Mining of Mineral Deposits
ISSN 2415-3443 (Online) | ISSN 2415-3435 (Print)
Journal homepage http://mining.in.ua
Volume 13 (2019), Issue 1, pp. 49-57

DNIPRO UNIVERSITY
of TECHNOLOGY

UDC 622.232.5 https://doi.org/10.33271/mining13.01.049

REGULARITIES OF HYDROMECHANICAL AMBER
EXTRACTION FROM SANDY DEPOSITS

Ye. Malanchuk', V. Korniienko', V. Moshynskyi', V. Soroka', A. Khrystyuk', Z. Malanchuk'"

National University of Water and Environmental Engineering, Rivne, Ukraine
*Corresponding author: e-mail malanchykzr@ukr.net, tel. +380507774231

ABSTRACT

Purpose is to analyze the efficiency of hydromechanical amber extraction from sandy deposits relying upon the
determined regularities concerning the effect of parameters while carrying out a series of laboratory tests and full-
scale experiments.

Methods. Laboratory tests and full-scale experiments (Volodymyrets amber-bearing deposit, village of Berezhny-
tsia) were carried out to analyze effect of the parameters of a hydromechanical technique on the velocity of amber
extraction. The experiments also involved studies of occurrence medium; in this context, boiling process was mo-
deled; and factors and parameters effecting suspense medium formation were researched. Methods of mathematical
statistics were applied to obtain dependences describing mining parameters effect on amber extraction velocity.

Findings. Basic parameters of hydromechanical technique, effecting amber extraction velocity, have been deter-
mined. Efficient values of air supply to provide maximum velocity of amber floating have been identified. Mathe-
matical dependences, determining amber floating velocity depending upon air supply and mechanical effect frequen-
cy, have been obtained. In this context, amber production capacity is 90 to 95%. Basic parameters effecting amber
mining (i.e. environmental density; amplitude of oscillations and their frequency; and water and air supply to sandy
deposit of amber-bearing sand) have been defined.

Originality. It has been first proved that amber floating velocity is of polynomial nature dependence upon environ-
mental density where extremum is with 0.004 — 0.006 m?/h air supply value; amber extraction experiences 2 — 3 times
intensification, if environmental density (p.) is 1670 — 1750 kg/m?, oscillation frequency is 26 — 36 Hz, amplitude is
A=1.0-2.4mm, and air supply is g, = 0.004 — 0.006 m*/h. In this context, amber floating (v) is 0.09 —0.12 m/s. If
air supply is more than g, = 0.020 m’/h, amber extraction process stops. It has been first obtained polynomial de-
pendence of amber flotation on oscillation frequency of operating device as well as on air supply to rock mass.

Practical implications. The determined regularities of hydromechanical amber extraction from amber-bearing sand
help make calculations, and select facilities for hydromechanical amber mining.
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1. INTRODUCTION Bens, & Hiittl, 2010; Malanchuk, Korniienko, Malan-

Current state of mineral mining in Rivne-Volyn re- chuk, Soroka, & Vasylchuk, 2018).

gion is characterized by the availability of a number of
commercial deposits (Bulat, Naduty, & Korniyenko,
2014; Sazonets & Malanchuk, 2015), including amber
ones. Some of them are being developed; others are not
involved due to the fact that their operation is impossible
with the use of traditional methods (Lozynskyi et al.,
2018). Complicated mining and geological conditions
(Malanchyk & Korniyenko, 2014), significant remote-
ness from water bodies as well as necessity to preserve
surface soil restrict their putting into operation involving
extra recultivation activities (Kriimmelbein, Horn, Raab,

Implementation of hydromechanical technique to mine
minerals is the most promising solution involving no
recultivation activities since the mineral is extracted in
such a way to preserve surface soil with the help of hy-
draulic energy (Bondarenko, Lozynskyi, Sai, & Ani-
kushyna, 2015; Malanchuk, Korniyenko, Malanchuk, &
Khrystyuk, 2016). Maximum amber floating velocity,
possible for certain deposit, will make it possible to reduce
energy and water consumption, to increase mining effi-
ciency, and to involve new promising deposits into opera-
tion (Li, 2014; Krek, Ulyanova, & Koschavets, 2018).
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Papers by known scholars describe amber floating
process in the context of its hydromechanical mining from
sandy deposits mostly experimentally (Seyfullah, Sa-
dowski, & Schmidt, 2015; Havelcova et al., 2016; Poulin
& Helwig, 2016; Van der Werf, Fico, De Benedetto, &
Sabbatini, 2016). Hence, scientifically grounded models,
determining dependence between particle flotation veloci-
ty, and physical and particle-size characteristics of a de-
posit as well as between oscillation frequency of operat-
ing device and air consumption, are not available. That
makes it impossible for new deposits to determine effi-
cient amber floating velocities and air consumption, sup-
porting the process, without numerous experiments. Fac-
tors, effecting both efficiency and reliability of the availa-
ble methods in the process of formation of such deposits
and their development, have been singled out (Naduty,
Malanchuk, Malanchuk, & Korniyenko, 2016; Malan-
chuk, Moshynskyi, Malanchuk, & Korniienko, 2018).

To substantiate calculation techniques for the parame-
ters of hydromechanical method applied to extract amber
from sandy deposits taking into consideration the factors,
the calculation techniques, proposed by known scholars
and experts from leading institutes of rock mechanics
have been analyzed (Korniyenko, Malanchuk, Soroka, &
Khrystyuk, 2018). At the same time, available technical
means to implement a process of hydromechanical amber
mining cannot satisfy fully the demands; i.e. the devel-
oped techniques cannot guarantee complete mining of
commercial component from enclosing rocks. Moreover,
they do not always use working liquid efficiently.

Analysis of the studies means that many researchers
were engaged in the problems of the development of
hydromining methods; however, differences in a mineral
occurrence and composition prevented from making
universal quantitative conclusions. To make the quantita-
tive solutions practical, the physical assumptions, form-
ing the basis of the analysis, should comfort with envi-
ronment in accordance with the accepted values (Lozyn-
skyi, Dychkovskyi, Falshtynskyi, Saik, & Malanchuk,
2016; Saik, Dychkovskyi, Lozynskyi, Malanchuk, &
Malanchuk, 2016). That also makes it possible to con-
clude that the required comprehensive analysis of choice
and comparative evaluation of systems to test and mine
on the basis of scientific approaches is not available
(Burnashov, Chubarenko, & Stont, 2010; Alekseev, 2013;
Paynter & Jackson, 2018).

Moreover, variety of mineral deposits, stages of their
commercial development, and operational conditions
determine the necessity of scientific rationale to apply
the systems as well as identification of their economic
performance helping select and make comparative eva-
luation (Haldar, 2013; Radwanek-Bak, & Nie¢, 2015). In
this context, opened occurrence of a mineral, giving
working agents access to the deposit as well as the mi-
neral to the surface, are the basic components of ge-
otechnological system (Khomenko, Sudakov, Malan-
chuk, & Malanchuk, 2017; Dychkovskyi et al., 2018).

Hence, hydromechanical method of mineral mining
should be considered as a complementary one rather than
competitive with traditional techniques (Patvaros, 1985).
It is expedient to use the methods for non-profitable
deposits in the context of underground and open-pit
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mining: within large deposits of comparatively low-grade
ore where significant economic effect may result from
the production scale; within thin deposits and high-grade
ore occurrences mined out using traditional methods to
extract commercial components from the left pillars and
out of balance ores; and within dumps of out of balance
ores and mine tailings at closed mines and operating ones
where amber is extracted (Belichenko & Ladzhun, 2016).
Currently available technical means to implement a
process of hydromechanical amber mining cannot satisfy
in full modern demands; namely, the developed methods
do not provide complete mining of commercial compo-
nent from enclosing rocks. Moreover, they do not always
use working liquid efficiently. Certain share of hydrome-
chanical mining method factors are ignored by many
researchers despite they are important for the productivity
of hydromechanical mining facilities as well as for saving
such resources as energy, water, and the mined commer-
cial component amount (Honchar & Fedoseienkov, 2016;
Antoljak, Kuhinek, Korman, & Kujundzic, 2018).

2. EXPERIMENTAL STUDY

The National University of Water and Environmental
Engineering (town of Rivne, Ukraine) has developed hy-
dromechanical method to buoy up amber within sandy
deposit. Idea of the method is as follows: water-saturated
rock mass is activated by means of mechanical stimulation
(i.e. vibroexcitation) until continuous suspense layer is
formed. Its density should be sufficient to force amber out
to the deposit surface. That is if the rock mass contains
water, mechanical action is applied to ruin attractions
between particles completely, to release amber, and to help
the medium achieve such suspense state which density is
more than specific gravity of the amber which allows the
latter buoying up at the expense of ascending force.

The method is implemented in this way: vibration is
used to dip into amber-bearing rock mass rods in the
form of pipes from which water is supplied and where
vibration exciters are fastened. In the process, water
saturates the rock mass; vibration exciters force it into
vibration. Attractions between particles are ruined and
amber buoys up.

Implementation of the method in the context of com-
plete extraction makes it possible to prevent mineral raw
materials from their getting to the deposit surface while
mitigating technogenic environmental impact and in-
creasing labour productivity with overall economic cost
reducing (Malanchuk, Malanchuk, Korniyenko, & Igna-
tyuk, 2017; Sokolov & Udalov, 2017; Haiko, Saik, &
Lozynskyi, 2018). Currently, the means of vibration
action on soil ground is widely used to drive in
forestopes, pipes, cases, and pales; to develop soil and
process it; to drill wells; and compact extremely loose
and water saturated sandy soil. Usually, such facilities
involve vibration generators (vibrators); vibration appa-
ratus with vibration transmitters; equipment to gauge,
and control vibration; and devices to prevent, to kill, and
to isolate harmful transmission of vibration. Thus, the
use of the hydraulic vibro intensifier to mine amber is
more preferable to compare with other available methods
(i.e. mechanical and hydraulic) since it helps achieve
high level of amber mining, increase labour productivity
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while reducing energy consumption and mitigating nega-
tive technogenic environmental impact.

Experiments concerning determination of basic tech-
nological parameters of amber extraction from amber-
bearing deposits were carried out in the laboratory of the
National University of Water and Environmental Engi-
neering. The research is intended to analyze characteris-
tics of amber-bearing deposit and to obtain data for ana-
lytical dependences of parameters of the method of hy-
dromechanical amber extraction.

Northern area of Rivne Region is characterized main-
ly by amber occurrence in sandy soil which becomes
sliding, if soil skeleton-water pores balance is disrupted
and minor effect of hydraulic flows may result in the
rock mass shift as well as soil bulk liquefaction. Water-
saturated sand liquefaction provokes sand disturbance
and its compaction due to the action of its own weight or
due to external effects. During the process of sand un-
derpressure, its bearing capability is exhausted either
completely or partially; free-flowing condition arises, if
sand structure is ruined, as well as mutual displacement
of the sand particles followed by more compact particle
arrangement and loss of porosity.

Underpressure phenomenon arises when structure ru-
ins and sand can compact; when sand is water-saturated
completely or is close to that state.

In the process of the research, amber-bearing sandy
deposit becomes underpessured during the initial stage;
then it compacts. Period of underpressure state of water-
saturated sand is rather shorter to compare with soil
compaction period.

Relying upon own opinion and scientific sources, the
authors believe that compaction process is more studied
than underpressure process; hence, experiments concer-
ning underpressure process, a process of amber getting
out to surface as well as a period during which sandy
soil becomes compacted should involve further research.
To create necessary conditions for amber getting to the
surface, it is required to analyze parameters of vibration
impact as well as water and air use while acting on
sandy deposit.

Laboratory facility has been used to analyze amber-
bearing sand under laboratory conditions (Fig. 1). The
facility was applied to model processes of sandy medium
transition to boiling state; to carry out experimental re-
search of underpressure medium; and to determine amber
buoying up in the context of different vibration impacts
as well as water and air supply.

The laboratory facility consists of a glass bank /
(with 110x110 mm dimensions, and 2 =900 mm height)
into which two hollow rods 2 for water and air are im-
mersed. The rods are fastened on plate 3 to which water
and air suppliers from water meter 4 and air meter 7 are
connected. Mouthpieces with 1 to 1.5 mm diameter are
located within every of the rods at 1200 angle. Water is
supplied under 0 to 0.2 MPa pressure. Air is supplied by
means of a compressor under 0 to 0.2 MPa pressure.
Valves 5 and 6 are required to control water and air pres-
sure. Plate 3 is located on hangers 8. Glass bank is loca-
ted on stationary frame 9. Rods oscillate owing to impact
mechanism with excentric /0 going by engine with the
controlled rotational frequency.
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Figure 1. Laboratory facility: 1— glass bank; 2 —rods with
mouthpieces to supply water and air; 3 - plate;
4, 7— water meter and air meter; 5, 6 —valves to
control water and air supply; 8 — flexible plate
hangers; 9 — stationary frame; 10 —impact mecha-
nism with excentric

In the process of the experimental research, the au-
thors analyzed occurrence environment. Moreover, boil-
ing process was analyzed; factors and parameters effect-
ing suspense medium development were studied.

Rods have been immersed into freely filled up sandy
medium with amber; they are used to aerate through a
nozzle to supply gas. Intensity of the process varied; a
zone of sandy rock mass with amber boiling was deve-
loped. Sand moisture varied owing to water addition.
Both shape and geometry of boiling zone as well as am-
ber movement within amber-bearing sand were studied.
While analyzing boiling area of the sandy rock mass,
when water and air were supplied, laboratory equipment
was applied to measure the medium density as well as
amber velocity buoying up to the sandy rock mass sur-
face from 0.5—0.7 m depth. During the stage, the re-
search range was as following: 0 —0.2 MPa for water
pressure, and 0 — 0.2 MPa for air pressure.

Following methods were used while analyzing with
the help of the laboratory device:

— operating cylinder with sandy medium was moun-
ted on the stationary frame; sandy medium height before
water and air supply, and after it were measured as well
as amber buoying up velocity;

—water and air were supplied in turn to the sandy
medium through mouthpieces; together with pressure
changes and different spending, similar measurements
were performed;

— the studies were carried out repeatedly.

Full-scale studies were performed in cooperation with
the experts of “Ukrainska Heolohichna Kompania” SE
(Volyn Surveying Company, town of Kovel) in a village
of Bereznytsia Volodymyrets District Rivne Region.

3. RESULTS AND DISCUSSION

The studies have helped determine that underpressure
results in the destroyed structure of amber-bearing sandy
medium. Those sand particles, available within oscilla-
tion zone, separate from the rock mass being forced into
vibration as for their balanced position; moreover, they
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move along certain trajectory relative to vibration source.
In this context, gas and water move intensively catching
sand particles and amber and ejecting them to the sur-
face. Since amber surface far exceeds surface of the
particles, amber segments get to the surface under the
action of buoyancy force.

The effect of vibration underpressure of a layer is simi-
lar to the effect of vibration linearization of dry friction,
i.e. if oscillation is available, then to transfer relative
motion to a particle within the medium, less permanent
effort is required to compare with its nonavailability.
When efficient friction coefficient decreases within vibra-
tion underpressure state, particles slide relative to each
other with no release. The layer solidifies while flowing.

As studies inform, sand motion within vibroboiling
layer is not subject to the law of particle motion in air-
free space. In addition to gravitation, medium parameters
effects heavily the motion trajectory of a sand layer.
Underpressure is formed while tossing; pressurization
results from falling down. Lower layers of sand experien-
ces greater pressure difference to compare with upper ones
since air is displaced from below and particles densify.

Hence, vibroboiling sand layer behaves like a pump
delivering gas liquid mixture to the surface catching
amber particles and transporting them up. In this context,
buoying-up velocity of a particle depends upon vibration
energizing of the rock mass, medium underpressure,
saturation by air bubbles, and medium viscosity.

Pressure difference depends upon frequency of a vi-
bration generator and its amplitude; layer height; particle
size; sand moisture content; and a coefficient of mutual
friction of the particles. Intensity of pumping action of
vibroboiling layer is characterized by the three parame-
ters: pressure over the vibroboiling layer, underpressure
under it, and pressure difference within the layer.

Following factors effect formation of vibroboiling
layer of a ground:

1) oscillation amplitude;

2) oscillation frequency;

3) exciting force;

4) water pressure;

5) air pressure;

6) geometry of vibration generators.

To a large degree, the parameters are determined
experimentally.

When effector was acting on soil mass, the medium
demonstrated its underpressure evaluated by means of
vibroboiling layer poriness. Experiments have deter-
mined that the vibroboiling layer poriness depends upon
vibration acceleration.

Air and water supply to sand mass helps intensify
amber buoying up process up to the maximum values;
however, if air columns are formed, boiling process
transforms into vibration underpressure, and stops. Ma-
ximum velocity of amber buoying up to the surface is
observed when gas liquid mixture supply to sand rock
mass varies from 0 to 0.02 m*/hour.

Formation of the required medium density depends
on gas liquid mixture supply.

Our experimental data have been used to plot a curve
of amber buoying up velocity dependence upon water
and air supply (Fig. 2).
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Figure 2. Amber buoying up velocity dependence upon air
supply, if water supply is unvarying: 1 — under wa-
ter supply; 2 —under simultaneous water and air
supply; 3 — under air supply

Taking into consideration the obtained experimental
results, amber buoying up velocity dependence upon air
supply is approximated as follows:

v==2113¢% +64.129 - 0.449 , (1)

where approximation reliability value is R* = 0.953.

If air is not supplied to ground, amber extraction pro-
cess is performed with the help of hydraulic action. In
this context, maximum amber buoying up velocity is
v=10.03 — 0.05 m/s (Fig. 3).
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Figure 3. Amber buoying up velocity dependence, if water
supply is 0.005 — 0.030 m’h: 1— under the influence
of vibration; 2 —under the influence of vibration
and massif saturation by water; 3 —under massif
saturation by water

Taking into consideration the obtained experimental
results, amber buoying up velocity dependence upon
water supply is approximated as follows:

v=-105¢"+3.115¢+0.015, ()
where approximation reliability value is R? = 0.991.

Figure 4 shows the obtained experimental results
concerning simultaneous effect of oscillation frequency
of an effector and a value of air supply to sand demon-
strating conspicuity of two peak areas of maximum am-
ber buoying up velocity. Relying upon the obtained ex-
perimental dependence, the authors have determined
following ranges of oscillations of effector, and value of
air supply to amber-bearing rock mass.
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Figure 4. Amber buoying up velocity dependence on oscilla-
tion frequency and air supply to water saturated
rock mass

Oscillation frequency of effector is 28 — 34 Hz; a va-
lue of air supply to the rock mass is 0.003 — 0.006 m*/h;
in this context, amber buoying up velocity is the highest,
i.e. 0.09 - 0.12 m/s.

Hence, the following was observed during the expe-
riments carried out using laboratory equipment:

—amber buoying up velocity depends upon medium
density; moreover, it has its own extremum;

— there are such values of water and air supply under
which maximum velocity of amber buoying up to the
surface are achieved;

—medium density effects heavily the conditions of
amber getting to the surface;

— there are such values of water and air supply under
which suspense medium is not formed and amber cannot
buoy up to the deposit surface.

To carry out full-scale studies, effector was hanged to
mobile frame crane using springy hook. The frame crane
was applied to transport, to support, and to extract from
the sandy rock mass (Fig.5). From regulating valve,
water and air are supplied to sandy rock mass with the
help of hollows rods. Manometer has been mounted on
the regulating valve to control pressure. Cone mouth-
pieces with cutters to ruin stagnant zones were fastened
at the ends of all the rods. The rods were interconnected
in packs coupled tightly with the plate.

Ranges of the device operating parameters are:
working frequency range is 0—50 Hz; amplitude is
0.08 — 2.50 mm; liquid pressure is 0 — 0.2 MPa; and air
pressure is 0 — 0.2 MPa. The device operates as follows.
Using frame crane, it is mounted on the sand deposit.
Drive is released to ge-nerate oscillations. When frame
crane brings the equipment down, vibrator forces rods
into sand. The rock mass is stimulated by means of oscil-
lation action. Air and water are started to be supplied
through the rods. The sand, being processed, experiences
its underpressure up to the formation of continuous sus-
pense layer. Amber pieces, getting to a zone of effector
operation, loose their connections and buoy up to the
surface under the action of buoyancy force and vibration
forces. Air supply is added to intensify ground under-
pressure process. Frequency, oscillation amplitude, and
exciting force are controlled by means of changes in
rotation frequency of oscillation generator of an effector.
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Figure 5. Device of hydromechanical amber extraction on the
basis of a frame crane: (a) front view; (b) end view

The device deepens into the rock mass owing to own
weight with the help of oscillations. The experiments,
carried out within Volodymyrets amber deposit in Rivne
Region, have helped understand that water quantity
depends upon ground porosity within a rock mass being
under development. While implementing the method,
water filtration gradient outside the rock mass, being
developed, can be ignored since the process is rapid one.

Air supply to sandy rock mass intensifies a process of
amber buoying up. Increase in air consumption, excee-
ding rational ones, results in buoying up deceleration as
well as formation of channels through which air passes
freely to the deposit surface, and vibroboiling of the
whole rock mass is not available.

Comparison of the device performance in terms of
different modes, minimum density of sand medium (i.e.
1600 kg/m®), formed by vibration generator, is observed
under simultaneous water and air consumption, and wa-
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ter consumption without water when vibration frequency
is 26 — 36 Hz.

The device operation demonstrated the determined
working zone of the suspended ground as well as its
boiling process with hard amber pieces bringing to the
surface of the soil rock mass.

Velocity of amber getting to the surface depended
upon the process intensity, namely upon action of effec-
tor oscillations, gas-air mixture supply, and physical and
chemical properties of the soil.

The following was observed during the research:

—amber buoying up velocity depends upon oscilla-
tion frequency of an effector, amplitude of the medium
and its density; moreover, it has its extremum,;

—medium density effects heavily the creation of condi-
tions for rapid amber buoying up in turn effecting the effi-
ciency of hydromechanical method of amber extraction;

— there are such values of oscillations, and water and
air supply in terms of which suspense medium is not
generated, and amber cannot get to the deposit surface.

It is possible to intensify amber mining process, if os-
cillations are used and water (or water and air) is sup-
plied to the rock mass.

The required medium density depends upon gas li-
quid mixture, oscillation frequency, and geometry of an
effector as well as its weight. Water supply depends upon
the medium underpressure period.

Relying upon the experiment results, dependences of
the medium density (p.), amber buoying up velocity (v),
and intensifier frequency (4) upon frequency oscillations
(f) are approximated as follows (Fig. 6):

— if medium density is (p.), then:

p, =1.93f7-12632f+3740.5, 3)
where approximation reliability value is R> = 0.996;
— if amber buoying up velocity is (v), then:
=-1.1-107 f* +0.0612f —0.7451, @)
where approximation reliability value is R? = (0.943;
— if intensifier amplitude is (4), then:
A=0.0024 > -0.22 /> +6.29 f —56.46, 5)
where approximation reliability value is R* = 0.974.
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Figure 6. Amber buoying up velocity dependence on oscilla-
tion frequency and air supply in the context of full-
scale studies
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Experimental studies has helped determine rational me-
dium density (p. = 1670 — 1750 kg/m®) achieved by means
of 26-36 Hz oscillation frequency; 4=1.0—-2.4mm
amplitude, and g, = 0.004 —0.006 m’/h air supply when
amber buoying up velocity is v=0.09 — 0.12 m/s.

In the context of full-scale studies, maximum amber
buoying up velocity (with gas liquid mixture supply) was
observed when oscillation frequency was 26 —36 Hz,
and air supply was 0.004 — 0.007 m*/h.

Taking into consideration the experiment results, the
dependence of amber buoying up velocity (v) on oscilla-
tion frequency (f) and air supply (¢) is approximated as
follows:

v =-0.033¢> +0.0031gf —0.0059 />

—-0.0184 +0.0097 f +0.109, ©
where approximation reliability value is R? = 0.704.

First of all, the experiments have confirmed efficien-
cy of the hydromechanical method to extract amber as
well as the method acceptance to be applied for amber
mining from local deposits.

During the experiments when 100% of amber was ex-
tracted (i.e. the amount of amber in place coincided with
the amber amount have been mined) no rock returns to
the deposit surface were observed. The mine working
excavation supported nonavailability of cavities; the
experiments confirmed environmental safety of the
method. The technique is implemented with minimum
amount of recultivation operations required for overbur-
den activities, minimum transport cost, and minimum
water supplied with 0.1 —0.2 MPa pressure. The above
confirms high energy performance and economic effi-
ciency of the method.

4. CONCLUSIONS

Currently, amber extraction needs innovative tech-
nologies as well as the improved facilities to intensify
extraction process when higher productivity and effi-
ciency are achieved. Moreover, mitigated environmen-
tal impact is also involved. The studies have determined
experimental dependences; regularities of the effect of
hydromechanical method parameters to extract amber
from sandy deposits as for its mining velocity have
been determined.

The determined dependencies make it possible to
identify the basic parameters influencing the velocity of
amber getting to the surface. According to the obtained
results, medium density, oscillation amplitude and fre-
quency, air and water supply to amber-bearing sand are
the parameters. The studies have helped determine exper-
imental dependencies; moreover, regularities of the effect
of hydromechanical method of amber extraction from
amber-bearing deposits have been confirmed. They help
mine up to 90 — 95% of amber. The studies have made it
possible to identify amber extraction parameters; among
other things, it concerns oscillation frequency of an ef-
fector and its amplitude, and air and water consumption
to provide the highest intensity of amber buoying up.
Furthermore, an expression to calculate amber buoying
up velocity depending upon oscillation frequency and air
supply has been deduced.
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3AKOHOMIPHOCTI IPOLHECY I'IPOMEXAHIYHOI'O
BUWJIYYEHHS BYPIITUHY 3 INIIIAHUX ITOKJIAAIB

€. Mananuyk, B. Kopnienko, B. Momuncrskuii, B. Copoka, A. Xpuctiok, 3. Manan4ayk

Merta. JlocnimpkeHHs: eheKTUBHOCTI MPOLECY TiAPOMEXaHIYHOTO BHIIYUEHHSI OYPLITHUHY 3 MilIaHUX TOKJIAIiB Ha OC-
HOBI BCTAaHOBJIEHMX 3aKOHOMIpPHOCTEH BIUIMBY IapameTpiB HIISXOM HPOBEICHHS cepii JabopaTOpHUX Ta HATYPHHUX
EKCIICPUMCHTIB.

MeToanka. EkcriepiMeHTaNbHUM LUIIXOM B JIAOOPaTOPHUX Ta IOJbOBMX yMoBax (Bosogumuperpke OypruTHHO-
BMICHE POIOBHIIIE, C. bepeXHUIIsT) TpOBEAEHO JOCIIIKEHHS BIUTMBY NapaMeTpiB TiJpoOMeXaHiyHOro croco0y BHITyYeH-
HSl Ha IIBUJKICTH HiAHATTA OypiutuHy. IIpy mpoBeneHHI €KCIIepUMEHTAIBHUX JOCIIUKEHb BHBYAJIOCHh CEPEIOBHILE
3aJITaHHs, NPU OBOMY IIPOBOAMIOCH MOJENIOBAHHS NMPOLECY KHIIHHA M JOCTIPKEeHHS (aKkTopiB 1 mapamerpis, MO
BIUTMBAIOTH Ha CTBOPEHHS CYCIIEH3HOI'O CepeIOBHINa. |3 BUKOPUCTAHHIM METONIB MATEMaTHYHOI CTATUCTHKHA OTPHMAHO
3aJIeKHOCTI, 1[0 ONMCYIOThH BILUIUB MapaMETPIB BIITYUCHHS Ha MIBUIKICTh MiTHATTS OYPIITHHY.

Pe3yabTaTi. BusHaueHO OCHOBHI MapaMeTpH TiIpoMeXaHiYHOTO METO.Y, IO BIUIMBAIOTh HA MIBUJKICTH BHITYYCHHS
OypiuTuHy. BcTaHOoBIEHO palioHabHI 3HAYeHHS BEJIMYUHHM I10/1a4i MOBITPS Ul 3a0€3MeUeHHS MaKCUMAaIbHOT IIBUAKO-
CTi cruMBaHHs OypiitTiHHy. OTpUMaHO MaTeMaTHuHI 3aJeXKHOCTI, 110 BU3HAYAIOTh LIBHUIKICTh CIUIMBAHHS 3aJIKHO BiJ
0-J1a4i NOBITPSA Ta YacTOTH MEXaHIYHOT'O BIUIMBY, NIPH LIOMY PiBeHb BHIOOYTKY OypmitHHy carae 90 — 95%. Busna-
YeHI OCHOBHI MapameTpy, SIKi BIUIMBAIOTh Ha IHTEHCHUBHICTh MIIHATTS OypIITHHY Ha JICHHY ITOBEPXHIO, — 'YCTHHA Cepe-
JIOBUILA, aMILTITy/Ja Ta YaCTOTa KOJMBaHb, OJ[a4a BOJM 1 MOBITPA y Mill[aHe POJIOBUILE OYPLITHHOBMICHOTO ITICKY.

HaykoBa HoBHU3HA. Briepiiie 10BeicHO, 10 NIBUIKICTh CIUIMBAHHS OYPIITHHY Ma€ MOJIIHOMIaJbHUN XapakTep 3a-
JIEKHOCTI BiJi IyCTHHHU CEPEJIOBHINA 3 EKCTPEMYMOM NPH BeMuuHi noaaui nositps 0.004 — 0.006 m>/rox, a BuydeHHs
OypTuHY iHTeHCH(IKy€eThCsA y 2 — 3 pasy OpH yCTHHI po6odoro cepemosuma (p.) 1670 — 1750 kr/m?, wacToTi konu-
BaHHA 26 — 36 ', ammityni A = 1.0 — 2.4 MM, nogadi nositps g, = 0.004 — 0.006 M3/rom, Ipu EOMY MIBHAKICTE CILIH-
BaHHs Oypmruny (V) piBHa 0.09 —0.12 M/c, a npu 30inbIIeHAI TOoAa4i IMoBiTpst moHazx 0.020 M3/ron mporec BATyIeHHS
OypIITHHY NPUITMHAETHCS. Briepime oTpuMaHo MONiHOMIaIbHY 3alIeKHICTh MIBUAKOCTI CIUIMBAaHHS OYPINTHHY Bix 9ac-
TOTH KOJTMBaHb POOOYOT0 OpraHy Ta mojadi HOBITPS B MacHB.

IMpakTHyHa 3HaYUMicTh. Bu3HaueHi 3aKOHOMIPHOCTI TiIPOMEXaHIYHOTO BHJIYYEHHS OypIITHHY i3 OypIITHHOBMI-
CHHUX IIICKIB JIO3BOJIAIOTH IPOBOAUTH PO3PaxXyHOK Ta oOMpaTH 0OJaJHAHHS IS MPOBENCHHS IiIPOMEXaHIYHOTO BHIO-
OyTKy OypIUTHHY.

Kmrouogi crhosa: niwanuil noxiao, Oypuimun, 2i0pomMexaniyHuil 6u0obymok, nooaya nogimpsi, WeUOKICMb CHIUBAHHS

3AKOHOMEPHOCTH MPONECCA THAPOMEXAHUYECKOI'O
W3BJIEYEHUS STHTAPS U3 IECUAHBIX 3AJEXEN

E. Mananuyk, B. Kopauenko, B. Mommunckuii, B. Copoka, A. Xpuctiok, 3. Mananuyk

Hean. ccaenoBanne 3(pGeKTUBHOCTH Mpoliecca THAPOMEXaHNYECKOTO U3BJICYCHUS STHTaps M3 MEeCYaHbIX 3ajexei
Ha OCHOBE YCTAHOBJICHHBIX 3aKOHOMEDPHOCTEH BIMSHHUS I1apaMEeTpPOB IIyTEM IPOBEACHHS CEpUM JTaOOPAaTOPHBIX U
HaTypHBIX KCIIEPUMEHTOB.

MeToauka. DKCIIEpUMEHTAIBHBIM ITyTEeM B JJaOOPaTOPHBIX M IOJIEBBIX yCloBHAX (BiaguMuperkoe siHTapHOE Me-
CTOpOJK/IeHHE, c. bepekHniia) mpoBeaeHO MCCIeoBaHNe BIMSHUS MapaMeTpoB THAPOMEXaHUYECKOTO criocoba n3Bie-
YEeHUs] Ha CKOPOCTb BCIUTBITHA AHTaps. [Ipn mpoBeaeHNn SKCIIepUMEHTANIBHBIX UCCIIEA0BaHNH H3ydanach cpea 3ajiera-
HUS, TIPY 3TOM IPOBOJIMIIOCH MOJEINPOBAHHUE IIPOLECCa KUIIEHUSI M HCCIeoBaHNe (PaKTOPOB M MapaMeTpOB, BIIUSIO-
IIMX Ha CO3[JaHUE CYCIIEH3MOHHOU cpefpl. C NCIONb30BaHNEM METOA0B MATEMAaTHUECKOM CTATUCTHUKU MOITy4YEHbI 3aBH-
CHMOCTH, OITMCBHIBAIOIINE BIMSIHUE TAPAMETPOB U3BJICUEHHS HA CKOPOCTD BCILIBITUS SIHTapSI.

Pe3yabTaThbl. OnpeneneHsl OCHOBHBIE MapaMeTphl THAPOMEXaHHYECKOT0 CIoco0a, BIMAIONIME Ha CKOPOCTh H3BIIE-
YeHHs SHTaps. Y CTaHOBJICHBI PAllMOHAIbHBIC 3HAYEHHs BEIMYMHBI MTOJIA4M BO3AyXa Ul 00ECHEYSHUs] MAaKCUMAaIbHON
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CKOPOCTH BCIUIBITUA SAHTaApPH. HOﬂy‘ieHbI MAaTEeMAaTU4YC€CKUC 3aBUCUMOCTH, OMPCACIIAIOINE CKOPOCTh BCIUIBITHA B 3aBU-
CUMOCTH OT IoJa4yu BO3AYyXa U 4aCTOThl MCXaHUYCCKOI'O BO3ﬂeﬁCTBHﬂ, IIpu 3TOM YPOBCHb Z[O6I)ILII/I sSHTapsg JOCTUTACT
90 — 95%. OmpeneneHsl OCHOBHBIE MTApaMETPHI, BIMSIONME HA HHTEHCUBHOCTD BCIUIBITHA SIHTAps Ha THEBHYIO TOBEPX-
HOCTb, — IUIOTHOCTH CpPEAbl, aMIUINTYAa U 4acToTa KoyebaHHi, 11o1a4ya BOAbI U BO3JyXa B IIECYAHOE MECTOPOKACHHE
SITHTApHOTO I1ECKa.

Hayuynas HoBu3HA. BriepBble 10Ka3aHO, YTO CKOPOCTH BCIUIBITHS SHTApsl MMEET IIOJIMHOMHAIIBHBII XapakTep 3aBH-
CHMOCTH OT IJIOTHOCTH CPEMBI ¢ SKCTPEMYMOM IIPU BeJIHYHMHE mofaur Bo3ayxa 0.004 — 0.006 m>/4, a ©3BICUEHUE SHTa-
P MHTEHCH(HUIUPYETCS B 2 — 3 pasa IpH IUIOTHOCTH paboueil cpemsl (p.) 1670 — 1750 kr/m®, wactoTe KoeGaHms
26 — 36 I'u, ammmaryge 4 = 1.0 — 2.4 Mm, moga4u Bosayxa ¢, = 0.004 — 0.006 M>/4, pH 3TOM CKOPOCTh BCILIBITHS SH-
Taps (v) pasna 0.09 —0.12 mM/c, a npH yBenMYeHHH TogadM Bo3ayxa Gosee 0.020 mM>/4ac mpomecc U3BIEYEHUS SHTAPS
3aBepIuaeTcs. BriepBrie monydeHa MOIMHOMHUAIbHAS 3aBUCUMOCTh CKOPOCTH BCIUIBITHA SHTApsl OT YaCTOTHI KOneOaHui
pabouero opraHa 1 OT IIOJa41 BO3LyXa B MacCHB.

IIpakTHyeckasi 3HAYMMOCTb. Y CTAaHOBJICHHbIE 3aKOHOMEPHOCTH THIPOMEXaHHYECKOTO M3BJICUEHUS SIHTaps C SIH-
TapHBIX TECKOB IMO3BOJIAIOT NPOU3BOJUTL PaCUCT U BbI6I/IpaTI) O60pyﬂ0BaHI/le JIA IPOBCACHUSA FH}IpOMeX&HH‘leCKOﬁ
JOOBIUY SHTAPSL.

Knroueswie cnosa: necuanas 3anedxico, AHMAapb, 2UOPOMEXAHUUEeCKas 000blud, N00aua 6030yxd, CKOPOCHb 6CHIbIMUSL
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