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ABSTRACT

Purpose. Substantiation of environmentally acceptable technologies for surface mining of water-bearing placer deposits,
taking into account the parameters of mining systems elements and areas damaged during mining of mineral deposits.

Methods. Selection of the most environmentally safe technology of surface mining is carried out with the help of
technical analytical method by way of establishing parameters of mine workings and determining the instant area of
workings for each technological scheme.

Findings. To conduct the research, we proposed to use index 4 which compares the actual position of inter-ramp an-
gles and the inside dump angles with the maximum permitted values. The dependences of concentration degree Kx and
area of workings St on index 4 allow to infer that the technological scheme with a rotary excavator is more environ-
mentally sound than the scheme with hydraulic excavators. Application of the former technological scheme makes it
possible to reduce the area of disturbed lands by 8%. In the proposed scheme of mining Motronivske placer deposit,
the concentration degree K reaches the maximum value 0.7, which corresponds to the minimum area of workings.

Originality. The most environmentally efficient technological scheme of surface mining deposits is the scheme with
the highest mining concentration factor.

Practical implications. The results of the conducted research are of considerable practical value for the companies
engaged in mining horizontal water-bearing deposits, which leads to disturbance of large land areas. In selecting a
rational technological scheme for the surface mining of mineral deposits, it is proposed to consider not only econom-
ic indicators, but also the possibility of the disturbed land areas reduction.

Keywords: surface mining, mining technology, environmentally safe technology, water-bearing deposit, dredge

1. INTRODUCTION

A considerable amount of mineral resources is con-
centrated in deposits located in water-saturated soils.
However, from year to year mining conditions become
more difficult and environmental requirements get strong-
er. Therefore, mining companies should pay more atten-
tion to all economic, environmental, social, and legislative
aspects of mining (Drebenstedt & Schmieder, 2005).

There are many factors affecting mining methods due
to which the procedure of making a decision about tech-
nology to use is rather difficult (Gumenik, Lozhnikov, &
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Panasenko, 2013). These researches are aimed at the selec-
tion of a surface mining method in terms of environmental
aspects for the case when mineral deposits are located in
water-saturated soils. The choice of available mining tech-
nologies is based on the environmental impact, as well as
economic and social aspects. Its implementation will ena-
ble to improve decision-making mechanism, providing the
best solutions for a mining region.

Nowadays the problem of mining technology in wa-
ter-saturated deposits in Ukraine is related to titanium
ores exploration. The total reserves and resources of
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titanium ores exceed the world’s reserves of ilmenite.
More than 40 deposits of titanium-zirconium ores were
discovered in Ukraine, including the unique Malyshevske
deposit. Up to 20 deposits of ilmenite and complex ores
have been explored in the Volyn Region. They are con-
fined to the northwestern part of Ukrainian crystalline
shield within the Volodar-Volyn rocks massif.

The Motronivske-Annovske placer deposit (MAP) is
the part of Malyshevske deposit with huge mineral re-
sources and significant advantages of geological and
technological parameters in comparison with other il-
menite deposits — it concerns particularly the thickness of
the ore deposit in terms of proven reserves and ore min-
erals grain size. The main feature of MAP is the fact that
the ore seam is located below the groundwater level in
the Neogene aquifer. Therefore, in conditions of placer
deposit, implementation of technological schemes that
are used on actual pits of Vilnohirsk mining processing
plant (MPP) is complicated by the current ore properties
and water-bearing rocks.

It should be noted that hydrogeological conditions
of the watered part of the Motronivske deposit are not
fully studied. In this regard, all calculations of water in
the future pit and the proposed drainage systems previ-
ously carried out by various organizations were not
well-grounded.

The conducted research departs from the main meth-
odological principles of the theory and practice of depos-
its surface mining, taking into account the water-
saturated rocks, as reflected in the scientific works of
G. Nurok, M. Abzalov, J. Jansen, B. Weinrib and others
(Weinrib, 2015; Abzalov, 2016; Jansen, 2016).

Having analyzed mining methods of placer and wa-
ter-bearing deposits described in these scientific works,
we came to the conclusion that underwater ore mining is
rather widely implemented in mining industry while the
mechanical mining of overburden rocks does not affect
underwater technology of ore mining.

At the same time, currently there are no specific rec-
ommendations for the use of hydro mechanization facili-
ties for exploration of water-bearing deposits of titanium-
zirconium ores characterized by specific water saturation
and low water level. During the underwater mining,
when ore is lying below the aquifer, it is necessary to
study in detail how hydrogeological conditions change at
different stages of the deposit development which is
related to the problem of water-bearing deposits mining
impact on the environment. That is why those pits should
also be the subject of thorough research.

The topicality of this problem arises from the necessi-
ty to achieve cost efficiency of the titanium deposits
development, given mining industry produces an essen-
tial influence on GDP in Ukraine. However, the profit
from the water-bearing deposit development should not
be the only factor to consider when selecting a techno-
logical mining scheme. The second criterion is to choose
the environmental indicator of the technological scheme
of placer deposit development, which takes into account
the impact of mining on the environment.

In this concern, it is important to use the experience of
mining industry in Germany that is established as a leader
in the safety and environmental standards worldwide.
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2. THE MAIN PART OF THE ARTICLE

In the process of selecting a mining technological
scheme in terms of environmental evaluation of water-
bearing deposits, the objective will be achieved by solv-
ing the following tasks: determination of mining technol-
ogies suitable for the development of water-saturated
soils which include mechanical and hydromechanical
methods of mining; determination of mechanical and
hydromechanical mining methods efficiency by the
CAPEX and OPEX; selection of theoretical methods for
determination of technological, hydrogeological, and
environmental parameters for conducting environmental
and economical evaluation of mining in water-saturated
soils; development of a comparative method integrating
factors associated with the most rational mining scheme
with minimum negative impact on the environment and
maximum feasibility of mining; comparison of economic
and environmental efficiency of the existing technologi-
cal schemes of water-bearing deposits mining.

Estimation of environmental risks and lands damage
while mining water-saturated soils will be done via devel-
opment of a method for the complex analysis of mining
influence on the qualitative characteristics of groundwa-
ter, stability of overall slope angles, areas of lands dam-
aged by surface mining taking into account mining and
geological conditions, as well as mining technology
(Golovach & Volovik, 2008).

The choice of the environmentally friendly mining
method for deposits in water-saturated soils must be
based on: hydrogeological evaluation of the deposit,
stability of the overall pit and dump slopes, the area of
land disturbed by workings, the possibility of storing
overburden rocks in the gob, using of modern mining
equipment, etc.

We compared several schemes of mining deposits in
water-saturated soils with available mechanical and hy-
dromechanical mining (dredging) equipment. The as-
sessment of environmentally-friendly mining machinery
takes into account environmental effects, econom-
ic/commercial and social aspects. These aspects are
closely interrelated, as the lower environmental impact,
the cleaner and healthier the workplace, and the fewer
complaints from neighbors (Elsayed, 2013).

As of today, there is no method for environmental
evaluation of schemes for mining deposits in water-
saturated soils. For the first time ever, the water-saturated
soils will be considered as the main object for conducting
complex technological, environmental, economic, and
social assessment of mining (Pivniak, Gumenik,
Drebenshtedt, & Panasenko, 2011). Implementation of
the research results will allow to develop the choice
method, which provides rational solutions in mining
technology on the basis of input-output data analysis of
the obtained models, taking into account mining and
hydrogeological conditions of the deposit.

During the research we estimated ecological efficien-
cy of two most common titanium-zirconium ores mining
technologies in water-saturated soils. Such water-bearing
deposits can be mined by well-known methods: using
mechanical with dewatering wells (dragline) and trucks
haulage or hydromechanical mining equipment (dredge)
with hydraulic haulage (Fig. 1).
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Figure 1. Schemes of mining in water-saturated soils:
(a) mechanical mining method; (b) hydromechani-
cal (combined) mining method; 1, 2 — overburden
rocks; 3 —rocks with aquifer; 4 — mineral deposit;
5 — aquifer; 6, 7 —inpit dumps; 8 — rotary excavator;
9 —dragline; 10 — pumping well; 11 — dredge

Each of them has its own advantages and disad-
vantages in terms of economic and environmental im-
pacts, so while choosing between two mining schemes it
is necessary to conduct a detailed analysis.

To justify the mining schemes (Fig. 1) and technolo-
gies of water-bearing deposits mining using hydrome-
chanical mining method, technological parameters of the
following operations were determined:

— working of the dry part of the soil massif by means
of mechanical method;

— working of the water-bearing part of the soil massif
by means of hydromechanical method,;

— mining of mineral resources by means of hydrome-
chanical method;

— dumping of waste and clay slimes into the tailing pond,;

— dumping of sandy waste into the working;

— formation of dumps in the working.

For the purpose of the research we have used the fol-
lowing equipment: suction dredges, bucket dredges, and
other floating or land mounted mining machinery. The
obtained results and calculation of capital and exploita-
tion costs formed the basis for working out recommenda-
tions on the use of hydromechanical mining method.

Mining technology is justified by the results of study-
ing geotechnical conditions for the case of the traditional
opencast scheme of mining water-bearing deposits. On
the basis of the data obtained, the influence of water on
the opencast bench stability as well as the available
method of quarry drainage can be estimated.

Mining technology analysis is used as the basic com-
ponent of the method for environmental evaluation of
mining in water-saturated soils. This component will
enable to conduct further environmental impact analysis
(working parameters, surface land disturbance, etc.), and
to establish economic indicators of mining (productivity,
energy consumption, costs, etc.).

Changes in qualitative characteristics of water body
during mining are estimated on the basis of simulating
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water inflow, taking into account characteristics of the
deposit (mining and hydrogeological conditions, for-
mation flow characteristics, chemical content of soils,
etc.) and mining technology (Sobko, Lozhnikov, Haidin,
& Laznikov, 2016). Changes in surface and ground water
conditions can influence the climate, deformation of the
surface which sustains vitality of vegetation, yield per-
formance, biodiversity.

The assessment of an environmentally-friendly mining
technique should take into account not only environmental
effects, but also economic/commercial and social aspects.

It should be also considered to what degree minimiza-
tion takes into account social requirements to costs and
environmental aspects, because an environmentally-
friendly and cost-effective technique should be socially
acceptable as well. Environmental, economic/commercial
and social aspects are closely interrelated, because the
lower the environmental impact, the cleaner and healthier
the workplace, and the fewer complaints from the neigh-
borhood. That is why cost efficiency is not the only crite-
ria for surface mining.

Evaluating environmental efficiency of technology for
mining water-bearing deposits according to the listed crite-
ria is a complex process and requires a large number of
theoretical studies. However, it is irrefutable that the volume
and extent of pollution caused by gobs are directly propor-
tional to the area of workings or active area of the quarry.

The preliminary research made it clear that mining of
deposits in water-saturated soils implementing technological
scheme based on the mechanical method of mineral extrac-
tion is not economically feasible. In addition to significant
pit drainage costs, operating costs for minerals haulage are
several times higher than in the case of hydraulic haulage.

The present research showed that net present value
(NPV) for the technological scheme (Fig. 1b) with hy-
dromechanical mining method is 4.02 times lower than
NPV in the scheme where ore and lower rocks are exca-
vated by draglines and trucks.

We have conducted not only comparative technical
and economic assessment of the technological schemes
of mining operations efficiency but also calculated gen-
eral discounted economic technical and economic indica-
tors during the development of MAP. Comparison of the
capital investments efficiency indicators in the process of
selecting implementation technological scheme showed
that schemes with hydromechanical method are the most
effective for mining on the ore bench.

To specify and determine a more efficient scheme for
the development of the water-bearing deposit, the exist-
ent scheme with the use of hydraulic excavators on over-
burden benches was also considered. The advantage of
this scheme is that the use of hydraulic excavators can
significantly reduce capital costs, but the use of truck
haulage significantly increases operating costs. There-
fore, it is necessary to carry out additional technical and
economic studies to select the most effective scheme.

Two technological schemes for mining deposits in
water-saturated soils were suggested. The first scheme is
presented in Figure 1b, and the second scheme with hy-
dromechanization method on ore bench and mechanical
mining on overburden benches with hydraulic excavators
is shown in Figure 2.
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Figure 2. Scheme of mining in water-saturated soils by hydro-
mechanical (combined) mining method: 1 — overbur-
den rocks are mined by the shovel excavator;
2 — overburden rocks with aquifer are mined by the
dredge; 3 — mineral deposit; 4 — aquifer; 5, 6 — inpit
dumps; 7 — hydraulic excavators; 8 — dredge

The conducted research testified that operating costs
for the scheme with rotary excavators and the dredge are
1.63 times lower than for the scheme with hydraulic
excavators and the dredge.

After determination of the two most cost-effective
technological schemes for the development of Mo-
tronivske pit, we analyzed the environmental effect pro-
duced by each of them, taking into account the disturb-
ance of the land area caused by mining operations.

Hence, while studying the impact of mining on the
ecological condition of the mining region, it is proposed
to determine the total mining working area for each min-
ing system with different equipment.

For the purpose of comparing the first (Fig. 1b) and
second schemes (Fig.2) of mining in Motronivske pit
according to the criterion of the quarry area, it is proposed
to use the concentration degree index of mining opera-
tions (Sobko, 2008). This indicator represents the ratio of
the minimum permissible area of the pit working space
according to the index of maximum overall slope stability
to the actual, and comparing the area of pit working.

This criterion has the advantage of taking into ac-
count the main parameters of the pit working area.
Change of those parameters influences the technological
indicators, which are directly related to the economic
evaluation of technological solutions.

Concentration degree index is calculated by the formula:

(1)

Sma

=

K
K SF

where:

Sy — minimum permissible area of the pit workings
at the condition of the slope stability, ha;

Sr— actual area of pit workings under condition of pit
slope stability, ha.

In order to calculate this index, it is necessary to es-
tablish the minimum permissible angles of safety, dumps
and pit slopes for the rotary and hydraulic excavator
based technological schemes of mining.

Suu area is calculated according to the formula:

Sy =Lp-(H+h) (ctgp+ctgB)+a), ha,

where:
Lp— length of the working trench on the surface, m;
H — thickness of overburden rocks, m;
h — thickness of the mineral deposit, m;
@ — overall pit slope angle, degrees;
S — overall slope angle of the inner dump, degrees;

2
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a — width of the pit floor, m.
Sr area is calculated according to the formula:

Sg =L ((H+h) (ctgps +ctgBs)+a), ha, 3)

where:

Lr—minimum permissible length of the working
trench on the surface, m;

@s— maximum steady overall pit slope angle, degrees;

fs— maximum steady overall dump slope angle,
degrees.

The overall inter-ramp angle of the first and second
schemes is calculated by the formula:

Hp+h
@ =arctg p »
Y hictgoy + 3 H petgy; +

i=1 i=

, degrees, (4)

=

1WPi

where:

n —number of benches;

i — serial number of a bench;

Hp — height of the overburden bench, m;

h — thickness of mineral deposit, m;

o — inter-ramp angle, degrees;

y — dump slope angle, degrees;

Wp —road and ramp width, m.

The overall slope angle of the internal dump for each
technological scheme is calculated according to the fol-
lowing formula:

Hg-Kp

B =arctg - , degrees, (5)

ZHBZ- Ctgﬂi +WBZ +WB3
i=1

where:

n — number of benches in the dumps;

i — serial number of the dump;

Hpg — height of the dump, m;

Kp — coefficient of overlying rocks loosening;

S — dump bench slope angle, degrees;

Wy — width of the dump bench working area, m.

According to the results of the present research, it
was determined that the maximum stable overall inter-
ramp angle in conditions of Motronivske pit is 31.36°
and overall dump slope angle — 18.37°.

For the first technological scheme with the rotary ex-
cavator on overburden benches, the overall slope angle of
the pit working is 16.0° and for the dump — 14.8°. For the
second scheme with hydraulic excavator on the overbur-
den benches, the overall pit slope angle is 13.5° and the
dump slope angle — 15.0°.

In order to evaluate the considered technological
schemes, it was proposed to use index 4 which compares
the existent overall slopes of the pit working and internal
dump with the maximum permissible angles. Those an-
gles were determined by calculating concentration degree
index of mining operations:

A=(ps + Bs)-(0+p). (6)

Figure 3 shows the research results related to deter-
mination of the dependence of the concentration degree
index Ky and the area of mining working St on the index
A for the two technological schemes.
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Figure 3. Dependence of the concentration degree index Kk
and the area of mining working Str on the index A
for hydromechanization method for ore mining:
Sc. 1 — mechanical method with rotary excavator on
overburden benches; Sc. 2 — mechanical method
with hydraulic excavator on overburden benches

Analysis of the present research results (Fig. 3) shows
that the first technological scheme of mining is the most
effective for implementation in Motronivsky placer de-
posit. If this scheme is applied, the concentration degree
index Kx achieves a maximum value 0.7, which corre-
sponds to 57 hectares of mining workings. At the same
time the second technological scheme has a concentra-
tion degree index 0.64, while the area of mining working
is 62 hectares.

3. CONCLUSIONS

The study confirms that the technological scheme that
includes mechanical method with rotary excavator for
overburden rocks and hydromechanical method for ore
excavation is 1.63 times more cost-effective and envi-
ronmentally safe than the scheme with hydraulic excava-
tor on overburden benches. Its implementation allows to
increase the concentration degree index Kx by 9%, as
compared to the second technological scheme. The prac-
tice of using the first scheme allows to reduce the area of
disturbed lands by 8%.

In conclusion, we should add that at the moment, it is
not possible to estimate all effects of soil excavation or
mining with available machinery. That is why, it is nec-
essary to define at least peripheral conditions for the
assessment. Thus, the present research considered only
production costs and the environmental effects of water-
bearing deposits mining as specific assessment criteria
for the time being.
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Meta. OOrpyHTYBaHHS €KOJIOTIYHO OE3MeUHUX TEXHOJOTIH BiIKPUTOI pO3POOKH OOBOJAHEHUX PO3CHIIHUX POIOBHII 3
ypaxyBaHHAM [IapaMeTPiB €IEMEHTIB CUCTEM PO3POOKH 1 IIIOL] OPYIIEHHUX 3eMEIb IIPH BUAOOYTKY KOPUCHHUX KOIAJIHH.

MeToanka. BuGip HallOLnbII €KOJIOTiYHO Oe3MeyHOT TEXHOIOTIT BIIKPUTHX TIPHUYUX POOIT BUKOHYETHCS METOJIOM
TEXHIKO-aHAIITHYHOTO aHaJIi3y LUITIXOM BCTAHOBJICHHS BEJIMYMHM MApaMETpPiB FipHUYMX BUPOOOK i BU3HAUESHHS Oe3I0-
CEepPeHBOT IO POOOYMX TPAHIICH /I KOKHOT 3 TEXHOJOTTYHUX CXEM.

PesyabraTu. I1ig yac BUKOHAHHS JOCIIKEHb 3aIIPOIIOHOBAHO MOKA3HUK A, SIKUH OIHIOE iCHYIOUE TTOJIOKEHHS Ky-
TiB YKOCIiB po0040ro 0OpTy Ta BHYTPIIIHBOTO BiABATY 3 MaKCUMAJILHO AOITYCTUMHMH 3HAYCHHSIMH. 3aJIEXKHICTh ITOKa3-
HUKIB CTYIIeHs KOHIeHTpaii Kx Ta IOl ripHHYuX BUPOOOK BiJ MOKa3HUKA 4 TO3BOJISE BU3HAYUTH, 1[0 TEXHOJIOTIYHA
cXeMa 3 3aCTOCYBaHHIM POTOPHOTO KCKaBaTOpa € OUIBII eKOJIOTiYHO Oe3MeYHO0, HiXK CXeMa 3 TiIpaBIiYHAMH eKCKa-
BaTOpaMH. BHKOpHCTaHHS TaHOI CXeMH H03BOJISE 3MEHIIMTH IUIOLIY NOPYLICHHX 3eMeNb BIIKPUTUMH poOOTaMH Ha
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8%. IMpu 1iit TeXHONOTIYHIM cXeMi po3poOKH MOTPOHIBCHKOIO POAOBHINA CTYIIIHb KOHIICHTpaIlii Kx JOCsATae MaKCHMa-
JbHOTO 3HaueHHs (.7, M0 BiAIOBiAa€ MiHIMAaNBHIH IO MPHUYUX BUPOOOK.

HaykoBa HoBu3Ha. Haii0iyb1 eK0JIOTIYHO €()EKTHBHOIO TEXHOJIOTIYHOK CXEMOIO BiIKPUTOI PO3POOKU POJIOBHILA €
CXeMa i3 3aCTOCYBaHHSM TiIpOMEXaHIYHOTrO crioco0y po3poOKH KOPHCHOI KOMAIMHU Ta 3 HaWOUIBIINM KoedilieHToM
KOHLIEHTpALi] FPHIYNX POOIT.

[pakTuuna 3HAYNUMIcTb. Pe3ynbraTn BUKOHAHUX JOCIIDKEHb MAalOTh BOXKIIMBE NMPAKTHYHE 3HAYECHHS JUIS MiINpH-
€MCTB, SKi BUKOHYIOTh PO3POOKY FOPHU3OHTAIBHHX OOBOJHEHHMX POIOBHIL 3 MOPYIICHHSM BEIMKUX Iuion] 3emii. [Ipu
BHOOpI parlioHaIbHOI TEXHOIOTIYHOI CXEMH PO3POOKH KOPHCHOI KOTIANMHH BIIKPUTHM CIIOCOOOM TPOIIOHYETHCS PO3PAX0-
BYBaTH HE TIIbKU EKOHOMIUHI ITOKA3HUKH, a TAKO)K BPAXOBYBATH MOXIIMBICTh CKOPOUESHHS ILIOLI TOPYLICHUX 3EMEIIb.

Kntouosi cnoea: giokpumi 2ipnuui pobomu, mexHono2is 8u000y68anHs, eKoa02iuHo-6e3neuri mexHono2ii, 06800HeHI
pooosuwa, opaza

ABSTRACT (IN RUSSIAN)

Heab. OO0ocHOBaHHE JKOJOTMYECKH MPUEMIIEMBIX TEXHOJIOTHH OTKPBITOH pa3paboTKu OOBOIHEHHBIX POCCHITHBIX
MECTOPOXKJCHHUI C Y4ETOM I1apaMeTPOB JIEMEHTOB CUCTEM Pa3paOOTKH U IUIOLIAJIEH 3eMelb, HapyIIaeMbIX NPU A00bI-
Y€ T10JIE3HOT0 HUCKOAeMOro.

Metoauka. Beioop Hanboisiee 3KOIOTHUECKH OE30MacHOM TEXHOJOTMU OTKPBITHIX TOPHBIX pabOT BBHIMOJHSIETCS C
HCIIOJIb30BAaHUEM METOZA TEXHUKO-aHAJIMTHYECKOTO aHajIM3a IyTeM YCTAHOBJIEHHs NapaMeTpOB T'OPHBIX BBIPAOOTOK M
OIIpeIeTICHUS] HeTIOCPEICTBEHHOM TUIONIaJ1 TOPHBIX BBIPAOOTOK JUIS KKIA0H N3 TEXHOJIOTMYECKUX CXEM.

PesyabTatsl. [Ipy BBINOJIHEHWN HCCIENOBAaHUHN MPENJIOKEH MOKa3aTenab 4, KOTOPBIA CPaBHHUBAET CYLIECTBYIOLIEE
TIOJIOKEHHE YTJIOB OTKOCOB pabodero 00pTa M BHYTPEHHETO OTBaIa ¢ MAKCUMAJIBHO JIOITyCTHMBIMHU 3HAYCHUSIMH. 3aBH-
CHMOCTh OKa3aTelel CTeTeHH KOHIEHTpaluu Ky 1 MJIOIMaau FOPHBIX BBIPAOOTOK St OT MHAEKca 4 IO3BOJISIET OIpe-
JEIUTh, YTO TEXHOJOTMYECKasi CXeMa C MPUMEHEHHEM POTOPHOTO KCKaBaTopa 0oJiee HKOJIOTHYECKH Oe30IacHa, YyeM
CXeMa C I'HJpPaBIMYECKHIMHU 3KCKaBaTopaMmu. [IprMeHeHne TaHHOW CXEeMbI MO3BOJIIET YMEHBUINTD IUIONIAb HApYIICH-
HBIX 3eMellb OTKPBITBIMU pabotamu Ha 8%. [Ipu 3TOM TexHOJIOrHYEeCKOH cxeme pa3paboTku MOTPOHOBCKOTO MeCTO-
POXICHUS CTENEeHb KOHIEHTpalun Ky AOCTUraeT MakCUMajJbHOTo 3HaueHHs (.7, 9TO COOTBETCTBYET MHHHMMAJbHOM
TUTOLIA 1 TOPHBIX BBIPA0OTOK.

Hayuynas noBu3Ha. Hanbosee sxonornyecku 3(pQeKTHBHON TEXHOJIOTHYECKOH CXEeMOM OTKPBHITON pa3paboTku 00-
BOJIHEHHOT'O MECTOPOXKICHUS SIBIISIETCS] CXeMa C MPUMEHEHHEM THAPOMEXaHNYECKOTo cIocoda pa3padoTKH 1 HauOoIIb-
UM KO3 PUIIMEHTOM KOHIEHTPALUH TOPHBIX padoT.

IpakTHyeckasi 3HAYMMOCTD. Pe3yIbTaThl BHIOIHEHHBIX UCCIIEIOBAHUN MMEIOT BaKHOE MPAKTHYECKOE 3HAUCHHE
JUISL TIPEINPHUATHH, BBIMOJHSIONIMX DPa3padOTKy TOPH3OHTAIBHBIX OOBOAHEHHBIX MECTOPOXICHUH C HapylIeHHEM
Oonpmmx TuTomaaei 3emens. [Ipu BeIOOpe paroHATFHON TEXHOIOTHYECKOH CXEMBI pa3padOTKU MOJIE3HOTO HCKOIae-
MOTO OTKPBITBIM CIIOCOOOM IPEAJIaraeTCsl PAaCCUMTHIBATH HE TOJIBKO SKOHOMUYECKHE MOKA3aTeNN Pa3pabOTKH, a TAaKxKe
YUHUTBHIBATh BO3MOKHOCTH COKPALICHUSI IUIONIAeH HAPYIIECHHBIX 3EMElb.

Kniwouegvie cnoea: omxpwimvle 2opuvie pabomel, mexHoao2us 000biul, IKOI02UYeCKU DE30NACHble MeXHOI02UlU,
00600HEHHOE MeCmOpodicOeHUe, 0paza
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