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MODELING OF INTERACTION OF INCLINED SURFACES
OF A HYDRAULIC CLASSIFIER WITH A FLOW OF SOLID PARTICLES

Purpose. Development of a mathematical model of the interaction process of a solid particle driven by a high-
speed head of a carrier medium with an inclined surface of a hydraulic classifier.

Methodology. The theory of granular material single particles transfer by a two-phase heterogeneous flow in the
boundary region between the inclined surface of the classification apparatus and the aqueous medium is applied.
The interaction of a solid particle with an inclined surface under the influence of the speed head of an expanding car-
rier stream, as well as gravity, Archimedes, friction, and environmental resistance is considered.

Findings. A mathematical simulation of the interaction of solid particles with an inclined surface is performed
under the influence of the speed head of the carrier medium. Three characteristic modes of particle motion are con-
sidered: the surface is horizontal, inclined downward, inclined upward. As a result of the development of the process
model of interaction between the flowing part of the new technical level classifier, formed by dissimilar surfaces, with
solid particles washed by a passing flow of the carrier medium, regularities in the influence of the slope angle of the
classifier flowing part surface on the parameters of the solid particle equilibrium state are formulated. Analytical de-
pendencies are obtained to determine the characteristic velocities of the carrier medium flow sufficient for the equi-
librium of a solid particle. It has been established that the impact on a solid particle located on the classifier inclined
surface with a carrier flow whose speed is proportional to the surface slope angle, the coefficient of sliding friction, the
characteristic diameter, will allow it to keep its equilibrium.

Originality. Analytical dependencies are obtained to determine the characteristic velocities of the carrier medium mo-
tion required for the equilibrium state of the particles deposited on the inclined surface of the classification apparatus.

Practical value. Analytical dependencies are obtained to determine the medium flow velocity which carries solid
particles from the inclination angle of the classification apparatus flowing part wall. The established dependencies
make it possible to justify the rational angles of the surfaces slope that form the flowing part of the horizontal classi-

fiers and other classification apparatus used for the gravitational processing of granular materials.
Keywords: hydraulic classifier, gravitational processing, inclined surface, grain material

Introduction. The processes of gravitational processing
of granular materials are among the most demanded in the
industry for the production of quality non-metallic build-
ing materials, the enrichment of non-ferrous metal ores, in
the preparatory processes of enrichment production [1, 2].
For the purification of granular material extracted or pro-
cessed hydromechanically by open or underwater mining,
it is rational to use horizontal hydraulic classifiers of tradi-
tional designs [3], as well as installations of a new technical
level (Fig. 1). This concept of a horizontal hydraulic classi-
fier can also be used for clarification of mine waters [4, 5],
which requires the completion of its hull design taking into
account specific installation conditions [6, 7].

Classifier hydraulic horizontal consists of a flowing
part, divided into sections: separation /, classification 2,
flow 3 and a hopper for the accumulation of granular
material 4 (Fig. 1).
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Analysis of recent the research and publications. De-
scription of the pulp flow run, as well as the process of
solid particles gravitational classification in the horizon-
tal flow of pulp within the differently inclined surfaces of
the horizontal hydraulic classifier was performed earlier.
The mathematical model of the horizontal motion of a
particle carrying a solid particle is developed using the
Euler equation for an ideal fluid in Cartesian coordi-
nates [8]. The basis for the simulation included mathe-
matical models developed to describe the interaction of
solid particles and the flow of pulp in the underwater
face of a suction dredge [9, 10]. Adaptation of the math-
ematical model with respect to pulp motion within the
flow part of the hydraulic classifier is given in [11, 12].

However, the process of interaction of inclined sur-
faces of gravitational devices with a directed flux of pre-
cipitated granular material remained unexplored.

Unsolved aspects of the problem. The common fea-
ture of gravity processes of mineral processing is the
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Fig. 1. Model of the horizontal classifier [ 12]

movement of granular materials along inclined sur-
faces that form the flowing part of the classifier. The
high-speed head of a bearing medium can have a deci-
sive influence on the possibility of the movement of
granular material along an inclined surface. Accounting
for the effect of high-speed head will result in rational-
ization of the transportation process, development of
methods for justification of classifier design parameters
and, as a result, reduction in the metal intensity of
equipment. Thus, the development of a model for the
interaction of solid particles with inclined surfaces driv-
en by a high-speed head of a carrier medium is an im-
portant scientific and technical task, the solution of
which will allow reducing the prime cost of the gravita-
tional classification of mineral raw materials.

Objectives of the article. The purpose of this work is
to develop a mathematical model for the interaction of
differently inclined surfaces of a new technical level hor-
izontal hydraulic classifier with a movable high-speed
head of the carrier medium by the flow of solid particles.

Description of the research methodology. The theory
of the transfer of single particles of granular material by

a two-phase heterogeneous flow in the boundary region
between the inclined surface of the classification appa-
ratus and the aqueous medium has been applied. The
interaction of a solid particle with an inclined surface
under the influence of the high-speed head of an ex-
panding carrier stream, as well as forces of gravity, Ar-
chimedes, friction, medium resistance is considered.

Presentation of the main research and explanation of
scientific results. Let us consider the process of interac-
tion of a single solid particle with an inclined surface
(Fig. 2, a). Let the considered motion of the particle oc-
cur along the inclined surface of the expanding flow with
its velocity decreasing. The particle undergoes motion
under the action of a high-speed head of the pulp, and
also forces of gravity, Archimedes, friction, resistance of
the medium. We simplify the description of the process
by introducing the following assumptions:

a) the soil particles are balls of equal sizes d, = d, =
=d,=...=d,; The diameter of particles is taken from the
range d,;=0.16...5 mm;

b) the density of the fluid acting on the soil particles,
is equal to pseudo-pulp density p, with kinematic pseu-
do-connectivity v,,.

We give a description of these forces, for the indi-
cated conditions, to the following form: the normal

component of the weight of the particle on the bottom
3

nd .
surface, H EgN =p,——gcosa,, where py is the den-

sity of the skeleton of the soil, kg/m?; d is the particle
diameter, m; ay is the angle of inclination of the bottom
classifier surface to the horizontal, deg.:

- tangential component of the force of weight, H

3
T .

F =py -gsina,

- the normal component of the Archimedes’ force
(lifting force) on the bottom surface, H FN =

d? . . .

=p, n—g cosa,, where p, is the density of the medium

(pulp), kg/m’;
- the tangential component of Archimedes’ force , H
3
(lifting force) F; =p, %gsin(xk;

Fig. 2. The calculated scheme of motion of a solid particle along an inclined surface [12]:

a — motion of a particle caused by the pulp velocity pressure as well as by forces of gravity, Archimedes, friction, medium resistance;

b — upward particle motion
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- the resistance of the medium to the motion of the
particle, H P=0U2d?p,, where 0 is the coefficient of
resistance, 6 = f(Re); U: is the velocity of the particle,
m/s. Let us put the Reynolds number to the form

U,d
Re=—"", where U, is the velocity of the carrier medi-

Vo

um, m/s;
. nd> U3
- force of high-speed head, H F, :Cdpr 25 ,

where C, is the drag coefficient of the particle;
- the bottom friction force of the particle, H
F, =(F) - F}))f;, where f; is the coefficient of external
friction of a considered soil particle on bottom material.
Based on the calculation scheme (Fig. 1), we present
the form of recording the friction force to the following
form, H

nd?
F, =1, T(p“‘ —p,)gcosa,.

The general differential equation of the interaction of
a single solid particle with an inclined surface, with a
downward motion, will take the form
mi—gzﬂh+1*";—Fﬁ—Ef. (1)
Experience in the operation of hydraulic classifica-
tion apparatus indicates low speeds of the carrier medi-
um motion in the gravitational separation of small size
solid particles. Therefore, one of the assumptions of the
present paper is the absence of a noticeable influence of
the medium’s resistance forces on solid particles located
on the inclined surfaces of the flowing part. Under such
conditions, the particle acceleration will be close to

zero, that is m% =0. Given the forces acting on the

particle, the balance equation of the particle, located on
the inclined surface with a downward motion, takes the
form
C ﬂdz U_52h+ TC_d3 gsinoc _
4y Py ) Pk 6 k

nd? nd® .
-f T(psk —p,)gcosa, —ppTgsmak =0.

After the transformations, the intermediate notation
for the equation of equilibrium has the form

nd*U? d’ i
Sshpw :”T(psk —p,)g(ficosa—sina,).

Thus, in order to maintain the equilibrium of a solid
particle located on an inclined surface, the velocity of
the carrier stream (Fig. 2), should be written in the form

_ i@(psk _pp)
sh 3Cd

Cy

(ficosa, —sina,).  (2)
P

Let us also consider the process of interaction of a
solid particle with an inclined surface when moving up-

wards (Fig. 2, b). Let the motion of a particle flow along
an inclined surface with increasing of the carrier flow
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velocity. Just as in the calculation scheme (Fig. 2, a), the
particle undergoes motion under the action of a high-
speed head of the pulp, as well as forces of gravity, Ar-
chimedes, friction, resistance of the medium.

General differential equation for the interaction of a
solid particle with an inclined surface without taking
into account the forces of the medium resistance has the
form

mdd—lt]:Fsh—i-Ef—Fﬁ—Fgf. 3)

Taking into account the forces acting on the particle,
to determine the flow velocity acting on the particle lo-
cated on an inclined surface (Fig. 2, b), as a result of
which it is in equilibrium, we use the formula in the
form

(ficosB, +sinf,). “4)

_ id_g(Psk _Pp)
sh 3Cd

p

Let us consider the particular case of a single move-
ment of the soil particle on a horizontal surface (Fig. 3).
The particle is affected by the high-velocity head of the
pulp, and the forces of gravity, Archimedes, friction,
medium resistance.

The general differential equation of a solid particle
motion along the horizontal surface of the bottom,
without taking into account the forces of medium resis-

tance, takes the form
du
— =F,—F,. ®)

Equation of equilibrium of a particle has the form

nd®> U2 nd?
i Py i PP, )8 =0

After the transformations, the equation of the flow
velocity acting on a particle located on an inclined sur-
face (Fig. 3), as a result of which it is in an equilibrium
state, will take the form

4 dg (py—p,)
U,= |- l_g#' (6)
37 C, P,

It is characteristic that by substituting in formulas 2,
4 the value of the inclination angle of the bottom surface

|
Usn
%
1
Ffr Ps'h
|
F,

Fig. 3. The calculated scheme of a particle motion along
a horizontal surface
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equal to zero, the formula for determining the equilib-
rium velocity also takes the form of the record 6.

Let us analyze a more complete picture of the move-
ment of granular material along the inclined surface
bottom in the pulp environment. Let us consider the
movement of material along the layer of already depos-
ited soil, which is a probable practical case, realized in
gravitational concentrators and trays. Schemes of such
motion of particles along differently inclined and hori-
zontal surfaces are given in Figs. 4, 5.

Fig. 4. Calculation scheme of the motion of a single par-
ticle over a layer of granular material deposited on an
inclined surface:

a — downward movement; b — upward movement

Fig. 5. The calculation scheme of the motion of a particle
along a layer of granular material on a horizontal
surface
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In accordance with the given calculation scheme,
the velocity equation of the flow acting on the solid par-
ticle, when it is located on a layer of precipitated granu-
lar material (Fig. 4), as a result of which the solid parti-
cle is in an equilibrium state, has the form:

- for the calculation scheme shown in (Fig. 4, a)

U,= id_gw(fz cosa, —sina, ); (7)
3C, »

- for the calculation scheme shown in (Fig. 4, b)

_ |4dg (P =)
sh 3 Cd

(f,cosB, +sinP,), 8)

p

where f; is the internal ground friction coefficient.

In the absence of tilt, moving material at the surface
occurs in accordance with the calculation scheme
(Fig. 5) and the formula 6 for determining the flow ve-
locity, as a result of which the solid particle is in equilib-
rium, will take the form

4 . dg (Pg—p,)
U, = /— =6 sk e7 9)
h 3 2Cd b, (

To determine the numerical values more accurately
and to construct a real graphical dependence of the in-
teraction process of solid particles with inclined surfac-
es, an experimental determination of the external f; and
internal f; friction coefficients of the rolled quartz par-
ticles was carried out when moving along the basic
structural materials of the gravitational devices working
surfaces: plexiglass, rubber, steel, polyurethane [12].

As a result of preliminary calculations performed
with the use of the dependences obtained earlier to de-
termine the drag coefficient of the particle C,; and the
experimentally obtained values of the rolled particle
friction coefficient, adopted for fine-grained quartz
sand on the basis of [13, 14], a graphical dependence of
the flow velocity of the medium on the surface inclina-
tion angle was obtained (Fig. 6).

In order to justify the parameters of the process of
interaction between the inclined bottom of the classifier
and solid particles and the development of a model for
the movement of granular material along an inclined
surface, an experimental determination of the external
friction coefficient of the granular material in water was
performed. The laboratory installation for determining
the external friction coefficient of granular material in
water (Fig. 7) consists of a rectangular sealed vessel
made of transparent material /, an inclined tray 2 with
replaceable plates, an adjusting rod 3 with a screw stop-
per, a protractor 4, a drain pipe 5 [12]. The inclined tray
2 has the possibility of changing the angle of inclination
with respect to the O-axis by means of an adjusting rod
3 with a screw stopper. Measurements of the external
friction coefficient of the granular material in water were
performed with sand of river natural rolled quartz par-
ticles of classes: 2.5...5.0, 1.0...2.5, 0.63...1.0, 0.5...0.63,
0.4...0.5, 0.315...0.4, 0.2...0.315, -0.2 mm. As a material
of interchangeable plates of the inclined tray plexiglass,
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Fig. 6. Dependence of the carrier medium velocity on the inclination angle of the surface at the equilibrium state of the

particle:

1 — downward movement; 2 — upward movement; 3 — movement horizontally

b

Fig. 7. Laboratory installation for determining the friction coefficient of granular material in water:
a — general view of the laboratory installation; b — laboratory installation scheme

rubber, steel, and polyurethane were used. The experi-
mental data obtained at a water temperature of 20 °C are
given in Table [12].

As a result of the experiments, it was established that
the value of the external sliding friction coefficient of
rolled quartz particles, in water, is greater than on a dry
surface. It is also established that the external sliding
friction coefficient of quartz particles in water, is a func-
tion of the size of the solid particles (Fig. 8). When the
particle size of the solid particle decreases, the external
sliding friction coefficient increases. Having the experi-
mental values of the external sliding friction coefficient,
for rolled quartz particles of different sizes, the graphical
form of the dependences 2, 4 characterizing the equilib-
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rium velocity of a solid particle on an inclined surface
under the influence of the velocity head of a carrier fluid
flow can be represented as (Fig. 9). The figures show
graphical dependencies for the motion of particles on
steel. The graphs show that when a solid particle is
placed on a downward-inclined surface, in the direction
of the carrier stream, characterized by the values of the
inclination angle o, > 0 when o it changes equilibrium
is maintained with a decrease in the flow velocity
(Fig. 9, a). A solid particle located on an inclined up-
stream surface of the bearing surface, at angles 3, > 0,
requires an increase in the velocity of the carrier flow
with an increase in the angle of inclination of the surface
By to maintain equilibrium (Fig. 9, b). A solid particle
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Table

Experimental values of the external friction coefficient
for river natural rolled quartz sand

GTit size Tray Angle Coefficient

medium, d,,, . external of external

mm material friction, deg. | friction, f;
3.75 26 0.49
1.75 27 0.51
0.82 B 28 0.53
0.57 = 30 0.58
0.45 B 33 0.65
0.36 = 36 0.73
0.26 39 0.81
0.10 44 0.97
3.75 30 0.58
1.75 31 0.60
0.82 2 32 0.62
0.57 = 33 0.65
0.45 s 35 0.70
0.36 B 38 0.78
0.26 41 0.87
0.10 45 1.00
3.75 31 0.60
1.75 kD) 0.62
0.82 33 0.65
0.57 = 34 0.67
0.45 3 36 0.73
0.36 40 0.84
0.26 43 0.93
0.10 47 1.07
3.75 kD) 0.62
1.75 33 0.65
0.82 34 0.67
0.57 5 35 0.70
0.45 E 37 0.75
0.36 41 0.87
0.26 44 0.96
0.10 49 115

located on a horizontal surface maintains its equilibrium
at a constant velocity of the carrier flow not exceeding
the critical flushing velocity.

Conclusions and recommendations for further re-
search. In the course of the studies performed, the influ-
ence of the function of the surface gradient angle of the
classifier on the state of equilibrium of a solid particle
washed by a passing flow of a carrier medium is formu-
lated. For this purpose, a mathematical simulation of
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the interaction of a solid particle driven by a high-speed
head of a carrier medium with an inclined surface is per-
formed; analytical dependences were obtained to deter-
mine the characteristic velocities of the carrier medium
motion required for the equilibrium state of particles
deposited on an inclined surface; the form of the graph-
ical dependence of the velocity of the carrier medium on
the surface inclination angle at the equilibrium state of
the particle is obtained. Parameters are justified and a
laboratory facility for determining the external friction
coefficient of granular material in water has been devel-
oped. The numerical values of the external friction coef-
ficient of granular material in water for rolled river natu-
ral quartz sand of narrow size classes are determined.

Project name and number, in which the obtained re-
sults are presented. The work relates to the scientific di-
rection of the department of mining machines and engi-
neering SHEE “National Mining University” and per-
formed as part of state budget theme GP-452
(01120000871) [15] “Development of theoretical foun-
dations for the creation and optimization of modern
mining equipment parameters for underwater extraction
of minerals”.
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MoaemoBaHHS B3a€EMOJiI MOXWINX MOBEPXOHb
riapaBaivyHoOro Kiaacugikaropa 3 moToKOM
TBEPAUX YACTHHOK

A. O. bonoapenko
Jlep>xaBHMIT BUILMK HaBYaIbHMIA 3aknan ,,HamioHanbHuii
rippuumnii  yHiBepcuteT®, M. JlHinpo, YkpaiHa, e-mail:
Bondarenkoa@nmu.org.ua

Meta. Po3pobka MaTeMaTM4HOI MOJEJi Tpolecy
B3a€EMOJIii TBEPAOI YAaCTUHKM, PYXOMOI IIBUAKICHUM
HaITOpOM HECYJOTO CEepeIOBUINA, 3 IIOXIIOKI ITOBEPX-
Helo TiapaBIivHOro KjiacugikaTopa.

Metoauka. 3aCTOCOBaHA TeOPis MEPEHOCY OOUHNY-
HUX YaCTMHOK 3€PHUCTOTO MaTepiany ABoMa3HUM re-
TEpPOTreHHUM TTOTOKOM Y MEXKOBili 00J1acTi MiX MOXU-
JIOIO TIOBEpXHEI KilacuikaliiiHoro amaparta i BOJ-
HUM cepenoBulleM. PosrisiHyta B3aemomnisi TBepAoi
YACTUHKY 3 TTOXWJIOIO ITOBEPXHEO ITiI BIUTMBOM IIBUI -
KiCHOTO HAaIopy HECYJoro IMOTOKY IPU MOTO PO3IIH-
PEeHHi, a TaKOX CUJ TSKiHHS, ApXiMeaa, TepTsl, Oropy
cepeoBULIA.

Pe3ynbTaT. BukoHaHe MaTeMaTUYHE MOIETIOBAH-
HSI TIPOIIECIB B3aEMOIi1 TBEPANX YACTUHOK 3 TTOXMIIOIO
ITOBEePXHEIO TP BIUIUBI IIBUAKICHOTO HAITIOPY HECYJIO-
ro cepefgoBullia. Po3rissHyTi Tpu XapaKTEepHUX PeXUMU
PyXy YaCTUHKH MO FOPU30HTAJIbHIN, HAXUJICHIN TOHU-
3y Ta HaXWJIEHil JOBEpXY MOBEPXHi. Y pe3yabTarti po3-
poOKU MoAei Tpoliecy B3aEMOIIi MTPOTOUHOI YaCTUHU
KJacu@pikaTopa HOBOTO TeXHIYHOIO PiBHS, 110 chop-
MOBaHa Pi3HOIMOXMJINMHU TIOBEPXHSAMHU, 3 TBEPIUMU
YAaCTUHKAMHM, SIKi OMMBAIOTBCS TOIYTHUM ITOTOKOM
HECy4oTo cepeloBHINa, chOpMYIbOBaHI 3aKOHOMIp-
HOCTI BITJIMBY KyTa HaXWIy ITOBEPXHi IIPOTOYHOI YaCTH -
HU KiacudikaTopa Ha mapamMeTpy PiBHOBAaroBOTO CTa-
Hy TBepmoi JyacTWHKU. OTprUMaHi aHATITWYHI 3aJIeXK-
HOCTI [UTST BUSHAYCHHS XapaKTepHUX IIBUIKOCTEHN PyXy
IIOTOKY HECYYOIO CepelIOBHINA, SIKUX HOCTaTHHO IS
piBHOBarM TBEpPAOi YACTUHKMU. YCTAHOBJIEHO, IO
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BIUIMB Ha TBEPIY YACTUHKY, PO3TAIIOBaHY Ha TTOXWJIIIA
TOBEPXHi K1acupikaTopa, HECYIINM ITOTOKOM, IITBUI-
KiCTb SIKOT'O IPOITOp1IiiiHA KYTy HaXWjly IIOBEpXHi, Koe-
(dilieHTy TepTs-KOB3aHHSI, XapaKTepHOMY IiaMeTpy,
JIO3BOJIUTD 1i1 30€perTy CBOIO piBHOBArY.

HaykoBa nHoBM3Ha. OTpuMaHi aHaTITUYHI 3aJIeX-
HOCTI [IJ151 BU3HAUEHHSI XapaKTepPHUX IIIBUAKOCTEH pyxy
HEeCy4oro cepefaoBulla, 110 HEOOXiaHi IJisi piBHOBaX-
HOTO CTaHy YaCTHMHOK, OCaIKeHNX Ha ITOXUJIilA ITOBEPX-
Hi kacudikallifHoro anapara.

IIpakTuuna 3Haunmicth. OTpUMaHi aHaITUYHI 3a-
JIEXKHOCTI 111 BU3HAYEHHST ITBUIKOCTI IIOTOKY Cepel-
OBHIIIA, 10 TIEPEHOCUTH TBEPIi YJAaCTUHKM Bill KyTa Ha-
XUJIy CTiHKM TIPOTOYHOI YaCTMHM KiacuikaliiiHOTO
anapata. BusHauyeHi 3aJ1eKHOCTI 103BOJISIIOTh BUKOHY -
BaTU OOI'PYHTYBAaHHS pallioOHAJIbHUX KYTiB HaXWUJIy MO-
BEPXOHb, SIKi (DOPMYIOTh MIPOTOUYHY YACTUHY FOPU30H-
TaJbHUX KJIacU(iKaTOpiB Ta iHIIMX Kacu@ikamiiHux
arapariB, III0 3aCTOCOBYIOThCS ISl TpaBiTalliiiHOl Ie-
pPepOoOKHU 3EPHUCTUX MaTepialiB.

KmouoBi cioBa: cidpaeaiunuii kaacugixamop, epagi-
mauyiiina nepepooka, NoXuna NOGepxHs, 3ePHUCMUL Ma-
mepian
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ean. PazpaboTka MaTeMaTU4YECKOW MOJAEIU MPO-
1ecca B3aMMOIECTBUS TBEPJOI YAaCTULIbI, TBUXKUMOM
CKOPOCTHBIM HAIIOPOM HECYIIEUW Cpeabl, C HAKIIOHHOM
TMOBEPXHOCTHIO TUAPABINYECKOTO Ki1acCuguKaropa.

Metomuka. [TpymeHeHa Teopust repeHoca equHNY-
HBIX YaCTUIL 36pHUCTOrO Matepuaia ABYX(a3HbIM Ie-
TEPOTeHHBIM MTOTOKOM B ITOIPaHUYHOM 00]1aCTH MEXKITY
HAKJIOHHOW TMOBEPXHOCTbIO KJIACCU(DUKALIMOHHOTO
afrapara 4 BOOHON cpenoit. PaccMoTpeHO B3anmo-
NIECTBUE TBEPAOM YaCTUIBI C HAKJIIOHHOW TTOBEPXHO-
CThIO MO/ BO3AEHCTBUEM CKOPOCTHOIO Haropa paciiu-
PSIIOIIETOCST HECYLIEro MOTOKA, a TaKXKe CUJI TSIKECTH,
Apxumena, TpeHHUs, COMPOTUBIIEHUS CPEbI.
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Pesyabrarbl. BhimomHeHO MaTemMaTnueckoe Moje-
JINPOBAHUE TPOIIECCOB B3aUMOACICTBUS TBEPIBIX Ya-
CTUII C HAKJIOHHO! MOBEPXHOCTHIO TIPU BIUSIHUU CKO-
pOCTHOTO Haropa Hecyuieil cpeapl. PaccMoTpeHb! Tpu
XapaKTePHBIX peXMMa JIBUXKEHUSI YACTHULIbI: TTOBEPX-
HOCTb FOPU30HTAJIbHA, HAKJIOHEHA BHU3, HAKJIOHEHA
BBepX. B pesynbprare pa3paboTky MoAenu Mpoliecca
B3aMMOJICUCTBUS IMPOTOYHOM YacTH KjaccudukaTopa
HOBOT'O TEXHUYECKOTO YPOBHSI, C(hOPMUPOBAHHO pa3-
HOHAKJIOHHBIMU TTOBEPXHOCTSIMU, C TBEPIBIMU YaCTH-
11aMW, OMBIBAEMBIMU TIOMyTHBIM TTOTOKOM HeCyIIei
cpenbl, chopMyIMPOBAHBI 3aKOHOMEPHOCTU BIIUSTHUS
yTJia HAaKJIOHA TTOBEPXHOCTH TTPOTOYHOM YaCTH KITacCH-
(bukaTopa Ha TMapamMeTpbl PaBHOBECHOTO COCTOSTHUSI
TBepnoi yactuiibl. [loaydyeHsl aHATUTUYECKUE 3aBU-
CHMOCTH [UJISl OTIPENENIEHUs] XapaKTepPHBIX CKOPOCTei
JIBUDKEHMST TIOTOKA HECYIIEH cpeibl TOCTaTOUHBIX JIJIsT
paBHOBeCHs] TBEPIOW 4YaCTULbI. YCTAaHOBJIEHO, 4YTO
BO3JEHCTBME Ha TBEPIYIO YACTHUILy, PACIIOJIOXEHHYIO
Ha HAKJIOHHO¥ TTOBEPXHOCTH KiiaccuduKaTropa, Hecy-
LM TTIOTOKOM, CKOPOCTb KOTOPOTO MPOTIOPIIMOHAb-
Ha YIJ1y HaKJIOHAa MOBEPXHOCTU, KOIDDOULIMEHTY Tpe-
HUSI-CKOJTLXXEHUSI, XapaKTepHOMY JMaMeTpy, IT03BO-
JIAT el COXPaHUTh CBOE paBHOBECHE.

Hayunast HoBusna. [lonmydeHbl aHAIUTUYECKUE 3a-
BUCUMOCTH TSI OTIPEACTICHUSI XapaKTEePHBIX CKOPOCTEi
JIBUKEHUSI HECYILIEH Cpeibl, TPEOyeMBbIX 11 pABHOBEC-
HOTO COCTOSTHUSI YaCTHII, OCAXKIEHHBIX HA HAKJIOHHOM
MOBEPXHOCTHU KJIaCCU(PUKAIITMOHHOTO arrapara.

IIpakTHyeckasa 3HaunMocCTh. [ToyyeHbl aHAIUTUYE-
CKUE 3aBUCUMOCTH TSI OTIPENeSIEHUsI CKOPOCTH MOTOKa,
HEeCYIIIero TBEepIble YaCTUIIBI CPeabl OT YIVIa HaKJIOHA
CTeHKM TIPOTOYHOI YacTh KilacCu(UKaIMOHHOTO arma-
pata. YCTaHOBJIEHHBIE 3aBUCHMOCTH ITO3BOJISIIOT BbI-
TIOJTHUTH OOOCHOBaHWE PAIlMOHAIBHBIX YIJIOB HAKJIOHA
TTOBEPXHOCTEN, (DOPMUPYIOITUX TMPOTOYHYIO YacCTh TO-
PU30HTAIbHBIX KJIACCU(DUKATOPOB U IPYruX Kiaccudu-
KaIlMOHHBIX aIapaToB, MPUMEHSIEMBbIX JIISI TPABUTALIN-
OHHOI1 1epepaboTKN 3ePHUCTBIX MATEPUAIIOB.

KimoueBble clioBa: eudpasauueckuil kaaccugukamop,
2pasUMAyUOHHAs nepepabomKkda, HAKAOHHAS NO8epx-
HOCMb, 3eDHUCMbLIL MAmMepuan

Pexomendosano 0o nybaixauyii dokm. mexH. HAyK

1. A. Kosanescvkorw. Jlama HaoxooycenHs pykonucy
05.04.17.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 4



