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mauoymuix axieyie. 3oxkpema, cCKOpoueHHs 200UH, 8I08e0EHUX HA BUBYEHHS KYPC)
iHJceHepHoi ma komn'tomepHoi epagiku, nepedbauene 6 HOBUX OCBIMHIX NPOCPAMAX,
3HAYHO YCKAAOHIOE SIKICHY NI020MOBKY CMYOEeHMI8 IHICEHEePHUX ChneyiaibHocmell,
30Kpema 6 4acmuHi  0B80JI00IHHA NAKemamu CUCMeM  A8MOMAmu308aH020
npoekmygants. Jlo0amkosum YUHHUKOM € Hedocmamus 6a308a MamemMamuina
ni020mosKa CmMyoOeHmis, wo obOMedNcye IXHIO 30aAMHICMb NOBHOIW  MIpPOIO
BUKOPUCIMOBYBAMU MONCTUBOCMI CYUACHUX 2PADIYHUX NaKemie ma 3acmocosysamu
IHme2posami 3acobu npoecpamysanHs OJisk ABMOMAmMuU3ayii NPOEKMHUX 3a0ay.

Mema. Memoro yici cmammi € 02150 ICHYIOYOI NPAKMUKU BUKIAOAHHS OUCYUNIIHU
[HJICeHepHa ma Komn'tomepna epagika, 6usenenHs il KIouosux obOMedceHb ma
0OTPYHMYBAHHS WNAXIE NIOBUUEHHS e(heKMUBHOCE 3ACEOEHHS CIYOEHMAMU HABUYOK
2e0MEMPUYHO20  MOOENIOBAHHSL Y  CYYACHUX  CUCMEeMAax  A8moMamu308aHO20
NPOEKMYBAHHA HA PIGHI, WO NePesUye PIBeHb 36UUAUHO20 KOPUCIYBAYA.

Memoou. YV pobomi euxopucmano maxi Memoou HAYKOBO2O NIZHAHHA: AHALI3
ICHYIOYUUX MEeMOOUK BUKIAOAHHA OUCYUNIIHU THoICeHepHa ma Komn'tomepua 2pagika,
0271510 CY4aCHUX HAYKOBUX NYONiKayill 3 npobiemamuku inmezpayii 3D-mexnonozii ma
CAD-cucmem 6 iHdCeHEePHY 0CGIMY, a MAKONC MEOPEMUYHUU CUHINES MAMEMATNUYHUX
OCHO8 2eomempuuno2o mooentosanus 6 cepeoosuuyi CAIIP. VYV pobomi euznaueno
Hanpsam ma 3acoou niosuwjeHHs ¢Haxosoi ni02omosKu cmyoeHmis i OKpPecieHO
nepcnekmusuU noOalIbU020 PO3BUMKY MemoOUKU GUKIAOAHHS 8i0N0BGIOHOI OUCYUNTIHU.
Pezynomamu. Bcmarnosneno, wo mpaouyiiha Memoouxka 6UKIA0AHHS IHJICeHepHOi ma
KOMN tomepHoi epaghiku cymmeeo obmedHcye NOmeHyianl BUKOPUCMAHHSA CIYOeHmamu
noeno2o cnexmpy moodcaugocmeu  cyuacuux CAD-naxemis. 3anpononosano
oonogHumu 6a3o8ull Kypc eleMeHmamu 6eKmopHoi aneedopu ma 6eKmMopHO20 AHANI3Y —
30KpemMa napamempuyHuM GUHAYEHHAM KpPUBUX I MNOBEPXOHb, NEePemeoOpeHHAM
KOOpOUHam y mpusuMipHOMy NpOCMOopi ma KiHeMamuyHUMU NOGEPXHAMU — A MAKOHC
OCHOBAMU NPOCPAMYBAHHA OJIsL  ABMOMAMU3AYIi NPOEKMHUX 3a0ay 3acobamu,

inmeeposarnumu 6 CAIIP. Obrpynmosano, wo maxkuii nioxio cnpuse hopmyeanHio
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KOMNemeHmHOCmell, Wo 8UX00SIMb 34 MediCi PigHs CMAHOAPMHO20 KOPUCmMy8aua, i
3a6e3neyye Oinbwl 2nuboKe ma egexmusnHe SUKOPUCMAHHA CYYACHO20 2PAPiuHO20
nPoSPAMHO20 3abe3neyeHHs.

Bucnoeku. Ilodanvwuii  po3eumox Memoouxku BUKIAOAHHS IHJCEHepHOi ma
KOMRn'tomepHoi  epagixu micHo no8'a3anuii 3 BKIOYEHHAM 00 KYpCYy OCHO8
MAmMemMamuyHo20 anapamy 00CHIONCEeHHs NIOCKUX ma npocmoposux 06'ekmig. Taky
ni020MOBKY Ci0 po32n10amu siKk 6a308) yMo8y popmy8anHs NOBHOYIHHOI IHHCEHEPHO-
epaghiunoi  KomnemewmHocmi, WO  00380J8€  CMYOEHMAM  CAMOCHIUHO
Hanauwmosysamu npocpamue 3abesneyeHHs nio 61dcHi 3adadyi ma egekmueHo
aemomamuzyeamu  npoyecu  npoekmyeanusa.  Ilepcnekmueamu  nooanvuiux
00CNiOJCeHb € PO3POOKA KOHKPEMHUX HABUANbHO-MEMOOUYHUX Mamepianie i
NPAKMUYHUX 3A80AHb Ol CAMOCMIUHOI pobomu cmyOeHmis, CHpAMOBAHUX HA
ONamnyeamnus 3acooie npoepamysanis, inmezpoganux y cydacui CAIIP-nakemu.
Knrouosi cnoea: cucmemu agmomamuz08aH020 NPOEKMYBAHHS, 2eoMempuiHe
MOOeN08aHHs,  BEeKMOPHULL  aHani3,  iHdiceHepHa  2pagixka,  napamempuuHe
MOOeN8aHHS, 3aC00U NPOSPAMYBAHHS, KIHEMAMUYHI NOBEPXHI, BUWA [HICEHEPHA

oceima.
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Abstract. Objective. Certain trends in the development of contemporary higher
education have given rise to consequences that adversely affect the quality of future
specialists' preparation. In particular, the reduction in instructional hours allocated to
engineering and computer graphics — as stipulated in newly adopted curricula —
substantially complicates the effective training of students in engineering
specializations, especially regarding proficiency in CAD software packages. A further
contributing factor is students' insufficient foundational mathematical preparation,
which limits their ability to fully leverage the capabilities of modern graphics packages
and to employ integrated programming tools for the automation of design tasks.
Objective. This study reviews current practices in the teaching of engineering and
computer graphics, identifies their key limitations, and substantiates pathways for
enhancing the effectiveness of students' acquisition of geometric modeling skills in
modern CAD systems at a level that exceeds standard user proficiency.

Methods. The study employs the following research methods: analysis of existing
methodological approaches to teaching engineering and computer graphics; a review

of recent scholarly publications on the integration of 3D technologies and CAD
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systems into engineering education; and theoretical synthesis of the mathematical
foundations underlying geometric modeling in CAD environments. The study defines
the direction and means for advancing students’ professional preparation and outlines
prospects for the further development of the discipline's teaching methodology.
Results. It has been established that conventional methodologies for teaching
engineering and computer graphics significantly limit students' ability to utilize the full
range of capabilities offered by modern CAD packages. The study proposes
supplementing the foundational course with elements of vector algebra and vector
analysis — including the parametric definition of curves and surfaces, coordinate
transformations in three-dimensional space, and kinematic surfaces — as well as
programming fundamentals for automating design tasks using CAD-integrated tools.
It is argued that this approach fosters the development of competencies that extend
beyond standard user proficiency, enabling deeper and more effective engagement
with modern graphics software.

Conclusions. The further advancement of engineering and computer graphics
pedagogy is closely tied to the incorporation of mathematical foundations for the study
of planar and spatial objects into the course curriculum. Such preparation should be
regarded as a prerequisite for the development of comprehensive engineering-graphic
competence, enabling students to independently configure software for their own
design needs and to effectively automate design workflows. Directions for further
research include the development of targeted instructional materials and practical
assignments for students' independent study, aimed at building proficiency in the
programming tools integrated into contemporary CAD packages.

Keywords: computer-aided design, geometric modeling, vector analysis, engineering
graphics, parametric modeling, programming tools, kinematic surfaces, higher

engineering education.
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Statement of the Problem. Given the high professional standards expected of
future engineers, the contemporary study of engineering computer graphics can no
longer be confined to mastering the fundamentals of engineering graphics and the
ability to operate CAD tools. The future specialist must be a well-rounded professional
in modern technology. Accordingly, the content of the engineering and computer
graphics discipline should be supplemented with the mathematical foundations of
analytical principles of geometric modeling, along with selected elements of
programming. These additions would enable the introduction of programming
fundamentals into the course, with a focus on the use of CAD-integrated tools for
automating specific tasks, while also providing students with the capacity to
independently configure software to meet their particular needs.

Review of Recent Research and Publications. Review of Recent Research and
Publications. The body of scholarly work devoted to the study of engineering
disciplines is continuously enriched by the contributions of Ukrainian scholars — not
only in the teaching of graphic and engineering disciplines for higher education
students, but also in the investigation of the possibilities and practical implementation
of 3D technologies in the educational process and in various areas of engineers' future
professional activity. The professional competence of an engineer is largely determined
by the specifics of the graphic preparation of students in engineering specializations,
considering the close relationship between graphic activity and the professional activity
of an engineering specialist, as well as the specifics of working with graphic forms of
information.

The increasing demands placed on higher education students in the fields of
mechanical engineering, manufacturing, and transportation are addressed by Koziar,
who argues that the labor market requires graduates to rapidly adapt to working
conditions, successfully complete production tasks, and engage in continuous
professional development. In this context, higher education institutions are challenged

to identify new approaches and improve existing teaching methods to ensure high-
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quality specialist preparation. The rapid advancement of engineering and technology
necessitates the application of cutting-edge technologies and modern design algorithms
for creating innovative structures and high-quality products within the shortest possible
timeframes — a context in which 3D modeling is playing an increasingly significant
role [1, P. 143-146]. The potential of 3D modeling for the development of
competencies in engineers specializing in mechanical engineering is examined in detail
by Stozhok, Koziar, and Tovt [2, P. 855-877]. The theoretical and methodological
foundations for the development of graphic competence and technical thinking in
higher education institutions through the use of computer technologies are defined by
Raikovska [3, P. 235-237; 4, P. 169-173].

The relationship between graphic preparation and the professional competence
of engineers 1s further explored by Boiko, who demonstrates that the level of students'
graphic training in engineering specializations significantly determines their overall
professional readiness. The author examines approaches to the application of computer
graphics software, with particular emphasis on the integrated use of AutoCAD and
Fusion 360, and develops criteria, indicators, and levels of engineering-graphic
preparation regarded as the outcome of implementing a substantiated teaching
methodology for future mechanical engineers [5; 6, P. 40-45; 7, P. 15-20].

The integration of 3D technologies and robotics into engineering education is
addressed by Strutynska, who identifies project-based activity as a key implementation
pathway. In her view, robotics and 3D technologies constitute an effective method for
studying key fields of science and engineering design, grounded in the active use of
modern technologies in production and the high level of preparation required of
specialists working in an innovation-driven economy [8, P. 96-109].

The role of independent creative activity in the professional preparation of future
specialists in computer-related fields is highlighted by Kabak, who emphasizes that
project-based learning enables students to produce tangible final outcomes — such as

three-dimensional models, assembly units, mechanisms, or simulations of
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technological processes [9, P. 25-28]. Such activity presupposes broad,
multidisciplinary knowledge and skills on the part of the student.

Graphic competence as a constituent of the engineer's broader professional
competence is investigated by Dzhedzhula, who argues that this competence
encompasses preparedness for the conscious application of graphic knowledge and
skills, grounded in an understanding of the functional and structural characteristics of
technical objects, the principles of their design, the specifics of technological
processes, and practical experience in professionally oriented graphic activity —
including the effective use of graphic computer technologies for production,
communication, and conceptual tasks [10].

The demands that current technological development places on the preparation
of engineers in technical specializations are analyzed by Karpiuk, Davidenko, and
Duryshev, who maintain that the most in-demand specialists in the labor market are
those with systematic, comprehensive knowledge in their professional field. Since 3D
modeling is grounded in classical methods of engineering graphics, foundational
elements such as projection drawing are identified as essential prerequisites for the
subsequent successful use of computer models [11, P. 43—47]. The impact of mastering
CAD system tools on specialist preparation and labor market competitiveness is
examined by Savelieva and Pustovoi, whose findings confirm that the integration of
CAD proficiency into the educational process contributes to the intensification of
learning and a significant enhancement of graduates' professional competitiveness [12,
P. 146-150]. Interdisciplinary connections between technical and natural science
disciplines through the use of 3D modeling are explored by Feshchuk and Myslynchuk
[13, P. 72-78]. The application of three-dimensional and four-dimensional modeling
not only for product visualization but also for its transformation in time and space —
thereby opening new possibilities for design, engineering, and modernization of

technical objects — is considered by Parfeniuk [14, P. 20-23].
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Modern technologies and tools for 3D modeling and 3D printing in higher
education institutions are the focus of research by Voitsekhivska and Karavaiev, who
argue that the adoption of 3D printing technology in higher education contributes to
increasing the accessibility and quality of education through the physical realization of
objects under study, the development of working project designs, the digitization of
existing parts and mechanisms, and the enhancement of the visual quality of
educational and methodological materials [15].

Identification of Previously Unresolved Aspects of the Problem. For the
engineering training of higher education students, one of the most important skills is
proficiency in computer-aided design systems. Current methodologies do not allow
future specialists to fully utilize the capabilities of graphics packages. This is due to
insufficient foundational mathematical preparation and, consequently, an inability to
employ programming tools for automating the construction of engineering drawings.

Formulation of the Article's Objectives (Statement of the Task). The purpose
of this article is to substantiate pathways for increasing the effectiveness of students'
acquisition of geometric modeling skills in modern CAD systems at a level that
exceeds that of an ordinary user. This may be achieved not only through the study of
the functional capabilities of a specific system, but also through mastery of
foundational knowledge in the mathematical description of geometric objects and
methods of their analytical modification. The proposed approach will enable students
to more productively employ automated tools for creating models of various technical
objects using integrated programming languages.

Presentation of the Main Research Material. The contemporary dynamic
development of science and technology is inconceivable without various computer-
aided design (CAD) systems. One of the key components of these systems is computer
engineering graphics, which draws upon mathematical methods of geometric

modeling. The importance of this field lies in the fact that the creation and
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manufacturing of technical objects require precise determination of their dimensions
and form.

Historically, engineering drawings were the only effective means of conveying
geometric information about technical products. They enabled the representation of the
spatial characteristics of objects through projections onto selected planes, providing an
accurate and clear depiction of the forms and proportions required for manufacturing
or structural evaluation. The advent of the first two-dimensional CAD systems marked
a significant breakthrough in this field, as developers gained the ability to produce
graphic documentation using computer technologies. However, this considerable
technical advance did not eliminate the traditional need to represent objects in planar
form. Engineering drawings, despite the introduction of new digital tools, remained an
integral part of the design process, ensuring the necessary precision and compliance
with established standards.

Modern automated 3D modeling systems enable developers to work effectively
with three-dimensional geometric models that realistically represent the objects being
designed.

Accordingly, within the framework of training future engineering specialists, the
acquisition of in-depth knowledge and solid practical skills in working with CAD
software packages plays a critically important role. This constitutes a key component
of the educational process, as proficiency in such software enables engineers to solve
complex technical problems, develop modern designs, and improve production
processes.

Traditionally, the process of studying computer graphics can be divided into
several stages. In the first stage, students become acquainted with the package interface
and learn to configure dimensional and text styles, among other settings. Subsequently,
the system's capabilities for creating graphic primitives — such as lines, polylines,

splines, and polygons — are examined. The next step involves studying editing
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commands (move, rotate, scale, array creation, etc.), as well as the methods and
specifics of dimensioning.

A natural continuation of this topic is the application of parametric tools to the
created objects. The following stage introduces students to the library of available
three-dimensional graphic objects, Boolean operations, and 3D commands for moving,
copying, rotating, and other manipulations. The use of section planes for generating
cross-sections of parts is also studied. This stage concludes with the construction of a
three-dimensional model of an object. The final stage of mastering the software
package consists of composing a working drawing of the part based on the developed
3D model. However, this teaching methodology significantly limits students' ability to
utilize the full range of resources offered by the software package.

There is currently a clear trend toward reducing the number of hours allocated
to computer graphics instruction. Nevertheless, an important resource frequently
remains underutilized — students' independent study time. To enhance the skills of
effective system use, it is proposed to expand the foundational course to include the
basics of analytical principles of geometric modeling. High-quality theoretical
preparation of users fosters the development of deep foundational knowledge regarding
the functioning of graphics packages, facilitating the rapid acquisition of new material
and the subsequent productive use of modern CAD systems.

Since geometric modeling of technical objects in CAD systems is implemented
using vector representation, comprehensive preparation in this area must encompass
two key components: vector algebra and vector analysis. Within vector algebra,
vectors — or directed line segments — are treated as constant quantities, whereas in
vector analysis they are treated as variables, enabling the study of their behavior under
dynamic conditions.

The key topics within vector analysis that merit particular attention include:

e the concept of the radius vector r (X, y, z) in a rectangular Cartesian

coordinate system
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e curved lines and their parametric equations

e the concept of a tangent to a curve

e the parametric definition of surfaces and curves on a surface

e coordinate transformations in three-dimensional space, which may be
regarded as the analytical foundation for the use of user coordinate
systems.

Also relevant is the study of analytical methods for defining lines and surfaces
in space, including:

e second-order curves in parametric form
e composite curves
e parametric surfaces.

Since the kinematic approach is widely used in CAD for shape generation, an
important topic for study is kinematic surfaces — including ruled surfaces with
generatrix and directrix lines, as well as translation and rotation surfaces.

Acquisition of foundational knowledge in the analytical description of geometric
objects, together with command of the mathematical apparatus for translation, rotation,
and scaling operations, will enable students to progress toward mastering the system's
capabilities in automated construction using CAD-integrated programming tools.

Conclusions. In the context of engineering education, professional competence
may be understood as an integrated system encompassing a foundation of technical
knowledge, design and engineering skills, and a creative approach to solving
engineering problems. Current methodologies for training specialists in the field of
computer-aided design substantially limit students' ability to fully exploit the
capabilities of available software packages — a shortcoming attributable to insufficient
foundational mathematical preparation and the resulting inability to employ
programming tools for design automation tasks.

The approach proposed in this study — supplementing the engineering and

computer graphics course with the fundamentals of vector analysis, analytical

https://pedagogical-academy.com/index.php/journal/about ISSN: 2786-9458

VBech KOHTEHT JlilieH30BaHo 3a ymoBamu Creative Commons BY 4.0 International license



@ NEOATOrN4YHA AKAJEMISE:
J HAYKOBI 3AMUCKN

description of geometric objects, and selected elements of programming — addresses
these limitations and enables the development of competencies that extend beyond the
level of a standard CAD user, fostering deeper and more effective engagement with
modern graphics software. Directions for further research include the development of
targeted instructional materials and practical assignments for students' independent
study, aimed at building proficiency in the programming tools integrated into
contemporary CAD packages.
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