging and Radiological Sciences, I-Shou University, 
Kaohsiung, Taiwan, R.O.C.; 5Department of Radiation Oncology, Kaohsiung Chang Gung 
Memorial Hospital and Chang Gung University College of Medicine, Kaohsiung 83342, 
Taiwan, ROC; 6Ph.D. program in Biomedical Engineering, Kaohsiung Medical University, 
Kaohsiung, Taiwan, ROC 14:00 - 14:10 
Chin-Feng Lin1, Yu-Chi Wei1, Chai-Sheng, Wen1, Chan-Chung Wen2, Shun-Hsyung 
Chang3, Ivan A. Parinov4, Sergey Shevtsov5, DM-MIMO Based GFDM Advanced 
Underwater Image Transmission Scheme. 1Department of Electrical Engineering, National 
Taiwan Ocean University, Taiwan, ROC; 2Department of Shipping Technology, National 
Kaohsiung University of Science and Technology, Taiwan, ROC; 3Department of 
Microelectronic Engineering, National Kaohsiung University of Science and Technology, 
Taiwan, ROC; 4I. I. Vorovich Mathematics, Mechanics, and Computer Science Institute, 
Southern Federal University, Russia; 5Aircraft Systems and Technologies Laboratory at the 
South Center of Russian Academy of Science, Russia 14:10 - 14:20 
Nguyen Minh Ky1,3, Chitsan Lin2, Nguyen Duy Hieu1, Nguyen Cong Manh3, Nguyen Tuan 
Anh3. Evaluating the efficiency of organic matter treatment using Vetiver grass (Vetiveria 
Zizanioides L.) - A pilot-scale. 1Ph.D. Program in Maritime Science and Technology, 
College of Maritime, National Kaohsiung University of Science and Technology, Kaohsiung, 
Taiwan; 2Department of Marine Environmental Engineering, National Kaohsiung University 
of Science and Technology, Kaohsiung, Taiwan; 3Faculty of Environment and Natural 
Resources, Nong Lam University, Ho Chi Minh Ciy, Vietnam 14:20 - 14:30 
Ankit Nayak. On design considerations of In-Pipe Inspection Robot. School of Automation, 
Banasthali Vidyapith University, Rajasthan, India 14:30 - 14:40 
V.I. Korotkin, E.M. Kolosova. A New Approach to Assessing and Improving the Load-
bearing Capacity of Novikov Gears. Southern Federal University, I.I. Vorovich Mathematics, 
Mechanics and Computer Science Institute, Rostov-on-Don, Russia 14:40 - 14:50 
D.V. Karabanov, V.V. Zaitsev, S.O. Kireev, M.V. Korchagina. Advantages of the Novikov 
transmission on the slow-speed stage of the cylindrical gearbox transmission 14:50 - 15:00 
Yu.A. Akopyan, S.O. Kireev, A.R. Lebedev, M. V. Korchagina. A new design of the 
surface drive of the screw pump for the extraction of high-viscosity oil. Don State Technical 
University, Rostov-on-Don, Russia 15:00 - 15:10 
V.V. Zaitsev, A.V. Biel, S.O. Kireev, M.V. Korchagina. Synthesis of high-pressure pump 
drive reducer for service of oil and gas wells 15:10 - 15:20 
A.V. Bil, D.V. Karabanov, S.O. Kireev, M.V. Korchagina. Design and principle of 
operation of the pneumatic wedge gripper 15:20 - 15:30 
A.V. Bil, M. V. Korchagina, S. O. Kireev, V.N. Stepanov. Research tension and 
deformations in the elastic element of the universal spherical preventer seal 15:30 - 15:40 
K.P. Matsneva, M.V. Korchagina, S.O. Kireev. Features of the choice of construction 
materials for downhole equipment 15:40 - 15:50 
M.I. Rodimova, H.K. Kaderov, S. O. Kireev, M. V. Korchagina. Improvement of seals of 
flange connections of fountain fittings and shut-off devices 15:50 - 16:00 
M.I. Rodimova, S.O. Kireev, M.V. Korchagina. Requirements for sealing existing flange 
connection structures with metal O-rings 16:00 - 16:10 
 
Coffee-Break 16:20 - 16:50 
 
“Industry and Management (MIM1) 16:50 - 17:30 (a report duration is 10 min) 
(Chairman – Yu. E. Drobotov) 



375 

 
Erni Puspanantasari Putri. Development Strategy of MSMEs Based on Creative Economy 
in Indonesia. Department of Industrial Engineering, Universitas 17 Agustus 1945 Surabaya, 
Indonesia 16:50 - 17:00 
Erni Puspanantasari Putri. Development Strategy of the Local Village Economy in 
Indonesia. Department of Industrial Engineering, Universitas 17 Agustus 1945 Surabaya, 
Indonesia 17:00 - 17:10  
Erni Puspanantasari Putri,  Zainal Arief, Istantyo Yuwono. Performance Evaluation Using 
Input-oriented Envelopment DEA Method: A Case Study of Micro and Small Industry in 
Indonesia. Department of Industrial Engineering, Universitas 17 Agustus 1945 Surabaya, 
Indonesia 17:10 - 17:20  
RA Retno Hastijanti1, Briant Wiranata2. The Potential of Teak Wood as a Climate Change 
Resilience Furnishing Material. 1Architecture Department, Engineering Faculty, Universitas 
17 Agustus 1945 Surabaya, Indonesia; 2Architect, Surabaya Zoo, Indonesia 17:20 - 17:30  
 
Supper 18:00 - 19:00 
 

26 May 2022 (Thursday) 
 
8:30 – 9:30 Breakfast 

Oral Sessions  
 
“Physics of New Materials” (P2) 10:00 - 11:00 (a report duration is 10 min + questions 
and discussion during 5 min) (Chairman – Dr. S.V. Zubkov) 
 
I.A. Gulyaeva1, A.V. Nesterenko1, A.V. Petrov2, V.V. Petrov1. Research of the 
photoconductivity characteristics of ZnO–SnO2 sol-gel thin films. 1Southern Federal 
University, Institute of Nanotechnologies, Electronics, and Equipment Engineering, 
Taganrog, Russia; 2Municipal autonomous educational institution Lyceum No.4 (TMGL), Taganrog, 
Russia 10:00 - 10:15 
V. Yu. Topolov1, A. O. Denisova1,2. Comparative Analysis of Hydrostatic Parameters of 1–
3-type Composites with One or Two Piezoelectric Components. 1Department of Physics, 
Southern Federal University, Rostov-on-Don, Russia; 2I.I. Vorovich Institute of Mathematics, 
Mechanics and Computer Science, Southern Federal University, Rostov-on-Don, Russia 
10:15 - 10:30 
I.N. Zakharchenko, M.V. Talanov. Electric-field Induced Phase Transformation in Relaxor-
based Multicomponent Ceramics Research Institute of Physics, Southern Federal University, 
Rostov-on-Don, Russia 10:30 - 10:45 
M.V. Talanov1,2, V.B. Shirokov1,2,3, E.A. Muratova2, V.M. Talanov2. Multi-order states 
and emergent phenomena on the pyrochlore lattice. 1Southern Federal University, Rostov-on-
Don, Russia; 2South-Russian State Polytechnic University, Novocherkassk, Russia; 3South 
Scientific Center, Russian Academy of Sciences, Rostov-on-Don, Russia 10:45 - 11:00 
 
Coffee-Break 11:10 - 11:40 
 
“Mechanics of New Materials (M2) 11:40 - 12:40 (a report duration is 10 min + questions 
and discussion during 5 min) (Chairman – Dr. I.V. Bogachev) 
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I.V. Bogachev. Identification of prestress in round inhomogeneous solid and annular plates 
for the Timoshenko's theory. Southern Federal University, Rostov-on-Don, Russia 11:40- 
11:55 
I.V. Bogachev, R.D. Nedin. Modeling of solid and holed 2D FGM plates with prestress. 
Southern Federal University, Rostov-on-Don, Russia 11:55 - 12:10 
R. Sunder, Testing Procedures to Characterize Variable-Amplitude Fatigue Crack Growth. 
BISS Division, ITW-India Pvt Ltd, Bangalore, India 12:10 - 12:25 
V.V. Dudarev, R.M. Mnukhin. On vibrations of two inhomogeneous elastic objects. 
Department of Theory of Elasticity, I.I. Vorovich Institute of Mathematics, Mechanics and 
Computer Sciences, Southern Federal University, Rostov-on-Don, Russia 12:25 - 12:40 
 
Dinner 13:00 - 14:00 
 
“Mechanics of New Materials (M2) 14:00 - 14:30 (a report duration is 10 min + questions 
and discussion during 5 min) (Chairman – Prof. A.S. Skaliukh) 
 
Alexander Skaliukh. Modeling the Hysteresis Response of Ferroelectric Ceramics Subjected 
to High and Low Intensity Electric and Mechanical Fields. I.I. Vorovich Institute of 
Mathematics, Mechanics and Computer Sciences, Southern Federal University, Rostov on 
Don, Russia 14:00 - 14:15 
A.N. Soloviev1,2, Do Thanh Binh2, V.A. Chebanenko3, E.V. Kirillova4. Applied theory of 
bending vibrations of a piezomagnetoelectric bimorph in an alternating magnetic field. Don 
State Technical University, Rostov-on-Don, Russia; 2Vorovich Mathematics, Mechanics and 
Computer Science Institute, Southern Federal University, Rostov-on-Don, Russia; 3Federal 
Research Center "Southern Scientific Center of the Russian Academy of Sciences", Rostov-
on-Don, Russia; 4RheinMain University of Applied Sciences, Wiesbaden, Germany 14:15 - 
14:30 
A.V. Cherpakov, Parinov I.A., Haldkar R.K. Carrying out a simulation of an axial-type 
piezoelectric power generator with an active base 14:30 - 14:45 
 
“Mathematics 14:45 - 15:15 (a report duration is 10 min + questions and discussion 
during 5 min) (Chairman – Yu. E. Drobotov) 
 
Yu. E. Drobotov. Hypersingular integral operators on weighted generalized Hölder spaces. 
Southern Federal University, Rostov-on-Don, Russia 14:45 - 15:00 
Yu. E. Drobotov. The Riesz potentials on the generalized grand Lebesgue spaces. Southern 
Federal University, Rostov-on-Don, Russia 15:00 - 15:15 
 
On-line/video Sessions:  

“Mathematics 15:20 - 14:30 (a report duration is 10 min) (Chairman – Yu. E. Drobotov) 
 

B. G. Vakulov, Yu. E. Drobotov. On Smoothness of Spherical Riesz Potential Type 
Operator with Mild Singularities on Poles. Southern Federal University, Rostov-on-Don, 
Russia 15:20 - 15:30 
G. S. Kostetskaya, Yu. E. Drobotov, B. G. Vakulov. On an Integrodifferential Equation 
and Its Solutions in Terms of the Riesz Potential Type Operator with a Difference 
Characteristic Southern Federal University, Rostov-on-Don, Russia 15:30 - 15:40 
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Yu. E. Drobotov, K. A. Egiazaryan. Hypersingular Integral Equations with Specific 
Characteristics and Their Applications. Southern Federal University, Rostov-on-Don, Russia 
15:40 - 15:50 
B. G. Vakulov, Yu. E. Drobotov, E. S. Kochurov. Regularization of a Variable Order Abel 
Equation in the Generalized Variable Hölder Spaces and Its Applications. Southern Federal 
University, Rostov-on-Don, Russia 15:50 - 16:00 
Yu. E. Drobotov, D. S. Baraeva. The Spherical Fractional Poisson Equation and the 
Characteristics of Conditioning. Southern Federal University, Rostov-on-Don, Russia 16:00 
- 16:10  
 
Coffee-Break 16:20 - 16:50 
 
CLOSING CEREMONY 17:00 - 17:30 
 
BANQUET 17:30 - 20:00 
 
27 May 2022 (Friday) 

8:30 – 9:30 Breakfast 

Departure of participants after breakfast 
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