
76

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 2/9 ( 92 ) 2018

2.	 Rudakov, S., Dickerson, C. E. (2017). Harmonization of IEEE 1012 

and IEC 60880 standards regarding verification and validation of 

nuclear power plant safety systems software using model-based 

methodology. Progress in Nuclear Energy, 99, 86–95. doi: 10.1016/ 

j.pnucene.2017.04.003 

3.	 Instrumentation and Control Systems and Software Important 

to Safety for Research Reactors (2015). IAEA Safety Standards.  

No. SSG-37, 100.

4.	 DSTU IEC 62138:2008. Atomni elektrostantsiyi. Informatsiyni ta 

keruvalni systemy, vazhlyvi dlia bezpeky. Prohramni aspekty kom-

piuternykh system, yaki vykonuiut funktsiyi katehoriyi V abo S 

(2010). Kyiv. 

5.	 NP 306.5.02/3.076-2003. Vymohy do orhanizatsiyi ta poriadku 

vvedennia AES v ekspluatatsiyu (2003). Ofitsiynyi visnyk Ukrainy,  

37, 236.

6.	 Pedersen, A. S., Richter, J. H., Tabatabaeipour, M., Jóhannsson, H., 

Blanke, M. (2016). Fault tolerant emergency control to preserve 

power system stability. Control Engineering Practice, 53, 151–159. 

doi: 10.1016/j.conengprac.2015.11.004 

7.	 Park, S., Park, J., Heo, G. (2016). Transient Diagnosis and Prognosis 

for Secondary System in Nuclear Power Plants. Nuclear Engineering 

and Technology, 48 (5), 1184–1191. doi: 10.1016/j.net.2016.03.009 

8.	 Song, J.-G., Lee, J.-W., Park, G.-Y., Kwon, K.-C., Lee, D.-Y., Lee, C.-K. 

(2013). An analysis of technical security control requirements for 

digital I&C systems in nuclear power plants. Nuclear Engineering 

and Technology, 45 (5), 637–652. doi: 10.5516/net.04.2012.091 

9.	 Olsen, R. L., Madsen, J. T., Rasmussen, J. G., Schwefel, H.-P. (2017). 

On the use of information quality in stochastic networked control 

systems. Computer Networks, 124, 157–169. doi: 10.1016/j.comnet. 

2017.06.006 

10.	 Krivanek, R., Fiedler, J. (2017). Main deficiencies and corrective 

measures of nuclear power plants in ageing management for safe 

long term operation. Nuclear Engineering and Design, 323, 78–83.  

doi: 10.1016/j.nucengdes.2017.07.035 

11.	 Zhilenko, E. P., Pruss, S. Yu., Fomenko, N. Yu., Hristich, D. E. (2013). 

Upravlyaemye haos v ustanovivshihsya rezhimah elektroenerget-

icheskih system. Omskiy nauchniy vestnik, 2, 184–191.

12.	 Severin, V. P., Nikulina, E. N., Trubchanova, N. V. (2016). Identifi-

kaciya parametrov sistemy upravleniya proizvoditel’nost’yu paro-

generatora energobloka AES. Visnyk Nats. tekhn. un-tu “KhPI”. 

Ser.: Avtomatyka ta pryladobuduvannia, 15, 38–44.

13.	 Madrigal-Espinosa, G., Osorio-Gordillo, G.-L., Astorga-Zarago- 

za, C.-M., Vázquez-Román, M., Adam-Medina, M. (2017). Fault 

detection and isolation system for boiler-turbine unit of a thermal 

power plant. Electric Power Systems Research, 148, 237–244.  

doi: 10.1016/j.epsr.2017.03.021 

14.	 Budanov, P. F., Brovko, K. Yu. (2016). Vliyanie fraktal’nyh svoystv 

informacionnogo prostranstva na process formirovaniya sluchaynogo 

signala s priznakami avariynosti. Systemy obrobky informatsiyi,  

1 (138), 10–14. 

15.	 Budanov, P. F., Brovko, K. Yu. (2016). Eksperimental’nye issledo-

vaniya prostranstvenno-vremennoy modeli informacionnogo pros-

transtva dlya processa formirovaniya sluchaynogo signala s priznaka-

mi avariynosti. Systemy obrobky informatsiyi, 3 (140), 227–233.

16.	 Budanov, P. F., Brovko, K. Yu. (2016). Povyshenie nadezhnosti 

upravleniya tekhnologicheskim processom energoob’ekta sposo-

bom viyavleniya avariynyh priznakov v neshtatnyh rezhimah funk-

ABSTRACT AND REFERENCES

INFORMATION AND CONTROLLING SYSTEM

DOI: 10.15587/1729-4061.2018.126427
IMPROVING THE RELIABILITY OF INFORMATION-
CONTROL SYSTEMS AT POWER GENERATION 
FACILITIES BASED ON THE FRACTAL CLUSTER 
THEORY (p. 4-12)

Pavlo Budanov
Ukrainian Engineering Pedagogics Academy, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-1542-9390

Kostiantyn Brovko
Kharkiv Petro Vasylenko National Technical University of 

Agriculture, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-9669-9316

Artem Cherniuk
Ukrainian Engineering Pedagogics Academy, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-2046-8754

Pavlo Vasyuchenko
Ukrainian Engineering Pedagogics Academy, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-4850-1288

Viktor Khomenko
Ukrainian Engineering Pedagogics Academy, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0001-5355-1250

We have developed a cluster model for the structure of an infor-
mational space as a combination of informational signals that carry 
information about emergency signs at a deviation of a technological 
process parameters at electric power facilities, based on the applica-
tion of an apparatus of the fractal-cluster theory. A dynamic fractal 
cluster model is derived to describe processes in the informational 
space of information control systems in software technical complex 
of the automated control system for a technological process at a 
power plant. We have established functional dependences of the dy-
namics of change in the electro-physical magnitudes of technological 
parameters, such as current and voltage, on the informational fractal 
dimensionalities. Based on the application of a dynamic fractal 
cluster model, we detected random informational signals that make 
it possible to identify false triggering and failures of technological 
equipment. To estimate the reliability criterion in the functioning 
of information control systems in software technical complex of the 
automated control system of a technological process at power plants, 
we derived analytical dependences that connect a gain in the amount 
of information, fractal time and the informational fractal dimension-
ality. By determining the amplitude, phase, and frequency of random 
informational signals in real time, we established conditions for the 
signs of emergency and pre-emergency. The obtained theoretical and 
practical results have been demonstrated to improve the reliability 
of operation of information control systems in a software technical 
complex for automated control systems.

Keywords: information processing, fractal cluster model, emer-
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Features of software for measuring instruments are considered. 
A comparative analysis of the general requirements in the documents 
and guidelines of the international and regional organizations of 
legislative metrology OIML and WELMEC concerning the testing 
of software for measuring instruments was carried out. The main 
factors that are monitored during quality testing of software for 
measuring instruments were identified by constructing Ishikawa 
cause-effect diagrams based on the requirements of the OIML docu-
ment and the WELMEC guide.

The possibility of joint use of the requirements of the OIML 
document and the WELMEC guide for testing the MI SW was 
analyzed. The general Ishikawa cause-effect diagram was developed, 
its main factors can be used for the development of special checklists 
for testing the MI SW taking into account different risk classes. 
The algorithms for testing the SW for MI in accordance with the 
requirements of documents of international and regional organiza-
tions of legislative metrology OIML and WELMEC were defined. A 
universal MI SW testing algorithm was proposed.

It was proposed to apply approaches based on the requirements 
of documents and guidelines of international and regional metrology 
organizations for the preparation of special universal checklists for 
testing the software of virtually all categories of measuring equip-
ment at the national level. This will confirm the authenticity and 
quality of the MI SW appraisals.
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The effectiveness of data processing in the reconfigurable com-
puter systems depends significantly on the unproductive time costs 
of the reconfiguration of the FPGA computational space. It is an 
important modern problem that hinders the intensive progress of 
reconfigurable computations. The aim of the research is to improve 
the efficiency of the process of tasks mapping into the reconfigurable 
computing structure of the dynamically RCs by reducing the com-
munication delays when the reconfiguring FPGA space in the Run 
Time mode.

Mathematical models for determining the main efficiency crite-
ria of the dynamically RCs and estimating the execution time of the 
main stages of adaptive tasks mapping that take into consideration 
the influence of delays of the configuration data transfer at all orga-
nization levels of the system are proposed. The concept of adaptive 
tasks mapping into the dynamically reconfigurable FPGA space 
based on the new approach to the transformation of algorithms’ 
MDG and the multilevel configuration data caching is proposed 
and formalized. That allows the realization of various strategies of 
adaptive tasks mapping based on the criteria of overhead time mini-
mization considering FPGA hardware limitations and parameters of 
the changing computing environment during the tasks mapping. The 
experiments showed that the use of adaptive tasks mapping allows 
to reduce the overhead time and increase the effectiveness of recon-
figurable computations for executing the algorithms with frequent 
repetition of similar tasks.

Keywords: reconfigurable computer systems, partial dynamic 
reconfiguration, reconfiguration overheads, tasks mapping.
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We have studied a traction drive based on the synchronous mo-
tor with excitation from permanent magnets for its electrical losses. 
A simulation model of the traction drive is synthesized, which em-
ploys the algorithm of a space-vector PWM. A special feature of the 
model is the application of parameters of actual IGBT-transistors 
and the possibility for obtaining instantaneous values of electric loss-
es in transistors and snubbers of the inverter under different modes 
of operation. We have devised a procedure for calculating electric 
losses in the traction engine based on the shape of phase currents, 
geometrical and electrical parameters of the engine. Simulation of 
the traction drive and calculation of losses in the traction engine is 
integrated, which makes it possible to account for the impact of the 
inverter and engine on each other.

We have simulated work of the reducer-free traction drive based 
on a synchronous motor with excitation from permanent magnets 
with a capacity of 80 kW. The dependences were constructed for 
losses in the traction inverter and engine on the clock frequency of a 
space-vector PWM and motion speed.

The proposed procedure makes it possible to quantify the mag-
nitude of electric losses in the traction drive elements depending on 
the types of transistors applied, clock frequency of the inverter, and 
parameters of the engine. This enables the optimization of the trac-
tion drive for the criterion of maximum performance efficiency, as 
well as thermal calculation of the elements of the drive. 
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Two-point communication model of the wireless environment 
with one-beam and multi-beam propagation of radio waves were 
developed. The specified models make it possible to create various 
particular two-point communication models of wireless environ-
ment, taking into account the assigned geometry of location of 
shadowing and scattering structures in the environment. The 
practical use of the proposed models is limited to arbitrary points 
of radiation and reception in the environment, taking into account 
location of directional aerials in them. To study known multipoint 
technologies under conditions of emergency situations, we devel-
oped the multipoint communication models with one-beam and 
multibeam propagation of radio waves from each radiation point 
to each reception point, predetermined by the presence of shadow-
ing and scattering structures in the environment. The developed 
multipoint models make it possible to create specific models at 
the physical level for various multi-aerial technologies, taking into 
consideration the use of aerial arrays of arbitrary configuration at 
the transmitting and receiving sides. Verification of the developed 
communication models of the wireless environment was performed. 
It was found that the use of directional aerials at the transmitting 
and receiving sides of the wireless environment in the presence of 
considerable shadowing and scattering structures makes it possible 
to significantly improve noise immunity. It is noted that with the 
use of the developed communication models, it is possible to carry 
out in-depth examination of the physical level with a view to devel-
oping a reliable and stable architecture of communications under 
conditions of emergency situations.

Keywords: wireless environment, communication model, emer-
gency situation, MANET, VANET, FANET.
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We considered the issue of “intuitive” analysis, processing, and 
synthesis of unknown pulse sequences in a detailed form. We studied 
both classical methods of analysis with all pluses and minuses and the 
developed prospective method created on their basis. The developed 
method is adaptive, it is based on the consistent use of various meth-
ods of spectral analysis, which increases reliability, sensitivity, and 
resolution capability of visual analysis of echo-pulse images. Thus, 
we solved the problem on processing pulse signals. The proposed 
method makes it possible to increase resolution capability in the 
processing of signals and images without using a priori information 
on the form of elementary pulses. It is resistant to the influence 
of measuring noise. We presented the results of numerical simula-
tion and actual verification on the example of a seismic image. The 
considered method has a significant development potential, both in 
theoretical and application aspects (first of all, in areas of ultrasonic 
medical diagnosis, seismic imaging, and non-destructive testing).

Keywords: pulse, model, signal, superposition, spectrum, echo-
pulse image, measurement noise.
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in microcontrollers and SoC System-on-a-Chip. The efficiency of 
the system in general was investigated experimentally by using an 
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which was the most simplified variant of the popular microcontroller 
board Arduino. We have implemented the structure of a recurrent 
network that is built based on vectors-indicators and recurrent 
decomposition; and examined the efficiency of algorithms for the 
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processor module was designed and manufactured, using which we 
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We proposed the introduction of an additional mode of dispersed 
reception and the combination of one-position and multiple recep-
tion of signals to the existing one-position observation radar. We im-
proved the algorithm for detection of an air object at its irradiation 
by several transmitters. We provided compensation of a delay time 
and Doppler frequency in each receiving channel to a separate vol-
ume of an observation radar upgrading the algorithm. The improved 
algorithm for detection of an air object at its irradiation by several 
transmitters is reduced to: coherent processing of received signals in 
each processing channel in each element corresponding to the rel-
evant separate volume and the relevant separate Doppler frequency; 
quadratic detection in each processing channel in each element cor-
responding to the relevant separate volume and the relevant separate 
Doppler frequency; weight summation of detector outputs for each 
processing channel in each element corresponding to the relevant 
separate volume and the relevant separate Doppler frequency.

We constructed a structural diagram of the detector of an air 
object at its illumination by several transmitters. Each receiving 
channel of a signal is a multichannel for distance and speed. The 
diagram provides reception, coherent processing of echo signals from 
third-party sources, compensation of delay and Doppler frequency 
differences relative to a separate volume of the observation radar and 
incoherent weight summation.

We carried out estimation of the efficiency of detection of an 
air object at its irradiation by several transmitters. We established 
that the transition from a single-channel detection of an air object 
to the detection of an air object at the incoherent combination of 
two channels results in a significant shift of detection characteris-
tics to the left.

We selected the number of receiving channels to be combined. 
We established that it is most effective to combine two, at most 
three, reception channels.

We constructed a structural diagram of channels that process 
echo signals of an observation radar by combining the methods of 
one-position and differential signal reception. For combining of 
one-position and dispersed location modes of observation radars, we 
provided complexing of corresponding digital reception devices and 
digital signal processing systems. The main principle underlying the 
combination of the mentioned receiving devices is the informational 
supplement without violating the standard modes of operation of 
observation radar.

Keywords: small-sized air object, detection, signal reception, 
one-position system, multiposition system, processing channel.
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povitrianykh obiektiv pry odnopozytsiynomu ta roznesenomu pry-

iomakh syhnaliv v ohliadovykh radiolokatsiynykh stantsiyakh. 

Zbirnyk naukovykh prats Kharkivskoho universytetu Povitrianykh 

Syl, 2 (43), 28–31.
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The methods for determining the locomotive wheel-rail angle 
of attack are considered. To reduce the power impact of the wheel 
flange with the rail head when the locomotive moves on curved sec-
tions of the track, it is advisable to change the locomotive wheel-rail 
angle of attack by turning the wheel pairs. Controlling the loco-
motive wheel pair position is possible by means of an operational 
measurement of the actual wheel-rail angle of attack. Measurement 
of the wheel-rail angle of attack is not performed because it is impos-
sible to determine the value directly.

It is proposed to measure the locomotive wheel-rail angle of at-
tack when the wheel pair moves in the rail track on the basis of the 
method of acoustic emission resulting from the wheel-rail contact 
interaction. An information measuring system has been developed 
for the determination and analysis of acoustic emission from the 
wheel-rail contact consisting of: a stand roller magnet, a speed sen-
sor, a directional microphone, an analog-digital card, a sound level 
meter. The obtained experimental data of acoustic emission from the 
contact of the roller stand wheel with the roller during motion are 
analyzed. The dependence of the acoustic emission of the locomo-
tive wheel-rail contact interaction on the values of the maximum 
deviation of the sound pressure level from the equivalent level in the 
frequency range 200...300 Hz is revealed.

The obtained analytical dependence of the maximum deviation 
of the sound pressure level from the equivalent at different values of 
wheel-rail angles of attack can be used to create an automatic control 
system of the wheel pair position in the rail track.

Keywords: angle of attack, acoustic emission, wheel pair, con-
trol, stand, spectral analysis, information measuring system.
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