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In the research the geometrical way of creation of models of dynamics in
space of discretely presented separate states of process on the basis of use of
methods of compositional geometry is offered.

The definition of basic states, three-dimensional composite matrices is
introduced, the rules of designation of indexing of elements of three-dimensional
composite matrices (compomatrices) are offered.

It is pointed out that a three-dimensional composite cannot be presented
in the form of a single table, so it is proposed to provide them in the form of a
set of tables in the areas of parameterization of the geometric figure for which
this three-dimensional computer matric is compiled.

Examples of their general and detailed presentation are given.

It is reminded that in composite geometric modeling (CGM) each initial
geometric figure (GF), before solving the problem, must be unified, ie lead to a
form suitable for its use in composite geometric modeling.

The geometric component of the unified GF is presented in the form of
point matric matrices in parametric directions.

The parametric component of the unified GF is presented in the form of
parametric compomatrices.

It is emphasized that all calculation operations are carried out through
the use of three-dimensional coordinate matrices (calculated), which are
compiled according to the scheme of the corresponding point compomatrices.

It is pointed out that the initially formed three-dimensional computer
matric is parametric, almost always, non-harmonized, in the sum of all its
elements is not equal to one.

An algorithm for harmonizing a parametric three-dimensional computer
matric is provided.

The sequence of operations in the compomatric form concerning
obtaining a compomatrices of three-dimensional for a three-dimensional
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geometric figure of arbitrary form is given.

Keywords: three-dimensional compomatrices, composite model,
harmonized point polynomial, geometric method of interpolation, basis state,
types of compomatrices, designation of compomatrices, compomatrices point,
compomatrices parametric, compomatrices coordinate.

Statement of problem. Unification of each geometric figure (GF) is by
dividing it into two components: geometric and parametric.

The geometric component of the unified GF is presented in the form of
point matrices in parametric directions.

The parametric component of the unified GF is presented in the form of
parametric compomatrices. An algorithm for the formation of parametric three-
dimensional computer matrices is provided.

It is emphasized that all calculation operations are carried out through the
use of three-dimensional coordinate matrices (calculated), which are compiled
according to the scheme of the corresponding point matrices.

Emphasis is placed on the fact that in this study a compositional model of
a segment of a geometric body consisting of three points in each of the
parametric directions is built. It is also pointed out that the proposed algorithm
will be true for creating models of segments of three-dimensional geometric
shapes that hold more points in each of the three directions that indicate the size
of this segment.

Research method. In this work, the research is carried out by the methods
of compositional geometry (CG) [13] with powerful tools for the formation of
point polynomials that perform the initial conditions and compositional
matrices.

CG is based on the point calculus of Balyuba-Naidysh (point BN-
calculus). [1]

Geometric methods of interpolation with one-, two- and three-parameter
point polynomials are used in CG methods.

Geometric method of interpolation (GMI).

Option 1. It is provided by point polynomials, which have their
components of the product of each of the basis points for the corresponding,
specially formed, characteristic functions, and is that each of these characteristic
functions is equal to one only at the basis point, which is its multiplier and
through which , for the corresponding value of the parameter t, is a point
polynomial, and at other basis points, this characteristic function is zero. That is,
with the geometric method of interpolation in each interpolation node, a point
polynomial has only one term equal to the corresponding basis point, thus
ensuring global interpolation of all source basis points.

Option 2. Provided with characteristic functions that are formed based on
the geometric conditions laid down in the original geometric composition, and
are components of point polynomials, which in the interpolation nodes are zero
or one, due to which global interpolation of starting points geometrically. GSI
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does not need to compose and solve systems of linear equations to find the
coefficients that provide the initial geometric conditions, because in point
polynomials such coefficients do not exist at all.

A single-parameter unharmonized point polynomial is a parametric curve
consisting of the sum of the products of integer rational functions and basis
points, and rational functions (characteristic functions) are given as the product
of the differences between the parameter values for basis points and the current
parameter 0 <t <1, which are composed for each of the basis points separately
and have the same degree (n-1) for all its (point polynomial) terms.

Harmonization of a parametric compomatrices is a change in the values of
its parameter-elements by dividing each of the elements of this parametric
compomatrices by the sum of all its elements.

Recent research and publication analysis. Referring to [9], we agree that
dynamics models are much more complex than statics models. This is due to the
fact that static models describe the transformation of the input value to the
output, and dynamics models describe the transformation of the input time
function to the output time function.

The basis and the simplest form of dynamics models are differential
equations [9], the application of which requires consideration of whether or not
time is included as their component, explicitly or implicitly.

However, the application of differential equations to create models in the
space of states is a rather cumbersome process [9], which requires special
mathematical training and some experience in their application. This
requirement remains even with the application of methods of simplification of
differential equations by transforming them into ordinary algebraic equations by
creating a differentiation operator.

The peculiarity of composite geometric modeling (CGM) is that any
initial geometric figure (GF) before immersion in CGM should be divided into
geometric and parametric components, each of which is described using
appropriate composite matrices. However, in these works [4, 1, 7, 5, 6], the
construction of composite geometric models is considered only for one- and
two-parameter GF using one- and two-dimensional composite matrices of point,
parametric and coordinate.

Based on the analysis, the problem of geometric methods of constructing
dynamics models, which would be mathematically formalized by the methods of
compositional geometry, is relevant.

Setting article objectives. Develop rules for the formation of three-
dimensional composite matrices of point, parametric, coordinate and computer
matrices of a geometric figure, in general. Develop rules for the notation of all
mentioned compositional matrices. Using three-dimensional computer matrices
to create a method of forming harmonized three-parameter point polynomials.

Main part. At present, the basis and tools for creating models of dynamics
in the state space are differential equations [9], for the compilation of which it is
necessary to take into account many initial requirements that are not always easy
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to algorithmize. At the same time, the application of differential equations to
create models in the state space is a rather cumbersome process [9]. The use of
differential equations for modeling requires special mathematical training and
some experience in their application. In addition, analytical methods of using
differential equations are deprived of visual visualization of the solution. This
paper proposes a geometric way to create models of dynamics in the space of
states based on the use of methods of compositional geometry.

Consider the simplest case where the process is described by only three
basis states, in each of which nine basis points are defined (Fig. 1).

In the given example (Fig. 1), the values of the parameters for each of the
three states are given by nine points, which for unloading Figs. 1 are indicated
only by indexes consisting of three digits, and the capital letter is the same for
all 27 points.

The first digit in the index indicates a change in the base point numbers in
the positive direction of the parameter U.

The second digit is to change, in the direction of increase, the numbers of
base points in the positive direction of the parameter V.

The third digit is to increase the number of base points in the positive
direction of the parameter W.

The third basic status

2\ The second basic status

The first basic status

Fig. 1. Initial geometric figure for the model of dynamics in the state
space

If any of the numbers consists of two or more digits, we suggest that to
highlight this number, underline it. For example, 42 36; 2124; 21 32 43.

To create a geometric figure (GF) (Fig. 1), a geometric composition is
considered, among the points of which are selected those that determine the first,
second and third basis states. The verbal component of the unified GF
determines that the formed base states are, at some point, cross sections of the
process being modeled, and that using them it is necessary to create a continuous
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model of the body of this process, which is determined by three parameters U,
V, W. formalize by creating three-dimensional composite matrices, which will
be denoted in double square or parentheses, a capital Latin letter with an
inscription at the bottom indicating the size of this three-dimensional composite

matrices — [[|xmAxn]]' In expanded form, any three-dimensional composite matric

cannot be presented in the form of a single table corresponding to the three
directions of process parameterization. In this case, three-dimensional composite
matrices (compomatrices) and point — [[IAr]] and parametric — [[ A, 11 are

xmxn Ixmxn
represented by three tables. In order to understand in the direction of which of
the parameters of the composite matrices, at the top of the bracket we will write
the notation of this parameter:

u Vv w

A [AIL: OAIL OAIL OAIL [A @

Ixmxn Ixmxn Ixmxn Ixmxn Ixmxn Ixmxn

We open three-dimensional point compomatrices (1) for an example of a
three-dimensional process of arbitrary shape, which is shown in Fig. 1:

Ure— —_

Aﬂ.ll A121 A131
Ale A221 A231

A311 A321 A331

y y A A A
[l If\nrx]n] =[[AKIE || Axz Asp Agp ||5itick =13; (2)

e As, A Agyp

A Az A

Az Axs Aus
__A313 Agps A333__

V- —

A Ay A

Ai A Agy

A At Aga

. . A, Ay Agp
[[I'XA\JX!]]:[[ AidlE [ Az Poe Aso || ijik=13; (3)

e Ay Axp Aggp

Ans  Axs Aggg

As Ay Agg

| Az Az Aggs |
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W —

Ail.ll A!I.12 A113
A211 A212 A213

A311 A312 A313

W W Aor A A

[l IAJ ]n] =[[Aull= || Ar As A |5 10Tk =13. 4
XX e Aoz Aoz Ay
Az Az Ag

A231 A232 A233
A331 A332 A333

Three-dimensional compom_atrices (2), (3), (4) form a set of composite
point:

A 1]
A=A T | 5)
A 1]

using which simplifies the possibility of forming a point, a polynomial that
continuously determines the position of any current point not only on the surface
but also in the middle of the three-dimensional three-parameter GF, which is
shown in Fig.1.

It is clear that three-dimensional point compomatrices (2), (3), (4) are
schemes for creating a model. All calculation operations according to the created
three-dimensional process model should be performed according to calculated
(coordinate) three-dimensional compomatrices, which are similar to point (2),
(3), (4) with the corresponding coordinate of the parameter space for basis
points. The fact is that the GF points (Fig. 1) in compositional modeling can be

determined by k coordinates of the k-space of parameters (K =1,k). Then the set

(5) in the coordinate form of the k-space of parameters will have the following
record:

[[ Ay (K)]]
A= 1 A (KT |, K=1K; i:j:k=13.  (6)
I Ay (K11

Here in the (6) compomatrices the coordinate forms according to the
assembly scheme are identical to the point compomatrices (2), (3), (4), (5). We
will reveal three-dimensional parametric matrices from (1), which are
combinational, formed by performing certain algebraic operations in order to
determine the parameters - characteristic functions based on the geometric
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indicators of the original geometric composition. Thus, point compomatrices
represent the geometric component of a unified GF and are a geometric
composition, and parametric compomatrices represent the parametric component
of the same unified GF, and are combinational, namely those in which any
change in one element - must make appropriate changes to all its others.
elements. However, we leave the term "composite matric" for the parametric
compomatrices due to the fact that operations with it are subject to the rules of
action on compomatrices. Characteristic functions are integer rational functions
in parametric form for parameter values which are usually denoted
Py (U); i (V); 1 (W). To reduce entries, we will not specify the parameters in

parentheses. We will identify them by the letters that denote the most
characteristic functions, namely:
Pix (U) = Py s dige (V) = Qi 5 i (W) = g - (7)
Conclusions. The information presented in this study contributes to the
further development of a new theory of composite matrices. The use of
computer matrices in geometric modeling allows the shortest possible
description of analytical solutions performed by geometric methods.
Compomatrices are the basis for constructing point polynomials, the use of
which in compositional geometry allows you to create geometric models of
lines, surfaces, and three-dimensional objects of arbitrary shape under
predetermined conditions. In this case, the use of point polynomials allows
interpolation of lines with multiple points and even those that degenerate into a
point; perform interpolation of surfaces with irregular grids holding triangular
cells; create point three-parameter equations of point polynomials, which are
used to determine, on the segment of a three-dimensional geometric figure, the
position of any current point not only on the surface but also inside the segment.
This feature is extremely important for use on 3D printers, which will
allow you to print products with the necessary cavities inside, as well as to
model the trajectory of the manipulators.
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TPUPO3MIPHI KOMITO3ULIIIAHI MATPULII TA iX
3ACTOCYBAHHSI 1151 CTBOPEHHSI KOMITO3ULIITHUX
TEOMETPUYHUX MOJIEJIE OB'€EMHHMX OF'EKTIB JOBLIbHOI
®OPMHU

Bepemara B.M., I1aBnenko O.M., Jlebenes B.O.

V' Oocnioowcenni 3anpononosanozo ceomempudHull Cnocio CmeopeHHs.
Mooenel OUHAMIKU )y NPOCMOpPi OUCKPEMHO NOOAHUX OKpeMUX Cmauieé npoyecy
Ha 6a3i BUKOPUCTNAHHS MeMO0i8 KOMNO3UYIUHOT 2eoMempii.

Beooumvca o3nauenns 6azucHux cmauis, mpupo3mipHux KOMNOIUYIHUX
mMampuysb, NPONOHYIOMbCA  Npasula NO3HAYEHHs  [HOeKcayii  elemeHmie
MPUPOIMIPDHUX KOMNOZUYIUHUX MAMPUYbL (KOMIOMAMPUYD).

Brazyemwvcs na me, wjo mpuposmipry KOMROZUYILIHY HEMONCIUBO NOOAMU
V euenndi oOHiel mabauyi, Momy 3anponoHO8AHO HaAdAsamu ix y 6ueisoi
CYKYNHOCMI mabauyb 3a HANPAMKAMU napamempusayii ceomempuuHoi ¢icypu,
0J11 SIKOI CKIA0AEMbCSA Ysi MPUPOIMIPHA KOMIOMAMPUYSL.

Haseoeno npuxnaou 3acanbHoeo ma po3eoprymozo ix noOaHHs.

Haeadyemocsa, wo y KOMRO3UYIIHOMY 2e0MempUyHOMY MOOeN08aHHI
(KI'M) koorcny suxiony eeomempuuny gieypy (I' @), nepeo poszs'sizanmim 3adai,
HeoOXIOHO YHIpIKyeamu, mobmo npusecmu 00 U210y, NPUOAMHO20 OIS il
BUKOPUCMAHHSL ) KOMNO3UYIUHOMY 2€0MEMPUYHOMY MOOETIOBAHHI.

Teomempuuna cxnaoosa yuigikosanoi I'®@ nooaemvcs y 6uensioi
KOMNOMAMPUYyb MOoYKO8UX 34 NAPAMEMPUYHUX HANPAMKIE.

Iapamempuuna cxnaoosa yHighixosanoi I'® nooaemvca y 6uenioi
KOMNOMAmpuyb napamempuyHux.

Hazonowyemuocs, wo yci pospaxynkosi onepayii 30iliCHIOIOMbC uepes
BUKOPUCTNAHHSL MPUPO3MIDHUX KOMHOMAmMpuysb KOOPOUHAMHUX
(PO3paxyHKoBUX), AKI CKIA0AMbCSA 34 CXeMOW BIONOBIOHUX KOMNOMAMPUYbL
MOYKOBUX.
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Brazyemvcss na me, wo nouamxoeo cgopmosana mpuposmipHa
KOMNOMAmMpuys napamempuyna, Maudxice 3a8xcou, € He2apMoHi308aH0I0, MOOMO
cyma 8cix ii elemenmis He OOPIBHIOE 0OUHUYI.

Haoaemovca anecopumm  eapmonizayii napamempuynoi mpupo3mipHoi
KOMNOMampuyi.

Haoaemuvcsa nocnioosnicms onepayiii y KoMnomMampudHiu Gopmi uo0oo
3000ymms KOMROMAmMpuyi mpupo3mipHoi 01 00'emHoi eeomempuynoi icypu
008i1bHOI Ghopmu.

Knrouosi cnosa: mpuposmipna komnomampuys, KOMNOSUYIUHA MOOeb,
2APMOHI308AHUNL TMOYKOBULL HNONIHOM, 2e0OMempuyHUll Ccnocibo iHmepnoaayii,
Oazuchuli  cmaH, 6UOU  KOMNOMAMPUYb, NO3HAYEHHS  KOMNOMAMpPUYb,
KOMnomMampuyi moYK0o6i, KOMNOMAMpuyi napamempudni, KOMHOMAMPUYL
KOOpOUHAMHL.

TPEXPASMEPHBIE KOMITIO3UIIMOHHBIE MATPHUILIBI U X
IMMPUMEHEHMUE JUISI CO3JAHUS KOMITIO3UIIMOHHBIX
TEOMETPUUYECKHNX MOJEJEN OFbEMHBIX OBBEKTOB
MPOU3BOJBLHON ®OPMBbI

Bepemara B.M., I1aBnenko A.M., JIebener B.A.

B uccnedosanuu npeonoowceno eeomempudeckuti cnocod co30aHus
Mmooenel OUHAMUKU 8 NPOCMPAHCMBe OUCKPEMHO NPeOCMABIeHHbIX OMOeIbHbIX
cocmoaHull npoyecca Ha 0aze UCNONL30BAHUS MemO0008 KOMNOZUYUOHHOU
2eomempuu.

Beooumcsa  onpeodenenue  6aszucHvlx  COCMOSHUL,  MPEXPA3SMEPHBIX
KOMNO3UYUOHHBIX MAMpuUy, npeoiazaromcs npasuia 0003Ha4eHuss UHOeKcayuu
INEMEHMO8 MPEXPAZMEPHBIX KOMNOZUYUOHHBIX MAMPUY (KOMNOMAMPUL,).

Vkazvieaemcss na mo, umo  mpéXpasmepHyro - KOMNOSUYUOHHYIO
HEBO3MOMNCHO NpedCmasums 8 uoe 0OHOU MabaUYbl, NOIMOMY NPEOSIONCEHO
npedocmasiams UxX 6 6ude COBOKYNHOCMU MAOIuYy Nno HANpasieHUusIMm
napamempuzayuu 2eomMempuyeckol guypbol, 0 KOMOPOU COCMAasIsAemcs 3ma
MpEXpazmepHas KOMNOMampuya.

IIpusedenvt npumepsvl 06We20 U Pa38ePHYMO20 UX NPeOCMAa8IeHUs.

Hanomunaemcs, ymo 6  KOMNOUYUOHHOM — 2e0MempUulecKkom
mooenuposarnuu (KI'M) xascoyro ucxoouyro eeomempuueckyro gueypy (I'®),
nepeo peuwierHuem 3a0a4u, HeoOXoo0umMo YHUGuUyuposams, mo ecms NpUBECmu K
8UQY, NPUCOOHO20 OISl ee UCNONb30BAHUSL 8 KOMNOZUYUOHHOM 2e0MempPUiecKom
MOOenUPOBaHULL.

T'eomempuueckas cocmaenarowas yuuguyuposannou I'® nodaemcs 6
guoe KOMNOMAMPUY MOYEUHbIX NPU NAPAMEMPUYECKUX HANPABTIEHUSIX.

llapamempuueckas cocmasnarowas yuuguyuposannoi I'® nooaemcs 6
guoe KOMNOMAMpPUY NApPamempuiecKux.

Ommeuaemces, umo 6ce pacuemmuvie onepayuu OCyWeCmensaiomcs uepes
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UCNONIb308AHUE MPEXPAZMEPHBIX KOMNOMAMPUY KOOPOUHAMHBIX (DACYEMHbIX),
Komopbvle COCMAGIAIOMCA N0  cXeme COOMEEmCmeyuux KOMROMAmpuy
MOYEUHDbIX.

Vkaszwieaemcs na mo, umo usHauaneHo cghopmupoeana mpéxpasmepHast
Komnomampuya napamempudeckas noumu gcez0a aensaemcs
He2apMOHU3UPOBAHHOU, MO eCMb CYMMA 8CeX ee IJIeMEeHMOo8 He pagHa eOuHuye.

IIpedocmasnsemcs  aneopumm — 2apMOHU3AYUU — NAPAMEMPUYECKOLL
MPEXPASMEPHOU KOMNOMAMPULBI.

IIpedocmasnsemcs nociedosamenbHOCMb Onepayull 8 KOMNOMAmpui4Hou
Gdopme nO NONYYEHUIO KOMROMAMPUYU MPEXPAZMepHOU Ol  00bEeMHOL
2eomempuieckot gueypvl Npou3801bHOU hopMbl.

Knrouegvie cnosa: mpéxpazmepnas xomnomampuya, KOMHOZUYUOHHASA
MoOellb, 2apMOHUZUPOBAHHBIN MOYEUHbI HOTUHOM, 2e0MempuyecKull cnocoo
unmepnoaayuu, 0Oa3UcCHoe COCMOosIHUe, B6UObl KOMNOMAMpuy, 0003HAYeHUs
KomMnomampuy, KOMNOMampuyol moueynvie, KOMROMampuy vl
napamempuyiecxkue, KOMRLOMAmMpuybl KOOPOUHAMHDbLE.
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