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The methodology of performing positional tasks by means
of graphic programs in teaching descriptive geometry

Abstract. This article examines the didactic potential of applying Rhino and AutoCAD
graphic software in the teaching process of descriptive geometry and analyzes their effectiveness
in solving positional problems. The study focuses on methods for determining intersection lines
of surfaces, particularly the construction features of intersections between second-order surfaces
and planes in general position. Special attention is given to the possibilities of visual modeling
of complex spatial problems, accurate geometric constructions based on orthogonal projections,
and mastering algorithmic approaches to defining intersection lines using graphic software tools.
The article presents step-by-step methods for solving positional tasks in Rhino and AutoCAD
environments and highlights their role in developing students’ spatial thinking, graphic literacy,
and independent cognitive activity. In addition, the influence of modern digital technologies on
improving the quality of knowledge acquisition, forming engineering and graphic competencies,
and increasing the effectiveness of the educational process is scientifically and methodologically
substantiated. The research results demonstrate that graphic software serves as an effective tool
for integrating theoretical knowledge with practical skills and contributes to the modernization of
descriptive geometry teaching in the context of digital transformation in education.

Keywords: descriptive geometry, teaching process, surface intersection lines, Rhino,

AutoCAD, geometric modeling, orthogonal projection
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Introduction

One of the important requirements for the organization of modern educa-tion
is to achieve high results in a short time, without unnecessary mental and physical
efforts. Bringing certain theoretical knowledge to students in a short pe-riod of time,
developing their skills in certain activities, as well as monitoring students' activities,
assessing the level of knowledge, skills and abilities they have acquired require high
pedagogical skills from the teacher, a new approach to the educational process.

There are various ways to develop independent cognitive activity, one of them
is the problem of developing Rhino and AutoCAD using graphics pro-grams. The
development and application of a special method involves practical assistance to the
development of this activity.

Descriptive geometry is understood as fields of knowledge that fully corre-
spond to the idea of computer geometric modeling, which remain a fundamental
science for any design process, the objects of which are described by the math-
ematical apparatus of analytical geometry, and which are the logical basis for
building programs and machine algorithms for graphical reconstruction of tasks on
a computer (Tashimov, 2019).

In this article, the development of competencies of independent cognitive
activity by means of graphic programs involves the organization of independent
learning, which confirms S.L. Rubinstein's idea that the psyche and conscious-ness
are formed in activity (Rubinstein, 2004).

In a scientific article by I. Mamurov, N. Akhmedov and F. Mamurova on the
topic "Building axonometric projections using the AutoCAD computer graphics
program" noted that when building axonometric projections using the AutoCAD
program, greater accuracy is achieved, time is saved when drawing axonometric
projections, easy reproduction of the resulting axonometric projection on the re-quired
surface, in size and sequence, and the use of a preset color palette for col-oring the
drawn axonometric projections. Using the desired color scheme of col-oring, it was
mentioned that axonometric projections drawn using computer graphics capabilities
are of great interest to students, but also have advantages such as improving their
computer literacy and work skills (Madumarov & Kakharov, 2008).

In the article T.Rikhsiboev, M.Pardaeva «Chamfering sharp corners on mod-
els made in 3D in the AutoCAD program» shows the sequence of chamfering sharp
corners of parts in 3D based on the design (Rikhsiboev & Pardaeva, 2015).

The work carried out by the above-mentioned authors is mainly focused on
geometric constructions and projection drawing. This article shows how to achieve
efficiency in solving positional tasks using Rhino and AutoCAD graphics programs.

IIpobnemvl uHdICEHEPHOU epaduru u Problems of engineering and
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An intersection line between two surfaces is usually created by sequentially
plotting the points of the intersection line. The points of the intersection line touch
both surfaces and are executed using auxiliary cutting surfaces (Turdimovich, 2023).
Flat, spherical, conical and cylindrical surfaces can be used as auxiliary cutting
surfaces. Auxiliary cutting surfaces should be selected in such a way that when they
intersect with the specified surfaces, simple and convenient lines-straight lines or
circles - are formed on the section.

It is known that a sphere centered on the axis of a rotating surface intersects
this surface into a finite number of circles. These circles are projected onto one of the
projection planes as a rectilinear section, and onto the other as a circle or ellipse. This
important conclusion about the line of intersection of the sphere with the surfaces
of rotation allows us to construct lines of intersection of two surfaces of rotation
(Adilov, 2023).

To construct a line of intersection of two surfaces in the traditional way,
guided by the above-mentioned theoretical foundations, the method corresponding
to the intersection of the surfaces is selected, the characteristic points related to
the intersection line are determined, through the gaps of which auxiliary planes
of intersection are drawn, the points related to the intersection of the surfaces are
connected sequentially, the visible part of the lines is determined.

As an example, let's consider the execution of a straight circular cone and an
intersection line of a cylinder located parallel to V using the Rhino graphics program
(Fig. 1, 2, 3, 4).

Figure 1 Iconic buildings in astana, google map

However, in the Rhino graphics software, such operations will be placed
in the program’s memory, where the curvature of the intersection of geometric
surfaces is set, and the intersection line itself will be formed. Technologically,
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we will be able to perform both 2D and 3D measurements. The surfaces can be
distinguished by color, seen from different angles, then they can be visualized.
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Figure 2 Construction of a cone and a cylinder intersection in Rhino

Rhino graphics software allows students to create 3D models that help them
display their design ideas clearly and in detail. The program includes the ability to
create complex geometric shapes. With the help of Rhino software, students have
the opportunity to high-quality rendering of their models, which makes their project
presentations more attractive (Erpolotovich & Kyzy, 2023).
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Figure 3 Construction of a cone and a cylinder intersection in Rhino
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Rhino provides students with new features such as parametric design,
analysis, or various other functions. Students have the opportunity to add materials
and textures to bring the models to life even more, which will enhance the quality of
the drawings.
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Figure 4 Construction of a cone and a cylinder intersection in Rhino

Modern graphics systems from AutoCAD and other applications are widely used
in aviation, shipbuilding, pipeline, construction and other industries. The generally
accepted abbreviation CAD corresponds to the concept of CAD (automated design
system) for design engineers. This term usually refers to programs that execute
drawings and even more complex design systems using a computer.

Methodology

The methodology of this research is based on enhancing students' cognitive
activity and competencies by integrating modern computer technologies into the
teaching of engineering graphics. The following set of methods and approaches was
employed during the study:

Theoretical Analysis and Systematization
The research began with a comprehensive review of scientific literature in the fields
of descriptive geometry and computer modeling. The study was grounded in S.L.
Rubinstein’s activity theory, which posits that the psyche and consciousness are
formed through activity, as well as the conceptual findings of researchers like

IIpobanemvl undicenepnoil epaguxu u Problems of engineering and
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I. Mamurov and N. Akhmedov regarding the advantages of computer graphics.
Descriptive geometry was analyzed as the fundamental science underpinning
modern design and machine algorithms.

Comparative and Technical Analysis
A comparative analysis was conducted between traditional drafting methods and
the use of Computer-Aided Design (CAD) systems:

Traditional Method: Sequential plotting of intersection lines using auxiliary
cutting planes and reference points. Innovative Method: Utilizing the algorithmic
capabilities of Rhino and AutoCAD to generate high-precision models in both 2D
and 3D formats.

Modeling and Experimental Tasks

The practical phase of the research involved developing algorithms for solving
positional problems within Rhino and AutoCAD environments. Specific scenarios
included:

Rhino Environment: Constructing intersection lines between a cone and
a cylinder, utilizing color differentiation for surfaces, visualization, and testing
parametric design features.

AutoCAD Environment: Intersecting a cone with a plane to construct second-
order curves (e.g., ellipses). This process monitored the student's ability to synthesize
theoretical knowledge with software commands.

Didactic Approach

The teaching methodology focused on the transition of the student from
subordinating their actions to the logic of a new tool to mastering that tool as an
extension of their own cognitive activity. This approach facilitates the organization
of independent learning and the formation of modern engineering thinking.

Technical Tools

The following software packages were utilized as the primary research
instruments:

Rhino 3D: Used for modeling complex geometric shapes and high-quality
rendering.

AutoCAD: Used for automating drawings, constructing orthogonal and
axonometric projections, and executing graphical algorithms.

Results and Discussion

Now let’s turn our attention to the problem of using the AutoCAD program in
the process of teaching graphic disciplines, which is one of the automatic drawing

IIpobnemvl uHdICEHEPHOU epaduru u Problems of engineering and
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programs that is currently widespread. It has now become the standard in personal
computer systems in the field of CAD. Automatic drawing software is the cherished
dream of designers and engineers, which not only frees them from such painstaking
work as drawing, but also provides ample opportunities for creative thinking,
innovation in the process, and processes such as instant application of what they
have created to paper in their imagination.

But at the same time, this powerful drawing software is connected with the
educational process, especially with the execution of drawings in engineering graphics
(descriptive geometry, geometric, projection, machine, construction, topographic
drawing, etc.), naturally penetrating into his sciences and firmly established in it.
This phenomenon can certainly be called natural, since any achievement of humanity
cannot ignore it if it is directly related to the educational process. When we are given
the correct instructions for completing any drawing. So, we are told that itis a straight
line, circle, rectangle, prism or cylinder, etc. It can instantly draw shapes not only
in orthogonal projections, but also in axonometric projections, that is, display them
visually, or execute them in parallel. In addition, it can also perform positional tasks
such as the intersection line of surfaces. There is no need to sit back if the commands
are given in the correct sequence, as in computer games. He can make the necessary
geometric constructions and drawings of any type. Moreover, he performs drawings
at a high level.

This is the main advantage and disadvantage of automatic drawing programs
from an educational point of view, since they do not explain the process of completing
the required work, after completing the command, the correct result is achieved. But
using it as a drawing tool, you can also make drawings using traditional methods.
When this is done, its effectiveness will decrease significantly, and it will become an
expensive tool for sketching. However, in some cases, this method is also used if the
situation requires it. But the contribution of such transactions is short-lived and is
used much less frequently. It is necessary that we now perceive this phenomenon as
areal being, as progress, and effectively use its advantages and turn its disadvantages
into achievements.

This achievement of mankind in the field of image, i.e. the use of automatic
drawing programs not only as a means of making images, but also as a means of
cognition, can be considered as the historical development of the human mental
process. This case requires a new approach to it in the process of executing graphical
algorithms using automatic drawing programs.

Consider, for example, an example of constructing a line of intersection of
a circular cone with a plane in the general case (Fig. 5). Suppose that the line of
intersection of a plane and a cone is generally a second-order curve, such as an ellipse.
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Figure 5 Example of constructing a line of intersection of a circular cone with a plane in the
general case

When we define this in the traditional way, that is, using auxiliary secant planes,
the reference points, the upper and lower points are determined first. These points
are the target points for us, which give us «control» so that we do not deviate from
the area of the producing line, because sometimes the shape of the ellipse may not
be the same as itself when graphical errors are made. Then the points between them
are determined. The more the number of points related to the intersection line is
determined, the higher the degree of accuracy of the curve shape when connecting
the formed points. When performing this task, attention is usually paid to the
general shape of a curve, such as an ellipse. Now there is no need to create a series
of points associated with the ellipse that is created when performing this task using
AutoCAD. But here it becomes very important that we know in advance which curve
is formed when the surface is cut by a plane. That is why this case requires theoretical
knowledge and preparation from the student, since he already knows what kind of
curve the intersection line will be, for example, if an ellipse is formed, it will be
necessary to determine the directions and magnitudes of the major and minor axes
of the created ellipse, based on the capabilities of the program.

Another reason for thisis that the drawing program requires that the ellipse have
mutually perpendicular directions and the magnitude of its major and minor axes,
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since the program can draw an ellipse only through its major and minor axes. In this
case, all surfaces of the second order: cone, cylinder, sphere, ellipsoid, paraboloid,
etc. belong to (Fig. 6).

Figure 6 Example of constructing a line of intersection of a circularcylinder with a plane in
the general case

The basic scheme of mastering any new tool is that first the student subordinates
his action to the logic of the new tool, and then acquires new capabilities by
subordinating it to the logic of his activity. At the second stage, this tool becomes a
tool capable of solving various educational and other tasks in the student’s activity.
The transformation of a thing into a student’s tool begins to shape the student’s
thinking, thinking and his own learned behavior in a new way in accordance with
the circumstances (Tashimov et al., 2019).

Conclusion

Asaconclusion, itcanbesaid that whensolving positional tasks using a graphical
program, students' competencies regarding independent cognitive activity develop.
Clearly, the educational programs independently developed by each university must
undergo a thorough analysis of technical discipline types. This is essential to ensure
a balanced integration of fundamental, natural science and mathematics, general
technical, and specialized components in the training of Bachelors of Engineering
and Technology.
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Cp130a reoMeTpUsICBIH OKBITY Ke3iHge rpadukaablkK OargapaaMajaap apKblabl
MMO3ULVISIABIK TallCbIpMalapAbl OpbIHAAY dAdicTeMeci

Anaatmia. bya makasaga ceisba reomeTpus I9HIH OKBITY yaepicinge Rhino sxsne
AutoCAD rpadukaaslk OargapaamMasapbiH KOAAAHYABIH AUAAKTMKAABIK MYMKiHAiKTepi
MeH OJapAblH NO3UIMAABIK ecellTepAl IHIelyeri TMiMAiairi KapacThIpblaagbl. 3epTrey
OaprichiHAa DeTTepaiH KUBIABICY CHI3BIKTApBIH aHBIKTay o4icTepi, acipece eKiHIIi peTTi
OeTTepaiH >KaAIlbl >KarjaiiJarbl >Ka3bIKTBIKTapMeH KUBIABICYBIH cady epeKIleAikrepi
TaagaHaapl. I'padukaavlk OargapaamajsapAbl IaligadaHy apKblAbl KypdeAi KeHiCTiKTik
ecerrepai  KOpHeKi Typae MoJeabAey, OpPTOrOHaAb IHPOeKUUsAap HerisiHae 494
TeOMETPUAABIK ~KYPBIABIMJAApP >Kacay >KoHe KUBIABICY CBI3BIKTapbIH —aHBIKTayAbIH
aATOPUTMAIK TaciAdepiH MeHTepy Macededepi KapacTelpblaaabl. Makasaga Rhino
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xoHe AutoCAD oprackiHga OpbIHAAAATBIH IIO3UIINMAABIK €CeNTepAiH Ke3eHAIK IIerry
JKOAAApPBl YCBIHBIABIN, OAapABIH CTYAEHTTePAiH KeHICTIKTIK oOiidayblH, TIpaduKaabIK
CayaTTBIABIFBIH JKOHEe ©31HAIK TaHBIMABIK OeACeHAIAIriH 4aMBITYAaFbl peAi allKbIHAAAAABL.
CoHblMeH KaTap, 3amMaHayu LUQPABIK TeXHOAOIMsAAapAbl KOAAAHYABIH >KaHa OiaimMai
carmaabpl MeHTepyTe, MHXKeHepAiK-rTpaUKaAblK KY3bIpeTTepAl KaABIIITacThIpyFa JKoHe OKY
yAepiciHiH THiMAILAITNH apTTBIPy¥Fa BIKIAABl FHIABIMU-9AICTEMEAIK TYPFbIAaH Heridgeael.
3eprrey HoTIDKelepi rpadpukaablK OardapaaMadapAblH CbI30a TeOMeTPUSIHBI OKBITYJa
TeopM:sI MeH ITPpaKTMKaHbl YIITaCThIPaThIH MaHbI3AbI KYPaA eKeHAITH KepceTeai.

Tyitia cesaep: cbizda reomeTpus, OKBITYy ydepici, OeTTepAiH KUBLABICY CBHI3BIFHL
Rhino, AutoCAD, rpadukaablk MogeAbAey, OPTOTOHAAD ITPOEKIIVs

Tanmmmvios Hypaan Dprnioaarosira

Hayuonarvrviii nedazozuveckutl ynusepcumem Ysoexcmarna umenu Husamu, Tawcerm,
V3bexucman

MeTtoauKa BBIIIOAHEHNsI IIO3UIIVIOHHBIX 3a4a4 CpeACTBaMU
rpadpudecknx rmporpaMMm npy o0y4eHny HauepTaTeAbHOM
reoMeTpumn

Annorammsa. B sanHOI crathe paccMaTpmMBaIOTCA  AMAAKTHYECKME BO3MOXKHOCTHU
npumMeHeHus rpagudeckux nporpamm Rhino nm AutoCAD B mporjecce mperiogaBaHms
HayepTaTeAbHOI reoMeTpuy, a Takxke Mx dPQPeKTUBHOCTb IPY PelIeHN TO3UIIMIOHHBIX
3agad. B mccaeaoBaHuM aHaAMBUPYIOTCA METOABI HOCTPOCHMS AVHUI IIepecedeHIis
IIOBEPXHOCTEeI, B YaCTHOCTY OCOOEHHOCTM IlepeceueHNsI II0OBepPXHOCTell BTOPOro IopsijKa
III0CKOCTSIMI  oOmlero 1moaoxkeHns. Ocoboe BHUMaHUe YAeAseTCs BO3MOXKHOCTSIM
BU3yaAbHOIO MOAEAMPOBAHMSA CAOXKHBIX HPOCTPAHCTBEHHBIX 3a4ad, BBIITOAHEHUIO
TOYHBIX TeOMeTPUYEeCKMX IIOCTPOeHMII Ha OCHOBE OPTOTOHAABHBIX IIPOEKIUIT U
OCBOEHUIO aATOPUTMOB OIIpejeleHNs] AVHUI IepecedyeHNsi CpeACTBaMM IpapUyecKux
nporpaMm. B craTtbe mpeacraBaeHBl ®TaIlbl pellleHNs IIO3MIIMOHHBIX 3ajad B cpeje
Rhino 1 AutoCAD, packpriBaeTcsl X poAb B PasBUTUI IIPOCTPAHCTBEHHOTO MBIIIAEHIIS
CTyA€HTOB, rpapuuecKoll IpaMOTHOCTI ¥ CAMOCTOSITeAbHOI IT03HaBaTeAbHON aKTUBHOCTIA.
Kpowme Ttoro, HaydHO-MeTOANIeCKN OOOCHOBBLIBAETCSI BAVSHIIE COBPEMEHHBIX IIM(PPOBBIX
TEeXHOAOTMII Ha IIOBBIIIIEHMe KadecTBa YCBOEHMs HOBBIX 3HaHMII, (opMupoBaHe
UHXXeHepHO-TpapuyeckX KOMIIETeHIIMII 1 COBepIIeHCTBOBaHMe O0pa3oBaTeAbHOTO
nporecca. PesyabTaTel 1MccaeA0BaHIs IIOKa3bIBAIOT, YTO MCIIO/Ab30BaHIUE IpapUyecKix
IIpOTpaMM CIIOCOOCTBYeT MHTeTrpaliiyi TeOpeTUYecKOM ITOATOTOBKM M HPaKTUYecKIX
HaBLIKOB, a TaKXXe BBICTyIlaeT 9(P@QPeKTUBHBIM MHCTPYMEHTOM MOJAepHMU3allNu
IperoJaBaHnsl HadepTaTeAbHOV TeOMeTPUM B YCAOBIAX IU¢pOBM3aLNI 0Opa3OBaHUI.

Kaiouesble caoBa: HauepraTeAbHas reoMeTpus, oOydyeHUe, AVHUM IIepecedeHIs
nosepxxocreill, Rhino, AutoCAD, rpajdpuaeckoe MogeA1poBaHNe, OPTOTOHAaAbHAs ITPOEKIIVs
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