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ASSESSMENT OF THE ECOLOGICAL
EFFICIENCY OF THE OPEN DEVELOPMENT
OF NON-METALLIC DEPOSITS OF USEFUL
MINERALS

O6’ckmom docnidvcenns € exonozivna beanexa Gyuxyionyeanus ipnuuux nionpuemcms. Qonum 3 nabiivu
NPOOIEMHUX MICUb € 3HAUNT GIOMIHHOCTI 2iPHUYO0 -2€0L02IUHUX YMOB MA 2COMEMPUUHUX NAPAMETPIE Kap €pis, mun
Ma MeXHIUNULL CMaN 2ipHud0 -mpancnopmuozo 00Ia0HAHN, WO 3ACMOCOBYEMbCS HA IPHUYUX NIONPUEMCTNEAX,
a maxoxc nompeba 0opodKU 3aNacié 6 YMoBaAX SMEHULCHOT CANIMAPHO-3aXUCHOT 301U, MiNu NPouedypu ouinKu
BNAUBY HA O0BKINLSL NAAHOBANOT OIANGHOCI ZIPHUMUMU NIONPUEMCTNEAMU NOBUNIT nepedbauamu Po3pooKy ma
6nposadicenis 000AMKOBUX MEXHOJIOZIUHUX DIUeHb, W0 CIPUSTIUMYMb 3MEHULEHIIO 3a0PYOHeHIs NPUNCLIUX
mepumopiil. Tomy eunuxae 1eodxionicmo 6 po3podui yrigikosanux niodxodie, GUKOPUCTIANNHS AKUX O036OIUMD
ananizyeamu mexmoL02iuii nPouect ZiPHUMUX NiIONPUEMCTIE MA GUABLIMU OLIbUL 1Hebe3neuii 3 eKo102iuHol MmouKu
30pY, HA AKUX YMEOPIOEMbCSL 3HAUMT 00CsA2U BUKUOIE 3A0PYOHIOIOUUX PEUOBUL.

B x00i docnidvcenns npoanarizosano mpu munogi mexnoioziuni cxemu po3podku pooosuuy ckeavnux Oyodi-
BEALHUX MAMEPIANis, W0 GI0PI3HAIOMbCL NPOOYKMUBHICTNIO GUPOOHUUMEA Ma 00Cs2amu BUKUOIE 3a0PY0HI0I0UUX
peuosun na npuiezii mepumopii. Bcmanoeaeno, wo uKopucmaniis Cmpiukosux Komeeepie 0036056 3MEHUUMIU
30MY BNAUGY NIONPUEMCTNEA HA EKOLOZIUHULL CMAN NPULCZAUX MEPUMOPIL Ma MIHIMISYEAMU eKOL02IUHI PUSUKU
QYHKUIONY AN ZIPHUYUX NIONPUEMCNS.

Jns qokanizayii euxudie 3a06pyonIOUUX PEHosUl HA MePUmopii 2ipnuyuozo nionpuemcmsea o0rpyYHMoBaHo
cxXeMu Posmityenns MoOLIbHUX 1 Nepecysnux OpodULbLHO-COPMYBANLHUX YCMAHOBOK 6 Kap'epi 6esnocepednvo
y 6ubosx abo na pobouux niowaoxkax. Ile 00360umv smerwumu pieni 3a0pyonenns HagKOIUUIBLO20 CePedosullld
ma nideuuumu KoMPOPMHICIG NPONCUBANHS HACCICHILS HA MePUMOPIL 2IPHUYONPOMUCTIOBUX Pe2ioNis.

3aedsxu 3acmocysannio cyuacnux memodis dociioxceniis, memoodie Kapmozpapiunozo mooeniosanns i nay-
K06020 MPO2HO3YEANHI MA GUKOPUCTNANHS KOMNIOMEPHUX NPOZPAM DPO3POONEHO ONMUMALLHI eK0L0200e3neull
mexnonozii po3pobxu podosuwy. Ix 3acmocosysanns 003601UmMb ameHwuUmU 06¢A2uU BUKUIE 3a6PYOHIOIUUX PEUOBUH
3a MeJcl canimapno-3axuchoi 301U ma NOKPAwUmMy exoiozivnuil imioxc 2ipnuuozo nionpuemcmsa. Taxi nioxoou
CIPUATRUMY TS 80ALOMY NPOXOONCEHIIO eKOL0ZIUN020 AYOUTNY 2IPHUNUX NIONPUEMCTNG, OMPUMANHIO MINCHAPOOHUX

Simonenko V.,
Pavlychenko A.,
Cherniaiev 0.

CKOLO2IUHUX CEPMUPIKAMIE Ma 0CBOEHHIO HOBUX PUHKIE 36ymYy NpoOyKuii.
Kmouosi cnosa: podosuiya nepyonux meepoux KopucHUX KONaiui, exoi0ziuna 6esnexa 2ipHuuux nionpuemcms,
KOHBEEPHULL MPAHCNOPM, OPOOULLHO-COPMYBATLHUL KOMNIEKC.

1. Introduction

In Ukraine, more than 40 % of non-metallic solid mineral
deposits are located near populated areas, industrial and
public facilities, along the borders of territories of natural-
cultural reserves and other public facilities [1, 2]. About
3,000 deposits of such mineral raw materials as limestone,
dolomite, granite, migmatite, gneiss, amphibolite, syenite,
sandstone and others have been registered for the current
period. Therefore, there is a need for their development, now
and in the future, even when located within the regulatory
sanitary protection zone (SPZ). These minerals are deve-
loped using drilling and blasting grinding of rocks [3, 4].
Therefore, the SPZ size is set at more than 1000 m [5].
Most of the natural mineral raw materials used for the
production of building materials, chemical raw materials,
and agricultural fertilizers are mined and processed under
conditions of a reduced SPZ [6-8]. Under these conditions,
mining enterprises put forward requirements to reduce the
degree of pollution of air, water, soil and other environ-
mental components to the level of maximum permissible
concentrations (MPC), i. e. safe for public health [9-11].

The main technical and technological measures to re-
duce the harmful impact of the production processes of
mining enterprises on the environment are defined as fol-
lows [5, 10, 11]:

— creation of explosive crushing of rocks ecologically

safe using emulsion explosives, which form water vapor

as a result of chemical transformation in the process
of blasting rocks. As well as the initiation of charges
of a special design with the help of safe seismic and
percussion actions to the systems «Impulse» (Shostka
state plant «Impulse», Ukraine), «Nonel» (Nitro Nobel,

Sweden) and others;

— performance of excavation and loading operations in

the bottoms of quarries with the previous irrigation of

the rock mass with water solutions for sawmilling and
similar irrigation of the transport routes of the quarry;

— carriage of rocks by wheel transport, which is equipped

with reliable devices for capturing and neutralizing ex-

haust gases from burning diesel fuel over short distances
or electrified types of transport (belt conveyors);

— processing of rocks into finished products on mobile

and portative crushing and screening plants (MCSP,
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PCSP), which are placed in a quarry directly in slaugh-
terhouses or at work sites. This allows to localize harmful
dust-gas emissions into the atmosphere in the territory
of the open space;
— storage of mining waste (opening rocks, processing
waste — screenings) in internal dumps (depleted space);
— full development of all balance and off-balance re-
serves of non-metallic mineral raw materials to the
economically and environmentally sound depth within
the existing boundaries of the career field;
— reclamation of disturbed lands in agricultural and
forestry directions, their recreation and revitalization.
One of the newest and little-studied among the above
activities in the extraction and processing of non-metallic
mineral raw materials should be the introduction and imple-
mentation of technology using MCSP, PCSP. At the present
stage of the development of this technology, MCSP, PCSP
complexes are placed in a quarry at temporarily non-working
sites or at the bottom of the hole. The finished products
from them are delivered by dump trucks to the cumulative
surface transfer structure of the open quarry (TOQ). At this
TOQ, dispatch of finished product fractions to main types
of transport (railway trains, heavy vehicles) for delivery to
consumers is carried out. An example would be the quarries
for the limestone extraction, developing in Tiaginka (Kherson
region) and Ternopil deposits. However, it is known from
literary sources [5, 10] that finished or partially processed
products from the site with MCSP, PCSP can be discharged
with an environmentally safe belt conveyor to the surface
of the quarry where the main transport vehicles are loaded.
Similar technological schemes are developed for powerful ore
open-cast quarries on which they are successfully applied.
For the conditions of the development of solid non-
metallic minerals, which differ in the capacity of quarries
and the type of mining transport equipment, the techno-
logical solutions have not been investigated. In addition,
the vast majority of mining enterprises operate at small
distances from settlements and their activities lead to
a deterioration of the ecological status of mining regions.
Considering that the expediency of using MCSP, PCSP
in the quarries under study was proved in [5, 10], an urgent
task is substantiation of the environmentally friendly tech-
nological schemes for delivering finished products from the
quarry and their delivering to the main transport vehicles.
That is why the environmental justification of technological
schemes for the development of mineral resources that are
optimal for enterprises and the environment is relevant.

2. The ohject of research
and its technological audit

The object of research is the environmental safety of
the functioning of mining enterprises. The hazard level
of mining depends on the resource-intensive technolo-
gies, they are used on them, as well as the effectiveness
of used environmental protection measures. Extraction of
minerals is accompanied by a complex negative impact
on the components of the environment — formation of
significant volumes of waste, pollution of atmospheric air,
water bodies, as well as soil.

One of the most problematic places there are significant
differences in the mining and geological conditions and
geometrical parameters of the quarries, the type and techni-
cal condition of the mining and transportation equipment

used in mining enterprises, as well as the need to refine
reserves in a reduced SPZs. Changes in the procedure for
assessing the environmental impact of a planned activity
by mining enterprises should include the development and
implementation of additional technological solutions that
will help reduce pollution in the adjacent territories. There-
fore, there is a need to develop standardized approaches,
the use of which will allow analyzing the technological
processes of mining enterprises and be more dangerous
from an environmental point of view, where significant
amounts of pollutant emissions are generated. This will
make it possible to substantiate the technological schemes
for the extraction and transportation of rock mass and
minerals with minimal formation of pollutants and, ac-
cordingly, will contribute to improving the environmental
image of the mining enterprise.

3. The aim and ohjectives of research

The aim of research is substantiation of the environ-
mentally friendly technological schemes for the delivery,
transfer, accumulation and dispatching of finished products
to the main transport means when developing nonmetallic
mineral deposits using MCSP, PCSP.

To achieve the goal, the following tasks were set:

1. To determine the features of the use of MCSP, PCSP
on typical non-metallic quarries by environmental indicators.

2. To substantiate typical technological schemes for the
development of deposits of rocky building materials, the use
of which with minimal costs will ensure high production
efficiency and reduce pollution of the adjacent territories.

4. Research of existing solutions
of the prohlem

The long-term operation of mining enterprises in Ukraine
is accompanied by the formation of multi-factor impacts
on environmental components and the emergence of envi-
ronmental risks at various stages of open quarry mining.

The authors of [12, 13] investigate the features of con-
trolling the processes of grinding rocks by choosing the
parameters of the well design and their recharging. The
optimal parameters of blasting operations are determined,
allowing to determine economically grounded technological
schemes for the transportation of minerals to the earth’s
surface. The work does not take into account the environ-
mental features of the application of the proposed mining
and transportation system.

According to the authors of work [14], the most ef-
fective development of mineral resources can be provided
with draglines. But this approach has no technical and
economic prospects for use in open quarries for the ex-
traction of non-metallic mineral raw materials.

The work [15] describes the features of creating a system
of environmental and economic management of technological
processes for the restoration of areas damaged by quarries.
The solutions proposed by the authors require significant
changes in technological equipment and financial costs.

In [16, 17], technological schemes for transporting rock
mass using conveyors are justified, but the proposed solutions
are very difficult to implement on working boards of quarries.

In the studies of the authors of work [18], the crite-
ria for a comprehensive assessment of the environmental
hazard of industrial enterprises are considered during the
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environmental impact assessment procedure. The proposed
approaches need to be adapted to the new requirements
of the legislation in the field of the environmental impact
assessment procedure of the proposed activity.

In [19, 20], methodological approaches to the integrated
assessment of the environmental safety of natural and man-
made complexes are considered. The developed approaches
require consideration of the scale and consequences of
the negative impact of mining enterprises
on the ecological status of mining regions.

The authors of [21] substantiate the ex-
pediency of using information and analytical
systems to predict the environmental risks
of the operation of industrial facilities. The
proposed solutions require consideration of
the features of mining and transportation
systems and technological schemes for the
development of fields, including environ-
mental criteria.

Most of the reviewed papers allow to

mining of rocks with large excavation layers. Complexes
of MCSP, PCSP are placed on concentration horizons,
as a rule, on the lower of the 2-3rd species, in a steep
layer, a mining ledge. MCSP, PCSP are positioned so
that the distance of transportation of the rock mass from
the face of this ledge by a wheel loader is minimal, or
at the face when excavating rocks from the face by an
excavator (Fig. 1).
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ging the environmental safety of technologi-

cal processes in the development of mineral
deposits. But it is necessary to take into
account that in order to develop optimal
ecologically safe technologies for the deli-
very of overload, accumulation and shipment
of finished products, it is necessary to take
into account the conditions of the quarry
location, availability of financial resources,
as well as changes in environmental legis-
lation.

Thus, the results of the analysis allow to conclude
that in order to reduce the impact of mining enterprises
on the environment, it is necessary to substantiate the
requirements for technological schemes for the develop-
ment of mineral resources taking into account environ-
mental criteria.

5. Methods of research

When performing research the following methods
are used:

— analytical — to assess effective options and solutions,

determine the level of a rational mining and transport

system,

— statistical — to summarize and predict the volume

of excavation of rocks in systematic non-metallic de-

posits;

— graphic-analytical — for the design of the studied

and recommended technological schemes;

— technical and environmental analysis and forecasting

in the justification of appropriate technological and

organizational solutions.

The use of modern research methods, methods of car-
tographic modeling and scientific forecasting, as well as
statistical data processing using computer programs, allows
to develop optimal ecologically safe field development
technologies.

6. Research results

Studies [5, 10] prove the feasibility of the phased de-
velopment of non-metallic solid mineral deposits with the
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Fig. 1. Technological scheme of the quarry with the transportation of finished products from
mobile and portative crushing and screening plants (MCSE, PCSP) by the dump trucks:

1 — excavator for opening works; 2 — wheel loader for mining; 3 — erosion of the mineral
after its grinding by an explosion; 4 — mining excavator; 5 — MCSE (PCSP) at the working site
of the mining ledge; 6 — loader of finished products in dump trucks; 7 — dump truck;

8 — direction of the flow of mineral extracted on the upper ledge; 9 — marginal contour

of the career field; 10 — surface fractional compositions (pile)

Mineral from the top of other ledges is delivered to
MCSP, PCSP through rock descents on the slopes of ho-
rizons and through transport berms and crossing tracks.

After processing on MCSP, PCSP, finished products are
fractionally accumulated in conical piles near the installa-
tion at the ledge site. From these piles, product fractions
are shipped for further transportation to the surface. The
following technological schemes are considered:

Scheme A — fractions on MCSP (PCSP) are loaded
into mining dump trucks by wheel loader. Dump trucks
deliver crushed stone and sand fraction to the TOQ surface
of the pile type with conveyors in the gallery, to which
the products are supplied with a vibration mechanism:
vibratory feeders with active side platforms. Production of
the specified conveyor is loaded into the means of main
transport (the current technological scheme).

Scheme B — on the lateral non-working board of the
quarry (in semi-trench or on pylons) lifting conveyor is
installed (Fig. 2).

The lifting conveyor is connected to the discharge
pile conveyor of intra-quarry TOQ. TOQ pile is divided
by sections for the accumulation of finished product frac-
tions, each section is equipped with a vibrating feeder for
output to the discharge conveyor. Dispatched products are
supplied to the surface by means of trunk transport by
a lifting conveyor. To the TOQ, the fractions are deli-
vered by dump trucks, which are loaded onto the MCSP
by wheel loaders.

Scheme C — MCSP, PCSP installed at the bottom of
the concentration horizon. In the immediate vicinity of the
place of the bunker mobile section connected to a mobile
conveyor loader (MCL). MCL has the ability to transfer
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the finished product fraction to the upper platform of
the ledge from the bottom, as well as to the bottomhole
conveyor or to another MCL. The belt conveyor system
in the working area of the quarry delivers finished prod-
ucts to the side TOQ, similar to the structural layout,
as in scheme B. From TOQ, finished product fractions
are delivered with a under-pile conveyor to the elevating
conveyor (Fig. 2), which is directly involved in loading
the main types of transport on a surface. According to
the results of the study [10] in the working area of non-
metallic quarries, it is advisable to use several MCLs to
transfer finished products from MCSP, PCSP to the side
TOQ. The MCL bunker mobile section, which is located
at the MCSP, PCSP loaded by wheel loaders. Supply of
finished products from conical piles

(acceptable) conveyor transport. Carrying out all the pro-
duction processes in the career space in compliance with
the above technical and technological measures to reduce
their harmful effects, it is possible to minimize it as much
as possible.

There is no doubt that the main criterion for the
selection of the technological schemes under consideration
when applying them on the presented non-metallic quarries
should be an environmental criterion. Such criterion can
be the concentration of the main pollutants (according
to [10]) in the atmosphere within the reduced to 300—-400 m
SPZ from the quarry boundaries. Also important is the
level of noise from the production processes within the
specified limits (Table 1).

of MCSP, PCSP to the side TOQ
is carried out fractionally. 6.7

The studied technological sche- 3
mes B and C are equipped with side i) N 10 8 2
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loaded (formed) by wheel loaders i » 8 — —
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level of the spine of the pile (Fig. 3). 5| E TS N
When implementing Scheme C, simi- [ i i 1 Kombimlaimim pimtrmia
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working side, leaving for this a sui- e D Ll o o Lty ) TN

table site — the site, hence some
volumes of minerals under this site
are preserved. After the formation of
the internal dump of overburden and
other waste in the developed space
of the first-stage open quarry, the
said TOQ site is equipped on this
dump. At the same time, the lifting
conveyor is transferred to the slope

9

Fig. 2. Technological scheme of a quarry using a mobile crushing and screening plant
in a quarry and an intra-quarry warehouse of finished products: 1 — near-edge dump of opening rocks,
2 — temporary man-made deposit of associated minerals; 3 — internal semi-trench-pylons; 4 — conveyor lift;
5 — platform for receiving TOQ finished products; 6, 7 — loading bunker to the railway transport;
8 — mobile crushing and screening plant (MCSP); 9 — direction of movement of overburden and waste
in the developed space; 10 — direction of movement of finished products from MCSP to the TOD site;
11 - direction of delivery of the mineral from the faces to the MCSP
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of the internal blade, where its route
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is pre-formed according to the re-
commendations [10]. Upon comple-
tion of these works, it is possible to
work out the preserved reserves of
raw materials under the semi-trench
of lifting conveyor and the TOQ
platform under the side board.
Thus, in schemes B and C, all the
processes of mining, processing and
dispatching of finished products, as
well as the transportation of rocks
and products are carried out within
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the quarry field. The only exception

is the process of loading fractions
of finished products in the means
of main transport. In scheme A, the
accumulation of the finished product
and its overload on the TOQ is also
carried out on the daily surface. At
the same time, in schemes B and C,
the majority of transportation is car-
ried out by environmentally friendly

MCSP

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig. 3. Technological scheme of the quarry with conveyor delivery of finished products from the mobile
crushing and screening plant to the surface warehouse: 1 — drilling rig; 2 — excavator on the aperture;
3 — dump truck for transportation of opening rocks; 4 — excavator for mining; 5 — dump truck for
transportation of minerals; 6 — a bulldozer on the formed tailings; 7 — mobile crushing
and screening plant; 8 — intra-quarry path of mobile conveyor loaders; 9 — TO0; 10 — inclined (lifting)
conveyor; 11 — surface horizontal conveyor; 12 — surface finished goods warehouse (SFGW) for

dispatching to the main transport
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Pile-type TOQ indicators

Table 1  dition, the use of an integrated
approach due to the need to

establish environmental, tech-

No. Indicators Indicators for considered schemes nological and economic criteria
Scheme A | Scheme B Scheme C that determine the direction of
1 | Capacity of TOQ pile sections, m® 6000 3900 3900 further use of mining areas.
2 | Length of TOD pile at the bottom, m 44 28 28
3 | The number of vibratory feeders in the TOD gallery, units 6 3] 6 7. SWOT analysis
4 | The power of the drive electric motors on the TOQ, kW 148 55 55 of research resulis
5 | Unit costs of resources for the TOQ:
— electricity, kW h/m®: 0.45 0.18 0.18 Strengths. The proposed ap-
— diesel fuel/fuels and lubricants, kg/m® 0.57/0.03 | 0.21/0.012 | 0.21/0.012 proach allows to assess various
B | Project depth of the quarry, m 130 130 130 schemes of mining and trans-
7 | Depth location of the conveyor in the quarry, m - 80 80 por!:atlon of ({_OCk mafls to tlhe
8 | Mineral productivity, thousand m®/year 1350 Surface, according to t e results
- of the impact of a certain tech-
9 | Length of conveyor lines, m 72 450 610 . .
. nological process on the environ-
10 | Path length of rocks and fractions, km: ment. Reasonable technological
— dump trucks/wheel loaders 1.33/406 0.1 —-/0.1
TH — schemes can solve the problem
uantity, units: . . .

— dump trucks (40 tons)/wheel loaders (8 m?) 4/2.5 3/3 /3 of re.dL}cmg the ne.gatwe impact
of mining enterprises on the en-

12 | Engine power of mechanisms, kW/unit: vironment. Planning of minin
_ dump trucks/wheel loaders 405/354 |  405/354 /354 , . g 8
- objects will reduce the level of
13 | Mileage of transport, thousand km/year: its conflict component in the

— dump trucks/wheel loaders 282.04 186.08/20.32 | -/20.32 P . .
14 | Electric power of conveyor lines, kW 148+(-) 122+(55) 175+(55) aspect of the formation of envi-
E T 2 ronmental costs and the targeted

Selected technological schemes must comply with envi-
ronmental safety requirements. Therefore, their assessment
should be carried out according to environmental criteria.
These criteria can be considered taking into account the
minimum amount of emissions of harmful substances (dust,
gas) into the atmosphere. When performing calculations
of indicators of environmental criteria, emissions of gas,
harmful substances and dust formation were taken in the
course of transport operations.

As a result of the research it is found that the best
indicators of industrial, economic and environmental cri-
teria have technological schemes B and C. This can be
explained by the fact that most of the traffic is carried out
by environmentally friendly (acceptable) conveyor transport.

It is established that the maximum concentrations of
pollutants at the border of the SPZ and the residential
area for the studied technological schemes B and C do
not exceed the MPC. So, the prospect of introducing on
existing Ukrainian non-metallic quarries of solid minerals
with reduced size of the SPZ technological schemes for
the development of option B and C, taking into account
environmental factors, is undoubted.

Thus, the most environmentally safe is the development
of deposits of rocky building materials when using the first
parts of the MCSP (PCSP) in quarries, issuing fragmented
rock mass to the surface by conveyor transport. The manu-
facture of varietal finished products occurs on the surface
by sorting it on stationary or semi-stationary screening in-
stallations. Fractions of finished products are delivered from
warehouses to other vehicles for delivery to consumers.

Improvement of technological schemes is recommended
to ensure efficient production within dense residential
buildings, or reduced sanitary protection zones, with a mini-
mum acceptable environmental load on the environment.
Technological bases for mining in technogenically loaded
regions of Ukraine have been developed to ensure minimal
impact of mining enterprises on the environment. In ad-

use of man-made landscapes.

The use of conveyor transport will not only contribute
to the reduction of emissions of pollutants, but will also
provide further optimization of the processes of internal
and external dumping. This, in turn, will not only reduce
the seizure and loss of land resources, but also allow for
timely implementation of measures to revitalize post-mining
territories.

Weaknesses. The environmental danger of open-quarry
mining of non-metallic mineral resources depends on many
factors: the parameters of the quarries, the power and
type of mining equipment, the location of the quarry in
relation to the residential zone and the like. Production
activities of a mining enterprise are accompanied by nega-
tive impacts on environmental components. The increase
in the level of pollution of environmental objects can cause
the occurrence of ecological-dependent diseases among the
population living in the areas of mining.

To solve the problem of reducing the negative impact
of mining enterprises on the environment, the problem
arises of optimizing technological schemes for mining and
transporting mineral resources. To determine the optimal
parameters of the technological scheme of mining, it is
necessary to involve engineering and technical personnel
of mining enterprises, scientists, and also representatives
of environmental organizations. This, in turn, increases
the cost of production, but will reduce the negative im-
pact on the environment and improve the environmental
image of the company.

Opportunities. Research results form a methodological
approach to the selection and justification of technologi-
cal schemes for the placement of mining equipment in
open quarries, which ensures a minimal impact on the
ecological condition of the adjacent territories. The ob-
tained results require periodic adjustments to meet the
requirements of changes in legislation on environmental
impact assessment, strategic environmental assessment and
other regulatory documents.
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The use of research results will allow the company to
timely identify environmentally hazardous technological
processes of production and reduce pollution levels in the
surrounding areas. This, in turn, will improve the working
conditions of the company’s employees, as well as reduce the
number of environmental-related diseases in the population
of mining cities, and will enhance the social responsibility
of the enterprise and ensure its sustainable functioning.

This allows the company to quickly identify critical
from an environmental point of view, technological pro-
cesses and timely implement appropriate environmental
measures. Such approaches will contribute to the green-
ing of the mining industry, the successful passage of the
environmental audit of mining companies, obtaining in-
ternational environmental certificates and, accordingly, the
development of new markets for products. The results
can also be used to solve environmental problems of the
functioning of mining enterprises in other countries.

Threats. In order to implement effective environmental
protection measures in the field of the development of
mineral deposits, there is a need to attract an environmental
specialist to the staff of the enterprise. The environmental
specialist will ensure timely monitoring of the emissions
of pollutants by justifying ways to minimize them, as well
as developing ways to reduce the environmental hazard
of the mining enterprise. The implementation of most en-
vironmental protection technologies at mining enterprises
is limited by the need for large-scale modernization of
technological schemes for the development of deposits,
as well as the updating of relevant technological equip-
ment. It should be noted that in most cases, enterprises
do not have sufficient material and technical capabilities
to implement environmental protection measures. That’s
why the technological schemes developed by the authors
ensure the achievement of relevant environmental indica-
tors with minimal enterprise downtime and financial costs.

1. It is proved that the placement of mobile and por-
tative crushing and screening plants in a quarry directly
in the face or on the work sites allows localizing harmful
dust and gas emissions into the atmosphere on the terri-
tory of the mining enterprise. The expediency of the use
of MCSP, PCSP in typical non-metallic quarries according
to environmental indicators has been substantiated.

2. Three typical technological schemes have been de-
veloped for the development of deposits of rocky building
materials, differing in production capacity and emissions
of pollutants to adjacent territories. It has been estab-
lished that the use of belt conveyors (with placement both
on non-working and working sides of the quarry) allows
reducing the environmental risks of the functioning of
mining enterprises. The maximum concentrations of pol-
lutants at the SPZ border and the residential area for
these technological schemes do not exceed the MPC. This
will reduce environmental pollution levels and increase
the comfort of living in the mining regions.

The use of technological schemes for the development
of option B and C in the Ukrainian and foreign nonme-
tallic quarries of solid minerals with reduced sizes of the
sanitary protection zone is environmentally sound. Typical
technological schemes for the extraction and processing of
non-metallic mineral raw materials have been proposed

that can be used both at existing mining enterprises and
at those that are being designed and are planned to be
launched in cramped conditions of dense development of
settlements.
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DEVELOPMENT OF REAGENTS FOR
PROTECTION OF EQUIPMENT OF WATER
SUPPLY SYSTEMS FROM SCALE AND
CORROSION

O6’cxmom docriowcens € exonoziuno 6esneuni 000UUPKYIAUINT MeNnL00OMIHIT CUCTNEMU 8 NPOMUCIOBOCTII
ma KomynanvHux zocnodapcmeax. Ha ditouux nionpuemcmeax é npoyeci mooepnisauyii cucmem 6000KOPUCTYBAHHSL
UACTNO NEPEXO0AMb HA BUKOPUCTANHS 1H2IOTmOopie Koposii memanie ma naxunoymeopenns. Ilicis mpueanozo ne-
piody excnayamauii danux cucmem saminu obaadnanis ne npogodumuvcs. OOHuM 3 HAUOLILW NPOOIEMHUX MICb
DPEKOHCMPYKUIL € HAABHICTND NPOOYKMIE HAKUNOYMEOPEHIs Ma KOPO3L Ha 6HYMPIHill N08epXHi Menio00MiHIH020
obnaonanns. Ii ymeopenns sHuicyoms epexmusicms menionepenocy i Hieeaoms epexmusnicms inzidimopis
KOpO3ii ma cmabinizamopie HaKuUnoymeopens.

B pobomi nposedeno ouinky egexmuenocmi KOMNO3UYIN, 3aNPONOHOBAHUX 8 SKOCTNE MPABULLHUX POSUUNIE
05 OUUUEeHIS NOBEPXOHD MemAly 610 0cado8iOKIadenb, a MAKONC 6 AKOCMI Cmabiii3amopis HaKunoymeopeis.
B x00i docaidacenns 6uKopucmosysanucss KoMno3uyii, cmeopeni Ha 0CHOGI HeOP2aAHIUHUX KUCLOM 6 NPUCYMHOCT
YPOMPONiny, ypomponiny 3 miokapoamioom.

Pesynvmamu docaiocens 6Kkasyiomy, w0 HAMeHULO010 KOPO3IHOI0 azZpecuHicmio ceped poszisnymux 6apianmio
xapaxmepusyemvcsa komnosuuis P-29. Dnubunnuil nokasnux xoposii 0,118907 mm/pix. [oxasnux pyiinyeanns
Ximiunoocadincenozo zincy ckiadae ne menute 90 %.

3 Memoio ehexmusozo ma mpusanozo GUKOPUCMAHHS MENL00OMIHHO020 00IAOHAHHSA DOULILHO 3ACMOCOBYBAMIL
inzibimopu xoposii ma naxunoymeopenns. B pobomi npedcmasiena nosa xomnosuuis P-33, axa ¢ konyenmpauyii
20 mz/0M (copcmricmv 600u 230490 mz-exe/0m>, T=90 °C, 1=5 200) sabesneuye cmabirizauyiiinuii epexm
56,0-93,3 %, a npomunaxunnuii epexm — 95,5-99,3 %. 3 nideuwennam xonyenmpayii peazenmy do 50 %
cmabinizayiinuil ma npomunaxuniuil epexmu csizaromo 100 %.

Pospobaeni komnosuuyii ons ouuwenns nogepxons menioooMinH020 001aA0HAHNS HA OCHOBL OOCTRYNHUX He-
0opozux peazenmis, ki NePesaIcamMv anaiozy 3a eQexmusHicmio, Xapaxmepusylomoscs HU3LKOI0 KOpPO3itinoio
axmuenicmio ma 3abde3neuyiomv 6UOALCHI 3 NOBEPXHI METNALY MATOPOSUUHNUX XIMIUHO CIIUKUX peuosun (2incy).
Komnosuyis P-33 nepesancae ananozu mum, uo 3abesnewye cmabinisayio wodo ocadosioxiadens y posuunax
2incy 6 npucymuocmi kapbonamie Kaivuio ma Mazuilo npu UCOKUX MeMNEPaAmypax.

Kmouosi cnosa: cmabirizamop naxunoymeopens, inzioimop xoposii, 6000UIPKYAAUTUNL CUCTIEMUL, BIOHOGLEHISL
N0BEPXOHL MEMANLEB020 00NAOHAHHS, KOPOIIUHA AZPECUBHICTD 600HUX CePedOsULl,

Shuryherko M,,
Gomelya M.,
Shabliy T.,
Chuprova K.

they often switch to the use of corrosion inhibitors for
metals and scale formation. However, after a long period
of operation of these systems, full replacement of pipelines
and equipment is not performed. The internal surfaces

27—)

1. Introduction

At existing enterprises, in the processes of moderniza-
tion of water use systems, in particular, cooling systems,
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