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mathematical modeling — applied aspects

mechanical engineering technology

practical implementation of methods for 
optimiZation of flow distriBUtion in water sUpply 
systems
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In this paper it is proposed to use the information on the 
actual flow rate in the water supply divisions for rapid deter-
mination of its hydraulic characteristics. The main aim of the 
research is to verify the adequacy of the mathematical model of 
flow distribution in real time, developing of recommendations 
on the use of information about the actual flow rates in divi-
sions of network to optimize the flow distribution in it. The use 
of m odern telecommunications allows dispatcher to collect and 
analyze information about the pressures in the network, which 
comes from sensors in its individual nodes.

In the paper it is shows that the results of the network cal-
culation of one residential areas of Zaporozhye made taking into 
account the pressures measured in the control nodes, almost 
identical to the instrumental measurements.

The recommendations on the operational definition of the 
network hydraulic characteristics allow determining the da-
maged areas and making decision on the redistribution of flows.

The research results can be used in the design, reconstruction 
of existing water supply systems and to analyze the changes in 
the resistance of areas in time.

Keywords: flow distribution, mathematical model, control 
nodes, actual flow rates, pressure measurement.
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ontological approach and fUZZy modeling to 
descriBe oBJects of liVing enVironment

page 7–9

The use of ontologies and mathematical approach using 
fuzzy models to describe the housing environment using mod-
ern information technology is considered in the article. The 
aim is developing the intelligent system that is designed to 
assess the quality of residential environment. The determined 
indices are depicted as ontological system represented using 
Prot g  tool. The work result is developed ontological model of 
residential environment that can be used to assess the quality 
of apartments, houses, neighborhoods and districts. The use of 
modern information technology and the proposed intelligent 
system will simplify the work of real estate appraisers and con-
sumers at flat choosing.

Keywords: housing environment, quality assessment, onto-
logical model, fuzzy models, matrix knowledge.
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the possiBility of soUnd waVe low-freqUency 
resonance formation in float gyroscope
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The subject of research is the two-stage float gyroscope, lo-
cated in the acoustic field operational use of the aircraft.

The aim of the work is to analyze the beginning possibility 
of resonant type features under the influence of penetrating the 
external acoustic radiation in the gyroscope suspention.

The differential equations of thin shells to identify the tran-
sition conditions in the enclosure «acoustically transparent» 
structure are used for describe the dynamics of the body floating 
gyroscope.
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It is established that at low frequencies, when the cutoff 
frequency is much smaller, is appeared the features of resonance 
type. The reason for the effect is the waves in the cylindrical body 
of the instrument. The effect of the acoustic transparency of the 
material body is appeared when the frame circumference track 
and circumference wave length track on a plane parallel to the 
front of the acoustic beam are corresponded. So, a sound wave 
passes into the device without dissipation of its energy, creating 
an increased energy activity of liquid and static component of the 
gyroscope suspension that leads to the emergence of Euler iner-
tial forces in the float and the creation of an elastic-stress state of 
the material, perceived by gyroscope as «input» value.

The research results can be applied in rocket and space tech-
nology. The proposed schemes allow to establish the nature of 
occurrence of features in the gyroscope suspension at hypersonic 
motion, to analyze their appearance and choose the effective 
solutions to eliminate the influence of penetrating acoustic ra-
diation at an additional error of board equipment on this basis.

Keywords: floating gyroscope, acoustic radiation, wave coin-
cidence, low-frequency resonance.
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correction of gyroscopes errors in operating 
conditions By VolUmetric nonlinearity of float 
sUspension
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This article examines the interaction of powerful shock 
acoustic wave with floating gyroscope suspension used in aero-
space and aeronautical engineering. The main aim of the work 
is to assess the degree of influence of N-waves on the systematic 
component of the measurement error of the angular velocity. The 
usage of modern computer technology makes it possible to simu-
late the processes of interaction of acoustic fields with navigation 

devices without conducting of bench researches. The results for 
the angular velocity sensor, that series-produced by industry, are 
analyzed in this article. The results, obtained using the computer 
program, reproduce the seminatural bench test data with satis-
factory accuracy. The transition from the classical to the convex 
circular cylinder suspension with non-zero Gaussian curvature is 
suggested to error reduce. Usage of the convex suspension does 
not significantly reduce the magnitude of the measurement er-
rors but may be justified if necessary to increase the stiffness of 
the structure. The research results can be applied in the design 
and development of navigation equipment of aircraft.

Keywords: floating gyroscope, non-zero Gaussian curvature, 
convex suspension, N-wave.
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analysis of destrUction caUses of drill string 
elements
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The results of published material relating to failures of drill 
string are shown in the article. It is established that the accidents 
which occur with drill pipes usually has a fatigue character. The 
fatigue phenomenon is occurred at alternating bending, torsion 
collision, fluctuation of the drill string and variable loads. The 
main factor that causes variable strains and alternating bending 
is the rotation of the string. The highest percentage of destruc-
tion falls on drill pipe fracture in the thickened ends. The main 
loads occur in screw joints, so screw joint destruction are divided 
into two groups during exploitation: chipping of some turns and 
cone fracture of nipple or coupling. The results of this analysis 
can be used in developed of technical and technological measures 
to improve the resource and safe operation of the drill string.

Keywords: drill string elements, fatigue, fracture, accident 
analysis.
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improVement of the feed system of the coal 
comBine By means of load forecasting
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This article presents the consideration of the methods of in-
creasing effectiveness of protection against overloads of electric 
drives and executive bodies of the booty combine with outrigger 
feed system. The main purpose of the study is validation the ways 
to improve efficiency protection against sudden overloads and 
improving the dynamic properties of the outrigger feed system. 
It is developed a computer simulation of transient processes in 
outrigger feed system and it is shown the process of formation 

of dynamic overloads on the executive bodies of the booty com-
bine. It is justified ways of improving transient towards decrease 
dynamic overloads. For this purpose it is proposed the use of 
preliminary smooth decrease feed rate before the abrupt change 
of the mechanical properties of the mine for a period of 2 to 
5 seconds. Further research may focus on the justification of the 
methods of analysis of the mechanical properties of the mine and 
the parameters of the system software load control combine with 
outrigger feed system.

Keywords: booty combine, outrigger feed system, overload, 
transient processes, speed, setpoint.
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information technology and control  
systems

integrated assessment of compUter-Based  
testing

page 21–22

This paper discusses the development and use of evalua-
tion criterion of the test task in the use of e-learning and 
control systems by calculating a single evaluation index 
which helps to approximate evaluation of the test results to 
the criteria of effectiveness of open economic systems, formed 
naturally as a result of the operation of production systems 
and Queue systems.

This method includes the integration of all relevant factors 
of value of quality characteristics obtained in the educational 
process of knowledge and skills.

The presented method produces more accurate view about 
the skills obtained in training. This allows to display their real 
practical value in relation to the open economic system.

The results of investigations can be used in any area of the 
educational process, in particular during the computer-based 
testing.

Keywords: test evaluation, single estimate criteria, efficiency 
of problem solution.
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CLASSIFICATION OF UNCERTAINTIES IN THE MANAGEMENT 
OF ORGANIZATIONAL AND TECHNOLOGICAL OBJECTS

page 23–25

The classification of uncertainties on different grounds in 
the management of organizational and technological objects in 
different industries (food, chemical, oil refining) is discussed 
in the article and some results of our research in this area are 
given. The main aim of the study is the classification of uncer-
tainty in the management of organizational and technological 
objects. Such industries as food, chemical, oil refining process 
are characterized by complexity, variability of performance in-
dicators, high capitalization ratio, depending on the influence 
of environmental factors. This article discussed the various fea-
tures of the emergence of uncertainties, which allows to classify 
uncertainty for further classification of risks in the management 
of organizational and technological objects. The presented clas-
sification of uncertainties allows to structure the possible risks 
in the management of complex organizational and technological 
objects in the current and strategic activities, as well as to iden-
tify possible methods of dealing with the risks and how to avoid 
them. Classification of uncertainty, suggested by the author, it is 
recommended for use in the development of expert systems for 
risk management of technological systems of continuous type, 
including businesses and corporations of sugar industry. The 
research results can be applied in decision support systems for 
the sugar industry.

Keywords: uncertainty, risk, classification, strategic manage-
ment, decision-making.
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ANALYSIS AND MANAGEMENT ALGORITHM OF COMPLEX 
SECURITY BASED ON COGNITIVE MODELING

page 25–28

The features of information security system creation, taking 
into account the subjective side of the process are analyzed in 
the article. The main aim of research is algorithm developing of 
analysis and management of integrated security, which will unify 
approaches to information security management. Security does 
not exist in itself, apart from person. It provided for a person 
and it is estimated by person. Therefore, the concept of secu-
rity is not only objective, but also subjective side, because of its 
evaluation is carried out in the end by person. Use of cognitive 
modeling can significantly improve the processes of analysis and 
safety management of information system. Benefits of cognitive 
approach is the possibility of semi-structured system mode ling 
(bad formalized), which are characterized by incomplete or 
uncertain information about them. Algorithm application will 
allow experts in the field of information security begin to develop 
appropriate computational procedures and modules that can be 
further used in the construction of information security systems. 
Research results will be useful for services that deal with infor-
mation security.

Keywords: information security, integrated security, cognitive 
modeling, information system.
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algorithm analysis deVelopment of handwriting

page 28–31

Two algorithms that allow to recognize handwriting are 
shown in the article. These approaches are considered the most 
relevant off-line recognition, which is based on the handwrit-
ing recognition from scan image of profiles, agreements, state-
ments and other documents. Development is done to promote 
recognition not only in document flow, but also in the field of 
artificial intelligence that surrounds subsequently able to analyze 
a human-written text. It was found that both the description 
algorithm can give us positive feedback for recognition. With the 
result of more than 90 % of the work on pattern recognition, at 
least one of the approaches will be fully achieved its investiga-
tion aim and will only improve the knowledge base, which is 
then able to provide for artificial intelligence an opportunity 
to learn through books and letters improving the percentage of 
recognition.

Keywords: handwriting, online method, offline method, hand-
writing recognition, IRC.
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the experimental eValUation of the statistical 
characteristics of the compressor front sUpport 
ViBration of the gas compressor Units

page 31–33

The use of statistical methods for the analysis of parameters 
is discussed in this article and an example of the results in our 
research is given. The main aim is to analyze the statistical cha-
racteristics of the signal, based on experimental data obtained at 
gas compressor unit № 9 of booster compressor station of under-
ground gas storage «Bilche-Volytsya». An example of research 
of one informative parameter characterizing the operating mode 
of the compressor — the vibration displacement of front support 
compressor is given in the article. It is determined such signal 
characteristics as expectance, dispersion, histogram, empirical 
and theoretical density, distribution law, empirical and theo-
retical distribution function and other. This made it possible to 
prove the feasibility of lognormal distribution law using for this 
parameter and use it to solve problems of surge and anti-surge 
regulation protection.

Keywords: surge, vibration, statistical characteristics, distri-
bution density, distribution law, distribution function.
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strategic planning of hotel and restaUrant 
BUsiness deVelopment

page 34–36

The possibility of long-term development of the hotel and 
restaurant industry is considered in the article. The purpose 
of research is the need to identify and address the reasons for 
the low competitiveness of the hotel and restaurant industry, 
consideration of the feasibility of its capacity planning and 
strategy development to achieve a leading position in the 
global market.

The theoretical research methods (methods of analogy and 
extrapolation, system analysis, forecasting and innovative de-
velopment of innovative planning) are applied. It is determined 
the low competitiveness of the hotel and restaurant industry due 
to its direction of innovation at meet the actual demand in the 
market. Attention to the need to consider the latent needs of 
consumers, their ability to extensive and intensive development 
is marked. It is proposed to take into account the phenomenon of 
convergence for the conquest of the leading positions in the world 
market development of strategic planning of the hotel and res-
taurant industry. The research results can be used by researchers  
and practitioners in the hotel and restaurant industry. The 
introduction of strategic planning of the hotel and restaurant 
industry will provide an opportunity to take a leading position 
in the market.

Keywords: services, hotel and restaurant business, innovation 
activity, strategic planning.
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system analysis methods’ Usage in deVeloping of 
informational networKs’ User model

page 36–39

The model development of informational networks’ user 
as bad formalized object using the methods of system analysis 
is presented in the article. The main aim of the study is to 
improve the efficiency and reliability of the simulation infor-
mation networks by formalizing one of the most important 
input parameters — user model information networks. The 
complexity of the object (user) determines its versatility, im-
plicit attitudes and relationships between its characteristics 
and the difficulty of determining of these parameters. Existing  
methods for the analysis of complex objects are useful for  
a particular subject area, but a similar method to the field of 
information networks are not yet offered, because the develop-
ment of the model user of information networks is carried out 
using heuristic methods of system analysis of bad formalized 
objects. Using the methods of growing pyramidal networks 
and q-analysis allows determining the connection between 
the uncorrelated user characteristics and offering the classes 
of users based on the characteristics and needs of users. Infor-
mational networks’ user model is offered using in the design 
of information systems, forecasting their growth, based on the 
changing values of the internal parameters and information 
networks’ user needs.

Keywords: information networks, user, bad formalized ob-
jects, system analysis, pyramidal networks, q-analysis.
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mUltiparameter controller Usage for gas pUmping 
Unit control

page 39–41

Based on the experiment on a centrifugal supercharger Ц-6,3, 
which is included in anti-surge regulation of gas pumping units 
it is defined the productivity change of centrifugal supercharger 
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and changes in the degree of increase in gas pressure, from which 
is derived the transfer function of a centrifugal supercharger of 
gas compressor unit.

The method of parameter determining of regulator setting 
through such component of Matlab software as Check Step Re-
sponse Characteristics block is given. The technological process 
simulation is conducted with PID, PIDD2-, PIDD2D3-, PDD2-,  
and PDPD controllers based on the determined values in Matlab 
software and their optimal settings are determined.

During research of system using multi controllers it is found 
that operation speed of system increases in comparing with 
PID-controller at: PIDD2 controllers to 4,44 %, PIDD2D3 
controllers to 22,67 %, PDD2 controllers to 89,33 %, and PDPD 
controllers to 98,22 %.

Keywords: centrifugal supercharger, controller, settings, trans-
fer function, operation speed, design, surge, control.
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extreme regUlator strUctUre groUnding of 
aUtomated process prodUctiVity of electric 
discharge machining

page 42–47

The use of process productivity extreme regulator of dimen-
sional arc processing in engineering is discussed in the article and 
some results of our research in this area are given. The main aim 
of the investigation is finding the output patterns of its functions 
on stabilized and unstabilized process segments of dimensional 
arc processing on proposed implementation of the regulator.

The use of modern control systems of electric discharge 
machining process allows processing the materials with higher 
energy efficiency and less resource consumption.

A variant of solving the problem of finding the productivity 
extremum of dimensional arc processing based on stochastic and 
different frequency disturbances is proposed in the article.

The presented implementation of extreme regulator allows 
automating the process of finding and maintaining the feed rate 

of electrode-tool, at which the maximum process efficiency is 
obtained.

The research results can be used by designers, engaged in 
the field of process automation of electrode-tool advance during 
electric discharge machining of metals.

Keywords: extreme regulator, dimensional arc processing.

references

1. Nosulenko, V. I. (2005). Razmernaya obrabotka metallov elekt-
richeskoy dugoy. Elektronnaya obrabotka materialov, 1, 8–17.

2. Savelenko, G. V. (2013). Obosnovaniye algoritma raboty ekstre-
malnogo regulyatora podachi elektroda-instrumenta na stankakh 
razmernoy obrabotki dugoy. Materialy I mezhdunarodnoy zaoch
noy nauchnoprakticheskoy konferentsii «Avtomatizirovannoye 
proyektirovaniye v mashinostroyenii». Novokuznetsk: Izdatelskiy 
tsentr SibGIU, 115–122.

3. Poletayev, V. A., Syrkin, I. S. (2007). Eksperimental’nyye issle-
dovaniya adaptivnoy sistemy upravleniya protsessom elektro-
erozionnoy obrabotki. Vestnik kuzbasskogo gosudarstvennogo 
tekhnicheskogo universiteta, 6, 72–75.

4. Smirnova, N. V., Smirnov, V. V. (2012). Opredeleniye paramet-
rov vol’t-ampernoy kharakteristiki dugi pri izmenenii velichiny 
mezhelektrodnogo promezhutka. Zb rnik naukovikh prats’ KNTU: 
Tekhn ka v s l’s’kogospodars’komu virobnitstv , galuzeve mashino
buduvannya, avtomatizats ya, 25, part 1, 372–277.

5. Ping Guan, Xiaohe Liu. (2006). Application of Fuzzy Neural 
Control in the Electrode regulator system of arc furnace. 6th 
World Congress on Intelligent Control and Automation, Vol. 2. 
IEEE, 7756–7760. doi:10.1109/wcica.2006.1713478

6. Xiao-He Liu, Rong Kuai, Ping Guan, Xiao-Mei Ye, Zheng- 
Lan Wu. (2009, July). Fuzzy-PID control for arc furnace elect-
rode regulator system based on Genetic Algorithm. 2009 Inter
national Conference on Machine Learning and Cybernetics, Vol. 2. 
IEEE, 683–689. doi:10.1109/icmlc.2009.5212457

7. Zhao, H. (2013). NN-Based Approximate Model Control for the 
EAF Electrode Regulator System. Mathematical Problems in En
gineering, Vol. 2013, 1–11. doi:10.1155/2013/874890

8. Yermolayev, Yu. O., Savelenko, H. V. (2004). Rozrobka SAU 
elektro mekhanichnoho pryvodu verstata typu «DUHA» na bazi 
«ESHYM-1». Zbirnyk naukovykh prats KNTU, 15, 270–273.

9. Nosulenko, V. I., Chumachenko, O. S. (2010). Vplyv hidravli-
chnykh parametriv potoku seredovyshcha-diyelektryka na  
protses rozmirnoyi obrobky elektrychnoyu duhoyu. Avto
matyzatsiya i informatsiyni tekhnolohiyi, 75, 93–98.

10. Golovko, L. F., Chumachenko, O. S. (2012). Tekhnologicheskiye 
kharakteristiki elektroerozionnoy obrabotki mnozhestvennym 
razryadom. V snik NTU «KhP », 68, 14–18.

11. Nosulenko, V. I. (2006). O fizicheskoy prirode, ob obshchem i ot-
lichiyakh, tekhnologicheskikh vozmozhnostyakh elektricheskikh 
razryadov i klassifikatsii sposobov elektrorazryadnoy obrabotki 
metallov. Elektronnaya obrabotka materialov, 1, 4–14.

12. Savelenko, H. V., Yermolayev, Yu. O., Kalich, V. M. (2012). 
Doslidzhennya SAU protsesu ROD na verstati z elekt-
romekhanichnym pryvodom. II Informatsiyno-vymiryuvalnyy 
kompleks dlya provedennya eksperymentalnykh doslidzhen. 
Zbirnyk naukovykh prats KNTU, 25, part 2. Kirovohrad: KNTU, 
266–271.

13. Izmaylov, D. Yu. (2009). PowerGraph. Spravochnik po funk-
tsiyam obrabotki signalov. Chast’ 2. PiKAD, 2, 26–28.

information secUrity management Based on 
intelligent technologies

page 47–50

The analysis of information and telecommunication net-
works of new generation is shown in the article. It is proved that 
security in the ITN has significant differences from the security-
specific information in any specified system. Creation of security 
in ITN, oriented to work with incomplete or fuzzy initial infor-
mation, uncertainty of external influences and  environmental  
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performance, requires the involvement of non-traditional ap-
proaches to safety management in ITN using methods and tech-
niques of artificial intelligence. The aim of research was developing 
the scientific bases of situational safety management in ITN on the 
base of intelligent technologies. The generalized structure of intel-
ligent security management is given. The structure of neural evalu-
ation of the safety in ITN is presented and the principle of operation 
is described. The research results can be used by specialists in the 
field of security of information and telecommunication systems and 
networks. The developed basis of situational safety management in 
the ITN can be taken into account in the developing of advanced 
safety systems in ITN on the base of intelligent technologies.

Keywords: information and telecommunication network, in-
telligent technology, threats, neural network.
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