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Abstract. The formation of the service properties of the gears occurs at the stages of their finishing using processes such as gear
grinding, shaving, gear honing, lapping, etc. The main task of the synthesis of technological systems for the gears finishing
processing is to determine the optimal parameters and structure of the technological system that provide the specified properties of
gears. One of the first stages of the synthesis of technological systems for the gears finishing processing is the determination of the
tool geometric parameters. To determine these parameters, a complex of software-implemented algorithms for their calculation has
been developed. Using the example of rolling gear tools such as diamond gear hones, an analysis of the influence the independent
characteristics of machine engagement on the area of the tool geometric parameters existence is carry out. Based on this analysis, a
model of the tool geometry machine engagement with the machining gear was developed. This model is an integral part of the
synthesis of technological systems for the gears finishing processing. As a result of this model functioning, the geometric parameters
and optimal shapes of the diamond gear hones working layer have been synthesized.
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Introduction

The contact conditions between a tool and a workpiece in such a complex movement as it occurs in the finishing
of gears are mainly established by the law of motion, the form, the position in space and the geometrical dimensions of
the working areas in contact [1], [2]. The form and the geometrical dimensions of a workpiece are clearly defined and,
in most cases, cannot be changed in the design phase of a technological system for the finishing of gears. These
parameters can only be changed for a tool. Hence, when constructing an information system for the finishing of gears, it
is the first and one of the main stages to develop a model that imitates the geometry of machine engagement and can
establish the form and the geometrical dimensions of the tool’s working part.

One of the fundamental demands on the model imitating the geometry of machine engagement is to establish the
set of possible values for the parameters of the tool during its total life. It is obvious that this is useful for rack tools only
in a narrow range of parameter variation between two dressing processes and a change in the tooth thickness of the gear
to be cut during the machining, since all parameters of machine engagement remain unchanged outside this range.

The model of the machine engagement geometry to be developed is an idealized model as the apparatus of gear
theory, developed for precise connections, is used for its description. Hence, the field of application for this model is
defined by the accuracy of the tool, the machined gears, the demands on the model and the accuracy of the calculation
methods used. If it is necessary to calculate the geometrical parameters of high-precision tools, e.g. for the machining of
high-precision measuring gears, the model has to be supplemented by taking account of the errors in form, the position
of the tool-gear pair in space, calculation errors, etc. In addition, it must be taken into consideration that the model
imitating the geometry of machine engagement is an element (object) of the information system. The model can,
however, be used independently, for example, in order to synthesize the optimum forms of the tool’s working part and
to calculate the geometrical parameters of its working part. In addition, the development of the imitation model makes it
possible to numerically model the machine engagement in every interval. In this way, the information quantity increases
considerably.

Model of the machine engagement geometry

The geometrical parameters of machine engagement are calculated based on a calculation method that is
independent of the reference generating profile [3]. The modifications of the method are related to disk rolling tools [1],
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[4], [5], [6]. These methods make it possible to establish the entire existence range of the tool-gear contact with varying
parameters, when the tool is worn down and the material of the allowance is removed.

Fig. 1 shows the general flow chart of the model developed for the geometry of machine engagement for the
finishing of gears.

The first step when establishing the parameters of machine engagement geometry is to prepare the input data.
There are two possibilities to do this: a) the input data are determined according to the drawing of the gears or ) the
input data are realized by deciphering the real gear pair or one gear of the pair. In the first case, difficulties may arise
only if some necessary data are missing. This is actually linked to missing geometrical parameters of the mating gear. If
these parameters are missing, this causes uncertainty in the search for coordinates of the starting point in the active area
on the tooth profile of the gear to be cut, which is particularly important for finishing processes. In the second case, an
algorithm has to be developed to decipher the geometrical parameters of a gear or a gear pair to be cut. Serving as a
basis for such an algorithm is the well-known system for deciphering gear drives [7], [9]. Fig. 2 depicts a flow diagram
of the software-implemented algorithm developed for deciphering the geometrical parameters of gears. The central task
of this algorithm is to establish the contact ratio of the gear pair Py, for which the value is assumed to be the most
plausible standard tabular value. Three cases are possible when establishing Py a) the contact ratio is determined by
direct measurement; ») by measuring the tooth distance, and ¢) the contact ratio cannot be measured directly, e.g. if the
gears are worn down considerably. In the latter case, the contact ratio is established by solving a system of two
equations which are formulated by measuring the distance between spheres on two different cylinders or by measuring
the tooth thickness on two different cylinders with any diameter at all.
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In the next step, it must to be checked whether the gear has a closed rim (e.g. cluster gears, gears with extensions,
etc.). If the gear rim is open, the input data are entered directly. If the gear has a closed rim, the optimum crossing angle
of the tool axes X and the gear to be cut have to be established before entering the input data, since the only machining
process for such products is the machining with disk tools (e.g. gear honing, gear shaving, gear lapping, etc.). In this
case, the extension prevents the tool from coming out so that it is necessary to reduce the angle X. At the same time, the
productivity of the machining process is directly in proportion to the angle X. Hence, the greatest possible value of the

106



ISSN 2521-1943. Mechanics and Advanced Technologies #2 (86), 2019

angle £ must be used. In order to establish the limiting values of %, it is necessary to analyse the mutual arrangement of
the disk tool and the machined gear with the closed rim — Fig. 3.

Fig. 3. Scheme of the relative position of the disk tool and the machined gear with the closed rim

The angle X can reach its maximum value by engaging the surface of the tool’s tooth tips with the surface of the
gear’s extension with a diameter d; — point K. Thus the coordinates of point K are to be established. The radius vector of
point K in the moving coordinate system X;0,Y:Z; is defined as follows:

n=M-r, M

where r is the radius vector of point K in the unmoving coordinate system X,0:Y1Z;; M, is the transition matrix from a
fixed to a moving coordinate system.

Since the point K is in the periphery of the extension, it follows that z = 0 and thus the matrix M, has the
following form:

1 0 —-a
0 cosX W-sinX
) . (2)
0 sinX —-W-.cosX
0 0 1

By representing Equation (1) in a Cartesian equation, replacing the values x, y, z with its expressions in
parametrical form and performing the transformations, the desired equation is obtained to establish the greatest possible
angle X in an implicit form:

\/di tg’S—4-W? —2-ay,-tgX _arCCOS[Z-W-cosZ+2-W~sinZ-th}

d,o-tgZ d,-tgZ

arcsin

3)

Regarding the angle X, Equation (3) is solved by means of a program-based algorithm using the halving division.
After the input data have been entered, the geometrical parameters of the tool-gear machine engagement are actually
calculated. Two options are possible in this case: a) the calculation is carried out for the machining of a gear and b) the
calculation is carried out for the machining of a group of gears. These calculations are based on a method that presents
the existence range of machine engagement as a function of independent parameters, establishing the length and the
position of the line of engagement in space as well as the size and the position of the active part in the line of
engagement [1], [6]. Clearly describing this function are the following independent parameters: the engagement angle
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between the tool and the gear to be cut — auu01, the inclination angle of the tooth trace (or the crossing angle of the axes —
%) — Bo,1, the number of teeth — zy, the overlapping of the active line of engagement — Aguq12. The value of Agaarz is
assumed to be 0 when calculating the geometrical parameters of a grinding tool ‘s machine engagement, as the greatest
area of machine engagement [1] and the overlapping of the active line of engagement are guaranteed due to the stiffness
of the tool’s working elements. The areca of machine engagement is established taking account of the following
limitations: the form of the gear surface, the technological possibilities of tool production and its application to existing
machine tools, the strength of the tool teeth as well as the technical and economic machining parameters. When
analyzing the functions which describe the area of the tool-gear engagement, it was found that the area is defined by the
variation range of the angle a0 [1], namely by its upper and lower limits. According to the principle of establishing
these boundaries, a calculation algorithm is developed depending on the assumed system of boundary conditions and
the calculation of intermediate values. The system of transcendental equations describing the functions of independent
parameters is solved with halving division. The upper and lower limits of the existence area of machine engagement are
defined under the block of boundary conditions. The block contains the following limitations: a limitation of the
diameter of the tooth tip circle — d* ., the value of the radial play between the tooth tips of the gear to be cut and the
tooth space of the tool — C*;, the tooth thickness of the gear to be cut on the diameter of the tooth tip S*,q, the
diameter of the involutes’ limiting points — d*)p and the limitation of the tooth space width on the diameter of the
involute’s limiting points S*j,.

The value “eps” defines how precise the existence limits of machine engagement can be established. The
branching of the algorithm for establishing the upper and lower limits is given by a fixed value B, which takes on the
values 0 or 1, depending on the branch for which the calculation was carried out. For any fixed value of dnwoi, the area
of the normal tool working layer and its volume can be calculated with the following equation:

da()(l)_dlo(l) le(l)_dl()(n) d(z()(l)_dao(n) du()(n)_dlﬁ(n)

2 2 2 2
S= [ Spo(mdn+ [ Sy(h)dh- | S.o(h)dh- [ S, (h)dn, )
0 0 0 0

where:

S, d oy —h)tgB,
Snxoz(dao(l)_h)' t0(1)+inv((xm0(1))—inV[arccos(Ah]] -cos| arctg ( 0(1) y ) 0(1)
a0(1) a0(1) — a0(1)

Regarding a hypothetical pair of a tool and a group of gears, the geometry of machine engagement is calculated
based on the fact that the area of machine engagement is established for every gear of the group. In addition, it is also
checked where the starting point of the active tooth profile is located for every gear of the group within the possible
overlapping of the active line of engagement — Fig. 4.

Fig. 4. The location of the starting point of the active
tooth profile for every gear of the group

The existence area of a machine engagement was established for a group of gears by finding the intersection of
the sets of areas for every gear of the group. In this case zo, Bo, Sk, dao, and dio were used as parameters for comparing
these sets. If E is the set of all existence areas of machine engagement and Al, A2, ... An (where n is the number of the
machined gears of the group) are the subsets of the machine engagement’s existence area that belong to the set [E and
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are limited by the existence condition of their areas, then the necessary condition for the existence of a common area is
that there is a non-empty set [8], [12] of intersections of all subsets of A:

n
NAcE=B=2, 6))
=1

where B is the subset of the machine engagement’s existence area for the group of gears; & is the empty set.

The subset B can be empty (for a group of gears, there is no common area of machine engagement) or can also
show interruptions (for a particular part of the whole group, there are particular areas of machine engagement). Fig. 5
shows, for example, the possible variants for the existence of B for a group of four gears. In order to be able to
definitely select the existence range of the tool-gear machine engagement for a group of gear drives, the following
sufficient conditions must be met:

Y PG 3 Pl ) =2 == 2 = 20
o P(Bo) | 3 PR ) By =By = =Bugn) =Bo
sz, T Go06) B o P (S ) Suot) = Siogz) == Sy =S (6)

v P(dIOk) 3 P(dmk)3[d10k2dlo]

digr €Ay dyor€BE
n n
P(daOmax ;d(JOmin ) 3 P(daOmax ;daOmin ):I:mln {daOkmax } 2 max {daOk min }]
daUk max da(Jl( max
€A, eBcE
daOklnin a0k min

For every value of ouwoi, it has to be checked whether the sufficient conditions (6) are met. The calculation
algorithm is a set of blocks that are intended for examining the necessary conditions (5) followed by the sufficient
conditions (6) for the existence of a tool-gear machine engagement. The algorithm has a direct hierarchical structure.
Calculating the existence range of the tool-gear machine engagement results in the determination of the geometrical tool
parameters. As a further step in the course of the algorithm, the total profile parameters of the gear to be cut are
calculated. This includes establishing the surface of the root as well as its connecting curve, the working part of the
tooth profile and the surface of the tooth tips. The main problem here is to define the coordinates of the connecting
curve. The connecting curve is an envelope of the family surfaces linking the corners of the generating contour with
their working parts [10], [11].

Fig. 5. Possible options for the existence of a submultiplicity B for a group of four gears

If the gear is made with a rack tool, then the connecting curve has the form of a longish involute. Yet, if the gear
is made with a helical tool, then the connecting curve has the form of an extended epicycloid. The coordinates of the
connecting curve and the other part of the machined gear’s tooth profile are calculated by solving the equation for the
engagement of a tool in the known form and dimensions with the gear to be cut [7], [10]. Fig. 6 shows the flow chart of
the algorithm developed for calculating the desired tooth profile.
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According to the algorithm, the tooth profile is defined as the resulting intersection of the curves which are
formed by different parts of the generating tool surface. The tooth profile consists of the following parts:
— aroot circle;
— a connecting curve which is formed by a part of the generating contour, linking its main or modified profile
with the tip circle;
— amodification involute formed by a modified part of the generating contour;
— amain involute formed with the main profile of the generating contour;

— atip circle.
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Fig. 6. Flow diagram of the algorithm for calculating the geometrical parameters of the complete gear tooth profile

Depending on the form of the connecting part of a generating contour, the connecting curve is composed of one
curve (if the connecting part is a rounded edge) or three curves (if the connecting part is a blunt edge with a chamfer).
The coordinates of the connecting curve are calculated in the face plane of the gear to be cut according to the following
equation system [7], [10], [11]:

x=r-sind
{ (7
y

=r-cosd

(COS Q)

r=O.5'd 8 OL[WO] )/'_(Py’

COSOLy

where r is the radius vector of the generating point; d is the angle of the curve; ay is the curve’s pressure angle at the
generating point; ¢, is the angle between the Y — axis and the limiting position for the radius vector of the neighboring
curve‘s starting point.

The coordinates of the curves® intersections are established by jointly solving the approximated equations of the
curves obtained according to Equation (7). The resulting profile of the gear to be cut is compared with the given profile
according to the form and the radius of the connecting curves. The radius of curvature of the connecting curve is
determined from the known dependences [10], [11]:

+(2)
dx

7, v

dx?

N | W
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If there are considerable differences between these parameters, the tool parameters and the parameters of machine
engagement are corrected. The profiles are calculated repeatedly until the specified parameters are obtained.

Objective functions of the model

To select the optimization system from the information system, objective functions have to be established
according to the synthesis method proposed [1]. The objective functions are defined resulting from the functioning of
the models developed. With regard to the model imitating the geometry of machine engagement, objective functions
(broadly speaking - model characteristics) are functions describing how the parameters of machine engagement affect
the modification of the machined gear’s tooth profile. Among these parameters are those which the designer can vary in
the elaboration of finishing processes, namely parameters of the tool and its relative arrangement to the machined gear.
That is why the independent parameters in the model worked out here are used as the parameters of machine
engagement, clearly describing the spatial arrangement of the tool’s line of engagement with the gear and the
arrangement on the line of its active part. For identifying this characteristic, it is necessary to analyse the change in the
geometrical characteristic of the tool when varying independent parameters of machine engagement. It was found that
the change in the geometrical properties of the tool and the variation range of a.woi in the machine engagement’s input
parameters depend mainly on the parameters of the gear to be cut and its connected gears as well as on the variation
range in the independent parameters of machine engagement and the limiting parameters — Fig. 7 and Fig. 8.

The character of these dependences shows the polyvalence of the desired functions. They can differ significantly
from a monotonous (curves 1, Fig. 7 and Fig. 8) up to an extreme character (curves 2, Fig. 8), depending on the
arrangement of the input and limiting parameters. The limiting parameters, such as Cj;, S.,q, €,0> d.g » considerably
influence the character of these functions. These parameters basically determine the existence range of machine

* * *

engagement. The maximum existence range is determined by the limiting parameters Cy;, dg;» S,0» €405 g - The
lower limit is mostly determined by the limiting parameter d;l , 1.e. by the absence of interference. In rare cases, the

lower limit is determined by the limiting parameters Cy,, S, though.

.0 [Mm] d,[mm]
205 i 250
1 1
190 235
2 2
170 220

10°  18°  26° G, 10°  18°  26° O,

Cor[mm] e,,[mm]

0 3
10°  18°  26° a4, 10°  18°  26° G0

S, [mm] ) ) d,[mm]
6 235
3.5 220

2
1 205
10°  18°  26° O 10° 18°  26° Qo

Fig. 7. Dependence of the tool’s geometrical characteristics on the initial parameters of machine engagement
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Analogous dependences of the machine
engagement for the pair of tool/group of gears
have a similarly complex and polyvalent
character. It is more practical to take the
thickness of the tool teeth on the diameter of the
involutes* end point Si,0 as an independent
variable for describing the geometry of machine
engagement for the pair of tool/group of gears.
Sometimes the thickness of the tool teeth on the
base circle diameter Sy is taken as variable. The
selection of this variable can be explained by
the fact that the thickness of the tool teeth Si,0
or Sp is a general value for the machine
engagement of the pair of tool/group of gears.
In addition, the tool has its own angle of
engagement dnwoi for the gearing with each gear
of the group.

Fig. 9 presents the dependences resulting
from changes in some geometrical parameters
of machine engagement Ouwoi, Sp0, deo, When
machining a group of four gears for mp = 3.5 mm
and mo = 5 mm. For the same value of Si,0, the
tool has the greatest and smallest possible
values of geometrical parameters within the
value of Aguai2. The hatched areas define the set
of geometrical tool parameters when machining
a group of gears. The curves Siomax, Saomin,
daomaxs  daomin - and  daomin  meet the given
limitations and the variation range of Aguai2.
When analyzing how the normal working layer
area of the tool (4) depends on the parameters
of machine engagement, especially on zy and o,
it is particularly noticeable how complex and
polyvalent the properties of machine enga-
gement are. The character of this dependence is
influenced significantly by the limitation of the
machine engagement’s existence range.

The existence range of machine
engagement allows to establish a set of
geometrical tool parameters with which the
finishing of different gear profiles can be
carried out. Resulting from the functioning of
the model developed for the geometry of
machine engagement, the tool parameters can
be definitely chosen only by checking the
agreement of the input gear profile with the
machined profile. The algorithm developed for
calculating the coordinates of the gear profile
allows the desired agreement. The tooth profile
of the gear to be cut varies significantly,
depending on the form of the edge that links the
working area of the tool with the surface of the
tooth tips. This is mainly the case in the area of
the connecting curve. Fig. 10 depicts a tooth
profile machined with a rack and a helicoid or
helical tool. During the finishing process the
tooth profile of the machined gear changes its
form, particularly after several processes and
mainly in the area of the connecting curve.
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Fig. 10. The gear tooth profile machined with a rack (@) and helicoid (b) tool

Fig. 11 shows the tooth profile after two finishing processes: gear grinding with the method of the Neils company

(tool — rack) and gear honing (tool — involute helicoid). In the area of the connecting curve, a step can be seen that was
formed in the last machining operation. This step is often the reason for greater noises and vibrations of the gear drive
due to the fact that the contact profiles of the connected gears overlap. Of course, the existence, the size and the location
of this step is definitely determined by the set of machine engagement parameters in the finishing of the gear. In order
to avoid these overlapping or interferences, gear profiles with modifications (spiral point) are used for the finishing of
critical gears that are formed with the help of special production profiles.
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Fig. 11. Tooth profile after tooth grinding with the method of

“Niels-Simmons” and gear honing
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The design of tools with such a profile is
challenging, as the involute of the modification and the
involute of the gear profile have no real intersections very
often. This leads to the formation of a step near the
limiting point of the involute and thus to the occurrence of
the interference mentioned above. Fig. 12 shows examples
of modified gear profiles with and without a step in the
area of the tooth profile’s limiting point. It is apparent from
Fig. 12 that the relative position of the main involute, the
involute of the modification and the connecting curve as
well as their components can be definitely controlled by
changing the parameters of machine engagement. For such
a specific control, numerical values are, however, required
characterizing the tooth profile of the gear, particularly of
its connecting curve. Such an integral quantity is the
curvature radius of the connecting curve [10], [11], which
is established with the dependence (8).
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Fig. 12. Modified tooth profile with (a) and without a step (b)
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p [mm] Fig. 13 shows the curvature radius of the
5 connecting curve depending on the magnitude of the
actual angle of engagement ou,w01. As can be seen from
Fig. 13, the curvature radius of the connecting curve
changes significantly (in the examples here, it varies
between 0.2 and 5.5 mm). To assess the curvature of the
connecting curve, some researchers
introduced various concepts — the arithmetic mean of the
curvature radius, the mean integral radius, the apothem,
the specific radius, etc. This approach produced only an
estimation of the connecting curve’s curvature. The
algorithm developed makes it possible to establish the
curvature radius of the connecting curve for the tooth
profile of the gear at each point depending on the
parameters of machine engagement as well as to compare
it with the given curvature and the form of the connecting
curve.
020 40 60 80 o [°] This offers the possibility for solving the inverse
" problem, i.e. establishing the parameters of the
Fig. 13. The curvature radius of the connecting curve depending ~ generating contour in accordance with a given form and
on the angle of engagement curvature of the connecting curve, which is realized by a
multiple iterative method for the solution of a direct
problem. The analysis showed that the characteristics of
the model (objective functions) depend on design parameters in a complex and polyvalent way. In this connection, it is
difficult and impractical to explicitly choose the objective functions desired. Hence, the objective functions in the
development of technological systems should be used as results of the functioning of the model simulating the geometry
of machine engagement.

1 -

Synthesis of the working layer forms of tools

The functioning of the model developed for the geometry of machine engagement provides the optimum
geometrical parameters of the tool and its position in space relative to the machined gear. The model should contribute
as an integral part to the system of choosing the structure and the parameters of a technological system. In a few cases it
can, however, be used as independent unit. One of the most practical results when using the model separately is the
synthesis of the working layer forms of tools, namely their determination and optimization. Calculating the geometrical
tool parameters in the existence range of machine engagement allows to establish the design dimensions of the tool’s
working part at any point in time (for every tool condition). In this way it is possible to identify the form and the
dimensions of the completely worn working layer of the tool — Fig. 14.

h [mm]
344 I

30+ : "/
26 | 1

18+

14

s

6 8 10 12 14 S[mm]

Fig. 14. The shape and dimensions of the fully worn tool working layer
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The figure shows the optimum and the conventional form of disk tools’ working layer. A comparison of their
forms and areas indicates that applying the developed model makes it possible to establish the geometrical dimensions
and the position of the tool’s working layer, which has a much greater area than before. Of course, the tool life,
especially of diamond tools, is in proportion to the volume and also to the area of the working layer’s normal section in
this case. Hence, those forms in Fig. 14 are preferred most of which the working layer is one or more orders of
magnitude greater compared to conventionally used forms. The production of a tool with such a working layer is
technologically difficult though. Apart from that, the entire existence range of the tool parameters cannot be realized
due to the limitations of the equipment used, the regrinding or finish grinding of tools, the technological characteristics
of its production, etc. On the other hand, the need for increasing the tool life leads to the desire to raise the volume of

the tool working layer. These two contradictory endeavours create the necessity to solve the following optimization
problem:

szappép P {S = argmax(P((xnwm, Zy> Bos ))}, 9)

where E is the parameter set of machine engagement, PP is the subset of tool parameters and its arrangement relative to
the gear to be cut.

The surface of the function S is multimodal with deep gradients. This can be noticed when analysing the surface S
as a function of the two arguments zy and 3o. Based on topological singularities of the surface S, it is most practical to
use nullmethods for solving Equation (9) in order to find an absolute extremum of a function with several variables, i.e.
methods in which the partial derivatives of the desired function do not have to be calculated. Analysing known methods
showed that the method of the deformed polyhedron (Nelder-Mead method) [8] is the most reasonable one in this case,
because it is very flexible and can take local topological properties of the surface into account. The extremum of
thefunction S was established using the standard algorithm of the deformed polyhedron method. The solution of

Equation (9) together with the boundary conditions described above made it possible to synthesize the optimum forms
of the working layer for disk rolling tools — Fig. 15.
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Fig. 15. Synthesized optimal forms of the working layer of disk tools
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Conclusion

Using the developed software-implemented algorithms for calculating the geometric parameters of rolling tools
for finishing machining gears, an analysis of influence of the characteristics of machine gearing on the existence area of
the geometry of machine gearing of the tool with the wheel is carry out. Based on the analysis, a geometry model for
machine engagement has been developed. Using this model, geometrical parameters and optimal shapes of the working
layer of diamond gear hones of diamond gear hones were synthesized.
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BuzHaueHHsI reOMeTPMYHUX MApaMeTPiB aJIMa3HUX 3y04aCTHX XOHIB I
ONOPSAIKYBAJIbHOI 00pO0OKM 3y0UacTHX KoJiec

M. I'. Cropuaxk, 0. M. /lanunp4eHko

Anomauia. Dopmysanns excniyamayiinux eiacmusocmeti 3youacmux Koaic 8i06y8acmucs Ha emani OnopaoICcy8anbHoi 00pooKu 3
BUKOPUCTNAHHAM MAKUX npoyecis sk 3yoownighyyeanus, 3y00uiesinzyeants, 3y00XOHIH2Y8ANHS, NPUMUPANHS, NPUPOOIEHH, MOWo.
Tonosnum 3a60anHAM CUHmME3Y MEXHONOSIUHUX CUCIEM ONOPAOHCYBANLHOI 0OPOOKU 3yOUACMUX KOJIC € 8USHAYEHHS ONMMUMATbHUX
napamempie ma cmpyKmypu mexHolIo2IuHOI cucmemu, saKka 3abesneuye 3aoami eracmugocmi 3youacmux koaic. OOHUM 3 nepuiux
emanie cunme3y MexXHONOSIMHUX CcUcmeM OAsl ONOPAOANCYBANbHOI 00pOOKU 3YOUACMUX KONIC € GUIHAYEHHA 2e0MempPUYHUX
napamempie incmpymenmy. 3 Memoio 6UsHA4eHHs Yux napamempis po3pooieHo KOMNieKc npospamHo-peanizo8anux aneopummis ix
po3paxyuky. Ha npuxiadi obxkamuux 3y60006po0MI06aNbHUX THCMPYMEHmMis, MAKUX AK aimMasui 3y6yacmi Xouu, 30iliCHeHo aHaniz
BNIUBY HE3ANEICHUX XAPAKMEPUCTIUK GEPCMAMHO20 3a4enieHHs HA 30HY iCHY8AHMs 2eoMempudHux napamvempis incmpymenmy. Ha
basi yvoeo ananizy pospobrena mooenb 2eomempii 6epcmamHo20 3a4enients IHCmpyMeHma 3 0OpooI08aANbHUM KOeCOM, AKd €
CKIA00B0I0 4ACMUHOIO CUMME3) MEXHONOSIUHUX CUCMeM O ONOPA0AICY8ANbHOTI 00pobKu 3yOuacmux Koric. 3a donomoeoio yiei
MoOeni cuHme306ani 2eoMempuiHi napamempu ma ONMUMAanbHi popmu pobo4o20 Wapy arMazHux 3y64acmux XoHie.

Knrouosi cnosa: 3ybuacmi koneca, mexnonoeiuna cucmema, Cunmes, 2eoMempuyti napamempu iHcmpymeHmy.

Omnpenenenue reoMeTpuyecKNX NApaMeTPOB AJIMA3HBIX 3y04aTBHIX XOHOB ISl
OT/JeJIOYHOM 00padoTKH 3y04aThIX KoJIec

M. I'. Cropuaxk, 0. M. [lanunsyenko

Annomayusa. Dopmuposanie IKCHIYAMAYUOHHBIX CEOUCME 3YOUAMBIX KOAEC NPOUCXOOUM HA IMANAX UX OMOeL0YHOU 0OpabomKu ¢
npUMeHeHueM Mmakux npoyeccos Kaxk 3y0ownudosanue, 3y00ulesun206anue, 3yO0XOHUHLO08AHUE, NPUMUPKA, NPUPAbOmKa u m. .
Ochognoti 3a0ayeli cunmesda MmMexXHON0SUYECKUX CUCmeM OMmOenouHou 00pabomxu 3y64amuvix Kolec SAGIAemcs OnpeoeneHue
ONMUMATILHBIX NAPAMEMPOS U CIMPYKMYPbl MEXHOIOSUUECKOU CUCeMbL, 00eCneuusaomux 3a0anHble C80UCMEa 3y0Uamulx Kojec.
OOnuM U3 Nepevix 5manog CuHmesa MexHONOUHeCKUx cucmem Ons OMOENOYHOU 00pabomku 3y6uamvlx Koaec ABIAemcs
onpeoeiienue 2eoMemMpPUYECKUx Napamempos uncmpymenma. [na onpedeienus 3mux napamempos paspaboman KOMNIEKC
NPOSPAMMHO-PEANU308AHHBIX AOPUMMO8 UX pacyema. Ha npumepe o6kammwix 3y6000pabamvi8aiowux UHCMPYMEHMOs, MAKUX KaxK
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anmasuvle 3y64amvie XOHbl, GbINOIHEH AHAU3 GIUAHUA HE3ABUCUMBIX XAPAKMEPUCMUK CHMAHOYHO20 3ayenienuss Ha o00aacmo
CYWecmeosanuss 2eoMempuyecKux napamempos uxcmpymenma. Ha ocnoee smozo ananusa paspabomana mooenv 2eomempuu
CMAHOYHO20 3AYeNniieHus. UHCMPYMEeHma ¢ 00pabamvl8aemMbiM KOIECOM, KOMOpPAs ABNAEMCA COCMABHOU YACmblo CUHmesd
MeXHOI02UYeCKUX cucmem 01 omoenoyHou obpadbomku 3youamvix Konec. C nomowpio Mol MOOenu CUHME3UPOBAHb
2eomempuyeckie napamempul u ONMUMAIbHbIE POPMbL paboue2o COs ATMAZHBIX 3Y0UAMbIX XOHOB.

Kntoueswie cnosa: 3y6uamule Koneca, mexHoI0SUYECKAas CUCEMA, CUHINES, 2e0MEeMPUTecKue napamempsbl UHCPYMeHmdA.
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