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Abstract. In this work, a computer system for modeling geometric objects is constructed. This
system is instrumental in solving various problems that occur in construction, in particular in the
design of ventilation systems. Our approach is based on a method of the polypoint transformations,
namely on deformation modeling. Deformations of geometric objects could be described based on
the given parameters of a dynamic deformation rather than on analytical equations. An object’s form
is changing due to a deformation of a space in which an object is located. Using the machinery of
the polypoint transformations, a computer system for modeling geometric objects has been created.
The system provides tools that simplify the constriction of surfaces with various types of sections.

Key words: deformation modeling, polypoint transformations, computer modeling, ventilation
system, gearbox.

1. Introduction. There are various ways to supply and remove indoor air.
The choice of ventilation system must take into account technological
requirements for working conditions and living space, as well as economic
factors. When designing ventilation, it is necessary to apply appropriate design
and planning solutions using modern information technologies.

The composition of the system depends on its type. One of the most
commonly used is mechanical systems. They include the following components:
ducts; grates; diffusers; fans; heaters; filters, gearboxes and more. In any
ventilation, ducts are an important structural element for supplying fresh air and
removing polluted air. When designing ducts in construction, it is necessary to
take into account the various forms of cross sections when connecting ducts,
which is difficult in practice. Similar problems also arise when designing
gearboxes, various ventilation systems for residential and domestic industrial
premises.

The difficulty of this task is that the transitional structures listed may have
cross-sections of different shapes at the ends that need to be joined: for example,
round on one side and square on the other. This problem will be solved by
creating a system of modeling by means of polycoordinate transformations.
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2. Literature Review and the Problem Statement. In [1] formulas of
polypoint transformations are given, the concept of poly-point coordinates is
introduced and the method of transformation of a straight line in a point cascade
is described.

[2, 3] provides examples of how poly-point transforms are used to control
the shape of an object. The analysis of different ways of polypoint
transformations is carried out.

[4] provides an example of the use of different types of polypoint
transformations to solve the extrapolation problem.

The analysis of these studies indicates the need to create a computer system
for modeling geometric objects, which would allow solving a number of
problems that arise in the design and design in construction.

3. Formulating the goals of the article. The purpose of this study is a
computer-aided system for modeling geometric objects, which is based on the
theory of polypoint transformations, created with the help of modern
information technologies, which would greatly simplify the existing processes
of constructing surfaces with different types of sections.

4. Main Materials of the Study. Polycoordinate transformations [1] can be
used in various fields of production at the stage of modeling of investigated
processes. Polycoordinate transformations are divided into polytissues and
polypoint.

Let's take a closer look at polypoint transformations using a multipoint
framework (Figure 1).

g

Fig. 1. Polypoint transformations on a plane

Polypoint transformations allow you to change the position of a straight line
(object of transformation) by manipulating the points of the transformation base.
As can be seen from Figure 1, the initial base (points 1,2,3,4,5) was changed to
1', 2, 3", 4, 5" In this case, the position of the line changed according to the
change in the basis of points.

This is achieved by decoupling the system, which establishes a functional
relationship between the polycoordinate coefficients of the direct before and
after transformations (f3; and ¢; ).
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Since polypoint transformations allow one line to be transferred from the
initial basis to another, two and several lines can be "transferred" in the same
way. This, in turn, means that you can transform objects in this way. Figure 2
shows the polypoint circle transformation. As you move the points, the circle
turns into a closed curve.

Fig. 2. Conversion of a circle at the five-point base

Thus, polypoint transformations allow you to track the deformation of a
geometric object, affecting only the space that limits that object. There are
different ways of influencing the basis [2, 3]. For example, you can move the
basis points in the plane, and you can enter and manipulate the weights by
increasing or decreasing the weight at a particular point of the basis, or at all
points in the same way. Figure 3 shows an example of a circle (object of
transformation) with a change of weight is converted into a square (with
increasing weight), or a curvilinear
rhombus (with decreasing weight). 2 3

In  three-dimensional  polypoint
transformations, the images will be not T
planes but straight. Two point bases are
introduced: initial and converted. As the
weights of the basis points change, the
shape of the three-dimensional objects
changes. These transformations also
have different modifications depending
on the appearance of the scales.

Let's take a closer look at polypoint L

d

transforms using a multipoint frame.
The plane in the initial basis can be gt

described by a system of equations: Fig. 3. Weight transformations of a circle at
v; =ax; +by; +cz; +dh,i=1.n. a four point basis

The area after conversion will be determined by such a system:
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©; =AX;+BY,+CZ,+DH,, i=1..n,

where @; — the distance from the plane (the prototype) to the points in the initial
base.

The system determines 4,8,C,D — coefficients of the transformed plane.

The formula of multipoint transformation is written as:

¢ =wy;, i=l.n.
So,
0;Y; = Ax; + By; + Cz; + Dh;, i=1..n.
Functional for unambiguously solving the problem:

2 )
Z((Pi_'}’i) —0,i=1.n.
Therefore, it is necessary to find partial derivatives for all four variables.

D )2
% =23 X,(AX, + BY, + CZ, + DH, —y,) =0,
D )2
%:221@(/& +BY, +CZ, + DH, —y;) =0,
0 )2
% =23 Z,(AX, + BY, + CZ, + DH, —y;) = 0,
D )2
% =23 H,(AX, + BY, + CZ, + DH, —y,) = 0.
These four equations form a linear system of equations.

AV =B,
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A 2 X
B > Yy,
V=2 | B=|& "
c ZZ,-Y,-
D ZH,-Y,-

Unleashing the system, we get the values 4, B, C, D - the coefficients of the
plane after conversion.

The algorithm for converting a three-dimensional body can be described as
follows:

* the 3D object is immersed in a point base. This is done by the user by
selecting the basis points based on the conditions imposed on the task, such as
the final shape of the object;
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* the body to be deformed is represented by a set of planes (triangles). This
can be done, for example, by triangulation;

* consecutive polypoint transformations of each plane are performed and
their intersection is determined;

* using the existing methods of spatial interpolation (or the capabilities of
modern graphics packages)
smoothies the resulting surface.

Figure 4 shows an example of a
deformation of a sphere as the basis
weights change.

The polypoint transformations
considered allow modeling of
deformations of different geometric
elements. Exterior, modeling
gearboxes (adapters) with different
breaks in front of different limbs,
which allow to connect with each !
other the ducts of different system
ventilations of internal living and
industrial premises. Examples of

some reducers are presented in Fig. 4. Three-dimensional poly-point
Figure 5 transformations
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Fig. 5. Gearboxes with rectangular and circular sections

To visualize the processes of deformation of an object on the basis of
polypoint transformations, a system has been developed that allows to control
the positions of the basis points, ie their coordinates, and also to set the weights
of these points. The system lets you view the animation. The object rotates
around three axes in real time. This allows the user to view in real time the
shape change of the object and to analyze the deformations that have taken
place.

An example of how the system works is shown in Figure 6.
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Fig. 6. Deformation of an object after changing the coordinates of the basis points

As can be seen from Figure 6, the user can deform the object and get the
shape he needs, by simply manipulating the controls.

5. Conclusions. Studies have shown that polycoordinate transformations can
not only model the shape of deformed objects with the ability to visually track
these processes, but also construct technical objects such as reducers - adapters
with different cross-sections at the ends. In the process, a computer system was
created whereby the user could deform the object and get the shape it needed by
simply manipulating the controls, which can be useful in the process of
producing gearboxes.
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Cuoopenko FO.B., Kpusoa O.B., Jlewuncvra 1.B.
CUCTEMA MOJIEJTIOBAHHSI KOHCTPYKTUBHUX EJJEMEHTIB BEHTUJIALIAHUAX
CUCTEM 3ACOBAMMU ITOJIKOOPAUHATHUX NEPETBOPEHb

JlociifkeHHsT IPHUCBSYEHEe HEOOXIMIHOCTI CTBOPEHHS CHCTEMHM MOMACIIOBAHHS TEOMETPHYHHX
00’eKTiB, sKa [IO3BONHJIA O BHPIIIMTH PsJ 3aBOaHb, 10 BHHUKAIOTH HPH KOHCTPYIOBAaHHI Ta
IPOCKTYBaHHI B OyHIBHHLTBI, a camMe Yy BEHTWDILIHUX CHCTeMaX. 3aBJaHHS BHPIIIYEThCS 3
BHKOPUCTaHHSAM IOJITOYKOBHX IEPETBOPEHb. 3a JOHOMOron AehOpMALifiHOrO MOJEIIOBaHHS
MOXKHa BinoOpaxaTH Impoumecd 3MiHH (OpPMH TEOMETPHYHUX 00’€KTiB 0e3 IEeBHOro BHIY
AQHANITUYHOrO IPEACTABICHHS, KOPHCTYIOYHCH TIIbKH IapaMeTpaMu AMHAMIYHOI Aedopmarii.
3Miny ¢opmMu 00’ekTa BHKIMKAaE gedopMmalis HPOCTOPY, B SKOMY 3HAXOZUTHCS 00 €KT.
IlpencTaBHMKOM JaHOrO KJacy MOJeNel € IONIiTOYKOBI meperBopeHHs. Ha ocHOBi amapary
HOJITOYKOBHX IIEPETBOPEHb Oysia CTBOpEHAa KOMII'IOTEPHA CHCTEMa MOJCIIOBAHHS I'€OMETPHYHUX
00’€KTiB, sKa I03BOJISIE CIIPOCTHTH IPOLECH KOHCTPYIOBAaHHS IOBEPXOHb 3 PISHUMH BHAAMHU
epepizis.

KurouoBi ciioBa: nedopmariiiiHe MOAEIIOBAaHHS; ITOJITOYKOBI MEPETBOPEHHS; KOMII IOTEpPHE
MOJIC/IFOBAHHS, BEHTUIALINHA CHCTeMa; PEAYKTOP.

Cuoopenko FO.B., Kpueoa E.B., Jlewunckas U.B.
CUCTEMA MOJIEJINPOBAHUSI KOHCTPYKTHUBHBIX 3JIEMEHTOB
BEHTUW/ISIHUOHHBIX CUCTEM CPEJICTBAMMU NOJIMKOOPIUHATHbBIX
NPEOBPA3OBAHUI

HccnenoBanue  MOCBAIIEHO  HEOOXOIMMOCTH — CO3[AHHUS ~ CHCTEMBl  MOJEIMPOBAHUS
r€OMETPUICCKUX 061>CKTOB, KOTOpas I103BOJIMJIA 6l>l pe€uuTh psAA 3agad, BO3HUKAKOIIUX ITPU
KOHCTPYUPOBAHUHN U IPOCKTUPOBAHHUU B CTPOUTECIILCTBE, @ UMECHHO B BEHTUJIALIMOHHBIX CHCTEMaXx.
3ajaya pemiaeTcss € MCHOJb30BAHUMEM  IOJMUTOYEUHBIX IpeodpasoBaHuil. C  nomouibro
nehOpPMALIIOHHOI0  MOJECIMPOBAHHMS MOXXHO — OTOOpa)kaTb HPOLECCHl  HM3MEHEHHS  (OopMbI
reOMETPUYCCKUX OOBEKTOB 0€3 ONpEeNeNeHHOr0 BUa aHATUTHYECKOTO IPEACTABICHHS, MOIB3YSICh
TOJBKO TapaMeTpaMy JuHaMHueckod pedopmaunu. M3menenne ¢opmbl 0oObekra BBI3BIBACT
nedopMaliio MPOCTPAHCTBA, B KOTOPOM HaxomuTcsi oObekT. IIpeiacraBuTesieM AaHHOrO Kiacca
Mojeseil SIBISIOTCS IONMTOYCUYHBle INpeoOpazoBanus. Ha ocHOBe ammaparta IOJMTOYECYHBIX
npeoOpa3oBaHuii Oblla CO3JaHa KOMIBIOTEPHAsl CHCTEMa MOJCIMPOBAHUSI TEOMETPHYCCKUX
00BEKTOB, KOTOpas IIO3BOJSET YHPOCTHTh IPOLECCHl KOHCTPYHPOBAHMS IOBEPXHOCTEH C
Ppa3InIHBIMHA BUOAAMHU CC‘{CHMFI.

KiroueBble ciioBa: 1ehOpMalMOHHOE MOJCIMPOBAHME; IIOJMTOYECUHBIC MPEOOpa3oBaHMU;
KOMITBIOTEPHOEC MOACIIMPOBAHUE, BEHTUJIALIMOHHBIE CUCTEMBI, PEAYKTOP.
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The research is devoted to the need to create a system of modeling geometric objects that would
solve a number of problems that arise in the design and design in construction, namely in ventilation
systems. The problem is solved using polypoint transformations.
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