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A method of deletion of dimensions for a mathematical 
model which gives the number of variables less than that pre-
scribed by the π-theorem was proposed. In a number of cases, it 
is possible to exclude from consideration all similarity criteria or, 
in other words, achieve self-similarity in them. In the framework 
of deletion of dimensions, this is expressed in a transition from 
criteria to similarity numbers. Thus, information is reduced 
without its loss.

The limit reduction of the number of variables in the math-
ematical model makes it possible to use analytical approxima-
tion dependences as approximate solutions. Such dependences 
are obtained from the initial solutions by using the coefficients 
of stretch, which corresponds to the group methods for solving 
equations. It was proposed to use solutions of the linearized 
forms of the original nonlinear equations as initial solutions. 
Such approach makes it possible to take into account physical 
character of the change in the studied quantities in the approxi-
mation dependences when solution of nonlinear equations can-
not be realized using standard functions.

Efficiency of the method was illustrated by the example of 
study of the pendulum motion, which is a counterpart of iner-
tial link of the second order in the theory of automatic control. 
Solutions were obtained for the cases of presence and absence of 
environmental resistance. The last variant is interesting by the 
feasibility of comparing the proposed and available analytical 
solutions in terms of elliptic integrals.

Keywords: deletion of dimensions of a mathematical model, 
group methods of solution, second order inertial link.
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The study considers a method of deep machine learning of a 
decision-making support system of control of a power unit of a 
thermal power plant. We developed a method within the frame-
work of information-extreme intelligent technology, it is based 
on maximization of informational capacity of a control system in 
the process of machine learning. We developed categorical mod-
els of information-extreme machine learning with optimization 
of control tolerances to recognition attributes and levels of selec-
tion of coordinates of averaged binary vector-realizations of rec-
ognition classes. We considered a modified Kullback information 
criterion as a criterion for optimization of learning parameters. 
We implemented algorithms of machine learning with polymodal 
and unimodal decisive rules. We formed a learning matrix based 
on archival data of the operation of Shostka thermal and power 
plant. The results of physical modeling showed that the use of 
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The paper recommends the MCP solution method with 
small time complexity O(2n3log2n), that allows from one view-
point solving such problems as definition of the maximum inde-
pendent sets and minimum vertex covers in graphs, as well as 
isomorphism of graphs and isomorphic embedding, as far as all 
those problems may be converted within polynomial time into 
MCP. This set of problems is formal models of a wide range of 
management problems in rail transport information systems, and 
the solution thereof requires the algorithms for their realization 
with small time complexity. Therefore, the time complexity de-
crease is an actual task. In the paper, admissibility of decreasing 
the time complexity of the suggested procedure A for solving 
MCP is based on using the subsidiary procedure B for defining 
the estimates of the largest graph clique values, and on its basis 
the method of the problem solution is described in the paper as 
procedure A. Procedure A allows forming the cliques on the base 
of each vertex of graph i. As the process of clique formation on 
the base of each vertex may be independent, then procedure A 
may be effectively vectorized. It makes possible in case of us-
ing processing cells for solving the MCP to decrease the time 
complexity of its operation to O(2n2log2n), and the mentioned 
complex of the problems will be solved in a real-time scale. 

Keywords: cliques in non-oriented arbitrary graph, parallel 
computing methods.
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The paper deals with the efficiency study of the classifier 
developed based on the probabilistic neural network for multi-
class diagnostics of a complex spatial object in the presence of 
multi-site damage. For recognition, the multidimensional diag-
nostic feature vector is used, the values of the features may have 
a deviation of ±5 % for the defect-free condition of an object, 
and exceed the permissible deviation in case of occurrence and 
development of damage. For the vector containing 5 diagnostic 
features, 6 classes of technical condition of an object are sub-
stantiated. Formation of sets of training and test input vectors, 
used for the classifier training and testing is performed. In order 
to evaluate the multi-class recognition efficiency, the coefficient, 
which is a percentage of the probability of correct classification 
of test vectors, is used. The analysis of the dependence of the ef-
ficiency coefficient on the characteristics of the classifier and the 
set of training vectors is carried out. It is found that error-free 
multi-class recognition of the object condition over the entire 
set of input vectors with different values of deviation of feature 
elements is provided in the range of values of the classifier 
parameter spread of [0,02; 0.07]. It is revealed that the greater 
the diagnostic feature deviation in test vectors, the greater the 
influence of the dimension of the set of training vectors on the 
multi-class recognition efficiency. The minimum size of the set 
of training vectors (68 vectors) and the limit value of diag-
nostic feature deviation in test vectors (17 %), which provide 
error-free multi-class recognition by the developed classifier are 
determined.

Keywords: multi-class recognition, neural network classifi-
er, diagnostic feature vector, probability of correct classification.
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polymodal decisive rules does not provide a high functional 
efficiency of machine learning. We ordered the alphabet of rec-
ognition classes to the magnitude of deviation of a functional 
state of the technological process from the standard regime for 
the application of unimodal decisive rules. At the same time, 
we constructed unimodal decisive rules according to geometric 
parameters of hyper-spherical containers of recognition classes 
х by the enclosed structure. We proved experimentally that the 
use of the unimodal classifier gives possibility to construct deci-
sive rules, which error-free by a learning matrix. The obtained 
results give possibility to provide high functional efficiency of 
machine learning of control systems of technological processes 
whose classes of recognition intersect substantially in a space of 
attributes.
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outliers in the initial distribution of the information about the 
group of respondents. Thus, automating the solution selection 
improves data group anonymization efficiency by reducing the 
time necessary for their analysis for masking sensitive features 
of the distribution.

Testing the developed modification is done by solving the 
task of masking regional distribution of military personnel in 
the state of New York. As a result of solving the corresponding 
group anonymization task, 1,000 solutions were obtained. It is 
established that only 24 out of 1,000 solutions, or 2.4 % of the 
total number, are feasible, i. e. the ones in which all the outli-
ers are masked. Automated selection of such a small number of 
solutions is significantly faster than the manual approach, which 
speaks in favor of the proposed modification for improving data 
group anonymization efficiency.

Keywords: memetic algorithm, group anonymity, microfile, 
outlier, modified Thompson tau technique.
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In the work, a modification of the method for solving the 
task of providing data group anonymity is proposed, which 
implies automated solution selection without expert participa-
tion. Modification lies in identifying solutions to the task, in 
which outliers are detected automatically and don’t match the 
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Increasing requirements to measuring transducers lead to 
the need to improve and propose alternatives of their mathemati-
cal description. The application in this case of differential equa-
tions of various types testifies to great computational complexity 
of the given problem statement. In this regard, constructively 
relevant are the methods for creating integral dynamic models 
of measuring transducers that enable expansion of the tools for 
computer simulation.

The method considered in present paper implies determin-
ing a pulse transient characteristic and leads to the formation 
of the operators (cores) of measuring transducers in the form 
of integral mathematical dependences, that is, explicit integral 
dynamic models. 

The method of obtaining an analytic expression of the pulse 
transition function of measuring transducers with lumped param-
eters is represented as a solution to the homogeneous differential 
equation that corresponds to the specified non-homogeneous 
differential equation. This technique is easily illustrated on the 
examples of measuring transducers of the first and second order.

The principle of determining a pulse transient characteristic 
for measuring transducers with distributed parameters by the as-
signed equations in partial derivatives is the same as for the case 
with lumped parameters. 

Keywords: integral dynamic model, pulse transition func-
tion, measuring transducer, differential equation.
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The authors consider a discrete dynamic system, contain-
ing an object – the innovative process (IP). Its dynamics is 
described by the vector linear discrete recurrent ratio and is 
influenced by controlled parameters (controls) and an uncon-
trolled parameter (the vector of risk or obstacle). In this case, 
risks in the system of IP management at an enterprise will imply 
the factors that influence negatively or disastrously the results 
processes, considered in it.

To solve the set problem, a general model of IP management 
for organization of minimax adaptive management in the selected 
class of permissible strategies of adaptive management was formal-
ized. It was proposed to use a deterministic approach for modeling 
and solution of the original problem in the form of dynamic prob-
lem of minimax IP management (optimization of the guaranteed 
result) at a given moment of time, with consideration of risks. To 
solve the problem of minimax IP management in the face of risks, 
the authors propose the method that is reduced to implementation 
of solutions of a finite number of problems of linear and convex 
mathematical programming, as well as a discrete optimization 
problem. Solution of the set problem of minimax IP management 
allows obtaining the optimal guaranteed (minimax) outcome.

For effective implementation of the resulting mathematical 
apparatus in practice of work of enterprises, the detailed model 
of multicriteria optimization of IP management at an enterprise 
in the face of risks was developed, which describes dynamics of 
the studied process to the full. Generated optimization criteria 
and the system of phase constraints of the model take into con-
sideration possibilities of production capacities, as well as meet 
the requirements for IP.

The proposed method makes it possible to develop effective 
numerical procedures that enable us to implement computer 
modeling of dynamics of the considered problem, to formulate 
adaptive minimax IP management at an enterprise and to obtain 
the optimum guaranteed results.

The presented results could be used for economic-mathemat-
ical modeling and solution of other problems of optimization of 
processes of data forecasting and management under conditions 
of information deficit and existence of risks. In addition, the 
developed tools of modeling can be the basis for development 
of appropriate software and hardware complexes for supporting 
effective managerial decision making in practice. 

Keywords: innovative process, modeling, risks, optimiza-
tion, minimax adaptive management, guaranteed outcome.
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The paper considers solving a problem of rational organiza-
tion of wagon flows in a polygon of selected technological rail-
road stations using a technique for solving a knapsack problem 
employing set functions. Based on the results of present work, 
the authors developed a method for solving a knapsack-type 
problem that makes it possible to adapt the algorithm of solv-
ing a vector optimization problem to the rational system of 
organizing wagon flows in trains without using differentiation 
operations and to solve a basic optimization problem employ-
ing the Lagrange multipliers. The applicability of the Lagrange 
method was proved for the problems on a conditional extremum 
in terms of set functions. Its special feature is the rejection of 
Boolean variables. We confirmed correctness of the mathemati-
cal notation of solution to a knapsack-type problem and proved 
adequacy of the proposed algorithm, as well as adapted it for 
adjusting a plan of freight trains formation in order to improve 
energy efficiency of transportation. By reducing the complexity 
of the problem, it has become possible to reduce computer pro-
cessor time needed for calculation, and employ this algorithm 
when designing an automated work place (AWP) for an engi-
neer responsible for planning the formation of trains. It should 
be specially noted that a reduction of the time needed to solve 
a problem makes it possible to timely adjust the plan of freight 
trains formation, to eliminate a lot of irrational variants when 
handling wagons at technical stations. 

The proposed algorithm helps identify variants to direct 
train flows to the most promising destinations at minimal 
energy cost for transportation. Limitations of the proposed 
approach include a closed cycle of routes of the loaded wagons 

4.	 Dilenko, V. A. (2013). Ekonomiko-matematicheskoe mode-
lirovanie innovacionnyh processov. Odessa: Fenіks, 348.

5.	 Rafalski, R. (2012). A new concept of evaluation of the pro-
duction assets. Foundations of Management, 4 (1), 75–104.  
doi: 10.2478/fman-2013-0005 

6.	 Kaplan, S. (Ed.) (2012). The Business Model Innovation Fac-
tory: How to Stay Relevant When The World is Changin. Wiley. 
doi: 10.1002/9781119205234 

7.	 Rosegger G. (2010). The Economics of Production and Innova-
tion. An Industrial Perspective. Pergamon Press, 236.

8.	 Sosna, M., Trevinyo-Rodríguez, R. N., Velamuri, S. R. (2010). 
Business Model Innovation through Trial-and-Error Learning. 
Long Range Planning, 43 (2-3), 383–407. doi: 10.1016/j.lrp. 
2010.02.003 

9.	 Teece, D. J. (2010). Business Models, Business Strategy and In-
novation. Long Range Planning, 43 (2-3), 172–194. doi: 10.1016/ 
j.lrp.2009.07.003 

10.	 Shorikov, A. F. (2005). Algoritm resheniya zadachi optimal’nogo 
terminal’nogo upravleniya v lineynyh diskretnyh dinamicheskih 
sistemah. Informacionnye tekhnologii v ekonomike: teoriya, 
modeli i metody. Ekaterinburg: Izd-vo Ural. gos. ekon. un-ta, 
119–138.

11.	 Shorikov, A. F., Babenko, V. A. (2014). Optimizaciya garan-
tirovannogo rezul‘tata v dinamicheskoy modeli upravleniya in-
novacionnym processom na predpriyatii. Ekonomika regiona, 1, 
196–202.

12.	 Babenko, V. O. (2014). Upravlinnia innovatsiynymy protsesamy 
pererobnykh pidpryiemstv APK (matematychne modeliuvannia 
ta informatsiyni tekhnolohyi). Kharkiv: KhNAU, Kh. – Machu-
lyn, 380 .

13.	 Babenko, V. О. (2017). Modeling of factors influencing innova-
tion activities of agricultural enterprises of Ukraine. Scientific 
Bulletin of Polissia, 2 (1 (9)), 115–121. doi: 10.25140/2410-
9576-2017-2-1(9)-115-121 

14.	 Lotov, A. V. (1984). Vvedenie v ekonomiko-matematicheskoe 
modelirovanie. Moscow: Nauka, Glavnaya redakciya fiziko-
matematicheskoy literatury, 332.

15.	 Propoy, A. I. (1973). Elementy teorii optimal’nyh diskret-
nyh processov. Moscow: Nauka, Glavnaya redakciya fiziko-
matematicheskoy literatury, 368.

16.	 Ter-Krikorov, A. M. (1977). Optimal’noe upravlenie i 
matematicheskaya ekonomika. Moscow: Nauka, 216.

17.	 Babenko, V. A. (2013). Formirovanie detalizirovannoy eko-
nomiko-matematicheskoy modeli dinamiki upravleniya inno-
vacionnymi processami predpriyatiy APK pri nalichii riskov. 
Izvestiya Ural. gos. ekon. un-ta, 6, 31–38.

18.	 Johnson, M. W. (2010). Seizing the white space. Business Model 
Innovation for growth and renewal. Harvard Business Press, 
240.

19.	 Babenko, V., Pasmor, M., Pankova, J., Sidorov, M. (2017). The 
place and perspectives of Ukraine in international integra-
tion space. Problems and Perspectives in Management, 15 (1), 
80–92. doi: 10.21511/ppm.15(1).2017.08 

20.	 Pushkar, O., Garkin, V. (2012). Model and quality criteria of the 
structural subsystems of information systems. Scientific enquiry 
in the contemporary world: theoretical basics and innovative 
approach. L&L Publishing Tittusville, FL, USA Copyright, 6, 
66–71.

21.	 Hryhoruk, P. M., Paraska, S. H. (2014). Analiz ekonomiko-
matematychnykh modelei innovatsiynoi diyalnosti pidpryiem-
stva. Naukovyi visnyk Khersonskoho derzhavnoho universytetu, 
7, 162–165.

22.	 Hrytsiuk, P. M. (2014). Modeliuvannia vplyvu infliatsyi na eko-
nomichne zrostannia Ukrainy. Naukovi zapysky Natsionalnoho 



70

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 5/4 ( 89 ) 2017

trial Forum “Great Rivers”. ICEF. Problems and prospects of 
development of educational, scientific and innovative transport 
complexes. Nizhniy Novgorod.

6.	 Мyamlin, S. V., Zhyzhko, K. V. (2014). Upgrading of economic 
simulation methods for increasing efficiency of investments. 
Science and Transport Progress. Bulletin of Dnipropetrovsk 
National University of Railway Transport, 6 (54), 34–41.  
doi: 10.15802/stp2014/32656 

7.	 Klamroth, K., Wiecek, M. M. (2015). Dynamic Programming 
Approaches to the Multiple Criteria Knapsack Problem. Clem-
son University Clemson, SC USA, 30.

8.	 Bazgan, C., Hugot, H., Vanderpooten, D. (2007). An Efficient 
Implementation for the 0-1 Multi-objective Knapsack Prob-
lem. Vol. 4525. Lecture Notes in Computer Science. Springer, 
406–419. doi: 10.1007/978-3-540-72845-0_31 

9.	 Beausoleil, R. P., Baldoquin, G., Montejo, R. A. (2007). Multi-
start and path relinking methods to deal with multiobjective 
knapsack problems. Annals of Operations Research, 157 (1), 
105–133. doi: 10.1007/s10479-007-0199-8 

10.	 Lin, B. (2017). Integrating car path optimization with train for-
mation plan: a non-linear binary programming model and simu-
lated annealing based heuristics. arXiv. Available at: https://
arxiv.org/ftp/arxiv/papers/1707/1707.08326.pdf

11.	 Bosov, A. A. (2007). Functions of sets and their application. 
Dneprodzerzhinsk: Izd. House “Andrew”, 182.

12.	 Lazorev, A. A., Gafarov, E. R. (2011). Theory of schedules. Tasks 
and algorithms. Мoscow: Publishing House of Moscow State 
University. M. V. Lomonosov, 222.

and part of these routes traveled unloaded until the next load-
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