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Kyiv National University of Construction and Architecture 

A system of differential equations with several variable delays is considered, 
which is a mathematical model of many technical processes with time delay. Most 
often, numerical Runge-Kutta methods and the Taylor series expansion by delay 
method are used to model such systems. Previously, Runge-Kutta methods were used 
for systems of differential equations with one variable delay. A generalization of the 
Runge-Kutta methods for systems of differential equations with a finite number of 
variable delays is obtained, which significantly expands the class of problems for 
which this method is applicable. Also, this method has advantages over the Taylor 
expansion method in terms of delay since it is applicable to systems with several 
variable delays, is convenient for programming, and has no restrictions on the value 
of delay. To generalize the Runge-Kutta methods for systems with delay, we used 
Runge-Kutta methods for systems of differential equations without delay in time and 
interpolation and extrapolation of the redistribution. The approximation properties of 
the generalization of Runge-Kutta methods for systems with delay are established. 
Namely, the connection between the approximation order of the Runge-Kutta 
methods for systems with delay and the approximation order of the Runge-Kutta 
methods for systems without delay and the approximation order of interpolation and 
extrapolation of the model history is shown. Thus, it was established that the 
approximation order of the Runge-Kutta method for a system with delay will be the 
minimum of the approximation orders of the Runge-Kutta method for a system 
without delay and the approximation order of interpolation and extrapolation of the 
model history will be increased by one. Based on this statement, it is concluded that if 
we use the Lagrange polynomial in the number of nodes that coincides with the 
approximation order of the Runge-Kutta method for a system without delay, then, 
with a sufficiently small step, the Runge-Kutta method for a system with delay retains 
the approximation order of the method Runge-Kutta without delay. Without limiting 
the step length when using the Euler method for extrapolating a solution, it was found 
that in this case the approximation order of the Runge-Kutta methods for a system 
with a delay of more than two.  

Keywords: Systems of delayed differential equations, Runge-Kutta methods, 
numerical methods, extrapolation. 
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S. Botvinovska, S. Vasko, A. Zolotova 

In work theoretical questions of active transformation of coordinates, 
which is offered to be used for modeling of discrete frameworks of various 
curvilinear surfaces of objects of design, are considered Modeling such 
surfaces is simplified using modern computer graphics. Using the 
transformation will allow to take into account not only the original data, (the 
specified frame reference contour; separate knots of a framework; Consider 
grid topology, etc.), but also form a discrete surface framework with specified 
geometric features and aesthetic properties. All this together will allow to 
expand the library of discrete-represented surfaces. 

The studies presented are limited to active coordinate transformation 
based on straight lines transformation. This is due to the fact that on discrete 
frames of surfaces spatial lines - lines which can be drawn through n specified 
nodes of the discrete grid are determined by flat lines, namely their projections. 
Therefore, in the work, the authors investigate the active transformation of 
coordinates for geometric objects on the plane. In an active coordinate 
transformation, the numerical coordinate values of the model surface nodes can 
be represented as some function of the numerical coordinate values of the image 
surface nodes, in the same or different units. 

Unlimited number of coordinate systems in applied geometry that are 
associated with the objects being modeled will allow you to obtain a large 
number of new lines and surfaces that will result from the conversion of known 
straight lines or planes. It is recommended that you select a rectangular 
Cartesian coordinate system as the primary coordinate system of the active 
transformation because it is the most studied in applied geometry. 

It is for the rectangular Cartesian coordinate system that the analytical 
geometry apparatus has been developed in detail, which will allow not only to 
describe geometric appearances, but also to study their properties in the future. 

Keywords: active transformation of coordinates; transformation of 
straight lines; computer modeling; design object; coordinate systems. 

22



1      
  ,  

2      
  ,  

      –   
    .  
    , 

       
 .       , 

     . 
   ( )   

      ,  
       

.      . 
       

.   ,    
 ,  .  
 ,    ,  

      , 
   .     

       
       

.       . 
       

 ,       
  .     

,        . 
       . 

       
      

  . 
 :    ( ), , 

 ,   . 

23

DOI: 10/323447/0131-579X.2019.96.23-28



 

 

i i+1

Bi

 ( i

1i;ihi

24



ii1-i BBB
Bi

. 

l

i(i-1, i, i+1, i+2)
i(i-1, i, i+1) i+1(i, i+1, i+2)

l
(i, i+1) i-1 i i+1

i

[i, i+1] i i+1

i

i-1, i, i+1, i+2
i

i i+1

i i

25



1,, l

iR 1 ,,

iR
i+1 i+1(i, i+1, i+2)

i+3 iR i+3
i i+1, i+2, i+3 i+2

Ri+2>Ri+1

l i 
i i l i-1, i, i+1, i+2

…i-1, i i+1, i+2… i

i-1 i i+1 i+2 i-1

i i+1 i i
i+1 l i i

l
l

i i

i i

.

26



. . , . . , . . , . .  

27



Eugene Gavrilenko, Andrey Naydysh, Yuliya Kholodnyak, Vladimir Lebedev 

28



    
   . .  

       
         

      
     . 

 :   ,  
,  ,  , , 

, , , . 

 . 

29

DOI: 10/323447/0131-579X.2019.96.29-36



   

  .

ky

ny

n

kk

nk ny 

n
n

k y
y

y

k
k n

nk

30



Nt N
N
Nt

31



N
 

n , m
i, j

n , m  

PB NN

n
ji PP

P
mn

NK

n
ji PP

n
ji

mn
mn

K

32



 . 

   1955-1960 .

   

 . .

 . .

 . .,  . .

  

33



 . .

     

Phoenix Children’s Hospital

 . .

 . .,  . .

34



    
  . .  

 :   ; 
 ;  ;  

; ; ; ; ; 
. 

O.M. Beketov National University of Urban Economy in Kharkov 

The article presents the results of the analysis and systematization of 
proposals in the direction of the assessment of design solutions and the 
identification of additional opportunities for typical design when applying frame 
industrialized building systems in residential construction. 

The problem of architectural style in typical design is one of the most 
acute problems of creativity of modern architects. 

In the engineering and technical assessment of building structures and 
building systems characterized by interchangeability, certain technical 

35



indicators that characterize the level of combinability or variability of the 
building may be used. 

It is proposed to use two indicators: the coefficient of absolute diversity 
and the coefficient of relative diversity, to evaluate the efficiency of design and 
the efficiency of interchangeability of elements. 

Due to the results of the research, the use of prefabricated frame for 
public and auxiliary industrial buildings in housing, is of particular interest and 
has certain prospects.  And because of the urgent need to increase the volume of 
housing construction and the need to revive domestic industrialized 
construction, it is also extremely relevant. 

The material and technical base of the prefabricated industry and the 
scientific and technical potential of the 1.020 interspecific frame are best suited 
for this purpose.  Sharing this frame with, for example, wall panels designed for 
large-panel residential construction offers great opportunities for creative 
search and improvement of architectural and styling solutions. 

Keywords: industrialized building systems, typical design, variant design, 
architectural style, prefabricated building systems, unification, repeatability, 
diversity, combinability, interchangeability, resent. 
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A. Mostovenko 

It is suggested to consider a number of problems related to the 
geometric modeling of physical fields generated by point sources of energy. 

This study shows the ways of solving the optimization problems of 
determining the capacities of point sources of energy generating an energy 
field and their location on a plane at given potentials of points of this field in 
given places. 
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G. Koval, M. Lazar huk 

The article describes the method of geometric modeling of a closed planar  
contour using rational cubic curves. When modeling, the task was to make a 
contour from the minimum number of curve segments not more than third order. 

An approximation is made for the turbine blade profile. To do this, a flat 
closed contour of the blade is divided into two parts. The upper and lower parts 
of the approximating contour at the inflection points of the blade profile have 
common tangents. The upper part of the contour bounded by inflection points 
consists of two segments of rational third-order curves having the same 
curvature at a common point. The first segment of the cubic curve passes 
through three points of the given contour of the turbine blade, and at these 
points has tangents common with this contour. Moving the singular point of the 
first cubic curve within certain limits allows you to change its shape, as well as 
draw a segment of the curve through an additional point of the given contour 
and guarantees the absence of a singular point, break and inflection points 
within the of segment. After constructing the first segment of the cubic curve, the 
radius of curvature at the endpoint of the segment is determined.  

The segment of the second cubic curve, like the segment of the first curve, 
has three common points and tangents in them with a given contour of the 
turbine blade. Moving the singular point of the second cubic curve within the 
arc of the previously defined curve provides the specified curvature at the 
junction with the segment of the first cubic curve, and also guarantees the 
absence of a singular point, break points, and inflection points within the of 
segment. The lower part of the turbine blade profile is approximated by a segment 
of a second-order curve that passes through three points of the blade profile, and at 
the end points shares common tangents with the contour. The equations of the 
curves are determined in parametric form in the projective plane, and then 
written in the affine plane in vector-parametric form. 

The proposed method can be used both for modeling closed planar 
contours and for modeling planar contours of the second order of smoothness, 
the segments of which are rational curves of the third order. 

Keywords: geometric modeling of a planar contour, radius of curvature, 
rational cubic curve. 
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Krivenko O. 
Kiev National University of Construction and Architecture 

A feature of high-rise buildings is their high energy consumption compared to 
buildings of lower height. The use of solar energy can reduce the energy load. An 
urgent task is to develop tools that can justify decision-making on the feasibility of 
integrating solar systems in the energy-efficient design of high-rise buildings.  

The article discusses the methods of geometric modeling in determining the 
effective solar radiation on the surfaces of high-rise bioclimatic buildings. The design 
of bioclimatic high-rise buildings is based on the principle of their maximum 
adaptation to the natural environment, which is considered at three levels: 
macroclimate, mesoclimate and microclimate.  

In geometric modeling of the integration of solar systems into a high-rise 
bioclimatic building at the macro level, a primary analysis is carried out regarding 
the potential of solar radiation in accordance with the geographical location of the 
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high-rise buildings on the planet. Application of the geometric model of the diurnal 
cone of solar rays , which was proposed by prof. . Podgorny allows you to analyze 
changes in the duration of solar exposure for a given day of the year when changing 
the geographical location of the construction site on the planet.  

Geometric modeling of heliosystems at the meso and micro levels analyzes the 
potential for solar radiation of a high-rise building in accordance with its shape, 
position and shading. In the article, it is proposed that zones of effective solar 
radiation on the surfaces of tall buildings be determined by geometric modeling of the 
zones of formation of intrinsic and incident shadows, taking into account the dynamics 
of sunlight. Zones of constant, variable lighting, constant shading on the surface of a 
high-rise building determines the location of the rational arrangement of solar 
systems. 

Keywords: renewable solar energy; solar radiation; high-rise bioclimatic 
buildings.  
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. Martynenko, N. Bilytska, A. Hetman 

The paper presents a technique for automated calculation and simulation 
of gears using CAD KOMPAS. The KOMPAS system is equipped with a fairly 
developed set of libraries of standard products, typical structural elements and 
calculation programs. To calculate and build a three-dimensional model of 
gearing, the “Gears” software package was used, which allows you to set 
geometric gearing parameters, such as gear ratio, module, number of gears of a 
wheel or gear, etc. The calculation results are available for editing and 
subsequent recalculation. The system also provides several options and allows 
to choose the preferred ones. The calculation results are used to create spacial 
models of parts and their connection into an assembly unit. The KOMPAS 
system enables semi-automatic creation of drawings for spacial models. 

Keywords: gearing, KOMPAS system, three-dimensional modeling, 
calculation of gearing, module, shaft, keyways, grooves for the exit of the 
grinding wheel. 
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