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Abstract. Problem. The development of automotive technology for various purposes and the
improvement of existing car models, requires a fast and flexible design process. Spatial models of details
and nodes are the starting points for design, and the necessary design documentation is performed on
their basis. When manufacturing parts on CNC machines, it is necessary to quickly obtain a control
program that will increase the accuracy of the product by ensuring the optimal trajectory of the mutual
movement of the part and the tool. Therefore, the creation of a comprehensive methodology for the
design of car parts, their basic inspection and obtaining design documentation is an important technical
task. Goal. The main goal of the work is to determine the rational sequence and basic principles of
computer-aided design, research and manufacturing of car and engine parts, and the development of
mathematical spatial models of surfaces in order to optimize control programs for CNC machines.
Methodology. The approaches adopted in the work for solving the set goal are based on general design
principles. The methods of conducting static and dynamic calculations, as well as spatial mathematical
modeling of the processes of manufacturing parts were also used. Results. A comprehensive
methodology for designing parts of engines and cars has been developed. The main principles of
creating spatial models have been determined in order to achieve their flexibility and simple editing.
Methods of automating the development of drawings and design documentation are described. The
software options for the primary verification of static strength and frequency analysis are considered.
A calculation program has been developed for constructing transient and amplitude-phase-frequency
characteristics. The mathematical spatial modeling of typical surfaces of the camshaft is provided with
the aim of further research and optimization of the development of a control program for processing on
a CNC machine tool. Originality. The defined basic principles of designing parts of engines and cars
provide an opportunity to create a flexible spatial model and more fully automate the process of drawing
up technical documentation. The developed mathematical spatial models of the supporting and working
surfaces of the camshaft make it possible to write a control program with the determination of the
optimal trajectory of the mutual movement of the part and the tool. Practical value. The obtained results
can be recommended when designing car parts and assemblies.

Key words: computer simulation, mathematical modeling, spatial model, car, engine, software research,
software analysis.

Introduction

The development of automotive technology for
various purposes, as well as the improvement of
existing car models, requires a fast and flexible
design process. Currently, the creation of parts
and cars as a whole is carried out in design
software products. At the same time, spatial
models of parts and nodes are the starting point,
and the necessary design documentation is
performed on their basis. When improving a
certain node, it is necessary to be able to quickly

make changes to existing models. Thus, all
elements must be created with flexibility and ease
of editing in mind, which will be clearly reflected
in the structure of the part file. In addition, it is
desirable to have a toolkit and a defined sequence
of initial inspection of parts for strength and other
parameters. Also, when manufacturing parts on
CNC machines, it is necessary to quickly obtain
a control program that will ensure an increase in
the accuracy of the product by ensuring the
optimal trajectory of the mutual movement of the
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part and the tool. Therefore, the creation of a
comprehensive methodology for the design of car
parts, their basic inspection and obtaining design
documentation is an important technical task.

Analysis of publications

Currently, in engineering, and in particular in the
automotive industry, considerable attention is
paid to computer-aided design methods of parts
and assemblies. In work [1], general information
on the features of engineering drawing and
design is collected. The typical standards
according to which technical documentation is
drawn up are considered.

The paper [2] proposes ways of using modern
computer support for the purpose of designing
and modernizing various structures. Features of
parametric modeling of internal combustion
engines and features of design calculations in the
Delcam PowerSHAPE system are considered in
[3, 4]. In work [5], the main attention is paid to
the description of the general principles of
designing various engineering equipment. The
features of using various CAD/CAE/CAM tools
to solve applied problems are explained. In the
works [6, 7] the basic concepts of design are
expanded, product design modeling and the
creation of integrated engineering systems are
considered, and digital design technologies are
considered.

Modern application software packages
provide not only spatial modeling, but also basic
engineering calculations. In [8, 9], the use of
computer modeling for the purpose of
researching the operation of equipment [8] and
the parameters of system elements [9] is
considered.

One of the most common methods of
analyzing system operation is based on the use of
the finite element method [10]. The work defines

the basic theoretical provisions necessary for
engineering analysis, as well as the toolkit of
packages that provide research using this method.
Practical recommendations for engineering
analysis in the ANSY'S system are given in [11].
In work [12], the method of performing
frequency analysis in the SolidWorks system is
given. Artificial intelligence systems, which are
also used to optimize road transport parameters,
are becoming widely used [13].

Methods of mathematical spatial modeling
of various work surfaces and their
processing processes also deserve considerable
attention [14, 15].

Purpose and formulation of the task

The main goal of the work is to determine the
rational sequence and basic principles of
computer-aided design, research and
manufacturing of car and engine parts.

To achieve this goal, it is necessary to note the
main requirements for creating spatial models of
parts and the features of software research of their
properties. Determine the conditions for creating
flexible parametric models. Specify ways to
automate  the  creation of  technical
documentation. To carry out mathematical spatial
modeling of the surfaces of the part in order to
optimize control programs for CNC machines.

Spatial modeling of car and engine details

The object of research is the process of designing
parts and assemblies of road transport. For
example, consider the process of modeling the
camshaft of the D-240 engine, the approximate
drawing of which is shown in Figure 1. All
constructions will be carried out in the
SolidWorks software package.
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Fig. 1. Camshaft of the D-240 engine

The design of parts of car assemblies in
modern mechanical engineering begins with
spatial modeling. At the same time, it is important
to create a flexible parametric model. This will
enable quick editing when changing key

dimensions and basic geometry. Also, the correct
creation of a spatial model will facilitate
obtaining a drawing with maximum automation
of this process. In addition, it will be possible to
receive a control drawing for editing the model.
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When modeling all elements of cars, the
following principles should be observed:

— bodies of rotation must be created with the
help of the command "turned bosses";

— sketches must be defined by entering the
minimum necessary number of dimensions and
relationships between body elements;

— when defining sketches, preference should
be given to relationships, not dimensions;

— it IS necessary to maintain the connection
between successive  sketches, by using
relationships, the command "transform objects"
and equations;

— the construction tree must contain the
minimum necessary number of elements.

In addition, when creating complex parts with
typical elements, as well as in the case of the
layout of assembly nodes, it is advisable to create
additional folders for the purpose of structuring
and readability of the model tree. By following
these principles, the model will be easy for any
engineer to read and will respond correctly to
changes.

Thus, the construction of the selected
camshaft (Fig. 1), taking into account the above
principles, will begin with the creation of a basic
sketch (Fig. 2, a) and the application of the
rotation operation (Fig. 2, b). Creating steps with
a diameter of 35 mm determines the position of
the cams on the camshaft and sets their minimum
diameter. The use of collinearity and equality
relationships makes it possible to simultaneously
change the parameters of the base circles of the
cams.
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Fig. 2. Basic operation of creating a camshaft
model: a) — sketch of the operation;

b) — result of execution
The profile of the cam is determined only for
the first of them (Fig. 3, a), for all the following

ones (Fig. 3, b), equations in the SolidWorks
system are used (Fig. 3, ¢), which also makes it
possible to simultaneously change the profile of
all cams at the same time . When determining the
dimensions of elements in the system, it is
possible to mark auxiliary ones that do not need
to be shown on the drawing.

Equations, Global Variables, and Dimensions

Name Value / Equation

Evaluates to

—lGlobal Variables

BFenurs

=

[
"D1 @Sketch3® = "D1@Sketch2’ 7.5mm
"D2@Sketch3® = "D2@Sketch2’ 100mm
"D1 @Sketchd” = "D1@Sketch2’ 7.5mm
"D2@Sketchd” = "D2@Sketch2’ 100mm
"D1 @Sketchs® = "D1@Sketch2’ 7.5mm
"D2@Sketchs" = "D2@Sketch2" 100mm

Automatic soh

[] Automatically rebuild Angular equation units:  Degrees

[vink to external file:

c)

Fig. 3. Construction of cam profiles: a) — sketch
for the first cam; b) — sketch for the
following cams; ¢) — an equation in the
SolidWorks system

The central holes of the shaft are obtained
using a library of typical elements, which
significantly speeds up the selection of
parameters and further editing. Small elements
such as chamfers and round-ups are created using
appropriate commands, while all elements of the
same size must be selected in one command
(See, Fig. 4).

Fig. 4. Spatial model of the camshaft
Creating a drawing and marking the necessary
dimensions in the SolidWorks system is carried
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out in a semi-automatic mode. Moreover, in order
to display the control dimensions on the drawing
(Fig. 5), when creating the model types, it is
necessary to check the Import annotations option

compatible with the Desing annotations
command.
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Fig. 5. Automatic creation of a camshaft drawing
with the insertion of control dimensions

Similar requirements for creating spatial
models are also relevant for other parts of cars
and engines. It is also important in 3D modeling
to determine the properties of elements and the
document in general. For the correct calculation
of mass and inertia characteristics, it is necessary
to choose the type and brand of material. For the
purpose of automatic filling of technical
documentation, including the main inscription on
the drawing, specifications and other documents,
additional properties are also determined, for
example, accuracy, roughness, description of the
part, etc.

Basic model robustness check

At the design stage, it is necessary to conduct
preliminary verification calculations. Modern
software products offer a number of solutions.
The most common is the static analysis of
structures and elements. In addition, various
dynamic, thermal, hydraulic and other studies are
available. Of course, computer analysis cannot
fully replace field tests, which remain mandatory
for responsible parts, but allow to identify
problem areas of parts and assemblies as a whole
even at the design stage. Also, according to the
results of the static analysis, optimization of the
design of the part is carried out in order to
rationally use the material and reduce the weight
of the product. Most of these studies are also
relevant for the automotive industry.

The initial information for the static
calculation is the spatial model of the part. At the

same time, it is mandatory to determine the
material, conditions of fastening and load. The
accuracy of the calculation is determined by the
size of the mesh of finite elements (Fig. 6). As the
grid size decreases, the accuracy of calculations
increases, but the calculation time also increases,
so excessive grid reduction is not rational.

Fig. 6. Grid of finite elements of the camshaft

The SolidWorks Simulation system provides
automatic determination of various types of load,
including constant acting force, torque,
distributed load, etc. In addition, different modes
of determining the supporting elements and the
method of their fixation are available.

During operation, the camshaft is fixed on the
bearings installed on the support necks. The
camshaft receives the torque from the timing belt
and drives the intake and exhaust valves,
depending on the function determined by the
shape of the cams. These parameters determine
the nature of fastening and loading of this part.

In the initial calculation, reducing the grid of
finite elements is not advisable (Fig. 7), and it is
built in automatic mode, it gives a satisfactory
result.

As a result of the static calculation, it is
possible to obtain a map of the stress distribution
in the parts, a map of the movements of
individual elements (Fig. 7). Moreover, to
determine the coefficients of the safety margin
and identify the most loaded areas.

Fig. 7. Map of camshaft movements
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It is also possible to optimize the model in
automatic mode. At the same time, the program
offers to change certain dimensions of the part,
taking into account the user's settings.

Frequency analysis and determination of
dynamic characteristics

The camshaft works in rather difficult operating
conditions and perceives variable dynamic loads.
At the same time, it is also important to know
one's own oscillation frequencies to prevent
operation in a resonant mode. That is, for this
type of details, it is relevant to conduct a dynamic
study, in particular, a frequency analysis.

Frequency analysis in SolidWorks Simulation
is also based on the spatial model of the shaft. At
the same time, the influence of the size and
configuration of the mesh of finite elements is
similar to the static calculation (See, Fig. 6).
Determination of natural frequencies of the shaft
is carried out for the unloaded model, but with the
specified method for fixing the part.

As a result of the frequency analysis, it is
possible to obtain the values of the natural
frequencies of oscillations of the part (Table 1),
as well as the corresponding forms of oscillations
(See, Fig. 8).

Table 1. Natural frequencies of camshaft oscillations

Own
frequency rad/s Hertz Seconds
number

1 182,25 29,005 0,034476
2 11927 | 18983 0,00052678
3 14283 | 22732 0,00043991
4 14 319 2279 0,00043879
5 14 332 2281 0,00043841

Determination of transient and amplitude-phase-
frequency characteristics is carried out according to
the method given in [13]. In order to automate
calculations, a calculation program was created in the
Mathcad mathematical package. The initial data is
the number of sections and their dimensions,
including outer and inner diameters and length.

The equations of oscillations of the camshaft,
as well as other parts of the car and engine
assemblies, can be determined by differential
equations with constant coefficients. Thus, the
equation of motion of the oscillating system will
have the following form

m-y"+h-y'+c-y=F @

where m-y"” — inertia force; h-y" — damping
force; c-y —elastic strength.

b)
Fig. 8. Forms of natural oscillations: a — for the
2nd natural frequency; b — for the 3rd
natural frequency

In order to solve this equation, it is necessary
to introduce the notation

m:T{Ezg.g.T:T,l:Kcm’
c C o )
ot [m
where T - inertial time constant, s;

/ c i
@, =,|— =27 f, —circular natural frequency
m

of oscillations, ¢; f, — natural frequency of
oscillations of the system, Hz; T, —damping time

h
constant, s; & =—— - relative damping ratio;
Kpum
A=2-7-& — logarithmic decrement of
oscillation damping; K., — static characteristics
of the system, mm/N.
Considering equation (2), the function of the
oscillating system (1) can be written in the form

T2y +2-£T-y'+y=Ker -F (3)
Let us differentiate the equation by time

y-(T2~p2+2-§~T-p+l):KCT-F (@)
In this way, the equality of the transition
process will have the form

Automobile transport, Vol. 52, 2023



MexaHidyHa iHXeHepia

19

y=Kg -F-|1-22

o, e ot+
-e T -sin o,T (5)
W, arctg ?

In order to calculate the dynamic
characteristics of the camshaft, it is necessary to
calculate the coefficients contained in
equation (5).

As it is known, the transfer function of an
element or system can be defined as the ratio of
the original x,, coordinate to the input x

That will in operator form look as

6xi0 *

_Xswc_y(p)_ KCT
W(p)= “Fp) TIpie2.eT (6)

6xi0

In equality (6), we replace the differentiation

operator %z p for j-w@, which will allow to
determine the frequency transfer function

KCT ) (7)
1-T> 0*+j-26-T 0

W (aj) =

Also, equation (7) can be written in the form

W (o)) = Re(@) + - Im(@), ®)
where
Ker -0-T2-07)
R _ cT ,
() b0 f<@eTap O
Re(w) = Ker-(-T2-0?) 10)

-T2 0?f +(2.6.T-0f

Therefore, the dynamic compliance can be
determined

A(w) =vVRe?+1m? =

= — KCT " (11)
-T2 0 f 4 (26T o)
Phase angle
o(w) =arctg m =—arctg LTCZ . (12
Re 0]

Taking into account the general layout of the
selected camshaft, it can be conditionally divided

into 22 sections. Moreover, each section of the
shaft will be determined by its length, average
outer and inner diameters.

The mass of the plots is calculated according
to the following formulas

d2
Vizlioz = SV Zv,,

m,=p-V,-107,

(13)

where V, — the volume of the i-th plot, mm?; D,
, d; —average outer and inner diameters, mm; I,
— the length of the selected section, mm; p -

density of the material of the part, gr/mm?
m, — total weight of the camshaft, kg.

Similarly, for each of the sections, the
moment of inertia can be determined according
to the known formula

D*-d*
| =g —i 1 14
i e (14)
at the same time, the total moment of inertia of

the camshaft will be defined as the arithmetic
mean

li
= s

S R
|

On the basis of the described dependencies,
the general form of the transient characteristic
function (See, Fig. 9), amplitude-frequency
(See, Fig. 10), and amplitude-phase-frequency
characteristic of the camshaft (See, Fig. 11) was
obtained.

1541073

y(l) 1x10”

0 0 5 1 15 2

Fig. 9. Transient characteristics of the camshaft
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Fig. 10. Amplitude frequency characteristics of
the camsharft
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Fig. 11. Amplitude-phase-frequency
characteristics of the camshaft
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Thus, the sequential determination of natural
oscillation frequencies in the SolidWorks
Simulation system and frequency characteristics
in the Mathcad mathematical package makes it
possible to determine the conditions of steady
operation of the camshaft. The proposed method
can also be used for other parts of cars and
engines.

Mathematical modeling of camshaft surfaces

On the basis of the developed spatial model of
parts, the control code for their production on
CNC machines is automatically obtained. For
code generation, you can use SolidCam software
or other typical packages. At the same time, it is
necessary to import the model into the selected
application, determine the type of processing,
tools and, if necessary, adjust the cutting modes.
Existing software solutions are unified, and
therefore work perfectly when processing simple
parts. At the same time, in the case of milling or
grinding of parts with a complex shape, it is not
always possible to obtain rational relative
trajectories of the movement of the part and the
tool during processing. To optimize the cutting
process and improve the quality of the final
product, it is necessary to carry out spatial
mathematical modeling. The control code
obtained in this way will significantly improve
the parameters of the processed camshaft.

Cylindrical surfaces of support necks and
curved surfaces of cams deserve the greatest
attention when manufacturing camshafts. At the
same time, the accuracy of the manufacturing of
the support necks affects the correct location of
the part in the node and the absence of knocking
during the operation of the car engine. In
addition, the accuracy of the profile of the cams
is responsible for the correct cycle of the engine,
that is, the timely supply of the mixture and the
release of exhaust gases.

The final treatment of such surfaces is
grinding. This ensures not only high profile
accuracy, but also the necessary roughness of
working and support surfaces. In order to
optimize the control programs [15], it is advisable
to determine the trajectory of the tool movement
only taking into account the shape of the part,
while the center of the tool will move equidistant
to the profile of the surface being processed, and
its dimensions will not affect the structure of the
control program.

For the purpose of mathematical spatial
modeling of the supporting and working surfaces
of the camshaft, we will use the mathematical
apparatus of transformation of coordinate
matrices and known modules. In this way, the
support neck of the camshaft will be described by
a cylindrical module. Therefore, the equation of
its surface has the form

Cd

Osh12,Ysh

=MLY2)-M6(6;,) - M2(ys),  (19)

where z — the current coordinate along the
camshaft axis, mm; 6, — the current angle that

determines the point on the profile of the support
neck of the shaft, rad; y,, — the radius of the

support neck of the camshaft, mm; M1, M2, M6
— coordinate transformation matrices, and
matrices M1 and M2 determine the linear
movement along the x and y axes, respectively.
Moreover, the matrix M6 simulates the rotation
of the initial vector around the axis z.

A graphic display of the surface of the
camshaft support neck is shown in Figure 12.
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Fig. 12. Mathematical spatial model of the
support neck of the crankshaft
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When processing the profile of the cam with a
cylindrical tool, including a grinding wheel, its
profile is formed by rolling the cutting surface
(See, Fig. 13), while the surface of the cam is
tangent to the successive positions of the grinding
wheel.

Fig. 13. Formation of the cam profile by rolling

Therefore, when the center of the tool moves
with a radius R, along a curve that is equidistant

to the surface of the cam and is at a distance R,

from it, the profile of the part is determined by
successive instantaneous positions of the
grinding wheel.

The curvilinear profile line of the camshaft
cam can be conditionally divided into 6 sections
(See, Fig. 14, 15) with different radii and centers
of curvature. The trajectory of the tool, which
processes the profile of the part, relative to the
curved surface of the cam has the form of an
equidistant curve to its surface. At the same time,
in the 1st and 6th sections, where the radius of
curvature of the cam coincides with the center of
rotation of the camshaft, the current coordinate of
the center of the position of the equidistant curve
can be determined from the equations

CX(9)=L-sin( ).C,(6)=—Lcos(9),
0)=\/lc,(OF +[c,(0)f,

where C,(#), C,(6) - the coordinates of the

current equidistant points along the coordinate
axes depending on the angular parameter of the
camshaft cam ¢, mm; C(@) — the radius vector

of the current equidistant point in the polar
coordinate system, mm; L =r + R, — equidistant
radius for the cam section, mm; r —the radius of
the cam section, mm; R, — cutter radius, mm.

(20)

For areas of the cam, where the center of the
radial edge does not coincide with the center of
rotation of the camshaft, the position equidistant
to the profile is determined from the equality

X2 +L2—
R(@)z\/ o

~2:- X, - L-cos(y(8))

R,(0)=L-sin(y(9))
C,(0)=-Lcos(y(9))

(21)

where y(6) — the current angle of inclination of

the radius vector to the current equidistant point
(Fig. 14), rad.
General equidistant equation (Fig. 16)

R(6)=C1(6)-(1-d(0-0D)+
+C2(0)-(@(0-61) - D(0-02))+
+C3(0)-(@(6-62) - (0 - 63))-
)
)-

)-(@( )
+C4(6)- (00 - .93) D(0-064) 21)
)-(@( )

+
+C5(0)-(@(6 - 04) - D(6-65
+C6(6): @(9 65),

where 61, 82..65 — angles that determine the

position of the corresponding sections on the cam
profile of the camshaft, rad.

Figure 15 shows the flat profile line of the
camshaft cam. At the same time, the trajectory of
the center of the grinding tool is shown in
Figure 16.

Fig. 14. Scheme for determining the profile of the
cam
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Fig. 15. The cam profile is described by a
mathematical model

0
Fig. 16. Curve of movement of the center of the
grinding wheel relative to the surface of
the cam

The mathematical spatial model of the cam
profile (Fig. 17) is constructed similarly to the
surface of the support neck (19), however, when
constructing a cylindrical surface, the movement
along the y coordinate is constant and is
determined by the radius of the support neck, and
when constructing a curved surface of the cam,
this value is variable and depends on the angular
coordinates of the profile of the part.

Fig. 17 Curve 6f movement of the center of the
grinding wheel relative to the surface of
the cam

Based on the developed mathematical models
of support necks and camshaft cam, the control
program for the CNC machine tool is determined.
Which, in comparison with the automatically
generated codes, will provide higher quality and
accuracy of the camshaft surfaces of the internal
combustion engine.

Conclusions

A comprehensive methodology for designing
parts of engines and cars is proposed. The main
principles of creating spatial models have been
determined, in order to achieve their flexibility
and simple editing. Methods of automating the
development of drawings and design
documentation are described. The software
options for the primary verification of static
strength and frequency analysis are considered.

On the example of the camshaft of a car
engine, spatial modeling of the part was carried
out. Static and frequency analysis of the part was
carried out using the SolidWorks software
product. Transient and amplitude-phase-
frequency characteristics were determined using
the program created in the Mathematical package
Matchad. Based on the results of the calculations,
the model is optimized and the conditions of
stable operation are determined.

We will conduct mathematical spatial
modeling of typical surfaces of the camshaft,
with the aim of further research and optimization
of the development of a control program for
processing on a CNC machine tool.
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BUMA2AE  WBUOKO20 — MaA  2HYYKO20 — Npoyecy
npoekmyeanus. Buxionumu npu npoexmysanni €
npocmoposi mooeni oemanel ma 8y3iis, a Ha ix 6azi
BUKOHYIOMb HeobXiony KOHCMPYKMOPCHKY
Odokymenmayiro. Ilpu eucomoenenni Oemaneii Ha
sepcmamax 3 YIIK neobxiono weuoko ompumyeamu
Kepyiouy npozpamy, AKa 3ab6e3nequms Nio8UUeHHs.
mounocmi  6upoby 3a  pAaxyHoK  3abe3neueHHs
ONMUMATLHOI MPAECKMOPIL 83AEMHO20 NepeMiujeHHs
Ooemani ma incmpymenmy. Omoice, CMBOpeHHs
KOMNJIEKCHOT MemoOuKu npoeKxmysanus Oemarnell
asmomooinie, ix 6a3060i nepesipku ma OMPUMAHHSL
KOHCMPYKMOPCbKOI  OOKYMEHmMayii €  8aiCIUGo
mexuiynoio 3adauero. Mema. [0106H010 Memolo
pobomu € BU3HAUEHHS PAYIOHANLHOI NOCTIO08HOCTIE
ma OCHOBHUX NpUHYUNie KOMN 10MepHo20
NpoeKmy6ants,  OOCHONCEHHA I  GUCOMOBIEHHS
Odemaneti aemomodinie 1 OeuzyHie. A maxooc
PO3pOOKA MAMeMAMuyHUX NPOCMOPOBUX MOoOenell
NOGEPXOHb 3 MEmOoI0 ONMUMI3AYii Kepylouux npocpam
ons eepcmamis 3 YIIK. Memoodonozia. Ilputinami 6
pobomi nioxoou 00 BUpiUeHHs NOCMABIeHOI Memu
0asylomvca  HA  3A2anbHUX  KOHCHPYKIMOPCHKUX
npunyunax. Memooax npoeedenHs cmamuiHo20 ma
OUHAMIYHO20 PO3PAXYHKIB, A MAKOXHC NPOCTNOPOBO2O
MamemamuyHo2o MOOento8anHsl npoyecis
suecomosienns demaneu. Pesynemamu. Po3pobieno
KOMNJIEKCHY ~MemoOuKy NpOeKmy8anHs Oemaneu
ogucyHie ma asmomooOinie. Busnaueno ocHosHi
NPUHYUNU CMBOPEHHS NPOCMOPOGUX Mooenell, O
00CACHEHHS IX 2HYYKOCMI Ma NPOCmMOo20 peoazy8anHsi.
Onucano  memoou  asmomamuszayii  po3pooOKu
KpecieHb mMa KOHCMPYKMOPCbKOi OOKyMeHmayii.
Pozenanymo  npocpamui  mooiciueocmi,  ujooo
NepeuHHOl nepesipku CMAamuyHoi MiyHocmi ma
yacmomnozo awnanizy. Po3spobneno pospaxynkogy
npozpamy 0iisi no6yo008u nepexioHoi ma amniimyoHo-
@azoeo-uacmomny  xapaxmepucmuk. IIposedemo
Mamemamuune npocmopose MoOen08an s Munogux
NOBEPXOHb  PO3NOOJIILHO2O 84Ny, 3  MEmOI
nO0ANIbUIO20 OOCAIONHCEHHS A ONMUMI3ayii po3pooKu
Kepylouoi npoepamu 011 00pobKu Ha eepcmami 3
YIIK. Opuzinansuicms. Busnaueni 6azosi npunyunu
npoexmysanHs Oemasiell 08U2YHI8 mda aABMOMOOINie
oawoms MOCIUBICTb Ccm@opeHHs

npoyecy ogopmienHa MexHiuHoi OOKyMeHmayii.
Pospobneni  mamemamuuni  npocmoposi  mooeiui

SHYUKOT
npocmopoeoi mooeri, i Oinbut NO8HOI agmomamuzayii

ONOPHUX MA POOOYUX NOBEPXOHb PO3NOOIILHO20 ALY
0arms MONCIUBICIMb HANUCAHHA KepYIo4oi npozpamu
3 BUBHAYEHHAM ONMUMATLHOI MPAEKMOPIL 83AEMHO20
nepemiwennsi oemani ma incmpymenmy. Ilpaxkmuune
3nauennn. Ompumani pe3ynomamu Mojicymo Oymu
PEKOMEHO06ani Npu NpoeKmysanni Oemanei ma
8Y371i8 ABMOMODILNIS.

Knrouosi cnoea: komn’romepne  MOOen08aHHS,
mMamemamuyne MOOeO8ANHS, NPOCMOPOBA MOOeib,
asmomooiny,  08USYH, NpocpaAMHE  OOCHIONCEHHS,
NPOSPAMHULL AHATI3.
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