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Abstract. The relevance of this topic stems from the growing need to utilise modern tools of computational math-
ematics to enhance the efficiency of analysing, modelling and visualising complex spatial objects. The aim of this work
was to develop an original method for the three-dimensional visualisation of cylindrical solids within the Maple computer
algebra system. The proposed approach was based on structuring the mathematical model of a cylindrical body into sep-
arate elements — a projection plane, guide curves, generatrix segments and boundary surfaces — with their subsequent
integration into a single 3D model. The study employed the basic Maple tools (plot3d, spacecurve, plottools[line],
display), which enabled the software implementation of individual elements of the spatial object and their step-by-step
combination into a complete model of a cylindrical body in order to create a clear three-dimensional representation. A
number of original techniques were developed for constructing planar and spatial guides defined by a pair of intersecting
curves forming a closed region, families of generators in the form of straight-line segments to create a transparent lateral
cylindrical surface, as well as methods for surface visualisation that allow adaptive modification of model parameters,
display of intermediate construction stages, and control over the relative arrangement of its elements. Examples of the
practical implementation of the method for constructing cylindrical bodies based on typical higher mathematics problems
were presented, confirming the effectiveness and convenience of the developed approach. It was shown that the proposed
method has a universal character and may be used not only in the educational process but also in scientific research and
applied engineering tasks requiring accurate and clear 3D visualisation of multicomponent bodies. The practical value of
the work lies in the fact that the developed approach may be regarded as a component of information technology for the
three-dimensional visualisation of geometric objects in computer algebra systems, combining ease of implementation,
flexibility of modelling, and high informational value of graphical results
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Introduction

The problem of improving the effectiveness of teaching
mathematical disciplines in higher education institutions
is determined by the increasing complexity of educational
material and the need to develop students’ analytical and
spatial thinking. One of the promising directions for mod-
ernising the educational process is the widespread imple-
mentation of computer algebra systems (CAS), particularly
Maple. The use of such tools provides opportunities for the
interactive construction, visualisation, and analysis of com-
plex mathematical objects, significantly enhancing clarity
and promoting a deeper understanding of abstract concepts.

The task of three-dimensional visualisation of cylin-
drical bodies is one of the fundamental problems in applied
and theoretical mathematics. It arises not only in classical
educational topics related to the calculation of multiple
and surface integrals, but also in a wide range of scientific,
engineering, and technological problems. In particular, the
construction of a surface of limiting plastic deformations
as a function of two dimensionless stress-state invariants
is a typical example requiring accurate and clear visualis-
ation of a complex spatial object (Serdiuk et al., 2021). The
rapid growth in the computational capabilities of modern
computer algebra systems, particularly Maple, opens new
possibilities for automating the construction and visualis-
ation of such objects. At the same time, the effective use
of Maple in similar tasks requires the development of spe-
cialised techniques and approaches. A substantial body of
results devoted to the application of standard Maple tools
for constructing three-dimensional images has accumulat-
ed in the scientific and methodological literature, and this
direction has been actively developing since the late twen-
tieth century (Kusno, 2022).

D.A. Espejo-Penia & A.I. Flores-Osorio (2023) pro-
posed an approach to constructing surfaces in cylindrical
coordinates using augmented reality technologies within
the GeoGebra environment. The authors demonstrated
that combining mathematical rigour with visual intuition
facilitates a better understanding of complex geometric
structures. At the same time, the study focuses on mod-
elling a specific applied object - a sedimentation tank —
which limits the generality of the results and does not
cover a broader range of tasks in the three-dimensional
visualisation of cylindrical solids.

D. Lieban & R.W. Bueno (2022) analysed approaches
to studying cross-sections of three-dimensional bodies in
the context of the historical development of mathematical
concepts, combining the philosophy of the “three worlds
of mathematics” — symbolic, visual and formal — with the
application of modern computer technologies. The authors
demonstrated that the integration of digital tools promotes
the development of systematic thinking when working
with spatial models. However, their findings served more to
justify the need for improvements in specialised informa-
tion technologies for three-dimensional visualisation than
to propose specific software solutions. Similar conclusions
are found in the work of Z. Lavicza et al. (2023), where,

based on empirical studies of the use of GeoGebra 3D, it
was demonstrated that active manipulation of three-di-
mensional models promotes the development of spatial
thinking and a deeper understanding of mathematical con-
cepts. However, the study was predominantly pedagogical-
ly oriented and did not consider aspects of the algorithmic
and software implementation of methods for constructing
complex spatial objects.

The study by R. Ipanaqué-Chero et al. (2025) pre-
sented the BSplineSolid package for creating and visual-
ising complex three-dimensional objects using rational
three-variable B-splines in the Mathematica environment.
The methodology was geared towards the high-precision
reproduction of complex surfaces in scientific and engi-
neering applications. However, the structural elements of
cylindrical solids are not treated as a separate modelling
object, which complicates the element-by-element visual-
isation of such geometric structures.

The study by X. Liu et al. (2023) reviewed modern
methods for optimising large 3D models for online vis-
ualisation in Web3D environments. The authors analysed
approaches to reducing geometric redundancy, optimis-
ing rendering, and applying machine learning algorithms
to reduce computational load. However, the study focused
on the challenges of efficiently transmitting and render-
ing complex scenes and did not address the issue of math-
ematically sound construction of spatial bodies based on
analytical models.

0.S. Turzhanska (2023) has made a significant contri-
bution to the development of the theoretical and method-
ological foundations for the use of mathematical and in-
formation technologies in higher education institutions.
She investigated the capabilities of computer algebra sys-
tems in the creation of information technologies for con-
structing mathematical models and their visualisation. At
the same time, specialised issues concerning the three-di-
mensional visualisation of particular classes of spatial
bodies, especially cylindrical ones, were not the subject of
separate analysis.

In the works of V.F. Chelombitko & V.P. Tkachen-
ko (2022) and V.F. Chelombitko (2024), mathematical mod-
els and information technologies for the implementation
in the Maple environment of geometric security patterns —
complex planar graphic compositions formed by means of
parametric modelling, R-functions and the apparatus of
complex variables — are considered, without transitioning
to three-dimensional visualisation. A similar trend can be
observed in the work of V. Mykhalevych et al. (2023), where,
due to the lack of established methods for visual three-di-
mensional visualisation, the analysis of the volumetric
stress state was limited to the two-dimensional case.

Thus, an analysis of current research has demon-
strated a significant body of work in the field of three-di-
mensional modelling and the application of CAS, yet has
revealed a shortage of studies aimed at developing spe-
cialised methods for element-by-element visualisation of
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cylindrical bodies specifically within the Maple environ-
ment. This highlights the relevance of developing an origi-
nal method for 3D visualisation of cylindrical bodies, which
combines the structuring of the mathematical model with
flexible programming techniques and ensures a high level
of clarity. The aim of this article was to develop a method
for three-dimensional visualisation of cylindrical bodies
in the Maple computer algebra system to improve clarity
when solving educational, scientific and engineering prob-
lems. In the course of the research, the following tasks were
addressed: to analyse the geometric and mathematical
characteristics of cylindrical bodies and to structure their
mathematical model into separate components; to pro-
pose a method for constructing cylindrical bodies in Maple,
based on a system of individual techniques and methods of
software implementation, which provides element-by-el-
ement three-dimensional visualisation of the structured
model; to evaluate the effectiveness of the proposed meth-
od in terms of improving visualisation during the model-
ling and analysis of relevant problems.

Materials and Methods

To accomplish the stated objectives, general approaches
to the mathematical description of cylindrical bodies fre-
quently encountered in educational, scientific, and engi-
neering problems were first applied. Such an analysis made
it possible to structure the model of a cylindrical body into
separate geometric components, each of which is subject
to visualisation. A method for the element-by-element
three-dimensional construction of these components in
the Maple environment using original programming im-
plementation techniques is proposed. Each stage is accom-
panied by examples of graphical visualisation illustrating
the proposed techniques.

The developed methodology for constructing spatial
bodies was based on the use of the following fundamental
definitions. A cylindrical surface is a surface generated by
the motion of a generator — a vertical straight line parallel
to the Oz axis. A guide curve is any curve intersected by the
generator of the cylindrical surface in all its positions. Let
a region P bounded by a closed contour L be defined in the
Oxy plane. In this study, a cylindrical body is understood as
a geometric solid bounded:

7 below by the region P;

r laterally by a cylindrical surface having L as its
guide curve;

7 above by a portion of the surface S defined by the
equation:

z=f(x,y), M

where z — a function of two independent variables x and y.
It is assumed that function (1) is defined, continuous
and non-negative on the domain P.
In view of the above definition of a cylindrical bodyj, it
may be stated that its mathematical model is multicompo-
nent and consists of the following equations:

the equation of the surface S in the form;
the equation of the Oxy plane: z=0;

the equation of the guide curve L;

the equation of the cylindrical surface Q;

v the equation of the curve C, which forms the
boundary of the portion of the surface S and is generated
as a result of its intersection with the cylindrical surface Q.
Since the curve Cbelongs to the lateral surface of the cylin-
der Q, it simultaneously serves as its guide curve, limiting
the cylindrical surface from above.

The Maple system does not contain a single standard
command providing automated construction of a three-di-
mensional image of a cylindrical body. Consequently, the
visualisation process requires step-by-step implementation
using a number of tools, each responsible for a separate
stage in constructing the geometric model. Thus, one of the
key elements of the method for the three-dimensional vis-
ualisation of a cylindrical body proposed in this work is the
structuring of its mathematical model into separate com-
ponents. The subsequent stages of constructing the 3D vis-
ualisation of a cylindrical body involved the development of
methods, approaches, and techniques for visualising each
individual element of the body within the Maple CAS.

To implement the element-by-element three-dimen-
sional visualisation of the structured mathematical model
of a cylindrical body in the Maple environment, the standard
command plot3d,intended for constructing surfaces defined
by analytical relations, was employed. Its use made it possi-
ble to realise individual model components — the projection
plane, the integration region, and surface (1) — followed by
their combination into a unified spatial composition.

In general form, the command has the structure:

< <K K

plot3d(f(x,y), x=a..b, y=9gl(x).. g2(x), options),
where x = a..b — the range of variation of the variable x;
y = §,(x)..8,(x) — the limits of variation of the variable y,
which may depend on x and define a curvilinear region; the
options specify the parameters of the graphical display.

The OXY plane was implemented as a surface with a
zero ordinate value:

plot3d (0,
grid=[10,10], axes = boxed,

x=a..b, y=c..d, color =grey,

scaling = constrained, orientation = [135,701]).

The zero analytical expression defines the plane z = 0.
In Maple, the colour of graphical objects can be specified in
two main ways: using standard named colours or via their
numerical representation in the RGB model. The option
color=grey defines a standard grey colour with fixed param-
eters determined by the Maple system. This method is sim-
ple to use; however, it does not allow precise adjustment
of the saturation and brightness of the shade. The grid
parameter determines the density of the computational
grid when constructing the surface. Increasing the param-
eter values improves the accuracy and smoothness of the
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image, but increases computational costs. The axes=boxed
parameter displays the coordinate axes as a spatial frame,
which delimits the construction area and facilitates spatial
orientation when analysing a three-dimensional image. The
parameter scaling=constrained is used to maintain the same
scaling along all coordinate axes, ensuring the geometric
correctness of the display. The parameter orientation allows
a reasonable viewing angle of the scene to be set. Construc-
tion of the projection of the region onto the 0OXY plane. The
projection of the closed region P, bounded by the curves
y=8,(¥) and y=g,(x) is constructed using a surface with a zero
application and variable integration limits:

plot3d (0, x=X1..X2, y=gl(x)..92(x),
color=[0.95,0.95,0.95], grid=[10,101,
axes=normal, scaling=constrained,

orientation=[-80,38]).

The variable boundaries g,(x).. g,(x) allow for the di-
rect visualisation of the domain of surface (1), bounded by
two curves that intersect at two points and form a closed
domain for a two-variable function in the Oxy plane. The
values of the boundaries X1, X2 are found as solutions to
the nonlinear equation g,(x) = g,(x), which is implemented
using the standard command solve solve({g,(x) = g,(x)},{x}).
This approach assumes the existence of at least two dis-
tinct solutions to the specified nonlinear equation. A light
shade of colour, color =[0.95,0.95,0.95] is used to visually
distinguish the projection from other elements of the mod-
el. The construction of surface (1) is implemented using
the following command:

plot3d(f(x,y), x=X1..X2,

color=magenta,

y=gl(x).. g2(x),
grid=[20,20], axes=normal,
scaling=constrained, orientation=[-80,38],

style=wireframe).

The colour color=magenta was chosen to clearly high-
light surface (1) within the overall composition of the cylin-
drical body. The increased grid density (grid =[20,20]) en-
sured a more detailed representation of the surface shape.
The axes=normal option was used for the standard display
of coordinate axes, which facilitated the correct spatial
perception of the surface as a separate component of the
model. The style=wireframe option was applied to empha-
sise the surface structure and ensure visual transparency
when combined with other elements of the cylindrical
body. Thus, the plot3d command was used as the basic tool
for the step-by-step implementation of individual compo-
nents of the structured mathematical model. Its combina-
tion with other Maple graphical procedures ensured con-
sistent scaling, correct spatial orientation and a high level
of clarity during the construction of the cylindrical body.

An important technique for three-dimensional visual-
isation of cylindrical bodies in the Maple computer algebra
system is the construction of spatial lines: lines of inter-
section of the cylindrical surface with surface (1) and their

projections onto the Oxy plane, which serves as a guide
along which the generatrices of the cylindrical surface
move. The spacecurve command is used to construct spatial
curves in the Maple software environment. This command
belongs to the plots package and allows the visualisation
of a three-dimensional curve defined by three paramet-
ric equations: x =x(t), y =t(t), z=2z(t), where t — where t is
a parameter that varies over a specified range. The limits
of this range, t, and t,, are determined by the conditions:
x(t)=X,, x(t,)=X,. The command syntax is: spacecurve([x(t),
y(t), z(t), t =t,...t,, options]), where options — where op-
tions are additional parameters for plotting the graph. The
command supports the use of multiple sets of parametric
expressions, allowing several spatial curves to be plotted
simultaneously on a single graph. The following construc-
tion was created to visualise the guide line L:

spacecurve ( ({[t,
0, t=tl..

axes=normal, orientation=[-80,38],

gl(t), 0, t=tl.. t2],[t, g2(t),

t2]1}, color=green, thickness=k,
scaling=constrained),

where thickness — a parameter used to specify the line
thickness of a spatial curve on a graph. It determines the
visual clarity of the curve and, together with the choice of
the color option, affects its visibility within the overall
composition of the three-dimensional image.

Similarly, the visualisation of line C is implemented
using the construction:

spacecurve (({[t, gl(t), z(t, gl(t)),
t=tl.. t2],[t, g2(t), z(t, g2(t),
t=tl.. t2]}, options).

Regarding the construction of the cylindrical surface
Q, it should be noted that the generatrices of the surface
in question are bounded below by the guide line L, which
lies in the Oxy plane, and above by the spatial curve C. The
cylindrical surface is formed by moving a vertical segment
(generatrice) along these guide lines. In this process, the
coordinates of its endpoints vary in accordance with the
parameterisation of the curves L and C. Note that the ab-
scissa of the lower endpoint remains constant and equals
zero. The parametric equations of the generating segment
in its current position, corresponding to each of the indi-
vidual sections of the guide curves, are as follows:

x =ty +t(t; — ty),

y=g1(ts + ti(t — t1)),

2=t f(tyga(ts + tilt2 - 1)),
X =ty +t(ty — ty), )
y = g2(ts + ti(t, — t1)), t€[0.1],

z=t-f (t,-,gz(tl +t;(t, — tl))), t; € [0.1].

t € [0.1],

The lateral surface of the cylindrical body was visual-
ised as a set of vertical straight lines (generators) that
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reflect its geometric structure. This approach ensured
the visual transparency of the model and made it possi-
ble to clearly trace the relative positions of all elements
of the cylindrical body. To construct a set of generatrices,
the universal command for constructing spatial curves,
spacecurve, can be used. However, in this case, the plot-
tools[line], command is more convenient, as it is used to
construct a line segment in three-dimensional space based
on the coordinates of its endpoints. It is part of the plot-
tools package and is used as an auxiliary tool when creating
complex spatial compositions. The general syntax of the
command is as follows:
plottools([line] ([x1,y1l,z1], [x2,y2,z2],

options),

where [x1,y1,z1] i [x2,y2,z2] — the coordinates of the
start and end points of the line segment, and the options
(color, thickness, linestyle etc.)deternﬁnethepa—
rameters of its graphical representation.

For the three-dimensional visualisation of the lateral
surface of a cylindrical body, specialised code was devel-
oped based on mathematical model (2) and the use of the
plottools[line] command.

numLines := N:
for i from 0 to numLines do
ti :=(i/numLines) *1;

linesl[i]:=plottools[line]

([tl+ti* (t2-tl),gl (tl+ti*(t2-t1)),0],
[tl+ti* (t2-tl),gl (t1+ti*(t2-tl1)),
f(tl+ti* (t2-tl),gl (tl+ti*(t2-tl1)))1,
color=blue, linestyle=1l, thickness=1);
end do:

numLines := N:
for i from 0 to numLines do
ti :=(i/numlLines) *1;
linesl[i]:=plottools[line]
([tl+ti*(t2-tl), g2 (tl+ti*(t2-tl1)),

01, [tl+ti*(t2-tl),g2(tl+ti*(t2-
tl)), £(tl+ti*(t2-tl), g2 (tl+ti*(t2-tl1))) 1,
color=blue, linestyle=1, thickness=1);
end do:

The density of the generating lines along the guide can
be adjusted by setting the appropriate value for the varia-
ble numLines. To combine separately constructed graphical
objects into a single three-dimensional composition, the
plots[display] command was used, which allows sev-
eral graphs created by different commands (in particular
plot3d, spacecurve, plottools[line]),to be displayed
simultaneously, whilst preserving their relative spatial ar-
rangement. The general syntax of the command is as follows:

plots[display] ([objl,
obj2, ..], options),

where obj1, obj2, ... — pre-constructed graphical ob-

jects, and the options define the parameters for their joint

display. The approach used provides accurate and in-
tuitive three-dimensional visualisation of cylindrical
bodies, enabling the effective solution of problems in
mathematical modelling and geometric analysis. The
developed methods allow for a detailed representa-
tion of the model components, which significantly im-
proves the quality of solutions to problems in high-
er mathematics, scientific and engineering disciplines.

Results and Discussion

This section presents the results of applying the pro-
posed method for three-dimensional visualisation of
cylindrical bodies in the Maple environment and their
analysis. Particular attention is paid to verifying the ef-
fectiveness of the developed methods and techniques
in problems related to the modelling of spatial regions
and the calculation of body volumes using multiple in-
tegrals. To illustrate the capabilities of the proposed
methodology, its application is examined using a specif-
ic example of a problem involving the calculation of the
volume of a solid bounded by the given surfaces: z =0,
zZ=xt+y x=y"2 x=y.

Usually, in such problems, it is suggested to draw the
given solid and its projection onto the Oxy plane. Thus, all
steps for constructing the given cylindrical solid are con-
sidered. In the first step, the Oxy plane (Fig. 1) is construct-
ed using the command:

restart:
x=0..1, y=0..1, color=grey,
axes=boxed, scaling=constrained,

plot3d (0,
grid=[10,107,

orientation=[135,70]);
PlaneOXY := %:

Figure 1. Visualisation of the constructed coordinate
plane Oxy
Source: compiled by the authors

Increasing the grid parameter results in: a more de-
tailed reproduction of the surface’s geometric shape;
smoother contours and a reduction in image jaggedness;
and a more accurate representation of local features
(curves and bends). At the same time, an excessive increase
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in mesh density increases the computational load and may
slow down the generation of the graph without a significant
improvement in visual quality. In the study, the grid pa-
rameter was selected experimentally, taking into account
the complexity of the surface and the requirements for
visual clarity. For most constructions, values of the order
grid=[10,10] or grid=[20,20] were used, which ensured suf-
ficient detail with a moderate computational load. Creating
a procedure to execute the relevant commands simplifies
the adjustment of the ranges of variables x and y (Fig. 2).

PlaneOXYi:=proc(z,X1,X2,Y1,Y2)
plot3d(z, x=X1..X2, y=Yl..Y2,
grid=[10,10], axes=boxed, scaling=constrained,
orientation=[-41,68]);
end proc;
X1:=-1:X2:=1:Y1:=-0.5:Y2:=2:
PlaneOXYi (0,X1,X2,Y1,Y2);
PlaneOXY := %:
#Restore the previous ranges of the variables
X1:=0:X2:=1:Y1:=0:Y2:=1:
PlaneOXY :=PlaneOXYi (0,X1,X2,Y1,Y2):

color=grey,

Figure 2. Visualisation of the constructed coordinate
plane Oxy using the procedure
Source: compiled by the authors

In the problem under consideration, the region P is de-
fined by the equations of two curves x=y"2, x=y, which form
the contour L that bounds this region in the z=0 plane.
To write the parametric equations of the curves forming
the contour in full, the points of intersection of these lines
have been found:

solve ({x"(1/2)=x"2},{x});s0lsl:=%:
subs ($[1],y=x"(1/2)),%[11[]],
[subs (5[2],y=x"2),%[2]1[11;

{x=0}, {x=1}
[y=0,x=0],[y=1,x=1].

Thus, the boundary of region P is closed and formed by
two lines intersecting at two points. The parametric equa-
tions of these lines in space (2) take the form:

x =1, x =t
x =+t, te[0.1]. x=t? te[0.1]. 3)
z=0, z=0,

The corresponding Maple code was used to construct
the image. Figure 3 shows the result of its execution.

plots[spacecurve] ({[t, sgrt(t), 0,t=0..11,
[t, t*2, 0,t=0..11}, color=green, thickness=3,
axes=normal, orientation=[-80,38],

scaling=constrained); GuideCS:=%:

1

a -1 4

plots[display] ([PlaneOXY, GuideCS],
orientation=[-56,41]);

axes=frame,

_

o
w

o
[¢,] o

o A

Figure 3. Visualisation of the constructed contour of region P
Note: a — contour lines without visualisation of the plane in which
they are located (orientation = [-80, 38], axes = normal);b—
contour lines together with visualisation of the fragment of the plane
inwhich they are located (orientation =[-56, 41], axes = frame)
Source: compiled by the authors

Increasing the value of the thickness parameter ensures:
better visibility of curves in complex spatial compositions;
clearer visual distinction of guides and intersection lines;
and improved perception of the model’s structure when
combined with surfaces. Excessively increasing the thick-
ness may, however, lead to partial overlap of neighbouring
image elements. In this study, a value of thickness=3 was
chosen, which ensured sufficient clarity of the curves with-
out overloading the graphical composition.
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The third step consists in constructing the region P in the
Oxy plane, implemented using the following code fragment:

X1:=0:X2:=1:
plot3d (0, x=X1..X2, y=x"2..sqgrt(x), color=[

0.95, 0.95, 0.95], grid=[10,10], axes=normal,
scaling=constrained, orientation=[-80,381);
zeroP:= %:

where x=x,...x, - the range of variation of the variable x
from 0 to 1; y=x2.Vx — the range of variation of the variable
y, bounded by two curves: y=x2 and y=Vx (this defines the
region P in the Oxy plane; color=[ 0.95, 0.95, 0.95] —a
light grey colour for the projection, ensuring visual neutral-
ity and avoiding visual clutter; axes=normal - displays the
standard X, Y, Z coordinate axes; orientation=[-80,38] —
determines the scene orientation, allowing convenient
viewing of the projection from above. The given code frag-
ment may serve as a universal template for constructing in
Maple the projection of an arbitrary planar region bounded
by a pair of functionally defined curves. Visualisation of
all three objects together — the Oxy coordinate plane, the
plane P together with its boundary L (Fig. 4):

plots[display] ([PlaneOXY, GuideCS, zeroP],

orientation=[-65,47]);

0.6

Figure 4. Visualisation of the constructed coordinate
plane Oxy, region P, together with its boundary L
Source: compiled by the authors

The fourth step involves constructing the spatial curve
C, which defines the contour of the cylindrical body in
three-dimensional space. Its projection onto the Oxy plane is
the previously constructed curve L; thus, curve C also serves
as a guide curve and is defined as a pair of spatial paramet-
rically specified curves, each corresponding to a boundary
curve of region P and, unlike line L, belonging to the surface
described by function (1). This pair of spatial curves on the
surface z=x*+)? is defined on the basis of the parameteri-
sation of the boundary curves of region P in the Oxy plane:

x =t x=t,
x =+t  tef0.1] x=t% te[01]. 4
z=t*+1¢, z = 2t4,

The following code fragment is intended for the vis-
ualisation of both contours L and C, presented in Figure 5.

plots[spacecurve[t,sqgrt(t), t"4+t,t=0..11, [t,

t~2, 2*t"4,t=0..11}, color=green, thickness=3,
axes=normal, orientation=[-80,38],
scaling=constrained) :
GuideCS:=%:

Plots[display] ([guidecs,guidecc]) ;

0.2
a 04 06 08

1

plots[display] ([guidecs, guidecc],
orientation=[27,70]);

1.5

Figure 5. Construction of the contour of the cylindrical body
in three-dimensional space (curve C)
and its projection onto the Oxy plane (curve L)
Note: a — spatial view of the contour at the viewing angle
[-80,38]; b — alternative image perspective at
orientation = [27,70]
Source: compiled by the authors

orientation =

The figure presents two versions of the image differ-
ing in the position of the scene relative to the coordinate
system, making it possible to clearly trace the mutual ar-
rangement of the spatial curve C and its projection L onto
the Oxy plane. Such a presentation contributes to a bet-
ter understanding of the geometric structure of the con-
tour of the cylindrical body and the features of its spatial
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formation. Changing the viewing angle provides a clearer
representation of the spatial arrangement of curve C rel-
ative to the Oxy plane and makes it possible to verify the
correctness of the construction of its projection L.

The fifth step involves constructing the portion of sur-
face S bounded by the closed contour C. For this purpose,
the following command was applied:

plot3d(x"4+y"2, x=X1..X2, y=x"2..sqrt(x),
grid=[20,20],

scaling=constrained,

color= magenta, axes=normal,

orientation=[-80,38],
style=wireframe) :

o

surfaceSc:= %:

plots[display] ([PlaneOXY, GuideCs,
zeroP, GuideCC, surfaceSc],
orientation=[-94,70]);

Taking into account the results obtained in the fifth
step, all constructed elements of the cylindrical body were
visualised within a single three-dimensional composi-
tion: the coordinate plane Oxy, the plane z=0 together
with its boundary, and the portion of surface S bounded
by the closed contour C (Fig. 6). Combining these ele-
ments within a single graphical image provided a clear
representation of their mutual spatial arrangement and
made it possible to trace the consistency of the individ-
ual construction stages. Such an approach contributed to
a holistic perception of the geometric structure of the cy-
lindrical body and facilitated analysis of the relationships
between its principal components:

plots[display] ([PlaneOXY, GuideCs,
GuideCC, surfaceSc],

zeroP,
orientation=[27,701);

b

Figure 6. Visualisation of the constructed elements of the cylindrical body:
the coordinate plane Oxy, region P together with its boundary L,
and the portion of surface S bounded by the closed contour C

Note:a — orientation = [-94, 70];b-—orientation = [27, 70]

Source: compiled by the authors

In the sixth step, the cylindrical surface Q was con-
structed. Based on the general equations (2) of the family
of generatrices in the case under consideration, the follow-
ing was obtained:

X =t x =t
y =4t t € [0.1]. y =t32 € [0.1]. (5)
z=(*+t) ¢t z=2t*t¢,

Consequently, the program code took the form of:

numLines := 25:
for i from 0 to numLines do
t :=(i/numLines)*1;
linesl[i]:=plottools[line] ([t,sgrt (t
[t,sgrt(t),t"4+t], color=blue,
thickness=1);
end do:t:="t’:

), 01,
linestyle=1,

for i from 0 to numLines do
t :=(i/numLines)*1;
lines2[i]:=plottools[line] ([t,t"2.0],
[t,t"2,2*t"4], color=blue, linestyle=1,
thickness=1);
end do:t:="t’:
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The application of the plottools[line] command made
it possible to implement the element-by-element visual-
isation of the cylindrical surface as a collection of genera-
tors, corresponding to the geometric nature of this object
and enhancing the clarity of its spatial representation. An
important advantage of this approach was the possibility
of forming a visually transparent lateral surface, the degree
of transparency of which was controlled by the value of
the variable numLines, thereby ensuring clear perception
of the internal structure of the model and the mutual ar-
rangement of its elements. Figure 7 presents the graph of
the cylindrical surface constructed by the described meth-
od together with its lower and upper guide curves. The cor-
responding fragment of the program code is given below.

plots[display] ( {seg(linesl[i], i=1..numLines),
seq(lines2[i], i=1..numLines), GuideCS,GuideCC},
axes=boxed,
orientation=[157,561]);

scaling=unconstrained,

surfaceQ:=%:

Upon completion of the construction, a graphical rep-
resentation of the cylindrical body was visualised, showing
all the generated elements (Fig. 8). The figure consists of four
three-dimensional images obtained for different values of the
orientation parameter, providing a more comprehensive view
of the object’s geometry. This made it possible to trace in detail

1.5
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Figure 7. Construction of the cylindrical surface Q together
with its lower and upper guide curves
Source: compiled by the authors

the relative positions of the surfaces, generatrices and gener-
atrixes, and to confirm the correctness of their construction.

plots[display] ([PlaneOXY, GuideCs,
zeroP, GuideCC, surfaceSc, surfaceQ],
orientation=[-174,69]);

AN

1.5

i

||1|5 gl

Figure 8. Three-dimensional representation of the cylindrical body with all structural elements in the Maple system
Note: viewing angles: a—orientation = [-174, 69];b—orientation = [70,73];C—orientation = [4,21];d-orientation = [-22,63]

Source: compiled by the authors
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Thus, in the study the plots[display] command was
used to combine all the elements of the structured mathe-
matical model of a cylindrical body - the projection plane,
guidelines, generating lines, boundary surfaces and spatial
intersection lines — into a single, consistent three-dimen-
sional image. This ensured: the correct relative positioning
of elements in space; uniform scaling of all components;
the ability to set a common viewing angle (the orienta-
tion parameter); and consistent display of coordinate axes
and style parameters.

Following a detailed examination of the proposed
method for constructing a 3D visualisation of a cylindrical
body using a specific example, with the aim of demonstrat-
ing the universality of the proposed approach and confirm-
ing its effectiveness in solving typical applied problems, the

0.4
y

application of the developed techniques to problems en-
countered in various textbooks was considered. The prob-
lems were selected to demonstrate the possibility of using
various analytical expressions to describe cylindrical bodies.

First of all, the problem of calculating a double inte-
gral was considered I dexz +y*dy (Sachaniuk-Kavetska et
al., 2013). The notation of the double integral — specifically
in the form of the integrand and the limits of integration
for the inner and outer integrals — contains all the nec-
essary relationships for describing a cylindrical solid, as
shown in the captions to Figure 9, which depicts the cor-
responding solid, the volume of which is calculated by this
integral. In the example given, the general relations were
adapted to describe the domain of the function, which is
bounded not by two but by three analytically defined lines.

Figure 9. Cylindrical body bounded by the surfaces: z=0 and z=x2+y2,
as well as by the guide curves y=0, y=x2, x=1, lying in the Oxy plane; x€[0; 1]

Note: a — orientation = [155,67]; b- orientation = [-62,68]
Source: compiled by the authors

The approach presented here has been applied
to solve the problem of computing a double integral
I3 + y* dxdy (Zhuravska et al., 2015), where the region D
is bounded by the lines x*+y? = 2x, x*+y?=4x. By converting
to polar coordinates p, ¢, related to the Cartesian coordi-
nates x and y by the relations: x=p cos (¢), y=psin (¢) , the
problem is reduced to the calculation of a double integral

—_—aaa

ConvhowoN RO
.

4cos(p)

:
[ do I p’dp . The conversion to polar coordinates allows
T 2e0s(p)

for a significant simplification of the calculation for cir-
cular or radial regions, as the limits of the integrals take
on a simpler form. Figure 10 shows the corresponding cy-
lindrical solid, the volume of which is calculated by this
integral.

Figure 10. Cylindrical body bounded by the surfaces z=0, z=p?

and the guide curves p=2cos (), p=4cos (¢), ¢ € [— g; E]

Source: compiled by the authors

2
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The proposed method was also effective in solving
the more complex problem of computing the double in-
tegral [f, (2x+1) -m%dxdy (Veryhina & Massal-
itina, 2016), where the region D is bounded by the lines
y=-xy=x%+ i,x = 0. The complexity of the problem
stems from the need to compute integrals over more com-
plex domains and to account for complex constraints,

which require a more detailed spatial analysis. Figure 11

C

Figure 11. Cylindrical body bounded by the surfaces: z=0,z=(2x + 1) -

The presented examples illustrated the universality
and flexibility of the proposed method for the three-di-
mensional visualisation of cylindrical bodies in the Ma-
ple environment. This methodology may be successfully
adapted for the graphical representation of a wide range of
educational and applied problems encountered in academ-
ic and engineering practice. The developed approach makes
it possible to achieve a high degree of accuracy and clarity
in solving problems requiring three-dimensional visualis-
ation and significantly simplifies the process of modelling
complex geometric bodies. This makes the method a useful
tool for solving both theoretical and practical problems in
scientific research and engineering calculations.

In contemporary scientific research, three-dimension-
al visualisation of surfaces using specialised software tools
is regarded as an effective instrument for analysing com-
plex mathematical models and applied problems. In par-
ticular, the p1ot3d command and analogous tools in other
software packages are widely employed in various fields
of science and technology for the visual representation of

shows the corresponding cylindrical body in the form of
four three-dimensional images presented from differ-
ent viewing angles, providing a comprehensive view of
its spatial structure and the relative positioning of the
boundary elements. The use of several different viewing
angles allows for a more accurate assessment of the spa-
tial relationships and the complexity of the cylindrical
body’s geometric shape.

N
fi

sin(n(x+y))
o 5053(n(x+y))
Note: viewing angles: a—orientation= [134, 72] ;b— orientation= [72, 53];C—orientation= [-66, 68] ;d— orientation = [-46, 68]

Source: compiled by the authors

and the guide curves y=-x,y=x2 + i, x=0

computational and modelling results. In this context, it is
appropriate to compare the results of the present study
with corresponding approaches presented in contemporary
scientific works.

Thus, in the study by F. Septian (2024), three-dimen-
sional visualisation is used for analysing the Rosenbrock
function, employed as a test function in optimisation al-
gorithms for modelling the social behaviour of hump-
back whales. In that work, the primary focus was placed
on interpreting the behaviour of optimisation algorithms
through graphical analysis of the function surface, where-
as the issue of the structural organisation of the geometric
model itself was not considered. In contrast, in the present
study visualisation was regarded not merely as a means of
presenting results, but as an object of methodological de-
velopment involving the step-by-step construction of indi-
vidual components of the spatial model.

A similar nature of applying three-dimensional graphs
can be observed in the work of D. Lenoci et al. (2022),
where visualisation was employed to present the results of
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statistical processing of medical data. In this case, graphi-
cal tools performed mainly an illustrative function, where-
as the algorithmic aspects of constructing complex ge-
ometric objects were not analysed. In the present work, by
contrast, attention is focused on the software implementa-
tion of a structured mathematical model of a spatial body
and the possibility of controlling the mutual arrangement
of its elements during construction. In the studies of K.
Apriandy et al. (2023a; 2023b), the three-dimensional vis-
ualisation functions of the MATLAB environment were ap-
plied to the kinematic modelling of the humanoid robotic
arm T-FloW. Compared with this approach, in which vis-
ualisation played an auxiliary role in modelling a mechan-
ical system, the present work develops a method oriented
directly towards the formation of the three-dimensional
geometric structure of an object through element-by-ele-
ment construction.

In the work of M.A. Mohammed et al. (2022), an inte-
grated method for selecting an optimal deep-learning mod-
el based on a novel “crow swarm” optimisation algorithm for
COVID-19 diagnosis was proposed; however, the absence of
clear images of the presented analytical surface representa-
tions somewhat reduces the practical and theoretical val-
ue of the proposed solutions. W.W. Mohammed (2022) and
M. Bilal et al. (2022) employed three-dimensional surfaces
for the visual representation of analytical solutions and for
studying the influence of parameters on their behaviour.
Similar to these studies, visualisation contributes to the in-
terpretation of results; however, unlike them, the present
research places particular emphasis on the methodological
aspects of forming the geometric model itself and on the
possibility of its adaptive parameterisation.

In the study by Z. Guo et al. (2023), the plot3d function
was applied to evaluate the residual strength of materials;
in this case, as in most applied studies, three-dimensional
graphs primarily performed the function of visualising the
results of experimental or numerical analysis. In contrast,
the present work considered the process of constructing
a spatial object as an independent task requiring formal-
isation, algorithmisation, and step-by-step software im-
plementation. A similar nature of the use of three-dimen-
sional surfaces can also be observed in the studies of A.IL.
Chowdhury et al. (2025) and Y. Lou et al. (2022), where
surfaces of limiting plastic deformations were visualised
as functions of two dimensionless stress-state indicators
according to the Tresca—Ressayre and related models. In
these works, characteristic curves were highlighted on the
surfaces, which may indicate the combined use of tools
such as plot3d and spacecurve; however, the issue of the
element-by-element visualisation of all components of a
cylindrical body was not considered.

Particularly close in direction is the study by T. Da-
na-Picard (2023), in which a combination of the p1ot3d and
spacecurve. commands was used for visualising the surfac-
es of channels and pipes. Similar to this approach, the pres-
ent work employs a combination of graphical tools to distin-
guish individual geometric elements. At the same time, the

proposed method differs in its systematic nature of construc-
tion and its orientation towards structuring the mathemati-
cal model of the spatial object. Similar capabilities of Maple
as a universal tool for numerical and symbolic analysis, as
well as three-dimensional visualisation, were demonstrated
in the work of N. Sawlat et al. (2024), where the effectiveness
of the software package in solving a wide range of applied
problems was shown and its potential for creating complex
three-dimensional graphs was emphasised.

At the same time, the development of Maple through
the creation of user-defined software solutions and spe-
cialised procedures remains at the centre of contemporary
research attention, confirming the relevance of develop-
ing applied algorithms for the visualisation of particular
classes of geometric objects. Nevertheless, in the afore-
mentioned works, three-dimensional visualisation is con-
sidered predominantly as an auxiliary means of presenting
computational results, without emphasis on the step-by-
step construction of geometric objects. Thus, comparison
with contemporary studies demonstrates that in most
works three-dimensional visualisation is used mainly as
a means of illustrating modelling results, whereas in the
present study it is regarded as an independent object of
methodological and software development.

Conclusions

This article proposes a method for the three-dimension-
al visualisation of cylindrical solids in the Maple computer
algebra system, based on breaking down the mathematical
model of the solid into individual components and con-
structing each of them step by step using specialised graph-
ical tools. A system of methods and techniques for software
implementation has been developed, involving the param-
eterisation of guide curves, the construction of generating
segments, the formation of projections onto the Oxy plane,
and the graphical combination of all elements into a coher-
ent 3D model. It is shown that the proposed approach is in-
dependent of the specific analytical form of the cylindrical
body and can be adapted to problems with different geomet-
ric conditions, as confirmed by examples from textbooks.

It has been established that the absence in Maple of
standard tools for the automated construction of cylindrical
bodies necessitates the development of specialised software
solutions; the proposed method can serve as a basis for cre-
ating user procedures and be regarded as a component of
information technology for the three-dimensional visualis-
ation of geometric objects. This interpretation is based on
the generally accepted understanding of information tech-
nology as a set of methods, algorithms and software tools
designed for the processing, presentation and analysis of
information. The proposed approach meets these criteria,
as it involves the algorithmic processing of mathematical
information about a geometric object, its software im-
plementation and graphical interpretation in the form of
three-dimensional models. The proposed approach facili-
tates the perception of complex spatial objects, stimulates
analytical thinking and develops applied competencies in
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the field of mathematical modelling; its application is ef-
fective not only in the educational process but also in scien-
tific research and engineering practice, where visualisation
plays a key role in solving problems of geometric analysis,
form optimisation and the study of spatial relationships.

The results obtained can serve as a basis for further
research, in particular for the development of automated
visualisation procedures for cylindrical bodies. Further-
more, these results can be generalised to cases involving
more complex geometric configurations, where the body is
bounded from below by an arbitrary surface and the domain
of definition is specified by a system of several analytical re-
lations. It is expected that further research will significantly

improve computational efficiency and expand the scope of
application of this methodology to more complex engineer-
ingandscientific problems, particularly in the field of optimi-
sation and modelling of non-standard geometric structures.
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AHoOTALiS. AKTYa/IbHICTb TEMY 3yMOBJIEHA 3POCTAHHSIM MIOTPEOU Y BUKOPUCTAHHI Cy4aCHUX 3aC06iB KOMIT I0TEPHOT
MaTeMaTUKY JIJIS MiABUIEHHS e(eKTMBHOCTI aHasli3y, MOJIeJIIOBAaHHS Ta Bidyasisallii cKiagHUX IPOCTOPOBUX 06 €KTIB.
MeToo po6oTu 6yna po3pobKa OpPUTiHATBHOTO CIOCOOY TPUBMMIpHOI Bidyamizanii UMIIHOAPUYHMX Tin y cucremi
KOMIT'I0TepHOi MaTeMaTuku Maple. 3ampornoHoBanuit miaxin 6a3yBaBcsl Ha CTPYKTypu3allii MaTeMaTMUHOI MoZei
UMIIHIPUYHOTO Tila HAa OKpeMi eJleMeHTHM — IUIOMIMHY MPOEKIIii, HaIpsIMHI KpuBi, TBipHi Bigpi3ku Ta 06MesKyBaabHi
MOBEPXHi — 3 MOJABIIOI0 iX iHTerpaliew y eauny 3D-mofensb. Y ocTigkeHHI BUROpUCTaHO 6a30Bi iHCcTpymeHTH Maple
(plot3d, spacecurve, plottools[line], display), IO 3a0€3MeUMIM TIPOTPAMHY peasi3allilo OKpeMUX eJIeMeHTiB
MPOCTOPOBOr0 06’€KTa Ta iX MoeTamHe MOENHAHHS B IUTICHY MoOZenb IMAIHIPUYHOTO Tilia 3 METOI0 CTBOPEHHS
HaOYHOT'O TPUBUMIPHOTO 300pakeHHs1. PO3p06/ieHO HU3KY OPUTiHATBHUX TeXHIK TOOYIOBU MIIOCKUX Ta MPOCTOPOBUX
HaNpsSMHUX, 3a[JaHUX [1apoI0 KPUBUX, 1[0 MTePeTUHAIOTHCS Ta YTBOPIOIOTh 3aMKHEHY 06/1acTh, CiM’i TBIpHMUX Y BUIVISI
BiJIpi3KiB MpsSIMUX IJ1s1 YTBOPEHHSI TPO30poi 6iUHOT HMIiHAPMYHOI TOBEPXHIi, a TAKOK CII0Co6iB Bidyarisallii moBepxoHb,
SIKi JO3BOJISIIOTD aNANITUBHO 3MiHIOBATY ITapaMeTpy MO, Bimo6paskaTu MpOMiskHi eTany mobyLoBY Ta KOHTPOIIOBATH
B3aeMHe po3TallyBaHHsS ii erneMeHTiB. [IpefcTaBieHO MPUKIAAM MPAKTUUYHOI peamisarii crmocoby mjis 1mobymoBu
UMTIHAPUYHUX TiT HA OCHOBI TUIMOBMX 3aJau 3 BMUIOI MaTeMaTUKM, IO MiATBEpAKye edeKTUBHICTb i 3pyUHICTb
3aCTOCYBaHHS po3pobieHoro migxony. IlokaszaHo, 0 3aIIPONIOHOBaHMit crlocib6 Mae yHiBepcaabHMIT XapakTep i Moske
6yTY BUKOPMUCTaHUII He JMIle Y HaBUYAIbHOMY MpOIleci, a 71 y HAYKOBUX NOCTIIKEHHSIX i MPUKIAJHUX iHKeHePHUX
3azavax, Je MoTpibHa TouyHa ¥ HaouHa 3D-Bisyasisaiisi 6araTOKOMIIOHEHTHMX Tif. IIpakTMUHa IiHHICTb POOOTHU
TIOJIATA€ B TOMY, IO PO3POOIEHMI MigXiL MOKe PO3IISIAATUCS SIK CKIamoBa iHbOopMaliiiHoI TeXHOIoril TpMBUMIpHOI
Bisyastizalii reoMeTpuMuHUX OO’€KTIB y cHUCTeMaxX KOMIT'IOTEpPHOI MaTeMaTMKM, MOESHYIOUM IIPOCTOTY peasisalii,
THYYKiCTh MOZ@MIOBAHHS Ta BUCOKY iHDOpPMaTUBHICTb rpadiuyHMUX pe3ynbTaTiB

KntouoBi cnoBa: cucremy KOMITIOTEPHOI MaTeMaTHUKMA; TTapaMeTPUUHi KPMBi Ta MOBEPXHi; TeOMETPUYHE MOIETIOBAHHS;
OCBITHI TEXHOJIOTiI B MaTeMaTu1li; IpUKIaAHe MaTeMaTUUHe MOJe/ll0BaHHS; iH)kKeHepHa Bidyasisallis
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