
59

Abstract and References. Математика и кибернетика – прикладные аспекты

ABSTRACT AND REFERENCES

MATHEMATICS AND CYBERNETICS – APPLIED ASPECTS

DEVISING STATISTIC MODELS OF MILKING 
DURATION ON THE CONVEYOR MILKING 
MACHINES (p. 4-8)

Volodymyr Kucheruk, Yevhen Palamarchuk, Pavlo Kulakov

As a result of theoretical and experimental research, our statis-
tic models of milking duration determine a functional connection 
between statistic parameters of the duration of conveyor milking 
machines operation, statistic parameters of preparing and milking a 
cow, parameters and varieties of milking machines, and the number 
of animals in the herd. 

The suggested models are based on a new approach to the es-
timation of statistic parameters of preparation and milking time. 
The models permit a more precise estimation of milking machines 
productivity at the stages of their design and modernization. The 
findings facilitate working out methods for designing information 
and measurement systems of milking technology parameters and 
automatic farm management systems and underlie further develop-
ment of a theoretical background for such systems.

The increased adequacy of the devised models in comparison 
with the current ones is proved through determining a relative 
estimation of the divergence between the theoretical findings and 
experimental data.

Keywords: milking duration, preparation time, statistic model, 
milking machine, conveyor machine/equipment.
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A COMPARATIVE ANALYSIS ОF CLOTHES DESIGN 
METHODS FOR FURTHER AUTOMATION (p. 9-15)

Anna Safonova

The paper considers current problems of automated clothes de-
sign. The study aims at determining which clothes design method—
whether it is (1) basic calculation and graphics, (2) proportional cal-
culation, (3) calculation and analysis, or (4) anthropocentric—would 
be the most suitable solution of the specified problems. To achieve 
the objective, we had formulated quality criteria and analyzed the 
methods that would be suitable for automation in computer-aided 
design (CAD). 

The research proved that few elements of the first methods of 
calculation and graphics can be applied in modern CAD of clothes. 
The main disadvantage of proportional calculation methods is depen-
dence of deviations in the proportional ratio of measurements upon 
the conditionally accepted normal figure. The methods of calculation 
and analysis are appropriate for mass production of clothes, whereas 
anthropocentric methods require detailed measurements or intuitive 
experience in determining linear dimensions of figures.

Comparison aided by fuzzy logic showed that CAD of clothes 
by anthropocentric methods of a product base design is the most 
suitable for small enterprises, particularly those engaged in custom 
tailoring. 

Keywords: calculation and graphics, proportional calculation, 
calculation and analysis, anthropocentric, design methods, quality 
criteria, analysis, comparison.
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THE MAXIMUM ENTROPY PRODUCTION 
PRINCIPLE IN THE EVOLUTION OF THE 
MACROSYSTEMS: SOME NEW RESULTS (p. 16-23)

Nikolaj Delas

Closed non-equilibrium macrosystems, which are in the process 
of evolution to the equilibrium state, subject to the maximum en-
tropy production principle are considered in the paper.

A procedure for direct calculation of entropy production in an 
arbitrary step of evolution is developed. In accordance with the 
maximum entropy production principle, the nonlinear equations of 
the distribution dynamics in the non-equilibrium closed system are 
obtained. It is shown that the development trajectory of such system 
is entirely determined by the nature of the initial distribution and 
distribution in the equilibrium state. Far from the equilibrium state, 
a decisive role in the evolution equation is played not by the differ-
ence between these values, but the difference of their logarithms.

The definition of “internal” system time is given.
A theorem, which states that distribution of elements by the 

phase space cells, which keeps a sum of the logarithms of their 
number constant is implemented at each time point for the closed 
non-equilibrium system, developed in accordance with the maximum 
entropy production principle is proved. Its formulation for the case 
of continuous distributions is given. The connection with the Liou-
ville’s theorem is shown.

Dynamic invariant of the evolution of closed systems, evolving 
in accordance with the maximum entropy production principle is 
defined.

Keywords: maximum entropy production principle, Ziegler’s 
principle, evolution of complex systems, macrosystems.

References

1. 	Jaynes, E. T.; Levine, R. D., Tribus, M. (Ed.) (1979). Where do we 
Stand on Maximum Entropy?’ in The Maximum Entropy Formal-
ism. Moscow: I. T. Press, Cambridge, 105.

2. 	Cigler, G. (1966). Jekstremal’nye principy termodinamiki neobrati-
myh processov i mehanika sploshnoj sredy. Moscow: Mir, 134.

3. 	Prigozhin, I. (1960). Vvedenie v termodinamiku neravnovesnyh 
processov. Moscow: Izd-vo inostr. lit., 127.

4. 	Martjushev, L. M., Seleznev, V. D. (2006). Princip maksimal’nosti 
proizvodstva jentropii v fizike i smezhnyh oblastjah. Ekaterinburg: 
GOU VPO UGTU-UPI, 83 .

5. 	Martyushev, L., Seleznev, V. (2006). Maximum entropy production 
principle in physics, chemistry and biology. Physics Reports, 426 (1), 
1–45. doi: 10.1016/j.physrep.2005.12.001 

6. 	Ozawa, H., Ohmura, A., Lorenz, R. D., Pujol, T. (2003). The second 
law of thermodynamicsand the global climate system: A review of the 
maximum entropy production principle. Reviews of Geophysics, 41 
(4), 1–24. doi: 10.1029/2002rg000113 

7. 	Kleidon, A., Lorenz, R. D. (Eds.) (2005). Non-equilibrium Thermo-
dynamics and the Production of Entropy: Life, Earth and Beyond, 

Springer Verlag, Heidelberg principle. Reviews of Geophysics, 41, 
1018–1041. 

8. 	Dewar, R. C. (2005). Maximum entropy production and the fluctua-
tion theorem. Journal of Physics A: Mathematical and General, 38 
(21), L371–L381. doi: 10.1088/0305-4470/38/21/l01 

9. 	Niven, R. K. (2009). Steady state of a dissipative flow–controlled 
system and the maximum entropy production principle. Physical 
Review E, 80 (2), 021113. doi: 10.1103/physreve.80.021113 

10. 	Groot, S., Mazur, P. (1964). Neravnovesnaja termodinamіka. Mos-
cow: Mir, 456. 

11. 	Delas, N. I., Kas’janov, V. A. (2012). Extremely hyperbolic law of 
self-organized distribution systems. Eastern-European Journal of 
Enterprise Technologies, 4/4(58), 13–18. Available at: http://jour-
nals.uran.ua/eejet/article/view/4901/4543

12. 	Delas, N. I. (2013). Evolution of complex systems with hyperbolic 
distribution. Eastern-European Journal of Enterprise Technologies, 
3/4 (63), 67–73. Available at: http://journals.uran.ua/eejet/article/
view/14769/12571

13. 	Levich, V. G. (1969). Kurs teoreticheskoj fiziki. Vol. 1. Moscow: 
«Nauka», 912.

14. 	Jendrjus, G. (1982). Teorija razbienij. Moscow: Nauka. Glavnaja 
redakcija fiziko-matematicheskoj literatury, 256.

15. 	Ventcel’, E. S. (1969). Teorija verojatnostej. Moscow: Nauka. 
Glavnaja redakcija fiziko-matematicheskoj literatury, 576.

16. 	Kas’janov, V. A. (2007). Sub’ektivnyj analiz. Kiev: NAU, 512.

OPTIMISATION OF LARGE INFORMATION 
SYSTEMS WITH DIAGONAL-DOMINANT 
MATRICES OF KEY PERFORMANCE INDICES  
(p. 24-29)

Yaroslav Toroshanko, Volodymyr Shmatko,  
Maxim Vysochinenko, Anna Bulakovska

The choice and justification of the number and specific charac-
teristics of key performance indices in complex technical systems is a 
very urgent task and an important part of the general problem of op-
timizing such systems. Besides, complexity and contradictions of the 
target functions within multi-conditional optimization of complex 
technical systems require prioritizing the selected key performance 
indices. Therefore, solution of the problems of quantitative assess-
ment as well as analysis and comparison of key performance indices 
is especially important for designing such systems and controlling 
their operation. 

While numerous scientific works—articles, monographs as well 
as materials of scientific and technical conferences—present results 
of a qualitative approach to the above-listed tasks, the present article 
focuses on quantitative aspects of solving the listed problems.

The major task within the general objective of the research is 
to analyze the main peculiarities of the matrix of key performance 
indices for evaluation of the parameters and the state, optimization 
and management of the service quality, and control over the infor-
mation system. Multiple correlation and regression analysis laid 
the basis for methods of flexible evaluation and optimization of the 
system parameters. We have suggested methods of evaluating partial 
correlation coefficients and presented the results of calculations 
based on the typical matrix of correlation between key performance 
indices. We have analyzed the statistic correlation between the main 
parameters of an efficient system and a high-quality service. It has 
been determined that coefficient matrices of normal equations for 
calculating minimal root-mean-square (RMS) estimations are close 
to matrices of a diagonal-dominant form. The diagonal-dominant 
form of matrices facilitates and precipitates iterative search for solu-
tions. The findings can be used in solving problems of optimal design 
and control of complex technical systems with variable parameters 
as well as random external and internal perturbations.

Keywords: information system, key performance indices, pa-
rameter evaluation, optimization, service quality.

References 

1. 	Parmenter, D. (2010). Key Performance Indicators (KPI): Develop-
ing, Implementing, and Using Winning KPIs: Second Editon.  John 
Wiley & Sons, 320.

2. 	Kaganski, S., Snatkin, A., Paavel, M., Karjust, K. (2013). Selecting 
the right KPIs for SMEs Production with the Support of PMS 



Abstract and References. Математика и кибернетика – прикладные аспекты

61

and PLM. International Journal of Research In Social Sciences, 
3(1), 69–76. Available at: http://archive.org/details/International-
JournalOfResearchInSocialSciencesijrss

3. 	Kreher, R. (2006). UMTS Performance Measurement: A Practical 
Guide to KPIs for the UTRAN Environment. John Wiley & Sons, 
Ltd., 227. doi: 10.1002/9780470034866 

4. 	Shahin, A., Mahbod, M. A. (2012). Prioritization of key performance 
indicators. An integration of analytical hierarchy process and goal 
setting.  International Journal of Productivity and Performance 
Management, 56 (3), 226–240. doi: 10.1108/17410400710731437 

5. 	Masood, L. A., Jahanzaib, M., Akhtar, K. (2013). Key Performance 
Indicators Prioritization in Whole Business Process: A Case of 
Manufacturing Industry. Life Science Journal, 10 (4s), 195–201. 
Available at:  http://www.lifesciencesite.com

6. 	Ouyang, Ye., Fallah, M. H. (2011). A Performance Analysis for 
UMTS Packet Switched Network Based on Multivariate KPIs. 
International Journal of Next Generation Network (IJNGN), 2 (1), 
80–94.

7. 	Evans, M., Hastings, N., Peacock, B. (1993). Statistical distributions: 
Second Editon.  John Wiley & Sons, Inc., 186.

8. 	Afifi, A., Ejzen, S. (1982). Statisticheskiy analiz: Podkhod s 
ispol’zovaniem EVM: per. s. angl. Moskow: Mir, 488. 

9. 	Nash, J. C. (1990). Compact numerical methods for computers: linear 
algebra and function minimisation: Second Editon. Adam Hilger, 
Bristol and New York, 288.

10. 	Bejker, Dzh., Grejvs-Morris, P. (1998). Approksimacii Pade. Moskva: 
Mir, 502.

11. 	Faddeev, D. K., Faddeeva, V. N. (1963). Vychislitelnye  metody  line-
jnoj algebry. Moskva: Fizmatgiz, 656.

12. 	Rastrigin, L. A. (1968). Statisticheskie metody poiska. Moskva: 
Nauka, 376.

13. 	Vishnevskij, V. M.,  Lyakhov, A. I., Portnoj, S. L.,  Shakhnovych, I. V.   
(2005). Shirokopolosnye besprovodnye seti peredachi dannech. 
Moskow: Technosfera, 592.

14. 	Mak-Kraken, D., Dorn, U. (1977). Chislennye metody i program-
mirovanie na Fortrane: per. s. angl. Moskva: Mir, 584.

MODELLING OF THE RELATION OF IMPLICATION 
WITH USE OF THE DIRECTED RELATIONAL 
NETWORKS (p. 30-37)

Vitaly Bulkin

Models of the directed relational networks of relation of im-
plication that can be used to represent knowledge in intelligent 
parallel action systems were developed in the paper. A relational 
network that implements the implication operation was created. 
The method of binary decomposition of the predicate of the mod-
eled object is used for the relational network construction. The 
original n-ary predicate is represented as a conjunction of binary 
predicates. Testing of step-by-step operation of the relational net-
work for all sets of values of object variables in the forward and 
inverse direction was carried out. An example of the relational 
network model operation for the relational network arc using a 
linear logical operator was considered. A method of constructing 
directed diagrams of the relational network was described. Di-
rected diagrams of the relational network (forward and inverse) 
were built. Unification of the forward and inverse directed dia-
grams of relational networks was performed. Directed diagrams 
of relational networks can be used in creating knowledge bases 
to make up production rules. Directed diagrams of relational net-
works can become an important part of parallel knowledge bases 
and inference.

Keywords: theory of intelligence, predicate algebra, algebra-
predicate structures, directed relational networks, linear logical 
operators.
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HYBRID MATHEMATICAL MODELS AND 
METHODS OF TIME SERIES FORECASTING 
TAKING INTO ACCOUNT EXTERNAL FACTORS  
(p. 38-58)

Vitalii Shchelkalin

The paper presents mathematical models of non-stationary time 
series forecasting, taking into account external factors and structural 
identification methods based on the joint use of a multidimensional 
variant of the “Caterpillar”-SSA method and SARIMAX models, ex-
panded for time series forecasting with several seasonal components 
and taking into account several exogenous variables.

Structural and parametric identification of the transfer function, 
connecting the forecast and exogenous time series is performed in 
the proposed hybrid mathematical models, using formulas for L- or 
K-continuation of a multi-dimensional variant of the “Caterpillar”-
SSA method. Decomposition approach to time series forecasting 
based on multi-dimensional variant of the “Caterpillar”-SSA method 
and SARIMAX models lies in decomposition of initial forecast and 
exogenous time series by the “Caterpillar”-SSA method into mul-
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tiple time series with simpler structures; forecasting decomposition 
component data from SARIMAX models and calculating the total 
forecast, combining forecasts of the constructed simplified models.

The proposed models were tested on electricity and natural gas 
consumption time series, and the results of their forecasting were 
compared with the results, obtained by probabilistic SARIMAX 
models. Experimental results show the high efficiency of the pro-
posed forecasting models in selecting suitable structural parameters 
in comparison with SARIMAX models.

The results lead to the conclusion that for effective forecasting, 
it is necessary to perform the decomposition of the studied time 
series and combine various models, describing both statistical and 
deterministic components of the time series, which provides better 
forecasting quality.

Keywords: forecasting, structural identification, decomposition 
model, Box-Jenkins method, “Caterpillar”-SSA method.
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