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Abstract. The introduction of additive technologies into the educational process of
design opens up new horizons for improving the training of new specialists after
graduation. Technologies such as 3D printing and modeling can significantly expand
the opportunities for training young specialists in the field of industrial design. The
article discusses the key aspects of integrating additive technologies into design
curricula, including technical and methodological approaches. Particular attention is
paid to practical classes that help develop students’ design thinking, design and
prototyping skills. The advantages of additive technologies, such as waste reduction,
the ability to create complex geometries and resource savings, are considered.
Examples of the successful use of 3D printing in educational institutions, such as the
laboratory at KazGASA, are given and real projects made using this technology are
demonstrated, which confirms its effectiveness in industrial design, and the benefits
associated with their use in the educational environment are analyzed. In conclusion,
it is concluded that additive technologies not only enrich the educational process, but
also prepare students for the modern requirements of the labor market, where the
skills of working with the latest technologies are becoming increasingly in demand. In
conclusion, the article highlights the need for further research and integration of
additive technologies into educational programs to prepare highly qualified
specialists capable of solving problems corresponding to the challenges of the future.

Keywords: additive technologies, 3D modeling, 3D printing, practical classes,
education, impact on learning.

*Corresponding author
Lyazzat Nurkusheva, e-mail: l.nurkusheva2013@gmail.com

https://doi.org/10.51488/1680-080X/2025.1-07
Received 20 December 2024; Revised 20 January 2025; Accepted 13 March 2025

114


mailto:l.nurkusheva2013@gmail.com
https://doi.org/10.51488/1680-080X/2025.1-07
https://orcid.org/0009-0007-0393-2128
https://orcid.org/0000-0003-3262-4777

QazBSQA Xa6apumbicel. Nel (95), 2025. Cayner

O0XK 747.012
FTAMP 81.95.01
FbIJIbIMN MAKAJTA

BLJIIM BEPY JIM3AH BAFJIAPTIAMACBHIHA AJUITUTUBTI
TEXHOJIOTUSIIAPIBI EHTI3Y EPEKIIEJIKTEPI

K.O. 104! ® | J1.T. Hypkymepa?* ®

l«lamy» kocinkepiikTi gambITy Kopbl» AK, Anmarsl, Kazakcran
2Xanblkapanslk 6i1iM 6epy Kopropauuscsl, AnMatsr, 050028, Kazakcran

Anparna. /[uzaiinnuly Oinim Oepy npoyecine aoOumuémi mexHOA02UANAPObL
eH2i3y OimipeeHHeH KeliH Haya MamManoapovl 0aspirayobl HeaKkcapmy YUuliH Hcana
KoKdcuexmep autaovl. 3D 6acvin wivleapy sH#aHe mMooenboey CUsaKmvl MexHOI02UsIap
OHEePKACINMIK OU3AUH CANACLIHOAEL HCAC MAMAHOAPObL O0AApPAAY MYMKIHOIKMepIH
e02yip Keyetimyee MYMKIHOIK Oepedi. Maxanada mexHuxkanivlk dcaoHne aodicmemenix
macinoepdi Koca an2aHoqa, aooumuemi MexHOI02UANapobl  OU3AUHEPTIK  OKY
bagoapramanapvina  Oipikmipyoiy — Hecizei  acnekminepi  Kapacmulpwiiaobi.
Cmyoenmmepoiy Ou3auHeprix ounay, #obanay xcame npomomunme)y 0a20bLIAPLIH
0amMblmyaa bIKNal ememin NPAKMUKAILIK cabaKkmapea epekuie Hazap ayoapuliaobl.
Kanovikmapowr — azatimy, «xypoeni [eomempusnapovl Kypy MyMKiHOI2I —JicoHe
pecypcmapobl yHemoey cusKmol aooumuemi MexXHO02UANaAPObIH
apmulKubLisikmapul Kapacmoeipuliaovl. Ka3sbCKA owcanvinoazel sepmxana cusikmol
Oinim bepy mexemenepinde 3D-bacvin wwieapyovbt madvlcmuvl NAUOALAHY MbICANOAPbL
Kenmipineoi J#caHe 0Cbl MEXHONIO2USHbL NAtOALAHA OMbIPbIN OPLIHOANEAH HAKMbl
Jrcobanap xepcemineodi, OY11 OHbIY OHEPKICINMIK OUZAUHOAbI MUIMOINIZIH pacmaiiobl,
coHOau-aK ~ onapovl  Oinim  bOepy  opmacvlHOa  KONOAHyed — OAUIAHLICMbL
apmuIKWbLILIKMAp maioanaovl. Kopvimuvinoviiaii xene, a0oumuemi mexHoiocusiap
0Ky npoyecin Oaublmuln KaHA KOUMAUObl, COHbIMEH Kamap cmyoenmmepoi Hcana
MEXHONO2UANIAPMEH  JHCYMbIC [cmey 0agovliapbl 0apeaH caibliH CYPamvicKa ue
bonamvln  eyOeK HAPBISLIHLIY 3AMAHAYU  MALIANMAPLIHA  0AUbLIHOAUObl  0e2eH
KopbimbiHObiea Keledi. KopvimuinOvinail kene, Mmaxana OO1QUAKMbIY — CblH-
Kamepiepine calikec Kelemin MiHOemmepoi uiewe aiamvii AHco2apsbl OLniKkmi
MAMAHOapObl 0asApaay YWiH KOCLIMULA TMEeXHON02UANApObl 00aH api 3epmmey JHCIHe
oinim bepy bagoapramanapvina 6ipikmipy Kasxcemminicin kopcemeoi.

Tyiiin ce3nep: adoumuemi mexunonoeusnap, 3D modenvoey, 3D bacvin wwieapy,
NpaKmMuKanvlk cabakmap, 0inim bepy, oKkbiny2a acep emy.
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AHHOTaNUA. BHedpeHue adoumuHblX mexHoso2ull 8 006pa308ameibHblll NPoyecc
ou3alHa OMKpbleaem HOBble 2OPU3OHMbL OISl VIYYULEHUSI NOO020MOBKU HOBbIX
cneyuanucmos — nocie  @ulnycka. lakue mexwonozcuu, Kax 3D-neuamv u
MoOenuposarue, NO3BOJAOM  3HAYUMETbHO  PACUUPUMDL  BO3MONCHOCU  OJls
NO020MOBKU MOJIOObIX CHEYUATUCTNO8 6 00aacmu NPOMbIULIEHHO20 Ou3atiHa. B
cmamebe  paccmMampusaromcs  Kuouesvble  ACneKmvl UHmezpayuu  a0OUmueHbIX
MeXHONo2Ull 8 YueOHble NpocpamMMvl N0 OU3AUHY, 6KIIOYAs MexXHu4YecKue Uu
Memooono2uieckue nooxoovl. (Ocoboe eHUMaHue YOensiemcs NPAKmuyeckKum
3AHAMUAM, KOMOPble CHOCOOCMBYIOM pPA36UMUI0 Y CMYOEHMO8 HABLIKO8 OU3AUH-
MblUIeHUs, — NPOeKMUpo8anusi u  npomomunuposaunus.  Paccmampusaromces
npeumywecmea a0OUMUGHbIX MEXHONO2UU, MAKUX KAk CHUJCeHUe Omxo008,
BO3MONCHOCMb CO30AHUS CTIONCHBIX 2eOMempPUull U IKOHOMUsL pecypcos. [Ipusoosmcs
npumepbl YCnewHo20 UCnoab306anus 3D-neuamu 6 00pa308amMenbHbIX YUPEeHCOCHUSX,
maxkux xax aabopamopus npu KazI'’ACA, u demoncmpupytomcs peanivHvle NpoeKmeol,
BbINOJIHEHHblE C UCNOIb308AHUEM OAHHOU MEXHON02UU, YMO noomeepaicoaem eé
aghhexmueHocmb 6  NPOMBUUAEHHOM — Ou3dliHe, a MaKdice AHATUUPYIOMCSL
npeuMmywecmed, Ce;A3aHHble ¢ UX NpUMeHeHuem 6 o00pazosamenvHoll cpede. B
3aKIIOYeHue 0enaemcs 6bl600 O MOM, YMO AOOUMUBHbIE MEXHON02UU He MOJIbKO
oboeawaom YueOHblll npoyecc, HO U 20MOBIM CMYOEHMO8 K COBPEMEHHbIM
MmpeboBaHUAM PbIHKA mpyod, 20e HABbIKU pabdomvl ¢ HOBEUUUMU MEXHOLOSUAMU
CMaHossamesl 6ce boiee 80cmpebo8anHbiMu. B 3axmouenuu, cmamos noouepxusaem
HE0OX00UMOCMb  OalbHele20  UCCIe008aAHUs U UHmMespayuu  A0OUMUBHBIX
mexHono2ull 8 obpazosamenvible npocpammol ons no02omosKu
8bICOKOKBANUDUYUPOBAHHBIX — CREeYUAIUCMO8,  CHOCOOHBLIX — peulamsv  3a0ay,
coomeemcmayioujue 8b1308am Oy0yue2o.

KuroueBble cjioBa:. aodoumusHvle mexnonocuu, 3D-moodenuposanue, 3D-neuams,
npakmuieckue 3aHamus, oopazoearue, elusHue Ha 0OyueHue.
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1 INTRODUCTION

Modern tasks that appear in the market of consumption and production require more and more
technically complex objects in a short time. In order to be in a leading position in the world, it is
necessary to introduce new ideas for the world of design and production as quickly as possible.
Such needs are caused by reforms in the educational system in the training of specialists for new
working conditions and the development of innovative design thinking. One of these emerging
technologies is additive manufacturing, which is one of the best solutions for the speedy
implementation of new ideas.

Today, additive technologies are often used in various spheres of our life, such as: medicine,
construction, outer space, renewable energy sources, in the food industry and others (Armashova-
Telnik et al., 2020). They help in the creation of three-dimensional objects, models, and various
prototypes. Its principle of operation is based on the use of layer-by-layer superimposition of
material, such as: metal, plastic, ceramics, paper, composites, polymer.

2 LITERATURE REVIEW

Usually, the manufacture of one complex part may require a lengthy technological process
that includes many stages. Often, it requires a number of certain equipment, labor costs, time and
finances. Thus, additive technologies make it possible to replace not only an entire production line
with a single unit, significantly reducing the time for manufacturing complex parts, but also to save
resources, especially metal.

M.A. Zlenko, A.A. Popovich and I.N. Mutylina in their work "Additive Technologies in
Mechanical Engineering™ consider various aspects of the additive technologies application in this
industry. They analyze the advantages and disadvantages of these technologies, as well as their
impact on production processes and end products. Thus, by describing a simple sequence of
additive manufacturing (Figure 1).

This methodology ensures that students not only grasp theoretical concepts but also acquire
practical expertise, making them industry-ready upon graduation. In the work of M.A. Litvinova,
there is an emphasis on the use of additive technologies in the learning process. Research is being
carried out within the framework of the specialty in engineering graphics, which ultimately
confirms the effectiveness of using 3D printers. According to the experiment, these technologies
increase motivation to study, improve academic performance and develop artistic and design
thinking (Litvinova, 2023). Similarly, Vishnevskaya et al. (2019) explore the environmental
benefits of 3D printing, noting its potential to minimize production waste and support sustainable
design practices.

The literature emphasizes the need for structural integration of additive technologies into
design curricula. While numerous studies highlight its benefits, there is a research gap regarding
optimal learning strategies that would maximize its educational impact.

CAD-model AF-machine Detail

Figure 1 — General diagram of the process of creating a 3D model
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The popularization of 3D printers began relatively recently, 17 years ago, after the global
financial crisis in 2008. After the economic recovery, entrepreneurs began to actively increase the
purchase of 3D machines, thereby reducing the cost of equipment. Because they understood that
the future belongs to additive technologies (Makarov, 2018). Thus, over the past decade, 3D
printing has begun to be actively implemented in various spheres of life. At present, they are
actively used in industrial design. They allow you to create complex and unique projects that
contribute to prompt work in design. The integration of such technologies into the educational
process in the field of industrial design will contribute to the opening of new opportunities for
students and teachers, developing their creative and practical skills. If earlier 3D printers were
bulky and expensive machines that were available only to large enterprises, now they have
significantly decreased in size and price. Modern printers are able to fit on a desktop, and their
cost has become several times cheaper, which has expanded the range of potential users,
especially for the education sector.

There are many types of 3D printers that work on different technologies, use different
printing methods, and use a variety of materials. The most common type of printer is Fused
deposition modeling (FDM) (Figure 2).

The filament is fed
to the extruder

Spool of
material

The extruder uses a roller and
gripper system to feed and

discharge precise amounts of
material

The heating unit melts
the material to the
required temperatures

The selected material is
placed on the model at
the desired locations

Heated material is pushed
through a heated nozzle,
which has a smaller
diameter

The printhead and/or table
[ I move in the X/Y/Z axes to
deposit the material at the
specified coordinates

Figure 2 - Fused deposition modeling (FDM) method

The principle of the technology is that when the extrusion nozzle and the plastic filament
on the spool are heated, the filament is melted, after which it goes in a given sequential
trajectory to the surface of the platform in the form of thin filaments, creating a three-
dimensional object (Figure 3) (Yakushev, 2018). The extruder has a 3-axis system that can be
moved in the direction of X, Y, Z. When the layer is complete, the platform is lowered down (or,
in some printer models, the extruder is lifted up) and a new layer is applied to the already
hardened one. This process, based on deposition deposition technology, is repeated until the
model is fully printed (FDM technology. How it works, 2019). The layer-by-layer deposition
process begins with the creation of a 3D computer model. The software downloads the model in
STL format, then analyzes it across all cross-sections and calculates the layer-by-layer
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deposition algorithm (Yakushev, 2018).

’J_'

1) Basic material
2) Print head

3) Detail

4) Platform

Figure 3 — Diagram of the FDM printing process

Additive technologies have a number of advantages:

— The predominance of digital production over traditional production. Since additive
manufacturing minimizes the human factor for errors, allows you to create an innovative and unique
product, and has a relatively low cost of finished products. The difference between traditional and
additive manufacturing can be seen in the diagram (Figure 4).

Traditional production Additive production
x
v Drawing ’ v 3D-model
u Technology J u Additive process
Y
Production I Technological
preparation ) I tooling J Assembly )
S i N
Mode_llmg e Finished product
tooling R
Mechanical J J
Foundry machining
production
Blank Products J
production

Assembly J

Figure 4 — Schematic difference between traditional and additive design

— Reducing waste. Since the material is added only where it is needed, additive technologies
significantly reduce the amount of waste compared to the traditional approach, where excess
material is often removed and discarded. For the environmental situation in the world, this point is
of great importance. Production processes and their material surpluses have a detrimental effect on
all aspects of human life, and the reduction of this waste has a positive effect on nature.
Environmental issues contribute to the development of sustainable design, which is implemented
not only in all workshops, but also in social and political processes (Vishnevskaya et al., 2018).

— Ability to create complex geometries. Unlike traditional manufacturing methods such as
casting or milling, additive manufacturing creates objects by adding material layer by layer. This
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allows for the creation of complex geometries that are impossible or difficult to produce by other
methods.

— Flexibility in design. Additive manufacturing gives designers and engineers a lot of
freedom to create unique and complex designs. This is especially useful in fields such as
architecture, medicine, and jewelry.

— Rapid prototyping. Additive technologies allow for rapid prototyping and testing, which
speeds up the process of developing and introducing new products. This is especially important in
competitive industries where speed to market is critical (Kolesnikov et al., 2017). One of the most
successful areas of application of additive technologies is medicine. In particular, it is actively used
in the training of neurosurgeons, traumatologists and orthopedists, where it is necessary to hone the
skills of manual therapy. The development of 3D technologies allows doctors to reduce the time of
surgery, tissue structures, surgical instruments and create high-precision implants suitable for each
patient. In neurosurgery, the technology is more often used to treat patients with skull defects and
various spinal pathologies. In 2021, I. S. Brattsev and his colleagues studied the results of the
treatment of skull defects, which involved 50 patients. They compared the two approaches, dividing
the patients into two groups: the first was 3D printing individual mock-ups and the second was
traditional modeling. As a result of the treatment, the first group had less time to operate, the
implants were more accurate, and the risk of complications was reduced. The active use of these
technologies proves their effectiveness and the further development of innovative approaches in
medicine (Yarikov et al., 2022).

— Personalization and customization. The ability to create custom products makes additive
manufacturing ideal for the production of medical implants, prostheses, and other personalized
products. These methods are particularly suitable for optics design, where personalization for the
selection of glasses is the main aspect. Compared to traditional eyewear manufacturing, 3D
modeling and 3D printing allow the model to be adapted to individual human parameters (width,
thickness, weight, position of the frame and nose pads). It also helps to optimize the operation of
optical products in production and introduce new capabilities of microelectronics and microoptics
(Ivanov, 2023).

— Cost-effectiveness for small batches. For the production of small batches of products,
additive technologies can be more cost-effective than traditional methods, since they do not require
the creation of expensive molds and tooling (Yuliya, 2022). In recent years, higher education
institutions have been experiencing changes in approaches to the evaluation of term papers and
theses in the field of industrial design. Traditional design includes manual production of models,
which is the basis for the professional training of future specialists. Prototyping is studied from the
first lessons and throughout almost all years of study (Knizhnyak & Pilyugin, 2019). However,
thanks to the introduction of new technologies, the layouts can be improved, and students will
receive a ready-made, or maybe working product, which can be promoted on the market in the
future.

A big plus is that students can easily transfer electronic files with 3D models on the
university's educational portal and conduct discussions remotely. This technology can be used not
only by students, but also by teachers, thereby improving their qualifications and teaching methods
(Kolpakova, 2024).

3 MATERIALS AND METHODS

To successfully implement additive technologies in design education, a structured approach to
practical learning is needed. The organization of practical classes plays a key role in the integration
of additive technologies (Table 1). They allow students to receive not only new theoretical
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knowledge, but also to apply it in practice. Such methods make it possible to improve the quality of
training and the level of training of specialists.

Modern education is increasingly focusing on practical learning, and this is no coincidence.
Theoretical knowledge is the foundation, but it is practical training that turns it into a solid and
reliable building, ready to withstand the trials of the real world. Let's figure out why practical
classes are not just an addition to the educational process, but its integral and, perhaps, the most
important part (Dresvyannikov et al., 2018).

Table 1
Example of the organization of practical classes
Stages and content of lessons Practical task
1 Introduction to 3D Printing -
Introduction to Design Principles.
2 Theoretical foundations. Students must complete
The first classes can be devoted to familiarizing students with the several versions of sketches.

theoretical foundations of 3D modeling and printing. In the introductory
lesson, students learn about different types of 3D printers, what programs
are best used to work with for prototyping a model, and what materials can
be used for printing.

3 Design and modeling. In the practical task, the result
At this stage, students learn more about the design process. They learn is the creation of a simple 3D
techniques for creating complex shapes and functional design objects ina | model and the creation of a
variety of object modeling software. Here they will study the construction | visualization in the selected

of three-dimensional models on a PC, work in 3D programs (Blender, program.
3DsMax, Sketch Up, Shapr, etc.) and visualization of the idea.
4 Preparation for 3D printing. Self-preparation of the model
Students learn how to work in special programs and adjust print settings. for printing.
Choosing the right material for your project.
5 Printing process. Monitor the printing process

Students learn to create prototypes of their own projects and test them for and solve problems.
compliance with specified requirements.

6 Post-processing of the product. Testing the object for use in
At this stage, having received the finished product, the student proceeds to | finalizing your layout.
its post-processing (sanding, painting, etc.).

7 Analysis and evaluation. Presentation of finished
Evaluate print quality and its effectiveness in creating a layout. projects and discussion of their
application

This methodology ensures that students not only grasp theoretical concepts but also acquire
practical expertise, making them industry-ready upon graduation.

First and foremost, students develop their design and prototyping skills. They gain practical
experience that allows them to better understand the process of manufacturing products and conduct
an analytical analysis of their product.

Development of design and prototyping skills: from an abstract idea to a real product. Theory
explains principles, but practice forms the ability to apply them. Practical classes allow students to
go through the entire cycle of creating a product - from the idea to the finished prototype. This is
not just assembling a model according to the instructions; This is immersion in the design process,
taking into account technical limitations, finding optimal solutions, dealing with unforeseen
difficulties and, finally, the satisfaction of creating something with your own hands. In the process
of work, students master various software tools (3DsMax, SolidWorks, Blender and others,
depending on the specialty), learn to work with various materials, analyze the results and make
adjustments to the project. This forms critical thinking, the ability to make decisions in conditions
of uncertainty and, importantly, develops teamwork skills, especially when implementing group
projects (Zhuykova & Akhmedzyanov, 2019).

Increasing motivation: interest as an engine of progress. Passive perception of information
often leads to a decrease in motivation. Practical classes, on the contrary, turn learning into an
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exciting process. Students see the results of their work, receive immediate feedback, and feel
involved in creating something new. This evokes positive emotions, builds self-confidence and
stimulates further study of the subject. The student's interest directly affects the depth of mastering
the material, so practical classes contribute not only to the development of skills, but also to a
deeper understanding of the theoretical foundations.

Touching upon the issue of improving the effectiveness of learning, we can give an example
of the experience of 2nd year students of the Pedagogical Institute of VIGU. As part of the
discipline "3D modeling in technical creativity"”, students performed the task of creating a map-
layout "Hero Cities of the Great Patriotic War", studying and applying 3D technologies. During the
implementation of this project task, students mastered the skills of 3D graphics, learned how to
create three-dimensional models and work in specialized programs for 3D printing (Khrustaleva et
al., 2022).

Preparation for real working conditions: a bridge between the university and the professional
environment. The modern labor market places high demands on specialists. Knowledge of theory is
only part of success. Employers value candidates who have practical experience, are able to work
with modern technologies and quickly adapt to new conditions. Practical classes significantly
increase the competitiveness of graduates. They learn to work in a team, solve problems in a short
time, present the results of their work and interact effectively with managers. This experience is
invaluable and greatly facilitates the process of adaptation to a new workplace.

Practical classes are not just an additional activity, but an integral part of quality education,
providing not only the development of practical skills, but also an increase in motivation,
preparation for real working conditions and, ultimately, a successful career of graduates. Investing
in practical training is an investment in the future, an investment in high-class professionals.

4 RESULTS AND DISCUSSION

The examples of successful use of 3D printing: 3D printing activities are beginning to gain
momentum in the educational system. In particular, we can mention the laboratory at KazGASA
University, which was opened in 2023 (Figure 5). It contains laser, milling, vacuum machines, 3D-
Scanner, FDM 3D printer and other working tools. The lab has been successfully favoured by
architecture students and industrial designers.

Figure 5 — Laboratory at KazGASA (academic pedagogical internship, photo by the author)

This workshop is an integral element of the technological support of the process of training
designers. In the workshop, students acquire skills of layout modelling and plastic work on surfaces
(plastic, metal, wood). The application of modern technologies in practice plays an important role in
the professional status of graduates not only in domestic universities, but also abroad. A large room
on the basement floor of the university has been allocated for the layout workshop, which can be
accessed by pre-arranging a visit with the head of the laboratory, who helps students in realising
their ideas for course projects. The University's Layout Workshop assists in organising the
university events, exhibitions and project presentations, as well as enhancing the teaching facilities.
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Such modern approaches to teaching visually demonstrate to students the phenomena and objects
studied, which will help them in the future to work with the production process.

The next example is the work of Aziz Abdulmazhitov, a graduate of the International
Education Corporation KazGASA, the founder of the company ART GUILD. This company was
founded in 2012, which develops and produces non-standard products from metal, wood, plastic for
interiors and public spaces. One of his works is the production of cachepots for Mega centre
(Figure 6). The main body is made of steel and the white flower-lights are 3D-printed. To be more
efficient, the framework of the lights was printed simultaneously on 8 printers, as each flower takes
about 15 hours to print. This work clearly demonstrates the effectiveness of 3D technology. It made
it possible to eliminate human errors and optimise the production process for the delivery of the
object.

= W e

Figure 6 — Part of the project using a 3D printer by ART GUILD founder A. Aziz, a graduate of
International Education Corporation KazGASA. Source: https://goo-gl.com/yzm

Another striking example is Sofia Mun, a graduate of KazGASA, specialising in Industrial
Design. She is one of the best students of the university and an example for many of her fellow
students. Her work has always been characterised by quality elaboration of all details and creation
of working prototypes and models for coursework. After completing her Master's degree at La
Sapienza University of Rome, she started her own production of lighting fixtures under the name
‘Lumi Lampa’ (Figure 7).

Figure 7 — author-developed lamps “Tulip”; additively created by Sofia Mun, a graduate of the educational
program “Industrial Design”, International Educaton Corporation KazGASA). Source: http://surl.li/ghktsi

These successful graduate projects highlight the transformative impact of 3D printing on
career development. The integration of 3D printed components in Aziz's projects into large-scale
interior design projects and Sofia's application in customized lighting solutions serve as examples of
how design students can use these technologies to succeed in entrepreneurship.
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5 CONCLUSIONS

During the research, it can be found that the use of 3D technology in the educational process
for designers has significant advantages such as: improving the perception of information,
stimulating creativity and developing visualisation skills. Also, we have clearly seen how 3D
printing is already applied in real production. The increase in innovative tools is directly related to
design education. The study of 3D design is especially important for industrial design professionals.
Since they create a product directly for people and prototyping is the most important step before
production. However, their effectiveness in the educational process is still under investigation and
requires continuous research in this matter.

It is becoming obvious that such a rapid pace of additive technologies development inevitably
requires their integration into educational programmes in design. By providing students the
opportunity to work with modern equipment, the university prepares a new generation of innovators
and creators capable of solving complex technology problems (Lipnitsky & Pilgun, 2018).

In general, 3D-technologies can be effectively used in the educational process for designers
under certain conditions and recommendations. It is advisable to apply them in the practical part,
regardless of the classes, in competitive events and so on. Therefore, the introduction of 3D-
technologies into educational programmes contributes to the training of highly qualified specialists
ready for the challenges and opportunities of the future.
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