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The article describes research on the growth of functions that 
are harmonic in the whole space ℝn, n≥3, and thus they are called 
entire harmonic.

A relation has been established between the maximum terms 
of entire functions of finite order in the plane, which are given 
by power series whose coefficients are somewhat connected. Also, 
the maximum modulus of a harmonic function in the space ℝn is 
evaluated through the maximum modulus of some entire function 
in the plane, the coefficients which are expressed in terms of the 
coefficients of the expansion of the harmonic function in a series 
by Laplace spherical functions. These results made it possible to 
obtain an analog of the classical Borel theorem for entire harmonic 
functions of finite order in ℝn.

Besides, the study has revealed the most general characteristics 
of the growth of entire harmonic functions in ℝn in terms of the 
uniform norm of Laplace spherical functions in the expansion of har-
monic functions in series. Slow growth of the harmonic functions in 
the space has also been studied. The obtained results are analogous 
to the classical results that are known for entire functions of one 
complex variable.

The research findings are important because harmonic func-
tions occupy a special place not only in many mathematical studies 
but also in the application of mathematical analysis to physics and 
mechanics, where these functions often describe various stationary 
processes.

Keywords: entire harmonic function, Laplace spherical func-
tion, generalized order, lower generalized order.
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We have developed a technique for the reconstruction and 
validation of models of gene networks based on the gene expres-

The purposeful territorial system (country, region), contain-
ing production, consumption, management, and environmental 
spheres is considered. In the process of system functioning, prob-
lem situations arise. The method for modeling the functioning of a 
territorial system by a complex of interacting linear programming 
problems, reflecting the inextricable link between the mechanism 
of centralized planning of production and consumption of goods, 
resources and the mechanism of market pricing is developed. The 
dependence of system characteristics of the cyclical dynamics on 
spectral properties of the generalized technological matrices of 
circulation of goods and resources is proved. The obtained results 
are relevant for modern Ukraine, other transitional national 
economies, characterized by an increased occurrence of problem 
situations. In this case, the territorial system can come very close 
to the bifurcation point, in which an alternative to further devel-
opment arises. The choice of any alternative immerses the territo-
rial system in the transition period.

To identify problem situations, it is proposed to form the 
generalized technological matrixes of circulation of goods and re-
sources on the basis of reporting data, to determine their majorizing 
roots that characterize the structural stability of the system. It is 
shown that the right and left eigenvectors found, corresponding 
to the majorizing matrix roots, determine the effective structures 
of supply of goods, resources and market prices for them. The sys-
tem of informative features that determine the deviations of the 
actual characteristics of the territorial system from efficient ones 
is constructed. The proposed system of features makes it possible 
to detect national economic disparities that give rise to problem 
situations.

Classes of problem situations are distinguished. The class con-
tains problem situations for which the overall technology for their 
resolution is effective. This allowed assigning a standard case to each 
class that sets the reference problem situation and the way to resolve 
it (using an adequate pricing technology, adjusting the structure 
of the minimum needs of the population, the structure of available 
resources, forming the main properties of the system).

The obtained results can serve as a platform for creating the 
information technology of detection and identification of problem 
situations, which implements the case-based reasoning technology.

Keywords: transitional territorial system, modeling of cyclical 
dynamics, technology of identification of problem situations.
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for early diagnosis and adjustment of the development of different 
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Adaptive combined models of hybrid and selective types for 
prediction of time series on the basis of a program set of adaptive 
polynomial models of various orders were offered. Selection in these 
models is carried out according to B-, R-, P-criteria with automatic 
formation of the basic set of models based on the adaptive D-crite-
rion. It was found that these models had the maximum accuracy in 
the case of short-term and medium-term prediction of time series.

Adaptive combined selective prediction models based on the 
R- and B-criteria of selection with identification of similarities in 
the retrospection of time series by the nearest neighbor method was 
proposed. An adaptive combined hybrid model of prediction with 
identification of similarities in the retrospection of time series was 
constructed. It was found that these models had the highest accuracy 
in the case of medium-term prediction of time series.

Estimation of the prediction efficiency of various combined mod-
els depending on the level of persistency of time series was made. It 
has been found that in the case of short-term prediction for the pre-
diction period τ≤2, the adaptive combined hybrid prediction model 
is the most accurate. Selective models with various selection criteria 
are effective in predicting persistent time series with the Hurst index 
H>0.75 for the prediction period τ>2. In the case of prediction of 

time series with the Hurst index ,0.75m

m

R
H E

S

  
∈     

 for the pre- 

diction period τ>2, the adaptive combined hybrid and selective mod-
els with identification of similarities in the retrospection of the time 
series are more precise.

Keywords: prediction of time series, search for similarities, 
adaptive combined model, Hurst index.
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Selection of an indicator for assessment of effectiveness of opera-
tions is a very essential step, because this choice predetermines the 
mode of operation for all functional systems at an enterprise. 

An axiom is the thesis that all technological processes without 
exception must be optimized using a coordinated optimization 
criterion. This is possible only in case if the effectiveness formula is 
used as a unified criterion. Only in this case, maximizing of financial 
capabilities of an enterprise is provided.

In order to identify the original effectiveness formula among a 
set of estimation indicators, which cannot be distinguished based on 
formal features, it is necessary to use a scientifically substantiated 
verification method. 

A limited class of models of operations with distributed param-
eters of different duration is determined. Creation of such a class is 
the most difficult problem, since comparison of operations of differ-
ent duration requires taking into account the time factor, and the 
distributed nature of resource consumption and resource transfer in 
time significantly complicates the problem. 

To solve this problem, at the first stage, the rules of composi-
tion of an operation with distributed parameters using simple global 
models of operations with different duration were determined. At 
the second stage, for each simple model of an operation, there was 
formed a correspondent simple model of an operation with a longer 
duration, effectiveness of which was higher than that of the original 
operation by definition.

At the final stage, we formed a limited class of global models of 
operations with distributed parameters of different duration with the 
use of the original and formed simple models of operations. 

Development of verification method by determining the class of 
operations with distributed parameters of different duration signifi-
cantly enhances reliability and validity of results of verification of 
the estimation indicator, which is supposed to be used as an effective-
ness indicator and an optimization criterion. 

Keywords: verification of estimation indicator, operation with 
distributed parameters, class of operations, verification method.
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The common problem with the hierarchical tuning methods 
is the lack of conditions for modification of the primary rules. The 
incremental approach accelerates the generation of candidate rules, 
but complicates the selection of the primary and modified rules.

In the paper, the approach that combines semantic training, 
granular partition and solution of fuzzy relational equations for con-
structing accurate and interpretable rules is developed. The composite 
fuzzy model of direct logic inference based on the primary rules with 
granular parameters is proposed. The method of hierarchical tuning 
with the linguistic modification based on solving fuzzy relational equa-
tions is developed, which allows reducing the training time.

It is shown that the weights of the primary rules, which are sub-
ject to modification, as well as the hedging threshold of the primary 
terms, are solutions of the primary system of fuzzy logic equations 
with the hierarchical max-min/min-max composition, which solves 
the problem of the hierarchical selection of the primary and modified 
rules for the given output classes. The genetic-neural approach was 
used for tuning the primary rules and solving the system of equa-
tions, as well as tuning the composite rules.

The effectiveness of the approach is illustrated by the example 
of tuning and interpreting the solutions to the technological process 
quality control problem for the specified productivity classes. The 
primary model with granular parameters allows reducing the tuning 
error by 25 % compared to the primary relational model. The solu-
tion of the hierarchical selection problem allows reducing the tuning 
time by half.

Keywords: hierarchical tuning, fuzzy classification knowledge 
bases, solving fuzzy relational equations.
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Because of the shortcomings in both control and diagnostic 
systems, the accident rate for offshore oil and gas extracting facilities 
remains unreasonably high. Accidents are often caused by the errors 
resulting from the application of traditional analytical technologies 
to noisy signals received from corresponding sensors. Our research 
shows that these technologies generally provide the informative at-
tributes required to perform defect diagnostics only after the defect 
has already become strongly pronounced. For this reason, the results 

References 
1.	 Cordón, O. (2011). A historical review of evolutionary learning 

methods for Mamdani-type fuzzy rule-based systems: Designing in-
terpretable genetic fuzzy systems. International Journal of Approxi-
mate Reasoning, 52 (6), 894–913. doi: 10.1016/j.ijar.2011.03.004 

2.	 Pedrycz, W. (2013). Granular computing: analysis and design of in-
telligent systems. CRC Press: Bosa Roca, 309. doi: 10.1201/b14862 

3.	 Rotshtein, A., Rakytyanska, H. (2011). Fuzzy logic and the least 
squares method in diagnosis problem solving. Genetic diagnoses. 
Nova Science Publishers, 53–97. 

4.	 D’Andrea, E., Lazzerini, B. (2013). A hierarchical approach to multi-
class fuzzy classifiers. Expert Systems with Applications, 40 (9), 
3828–3840. doi: 10.1016/j.eswa.2012.12.097 

5.	 Valmarska, A., Lavrač, N., Fürnkranz, J., Robnik-Šikonja, M. (2017). 
Refinement and selection heuristics in subgroup discovery and 
classification rule learning. Expert Systems with Applications, 81, 
147–162. doi: 10.1016/j.eswa.2017.03.041 

6.	 Nguyen, C. H., Tran, T. S., Pham, D. P. (2014). Modeling of a 
semantics core of linguistic terms based on an extension of hedge 
algebra semantics and its application. Knowledge-Based Systems, 67, 
244–262. doi: 10.1016/j.knosys.2014.04.047 

7.	 Lewis, M., Lawry, J. (2014). A label semantics approach to linguistic 
hedges. International Journal of Approximate Reasoning, 55 (5), 
1147–1163. doi: 10.1016/j.ijar.2014.01.006 

8.	 Novák, V. (2015). Evaluative linguistic expressions vs. fuzzy cat-
egories. Fuzzy Sets and Systems, 281, 73–87. doi: 10.1016/j.fss. 
2015.08.022 

9.	 Kim, E.-H., Oh, S.-K., Pedrycz, W. (2017). Reinforced rule-based 
fuzzy models: Design and analysis. Knowledge-Based Systems, 119, 
44–58. doi: 10.1016/j.knosys.2016.12.003 

10.	 Kerr-Wilson, J., Pedrycz, W. (2016). Design of rule-based models 
through information granulation. Expert Systems with Applications, 
46, 274–285. doi: 10.1016/j.eswa.2015.10.030 

11.	 Balamash, A., Pedrycz, W., Al-Hmouz, R., Morfeq, A. (2015). 
An expansion of fuzzy information granules through successive 
refinements of their information content and their use to system 
modeling. Expert Systems with Applications, 42 (6), 2985–2997.  
doi: 10.1016/j.eswa.2014.11.027 

12.	 Hu, X., Pedrycz, W., Castillo, O., Melin, P. (2017). Fuzzy rule-based 
models with interactive rules and their granular generalization. 
Fuzzy Sets and Systems, 307, 1–28. doi: 10.1016/j.fss.2016.03.005 

13.	 Lahsasna, A., Seng, W. C. (2017). An improved genetic-fuzzy system 
for classification and data analysis. Expert Systems with Applica-
tions, 83, 49–62. doi: 10.1016/j.eswa.2017.04.022 

14.	 Rotshtein, A., Rakytyanska, H. (2013). Expert rules refinement 
by solving fuzzy relational equations. 2013 6th International 
Conference on Human System Interactions (HSI). doi: 10.1109/
hsi.2013.6577833 

15.	 Rotshtein, A., Rakytyanska, H. (2014). Optimal design of rule-based 
systems by solving fuzzy relational equations. Studies in Computa-
tional Intelligence. Springer, 559, 167–178. doi: 10.1007/978-3-319-
06883-1_14 

16.	 Rakytyanska, H. (2017). Optimization of fuzzy classification 
knowledge bases using improving transformations. Eastern-Eu-
ropean Journal of Enterprise Technologies, 5 (2 (89)), 33–41.  
doi: 10.15587/1729-4061.2017.110261 

17.	 Rakytyanska, H. (2015). Fuzzy classification knowledge base con-
struction based on trend rules and inverse inference. Eastern-
European Journal of Enterprise Technologies, 1 (3 (73)), 25–32.  
doi: 10.15587/1729-4061.2015.36934 

18.	 Rotshteyn, A. P., Shtovba, S. D. (2006). Identifikaciya nelineynoy 
zavisimosti nechetkoy bazoy znaniy s nechetkoy obuchayushchey 
vyborkoy. Kibernetika i sistemniy analiz, 2, 17–24.



90

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 1/4 ( 91 ) 2018

Selected Topics in Applied Earth Observations and Remote Sensing, 
10 (10), 4376–4386. doi: 10.1109/jstars.2017.2718584 

14.	 Hu, Z., Qin, W. (2017). Fuzzy Method and Neural Network Model 
Parallel Implementation of Multi-Layer Neural Network Based 
on Cloud Computing for Real Time Data Transmission in Large 
Offshore Platform. Polish Maritime Research, 24 (s2), 39–44.  
doi: 10.1515/pomr-2017-0062 

15.	 Bendat, J. S., Piersol, A. G. (1993). Engineering Applications of Cor-
relation and Spectral Analysis. Wiley.

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

17.	 Aliev, T. A., Alizada, T. A. (2000). Robust technology for calculation 
of the coefficients of the Fourier series of random signals. Automatic 
Control and Computer Sciences, 4, 18–26.

18.	 Orsingher, E. (1989). On the maximum of gaussian fourier series 
emerging in the analysis of random vibrations. Journal of Applied 
Probability, 26 (01), 182–188. doi: 10.2307/3214329 

19.	 Lepert, P., Chay, M., Heas, J. Y., Narzul, P. (1980). Vibro-Detection 
Applied To Offshore Platforms. Offshore Technology Conference. 
doi: 10.4043/3918-ms 

20.	 Roitman, N., Viero, P. F. (1997). Detection and Location of Dam-
ages in Offshore Platforms: An Application of Some Methods Using 
Eigenvectors. Proceedings of SPIE – The International Society for 
Optical Engineering, 1124–1131.

21.	 Genkin, M. D. (Ed.) (1999). Vibrations in Technology. Vol. 5. Mos-
cow: Mashinostroenie.

22.	 Skobelev, O. P. (2000). Acceleration, Vibration and Shock Sensor 
Dynamics. Wit Pr/Computational Mechanics.

23.	 Wireless accelerometer with built-in data logger. BeanDevice. Avail-
able at: http://www.beanair.com/wireless-accelerometer-over.html

24.	 Paynabar, K., Jin, J., Reed, M. P. (2015). Informative Sensor and Fea-
ture Selection via Hierarchical Nonnegative Garrote. Technometrics, 
57 (4), 514–523. doi: 10.1080/00401706.2014.947383 

25.	 Al-Jumaili, S. K., Pearson, M. R., Holford, K. M., Eaton, M. J., Pullin, R. 
(2016). Acoustic emission source location in complex structures using 
full automatic delta T mapping technique. Mechanical Systems and 
Signal Processing, 72-73, 513–524. doi: 10.1016/j.ymssp.2015.11.026 

26.	 Hensman, J., Mills, R., Pierce, S. G., Worden, K., Eaton, M. (2010). 
Locating acoustic emission sources in complex structures using 
Gaussian processes. Mechanical Systems and Signal Processing,  
24 (1), 211–223. doi: 10.1016/j.ymssp.2009.05.018 

27.	 Baxter, M. G., Pullin, R., Holford, K. M., Evans, S. L. (2007). Delta 
T source location for acoustic emission. Mechanical Systems and Sig-
nal Processing, 21 (3), 1512–1520. doi: 10.1016/j.ymssp.2006.05.003 

28.	 Mostafapour, A., Davoodi, S. (2017). A method for acoustic source 
location in plate-type structures. Mechanical Systems and Signal 
Processing, 93, 92–103. doi: 10.1016/j.ymssp.2017.02.006 

29.	 Aliev, T. A., Guliev, Q. A., Rzaev, A. H., Pashaev, F. H., Abbasov, A. M. 
(2009). Position-binary and spectral indicators of microchanges in 
the technical states of control objects. Automatic Control and Com-
puter Sciences, 43 (3), 156–165. doi: 10.3103/s0146411609030067 

30.	 Mehdiyeva, G., Ibrahimov, V., Imanova, M. (2016). General Theory 
of the Application of Multistep Methods to Calculation of the En-
ergy of Signals. Vol. 348. Lecture Notes in Electrical Engineering, 
1047–1056. doi: 10.1007/978-81-322-2580-5_95 

DOI: 10.15587/1729-4061.2018.123261
STUDY OF THE MATHEMATICAL MODELS OF OPTIMAL 
PARTITIONING FOR PARTICULAR CASES (p. 69-76) 

Alexander Firsov 
University of customs and finance, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-6528-6447

of monitoring of the beginning of transition of the platforms into an 
emergency state is sometimes delayed. Therefore, it is obvious that 
the creation of algorithms and other technologies to monitor the 
early onset and the development of cracks, wear and tear, corrosion, 
and other defects in offshore platforms is of enormous importance. 
Timely, preventive maintenance performed on these platforms can 
make it possible to avoid catastrophic accidents.

According to the research we found that when defects arise in 
control objects, the noise ε2(t), correlated with the useful signal 
X(iΔt), appears in the signals g(iΔt) received from the corresponding 
sensors. For this case in the article the algorithms and technologies of 
spectral analysis of both vibration signal and its noise were proposed. 
By means of them it becomes possible to increase the reliability of 
monitoring the beginning of a latent period of transition to an emer-
gency state of offshore platforms. This feature helps to improve the 
effectiveness of the control systems of offshore platforms.

Keywords: diagnostics, noise, offshore platforms, monitoring, 
spectral analysis, spectral characteristics, vibration signals.
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The purpose of the study is to develop a method for the forma-
tion of a one-dimensional contour with provision of a given accuracy 
of interpolation. Determination of the accuracy of interpolation re-
lies on the formation of a curve based on known geometric proper-
ties. We build the geometric model with the assumption: if there is 
a curve line without special points that interpolates the point series, 
then there are no special points in the original object. Such points 
include: points of inflection, changes in the direction of growth along 
the curve of values of the curvature, the rounding, etc.

We build the interpolating curve in the form of a condensed 
point series consisting of arbitrarily large numbers of nodes, which 
are determined based on the possibility of interpolating their 
curve with a given line with the given characteristics. The error, 
with which the discrete representation of the curve represents 
the original curve, is evaluated as an area of the possible arrange-
ment of all curves that interpolate an output point with proper-

The basic problem of optimal sets partitioning (OSP) for the 
case, where a segment of a plane curve is a set, was stated. The prob-
lem is stated as follows: let us assume there is a segment of a plane 
curve, it is required to place on it a specified number of sources of a 
certain resource and allocate each point of the curve to a particular 
source. In addition, it is necessary to minimize the costs of transpor-
tation of a resource is from the sources to the corresponding points of 
the curve along the shortest route. The basic problem was refined by 
taking into account geometrical characteristics of the curve. For this, 
the function of the cost was changed according to such parameters as 
the length of the curve and its curvature. 

As a result, new statements of OSP problems were obtained. It 
was shown that geometric characteristics of the curve correspond 
to a subject area. Each of the problems was solved by using the 
known methods and the numerical experiment was conducted. 
Analysis of the obtained results was carried out. Thus, the general 
OSP theory was supplemented with the new models that are ap-
plicable for solving optimization problems with taking into account 
surfaces of a relief. 

Keywords: optimal partitioning, continuous set, minimization, 
arc length, set center, metric, placement.
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ties identical to the properties of the original curve. We evaluate 
the error of formation of the interpolating curve line as the area 
of   a possible location of the curve line that interpolates the con-
densed point series. In the study, we propose the solution of the 
problem for a flat curve based on the condition of the absence of 
oscillations and the conditions for the monotonous change of the 
curv a ture. The area of a location of the curve determined from 
the condition of the convexity of the curve is maximal and is the 
outp u t one. Overlaying the following conditions: monotonous 
curvature change along the curve and the appointment of fixed 
posi t ions of tangents and values of the curvature at the output 
poin t s, localizes an area of a possible solution. One can use the 
developed method for solving problems requiring determination 
of the maximum absolute error with which a model represents the 
original object. These are approximate calculations, construction 
of g r aphs that describe processes and phenomena, formation of 
surface models representing existing physical samples.

Keywords: interpolation error, ordered set of points, oscillation, 
monotonic change of differential-geometric characteristics.
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