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We discuss an integrated approach to complex projects manage-
ment, creating distributed information systems, which is based on
the analysis of the relationship of project management processes,
product creation, management of interested parties and external
environment. We analyzed the features of project implementation on
the development of distributed information systems that are subject
to the significant number of complex effects from the turbulent ex-
ternal environment and project response to these effects. To solve the
resulting problems, a proactive approach was proposed.

The work has identified and formalized basic structural elements
of models of complex projects of creation of distributed information
systems. A conceptual model was built, which facilitated research
of the effect of the turbulent environment of the project on all ele-
ments of the model. The key branches of knowledge of this effect
are identified. We developed the structural model of components in
distributed information systems using cloud technologies and design
approach, which takes into account the response to dynamic changes
and turbulence of the external environment.

The mathematical model of the process of creating a complex I'T
product is constructed, taking into account the influence of the tur-
bulent external environment of the project, the main characteristics
and parameters are determined. We performed the modeling of objec-
tive functions of the mathematical model of the process of creating a
complex IT product.

The algorithm of change management based on the proactive ap-
proach in the projects of creating distributed information systems is
proposed, taking into account monitoring of the project implementa-
tion environment and identification of three types of possible events.

The studies confirmed the effectiveness of using a proactive ap-
proach in projects of creation of distributed information systems, which
will allow using the proposed model for managing complex IT projects.
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The approach to improvement of performance of distributed
information systems based on sharing technologies of the Hadoop
cluster and component of SQL Server PolyBase was considered. It
was shown that the relevance of the problem, solved in the research,
relates to the need for processing Big Data with different way of
representation, in accordance with solving diverse problems of busi-
ness projects. An analysis of methods and technologies of creation of
hybrid data warehouses based on different data of SQL and NoSQL
types was performed. It was shown that at present, the most common
is the technology of Big Data processing with the use of Hadoop
distributed computation environment. The existing technologies of
organization and access to the data in the Hadoop cluster with SQL-
like DBMS by using connectors were analyzed. The comparative
quantitative estimates of using Hive and Sqoop connectors during
exporting data to the Hadoop warehouse were presented. An analy-
sis of special features of Big Data processing in the architecture of
Hadoop-based distributed cluster computations was carried out.
The features of Polybase technology as a component of SQL Server
for organizing a bridge between SQL Server and Hadoop data of the

SQL and NoSQL types were presented and described. The composi-
tion of the model computer plant based on the virtual machine for
implementation of joint setting of PolyBase and Hadoop for solving
test tasks was described. A methodological toolset for the installa-
tion and configuration of Hadoop and PolyBase SQL Server soft-
ware was developed with consideration of constraints on computing
capacities. Queries for using PolyBase and data warehouse Hadoop
when processing Big Data were considered. To assess the perfor-
mance of the system, absolute and relative metrics were proposed.
For large volume of test data, the results of the experiments were
presented and analyzed, which illustrated an increase in productiv-
ity of the distributed information system — query execution time and
magnitude of memory capacity of temporary tables, created in this
case. A comparative analysis of the studied technology with existing
connectors with Hadoop cluster, which showed the advantage of
PolyBase over connectors of Sqoop and Hive was performed. The
results of the research could be used in the course of scientific and
training experiments of organization when implementing the most
modern IT-technologies.

Keywords: Hadoop, MapReduce, HDFS, PolyBase SQL Server,
T-SQL, distributed computing, scaling, PolyBase scalable group,
external objects, Hortonworks Data Platform.
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We analyzed evaporators at absorption-refrigeration plants in
a secondary condensation unit of ammonia production as control
objects. Coordinates of the vectors of state, control and external
perturbations were determined. The necessity of solving the prob-
lem on minimizing the cooling temperature of a circulating gas at

evaporators in order to improve the energy efficiency of production
was substantiated. Based on the analysis of industrial hardware-
technological implementation of units for primary and secondary
condensation, we elucidated features of operating conditions of
evaporators, which predetermine the parametric uncertainty in the
functioning of control objects. The main one among these uncertain-
ties is associated with the control action related to the consumption
of reflux. By using the method of mathematical modeling, based on
the developed algorithm, we defined patterns of control action re-
lated to the consumption of reflux on the efficiency of heat exchange
processes at evaporators in the absorption refrigeration units. We
have established the extreme character of dependence of the heat
flow (cooling capacity) and the temperature of cooling a circulating
gas on the consumption of reflux. Maximum cooling capacity, and
therefore the minimum temperature of cooling a circulating gas at
a certain temperature head, are predetermined by the achievement
of a critical regime of the bubbling boiling of a refrigerant. A further
increase in the temperature head with an increase in the consump-
tion of reflux contributes to the establishment of the transitional
regime and reduces effectiveness of the heat exchange surface. We
determined indicators of energy efficiency for ammonia production,
namely, natural gas consumption under conditions of change in the
control action related to the consumption of reflux and values of
coordinates for the perturbation vector. The developed algorithmic
tools make it possible to carry out the task on minimizing the cooling
temperature of a circulating gas using a gradient-free technique of
the step type applying the methods for a one-dimensional search for
an extremum. It is shown that minimizing the cooling temperature
of a circulating gas could reduce annual natural gas consumption by
500 thousand nm? on average.

Keywords: ammonia production, absorption-refrigeration unit,
evaporator, consumption of reflux, temperature optimization algo-
rithm.
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The influence of discrete properties of the microprocessor control
systems based on Arduino Due on the accuracy of the physical model
of the dock pumping station by modeling in MATLAB was assessed. In
this case, such factors were taken into account as the PWC switching
period, the quantization pitch by level and by time of ADC and DAC
of the microprocessor, the time of the program cycle execution, noise of
the least significant discharges of ADC, noise and inertia of the current
sensor, as well as deviation of parameters of capacitive filters, included
in the feedback channels by voltage, from the nominal values, load the
converter and voltage drop at the terminals of the battery.

The results of calculations revealed that this influence can be
neglected and the data, collected using a physical model of the dock
pumping station, are reliable. Through physical simulation, the experi-
mental correlation between energy-time costs of emptying the chamber
of a dry dock was obtained, which proves the possibility of significant
energy saving when the process is optimized by the appropriate crite-
rion. It became possible thanks to multiple numerical solution of the
edge problem directly on a physical model. The obtained characteristic
suggests that at a short time of the process of chamber emptying, en-
ergy saving, which is achieved through optimal control of an electric
drive of the pump, is relatively small compared with the option of an
unregulated electric drive. However, at dragging out the process, it can
reach the values at the level of 13 %. It is also noteworthy that begin-

ning from some value of time of dry dock chamber emptying, the energy
practically does not change, which makes it rational to introduce an
idle pause in the law of optimal control of the object.

Thus, the possibility and feasibility of optimizing the process of
dry (bulk — liquid) dock chamber emptying by the energy consump-
tion criterion was proved experimentally.

Keywords: Arduino Due, U4814, liquid, dry dock, pump, elec-
tric drive, optimal control.
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Increasing the efficiency of continuous technological processes,
in practice, involves certain difficulties. The presence of these dif-
ficulties is due to the fact that the technological product quality
is functionally related to energy consumption. In turn, the lack of
necessary degrees of freedom, within the framework of the system
under investigation, limits the optimization capabilities of control
processes.

To increase the degrees of freedom of control, the technological
mechanism was divided into technological sections. The sections allow
collecting independent modules, each of which has its own subsystem
of stabilization of the technological product qualitative parameter.

This approach allowed us to set different trajectories of changes
in the technological product qualitative parameters within one pro-
duction stage.

As a result of the research, it was found that the change in the
technological mechanism structure (the modules number) and the
trajectory of the change in the technological product qualitative
parameter made it possible to change the total energy consumption
and wear of the working mechanisms of equipment.

The proposed approach made possible to obtain two degrees of
freedom of control: the possibility of changing the sectional struc-
ture into self-stabilizing modular systems and changing the trajec-
tory of the technological product qualitative parameter within the
production stage.

The obtaining of degrees of freedom of control, in turn, allowed to
change the resource efficiency of the continuous technological process
and to develop the method of structural-parametric optimization. As
an optimization criterion, an evaluation indicator was used, which was
verified for the possibility to use it as an efficiency criterion.

As aresult, the optimization control capabilities are significantly
increased.

The principles of the approach are considered in the work with
the example of one-, two- and three-step process of continuous
liquid heating.

Keywords: structural-parametric optimization, continuous pro-
cess efficiency, continuous technological process.

References

1. Ziegler, J. G., Nichols, N. B. (1942). Optimum settings for automatic
controllers. Trans. ASME, 64, 759-768.

2. Lee, T. H.,, Adams, G. E., Gaines, W. M. (1968). Computer process
control: modeling and optimization. Wiley, 386.

3. Anderson, B. D., Bitmead, R. R., Johnson, C. R. et. al. (1986). Stability
of adaptive systems: passivity and averaging analysis. MIT Press, 300.

4. Krasovskiy, A. A. (Ed.) (1987). Spravochnik po teorii avtomatichesk-
ogo upravleniya. Moscow: Nauka, 712.

5. Lutsenko, I. (2016). Principles of cybernetic systems interaction,
their definition and classification. Eastern-European Jour-
nal of Enterprise Technologies, 5 (2 (83)), 37-44. doi: https://
doi.org/10.15587,/1729-4061.2016.79356

6. Lutsenko, L., Fomovskaya, E., Koval, S., Serdiuk, O. (2017). Devel-
opment of the method of quasi-optimal robust control for periodic
operational processes. Eastern-European Journal of Enterprise Tech-
nologies, 4 (2 (88)), 52-60. doi: https://doi.org/10.15587/1729-
4061.2017.107542

7. Lutsenko, 1. (2015). Optimal control of systems engineering. develop-
ment of a general structure of the technological conversion subsys-
tem (Part 2). Eastern-European Journal of Enterprise Technologies,
1(2(73)),43-50. doi: https://doi.org/10.15587/1729-4061.2015.36246

8. Benett, S. (1986). A History of Control Engineering 1800—1930.
Institution of Engineering and Technology, 214.

9. Barskiy, L. A., Kozin, V. Z. (1978). Sistemnyy analiz v obogashchenii
poleznyh iskopaemyh. Moscow: Nedra, 486.

10. Kagramanyan, S. L., Davidkovich, A. S., Malyshev, V. A. et. al.
(1989). Modelirovanie i upravlenie gornorudnymi predpriyatiyami.
Moscow: Nedra, 360.

11. Goncharov, Yu. G., Davidkovich, A. S. (1968). Avtomaticheskiy
kontrol’ i regulirovanie na zhelezorudnyh obogatitel'nyh fabrikah.
Moscow: Nedra, 227.

12. Leonzio, G. (2017). Optimization through Response Surface Meth-
odology of a Reactor Producing Methanol by the Hydrogenation of
Carbon Dioxide. Processes, 5 (4), 62. doi: https://doi.org/10.3390/
pr5040062

13. Sahlodin, A., Barton, P. (2017). Efficient Control Discretization
Based on Turnpike Theory for Dynamic Optimization. Processes,
5 (4), 85. doi: https://doi.org/10.3390,/pr5040085

14. Kupin, A. (2014). Application of neurocontrol principles and clas-
sification optimisation in conditions of sophisticated technological
processes of beneficiation complexes. Metallurgical and Mining
Industry, 6, 16—24.

15. Liu, J., Liu, C. (2015). Optimization of Mold Inverse Oscillation
Control Parameters in Continuous Casting Process. Materials and
Manufacturing Processes, 30 (4), 563-568. doi: https://doi.org/
10.1080,/10426914.2015.1004696

16. Wedyan, A., Whalley, J., Narayanan, A. (2017). Hydrological Cycle
Algorithm for Continuous Optimization Problems. Journal of Opti-
mization, 2017, 1-25. doi: https://doi.org/10.1155/2017 /3828420


https://doi.org/10.15587/1729-4061.2016.79356
https://doi.org/10.15587/1729-4061.2016.79356
https://doi.org/10.15587/1729-4061.2017.107542
https://doi.org/10.15587/1729-4061.2017.107542
https://doi.org/10.15587/1729-4061.2015.36246
https://doi.org/10.3390/
https://doi.org/10.3390/pr5040085
https://doi.org/
https://doi.org/10.1155/2017/3828420
http://orcid.org/0000-0002-1959-4684
http://orcid.org/0000-0002-5178-1332
http://orcid.org/0000-0002-4570-711X
http://orcid.org/0000-0003-0505-0800
http://orcid.org/0000-0001-9560-9959

17. Saberi Nik, H., Effati, S., Motsa, S. S., Shirazian, M. (2013). Spectral

homotopy analysis method and its convergence for solving a class of

nonlinear optimal control problems. Numerical Algorithms, 65 (1),
171-194. doi: https://doi.org/10.1007 /s11075-013-9700-4

18. Fazeli Hassan Abadi, M., Rezaei, H. (2015). A Hybrid Model Of
Particle Swarm Optimization And Continuous Ant Colony Op-
timization For Multimodal Functions Optimization. Journal of
Mathematics and Computer Science, 15 (02), 108—119. doi: https://
doi.org/10.22436/jmcs.015.02.02

19. Berestin, N. K. (2016). Dynamic optimization of grain drying pro-
cesses using a continuous management system. Polythematic Online
Scientific Journal of Kuban State Agrarian University, 124 (10),
1-19. doi: https://doi.org/10.21515/1990-4665-124-066

20. Jacobs, J. H., Etman, L. E. P, van Campen, E. J. J., Rooda, J. E. (2003).
Characterization of operational time variability using effective pro-
cess times. [EEE Transactions on Semiconductor Manufacturing,
16 (3), 511-520. doi: https://doi.org/10.1109/tsm.2003.815215

21. Haddad, W. M., Nersesov, S. G. (2017). Stability and Control of
Large-Scale Dynamical Systems: A Vector Dissipative Systems Ap-
proach. Princeton Scholarship, 353. doi: https://doi.org/10.23943/
princeton/9780691153469.001.0001

22. Shi, H,, Chu, Y., You, E (2015). Novel Optimization Model and
Efficient Solution Method for Integrating Dynamic Optimization
with Process Operations of Continuous Manufacturing Processes.
Industrial & Engineering Chemistry Research, 54 (7), 2167-2187.
doi: https://doi.org/10.1021/ie503857r

23. Mihaylov, V. V. (1973). Nadezhnost’ elektrosnabzheniya promyshlen-
nyh predpriyatiy. Moscow: Energiya, 168.

24. Lutsenko, I. (2016). Definition of efficiency indicator and study of
its main function as an optimization criterion. Eastern-European
Journal of Enterprise Technologies, 6 (2 (84)), 24—32. doi: https://
doi.org/10.15587,/1729-4061.2016.85453

25. Lutsenko, 1., Fomovskaya, E., Oksanych, I., Koval, S., Serdiuk, O.
(2017). Development of a verification method of estimated indica-
tors for their use as an optimization criterion. Eastern-European
Journal of Enterprise Technologies, 2 (4 (86)), 17-23. doi: https://
doi.org/10.15587,/1729-4061.2017.95914

26. Lutsenko, 1., Fomovskaya, O., Vihrova, E., Serdiuk, O., Fomovsky,
F (2018). Development of test operations with different duration
in order to improve verification quality of effectiveness formula.
Eastern-European Journal of Enterprise Technologies, 1 (4 (91)),
42-49. doi: https://doi.org/10.15587/1729-4061.2018.121810

27. Lutsenko, I, Oksanych, I, Shevchenko, I., Karabut, N. (2018).
Development of the method for modeling operational processes
for tasks related to decision making. Eastern-European Journal of
Enterprise Technologies, 2 (4 (92)), 26-32. doi: https://doi.org/
10.15587/1729-4061.2018.126446

DOI: 10.15587,/1729-4061.2018.139892
SYNTHESIS AND TECHNICAL REALIZATION OF
CONTROL SYSTEMS WITH DISCRETE FRACTIONAL
INTEGRAL-DIFFERENTIATING CONTROLLERS
(p.- 63-71)

Victor Busher

Odessa National Polytechnic University, Odessa, Ukraine
ORCID: http://orcid.org/0000-0002-3268-7519

Ali Aldairi
Odessa National Polytechnic University, Odessa, Ukraine
ORCID: http://orcid.org/0000-0001-9078-1442

Control systems with a fractional order which provide better dy-
namic and static indicators for many technical objects in comparison
with systems with integer order of astaticism were studied. Based
on the analysis of frequency characteristics, transient processes and
a modified criterion for quality assessment, optimal relationships
between parameters of the desired transfer function were obtained.
Normalized transition functions of closed systems with the order of
astaticism from 1 to 2 were presented with overregulation less than
2..5 % on the basis of which parameters can be chosen and the con-
troller structure determined.

The process of stabilizing cutting power was analyzed for
a milling machine as an example of the systems with nonlinear
parametric and structural dependences in control and perturba-
tion channels. It was shown that fractional integral-differentiating
controllers make it possible to provide the order of astaticism from
1.3 to 1.7 and permissible level of overregulation in a wide range of
external perturbing influences.

A method for approximate calculation of fractional integrals
based on the approximation of the highest coefficients of expansion
in a series of geometric progressions was developed. It provides
reduction of the memory capacity required to store the coefficient
arrays and the history of the input signal and requires significantly
less CPU time to calculate the controller signal. For example, for
controllers based on the Intel® Quark ™ SoC X1000 or FPGA
Altera Cyclone V, the quantization period is 6..15 ps and several
milliseconds for Atmega328. This makes it possible to implement
fractional integral-differentiating controllers based on widely used
modern processors and apply fractional-integral calculus methods
for synthesis of high-speed automatic control systems. The proposed
methods can be used in the control of the objects both with fractional
and integer orders of differential equations.

Keywords: astatic system, fractional integration, fractional dif-
ferentiation, algorithm of fast fractional integral calculation.
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We have proposed a concept of the modular cyberphysical
system for the early diagnosis of industrial and household power
equipment based on the application of approaches and standards
of Industry 4.0, in particular the concept of the Internet of Things.
The main task of the concept and approaches proposed in this paper
is the indirect diagnosis and identification of any power equipment
whose basic element is the asynchronous motor, in particular the
identification of failures and excessive power consumption. In order
to resolve the set tasks, it is proposed to use a modular structure of
Smart Box diagnosed devices. Specifically, we demonstrate a model
of the modular cyberphysical system using a Smart Box device for
the early diagnosis of electric equipment, as well as its information
flows. This makes it possible to divide all the technological objects
at an enterprise into separate structural units, which could form a
part of the information cluster. That reduces the reaction time in a
cluster system by 30-35 % compared to a standard one. In addition,
the use of a given type of the system makes it possible to reduce
the quantity of specialized equipment to the application of similar
power equipment.

It is proposed to use as a computational core of a Smart Box
device the structure a neuro-fuzzy network, which consists of 5 lay-
ers. A special feature of this system is the capability to change the
number of terms for input variables in order to improve the quality
of identification of induction motors. We have chosen, as informative
attributes, the characteristic frequencies, which identify an electric
motor in the power grid. Specifically, for the systems with small
generating capacity, in order to increase the diagnosed induction
motors within a cluster, it is advisable to reduce the input set, for
example, to 3-4 CF.

The results of our study, in the form of a model of the modular
cyberphysical system could be used to build hardware and software
modules for the diagnosis of technological and household electrical
equipment. In turn, these modules could be combined into an overall
global network of ToT.

Keywords: Smart Box, Industry 4.0, early diagnosis, cyberphysi-
cal system, induction motor.
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