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Abstract. The paper proposes, on the basis of an analytesdription, an option for designing the
surface of a flexible shell structure of a cylimddi type, which in particular case, is a skirt. The
construction of a three-dimensional model accordmgpecified dimensional characteristics was
carried out in the Maple environment based on tirarnands of the 4GL library. Construction of a
shell structure in the form of a set of intercortedc3D graphic objects allows to combine curved
surfaces, planes and spatial curves, and to viewttlucture from different points. Various struetur
elements, boundary lines and sections are rendered.

INPOEKTUPOBAHUE OBOJIOYEK HUJIMHAPUYECKOI'O TUIIA U UX
BU3YAJIN3ALIUA

Muyux M.(D.l, Bonoeux I0.M?
1]Jncmumym cghepbi 0bcayHCUBANUA U NPEONPUHUMAMENbCEA, uauan [JJoHcKo2o
20Cy0apcmeenHo20 mexuuyecko2o ynusepcumema, Lllaxmot, Poccus,
2Hpaea, Yewckas pecnyoauxa

KiroueBble cjioBa: MPOCKTHPOBAHUE O0OJIOYEK, JABYMEpHAs M TPEXMEpHAs BU3yalu3allus, MaKeT
Maple, 3Drpaduyeckie 00bEKTHI.

AHHoTanusi. B pabore mpemmokeH Ha OCHOBE AaHAJTUTUYECKOTO ONWCAaHWS BapHaHT
MIPOEKTHPOBAHUS MOBEPXHOCTH THOKOM 000JI0YEYHON KOHCTPYKUWH IIFIHHIPHYSCKOTO THIIA,
KOTOpO#, B YAaCTHOCTH, sBJseTcs [oOKa. I[locTpoeHue TpEeXMEpHOW MOJeNu Mo 3aJaHHBIM
pa3sMepHBIM [IpHU3HAKAM BBIIOJNHEHO B cpexe Maple ma ocHoBe komana OmOmmorekn 4GL.
ITocTpoeHre 000JIOYCYHON KOHCTPYKIMHM B BHAE COBOKYITHOCTH CBSI3aHHBIX Mexmy coboir 3D
rpadpudeckux OOBEKTOB IMO3BOJSIET COBMENIATH KPHBOJIHHEHHBIC ITOBEPXHOCTH, IUIOCKOCTH H
MPOCTPAHCTBCHHBIC ~ KPHBBIC, BBIIOJIHATH 0030p KOHCTPYKIMM C  pa3jM4YHBIX  TOYCK.
[IpopHCOBBIBAIOTCS PA3IMYHBIC AIEMEHTHI KOHCTPYKIIUU, TPAHUYHBIC JIMHUU U Pa3pe3bl.

Modern information methods are characterized by tls® of digital
technologies in all areas of production, which &dd a rapid increase in the
number of different applications and software. &émtjgular, visualization programs
for various technical objects are widely used wimeodeling computer games,
films, objects in architecture, construction, maukg physics, when solving design
problems, in design, in the advertising business, e

Construction of the volumetric-spatial form of théure product will allow
the customer to inspect the designed product laefgre its physical execution,
which allows both the customer and the contractodécide on the choice of
product, discuss possible design options, desigtufes and show a number of
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potential models and styles. Modern computer graploapabilities make it
possible to create digital twins for all producbfmtypes, inspect them, select the
colors of various design parts and accessoriesy stigects in different lighting,
and simulate the properties of materials.

Design of objects and visualization of their shapeerformed in various
software environments Maple, MathCad, MathematigmtLab, Embarcadero
RAD Studio, 3ds Max, Maxima, etc. Visualizationadfjects is more convenient in
the Maple, Embarcadero RAD Studio and 3ds Max enwrents since these
packages have the ability to quickly create onépelications for managing input
parameters in the model in question. At the same,tin the Embarcadero RAD
Studio and 3ds Max environments there are mismatbleéwveen the drawing of
three-dimensional curves and surfaces, which reguadjustment and distortion of
the real sizes of model elements.

In the paper the shell structures for which prodpaitotypes are being
developed are skirts, oriented towards a typicalale figure. The purpose of the
work is to design flexible shells based on an draldescription of their geometry
using the Maple package, which in this case amss&bnsidered as part of clothing
that protects the body from the aggressive infleeaot the external environment

[2].

The work describes the construction of the skirfasx@, boundary curves,
waist element, articulation lines of structuralneénts, darts and cuts. The proposed
model is described as a surface of rotation redatio/the axis of symmetry of the
woman'’s body [3]. The curve of the skirt's genexagurface was determined based
on non-contact projection of the customer's bodypehonto a vertical plane after
photographing a woman from the front. The genetaliike a projection curve of a
figure, is constructed from characteristic pointike a third-order polynomial
regression curve. The work considered a minisldit for which the x and y
coordinates of the projection of the figure’s boamndon the frontal plane were
determined in centimeters. Next, in Maple, basethendata array of characteristic
points of the boundary curve, the regression egmafor the generatrix was
calculated. The regression for the generator iginbtl in the form

y = 75— 0,0099Ck* — 0,00009%°. 1)

The relative discrepancy between the charactepstiocts and the regression
dependence does not exceed 1%, which indicates ggoeement between the
correlation field and the regression equation.

The surface equation was constructed in a cyliatigoordinate system. For
a miniskirt, the surface equation was obtained as:

X=X;
y=r(x;t)cost); 0Ost<2m (2)
z=r(x;t)Bin(t);

where the functiorr(x;t) is given by the equation (1).
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The limits of change in the vertical variable z apecified in a more complex
form and are expressed through the Heaviside fomcti

z:3meaviside(— y+5j EeaEﬁy_Ej + Heaviside(y—Ej Ee_aEﬁy_E] +
2 2 3)
+3[Heaviside (- y + m) "™ + Heaviside (y - m) & V"™ . 125,
This is due to the assignment of slits at the lol@der of the skirt [5] (fig.
1).

4 2
% 5 4

Fig. 1. Miniskirt, front view

Based on the Maple software package, an optioddsigning and visualizing
a shell structure, which in a particular case skit, is proposed. The following
steps were implemented in the design process: remtisin of a generatrix of a
cylindrical type surface, description of the suéfaaf the product, construction of
the boundaries of the product and the model as @ewfhe proposed program
allows you to inspect the product from differeninte® and in different coordinate
systems, select the colors of structural elemextts,or exclude individual elements
depending on the wishes of the customer. The pezpssftware product will make
it possible to implement a wide range of shell&tites in the form of skirts, taking
into account their styles, features of the artitata of elements and cutting
conditions.

The practical value of the work is that when dessignshell structures, it
becomes possible to solve problems of design adiomaeducing material and
labor costs when creating new models, significarefjucing the time for preparing
projects, increasing the validity of newly creatéathing designs, and developing a
wide range of 3D doubles. Software tools allow youransfer data about models
on the Internet, receive information from the custo, quickly respond to their
wishes and make the necessary additions to theogpedpproduct model. The
program can be used as an auxiliary tool in thelyeton of textile products for
designers to create new clothing models.
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