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ABSTRACT

Purpose. The article aims to substantiate efficient parameters of resource-saving technological processes ensuring
optimal environmental and economic indices of concrete mixtures transportation under the force mode and changes
of the transported mass parameters depending on transportation conditions.

Methods. The complex method of investigation includes generalization and analysis of the theory and practice of
mixtures transportation, theoretical and industrial research into the processes associated with long-haul delivery of
mixtures, engineering forecasting, mathematical simulation with alternative calculation variants for the purpose of
developing recommendations.

Findings. Parameters of concentration and leaching tailings transportation under the force mode of a vibration wire
were calculated in detail for the case of the haul length exceeding potential of the gravity flow. Calculation schemes
for determining head losses and the flow critical velocity are created by alternative methods and ranked according to
the reliability degree.

Originality. Basic points of the new method for controlling indices of mixture preparation and transportation by
changing the head and the feed rate of mixtures are defined for combined mineral mining.

Practical implications. Solving the problem of hydromixture transportation under the force mode by joint applica-
tion of accumulated industrial experience and simulation of delivery processes for combined mineral mining in order
to achieve a complex environmental and economic effect.
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1. INTRODUCTION tated replacement of expensive components by cheaper
and more available ones like tailings of ore concentra-
tion and processing, which can be used as both aggre-
gates and binders.

Wider application of tailings in mixture production is
hindered by presence of metals that cannot be fully ex-
tracted from tailings. The problem cannot be solved by
conventional ore processing methods. Metal extraction to
background levels by leaching in such activators like
disintegrators has been introduced lately.

Underground metal leaching technology was imple-
mented a bit later. It allowed not only to increase the
mineral base due to the introduction of formerly off-grade
ores but also to reduce the volume of voids caused by
mining operations. One side effect of the given technolo-
gy is extraction of up to 40% of poor ores, which greatly
increases the amount of waste on the earth surface.

Civilization development is accompanied by gro-
wing metal consumption to meet the demands in con-
sumer goods. With technological capacities developed
and mining technique improved, poorer and more com-
plex ores are involved, while the number of voids in
the Earth’s crust and technogenic reserves of tailings
on the surface are increasing. Modern mining produc-
tion is characterized by intensive transfer of active
reserves of metal materials into non-active ones, while
some metals are lost in tailings both on the surface and
in off-grade ores in situ.

In the middle of the last century, there appeared a
technology which aimed at solving this problem by
replacing extracted ores by certain materials, among
which consolidating concrete mixtures were the most
efficient. High cost of consolidating mixtures necessi-
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2. ANALYSIS OF CURRENT STUDIES

Recent publications have raised issues of improving
underground mining technologies and outlined current
conditions of mining production, namely:

— increased volumes of ore processing tailings (Adi-
bi, Ataeepour, & Rahmanpour, 2015; Morkun &
Morkun, 2018);

— selective extraction of rich components accompa-
nied by losing metals in off-grade ores and processing
tailings (Golik, Komashchenko, & Morkun, 2015; Sin-
clair & Thompson, 2015);

— limited possibilities of utilizing concentration and
ore processing wastes for manufacturing concretes
(Lyashenko, 2015);

— deficiency of technologies for deep metal extraction
from ores (Golik, Komashchenko, & Morkun, 2015;
Rylnikova, 2017).

Metal extraction from chemically recovered ores can be
improved by applying a combined technology involving
the following elements of a single technological process:

— processing by ultrasonic technology (Morkun,
Morkun, & Tron, 2017; Morkun & Morkun, 2018);

— leaching of metals from off-grade materials unsuit-
able for conversion in underground blocks, piles and
activators and for using tailings in consolidating mixtures
(Krupnik, Shaposhnik, Shaposhnik, Nurshabekova, &
Tungushbayeva, 2017).

Further increase in metal output brings about the
problem of transportation of concentration and leaching
tailings to places of their use and storage. Concentration
tailings should be transported from places of original
concentration to the metal leaching site and further to
sites of preparation and use of consolidating mixtures
either after concentration completion or later as mature
tailings (Golik, Komashchenko, & Morkun, 2015).

This problem can restrict metal production potential
and is topical in current market conditions.

Concentration tailings in the form of concrete mix-
tures or hydromixtures are transported with the solid-
liquid ratio (S:L) of 1:6 and the tailings density not less
than 1.25 t/m>.

Concrete mixtures are characterized by humidity,
which determines their liquescence and other parameters.
Concrete mixtures should meet the following require-
ments: transportability over long distances, minimized
expenses, environmental considerations, etc. (Dmitrak &
Kamnev, 2016; Dmitrak, 2017).

Mobility of mixtures is especially acute in under-
ground mining, in particular, if there are adjusted mine
workings with reverse inclination.

Mixture transportation is improved with the force im-
pact on a pipeline. The resistance to transportation in the
pipeline is compared to dynamic friction forces. With the
full pipe of a considerable length, resistance to transpor-
tation exceeds the mixture weight and discredits the
process itself. When conveying vibrations to the pipeline,
resistance falls greatly, thus increasing the impact of the
head flow (Komashchenko, Vasil’yev, & Maslennikov,
2016; Golik, Morkun, Morkun, & Gaponenko, 2018).

Concrete mixtures are significant in the mining out-
put. They are characterized by humidity, which deter-
mines congelation, liquescence and other parameters.
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That is why technologies using water as a transportation
means are excluded, while non-water technologies are
preferred (Yermolovich & Yermolovich, 2016).

The problem becomes topical in underground mining,
especially when mine workings with reverse inclination
are applied. Combined mineral mining implies time-
space oriented combination of elements of the technolog-
ical cycle, which differ from traditional work arrange-
ment in the following:

— filling voids caused by rich ore mining with conso-
lidating mixtures and creating conditions for under-
ground leaching;

— differentiating mixtures according to strength not
only within stope groups, but also within a stope;

—controlling indices of mixture preparation and
transportation (the complex capacity, the driving force
and frequency of forced vibrations of the pipeline, solid
material concentration);

—regulating indices of hydromixture transportation
by changing the head and the mixture feed rate.

Research into the mining sphere under consideration
is aimed at substantiating a scheme of transporting con-
crete mixtures under the force mode and simulating dy-
namics of changing parameters of the transferred mass
depending on transportation conditions (Vintrd, San-
miquel, & Freijo, 2014).

The set goal is achieved by solving a number of tasks:

1. To estimate the potential of applying hydromixture
transportation in underground mining.

2. To define parameters of efficient hydromixture
transportation under the force mode according to length
and reliability criteria.

3. To substantiate efficiency of the applied technolo-
gy of hydromixture haul under the force mode in com-
bined mining with filling voids with consolidating mix-
tures and metal leaching.

4. To develop recommendations for applying hy-
dromixture haul technology under the force mode.

3. MATERIALS AND METHODS

To haul filling mixtures under the ground, gravity,
gravity-pneumatic and vibration schemes of pipeline
transport are applied. The first scheme provides stable
850 m haul, the second one — 1200 — 1500 m haul, the
third one has not been studied well enough.

The haul length is increased by the compressed air
feed into the pipeline. The portions of the consolidating
filling mixture divided by air gaps are formed in the
pipeline, while the speed of mixtures movement rises.

Both methods are reliable enough when the ratio of
the vertical and horizontal parts of the pipeline does not
exceed 1/5. Experiments of hydromixture transportation
are carried out in a hydro-transport installation, which
includes pipelines, controlling mechanisms and control-
ling measuring devices.

The studied processes are simulated in the 5.5m
pipeline. The critical speed is determined by hydromix-
ture consumption at the moment of formation of thelmm
thick solid layer with the solid-liquid ratio: 1:1.0; 1:1.5
and 1:2.0. The studied material includes fine sand
(0.1 — 0.06 mm) and coarse dusty fractions with the plas-
ticity index of 1 — 7%.
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Parameters of hydromixture transportation in under-
ground mining of non-ferrous, rare and thermal metal
ores are substantiated by simulation of their transporta-
tion under the force mode according to the length and
reliability criteria.

The obtained data are used in mathematical simula-
tion of the processes with the help of alternative calcula-
tion variants for developing recommendations in certain
conditions (Chugh & Behum, 2014).

Mathematical simulation of hydromixture transporta-
tion in underground mining under the force mode is de-
scribed depending on the haul mode in the pipeline.

In case of the gravity and gravity-pneumatic schemes,
the motion equation of the hydromixture with a good
adequacy degree meets the Bernoulli equation for the
real liquid (hydromixture):

2 2
zZ, +ﬁ+V‘4= ot + Pou +@+Ah, @)
pg 28 pg 28

where:

Zin, Zou— are levels of the pipeline inlet and outlet
correspondingly towards the vertical axis as to the cho-
sen reference point;

DPin, Pour — are hydromixture stresses at the inlet and
the outlet;

Vin, Vour—are averaged motion velocities along the
cross-section of the inlet and outlet;

p — is the average density of the hydromixture;

Ah — is the loss of head in the pipeline.

The value p/pg in equation (1) is a piezometric
height, and V?/2g is the height of the velocity head.

To determine hydromixture parameters at the pipeline
outlet, the equation of flow continuity is used:

V.S, =V,S, =0 =const, 2)

where:

V1, V> — are flow velocities in some flow sections;

S1, 8> — are areas of corresponding flow sections.

The impact of the hydromixture heterogeneity causes
irregular distribution of velocities in the flow cross-
section of the pipeline. Thus, the hydromixture motion
equation will look like:

2
al I/in

2g

z +Pmy

in 3)
Pg

a,V?
=Zom+@+—2 o+ Ah,
pg  2g

where:

a1, ap —are coefficients characterizing heterogeneity
of velocity distribution (Coriolis coefficients) at the pipe
inlet and outlet correspondingly.

Coriolis coefficients are determined by experiment
and they are equal to a; = 1.1 at the inlet and a» = 1.05
at the outlet of the 850 m pipe, with the level difference
of the inlet and the outlet of 25 m and the 0.0078 m?
cross-section.

Based on equations (2) and (3), we determine basic
parameters of hydromixture flow in the pipeline.

Friction losses along the whole pipeline under the
head transportation mode are calculated by the formula:

V3l
2gD’

A=A 4)
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where:

A —is the hydraulic friction coefficient;

V' —is the average velocity of the hydromixture flow
along the pipeline;

[ —is the pipeline length;

D — is the pipe diameter.

The hydraulic friction coefficient is determined by
the Reynolds number and relative roughness of the pipe
or according to the graph (Bol’shakov, 1984):

1=F(Re,é}
D

where:

R, — is the value of the Reynolds number;

A — is the absolute roughness of the pipe.

In case of hydromixture transportation under the
gravity or the gravity-pneumatic schemes, the equation
of the hydromixture consumption in the pipe for the one-
dimensional flow is determined by dependency (Adibi,
Ataeepour, & Rahmanpour, 2015):

)

2
0=8pp [—F——, (6)
KPPy + Pivi
where:

S — is the area of the flow cross-section;

K —is the pressure loss during the hydromixture motion;

p — is the average density of the hydromixture;

Pios — 18 the pressure loss in the pipe;

DPerir— 18 the critical pressure under which hydromix-
ture motion switches from the laminar mode to the turbu-
lent one.

Pressure losses along the flow cause friction and hy-
dromixture head in the pipe can be described by the fol-
lowing equation (Jang, Topal, & Kawamura, 2015):

(1+4,)p0l0f
2RS?

los

pg(hout - hin ) > (7)

where:

f—1is the coefficient which depends on the Reynolds
number and the pipe form;

L, —is the aggregate length of local resistances;

R — is the hydraulic radius of the pipe cross-section;

hi, — is the level of the pipe start location;

hou — 1s the level of the pipe end location.

As experiments show, in case of hydromixture trans-
portation by the vibration scheme, the value of f coeffi-
cient reduces greatly by a factor of 2.0 — 2.5.

The experimental model of the hydromixture haul
system was realized on the basis of mathematical equa-
tions. The model includes a pool filled with hydromix-
ture, wherefrom it is fed to an accumulator with a cen-
trifugal pump, local resistances in the form of elbows as
well as a pipeline with a valve. A flow meter is in the
reverse pipeline.

Characteristics of the simulated hydromixture are set
at the pipe inlet. The simulation results with the step
excitation, i.e. under the constant frequency of the pump
revolution of 1300 r.p.m., are obtained.

At the first stage before the 120™ second, the stabili-
zing reservoir is filled. This site is considered to be the
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initial filling with the hydromixture feeder started and it
should be taken into account in designing the controlling
system of the hydromixture return.

The second stage before the 270" second is character-
ized by the aperiodic transition process when the reverse
pipeline is filled with hydromixture.

At the third stage, the hydromixture feed branch
changes from the closed position into the fully open one,
which results in redistribution of the consumed hy-
dromixture filling the vessel in two directions.

To intensify hydromixture transportation, the me-
chanical oscillation action is applied increasing mobility
and improving rheological properties of hydromixture.
Yet, these impacts have drifting extreme dependencies
which were investigated by a mathematical model of
hydromixture motion designed in the form of a non-
linear dynamic system (Besedin, Trubayev, Panova, &
Grishko, 2011).

Experiment results based on the suggested models are
given below.

4. RESULTS AND DISCUSSIONS

At “Wismut” deposit (Germany), a consolidating
mixture was fed by the vibration-gravity method for the
distance exceeding the height of the vertical standpipe
threefold (Komashchenko, Vasil’yev, & Maslennikov,
2016). At the end of the last century, while mining Shok-
pak-Kamyshovoye deposit (Kazakhstan), mixtures were
hauled for the distance exceeding the standpipe by many
times (Golik, Komashchenko, & Morkun, 2015).

In hauling mixtures for the distance of up to 2.5 km,
the energy consumption was 0.15—0.22 kW/m?. The
transported mixture strength increased by 20%.

The installation was characterized by the following pa-
rameters: the diameter of the air tie-in is 40 mm, the pipe-
line diameter is 170 mm, the compressed air pressure in
the overhead pipe is 6 MPa, the capacity is 60 m*/h. Pa-
rameters of the vibration-haul installation include the driv-
ing force of 2 — 5 kH, the vibration amplitude of the pipe-
line of 1.2-2.0mm, the vibration frequency of
6.0 — 13.0 Hz, and the impact of the exciter of 200 — 220 m.

Installation of vibration-pneumatic transport included
a pipeline and vibrators. The system comprised a vertical
site 175 m high and a horizontal site 2500 m long.

If the haul length of the filling by the traditional
scheme rarely exceeds 1.5 km with the ratio of the verti-
cal and horizontal parts of the pipeline being 1:5, under
the current technology this ratio makes 1:20.

The transported mixture was composed of cement (up
to 100 kg/m?), blast-furnace slag (160 — 250 kg/m?) and
water (380 kg/m3). The length of the mixture haul (hori-
zontal lift) was 14 m — 2500. The flow velocity along the
pipeline was 1.2 — 1.5 m/sec. The maximum capacity of
the system was 100 m*/h.

The pressure drop along the section made
0.6 — 1.0 MPa, grad P =3.0 — 5.0 kPa/M under the gravi-
ty mode and 0.12 — 0.20 MPa, grad P=0.8 — 1.0 kPa/M
under the vibration mode.

Traditional transportation implies increased water
consumption, which simultaneously decreases the mixture
strength. Combination of the vibration and the pneumatic
gravity technology can eliminate this drawback.
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Basic parameters of the vibration haul include the
transportation length (L), the standpoint height (H), the
length of sections (L) and the location of the vibration
exciter within the sector (L) (Fig. 1).

LZL

A

L

A
A 4

Figure 1. The vibration transportation scheme: L —the pipe-
line length, m; Li— the distance between vibrators,
m; Lz —the distance of the vibrator installation in
the section, m

The minimum efficient amplitude of pipeline vibrations:

A :Pyz—Pg
p,

g, ®)

where:
pr— is the density of the filling particles, kg/m?;
po — is the density of the disperse medium, kg/m?;
Mixture stratification is excluded under its velocity of
0.5—-10.7 m/sec for mixtures with up to 5.0 mm particle
sizes and under 0.7 — 1.0 for mixtures with 5.0 — 40.0 mm
particle sizes (Golik, Komashchenko, & Morkun, 2015).
The inner pipeline diameter is:

P
T’
where:

V4 — is the average transportation velocity, m/sec;

dav — 1s the average size of the transported material, mm.

The pressure loss in the horizontal section of the
pipeline is:

D=2445V d

av™"av

)

158.73D 41'(1)
b Top
Ap=———— (10)
7+7
non
where:

Ap — are specific pressure losses, Pa/m;

7, — is the shear stress of the wall layer, Pa;

m — 1is the viscosity of the thixotropically diluted wall
layer, Pa-sec:

n =017 . (11)

The transportation length of the consolidating mixture is:

p.
=", 12

A (12)
where:

pe— is the consolidating filling density, kg/m?.
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The distance between elastic supports is (Fig. 2):

1,=0.5l,. (13)

L

A 4

A

A 4

A
\ 4

11 = lgl’l1

Figure 2. The scheme of the pipeline section

The value of the driving force of the vibration exciter is:

K=A(m, +m,), (14)
where:

K —is the moment of the eccentric weight of the vi-
bration exciter;

mp-— s the reduced mass of the pipeline considering
the mixture.

The reduced mass of the pipeline is:

lp,_ :

where:
n — is the number of homogenous elements;
I; — is the coordinate of the element m;.
The value of the driving force of the vibration exciter is:

m, (15)

DI

P=KW?*. (16)
The power to generate pipeline vibrations is:
N, =PWAsin2¢, (17)

where:

@ —1s the phase angle between the pipeline transfer
and the driving force direction.

The phase angle is:

c ST

= arct, 18
Q=arctg o (18)

PR

where:

Sr==nDl, —is the inner surface of the pipeline
sections;

b.—1s the coefficient of the mixture resistance to
pipeline vibrations, cm?.

The motor power of the section:

N
N, =—, (19)
s
where:
nm—1s the efficiency coefficient of the elastic
coupling.

The determined drive power is:
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N,=nN,, (20)
where:
ns — 1s the section number.
The driving force of the vibration exciter:
_ 2 2
P=Kw =m,rw", (21

where:

mg — is the mass of the unbalanced part of the eccen-
tric weight, kg;

r —1is eccentricity of the unbalanced part of eccentric
weight, m;

w —is the rotation frequency of the vibration exciter
axis, c’l.

The mass of the unbalanced part of the eccentric
weight:

m,=b,p,, (22)
where:

S| — is the cross-section area, m?;

b, — is the width of the eccentric weight, m;

pe—1s the density of the eccentric weight material,
kg/m?.

The water pressure required for cleaning the pipe sec-
tion /, long is:

H,pn=Apl,, (23)

where:
pw — is the water density, kg/m?;
H,, —is the height of the standpipe filled with water, m:

_3Apl
2

H

w

24

w

The minimum water volume for washing the
pipeline is:
zD’
4

H

0, = W (25)

The pipeline is cleaned by compressed air with
consumption:

D= 24.45Vav\/Z ,
TO

where:

Va —is the velocity of the mixture flow that ensures
its movement, 2.0 — 4.0 m/sec;

P —is the compressed air pressure in the network, Pa;

P, — is the atmospheric pressure, Pa.

The head losses with transported hydromixtures are
determined for various density of the mixture:

y-=1.11; 1.13; 1.19; 1.22; 1.26; 1.32; 1.40 t/m3.

Parameters of hydraulic resistance are determined by
the least square method (Table 1):

(26)

100J, =aV* +a,V , 27)
where:

a1, a, — are empiric coefficients;

V — is the average velocity of the flow, m/sec.



V. Golik, M. Mitsik, V. Morkun, N. Morkun, V. Tron. (2019). Mining of Mineral Deposits, 13(2), 111-120

Table 1. Dynamics of hydraulic resistance

Sample  Density, t/m’ Hydraulic resistance
1 1.00 100/ = 4.334V2 +2.158V
2 1.11 100/ =4.81912 +2.323V
3 1.13 100/ = 4.923V2 +2.347V
4 1.19 100/ =5.19972 + 2.385V
5 1.22 100/ = 530812+ 2.523V
6 1.26 100/ =5.577V>+2.384V
7 1.32 100/ = 5.726V2 +2.747V
8 1.40 100/ = 6.02972 + 3.007V

Experimental data are compared with designed values:

Vr

B

J :‘]b
" I

(28)

where:
Jp — 1s the specific head loss with pure water moving;
7, — is the hydromixture density;
75 — is the water density.

Jr:Jb(l+Co)7 (29)
where:

C, — is a constant for the two-phase flow;

S —is concentration of the solid material in the
hydromixture;

a —1is the average density of the solid material con-
sidering the buoyant force:

a7
Yw

, (30)

where:
yr— is the density of the solid particles, t/m?;
7 — is the density of water particles, t/m>.
100J, =(2.3+8.2F,\/F*)aS+IOOJW, (31)

where:
F. — is the Frude number for the hydromixture flow:

2
F==, (32)
&
where:

D — is the inner diameter of the pipeline, m;

g —is the gravity acceleration, m?/sec;

F*—is the Frude number for the part of the solid
component:

. W

F .
gd,,

(33)

Hydraulic losses with pure water transportation by
the Darcy method are:

o
w ng

) (34

where:

A — is the hydraulic friction coefficient.

The value A depends on the ratio of the Reynolds
numbers (R.) and maximum values of R! and R’.
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The value of R, is:
(35)

where:

v—is the kinematic viscosity coefficient equal to
1-10°.

The value of R, is within 75000 — 150000. The ma-
ximum value of R, is:

(36)

where:
‘A — is specific roughness, (4/D);
A — is absolute roughness, (0.4).

To calculate 4, the following expression is used:

2=38

=0 (37

where:
C — is the Chezy coefficient.
For the square resistance area:

(38)

where:

R — is the hydraulic radius;

n—1is the roughness coefficient of steel pipes
(0.0125).

Experiments determined the values of losses compa-
rable with the designed ones, while the specific losses
with the velocity of less than 1.6 m/sec appeared to be
higher than the designed values (Mwase, Petersen, &
Eksteen, 2012).

Velocities along the pipeline are determined by the
measured consumption of the hydromixture when the
motionless silting layer is formed in the pipeline (Sinclair
& Thompson, 2015).

Some alternative methods are used including:

1. S.Kh. Abilyants solution:
with 400-10° < d,, <400-10° and yr = 2.6 — 3.2 t/m>:

20714 % gy (39)
IgR, +5.5 v,
where:
Re, — is the Reynolds number:
d
R, = (40)
%
p — is the constraint ratio:
B=120255" +(1+5) 4358, (41)

where:
S —1is the volume density of the solid component in
the hydromixture:

vy
Y

(42)
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2. A.P. Yufin solution:
with d,, <0.15 and yr = 2.7 — 4.2 t/m®:

Vie =11%/5W(;—’—0.4J; (43)

and with d,, < 0.074 in the solid component of more than
50% and y, < 1.25 t/m*:

v, =15YD4W (ﬁ—OAJAg'I; (44)
Yw
with 1.25 t/m’ <y, < 1.7:
374057 3| Cm A0.1
Vi =12.8YDYW 3 =A%,
C
(45)
3dyo
A, =—,
dgo
where:
A4, — is the heterogeneity condition:
3d;
bl
90
where:

C — is the weight body of the hydromixture;

C, —1is the weight body of the hydromixture with
7= 1.25 t/m’.

3. A.P. Yufin solution:

v =K1K2%/5<‘/W(L—O.4j, (46)
where:
K =075+ 2776
d(lv ) 10
K> =1 with y, = 1.25 t/m®, with y, > 1.25 t/m?,
where:
12.58-6.86
k, 12380867,
d(lv ’ 10
4. H.P. Sazonov solution:
with 0.05 <d,, <I:
2ad -2y, +7.
Vvkr:\/ g av(yT3 }/w %) (47)
107y,

Values of the obtained critical velocities are com-
pared with the designed ones (Table 2).

Table 2. Dynamics of hydraulic losses in transportation

- = Q =] wn 7 IR=!

$E 655 325 3z 3: 4
> S T8 I3 = K

1.0 38.5 0.05 58 66 117
1.5 — 121 130 68
2.0 — — 215 217 06
2.5 — — 336 335 405
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Dependencies of head losses on the flow velocity de-
termined by the experiment are interpreted in Figure 3. If
the flow velocity increases, losses increase as well. Yet,
it turned out that calculated and experimental head losses
almost coincide (Rylnikova & Peshkov, 2014; Kachurin,
Stas, Kalayeva, & Korchagina, 2016).

50
—O—y=1.0
—%—y=1.11 !
40 | |—B—r=119 ]

—>—)=1.26
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Figure 3. The graph of head losses dependency on the flow
velocity

Values of critical velocities differ from the experi-
mental ones by up to 34%. They are determined more
accurately by the formula of A.P. Yufin.

The novelty of the obtained dependencies of hy-
dromixture haul by pipelines under the force mode im-
plies consideration of peculiarities of combined under-
ground mining while changing the quality and quantity
of hydromixtures fed for much longer distances than
those in the traditional technology.

The capacity of haul 4, t/h depends on the component
size of hydromixture O, %, and on the maximum value
for the given conditions (Fig. 4).
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Figure 4. Dependency of haul complex capacity on the com-

ponent size of hydromixture

Capacity of the pipeline transport under the force mode
depends on the direction of the driving force of the vibration
exciter () and the frequency of forced vibrations (f) (Fig. 5).
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Figure 5. Dependency of the haul capacity on the direction of
the driving force of the vibration exciter (a) and the
frequency of forced vibrations (b)

The issue of hydromixture transportation is part of the
global problem of humanization of resource exploitation
(Chen, Lei, Yan, & Xiao, 2014; Ryzhova & Nosova,
2017). It influences the success of the applied combined
technology including such elements of a technological
cycle as rich ore mining accompanied by filling voids
with consolidating mixtures and leaching metals from
off-grade materials in piles and activators (Jang, Topal,
& Kawamura, 2015; Sinclair & Thompson, 2015).

Optimization of hydromixture haul, reduction of ex-
penses and environmental loads as well as other aspects
of the mentioned problem become especially acute in
underground mining of chemically extracted ores includ-
ing most deficient ones of non-ferrous, rare and thermal
metals (Sekisov, Shevchenko, & Lavrov, 2016).

Substantiation of the hydromixture haul scheme under
the force mode and simulating dynamics of changing pa-
rameters of the transported mass depending on transporta-
tion conditions is an independent direction of developing
modern innovative technologies (Doifode & Matani, 2015).

Solution of hydromixture transportation problem pro-
vides new possibilities to reduce mining and processing
wastes in ore concentration and metallurgy (Urakayev &
Yusupov, 2017; Zoteyev, Zubkov, Kalmykov, &
Kutlubayev, 2017) that facilitates reduction of the tech-
nogenic load on the environment in mining regions (Ka-
churin, Kalayeva, Korchagina, & Stas, 2016; Morkun,
Semerikov, & Hryshchenko, 2017).

5. CONCLUSIONS

1. Experience accumulated in underground ore
mining is applied to solving the problem of hydromixture
transportation.
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2. Parameters of efficient hydromixture haul under
the force mode are determined by simulating according
to the criteria of transportation length and reliability.

3. Consideration of combined mining peculiarities as
to changing the quality and quantity of hydromixtures
fed under the force mode to achieve the length exceeding
that of the traditional technology increases the efficiency
of combined mining accompanied by filling voids with
consolidating mixtures and leaching metals.

4. Recommendations for applying the hydromixture
haul technology under the force mode can be used in
underground mining of chemically extracted ores consid-
ering the environmental and economic effect.
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TPAHCIIOPTYBAHHSI XBOCTIB 35A'AYEHHSI I BWIYTI'OBYBAHHSI
P NIA3EMHIN PO3POBLI METAJIEBUX PO/IOBHIIL]

B. T'omuk, M. Mimuk, B. Mopkys, H. MopkyHs, B. Tpors

MeTta. OOrpyHTYBaHHSI palliOHAIBHUX IapaMeTpiB pecypco30epiralounx TEXHOJOTIYHMX IpOIeciB, 1o 3abe3me-
YYyIOTh ONTUMAIBHI 332 €KOJIOT0-eKOHOMIYHUMH KPHUTEPISIMA IMOKAa3HUKHU TPAHCIIOPTYBAHHS OCTOHHHUX CyMIIIeH y pexXu-
Mi IpUMYCY i JHHAMIKH 3MiHEHHS TapaMeTpiB IMEePEeMIIN[yBaHOI MAacH Y 3aJIS)KHOCTI Bil YMOB TPAHCIIOPTYBaHHSI.

Metoauka. KoMiuiekCHUIT METOA OCII/PKEHb BKJIIOYA€E y3arallbHEHHs 1 aHaii3 Teopii Ta MpPakTUKU TPAHCHOPTY-
BaHHS CyMilllell, TEOPETUYHI i BUPOOHUUI JOCIIIPKEHHS POLIECIB JIOCTAaBKH CyMillieil Ha JajeKy BiJCTaHb, IH)KEHEPHE
[IPOTHO3YBAaHHSA, MaTeMaTHYHE MOJEIIOBAHHS IPOLECIB i3 BUKOPHCTAHHSAM aJbTEPHATUBHUX BapiaHTIB PO3paxyHKiB
JUTS PO3POOKH PEKOMEHIAITI.

PesyabraTu. JleranizoBaHo po3paxyHOK MapaMeTpiB TPaHCIIOPTYBAaHHS XBOCTIB 30arayeHHs 1 BHJIYTOBYBaHHS y
HNPUMYCOBOMY PEKUMI pOOOTH BiOPONPOBOY B yMOBAX JAOBKHHHU JIOCTaBKH, L0 MEPEBHILYE MOXKIMBOCTI CAMOILTUBY.
JlaHo po3paxyHKOBI CXeMH BU3HAYCHHS BTpAT HAINOPY Ta KPUTHYHOI MIBUAKOCTI MMOTOKY T'iIPOCYMIlll ajlbTepHATHBHU-
MH METO/IaMH 3 PaH)KUPYBaHHSM 3a CTYIIEHEM HaJliifHOCTi.

HayxoBa HoBu3na. ChopMysibOBaHa OCHOBAa HOBOT'O METOJY YNpPABJIiHHS ITOKa3HUKaMH IPUTOTYBaHHS Ta TpaHC-
TTOPTYBaHHS CyMilllel Ipr KOMOIHOBaHIH PO3po0IIi POAOBHUII NIIIXOM 3MiHU HATIOPY i MIBHAKOCTI OJadi CyMilIeH.

IIpakTH4yHa 3HAYMMicTh. Pe3ynpTaTi BUpIOICHHS MPOOIEMH TPAHCIIOPTYBAHHS TiAPOCYMIIIEH Y PEKUMI IPUMYCY
[IISIXOM CHUIBHOTO BHKOPHCTAHHS HaKOIMYEHOTO BHPOOHMYOTO JOCBIIYy Ta MOJECIIOBAHHAM MPOLECIB JTOCTaBKH VIS
YMOB KOMOIHOBaHOT pO3pOOKH POJOBHII JO3BOJISIOTH OIEP)KATH KOMIUIEKCHUH €KOJIOr0-eKOHOMIYHUH e(eKT.

Knrwwuosi crnosa: pooosuwe, 2iopocymiut, mpancnopmysamist, mpyoonposio, pyoa, MooemosanHsl, iopayis

TPAHCIIOPTUPOBAHHUE XBOCTOB OBOTI'AIIEHUST U BBILIEJTAYNBAHUSA
TP NOJ3EMHOMU PABPABOTKE METAJVIMYECKUX MECTOPOXJIEHNU

B. TI'onuk, M. Munuk, B. MopkyH, H. Mopkys, B. Tposs

Heab. O00ocHOBaHKE PAIlMOHAIBHBIX TAPAMETPOB PECYPCOCOEPEraroIInX TEXHOJIOIMYECKUX MPOLECCOB, 0decnedn-
BaroIUX ONTUMAJIBHBIC 110 5KOJIOT0-OKOHOMHWYCCKUM KPUTCPHUAM MOKA3aTC/IU TPAHCIIOPTUPOBAHUA 66TOHH])IX CMeCCﬁ B
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PEKUME TPHHYXKAEHHS W JUHAMHKA HW3MEHEHHsS MapaMETPOB MepeMenaeMoil MacChl B 3aBHCHMOCTH OT YCJIOBHMA
TPaHCIIOPTUPOBAHHS.

MeTtoanka. KOMIJICKCHBIN METOJ] MCCIICIOBAHUI BKJIFOUaeT 000OIICHNE M aHAIN3 TCOPHH U MPAKTHKH TPAHCIIOP-
THPOBAHUS CMECEH, TEOPETHYECKUE W MPOM3BOJICTBEHHBIC HCCIIEHIOBAaHHS MPOLIECCOB JIOCTABKH CMECEil Ha IalbHee
paccTosiHie, HHKCHEPHOE POrHO3UPOBAHUE, MATEMATHUECKOE MOJICITUPOBAHUE POLIECCOB C UCIIONIB30BaHUEM ANTbTEP-
HATHUBHBIX BAPUAHTOB PACUETOB JIJIsl pa3pab0TKU PEKOMEH AU,

Pe3yabrarsl. JleTanu3upoBan pacyer napaMeTpoB TPAHCIIOPTUPOBAHUSI XBOCTOB O0OTAIICHUSI 1 BBILICIAYUBAHUS B
MIPUHYAUTEILHOM peXuMe paboThl BHOPOMPOBO/A B YCIOBHUSX JUTHHBI JIOCTABKH, MPEBBIMIAIONICH BO3MOXKHOCTH CaMO-
Teka. JIaHbl pacyeTHbIE CXEMBI OIMPEACICHUsI IOTePh HANIOPA M KPUTUYECKONW CKOPOCTH MOTOKA THIPOCMECH albTepHA-
THUBHBIMU METOAAMH C PAH)XKMPOBAHHUEM I10 CTENICHU HA/IC)KHOCTH.

Hayuynasi HoBu3na. ChopmyiupoBaHa OCHOBA HOBOTO METOJd YIPABJICHHS IOKA3aTeNsIMH HPUTOTOBICHUS W
TPaHCIIOPTUPOBAHUS CMECeil TP KOMOMHHUPOBAHHOM pa3paboTKe MECTOPOXKISHHUH IyTeM W3MEHEHHs Halopa U CKOpo-
CTH MOJIa4u cMeceil.

IpakTHyeckast 3HAYMMOCTb. Pe3yIbTaThl pelieHus Ipo0IEMbl TPAHCIIOPTHPOBAHMS THPOCMECEN B PEKUME MPH-
HY)KICHHS TIyTEM COBMECTHOTO HCIONB30BaHUS HAKOIUICHHOTO MPOM3BOJCTBEHHOTO OIBITA U MOJCIMPOBAHHEM IPO-
LIECCOB JIOCTABKHU JUIS YCIIOBHH KOMOWHMPOBAHHOW pa3pabOTKH MECTOPOXKACHHIA TTO3BOJISIOT MOTYyYUTh KOMIUIEKCHBIN
9KOJIOr0-9KOHOMHUUYECKHN 3D (DeEKT.

Knrouesvie cnosea: mecmoposicoenue, cuodpocmecsb, MpaHCROPMUPOSarue, mpyoonposoo, pyod, MoOelupo8aHue,
subpayus
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