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Summary.The compatible work is considered and the obtained results of the known algorithms
generating unobstructed trajectories of different length and smoothness are investigated. Their operation is
performed within the framework of the developed software product LSTr. The use of the analyzed set of these
algorithms on the set of considered sections of the generated trajectories according to the obtained results allows
a differentiated approach to the use of different algorithms on different sections of trajectories, determined by the
accepted criteria of length and / or smoothness. The scientific novelty of the work and its practical significance in
this area of research are determined.
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Statement of the problem. Nowadays, when industrial robotics is intensively
developing [1], the essential role is played by the tasks of optimization of various indicators
design/synthesis of robotic mechanical assembly technologies (RMAT) implemented in
flexible production cells (FPC) and in other technological structures of flexible production
systems. Trajectory problems, which are unsolvable without planning the movements PM in
FPC and choosing the optimal ones according to pre-selected criterion/criteria, are of particular
importance.

To implement the planning tasks, the PM control should to be able to construct a quasi-
optimal trajectory (ideally optimal) according to the previously accepted criterion and free from
collisions (collisions) with other FPC elements (so-called collision-free trajectory).
Construction of unobstructed, close to the optimal is necessary to minimize time and energy
costs by reducing the desired length and speed of displacement, especially the grip (Gr) of PM,
which in turn is determined by the corresponding displacements of the manipulation system
(MS) PM.

Analysis of available research. The problem of finding the shortest path and other
parameters of trajectories that bypass obstacles in a given state space is not new and includes
many algorithms for its solution.

To solve effectively the problems considered here, a mobile mechatronic device (MMD)
is regarded as a kind of Gr PM analogue with or without an object of manipulation (OM) fixed
in it, which is displaced by clearly defined reference points. And, knowing the laws of
displacement of this finite element of the MS PM, it can be stated that in the final stage, these
algorithms and the obtained data can be used for further solution of the inverse problems of
kinematics, i.e. by specific position of Gr PM with/without OM, that is a technological robotic
kit (TRK) [2], determination of the position occupied by the entire MS PM, not only in order
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to determine the intersections and collisions at the level of the finite element, but also at the
level of all parts of MS PM.

Today there are many algorithms for planning unobstructed trajectories, the most
common of which are the following: KPIECE (Kinodynamic Motion Planning by Interior-
Exterior Cell Exploration) [3]; Bi-directional KPIECE [4]; Lazy Bi-directional KPIECE [4];
PRM (Probabilistic Roadmap Method) [5-7]; SBL (A Single-Query Bi-Directional
Probabilistic Roadmap Planner with Lazy Collision Checking) [6, 7], RRT (Rapidly Exploring
Random Tree) [8]; RRT Connect [8, 9];Lazy RRT [10]; EST (Expansive Space Trees) [11].

Semantic analysis of certain algorithms indicates the following. These algorithms
examine the state space, starting from the initial configuration g;,;; (in this case, the trajectory
component of the displacement) and until they reach the final configuration g 4,4;. The of space
investigation is carried out through the propagation of trees, which is a graphical illustration of
the possible displacements of Gr, growing from the starting point to the end, while avoiding the
existing obstacles. In some of the above mentioned algorithms, two trees T;y,;; and T4 are
built simultaneously (in the forward direction, from the initial state g;,;;, and in the reverse
direction, i.e. from the target q,,4;, Stopping after the two trees are connected).

The collision test (collision, intersection) in each of these algorithms takes place at
different stages of their work, but the common is that in case of detection of an obstacle, the
segment containing it is removed, and after, the search process continues. In addition, these
algorithms are described mainly as those that operate in 2D space.

There is also a number of more recent investigations [12—20], which are devoted to the
problem of generating and / or investigationg the trajectories of industrial robots, mobile robots,
mechatronic devices, etc.

For example, in paper [12] only a certain rectilinear trajectory of an industrial robot
clamping device is considered. It is analyzed in five areas. At each area, the optimal orientation
of the clamping device is determined in order to ensure the continuity of the manipulation object
transportation using only the force of inertia and gravity. In this case the possibility of using
certain algorithms for certain trajectory areas is not analyzed. This indicates the inexpediency
of using such an approach to the investigation of trajectories in the context of the following
study.

The problems of trajectory planning in robotics are solved outlying in terms of the
content of the investigation materials on the example of studying the usefulness of ultra-
wideband sensor technologies (theultrawideband (UWB) sensortechnology) [13]. The signals
on the way of robots movement recorded here are the basis for generating trajectories of their
(robots) movement and achieving logistical goals. This approach “works” only for the known
set of predefined routes and is obligatory for the availability of information and hardware for
trajectories generation and therefore is not considered here.

In paper [14], the investigation confirmed the possibility of A * -algorithm use for off-
line programming of robot movements in the known environment. However, the set of analyzed
algorithms is not considered, which does not correspond to the purpose and essence of this
paper (see below).

Defining and comparing only two types of trajectories obtained by on-line and off-line
programming is the content of paper [15]. At the same time the estimation of the received
trajectories on their separate areas is not considered as areas by themselves are not regarded.
Therefore, the usefulness of the analysis of such trajectories is questionable in terms of the
content of problems considered here.

The trajectory generation of the mobile robot based on the data of infrared distance
sensors and the use of artificial neural networks is presented in paper [16]. Neither the set of
algorithms by which the obtained trajectories can be evaluated nor the trajectory sections where
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one of the algorithms can be effective are considered here. This makes this investigation not
really useful for this work.

In paper [17] the trajectory of mobile robots is generated on the basis of operating
positions map using ADAMS and MATHLAB programs. This is typical for the tasks of
positioning and planning of technological equipment (here it is working position). The use of
data according to [17] for the investigation of this paper is impossible due to different problem
statements, and hence different obtained results.

Paper [18] is devoted to the analysis of optimization methods providing energy-saving
trajectories of industrial robots and automatic systems, including mechatronic ones. But due to
the obvious informative and methodological value this work can not be used in the given
investigation, as it does not involve the use of algorithm sets that can be effective in different
areas of it, which are also not considered as areas by themselves.

Kinematic redundancy as a tool for designing energy-saving trajectories is studied in
paper [19]. The trajectory of the robotic cell components is spline interpolation by solving the
inverse dynamics problem, making it possible to improve the speed and energy criteria. But
neither smoothing the trajectory nor dividing it into technologically significant areas are
considered. This makes it impossible to use this approach for the below mentioned tasks.

The content of paper [20] consists in the proposed smooth and time-optimal method of
planning the S-curve by means of continuous path differentiation at the limits set for the robot
and other machines in terms of speeds, accelerations, etc. The impossibility of this method
application for the following tasks is determined both by the absence of many similar methods
that can generate the appropriate trajectories, and the impossibility of their (methods)
application in certain areas of each possible trajectories.

Papers [12—20] are common due to the obvious content and methodological importance
of the tasks considered in them, as well as the lack of their software, which allows their direct
implementation. This in general makes it impossible to use them for solving the below
mentioned problems of this investigation.

Undoubtedly, their use (papers [12-20]) for the investigations given below is
fundamentally possible. But this requires significantly large intellectual and time-consuming
resources in terms of software development for their operation.

Therefore, taking into account the above mentioned, the content of the following
investigation is based on algorithms [3—-11].

Objective of the investigation is to increase the validity of technological decisions
made in the automated synthesis of RMAT at the stage of solving trajectory problems,
represented by the movement of mobile mechatronic devices (MMD) in 3D space by generating
trajectories that are effective in terms of their length and/or smoothness.

Statement of the task is to highlight the results of the joint (integrated) use of the above
mentioned algorithms, minimizing in certain areas the length and/or smoothness of the
implemented trajectories of MMD as a certain analogue of the TRC moving in the pre-generated
scene, which in turn is analogous to the analyzed FPC with its design and planning
characteristics and parameters. This makes it possible further to solve the direct and inverse
problems of kinematics, and hence the corresponding problems of dynamics, which are
obligatory components of the synthesis of PMAT in FPC.

Presentation of basic material. For the successful implementation of the MMT
trajectory planning process, information support (IS) is proposed, the structure of which is
presented in Figurel.

The input information is conventionally divided into constant, variable and
conventionally variable.

Constant information contains the basic information on the analyzed algorithms of
planning of unobstructed trajectories. Sources of constant information are resources with the
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content and essence of algorithms, as well as their software implementation, which is freely
available (OMPL library).

Variable information contains data on:

- ascene, which is a certain form of limited 3D-space with existing obstacles;

- final and initial coordinates of the object of manipulation (OM), shape and geometric
dimensions of OM;

- final and initial coordinates of the MMD, its shape and geometric dimensions.

The sources of variable information are the technical task that must be implemented to
achieve this goal.

Depending on the task, MMD can also refer to conventionally variable information. This
is possible in case when different OM are used in one MMP.

The sources of conventionally variable information are specific production conditions
in which the relevant trajectories are analyzed/designed.

The result of displacement of MMD along the found trajectories in solving the problem
is the choice of the optimal ones according to the previously accepted criteria of smoothness S
or length L on 3 sections of the scene (see below).

The main requirements that have to be ensured are smooth (collision-free) displacement
of MMD on the shortest trajectory, as well as its continuity and evenness.

The formal statement of the solved problems involves determining the proposed
system of criteria that logically follow from the semantic essence of the analyzed algorithms
Ay, ..., Ao.

In this regard, the criteria used below are as follows:

- local:

othe minimum length min LA].of local trajectories of MMD displacement in sections

1-2, 2-3 and 3-1, each of which is provided by the corresponding Ajalgorithm from their
final analyzed set 4 = (4;|j = 1,9):

Fio(z) =minly,i=T3ze(1-2 2-3  3-1)j=19 1)

where Ai-algorithm KPIECE; A.-algorithm Bi directionalKPIECE; A4z-algorithm LazyBi
directionalKPIECE; 4s-algorithm PRM; As-algorithm SBL; As-algorithm RRT; 47-algorithm
Lazy RRT; As-algorithm RRT Connect; Ag-algorithm EST; z; — 1-st segment; z,— 2-nd
segment; z; — 3-rd segment of the trajectory(about these segments, see further);

> the least smoothness of working off the local trajectories of MMD displacement on
segmentsl-2, 2-3 and 3-1:

Fg, (z) =minS,,i=13z€ (-2, 2-3  3-1;=19 8 €l01] (2

where A4, ..., Aqarethe above trajectory planning algorithms; z,, z,, z; — the first (1-2), the
second (2-3) and the third (3—1) sections of trajectories, respectively;

- global:

o the total minimum length of the MMD displacement, taking into account the
minimum length of MMD displacement in each of the sections 1-2, 2—3 and 3-1 according
to one of the analyzed algorithms:

FLmin = min LA]'(l—Z) + min LA]'(Z—3) + min LA]'(3—1)F (3)
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whereLAj(l_z) — the length of the trajectory on the section 1-2; LAj(2_3) — the length of the
trajectory on the section 2-3; Lajz-1) — the length of the trajectory on the section 3-1.
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Figure 1. The structure of the proposed information support

It is appropriate to emphasize that the global criterion for the smoothness of the
trajectories Fgis subject to additional and more detailed study, which is not considered here and
in such a statement, but is calculated by the content of each algorithm. The same can be said
for the combined criterion F;g, which comprehensively takes into account the lengths and
smoothness of trajectories, i.e. local criteria FLA]_andFSA]_.

Below is a description of the developed software product (SP) LSTr and the results of
solving one of the test examples of its (SP) operation. For software implementation of the
content of the tasks the C ++ programming language is chosen with the use of:

- graphic libraryOpenGL (OpenGraphics Library);

- QT, which is a cross-platform software development toolkit and includes all the basic
classes required in the development of graphical interface elements;

- OMPL (Open Motion Planning Library) libraries for constructing the trajectories
themselves;
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- Assimp (Open Asset Import Library) libraries to work with 3D-models;

- SketchUpsoftware to create scene 3D-models.

Figure 2 shows a simplified block diagram of the operation of the developed LSTr software,
which demonstrates the relationship of different application software packages for planning a smooth
(collision-free) trajectory of the MMD displacement.

Bloc input data
Creating a program configuration file with
a description of the task, three-dimensional
scene, MMD and OM

vi text editor

1
SketchUp The block of formation of a three-dimensional scene
reating a scene, MMD, OM
in the program = Export to format
SketchUp .dae

Block of trajectory construction according to algorithms A1,
..., A9 and selection of optimal ones according to previously
accepted criteria: length (L) - global and local criteria and
smoothness (S) is a local criterion

Assimp

Running the Download the sceagvr\;nol(d):?silsjin
software F——1 configuration . N 9 m
. file the library Assimp H
=3
Import 3D A f
scenpe model | [  Solvethe Se'“flg,—lffoﬂ'fs'ma'
to library | problemwithd == ,ccoingtothe [
OMPL algorithms accepted criterion H

ﬂ Graphical display
of results

U

Results

Figure 2. The simplified structural scheme of operation of the developed software LSTr

In general, the work of the developed LSTr software consists of 4 unequal stages in terms of
calculated resources: 1 —formation of the corresponding configuration files; 2 — choosing of trajectory
selection criteria; 3— launching of the analyzed set of algorithms A7, ..., A9; 4 — obtaining results, their
analysis and visualization. This is obvious from Figure 2. In this case, any number of algorithms are
used to build a trajectory of the user's choice. The obtained results are compared and a decision is
made on their (obtained decisions) optimality.

Figure 3 presents the components of the information field developed by LSTr SP. According
to Figure 3, the problem is divided into three parts, the solution of which is performed in the following
sections:

- 1-st section — displacement of MMDfrom the startinglnitial positiontoOM (Take
object of manupulation) (section 1-2);
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- 2-nd section — MMDwith OM displaces to the aimGOAL, where leaves OM
(section 2-3);

- 3-rd section — ‘empty’, i.e. without OM in Gr, when MMD returns to the initial
position (section 3—-1) Initial position.

take
Object of
manipulating

Initial position

1097 ,95 /

410,62 f 0.00239499

LBKPIECE
) PRM
SBL
RRT Con.

RRT
) Lazy RRT
EST

Figure 3. The information field of the developed software LSTr

The specified information field with the selected sections 1-2, 2-3 and 3-1
functionally corresponds to the work of the PR during the technological loading / unloading
of a certain working position of the mechanical assembly FPC by the corresponding object of
manipulation.

In Figure 3, the red buttons indicate the activated appropriate algorithms, which are
randomly selected by the user to analize the results. The latter are represented on the green
field, where the first of them reproduces the obtained length L of the trajectory, and through
the symbol "/" — thedigital value of the smoothness S of the trajectory. In fact, by activating
the appropriate buttons, the user can select any number of them and then select one or another
algorithm for the final calculation of the relevant parameters.

To solve the test problems, a finite set of scenes was created, which includes the state
space (similar to the structural components of FPC, which are interconnected by certain
coordinates of placement in the coordinate system of PR and technological sequence of PR
operations) and parameters of obstacles (design and geometric features of each working
position FPC), MMD and OM, the initial and final purpose of MMD, i.e. the initial and final
coordinates of the points of movement of MMD.

Figures 4-8 show the results of solving one of the test problems in the form of
screenshots of the operation of the developed software LSTr, which corresponds to one of the
constructed scenes from their generated finite set.

According to Figure 4 (length criterion L, its values are presented in conventional units
of length), where the activated algorithms are randomly selected by the user:
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« in the 1st section (1-2) the best result was provided by the SBL algorithm with the
value L1min = 336,810; Limin = 336,810;

« in the 2nd section (2-3) the best result was given by the EST algorithm with the value
Lomin = 710,749;

« in the 3rd section (3-1) the best result was tested by the EST algorithm with the value
Lamin = 306,724.

1->2 2->3 3->1

) KPIECE

") BKPIECE

) LBKPIECE
) ( ) PRM
® 7) SBL

B ) RRT Con.
) RRT

2 ) Lazy RRT

O] @ EsT

@ [Lengthl () Smoothness

Coordinates Rotations angles

1 2 3
X |39.00 349.99 70.000
Y | 1s0.00 53.000 90.000

Z | -3500 -70.00 -3100

) Show solution

) Show trajectory

Figure 4. The result of the analyzed algorithms on the analyzed scene by the criterion of length L

According to Figure 5 (smoothness criterion S, its values are presented in conventional
units of measurement of the smoothness for the trajectories provided by the corresponding
analyzed algorithms A1, ..., A9):

o on the 1st section (1-2) the best result was provided by the KPIECE algorithm with
the value 3raueEHAMS1min=0,00614645;

o in the 2nd section (2-3) the best result was given by the Lazy RRT algorithm with the
value Samin=0,00712410;

o in the 3rd section (3-1) the best result was shown by the EST algorithm with the value
Samin=0,015405091.

Graphical representation of the obtained trajectories by the criteria of length L and
smoothness S are shown in Figure 6 and Figure 7, respectively.

The general results of the calculated criteria for trajectories implemented by algorithms
Al, ..., A9 according to the accepted criteria of length L (Solution length) and smoothness
S (Solution smoothness), are shown in Figure 8. Optimal results are determined on the set of
sections 1-2, 2-3 and 3-1. Thus, in section 1-2 the shortest path length is provided by the SBL
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algorithm  (L1min=336,810 units), in sections 2-3 (Lomin=710,749units) and in

(Lamin=306,724units) — by the EST algorithm.

<
g ¢
8
4
g

") Show solution

_) KPIECE
) BKPIECE
) LBKPIECE
) PRM
() SBL
) RRT Con.
O RRT

() Show trajectory

Lazy RRT
EST

) Length @ (Smoothness

Coordinates Rotations angles

-310.0

Figure 5. The result of the analyzed algorithms on the analyzed scene by the criterion of smoothness S

() Show solution

@ Show trajectory

Figure 6. The graphical representation of the trajectory according to Figure 4

1->2 2->3 3->1
D) KPIECE
) BKPIECE
) LBKPIECE
O @) ) PRM
@ O D) SBL
O O ) RRT Con.
= —~ S RRT
B @) () Lazy RRT
@® ® EsT
@ Length () Smoothness
Coordinates Rotations angles
1 2 3
XJ| 35900 349.95 70.000
Y | 1s0.00 53.000 90.000
Z | -3500 70.00 -310.0

3-1

72 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 2 (102), 2021https://doi.org/10.33108/visnyk_tntu2021.02


https://doi.org/10.33108/visnyk_tntu2021.0

Valerii Kyrylovych, Petro Melnychuk, Lubomir Dimitrov, llona Kryzanivska

@® : ) KPIECE
¢ - ) BKPIECE
) LBKPIECE
_) PRM
O SBL
) RRT Con.
O RRT
@® ) Lazy RRT
8 ® EST

) Length @ [Smoothness

Coordinates Rotation angles
1 2 3

X |ozor1 0.5000 o0.7071

Y | o000 -0.500 0.0000

Z | -or07 -0.500 -0.707

) Show solution

@® Show trajectory

Figure 7. The graphical representation of the trajectory according to Figure 5

The general results of the calculated criteria for trajectories implemented according
to algorithms A/,..., 49 due to the accepted criteria of length L (Solution length) and
smoothness S (Solution smoothness), are shown in Figure 8. Optimal results are determined
on the set of sections 1-2, 2-3 and 3-1. Thus, in section 1-2 the shortest path length is provided
by the SBL algorithm (Limin = 336,810 units), in sections 2—3 (Lamin = 710,749 units) and 3-1
(Lamin = 306,724 units) — the EST algorithm.

Similarly, conclusions can be drawn for the criterion of smoothness of the trajectory,
for which activate the Smoothness button. In this case (see Figure 8), in section 1-2 it is
advisable to use the algorithm KRITCE (S1min=0,00614645), in sections 2—3 (Szmin=0,00712410)
and 3-2 (S3min=0,00015978) — the algorithm Lazy RRT.

Solutions length: 152 253  3->1
KPIECE 348.298 785.637 386.727
BKPIECE 991.212 927.692  310.566 KPIECE
LBKPIECE 1105.07 999.944 309.764
PRM 380.023 773.353 353.567 e
SBL 336.81  781.414  343.405 Seobides
RRT Con  397.695 827.576  320.301 PRM
RRT 362.783 927.614 319.066 @® SBL
Lazy RRT 353.775 859.333 326.161 RRT Con.
EST 351.373 710.749 306.724 RRT
Lazy RRT
@® @ EsT

Solutions smoothness:
KPIECE 0.00614645 0.81684403 0.00035364 @ Length soothress
BKPIECE 0.00649233 0.57762842 0.00061215
LBKPIECE 0.01556398 0.33841250 0.00134936
PRM 0.01087982 0.06572647 0.00584544
SBL 0.03920195 0.01541525 0.00114600 Coordinates Rotations angles
RRT Con  0.02972639 0.00798675 0.00136550
RRT 0.02104365 0.04835968 0.00076772 1 2 3
Lazy RRT 0.01041575 0.00712410 0.00015978 *. 5| o 34999 70.000
EST 0.02201124 0.12016734 0.01540509 Y | 15000 53.000 30.000

Z | -3s00 70,00 3100

@ Show solution
Show trajectory

Figure 8. The general results of LSTr software operation according to algorithms A1—A4q
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Conclusions. As follows from the above mentioned, the developed software LSTr
allows automatic solving the problem of planning the smooth (collision-free) movement of
MMD with OM and/or without it within the pre-formed scenes. Different values of the criteria
of length and/or smoothness allow the combined use of different algorithms on different
sections of trajectories.

In general, the content of the material presented in this research indicates its
scientific novelty, which can be formulated as follows: further developed an approach
to planning optimal trajectories on the criteria of length and / or smoothness, based on
the use of primary existing algorithms for collision-free movement of moving objects
in the form of MMD taking into account the simulated scene, structural and geometrical
parameters of MMD and OM, the work of which involves determining the local criteria of
length and smoothness and allows to further solve the direct and inverse problems of
Kinematics.

The performed developments and the obtained results are considered as a
practical basis for further creating the approach to planning the trajectories of PM and/or
MMD with solving direct and inverse problems of kinematics, and further direct and inverse

problems of dynamics, which are the basis for developing control laws ofMS PM, and hence
its Gr.
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ABTOMATU30BAHE ILTAHYBAHHS OIITUMAJIbBHUX
TPAEKTOPINA NEPEMIIIEHHSI MOBLUIbHUX MEXATPOHHUX
MMPUCTPOIB

Baaepiii Kupuinosuu®; Ilerpo Meabuuuyk®; Jro6omup JdimiTtpos?;
Liona Kpuxkaniscbkal

Uleporcasnuii ynisepcumem «JKumomupcoka nonimexmixay,
AKumomup, Yrpaina
2Texniunuii ynieepcumem-Cogis, Coghisi, Pecnybnixa Boneapis

Pe3rome. Bucgimneno pezyiomamu cyMICHO20 (KOMIIEKCHO20) BUKOPUCTAHHS 3a2aNbHO00CMYNHUX MA
HAUOIIbWL GIOOMUX ANCOPUMMIB, WO MIHIMIZYIOMb 008ICUHY MA/AO0 21a0KiCMb peanizo8aHux mpacKmopii
nepemiujenHs mMexamporHHo2o mobinbHozo npucmporo (MMII) ax neenoeo ananoza mexHono2iuHoi pobomu
308aH020 KOMNIeKmMy. AHANI308aHI aneopummu ma ix NPoepamHa peanizayisi 3HaxX00Umscs y GLIbHOMY OOCHIYAL.
3anpononosano cmpykmypy iHopmayiiinoco 3abe3neuenHs, wo nepedbavae aemMoOMAamu308aHy CYMICHY
peanizayito aneopummis. Pesynomamu nepemiwenns MMII 3a 3unaiioenumu mpaekmopiamu 6i0meopeni
Ha 3-0X MEXHONO02IYHO ZHAUYWUX ii (Mpackmopii) OiNAHKAX 3 YPAXy8aHHAM aHani308anoi cyenu. OCHOBHUMU
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suMozamu, KL NpU yobomy 3abe3neuyiomocs, € besnepewkooHicme (Oe3Koniziinicms), Oe3po3pusHicms ma
naaenicme. [ nioguujerHs NpoOyKmMuGHOCMI ma aemomamu308anol peanizayii aHaniz308aHux aieopummis
moeorw npoepamysanna C++ pospobaeno npoepammuuti npooykm (I1I1) LSTr. [na iioco nosnoyinHoz2o
@yurkyionysannsn euxopucmano 2pagiuny 6ioriomexy Open GL (Open Graphics Library), kpoc-niamgopmosuii
incmpymenmapiu QT, 6ioniomexy OMPL (Open Motion Planning Library), 6i6riomexy Assimp (Open Asset
Import Library) ma npoepamy Sketch Up. Ilpedcmaeneno cmpykmyphny cxemy (pynKyionysanus po3pooneno2o
HIT LSTr, wo Oemoucmpye 63a€M038 30K 6KA3AHUX NPUKIAOHUX nakemis npozpamyséanHs. Pospobneno
inpopmayitine none 3 6uOiIeHUMU OLISHKAMU, WO QYHKYIOHANbHO € MEXHONI02IYHO 3Hauywumu npu pobomi I1P.
na po3e’a3yeanus mecmosux 3a0a4 CmeopeHo KiHye8y MHONCUHY CYUEH, KOJCHA 3 AKUX PO327A0d€MbCs 5K
ananoz neenoi I'BK 3 ii KOHCmMpyKmueHo-niany8aioHumMu xapaxmepucmukamu ma napamempamu. Koowcna
cyena exnoyae @ cebe npocmip cmany ma napamvempu nepewkod, MMII ma OM, nouamxosi ma xinyesi
Koopounamu mouox nepemiwenus MMII. Poboma IIII LSTr npointocmposana 0ns oouici i3 cyen. Ilpu ypomy
0121 n0b6Y008U MPAEKMOPIL 3a 8UOOPOM KOPUCYBAYA BUKOPUCIOBYEMbCA 0)0b-AKA KiIbKICMb ANCOPUMMIE.
Ompumani pe3yromamu npedCmagisiombCs KiIbKICHUMU 3HAYEHHAMU 008ICUHU Ma/abo 2nadKocmi, a maKolc
sizyanizayicio mpaexkmopii. Ilicis ix (pesyrbmamis) cnigcmagienHs NPUMAEMbCSA PIUEHHsT Wo0o ix
ONMUMATLHOCMI HA MHOJCUH I3 32A0aHUX 8uuje OLIAHOK. Bukopucmanna ananizo8anoi MHOMCUHU BKA3AHUX
aneopummie Ha MHOXNCUH I pO32NAHYMUX OINAHOK Ma 32€HEePOSAHUX HA HUX MPAEKMOPIU 3a OMPUMAHUMU
pe3yibmamamu 003601€ OUPEPEeHYIio8anHo NIOXOOUMU 00 SUKOPUCMAHHS PI3HUX AN2OPUMMIE HA PIZHUX
Oinsinkax mpaexkmopin. Busuaueno naykogy nogusny pobomu ma ii npakmuuyHe 3HAYEHHs 0N BUSHAYEHUX
nOOANLUIUX O0CNI0NHCEHD.

Knrwouoei cnoea: ancopumm, mpackmopis, onmumizayis, MOOINbHUL MeXAmMpOHHUL HPUCMPIL,
008IICUHA, 2NAOKICMNb.
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