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colorimetric parameters of digital photography, we developed 
the index for identification of such clumps. This index uses 
the parameters of the digital RGB model of (various parts 
of) an image and allows us to reveal clumps of cyanobacteria 
on digital images obtained by aerospace methods. Addition-
ally, digital photography can be performed in the conditions 
of insufficient visibility (due to precipitation, fog, and other 
factors), for imitation of which in the case study the original 
image was distorted by the digital noise. 

The studied model can find useful applications in the 
areas requiring binary dynamical data insights.

Keywords: descriptive models, dynamical systems, bi-
nary data, parsimony, data mining, clumps of toxic cyano-
bacteria.
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In the paper, a descriptive model of system dynamics for bi-
nary data is presented. Binary or dichotomous data are widely 
spread across various fields of research – in decision making 
and data mining, marketing, solving of many natural, social 
and technical problems. The initial data for building the model 
is a set of states of an autonomous dynamical system with 
components taking binary values. At the same time, the time 
order of the states is permissible. The following objectives were 
stated: to identify the relationships between the components 
of the system defining its dynamics; on the basis of the identi-
fied dynamics, to recover the true order of the system states; to 
apply the developed model to the problem of visual identifica-
tion of cyanobacteria in water areas using digital photography. 

To solve the problem, we used a mathematical model that 
enables to describe the relationships between components 
and transitions between the system states at a simple-for-
understanding level. The principle of parsimony underlies 
the model. According to this principle, the most appropriate 
model is described by the simplest relations in the sense de-
fined in the work. 

As the case study, the problem of recognizing clumps of 
cyanobacteria from digital satellite imagery was considered. 
This is a complex, practically important problem that does 
not have a satisfactory experimental and theoretical solution 
at the moment. Applying system approaches to the measured 
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The paper considers the problem of regression analysis 
with indeterminate explanatory and explained variables. A 
quality criterion for estimating the regression coefficients 
is formulated and justified, taking into account possible 
significant differences in the accuracy of assigning differ-
ent variables. The study considers a method of calculating 
the regression coefficients in accordance with the concept 
of least squares. The proposed approach provides a reason-
able compromise between the conflicting requirements: the 
maximum compactness of the fuzzy value function of the 
explained variable and the minimal deviation of the solution 
from the modal one. The problem is solved by minimizing 
the complex criterion, the terms of which determine the 
level of satisfaction of these requirements. An additional 
advantage of the approach is that the original problem, fuzzy 
by the nature of the initial data, is reduced to solving two 
usual problems of mathematical programming. The problem 
of fuzzy comparator identification is considered when the 
values of the explained variable are not defined but can be 
ranked by the descending of any chosen indicator. To solve 
this problem, the study proposes a method for estimating re-
gression coefficients based on solving a fuzzy system of linear 
algebraic equations.

Keywords: fuzzy regression analysis, fuzzy initial data, 
fuzzy comparator identification.
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An interpolation numerical method is developed in or-
der to solve the Cauchy’s problem for ordinary first order 
differential equations using the apparatus of non-classical 
minorants and diagrams of Newton’s functions, assigned in 
a tabular form. We have proven computational stability of 
the method, that is, an error of the initial data is not piled 
up. It is also shown that the method possesses a second order 
of accuracy and in the case of a convex function produces 
more accurate results than the Euler’s method. The advan-
tages also include simplicity and visual clarity of the method. 
Given this, it could gain widespread use in many areas, in 
particular mathematics, physics and mechanics. We also 
give an example of solving the Cauchy’s problem applying 
the new method, the Euler’s method, and the Runge-Kutta 
fourth order method, with the results compared. The pro-
posed method does not require solving the systems of linear 
algebraic equations because we do not employ the Bernstein 
polynomials, and it is not required to superimpose additional 
conditions, in contrast to the method that applies the Haar 
functions. 

and Systems, 119 (2), 187–203. doi: 10.1016/s0165-
0114(99)00091-3 

6.	 Yen, K. K., Ghoshray, S., Roig, G. (1999). A linear regres-
sion model using triangular fuzzy number coefficients. 
Fuzzy Sets and Systems, 106 (2), 167–177. doi: 10.1016/
s0165-0114(97)00269-8 

7.	 Charfeddine, S., Mora-Camino, F. A. C., De Coligny, M. 
(2004). Fuzzy linear regression: application to the esti-
mation of air transport demand. FSSCEF 2004, Interna-
tional Conference on Fuzzy Sets and Soft Computing in 
Economics and Finance, 350–359. Available at: https://
hal-enac.archives-ouvertes.fr/hal-01022443

8.	 Zaychenko, Yu. P. (2007). Nechetkiy metod gruppovogo 
ucheta argumentov pri neopredelennyh iskhodnyh dan-
nyh. Systemni doslidzhennia ta informatsiini tekhnolohii, 
3, 100–112. 

9.	 Zgurovskiy, M., Zaychenko, Yu. (2013). Modeli i metody 
prinyatiya resheniy v nechetkih usloviyah. Kyiv: Nau-
kova dumka, 275.

10.	Celmins, A. (1987). Least squares model fitting to fuzzy 
vector data. Fuzzy Sets and Systems, 22 (3), 245–269. 
doi: 10.1016/0165-0114(87)90070-4 

11.	Muzzioli, S., Ruggieri, A., De Baets, B. (2015). A com-
parison of fuzzy regression methods for the estimation 
of the implied volatility smile function. Fuzzy Sets and 
Systems, 266, 131–143. doi: 10.1016/j.fss.2014.11.015 

12.	Diamond, P. (1988). Fuzzy least squares. Informa-
tion Sciences, 46 (3), 141–157. doi: 10.1016/0020-
0255(88)90047-3 

13.	Chang, Y.-H. O. (2001). Hybrid fuzzy least-squares 
regression analysis and its reliability measures. Fuzzy 
Sets and Systems, 119 (2), 225–246. doi: 10.1016/s0165-
0114(99)00092-5 

14.	Yang, M.-S., Lin, T.-S. (2002). Fuzzy least-squares linear 
regression analysis for fuzzy input–output data. Fuzzy 
Sets and Systems, 126 (3), 389–399. doi: 10.1016/s0165-
0114(01)00066-5 

15.	Kao, C., Chyu, C.-L. (2002). A fuzzy linear regres-
sion model with better explanatory power. Fuzzy Sets 
and Systems, 126 (3), 401–409. doi: 10.1016/s0165-
0114(01)00069-0 

16.	Shtovba, S. D. (2016). Nechetkaya identifikaciya na 
osnove regressionnyh modeley parametricheskoy funkcii 
prinadlezhnosti. Problemy upravleniya i informatiki, 6, 
1–8.

17.	Chachi, J., Taheri, S. M. (2016). Multiple fuzzy regres-
sion model for fuzzy input-output data. Iranian Journal 
of Fuzzy Systems, 13 (4), 63–78.

18.	Zak, Yu. (2017). Fuzzy-regressionnye modeli v usloviyah 
nalichiya v statisticheskiy vyborke nechislovoy informacii. 
System Research & Information Technologies, 1, 88–96.

19.	Jung, H.-Y., Yoon, J. H., Choi, S. H. (2015). Fuzzy linear 
regression using rank transform method. Fuzzy Sets and 
Systems, 274, 97–108. doi: 10.1016/j.fss.2014.11.004 

20.	Pushpa, B., Vasuki, R. (2013). A Least Absolute Ap-
proach to Multiple Fuzzy Regression Using Tw- Norm 
Based Operations. International Journal of Fuzzy Logic 
Systems, 3 (2), 73–84. doi: 10.5121/ijfls.2013.3206 

21.	Namdari, M., Yoon, J. H., Abadi, A., Taheri, S. M.,  
Choi, S. H. (2014). Fuzzy logistic regression with least 
absolute deviations estimators. Soft Computing, 19 (4), 
909–917. doi: 10.1007/s00500-014-1418-2 

22.	Ubale, A. B., Sananse, S. L. (2015). Fuzzy Regression 
Model and Its Application: A Review. International Jour-



75

Abstract and References. Mathematics and cybernetics – applied aspects

Trends in the development of symmetric cryptography 
are constantly associated with the increasing of the sizes 
of keys and blocks. Block ciphers, which are used today in 
hashing algorithms, usually have a block size of 512 or  
1024 bits. One of the main requirements for symmetric cryp-
to algorithms is to provide resistance to known cryptanalyti-
cal attacks. Known methods of security estimation against 
impossible differential attack have too high complexity for 
such block sizes.

The proposed approach for proving the absence of impos-
sible differentials is applicable to some types of block ciphers 
and allows proving theoretically the resistance to impossible 
differentials attack.

Rijndael-like SPN ciphers and Feistel ciphers are ana-
lyzed. For the group of Rijndael-like ciphers, the absence of 
byte impossible differentials for 4 or more rounds is proved. 
For the group of Feistel ciphers, the absence of byte impos-
sible differentials for 6 or more rounds is proved. The first 
statement made it possible to prove the absence of byte 
impossible differentials for 4 or more rounds of the cipher 
Kalyna (DSTU 7624: 2014) with all block sizes, for 512-bit 
block ciphers that are used in the hash functions Whirl-
pool, Groestl and Kupyna (DSTU 7564: 2014). The second 
statement was used to prove the absence of byte impossible 
differentials for 6 or more rounds of Tornado and Labyrinth 
ciphers with a block size of 128 bits.

Computational experiments on the impossible differen-
tials search for these reduced models confirmed the validity 
of the obtained theoretical conclusions.

Keywords: block cipher, impossible differentials attack, 
impossible differential, Rijndael-like transformations.
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We developed a methodology and algorithms of forming 
the optimal sets of elements, which take part in the failure-
recovery modeling process of complex technical objects. 
The methodology is based on the hierarchical constructive 
structure of the object, takes into account the redundancy of 
failing elements, as well as the maintainability of the product 
elements and their cost, which distinguishes this methodol-
ogy from the known ones. Structurally, the methodology 
is implemented as a set of three algorithms. The generated 
optimal sets of elements are used to calculate the predictive 
reliability characteristics and operating costs of the object. 
The constructive structure of the object in the model is 
represented by a graph (tree). The optimality of the sets is 
understood in the sense of their correspondence to the object 
maintainability parameters.

With the improvement of maintainability properties, the 
forecasted values of the mean time between failures and the 
recovery time are correspondingly improved. Improvement 
of the operating cost index is not mandatory; provided differ-
ent input data, there may not be such an improvement. Each 
variant of the values of object maintainability parameters 
is conformed to its optimal sets of failing and recoverable 
elements, under which adequate predictive estimates of reli-
ability indicators and the object operating cost are provided.

The paper provides some examples of modeling, which 
demonstrate how the optimal sets of failing and recoverable 
elements are determined, and how the predictive estimates 
of reliability and object operating cost depend on the choice 
of these sets.

Keywords: complex technical object, hierarchical con-
structive structure, mean time between failures, unit operat-
ing costs, statistical simulation modeling.
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A growth of harmonic functions in the whole space ℝn 
is examined. We found the estimate for a uniform norm of 
spherical harmonics in terms of the best approximation of 
harmonic function in the ball by harmonic polynomials. 
An approximation error of harmonic function in the ball is 
estimated by the maximum modulus of an entire harmonic 
function in space, as well as the maximum modulus of an 
entire harmonic function in space in terms of the maximum 
modulus of some entire function of one complex variable or 
the maximal term of its power series. These results allowed 
us to obtain the necessary and sufficient conditions under 
which a harmonic function in the ball of an n-dimensional 
space, n≥3, can be continued to the entire harmonic one. This 
result is formulated in terms of the best approximation of the 
given function by harmonic polynomials. In order to char-
acterize growth of an entire harmonic function, we used the 
generalized and the lower generalized orders. Formulae for 
the generalized and the lower generalized orders of an entire 
harmonic function in space are expressed in terms of the ap-
proximation error by harmonic polynomials of the function 
that continues. We also investigated the growth of functions 
of slow increase. The obtained results are analogues to clas-
sical results, which are known for the entire functions of one 
complex variable.

The conducted research is important due to the fact that 
the harmonic functions occupy a special place not only in ma-
ny mathematical studies, but also when applying mathemati-
cal analysis to physics and mechanics, where these functions 
are often employed to describe various stationary processes. 

Keywords: spherical harmonics, entire harmonic func-
tion, generalized order, lower generalized order.
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Application of neuromorphic structures in various 
spheres of human activity on the basis of generalized neural 
elements will become possible if effective methods for veri-
fying realizability of the logic algebra functions by one neu-
ron element with a generalized threshold activation func-
tion and synthesis of such elements with a large number of 
edntries are developed. A notion of nucleus of Boolean func-
tions in relation to a given system of characters was intro-
duced and algebraic structure of nuclei and reduced nuclei 
of Boolean functions was investigated. Relation between 
the nuclei of the logic algebra functions which are realized 
by one generalized neural element and matrices of tolerance 
was established. It was shown that the Boolean function is 
realized by one generalized neuron element if and only if 
the nucleus of this function admits representation by the 
matrices of tolerance. If there is no nucleus relative to a 
specified system of characters for a Boolean function, then 
such a function is not realized by one generalized neural ele-
ment in relation to a specified system of characters. On the 
basis of the properties of the matrices of tolerance, a number 
of necessary and sufficient conditions for realization of the 
logic algebra functions by one generalized neural element 
were obtained. Based on the sufficient conditions, an al-
gorithm for synthesis of integer-valued generalized neural 
elements with a large number of entries was constructed. In 
the synthesis of integer-valued generic neural elements for 
realization of the logic algebra functions, a block represen-
tation of the Boolean function nucleus was used and based 
on the properties of the matrices of tolerance, coordinates of 
the integer vector of the structure of the generalized neural 
element were sequentially found.

Keywords: matrix of tolerance, nucleus of the Boolean 
function, group character, spectrum of the Boolean function.
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The aim of the paper was to develop a universal clas-
sifier in the form of a radial basis function network (RBF 
network) based on the Gaussian function and the CART 
Solution Tree. The examples of diseases diagnostics clas-
sifier were considered. It is noted that during the classifier 
development, it is necessary to determine the number of 
RBF neurons and the values of parameters of these neurons 
(centre, dispersion). For this purpose, a method that allows 
splitting the space of features into relatively homogeneous 
domains in the form of hyperparallelepipeds, each of which 
is associated with one of the RBF neurons, is proposed. The 
number of RBF neurons and parameters of these neurons 
are determined automatically directly based on the CART 
Solution Tree.

As a result of the research, it was found that the pro-
posed classifiers show the highest efficiency on the learning 
set with a minimal Solution Tree reduction (accuracy from  
80 % to 95 %). It was shown that for two and more classes the 
accuracy of these classifiers on the test set makes 79 % and 
more, however, provided that the appropriate data sample for 
the learning set is selected. The possibility of using the RBF 
network based on the Gaussian function and the CART Solu-
tion Tree in the healthcare system for the diseases diagnostics 
and medical systems (or devices) assistance during decision-
making support was proved.

The obtained results could be further applied to improve 
the universal classifier development method based on the 
RBF network.

4.	 Izonin, I. V., Tkachenko, R. O., Peleshko, D. D., Ba- 
tyuk, D. A. (2015). Neural network method for change 
resolution of images. Information Processing Systems,  
9 (134), 30–34.

5.	 Marín, D., Aquino, A., Gegundez-Arias, M. E., Bra- 
vo, J. M. (2011). A New Supervised Method for Blood 
Vessel Segmentation in Retinal Images by Using Gray-
Level and Moment Invariants-Based Features. IEEE 
Transactions on Medical Imaging, 30 (1), 146–158.  
doi: 10.1109/tmi.2010.2064333 

6.	 Azarbad, M., Hakimi, S., Ebrahimzadeh, A. (2012). Au-
tomatic recognition of digital communication signal. 
International journal of energy, information and commu-
nications, 3 (4), 21–33.

7.	 Zaychenko, Yu. P., Dyakonova, S. V. (2011). Application 
of fuzzy classifier NEFCLASS to the problem of recogni-
tion of buildings in satellite images of ultrahigh resolu-
tion. Computer science, upravlіnnya that obchislyuvalna 
tehnіka, 54, 31–35.

8.	 Amato, F., González-Hernández, J. L., Havel, J. (2012). 
Artificial neural networks combined with experimental 
design: A “soft” approach for chemical kinetics. Talanta, 
93, 72–78. doi: 10.1016/j.talanta.2012.01.044 

9.	 Brougham, D. F., Ivanova, G., Gottschalk, M., Col- 
lins, D. M., Eustace, A. J., O’Connor, R., Havel, J. (2011). 
Artificial Neural Networks for Classification in Metabo-
lomic Studies of Whole Cells Using1H Nuclear Magnetic 
Resonance. Journal of Biomedicine and Biotechnology, 
2011, 1–8. doi: 10.1155/2011/158094 

10.	Barwad, A., Dey, P., Susheilia, S. (2011). Artificial neural 
network in diagnosis of metastatic carcinoma in effusion 
cytology. Cytometry Part B: Clinical Cytometry, 82B (2), 
107–111. doi: 10.1002/cyto.b.20632 

11.	Geche, F., Mulesa, O., Geche, S., Vashkeba, M. (2015). 
Development of synthesis method of predictive schemes 
based on basic predictive models. Technology Audit and 
Production Reserves, 3 (2 (23)), 36–41. doi: 10.15587/ 
2312-8372.2015.44932 

12.	Dey, P., Lamba, A., Kumari, S., Marwaha, N. (2011). Ap-
plication of an artificial neural network in the prognosis 
of chronic myeloid leukemia. Analytical and quantita-
tive cytology and histology/the International Academy 
of Cytology and American Society of Cytology, 33 (6), 
335–339.

13.	Geche, F., Batyuk, A., Mulesa, O., Vashkeba, M. (2015). 
Development of effective time series forecasting model. 
International Journal of Advanced Research in Computer 
Engineering &Technology, 4 (12), 4377–4386. 

14.	Liu, A., Zhu, Q. (2011). Automatic modulation classifica-
tion based on the combination of clustering and neural 
network. The Journal of China Universities of Posts and 
Telecommunications, 18 (4), 13–38. doi: 10.1016/s1005-
8885(10)60077-5 

15.	Pathok, A., Wadhwani, A. K. (2012). Data Compression 
of ECG Signals Using Error Back Propagation (EBP) 
Algorithm. International Journal of Engineering and Ad-
vence Technology (IJEAT), 1 (4), 2249–8958.

16.	Bodyanskiy, Y., Grimm, P., Mashtalir, S., Vinarski, V. 
(2010). Fast Training of Neural Networks for Image 
Compression. Lecture Notes in Computer Science, 165–
173. doi: 10.1007/978-3-642-14400-4_13 

17.	Shovgun, N. V. (2013). Analiz effektivnosti nechetkih 
neyronnyh setey v zadache otsenki kreditnogo riska. In-



80

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 4/4 ( 88 ) 2017

reduction using hierarchical clastering. ICTACT Jour-
nal on Soft Computing, 2 (3), 348–352. doi: 10.21917/
ijsc.2012.0054 

8.	 Jia, W., Zhao, D., Ding, L. (2016). An optimized RBF 
neural network algorithm based on partial least squares 
and genetic algorithm for classification of small sample. 
Applied Soft Computing, 48, 373–384. doi: 10.1016/ 
j.asoc.2016.07.037 

9.	 Jang, J.-S., Sun, C.-T., Mizutani, E. (1997). Neuro-fuzzy 
and soft computing: a computation approach to learning 
and machine intelligence. USA, 614.

10.	Blake, C. L., Merz, C. J. (1998). UCI Repository of 
machine learning databases. University of California 
Irvine, Department of Information and Computer Sci-
ence, Available at http://archive.ics.uci.edu/ml/datas-
ets.html

11.	Faynzil’berg, L. (2009). Garantirovannaya ocenka ehffek-
tivnosti diagnosticheskih testov na osnove usilennogo 
ROC-analiza. Upravlyayushchie sistemy i mashiny, 5, 
3–13.

12.	Flach, P., Wu, S. (2003). Repairing concavities in ROC 
curves. Proc. UK Workshop on Comp. Intel, 38–44.

Keywords: universal classifier, neural network, RBF net-
work, CART Solution Tree, decision-making support.

References

1.	 Dobrovska, L. M., Dobrovska, I. A. (2015). Teoriya ta 
praktyka neironnykh merezh. Kyiv: NTUU «KPI» Vyd-
vo «Politekhnika», 396.

2.	 Osovskiy, S. (2004). Neyronnye seti dlya obrabotki infor-
maciy. Moscow: Finansy i statistika, 343.

3.	 Haykin, S. (2006). Neyronnye seti. Moscow: Izdatel’skiy 
dom «Vil’yams», 1104.

4.	 Hagan, M., Demuth, H., Beale, M. (2010). Neural Net-
work Design. USA: Colorado University Bookstore.

5.	 Kitayama, Y., Kitayama, S., Yamazaki, K. (2008). Pat-
tern Classification by RBF Network. The Proceedings 
of Design & Systems Conference, 2008.18, 330–332.  
doi: 10.1299/jsmedsd.2008.18.330  

6.	 Kubat, M. (1998). Decision trees can initialize radial-
basis function networks. IEEE Transactions on Neural 
Networks, 9 (5), 813–821. doi: 10.1109/72.712154 

7.	 Safish, M., Joseph, R. (2012). Data classification with 
neural classifier using radial basis function with data 


