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Formation of synthetic structures and textures of rocks
when simulating in COMSOL Multiphysics

A. S. Voznesensky (204, L. K. Kidima-Mbombi
NUST “MISIS”, Moscow, Russian Federation
4 al4d8@mail.ru

Abstract

Rock texture and structure play an important role in the formation of the rock physical properties, and also
carry information about their genesis. The paper deals with the simulation of geometric shapes of various
structures and textures of rocks by the finite-element method (FEM). It is carried out by programmed detailing
of the element properties and their spatial location in the simulated object. When programming structures,
it is also possible to set the physical properties of various parts of the model, grids, initial and boundary
conditions, which can be changed in accordance with the scenarios for numerical experiments. In this study,
on the basis of FEM, simulation of various structures and textures of rocks with inclusions and disruptions
was implemented in COMSOL Multiphysics in conjunction with Matlab. Such structures are used to conduct
computer generated simulations to determine physical properties of geomaterials and study the effect on
them of agents of various physical nature. The building of several models was considered: a rock specimen
with inclusions in the form of ellipses of equal dimensions with different orientations; a sandstone specimen
containing inclusions with high modulus of elasticity in cement matrix when deforming; a limestone
specimen with fractures filled with oil and saline water when determining its specific electrical resistance.
As an example of a fractured structure analysis, the influence of the filler on the electrical resistance of
the limestone specimen containing a system of thin elliptical predominantly horizontal fractures was
considered. The change in the lines of current flow at different ratios between the matrix and the fracture
filler conductivities and their effect on the effective (averaged) conductivity of the rock specimen was clearly
demonstrated. The lower conductivity of the fracture filler leads to increasing the length and decreasing the
cross-section of the current flow lines that, in turn, leads to significant decrease in the conductivity of the
fractured rock specimen. The higher filler conductivity results in a slight increase in the conductivity of the
fractured specimen compared to that of the homogeneous isotropic specimen. The resulting structures can
be used for numerical experiments to study physical properties of rocks.

Key words
rocks, geomaterials, physical properties, fractures, inclusions, numerical simulation, synthetic structures,
texture, acoustic properties, electrical properties
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CBOMCTBA IFOPHbIX NOPOJ. FTEOMEXAHUKA U TEO®U3UKA

Hay4yHaqa cTaTbd

®dopMupoBaHue CUHTETUYECKNX CTPYKTYP U TEKCTYP FOpHbIX NOPOA,
npu ux moaenuposaHum B cpege COMSOL Multiphysics

A.C. Bosnecenckuii (24, JI.K. Kuguma M6omou
HUTY «MHCuC», 2. Mockea, Poccus
< al48@mail.ru

AHHOTaUuA

TekcTypa M CTPYKTypa TOPHBIX IOPOZ, UTPAIOT CYIIECTBEHHYI0 POIb B (OPMUPOBAHUM UX (GUIUUECKUX
CBOJICTB, a TaKKe HeCcyT MHGOPMAIIMIO O reHesuce. B craThe paccMaTpMBaETCs MOAEIMPOBAHNE METOLOM KO-
HeuHbIX 371eMeHTOB (MKD) reomeTpuueckux GopM pasanyHbIX CTPYKTYP U TEKCTYpP FOpHBIX mopoxa. OHO ocy-
IIeCTBIISIETCS ITyTeM IIPOrpaMMHO¥ IeTaan3alyin CBOCTB 37IeME@HTOB U UX ITPOCTPAHCTBEHHOTO PacIioioskKe-
HUSI B MOZeIMpPyeMoM o0beKTe. [Ipy TporpaMMMUpPOBAHMM CTPYKTYP BO3MOKHO TaKKe 3amanye (Gpu3nueckux
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CBOJICTB pa3/IMYHBIX YaCTell MOJe/N, CeTOK, HAUaJbHbIX ¥ TPAHUYHBIX YCJIOBUIA, KOTOPbIE MOTYT M3MEHSIThCS
B COOTBETCTBUM CO CIIEHAPUSIMU MTPOBEIEHNST YMCIEeHHbIX YKCIIePMMEHTOB. B pa6ore Ha ocHoBe MKD peasnu-
3yetrcst mopenupoBaHe B COMSOL Multiphysics B cBsiske ¢ Matlab pa3inuHbIX CTPYKTYP ¥ TEKCTYP TOPHBIX
MOPOJ, C BK/IIOUEHUSIMU U HapylleHUsIMU. Takue CTPYKTYPbl UCIIONb3YIOTCS JIS IPOBEAEHMSI KOMITbIOTEPHBIX
9KCIIEpPMMEHTOB I10 OmpeneneHnIo Gpu3nIeckuxX CBOMCTB reoMaTepuanoB U UCCAeSOBAHNIO BAMSHUSI HA HUX
BO3JIECTBUIT PA3IMYHOM (PU3MUECKOI MTPUPO/IbI. PACCMOTPEHBI MOCTPOEHMS] HECKOIIBKIX MOJieeii: o6pasiia
TOPHO¥ TIOPO/IbI C BKITIOUEHNSIMM B (hOpMe 3JTUIICOB PAaBHBIX Pa3MepOoB C PA3IMYHON OpueHTaIyeii; oopas-
11a TecuYaHmKa, CoLepsKalllero BKAYEeHNS C BBICOKMM MOAY/IEM YIIPYTOCTU B LIeMEeHTUPYIOLIel MaTpulie mpu
ero neopmupoBaHum; 06pasiia M3BECTHSIKA MPU OTPEeNeIeHUN ero YIeTbHOTO TeKTPUUECKOTO COTIPOTUB-
JIeHUs C TpellyHaMM, 3all0THeHHbIMY HeThI0 ¥ MMHepaaM30BaHHOI BOZOIi. B KauecTBe mpumepa aHanu3a
TPEIIMHOBATON CTPYKTYPbl PACCMOTPEHO BAMSIHME 3aTIOTHUTENSI Ha 3JIeKTPOCOMPOTUBIIeHMEe obpasiia u3-
BECTHSIKA, COlepsKallero CUCTeMY TOHKMX SJUIMIITUYECKUX TPELMH C IPeMMYILeCTBEHHO rOPU30HTaIbHbIM
pacriosioxkeHueM. HarisimHO TOKa3aHO M3MeHeHMe JMHUI MpOTeKaHMs TOKa MPU Pa3HbIX COOTHOIIEHUSIX
MesKTy TTIPOBOAVIMOCTHIO MAaTPUIIBI ¥ 3aTIOTHUTEIEM TPEeIIVH U UX BiIusHYe Ha 3GdeKTUBHYIO (YCPeTHEeHHYIO)
MPOBOJAMMOCTH 06pasiia mopoibl. MeHbIIask MPOBOAMMOCTD 3aTIOJTHUTEJIST TPEIMH TPUBOIUT K YBEINUEHUIO
JIIVHBI M YMEHbUIEHUIO CeUeHUSs] IMHMUI MPOTeKaHMs TOKa, UTO B CBOIO OYepeb IPUBOAUT K CYILECTBEHHOMY
CHYDKEHUIO TIPOBOAVIMOCTH TPEIIMHOBATOrO 06pasiia Mopobl. Bombiiast MpPOBOAMMOCTD 3aIIOIHUTEINS UMEeT
CBOMM pe3y/IbTaTOM He3HAUUTeTbHOE YBeIuYeHne MPOBOIMMOCTHU TPEIIMHOBATOTO 06pasiia o CpaBHEHUIO
C OHOPOIHBIM M30TPOITHBIM 00pa3I[oM. [ToyUYeHHbIe CTPYKTYPhI MOTYT ObITh MCITOb30BaHbI JJIsI IIPOBE/IEe-

HUS UMC/I€HHBIX SKCIIEPMMEHTOB I10 MCCIeJOBaHUIO d)MS]/I‘IECKI/IX CBOJICTB mopon.
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Introduction

Rock texture and structure play an important role
in the formation of a rock’s physical properties and
also carry information about their genesis. Therefore,
scientists from different disciplines have an interest in
studying these rock characteristics.

The history of the evolution of texture analysis
(TA) was presented in the fundamental study by [1],
which gave examples simulating the elastic properties
of textured materials from multiphase specimens
containing pores and fractures. Petrographic analysis
was carried out by [2] to determine the structure,
texture, composition, and presence of minerals in
beach rock specimens from the islands of Japan and
Indonesia. To optimise the parameters of hydraulic
fracturing using two and three-dimensional numerical
models, the matrix structure and heterogeneities of
minerals with complicated geometry of intergranular
contacts between them were taken into account [3].
The importance of studying texture as one of the key
elements that determine the morphological features
of rupture was noted in [4]. Studies of small-scale
variations in mineralogical composition and texture
associated with rock faults within the San Andreas
continental transform fault zone were described in [5].
Crystallographic textures of specimens of granulite,
amphibolite, schist and gneiss were measured,
classified, and compared with similar textures of
monomineral rocks in [6]. In [7], analysis of the crystal
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structure, texture, and chemical composition of syn-
kinematic phyllosilicates in fault zones was used to
determine the mechanisms and stages of strains and
conditions of fault activity. Replacing the models of
the complex textures of most granular sedimentary
rocks with a model of a granular effective medium,
based on the physics of random sphere packing, was
proposed in [8]. The physical properties of reservoir
rocks containing oil, gas, or water depend on the rock
mineral composition and texture, as noted in [9]. The
texture and residual stresses in geological specimens
were studied in [10]. The theory and simulation of the
formation of new structures as a result of the contrast
in rheological properties between layers of different
textures were considered in [11].

A number of studies have been devoted to the
quantitative assessment of textures using coefficients,
as well as the establishment of their relationship with
the physical and technological properties of rocks.

The texture coefficient was proposed by two
Australian researchers, Howarth and Rowlands, in
1986 [12, 13] to quantify texture, taking into account
the shape, size, and location of mineral grains that
made up rocks, as noted in [14]. The relationship
between a rock’s engineering properties and texture
has been investigated through examples of carbonate
rocks [15]. Grain shape, elongation, orientation,
roundness, packing density, porosity and matrix
content were evaluated by the texture coefficient.
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Specimens of Cretaceous carbonates, including grain
size and percentage, matrix type, dolomite percentage
and carbonate percentage were investigated in relation
to compressive strength and Young's modulus [16].
Quantitative petrographic studies of the influence
of the distribution of minerals and their sizes on the
strength and other geotechnical properties of low-
porosity volcanic rocks were discussed in [17]. The
relationship between the texture coefficient and
sinuosity of the matrix of a rock containing pores (on
the one hand) and Young's modulus, ultimate strength,
ultimate yield and shear modulus under uniaxial
compression (on the other), was investigated in [18].
Experimental numerical simulation by the method of
discrete elements and laboratory testing of granite
specimens under uniaxial compression and Brazilian
tests (for tensile strength) were performed in [19], to
study the effect of the size and distribution of mineral
grains on the strength and nature of microfractures in
granite rocks. The influence of the pre-existing texture
of natural fractures on the shape of the reservoir in the
course of its hydraulic fracturing was studied in [20]
using a block model of discrete elements. The influence
of the mineral composition and texture of the rock on
the slake durability index (Slake Durability, SDI), as
well as the relationship between the SDI of some rocks
and their engineering (geotechnical) properties were
studied in [21]. The relationship between the texture
and mechanical properties of various rocks was studied
in [22]. The rock texture features were quantified using
the texture coefficient. The developed model was
applied to determine the rating of intact rock mass in
the RMR rock mass classification.

A special place is occupied by methods of image
processing and synthesis of structures to establish their
relationships with the physical properties of rocks.

The study [23] was devoted to the automatic
identification of rocks in thin sections using texture
analysis. The publication [24] is devoted to the creation
of petrographic images using thin sections and the
quantitative determination of the spatial location
of selected rock components using two-dimensional
(2D) Fourier transform. The texture segmentation
algorithm for digital images of borehole walls was
discussed, based on the "texture energy’ index, and
allowed to automatically divide the recorded sequence
into strata [25]. The use of the statistical texture model
proposed by Ma and Gagalovich to create a synthetic
image comparable to the original one, was described
in [26]. The study by [27] was devoted to the automatic
identification of rocks in thin sections using texture
analysis. Stress-strain curves and rupture evolution
processes in rocks, based on synthetic digital models
under uniaxial compression that allowed the simulation
of various structural details and heterogeneous
diversity of the studied rocks, were studied in [28].
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The pore network model was used in [29], to simulate
diagenetic cycles of sedimentary reservoir rocks. An
example of the use of two extended fracture criteria -
the “nonlocal Coulomb-Mohr softening criterion” and
the “multilayer criterion” - for simulating underground
constructions and rock specimens in layered mica
schist with overlying rocks of complex texture, was
given in [30]. The textures of three different facies of
diabase alteration were studied using microscopy and
X-ray microtomography to calculate rock permeability
by numerical simulation [31].

For the numerical simulation of various structures
and textures of rocks with inclusions and fractures
by the finite-element method in the COMSOL
Multiphysics environment, the use of this software in
conjunction with Matlab, on the basis of which this
system was created, may be useful. The structures
obtained in this way can then be used for carrying out
computer generated simulations to determine physical
properties of geomaterials and study the influences
on them of the effects of diverse physical nature. The
complexity and laboriousness of manually drawing
such textures with a large number of structural
elements, as well as with permanent changes in the
course of performing a series of experiments, make
this operation practically unfeasible.

The aim of the study was to develop a technology
for the automated synthesis of structures and textures
of rocks with random variations of given textural
parameters, characteristic of natural geomaterials,
for use in numerical experiments for determining the
physical properties under diverse effects.

1. Research techniques

Finite-element simulation of geometric shapes of
various structures and textures of rocks is carried out
by means of drawing the elements and their placement
within the simulated object using software. With
this approach, it is also possible to set the physical
properties of various parts of the model, grids, initial
conditions and boundary conditions, which can change
in accordance with the scenarios for conducting
numerical experiments.

As an example of the formation of a structure
created using a program written in Matlab codes, in
COMSOL Multiphysics, we consider a fragment of a
drawing of a rock specimen with inclusions in the form
of ellipses [32]. The introduction of a random number
generator makes it possible to obtain the uniqueness of
each combination of geometric parameters and study
the influence of random factors on the experiment
results.

Code snippet

clc
clear all
clear fem

Initial operations
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fem.shape = 2;

fem.sshape = 2;

AT =0.001; Semi-major axis of the
ellipse

BT =0.0002; Semi-minor axis of the
ellipse

phi = 45; Ellipse tilt

LX =0.032; Specimen width

LY =0.064; Specimen height

NX = 15; Ellipses horizontal quantity

NY = 18; Ellipses vertical quantity

YMIN=BT/3; Y fields

XMIN=AT/3; X fields

DX = (LX-2*XMIN)/(NX+1); Distance between inclusions
along X

DY = (LY-2*YMIN)/(NY+1);

Distance between inclusions
along Y

rl = rect2(LX,LY,’base’, cor-
ner’,pos’,[-LX/2 -LY/2]);

Specimen formation

for j=1:NX

display=j

CX = -LX/2+XMIN+DX*(j);

fori=1:NY

CY = -LY/2+YMIN+DY*(i);

k = (i-1)*NX+j;
A=pi/2*random(‘Uni- Tilt angle of ellipses from
form’-1,1,1,1) -90° to +90°

r{k} = ellip2(AT,BT,’pos’,[CX
CY],rot’,A);

Formation of ellipses of
inclusions

rl =rl-r{k};

Formation of structure

rl =1l +r{k};

end;

end;

fem.geom =r1;

Structure building

display="femgeom’

fem.mesh = meshinit(fem);

Grid formation

display="femmesh’

fem.mesh = meshrefine(fem);

display="meshrefine’

figure, geomplot(fem)

Grid formation

fem.mesh =
meshinit(fem, report’, off’);

fem.appl.mode = ‘FIPlaneStrain’;

Selection of a COMSOL
Multiphysics section

fem.appl.equ.f={00 1};

fem.appl.equ.c = 1;

fem.appl.bnd.h = 1;

fem = multiphysics(fem);

fem.xmesh = meshextend(fem);

fem.sol = femlin(fem,’re-
port’, off);

figure

postplot(fem,’tridata’,’u’)

Grid generation

This code corresponds to the generation of the
structure in 2D space. Similarly, the generation in 3D

space can be carried out.

2. The Findings and Discussion

2.1. Demo example

The result of generating the structure in accordance
with the above code is shown in Fig. 1. In this case, the
inclines of the ellipses were randomly set and their
size and position did not change. By setting a different
number of ellipses and changing their size boundaries,
the incline angle and positions, it was possible to obtain
structures corresponding to different types of rocks.
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Fig. 1. The program code result

The resulting structures can be used for numerical
experiments to study physical properties of rocks. We
will now consider examples of such studies.

2.2. Generation of the structure
of a sandstone specimen and simulating
ts uniaxial compression test (UCT)

We will consider the simulation of a sandstone
specimen of dimensions 32x32x64 mm in the form of
a rectangular prism with a square base. The specimen
included high-modulus grain-inclusions with a
structure of 6x18 grains, placed in cement matrix.
Semi-axes of the grains were of the following sizes:
a large one of 1.8 to 2.9 mm and a smaller one of 1.3
to 2.1 mm. Orientation angles of the main axis of
the ellipses were £90° from the horizontal direction.
The model’s elastic properties, elastic modulus E and
Poisson's ratio v are given in Table 1.

Table 1
Elastic properties of the model elements
Structure elements E, GPa %
Cement 1 0.2
Grains 100 0.25
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In the simulation, the boundary conditions were
set under which vertical displacements of the lower
end were prohibited and the displacement of the
upper end was 0.1 mm downward, corresponding to
the vertical compression of the specimen.

The results of calculating the stresses in the
specimen are shown in Fig. 2a; Fig. 2b shows the curve
of vertical normal stresses in the y = 0 cross-section.
In this case, it was assumed that negative values
corresponded to the compressive stresses.

Surface: sy normal stress global sys.
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Fig. 2. The simulated structure of a sandstone specimen
and distribution of vertical compressive stresses
over the volume (a) and in the y = 0 cross-section (b)
of the specimen
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In Fig. 2a, the areas with the minimum
compressive stresses (in absolute magnitude) are
marked in red. The compression stresses at the grain
contacts are marked in yellow, green, and blue. The
areas of increased stresses, forming vertical chains,
are marked in yellow. The maximum value of normal
vertical stress in the y = 0 cross-section (in absolute
magnitude) reached 223.8 MPa, and the average stress
in this cross-section amounted to 77.0 MPa. The ratio
of the maximum to average stress was 2.91. Large
values of local stresses can cause destruction of the
specimen’s internal structure. If the specimen had a
structure with a homogeneous modulus of elasticity,
the compressive stresses averaged over the cross-
section would not cause such a rupture.

2.3. Simulating horizontal fracturing
in a limestone specimen

Another structure, simulating a system of frac-
tures of horizontal, vertical or oblique orientation with
the angles in a given range, can also be formed from
ellipses. A system of elliptical fractures with a predo-
minantly horizontal arrangement in a two-dimensio-
nal formulation of the problem is considered below.

The structure contained a network of elliptical
fractures, arranged as 15 horizontal and 10 vertical
rows with an incline of +40° relative to the horizontal
axis; the semi-major axis was 6 x 10~ to 10.4 x 10-> mm
and the semi-minor axis was 1.2x 10*to 2.8 x 10~* mm.
The deviations of the fracture centres from the uniform
grid were +4.9 mm horizontally and *8x10? mm
vertically. The fractures were located in a rock specimen
32x32x64 mm in size. When generating the size, incline
and position of the ellipse centres, a random number
generator with uniform distribution was used.

For the specimen of Cretaceous sediments, the rock
conductivity was taken to be equal to the conductivity
of limestone o, = 10~* Sm/m; the conductivity of water
o, = 10 Sm/m; and the oil conductivity was taken to be
1x10~° Sm/m. The values of conductivity of the media
and the specimens are given in Table 2.

On the upper side of the specimen, a voltage of
100 V was set, relative to the lower side; the boundary
condition of the lower side corresponded to ground.
The simulation allowed us to obtain the distributions
of the local current on the upper side of the specimen.
In addition, in the course of the simulation, the lines
of the electric current density were plotted, and the
effective (averaged) specific electrical conductivity
(EC) of the specimen was determined.

In the simulation, three cases were considered:

1) a homogeneous isotropic specimen without
fractures;

2) a specimen with fractures filled with oil or air
with low conductivity, less than the cement matrix
conductivity;
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Fig. 3. Current flow lines for specimens: homogeneous isotropic (a);
with fractures filled with oil or air (b); with fractures filled with conducting saline water (c)

3)a specimen with fractures filled with saline
water with high conductivity, greater than the matrix
conductivity.

The calculated results are shown in Fig. 3 and
Table 2.

The initial and simulated conductivities of the
media and specimens are presented in Table 2.

Table 2

The conductivities of the media included in the model,

as well as the averaged conductivities of the specimens:
homogeneous isotropic; with fractures filled with oil

or air; with fractures filled with conducting saline water

Medium Homogeneous Fract_ures, Fr'actures,
specimen oil saline water
Limestone 1x10*
Fracture filling - 1x10°° 1x10!
Specimen 1x10 4.304x10° 1.376x10*
For the homogeneous isotropic limestone

specimen in Fig. 3a, the current flow lines are linear
and directed vertically. Following on from the data in
Table 2, for this specimen, exactly the same value of
electrical conductivity was obtained for the rock, which
was taken when forming the model.

For the specimen with fractures filled with low-con-
ductivity liquid or air (in Fig. 3b), the current flow lines
are bent, increasing the current path and decreasing the
cross-section, that leads to decreasing the specimen’s
effective conductivity by more than 10 times.

For the specimen with fractures filled with
conducting saline water, the conductivity increases by
almost 40% due to the partial flow of current through
the liquid.

70

Conclusions

1.The approach to the numerical simulation
of heterogeneous structures containing elliptical
inclusions generated from the Matlab programme, in
conjunction with COMSOL Multiphysics (where finite-
element simulation is performed), is quite effective.

2.The possibilities of simulating sandstones
containing high-modulus grain-inclusions placed in a
cement matrix have been demonstrated. The solution
of the problem of determining local stresses in a
specimen with such a structure under uniaxial strain in
the direction of the longest side was considered. It was
shown that the local stresses significantly exceeded the
values averaged over the specimen’s cross-sectional
width; elongated areas of increased stress were present,
oriented along the straining direction.

3. As an example of a fractured structure analysis,
the influence of the filler on the electrical resistance
of a limestone specimen, containing a system of thin,
elliptical, predominantly horizontal fractures was
considered. The change in the lines of current flow at
different ratios between the matrix and the fracture
filler conductivities and their effect on the effective
(averaged) conductivity of the rock specimen was
clearly demonstrated. The lower conductivity of the
fracture filler leads to increased length and decreased
cross-section of the current flow lines that, in turn,
leads to a significant decrease of the conductivity
of the fractured rock specimen. The higher filler
conductivity results in slightly increased conductivity
of the fractured specimen compared to that of the
homogeneous isotropic specimen.
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Abstract

The study hypothesis is determined by the statement that the identification of a set of issues covering all
stages of introducing technogenic deposits into economic turnover will allow focusing on solving a set of
complex problems associated with technogenic mineral accumulations (mining waste). The aim of the study
was to identify problems requiring priority resolution, which, in turn, accelerated the transition to a circular
economy (implementation of the concept of closed supply chains) in the context of handling technogenic
mineral accumulations. In the course of the study, issues of legal nature were identified (caused by the absence
of the legal status of technogenic deposits and the regulation of their use regime in the Federal Law of the
Russian Federation “On Subsoil”). A number of aspects are due to the complexity and cost of development of
technogenic deposits, which are rightfully classified as unconventional types of raw materials, and in most
cases require state support (for involving in commercial exploitation) in the form of a system of economic
incentives, the feasibility of which should be confirmed by newly-elaborated regulatory legal acts. State
should use the tools of public-private partnership in solving waste problems, in particular, referring to the
positively proven experience of implementing regional target programs for processing of technogenic mineral
accumulations. Viability of transition to circular economy in the sphere of handling technogenic mineral
accumulations depends on the timeliness of the identified problems solution.

Key words
technogenic deposits, technogenic mineral accumulations, waste, waste management, circular economy,
public-private partnership
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MM (TOPHOIIPOMBIIIJIEHHBIMM OTX0HamMu). Llenpio mcciesoBaHus SIBSIETCST BbISIBJIeHME 3aa4, TPeOyIoInx
IepBOOYEPETHOTO pa3pelleHus, YTo, B CBOI0 o4yepeib, hopcupyeT Mmepexof K IUPKYISIPHO SKOHOMUKe
(peanmu3anyy KOHUEMUIMY 3aMKHYTBIX IIeleil TTOCTAaBOK) B YCIOBMSIX 0OpalieHus ¢ TeXHOTeHHBIMY MUHEe-
paTbHBIMK 0Opa3oBaHMUSIMU. B mpoliecce mcciieqoBaHMS BhISIBJIEHBI TTPOOIEMbI TPABOBOTO XapaKkTepa, 06y-
CJIOBJIEHHbBIE OTCYTCTBMEM B PefepanbHOM 3aKOHe Poccuiickoiit @emepaiinm «O Hegpax» IPpaBOBOTO CTATyCa
TEXHOTE€HHBIX MECTOPOKAEHUI U periaMeHTallUuy PEXUMA UX UCII0Ab30BaHus. Ps acrieKToB 06yC/IOBIIEH
CJIOKHOCTBIO U 3aTPAaTHOCThIO Pa3pabOTKM TeXHOTEHHBIX MeCTOPOXKIEeHMIi, KOTOPbIe IO MPaBy OTHECEHbI
K YMCITy HeTPAAUIMOHHBIX BUIOB ChIPbsI, ¥ B OONBIIMHCTBE CJYYaeB JJIS UCIIONb30BaHUS TPEOYIOT TOCy-
JapCTBEHHOJ MOAJEPXKKHM B BUE CUCTEMbI MeP SKOHOMMUYECKOTO CTUMYJIMPOBaHMS, BO3MOKHOCTb peany-
3al[MM KOTOPBIX TOJIKHA OBITh IMOATBEPKAEHA HaIM4yeM TpopaboTaHHBIX HOPMATUBHO-TIPaBOBBIX aKTOB.
Ot rocyzmapcTBa TpebyeTcsl MCIOJIb30BaHME MHCTPYMEHTOB TOCY/IapCTBEHHO-YACTHOTO MapTHEPCTBA B pe-
IIEHUY TTPOGJIEM OTXOJ0B, B YACTHOCTY, OOpaleHNUs K IMOJIOKUTEIbHO 3apEKOMEH/I0BaBIIEMY CE6ST OTIBITY
peanm3anyyu pPerMoHaJbHbBIX IeJEeBbIX MPOTPAMM IO MepepaboTKe TEXHOTeHHbIX MMUHEPAJIbHBIX 00pa30-
BaHMIi. BbIsIBIIeHHbIE TTPOOJIEMBI — [JajleKO He MOwIeHNe, HO OT CBOEBPEMEHHOCTU MX PelleHUs] 3aBUCUT
peasbHOCTh Nlepexoza K UMPKYISIPHOI SKOHOMUKe B cepe obpalieHust ¢ TEXHOTeHHbBIMM MUHEePaJTbHBIMU
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00pa30BaHUSIMMU.

KnioueBble cnoea

TEeXHOT€HHbIe MECTOPOKIEHNS; TEXHOTeHHbIe MUHEpaJbHble 06PA30BaHMST; OTXO/MIbI; OOpallleHe ¢ OTXO/a-
MM; TUPKY/ISIPHAST 9KOHOMMKA, TOCYAAaPCTBeHHO-YaCTHOE MTaPTHEPCTBO

BbnaropgapHocTu

NccnepoBaHye TOATrOTOBIEHO B COOTBETCTBUM C TOCYLAPCTBEHHBIM 3aJlaHueM Ha BbinonHeHue HUP nms OI-
BOY BO «YpaJibCcKuit rocymapCcTBeHHbIV TOPHbBIN yHUBepcuTeT» N2 075-03-2021-303 ot 29.12.2020.

Ansa yuTupoBaHus

Ignatyeva M. N., Yurak V. V., Dushin A. V., Strovsky V. E. Technogenic mineral accumulations: problems
of transition to circular economy. Mining Science and Technology (Russia). 2021;6(2):73-89. https://doi.

org/10.17073/2500-0632-2021-2-73-89

Introduction

The problem of waste for our country and the world
community as a whole is not new. The waste amount
increase is caused, on the one hand, by increasing
mineral extraction amounts due to permanently
increasing demand for raw materials and decreasing
grades of ores of primary deposits, and, on the other
hand, by low mineral raw materials utilization rate.
According to research of V.I.Petryanov-Sokolov,
carried out in the 1970s, only 2 % of natural materials
are processed into finished products. Currently, this
indicator has increased, but very slightly, and amounts
to 2-6 %. According to the approximate calculations
of the authors [1], the following amount of wastes is
accounted for 1 ton of mineral, t: 1) coal: underground
mining: 0.25-0.35, open-pit mining: 5-7; 2) iron ores:
1.0-1.5 (up to 10.0); 3) manganese ores: 2—-3 and more;
4) industrial minerals: 0.2-0.4; 5) nonferrous metal
ores: 1-5.0 (up to 20), etc.

Many useful components are lost in waste,
and, in addition, the waste occupies more and
more areas of land resources and become sources
of pollution of the atmosphere, water resources,
soil, and subsequently biota and humans. Mining
production is defined as land-intensive: while
extracting 1 million tons of manganese ore, from 76
to 600 hectares are disturbed; for iron ore, from 14 to
640 hectares; for 1m? of non-metallic raw materials,
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from 1.5 to 583 hectares; for 1 million tons of coal
(underground mining), 4.4 hectares. The greatest
alienation of lands from economic circulation and
their transfer to industrial land category occurs in
the course of open-pit mining, while in the structure
of land use more than 75-80% of the total area are
occupied by waste dumps and sludge storage facilities
(TSFs). These facilities are especially dangerous
in old industrial territories, including Sverdlovsk
region, since, due to the growth of urban areas, in
some cases the facilities prove to be within the city
limits and become active sources of environmental
degradation, affecting all elements of the biosphere.
Mobile forms of heavy metals contained in them
migrate in all directions, polluting water, soil, and
plants. As a result, already at a distance of 9-10 km
from the source of pollution, the ecological situation
begins to deteriorate, which directly affects the
population health [2-4].

Recently, the waste problem has become more
sharp in connection with the completion of extracting
reserves of deposits located in the central part of
Russia with well-developed infrastructure, and the
expediency of replenishing the mineral resource
base at the expense of waste, the content of useful
components in which often equals or even exceeds that
in the ores of primary deposits [5]. At present, when
the environmental aspect has been supplemented by
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the economic one, the problem of waste has become
a priority, as evidenced by the targets of a number
of legislative documents! and broad support for the
concept of closed supply chains, or, according to the
modern trend, the concept of a circular economy, which
in their content are synonyms) [6-10].

The modern stage is characterized by the change
from the so far dominating linear model following the
principle: “extracting — consuming - discarding”, to a
fundamentally new model of circular economy, which
is distinguished by: optimization of the production
process, reuse or joint use of products, waste
recycling. In March 2019, the European Commission
approved the report on the circular economy action
plan implementation, which reflected the existing
achievements and formulated the tasks for the future
[9]. The relevant documents, which reflected the
circular economy integration, are European Green
Deal [11] and COVID-2019 Recovery Plan [12]. These
documents presents circular economy as an "urgent
and irreversible global megatrend", contributing to
the creation of a "sustainable, low-carbon, resource-
efficient and competitive economy” [12, p.1].
N.V. Pakhomova, K.Richter and M.A. Vetrova [6]
argue that the main approaches to the formation of
closed supply chains are: maintenance, product reuse,
product refurbishment and/or component recovery. At
the same time, both the concept of "circular economy”
itself and the principles on which this concept is based,
are still issues of scientific debate. The authors prefer
the interpretation presented in the study [13], where
the scientists argue that the "circular economy" should
include a new working economic model, promote
the transition from a linear model to a closed cycle
of economic activity and be based on principles that
include at least reuse, recycling and recovery of waste,
and, ideally, a kind of classification (hierarchy) of
waste, in which the principle of “reducing the use of
natural resources and reducing adverse environmental
impact” prevails.

The mining activity specifics make its own
adjustments to the implementation of the circular
economy model. In a narrower sense, this model
can be implemented only for ore deposits, which

' FZ “On Amendments to the Federal Law” On
Production and Consumption Waste” dated 29.12.2014 No.
458-FZ. (In Russ.). URL: http://www.consultant.ru/document/
cons_doc_LAW_172948/; The strategy for the development
of the industry for processing, utilization and disposal of
production and consumption waste for the period up to 2030
dated January 25, 2018 No. 84r. (In Russ.). URL: http://static.
government.ru/media/files/y8PMkQGZLfbY7jhn6QMruaKofer
Aowz].pdf; The strategy of environmental safety of the Russian
Federation for the period up to 2025, approved by the Decree
of the President of the Russian Federation of April 19, 2017
No. 176. (In Russ.). URL: http://www.consultant.ru/document/
cons_doc LAW 215668/
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account for 14.6% of the total extraction of minerals.
In this case, the authors adhere to the opinion of
K.N. Trubetskoy and Yu.P.Galchenko [14] on the
impossibility of re-using nonmetallic raw materials,
which forms the largest part of the flow coming from
the lithosphere, as well as energy raw materials. For
metal-containing waste, waste utilization methods
such as recycling, recovery, and recuperation can be
used. Recycling is the reuse of waste for its intended
purpose; waste recovery involves the return of
waste to the production cycle after a certain stage of
preparation; recuperation provides for extraction of
useful components. In the broad sense of the word,
the circular economy model in essence corresponds
to the resource saving model, which can be focused
either only on mineral resources, or on all types of
natural resources used in the development of subsoil
resources (land, water, waste gases, etc.).

Despite the fact that the concept of circular
economy is presented at this stage as an innovation,
its origins can be traced back to the twentieth century.
For instance, the problem of closed supply chains
(circular economy) became an object of research
in the 60s of the twentieth century. R. Parson calls
for the collection of waste and their reuse (1969),
calling this activity a “repeated cycle”, which
prevents depletion of mineral raw materials. He
also considers it expedient to increase commercial
reserves of mineral raw materials through the use
of ores with low grade of useful components. Due
to decreasing grades of useful components in iron
ores, the transition to the extraction of ferruginous
quartzite happened, and ash content in extracted
coal increased. A striking example is the change in
the copper grade in the mined ores in the United
States (at the beginning of the twentieth century,
the average copper grade in the ores was 5%, while
by 1950 it dropped to 0.9%).

By the beginning of the 1980s, scientific research
was intensified in the field of clarification of the
conceptual and categorical apparatus of low-waste
and non-waste-free technologies, generalization
of the experience of their use in various industries,
including mining, substantiation of the prospects
for the development of waste-free production and
waste disposal, consideration of this problem from
the standpoint of rational use of feedstock, as well
as the development of methodological approaches
to assessing the economic efficiency of waste use.
Among the researchers, T.V. Grant [15], V. A. Zaitsev,
A.P. Tsygankov [16], B.N.Laskorin, B.V.Gromov
[17], L.A.Barsky, V.Z. Persits [18], V.I. Chalov [19]
should be mentioned. In 1983, L.A.Barsky and
K.G. Gromov led the development of a Temporary
Standard Methodology for assessing the economic
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efficiency of low-waste technological schemes
for processing mineral raw materials, while a
number of similar industry methods had already
been approved.

S.N. Podvishensky, V.I.Chalov, and O.P.Krav-
chenko considered, in their work [1], the issues
of waste-free production from the perspective of
the formation of mining complexes. A.D. Vyvarets
examined waste in detail in order to increase the
efficiency of their involvement in the production cycle
[20]; V.N.Umanets and A.V.Kogut paid attention
to exploration, quality assessment, geometrization
and differentiation of waste by quality [21]. In the
80s, a team of scientists of Industrial Economics
Institute (the Ukrainian SSR Academy of Sciences)
quite actively and fruitfully dealt with the problem
of rational use of waste, including their certification.
The technogenic deposit classification issues, their
role in information systems of mineral raw materials
were studied in the researches of K.N. Trubetskoy,
V.N. Umanets, M. B. Nikitin [22],as well as Yu. M. Arsky
and V.V. Chainikov [23].

In the 1990s — early 2000s, the problem of waste
was mainly considered within the framework of the
concept of cleaner or environmentally friendly pro-
duction (EFP), without being specified for the condi-
tions of the mining sector. The issues of waste man-
agement in the regional aspect and related research
on the development of mechanism for economic
incentives for waste recycling were considered by
M.N. Ignatyeva, G. Yu. Pakhalchak [24], I.S. Belik [25];
development of environmental entrepreneurship, by
L.Ya. Yandyganov [26], development of the founda-
tions for the theory and calculation of the parameters
of such technologies, by K.N. Trubetskoy, A. G. Shapar
[27], systematic assessment of technogenic mineral
resources, by V.V. Chainikov [28]. The studies char-
acterizing the mineral resource base represented
by technogenic mineral accumulations were imple-
mented by V.P.Konyaev, L.A.Kryuchkova, E.S. Tu-
manova [29], E.S. Tumanova, A.N. Tsibizov et al. [30],
S.N. Mormil, V.L. Salnikova, L. Amosova et al. [31].
In the last decade, the following studies should be
highlighted: Yu.A. Podturkin, V.A. Kotkin, R.Kh. Mus-
limov, R.N. Salieva [32], as well as V.B. Agafonov [33],
which considered the legal support of economic ac-
tivities in the field of the use of technogenic deposits;
the study of S.M. Popov on the justification of waste
uses [34]; L.Z. Bykovsky and L. V. Sporykhin, consider-
ing technogenic deposits from the perspective of ex-
panding the mineral resource base [5]; S.G. Seleznev,
touching upon the complexity of involving techno-
genic deposits in economic turnover [35]; B. I. Bene-
volsky, A.I.Krivtsova, A.I. Romanchuk, B.K. Mikhai-
lova, considering the specifics of the economic and
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environmental aspects of mining and industrial
waste utilization [36]; V.N. Umanets, who set out the
methodology and experience of geological and tech-
nological assessment of technogenic gold formations
at some deposits of Kazakhstan [37]; Yu.A. Kiperman
and M. A. Komarov, which discussed the role of mining
and industrial waste in the resource-saving develop-
ment of the mineral resource complex [38]; as well as
studies on the development of the circular economy
concept of foreign authors [39-41] and its adaptation
for Russian conditions - by domestic authors [6, 42].
The experience of implementing the concept using
the “from bottom to top” method? [43] and “from top
to bottom” [44] is subject to consideration.Moreover,
there is a wide range of views and opinions in the
world literature on the circular economy issues con-
cerning the essence of the circular economy concept
and basic principles [49], mechanisms of state regu-
lation of the circular economy (the so-called "state
regulation packages" [13] and their optimality [46,
47]); development and analysis of integration strat-
egies for the circular economy [9, 48, 49] and some
practical aspects of the circular economy application,
including specific regulation mechanisms, issues of
adjusting flows of resources and materials, "circular"
technological innovations [50], and even techniques
for teaching the very concept of circular economy
[51], and so on.

Thus, the analysis of the studies carried out
showed that they were characterized by the breadth
of the subject matter, differences in the elaboration
of individual issues and, at the same time, the lack of
comprehensiveness in identifying problems impeding
the implementation of resource-saving policy in mine-
ral resource sector in the context of circular economy
that predetermined the relevance and goal setting of
the research performed. The purpose of this work was
to identify problems requiring priority resolution for
facilitating the transition to circular economy (imple-
mentation of the concept of closed supply chains) in
the context of the treatment of technogenic mineral
accumulations in the Russian Federation.

The initial condition for substantiating the subject
of the research in the paper was an approach to the
model of closed supply chains, i.e. the use of ore deposit
exploitation wastes, or, more precisely, technogenic
deposits (TD). As for the location of the studied
targets, then from the environmental viewpoint, these
were old industrial areas, where previously large-
scale development of subsoil resources took place (for
example, the Sverdlovsk and Chelyabinsk regions),
as well as the northern and Arctic territories, whose
fragile ecosystems were disturbed at the slightest

2 Arctic industry and circular economy cluster. URL:
https://arcticsmartness.eu/arctic-industry/
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anthropogenic impact. Economically, these were TDs
of strategic raw materials, as well as those that were
located near metallurgical works and processing plants
and could act as sources of raw materials that were in
short supply for them.

Research Methodology

The hypothesis was determined by the
statement that identifying a set of problems
covering all stages of introducing TDs into
economic circulation would make it possible to
focus on eliminating bottlenecks and accelerate
the implementation of resource-saving policies
in relation to mineral resource sector based
on MPW (mining-and-processing waste).

The methodological basis of the research included
general scientific methods: historical, dialectical,
abstract-logical, as well as methods of analysis,
synthesis, comparison and analogies. Among the
approaches used are system-based and evolutionary
ones. The information base was composed of materials
from the Ministry of Natural Resources and Ecology
of Russia and its territorial divisions, the Federal
State Statistics Service, regulatory legal acts and
methodological documents, as well as the results of
research by foreign and domestic scientists on the
topic under consideration.

Findings and Discussion

Legal status of technogenic deposits

It should be noted that the concept of TD has
long been recognized by the scientific community.
According to the dictionary-reference book “this
is an accumulation of mineral substances on the
surface of the Earth or in mine workings, formed as
a result of their separation from the rock mass and
storing in the form of waste of mining, processing,
metallurgical and other productions and suitable in
terms of quantity and quality for commercial use as
raw materials”®. The definition* clarifies the types of
waste and indicates the need for processing with an
economic effect. Surprising is the fact that the State
Reserves Committee (GKZ) recognizes the presence
of TDs, classifications of TDs are being developed
[22], databases are created, while this concept is

5 Krivtsov A.l., Benevolskiy B.I., Minakov V.M.,
Morozov I.V. Terms and concepts of domestic subsoil use:
glossary. Yatskevich B.A. (ed.). Moscow: CJSC Geoinformmark
Publ.; 2000. (In Russ.).

4+ Methodological guideline for the study and environ-

mental and economic assessment of technogenic deposits.
GKZ under the Ministry of Environmental Protection and
Natural Resources of the Russian Federation. Moscow: 1994.
(In Russ.).
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still absent in legislative documents, same to in
the Federal Law “On Production and Consumption
Waste”, although it was already introduced in the
Model Law “On Production and Consumption Wastes”
of 2007°. At the same time, the concept of “TD” was
enshrined in the first edition of the regional law “On
Production and Consumption Waste” (Sverdlovsk
region, 1997)¢, it is also present in the legislation on
mineral resources of the Republic of Kazakhstan’,
and in the legislation of Uzbekistan®. This concept
was introduced into the Law “On Subsoil” of the
Republic of Tatarstan, into the “Instruction on the
Application of the Mineral Reserves Classification to
TDs Generated by the Coal Production in the Rostov
Region”.

Development of MPW deposits (i.e. TDs), on the
one hand, in the Federal Law “On Subsoil”® is equalized
with deposits of primary raw materials (organization
of auctions and tenders for the transfer of the right
to use them, conclusion of a service contract with
a professional mining-rescue service etc.). On the
other hand, in the Federal Law “On Production and
Consumption Waste”, MPW (mining-and-processing
waste) is not separated into special units, but is
considered simply as production waste, for processing
of which it is necessary to have this waste in ownership.
This condition simplifies the process of developing
TDs, but does not comply with the provisions of the
Federal Law “On Subsoil”, where waste processing is
one of the types of subsoil use, while the subsoil is in
state ownership (Articles 1-2 of the Federal Law “On
Subsoil”). Historical “ownerless” waste is also the
property of the state.

5 The Model Law “On Production and Consumption
Waste” (new version) adopted at the 29™ plenary session of
the Interparliamentary Assembly of the CIS Member States
(Resolution No. 29-15 of October 31, 2007) (In Russ.). URL:
https://docs.cntd.ru/document/902092609

¢ Law of the Sverdlovsk Region “On Production and
Consumption Waste” dated December 19, 1997. Adopted by the
Regional Duma of the Legislative Assembly of the Sverdlovsk
Region on December 3, 1997. URL: https://docs.cntd.ru/
document/801104148

7 “On subsoil and subsoil use”. Code of the Republic of
Kazakhstan dated December 27, 2017 No. 125-VI 3PK. URL:
https://adilet.zan.kz/rus/docs/K1700000125

8 Law of the Republic of Uzbekistan dated September
23, 1994, 2018-XII “On Subsoil” (New edition, approved by
the Law of the Republic of Uzbekistan dated December 13,
2002 No. 444-1I). URL: https://buxgalter.uz/ru/doc?id=34547 _
zakon_respubliki_uzbekistan_ot 23 09 1994 g 2018-
xii_o_nedrah_(novaya_redakciya_utverjdena_zakonom_ruz_
ot_13_12_2004_g nate)

° Law of the Russian Federation “On Subsoil” dated
02.21.1992 No. 2395-1. URL: http://www.consultant.ru/
document/cons_doc_LAW 343/
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As a result, at present time, the MPW
management regulation is carried out in accordance
with the Federal Law “On Subsoil”, which implies
huge payments, being sometimes commensurate
with the profit from the TD development, to fulfill
all the conditions related to geological exploration,
approval of reserves, conclusion of contracts when
a TD is recognized as hazardous industrial facility
(HIF), etc. It follows from the above that there is an
urgent need to determine the legal status of TDs in
the Federal Law “On Subsoil” and the legal regime of
their use. Until TDs are equalized in the legislation
with natural deposits, the problem of their processing
will remain unresolved, especially since, due to
the peculiarities of the conditions of occurrence,
composition and properties, development of TDs
usually requires individual technologies/methods
and equipment meeting the criteria of the best
available technologies (BAT). This all significantly
decreases potential profitability of corresponding TD
investment projects, the implementation of which
turns out to be unfeasible without state support.
It is also required to specify in the Federal Law
“On Production and Consumption Wastes” that the
Law provisions do not apply to MPW, since MPW is
regulated by the Federal Law “On Subsoil” in order to
avoid misunderstandings and confusion.

Information support
for handling technogenic deposits

Information about TDs, their location, source
of accumulation, technogenic indicators (reserves,
shape, grain size distribution, strength, etc.) is
necessary to accelerate the involvement of waste in
recycling. A correctly developed TD classification
will become a basis for purposeful approach to
the assessment and design of TD development,
accelerated solving the problems of circular
economy within the framework of mining sector.
Analysis of the available classifications indicates
that they reflect: the waste aggregative state (liquid,
gaseous, solid); storage time (current, historical);
danger level (toxicity, explosion hazard, infectivity
and other properties). At the same time, all of them
have a significant drawback connected with the
lack of information on the economic feasibility of
waste use, which was not avoided by the current
regional cadastres of production and consumption
waste, although back in 1987 in the sectoral
methodology of cadastres for accounting for mining/
processing/metallurgical waste (from non-ferrous
metallurgy enterprises), the cadastres were named
economic, since, in addition to the initial indicators
characterizing waste, they contained a large list
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of economic indicators confirming the feasibility
of TD processing. However, the methodology did
not pay due attention to processing technology.
Calculations of economic efficiency allow dividing
TDs into three groups: 1) the use of which is
expedient at the present time, 2) development is
planned in the near future, and therefore the waste
is subject to conservation, and 3) the use of which is
impractical. The analysis of the current cadastres of
production and consumption waste [52] showed that
they contained information about the subject, the
register of waste disposal facilities with more than 60
indicators presented in the form “Characteristics of
waste disposal facilities”, each of which was retrieval
that allowed receiving information on various
parameters. Data on legal entity — entrepreneurs
carrying out activities for detoxication and disposal
of waste, and data on techniques/installations for
the use of waste are provided in the cadastres. This
information concerns not only operating, but also
decommissioned facilities; however, the cadastres
do not contain data characterizing waste from the
standpoint of the mineral resource base reserve.

Information about TDs is contained in the
cadastre of mineral deposits and occurrences,
while information in the cadastre of production
and consumption waste for TDs doesn’t allow
separating TDs from other wastes used by nature
users. There is no systematized information about
TDs in the public domain, although attempts to
study and evaluate them have been made more
than once. For instance, at the end of the 80s of
the XX century, PGO “Uralgeologiya” performed
work on the preparation of geological and economic
overview including assessment of potential use
of waste from mining, metallurgical and fuel and
energy industries. In 80-90s of the XX century,
technological research and economic assessments
related to mining waste disposal were carried out at
such large enterprises of the Urals as Vysokogorsky
GOK, Kachkanarsky GOK, NTMK OJSC, SUMZ O]JSC,
Svyatogor OJSC, BAZ, UAZ, etc. In 2002, a team
of geologists under the leadership of S.I. Mormil
summarized the data on accounting and processing
of solid waste located within the Middle Urals, and
also assessed their environmental hazard [31]. As
the recuperation potential (that is, the possibility
of additional extraction of useful components) of
associated useful components in the technogenic
mineral accumulations in the Sverdlovsk region, the
following quantitative indicators for the facilities,
shown in Fig. 1, can be considered.

Table 1 shows the specific facilities taken into
account when drawing up the diagram, according
to [31].
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Nonferrous metallurgy
(smelting production) 9
Nonferrous metallurgy
(processing plants) 8
Nonferrous metallurgy
(mining sector)
Ferrous metallurgy
(processing plants) 10

0 5 10 15 20 25
Fig. 1. Recovery potential of the Sverdlovsk region

Table 1
Technogenic mineral objects in the Sverdlovsk region,
forming the recovery potential
Amount
Industry Production Enterprises Waste type of waste,
tons
Ferrous metallurgy  |Beneficiation OJSC Bogoslovsky RU Crushing and screening plant (DSF) 98.8
(useful components: |production tailings
Fe, Ti0,, V,0,, Co, Sc, 0JSC Kachkanarsky GOK |Sludge from Magnetic Concentration 916,025.0
Cu, Zn)
Plant (MCP)
OJSC Goroblagodatskoe |Sludge dump at Polovinka River 32,000.0
RU Sludge dump at the Salda bog 47,552.0
0JSC Vysokogorsky GOK |MCP beneficiation tailings, 36,718.0
Cheremshanskoe sludge dump
Zapadny open pit, MCP tailings 4,157.0
Severo-Lebyazhinsky open pit, MCP 2,300.4
tailings
Kamensky open pit, MOF tailings 4,173.0
OJSC Pervouralsky RU  |Beneficiation tailings 14,148.0
Sludge from sewage sump 540.0
TOTAL (ferrous metallurgy, beneficiation production) 1,057,712.2
Non-ferrous Mining sector 0OJSC Krasnoufimsk Kabansky Mine, host rocks 3,732,000.0
metallurgy (useful Copper Smelting . .
components: Cu, Zn, Complex Chernushinsky Mine, host rocks 6,160,000.0
Fe, S, Pb, Au, Ag) Krasnogvardeisky Mine, host rocks 308,000.0
Novolevinsky Mine, host rocks 187,600.0
0JSC Volkovsky Mine Off-balance ores 565,400.0
Oxidized ores 3,168,300.0
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End of Table 1

Amount
Industry Production Enterprises Waste type of waste,
tons

III International Shmidt and Chadar Mines, host rocks 173,900.0

SESchmidt Mine and .

Chadar Mine, host rocks Severo-Olkhovskaya Mine, host rocks 112,600.0
Yuzhno-Olkhovskaya Mine, host rocks 91,100.0
Kapitalnaya Mine, host rocks 119,900.0
15 years of October Mine, host rocks 243,900.0
Sernaya Mine, host rocks 235,000.0

OJSC Kirovograd Copper |Levikhinsky Mine, host rocks (11 holes) 5,860,800.0

Smelting Complex .

(KCSK) Lomovsky Mine, host rocks 186,200.0
Karpushinsky Mine, sludge from sewage 22,300.0
and mine waters
Belorechensky Mine, sludge from mine 166,400.0
waters
Levikhinsky Mine, sludge from mine 2,129,100.0
waters
Lomovsky Mine, sludge from mine waters | 421,100.0
Sulfuric acid plant of KCSC, sludge 167,100.0
collector (mothballed)

Sulfuric acid plant of KCSC, sludge 446,300.0
collector (operating)

OJSC Degtyarsky RU Kapitalnaya Mine 1, 2, host rocks 4,464,000.0
Elchevsky settling pond, sludge from 460,700.0
mine waters
Zyuzelsky settling pond, sludge from 44,000.0
mine waters

0JSC Safyanovskaya Overburden 11,023,000.0

med’

TOTAL (nonferrous metallurgy, mining sector) 40,488,700.0

Mining and 0OJSC Krasnouralsk Processing plant, historical beneficiation | 8,742,000.0

Beneficiation Copper Smelting tailings (Sor’insky sludge pond)

Production Complex Current beneficiation tailings 6,734,400.0
Kirovgrad processing Historical beneficiation tailings 22,565,700.0
plant Current beneficiation tailings 7,848,700.0
Sredneuralsk processing |Historical pyrite beneficiation tailings 17,019,300.0
plant Current beneficiation tailings 8,980,700.0
OJSC Uralelectromed Pyshma processing plant, historical 2,887,000.0

beneficiation tailings

OJSC Berezovsky Mine |Beneficiation tailings 16,941,800.0

TOTAL (ferrous metallurgy, mining and beneficiation 91,719,600.0

production)

Metallurgical OJSC Krasnouralsk Reverberatory furnace slags, casting 513,500.0

Production Copper Smelting slags
Complex Historical granular slags 10,257,400.0

Current granular slags 4,518,900.0
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End of Table 1

Amount
Industry Production Enterprises Waste type of waste,
tons
OJSC Kirovograd Copper |Current shaft furnace slags (dumps 1, 2) 15,008,000.0
?I?éegltg;l g Complex Current shaft furnace slags 5,757,500.0
Pyrite cinder, dump 1 785,500.0
Pyrite cinder, dump 2 3,763,700.0
OJSC Sredneuralsky Historical reverberatory furnace slags 12,654,400.0
Copper Smelter Current reverberatory furnace slags 8,301,000.0
TOTAL (nonferrous metallurgy, mining and beneficiation 61,559,900.0
production)

Thus, based on the data presented in Table 1 and
Fig. 2, it should be noted that nonferrous metallurgy
is in the lead in terms of the volume of waste
generated (subject to recycling), in which processing
(beneficiation) sector takes the first place, metallurgical
production takes the second place, and mining sector
takes the third place.

It was found that only a small portion of MPW has
been studied geologically in order to identify, assess
and approve their reserves, i.e. we can only talk about
potential TDs.

The databank maintained since 2004 [52] contains
information on 686 types of waste. A special problem
is connected with ownerless “historical” waste, the
value of which from the standpoint of forming mineral
resource base reserve decreases due to long-term
storage. They are considered most often as objects
that pollute the environment, worsen the ecological
situation, i.e. as objects of direct accumulation of
environmental damage. According to the Order of
the Russian Federation Government of 04.12.2014
No. 2462-r, 340 similar objects were identified in

Ferrous metallurgy
(processing plants)

1,057.7

Nonferrous metallurgy
(smelting production)
61,559.9

\

Nonferrous metallurgy
(mining sector)
40,488.7

Nonferrous metallurgy
(processing plants)
91,719.6

Fig. 2. Quantitative assessment of the volume of technogenic mineral accumulations
in the Sverdlovsk region
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Russia. The share of former TDs among which is
unknown [53]. The number of ownerless objects in
the territory of the Sverdlovsk region is 30, although
most likely this figure requires clarification'. In the
management of “historical” waste, the ecological
aspect comes to the fore, since mineral raw material
aspect in this situation almost loses its meaning. We
believe that TD cadastre containing the most complete
information about the objects, including economic
information, allows obtaining reliable statistical
information for making decisions regarding the use
of TDs and intensifying this activity. It should not be
forgotten that there is a large number of potential
TDs in the country, reserves and resources of which
have not been estimated, and there are numerous
examples of this fact.

Licensing and assessment of TDs

According to the Federal Law “On Subsoil”, it is
necessary to obtain a license for the use of MPW, unless
otherwise provided by a license for the extraction
of the main mineral. Most often, a subsoil user, the
owner of a license for the extraction of a mineral, is
entitled to both exploration and processing of the
resulting waste, BUT located within the boundaries
of the mining lease allocated to the subsoil user.
The need to obtain a separate license appears on the
condition that the subsoil user either does not use
current waste, or admits violations in the organization
of this process noted during the inspection. If there
is a historical waste within the boundaries of the
mining lease, which falls into the licensing program,
its processing requires obtaining a separate license,
while the subsoil user exploiting this mining lease
receives the preferential right to develop the TD. At
the same time, the procedure for obtaining the right in
accordance with the requirements of the Federal Law
“On Subsoil” should be carried out through auctions
(tenders), which is very problematic, especially for
those that are included in the list of strategic raw
materials, i.e. subsoil plots are of federal importance.
The curiosity of the situation arises due to the fact
that the decision on exploration and production of
minerals in this case should be made only at the level
of the Government of the Russian Federation. The
list of licensed objects for TD development is usually
formed by the Rosnedra territorial division; however,
given the environmental hazard of a number of them,
the list of the objects includes those that require
immediate liquidation.

10 Strategy for the industrial waste management in

the territory of the Sverdlovsk region up to 2030, approved
by Decree of the Government of the Sverdlovsk region of
09.09.2014, No. 774-PP. (In Russ.).
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Obtaining the license is the first step in
implementing waste recycling activities. The next
step is a complicated and expensive procedure -
geological assessment of MPW, which is assumed
to be implemented similarly to natural deposits.
The only regulatory document continues to be!l,
recommending to carry out exploration using drilling
of boreholes, sinking test pits, excavating trenches,
which are subject to sampling. At the same time,
exploration experience shows that reliability of
sampling turns out to be low, since the large-block
MPW material is sampled by small-size samples.

According to S.G.Seleznev, the sole reliable
assessment criterion under these conditions is the
results of pilot commercial development only, which
is carried out by no means always [35]. He also
notes the high cost of both geological exploration
and the procedure of including the reserves on the
state balance sheet (certification). The appraisal of
TDs, which have already been included in the state
balance sheet, was carried out in accordance with the
requirements for comprehensive appraisal of reserves,
first established in the “Temporary requirements for
the calculation of associated minerals and components
in ores and other types of mineral raw materials” in
1973. Later, the accumulated experience was reflected
in the “Requirements for integrated study of deposits
and estimation of reserves of associated minerals and
components” (1982), which included a special section
“Requirements for the study of waste from the main
production” and a subsection “Requirements for the
geological and economic appraisal of associated solid
minerals”.

According to the requirements, a deposit
exploration provides for preliminary geological and
economic appraisal of the overburden rocks and the
implementation of detailed exploration with the
reserve estimation. If these surveys were not executed
during the exploration period, then according to the
“Requirements for integrated study of deposits and
estimation of reserves of associated minerals and
components”, the obligation to conduct these surveys
falls on the deposit operator. The first appraisals of
TDs as sources for obtaining mineral components
were carried out in the 1930s in the Sverdlovsk Region.
In 1931-1937, the dumps of the Turinsky mines were
appraised for copper; in the same period, the copper-
containing dumps of most enterprises in the Urals
were also appraised. The appraisal work continued

11" Methodological guideline for the study and

environmental and economic assessment of technogenic
deposits. GKZ under the Ministry of Environmental Protection
and Natural Resources of the Russian Federation. Moscow,
1994. (In Russ.).
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in 1956 and 1970s-1980s. Then their execution was
terminated.

Unjustified indifference prevents the authorities
from making changes to the legislative and
regulatory framework regarding TDs being totally
unlike natural deposits. TDs, according to scientists,
at the initial stage of development can even be
considered as unconventional raw materials, since
“their development is innovative in nature and
accompanied by increased costs and risks compared
to traditional types of raw materials” [54]. This once
again confirms the need for a differentiated approach
to the use of TDs.

At the same time, the performed appraisal of
TD for confirmation of reserves requires certain
improvement based on modern realities. First, it
concerns technologies that must comply with the
best available technologies, introduction of which
is determined by the Federal Law “On Amendments
to the Federal Law” On Environmental Protection
“and Certain Legislative Acts of the Russian
Federation” dated July 21, 2014 No. 219-FZ. A list
of BAT application areas, including mining sector,
was approved by Order of the Government of the
Russian Federation of 24.12.2014 No. 2674-r. Among
them is the handling of overburden and host rocks.
The second important point is the assessment of
environmental hazard of waste, their impact on the
environment. The recommendations of the regulatory
document!? are rather short; the provisions of the
systematic approach to TD appraisal set forth in [28]
are of better validity, although they do not take into
account those changes in the calculation of prevented
damage that are connected with socio-economic [55]
and ecosystemic [56, 57] approaches to development
of subsoil resources. When all the components are
taken into account and assessed, the prevented
damage turns out to be incomparably greater [58],
than its estimated value using the methodology
approved back in 1987. First of all, this concerns the
underestimation of the value of biota ecosystem
services, recovered after elimination of a technogenic
source of environmental impact/damage. The
dynamics of changes in the environmental impact
in connection with changing state of waste with
time due to transition of insoluble compounds and
minerals into soluble forms owing to oxidation during
filtration of atmospheric precipitation (containing
free oxygen and acid solutions) through them also
remains not taken into consideration.

12 Methodological guideline for the study and

environmental and economic assessment of technogenic
deposits. GKZ under the Ministry of Environmental Protection
and Natural Resources of the Russian Federation. Moscow;
1994. (In Russ.).
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From the above, it follows that it is necessary to
study the technology of environmental transformation
under the influence of mining industry. It is possible
to use the ecological and geochemical principle,
according to which the current “activity of technogenic
loads determines material composition of water
and air flows entering natural-territorial complexes
(landscapes), depending on the content of sulfides and
other active chemical elements and the aggregative
state” [24]. All types of MPW in this case can be divided
into geochemically hazardous and non-hazardous to
the environment.

When appraising a TD, in contrast to natural
objects, the environmental factor is of no less im-
portance than the economic one that is reflected in
the name of the appraisal performed: environmen-
tal-and-economic. This is primarily related to geo-
chemically hazardous waste.

On the whole, it should be noted that a
differentiated approach should be applied to the study;,
geological-and-economic appraisal, including in the
state balance sheet and development of technogenic
objects that differ in scale, mineral species types and
ways of generation. Differentiated approaches should
also be envisaged in relation to current and historical
waste, large-block and sludge accumulations, mixed
and differentiated waste storage, etc.

How the government can help

It follows from the foregoing that a TD development
is a complicated and expensive business with high
economic and environmental risks. In the current
situation characterized by the lack of motivation to
involve waste in the economic turnover, enterprises
naturally choose more profitable strategy of actions,
consisting in refusal to process waste, preferring
to pay for negative environment impact caused by
waste placement. At the same time, all researchers
involved in the development of technogenic deposits
confidently declare the need for state support in the
form of a system of economic incentive measures for
implementation of a program for processing of solid
waste, all the more so as such mechanisms worked
successfully in the 1980s. The economic mechanism
in the field of waste management functioning in
2021, including the economic measures implemented
in this area at the level of the regions of the Russian
Federation, cannot be called sound.

The result of the review of domestic and foreign
studies [59] on the problem of MPW processing
for increasing the level of environmental safety,
improving quality of the environment and preserving
non-renewable resources was preparing a number
of recommendations regarding the types of effective
government assistance, which, in turn, will make it


https://mst.misis.ru/

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJ1I0NMA
2021;6(2):73-89

possible to intensify the process of MPW recycling by
business.

1. “Implementation of state dedicated subsidy for
development of environmentally friendly processing
technologies, incl. BAT, waste detoxication and
disposal, as well as interest subsidies to facilitate the
use of borrowed funds.

2. Subsidized government lending and borrowing
for equipment that ensures an environmentally
friendly technological process for processing MWP;
tax credits for introduction of new technologies (this
practice is common in the USA) [60].

3. Preferential taxation (full or partial):
exemption from taxation of commodity products
produced and sold through extraction from MPW;
exemption from taxation of a part of the profit of
enterprises reinvested in MPW processing; exemption
from income tax for newly created productions/
startups aimed at MPW processing for two years
since the initial receiving of profit; reducing MET
rates (exemption for 1.5-2.0 years when introducing
new technologies, full exemption when introducing
environmentally friendly technologies) when using
MPW as raw material; reduction of rates or complete
exemption from property tax for enterprises extracting
and processing MPW (technogenic resources) for
newly created productions/startups; reduction of
land tax rates; reduction of rental rates for the use
of buildings and structures being in municipal and
regional ownership.

4. Concessional lending of investment projects
(taking into account their ranking) for MPW
processing and forming a regional pledge fund, the
guarantor of which is the regional government for
reducing the investment risk of banking structures
financing MPW processing. There is a positive
experience of offset of costs for the implementation
of measures for MPW rational use, development and
implementation of low-waste and resource-saving
technologies at the expense of payments for negative
impact on the environment, as well as decreasing
customs duties and excise taxes on equipment used
in MPW processing, detoxication, and disposal, if such
equipment is not manufactured in Russia. The positive
aspects include those benefits that are provided for by
No. 219-FZ for performing modernization, including
activities related to MPW management. These are the
possibility of reimbursement of the interest rate on
the investment loan through corresponding reducing
income tax; accelerated depreciation for the best
available technologies (BAT) equipment (in the USA,
for example, the writing off period for treatment
equipment is 5 years, in Canada, 2 years), as well as
return to the practice of forming environmental
protection funds (ecological funds), the funds of
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which can be used to stimulate pollution prevention
and maximum utilization of current MPW” [61].

At seemingly inattention to the institutions
for supporting waste processing, nevertheless, a
number of projects are supported by the government
(processing of tungsten production waste into
tungsten concentrate with giving preferential loan
of 340 million rubles, solving the problem of waste
processing within the cluster “Integrated processing
of coal and industrial waste” on the basis of the
Kuzbass Technopark, etc.

A promising tool for enhancing processing of solid
waste is development of public-private partnership
(PPP) in this area. For expanding PPP application,
introducing legislative regulation of the procedure
of interaction between the government and business
(PPP agreement preparation, conclusion, execution,
termination, etc.), as well as harmonization of various
legislative acts, related to tax, land, environmental
legislation, etc. A positive experience of interaction
between the government and business in solving
the problem of waste processing was noted in 1996
in the Sverdlovsk region. That year, the regional
government formed and approved its own program
of the constituent entity of the Russian Federation
“Processing of MPW in the Sverdlovsk region” (in line
with the Federal Program “Processing of MPW in the
Sverdlovsk region”). Notice that the Federal Program
was limited and consisted of 22 projects, whereas the
regional one was open and permanently replenished
with projects, the number of which reached 125
by the beginning of 2000 [62]. The program was
implemented in two stages. The first stage (1997-
1998) provided for implementation of 22 projects
based on already developed technologies; at the
second stage (1999-2005), the program involved
development of new technologies and predominant
processing of historical waste. The regional program
implementation also implied the adjustment of
the organizational mechanism for regulating MPW
processing. To coordinate activities on the program
implementation, a separate authorized body, Ural
Institute of Metals LLC, was established.

In framework of the program, both new production
facilities for processing of iron ore processing wastes
were organized and existing ones were expanded at
Vysokogorsky GOK, aswell as slag-processing facilities
at joint-stock companies Nizhny Tagil Metallurgical
Complex, Klyuchevskoy Ferroalloy Plant, Seversky
Pipe Plant, etc. were established or expanded (if
existed). Finally, 20.1 million tons of waste from the
mining and metallurgical sector were processed. On
the whole, 35 kt of copper and copper concentrate,
2 kt of zinc, about 1 million tons of iron metal and
magnetic product, 7 kt of ferrochrome, 7.5 million


https://mst.misis.ru/

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJ1I0N'MA
2021;6(2):73-89

tons of building materials and 81.0 kt of asbestos
were obtained [63]. For example, in 2010 alone,
13.6 million tons of MPW were processed, including
5289.3 kt of smelting waste, 6353.6 kt of mining and
processing waste, and 48.5 kt of other waste related
to the raw material sector. Unfortunately, in 2020, the
program was terminated due to changes in federal
budgetary and tax legislation resulting in termination
of the government financial support. Nevertheless,
the program implementation results proved to be
very positive: new technologies were developed
and introduced, the volume of waste recycling was
almost doubled, and a number of enterprises received
government support.

Conclusion

Long-term operation of mining enterprises
in Russia resulted in accumulation of at least
80-100 billion tons of waste, which occupy
considerable areas in the Central, Ural, West Siberian
and other economic regions. Waste from mining
and related processing industries is considered as
a real reserve for expanding the country's mineral
resource base [61, 64]. On the other hand, mining
and processing wastes form a serious environmental
problem for Russia due to the negative impact on
both the environment and humans. The issues of
waste processing and use of non-waste and low-waste
technologies became urgent since the 60s of the
XX century. In the 1990s, this issue was considered
within the framework of the environmentally
friendly production (EFP) concept, and later, within
the framework of the concept of closed supply
chains (circular economy). At present, when the
environmental aspect has been supplemented by
the economic one, the problem of waste has become
a priority, as evidenced by the targets of a number
of legislative documents and broad support for the
concept of closed supply chains.

The transition from a linear economy model
to a circular one requires overcoming a number
of barriers in the context of ore deposits. First,
a legal status of TDs and the legal regime of their
use should be determined in the Federal Law “On
Subsoil” that will prevent their legal equalization
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with natural deposits (taking into account their
specific mode of occurrence, differing properties and,
correspondingly, differing processing techniques)
and simplify the procedure for their involvement in
economic circulation. At the same time, TDs should
not be regulated by the Federal Law “On Production
and Consumption Wastes”. The second point
concerns information about TDs, which is currently
either absent or very fragmentary.

Potential investors should have information
for making decision concerning using TDs. The
infor-mation completeness requires disclosing
data on TD environmental hazard, possible
processing techniques, and economic feasibility of
TD development. The third problem to be solved
is licensing and appraisal of TDs. We believe that
when recognizing TD legal status, at the same time,
changes should be incorporated into the procedure
for their licensing, performance of appraisal work,
including their reserves into the state balance sheet,
given that, according to scientists, at the initial
stages of development, they can be considered
as non-traditional types of raw materials. When
carrying out environmental and economic appraisal
of TDs, a particular attention should be paid to the
environmental aspect. Differentiated approaches
are required with respect to current and historical
waste, coarse-grained and sludge accumulations,
mixed and differentiated waste storing.

The transition to circular economy model turns
out to be impossible without government support. It
is required to legislatively consolidate the mechanism
of economic measures stimulating MPW processing,
with timely development of the necessary regulatory
documents. The PPP mechanism, which has proven
its effectiveness in the conditions of the Sverdlovsk
region, as well as regional target programs for MPW
processing, should become promising tools for MPW
processing.

Solving the identified problems will enable
accelerating the transition to circular economy with
regard to MPW management that will allow slowing
down depletion of non-renewable natural resources,
expanding waste processing, and reducing technogenic
pressure on the environment.
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MeToabl u Moaenu co3paHus pbiHoyHoro 4PL-onepaTtopa
Ha 6a3e IorMcTMYecKoro nogpasaeneHns KpynHoro NPpoMbILLIEHHOTO XONAWUHIa
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AHHOTauus

AKTyanbHOCTB MCC/IeIOBAHMS 00YCIOBIEHA HATMYMeM HU3KOM 3 (HeKTUBHOCTY JTOTUCTUYECKX CUCTEM TPO-
MBIIIJIEHHBIX TPEATIPUSITUIL M OTPAaHMYEHHbBIM HaG0pOM METOMOB YIPaBJIE€HMS ONepPalyiOHHO JIOTUCThYe-
CKOT1 lesATebHOCTbI0. PaboTa 3aTparnBaeT IJ1aBHbIE aCTIeKThI AesITeTbHOCTHU JIOTUCTUIECKUX TTOIpa3IeeHii
B KOMIIaHMY, & MUMEHHO yIIpaB/ieHUeCKy0, MOTUBAI[MOHHYIO, OMlepallOHHYI0, TIPOLIeCCHYI0 U MHbOpMaIu-
oHHYI0 GyHKIMHK. [IpecTaBieHHbIe B UCCEIOBAHNY MOEIU Y MHCTPYMEHTHI TTO3BOJISIIOT Peaan30BaTh Mac-
MTaOHYI0 KOHLEMIMIO M3MeHeHN i, MeHSIOLYI0 MeTOIbl Pa60ThI, 9KOHOMMUKY U CTATYC JIOTUCTUKY KPYITHOTO
MIPOMBIIIIEHHOTO XOJIIMHTa. B 0CHOBY pa3paboTaHHOIT KOHIIEI[MM TIOJIOKEHBI METObI TOMCKa HGajaHca MexK-
LIy JIOTUCTUYECKMMM 3aTpaTaMiu, CEPBMCOM U PUCKAMM 3aBUCUMMOCTU OT CTOPOHHMX JIOTUCTUUYECKUX OTepa-
TOPOB, a TAK)Ke HAOOP MHCTPYMEHTOB I10 CHMKEHUIO IOJIM JIOTUCTUUECKMX 3aTPaT B Ce6eCTOMMOCTHM FOTOBOIA
MIPOIYKIMM TIPOMBIIIJIEHHBIX XOJIMHTOB. B KauecTBe 6a30BbIX MHCTPYMEHTOB ITPe0Opa3oBaHMii B paboTe
UCIIO/b3YeTcsl TopTdesb MPOeKTOB, HATPaBIeHHBIX Ha BHEIPeHNe MaTPUYHO OpraHM3alMOHHO-YIIpaB/IeH-
YeCKOM CTPYKTYPBI JIOTMCTUUYECKO) KOMIIaHUM, perylaMeHTal 0 OCHOBHOM JesTelbHOCTY, HOPMUPOBaHMe
Y TUIAaHMPOBAHMeE ONePaliOHHOM IesiTelIbHOCTY, BHepeHue cuctembl KPI n motuBauym nepconasna. Pacemo-
TPeHbI BOIIPOCHI aBTOMATK3aL MM OCHOBHBIX IIPOLeCCOB JIOTUCTUYECKON KOMIIaHUM U co3nanus 4PL-omneparo-
pa Ha 6a3e CyIIeCTBYIOIIEH TOTMCTUYECKO KOMITAHUY KPYITHOTO ITPOMBIIIJIEHHOTO XOJIJMHTA, TTI03BOJISIIOIIE
JIOCTUYD CYIIECTBEHHOTO 3KOHOMMYECKOTo 3¢ deKTa M COKPATUTD OO0 JIOTUCTUUYECKUX 3aTpaT B cebecTomn-
MOCTM FOTOBOJI MTPOLYKLIUU.

KnioueBble cnoea
MIPOMBIIIJIEHHOE MTPOU3BOJCTBO; TOPHOPYAHAS TPOMBIIIEHHOCTb; ITIPOMBbIIIIJIEHHbIE MTPeaTTPUSITHS; TOTUCTU -
Ka; yrpasieHue; 4PL-omnepaTtop; 3aTpatsl; cuctema KPI
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Kymait6epren K. K. Metompl u Momenyu co3gaHusi phIHOYHOTO 4PL-orepatopa Ha 6ase JIOTMCTUYECKOTO
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EXPERIENCE OF MINING PROJECT IMPLEMENTATION
Research article

Methods and models for creating a market 4PL operator
based on a logistics division of a large industrial holding company

K. Zh. Kudaibergen
Joint Stock Company “Tau-Ken Samruk” National Mining Company, Nur-Sultan, Republic of Kazakhstan
04 priemnaya@tks.kz

Abstract

The study relevance is due to the low efficiency of logistics systems of industrial enterprises and a limited
set of methods for managing operational logistics activities. The work touches upon the key aspects of the
activities of company logistics departments, namely the management, motivational, operational, process
and information functions. The models and tools presented in the study allow implementing a large-scale
concept of changes that modifies the work methods, economics and status of logistics of a large industrial
holding company. The developed concept is based on methods of finding a balance between logistics costs,
services and risks of dependence on third-party logistics operators, as well as on a set of tools to reduce the
share of logistics costs in the cost of finished products of industrial holding companies. A portfolio of projects
aimed at introducing a matrix organizational and managerial structure of a logistics company, regulating core
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activities, normalization and planning of operating activities, introducing a KPI system and staff motivation
is used in the study as the basic transformation tools. The issues of automation of a logistics company main
processes and creation of a 4PL-operator on the basis of an existing logistics company of a large industrial
holding company allowing achieving a significant economic effect and reducing the share of logistics costs in

the cost of finished products are considered.
Keywords
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BeepeHue

[Ipenyiaraemoe MccjieoBaHNe SIBISIETCS MHHOBAIM-
OHHBIM ¥ PaCKpbIBAe€T KOMIUIEKCHYIO TpaHChHOpMAIio
JIOTUCTUYECKON CITYysKObI KPYITHOTO ITPOMBIIIJIEHHOTO
XONaMHTa B IpodeccuoHanbHoro 4PL-mpoBaiifepa ycayr.
NmenHo 4PL-mpoBaiifep $BisSeTCs 11e/1eBOJ MOZeJblo
JI060TO TPAHCIIOPTHO-CKIAJCKOTO IMOAPAa3AeNeHN s, TaK
KaK OHO CTAHOBUTCS HE TOJbKO LIEHTPOM DPacxoloB, HO
U LIeHTPOM JI0XO[I0B, TTI03BOJISISI TeHEPUPOBATD JOIOIHM-
TeJIbHYI0 MPUOBbLUIb U TTOBBINIATh KAUTAIU3AIUI0 KPYII-
HOTO MPOMBIIIEHHOTO XonauHra [1, 2]. TapmoHu3anus
JIOTUCTUYECKUX I[eTT0YeK Ha (YHKIMOHAIbHOM YpPOBHE
C YYeTOM OpPraHU3aIMOHHON CTPYKTYPOI KOMITAaHUU TO-
3BOJISIET CYLIECTBEHHO IOBBICUTb €r0 KOHKYPEHTOCIIO-
COOHOCTb [3, 4].

B nuTepaType MOXKHO HailTM MHOXECTBO MCCIENO0-
BaHMI, AOKa3bIBAIOUIMX BaXXHOCTb JIOTUCTUUECKUX TPO-
11eCCOB, pacCMaTpPUBAIOIINX TMOAXOAbl K OMTUMMU3ALUU
3aTpart, IOBBIINIEHNI0 TPOMU3BOAUTENIBHOCTU PECYPCOB.
OnHaKO BOIPOCHI I[€JIOCTHOTO ITO/IXO/la, HA OCHOBAaHUU
KOTOPOTO DPYKOBOAMTENM MPOMBIIIJIEHHOTO XOJAVHTa
BMeCTe C PyKOBOIUTEISIMM JIOTUCTVKU MOTYT pa3paboTaTh
KOMIUJIEKCHYIO MPOrpaMMy HeiCTBMII IO ONTUMMU3ALUU
JIOTUCTUYECKOTO TOoApa3AeneHus] OCTalOTCS HeLoCTaTou-
HO U3y4eHHbIMU [5, 6]. [Ipu 3TOM Ha’ke MUCIONb30BaHME
CrielMaiM3MpOBaHHbIX Mofesneii U MHCTPYMEHTOB OIM-
CaHMs JIOTUCTUYECKUX IIPOIeCCOB He MPUBOIUT TOPOIi
K IJIaBHOMY TTPEUMYIIECTBY KOHKYPEHTOCIIOCOOHOCTY Ha
pbIHKe [7, 8].

B sT0Ji CBSI3M AaHHOe MCCAefOBaHMe HalleJeHO Ha
IOCTMKeHNe OajlaHCa MHTEPECOB COOCTBEHHMKOB IIPO-
MBIILIJIEHHBIX XOJIAMHIOB, KOTOpPble CTapalTCs COBMe-
1aTh 3KOHOMMUECKME BBITOJIbI C POCTOM KaluUTaau3aun
KOMIIaHUM U ee YCTOMUMBOCTU Ha pbIHKe [8, 9]. [Ipu aTOM
orpefieleHHOe BHUMAaHMe YeNseTcss TaKUM BasKHbIM
HarpaB/JIeHMsIM, KaK OMTUMMU3ALMS JIOTUCTUUECKUX TIPO-
1eccoB U ux GyHKIMoHaMbHOCTH [10, 11]. B kKauecTBe 6a-
30BbIX MPUHIIUIIOB U OPTaHMU3ALMOHHBIX XapaKTePUCTUK
B paboTe UCIOJIb30BAINCh U3BECTHBIE IPUHIIAIIBI, ITPEJI-
JIo)KeHHbIe B 60o/ee paHHUX MccIenoBaHmsIX [11-13]

BBugy ocoboro 3HaueHMs] HeOOXOIMMOCTU TPaHC-
dbopmarum normcTyeckoit MHGPACTPYKTYPbl KOMITAHUY
B MCCJIEIOBAaHUY TIPe/IJI0KeHbl HOBbIE ITPOEKTHbBIE MOIX0-
IIbI K ee peanu3anyu [14, 15]. B paboTe cienaHa MOMbITKA
MOKa3aTh ajJibTepHaTUBHbIe BapMaHThbl TpaHCchOpMaLUU
JIOTUCTUYECKOI CUCTEeMbl MPOMBIIIIEHHBIX MPeAIpusi-
THUIA, 6Ga3UPYIOMINXCS HE TOJBKO Ha Iepefave JIOTUCTH-
yecKuX QYHKUNI B ayTCOPCUHT CTOPOHHUM KOMITaHUSIM,

97

CITOCOOHBIM ObOecreynTh 60jiee SKOHOMMUYHBINA Tapud
[15, 16]. TIpu 3TOM MIMPOKO M3BECTHBI CJTyUan, KOrga 1mo-
JOoOHBbIe IIaryu gaBanayu 3G@eKT JUIIb B KPaTKOCPOUHOI
TepCIieKTUBe, a B AAJbHENIIeM CTOPOHHUIA JIOTUCTIYe-
CKMIT OMepaTop WK TpeKpaliaj CBOe CYIIeCTBOBaHMUE,
VTV HAYMHAJT TI0Tb30BaThCSI CBOMM MOHOITOJIbHBIM I10JIO-
SKeHMEM, WK TIePeXXUBaJl KaKue-11mb0 BHYTPEHHME CITIOXK-
HOCTH, BJIUSIONINE Ha CEPBUC Y CTOMMOCTD ITPEIOCTaBISI-
eMbIx ycyT [17,18].

1. 0630p MHCTPYMEHTOB COBepLLUEHCTBOBaHUSA
NOrMCTUYECKOU KOMMNaHUU
KPYMHOro NPOMbILLSIEHHOrO XONAUHIa

OcHOBHasI 4acTb MCCAeNOBaHMs BK/IIOUaeT B cebs
JIeTaJM3MpOBaHHOE OIMCcaHMe TIPUMeHSeMbIX MHCTPY-
MEHTOB (IIPOEKTOB) COBEPIIEHCTBOBAHUS JIOTUCTUYE-
CKOJ KOMITaHUM TIPOMBIIIJIEHHOTO XOoaAauHra. Ilo cytu
Habop mpeasiaraeMbIX MPOEKTOB SIBJISIETCS CTpaTerueit
TpaHchopMaI Uy JOTUCTUUECKOV KOMITAHUM B YaCTHO-
CTU U BCeIi TIOTUCTUYECKON CUCTEeMBbI XOIAMHTA B 1[€JIOM.
VcTopuuecku CIOXKWIOCh TaK, UTO COOGCTBEHHAs JIOTU-
CTMKA ITPOMBIIUIEHHBIX TIPEATNIPUSITUI 0OXOIUTCS BIa-
JlesibllaM [IopoXe, YeM YCIYTM CTOPOHHMX KOMITaHWUIA.
OpHa 13 MIPUUMH — MPOCTOI PecypCcoB BBUAY HEPABHO-
MEPHOCTY TPAHCIIOPTHOI paboOThl M OTCYTCTBUE CTO-
POHHe 3arpy3ku CBOOOIHBIX pecypcoB. Bropast mpwu-
yyHa — HU3Kask 3GHeKTUBHOCTh CAaMUX JIOTUCTUUECKUX
npoteccos [20-25].

IpepcraBieHHbIe B paboTe MPOEKThI MOKHO pasze-
JIUTH Ha IBa KPYITHbIX 6JIOKa.

ITepBbIit GJIOK BKJIKOUYAET B CeOSI IMSITh OCHOBHBIX
MIPOEKTOB ¥ HAITPABJIEH Ha MMOBBIIIEHEe BHYTPeHHel a(d-
(beXTUBHOCTM JIOTUCTUYECKOV KOMIAHUU. ITOT TOIXOT,
K OMTUMM3anyyu ObLT 3aMMCTBOBAH U3 MPOEKTOB D. ['oy-
IpaTTa, KOTOpPBIM Iepen TII06aJbHBIM pacIiMpeHreM
O6u3Heca cHavasia MoBbIIaN 3()PEeKTUBHOCTh B paMKax
MMEIOUMXCSI 00beMOB. DTOT ke MPUHIUII OTCTauBaeT
M Opyroii rypy 6musHec-KoHCYynIbTUpOBauus U. Agmsec.
[Tpexkme yeM caenaTh OOJBIION IIar BIIepen, HYy>KHO T10-
JIYYUTD KPEnKy onopy [26—-28].

IMpoekT N21 sgBsteTcs GyHIaMeHTaTbHbIM 1 HAIlpaB-
JileH Ha mocTpoeHue 3hdeKTUBHO OpraHM3alOHHO-Y-
TIpaBJIeHYECKOii CTPYKTYphl. [Ipuuem paspabaTbiBaeMast
¥ BHeIpsieMasl CTPYKTypa JO/KHA GbITh MaTPUYHOIA, T.€.
MMeTb BO3MOXKHOCTh Oecriepe6oitHo obecIieunBaTh MMe-
IOIMIMXCS 3aKa3UMKOB ¥ TApa/UIeJIbHO ObITh CITOCOGHOI
peain30BbIBATh MPOEKThI PAa3BUTUSI.
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OcCHOBHbIE pe3y/bTaThl IEPBOTO MPOEKTa 3aK/I0Ya-
10TCSI B pacripefiesieHny (PyHKIIMOHAMa COTPYIHUKOB, T10-
HUMAaHUY MMM 30H OTBETCTBEHHOCTU ¥ YMEHUM OPTaHM-
30BaTh yIIpaBjeHMe MTPOEKTOM.

[TpoekT N92 HampaB/ieH Ha YeTKOe paclpereieHue
OTBETCTBEHHOCTU U periaMeHTUPOBaHue mpolieccoB. Pe-
rJITaMeHThI He06XOIMMO ITPOIMCHIBATH HA OMEePalIOHHOM
YPOBHE C YKa3aHMEM BCeX JOKYMEHTOB M MHGOPMAaINH,
COTIPOBOXKIAIOIINX [eiiCTBUSI COTPYOHUKOB, ¥ CPOKOB,
B KOTOPBIX 3TU JEMCTBUSI MOJKHBI BBITIOMHSTHCS. [Ipn
9TOM perjaMeHTbl IO/KHBI OMMChIBATh KaK BHYTPEHHME
Mpoieaypbl paboThl OTHENOB, TAK U MPOIECCHI B3aUMO-
IeICTBUSI C CONPSDKEHHBIMM OTaenamMu. Ha ocHoBaHMMU
periaMeHTHOJ 6a3bl OTIEJIOM IepCOHaIa JOJIKHbBI ObITh
MOATOTOBJIEHBI AOIKHOCTHBIE MHCTPYKIIMU. 17151 TTogaep-
SKaHMSI PeriaMeHTHO! 0a3bl B aKTyaJbHOM COCTOSTHUU
B KPYITHBIX XOJIIMHTAX ¥ KOMITAHUSIX HEPeIKO CO34a0TCs
1eJible OT/IeNbI.

[TpoekT N23 no3BossieT opranu3oBaTh 3¢ deKTUBHOe
OI0MKETHPOBAaHME KOMITAHMM 3a CYET HOPMMUPOBAHUS
KaK TPyHmo3aTpaT M UMCIEHHOCTM, TaK U IMOTPeOHOCTU
B Marepuajax, MCX0oas M3 IJIaHMPYeMbIX 06beMOB PadoT.
BrnocnencTBum miaH-GaKTHBIA aHaAM3 HAa OCHOBAHUMU
HOPMAaTUBHOJ 6a3bl JISKET B OCHOBY CHMCTEMBI MOTMBA-
UM nepcoHana. [IIpyrMm He MeHee BaskHbIM 3ddeKkToM
IIaHHOTO TPOEKTA SIBJISIETCS BO3MOXKHOCTb (DMHAHCOBOTO
IJIAaHMPOBAaHUST MUCXOIs U3 peasibHOi, a He GI0IKeTHO
MoTpebHOCTM B MaTepuanax. ViHaue, B c/iyuae MOBbIIIe-
HUST JIOTUCTUYECKOI PaboThl, pYKOBOAUTENN TIOApa3mie-
JIeHUi TPebyIOT CBePXIMMUTHbBIE CPEICTBA, TTIOVCK KOTO-
PBIX TIPOUCXOOUT B aBPaJbHOM PEKUME.

[TpoekT N24 gpisieTcst 6a30ii O CO3MAHUS MOTH-
BaIllMOHHOI'O KaMMaTa B KoyuiekTuBe. Ilocie rmoctpoe-
HUSI CTPYKTYPbI YIIpaBIeHMs, pa3pabOTKM periaMeHT-
HOii 6asbl, 0OyYeHMsI IepcoHaja IpaBuUaaM pabOThI
Heob6XoAMMa IpaBUIbHAs MOTMBALIMS COTPYIHMUKOB.
MoTtuBauus — onMH U3 TexX (PakTopoB, BaXKHOCTh KOTO-
poro aJist rmoctpoenust 3¢ @PeKTUBHOro 6u3Heca TPYIHO
rnepeoineHuTb. [Ipy 3TOM HY>KHO IOMHUTb, YTO MOTUBU -
poOBaTh COTPYAHMKOB MOKHO He TOJIBKO BO3MOSKHBIMMU
mrpadbaMy WK OPYyTMMU aAMUHUCTPATUBHBIMM HaKa-
3aHMsIMM! BaxkHO Takke TMTIOMHUTH, YTO MOTUBAIMUSI He
IO/DKHA OBITh OYEHb CIOKHOI M HeIpo3pauyHoi MIu
Cy6bEKTUBHOIA.

[Ipoext N5 HampaBjeH Ha MOBBIMIEHNE YPOBHS
aBTOMAaTMU3al UM TEXHOJOTMUECKUX MPOLLeCCOB B KOM-
MaHuMu.

BTOpoii 670K BK/IIOUAaeT B ce6st MPOEKT, HaIllpaBJjIeH-
HbIN Ha co3maHue 4PL-onepaTtopa. JJaHHbBIN TPOEKT yBSI-
3bIBAaeT BHyTpeHHee pa3BUTHMeE JOTUCTUKY C BBIXOJOM Ha
BHEIIIHME PhIHKM M OPUEHTUPYET Ha CO3aHye TIPUObIIb-
HOJ JIOTMCTUUECKOV KOMITAHWUM, KOTOPast SIBJISIETCSI CaMO-
IOCTATOYHON C TOYKM 3peHMUs (PMHAHCUPOBAHUSI U VH-
BecTuluii. UmeHHO cosmaHue 4PL-omepaTtopa sIBsIeTCs
pelieHMeM CyIIeCTBYIOIIel mpobaeMbl Moyucka 6GagaHca
SKOHOMMYECKOI COCTABJISIIONIEN ¥ PUCKOB 3aBUCUMOCTU
OT PIHOYHBIX JIOTUCTUYECKUX OTIepaTOpPOB.

B pesynbTraTe peanusaiuu MpoekTa 6yayT JOCTUTHY-
ThI ¥ JOTIOJHUTeNbHbIE 3G ()eKThI, 3aKTI0UAIOIINecs B CO-
KpallleH!! YPOBHS 3aI1aCcOB 10 BCel IerouKe MOCTaBOK 3a
CyeT peryamMpoBaHus NapTuii ocTaBok [29-33].
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2. OpraHusauusa 3¢ ¢GeKTUBHON CUCTEMDI
norucTuku n popmupoBaHue noptdens NpoeKTos
pa3BUTUSA JTIOTUCTUYECKON CUCTEMDI
KPYMNHbIX NPOMbILLIEHHbIX XONAUHIOB

Jloructuueckast cucTemMa XOJOMHTA KakK CaMOCTOSI-
TeJabHasl OTpaciab Havana 3apoxzarbcs B 2006 T., Korga
ObUIO PElIeHO BHIBECTM HA ayTCOPCUHT JIBE KPYITHbBIE ITe-
peBajiouHble 6a3bl, Uepe3 KOTOPbIE MMPOUCXOIUIIO 00e-
CTleyeHe OCHOBHBIM ChIPbeM AOOBIBAIOMINX JOUYEPHUX
NpeanpusiTuii, a Takke TPAHCIIOPTHBIX IOApa3ae/ieHuit
IBYX pPymHMKOB. Co3gaHHasl TpaHCIOpPTHAasT KOMIIaHUS
(TK) Havasa OOCTYy:KMBATh MOOBIBAIOIINE ITPEITIPUSITHAS
Ha OCHOBAHUM JOTOBOPHBIX OTHOLIEHUI [34-36].

ImaBHBIMM 3amayamMyu Iepuopa pa6otsl TK ¢ 2006 T.
6buUTM ObOecrieyeHne Gecriepe6oitHOCTM paboThl HOObIBA-
IOIUX TPeATPUSITUNA, LIEHTPaTU3aIMs JIOTUCTUKYU, 00e-
crieyeHme 06CTy>KMBaHMS TTIOCTOSTHHO YBETMUMBAIOIIMXCS
00beMOB TTPOM3BO/ICTBA.

B pamMkax 3TOr0 Ieproa rmoyryuyeHsl ciaemyroie 3¢d-
(bexTbI OT ayTCOpPCHHTA:

1.Tlpou3BeneHa WMHBeHTapMU3alusl TPAHCIOPTHBIX
aKTMBOB, a TAKKe 3TaHUI M COOPYKEHMI [T XpaHEeHUS
" TIepeBaJIKI.

2.lleHTpanu3oBaH M YaCTUYHO ONTUMMU3IUPOBAH
HITAT CKIAACKUX U TPAHCIIOPTHBIX COTPYIHUKOB.

HecMoOTpS Ha TO YTO TPAHCIIOPTHBIE aKTMBbI HAXOI M-
JIXCh B MU3HOIIIEHHOM COCTOSIHUU, YIANIO0Ch U3 JIUIITHEN TexX-
HUKM CO3[IaTh PEMOHTHBI 060POTHBIN QOHI 1 MOTYUUTD
YBEPEHHOCTb B TOM, UTO HEOOXOAMMbIE 0ObEMbI TIEPEBO3-
OK Ha GiypKaiiimii rof, GyIyT BBITIOJTHEHbBI 63 CPbIBOB.

IMapasuieNibHO TIJIAaHMpPYyeMble OGBEMBI TIEPEBO30K
OBLTM BO3JIOKEHBI HA MMEIOIMIICS TTapK TPAHCIIOPTHBIX
CPe[CTB C YUYETOM IIepCIIEKTUB €ro >KM3HEeCIIoCOOHOCTH
M COCTaBJIeHa IporpaMma OOHOBJIeHMS Tapka. Bo MHO-
TOM 3TO GBI MPOPBIB, TAK KaK PYKOBOMACTBO KOMITAHWUM
06paTUI0O BHMMAaHMe Ha TPeGOBaHUS JIOTUCTUKY, U ObLI
COCTaBJIeH IJIaH ee PUMHAHCUPOBAHUSI.

OmHako TMEepBbIi 3Tal 3BOJIOIUK JIUIIb 0603HAUMIT
KOHTYPbI BBICOKO3(h(EKTUBHOTO JIOTMCTUUECKOTO OTle-
paTtopa, mpy 3TOM BIepeay ObLIO ellle MHOTO TPYLHBIX
3agau. Camas r71aBHas U3 HUX — 3TO IOBbILIEHME BHY-
TpeHHel 3P heKTUBHOCTY yIIpaBIeHYeCKMX U IKCIUTyaTa-
IIMIOHHBIX ITPOIIECCOB, TaK KaK ce6eCcTOMMOCTDb JIOTUCTU-
yeckux yoryr B TK 6b1a 3HAUUTETBHO BbIIIE PHIHOYHOA.

Heo6XomuMbIM HayaJbHBIM YCJIOBUMEM IJIsI TIpe[-
JlaraeMbIX TPeo6pa3oBaHMil MOCTYXUIU (DAKTOPbI KOH-
KypPEeHTOCIIOCOGHOCTY KOMITaHMM: HajuuuMe IpOu3-
BOZICTBEHHO} 0a3bl HENOCPEACTBEHHO B pPeruMoHax, Tae
MIPOMCXOOUT Pa3BUTHE NOOBIBAIOIINX MMPENIIPUSITIUI; Ka-
IIpOBBIIi MMOTEHIIMAI Ha YPOBHE, COOTBETCTBYIOIIEM Tpe-
60BaHMSIM HACTOSIIIIETO BpPeMEHM; KaueCTBO MPegoCTaB-
JIIEMbIX YCIYT; UMUK TIPeATIPUSITHS.

Hapsgy ¢ 9TMM B KOMIIaHUM UMEIOTCS U Cilabbie
CTOPOHBI, OTPULIATENIBHO BIMSIONIME HAa MIpeobpa3oBa-
HUSI, 2 UMEHHO: KpajiHe Hey[OBJIETBOPUTEIbHOE COCTO-
STHMe€ aBTOMOOMITIbHBIX IOPOT; HeLOCTATOYHASI MOIITHOCTb
CKJIAICKMX XO3SCTB (BbICOKME TEMIIbl CTPOUTEIbCTBA
¥ BBOJA B OKCILTyaTalMI0 HOBBIX JOOBIYHBIX MPEIITPUSI-
TUIA, @ TAKKe POCT 06b€MOB MIPOM3BOACTBA CYIIECTBYIO-
VX JTOOBIYHBIX MPEATIPUSITHI); CIOKHO MPOTHO3MpPYe-
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MBIl POCT LleH Ha OCHOBHbIe MaTepuasbl (I'CM, 3anacHbie
YyacTu) U, KaK CJIeICTBYE, BO3MOXKHOE yBeluueHne cebe-
CTOMMOCTH; cjiabasi MOATOTOBKA MOJIOABIX CIIEIMaIN-
CTOB; HU3KUI TI0 CPAaBHEHUIO C ITOOBIYHBIMMU IIPEIIIPU-
ATUAMMU, HaAXOOAIIMMUCA U CTPOAIIMMMUCA B pPermoHe,
YpPOBEeHb 3apabOTHOJ IIAThl; 3HAUUTENbHBINA M3HOC OC-
HOBHBIX CPEJICTB, ITPEX/IE BCEro aBTOMOOMILHOTO T1apKa,
rapKa JJOpOsKHO-CTPOUTEIbHBIX MEXaHU3MOB U TSTOBOTO
TTOABMKHOTO COCTaBa U, KaK CJIeICTBME, BbICOKAs cebe-
CTOMMOCTb OKa3bIBa€MbIX YCITYT.

Pe3ybTaTOM ITPOBEI€HHbBIX IIPe0Opa3oBaHMIt IBUTICS
KPYITHbBIN TIPOMBIIIJIEHHBI XOJAVHT, COCTOSIIINI U3 Clle-
IVIOIIMX CTPYKTYPHBIX ¥ 000COOGIEHHBIX ITOpasaeneHnii
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¥ KOMIIaHUIi: YIPaBJSIONias KOMIIaHMsI, OTBevalomnas 3a
3(pbeKTMBHOCTD AESITeTbHOCTY XOJIAMHTA B 1[eJIOM; TeppH-
TOPUAJIBHO yaJIeHHbIe IPYT OT JIpyTra MPOM3BOICTBEHHbIE
JouepHue 3aBucuMble ob1ecTBa (I3A); 06CTyKMBaOLIe
JIouepHue 3aBUCUMbIe 00IIeCcTBa, B TOM UMC/Ie TPAHCIIOP-
THO-cknaackast kommnanus (TCK) (puc. 1, 2).

Peanusaiusi BbillleyKa3aHHbIX IMPOEKTOB IO3BOJM-
Ja pa3paboTraTh IeyeByio Moaenb «4PL» omepaTopa, co-
CTOSIIIYIO 13 YIIPaBJISIIONIE KOMITIaHUY, OTBeYalomlein 3a
3(pdeKTUBHOCTD AEATENIBHOCTY XOJIMHTA B 11€JI0M, Tep-
PUTOPHUAJIBHO YAaMeHHbIe APYT OT Apyra MpOu3BOACTBEH-
HbIe U 06CTYKMBAIOIIME TOUEePHIE 3aBUCHMbIe 00IIECTBA
(puc. 3,4, 5).

1.1. Pa3MbITOCTb OTBETCTBEHHOCTM 32 JIOTUCTUYECKYIO
byHKIMIO.

1.2. Bonb1oe KOMMYECTBO B3aMMOJIEICTBII Y9aCTHUKOB
B IIPOILeCCe IIOCTaBOK ¥ HEBO3MOXKHOCTD OIIEPATUBHOTO
KOHTPOJIA.

1.3. 9 dexT HeHTpaM3aLUY /151 YIIPABIEHNS
MOCTABUIMKAMM JIOTUCTUIECKUX YCIYT U ONTUMA/TIbHOCTD
1IeH He JJOCTUTAOTCA.

2.1. OTcyTcTBUE IPO3PAYHOCTH Y4eTa TOTUCTUIECKUX
3aTpart 1 BO3MOXKHOCTEL [I/Is1 37I0YHOTPebIeHuIL.

2.2. BolnosiTHeHe HeCBOICTBEHHBIX JTIOTUCTUYECKUX
¢bynkimit B 130.

2.3. Hann4me M3MUIIHNX CKIALCKUX, TPAHCIOPTHBIX
U MaTepuaibHbIX PeCYPCOB.

3.1. YK He nMmeeT BO3MOXKHOCTU OII€eHBATh

3G GEeKTUBHOCTD JIOTHCTIIECKOI TEATENBHOCTI.
3.2. YK nonyuaer nundopmanuio o c60sx, a He 0
BO3MOXKHBIX PUCKaX.

3.3. YK HeceT HeOoNnTUMAa IbHbIE U3JIEPIKKM Ha
JIOTUCTIYECKYI0 (PYHKIIMIL

Puc. 1. VicxogHast MOZIEJTb JIOTMCTUYECKOTO 00ecrieueHusi KpyITHOTO TPOMBIIIJIEHHOTO XOJIIMHTa
Fig. 1. Initial model of logistics support for a large industrial holding company
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Puc. 2. VicxomHast MOfie/b TPAHCIIOPTHOTO 0OecTieueH st KPYITHOTO MPOMBIIUIEHHOTO XOIAVHTa
Fig. 2. Initial model of transport support for a large industrial holding company
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Fig. 3. Target model of logistics support for a large industrial holding company
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Fig. 4. Target model of storage facilities for a large industrial holding company
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IlentpanmsoBanHblit mapk TC

m mm mm Em Em e e o e E o o ~
Epunsnit mapk TC . 4PL -
' e TCM = I
1 e 3amyacTi; ( e 3 '| CobcTBeHHbIe
! o Myubl . . 30
= 0Hpo6em¢© b | <=
Enunbie Tapudbr |' " die
S e !/ H]]
iy CropoHHue
1 \ 3aKa3IMKI

Y4er aBTOTpaHCHIOpTa

Yuer 3ammuacreit
nI'CM

Puc. 5. LleneBast Mmozenb TPaHCIIOPTHOI'O obecrieueHust KPYITHOTO IIPOMBIIIJIEHHOTO XOJIAMHTa

Fig. 5. Target model of transport support for a large industrial holding company
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Puc. 6. [Ipymep MaTpUUHOM OpraHM3alMOHHON CTPYKTYpbl TK KPYITHOTO IIPOMBIIIJIEHHOT'O XOIAVMHIa

Fig. 6. An example of a transportation company matrix organizational structure of a large industrial holding company

HanpHejime npeo6pa3oBaHusl KoMIaHum B chepe
co3ganust ppiHOUHOTO 4PL-0meparopa Ha 6a3e JTOTUCTU-
YeCcKOro mnopgpasfeneHys KPYHNHOTO IPOMBIIIJIEHHOTO
XOJIMHTA COCTOSUIM U3 CIeLyI0IMX METOLOB U MOJeneil.

3. ®opMupoBaHme MaTpUYHOM
OpraH1M3aLUoOHHO-YNpPaB/IEHYEeCKOM CTPYKTYpbl
NIOrMCTUYECKON KOMMNaHUU

LlesibI0 CO3MaHMS JAHHOV CTPYKTYPBI SIBJIsIeTCsT op-
MUPOBaHMe ONTUMAJIbHOM MAaTPUUYHOM OpraHm3aloH-
HO-YIIpaB/IeHYeCKOi CTPYKTYpPbl B JIOTUCTUKE C I1IeJbI0
TOBBITIEHUS 3(DPEKTUBHOCTY TEKYIIeN OesaTeTbHOCTU
¥ BO3MOXHOCTE! peanmn3anyiu MmepcrekKTUBHbIX TeH IeH-
Wit pa3BUTUS KOMIaHuu [37, 38].

EcTp ompeneneHHble YCTaHOBKM B BBbICTpauBa-
HUM OPraHM3alMOHHONM CTPYKTYpPbl, KOTOpbIE SIBJIS-

95

I0TCS JIy4dllleli MUPOBONM IPaKTUKOI, HO JajieKo He
Bcerga mpuMeHsIOTcsS. HemocpencTBeHHO PYyKOBOMM-
TeJI0 AOJIKHO TOAUYMHSITHCS He 6ojee ceMyu 4eoBeK,
npu 3ToM 95% KOMMYyHMKAIMI OMPEKTOpa B KOM-
MaHUM [OOJDKHBI CTPOUTHCST MMEHHO Ha OOIIeHUM
C ceMbl0 (MJIM TSATHIO-IIECTHIO) MeHeIXepamu, OT-
BeualolMMu 3a CBOU HampaBiaeHuss. KpoMme TOTo, pyKo-
BOAUTEIb NOKEH MOTUBUPOBATH U KOHTPOJMPOBATH
TOJIBKO TIOKa3aTel 3TUX MeHeKepoB/3amMmecTuTesneit/
HayvyaJbHUKOB JelapTaMeHTOB, He OITyCKasiCh Ha cje-
OYIOIIMI ypPOBEHb yIIpaBjieHMs. B KOMIIaHUM [OJDK-
HO OBbITH He GoJsiee yeThIpeX ypOBHeN ympaBieHus. To
€CTh BO BCeil KOMITAHUM MOKET OBbITh He 60jiee UeThbI-
pex PYKOBOISIIMX/MHKeHEePHBbIX IO/KHOCTel To of-
Hoii BepTukanu. CucreMa yrIpaBIeHMs] JOKHA OBITh
MaTpUYHOIL (pUC. 6).
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4. OnTMMU3auus U pernaMmeHTaums
TpaHCNOPTHO-CKNAaACKUX 6U3Hec-npoueccoB

Llesiblo ONTUMM3AIUU SIBJISIETCSI COKpallleHMe BIIMSI-
HMSI YejioBeuecKoro ¢GakTopa M MUHMMM3AINS CIydaeB
IyGIMPOBAaHMS Y OTCYTCTBMSI OTBETCTBEHHOCTH [39, 40].

OnTMMM3aIMIo ¥ permaMeHTaInio 6M3Hec-polec-
COB MOYKHO BBITIOJTHSITD JBYMSI Pa3JIMUHBIMY METOLAMMU.

PaspaboTka permaMeHTHO! 06a3bl — «KaK [IOJKHO
OBITh» 6e3 TOTPY>)KeHUS B crielM(PUKy TeKyIIMUX MMPoIec-
COB Ha OCHOBAHMM TE€OPUM M JIYUIIMX ITPAKTUK U U3yde-
HJe TIPOLIeCCOB KOMITAHMM — «KaK eCcThb». IIpy 3TOM I10-
SIBJISIETCSI BO3MOXXHOCTh HAJIOXKUTh Ha CYIIECTBYIOIIME
MIPOIEeCCHl HOBbIE METOIbI PAOOThI M JIYUIIYIO ITPAKTUKY,
YTO MO3BOJUT MOMYUYUTH CMHTE3 YCTOSIBIIMXCSI M HOBBIX
MeTOI0B paboThHI.

AHanu3 Tekyliei cUuTyalum «kKak ecTb». Ha jaHHOM
aTamne HeoOXOAVMO CHenaTh «Hape3Ky» IPOIecCOB Ha
BCEX YPOBHSIX yIpaBjeHMs, BK/IOYas OIepaliOHHBbIIA.
[jisi omyucaHus TMPOLLECCOB MOXKHO MCIIOIb30BaTh pas-
mnuHble nonyysipablie HoTauuu (EPC, IDEFO n npyrue),
a MOXHO MPUHSATb COOGCTBEHHbIE IIpaBuUIa OIMMCAHMUS
[41, 42].

[maBHOE, YTOOBI TIPU OMMUCAHUMU TIPOIIECCOB HA pas-
JIMYHBIX YPOBHSX ObUIM 0003HAUEHBI IJITaBHbIE YYACTHUKYU
MPOIeCCOB, a Takke MHGPOPMAIMOHHbIE TTOTOKU. [Tocie
TOTO Kak IPOIeCChl OYAYT OIMMUCAHbI, TOSBUTCS BO3MOXK-
HOCTb BBISIBUTH JIMILIIHME CBSI3U MEXAY MOJpasieeHu-
sIMM, KOTOpbIe IPMBOJSAT K IOTEpe BpeMeHM U KayecTBa
BBITIOJIHEHUS paboT [43], 1 yOpaTh UX.

[TpoBemeHHbIN aHATNU3 TTO3BOJISIET OCYIIECTBUTD ITe-
pexof, K aTary pa3paboTKu peryiaMeHTHO 6a3bl «Kak Oy-
net» [44—47].

5. NoBbiweHue aphpeKTUBHOCTU UCNONIb30BAHUSA
M KayecTBa NIaHUPOBaHUA NOTPEe6GHOCTH
MaTepuanbHO-TeXHUYecKux pecypcos (MTP)

Llesblo JaHHOTO 3Tama SIB/ISIeTCS ONpene/ieHe BO3-
MOYXXHOCTM (DMHAHCOBOTO TJIAHMPOBaHUST 3aKymok MTP,
cokpaieHue nmepepacxoga MTP, cokpalieHue pycKOB XM-
HIeHUIT U 3/10yTIOTpebneHnii [48, 49].

CrnoxXuBIIasiCsl TPAaKTUKA CIUCAHUSI MaTepUayoB,
B IIEpBYI0 Ouepedb Ha TPAHCIIOPTHBIE CPECTBA, ObLIa
OCHOBaHa Ha MPUHLMIIAX aKKyMY/IMPOBaHMUS U pacrpe-
JleJIeHVs] JeHEeKHBIX CPEeLICTB I10 TPaHCIIOPTHOMY IO pas-
JleJIEHMIO B 11eJIOM. B Takoii moctaHoBKe MHMOpMaIs 06
9KOHOMMM OI0[IKeTa yXOIuIa K PyKOBOJICTBY U BJIeK/a 3a
c000Ji ero cokpalleHue Ha CJIeayrolnye mepuoabl. Takoi
MOJXO[, TpefonpenenseT Haauuye HEeKOTOPBIX PUCKOB:
rnepepacxop, CpencTB, KOTAa KOMIIAHUS HeCeT IpsSMble
YOBITKM B CBSI3M C 3aMOpPaskMBaHMEM CPENICTB B 3aracax,
3aKyIIJIEHHBIX CBEPX MOTPEOHOCTV; HEXBATKA BBIIEIEH-
HOTO JTMMUTA Y CPBIB BBIIIOJTHEHUS IIePeBO3KU. DTU MPO-
671eMbl BO3HMKAIOT B CUTYal[Mi, KOTIA 00beM TPy30II0-
TOKa BO3pacTaeT MM CTPYKTypa rpy30I0TOKA MEHSEeTCS
B CTOPOHY YIOOPOXKaHMS, a JIMMUT BbIJENSEeTCSI Ha TIpex-
HMX OCHOBaHMSIX.

W mepBblii, U BTOPOI1 PUCKM MOXXKHO HUBEIMPOBATD,
HaJIagMB CUCTEMY IUIAaHMPOBAHMUS MMOTPEOHOCTM B MaTe-
puaiax, OCHOBBIBAasICb HA HOPMMPOBAaHUM U IIaHUPOBA-
HUM CKJIQJICKOM U TPAHCIIOPTHOM paboTsl [50].
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InaHupoBaHMe 0OGBEMOB TPAHCIIOPTHONM pabo-
Tl BO3MOXXHO Peanau30BaTh 10 TUIIAM MCIIO/Ib3yEMOTO
TpaHcIopTa. [Ijisg perieHnst JTaHHOTO BOTIPOCca HEOOXOIM-
MO CTPYKTYPMPOBAaTh MapK TPaHCIIOPTa O BUAAM Iepe-
BO30K U OIPeNeNnTb, KAKOI BUJ TPAHCIIOPTHOM pabOThI
OymeT OpaThCcsl 3a OCHOBY [IJIsI IUIAaHMPOBAHMS 3aTpar.
OueBMIHO, UTO JIJ151 IETKOBOTO ¥ TPY30BOI'0 TPAHCIIOPTA —
9TO KMUJIOMETPBI, TTOCKOJIbKY MMEHHO Tpober BIuseT Ha
KoMuecTBO MoTpauyeHHoro I'CM, 13HoC 3amyacreit, InH,
cpoku npoBemenyst TO u T.n. [Ij1s1 GObIIMHCTBA CITeITeX-
HUKM TakKUM IOKa3aTesieM MOXEeT SIBJISSTbCSI MOTO- WUJIN
MalIMHO-4ac.

Cny>k6a 3KCILTyaTallMy AO/DKHA HAYIUTHCS TUTAHU-
pOBaTh TPAHCIIOPTHYIO PaboTy B 3aJaHHBIX eIVHUIIAX
M3MepeHUs 0 KaxkAoi efquHUIle TEeXHUKM, YTO CTaHeT
MepBbIM M TVIABHBIM IArom [Jjisl TIJITAaHMPOBAHUS 3aTpar
u riotpe6bHocT B MTP.

I[Ipy sTOM HOpPMMpOBAHME PACXOAOBAHUSI MarTe-
pPUAJIOB JTO/DKHO TPOU3BOAUTHCS MUCXOAs U3 06BHEMOB
TPAHCIIOPTHOI paboThl. TToMyYnB OOGBEMBI TPAHCIIOPT-
HOJ paboThl, TNIAHOBO-3KOHOMMYECKAsT CJTysKO0a OJIKHA
paccumMTaTh, KAKOoe KOJIMYECTBO MaTepUaIoB IOTpedyeT-
cs1 oyt obecrieyeHus] HYKHOTO KOJMYECTBA ITEPEBO3OK.
B mepBy10 ouepenb cobupaetcst nHGoOpMaIusa 06 nuMero-
memMcsl mapke TPaHCIIOPTHBIX CPeACTB, & UMEHHO: (dak-
Traeckuit pacxon I'CM; cpokm skcrutyaTanyu; macropr-
Hble TaHHbIe 10 pacxony I'CM; rpy30TI0Abe MHOCTb ; TUTTBI
BBITIOJTHSIEMBIX TI€PEBO30K/TPAHCIIOPTHOM pabOThl; Ha-
JAuYMe ¥ UCIIPABHOCTh CIIMIOMETPOBOTO 000PYAOBAHMS;
HaJimuye ¥ ucrnpaBHocTb GPS-o6opymoBaHus; Haauume
MpoyYero 060pyAOBaHMS, BIMSIONIETO HA PacXo[ TOIUI-
Ba; mpoune xapakrepuctuku TC. B manbpHejilieM Heo6-
XOAMMO pa3paboTaTh METOAVKY HOPMMPOBAHUSI PacXo-
ma I'CM, koTopast OO/KHA OIpenesisiThb, KakKue MMeHHO
JlaHHbBIe JISITYT B OCHOBY HOpMAaTuBa U [IJis KaKOTO BUAA
TEXHUKU TO/DKHBI TIPUMEHSIThCSI TTOMPaBOYHbIE KO3h M-
uneHThl. [TonmpaBouHble KOI(MGOUIMEHTH BBOISTCS IJIsSI
pa3IMUHbIX YUIOBUI 3KCIUIyaTalliy TpaHCHIopra (3uMma,
JIeTOo, TOPOACKME TIepeBO3KU, MeXIYTOpOAHbIe IepeBo3-
KU, TOpHasi Jopora, paBHMHHAS I0pora, 3arpy>keHHOCTb
TPaHCIIOPTA).

TMocse 3TOr0 HEO6XOAVIMO OTIPEENUTh haKTUUECKMEe
3HaUYeHMs] HOPMAaTMBOB B MPUBSI3Ke K KaXKIOW eIUHULIe
TpPaHCIIOpTa CIeylouMM obpa3oM: MpoBemeHue dax-
TUYECKMX 3aMEePOB pacxofa TOIUIMBA; ONpPEeNeNnUThb JaH-
Hble GPS-060pymoBaHMsI; MCHOAb30BaHME IMACIIOPTHBIX
IaHHBIX TI0 PAacxXofy TOIUIMBA; MCII0Jb30BaHME 3aKOHO-
JlaTeJIbHbIX TIOCTAHOBJIEHMI M JIOKAAbHBIX HOPMATUB-
HO-TIPAaBOBBIX aKTOB [51-53].

TMocne momyvyeHus] MAHHBIX HEOOXOOMMO IPOBECTU
HOPMMPOBaHMe UCXOMS U3 COITIaCOBAHHOM METOLMKY U 3a-
(uxcuposath Tapud ST KOKOOV eIVMHUIBI TPAHCIIOPTA.

ChopmupoBaHHas cucTeMa HOPMAaTMBOB M MeETO-
JIMKa oIpenesieHUs TUIAHOBBIX 3aTpaT IpeforpenenseT
HeoOXOAMMOCTh aBTOMATU3MPOBAHHON 06PabOTKMU MH-
dbopMmaruyu v BHeIpeHNsI aBTOMATU3ALY ITPOIeAyp IIa-
HUPOBAHMSI.

Ilist ocyiiecTB/ieHUs TIJIaHMpPOBaHUS B MHbOpMa-
IMOHHYIO CUCTEMY HEOOXOAVMMO 3aHECTU CIPAaBOUHUKU
TPaHCIOPTHBIX CpeAcTB. i KaskgOro TPaHCIIOPTHOTO
CpeAcTBa 3aHOCUTCSI HOPMAaTUB U TlepeueHb MOIpaBoy-
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HbIX KO3 dUIMEHTOB, a TAaKKe MpaBuia, o KOTOPbIM 3TU
K03GbUILIMEHTbI TO/KHBI IPUMEHSIThCSI. BHeceHHbIe cBe-
IEeHUsT TIO3BOJISIOT BBIUMCISATH IIIAHOBYIO TMOTPeGHOCTD
BO BCEX MaTepuasaax, HeOOXOAVMBIX JJIsl OCYIL€CTBIEHWS
repeBo3ku [54, 55].

Takum 06pa3oM, aBTOMAaTU3aLVs CKJIA[ACKOM, TpaHC-
TIOPTHO¥ ¥ YIIpaBIe€HUYeCKO IesITeTbHOCTY Ha 6a3e BHe-
npenuss TMS, WMS 1 aBToMaTu3auuy GI0AKeTUPOBAHMS
[56-59] siBnsieTcs 006si3aTeNbHBIM 3/IEMEHTOM pPabOThI
KOMHOaHuu. [jsi TpaHCIOPTHO-JIOTUCTUYECKOTO oOrepa-
TOpa — 3TO TMpeX/e Bcero paboTa CKIafa U TPAHCIIOPTA.
MHorme KOMIIaHMM CTapaloTCs aBTOMAaTU3UPOBATh JIO-
TUCTUYECKHMe MPOoIlecchl Ha 6a3e MMeIoIeics: Kopropa-
TUBHOI MHpopMaiuonHoi cucrtembl (KMC) myrem ee
mopabortok. Takas cuTyanusl pMMeHMMa BO BHYTpPeH-
HUX JIOTUCTUYECKUX TOAPa3aeNeHUsIX IpeqnpusITuii, HO
B OTHENbHOI TPaHCIOPTHO-CKIAACKON KOMITAHUM 3TO
HerpuemieMo. B maHHOM cryyae TpeGyeTcsi BHepeHue
mpodeccruoHaabHbIX TPAHCIIOPTHBIX U CKIAICKUX CUCTEM
u ux uHTerpanust ¢ KMC, B KOTOpoii BegyTcsl (MHAHCO-
Bble, IOpUIMYECKME U KaJpOBble BOMpPOCHI. [1ji aBTOMa-
TU3aLUU CKIaACKOM AesITeTbHOCTY Ha PhIHKE CYIIeCTBYeT
6osbi0e KoauuectBo WMS, a 1151 TpaHcriopTHOI — TMS
[60-62] (puc. 7).

IMpoBemeHHbIE MCCIENOBAHMS TTO3BOMMIN pa3pabo-
TaTh ¥ BHEIPUTh B KOMITaHUY TPOEKT co3manus 4PL-orme-
paTopa Ha 6a3e JIOTUCTUYECKOTO TMOMPAa3/eNeHUs KPYII-
HOTO ITPOMBIIIIJIEHHOTO XOJIIVHTA.

LlensMu peanusalMy OJAHHOTO MPOEKTA SIBJISIIOTCS:
MHTerpanus BCex yYaCTHUKOB 1L[eITOYKM TTOCTaBOK B -
Hoe MHGMOPMAIVOHHOE TI0Jie U yIIpaB/ieHne UMM B WH-
Tepecax KOMITAaHUM B 1[€JIOM; KOMIUIEKCHOE YIIpaBJieHl e
3aTpaTaMy BCeli I[eMOYKM IMOCTAaBOK [JiSI AOCTUKEHUS
MaKCUMMaJIbHO (PMHAHCOBOI BBITO/IbI; TIPUBIIEUEHNE JTO-
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TTOJIHUTEJIbHBIX 00bEMOB Ipy3006pabOTKY U TTOBBIIIEHVE
060pOTa KOMIIAHUIA.

B pesynbTaTe peanusanyy JaHHOTO MTPOEKTAa TPaHC-
ITOPTHO-JIOTUCTHUYECKAST KOMITAHMSI TOJKHA BBIATM Ha
JIOCTATOYHBIV Ha MMEKIINUXCS 00beMax MepeBO30K ypo-
BEeHb MMPUOBIIBHOCTM, MOJIYYUTh CPeICTBa Ha OOHOBIE-
HMe U TIPMBeJIeHNE B TPYeMJIeEMOe COCTOSTHYE PeCypPCHO
6a3bl, ONITYMMU3UPOBATb CTOMMOCTD JIOTUCTUYECKUX YCITYT
IJIST 3aKa3UMKOB. [JOCTUTHYB BHYTPEHHEN ONTUMU3AIINHA,
KOMIIAHMS TTOJTyYaeT YHUKAIbHYI0 BO3MOKHOCTb PaCIIy-
PUTb CBOE BJIMSIHME Ha BHEIIHUX YYaCTHMUKOB ILIEITOUKU
IOCTAaBOK, YTO MO3BOJUT OITMMM3MPOBATH CTOUMOCTD
MIPUBJIEKAEMbBIX CTOPOHHMX 3aKa3UMKOB.

Opranmsanust 4PL-omepaTtopa Ha 6ase CylecTBYIO-
e JIOTUCTUYECKOV KOMITAaHMY TPOMBILIJIEHHOTO TIpef -
MPUSITUST — 9TO aMOUIMO3HBIN M MAaCIITAOHBIA ITPOEKT.
[Ipexkme Bcero Heo6XoAVMa IOTHOIIEHHAS LIeHTpaIu3a-
LIMS YIIPaBJIeHMs TPAHCIIOPTOM U CKJIa[IOM ITPeAT U T
XOJIIMHTA, a Jajee — pa3paboTKa MeTOHOB YIIpaBJIeHUS
LIETIOYKO} TocTaBoOK mo mpuHuumy «Total Costs». laH-
HBIV O6JIOK PaboT SIBJISIETCST K/IIOUEBBIM BO BCEM ITPOEKTE,
TaK KaK ero peajusanys HeceT B cebe dKOHOMUUECKUI
MOTEHIMAaI, KOTOPOTO HEBO3MOKHO JOCTMUYb B paMKax
OOBIYHOTO AyTCOPCUMHTA JIOTMCTUUECKOV MIesiTeTbHOCTH!.
[J1aBHBI aKIEHT IMPOEKTa — 3TO BBICTPaMBaHME TaKUX
OTHOIIEHM CO BCEMM yYaCTHUKAMMU ILIeIIoUeK IMOCTaBOK,
B paMKaX KOTOPBIX GYyIeT BO3MOXKHOCTh I'MOKO pearupo-
BaTh HAa M3MEHEHMs B CpPOKax, I'PY30IOTOKAaX MU IPU
BO3HMKHOBEHMM KaKMX-TO CYIIECTBEHHBIX COOEB Ha JII0-
60M 3Tarle IMOCTaBKMU.

Bakabpim snmemeHTOM «Total Costs» siByisieTcsl BO3-
MOYXHOCTb VIIPaBJATh MApTUSIMM TIOCTABOK. JIOTMCTU-
yeckas KOMIIAHMSI, He 3aHMMAasChb HeIoCpPeICTBEHHO
3aKyIKaMl ChIpbSl ¥ MaTepuasoB, JODKHA CTPEMUTHCS
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Fig. 7. TMS implementation plan in a transport and logistics company
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OKasbIBaTh BJIMSIHME HA MApPTUM MTOCTaBOK, KOTOPbIE OT-
Ipy’kaeT MOCTaBUIMK, IbITAsICb COKPATUTh 06BEM 3aMO-
POKEHHBIX CPeICTB B IyTM M Ha cKiaagax. Mimes mpem-
CTaBjeHMe O TOM, KOTZa M CKOJIbKO TOBapa OT KaKOIo
ITOCTaBIIMKA HY;KHO JOCTAaBUTh ¥ CKOJIbKO HYKHBIX MaTe-
pMAIOB HAXOMMUTCS HA CKIA[AX, a Takke O MOTPeOHOCT
IS TIPOU3BOJICTBA, JIOTUCTUUECKUI OmepaTop AOKEH
MMETbD ITOJTHOMOUMS COTJIACOBBIBATD C ITOCTABIIMKOM Iap-
TUM OTTPY30K. Kak mpaBumiio, HUKaKas OTae/lbHas CIyk6a
XOJIIMHTa, KpoMe (pMHAHCOBOIO JelapTaMeHTa, He 3aiH-
TepecoBaHa B COKpAIleHM!M 3aMOPOKEHHBIX 060POTHBIX
cpenctB. Hao6opoT, MHOrMEe YYaCTHMKM 3aMHTEpecoBa-
HBI B TOM, UYTOGBI TOBApP OTIPYsKAICS KaK MOXKHO ObICTpee
U KaK MOXHO 6oibire. [Tpou3BOACTBEHHUKM TaKUM 00-
pa3om 00pasyT y cebsl U3MUITHME 3aT1achl, 3aKYITIIUKN
TTOJTyYaloT BCEBO3MOKHBIE GOHYCHI OT IMTOCTABIIVKOB U TaK
nmanee. Y nmuib Biiajeser] KOMIaHUY U (PUHAHCOBBIN IU-
PEKTOp IONyYaloT MpobjaeMy B BUAEe HEXBATKU 060POT-
HBIX cpencTB. [Ipu sToM (uHaHCOBas CIy)k6a He MMeeT
BO3MOYKHOCTY PEry/lMpOBaTh OIIAThI ITOCTABIIMKAM, TaK
KaK OHa He BjIaJieeT BCel cuTyaluein co CpokaMu IocTa-
BOK, TEKYIIMMM OCTaTKaMM MaTepuaaoB, KOTMIECTBOM
TOBapa B ITyTU U TaK gasnee. VI BOT UMEHHO B 3TOM acITeKTe
JIOTUCTUYECKUIL OTIepaTop CTAHOBUTCS BasKHEMIINM 3j1e-
MEHTOM — He3aMeHMMbIM ITOMOIIHUKOM (PMHAHCOBO
CITysKObI ¥ COGCTBEHHMKA B BBICBOOOKIEHMM CPEJICTB, CO-
KpallleHU KPeIUTHBIX TMHUIA 1 B IIOBBIIIEHUM TIJIAHOBO-
¢ty paboThl [63, 64].

6. PaspaboTka pekoMeHAaaumin
no peanu3alyn MHHOBALMOHHbIX METOA0B
COBEpLUEHCTBOBAHMUSA JIOTUCTUKU
KPYMHOro NPOMbILLJIEHHOrO NPeANnpUATUS

Pexomenodauuu e cipepe popmuposarus
0p2aHU3aUUOHHO-YNPAB/1IEHUECKOll CMPYKMypbl

[To pesyabTaTaMm mpoekTa ONTUMM3AIUKU OpraHKu3a-
LMOHHOM CTPYKTYPbI MOKHO BBIIEIUTH OTHENbHbIN 3(d-
(exT, KOTOpBINI MOKHO HAIpPSIMYIO MPUBSI3aTh MMEHHO
K OPTCTPYKTYPHBIM M3MEHEHUSIM, — OITUMM3AINS UNC-
JIEHHOCTY TlepCOHaIa. YUUThIBAsI BCE CIIOKHOCTU, TIOTU-
TUYECKME PUCKM, YeIIOBeueCKuit (HakTop u mpoune HIO-
aHCbI, MOXKHO YTBEPXKIATb, UTO ONMTUMMU3ALINS CTPYKTYPbI
yIpaBjaeHus MO3BOJsIeT AOCTUYb 9koHOMUM Ha ®OT af-
MUHUCTPATUBHO-YIIPaBI€HYECKOTO IepcoHasna B pazMe-
pe 10-15 %. Hair onbIT O3BOMMI OOCTUTHYTh OTMETKU
B 15 % amMMHUCTPAaTUBHO-YIIPaBIeHUeCKUX 3aTpaT U 4%
OT 061MX 3aTpaT Kommauuu. [Ipy 9TOM BHeIpeHMe MMOf -
XOa CeMU TIPSIMBIX TIOTYMHEHU MO3BOJSIET PYKOBOAM-
TessiM 60ree 3pheKTMBHO KOHTPOIMPOBATD U YIIPABIISITh
IesITeNIbHOCTbI0 KomIlaHuyu. CoKpalleHue OO0 YeThbIpex
YpOBHElt yIpaBjeHUs I03BoJisgeT 6Gosee 3hdEKTUBHO
YIpaBiIsATh (YHKIMOHAJBHBIMMY O0JACTIMM KOMITAHUM,
MUHUMU3UPYS UCKasKeHUST MHPOPMAaLMK TIPU TEKOMIIO-
3ULIMM CTOSIIIMX 1eJIeil, 3a1a4 U IoKa3aTesnein.

Jloructuueckasi KOMIAHKS AO/DKHA paboTaTh B Ma-
TPUYHON CTPYKType yIpaBiieHusl. BHenpeHue maTpud-
HOV CTPYKTYpbl YIIpaBJI€HMSI IIO3BOJISIET Pean30BaTh
MHHOBAIIMOHHbIE TTPOEKThbI PAa3sBUTUS U SIBJISIETCST BaXK-
HeMIIMM ¥ Heo6XOOMMBIM YCIOBUEM [JIsT JOCTVIKEHMS
Leei uccnefoBaHus.
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Pekomendauyuu 6 ob6aacmu peziameHmauuu
u onmumusayuu 6uU3Hec-NPoueccos

IMpakTMKa ITOKAa3bIBAET, UTO perIaMeHTarus O6m3-
HeC-IIPOIIeCCOB ITO3BOJISIET COKPATUTh OOIIMe 3aTpaThl
B perjamMeHTHpyeMoM Iipoiiecce Ha 5-10% 3a cueT co-
KpalieHusl Tpyao3aTpaT, BpeMeHHbIX IIOTepb M pOCTa
MIPOU3BOAUTENBHOCTU Tpyna IepcoHana. CyllecTBeHHO
TIOBBIIIAETCS] KAYECTBO YIIPaBIeHUECKUX PeleHUit 1 CO3-
maercst dyHmameHT mjIst 3(Q@MEKTMBHOTO MOHUTOPUH-
ra COCTOSIHMSI JIOTUCTUYECKUX IIPOLIECCOB M BHEIOpEeHUs
CUCTeMbI yIpaBjieHUs] puckamu. KommaHusi ¢ BbICOKUM
YpPOBHEM peIlaMeHTaluy CTAaHOBUTCS Gojiee yCTOi-
YBOI Ha pbiHKe. Takke OUeBMUIHO, UYTO TOJHOIIEHHOE
(yHKIIMOHMpPOBaHME MATPUUHON CUCTEMBI YIIPaBAE€HUS
HEBO3MOXHO 6€e3 perjlaMeHTaly OCHOBHBIX ITPOIECCOB
KOMITaHMK. PermameHTauust SIBJSIETCSI HEOOXOAMMbIM yC-
JIOBMEM U ISl pa3BUTUSI KOMITaHUM, U OJIS1 peanm3alin
BHYTPEHHMX ITPOEKTOB.

Pexomendauuu no opzaHusayuu npouyeccos
NGHUPOBAHUS, HOPMUPOBAHUSA U G100HCeMUPOBaAHUS

[TpakTuKa rokasbpIBaeT, YTO HOPMMUPOBaHME U ILIa-
HupoBaHue pacxoma MTP parotr sdpdekT B pasmepe 15%
OT 3aTpaT BCei JIOTUCTUYECKOI KoMnaHuu. BHenpeHHas
cUcTeMa ITUIAHMPOBAHUSI M HOPMMPOBAHUSI TO3BOJISIET
BBICTPOUTh UETKYIO CUCTEMY IUIaH-(haKTHBIX ToKasaTe-
Jielt U CUCTeMy MOTUBAIUU TepCoHaa, OPUEHTUPOBAH-
HYIO Ha BBITIOJTHEHME M/ 9KOHOMMIO TIJITAaHOBBIX 3aTpar.
[Tocne moOCTpOeHMS CTPYKTYPbl yIIpaBjieHUs U MPOU3Be-
JIeHHOJi pernaMeHTaluy OesTelbHOCTU CUCTeMa IJIaHu-
pOBaHMUS ¥ HOPMMPOBAHUS SIBJISIETCS JIOTUYECKUM TPO-
JOJKeHMEeM ONTUMM3alN.

Pexomenoauuu e cipepe popmuposarusa
C080KyNHOCMU nokasamesneti 3¢ppekmusHocmu
u mMomueayuu nepcoHana

BoIcTpoeHHasl cucTeMa MOTUBaLK 6e3 KaKux-11bo
MPOUMX MEPOTPUSTUI TO3BOMSIET JOCTUYL SKOHOMMUU
WM TIOBBITIIEHMSI TTpou3BoauTenbHOCTM Ha 10-15%. ITpu
9TOM BHeJIpeHHasl CMCcTeMa MOTUBalMM HeceT B ce6e Bask-
HbIl (HaKTOp «OUUIIEHMSI» KOMITaHMM OT COTPYIHMUKOB,
KOTOpBIE He pa3MessioT ee 1eJIM ¥ He TOTOBbI OTBEYATh
3a MoKasaTesy, KOppenupyollue ¢ MoKa3aTeJssMu CTpa-
Termuyeckoro passutus komnanuu. Cucrema KPI u mo-
TUBAIMA JIJIST MHOTUX COTPYIHUKOB SIBJIIETCS] OTIMIHBIM
CTUMYJIOM TIPOSIBJISITb MHUIIMATUBY, T€HEPUPYS HOBBIE
TIPOPBIBHBIE pEleHNs [JIs1 PAa3BUTUS KOMITAaHUM.

Pexomenodauuu e cihepe asmomamusavuu
mexHoI02U4eCKUX NPoueccos

OKoHOMMYECKNi 3DPEKT OT UMCTOI aBTOMAaTU3aLN
MOXET COCTaBISATh 5—10% OT 06IIMX 3aTpaT MPenIpUITUSI
U CBSI3aH OH C COKpallleHMeM Tpyao3aTpar repcoHasa, co-
KpallleHreM JIOKYMEHTO000pOoTa, OMIMOOK U TIEpeIesioK.
BHenpeHne cucrem aBTOMaTu3aluu CKIAACKON M TPaHC-
TIOPTHOM [AESITETbHOCTY SIBJISIETCS  (PMHAMM3UPYIOIINM
MMPOEKTOM, 3aKpeIUISIOMM pa3paboTaHHbIe peIIeHNs
B paMKax IpyTMx TPOeKTOB. B pesynbraTe peanusanmu
3TOTO TIPOeKTa KOMITaHMUs cTasia 3DPeKTUBHON U3HYTPU
C TOUKY 3peHMs 3aTpaT M KauecTBa paboThI, U 3TO ITO3BOJISI-
eT ITepeiiTH K IMPOeKTaM, HalleJIeHHbIM Ha BHEITHMI PhIHOK
M KaueCTBEHHO HOBBIE [TOKA3aTe/M MTOBBIIIEHNS T0XO0/1a.
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3aknouyeHue U BbiBoAbI

[TpoBeeHHOE KCCIeIOBaHNe TTO3BOJISIET CAENATh He-
CKOJIBKO BasKHBIX BBIBOJIOB:

1. TIpu onTUMM3aIMK JTOTUCTUKMA BCErIa HYKHO MC-
KaTh 6ajaHC He MEXIY IBYMSI COCTAB/ISIIOIIVIMU, 8 MEXIY
TpeMsi: 3aTpaThl, CepBUC, 6€30MacHOCTh/He3aBMUCUMOCTD
OT BHEIIIHMX OITepaToOpOB.

2. [Tpy IOKHOM SKeJTaHUM M KOMITETEHIIMSIX MOSKHO
peann3oBaTh MacCIITaGHYI0 KOHIIEMIMI0 Tpeo6pa3oBa-
HMS, JasKe B KPYITHBIX GI0POKPATUUECKUX XONIMHTaX.

3.TIpexkme ueM BBIXOOMUTh Ha BHEIIHMII PBHIHOK, He-
06xonuMo cTaTh 3(PGheKTUBHBIM BHYTPU COOCTBEHHOTO
rofipasie/ieHus Vi KOMITaHUMN.

4. TIpexkge 4yeM peaqu30BBIBATh KaKue-1ubo mac-
mTabHble MPOEKTHI, HEOOXOAVMO BBICTPOUTH MaTPUU-
HYI0 CUCTEMY YIIPaBJIEHUS U BbICBOOOINUTH BPEMS PYKO-
BOZCTBA [IJIST YYACTUSI B MTPOEKTe B KaueCcTBe KypaTOpPOB,
a MHOTJa ¥ METO/IOJIOTOB.

5.B 1enom, 3a CYeT ONMTUMMU3ALNUU JIOTUCTUKYU (TOJb-
KO CKJIaJja ¥ TPaHCIIOPTa), BO3MOXHO TOCTUTHYTh SKOHO-
mmyeckoro 3ddexra B pasmepe 2-3% oT 060poTa KOM-
IMaHu. B HameM ciaydae 6bUT JOCTUTHYT 3 @EKT MmopsiaKa
10 MutH mosut. ipu 060poTe KoMmaHuy B 500 MIJTH TOJIL., UTO
cocraBjsieT 2% OT ob6oporta. Eciy paccumMThIBaTh JAaHHbINA
TTOKa3aTesTb OT IIPUOBLIN, TO, B 3aBUCHMOCTY OT PEHTa0esTb-
HOCTM KOMIIaHUU, OH MOYKET JOCTUTATh JIIOObIX 3HAUEHUIA.
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6. Peanusanys MacumTabHbIX KOHIEMLMIA Ha IPO-
MBIIIJIEHHBIX TMPEATNPUSTUSIX C AOIKHBIM 3¢ deKkToM
BO3MOXHA B TeueHMe AJUTEIbHbIX CPOKOB — OT 1 [0
10 ner.

Takum obpasom, B paboTe mpeasiokeHbl MHHOBA-
LIMOHHbIE METOJbl COBEPIIEHCTBOBAHUS JIOTUCTUKMU
KPYITHOT'O IIpeIpUsITUS:

1. Co3manme cobcTBeHHOTO 4PL-0TIepaTopa, o cyTu
SBJISIIONIelics HoBanuelt Ha Tepputopuu PK u mydiieit
MUPOBOJI TPAKTUKOTA.

2. Co3pgaune 3¢bdeKTUBHON MATPUUHON CTPYKTYPhI
yrpasiieHus B pamkax TCK, rmosBosstoieii rnapasieabHO
C TEKYIIel IesiTeTbHOCTbIO PeaM30BbIBATh MACIITAOHYIO
MIporpamMmmy M3MeHEHMUIA.

3. Buenpenue 3¢ deKTUBHOI M TOCTYITHOM CUCTEMBI
yIipaBjieHMs TIPOeKTaMMu, IO3BOJIsIIONel BOBIEeKAaTh B pa-
60Ty TepcoHast, He 06JaJaouMii CIelMaJlbHbIMM HaBbI-
KaMM yIIpaBIeHUs TPOEKTaMMU.

4. JocTukKeHMe peasbHOr0 9KOHOMMYECKoro addex-
Ta, MOATBEPKIEHHOTO SKOHOMUYECKUMU CITYK6aMM XOJI-
JIVHTA.

5.CospmaHme Jiydineii IPakTUKMU OINTUMMU3ALU
BHyTpeHHel pestenbHOCTU 130 B paMKax XOJIVHTA,
YTO OCOOEHHO Ba’KHO [IJIST BBITTOJIHEHMSI TOCYIapCTBEH-
HO¥ TIporpamMmbl TpaHchopMalum KpymHeRumx mnpes-
IPUSITUIA.
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FEOJ1I0rUA MECTOPOXXAEHWUIM NOJIE3HbIX UCKOMAEMbIX

Hay4yHaqa ctaTba

BnusiHue HeOAHOPOAHOCTU reosIOrMYECKOro CTpoeHUsl pe3epByapa
Ha pe)XXUM SKCIUlyaTaLum MeCTOpPOXXAeHUs / MOA3eMHOro XpaHU/MLLLa rasa
Fapapar (Asepb6aiigixaH)
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AHHOTauus

[TonzemHble HedTEra3oHOCHbIE TUIACTBI XapaKTePU3YIOTCS TTPOCTPAHCTBEHHO! M3MEHUYMBOCTHIO €ro CTpoe-
HUSI, BELIECTBEHHOTO COCTaBa U MeTpo(uU3NUecKnx CBOVCTB CIAaraloliX ero MOPOJ: TPaHyJIOMeTPUUYECKOTO
COCTaBa, MOPUCTOCTH, MTPOHMULIAEMOCTH, CTPYKTYPBI M TEKCTYPbI TTOPOBOTO MPOCTPAHCTBA, KAPOOHATHOCTH,
YIIeTTbHOTO JIeKTPUUECKOTO COTIPOTUBIIEHNUSI, He(Te- 1 BOJOHACBIIEHHOCTY U IPYTUX CBOMCTB. PeskuMbl pas-
PabOTKM M IKCIUTyaTal[MM TIOA3€MHOI0 ra30BOTO XpaHMJININA, KOTOpbIe ObUIM CO3[IaHbl B MCTOIIEHHBIX MO -
3eMHBIX He()Tera3oBbIX pe3epByapax, AOKHbI YUMTHIBATh YHACIEIOBAHHbBINM XapaKTep OTPAabOTKM 3aIeXN.
[TosTOMY BBISIBJIEHME OCOOEHHOCTEH M3MEHEeHUS MMPOILYKTUBHOCTY CKBAKMH SIBJISIETCSI aKTya/IbHOI 3a/1aueit,
pelieHne KOTOPOJi MOKET CITIOCOGCTBOBATh CO3maHuio 6onee 3dEKTUBHOI CUCTEMBI IKCILTyaTAIlMU O] -
3eMHOT0 ra30BOT0 XpaHwiuiia. B pabote mpencTaBaeHbl Pe3yabTaThl CPABHUTENBHOTO aHAIM3a U3MeHEeHUS
B [IPOCTPAHCTBE MPOAYKTUBHOCTY CKBaKMH IIPU SKCILTyaTalMy MOA3eMHOro xpanmwiniia rasa l'apagar (Asep-
6aiimkaH), CO3MAHHOTO B MCTOIIEHHON Ta30KOHIEHCATHOM 3a/Ieski. YCTaHOBJIEH HEPABHOMEPHBIV XapaKTep
B M3MEHEHUM NMPOLYKTUBHOCTU CKBAKVMH, KOTOPBIN CBSI3bIBAETCSI C HEOLHOPOLHOCTBIO pe3epByapa (M3MeHe-
HMeM JINTOJIOTMYECKOTO COCTaBa U (GUIbTPAIMOHHO-eMKOCTHBIX CBOWCTB TMOpOop). VcciemoBaHus OCHOBBI-
BaJIMCh HA aHA/IN3e M3MEHEHUII B MPOCTPAHCTBE Psifia TTapaMeTpoB pe3epByapa: 3PPeKTUBHON MOITHOCTU
MPOAYKTUBHOIO TIJIACTA, JIMTOMOTMUECKOTO COCTaBa U (QUIbTPALMOHHO-€MKOCTHBIX CBOCTB TOPHBIX OO,
Ananmu3 nsMmeHeHUs 3GGEKTUBHON MOITHOCTY U GUIBTPALIMOHHO-eMKOCTHBIX CBOVCTB rmopox VII ropu3oH-
Ta IJIACTOBOJi TOJIIV rAa30KOHIEHCATHOTO MEeCTOPOXKIEeHMsI [apasar BbITIOHEH 110 JAHHBIM Te0(U3UUeCKUX
uccaenoBanuit 0komo 40 ckBaxkuH 1 6oee 90 06pasiioB KepHa. [JaHHbIe O MPOAYKTMBHOCTY 6osiee 90 cKBa-
SKVH JIeIJIX B OCHOBY aHa/I/3a M3MeHeHMs UX B IIPOCTPaHCTBe. AHAIM3 M3MeHEeHUI IPOLYKTUBHOCTY B IIPO-
CTPaHCTBE TEXHOJIOTUYECKUX XapaKTePUCTUK CKBKMH (T10 aHHbIM 18 ckBaxkuH) [IXT I'apazar BpIIIOJIHEH Ha
puMepe 00beMa HUKIMUECKOi 3aKauky 1 0TOopa rasa B cesoHe 2020-2021 rr. B pe3syibTaTe MpoBeIeHHbIX
MCCIeIOBaHMIT YCTAaHOBJIEH HEPABHOMEDPHDII B IIPOCTPAHCTBE XapaKTep U3MeHeHUs] 0ObeMOB 3aKauBaeMO-
ro 1 oToupaemoro rasa Ha IIXT 'apajar, CO3JaHHOTO B COOTBETCTBYIONIEM MCTOIIEHHOM ra30KOHIEeHCaTHOM
pesepByape. OCO6eHHOCTH peXXMa IKCILTyaTaliy MOI3€MHOTO XPAHWINIIA ra3a XOPOIIIO COTIACYIOTCSI C 0CO-
GeHHOCTSIMM pexkuMa pa3paboTKy 3aexku (M3MeHeHMeM B IIPOCTPAHCTBE MPOAYKTUBHOCTY CKBaXKVH). YHAC-
JIeIOBAHHBIN XapaKkTep pa3paboTKy 3aeXKu M IKCIUTyaTallyy MOA3eMHOTO XPaHWINIIA Ta3a 060CHOBBIBAETCS
HEOIHOPOHOCThIO pe3epByapa, 06YCI0BIEHHO TPOCTPAHCTBEHHOM M3MEHUMBOCTHIO JIMTOIOTMYECKOTO CO-
cTaBa ¥ GUIBTPALIMOHHO-eMKOCTHBIX CBOVICTB IOPOZ. YUeT HeOJHOPOAHOCTM pe3epByapa Mpu MPOeKTUPO-
BaHMM peXMMa SKCIUIyaTal Uy MOL3eMHOr0 XpaHW/IMILA Ta3a SIBJSIeTCS BaXKHO MIPeIIOChIIKON MTOBBIIIEHMS
3(pbeKTMBHOCTY ero 3KCIUTyaTaluu.

KnioueBble cnoBa

MeCTOPOXKIeHMe, Fa30KOHeHCATHAs 3a/1eXb, I0/I3eMHOe XpaHMUINIIIe Ta3a, CKBaskMHA, TeoIoTMYecKast Xapak-
TePUCTUKA, HEOTHOPOIHOCTh pe3epByapa
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Abstract

Underground oil and gas reservoirs (formations) are characterized by spatial variability of their structure,
material composition and petrophysical properties of its constituent rocks: particle size distribution, porosity,
permeability, structure and texture of the pore space, carbonate content, electrical resistivity, oil and water
saturation and other properties. When assessing development and exploitation conditions for underground
gas storages, created in depleted underground oil and gas reservoirs, the inherited nature of the reservoir
development should be taken into account. Therefore, identifying the features of variations in well productivity
is a crucial task, solution of which can contribute to the creation of more efficient system for underground
gas storage exploitation. The paper presents the findings of comparative analysis of spatial variations in well
productivity during the exploitation of the Garadagh underground gas storage (Azerbaijan), created in the
depleted gas condensate reservoir. An uneven nature of the variations in well productivity was established,
which was connected with the reservoir heterogeneity (variations in the reservoir lithological composition and
poroperm properties). The research was based on the analysis of spatial variations of a number of reservoir
parameters: the reservoir net thickness, lithological composition and poroperm properties. The analysis of
variations in the net thickness and poroperm properties of the VII horizon of the Garadagh gas condensate
field was carried out based on the data of geophysical logging of about 40 wells and studying more than 90 core
samples. The data on of more than 90 wells formed the basis for the spacial productivity variation analysis. The
analysis of productivity variation in the space of well technological characteristics (based on data from 18 wells)
in the Garadagh underground gas storage (UGS) was carried out through the example of the volume of cyclic gas
injection and withdrawal in 2020-2021 season. The studies allowed revealing non-uniform spacial variations
in the volumes of injected and withdrawn gas at the Garadagh UGS, created in the corresponding depleted gas
condensate reservoir. The features of the UGS exploitation conditions are in good agreement with the features of
the reservoir development conditions (variations in the well productivity). The inherited nature of the reservoir
development and the underground gas storage exploitation is substantiated by the reservoir heterogeneity
caused by the spatial variability of the reservoir lithological composition and poroperm properties. Assessing
and taking into account the reservoir heterogeneity when designing underground gas storage exploitation
conditions should be an important prerequisite for increasing UGS exploitation efficiency.

Keywords
field,gas condensatereservoir,underground gas storage, well, geological characteristics, reservoir heterogeneity
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BeepeHue

OmbIT M3y4yeHUsT OCOOEHHOCTEl TIeoJorMYecKoro
cTpoeHMs HedTerasoBbIX MeECTOPOXKIEHUH, VMEIOIii
Ba)KHOE 3HaUeHMe IIPpU CO30aHUU OA3€MHBIX XPaHUJINLL]
raza (IIXT), mokasas, 4TO IpM BCEM MX PasHOOOpa3Uu
B TEKTOHMYECKOM, JIMTOJIOTMYECKOM U Ir'maporeojgormyue-
CKOM OTHOIIEHMSX [IJISI HUX BCEX XapaKTepHa MPOCTPaH-
CTBEHHASI MaKpPO- ¥ MUKPOHEOAHOPOLHOCTD MPOLYKTUB-
HOTO m1acTa. [laxke Kaxkylyecsi OGHOPOAHBIMY MOIIHbIE
IUIACThl TECYaHUKOB XapaKTepu3YyIOTCsl CYLeCTBEHHO

U3MeHUMBOCTBIO [1-4]. HeogHOpOOHOCTH m1acTa MposiB-
JISeTCSI B IPOCTPAHCTBEHHOJ M3MEHUMBOCTU €ro CTPO-
eHMUsI, BeIeCTBEHHOIO COCTaBa M IeTpodPuU3nIecKux
CBOJICTB CJIaralolMX €ero IOopof: TpaHyJIOMeTpudecKo-
ro COCTaBa, MOPUCTOCTU, MPOHUIIAEMOCTH, CTPYKTYpPhI
M TEKCTYpbl IIOPOBOTO ITPOCTPAHCTBA, KapOOHATHOCTH,
YOEJbHOTO 3JIeKTPUUYECKOr0 CONPOTUBJIEHMSI, HedTre-
Y BOJIOHACHIIIEHHOCTY U JIp.

OpHOM 13 BaKHENMIINMX IMAPOAMHAMMUYECKUX XapaK-
TEPUCTUK MOPUCTOI CPedbl, OT KOTOPOI1 3aBUCUT ee ITPo-
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ITyCKHAsI CITOCOOHOCTD, SIBJISIETCS ITPOHUIIA€MOCTD TTOPOI.
[TpoHMIIaeMOCTb CYIIECTBEHHO BMSIET MPaKTUUECKM Ha
BCe TeXHOJIOTMYECKMe TToKa3aTe/ln pa3spaboTKM 3aIesKN.

Taxk, HarIpMMep, B Pe3yJibTaTe aHa/IM3a HaKOTJIEHHO
nobbrun HedpTu Ha MecToposxkaeHun CeBepHble Bysaun
(KasaxcraH) IO CKBaKMHAM OCHOBHOIO (hOHIa IepBO-
ro 00beKTa YCTaHOBJIEHO, YTO Bcero 30 cKBaxkuH (8 % oT
CKBaKMHHOTO (oHIa) obecreunBaioT 40 % HaKOIJIEHHOI]
I06bruy HedTU. DT CKBAKMHBI Pa3MeIlaloTCsT MPeuMy-
IIECTBEHHO B 30HAX ITOBBIIIIEHHO TPEIIMHOBATOCTH U 06-
JIafaloT MOBBIILIEHHBIMY apeasaMiu IpeHUpoBaHus [5].

Taxkum o6pa3om, mpu ocBoeHMM HedTera3zoBoii 3ae-
KM YUACTKM C PasjIMyYHOl IMPOHUIIAEMOCTbIO BhIpPabaThI-
BAIOTCSI HEPaBHOMEPHO (OrepeXaroniMM TeMIIOM BbIpa-
6aThIBAIOTCST BHICOKOIIPOHUIIAEMBbIE TTPOCION U YIACTKM),
MIPOUCXOIUT OBICTPBI POCT 06BOJHEHHOCTU U CHYDKEHME
TeMITOB 0T60pa Hed T, GOPMUPYIOTCS OCTATOUHbBIE UX 3a-
achl B HU3KOIIPOHUIIA€MbIX 30HaX KOJIJIEKTOPOB [5-11].

Vi3yueHue xapakTepa HEOTHOPOMHOCTU IIOPOJ,
B Mpenesax 3ajexu HedTu 1 rasa umMeeT GOJbIIOe 3HA-
YyeHMe IJIs1 MoJicueTa 3armacoB HedTU U rasa, MPOEKTH-
poBaHMUS ee pa3paboOTKM U KOHTPOJS 3a BO3OEICTBUEM
Ha miacT. Ocoboe 3HaUeHMe TIPUOOpPETAET BIUSHUE He-
OIHOPOTHOCTY HA 3D PEKTUBHOCTH IKCIUTyaTAIUM TTOA-
3eMHbIX razoxpanwiuil (IIXT), koTopble cO3LaHbl Ha
6a3e UCTOIEHHbIX 3aJIeKeil.

B cBSI3M C 3TUM M3YUEHUIO BAUSIHUSI HEOZHOPOI-
HOCTM BMeIAIOIIero IMOA3eMHOro pe3epByapa Ha 3¢-
(exkTuBHOCTH 3KCcIUTyaTanyy [TXT MOCBSIIEH LBl PSII
ClieuyaabHbIX UCCaenoBauuii [12-14].

OueBMIHO, YTO MPU OOOCHOBAHUM DPEKMMOB pas-
pabotku u srcruryaTauym [TXT, KoTopbie ObUTM CO3TaHbI
B MCTOIIEHHBIX MOJ3eMHbIX HedTerasoBbIX pe3epBya-
pax, Heo6XOOMMO YUMUTHIBATh YHAC/TIEIOBAHHbIN Xapak-
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Tep oTpaboTKM 3anexku. [I09TOMY BbISIBJIeHVIE 0COGEHHO-
cTell M3MeHeHUsI TIPOAYKTUBHOCTU CKBAXXUH SIBJISIETCS
aKTyaJbHOM 3aJaueli, peuieHue KOTOPOI MOXET CIIO-
cob6cTBOBaTh co3nanuio 6onee 3b(OEKTUBHON CUCTEMBbI
skcrryatanuu TIXT.

Llenbo JAHHOTO MCC/IEJOBAHUSI SIBJISIETCSI U3yYeHMe
MPOAYKTUBHOCTYU CKBKMH Ha IMpUMepe ra3oKoHieHCaT-
Horo mectopoxkaenus / IIXT Tapagar (A3ep6aiiaskaH).

KpaTKaﬂ reosiormnyeckas xapakTepucTtuka
06beKTa uccnegoBaHus

Mecropoxnenue / IIXI' Tapagar pacronokeHO
B KpaliHel 10ro-3anagHoil 4acTy AIIIEePOHCKOro MOMy0-
CTpoBa, B 30 kM oT I. baky. Ha 1ore mecTopoxaeHnue ox-
BaTbhIBAET MMPOKYI0 MeTKOBOAHYIO rmosocy Kacnmiickoro
mops (puc. 1).

HedrerazonocHas cTpykrypa 'apajar, BeisiBJIeHHAsI
celicMOpa3BeOYHBIMU paboTaMu, MPEACTABISIET CO60T
CMSITYI0 QaHTUKIMHAIBHYIO CKIAAKY C KPyThIM (35-60°)
IOKHBIM ¥ 60siee 11os0TuM (30—35°) ceBepHbIM KPbLIbsI-
Mu. OCh CKJIQAKM HA CeBepe MMeeT CyOMepUIOMOHAb-
HOe, a Ha Iore CyomupoTHoe mpoctupanue. [luporHas
yacTb ['apagarckoi ckaagku IO CBOMM pa3mepaM 3Ha-
YUTENbHO OOJbIlle, YeM MepUIMOHAIbHAS. Boomb ocu
MPOXOUT KPYIHOe HapyllleHle C aMIUIMTYI0i cMelle-
Husg 200-300 M, uMeeTCs TakKe psif, MOoTIePeYHbIX Hapy-
meHuit [15] (cm. puc. 1).

Pesepsyap rasa B VII+VIla ropusonTtax IIpogykTus-
Hoit Tonuy (ITT, HYOKHUI TIIMOLLEH) COCTOUT U3 COBOKYII-
HOCTU OJIOKOB. B 10ro-BOCTOYHO YacCT IO3KHOTO KpbLIa
ropusoHTsl VII 1 VIla 06begMHSIOTCS ¥ 00pasyioT enu-
HBIM TOJICTBIN CJIOV MecYaHUKOB. B ceBepo-3amagHOM
HarmpaBjIeHy HabIIomaeTcsl yMeHbIleHe obmeit u ad-

M 1:10 000

]

[ 12 [

Puc. 1. TTonoxkenne mectopoxkaenus / IIXT Tapapar u cTpykTypHas kapra 1mo kposse VII ropmusonTa I1T:
1 — M30TUIICHI; 2 — CKBaKMHBI; 3 — HAPYILIEHUSI

Fig. 1. Location of the Garadagh field/UGS and structural map along the top of horizon VII of the reservoir:
1 - structure contours; 2 — wells; 3 — disjunctive dislocations
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ekTuBHO MoiHOCTY VII-VIIa TOpM30HTOB, OT 55-75 M
10ro-Boctoke 1o 10-25 M Ha ceBepo-3amnaje. ITO yMeHb-
1eHe MTPOUCXOOUT 3a CUeT yBeIMUYeHMs KOJUvecTBa
IJIMHUCTBIX TIPOC/IOEK.

OKCIUTyaTaluus MeCTOpoXaeHust [apapmar Hauvarta
B 1939 . ¢ pa3paboTku HedTerasoBoi 3ajexku B V ropu-
30HTe IIT. OCHOBHBIMMU pa3pabaThiBaeMbIMU 0OBEKTAMU
sBasuivch I-VII ropusonTsl (BepxHmii otaen I1T), VIII ro-
pu30HT (HMkHMI otaen I1T) U OTIoKeHMST BepXHETO MUO-
1IleHa, IIpU cpeaHeit rybrHe HeTerasoHOCHBIX 0ObEKTOB
2750 m. Tny6una 3aneranus VII ropu3oHTa B CBOJOBOIA
yactu — 1900 M, B TOTpy>keHHO# yacTut — 4250 M (cpenHsis
rmyouHa — 3125 m).

l'a30KOHIeHCATHAs 3ajIeXKb C HeQTSIHO! OTOPOUYKOIA
B VII-VIIa ropu3oHTax BBeAeHA B 3KCIUTyaTamyio B 1955 1.
3ayiexxb paspabaTeiBanach 6e3 MmogaepskaHus IaacTOBOrO
JaByieHusT M K KoHIy 1980-x romoB oHa 6bLIa MCTOIIE-
Ha. 3a nepuon ¢ 1955 mo 1978 r. u3 VII-VIla ropn3oHTOB
6buI0 oTO6paHo Gosnee 20,5 muipm m* rasa. HavanbHoe
IU1IaCTOBOE JaBjieHye paBHAI0Ch 39 MIla, KOTOpOe B KOH-
1Ie pa3spaboTKM 3aJIeskKM CHU3WIOCH 1o 3,5 MITa.

Co3paHHOe B UCTOIeHHbIX 3anexax VII-VIIa ropu-
30HTOB (masiee yromuHaetcs Kak VII ropuszont) IIT TIXT
lFapagar Hauano SKCITyaTUpoBaThes ¢ 1986 1. B TeueHne
IByXx JjieT nocie BBemeHus [IXT B skcmryaTaluoo OHO pa-
60TajI0 B pekrMe 3aKauKu, IIOC/Ie Yero ObIIO0 IepeBeneHo
B HUKIMYECKUI PEXKUM «3aKauka/OTOOpP», C TOCTEIeH-
HBIM Hapall[BaHMeM JaBJIeHNi 1 00beMa 3aKaumMBaeMo-
ro rasza. C 2005 r., mowte nepemaun IIXI' B Bemenue I10
AsHedTs, pabora ITXI' KOHTPOAMPYETCS HA PEryIsipHO
U CUCTEMATUYeCKOl OCHOBe.

OCHOBHOJI 00beM 3akaumBaeMoro B VII ropusoHT
rasa MpakTUUeCcKH IMOCTyIaeT JIUIIb B 4acThb (OT TPETH A0
TTOJIOBMHBI) IIEPBOHAYAIBHOTO 06beMa pesepByapal.

! Kaprep M. [I., Fidens S. A., Bepmau JI. B., Heiiman B. C.
u np. ORoHUaTeNnbHbI oTveT 10 IIpoekty [[locTpoeHue 6ro4-
HOVi (UIBTPAIMOHHON MOJEIM IOA3eMHOI0 ra30XpaHWInIIa
Kapapar u pekoMeHJalMK 1O CUCTeMe 3aKauky 1 oToopa rasaj.
baxy; 2013. 103 c.
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UcxopHble faHHble U noaxoabl
ANSA peanusauum uccnepoBaHumn
Ananu3 wusMeHeHMS 3(DGEKTUBHON MOIIHOCTYU
” GWIBTPAIIMOHHO-eMKOCTHBIX cBOCTB (DEC) mopop, VII
ropusoHTa [IT ra3okoHAeHCaTHOrO MecTopoXxaeHwus la-
pajar BBITTOJHEH I10 JaHHBIM reom3nIeCcKIX UCCIeI0Ba-
Huit okoso 40 ckBaxkMH 1 60j1ee 90 06paslioB KepHa.
IaHHbIe 0 TPOOYKTUBHOCTY 60j1ee 90 CKBasKMH JIETTIN
B OCHOBY aHaj13a MU3MEeHEeHMs UX B IPOCTPAHCTBe.
AHanu3 u3MeHeHMsI B MPOCTPAHCTBE TeXHOJIOTUYEe-
CKOJ XapaKTepUCTUKY CKBaKVH (T10 JaHHBIM 18 CKBaskK1H)
[TXT Tapagar BBITIOJIHEH Ha IIpUMepe 00beMa IUKINYe-
CKOJi 3aKauky 1 oT60pa rasa B ce3oHe 2020-2021.
O6paboTKa MCIOJb30BAHHBIX HAHHBIX M COOTBET-
CTByIOIIME rpaduuecKye MOCTPOEHMS TPOBOIMUIINCH C TTO-
MOIIIbI0 CTAHAAPTHBIX KOMIBIOTEPHBIX MPOrpaMM (T/1aB-
HbIM o6pa3om Excel, CorelDRAW u Corel Photo-Paint).

PesynbTaTbl U ux 06¢cy)XxaeHue

AHaNMM3 TaHHBIX O MPOIYKTUBHOCTM CKBAKMH U (a-
30BOM COOTHOIIEeHUHU yrieBogoponos (YB) mnomanu la-
pajar Mo3BOJWI YCTAHOBUTb HepaBHOMeEpPHOe M3MeHe-
HMe 3TUX TapamMeTpoB B IpocTpaHcTBe. Kak BUIHO U3
puC. 2 ¥ TaHHBIX Tabl. 1 ceBepo-BOCTOYHAS YaCTh CTPYK-
TYpbl OT/INYAeTCs Oojiee BbICOKOJ ra30HACHIIEHHOCTHIO
U, COOTBETCTBEHHO, 6Goyiee BBICOKMMM IebuTaMy rasa
paCIIONIOKeHHBIX 3[1eCh CKBAKMH, a TAKKe 60J1ee BBICOKM-
MM 3HAUEHUSIMMU ra30KOHaeHcaTHOro pakropa (I'KD).

Ha puc. 3 u 4 mokasaHbl KapThl, OTPaskaroliye 0co-
OGeHHOCTM WM3MEHEeHMs] B IPOCTPAHCTBE CYMMAapHOTO
06béMa 3aKauMBaeMOTO ¥ OTOMPAEMOro M3 CKBaKMH
rasa Ha [IXT TI'apapar.

CpaBHeHMe xapaKTepa M3MeHeHUsI B IPOCTPAaHCTBe
MMPOAYKTUBHOCTM CKBaXMH IIpU pa3paboTKe 3aexu
1 06beMa 3aKauMBaeMOIo ¥ OTOMPAaeMOro M3 CKBaKMH
rasa Ha [IXT, yka3pIlBaeT Ha OMpeeJIeHHYIO UX CXOKEeCTb.
B 060ux ciryyasx CKBasKMHBI C BBICOKMMM ITOKa3aTeJsI-
MM IPUYpPOYEHbI MPEeMMYIeCTBEHHO K CeBepHOIi, ceBe-
PO-BOCTOYHOIA, MPUCBOIOBOI YaCTU CTPYKTYPHI.

l'as
(MaH M%)

3400
2950
2500
2050
11600
| ‘1150

700

250
M 1:10 000

Puc. 2. l'a3okoHaeHcaTHas 3anexxb ['apagar. IsameHeHMe B IPOCTPAHCTBE MPOAYKTUBHOCTY CKBAasKMH
Fig. 2. Garadagh gas condensate reservoir. Spacial variations of well productivity
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Ta6muua 1/ Table 1
HauvanbHbIe ra30KOHIEHCATHBI (pakTOp
M BBIXOJ, KOHIEHCATa B CKBAKMHAX, PaCIOIOKeHHbIX
B Pa3sHbBIX YaCTIX CTPYKTYPbI

Initial gas-condensate ratio and condensate yield in wells
located in different parts of the structure
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STO MO3BOJISIET CHeIaTh BBIBOL O TOM, YTO Ilapame-
TPbI CKBaXMH KaK TP paspabOTKe 3aleku, Tak U Ipu
skcertyatauum  I[IXT, onpenensitoTcsi reoaornyecKumMmu
(akTopammu, CBSI3aHHBIMU CO CBOICTBaMU (HEOTHODPOZ-
HOCTBIO) pe3epByapa. [Ijiss TpoBepKM 3TOTO 3aK/II0YeHUs
OBLT BBITIOJIHEH aHAIN3 M3MEHEeHMs B IIPOCTPAHCTBE PSIa
rapamMeTpoB pe3epByapa: 3OGeKTUBHO MOITHOCTY MTPO-
TYKTUBHOTO IIJIACTa, JINTOJIOTUYECKOTO COCTaBa U (UIb-
TPAallMOHHO-eMKOCTHbIX cBOViCTB (PEC) mopoz.

Ha puc. 5 1 6 mokasaHbl U3MeHEHMSI B TIPOCTPAHCTBE
93(pdeKTUBHOV MOIIHOCTY TIPOIYKTUMBHOTO TOPU30HTA
U [eCYaHUCTOCTH MOPOJ, pe3epByapa, COJIaCHO KOTOPhIM
3HAUYeHMS TUX ITapaMeTpoB yBennumBaroTcs ¢ K03 Ha CB.

Nsmenenue B npocrpancTBe OEC nopog pesepsyapa
umeeT 6osee nuddepeHIIUMPOBAHHbIN XapakTep (puc. 7).
Tem He MeHee HAIISITHO BUIHbBI IPUYPOUEHHOCTM Hau-
GOMBIINX 3HAYEHUIT TTOPUCTOCTY U TTPOHUIIAEMOCTH T0-
PO ¥ HAaMMEHBIINX — KApOOHATHOCTM — K IIPUCBOIOBOI
YacTy CKIALKMU.

ToroRee e, e, " Ko%%’%ﬁm,
IIpucBogoBasg yactb | 140 2945 7631 131
»—« 155 |2646-2661 145
»—« 212 |3092-3129 136
CpenHas yacThb 120 |3310-3410| 7000 143
OB vacTp 105 |3850-3944 5225 191
»—« 130 |3993-4033 136
»— « 78 |3815-3823| 5200 192
c -
10

l'a3
(TbIC. M)

M 1:10 000

Puc. 3. IIXT l'apagar. MismMeHeHMe B IPOCTPAHCTBE MPUEMUCTOCTH (00beMa 3aKauaHHOTO Ta3a) CKBasKMH
Fig. 3. Garadagh UGS. Spacial variations of well injectivity (volume of injected gas)
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M 1:10 000

Puc. 4. IIXT Tapagar. Mi3ameHeHe B IIPOCTPaHCTBe 06beMa OTOMPAeMOro 13 CKBAKMH rasa
Fig. 4. Garadagh UGS. Spacial variations in the volumes of withdrawn gas (from wells)
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M 1:10 000
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Puc. 5. Kapra nsmeHeHus 110 mwiomany 3¢ derTuBHO Tonmumubl VII ropusonTa I1T MeCTopomer/m / IIXT Tapagar
Fig. 5. Map of net thickness variations of horizon VII of the Garadagh field/UGS reservoir
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Puc. 6. Kapra nsmenenus necuanucroctu VII ropusonra [1T mecroposknenus / ITXT l'apagar
Fig. 6. Map of net-to-gross variations in horizon VII of the Garadagh field/UGS reservoir
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Puc. 7. VI3MeHeHMe T10 TUIOIa I/ TTIOPUCTOCTH (a), TPOHUIIaeMOCTH (0) i KapOOHATHOCTM (8)
niopog, VII ropusonTa IIT mectopoxkpenns / [IXT Tapagar (IyHKTMPOM yKas3aHbl KOHTYpbI ITXT)
Fig. 7. Spacial variations of porosity (a), permeability (b) and carbonate content (c)
in horizon VII of the Garadagh field/UGS reservoir (the dotted line indicates the UGS contours)
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M3MeHUYMBOCTb B MPOCTPAHCTBE JIUTOIOTUUECKOTO
coctaBa (KoapduimeHT necuanucroctu — Kmec.) u ®EC
MOpOJ, OTpakaeTcsl Ha KOIMYECTBe Y KauecTBe ra30KOH-
JIeHCaTHO MPOLYKUIMY CKBAXXNH (Tab71. 2).

Ta6nuua 2 / Table 2
HauanbpHble 3HaU€HMA ra30KOHAEeHCcaTHOro ¢akTopa
¥ BBIXOJa KOHIEHCaTa B CKBa)XMHAaX B 3aBUCMOCTH
oT InTonormyeckoro cocrasa u ®EC nopop,

Initial values of gas-condensate ratio and condensate yield
in wells depending on the reservoir lithological composition
and poroperm properties
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Ocobennoctu nsmenenuss ®EC mopop B MpoCTpaH-
CTBe OIpeneysioT U pexxum skcruryatanuu IIXT Tapanar.
IaHHble, TpeacTaBleHHble B Tab/l. 3, CBUIETENbCTBY-
IOT O TOM, UYTO 06beMBI 3aKauKyu ¥ OTOOpa rasa B Mmepu-
on, 2010-2012 rr. HUXKe B CKBaXKMHAX, PACIIOI0KEHHbIX
B 30He ¢ Hu3kuMu OEC, B cpaBHEHUM CO CKBAKMHAMM,
PAaCIIONIOKEHHBIMU B 30HE ¢ 60J1ee 6J1aronpuUsITHbIMYU 3Ha-
yeHyssMy O@EC ropHbIX ITOPOST.

Ta6muua 3/ Table 3
006BbeMbI 3aKaYKM ¥ 0TGOpa rasa
Ha [IXT T'apagar B nepuog, 2010-2012 rr.
B 3aBucuMocTy ot ®EC nmopop,

Gas injection and withdrawal volumes

HavanbHble mapa- ®EC nopox
MeTPbI
CkBa-|  phec B Mopu-

SKMHA * | TK®D, BIXOIL opun IIponunae-
/x| KOHAGHCATa,| CTOCTD, "\ M

r/cm® % §

140 |0,15...0,25| 7631 131 4,2 3,1

120 |0,55...0,65| 7000 143 12,5 118

105 >0,65 5225 191 14,2 105

at the Garadagh UGS in 2010-2012
depending on reservoir poroperm properties

HeopgHnopogHnocte ®EC mopopn pesepByapa HaxOOUT
CBO€ OTpaskeHMe B M3MeHEeHUM UX ra30HaChIIIeHHOCTY He
TOJBKO MO TIJIOIAZIN, HO U 110 pa3pe3y VII ropu3oHTa, BbI-
SIBJIEHHOTO TI0 TaHHBIM ra30BOTO KapoTaska.

CoryacHO ocpeHEHHBIM ra30KapOTaXKHbIM KPUBbIM,
MNpUBEOEeHHBIM Ha puC. 8, pas3pe3 CKBaXMHBbI 473, pac-
TTOJIOKEHHO B 30HE C OTHOCUTEIbHO OJIarompuUsSITHBIMU
®EC nopop, xapakTepusyeTcs: 60jiee BHICOKUM COMepsKa-
H1eM YB razos, B CpaBHEHMM CO CKBaXXMHOI 474, pacIio-
JIO’KEHHOJ B 30He ¢ OTHOCKUTeNbHO HMU3KuMy OEC mopog.

Copepxanne YB rasos, %
0 0,04 0,08 0,12 0,16
{ I I TR N TN N N B

3150

3200 —

Cks. 474
3250

Cks. 473

3300 — "

Iny6una, m

3350 -

3400

3450 —

Puc. 8. smeHeHust 110 paspesy VII ropusoHTa cogepkaHust
VB rasos (110 ZaHHBIM ra30BOro KapoTaska) B CKBakuHe 473
(pacrmonoskeHa B 30He ¢ 6maronpusitHbiMy OEC mmopop)

U CKBaXKMHe 474 (pacrnooxeHa B 30HE C OTHOCUTEIbHO
Huskumu ®EC niopon)

Fig. 8. Variations in HC gases content along VII horizon
(based on gas logging data) in well 473 (located in the area
with favorable reservoir poroperm properties) and well 474

(located in the area with relatively unfavorable reservoir

poroperm properties)
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00BbemMbl 3aKauKM ¥ OTGOpa rasa, ThIC. M3
3oHb1 / N2 ckB. | Ce3on 2010-2011 Ce3o0H 2011-2012

3akauka = OT60p | 3akauka | OTGOp
C Huskumu ®EC:
CkB. 453 28 698 26703 33768 34632
CkB. 458 23 666 29 301 30724 35129
CkB. 467 12783 24 982 29 199 34 460
CkB. 470 7766 9915 11412 10584
CxkB. 471 13212 10 146 27 136 26 852
Cpennee 17 225 20 209 26 448 28 331
C BeicokuMU DEC:
CkB. 450 59 567 48 508 59035 60 876
CkB. 456 25725 33621 45512 56 604
CkB. 459 47 483 45703 55544 49788
CxB. 464 57 196 41043 58 066 54 157
CkB. 465 54066 44 157 60 528 52 264
CpenHee 48 807 42 606 55737 54738

Takum 06pa3oM, IPOBEAEHHBIN BbIIIE aHAIU3 IO -
TBEPKIAET, UTO PEKMM pa3pabOTKM 3aJIeXKM M IKCIUTya-
tauyu [IXT' B 3HAUMUTEIbHO Mepe 3aBMCUT OT IPOCTPaH-
CTBEHHOVI HEOTHOPOAHOCTU pe3epByapa.

3aknioyeHue

B pesynbTaTe npoBeeHHBIX UCCAEOBAHUI YCTAHOB-
JleH HepaBHOMEPHbBIN B MPOCTPAHCTBE XapaKTep M3Me-
HeHMs1 00beMOB 3aKauMBaeMOro M OT6MpaeMoOro rasa Ha
[TXT T'apagzar, C034aHHOTO B COOTBETCTBYIOLIEM UCTOLIEH-
HOM ra30KOH/IeHCATHOM pe3epByape.

OcobeHHOCTM pexkuMa skcrryataiuy [TXT xoporno
COTJIACYIOTCSI C OCOGEHHOCTSIMY pekuMa pa3paboTKu 3a-
Jexxu (M3MeHeHMeM B MPOCTPAHCTBE MPOAYKTUBHOCTU
CKBaXXMH).

VHaciemoBaHHBIN XapakTep pa3paboTKy 3ajiesku
u askcrutyatauuu IIXT 060CHOBBIBAETCSI HEOTHOPO[I-
HOCTbIO pe3epByapa, 06yCIOBJIEHHOM MPOCTPAHCTBEH-
HOJ M3MEHUYMBOCTBIO IUTOJOTMUECKOTO coctaBa u ®EC
TOPOA,

YyeT HEOTHOPOAHOCTU pe3epByapa IPU IPOEKTU-
poBaHuM pexxuma skcruryataunm [IXT siBasieTcss BasKHOM
TPeOChIIKOV MOBBIIeHUST 3(PGhEeKTUBHOCTM €ro 3KC-
TIyaTalun.
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AHHOTaUuA

Ceropnst Mo3amM6OuK Ha3bIBalOT «Bocxopsiieit 3Be3noii FOskHO AGpuKky» BO MHOTOM Osaromapst 6ypHOMY
Pa3sBUTUIO TOPHOMOOBIBAIOIE TPOMBIIIIEHHOCT). MIHEepaabHO-ChIPbeBOI KOMITIEKC Mo3aMOuKa SIBJIsIeT-
Cs1 OMHO¥ M3 CaMbIX IMHAMMUYHO Pa3BUBAIOIIMXCS OTpacieli SKoHOMMKMU. OCHOBHbIMM NapTHepamu 115t Mo-
3aM6uKa B mocteqHee Bpemst ctanu Kurait, Bpaswiust u Haus. B mowieqHee BpeMs B CTpaHe peanmn3yeTcs
PsifI, IPOEKTOB, HAIIPMMeD, TaKkMe Kak Ao6biua 30/moTa — Auroch Minerals Manica Gold. YBennueHnne o6beMOB
IOOBIUM YIJIS CBSI3aHO C 3aITyCKOM Kapbepa Moatize, KoTopbIit pa3pabaTsiBaeT 6pa3mibckasi KoMmraHus Vale,
a TakKe ropHOl KoMmaHuei Benga, mpuHagiexanieii muauiickomy KoHcopuuymy ICVL. IIpencraBieHHbIN
B paboTe aHa/M3 AOOBIYM OTIEIbHBIX BUAOB MUHEPATBLHOTO ChIPhsi B M0O3aMOVIKe MTO3BOJISIET MOTYUUTh OOIIYIO
KapTMHY O PA3BUTUM TOPHOI MPOMBIIIJIEHHOCTU B pecIyoamKe. Pe3ynpTaTsl aHaam3a MO3BOJSIIOT BbISIBUTH
MIPUYMHBI HETATUBHBIX SIBJIEHMUIA, CBSI3aHHBIX CO CHVIKEHMEM J0OBIUM 110 OTAEIbHBIM BUAAM MUHEPATbHOTO
ChIpbs. Tak OCHOBHBIMUM MPUYMHAMM CHVDKEHMSI JOOBIUM YIJISI CTAIN TafleHye MPOU3BOAUTENbHOCTY TPYIaA,
YXYILIeHNe YCIOBUI TOObIUM, cuepIiaHMe Harbosiee JOCTYITHBIX 3a11aCOB YIVIs, TOObIBAEMbIX OTKPBITHIM CITO-
coboM. B 9T0i1 CBSI3U BeCchMa aKTyaJIbHbIM SIBJISIETCSI PA3BUTHE TEXHOIOTHUI TTO/I3€MHOI JOOBIYM CO BCKPBITHU-
eM IJTyOOKMX MEeCTOPOKAEeHMII KOMILIEKCOB BEPTUKAIbHBIX CTBOJIOB. OMbIT cocemueit I0xkHO0-AdpuKaHCKOii
pecnybiIMKM MOKa3bIBAET, UTO B TOPHO-TEOJOTMYECKUX YCIOBUSX IoTa apMKAaHCKOTO KOHTMHEHTAa MOTYT
YCIEUIHO MPUMEeHSITbCS CKOPOCTHBIE TEXHOJIOTUM IPOXOKM CTBOJIOB, UTO YCKOPUT.

KnioueBble cnoea
ToJIe3HbIE MCKOIaeMble, TOPHOIOObIBAIOIIASI OTPAC/Ib, TOPHbIE KOMITAHWUY, YTOJIb, 30JI0TO, Keje3Has py[a,
O6eHTOHNT, rpaduT, pa3pes, BCKPhITHE MECTOPOKIeHMS, M03aMOMK
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MINERAL RESOURCES EXPLOITATION
Research article
Mining industry in Mozambique

J.J. Z. Caixao
“Vale Mozambique®, Tete province, Mozambique
D4 jjacintlos@gmail.com

Abstract

At present time, Mozambique is called the “Rising Star of South Africa” mainly due to the rapid development of
its mining industry. Mineral resources sector of Mozambique is one of the most dynamically developing sectors
of the country’s economy. China, Brazil and India have recently become the main partners for Mozambique.
Recently, a number of projects is being implemented in the country, for example, Auroch Minerals Manica
Gold in gold production. Increasing coal production is connected with commissioning of the Moatize open pit,
which is being developed by Brazilian Vale Company, as well as Benga mining company owned by Indian ICVL
consortium. The analysis of the extraction of certain mineral types in Mozambique presented in the paper
demonstrates general picture of mining industry development in the country. The analysis findings allow
identifying the causes of negative phenomena in the industry, manifesting themselves in decreasing production
of certain types of minerals. For instance, the main reasons for the decline in coal production were dropping
labor productivity, deterioration of mining conditions, and depletion of the most accessible coal reserves,
extractable by open pit mining. In this regard, development of underground mining methods providing for
opening of deep deposits by vertical shaft sets is highly relevant. The experience of the neighboring Republic
of South Africa shows that, in the mining and geological conditions of the south of the African continent, high-
speed shaft sinking methods accelerating deposit development can be successfully applied.
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KpaTkasa uctopuyeckas crnpaBka

Pecry6nka Mo3aM6OMK — OBIBIIASI TOPTYTaabCKast
KOJIOHMSI Ha 1oTe AQpUKY — IJIUTeTbHOe BpeMs CUMTaIach
O[HOI M3 CaMbIX OTCTAJbIX CTpaH permoHa. [IpuumHOi
TaKo¥ CUTyaluy 6bl71a MHOTOMETHSISI TPasKIaHCKas BOifHA
(1977-1992) ¢ noucTMHE Y’KaCHbIMU MOCJIEACTBUSIMU : U3
12-MWITMOHHOTO HaceaeHNsT OQUIIMATBHO YUCISITCS T10-
rMOIIMMY OKOJIO 1 MUTH YesioBexk [1].

[Tocme crabunmusanyy IOMUTUYECKON CUTyaIUn
B CTpaHe HayaICsl TOCTEeNMeHHbIN TMOABbEeM 5KOHOMUKMU,
a ceromHs Mo3aM6MK yske Ha3bIBaIOT «Bocxopsiieit 3e3-
nmoit FOskuoit Adpuku» [2]. Tak, BBII cTpaHbl 3a mepuof,
€ 2000 1o 2019 r. B a6COMOTHOM BbIPASKEHUM YBETUUMIICS
B 3 pasa,a Ha Aylry HacejqeHus — B 1,5 pa3a. [J1aBeHCTBYIO-
M (GaKTOpOM TaKOTo ycIiexa CTajJo MHTEHCUBHOE pas-
BUTME TOPHOAOOBIBAIOIIETO CEKTOPA SKOHOMMKM CTPAHbI,
KOTOPOJi 06/1aaeT OTPOMHBIM ITOTEHIIVATIOM [IJIST Jajlb-
HeJilllero TOCTYyNaTeJbHOTO pa3BUTUS. [eliCTBUTENbHO,
COIJIACHO TaHHBIM ADPUKAHCKOTO GaHKA Pa3BUTHUS, TOP-
HOMOOBIBAIOIIAsT OTPAC/b TAKUX CTPaH, Kak Mo3aMOUK,
l'ana, Creppa-Jleone, JInbepus, TaH3aHUS U ApP., MOXKET
obecreunTh €KerogHoe IocTyruieHre 30 MuIpHo DO
CIIIA B rocymapCTBEeHHbIE€ OIOIKETbI 3TUX TOCYZAPCTB
B TeueHue cienywimux 20 et [3]. HegaBHO OTKpBIThIE HA
UX TePPUTOPHUSIX 3amacel HeTH, Tasa, yIiis U APyTuUx Io-
JIe3HBbIX MICKOTIAeMbIX MMEIOT GOJIbIIO MPOMBIIIIEHHbIN
MOTEeHLMal ¥ MOTYT pacCMaTpPMUBaTbCs B KaUeCTBEe BbICO-
KOJIMKBUIHBIX aKTMBOB Ha MUPOBOM pPbIHKE.

OCHOBHbIE UFPOKU Ha pblHKe

OCHOBHBIMM TapTHEpPaMM B PasBUTUMU MUHePATb-
HO-CBIPbEBOr0 KOMILIEKca 11T Mo3amMbuKa B IocaeqHee
Bpems ctaniu Kurait, Bpasmwinsa u Uagus. TpaguiimoHHO
CUIbHBIE MO3ULMM B pervoHe Takke umelor CIIA, FOAP,
[Moprtyranus n ABctpanus. UHTepecsl Poccun B Mo3am-
OuKe TTOKa MpeCTaBIeHbl MAJIO, HO CUTYaLMsT MOXKET U3-
MEHUTBCS TTocyIe IpoBeaeHus B okTsiope 2019 r. B r. Coun
MepBoro B McTopum cammuTta «Poccust — Adppuka». Kpyr-
HBIX UTPOKOB TIPUBJIEKAIOT 3HAUMTEIbHbIE 3amachl YIJs,
GOKCUTOB, 30/10Ta, MOJIMMETA/UIOB U Ta3a B peciyOimKe.
Hampumep, ob1iye noka3aHHble 3amachl yvis B Mo3amou-
Ke, COCpeIOTOUEHHbIE TIPesK/Ie BCero B baccertHax Moatize
u Mucanha-Vuzi B ceBepo-3amagHoii poBuHIMK TeTe,
Ha koHern 2016 T. coctaBuiu 25,6 MJIpA, T, UYTO ITO3BOJISI-
eT Ha3biBaTh M03aMOMK IOCIeTHUM Hepa3paboTaHHBIM
yriexpanwmieM mupa [3]. CeronHst B CTpaHe aKTUBHO
Ie/CTBYIOT JEeCSITKM KPYITHBIX KOMITaHWU/ TOPHOLOOBIBA-
OIIEro ¥ MEeTAJTyPru4eckoro CEKTOPOB SKOHOMUKM : Vale,
Rio Tinto, Beacon Hill Resources, ENRC, ArcelorMittal,
Tata Steel, Posco, Jindal Steel & Power u mip. [4]

Bpasunbckas Cia Vale do Rio Doce (Vale) monmyunmia
paspeleHye Ha pa3paboTKy YrOJbHOTO MeCTOPOKIEHMS
Moatize B 2008 I. ¥ ITOCTOSITHHO HapalBaeT 06’beMbI 10-

6b1un. ABcTpanuiickas Rio Tinto uepes cBoe rogpaszaee-
Hue Rio Tinto Mozambique c 2012 r. BemeT pa3paboTKy
MeCTOpPOKIeHUsI Benga B TOM ke YroabHOM 6acceiiHe.
YyTh [033Ke K J06bIUe KOKCYIOIIErocs 1 SHEPreTUUeCcKOro
VIJISI Ha MeCTOpOkaeHny Moatize mpucTyria M MHAI-
cKast MeTaytypruyeckast kommanus Jindal Steel & Power
(JSPL) [5]. Yeunmusimu Baobab Resources (mouepHee 1mofi-
pasneneHyne aBCTPAIUIICKOV TOPHOPYAHON KOpHopanumn
Baobab Mining Services) BemyTcst paboTbl U II0 TOObIUE
KeJIe3HOV pynbl B poBuHUMY Tete [6, 7).

CoBpeMeHHas KapTuUHa
ropHOA06bIBaloLLLE MPOMbILLIIEHHOCTU CTPaHbI

MecTOoposkIeHMs TOJIe3HbIX MCKOITaeMbIX B Mo3aM-
6uKe BecbMa pPa3sHOOOpa3HbI U IPeNCTaBIeHbl KaMeH-
HBIM yIJIeM, GOKCUTaMM, rpaduToOM, KeJIe3HOi pymoii,
30JI0TOM, IIPUPOIHBIM ra3oM, asiMasamu. Ha teppuropnn
CTpaHbl TaKKe MMEIOTCSI pasBefdaHHbIe 3arachl (ocda-
TOB, U3BECTHSIKA, BAaHAOMS, TUTaHA, WIIbMEHNTA, CBUHIIA,
6epuiia, 0eHTOHUTA, HUKEJIS U Jp.

B coBpeMeHHOIt McTOpuM Mo3amMOuKa MOKHO BbI-
IeIUTDb IBa BpeMeHHbIX Iepyroja, Korga 6aarogaps rpa-
MOTHBIM MPaBUTENbCTBEHHBIM pedopMaM U IpUBJIEYE-
HUIO 3apyO0eKHBbIX MHBECTULIMI IPOMU30IIET MOIIHbIN
poCT Ho6BIUM ¥ 06BEMOB SKCIOPTA MOJE3HBIX MCKOIA-
eMbIiX (puc. 1). IlepBblii mepuon JaTUPYETCS HAYaJIOM
2000-X rooB, KOTIa B Peciyo/MKe MOSIBUINCH KPYITHbIE
TOpHbIe MpPeAIpusiTUSI HoBoro (opmara, BTOPOii OTHO-
curcs K 2010-2011 rr. u cBSI3aH C 3allyCKOM KPYITHBIX
MIPOEKTOB I10 A0ObIYUE YIJIS ¥ MTPUPOITHOTO Tasa.

Ocob6eHHOCTM TOPHOLOOBIBAIOIIEH MPOMBIIIIEHHO-
¢t Mosamb6uka 60oj1ee TTOAPOOHO PacCMOTPEHbBI HA MPU-
Mepe 30JI0TOPYAHON U YTOJIbHOM IMTPOMBIIIIEHHOCTH.
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Fig. 1. Mozambique mineral exports

for 2000 through 2020
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Fig. 2. Gold production in Mozambique for 2006 through 2017
Source: United States Geological Survey, www.ceicdata.com

IobbIua 30/10Ta B CTpaHe 00eCcreynBaeTcsl B OCHOB-
HOM 3a cueT npoekta Auroch Minerals Manica Gold. To-
ObIUua BeIETCS OTKPBITBIM CIIOCOOOM, CaAMbIM KPYITHBIM
saBisercst kKapbep Chepica, a MakcMMaJIbHBIN 00bEM JI0-
6sITOrO 30/10Ta B 2016 T. cocTaBwmi 2644 T (puc. 2) [8, 9].

Pe3koe yBenuueHue o6beMOB AOOBIUM YIS B CTpa-
He (puc. 3) cBsI3aHO ¢ KapbepoM Moatize, KOTOpbI pa3-
pabaTtbeiBaeT 6pasuyibckas kommnanus Vale. O6bem MHBe-
ctuimit Tonbko B 2011 1. coctaBui okoso 2,0 MJIpS, JOMI.
CIIA. B Hacrosuiee Bpems B Vale-Mozambique pa6oTaet
okoso 8000 yenosexk.
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Hcmounuk: CBogka oTueta [lo6brua yriast B Mozamb6uke B 2019.
URL: https://www.woodmac.com/reports/coal-mozambique-
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coal%20production%20is%20set,overburden%20removal %20

and%20adverse%20weather (laTa o6pamenus: 25.11.2020)

Fig. 3. Coal production in Mozambique
for 2006 through 2017

Source: 2019 Mozambique Coal Production Summary Report.
URL: https://www.woodmac.com/reports/coal-mozambique-
coal-supply-summary-15943759#:~:text=Mozambique's%20
coal%20production%20is%20set,overburden%20removal %20
and%20adverse%20weather (Accessed: 25.11.2020)

BTOpoJi 0 KPYIMHOCTM YrONAbHBIV Kapbep CTPAaHbI —
Benga — B HacTos11ee BpeMsl IPUHALJIEKUT UHAUCKOMY
koHcopuuymy ICVL, kyniuBuiemy 65% nipenrpusatusi y Rio
Tinto B 2014 r. B 2015 1. Benga nepexu1 TpyaHbIe Bpe-
MeHa 13-3a HM3KOro CIIPOoCa Ha SHepreTMUeckuii yrosb,
a Takke JIOTUCTUYeCKUX CJIOKHOCTEIA.

V3HauaJbHO CUUTAIOCh, uTO K 2018 r. B Mo3amb6uKe
MOTYT ObITh JOCTUTHYTHI 0Ob€MbI JOOBIUM YIJIST TIOPSIKA
40 mytH T B rofi, omHako B 2019 I. oHM COCTaBUIU TOJIBKO
12 maH T (cHMWKeHMe Ha 11% K nipouwiomy rogy). OCHOB-
HBIMM IIPUUMHAMMU CTJIU NTaleHNe TPOU3BOAUTETbHOCTHU
TPyZ#a, YXYAIIeHWe YCIOBUI A0ObIUM, MCUepIIaHye Hau-
60J1ee TOCTYITHBIX 3aT1ACOB YIJISI, TOOBIBAEMbIX OTKPBITHIM
CII0CO60M.

B HOs16pe 2019 1. Vale 06bs1BMIIa, UTO TUIAHUPYET 3a-
KPBITh MIPEeATIPUSITUE Ha TpexXMecsiuHbil iepuog, B 2020 1.
U pelnsia repecMOTpPEeTh CBO¥ TUIaH TOPHBIX paboT, uTo-
ObI COCPEIOTOUNTHCS Ha MPOU3BOACTBE GOJIBIIETrO IMPO-
LieHTa MeTarypruueckoro yris [10].

JloCTaTOYHO MHTEHCUBHO B CTpaHe pa3BMUBAETCS J0-
6brya rpadura, UTO OOYCIOBIEHO yBEIMUYEHMEM MUPO-
BOTO CIIPOCA Ha JIMTUI-UOHHDbIE aKKyMY/aSTOpbI. LIeHTp
nmo6bruy rpadura B Mo3aMOMKe COCPeIOTOUEH B IIPOBUH-
uny Ka6o-[lenabramy, Ha ceBepe cTpaHbl. ITo maHHbIM [eo-
noruueckoit cayx6st CIIA, B 2017 r. B Mo3amb6uke 6bUIO
mo6biTo 23 000 T rpadura. ITO MATHIA MOKasaTelb IO
o6bemMaMm 100bIYM B MUpe. B cTpaHe BelyT IesiTeTbHOCTD
TPU OCHOBHBIX Mrpoka: Syrah Resources (rpaguroBas
nraxra «Balamay), BatteryMineral (mpoekt «Montepuez»)
u Triton Minerals (mpoekT «Ancuabe») [11].

B mocnegHue rompl BemeTcsl TEXHMKO-3KOHOMMYeE-
CKOe 060CHOBaHME TTPOEKTOB T0ObIYM UJIbMEHUTA, PYyTH-
J1a, IMPKOHA 13 OOIIMPHBIX 3aJI€XKEI TSDKEJIOTO MUHEPAJTb-
HOTO TIecKa, PacIOJIOKEHHBbIX BHOIb OEPeroBoii JIMHUYU
Mo3ambuKa MpoTSKeHHOCThI0 0Komo 2700 kM. Tak, me-
cropokaenne «Chibuto», 1o olleHKaM SKCIIEPTHBIX Op-
raHu3aluit, SIBJISIeTCS OOHUM U3 KPYIHEHIIUX B MUpe
M0 COIepP>KaHUIO TSDKENIbIX MMUHEPANoB. ABCTPaTUIACKUIA
WMC3 B 2003 r. OLIeHM]I ero 3amackl B 1765 MJIH T mpu
comep>kaHuu uabmeHnTa 4,14%. [IporHo3HbIN CPOK OTpa-
60TKM cocrapisieT He MeHee 100 et [12].
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B psifie per“oOHOB CTpaHbl HaJIaskeHa MPOMBbIIIITIeHHAs
Iob6biya 6eHTOHUTOB. B BoaHe comepskaTcst 3amachl OeH-
TOHMTA 06beMOM 15 MJTH T IPU CpeHel i MOLUTHOCTU CJIOS
6,0 M. Ob1IMe 3amacel MeCTOpokaeHust «Boane-Pequenos
Libombos» orieHeHbI B pasmepe OT 2,5 10 4,2 MJIH T B 3a-
BUCUMOCTU OT UX KaTeropuu. B BoaHe mpopomkaercs
MPOM3BOJICTBO HM3KOCOPTHOTO OEHTOHMTA HA IKCIIOPT
[13]. Jo6bI4y ¥ SKCIIOPT CHIPbSI B OCHOBHOM BEIYT MEJIKIE
U CpefHMe KOMITaHUM.

BonbImmM MpOMBIIIJIEHHBIM ITOTEHIMATIOM 06/aaa-
0T MECTOPOXKIEeHUSI CTPOUTENbHBIX MaTepuaaoB, LiBeT-
HBIX MEeTaJIJIOB, XKeJle3HOi pyabl U ap. CTpaHa aKTUBHO
BKJIaIbIBAET 3HAUUTEIbHbIE CPEACTBA B TOPHOIOOBIBAIO-
IIYI0 OTPac/b, PeaJn3yIoTCsS MIPOrPaMMBbI II0 OOYUEHMIO
CTYLEHTOB B BeLyIIMX TOPHBIX YHUBEPCUTETAX, K peau-
3alMM TIPOEKTOB MPUIIANIAIOTCS TPaHCHAI[MOHATbHbIE
KOMITaHMM, MMeIoIlijie XOPOIIYI0 peryTalyio Ha pPhIHKeE.
[TocTeneHHO pa3BMBaETCS U TPAHCIIOPTHASI MH(PACTPYK-
Typa cTpaHbl. Hanpumep, kazaxckas Komranus Eurasian
Natural Resources Corporation «ENRC» ceromHsi 3aHu-
MaeTcsl TPOEKTUPOBAHMEM U CTPOUTEITBCTBOM HOBOI
>KeJIe3HOIOPOKHOI BeTKM U3 60TaToii yriaeM MpOBMHIINA
TeTe B mopt Hakasna.

HanpaBneHus a¢pdpekTMBHOro pa3snTtus
reoTexHONOornun BCKPbITUA MECTOPOXKAEHU

HecmoTpsi Ha AOCTUTHYTbIE YCIieXy 3a Tpolieniine
ronbl 3arosioBku B oryetrax «World Coal» o BoccTaHOB-
JIEHUM YTOJbHOM IPOMBINUIEHHOCTH Mo3aM06uKa Iocie
noutu 20 JieT rpakAaHCKOW BOWHBI CMECTUIUCh C OI-
TUMMUCTUYHOTO «MMp M MpoiBeTaHMe» Ha Ipemyrpe-
kpawomye «Kyga-to mpy, MenajieHHO». OArocpOYHbIi
MpaBUTE/IbCTBEHHbBI MPOrHO3, OCHOBAHHBINM Ha 3aracax
CYIIECTBYIONIMX U TI€PCIIEKTUBHBIX TOPHBIX TPEeATIpusi-
it (116-120 maH. T. yras K 2030 r.), — ceromHsl KaskeTcs
MaJIO PeaTuCTUYHBIM. [IJIST BBITTOMTHEHWS TAKUX aMOUIIN-
O3HBIX IVIAHOB TPebyeTCs He TOMbKO KOJMUYECTBEHHBI,
HO M KauyeCTBEHHbII POCT TOPHOMOOBIBAIOIIE OTPACIN
cTpaHsl [14].

OH MOXeT ObITh CBSI3aH C Pa3BUTHEM I10J[3€MHOTO
crocob6a mOOBIUM TOJIE3HBIX MCKOIAaeMbIX. BCKpbITHe
ITy6GOKMX MECTOPOXKIEHMII MOKET OCYIIeCTBISTHCS
KOMIIJIEKCOM BEPTUKAIbHBIX U (MJIM) HAKIOHHBIX CTBO-
joB. Borarelii ombIT cocemHeit HOskHO-AGpUKaHCKOIA
pecIy6auMKy MOKa3bIBAET, YTO IOJIe3HbIe MCKOIAaeMbIe
IOskHOT AQpHUKYM XapaKTepu3yIOTCs 60bINON ITy6MHO
3ajieraHusl. B TakUX yCIOBUSX MPUMEHSIIOTCS CTyTleHYa-
Thle CXeMbl BCKPBITUS (puc. 4). HecsiydyaiilHO B AeCSTKY
CaMbIX TIYOOKMX TOPHOMOOBIBAIONIMX TTPEAIIPUSITIN
Mupa BXoguT 8 pynHMKOB U3 HOskHO-AdpUKaHCKO
pecnyo6auKu, OTpabaThIBAIONIMX 3aIlachl Ha IIyOGMHE
3-4,5 kM.

VYC10BUSI TPOXOJIKM CTBOJIOB TIPU 3TOM MOSKHO CUM-
TaTh JOCTATOYHO OjaronpusaTHbIMU. OHU XapaKTepusy-
I0TCSI BBICOKOJ KpernocTbi0 BMeEUAIOIIMX TTOPOA, OTCYT-
CTBMEM BOJOHOCHBIX TOPM30HTOB OOJIBIIOI MOIIHOCTH,
a TaKKe OTCYTCTBMEM 3HAUMTEIbHON CeliCMUYecKoit
U TEKTOHUYECKOV aKTUBHOCTHU. ITO TTO3BOJISIET C YCIeXOM
MIPUMEHSITh CJleAylolliie CKOPOCTHbIEe TeXHOJOTUM IPO-
XOJ KV CTBOJIOB:
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1) BypoB3pbIBHasl IIPOXOAKa II0 IapajulebHO
TEXHOJIOTMYECKOI cXeMe, TMpeIycMaTpUBalolIeil uc-
M0/Ib30BaHMEe MHOTO3TaKHOTO ITPOXOJUYECKOro II0JKa,
BBICOKOITPOM3BOANTENBHBIX OYPMIBHBIX YCTAHOBOK U TTO-
IPY30YHBIX MaliMH. KperjieHne CTBOjIa OCYIIECTBIISIETCS
C OTcTaBaHMeM OT 3a60s1 1o 30 M C MpUMMEHEHUEM CeK-
LIMOHHOV ONaayOKy OJHOBPEMEHHO C YOOPKOW MOPOMBI
B 3a60e. YCTOMUMBOCTD ITP13ab0IfHOM 30HBI 0OecIeunBa-
eTCsl YCTAHOBKOI BPeMEHHO Kpery U3 aHKepOB, CeTKU
u TopkpeT-6eToHa (puc. 5). [lapanienbHOCTh paboT MO
ybopKe 1opozsl B 3a60e CTBOJIA ¥ BO3BEHEHUIO MTOCTOSTH-
HOJ KpeIy € MMPOX0YeCKOTO MMoJIKa 06eCIieunBaeT TEMITbI
npoxonxu 1o 100 m/Mmecsir 1 6oiee.

2) IIpoxo#ka CTBOJIOB OGypeHMEM Ha IOJMHOE ceue-
HMe WIN C TIepeIoBOil CKBAXMHOM C IIPUMEHEHNEM BbI-
COKOIIPOM3BOANTENbHBIX OGYPOBBIX MAaIIMH HOBOTO ITO-
KomeHus. K TakuM, B YaCTHOCTM, OTHOCUTCS GYpOBOit
KomIiekc Kommauuu Redbore 100, crmocoOHbI BecTu
OypeHue CTBOJIOB AMAaMEeTPOM 10 8 M Ha IIyOMHY CBBIIIIE
1000 m B ckanbHBIX ITOpOJax. B KayecTBe Kpemny B 3TOM
cTyyae 11e/1ecoobpasHo MCIIOb30BaTh BbICOKOTIPOUHBIN
TOPKpPET-0eTOH MUau GUOGPO-TOPKPET-6ETOH.
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Puc. 4. CryneHuaTasi cxeMa BCKPBITUS PyOHUKA
Elandsrand mine (FOAP)

HUcmounux: http://test.labelproductions.com/News/24-
September-2013/The_top_ten deepest mines_in_the world.html

Fig. 4. Elandsrandmine mine stepped opening arrangement
(South Africa)

Source: http://test.labelproductions.com/News/24-
September-2013/The_top_ten deepest mines_in_the world.html
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O6e TeXHOJIOTUM XapaKTepPU3YIOTCSI MaKCUMMaJIbHO
BBICOKMMM TEXHUKO-3KOHOMUUECKUMHU TTOKa3aTeNasIMU
CTPOUTENbCTBA CTBOJIOB. BaskHBIM TOCTOMHCTBOM Ta-
pa/lJIeJIbHOM TEeXHOJOTMUEeCKOi cXeMbl TaKKe SIBJISIEeTCS
obecrieueHre BO3MOKHOCTU pasTPy3KMU MPpu3aboiiHOM
30HBI 10 BO3BeAeHMs OCHOBHOV Kpenu. biarogapst sTo-
MY BeJMuYMHA Harpy3ok Ha IOCIeIHIOI YMeHbIIaeTcs
B 2,5-3 pasa, YTO B CBOIO OuepelIb ITO3BOJISIET MMPUMe-
HSITh Kpenu ¢ MakcuManbHO Tommuuoi 300 —400 mm.
[MapanienbHas TEXHOIOTUYECKAsI CXeMa MPOXOIKU CTBO-
JIOB TIO3BOJISIET MePeiiTH Ha CTaAUITHYIO0 CXeMY TIPOeKTU-
pOBaHMsI, KOTla M0 JAHHBIM MOHUTOPUHTA OMepaTUBHO
YTOUHSIIOTCSI ¥ KOPPEKTUPYIOTCS IPUHSTbIE M3HAYAIBHO
rmapameTps! Kpenu [13, 15].

Cyl1iecTBeHHbIM MTPEMMYIIeCTBOM TEXHOJIOTUM TPO-
XOAKM CTBOJIOB GYypeHMeM SIBJISIETCSI TO, YTO OHA He Tpe-
OyeT HaxOXKIEeHMs JIoeii B 3a00€e U MO3BOJISIET aBTOMa-
TU3UPOBATH OCHOBHbBIE TIPOILIECChI TPOXOIUECKOTO IIUKIIA.

3aknioyeHue

[TpoBefeHHbI KPaTKMIi aHAIMU3 FOPHOI00bIBAIOIIE
MIPOMBIIIJIEHHOCTM Mo3aMOuKa TO3BOJISIET C YBepeH-
HOCTBIO TOBOPUTH O TOM, UTO JAaHHAsI OTPACIb IO MPaBY
CUMTAETCS] JIOKOMOTMBOM S5KOHOMMUKM CTpaHbl, HO [IJIs
TTOBBIIIeHNS ee 3D PEeKTUBHOCTY HeO6X0IMMO BHEIpeHIe
JYYIINX T€OTEXHOIOT M, OCHOBAHHBIX Ha IePeIoBbIX JI0-
CTVKEHMSIX B 00J1aCTM FOPHOTO Jera.

OCBOEHMI0 MECTOPOXKIEHMIT BCerga OO/DKEH Mpef-
IIeCTBOBATD INTyOOKMIT aHAIM3, KOTOPBIN OIpenennT 060-
CHOBAHHbI BBIOOP TE€OTEXHOJOTMYECKUX PeLIeHUii II0o
BCKPBITUIO ¥ OTPABOTKM MECTOPOSKIEHUI C yUeTOM BCEX

TeXHONOTUUeCKOit cxeme B IOxHOM Adpuke PUCKOB, KalUTAJIbHBIX 3aTpaT, WHBECTULIMOHHON MpU-
Hcmounuk: https://www.ivanhoemines.com/news/2017/ BJIEKATeTbHOCTH, & TAKKE APYTUX GaKTOpOB.
ivanhoe-mines-issues-financial-results-and-review-of- T'ocynapcTBO AO/DKHO CO3AATh YCIOBYS IJIS Pa3BUTHS

operations-for-the-first-quarter-of-2017/ TOPHOIIPOMBIIIIZIEHHOTO CEeKTOpa S3KOHOMMKM CTpPaHbI,
oTpesiesisisi ero MHBECTUIIMOHHYI0 ITPUBJIEKATENbHOCTD
IJIsT 3apyOesKHbIX MHBECTOPOB, obecreunBast 3GdeKTuB-

Puc. 5. IIpoxopKa cTBoJIA 110 MapajuieIbHO

Fig. 5. Shaft sinking parallel process flow in South Africa
Source: https://www.ivanhoemines.com/news/2017/ivanhoe-

mines-issues-financial-results-and-review-of-operations-for- HYI0 HaJIOTOBYIO CUCTEMY JJIsl peannsanuy MpoeKTOB
the-first-quarter-of-2017/ ¥ Pa3BMBas IPOMBINUIEHHYI0 MHPPACTPYKTYDY.
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UccnepoBaHue, oL,eHKA U NPea/IoXKEeHUs Mo peLUueHnio Npo6nemMbl
KayeCTBa 3/IeKTPOIHEpPrum AJi CUCTEMbI 3/IEKTPOCHA6)XeHus
rmMHo3eMHoro 3aesoaa B Jlam [lonre, BbeTHam
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AHHOTauus

[TMHO3eMHOE ITPOM3BOACTBO SIBJISIETCS CJIOKHBIM, 9SHEPTO€MKIUM TEXHOJIOTMYECKMM ITPOIIECCOM MepepadoTKM
MMHEePaJbHOTO ChIPbsI, UTO OIpeae/sieT HeoOXOAMMOCTb CO3MaHMs PalIOHaIbHbIX TEXHOIOIMUYECKUX pellle-
HUI, B TOM 4MC/Ie C TOYKY 3peHUs 3Q(MEeKTMBHOCTU MCIOIb30BaHMSI SJIEKTPUIECKON SHepIui. B cTaTbe mpu-
Be[IeHO OMMCAHME CUCTEMbI IEKTPOCHAGKEHMs [JIMHO3eMHOI0 3aBojia B MpOBMHLIMK Jlam [ToHT, BbeTHaM.
[TpoaHaMM3MpOBaHbl 3aJauy, KOTOPble HEOOXOAVMO PEeLIUTb, YTOOBI YAYUIINTH KAUeCTBO 3JIEKTPOIHEPIUNn
CUCTEMbI JJTEKTPOCHAOKeHMS. [ToKa3aHOo, YTO HAIMUMe HeJIMHETHBIX HaIrpy30K CYIIeCTBEHHO YXYAIIaeT Kaue-
CTBO 3JIEKTPUYECKOIi SHEPTUM, UYTO B CBOIO OUepeb IPUBOIUT K MOBPEXKIAEHMI0 000PYI0BaHNS, OIIMOOYHBIM
oIepanysM U CHISKEHMIO IIPOM3BOIUTENIBHOCTH 3aBOIa. Pa3paboTaHbl MOIIEIN CUCTEMBI SIEKTPOCHAOKEHS
3aB0Ja, C IOMOIIbI0 KOTOPHIX OblJIa MPOBEJEHA OLIEHKA KAueCTBa 3JIEKTPOIHEPINUM Ha OOLIeil HIHe HaIps-
SKeHMeM 6 KB cucTeMbl 9JIeKTpOCHAOKEeH NS, a TaKKe Ha 1mmHaxX 6 u 0,4 KB pacmpenennTeNlbHbIX ITOACTAHIINIA
OTHAe/NbHBIX TTOAPa3feneHii 3aBofa. AHAIN3 pe3yabTaTOB MOAEJIMPOBAHMS [TOKA3bIBAET, YTO HAJIMUME HEJU-
HEHBIX HArpy30K MPUBOAUT K 3HAYMUTEIbHBIM UCKAKEHUSIM CMHYCOUIATbHBIX (DOPM HAIPSIKEHUI ¥ TOKOB,
CHIDKEHMIO Ko3dduieHTa MOIIHOCTI. Ha 0CHOBaHMM Pe3y/IbTaTOB MOJEIMPOBAHMSI CIle/IaH BbIBO/, UTO rap-
MOHMKM HamlpsDKeHMsI M TapDMOHMKM TOKa IPU HEIMHENHON Harpyske Ha IIMHax HanpspkeHueM 0,4 u 6 kB
MIPEBBIIIAIOT JONYCTUMBbII MEXKIyHApOIHBIM cTaHmapToM IEEE ST519-1992 npemen rapMoHuK. Paspabora-
HBbI IIPeJIOKEeHNMS 10 PeIlleHNI0 ITPo06IeMbl ITOBBILIIEHNS] KAUeCTBa JIEKTPOIHEPIUN B CUCTEME IeKTPOCHa0-
SKeHMs 3aBoja. [Ijisi KoOMITeHCalMy BbICIIMX FapMOHMK TOKA M HAIPSDKeHMST peKOMeH/I0BAaHO MpUMeHeHle
B 2JIEKTPUYECKO CHUCTeMe TJIMHO3EeMHOIO 3aBOMA CIEIMAIbHBIX PETYASITOPOB KauyecTBa 3J1eKTPOIHEpPTUM.
[IpenioskeHO B KAUEeCTBE PEry/IsITOPOB KauecTBa JIEKTPOIHEPIUM MUCII0NIb30BaTh aKTUBHbBIE (PUIBTPBI FapMO-
HUK. [IpeyioKeHHbIe pelIeHNsT TTO3BOJISIIOT ITOTYYUTh MPAKTUIECKM CMHYCOMIAIbHble (DOPMbI HATIPSDKEHUI
¥ TOKOB B CMCTEeMeE 3JIEKTPOCHAOKEHMS IIMHO3EMHOT0 3aBOJa.

KnioyeBble cnoBa
TJIMHO3€MHOe€ IIPOM3BOOCTBO, CCTEMA SHEKTPOCHaG)KeHI/IH, KauyeCTBO 3JIEKTPOSHEPIruu, HeJIMHEeNHbIe Harpys-
KU, MOeIMpPOBaHNe, BBICIIVE TaPMOHMKIM, KOMITeHCALVsI, QUIBTD

Onsa umtupoBaHus

Ilo Txaub JInu. ViccnemoBaHue, OlieHKa U IIPEIJIOKEHNS 10 PENIeHMI0 TTPO6IeMbl KauecTBa 3JIEKTPOIHEPTUN
IUTSI CYICTEMBI 3JIEKTPOCHAGKeHMS TVIMHO3eMHOT0 3aBoja B Jlam JloHre, BoeTHaM. [opHble HAYKU U MEXHOL02UU.
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Research, assessment and proposals on resolving power quality problem
for the power supply system of Lam Dong alumina refinery, Vietnam

Thanh Lich Do
Dalat Vocational College, Da Lat, Vietnam
D4 lichdalat@gmail.com

Abstract

Alumina production is rather complex technological process of processing mineral raw materials that requires
development of effective technological solutions, including in terms of efficiency of using electric energy. The
paper is devoted to studying the power supply system of an alumina refinery in Lam Dong Province, Vietnam.
The tasks that need to be solved for improving the power quality in the power supply system were analyzed.
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It was shown that non-linear loads significantly degrade the power quality that in turn leads to equipment
damage, malfunction and decreasing the refinery productivity. Models of the refinery power supply system
were developed and, using which, the quality of power was assessed at the 6 kV voltage utility bus of the
power supply system, as well as at the 6 kV and 0.4 kV buses of distribution substations of individual refinery’s
subdivisions. Analysis of the simulation findings showed that the nonlinear loads lead to significant distortions
of sinusoidal forms of voltages and currents, and decreasing the power factor. Based on the simulation
results, it was concluded that voltage harmonics and current harmonics at nonlinear load at the low voltage
buses of 0.4 kV and at the buses of 6 kV exceed the permissible limits of the harmonics in accordance with
IEEEST519-1992 international standard. Proposals were developed for improving the power quality in the
refinery power supply system. For suppressing higher harmonics of current and voltage, it was recommended
to use special power quality regulators in the alumina refinery power supply system. It was proposed to use
active harmonic filters as the power quality regulators. The proposed solutions allowed obtaining practically

elSSN 2500-0632

https://mst.misis.ru/

[o TxaHb Jlny. MiccnepgoBaHwe, oLeHKa 1 MPeanoXeHns no peLLeHnto Nnpobaembl KayecTsa a1eKTPOSHEPrUMw...

sinusoidal forms of voltages and currents in the alumina refinery power supply system.

Keywords

alumina production, power supply system, power quality, non-linear loads, simulation, higher harmonics,

compensation, filter
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BeepeHune

[MMHO3eMHOe MPOM3BOACTBO SIBJSETCSI BaXKHOI CO-
CTaBJISIONEN aJIOMMUHMEBOM IMPOMBIIIEHHOCTHU, UYTO
orpenensieT HeOOXOIVMMOCTh CO3HAHMUS PallMOHATbHBIX
TEXHOJIOTUYECKUX pellleHn, B TOM UMcjae ¢ TOYKU 3pe-
HUs 3(P(EKTUBHOCTY MCIIONb30BAHUSI 3JIEKTPUUECKOIA
SHEepPTUMN.

[nmuuoseMHblii 3aBof, B Jlam [IoHre — 3TO KPYTIHbIN
U BaKHBIN TPOEKT BbETHAMCKOTO TOCYHapCTBa, CUCTE-
Ma 3JIeKTPOCHAGKeHMsSI KOTOPOTO He MOJKHA JOIyCKaTh
rnepe6oeB B Iofaue 3MEKTPOHepruu. Mg mommepska-
HUSI CTAOMJIBHOCTU SJIE€KTPOCHAOKEHUST HeoOXOAMMO
yIIydllleHye KauyecTBa 3JIeKTpPosHepTruu. [10aTomy 1ebio
MOJIeTMPOBAHMS JIEKTPUUYECKON CUCTEMBI IJIMHO3E€MHO-
ro 3aBopa B Jlam [loHre, BbeTHam, SIBISIIOTCS U3ydyeHUE
U aHAIMU3 XapaKTePUCTUK CUCTEMbI 3JIeKTPOCHAGKEHMS
C yUeTOM HeMHEeNHbIX Harpy30K. Haiuune HenHenHbIX
Harpy3oK CyIlIeCTBeHHO YXYAIllaeT KauecTBO 3JIeKTpuue-

CKOJ1 SHepIruu, UTO IIPUBOAUT K ITOBPEXKIEHUIO 060PYI0-
BaHMs, OIIMOOYHBIM MEePEKTIOUeHNSIM 1, KaK CJIe[ICTBIE,
CHMYXeHUIO MTPOU3BOAUTENbHOCTY 3aBO/IA.

InmuHo3emMHbIli 3aBofg B Jlam [JoHre mpOM3BOOUT
650 ThIC. T NIMHO3EeMa B TOJ,. DJIEKTPOSHEPI s Ha TJIMHO-
3eMHBI 3aBOJ, TIOCTYNAET OT IBYX JIUHUI dJIeKTpoIiepe-
mauy HanpspkeHnem 110 kB. Ha camom 3aBoge mocTpo-
eHbl ABe TpaHchopmaTopHble moxactaHiuyu B 20 MBA
IJIST TIOHVDKeHus HampsbkeHust co 110 mo 6 kB. Kpome
TOTO, HA 3aBOJle CTPOUTCS pe3epBHasl 3JIEKTPOCTAHIIMS,
COCTOSIIAs U3 IBYX KOMIIJIEKTOB reHepaTOPOB MOIIHO-
cThio 1o 15 MBA. BrixomHOe HamnpssKeHMe TeHepaTopoB
cocrasisier 6 kB. Ha puc. 1 mpepacraBieHa CTPyKTypa
97IeKTPOIHEPTreTUUECKO CUCTeMbl T[JIMHO3E€MHOTO 3a-
Boga B Jlam Toure. OT nByx TpaHcdopmatopos 110/6 kB
HanpsbkeHne 6 KB mopmaeTcs Ha pacrpefenuTe/bHbie
craniuu I11-1...I11-6. PaccMoTpuMm Ha3HaueHUe OT-
IeJbHBIX CTAaHUMII pachpeneneHus] 3AeKTPO3Heprumn

Tpaucdhopmatop T1 TpanchopmaTop T2
110/6 xB (20 MBA) 110/6 xB (20 MBA)
l'enepatop @1 Tenepartop @2
6 kB (15 MBA) 6 kB (15 MBA)

A \ 4 A4 v A 4 A4
CraHuus CraHuus CraHuus CraHuus CraHuus CraHuus
pacnpeneneHnus | | pacripeneneHus | | pactipenenenus | | pacnpenenenusi | | pactipeneneHus | | pacipeneneHust
6 xB. 6 kB. 6 xB. 6 xB. 6 kB. 6 xB.
CucreMa KoT/a, Cucrema OTcrauBaHue Ipouecc BospgyuiHas CraHUMs 1eun,
P=8120 kBt U3MeJIbYeHU s KpacHOro KpUCTIM3AUMUHU| | KOMITpeccopHast P =13890 kBT
(T11-6) GOKCUTOB, iama, P =5848 kBT CTaHINS, (T1-5)
P=7805 kBt P=6317 kBt (T1-3) P=4217 kBt
(I10-1) (I11-2) (I10-4)

Puc. 1. CTpyKkTypa 371eKTPO3IHEePreTMUeCKOol CUCTeMbI INIMHO3€eMHOTO 3aBofa B Jlam [loHre
Fig. 1. Lam Dong alumina refinery electric power system configuration
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I1-1...IT1]1-6, uTo MMeeT 60/blIOe 3HAUYEHME K UX COOT-
HeCeHUIO K OTpeeeHHbIM TeXHOJIOTUUEeCKUM IpPoIec-
caM, KOTOpble peanu3ylTCs Ha MPeanpUsITUN.

Cranuusg pacrnpezneyienus snaekrposHepruu II[1-1
(6 xB, 7805 KBT) muTaeT 31eKTPOIHEPTHEN CUCTEMY W3-
MeJibueHMsT 60KCUTOB. Iy M3MesibueHnss OOKCUTOB JC-
MOJIb3YeTCSI 3aMKHYTBIM MPOLIECC M3MEeIbYeHUs PYIbI,
COCTOSITIUIT M3 TPYIIIbI IIMKIOHOB ¥ Habopa IIapOBbIX
MeJIbHUIL U3 TPeX TepPMeTUUHBIX CeKiuii. [Ijis1 TpaHcmop-
TUPOBKM GOKCHUTA UCIIONb3YETCsT KOHBeep.

CraHumsi pacrpepeneHus snekTposHeprum [1]1-2
(6 kB, 6317 KBT) uTaeT 3/1eKTPO3IHEePrueil TeXHoaornye-
CKUI1 TIpOIIecc OTCTauBaHMsI KPacHOTO IiJlaMa.

CraHuus pacrpeneieHus 3aeKrposHeprun I111-3
(6 B, 5848 KBT) muTaeT 3JeKTPOIHEPIMeii ABYXCTaINUIA-
HbBIV TEXHOJIOTUYECKNI MTPOLIeCC KPUCTA/UIM3alK, B KO-
TOPOM MCIIONb3yeTcs 18 KOMIIJIEKTOB pe3epByapoB [Jist
KPUCTAJIU3ALUU, U3 KOTOPBIX TPU KOMILJIEKTA — /15T KpU-
CTa/IM3aluyM Ha TIepBOM JTare, 15 — mjig kpucrammsa-
LMY Ha BTOPOM 3Tarie.

CraHuumsl pacrnpeneneHus sinekTposHeprum I[111-4
(6 XB) nuTaeT BO3AYIIHYI) KOMIOPECCOPHYIO CTAHIUIO
4217 xBT.

Ot cranuun [1]1-4 OMy4aOT 3M€KTPOIHEPTUIO TISITh
MOACTaHLMIT HU3KOTO HampspkeHMs 6/0,4 KB ¢ MOIITHOCTSI -
mu: S; = 800 kBA (craHuus pacnpeneneHnus: UUPKYISALIUN
KPUCT/UIM30BaHHON BOAbl, P, = 644 kBT), S, = 800 KBA
(cTaHIuMs pacTipeesieHNsT HUPKY/ISLIUA CKaTOTO BO3Ayxa,
P,=596 kBT), S; = 800 KBA (cTaHUMS pacpeneneHus IUp-
KyJISILUY IIMHO3€MHOV Bogpbl, P; = 674 kBT), S, = 630 KBA
(craHust pacrpepeneHuss HU3KOTO AABJIEHUS BO34yxa,
P, =567 xBr), S; = 1000 kBA (pacnpenenuTtenpHas CTaH-
1MsI PeMOHTHO MacTepckoit, P, = 900 kBT, 060pymoBaH-
Has CUCTeMOV 3eKTPOCBAPOYHBIX MAIIMH, TOKApPHbBIX
CTaHKOB, CTPOTAJbHBIX CTAHKOB U KPAHOB).

CraHuus pacmpeneneHust snekTposHeprum I1]1-5
(6 xB) nuTaeT neuyb MOIIHOCTBIO 3890 KBT, Ba BEHTUJISI-
TOpa BaKyyMHOTO Hacoca (6 KB) MoiIHoCThIO 2 x 560 KBT,
JIBUTATENb BBITSDKHOTO BEHTUIATOPA (6 KB) MOUIHOCTBIO
710 kBT, CIIOMBb3yeMOTO IJ151 TUAPATHBIX MTeYeii.

Or cranmuu IIJI-5 TmOMyyaeT 9JIeKTPOIHEPTUIO
pacmpenenuTenbHas CUCTeMa HMU3KOTO HaMPsKeHUS
6/0,4 kB, B cocTaB KOTOPO1 BXOZST Tpu TpaHchopmaTopa
¢ MowHoCcTAMM: S, = 630 KBA (craHuus pacrnpezneneHus
ruapata, P, =390 kBT), S, = 1250 kBA (ruagpaTHas pacipe-
JenurtenbHad cranuusd, P, = 809 kBr), S; = 630 KBA (BOozo-
pacrpenenuTtenbHas craHuus, P, = 571 kBT).

CraHuus pacrpeneneHus saeKTposHepruu II[I-6
(6 KB) mnmTaeT CHUCTEMY 3JI€KTPOCHAOKEHUS KOTIa
(P=8120 xBr).

Omnupasicb Ha TpeACTaBIeHHOe onycanue GyHKIM-
OHA/IbHO¥ TIPUBSI3KM CTAHLMIA MUTAHUS K T€XHOJIOTUYe-
CKMM 0OBEKTaM ¥ IPOoIeccaM MOKHO OIpPeNeNuUTh IO -
XOZbI K 06eCITeueHII0 KauecTBa 3JIeKTPOIHEePTUM BO BCell
CUCTeMe 3JIEeKTPOCHAOKEeHNMS.

0co06eHHOCTU PaboTbl ANIEKTPOTEXHUYECKUX
KOMIJIEKCOB U CUCTEM 3aBoja
[lns1 perynuMpoBaHusI CKOPOCTU NEKTPOABUTATENEN
pPasIMYHbIX MalllMH ¥ MEeXaHM3MOB IMPOKO UCIIOIb3Y-
I0TCSl TIpeobpa3oBaTeNny YacTOThl, KOTOPbIE SIBIISIIOTCS
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HeJIMHEeHOM Harpy3Koil IJiS CUCTEMbI 3JIeKTPOCHAO-
>)keHMs. Hanuume HenMHeNHBIX Harpy3ok Ha IIMHAax
HanpsikeHneM 0,4 KB NMpUBOAUT K TeperpeBy Kabess
U TOBPEXAeHUI0 M30aauuu. Takke BO3MOXKHBI Iepe-
rpeB IBUTATeNsl, BOSHMKHOBEHME ITymMa U KojaebaHMit
KPYTSIero MOMeHTa Ha POTOpe, YTO MPUBOIUT K Me-
XaHMYEeCKOMY pe3OoHaHCy M BubOpanuu. [Ipu Hammaum
KOHZ€HCATOPHBIX YCTAHOBOK BO3MOXEH WX Ieperpes
¥ B OOJIBIIMHCTBE CAy4YaeB paspylieHye OUIIeKTpUKa.
[Ton Bo3peiicTBMEM pa3HbIX IPOU3BOJCTBEHHBIX U MIPU-
pPOIHBIX (PAKTOPOB YCTPOICTBA MHAMKALIMKU U OCBellle-
HMSI MOTYT paboTaTh He B CTALMOHAPHBIX pekKMMax,
3aIIMTHBIE YCTPOIMCTBA B CUCTEMAaX 3JIeKTPOCHAOKeHMS
M YIIpaBJIeHUSI MOTYT aBapUifHO OTK/IIOYAThCS, CETU Tie-
pemauy JaHHBIX U U3MEPUTEIbHOE 060PYyA0BaHNE AAIOT
JIokHbIe pe3ynbTaThl [1, 2]. [IpMumHON Takux SIBIeHUN
9KCIIePThI CUMTAIOT XapaKTep Harpy3oK B 3JeKTPOIpu-
BO/IaX MANIMHHOTO 060PYIOBaHMSI, KOTOPOE Y4acTBYeT
B pealnus3aluy TEXHOJOTMYECKMUX IPOLECCOB, a TakKKe
Ha/lIuuMe HeJlMHEeNHbIX JIEMEHTOB B CUCTEME 3JIeKTPO-
CHaOXXeHUS TIPU YIIPaBIeHUY IeKTponpuBogamu [3, 4].
TakuM 06pasoM, HaJIMUME HEJIMHEHHbIX Harpy3oK Mpu-
BOAUT K HapyIIeHMI0 HOPMaJIbHOM paboThI 3aBO/A.

Mopgenb cucteMbl 3N1eKTPOCHABXKeHUS
rMMHO3eMHOro 3aBoja

i1 MOmenMpOBaHMSI CUCTEMBI JJIEKTPOCHAGKEHMS
UCTIO/Ib3YeTCSI  MPOTPAMMHO-ANIMAapPaTHbI ~ KOMILJIEKC
a Matlab Simulink, nmeromiass B cBoeM cocTaBe crerya-
JU3UPOBAHHYIO OGMOIMOTEKY, MO3BOJSIONIYIO CO3/1aBaTh
MOV PasMYHbIX 3JIeKTPOTEXHUUECKUX KOMIIIIEKCOB
u cucrem [5].

Ha puc. 2 mokasaHa Bu3yaJbHasi MOZE/Ib CXE€MbI
pacripegennTtenbHoOM cucteMbl 110 KB ¢ ABYMS IJTaBHBI-
MM CUJIOBBIMM TpaHcdopmatopamu 110 / 6 kB, 20 MBA.
Cxema cuctemsl 110 KB cOCTOUT U3 IBYX TMHUI, KOTOPbIE
pe3epBUPYIOT APYT Apyra M COeOUMHEHBbI MeXmy cob6oit
yepe3 LMHY. PacnpeneneHue 31eKTPOIHEPTUM HA CTO-
poHe 6 KB ocylecTB/sIeTCsl Ha IIeCTU paclipelenTellb-
HbBIX TMMOACTAHLMSIX: pacIpenennTenbHoi cranuym I10-1
CuCTeMbl M3MenbueHus 60KkcuToB (P, = 7805 KkBrT);
pacripegennTtenbHoi craHuum III-2 KpacHOro uiama
(Prp, = 6317 KBT), cTaHuMM pacrpefeaeHus KpUcTa-
mmsauyu I1-3 (P ; = 5848 KBT); pacmpenenmnTenbHOM
cTaHuyu 1 Komnpeccopos I11-4 (P, , = 4217 xBT), pac-
npepenuTenbHoi cranuyy neun II-5 (P s = 3890 kBT),
pacripenennTe/bHOI CTaHLIUM KorenbHoit  II/I-6
(Pppe = 8120 kBr). Cucrema cHabkeHa TakkKe pesepB-
HBIM NUTAHMEM OT 2 reHepaTOpPOB HaIpsiKeHuem 6 KB,
MoIIHOCThIO 15 MBA. Ha puc. 3 npuBeneHa Bu3yajbHas
Mopesib paclpenenuTeNbHOi cucTteMbl craHiuuu I1-1,
BXOASIAsi B COCTAB MOMENIU SAeKTPUYECKON CUCTEMBbI
IJIMHO3€MHOTO 3aB ofa B Jlam [loHre (puc. 2). AHaIOTU4-
HbIe MOJeu paspaboTaHbl IJIsT CTAHLMI pacipemeneHnst
anekTposHepruu [11-2...I111-6.

[IpencraBieHHble MOAENU 3IEKTPOTEXHUYECKUX
KOMIUIEKCOB M CUCTEM 3aBOJa I1O03BOJISIIOT BBISIBUTH
peskuMbl paboThl 0OOPYIOBAaHMSI IPU PasHBIX 0CO-
OEHHOCTSIX peanusaluu TEeXHOJOTUUECKUX IpOoliec-
COB, a TaKXe OMNpeNenuTh UX BAUSHMKE Ha KayeCTBO
3NeKTPOIHEePTUN.
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Puc. 2. Mopesib 97IeKTPUYECKOii CHUCTeMbI IIMHO3€MHOTO 3aBo/a B Jlam J[oHTe
Fig. 2. Lam Dong alumina refinery electric power system model
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Puc. 3. Mogenb craHumu pacripenenenus anekrposneprum [11-1
Fig. 3. PD-1 power distribution station model
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Pe3yanaTb| MoaenmpoesaHusa

B Tab6s. 1 u 2 npuBeneHbl KOIPGUIMEHTHI HeTuHeli-
HbIX McKaskeHM (KHW) 110 HanIpsiKeHNIo M TOKY Ha LIMHAX
HarpspkeHreM 6 KB C1CTeMBbI 97IeKTPOCHAGKEeHNS TTIMHO-
3eMHOr0 3aBOJla U Ha WIMHAaX HarnpsbkeHnem 6 u 0,4 kB
CTaHUMI pacnpenenenus: snekrposHeprum I101...I116,
IOTyYeHHbIe B pe3ysbTaTe MOLENMPOBAHUS IPOLIECCOB
B CHCTEME JIeKTPOCHAGKEHMS TIMHO3€MHOTO 3aBOJIA.

Ta6muua 1/ Table 1

KoadduimeHThI HeJIMHETHbIX MCKayKeHUit
110 HaIpsDKEeHUIO U TOKY Ha IIMHAaX HalpspkeHueM 6 KB

Harmonic distortion factors for voltage
and current at buses of 6 kV voltage

Touku nsmepennss KHAU e ° LdsLE. o
HanpspKeHuIo, % | o TOKy, %

CucTeMa 371eKTPOCHAOKEHMST 0,02 1,66
TJIMHO3€MHOTI'0 3aBojia

Ia-1 0,02 2,12
Ia-2 0,02 2,07
Ina-3 0,20 0,78
I11-4 0,02 2,20
I1-5 0,02 3,35
-6 0,02 3,86

Ta6muua 2 / Table 2
KoaddnumeHThI HeIMHETHBIX MCKAaYKeHU
10 HAaNPSDKEHUIO M TOKY Ha MIMHax HanpsokeHuem 0,4 kB
Harmonic distortion factors for voltage
and current at buses of 0.4 kV voltage

Touku usmepeHust KHHU no KHH 110 TOKy,

KHI HamnpspbKeHuto, % %

-1 7,08 25,15
Ia-2 6,27 25,52
Ia-3 6,83 25,35
[ao-4 6,62 25,43
Ina-5 6,32 25,62
-6 7,96 24,60

i,A
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-100¢

-200

~300f

i A i M i /TR ") N 4

0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09

Puc. 4. ®opmbI TOKOB B Tpex dazax
Ha CTOpOHEe HanpskeHus 6 KB

Fig. 4. Three-phase current waveforms
on 6 kV voltage side
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AHanu3 pe3ynbTaTOB MOKA3bIBAET, UTO HAJIMUME HE-
JIMHEHBIX HAarpy30K MPUBOAUT K 3HAUUTETbHBIM MCKa-
SKEHMSIM CUMHYCOMIAJIbHBIX (DOPM HampsIKEHUI U TOKOB
Ha mmHax HanpspkenueM 0,4 KB 1o CpaBHEHUIO C M-
Hamy HanpspkeHueM 6 KB. OTOT BbIBOA, MOATBEPXKIAETCS
TaKke cpaBHeHMeM (Gopm rpaduKoB TOKOB Ha CTOpPOHE
6 kB (puc. 4) u 0,4 kB (puc. 5). BumHo, 4To (hOpMbI TOKOB
Ha cTopoHe HanpsikeHus 0,4 KB cyliecTBeHHO OTIMYAI0T-
CS1 OT CMHYCOMJIbHBIX IO CPaBHEHMIO ¢ GOPMOJi TOKA Ha
CTOpPOHEe HampskeHUs 6 KB.

KosdbduiimeHnThl HeMMHENHHBIX MCKakeHMil Ha-
MpPSDKeHUs] M TOKa Ha HIMHAX HU3KOTO HaIpsDKeHUs
0,4 xB mpeBbIIAIOT OOIYCTUMBbINM IIpenen mo CpaBHe-
HMIO C MeXXIyHapoaHbIM ctaHgaptoM [EEE ST519-1992
(KHU,,, < 5, KHU,,, < 20). [TosToMy [j151 KOMITEHCAI[UN
BBICIIMX TapPMOHMK TOKA M HampPsDKeHUST HEeO06XOaMMO
MpUMeHEeHNe B JIEKTPUUYECKOTi CUCTeMe INIMHO3eMHOT0
3aBOZa CIllelMajJbHbIX PETYASITOPOB KauecTBa 3JIeKTPO3-
Hepruu [6-9].

[lepcrieKTMBHBIM CPEACTBOM IIOBBIIIEHUSI Kaye-
CTBa 3JIEKTPOIHEPTUM SIBJISIeTCSI IPMMeHeHMe aKTUBHBIX
unbrpoB rapmonuk (A®T). Pabora A®T ocHOBaHA Ha
aHa/JM3e TapMOHMK TOKa HEJIMHEWHOW Harpy3Ku U re-
Hepaluuu B CeTb TAPMOHUK TOKA C MPOTUBOIOIOXKHON
(azoii. Kak pe3ynbTart, BbICIIe TapMOHMNYECKME COCTaB-
JISI0IMie TOKA KOMITIEHCUPYIOTCS B TOUKE MOAK/II0UeHUS
AO®T 1 He pacrpoOCTPaHSIOTCS OT HEJIMHENHOM Harpy3ku
B ceThb [10, 11].

Hannuue HenuHeNHOJ HArpy3ku IPUBOAUT TaKKe
K 3HAUYUTETbHOMY CHVDKEHMI0 KO3(PuIMeHTa MOIIHO-
CTU, UTO TIOATBEPXKAAETCS pe3ylabTaTaMy MOZeInpoBa-
Hust. Hampumep, Ha mopcraniuu 110/6 kB kosdduim-
€HT MOIITHOCTY HaxodguTcsl B auarnasoHe oT 0,62 mo 0,46.
Huskuit k03hGUIIMeHT MOITHOCTU TMOJpasymMeBaeT He-
06X0IMMOCTh KOMITEHCAIIMM PEaKTUMBHOI MOUIHOCTY Ha
mmHax 6 KB 1 mmMHax HM3KOTrO HATIpSDKeHMST Ha paclipe-
Je/IUTeNIbHbIX CTaHLMAX [12-14].

yy— —
s00f | i ] i
00}
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100 | |

-100f ‘ i ‘ 7
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-300f ‘ 17
—400} ;
-500} | - | '
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Puc. 5. Dopmbl TOKOB B Tpex dasax
Ha cTopoHe HanpsikeHus 0,4 kB

Fig. 5. Three-phase current waveforms
on 0.4 kV voltage side
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3aknioyeHue

Paspa6oTaHHble MOAENN IJIT UMUTALIMOHHOTO MO-
IeIMPOBAHUS CUCTEMBI 3JIEKTPOCHAGKEHUS TIMHO3EM-
Horo 3aBoga Jlam [loHT mpu Tomoniy mnakera Matlab
Simulink mo3BoMIM MPOBECTU MUCCIETOBAHMS PEKMMOB
paboThl CUCTEMBI M OTAEIbHBIX €e KOMIIOHEHTOB. IIpo-
QHAJIM3UPOBAHbI Pe3yIbTaThl MOAENINPOBAHMS C LebI0
BBIPAOOTKM PEIIeHNH IO YAYUIIeHWIO KauecTBa 3JIeK-
TPUUYECKOW SHepPTUN.

[To pesynbTaTaM UCCAeNOBAHUIT MOXKHO COeIaTh Cle-
JyIol[1ie BbIBOJIbI:

1. Ha mmHax HuU3Koro Hamnpspkenus — 0,4 kB — nof,
BO3MeliCTBMEeM HelMHeHO Harpy3ku hopMa Harpsike-
HMSI ¥ TOKA CYII[eCTBEHHO e pOpMUPYETCs, UTO BAUSET Ha
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2. KoadduiimeHTbI HeMMHENHBIX MCKasKeHU T HaTIpsi-
SKeHMSI ¥ TOKa Ha IIMHaX HU3KOro HampsbkeHus — 0,4 kB,
U Ha IIHaX 6 KB NpeBbIaoT JOMYCTUMBbII MeXIyHapOI -
HbIM ctaHgaprom IEEE ST519-1992 nipenen rapMOHUK.

3. 1151 KOMIeHCalUy BhICIIMX FAPMOHMK TOKA U Ha-
MPSDKeHMsT HEOOXOAMMO TPUMEHEHNE B 3JIEKTPUUYECKO
CUCTEMe TAMHO3E€MHOTO 3aBOja CIlelMalbHBbIX perysi-
TOPOB KaueCTBa 3JeKTPO3HePTUI, HAlIpMMep, aKTUBHBIX
(MIBTPOB rapMOHMK.

4. Ha mogctanuyu 110/6 KB K03¢hPUIMEHT MOIIHO-
CTM HaxoauTcs B nuara3oHe oT 0,62 go 0,46. Huskuii Ko-
3bdULIMEHT MOIIHOCTM IO pa3yMeBaeT HeOOXOIMMOCTh
KOMIIEHCALIMM PeakTUBHOI MOIIHOCTM Ha IMHaxX 6 KB
Y IIMHAX HU3KOTO HaNpsDKeHMS Ha pacnpemenuTenbHbIX

KayeCTBO 3JIEKTPO3HEPIUn. CTaHIUAX.
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AHHOTauusA

B mporiecce paboThl 3HAUNTENBHOI YaCTM COBPEMEHHOIO MEXaHMYeCKOTO 000PYAOBaHMSI BOSHUKAIOT AVHA-
MUYeCKMe Harpysku, IpMBOISILIME K BBIXOLY U3 CTPOS AeTaslel, y3JI0B M MeXaHM3MOB, B CBSI3M C UYeM CHU-
KAIOTCSI €r0 JOJITOBEYHOCTD M AKCIUTyaTal[MOHHAs HAZeXHOCTh. PazpaboraHa MeTonmKa pacueTa KOHCTPYK-
TUBHO-TEXHOJIOTMUECKMX TapaMeTpoB MY(THI YIIPYToil MajblieBOi C 37MaCTUUYHBIM 37I€eMEeHTOM [AVICKOBOTO
TUIA C UCTIOJNIb30BAHMEM METOMA TUITAHMPOBAHUS LIEHTPATbHOTO KOMITO3UIIMOHHOTO POTATA0eIbHOTO YHU-
(hopM-1IaHMPOBaHMST BTOPOTO MOPSIAKA ¥ KOHEUHO-2IeMeHTHOT0 MeToja pacyeTa HalpsbkeHMi ¢ IpuMeHe-
HMEM CHCTeMbl aBTOMAaTU3UPOBAHHOIO MPOEeKTHPoBaHMsa. O60CHOBAaHA aHATUTUYECKAS 3aBUCUMOCTDb KPYTSI-
IIer0 MOMEHTA OT JMaMeTpa OKPYKHOCTHM PaCIIOI0KeHNSI LIeHTPOB MasiblieB (MydThI) U MIMPUHBI TaCTUIHOTO
3JIEMEHTA C OTIpeeIeHHbIMU (DU3UKO-MeXaHNUYeCKMMM CBOCTBAMM, HA OCHOBAaHMY KOTOPOA IoyryyeHa Gop-
MyJ1a CyMMapHO¥ IIMPUHBI 37TACTUYHOTO 37IeMEeHTa AVICKOBOTO TUIIA C YIYETOM BeJIMUMHBI TPEOYyeMOro KpyTsi-
11ero MOMEHTA 1 OTIpeie/IeHHOTO AYaMeTpa OKPYKHOCTY PacIionoXKeHNs 1IeHTPOB MasiblieB (MydThI). B 1esax
MIPOBEPKY MOTYYEHHO 3aBUCMMOCTY HOMMHAJIBHOTO MOMEHTA MTPOBEHEHO JOTIOTHUTENIbHOE UCC/Ief0OBaHe
My]T C ompeJeneHHbIM I1aMeTPOM OKPYKHOCTM PaCIOOKeHUs] IeHTPOB MasblieB (My(TbI) Mpu pasiny-
HOJ CyMMAapHOJ LIMPUHE 5JaCTUYHOIO d7eMeHTa. B pe3ynbpraTte NpoBeleHHbIX MUCCIeSOBaHIi ONpeneneHo
BJIMSTHME KOHCTPYKTMBHBIX ITOKa3aTelell Ha IepeaaBaeMblii KPYTSIMii MOMEHT MYQTbI YIIPYTOil MabIlieBO
C 9JIACTUYHBIM 3JIEMEHTOM JAVICKOBOTO THIIA. IIpe/iyioskeH TUITIOpa3MePHBIi psifi MydT C ONpeIe/IeHHbIMY KOH-
CTPYKTUMBHO-TEXHOJIOTMYECKMMMU [TapaMeTPaMu.

KnioueBble cnoBa

MexaHMYeckoe 060pyJoBaHKe; IMHAMMUYECKME HAarpy3Ku; My(ToBOe coeHeHe, METOAMKA pacyeTa, Mojie-
JVPOBaHMe; METOH, KOHEUHBIX 3JIeMEHTOB

Ansa ymTupoBaHms

Menexkuk P. C., Bracenko [I. A. MopenupoBaHue HAarpy3ku ¥ 0OOCHOBaHME KOHCTPYKTMBHBIX Tapame-

TPOB YIIPYTOil MANbIIeBOI My(THI C MACTUYHBIM IEMEHTOM JUCKOBOTO TUTA. [0pHble HAYKU U MeXHOI02UU.
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Research article

Load simulation and substantiation of design values
of a pin flexible coupling with a flexible disk-type element

R. S. Melezhik <, D. A. Vlasenko
Donbas State Technical University, Alchevsk, Ukraine
DA ruslan.melezhik@gmail.com

Abstract

In the process of operation of present-day mechanical equipment, dynamic loads arise, leading to the failure
of parts, assemblies and mechanisms and, thus, reducing the equipment life time and operational reliability.
A method has been developed for calculating the design and technological values of a pin flexible coupling
with a flexible disk-type element, using the method of central compositional rotatable uniform planning of the
second order and the finite-element method for calculating stresses using a computer-aided design system.
The analytical dependence of the torque on the PCD (pin (centers of holes for pin) circle diameter) and the
width of the flexible element with certain physical and mechanical properties was substantiated, on the basis
of which the formula for the total width of the flexible disk-type element was obtained, taking into account
the value of the required torque and the given PCD. In order to check the obtained dependence of the nominal

© Menexuk P. C., BnaceHko [. A., 2021

128


https://mst.misis.ru/
https://doi.org/10.17073/2500-0632-2021-2-128-135
https://www.scopus.com/authid/detail.uri?authorId=57211713792
mailto:ruslan.melezhik@gmail.com
https://doi.org/10.17073/2500-0632-2021-2-128-135
https://www.scopus.com/authid/detail.uri?authorId=57211713792
mailto:ruslan.melezhik@gmail.com

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJ1I0N'MA
2021;6(2):128-135

elSSN 2500-0632

https://mst.misis.ru/

Melezhik R. S, Vlasenko D. A. Load simulation and substantiation of design values of a pin flexible coupling...

torque, an additional study of couplings with the given PCD was carried out at different total width of the
flexible element. The implemented research allowed determining the influence of the design characteristic
values on the transmitted torque of a pin flexible coupling with a flexible disk-type element. A standard-size
range of couplings with certain design and technological values has been proposed.
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BeBepeHue

B mporecce paboThl MeXaHMUECKOTO 060pymoBa-
HMSI BO3HUKAIOT AMHAMMYECKMe Harpy3Ku, HeraTMBHO
BIMSIONIME HA ero SKCIUTyaTallMOHHbIe oKasaTenu [1].
OTU HaArpysku 3apoXKOAloTCs IOJ [elicTBMeM HeypaB-
HOBEILeHHbBIX CMJI ¥ MOMEHTOB, BOSHMUKAIOUIMX IIPU He-
YCTaHOBMBIIIEMCS ABMKEHUM MacC, a Takke B MalllMHax
C BpalllalONIMMUCS YaCTIMU U KPUBOIIUITHO-IIATYHHBbI-
MU MexaHu3MaMi [2]. IuHamMudeckye Harpy3Ku IIPpUBO-
IST K BBIXOLY M3 CTPOS LeTallell, y3JI0B ¥ MeXaHU3MOB,
IIPY 9TOM CHMIKAIOTCSI LOATOBEYHOCTb M IKCIUTyaTaly-
OHHas HaJle’)XHOCTb MallMHBI [1, 3]. laHHbIe HarpysKku
BO3HMKAIOT NPy paboTe 3HAUUTENbHON YaCTU COBpe-
MEHHOIro 060opyaoBaHMs, paboTa KOTOPOro obecrieum-
BaeT QYHKIMOHMPOBAHME TEXHOTOTMYECKUX TTPOI[ECCOB
[4, 5]. Heo6XoaMMO OTMETUTD, UTO OT XapaKTepa JuHa-
MMUUYECKMX HArPy30K B 3HAUMTENbHON CTEIeHU 3aBUCSIT
TaKkue MoKa3aTeau Kak MPOU3BOAUTENBHOCTb 060pyI0-
BaHMS M KaueCTBO BBIITYCKAeMOTO C €ro MOMOUIbI0 MIPO-
nykuuu [1, 6, 7].

s GpakuMOHHON MOATOTOBKY PA3MIMUYHBIX MaTe-
pMaJIOB IIMPOKOE pacpoCTpaHeHNe MOTYIMUIIN BaTKOBbIe
npobuky [8—10]. B armomepanoHHbBIX I[eXax MeTaJLTyp-
IMYeCKUX MPeATIpUsITUAIL [J1s1 MU3MeTbueHMsI TBePOoro TO-
IUIBA 3a4acTyl0 MCIOIb3YIOTCS YeThIPeXBaJIKOBbIE JIPO-
6uky 4T 900x700! [11]. IX [OCTOMHCTBAMM SIBIISIIOTCST
JIOCTaTOYHO BBICOKAsI OMHOPOLHOCTh (DPaKI[MOHHOIO CO-
CTaBa rOTOBOTO IPOLYKTa, OTHOCUTEIbHAS TPOCTOTA KOH-
CTPYKUMM U TEXHUUECKOTo oOcaykuBaHus. OgHAKO Of-
HVM U3 IJIABHBIX HEIOCTATKOB 3TUX APOOVIIbHBIX MAIIH
SIBJISIETCST OBICTPBIN BBIXOJ, M3 CTPOST SJIEMEHTOB MPUBO/IA
13-3a IMHaAMMUUECKMX HAarpy30K, BOSHMUKAIOIIMUX TIPU pas-
PYIIeHMM MaTepuasga MeXIy paboumMy TOBEPXHOCTSIMU
BasKOB [12, 13]. 3y6uaTsie My(TbI, 3a4aCTyI0 TPUMeEHSIe-
Mble B IIPUBOJIE TAKOTO TUIIA IPOOUIIOK, He 06/1aIaloT Cy-
[IeCTBEHHBIMU TeMII(PUPYIOIUMIU CBOCTBAMY U IIIIOXO
MePeHOCST yoapHO-TlepeMeHHble Harpy3Ku, BCIEeCTBHUE
Yyero MMerT HeOOJIbINON CPOK CTYKOBI.

C y4eTOM BBIIIECKA3aHHOTO BO3HMKAET HEOOXOMM-
MOCTb B TIOMCKEe pellleHuii, CBSI3aHHbBIX C yBeJlMUeHeM
CpoKa CIY>KObI 9JIEMEHTOB IPMBOAA M CHIDKEHMEM He-
TaTUMBHOTO BJIMSIHUSI IMHAMMUECKMX HArpy30K Ha 0060-
pynoBaHue. OOHMUM U3 TaKUX PelleHUii SIBJISeTCS MpU-
MeHeHMe KOMITEHCUPYIOIIMX MY(dT pasauyHOTO THIIA.

! TocymapctBenHbiit crangapt CCCP. T'OCT 18266-72.
IOpoOuikM BaJKOBble C PUMIEHBIMM U TIJIAAKUMM BajIKaMMA.
OdunnanbHoe usganue. M.: 3gaTenbCTBO CTaHAAPTOB; 1974.

IaxHble MyQThI CITOCOOHBI HE TOJIHKO KOMITIEHCHMPOBATD
paguaabHble U YIIIOBbIe CMEIIeHMST, HO U JeMII(hupoBaTh
yIapHble Harpy3Ku, BO3SHUKAMIIME B MpoIecce paboTsl
060pyIOBaHMSI.

Ha cerogHsuiHmit 1eHb CyNIECTBYET OOJbIIOE KO-
YeCTBO pasHOBUIHOCTEN My(T, OHAKO AJISI TPUMEHEHMS
B BAJIKOBBIX APOOWIKAX CJIEAyeT YUYUTHIBATh HEKOTOPBIE
MX SKCIUTyaTallMOHHbIE OcoOGeHHOCTH. Tak, TopoobGpas-
Hble MY(DThI’ UMEIOT CPaBHUTEIBHO OOJIbINNE AeMIIPUPY-
IOIIJe CBOMCTBA, HO M3-3a 3HAUUTEIbHBIX AMaMEeTPalb-
HBIX Pa3sMepoB UX IIPUMMEHEeHMe B UeThIPeXBaTKOBBIX
IPOOMIKaX HEBO3MOXKHO 0€e3 CyIeCTBEHHBIX M3MEHEeHU
B KOHCTPYKIMM TpuBoAa ¥ (yHOaMeHTa IPOOWMIbHOM
MalMHbl. JlerectkoBble My(ThI® IO3BOJISIIOT paboTaTh
¢ 6OoBIIMMM BUOPAIMOHHBIMY ¥ YAAPHBIMM Harpyska-
MM, HO BO3HMKAIOIIIMe IIpU 3TOM OOPBIBBI U OCIa0IeHMS
KpeIuIeHuit JIeTleCTKOB OYyIyT HEraTUBHO CKa3bIBAThHCS Ha
9KCIUTyaTallIOHHON HaJEeKHOCTU OpoOwiku. Biaromaps
OTHOCUTEJIbHOI MPOCTOTE KOHCTPYKIMU U YIOOCTBY 3a-
MEHBI YIIPYTUX 9JIEMEHTOB BTY/JIOUHO- [TaJIbI[€BbIe My(DThI*
cTany ObI aJIbTEPHATUBON 3yb6uaThiM MydTaM, HO YIIpy-
TVie 3JIeMEeHTbI OTHOCUTETbHO MaJIO¥ TOMIIMHBI HE CMOTYT
B ITOJTHO CTEITIeHM KOMIIEHCHPOBATh YIapHbIe HATPY3KHA,
BO3HMKAIOIIVeE TIpu ApobieHnn. MydTsI C YIIPYTOii 3Be3-
JIOYKOI® peliko MPUMEHSIIOTCSI B IPOOMIIBHOM 060pyI0-
BaHUM ¥3-3a OTHOCUTEIIBHO MAajblX KOMIIEHCUPYIOIINX
criocobHocTel. [IprMeHeHMe EeMHbIX MyPT® B YCIOBUSIX
arJioMepalMOHHOTO TPOU3BOACTBA Hellelecoo6pasHo,
TaK KaK MX OT/Ie/IbHbIE 3JIEMEHTHI OYIyT ITOIBEP>KEHbI BbI-
COKOMY M3HOCY M3-3a arpeCcCUBHOI CPeIbl.

B cBSI3u C BbIleNIepeuncIeHHBIM TIpe/IIaraeTcs uc-
M0JIb30BaTh MY(TY IMaJbLIEBYI0 C 3JIACTUYHBIM 3JIeMeH-

2 TocymapcrBenHbiit cranmapt CCCP. TOCT 20884-82.
MydTsl yripyrie ¢ Topoo6pasHoii 060m0uKkoit. OduimanbHoe
usnanue. M.: Mi3maTenbcTBO cTaHmapToB; 1985.

5 TocynmapcrBenHsiit crangapt CCCP. TOCT 95.10000-83.
Mydrs! yripyrue enectkoBbie. OduimanbHoe nsganue. M. : 13-
JlaTesbCTBO CTaHIapToB; 1991.

4 TocypmapctBenHslit crangapr CCCP. TOCT 21424-93.
MydTbl yrpyrue BTYJIOUYHO-TIadbIleBble. OdulianabHOe U3Ia-
Hue. M.: V3gaTenbCcTBO CTaHAapTOB; 1996.

5 TocymapcrBenHbiit crangmapt CCCP. TOCT 14084-76.
MydTsl yrpyrue co 3Be3noukoi. OdunmansHoe nsmanue. M.:
Vi3maTenbCcTBO cTaHmapToB; 1985.

¢ TocymapcTBeHHbIi cTtaHmapT Poccuiickoit @epepaliinmn.
T'OCT 20742-93. Mydts! nernHble. OdurmanbHoe usmanue. M.:
N3paTenbCcTBO CTaHAAPTOB; 1996.
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TOM JIMCKOBOTO TUIA’, U3TOTOBAEHHBIM U3 Pe3UHOKOPZ-
HOTO MaTepuasa, B KOTOPOM KOpIHbIe OVUCKY YepelyIoTCs
C pe3uHOBBIMU (pUC. 1).

WVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV A AVAVAVAVAVAVAN

XX 0 D X 0 XX 00 X D X X XX X X 0O 0 00 o XX >0 X X
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AN AV AV AV A AN AN AN AN AN AN AN AN AN AN s A AN AN AN AN AN AN AN ANAA

Puc. 1 Pe3HOKOpAHBI MaTepuail:
1 - pe3uHa; 2 — KOpiHasl TKaHb

Fig. 1. Rubber-cord material:
1 - rubber; 2 - cord fabric

IIOCTOMHCTBOM JAaHHO¥ MYQTHI SIBJISETCS Tepegaya
CPaBHUTEIBHO GOJBIINX KPYTSIINX MOMEHTOB C BO3MOXK-
HOCTbI0 3((PEKTMBHO KOMIIEHCMPOBATH 3HAUUTE/IbHbBIE
yIOapHble Harpy3Ku, BO3HMUKAIOIME B Pe3y/IbTaTe paboThl
Ipobuaku. emIidupyioiiye CBOCTBA AAHHONW MYy(ThI
BbIIIE, YEM y 3yOUaTOii, BTYJIOUHO-TIAJIbIIEBOI MM MY-
ThI C YIIPYTro¥ 3Be340ukoii. [Ipy 3TOM 3HaueHue repena-
BAeMOro KPyTSIIero MOMeHTa Ha IMOPSIIOK OOJIbIie, YemM
Y TOPOO6GPa3HbIX, JIETIECTKOBBIX U IIEITHBIX MY(QT.

B Hacrosiee Bpemst TUIopasMep MyQThI oIpefe-
JISIeTCS. Ha OCHOBAHUM TTPOVU3BOJCTBEHHOTO OTIBITA JKC-
rIyatanyuy 060pyJoBaHUs METOAOM Mpo6 U OMMOOK,
TaK KaK He CYIIeCcTByeT pa3paboTaHHO MEeTOOMKM, 0-
3BOJISIIONIEI PACCUMUTHIBATh KOHCTPYKTUBHO-TEXHOJIO-
rmyeckye rmapaMeTpbl MCXOAS U3 3aJaHHON BEeIVMYMHBI
repenaBaeMoro KpyTsIIero MOMeHTa. ITO 00CTOSTeNb-
CTBO OTPaHMYMBAET BO3MOKHOCTD ITPUMEHEHUST JaHHO-
ro Tura MyQT, Tak Kak Mpolleaypa BHeAPeHNs Tpejia-
raeMoit MyQdThl B KaXkj0e HOBOe 000pya0oBaHle 3aliMeT
3HAUYMTEIbHOE BpeMs Jjisl HapaboTKu MHMOpManum, He-
06X0IVIMO IJI1 HaXOKAEHUS TOAXOMSIINX KOHCTPYK-
TUBHO-TEXHOJIOTMUECKMX TIapaMeTpoB, a Takxke Gymer
CBSI3aHA C HeM30eKHBIM BO3HMKHOBEHMEM aBapUITHBIX
CUTyalMit U yBelMUYeHMEeM BpeMeHU IPOCTOEB HA TeX-
HUYecKoe 06CTyKMBaHMeE.

3apgauu uccnepgoBaHui

3amavyamy JAHHOIO MCCIeLOBAHMS SIBJISIIOTCS paspa-
60TKa METOIMKM pacueTa MydThI MaIbI[€BOI C /MACTUU-
HBIM 3JIEMEHTOM JMCKOBOTO TMUIIA Ha OCHOBAaHMUM MHOIO-
(akTopHOro MCcIemOBaHMS C MCIIOAb30BAHMEM MeTOma
KOHEUYHBIX 3JIEMEHTOB, a TaKke 000CHOBaHME TUIIOPa3-
MepHOro psga MyQT C IpeajiaraeMbIMy KOHCTPYKTUB-
HO-TEeXHOJIOTMYECKMMU TTapaMeTPaMIt.

MeTogonorus uccnegoBaHui
MaTreMaTtuuyeckuii amnnapar Ojas aHaJIUTUUECKOTO
pacuera 3JIaCTMYHBIX MY(PT B JTOCTATOYHOIN Mepe CJIOXK-
HbI. DacKy U CKPYTJIeHUSI, IITTOHOYHbIE 1a3bl, OTBEPCTUS
10T, TTaJTbIIbI, IIOCAOYHbIE MeCTa 10/l BaJIbl, IPMMEHEeHIe
pa3IMYHbBIX MaTepUasaoB AJisl TTOMyMyPT U YIIPYTUX 37e-
MEHTOB, a TakKke BO3HMKaIOIMie KOHTAaKTHbIe HaIlpsike-

7 TocymapcTBeHHbI cTaHmapT Poccuiickoit ®enepanyn.
T'OCT 26455-97. MydTbI AMcKOBbIe MomykecTKue. Oduimanb-
Hoe usnaHue. M.: Mi3gatenbcTBoO craHaaptos; 2001.
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HUSI M CJIOKHAST B3aMMOCBSI3b JIEMEHTOB My(TbI — 3Ha-
YUTENBHO YCYTYOISIIOT M 6e3 TOro 3aTpyoHUTENbHbIE
pacyeTsl.

B cBSI3U ¢ 9TUM [JIST MOAEIMPOBAHUST YCIOBUIT Ha-
Ipy’keHUsT ¥ O0OOCHOBAHUS KOHCTPYKTUBHO-TEXHOIOTU-
YeCKMX IapaMeTpOB MajblleBOi MY(MThI C 3/MaCTUYHBIM
3JIEMEHTOM [VMCKOBOTO TUIIA B JTaHHOW paboTe MCIOIb-
30BajICSI KOHEUHO-3JIEMEHTHbBIVI METOJN pacyeTa Harmps-
KeHUIT € TIpMMeHEeHMeM IPOTPaMMHOTO KOMILIeKca
SolidWorks [14-16].

Inst 0OGOCHOBaHMSI aHAIUTUYECKON 3aBUCUMOCTU
OBLIIO UCTIONMbH30BAHO IBYX(haKTOpHOE MCCIefoBaHMe, TT0-
3BOJISTIONIEE OTIPEIETIUTD BJIMSHME KaKA0T0 (haKTopa B 13-
MEeHSIIOIIMXCS YCIOBMSIX HA OCHOBAHUY METOHa KOHEUHBIX
3JIEMEHTOB ¥ CIIPOTHO3MPOBAThH ITOBEJ€HIE MOZIENN B pe-
aJIbHO Cpejie ITyTeM BUPTYaIbHOTO MCITbITAHNS.

ViccnemoBaHysl HaTrpy>keHUsT MyGTbl OCHOBBIBAINCH
Ha METOJle C UCIIOIb30BAaHMEM IIEHTPATbHOTO KOMIIO-
3UIIMOHHOTO pPOTAaTabeNnbHOro YHUGMOPMIUIAHUPOBAHUS
BTOpOoro mnopsuka [17]. Ilpu mpoBemeHUM WUCIIBITAHUI,
HeOOXOMMMBbIX IJIsl OTIpee/IeHNsT UMC/IEHHbIX 3HAUeHU
KO3 dUIIMEHTOB perpeccui, B KaUueCcTBe OCHOBHBIX He-
3aBUCUMbBIX (PAKTOPOB, OMPEEeSIONX OCHOBHbBIE KOH-
CTPYKTMBHbBIE ITapaMeTpbl MydTbI, BBIOMpaIUCh (Tabim. 1):

— IMaMeTp OKPYKHOCTM pacCIIOIOKEHUSI IIEeHTPOB
nanbleB (MyQTsl) D;

— CyMMapHasl IIMpyHa 3JaCTUYHOTO 3JIEMeHTa JINC-
KOBOTrO TuIa B.

Tabnauma 1/ Table 1
HuTepBasibl BapbupoBaHus GakTopoB
IJIs1 Mogenu MmydThl

Intervals of variation of factors for the coupling model

VpoBHU U MHT;];)::?:)‘I;L l;apr/IpOBaHI/ISI |
OCHOBHOJ1 YpOBeHb, X; = 0 0,395 0,056
WHuTepBan BappupoBaHus, [ 0,110 0,020
BepxH1it ypoBeHb, x; = +1 0,505 0,076
HuskHMi1 ypoBeHs, x; = —1 0,285 0,036
BepxHsist 3Be3HAas TOUKa, x; = +1,414 0,550 0,084
HuskHsg 3Be3gHas Touka, x; = —1,414 0,240 0,028

IJis1 IpoBeIeHMsI UCIIbITAHUI psima My(T MCIIOIb30-
BAINChH CJefyollye KOHCTPYKTUBHO-TEXHOJIOTHUYeCKe
rmapaMeTpbl 3JaCTUYHBIX 3J€MEHTOB [MCKOBOTO THIIA
(Tabm. 2).

Ta6muua 2 / Table 2
KoHCTpyKTUBHbIE TAapaMeTPhI
371aCTUYHOrO 3jIeMeHTa MydT

Design values of the coupling flexible element

Hapysxubiit nyiameTp
YIIPYTOro 371eMeHTa, M

JuameTp OKpYsKHO-

CTV PACIIONOKEHIST | 1y | 940 0,285 | 0,395 | 0,505 | 0,550
ILIEHTPOB ITaJIbIIEB
(mydThI), M
IuameTp OTBepCTUI d
MO, TaJIbIbI, M
KonnuectBo oTBep-
CTI/II7[ I104 IMaJblibl, IIT.

D, | 0,320 | 0,365 | 0,506 | 0,647 | 0,700

0,037 | 0,042 | 0,058 | 0,075 | 0,081

n 6 6 8 8 8
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Puc. 2 Mogesnb uccienyemoii MyQThl:
1 — 371aCTUYHBIN 971eMeHT; 2, 3 — monymydTa; 4 — Mmaablibl;
a - 3D-mopenb MydThl; 6 — 3D-Mo/esb My(ThI C HAJIOKEHHO CETKO 1 KPYTSIIUM MOMEHTOM

Fig. 2. Model of the investigated coupling:
1 - flexible element; 2, 3 - half-coupling; 4 - pins;
a - 3D coupling model; b— 3D-model of the coupling with superimposed “network” and torque

ONaCTUYHBIN 3J€MEHT COCTOUT U3 HECKOJbKUX ue-
PenyIONIMXCST Pe3UHOBBIX OOKIAIHBIX OUCKOB TOMIIMHOM
3,5 MM ¥ KOPIOTKaHEBbIX IYICKOB TOJIIMHOI 7 MM CO Cjie-
IYIOMMU GU3UKO-MeXaHNIeCKMMM XapaKTepUCTUKaMM®

— KOpAHasl TKaHb: Moaynb ynpyroctu 2 - 107 [1a; xo-
addunment Ilyaccona 0,1; momynab casura 285 - 10° Ila;
npezen MpoyHoCcTy Ha pacTsokenue 200 - 106 I1a;

— pe3uHa: Mogyib yripyroctu 5 - 100 I1a; koadpuiim-
eHT Ilyaccona 0,5; momynb caBura 0,6 - 10° I1a; mpemen
IMPOYHOCTY Ha pacTsikeHue 25 - 100 ITa.

B mpoliecce MomenpoBaHus B 3aBUCUMOCTHU OT TH-
ropasmepa MydTbl HATPYKaJIMUCh KPYTSIIMM MOMEHTOM
B npepnenax 4...107 kHwm. [Ipu 3TOM B mpoliecce aHanmu3a
MOTyYeHHBIX Pe3y/bTaTOB BO3HUKAIOIIME B Telax MOIy-
My®dT ¥ TIanblieB HATIPSDKEHMS He MPUHUMAaIUCh BO BHU-
MaHMe, MTOCKOJIbKY OHM He SIBJISIIOTCS 11eJ1b10 JAHHOTO UC-
CJ1eloBaHMsI, TakK Kak JeMI(UpPOBaHMe OCYIIeCTBIISIETCS
HeIoCPeICTBEHHO 37IaCTUYHBIM 3JIEMEHTOM.

Ha nmepBoM 3Tame co3faBajnch TBEPAOTeNbHbIE MO-
nemvt Myt (puc. 2, a) TUIIOpasMepHOTO Psifa C MIUPUHOT
U OMaMeTpPOM YIIPYTMX 3JeMEeHTOB COINIaCHO MaTpuile
IJIaHMPOBaHMUS (CM. Tabm. 1). 3aTeM OBLIO BBITIOTHEHO
pasnaeneHyue MOAeNM Ha OVCKpPeTHbIe CBSI3aHHbIE MEeXIY
co60i1 371eMeHThI (Ha/lIOKeHMe «CeTKMU») C OCYIIeCTBJIe-
HMEeM KpeIIeHUt U MPUI0KeHeM KpYTSIIero MoMeHTa
(puc. 2, 6).

[lpy MonenuMpoBaHMUM HArpyskeHUsI OfHA U3 TIOJY-
MydT KeCTKO 3aKpeIieHa, BTOPOii 3a/iaHa OJlHA CTeleHb
CcBOOOABI — BO3MOXKHOCTh BpallleHUsI BOKPYT CBOEI OCu
cuMMeTpun. 111 MoJenpoBaHyst 6bIIO BBIOPAHO HeTu-

8 TocymapcrBenHblii crangapt CCCP. TOCT 20-85. JIeHTbI
KOHBeliepHble pe3yHOTKaHeBble. M.: M3maTenbCcTBO CTaHOap-
TOB; 1985.
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HelfHOe CTaTuYecKoe MCCaeoBaHKe C yIeTOM fapaMeTpa
60sbII0M JedopMalMy U UCIIOIb30BaHMS COBMECTHOI
CeTKM C TUIIOM KOHTaKTa «CBSI3aHHbIE».
MakcuManbHbIl KPYTSIIWI MOMEHT, pUIaraeMbli
K MydTe C BO3MOXHOCTBIO BpallleHus] BOKPYT CBOEi ocH,
OTIpeeNsIICSI U3 YCJIOBUSI, TIPU KOTOPOM CpeIHSISI BeJINUM -
Ha HaTpPsDKeHUI, BOSHMKAIOUIMX B 37IaCTUYHOM 3JIEMEHTE
(puc. 3), He TpeBbIllIaIa 3HAUEHNI, TIPU KOTOPBIX IIPOUC-
XOAUT paspylieHre KOPAOBO TKAaHU C YUYEeTOM 3a0kKeH-
Horo KosgduinenTa 3amnaca mpounoctu (k; = 5).
von Mises (N/mm*2 (MPa))
122.5
112.3
+102.1
-91.9
-81.7
-71.5

Puc. 3. dmiopa 5KBMBaJIEHTHBIX HAIPSKeHUIA
3JIACTUYHOTO 37IeMeHTA C AYaMeTPOM OKPY>KHOCTHU
PAacITONOKeHNUS LIEHTPOB MajnblieB (MydTbi) 0,550 M

Fig. 3. Diagram of equivalent stresses of the flexible
element with the PCD of 0.550 m
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Ha cnenytomniem srarie BBINOMHSUIOCHh OMpenesieHne
KpYTSIIero MOMEHTa, OTBEeUalollero BBIIIeONMCAHHBIM
TpeOGOBaHUSIM, IJIT MY(PThI C MUHUMMAJIBHO AOMYCTUMOI
IIMPUHON IIAaCTUYHOIO d7eMeHTa. B pmanbHeiiniem Ipu
MOJIeIMPOBaHNM IIMpPUHA JIACTUUHOTO 3jIeMeHTa I103-
TalHO YBeIMYMBAIACh Y KPYTSIIUA MOMEHT OTpeensii-
cs1 cHOBA. B pe3ynbraTe OBLIM TOMYYEHBbI 3aBUCUMOCTY
3HAUEHMII HAIpPsDKeHUM, BO3HMKAIOIIMX Ha KaXKIOM U3
YIIPYTUX 37IeMEeHTOB B 30He KOHTAKTa C MajbliaMyu MyQdT
C pa3IMYHON KUPUHON TACTUYHOTO 37IeMeHTa, JIJIS KaK-
IIOTO TUIopasMepa MydT (cM. TabI. 2).

Pe3ynbTaTbl ucCcnepoBaHU
V3 aHa/MM3a MOTyYeHHbBIX JAaHHBIX ObUIN OMpeeIeHbI
3HAUEeHMSI MaKCMMAaJIbHBIX KPYTSIIMX MOMEHTOB, ITepeia-
BaeMbIX My(QTOI OTIpefeIeHHOro TUuIopasmepa (taoi. 3),
COIVIACHO TJIaHY LIeHTPaJIbHOTO KOMITO3UI[MOHHOTO pOTa-
TabeabHOro YHU(MOPM-IUIaHUPOBAHMS BTOPOT'O MOPSIKA.

Ta6muua 3/ Table 3
IlepepaBaeMblii KPYTSAIIUIA MOMEHT
Transmitted torque

3HaueHNe MaKCMMa/IbHOTO KpyTALIero
MOMEHTa

Ne 112 3] 4|5|6|7]| 8 9-13
MomeHT, KHM 11 54| 9 | 87| 7 |103| 34 | 40 | 39

IMTapameTp

B xozme 06paboTK JaHHbIX MOTyYeHbl KO3QGULIEH-
ThI pETPeCccum, TPy 3TOM 3HaUeHMst KpuTepust CThIogeHTa
YKa3bIBAIOT HA TO, UTO BCE 3TU KOIDPUIIVEHTHI SIBJISTFOTCS
3HAUYMMbBIMMU.

:E =
z T 12 ;
EE
£ 210 I~
- ~
§ a§ \
= 8 4
: 1 S
] E—
X / \\
4
2
0,014 0,042 0,070 0,098

CyMmapHas mupuHa
371aCTUYHOTO 3/IeMeHTa, M

a
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HOJ'IY‘-IEHHHH B KOOOBOM BHIIE 3aBUCUMMOCTDb beHK-
Iy OTKJIMKOB IJISI OIIpene/IeHNMs IepeagaBaemMoro KpyTs-
11ero MOMeHTa MMeeT BU X

M =3,222-10* - x, +4,815-10° - x, +
+6,435-10° - X7 +2,6-10° - x2 + )
+8,743-10° - x, - x, +3,901-10".

B HaTypasbHOM BlM/Ie 3aBUCUMOCTDb QYHKIINIT OTKITM-
KOB JJis1 ompeJie/ieHUs] mepefaBaeMoro KpyTsero Mo-
MEHTAa BBINISAUT CJIEOYIONIIM 06pa3oM:

M =4,029-10°-B-D-6,6327-10°- B2 —
—6,0542-10°-B+5,3569-10° - D? —
~3,5485-10° - D+6,1175-10*. @

Ha ocHoBaHNMM aHanu3a pesyabTaToOB MUCCIeLOBaHUN
BJIMSTHUSI IIMPUHBI HA HECYIIYIO CITOCOOHOCTh MY(THI T10-
Jy4deHbI rpadyKM 3aBUCUMOCTE MaKCUMaIbHO JOTYCTH-
MOTO KPYTSILIEero MOMeHTa OT IIMPUHBI ITaKeTa 371acTh4d-
HBIX 3JIEMEHTOB (pUC. 4).

W3 rpadukoB (cM. puc. 4) BUOHO, YTO BeJIMUMHA
MaKCUMaJIbHO JOMYCTUMOTO KPYTSIEro MOMEHTa BO3-
pacTaer ¢ yBeauueHueM IVPUHbBL 3JIACTUYHOTO 3JIeMeH-
Ta IO OMpEEeIeHHOTO 3HAUEHMsI, a 3aTeM HabIIoaeTcst
Craji, BO3HMKAIOLINIA BCAECTBME UCIIONIb30BAHUS TTaJlb-
1IeB OOJbIIIelt IJIMHbBI, KOTOPbIE CYIIeCTBEHHO MOBBIIIAIOT
nedopMalio ynpyrux 3J1eMeHTOB B 30He KOHTaKTa, TeM
CaMbIM Pe3KO YBEeJIMUMBAs HATIPSDKEHMSI B TeslaX YIIPyTrUx
971IeMEHTOB.

:§ % P e
T % 100 /5
§ p.

KPYTSILMI MOMEHT
~3
o

40 — —
” / \

10
0,014

0,042 0,070 0,098 0,126

CymMmapHas mpuHa
9JIaCTUYHOTO 3JIeMeHTa, M

0

Puc. 4. Tpaduky 3aBUCUMOCTEl MaKCUMaJIbHOTO KPYTSIIET0 MOMEHTA OT MIMPWHBI 3/ITACTUYHOTO 3JIeMeHTa My(ThI:
1 - ¢ pyaMeTPOM OKPY>KHOCTHM PacCIioNokKeHMsI LIeHTPOB naiblieB (MydTs) 0,240 M; 2 — ¢ [UaMeTPOM OKPY>KHOCTM PACIIONIOKeHNST
LIeHTPOB nasbleB (MydTs) 0,285 M; 3 - ¢ AMaMeTPOM OKPY>KHOCTHU PaCIIONokKeHMsI LIeHTPOB nanblieB (MydTsi) 0,395 m;
4 - ¢ gMaMeTPOM OKPY>KHOCTHM PacCIIONokKeHUsI LIeHTPOB nablieB (MydTsi) 0,505 M; 5 — ¢ IUaMeTpOM OKPY>KHOCTM PACIIONIOKEHNST
LIEeHTPOB MasblieB (MydTsi) 0,550 M;
a — MyQTbI C IMaMETPOM OKPYKHOCTY PACIIOIOKEHMS IIEHTPOB nanblieB (MydTsi) 0,240, 0,285 M; 6 — MyQThI C AMAMETPOM
OKPY>KHOCTM PacIoJIoKeHMs LIeHTPOB najbiieB (MydTsr) 0,395, 0,505, 0,550 m

Fig. 4. Graph of the maximum torque as a function of the coupling flexible element width:
1 — with the PCD of 0.240 m; 2 — with the PCD of 0.285 m; 3 — with the PCD of 0.395 m;
4 — with the PCD of 0.505 m; 5 — with the PCD of 0.550 m
a - couplings with the PCD values of 0.240, 0.285 m; b — couplings with the PCD values of 0.395, 0.505, 0.550 m
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Ha ocHoBaHuu dhopmyiibl (2) ToiydeHa 3aBUCUMOCTh
CyMMAapHO¥ MWPUHBI 3TaCTUYHOTO 3JIeMeHTa AUCKOBOTO
TUIIA [IJIS1 TIepegauy TpebyeMoro KpyTIiero MoMeHTa OT
OIpefle/IeHHOI0 yaMeTpa OKPYKHOCTU PacCIIONOKeHMS
LIEHTPOB IaNbIeB (My(QThI):

B=0,3039-D-0,0456-7,5415-10-8 x 3)

><\/3,0456- 10"%-D?-1,4291-10"-D-2,652-107-M+1,989-10"2.

Ha ocHoBanuu dbopmyiibl (3) monydeH rpaduk 3aBu-
CUMOCTY CyMMAapHO¥ IUPUHBI 37ITaCTUYHOTO /IeMeHTa OT
IyaMeTpa OKPYKHOCTU PACIIONIOXKEHMS LIEHTPOB IajiblieB
(My(dTBI) TIpM 3aaHHOI BEJIMUMHE KPYTSIIIEr0 MOMEHTA

(puc. 5).
0,10

0,08 A
/

0,06 >~
0,04 /,/
0

0,240

CymMmapHasi mypuHa
97ACTUYHOTO JIEMEHTA, M

0,02

0,298 0,344 0,399 0,428 0,492 0,550
IlaMeTp I1IeHTPOB OTBEPCTHI TIOA TATbIIbI, M

Puc. 5. T'paduk 3aBUCUMOCTY CyMMapHOI IIMPUHbI
JIACTUYHOTO 7IeMeHTa OT IyaMeTpa OKPY>KHOCTU
PacIoyokeHusI IIEHTPOB MaJIblieB (My(ThI) TPU 3aJaHHOI
BeJIMUMHE KPYTAIero MoOMeHTa

Fig. 5. Graph of the flexible element total width
as a function of the PCD at a given torque
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C yuyeTOM pe3yJabTaTOB UCCAEIOBAHUI MpeoKeH
TUIIOpAa3MepPHbI psa MyQT YIIPYTUX MalblleBbIX C 3/1a-
CTUYHBIM 3JIEME@HTOM AMUCKOBOTO TUMA C OCHOBHBIMU
KOHCTPYKTUBHO-TEXHOJIOTMUECKMMM TMapaMeTpamu,
MpeiCTaBJIeHHBIMU B TAOII. 4.

B ycnoBusix armomepanuMoHHOTO Iiexa Owuimana
N212 3A0 «BHemrToprcepBuc» OCHOBHBIM MaTepyUaiOM,
CAYKAIIMM [JISI M3TOTOBJIEHUST 3JaCTUUHOTO SJeMeH-
Ta, SIBJSETCS Pe3MHOTKaHeBasl TPAHCIIOPTepHasl JIeHTa,
cocTosIas M3 ABYX PE3MHOBBIX OOKIAMHBIX TOMIIMHOM
3,5 MM ¥ KOPAOTKAaHEBbIX CJIOEB TOIIINVHOI 7 MM (00111ast
mmpuHa — 14 Mm), BCJIeACTBME Yero MMPUHA 571acTUU-
HOTO 37eMeHTa JO/IKHA ObITh KpaTHOW 14. KoHCTpyk-
TUBHBIE TTapaMeTPbl My(ThI, C YY€TOM BBIIIECKA3aHHO-
ro, IpUBeeHbl B Tab. 5.

3aknoyeHue

Ha ocHOBaHMM LIEHTPaAbHOTO KOMIIO3UIIMOHHOTO
poraTtabebHOr0 YHUGOPMILJIAHUPOBAHMSI BTOPOTO I10-
psiiKa ¥ KOHEYHO-3/IeMeHTHOTI'0 MeTOZa pacyeTa Harps-
KeHUii ¢ TIpUMeHeHMeM CUCTeMbl aBTOMAaTU3UPOBAH-
HOT'O IMPOEKTUPOBaHMS paspaboTaHa MeTOAMKa pacyeTa
KOHCTPYKTUBHO-TEXHOJOTUYECKUX TTapaMeTPOB MY(TbI
YIIPYTOJi MMaabLIE€BO C 37IaCTUYHBIM 3JIEMEHTOM JIMCKO-
BOTO TUIIA.

[MonyyeHbl 3aBUCMMOCTUM KpPYTSIIETO0 MOMEHTa OT
JIyaMeTpa OKPY>KHOCTU PacIionoXKeHMsI LIEHTPOB TaJiblieB
(MyGTBI) ¥ IMMPUHBI HTACTUYHOTO 37IeMEHTa, CYMMapHO
HIMPUHBI ATACTUYHOTO 3/eMeHTa IMCKOBOTO TUIIA OT Be-
JIMYMHBI TPeGYeMOro KPYTSIIero MOMEHTa Mpy oIpeae-
JICHHOM JiiaMeTpe OKPY>KHOCTY PacIlOOKeHUS LIEHTPOB
nanableB (MyQThI).

B pesynbraTe BBISIBIEHO BAMSHME KOHCTPYKTUB-
HBIX ITOKa3aTesieil Ha MepesaBaeMblil KPYTSIIIUIA MOMEHT
My®dThI JAHHOTO TUMa. [IpeaoskeH TUIIOPa3MePHBIN Psif
My®T C OCHOBHBIMYM KOHCTPYKTUBHO-TEXHOTOTUIECKUMU
rnapamMeTpaMu.

Ta6muua 4 / Table 4

KOHCTPYKTMBHO-TEeXHOJIOTMYECKYe MapamMeTpbl My(ThI YIIPYTO¥i IaablleBOi
C JIACTUYHBIM JIEMEHTOM JVCKOBOTO THUIIA

Design and technological values of the pin flexible coupling with the flexible disk-type element

Hapy>xHblii iyaMeTp YIIpyroro 3jieMeHTa, M D, 0,320 0,380 0,440 0,500 0,560 0,630 0,700
ﬂ?jiee?&;%’i‘x’g“ PACHIONOXKEHMA LEHTPOB D 0,240 | 0298 | 0344 | 07392 | 0438 | 0492 | 0,550
JlyaMeTp OTBEPCTUIi IO, TaIbIIbl, M d 0,037 0,044 0,051 0,058 0,065 0,073 0,081
KonmuecTBO OTBepCTHIi MOA, TablIbl, IIT. n 6 6 8 8 8 8
[[lypyHa 3J1aCTUYHOTO 3JIeMeHTa™, M B 0,022 0,037 0,050 0,055 0,057 0,069 0,085
HoMMHAIBHBIA KPYTSAIIit MOMeHT, KHM M 16 25 38 53 80 117

* TIpU UCTIOJb30BaHUY B KaueCcTBe 3JaCTUYHOTO 3JIeMeHTa Pe3VHOTKaHeBO TPaHCIIOPTEPHOI JTeHThI MpUHUMaeM Givskaiiiee
6oJiblilee 3HAUEeHMe, KpaTHOE ee TOJIIIMHE (TIPY PaBHOJ TOJIIIMHE KOp/Aa ¥ Pe3MHOBBIX 00K/Ia0K).

Ta6muua 5/ Table 5
KoHCcTpyKTHBHBIE ITapamMmeTpbl My ThI
Coupling design values
Jluamerp OKPYXHOCTH PaCIOOKEHMUs 0,240 0,298 0,344 0,392 0,438 0,492 0,550
LIEHTPOB IMabiieB (MyQdThI), M
[[IrpuHa 3/1aCTUYHOTO JIeMeHTa™, M B 0,028 0,042 0,056 0,056 0,070 0,070 0,084
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B manbHelilem npeacTaBaieHHas MeTOAMKA ITO3BOIUT
000CHOBATDb MIMPOKUIL PSifi, TUTIOPA3MEPOB MY(DT YITPYTUX
MaJIbleBbIX C 7ACTUYHBIM 37IEMEHTOM OVCKOBOTO TUIIA
IJIsT KOHKPETHOTO 000pyAOBaHMs IIPU 3aJJaHHBIX YCIOBU-
sIX paboThl. MydThI JAHHOTO TUIIA TTOBBICST CPOK CITY’KOBI
JleTasieit, y3/10B ¥ MeXaHM3MOB 000pyIOBaHMS ITyTeM KOM-
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[TeHCYPOBAHMS 3HAUMTEIbHBIX YIAPHBIX HATPY30K, BO3HM-
KaIMX B Iporecce paboThl, a BOSMOXKHOCTb Tepeaaun
OTHOCUTEJIbHO OOJBIINX KPYTSIIMX MOMEHTOB TO3BOJIUAT
HaiiTH IMPOKOE IIPUMEHEHe BO BCEX OTPAC/ISIX POMBIII-
JIEHHOCTH, B YaCTHOCTH, JIJIT 000pymoBaHusi, paboTa KOTO-
POTrO COMpsKeHa C BO3HMKHOBEHMEM YIapHbIX Harpy30K.
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O60CcHOBaHME TEXHUKO-IKOHOMMYECKHUX NOoKa3aTenen
LWaXTHbIX MOHOPENbCOBDbIX JIOKOMOTUBOB

K. A. Pa6ko![<, B. O. 'yrapeBuy?
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AHHOTauunA

[IaxTHBIN TPAHCIIOPT SIBJIIETCS HEOTHEMJIEMON YacCThIO TEXHOJIOTMUYECKOTO Ipollecca MOObIYM TOe3HbIX
MCKOIaeMbIX. BBITIOTHEHHbBI aHaIM3 COBPEMEHHBIX MOHOPETbCOBBIX ABTOHOMHBIX JIOKOMOTUBOB CBU-
JIeTebCTBYET O TOM, UTO JAHHBIA B[, MOA3E€MHOIO BCIIOMOTaTeIbHOTO TPAHCIIOPTA SIBJIsSIeTCSl Hamboee
TepCIIeKTUBHBIM Ha CETOMHSIIIHUIA NeHb BBUIY psAfa MPEMMYIIECTB, KOTOPbIe OIpefe/ieHbl B JaHHOI pa-
6ore. C 1e/1bI0 OIIEHKM TEXHUKO-IKOHOMMUECKUX T0Ka3aTeseii MaxXTHbIX MOHOPEIbCOBBIX TOKOMOTUBOB
B HACTOSIIIee BpeMs MIPUMEHSIETCS DS XapaKTePUCTUK — 3aBUCUMOCTEl HECKOIBKUX MMapaMeTPOB paGoOThI
CUJIOBOY YCTAHOBKM APYT OT Apyra. Bupa XapakTepuCTUKU OMpemensieTcs 10 He3aBUCUMOI epeMeHHOI,
B KayeCcTBe KOTOPOii BBIGUPAETCS OMMH U3 IKCIUTYaTAI[MOHHBIX VIV KOHCTPYKTUBHBIX TapaMeTpoB. C IIeJbIo
060CHOBaHMS TEXHMKO-9KOHOMMUUECKUX ITOKA3aTeseii aBTOHOMHBIX HIAXTHBIX IMOABECHBIX MOHOPEIbCOBBIX
JIOKOMOTHMBOB B CTaThe MpeioskeHa B3aMOCBSI3b XapaKTEePUCTUK 060PYI0BaHNS TATOBOI SHEPTETUYECKOIA
1enu ¢ Ko3dbuIMeHTOM IMOIe3HOTO NeiCTBUSI CMI0BOI YCTAHOBKY Iy3eneBo3a. [Iis onieHKM 3¢pdheKTUBHO-
CTU 3KCIUTyaTalUY MIAXTHBIX MOHOPEJIbCOBBIX IMOABECHBIX IOKOMOTHUBOB MPEJIOKeH KOMIUIEKCHBIN TOKa-
3aTesb OIeHKM 3D (GEKTUBHOCTY Pa3TMUHBIX BUIOB TIATY — SKCILTyaTAIMOHHBIN KO3(DOUIIMEHT T0/Ie3HOT0
neiicTBus. [JaHHBIN MMOKa3aTeab YUUTHIBAET M3MeHeHMe Ko3bdUIMeHTa MOIe3HOTO AeMCTBUSI arperaTon
SHEPTreTUYEeCKOI I[eNM B 3aBUCUMOCTHM OT UX PEKUMOB paboThl. [Ipy ycTaHOBIeHUM QYHKIIMOHATbHBIX 3a-
BUCUMOCTEI M3MeHeHUsI KO3 duIeHTa Mojie3HOro NeiCTBUSI CUIOBBIX M BCIIOMOTAaTe/IbHBIX arperaToB
MOHOPEIbCOBbIX TJOKOMOTMBOB MPEAJIOKEHA TPYIITMPOBKA OCHOBHBIX TapaMeTPOB 10 ITPU3HAKaM, 3aBUCSI-
VM OT 9KOHOMMYECKMX XapaKTePUCTUK CUJIOBOI YCTAHOBKM M PEKMMOB €€ paboThl. IKCIUTyaTal[MIOHHBIA
KO3 bULIVEHT TTI07Ie3HOTO JeiiCTBYUSI IOKOMOTHMBA B 1[€JI0OM OIpeAesieTcsi Kak 9KOHOMUYECKVMMU XapaKTe-
PUCTMKAMM BCEX arperaToB ero SHepreTUYecKOoi e, TaK U PeXXKMMaMy UX paboThl.

KnioueBble cnoBa

BbIpab0TKa, MOHOPEIbCOBASI OPOTA, IMOABECHOI MM3€eIeB0O3, MOABECHON aKKyMY/ISITOPHbIN JIOKOMOTUB, TSI-
roBasi repezayva, 3MeKTPUIECKil IIPUBOJ, TEXHUKO-IKOHOMMUYECKNe TToKa3aTeny, KoaGduIeHT Moie3HOTOo
JIeIICTBYUSI, PESKVIMbI PAOOTBI

Onsa umtupoBaHus

Pa6xko K. A., I'yrapeBuu B. O. O60CcHOBaHMe TEXHMKO-IKOHOMMUYECKUX [TOKa3aTesieil MaXTHbIX MOHOPEIbCO-
BbIX JIOKOMOTUBOB. [opHbie Hayku u mexHonozuu. 2021;6(2):136-143. https://doi.org/10.17073/2500-0632-
2021-2-136-143
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Research article

Substantiation of performance indicators
of mine monorail locomotives

K. A. Ryabko![<], V. O. Gutarevich?
! Donetsk Institute of Railway Transport, Donetsk, Ukraine
2 Donetsk National Technical University, Donetsk, Ukraine
DA railroader@yandex.ru
Abstract
Mine transport is an integral part of mining process. The performed analysis of modern monorail autonomous
locomotives indicates that this type of underground auxiliary transport is the most promising today due to a

number of advantages that were identified in this study. To assess performance indicators of mine monorail
locomotives, a number of characteristics are currently used, for instance, the dependences between several
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parameters of propulsion system operation. The type of characteristic is determined by an independent variable
to be selected from the list of the operational or design parameters. To substantiate performance indicators
of autonomous mine suspended monorail locomotives, the authors proposed the relationship between the
characteristics of the traction energy chain equipment and the diesel locomotive propulsion system efficiency
factor. To assess the efficiency of mine suspended monorail locomotive operation, a composite indicator for
assessing efficiency of various types of traction was proposed: the operational efficiency factor. This indicator
takes into account varying the efficiency factor of the energy chain units depending on their operating modes.
When determining the functional dependencies of varying the efficiency factor of power and auxiliary units
of monorail locomotives, a grouping of the main parameters according to the features depending on the
economic characteristics of the propulsion system and its operating modes was proposed. The operational
efficiency factor of the locomotive as a whole is determined both by the economic characteristics of all units
of its energy chain and by the modes of their operation.

Keywords
output, monorail, suspended diesel locomotive, suspended storage-battery locomotive, tractive transmission,
electric drive, performance indicators, efficiency factor, operating modes
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BeBepeHue

[IIaXTHBIM TPAHCHOPT SIBJISIETCSI HEOTHEMJIEMOI Ya-
CTBI0O TEXHOJIOTMUECKOTO IIpoliecca MOObIUM IT0JIe3HBIX
uckornaeMbix. OCHOBHbIM BUJIOM TpaHCIIOpTa JIJis repe-
MellleHUsI BCIIOMOTaTeIbHbIX TPY30B 1 JII0eli B Ipefenax
TOPHOTO MPeNIpUITUS SIBJISeTCSI BHYTPeHHMI Moa3eM-
HbII TPAHCIIOPT. B ropu30HTaNIbHBIX BhIpabOTKAX Mpeos-
JlajaeT JOKOMOTHMBHAS TTra, 4 B HAKJIOHHBIX — KaHATHAasI,
YTO HeM36eKHO CBSI3aHO C MAaHEBPOBBIMU OIepaLVSIMU
U TpMMeHeHMeM MHOTOCTYIIeHUaTO! TeXHOJIOTUU TIie-
peMemieHusi. Ha miaxtax, MMeIOUIMX pa3BeTBJIEHHbIE
M VCKpUBJIEHHbIE BBIPaGOTKM CO 3HAKOIIepeMeHHBIM
nmpoduiaem, pabora BCIIOMOTATEJbHOIO I1OA3€MHOIO
TPaHCIIOPTa 0OCOOEHHO yCIoKHSIeTcsl. HecMoTpst Ha cpaB-
HUTEIbHO MaJblii 06beM mepeBo3oK — o 10% ot oc-
HOBHOJ IIOTPY3KM, AOCTABKA BCIIOMOTATeNbHBIX I'PY30B
W JIIOJei Ha CeromHsIIIHMI OeHb OCTAaeTCs JOCTATOUYHO
TPyJ0eMKUM TipoileccoM. OTBIT 3KCIUTyaTalMy MOIBeC-
HOTO MOHOpPEJIbCOBOTO TPAHCIOPTa CBUIETENbCTBYET
0 TEeHIEHIMSIX repexoaa K 6ecrieperpy3ouHoii TEXHOJIO-
MU TPAHCIIOPTUPOBAHUSI C MCIIOJb30BaHMEM TO/BEC-
HbIX MOHOPEIbCOBBIX IOPOT, TTO3BOJISIONINX TTIePEeBO3UTH
B IIpeneiaX MAaxTHOIO ITOJISI KPYITHOrabapuTHBIE I'PY3bI
maccovi 7o 32 T [1-3].

MoHOpe/TbCOBbI€ TPAHCIIOPTHBIE CHUCTEMBI II0 CpaB-
HEHMIO C OCTaJIbHBIMM CPeICTBaMM BCIIOMOTATEeIbHOTO
MO3eMHOT0 TPAaHCIIOpPTa O06JaJaloT PSIAOM IPeUMy-
1IEeCTB:

— BO3MOXXHOCTb TI€peBO3KM I'DYy30B B IOJBELIeHHOM
COCTOSIHUM, UTO B [TIEPBYI0 OUepeib IPMUBOIUT K CHUKEHUIO
IMOPO’KHEN MaCChl COCTaBa 1 B HEKOTOPbIX CJTyUasiX MCKITIO-
YaeT MpUMeHEeHe HeTSITOBBIX ITOABVSKHbBIX eIVHAIL;

— pabora mpu MajbIX pagnycax KpUBBIX U 3HAKOIIe-
peMeHHBIX TPObWIISIX TTyTH 10 +30° B OT/INUMe OT HaIou-
BEHHbBIX IOKOMOTMBOB;

— BO3MOXHOCTb JeMOHTa)ka ¥ MPOIJIeHUSI MOHO-
pesbca Ipy pa3paboTKe HOBBIX BhIPaOOTOK;

— COKpallleH}e KOJINYeCTB TPAHCIIOPTHBIX MHIMUIEH-
TOB, CBSI3AHHBIX CO CXO/I0M ITOJBM;KHOTO COCTaBa C PeJIbC;

— YMeHbIlIeHVie 0OBOJHEHHOCTY Y 3arpsi3HEHMSI ITYTH;

- 6oslee paiMOHAJbHOE MCIONb30BaHME MPOCTPaH-
CTBa BBIPAGOTKY 3a CUET COBMEIIEHMS TEXHOMOTUUECKIX
MPOIIECCOB TPAHCIIOPTUPOBAHMST BCIIOMOTaTeIbHbIX TPY-
30B U MOJIE3HOTO UCKOTIAEMOTO.

TIroBBIMM CPEACTBAMIU MOHOPEIbCOBOI TPAHCIIOPT-
HOJ CUCTEMBI SIBJISIIOTCSI aBTOHOMHbBIE TSITOBbIE MOZYIIH,
BXOJSIIME€ B COCTaB MOHOPEIbCOBOTO JIOKOMOTHBA. Pa3-
JIMYAIOT IBa BUIA TITM MOHOPEIbCOBBIX JIOKOMOTVBOB:
Iu3enbHast — C MMpMYMeHeHMeM MaJOTOKCUMYHbBIX A13e/Ib-
HBIX IBUTATeJIe, U SIeKTpuUecKas.

BHe 3aBMCMMOCTM OT TUIIA CMJIOBOTO arperarta BCe
MOIBECHbIE MOHOPEIbCOBbIE TOKOMOTUBBI MMEIOT 610U-
HYI0 KOHCTPYKIIMIO, COCTOSIIIYIO M3 IBYX KaOMH yIipaBjie-
HUsI, TATOBBIX YCTPOICTB, CMIIOBOTO MM aKKyMYJISTOD-
HOTO MOZY/ISI, BCIIOMOTaTeIbHbIX MO/ U TPy30BBIX
TeJIeKeK MJIM ITacCaskMpPCKUX BarOHETOK.

Ll,e.ﬂb U 3ajauvuum uccinepgoBsaHusa

Llenbio JAHHOTO MCCIIeNOBAHMS SIBJISIETCS pa3paboT-
Ka YHUBEPCATbHO METOAVKM 000CHOBAHUST TEXHUKO-3-
KOHOMMUUECKMX TOKa3aTeseli MaxXTHBIX MOHOPEeIbCOBBIX
JIOKOMOTUBOB C YYETOM UX PEKMMOB PaOOTHI.

I OOCTVOKEeHMSI TIOCTaBJAEHHON Iienu B pabore
OIpefesieHbl Caeayole 3aJaun:

— BBIIIOJIHUTh aHAJINU3 COBPEMEHHBIX MOHOpesb-
COBBIX JIOKOMOTMBOB, ONpeNenuTb UX MPEeUMYIIecTBa
M TIepCIIeKTUBBI TMPMMEHEHMSI HAa TOPHOMOOBIBAIOIINX
MIPeATpUSTUSIX;

— BBITIOJIHUTh 0630p HAYYHBIX MCCIeIOBaHUIA, I10-
CBSIIEHHBIX OOOCHOBAHMIO TEXHUKO-IKOHOMUUECKUX
ToKasaTeJsielt MaXTHbIX MOHOPEeIbCOBBIX IOKOMOTUBOB;

— UCTIONIb3YS METOIbl MaTeMaTMUeCKOTO aHasu-
3a, OCHOBaHHble Ha audQdepeHIMaTIbHOM MCUUCIEHNN,
paspaboratb 3aBucuMocTy usMeHenus: KIIJI arperatos
9HEpPreTUYeCcKOoil Lenu OU3eneB03a, a TakKe MOMyUYUThb
YHUBEPCaJIbHOE YpaBHeHMe IJ15T OTIpele/IeHNsT SKCILTyaTa-
oHHOTO KIIJI maxXTHBIX MOHOPETbCOBBIX IOKOMOTUBOB;

— Ha OCHOBAHMM TMOJIyYE€HHBIX YpaBHeEHMIT ompepe-
JINTb SKCIuTyaTaunoHHbii KT nu3eneBosa AJis ONIbITHOM
MOe3aKN.
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AHanus coBpeMeHHbIX MOHOPEIbCOBbIX
dBTOHOMHDbIX JIOKOMOTUBOB

C wmenpio ornpeneneHUs ONTUMAJbHBIX TEXHUKO-
9KOHOMMUECKMX IT0Ka3aTeseil MaxTHbIX MOHOPEeIbCOBBIX
JIOKOMOTMBOB, PaCCMOTPUM 60Jiee OAPOOHO pasInUHbIe
BUJIbI TSITU.

MOHOpPe/IbCOBBINM LIAXTHbIN MMOABECHON OU3e/IbHbIN
nokomotuB thna DLZ210F (puc. 1) gaBisieTcss aBTOHOM-
HBIM TSTOBBIM MOABVKHBIM COCTAaBOM, MpeaHa3HAUYeH-
HBIM [JISI TPAHCIIOPTUPOBKM BCIIOMOTATEIbHBIX TPY30B
WK JIIOfeli B TOPHBIX BbIPAOOTKaX M Ha MOBEPXHOCTH,
B FOPM30HTAIbHOI IVIOCKOCTY U IIPY 3HAKOIIepeMEeHHOM
npodue MOHOPEeIbCOBOTO MyTH 10 *30°.

[ITaXTHBIIT MOABECHOV MOHOPEIbCOBBIN JTOKOMOTUB
DLZ210F B kKauecTBe CMJIOBOTO arperata MMeeT 4-TaKT-
HbII1 IM3e/bHbIN IBUraTe/b MOIIHOCTbIO 142 KBT. Konn-
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YeCTBO MNPUBOIHBIX edMHUIL 4...12, MakCcMMaabHasl CKO-
pocTh 2 M/C, MaKcMMalbHOe Tsrosoe ycwnye 330 kH [4].

MoOHOPenbCOBbIN IIAaXTHBI ITOABECHOM aKKyMYyJsi-
TOPHBII IokoMOTUB Tuna DLZA9OF (puc. 2) siBnsieTcs aB-
TOHOMHBIM TSITOBBIM CPELCTBOM, TPeLHAa3HAYEHHBIM /IS
IlepeBO3KY BCIIOMOraTeIbHbIX IPY30B MJIM JIIOLEI B rop-
HBIX BbIPa6OTKAX M Ha TIOBEPXHOCTU, B TOPM30HTAIBHOM
TUIOCKOCTM ¥ TIPYM 3HaKOIlepeMeHHOM Ipoduie MOHO-
penbCcoBOTO IMyTH A0 £30°.

JIaHHBIN JIOKOMOTUB MMeEET TITOBBI 3JIeKTpude-
CKUJ TIPUBOJ, MONyYalolIuii NUTaHKe OT aKKyMYJISITOP-
HOJ 6Garapeu. DJeKTpUYecKas MOIIHOCTb JBUTATEJIeii:
8 - 7,5 xBT. KonmmuecTBO MPUBOIHBIX eIMHUIL: 4 (HA OTHOI
eIMHYLIe pPa3MellleHO 110 2 TATOBBIX 3JIeKTPUUECKUX [ BU-
rarensi). MakcumasbHasi CKOPOCTh 2 M/C. MakCcuMaabHOE
tsiroBoe ycvme 120 kH [5].

Puc. 1. ITonBecHOV MOHOPEIbCOBBIN Ay3enbHblli ToKOMOTHB Ferrit DLZ210F [4]

Fig. 1. Ferrit DLZ210F suspended monorail diesel locomotive [4]

Puc. 2. TToiBeCHOV MOHOPETbCOBBIN aKKyMYJISITOPHbIN ToKOMOTUB Ferrit DLZA9OF [5]

Fig. 2. Ferrit DLZA90F suspended monorail storage-battery locomotive [5]

138


https://mst.misis.ru/

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJ1I0N'MA
2021;6(2):136-143

BbIMMOSTHEHHDBII aHa/IM3 COBPEMEHHbBIX MOHOPEJb-
COBBIX AaBTOHOMHBIX JIOKOMOTMBOB CBUJETEIbCTBYET
0 TOM, YTO JaHHBII BUJ, I10J3€MHOI'O BCIIOMOTaTeIbHOr0
TPaHCIIOPTa SIBSIeTCST Hauboiee MepCreKTUBHBIM Ha Ce-
TOAHSIIHUI OeHb BBUIY Psifia IIPEUMYIIECTB, TAKUX KaK:

— IPaKkTU4YeCKy HeoTpaHMUYEeHHOe pacCTosIHMe Tepe-
BO3KM BCIIOMOTAaTeNbHBIX I'PY30B B IIpefenax MOHOpesb-
COBOTO TYTU IPeATIPUSITHS;

— BO3MOYKHOCTb PabOoThI B pa3BeTBIIEHHBIX BHIPAGOT-
Kax €O 3HaKollepeMeHHBbIM IpoduieM MOHOPEeIbCOBOM
noporu o +30°;

— YHUBEPCAIbHOCTb I MaHEBPEHHOCTD;

— MOBBIIIeHMe 6e30IacHOCTH paboT.

Ha ocHOBaHMM BbILIEN3/IOKEHHOTO MOXHO CIIe/IaTh
BBIBOZ, 00 aKTyaJbHOCTM 3aJauy OIpeHeeHUs OITU-
MaJbHbIX TEXHUKO-I9KOHOMUYECKUX MMoKa3aTesei Maxr-
HbIX MOHOPEIbCOBBIX TIOKOMOTHBOB.

Co3paHMIO M COBEPUIEHCTBOBAHMIO MOHOPEIbCOBBIX
TPaHCIIOPTHBIX CPELCTB IJ151 yTOIbHOM MIPOMBILITIEHHOCTA
crioco6CcTBOBa/IM paboThI psiia HAYYHO-MCCIe0BATEb-
CKMX OpraHM3alyii U NpennpusiTUil, B 4Mcie KOTOPBIX
ciemyeT OTMETUTh ['umpoyriaeropmaii, OHTMOpoyrie-
mai, HouVIU, UI'l um. A.A. CkounHckoro, MakHUU,
I'OAO HUIIKU «VYrnemexanmsauusi», OAO «JlyraHckrop-
Mair». Cpeny 3apyoesKHbIX KOMITaHWI CJIeAYET BhIIEIUTD
BECKER MINING SYSTEMS AG, BECORIT GmbH, GTA
MASCHINENSYSTEME GmbH, NEUHAUSER GmbH, SMT
SCHARF AG (Tepmanust), BEVEX-BANSKY VYSKUM spol.
s.r.0. (CnoBaxkus), Grupa FAMUR, SIGMA S.A (Ilonbiia),
FITE a.s., FERRIT s.r.0., STAVUS (Yexusi).

MeTonukM pacueTa OCHOBHBIX MapaMeTpOB U pe-
SKMMOB pabOThI MIAXTHBIX MMOJBECHBIX MOHOPEIbCOBBIX
JIOKOMOTMBOB, TPUBEIEHHbIE B HAYUHBIX IyOIMKAIIN-
SIX, He B TIOJIHOI Mepe YYUTHIBAIOT 0COGEHHOCTU IKC-
IUlyaTaluym, KOTOpble HEeNOCPeICTBEHHO BJIMSIOT Ha
TEeXHUKO-IKOHOMMYECKMEe TOKa3aTeau TITOBbIX €eIU-
Hui. O600IINTh CBEIEHUS U TATh YHUBEPCAIbHbIE pe-
KOMEHJAlUK II0 OleHKe 3(P(eKTUBHOCTU Pa3IUUHBIX
BUJIOB TSITM IIAXTHBIX MOJBECHBIX MOHOPEIbCOBbIX JIO-
KOMOTMBOB TpeACTaBAsIeTCs] 3aTPyOHUTENbHbIM. BbI-
MTOJTHEHHBIVI 0630P PacYeTHO-TEOPETUUYECKUX OCHOB
JLJIS1 CO3IaHMS MOLBECHBIX MOHOPEIbCOBBIX JOPOT CBU-
JIeTeJIbCTBYET O HEOOXOMMMOCTU Pa3spaboTKM HOBBIX
MOAXOM0B MMPY 060CHOBAHUM TEXHUKO-IKOHOMUYUECKUX
rokasateseit ¥ peXXuMoB paboThl MAXTHBIX MOHOPETb-
COBBIX JIOKOMOTUBOB.

Ha ocHOBaHmMM aHamm3a KOHCTPYKIMI IIaXTHBIX
MOHOPEJIbCOBBIX TOPOT B GoJjlee paHHUX MCCIeIOBaAHUSIIX
BBISIBJIEHbI OCHOBHbIE TpeOOBaHMS K obecreueHno 6e3-
OITaCHOTO MCIIOJIb30BaHMSI MOHOPEIbCOB IIPY OLHOBpe-
MEHHOM yBeJIMYeHUU AOMYCTUMOI CKOPOCTU JABVDKEHMSI.
OmnpepeneHbl IMHaMMUUeCKMe HArPy3KM U BINUSIHME TTapa-
METPOB TOPMO3HOI CUCTeMbI (BpeMs OTITyCKa, TOPMO3-
HOe ycuiye, 4acToTa pyMeHeHMsI TOpMO3a) Ha MOABEeCKY
MOHOPEJIbCOBOI moporu [6].

Ha ocHOBe aHa/in3a TeXHUUYECKUX XapaKTepPUCTUK
M HEeAOCTATKOB IIaXTHOTO TMOJBECHOTO BCIIOMOTaTesb-
HOTO TPaHCIIOPTa PacCMOTPEHBbI IepPCIIEKTUBBI IpUMe-
HEeHUST TUTUI-MOHHBIX aKKyMYJISITOPHBIX GaTapeil B Ka-
YyeCTBe TITOBBIX Ha IIAXTHBIX JJOKOMOTMBAX [7]. OmHAKO
B IaHHOJ paboTe He pacCMaTPUBAIOTCS BOIIPOCHI OIIEHKY
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u 060cHOBaHMS 3GHEKTUBHOCTHM SKCILTyaTalVy JaHHOTO
BUJIa TPAHCIIOPTA.

[MpenqmeToM uMccaeqOBaHUI CTAHOBSTCS TaKXKe TeX-
HUYEeCKMe XapaKTePUCTUKU TOLBECHOV MOHOPEeIbCOBO
IOPOrM C JIOKOMOTUBHBIM opraHom Tsaru [8]. Pazpabo-
TaHbl COOTBETCTBYIOLIME METOLVKM TSTOBBIX PacyeToB
U XOJIOBBIE NMarpaMMmbl TTOABECHBIX NV3€1€B030B.

[IpuBeneHHbIe MaHHBIE OTHOCSTCS K AU3€IbHBIM
MOJIBECHBIM MOHOPEJIbCOBBIM JIOKOMOTMBAM, HO [IJIST aK-
KyMYJSITOPHBIX HYKIAIOTCSI B TPOBEPKE U YTOUHEHUM.

Bonblioe 3HaueHMe MMeEIOT pPabOThl, CBSI3aHHBIE
C oIpeneieHMEM SHEPrONOTPEOSeHUS U TPOVIEHHOTO
IyTY aKKyMY/ISITOPHBIM ITOJBECHBIM JIOKOMOTMBOM, I10-
JIy4eHHbIe 3aKOHOMEPHOCT) He YUUTBHIBAIOT M3MEHeHNe
Ko duiieHTa IMOJe3HOr0 OEeiCTBUS SHEePreTUdecKoi
Lleny, KOTOpoe MPOUCXOAUT NPU M3MEHEHUU PEeKMMOB
paboTsl 1oKOMOTHMBA [9].

O60CHOBAHMIO TTapPaMEeTPOB MOHOPETbCOBBIX JIOKO-
MOTMBOB BO BpeMsI IBM>KeHMSI IO BepTUKAJIbHBIM U TOPU-
30HTaJIbHBIM 3aKPYIJIEHUSIM ITyTHU, PESKMMOB ITyCKa U TOp-
MOXXEHMSI IIaXTHOM MOABECHOM MOHOPE/IbCOBOW JOPOTU
TIOCBSIIEHBI JOCTATOYHO MHTEPeCcHbIe paboTel [10—-13].

OCHOBHbIE TIOJIOKEHMSI PACCMOTPEHHBIX paboT He
OTIPeNIEeNISIOT B TIOJTHOM Mepe 0COOEHHOCTY PEKMMOB 9KC-
IUTyaTallu, MOCKOIbKY HE YUMTHIBAIOT TEXHUKO-IKOHO-
MUUecKue TToKa3aTe I TITOBbIX eIMHUI, MOHOPEeTbCOBBIX
JIOKOMOTUBOB.

Pabora maxTHOI MOABECHO) MOHOPEIbCOBOI JI0-
poru XapaKTepu3yeTcss HEeCKOJIbKMMM peKMMaMu: pea-
JIN3alMsl TTOBOTO YCWIMS (TSITOBBIM PEXMM); CO3LaHNe
3aMeJISTIONNX YCUIUIA (TOPMO3HOI pexkum); paboTa Ha
XOJIOCTOM XOny (peXkuM BbIGera). Bce sTM peXXUMBI B 10-
CTaTOUHO TIOTHOV Mepe MUCCIeA0BaHbl 11 HallOUBEHHbBIX
U TIOJIBECHBIX JJOKOMOTMUBOB, HO He OTPaXAlOT B TMOJTHOM
Mepe 06006IIAI0INX TEXHMKO-9KOHOMUYECKMX TT0Ka3aTe-
Jieil paboThl TITOBBIX CPEMICTB MIAXTHBIX MOIBECHBIX MO-
HOPEbCOBBIX JOPOT.

PesynbTaTbl U ux 06¢cy)XXaeHue

PaccMoTpuM CUJIOBYIO YCTaHOBKY IOABECHOTO MO-
HOpPEebCOBOTO Ay3eneBo3a. V3BeCTHO, YTO OCHOBHBIMU
TEeXHUKO-3KOHOMUUECKMMI TI0Ka3aTeasIMU OU3eTbHbIX
JIBUTaTesel SIBISIOTCS:

— MHAVKATOPHAsl MOLIHOCTD NN; — MOLTHOCTD, Pa3Bu-
BaeMasi pabouMMu rasamMu B UWJIMHIApPAX OU3eIST B pe-
3y/bTaTe AaBjaeHus pabouero Tesna, AEMCTBYIONMIETO Ha
TOpIIIeHb;

- 3ddexTuBHag MouHOCTb N, — MOIIHOCTb, MOMY-
yaeMasi Ha KOJIEHYaTOM Bajy Au3ens. IHpIMU C10BaMyu,
9TO Pa3HOCTb MHAVKATOPHON MOIIHOCTU N, M MOIIHOCTH,
3aTpauMBaeMoli Ha MpeofolieHe CUI TPeHUSl B Au3esne
U TIPUBEJIEHVE B IEVCTBME BCIIOMOTATE/IbHbIX YCTPOWICTB
N,,paBHasi N,=N,-N,;

— MeXaHUYeCKMil KO3IDPUIMEHT TIO0Je3HOro mevi-
creust gusenst v, (KIIII) — orHoueHue 3¢ddeKTrBHOM
MOLIHOCTY K MHIUKATOPHOM 1, = N,/N..

Taxke 151 OLleHKM TEXHUKO-3KOHOMUUECKUX MMOKa-
3aresieli qU3eIbHbIX ABUTATENEl Ha TTpaKTUKe MpUMeHsI-
eTcsl psif XapaKTepuCTUK (Tpaduyeckux 3aBUCUMOCTEN
HECKOIbKMX TTapaMeTpPOB paboThI AM3esIs APYT OT APYTa).
Bupn xapakTepuCTUKM OINpenensieTcsl Mo He3aBUCUMOIA
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repeMeHHOIi, B KaueCcTBe KOTOPOil BbIOMpAeTCs OOUH U3
9KCIUTyaTallMOHHBIX MM KOHCTPYKTUBHBIX ITapaMeTpOB,
TakMxX Kak: MOIIHOCTb, PACXOJ, TOIUIMBA U YacTOTa Bpa-
IIeHMs KOJIeHUaToro Basa. Kak mpaBwuiio, JaHHbIe Xapak-
TEPUCTUKY TIONYUYAIOT TIPU CTEHAOBBIX MUCIIBITAHUSIX IU-
3eJ1eii B CIIeNMaM3UPOBAHHBIX Ta60PATOPUSIX.

[lpy TIPOEKTMPOBAHMM TPAHCIIOPTHBIX MAIIMH
¥ KOMIUIEKCOB TO[3€MHBIX Pa3paboTOK MCIIOIb3YIOTCS
B OCHOBHOM J1Ba TIoKka3atess apderTuBHOCTY [14].

TpaHcropTHAst MOITHOCTD, TM/Y:

A =WL,

roe V — Npom3BOAUTENIBbHOCTh TPAHCIIOPTHOM MAaIMHBI,
M3/4; y — HacbIlIHasl Macca, T/M°; L — paccTOsIHME TpaHC-
TMOPTUPOBAHMS TPy3a, M.

PacueTHas mpoM3BOAUTEIHLHOCTh TOPHO-TPAHCIIOPT-
HOJi MalllHbI:

k
0O =_H
g kBP

rae k;; — Ko3ahduiyeHT HepaBHOMEPHOCTY IIOCTYII/IEHVST
rpy3a; kgp — K03QOULMEHT UCIONb30BaHMS MAllMHbI BO
BpeMeHu; Q,, — CPe/iHsIsA YacoBasi MPOU3BOAUTENBHOCTD
3a CMeHy, T/4.

IlaHHbIe TTOKa3aTenu B IOTHON Mepe CIIpaBeMBblI
II7IS TOPHO-TPAHCIIOPTHBIX MAIIMH, YIACTBYIOMIUX B TeX-
HOJIOTMYECKOM IIpoliecce TPAHCIIOPTUPOBKM OCHOBHO-
rO TPpy3a, OMHAKO IJIsI BCTIOMOTATETbHbIX TPAHCIIOPTHBIX
MaIl/H TOABECHBIX MOHOPEIbCOBBIX HOPOT TPEOYIOTCS
YTOUHEHMSI.

Iy oueHKY 3)(MEKTUBHOCTY IKCIIyaTallUyM IIaXT-
HBIX MOHOpPEIbCOBBIX I13e/IeBO30B 1ie1ecoobpasHo UC-
M0JIb30BaTh KOMIUIEKCHBIV TMOKasaTenb oleHKu 3ddex-
TUBHOCTU AV3EJIbHO TSITU.

B paborax [15-17] mpemjioskeHO pacCUNTLIBATH
CPaBHUTENbHYIO 3(P(EKTUBHOCTh OU3EIbHON TATU
C YIeJbHBIM PacXOIOM TOIUIMBA MPU 3aJaHHOM PEKUME
9KCIUTyaTaluuu, r / KBT - u,

n
2 biN,;
_ 1

o
ZNem
1

rae b, — yoenbHbI pacxof, TOIUIMBA Ha i-M peXMMe IKC-
miyataumu, r / KBt - 4; N,; — appexTrBHasI MOLUIHOCTb Ha
[-M pexuMe 3IKCILTyaTauuy, KBT; t; — BpeMst pabOTbl Ha
I-M peXXume 3KCITyaTaluu, .

[Tpu pemieHuu 3amay ONTUMU3ALUUU OMpPeNeseTCs
1eneBast GYHKIMS MM KPUTEPUI KauecTBa, B KaUeCTBE
KOTOPOTO TIPUHMMAETCSI MMHMMYM pacxofa TOIUIMBa
MPY TIOCTOSTHHOM YacTOTe BpallleHus KOJIeHYaToro Baja,
a uMeHHO W =B — min [18].

J1711 o BECHBIX LIAXTHBIX MOHOPEIbCOBBIX IM3ee-
BO30B IIpeJJjiaraeTcs CJeayrwollasi B3aMMOCBSI3b €ro Xa-
PaKTEPUCTUK C CUIIOBOI SHEePTeTUUeCKO YCTaHOBKOIA.

KITl nu3eneBo3a B TATOBOM peXMMeE OMpenenseTcs
npousBegeHnem KIIJI arperaToB, BXOASIIMX B €r0 SHEP-
TeTUYECKYIO LTIb M = M, * Ny * Nrg * Ny * Mo TAE M — 20~
(extuBHbBIN KII[I c1IOBOM YCTAHOBKU (IM3€IBHOTO JIBU-
raTeis); 1., — yoI0BHbI KIIJI BCIioMoraTe/IbHbIX CUCTEM

Q

<cp?

w — min,
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U arperaToB COOCTBEHHBIX HYXI; 1, — KIII ruapasiu-
Yeckoro arperara; m,, — KIIJl TSroBoro ycTpoimcrsa, n,, -
KII[I 3y6uaToit mepemaumn.

N3meHeHMe 3KOHOMMUYHOCTY IM3eeB03a B IpoLec-
ce paboThl B 06IIEM C/Tyyae OIPENesIseTcs] OTHOCUTETb-
HbIM M3MeHeHuem KIIJI arperaTtos, a ero skcrayaTauu-
oHHbIN KIT/I:

Ldn 1 dng 1 dng
Me dt M dt Nra dt

t)= dt. (1)
nnBs() .Ln/uB LdnTY Ldnsn
N, dtom  dty,

OnTuMaabHOMN COOTBETCTBYET XapaKTepucCTuKa

IM3eeB03a, /I KOTOPO# M, OydeT MaKCMMajbHbIM
W=mn,,, — max.

B cBoro ouepenp nsmeHnenue KIIJ] arperaTtoB 3Hep-
reTM4YeCcKo Lenu aus3eneBosa, BXoasamux B (1), onpene-
JISIeTCS 3aBUCUMOCTSIMMU

b

dt  on dt ON, dt
dT\CH _ anCH @_{_ aTlCH dNe aT.ICH dNCH .
dt  on dt ON, dt ONg dt ’

d ra a ra d a ra dPI'H a ra dNra
Mra _ Mra dn, 0N ,on S
dt  on dt 0P, dt ON, dt

Ny Mgy dng . on,, dPy, . Ny AN,y
dt On. dt 0Py dt ON., dt ’

dn sy _ OMan dnTy + M dpra+ OMan dNTy
dt  on, dt 0P, dt ON, dt’

IJie n — 4acToTa BpallleHMsI KOJIeHYaTOTo Baja qu3sens, ¢ !;
N, - apdextmBHAsg MoutHOCTD Ou3ens, KBT; N, — Mol-
HOCTb arperaToB COOCTBEHHBIX HYXX, KBT; P, — 1aBeHue
ruapasandeckoro arperara, MIla; N, — MOLIHOCTb I'M-
ApaBIMYeCKOro arperara, KBT; n,, — 4acroTa BpalleHMus
IIPUBOJIHOTO Basa TSITOBOTO YCTPO¥iCTBa, ¢'; N, — MOLI-
HOCTb TSTOBOTO YCTPOVCTBA, KBT.

B cryuae oTcyTcTBUS 3y6UaTOii epemaul B TATOBOM
YCTPOJICTBeE, WieH

1 dn,
Ny, dt
B ypaBHeHMM (1) 6ymeT paBHATHCS 0, @ BhIpaskeHMe

dn,,
dt

MCKITIOYAeTCsI U3 CUCTeMBI (2).

VcraHoBeHMe GYHKIMOHAAbHBIX — 3aBUCUMMOCTEN
JLJISI BCeX [apaMeTpOB, BXOASIIMX B ypaBHeHUS (2), TIpef-
CTaBJIsIeT CO60¥ TPOMO3AKYIO U TPYOOEMKYI0 3a1auy. Jis
aHajM3a yIoOHO Bce 3TU MapaMeTphl pa3fennThb Ha Cile-
JyIOIVie OCHOBHBIE I'PYIIIIbI:

— [1apaMeTphl, 3aBUCSIIME OT 3KOHOMMUYECKMX Xa-
pPaKTepPUCTHK CUIIOBOM YCTAHOBKM —

om, I
e 5n7 oN

e
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U PEKMMOB ee paboThI —

dn dN,
WNo e Tar
— IIapaMeTpsbl, 3aBUCAIIME OT 3KOHOMMUYECKUX Xa-
paKTepI/ICTI/IK BCIIOMOTaTeJIbHbIX aneraTOB -

M Men ’ Mex

nCH) an ) Ne NCH
U PEXKMMOB UX PabOThI —
Neyw» Ne, 1, dNCH, dNe, d—";
dt dt dt

— IIapamMeTpsbl, 3aBUCAILIME OT 3KOHOMMUYECKUX Xa-
PaKTepUCTUK arperaToB rnepegaun MOIHOCTY — N, n'ry’

OMra OMra OMpa My My My Mgy Mgy May
on ’ 0Py’ ONry Onyy’ OPry’ ONpy Onyy 0Py’ ONiy

U PEKMMOB MX PAbOThI —

n, nTY’ Nran NTy’ Pra’ dn_Ty’ @’ dpra ’ dNra ’ dNTy .
dt " dt  dt dt dt

Takum o6pasom, akcruryaTanmoHubiii KI1I guserne-
BO3a B 1IeJIOM OIIpenessieTcss KaKk SKOHOMUYECKMMMU Xa-
PaKTepUCTUKAMI BCeX arperaToB ero 3HepreTU4ecKoi
LIeNN, TaK ¥ pekuMaMy X paboThl. OMHAKO eciu Pesku-
MbI PabOThI TATOBBIX YCTPOVCTB ¥ Mepemauyt MOITHOCTY
LIeIMKOM U TIOJIHOCTBIO OIpPefessiioTCS TSITOBBIM PEsKU-
MOM JI13eJ1€B03a, TO PEXXMMbI PabOThI BCIIOMOIaTeIbHbIX
arperaToB U CMJIOBOM YCTAHOBKM 3aBUCST OT €e CKOPOCT-
HBIX XapaKTePUCTUK.

[IpuHSB [OMYIEHNs, YUUTHIBAIOLI/E TEXHUKO-3KO-
HOMMYECKIMEe XapaKTePUCTUKY I13eJIeBO30B U UX Haubo-
Jlee TUIIMYHbIE PeKVMBbI pabOoThl, Mbl TTOTYUUIIN PE3YiIb-
TaThbl pacueToB SKkcruryaTaunoHHoro KIII mjist onbITHOM
noe3aku auseneBosa SCHARF DZ 1500 na maxte Komco-
mojer [Ton6acca (puc. 3).
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AHAJIOTMYHBIM 06pasoM, MMes] JaHHbI€ OIBITHBIX
T0e3/I0K WJIM OoTipefennB QYHKIUHM ITapaMeTpPOB U Pexku-
MOB PaboThl aKKyMY/ISITOPHBIX aBTOHOMHBIX IIAXTHBIX
TOBECHBIX JIOKOMOTUBOB, MOYKHO BBIUMCIUTD UX SKCILTY-
arauuoHHbIn KIIII, 3Hass KOTOPBI, MOXHO BBIIIOJTHUTH
000CHOBaHME MapaMeTPOB U PEXMMOB SKCIUIyaTalyu
AKKyMYJISITOPHBIX TIOKOMOTUBOB.

3aknoyeHue

VsMeHeHVe SKOHOMMYHOCTY IIaXTHBIX IM3eJIeB03a
M aKKyMyJISTOPHOTO TOJIBECHOTO MOHOPEIbCOBOTO JIO-
KOMOTMBA B Ipoliecce paboThl B 06IIeM Caydae oIpeae-
JigeTcsl oTHOCUTelnbHbIM M3MeHeHuem KIIII arperaTos.
[T aBTOHOMHBIX TIOABECHBIX IIAXTHBIX MOHOPEIbCO-
BBIX JIOKOMOTUBOB C IV3€JIbHOM U 3JIEKTPUYECKON TATOI
MpeJjioskeHa B3aMMOCBSI3b er0 XapaKTepUCTUK C CUIOBOI
9HEepPreTUYeCKOl yCTaHOBKOI. OnpeneneHne onTUMalb-
HBIX TEXHMKO-3KOHOMMYECKMX ITOKa3aTejeil MIaXTHBIX
MOHOPEJIbCOBBIX JIOKOMOTMBOB 1I€JIeCO00Pa3HO BBIMOJI-
HSITh TIO KOMILJIEKCHOMY TapaMeTpy — 3KCIUTyaTallMOH-
HOMY KO3 bUITMEeHTY TT0JIe3HOTO IeCTBUS IOKOMOTHBA.

OkcryaTauuoHHbiii  KIIJ, nuseneBo3a B LeJI0M
orpefie/isieTCs] KaK 3SKOHOMMWYECKMMM XapaKTepUCTU-
KaMlM BCeX arperaToB €ro 3HepreTHM4ecKoi Iernu, Tak
U peXXuMaMy ux paborbl. OgHAKO ecau PeXuMbl pabo-
ThI TSITOBBIX YCTPOJCTB U Mepefaut MOIITHOCTY 1eJTMKOM
U TIOJTHOCTBIO OIIPeIe/ISTIOTCS TSITOBBIM PEXXVMOM IM3ejie-
BO3a, TO PEXKMMbI pabOThl BCIIOMOTaTeIbHbIX arperaton
U CUJIOBO# YCTAaHOBKM 3aBUCST OT €e CKOPOCTHBIX Xapak-
TePUCTUK.

OmnpenenuB QyHKIMM MapaMeTpOB U PEXMMOB pa-
60Thl aBTOHOMHBIX IIAXTHbBIX ITOJBECHBIX JIOKOMOTMBOB,
MO>XXHO BBIUMCIINTD SKCIuTyaTaunoHHbIl KI1/I nusenpHOM
WM aKKyMYJISITOPHOM TSITU, YTO B CBOIO ouepe/lb M03BO-
JIAT BBITIOJIHUTh OOOCHOBAHME MapaMeTpPOB U PEXKUMOB
PaboThbl aBTOHOMHBIX IIAXTHBIX ITOABECHBIX MOHOPEIHCO-
BBIX TOKOMOTMBOB.
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Puc. 3. UsmeHeHne skcrutyatauyonHoro KIII guseneBo3a SCHARF DZ 1500 fj1st OTIBITHO TTO€3IKMA:
1. — 9KcIutyaTanuonusiit KI1J] nu3eneBosa, %; t — BpeMs Oe34KH, C

Fig. 3. Varying operational efficiency factor of SCHARFDZ 1500 diesel locomotive for a test trip:
ne — operational efficiency factor of diesel locomotive, %; t — travel time, s
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MoproToBka KaApoB A1l FOPHO-reonoruyeckou orpacnu Poccun
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AHHOTauus

PasBuUTHME MUHEPATbHO-ChIPbEBOI 6a3bl 0OBEKTHBHO CBSI3aHO C KaIPOBLIM ITOTEHIIMAIOM FOPHO-TE€0IOTYe-
cKoit oTpacin. KpaTkuii aHaiu3 HampaBieHUii pa3BUTUS T€0JIOTUIECKO OTPAaC/iM U peain3yeMbIX TPOEKTOB
IeMOHCTPHUPYET MACIITab TEXHOJIOTMYECKNX 3a4au, KOTOPbIE CTOSIT Mepe, OTPac/ibio. Poccust Ha MPOTSKEHUN
MOC/IeIHUX AeCATUIETHUI CTATIKMBAETCS C CEPbE3HBIMM MTPO6IeMaMy, KOTOPbIe€ MOTYT CTaTh CAEPKMBAIOLIVIMMU
(akTopamu B pasBUTUM SKOHOMUKM, PETMOHATBHOM Pa3BUTUM CTPAHbI, peaIn3auy HalMOHAIbHbIX TTPO-
ekToB. OmHOI 13 MPOO6JIEM SIBJISIETCST TIOATOTOBKA KaApoB it oTpaciu. C 1e/blo pemeHnsT Takoil KOMIUIEKC-
HOIt 3amaum 6bUIM pa3paboTaHbl defepabHble TOCYIapCTBEHHbIE 00pa3oBaTe/IbHbIE CTAHIAPThI TOATOTOB-
KM CHelaJuCTOB 0 CHenuagibHOCTIM «[IpuKkiIagHasi reonorusi», «TeXHOIOTUSI Te0JOoTUUEeCKOl pa3BeaKu».
O6pa3oBaTeabHbIMM CTaHIApTaMM MpeAycMaTpuBaeTcs GopMUpOBaHMe aKTyaabHBIX IJIsI OTpacin mpodec-
CUOHAJIbHBIX KOMIIETEHLIMIT OyayIux reoynoros. COmocTaBeHMe KOMIIETEHTHOCTHBIX MOJeseil cTaHgapTa
C OCHOBHBIMM IMPUOPUTETHBIMM HAaIPaBJIEHUSIMU PA3BUTUSI HAYKM U T€XHOJIOTUI IIPU OCYILLECTBIEHUM TOCY-
JIlapCTBEHHOM HAYYHO-TEeXHOJIOIMYeCKOM MOAUTUKYM POccuM ITOKa3bIBaeT, YTO OHYM MO3BOJISIIOT YHUBEPCUTETAM
chopMMpoBaTh MPOrpPaMMbl TIOJTOTOBKM TE0JIOTOB, OTBEUAIONMX HAa COBpeMEeHHbIe BbI30BbI. OCOOYI0 pOJb
B obecrieueHM KauecTBa MOrOTOBKY Te0JIOTOB UTPAIOT IIPOrPaMMbI TTPaKTUK. OHM UTPAIOT PEIIaoIIyI0 POJTh
B GOpMMUPOBAHNY YHUBEPCAIBHBIX U ITPOGECCMOHATbHBIX KOMIIETEHIIMIA M OTKPBIBAIOT OYIyIeMy Crelain-
CTY MUP CYOKYJIbTYPBI MPOGECCHOHAIOB B 3TOM 06J1aCTH, YTO OUeHb BaXKHO [JIsI MOJIOJOTO UeI0BEKa, CBSI3bI-
BaIOIIETo CBOe OymylIee ¢ Teosorueii. B pabore oTMevaeTcst 3SHaUMTEIbHAS pOJib B GOPMIUPOBAHUM KaIpOBOTO
MOTeHI[Majla TOPHO-Te0I0TMYEeCKOii OTPAC/IN rOCyIapCTBa, akaJeMUIeckoro 1 mpodeccuoHaaIbHOTO Co00IIe-
CTBa — YHUBEPCUTETOB, KOMITAHWIA, MCCIEIOBATEIbCKUX U 0OIIeCTBEHHbIX Opranu3sanuii. OnpegeneHa ocTpas
MTOTPEOHOCTH B CO3[IaHMM OTEUECTBEHHON CMCTEMBI ITPOGheCCMOHATbHBIX KBaIMGMUKALVIi (TOPHBI MHXXEHED,
TOPHbII MH)KEHEP-Te0JIoT, TOPHBII MH)XEeHEP-TUAPOTre0sIor, TOPHbBI MHKEHEeP TI0 OYPEeHUIO CKBAXKIH, TOPHBIA
MH)XeHeP-TeOXVMMUK, TOPHBII MHKeHep-TeodM3MK U Ap.), KOTOpast JO/DKHA 00eCIeunTh TapMOHM3ALNI0 Tpe-
60BaHMIT K YPOBHIO MTOTOTOBKM CIIEIIMAIMUCTOB /JIS OTPACIIN.

KnioueBble cnoBa
IIpUKIagHada reojaorus, ropHoe naejio, MmHepaJbHble peCypChbl, reo/Jormyeckoe n3yuyeHme Heap, moaroToBKa
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Personnel training for the mining and geological sector of Russia
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Abstract

Mineral resource base development objectively requires high-quality human resources for mining and geological
sector. A brief analysis of the geological sector development tendencies and ongoing projects demonstrates
the scale of technological challenges facing the sector. Over the past decades, Russia has been facing serious
problems that can become constraining factors in economic development, regional development, and the
implementation of national projects. Training of specialists for the sector is one of the challenges. In order to
solve such a complex problem, Federal State Educational Standards for training of specialists in the specialties

“Applied Geology”, “Geological Exploration Technique” were developed. The Educational Standards provide
for the formation of future geologists’ professional competencies relevant to the industry. Comparison of the
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competence models of the Standards with the main priority lines of the development of science and technologies
in framework of the implementation of the state scientific and technological policy of Russia shows that they
allow universities to form programs for geologist training that respond to modern challenges. Internship (field
training) programs play a special role in ensuring the quality of training for geologists. They play a decisive role in
the formation of universal and professional competencies and open the world of a subculture of professionals in
this field to the future specialists that is very important for a young person who devotes his future to geology. The
paper highlights a significant role of the government, the academic and professional community — universities,
companies, research and public organizations — in the formation of human resources for the mining and geological
sector. An urgent need was identified for the creation of a domestic system of professional qualifications (mining
engineer, mining engineer-geologist, mining engineer-hydrogeologist, mining engineer for drilling wells,
mining engineer-geochemist, mining engineer-geophysicist, etc.), which should ensure harmonization of the

requirements for the level of specialist competence for the industry.
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BeepeHue

DenepanpHOe yyebHO-MeTOAMYecKoe obbenuHe-
HMe B CyuCTeMe BBICIIEr0 06pa3oBaHMsI BCerna yhesser
BHMMaHMe BOIIPOCAM KOHILIEINTYaJIbHOTO PasBUTUS rOp-
HO-Te0JIOTMYEeCKOro 06pa3oBaHusl, UMelollero O0sbllIoe
3HaueHue [Ji 9KOHOMMUKM Bcelt cTpansl [1]. TexHomornu
reoJI0rM4eckoil paspeiky MOJIe3HbIX UCKOMIaeMbIX U FOp-
HOe [IeJI0 TPaJAMLMOHHO TeCHO CBSI3aHbl APYT C IPYrOM,
YTO IIpefionpesiessieT BO MHOIOM IpodeccroHaabHOe
U aKaJeMuueckoe eIVHCTBO HayuHO-IIefarornyecKux
LIKOJI YHUBEPCUTETOB. B TO e Bpems IJIs1 BbISIBJIEHMS
Ba)KHOTO MHBapMaHTHOTO cojepkaHus 00pa30BaHMS
" BBIPAGOTKM TIOAXONOB K OIleHKE ero KauecTBa Heoo-
XOOMMO LeTaJIbHO pacCMaTpMBaTh 3HauMMble acCleKThbl
Kak[OTO 3/IeMeHTa IOATOTOBKM CIEeLMaNNCTOB IJII MU-
HepaJbHO-ChIPbEBOTO KOMILIEKCa CTpaHbl [2—4]. iMeHHO
M03TOMY IMpefcTapisieMasl IyO/MMKaLus IOCBSIIIAETCS
TOPHO-Te0I0rMYeCKOMY 06pa30BaHMIO.

C pasBuTHEeM reojIOrMM ¥ TOPHBIX HAYK B Hallle Bpe-
MSI MEHSIeTCS ¥ MMPOBO33peHlMe TOPHO-TeO0I0TMUeCKOro
obpa3oBaHusl. Bpiciee ropHO-reonornyeckoe obpasona-
Hle He TOJIbKO Habop YHUBepcaabHbIX 1 ob1ernpodeccu-
OHaJIbHBIX KOMIIETEeHLIMIi, YCTAaHOBIEHHbIX B (enepab-
HBIX TOCYAAPCTBEHHBIX 00pa30BaTe/lbHbIX CTaHZAPTaxX 110
CIIeLAJIbHOCTSM M HallpaBJIeHMSIM ITOATOTOBKM YKPYII-
HEHHOJ TIpyIbI clienyanbHocTel «[IpukinagHas reo-
JIoTMsl, TOPHOe feno, HedTera3oBoe JeN0 U Teofesus»!,
HO M HOBOe MMPOBO33peHNe, OTpaskalliee KylIbTypHbIe,

! (denmepanbHblii TOCYAAPCTBEHHBI 06pa30BaTeIbHbI
CTAHJAPT BbICIIETO 0Opa30BaHMSI — CIIELMAJUTET IO CITeIu-
ampHOCTM 21.05.04 TopHoe meno. M.: MuHobpHaykm; 2020.
25 c. URL: http://fgosvo.ru/uploadfiles/FGOS%20V0%203++/
Spec/210504 _C 3 18062021.pdf; demepasibHbIi TOCYIapCTBEH-
HbIIi 06pasoBaTebHbIl CTAaHAAPT BbICIIET0 OOpa3OBaHMUST —
crienanuTeT 1o cneuyaabHocTy 21.05.02 TlpuknamHas reo-
sorust. M.: Muno6puayku; 2020. 18 c. URL: http://fgosvo.ru/
uploadfiles/FGOS%20V0%203++/Spec/210502_C_3 18062021.
pdf; ®emepanbHbIii rOCYAAaPCTBEHHBIN 06pa30BaTeNbHbII CTaH-
JlapT BBICIIETO 06pa30BaHMSI — CIIELIVAIUTET I10 CITEIMaTbHOCTY
21.05.03 TexHOIOTMSI TEOJIOTUYUECKOI pas3Beaku. M.: MuHOGp-
Hayku; 2020. 28 c¢. URL: http://fgosvo.ru/uploadfiles/FGOS%20
V0%203++/Spec/210503_C_3 18062021.pdf

colMabHbIe ¥ SKOHOMMYECKIME OTHOIIEHMSI B COBpEMEeH-
HOM Mype. Heo6XoaumMo OTMETUTh, YTO B POPMIUPOBAHUA
9TUX OTHOIIEHMII U UX peanu3anuy IPUHMMAIOT camoe
aKTMBHOE yuyacTue rocyfapCTBO, akajieMuyeckoe U Mpo-
(beccronanpHOE COOOIITECTBA — YHUBEPCUTETHI, KOMIIA-
HUU, MCCTIEA0BATEIbCKIE U OOIIECTBEHHBIE OPTaHM3alIUMN.

Kakue ke MHHOBALMM HECyT B cebe COBpeMeHHbIe
TOpPHO-Teoornyecke Haykm? Kakoe MmecTo OHM 3aHMMa-
10T B CCTEeMe eCTeCTBEeHHbIX HayK U TeXHOJIOTHUIi COBpe-
MEHHOCTU?

IIepBBIM Ha MUPOBO33peHUECKOe 3HAaUueHMe TOPHBIX
HayK U UX BJIMSHMS Ha 0OIIeCTBEHHbII ITporpecc 06paTu
BHMMAaHMe TeHMaJIbHBIN POCCUICKIIA YUeHbI U pumocod
Muxaiino JIoMOHOCOB.

«Hayka, KoTopasi yuYuT MUHepasbl 3HATh, IIPUNCKU-
BaTh ¥ MPUBOAUTh B TAKOE COCTOSIHME, UTOOBI OHU B 06-
IIECTBE UYeJI0BeUeCKOM YTOAHBI ObLIM, HA3bIBAETCS TOP-
Has Hayka» / M. B. JJomoHOCOB, 1742 1./

CoBpeMeHHOe OIpeneeHe HayKuM Kak 0co6oro
BUIA TIO3HABaTeIbHON HesITeIbHOCTM UejioBeKa TaKXKe
MogYepKuBaeT eé GyHIaMeHTabHOEe 3HAaUeHMe JIJIS TTpe-
obpaszoBauusi obiiecTBa. Mbl 1O MpaBy U C TOPLOCTHIO
IODKHBI cunMTaTh M. JIoMOHOCOBA HAalllMM BeJIUKUM CO-
BpeMeHHMKOM. Borpocam reojornu u ropHOTo aejia OH
TTOCBSITWII 1EJIbIN PSIT, TPYIOB, CPEIV KOTOPhIX Hamboiee
dbyamameHTanbHBIMU 6GbUTM «CIIOBO O POXKIEHUM METas-
JIOB OT TpsICEHUSI 3eMJn», TpaKTaT «O CI0SX 3eMHbIX»
U KHUTa «IlepBble OCHOBAHUSI METAJUTYPTUN UIIU PYAHBIX
nIen». B aTux paboTax, CTaBIIMX MTEPBbIMU PYCCKMMMU Ha-
YUHBIMU U3LAHUSIMU U YI€OHBIMU TTOCOOVSIMMU TI0 T'e0JI0-
MU Y TOPHOMY JIeJTy, YUE€HbBI BbICKa3aJl UAeU 3BOTIOLUN
MIPUPOAbI, OCHOBAHHBIE HA MaTepPUATMUCTUUECKMX BO3-
3pEeHUSIX M He MOTEePSBIINE CBOErO 3HAUEHMSI 10 HACTOSI-
miero Bpemenu. Kak 1 Bo MHOTMX IPYTMX €CTeCTBEHHBIX
HayKax, B reojIoruu U ropHoM feje M. JIoMOHOCOB fajieko
MPeB30I1IEJl ypDOBEeHb 3HAHUIT CBOETO BpeMeH!, oTlepeinB
MHOTUX [IPU3HAHHBIX OCHOBAaTeJIeli COBPEMEHHOV reosio-
rMYeCKO HayKu.

B XXI B. M1aBHO€e B T€OJIOTUM — U3MEHEHMEe MUPO-
BO33peHus. BaxkHbIMU mpo6GIeMaMy CTAaHOBSITCS SKOHO-
MMUUYecKye 1 9KOJIOTUYeCKe 0COOeHHOCT OCBOEHMS M-
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HepaJbHbIX PeCypCcoB, Te0JIOTUsI CTAHOBUTCSI HE TOJbKO
HAYKOJ1, HO ¥ TPOU3BOICTBEHHOI cepoii.

«B MMpOBOM MaciuTabe BbDKUBET Ta CTpaHa, KOTO-
past B TOUHOCTU OyAeT 3HATh CBOM PeCypcChl, CyMeeT Ha-
MpaBUThb Ha MX MCIIONb30BaHME HapOAHbIE TyXOBHbIE
CUJIbI», — TIMCAJT Halll BeJIMKUIL COOTeUeCTBEHHUK aKaze-
MuK B. U. BepHagckwuii [5]. OH 6511 rmy6oKo 1paB. Yeno-
BeK, KaK 1 Bce XX1BOe, Hepa3pbIBHO CBSI3aH CO BCelt OKpy-
Kalolleil ero MpupopAoi. Vi3 Hee OH uepriaeT Bce CBOU
>KM3HEHHbIe CWJIbI — KaK MaTepuaibHble, Tak U SHepreTu-
yeckye, U LyXOBHbIE.

CnenoBaTe/ibHO, 3HATh COCTOSIHME CBOMX MUHEPAIb-
HBIX PeCcypcoB, YMeTb UX OCTOBEPHO OIleHMBATh U pa-
LIMOHAIbHO MCIOAb30BaTh — IIMBUJIM3AlMOHHAs 3a/a4a,
KOTOpasl pellaeTcsl TakKOM HayKol, Kak reosorus. Ecre-
CTBEHHO, YTO YCIEIIHOCTb PabOThI Te0IOTMYECKOi OTpac-
JIVi B 3TOM C/Ty4ae OIpe[ie/isieTcs KaueCTBOM ee KaJipOBOTo
MoTeHLIMana, 3axa4a GopMupoBaHuss KOTOPOTO SIBJISIETCS
rOCyapCTBEHHOV 3a1aueii.

TeHAEHUUM pa3BUTUA U aKTyasibHble NMPOEKTbl
reosiornyeckom orpacnu B Poccumn

Ilis popmanusaium macirraba 3amad, KOTOpbie He-
00XOIMMO pellaTh MHKEHEPHOMY KaIpOBOMY IOTEHIIV-
ajly TOPHO-TeO0JIOTMUECKOI OTpaciu NMpuBeLeM KpaTKoe
OIJCaHMe ee ITPOEKTHBIX XapakTepPCTHUK.

[MpuknagHoe 3HAUYeHMe TeoJIOTMM U TOPHOIO Jesa
COCTOUT He TOJIbKO B Pa3BUTUM MUHEPaTbHO- ChIPhEBOIA
6a3bl ¥ MUHEPaTbHO-ChIPbEBOrO KOMIUIEKca Poccuu, HO
U B 00eclieueHuu TOPHO-TeOJOTUUECKMM OOOCHOBAaHU-
€M MHXKeHEepPHBIX M CTPOUTEIbHBIX paboT, MPOBOIMMBIX
B pa3/IMUHBIX chepax MaTepuaJbHOTO ITPOU3BOICTBA.

Pecypchbl 110/1Ie3HBIX UCKOTIAeMBbIX SIBJISTIOTCSI OTPaHM-
YeHHbIMM U OTHOCUTEIbHO MCUepriaeMbIMu, U MHOTHUE
BaKHbIE MCTOYHUKYM MATEPUAJIOB Y SHEPTUM YKe OIIM3KU
K Gu3MUeCKOMY MCTOIIeHuIo [6, 7]. B Poccun exxerogHo
nmo6biBaeTcs 6oee 130 BUIOB TBEPIBIX ITONE3HBIX MCKO-
TaemMbIx, B TOM YMCJie: 30J10TO, aJiMa3bl, MeTaJJIbl TJIATU-
HOBOJ I'PYIIIbI, cepe6po, Meb, TOIMMeTa/lIbl, KeJle3Hast
pyda u Ip. DKOHOMMYECKOoe 3HaueHue pa3sBUTUSI MUHEe-
PaJIbHO-CBHIPHhEBOJI 6a3bl MOTE3HbIX MCKOIAeMbIX Poccun
TPYAHO TepeoleHnThb. II0 JaHHBIM MH(OPMAIMOHHOTO
areHTcTBa Poc6usHeckoHcanTur (PBK), Tonbko B ampe-
ne—mae 2021 r. poccuiicKMe KOMITaHUM 3SKCIIOPTUPO-
Ba/iM 65,4 T 30;moTa Ha 3,55 mupa most. CIIA u 3a 3TOT
ke mepuop, «[a3mpomM» mpopman 3a pyOesxk ToIiMBa Ha
2,4 muipp, mos. CIITA.

B Poccuu reonoropasBefgounbie pa6orsl B B 2020 T.
MPOBOAWJINCH IJIABHBIM 06pa3oM Ha TeppuTopuu Jamb-
HeBOCTOUHOro 1 Cubupckoro (emepaabHbIX OKPYroB 60-
nee yeM 110 70 06b€KTaM, B TOM UMCJIE B IIpeaeax apKTu-
YyecKoli 30HbI. B Xoie paboT MmomyueH MpMpoCT 3aracoB 10
30JI0TY, HUKEJII0, YIVII0 U PSIAY BUOB HEeMeTATUIeCKUX
TOJIe3HBIX MCKoIaeMbiX. Ha TocymapcTBeHHBI 6GamaHC
1ocCTaBJieHbl 3arackl Moyt 100 MeCTOpOXXIeHuil TBep-
IIbIX TI0JIE3HBIX MCKOTIaeMbIX.

[To pe3ynbraTam reojoropasBeoYHbIX PaboT B Ha-
CTOsIlee BpeMs CO3JAIOTCSI HOBbIE IIEHTPHI TOOBIUM
MeIHBIX PYI Ha pecypcHoii 6ase M MHGPACTPYKTYpe
VIOKaHCKOTO MEeCTOPOKIEeHMsT MeINUCThIX ITeCYaHUKOB
U KPYMHBIX MeAHO-TIOPGMPOBBIX MECTOPOXKIEeHMI Ha
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Tepputopuu [JanbHero Boctoka — [lecuanka 1 ManMbDK.
Ha ManmbiskCKOM MecTopokaenun B 2021 r. mpeamnosna-
raeTcsl CTPOUTEIBCTBO TOPHO-O60TaTUTEIbHOIO KOMOU-
Hata ('OK) npomsBoguTenbHOCTBIO 40 130 ThHIC. T Meau.
Ha BbIsIBIeHME MeTHO-TTIOP(GUPOBBIX MECTOPOKIEHMUIA
B JlaJIbHEBOCTOYHOM pErvoHe HaIlpaBJIeHO MPOBeeHe
MTOMCKOBBIX Te0JI0ropasBeloyHbIX pabort. danpHuii Boc-
TOK B O/IVDKaiieM O6yayiieM CTaHeT OJHUM U3 TepCIiek-
TUBHBIX PaliOHOB IS PA3BUTUSI MEIHO U 30JI0TOPYIHO
MIPOMBIIIJIEHHOCTY. 30eCh MOKET ObITh CO3/IaH KPYITHEe -
i MefgHbI Kiactep Poccuu, He ycTymnawommii Ypaib-
cKkoit 1 HopmuiabCKoit MuUHepabHO-ChIPhEBbIM H6a3am.

HepaBHOMEPHOCTHh pa3sMellleHMs] MUHEPAIbHbIX pe-
CYypCOB Ha TEpPPUTOPUM CTPaHbI OOYCIOBJIIEHa Pa3sHOO-
6pasuem reorpaduueckmx U TeoJOrMuecKuX YCIOBUI UX
MposiByieHni1. Tak, B TOC/IeqHIE TObI BHISIBJIEHBI OOJTBIIINIE
3arachl ¥ pecypchbl 6OMBIIMHCTBA BUOOB CTPATETMUECKIUX
TT0JIE3HBIX ICKOTIaeMbIX (Ta3, HeTh, yTojib, 671arTOPOgHbIE
MeTaJITbl, aIMa3bl, Me/ib, HUKEJb, IIBETHbIE U JIETUPYIO-
IIMie MeTaJUTbl, KeJIe30, allaTUT, KaJIMiTHbIe COIY U Ip.) Ha
(one medwuiuTa 3amacoB B Hefipax OOKCUTOB, Py, XpoMa
u Mmapranna, gochoputos, 6apura, 6EHTOHMTA U KaO-
nuHa’. B mocieqHue Toabl COXPAHSIOTCS HU3KME TEMIThI
MIPUPOCTa MPOTHO3HBIX PECYPCOB M3-3a COKPALIEHMS TT0-
MCKOBOT'O 3ajieIa.

O6beKkTUBHBbIE TPYTHOCTM Hauansa XXI B. 3aKkiova-
IOTCSI B TOM, UTO GIOMKET OTpaciyu COKpallleH, a IPUPOCT
3aI1acoB 10 HEKOTOPBIM BUIaM TBEPIbIX TOJIE3HBIX CKO-
TaeMbIX HAXOIOUTCS B «KPACHOI» 30He. B TO ske BpeMmst 11t
CO3JaHNSI MUHEPATbHO-ChIPbEBOT 6a3bI TTOIE3HBIX ICKO-
IaeMbIX HEeOOXOAMMO MMeTb (DOHJ, MOMCKOBOrO 3ajeia
U Heobxoaumoe (pMHAHCHUPOBaHMe Te0JI0TOPa3BeJOUHbIX
pabot B o6bemMe okoso 100 miapa py6. B rom®. Takoke m3-
3a CJIOKHBIX TeorpaduyecKkux ycaoBUI U PACIIONOKEHUS
6onee 60% TeppUTOPUM CTpaHbl B 30HE MHOTOJIETHE-
MEP3JIBIX TIOPOJ, OTMeuaeTcsl ¢jlabasi MHBECTUIMOHHAS
TIPUBJIEKATETBHOCTh ITPOEKTOB OCBOEHMSI MECTOPOsKIe-
HMI1 TIOJIE3HBIX MCKOMAeMbIX B apKTMUeCKol 30He Poc-
cun. IlnaHupyemoe GbMHAHCHMPOBAHME Ha IPOBEIEHNE
reoJIoropasBeJOUYHbIX PabOT TOMBKO Ha BOCITPOM3BOCTBO
MMHEepaIbHO-ChIPbeBO 6a3bl TBEPIIX IMOE3HBIX MCKO-
TaeMbIX cocTaBisieT Bcero 5,0-5,5 mupm pyo.

Ipob6aeMa wucuepraHusl IIOMCKOBOTO 3ajesa, OT-
CTaBaHME PETMOHAIBHOTO M3YUEeHMUS HeNp, IMPOBeIeHus
OIepeskaoNMX IMOVCKOBBIX PaboT MPUBEIM K COKpalle-
HMI0O 00bEMa JIOKAIM30BAHHBIX ITPOTHO3HBIX PECypCOB
¥ YMEHBIIIeHMI0 HaIEKHOCTM OII€HKY ITPOTHO3HBIX PeCyp-
COB. DKCITEPTHI CXOISTCS BO MHEHWY, UTO OObEKTUBHBIMU
TPYIHOCTSIMM TeOJIOTMYEeCcKOro u3ydeHust Henp Poccun,

2 Teonorust 6ymymiero. T'eonoruyeckast otTpacib Poccuii-
ckoit ®emepanyy K Havany 2050-x romos. MHbOpMAaIMOHHO-
aHanuTUYeckue marepuainsl. M.: AO «Pocreonorusi», 2017. 85 c.;
Wtoru paboThl (emepasbHOTO areHTCTBAa IO HEIPOIOIb30Ba-
Huio B 2018 romy. HGopMalMOHHO-aHATUTUYECKYE MaTepya-
apl. M.: Munnpuponbl. 2019. 56 c.; CrpaTterusi pa3BUTUsI MUHe-
pabHO-ChIpbeBOi 6a3bl Poccuiickoit @emepanyu no 2035 roga.
Pacrniopsikenune IlpaButensctBa Poccuiickoit ®demepauyu OT
2212.2018 1. N2 2914-p.

5 HWrtorm paboThl QemepansbHOr0 areHTCTBA IO HeAPO-
rosib3oBaHMio B 2018 rogy. MHGOpMalMOHHO-aHAIUTUYECKIE
maTtepuansl. M.: Munnpuponsrt. 2019. 56 c.
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TMOMMMO OTCYTCTBMSI TIOMCKOBOTO 3a/iejia Ha HeKOTOpbie
BUJIbI TBEPAbIX MOJIE3HBIX MCKOTIAEMbIX U MeTaIJIOTeHU-
YeCcKOro MOTeHI[Maia Ha MHOTME BOCTPeOOBaHHbBIE BUJIbI
TOJI€3HBIX MCKOTIA€MBIX, SIBJISIIOTCS :

— neUIUT HeKOTOPHIX BUAOB MUHEPATBHOTO ChIPbSI
(XpOMOBBIE ¥ MapraHiieBble Pyabl, OKCUTHI, peKIe Me-
TaJUIbl U AP.);

— HU3KMe, a TI0 PSIAy BUIOB TIOJIe3HbIX MCKOIlae-
MbIX — OTpHUIIATe/IbHbIE TeMIIbl BOCITPOU3BO/ICTBA 3aria-
COB B Hefipax;

— HU3KUII TeXHOJIOTUYECKUiT YPOBEHb mepepaboTKu
PyIbI Ha 060TaTUTETbHBIX (pabpuKax;

— CHIKeHMe KaJpOoBOTO IOTeHIasa TOpPHO-Teoo-
rMuecKoit oTpacian.

[ToHMMas1, 4YTO TOPHO-TE0I0TMUECKas OTPACb, SIBISI-
SICb OCHOBOVA [IJII eTaJUTyprui, MOXHO YTBepXIaThb, YTO
HaIEKHOCTh MMHEPATbHO-CHIPhEBOII 6asbl MeTaJlTyp-
MU OIIpefensieTCs CO34aHyeM HOBBIX PeIKOMEeTaVIbHbIX
U penKo3eMeTbHbIX PYOHBIX 06HEKTOB, pa3BUTUEM WH-
HOBALIMOHHBIX TEXHOJIOTUII OCBOEHMSI UX PECYPCOB IS
obecrieueHNsT TOTPeOGHOCTEN BOEHHO-TIPOMBIIIIIEHHOTO
KOoMIUIekca ¥ ummopTrosamelleHus. CormacHo «Crpate-
MM PasBUTUSI MMHEPAIbHO-ChIPbeBOi 6a3bl Poccuiickoii
@epepanny 1o 2035 roga» MpeaCTOUT CO3TaHMe KPYyI-
HBIX PYIHBIX 6a3 KOPEHHOro 30j10Ta Ha tore C6UpPKU U Ha
HManbHem BocToke, mopnepskaHye NPOU3BOLCTBA POCCHIII-
HOT'O 30JI0Ta B pajioHax AOOGBIUHBIX PabOT MPeAIPUITII
u cepe6pa B 3amagHoM Bepxositbe. B BocTounoit Cubupu
u Pecrry6nuke Caxa (SIKyTus1) BaKHO 3a/adeii reoyorm-
YeCcKOTO U3yyeHUsl HeIp OCTAIOTCs JIOKaamM3alus 1 olleH-
Ka HOBBIX MePCIeKTUBHBIX JIMa30HOCHbIX IJIONIAEI.

OcBoeHMe  KPYIMHOTOHHAKHBIX  MECTOPOXIEHUIA
KpaiiHe BaskKHO JIJIsI TAKUX BUIOB TT0OJIE3HBIX MCKOITAeMBbIX,
KaK YepHbIe U LIBeTHbIE MeTaJlIbl, YpaH, pefKo3eMeJIbHble
OKCHJbI, AparolieHHble MeTasulbl U ajMa3bl, HeMeTaslIu-
yeckyue Tojie3Hble JMcKornaemble. 1o JKeme3HbIM pynam
HeoOXOAMMO OCBOEHME FOPHOI00BIBAIONIMX PAiOHOB 3a-
nmagHoi CubMpU U CO3JaHue rOPHOIO0OBIBAIONINX TTPe -
npusTHii Ha JanbHeM BocToxke. [yt TpPyIHOOG0OTaTVMBbIX
CUIMKATHBIX ¥ KApOOHATHBIX Py MapraHila Heo6XoaMo
COBEPILEHCTBOBaHME CITOCOOOB €ro M3BIeYeH s TI0 METO-
JlaM TeXHOJIOrm4yeckoil MuHepanoruu. [lonumerannnye-
CKMe pyIbl IPEeLICTOUT BOBJIEKATD B IPOM3BOLCTBO 3a CUET
0CBOEHMSI MeCTOpoxaeHuit PynHoro Anras. Ilpencrout
Takke peaHMMMUPOBAThb UCTOPUUYECKME MeCTOPOKIEeHUs
BoJb(pamMa 1 MOIMOIeHa C pellleHMeM TEXHOIOIMUECKIUX
po61eM X KOMIIEKCHOTO OCBOeHMsT® [8].

IIJig onmTUMM3aLNM reorpaduu ChipbeBOii 6a3bl He-
MeTa/ZTMUeCKUX TOJe3HbIX MCKOIaeMbIX, COKpalleHMs
MMITOPTHBIX TTOCTAaBOK CJIeJlyeT PacCUYMTHIBATh HA BbISB-
JieHe KaueCTBeHHbBIX ¥ TEXHOJOTUYHbBIX TUTIOB HeMeTall-
JIOB U CTPOUTENbHBIX MaTepuasos [8]. Ycnex peanusaunm

+ Teonorust 6ymymiero. Feonmornueckass oTpacib Poccuii-
ckoit @enmepauyy K Havary 2050-x romoB. MHGOpMaLOHHO-a-
HanmuTuaeckme matepuaisl. M.: AO «Pocreonorusi», 2017. 85 c.;
Crparerus pasBuUTHsI MUHEPAIbHO-ChIPbeBOII 6a3bI PoccuiicKoii
@enepauyn no 2035 roga. Pacriopsikenme IpaBuTenbcTBa Poc-
curickon ®@epepaunn ot 22 12. 2018 r. N2 2914-p.

5 Crpaterusi pasBUTUS MUHEPATIbHO-CHIPbEBOI 6a3bl

Poccuiickoit ®epepaiiuu no 2035 roga. Pacropsokenne IpaBu-
TesnbeTBa Poccuiickoit @epgepanyiy ot 22 12. 2018 1. N2 2914-p.
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9TUX IMIPUOPUTETHBIX HATIPaBJI€HNI OCHOBBIBAETCS HA CO-
BPEMEHHBIX TeHIEHIIMSX, YCTAHOBUBIIMXCST B KOMITJIEKC-
HOM Te0JIOTMUECKOM U3YUYEeHUM HEAP CTPAHbI U UCIIONb-
30BaHUM SHEProcOeperaroIx TEXHOIOTHIT TepepaboTKu
1 06oramieHuss MMHEPaJbHOTO ChIPbSI.

I BBITIOTHEHMSI CJIOKHBIX PaboT IO 3arylaHUpO-
BAaHHOMY ITPMPOCTY 3aIlacoB M PECypCOB ITOJEe3HBIX UC-
KOITaeMbIX ¥ OCOOEHHO CTPATErMYeCKMUX BUAOB TBEPIIX
TT0JIE3HBIX MCKOIIaeMbIX HEOOXOIMM BBICOKMIA TTpodeccu-
OHa/IM3M KaJIpOB U UX HaJIEXKHBIN KaJPOBBIl pe3eps.

OCHOBHbIe HarnpaB/ieHUs1 pa3BUTUSA
Kagpoeoro noreHuyuana reosiornyecKomn oTpacnun

DKCIIepThl HEOTHOKPATHO OTMeuasin, YTO BOCIIPOMU3-
BOJICTBO MMHEPAJIbHBIX PeCypCcoB KOppenupyeTcs C Ka-
YeCTBOM TOJITOTOBKM KaZpOB [IJisi TOPHO-TE0IOrMYeCKOoii
oTpaciu. 'paMOTHOe pelileHMe CO3haHMs KaJpoBOTro pe-
3epBa TOPHO-Te0JIOropa3BefouHoit cdepsl TpebyeT Mu-
HUMAaJIbHBIX JTOTIOJIHUTEbHBIX aCCUTHOBAaHMIA B pa3mepe
He 6osee 1-1,5% oT rogoBOro (GMHAHCYMPOBAHMUS Ie0JI0-
ropasBeJOYHbIX paboT g MOJEpHMU3AIUM IpaKTHde-
CKOJi [IesiTeTbHOCTU CTYIEHTOB B BY3ax, IJIsI pPa3BUTUS
G poBoii 06pa30BaTENbHOI CPelbl M MPOrpaMM MpakK-
TUK TOPHO-TEOJIOTMYeCKMMM By3amMu U (akyjJbTeTaMu.
OcobGeHHO HEOOXOAMMO 3TO CHelaTh Ha COBPEMEHHOM
9Tare, Korjga HoBble (emepasibHble TOCYIapCTBEHHbIE 00-
pa3oBaTeibHble CTAHAAPTHI MOATOTOBKU CIEIMUATUCTOB
BBICIIIETO 06pa30BaHMS 110 IMIPUKIIATHON Te0JIOTUU U TOP-
HOMY Jie/Ty TIOAHUMAIOT IJIaHKY KaueCTBeHHO TTOATOTOB-
KV TOPHBIX MHKEHEPOB.

Ha teppurtopunu Poccun meiictByeT cBbime 150 rop-
HO-000TaTUTENbHBIX (AaGPUK IS TTOTYUYEeHUS TTPOTYKTOB
BBICOKOJ TEXHMUECKOW IIeHHOCTM, IpeJHa3HaueHHbIX
IJIT  IaJbHENIIero IMPOMBIIIJIEHHOTO WCIIOAb30BaHMS.
Taxk, B 3abajikajabe B KpaTuaiiliie CPpOKU MOCTpoeH BbI-
crpuHckuii TOK Ha 6Gase pa3sBeJaHHOrO BBICTPUHCKO-
ro KOMILJIEKCHOTO >Kee30-MeqHO-CKapHOBOTO MeCTO-
poskmeHMs. Bbixom KoMOMHATA HA MTPOEKTHYIO MOIIHOCTD
manupyercs B 2021 r. Takum o6pas3oM, obecrieueHue
palOHAIbHOTO MCIIOJNIb30BAaHUSI MUHEPATbHBIX pecyp-
COB SIBJISIETCSI BaXKHBIM HAIllpaBJIeHMEM Pa3BUTUS HaLV-
OHAJIbHOJ SKOHOMMKM, B KOTOPOM JIMIUPYIOIIYIO POJIb
IOJKHBI CHITPATh MOJIOAbIe TTPOdeCcCoHabIC.

TopHO-Teomornueckoe o6pa3oBaHMe OKHO CTATh
«gpaiiBepoM» OaabHeiIero pasBuUTUSI TaKUX MPUOPU-
TETHBIX HAYYHO-TEXHOJIOTMYECKUX UM HayYHO-TeXHuYe-
CKMX HalpaBJIeHuIi, Kaxk [9]:

— epexof, K mepenoBbiM I[MGPOBbIM, MHTEIEKTY-
aJbHBIM TIPOM3BOACTBEHHBIM TEXHOJIOTUSIM, POGOTU3U-
POBaHHBIM CUCTEMAM,;

- co3JaHue cucTeM o6paboTKM OONBIIUX OOBHEMOB
JAaHHBIX, MAIIMHHOTO OOYUYeHMS U MCKYCCTBEHHOTO MH-
TeJIeKTa;

— Mepexof, K 9KOJIOTUYeCKy YMCTOi U pecypcocoepe-
raioiieii sHepreTuke, MopbiiieHe 3GOEKTUBHOCTU [10-
ObIUM U TIIYOOKON IepepaboTKY MUHEPATbHOTO ChIPbS,
bopMupoBaHe HOBBIX MCTOYHMKOB, CIIOCOOOB TpaHC-
TTIOPTUPOBKM U XpaHEHUS SHEPTUM;

6 Crparerust pasBUTUS MMUHEPATbHO-ChIPbEBOI 0Oa3bl
Poccuiickoit ®epepaiuu mo 2035 roga. Pacmopsokenne IpaBu-
TesbcTBa Poccniickoii @epepanym ot 22 12. 2018 . N2 2914-p.
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— (hopmupoBanme 3¢hdEKTUBHOTO OTBeTa Ha 6OJb-
IIIJie BBI3OBBI C YUETOM B3aMMOIEICTBIS UeIOBeKa U Mpu-
PO[IbI, UeJI0BEKa ¥ TeXHOJIOTHIA, COLMATbHBIX MHCTUTYTOB
Ha COBPeMEeHHOM 3Tarie I7106a7bHOTO Pa3BUTHS.

Crparterneii  pasBUTUS  MUHEPAIbHO-ChIPbEBOIA
6a3b1 Poccun mo 2035 roga mpemycMOTpPEHO HapallyBa-
HJe MUHEPaTbHO-ChIPheBOJ 6a3bl 3a CUET YBETMUYEHMS
MHBECTUILIVIOHHON TMPUBIEKATebHOCTY TOPHBIX U TEO0-
JIOTOpa3BeIOYHBIX PabOT BCEX CTaauii, pocTa KauecTBa
MIPOTHO3MPOBAHMS U TTOMCKOB HOBBIX MECTOPOKAEHUIA,
MoBbIIIeHNsT 3(G(EKTUBHOCTM OCBOEHMSI M3BECTHBIX,
B TOM UuC/ie Hepa3pabaTbiBaeMbIX, MECTOPOXKIEHNI Y-
TEM BHEAPEHMS] COBPEMEHHBIX TEXHOJIOTMII epepaboT-
KU, oborarieHus M KOMIUIEKCHOTO M3BJIeUeHNs TTOIe3HbIX
MCKOTIaeMbIX, ITOBBIIIIEHME YPOBHSI T€OJIOTMUECKOI U3Y-
YEeHHOCTY CTpaHbl’. ITO MOTpebyeT M3MeHEeHMs B pa3BU-
T 06pa3oBaTEIbHBIX TPAEKTOPMUII BBICIIETO T'eO0JOTU-
YeCKOTO U TOPHO-TEOJIOTMYeCKOT0 06pasoBaHus Poccun
¥ GOpPMUPOBAHMS OTPACIEBOI CUCTEMBbI HEIIPEepPhIBHOTO
reoJIoTMYeCcKoro 06pa3oBaHus Ha 6ase CO3JaHMUs CIIeL-
anM3MpPOBAHHBIX 0Aa30BbIX Kadeap ¥ IEHTPOB KOMIIe-
TEeHIMII B YHMUBEPCUTETAX, HAYYHO-VCCIeIOBATENIbCKIX
Y TIPOU3BOJICTBEHHBIX OPTaHM3AIUSX.

AkageMuyeckoe COOOIIECTBO OTKIMKHYIOCh Ha 3TU
CJIOKHBIE M MaclITaOHble 3aJauy, U TMPAKTUUECKU Of-
HOBpPeMeHHO ¢ pa3paborkoit Crpateruu B 2020 r. Mu-
HOGpHayku Poccum 6but  yTBepKkIeH denepasbHbIit
rOCY[IapCTBEHHbII 06pa30BaTeIbHbIN CTAHIAPT BbICIIE-
ro ob6pasosBanus (®I'OC BO-2020) mo crenyaabHOCTU
«IIpuK/IagHast TEOJIOTHSI», SIBJISIOIIUIACI OPUEHTUPOM
TTOATOTOBKYM BBICOKOKBIM(UIIMPOBAHHBIX KaApOB IJIst
BOCITPOM3BO/ICTBA, PA3BUTUSI M MCIIOIb30BAHUSI MUHE-
PabHO-ChIPbEBOI 6a3bl CTPAHbI HA JIUTEIbHBIN ITePUOI.

OtnuunTtenbHoit ocobeHHocTrio PIOC BO-2020
SIBJIIETCSI TO, UTO BY3 (hopMuUpyeT TpebGOoBaHMS K Pe3Yilb-
TaTam OCBOeHMUsI 06pa30BaTeNbHON MPOTPAMMbI B BUE
YHUBEPCAIbHBIX, 00IIerpodeccMoHaabHbIX U MHpodec-
CUOHA/IBHBIX KOMITETEHIIMII BBIMYCKHUKOB (manee -
KOMIIETEHIIVN).

KoMMeTeHTHOCTHBIN MOAXOM K OIleHKe pe3y/lIbTaToB
BBICIIIETO TEOJIOTMUECKOTO OOpa3sOBaHMS U peanu3ainsi
MIPUHITUIIA COMPSDKEHHOCTY KOMITETEHIINI BBIITYCKHUKOB
BY30B C KBaIM(MDUKALVMOHHBIMM TPe6GOBAHUSIMU U TPYIO-
BBIMM (PYHKIMUSIMU CHEIMaTMCTOB-T€0JIOTOB IPUHIIAIIN-
aJIbHO OTVIMYAIOT 3TY MOAEIb 00pa3oBaHMs OT 00paso-
BaTeJNIbHBIX CTAHJAPTOB ITPOIUIOrO BeKa. DTO MO3BOJISIET
HAaCTPOUTH 06pa30BaTe/ibHbIE IPOrpaMMbl Ha BOCTPe6Oo-
BaHHbIE TUITBI MPOMECCUOHATBHONM IesSTeTbHOCTU: Ha-
YUYHO-VCCIeIOBATENbCKYI0, MMPOEKTHO-U3bICKATEIbCKYIO,
MPOV3BO/ICTBEHHO-TEXHOJIOTUYECKYIO, TeJarOTMYecKylo
U OPraHK3alVOHHO-YIIPaBIeHUYECKYIO.

YcranosneHHble B ®I'OC BO-20 KomMneTeHUUN BbI-
IyCKHMKOB BY30B, OTpaskalolliye pe3yabTaTbl OCBOe-
HMSI TIPOTPAMMBbI BBICIIETO 0OPa30BaHMUS IMOCTPOEHBI 10
MepapxnuueckoMy TMPUHIUITY — OT YHUBEPCATbHBIX IJISI
TOPHO-TE0JIOTUUECKOi oTpacin, obuiernpodeccruoHab-
HBIX, YUUTBHIBAIOMIMX TpeGoBaHMS MpodeccuoHaTbHOM
MHKEeHEPHOJi TTOATOTOBKY, 1 TTpodeccoHaNbHbIX, OTpa-

7 Crparerusi pPasBUTUSI MMHEPATbHO-ChIPbEBOI Oa3bl
Poccuiickoit ®epepaiun 1o 2035 roga. Pacropsokenue IpaBu-
TesnbeTBa Poccuiickoilt @epepanyiy ot 22 12. 2018 . N2 2914-p.
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SKaIOMIMX OCOOEHHOCTY OOYUEHMS TI0 CIeIMaTi3aiysiM.
VHUBepcaabHble KOMITETEHIMM OTPakaloT MOTPeGHOCTh
B (hopMMpPOBaHIMM Y BBIITYCKHMKOB €CTECTBEHHO-HAYYHO-
ro MUPOBO33peHMs], a obiienpodeccruoHalbHble U MPO-
(deccroHaIbHbIe — OLEHMBAIOT MX 3HAHMUS UM HABBIKU
B OJJHOM U3 TUIIOB Oymymieil mpodeccruoHaTbHOM esi-
TenpHOCTH. Hampumep, 1o crienyaabHOCTH «IIpuKIagHast
reojIorusl MeCTOPOXKAEeHMI TBEPABIX MOJI€3HbIX MCKOIIae-
MBIX» ITOATOTOBKA CITELIVATIVICTOB OYIET OCYIEeCTBIISIThCS
10 CIemYIOIMM CIleluanm3auusaM (Ipouism muimm Ha-
TIPaBJIEHHOCTSIM) BbIITYCKHMKOB:

— reoJioTMYeckasi CbeMKa, MOUCKM ¥ pa3BelKa Me-
CTOPOXIEHMI TBEPIbIX ITOJIE3HBIX MCKOIIaeMbIX;

— pa3Be[ika U OlLleHKA CTpaTernueckux BUIOB MOIe3-
HBIX ICKOTIA€MbIX

— IPUKIaaHAs TeOXUMUS, MUHEPAIOTUSI U TeMMO-
JIOTHUSL.

Hamu ObLIM TpoaHaNIM3MPOBaHbl YCTaHOBJIEHHBIE
B ®T'OC BO-2020 yHuBepcanibHbie U 061enpodeccuo-
HaJIbHbIe KOMIIETEHIIMM BBIITYCKHMKOB Ha IpeaMeT X
COIIPSI>)KEHHOCTM C IIPMOPUTETHBIMUM HaIllpaBJI€HUAMU
Hay4yHO-TexHojorndeckoro passutus (HTP) Poccun,
OTHOCSIIIMMUCS K PA3BUTUI0 MUHEPATbHO-CHIPbEBOTO
Komruiekca®. K TakMM MpUOPUTETHBIM HAMpPaBIEHUSIM
OTHOCSITCSI:

— Iepexof, K MepeqoBbIM LIM(GPOBBIM, MHTEJIEKTY-
aJbHBIM TIPOM3BOACTBEHHBIM TEXHOJIOTUSIM, POOOTU3U-
POBaHHBIM CHUCTEMaM, HOBbIM MaTepuagaM U CIocobam
KOHCTPYMPOBAHMS, CO3[laHMe CUCTEM 06pabOTKM OOIb-
X 00bEMOB JaHHBIX, MAIIMHHOTO OOYYEHUST U UCKYC-
CTBEHHOTO MHTEJIIEKTA;

— Mepexof, K 9KOJIOTUYeCKy YMCTOI U pecypcocoepe-
ramoiieil sHepreTuke, MoBbilieHne 3DHEKTUBHOCTY 0-
OBIUM ¥ TITyOOKOI epepaboTKM YIIEBOJOPOLHOTO ChIPbS,
dbopMupoBaHe HOBBIX MCTOYHMKOB, CIIOCOGOB TpaHC-
IIOPTUPOBKM ¥ XPAaHEHUST SHEPIUM;

— CBSI3aHHOCTb Tepputopum Poccuiickoii depepa-
MY 33 CUeT CO3AHNSI MHTEeIEKTYaIbHBIX TPAHCIIOPT-
HBIX ¥ TeJIeKOMMYHMKAIIMOHHBIX CUCTEM, a TaKke 3a-
HITUS U yOepsKaHUS TUOEePCKUX TO3ULNI B CO3MaHUU
MEXKIYHAPOIHBIX TPAHCIIOPTHO-JIOTUCTUYECKUX CUCTEM,
OCBOEHUM U UCITONIb30BAHUM KOCMUYECKOTO U BO3OYII-
HOT'O MPOCTPaHCTBa, MUPOBOIro oKeaHa, ApKTUKYU 1 AH-
TapKTUKNA.

I[lo mepBOMy HampaB/JeHUI0 00pPa30BATENIbHBIMU
MporpaMMaMy IIpegycMOTpeHO hopMUPOBaHYE CIeAYIO-
VX KOMITETEHIIMIT BBITYyCKHUKOB:

— CITOCOOHOCTh paboTaTh C MPOrpaMMHBIM obecrie-
YyeHyeM OO6IIIero, CrielnaJlbHOT0 Ha3HAYeHNsI, B TOM UMC-
Jie MOJIeJIMPOBATh TOPHbIE U Fe0JIOTUUYECKIEe OOBEKTHI;

— CITOCOOGHOCTD MPUMEHSITh OCHOBHBIE METObI, CITO-
co6bI ¥ CpeiCTBa MOTyUeHMS, XpaHeHsT M 06pabOTKY MH-
opmanyu, UCIOab3ys HABBIKM PAOOTHI C KOMITHIOTEPOM
KaK CpeJCTBOM yITpaBjaeHust nHbopManue.

BTropoe mpuopuTeTHOEe HampaBeHMe HayYHO-TeX-
HOJIOTMYECKOTO Pa3BUTUSI B 00pa30BaTebHbBIX POTPaM-
Max OyZeT OTpaskeHO B OCBOEHMM TaKOil YHUBEPCATbHOM
KOMIIETEHIIVM BBIITYCKHMKA, KaK CIIOCOOHOCTh CO3/1aBaTh

8 Teonmorust 6ymymiero. T'eonornyeckast otrpacib Poccuii-
ckoit @epepaiuy K Havany 2050-x romoB. MHGOpPMaIMOHHO-
aHanmuTU4eckue Mmatepuanbl. M.: AO «Pocreonorusi», 2017. 85 c.
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U MOAepXMBaTh B TIOBCETHEBHO KM3HU U B ITpodeccu-
OHAJIbHOI eATeIbHOCTY Ge30TacHble YCIOBUS JKU3Hee-
SITEJIBHOCTY JIJIS1 COXpaHeHMsI IPUPOIHOIL cpefibl, o0ecre-
YeHUs] YCTOMUMBOTO Pa3BUTHUS OOIECTBA.

Ko BTOpOMY IpropuTEeTHOMY HaIlpaB/IeHUIO Hayu-
HO-TEXHOJIOTUYECKOTO Pa3BUTHS CJIeoyeT OTHeCTU (op-
MMUpOBaHMe CIeAYIONIMX 00IIernpodeccuoHaIbHbIX KOM-
TeTeHIM BBITYCKHMUKOB:

— CITOCOOHOCTb IPUMEHSITh ITPaBOBbIE OCHOBBI I'e0-
JIOTMYECKOTO U3YUYeHUsT HeJIp ¥ HeAPOII0/Ib30BaHMsI, 06e-
CIieuyeHMs] SKOJIOTMUYECKON M MPOMBIIIJIEHHO! 6Ge3orac-
HOCTU U YMeHMe UX YUYUTBIBATh MPU TOKCKAX, pa3BeaKe
M 3KCIUTyaTalM MeCTOPOKIeHMI I0Je3HbIX MCKorae-
MBIX, & TAK)Ke CTPOUTENbCTBE;

— CITIOCOOHOCTb MPUMEHSITh METOAbl OOecIeueHus
6e30IMacHOCTY JXU3HeIesI TeIbHOCTI, B TOM UMCIIe B YCIIO-
BUSIX Upe3BbIUaliHbIX CUTYyallUi, IPU MPOMU3BOICTBE pa-
60T I10 Te0JIOTMYECKOMY M3YUEHUIO Heap, IOMCKaM, pas-
Bemke, moObIYe U MepepaboTKe ITOJIe3HBIX MCKOIIAeMbIX,
ITPOMBIIIJIEHHO-TPaXKIaHCKOMY CTPOUTEIbCTBY.

TpeTbe NMpUOpUTETHOE HATIpaB/ieH)e HAYyUHO-TeXHO-
JIOTMYECKOTo pa3BuTusi Poccuyt B MuHepaabHO-ChIPbeBOM
CeKTOpe peanmsyeTcs NMpenycMoTpeHHbIMU Crpareruein
pPasBUTKUSI MMUHEpaJbHO-ChIPheBOII 6a3bl Poccum mepo-
MPUSITUSIMA TI0 TIPOBEJIEHMI0 Te0JIoropas3sBeqouHbIX pa-
60T B ApKTUKe. B CBSI3M C M3MeHeHreM KIMMaTa HauHeT-
cs1 addexTBHOE MCTIONb30BaHKe CeBepHOTO MOpCKOro
IyTH, YTO GYIEeT CrIocO6CTBOBATh AMBEPCUBUKALINY IKO-
HOMMKM PermoHa, MoBbIIIEeHNIO TEXHOJIOTMYeCKOTO YPOB-
H$I, & TaKKe OajbHelileMy pa3BUTUIO U ocBoeHN0 MCB
apKTUUeCcKoi 30HbI Poccuiickuit @epepanyi’.

s popMupoBaHMs HAaBBIKOB 110 OCBOEHUIO MUHE-
PabHO-ChIPbEBOI 6a3bl apKTUUECKUX TeppUTOPUit Poc-
cum B ®I'OC BO-2020 66111 BKIIOUEHBI 0011eTpodeccio-
HaJbHbIe KOMIIETeHIIV BbIITyCKHUKA:

— CITOCOOHOCTh TPUMEHSITh OCHOBHBIE TIOOKEHUS
€CTeCTBEHHBIX HayK ¥ HayYHBIX TEOPUI1 IPU NTPOBeeHUN
HayYHO-YCCIeIOBATENIbCKUX PabOT MO M3YUYEHUIO U BOC-
MIPOM3BO/ICTBY MUHEPATbHO-ChIPbEBOI Oa3hI;

— CITOCOOHOCTb MPUMEHSITh HaBBIKM aHaIM3a TOP-
HO-TeOJIOTMYeCKUX YCIOBMII TIpU TTOMUCKAX, OlleHKe, pas-
Bemke ¥ Ao6bIue IMOJIe3HbIX MCKOIIAeMbIX, a TaKKe Ipu
rpa’kaHCKOM CTPOUTEJIbCTBE.

TakuM 06pa3oM, BBIITOJIHEHME OCHOBHBIX IIPUOPU-
TETHBIX HAIlpaBJIe€HUI DPa3BUTUS HAYKU U TEXHOJIOTUI
MpU OCYIIECTBIEHUM TOCYHApCTBEHHOV HAayYHO-TEXHO-
JIOTUYECKOM TIOMUTUKYU TO3BOIUT CHOPMUPOBATH KOM-
TeTeHIMY, HeoOXOmMMbIe IJIsl Tepexofa K peaan3alnymn
HOBBIX TIPMOPUTETOB HAYYHO-TEXHOJIOTMYECKOTO Pa3Bu-
st Poccuiickoit @emepaiiny, OTBEUAOIINX HA OGOJbIIe
BBI30BbI COBpPEMEHHO IIUMBUIN3ALIUMN.

YcraHOB/IeHHAST COMPSIKEHHOCTb KOMITeTeHIUIA BbI-
MMYCKHMKOB BY30B KaK MHAMKATOpa COBOKYITHOCTU TOp-
HO-T€0JIOTMYECKMX 3HAHMI, HABBIKOB U YMEHMUII C TIPUO-
PUTETHBIMU HAIIpaBJIeHMUSIMU HAYYHO-TEXHOIOTUYECKOTO

° Teonorust Gymyiero. leonmornueckast oTpacib Poccuii-
ckoit @emepauyy kK Hauvany 2050-x romos. MHbopManoHHO-
aHaMTUYeckue marepuainbl. M.: AO «Pocreonorusi», 2017. 85 c.;
Wtoru paboTsl (emepajbHOrO areHTCTBa IO HEIPOIIOIb30Ba-
Huio B 2018 romy. UHGopMallOHHO-aHAUTUUECKE MaTepya-
sibl. M.: Munanipupozsl. 2019. 56 c.
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pa3BuUTUSI Poccyuy TTO3BOJISIET CUMTATh, HOBbIE CTAHIAPThI
®Ir'OC BO-2020 6yayT cr1oco6CTBOBATD MOATOTOBKE ITPO-
(beccroHaIOB, TOTOBBIX HEITOCPEICTBEHHO IOC/Ee OKOH-
yaHMS By3a paboTaTh B chepe MpaKTUUeCKOTO PasBUTHUS
MMWHEPaIbHO-ChIPHEBOTO KOMILIEKCA.

BaskHbIMM HAIpaB/IeHUSIMM B 007aCTU U3YYEHUS
Y OCBOeHMS Henp, oTpakeHHbIe B ®T'OB BO-2020, cranu:

— CO3TaHMe TEeXHOJOTUM ITPOTHO3UPOBAHUSI MIUHE-
PaJIbHBIX PECYPCOB Ha OCHOBE HOBOJI METAJIJIOTeHUUECKOT
MapagurMbl ¢ MUHMMM3AIMel 9KOHOMUYECKUX PUCKOB,
00YyC/IOBJIEHHBIX ITPOBEIEHMEM PErMOHANbHBIX U OIepe-
KAIOIIMX ITOMCKOBBIX re0I0ropasBeqouHbIX paborT;

— JCIIO/Ib30BaHME T'eO0TeXHOJOTUUYECKUX CII0COOOB
JOOBIYM U (DUBMKO-XUMUYECKUX TEeOTEXHOJOTMI (CKBa-
SKMHHOE TIO[I3€MHO€ BBIIIeauMBaHMe, CKBAKMHHAS TU-
Ipomo6bIva 1 MoA3eMHast ra3ubuKauys yIvs);

— paspaboTKa pecypcocbeperaronmmux crocoboB Tex-
HOJIOTMYECKOJi MYUHEePaJOTUM 0 TTy6OKOi U MOTHO me-
pepaboTKe KOMIUIEKCHBIX TPYIHOOO0TaTUMBIX PY/I;

— OCBOEHIEe KPYITHOTOHHAKHBIX MECTOPOKIEHMIA
T10JIe3HBIX MCKOIIAeMbIX Ha OOMBINNX ITTyOMHAX;

— pa3Be[iKka U OlLleHKA CTpaTernyeckux BUIOB MOJIe3-
HBIX MICKOTIA€MbIX.

Oco6oe 3HaueHKue B TOPHO-TeOJOTMUYEecKOM ob6pa-
30BaHUM YIEJISIeTCS BaXKHOMY JJISI TOCYIapCTBa HaIpaB-
JIEHUI0O — MUHEPaJIbHO-ChIPheBOii 6ase CTpaTernvyeckux
BUIOB IOJI€3HBbIX MCKoMmaeMbiX. CBemeHus o6 o6bemax
3a1macoB, o6beMax J0ObIUM U MOTPe6IeHusT cTpaTernye-
CKMX BUIOB IT0JIE3HBIX MCKOITAEMbIX Ceifuac OTHOCSTCS
K TOCYIapCTBEHHOI TaliHe. YKa3 00 3TOM, ITOAIIMCAHHbIN
8 mwons 2020 r. IIpesupentom Pocenu B. IlyTuHbIM, pas-
Iensier ceemeHns 06 oobemMax 6aJaHCOBbBIX 3aI1aCOB B He-
Ipax, YpOBHe MOOBIUM M TOTPe6IeHus CTpaTernyeckux
BUMIOB IIOJIE3HBIX MCKOIIAeMbIX, K KOTOPBIM OTHOCSIT-
Cs1 HUKeJIb, KOOaJIbT, TaHTaJI, HUOGMIT, GePUILINIA, TUTHUIA,
penKiue 3eMJIM UTTPUEBOI IPYIIIbI, 0c060€ YMCTOe KBap-
eBoe coeipbe. B ¢Bsisu ¢ atum B HOBble PT'OC BO-2020
BBEJI€HbI TPEOOBaHMSI K pa3paboTKe U peanusauum 06-
pa3oBaTeIbHBIX ITPOTPAMM C YUETOM TPeOOBAHMIA, TIPE-
YCMOTPEHHBIX HOPMATUBHBIMY ITPABOBBIMYM aKTaMM B 06-
JIACTY 3aLIUThI TOCYOAPCTBEHHO TallHBbI.

Iyt pemieHuss TMpobaeM TeoNIOTUMUeCKOro M3Y-
YeHMsI HeIp HeINOCPeACTBEHHO CBSI3aHbl C HEOOXOmu-
MOCTBIO  IIOATOTOBKM  BBICOKOKBaJIM(PUIMPOBAHHBIX
CIIeLIMAIMCTOB I10 IHMIMPOKOMY CIEKTpPY HarpaBjeHuii,
MeTOIMKe, TEXHUKE U TEXHOJIOTUI Te0IOTOPA3BEIOYHbIX
paboT ¢ YYETOM BBINIEIIEPEUNCIEHHBIX CITeIMbUIeCKIX
(bakTOPOB COBPEMEHHOTO IEPMOMIA U TEPCIEKTUB pas-
BUTUSI MUHEPAJIbHO-ChIPbEBOJ 6a3bl CTPAHbI, TTO3UIMNO-
HMUpOBaHMs Poccuy Ha MeKAYHAPOIHBIX PhIHKAX, B TOM
YICIe MMHEPATbHO-ChIPbEBBIX U TexHOMornueckux'® [10].

MBbI IT071araeM, 4YTO B COOTBETCTBUM C pa3paboTaHHO
mopenbto @I'OC 3 (2020) moSIBUTCS BO3MOXHOCTD CO31,aTh
I'MOKYI0 ¥ GBICTPO PearmMpylonyi Ha pasjiMuHbie 00beK-
TUBHBIE BBI3OBBI CUCTEMY IMPODECCMOHATbHBIX KBaIN-
(ukanuit: TOpHBIT MHKeHep, TOPHBIN MHKeHep-TeoJIorT;
TOPHBI MHKEHeP-TUIPOTeOosIoT; TOPHbBI MHXKeHep I10
OYpeHUIO CKBa)KMH; TOPHBIN MHKeHEep-TeOXUMMUK, TOp-

10 Teomorust 6ymymiero. I'eonornueckas orpacib Poccuii-
ckoit @epepaiuyu K Havany 2050-x romoB. MHGOpPMaIMOHHO-
aHanuTU4eckue Mmatepuanbl. M.: AO «Pocreonorusi», 2017. 85 c.
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HbIi MHKeHep-TeoU3nK, ¥ TaKUM 06pasoM HaCTPOUTH
CUCTeMY MOATOTOBKM CIELIMaANCTOB 10 IPUKIaAHON re-
0JIOTMY Ha YOOBJIETBOPEHME aKTyaIbHOTO U II€PCIIEKTUB-
HOTO COCTOSIHUSI PbIHKA TPYyZa POCCUICKOI reONnoTUN.

Ponb nporpamm npakTuK B o6ecnevyeHnn
KayecTBa NoAroToBKM cneuuanancToB
ONS FOPHO-reosIorM4yecKon oTpacnm

KauecTBeHHOE reosornyeckoe MpodeccruoHantbHoe
0o6pa3oBaHMe He MOXKET GbITh OCYIIECTBIEHO 6e3 TOJIK-
HOJ IPAaKTMYECKOi IMOATOTOBKM — BBIE€3IHbBIX ITOJEBbIX
MPOM3BOACTBEHHBIX TEOJOTMUYECKUX TPAKTUK B Pas3BU-
TBIX TOPHOPYIHBIX U YIaJEHHBIX HEM3YUEHHBIX paifoHax.
VuebHble ¥ TIPOU3BOACTBEHHbIE ITPAKTUKM SIBJISIFOTCS
06513aTeIbHBIMM 3JIeMEHTaMM TIPAKTUYECKO HesiTesb-
HOCTM CTYIEHTOB ¥ OXBAThIBAIOT BECh ITePMOJ, 06yUeH M.

TpakTuKM OeJISTCS Ha [IBa TUIIA — yUeOHbIe U IIPO-
U3BOOCTBEHHbIE. K yueOHbIM IIPaKTMKAM TPaIMULIVIOHHO
OTHOCSITCSI TEOIOTMYECKass 03HAKOMUTEIbHAs MPAKTHUKA,
reojiornueckas 1mojieBas MpakTuKa ¥ HayuHO-1CCIeI0Ba-
Tesbckast pabora. IIpon3BoOACTBEHHbBIE MTPAKTUKMA MOTYT
OBbITh MMPEICTABIEHbI CIAYIOIMMM TUIIAMMU: TTPOM3BOJI -
CTBEHHAasl TEXHOJIOTMYeCKasi IMpaKTUKa Ha TOPHO-Teo-
JIOTUYECKUX  OOBEKTaX, IPOEKTHO-TEXHOIOIMYEeCcKast
MpakTMKa B HAYYHO-MCCIEHOBATEIbCKMX MHCTUTYTaX
¥ HayYHO-MCCIeJOBaTeNbCKast paboTa.

VHUBEPCUTETHI, OMMUPAsiCh Ha 06pa30BaTENbHbI’
CTaH[IaPT, MMEIOT MPaBO BhIGPATh OJMH WM HECKOIbKO
TUITIOB YUeBHO MPAKTUKM U OIUH UV HECKOIBKO TUITOB
MPOM3BOICTBEHHOI MPAKTUKY B 3aBUCUMOCTH OT CIIeIy-
anusauuyM MpM OCBOEHUM IIPOTPaMMbl ¥ IIOATOTOBKM
K PpeLIeHNI0 HayYHO-MCCIeN0BaTeIbCKMUX, IPOEKTHO-
M3BICKATEIbCKUX, IIPOM3BOACTBEHHO-TEXHOIOTMUECKIUX,
Meflaroruuecknx WM OpTaHU3alMOHHO-YIIpaBIeHYe-
CKMX 3a/1a4.

Puc. 1. Crygentst MI'PU
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EcTb ompepneneHHble CIOKHOCTM B TUIAaHMPOBAHUM
MporpaMm MPaKTUK, KOTOPbIE CBSI3aHbI CO 3HAUUTEIbHbI-
MM 3aTpaTaMi, B TOM YMC/Ie TPAaHCIOPTHbIMU. Ho Heo6-
XOIMMO OTMETUTb, UTO TOCYAApPCTBO IpeaycMaTpuBaeT
9TU Pacxombl B OIOMKETHON Cyocuaum mpu GUHAHCUPO-
BAaHMM BBICIIETO 0OPa30BaHMsI, a pelieHne BOmpoca Kpo-
eTCsl B TPaBUWJIbHOM IJIAaHMPOBAHUMN.

Bymymuit Teonor uauM TOpHSIK 6e3 9KCIeaUIMOH-
HOJVI MPAKTUKY He MOKET ObITb CITEIMATUCTOM IO Teo-
JIOTMYEeCKOMY M3yUeHMI0 U 0CBOeHUIO Hefp. bosee Toro,
MOJIOZIO} CHEeLMAJIUCT TOoC/ie HEeCKOAbKUX JIeT PaboThl
B 9KCIEAMIVOHHBIX YCIOBMUSIX HauMHaeT IIyOOKO I10-
HMMaTb OCOGEHHOCTU TeO0JOTMYECKOTO CTPOEHMSI M3-
yyaeMbIX IUIONIAMElNi U OOBEKTOB. Beab He cCiayuaiiHo,
YTO B TIPOIECCe MPaKTUUECKON pabOThl MPOUCKXOOUT
muddepeHnyanus o6menpodecCMOHANIBHBIX U IPO-
(beccroHaTbHBIX KOMIIETEHIMI OYIYIINX BBIITYCKHUKOB
10 TeppPUTOPUATLHOMY U MUHEpPaabHO-ChIPbeBOMY Ha-
npaBjeHusiM. JTOT MpOoliecC MMeeT BaskHOe 3HauyeHUe
MIpY U3YUYEHUM CIOKHBIX IIPUPOIHBIX 0OHEKTOB B re0JI0-
ruu [10]. He cTouT 3a6bIBaTh, YTO MMEHHO SKCIIEAUIIN-
OHHBbIE YCIIOBUS OTIPEIENISIOT BXO, B TPO(eCCOHATbHYIO
reoJIOTUYECKYI0 CYOKYIbTYPY, OIpenessiioT OymyIIyio
MIPUHAJIEKHOCTh K PO ecCMOHaTIbHOMY COOOIIECTBY
mpodeccroHaI0B-Te0I0T0B.

B kauecTBe mpumepa TaKuX MPAKTUK MOKHO TIpH-
BECTH CTyJleHUYeCcKMe U3yueHUs] KOMIUIEKCHBIX CyIbdu-
HBIX MeCTOpOXIeHuil HopuabCcKOro pymHOro parioHa
[11-15]. Ha aTux MeCTOPOKAEHUSIX MMOTHOIIEHHYIO Teo-
JIOTMYECKYI0 IMPOU3BOACTBEHHYIO IMPAKTUKY IPOXOIST
CTYIEeHTbl BCeX HampaB/ieHMI MOATOTOBKM TOPHbBIX MH-
skeHepoB. OCO6eHHO TMPOTYKTMBHA IMPaKTUKA IJISI CTY-
IIEHTOB-T€0JIOTOB, MMEIIINX BO3MOXHOCTb pPaboTaTh
Ha JOJIKHOCTSIX TEXHMKOB-TEO0JIOTOB KaK B ITOJIEBBIX, TAK
U B MIO/I3€ MHBIX YCIOBUSIX. CTYeHThI-MTPAKTUKAHTBI 03-

Fig 1. MGRI students during geological field training
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HaKOMWINCh CO CJIOKHBIM T€OJIOTMYECKUM CTPOEHUEM
MeCTOPOXKIeHUit, comepskamux cynbbuiHble MegHO-HU-
KeJieBble PYyIbl C BBICOKOV KOHI[EHTpalMeil MeTayljioB
TJIATMHOBO TPYIIITbI, 0COGEHHOCTIMU UX Pa3pabOTKU U
repepaboTky. Hamu 66111 TTOTyYeHbI HOBbIE TAHHbIE, CY-
[IeCTBEHHO JOTOMHSIOIME MHPOPMAIIMIO O 3aKOHOMED-
HOCTSIX JIOKa/IM3aluy KOMITIEKCHBIX MeIHO-HUKeIeBbIX
pya. YcraHoBIeHa 0CO6eHHOCTD JIOKAIM3aIuu CyIbumi-
HbIX Py, MECTOPOXIEHU! B MOACTWIAIOIINX TTOPOIax —
JIeBOHCKMX M3BECTHSKAX M MIMHAX C IJIACTaMU aHTUADPU-
Ta, KOTOPbI 06pa3yeTcst Ipy UCIIaPEHUM MOPCKOI BOMIbI
B 3aMKHYTBIX BOJlO€Max.

V3ydeHne wmecTtopoxaeHuii HOPUIbCKOI T'PYIIIbI
BCKPBUIO MCKITIOUMTENIbHO GOoraThle 3ayieXMu, COCTOSIIe
crutomb U3 CynbGumoB. MaccuBHbIE PYIbI MOUTHOCTBIO
6omee 50 M MpemCTaBISIOT COO0J 3aCTBIBIIYIO PYAOHOC-
HYI0 MarMy — IIPUPOJIHBIN MITeiH. 3apyOesKHble aHAIOTU
3amMeTHO OenHee. Hammume 6OTaThix Pyn OOGBSICHSIETCS
acCUMMJISAIIMel cepbl U KalbIMsS U3 OCALOUYHBIX MOPO],
[16—-18]. Cpenyt CIIIOIIHBIX PYZ, BbIAeIeHbl TPU TUIIA TTUP-
POTMHOBBIX, IBA TUIA KyOAHUTOBBIX, @ TAKKE TPU TUIIA
XaJIbKOMMUPUTOBBIX  PyH. [IpOKMIKOBO-BKpaTieHHbIE
DYIBI cofepskaT accoumanyy CymbGUA0B, HO CpeIu HUX
BCTPEYAIOTCS MMUPUT, MUJUIEPUT, GOPHUT U XaTbKO3UH
[11, 12, 19, 20]. 3aneranue 6a3aJbTOBBIX CU/UIOB CpeIu
0CaJIOYHBIX CYAbGATHBIX MOPOJ OOGYCIOBWIO BBICOKYIO
KOHIIEHTpAaI1I0 CepOBOIOPOA B paciljiaBe. JTO OKa3aHO
aHOMAQJIbHO BBICOKUM COZepsKaHMeM TSKeJIOro M30TOorma
A*S B cynbQUIHBIX PyIax ¥ KOPPEJIUPYETCS ¢ IIpeoba-
maHueM A%*S B aHTMIPUTE 0CAMOUYHBIX TOJIII, MOACTHIIA-
I0MuMX CcyabbuaHoe opyneHeHue. [Togo6HbIE MTPOIECCHI
TIOJTyY MM Ha3BaHMe cyabdypusanuum [18, 21, 22].

3auMcTBOBaHME 6a3aIbTOBBIM PACIIABOM aHOMAJTb-
HOT'O KOJIMYeCTBa M30TOIOB TSKENOi Cepbl U3 0CaZ0UHbIX
TOJIII TIPUBEJIO K TOMY, YTO Ha JHE pacruiaBa o6pa3oBa-
J1ach YHUKaIbHAS MaccuBHas cynbduaHas pyna. Hopuiab-
CKMe MeOHO-HMKelIeBble CyabGUIHbIE PYIbI TOBCEMECT-
HO Pe3KO0 00oraiieHsbl TSKeIbIM M30TOIIOM cepbl [16—18].
[ToryyeHHbIe JaHHBIE, B TOM UMC/ie HA MaTepuaaax, co-
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OpaHHBIX CTYIEHTaMM BO BPEMs IPOXOKIEHMS IPOM3-
BOJCTBEHHBIX ¥ MPEeIAUIIOMHBIX MPAKTUK, [TO3BOJISIOT
MIPOTHO3MPOBATh GoraTbie MO COAEP KaHMI0 MeOu MUHe-
pann30BaHHbIE YUACTKM PYIHBIX 3aI€Kei.

Takue pesyabTaThl CTYIEHUYECKUX T'eOOTUUECKIUX
MIPaKTUK HECYT He TOJIbKO yUeOHbI XapaKTep, HO U IPU-
K/IA[HO, YTO TIO3BOJISIET 3TUM DPesylIbTaTaM M CTYIEH-
TaM, X CO3JaBIIMM, ObITh BOCTPEOOBAHHBIMIM Ha KOH-
KPETHBIX MPeIIIPUITUSIX.

3aknioyeHue

Hosrble denmepanbHble TOCyIapCTBEHHbIE 00pa30Ba-
TeJbHbIE CTAHIAPTHI BBICIIETr0 06pPa30BaHMSI 10 TOPHBIM
M TeoJIOTMYeCKUM CHelMaTbHOCTSIM Pa3BUBAIOT B YHU-
BepCcUTeTaX I'MOKYI0 MOJeTh IMTOATOTOBKY CITEIVaTCTOB,
KOTOpasi O3BOJISIET OTBEUAaTh HA COBpeMEHHbIe BbI3OBBI
reoJIOTMYeCcKoif OTpaciay B KaAPOBbBIX MTOTPEOGHOCTSIX.

IpakTHyecKas MOATOTOBKA OYIYIIMX TOPHBIX MHKe-
HepOB, Te0JIOTOB UTPAeT PellalollyI0 POJIb B 06ecrieueHumn
KayecTBa TMOATOTOBKM, YHUBEPCUTETHI HOJIKHBI MPUIIO-
KUTh MaKCUMYM YCWIMIA [IJi1 OpraHu3alyuu reonormnye-
CKUX Y MMPOU3BOICTBEHHBIX MPAKTUK, & KOMIIAaHUU U Op-
raHu3aluyu NpefoCTaBUTh TEXHOJIOTMYeCKe TIIOIa KA
JIJISI IOJINTOHOB TIPAKTUK.

T'opHO-Treoornyeckoe akajgemMmuueckoe u mpodeccu-
OHaJIbHOE COOOBIIECTBO MO/IKHO MPUIOKUTD YCUTIUST IJISt
(opmupoBaHMsSI OTeUECTBEHHOI CUCTEMBI Tpodeccuo-
HaJIbHBIX KBaJIM(UKALMIA: TOPHBI MHKEHep, TOPHBbIN
VHKeHeP-TeXHOJIOT, TOPHbIM MHXXeHep-TeoyioT, TOPHBI
VHKEHEep-TUIPOTeosIoT, TOPHBI MHKeHEep IM0 O6ypeHuIo
CKBakMH, TOPHbBIN MHXeHep-TeOXUMMUK, TOPHbIN MHKe-
Hep-reodU3UK U Ip., KOTOpast JOJIKHA 00eCIeunThb rap-
MOHM3aIMI0 TPe6OBaHMi1 K YPOBHIO TIOATOTOBKM CITELIV-
JIXCTOB AJI51 OTPACAU. DTO TTO3BOJUT HACTPOUTD CUCTEMY
MOJITOTOBKM BBIMTYCKHUKOB MO0 TOPHOMY Aesy, TPUKJIa-
HOJ TeoJIOTMM U TEeXHOJIOTUM TeO0JIOTMUYeCKOl pa3BenKku
Ha YIOBJETBOpeHME aKTyaJbHOTO U TepCIeKTUBHOTO
COCTOSTHMSI PBIHKA TPyHa POCCUIICKOI TOPHO-Teoornye-
CKOJi OTpacin.
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