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Abstract. Reasonable preconditions and assumptions
in the study of the working process of sorting construction
material are selected model of the system "vibration
damping roller - sorting material”, which adequately
reflects the actual sorting process. The influence factors
of the process of material sorting are studied:
granulometric composition and grain shape of the
fraction, density and moisture content of the raw material,
thickness of the material layer on the screen, the speed of
the grains on the screen. As for the sieve, the following
factors were: the sorting mode and its parameters - the
amplitude and frequency of oscillations, the angle of
inclination of the box, the shape and size of the holes of
the sieve, the size of the surface of the sorting and the
mode of operation of the sieve, which implements these
parameters. It has been found that increasing the length
increases the probability of passing particles through the
screen, increasing the efficiency of the sorting. The
working process of material sorting with successive
movement of material particles in the field of harmonic
and subsequently and shock-vibrational action is
investigated. The evaluation of the sorting process and the
parameters of this process are determined. It is proved
that the use of common harmonic and shock modes of
motion is effective. It is this hypothesis that is the basis of
this study. The reliability of the direction is due to the fact
that, when implementing the vibration damping mode of
sorting, the force effect on the material particles is
significantly increased. As a result, the possibility of self-
cleaning of those openings in which material particles are
stuck and the increase of efficiency and productivity of
the sieve is realized. The design scheme is developed and
the equations of the joint motion of the studied system are
obtained. The solution of the equations is determined by
dimensionless parameters, which serve as criteria for
evaluation of the vibration shock mode of sorting. The
determinated of changes in boundaries of dimensionless
parameters that reflect the steady-state operation of a
shock-vibration sieve, implementing an efficient sorting
process in a mode that is close to resonant. A map of
stability was provided and the vibration shock mode was
provided at the main resonance. Experimental researches
of efficiency of realization of joint vibration and shock
mode of sorting on the newly created installation are

carried out. Comparison of the parameters obtained by
theoretical and experimental paths confirmed the
reliability of the assumptions and assumptions adopted in
the study. The algorithm of calculation of the
"sieve - material” system is developed, the construction of
a vibration damping crane is proposed, the novelty of
which is confirmed by a patent for a utility model.

Key words: research, working, process, sorting,
material, parameter, vibration screen.

Introduction

The sieves are widely used in construction, mining,
chemical and other industries [1, 3-10]. A typical
constructive scheme of the sieve is a mobile box, with a
flat working surface installed in it as a screen or a bolter
with openings [2, 3].

Generator of the motion of a box, as a rule, can be a
mechanical [2] or an electromagnetic drive [6], generating
external forces, which are the source of the sieve
fluctuations. Most vibrating sieve operate in regression
mode. Resonance modes are energetically most effective,
however, practically not realized due to their low stability
in linear resonance.

This is due to narrow amplitude-frequency
characteristic in the resonance zone, since even small
changes in the load on the sieve result in it from the
resonance mode and, as a result, to a sharp change in the
working process parameters set by the technology. In
addition to well-known studies on the direction of
oscillation with the circular [1] or directed [2] movement
of the working body of the sieve, the use of common
harmonic and shock modes of motion deserves attention.
It is this hypothesis that is the basis of this study of the
mechanics of the process of sorting the construction
materials on sieves.

Such choice of direction is conditioned by the fact
that, when implementing the vibration shock mode of the
sorting, the force effect on the material particles is
significantly increased As a result, the possibility of self-
cleaning of those openings in which material particles are
stuck and, as a consequence, increases the efficiency and
productivity of the sieve.
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Formulation of problem

Thus, the problem is the development of a
mathematical model of "sieve-material” which adequately
reflects the real process of sorting and movement of the
system as a whole, as well as the development of
constructive  solutions of the sieve with the
implementation of the joint vibration and shock mode of
sorting.

Analysis of recent research results

In the mathematical description of the motion of the
sieve, different approaches are used [1, 3, 12], which is
the result of the huge number of constructive solutions of
the sieves and their parameters [1-3, 7-10]. This is
explained by the obvious fact of the emerging complexity
of the process of taking into account the mass of the
material in calculating the parameters of the sieve [3], the
presence of such a phenomenon as the "debris" of screen
sieve openings [2], determination of true productivity
[16]. This approach forced researchers and designers to
use empirical dependencies for a long time to determine
the parameters of the sieve [2], derived from the
processing the results of experimental studies. The
reliability of such dependencies is valid only in the
framework of the parameters and design characteristics of
the working process used in the experiments to sorting,
use of one or another material, with one or another
granulometric composition. With the development of the
theory of separation processes in the mining and
processing industry [1], the development and creation of
new designs of sieve in the construction industry [3, 16,
17, 18], there has been a tendency in the development of
new calculation models. These models describe the
process of sorting on the basis of deterministic and
predictive representations and to a certain extent reflect
the real picture of the motion of sieve mechanics. One of
the directions of the search for a model of adequate
representation of the real sorting process is the methods of
computer modeling of physical and technological
processes based on the concept of discrete representation
of a material - the method of particle dynamics (molecular
dynamics) and the method of discrete elements [1, 2].
The method of discrete elements is considered as a
justification of the method of finite elements. In the
simulation of the sorting process, this method defines the
initial positions and velocities of the particles, and then
calculates the forces acting on each particle. The
resulting force value is the source information for the next
calculation. Such calculations are carried out throughout
the whole process of the sorting process. An example of
such a simulation is the graph (Fig. 1) obtained in [19].

In work [19] a package of simulation of the dynamics
of motion and mechanical interaction of a large number of
particles of the friable medium is proposed, taking into
account the interaction with the moving elements of the
Bulk Flow Analyst TM classification equipment.

However, a large variety of physical properties,
granulometric ~ composition, humidity and  other
characteristics of the material to be sorted is not taken into
account in the quoted works [19] and does not solve the

problem of creating a generally accepted mathematical
model of "rumbling material”.
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Fig. 1. The simulation painting of a steady sorting
mode.

This conclusion is also confirmed by the fact that,
besides the above-mentioned characteristics, the size of
the screen cell affects the course of the process.

Even the shape of a hole with a round or square gives
a significant difference in obtaining the desired product
with a given fraction composition.

It is also possible to change the amplitude and
frequency of oscillations, which leads to an increase or
decrease in the number of contact grains with the surface
of the screen.

This can lead to a change in the conditions of self-
cleaning the screen from grains that are stuck in the
openings, resulting in a change in the efficiency and
effectiveness of sifting.

Also, the geometric sizes of the screen significantly
affect such indicators as performance, efficiency of
sorting, allocation of fine fractions from the source
material.

For example, in [20] (Fig. 2), it is noted that
increasing the length of the screen increases the
probability of passage of material particles through its
openings, increasing, mainly, efficiency and only slightly
increasing productivity.

According to the author of the work, during the sort
there are three characteristic areas of material passing, the
formation of which depends on the velocity of particles
passing: "In the first region (Fig. 3, 1), the smallest the
passage rate of the material due to the significant amount
of material on the screen and insufficient segregation
observed.

In the second region (Fig. 3, Il) there is a monolayer
of particles and the speed of their passage is maximal.

However, the close placement of particles does not
allow them to bounce of the screen. In the third region
(Fig. 3, II), the sorting process is characterized by the
absence of a monoshale, which leads to a small velocity
of the flow of particles through a screen, since they have a
disordered motion and the surface of the screen is not
used completely "- the end of the quote.
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It is worth noting that such a division into zones is
arbitrary, since the process of formation of so-called
"areas" is largely determined not only by the parameters
of the crash, but also by the parameters of the feeder and
does not fully disclose the essence of the process.
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Fig. 2. The dependence of the efficiency of sifting E
on the feed material on the sieve m,, at a different length
and constant width of the screen: 1, 2, 3 — the length of
the screen, respectively, 800, 1600 and 2400 mm. the
complexity of the sorting process on the sieve, attention is
drawn to the work [21] (Fig. 3).
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Fig. 3. Areas sorting: 1 — material, 2 — the direction
of its movement, 3 — screen, 4 — ready product, 5 — the
tray.

Purpose of research

The order of study the working process of material
sorting, we shall consider the progressive movement of
the material particle in the field of harmonic and
subsequently and shock-vibration for the purpose of
evaluation of the process and for the analysis of the
working process of the material sorting.

Results of research

Without taking into account the influence of the
neighboring grains and the inequalities of the screen, the

motion of the grains with the diameter d (Fig. 4) in a
screen with the size of the hole D under the action of the
velocity v and gravitational forces can be expressed by the
equations:
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Fig. 4. Scheme of grains of the material on a screen.
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Since y=E,X= D_E’ then, solving the
equation (1), we determine the relative velocity of the

grains movement by screen:

d, /9
_o-4 /9. 2
v=( 2)CI )

In order for the grain to move along the screen, it
needs to provide an acceleration that develops the force of
inertia that exceeds the forces of resistance. In vibrating
sieve with directional oscillations, the working surface

carries out harmonic oscillations with the amplitude X,
and the frequency @ by law

X=X, sin at. (3)
The direction of oscillation forms the angle (Fig. 5):
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Fig. 5. Pattern of motion a material particle on
horizontal surface.
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To determine the motion of the vibrating mass m
acting on the plane to mass forces (gravity G, friction F,
and normal reaction N) should be added inertia F; equal to
the product of mass m to accelerate the plane

X=—X,0’sinwt and directed by Angle £ to the
horizontal.

Then the equation of the relative motion of the mass
m of projections on the axes XQOY , related to the
vibrating surface will look like this:

mx =mX,w’ cos Asinet +F,;
i (4)
my =mX, @’ sin Bsinwt —mg + N,
where: F. — friction, associated with movement of
particles in the plane (y =0) of the normal reaction N
ratio:

F =—fN,x>0; F=+fN,x<0, (5

where: f — coefficient of friction sliding..
In this case, the normal reaction can be determined
from the second equation (2.4):

N = N(t) =mg —mX, o’ sin Bsinat.. (6)
Moving the material forward in the plane (x> 0) is
provided on condition:
mX,@’ cos Bsinat > F,. @)
Taking into account frictional forces F, and normal
reaction we have:

mX @ cos Asin wt >
: : . ®)
mgf —mX @’ sin Bsin wtsin A1,
where we determine the angular velocity necessary to
move the material forward in a screen:

w= g SO
X, Cos gsinwt(l+ f)

It is likely that the minimum values of the angular
velocity correspond to the position of the vibrational

/4
debalance, in which wt = E Then the angular velocity:

gf
Oy= |—— . (10)
X, cos f(1+ f)

To clean the screen from stuck grains and to better
separate the material, it is necessary to throw the material
over the screen. The flight conditions of particles over a
plane follow from equations (4) with

F. =N=0: mx=mX,’cos Asin at;
myzmxowzsinﬂsina)t—mg. (11)

Hence the conditions for pouring particles over the
screen:

X,0° sin gsin ot
g

Minimum angular velocity required to allow particles
to pass over the screen.

1. 12)

= L (13)

\/ X, SIn B

In inertial sieve with circular oscillations, the
direction of inertia is determined by the angle of rotation
1 = wt unbalances, and the total value of the inertia force
per revolution of the unbalance is zero. Therefore, the
surface of the sieve should be sloping so that the
additional force Q = Gsina (Fig. 6).

Fig. 6. Scheme of motion of particles on a sloping
vibrating surface.

The equation of relative motion of particles in this
case will look

mX = mX ,e° cos Bsin et +Q = fmg;

my = mX @’ sin Bsin ot —G cosa + N. (14)

For the right part of the first equation (14) the
expression for slip friction is already substitute: the upper

sign corresponds to sliding forward (X > 0), and the

lower one — to slip backward (X < Q) .

The material down the screen will move if the sum of
the force Q and the inertia force p exceeds the resistance
forces. In this case, the force Q promotes the movement
of particles down the screen and prevents their movement
in the opposite direction.

The minimum angular velocity required to move the
material over the screen and which corresponds to

@p=owt=0, are determined from the condition of

equation (15):
. /g(f —sin a).
XO

The maximum thrusting force will be provided with

(15)

s -
p=o0t= E Consequently, the minimum angular
velocity required for particles to pass,

p=o0t= f, (16)
2

Now consider the working process of the shock-

vibration sieve, which can be represented by the resulted

calculation scheme (Fig. 7a), in which the bottom frame

of the sieve, based on the condition of its vibration

isolation (the amplitude of its oscillations is 10 times



RESEARCH WORKING PROCESS SORTING OF MATERIALS AND DYNAMIC PARAMETERS ... 33

smaller than the amplitude of the sieve), is still, and the
box, carrying out oscillations, interacts with the particle
material. Such an assumption will allow us to evaluate the
parameters of the vibro-impact interaction process of the
screen and the material particles, and proceed to the
compilation and solution of the equation of motion of the
general dynamic system "vibration damping — sorting
material™.
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Fig. 7. Scheme of the process of interaction of a
material particle with a screen box « and their change of
motion b.

Under the action of the external action of the
excitator, for each period of the fluctuations T (curve 1,
Fig. 7, b), the mass of the box M and the mass of the
particle m are collided, leaving the particle, having
received the initial velocity, directed upwards, rises to a
certain height h (see Fig. Fig. 7, a), and then by law in the
form of a parabola (curve 2, Fig. 7, b) falls on a screen.
Since it is assumed that work mode of the system under
study is nonlinear (shock - vibration), then to estimate the
movement of a material particle in conditions of

interaction with the screen of the box, use the known ratio
of velocities before and after impact [10]:

R=(v,-u,)/(v,—u), 17)
where R is the rate recovery rate, which represents the
ratio of the relative velocity of the box and the sieve after

impact, v, —U, to their relative speed before impact. In
(1) v;,v, — the speed of the box before and after the

impact, U,,U, — the velocity of the particle before and

after the impact, respectively. As follows from Fig. 2, b,
on the boundary between the collisions of the sieve box
and the particle of the material is a fair condition:

by t=0;X, =X. =X, !X, =V,;X. =U,, (18)

by T =271w;X, =X.=X,; % =v,X. =U, (19)
On the interval between the singers, the particle
moves according to the law:

X. =X, +U,t—gt®/2 (20)

To determine the particle velocity before and after

the collision with the screen box we use the above

boundary conditions (19) and (20) Substituting them into

the equation of motion of the particle (21) we obtain the
particle velocity to the impact

u =-79/o. (21)
The velocity of the screen movement before and after
collision with the particle is determined on the basis of the
pulse theorem [10]:
v, =[1-R+2K_,R/(1+R)]u,

v, =[1-R-2K,R/(1+R)]u,
where K, =m, /m, - coefficient of payload which

determines the ratio of mass of material, which is on the
screen in the process of sorting it to the mass of the box.

The calculation scheme of the vibration damping
sieve, taking into account all masses, is a system
consisting of two masses (Fig. 8):

(22)
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Fig. 8. Scheme of vibration damping system "sieve —
material”, Co— coefficient of elasticity of the lower mass,
C1 — the coefficient of elasticity between the lower and
upper masses, Cs — limiter of fluctuations of the upper
mass (box).
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Consider the equation of motion of such a system, we
find the parameters that make it possible to provide a
stable vibration shock mode. To simplify the scheme in
the first stage, we assume that the movement of the box

and the material is common. Then X, = X;, the material

mass ms is counted as attached to the mass m,. The
dissipative component will be taken into account at the
final stage of the calculation.

Then the Kinetic energy of the system:

T =%(m1 X2+ m, X7). (23)

Potential energy consists of energy of weight //; and
energy of elastic forces /7, .

II, =m; X, g +m,X,g. (24)

We make an expression for the potential energy of

elastic forces. We denote f,~and f, ~ the

compression of the springs in the position of equilibrium
due to the action of weight:

1
frw =— (M +m,)g;

Co

1
2em — ang

We find the compression f, and f, of the springs
and with oscillations:

lem

f (25)

fi=f x5 fo=1fn—(X,—Xx). (26
Then
1
11, = E(cO +f2+cff). @
After simple transformations, we obtain the

expression of potential energy:
H=I,+1,= %(c0 +e)xf —cx,x, +%clx22 . (28)
oT , d or .
Because —— =m; Xi, a —-——=M; X , then,
0X, t O Xi
taking into account expressions (23) — (28) we have the
equation:

m, X1+ (C, +C,)X, —C,X, =0,
1 ) 0 Cl Xl 172 (29)
m, X2+ C,X, —C,X, = F, cos at
Equations (29) reflect the movement of the system
when the contact between the masses is violated. In the
same way we obtain the equations for the joint motion of

masses M, i M,:

X1+ (C, +C, +C)x, —CX, =0,

rnl“ 0 1 Xi 172 (30)

mXz2+(C, +C,)X, —(c, +C)X, = F,cosat

The difference between equations (29) i (30) lies in
the presence of (30) the boundary Cs which is a key
parameter that affects the stability of the system
fluctuations in the material needed for sorting the material
mode by the corresponding fractions.

The resulting system of equations (29), (30) can be
somewhat simplified, given that ( C, <<C ) and the

obvious connection X = X, + X,. Taking these conditions

and subtracting from the second equation first, we obtain
the form of the equation (29), (30), for x <0 (no contact):

. (1 1] F,
X+C| —+— [Xx=—-c0Swt (31)

ml m2 ml
For x>0 (motion in contact):

ml m2 1

The number of variables in the resulting equations
(31), (32) can be reduced by applying new dimensionless
parameters (time 7 and coordinate 77 ):

: F
X+ (c, + c)(i + i}x =—2cosat. (32)

t=ot, n=n,-1,; a=m/m,;

— m,x,®” (33)

2
_ M X,
i F, v 11, F, .

Taking into account that (Xi), =@’ (Xi), by
substituting (33) into (31) and (32) and simple
transformations, we obtain a new system of equations:

an, —n, =—o0COST;

}72+§1772 =—f —acosr; (34)

7"72+é‘2772 =—f -ocost;
In the new system of equations the following
relations are taken:

£ = (m, +m,)c,
' m,m,o*

m +m C,+C
éZZZ\/(rlnmz)(lwzz). (35)
172
f :M(—ml - mZJ. (36)
I:0 mZ

Assign o of the equations (34) takes into account the
phase of coercive force.

Parameter & 1 determines the ratio of the Eigen
frequency of the fluctuations of the "sieve-material”

system in that part of the period when there is no bundle
of mass between them to the frequency of forced

oscillations @ .
Parameter & , defines the ratio of the Eigen

frequency of the fluctuations of the "sieve-material”
system in that part of the period when the blow occurred
and the masses move together with the frequency of

forced oscillations @® The parameter f defines the ratio
between the given weight and the external force of the
oscillator vibrator. Consequently, at given values of the
masses of the sieve m; and mp, which are to be
determined, there is the stiffness of the elastic elements
c1, ¢ and i is the static moment of the mass of the
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disturbances M,r, , since the frequency of forced

oscillations @ is usually given by the material sorting
technology. In doing so, one must take into account the

fact that in addition to finding parameters &1, £ and f

it is needed to know the time of contact mass 7 .
Obviously, it represents a certain part of the entire period
of fluctuations.

Thus, the parameters & f and 7 determine the

mode of operation, which is realized under the conditions
(31) and (32).

When these conditions are realized, the movement of
the masses will be carried out with a separation between
them with variable blows between them through the
buffer. In this case, the following modes are possible:
one-strike, that is, during one period of mass movement,
carry one free flight, respectively, one hit on the spring,
super harmonious, when during a single period N of
change of the forced frequency. There are several strokes,
subharmonic when the number of strokes is less than the
period of change of the forced frequency. In any case, the
sequence of determining the parameters included in (35)
and (36) consists of the following operations: the
equations of motion of the system are in the segregated
and unbroken modes, Then, to reduce the number of
parameters, the equations are reduced to dimensionless
form and the initial conditions for moving, velocities and
time are determined, The given initial conditions are
taken into account in the equations of motion and at the
final stage the obtained equations of motion of the system
in the contact and without contact are equated, which is
caused by equal velocity values mass and spring at a time
that corresponds to the transition from contact to
contactless mass motion. The next step is to determine the
change in the limits of parameters that reflect the steady-
state operation of the shock-vibration sieve, implementing
an efficient sorting process. Since shock-vibration
machines operate in a mode that is close to resonance, it is

likely that the prediction is that £ >1. Based on the

expression for its own oscillation frequency, we can
determine the contact time of the masses with the
oscillation limiter:

t = 2z _ 27 /m/c
Wy

In (37) under the weight m is the reduced mass of the
system mm, /(M +m,) , and the coefficient of

@37)

elasticity with the sum c of the coefficients C, +C,.
1
Its average values can be takenas, 7 =—T

where T — is the period of fluctuations of the "sieve -
material" system.

On the basis of the performed research, a map of
stability of the vibration damping mode of the sieve was
constructed, which makes it possible to determine the

parameters & and T for the implementation of specific

conditions and sorting mode (Fig. 9).
For the purpose of conducting experimental
experiments, an installation (Fig. 10) was developed and

made, which was a vibrating sieve with the ability to
change the screen, adjust amplitude and frequency of
oscillations in wide bands [17, 18].
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Fig. 9. Map of the stability of the vibration damping
sieve for the implementation of the first stage of the
stability of its work.
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Fig. 10. Experimental vibration damping unit for
sorting crushed stone: a — scheme, B — general
appearance, 1 — bunker, 2 — box, 3 — drive, 4 — screen,
5 — bearings, 6 — frame, 7 — buffers.

Variable parameters in conducting experiments, in
addition to the amplitude and frequency of oscillations,
were the angle of inclination of the screen, the speed of
the material on the sieve screen, the thickness of the
material.
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The screen was picked up depending on the fractional
composition of the gravel with the appropriate size of the
apertures. In accordance with the research methodology, a
series of experiments was conducted, the parameters of
the sorting process were recorded by special sensors.
Their values were fixed on the computer display and
entered in the table.

The next stage of research was based on graphs and
compared the results of performed experiments with the
estimated values of the results of theoretical studies.

The process of sorting with two screen for
distribution into small and large fractions is shown in
Fig. 11.

Fig. 11. The process of sdlri'ing ruble on two

vibrogram vibrating screen.

Comparison among themselves the results of the
experiments with the calculated values of theoretical
studies have shown satisfactory in the trials, the
difference in the values of the unknown parameters. For
example, the difference between the amplitude of
oscillations sieve, obtained in the experiments and the
calculations amounted to 14% and power — 17%. Fig. 12
shows an example of vibrogram vibrating amplitude
changes that obtained in experiments and theoretical
calculations performed.
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b

Fig. 12. Change in the amplitude of the oscillation of
the screen, obtained in experiments a and performed in
the calculations b.

X

The proposed algorithm for calculating the dynamic
"sieve - material" system involves the following
implementation procedure.

The first block involves making decisions on the
values of output parameters: the required performance,
fractional composition of the material and its density,
necessary for this sorting process amplitude and
frequency of oscillations.

The second block includes the calculation: the
fractional composition of the grinding products for the
upper and lower screen of a two-sided sieve.

The size of the holes for the corresponding screen,
screen area and its size (length and width), sorting
efficiency.

Angle of inclination, structural and technical
characteristics of the sieve (the mass of the sieve and the
material to be sorted, the elasticity of the supports and the
buffer, the static moment of mass unbalance and the
engine power), criteria of stability of the vibration
damping mode of operation.

The third block represents the verification of the
obtained results: the numerical values of the amplitude
and frequency of oscillation stability of the resonant
vibration shock mode.

On the basis of the algorithm the method of
engineering calculation of the parameters of the “sieve -
material™ system is developed, the construction of the
vibration damping crane is proposed, the novelty of which
is confirmed by the patent for the utility model.

Conclusions

1. The performed review and analysis showed that
improvement of the model of the system "vibration
damping roller - sorting material™ that adequately reflects
the actual process of sorting is needed.

2. The working process of material sorting with the
consistent movement of material particles in the field of
harmonic and shock-vibrational action is investigated.

3. A calculation scheme is developed and the
equations of the joint motion of the investigated system
are obtained, the solutions of which are dimensionless
parameters that serve as criteria for assessing the
vibration-shock mode of sorting.

4. Determination of changes in boundaries of
dimensionless parameters that reflect the steady-state
operation of a shock-vibration sieve, implementing an
efficient sorting process in a mode that is close to
resonant. A map of stability was provided and the
vibration shock mode was provided at the main
resonance.

5. Experimental researches have been carried out to
determine the influence of the amplitude and frequency of
oscillations with different angles of the crater box
inclination on the course of the crushing process.
Comparison among the results of the performed
experiments with the estimated values of the results of
theoretical studies showed satisfactory, in the framework
of the conducted research, the discrepancy in the values of
the desired parameters.

6. The algorithm is proposed and the method of
calculating the parameters of the "sieve-material” system
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is developed, the construction of the vibration damping
crane is proposed, the novelty of which is confirmed by
the patent for the utility model.
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JOCJIIKEHHA POBOYUX ITPOLIECIB
COPTYBAHHS MATEPIAJIIB TA AMHAMIYHUX
[TAPAMETPIB BIBPALIIHOT'O EKPAHY
b. B. Mamcrox, C. B. Opuwenxo

AHoTanisgs. OOrpyHTOBaHMMH IEpeIyMOBaMHU Ta
NPUIYIIEHHSAMH TPU BHUBYEHHI POOOYOro mporecy
copTyBaHHs OyJiBEJIbHOrO0 MaTepiany € oOpaHa MOJeNb
CHUCTEMH «BIOpPOTaCWJIBHHI PpONMK - COPTYBaJbHUH
MaTepialr», IO aIeKBaTHO BimoOpaxkae (aKTHIHUHA
npouec copTyBaHHs. JlOCHIDKYIOTBCS (DaKTOPH BIUIMBY
Ha MpOLEC COPTYBAaHHS Marepiany: I'paHyJIOMETPHUYHHI
cximan ta ¢opma 3epHa Qpakiii, IIIBHICTE Ta BOJIOTICTh
CHUpPOBMHM, TOBIIMHA INapy Marepialy Ha eKpadi,
LIBHAKICTH 3epeH Ha expaHi. l1lo crocyeThes cura, TO Taki
(axkTopu: aMIUITya Ta 4acTOTa KOJHMBaHb, KYT HaXWIy
KopoOkw, ¢(opmMa Ta po3MipH OTBOPIB CHTa, PO3MIp
MOBEPXHi, COPTYBaHHA Ta PEKAM POOOTH CHUTA, KWK
peamizye 1i mapamMeTpu. bBymo BCTaHOBIEHO, IO
301 IIICHHS JIOBXHHH 301TBITyE HMOBIpHICTB
MIPOXO/DKCHHS YAaCTHHOK dYepe3 eKpaH, 301IbIIyroun
eeKTUBHICTh copTyBaHHs. [lociimKkeHo pobouuii mpouec
COPTYBaHHsS Matepially 3 IOCIiJIOBHUM IEpeMilleHHIM
YaCTMHOK MaTepialy B o0jacTi rapMOHIiHOI, a MOTIM i
ylapHO-KomBaJibHOT aii. BusHaueno ominky npouecy
COPTYBaHHs Ta IapaMeTpiB Iboro mnpouecy. JloBeneHo,

10 BUKOPUCTAaHHS 3arajJbHUX TAPMOHIYHHMX Ta yJapHUX
pexuMiB pyxy € edekrmBHuM. Came g rimore3a €
OCHOBOIO IIFOTO JOCHi[KeHHS. HaniiiHicTe HampsMky
o0OyMOBIIeHa THM, [0 TpH 3OIHCHEHHI PEXKUMY
COpTYyBaHHA BiOpariifHOTro AeMr)yBaHHS CHIHHUN BILTHUB
HA YaCTHHKM MaTepialy 3HA4HO 30imbIryeTscs. Sk
pe3ysbTaT - MOXJIMBICTH CAMOOYHILEHHS! THX OTBODIB, B
SIKMX 3aCTPSIJIM MarepialbHi YacTHHKH, TA JOCATaeThCs
MiABUIIEHHS e(QEKTUBHOCTI Ta NPOAYKTHBHOCTI CHUTA.
Po3pobiiena cxema NMpoeKTyBaHHS Ta OTPUMaHi PiBHSIHHS
CIIJIBHOTO PYXy JOCHIPKYBaHOI cucTeMHu. Po3B’s3aHHS
PIBHSHB BU3HAYa€ThCs OE3PO3MIPHUMH MTapaMeTpaMH, sIKi
CIYTYIOTh KPHUTEPISIMH OLIHKA PEXHMY COpPTYBaHHS
BiOpamiiiHoro  moky.  Bu3HaueHO  3MiHH — MeEX
0e3po3MipHIX mapaMeTpiB, SKi BiToOpaXkaloTh CTaOUTBHY
poboTy  ymapHO-BiOpamiifHOTO  CHTa,  peami3ylouH
e(eKTHBHUN TPOIEC COPTYBAHHA B PEXKUMi, OIM3BKOMY
IO pe3oHaHCHOro. Byma HanmaHa kapra CTilKocTi Ta
3a0e3neueHo pexuM BiOpalifHOTO yAapy Ha TOJOBHOMY
pe3oHaHCl. [TpoBoannuch EKCIIepUMEHTAIIbHI
JIOCHI[KCHHST e(peKTHUBHOCTI peastizallii CIiIbHOro BiOpo-

yIApPHOTO pEXHMY COPTYBaHHS Ha HOBOCTBOPEHIH
ycraHoBui.  [lopiBHSHHS  mapameTpiB,  OTPUMAaHUX
TCOPETUYHUM  Ta  CKCIICPUMCHTAJBHUM  IUIIXOM,

MATBEPAWIO HANIHHICTD TPUITYIICHh Ta IPUITYIICHB,
NPUHHATAX Yy JOCHiIKeHHi. Po3pobieHo anroputm
PO3paxyHKy CHCTEMH «CHTO — MaTepiai», 3alpolIOHOBaHa
KOHCTPYKIi KpaHa BIiOporaciHHS, HOBH3HA SKOTO
HiATBEpKEHA MATCHTOM Ha KOPUCHY MOJIEIIb.

Kiarwuosi cioBa: nocmimkeHHs, pobora, MpoIliec,
COpTYBaHHs, MaTepiall, napaMmeTp, BiOpauiiHuii ekpaH.

NCCIIEJJOBAHUE PABOYUX ITPOLIECCOB
COPTHUPOBKU MATEPHNAJIOB U
JMHAMUNYECKHUX ITAPAMETPOB BUBPAIIMA
OKPAHA
b. B. Mamcwok, C. B. Opuwenko

AnHotanusi. OGOCHOBAaHHBIMH TIPEANOCHIIKAMH 1
JONYIIEHUSAMH TIpH M3y4eHHHM pabodero mnporecca
COPTHUPOBKHM  CTPOWTEIBHOI'O  Marepuaja  sIBISIETCS
BBIOpaHHAast MOJIENIb CUCTEMBI «BUOPOTACHUTEIBHBIN POJIUK
COPTHPOBOYHBIH MaTepuam», 4YTO aJeKBAaTHO OTpa)xaeT
(daxkTHYecKuil  mpolecc COpTHPOBKU. Mccnemyrorcs
(axkTophl BIMSHHS Ha MPOLIECC COPTUPOBKH Marepuasa:
TpaHyJIOMEeTpUYecKuil coctaB u (popma 3epHa (pakuuwy,
IUIOTHOCTh W BJI@XHOCTb CBHIPbS, TOJNIIMHA  CJIOS
MaTeprasa Ha 3KpaHe, CKOpOCTh 3€peH Ha dKpaHe. Uto
KacaeTcsl CHTa, TO Takue (hakTOpbl: aMIUTUTYJla ¥ 9acToTa
KoJieOaHWH, yroj HakiIOHa KOpoOkH, popma M pasmepsl
OTBEPCTUH CHUTA, pa3Mep MOBEPXHOCTH, COPTHPOBKH U
pexuM  paboThl  CHTA, KOTOPBIM  pealnusyer dTH
rmapaMeTpsl. BBIIO yCTaHOBIIEHO, YTO YBEIWYCHUE JTHHBI
YBEJIMYHMBAET BEPOSTHOCTh IMPOXOXKACHUS YAaCTHI[ depes
9KpaH, yBennumBasg 3((HEKTUBHOCTE  COPTHPOBKH.
Hccnenosan pabouuii mporecc COPTUPOBKH MaTepHalia ¢
MOCTIeIOBATEIbHBIM TIEPEMEIICHHEM JacTHI] MaTepHraja B
o0macTh  TapMOHWYHOH, a 3aTeM ¥  yJapHO-
KosebaTenpHOrO  neiictBusa.  OnpeneneHa  OIEHKa
mpolecca COPTHUPOBKM M TNAapaMeTpoB ATOTO IpoLecca.
JlokazaHo, 4TO MCIIOJIb30BAaHHE OOLIMX TaPMOHUYECKUX U
yIapHBIX PEXHMOB IBIDKEHUS SIBIsETCS 3(P(EKTHBHBIM.
HNmenHo »dTa rumore3a SBISIETCS OCHOBOM JaHHOTO
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uccienoBanns. HamexHocTh HampaBieHHs OOYCIIOBIIEHA
TE€M, YTO MpPU OCYHIECTBICHHH pPEXHMa COPTHPOBKH
BHOPALMOHHOTO JEeMI(UPOBAaHNUA CHIBHOE BIHMSHHE Ha
JaCTHIBl MaTepHaia 3HAYUTENbHO yBenumdmBaercs. Kak
pe3yNbTaT BO3MOXHOCTh CaMOOYHCTKH T€X IIPOEMOB, B
KOTOPBIX ~ 3aCTpS/Id  MaTepualbHbIE  YacTHUOBL, U
JOCTUTAETCS MOBBILIIEHUE 3¢ PeKTUBHOCTH "
NIPOM3BOJIUTENBHOCTH  cuTa.  PazpaboTana  cxema
MIPOEKTUPOBAHUS U IOJyYCHHBIE YPAaBHEHHsI COBMECTHOTO
JIBIDKCHUS UCCIIEIyeMOi cucTeMsbl. Pemienne ypaBHeHHI
ompezensiercst Oe3pasMepHBIMH MapaMeTpaMH, KOTOpbIE
CIIy’)KaT ~KPUTCPUSIMH OLEHKH pPEXHMa COPTUPOBKU
BHOpaIrioHHOro moka. OmnpenerieHsl H3MEHEHHUS TPaHHII
0e3pa3MEpHBIX  MapaMeTpPoOB, KOTOPHIE  OTPAXKAIOT
cTabminbHyI0 paboTy  ymapHO-BHOPAIIOHHOTO — CHUTAa,
peanmu3yst 3 peKTUBHBIN MpoIecC COPTUPOBKH B PEKUME,
ONMM3KOM K pE30HaHCHOMY. bputa mpenmocraBieHa kapra
YCTOWYMBOCTH M OOECIEYCH pPEXHUM BHOPAIIOHHOTO
ylapa Ha  TJaBHOM  pe3oHaHce.  [IpoBoauiuchk
9KCIIEPUMEHTANIbHbIE  MCCleA0BaHus  A(PPEKTUBHOCTH
peaiM3alii  COBMECTHOI'O BHMOPO-YJapHOTO pEeXUMa
COPTUPOBKM Ha CO3JaHHOW ycraHOBKe. CpaBHeHHE
napaMeTpoB, TOJIYUYCHHBIX TCOPCTUYCCKUM nu
9KCTIEPUMEHTAIBHBIM ITyTEM, TOATBEPIMIO HAAEKHOCTh
JONyIIEHWH M  TPEANONOXEHWH,  NPHUHATBIX B
uccienoBaHuu. Pa3paboTaH anropuTM pacyeTa CHCTEMBI
«CUTO-MaTeprall», IPEAJOKEHHAs KOHCTPYKIHUS KpaHa
BUOpOTAIIeHNs, HOBW3HA KOTOPOTO  ITOATBEP)KACHA
MIATEHTOM Ha MOJIE3HYI0 MOJEIb.

KiamoueBble  ciaoBa:  uccienoBanue,  pabora,
nporecc, COPTUPOBKA, Marepuall, napamerp,
BHOpAIOHHBIHN 3KpaH.
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