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For the problem of formation of project teams, in parti-
cular, scientific research project groups, there was proposed
the comprehensive method, which consists of the two-stage
method for clustering the graph of citation of scientists» pub-
lications and the method of fuzzy inference for coordination
of experts» opinions on the selection of potential partners
and their inclusion in the project group.

The essence of the two-stage method for clustering pub-
lications of scientists is clustering the citation graph based
on the proximity of abstracts of publications. The distance
between publications is calculated based on the determined
metrics and approaches of the n-gram analysis. The described
method allows identifying the areas research of scientists,
which is a necessary component of the rational choice of
a partner for the formation of a project team and is the input
information for experts who form this group. The next step
is the application of the method of fuzzy inference, which is
constructed to coordinate opinions of experts on the creation
of project teams. This method consists of three stages. At
the first stage, fuzzification is performed through the intro-
duction of function of scientist»s belonging to the area of
scientific research. The second phase of fuzzy inference is the
statement of experts» requirements to candidates for a place
in a project group. At the final stage, defuzzification with
the use of the method of the weight center takes place. To
verify the fuzzy method for identification of research project
groups, the organizations-executors for a fundamental scien-
tific research were determined.

Described methods can be used for the problem of for-
mation of scientific research groups and identification the
similarities between the fragments of text information based

on the n-gram analysis, which is used in the problem of iden-
tification of incomplete duplicates between fragments of text
information.

Keywords: clustering, n-gram analysis, scientific re-
search area, citation graph, project group.

References

1. Subelj, L, van Eck, N. J., Waltman, L. (2016). Clustering Sci-
entific Publications Based on Citation Relations: A Systema-
tic Comparison of Different Methods. PLOS ONE, 11 (4),
€0154404. doi: https://doi.org/10.1371 /journal.pone.0154404

2. Dhillon, I. S., Guan, Y., Kulis, B. (2007). Weighted Graph
Cuts without Eigenvectors A Multilevel Approach. IEEE
Transactions on Pattern Analysis and Machine Intelli-
gence, 29 (11), 1944-1957. doi: https://doi.org/10.1109/
tpami.2007.1115

3. Waltman, L., van Eck, N. J. (2013). A smart local moving al-
gorithm for large-scale modularity-based community detec-
tion. The European Physical Journal B, 86 (11). doi: https://
doi.org/10.1140 /epjb,/e2013-40829-0

4. Blondel, V. D., Guillaume, J.-L., Lambiotte, R., Lefebvre, E.
(2008). Fast unfolding of communities in large networks.
Journal of Statistical Mechanics: Theory and Experiment,
2008 (10), P10008. doi: https://doi.org/10.1088/1742-5468/
2008/10/p10008

5. Yang, J., Leskovec, J. (2013). Overlapping community detec-
tion at scale. Proceedings of the Sixth ACM International
Conference on Web Search and Data Mining — WSDM'13,
587-596. doi: https://doi.org/10.1145/2433396.2433471

6. Pons, P, Latapy, M. (2006). Computing Communities in
Large Networks Using Random Walks. Journal of Graph
Algorithms and Applications, 10 (2), 191-218. doi: https://
doi.org/10.7155/jgaa.00124

7. Bolelli, L., Ertekin, S., Giles, C. L. (2006). Clustering Sci-
entific Literature Using Sparse Citation Graph Analysis.
Knowledge Discovery in Databases: PKDD 2006, 30—41.
doi: https://doi.org/10.1007 /11871637 _8

8. Gomaa, W. H., Fahmy, A. A. (2013). A Survey of Text Similarity
Approaches. International Journal of Computer Applications,
68 (13), 13-18. doi: https://doi.org/10.5120/11638-7118

9. Islam, A., Milios, E., Keselj, V. (2012). Text Similarity Us-
ing Google Tri-grams. Lecture Notes in Computer Science,
312-317. doi: https;//doi.org/10.1007/978-3-642-30353-1_29

10. Brants, T, Franz, A. (2006). Web 1T 5-gram corpus version
1.1. Technical report. Google Research.

11. Kuchansky, A., Andrashko, Y., Biloshchytskyi, A., Danchen-
ko, E., Ilarionov, O., Vatskel, I, Honcharenko, T. (2018).
The method for evaluation of educational environment
subjects’ performance based on the calculation of volumes of
m-simplexes. Eastern-European Journal of Enterprise Tech-
nologies, 2 (4 (92)), 15-25. doi: https://doi.org/10.15587/
1729-4061.2018.126287

12. Biloshchytskyi, A., Kuchansky, A., Andrashko, Y., Bilosh-
chytska, S., Kuzka, O., Terentyev, O. (2017). Evaluation me-
thods of the results of scientific research activity of scientists
based on the analysis of publication citations. Eastern-Euro-
pean Journal of Enterprise Technologies, 3 (2 (87)), 4—10.
doi: https://doi.org/10.15587,/1729-4061.2017.103651

13. Teslia, 1., Latysheva, T. (2016). Development of concep-
tual frameworks of matrix management of project and



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

programme portfolios. Eastern-European Journal of Enter-
prise Technologies, 1 (3 (79)), 12—18. doi: https://doi.org/
10.15587/1729-4061.2016.61153

Yazici, H. J. (2009). The Role of Project Management Matu-
rity and Organizational Culture in Perceived Performance.
Project Management Journal, 40 (3), 14-33. doi: https://
doi.org/10.1002,/pm;j.20121

Morozov, V., Kalnichenko, O., Liubyma, I. (2017). Mana-
ging projects configuration in development distributed in-
formation systems. 2017 2nd International Conference on
Advanced Information and Communication Technologies
(AICT). doi: https://doi.org/10.1109 /aiact.2017.8020088
Su, Z., Poulin, D. (1996). Partnership management within
the virtual enterprise in a network. IEMC 96 Proceedings.
International Conference on Engineering and Technology
Management. Managing Virtual Enterprises: A Convergence
of Communications, Computing, and Energy Technologies.
doi: https://doi.org/10.1109 /iemc.1996.547894

Talluri, S., Baker, R. C. (1996). A quantitative framework
for designing efficient business process alliances. IEMC 96
Proceedings. International Conference on Engineering and
Technology Management. Managing Virtual Enterprises:
A Convergence of Communications, Computing, and Energy
Technologies. doi: https://doi.org/10.1109/iemc.1996.547896
XueNing, C., Tso, S. K., Zhang, W. J., Li, Q. (2000). Part-
ners selection for virtual enterprises. Proceedings of the
3rd World Congress on Intelligent Control and Auto-
mation (Cat. No.0OEX393). doi: https://doi.org/10.1109/
wcica.2000.859940

Feng, W. D., Chen, J., Zhao, C. J. (2000). Partners selection
process and optimization model for virtual corporations
based on genetic algorithms. Journal of Tsinghua University
(Science and Technology), 40, 120—124.

Biloshchytskyi, A., Biloshchytska, S., Kuchansky, A., Bielo-
va, O., Andrashko, Y. (2018). Infocommunication system of
scientific activity management on the basis of project-vector
methodology. 2018 14th International Conference on Ad-
vanced Trends in Radioelecrtronics, Telecommunications
and Computer Engineering (TCSET). doi: https://doi.org/
10.1109/tcset.2018.8336186

Biloshchytskyi, A., Kuchansky, A., Andrashko, Y., Bilosh-
chytska, S., Danchenko, O. (2018). Development of Infocom-
munication System for Scientific Activity Administration
of Educational Environment»s Subjects. 2018 International
Scientific-Practical Conference Problems of Infocommuni-
cations. Science and Technology (PIC S&T). doi: https://
doi.org/10.1109/infocommst.2018.8632036

Biloshchytskyi, A., Kuchansky, A., Paliy, S., Biloshchytska, S.,
Bronin, S., Andrashko, Y. et. al. (2018). Development of
technical component of the methodology for projectvector
management of educational environments. Eastern-Euro-
pean Journal of Enterprise Technologies, 2 (2 (92)), 4—13.
doi: https://doi.org/10.15587 /1729-4061.2018.126301
Mulesa, O., Geche, F. (2016). Designing fuzzy expert methods
of numeric evaluation of an object for the problems of fore-
casting. Eastern-European Journal of Enterprise Technolo-
gies, 3 (4 (81)), 37—-43. doi: https://doi.org/10.15587 /1729-
4061.2016.70515

Kuchansky, A., Biloshchytskyi, A. (2015). Selective pattern
matching method for time-series forecasting. Eastern-Euro-
pean Journal of Enterprise Technologies, 6 (4 (78)), 13—18.
doi: https://doi.org/10.15587 /1729-4061.2015.54812
Kuchansky, A., Biloshchytskyi, A., Andrashko, Y., Bilosh-
chytska, S., Shabala, Y., Myronov, O. (2018). Development

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

of adaptive combined models for predicting time series based
on similarity identification. Eastern-European Journal of
Enterprise Technologies, 1 (4 (91)), 32—42. doi: https://
doi.org/10.15587/1729-4061.2018.121620

Mulesa, O., Geche, F, Batyuk, A., Buchok, V. (2017). De-
velopment of Combined Information Technology for Time
Series Prediction. Advances in Intelligent Systems and
Computing, 361-373. doi: https://doi.org/10.1007 /978-3-
319-70581-1_26

Biloshchytskyi, A., Kuchansky, A., Andrashko, Y., Bilosh-
chytska, S., Dubnytska, A., Vatskel, V. (2017). The method
of the scientific directions potential forecasting in info-
communication systems of an assessment of the research
activity results. 2017 4th International Scientific-Practical
Conference Problems of Infocommunications. Science and
Technology (PIC S&T). doi: https://doi.org/10.1109/info-
commst.2017.8246352

Snytyuk, V. E. (2008). Forecasting. Models. Methods. Algo-
rithms. Kyiv: Maklaut, 364.

Sihombing, D. 1., Sitompul, O. S., Sutarman, Nababan, E.
(2018). Combining the use of analytical hierarchy process
and lexicographic goal programming in selecting project
executor. IOP Conference Series: Materials Science and En-
gineering, 420, 012113. doi: https://doi.org/10.1088,/1757-
899x/420/1/012113

Asanov, A., Myshkina, 1. (2017). Selection of executors
for realization of individual tasks of the project. SHS Web
of Conferences, 35, 01026. doi: https://doi.org/10.1051/
shsconf/20173501026

Imangulova, Z., Kolesnyk, L. (2016). An algorithm for
building a project team considering interpersonal rela-
tions of employees. Eastern-European Journal of Enter-
prise Technologies, 6 (3 (84)), 19-25. doi: https://doi.org/
10.15587/1729-4061.2016.85222

Baiden, B. K., Price, A. D. F. (2011). The effect of integration
on project delivery team effectiveness. International Journal
of Project Management, 29 (2), 129—136. doi: https://doi.org/
10.1016/j.ijproman.2010.01.016

Biloshchytskyi, A., Kuchansky, A., Andrashko, Y., Bilosh-
chytska, S., Kuzka, O., Shabala, Y., Lyashchenko, T. (2017).
A method for the identification of scientists» research
areas based on a cluster analysis of scientific publications.
Eastern-European Journal of Enterprise Technologies,
5 (2 (89)), 4-11. doi: https://doi.org/10.15587/1729-
4061.2017.112323

Lizunov, P, Biloshchytskyi, A., Kuchansky, A., Biloshchyts-
ka, S., Chala, L. (2016). Detection of near dublicates in ta-
bles based on the locality-sensitive hashing method and the
nearest neighbor method. Eastern-European Journal of En-
terprise Technologies, 6 (4 (84)), 4—10. doi: https://doi.org/
10.15587/1729-4061.2016.86243

Biloshchytskyi, A., Kuchansky, A., Biloshchytska, S., Dub-
nytska, A. (2017). Conceptual model of automatic system of
near duplicates detection in electronic documents. 2017 14th
International Conference The Experience of Designing and
Application of CAD Systems in Microelectronics (CADSM).
doi: https://doi.org/10.1109/cadsm.2017.7916155
Trzeciak, J. (2005). Writing Mathematical Papers in English.
A Practical Guide. European Mathematical Society, 51.
doi: https://doi.org/10.4171/014

Islam, A., Inkpen, D. (2008). Semantic text similarity using
corpus-based word similarity and string similarity. ACM
Transactions on Knowledge Discovery from Data, 2 (2),
1-25. doi: https://doi.org/10.1145,/1376815.1376819



38. Biloshchytskyi, A., Myronov, O., Reznik, R., Kuchansky, A.,
Andrashko, Y., Paliy, S., Biloshchytska, S. (2017). A method
to evaluate the scientific activity quality of HEIs based on
a scientometric subjects presentation model. Eastern-Euro-
pean Journal of Enterprise Technologies, 6 (2 (90)), 16-22.
doi: https://doi.org/10.15587 /1729-4061.2017.118377

39. Ngram Viewer. Available at: https://books.google.com/ngrams

40. National corpus of Russian language. Available at: http://
www.ruscorpora.ru/new/index.html

41. National corpus of Ukrainian language. Available at: http://
www.mova.info/corpus.aspx

42. Lin, Y., Michel, J.-B., Aiden, E. L., Orwant, J., Brockman, W.,,
Petrov, S. (2012). Syntactic Annotations for the Google Books
Ngram Corpus. Proceedings of the 50th Annual Meeting of the
Association for Computational Linguistics, 169—174.

DOI: 10.15587,/1729-4061.2019.176595

A STUDY OF APPROXIMATION OF FUNCTIONS
OF BOUNDED VARIATION BY FABER-SCHAUDER
PARTIAL SUMS (p. 14-20)

Nikolaj Mormul
University of Customs and Finance, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-8036-3236

Alexander Shchitov
Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-1435-2918

The Faber-Schauder system of functions was introduced
in 1910 and became the first example of a basis in the space
of continuous on [0, 1] functions. A number of results are
known about the properties of the Faber-Schauder sys-
tem, including estimations of errors of approximation of
functions by polynomials and partial sums of series in the
Faber-Schauder system.

It is known that obtaining new estimates of errors of
approximation of an arbitrary function by some given class
of functions is one of the important tasks in the theory
of approximation. Therefore, investigation of the appro-
ximation properties of polynomials and partial sums in the
Faber-Schauder system is of considerable interest for the
modern approximation theory.

The problems of approximation of functions of bounded
variation by partial sums of series in the Faber-Schauder sys-
tem of functions are studied. The estimate of the error of ap-
proximation of functions from classes of functions of bounded
variation C, (1<p<ee) in the space metric L, using the values
of the modulus of continuity of fractional order @y.,(f, ¢) is
obtained. From the obtained inequality, the estimate of the
error of approximation of continuous functions in terms of
the second-order modulus of continuity follows.

Also, in the class of functions C, (1<p<eo), the estimate of
the error of approximation of functions in the space metric L,
using the modulus of continuity of fractional order @;_1,(f, ¢)
is obtained.

For classes of functions of bounded variation KCV )
(1<p<eo), the estimate of the error of approximation of func-
tions in the space metric L, by Faber-Schauder partial sums
is obtained.

Thus, several estimates of the errors of approximation of
functions of bounded variation by their partial sums of series
in the Faber-Schauder system are obtained. The obtained re-
sults are new in the theory of approximation. They generalize

in a certain way the previously known results and can be used
for further practical applications.

Keywords: functions of bounded variation, integral met-
ric, modulus of continuity, Faber-Schauder system.
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In the process of designing structures from inhomogeneous
materials, there is the need to build discrete models that con-
sider the peculiarities of the geometrical shape of subdomains
from different materials. The first stage in the modeling of such
structures is the construction of a geometric model. In order
to describe the shapes of inhomogeneous structures, we have
proposed a functional approach, based on the use of systems of
implicit functions and R-functions. The first implicit function
defines the shape of a structure. The implicit functions starting
from a second one determine the shapes of the subdomains
whose boundaries must be considered when building a discrete
model. Each implicit function within the system exceeds zero
at inner points of the respective domain or subdomain, is equal
to zero at the border, and is less than zero at outer points. The
result is a possibility to describe the shapes of domains and
subdomains of arbitrary complexity.

We have constructed a method for the triangulation of struc-
tures from inhomogeneous materials, whose shape is assigned
functionally. The devised method makes it possible to consider
the shape of subdomains from different materials used in the
structure. The basic idea of the method implies consistent correc-
tion of coordinates for the nodes from the primary triangulation
of the domain. Primary triangulation can be arbitrary, but it must
fully capture the structure. At each step, the boundary of the
structure or a subdomain from a particular material is approached
by the node closest to the respective boundary. Following the
displacement of each node, the coordinates of neighboring nodes
are computed by minimizing the functional of exponents in the
planes of incident elements. At the same time, for the elements
that are incident at nodes and whose coordinates were changed,
meeting the Delaunay condition is checked,; if necessary, the ope-
ration «flip» is performed to change the diagonal. Upon remov-
ing the outer nodes, one would obtain a discrete model in which
the boundaries of the structure and subdomains from different
materials are approximated by nodes and edges of elements.

Keywords: triangulation, discrete model, functional rep-
resentation, implicit function, triangle, heterogeneous domain.
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The rigorous formal algorithm for formulating a dual
problem for different forms (general, basic, standard, and ca-
nonical) of a primal linear programming problem is proposed.
First, definitions of a pair of dual problems for standard form
of primal linear programming are given. This approach is
based on the fact that such a pair was noted first, since it had
substantial interpretation.

The economic interpretation of the standard problem is
profit maximization in the production and sale of some types
of products. Such an approach substantially indicates the
existence of the primal problem (I) and the strictly corre-
sponding dual (conjugate) (II). The problem of cost minimi-
zation is accompanying to the primal problem.

The basic concept of the duality theory in linear program-
ming problems is the fact that a pair of problems are mutually
conjugate — obtaining dual of dual leads to a primal problem.

The rigorous approach to obtaining an algorithm for
formulating a dual problem is based on the statement that
the dual problem of dual is a primal (original) problem. This
approach is used in the paper. For different pairs of dual prob-
lems, this statement is rigorously proved.

The existing schemes of primal to dual conversion are
substantial. Given this, the algorithm of the general approach
to formulating pairs of conjugate problems is proposed and
rigorously proved.

Formalization of the developed scheme makes it easy to
get pairs of known dual problems. This allowed for the first
time to propose and validate the algorithm for constructing
a dual problem for an arbitrary form of the primal problem.

Keywords: linear optimization, primal problem, dual
problem, duality, objective function, constraint system, pairs
of conjugate problems.

References

1. Drozd, J., Drozd, A. (2013). Models, methods and means as
resources for solving challenges in co-design and testing of
computer systems and their components. The Internation-
al Conference on Digital Technologies 2013. doi: https://
doi.org/10.1109/dt.2013.6566307

2. Sigal, I. H., Ivanova, A. P. (2003). Vvedenie v prikladnoe
diskretnoe programmirovanie: modeli i vychislitel'nye algo-
ritmy. Moscow, 240.



10.

11.

12.

13.

14.

15.

16.

17.

18.

. Hetmantsev, V. D. (2001). Liniyna alhebra i liniyne prohra-

muvannia. Kyiv: Lybid, 250.

. Teschl, G., Teschl, S. (2008). Mathematik fiir Informatiker.

Band 1: Diskrete Mathematik und Lineare Algebra. Springer,
519. doi: https://doi.org/10.1007 /978-3-540-77432-7

. Biloshchytskyi, A., Myronov, O., Reznik, R., Kuchansky, A.,

Andrashko, Y., Paliy, S., Biloshchytska, S. (2017). A method
to evaluate the scientific activity quality of HEIs based on
a scientometric subjects presentation model. Eastern-Euro-
pean Journal of Enterprise Technologies, 6 (2 (90)), 16-22.
doi: https://doi.org/10.15587/1729-4061.2017.118377

. Tytov, S. D., Chernova, L. S. (2017). Vyshcha ta prykladna

matematyka. Ch. 1. Kharkiv: Fakt, 336.

. Nozicka, F, Guddat, J., Hollatz, H. (1972). Theorie der Li-

nearen Optimierung. Berlin, 378.

. Lau, D. (2011). Algebra und Diskrete Mathematik 1. Springer.

doi: https://doi.org/10.1007 /978-3-642-19443-6

. Biloshchytskyi, A., Kuchansky, A., Andrashko, Y., Bilosh-

chytska, S., Kuzka, O., Shabala, Y., Lyashchenko, T. (2017).
A method for the identification of scientists’ research areas
based on a cluster analysis of scientific publications. Eas-
tern-European Journal of Enterprise Technologies, 5 (2 (89)),
4—11. doi: https://doi.org/10.15587 /1729-4061.2017.112323
Biloshchytskyi, A., Kuchansky, A., Biloshchytska, S., Dub-
nytska, A. (2017). Conceptual model of automatic system of
near duplicates detection in electronic documents. 2017 14th
International Conference The Experience of Designing and
Application of CAD Systems in Microelectronics (CADSM).
doi: https://doi.org/10.1109 /cadsm.2017.7916155

Unger, N., Dempe, S. (2010). Lineare Optimierung. Springer.
doi: https://doi.org/10.1007 /978-3-8348-9659-9
Kolesnikov, O., Gogunskii, V., Kolesnikova, K., Lukianov, D.,
Olekh, T. (2016). Development of the model of interaction
among the project, team of project and project environ-
ment in project system. Eastern-European Journal of Enter-
prise Technologies, 5 (9 (83)), 20-26. doi: https://doi.org/
10.15587,/1729-4061.2016.80769

Wu, C., Nikulshin, V. (2000). Method of thermoecono-
mical optimization of energy intensive systems with linear
structure on graphs. International Journal of Energy Re-
search, 24 (7), 615—623. doi: https://doi.org/10.1002/1099-
114x(20000610)24:7<615::aid-er608>3.3.c0;2-g
Kuchansky, A., Biloshchytskyi, A., Andrashko, Y., Bilosh-
chytska, S., Shabala, Y., Myronov, O. (2018). Development
of adaptive combined models for predicting time series based
on similarity identification. Eastern-European Journal of
Enterprise Technologies, 1 (4 (91)), 32—42. doi: https://
doi.org/10.15587/1729-4061.2018.121620

Gogunskii, V., Kolesnikov, O., Kolesnikova, K., Lukianov, D.
(2016). «Lifelong learning» is a new paradigm of personnel
training in enterprises. Eastern-European Journal of Enter-
prise Technologies, 4 (2 (82)), 4—10. doi: https://doi.org/
10.15587/1729-4061.2016.74905

Demin, D. (2017). Improvement of approaches to the con-
struction of the training process of sportsmen, considered
within the framework of the realization of informal education
processes. ScienceRise: Pedagogical Education, 9 (17), 28—46.
doi: https://doi.org/10.15587/2519-4984.2017.111110

Lax, P. D. (2013). Linear Algebra and Its Applications.
Wiley, 392. Available at: https://www.wiley.com/en-us/
Linear+Algebra+and+Its+Applications%2C+2nd+Edition-
p-9781118626924

Drozd, J., Drozd, A., Maevsky, D., Shapa, L. (2014). The
levels of target resources development in computer sys-

tems. Proceedings of IEEE East-West Design & Test Sym-
posium (EWDTS 2014). doi: https://doi.org/10.1109/
ewdts.2014.7027104

19. Chernov, S., Titov, S., Chernova, L., Gogunskii, V., Chernova, L.,
Kolesnikova, K. (2018). Algorithm for the simplification of
solution to discrete optimization problems. Eastern-Euro-
pean Journal of Enterprise Technologies, 3 (4 (93)), 34-43.
doi: https://doi.org/10.15587 /1729-4061.2018.133405

DOI: 10.15587/1729-4061.2019.174079
CONSTRUCTION OF THE FRACTIONAL-
NONLINEAR OPTIMIZATION METHOD (p. 37-43)

Lev Raskin

National Technical University

«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-9015-4016

Oksana Sira

National Technical University

«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-4869-2371

A method for solving the fractional nonlinear optimiza-
tion problem has been proposed. It is shown that numerous
inventory management tasks, on the rational allocation of
limited resources, on finding the optimal paths in a graph,
on the rational organization of transportation, on control
over dynamical systems, as well as other tasks, are reduced
exactly to such a problem in cases when the source data of
a problem are described in terms of a probability theory or
fuzzy math. We have analyzed known methods for solving
the fractional nonlinear optimization problems. The most
efficient among them is based on the iterative procedure that
sequentially improves the original solution to a problem. In
this case, every step involves solving the problem of mathe-
matical programming. The method converges if the region of
permissible solutions is compact. The obvious disadvantage
of the method is the uncontrolled rate of convergence. The
current paper has proposed a method to solve the problem,
whose concept echoes the known method of fractional-linear
optimization. The proposed technique transforms an original
problem with a fractional-rational criterion to the typical
problem of mathematical programming. The main advantage
of the method, as well its difference from known ones, is the
fact that the method is implemented using a single-step pro-
cedure for obtaining a solution. In this case, the dimensiona-
lity of a problem is not a limiting factor. The requirements to
a mathematical model of the problem, which narrow the re-
gion of possible applications of the devised procedure, imply:

1) the components of the objective function must be se-
parable functions;

2) the indicators for the power of all nonlinear terms of
component functions should be the same.

Another important advantage of the method is the pos-
sibility of using it to solve the problem on unconditional and
conditional optimization. The examples have been considered.

Keywords: fractional nonlinear function optimization,
linear constraints, single-step procedure, exact solution.
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The results of detection of periodic signals using the
chaos theory based on discrete processing of the Duffing
attractor in the Poincare section were considered.

A chaotic Duffing system characterized by high sensi-
tivity to periodic signals and a possibility of implementa-
tion by means of a relatively simple circuit was chosen for
the study.

Response of the Duffing system to the periodic influence
was analyzed. It was shown that when amplitude of perio-
dic components of the input signal grows at a frequency of
driving oscillations, there is a shift of the phase trajectory
along the Poincare section which is characterized by frac-
tal geometry. Types of the Duffing attractor changes that
result from the influence of a periodic input signal were
determined. Control regions for recording types of the



phase trajectory dynamics were identified in the phase plane
formed by the output signal and its derivative. In accordance
with the characteristics of the obtained phase trajectories,
a truth table was constructed. It enables estimation of in-
fluence of the periodic component with a sufficiently large
time sampling increment which is important for ensuring
speed of the signal processing devices. Transforms were
obtained that describe the process of detecting periodic
signals by discrete processing of the Duffing attractor in the
Poincare section.

Based on the formulated transforms and the truth table,
a block diagram of a device for detecting periodic signals
in noise was proposed. The proposed device can be used as
an input unit to implement the Duffing system based on an
analog electric circuit.

Values of discrete estimates of amplitude of the periodic
component of the input signal according to the shift of the
phase trajectory of the Duffing system with respect to the
attractor in the Poincare section were obtained. According to
the modeling results, the proposed circuit makes it possible
to detect periodic signals at low values of the signal-to-noise
ratio.

Keywords: signal detection, chaotic system, harmonic
signal, attractor, digital signal processing.
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Traditionally, the problems of routing in communication
networks are solved based on the scalar approach, which
takes into consideration only one quality indicator. How-
ever, information transmission in communication networks is
characterized by a totality of quality indicators. That is why
to obtain the optimal solution to the problems of routing in
a communication network, it is necessary to use the multicri-
terial approach. This determines the relevance of solving the
problem of routing in communication networks considering
the totality of quality indicators, which characterize the qua-
lity of information transmission. To solve this problem, this
study used the methods of multicriterial optimization. The
methods for discrete selection of a subset of Pareto-optimal
variants of routing taking into consideration the totality of
quality indicators were proposed. In this case, unconditional-
ly worse options for routing are excluded and potentially pos-
sible values of the totality of quality indicators are ensured. It
also suggests a possibility of multipath routing organization,
which provides uniform loading of all communication lines.
The practical features of application of the selected methods
of multicriterial optimization for choosing optimal routes

in communication networks taking into consideration the
totality of quality indicators were explored. The advantages
and constraints of the multicriterial approach to solving the
problem of routing in communication networks were shown.

The research results are useful for professionals who are
engaged in planning and designing optimal communication
networks.

Keywords: information transmission, communication
network, designing, optimal routing, totality of quality indi-
cators, multicriterial optimization.
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