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THEORETICAL BASES OF PULP SUCTION PROCESS
IN THE SHALLOW DREDGE UNDERWATER FACE

Purpose. To develop a mathematical model of the process of interaction of the shallow dredge suction pipe with
solid particles and formation of the underwater face.

Methodology. To describe the motion of a fluid flow involving solid particles in the underwater face of a single
suction pipe, the continuity equation for an ideal fluid in polar coordinates is applied. The solution of the differential
equation in general form is fulfilled. The motion of solid particles and the formation of an underwater face of the suc-
tion pipe are considered as a result of the difference in pressures below and above the particle.

Findings. A mathematical description of the process of movement of a carrier flow carrying solid particles in the
underwater surface suction zone of a single suction pipe is performed, using the continuity equation for an ideal fluid,
written in polar coordinates. The interaction of the suction pipe with the pulp flow is described in the form of an axi-
symmetric process with a function of the medium density constant in time. The motion of a solid particle in an un-
derwater face of a suction pipe is considered as a function of the difference in pressures below and above the particle.
Based on the fact of low velocities of the suction flow moving, an expression is obtained for calculating the suction
radius of solid particles and determining the boundary of the erosion zone when the soil is sucked in the underwater
face of the suction pipe. The determining effect of the radial motion of the suction flow and the centrifugal force in-
significance is taken into account. The construction of an underwater surface erosion zone of a single suction pipe in
the form of surfaces of the erosion zone boundary and the boundary of the suction zone of the suspended soil com-
posed of quartz particles by the size 0.16 mm at a suction efficiency of 800 m3/h is constructed.

Originality. As a result of the development of a mathematical model on the basis of the equation of continuity writ-
ten in polar coordinates, it is established that the radius of absorption of suspended quartz particles by the size d =
=0.15...5 mm in the underwater face of a single suction pipe is directly proportional to the root of the fourth ratio of
the square of the productivity of the pulp in the suction pipe to the solid particle diameter and the cosine of the incli-
nation angle of forming of the suction zone.

Practical value. The analytical dependencies obtained in the work allow us to perform the construction of the
boundaries of the underwater surface face and determine the volume of granular soils excavation by the shallow
dredge working member. That allows substantiating the rational design parameters of the mining machine and the

technological parameters of the process of mineral resources underwater mining.
Keywords: shallow dredge, underwater face, washing out, suction

Introduction. In accordance with general concepts,
there are three modes of disjointed soils suction in hy-
dromechanized underwater mining: surface, deep and
mixed [1, 2]. Modern complexes for hydromechanized
mining and processing of disjointed granular minerals
perform mining operations from depths of up to 50 m
with a volumetric pulp concentration of up to 30 % [3,
4]. In this case, the most common is the surface suction
of solid ground particles with the formation of an under-
water surface erosion zone (Fig. 1). One of the main pa-
rameters in the technology of underwater extraction of
disjointed soils is the distance from the dredge suction
pipe to the surface of the underwater face. The installa-
tion and retention of the suction pipe at the required
distance from the face allows the maximum efficiency of
the suction process of the granular material. The use of
disintegrators changes the mode of interaction between
the suction pipe and the solid particles, which requires
an additional mathematical description.

Analysis of the recent research and publications. The
free suction of the previously undisturbed granular min-
eral with the formation of an underwater surface erosion
zone is a fairly well-studied process that is described as
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the movement of solids to the suction pipe as part of a
carrier fluid flow from an unrestricted water space. In
addition the solids are separated from the solid soil while
flowing along liquid stream at velocities exceeding the
value of washing speed, which is a function of hard par-
ticles size. Thus, a submarine wash zone is formed,
whose dimensions are limited by the values of the wash-
ing speed at its surface [5]. However, preliminary loos-
ening of the soil massif with the separation of solid par-
ticles and forced displacement of them into the carrier
pulp flow changes the regime of formation of the surface
washing out zone [6]. The suction of the pre-washed
ground can be described as the transport of hard parti-
cles in the pulp to the suction pipe, under the influence
of the pressure difference in the surrounding water space
and the suction pipe. At the same time, the dimensions
of such a loosening zone are limited by the values of the
hydraulic size of the hard particles, of which the face is
folded.

Based on the results of previous studies, including
observations of the process of pulp suction in laboratory
conditions, the scheme of the process of interaction of
the suction pipe with hard particles, both in the compo-
sition of the disjointed massif and in the suspended state
in the carrier pulp flow, is rationally represented in the
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Fig. 1. Suction scheme for disjointed soil in the underwa-
ter face

form (Fig. 2) [7, 8]. The characteristic areas of this pro-
cess are: the sedimentation zone of the washing out zone
2, the soil suction washing out zone 3, the washing out
zone boundary 4, the sedimentation zone of the sus-
pended soil suction zone 5, the suction zone of the sus-
pended soil 6, the suction boundary of the suspended
soil 7. Determination of the suction boundary of the
suspended soil is an important scientific and technical
task, whose solution will allow rationalizing the process-
es of ground preparation in the underwater face for their
mining.

Unsolved aspects of the problem. The distance from
the suction pipe section to the suction zone boundary of
the particles in question moving at a speed U,, in the un-
derwater face, measured along the forming a suction
zone characterized by an inclination angle  call it the
suction radius of a particle in an underwater face.

Determination of the value of the particle suction ra-
dius will allow us to solve the problem of constructing
the boundaries of the suction zone for particles of differ-
ent density and size, that is, constructing the pulp suc-
tion field in the underwater face.

A correct description of the interaction process be-
tween the shallow dredge suction pipe and solid particles
in the pulp flow in an underwater surface face requires
the development of a mathematical model of flow mo-
tion in the erosion areas during suction of disjointed soil

and suction of the suspended soil. In connection with
this, the development of the theoretical foundations of
the process of interaction between the suction pipe and
the pulp flow in these areas is an important and urgent
scientific and technical task, the solution of which will
allow us to substantiate the rational parameters of the
shallow dredge dredging equipment.

Objectives of the article. The purpose of this work is
to develop a mathematical model of the process of inter-
action between the shallow dredge suction pipe with
hard particles and the formation of an underwater face.
The use of such a model in engineering calculations will
allow us to substantiate the rational design and techno-
logical parameters of shallow dredges dredging equip-
ment and establish the underwater face boundaries by
constructing the surface of the suspended soil suction
zone, as a result of which we determine the volume of
soil extracted by a single suction pipe.

Description of the research methodology.The process
of interaction of the suction pipe of the dredge with the
pulp flow, which includes solid ground particles formed
during the motion of liquid from an unlimited bottom-
hole space, is considered. To describe the motion of a
fluid flow involving hard particles in the underwater face
of a single suction pipe, the continuity equation for an
ideal liquid in polar coordinates is applied. The solution
of the differential equation in general form is fulfilled.
The motion of hard particles and the formation of an
underwater face of the suction pipe are considered as a
result of the difference in pressures below and above the
particle.

Presentation of the main research and explanation of
scientific results. For the mathematical description of
the process, we introduce the following notations
(Fig. 3): Q — is productivity of the suction pulp, m3/s;
r — is the distance from the suction pipe to the suction
area boundary, m; r,, — is the radius of the suction pipe,
m; u, — is the radial velocity of the suction flow, m/s;
u,, — is the tangential flow velocity, m/s; U, — is the soil
washing speed on the inclined forming line of the wash-
ing out zone, m/s ; 6 — is the angle of the suction line
inclination in the X—Zplane; y — is the angle of the suc-
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Fig. 2. Scheme of the soil suction process in the underwater face [8]:

1 — suction pipe; 2 — sedimentation zone of the washing out zone; 3 — the soil suction washing out zone; 4 — the washing out zone
boundary; 5 — the sedimentation zone of the suspended soil suction zone; 6 — the suction zone of the suspended soil; 7 — the suction

boundary of the suspended soil

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N° 3

23




MINING

Fig. 3. The design scheme of the interaction process of a single suction pipe with suction pulp in an underwater face

tion line rotation in the X—Y plane, it should be taken
from 0.017 to w/2.

In view of the low flow velocities in the suction area,
we simplify the liquid motion description to the exclu-
sion of centrifugal forces and vortex flows. The fluid flow
in the underwater face of a single suction pipe is de-
scribed by applying the continuity equation for an ideal
(inviscid) liquid, which in polar coordinates is written as

o, 1 8(pu,r2)+ 1 6(puwsin\|f)+

or r* or rsiny oy
o\ py,
o1 0low)
rsiny 00

Let us assume that the process of interaction of the
suction pipe with the flow of pulp, including hard par-
ticles, proceeds axially symmetrically about the axis of
the suction pipe, in this case it is rational to simplify the
mathematical description of the process before solving
the plane problem, and then the continuity equation
takes the form

o, 1 6(purr2)+
or r* or

1 a(puw sin\y)
rsiny oy

We simplify the description of the process under
consideration until there is no change in the density
function in the suction flow in time, in this case the
equation of continuity is reduced to the form

1 p@(urrz)
2 o

1 pa(uw sin\y)
rsiny oy

bl

and after the transformations it is

6(uw sin\y) __siny a(urrz)

oy r or

Knowing that on the boundary of the suction area
the tangential flow velocity u, is equal to the washing
speed U,, i.e. u,, = U, we write the equation of continu-
ity as

8(uw sin\y) _ siny 6(urr2)
oy r or

bl

24

and after transformations we reduce it to the form

i ol\u
u, cosy = _w(rz%_‘_urzrj‘
r r

Hence, the expression for determining the function
of variation of the radial velocity of the suction stream u,
along the radius r is written as

o(u,)  u,cosy N 2u, siny
or rsiny rsiny

and after transformations we simplify it to the form

ou) 1
—L=—(2u,. —u,ct .
or r( roo g\v)
For further transformations we use the well-known
formula for determining the mean velocity of a liquid
flow motion

Y

u, = .
" 4pp?

Then the expression for determining the dependence
of the suction stream radial velocity u, of the radius 7 is

written as
ou,) 1 0
—I=—|2 —u,ct .
or r( 4up? " g\llj

Hence the flow velocity is obtained as a function of
u, =gjd—:—uw ctg\yjﬂ+c.
4nyr o

After taking the integrals, we give the formula for de-
termining the radial velocity the form

—u, ctgyln(r)+C.

" 4upr?
To determine the integration constant C, we use the

initial suction condition when #, =——, in this case,
2
P
after the transformations, we obtain
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30
C=—"—""+u, ctgyln(r,).
42 i ctey ()

sp
Then, substituting the expression for the integration

constant C in the formula for determining the radial ve-
locity

0 0 30

=— +
4mr?

+u ctgyln(r, )—u, ctgylin(r),
2 2w sp w
4nr® 4 mr,

and, after the transformations it is

Q |:i—%:|+uw ctg\ylnrs—p: 0.
-

Al 2
4n I r

Solving the obtained expression for known values of
the suction pipe radius r,,, soil washing speed on the
washing out zone inclined forming line U,, and the angle
of inclination of the suction line v it is possible to deter-
mine the function of the suction radius, i.e., changing
the distance from the suction pipe to the suction area
boundary.

The motion of a hard particle in the underwater face
of the suction pipe can be ensured by the difference in
pressures below and above the particle. If there is more
pressure under the particle than above it, then the par-
ticle moves to the suction pipe, if on the contrary the
particle moves to the side opposite to it. If the pressure
under the particle is equal to the pressure above the par-
ticle, then it maintains its equilibrium and is at the
boundary of the suction area.

Let us consider the movement of the fluid flow in the
suction area of the suction pipe underwater face. It is
known that the suction flow performs both radial and
rotational motion [9]. At the same time, the radial
movement ensures the proper capacity Q, and the rota-
tional motion leads to the appearance of centrifugal
forces, and, correspondingly, to a decrease in the suc-
tion radius r.

The pressure acting on a hard particle can be ob-
tained from such an expression, Pa

P:PO+Pcf_thz (1)

where P is hydrostatic pressure, Pa; Py is the pressure
caused by centrifugal force, Pa; P, is the pressure caused
by the effect of velocity head, Pa.

At the boundary of the suction area, in the absence
of fluid flow movement, the pressure corresponds to the
hydrostatic pressure, Pa

POZParm+pgh; (2)

where P, is the atmospheric pressure, Pa; p is the den-
sity of liquid in the underwater face suction area, kg/m>
h is the depth of immersion of a hard particle, m.

Taking the design scheme (Fig. 3) as a basis, the
depth of placement of the hard particle is obtained from
the expression, m

h=hy+rcosy, 3)

where 4, is the depth of suction pipe immersion, m.
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Using expressions (2, 3), we obtain a formula for de-
termining the hydrostatic pressure acting on the suction
area boundary

PO = Patm + pgh() + pgrcosy. (4)
It is known that the pressure caused by the effect of
the velocity head can be expressed by the formula, Pa
2

P =pe 5
vh_p2‘ ()

We represent the velocity of the fluid in the suction
pipe U,, in the form of a known dependence, m/s

Y

=—
2nr,,

sp

Then the formula for determining the pressure P, at
the level of the suction pipe will take this form, Pa

Q2
P, =p—=—.
vh.sp p 87'52’;2

At the same time, the pressure P, at any distance
from the suction pipe can be obtained from the expres-
sion, Pa

Q2

8nrt

P,=p (6)

To determine the influence of the centrifugal force
on the fluid motion in the suction area, we use the de-
pendence

2

U
By=p—- ™

Having obtained the expressions (1—7), we write the
formula for determining the pressure acting on a hard
particle in the suction pipe underwater face

U? 02
P=P, +pghy +pgrcosy+p——-p .
2 8nr

We get the pressure difference under the hard parti-
cle and above it, which will cause its motion, taking the
dependences (6, 7) as a basis, then

0> U
AP:I)Vh_PCf:p(gner —T . (8)

Let us consider the force interaction when sucking in
hard particles in the suction pipe underwater face
(Fig. 4). A solid particle in an underwater face is affected
by the following forces: gravity, the force of adhesion to
the soil mass, the force due to the difference in pressure
under and above the hard particle. Gravity, taking into
account the strength of Archimedes, H

nd?
Fy =(pyc=py J=—gcosv, ©)
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Fig. 4. The design diagram of forces acting on a hard particle in an underwater face [8]

where py, is the density of the soil skeleton, kg/m?; d is
the particle diameter, m; p,, is the density of the medium
(water), kg/m?>.

The strength of the cohesion of a hard particle with
the soil massive can be expressed as, H

nd?
Fadh = Kadh T’ (10)

where K, is the coefficient of adhesion, N/m?.
The force due to the difference in pressure, H

nd?
FAp =AP—, (11)
4
where AP is the pressure difference, at the suction area

boundary, Pa.
The equilibrium state for a hard particle will be ob-
served when the forces acting on it are equal, that is,

FAp = Fg” +F,.

Then substituting the expressions for the corre-
sponding forces from formulas (8—11) into the depen-
dence obtained, we write the formula for the equilibrium
state in the form

0> U?)\nd? nd? nd?
"[8— 2[4 (Pumpu) T gcosy Ko

Performing simple transformations, we write down
the basic expression for calculating the suction radius of
hard particles in the suction pipe underwater face, m

QZ

r= I ) - . (12)
‘\‘an{U‘+(p”‘ —ljgcosw+1Ksk:|
2 Py 3 P

In view of the small velocities of the suction flow, es-
pecially, for example, at the boundary of the suspended
soil suction zone, let us assume that the decisive factor is
the radial motion of the flow, and the effect of the cen-
trifugal forces is negligible, then the expression for cal-
culating the suction radius of hard particles for deter-
mining the boundary of the washing zone when the soil
is absorbed in the suction pipe underwater face, is writ-
ten as, m

26

| 0

ry= .
2d
{82 [ps"—ljgcosw +LKS,€
Py 3 Py

To determine the boundaries of the suspended soil
suction zone, the adhesion forces need not be taken into
account, then the formula for determining the suction
radius in the suction pipe underwater face will take the
form, m

I 0’

r o= .
s 2d
1/879 [pf"—ljgcosw
P 3

The boundaries of the suction zone of suspended
quartz particles with density py = 2650 kg/m? are de-
fined by simplifying the process to the motion of hard
particles in water with density p,, = 1000 kg/m?, then the
expression (12) can be written as, m

2
r=0335.4—<
dgcosy

Analyzing the obtained dependences, we construct
graphs of the change in the values of the suction radius
for the washout zone r! and suction zones of the sus-
pended soil #f when the quartz particles in size d =
=0.16 mm are sucked, having a fixed suction capacity of
800 m?/h (Figs. 5, a, b). In the first case, the adhesion of
hard particles to the massif is taken into account K, =
= 50 N/m? (Fig. 5, a). In the second case, when the
washed out soil is sucked in, the adhesion of hard parti-
cles to the mass is not taken into account. In this case, as
can be seen from the graph (Fig. 5, b), the values of the
suction radius 7/ are greater, and the graph itself has a
more sloping area of extremum.

Having the values of the suction radius, it is possible
to construct boundaries for these areas for the washing
out zone r,, and suction zones r,. An example of con-
structing the boundary of the suction zone for quartz
particles of size d = 0.16 mm with a suction capacity of
800 m?/h is shown in Figs. 6 and 7. It is noticeable that
the boundary of the suction areas has a characteristic
shape with a flat extremum, in its lower part, i.e. under
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Fig. 5. Graphical presentation of the dependence of the
suction radius on the inclination angle of the suction
area forming at a suction capacity of 800 m*/h
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Fig. 6. Graphical representation of the suction zone
boundaries of quartz particles with a particle size of
0.16 mm at a suction capacity of 8§00 m*/h

Fig. 7. Graphical presentation of the suction zone bound-
aries of quartz particles with a particle size of 0. 16 mm
at a suction capacity of 800 m*/h:
1 — suction pipe; 2 — the washing out zone boundary; 3 —
the suction boundary of the suspended soil

a suction pipe, and tending to infinity at its upper por-
tion with increasing angle y of up to 90° (Fig. 6).

The resulting theoretical description of force inter-
action at the suction of hard particles in the underwater
surface suction pipe face the suction area boundaries
differs from the form of the surface face, obtained in ear-
lier studies (Fig. 1). Such a difference in the shape of the
surface face is explained by the fact that Fig. 6 shows the
boundary surface of the suction area of hard particles
particulate fixed size, e.g. d = 0.16 mm. Fig. 1 shows the
shape of the underwater surface suction pipe face in the
massive folded with hard particles of varying size and
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density. Considering formation of underwater surface
suction pipe face with hard particles of the same density,
such as silica particles, it is understood that the diameter
of the hard particles has a determining influence on the
value of the radius of suction, and hence on the dimen-
sions of the suction zone. Directly under the suction
pipe, i.e. in the central portion of the surface of the un-
derwater surface suction pipe face, there accumulate
hard particles, which, due to large size or density, are
outside the respective suction area.

Conclusions and recommendations for further re-
search. As a result of development of the mathematical
model of interaction of shallow dredge suction pipe with
hard particles in the characteristic areas of the surface of
the underwater surface suction pipe face, an analytical
relationship is obtained, which allows estimating the
change of the distance from the suction pipe to suction
area boundary. It is found that the radius of the sus-
pended particles of quartz particles with size d = 0.15...
5 mm in the underwater single suction pipe face is di-
rectly proportional to the fourth root of a square power
of the ratio of performance of the pulp in the suction
pipe to the diameter of the hard particles and the esti-
mated cosine of the inclination angle of the suction zone
forming.

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 En-
gineering of SHEE “National Mining University” and
is performed as part of state budget theme GP-452
(0112U000871) “Development of theoretical founda-
tions for the creation and optimization of modern min-
ing equipment parameters for underwater extraction of
minerals”.
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TeopeTnyHi 0CHOBM MpOIECY BCMOKTYBAHHS
MyJIbIK B MiBOJHOMY BHOOi 3eMJIECOCHOTO
CHapsaa
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Meta. Po3pobka MateMaTU4HOI MOAEJi Mpolecy
B3aEMO/Iii BCMOKTYBaJIbHOTO TMaTpyOKa 3eMJIECOCHOTO
CHapsa 3 TBepIUMU YaCTUHKaMU Ta (hOpMyBaHHS I~
BOJHOTO BUOOIO.

Metoauka. {151 onucy pyxy MOTOKY PiIMHU, LIO
BKJIIOYAE TBEP/i YACTUHKMU, Y MiABOJHOMY BUOOI O~
HOYHOTO BCMOKTYBAJbHOTO IIaTpyOKa 3acTOCOBaHE
PiBHSIHHSI HEPO3PUBHOCTI 15 i1€aIbHOI PIAUHU B MO-
JIIpHUX KoopauHaTax. OTpumaHe pilieHHs audepeH-
HiifHOTO PiBHSIHHSA B 3arajibHOMY BUIJIsIOL. Pyx TBepaux
YaCTUHOK i (popMyBaHHSI MiABOIHOTO BUOOIO YCMOKTY-
BaJIbHOTO MaTpyOKa pPO3IJISTHYTO SIK pe3ysbTaT Pi3HUX
MOKa3HUKIB TUCKY TTiJl YACTUHKOIO Ta HaJl HElo.

Pesyabratu. BukoHaHo MaTeMaTMYHUI OITKUC TIPO-
1IeCy pyXy Hecydyoro MmoToKy, 10 MEePeHOCUTh TBEPi
YAaCTUHKU B MiIBOIHI MOBEPXHEBill 30Hi BCMOKTYBaH-
HST OMMHOYHOTO YCMOKTYBaJIBHOTO MaTpyOKa, 3 BUKO-
PUCTaHHSIM PiBHSHHSI HEPO3PUBHOCTI ST il€aqbHOL
pimmHM, 3amMcaHnii y TIOJSIPHUX KoopAauHaTax. B3ae-
MOJIisT BCMOKTYBaJIBHOTO TTaTPyOKa 3 TIOTOKOM ITyJIBITH
OIlCaHa y BUIJISALI BiCECUMETPUYHOTO MPOIECY IpHU
MOCTIlHIM y yaci (pbyHKIIIT IIIBHOCTI cepenoBuina. Pyx
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TBEpJ0i YaCTMHKU B MiABOJHOMY BMOOI BCMOKTYBAaJIb-
HOTIo naTpyoKa po3TJIsIHYTO 1K (DYHKILIisI pi3HUX TTOKa3-
HUKIiB THCKY IiJl YaCTUHKOIO i Haf Heto. [ pyHTyounch
Ha (hakTi MaTuX IBUAKOCTEH pyxXy BCMOKTYBaHOTI'O O~
TOKY, OTPMMAaHO BMpa3 U151 PO3paxyHKY pajiyca BCMOK-
TyBaHHSI TBEPAUX YaCTMHOK i BUBHAYEHHS MEXi 30HU
PO3MUBY MPU BCMOKTYBaHHi I'PYHTY B ITiIBOAHOMY BU-
001 BCMOKTYBaJbHOIO MaTpyOKa. YpaXoBaHO BU3HA-
YaJbHUI BIUTUB PafialbHOTO PyXy BCMOKTYBAHOTIO TO-
TOKY W HE3HauyllliCTh BiMLIEHTPOBUX cwJ. BukoHaHa
moOyao0Ba MiABOAHOT MOBEPXHEBOI 30HU PO3MUBY OJIU-
HOYHOTO BCMOKTYBAJIBHOTO ITaTpyOKa y BUTJISOI TIO-
BEPXHEBOI MeXXi 30HU PO3MUBY 1 MeXi 30H BCMOKTY-
BaHHS 3BaXXEHOTO I'PYHTY, IO CKJIAICHUN i3 9JaCTUHOK
KBapuy KpymHictio 0,16 MM TIpu TPOIYKTMBHOCTI
BCMOKTYBaHHs 800 M3 /rog.

HaykoBa HoBH3HA. Y pe3ybTaTi pO3pOOKM MaTeMa-
TUYHOI MojeJli Ha 0a3i piBHSIHHS HEPO3PUBHOCTI, 3a-
MUCAaHOTO B TOJISIPHUX KOOPAMHATaX, BCTAHOBJICHO,
110 pajJiiyC YCMOKTYBaHHS 3BaXKEHUX YACTUHOK KBapILy
kpynHicTio d = 0,15...5 MM y nliaBogHOMY BMOOi Oau-
HOYHOTO BCMOKTYBaJbHOIO IMaTpyOKa MpsIMO MPOMo-
PLiTHUIT KOPEHIO B YETBEPTOMY CTYIIEHIO BiTHOIIICHHS
KBaJpaTa MPOAYKTUBHOCTI MO IMyJbIi y BCMOKTYBaJIb-
HOMY MaTpyOKy 10 AiaMeTpy po3paxyHKOBOI TBEpAOl
YAaCTUHKY i KOCHHYCY KyTa HaXWJIy YTBOPIOIOYOi 30HU
BCMOKTYBaHHSI.

IIpakTryna 3HaYnMicTh. OTpUMaHi B poOOTI aHAaJIi-
TUYHI 3aJIEKHOCTI J03BOJISIIOTh BUKOHYBAaTU MOOYA0-
BY MeX MiJBOIHOIO MOBEPXHEBOro0 BUOOIO i BU3HA-
yaTu 00’€MU BUMMAaHHS 36pHUCTUX IPYHTIB BUKOHAB-
YUM OpraHoM 3eMJjiecocHoro cHapsna. Lle mo3Bosisie
OOIPYHTOBYBAaTU pallioOHaJIbHi KOHCTPYKTUBHI Mapa-
MEeTpU BUAOOYBHOI MallIMHU 1 TEXHOJOTIUHI MapaMe-
TPU Mpolecy NiABOAHOTO BUTOOYTKY KOPUCHOI KOoma-
JIVHU.

Kimouogi cioBa: 3emaecocnuii cnapso, niogooHuil eu-
0iil, po3mue, ycCMoKmMy8aHHs

TeopeTHueckre 0CHOBBI NMPOLECCA BCACHIBAHUS
MyJIbIIbI B TIOIBOJHOM 3200€ 3eMJIeCOCHOrO
CHapsa

A. A. Bonoapenko
locynapctBeHHOe Beicluee ydyeOHoe 3aBeneHue ,,Hanmo-
HaJIbHBIA TOpHBIA yHUBepcuteT”, r. [Hemp, YKpauHa,
e-mail: Bondarenkoa@nmu.org.ua

Iems. PazpaboTka MaTeMaTUYECKOM MOAEIN IIPO-
11ecca B3aMOJIECTBHUSI BCAChIBAIOIIIETO NAaTPyOKa 3eM-
JIECOCHOTO CHapsiJa ¢ TBEPAbIMU YacTULIAMU U (hOpMU-
pOBaHUsI OIBOIHOTO 320041.

Metoauka. J1j151 onvcaHus ABUKEHWS TOTOKA XXKUJI-
KOCTH, BKJIIOUAIOLIEH TBEpAble YACTUIIbI, B TOABOIHOM
3a00€ OAMHOYHOIrO BCachIBAIOIIEro naTpyoka, mpume-
HEHO YypaBHEHME HEpa3pbIBHOCTU s UIeaIbHOU
KUAKOCTH B MOJISIPHBIX KOOpAMHaTax. BeImonHeHo pe-
menre auddepeHINaIbHOIO YpaBHEHUS B OOIIeM
Bume. JIBIDKeHUE TBEPOBIX YacTUIl U (OPMUpPOBAHUE
TOIBOIHOIO 3a00sT BCACHIBAIOIIETO IIATPyOKa paccMo-
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TPEHO KaK pe3yJbTaT Pa3HOCTH JaBJIEHUI MO 9acTH-
LIel U HaJ HeM.

PesyabTaTbl. BoimoiHeHO MaTeMaTM4YeCKOe OIMM-
caHue mpoliecca ABUKEHMS HeCYIIero moTokKa, repe-
HOCSIIEr0 TBEpAble YaCTULILI B MOABOIHON MOBEPX-
HOCTHO# 30H€ BCachblBaHUs OJMHOYHOIO BCachIBalo-
1Iero narpyoka, ¢ mpMMeHeHUEM YpaBHEHUSI Hepas3-
PBIBHOCTH IJIsSI UAEAIbHOM XUIKOCTU, 3alIMCAaHHOE B
MOJISIpHBIX KoopauHaTax. B3aumopaeiicTBre BcachiBa-
I0LIeTOo MaTpyOKa ¢ MOTOKOM MYJIbITbl OMMMCAHO B BUE
OCECUMMETPUYHOTO Tpoliecca Mpu TMOCTOSSHHOU BO
BpeMeHU (YHKIUM IUIOTHOCTH Cpenbl. BMKeHUE
TBEpIOM YaCTUIILI B TOABOIHOM 3a00€ BcachIBaIOIIe-
ro maTtpyoka paccCMOTpPeHO KakK (PYHKUMS Pa3HOCTU
JaBJICHUI IO YacTULIeH 1 Haj Heil. OCHOBBIBasICh Ha
(hakTe MajbIX CKOPOCTEil NBUKECHUSI BCAChIBAGMOIO
MOTOKA TIOJIy4YEeHO BbIpaxkeHUE IS pacueTa paauyca
BcaChIBaHUS TBEPAbIX YACTUIL U OTIpeIeJICHUS TpaH-
1Bl 30HbI pa3MbIBa MMPY BCAChIBAHUU TPYHTa B MOABO-
JTHOM 3a00€e BcachlBaILETo naTpyoka. YUTeHo onpe-
JeJisiiollee BAMSIHUE paiualbHOTO IBUXEHUS BCaChl-
BaeMOro IoToKa, U He3HAUYUTEJbHOCTh LIEHTPOOEeX-
HBIX CUJI. BBINMOJHEHO MOCTpOoeHUE MOABOJHOU IO-
BEPXHOCTHOU 30HBI pa3MbIBa OOQUHOYHOTO BCAaCHIBa-
ollleTOo MaTpydbka B BUIE ITOBEPXHOCTEN TpaHUIIBI
30HBI pa3MbIBa W TPaHUILILI 30HBI BCACLIBAHUS B3Be-
IIEHHOTO TPYHTa, CJIOXEHHOro M3 YacTUIl KBaplia
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KpYIHOCTBIO 0,16 MM IIpy IPOU3BOAUTEIHLHOCTHY BCa-
chiBaHud 800 M3 /uac.

Hayuynas HoBu3Ha. B pesynbrarte pa3paboTku Marte-
MaTUYEeCKOM MOJIe/IM Ha 6a3e ypaBHEHMS HEPa3pbIBHO-
CTH, 3aIIMCAHHOTIO B MOJIAPHBIX KOOPJAMHATAX YyCTAHOB-
JIEHO, YTO PaauyC BCAChIBAaHMS B3BEIICHHBIX YaCTUII
KBapua KpyrnHoctbio d = 0,15...5 MM B ITIOABOJHOM 3a-
00¢ OIMHOYHOTO BCACHIBAIOIIETO IAaTpyOKa HpsIMO
MPONOPILIMOHAJIEH KOPHIO B YETBEPTOIl CTEIIEHU OTHO-
IIeHUs KBaJapaTa MPON3BOIUTEILHOCTH T10 ITYJIBIIE BO
BCAachIBAIOIIEM NaTPyOKe K AMaMETPy pacueTHOM TBep-
JIOM yacTULBl M KOCUHYCY yIJla HaKJIoHa oOpa3syloliei
30HbI BCACHIBAHMSL.

IIpakTHYecKas 3HAYUMOCTh. [1oTydeHHEBIE B paboTe
aHAJIUTUYECKKME 3aBUCUMOCTH IMO3BOJISIIOT BBIIIOJIHSITh
IOCTPOEHKE IPAHMII IIOABOIHOIO ITIOBEPXHOCTHOTO 3a-
0051 U OIpeaesaTb 00beMbl BBIEMKU 3€PHUCTHIX IPYH-
TOB UCITOJIHUTEJIBHBIM OPraHOM 3€MJICCOCHOTO CHapsi-
Ja. DTO I03BOJISIET 000CHOBATh pallOHAJIbHbBIE KOH-
CTPYKTHBHBIC TTapaMeTphl JOOBIYHON MAIIMHBI U TEX-
HOJIOTMYECKHE MapaMeTphl Mpoliecca MOABOIHOM H0-
OBIYY TI0JIE3HOTO UCKOITaeMOTO.

KimoueBble CJIOBa: 3eMaecocHbiil cHapsaod, No080OHbL
3a00ii, pazmvl8, 6CacvleaHue

Pekomendosano 0o nybaikauii 0okm. mexH. HAyK
B. I1. Hadymuwm. /lama nadxodxucenus pykonucy 11.04.17.
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