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ABSTRACT

Purpose is to mitigate the adverse environmental impact in the context of both territory and water resources while
closing down of mining enterprises.

Methods. Experiments and laboratory studies were carried out to determine a relationship between salt content and
amount of common reed biomass buildup. Twelve reed tillers from a 50 m*® pond in Donetsk Region were selected
for the research; water is habitat for eight of the tillers, and remaining four tillers grow at the distance of up to a me-
ter from the water level. Water and air temperature, length of the reed stems as well as their diameters were recorded
during thirty-eight weeks (i.e. March — November). The amount of suspended matters was determined when filtration
residues of 50 ml sample were dried out by means of a drier with their following weighing; total salt content within
the water under study was identified using a weight method while evaporating 50 ml of the filtered water sample
volume and its residue drying out.

Findings. A relationship between salt content and common reed biomass buildup was confirmed; moreover, tem-
perature range was determined in the context of which the greatest biomass buildup was observed basing upon the
analysis of higher water plants use to purify high-mineralized turbid water. A scheme of air-lift drainage has been
improved as for the drainage water disposal in the context of mines closed down by means of a wet method; the
scheme makes it possible to control temperature of water being pumped out while varying a depth of water with-
drawal from a mine shaft and helping provide practically year-round bioplateau action.

Originality. For the first time, optimum thermal water conditions (i.e. 12 —22°C) within a biopurification plant at the
territory of a closed-down mine have been determined theoretically and confirmed experimentally; the conditions pro-
vide year-round 32% decrease in total salt content of water as well as 35% decrease in the amount of suspended matters.

Practical implications. The obtained results are applicable to rehabilitate fertile soil layer within the disturbed terri-
tories of facilities of the closed down mining enterprises with simultaneous waste purification from salts and sus-
pended matters.
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1. INTRODUCTION

Land fund allocates considerable territories for the ar-
rangement and operation of mining enterprises. Location
of industrial sites, tailing ponds, and waste piles within
the territories factors into degradation and disturbance of
a fertile layer of the earth’s surface. After enterprise
liquidation, natural reclamation of the disturbed territo-
ries up to their virgin state slows down due to a number
of reasons; deficiency of water and fertile soil for activity
of biota are among them.

According to the Land Code of Ukraine, mine liqui-
dation is followed by the process when industrial sites

should be restored up to the state being suitable for fur-
ther use inclusive of agricultural needs.

Currently, only 104 Donbas coal mines of 227 ones
operate properly; 106 mines are under reorganization. No
more than 17 coal mines of 35 completely flooded ones
operate under water drainage conditions (Denisov &
Averin, 2017).

In addition to its contamination by mechanical and
organic impurities, mine water is characterized by high
salt content. Out of adequate purification, its use for
industries, households, and agriculture is limited; moreo-
ver, it is really dangerous from the viewpoint of conta-
mination of water areas (Dolina, 2000).
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Large-scale flooding of Donbas coal mines results in
the contamination of both underground and surface water
as well as in underflooding of adjacent areas and intensi-
fied soil subsidence; subsequently, it may factor into the
reason when different communication lines, buildings,
and structures are removed from operation.

Annually, Ukrainian coal enterprises throw off more
than 700 million cubic meters of mineralized water into
hydrologic network; to neutralize it, 5- to 12-fold dilution
with natural water is required which results in good-quality
water degradation (Reznikov, L’vov, & Kul’chenko, 2003).

Due to underfinancing of coal mining enterprises of
the region as well as worn-out water-treating facilities,
the major portion of the pumped mine water is thrown
off into water bodies with no treatment; the process re-
sults in their eutrophication and muddying.

After the abandoned mines were liquidated by means
of a wet technique and combined one, water drainage is
required from the flooded mine workings (depth should
not be less than 100 m) to prevent underflooding of a
subsided surface. In this context, the pumped water should
be treated and desalted before its getting to a surface water
body. Currently, desalination of such flows is a technical
problem associated with significant expenditures.

Thus, mitigation of environmental hazard in the pro-
cess of mine enterprise liquidation is connected with the
solution of the two key environmental problems:

—intensive reclamation of the disturbed territories
and their getting back to land fund of Ukraine;

— better quality of the pumped mine water applicable
for its further integrated use by industries and agriculture.

1.1. Analysis of previous research

Practices concerning reclamation of the disturbed ter-
ritories apply agricultural, forestry, sanitary, construc-
tional, landscaping, and hydroeconomic recultivation
techniques. The technique is selected depending upon
climatic zone, zonal biodiversity, economic feasibility,
designated use, and permitted use.

Natural self-recovery of land is proposed as an alter-
native to technical and agricultural recultivation to reha-
bilitate territories of the liquidated industrial enterprises
and preserve valuable flora being typical for the region
(Tropek & Konvicka, 2008; Chuman, 2015). Slow re-
vegetation is among disadvantages of the method. If
fertile soil layer and ample moisture are available, then
self-revegetation period takes 10 to 15 years; if the lands
are arid, then the period is more than 20 years.

To restore biodiversity of the disturbed territories,
forest recultivation, when deciduous trees and conifers
are planted, is applied (Ivakina & Osipov, 2016). Slow
tree growth (average period of a complete landscaping of
a territory is 15 to 25 years), and low survival rate of
many conifer types during rainless periods are the major
disadvantages of the proposed method.

The abovementioned recultivation techniques cannot
solve the problem concerning the improvement of the
discharged mine water. It is required to apply techniques
being intended to the improvement of water pumped from
the abandoned mines.

Mine water contains (Didukh & Aloshkina, 2007):

— suspended matters and mechanical impurities being
mainly composed of fine coal and rock particles;
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— dissolved matters mainly in the form of chlorides
and sulphates of different metals;

— salts of heavy metals being a part of mine water as a
result of rock leaching;

— organic impurities (i.e. petrochemicals, and phenols);

— contaminants (i.e. bacteria).

Chemical composition of mine water depends directly
upon composition and properties of rocks enclosing a
mineral and upon a composition of underground water
getting to a mine working. In terms of pH factor, mine
water is divided into three types: acid water (pH < 6.5),
neutral water (6.5 —8.5), and alkaline water (> 8.5). In
terms of salt content, there may be fresh water (when
solid residue is to 1000 mg/l), salty water (when solid
residue is 1000 to 3000 mg/1), saline water (when solid
residue is 3000 to 10000 mg/l), and salt water (when
solid residue is more than 10000 mg/l). The main share
of mine water in Donbas (almost 85%) belongs to salty
and saline one; average salinity level is 2700 mg/l
(Grebenkin, Kostenko, & Matlak, 2008).

Hence, mine water is a multicomponent thermody-
namical system containing gases, mineral substances and
organic substances in the form of solutions and suspen-
sions (Kostenko, Mnukhin, & Omelchenko, 2013).

Depending upon original physical and chemical com-
position of mine water as well as its further use, mecha-
nical, chemical, physical and chemical, and biological
methods are applied. Ionic exchange, high-temperature
technique, electrodialysis, and reverse osmosis are used
to demineralize water and to desalt it (Gusev, Kaplunov,
& Podsevalov, 2010).

Ionic exchange method helps obtain the purest water;
the system is reliable giving no response to a mineralization
degree of source water and involving minor expenses con-
nected with its equipment. Environmental contamination
with toxic waste chemicals, and high cost of reagents are
basic disadvantages of the technique; moreover, disposal of
waste and filter elements are rather not easy processes.

Water demineralization using electrodialysis is
recommended for the water where salt content is 1500 to
1700 mg/1. in this context, salinity may be reduced down
to 500 — 600 mg/l. Further decrease in salt content
involves increased power costs. Severe requirements for
the quality of water supplied to the electrodialysis
demineralizers are the technique disadvantage. Prelimi-
nary water clarification using coagulation and filtration
should be involved. Moreover, after the electrodialysis,
the water has to be infiltrated by means of sorption coal
canisters to stop possible products of transformation of
organic matters under the effect of electrodialysis.

Water demineralization by means of reverse osmosis
does not involve any chemical reagents while being a
high-degree water treatment technique; however, for the
moment, membrane cartridges are expensive, ineffective,
and easily intoxicated.

In terms of the liquidated mining enterprises, charac-
terized by relatively insignificant sewage water flow,
biological demineralization, a technique using high hy-
drobionts, is acceptable. Low cost, no electricity, and
case of biological structures operation are the method
advantages (Kaplan, 2012).

Such high water plants as water hyacinth, common
reed, cattail, and bulrush are used traditionally for bio-
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logical water treatment (Romanchuck, 2016). They ex-
tract dissolved mineral matters from water solutions
applying them to form proper cellular structures.

However, the technique of water treatment with the
use of hydrobionts can be applied within rather limited
temperature water interval. If water cools down below a
certain level, the vital activities of the hydrobionts slow
down; if the temperature is negative, then their cells ruin
and die. When aquatic medium temperature is higher
than 27°C, hydrobionts also terminate their development
due to the lack of the dissolved oxygen. Under such con-
ditions they are displaced by blue-green algae and other
anaerobic bacteria. In the context of Donbas, a range of
the listed optimum average daily air temperature deter-
mining mainly subsurface water temperature is rather
limited; it takes only about six months which specifies
insufficient duration of waste treatment facilities effi-
ciency. A problem, concerning determination of biologi-
cal water treatment parameters during winter season, is
still topical.

Waste water is treated biologically within so-called
bioplateau (Stol’berg et al., 2007). To support efficient
treatment during winter season when atmospheric air is
negative, it is proposed to increase sewage water level
within a bioplateau system; when ice thickness is 3 cm, it
is required to develop air area between the ice layer and
the sewage water level by means of the sewage disposal
from the bioplateau. Heavy dependence upon the climate
is the technique disadvantage. Moreover, a process of an
ice layer formation needs the bioplateau operation stop-
page since ice crystals cannot be formed within turbulent
movable water mass where temperature is down to —10°C.

To prevent treatment degradation, Norwegian experts
propose to use two-layer (i.e. hay + snow) isolation under
the conditions of frigid climate (Wittgren & Mehlum,
1997). However, due to snow deficit, the technique can-
not be popular in Donbas.

To overcome upper temperature threshold, when wa-
ter is heated higher than 25°C, water is treated biological-
ly with the use of tropic heat-loving fluctuant Eichornia
crassipes. The technique is as follows: at the 23 — 30° air
temperature, 25 — 30° sewage water is supplied to a sys-
tem of distributing and operating channels where water
hyacinth is planted (Garsiya, Drutskaya, Drutskiy, &
Garsiya, 2009). However, the problem is that the tech-
nique is satisfactory only in summer when environment
temperature is 25 to 40°C; if water temperature drops
below 20°C, then water treatment process slows down;
when water temperature is below 10°C, the plants die. In
the context of Donbas, the number of hot days is
10 —25% during a warm season. Moreover, continental
climatic type determines temperature jumps with signifi-
cant amplitude resulting in unstable operation of a bio-
plateau. Autumn-spring water treatment should involve
the water heating factoring into extra material and tech-
nical expenditures.

There is another biological technique of water demi-
neralization lying in its contact with such high aquatic
vegetation as common reed, common bulrush, and nar-
row-leaved cattail in combination with iris cultivated
within special support medium; in this context, treatment
process takes place under a layer of polymeric load
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which density is less than density of water (Zhurba &
Lyubina, 1997). However, the structure filling with po-
lymeric layer load, being filtering element, prevents from
the plant residuals bottom depositing and from the for-
mation of a fertile layer within the industrial site to be the
technique disadvantage. Furthermore, the lack of thermal
protection of the biotreatment facilities will result in
destruction of high aquatic vegetation during winter.

To improve the efficiency of biological treatment of
waste water, bioplateau-filter system with air-lift activa-
tion of water-treatment process has been proposed
(Zakharchenko et al., 2018). However, the technique of
water treatment with the help of phytosystem has follo-
wing disadvantage being the necessity to develop +10 to
+25°C temperature conditions required for its normal
operation. If air temperature is below 10°C, the biopla-
teau-filter system having no external thermal protective
shell will not be able to perform its functions due to
slowing down of vital activities of hydrobionts; if tem-
perature is 0°C and below, the functions cannot be per-
formed due to water freezing within air-lift. If water
temperature is higher than 25°C, treatment efficiency
reduces significantly due to the deficiency of oxygen
dissolved in the water and slowing down of activities of
hydrobionts consequently.

It is proposed to apply geothermal energy for thermal
sewage water stabilization over 10 — 25°C range all year
round while reclamating territories disturbed by open-pit
mining by means of developing a bioplateau within the
worked-out area (Kostenko, Zavialova, & Chepak,
2015). To do that, tubular geothermal heat-exchange unit
is used; the device is the tubes located coaxially within a
well. Inner tube is made of a material with low thermal
conductivity. Water inflow into a heat exchanger, into a
gap between inner tube and outer one is performed at the
expense of hydrodynamic flow pressure; water, heated
up to the massif temperature is supplied through the
cavity of inner tube. Thus, well depth is selected in such
a way to heat the water, moving within the tube space, up
to 10— 15°C. While leaving a heat exchanger, it heats
water in winter or cools it in summer making the deve-
lopment of hydrobionts comfortable.

Flows from the heat exchanger are streamed to bio-
plateau being a labyrinth of channels on which walls and
bottom hydrobionts grow. Suspended matters, contained
within the waste water, deposit at the channel bottom;
however, their bulk is caught by numerous developed
rootstock microvilli passing into a bound state. In this
context, contents of salts and suspended matters decrease.
Fertile layer, i.e. a basis for biota development, is formed
from the caught particles and dying hydrobionts organs.

Depending upon structural parameters of the heat ex-
changer, water supplying to intertubular gap, either gets
hot during cold season or gets cool during warm one;
thus, the water is delivered with constant temperature.

However, the technique cannot involve obligatory
water drainage from the flooded mine workings where
depth is not less than 100 m. Then, it is required to con-
sider possible concurrent processes of soil recultivation
and sewage water treatment. Unability to control temper-
ature of water, delivered from heat exchanger, can also
be considered as the technique disadvantage.
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1.2. Purposes and objectives of the research

Objective of the research is to mitigate the adverse
environmental impact for territories and water resources
in the process of liquidation of mining enterprises.

Following problems should be solved to achieve the
objective:

— substantiation of efficient measures to mitigate ad-
verse environmental impact resulting from closing down
of mining enterprises;

—improvement of a biotechnology for clarification
and demineralization of mine sewage water;

— experimental determination of parameters to use
high water plants for sewage water treatment.

2. METHODS

Water content-biomass growth dynamics of com-
mon reed dependency has been studied while determi-
ning the efficiency of high water plants to treat high-
mineralized water.

The experimental water body is at the territory of
Donetsk Region; its capacity is 50 cubic meters; it is
stocked by hydrobionts, essentially by common reed
representing high water plants. High-mineralized under-
ground water, atmospheric precipitates in the form of
rain, and surface flows feed the water body.

Preliminary photofixation has helped determine that
growth of the reed stems within costal area of the water
body is practically uniform. Thus, twelve reed tillers
were selected randomly; water is the habitat for eight of
the tillers, and remaining four tillers grow at the distance
of up to a meter from the water level. Water temperature,
air temperature, heights of the tillers, and their diameters
were recorded. The samples were measured ones a week
as well as sampling itself; the process lasted during
38 weeks from March 2016 to November 2017.

Water content was estimated under laboratory condi-
tions according to the amount of the suspended matters
and total salt content.

The amount of the suspended matters was determined
when filtration residues of 50 ml sample were dried out
at 105°C to stationary mass by means of a drier with their
following weighing.

Total salt content within the water under analysis was
determined using a weight method when definite volume
(50 ml) of filtered water sample was evaporating into a
preliminary weighted porcelain cup; at 105°C tempera-
ture the residues were dried out to stationary mass by
means of a drier.

3. RESULTS AND DISCUSSION

Results of the research have helped determine that ac-
tive growth phase of common reed was observed from
the 2™ of April till 25" of June (Fig. 1). Tiller diameters
were formed during the first 5 weeks of the observations.
Diameter of aland tillers increased from 0.40 to
0.50 — 0.75 cm. Comparable parameters of water habi-
tating plants varied from 0.5 to 1.0 cm. It is characteristic
feature that aland plants demonstrated faster growth to
compare with those, growing in water; that can be ex-
plained by more intensive soil heating. In the following,
the situation changed when water heated up to 14°C.
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Figure 1. Dynamics of common reed tillers growth in the year
of 2016: 1 — water growing plants; 2 — aland ones

During the observations, common reed tillers grew in-
tensively almost the first 13 weeks. Maximum increment
was typical for the plants, growing in water (i.e. 253 cm
to be average index for eight tillers). In the context of
aland plants, the index was almost 150 cm. Starting from
July, increment of the common reed was not more than
2 —5 cm a week which depended upon high air tempera-
ture, and a period of the plant budding and blossoming.

Increment of a common reed, growing in water, was
1.5 times intensive to compare with the increment of
aland one 2. That can be explained by the fact that addi-
tional roots of a sample one were developed within bot-
tom underbody of tillers. The roots absorb actively dif-
ferent mineral and organic matters, contained in water.

Studies, concerning the rate of a common rate tiller
growth depending upon water temperature, have shown
that maximum rates are observed within 12 — 22°C interval.

If we assume that common reed tissue density re-
mains constant in the period of its growth, then it is un-
derstood that the bulk of its green material was being
formed during the first 16 weeks (Fig. 2).
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Figure 2. Dynamics of a common reed increments:
1T — March; 1V — April; V — May; VI — June; VII —
July; VIII — August; IX — September; X — October;
XI — November; At — monthly mean temperature, °C

Starting from the 17" week, no increment of common
reed was observed. That can be explained by unfavoura-
ble temperature conditions as well as the maturity of the
plants. Thus, the possibility to stimulate the increased
bulk of green material by means of above-water tiller
portion has been considered.
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To do that, experimental samples of a common reed
were cut during the 19" week. After the process, com-
mon reed started its growth during the 24" week only to
be explained by the fact that from the 19™ till 23™ week
average day temperature was 33°C, and water tempera-
ture was 28°C. Starting from the 33™ week, the common
reed terminated its increment since average water tem-
perature in the daytime was within 4°C; at night, the
water body freezed.

Laboratory analysis of water samples has helped
determine that maximum salt content was observed at the
end of March — early April when common reed demon-
strated minimum increment (i.e. 5—10cm a week).
During active phase of the common reed increment
(i.e. May—June) when tiller increment was
35—-40 cm salt content in the water under analysis
decreased by 17% (Fig. 3).
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Figure 3. Dynamics of salt content variations within the water
under analysis

Minimum amount of the suspended matters was ob-
served during initial stage of the experiment when the
water body contained melt water remained after winter.
Starting from observation week two, abrupt jump of the
index took place explained first of all by the prolonged
spring rains. As a rule, if precipitation is abundant,
ample quantity of suspended matters get into water
from land. If there is no abundant precipitation during
active phase of a common reed increment (i.e. May —
June), amount of the suspended matters decreases by
35% (Fig. 4).
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Figure 4. Dynamics of changes in the amount of the suspen-
ded matters within the water under analysis

Data of a full-scale two-year experiment have
demonstrated that the development of hydrobionts within
a bioplateau and its bank slopes resulted in almost 30%
decrease of total salt content during eight-month observa-
tions. Suspended matters ware caught during intensive
period of a common reed growth.

To solve the specific problem of intensive restoration
of disturbed land within industrial sites of the liquidated
mines with synchronous treatment of sewage water, the
authors propose to improve the method of their biologi-
cal treatment within a bioplateau and with thermal stabi-
lization by means of geothermal energy (Kostenko, Zavi-
alova, & Chepak, 2015).

In this context, flooded hoisting shaft is a heat exchan-
ger; shift support functions as an external tube; and a pipe-
line of air-lift water drainage is an internal tube (Fig. 5).
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Figure 5. Procedure (a) of liquidated mines sewage water
treatment and its view (b) in a scheme: 1— flooded
mine workings; 2 — hoisting shaft; 3 — a shaft for
pressurized air supply; 4 — stopping; 5 — compres-
sor; 6 — pithead building; 7 — flight of air lifts;
8 — bioplateau to house hydrobionts; 9 — borehole
geothermal heat exchangers; 10 — water body

During cold season, warm water is pumped from the
flooded level. If the weather is hot, then relatively cold
water (i.e. 10 —12°C) is pumped from the depth of al-
most 100 m as it is prescribed by normative documents.

To control temperature conditions of sewage, certain
regularity of rock mass temperature distribution while
deepening has been applied. In the context of Donbas, at
the depths of 5 m and more, soil temperature is of express-
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ly positive values within 4 — 12°C. Further deepening per
each 33 m, temperature experiences one degree increase.
Hence, at 100 — 150 m depths, rock mass temperature is
almost 15 — 20°C; at 920 — 950 m depths it is up to 45°C.

Thus, at the expense of water, heated up certain temper-
ature, it is possible to provide more prolonged period of
activities of hydrobionts within a bioplateau; for a full year
theoretically. That can guarantee more efficient treatment
of sewages of mining enterprises. Moreover, formation of a
fertile layer within mining allotments and industrial sites of
liquidated mines takes less time owing to accumulation of
plant residues within territories inha-bited by hydrobionts.

The research results may be taken as a basis to deve-
lop parameters of a technique for the disturbed territories
reclamation with synchronous clarification and demine-
ralization of sewage water to be implemented in the con-
text of mines under liquidation as well as mines opera-
ting in water-drainage mode.

The technique of year-round mine water sewage may be
used as the initial stage of water preparation for hydrolyzed
treatment in the process of high grade water production.

4. CONCLUSIONS

1. Decreased environmental harm in the process of
biological diversity restoration within industrial sites of
the liquidated mines involves intensive formation of a
fertile layer instead of them with synchronous treatment
of mine water, pumped from the depth being no less than
100 m. That makes it possible to reduce significantly
recultivation terms of industrial sites of the liquidated
mines and their return to land use.

2. Biotechnology with the use of hydrobionts, inha-
biting bioplateau, is the most advantageous to treat mine
sewages with synchronous formation of a fertile layer. A
scheme of air-lift water drainage has been improved as
for the mines which were liquidated with the use of a wet
method. The scheme makes it possible to control tempe-
rature of water, being pumped out from a hoisting shaft,
varying depth of its draw. Thus, a bioplateau can operate
almost every day of the year.

3. The studies, concerning the efficiency of high wa-
ter plants to be used for high-mineralized turbid water
treatment, have confirmed the relationship between salt
content and common reed biomass buildup. Prevailing
increment rates are observed in the range of 12 —22°C
temperatures. Thus, that provides a basis for the follow-
ing: such water temperatures will help achieve efficient
biomass increment and, consequently, favour intensive
formation of a fertile layer.

If temperature mode is favourable, then 32% decrease in
salt content and 35% decrease in suspended matters are
guaranteed in an ordinary water body where common reed
grows. The proposed method can be applied as a basic tech-
nique for mine sewage treatment as well as a preliminary one.
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SHNKXEHHS HECITPUAT/IUBUX EKOJIOT'TYHUX HACJIIAKIB
JIKBIJAIUII ITPHUYOAOBYBHUX HIATNIPUEMCTB

B. Koctenko, O. 3aB’snoBa, O. Uenak, B. ITokamok

MeTa. 3HIDKEHHS HECTIPUATIMBUX €KOJIOTTYHUX HACHIAKIB IS TEpUTOPIi Ta rixpopecypciB mpw JiKBiganii ripHUYo-
JOOYBHUX IiJIIPUEMCTB.

Metoanka. ExcriepuMeHTalbHI Ta JTa0OpaTOPHI JOCIIKCHHS B3a€MO3B’SI3Ky MK COJICBMICTOM 1 KUIBKICTIO IMPH-
pocty 6ioMacu odepety 3BuuaiiHoro. Jist mocmimkers o0pano 12 BIAPOCTKIB ouepeTy 31 cTaBka y JloHeubKiii odac-
Ti 06’ emMom 50 M3, 3 sKMX 8 — pocTyTh y BoAi, a 4 — Ha BifcTani 10 1 MeTpa Bix ypisy Boau. PeectpyBanacs Temnepa-
Typa BOJHM 1 IOBITPs, JOBXHHA CTEOEN OUEpeTy, a TAKOX X AiaMerp mpoTsaroM 38 TKHIB (Oepe3eHb — JINCTOomaN).
KinpKicTh 3Ba’kKeHHUX PEYOBHMH BH3HAYANIACs BHCYIIYBAaHHSM B CYNIIUIbHIN madi 3anmKy Ha QiabTpi micis QimbTpy-
BaHHA poOu 50 MJI i HACTYITHUM 3BaKyBaHHSM, a 3arallbHU COJIEBMICT Y AOCIIKYBaHIN BOJIi BU3HAYaBCS BarOBUM
METOJIOM — IIISXOM BHITapioBaHHA 50 M 06’ eMy mpodinbTpoBaHOi MPoOU BOIH 3 MOMEPEIHBO 3BAKEHOI EMHOCTI Ta
BUCYIIyBaHHS 3aJIUIIKY.

PesyabTaTn. ITinTBepKEHO B3a€MO3B’SI30K MiX COJIEBMICTOM 1 KITBKICTIO IPUPOCTY GiOMacu odepery 3BHYANHO-
r0, a TAKOX BCTAHOBIIEHO TEMIIEPATypHUIl Aiana3oH, IPH SKOMY CIIOCTepiraBcs HaHOUIBIININ pupicT 6iomacu Ha mifc-
TaBl JOCIiKeHHsS! e(DeKTHBHOCTI 3aCTOCYBaHHS BHIIMX BOJHHMX POCIIUH JJISl OUHUIEHHS BUCOKOMIHEPaIi30BaHUX MYT-
HUX BOJI. YJIOCKOHAJIEHO, CTOCOBHO JI0 JIPEHa)KHOTO BOZOBI/IBEACHHS JIIKBIZOBAaHUX “MOKPHM’ CIHOCOOOM IIaXT, CXeMa
epiiTHOro BOMOBIUIMBY, LIO JO3BOJISAE PETYJIOBATH TEMIIEPATypy BOJ, LIO BIIKAYYHOTHCS, 3MIHIOIOYHM TITHOUHY TX
BiZIOOpY 3 MIAXTHOTO CTOBOYPA, 110 T03BOJISIE 3a0€3MEYUTH MPAKTHYHO LUIOPiYHy poboTy Oiomaro.

HayxoBa HOBH3HA. Briepiie TeopeTHYHO BCTAHOBJIEHO Ta €KCIIEPUMEHTAIBHO IIJATBEPPKEHO ONTHMAILHUNA TeM-
TepaTypHUA PeXXUM BOAM B 0i004HMCHOMY criopymkeHHI 12 —22°C, npu sikoMy 3a0e3redyeThes LUIOpiuyHe 3HMKEHHS
3arajJbHOTO coseBMicTy Boau Ha 32%, a KUIbKICTh 3aBHCINX PEYOBHH — Ha 35%.

MpakTuyna 3HayuMicTh. OTpUMaHi Pe3yNbTaTH MOXYTH 3aCTOCOBYBATHCS ISl BiTHOBICHHS DPOMIOYOTO INApy
TPYHTY Ha TOPYIIEHUX TEPUTOPISAX MPOMUICIOBAX MaWIAHUYHKIB JIKBiJOBAaHUX TipHIYOJO0YBHUX ITiIIPHUEMCTB, 3 OJHO-
YaCHUM OYMIIEHHSM CTOKIB BiJ] COJIEH 1 3aBUCINX PEIOBHH.

Knrouoei cnosa: pexynomusayis, 6Oionociune pisHomaHimms, Oionnamo, poowuuti wap, uwyi 800HI POCIUHU,
JiKk8i0osana waxma

CHUXEHUE HEBJIATOITPUSITHBIX 3KOJIOT'MYECKUX MMOCJIEACTBUI
JIMKBUJALIAU T'OPHOAOBBIBAIOIIAX MPENPUSTHIA

B. Koctenko, E. 3aBpsanoBa, O. Uenak, B. ITokamrok

Heanb. CHKeHne HEOIArONPHUATHBIX YKOJOTMYECKUX MOCIEACTBUN Uil TEPPUTOPHU U THIPOPECYPCOB IIPU JIMKBH-
Jallu¥i TOPHO00BIBAIOLINX PEATIPUSTHH.

MeTtoauka. [IpoBe/ieHbl SKCIIEpUMEHTANILHBIE U J1A00PaTOPHBIE HCCIIENOBaHMS B3aUMOCBS3H MEXKIY COJIECO/IepkKa-
HUEM U KOJIMYECTBOM IPHPOCTAa OMOMACCHl TPOCTHHKA OOBIKHOBEHHOTO. J{J1s McciieoBanuii BEIOpaHb! 12 OTPOCTKOB
TpoCTHUKA U3 npyaa B JloHenkoi obnactu obbemom 50 M>, U3 KOTOPBIX 8 — PacTyT B BOJE, a 4 — Ha PACCTOSHUU JIO
1 MmeTpa oT ypesa Bozbl. PerucrpupoBanace TemrepaTypa BOAbI M BO3AyXa, IJIMHA cTeOJIei KaMblila, a TaKkKe UX Jha-
METp Ha MPOTsDKeHnH 38 Henenb (MapT — HOsIOpb). KosmuecTBO B3BEIIEHHBIX BELIECTB ONPEAEIIIOCH BHICYIIMBAHUEM B
CYIIIITFHOM ImKady ocTaTka Ha (HIBTpe Hocie GUIbTpoBaHUA MpoOsl 50 MII M IMOCTIEIYIOINM B3BEIIMBAaHUEM, a 00-
iee COJECOoepKaHne B MCCIEAYEMOH BOJE OMPEAENAIOCh BECOBBIM METOJOM — ITyTeM BbimapuBanus 50 Mi oObema
MIPOQUIABTPOBAHHOM NTPOOBI BOJBI U BHICYIIMBAHUS OCTATKa.

PesyabTatsl. [loaTBepx/cHa B3aUMOCBSI3b MEXKLY COJIECOAEPKAHUEM M KOJIMYIECTBOM IMPUPOCTa OMOMACChl TPOCT-
HHMKa OOBIKHOBEHHOT'O, @ TAK)KE YCTaHOBJIEH TeMIIEpaTypHbIil Anara3oH, NpyU KOTOPOM HaOIroqacs HauOOIbIIMK MpHU-
pocT OGMOMacchl Ha OCHOBaHMH HCCIEN0BaHUS 3((GEKTUBHOCTH IPUMEHEHUsI BBICIIMX BOJHBIX PACTEHUI ISl OUUCTKU
BBICOKOMHMHEPAJIM30BAHHBIX MYTHBIX BOZ. Y COBEPILECHCTBOBAHA, IPUMEHHUTEILHO K JPEHAKHOMY BOZOOTBEJICHHUIO JIMK-
BUAMPOBAHHBIX “MOKPBIM™ CIIOCOOOM HIAXT, CXEMa 3PJIU(THOrO BOAOOTIIMBA, O3BOJISIONIAs PETYIMPOBATh TEMIIEpary-
Py OTKauMBaeMOH BOABI M3MEHss MIyOHHY ee 0TOOpa M3 LIAXTHOTO CTBOJIA, YTO ITO3BOJISIET OOECIIEUNTh MPAaKTHUECKH
KPYTJIOrO/IMYHYI0 paboTy Guoriaro.

Hayuynas HoBM3Ha. BriepBble TEOPETHYECKH yCTAHOBJIEH W SKCIEPHUMEHTAIBHO HMOATBEPKICH ONTHMAIIbHBIA TEM-
TepaTypHBIN pexuM Boabl 12 — 22°C B OHOOYHCTHIH CIOPYAi HA TEPPUTOPUH JTUKBUAUPOBAHHON IIAXTHI, IPH KOTOPOM
obecrieunBaeTcsi KPYIJIOTOIUYHOE CHIKEHHE OOMIero coiiecoiepikaHus BOIbl Ha 32%, a KOJNHYECTBO B3BEIICHHBIX
BerecTs — Ha 35%.

IIpakTHYyeckas 3HAYUMOCTb. [loydeHHbIE pe3yIbTaThl MOTYT IPUMEHSTHCS U1 BOCCTAHOBIICHUS! INIOJOPOIHOTO
CJIOSI TIOYBBI HA HAPYIICHHBIX TEPPUTOPHAX MPOMBIIIIEHHBIX IUIOMAJ0K JMKBUIUPOBAHHBIX TOPHOMXOOBIBAIOINX MIPE-
IPUSTHHA, C OJHOBPEMEHHOM OYUCTKOM CTOKOB OT COJIEH U B3BELLEHHBIX BEIIECTB.

Knrouesvie cnosa: pexynomusayus, buonocuueckoe pasHooopasue, OUONIAmMo, niodopoonblil ClOU, GbLCUUUE BOOHbLE
pacmenus, TUKEUOUPOBAHHAS WAXMa

111



V. Kostenko, O. Zavialova, O. Chepak, V. Pokalyuk. (2018). Mining of Mineral Deposits, 12(3), 105-112

ARTICLE INFO

Received: 13 March 2018
Accepted: 10 September 2018
Available online: 26 September 2018

ABOUT AUTHORS

Viktor Kostenko, Doctor of Technical Sciences, Head of the Department of Environmental Activities, Donetsk National
Technical University, 2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: vk.kostenko@gmail.com

Olena Zavialova, Candidate of Technical Scienceis, Associate Professor of the Department of Environmental Activities,
Donetsk National Technical University, 2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: elenazavialova@rambler.ru

Olha Chepak, PhD Student of the Department of Environmental Activities, Donetsk National Technical University,
2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: olha.chepak@donntu.edu.ua

Victor Pokalyuk, Candidate of Pedagogical Sciences, Head of the Department of Fire Tactics and Rescue Operations,
National University of Civil Defence of Ukraine, 94 Chernyshevska St, 61023, Kharkiv, Ukraine. E-mail: vpokaluk@ukr.net

112



