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Abstract

Purpose. The purpose is to reduce mineral losses during the explosive destruction of rocks and environmental pollution by
harmful gases and fine particulate matter.

Methods. To achieve the objectives of the study, methods of physicochemical analysis and mechanics of continuous
media have been used. The method of physico-chemical analysis has been used to determine the quantitative and qualita-
tive characteristics of the composition of the well stemming depending on the parameters of the well, the type of explo-
sive, the amount and type of harmful gases formed during the explosion. Methods of solid medium mechanics have been
used to establish the patterns of pressure waves during an explosion depending on the characteristics of the gap filler
between the charge and the well wall. To solve the problem of the behavior of a two-layer medium during the loading of
a cylindrical cavity by a nonstationary load, a numerical method based on the finite-difference McCormack predictor-
corrector scheme has been used.

Findings. A resource-saving and environmentally friendly charge structure for rock mining by explosion was developed.
The design of the charge involves the formation of a gap between the charge and the wall of the borehole, and filling it with
a suspension of calcium hydroxide or a suspension of calcium carbonate.

Originality. The dependences of the volume of harmful gases (NO,, CO,, CO) formed during the explosive destruction of
rocks and the magnitude of the pressure peak in the area close to the charge on the chemical composition of the filler of the
radial gap between the charge and the well wall have been set.

Practical implications. Developed charge design allows to neutralize the harmful gases formed during the explosion, to
reduce the pressure peak in the area of the rock massif close to the charge, and can be widely used in non-metallic quarries
that extract minerals for the production of crushed stone.
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1. Introduction During mining operations, a significant amount of harm-
ful gases enters the air as well as fine particulate matter
(PM). Emissions of harmful substances contain both: chemi-
cals, that are part of rocks, and substances, that are released
during the explosive destruction of rocks and during the
operation of machines and mechanisms used in the technolo-
gy of crushed stone production. These gases are gases hitro-
gen oxides, carbon oxides, sulfur compounds etc. The emis-
sion of these harmful substances leads to the gradual degra-
dation of plantations, reducing their productivity and losing
of stability. Under the influence of "foreign" substances for
living organisms, the ultramicroscopic structure of cells of
plant organisms is disturbed, the intensity of growth and
productive reactions are slowed down, the life expectancy of
organisms is reduced, aging processes are accelerated [4].

The main anthropogenic factors of environmental pollu-
tion include, first of all, large industrial complexes, which are
consumers of raw materials, energy, water, air, land and at
the same time the most powerful sources of almost all types
of pollution (mechanical, chemical, physical, physico-
chemical, and biochemical at all) [1].

The mining complex, as one of the types of economic ac-
tivity, is a serious polluter of the environment. Open pit min-
ing leads to pollution of water and air basins, changes, disturb-
ances in the structure and deterioration of the fertile soil layer,
to significant landscape disturbances. This, in turn, causes the
death or degradation of flora and fauna. Also, large plots of
land are engaged in tailings and dumps of rocks [2], [3].
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The scale of dust pollution is evidenced by the fact that
the concentration of dust near the sources of it formation can
range from 0.5 to 3000 mg/m?® and above (Table 1) [5]. The
concentration of harmful gases can exceed the maximum
permissible concentration (MPC) by 10 times or more (Ta-
ble 2) [6]. Mass explosions are the largest source of dust and
harmful gas pollution. The efficiency of the following tech-
nological processes and the work of the mining enterprise as
a whole depends on the results of the explosion.

Table 1. Characteristics of dust sources during the open pit mining [5]

Process Dust release, mg/m?®
Extraction and

: - 2.9-100.4
loading operations
Boring 0.5-2422
Blasting 400-3100
Transportation 0.9-100.4
Grinding 0.9-81.6
Dump formation 0.8-33.7

Table 2. Emissions of pollutants during mass explosions [6]

. Maximum
Concentration allowable Annual
Conta- in the dust and concentration emission of
minant gas cloud, - harmful sub-
3 (maximum
mg/m . 5 stances, t/year
single), mg/m
Suspended 2562.4 0.15 7715
substances
Caggge(' N 564.41 5 1699.4
N'”gg‘fge('v) 37.4 0.2 11258

A special threat to the environment and people is the
spread of the dust and gas cloud, in which dust is present in the
amount of 0.027 to 0.17 kg/m? of rock mass. The total amount
of formed carbon (II) oxide reaches from 60 to 93 liters per
1 kg of explosive, and nitrogen (II) oxide and nitrogen (1V)
oxide - from 3.5 to 7 I/kg [7]. During mass explosions in quar-
ries, up to 100 tons of dust and up to 30000 m® of CO (in the
case of an explosion up to 600 tons of explosives) enter the
atmosphere. In the process of detonation from 600 to 800 tons
of explosives at a distance of 1 km from the quarry, the dust
concentration reaches from 1200-to 2800-MPC, and at a dis-
tance of 10 km - 90-MPC [8]. Dust and gas cloud rises to a
height of 800 m, spreads in the direction of the wind and set-
tles on the earth’s surface, including in residential areas and on
agricultural lands, which creates significant negative effects
within a radius of 20 km from the quarry [9].

Industrial dust destroys equipment, causes occupational
diseases, worsens sanitary and hygienic working conditions,
and in the process of extraction of minerals by explosive
destruction is also an irreversible loss of minerals. Industrial
dust is the cause of skin and mucous membrane diseases,
non-specific respiratory diseases, allergic diseases, occupa-
tional poisoning, cancer, pneumoconiosis. Dust can spread
over long distances due to wind currents, fall with precipita-
tion, or create secondary geochemical anomalies. The size of
the dust particles (the degree of dispersion of dust) is of great
importance, because the smaller the dust particles are, the
longer they remain in the air in a suspended state. The most
dangerous particles are from 2 to 5 microns in size, because
they penetrate deeper into the airways and, reaching the
alveoli, settle in them.
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Modern open pit mining technologies are based on us-
ing the well charge method and, as a consequence, using
the high-energy explosives causes a significant regrinding
of natural raw materials in the immediate area of the con-
tact “explosive-rock”, which leads to the loss of non-
renewable resources. Thus, blasting has negative effects in
terms of environmental safety, human health and resource
conservation. Obtaining the rock mass of the required
fractional composition is ensured by the technological
parameters of the blasting operations and the design of the
explosive charge, the improvement of which will reduce
the pressure on the environment and allow to minimize
technological losses of raw materials. This will ultimately
help to improve the technical and economic performance
of mining enterprises. It should be noted that the signifi-
cant environmental impact of this industry will also be
significantly reduced.

The analysis of theoretical and experimental studies on
increasing the environmental safety of blasting on rock quar-
ries allowed us to establish: that the influence of various
natural and technological factors on the explosion process
and its ecological consequences has been studied in great
detail; a large number of different charge structures, that help
to regulate the environmental impact and the level of re-
source conservation have been developed; methods and rec-
ommendations for calculating the parameters of mass explo-
sions have been developed; new high-performance and safe
explosives, charge initiation devices with non-electrical initi-
ation systems have been implemented; a considerable num-
ber of methods of dust suppression and neutralization of
harmful gases have been developed [6], [10]-[24].

However, despite the achieved results in improving the
environmental safety of blasting on quarries, the problem of
greening the technological processes that accompany them
requires further solution. The developed charge structures
(Table 3) have not been widely used. The main reasons are
complexity and cost. Rock quarries still have a problem
with the high percentage of substandard rock mass fractions
in the fractional composition. In particular, over-crushed,
which, unlike fractions larger than condition, cannot be
reduced to conditioned size. It is the over-crushed fraction
that is the source of dust formation and occupies the major
share of mining waste.

An attempt has been made in [25] to solve this problem.
The authors have been established the regularity of the pas-
sage of pressure waves during the explosion, depending on
the acoustic stiffness of the filler of gap between the charge
and the wall of the borehole and its magnitude. It is deter-
mined that with increasing of the filler acoustic rigidity, the
pressure peak in the near-charge zone decreases by 15-20 %.
During limestone blasting, the pressure peak, when water is
used as a filler of the gap between the charge and the walls of
the well, is 1-10’Pa. At the same time the pressure peak,
when iron (I11) sulfate aqueous solution is used as a filler of
the gap between the charge and the walls of the borehole, is
8:106Pa, which is 20% less. It is established that solutions
with higher acoustic stiffness will allow to reduce the volume
of dust formation and increase the homogeneity of the frac-
tional composition of the rock mass. This is realized by re-
ducing the amplitude of the pressure waves at the boundary
of the medium distribution by 20% and more and increasing
the amplitude width by 25-30%.



O. Tverda et al. (2021). Mining of Mineral Deposits, 15(4), 84-90

Table 3. Dust and gas reducing and resource conservation measures during an explosion

Group of measures An action, measure or method of dust reducing and resource conservation during an explosion Link
Blasting of high ledges [6]
Reducing the diameter of the charge [10]
Blasting on uncleaned rock mass [6]
Separation of charge column by air and inert gaps [10]
Reducing the magnitude of the borehole breakaway [10]
Technological Expanding the well network and reducing the proportion of explosives [11]
measures Using of combined charges with multi-directional initiation and diagonal switching schemes of blasting network [12]
Formation of an air cavity at the bottom of the borehole [13]
Formation of air or water gaps between the charge and the wall of the borehole [14], [15]
Changing of technological parameters, in particular the site width, the bench height and length of the
excavating unit which might provide the necessary intensity of mining operations in the deep levelsinan  [16]
open-cast mine
Use of more environmentally friendly explosives or change their recipe [17], [18]
Application of hydro stemming or stemming containing surfactants or stemming containing substances [6],
that can neutralize harmful gases [19]-[21]
Spraying of blocks before a blast [6]
Engineering and  Irrigation of the blown up block [6]
technical measures  Constructing the hydro curtains [6]
Using special decks in boreholes to enhance the quality of fractional composition of rock mass and to [22]
reduce the level of vibration
Research of physical and mechanical properties of rocks and the use of the obtained data in the process [23]
of designing the blasting parameters and charge formation
Organizational Carrying out mass explosions over a period of maximum wind activity with respect to the wind rose for a [24]

measures specific region

The disadvantage of this approach is the choice of a solu-
tion of iron (111) sulfate as a solution to fill the gap between
the charge and the wall of the borehole, as the explosion of
the borehole charge produces gaseous sulfur dioxide, and this
will require additional funds to neutralize it. An alternative,
for example, is a completely harmless aqueous solution of
sodium chloride NaCl, but its maximum density can reach
only 1200 kg/m3, which is much less than the maximum
density of an aqueous solution of iron (I11) sulfate. This sit-
uation encourages the improvement of the developed charge
design in order to reduce the loss of minerals and the release
of dusty fractions.

The purpose of the paper is to reduce mineral losses dur-
ing the explosive destruction of rocks and environmental
pollution by harmful gases and fine particulate matter. To
achieve the purpose, the following tasks have been set:

—to analyze the current achievements in minimizing the
impact of explosive destruction of rocks on the environment
and in increasing the level of resource conservation during
the mining in open-pits;

—to develop measures to reduce the impact of blasting op-
erations during the extraction of non-metallic minerals on the
environment and to increase the level of resource conservation.

2. Theory

During the process of explosive destruction of rocks, seve-
ral zones are formed. The zone closest to the epicenter is called
the re-crushing zone and is a source of dust and re-crushed
fractions of rock mass during the explosion. The shredded
fraction of rock mass is an irreversible loss of minerals.

According to the analysis of the literature, this problem
can be positively solved with the help of special technology
for charging wells and detonating charges of explosives,
which are formed in flexible shells (polyethylene sleeves).
This technology is implemented using a system of feeding
sleeves with laying and braking [26].
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At the quarry, the sleeve is laid in the sleeve feeder.
Sleeve feeders are transported to the charging block and
installed in boreholes (Fig. 1). The explosive is fed manually
from bags or mechanized by any charger through the funnel
of the sleeve feeder into the sleeve. The sleeve under the
weight of the explosive enters the borehole [27].

Sleeve feeder

Mixed explosive in the sleeve

Hy

Hen

HU\&

| e, I

dy

Figure 1. Scheme of explosive charge generated in the borehole
using the sleeve feeder: d» — borehole diameter; dch —
charge diameter; How — maximum initial water level in
the borehole; Hw — water level after feeding the sleeve;
Hch — charge length; Hp — the length of the borehole [27]
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The technology of charging flooded boreholes (or dry)
with the formation of charges in polyethylene sleeves in-
cludes the following basic operations:

— mechanized laying of a sleeve;

— installation of lower fighters in boreholes;

—installation of sleeve feeders in the wellhead of
boreholes;

— mechanized (or manual) filling of the explosive into the
sleeve with its simultaneous supply, which is slowed down
during the process of lowering into the borehole, fixing the
upper end in the wellhead;

— laying the charge for at least 0.5 hours (depending on
the degree of waterlogging of the borehole);

—installation of the top fighter in a sleeve through a
funnel and pouring of explosive to design level;

— extraction of the sleeve feeder from the borehole.

In the case of charging fully flooded boreholes, the sleeve
feeder is installed on a specially made stand (“tripod”),
which ensures the placement of this device from the well-
head at a height of 0.1-0.2 m.

The length of the polyethylene sleeve during charging
flooded boreholes must ensure the placement of the calculat-
ed mass of the explosive in it and have a reserve for acci-
dental twisting, subsidence, etc. Therefore, for each specific
condition, the length of the sleeve is set by measuring the
depth of the borehole.

The application of this technology provides [15]:

— full or partial replacement of expensive explosives;

— uniformity of rock mass crushing due to increase of ef-
ficiency of explosion caused by more stable power and deto-
nation characteristics of explosives, and also existence of a
gap between a charge and a borehole wall;

—reducing the yield of large and re-crushed fractions in
the collapse of the rock mass;

—mechanization of loading of explosives in sleeves
and stemming of boreholes that practically excludes use of
manual work;

— increasing technical, economic and environmental effi-
ciency of mass explosions.

During charging boreholes with explosives in the sleeves
there is a water gap between the sleeve and the rock. The
compressibility of water is greater than the compressibility of
rocks, so water is a cushioning buffer between the products
of detonation and rock, resulting in the amount of local de-
struction (re-crushing) is reduced. The water gap works as a
damper. It reduces the value of the maximum pressure in the
near zone during the explosion, which in turn leads to reduc-
tion of the re-grinding zone (Fig. 2) and hence the volume of
dust in general [27].

To enhance the described effect, it is proposed to use
suspensions of calcium hydroxide and calcium carbonate
instead of water as filler for the gap between the charge and
the borehole wall. The use of such suspensions, in addition to
reducing the peak in the area close to the charge, will also
neutralize harmful gases (for example, CO,, NO;, and CO)
formed during the explosion.

So, neutralization of harmful gases under the condition of
using as filler for the gap between the charge and the bore-
hole wall a suspension of calcium hydroxide will take place
in accordance with the chemical reaction Equations:

2Ca(OH), + 4NO; = Ca(NO,), + Ca(NO3), + 2H,0; 1)
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2NO + O = 2NO,
2NO, + Ca(OH); = 1/2Ca(NO5), + 1/2Ca(NOs), + H,0; (2)

Ca(OH), + CO, = CaCOs + H,0; ®3)
2CO + 0, = 2CO,,
2CO, + 2Ca(OH), = 2CaCOj3 + 2H,0; (@)

Ca(OH), + CO = CaCOs + H, (at a temperature of about 400°C).

@ (b)

(38}

(5]

den = dp den < dp

Figure 2. The re-grinding zone formed by blasting a continuous
charge (a) and a charge with an annular gap (b): 1 — ex-
plosive charge; 2 — borehole wall; 3 — re-grinding zone

Neutralization of harmful gases under the condition of
using as filler for the gap between the charge and the bore-
hole wall a suspension of calcium carbonate will take place
in accordance with the chemical reaction Equations:

4NO; + 2CaCO03 = Ca(NO3); + Ca(NO2); + 2COy;

2NO + Oz = 2NOy,
2NO;, + CaCO3 + 1/20, = Ca(N03)2 + COy;

CaCO3+ CO, = C&(HCOg)z.

At a temperature of 900-1200°C, calcium carbonate de-
composes: CaCOz — CaO + CO, which has a positive effect
on the absorption of harmful gases. The resulting CaO will
also react with carbon and nitrogen dioxides and again will
form calcium carbonate CaCOs, calcium nitrate Ca(NOs);
and calcium nitrite Ca(NO_), respectively.

The use of slaked lime suspension will allow providing
the effect of irrigation of the dust and gas cloud, which, in
turn, will reduce the concentration of dust in the air even in
the case of decomposition of calcium hydroxide with the
subsequent interaction of the reaction product — calcium
oxide with carbon dioxide and/or with nitrogen dioxide ac-
cording to the reaction Equations:

Ca(OH), — Ca0 + H0,

CaO + CO, = CaCOs,

2Ca0 + 4NO, = C&(NOz)z + C&(NOg)z.

It is proposed to calculate the pressure peaks in the zone
close to the charge during the explosion (for each filler of the

gap between the charge and the borehole wall) on the basis
of an adapted model of G. Lyakhov [25].

3. Results and discussion

The calculation of the effectiveness of using the suspen-
sions of the considered substances as fillers of the gap be-
tween the charge and the borehole wall was carried out under
the condition that diameter of the borehole is 250 mm, the



O. Tverda et al. (2021). Mining of Mineral Deposits, 15(4), 84-90

diameter of the charge — 160 mm, the length of the borehole —
16 m, the length of the charge — 12 m, the length of the
stemming — 4 m. Water, calcium hydroxide suspension and
calcium carbonate suspension were considered as fillers.
Both suspensions consist of 70% water and 30% dry matter
(calcium hydroxide suspension andcalcium carbonate sus-
pension). Explosive — Hranemit. The amount of gases from
1 borehole is, dm?: NO, — 60.9; CO — 7830; CO, — 22620; N, —
62350. The density of the rock is 2650 kg/m?, the speed of
sound in the rock is 4500 m/s. The results of the calculation
are given in Table 4.

As can be seen from the Table 4, the use of calcium hy-
droxide suspension and calcium carbonate suspension allows
to completely neutralize harmful gases formed during the
explosion. According to the results of the calculation, the
amount of active substance could even be reduced, but it
should be noted that its excess is necessary to create suspen-
sions with characteristics that would reduce the pressure peak
in the near-charge zone of the rock. Note that both calcium
hydroxide and calcium carbonate are, respectively, slightly
and poorly soluble substances, which greatly facilitates the

technological processes for preparing their suspensions. In
particular, according to the values of the solubility products
of these substances (SP(Ca(OH),) = [Ca?*]-[OH?] =5.5 10,
and SP(CaCO3;) = [Ca?*]-[COs*] = 4.8 10° in a temperature
range close to standard conditions [28]), calcium carbonate is
less water-soluble than calcium hydroxide. At the same time,
it is known that poorly soluble salts practically do not under-
go hydrolysis, although it is impossible to completely deny
the possibility of hydrolytic processes, in particular, calcium
carbonate, occurring in an aqueous medium. That is, almost
partial hydrolysis of calcium carbonate can proceed only
through the first stage according to the reaction Equations,
and salt hydrolysis through the second stage, most likely,
will not take place:

CaCO; «» Ca%" + COgz?.
I stage: CO3%* + H-OH 2 HCO3 + OH-
II stage: HCO3  + H-OH < H>CO3 + OH"
'S

CO;, + H,O

Table 4. The results of calculating the efficiency of fillers of the gap between the charge and the borehole wall

The mass of active

The mass of water

The required

The density The speed in the gap between substance in the gap  The volume of gas mass of active Peak pressure
Filler of the filler of sound in the charge and the between the charge and chemisorption by substance for acting on the
of the gap ka/m? " the filler, - the borehole wall ata 1 kg of the filler, inner surface
g/m borehole wall at a given . - 3 one borehole,
m/s . . given suspension m of the well, Pa
suspension density, kg densi kg
ensity, kg
. NO2 —
V\;'itlrl‘:r“t - - - - co, - 9.66
Cco -
NO2 —
Water 1000 1450 348 - CO2 — - 8.28
Cco -
Calcium NO2 0.45
hydroxide 1363 2150 332 143 CO2 0.3 113 7.44
suspension Cco 0.212
Calcium NO2 0.443
carbonate 1513 2800 369 158 CO2 - 50 7.06
suspension CcO 0.157

*The degree of conversion for NO2 and COz is 0.99, and for CO — 0.7

As can be seen from the presented reaction Equations,
due to the formation of excessive amounts of hydroxyl ions
OH- during potentially possible hydrolytic processes, the
acidity of the medium in the gap between the charge and the
borehole wall (pH) will shift towards the alkaline medium
(pH > 7), which is a positive phenomenon for the considered
technological process. This means that even in the case of
partial hydrolysis of calcium carbonate and an increase in the
concentration of hydroxyl ions OH" as a result, the chemi-
sorption of harmful components of the explosion will be
carried out according to the previously presented mechanism,
represented by Equations (1)-(4).

The calculation of peaks pressure acting on the inner sur-
face of the borehole has been performed on the basis of
G.M. Lyakhov’s mathematical model for the above conditions.
The results of the calculation are presented in the Figure 3.

As can be seen from the figures, the use of suspensions of
Ca(OH); and CaCO; as fillers of the gap between the charge
and the wall of the borehole allows, in addition to neutraliza-
tion of harmful gases, formed during the explosion, to reduce
pressure peaks in the area close to the charge. This zone is a
source of crushed (substandard) fraction, which is an irre-
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versible loss of minerals. With the use of calcium carbonate
suspension, the pressure peak can be reduced by almost 15%,
which will significantly reduce the volume of the crushed
fraction, including dust, which also affects the environment
and health of quarry workers and residents.

4. Conclusions

The design of the charge, which involves the formation of
a gap between the charge and the wall of the borehole, and
filling it with a suspension of calcium hydroxide or a suspen-
sion of calcium carbonate, has been developed. This charge
design differs from the known ones in that it allows not only
to reduce the pressure peak in the area of the rock massif
close to the charge, but also to neutralize the harmful gases
formed during the explosion. If a suspension of calcium
hydroxide is used as a filler, it is possible to neutralize all
harmful gases formed during the explosion, provided that a
suspension of calcium carbonate is used - all except carbon
dioxide. During using explosives containing sulfur, as well
as in the case of blasting rocks containing it, the utilization of
sulfur compounds, in particular SO, and H.S, will be
achieved by similar mechanisms.
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Figure 3. Dependence of pressure waves propagation on a change

in the spatial coordinate for different types of the gap
filler between the charge and the walls of the borehole:
(a) without filler; (b) water; (c) calcium hydroxide sus-
pension; (d) calcium carbonate suspension

Under the condition that diameter of the borehole is
250 mm, the diameter of the charge — 160 mm, the length of
the borehole — 16 m, the length of the charge — 12 m, the
length of the stemming — 4 m, calcium hydroxide suspension
and calcium carbonate suspension consist of 70% water and
30% dry matter, explosive — Hranemit, the density of the
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rock is 2650 kg/m3, the speed of sound in the rock is
4500 m/s, the required amount of calcium hydroxide in each
borehole for complete neutralization of harmful gases is
113 kg, and calcium carbonate for complete neutralization of
harmful gases except carbon dioxide — 50 kg.

In order to reduce the pressure peak in the near-charge
zone, the mass of calcium hydroxide and calcium carbonate
must be increased in each borehole to 143 and 158 kg, re-
spectively. This mass of active substance will provide the
characteristics of the suspension (density and speed of
sound), which reduce the pressure peak by 10-15% compared
to the use as a filler of the gap between the charge and the
wall of the borehole water.
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PecypcoeexTHBHA Ta eK0JIOTiYHO 0e3MeYHA KOHCTPYKIIfA 3apsaay AJs BIIKPUTHX TPHUYHX pooOiT

O. Teepaa, O. Kodhanosa, M. Pemnin, O. Kodanos, K. Tkauyk, H. I'yi, E. Kabana

Meta. MeTor0 IOCIIKEHHS € 3MEHILECHHS BTPAaT KOPHCHUX KOMAIIMH Ta 3a0pyAHEHHS HaBKOJHIIIHBOTO CEPEeIOBHINA LIKINIMBUMH ra3a-
MH 1 ITAJIOM TiJl 9ac BUOYXOBOTO PYHHYBaHHS TipCHKUX MOPiJ Ha HEPYAHUX Kap’epax.

Metoauka. [[jist OCATHEHHS [ICH JOCIIKCHHS 3aCTOCOBYBAIHMCH METOIU (Di3UKO-XIMIYHOTO aHAITI3Y Ta MEXaHIKH CYIUIBHUX CepeIo-
BUII. MeTox (hi3MKO-XIMIYHOTO aHaNi3y 3aCTOCOBYBABCS JUIS BU3HAYEHHS KUIBKICHHX Ta SKiCHHX XapaKTEpHCTHK CKIaxy 3a0iHKH cBepIuIo-
BUHU 3aJIC)KHO BiJl MapaMeTpiB CBEp/UIOBHHH, TUITy BUOYXOBOI PEYOBHHH, KUIBKOCTI M THUITy IIKIIJIMBUX ra3iB, YTBOPIOBAHUX HEIO IiJ Yac
BUOYXy. MeToan MexXaHiKH CYIJIBHUX CEPEIOBHII BUKOPUCTOBYBAINCH ISl BCTAHOBJICHHS 3aKOHOMIPHOCTEH IMPOXOPKEHHS XBHIIb THCKY
mig yac BUOYXy 3aJIeXKHO BiJl XapaKTEPUCTUK 3alIOBHIOBAaYa MPOMIKKY MIXK 3apsIOM i CTIHKOIO CBEpUIOBHHH. [l BUpIMIEHHS 3a/1a4i PO
MOBE/IHKY JJBOLIAPOBOTO CEPEJOBHINA B MPOIECI HABAHTAKECHHS LHIIHAPUYHOI MOPOXKHHHHM HECTAlliOHAPHUM HABAHTa)KCHHSAM BHKOPHCTO-
BYBaBCs YMCIIOBUIT METOJ HA OCHOBI CKIHYEHHO-PI3HHIEBOI CXEMH IIPeTUKTOP-KopekTop Mak-Kopmaka.

PesyabTaTtn. Po3pobiieHo pecypco3bepiraody Ta eKoJOoTriyHO Oe3MeYHy KOHCTPYKIIF0 BUOYXOBOTO 3apsiiy, ska repeadadac yTBOPEHHS
MIPOMDKKY MIXK 3apsIZIOM i CTIHKOIO CBEPJUIOBUHH H 3aIIOBHEHHS HOTO CYCIIEH3I€I0 TiIPOKCHAY KaNBIIiI0 ab0 CycleH3iero KapOoHaTy KaJIbIIiIO.

HayxoBa noBu3Ha. BeranosieHo 3anexHocTi o0csry mkiumsux rasis (NOz, COz, CO), mo yTBOPIOIOThCS TMiJ] Yac BHOYXOBOTO PyHHY-
BaHH TiPCHKUX TOPiJI, Ta BEIWYMHH MIiKy THCKY y ONFKHIHN 10 3apsity 30HI BiJ XiIMIYHOTO CKJIaay 3alOBHIOBaYa paaiajbHOTO MPOMIKKY MiXk
3apsZoM i CTIHKOIO CBEP/UIOBUHHU.

IpakTnyHa 3Ha4yuMicTh. Po3pobneHa KOHCTPYKIIis 3apsay A03BOJISIE HEMTPaIi3yBaTH LIKiAIHMBI Ta3u, IO YTBOPIOIOThCA IiJ] 4ac BHOY-
XY, 3MEHIIUTH MK TUCKY Yy ONVKHIHM 10 3apaay 30HI, 1 MOXe IIUPOKO BUKOPHUCTOBYBATHCH HAa HEPYAHUX Kap’€pax, /I BEJEThCS BUIOOYTOK
KOPHCHHX KOMAJNH 3 METOK BUPOOHHUIITBA IEOHIO.

Knrouoei cnosa: 3a6pyonenHs HABKOIUWHBLO20 Cepedosuwyd, sUbYX, 8UOYX08a PEUOBUHA, KOHCMPYKYIA 3apsady, WKIONUGl 2asu, empamu
KOPUCHUX KONANUH, HeUMpanizayis 2asie

PecypcodddekTHBHASA M IKOJOrHYeCKH 0e30NacHasi KOHCTPYKIHUS 3apsia VI OTKPBITHIX TOPHBIX padoT

O. Teepnas, E. Kodanosa, H. Periun, A. Kodanos, K. Tkauyk, H. I'yni, 3. Kabana

Ilesb. Lenbto vccaenoBanus SBISETCS yMEHBIIEHHE TIOTEPh MOJIC3HBIX HCKOMAEMbIX U 3arPSI3HEHHS OKPYKAIOIIeH Cpe/ibl BPSAHBIMH I'a-
3aMH ¥ ITBUTBIO BO BPEMsI B3PBIBHOTO PA3pyIICHHS TOPHBIX OO/ Ha HEPYAHBIX Kapbepax.

MeToauka. Jlyist JOCTHKEHHS LENel HCCIEA0BAHMS TPUMEHSUIMCH METOIBI (DU3HKO-XHUMHIECKOTO aHAIM3a i MEXaHHKH CIUTOLIHBIX CPEI.
Metox HU3HUKO-XMMHUYECKOTO aHAN3a PUMEHSUICS TSI OTIPE/IENICHHs KOJIMIECTBeHHBIX U KaYeCTBEHHBIX XapaKTePHCTHK COCTaBa 3a00MKH
CKBaKHMHBI B 3aBHCHMOCTH OT MapaMeTPOB CKBAXKHHBI, THIIA B3PHIBUATOTO BEIIECTBA, KOIMYECTBA M THIA BPEIHBIX Ta30B, 00pa3yeMbIX BO
BpeMs B3pbIBa. MeTO/bl MEXaHHKH CIUIOUIHBIX CPeJ HCIOJIb30BAINCH ISl YCTAHOBJICHHUS 3aKOHOMEPHOCTEH MPOXOXK/ICHHS BOJIH JaBIICHUS
IPH B3pHIBE B 3aBUCHMOCTH OT XapaKTEPHCTHUK 3aMONHUTENS MPOMEXYTKA MEKILY 3apsA0M U CTEHKOH CKBaXHHBI. J{Jisl PEIICHHs 3a1auH O
MOBE/ICHUH BYXCJIOWHOM Cpebl B MPOLIECCe HArPYKEHHUs! HUIMHIPHICCKOM MONOCTH HECTAIIHOHAPHBIMH HArPY3KaMH HCIIOJIB30BAJICS YHC-
JICHHBIH METO/ HA OCHOBE KOHEYHO-Pa3HOCTHON CXEMBI MPeIUKTOp-KoppekTop Mak-Kopmaka.

Pe3yabTathl. Pazpabotana pecypcocOeperaroras i KOIOrHYeckr Oe30macHasi KOHCTPYKIIHS B3PBIBHOTO 3apsi/ia, PeIyCMaTPHBAIOLIAs CO3/1a-
HHE IPOMEKYTKA MEK/TY 3apsIOM M CTEHKOW CKBXKHHBI U 3aIIOJIHEHHE €T0 CYCIICH3MEeH THAPOKCHIA KATBLHS WK CYCIICH3He! KapOoHaTa KaJIbLHs.

Hayunas HoBH3HA. Y CTaHOBIICHBI 3aBHcUMOCTH 00beMa BpeaHbIX ra3oB (NO2, COz, CO), oOpa3yronmxcst Ipy B3pHIBHOM Pa3pyIICHUH
TOPHBIX MOPOJ], M BEJIMYMHBI HKA JABJICHUS B OJIMKHEH K 3apsily 30HC OT XUMHYECKOTO COCTaBa 3aIllOJHUTEIS PaJHallbHOTO IIPOMEXYTKA
MEX[y 3apsI0OM M CTCHKOMH CKBa)KHHBI.

IpakTuyeckas 3HAYMMOCTb. Pa3paboTaHHass KOHCTPYKLHS 3apsia MO3BOJISICT HEHTPAIM30BaTh BPEAHbBIC ras3bl, 00pasyroIInecs: Ipu
B3PbIBE, YMEHBIINTh UK JABICHUS B OJIMDKHEH K 3apsiLy 30HE, M MOXKET ObITh IIMPOKO HCIIOIb30BaHA HA HEPYIHBIX Kapbepax, e BEASTCS
Z00BIYA MOJIE3HBIX HCKOMAEMBIX C LIEIbI0 IPOU3BOACTBA MICOHS.

Kniouesvie cnosa: sazpsasnenue oxkpysicaroweil cpeobvl, 63pbi, 83pblUamoe Geujecneo, KOHCMPYKYus 3apsaod, pedHvle 2asvl, nomepu
NOLE3HBIX UCKONAEMbIX, HeUMPAIU3AYUsL 24308
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