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Summary - this article discusses the main types and programs for
3D modeling. A review and analysis of literature sources related to the
subject of three-dimensional modeling, on the basis of which the
peculiarities of the formation of the construction of modern 3D forms
were revealed. The main software products are presented, with the
help of which it is easy to create 3D objects, mainly for technical
products and design. The spheres of application of this technology, the
basic programs and types of 3D modeling are defined. The following
bases of technique of creation of three-dimensional models are
allocated in the work: solid-state modeling, polygonal modeling,
procedural modeling, digital sculpture (sculpting), modeling by means
of splines.

The basic principles of 3D modeling determine the selection of
modeling methods in different design situations. In systems of
automated design and preparation of technical documentation solid-
state modeling is most used. But the main stages of product creation
are the same regardless of the method of modeling. An example of the
algorithm of modeling stages for obtaining the finished product is
given. Creating solid models is more important than ever today. It is
important not only to create an object quickly, but also to edit it just as
quickly. Solid state modeling has these qualities, so it is considered the
most advanced technology. 3D modeling and design not only create
virtual objects and 3D images, but also make them a reality. This leads
to the widespread use of computer graphics technology and their
application in all areas of human activity. Therefore, providing a
detailed description of modeling techniques using various techniques
for creating 3D objects is relevant.

Keywords: 3D modeling, modeling method, SolidWorks,
AutoCAD, construction algorithm, model of detail, software, solid
modeling.
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Introduction. Professional 3D modeling software is a tool that creates
three-dimensional objects that visually represent real objects (parts,
assemblies, mechanisms, the environment - architecture, landscape, etc.).
With the development of 3D modeling technologies, new possibilities of
shaping have appeared, varying in complexity, which allows to better
imagine the future shape of the product [1-4]. The question arises in
identifying the most affordable and effective ways to build three-
dimensional objects.

Three-dimensional modeling combines knowledge from different
fields of science and technology: geometry, drawings, computer
technology, basics of color, composition and graphics, design, landscape,
and more. Therefore, it was important to explore developments in various
scientific fields, which in one way or another affect the issues of 3D
modeling.

General issues of 3D graphics and 3D modeling algorithms are
covered in the works of Petrov E.G, Bakalova V.M, Banach D., Boardman
T. and others.

It should also be noted the work of Yu.S. Rostorgueva, where the
general characteristics of the term 3D modeling are given, the main
programs of three-dimensional modeling are considered [5]. In studies of
A.V. Cherenkova and D.A. Kornienko analyzes various methods of
computer modeling and types of architectural objects, which are modeled
using the above types of modeling [11].

In the work on geometric modeling of complex three-dimensional
surfaces, which are elliptical surfaces of rotation, a matrix method of
surface description is proposed, which allows to control the shape of the
curve given in parametric form and easily calculate and implement the
solution using standard computer programs [6].

The considered materials of Internet resources on 3D modeling reveal
the relevance and insufficient scientific validity of this topic.

Formulation of the goals of the article. Identify the features of 3D
modeling of objects, make an algorithm for building three-dimensional
models of parts.

Main part. 3D modeling programs and technologies are now widely
used as modeling of technical products and design. Computer modeling
makes it possible to achieve the most realistic design of the project, be it a
product of design engineers, specialists in architecture or urban landscape,
etc. In each case, the appropriate method of modeling or their synthesis is
selected.

In general, the following bases of technique of creating three-
dimensional models are distinguished: solid-state modeling, polygonal
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modeling, procedural modeling, digital sculpture (sculpting), modeling
with the help of splines [8, 10].

Due to the variety of approaches of different 3D modeling programs,
it is advisable to consider only the creation of objects using solid and
polygonal modeling techniques. Because they are the basis for the
formation of the geometric shape of the object.

The most popular and available for widespread use are such programs
as SolidWorks, AutoCAD, COMPASS-3D, SketchUp, 3DMAX, Blender
3D, Maya. Such programs as 3DMAX, Sweet Home 3D, Archicad, Planner
5D, etc. are more suitable for creating design projects of premises,
landscape [1, 8-11].

In computer graphics, 3D modeling is the process of developing a
mathematical representation of any three-dimensional surface of an object
using specialized software (SOFTWARE). The simulation product is a 3D
model. It can be represented as program code or displayed in a viewport or
viewer as a 3D model, as well as using a two-dimensional image created
through a rendering process. 3D models can be created manually or
automatically. Making models by hand is similar to creating a sculpture in
plastic art.

Mathematical approaches are integrated into the software in one form
or another, which distinguish according to their capabilities different
algorithms for creating the same model, each of which has its own
properties.

Algorithms can be divided into four categories:

Spline modeling (the term “spline"™ means curves that come in
different types).

NURBS - surfaces are defined by curves that are affected by "heavy"
control points. The curve follows the points (but does not necessarily touch
them). Increasing the weight of the point will draw the curve closer to it.
NURBS are actually smooth surfaces, not imitations of small flat surfaces,
so this method is often used to model organic shapes. Often the term
NURBS is used to refer to all methods of spline modeling (Patches and
Bézier curves - a primitive type of NURBS; Bi-splines - English special
type of splines, which can be quickly calculated as the sum of basic
functions; Rational; Non- uniform (non-uniform) - allows the possibility of
uneven parameterization along the surface).

Polygonal modeling - points in 3D-space, vertices connected by a line
— an edge, form a surface according to the laws of creation of geometric
planes. A set of combined planes is called a polygon mesh. Most 3D
models today are built as textured polygonal models because they are quite
flexible and the computer can render them fairly quickly. However,
polygons are flat and can only roughly convey curved surfaces using many

polygons.
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Subdivision surfaces is one of the modern algorithms that is
progressively evolving and increasing competition from the previous two.

Procedural modeling — this modeling allows you to operate large-scale
projects, requires most of the pipeline (Pipeline - the development process),
so it is used by large studios of computer graphics.

Modern software allows you to use, regardless of the simulation
algorithm, a variety of approaches to build a model. The most available -
primitives - modeling using simple geometric shapes (balls, cylinders,
cones, etc.), which are used as bricks in the construction of more complex
objects. The advantage of the method is quick and easy construction, as
well as the fact that the models are mathematically defined and accurate.
Suitable for technical modeling and less for modeling organics. Some
programs can render from primitives directly, others use primitives only for
modeling, and later convert for further work or rendering, etc.

The basic principles of 3D modeling determine the selection of
modeling methods in different design situations. In systems of automated
design and preparation of technical documentation solid-state modeling is
most used. But the main stages of product creation are the same regardless
of the method of modeling.

Modern software allows you to use, regardless of the simulation
algorithm, a variety of approaches to build a model.

Figure 1 shows the stages of modeling to obtain the finished product.
The first step is to make an informed choice of object and method of
modeling. Depending on the method of modeling and the type of finished
product, the software for model development is selected.

If you need a set of documentation for the final product, select the
appropriate program, the functionality of which allows you to design a
product of any complexity in 3D, and then draw up for this product a set of
documentation required for its manufacture in accordance with applicable
standards. For example, a set of technical documentation that is easy to get
in AutoCAD or KOMITAC.

The use of the proposed modeling algorithm in 3D format has several
stages of practical application.

First, there is a visual illustration of each stage of model construction,
for each individual part of the assembly unit. If the obtained results are
used for a wide range of parts, their number is set for current production,
and the volumes are significant, the obtained models reduce the path and
time for their production.

The obtained results: algorithm, technique and visual models are
widely used in the educational process and in the development of
engineering solutions for devices and other equipment.



[Tpami THATY 235 Buno. 20 T.3

Modeling
object
A =
Modeling Parametric
method
Surface
Solid
From drawing From model
to model to drawing
Modeling
product
Simulation software code
3D model
> Display in Fiewport or

Fiewer as a 3D model

> Rendering

Engineering 3D scanning

3D printing

Fig. 1. Stages of modeling to obtain the finished product

Parametric modeling is the design of an object model using the
parameters and relationships between the parameters of its elements. With
the help of parameterization (parametric modeling) you can in a short time
to test different combinations of geometric ratios and changes in the
parameters of the model, make the necessary adjustments and avoid further
errors.

Parametric three-dimensional or two-dimensional modeling is
significantly different from conventional drawing or 3D modeling. In the
case of parametric modeling, a mathematical model is created with
parameters, the change of which entails a change in the entire configuration
of the part, the movement of parts in the assembly and other similar
transformations.

Surface modeling is one of the best technologies used to create three-
dimensional or 3D objects and shapes.

Surface modeling is used to create complex shapes; used to depict the
surfaces of appearance parts - cars, aircraft, household and industrial
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appliances. Surface modeling is able to project the surface of the object,
inside the product is empty.

Solid state modeling is the design of bodies that have all the features
of a physical body. Objects made with this technology are better perceived
than objects made in other ways.

Advantages of solid modeling:

- three-dimensional model with the use of modern technologies looks
more than realistic;

-one of the main advantages of this technology is the automatic
formation of drawings, which is relevant for design engineers. Building a
model and forming drawings on it using solid modeling — a matter of a few
seconds;

- speed and ease in the process of making changes and adjustments to
the model - no need to re-form the drawing, just change the necessary items
and update the program;

- association with various additional programs - integration allows to
reduce time, using at once the received results at the following stages of
work;

- solid-state modeling reduces the design time of the object. The speed
of modeling has a positive effect on the rate of return on investment.

The creation of a single body begins with the construction of a single
body of simple shape (rectangular prism, spherical body, cylindrical body,
conical body, toroidal body) or the construction of a body based on
surfaces (extrusion body, rotating body, shear body, sweeping body, body
based on flat sections ), or building a body based on lines (body in the form
of a sheet).

Creating solid models is more important than ever today. It is
important not only to create an object quickly, but also to edit it just as
quickly. Solid state modeling has these qualities, so it is considered the
most advanced technology.

Using 3D modeling, graphic designers create three-dimensional
images of parts and objects, which can then be used to create molds and
prototypes of the object.

Conclusions. Solid state modeling has these qualities, so it is
considered the most advanced technology. Modern software allows you to
use, regardless of the simulation algorithm, a variety of approaches to build
a model. But the main stages of product creation are the same regardless of
the method of modeling.

For further research, it is proposed to expand and consider new, in
terms of computer modeling, techniques and methods of three-dimensional
formation of objects, to provide a detailed description of modeling
techniques using various techniques for creating 3D objects, the use of
three-dimensional modeling systems. within STEM education.
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CIHOCOBBI IOCTPOEHUS TPEXMEPHBIX MOJIEJIENA
JTETAJIENA

Hepesa E.A., MoBuan C.U., bontsuckuii b.B., /lepe3a C.B.

Annomayus — B JAaHHOHN CTaTbe PaAcCMOTPEHbI OCHOBHBIC BH/BI H
nporpammbl i 3D mogeaupoBanus. IlpoBegen 0030p m aHaau3
JUTEPATYPHBIX HCTOYHMKOB, KAaCAKIIUXCH TEMATHKH TPEXMEPHOIO
MO/IeJIUPOBAHUSA, HA OCHOBE KOTOPBHIX ObLIIO 00OHAPYKEHO 0COOEHHOCTH
dhopMmooOpazoBaHus nocrpoenusi coBpeMmeHHbIx 3D gopm.

OcHoBHble npuHounsl 3D MoxenupoBanue 00yCJIOBJIUBAIOT
noadoOp Cmoco0OB MOACJMPOBAHUS B  PA3JIUYHBIX IPOEKTHBIX
curyanusix. B cucreMax aBTOMaTU3HPOBAHHOIO NMPOEKTUPOBAHUS H
NMOATOTOBKM TEXHUYECKOH [IOKYMeHTAaluu Haudojiee NPUMEHSeTCH
TBepAOTelbHOEe MojaeaupoBanne. Ho ocCHOBHbIe 3Tambl CO3JaHMA
NPOAYKTAa OAUHAKOBHI HE3aBHCHMO OT cHocoda MoJeJMpPOBAHUS.
IIpuBeneH nmpumep ajJropuTMa 3TanoB MOJAEJUPOBAHUS HA MOJIyYeHHE
roroporo npoaykra. Cozaanme TBepAOTEJbHBIX MOAEICH KAK HUKOIAA
CeroJHsl aKTyaJbHO. BasHO He TOJBKO OBICTPO C031aBaTh 00BEKT, HO
U Tak Ke OBICTPO PpeJaKTHpPOBaThL ero. TBepaoTejbHOE
MOAeJMPOBaHUe 00J1aJaeT NJAHHBIMH Ka4YeCcTBaMH, II03TOMY OHO
cUuTaercs camMou COBEPILICHHOH TE€XHOJIOTHH. IHoaTomMy
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NpeaocTaBjeHne JAeTAJIbHOI0 ONMMCAHMS METOAUK MOJEJITHPOBAHHS C
HCMOJIb30BAHMEM PAa3JIMYHbIX TeXHUK co3aaHuss 3D o0bexTOB
SIBJISIETCS AKTYaJIbHBIM.

Knwueesvie cnosa: 3D monennmpoBaHue, Crocod MoaeIMpoOBaHMSA,
SolidWorks, AutoCAD, ajaropurM mnOCTPOEHHUS, MOJeJb eTaJIH,
NporpaMMHoe odecrnevyeHne, TBEPAOTEJIbHOE MOIeIMPOBAHME.

CIOCOBM MOBYJ1I0OBU TPUBUMIPHUX MOJEJEN JETAJIEN
Hepeza O.0., Mosuan C.1., bontsucekuii b.B., Jlepe3a C.B.

Anomauyia — B JaHIl CcTATTi PO3IVIAHYTO OCHOBHI BHAM Ta
nporpamMu A 3D mopearoBanusa. IlpoBeaeHo oriasaa Tta aHauis
JiTEPATYPHHUX JKepes, W0 CTOCYHTbC TeMAaTHKH TPHUBHMIPHOIO
MOJEJIOBAHHA, HA OCHOBI fAKHX OyJI0 BHSABJIEHO O0COOJHBOCTI
dpopmoyrBOpeHHss mnodOyaoBu cydyacHux 3D ¢opm. IlpeacrasiieHo
OCHOBHI NPOrpaMHi MPOAYKTH, 32 JONOMOIOK SIKHX JIETKO CTBOPUTH
3D 00’e€kTH, EepeBaKHO /sl TEXHIYHHUX BHPOOIB Ta IM3ailHEPCHKOIO
npoekTyBaHHs. BuzHaueHo cdepu 3acTOCyBaHHS [AaHOI TEXHOJOTII,
OCHOBHI nmporpamMu ta Buau 3D moaenoBanHs. B po0ori BuaijieHo Taki
OCHOBI TeXHiKM CTBOPEHHSI TPHUBHUMIPHHMX MoJeJieil: TBepAOTUIbHE
MO/IeJIIOBAHHA, MOJIITOHAJIbHE MO/IeJIIOBAHHA, npouexypHe
MOJeJIOBaHHA, HM(poBa CKyabNTYpa (CKYJLIYPHUHI), MOJACTIOBAHHS
3a J0NOMOTI 010 CILIAHHIB.

OcHoBHi npuHuunu 3D Mopge/qOBaHHA O00YMOBJIOIOTH MHiI0Ip
Croco0iB MOJEJIOBAaHHAI B PI3HUX NMPOEKTHHUX cuUTyamigx. B cucremax
aBTOMATH30BAHOI0 INPOCKTYBAHHS Ta  MIATOTOBKM  TEXHIYHOI
AOKYMeEHTAaNil HAHOLIb I 3aCTOCOBY€ETHCH TBEPAOTiJILHE
MO/JEJIIOBAHHA. AJie OCHOBHI €Talud CTBOPEHHSI NMPOAYKTY OJHAKOBI
He3aJIeXKHO BigG  cmoco0y mopenwBanHs. HaseaeHo mnpuxian
AJITOPUTMY eTamiB MOAEJIIOBAHHA WI0JI0 OTPMMAaHHS TOTOBOIO
npoayKry. CTBOpPEeHHSI TBEPAOTVILHUX Mojaeleil fIK HIKOJM ChOTrOIHi
AKTYaJbHO. BajkKJIMBO He TIJIBKH INIBHIKO CTBOPIOBATH 00'€KT, aJje i
TAK caMO IIBMAKO penaryBatu ioro. TBepaoriibHe Moje/l0BaHHA
BOJIOJI€ AAHUMH SAKOCTAMM, TOMY BOHO BBAKAETHCS
HAHIOCKOHAJIIIIO TEXHOJIOTi€. 3a JonoMorow 3D Moaen0BaHHS Ta
MPOEKTYBAHHA HeE TiJIbKH CTBOPIOIOTEH BipTya.]ILHi 00’ekTn Tta 3D
300paxeHHs, ajie il BTUIIOIOTH iX y peaabHicTb. Ile 3ymoBiioe BeJTHKY
NOIIUPEHICTh  KOMIT’'IOTEPHHUX rpaqnqlmx TEXHOJIOTii Ta iX
3aCTOCYBAHHS B YCIX rajys3fix JIOACbKol AisuibHOCTI. ToMy HamaHHs
AeTAJbHOI0 ONMUCY METOAUK MOJEJIOBAHHS i3 BUKOPUCTAHHAM Pi3HUX
TeXHIK cTBOpeHHsI 3D 00’€KTIiB € aKTyaJIbHUM.

Knrwouosi cnoea: 3D MojaenaioBaHHs, CHOCI0 MoJeJIIOBaHHS,
SolidWorks, AutoCAD, aaroputm mnoOyaoBH, MoOJeJb AeTall,
nporpamMHe 3a0e3ne4eHHs, TBEPAOTIIbHE MO/IEJTIOBAHHS.



