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VIBRATIONAL MOVEMENT OF PARTICLE
AT ASYMMETRICAL OSCILLATION OF THE WORKING SURFACE

Abstract. The practical application of asymmetric oscillations provides significant technological, and some-
times constructive, advantages over harmonic oscillations. This can lead to the rejection of more complex drive
devices. For example, using non-harmonic oscillations, the process of screen separation of grain mixtures could be
carried out on a horizontal sieve work surface. At the same time, it would be possible to provide an average move-
ment of the runoff part of the grain mixture in a sieve. The article presents the results of a theoretical study of the
vibrational displacement of a material particle along a horizontal surface that performs horizontal non-harmonic
oscillations. An analytical solution of the problem of the vibrational displacement of a particle is proposed for asym-
metric oscillations of the support surface by the method of step-by-step integration. The region of kinematic and
adjusting parameters of the supporting surface is determined, under which an average motion of the particle relative
to the oscillating surface is possible.

Keywords: non-harmonic oscillations of the working surface, vibrational movement of a particle (loose body)
along an oscillating surface, vibrational separation of grain mixtures.

Introduction. In the vibrational technological and transport equipment, machines are widely dis-
tributed, the working organs of which perform rectilinear oscillations according to the harmonic law. Less
common equipment, in which the law of oscillations of the working body is non-harmonic. This is
explained by the greater complexity of the drive for reporting non-harmonic oscillations compared to the
drive providing the harmonic law of oscillations of the working element of the machine. However, in the
monograph of Professor 1. I. Blekhman [1], devoted to the theoretical study of the process of vibrational
displacement, it was noted that "In a number of cases, the use of non-harmonic oscillations gives sig-
nificant technological and sometimes constructive advantages in comparison with the use of harmonic
oscillations. These advantages often pay for the need for more sophisticated drive devices. "

It is well known that the creation of new highly efficient equipment for grain processing enterprises,
in particular grain cleaning machines, is based on the development of the theory of processes and the
dynamics of machines. At the same time, the most promising are the works aimed at solving the problems
of choosing the law of motion of the working part of the machine when processing the grain mixture
(loose body) and its optimal kinematic and dynamic parameters that ensure high technological indicators
of the functional purpose of the equipment.

The effect of vibrations on the loose body during the separation of the grain mixture is manifested,
firstly, in loosening and self-sorting, and secondly, in the supply, that is, in the appearance of an average
unilateral movement of the granular medium along the working surface. The intensity of self-sorting of
the components of the grain mix determines the efficiency of the separation process. Feeding the grain
mix ensures the continuity of the process. The average speed of vibro-displacement, that is, the average
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speed of the one-way directional medium flow of the granular material relative to the working surface in
both cases (in the technological and transport equipment) determines the productivity of the equipment.

It is known [1] that it is possible to provide a medium-directed movement of a granular medium with
respect to a horizontal uniformly rough surface, performing horizontal oscillations, by communicating the
surface of asymmetric (non-harmonic) oscillations. The asymmetry of the law of oscillations means the
inequality of the maximum positive value of acceleration to the module of the maximum negative value of
the acceleration of the surface. The value of the average speed of the loose body relative to the working
surface determines the productivity of the equipment, and, what is equally important, the residence time
of the loose mixture on the working surface. The latter circumstance is especially important for the
separating machine, since the residence time of the granular medium on the oscillating surface affects the
efficiency of the self-sorting process. In this case, the longer the residence time of the grain mixture on the
working surface, the more effectively the grain mixture is stratified during its self-sorting.

Thus, the average velocity of the vibrational movement of the loose mixture is the main parameter on
which the performance of the transport equipment and the productivity and efficiency of the separation
process in the processing equipment of grain processing enterprises depend. Consequently, the calculated
determination of the average particle velocity of a loose body relative to a vibrating working surface is the
first and main task of the theory of vibrational displacement.

Objects and methods of research. The expediency of informing the working bodies of machines of
asymmetrical oscillations can be explained as follows. In the case of an asymmetric oscillation law, the
working process in the machine can be carried out on a horizontal working surface. With a symmetrical
(harmonic) oscillation law, the process of separation is usually carried out on an inclined working surface.
The slope of the surface in this case is necessary to ensure the supply of the grain mixture, that is, to
ensure the continuity of the separation process. The process of screen separation on flat sieves consists in
sieving through a sieve surface of particles with dimensions smaller than the size of the sieve holes. The
process of sifting takes place in the field of gravitational forces, that is, the particles fall through the sieve
holes under the action of gravity. On an inclined screen surface, the component of gravity, normal to the
plane of the surface, is less than the gravity of the particle. Hence, when the screen surface is tilted to the
horizontal, the driving force of the separation process decreases, which negatively affects the efficiency of
the process. In addition, the need to tilt the working surface leads to an increase in the dimensions and
metal capacity of the machine. It should be noted that for asymmetrical oscillations of the working
surface, if it becomes necessary to tilt the surface, then to a much lesser degree than with the symmetric
law of its oscillations.

In the research [2], devoted to the theoretical study of the vibrational displacement of a material
particle along a uniformly rough horizontal plane that performs horizontal oscillations along a non-
harmonic (asymmetric) law, the solution of the problem is solved by the method of graphical step-by-step
integration. In this case, the dependence of the acceleration of the points of the plane on time has the form

a(t)= Bo® -(cos wt +0,5cos 2at), (1)

where is a given constant.

In this research, we consider the solution of this problem using an analytical version of the method of
step-by-step integration. The presence of such a solution allows to fully use the advantages of computer
technology: the accuracy and speed of computation with the known solution algorithm.

The graphical method of solving is more visual, therefore, in the analytical method of solving the
problem, for a better understanding of the actions performed, as appropriate, we will use the material of
manuscript [2]. To consider the analytical method of solution, it is necessary to repeat the statement of the
problem, the conventions adopted and the graphic interpretation of the solution.

Results and their discussion. The motion of a particle relative to the surface is considered in a por-
table coordinate system XOY, rigidly connected with an oscillating surface. Figure 1 shows a diagram of
the forces acting on the particle: mg - gravity; N - normal surface reaction; P - the inertia force of the
portable movement; F=Nf - the friction force, where is f - the friction coefficient of the particle on the
surface. According to the accepted conditions - the horizontal surface performs horizontal oscillations -
the particle moves relative to the surface without detachment and N=mg.

— 18 ——
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Figure 1 — Scheme of forces acting on the particle

The differential equation of the relative motion of a particle in the projection onto the axis X after the
transformations and reduction of the equation to the dimensionless form has the form

x"=cosd+0,5c0828 -z, ()

where x" = - dimensionless acceleration of the particle relative to the surface; coso + 0,5c0s20 -

Bw’
B’
sionless parameter of resistance to movement of a particle relative to the surface (analog of the resistance
force to the relative motion of the particle); 0 = @t - phase angle (dimensionless time).
Two strokes in equation (2) denote differentiation with respect to the dimensionless time o . In the

dimensionless acceleration of the surface points (analog of the driving force); z, =+ - dimen-

problem under consideration, the condition z, = |Z_| or, which is the same z, = —z_, is satisfied.

To determine the range of the parameters z, at which the particle moves relative to the surface, a

study was made of the dependence of the dimensionless acceleration of the surface on the extrema.

Using the method of step-by-step integration [1, 3], given specific initial conditions, the switching
phase angles (the moments of the beginning and the end of the motion in each of the directions) are
determined and, accordingly, correcting the initial conditions, arrive at a certain steady-state motion.

In the solution, the following designations are accepted: J,, and O, - phase angles of the beginning
of the motion of the particle relative to the surface, respectively, in the positive and negative directions of
the axis X; 0,, and J,_ - the phase angles of the end, respectively, of these movements; J,, and J, -

the phase angles corresponding to the maximum possible conditions for the beginning of the relative
motion of the particle, respectively, in the positive and negative directions of the axis X. The values of the

phase angles &,, and O, are determined from the condition that the driving force is equal to the

resistance force, and for a certain subsequent time interval the absolute value of the driving force exceeds
the absolute value of the resistance force.
Figure 2 shows a graphical interpretation of the equations of particle motion, presented in work [2].

In Figure 2,a a graph of the dependence cos o +0,5c0s 20 is plotted and two straight lines are drawn z,
and z_. The first point of intersection of the straight line z_ of the coso +0,5c0s20 dependence
during the surface oscillation period corresponds to the value of the phase angle J,,_. The second point of

intersection of the straight line z, of the cosd +0,5cos20 dependence during the surface oscillation
period corresponds to the value of the phase angle J,, .

Figure 2,b shows the plot of sind + 0,25sin 26, which is the dependence of the dimensionless
velocity of points on the plane. A straight line is drawn through the point of dependence with the ordinal
corresponding to the velocity with the phase angle J,,_, the slope of which to the axis of abscissae is z_.

The straight line in the figure is drawn in dotted lines. The point of intersection of this inclined line with
the velocity dependence determines the end of the relative slip of the particle in the negative direction of
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Figure 2 — Graphical interpretation of the equations of particle’s motion:
a) graph of accelerations; b) speed graph

the axis X. The particle finishes sliding relative to the surface in the negative direction at the phase angle
52(1) As can be seen from figure 2,b, in the case under consideration the condition 52(1_) < 0,, is satisfied.

The fulfillment of this condition means that the motion of the particle in the positive direction is preceded
by a pause. Consequently, the motion of the particle in the positive direction begins at a phase angle
0,, =0,, . Similarly, we determine the phase angle corresponding to the cessation of motion of the
particle in the positive direction. In this case, the straight line has an inclination angle to the abscissa axis,
the tangent of which is z, . As can be seen from figure 2,b, the condition J,, —27 > ¢, is satisfied.
This means that it is necessary to correct the initial conditions for the motion of the particle. That is, a
particle can start moving in the negative direction of the axis X at a phase angle 6, =J,, —27 . Such an

adjustment of the initial conditions eventually leads to the determination of steady motion.
We consider the solution of the problem by the method of analytical step-by-step integration.
Slip of a particle in the negative direction of the axis X can begin, if x" < 0. Then the phase angle

0,_ corresponding to the limiting possible condition of the beginning of the motion is found when
x" =0 the dimensionless acceleration of the particle
coso, +0,5c0s20, —z =0. (3)
After the transformations, we obtain
cos’ 5, +cosd, —05-z =0. (4)

— 20 ——




ISSN 2224-526X Cepus acpapnuix nayx. Ne 4. 2018

For the case under consideration (0,5 <|z,|<0,75) the quadratic equation has four roots. The

required solution of the equation, as can be seen from figure 2, is the smallest root

0, = arccos(— 0,5+4/0,75+ z_ ) (5

Similarly, slip in the positive direction can begin under the condition x" > 0. The phase angle &,
of the maximum possible start of motion is found from equation

cosd,, +0,5¢c0s20,, —z, =0. (6)

+

After the transformations, we obtain
cos’ J,, +c0sd,, —0,5-z, =0. (7)

The quadratic equation (7) has two roots. Answering the condition of the maximum possible start of
motion is the larger root of equation

0,, =2m— arccos(— 0,5+40,75+z, ) (8)

It should be noted that, according to the accepted designations, the phase angles o, and O,

correspond to the conditions for the beginning of the slip of the particle, respectively, in the negative and
positive directions in the steady motion.

If to each of the angles J,_ and O, the particle was in a state of relative rest, that is, the slip in the
preceding direction has already ended, then o, =6, and J,, =0, . To verify the fulfillment of these

conditions, we first determine the dependence of the velocity of the particle as it slides relative to the
surface in the negative direction of the axis X under the assumption that the motion began at a phase angle

0,_. The dependence of the dimensionless velocity is obtained by integrating equation (2) in the range
from &, up to the current value of the phase angle ¢ and from x" =0 up to the current value of the

velocity x' <0
x'=sind —sin g, +0,25(sin25 —sin28, )-z (5 -5, ). ©9)

At the moment of stopping the slip, the velocity of the particle turns to zero. Consequently, the value
of the phase angle O (1) corresponding to the end of the slip of the particle in the negative direction can be

calculated from equation
sins!) —sin 5, +0,25(sin25" —sin 25, )-z (V) -5, )=0. (10)
Solving the last equation by the method of successive approximations with respect to 52(17), we

determine the value of the phase stop angle.
As noted above, checking for the presence or absence of a pause before starting the motion in the

positive direction consists in comparing the values of the phase angles 52(9 and o, . If 52(9 >0, , then
there is no pause and the movement in the positive direction begins at a phase angle 0,, = 52(1_). If

sV <s

o+ » as in the case under consideration, the movement in the positive direction is preceded by a

pause. Consequently, the particle begins to slide in the positive direction at the phase angle J,, = J,, .
To determine the velocity dependence, we integrate equation (2) in the range from o,, = J,, up to

the current value of the phase angle & and from x' = 0 up to the current value of the velocity x’ >0

x' =sind —sinJ,, +0,25(sin26 —sin25,, ) -z, (5 -5, ). (11)
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At the moment when the particle slips in the positive direction at the phase angle, the velocity
vanishes

sing,, —sind,, +0,25(sin25,, —sin24,, )-z,(5,, =5,,)=0. (12)

Solving equation (12) with respect to o,, the method of successive approximations, we determine

the value of the phase angle 0,, of the cessation of the slip of the particle in the positive direction of the
axis X.
If 6,, =27 < J,_, then the motion of the particle in the negative direction is preceded by a pause. In

this case, the motion in the negative direction begins at a phase angle 0, =9,_.

It should be noted that the presence of pauses before the movement in each direction means that the
steady motion is obtained.

If ,, =27 >0, , as is the case in the present case, then a pause before the particle motion in the
negative direction is absent. Then the particle starts to move in the negative direction is not at the phase
angle O,_, as it was made before the first stage of integration, because by the time corresponding to the

phase angle O, , the particle has not stopped moving in a positive direction. Therefore, in the second
stage of integrating the equations of motion of the particle, correction of the phase angle of the origin of
motion in the negative direction is necessary. Since the time corresponding to the phase angle 6,, — 27,
the ratio of the driving force and the resistance force correspond to the condition of movement in the
negative direction, then 0, =9,, —27.

After correcting the phase angle of the beginning of the particle’s slip in the negative direction of the
axis X, the velocity dependence has the form

x'=sind —sing,_ +0,25(sin25 —sin 25, )—z_(5-5,_). (13)

The phase angle &, of the end of the particle’s slip in the negative direction in the second stage of
integration is determined by solving by the method of successive approximations the equation

sing, —sind,_ +0,25(sin 25, —sin26, )-z_(5,_ —&,_)=0. (14)

Note that J, < 52(1_) (see figure 2).

Thus, as a result of adjusting the phase angle of the beginning of the movement in the negative
direction, the duration of the pause before the motion of the particle in the positive direction increases.
Therefore, the values of the phase angles of the beginning and the end of the motion of the particle in the
positive direction remain unchanged. Consequently, steady motion is obtained.

The statement that the condition 0, < o,, =0,, is satisfied in the case under consideration can be
explained as follows. The intervals of motion of the particle in each direction contain two subintervals: the

subinterval of the accelerated motion (the driving force exceeds the resistance force); subinterval of slow
motion (the force of resistance exceeds the driving force). The boundaries of the subintervals of the

accelerated motion are determined by the values of the parameters z_ and z, . The parameter z_ defines
the boundaries of the subinterval of the accelerated motion of the particle in the negative direction of the
axis X. The parameter z, is in the positive direction. The search for steady motion is associated with the

need to correct the phase angle of the beginning of the motion, whose value either corresponds to the
beginning of the subinterval of the particle’s accelerated motion, or belongs to this subinterval, and then
determines the phase angle of the end of the motion in this direction. In our case, when investigating the
motion of a particle in the first period of oscillations of the support surface, it is established that slip in the
negative ends before the particle can begin to move in the positive direction (52(1) < 0,, ), and the motion

in the positive direction ends later than the particle can begin to move in the negative direction
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(0,, —2m >0, ). This means that when studying the motion of a particle in order to find the steady
motion, it should be assumed that in the subsequent oscillation period of the reference surface, the particle
begins to move in the negative direction at the phase angle 0, =0,, — 27, that is, at a larger value of

the phase angle than in the previous oscillation period. Note that correcting the condition of the beginning
of the motion in the negative direction leads to an increase in the value of the phase angle of the beginning
of the motion. Obviously, in this case, at the stage of particle motion in the negative direction, in the
second period of surface oscillations, the duration of the subinterval of the accelerated motion is reduced.
Consequently, the particle ends the motion in the negative direction earlier than it was determined in the

first stage of the particle motion study, that is, the condition &, < J,, =0, is satisfied.

After finding the phase angles of the beginning and end of the particle’s slip relative to the surface in
each of the directions in the steady motion, we determine the particle movements in the negative and
positive directions.

To determine the displacement of the particle relative to the surface in the negative direction, we

integrate equation (13) in the range from 0,  to 0, and from x =0 to x_
x_=(z_0,_ —sind,_ —0,25sin26, )5, — &, )— (cosd, —cosd,_)- O,l25(cos 26, —co0s25, )

S5, =0
P S =y (15)
2
To determine the displacement of the particle in the positive direction, we integrate equation (11) in
the range from 0,, to J,, and from x =0 to x,

x, =(z,0,, —sind,, —0,25sin25,, )(52+ -5, )- (cos 5,, —cosd,, )—0,125(cos 25,, —cos25,, )—

S5, =0
-z, % (16)
The value of the average dimensionless velocity of a particle during the period of surface oscillations
is determined by the formula

, X +x,
X =—
27

As noted above, the dimensionless velocity is obtained by differentiating the dimensionless

(17

. X . . ) ) dx i
coordinate x = E from the dimensionless time O = @t , thatis, x' = % . Therefore, the transition from

the dimensionless displacement x to the dimensional displacement s can be carried out by the formulas:
to move in the negative direction - §_ = Bx_; to move in the positive direction - s, = Bx,. The

dimensionless instantaneous velocity x' is related to the dimensional instantaneous velocity X by the
dx _dX _ dX X
do Bdo Bwdt Bw

Vm can be determined by the formula

following relation x' = . Then the value of the dimensional average speed

Vm :M:Bmm. (18)
2

The following conclusions can be drawn from the presented solution for determining the steady
motion. Investigation of the motion of a particle relative to an oscillating surface can be carried out in the

following sequence. We determine the phase angles J,  and o, corresponding to the conditions of the
maximum possible start of the motion in each direction. At the first stage of the study of particle motion,
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we assume that it starts moving, for example, in the negative direction at a phase angle J, . Determine
the dependence of the velocity of the particle as it slides relative to the surface in the negative direction.
We determine the value of the phase angle 52(17) of the end of the slip of the particle in the negative

direction, provided that the velocity is zero. If 52(1_) <0

0+

as in the case under consideration, then after

moving in the negative direction until the time corresponding to the value of the phase angle o, , the

particle is in a state of relative rest (motionless relative to the surface), that is, there is a pause. After a
pause, the particle begins to move relative to the surface in the positive direction at a phase angle o, .

Next, we determine the dependence of the velocity of the particle as it slides relative to the surface in the
positive direction and the phase angle J,, of the end of this motion. If J,, —27 < J,_, therefore, steady-

state motion is obtained, since the previously assumed assumption that the particle starts to move in the
negative and positive directions, respectively, at phase angles 0, and J,, turned out to be correct. If

0,, —2m > J,_, as in the case under consideration, then the correction of the condition for the beginning
of the motion of the particle in the negative direction is required. Therefore, the particle begins to move in
the negative direction at a phase angle 0, =0,, — 27 . Further, taking into account the new value of the
phase angle of the beginning of the relative particle’s slip, we determine the dependence of its velocity on
this stage of the motion and the phase angle &, of its termination. In the case under consideration, the

condition 6, <, =0, is satisfied, and this means that a steady motion is obtained.

Conclusion. The presented graph-analytical method for studying transient and steady-state processes
of the particle's vibrational motion with non-harmonic oscillations of the working support surface will
allow the design engineers to calculate the kinematic parameters of the separation process of the grain
mix, and also design the parameters of the separating organ of the grain cleaning machines.
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'Peceit memnekerTik arpapibik yHuBepeuteti — K. A. Tumupszes atbingarsl MAILIA, Mockey, Peceit,
’Kazak aybUl apyanIbUIbIFbIH MEXaHHKATAHIBIPY JKoHe dextpaenaipy F3H, Anmarer, Kazakcran,
Mackey MeMJIEKETTIK TaMak eHaipici yHuBepcuteti, Mackey, Peceii,

*M. X. Jlynartu arsinnars Tapas MeMkeTTik yauBepcureri, Tapas, Kasakcran

BOJIIEKTIH CUMMETPHAJI/IbI EMEC JEHEHIH
TEPBEJIMEJII BETHHEH BUBPALIUAJIBIK OPBIH AYBICTBIPYbI

AHHOTaUMs. OHAIpiCTe CHMMETPHAIABI eMec TepOeicTepli KOaHy CHMMETPHANIBI TEpOeTiCTepMEH CalbIC-
THIPFaHIa TEXHOJNOTHSUIBIK, COHBIMEH KaTap KOHCTPYKTHBTI epeKmieniri 0omanbl. By mereH xypaem KO3FalITKBIMI
MeXaHM3MJEpJeH 0ac TapTyFa OKellyi MYMKiH. MpIcaibl, TapMOHUKAJIBIK €MeC TepOenicTi KoJJaHyMeH
JIOHIIKOCIIAHBI EJIEKIIeH CYPBINTAY/ bl TOPU30HTAJ €JIEKTI XKYMbIC OpraHbIH/AA XKy3ere acbipyra Ooxap eni. byn ke3ne
JIOHIIKOCTIAHBIH €JIEKTEH OTeTIeil 0eiMiH OaFrbITTHI OPTa KBUITAM/IBIKIIEH KO3FaITyFa Oomap ei.

Makasaja aiiHaiMalbl TapMOHHKAJIBIK €eMeC TepOelieTiH rOpU30HTall OETIIEeH MaTepHasibl IeHe BHOpAIUaIbIK
TepOeITiCiHIH TCOPUSIIBIK 3ePTTEYJICp HOTHKENEpi KenTipiireH. JleHeHIH CHMMETpUaNIIbl eMec TepOereTin 0eTTe Bu-
OpauusuIbIK OPbIH aybICTHIPYBIHBIH aHAIMTUKAIBIK €CeNTepiH Ke3eHMEH MHTErpaliay 9ICiMeH eIy OJIbl YChI-
HbUIAMbL. JIeHeHIH OaFbITTHI OpTa KBUIJAMIIBIKIICH CATBICTRIPMANIBI OPBIH ayBICTHIPATHIH TipeK OCTiHiH KHHEMaTH-
KaJIBIK YKOHE KAJIBINTHI TapaMeTPIIepiHiH 00IBICH aHBIKTAIJIBI.

—— Y ——
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Tyiiin ce3aep: >xyMbIc OETiHIH TapMOHHUKAJIBIK eMec TepOelici, JeHeHIH (CyCchIMallbl 3aTTHIH) TepOenmeli Oet-
TIIeH BUOPALIMSUIBIK OPBIH aybICTBIPYBI, JOH/I KOCTIAJIap/Ibl BHOPALMSIIBIK CYPHINTAY.
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’Kaszaxckuit HUM mMexauusaiuu u aneKTpudUKaUU CeTbCKOro X03siicTBa, AnMarsl, KazaxcraH,
*MockoBckHit rOCYAAapCTBEHHBII YHUBEPCUTET MUILIEBBIX IPOU3BOACTB, Mocksa, Poccus,
“Tapasckuii rocynapcTBenHslii yuusepcuter uM. M. X. Jlynaru, Tapas, Kasaxcran

BUBPALIMOHHOE NIEPEMEINEHUE YACTHUIbI
IPU HECUMMETPHUYHbIX KOJJEBAHUSX PABOYEM MOBEPXHOCTH

Annortanus. [IppuMeHeHne Ha IPaKTHKE HECHMMETPHYHBIX KOJIEOaHUH TaeT CyIIeCTBeHHBIC TEXHOJIOTHIECKIE,
a MHOTZIa M KOHCTPYKTHUBHBIC MIPEUMYIIECTBA [0 CPABHEHUIO C TAPMOHHUYECKUMH KOJICOAHUSAMH. DTO MOXKET IPH-
BECTH OTKa3y OT OoJee CIIOKHBIX MMPUBOAHBIX YCTpoicTB. Hampumep, ¢ HCIoap30BaHNEM HETApMOHNYECKUX Koieba-
HHIA TIPOIIECC CUTOBOTO CEMapUpOBaHuUs 3epHOCMECEH MOT Obl OCYIIECTBIIEH Ha TOPU30OHTAJIBHOW CUTOBOW paboueii
nosepxHocty. [Tpu 3ToM obecnieunBanocs Obl HANPABIEHHOE B CPETHEM JBMIKEHHE CXOJIOBOM YaCTH 36PHOCMECH IO
cute. B craThe mpeacTaBiICHBI Pe3yJIbTAaThl TCOPETHUCCKOTO HCCICIOBAHUS BHOPAIIMOHHOTO MEPEMEIICHUS MaTe-
pHATBFHON YaCTHIBI TI0 TOPHU3OHTAIEHOW MOBEPXHOCTH, COBEPIIAIONICH TOPU30HTAIBHBIC HETapPMOHHYCCKUE KOJIe-
Oanwms. [IpemiokeHO aHATUTUYECKOE PEICHUE 3aa4ll BUOPAIIMOHHOTO TIEPEMEIICHHS YaCTHIIBI TIPU HECHMMETPHY-
HBIX KOJCOAHMSIX OMOPHON MOBEPXHOCTH METOIOM IO3TAITHOTO WHTErpupoBanus. OmpeneneHa 00IACTh KHMHEMa-
TUYECKHUX M YCTAHOBOYHBIX MapaMEeTPOB OMOPHOM MMOBEPXHOCTH, P KOTOPBIX BO3MOXKHO HAIPaBICHHOE B CPETHEM
MepeMenIeHIe YaCTUIBI OTHOCUTEIHHO KOJIEOTIOMIEHCS TOBEPXHOCTH.

KiroueBble cjioBa: HETapMOHUYECKHE KoeOaHHus padodeil MTOBEPXHOCTH, BUOPAIIIOHHOE TTepEeMEIIeHNE Jac-
THUIBI (CHIITYYero Teja) Mo KOJIEOIIOMIEH s TOBEPXHOCTH, BUOPAIMOHHOE CEapUPOBAHNE 3€PHOBBIX CMECEH.
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