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Abstract

Purpose. Substantiating the main explosive impulse parameters and determining the dependences of metal recovery during
forced loosening and shaking of the ore mass by an electro-hydraulic blasting to intensify the heap leaching process.

Methods. The experimental laboratory studies have revealed the dependences of the discharge energy influence on the
blasting pressure at various parameters of the discharge capacity and inductance, as well as the change in the metal content in
the productive solution when the ore mass is exposed to an electro-hydraulic blasting.

Findings. A research methodology using the models of the electro-hydraulic blasting impact on the ore mass is proposed.
In addition, the similarity criteria have been substantiated, which make it possible to study the nature of shaking and loosening
under various loading parameters. It has been determined that using the method of influencing the ore mass with an electric
discharge in a liquid increases the degree of metal recovery from the ore during heap leaching and increases the rate of the
solution penetration into the depth of the ore mass. When using the method of loosening the ore mass by artificial shaking, the
recovery of copper increases by 10-15% and the leaching time decreases by 1.5 times.

Originality. It has been determined that due to the possibility of regulating the electric discharge capacity in the required
range during blasting operations, loosening and additional crushing of the ore mass occurs; fractures are formed in lumpy ores,
which contribute to an increase in the rate of leaching solution infiltration.

Practical implications. The proposed technology makes it possible, without dismantling the equipment and irrigation
communications, to perform additional loosening of the ore mass and increase the rate of the leaching process, as well as sig-
nificantly reduce the time of the technological process.
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1. Introduction conditioned by the presence of metals in poorly soluble com-

Nowadays, many mining-and-metallurgical enterprises in ~ Pounds, a decrease in the oxygen content in the solution and
Kazakhstan have significant reserves of low-grade, off- the occurrence of various colmatation processes [6], [7].

balance, oxidized and refractory ores that could be put into In addition, a peculiar heap leaching of clay ores should
operation by the heap leaching method, which, in turn, would e noted, which is characterized by low water permeability.
increase the resource base of the republic [1]-[4]. World practice cgnflrms that with an increase in the content
However, the special conditions for leaching the cupri-  Of clay minerals in ore from 15-20 to 35-40%, the duration
ferous sandstones due to the lack of analogues in world prac- ~ ©f heap leaching increases by 2 times, with an increase in
tice require additional research on both chemical and bacteri- e clay content to 60%, the duration of leaching increases
al leaching technologies. In recent years, in Kazakhstan, Py 8-10 times [8]. _ _ _
substandard ores, including refractory oxidized ores, have Heap leaching of ores is characterized by a relatively long

been processed in small quantities, as a result of which they ~ duration of the technological process, caused by the slow
are stockpiled in dumps that pollute the environment and  Penetration of the solution into the ore lump and into the rock
occupy significant agricultural lands [5]. If to involve these ~ Mass as a whole due to the gradual colmatage. In other
dump substandard ores into operation, it would be possible ~ Words, in the process of continuous irrigation, the ore mass
not only to reduce the level of environmental pollution, but N the pile is compacted, and the flow of leaching solutions
also produce additional amounts of such scarce metals as finds the most favorable filtration paths. In this case, many

copper, silver, gold, etc. compacted local areas are not affected by reagents, that is,
Current practice and the results of pilot research on leach- ey are not leached [9], [10]. S
ing show that the main obstacle to the development of the In production, various methods of intensifying the heap

heap leaching method is the relatively low recovery of target ~ l€aching process are used: physical, chemical, bacterial,
metals caused by the low rate of their dissolution. This is  Microbiological etc. [9]-[15]. It is well known that the effi-

Received: 16 June 2021. Accepted: 23 December 2021. Available online: 30 March 2022

© 2022. Y. Serdaliyev, Y. Iskakov

Mining of Mineral Deposits. ISSN 2415-3443 (Online) | ISSN 2415-3435 (Print)

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

52



http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.33271/mining16.01.052
mailto:y.serdaliyev@satbayev.university
https://orcid.org/0000-0001-5779-8218
mailto:y.iskakov@satbayev.university
https://orcid.org/0000-0001-5269-9018
mailto:y.iskakov@satbayev.university

Y. Serdaliyev, Y. Iskakov. (2022). Mining of Mineral Deposits, 16(1), 52-57

ciency of heap leaching of metals from raw ore depends on
the climatic factors [16]-[18].

In order to increase the efficiency of the leaching pro-
cess, Kazakh scientists [19] have tested a method for pre-
treating the ore of the Zhezkazgan field: irrigation with
concentrated sulphuric acid and holding it in a heap for
1-3 days. Then the ore is leached with H,SO. solution with
pH =1.0; 2.0; 3.0 at S:L = 1:1. As a result of these experi-
ments, the authors have determined that the best solvent is
sulphuric acid with a concentration of 0.5 g/l (pH =2.0).
Besides, the authors propose an optimal way to stockpile the
heap: place large fractions (+5 mm) at the bottom and small
fractions (-5 mm) above. In such a way, it has been revealed
that leaching in this way makes it possible to recover 88%
of copper with a minimum specific acid consumption
(1.9 tons per ton of recovered copper).

For the first time in Kazakhstan, the commercial deve-
lopment of oxidized gold ores by the heap leaching method
was conducted at Vasilkovsky GOK (Altyntau Kokshetau
JSC) [20]. The raw material for leaching is oxidized gold-
bearing ore with an average gold grade of 1.75 g/t. The bulk
density of the ore is 1.6 t/m°, the mass fraction of water in
the original ore is 10%, and the mass fraction of water in the
maximum saturated ore is 18%. The field belongs to the
gold-sulphide-quartz and moderately sulphide types. The
main technological parameters of the heap leaching process
at Vasilkovsky GOK can be formulated as follows. Before
leaching, the ore is carefully prepared by crushing to a parti-
cle size of 200 mm. Sodium cyanide and caustic soda with
pH = 10-11 are used as leaching solutions, and the volume of
the supplied solution is 120 m%h. Productive solutions are
fed to sorption columns for settling the gold onto sorbents.
Resin grade AM-2B is used as a sorbent. The average con-
tent of gold in a saturated resin is in the range of 2-8 mg/g.
The saturated resin is treated with a sulphuric acid solution at
t =55-60°C for 1-1.5 hours, after which it passes through the
stage of thiourea solution sorption. Desorption of gold is
performed by reverse gold-free acidic thiourea solutions, after
which it is sent for filtration. From the filter the commercial
reagent is supplied to electrolysis. The dried sludge is mixed
with the addition of soda and other additives, and then melted
in an electric furnace to obtain a gold alloy of 95-98%.

This GOK is located in the northern area of Kazakhstan,
where the climate of the region is sharply continental. In
winter, at low temperatures down to — 45°C, the upper part of
the heap freezes and the penetration of the solution decreas-
es, thereby increasing the leaching time. The height of the
frozen part reaches 2.0-2.5 m. In this regard, some scientists
have conducted special experimental work to loosen the
frozen layer of the ore pile by blasting the borehole charges
in the heap using the simplest explosives.

In Kazakhstan, at the Zherek deposit, heap leaching of
gold-bearing ores is performed with solutions of ammonium
thiosulphate [21], [22]. At this deposit, the ore is character-
ized by high clay content, and the average clay fraction con-
tent is 0.2 mm to 30%. Heap leaching is applied to ore,
washed from clay. The average content of gold in the washed
ore is 2.44 g/t. Initially, the pile is irrigated with a leaching
solution without the presence of copper ions. The solution
flowing out from under the pile is constantly monitored for
gold, copper and pH value. The alkalinity of the reverse
solution is maintained within the range of 8.5-9.5. At a value
of pH < 8, an additional dosage of aqueous ammonia is made
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to a stable value of pH > 8 in the solution flowing out from
under the pile. When the gold content in the solution is low
(less than 1 mg/l) and there are no copper ions in it, the cop-
per ammonia solution is dosed to a content of 0.3 g/l in the
leaching solution of CuSO.. If more than 1 mg/l of gold
appears in the productive solution, a cementator is intro-
duced into the work, where gold is extracted from the solu-
tion. The gold-free solution from the cementator is addi-
tionally strengthened with reagents and again fed to the pile
for irrigation. The flow of the solution, supplied to the ce-
mentator, is maintained within the range of 25-30 m3/h,
while the rest portion continues to circulate through the
pile. In this paper, the authors propose a method for in-
creasing the efficiency of heap leaching by regular shaking
of ore dumps using low-density explosive charges. From
the industrial research results, it has been determined that
when applying a new method for influencing an ore dump
by blasting the low-density explosives, the permeability of
the ore mass increases almost 2 times, the recovery time of
the useful component decreases by 25-30%.

In another work [23], in order to improve the efficiency
and control of sulphide ore dumps, the peculiarities of bacte-
rial leaching and leaching modes of low-grade copper-nickel
ore with the use of a bioreagent-oxidizer have been studied.
The authors propose the optimal ore size and a rational bio-
reagent concentration for heap leaching. The use of this
method makes it possible to increase the extraction of nickel
into solution up to 19.5% and copper up to 24.2% with a
relatively low consumption of sulphuric acid 14.6% com-
pared to traditional leaching bacteria.

In order to increase the heap permeability and the ore
leaching rate, Chinese researchers [24] have conducted an
experimental work with the impact on the ore pile with a
shock tube during heap leaching. The results have revealed
that the shock wave has a shaking effect, influencing on the
pile permeability, increasing it by 5.72%. At the same time,
according to the authors, the pile permeability increases by
3.8-10 times and, accordingly, the ore leaching rate due to
the impact of the shock wave increases by almost 10%.

In the work [25] the authors study the influence of the
heap structure and work organization on the efficiency of
heap leaching of ores. As a result of the research performed
by the authors, it has been determined that the parameters
and structure of the heap, as well as the scheduling of the
operation (time of operation) are interactive factors. The
results indicate that heap height and leaching time are the
variables that have the greatest influence when determining
the most optimal schemes. Although this is limited by the
structural constraints of the setup, that is, the permissible
flow rate and solution concentration.

Analysis of various methods for leaching intensification
shows that they all accelerate the process and increase the
degree of the useful component recovery. However, they are
not universal, labor-intensive and can only be used in specif-
ic field conditions.

In order to increase filtration, it is necessary to conduct
research on the method for additional loosening and shaking
of the ore mass by acting on the heap with an electro-
hydraulic blasting with controlled power characteristics. For
this, the following tasks have been set and solved:

— development of a methodology for studying the electro-
hydraulic blasting impact on ore mass using the models made
of an equivalent material with the substantiation of the simi-
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larity criterion, which makes it possible to study the nature of
shaking and loosening at various loading parameters;

— laboratory study of the method for loosening and shak-
ing the ore mass by an electro-hydraulic blasting and sub-
stantiation of the optimal parameters of the voltage power for
the studied model and the pressure pulse in the liquid at dif-
ferent discharge parameters;

— determining the dependence of the pressure on the
length of the charging gap and the electrical parameters of
the discharge, the influence of the discharge energy on the
pressure at various parameters of the discharge capacity and
inductance, as well as the influence of the discharge energy
on the diameter of the loosened rock funnel.

2. Materials and methods

The analysis of the research results of the process of di-
rected impact on the loosened rock mass by an electro-
hydraulic blasting indicates its insufficient knowledge [26].
The mathematical description of the process is quite com-
plex, does not take into account all factors and is not relia-
ble enough. It is expedient to experimentally study the
nature of loosening and shaking of the ore mass during an
electric discharge in a liquid in production conditions.
However, such a research requires a large amount of work.
Therefore, as a method for studying additional loosening
and shaking of the heap, the process has been modeled, but
with smaller fractions of ore mass. For this purpose, a
chamber is specially modeled (Fig. 1) with external dimen-
sions of 500x400x300 mm, made of a plastic frame and
plexiglass sheets.

500

400
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Figure 1. General view of the model chamber: 1 — glass tubes for
placement of electrodes; 2 — EGS electrodes; 3 — model
chamber with ore mass; 4 — protecting bath

Oxidized ores of the Zhezkazgan field in the following
fractions are used for modeling: the main ore fractions are up
to 15 mm, sandstones are 0.6-0.4 mm, and clay dust of
0.01-0.005 mm is used to create artificial colmatation. The
useful main component is copper, associated silver and rhe-
nium. The main type of ore is disseminated ore in sandstone.
The sizes of ore inclusions vary from thousandths of a milli-
meter to 0.2-0.3 mm. The most widespread are ore grains
with a diameter of 0.01-0.1 mm.

The ore mass (82 kg) inside the chamber is placed de-
pending on the fraction (Fig. 1). Thus, ore with coarse frac-
tions is placed in the lower part, gradually decreasing towards
the top. And also to create artificial colmatation, a layer of
clay dust with a thickness of 50 mm is placed between the
layers. In the modeled ore mass during the stacking process,
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glass tubes with a diameter of 10 mm and a height of 3 mm
are set inside it to accommodate EGS electrodes.

An electric discharge in a liquid makes it possible to vary
the transmitted energy, the values of the excess pressure inside
the chamber and the voltage value, as well as the time of ener-
gy release (shattering properties and blasting capacity) within
a wide range. All this is provided by changing the electric
voltage, capacity of the capacitor bank and inductance.

An electric discharge in a liquid is a process with a high
energy concentration. The essence of such a discharge is
nothing more than blasting — a very rapid release of a large
amount of energy in the initial small volume of the discharge
channel, which occurs under the action of a high electric
potential between opposite electrodes.

Until the moment of an electrical blasting, energy is con-
tained in a latent potential form in an electric capacitor. The
rapid energy release causes a strong mechanical action, that
is, the emergence of mechanical forces applied to the medi-
um and individual bodies placed in the discharge zone.

From the moment the interelectrode gap is closed by a
highly conductive channel, electrical energy is rapidly intro-
duced into it and the current increases sharply [27], [28]. In
this case, the substance in the electric discharge channel
heats up strongly, and plasma of water vapor is formed with
some admixture of ionized particles of the electrode sub-
stance. The main particles enter the electric discharge chan-
nel as a result of overheating of a thin layer of liquid sur-
rounding the channel. Strong heating of the plasma leads to
an increase in pressure and an electrical blasting occurs.

The value of the shock wave impulse is of great importance
for the effective loosening and shaking of the ore mass. Energy
absorption depends on the disturbance frequency [29]. The
shock wave has an infinitely high rate of pressure rise. Small
particles of material, accelerated to high speeds together with
the flow, are crushed when they hit each other. The liquid,
compressed by high pressure behind the shock wave front,
rushes towards the weakly resisting compressible gas, inten-
sively opening microfractures along the way.

An electric discharge in water inside a chamber placed in
an ore mass, as well as blasting of chemical explosives, is
characterized by a variety of ongoing processes and phenom-
ena. The propagation of a stress wave through the rock is
accompanied by a change in stress at its various points [30],
[31]. The Equation 1 describing the parameters of stress
waves can be written in the form:

2 2

U o (U) LU o
o-r2 o-r r? ¢ or

where:

U —radial displacement of medium particles depending
on distance and time, m/ms;

r — radial coordinate;

¢ — longitudinal stress wave velocity, m/ms;

k — coefficient that depends on the type of waves (for
plane waves k = 0, for cylindrical waves k =1, for spherical
waves k = 2).

Given the set initial and boundary conditions, it is possi-
ble to determine similarity criteria for modeling the dynamic
stress fields arising from an electro-hydraulic blasting. At the
initial moment of time (t = 0), the medium is not loaded, the
displacement velocity of the medium and stress value are
equal to zero. The displacement velocity is determined by the
nature of the applied load and the properties of the medium.
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The rational discharge gap for the studied parameters can
be expressed by the following correlation Dependence:

I, =5:107°-UflgC+6,m. )

The pressure pulse in an open water volume, depending on
the electric voltage, capacity, inductance and distance of the
discharge gap, can be determined by the following Formula:

o _3U(lgC+76)

02 A, Pa,

®)
where:

A — capacitance-dependent  correction
(A =7-10°+0.2-10% at C = 3+100 puF).

By processing the above data, Formula 3 can be ex-
pressed as follows:

P —40.c016 . y1.33 |02 075 p,
where:

U — electric voltage, kV;

| —inductance, pH;

C — battery capacity, uF;

r — blasting cavity radius, mm.

The peak value of the discharge current is equal to:
| _U_O UoT

w-l

factor, Pa,

(4)

®)

27l

where:

U — initial voltage, V;

o — frequency, c*;

T — period of the discharge current, s.

The inductance of the discharge circuit is composed of
inductances: busbar of a capacitor bank, a conducting circuit,
discharge devices and a discharge channel. The inductance
value cannot be determined by direct measurement, since it is
measured during the discharge process. Therefore, the ave-
rage value is calculated through the value of the discharge
current and the discharge time.

To shake the ore mass on the models with an electro-
hydraulic blasting, the EGS laboratory setup is used, which
allows smoothly changing the electric voltage from 0 to 50 kV
and gradually changing the capacity from 1 to 1500 pF. The
experimental setup is schematically shown in Figure 2.

J’?’ HVS
1

%]

¢ | B G
R K
L 2
- 77 Start
1L ¥ Input
== %]
EHV

Figure 2. EGS experimental setup scheme: HVS —is a high voltage
source; C-—capacitor bank; Ci-ignition capacitor;
K — capacitor; RC - Rogowski coil; R - resistance;
TP —trigatron-type protector; VD —volt/ratio divider;
EHB - electro-hydraulic blaster
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The research involves studying several important pro-
cesses: liquid filtration rate when shaking rocks with an elec-
tro-hydraulic blasting, production of blasting and its parame-
ters, metal extraction from ore.

The beginning of the experiment includes fixing the time
when the leaching solution is supplied for irrigation of the
rock mass from a 5-liter tank at a velocity of 40 mm/h to a
modeled heap. The ore is irrigated with sulphuric acid
(10 g/l) with the addition of oxide sulphate (5 g/l). The irri-
gation intensity is on average 3.1 I/m? hour.

The maximum rate of uniform solution penetration is ob-
served up to a depth of 100 mm (thickness of the upper lay-
er), then it sharply decreases. The average rate of the solution
penetration along the height of the ore mass is 0.4 mm/h.
Further, there is a nonuniform penetration of the leaching
solution over the volume of the ore mass, that is, the solution
finds voids in the ore mass and then penetrates precisely
through these channels.

After a day of leaching, a productive solution is drained
from the chamber to analyze for copper content. The amount
of copper recovered after the first day is 7%, after the second
day — 19%. Nonuniform irrigation of the ore mass is also
observed on the second day of the process.

After that, for uniform irrigation of the modeled heap,
as well as increasing the rate of solution penetration into
the preliminary set glass tubes, electrodes of the EGS la-
boratory setup are placed and an electro-hydraulic blasting
with a current of 20 mA and a voltage power of 2.0-3.0 kV
is performed (Fig. 3). In this case, the shaking effect of
blasting is observed in the ore mass, and this, in turn, leads
to an increase in the rate of the solution infiltration and the
area of the modeled heap irrigation. In addition, traces of
loosened rock in the form of round funnels with a diameter
of 100 mm are observed on the surface of the ore mass
around the glass tubes. It follows from this that at a voltage
power of 2.0-3.0 kV, a current of 20 mA and a depth of
electrode placement of 250 mm, no outbursts of ore lumps
from the model are observed.

Figure 3. Model for studying the electro-hydraulic impact on ore
mass during leaching

For a detailed study of the processes of impact on the ore
mass by an electro-hydraulic blasting, a series of experiments
with various blasting parameters have been conducted.

3. Results and discussion

The averaged experimental parameters of the electro-
hydraulic explosive impulse are given in Table 1. The de-
pendences of the discharge energy influence on the blasting
pressure at different parameters and on the diameter of the
loosening funnel are shown in Figures 4 and 5.
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Table 1. Averaged experimental parameters of the electro-
hydraulic explosive impulse

Discharge parameters Explosive impulse
parameters
C, uF U, kV I, uH r, mm Priz‘;l;re, Time, ms
10 2.5 8 5 33.3
10 3.5 38 10 19.6 125
10 15 26 20 5.2
20 3.5 38 10 21.3
20 15 26 20 8.8 150
20 2.5 8 5 24.7
100 3.5 18 5 71.28
100 25 8 10 50.47 240
100 15 26 15 11.8
400 15 38 5 23.7
400 2.5 8 15 55.4 480
400 3.5 18 20 49.3
350 1
g 300 2
=
@" 250
9-9’) 200 3
g 150 4
2 100
8 50
= 5
0 40 80 120 160 200
Discarge energy E), J
Parameters| 1 2 3 4 5 6
C,uF 10 | 10 | 20 | 100 | 400 | 100
r,mm 5 5 5 5 5 15
I, uH 8 38 8 8 8 38

Figure 4. Discharge energy influence on the blasting pressure at
different discharge capacity and inductance parameters

140
1S
E 120
o 100 *
& 80
[«5)
£ 60
B
< 40
=
5 20
0
0 2 4
Voltage (U), kV
Parameters| 1 2 3 4 5 6
U, kV 03]10 |20 ]| 25|35 | 4.0
Lp, mm 5 5 5 5 5 5
C, uF 100 [ 100 | 100 | 100 | 100 | 100
D, mm 46 | 70 | 100|106 | 115 | 120

Figure 5. Discharge energy influence on the funnel diameter of
the loosened ore mass: Lp — charging gap length, mm

Analysis of the research results indicate that when using
an electro-hydraulic blasting for loosening, it is possible to
regulate the blasting pressure from 20 to 180 MPa and the
size of the loosened rock funnel from 20 to 120 mm, which
makes it possible to loosen the clay ore mass on dumps with-
out scattering and outburst.

In addition, after the shock blasting, the copper content in
the productive solution has been analyzed. Moreover, after
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blasting operations, on the third day of leaching, the copper
content in the productive solution increases to 32%.

After blasting operations, the modeled heap has been
leached with several volumes of fresh solution for a week.
The total volume of supplied solutions for the experiment is
238 liters, and the L:S ratio is 3:1.

The initial copper content in the sample is calculated
from the residual content, taking into account copper that
passes into solution during the leaching process. The summa-
rized research results of leaching the copper using sulphuric
acid solutions in laboratory conditions with artificial shaking
of ore samples are presented in Figure 6.

100
80
60

40

Copper recovery (G), %

20

0

0 2 4 6 &

Leaching time (L), days

Figure 6. Copper recovery from oxidized ore at the Zhezkazgan
field

From the data obtained, it can be seen that when using the
method of loosening the ore mass by artificial shaking, the
recovery of copper increases by 10-15%, and the leaching
time decreases by 1.5 times. This proves that the shaking
method of the ore mass increases the metal recovery and
significantly reduces the leaching time.

4. Conclusions

With a controlled electro-hydraulic blasting, the ore mass
is loosened and additionally crushed around each charge,
which leads to the formation of fractures in lumpy ores. These
fractures contribute to an increase in the rate of leaching solu-
tion infiltration and improve of the heap leaching process.

At the same time, in industrial conditions, the parameters
of the electro-hydraulic blasting for shaking and additional
loosening of the leached heap can be adjusted within the fol-
lowing limits: discharge voltage from 25 to 40 kV; discharge
energy from 150 to 250 kJ; specific energy 200-250 kJ/m?®,

The proposed technology makes it possible, without dis-
mantling the equipment and irrigation communications, to
perform additional loosening of the ore mass and increase the
rate of the leaching process, as well as significantly reduce
the time of the technological process.
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JocaigkeHHs1 BIVIMBY HA PYAHi MacHu eJIeKTPOriipaBJiYHUM BUOYyXOM

JJis inTeHcudikanii npouecy Ky4Horo BUJIyroByBaHHsI

E. Cepmamnies, E. Ickakos

Meta. OOTpyHTYBaHHS OCHOBHHUX IapaMeTpiB BUOYXOBOTO iIMITyJIbCY Ta BCTAHOBJICHHS 3aJIEXHOCTEH BIJIYUEHHS METally IpH IPUMYCO-
BOMY PO3pHUXJICHHI Ta CTPYIIYBaHHI PYAHOI MacH €NEKTPOTiIpaBIiyHIM BHOYXOM JUIs iHTeHCH(DiKaIil poliecy Ky4HOTO BIIYTOBYBaHHS.

MeToauka. JJabopaTopHO-eKCIIepUMEHTAIBHUMHI JTOCITI/KEHHSIMH BCTAHOBJIOBAIIUCS 3aJICKHOCTI BIUIMBY €HEPrii po3psiiy Ha THCK BHU-
OyXy Ipu pi3HHUX MapameTpax eMHOCTI Ta iIHAYKTHBHOCTI pO3psiay, 3MiHa BMICTy METaly Ha MPOAYKTUBHOMY PO3YMHI NPHU BIUIMBI Ha PYAHY

Macy eNeKTPOTiIpaBIiYHIM BHOYXOM.

Pe3yabTaTh. 3anpornoHOBaHO METOIUKY JOCIIDKEHHs Ha MOJICIISIX BIUIMBY Ha PYAHHI MacHB €JIEKTPOTiAPABIiuHIM BUOYXOM, OOTPYHTO-
BaHO KpHUTEpii MOAIOHOCTI, 10 103BOJISAIOTH BUBYATH XapaKTep CTPYIIYBAHHs Ta PO3PUXJICHHS MPH Pi3HHUX MapaMeTpax HaBaHTaKeHHs. Bcera-
HOBJIEHO, III0 BUKOPUCTAHHS coco0y BIUIMBY HA PYAHY Macy eJIeKTPUYHOTO PO3PsLy B PLAMHI MiBHUINY€E CTYIiHb BUIYYCHHS METAIy 3 YAl
TIpU Ky9HOMY BHJIYTOBYBAaHHI, 301IBIITy€e IMIBUIKICTh MIPOHIKHEHHS PO3UMHY B Iub pyaHoro MacuBy. IIpu 3acTocyBaHHI criocoOy po3pHxiIeH-
HS pyAHOI MacH IITyYHAM CTPYIIyBaHHSAM BHIyYeHHs Mii migsumtocs Ha 10-15%, a yac BIITyroByBaHHS 3MEHIIIIIACS B 1.5 pasu.

HayxoBa HoBH3HA. BcTaHOBIIEHO, 10 332 PaXyHOK KEPOBAHOCTI OTY>KHICTIO €IEKTPHIHOTO PO3psLy B HEOOXiTHOMY Hiala3oHi IPH BU-
OyXy BiOyBa€ThCsI PO3PUXJICHHS 1 JIOJATKOBE APOOJICHHS PYAHOI MacH, Y BEIHKOKYCKOBHUX Pylax YTBOPIOIOTHCS TPILMHH, SIKi CHPHSIOTH

301IBIICHHIO IIBUAKOCTI IPOCOYYBAHHS BYJIyTOBYIOYOI'O PO3UHHY.

ITpakTH4HA 3HAYUMICTB. 3aMPOIIOHOBAHA TEXHOJIOTIA J03BOJISE Oe3 IEMOHTaXKy 00JIalHaHHS Ta 3pOLIYBaIBHOI KOMYHIKaLii 3/1iHCHIOBATH
JIOJJATKOBE PO3PHUXJICHHS PyAHOI MacH, MiBULIMTH IBUJIKICTh HPOLECY BHIYyTOBYBAHHS 1 3HAUHO 3MEHIIMTH Yac TEXHOJIOTT4HOTO MPOLECY.
Knrwouosi cnosa: pyoa, kynue 6uny208y8anns, enekmpo2iopasiiunuii 6uOyx, pyoHa mMaca, po3puxiets
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