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Abstract

Purpose is to assess the potential to control boundaries of a technogenic placer through changes in the parameters of washery
refuse storage process taking into consideration both size and density of particles of each fraction of the granulometric composition.

Methods. The research has applied approaches developed by V.A. Melentiev and M.S. Poliakov Institute of Geotechnical
Mechanics of the National Academy of Sciences of Ukraine relying upon the condition of a critical flow origination. Problems
to control close boundary of a technogenic placer have been considered in the process of hydraulic washery refuse storing in
artificial tailing ponds at the expense of changes in technological factors involving characteristics of dry fraction particles of
the hydraulic fluid.

Findings. Limitations have been obtained in the form of intervals of changes in technological influence coefficient values;
relative velocity of a hydraulic liquid delivery; relative beach slope; and concentration of the hydraulic liquid flowing to the
storage. It has been demonstrated that average beach slope is limited by the particle friction coefficient of the fraction on the
beach surface; the abovementioned makes it possible to vary the inwash parameter value from 1.56 to 0.22. It has been identi-
fied that in the context of the calculations performed using engineering precision dependence of the inwash parameter upon the
coefficient number in Pavlovskyi formula may be ignored since relative error of average value of the parameter use is not more
than 1%; hence, its average value depending upon a relative beach slope can be approximated by a decreasing linear function.

Originality. For the first time, formulas have been proposed to identify the boundaries of intervals of changes in a set of
technological parameters of storing process depending upon the required value of a close boundary of the technogenic placer.
The abovementioned helps assess both concentration and velocity of hydraulic liquid getting to the inwash beaches; the beach
slope; and particle parameters of solid fraction of the stored washery refuse providing the wanted distance from inner slope of
a flood wall to a close boundary of the technogenic placer.

Practical implications. Using the research findings, it becomes possible to control geometry of technogenic placers
formed in artificial washery refuse dams in the process of its hydraulic storing. Moreover, it helps avoid location of a flood
wall of following levels above technogenic placers of lower inwash formations; construct covering between technogenic
placers at two neighbouring levels; achieve separation of the technogenic placer from the fractions containing no valuable
components while arranging them within different beach areas, and move closer to selective mining of useful mineral.
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1. Introduction tion; and in the substantiation of the parameters of relevant
The opportunity to mine technogenic placers formed in  Surface mining operations [4]-[8]. .
the artificial washery refuse dams is the global tendency. It is For example, results of technical and economic assess-

based upon following prerequisites [1]-[3]: an inwash beach ment as for potential mining of crltlt_:al raw materials (i.e.
formation makes it possible to separate certain share of  rare-earth metals, vanadium, and antimony) from washery
valuable components being accumulated in the dike zone  'efuse performed for Chilean storages show investment
improving the efficiency as for merchant concentrates; and  "iskiness if the available techniques are applied [9]. Studies
mining of technogenic placers makes space for new waste ~ described in [10] define engineering as the key factor of
extending the life of the available storage facilities. Since the ~ Successful valuable component mining from washery refuse
early 20 century, many domestic and world specialists have storages Whlch use helps_ res_trlct and avoid technogen_lc envi-
been engaged in the problem of technogenic placer mining; ronmental impact. Publication [_11] concerns vanadium ex-
in the development of potential procedures for their extrac-  traction from washery refuse; it proposes a procedure of
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vanadium alkaline leaching under pressure; analyzes raw
materials; examines influence by temperature, sodium hy-
droxide concentration, time of response, liquid-solid ratio,
and mixing rate per leach rate of vanadium, chrome and
silicium in the refuse. Authors of paper [12] who have pro-
duced eco-friendly cement mortar through partial sand sub-
stitution for graphite waste activated during its utilization,
demonstrate potentials of utilization of graphite by-products.
It has been defined that in such a way the recovered graphite
waste better the mortar strength owing to the improved dis-
tribution of particle sizes; and the decreased “microzone
flow” as well as “boundary effects”. Admixture of iron-ore
washery refuse in concrete is the key approach to sustainable
development of Chinese industry [13]. It is pointed out that
low pozzolanic activity of such admixtures needs their acti-
vation owing to which it is possible to achieve satisfactory
produceability; mechanical characteristics; and longevity of
concrete. Paper [14] has analyzed influence of waste rock
inclusions in the bulk of washery refuse on safety coefficient
of slopes. Results show minimal effect of waste rock impuri-
ties on the stability for one to two years; in the following,
they provided less than 5% of increase in safety factors.
Paper [15] has considered practices of fine low-grade iron
ore processing from mines; waste from iron ore washing
houses; and solid waste of iron manufacturers in Ballary,
Karnatka District (India). It has been shown that low-grade ore
waste dumps and amount of the plant refuse may be decreased
down to 25 and 50%, respectively, reducing the costs for waste
management and generating the profitable concentrates. There
is an opportunity to manufacture brick from a tunnel-like fur-
nace using clay waste from iron ore mines or waste storages as
well as solid waste of iron making plants. Paper [16] proposes
a new classification of different waste types resulting from
iron ore mining; rational waste management methods have
been proposed. The necessity to separate and sort waste
according to its nature is mentioned to provide environmen-
tal safety and further reuse as a construction material.

Paper [17] considers prospects for application of the
“condensed waste recycling”. It is pointed out that waste
storage in the form of highly concentrated hydraulic fluid
makes it possible to increase water extraction from refuse;
decrease the involved areas; reduce the risk of physical in-
stability; avoid construction of high dams; and minimize
infiltration from storages. Nevertheless, the paper does not
consider difficulties connected with the development of
washery refuse from technogenic deposits. Attempts were
made to analyze numerically sedimentation of solid particles
differing in their size in the non-Newtonian hydraulic fluid
inside semiround open channel helping simulate a process of
waste refuse storage within an inside slope of a waste
dam [18]. Such an approach helped authors study influence
of particle size as well as water channel slope on the process
of particle sedimentation inside the water channel. Works are
known as for the condensed watery refuse temperature im-
pact on a liquid limit and some other parameters influencing
both storing process and further development [19].

It is clear from the above review that all the available
procedures of waste management and disposal face the prob-
lem of its recovery. The majority of expert ideas is reduced
to the necessity to sort the waste. We believe the process
should take place at the storing stage while controlling
boundaries of the technogenic placer taking into consideration
particle size of each fraction of granulometric composition.
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Results of the studies demonstrate difficulties in the
mining of technogenic deposits since flood walls of follow-
ing levels are placed above technogenic placers of lower
inwash levels [20] (Fig. 1); moreover, technogenic placers at
two neighbouring levels are spaced apart (Fig. 2) [20]
Obviously, from the viewpoint of mining it will be more
convenient not to arrange flood walls of following levels
above technogenic placers of lower inwash levels (Fig. 2).
The most efficient way is when technogenic placers at two
neighbouring levels cover each other (Fig. 3) [20]. In addi-
tion, under the current techniques (when classification pro-
cess is not available), valuable material components are dis-
tributed over significant beach share (Fig. 4). The fact also
stipulates large mining amount, and retards implementation
of accompanying extraction of technogenic placers.

Figure 1. The most complicated option of technogenic placer
occurrence from the viewpoint of its mining [20]: 1 —
flood wall; 2 — waste rock; and (3) — technogenic placer

Figure 2. Medium-complexity option of technogenic placer occur-
rence from the viewpoint of its mining [20]: 1 — flood
wall; 2 — waste rock; 3 — technogenic placer

Figure 4. The most appropriate option of technogenic placer
occurrence from the viewpoint of its mining [20]: 1 —
flood wall; 2 — waste rock; and (3) — technogenic placer

Traditional techniques for the classification process cal-
culation (among other things, the most popular method by
V.A. Melentiev) help define only distant boundary of a tech-
nogenic placer (L) so-called center of particle dispersion;
nevertheless, they ignore difference in density of particles
belonging to different size fractions.
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Figure 4. Technogenic placer boundaries within an inwash
beach: 1 — flood wall; 2 — clarification pond; 3 — free
surface; 4 — technogenic placer; 5 — near-pond beach
share; 6 — near-dam beach share; L — beach length up
to a point when solid particles achieve their critical
velocity, m; Li — beach length up to the center where
solid parts experience their dispersion, m

A technique by IGM of NAS of Ukraine is also known; it
relies upon the definition of a point where critical velocity is
achieved. The technique considers change in velocity of a
gravity flow along the beach, and compares the value with a
critical point. The condition helps identify upper boundary of
a technogenic placer (L;). However, the procedure does not
consider the opportunity to control the upper boundary posi-
tion. The known methods to calculate parameters of classifi-
cation identification were developed to define distribution of
solid particle size along a beach length. The possibility to
control the process was not considered. The matter is that
when the waste storages were put into operation, nobody had
the idea to mine technogenic placers, which would be formed
inside them. Currently, life cycle of the majority of the storag-
es is almost over and certain part of them operates with flood-
walls which height exceeds design values. Hence, the oppor-
tunity to control the classification process parameters becomes
more and more topical since it opens new possibilities.

In such a way, a technique is known to extend an opera-
tion period of artificial storages of washery refuse of mine-
rals involving accompanying mining of technogenic pla-
cers [20] L, value defining the possibility of mining equip-
ment arrangement within the upper share of a flood wall or at
its foot (Fig. 4) and Ly, value characterizing risk of a techno-
genic placer waterlogging from a clarification pond are criti-
cally important for the technology. The difference between
the two values defines placer excavation scope as well as
storage capacity of the additional washery refuse.

Ultimately, control of a classification process is the pos-
sibility to separate technogenic placer from fractions contain-
ing no valuable components while placing them within dif-
ferent beach areas and move closer to selective mining of
useful technogenic mineral.

Consequently, the research purpose is assessment of the
possibility to control technogenic placer boundaries through
the changes in parameters of washery refuse storage taking
into consideration both size and density of each of granulo-
metric composition fraction.

2. Methods

Based upon the recommendations listed in methods by
V.A. Melentiev and M.S. Poliakov Institute of Geotechnical
Mechanics of NAS of Ukraine, coordinates of distant and
close boundaries of technogenic placer along a beach length
(Fig. 4) can be identified using the Formulas [20]-[23].
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where:

Xo — relative coordinate of center of dispersion of j fraction;

xi — relative coordinate of a point where j™ fraction parti-
cles achieve their critical velocity;

&b — weight part of j™" fraction in granulometric composi-
tion of a solid phase, unit fractions;

N — number of fractions in granulometric composition of
a solid phase;

L — beach length, m;

L, — beach length to the point where j™ fraction particles
achieve their critical velocity; m;

L — beach length to a dispersion center of j fraction
particles, m;

Cw — technological influence coefficient;

C — volume concentration of hydraulic fluid delivered to
a beach from a pipe, unit fractions;

K — inwash parameter;

v — relative velocity of hydraulic fluid delivery;

w, — efficient hydraulic size of j" fraction particles, m/s;

Up — conventional velocity of hydraulic fluid delivery, m/s;

Qo — hydraulic fluid consumption dispersed along a beach
length, m?/s;

o — relative beach slope, o < 1;

w — hydraulic size of j fraction particles, m/s;

u — generalized friction coefficient of j™ fraction particles;

m and n — coefficients in Pavlovskyi formula;

| — average beach slope.

The technological influence coefficient used to define x
value takes into consideration influence of the basic techno-
logical factors on a distance from internal slope of a flood-
wall to a close boundary of technogenic placer, i.e. a rate of
hydraulic fluid delivery; a beach slope; and characteristics of
solid phase particles. However, technological influence coef-
ficient ignores the distance dependence upon the volume
concentration of the hydraulic fluid delivered through a pipe
to an inwash beach since its value is a component of an expo-
nent as well as a coefficient before it. Relying upon analysis of
the formula for x; value (Expression two in (1)), it becomes
possible to identify following factors helping regulate distance
from the internal slope of a floodwall to a close boundary of
technogenic placer, and optimize parameters of future surface
mining operations: hydraulic liquid consumption distributed
along a beach length; average beach slope; and volume con-
centration of the hydraulic fluid delivered to an inwash beach.

The hydraulic fluid consumption distributed along a beach
length may vary quite widely. The parameter value is deter-
mined primarily through volume consumption of washery
refuse, which should be removed from the preparation plant
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and stored. The parameter value can be controlled varying the
number of depositing sites as well as using a procedure of a
hydraulic fluid condensation [17], [24] or separate storing [20].

Average beach slope is limited by friction coefficient of
the considered fraction particles on the beach surface. Re-
search data on free-flow hydraulic fluid streams in channels
show that the hydraulic slope and therefore flow velocity in
such streams is identified by means of difference in a coeffi-
cient of solid fraction particle friction on the stream bed and
geodetic slope of the channel [25]-[27]. Numerous recom-
mendations and reference data are available to define friction
coefficient under such conditions [28]. However, there are no
recommendations concerning free flow along the beach if
solid particle friction takes place not on the pipe wall but on
similar particles or particles differing in their characteristics.
For such conditions, several researchers propose apply coef-
ficient of internal friction of granular material instead of a
sliding friction coefficient [29], [30].

In the context of the domestic MPCWs, the value of vol-
ume concentration of hydraulic fluid delivered to an inwash
beach is not regulated; it is defined through ratio between
amount of solid and liquid waste delivered from a process
cycle. The only way to control the parameter is through the use
of hydraulic fluid condensation (as in the case of its consump-
tion) [24] or separate storage [20]. Nevertheless, storage of
washery refuse through a beach inwash is possible only for
hydraulic fluids having no pseudoplastic characteristics which
restricts their volume concentration from above [17], [20], [24].

Coordinate of particle dissipation center limits a point of
critical velocity achievement from above (Fig. 4) (the possi-
bility to control the boundary has not been studied). Conse-
quently, while varying technological factors within the con-
sidered theories, it is possible to increase or decrease only
lower boundary of a technogenic placer

Xp <X £Xg5

()

Lp
Xp L ,
where:

Xp — relative coordinate of the required point of a critical
velocity achievement for j" fraction particles;

Li—beach length up to the required point of a critical
velocity achievement for j™ fraction particles, m.

In such a way, at the expense of control over a point of a
critical point achievement it is possible on the one hand to
exclude floodwall of following levels above technogenic
placers of lower inwash levels (Fig. 1). On the other hand, it
helps provide a situation when technogenic placers at two
neighbouring placers cover each other (Fig. 3).

Technological influence coefficient is limited by values
of relative coordinates of technogenic placer boundaries as
well as by a hydraulic fluid concentration. The idea is sup-
ported by simultaneous consideration of (5), (2), and (1)
Formulas. After suitable transformations, the abovemen-
tioned results in such a two-sided inequality:

3+2m

o < [Ejnzm <s
\"

S =1.6%C2 In| —— |,

x05C3

(6)

p

&'

75

1

xp3c )

Sp —1.63C2In

where:

So —the minimum of the technological influence coeffi-
cient defined through a dispersion center coordinate;

Sp — the maximum of the technological influence coeffi-
cient stipulated by a coordinate of critical velocity
achievement point.

If inwash parameter value remains constant then it is easy
to transform the two-sided inequality (6) into limitations for
relative velocity of a hydraulic fluid delivery:

Vp SV<Vp; ()
K K
=———;and Vp =———
p 0.684 ' 0 0.684 '
Sp So
where:

V, — the minimum of relative velocity of a hydraulic fluid
delivery stipulated by a coordinate of critical velocity
achievement point;

Vo — the maximum of relative velocity of a hydraulic fluid
delivery defined by a dispersion center coordinate.

The both inequalities of system (7) are uniform, and non-
linear; they can be solved only numerically.

If the control is performed under the constant value of
relative velocity of hydraulic fluid delivery at the expense of
change in the inwash parameter then (6) inequalities trans-
form into following limitations of the value:

1+2m 1+2m
VS$H2M <K <vS gram

While substituting expression one from (3) in them and per-
forming relevant transformations, we obtain following system
of inequalities restricting the value of relative beach slope:

(1-0)*™ Ao <0; (1-0)*™ — Ao 20;
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The both inequalities of (8) system are uniform and non-
linear tangibly. It follows from system (8) equations that they
can be reduced to equations helping derive analytical solu-
tion in the two cases: if m is equal to 0 and if m is equal to
0.5. In the first instance, equations of (8) system amount to
incomplete cubic equations relative to a square root of rela-
tive beach slope; they can be solved with the help of Cardano
formulas. In the latter case, system (8) equations are the
second-degree equations; they can be solved using the known
formulas. However, earlier calculations show 0.009-0.212
variations in m value; i.e. neither of the both considered cases
can be implemented. Thus, system (8) equations can be
solved only numerically.

If control of upper boundary of the technogenic placer is
performed at the expense of change in a hydraulic fluid con-
centration then the two-sided inequality (6) transforms into
the system of two inequalities:
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using transformation of a variable, they amount to a
numerical solution of one non-linear equation with different
coefficient values:
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where:

z—reverse efficient relative coordinate of the required
point for critical velocity achievement;

z'— reverse efficient relative coordinate of particle disper-
sion center;

By — coefficient involving value of the required point for
critical velocity achievement;

Bo — coefficient involving coordinate of particle disper-
sion center.

Analysis of system (9) equations shows that use of nu-
merical algorithms will be the most appropriate technique to
solve them. Since values in the denominator of the used
variables are much less than unity then it is impossible to
decompose natural logarithms in the equations into the expo-
nential series. In this regard, the variable substitution for
inverse values makes it possible to apply such decomposi-
tion. However, such formulas resulting from transformation
will be cumbersome; in addition, the final equation will be at
least quartic. The approach not only prevents from analytical
solution obtaining; it also adds extra roots since initial equa-
tions have two roots as minimum as it is seen from their type.

3. Results and discussion

The abovementioned formulas were used to perform cal-
culations within characteristic intervals of changes in values
being their part. Preliminary calculations demonstrate weak
dependence of inwash parameter value upon coefficient
value m in Pavlovskyi formula; while using the averaged
value, relative error is not more than 1%. In this regard, a
beach slope cannot exceed u coefficient value; hence, taking
into consideration the last Formula from (4) o < 1. With this
in mind, the first of (3) formulas was taken as a basis to ana-
lyze dependence of the inwash parameter generalized in
terms of m coefficient value upon relative beach slope
(Fig. 5). Results numerical processing of the dependence
(Fig. 5) denote the possibility of its approximation with
R? = 0.9956 accuracy being sufficient for engineering analy-
sis, and linear decreasing function being K = 1.38-1.180¢.

It follows from Figure 5 that control of relative beach slope
makes it possible to vary inwash parameter value from 1.56 to
0.22 (Fig.5). Analysis of the two-sided inequalities (6)-(8)
should take into consideration that both minimum and maxi-
mum of technological influence coefficient depend equally on
a relative coordinate of the technogenic placer coordinate as
well as on a hydraulic fluid concentration (Fig. 6).
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Figure 5. Dependence of the inwash parameter generalized in
terms of m coefficient upon the relative beach slope
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Figure 6. Dependence of the boundary value of a technological
influence coefficient upon the relative coordinate of
technogenic placer boundary under the varying hydrau-
lic fluid concentration

The abovementioned has been taken into consideration
while analyzing dependence of boundary value of relative
velocity of hydraulic fluid delivery on the relative coordi-
nate of technogenic placer boundary under the varying
hydraulic fluid concentration for several values of the rela-
tive beach slope (Fig. 7).

Numerical analysis of the solution of system (8) equa-
tions shows that dependence of restrictions applied for a
value of relative beach slope (from the minimum and maxi-
mum of technological coefficient) with an accuracy being
sufficient for engineering calculations, i.e. R? = 0.998), may
be approximated through a logarithmic function. Hence, it is
possible to propose following inequalities:

oo —b(3+2m)In(Sg) <o < g —b(3+2m)n(s;);  (10)

oo =1+b(3+2m)In(v)+a,

where:

oo — relative beach value not depending upon the techno-
genic placer boundaries;

a and b-—approximation coefficients (a=0.5599; and
b =0.3453).

While averaging the coefficients of (10) inequalities in
terms of m coefficient value then we obtain (Fig. 8).
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Figure 7. Dependence of the boundary value of relative velocity of hydraulic fluid delivery upon the relative coordinate of a techno-
genic placer coordinate under the varying hydraulic fluid concentration (C) for relative slope: (a) is ¢ = 0.3; (b) is ¢ = 0.5;
(c)ise=0.7; (d)ise=0.9
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where;

@o — lower boundary of interval of change in a relative
beach slope (Fig. 8);

@p is upper boundary of interval of change in a relative
beach slope (Fig. 8).

Results of the calculations performed for numerical solution
of system (8) equations show that their roots depend weakly
upon m value, a coefficient from Pavlovskyi formula (Fig. 9).
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Figure 9. Dependence of a root of system (8) equation generalized
in terms of m coefficient

Equation which corresponds to (9) inequalities has two

roots separated by an abscissa of extreme point z. =

V2B
and exists on a real axis during implementation of following
restriction on the coefficient:

B <0.184,

where:

z~ — abscissa of the function extremum (9).

If (11) condition is met then solution of (9) inequalities
may be represented in the form of following inequalities:

zl(Bp)£z£zz(Bp);

2<71(By); z2(By)<z,

where:

z: —smaller in absolute magnitude root of Equation (9)
(Fig. 10);

Z, — larger in absolute magnitude root of Equation (9)
(Fig. 11).

The results of numerical processing of the obtained solu-
tions shows that average value of Equation (9) root being
smaller in absolute magnitude can be applied with engineer-
ing accuracy (Fig. 10); exponential function approximation is
applicable for larger in absolute magnitude root (Fig. 11).

Taking into consideration the Inequality, (12) and (13)
can be represented as follows:

0.552
<

~ p0.784
BP

(11)

(12)

(13)

0.552

< — <
15<z 50784 <z.
0

;and z<15;
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Figure 10. Dependence of Equation (9) root with smaller absolute
magnitude upon B parameter value
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Figure 11. Dependence of Equation (9) root with larger absolute
magnitude upon B parameter value

After return to original variables, they will look like:

X 0.95
Z<C<P: CS(YOJ ;

219 xp 1% 0.132
X:1.56(lj . 7 (—pj cand P =—=%
K X

where:

X —value relative coordinate of the required point to
achieve critical velocity under which the interval of change in a
hydraulic fluid concentration degenerates into a point (Fig. 12);

Z — lower boundary of the interval of change in a hydrau-
lic fluid concentration (Fig. 13);

P — upper boundary of the interval of change in a hydrau-
lic fluid concentration (Fig. 14).

The results of numerical processing of graphs (Fig. 13)
demonstrate the possibility to approximate the linear increasing
function with an accuracy being sufficient for engineering
calculations within the whole interval of changes in X value;
and dependence of lower boundary of interval of change in
hydraulic fluid concentration upon a relative coordinate of the
required point of critical velocity achievement (Figs. 15, 16):

Z=a+bxp; (14)
_0.0107 dbe 1.0101
- x 0-307 »an N x 0.988 '

where:

a and b are approximation coefficients ((Figs. 15 and 16).
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Figure 12. Dependence of a relative coordinate of the required
point to achieve critical velocity under which the interval
of change in a hydraulic fluid concentration degenerates
into a point upon the relative velocity of hydraulic fluid
delivery under different inwash parameter values
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Figure 13. Dependence of the lower boundary of the interval of
change in a hydraulic fluid concentration upon the
relative coordinate of the required point to achieve
critical velocity under different X magnitudes
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Figure 14. Dependence of the upper boundary of the interval of
change in a hydraulic fluid concentration upon the

relative coordinate of a point to achieve critical value

xXp

Consequently, relying upon the results of numerical cal-
culations (Figs. 5-16), an approach has been proposed to
identify boundaries of intervals of change in technological
parameters of storing process depending on the required
value of a close boundary of a technogenic placer. It helps
assess concentration amounts; velocity of hydraulic fluid
delivering to inwash beaches; beach slope.
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Figure 16. Approximation of the linear term of Formula (14)
coefficient dependence upon X value

Parameters of solid fraction particles of washery
refuse being stored providing the required distance from
internal slope of a flood wall to a close boundary of a
technogenic placer.

4. Conclusions

Analysis of the obtained calculation results listed in the
paper has helped draw following results:

— it is possible to regulate both distance from internal
slope of a flood wall to a close boundary of technogenic
placer while varying volume concentration of a hydraulic
fluid delivering to an inwash beach and technological in-
fluence coefficient which involves wholistically change in
hydraulic fluid consumption distributed along the beach as
well as average beach slope;

— it has been identified that boundary values of a techno-
logical influence coefficient from the relative coordinate of
technogenic placer boundary (under each value of hydraulic
fluid concentration) are described using decreasing functions
where larger values of technological influence coefficient
correspond to larger concentration values;

—boundary values of technological influence coefficient
vary from 0.7 to 3.2. In this regard, the largest difference in
the values being 1.46-3.15 different concentration values is
observed under smaller values of relative coordinate of the
technogenic placer. In terms of values of relative coordinate
of the technogenic placer boundary seeking to 1, the diffe-
rence becomes minimal and varies from 0.72 to 0.89;
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— the minimum of a hydraulic fluid concentration within
the control interval stipulated by a close boundary of the
technogenic placer is in direct proportion to the required
coordinate of a point of critical velocity achievement and to
an inwash parameter to 0.95 power; and is in inverse
proportion to relative velocity of a hydraulic fluid delivery
to the same power;

—the maximum of a hydraulic fluid concentration within
the control interval stipulated by a close boundary of the tech-
nogenic placer is in inverse proportion to the required coordi-
nate of a point of critical velocity achievement to 1.67 power;

—the average beach slope is limited by a coefficient of
the considered fraction particle friction on the beach surface
which makes it possible to vary inwash parameter value from
1.56 to 0.22. In this regard, a value of boundary interval of
change in the inwash parameter depends little on coefficient
value in Pavlovskyi formula; a relative error is not more than
1% if the averaged value is applied.
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KepyBanHs 0JM:KHBOIO MeKel0 TEXHOT¢HHOT0 PO3CHITY HIJISIXOM 3MiHM
TeXHOJIOTIYHNX NapaMeTPiB Mpouecy CKJIAAYBAHHS BiXoAiB 30araueHHs

O. Mensenesa, €. Cemenenko, B. Mensuuk, b. Birocc

Merta. OriHKa MOXKIMBOCTI KepyBaHHSI MEKaMH TEXHOT'€HHOTO PO3CHILY 32 PaXyHOK 3MiHH IapaMeTpiB IPOIeCy CKJIa[yBaHHS BiIXOIIB
30aradeHHs 3 ypaXyBaHHSIM KPYITHOCTI Ta TYCTHHH YaCTHHOK KOXHOI 3 pakiiil rpaHyTOMETPHIHOTO CKIIATY.

Metoauka. [Ipn yMOBI BUHUKHEHHSI KPUTHYHOTO PEXHUMY Tedil B poOOTi 3aCTOCOBaHO MeTOAMKH B.A. MelleHTheBa Ta HAYKOBUX CIIB-
poOitaukiB [HCTHTYTY reoTexHiuHO1 MexaHiku iMeHi M.C. IlomsakoBa HAH Ykpainu. Po3risiHyTo npobieMu ynpaBiiHHS ONHKHBOIO MEXKEIO
TEXHOTEHHOTO PO3CHITY NP CKJIAJAyBaHHI BiIXOIB 30arayeHHs y IITYYHI CXOBHILA TiAPABIIYHAM CIIOCOOOM 32 PaXyHOK 3MiHH TEXHOJOT1d-
HUX (PaKTOPIB 3 ypaxyBaHHSM BIACTUBOCTEH YaCTHHOK TBEPAOI Ppakiii rixpocymimri.

PesyabTatu. OTpuMano oOMeXeHHs y BUIVIAL iHTEpBaliB 3MiHH 3HAYCHb KOCQIli€HTa TEXHOJOT1YHOTO BIUIUBY, BiTHOCHOI IIBUAKOCTI
HAJIXO/KCHHS TiAPOCYMIllli, BiTHOCHOTO YXWIY IUISDKY Ta KOHIECHTpAIlii TiApOoCyMillni, 10 HaaXoauTh y cxoBuiie. [TokazaHo, mo cepeaHii
YXWI IUBDKY OOMEXKYETHCSI KOS(ILi€HTOM TepTsi YacTHMHOK (pakwil Mo IMOBEPXHi IUIDKY, SIKMH HaJae MOXIIMBICTH 3MIHIOBaTH 3HAYCHHS
napamerpa HamuBy Bix 1,56 no 0,22. BcraHOBIEHO, IO AL pO3paxyHKIB 3 IH)KCHEPHOIO TOYHICTIO, 3AJIOKHICTIO MapaMeTpa HaMUBY Bil
BENTMYMHY Koe(ilieHTiB y ¢opmyni [1aBIOBCEKOro MOJKHa 3HEXTYBaTH, OCKUIBKM BiJHOCHA MOMWJIKA IIPH BHKOPUCTaHHI YCEpPEeIHEHOTO
3HAUEHHS T1apaMeTpa HaMHBY He mepeBuIye 1% 1 po3risiiaTé HOro cepemHe 3HAUCHHS, 3aIeKHICTh SIKOTO, 00 YXMIY IUIDKY, MOXe OyTH
aIpOKCUMOBaHA CIAHOO JIHIHHOIO (QYHKIIIET.

HaykoBa HoBuH3HA. Briepmie 3anmponoHoBaHi (GopMynH BH3HAYCHHS MEX IHTEpBaTiB 3MiHHM HHU3KM TEXHOJOTIYHHX IMApaMeTpiB MPOILECY
CKJIQTlyBaHHS 3JI€KHO BiJ HEOOXiTHOTO 3HAUCHHs OMKHBOI MEXI TEXHOTCHHOTO po3cuily. Lle 103Bosse OmiHUTH BEIMYMHE KOHIIEHTPALIT Ta
MIBUJIKOCTI TiIPOCYMIllli, [0 HAAXOAUTh HA IUBDKI HAMUBY, YXITY IUBDKY Ta IapaMeTpy YaCTHHOK TBepHoi (pakiii BixxoiB 30aradueHHs, 110
CKJIaJTyIOThCS, SIKi 3a0€311euyIoTh HeOOXi/IHy BiJCTaHb BiJl BHYTPIIIHEOTO YKOCY 1aMOK 0OBayBaHHS 10 OMVDKHBOT MEKI TEXHOTEHHOTO PO3CHITY.

IIpakTHyna 3HAYMMIiCTb. 3 BUKOPHCTAHHSAM PE3yJIbTaTiB, HABEICHUX y CTATTi, CTa€ MOXJIMBUM YIPaBIiHHS I'€OMETPHYHUMH pO3Mipa-
MH TEXHOT'€HHHX PO3CHIIIB, 10 COPMOBaHi y IITYYHHX CXOBHUILAX BiIXOAIB 30araucHHs NpH iX CKIaayBaHHI TiJpaBIiyHUM CIOCOOOM, Ta
JTO3BOJISIE BUKIIFOUUTH PO3MIMIEHHS TaMOM 00BayBaHHS HACTYNHHUX SPYCIB HaJ TEXHOTEHHHMH PO3CHUIIAMH HW)KHIX SpyCiB HAMHUBY, 3a0e3-
TIEYNTH TIEPEKPHUTTS MK TEXHOTE€HHIMH PO3CUIIaMH Ha TBOX CYCIITHIX sIpycax, a TAKOX JOCATTH Cemapallii TeXHOTeHHOTO PO3CHITY Bin ppa-
KIii, M0 HEe MICTATh HiHHUX KOMITOHEHTIB, NUISXOM YKJIQJaHHA IX Ha PI3HUX IUISHKAX IUBDKY, 1 THM CaMUM 3a0€3MEUUTH CENCKTHBHUI
BHIOOYTOK TEXHOTE€HHOT KOPUCHOT KOMAJTMHU.

Knrouosi cnosa: nisidic, Hamus, KpumuyHUil pexcum medii, 2iopasgiuna KpynHicms, KoeqgiyicHm mepms, MexHO2eHHUL PO3CUn
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