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The collection of scientific papers contains the results of fundamental and applied research 

on the problems of mathematical modeling of complex systems, the development and 
software implementation of effective computational methods and algorithms for solving 
actual problems of optimization, mathematical physics and system analysis. It is intended for 
scientists in the field of applied mathematics, teachers of higher education establishments, 
postgraduate students and students. 
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The possibilities of the algorithm for applying the boundary element method to solving 

boundary value problems are discussed on the example of the two-dimensional Poisson dif-

ferential equation. The algorithm does not change significantly when the type of boundary 

conditions changes: the Dirichlet problem, the Neumann problem, or a mixed boundary 

value problem. The idea of the algorithm is taken from the work of John T. Katsikadelis 

[1]. The algorithm is described in detail in the next sequence of actions. 1) The boundary-

value problem for a two-dimensional finite domain is formulated. The desired function in 

the domain, its values, and its normal derivative on the boundary contour are connected by 

means of the second Green formula. 2) We pass from the boundary value problem for the 

Poisson equation to the boundary value problem for the Laplace equation. This simplifies 

the process of constructing an integral equation. We obtain the integral equation on the 

boundary contour using the boundary conditions. 3) In the integral equation, we divide the 

boundary contour into a finite number of boundary elements. The desired function and its 

normal derivative are considered constant values on each boundary element. We compose 

a system of linear algebraic equations considering these values. 4) We modify the system of 

linear algebraic equations taking into account the boundary conditions. After that, we solve 

it using the Gauss method. 

The computer program has been developed according to the developed algorithm. We 

used it in the learning process. The software implementation of the algorithm takes into 

account the capabilities of modern computer technology and modern needs of the educa-

tional process. The work of the program is shown in the test case. Further modification of 

the described algorithm is possible. 

Keywords: boundary element method, Poisson equation, Dirichlet problem, Neumann 

problem, mixed boundary value. 
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A lot of natural processes can not only depend on the present state but also on past state. 

These processes were described with differential equations with delayed argument. These 

equations are the special case of differential equations with the deviating argument 

(functional differential systems). In this work, a functional differential system with another 

type of nonlinearity comparatively with work [1] is observed. Odd or even number of 

equations, type of non-linearity of functions ( )if u  and type of arguments deviation have a 

great influence on asymptotic behavior of system’s solution. Particular case of this system 
is a scalar equation:

( ) ( ) ( ) ( )( ) ( )0 0ny t p t y t  + =  . This equation was an object of many 

investigations. As a result of these investigations, it was proven that asymptotic behavior of 

solutions of this equation depends on the sign of  and on type of nonlinearity: 0 1   

means sublinear type,  means linear type, 1  means super-linear type).  In the case 

for 1 = and each state of  it was proven that under the same conditions for even n  

solutions are oscillated and for odd n  solutions are oscillated or monotonously tend to the 

zero with derivatives up to 1n−  order. In case of 1 = −  same condition guaranties for even 

n  that solutions are oscillated or monotonously tend to the zero or infinity with derivatives 

up to 1n−  order and for odd  solutions are oscillated or monotonously tend to the infinity. 

The next step is generalization for systems with odd or even count of equations. In work [1] 

results were obtained for systems in sublinear case. In this work, the results for systems 

with odd or even count of equations in case when 1 = −  and with more general types of 

nonlinearity are generalized. An example that demonstrates optimality of obtained results 

was built. 

Keywords: differential equation, deviating argument, infinite time interval, asymptotic 

behavior. 

_____________________________________________ 
   . .,  . .,  . ., 2018 
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Mathematical model construction of complicate physical phenomenon often leads to the 

setting and solving problems of parameters optimal control in differential equations in par-

tial derivatives. Chosen equation with boundary and initial conditions is usually mathemat-

ical model basis of the object, which is under analysis. Optimal control of right-hand side 

function in non-linear problem for inhomogeneous biharmonic has been investigated. With 

the help of various gradient methods the problems of parameters control in such equations 

are solved successfully. Herewith linear problem is solved with the potential method on 

every step. In this work biharmonic potentials with logarithmic singularity are under con-

sideration. That is why parameters optimization in these problems are conducted together 

with elimination of their incorrectness. It should be noted that system optimal control 

problems, described with biharmonic equations in irregular shape region, are studied 

poorly. Therefore the object of investigation is one of boundary conditions for inhomoge-

neous biharmonic equation. The circumstance which complicated the problem was irregu-

larity of function domain. Clearly that this problem can be solved with computational 

mathematics methods. Without precise solution of linear problem, it is impossible to use 

gradient method, build converging iterative process, and obtain precise solution of optimi-

zation problem. Algorithm for linear boundary value problem solution with boundary in-

tegral equations overcomes this problem successfully. Physical examples of numerical im-

plementation have been presented, analysis of obtained solutions have been conducted. 

Their accuracy, algorithm simplicity and time spent evidence about this approach promis-

ing for practical results obtaining in plate theory and mathematical physics problems suc-

cessful numerical solving. 

Keywords: biharmonic equation, potential method, gradient method, optimal control. 

____________________________________ 
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We study projection-iterative processes based on the conditional gradient method to 

solve the problem of minimizing a functional in a real separable Hilbert space.  

To solve extremal problems, methods of approximate (projection) type are often used, 

which make it possible to replace the initial problem by a sequence of auxiliary approxi-

mating extremal problems. The work of many authors is devoted to the problems of ap-

proximating various classes of extremal problems. Investigations of projection and projec-

tion-iteration methods for solving extremal problems with constraints in Hilbert and re-

flexive Banach spaces were carried out, in particular, in the works of S.D. Balashova, in 

which the general conditions for approximation and convergence of sequences of exact and 

approximate solutions of approximating extremal problems considered both in subspaces 

of the original space and in certain spaces isomorphic to them were proposed. 

The projection-iterative approach to the approximate solution of an extremal problem is 

based on the possibility of applying iterative methods to the solution of approximating 

problems. Moreover, for each of the "approximate" extremal problems, only a few approx-

imations are obtained with the help of a certain iteration method and the last of them as the 

initial approximation for the next "approximate" problem is used. 

This paper, in continuation of the author's past work to solve the problem of minimizing 

a functional on a convex set of Hilbert space, is devoted to obtaining theoretical estimates  

of the rate of convergence of the projection-iteration method based on the conditional gra-

dient method (for different ways of specifying a step multiplier) of minimization of approx 

________________________ 

    . ., 2018 
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imating functionals in certain spaces isomorphic to subspaces of the original space. We 

prove theorems on the convergence of a projection-iteration method and obtain estimates 

of error and convergence degree. 

Keywords: functional, set, space, minimization problem, sequence, conditional gradient 

method, projection-iteration method, convergence, estimate, error. 
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Reconstruction of the Lorenz ordinary differential equations system is performed by us-

ing perspective coefficients method. Four systems that have structures different from Lo-

renz system and can reproduce time series of one variable of Lorenz system were found. In 

many areas of science, the problem of identifying a system of ordinary differential equa-

tions (ODE) from a time series of one observable variable is relevant. If the right-hand 

sides of an ODE system are polynomials, then solving such a problem only by numerical 

methods allows to obtain a model containing, in most cases, redundant terms and not re-

flecting the physics of the process. The preliminary choice of the structure of the system 

allows to improve the precision of the reconstruction.  

Since this study considers only the single time series of the observable variable, and 

there are no additional requirements for candidate systems, we will look only for systems of 

ODE's that have the least number of terms in the equations. We will look for candidate sys-

tems among particular cases of the system with quadratic polynomial right-hand sides.  

To solve this problem, we will use a combination of analytical and numerical methods 

proposed in [12, 11]. We call the original system (OS) the ODE system, which precisely de-

scribes the dynamics of the process under study. We also use another type of ODE system - 

standard system (SS), which has the polynomial or rational function only in one equation. 

The number of OS variables is equal to the number of SS variables. The observable varia-

ble of the SS coincides with the observable variable of the OS. The SS must correspond to 

the OS. Namely, all the SS coefficients can be analytically expressed in terms of the OS co-

efficients. In addition, there is a numerical method [12], which allows to determine the SS 

coefficients  from a time series. To find only the simplest OS, one can use the perspective 

coefficients method [10], which means the following. Initially, the SS is reconstructed from 

a time series using a numerical method. Then, using analytical relations and the structure 

of the SS, we determine which OS coefficients are strictly zero and strictly non-zero and 

form the initial system (IS), which includes only strictly non-zero coefficients. After that, 

the IS is supplemented with OS coefficients until the corresponding SS coincides with the 

SS obtained by a numerical method. The result will be one or more OS’s. Using this ap-

proach, we have found 4 OS structures with 7 coefficients that differ from the Lorenz sys-

tem [17], but are able to reproduce exactly the time series of X variable of the Lorenz sys-

tem. Numerical values of the part of the coefficients and relations connecting the rest of the 

coefficients were found for each OS. 

Keywords: time series, differential equations, reconstruction, original system, standard 

system, method of perspective coefficients. 
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The paper is devoted to the optimal placement of devices within a wireless sensor 

network. Modern requirements to ensure public safety in buildings with a complex 

structure imply the existence of systems that can detect and position emergency situation, 

inform rescue and tenants about the status and help them to either evacuate or eliminate 

the danger. Nowadays the main approach to create indoor emergency system is based on 

wireless sensor network. The network is built with a big number of usually battery-

operating devices, each consists of a sensors set for hazard detection, and radio frequency 

module for communication. To evaluate the state of indoor environment different sensors 

can be used, such as temperature, humidity, light, flame, smoke, gas, etc. The problem of 

optimizing the network topology as a covering problem is formulated. A set of points in the 

area that is not covered by circles, a set of points belonging to the region and the 

intersection of two or more circles of coverage, set of points that do not belong to the area 

need to be minimized. To ensure fault tolerance of the wireless sensor network, it is necessary to 

allow the connection of each sensor with at least two routers, in case one of the routers is 

accidentally switched off, and also it is necessary to ensure connection of the router with at least 

one router. To take into account these additional conditions, the method of penalty functions is 

used. The genetic algorithm for solving the problem is used. The main genetic operators are  

adapted to the problem of designing the topology of wireless sensor networks. A computa-

tional experiment was carried out, during which the optimal population size was estab-

lished; the procedure of homogeneous crossing, procedure of tournament selection is 

_____________________________________ 
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chosen; procedure of homogeneous mutation. As a criterion for stopping the genetic 

algorithm, the stagnation of the results on the iterations of the algorithm is chosen.  

Keywords: monitoring, wireless sensor network, sensor, router, server, topology, cover-

age problem, genetic algorithm. 
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In this article the problem of automatic generation of a knowledge base which consists of 

production rules for training dataset using fuzzy logic methods and a rule for comparing 

the values of an output variable is considered. An algorithm for the formation of fuzzy 

production rules is proposed. An actual problem of development and improvement of 

artificial intelligence algorithms and fuzzy logic application for solving a wider range of 

problems is considered. With the help of such systems are possible to eliminate the 

difficulties of formalizing knowledge about technological processes; also it is possible to 

organize recognition of nonstandard and emergency situations without using precise 

mathematical models and classical decision theory based on the tool of mathematical 

equations.  The development of this area is relevant, as the number of tasks are constantly 

increasing, and the amount of knowledge becomes too large to handle them manually. The 

construction of an exact mathematical model for poorly formalized objects and processes 

are very difficult task, due to the lack of complete information. The situation becomes even 

more complicated if the properties of the object or process change dynamically. Therefore, 

the development of mathematical methods and algorithms that allow structuring the 

system of rules and determining the order of their calls to control consistency and 

completeness to optimize the number of rules, are an actual task. 

Modern approaches to the automation of these processes are considered. These 

approaches significantly improve the work of expert systems, but they allow to work only 

with static knowledge bases, limit the number of logical inferences and are not applicable 

for cases when it is necessary to add new logical rules to the existing system. In this article, 

an approach is developed that makes it possible to expand the knowledge base of the expert 

system with new rules in the process of exploitation. The developed algorithm has following  

advantages: high speed of problem solving; the ability that allows expanding the number of 

system responses without changing the scope of the rules and the program itself; expanding 

the range of application of fuzzy logic algorithms. 
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The developed algorithm has following disadvantages: if the system's response database 

has objects that are similar to each other, they can have the same center of gravity, which 

in turn leads to additional checks; the minimum distance for mapping the object should be 

selected experimentally. The application of this algorithm can be seen on the website of the  

program, which classifies, maps an arbitrary user in a set of comic book characters 

database "CMD - Combat Marvel DC" [8]. The approach that was proposed has been 

successfully implemented using the C/C ++ and JavaScript languages, and JSON open-

standard file format that uses human-readable text to transmit data objects consisting of 

attribute–value pairs and array data types. Software that was used for development: 

NetBeans IDE, MinGW, GNU Compiler Collection, WhiteStarUML, GitHub, WebGL, 

Chrome, Mozilla Firefox, Opera. 

Keywords: artificial neural network, error back-propagation method, anthropological 

points, oriented gradient histogram, convolutional neural network, prediction. 
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In the article, a problem of prediction a user's psychological response to the presented 

image is considered. A complex algorithm that solves proposed problem with respect to 

fuzzy input data which operates in real time is proposed. 

A classification problem for each particular user based on previously generated content 

by the user using a set of algorithms including machine learning algorithm is considered. 

Due to a huge amount of variety in possible input data and it’s complexity algorithms that 
reduce fuzziness are considered. In order for a prediction system to understand and learn 

from data it has been provided, it has to be prepared in such a way that the algorithm 

could more easily find patterns and inferences. For that purpose, all incoming data passes 

two additional steps which also allows the system to neglect fuzziness.  

At the first step, the software has to definitely determine a presence of the desired object 

(face, in the article) which must be done fast enough to be made in a time of presenting the 

picture to a user and it must be stable to data fuzziness. In order to solve that problem his-

togram of oriented graphs is considered. Because of its nature, the algorithm solves a prob-

lem in comparatively fast and robust way. At the second step, the face landmark estimation 

algorithm is considered. It allows the system to reduce the number of patterns that have to 

be learned in order to predict the behavior reducing the number of such patterns by nar-

rowing down the two-dimensional transform of the object. 

The last step, prediction, is implemented with an artificial neural network that embraces 

incoming object and determines user’s resolution based on its experience. Such algorithm 

____________________________________________________ 
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allows the system to keep learning throughout its life cycle which leads to constant im-

provements in its results. The proposed algorithms complex was implemented. High speed, 

fuzziness resistance, independence of external conditions can be considered as its ad-

vantages. Slow learning cycle can be considered as its main disadvantage. Tests’ results 
provided in the article. 

Key words: artificial neural network, method of reverse error propagation, anthropo-

logical points, histogram of oriented gradients, convolutional neural network, forecasting. 
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The mathematical theory of optimal set partitioning (OSP) of the n-dimensional Euclid-

ean space, which has been formed for todays, is the field of the modern theory of optimiza-

tion, namely, the new section of non-classical infinite-dimensional mathematical program-

ming. The theory is built based on a single, theoretically defined approach that sum up ini-

tial infinite-dimensional optimization problems in a certain way (with the function of La-

grange) to non-smooth, usually, finite-dimensional optimization problems, where latest 

numerical non-differentiated optimization methods may be used - various variants r-

algorithm of N.Shor, that was developed in V. Glushkov Institute of Cybernetics of the Na-

tional Academy of Sciences of Ukraine. 

For now, the number of directions have been formed in the theory of continuous tasks of 

OSP, which are defined with different types of mathematical statements of partitioning 

problems, as well as various spheres of its application. For example, linear and nonlinear, 

single-product and multiproduct, deterministic and stochastic, in the conditions of com-

plete and incomplete information about the initial data, static and dynamic tasks of the 

OSP without limitations and with limitations, both with the given position of the centers of 

subsets, and with definition the optimal variant of their location. Optimal set partitioning  

problems in uncertainty are the least developed for today is the direction of this theory, in 

particular, tasks where a number of parameters are fuzzy, inaccurate, or there are insuffi-

cient mathematical description of some dependencies in the model. Such models refer to  

the fuzzy OSP problems, and special solutions and methods are needed to solve them. 

_______________________________________________________________ 
 К ь  . .,  . ., ь . ., Ш  . ., 2018 
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In this paper, we propose an algorithm for solving a continuous linear single-product 

problem of optimal set partitioning of n-dimensional Euclidean spaces Еn into a subset with 

searching of coordinates of the centers of these subsets with restrictions in the form of 

equalities and inequalities where target function has fuzzy parameters.  The algorithm is 

built based on the application of neuro-fuzzy technologies and N.Shor r-algorithm.  

Keywords: optimal partitioning, non-differentiable optimization, fuzzy parameter, neu-

ro-fuzzy technologies, r-algorithm. 
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’  Є     

LOCATION-ALLOCATION    
 

   location-allocation   
.   ,  є   

’        r-  . 
      location-allocation  
 ,       

. 
 :  location-allocation, ,  , 

 , r- . 

 

   location-allocation   
.   ,     

      r-  . 
     location-allocation   

,       
. 
 :  location-allocation, ,  , 

 , r- . 
 

The problem of enterprises location with the simultaneous allocation of this region, contin-

uously filled by consumers, into consumer areas, where each of them is served by one en-

terprise, in order to minimize transportation and production costs, in the mathematical 

definition, are illustrated as infinite-dimensional optimal set partitioning problems (OSP) 

in non-intersecting subsets with the placement of centers of these subsets. A wide range of 

methods and algorithms have been developed to solve practical tasks of location-allocation, 

both finite-dimensional and infinite-dimensional. However, infinite-dimensional location-

allocation problems are significantly complicated in uncertainty, in particular case when a 

number of their parameters are fuzzy, inaccurate, or an unreliable mathematical descrip-

tion of some dependencies in the model is false. Such models refer to the fuzzy OSP tasks, 

and special solutions and methods are needed to solve them. This paper is devoted to the 

solution of an infinite-dimensional problem of location-allocation with fuzzy parameters, 

which in mathematical formulation are defined as continuous linear single-product prob-

lem of n-dimensional Euclidean space n optimal set partitioning into a subset with the 

search for the coordinates of the centers of these subsets with constraints in the form of 

equalities and inequalities whose target functionality has fuzzy parameters. The software to 

solve the illustrated problem was developed. It works on the basis of neuron-fuzzy technol-

ogies with r-algorithm of Shore application. The object-oriented programming language 

C# and the Microsoft Visual Studio development environment were used. The results for a 

model-based problem of location-allocation with fuzzy parameters obtained in developed 

software are presented. The results comparison for the solution to solve the infinite-

dimensional problem of location-allocation with defined parameters and for the case where 

_______________________________________________________________ 
 К ь  . .,  . ., ь . ., Ш  . ., 2018 
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some parameters of the problem are inaccurate, fuzzy or their mathematical description is 

false. 
Keywords: location-allocation problem, optimization, fuzzy parameter, neuro-fuzzy 

technologies, r-algorithm. 
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 ,    .  (6)  
  : 

1  -    (     ); 
2  -   ; 

3  -    (   ). 
  ia , 1,...,5i = ,   ,   

: 
1 1 2 2 2 3i i i ia k k k  = + + . (10) 

     1 2 3 1 2 3, , , , ,i i ik k k     (  ijk  -  
є ,   i     , 

1,2,3,j = 1,...,5i = )  (10)     : 

1 0,07a = ; 2 0,1a = ; 3 0,38a = ; 4 0,2a = ; 5 0a = . 

 ’  є    location-allocation   
  ia      [1].   

        ( , )i j , 

1,...,21i = , 1,...,21j = .        
(0) 0i = , 1,  5i = .  

     :  
( ) ( ) ( 1) ( 1)|| ( , ) ( , ) ||k k k k+ +  −     , 410− = . 

     [1]  46  :  
-      0,26722;  
-      0,26789.  

    Ω    
 є    . 1,   

   є :  

 

ь   
 є : 

 

1  = (0,28439; 0,23794);  

 

2  = (0,19985; 0,76565);  

 

4  = (0,81255; 0,14963);  

 

5  = (0,70583; 0,65526). 

 

.1.  
 

  .1   .    
 ’         
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      1a  

   1a  
  

   1a  
  

1  2  3  1  2  3  

1 0,38 15 12 11 5 0,15 5 4 10 
2 0,10 7 9 7 6 0,17 1 5 12 

3 0,00 3 1 8 7 0,07 4 3 4 
4 0,20 11 12 15 8 0,10 9 7 5 

 
є        [5]. 

Ф .      1 2 3, ,    ,  
,          

,   – .       , 
    – ь  ( ),  ( ),  ( ). 

    . 2. 
 2  

   

 1  2  3  

 [0;5) [0;4) [0;5) 
 [5;10) [4;8) [5;10) 
 [10, 15] [8, 12] [10, 15] 
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(16) 
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 -    ,   [6]. 

  є      *W , *B   
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  )      [6],  
  . 4   *B   *C    . 3   *W . 

 
 4 

        
    

 

    

1  2  3  1  2  3  

b
            

1 3,5 1 2,75 1 3,5 2.12 2.66 1.02 0.14 1.02 1.19 

8 3,5 6,5 2,75 8 3,5 7.72 0.07 3.80 0.38 8.59 0.83 

15 3,5 12 2,75 15 3,5 14.99 0.11 11.89 0.45 14.9 0.26 
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 ,    [4],   
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 1 5,...,a a . 

    ,     
 1 0,07493a = ; 2 0,19432a = ; 3 0,33743a = ; 4 0,21138a = ; 
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Numerical realization of the problems of optimal distribution of recreational resources 

adapted to the continuous non-linear multiproduct problem of optimal partitioning of sets, 

the solution of which can be interesting in the sense of the development of recreation and 

tourism, is carried out. The success of most management tasks depends on the best way to 

use resources. In general, this problem is reduced to the problems of optimal resource 

allocation. The tasks of this type include the tasks of optimal placement of tourist 

complexes on a given territory, which is attractive in the sense of the tourism industry. In 

this case, the models of functioning and development of tourist and recreational systems 

are considered that can be used for analysis and forecasting of the tourism industry, both 

at the regional and national and international levels. The problem of the optimal 

distribution of recreational resources in the conditions of the modern and perspective 

structure of recreational needs was investigated. A mathematical model of the problem is 

constructed, which is a nonlinear continuous multi-product problem of the optimal 

partition of a set nЕ  into its disjoint subsets (among which there may be empty ones) 

with fixed coordinates of the centers of these subsets under constraints in the form of 

equalities and inequalities. An analytical solution of the problem is obtained, which 

includes parameters that are sought as the optimal solution of the auxiliary dual finite-

dimensional optimization problem with a nonsmooth target functional. On the basis of the 

analytical solution of the problem studied, a theoretically grounded solution algorithm was 

developed. A numerical investigation of the problem is carried out. The presented research 

results can serve as a useful tool in the sense of effective optimal partitioning of the 

functioning zones of existing tourist and recreational facilities that are able to produce 

service complexes to meet the necessary needs of recreants from the service area in  

___________________________________ 
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conditions of the optimal cost of recreational needs. 

Keywords: tourist and recreational facility, recreational potential, expert assessment 

method, optimal sets partitioning, multiproduct problem. 
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It is known that a large number of applied optimization problems can’t be exactly solved 

nowadays, because their computational complexity is related to the NP-hard class. In many 

cases metaheuristics of various types are used to search for approximate solutions, but the 

choice of the concrete metaheuristic has open question of the quality of the chosen method. 

There are several possible solutions to this problem, one of which is the verification of  

metaheuristic algorithms using examples from known test libraries with known records. 

Another approach to solving the problem of evaluating the quality of algorithms is to com-

pare the "new" algorithm with other algorithms, the work of which has already been inves-

tigated. The construction a generator of random problems with a known optimal solution 

can solve the problem of obtaining "average" estimates of the accuracy for used algorithm 

in comparison with other methods. 

The article considers the construction of generators of random non-waste maps of rec-

tangular cutting with restrictions on the rectangles of limited sizes. The existence of sets of 

such cards forms the basis of test problems for checking the quality of approximate algo-

rithms for searching for optimal solution. Rectangular cutting, which is considered in the 

article, is also the basis for building cuts using more complex shapes. As the simplest meth-

od of generating random rectangular non-waste maps, considered a method that uses guil-

lotine cutting. Also, a more complex algorithm for generating a random rectangular cut is 

given, whose job is to generate a random dot grid and remove some random points from 

this grid. Much attention is paid to the implementation of the above methods, since the 

main purpose of the article is to simplify using of generators in practice. 

All the above algorithms are already used in the software system for testing evolution-

ary-fragmentary algorithms for various classes of optimization problems on the graphs. 

Keywords: cutting map, wasteless rectangular cutting, rectangular cutting generation 

algorithms, guillotine cutting. 
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The article deals with the problem which is of relevance nowadays: vehicle routing 

problem. This problem is considered in order to reduce delivery costs of the distributor. 

The solution of this problem allows to optimize and reorganize structure of the company 

and decrease using of recourses. The model of the vehicle routing problem, i. e. the use of 

different approaches, tools and algorithms to obtain a better result is investigated. Dividing 

this problem on sub-problems gives opportunity for using different approaches in solving 

vehicle routing problem. The algorithm for solving the vehicle routing problem is pro-

posed. The main idea of this algorithm is to use agglomerative clustering, tabu search, and 

union of the clusters sequentially. The program module for every method is developed. 

There is an opportunity to make use of parallel computing, as a result of clustering-based 

approach. The proposed algorithm of the vehicle routing problem is checked with solving a 

real problem. Problem location is defined in Dnipro city. The visualization of every step of 

solving is presented as combining Google Maps API and JavaScript in web implementa-

tion. The quasi-optimal solution of the considered problem is obtained and its robustness is 

checked. The critical values which lead to rapid increase in the transportation cost is 

found. Randomly data perturbation is also tested. Graphical implementation for every test 

is considered to create applied interpretation of results. Research results can be applied to 

obtain a solution to the vehicle routing problem and reduce delivery costs of the distribu-

tor. The idea of creating an interface for software, the use of other clustering algorithms, 

introduction of another algorithm of union of the clusters, and the use of different ap-

proaches for checking the robustness of vehicle routing problem solution is considered as a 

further research. 

Keywords: transport routing, heuristic algorithms, robustness of solutions, taboo-

search, agglomeration clustering.  
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The tasks of multi-criteria optimization in the general formulation do not have a trivial 

solution, which gives rise to a multitude of approaches in determining the most “success-

ful” solution from a certain set of solutions that satisfy the problem conditions. One of the 

ways of formal defining of the possible alternative solution set is to isolate the Pareto set, 

i.e. the set of unimprovable alternatives. The previously developed approach  
______________________________________________ 
  . .,  Э. .,  . ., 2018  
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was applied for studying some classes of multi-criteria problems, the objective functions of 

which have certain properties, and its productivity was confirmed. The concept of complete 

problems was introduced, for which the equality of the sets of feasible solutions, the Pareto 

and the full set of alternatives was fulfilled. In previous works, the authors introduced the 

concept of quasi-completeness. In the article the class of two-criterion problems, for which 

the admissible solution for the first criterion has a constant number of edges, and objective 

function contains the criterion of weight and the criterion of the minimax edge, is 

distinguished. The problem on the graph of the general structure and the problem on the 

bichromatic graph, for which the feasible solutions have a constant number of edges, were 

selected as representatives of this class. A method for studying the properties and 

estimating the powers of an admissible set of solutions, a Pareto set and a complete set of 

alternatives for the problems of the selected class, has been formulated. A theorem on the 

quasi-completeness for the selected class problems is proved. There were obtained 

estimates for two representatives of this class: “about a spanning tree and a minimax 
edge”, “about a perfect matching on a bichromatic graph and a minimax edge”. 

Polynomial algorithms for solving the problems under study are proposed. Estimates of 

the computational complexity of these algorithms are given. 

Keywords: multi-criteria optimization, Pareto set, full set of alternatives, quasi-complete 

problem. 

 

.       
   ,      

  « »    , 
  .     

      
  ,    

[1].   [4,7]    
  ,    . 

       
 ,     

 .      ,  
     , 

    .    
  [2,4,6,7]. 

  [5]    ,  
        
    ,    

    « - ».     
     ( ),  

 ( )     ( ).  
        

        
 .      

  ,       
« -  ».       

       ,   
    .   



ISSN 2074-5893      .   18 
 

 141 

 ,     , , ,   
    . 

 .  Z , 3,1=    
  −n   ),( EVG =   

      :  1Z -  
 , 2Z -       

  .   2Z  ,    V  

 ( , )G V E=       
 21,VV , = 21 VV , 21 VVV = .  21,VV  

 .     ),( EVG =  ,  21,VV -

      .  1Z   2Z  

   ,      
 .  3Z      n - 

  ),( EVG =     
    ,    «  

 ».  
     Z    

 )(xF    }{  xX = ,  x = ),(  EV -   
,G  VV  , EE  ,   -   .  

21 ,Z  

      
−n  −m     extrxF

i
→)( , 2,1=i  

   )(
2121 ,,  xF .  i , 2,1=i   

  ,    )(xF
i

, 

    
i

Z .  

    : 
} ,),,( {

2211212121 ,,  XxXxxxxxxX ===  -   
21 ,Z ,  

),(
2121 ,  xxx = -    

21 ,Z ,   
  =

i
x ),(

i
EV  , 2,1=i    ),,( EVG = EE

i
 ; 

−
21,X   ;

21 ,X
21,

~
X -   

  
21 ,Z , 

2121 ,,

~
 XX  ; 21 ,

0
X -   

,      

2121 ,,
0 ~

 XX    21 ,
0

X   ,  

)
~

()(
21212121 ,,,

0
,  XFXF = [4].   



 ISSN 2074-5893      .   18 
 

 142 

  
21 ,Z   ,    

21 ,X        ( ) )(xF , 

    ,     
  

212121 ,,,
0 ~

 XXX =  [5]. 

   Eet  , mt ,1=  n -   ),,( EVG =  

mE =    )( ti e , 2,1=i , mt ,1= .  

   ,     
    :  

 
))(),(())(),(()( 4121

xFxFxFxFxF  ==  ,                           (1) 

)(
1

xF = max)()()(
1

1114,11 →== 
 xEe

exx  ,                              (2) 

min)(max)( 23,13
1

→=


exF
xEe
 .                                     (3) 

     ,    
  

i
x , 2,1=i        

  G ,    ,   
 . ,   

1
x   

2
x   . 

      }{ 3,3, 11  xX = , 

 3,1

~
X ,  3,

0
1X , 2,11 = ,      

   
1X

 3X   
  

1
Z  3Z     )(

11  xF , )( 33 xF . 

         
        3,1

Z , 

2,11 = . 

 .       3,1
Z , 2,11 = .  

      }{
11


 xX = , MX =

1 , M,1=  

 
1

Z ,   1 .    

11 


 Xx      ),(
111








 EVx =   ),( EVG = , 

VV 
 1

, EE 
 1

.        )(2 e , 
1

x
Ee  

  
1

x , M,1=       
  )()( 22

1

eextre
x

Ee
extr 







= .      

 ],1[ M ,   }{ 3,3, 11  xX =   3,1
Z .   

  3,1
x        



ISSN 2074-5893      .   18 
 

 143 

 ))(),(( 31


 xFxF ,  )()(

11 1





  xxF = , )()( 23

  extrexF = .   
     3,1

~
X    (2)-(3). 

   3,1
X ,  3,1

~
X    0

3,1
X  

3,1
Z , 2,11 = .   ),( EVG =   Ee    

Emmett === ,,1)( .    Eet      
   : 

tt 2)(1 = , )()( 102 trt  −= , Emmett === ,,1)( , 1
0 2 += mr .      (4) 

 (4)        
     .    

    3,1
Z , 2,11 =     

}{
11


 xX = , MX =

1
, M,1=       

 (2).  
      3,1Z  «   

   ».   

   3,1X ,  3,1

~
X    0

3,1X    (1)-(3) 

 11 = .   3,1X   3,1Z     1X  

 1Z ,        .  
}{ 11


xX =     ),( 11

 EVx = , 11 −= nE 
, M,1=  n -

  ),,( EVG =  mE = , EE 
1 , mn −1 .  

          
2−nn [4].  

   }{ 13,1


xX = , ),( 11

 EVx =    

3,1
iX , )2(,1 +−= nmi    «   )(et   

1Ee », 


)2(,1

3,13,1
+−=

=
nmi

iXX ,  =3,13,1
ji XX , ji  , 21 +− nmi , 21 +− nmj . 

  (4),    3,1
iX   

 )( 1


xF        )( 11


xF . 

    3,1
iX , )2(1 +− nmi  

 «    )(et   
1Ee »    1  

1−n .   ),( 111


EVx =   ),( 111


EVx =    

 
t

e   
t

e   1−n      t   t   

Mtt  1 , . . 



tt еEеE \\ 11 = .   (4), 

)()( 11 
 tt ee  ,   )( 11


xF )( 11


xF .  

    3,1
iX ,    

  )( 1


xF       



 ISSN 2074-5893      .   18 
 

 144 

 )( 13


xF  (3). ,   ,  

  )(et     2 . ,   

(3)  
1x  

1x   )()()()( max214max214

  exFexF === . 

,     ,     ,  


1x .  ,   3,13,1

~
XX  .   

   3,1
iX     i

x1 , 

  (2)  (3).    }{ 1

i
x , )2(,1 +−= nmi  

 .   2
~

3,1 +− nmX .  

      0
3,13,1

~
XX = . , 

 ,    3,1Z    (1)-(3)  11 =  

   3,13,1
0

3,1

~
XXX = . ,  

    (4)    
   1

~
4,1

0
4,1 == XX . ,    

1x   

)( 13


xF   «   )(et   

1Ee ».   
,        

)( 11


xF ,       

1E  

.  
 ,     

 1.  3,1Z  «      »  
n -   ),,( EVG =  mE =      (1)-(3) 

 11 =   , . .   
 3,13,1

0
3,1

~
XXX = .      

     n -   2
3,1

− nnX ,  
        

2
~

3,1
0

3,1 +−= nmXX . 

  3,2Z  «      
   »   (1)-(3)  21 = .   

  3,2X ,  3,2

~
X    0

3,2X      
.    3,2Z    

    2Z , . .   
 ),( 22

 EVx = , 
22

nE =    

),,( EVG = 21 VVV = , mE = , 
221

nVV == , EE 
2 .  

     G   



ISSN 2074-5893      .   18 
 

 145 

     nnperA  . 

       G   
( )2

2
nmE ==     ( ) !2

n [6]. 

   }{ 23,2


xX = , ),( 22

 EVx =   

3,2
iX , 

2
,1
n

i =    «   )(et   

2Ee », 

)1(,1

3,23,2
+−=

=
nmi

iXX ,  =3,23,2
ji XX , ji  , 1

2
1 +− nmi , 

1
2

1 +− nmj .    3,2
iX    )( 2


xF  

      )( 22


xF .  

     }{ 22


xX =   

  1  
2

n .    ),( 22


EVx =   

),( 22


EVx =       ,   

   1
2
−n   

2
n .   (4),  

    )( 22


xF )( 22


xF   )( 22


xF )( 22


xF .  

   3,2
iX    )( 2


xF   

     )( 23


xF , . .  

 )()()()( max223max223

  exFexF === . ,  
   ,     .  , 

  3,23,2

~
XX  .    3,2

iX  

   i
x2 .    }{ 2

i
x ,

2
,1
n

i =  

 .  
2

~
3,2

nX  .    

  0
3,23,2

~
XX =  . ,  ,   

 3,2Z    (1)-(3)  31 =    
 3,23,2

0
3,2

~
XXX = . 

   
 2.  3,2Z  «      

   »    ),,( EVG = 21 VVV = , 

mE = , 
221

nVV ==     (1)-(3)  21 =  

 , . .    
3,23,2

0
3,2

~
XXX = .       



 ISSN 2074-5893      .   18 
 

 146 

       )!2(3,2
nX  ,  

       
2

~
3,2

0
3,2

nXX = . 

  . 
 3.   3,1

Z      
(1)-(3),      1     

,  , . .   
3,3,3,

0

111

~
 XXX = .   3,1

X     

 
1

Z .    .      
      «    

».          
 G . 

    3,1Z ,   
 .       

   )(2 e , Ee , mE =   ))log(( mmO  .  
 mE =       

   ( ))log(( mmO )     
 )(1 e      ,   , 

    [3].      
3,1

~
X   )(mO .    3,1Z   

  )()()1))(log(( 4mOmOmmmO ++ .  

    3,2Z : E     

        
  )( 3nO [3].    3,2Z   
  )()())log(( 53 nOnOEnnO + . 

.       
 ,      

   ,      
    .    

      ,  
        . 
      : «   

   », «     
    ».   

       . 
 

  

 

1. Pareto V. Manuel d’economic politique . Giard. Paris, 1909.  



ISSN 2074-5893      .   18 
 

 147 

2. , . .      [ ] / 
. . , . .  //  . – 1994. – .1(6). – .3–

33. 
3. , . .. :    [ ] / . . ,   

. . , . . ,  .  . — .: , 2005. — 1296 . 
4. , . .         

 [ ] / . . . –– Saarbrücken : LAP LAMBERT Academic 
Publishing, 2013. – 337 . 

5. , . .         
[ ] / . . , . .  //    . – 
2018. – №3. – .51–57. 

6. , . .         
 [ ] / . .  // . –1984. –№4. – .62-67.  

7.  . .,  . .      
   [ ]/ . . , . .  // 
. –1987. –№5. – .85-93. 

   22.09. 2018. 

 



ISSN 2074-5893 а  а  а а   а а  а .   18 
 

148 

 536.46+534.222.2+004.94                                              doi: 10.15421/321815 
 

. . ., . .   
а  а а а  а а    

 

Ы       

    
 Ы 

 
      

 . ,       
       . 

         
      

     . 
 : ,  ,  . 

 

       

. ,         
     .    
        

         

.       
          

        . 
      ,   

є     : 
1)   -  є  ,   -

  є    ,    
  є ,   ; 

2)  ( )    ,   
   є ,      ,  

   (    є  ),    
    ; 

3)  ,  є     
   -  є ; 

4)         , 
   є       

. 
     ,   
   ,  є      

 .         
           

    І      
. ,        

      .   
         

І      . 
_____________________________________________ 

  А. .,  .Э., 2018 



ISSN 2074-5893 а  а  а а   а а  а .   18 
 

 149 

 : ,  ,  . 
 

The research’s problems of a plane stationary detonation wave’s stability are consid-

ered. It is shown that the boundary conditions for the two-front model allow estimating the 

main parameters of the internal structure of gas detonation. Such a model can serve as the 

basis for development of mathematical support and software for an intellectual decision 

support system for the problems of explosion-proof and explosion protection. 

An attempt has been made to systematize the problem of setting boundary conditions in 

studies of the stability of a detonation wave in order to further create a decision support 

system (DSS) on problems of explosion safety and explosion protection. 

The following models of a plane stationary detonation wave were considered, which the 

stability problem is stated for:  

1) the Chapman-Jouget detonation model is the simplest model where the shock-

detonation front is modeled by a direct shock wave, and all chemical transformations are 

assumed to occur instantaneously, directly at the front; 

2) a two-front (single-stage, square-wave) model based on the assumption that chemical 

transformations also occur instantaneously, not on the leading shock front, but in a plane 

(called the instantaneous combustion front), which is separated from the leading shock 

front by the induction zone; 

3) a multistage model that approximates the continuous distribution of parameters be-

hind the leading shock front piecewise constant function; 

4) a model with a continuous distribution of parameters behind the leading shock front, 

which most accurately reflects the real physical processes in a stationary detonation wave. 

These models are fundamentally different in boundary conditions, which small pertur-

bations in the region separating the regions of the initial combustible medium and detona-

tion products satisfy. The advantages and disadvantages of the models described above are  

both assessed from the standpoint of the correctness of the physical analysis of the detona-

tion process and from the point of view of applicability for the mathematical support of 

DSS on problems of explosion safety and explosion protection. 

It is shown that the boundary conditions for the two-front model allow to estimate the 

main parameters of the internal structure of the gas detonation. Such model can be as the 

basis for the development of mathematical support and software of DSS for problems of 

explosion safety and explosion protection. 

Keywords: stability, detonation wave, boundary conditions. 
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The problem of the spatial nonwave stationary flow of the viscoplastic fluid on the sur-

face of the body of rotation under the action of gravity is considered. It is assumed that the 

axis of the body is located at a certain angle to the vertical, and the film of liquid flows 

down from its top. A curvilinear orthogonal coordinate system (ξ, , ) associated with the 

body surface is introduced: ξ is the coordinate along the generatrix of the body,  is the po-

lar angle in the plane perpendicular to the axis of the body of revolution,  is the distance 

along the normal to the surface. To describe the flow of a liquid film, a viscous incompress-

ible fluid model is used, which is based on partial differential equations - the equations of 

motion and continuity. The following boundary conditions are used: sticking conditions on 

the solid surface; on the surface separating liquid and gas, the conditions for continuity of 

stresses and normal component of the velocity vector. For the closure of a system of differ-

ential equations, the Schulman rheological model is used, which is a generalization of the 

Ostwald-de-Ville power model and the Shvedov-Bingham viscoplastic model. To simplify 

the system of differential equations, the small parameter method is used. The small param-

eter is the relative film thickness. It is assumed that the generalized Reynolds number has 

an order equal to one. The solution of the equations of continuity and motion (taking into 

account the principal terms of the expansion) was obtained in an analytical form. The ob-

tained formulas for the components of the velocity and pressure vector generalize the 

known relations for flat surfaces. To determine the unknown film thickness, an initial-

boundary value problem was formulated for a first-order partial differential equation. The 

solution to this problem is found with the help of the finite difference method. The results 

of calculations according to the proposed method for the circular cone located at a certain 

angle to the vertical are presented. Calculations show that the parameters of nonlinearity 

and plasticity of this rheological model of a liquid can significantly affect the speed profiles 

and the distribution of the thickness of the viscous layer on the surface of the body.  

Keywords: liquid film, small parameter method, body of rotation, visco-plastic fluid. 
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The problem of a stationary joint flow of a two-layer liquid film and gas along the outer 

(or inner) surface of a circular cylinder of radius r0 is considered. It is assumed that the 

films are insoluble in one another, and there are no chemical reactions. The axis of the 

body is located vertically, and the films flow down from its top. The film is affected by 

gravity, as well as a gas stream directed upwards or downwards. A cylindrical coordinate 

system (r, θ, z) is introduced: the z coordinate is measured along the axis of the cylinder, r 
and θ are the polar coordinates in a plane perpendicular to the axis of the body. 

To describe the flow of a liquid film, a viscous incompressible fluid model is used, which 

is based on the equations of continuity and Navier-Stokes. The following boundary condi-

tions are set on the interface surfaces: on the solid surface - draw off “sticking”, on the 
“liquid-liquid” and “liquid-gas” interfacial surfaces - the conditions of equilibrium of forc-

es and continuity of speeds.  

To simplify these differential equations, the method of a small parameter, for which the 

relative thickness of the films is selected, is applied. Solutions of simplified equations (in a 

zero approximation) are obtained in analytical form. Functional dependences are obtained 

for calculating the optimal effect of the gas flow on the "working" film. 

In accordance with the described method, calculations of the flow of a two-layer film on 

the outer and inner surfaces of the circular cylinder are performed in cases where the gas 

stream is directed upwards, downwards , and also when the gas flow is absent. 

An increase in the relative thicknesses of the films δ1 and δ2 (with decreasing radius of the 
cylinder r0) leads to an increase in deviations from the case of a plane surface that corre-

sponds to the limiting case δ1 = δ2 = 0. The results of calculations of the flow of a two-layer 

liquid film on the surface of a circular cylinder are presented. The analysis of the influence 

of physical parameters on the speed profiles is carried out. The results of 

________________________________________________ 
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calculations for determining the optimal effect of gas flow on a liquid film are presented, 

when the profile of the speed of the "working" film is the most uniform. 

 Keywords: two-layer liquid film, gas flow, small parameter method, cylindrical surface. 
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Endoprosthetics is often the only way out for a patient with severe hip joint pathology. 

An important step, in many ways ensuring successful replacement, is the correct choice of 

implant. 

__________________________________________________________ 
  . .,  .А.,  А. .,  . ., 2018 
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When installing the hip joint implant, one of its parts - the leg - is placed in the marrow 

canal of the femur. Moreover, the installation must be done in a way that ensures, that on 

one hand, the leg fits tightly against the walls of the channel and on the other hand, no crit-

ical stress appears in the channel. Otherwise, serious postoperative complications are pos-

sible. Proper fit of the prosthesis is ensured by the correct choice from a given standard set 

of implants. To date the choice of the implant is realized using x-ray images of the canal in 

the direct and lateral projections. The implant images on a transparent film are sequential-

ly applied to the hip and thighbone images in a straight and lateral projection, and thus a 

suitable implant is selected. In this regard, the problem of constructing an algorithm for 

choosing an implant based on quantitative characteristics arises. 
The method of optimal implant selection based on the quantitative characteristics of the 

implant and of the difference between the width of the channel in the direct projection and 

the width of the implant in a direct projection is a possible solution. The best for this chan-

nel in a direct projection is the implant for which the average distance between the upper 

wall of the canal and the implant is the smallest. The quantitative characteristic of the 

placement quality of the implant in the lateral projection is introduced in a similar way. 

The implants that fit in the channel are considered. It also must be taken into account that 

the implant should have contact with the channel in at least three points in the lateral pro-

jection. “The best for a given channel on the lateral projection is the implant for which the 

difference between the minimum distance from the anterior wall of the canal to the poste-

rior wall of the implant and the width of the implant in this section is minimal. 

In best case, the best implant is the one that fits best in both projections. However, this 

does not always happen. Finally, for a given channel the choice of an implant from a given 

set of implants, generally speaking, is ambiguous. In addition to the characteristics and 

quality of an implant placement proposed here, other methods are possible. 

Keywords: algorithm, sampling, regression, implant, hip joint, quantitative characteris-

tics. 
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A number of practical tasks require minimizing the human and material resources that 

are involved in tasks or time expenditures. A special place in this class of problems is occu-

pied by theoretical problems that have a broad practical application, which belong to a 

class of discrete optimization problems. When minimizing time expenditures in such prob-

lems the question of determining the optimal sequencing of execution of a finite set of 

works (tasks, operations, projects, etc.) is raised. This sequencing can be linear, circular or 

parallel. The latter is considered by the authors. 

This article is devoted to the analysis of one of the problems of discrete optimization, 

which belongs to the class of problems of the scheduling theory, and, taking into account its 

specificity, can be considered as an optimization graph problem. Specifically, in terms of 

the theory of graphs, the problem of finding a parallel sequencing of vertices of a given 

graph of minimum length, in which at each place there is no more than a given fixed num-

ber of vertices, is under consideration. Since this problem is NP-hard, its exact solution can 

be found by using one of the methods that implements state search scheme. The authors 

investigated the impact of the accuracy of the estimation of the length of optimal sequenc-

ing on the rate of finding the solution by using one of the most common methods, namely 

the branch and bound method. 

As a result, an improved lower-bound estimate of time expenditures was obtained and 

an upper-bound estimate was proposed. The latter was used to justify the relationship of 

the problem under consideration with the inverse one. Also, on the basis of the computa-

tional experiment results were obtained that refuted the a priori consideration about the 

impact of the accuracy of the estimation on the rate of finding the exact solution by using 

the branch and bound method. 
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,   є    ).  
      1.  

      2.   
  ,        

  (        
  ),    ,  

  ,       
 .  ,    ,  

         
. 

 
 1 

 ,     

n  h        
[10, 20] [2, 10] 10000 600 
[21, 40] [2, 20] 10000 1200 
[41, 60] [2, 30] 10000 1800 

[61, 100] [2, 50] 10000 1000 
 
 

 2 
      

  
(1) 

   (2)   

(1)   (2)  ( ) 
0 9683 317 0,0217 
2 9661 337 0,0703 
1 9718 281 0,0947 
0 9888 112 0,1033 

(1)   (2)  ( ) 
0 9551 449 0,0325 
1 9619 380 0,0918 
0 9731 269 0,1349 
0 9876 124 0,1293 

(1)   (2)  ( ) 
2 9565 433 0,0227 
4 9558 438 0,0701 
2 9639 359 0,0875 
0 9842 158 0,1002 

(1)   (2)  ( ) 
0 9410 590 0,0256 
2 9426 572 0,0903 
2 9576 422 0,1282 
1 9852 147 0,1167 
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(1)   (2)  ( ) 
0 9922 78 0,0239 
0 9893 107 0,0614 
0 9892 108 0,0904 
0 9949 51 0,1005 

(1)   (2)  ( ) 
0 9743 257 0,0254 
3 9780 217 0,0907 
3 9867 130 0,1274 
0 9975 25 0,1252 

 
     : 

1)     (94%)       
     ,    

    є . 
2)       ,   

  , є .  ,    
є    [60;100],     є 2%. 

3)  ,        
  ,     . 

,    . 4     
 5=h   3  ,      

 (879  290). 
      :  

    є   ,    є ; 
  є     ,     

  ,     є 
,    є   ; 

  ,    «  – »,   
 , , ,       

,          
,     .  

  '   ,      
,        ,  

       . 
  є, , ,      

,   ,   ’  є    
,    є ,   (  ) 
    .  
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One of the main tasks in organizing the educational process in higher education is the 

drawing up of a schedule of classes. It reflects the weekly student and faculty load. At the 

same time, when compiling, there are a number of necessary conditions and a number of 

desirable. The paper considers seven required and four desirable conditions. In this paper, 

one of the well-known approaches that can be used in drawing up a curriculum is consid-

ered. The proposed scheme of the genetic algorithm, the result of which is to obtain an ap-

proximate solution to the problem of scheduling with the need to further improve it by oth-

er heuristic methods. 

To solve the problem, an island model of the genetic algorithm was selected and its ad-

vantages were considered. In the paper, the author's own structure of the individual, which 

includes chromosomes in the form of educational groups and genes as a lesson at a certain 

time, is presented and justified. The author presents his own implementations of the genetic 

algorithms. During the work, many variants of operators were tested, but they were reject-

ed due to their inefficiency. The biggest problem was to maintain the consistency of infor-

mation encoded in chromosomes. Also, two post-steps were added: to try to reduce the 

number of teacher conflict conflicts and to normalize the schedule - to remove windows 

from the schedule. The fitness function is calculated according to the following principles: 

if some desired or desired property is present in the individual, then a certain number is 

deducted from the individual's assessment, if there is a negative property, then a certain 

number is added to the assessment. Each criterion has its weight, so the size of the fine or 

rewards may be different. In this work, fines were charged for non-fulfillment of mandato-

ry conditions, and rewards for fulfilling the desired. 

Keywords: genetic algorithm, educational schedule, heuristic methods. 
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