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SUBSTANTIATING PARAMETERS OF ZEOLITE-SMECTITE PUFF-STONE
WASHOUT AND MIGRATION WITHIN AN EXTRACTION CHAMBER

Purpose. To substantiate parameters of zeolite-smectite puff-stone deposit hydromining method while analyzing dependences
between physico-technological indices of hydromining equipment and rock mass characteristics, which will help optimize the
extraction technique.

Methodology. Complex research approach (i.e. field observations, laboratory tests, and bench testing) is the methodological
basis to solve the problem. The approach involves system analysis, physical modeling of hydrodynamic processes, and outcome
analysis using MatLab mathematical software package.

Findings. Dependences of zeolite-smectite puff-stone failure upon a mouthpiece diameter, water pressure, washout radius, and
gravity streaming hydraulic transportation within an extraction chamber have been determined. Effect of kinetic energy of a falling
slurry stream on the decrease in the specific power consumption in the process of rock transportation over an extraction chamber
floor has been identified. Power consumption dependence upon hydraulic monitor dimensions and working agent pressure is of
quadratic nature: the increased pressure of a working agent in front of a mouthpiece, power consumption of the washout increases,
and specific water consumption drops.

Originality. For the first time, an approach to describe zeolite-smectite puff-stone failure taking into consideration hydrody-
namic puff-stone washout, hydraulic mixture migration within an extraction chamber, and transportation of the mineral has been
applied. Relying upon power consumption to washout hydraulic mixture and transport it within a washout chamber, both linear
nature and directly-proportional dependence of transport capacity upon hydraulic monitor loss and chamber floor slope has been
determined. Power consumption dependence has been defined for different types of mouthpieces and working agent pressure in
order to avoid cuts and layer-by-layer washout of a mineral.

Practical value. The obtained results can be applied to improve dominating parameters influencing the hydrodynamic process
for zeolite-smectite puff-stone washout. For the purpose, rational efficiency of puff-stone failure has been identified as well as ro-
tational angle of a lateral mouthpiece of a jet head at 15—20 m height in terms of layer-by-layer washout with rock migration over
a distance being equal to a half of the washout diameter. Real conditions (for zeolite-smectite puff-stones) have been determined

under which minor jet velocity variation from the determined parameters results in a cut or in a fall of the washout chamber.
Keywords: puff-stone, washout, extraction chamber, slurry, power intensity, hydraulic fluid

Introduction. During the recent decades, the world has
been demonstrating heightened interest in volcanic puft-
stones related to the proved zeolite puff-stone deposits being of
essential sorbate, cation-exchange, and other characteristics.
Forecast resources of such zeolite- containing volcanic puff-
stones within Rivne-Volyn region of Ukraine are hundreds of
millions of tons, i.e. they are almost inexhaustible [1] by the
side of accumulation of technogenic waste of mining re-
gions [2].

According to the data by Rivne and Kovel geological pros-
pecting expeditions, the carried out analysis of the state of
crude puff-stone deposit as well as the results of geological in-
vestigations has shown that open pit mining of the deposit is

© Malanchuk Z.R., Moshynskyi V.S., Korniienko V.Ya., Malan-
chuk Ye.Z., Lozynskyi V.H., 2019

unacceptable since its major share is under the privatized agri-
cultural lands; partially, it is under forests belonging to the area
of special planning control [1]. Impossibility of open pit min-
ing also depends upon extra flooding of the territory as well as
down to 200 m north deepening of the puff-stone occurrence.
Geotechnical methods, among which a well hydromining
technique (WHM) is one of the basic and promising ap-
proaches, can be considered as an alternative to traditional
mining of zeolite-smectite deposit.

A number of prospective deposits of late diagenetic zeolite
puff-stones, connected with volcanogene-sedimentary rocks,
are available at the territory of CIS. Tedzami and Dzegvi de-
posits (Georgia), Aidag deposit (Azerbaijan), Noemberyan
deposit (Armenia), Tayjuzgen deposit (Eastern Kazakhstan),
Pegas deposit (Kuzbas), Shivirtui deposit (Trans-Baikal),
Hongoruu deposit (Yakutia), Chuguev deposit (Primorya),
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Lutog deposit (Sakhalin) and others are the most promising
ones. Details are available concerning puft-stone deposits of
Transcaucasia; less detailed data concern Kuzbas, Trans-Bai-
kal, Yakutia, Primorya, and Sakhalin. Generally, the deposits
are represented by clinoptilolite ores, mordenite-clinoptilolite
ores, and heulandite-clinoptilolite ores. In terms of their zeo-
lite content, ores are divided into high-grade (70—95 %), me-
dium (40—70 %), and low-grade (10—40 %) ones in terms of
their 12.73 and 15 % ratios respectively. Along with zeolites,
whose content may vary from 10 to 95 %, the ores contain
quartz, feldspar, hydromica, montmorillonite, and other min-
erals. Clinoptilolite, being the most popular component of
natural zeolite puff-stones, occurs as three basic cation forms:
potassic, sodium, and calciferous [3].

According to the data of deep mapping by Pivnichheolohiia
SRGE (Ukraine), volcanic puff-stones in Rivne-Volyn region
(Fig. 1) trace under Mesozoic-Cenozoic formations along
western wing of Polissia anticline, and western slope of Ukrai-
nian crystalline shield in the form of a ribbon with 1—10 km
width at 5—300 m [1].

Literature review. Volcanic puff-stones were not analyzed
as minerals by the specialized geological prospecting activities.
Only crude data are available concerning their material com-
position, characteristics, and applicability. At the same time,
technological experiments as well as a number of the studied
bioactive, agrochemical, and conserving properties of puff-
stones demonstrated their feasibility to be used in the context
of various techniques and production operations (Tables 1
and 2).

Thus, according to the content of petrogenic minerals, the
volcanic puff-stones are altered profoundly by zeolite-smectite
rocks, which experienced significant secondary transforma-
tions, and hydrothermal mineralization [4, 5].

Possibilities of multipurpose use as well as availability of
large amount of useful minerals within the rock, no toxic com-
ponents, and convenient geographical location motivate fur-
ther research concerning the use of basalt puff-stones in Rivne
region.

Unsolved aspects of the problem. A number of papers con-
cern the development of hydrodynamic models as for the slur-
ry migration over a conic surface. Basically, the papers deter-
mine stationary parameters of the migration process [6, 7],
analyze effect of different factors on the hydraulic mixture
nonuniform motion [8] as well as surface soil reclamation [9].
However, the papers pay insufficient attention to dynamic
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Fig. 1. Scheme of sampling and puff-stone outcrop in the con-
text of operating open pits:
1—8 — sampling areas; I — puff-stone outcrops in open pits;
11 — puff-stone outcrop to Pre-Mesozoic— Cainozoic surface

characteristics of the process and ignore roughness parameters
of hard border of the stream.

Description of the methods. Experimental program for ze-
olite- puff-stone washout by means of water jet through
mouthpieces with 15, 20, 25, 30, 35 mm and 1—3 MPa pres-
sure is intended to determine efficiency, maximum washout
radius, power intensity, and specific water consumption. Ve-
locity of a breaking mouthpiece of a hydraulic monitor within
a stope sector varied from 0.3 to 2.4 m/s. The mineral washout
was performed gradually when bench height was 20—35 cm
with its displacement to a boundary distance being equal to the
washout radius. It was displaced with the help of a jet. Virtu-
ally, rock breakage and transportation were a single process
implemented by means of a consistent jet action on a stope
displaced constantly.

MatLab and Microsoft Exel softwares approximated the
experimental data, and processed them statistically. The sec-
ond order polynomials approximated the majority of the ex-
perimental data.

The measurement data, formed as some vector y in terms
of certain values of argument shaping vector X of a length sim-
ilar to vector y, were approximated polynomially by means of
MatLab built-in polifit procedure (X, Y, Z), where Z is an or-
der of the approximating polynom. A vector with (Z+ 1) length

Table 1
Economic use of basalt puff-stones in Rivne region
Application area for puff-stones
Environmental measures Agriculture Construction industry Binders

1. Reclamation of contaminated soils
stabilizer
2. Underground nuclear waste disposal | 2. Seed storage

3. Sewage cleaning from NH**

and poultry

1. Mineral fertilizer, plant nutrient

3. Supplementary feeds for livestock

1. Manufacture of brick, roof tile, and
ceramic tile

2. Manufacture of cement, and claydite
3. Pigments for staining agents, and
integrally colored concrete

1. Ore balling
2. Fertilizer balling

Table 2
Chemical composition of puff-stones in Rivne region
Content of petrogenic oxides (%)
Deposit Basic minerals
Si0, | TiO, | ALO; | Fe,0;| FeO | MnO | MgO | CaO |Na,0| K,0 | P,0Os | SO; | V.P.P| H,0"
Polytske Hectorite 47.2 | 198 | 13.9 11.9 1.7 0.17 7.0 2.79 | 4.87 | 1.48 | 0.14 | 0.03 | 6.65 -
Saponite
Analcime
Berestovetske | Montmorillonite | 61.9— | 1.18— | 8.61— | 9.59—|0.93—{0.092 | 2.82— | 1.32— | 0.5— | 1.73— | 0.16— [ 0.04— | 4.19— | 3.38—
Nontronite 66.2 | 1.34 | 10.7 | 10.6 | 2.59 374 | 1.67 | 0.59 | 2.43 | 0.21 | 0.43 | 5.12 | 3.81
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of coefficients of the approximating polynom is the procedure
result.

Microsoft Exel performed exponential approximation by
adding a trend line function, which resulted in the construc-
tion of an approximating curve and its equation derivation
within a graph of the data under study.

The data were processed statistically to verify the approxi-
mation and its quantitative evaluation; namely, a correlation
coefficient and a mean square deviation between the experi-
mental data and those, calculated according to approximation
dependences, were determined.

The correlation coefficient was determined as follows

r= Z(-xi _-xms)(yi _yms)
2 =2, (0= V)
where x, y are experimental data and analytical data, respec-

tively.
The mean square deviation was identified as follows

8: \’Z(x,' —J’,-)z

n—-1

El

where # is the number of measuring points.

As for the quantitative evaluation of reliability of the deter-
mined mathematical dependences, maximum relative error
between the experimental results and the analytical values has
been identified for each measurement point

y, = XY 1009%.
X
Washout radius dependence upon the working agent pres-
sure and the diameter of the mouthpiece for zeolite-smectite
puff-stones of Rafalivske deposit is approximated as follows

R(dy, Hy)=0.9¢"%* +2.5.H -2.5.

Depending upon the pressure and diameter of a hydraulic
monitor mouthpiece, puff-stone washout efficiency is approx-
imated using the following dependence

1, (dy, Hy) =0.07H, -¢"% +3.3- Hy—2.8.

During the process of derivation of analytical dependences
according to the experimental data being complex functions of
two variables (i. e. set of curves), approximation dependence of
a certain type was constructed for each curve as a function of
one variable [10]. Then, coefficient values within the curve
equations were used to construct graphical dependences and
approximation dependences being functions of a variable two.
Substitution of the coefficients of approximation dependence
one for variable two equations results in a function of the two
variables [11].

Dependences of power intensity of puff-stone washout
processes and specific loss of a working agent upon pressure
and hydraulic monitor mouthpiece diameter were approxi-
mated by means of the following equations
E, =-ad}+bd,~c
a=3174-Hj —11158-H,+12755
b=134.8-H2-4481-H, +546.1
c=1.09-H} -3.465- H,+3.26
g=-ad}+bd,—c
a=-1983- H} +4203- H,+9209
b=—174.2- H2 +5253-H,+192.3'
¢=-271-H}+10.5-H,—8.3

M

To verify reliability of the experimental data and full-scale
data, we carried out theoretical studies of a washout process
and slurry migration over a stope floor to an air-lift intake
pump [12]. The study is based upon theoretical dependences
derived by Professors Z.R.Malanchuk, O.H.Homon,
B. O. Blius, and E. I. Cherniei listed in paper [13].

Results. Our basic studies were focused on the puff-stones
of Rafalivske basalt open pit represented mainly by medium-
fragmented and small-fragmented psammite types. Their
thick layer (up to 100 m) occurs under basalts. When the ba-
salts are mined out, the layer becomes seen within the open pit
bottom and walls. Complete mineralogical analysis has helped
determine high content of zeolites, smectites, and ferruginized
disperse materials also being smectites in the puff-stones,
drilled-out in the basalt open pit in the neighbourhood of ba-
salt deposit Ivanchi (2 km southwest).

Table 3 represents the analyzed physical and mechanical
characteristics of the puft-stone samples from the basalt open
pit and wells.

According to the data of spectral analyses, average content
of microelements, inclusive of environmentally hazardous, in
the puff-stones from the site under study correspond to bulk
earth values calculated for the basic lithosphere rocks as well as
to the boundary allowable concentrations (BAC) in soils,
which is represented in Table 4.

Puff-stones are characterized by thermostability, resis-
tance to aggressive environment as well as to ionizing radia-
tion, sufficient mechanical strength when they are dry, avail-
ability or nonavailability only in the trace amounts of poisons,
and lack of contamination by microorganisms.

According to the data of X-ray diffraction analysis and
thermal analysis (six determinations), samples of the puff-
stones contain 65.0 (+16.0, —13.0) % of smectites of trio-cta-
hedral structure of hectorite-saponite series, and 28.17
(+14.83, —14.17) % of analcime on the average. At the mean,
the puff-stones selected within Ivanchi basalt deposit (thirty-

Table 3
Physical and chemical characteristics of the puff-stones
Plasticity index Bulk density, Specific Porosity, Water Water adsorption in Water adsorption in Hardness,
y #10° kg/m? surface, m?/kg % regain, % | terms of weight, % terms of volume, % MPa
5-7 1-1.2 120 30 36 18 33 5
Table 4
Average contents of microelements in the puff-stones from Rafalivske deposit (42 samples, 1 - 10 ~* %)
Elements P Pb Ba Mo | Sn Cu Zn Ni Zr Co Cr \'% Mn Ti
Average 670 5 350 0.8 5 103 46 34 140 31 47 116 1240 5480
Clarks 1500 6 330 1.5 6 87 105 130 110 48 170 250 1200 8000
BAC - 30 - - - 100 100 100 - - 100 150 1500 —
ISSN 2071-2227, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, N2 6 13



seven samples) contain 47.2 % of SiO,; 1.98 % of TiO,; 13.9 %
of Al,03; 11.9 % of Fe,04; 1.7 % of FeO; 0.17 % of MnO; 7.0 %
of MgQO; 2.79 % of CaO; 4.87 % of Na,O; 1.48 % of K,0;
0.14 % of P,0s; 0.03 % of SOs; and 6.65 % of B.n.n.

Bulk density of the fragmented puff-stone is 0.96—
1.22 - 103 kg/m? and specific surface is 120—150 m?/kg. Total
porosity of the dispersed puff-stone material is almost 30 %;
water regain is 36 %. If coagulant is available, it is 62 %. In
terms of weight, water adsorption is about 18 %, and it is 33 %
in terms of a volume.

In the process of washout, transportation capacity within a
stope decreases significantly when the stope is distancing from
the hydraulic monitor mouthpiece. The above was demon-
strated in the fact that distance for which the rocks were
thrown out per a cycle of a stream effect on the stope de-
creased; moreover, it took less time compared with larger frac-
tions. At a certain distance from the mouthpiece, migration
value of large fractions was practically equal to zero per a cycle
of hydraulic monitor jet effect on the stope. Further, we con-
sider maximum distance value, at which the jet transfers the
largest rock fractions, as the washout radius.

Analysis of the rock washout process in terms of varying
mouthpiece diameters and water pressure within a hydraulic
monitor (Table 5) has shown that puff-stone washout by means
of large-diameter jets results in the increased washout radii;
moreover, the increase becomes more intensive depending
upon the increase in working agent pressure in front of the
mouthpiece (Fig. 2).

Analysis of the experimental data has helped determine
that with increase in pressure in front of the mouthpiece, pow-
er intensity of washout increases as well and specific water
consumption decreases.

Washout efficiency of puff-stones with similar physical
and mechanical characteristics is influenced by a period of a
jet action on a stope specified by the jet migration over the
stope sector.

It has been identified that in the context of layer-by-layer
washout of a mineral, the increased period of a jet influence on
the rock mass results in a cut formation as well as in the de-
creased washout efficiency. The cut formation in the process of
the mouthpiece hydraulic monitor rotation at @ = 1 rot/min
velocity was observed at 4—6 m distance from the mouthpiece.
In this context, migration velocity of the jet over a stope varied
from 0.3 to 0.9 m/s. Comparatively large value of the jet-sur-
face impact value also favoured the cut formation. During the
stope migration from 0 to 5 m, its value varied from 25 to 10°
respectively.

10.0 =

9.0

7.0
2« )n/ s
/'( e
5.0 -
L7 X
| i _ -7
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! 1
1.0
15 20 25 30 35
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Fig. 2. Dependence of radius of zeolite-smectite puff-stone (R)
upon a mouthpiece diameter (d,) in terms of different pres-
sures:

1—Hy=1MPa; 2— Hy=16 MPa; 3— Hy=2.2 MPa
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Fig. 3. Dependence of the averaged efficiency of puff-stone
washout (E) at a distance of washout diameter (d,) on the
mouthpiece diameter in terms of different water pressure
values:

I— Hy=1MPa; 2— Hy=1.6 MPa; 3— H,=2.2 MPa

To improve the efficiency of mineral mining at up to 6 m
distances from the hydraulic monitor mouthpiece, a slope
angle of the jet to the washout surface should not be more
than 5—7 %; in this context, jet velocity within a stope is
limited down to 0.7—1.4 m/s and the stope height is

Table 5
Experimental data of zeolite-smectite puff-stone washout diameter while using a jet of a hydraulic monitor
Water pressure within Analysis Mouthpiece diameter d, mm
a mouthpiece 15 20 25 30 35
H,=1MPa 1 A value of washout 2.2 33 4.25 6.0 8.1
2 radius R, m 2.5 32 43 6.1 8.1
3 2.2 34 4.5 6.2 8.3
Average 2.22 3.30 4.35 6.10 8.17
Hy,=1.6 MPa 1 3.5 4.4 5.5 7.4 9.5
2 3.6 4.55 5.6 7.65 9.7
3 3.5 4.5 5.6 7.5 9.7
Average 3.53 4.48 5.57 7.52 9.63
H,=2.2 MPa 1 5.1 6.0 7.3 9.1 11.5
2 53 6.15 7.45 9.2 11.6
3 5.1 6.05 7.4 9.15 10.9
Average 5.17 6.07 7.38 9.15 11.33
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Fig. 4. Dependence of power intensity (I) of washout process
upon a diameter (d,) of a hydraulic monitor mouthpiece in
terms of different pressures:

1— Hy=1MPa; 2— Hy=1.6 MPa; 3— Hy=2.2 MPa
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Fig. 5. Dependence of specific consumption (g) of working agent
consumption upon a diameter (d,) in different washout
terms:

1— Hy=1MPa;2— Hy=1.6 MPa; 3— Hy=2.2 MPa

15—20 ¢cm when washout through 25—35 mm mouthpieces
takes place.

Taking into account the fact that volcanic puff-stones of
Rivne-Volyn region occur in the form of seams, whose thick-
ness is several meters up to 100 meters and more, such extrac-
tion chambers may be applied where floor is arranged within
the mineral itself as well as within bedding rocks. Floor of an
extraction chamber is a conic surface where a suction box with
air-lift is located within a central part.

Diameter of an extraction chamber as well as its inclina-
tion angle is determined with the help of operation parameters
of a well hydraulic mining; it varies during the process [14].
Floor roughness depends upon rock type, its fracture mode
[15], and upon zonal disintegration [16].

To analyze slurry migration over an extraction chamber
floor, we apply a model of homogeneous liquid migration with-
in a thin layer assuming that velocity is similar in terms of the
layer thickness and liquid-floor friction is taken into consider-
ation with the help of empiric formulas [17, 18]. Such a model
can be analyzed rather simply and solved analytically [19, 20].

To describe a process of a slurry layer over a conic surface,
we select spherical coordinate system. Axle 0z of 0z0y spheri-
cal coordinate is compatible with symmetrical axis of the con-
ic surface, and can be directed up vertically (Fig. 6).

Let us specify semiopening angle of an extraction chamber
as 3. We assume that liquid migrates over a surface in the form
of a thin layer for which thickness, measured along internal
normal up to the conic surface, #/r <« 1 condition is met. In
this context, the layer thickness, measured along the normal up
to the conic surface, and thickness, measured along coordinate

line OB lengthwise AB arc will differ insignificantly. Then, lin-
ear dimension, measured from a cone surface 6 = § along AB
meridian arc can be considered as the layer A(r, v, £) thickness.

We select ABCDA'B'C'D’' element, limited by spherical
surfaces of r and r + dr radii, y = const and y + dy = const
planes, and area of conic surface 6 = 3 ADD’'A’ as well as area
of free surface BCC'B’, as an elementary volume for which
conservative laws will be applied.

In this context, the area of ABCD element edge is rsin fdyh
and ABB'A’ edges are dr - h. The element volume will be
rsin Bhdrdvy. 0

Hence, flow through edges, being normal to r , is equal to

0 .
—5( p Vrrh)sm\ud\udr and it is following through edges, being

-0 a
normal to —E(prh)drd\v, where V, is a radial velocity

component; V,, is a circular velocity component; p is the liquid
density.

Since liquid inflow through free surface is not available
within the problem, then the vertical velocity component V,in
the layer may be neglected according to [3] research. In such a
case, the liquid accumulation within rsin BAdrdy element per

. ., Oh
a time unit will be pr smBEdrdw.
Mass conservation law results in the equation

. Oh . 0 0
rsm[55+sm[35(Vrrh)+a(th)

0. )

If axially symmetric migration (V,, = 0) takes place, we
have
oh 0
r—+—=0. 3
ot or S
We substitute  variable for x variable calculated counted
off from the initial section of the layer: u =—V,; x=1[-r. Thus,
instead of equations (2, 3), we will have

éh 1 0 V. h .
EMET Mt

oh 1 o
5+E&[uh(l—xﬂ:0,

“)

Fig. 6. Coordinate system and the liquid flow element
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where / is a complete length of a floor formative of an extrac-
tion chamber.

Since the layer is thin, then consideration of an impulse
equation, particle acceleration along the normal down to the
flow bottom can be neglected as well as changes in a body force
along the layer thickness [21, 22].

In such a case, motion equation in terms of the projection

—0
on @ axis will be as follows

op .
—_—= T SIn p.
29 P8 B

After the equation integrating by 6 within the layer, and
taking into consideration the fact that over the free surface
y = h pressure is constant and equal to atmospheric pressure
p =p, = const, we express definitely a law of pressure distribu-
tion within the layer as

P=p,+pgsinB(h—y),

where y = (3 — 0) is a linear coordinate within the layer being
counted off from a base through radius r arc.

While specifying a value of tangential stress of the layer
floor, the following is obtained for an impulse equation within

—0
a projection on p for axially symmetric migration

0 10
APl

p Vrzhr) = pgsinﬁh? -1, —pgcosph.
r
While combining the equation with a continuity equation,
and transiting to x and u variables, we obtain impulse equa-
tions in the form of

@+ua—u+ sinB@f—T—o+ cosf
ot Ox & ox  ph & ’

which, together with (4), forms equation system for nonsta-
tionary migration of a slurry layer over the conic surface.

Taking into consideration specific features of the extrac-
tion chamber floor, which may consist of rocks with different
roughness types, the well-known Chezy formula is applied to
determine friction stress t,
u2
TH=8 %a
where Cis the Chezy coefficient whose value is determined de-
pending upon material and relative roughness of an extraction
chamber floor with the use of one of popular empiric formulas;
for instance, formula by N. N. Pavlovsky may be applied.

Resulting from the research, maximum relative error in the
process of rock washout calculation by working gent pressure,
and mouthpiece diameter for zeolite-smectite puff-stones of
Rafalivske open pit was 9.07 %; and maximum error in the
process of puff-stone washout efficiency depending upon pres-
sure and a mouthpiece of a hydraulic monitor was 12.3 %.

In the context of the approximation approach, proposed
by formula (1), maximum divergence between analytical data
and experimental data was far less, i.e. 2.14 % to determine
washout power intensity, and 2.5 % for specific loss.

Conclusions. Compared with zeolite puff-stones of other
deposits, zeolite-smectite puff-stones from Rivne region are
characterized by lesser content of zeolite rock replaced by
smectite minerals. While conserving useful sorption character-
istics and cation-exchange ones, the above improves their
technological properties from the viewpoint of washout within
an extraction chamber and the use of a well hydraulic technol-
ogy in the process of mining.

Increase in a mouthpiece diameter and water pressure results
in washout radius increase while efficiency improves according
to exponential laws. Power consumption dependences upon hy-
draulic monitor mouthpiece geometry and working agent pres-

sure are of quadratic nature: increase in the working agent pres-
sure in front of a mouthpiece results in the washout power inten-
sity, and in the decrease of specific water consumption.

To avoid a cut formation and to improve the efficiency of
puff-stone mining, at up to 6 m distances from the mouthpiece
of a hydraulic monitor, a jet inclination angle should not be
more than 5—7°. In this context, jet velocity along a stope is
limited down to 1.4 m/s and during washout through 25—35 mm
mouthpieces the stope height should not be more than 20 cm.

Processes have been analyzed and equation systems to cal-
culate dynamic models of slurry migration over an extraction
chamber floor have been determined. The research shows that
parameters of slurry migration over an extraction chamber
floor depend upon operation mode, and characteristics of a
hydraulic monitor.

Surface of reliable hydraulic transportation is character-
ized by a curve radius whose values are constant for discrete
intervals. Reliable hydraulic transportation at the surface of
underlying rocks should involve certain mineral volume limit-
ed below by a surface of underlying rocks as well as wall cylin-
der surface whose diameter is determined with the help of
washout radius or with the help of boundary overburden of
extraction chambers.
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Meta. OOrpyHTYBaHHSI TapaMeTPiB TEXHOJIOTT TiApOBU-
TIOOYTKY 1IEOJIIT-CMEKTUTOBUX TY(iB IIIIXOM aHAJIi3y 3aJIeX-
HOCTel MixX (Di3MKO-TEeXHOJOTIYHUMU MOKa3HUKAMU Tipo-
BUIOOYBHOTO OOJIAIHAHHS Ta XapaKTePUCTUKAMM MACUBY
MOPOJIH, 1110 JO3BOJIUTH ONTUMi3yBaTH MPOLIEC BUTOOYBAHHS.

Metoauka. MeTOIOJIOTIYHOI0 OCHOBOIO PillIEHHST TIPO-
0J1eMU € KOMIUJIEKCHUI METOJ TOCIiIXeHb (HaTypHi, J1abo-
paTOpHi, CTEHIOBI AOCHIMIKEHHS), 1110 BKIIOYAE CUCTEMHUIA
aHaJi3, GiznuyHe MOEeTIOBAaHHS TiAPOAMHAMIYHUX MTPOLIECiB,
aHasi3 pe3ysbTaTiB 3a JOMOMOIOI0 MaTeMaTUYHOTO MaKeTy
MatLab.

Pesyabratn. BcraHOBIEHI 3ayIeXKHOCTI mpoliecy pyiHY-
BaHHS LI€OJIT-CMEKTUTOBOro Tydy Bil diaMeTpa Hacaiaku,
TUCKY BOAM, pajiyca po3MUBY i CAMOILJIMBHOIO TipOTpaH-
CIIOPTYBaHHS Y BUAOOYBHill Kamepi. BcTaHOBIEHO BILIUB Ki-
HETUYHOI eHepril 11a1alouoro MOToKY MyJIbIIY Ha 3MEHIIEHHS
MAUTOMUX €Hepro3arpar MpU TPaHCIIOPTYBaHHI MOPOIU TIO
JIHY BUIOOYBHOI KaMepu. 3ajIeXKHiCTh eHepro3arpar Bil po3-
MipiB HacaJKu TiIpOMOHITOpA i TUCKY pOOOUYOro areHTa Mae
KBaJIpaTUUYHUI XapakTep: 3i 30UIbLLIEHHSIM TUCKY pOoO0OYOro
areHTa Tepesl HacaaKol eHEPTOEMHICTh PO3MUBY 3pOCTAE, a
MUTOMA BUTPATa BOAU 3HUXKYETHCSI.

HaykoBa HoBu3HA. Yriepule BUKOPUCTAHMU Miaxia st
OMNUCY PYyIHYBaHHS 11€0TiT-CMEKTUTOBOIO Ty(y 3 ypaxyBaH-
HSIM TiIpOAMHAMIYHOTO PO3MUBY Ty(dy, TIePEMIllICHHS TiIpo-
cyMilli B yMOBax I0OYBHOI KaMepHu Ta TPaHCIOPTYBaHHSI KO-
pucHoOi KomnanuHu. Buxonsum i3 1Moka3HUKIB eHepro3arpar
Ha pO3MUB Ta TPAHCIOPTYBAaHHS TiAPOCYMilli B Kamepi po3-
MMBY, BCTAHOBJIEHI JIIHIHHUI XapakTep i MpsIMO MPOTMOpPLIiii-
Ha 3aJIeXKHICTb TPAHCIIOPTHOI 3IaTHOCTI MTOTOKY BiJl BUTPATU
TiIpOMOHITOpPY ¥ yxuiy nHa Kamepu. [t pisHUX TUITIB Ha-
CaJloK TiIPOMOHITOpA i1 MMOKAa3HUKIB TUCKY pOOOYOro areHTy
BCTaHOBJIEHA 3aJIEXHICTh €HEPro3aTpaT Bill LIMX MapaMeTpiB 3
METOIO 3aMo0iraHHs YTBOPEHHsI BpyOy Ta MOIIapoBOro po3-
MUBY KOPUCHOI KOTIAJTUHU.

IIpakTiyna 3HaymMmicTs. OTpUMaHi pe3yJbTaTU MOXYTb
OyTM BUKOPUCTAHI AJI51 OJIIMIIEHHS TOMiHYIOUMX YAHHUKIB,
110 BIUIMBAIOTh HA MPOLEC TiAPOAMHAMIYHOTO PO3MUBY 11€0-
JIIT-CMEKTUTOBUX TydiB. 7151 11bOTO BU3HAUYEHA pallioHaIbHA
MPOAYKTUBHICTb PYWHYBaHHS Ty(dy, KyT MOBOPOTY OiuHOL
HacaJKu TiIPOMOHITOPHOI TOJOBKM TPU TOLIAPOBOMY PO3-
MUBi Ha BuUcoTy 15—20 cM 3 miepeMillleHHSIM MOpOAX Ha Bill-
CTaHb, 1110 JOPiBHIOE MOJOBUHI pafiyca po3mMuBy. OTpuMaHi
peasibHi yMOBHM (IS LICOTIT-CMEKTUTOBUX TY(hiB), B IKUX HE-
3HAYHA 3MiHa IIBUAKOCTi CTPYMUHU Bill BCTAHOBJIEHUX Mapa-
METpiB MPU3BOJAUTH 10 BpYOY a00 00Basly KAMEPU PO3MUBY.

KurouoBi cioBa: myg, posmue, 6udobysna kamepa, nyavna,
eHepeoEMHICIY, 2I0pocymilui
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U TepeTeKaHus MyJibIibl 1Ie0JUT-CMEKTHTOBOIO
Ty(ha B 100bIYHOI Kamepe
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Ileas. OOG0CHOBaHME MapaMeTPOB TEXHOJIOTUU TUAPOIO-
OBbIUM LIEOMT-CMEKTUTOBBIX TY(OB ITyTeM aHaju3a 3aBUCH-
MOCTeil MeXIy (U3MKO-TEXHOJOTUYECKUMU ITOKa3aTeIsiM
TUIPOIOOBIMHOTO 000PYIOBAHUS U XapaKTePUCTUKAMM Mac-
CHBa MOPOJbI, YTO MO3BOJIUT ONTUMU3UPOBATH MPOLIECC T0-
ObIYU.
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MeToauka. MeTom0JI0ru4eckoit OCHOBOM pelleHust Ipo-
OJIeMBI SBJISIETCS KOMITJICKCHBII METOM MCCIenoBaHuil (Ha-
TYpHBIE, TaOOpaTOpHbIE, CTEHIOBBIC UCCIICIOBAHMS ), BKITIO-
YA CUCTEMHBIN aHaIn3, (pU3MUEeCKOe MOAEIMPOBAHUE
TUAPOAMHAMMUYECKHUX MPOLIECCOB, aHAJIM3 PE3YJIbTaTOB C IO~
MOIIIbIO MaTeMaTU4YecKoro maketa MatLab.

Pe3synbraThl. YCTaHOBJIEHBI 3aBUCUMOCTH TIpoIlecca pas-
PYIIEHMS 11€0JUT-CMEKTUTOBOTO Tyda OT IuamMeTpa Hacami-
KU, ITaBJICHWST BOIBI, paanyca pa3MbiBa U CAMOTEYHOTO T'H-
JIPOTPAHCIIOPTUPOBAHYS B JOOBIUHOM KaMepe. Y CTaHOBJIEHO
BIIMSTHYE KMHETUYECKOW SHEPIUH Magaloero MOTOKa MyJIb-
bl HA YMEHbILIEHUE YASIbHBIX 3HEPro3aTpar Mpu TPaHCIIOP-
TUPOBAHUU TIOPOIBI MO JHY MOOBIYHON KaMepbl. 3aBHCH-
MOCTb 3HEprosarpaT OT pa3MepOB HacaJKU T'MIAPOMOHUTOPA
W JaBJIeHUS paboyero areHTa MMeeT KBaapaTUUHbBIM Xapak-
Tep: C YBeJIMYECHUEM JaBJIcHUS paboyero areHTa repea Ha-
CaJKOI SHEProeMKOCTh pa3MbIBa PACTET, a YACIbHBIN pacXol
BOJIbI CHMKAETCS.

Hayunas HoBu3HA. BriepBble MCMOMB30BaH TTOAXOM IS
OINMCAHUS Pa3pyLICHUs 1IEOJUT-CMEKTUTOBOTO Ty(da ¢ yue-
TOM THIPOAWHAMUYECKOTO pa3MbiBa Tyda, MepeMelleHUs
TUAPOCMECH B YCIOBUSIX TOOBIYHON KaMepbl U TPAaHCIIOPTH-
POBaHMSI MOJIE3HOTO McKomaeMoro. Mcxonsa n3 mokasateseit
9HEprosarpaT Ha pa3MbIB U TPAHCIIOPTUPOBAHUE IMAPOCME-
CH B KaMepe pa3MbIBa, YCTAHOBIICHBI TUHEITHBIN XapaKkTep 1

MPSIMO  TIPOTIOPIIMOHAJIbHAS  3aBUCUMOCTh TPAHCIIOPTHO#
CITOCOOHOCTHU MOTOKA OT pacxo/ia T’MIPOMOHUTOPA U YKIIOHA
JTHA KaMepbl. 111 pa3IMIHBIX TUTIOB HACAIOK TMAPOMOHUTO-
pa ¥ mokasaresieil JaBjaeHus1 pabouyero areHTa yCTaHOBJIEHA
3aBUCHMOCTh SHEPro3arpar OT 3TUX MMapaMeTPOB C LEIbIO
MpeAoTBpallleH!sT 00pa3oBaHusl Bpyda M MOCIOMHOTO pas-
MBbIBa MOJIE3HOTO UCKOAeMOTO.

IIpakTnyeckass 3HAYMMOCTb. [loJyuyeHHbIE Pe3yJIbTaThl
MOTYT OBbITh MCIOJIb30BAHbI ISl YIYYIIEHUsT TOMUHUPYIO-
[IUX TApaMEeTPOB, BIUSIOIIMX Ha MPOLECC TUAPOIMHAMUYE-
CKOTO pa3MbIBa 1IEOJTUT-CMEKTUTOBBIX TydoB. [l 3TOro
orpesie/ieHa palMOHalIbHAsI TPOU3BOIUTEIBLHOCTh DPa3py-
nieHust Tyda, yroj moBopora 60KOBOII HACcaJKNW THAPOMO-
HUTOPHOM TOJIOBKU TIPM ITOCTIOMHOM pa3MbIBEe Ha BBICOTY
15—20 cMm ¢ mepemelieHMEM TTOPOIBl Ha PacCTOsSIHUE, paB-
HOE TIOJIOBUHE panuyca pa3mbiBa. OmnpernesneHbl pealbHble
YCIOBUS (/15 LIEOJIUT-CMEKTUTOBBIX TY(OB), B KOTOPHIX HE-
3HAUUTEJIbHOE U3MEHEHUE CKOPOCTHU CTPYH OT YCTAHOBJICH-
HBIX MapaMeTPOB MPUBOIUT K BPYOy MM 00OBajsy KamMepbl
pa3MbiBa.

Kiouessie ciioBa: myg, pasmuig, dobbiuHas kamepa, nynob-
na, sHepeoemMKoCHb, 2U0pocMec
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