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Abstract

Purpose is to substantiate intensification of dozer dump reclamation in the process of open pit-mining.

Methods. Analysis of methods intended to intensify reclamation activities in the context of open-pit mineral extraction
under different mining and geological conditions has been applied. Innovative operation schedule of dump reclamation has
been developed on the basis of critical analysis and proper analytical research.

Findings. Operation schedule to form a dozer dump has been substantiated taking into consideration rock suitability for
reclamation making it possible to mitigate impact of mining on the environment. Algorithm to calculate dozer dump param-
eters has been developed as well as a digital topographic model of selective dump formation.

Originality. The developed operation schedule for selective formation of the external dump differs from the available one in
the simultaneous layer dumping to intensify surface of its dumped share in the process of open-pit mining.

Practical implications. Use of the method of selective surface formation in terms of a dozer dump, taking into considera-
tion overburden suitability for reclamation, helps intensify reclamation of the soils disturbed during field development.

Keywords: soil disturbance, overburden, open-pit mining, reclamation, dump, rock

1. Introduction

In terms of open-pit mining, substantiation of reclamation
tendencies should involve analysis of the efficient use of land
and formation of natural-technogenic landscape correspond-
ing to ecologic, socioeconomic, and hygienic requirements of
the area where the development of earth interior takes place.
Expedient operation schedules to form external dump, deve-
loped with the consideration of further surface reclamation,
favour the determination of efficient tendencies for the dis-
turbed soil reclamation. The purpose should involve the
methods of selective overburden dumping that correspond to
its parameters and topography. Thus, the design operation
dumping schedule has to be in accordance with the selective
overburden allocation within a dump body following its
reclamation suitability [1]-[3].

Use of land plots for mineral mining results in their disturb-
ance, pollution, and productivity loss of the adjacent areas.
Hence, avoidance of the negative sequences should involve
implementation of a set of measures for environmental protec-
tion, enhancement of the area, and efficient use of the land and
water resources [4]-[7]. Thus, determination of the methods of
early reclamation of soils, disturbed during mineral extraction, is
the most important task of the open-pit mining processes.
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When the earth interior is developed with the help of
open-pit mining, substantiation of both tendency and appro-
priate use of land under reclamation should involve consider-
ation as well as analysis of the factors effecting the targeted
economical production activities of such reclaimed areas.
Then, the basic conditions include natural physical and geo-
graphical territorial conditions as well as basic characteristics
of the disturbed lands and overburden suitability for biologi-
cal development. Additionally, attention should be paid to the
mining conditions of such reclamation activities, environmen-
tal conditions of the territory, and social importance of the
disturbed land reclamation within the technogenic territory.

The paper substantiates recommendations concerning the
creation of favourable conditions for the accelerated self-
regeneration of forest ecosystem by means of mining recla-
mation [8]. The process may be favoured by a procedure of
the field development as well as by the mandatory mining
reclamation intended to improve environment within the
opencasting area.

Various reclamation procedures have been developed for
the disturbed territories. The procedures differ in the allot-
ment land objective and in the natural and climatic condi-
tions of the deposit[9]. Principles of mining reclamation
involve: substantiation of the final landscape shaping, a sys-
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tem of the potentially fertile soil layer formation; planting
and seeding techniques within the reclamation area. The
abovementioned needs confirmation of such reclamation
intensification when survival rate supports such success
criteria. The effect requires handling of the plants and their
monitoring (i.e. post watering of grasses and mowing).

High productivity of dump land and reduced reclamation
costs may be achieved owing to the soil layer application on
its surface. The layer has been formed in the context of
mining land reclamation by means of fertile soil layer con-
centration [10]. In this connection, a power-shovel stope of
an upper overburden bench should be mined selectively;
moreover, locations of temporary warehouses for fertile soil
layer within the open-pit field boundaries have to be substan-
tiated as a part of the layer-by-layer dumping.

Natural revegetation within the disturbed Northern terri-
tories takes different periods of time depending upon the
lithological composition, soil structure, terrain, moisture
conditions, and specific character of the disturbances. Expe-
riments and industrial activities as well as analysis and gene-
ralization of the disturbed land reclamation confirm consi-
derable complexity of such activities and their specifici-
ty [11]. Under the conditions of a permafrost zone, environ-
mental safety, land protection and its reclamation should be
supported by such an important factor as the limitation of
technogenic impact on the permanently frozen ground.

Basically, the assumed tendency of the disturbed land
reclamation has to take into consideration the efficient use of
natural resources involving minimum human interference in
the environment and a process of land degradation as well as
compensation of negative anthropogenic influence and in-
flicted damage. Under the mentioned circumstances, open-pit
mining in such a situation is formed when it is necessary to
validate the requirements concerning the improvement of the
efficiency of external dump shaping. Thus, analysis of the
situation aimed at the substantiation of reclamation intensifi-
cation of the dump surface is focused on the early restoration
of the disturbed land in the process of open-pit mining.

2. Analysis of the methods
intensifying dump reclamation

Transition to the current land-use model, based on the
simultaneous land reclamation and recultivation activities,
differs in the number of considerable advantages to compare
with the available traditional approaches to the restoration of
lands disturbed as a result of opencast in the context of coal-
mining regions [12]. Land reclamation procedures should
take into consideration the complexity of the problem since
vegetation restoration only cannot improve substantially the
environmental situation within the disturbed territories. Im-
provement of the ecological setting in the industrial areas is
possible if fundamental reclamation is substantiated with the
generation of soil media able to support natural restoration of
such disturbed ecosystems.

Currently, industrial activities, being manifested in the ar-
eas of mineral mining, preparation, and processing, are rather
stressful for the nature [13]. Development of gold placers,
occurring in floodplains and river valleys, is one of the most
ecologically destructive branches of mining industry since the
activities disturb landscape fundamentally. Consequently,
information support of the research intended to restore the
land timely is the key component of the problem solving.
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Laboratory experiments and plot trials to control physi-
cochemical as well as biological properties of rocks of the
analyzed dumps were carried out by means of one rock add-
ing to another [14]. Adding of a waste pile rock improved
physical characteristics of coal-preparation dump; neutraliza-
tion increased its fertile properties. Before planting, seeds
were treated by lignite ammonium humate; plants were treat-
ed during their vegetation period. Use of the humic com-
pounds provided optimum starting environment as well as
adaptation of the plants to dump conditions while bettering
the root formation and plant growth. Implementation poten-
tial of the innovative approaches to the disturbed land recla-
mation has been demonstrated in terms of a coal-preparation
dump and a waste pile.

Nonhomogeneity of mining and geological, edaphic, envi-
ronmental, technical and engineering as well as economic
conditions, formed in the process of mineral deposit deve-
lopment on the Kola Peninsula, stipulate the necessity to
analyze thoroughly the conditions while substantiating the
expediency of the disturbed land reclamation and selecting its
tendencies [15]. Contribution to natural planting of the dis-
turbed soils should be considered as the main treatment me-
thod in terms of the disturbed vegetative ground cover under
the severe natural and climatic conditions as well as the com-
plicated mining and geological environment of Kola North.

From the viewpoint of landscape ecology, when mineral
mining is over, terrain formation needs planning of melioration
measures. There is no need to be limited by the areas which
restoration resulted from a recultivation process; its connection
with the environment should be taken into consideration [16].
However, the represented principles to form ecological struc-
ture in mining regions are integral parts of the inimitable code
for the substantiation of land reclamation. Restoration of the
disturbed lands after mineral mining completion is the official
commitment for a mining enterprise which should provide
means for the disturbed land reclamation.

A methodology to calculate parameters and indices of the
operation schedules of a direct waste dumping, to identify
methods which help increase capacity of internal dumps and
enhance safety and to restore a surface, has been proposed in
an open-pit coal mine [17]. End surface of the mine as well
as its dumping surface involves modeling of the basic pa-
rameters of the dumping method and determination of com-
mon angles of the internal dumps to prevent from landslides
and to control safety. The analysis helps conclude the follow-
ing: common slope angles of multilayer dumps, floored by
soft rocks, should not be more than 24-29° and 40-60 m in
terms of their height; moreover, if natural slope height is 37°
then slope height of level one should not exceed 20-25 m.

Fertile soils experience their decrease in the process of
mineral stock mining. However, its efficient planning and
controlling may help use the technogenic disturbed lands for
other purposes. It should be noted that the aftereffects of
mineral extraction are of long-term nature as for their impact
on the environment [18]. At the stage of the production shut
down, mining companies have to scale down both ore ex-
tracting and processing, deactivate mining enterprises as well
as processing ones, and reclaim the disturbed lands and re-
store them. Hence, the conditions need long-term planning of
ore mining starting from the earliest stages of the mineral
stock extraction.

External dumping requires large areas; thus, environmen-
tal problems occur due to the increased expenditures for the
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surface reclamation [19]. Consequently, internal dumping is
more preferable owing to the decrease in expenditures con-
nected with the restoration activities. The paper represents
analysis of slope stability of 80 m height internal dump in a
surface mine. If mining depth reaches 100 m, slope stability of
the internal dump becomes critical. Moreover, adding of over-
burden results in the dangerous situation within the slope.

Rapid economic growth along with the deposit develop-
ment factors into greater amount of lands disturbed by con-
struction activities and coal mining. Hence, China stimulates
land reclamation in coal-mining regions [20]. Disturbances in
land characteristics vary from a region to a region depending
upon the natural as well as geological conditions of the coal-
mining areas. Land reclamation has been divided into three
zones: eastern, western, and southern. The improvement
strategies are focused on the primary protection of arable
areas within the eastern zone and ecological restoration with-
in the western and southern zones respectively. In this con-
text, innovative methods over the past decade have been
applied as well as land reclamation theories inclusive of coal
mining, land reclamation, backfilling, and self-restoration of
a surface soil in open pits.

Study of the factors of ecological disasters, stipulated by
mineral mining, helps carry out a systematic analysis of their
impact on lands, and geologic and ecologic environment.
Among other things, it especially concerns the impact on the
environment and on ecological system [21]. The key factors,
influencing the environmental ecology, mining scope, its
methods and techniques have been specified. Efficient
measures, aimed at land reclamation and environmental
protection, have been substantiated relying upon the control
effects resulting from the research.

System approach has been applied as a research method
while solving eco-economic problems of the restoration of
waste dumps of a coal field. The approach made it possible
to mitigate environmental damage and to obtain substantial
economic effect from the implemented environmental
measures [22]. The proposed method of waste dump reculti-
vation has been used to calculate the prevented economic
harm the environment. In future, such recultivated waste
dumps will be applied for the agricultural purposes; moreo-
ver, use of the waste by a metallurgical plant will release the
enterprise from the waste placement payments.

Paper [23] proposes technological solutions for a com-
plex of land reclamation activities of a mining stage taking
into consideration specific features of steeply deeping ore
deposit opencasting, requirements for the determination of
land reclamation tendencies, and rapid restoration of the
disturbed areas. Implementation of the recultivation deci-
sions will help intensify the process of the disturbed soil
rehabilitation corresponding to the legislative requirements
concerning environmental protection.

Findings of the research have made it possible to develop
an innovative method to reclaim lands disturbed by a dis-
charge of acid mine water; local industrial wastes were used
as reagents and additives [24]. In such a case, use of the
industrial wastes results in several-time cheapening of the
environmental measures. Full-scale experiments were carried
out at a surface of previous discharge of the acid water. Stable
vegetation cover has been obtained. Concentrations of the
chemical agents within the flora are not hazardous from eco-
logical viewpoint since in the majority of cases their content
stay within the natural background ones. Massive pilot tests
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of the method have been conducted; its implementation will
remedy negative coal-mining aftereffects as for the land.

Application of organic substances in the basis of the
parent rocks results in the intensified soil genesis and reculti-
vation; nevertheless, development tendencies of any organic
substance vary depending upon the differences in soil types
as well as in the application techniques [25]. Humus within
the surface layers demonstrates its accumulation tendencies
and increase in a humification degree. The tendencies are
stipulated by the intensification of a regeneration process as
well as by the increase in biological productivity in the pro-
cess of the disturbed land reclamation.

To intensify dump recultivation in the neighbourhood of
settlements, it is necessary to plant seeds of permanent grass-
es and annual grasses after preliminary preparation of slope
and bench surfaces [26]. Under the conditions, the environ-
ment of human occupancy district will meet the ecological
requirements intended to improve a situation with the lands
disturbed technogenically.

Mining activities result in soil disturbance, changes in
microbial communities and vegetation factoring into destruc-
tion of huge areas [27]. Land restoration is a process when
ecological integrity of the soil, disturbed by mining opera-
tions, is rehabilitated. If soil pH, fertility, microbial commu-
nity, and various nutrients are controlled then the disturbed
land becomes productive. Revegetation at the surface of the
disturbed soils is the most popular and useful method to
minimize erosion and protect land from its degradation
during recultivation.

3. Substantiating intensification
of the dozer dump recultivation

Progress of soil-building process at the surface being
recultivated favours gradual transformation and formation of
a land cover and rehabilitation of soil layer and grasses at the
dump surface while characterizing edaphic and ecological
conditions of the improved lands as well as natural soil gene-
sis process [28]-[30]. Substantiation of the disturbed land
reclamation method should be based upon the field soil stud-
ies, laboratory analysis of the soil samples, and purposeful
survey of the object conditions to obtain qualitative result
while determining the rehabilitation tendency for the techno-
genically disturbed territory.

In the context of open-pit mining, surface rehabilitation
tendency of the formed external dozer dump depends upon a
tendency of the restored land use for the national economy
needs [31]. Thus, the selection should be focused on the
creation of favourable conditions to restore stable ecosystem
within the disturbed territories in terms of maximum limita-
tion of negative aftereffects and to bring back their commer-
cial, ecological, and recreational importance. The energized
rehabilitation needs such an operation schedule for an exter-
nal dump formation which takes into consideration selective
placement of the overburden rocks inside the dump depend-
ing upon their suitability for the recultivation purpose. Fur-
ther, deposit geometry analysis will help determine overbur-
den rock conformance to the required conditions of the dis-
turbed soil reclamation. Hence, overburden analysis helps
identify volume of nonsuitable rocks, potentially fertile
rocks, and fertile soil layer. Further, calendar period for their
use in the rehabilitation process is identified in accordance
with a mining procedure accepted for the deposit.
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In the context of the proposed operation schedule, poten-
tially fertile rocks are discharged to a slope surface and hori-
zontal surface (by is the terrace width) of dump levels within
a peripheral share; nonsuitable for land reclamation rocks are
discharged to a dump body. When the projected height (H) is
achieved, a layer of potentially fertile rocks (hpsr) and a
fertile layer (h:)) also cover its horizontal surface. Angles a
and g correspond to a slope angle of the level as well as to a
resultant angle of the dump slope reclamation; hs, hy, and hs
correspond to heights of the levels. Figure 1 explains a
scheme of selective formation of the rounded external three-
level dozer dump in section.

Figure 1. Scheme of the selective shaping of a peripheral share of
a three-level dump

The recommended scheme of the external dumping helps
accelerate its surface rehabilitation owing to the overburden
discharge in terms of their suitability for land reclamation. In
this context, the specified average height of the dumped
levels is 3 m. Figure 2 represents following dumping proce-
dure. After a pilot embankment is discharged, dumping is
developed along a boundary of the discharged dump both
from the right side and the left side up to their meeting.
Then, the entrance into a level two is dumped at a level one
with following formation of dumping level two being paral-
lel to the level one. In the similar way, dumping level is
shaped to accelerate reclamation of an external dozer dump.
When the sufficient area is available, potentially fertile rock
layers are placed at the horizontal surface of a peripheral
share of the dumped levels (terraces); then fertile soil level is
placed upon its availability.

Digital terrain model (DTM) of a future dump is recom-
mended to be produced with the help of the current infor-
mation resources for the efficient use of a fertile soil level,
available within the boundaries of land allotment and the
volumes of the potentially fertile rocks within the open pit
(Fig. 3). In this context, requirements for biological reclama-
tion of the dump surface are involved. Its formation is per-
formed selectively. The model makes it possible to take into
consideration volumes of the potentially fertile rocks from
the open pit as well as the unsuitable ones from the moment
when the first volume of rocks is dumped up to its final for-
mation. Moreover, it helps determine dumping areas while
intensifying the disturbed land reclamation in the process of
dump formation [32].

The digital terrain model of a dump and its sections has
been produced using AutoCAD and GeoviaSurpac pro-
grams. Following parameters were specified for the dump:
number of levels — 3; level height — 3 m; slope angle — 37°;
berm (terrace) width — 10 m; road width — 6 m; and
entrance slope — 80°.
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Figure 2. Operation schedule of the dumped area filling by dead
rock taking into consideration the rehabilitation re-
quirements (R is the radius of the dumped area)

Figure 3. Digital terrain model: (a) a dump in the process of its
formation; (b) a dump formed selectively

4. Algorithm to calculate parameters of dozer dumps

In terms of selective formation, parameters of the exter-
nal three-layer rounded dozer dump (S;) are specified as
follows. Depending upon the dumped overburden volume,
height, and resultant angle of the dump slope, area of the
rounded dump is determined according to formula [33]:
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S = (1)

. ,VKf _ Hetgp
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where:

V — volume of overburden rocks piled in the dump, m3;

H — dump height, m;

S — resultant angle of the dump slope, degrees;

K — fragmentation coefficient of the overburden rocks.

Area of the upper horizontal surface of the dump (Sh, is
determined using following expression:

S ’VKf
=7 —_—
h.r 7H

In terms of the known linear parameters of the rounded
dump (V,), its volume is identified on the formula:

2
Hctg ,HJ _ @)

2
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In terms of the known parameters, radius of the dumped
area (R) is determined according to the formula:

’VKf
R=,]—
7H

The required volume of the potentially fertile rocks (Vp+r)
for the rounded external dump recultivation is determined
using the formula:

e

5 (4)

2
VK¢ Hctgp
Vkp = ﬂ-{ 7Z'_H - 2 hp.f.r ’ (5)
where:

hps.r — thickness of the applied potentially fertile rocks, m.
Volume of fertile soil layer (Vrs.1), placed on the surface
of external dozer dump, is determined on the formula:

2
VKp
Visi =7 — htsi

where:

hts — thickness of the placed fertile soil level, m.

The abovementioned calculation algorithms are intended
to identify rather accurately the parameters of the area allo-
cated for the external dozer dump, its upper horizontal sur-
face, the dump volume, and radius of the dumped area. Use
of the listed dependences is especially important to substan-
tiate the efficient parameters of the external dump in terms of
different values of a resultant angle of its slope.

In the context of the proposed schedule, piling of the
dump levels starts on a peripheral share of the external dozer
dump making it possible to place rocks, suitable for reclama-
tion, at the horizontal surface to accelerate its rehabilitation.
Selective dump of the potentially fertile rocks on the periph-
eral surface of each dump level favours intensification of the
external dump reclamation. Potentially fertile rocks at the
surface of the dump level slopes helps prevent from their
flattening while improving land use indices in the context of

_ Hetgp
2

(6)
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the external dump formation. Efficient use of the potentially
fertile rocks, extracted from an open pit at the initial stages of
the deposit development, for their selective placement to
accelerate the surface reclamation is among the key ad-
vantages of a method of the external dozer dump formation.

The recommended operation schedule of selective for-
mation of the external dozer dump differs from the availa-
ble ones in the simultaneous level dumping to intensify
surface rehabilitation of its dumped share. In terms of over-
burden suitability for reclamation, substantiation of its
selective placement at a dump surface helps accelerate
rehabilitation of the dumped share in the process of its
formation and mitigate the negative consequences of open-
pit mining on the environment. Use of the represented
method of a selective formation of three-level dozer exter-
nal dump helps intensify its surface reclamation in the pro-
cess of open-pit mining.

Following methods are planned for future to combine
dump and overburden operating with reclamation of the
disturbed areas:

— 3D modeling (using a drone, surface laser scanning,
and GIS) starting from a mining enterprise design up to the
compete recultivation of the disturbed land;

—IT with the use of the global positioning systems
to dispatch support service vehicles, monitoring of the
disturbed land.

5. Conclusions

The improved efficiency of the external dump reclama-
tion helps return timely the rehabilitated land for the national
economy needs while favouring environmental security in
the process of open-pit mining. Vegetation of the disturbed
territory during reclamation after mining to harmonize the
natural environment is the necessity of ecological orientation
of any nation. In the context of open-pit mining, internal
dump formation is the most economical and environmentally
friendly method of waste removal. Hence, the internal over-
burden dumping, matching the requirements to accelerate
reclamation of the disturbed land and having the greatest
technical and economic performance, is the optimum method
for overburden dumping.

In the context of economic growth, the improvement of
land use will remain one of the most important tasks of the
mining industry; more efforts and facilities are expected to
be channelized to the substantiation of the accelerated recla-
mation of the disturbed land areas. Deposit development
should involve efficient mining methods as well as the meth-
ods of the disturbed land rehabilitation while considering it
as the important link in the process of mining. In the context
of reclamation operations, recycling of organic substance is
the key soil-forming factor; moreover, it intensifies funda-
mentally the disturbed surface rehabilitation.

Digital terrain model helps demonstrate selectivity of the
external dump formation as well as its reclamation intensity.
The recommended selective dozer dumping differs from the
available ones in the simultaneous formation of dump levels
to intensify surface reclamation of its already formed share.
Selective placement of the overburden rocks as well as effi-
cient tendency to restore technogenically disturbed land
favours rehabilitation of the mining district; it will produce
positive effect as for the efficient solution of the problem
impacting ecologically the environment.
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OOrpyHTyBaHHd iHTeHcupikanii pexkyabTHBaNil BigBaJiB y nepioa 0CBOEHHA POIOBHII

T. Kanubekos, K. Pucoexkos, M. Canaudekos, I.JI. Bi, A. TokTapos

POIOBHIIL.

Meta. OOrpyHTYBaHHS MOMJINBOCTI iHTeHCcHikamii pekynbTHBanii HOBEpXOHb OyIbJO3EpHHUX BiJIBaNiB IPU BIIKPHUTIH po3poOIi

MeToanka. 3acTocoBaHO aHali3 croco0iB iHTeHCHiKanii peKyIbTUBALIIHUX POOIT IPH BIIKPUTOMY BUIIOOYTKY KOPHCHUX KOIAIUH Y

PI3HMX TiPHUYO-TEONOrYHUX yMOBaxX. Ha mificTaBi KpUTHYHOTO aHaji3y i BIACHUX aHAIITHYHUX JOCIIDKEHb PO3pO0JIeHa HOBa TEXHOJIOTIY-
Ha CXeMa peKyJIbTUBaLii BigBajy.
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PesynbraTn. OGrpyHTOBAaHO TEXHOJOTIYHY cXxeMa (opMyBaHHs OyJIbJO3EpHOr0 BiBady 3 ypaxyBaHHSM MPUIATHOCTI MOPiJ IS Iiijaen
PEKyJIbTHBAL], 110 JIO3BOJISIE 3HU3UTH HEraTUBHUHI BIUIMB IipHUYMX POOIT Ha HABKOJIMIIHE cepeloBHILe. PO3p006ieHO alIropuT™ po3paxyHKy
napameTpiB OyJIbJO3EPHUX BiBAJIB i CTBOpEHa U(poBa Tonorpadiuyaa Moaeb CENEKTHBHOTO (POPMYBAaHHS BilBaly.

HaykoBa HoBH3HA. Po3po0ieHa HOBa TEXHOJIOTIYHA CXeMa CEJIEKTUBHOTO ()OPMYyBaHHS 30BHIIIHBOTO OYIIBI03EpHOTO BiABATY BiAPi3HA-
€TBHCS BiJ] ICHYIOUMX OJHOYACHHUM BiICHIIaHHSM BiBAJILHUX SIPYCIB JUIS iHTeHCH(IKaLil peKyIbTUBALl] TOBEPXHI HOTO BiICHIIAHOI YaCTHHU B
TIepiof eKCILTyaTarlil pofOBHUINA BIAKPUTHM CIIOCOOOM.

IIpakTHyHa 3HAYMMIiCTB. 3aCTOCYBaHHS TEXHOJIOTII CEJIEKTHBHOTO (hOpPMyBaHH ITOBEPXHI Ha MPHKIaai OyJIbI03epHOrO BiABaIY 3 ypa-
XYBaHHSM IPUAATHOCTI PO3KPUBHUX TOPIA Ul PEKyJIbTHUBALII Ja€ MOXJIUBICTh IHTEHCH(IKYyBaTH PEKyJIbTUBALIIO MOPYLICHHX 3eMeENb Y
MpoIIeci eKCIUTyaTaril poJOBHIL.

Knruoei cnosa: nopywenns 3emens, 6ckpuuia, 8i0Kpuma pospooka, pekyromusayis, 8iogai, nopooa

O0ocHOBaHMe MHTCHCH(UKAIUH PEKYJIbTHBAIMH 0TBAJIOB B IEPHO OCBOCHHS MECTOPOKICHUIT

T. Kansi6exos, K. PricbexkoB, M. Canmubdekos, U.JI. bu, A. Toxtapos

Leab. O6ocHOBaHHE BO3MOKHOCTH MHTCHCH(UKAILINH PEKYIbTHBAIIMN IIOBEPXHOCTEH OyIIbI03€PHBIX OTBAJIOB IIPH OTKPHITON pa3paboT-
K€ MECTOPOXKICHUH.

Metoauka. [IpuMeHeH aHaIN3 CI0COO0B MHTEHCU(HUKAIIMN PEKYIbTHBAIIMOHHBIX paboT MPU OTKPBITOH JOOBIYE MOJIE3HBIX HCKOMAaeMbIX
B Pa3JIMYHBIX TOPHO-TEOJIOTHYECKUX YCIOBUSX. Ha OCHOBaHMHM KPUTHYECKOTO aHAIHM3a U COOCTBEHHBIX aHAIUTHYECKHX HCCIIeIOBaHUI pa3-
paboTaHa HOBasi TEXHOJIOTHUECKas CXeMa PEKyNIbTUBALUK OTBAJIA.

PesyabTaTthl. OO0OCHOBaHA TEXHOJIOTHUECKAs cxeMa (pOpMHUPOBaHUS OYJIbJO3EPHOTO OTBala C YU4E€TOM NPHIOJHOCTU MOPOA IJIS Lelel
PEKyJIBTHBANNH, TTO3BOJIIONIAs CHU3UTh OTPHIATEIFHOE BIIMSHIE TOPHBIX PadOT Ha OKPYKAaroUIylo cpexy. Paspaboran anropurM pacuera
rapaMeTpoB OyJIBA03EPHBIX OTBATOB U cO3/aHa Iu(poBas Tonorpaduaeckas MoJeIb CEIEKTHBHOTO (JOPMUPOBAHHMS OTBAA.

Hayunas noBu3Ha. Pa3pa0oTaHHas HOBas TEXHOJOTMYECKAask CXeMa CEJCKTUBHOIO ()OPMHPOBAHUS BHEIIHETO OyJIbI03EpPHOTrO OTBAjla
OTJIIMYACTCSI OT CYIIECTBYIOIINX OJHOBPEMEHHOH OTCHIITKON OTBAJBHBIX SIPYCOB JJISI HHTEHCH(HKAIIMU PEKYJIbTHBAIIMN MOBEPXHOCTH €To
OTCHIIIAHHOM YaCTH B TIEPUOJ IKCIUTYyaTAI[Md MECTOPOXKACHHS OTKPBITHIM CIIOCOOOM.

IIpakTHYeckast 3HAYMMOCTS. [IprUMEeHEHNE TEXHOJIOTHH CEIEKTHBHOTO ()OPMHUPOBAHHUS MOBEPXHOCTU Ha MpUMepe OYIbI03epHOr0 OT-
BaJla C YYETOM IPUTOAHOCTH BCKPBIIIHBIX MOPOJ IS PEKYJIBTUBALMHI AT BO3MOXKHOCTh HHTCHCH(UIIMPOBATH PEKYJIbTHBALIMIO HAPYLICH-
HBIX 3€MeJlb B POIIECCE SKCILTyaTaI[ud MECTOPOXKACHUI.

Kniouegwie cnosa: napywenue 3emens, 8CKpbilid, OMKPLIMAs pazpabomxa, peKy1emueayus, omeal, nopooa
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