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Abstract — Modern computer-aided designing software
provides the possibility to improve precision, prodictivity and to
organize the information flow. Computer systems atiw making
two-dimensional and three-dimensional product illugrations and
visualizations. To learn how to use the CAD/CAM syems, there
are several systems taught at the Institute of Texé Materials
Technologies and Design. The systems providing fullagment
development and production cycle are important for the
manufacturing and, hence, for educational purposes.
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. INTRODUCTION

Modern computer-aided designing software provide

possibility to avoid small operations and manuatkyto raise
precision, productivity and organize informatioavl [1]. The

usage of garment designing systems excludes the- tim

consuming manual preparation of patterns, creatfdayouts
and relocation of written information. The compusystems
are meant for the execution of every single pro@ess the
integration of all processes into one joint flowgr fthe
organization of logistics and the mobility of wddsks [2].

The computerization of different processes in thengnt
industry is necessary to reduce the costs of aystazhd raise
the competitiveness. Computer-Aided Design (CAD)the
usage of computers for technical elaboration. Cdenzed
designing systems usually work in the dialog modd ase
software specifically designed for the developnadrindustry
specific objects, input/output of graphics, scasremd other
remote devices.

knowledge of designing and other projecting stadesg with
the usage of CAD/CAM systems.

1. THE USE OFCLOTHING CAD/CAM SYSTEMS IN THE
EDUCATIONAL PROCESS

The students of the Institute of Textile Materials
Technologies and Design, Riga Technical Universite
enrolled with different levels of training — witme without
knowledge in garment designing. Often it turns that the
preliminary knowledge is weak or superficial aneade to be
improved. Therefore, all students have to mastgrass
designing — sketching, constructing, designing gratiation
gf templates before the acquiring of the CAD/CANstsyn.

To learn how to use CAD/CAM systems, there are rsdve
systems taught at the Institute of Textile Material
Technologies and Design: Grafis, Comtense, Stafrentra,
Gerber and Koppermann.

3D virtual garment imitation is provided by the CAD
system Lectra. Goals and objectives of the studysmoare to
provide students with knowledge and skills necgstamork
with the CAD system Lectra, as well as introduaelshts to
3D garment designing.

Students should acquire knowledge on the strudifithe
clothing CAD system Lectra; development principlasd
functions on the basis of Modaris V6R1; the pritespof
garment pattern design; the rules of pattern goadin size;
the definition of a style and its versions; markaeking
subsystem Diamino V5R4; choice of styles and sizesating
markers on fabrics with definition and changingamaeters;

Computer systems allow making two-dimensional anfreproduction  garment  specifications using KalegleSt

three-dimensional product illustrations and viszetions [3].
It is possible to create computer-aided garmentepa,
gradations, and a virtual first pattern of the niodesuch
computer-aided operations significantly decrease time
consumption and costs necessary to design a prodbet
costs of a product can be calculated with the helghe

product management systems following the developmeﬁ

parameters, the layout of patterns, textile exgene, model
complexity and specification, as well as previoupegience
of the company stored in a database.

Although computer systems significantly facilitatbe
development of a product, the knowledge and sé&flithe user
are still very important [4] [5] [6].

Since the CAD/CAM systems do not solve appar

designing in terms of knowledge, it is important &oquire

V2R2; preparation of pattern blocks for 3D imitatim CAD
LectraModaris 3D Fit V5R2 (Fig.1).

The acquisition of systems takes place togetheth wit
practical apparel designing — the manually exectastls are
performed on the computer afterwards with the taflghe
CADCAM systems. Thereby, the existent knowledge is
xtended, new knowledge is acquired and work priddtyc
and the usage of CAD/CAM systems is favored.

The systems used so far have allowed executing all
designing tasks — creating a drawing of garmentjvide
versions of it, creating visualizations, developidgriving and
drawing up patterns, creating patterns, making Bratk
However, recently with the demand for made-to-measu

garment design, it becomes a trend to extend 2Ehiokp

CAD systems into 3D CADs [7] [8] [9]. 3D garmentrtval
display is one of the most interesting branchethénclothing
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field — as 3D virtual representation of clothingyides high
potential for design, garment development and niente
catalogues, e-commerce, made to measure, et§1110]12] [13].

LECTRA

Pattern making Marker making

‘I\?I design / Trying on

. Modaris 3D L.
KaledoStyle Modaris Fit € Diamino
A A
ci:zfx;ss Group pieces together
Model is ready
Colorways Variant for 3D trying on
| | Send to
Creating Motifs Send to Marker making
H Stitching
Motif Stitching

Saving prints for model immitation

Fig. 1. The structure of clothing CAD system Lectra

It is not only the theoretical basis that is extthduring the
acquisition of CAD/CAM systems, but practical tegtiof
patterns by printing them and sewing garments, ai as
designing in a virtual environment — these reshége to be
compared and conclusions have to be drawn regairtiag
system operation.

. THE ROLE OFCAD/CAM SYSTEMS INEDUCATION

One of the most important garment creation stages jeasures necessary for the CAD GRAFIS usage, the

constructing. The systems providing full garmentedlepment
and production cycle are important for the manufacyy and,
hence, for educational purposes [14] [15].

Tasks for the students working with the CAD systeres
combined manufacturing tasks: to create computiehi
garment patterns, gradations, and a virtual fiadtern of the
style. By fulfilling these tasks, students are atdeacquire
the basics of CAD/CAM systems (for example, Lectra
Modaris, Diamino, Kaledo, Modaris 3D Fit) [16].

Students receive samples, instructions and taskko tm
order to achieve the learning outcomes (to be familith
the CAD system).

The study course starts with the introductory leetuhe
description of CAD systems and garment 3D develogme
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Within the next lectures, the development processethe
garment CAD system Lectra and its structure arerdee.
To obtain external pattern blocks (from the CAD teys
Grafis), import and export of pattern blocks infeiient CAD
systems are considered. The editing of graphicgotdin the
CAD system Lectra module Modaris and the creatiédn o
graphical objects in the CAD system Lectra moduleditis,
internal lines, and seams are also described. fdmapmtion of
pattern blocks for 3D imitation in the CAD Lectreolfaris 3D
Fit and the simulation of fabric design are acqliire

Apparel designing tasks are carried out sequeyntiaithin
a semester, and the process can be divided intfolibeving
stages:

e Acquisition of anthropometrical data, calculatioh o
ease allowances, development of the basic
construction in the CAD GRAFIS, development of
the model to verify the construction. Export of the
graphic data items of the basic construction ihi t
CAD LECTRA, development of the template layout.

e Input of anthropometrical data for the
parameterization of a #D mannequin, development of
a personalized mannequin in the CAD LECTRA.
Imitation of the basic construction in the 3D
environment in the CAD LECTRA, comparison of
photographs of the imitation and the model.

e Development of model drawings, decoration, choice
of the textile material (one or more patterns)tqrat
and colour solution, creation of different variaisoin
the CAD LECTRA.

e Development of schematic images of model
constructions. Development of model constructions,
saving data to the CAD LECTRA

e Processing of graphical data to prepare for wotk wi
a 3D imitation in the CAD LECTRA. Imitation of all
models in a 3D environment in the CAD LECTRA,
evaluation of the appearance of models.

A. Import and Export of Templates

To develop basic construction templates, first bf an
appropriate designing methodology in the CAD GRARES
to be chosen for the particular assortment. Thécehbas to
be justified. The acquisition of anthropometricatalhas to be
described briefly; the measurement table with imtligl body
ea
allowance calculation according to the assortmeweho be
inserted. A basic construction has to be chosen tifier

=)
i

Fig. 2. Export of patterns from the CAD GRAFIS e tCAD/CAM LECTRA
(the author Natija Truskovska)
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developed individual measurement table/size and ehse
allowances; interactive designing has to be cawigtdor ease
allowance usage, ease allowance values have tsbied. If
the basic model of the planned collection is nobasic
construction, modeling has to be carried out, temesl
without seam over-measures have to be designed -wHy,

templates can be exported to the CAD/CAM LECTRA

without graphically changing the templates.

The created templates are printed (to cut the seadel)
and exported to the CAD/CAM LECTRA (to create thetual
model) (Fig. 2).

After the development of templates, model verifmatis
carried out and, if necessary, corrections areemphted.

B. Modd Verification

To create a model in a virtual environment, sever:
activities have to be carried out. Templates havebée
processed according to the requirements of ther3ifation
system. The template set has to be defined inytsters, and a
template number and symmetry definition have to b
performedin its subsystem variant. A sewn seamiiefih has
to be carried out through this subsystem in thesygstem 3D
Fit Stitching (Fig. 3), as well as it is necesstrydefine Slip
on Points for all body parts, the neck hole andexsth if
appropriate.

To be able to compare the sewn garment and theailyt

Fig. 3. Seam definition — a fragment (the autheséPaane)

created one, an individualized parametric mannegisin
developed. The system offers differently built meaumin
models for men, women and children of different sageor
the3D parameterization of a mannequin, the input
anthropometrical data is carried out and, as altresu
personalized mannequin is created in the CAD LECTRA
The imitation of the basic construction in a 3D ieowment
in the CAD LECTRA is a result of sequential aciedt At
first, an individualized mannequin is created i thystem
MODARIS 3D Fit, the defined Slip on Points are éestthe
prepared model is opened, a version is chosen aéfmed
seam connections and Slip on Points, an approdaatéc is
chosen (preferably similar to the sewn garment tbyfibre
structure and colour). The system reflects the sstafpthe

virtual fitting process. At first, the parts aret@matically
placed onto the mannequin (according to the defibiga on
Points), then the cloth draping is carried out éadmg to the
chosen parameters). The finished garment can beedidrom
different angles and the tautness and fit can besared.

The developed imitation images have to be comptardde

Fig. 4. Model comparison — back view (author Antiiiesele)

real sewn model photographs. The comparison halseto
done from three angles (front view, side view, dwatk
view). It is necessary to evaluate the appearandefia of
every model (real or imitated) and compare themugdiyt

(Fig. 4).

Fig. 5. Print pattern (pencils), its reduced pietand colour variations
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C. Visual Desgn of a Model advertising material, the existing parametric
Technical drawings, a model description, seam rugitti mannequin is suitable.
schemes and specifications have to be developedthfer » Imitations of model constructions are mostly
chosen model. An appropriate textile fabric (oresai) has to successful after several attempts. If problems appe
be chosen for the developed model, its charadteibave to during imitation, causes can be searched by seaing
be described briefly, a pattern has to be scannedadded. style step by step: first, sewing together the hzak
The choice has to be justified. A picture, an objéits and the front part and then trying to imitate thiena
picture), a landscape or another inspirational aitfiave to be 3D environment. After that sleeves or yokes can be
found. added and the imitation can be repeated. That way
the problem and a solution can be found. It can be
r = - concluded that a particular error definition hashb®
] = s given; a connection between parts has to be créated
A ) \ i different stages.

SN Erd] S o Narrowness looks different on the screen from the
B ; sewn garment. Since all seams are sewn (including

the front fastener seam), the narrowness looks like
holes or gaps, horizontal wrinkles, a deformed
armhole or other detail on the screen — trying oy a
too tight garment it would be impossible to pin dow

e Itis impossible to sew gatherings or plies inteeam
as an additional pattern is necessary. If it issesary
to sew two crinkled garment parts or two ply paitts,
is necessary to design a separate template thaivis
between the crinkled/plied parts as a narrow ribbon

e The system does not foresee shoulder padding;
thereby, it is very difficult to create particular
assortment garments (coat, jacket etc.).

e A ribbon or band loosely knotted or tied into a bow
or decorative elements are impossible within a 3D
imitation.

e It is possible to sew on a ruffle in the middle af
garment (as a second level imitation detail), bus i
not possible to define a detail that resists gyadite
to the material characteristics (fusing fabric or
carcass).

e Essential difficulties appear if the garment imadat
is cancelled during the process because there is no
integrated possibility to “undress” the virtual
mannequin and start the imitation again (there is a
possibility to undo the latest action several tirimea

D. Training Bendfits row, but the computer capacity is sometimes

The students learn how to work with the latest CBRM insufficient for this procedure).
systems. They obtain knowledge and skills necessary
compare and analyze the accomplished tasks.

The students also identify the advantages and
disadvantages. As a result, all students admit waking Apparel designing is the development of a technical
with 3D imitation systems is important in the CAINM® documentation complex that ensures the productibra o
system development process. Nevertheless, a nyajofit garment. In the technical documentation, the appacelel is
students also notice the following disadvantages: described in a graphical, numerical and verbal v@AD has

e When defining the measures of parametri@a significant role in the creation of this docunatiuin.
mannequins, it is difficult to input the preciseesn CAD systems allow making two-dimensional and three-
similarly posture features can be defined onlgimensional product illustrations and visualizationt is
partially; besides, an asymmetric figure cannot bpossible to create computer-aided garment conginst
created at all. But it has to be admitted that fogradations, and a virtual first pattern of the modsuch
industrial modeling and model verification (wherecomputer-aided operations significantly decrease time
standard body mannequins are used), as well as twnsumption and costs necessary to design a prodhet

costs of a product can be calculated with the toflghe

Fig. 6. Print pattern versions — the technical dngvand the 3D model

The picture colouring has to be selected in the CAD
LECTRA to use it for the creation of the textile tewal
colour version collection. According to the topid the
inspiration source, several (at least 3) printgyatt have to be
created in the CAD LECTRA - striped, checkered tetht
floral design, large pattern, small pattern, etice humber of
prints depends on the inspiration and the specifitshe
model. 2-3 colour versions have to be createdhifemtrepared
print versions (Fig. 5).

Insert colours, prints, textures into the modelwdngs
according to the concept. The prepared model habeto
demonstrated in all colour variations (Fig. 6).

V. CONCLUSIONS
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product management systems based on the developmént D'Apuzzo Nicola Feasiility study: Full Body Scanning, Virtual-Try-

parameters, the layout of patterns, textile exgenes, model
complexity and specification, as well as the prasio
experience of the company stored in a data base.

Modern computer-aided designing software provides
possibility to avoid manual work, to raise precigio
productivity and organize information flow. The gsaof

garment designing systems excludes the time-comgumi

manual preparation of patterns, creation of layoatwd
relocation of written information. The computer teyas are
meant for the execution of every single process #ral
integration of all processes into one joint flowgr fthe
organization of logistics and the mobility of wddsks.

After the study course, the students are able fmortmand
export pattern blocks in different CAD systemsgcteate and
use grading tables for garment designing, tocremtalel
pattern blocks using graphical edition, as well aeate
patterns from model or basic blocks. Ability to wavith such
functions has been shown in computer labs.

The students are able to create style patternasic blocks
and technical specification. Within the study pobjestudents
demonstrate their skills to create logical andaie steps of
designing and development,
principles and functions of system and changeabatameters
of pattern. Students can create model patterngparfdrm3D
simulation in the CAD system Lectra. In the studgject, the
students prove their ability to create correct garn3D
simulation, fix errors and create a visual design.

Since the development of a concept for
collections is very expensive and the realistic tual
environment reproduction is the key that allowsleating the
article during the designing phase, it is importanintroduce
future specialists to the latest technologies duthe training
process.

REFERENCES

1. Beazley Alison & Bond Terry Computer-aided pattern design &
product development [Book]. - UK: Blackwell Publishing, 2003. - p.
220. - ISBN 1-4051-0283-7.

2. Vilumsone Ausma & [hbolipa Inga Applications of Virtual Reality
3rd chapter Virtual Garment Creation. [Book] -Rijeka :InTech, 2012. -
210 Ipp. ISBN 978-953-51-0583-1

3. D'Apuzzo Nicola Recent Advances in 3D Full Body Scanning With

Applications to Fashion and Apparel [Article] /Optical 3-D
Measurement Techniques IX. - Vienna, Austria: 2009. - p. 10.

4. Beazley Alison un Bond Terry Computer-aided pattern design
&product development [Book]. - UK: Blackwell Publishing,2003. - Ipp.
220. - ISBN 1-4051-0283-7

5. Fan J.Yu W., Hunter L. Clothing appearance and fit: Scienceand
technology [Book] . -Cambridge, England :WoodheadPublishingLimited
2004.. - Ipp. 240. - ISBN0-8493-2594-3

6. Hannelore Eberle, Hermann Hermeling un Hornberger Marianne,
et.al.Clothing Technology [Book] / red. Roland Kilgus. - Wuppertal,
Germany: Verlag Europa-Lehrmittel, 1999, 2nd Ergkslition, p. 256.
- ISBN 3-8085-6222-6.

8.

a
9.

10.

11.

12.

13.

14.

also to use development

16.
industrial

On, Face Scanning, Virtual-Make-Over with application in apparel.
[Report]. - Zirich, Switzerland: Hometrica Consulting, 2008.

Dabolipa Inga and Vilumsone AusmaTrisdimensiju antropometrigk
modekSana/ Three dimensional anthropometrical modell&gcle] //
RTU scientific articles, 2007. - Part 9: Material Science, Vol. 2, p. 103-
110. - ISSN 1691-3132-2007-2.

Dekker L. [a.0.] Building Symbolic Information for 3D Human Body
Modelling from Range Data [Article] /Proceedings of the Second
International Conference on 3-D Digital Imaging and Modelling. -
Ottawa, Canada: [no title], October, 1999 - IEEETPater Society, p.
388 - 397.

Fan J. Yu W., Hunter L. Clothing appearance and fit: Science and
technology [Book]. - Cambridge, England: Woodhead Publishing
Limited, 2004. - p. 240. - ISBN 0-8493-2594-3.

Istook Cynthia L. Hwang Su-Jeong3D body scanning systems with
application to the apparel industry [Article] Journal of Fashion
Marketing and Management. - Henry Stewart Publications 1361-2026,
2001, Vol. II, p. 120 - 132.

Kang Tae Jin and Kim SungMin Optimized garment pattern
generation based on three-dimensional anthropometric measurement
[Magazine] // International Journal of Clothing Science amtfihology.

- 0955-6222: MCB University Press Ltd, 2000 - 4|.\&2, p. 240 -254.

- ISSN: 0955-6222.

Siegmund Jana [a.d Development of parametric virtual dummies; 3D
patterning of corsetry [Magazine] // Textile Network. - Dresden:
apparel, 2007, 7 - 8. - TU Dresden.

RazdomahinsNikolajs, VlumsoneAusma and Bbolipa Inga CAD
OF THE CLOTHING INDUSTRY [Article] //RTU Scientific article
corpus. - Riga : 2007. — Textile and Clothing Technology — part 9:
Material Science, Vol. 2. - p. 111 - 116.

Sungmin Kim and Chang Kyu ParkBasic garment pattern generation
using geometric modelling method [Magazineg]. - South Korea: Emerald
Group Publishing Limited, 2007. - Vol. 19. No.1. p.- 17. - DOI
10.1108/09556220710717017.

VilumsoneAusma and RAbolina Inga The Possibilities of Garment 3D
Designing [Conference] /XI International Izmir Textile and Apparel
Symposium. - Izmir: Ege University Textile Engineering Depaent,
Year 2007. - p. 161 - 170. - Proceedings.

Inga Dabolina

Dr.sc.ing., Assistant Professor, Senior Researcher
Research interests include the development and
optimization of garment design technological preces
CAD/CAM systems in product design, innovative
materials and technologies, 3D body measurements.
Address: Riga Technical University, the Institute o
Textile Materials Technologies and Design, Azenes
Str. 14-319, Riga LV-1048, Latvia.

Phone: +371 67089565

E-mail: inga.dabolina@rtu.lv

AusmaVilumsone

Dr.sc.ing., Professor, Head of the Institute of tilex
Materials Technologies and Design, Head of the
Department of Clothing and Textile Technologies
Research interests include the development and
optimisation of garment design technological preces
CAD/CAM systems in product design, innovative
materials and technologies.

Address: Riga Technical University, the Institute o
Technology and Designof Textile Materialszenes
Str. 14-319, Riga LV-1048, Latvia.

E-mail: ausma.vilumsone@rtu.lv

Inga Dabolina, Ausma Viumsone. Jauiako apgerbu CAD/CAM sistemu lietoSanas nokme izgitibas procea.

Datorizta projekeSana (CAD/CAM sisimas) veicina ekonomiskuma, efektiités un kvalidtes nodroSisjlumu — tai ir &das priekSrabas: uzlabota
produkcijas kvaliite, augstka produktiviete, darba apsklu humaniicija, elasigaka razoSana, procesu kontrole, @apsaisit razoSanu ar pafitaja \elmem
(atra reakcija). CAD/CAM sisimaslauj izveidot gan divdimensiju, gariddimensiju projel§umu un produkta atojumu. Lai apgtu CAD/CAM sisEmas
Rigas Tehnisks universiites Tekstilmatediu tehnolgiju un dizaina instiita tiek macitas dafdas sistmas: Grafis, Comtense, Staprim, Lectra, Gerber un
Koppermann. T ka sisemas, kuiis tiek nodrosiats pilns raZzoSanas cikls, ir sugais raZzoSanas optiracija, tad &du sistmu lietojums agerbu projekeSanu
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stuctjoSajiem nacibu proces af ir loti noazmigs. Sistmu apguve notiekidztekus praktiskai agrbu projekeéSanai — iepriekS apgie manali izpilditie darbi
tiek izpilditi datoriZti — ar CAD/CAM sisemu paldzbu, &dgjadi tiek padziinatas esd#s ziraSanas, inte@ti apditas jaunas zi#Sanas un veicita darba raba
un CAD/CAM sisemu lietojums. CAD/CAM sisimu apgu@ notiek ne tikai tedtiskas kizes padzinaSana un papla&iSana, bet arkonstrukciju praktiska
parbaude, as izdrukgjot un Sujot maketus,akai maketSana virtdlaja vide — Sie rezuliti jasafdzina un jizdara seciijumi par sistmu darfibu. Studenti
iemacas darboties ar jadkajam CAD/CAM sisEmam, ienficas saidzinat un analizt paveikto. Analizjot studenti identifie¢ ka sisemas priekSrotas, &
traikumus. &, pientram, visi studenti aigt, ka darbs ar 3D inaitijas sistmam ir noZmigs solis aperbu CAD/CAM sisemu atistiba, tomer vairums saskata
nepilnbas, déa dod iespamos risiajumus un/vai ieteikumus.aTka apzerbu pirmparauga izstde mpnieciskajs kolekcifs ir loti darga un virtdlas vides
reilistisks at€lojums ir tas, kagauj nowrtet izstradajumu el projekESanas posay tad topoSos speistus ir jaiepastina ar jauakajam tehnol@ijam jau
studiju proces

Hura Ja6ouuns, Aycma Buiromcone. Ucnoab3oanue Hoselimux CAITP ogexabl B mpouecce 00y4yeHus.

IlpenmymectBa CAIIP 1o CpaBHEHHIO C TPAAUIHOHHBIM MPOEKTHPOBAHHEM: YIYYIIaeTCs KadeCTBO MPOJYKIHHU, MOBBIIIACTCS HPOU3BOAUTEIBHOCTS,
YITy4IIAlOTCs YCIOBHS TPY/a, POU3BOACTBO CTAHOBUTCS 00JIee IIACTHYHBIM, OCYIECTBIICTCS KOHTPOJIb HaJl IPOLECCAMH, CYIECTBYET BO3MOKHOCTH OBICTPO
pearupoBaTh Ha TpeOoBaHMS 3aka3uukoB. Pesymbrarom CAIIP moryt ObiTe 2D mmm 3D mpoekT mam m3oOpaxkenue uspenus. B Muctutyre Texnomorui
TEKCTHJIbHBIX MaTepHaJoB M AM3aiiHa PHKCKOro TEXHHYECKOro yHHMBEpCHTETa [UIsi 00ydeHHs: ucroib3ylorcs neckoiasko CAIIP: Grafis, Comtense, Staprim,
Lectra, Gerbeun KoppermannCAIIP oGecrieunBaromye MOJHbINA LUK IPOU3BOACTBA OYCHb BAXKHBI JUISl ONTHMHU3ALMHN TIPOM3BOJCTBA, TO UX MCIIOIb30BAHHE
IIpU 00y4YeHHHU NIPOEKTUPOBAHUIO MMeeT OombIoe 3HaueHne. OcBanBaHUEe PadOTHI C CHCTEMaMU IPOBOAUTCS OJHOBPEMEHHO C IPAKTHICCKUM MPOSKTHPOBAHHEM
OJICK]IbI- paHEe OCBOCHHBIC PYYHBIC MPUEMBI BBINOIHSAIOTCSA NPH HOMOIIM KOMIbIoTepa. TakuM crocoOoM yriayOisioTcs paHee MPHOOPETEHHbIC 3HAHUS U, B
KOHTEKCTE C IOBBIIICHUEM MPOU3BOAUTEIBHOCTH, OCBAaHBAIOTCs HOBble 3HaHMs Ha 6a3ze CAIIP. OOywass CAIIP He TONBKO PacCIIMpSIIOTCS M YIITyOJSIIOTCS
TEOpPETHYECKHE 3HAHMSA, HO U IPAKTHIECKas IPOBEpPKa MaKeTUPOBAHHEM PacledaTaHHBIX KOHCTPYKIHH, a Takoke BHPTYalIbHBIM MaKeTHPOBaHUEM. PesynbTaTsl
CpPaBHUBAIOTCS M JICTAIOTCS BBIBOJBI O pabore cuctembl. CTyIeHThl OCBaHBAalOT NpUEMBI paboTsl ¢ HoeiimmmMu CAIIP, nprnobperarorT HaBBIKM CPaBHHBATh U
aHAJIM3UPOBATh PE3y/IbTaThl. B aHanIM3e CTyAEHT BBIABISAET NPEMMYIIECTBA CHCTEMBI, a TAK)XE MX HeJOCTAaTKU. Tak, HanmpuMep, BCE CTYyACHTHI NPU3HAIOT, YTO
CHCTEMBI CUMYNUPOBaHUS 3/] SBIIOTCS 3HAYMTENbHBIM ImaroM B pa3Butuu CAIIP oxexnapl, oJHAKO MHOTHE 3aMEYaloT HEJOCTaTKH B PabOTe CHCTEMEL,
HEKOTOpBIC TPEeUIaraloT BO3MOXKHBIC CIIOCOOBI COBEPIICHCTBOBAHMS. Tak KakK M3rOTOBJICHHE IEPBHYHBIX OOPA3IIOB MPOMBIIUICHHBIX KOJUIEKIUH IOpPOroi u
TPYROEMKHIT TIpoliecc, a MCIIONIb30BaHUE BUPTYAJIbHOM CPEIIbl MO3BOJISACT AENaTh HAYaIbHYIO OLEHKY MOAENCH OfekIbl, HEOOXOAMMO OYyAYyIHX CIEIHAIICTOB
03HAKOMUTH C HOBEHIIIMH TEXHOJIOTUSIMH YK€ B IIpoLiecce 00ydeHus.

68



