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The high dynamism of all social processes and
phenomena determines the formation of a new worldview
system for humanity, the modification of the hierarchy of
needs and values and challenges to the pace and quality
of development. Solving highly complex tasks related to
meeting modern requirements demands the use of the
latest scientific solutions and tools. Therefore, robotics,
automation, and digitalization, which are based on
advanced intellectual technologies, are considered to be
the driving forces behind the innovative and
technological structure. Humanity also has to solve a
number of complex problems related to ecology, the
search for new sources of energy, materials, and
technologies that are acceptable to society. High
information technologies play a decisive role in solving
these problems. Among information technologies, design
automation occupies a special place in the educational
process. Firstly, design automation is a discipline that
incorporates many  other modern  information
technologies. For example, the technical support for
computer-aided design (CAD) systems is based on the
use of computer networks and telecommunications
technologies, and CAD uses personal computers and
workstations. The mathematical support of CAD systems
is distinguished by the richness and diversity of methods
of computational mathematics, statistics, mathematical
programming, discrete mathematics, and artificial
intelligence. CAD software packages are among the most
complex modern software systems based on operating
systems, complex programming languages, and other
modern CASE technologies. Secondly, knowledge of the
basics of design automation and the ability to work with
CAD tools are necessary for virtually any future design
engineer. This article examines the issues and problems
students encounter when studying high-tech disciplines.
In today's environment, higher education institutions
(HEIs) need a high-quality and technologically advanced
new approach to training students at different levels of

education. The introduction of high-tech disciplines into
teaching allows for the rapid development and offering
of a variety of individual assignments on a wide range of
topics to students, taking into account their initial level
of computer literacy. With the right approach, CAD can
be an excellent basis for introducing project-based
learning into the educational process. In addition, the use
of automated design systems in the educational process,
along with solving the main task, provides a number of
additional educational effects. The combined effect of
these factors significantly improves learning outcomes.
This article discusses some of the distinctive features of
CAD that have a positive impact on the effectiveness of
training modern specialists.
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Introduction. The last few decades have
been marked not only by the rapid development of
computer technology, but also by the emergence
and subsequent rapid development of a new field of
knowledge based on it, which is now commonly
referred to as IT technologies. IT technologies are
widely used in the educational process at higher
education institutions: electronic  textbooks,
multimedia  systems, computer  programs,
knowledge control systems, distance learning
systems, and much more. Along with the above-
mentioned tools, so-called computer-aided design
(CAD) systems, which are packages of application-
oriented programs, are increasingly being used for
educational design purposes. The issue of their
application in the educational process deserves
close attention, since in manufacturing, the results
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of implementing the latest CAD-based technologies
in the design of the most complex products have
long proven their advantages over traditional
methods.

Nowadays, no major development in
mechanical engineering, energy, or electronics can
do without automated design systems. The term
«CAD» itself has become synonymous with
characteristics such as high precision and high
design speed. In these conditions, there is an
obvious need for some adjustments to university
educational programs. Currently, the most
important competencies of university graduates in
engineering specialties and training areas include
the ability to use application software packages for
device analysis and synthesis [1].

In addressing this issue, universities today
face a number of serious challenges related to
insufficient material resources (lack of powerful
computers, high cost of licensed software, etc.).
However, a number of large CAD software
companies offer (free) «cut-downy student versions
of CAD software, which can be a great help in
learning.

Studying modern CAD systems and
acquiring skills in working with them will
undoubtedly contribute to improving the quality of
engineering training, significantly reduce the time
needed for young specialists to adapt to the
workplace after graduating from university, and
significantly increase their demand among
employers. In addition, the use of computer-aided
design systems in the educational process, along
with solving the main task formulated above,
provides a number of additional educational effects,
the combined effect of which significantly improves
learning outcomes. Let us consider some of the
distinctive features of CAD that have a positive
impact on the effectiveness of training modern
specialists.

Presentation of the main material.

System for designing systems. According to
definition [2], CAD is a set of tools and methods for
automated design. It includes several components
(subsystems) called technical, mathematical,
software, linguistic, information, methodological,
and organizational support. It is important to note
that CAD is a «human-machine» system. The team
of developers is part of the design system that
performs design work in interaction with a
computer. This feature of CAD most naturally
contributes to the development of teamwork skills
in students, which is one of the most important
requirements of educational standards.

It is very important that all CAD systems are
designed for designing not individual parts or
components, but the entire system as a whole. Thus,
when starting to work with CAD, students gain an
understanding of the most complex manufacturing
process of design from the very first step. He learns
to draw up technical specifications, familiarizes
himself with the design features of the future
system, draws up drawings, selects materials and
components for its implementation, etc. CAD
systems allow you to simulate the operation of
equipment and have tools for analyzing the
processes occurring in the model. This provides
students with the opportunity to analyze results
interactively, compare them with technical
specifications, and make adjustments to the initial
data if necessary. At the same time, students are
engaged in real creative engineering work. The
intermediate and final results of CAD are calculated
taking into account the interaction of individual
elements of the designed system, thereby
contributing to the most important process of
synthesizing the knowledge acquired by the student
in the early stages of training. The synthesis of
fragmented knowledge instills a systematic
approach that is so necessary for the developer of
complex technology.

Project-based learning. With the right
approach, CAD can be an excellent basis for
introducing project-based learning into the
educational process [3]. The essence of this
approach is that the teacher sets the initial data and
formulates the planned results of the learning task.
Students set their own intermediate tasks, look for
ways to solve them, and, while working on the
project, compare the results obtained with the
required ones and, if necessary, adjust the
parameters. As a result, they acquire the skills to
independently «acquire» new knowledge, learn to
apply it to solving practical problems, and gain their
first experience in research work.

The role of the teacher in such a situation
boils down to guidance, counseling, and correction.
At the same time, the requirements for teacher
qualifications when working with the project
method are extremely high. Nowadays, it is no
longer sufficient to require teachers to have
knowledge and experience working with CAD, or
the ability to act as a coach who plays. Their role is
much more complex. The fact is that this teaching
method involves breaking the traditional sequence
of studying the didactic units of the course. Students
have the opportunity to independently formulate
learning tasks for themselves in accordance with the
specifics of the project, plan and solve them in the
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sequence necessary for its implementation. At the
same time, there is a risk of «missing» important
sections of the course. There are other risks. For
example, it is unacceptable for a student to master
the rules of using CAD without learning the design
methods programmed into the system. Therefore,
the introduction of a project-based learning method
based on the use of modern CAD systems can yield
progressive results, but requires a very balanced
approach and the participation of highly qualified
teachers.

Mathematical models and CAD capabilities.
When studying physical or engineering disciplines,
mathematical descriptions of processes often
encounter significant difficulties in understanding
the results obtained and physically interpreting
expressions and formulas. In these cases, numerical
(computer) modeling comes to the rescue. The
model allows not only to perform the calculation
part, but also to correctly interpret the results
obtained and gain a deeper understanding of the
processes being studied. From an educational point
of view, the process of creating such mathematical
(obtaining formulas, developing algorithms) and
computer (writing and debugging programs) models
is one of the most important and effective stages in
studying the discipline. Unfortunately, it is rarely
possible to set students the task of developing a
serious model, as the curriculum does not always
provide the necessary number of hours for this
work. Teachers who choose this approach are forced
to take drastic measures, reducing the scope of the
task and using approximate methods to solve the
problem. In these cases, it is advisable to consider
using commercial software as CAD. Working with
it does not require any effort to develop a model;
students only need to learn the rules of operation.
This will allow them to focus on the design process,
on studying and analyzing the results obtained, and,
possibly, on the procedure for optimizing the
solution obtained.

At the same time, working with CAD has its
«dark» side. Without being directly involved in
creating a mathematical model, students only get a
rough idea of its features and how to solve
problems. Usually, their work boils down to
correctly describing (computer drawing) the
designed product. After that, the necessary CAD
operations are performed automatically. As a result,
there is a risk of superficial mastery of the
theoretical foundations of the discipline. However,
the effort saved in creating the model allows you to
go much further in the project development process.

When analyzing the possibilities of applying
CAD in the educational process, it is worth

remembering that the first attempts to automate
design processes often encountered obstacles
related to insufficient computing resources (low
computing speed, small amounts of RAM, primitive
interface). These limitations forced CAD
developers to create systems based on more
primitive models that used approximate methods to
describe the designed products. That is why,
initially, such systems did not differ much from
educational models.

The rapid pace of development in computing
technology gradually allowed restrictions on the
degree of design automation to be lifted. Increased
speed, greater «power» of automated design
systems, and expansion of their capabilities are not
the only and most important results of progress in
IT technology. The most important result was the
possibility to start creating CAD systems based on
more advanced mathematical models that most
adequately describe complex physical processes,
taking into account numerous connections, material
properties and their changes during operation,
environmental impact, etc. As a result, the
improvement of models and CAD systems based on
them has led to an increase in the reliability of
design results, while the development of tools for
analyzing and optimizing the results obtained, as
well as the creation of user-friendly interfaces, has
dramatically increased the efficiency of designers'
work.

The decision on how best to organize
educational design—using CAD or based on
simplified models created by students—should be
made by the department. This decision requires a
balanced approach, consideration of all the pros and
cons, and places high demands on the qualifications
of the teaching staff.

Returning to the learning process, it should be
emphasized that working with CAD allows students
to immerse themselves in an atmosphere close to the
conditions of their future work in real production.
The results of their projects will not be just abstract
structural diagrams, formulas, and numbers, but
specific device designs made from real elements
and materials. CAD allows students to evaluate the
performance characteristics of their designed
devices in real conditions, including when external
parameters change, to estimate the necessary
production costs, etc. This is a significant step
forward in training specialists to meet the demands
of modern manufacturing. Aligning educational
tasks with the needs and capabilities of production
is a very pressing issue at present.
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During the design process, students have the
opportunity to conduct small-scale research aimed
at finding the optimal solution.

Working with CAD as a cognitive process.
Educational design using CAD significantly
expands cognitive capabilities. This is facilitated by
the design mechanisms and display of results built
into these systems. Virtually all modern automated
design systems allow the visualization of complex
physical processes that cannot be observed under
normal conditions [4].

It should be noted that all CAD systems
allow, after creating a spatial computer model, to
examine it comprehensively, see the “invisible”
side, study the details and components located
inside the block, and better understand their mutual
arrangement. In other words, the design system
forms an adequate detailed image of the product
being created.

Computer interactive modeling based on
CAD as virtual laboratory work. The transition to
new educational standards required a review of the
ratio of classroom hours to independent study hours
in favor of the latter. At the same time, it is obvious
that reducing the number of laboratory classes in
most disciplines will negatively affect the quality of
training. A compromise could be to perform virtual
analogues of laboratory work, which involve
computer modeling [5]. CAD can also be a very
useful tool in this case and form the basis for
creating laboratory work. It is important to note that
it can be organized remotely, which eliminates the
need to install CAD on each student's computer.

Tool for increasing motivation to learn.
Teachers are encouraged to «develop independence,
initiative, and creative abilities in their students».
This is a difficult task. One of the most important
conditions for its fulfillment is increasing students'
motivation to study in their chosen field. Experience
in organizing the educational process for both
bachelor's and master's degree students
demonstrates the positive role of CAD in increasing
student interest in studying the subject. Work
engages students in the most interesting process of
creation with a computer and a «smart» automated
design program in dialogue mode from the very first
steps. This psychological feature must be taken into
account at school age. It is no coincidence that the
special term edutainment, which means acquiring
knowledge through play, originated abroad and is
becoming increasingly popular. In the vast majority
of cases, such “adult play” contributes to increasing
students' interest in their future profession.

The vast capabilities of CAD give students
the confidence that they can tackle serious projects.

Indeed, if universities involved students extensively
in fulfilling orders from enterprises for the
development of new technology, students would
feel like equal participants in the scientific research
or experimental design work carried out by the
university. Many would feel the need to be creative,
to realize their own ideas and create their own
developments. A number of US universities have a
system in place to support such student initiatives
and promote them on the market. In this case, the
intellectual property belongs to the student and the
university; the income from the sale of such
developments accounts for a significant share of the
university's budget.

Conclusions. The analysis of the features of
applying automated design systems in the
educational process is based on real experience in
teaching a number of technical disciplines, which,
according to modern terminology, can be attributed
to the field of high technology. The results of the
observation, although exhaustive, convincingly
demonstrate a number of positive effects. The most
valuable thing about them is the answer to the
question of how to ensure that future bachelors and
masters acquire a whole range of essential
professional competencies, including both the
competencies formulated in Ukrainian educational
standards and the quality criteria for engineering
education set out in the requirements of foreign and
international accreditation organizations.
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Jasinenko H. O., Kapmiok JI. B., Ko63apes E. B.
AHaniz ocodauBoctedi 3actocyBanHsa CAIIP B
OCBITHBOMY Hpoueci

Bucoka ounamiunicme ycix cycninbHux npoyecie i
a6uw  00YMOGUIOE  (opmysanHs.  HOB0I  cucmemu
c8imoanady moocmea, mooughikayito icpapxii nomped i
yiHHOCmel, BUKIUKIE 00 MeMNnie ma AKOCMI PO36UMK).
Bupiwennus mnaockiaonux 3aedamvb, NO8 A3AHUX 13
3A008071eHHAM 8uUMO2 cyvacHocmi, sumazae
3aCcmocy8ants  HOGIMHIX — HAYKOBUX  piuleHb  ma
iHcmpymenmia. Biomax PYuiiuHuMu cunamu
IHHOBAYIUHO-MEXHON02IMHO20 — YKIAOY — GU3HAYAIOMb
pobomomexuixy, — aemomamuzayio,  yugposizayiro,
OCHOB0I0 SAKUX € GUCOKI [HMENeKMYanbHi MeXHON02II.
JIroocmey makodc 00800umbCsi  GUPIULY8AMU  HU3KY
CKIAOHUX NpoOaeM, NOG SI3AHUX 3 eKON02I€I0, NOUYKOM
HOBUX Odicepen eHepeil, mamepianig, MEeXHOIO2I, WO
gionogioaroms  cycnitbemsy. Busnauwanena poav y
BUPTWEHHT HA3BAHUX NpoONeM 6I0800UMBCS BUCOKUM
ingopmayivinum mexnonociim. Ceped ingopmayiinux
MeXHONI02I  a8momMamu3ayis NpPoOEKMYBAHHA 3AUMAE
ocobause micye 6 ocgimuvomy npoyeci. Ilo-nepuie,
asmomamusayis NPOEKMYEAHHA ——
CKIA008UMU  YACMUHAMU € 6a2amo [HUWUX CYYACHUX

iHGhopmayitinux TNEeXHONO02I. Tax, mexuiune
3abe3neyenis cucmem a8momMamu308aH020
npoekmysannsi (CAIIP) 3acH08aHO Ha GUKOPUCMAHHI
00UUCTIOBANBHUX ~— Mepedc | MeNeKOMYHIKAYIUHUX

mexnoaoeii, 8 CAIIP uxopucmogyiomvcs nepcoHanibHi
xomn’tomepu i poboui cmanyii. Mamemamuyne
sabesneuenns CAIIP 6idpisnacmoca Oacamcmeom i
PI3HOMAHIMHICMIO MemoOis
MamemMamuxu, CMamucmuxu, MAMeMamuyHo20
npozpamyeanHs, OUCKPemHOi Mamemamuxu, wmy4Ho2o
inmenexmy. I[Ipoepamui komnaexcu CAIIP nanesxcams 0o
yucaa  Haubib  CKAAOHUX — CYYACHUX — NPOSPAMHUX
cucmem, 3ACHOBAHUX HA ONEPAYILIHUX CUCEMAX,

oucyuniina, it

004UCI08AILHOT

CKIAOHUX MO8AX NPOSPAMYSAHHA [ IHUWUX CYYACHUX
CASE-mexnonocisx. Ho-opyee, 3HAaHH5 OCHO8
asmomamu3ayii NPOEKMYBAHHA | 6MIHHA NPaAylo8amu i3
sacobamu CAIIP nompibni npakxmuuno O6yOb-sKoMy
ManOymuoomy iHoceHepy-po3poOHuKy. V oaniti cmammi
PO32NA0AI0MbC.  NUMAHHS ma  NpoOiemMu  HAGYAHHSA
cmyoOeHmis, 3 AKUMU GOHU 3YCMPINAOMbCA NI HaAC
BUBUEHHSI BUCOKOMEXHONOSIYHUX Oucyuniin. Y euwux
HasuanbHux 3axiadax (BH3) 6 cyuacuux ymosax
nompiben Hosull Nioxio 00 Ni02OMOBKU CMYOEHMIE
PI3HUX PI6HIE HABUAHHA — SKICHUU, MEXHOA02IUHUIL.
Bnposaoawcenns  sucoxomexuonociunux Oucyuniin
HABUAHHA 00360J15€ O00CUMb WIGUOKO pO3pOOIImU ma
NpONoHyeamu CcmyoOeHmam pISHOMAHIMMs 8apiaHmis
IHOUBIOYANLHUX 3A60AHb 3a BEIUKOIO KLIbKICMIO MeM 3
YPAxy8aHHsAM  pPIiGHA  NOYAMKOBOI  KOMN'tOmepHoi
nioeomosnerocmi  cmyoenmie. Ilpu  npaguivHOMY
nioxooi CAIIP mooxce 6ymu RBpeKpacHow OCHOB0H
3anpo8aONCeHHs Y OCBIMHIU npoyec NPOEKMHO20
cnocoby Haguanua. Kpim moeo, eukopucmauHa 'y
HABYANLHOMY NpOYeci cucmem dA8mMoMamu308aH020
NPOEKMYBAHHA, NOPAO 3 PIUEHHAM OCHOBHO20 3A80AHHS,
odae HU3Ky 0ooamxosux oceimuix egpexmis. Cymapna 0is
maxux egpexmis 6a2amopazoso NOKpAWye pesyrbmamu
HasuanHa. B oawmiti cmammi poszensoaromvcs  OesiKi
siominni pucu CAIIP, sKi no3umueHO 6nIUAOMb HA

Pe3yIbmamusHicme nioeomosKu CyuacHoeo
cneyiaaicma.

Kniouosi cnosa: npoekmysanmns, mexHiyne
3a60aHHS, Mamemamuyna MoOenw, Memoou,
MOOeMO8aH s, KOSHIMUGHUIL NPOYec.
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