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Water-moderated reactor fuel cladding 
reliability study
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Considering the fuel element, averaged by fuel assembly (FA) of 
water-moderated reactor with the power of 1000 MW (VVER-1000), 
the number of fuel elements with the greatest cladding failure pro
bability after 4 operation years at Khmelnitsky NPP-2 (KNPP-2) 
is found. This will allow to calculate the fuel cladding failure pro
bability and determine the most likely cladding damages, which will 
enable to improve the performance and economic indexes of VVER.

The novelty of the paper lies in calculating the fuel cladding fai
lure probability after 4 years of operation at KNPP-2 using a method, 
based on the energy version of the theory of creep (EVTP method). 
Up to date, this calculation for VVER of KNPP-2 was not performed. 

The reliability study of VVER-1000 fuel cladding failure was 
performed. As a result, the most probable number of failed fuel ele-
ments in the fuel assembly depressurize provided its location for 
4 years in a fixed cell of the active core is found. Using these values it 
is possible to forecast fuel cladding failure probability. This will allow 
to get an idea about the reliability of nuclear reactor fuel elements 
under the given operating conditions.

Keywords: VVER, fuel cladding, cladding reliability study, 
Khmelnytsky NPP-2 (KNPP-2).
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Development data for cotrol of flow distribution 
in real time
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In this article we propose to use the information about the actual 
rate of discharge on the plumbing network areas for the flow distribu-
tion control in real time. The main purpose of research is to develop 
the algorithm for determining the actual rate of discharge based on 
pressures measured in separate control nodes. Using of telecommu-
nication modern facilities allows the dispatcher of a communal en-
terprise to collect and analyze information about the pressures on the 
network, which comes from the sensors installed in its separate nodes.

The article presents a mathematical model that describes the 
distribution of the flows on the network in real time, the algorithm 
of software module created on its basis, the results of using of this 
module for leaks determining on a simplified scheme of the network 
of one of the residential estates of Zaporizhzhya.

The developed algorithm allows to determine the rate of dis-
charge and water leaks locations in real time of pressure measure-
ments in separate nodes.

The research results can be used by the controller’s services of 
communal enterprises.

We suggest to use information about the actual rate of discharge 
for the operative redistribution of the flows, finding out the leaks 
locations and determining of the control nodes locations.

Keywords: mathematical model, load flow, actual costs, measure-
ment of pressure, control nodes, outflow.
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On the issue of system methodology crisis and 
ways to overcome it
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An analysis of general systems theory problems is conducted in 
the paper. It is shown that the introduction of an additional category 
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of «management» does not solve the problems of an unambiguous 
definition of the category of «system». The necessity to introduce 
the category of «activity» is demonstrated. The possibility to deter-
mine the meaning of the category of «activity», different from the  
meaning of the category of «process» is substantiated. For the cat-
egory of «process», the feature of its meaning is the result of the 
process realization. It always has a certain meaning. Provisions of the 
theory of functional systems, developed by academician P. Anokhin 
have served as the basis for determining the category of «activity». 
Based on this theory, four organizational tasks, solution of which con-
stitutes the «unit» of the integrated activity of the organization are 
introduced. The distinctive feature of implementing the «unit» of the 
integrated activity is the constancy of the activity result. This result 
is expressed in the equality to zero between the features of the project 
of future result and its actual results. Subject of wildlife is organiza-
tion if and only if it is able to implement the «unit» of the integrated 
activity in the form of four organizational tasks. These tasks are 
realized in its two parts. These parts may be represented as systems. 
In this case, wholeness is not required of the system, it is enough to 
obtain a concrete final result of implementing the processes, included 
in it. System can be defined as a set of interacting elements, ensuring 
solving organizational tasks. Thus, it is possible to determine unam-
biguous meaning for the categories of the «whole» and «system» and 
their relationship — the «whole» and the «part».

Keywords: system, systemness, whole, wholeness, activity, cate
gory, management, relation, theory, structure.
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Development of approximate analytical method 
for modeling transient thermal processes using 
s-functions
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A new methodology for mathematical modeling of transient 
thermal processes in structural components is proposed. It is based 
on the joint application of the structural method, the Bubnov-
Galerkin method and S-functions to solving heat conduction 
problems with unsteady boundary conditions of the third kind. 
The analytic structures for solving these problems, accurately 
satisfying unsteady boundary conditions at any given time depen-
dence of the heat transfer coefficient and ambient temperature are 
constructed. These qualitative features of the analytic structures 
for solving heat conduction problems have allowed first proposed 
solution methods to obtain approximate analytical solutions of 
these problems.

Using the Bubnov-Galerkin method has allowed to reduce 
solving heat conduction problems with unsteady boundary condi-
tions to solving the system of ordinary differential equations with 
respect to the unknown time-dependent coefficients of problem 
solution structures. Herewith, in the given system of ordinary dif-
ferential equations, known time-dependent coefficients contain the 
heat transfer coefficients and the ambient temperature in analytical 
representation at their any given time dependence. This first allows 
one-dimensional unsteady heat conduction problems (infinite plates, 
cylinder, hollow sphere) to obtain an approximate analytical solu-
tion of unsteady heat conduction problems for those options of time 
dependence of the heat transfer coefficient and the ambient tempera-
ture, for which the operating method is not applicable.

Keywords: mathematical modeling, S-functions, thermal pro-
cesses, boundary conditions.
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Research of the quantitative content of liquefied 
gas by using model liquid systems

page 23–26

This paper presents the experimental research method for the 
choice of a liquid system model, which has a similar to liquefied 
petroleum gas structure, and also the determination of its tempera-
ture dependence. That makes it possible to verify the proposed ther-
mometric method adequacy for quantitative content determining of 
the liquefied petroleum gas. This method allows to determine the 
quantitative content of not only the main mixture components (pro-
pane and butane) with different temperatures, but the content of 
impurities such as ethylene, propylene, butylene, amylene, heksylen, 
heptylen etc., which can improve the quantitative content accu-
racy of condensed petroleum gas components. Among the studied 
substances, such as toluene, isooctane, hexane, authors have found  
a compound that can be the optimal liquid system model and can be 
used as a reference based on which the density of liquefied petroleum 
gas and its quantitative value will be determined.

Keywords: propane, butane, liquefied petroleum gas, quantitative 
content, model liquid systems.
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Empirical research of the distribution function  
of synchronization time of neural networks in the 
key exchange protocol
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Neurocryptography is relatively new and little-studied area. 
Existing results show the prospects of this direction, but practical 
application requires a fairly complete analysis of existing protocols 
and systems. Analysis of the features of the key exchange protocol, 
which is built using the mutual learning of special-type neural net-
works — tree parity machines was conducted in the paper. Known 
existing protocol attack strategies were considered. A special part 
of the protocol is determining the synchronization moment of the 
neural networks of subscribers. The studies have revealed that the 
average number of the protocol iterations, required for synchroniza-
tion significantly differs from the maximum value. To achieve the 
goal, the work of the protocol with a fairly large number of different 
neural networks was simulated. The synchronization time feature, 

found in the work shows the vulnerability of the studied protocol 
since it allows an intruder to carry out one of the known protocol 
attack strategies.

Keywords: neural networks, mutual learning, key exchange pro-
tocol.
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Effect of alkohols as hardening-accelerating 
admixtures on the cement properties

page 31–36

The effect of alcohols as hardening-accelerating admixtures on 
physicomechanical properties of cement, particularly strength in-
dexes in early hardening period is investigated. Alcohols can be used 
as an effective hardening accelerators of cement. The effectiveness of 
the influence of alcohols on the cement properties depends on their 
spatial structure and the number of hydroxyl groups. It was found 
that the largest increase in the cement strength is promoted by in-
dividual admixtures of alcohols with 2–3 hydroxyl groups (ethylene 
glycol and glycerol). Comparative analysis has revealed that alcohols 
behave as hardening accelerators only in the early periods (up to 
3 days, especially on the 1st day), and known and widely used ac-
celerator — calcium chloride, on the contrary, has no influence on the 
strength development on the 1st day of hardening, but contributes 
to a significant increase in strength on the 3–28 day. It was found 
that alcohols can be used as components of complex additives. The 
influence of alcohol on the cement strength in the complex additive 
«superplasticizer + hardening accelerator» was studied. It was found 
that the effectiveness of alcohols as accelerators is strongly affected 
by the components of complex additives since the best results were in 
modifying superplasticizer by ethanol, which had no significant effect 
on the cement strength as an individual additive.

Alcohols are effective chemical additives that can be used as 
hardening accelerators, both individually, and as part of multi-
component additives.

Keywords: hydration, accelerating admixture, complex additive, 
alcohol, superplasticizer, compressive strength, hardening time.
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Improvement of the products quality level by 
competent experts

page 36–38

Planning of improvement of the product quality level should 
be based primarily on the thorough study of the current and future 
demands for production, analyzing consumer reviews, competent 
expert opinion, qualified personnel etc. 

The algorithm of the product quality improvement by the ex-
ample of diesel fuel to ensure its competitiveness in the oil market 
has been suggested. The algorithm provides comparing of the current 
quality values taking into account the suggested quality boundaries 
and customer satisfaction level about the quality of products. The 
suggested quality boundaries make it possible to determine the level 
of consumer needs satisfaction and decide on the sufficiency of im-
proving product quality.

The entire evaluation and quality improving procedure of pro
ducts should take place under the supervision of competent experts 
in a certain field.

Keywords: products, level, quality, assessment, improvement, 
algorithm, quality boundaries, competence.
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Ensuring linearity of optical-reception system of 
infrared radiation thermometer

page 39–43

The need to ensure the linearity of the conversion function of the 
optical-reception system of the reference radiation thermometer was 
substantiated in the paper.

The technique for ensuring the linearity of the conversion func-
tion of the optical-reception system of infrared radiation thermo
meter was proposed. It is based on the definition of deviations from 
linearity of conversion function of the optical-reception system of 
the radiation thermometer in several fixed temperature points, the 
formation of the temperature dependence of linearity corrections 
and their introduction into an output signal of the radiation ther-
mometer.

The experimental studies, the results of which have allowed to 
obtain the function of corrections for linearization of the output sig-
nal of radiation thermometer for temperature range 0 ÷ 419,51 K and 
spectral band 8 ÷ 14 microns were carried out.

The proposed methodology is appropriate to apply in certifica-
tion of reference radiation thermometers for implementing tempera-
ture scale transmission to working infrared radiation thermometers 
based on the Planck radiation law.

Keywords: radiation thermometer, infrared radiation, reference 
thermometer, linearity, optical-reception system.
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Studying peculiarities of cathodic iron reduction 
from electrolytes based on Fe (III)

page 44–48

The results of the voltammetric studies of the cathodic reduc-
tion of iron from electrolytes based on Fe3+ are analyzed in the paper.  
It is shown that the simultaneous discharge of Fe3+, FeOH2+ and 
FeO+ ions occurs under cathodic polarization. The concentration 
ratio of the electrode active particles in the solution, as well as the 
pH of the electrolyte, is determined by the initial concentration of 
Fe3+ ions and the degree of hydrolysis. Characteristic parameters of 
the electrochemical reaction, namely the Semerano criterion XS = 0,5 
and the concentration criterion Xс = 1 indicates irreversibility of the 
cathode process. Using the algorithm of analyzing the polarization 
dependency, the staging and mechanism of the process is set. It is 
shown that the electrochemical reaction of reducing iron (III) is lim-
ited by the charge transfer stage and is determined by the adsorption 
of FeOH2+ ions on the electrode surface and the stage of FeOH+ ions 
dissociation. These results serve as a theoretical basis for the develop-
ment of a stable electrolyte based on iron (III) to form electrolytic 
coatings with iron alloys.

Keywords: adsorption, hydrolysis, iron, kinetics, cathodic reduc-
tion, process mechanism, electrolyte.
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Development of the modeling methodology  
of surface shaping and thermal processes using 
S-functions

page 48–53

Based on the solutions of inverse problems of differential geo
metry using S-functions, modeling methodology of shaping surfaces, 
described by weight functions that accurately describe the equations 
of complex boundaries was developed.

An algorithm of surface description in the complex area in the 
form of an inverted flat-bottom plate outside the boundary belt 
of the area was built. It has allowed to construct an approximate 
mathematical model of the thermal process using the proposed con-
servative solution structure of the heat conduction problem in such  
a way that it is fully consistent with the physical model of the ther-
mal process, including the case, when the value of the heat transfer 
coefficient tends to infinity. The constructed analytical solution 
structure of the heat conduction problem exactly satisfies the New-
ton’s boundary condition at any given values of the heat transfer 
coefficient and ambient temperature for complex areas. Conserva-
tiveness of the solution structure lies in the fact that it takes into 
account the influence of the boundary effects only in the boundary 
belt of the area of the problem solution.

Keywords: modeling of thermal processes, solution structure, S-
function, surface shaping.

References

1.	 Matsevytyi, Yu. M. (2002). Obratnye zadachy teploprovodnosty. 
T. 1: Metodolohyia. K.: Naukova dumka, 408.

2.	 Matsevytyi, Yu. M. (2003). Obratnye zadachy teploprovodnosty. 
T. 2: Prylozhenyia. K.: Naukova dumka, 392.

3.	 Samarskyy, A. A. (2003). Vychyslytel’naya teploperedachy. M.: Edy-
tornal URSS, 784.

4.	 Mareev, V. V., Stankova, E. N. (2012). Osnovy metodov konechnykh 
raznostey. Spb.: Yzd-vo S.-Peterb. Un-ta, 64.

5.	 Chepachenko, Yu. Y.; In: Yvanytskyy, N. Y. (2012). Metod konech-
nykh raznostey dlya reshenyya uravnenyya teploprovodnosty. 
III Respublykanskaya studencheskaya konferentsyya «Novye mate
ryaly y tekhnolohy ykh obrabotky», 23–27 aprelya 2012 h. Mynsk:  
BNTU, 106.

6.	 Slesarenko, A. P., Butenko, T. V. (2008). Modelyrovanye nelyney
nykh teplovykh protsessov na baze sovmestnoho prymenenyya 
metoda vozmushchenyy, rehyonal’no-strukturnoho y varyatsyon-
noho metodov. Informatsiyni tekhnolohiyi. Avtomatyzovani systemy 
upravlinnya. Seriya «Matematychne modelyuvannya», Vol. 10, № 833, 
89–96.

7.	 Slesarenko, A. P., Safonov, N. A. (2010). Ydentyfykatsyya nelyneynoy 
nestatsyonarnoy zavysymosty moshchnosty ystochnyka enerhyy ot 
temperature na baze varyatsyonno-strukturnoho y proektsyonnykh 
metodov. Problemy mashynostroenyya, T. 13, № 6, 58–63.

8.	 Slesarenko, A. P. (2012). S-function in the inverse problems of ana-
lytical geometry and in modeling of heat processes. Eastern-European 
Journal Of Enterprise Technologies, 3(4(51)), 41–46.

9.	 Slesarenko, A. P. (2012). S-functions in the conservative structures 
construction for geometric inverse boundary value problems sol
ving. Eastern-European Journal Of Enterprise Technologies, 2(4(56)), 
60–66.

10.	 Choi, I. G. (1990). Mathematical modeling of radioactive waste glass 
melter. Conference: Symposium on nuclear waste management, Cincin-
nati, OH (United States), 28 Apr — 2 May 1991. United States: DOE; 
USDOE, Washington, DC. Available: http://www.osti.gov/scitech/
servlets/purl/5637005.

11.	 Brebyya, K. (1987). Metody hranychnykh elementov. M.: Myr, 524.



abstracts and References

66 Технологический аудит и резервы производства — № 4/1(18), 2014

ISSN 2226-3780

Calculation of stable operation of vortex spray 
countercurrent mass exchange device (VSCMED) 
depending on hydrodynamic characteristics  
of gas-drop flow

page 53–56

The paper gives the method of selecting stable operation modes of 
the vortex spray countercurrent mass exchange device (VSCMED),  
which includes calculating the flow of drops taking into account 
flow uniformity and mutual influence. In order to make the cal-
culation, a number of assumptions, which allow to calculate the 
device for specific conditions, was introduced. When developing 
techniques, the impact of forces on the motion of the drop was taken 
into account. As a result of theoretical and practical studies, the 
flow rate of gas and droplets, the ratio of centrifugal forces and the 
forces of aerodynamic drag were determined, thus having ensured 
the optimum mode of stable operation of VSCMED. The results ob-
tained allow to design new models of VSCMED-type devices when 
developing new productions for the chemical and petrochemical 
industries.

Keywords: mass exchange, rate, instrument, vortex, drop, device, 
calculation.
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Analysis of the global market has shown that the production of 
graphite electrodes (GE) depends on the production of steel in elect
ric arc steel furnaces. The growth of world production is the main 
driver of the market development of graphite electrodes.

Acheson-type graphitization of GE was extremely energy inten-
sive and therefore costly, but was necessary to manage previously 
poor coke qualities with high sulfur and nitrogen content. Although 
invented earlier, the more economic Castner, or so called lengthwise 
graphitization, was not applicable until the development of electri-
cal rectifiers for these high currents. As these became available and 
needle coke with low sulfur and nitrogen was invented, lengthwise 

graphitization became the standard in the Western World for GE 
production.

Manufacturing requires high-quality large-diameter electrodes. 
They must be technically and economically advisable for the usage 
only in directly-fired furnaces by Castner method. But the given 
technology is not fully realized in Ukraine. First of all, it`s so due 
to the absence of significant investment in electrode industry. 
Although, as the analysis of modern market of electrode industry 
has shown, the situation is changing and new requirements are 
emerging now.

Keywords: graphitization, electrode products, electric arc fur-
nace, direct-fired furnace.
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