APPLICATION OF BOX METHOD FOR MULTI-
OBJECTIVE OPTIMIZATION (p. 4-8)

Anatolii Danilkovich, Slava Branovitskaja, Sergii Bondarenko,
Olga Sanginova

The article presents a criterion of optimality in the form of
a generalized additive objective function to optimize the chrome
tanning of the semi-finished product. Local criteria of the objec-
tive function are normalized and reduced to dimensionless form.
Weight factors are obtained on the bases of expert assessments. To
solve the problem of multi-objective optimization a complex Box
method was used.

The algorithm of the Box method serves as a basis for the
software module, which is implemented using object-oriented pro-
gramming language Visual Basic for Application.

The software module provides an opportunity to work with
explicit and implicit restrictions. The developed software module
was used to find the optimal values of the generalized objective
function.

For low-waste technology of tanning of semi-finished product
with dry chrome tanning agent we obtained its mathematical
description and determined restrictions on technological param-
eters of the process. The problem of optimization of the process of
dry chrome tanning of semi-finished product was solved and the
optimal values of the parameters of the process of tanning were
determined

Keywords: optimization, optimality criterion, restrictions,
objective function, mathematical description, regression equa-
tion
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MATHEMATICAL MODELLING OF DIFFUSION
PROCESSES In THE shale gas EXTRACTING
TECHNOLOGY realization (p. 9-13)

Andrij Olijnyk, Lida Shtayer, Oksana Klaposhchak

The article studies the problem of evaluation of the penetra-
tion of substances into the environment during implementation of
technology of shale gas extraction, as well as the current state of
research in this area.

A mathematical model of diffusion based on two-dimensional
unsteady diffusion equation in Cartesian coordinate system, tak-
ing into account a variable diffusion coefficient, initial and bound-
ary conditions that take into account features of the technology of
shale gas extraction.

A numerical method of the model realization based on the
method of variable directions was suggested. The stability of cor-
responding difference schemes using spectral characteristics of
stability was studied.

The method of mathematical formalization of boundary condi-
tions that permit to simulate various intensities and duration of
emissions was suggested. A numerical algorithm for solving the
problem was developed and its implementation was carried out in
the form of complex applications. For the model parameters test
calculations were performed that showed correspondence of simu-
lation results with the actual physical picture of the process. The
geometric characteristics of the zone of penetration of substances
in the test environment were determined.

The features of filtration of substances with the variable diffu-
sion coefficient in a region and the various intensity of substances
emission were studied. The value of the zone of emission of sub-
stances in the studied model area was assessed, the directions for
future research were determined

Keywords: shale gas, diffusion, equations of mathematical
physics, stability of calculations, sweep method, concentra-
tion
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METHOD OF PREDICTING THE WATER LEVEL IN
THE RIVER DNIESTER, DEPENDING ON WEATHER
CONDITIONS (p. 13-19)

Mikhail Gorbiychuk, Maryana Shufnarovich

This article describes a new method of constructing mathe-
matical models of complex oscillatory processes with non-multiple



frequencies, based on the ideas of genetic algorithms. Compared
with existing methods of creating mathematical models of complex
processes considered in the works of Academician O.G.Ivakhnenko
and his students, this method allows the synthesis of mathematical
models of any complexity. Using the ideas of genetic algorithms to
the construction of mathematical models provides an opportunity
not only to choose the optimal structure of an adequate model,
but also significantly reduce the number of calculations at search
patterns.

Therefore, the new method can be used to predict how the
physical phenomena and complex processes. Effectiveness of the
developed method has been confirmed by the model of change of
the water level in the river Dniester, depending on weather condi-
tions.

The model constructed by the water level in the river Dniester
gives sufficiently accurate prediction results. The author suggests
that the model can be used for flood forecasting

Keywords: synthesis of mathematical models, genetic algo-
rithm, chromosome, external criterion, aliquant frequency, har-
monic series, prediction accuracy
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MARKOV MODEL OF UNSTEADY FLOW
ELIMINATION OF ACCIDENTS IN RESTRICTIONS
ON THE PERFORMANCE OF THE OPERATOR

(p. 20-23)

Igor Naumeyko, Al-Azawi Razi Jabur, Alrefai Waleed Ahmed

The actual problem of simulating the operation of the “Man-
Machine-Environment” system, that is the process of the object
recovery after the environmental disaster is considered, provided
the recovery is made by one of its sub-systems, that include hu-
mans. The model differs significantly from the classical theory of
reliability.

The work is devoted to modeling of multi-step restoration
process of an arbitrary nature object with non-stationary Poisson
stream of events (accidents) and exponential intensity of recovery
process. It passes a fixed finite sequence of phases - the states and
is described by the Kolmogorov probabilities for these states. The
cases of ergodic and absorbing chains with continuous time are
considered.

Some of the states in the chain indicate the efficiency of the
operator in elimination the accident. It is assumed that the ef-
ficiency of the operator can not recover during the process of
eliminating accidents.

According to the verbal descriptions of the object, graphs of
states are drawn, and in accordance to them — the Kolmogorov
equations and their stationary solutions. The resulting figures of

numerical solutions allow us to determine the time of the process
stabilization.

For actual input data the following resulting probabilities are
obtained: for trouble-free operation of the facility, for a fatal ac-
cident and for disaster recovery

Keywords: Markov chain, Kolmogorov differential equations,
the maximum entropy, ergodic, disasters, Erlang

References

1. Dzyundzyuk B.V., Naumeyko LV., Serduk N., Stytsenko I.E.
(2007). Structure and types of system models “man-machine-en-
vironment” .Automated Control Systems and Devices - Kharkov
MY. 138. P. 47-50.

2. Naumeyko LV, Serduk N. (2005).Markov model system “man
- machine - environment” . Electronics and Computer Science,
Kharkov, vol. 4.

3. Naumeyko LV., Al-Azawi R.J. (2013). Model systems “Man-
Machine-Environment” with the recovery in the non-classical
event streams .East European Journal of advanced technology,
Kharkov, Ne 2\ 10(62) ,P. 55-58.

4. Naumeyko LV, Al-Azawi R.J. (2013). Another dynamic model
of Markovian Human-Machine-Environment system that is ef-
fected by some hazard . Radio Engineering, Ne 172, Kharkov (in
press).

5. Al-Azawi R. J. (2013). A dynamic model of Markovian Human-
Machine-Environment system that is effected by some hazard
. conference :Innovation Potential of Ukrainian science - the
twenty-first century, Kharkiv, Vol. 20 (in press).

6. Sevastyanov B.A. (1959). Erlang formula in telephone for an ar-
bitrary distribution law for the duration of a call . Proceedings of
the IIT All-Union Mathematical Congress. T.IV Moscow: USSR
Academy of Sciences.

7. Khinchin AY. (1963). work on the mathematical theory of queu-
ing .Edited by Gnedenko. Moscow: Fizmatgiz, p. 236.

8. Ivchenko G.I., Chestnuts V.A., Kovalenko I.N. (1982). Queueing
theory . High School, 256 p.

9. Beckenbach E., Bellman R. (1965). Inequalities. World.

Samojlenko A.M. (1989). Differential equations . High School,

383 p.

-
o

FUZZY DISTANCES AND THEIR APPLICATIONS ON
FUZZY SCHEDULING (p. 23-30)

Hanan A. Cheachan, Hussam A.A. Mohammed,
Faria A. Cheachan

The aim of this paper is to develop a fuzzy scheduling problem
for solving a multi-objective functions on single machine schedul-
ing problems when processing time and due date are a triangular
fuzzy numbers.

We are used fuzzy distance function concepts which intro-
duced by Lam and Cai.

The objective is to minimize the maximum fuzzy lateness and
maximum fuzzy completion time. In this paper we compare and
test different local search methods (Threshold accepted (TA),
Tabu search (TS), and Memetic algorithm (MA)) computational
experience 1000 jobs with reasonable time. For comprise results
we use probability and cost considerations in project schedu-
ling

Keywords: fuzzy scheduling problem, single machine scheduling
Jocal search methods (Threshold accepted (TA), Tabu search (TS),
and Memetic algorithm (MA))
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THE TREATMENT OF CHARACTERISTICS OF
GROUNDWATER LEVEL CHANGING VIA THE
MATHEMATICAL MODELING (p. 30-35)

Olena Strelnikova, Olena Sierikova

To calculate the uniform rise of ground waters level through-
out Kharkov and to determine a year of flooding of the urban areas
a mathematical model has been developed. It takes into account
the following components of the water balance: additional infiltra-
tion into ground waters, precipitation, infiltrating into ground wa-
ters, transpiration, evaporation, water taking from ground waters.
To calculate the time after which the water level will reach the
norm of drainage it is sufficient in this model to take as a point of
reference a specific depth of the groundwater level at a particular
area and set the size of the investigated area.

The developed approach permits to apply numerical methods
of assessment to predict the changing of the groundwater level in
urban areas, taking into account various natural and anthropo-
genic factors

Keywords: additional infiltration, flooding of urban areas,
mathematical model
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MATHEMATICAL MODELING OF THE SEASONAL
CHANGES OF PHYTOPLANKTON DEVELOPMENT
IN THE WATER ,, VIDSICHNE” THE RIVER TETERIV
(p. 36-39)

Ella Arystarkhova, Igor Pilkevych

Despite the wide application of mathematical modeling to
determine the characteristics of phytoplankton growth in basins,
until now there had not been created sound mathematical models
that would take into account the diversity of groups of planktonic
algae for the basins of the river Teterev. Based on the research
conducted in 2006-2008 the article approximates the growth of
six groups of phytoplankton of water intake “Vidsichne” using the
polynomial of the 6th degree and the basic criteria of the adequacy
of mathematical models.

The method of consolidation of intervals and replacement of
the original number by medium-range intervals was applied in the
research.

To construct mathematical models the smoothing using mov-
ing average was carried out.

As a result of processing of the data the major pathogens of
“bloom” of water among groups of planktonic algae were revealed
and the most dangerous periods of water pollution with their me-
tabolites were identified.

The research provided mathematical models that describe the
dynamics of the growth of phytoplankton in the water intake, and
multiple correlation coefficients, indicating the adequacy of these
models

Keywords: phytoplankton, seasonal changes, anthropogenic
eutrophication, “bloom” of water, mathematical model

References

1. Topachevsky, A.V.,, Masiuk, N.P. (1984). Freshwater algae of the
Ukrainian Soviet Socialist Republic, Kiev: Vyssha shkola, Head of
publishing house, 336 p.

2. Shcherbak, V.I. (1999). Phytoplancton as a Model Object of Eval-
uating the Influence of Power Complexes on Water Ecosystems.
Engineering Simulation, Vol. 16, P. 513-519.

3. Romanenko, V.D. (2004). The fundamentals of hydro-ecology
[Heat transfer|, Kiev: Heneza, 664 p.

4. Masiuk, N.P, Kostikov, I.Yu. (2002). Algae in the system of the
organic world [monograph], Kiev: Academic periodicals, 178 p.

5. Khoruzhaia, T.A., Nikanorov, A.M. (2003). Global ecology [Manu-
al], Moscow: Publishing House ,Kniga servis”, 288 p.

6. Ken, O. (1987). Buesseler Chernobyl: Oceanographic Studies in
the Black Sea. Oceanus, 30, Ne 3, P. 23-30.



7. Yerkhard, Zh.P, Sezhen, Zh. (1984). Plankton. Composition, ecology,
pollution [Translation from French], Leningrad: Gidrometeoizdat,
256 p.

8. Herasimenko, S.S., Holovach, A.V.,, Yerina, A.M. (2000). Statis-
tics [Tutorial], Kiev: KNEU, 467 p.

9. Ovchinikov, P.P., Bondarchuk, Ye.V., Kostrytsia, Yu.Yu., On-
ishchenko, L.P. (2004). Higher mathematics. In 2 hours. Part 2:
Differential equations. Operational calculus. Series and their
application. The stability of the Lyapunov. The equations of
mathematical physics. Optimization and control. The theory
of probability. Numerical methods [Tutorial], Kiev: Technique,
792 p.

10. Hryhorkiv, V.S. (2007). Modelling of ecological and economical
interaction [Tutorial], Chernivtsi: Ruta, 84 p.

ADDITION AND MULTIPLICATION
PROBABILISTIC ARITHMETIC OPERATION
EXECUTION ERROR ESTIMATION (p. 40-42)

Nikolay Sapoznikov, Dmitrii Moiseev, Peter Beyner,
Nadezhda Beyner

The most important efficiency component characteristics of
information-measuring systems used in nuclear engineering for
radiation and gas monitoring, environmental protection and eco-
logical monitoring are survivability, reliability, accuracy while the
original information presentation, ability to operate in real time
mode, equipment cost, designing cost, production and operation
costs.

Probabilistic information representation form corresponds to
all these characteristics.

Tt is necessary to ensure the implementation of the reforms
within the permitted tolerances. This article is devoted to the
addition and multiplication probabilistic calculation theoretical
errors estimation.

The main value of the paper is providing the ground to the
choice of the number of statistical tests, which determines the
maximum value of the absolute error.

The article reveals the factors influencing the accuracy of
addition and multiplication probabilistic arithmetic calcula-
tions, the number of statistical tests, distribution law of auxiliary
random signals, position of converted values within the dynamic
range and probabilistic conversion method being among these
factors

Keywords: probabilistic form of representation, arithmetic
operations, accuracy, error
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MATHEMATICAL INTERPRETATION OF THE
MASS TRANSFER PROCESS IN ANAEROBIC
BIOREACTORS (p. 43-48)

Ludmila Ruzhinska, Anastasiya Fomenkova

The article considers the methanogenesis in bioreactors with
immobilized microflora on fixed media. The processes of decompo-
sition of organic pollution of the wastewater and the formation of
metabolic products are analyzed.

t the same time, the decomposition of organic pollution is
considered from the standpoint of a two-stage process. As the first
stage, the hydrolysis and acid production is considered, as the
second - methanogenesis.

On the basis of this process the spatial distribution of acid
and methanogenic microorganisms in the anaerobic bioreactor has
been suggested, and a model of mass transfer in a bioreactor has
been built.

As a calculated model, the motion of the fluid in the channel
formed by sheets of biofilm carrier was taken.

At the two-dimensional motion of a fluid in a channel, 2 types
of the main substances mass transfer are considered, which are
involved in the process of anaerobic digestion: by the convective
diffusion in the core of the flow and by the molecular diffusion in
the boundary wall layer and biofilm

Keywords: biogas, immobilized microflora, bioreactor, math-
ematical model, mass transfer
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METHOD OF IDENTIFICATION OF DEDICATED
COMPUTER NETWORKS FOR COMPUTER
SYSTEMS OF OBJECTS OF OIL AND GAS COMPLEX
(p. 48-51)

Sergiy Babchuk

For many years the automation systems used to be constructed
on the basis of analogue devices. However, in the conditions of rap-



idly growing production of micro processing systems, multiple nodes
dedicated computer networks that digitally exchange data emerged
as an alternative solution.

Nowadays, the companies of the world use more than hundred
different dedicated computer networks. During modernization pe-
riod the companies need to choose optimal decisions for specific
technological areas. However, at present time, methodological back-
ground for effective solution of mentioned problem practically does
not exist. There has been done research of the existing dedicated
computer networks. \

We have developed classification of dedicated computer net-
works that can be used on the objects of oil and gas complex. Also,
there was created selection algorithm of dedicated computer network
for computer systems of the objects of oil and gas complex. We have
developed method of identification of dedicated computer networks
for computer systems of objects of oil and gas complex.

Thus, we have created a methodological background that will
assist enterprises in their choice of optimal decisions for specific
technological areas

Keywords: dedicated computer networks, method, classifica-
tion, algorithm, oil and gas complex
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NON-ADDITIVE MODEL OF THE H-MEASURES
(p. 51-57)

Vladimir Kasyanov

The article suggests a model of a non-additive H-measure,
where uncertainty is related to the entropy of preference or subjec-
tive probabilities.

The model of the H-measure is well linked with the Jaynes
principle of maximum of entropy, as well as with the principle of
maximum of subjective entropy.

Tt is proposed to use the H-measure in tasks of subjective analy-
sis, which studies the genesis of the distributions of preferences, and
is its natural development. In the article we propose the model of
the non-additive measure similar to the measure of Sugeno, but as
it seems to the author, more natural, as it is directly related to the
measure of uncertainty in the distribution of preferences, namely,
the entropy of preferences.

In addition, this measure (called H-measure) is well linked
with the Jaynes principle of maximum of entropy, originally for-
mulated for probability distributions, therefore, in the frameworks
of the theory of the additive probability measure. The measure of
Sugeno seems rather artificial. You never know how the additional

term reflects the uncertainty of the situation. On the other hand,
the measure of uncertainty is the entropy, in this case the entropy
of preferences, which is called the subjective entropy of prefer-
ences, and the corresponding variation principle — the principle
of maximum of subjective entropy. In the fuzzy set theory there is
uncertainty in the choice of fuzzy distributions. The theory does not
give direct selection algorithms of these distributions, which are of
heuristic nature

Keywords: H-measure, measure of Sugeno, non-additive
measure, subjective entropy, Jaynes maximum entropy prin-
ciple, principle of maximum of subjective entropy, subjective
analysis
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INDUSTRIAL ENTERPRISES MATHEMATICAL
OPERATION MODELING AND FINANCIAL FLOWS
FORMALIZATIONS (p. 57-60)

Bohdan Mysnyk

Industrial enterprise (IE) is influenced by many factors such as
environment, operation factors and dynamics. One cannot take in
account of all such factors quantity, since the value of many of them
is error determined, so a great amount of considered factors make
serious miscalculations.

Such particularities show the urgency to apply new methods ap-
proach to the process modeling of industrial enterprises functioning.
The results of previous analysis show that amongst all the evolution-
ary paradigms the idea of “Artificial Life” is the best to correspond
the task of complex artificial systems modeling. The suggested model
includes the foundations of modern economical mathematics models
functioning, with changes made to integrate the principles of “arti-
ficial life” idea.

The set of investigated enterprise operation factors is the result
of modeling. Prediction is the aim of the certain set of enterprises
work modeling. This gives us an opportunity to investigate a new en-
terprise life or to glance to the horizon to see the prospect of existent
industrial enterprises on condition of competition

Keywords: artificial life, neuron nets, evolution modeling,
artificial systems

References

1. Samarskiy A.A., Michajlov A.P. (1997) Mathematical Modeling:
Ideas. Methods. Examples., Moscow, Science, 320.

2. Yemalianov V.V, Curejchyk V.V., Curejchyk V.M. (2003) Evolu-
tionary Modeling Theory and Practice, Moscow, Physmathlit, 432.



3. Snytiuk V.Y. (2009) Decision Taking Evolutionary Technologies
on Caundition of Uncertainty, Kyiv, 305.

4. Bedau M.A. (2003) Artificial Life: organization, adaptation and
complexity from the bottom up, Trends in cognitive science, Vol.
7, Ne 11, 505-512.

5. Vasylenko V. O. (2005) Crises-proof Enterprise Operating: Work-
book; 2nd enlarged and corrected edition, Kyiv, ELC, 501.

6. Barro, Robert J. (1989). “New Classicals and Keynesians, or the
Good Guys and the Bad Guys”. Swiss Journal of Economics and
Statistics 125 (3): 263—-273.

7. Kirman, Alan P. (1992). “Whom or What does the Representative
Individual Represent?”. Journal of Economic Perspectives 6 (2):
117-136.

8. Shevchenko O.0. (2012) Economic Hystory and Thought: Mod-
ern Economic Theories: Workbook, Kyiv, ELC, 280.

9. Vitlinsky V.V. (2003) Economic Modeling: Workbook, Kyiv,
KNEU, 408.

10. Moshek H.Y. (2002) Enterprise Management: Textbook, Kyiy,
KNTEU, 371.

DISTRIBUTION OF UNBRANCHED FLOWS WITH
SELF-SIMILARITY EFFECT (p. 60-63)

Dmytro Ageyev

An important stage in the design and operation of telecom-
munication systems is the choice of routes and finding of the
intensity of flows along these routes.

This problem is known as the problem of the distribution of
flows. The existing methods of solution are based on simple flow
models, which lost their adequacy for the modern multiservice
traffic.

The studies have shown that the models of self-similar pro-
cesses describe more precisely the properties of the traffic. De-
spite the large number of publications on the self-similar traffic
study there is a significant lack of works on the application of
these models in the synthesis of telecommunications systems.

The article suggests a modification of the previously known
method of deflection of unbranched flows taking into account the
effect of self-similarity. As a result, in the basic method of calcula-
tion we have changed a number of expressions that provide the
finding of the parameters of aggregated flows and the average
delay in the network.

The proposed method can be used when designing large
balanced telecommunication systems, where a flow has little
influence on the quality parameters of service of the whole
network

Keywords: flow, distribution, effect of self-similarity, Hurst
parameter, deflection of the flow, network, delay
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THE METHOD OF THE JOINT APPROXIMATION
FOR SOLVING THE MULTI-DIMENSIONAL QUASI-
LINEAR HYPERBOLIC EQUATIONS (p. 64-67)

Valeriy Bucharskyi

In present paper the method of the joint approximation for con-
structing high order of accuracy finite difference schemes is extended
on the case of multidimensional quasi-linear hyperbolic equations.
The new two-step cost-effective way for constructing compact cost-
effective finite difference schemes with unlimited order of accuracy
is suggested.

This approach is based on the method of the joint approximation
and one property of the hyperbolic partial derivatives equations.
Finite difference schemes up to seventh order of temporal and spatial
accuracy for the two-dimensional linear transport equation and the
two-dimensional Burgers equation are presented. Results of the solu-
tion of the used widely test cases are presented also. The data of the
calculations confirm the theoretical results

Keywords: Method of the joint approximation; finite difference
scheme; high order of accuracy
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EVOLUTION OF COMPLEX SYSTEMS WITH
HYPERBOLIC DISTRIBUTION (p. 67-73)

Nikolai Delas

Most complex, hard-formalized systems with a large number of
elements can be viewed as objects on a finite set of "carriers” of which
a limited set of "resources” is distributed. The hyperbolic distribu-
tion is characteristic for systems where "resources” are more dynamic
than "carriers”, i.e. the relaxation time of "resources” tg is much less
than the relaxation time of “carriers.”

The application of the principle of maximum entropy permits
to obtain expressions for the maximum hyperbolic distribution law
(11), which at certain values of its parameters asymptotically ap-
proaches to the hyperbolic.

The evolution of a complex object in time is expressed in a
change of its distribution curve. The process of evolution looks
like a quasi-equilibrium motion of the system to a state of complete
equilibrium, when the maximum is reached not only by the entropy
of “resources” Hg, but also by the entropy of “carriers” Hy. The pa-



rameter ¢, being an important characteristic of the system, reflects
the evolution of the process.

The systems close to a purely hyperbolic distribution (with ¢=0)
are young systems.

They have reached a quasi-equilibrium distribution of “re-
sources”, but are far from the state of total equilibrium due to slower
settling of “carriers.”

With increase of the age of the system, the parameter ¢ increases,
and the distribution curves nj=f(g;) change as shown at the fig. 4. An
algorithm for determining n=f(g;) for different time values in the
range Tr<t<tc was described

Keywords: hyperbolic distribution, non-Gaussian distribution,
power-series distribution, hyperbolic distribution law
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