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ABSTRACTS 
 

MATHEMATICAL MODELLING IN NATURAL SCIENCES 
AND INFORMATION TECHNOLOGIES 

 
 

MODERN MEANS OF HARDWARE AND SOFTWARE SUPPORT FOR THE IEEE 
STANDARD 
Zhulkovska I.I., Zhulkovskii O.A. 

 
Abstract 
Rounding floating-point numbers is a very important problem of the existing computer arithmetic. 

Numbers are rounded when you enter initial values and after each arithmetic operation. Uniform standard for 
binary representation of floating point numbers was developed and implemented by the Association IEEE 
(Institute of Electrical and Electronics Engineers). The IEEE 754 introduces the following required for 
realization rounded floating-point operations: addition, multiplication, subtraction, division, calculating the 
remainder of the division, square root, format conversion. 

Problem is improving the reliability of simulation results based on the evaluation of modern, most 
commonly used, hardware and software tools for obtaining the highest accuracy of computations and reducing 
errors due to the representation of actual data in computer memory. 

Improving the accuracy of arithmetic operations by increasing the bit numbers is the main means 
performing calculations critical to rounding. Modern general-purpose processors and high level language 
compilers maintain, as a rule, only formats single and double precision, as well as not defined standard double 
extended precision format in which the mantissa consists of 64 bits. Arithmetic increased accuracy is costly, and 
therefore implemented in software. 

The constant presence of rounding errors when working with the machine arithmetic imposes special 
requirements to computer algorithms and requires additional analysis of the problem being solved. Almost all 
numbers are represented in the computer memory with an error, so you need to know how the decision sensitive 
to changes in the parameters of the task. 

The study shows the capabilities of modern general-purpose processors and high-level language 
compilers to support high-precision formats and modern streaming processing technologies to improve the 
efficiency of mathematical modeling. 
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ON THE CHOICE OF THE PARAMETERS OF THE EM ALGORITHM FOR THE 
SEPARATION OF THE MIXTURE OF DISTRIBUTIONS. 
Shumeiko A.A, Iskandarova-Mala A. 
 

Abstract 
The paper considers one of the types of non-hierarchical clustering - the EM-algorithm. This methd is 

traditionally the most used tool for separating a mixture of distributions with a known number of components. 
Determining the number of components (clusters) is a non-trivial problem. As a rule, this parameter is chosen by 
the researcher from some a priori assumptions. Nevertheless, the problem of the automatic choice of this 
parameter was investigated in many papers. 

Existing approaches, as a rule, differ in the complexity of implementation, intuitive approaches or 
approximate methods for solving complex analytical problems, it is often not clear how they are generally 
related to this task. 

The EM-algorithm for separating the mixture of normal distributions is in fact a reconstruction of the 
existing histogram by a linear combination of Gaussian functions, so, naturally, having the value of the specified 
error of reconstruction, describe the available histogram by a depleted histogram with free nodes, which is best 
(ie, with a minimum number nodes). The resulting number of nodes is an estimate of the number of components 
of the mixture, which is reconstructed by a linear combination of Gaussian functions with a given error. 
Moreover, the values of free nodes make it possible to obtain a starting estimate of the remaining parameters of 
the mixture. 
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ALGORITHMIC PROVIDING OF THE METHOD FOR FORECASTING OF THE 
ELECTRICITY CONSUMPTION VOLUME WITH THE USE OF A RECURRENT NEURAL 
NETWORK 
Kosukhina O., Tonkonog S.E. 
 
Abstract 
The urgency of the topic of this work lies in the fact that the prediction of electric load is one of the main 

parameters that determine the mode of power systems operation. The forecasting errors necessarily lead to 
unreasonable costs in the energy sector. This is due to the fact that the reassessment of future consumption leads 
to unreasonable over-consumption of all types fuels, and its underestimation to a decrease in the quality of 
energy supply to consumers. 

The purpose of this work is to improve the quality of the forecast of hourly electricity consumption by 
developing algorithmic and software method using recurrent neural network. 

The following tasks were set in the work: 
- to analyze the existing methods of time series forecasting; 
- to construct the algorithm and software of the forecasting method using the recurrent neural network; 
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- apply the developed algorithmic and software for forecasting of hourly electricity consumption. 
As a result of the work, the algorithmic and software of the method of forecasting of time series using the 

recurrent neural network was developed. 
The developed software was used to forecast hourly electricity consumption. It is proved that the 

prediction error is valid and does not exceed the error of studying. 
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THE METHOD OF INCREASING THE ACCURACY OF ACCOUNTING AND THE 
INFORMATION PROTECTION FUNCTION OF THE AUTOMATED SYSTEM FOR 
COMMERCIAL ACCOUNTING OF NATURAL GAS FROM COAL DEPOSITS (ACS PG) 
Stasevich R.K. 
 
Abstract 
According to the results of the IHTM researches of the NASU of 2017, the gas reserves of coal deposits 

in Donbass exceed 3 trillion m3. This is one of the foundations of Ukraine's energy independence. 
IGTM NASU works out the developed scientific and technical foundations for the extraction, 

transportation and utilization of gases from coal deposits with the help of coal-mining cogeneration power 
complexes. The construction of such complexes will ensure the reliability of electricity and heat supply to coal-
mining enterprises, as well as adjacent residential areas and enterprises. At the same time, the consumption of 
imported natural gas will be substantially reduced by replacing it with mine methane in heating gas boiler houses 
and there will be no need to purchase electricity from the mine. To solve the above-mentioned urgent problems, 
it will be necessary to create a single information and control complex for underground and surface gas 
extraction of coal deposits and shchakht, their transportation and disposal in real time. Therefore, the scientific 
and technical problems of increasing the accuracy of technological and commercial accounting for the gases of 
coal deposits and mines during its extraction, transportation and utilization are topical. 

 The aim of the work is to improve the accuracy of measuring and accounting for gas costs of a single 
dynamic technological process of degassing, transporting, disposing and supplying them to the gas transportation 
system of Ukraine. 

Flowmeters for differential pressure on narrowing devices remain the most acceptable for accounting for 
methane consumption of coal deposits for the following reasons: 

  proven reliability with proper installation and application; 
  excellent reproducibility of measurement results; 
  the possibility of metrological certifications without the use of exemplary high-precision wind 

tunnels; 
  ease of detection of faults and errors in measurements; 
  world-wide industrial metrological standards, as well as theoretical and empirical dependencies; 
  the cost of measuring instruments depends little on the diameter of the pipeline for gaseous and 

liquid media. 
 The results of research and development of a method for increasing the accuracy of commercial gas 

metering with diaphragm flow devices are described by dividing the entire gas flow measurement range into 
three sub-ranges. The description of the device, information support and protection functions from unauthorized 
adjustment of the information of the automated system for commercial accounting of natural gas and a structural 
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solution for its application at compressor stations for gas preparation of coal deposits for transportation to 
consumers through the gas transportation system of Ukraine are described. 

Conclusions 
1. A technique has been developed to increase the accuracy of commercial accounting for natural gas 

from coal deposits, which consists of dividing the entire range of gas flow measurements into 3 sub-ranges used 
to create an automated gas metering device based on the measuring complex "DIA" 

2. The structure, the principle of operation, the method for calculating the consumption of natural gases 
and gases of coal deposits, and industrial tests of the ASU PG at gas distribution station No. 2 in 
Dnprodzerzhinsk have been developed. 

3. New functions of automated systems for commercial accounting of natural gas and coal gas gases are 
required to provide reliable information in the event of mutual settlements between suppliers and consumers and 
to protect it against unauthorized adjustments. 

The method of increasing the accuracy of accounting and the information protection function of the 
automated system for the commercial accounting of natural gas from coal deposits are designed for information 
management complexes for the surface extraction of these gases, for their transportation and utilization, as well 
as for automated systems for the commercial recording of these gases when supplied to the gas transportation 
system of Ukraine . 
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MODELLING  AND  OPTIMIZATION  IN  MATERIAL 
CONSTRUCTION  TECHNOLOGY 

 
 

PHYSICO-CHEMICAL MODELING OF PRODUCTION UNDER CONDITIONS SELF-
PROPAGATING HIGH-TEMPERATURE SYNTHESIS WEAR-RESISTANT COATINGS 
Beigyl O.A., Sereda D.B. 
 
Abstract 
There are many methods for hardening the surface of steels, some of them are used in several versions. 

Surface saturation of steel with aluminum, chromium, zinc and other elements is called diffusion saturation with 
metals. The product, the surface of which is enriched with these elements, acquires valuable properties, including 
high heat resistance, corrosion resistance, increased wear resistance and hardness. 

In this regard, the actual application of technologies that allows to receive coatings with limited or 
minimal time of their formation. One of such technologies is the method of self-propagating high-temperature 
synthesis. 

The development of IFOR as a research direction related to the synthesis of materials has supplemented 
the arsenal of combustion chemistry with new inorganic reactions, the range of which is continuously expanding. 
The main interest at the present time is represented by reactions in multicomponent systems conducted with the 
aim of obtaining complex single-phase compounds or heterogeneous materials with a given ratio of phase 
components. 

The application of protective layers was carried out in a pilot plant including the following functional 
systems: reaction equipment, gas supply system and a system for monitoring and regulating technological 
parameters. 

On the surface of samples made of boron-doped steel 50, the protective coating consists of phases 
(FeCr)23C6, (FeCr)7C3, (FeCrAl)2B, Fe2Al5 and α-solid solution of Cr, Al and B in Fe. A thin pearlitic layer is 
located under the layer. On steel 50, a layer consisting of a solid solution of chromium, aluminum and silicon in 
α-iron with inclusions of carbides is formed. Under the layer is located the decarburized zone. 

The coatings were applied to the details of the crank mechanism and the gas distributing mechanism of 
the GAZ-322132 and BOGDAN A092 (city) cars. The conducted studies show that the SHS technology for 
obtaining borized coatings allows obtaining high-quality protective coatings with limited time of their formation 

Toughness tests were carried out on a SMT-1 friction machine, the test time was 5 hours. Borized layers 
doped with chromium have a wear resistance of 1.8-2.1 times than uncoated samples. 
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RESEARCH OF THE ALGORITHM OF TRANSVERSE WALL THICKNESS DEVIATION OF 
PIPE WHICH HAS BEEN ROLLED ON THE TRP (TUBE ROLLING PLANT) WITH 
AUTOMATIC MILL 
Sokurenko V.P., Drozhzha P.V., Bikovec K.M. 
 
Abstract 
Seamless steel tubes have been widely used in various applications such as boiler tubes, oil drilling, oil 

pipelines, automobile and aircraft pipelines, etc.  Over time, the requirements for the accuracy of the cross 
section of the pipes are constantly increasing. The accuracy of the cross-section is determined by the accuracy of 
the diameter and the accuracy of the thickness of the wall. In the production of pipes the most difficult is to 
produce a pipe with the required level of transverse wall thickness deviation.  

The high requirements as to accuracy of the wall thickness are due not only to necessity of assuring the 
reliability and serviceability of equipment, but also to the trend towards the continuous decrease of metal 
capacity. In this situation assuring observing of the given parameter is the most difficult affair. The cross wall 
thickness deviation can be presented in the form of two components: eccentric and symmetric deviation. Wall-
thickness eccentricity and symmetric cross wall thickness deviation are the main problems of deviation from the 
size of the wall thickness in the production of pipes. Eccentricity is caused mainly by abnormal conditions of the 
process in the states of cross-screw rolling. Symmetric discrepancy is conditioned by conditions of longitudinal 
rolling of pipes. 

The paper presents the study of the change in the proportion of the eccentric component of the transverse 
wall thickness deviation of the tubes during rolled on TRP-350 with the automatic mill.  Analysis of research 
results allowed concluding that the highest percentage of eccentric wall thickness variation is found in pipes 
rolled in the piercing mill, after then the importance of this component is being reduced. The most significant 
reduction is observed when rolling the sleeve into a pipe in the automatic mill. 
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EXPERIMENTAL RESEARCH AND MATHEMATICAL MODEL OF THE WALL 
THICKNESS VARIATION IN COLD ROLLING OF PIPES OF HIGH PRECISION 
Sokurenko V.P., Markevich I.V. 

 
Abstract 
The question of calculating the accuracy of pipes is very important in the manufacture of pipes with high 

accuracy in the existing rolling routes. The influence of modern multi-zone calibrations on the variation of the 
difference during the rolling process is not sufficiently investigated. 

In the given work authors presents the results of experimental research and suggests a mathematical 
model for describing the wall thickness variation along the length of the working cone of the tubes with a small 
initial value of wall thickness variation. Such a process is characterized by a small reduction in diameter. Here 
the deformation tends to perform mainly on the tube wall. It is of interest to change the small wall thickness 
variation (4-5%) during the cold rolling of pipes to achieve the possibility of obtaining a finite transverse wall 
thickness variation from one to two percent. The experiment was carried out at the HPT-90 mill. Pipes were 
rolled by the route 64×8.0 mm → 42.4×5.0 mm. Material of pipes is steel 35. 

The coefficients obtained from the processing of the experimental data are used in the mathematical 
model. This allows using the model for designing the parameters of the process of rolling high-precision tubes, 
deformation conditions and investigated the steel grade. 

The production of pipes with small values of the transverse difference will reduce the resource costs and 
losses of metal during production. In addition, pipes with such a low transverse difference index will meet the 
requirements of modern standards. 

 
References 

[1] Grigorenko V.U., Klimenko P.L., Khanín M.Í. Rasche-ty kalibrovki i usiliy v stanakh kholodnoy prokat-ki 
trub s primeneniyem EVM: Uchebnoye posobiye. – Dnepropetrovsk «NMetaU», 2000. – 22 s.   

[2] Khaustov G.Y. Issledovaniye tochnosti prokatki kho-lodnokatanykh trub: Avtoreferat dis. na soiska-niye 
stepeni kand. tekh. nauk: spets. 324 «Obrabotka metallov davleniyem» / Khaustov G.Y.. – Dnepropet-rovsk, 
1971. – 20 s. 

[3] Mishchenko A.V. Rezul'taty dannykh komp'yuternogo modelirovaniya i eksperimenta po izmeneniyu eks-
tsentrichnoy raznotolshchinnosti pri kholodnoy de-formatsii na opravke / A.V.Mishchenko, V.U.Grigo-
renko, A.Stefanek // Plasticheskaya deformatsiya me-tallov: sb. nauchn. trudov v 2-kh tomakh. Dnepropet-
rovsk : Aktsept PP. – 2014. – T. 2. – St. 295–299.  

[4] Henryk Dyja. Development of forecasting method of change of transverse variation in wall thickness in case 
of cold rolling of pipes made of titanium alloys / Hen-ryk Dyja, Vladimir Grigorenko, Oleksii Mishchenko // 
Metallurgical and Mining Industry. – Dnipro, 2017 – No.1 – Pp.401–404. 

[5] 20. Danchenko V.N. Prodol'naya prokatka trub /Danchenko V.N., Chus A.V. –M.: Metallurgiya, 1984. – 137 
s. 

[6] 18. Gulyayev YU.G. Promyshlennaya aprobatsiya spo-soba volocheniya trub povyshennoy tochnosti na ko-
rotkoy opravke / YU.G. Gulyayev, Ye.I. Shifrin, D.YU. Garmashev, A.V. Semichev // Metallurgicheskaya i 
gornorudnaya promyshlennost'. – 2004. – №1. – S.29-30. 

[7] Kuznetsov Ye.V. Neravnomernost' deformatsii pri prokatke sloistykh polos / Ye.V. Kuznetsov, V.G. Pavlov 
// Metallurgicheskaya i gornorudnaya pro-myshlennost': Truby V Mezhdunarodnoy nauchno-tekhnicheskoy 
konferentsii. - Dnepropetrovsk, 2010 - S. 362 – 364. 



Modelling and optimization in material construction technology 103

[8] Míshchenko O.V. Do poyasnennya mekhanízmu zmenshennya poperechnoí ̈ ríznostínností trub pri kholodníy 
pro-kattsí na opravtsí / Míshchenko O.V., Grigorenko V.U. // Obrabotka materialov davleniyem. Sbornik 
nauch-nykh trudov. – Kramatorsk. DGMA, 2011. – №3(28). – S. 216–219. 

 
 

MODELING OF THE MAIN REGULARITIES OF FORMATION OF CHROMEPLATED  
AND TITANIUM-CHROMATED COATINGS ON STEELS AT NON-STATIONARY 
TEMPERATURE CONDITIONS 
Sereda B.P., Palehova I.V., Kruglyak I.V. 
 
Abstract 
In the complex operating conditions of machine parts, aggregates, equipment and tools, the physical and 

mechanical properties of their surface layer, its hardness, wear resistance and corrosion resistance are of great 
importance. The most widely used for surface hardening have been various methods and methods of chemical-
thermal treatment (HTO). One of the effective methods of HTO, used to increase the surface hardness, corrosion 
and wear resistance of iron-carbon alloys, is diffusion saturation with one or more carbide-forming elements. At 
the same time, known methods of saturation are characterized by a considerable duration of the technological 
process (up to 10-16 hours) and energy intensity. In this regard, the actual development of technologies that 
allow to apply coatings with a minimum time of their formation. One of such technologies is the method of self-
propagating high-temperature synthesis (SHS) using gas-transport chemical reactions. 

The essence of the SHS method is the implementation of exothermic reactions in the propagation mode of 
combustion waves. The process is characterized by intensive application of coatings due to the presence of a 
temperature gradient in the product-powder medium system, which allows mass transfer of saturating elements 
to the product surface. Coatings consist of a film of deposited product and a transition diffusion gradient zone. 

The aim of this work is to simulate the processes of chrome and titanium chromium in the conditions of 
SHS, to develop compositions of powder SHS-burden for the application of wear-resistant coatings, to compare 
and optimize the technological parameters of the SHS process. 

As a result of the studies, it was found that with a simultaneous processing method, the main factor 
affecting the thickness of the coatings is the concentration of saturating elements in the reaction mixture. At the 
same time, in the case of titanochromination by the SHS method, the supplier of active chromium atoms is both 
metallic chromium and the chromium component (XC). When saturated in mixtures containing cholesterol and 
titanium or cholesterol, titanium, chromium (provided that the total amount of chromium in the mixture is 
identical), a greater thickness of the coating will be obtained when chromium is present in the mixture in an 
unbound state. 

Gas-transported SHS-technology allows to obtain high-quality chrome and titanium-chromated coatings 
on iron-carbon alloys. At complex saturation by several carbide-forming elements on the thickness of coatings, 
their phase and chemical composition is significantly affected by the saturation method (sequential or 
simultaneous). 

To obtain coatings of considerable thickness and increase their performance characteristics, a two-stage 
SHS-technology can be recommended. Sequential saturation with titanium and chromium ensures high 
concentrations of these elements in the surface layer. At the same time, even with a two-stage processing 
method, the duration of the SHS process is approximately 4 times lower than with traditional HTO methods. 
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SOLUTION OF THE PROBLEM FOR CONVECTIVE RADIATION HEATING (COOLING) OF 
BODIES WITH SIMPLE GEOMETRIC FORM BY THE METHOD OF FINITE DIFFERENCES  
Gorbunov A.D., Ukleina S.V.  

 
Abstract 
The heating or cooling of bodies under the influence of convection and radiation is, at the same time, the 

most common and often treatment encountered in the practice of of materials heating. The development of a 
simple and sufficiently accurate technique for calculating temperature fields and thermal stresses in bodies of 
different geometric shapes is an actual problem in the context of continuous intensification of heat exchange 
processes in aggregate setups. 

The aim of the paper is to obtain the improved schemes of finite-difference approximation of the 
boundary conditions for numerical integration. 

A finite-difference method for temperature fields and thermal stresses calculation for heating (cooling) 
simple bodies in the form of a plate, cylinder, or ball is simulated simultaneously by convection and radiation. 
Using the expansion of the function of the temperature field in the Taylor series, the Lopital rule for uncovering 
uncertainties, the method of Newton's tangents, the solution of the fourth-degree equation, the idea of the 
fictitious layer and the elementary balance method of Vanichev, we obtained improved formulas for 
temperatures calculation at the center and the surface of the body .According to this algorithm, a program was 
developed using Fortran-77 language.The testing of was carried out by comparison of the results  with exact 
analytical solutions for the case of convective heating of bodies of simple form at Bi = const and Sk = 0. Test 
calculations showed that the maximal errors occur both at the initial stage and in the determination of surface 
temperatures.  The application of the improved approximation formulas resulted in errors reduction from 5% to 
2%. It was found that the circuit choice depends essentially on the value of the heat transfer coefficients - the 
Stark and Bio numbers. A formula for calculation of the maximum-large heat transfer coefficients was obtained, 
when the "direct" approximation scheme for the boundary condition on the surface could be efficiently 
applied. By calculations, the equality of two variants was established: Sk = ∞, Bi = 0 and Bi = ∞, Sk = 0. This 
fact confirmed the earlier conclusion that in the case of intense nonlinear thermal loading, the determination of 
the temperature field can be carried out by the linear theory of convective heating (cooling) bodies for Bi = ∞. 

This technique can be used for thermal calculations, heat engineering equipment, in power metallurgical 
and other industries. 
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MATHEMATICAL MODEL OF A PROCESS TO TRANSPORT AEROSOLS WITHIN 
UNDERGROUND MINE WORKINGS 
Ikonnikova N.A., Yurchenko А.A., Ikonnikov M.Y., Litvinenko A.A. 

 
Abstract  
Topicality of the studies is in the following: solution of problems concerning dust prevention within 

underground mine workings should involve disperse control of the dust, sizes of constantly floating fine 
fractions, and boundaries of coarse dust fractions deposition. 

Objective of the studies is to develop mathematical model concerning transport of aerosols by means of 
air current within underground mine workings.  

As a result of the task execution, analytical dependence of dust particle deposition velocity on air flow 
velocity within a mine working, density of dust particles and their diameter and viscosity of deposition medium 
has been obtained. Engineering method has been developed to calculate dynamic parameters of both deposition 
and transport of coal dust represented by analytical dependences of aerosol deposition velocity, distance of the 
particles transport upon their density and deposition medium density, fractional composition of the particles, and 
air velocity in the context of turbulent condition of the air current motion.  The developed technique makes it 
possible to determine diameters of dust particles, being suspended constantly, for certain aerodynamic 
parameters of a mine working as well as boundary of different dust fractions deposition on the floor.   

The calculations have shown that in the context of Western Donbas mines, coal dust particles with 5μ size 
and less are almost constantly in a suspended state on a ventilation drift. Boundaries of coal dust of different 
fractions on a ventilation drift of a site after their transport out of longwall have been determined. In the context 
of dust particles, which diameter is 10 μ, distance of transport by means of air current is 773 m; if their diameter 
is 25 μ, then transportation distance is 125 m; if their diameter is 50 μ, then transportation distance is 27 m.  
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THE MODELING THE PROCESS OF SELF-REGULATION DURING ROLLING IN A WIRE 
BLOCK OF A MILL 400/200 PJSC «DMK»  
Maksimenko O.P., Kuzmin E.V., Loboiko D.I., Lysak V.O. 
 
Abstract 
The work is relevant, because is aimed at reducing the downtime and stoppage of rolling equipment as a 

result of partial and complete slipping of metal in the deformation zones of a continuous mill with considerable 
tension of the strip. 

The aim of the research is to develop a theory and a method for estimating the longitudinal weariness of a 
metal during the rolling of wire rod in a wire block, and also to study the possibilities for self-regulation of the 
process when the dimensions of the rolled stock fluctuate. 

The task of the paper is to analyze the force interaction of a metal with rolls during continuous rolling 
taking into account the condition of constancy of the second volumes and longitudinal forces of a plastically 
deformable metal. 

Conclusions, the conducted research allows to establish theoretically the boundaries of process self-
regulation under external disturbance in the form of changing the size of the roll, the wear of the rolls, the 
tension of the strip. 

In the future, the results of the study are expected to be used on a medium-grade mill 400/200 in a wire 
block. 
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CALCULATION OF VIRGINITY OF DETERMINATION OF DEFECTS OF DETAILS BY 
NON-GOVERNMENTAL CONTROL METHODS 
Shmatko D.Z, Kochneva E.V. 
 
Abstract 
Non-destructive methods of control or defectoscopy are a generic name for methods of control of 

materials or products used to find defects, homogeneity of the macrostructure, deviations in the chemical 
composition and other purposes that do not require the destruction of samples of the material or article as a 
whole. The widespread application of non-destructive methods of control avoids large losses of time and 
material costs, provides partial or complete automation of control operations while significantly improving the 
quality and reliability of products and parts. In the next time, no technological process of obtaining responsible 
products will be introduced into the industry without an appropriate system of non-destructive testing. 

The main areas of application of non-destructive types of control are defectoscopy of critical parts and 
devices, defectoscopy of parts and appliances for prolonged operation, continuous defectoscopy of particularly 
responsible units and devices, conducting studies on the structure of metals and defects in products and parts, in 
order to improve their manufacturing technology. 
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For researches of parts or products by methods of non-destructive testing, it is necessary to select the 
equipment that will meet the task, that is, such devices, which with a sufficient degree of certainty will reveal the 
most dangerous and characteristic defects in the controlled product or component. The second condition is the 
problem of reliability, which is required to identify defects that are dangerous for the operation of a part or 
product. And the third condition is the setting up of control equipment, namely the selection of sensitivity and 
resolving its ability in such a way as to satisfy the second condition. 

When measuring, measuring instruments of higher accuracy are used and more modern measurement 
methods are used. However, due to the inevitable presence of any measure of random errors, the true value of the 
measured value remains unknown and instead of it takes some average arithmetic value and consider it, taking 
into account the theory of probability and mathematical statistics, the most appropriate approximation to the true 
value. The accuracy of the measurement is influenced by systematic errors. But measurements must be made in 
such a way that there are no systematic errors. The theory of random errors is based on two axioms: randomness 
and distribution. 

 
Rederences 

[1]  Bocharov P.P., Pechenkin A.V. Theory of probabilities. Mathematical Statistics – 2nd ed. – Moscow: 
Fizmatlit, 2005 – 296 pp. 

[2]  Venttsel E.S., Ovcharov L.A. Probability theory and its engineering applications. Educational manual for 
high schools. – 2nd ed. – M .: Vyssh.shk., 2000 – 480 p. 

[3]  Gutter R.S., Ovchinsky B.V. Elements of numerical analysis and mathematical processing of the results of 
experience. – Moscow: Fizmatlit, 1986 – 356 pp. 

[4]  Sukhov AN Mathematical processing of measurement results. Tutorial. – M .: MISI, 1982 – 89 p. 
[5]  Chkalova O.N. Fundamentals of scientific research. – Kiev Higher school, 1978 – 120 p. 
[6]  Kanevsky I.N. Non-destructive methods of control: study. allowance / I.N.Kanevsky, E.N.Salnikova. – 

Vladivostok: DVSTU, 2007 – 243s. 
[7]  Bronshtein IN, Semendyaev K.A. Manual for maths for engineers – 3rd ed. corrected – Moscow: Nauka, 

1986 – 544 pp. 
[8]  Non-destructive testing: Cases / Ed. R.MackMaster. Kn.1 – ML: Energy. 1965. – 504 pp. 
[9]  Novokschenova SM Defects in steel: Cases – Moscow: Metallurgy, 1984. – 200 p. 
[10] Belokur I.P. Defectology and non-destructive testing. – Kyiv: Higher School 1990. – 207 pp. 
[11] Non-destructive control of metals and products: Issues / Ed. G.Samoilovich. – Moscow: Mechanical 

engineering, 1976. – 456 p. 
 
 

THE OPTIMIZATION OF THE COMPOSITION INTERMETALLIC CATALYST FOR THE 
OXIDATION OF CARBON MONOXIDE AND HYDROCARBONS 
Sereda B.P.,Belokon K.V., Belokon Y.A. 
 
Abstract 

The paper presents the results of optimization composition intermetallic catalyst in the processes of 
neutralization carbon-containing components of gas emissions. The second-order orthogonal plan with the 
nucleus 23 was used to establish the regularities of the influence of the mixture composition on the catalytic 
properties and the derivation of the quadratic coefficients of the regression equation. Optimization parameters 
are: Y1 — specific surface area of the catalyst (Ssp), m

2/g; Y2 — total porosity of the catalyst (P),%; Y3 — activity 
of the catalyst during oxidation of СО at 200оС ( %CO, ),%;Y4 — activity of the catalyst during oxidation of 

C3H8 at 200oC ( %,HC 83
 ),%. As independent variables were chosen: the content of the mixture of cobalt (Х1), 

the content of the mixture of manganese (Х2), the content of the mixture of copper (Х3). As the initial 
components were used pure powders of nickel, aluminum, cobalt, manganese oxide and copper. 

A number of the equations were obtained in the results of regression analysis, which show the 
dependence of the catalytic properties and porosity of the catalyst on the content of the alloying elements. As a 
result of mathematical planning, it was found that the optimal composition of the catalyst is, mass %: nickel — 
30%, cobalt — 10%, manganese — 11%, copper — 2%, aluminum — the rest. 

For obtaining comparative data tests of the famous structure of the catalyst which have received in the 
conditions of burning were in parallel carried out. The catalytic activity and the specific surface of the received 
catalyst were estimated with the famous structure. The obtained catalysts were used in the processes of 
neutralization of carbon monoxide and hydrocarbons. As a result of the study it was found that using the 
obtained intermetallic catalyst, the conversion of CO is 100%, and the conversion of C3H8 is 95%. When using 
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the known catalyst the conversion of CO is 85%, and the conversion of C3H8 is 75%. The specific surface area of 
the obtained catalyst was 110 m2/g, and for the known composition it was 65 m2/g. 
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MODELING OF THE MEDIUM-WEIGHTED FINENESS SOLID IN THE LOADING OF THE 
BALL MILL OF THE ORE AND THE SAND OF THE CLASSIFIER 
Matsui A.N., Kondratets V.A.  
 
Abstract 
One of the key issues to improve the efficiency of ore preparation is the optimization of pulp liquefaction 

in a ball mill. Since this problem can not be solved without a model of the weighted average particle size of a 
solid ball mill, this work is actual. 

The purpose of this publication is to simulate the weighted average particle size of a solid in the ball mill 
loading ore and classifier sands, aimed to find a mathematical model of the technological parameter. 

To achieve this goal, the following tasks were accomplished: a closed cycle test procedure was 
developed; it was tested in industrial conditions; a mathematical model for determining the weighted average 
size of a solid was developed. 

First of all, a technique for testing a closed grinding cycle was developed, which basically consisted of 
determining the technological points of the test, establishing the minimum value of the material samples and the 
number of samples to ensure the accuracy of the results obtained. Selected samples of material were dried, 
mixed, reduced to the minimum value of mass. Reduced samples were scattered. As a result of the dispersion of 
the samples, the characteristics of the size of the material were obtained by the size classes. According to cuts 
and mill productivity, the productivity of the sands of the classifier was calculated. The weighted average size of 
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the initial ore and sands of the classifier was also determined. A total of four cycle tests were carried out for 
different ore sizes and conveyor weights. According to the test data and the recalculations performed, the 
weighted average size of the material at the entrance of the ball mill was determined. The same data, obtained 
from the average values of the size and productivity of the initial ore and sands, coincided with great accuracy 
with the earlier traditional approach. On the basis of this, a mathematical model is established to determine the 
weighted average particle size of a ball mill at the input of a ball mill by parameters that can be automatically 
measured. 

Tests of the closed cycle of ore grinding in industrial conditions according to the developed technique 
gave the results, which became the basis for its modeling. As a result, a mathematical model is obtained for 
finding the weighted average particle size of a solid ball at the entrance of a ball mill for certain productivity and 
the average size of the crushing and grinding particles in the initial ore and sands of the classifier. 

The prospect of further development is the creation of a more progressive automatic control system for 
grinding ore in closed cycles. 
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INFLUENCE OF FREQUENCY AND INDUCTION OF LONG-MOVED MAGNETIC FIELD 
FOR ELECTRIC METAL LOSS AND ITS DISCHARGE IN MAG-WELDING 
Nosov D. G., Peremitko V. V. 
 
Abstract 
Mechanized welding method in active shielding gas by solid cross-section wire — MAG-welding – 

certainly has a number of advantages over the manual arc welding process. However, along with the advantages 
this method has drawbacks that reduce the effectiveness of its use: the low productivity compared to the 
automatic welding methods; quality dependence of the welded joint on the skill of the welder; significant metal 
loss on spattering, which constitutes up to 10…15% of welding wire weight. 

Spattering is accompanied by the ejection from arc zone the sprays of molten metal of various size, which 
come into physical and chemical interaction with the surface layers of the weld metal. The protection of metal 
surface from spray sticking and / or its cleaning leads to the need of additional works in a volume of 20…40% of 
the overall complexity of the welding operations. 

Among the main reasons of metal droplets ejection from the welding zone the following are pointed out: 
unstable metal transfer, when the power which separetes a drop from the electrode is directed away from the bath 
and a drop is ejected beyond its bounds; local explosive gases expelling in the volume of metal of welded bath 
caused by metallurgical reactions; destruction of molten metal bridge formed during metal transfer with the short 
circuits as a result of a sharp increase in current density under narrowing of the tie plate (pinch effect). 

It is possible to increase the MAG-welding efficiency by controlling the electrode metal mass transfer at 
the reduction of discharge coefficient on spattering by influence of longitudinal magnetic field on the arc. The 
paper identifies a range of longitudinal magnetic field frequencies and induction which provide the discharge 
coefficient reduction of the electrode metal; it has also been found the characteristics of their mutual influence on 
electrode metal mass transfer process; mathematical models correlating the frequency and induction of 
longitudinal magnetic field length with loss coefficient of electrode metal on spattering are presented; 
technological recommendations, the implementation of which will allow to improve the efficiency of MAG-
welding in industrial environments, are given. 
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MATHEMATICAL MODEL OF THE THERMAL PERFORMANCE OF THE LINING  
OF THE CONVERTER’S WALLS, WHICH IS COVERED WITH SLAG,  
AT ITS INTERACTION WITH THE MELT DURING OXYGEN BLOWING 
Panteikov S.P., Panteikova E.S. 

 
The oxygen converter process (LD-process in European or BOP process in American terminology) have 

gained rapid and widespread due to its relative simplicity and high performance, therefore, at present, is the 
leading steel-making process in the world. Due to the fact that is now widely used technology the hot refractory 
repairs units by applying to it a protective slag skull, is important to study the thermal state of lining of the 
converter when the unit is operating as a covering slag of the lining, and without with the aim of studying the 
influence of various factors on the resistance of the slag skull and the refractory lining of the converters when 
they are covering slag. 

The purpose of this article is to describe the developed mathematical model with thermal state of the 
lining of the walls of the converter at its interaction with melt during the purge, taking into account the presence 
on the walls of the unit layer of frozen slag skull with simulation of its thickness and properties.  

The task of the article is to carry out with the help of this mathematical model numerical studies of the 
dependence of the temperature of the working surface of the lining of 250-ton converter at the end of the purge 
the thickness of the slag skull at different coefficients of thermal conductivity and its coefficient of thermal 
conductivity of slag skull in its various thicknesses. 

The specified mathematical model allowed us to determine the conditions for reducing the temperature 
gradient arising in the lining of the walls of the unit. With increasing thickness of the slag skull covering the 
lining of the walls of the converter, the temperature on the outer surface of the lining (i.e. on the border "slag 
skull"-"the lining") will decrease, which in turn will reduce the temperature gradient across the thickness of the 
lining of the walls of the unit. The decrease in conductivity nabryzgivanii slag will help to reduce the 
temperature of the working surface of the lining and, consequently, to reduce temperature gradient in the 
refractory material lining the walls of the converter. 

The data obtained can be used further for the calculation of thermal stresses in the refractory lining of the 
walls of the BOF with a view to their reduction, which will lead to a significant increase in the resistance of the 
lining. 
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RESEARCH OF THE TENSE STATE OF CONVEYER RIBBON IS WITH THE ROPES OF 
DIFFERENT INFLEXIBILITY 
Belmas I,V., Bilous O.I., Kolosov D.L., Vorobjova О.М 
 
Abstract 
Conveyor belts are used in a variety of conveyor systems, convex drums, and can have damaged ropes 

and cables of varying rigidity. Determination of the strained state of the tape is an actual task, it is aimed at 
creating safe conditions for the conveyor. 

The purpose of the study is to develop an algorithm for determining the stress state of the tape, both 
damaged and cables of different rigidity, interacts with the curvilinear drum. The stress-strain state of the tape is 
determined by the equal weight of its ropes. 

Having solved a system of equilibrium equations for a tape of cables of different stiffness given as a 
Dirac function on a segment of a discrete axis of rope numbers, it has been established that the laws of the 
distribution of forces, movements of ropes have the character of local perturbations. Reducing the stiffness of the 
cable leads to a decrease in the relative loads of adjacent ropes at their gusts and gusts of cable less rigidity. 
Obtained expressions for calculating the strained state of the tape, taking into account the presence of ropes in it 
less rigidity, wire ropes, the interaction of the tape with a non-cylindrical drum. The determined voltage state of 
the tape during its use allows to determine the loss of its attractive ability, to ensure safe and safe operating 
conditions of the conveyor belt. The use of the obtained results allows to increase the safety level of the 
conveyor. The obtained results are quite reliable and can be extended to composite materials of layered 
construction with hard layers. 
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MODELING OF THE SHORT–RANGE ORDER AMORPHY ALLOYS OF METAL-
METALOID 
Gulivets A.N., Baskevich A.S. 
 
Abstract 
Amorphous metal alloys metal-metalloid possess a complex of unique physical-chemical properties and 

are a new class of promising materials of unquestionable theoretical and practical interest. 
The purpose of this work is to develop and approbate the method of modeling short-range order in 

amorphous metal alloys on the basis of data from x-ray experiments. Description of the mechanisms of 
formation of the short-range order of the amorphous state is an important and urgent task necessary for a deeper 
understanding of the physical processes taking place at the initial stages of solid phase formation, in conditions 
far from equilibrium, and also for calculating properties, in order to optimize the experiments on obtaining alloys 
with a given complex of properties. 

A method for studying the near atomic location in amorphous metal alloys of a metal-metalloid is 
proposed based on the results of X-ray and acoustic results. Nonequilibrium conditions for the crystallization of 
alloys are achieved by using extremely high cooling rates or overvoltages in the precipitation. Such conditions 
for the formation of a solid phase contribute to the fact that the crystal structure does not have time to form in the 
entire volume, but forms only in the regions of the ordered arrangement of atoms 2-6 nm in size.  Numerous 
experiments have shown that in the amorphous state the short-range order of alloys contains regions of the 
ordered arrangement of atoms in the form of simple geometric structures similar to crystal structures of b.c.c. 
and f.c.c. The proposed method of joint modeling of the short-range order of metal-metalloid alloys using the 
radial arrangement of atoms, the approximation of the main peak of the structural factor, taking into account the 
speed of sound in the alloy, made it possible to establish the characteristics of the short-range order of alloys: the 
type of packing of atoms in regions of ordered arrangement of atoms (polyhedron type) the average size of these 
regions, the volume fraction that they occupy, and also the parameters of the unit cell based on these polyhedron. 

It is shown that with the help of this technique it is possible to determine the dimensions and shape of the 
ROAA and also the size of the gaps between them, the parameters of the ROAA lattice, and also the volume 
fraction of their volume of metal. Simulation showed that in amorphous Cr-C alloys, ROAA are predominantly 
cuboctahedra, and the gaps between them are filled with amorphizing atoms forming a solid solution in the 
metal. 
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MULTI-MOMENTS FLOW MODEL PRODUCTION LINE 
Pihnastyi O.M. 
  
Abstract 
The analysis of the system of balance equations for flow parameters of the production line is presented. 

The class of solutions of the system of balance equations for the parameters of the production line, represented 
by equilibrium functions, is investigated. Approximate methods based on perturbation theory were used to 
consider nonequilibrium states of flow line parameters. The derivation of equations of system dynamics for a 
network of materials of a production line based on balance equations is demonstrated. It is shown that the 
equations of system dynamics are determined as a result of integrating the system of balance equations. The 
method of constructing the equations of system dynamics for a network of materials is analyzed 
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ALGORITHM OF DEFINITION ECONOMIC RESULTS WORK OF THE ENTERPRISE 
Levchuk K.O., Romaniuk R.Ja. 
 
Abstract 
Economic efficiency of activity is estimated by means groups of indicators. Set of indicators work which 

allows to receive to the head full enough representation about economic results activity of the enterprise, 
comprises more than 100 indicators.  

The work purpose is working out of algorithm definition of economic results work of the enterprise which 
will allow to receive the generalised information about technical and economic and an enterprise financial 
position, dynamics of its development, definition of changes in a course of an estimation results of work and 
reserves improvement of activity. 

For reception of a generalising estimation it is offered to carry out the analysis of industrial and financial 
activity of the enterprise on the basis of the indicators calculated by a matrix (tabular) method with use of the 
computer. Calculation of indicators which characterise it is industrial-economic activities the enterprises a matrix 
method, begins from selection of quality indicators of results activity the enterprise. The number of indicators 
can be differently, but is expedient use no more than 10 of major of them who provide the control of economic 
activities and is a basis for a substantiation of administrative decisions. Further the selected indicators are 
brought in the first line of the table-matrix, as results of manufacture, and in the first column, as factors which 
influence these results. On crossing of columns and lines of the table relative indicators by division ovalue of an 
indicator a column into value an indicator of a line pay off. Similar tables are considered according to the 
accounting and base period. Considering simplicity of calculations and presence of initial data in the current 
accounting reporting, the period calculation of indicators can be chosen, since 1 days. At last stage, relative 
changes of indicators by distribution indicators activity of the enterprise in accounting period on corresponding 
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indicators of the base period are defined and the total table of relative change indicators activity of the enterprise 
in accounting period is filled. On the basis of the calculated changes efficiency activity of the enterprise is 
analyzed. 

Calculation indicators of economic activities of the enterprise by means this algorithm allows to see 
interrelations of economic processes and their indicators, provides presentation and efficiency of the analysis, 
clearness of perception, characterises quality results of the accepted administrative decisions, allows to carry out 
the constant operative control and monitoring. 
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IMPLEMENTATION OF IMPLICIT DIFFERENCE SCHEMES TO SOLVE THE  
MATHEMATICAL PHYSICS PROBLEMS USING MS EXCEL SPREADSHEET 
Karimov I.K., Karimov G.I. 
 
Abstract 
The implementation of difference schemes is connected to the high volume of computations and is 

usually carried out on a PC using on a program written in one of the programming languages. For professionals 
whose main job is not related to programming, such an approach leads to some difficulties, which defines the 
necessity of finding alternative ways to implement difference schemes. 

The purpose of the study is to research the specifics of using the MS Excel spreadsheet for the 
implementation of implicit difference schemes; the task is to develop and test the applicable algorithm using the 
example of solving the boundary value problem for a typical parabolic equation - the heat equation. 

To solve the problem, an implicit difference scheme is used, which leads to the necessity of solving the 
system of linear algebraic equations of the three diagonal forms using the marching algorithm at each time step. 
A new approach to the implementation of the described algorithm, based on the use of MS Excel spreadsheet, is 
proposed. An algorithm and results of the solution of the boundary value of heat conduction based of the 
proposed approach are given. The data obtained in this way allows us to analyze the simulated process in all 
aspects of interest to the researcher: to answer a number of questions regarding the nature of the temperature 
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distribution in the investigated area, to determine the time of attaining one or another temperature at a given 
point, temperature differences, etc. 

The most attractive features of the proposed approach should include the absence of direct programming, 
the simplicity of computer implementation, the ease and natural presentation of the results. Especially note the 
appeal of the application of the proposed approach in the learning process. Avoiding the programming allows 
students to reduce the component of modeling, not directly related to future professional activities, and to 
concentrate efforts on forming skills of mathematical modeling and analysis of the specifics of the investigated 
process. As a result, the learning process becomes more creative, theory is better absorbed, motivation and 
interest in application of methods of mathematical modeling is increased. 

The specifics of the application of the proposed approach in some cases (nonlinear problems, two-
dimensional problems, etc.) require further research. 

  
References 

[1] Samarsky A. A. Teoriya raznostnyh shem.  [Theory of difference schemes] – Moscow: Nauka, 1983. – 616 p. 
[2] Godunov S.K., Ryabenky V.S. Raznostnye shemy. Vvedenie v teoriyu. [Difference schemes. Introduction to 

the theory] – Moscow: Nauka, 1973. – 400 p. 
[3] Feldman L.P., Petrenko A.I., Dmitrieva O.A. Chiselni metody v informatici. [Numerical methods in 

computer science] – K .: Publishing group VNV, 2006. – 480 p. 
[4] Paskonov V.M., Polezhaev V.I., Chudov L.A. Chislennoe modelirovanie processov teplo- i massoperenosa. 

[Numerical simulation of heat and mass transfer processes] – Moscow: Nauka, 1984. – 288 p. 
[5] Ogurtsov A.P., Samokhvalov S.E. Chislennye metody issledovaniya gidrodinamicheskih and 

teplomassoperemosnyh processov staleplavilnogo poizvodstva. [Numerical methods of the investigation of 
hydrodynamic and heat and mass transfer processes on steel production]– K .: Naukova Dumka, 1993. – 220 
p. 

[6] Ogurtsov A.P., Mamaev L.N., Karimov I.K. Matematicheskie metody i modeli v rasschetax ne EVM. 
[Mathematical methods and models in calculations on computers] – K .: ISMO, 1997. – 192 p. 

[7] Kundrat A.M., Kundrat M.M. Naukovo-tehnichni obchislennya zasobami MathCAD i MS Excel. [Scientific 
and technical computing by means of MathCAD and MS Excel] – Rivne: NUVGP, 2014 – 252 p. 

[8] Porshnev S.V., Belenkova I.V. Chislennye metody na baze MathCAD [Numerical methods based on 
MathCAD], – SPb .: BHV-Petersburg, 2005. – 464 p. 

[9] Karimov I.K., Karimov G.I., Nuzhna S.A. Realizaciya riznecevyh shem zasobami tablichnogo processora 
MS Excel/Problemy matematichnogo modelyuvannya[Implementation of difference schemes using means of 
MS Excel spreadsheet/ Problems of mathematical modeling]: Materials Allukr. sci. method. conf., 24–26 
May. 2017 – Dnepr: Bila K.O., 2017. – P.130–132. 

 
 
 
 
 


	[8] Bradshow, P. Vvedenie v turbukentnost' i ejo izmerenie [An Introduction to Turbulence and its Measurement]. – M.: Mir, 1974. – 280 pp.

	[1] Volotkovskij V.S., Nohrin E.G., Gerasimova M.F. Isnos I dolgovethnost konveernih lent [Wear and longevity of conveyer ribbons ] – Moscow, 1976. – 176 p.


