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Анотація. У роботі, на основі математичного апарату точкового числення Балюба�Найдиш
(БН�числення), наведено спосіб сканування світлопрорізів різної конфігурації, що дозволяє управляти
щільністю нерівномірного розподілу точок сканування в двох напрямках по площі вхідних отворів
світлопрорізів відповідно до необхідних умов чисельного експерименту. У даній роботі отримані не�
обхідні точкові рівняння для чотирикутного і параболічного вікна, запропоновано обчислювальний
алгоритм для визначення точок сканування віконних прорізів різної конфігурації в обох напрямках,
представлена графічна реалізація запропонованого в роботі обчислювального алгоритму в середовищі
Mathcad. За допомогою отриманої аналітичної моделі сканування можна оптимізувати споживання
обчислювальних ресурсів ПЕОМ та зменшити час розрахунку параметрів поля. Пропонований спосіб
є універсальним, оскільки він може бути використаний для формування точкової множини не тільки
світлових, але і вітрових, теплових, радіаційних, хімічних і будь�яких інших потоків.

Ключові слова: світловий потік, БН�числення, симплекс, точки сканування, параболічний і
чотирикутний світлопроріз, точкове рівняння.
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Аннотация. В работе, на основе математического аппарата точечного исчисления Балюбы�Найдыша
(БН�исчисление), представлен способ сканирования светопроёмов различной конфигурации, позволя�
ющий управлять плотностью неравномерного распределения точек сканирования в двух направлениях
по площади входных отверстий светопроемов в соответствии с необходимыми условиями численного
эксперимента. В данной работе получены необходимые точечные уравнения для четырехугольного и
параболического окна, предложен вычислительный алгоритм для определения точек сканирования
оконных проемов различной конфигурации в обоих направлениях, представлена графическая реализа�
ция предложенного в работе вычислительного алгоритма в среде Mathcad. С помощью полученной
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аналитической модели сканирования можно оптимизировать потребление вычислительных ресурсов
ПЭВМ и уменьшить время расчета параметров поля. Предлагаемый способ является универсальным,
поскольку он может быть использован для формирования точечного множества не только световых,
но и ветровых, тепловых, радиационных, химических и любых других потоков.

Ключевые слова: световой поток, БН�исчисление, симплекс, точки сканирования, параболический
и четырехугольный светопроем, точечное уравнение.
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Abstract. Using mathematical apparatus of dot calculation by Baliuba�Naydysh (BN�calculation), the
paper presents a method to scan light openings with different configuration that allows controlling the
density of non�uniform distribution of scanning points in two directions along the plane of light openings'
inlets according to necessary conditions for numerical experiment. The necessary point equations for square
and parabolic window are received in this paper, the computational algorithm to define the scanning points
of window openings with different configuration in both directions is suggested, the graphical realization of
the computational algorithm in Mathcad environment, suggested in the paper, is presented. By means of the
received analytical model of scanning it is possible to optimize the consumption of the PC computing
resources and reduce the calculation time of the field parameters. The offered way is universal as it can be
used for forming not only a plurality of dot light but also wind, heat, radiation, chemical and any other flows.

Keywords: light flow, BN�calculation, simplex, scanning points, parabolic and square light opening, point
equation.

Problem statement

While defining the parameters for physical flow that
passes through a platform of any shape there arise
the question, how to distribute a set of scanning
points to define the parameters for flow? This ques�
tion is easily solved if the flow that passes through
the platform is evenly distributed that was demon�
strated on example of square window opening in
paper [4]. However, the method for uniform distri�
bution of scanning points, which suits to square light
openings very much, turned out to be not always
suitable for curved light openings. Thus, the paper
[2], at attempt for uniform scanning of light open�
ing with parabolic shape in both directions, found
out too large thickening of points in the low central
part of light opening (in the neighborhood of the

point, from which the beams that split the plane of
parabolic light opening into areas passed out), and,
vice versa, too large thinning of scanning points clos�
er to the border of parabola. In order to produce the
adequate analytical model for scanning of border
areas in surface of light opening it is necessary to
increase the number of scanning points that causes
to much more overcontraction of low central part of
light opening, and, accordingly, to unjustified in�
crease in consumption of PC computational resourc�
es, and, consequently, in time for calculation of scan�
ning points.

This paper suggests the new method for non�
uniform scanning of light openings in one or two
directions, depending on geometrical shape of light
opening that allows avoiding overcontraction of
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points for light openings of curved shape and
reducing time, necessary for PC to calculate all
scanning points.

The method, suggested in this paper, is universal
as it can be used to scan and to distribute different
flows not only light but wind, heat, radiation,
chemical and any other flows. It opens the
perspective possibilities for study and mathematical
modeling of processes and phenomena from different
fields of science and technology. For example, the
heat flow, while passing through enclosing structure
with heat�carrying inclusions, in the corners of
building, at the junctions of internal and external
structures (Fig. 1 [1]) or at door jambs has the non�
uniform distribution. The wind flow in site
development and the flow of liquid, in particular at
turbulent motion is also characterized by non�
uniform distribution of indices. In order to study
the distribution of flow parameters correctly and
with sufficient degree of precision it is necessary
rationally to distribute scanning points. The optimal
balance between precision of numerical experiment
and expenses of computer time depends on such
approach.

The light flow that penetrates into premise
through light openings from dull firmament may be
assessed with sufficient degree of precision at uniform
distribution of scanning points, as smooth and
insignificant changes take place here. In passing to
assessment of natural lighting in premises along half
clear firmament, which is planned to be introduced
into regulatory documents in the nearest future, the
uniform scanning net will not be efficient as the
changes in brightness even within one opening are
significant, in particular in circumsolar area. In this
case it is better to apply non�uniform distribution
of points, set by appropriate point equations.

Analysis of main researches and publications

As it was mentioned above, the article [2] developed
the algorithm to form scanning points of arch light
opening at even scanning interval between points
along arch and pitch of points in radial direction.
Article [3] presents the algorithm to form scanning
points at their non�uniform distribution in one of
directions due to preset functions. Paper [4] describes
the algorithm to form scanning points of square light
opening with their uniform distribution in both
directions. The mathematical apparatus for

BN�calculation is used for realization of suggested
method for non�uniform scanning [5–10].

Purpose of this paper

To develop the method to scan light openings with
parabolic and square shape, located in the plane of
general position, with preset non�uniformity in
distribution of scanning points in one and two
directions at calculations of natural lighting in the
premises.

Main part

Let we set the plane, which is limited by horizontal
line below, and on the top, for example, by arch of
parabola ACB (Fig. 2), which is described by the
following point equation:

P = A(1 – u)( 1 – 2u) +
+ 4Cu(1 – u) + Bu(2u – 1), (1)

where P – current point of parabola arch;
A, B, C – set points, through which a parabola
arch passes;
u – current parameter that defines a parabola
arch, which is changed within 0≤  u ≤ 1.

Figure 1. Example for temperature field at junction of
flooring and external wall at local warmth�keeping.
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Point equation of PK section is as it follows:

( )1M P v Kv= − + , (2)
where ν – current parameter that defines the section

of right line, which is changed within 0≤ν≤1.
Point K is the middle of section AB is defined by the
following expression:

K = (А + В) / 2. (3)
Inserting expression (1) and (3) into point equation
for straight line PK (2), after transformations, we
receive the point equation of arch plane [2]. If we
divide arch of parabola (1) and right line (2),
accordingly, into uniform sections, we will receive
the point equation for segment of plane, limited by
parabola arch on the top and section of right line
below, evenly split into areas in two directions. The
values of current parameters for such scanning
method are u = j / n and v = i / m. Thus, uniform
distribution of scanning points is achieved at the
expense of linear (uniform) motion of corresponding
current point along curved or right line.

For non�uniform distribution of scanning points
it is necessary to introduce the special function,
which will control the traveling speed of current
point, and, thereby, will create the necessary non�
uniformity in distribution of points. Let's assume
parameter u in the form of function u(δ), and
parameter ν in the form of function ν(λ), then
equation (2) will be as it follows:

( ) ( )1 .M P v Kvλ λ= − +⎡ ⎤⎣ ⎦ (4)

After inserting expressions (1) and (3) into equation
(4) and some transformations we have the final
expression for point equation of arch plane with
variable functions in both directions:

( ) ( ) [ ]{ }1 1 2 1 ( ) ( ) / 2M A u u v vδ δ λ λ= − − − + +⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦

( ) ( ) [ ]{ }2 1 1 ( ) ( ) / 2B u u v vδ δ λ λ+ − − + +⎡ ⎤⎣ ⎦

( ) ( )4 1 [1 ( )],Cu u vδ δ λ+ − −⎡ ⎤⎣ ⎦ (5)

where δ = j / n, λ = i / m:
j – order number for scanning point in direction
of arch,
n – amount of points in this direction;
i – order number for scanning point in radial
direction,
m – their amount.

Setting different functions ν(λ) and u(δ) we can
control the pitch for location of points along radial
right line and arch, and, consequently, density for
distribution of scanning points.

The realization of received point equation (5)
for arch opening at u = δ2 and ν = λ2 is shown on
Fig. 4a.

Such methodology may be used for other plane
figures, in particular quadrangle. Let us assume that
a light opening in the form of free quadrangle AFBC
(Fig. 3) is set in simplex ABC with set coordinates
for summits of angles: À(xA, yA, zA); B(xB, yB, zB);
C(xC, yC, zC).

Coordinates of summit F is defined in this
simplex by the following way:

[ ]1 ,F F F FF Ap Bq C p q= + + − − (6)
where pF = SFBC / SABC and qF = SFAC / SABC – ratios of

signed areas for corresponding triangles, which
are defined by the following correlations:
S

ABC
 = [(xA – xC)(yB – yC) – (xB – xC)(yA – yC)]/2;

SFBC = [(xF – xC)(yB – yC) – (xB – xC)(yF – yC)]/2;
SFAC = [(xA – xC)(yF – yC) – (xF – xC)(yA – yC)]/2. (7)

In order to scan along the whole area of quadrangle
we express the upper and lower sides through point
coordinates by the following equations:

Figure  2. Geometric layout for scanning of arch plane.
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for side AF:

( )1iP A t Ft= − + , (8)
for side CB:

(1 )iQ C t Bt= − + , (9)
where P

i
 and Q

i
 – current points of sections   and CB;

0 ≤  t ≤  1 – parameter that defines these sections.
We choose m points on sides AF and CB. Then pa�
rameter t will be defined by the following way:

t = i / m, where i = 0, 1, 2,...m.
In order to scan in another direction let's compose
the point equation for section P

i
Q

i
:

(1 )ij i iM P Qτ τ= − + , (10)
where t – current point of this section, 0 ≤  t  ≤  1;

If we choose n points in this section, the second
parameter will be defined by the following way:

τ  = j / n, where j = 0, 1, 2, 3...n.
Hereby, the more points are on sections, the more
precise the illumination will be. However, the
calculation will take more time. It means that we
need the differentiated approach.

Inserting initial values of right lines (8, 9) into
equation (10), we receive:

(1 )(1 ) (1 ) (1 ) .ijM A t Ft C t Btτ τ τ τ= − − + − + − + (11)

If we assume parameter t in the form of function t(δ),
and parameter τ  in the form of function τ (λ), then
equation (11) will be as it follows:

[1 ( )][1 ( )] ( )[1 ( )]ijM A t Ftδ τ λ δ τ λ= − − + − +

( )[1 ( )] ( ) ( ),C t Btτ λ δ δ τ λ+ − + (12)

where δ  = i / m, λ = j / n: i – order number for scanning
point in direction from A to F;
m – their amount in this direction;
j – order number for scanning point from Pi  to Qi;
n – their amount.

The realization of received point equation (12) for
square opening at t = δ2 and τ = λ2 is shown on
Fig. 4b.

Pursuant to all abovementioned, it is suggested
to use the computational algorithm to define scanning
points of window in both directions:
1. Initial coordinates for supporting points of

contour are introduced. These coordinates are
accepted from architectural and engineering
drawings.

Figure 3. Scanning layout for square window.
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2. Interval and pitch for change in amount of
scanning points are defined: i from 1 to m, j from
1 to n. These parameters are set pursuant to
necessary precision of calculations.

3. Matrices for change in parameters δ and λ are
defined, where δ = j / n, λ = i / m. Assuming
approximately the character for distribution of
physical flow, we set the functions, which will
define the density for distribution of scanning
points along two directions. They may be any
functions, for example, functions of the following
form v = λк1  and u = δк2, where к1 and к2 are
accepted, depending on direction, in which it is
required to thicken or to thin out scanning points.

4. The position of scanning points is defined from
equations (5) and (12).

Conclusions

Thus, using point calculation, we received the
scanning method that allows controlling the density
for distribution of scanning points in arch and square
opening according to necessary conditions for
numerical experiment on research of parameters for
distribution of natural lighting in the premise. It
will allow improving the precision of calculation
and reducing the time, necessary for computer to
calculate all scanning points.

Perspectives for further researches

Further it is expected to receive similar dependencies
for other linear and curved light openings (triangle,
polygon, circular curve, etc.), as well as for space forms.
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