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The object of research is the computer system of unmanned aerial 
vehicles (UAVs). Most modern UAVs are based on 2- or 4-core single-
chip processors, between which the OS automated scheduler tries to 
evenly distribute computational tasks. One of the most problematic 
places in the described process is that the first core can instantly be-
come extremely congested in the event of an urgent task from the UAV 
control system. Therefore, the subject of research is complex indicators 
of the state of the processor cores for various algorithms of task distribu-
tion proposed between the cores of a multicore single-chip processor.

In the course of the research, methods for simulating the dis-
patching of tasks processed by the UAV computer system based on 
a quad-core single-chip processor are used. The expediency of using 
the energy of the measuring signal from piezoelectric sensors for par-
tial compensation of the power consumption by the UAV computer 
system is investigated and justified. To evaluate the effectiveness 
of measures taken to improve the efficiency of the use of computer 
system components, the HWMonitor utility is used.

According to the research results from the developed certain op-
timal algorithm, which differs from the others by reserving the resour-
ces of the 1st core of a multi-core single-chip computing processor for 
calculations of primary importance. The use of such calculation algo-
rithm provides an increase in flight time by 3.1 minutes and increases 
the range of professional tasks by 1.3 min (for UAV DJI Phantom 4).

In comparison with similar known solutions, the proposed algo-
rithm improves the UAV stable behavior in critical applications (loss 
of ground control, the occurrence of obstacles, the impossibility of ob-
taining GPS coordinates in the areas of radio electronic warfare, etc.).

Keywords: computing systems of unmanned aerial vehicles (UAV), 
4-core processor, simulation modeling.
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The object of research is the multicriteria transport problem of 
linear programming. Simultaneous consideration of several criteria 
is a problematic problem, since the optimal solutions for different 
criteria do not coincide. The possible solution of the problem is in-
vestigated – finding a way to obtain a compromise solution. Based on 
the results of the analysis of known methods for solving multicriteria 
problems (Pareto-set formation, scalarization of the vector criterion, 
concessions method), the last is justified. To implement the method, 
an iterative procedure is suggested, in which the initial plan is opti-
mal according to the main criterion. At subsequent iterations, an as-
signment is made to the main criterion in order to improve the values 
of the additional criteria. The solution of the problem is continued 
until a compromise solution is obtained, ensuring the best value for 
the main criterion, provided that the values for the remaining criteria 
are no worse than those given. Important advantages of the proposed 
method: the simplicity of the computational procedure, the grounded 
technology of forming a new solution at each iteration, realizing the 
concept of assignment, quality control of the solution obtained at 
each step. The application of the proposed method opens the prospect 
of its generalization to the case when the initial data for the solution 
of the problem contain uncertainty.

Keywords: multicriteria transport problem, iterative solution, 
method of consecutive concessions for obtaining a compromise  
solution.
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The object of research is a critical IT infrastructure. One of the 
most problematic places in the study of critical IT infrastructures 
is the complete lack of approaches, methodology and tools for de-
signing, modeling and researching critical IT infrastructures that 
could be used in the form in which they are offered.

Based on the Markov decision-making process, a model is pro-
posed that will allow to evaluate the implementation options for 
components, critical IT infrastructure systems by various criteria. 
The peculiarity of this model is the use of an extended set of criteria, 
which makes it possible to evaluate the implementation options for 
components and systems of critical IT infrastructure from different 
points of view.

In the course of the research, MatLab software package is used, 
which allowed to check the proposed model for operability.

The resulting model is fairly compact and fully reflects the 
necessary logic for evaluating the implementation options for com-
ponents and critical IT infrastructure systems. It is shown that this 
is achieved due to the flexibility of the proposed mathematical ap-
paratus, namely the possibility of using different evaluation criteria.

In the future, the proposed model and assessment models for all 
major systems and critical IT infrastructure components will provide 
a convenient tool for a wide range of researchers whose work is re-
lated to all aspects of researching critical IT infrastructures.

As a result of modeling, among the 84 possible configurations of 
the data processing center, the best overall winning (configuration 4) 
is chosen.

Keywords: critical IT infrastructure, Markov decision-making 
process, model of configuration choice.
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The state (regional) transport system is analyzed on the example 
of Ukraine. The road network of railways and highways of Ukraine is 
considered, which consists of more than 30 thousand arcs and knots. 
The models of the network studied are constructed using ArcMap 
geoinformation technologies. This provides a description of the 
network elements with geographical accuracy. One of the most prob-
lematic areas of engineering and in particular transport networks is 
the determination of their maximum potential performance indica-
tors. Formalization of certain parameters determines the planning of 
technical indicators of flows in the network.

Based on the results of the simulation of polygons of maximum 
passenger route transport accessibility for various modes of trans-
port, it is determined that the characteristics of the model set of 

polygons are influenced by both the selected network model and the 
connection speed. It is proved that at the same speed of movement 
polygons constructed in different networks differ. This is due to the 
individual features of the networks,

It has been established that within 1.5 hours of driving, a railway 
track with a speed of 68 km/h does not reach any nodes (cities) in 
both networks, and an automotive polygon with the same speed 
contains one node (city). A polygon constructed on railway net-
works with a ride within the limits of 1.5 to 3 hours contains one 
transport node, and automobile under these conditions – two. When 
exa mining a landfill that meets the transport accessibility by rail 
networks within the range of 5 to 8 hours, there are eleven transport 
nodes, and the automotive network in these conditions is thirteen. 
Comparing rail and road transport networks, it can be argued that 
the road transport network has a larger service area than the railway.

The carried out researches can be used at the decision of ques-
tions of planning of time expenses and power resources in the course 
of transportation.

Keywords: transport system, road networks of railways and high-
ways, intercity transportation.
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The object of research are the processes of automated design 
of construction or reconstruction of complex building structures 
under the conditions of individual restrictions on each structure –  
technical heredity caused by internal and external environment sur-
rounding construction. One of the problematic areas of automated 
construction design is due to the fact that it constantly needs to 
restore the model of the structure. This model should reflect not 
only the primary technical design for the building (drawings, etc.), 
but also found when designing the changes and developments in the 
turbulent internal and external environment surrounding the future 
construction environment.

As a result of the analysis of the role of the terms of reference and 
its place in the process of automated design of building structures, 
it is established that the initial task must be constantly adapted to 
the external and internal environment of the building. On the other 
hand, it must also adapt to the conditions that the particular building 
has inherited from its predecessors or neighbors.

It is proposed to use models known as the complex genetic al-
gorithm in the form of branched chromosomes as symbolic models 
of building constructions, and the accumulation of «same-sex muta-
tions» in them to simulate ossification (prohibition of change) in any 
transformation of the corresponding genes.

The results of the work in the form of CAD «TEHED» are 
involved in the reorganization of the facade of an industrial facility 
in order to increase its ventilation, energy-saving and lighting char-
acteristics. The tests show that the use of CAD «TEHED» allows to 
reduce the terms of automated design of reconstruction by 23.4 %, as 
a result, the cost of reconstruction was 18.9 % lower than planned.

Keywords: construction design, model update, turbulent environ-
ment, symbolic image, technical heredity.
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The object of research is the system of development of individual 
and organizational competence in the project of creating a virtual 
logistics center of a construction company. One of the most prob-
lematic places is the lack of systematic approach in construction or-
ganizations for development of personnel, the improvement of orga-

nizational competencies and the formation of technological maturity 
in the field of project management. To address these shortcomings, 
the project considers the filling of 28 competencies according to the 
model of the International Project Management Association. Based 
on the models of the International Project Management Association 
and Harold Kerzner, a combined model for development of organi-
zational and individual competencies is proposed. In the model, the 
levels of technological maturity in the field of project management 
are aligned with the main elements of competencies inherent in 
the levels, as well as the main values. The tasks that the system for 
managing the development of the competence of the project team for 
creating a virtual logistics center for a construction company should 
be formulated. In the course of the study, the method of analyzing 
international standards and the synthesis method for constructing  
a combined model was used.

An effective mechanism for the associated development of indi-
vidual and organizational competencies in the construction organiza-
tion is obtained. This is due to the fact that the proposed combined 
model has a number of features, in particular, system, the intercon-
nectedness of individual and organizational elements of competence, 
the existence of a value dimension. Thanks to this, it is possible to 
increase the efficiency of organizational activities of construction 
organizations as a result of using the model by 10–15 %. In com-
parison with similar known models, this provides such advantages 
as: the interconnected development of individual and organizational 
competencies, the value measurement of competence and the pos-
sibility of constructing an integral value-competence strategy for the 
development of a construction organization.

Keywords: project management, construction logistics, project 
competence, organizational and individual competencies.
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The object of research is a project (for example, a surgical 
operation), which, while preserving all the basic properties of the 
project (uniqueness, limited time, economic and material resources, 
carried out by the Project Team for a given purpose in cooperation 
with the turbulent environment), has a number of specific features. 
These features include fast flow and high responsibility for the result, 
which make it possible to distinguish project management in a special 
class of project activity.

A problematic place in the research object is the forced need for 
redistribution of the roles of the project participants. The project 
team should be small, mobile and multifunctional. The owner of the 
project product, who is also a patient, is simultaneously an interested 
person in the successful completion of the project and the most «de-
tached» from making any decisions in choosing the structure and 
content of the project technologies.

A system for the proactive management of the structure and 
content of operations based on SCRUM-technologies is proposed. 
The peculiarity of the system is that it allows to estimate the pro-
bability of occurrence of internal and external significant risk events 
and to change the originally planned sequence of Sprints in SCRUM-
technology under the influence of this assessment.

When managing the draft selection of treatment strategy and 
tactics within the SCRUM-technology of special treatment in 
patients with disseminated common abdominal tumors, the high 
positive statistical clinical effect of such tests has been officially con-
firmed. This is due to the fact that the proposed method of project 
management allows to anticipate and prevent the risks of the opera-
tion, both during its conduct and for the subsequent control (1 year) 
period of patients’ life.

Thanks to this, the resectability of the primary tumor increased 
to 65 % in comparison with the control group, the quality of life im-
proved by 43 % and the number of patients whose life expectancy ex-
ceeded 1 year after diagnosis and treatment started increased by 23 %.

Keywords: SCRUM-technologies, project participants, Sprint 
planning, fast-flowing medical projects, critical risks.
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The object of the research is the technical state of the construc-
tion objects. The most problematic part of the task is the fact that 
with the use of existing traditional control systems based on known 
methods for calculating dispersion, correlation, spectral, static and 
dynamic characteristics, it becomes possible to detect only pro-
nounced changes in the technical state of the controlled object. And 
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this, in turn, prevents the timely conduct of an operational set of 
measures to prevent premature wear, damage and the appearance of 
defects. In the course of the research, technologies are developed for 
robust noise analysis of noisy signals received at the output of sensors 
installed in certain nodes of a construction object, as well as spectral 
analysis of noise. Due to the use of mentioned technologies, it be-
comes possible to eliminate the influence of noise on the adequacy 
of the results of monitoring and to conduct continuous control of 
the technical state of the construction objects in order to detect the 
latent stage of the origin of the changes, which is currently impossible 
with the application of existing algorithms and technologies. On the 
basis of stated technologies, the basic principles for the development 
of a system for the continuous control of the latent period of the 
origin of changes in the technical state of construction objects are 
proposed. Identification of the latent period of the origin of changes 
allows reducing material and time costs due to timely carrying out 
preventive maintenance work.

Keywords: noisy signal, correlation function, spectral characteris-
tics, construction object, technical state, control system.

references

1. Musaeva, N., Aliyev, E., Sattarova, U., Rzayeva, N. (2012). Correla-
tion matrices in problems of identification of seismic stability and 
technical condition of high-rise buildings and building structures. 
2012 IV International Conference «Problems of Cybernetics and In-
formatics» (PCI). IEEE, 157–173. doi:10.1109/icpci.2012.6486357

2. Kollakot, R. (1989). Diagnostika povrezhdenii. Moscow: Mir, 516.
3. Gaskin, V. V., Ivanov, I. A. (2005). Seismostoikost’ zdanii i transport-

nyh sooruzhenii. Irkutsk: IrGUPS, 76.
4. Sushchev, S. P. (2005). Monitoring ustoichivosti i ostatochnogo 

resursa vysotnyh zdanii i sooruzhenii s primeneniem mobil’nogo diag-
nosticheskogo kompleksa «Strela». Unikal’nye i spetsial’nye tehnologii 
v stroitel’stve (UST-Build 2005). Moscow: TsNTSMO, 68–71.

5. Lei, Y., Jiang, Y., Xu, Z. (2012). Structural damage detection with 
limited input and output measurement signals. Mechanical Systems 
and Signal Processing, 28, 229–243. doi:10.1016/j.ymssp.2011.07.026

6. Moon, B., Lee, C.-T., Kang, B.-S., Kim, B. S. (2005). Statistical ran-
dom response analysis and reliability design of structure system 
with non-linearity. Mechanical Systems and Signal Processing, 19 (5), 
1135–1151. doi:10.1016/j.ymssp.2004.05.003

7. Aliev, T. (2007). Digital Noise Monitoring of Defect Origin. Boston, 
MA: Springer US, 224. doi:10.1007/978-0-387-71754-8

8. Aliev, T. (2003). Robust Technology with Analysis of Interference 
in Signal Processing. Boston, MA: Springer US, 200. doi:10.1007/ 
978-1-4615-0093-3

9. Aliev, T. A., Abbasov, A. M., Guluyev, Q. A., Pashaev, F. H., Sattaro-
va, U. E. (2013). System of robust noise monitoring of anomalous 
seismic processes. Soil Dynamics and Earthquake Engineering, 53, 
11–25. doi:10.1016/j.soildyn.2012.12.013

10. Aliev, T. A., Alizada, T. A., Rzayeva, N. E. (2017). Noise technologies 
and systems for monitoring the beginning of the latent period of ac-
cidents on fixed platforms. Mechanical Systems and Signal Processing, 
87, 111–123. doi:10.1016/j.ymssp.2016.10.014

DOI: 10.15587/2312-8372.2017.118336

applICatIon of sUper-stICKIng algeBraIC operatIon 
of VarIaBles for Boolean fUnCtIons mInImIZatIon 
By ComBInatorIal method

page 60–76

Riznyk Volodymyr, Doctor of Technical Sciences, Professor, De-
partment of Control Aided Systems, Lviv Polytechnic National 
University, Ukraine, е-mail rvv@polynet.lviv.ua, ORCID: http://
orcid.org/0000-0002-3880-4595

Solomko Mykhailo, PhD, Associate Professor, Department of Com-
puter Engineering, National University of Water and Environmental 
Engineering, Rivne, Ukraine, e-mail: doctrinas@ukr.net, ORCID: 
http://orcid.org/0000-0003-0168-5657

The simplification of the problem of Boolean function minimiza-
tion by a combinatorial method is a new procedure for the algebra 
of logic – super-sticking of variables. This procedure is performed if 

there is a complete binary combinatorial system with repetition or an 
incomplete binary combinatorial system with repetition in the truth 
table structure.

The procedure for reducing the total perfect disjunctive normal 
form (PDNF) of the logical function gives unity. And since the com-
plete PDNF uniquely determines the complete binary combinatorial 
system with repetition and vice versa, this gives grounds to delete 
all the blocks of the complete binary combinatorial system from the 
truth table, whose structure allows to carry out the rules of super-
sticking of variables.

The efficiency of the algebraic operation of supers-sticking of 
variables greatly simplifies the algorithm for Boolean function mini-
mization and allows manual minimization of functions with a number 
of variables up to 10.

The complexity of the algorithm for finding the minimal function 
by a combinatorial method is O(n) and is linear for n < 7. With an in-
crease in the number of variables from n = 6 to 8, the growth dynamics 
of the number of transformations is characterized by the law O(n2), 
followed by the growth of O(f(n)) with the increase in the Boolean 
function capacity according to the polynomial law.

The introduction of an algebraic operation of super-sticking of 
variables to the problem of Boolean function minimization is more 
advantageous in comparison with analogs in the following factors:

– lower cost of development and implementation, since a signifi-
cant proportion of functions are minimized by functions with a num-
ber of variables of no more than 16, and therefore, in general, the need 
for automation of the process of minimizing the function decreases;

– increase in manual minimization of 4–10 bit functions, fa-
cilitates control and study of the algorithm for minimizing the logic 
function.

The combinatorial method of Boolean functions minimization 
can find practical application in the design of electronic computer 
systems, because:

– minimization of the DNF function is one of the multiextremal 
logic-combinatorial problems, the solution of which is, in particular, 
the combinatorial device of the block-design with repetition;

– extends the capabilities of the algorithm for Boolean functions 
minimization for their application in information technology;

– improves the algebraic method of Boolean function minimiza-
tion due to the tabular organization of the method, the introduction 
of the shaped transformation apparatus and the rules of super-
sticking of variables.

Keywords: Boolean function, minimization method, minimization 
of a logical function, block-design with repetition, minterm, super-
sticking of variables.
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