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Abstract. Modern the technology to extract and process rock mass have proved studies basic sources ore losses,
what act to the technogenic objects: losses commercial ores from the stoping faces, non-commercial, they are not
subject to record, oxidized ores which should be stored in a separate storage or dump and dry wastes of a processing
plant. Required that ore losses and dilution while mining are determined by following mining, technological and technical
parameters of open-pit mining operations. Determined that ore losses in an open pit depend polynomially upon technical
characteristics of the equipment being directly proportional to the contact zone angle and inversely proportional to the
processing volumes. A technique to process rock mass from hard-rock technogenic media has been developed, it is
aimed at recovery of mineral losses, restoration of the environment at the territory of mining enterprises by means of
rock mass extraction, its processing and redistribution for the purposes of land recultivation and landscape restoration.
Classification of dry ore-containing hard rocks of dumps has been developed; that has made it possible to improve
technological scheme of the processing of rock mass from technogenic media, emphasize its variants of use, and
specify the required facilities and their productivity. Classification of hard dry dump rock is as follows includes of origin
rock mass, reserves purposes, mineral type, rock mass lumpiness and specific magnetic sensitivity. Scientific value of
the paper is in determining the effect of changes in the losses in pre-processing dry wastes upon the yield of industrial
product and wastes; the effect has demonstrated that the yield of industrial product is in polynomial dependence upon
the pre-processing losses while yield of tailings is in the power dependence. Practical implications of the paper are in the
fact that the proposed method helps form mesorelief with the properties close to the natural one, it is involves restoration
of the initial landscape with the help of opening hard rocks followed, completed by laying water-bearing and potentially
fertile layers.

Keywords: open-pit mining, technogenic and disturbed geological environment, mine dump formation, reclamation,
restoration of landscape.

Introduction. Open-pit mining is impossible without opening operations;
moreover, further mineral processing is required to obtain commercial minerals. As a
result, certain technogenic media surrounds any mining enterprise in the form of
internal and external dumps, storages, and tailing facilities. The environment
experiences certain changes owing to the increase in volumes and areas of
technogenic media effecting it: fine rock particles enter the atmosphere resulting in
dust storms; productive land areas are occupied with waste storages; both
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hydrological and hydrogeological parameters of such areas change as well. One of
the tendencies to control the technogenic areas is their processing with the recovery
of losses of both minerals and associated products; that makes it possible to
redistribute rock mass volumes and use wastes for recultivation and mesorelief
development or restoration.

The available technogenic media (dumps, storages of intermediate and potential
raw material, tailing facilities) contain considerable mineral deposits of technogenic
origin. They are formed while extracting mineral raw material since the extraction
technique is not perfect; that results in significant mineral losses and dilution.
Nowadays, numerous scientists are studying that problem; moreover, different
methods to reduce the losses have been already developed. However, despite the
considerable scientific and technical achievements, dumps and tailings at mining and
concentration plants continue to accumulate numerous wastes of minerals and
associated products.

Studies concerning the technology to extract and process rock mass have proved
that following ores are sent into dumps:

a) commercial ores from the stoping faces where deposit structure is characterized
by complex geological conditions, i.e. losses. Those mining conditions are controlled
by special services with corresponding recording and deducting of the lost reserves;

b) non-commercial, they are not subject to record. That concerns following
mineral groups:

— mineral with non-commercial composition,

— ore interlayers,

— ore nip into the barren rock,

— mixture of mineral raw material with the rock while opening by means
of blasting operations etc.;

c) oxidized ores which should be stored in a separate storage or dump as a
potential mineral raw material;

d) dry wastes of a processing plant after preliminary mineral dressing including
aggregates; they are losses as well.

1. Dependence of ore losses during extraction upon mining and geological
parameters

Mineral losses and dilution while mining are determined by following parameters
of open-pit mining operations [1]:

— mining (complex deposit structure, amount of “enclosing rock-ore” contact
zones, their visual differences, dip angle of seams, coal bands in them, variety of
geological minerals, thickness of barren interlayer, noncommercial ores etc.);

— technological (bench height, width of excavator pass, parameters of the
production block, cut-off grade of the mineral, direction of the block development
relative to the contact zone area, possibility to apply selective extraction etc.);

— technical (capacity of excavator buckets, means of transport, overall dimensions
of the equipment etc.).

Paper [1] studies thoroughly mineral losses and dilution depending upon the
parameters of open-pit mining. According to the data obtained before, mineral losses
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are in direct proportion to the bench height and thickness of ore deposit in it,
direction of “enclosing rocks-ore” contact zone, and natural dip angle. Those studies
were developed further as for the effect of technical characteristics of the excavating
machinery.

The available methods to increase ore quality within the stoping face have been
analyzed. It has been determined that selective extraction and mineral blending are
the most popular techniques during the production process. However, selective
extraction was rather efficient in the 1980s—1990s, when excavators with the bucket
capacity of 3-5 m® and even sometimes 8 m® (in terms of dump truck capacity of 45—
75 t) were used. In the 2000s, in terms of iron-ore open pits, excavators with bucket
capacity of 8-12 m® (since dump truck capacity has increased up to 110-150 t) are
applied while, in terms of Kryvbas iron-ore open pits, the project works are going to
use excavators with the capacity of 20 m®. Two excavators with bucket capacity
being 27 m® operate already in iron-ore open pit of Sokolovsk-Sarbaisk Mining
Production Association [2]. That tendency as for the growth of the bucket capacity of
excavating machinery results in the increased ore mass dilution or considerable losses
which is demonstrated in Figure 1 depending on the inclination angle of the deposit
a.
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Figure 1 - Dependence of ore losses upon bucket capacity

Studies have demonstrated that ore losses in an open pit depend polynomially
upon technical characteristics of the equipment being directly proportional to the
contact zone angle and inversely proportional to the processing volumes. Mineral
losses are accumulated in different technogenic media.

2. Methods to recover mineral losses from technogenic media.

Dumps, storages, sludge tanks and tailing facilities accumulate technogenic media
in the form of losses and associated minerals which may be extracted. To do that,
rock mass should be processed to extract valuable components. Preliminary rock
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mass dressing is a prospective processing technique. There are several ways of
preliminary dressing differing in dressing methods involving the equipment based on
the application of specific chemical and physical properties of rock: magnetic,
gravitational, gravitational-magnetic, radiometric, and electrical.

Currently, much attention is paid to the development of radiometric methods
which use different radiation to distinguish valuable components in the rock pieces
(natural radioactivity, light, X-ray, nuclear, electromagnetic radiation of various
ranges). Methods of magnetic dressing are based on the difference between magnetic
properties of the components being separated; they are widely used to process ores of
ferrous, rare, and nonferrous metals. Material separation basing upon magnetic
properties is performed mostly in constant magnetic field. Depending upon the
peculiarities of technological processes, it can be mechanical (proper separation) or
physicochemical and chemical (thermal and thermochemical adhesion). While
determining the technique for preliminary dressing, one should consider rock mass
lumpiness, physical properties (magnetic sensitivity or density) etc.

In terms of iron ores, all the mentioned dressing techniques can be used.
However, productivity of a production complex is still the basic parameter during
their application. Radiometric, electrical, and gravitational methods demonstrate good
results during semi-production testing but they do not suit for large production
capacities. Practice of iron ore processing shows that magnetic method is the most
efficient one among dry preparation techniques. Correspondingly, there are different
facilities used at dressing plants of mobile separation complexes.

3. Method of mineral extraction from technogenic media.

A method has been developed to process hard rock mass from technogenic media
to recover mineral losses and improve environmental conditions at the territories of
mining enterprises by extracting rock mass, its processing and redistribution to
recultivate lands and restore landscapes.

Recently, advanced facilities have been developed: separators for coarse-crushed
rock mass; impact-centrifugal crushers and mills which provide both fine crushing
and cleavage within the point of rock aggregation; separators for medium- and fine-
crushed rock mass with high induction equipped with permanent magnets based on
Nd-Fe-B or Sm—Co alloys.

Process of segregation while rock mass dumping is the peculiarity of the
formation of both technogenic media and deposits in them. When dumps are
constructed by dump trucks or a stoker, the mass segregation in terms of lumpiness
takes place due to the fact that large lumps with higher potential and kinetic energy
roll down to the structure base. Thus, finer mass remains within the upper layers of
the dump making it possible the extract it selectively and process without additional
crushing.

A technique of rock mass extraction and processing involves sequential
performance of such technological processes as excavation, transportation, screening,
crushing, and dressing. Figure 2 demonstrates general scheme of rock mass
processing in terms of dumps.
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1 — bunkers or storages for the lower-layer dump mass; 2 — bunkers or storages for the upper-layer
dump mass; 3 — bunkers or storages for fine-crushed mass; 4 — screens to separate coarse-crushed
mass; 5 — bunkers or storages for coarse-crushed rock mass; 6 — coarse crushers; 7 — screens to
separate medium-crushed mass; 8 — separators for coarse-crushed rock mass; 9 — medium crushers;
10 — screens to separate fine-crushed mass; 11 — advanced separators for medium-crushed rock
mass; 12 — fine crushers; 13 — screens to separate fine-crushed mass; 14 — advanced separators for
fine-crushed rock mass

Figure 2 — Technological scheme of dump rock-mass processing

In terms of selective extraction, rock mass, according to its lumpiness, is fed from
the lower layers to bunkers or storages 1; rock mass from the upper layers is fed into
bunkers or storages 2. If there is fine-crushed mass, it is sent into bunkers or storages
3.

Sequence of the processing is as follows: rock mass comes from bunkers (or
storages) 1 onto screens 4 for coarse-crushed mass separation. Then, through product
Is sent to bunkers (or storages) 5 for coarse-crushed rock mass and plus material is
fed into coarse crushers 6 which products come onto screens 4 with closed cycle.

Rock mass comes from bunkers (or storages) 5 onto screens 7 for separation of
medium-crushed mass; then, plus material is sent to separators 8 for coarse-crushed
mass and through product is supplied into bunkers (or storages) 2. Barren mass is sent
from separators 8 back to the dump or for relief recultivation and landscape
restoration while ore inclusions are supplied to medium crushers 9 which product is
sent to bunkers (or storages) 2. Rock mass is sent from bunkers (or storages) 2 onto
screens 10 to separate fine-crushed mass. Plus material is supplied onto advanced
separators 11 for medium-crushed rock mass while through product is sent to bunkers
(or storages) 3. Wastes of preliminary processing are sent from separators 11 back to
the dump to be used for recultivation or as building material; ore portion is supplied
onto crushers 12. After those crushers, the product is sent to screens 13, plus material
Is supplied again into the crushers for final closed cycle while through product is fed
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into bunkers (or storages) 3. From there, the mass is supplied onto advanced
separators 14 for fine-crushed mass; further, ore portion is sent for processing at a
dressing plant and barren mass is sent back to the dump or used for relief
recultivation or other purposes.

Use of production processes and facilities in terms of the proposed technological
scheme depends upon the rock type, rock mass value, lumpiness etc. Thus,
classification of ore-containing dry hard rock of dumps has been proposed; the
classification will make it possible to improve technological scheme to process rock
mass from technogenic media of hard rock, to specify variants of its use, and to
define the required equipment and its productivity.

Classification of hard dry dump rock is as follows:

a) in terms of its origin

1) from an open pit:

— opening rocks from the “ore-enclosing rock™ contact zone;
— rock mass with ore interlayers;
— opening rocks with ore deposit nip-out;
— oxidized quartzites;
2) from a dressing plant:
— wastes of medium-crushed rock separation;
— wastes of fine-crushed rock separation;
b) in terms of the reserves purposes:
— commercial,
— non-commercial;
c) in terms of mineral type:
— high-quality;
— poor-quality;
— oxidized,;

d) in terms of rock mass lumpiness:

— the one requiring coarse crushing (300 — 400) = 1500 mm;
— coarse-crushed (50 — 100) + (300 — 400) mm;

— medium-crushed (3 — 20) = (50 — 100) mm;

— fine-crushed (3 — 20) mm;

e) in terms of specific magnetic sensitivity:

— strongly magnetic with specific magnetic sensitivity > 400000 m*/kg;
— weakly magnetic with specific magnetic sensitivity (750 — 10)-10° m?/kg.

While determining a technological scheme for coarse rock, one should take into
consideration that radiometric separators used for that purpose are characterized by
low productivity (up to 70 t/hr) while magnetic ones are characterized by the output
of up to 800 t/hr. However, any preliminary dressing used for rock mass from
technogenic media (dumps, storages, and tailing facilities) results in the extraction of
certain amount of industrial product with commercial content of a valuable
component which is sent to a dressing plant:



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna mexanika. 2019. No 147 9

Qp =Qqp +QP 1 (1)

where Qp — productivity of dressing plant as for crushed ore, t; Q,, — open pit
output, t; Qo?f"— productivity of the preliminary dressing complex as for industrial

product, t.

Distribution of rock mass volumes while preliminary dressing depends upon
technical and technological parameters of mining as well as upon qualitative
characteristics of the material. VVolume of the industrial product extraction with

valuable componenth"ff' Is determined by the yield of valuable component in the
extracted magnetic producty?.

.d. d.
oF.)r. =Qor. 'Y\[/).c. a (2)

where Q,.. — rock mass volume being subject to preliminary dressing, t.
Productivity of the preliminary dressing complex is defined by qualitative indices
of the rock mass before and after dressing (according to the general basics of dressing

[3]):
(X—ep.d_

Bp.d. _ep.d.

where a — magnetite iron content in the initial raw material, %; 6,4 — magnetite
iron content in pre-dressing tailings, %; B4 — Magnetite iron content in the magnetic
product after pre-dressing, %.

In its turn, yield of pre-dressing dry wastes is determined by dependence

pd. _

Tve. = (3)

OL_ep.d.

Qa.w. =Qor. — P t (4)

or. o  ~
Bpd. —Opa.

According to the obtained analytic dependences (2)—(4), effect of qualitative
characteristics of mineral raw material upon the pre-dressing complex productivity
has been analyzed. Dependence of the pre-dressing complex productivity (industrial
product yield) upon qualitative indices of mineral raw material has been identified: it
is in linear dependence upon the valuable component content in the initial mineral
mixture and in polynomial dependence upon the valuable component content in the
output raw material.

At the same time, rock mass distribution in terms of industrial product and dry
waste for further recultivation are defined by the dependences upon the losses of a
valuable component and its content in the pre-dressing wastes (Fig. 3).

Pre-processing of technogenic raw material with valuable components results in
following:
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—mining enterprise has additional increment of ore mass to its dressing plant at
the expense of obtaining QOF_"r‘_"' industrial product from the preliminary dressing

complex;

—volume of technogenic object per volume of mineral extraction decreases.
Moreover, rock processing (screening, crushing, re-excavation) helps obtain
additional products from the re-dressing wastes in the form of building material or
materials for relief recultivation and restoration.
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industrial product, t

Figure 3 — Dependence of pre-processing product yield upon the losses of a valuable component
and its content in wastes before dressing

4. Proposed method helps form mesorelief with the properties close to the
natural one

Open-pit mining is characterized by the destruction of micro- and mesorelief.
Mesorelief includes such elements as ravines, basins, hills, slopes, terraces etc. These
are the elements that determine peculiarities of microclimate and depth of ground
water occurrence and redistribute heat and moisture being essential for the formation
of meso- and macrosystems with specific soil features. Mineral extraction results in
disturbances of mesorelief due to:

— open-pit mining operations;

— collapse of the land surface during the formation of sinkholes;

— subsidence of the land surface during underground mining of a thick seam or
several seams;

— construction of technogenic areas in the form of dumps and sludge collectors;

— land leveling during construction of a technogenic complex to provide mineral
extraction, dressing, and processing.
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Service termination of any mining object (open pit, dump, sludge collector)
stipulates its recultivation which involves surface leveling (filling of the working), its
coating with potential fertile layer, and biological (forestry engineering) stage.
However, in this context, relief form, being peculiar for that area before mining
operations, is neglected absolutely; that results in the development of numerous
processes having negative impact for the environment. That is why, in the process of
recultivation with the restoration of previous mesorelief, following should be
provided:

— development of basic elements of current natural mesorelief, high-altitude
positions, inclination angles of the land surface being formed;

— layer-by-layer laying or rock types in the dump according to their natural
stratigraphic position;

— restoration of porosity in rocks of quaternary deposits by means of layer-by-
layer growing of plants while dump forming to provide aquifer recharge.

Mesorelief restoration is a complex and long-term process. A method to form
technogenic relief has been proposed; it includes following stages (Fig. 4):

— filling an open pit with the opening rocks down to the depth being less then min
level Hy, of previous natural relief H,ua Dy the thickness of the formation of
sedimentary rocks (filling of potentially fertile layer, aquifer and aquiclude under it);

— formation of aquiclude (clay) at the angle of natural slope (45°) with the
opening rocks within the areas where positive relief elements are formed;

— land planning within the fillings with the formation of the required slope angles
corresponding to the ones existing before (natural angles), solidification of soil
horizon;

— filling of the rocks with water-carrying capacity (sands) of the thickness being
close to natural aquifer taking into consideration rock consolidation [4];

— filling of argillaceous rocks to form vertical porosity with mandatory planting
[5] (several layers);

— coating a potentially-fertile soil layer.

. Vorr ¢
s
4

Figure 4 — Scheme of stage-by-stage mesorelief formation



12 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) 'eorexHiuna mexanika. 2019. No 147

In terms of parallel deposit mining and mesorelief formation, stage one involves
filling of a worked-out areas with opening rocks and planning of a horizontal site
with the help of bulldozer down to the depth H.,, being less by the thickness of the
formation of sedimentary rocks of previous natural relief Hayra [6].

After that, fillings within the areas of natural positive relief elements are formed
by the height less than H.x by the thickness of the formation of sedimentary rocks.
First, rock (filling) massifs are formed with the help of excavator and motor transport
at the angle of natural slope being 45°. Then, the formed filling of opening rocks is
planned additionally for the formation of filling slopes so that they correspond to the
natural ones. Further layers are coated onto the formed base of the natural massif.

Conclusions. A technique to process rock mass from hard-rock technogenic
media has been developed; it is aimed at recovering mineral losses and restoring the
environment at the territories of mining enterprises by rock mass extraction,
processing, and redistribution for land recultivation and landscape restoration.

Classification of dry ore-containing hard rocks of dumps has been elaborated. The
classification has become the basis to improve technological scheme of processing
rock mass from technogenic media; variants of its application have been emphasized;
required facilities along with their productivity have been specified.

Results of the calculations basing upon the proposed processing technique (yield
of pre-processing products) have been analyzed. It has helped demonstrate that the
yield of industrial product is in polynomial dependence upon the content of magnetite
iron in the magnetic product after pre-processing (which is determined by the
equipment quality) while tailing yield in terms of the same process is in power
dependence.

A method to form mesorelief with the properties close to the natural one has been
developed. The method involves restoration of the initial landscape base with the help
of opening hard rocks followed by the aquiclude formation with the angles
corresponding to the natural ones. After that, water-bearing and potentially-fertile
layers are laid.
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sika NOCTynae 40 TEXHOreHHMX 0B'ekTiB: BTpaTi GanaHCcoBMX KOHAMLINHMX pyZa 3 BuaoOyBHWX BUOOIB, no3abanaHcosi, siki
He NignaratoTb BpaxyBaHHI, OKUCHEHI pyau, siki NOBWHHI 36epiratucs Okpemum ckrnagom abo BigBanom Ta Cyxi Bigxoam
36aradyBanbHoi habpukn. BusHaueHo, WO BTpaTi i 36igHEHHS KOPWUCHOT KOManuHW npw Ti BMIML BM3HAYaOTLCS
reonoriYHNMM, TEXHOMOMYHUMI Ta TEXHIYHUMM NapaMETPaMM BIGKPUTUX FipHNYMX pobiT. BCTaHOBNEHO, L0 BTPATH pyau
B Kap'epi MoniHOMiarnbHO 3anexatb Bif TEXHIYHMX XapakTePUCTWK YCTaTKyBaHHSA, NpsMO MPOMOPUIMHO Big KyTa
KOHTaKTHOI 30HW Ta 0BepHEeHO NPONopLinHO 3anexartb Big 06'emis nepepobku. PospobneHo cnocib nepepobku ripcokol
Macu 3 TEXHOTEHHWX CEepedoBMLL CKEMbHUX TPCbKMX NOpid, AKMA nepeabadeHnii Ong BUIYYEHHS BTPAT KOPWCHOI
KONanwHW, BiOHOBMEHHS [OBKINAS Ha TEPUTOPISX MPHUMYOLOBYBHUX MIANPUEMCTB LUASIXOM BUIMKM TipCbKOT Macw,
nepepobkn Ta nepeposnoginy ii ob'emiB Ang pekynbTuBalii 3emenb Ta BigHOBREHHs naHgwadTie. PospobneHo
KnacudikaLito CKenbHWUX CyxXwx BigBanis nopig, Ski MiCTATb pyay, ska 403BOMNMMA BAOCKOHANMTU TEXHOMOMYHY CXemy
nepepobKM ripCbKOi Mack 3 TEXHOTEHHWX CepeaoBULL, BALINMUTIA BapiaHTW BUKOPUCTAHHS Ti, BUSHAUUTUCS 3 HEODXigHUM
obnagHaHHSM Ta oro MpoayKTMBHICTIO. Knacudikauis ckenbHUX Cyxvx BiaBaniB Nopig BKIKOYAE NOXOMKEHHS TPCHKUX
nopig, Mpu3HaveHHs 3anacie, TWM KOPWUCHOI KOMamuHW, LUMaTKyBaTiCTb TipCbKOI Mack Ta MUTOMY MarHiTHy
CPUMHATIMBICTb. HaykoBe 3HauyeHH pOBOTM nonsrae y BCTAHOBMEHI BMAMBY 3MiHM BTpPAT Yy CyXuX Bigxodax
nepeasbarayeHHss Ha BUXiA NPOMWCIIOBOTO MPOAYKTY i BiOXOAB, SIKMIA MOKas3aB, LU0 BWXi4 NPOMWUCIOBOTO MPOAYKTY
3HaX0AMTLCA B NOMiHOMIANbHIN 3aneXHOCTi Big BTpAT Npouecy nepeasbarayeHHst, TO4i K BUXi XBOCTIB B — CTENEHEBIN.
lMpakTuyHe 3HauYeHHs poboTy nonsdrae B 3anpONOHOBaHOMY cnocobi hopmyBaHHsS Me3openbedy 3 BNacTUBOCTAMM
BrM3bkUMKM [0 MPUPOZHOTO, SKWA MONArae Yy BIOHOBMEHHI CMOYATKy OCHOBW MEPBUHHOMO NaHAwadTy CKenbHUMM
nopogamu po3kpuTTS, NOTIM (OPMYBaHHI LLiapy nopig BOAOYNOPY 3 KyTamu BigMNOBIAHUMM O NPUPOLHOrO, MiCNS YOro
nepeabayeHo HAHECEHHS! HACTYMHIX LapiB (BOAOHOCHMWI FOPU3OHT Ta MOTEHLIAHO-POIOUMIA LWap).

KnioyoBi cnoBa: Bigkputa po3pobka, TEXHOreHHi Ta MOpYLIEHi reonorivHi cepefoBuLLa, BiABaNOYTBOPEHHS,
pekynbTUBaLis, BiHOBNEHHS naHawadrTy.

AnHoTauuA. [pu COBPEMEHHON TEXHOMOMW BbIEMKM M NepepaboTku rOpHOM MacChbl MCCenoBaHbl OCHOBHbIE
WCTOYHUKM NOTEPb PyAbl, KOTOPAs NOCTYNAET K TEXHOreHHbIM 06bekTam: noTepn 6anaHCcoBbIX KOHAULUMOHHBIX py4 C
pobbiBatox 3aboes, BHebanaHCoBble, He MOANEXallne YYeTy, OKUCMEHHble Pyadbl, KOTOPble AOMKHbI XPaHUTLCS
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OTAEeNbHbIM COCTaBOM WNM OTBAfioOM W Cyxue OTXoAbl oboratutencHom abpukn. OnpedeneHo, 4to noTepu M
pasyboxuBaHWe MOMe3HOro WCKOMaemoro NpW ero BbleMKe OMPEAenstoTCs reonornyeckuMn, TEXHONOTMYECKUMU 1
TEXHUYECKUMM MapameTpaMm OTKPbITbIX FOPHbIX paboT. YCTaHOBNEHO, YTO NOTEpW pyabl B Kapbepe MONMHOMUAmNbHO
3aBUCAT OT TEXHUYECKNX XapaKTepUCTUK 060pYyA0BaHNS, NPSIMO NPOMOPLMOHANBHO OT Yriia KOHTAKTHOM 30HbI 1 06paTHO
MpOMopLMOHanbHO 3aBucAT OT 0ObemoB nepepabotkn. PaspabotaH cnocob nepepaboTku ropHOM Macchl W3
TEXHOTEHHbIX CPER CKambHbIX TFOPHbIX MOPOA, KOTOPbIM MPEAYCMOTPEH ANS W3BMEYeHUs MOTEPb NOME3HOro
CKONaeMOoro, BOCCTAHOBIEHWS OKpYXaloLLEel Cpeabl Ha TEPPUTOPUSX FOPHOLOBLIBAKOLLMX NPEaNPUATIAN MyTEM BbleMKM
TOPHOM Macchl, nepepaboTkn M nepepacnpeneneHns ee 06bEMOB ANs PeKynbTMBaLMM 3eMenb W BOCCTAHOBMEHNS
naHawadTo. PaspaboTtaHa knaccudukaums ckanbHbIX Cyxux OTBaroB Nopog, COAEPXalynx pyay, KoTopas nossonuna
YCOBEPLUEHCTBOBATb TEXHOMOIMYECKYIO CXeEMY nepepaboTki roOpHOI MaccChl U3 TEXHOTEHHbIX CPEd, BbIAENUTL BapuaHTbl
€€ WCMonb30BaHus, ONPeaenuTbCs ¢ HeobxoaMMbIM 060PYAOBAHMEM U €r0 NPOU3BOAMTENBHOCTLIO. Knaccudukaums
cKarbHbIX CyXuX MOpof OTBarioB BKIHOYAET MPOUCXOXAEHUS TOPHBLIX NOPOA, Ha3HaYeHUs K 3anacam, TWM NONe3Horo
MCKOMaemoro, KyckoBaTOCTb FOPHOM MacChl W yAEMNbHY MarHUTHYK BOCTPUMMYMBOCTb. HayyHoe 3HadeHue paboTbl
3aKMYaeTcs B YCTAHOBMEHWW BIWUSIHUS W3MEHEHWS MOTepb B Cyxux OTxodax npenoboralieHns Ha BbIXOA
NPOMBILLSIEHHOTO MPOAYKTa X OTXOAOB, KOTOPbIA MOKasan, YTO BbIXOA MPOMbILMIEHHOrO MPOAyKTa HaxoguTcs B
NONMHOMUANbHON 3aBUCUMOCTK OT MOTEpPb Mpouecca npegoboralleHns, Toraa kak BbIXOA XBOCTOB B - CTEMEHHOMN.
lMpakTuyeckoe 3HaueHWe paboTbl COCTOWT B MPEANOXEHHOM cnocobe hopmmpoBaHMs Me3openbeda Co CBOMCTBAMM
OAM3KMMM K €CTECTBEHHOMY, KOTOPbIA 3aKMo4YaeTcsi B BOCCTAHOBMIEHMM CHayana OCHOBbI MEPBMYHOrO naHAwadgra
CcKarnbHbIM MOPO4aMW BCKPbILLKM, MOTOM (DOPMMPOBaHMM Crios MOpoL BOAOYNOpa C yriamu COOTBETCTBYHOLMMM
NPUPOLHOMY, MOCNE Yero NpeayCMOTPEHO HAaHECEHWe MOCNeayHoLMX CroeB (BOAOHOCHBIN FOPU3OHT W NOTEHLMarbHO
N0LOPOAHbIN CIION).
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