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AHMADOVA KONUL RASUL
Azerbaijan State Oil and Industry Universit, Azerbaijan

DUAL-PULSE NEUTRON LOGGING TOOL APPLIED FOR COMPLEX
RESERVOIR CURRENT SATURATION ESTIMATE

Nowadays, pulse neutron logging tool (PNLT) is basically used to evaluate current reservoir saturation
status in oil-fields under development and to monitor pay formation fluid displacement.

Irrespective of currently available integral and spectral pulse neutron methods, only PNLT is widely
applied one by petroleum industry in Azerbaijan. As a result of researches conducted in AzerGeofizika ETI several
methods have been designed for current reservoir saturation estimate.

Most promising design assumptions have been gained by mains of various dual-sonde modifications.

The major advantage of dual-sonde modifications is that it provides an opportunity to assess porosity and

current reservoir saturation qualitatively while neutron diffusion parameters (T D) determination.

In the normal condition oil diffusion parameters T and D are actually the same as those of fresh water, but
in-sity dependent on thermal and pressure conditions they are different This phenomena is associated with the
dissolved gas factor in case with in-sity conditions.

Studies recently conducted by AzerGeofizika ETI at various oil-fields indicate that complex reservoir
current saturation can be evaluated through in-sity thermal-neutron diffusion parameters (dominantly D parameters)
variation practical features due to gas factor effective in reality.

Therefore, borehole investigations were conducted with applied various a formation drive mechanisms in
the framework of speculative and technical capability of the dual-sonde modification, while oil-field development
geophysical monitoring.

It has been tentatively identified that neutron migration path in a free water is approximately 1.7 times
shorter than that in the hydrogene organic compounds or in the chemically bound water.

This circumstance has been a motivation drive to measure current reservoir saturation in case with
formation water low salinity by means of applied dual-sonde optimal modification.

Speculative and tentative data indicate that thermal neutron distribution along the borehole axis is closely
associated with hydrogene content at a time lag lower than tas. Therefore, hydrogene content evaluation is likely
based on n (Z) distribution variation at low t values, provided D diffusion coefficient being neglected. With such an
approach neutron parameter indices ratio Q measured by dual-sonde is executed by the formula shown below

__ mi(Z1x)
n(Z2.t) Kt 7,7,

Where Z; and Z, distances between sondes (small and large)

t- lag time

K¢ _the sonde channel the efficiency coefficient.

In order to evaluate the current reservoir saturation of the study depth range while data interpretation
through a given algorithm a correlation function of the neutron quantity and rocks natural radioactivity (GRL) have
been used.

Based on calculated ¥ and GRL parameter values, we first locate their crossing points within those
parameters orthogonal coordinate system for each study formation.

Then, both equation of % and GRL correlation function, regression line and its confidence for oil-charged
target depicted based on marker formations (that preserved initial oil-saturation)
Later on with the accepted current saturation coefficient Kcs=1 for reservoirs that occur within the

confidence limit and Kcs=0 for the uppermost acquifer, Kcs values are calculated based on relevant % values for
the rest of study formations.

Interpretation of the dual-sonde PNL data derived from X630-X400m depth range of well XX08 within
one of the Absheron oil-field is exemplified here.

Fig.1 displays curves both of GRL as well as PNL small and large sondes histogram of the formations
current saturation coefficients that is built upon interpretation data.
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Fig.2 displays correlation function of PNL and GRL derived throughout study formations, whereas
calculated parameters and the current formations saturation estimates for each reservoirs are shown in a table. The
study section consists dominantly of sandy/silty reservoirs which formations fluid is low-saline (12-18gr/L). In such
a circumstances mono-sonde tool would be insufficient.

On fig.1 based on PNL data it is easily identified that interpretation through applid mono-side tool made it
possible to detect 1 formations as an oil/gas charged (23) 12 formations as oil-charged and 7 formations as acqifers
out of 20 examined ones.

Dual-sonde data interpretation made it possible to define current hydrocarbon saturation within complex
reservoirs if incasing borehole section contains low-saline acqifers.

PNL measurements conducted within Absheron different geologic setting encountered within Absheron oil-
field with applied dual-sonde technology, along with acquired data interpretation and drill stem data, indicate that
dual-sode non-stop measurement technology provide an opportunity to get improved estimate of complex reservoirs
current saturation. Dual-sonde PNL tool efficiency can be improved up to 85-90% when used optimally.

MIRCO CURIC
Research Institute of Post-Mining, TH Georg Agricola University Bochum, Germany

EXAMINATION OF AN ALTERNATIVE ENERGY STORAGE IN SALT
DEPOSITS

The THYSSEN VERMOGENSVERWALTUNG GmbH from Germany owns since the early 1900s many
salt deposits in the middle-west of Germany. The following map shows the size of the ownership:
In total, the whole field has a size of 320 km? The thickness of the salt deposits variates from 50m — 250m.
Between NaCl-salt are interbedded Strata of KCl and other salt sedimentary rocks. The targeted salt strata
(“Zechstein-Werra 4”) has a thickness of approx. 150-220m.

So far the Thyssen Vermdgensverwaltung planned to install an Energy storage (caverns) in their fields.
They wanted to use the energy on the market of renewable energy — which is free in several times in Germany cause
the system can hold all the energy if for example every windmill is producing electricity the power grid would
collapse. In this time (up to 1h/d) the energy in the grid is for free, push the use of the energy.

At this point, there are two options to use the caverns:

I. Storage of compressed air (A-CAES: adiabat- compressed air energy storage)
2. Hydrogen energy storage
1. CAES

Compressed air energy storage works by using the surplus energy in the grid to produce compressed air
which is stored in caverns and used in a gas turbine power grid. A lot of energy gets lost in the process of a gas
turbine, because the combustor Needs to be under a high pressure. The energy, needed to apply pressure, can be
saved by using previously produced compressed air out of reneweable energy.

2. Hydrogen storage

Like the CAES uses a hydrogen energy storage the renewable surplus energy in the grid to produce
hydrogen out of water. The technology needs further efficiency improvements. (Today: up to 37%)

The hydrogen can be used for regenerating energy and for fuel cells in cars. Both options are examined in
the study.

The salt deposit needs further explorations for detailed answers but in this bachelor thesis the expected
number of caverns for compressed air is about 5 cavern with a size of 500.000 m* and about 12 caverns with a size
of 70.000 m?.


https://www.dict.cc/englisch-deutsch/combustor.html

Both calculations reach for providing green electricity for about 500.000 people in the region of “Wesel”.
The mining aspect of this topic is about the best location of the caverns in combination with a uncomplicated
location on the surface.

The result will be about a combinated possibility for the investor to decide, with type of storage and size of
caverns he needs for the region. Geologically there are no restrictions for these two options.
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STUDY THE CHANGE OF QUALITY PARAMETERS OF COAL SEAMS,
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Abstracts

This results of study show that geostatistical model can support to access to spatial changes of geological
parameters and coal quality more effectively, with a clear local anisotropy. The main direction is northeast —
southwest, with common anisotropic coefficient is 1.4. Kriging anticipates reasonable results, research parameters
on each point or “vi khéi” in anyplace of coalseam space. All calculations have been done by 3D with
HUMGEOSTAT software produced by the research team.

Key words: mining geostatistics, Nga Hai deposit,

1. Introduction. Nga Hai coal mine belongs to Cam Pha coal range with quite large reserve and it is in the
Vietnam Northeast coal-basin. This mine has been explored since 1964 with various explorative phases and
currently applied underground mining method (this method had been used from 1919 to 1937 (by French
colonialists); and used again since 1990 but with small scale and without plan. This mine has 35 coal seams, of
which 27 industrial coal-seams), mostly lied in terrigenous sediments of Hon Gai middle formation (T3n-rhg,). In
general, this mine has complicated geological structure, including 02 anticlines and 03 synclines, 27 faults, of which
09 normal faults and 18 thrust faults.

2. Methology and Results
2.1. Traditional Methods - Cdc phwong phdp truyén thong
- The change of thickness of coal-seam, including: coefficient variation of the coal-seam thickness (Vm),

Interrupt ratio of the seam (Kd).

- Complication of coal-seam structure, including 3 parameters: classification of the coal-seam according to
internal structure of the seam; structural ratio of the seam (Kcc) and dirt parting ratio.

- Shape features and level of shape change of coal-seam including: contour module (i) and shape parameters
of the seam ().

2.2 Spatial analysis parametersby structural function(Variogam)

We defined variograms in 3D space with HUMGEOSTAT created by us:

1
y(h)= P m [Z(x) - Z(x+h)] “dv
In the space, variograms have been defined: VY

Of which Zy), Zx) — 2 quantities at two research points [(x) va (x+h)] with a distance h in a defined
direction.

N(h)

1
v(h)= 2N() > [Z(x) = Z(x+h)] ?
Tested Variogram has been defined: i=1
N(h) — number of calculation points

In order to have a comprehensive research, besides to recognize properties of changes of research
parameters, affected dimension, we defined y(h) to many spatial directions to assess their anisotropy.

3.Resultts

3.1 Traditional methods - Cic phwong phdp truyén thong.

Research results of traditional methods has been summarized in table 1.

Table 1: Results of features of coal-seam shape changes and structure in Nga Hai coal depodit

Features of thickness and coal- Features of shape and coal-

seam thickness changes Complication of coal-seam structure seam shape changes
| Coal-seam thickness
assific | changes

ation Coefficient | Coefficie classﬁ:icatlon structqre Percentage Contour Shape
to internal | coefficients | stone clamp parameters
of of nt structure (Keo) Ky module () (D)
coal- Variation | interrupt e k
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verg. +
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19,83m
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Comments:
- Thickness of coal-seams is from medium to large and variation of thickness is from quite stable
to stable with V,, = 68-75% and Coefficient interrupted Ks=5.
-Coal seams in the research area have quite simple structure with number of dirt parting from 0-3,
structure coefficients K..=7 and Percentage stone clamp K,=2.
-Coal seams have shape and shape changes from complicated to very compliated with contour
module p=1,8 and shape parameters ®=18,56.
-These results are reasonable with classification of explorative group II by geologists and
explorative network ): 500 x (250 + 500)m; and additional explorative density (125 + 250) x (75 + 125 + 250)m
3.2 Spatial analysis parametersby structural function.
Because of limited input value, properties of changes of geologica parameters and coal quality, in
this article, to quantify spatial structure we just show several results as fig.2, table 2.
Table 2. Quantitative statistical results of Ak and thickness of coal-seam 14-1

Number Coefficient
of Min Max Average Skewness Kurtosis Variance of Variation
samples
Dali‘)sh 239 2,26 39,82 23,79 8,06 20,61 64,90 34%
1 o,
(rTn})“"kneSS 362 0,19 9,52 2,13 1,34 5,80 1,81 63%
Fig. 1. Hystogram of Ak
Table 2: Table summarizing the structure function analysis of Thickness
Directions Typical parameters of y(h)
- Models
(degrees) Nuggets Sills Ranges (m)
0 0.5 1.4 390 0.5 + 1.40 Sph (390 m)




30 0.4 1.45

45 0.2 1.7
60 0.5 1.35
90 0.3 1.6
135 0.9 1.0

300
500
550

350
350

0.4 + 1.45 Sph (450 m)
0.2 + 1.70 Sph (500m)
0.5+ 1.35 Sph (550 m)

0.3+ 1.60 Sph (350 m)
0.9 + 1.00 Sph (350 m)
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Fig 2. Variograms for different directions of thickness

Comments:

- Research results of spatial structure shows a quite clear local anisotropy. The most changing direction is 30

+22.5°, a bit different from what applied in reality is nearly northsouth direction.

-In order to improve accuracy, according to experiences of authors and geostatistical researchers, the
reserve level 121 just take 1/3 and 2/3 with level 122 of affected zone. Therefore, we recommend for reserve level
121: (180 x 250) meters, for reserve level 122: (200 x 280) meters. Note, there is one parameter shown then
network density is just an orientation, because of local anisotropy, it is needed to analyse spatial structure carefully,

network density must be different for each small area in the deposit.

3.3 Conclusions and discussions

- With traditional methods, structural functions have supported in researching spatial structure of several
geological parameters and coal quality. Then giving objective assessments about form and density of
explorative networks, and how to choose those explorative locations. Meanwhile, structural functions will
be operands in the Kriging equations to estimate natural resource, reserve and define calculation errors by

Kriging variance for coal seams.

In the future, it is needed to try to estimate natural resource and coal reverse with geostatistics models.
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NEW DATA FROM OLD COLLECTIONS - DIGITIZATION PROJECTS AT
THE TU BERGAKADEMIE FREIBERG

The Bergakademie Freiberg has been founded in 1765 as an institution designed to professionalize and
support mining activities. From the beginning, collections of minerals, fossils and rock samples have been
assembled, put on public display and used for training of students. Today, the Geoscientific Collections of the
Freiberg university include six individual collections (for mineralogy, petrology, ore deposits, palacontology,
stratigraphy and fossil fuels) with in total about one million of objects, documenting the work of several generations
of scientists. Besides their material properties, the value of the collection specimens can therefore be explained
either by their historical meaning (mainly the personality of their gatherer or student) or by information associated
with them (such as locality data).

Over the last years, sensitivity has grown for the importance of historical scientific collections and
university collections in particular. In Germany, funding has been provided for several institutions in order to make
scientific collections available as research infrastructures. Among the projects eligible for funding was the
digitization of three partial collections at the TU Bergakademie Freiberg. A.G. Werner’s collection of mineral
characters (“AuBereKennzeichen™), comprising geological samples, crystal models and color plates of Meissen
porcelain, has been selected for digitization due to its assembler’s prominence.The collection of rock thin sections, a
part of the Petrological Collection, was chosen because it contains a number of thin sections from the beginnings of
petrographic microscopy in the 19th century and due to the fact that most recent thin sections belong to graduation
theses, thus being provided with documentation. From the collection of fossil fuels, which includes objects of
various types such as peat and coal samples, petroleum, plant macro- and microfossils, but also several thousand
herbarial plants, a selection was made to explore the different requirements to a database system. The collection
materials come from localities from all over the world (although Germany and especially Saxony is better-
represented), where acquisition of new samples might be complicated. Less distant localities, nonetheless, are
likewise often inaccessible (this is, e.g., the case for most historical coal mines that are worked out or flooded) or
require huge sampling efforts (e.g., drilling). Therefore, geological information that can be obtained from collection
data needs to be safeguarded for potential scientific and economic purposes.

In co-operation with the Senckenberg Research Institute in Dresden and Frankfurt/Main, a database system
named “AQUiLAgeo” is being developed to accommodate these (and perhaps further) collections and enable
researchers to accede them via the Internet.

Digitization methods for the selected specimens had first to be elaborated. Objects have been visualized
using digital single-lens reflex cameras or, in the case of thin sections, with a digital polarization microscope. Here,
micropanoramic pictures of the samples were produced under both linear and crossed polarization. Physical
parameters of the specimens (size, weight, colour, state of preservation etc.) have been recorded. Determinations
have been corrected when this appeared possible and necessary. Finally, documents such as labels, record cards or
catalogues have been scanned and transcripted. Additional research has been done, where appropriate, to enhance
the available geographic and stratigraphic information.These data as well as several classifications of rocks,
minerals, fossils and crystal structures (based on current and historical textbooks) have been arranged in hierarchic
lists to generate geographic, stratigraphic and material thesauri.

The database system uses a generic data model, which allows numerous links between pieces of
information. Every specimen in the database, identified by a unique ID number, is represented by a unique set of
object data (including its inventory number, description and properties) and its classification, finding locality and
geological age are put in a context by means of thematerial, geographic and stratigraphic thesauri. This information
is termed primary data because it characterizes the specimens but exists independently from them. Details referring
to the history and management of the collection, related persons or institutions and publications or exhibitions are
gathered as secondary data.

One of the major steps in the digitization project will be the implementation of GIS functions. Several
layers of georeferenced maps shall supply present-day and historical administrative, topographical and geological
units. As a result, it will be possible to mark localities manually or using coordinates and to define search areas on
the map.
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Primary Data Object Data Secondary Data

Material

- Classification/Nomenclature
- Synonym/Historical Name
- Colour

Time
- Stratigraphy (GTS — Global) - Producer
« Lithology (Regional) Name(s) from GND
- Absolute Age > Btograp;'neel Data
- Place(s

Figure 1: Database organization scheme of “AQUILA’s” geoscientific module (Lange, J.-M.; unpublished)

Digitization of the geoscientific collections makes vast amounts of data readily available for further
research. The database forms a platform for knowledge increase by integrating findings from new investigations.

J. HEINRICH
Institute for Mineralogy, TU Bergakademie Freiberg, Germany

DIFFERENT ATTEMPTSTO SYNTHESIZESULPHIDE ORES AS A
REFERENCE MATERIAL FOR BIOLOGICAL LEACHING
EXPERIMENTS

Introduction & Objectives

Sphalerite (sp-ZnS) as sulphidic ore is crucial for the industrial zinc production and also an important
mineral source of indium, germanium and gallium [1] since it contains those and many other subsidiary elements
like e.g. iron, copper, lead, manganese and cadmium [2]. In May 2013 the Biohydrometallurgical Centre for
Strategic Elements (BHMZ) was found by the Dr.-Erich-Kriiger foundation. The BHMZ consists of 13 professors
from different institutes with 15 PhD students in 13 subprojectswhich want to develop a process chain for the
winning of metals from ores, tailings and recycling material. The objective is to strengtheninterdisciplinary research
along the whole biohydrometallurgical process chain of winning of strategic elements, e.g. indium and germanium.
The mineralogical subproject has the aim to develop a better understanding and clarification of the primary surface
mechanisms of controlled chemical and microbial leaching of sulphides. For a better understanding, dissolution
experiments are essential and therefore a homogenous reference material is required.But homogeneous natural
material providing a wide range of trace elements is extremely rare and current standards are chemicallyand
structurally unsuitable [3]. Hence, the aim of this work was to apply known and new synthesis strategies and
establish a reproducible method to synthesize large quantities of pure and doped sphalerite. Different methods are
tested and the products are examined by x-ray powder diffraction and in some cases scanning electron microscopy
with electron probe microanalysis (SEM and EPMA).

Materials & Methods

For the experiments, ZnS nanopowder provided by Leuchtstoffwerke Breitungen, Germany,was used. The
material, precipitated by the reaction of dissolved zinc sulphate with hydrogen sulphide in sulfuric acidic solution, is
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chemically pure and consists of mainly cubic ZnS containing a high density of wurtzitic stacking faults. To mimic a
more naturalmaterial Indium sulphide was used as dopantin ZnS. Therefore corresponding amounts of Indium
sulphide were added to ZnS nanopowder, afterwards the powder mixture was mechanically homogenized.

Four different methods were used to produce a synthetic, doped sphalerite: state-of-the-art methods like 1)
tempering in a furnace and 2) chemical transport reaction (CVD) or new approaches like 3) spark plasma sintering
(SPS) and 4) high-pressure-high-temperature (HPHT) treatment using a toroid-type press [4].

For the approaches 1), 3) and 4) the material was firstcompressed into pelletsvia a hand-lever press: for 1)
and 4) with a size of 0.5 mm and a diameter of 9 mm and for 3)a size of 5 mm and a diameter of 20 mm.

1) During high temperature annealing within a furnace the material was tempered ina temperature
range of 540 — 900 °C in vacuumwith a reaction time up to 4 days.
2) During chemical transport reaction (or also called chemical vapour deposition-CVD) the material

washeated up to 1000 °C ina temperature-gradient oven and single crystals are depositeddue to a temperature
gradient of 100 °C between sink and source. The reaction ran for 3 days in a sealed quartz glass ampoule using
iodine as transport agent.

3) Duringspark plasma sintering(SPS) the powder was densified in a graphite mould and heated up to
~1400 °C (for 5 min) by a pulsed AC current at a pressure of ~51 MPa.
4) While theHPHT treatment the samples were processed in a large volume toroid-type press [4]by

applying ~8 GPa at ~1600 °C (for 1.5 min). A scheme of the limestone high pressure cell is shown in Omméka!
HMceTOYHHNK CCBIIKH He HaliieH..
Results
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Fig. 1: Schematic cross section of the high pressure cell consisting of limestone / modified, after M.Schwarz
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The products synthesized via tempering in the furnace and SPS remained in the same state as before the process:
white pelletswhich did not show any visiblechange. During
the crystal growth using CVD doped single crystals up to a
size of 5 mm with a doping depending colour and shape
were synthesized. HPHT treated material was transformed
to hard polycrystalline discs densified due to the melt-
freeze procedure. SEM studies show a crystallite size up to
20 um (see Fig. 2) and EPMA determination indicate a
homogenous spatial distribution of the indium dopant (not
shown).

AnXRD pattern comparison of all products is
given inFig. 3. It is clearly shown that in synthesized
material - treated via furnace tempering, CVD or SPS -
wurtzitic stacking faults were either conserved or increased
in number. This microstructural defects are expected to

Fig. 2: SEM-picture of HPHT synthesized ZnS with a
crystallite size of about 20 um.
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Fig. 3: XRD pattern of the 4 different synthesis methods compared with the original, untreated material. Sphalerite
reflexes marked by black lines and diffraction features assigned to wurtzite stacking faults marked by
arrows.

positively affect the leaching of ZnS, maylead to an accelerated leaching kinetics.Contrarily, after the HPHT
treatment the stacking faults could be removed completely.

Summary and outlook

The comparison of four different synthesis methods show that only during the HPHT treatment stacking
fault free sphalerite was synthesized. The nearly fault-free state was achieved by nucleation and growth after
complete melting[5] of ZnS under HPHT. We have demonstrated that it is possible to dope commercial ZnS raw
material and obtain homogeneously doped, defect-free sphalerite. Another advantage of this method is a time-saving
and efficient experimental setup. The synthesised material is planned to be used as reference material for
geochemical analysis and to calibrate microbiological leaching experiments, e.g. to compare the effects of biological
and chemical leaching on natural & synthetic sulphide ores.

Furthermore, some questions are still pending: What is the real influence of wurtzitic type stacking faults
on leaching kinetics?How to examine the dopant incorporation in crystal lattice?What could be an optimal sp-ZnS
synthesis via HPHT-treatment?
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DEPOSIT MODELING PROCEDURE FOR NARROW STEEP-DIPPING
VEINS

This paper presents an innovative modeling approach for calculating ore reserves of a lithium deposit in
Austria. Lithium occurs in a series of narrow pegmatite veins with an overall dip of 65°. Main attributes to model
are Li,O grade and thickness. Due to the fact that the deposit is under constant exploration, the modeling process is
required to be as automatized as possible, allowing a smooth incorporation of new data and geological
interpretations.

The selection of the suitable modeling method is mainly motivated by the spatial features of the deposit.
The geometry of the veins strongly resembles parallel planes. The thickness is rather thin, varying from 0,25 m up to
5,5m. On the contrary, the prominent dimensions are the extension along the strike (up to 1,5 km) and in dip
direction (around 450 m).

The main conventional techniques for modeling such deposit are the use of geo-statistics and linear
interpolation. Other methods which offer less benefits such as inverse distance or nearest-neighborare not discussed
in this paper.Geo-statistics would be applied through a full definition of the space bya block model. The use of block
model enables automatize the process. Main advantage of geo-statistics is that results are based on statistical
background, providing anassessment of the results reliability and direct extrapolation, if required. Nevertheless, geo-
statistics are a weighted average method and therefore results are subject of an inherent smoothing effect. This
makes it inappropriate for defining sharp changes in geology, such as vein boundaries.On the other hand, linear
interpolation — which is mainly applied through triangulation of surfaces — is, as indicated, a pure surface definition,
well appropriate for modeling host rock boundaries, but not giving any information about attributes inside them.
Besides, this method does not provide any reliability assessment. Since it is an interpolation method, extrapolations
have to be done according to subjective assumptions.If the linear interpolation is based on samples and geological
profiles, it tends to become a laborious and time-consuming manual process which hardly admits any
automatization. However, its main advantage is that it is notably adequate for defining geometry because results fit
perfectly in space to the sampling data.

According to the geometry of the deposit, the relevant dimensions of the veins are the extensions along
strike and dip direction — most probable the whole thickness of the veins would be mined in case of stopingdue to
mining limitations against narrowness. Moreover, there are not enough input data along the thickness because of the
samples distribution. In case of using a conventional block model, block size should be extremely small to
characterize the veins along the thickness and their proximity toadjacent veins.The estimations of too small blocks
results in very low significance and, besides, is a substantial computational challenge.

Accordingly, these characteristicsleadto reduce the modeling approach to 2D, neglecting the variations
along thickness. In this way, modeling is done by the use of geo-statistics through a block model definition which
only extends in two directions — third component is formed by a single row of blocks. In this sense, thickness would
be another attribute to model and includes reliability of the estimation.Thus, the size of blocks can be optimized
according to the features of data availability. Reasonable boundaries for modeling have to be defined manually
according to the desired extrapolation ranges - which should be considerable smaller than the interpolation ranges.
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This process is performed individually on a vein-by-vein basis conforming to a geologically based vein assignment
of samples.

This approach requires a transformation of input data into 2D using a projection plane. Sample data —
mainly borehole data — is abstracted to a point in its central positionincluding the information about thesample
attributes to model, namely thickness and grade (Figure 1). These points are projected ontoa plane,ideally parallel to
the vein, where the 2D block model extepds.

: Scalar values to

model (Li grade,
thickness,...)

2D block model

Projection plane

Figure 1: 2D transformation of input data for modeling

Mineralization occasionally has internal gaps, so-called interbedding, which due to their reduced
dimensions are beyond computational capabilities. Therefore, the sampling grade is diluted by the interbedding
spacing when it occurs, i.e. use of composite grade as modeling input. On the other hand, thickness is measured as
the difference between the intersections of a line perpendicular to the projection plane passing through the central
position of each sample with two surfaces interpolated between the limits of the samples — reflecting hanging-wall
and foot-wall (Figure 2a). The projection plane preferably should be parallel to the veins. However, the deviation
between them is unknown as well as the actual orientation of the vein. Volume calculation, based on the estimated
thickness multiplied by block area, is independent of this deviation (Figure 2b). The estimation of the thickness,
nevertheless, would be increased proportionately to the cosine of this deviation. This effect should be considered for
the decisions taken based on estimated thicknesssuch as minimum stope width or expected dilution.

~ \‘_\\\ /,’
Proyected thickness
Points including o T
? information to model -
i W
7} A L
C / ,,’ Y
o /
i ;
) ;
Re]
0 o S L, = L-cos(a)
Linear interpolation 5 7 V. =L, T, = L-cos(a): _LT=V
between samples o = cos(@)
7 cos(a)

Figure 2: Calculation of projected thickness and its relation to the volume.

Variograms of the samples show a high nugget which reflects a natural variability of the deposit on the
short scale. The variograms of the lithium content progress steeply in a short range — around 50 m. A second
structure is shown with a large range, about 300 m, which suggests agood continuity of the deposit on large
distances.For the evaluation of thickness, variograms have favorable rangesexceeding 100 m. Due to the low
number of samples allocated to each vein, all samples are considered to calculate the variograms. The comparison
between data from different veins is undesired, so samples of each vein are relocated along a vector — keeping
relative distance between samples of a same vein in space —separated by a distance greater than the search distance
used in the variogram. The results obtained in the variograms are applied for an ordinary kriging modeling.
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In order to visualize the modeling results in a 3D space, outcomesare transformed back to the original 3D
position using as a reference a surface triangulated by means of linear interpolation connecting the central position
of each considered sample (Figure 3). The estimations generated foreach block are again abstracted to a point
located in its centroid. This point is projected ontothe mentioned reference surface.Half of the estimated thickness in
each point is applied to both sides of the reference surface, creating symmetricallytwo points which contain identical
estimations of the block. By means of triangulation, points of each face of the vein are connected creating two
surfaces which form a closed solid defining the vein boundaries in 3D space.
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Figure 3: Calculation of projected thickness and its relation to the volume.

Through a coordinate transformation, this solid is moved back to the original location in the space and may
be compared to the whole sample data set (Figure 4). In case a borehole without any sample assigned to the vein
intersects it, a dummy sample is introduced in the system. This consists of a point containing an attribute of
thickness equal to zero. This additional points are transformed to the 2D modeling environment to repeat the
modeling process. This iteration allows to correct objectively the model, considering all exploration data
independently to the vein assignment.

L.
&l % Iteration of modeling

.y l &J and visualization

L L

Proyection plane Proyection plane

Figure 4: Validation in 3D of modeling results.

In conclusion, the combination of geo-statistics by means of a 2D block model and 3D representation
through linear interpolation method allows to provide a reliability output of estimations for both thickness and
grade,based on statistics, anda more geometrically accurate 3D visualization, faithfulto the samples location. This
reliability information is extremely valuable for addressing risk aspects, in particular in respect of mine design and
overall economics. Besides, due to the fact that the method enables a high level of automatization, easy
incorporations of new exploration data and interpretations are possible.
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APPLICATION OF STRUCTURAL-PARAMETRIC MODELLING
TO PROSPECTING FOR AND EXPLORATION OF THERMAL
WATERSIN THE POLISH LOWLANDS

INTRODUCTION
The paper presents results of a project aimed at analysis of the possibility of thermal water recovery in a
recreational facility located in central Poland, in the central part of the Ko$cierzyna-Pulawy Synclinorium. The
project provided for recognition of the occurrence and development of Lower Cretaceous and Lower Jurassic
sandstones representing potential thermal water reservoirs, as well as carrying out investigations for determination
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of the discharge, mineralization and temperature of thermal waters in selected water-bearing horizons through
drilling two deep boreholes.
GEOLOGICAL SETTING AND HYDROGEOLOGICAL CONDITIONS

The study area is situated in the central part of the Polish Lowlands (Fig. 1), within the Precambrian
Platform, in the Kos$cierzyna-Putawy Synclinorium (Zelazniewicz et al., 2011). In the Koscierzyna-Putawy
Synclinorium, three segments can be distinguished: the Kos$cierzyna Segment in the north, the Warsaw Segment,
and the Putawy Segment in the southeast. In the analysed area, the top surface of the crystalline basement occurs at
about 2.5 km below sea level and dips toward the southwest. Rocks of the crystalline basement are overlain with
Paleozoic strata of Cambrian, Ordovician, Silurian and Permian. Above them, there are deposits of the Zechstein-
Mesozoic sequence, with the dominant, thick Upper Cretaceous succession. It is overlain by Paleogene, Neogene
and Quaternary sequences.

The structure of the synclinorium is asymmetric. The inclination of the southwestern limb of the trough is
5-10° whereas in the eastern limb the rocks lie almost horizontally. Most of subsurface dislocations detected with
geophysical surveys are trending NW-SE, in parallel with the trough axis, although deep transverse faults are also
frequent; being synsedimentarily active, they caused changes in thickness of the Mesozoic rocks (Bac-Moszaszwili
&Morawska,1975).

Perman-Mesozow stage

’ 25| bourdaries of lectone
= unds in the Parmian-Mesaroc stage
o4 [ =] boundaries of tecionic unis

Cartonfeous-Pamian stage

_l Variscan Exendes
—l'.'.]n"f;]" rtemedes
B o Cross s Foks Ber

( Neoproterazoic basament of the
Mumpasan Bock

r +“_~Jboundares of tectoncunits =0 Neceaaaa.,

sy anea

. &
. ',
ent S 9,,)

> 9,

; ¢

N d

S""""ﬂméc s

Paeniny Klppen Seit Podhale Syndnorium
Tatra Massf
i

4 Inner Carpathians
: 1 e i 1
Fig. 1. Location of the modelled area against the background of the map of major tectonic units cropping out at the
sub-Cainozoic surface in Poland, outside the Carpathians
(after Zelazniewicz et al., 2011)
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The study area is situated in the southeastern part of the Warsaw Segment where the occurrence of mineral
waters is connected with the Cretaceous, Jurassic, Triassic and Permian multiaquifer formations. Within the Lower
Jurassic sequences of the analysed area, reservoir complexes are related to sandstones of the Zagaje, Olsztyn and
Borucice formations, which together with the lowermost layers of the Upper Bajocian sandstones can be sealed by
mudstone beds of the Upper Bajocian. As well the basal part of the Zagaje Formation as the topmost part of the
Upper Triassic Bartoszyce Beds (Upper Rhaetian) can be characterized by good reservoir properties. In the whole
Lower Cretaceous profile of the analysed area, rocks of the Mogilno Formation (Barremian — Middle Albian) reveal
the most favourable reservoir and filtration properties; they are characterized by the highest percentage of
sandstones in their lithological composition and high values of the open porosity and permeability coefficient.

STRUCTURAL-PARAMETRIC MODEL
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Input data

For construction of the structural model of a fragment of the Warsaw Segment in the Koscierzyna-Pulawy
Synclinorium, basic input data were represented by interpretations of seismic surveys and archival well data from
the Central Geological Database and archives of the Department of Fossil Fuels. Using the numerical data
processing methodology (Papiernik, 2010), those data were digitized and spatially calibrated in the PUWG 1992
Coordinate System.

Modelling methodology

The modelling was performed using the Petrel software. In the first stage, a structural framework was
created based on 2D regular interpolation grids and a network of faults cutting the modelled area was reconstructed
through analysis of archival geological data. The model developed by this means constituted a framework for
modelling the distribution of physical parameters which reveal continuous variability (Zakrevsky, 2011). The
krigging gslib algorithm was applied, in which by means of the earlier prepared depth model, temperature changes
with increasing depth (with regard to the neutral zone) were estimated following the co-krigging method (Papiernik,
2008).

Results

Analysis of the map of distribution of the mean thermal gradient in the study area indicates that the value of
this parameter is around 2.1°C/100 m for subsurface temperatures at tops and within expected intervals of water
capture in the Lower Cretaceous and Lower Jurassic reservoirs (Fig. 2). Through the analysis of the archival
materials and constructed models, potential parameters of thermal water intakes were estimated for the top of the
Lower Cretaceous sequence (water temperature about 30°C and discharge about 25 m’/h) and the Lower Jurassic
sequence (water temperature reaching 42°C and discharge about 110 m*/h).
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Fig. 2. Model of temperature distribution and map of thermal gradient distribution

SUMMARY
Comprehensive analysis of the available materials and the performed modelling provided necessary
information for realization of the work planned for development of potential thermal water resources: predicted well
sections were determined and the temperature profile was prepared, which allowed for estimation of the operational
parameters of projected intakes.
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SEDIMENTARY CHARACTERISTICS AND MECHANISM STUDY OF
THE CARBONATE GRAVITY FLOW IN THE EARLY CAMBRIAN IN
NORTHERN SICHUAN, CHINA

The Cambrian strata is widely distributed in the Northern Sichuan area, China, and the Cambrian
succession consists of five formations, including Qiongzhusi, Canglangpu, Longwangmiao, Douposi and Xixiangchi
formations in ascending order. The study area in this paper is located at the bottom of the Xiannudong Formation
(also called Canglangpu Formation in some literatures), which is typically the diamictic carbonate platform marginal
slope environment in shallow water. This study is based on the field exploration, outcrop analysis and microscopic
observbation of the gravity flow sediments, and the results show that the bottom of the Xiannudong Formation is
mainly composed of five rock types, such as the silty mudstone, micrite grained limestone, bioclastic micritic
limestone, sparry algal limestone and sparry bioclastic limestone, and of two types of carbonate gravity flow
deposits, including analogous-nodular carbonate gravity flow and brecciated carbonate gravity flow depositions. The
biolithite is made up of stratums with biology fragments, like echinoderm, trilobite, foraminifer and large amounts
of archaeocyatha, which indicates the low-energy environment. In addition, the epiphytor found in the algal
limestone is similar to that in the overlying strata.

The gravity flow found in Xiannudong formation is named analogous-nodular carbonate gravity flow
because of its similar shape of the nodular limestone or vermicular limestone. According to the differences exsiting
in the morphologic characteristics, the analogous-nodular carbonate gravity flow sediments in the lower part of
Xiannudong formation are classified by three different types: discontinuous(I), random(II) and banded(III)
analogous-nodular carbonate gravity flow sediments, among which the discontinuous(type I) sediments are
common. These sediments are not independently distributed, instead, the different types of gravity flow deposits can
be found in the same area. Besides, we also find the other kind of gravity flow deposits named the brecciated
carbonate gravity flow sediments. Compared with the analogous-nodular deposits, the brecciated sediments are
much larger even to meter size. Around the breccia can be seen the distribution of analogous-nodular rudstone, and
the rudstone presents significant distortion and curved distibution along the surface of the breccia with the apparent
flow characteristics. According to the grain size and lithological change of the gravity flow sediments, five
development stages were divided in the outcrop zone, which shows an obvious superposition relationship in the
longitudinal direction. The grain size of the gravity flow sediments roughly changes from fine to coarse, which is
generally consistent with the regressive environment of the Xiannudong period.

In 2013, Shanmugam proposed the most meaningful and practical classification of subaqueous gravity-
driven processes, including 4 continuous process, slide, slump, debris flow and turbidity current. Compared with the
brecciated or analogous-nodular carbonate gravity flow sediments, we can see some common charateristics.
Generally speaking, the debris flow belongs to the laminar flow, that is, the debris material exhibits a clear along-
layer migration in the fluid, and due to its plasticity and laminar nature, the sediments of the debris flow are usually
deposited with the form of thick layer or mass blocks, and plate- or stripe-shaped gravels are generally distributed
along the layer. We see the same along-layer distribution in analogous-nodular carbonate gravity flow sediment, so
does the brecciated carbonate gravity flow sediment with slump. Therefor, the theory and process raised by
Shanmugam are partly introduced to the analysis of the explanation of the mechanism of carbonate gravity flow.

Xiannudong formation deposited during the first regression of Cambrian. In this period, the crust rised
and it may cause waves, earthquakes, storms, etc. In the vicinity of the platform marginal slope, slide and slump
events occur due to these triggering mechanism. The mass moves down along the slope, and some of the blocks
were migrated and deposited here. But the amount of sediment-water mixture and the decomposition of the material
were increasing, and with the increasing injection of water, some of the mass is broken and flows with the form of
debris flow along the slope, and then the slump transforms into debris flow with plastic rheological characteristics.
But the size of the rudstone is too large, platform marginal slope is not as deep as the continental slope, the amout of
fluid is not large enough, and the slope gradient is also not that steep, so the carbonate debris flow cannot move
forwards farther. Therefore, we cannot find turbidity current in Xiannudong section, because the supporting
mechanism is not satisfied with the needs of turbidity current-turbulence. After deposition, the bottom current may
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rework them, and the seawater may also corrode them. Finally, the carbonate gravity flow sediments are formed as
we see today.

As we saw before, the rudstone presents significant distortion and curved distibution along the surface of
the breccia with the apparent flow characteristics, so we infer that the sediment-support mechanisms of the
brecciated carbonate gravity flow sediment mainly include matrix strength from grain support and collision, while
the mechanism for analogous-nodular carbonate gravity flow sediment are similar to sandy debris flow, that is,
matrix strengh and dispersive pressure. But as we all know, the sedimentary structures are not easy to preserve in
carbonate rocks, so some of the soft-sediment deformations, beddings and other structures cannot be found as the
normal slumps did.

Key words: Cambrian; Xiannudong; Platform marginal slope; Caronate gravity flow; Development
mechanism
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THE PROSPECTIVES OF USING UNDERGROUND WATER
DEPOSITS IN AZERBAIJAN PART OF THE GREATER CAUCASUS

As a treatment, the source of alternative energy resources and chemical raw materials, mineral and thermal
water deposits in the territory of the Azerbaijan Republic, as well as theirappropriate operation either in a scientific
basishas a great importance. There are 200 groups regarded systematic mineral water resources.More than 1100 of
them are in a form of a natural spring. In our Republic exploitation reserves comprise 240 thousands m’/day.
Anticipated exploitation reservers of mineral and thermal water with over high 30°C degree of temperature are
composed of 2000 m’/day.Below map shows about the distributionof underground water of
Azerbaijan.
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Figure 1.The distribution of underground water of Azerbaijan

The myriad inlets of natural mineral and spring water related to various types of
hydrogeochemicalmodeling have been recorded in exploring sites which are formed by impact of magmatic and
geodynamic processes in different intensity rate subjected to far late period of the Cretaceous incurred as a result of
Alpine folding which has been in progress till today in a whole area of the Great Caucasus.

Above mentioned water types are counted as mineral water formation as in a full compliance with
international standardards which were accepted in the scientific symposium held in Germany in 1911, corresponding
thoroughly in fact they contain diverse gases which have positive impact on the human body, specific chemical
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components andwith its pharmacological ingredients, useful biologically active elements as well as quality of water
of balneology since then.

Mineral water has a particular influence on our body due to amount of salt contained or various elements
(iodine, bromine) and gases (carbon, sulfur, nitrogen), and therefore is used as a therapeutic instrument.

Despite the relatively small amount of mineral water containing trace elements, their study is of great
importance. A lot of microelemnts as being biologically active, moreover existing more or less than norm in water
itself which allow them to be cause of epidemic disease, these can be detected in human which are series threat.

In many developed countries, the recovery of the thermal waters, regarding the depths of earth play the key
role as an accumulatorin terms of heating energy which has fostered advancemetin their geological and
hydrogeological study considerably. Thermomineral water resources considered to be useful in a way of
development for a spa, also health and fitness complexes. Thermal water fields in the Azerbaijansite of the Great
Caucasus are very widespread. Thermal water is brought to be in progress in digging site of Jarly structures in
exploratory wells which are excavated in depths of 3200-4500 meters and their total output is of 2,500 m?, the
surface temperature is 72-97°C. Along Caspian sea zones (Khudat-Khachmaz) by some the other Thermal water had
been discovered by means of exploration wells with the depth of 3000 m, total output 30000 m*/day over and the
ground surface temperature is 50-81°C. Alongside the environmentally friendly energy source, its other types of
underground thermal water (mainly oil and gas) need to bestudied comprehensively and it is of a great importance to
make in use of public service.

Thermal water has been widespread in some areas of Great Caucasus (Kakh, Kabala, Shamakhy and other
sides).
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GEOSTATISTICAL APPROACH TO ESTIMATING THE
GEOLOGICAL PARAMETER - QUALITY AND REVERVES OF COAL
SEAMS: A CASE STUDY KHE CHAM DEPOSIT, QUANG NINH
PROVINCE, VIETNAM

Abstracts
Nowadays, this results of study show that geostatistical model can support to access to space changes of
geological parameters and coal quality more effectively, with a clear local anisotropy. We have tested for Khe
Cham Coal Mine - Quang Ninh - Vietnamese. Kriging anticipates reasonable results, research parameters on each
point or micro blocks in anyplace of coalseam space. The main direction is northeast - southwest, with common
anisotropic coefficient is 1.4. All calculations have been done by 3D with HUMGEOSTAT software produced by
the research team.
Key words: mining geostatistics, geostatistical model, Khe cham deposit.
L. INTRODUCTION
Khe Cham coal mine belongs to Hong Gai-Cam Pha long-coal range, including 32 coal seams, one
of biggest coal reverses in Vietnam. This mine had been found and explored since 1958 and began open mining
several hollow seams in 1978, to the bottom mine at (-167)m.
Khe Cham mine inludes terrigenous sediments of Hon Gai formation(Tsn-rhg), of which the
middle sub-formation has industrial coal-seam; 04 anticlines and 05 synclines. (fig.1)
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Fig.1: Diagrams geological structure and Geological cross-sections line No.7, Noll
of Khe Cham Coal mine
Traditional research methods showed that these coal seams have thickness ranges from medium to
large thickness, and quite stable (V,, = 60 + 81%); very less or low erosion, good quality, simple structure and
become complicated at sea level-300 m, below this level, it has simpler structure and belong to group II deposit.[2]
The parallel and non-parallel exploration network have been used; with density 500 x (250 + 500)
meter. However, collected data is not enough for exploitation designing, and there are many additional exploration
activities have been done (with networkdistance: (125 + 250) x (50 + 150 + 250) meter and it is difficult to locate
additional exploration places and mining operation. Therefore, authors of this research have applied geostatistical
model to solve this urgent issue.
II. RESULTS
2.1. Statistical data analysis
Statistical results of dry ash (Ak) have been shown in table 1 and fig.2. All caculations have been done by
HUMGEOSTAT program created by the research team with guidance of Prof. Truong Xuan Luan. [2]
Table 1.Results of qualitative statistics AK and thickness of coal seam 14-1

Number Coefficient of
Data of . Average Skewness Kurtosis Variance Variation
Min Max
samples
Dry ash
(AK) 213 402 39.98 21.93 -0.035 -0.714 76.73 40
Thickness
(m) 212 0.10 R.67 1.73 1.28 6.78 1.65 74

Fig. 2. Histogram the AK

Comments: [1] Ak has been distributed quite good and equal (Vc = 40%); but it is multimode so it
has property of non-simple change. (2) Thickness of seam (meter) has been distributed quite good also, with non-
stable change (Vm = 74%), higher than Ak, inclined to the left. Therefore, if we only consider change levels, then
we will not have exact and comprehensive comments about changeability of research parameters. In reality, the
exploration network is not as much as needed and there are still many additional exploration activities have been
done as mentioned above.

2.2. Spatial analysis parameters by structural function
This is the first research on this topic in Vietnam, and authors applied 3D space with modules of algorithm
created by them:
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1
y(h)= > m [Z(x) - Z(m)] “dv
In the space, variograms have been defined: v

Of which Zy), Zn—2 quantities at two research points [(x) va (x+h)] with a distance h in a defined

direction.
1 Nb)
v(h)= 2N() > [Z(x) = Z(x+h)] ?

Tested Variogram has been defined: i=1

N(h) — Number of calculation points

In order to have a comprehensive research, besides to recognize properties of changes of research
parameters, affected dimension, we defined y(h) to many spatial directions to assess their anisotropy.

Because of limited input value, properties of changes of geologica parameters and coal quality, in this
article, to quantify spatial structure we just show several results as fig.3, table 2.

Table 2: Table summarizing the structure function analysis of Ak

o Typical parameters of y(h)
Directions R Models
d ) anges
(degrees) Nuggets Sills (m)
y(h)=25+4501.5" _0.5 "
0 25 45 550 550 550" when h< 550
=25+45=70 when h>550
y(h)=21+48(1.5——~0.5 " )
30 21 48 800 7800 800 when h < 800
=21+48=69 when h > 800
(h)=25+51(1 s o5t )
45 25 51 00 | 7 7800 800 yyhen h < 800
=25+51=76 when h > 800
() =30+50015" _05 7
60 30 50 750 |7 7750 7750 when h< 750
=30+ 50 = 80when h > 750
y(h) =40+45(1 s Sh—s)
90 40 45 750 T750 7750 when h <750
=40 +45 =85 when h > 750
Py =38+450,5-— —05" )
135 38 45 750 7750 7 750 when h< 750
=38+45=83 when h > 750

2.1. Kriging. For coal seams, because of specific characteristics, to have spatial forecast of
geological parameters and coal quality for natural resource forecast is not an easy task.However, the authors already
applied forecast (estimation) for several parameters: thickness (m), dry ash (Ak), Ak*d, Ak*m). The results is
acceptable.

Comments:

- Research results of spatial structure shows a quite clear local anisotropy. The most changing
direction is 30 + 22.5°, a bit different from what applied in reality is northsouth direction. The variograms
demonstrates quite clearly layers.

- In order to improve accuracy, according to experiences of authors and geostatistical researchers,
the reserve level 121 just take 1/3 and 2/3 with probable mineral reserve 122 of affected zone. Therefore, we
recommend for reserves 121: (180 x 250) meters, for reserves 122: (250 x 500) meters. Note, there is one parameter
shown then network density is just an orientation, because of local anisotropy, it is needed to analyse spatial
structure carefully, network density must be different for each small area in the mine.
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III. VALADITION
In order to confirm accuracy of research results, we have done several experimental data, of which
the most importance is to compare with mining documents, sampling at estimated locations (interpolation). The
difference between forecast results and reality is just about + 4.5%
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Fig 3.Variograms for different directions of AK

IV. DISCUSSIONS AND CONCLUSIONS
- Discussion:

Kriging is a good method in supporting design optimal open pit mining. We will continue to

research for applying in reality in future.
- Conclusions:

With traditional methods, structural functions have supported in researching spatial structure of
several geological parameters and coal quality. Then giving objective assessments about form and density of
explorative networks, and how to choose those explorative locations. Meanwhile, structural functions will be
operands in the Kriging equations to estimate natural resource, reserve and define calculation errors by Kriging
variance for coal seams.

Kriging gives quite exact results about nature resources and reserves of micro blocks, it is very
good for mining operation.

Acknowledgment: This paper is supported by NAFOSTED with Code No. Project: 02 / 2012 / HD —
HTSP
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CONSTRUCTION GEOSTATISTICAL MODEL EVALUATION COPPER
ORE: A CASE STUDY SIN QUYEN DEPOSIT, LAO CAI PROVINCE
(NORTHERN VIETNAM)

Abstract

This main purpose of this paper is to show the result of Construction geostatistical model evaluation copper
ore with the help of a complete geostatistical programs designed for 3D environment. By using the old data sets and
additional sampling from the new drill holes we got during our research, the authors has been able to quantify the
spatial variability of the porosity in Cu, compute the density of a network structure exploration and estimate the Cu
content by points and sub-blocks with Kriging error smaller than 5% when compared to the actual data value.

1. Introduction. Geostatistics is one of the most modern, high efficiency statistical methods and therefore got
a lot of attention from reseachers all over the world. But in Vietnam, it still much less used. The authors
have succeeded initially in dealing geostatistics problems with self-established software (HUMGEOSTAT)
for research in 3D.

The Sin Quyencopper deposit is localized in the Neoproterozoic metapelite in the Phan Xi Pang
zone, Lao Cai province, northern Vietnam, is currently the largest Cu producer in Vietnam, with annual production
0f 30,000 ton Cu metal. Fifteenth ore bodies have been recognized in this deposit; contains economic concentrations
of Cu, Au, Y TR,03, and sub-economic concentration of U.

1.1. Methodology
1.2. The algorithm
The computer program includes a full range of functions from processing, examined input data, statistical
quantitative, spatial structure, Kriging method to generate reports. These step by step solution of the algorithm are
given in Fig. 1

a. The variogram is computed as:

Domaining

) ; 1 2
(Mining, 11111.El| Bodies) | EE[Z(X) — Z(x+h)]
I = Diata N:uh':i.s l— Y(h)z
K= L1z -2)
f-:{hpi.ngl.\“u,_ ,.-"'i;m;;;"-u_ j/(h) 5. j_[[ Z(x) - Z(x+h) dv
ih_.ih“?ﬂg_.._.-‘ﬁ "l.___l‘.-\nrltl}sl‘!_F,.."-:‘ 2V v Where 2%
ol . o ol zx+m—is the value at the location [(x) and (xth)]
[ Statistical Ansiysis | separated by vec;t(;r h. The experimental variogram:
Compuiter T I 1 Nk
| [ Epatal Anakyis | h — Z _ Z 2
Pp—— {Variography) Y
[ )= 2120~ 2o
J 1 (Kriging) | N(h) — number of data pairs
.Q:::-udmu:
"‘xi.-*‘
: Repnrli.;g |

Fig 1.Construction the Computer program

template<class Location>

typename Spherical _covariance<Location>::result_type

Spherical covariance<Location>::

compute(consttypename Spherical covariance<Location>::EuclideanVector& vec) const{
double h=euclidean_norm(vec);
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if(h >=this->a_)

return 0;

else

returnthis->c_ * (1 - 1.5*h/this->a_+ 0.5*pow(h/this->a_, 3));
}

Note that it is important to reduce the irregular distribution of ore sample position, and to get the most pairs
of points possible for the calculation, so we havedivided groupsof points by distance in space (Fig. 2).
1 b. There are many kind of Kriging (Ordinatry, Simple,
Universal, IK-Indicator, Disjuntive,...) that we can not
go to each of their details in this paper. Here are an
example of OrdinaryKriging: The Estimator:

. N n
= Z(*VO) = Z/Iaz(‘xa) Zj’a
a=1

a=1
the Kriging equation below:

=1

, is determined by

Fig. 2. Lag tolerance and angle

;%7(% _xﬂ)_'_/u:?(xﬁ’v()}

n

DA, =1
p=1

@I _nrrla)s
Fig. 3. Spatial distribution and location of the ore
2. ResultsThe geostatistical computer program has been successfully completed and tested in the feature ore
body of Sin Quyen copper deposit.
2.1. Statistical analysis. The results are summarized in theTable 1 and 2, Fig 4

Table 1: Results of qualitative statistics Cu of ore bodies
N ¢ Coefficient of
Element/body ° 0 . Average | Skewness | Kurtosis | Variance | Variation(%)
samples | Min Max
Cu/B3
940 1154 |01 32 0.818 -0.513 0.841 79
Cu/B7
372 0912 |01 32 1.176 0.976 0.512 78

The correlation of copper and other useful elements is shown in Table 2

Table 2.Correlation coefficient between Cu with

associated elements in the B3 B
Cu Au Ag >TR,03 TFe Co 3
Cu 1
Au 0,38 1
Ag 0,09 0,07 1
>TR,0; 0,30 0,13 0,04 1 -
TFe 0,49 0,10 0,08 036 1 H Iﬂ“”
Co 0.09 0,06 0,05 0,06 047 1 o —__—_—_—_—_—
S 0,24 0,01 0,08 0,28 0,53 0,7 1 vorosty’ :
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Fig. 4. Histogram of Cu Content of B3
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Comment: The Copper porosity in the two ore bodies are close to normal distribution, non-uniform change,
quite right-skewed distribution. Copper content has right correlation with all useful associated elements TFe, Au, S,
and almost no correlation with Ag and Co.
3.2. Spatial analysis. The variogram models are defined in 3D environment, by 6 directions. The results are shown
in Table 3 and fig. 5
Table 2: Table summarizing the structure function analysis of Cu content (B3)

Typical parameters of y(h)
Directions Models
(degrees) Nugget Sills Ranges
effects. (m)
Omni 0.65 0.23 85 0.23 +0.23 Sph (85 m)
0 0.25 0.80 75 0.25 + 0.80 Sph (65 m)
30 0.35 0.55 85 0.35 +0.55 Sph (85 m)
45 0.35 0.50 70 0.35 +0.50 Sph (70 m)
60 0.35 0.45 75 0.35 4+ 0.45 Sph (75 m)
90 0.42 0.45 85 0.42 + 0.45 Sph (85 m)
135 | 0.58 0.27 65 0.58 +0.27 Sph (70 m)

Comment: All of the variogram models has nugget effects so we may conclude that Cu content has non-
uniform change, anisotropic region and North-South (0 £22.5°) is the direction that has the biggest change,
anisotropic index around 1.3. The exploration line direction should be North-South ( the current direction is East
North — West South), with the density for reserves rank 121: (23 x 30) meters, rank 122: (45 x 60) meters.
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Fig. 5. Variogram analysis of results according to the 0°, 30°, 45°, 60°, 90" and 135° 0fB3

3.3. Kriging
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The results of our ordinary kriging estimate is
Wi — - @ *  showninFig. 6
e D S SRCC T et o e B 4. Validation: In order to confirm accuracy of research
results, we have done several experimental data, of
which the most importance is to compare with mining
documents, sampling at estimated locations
(interpolation). The difference between forecast
results and reality is just about + 5,4%
5. Discussions and conclutions
- Discussion:

Geotatistics is a good method in supporting
design optimal open pit mining. We will continue to
research for applying in reality in future and should apply
cokriging to estimate other useful components.

e nRrriLukys
Fig. 6Kriging estimate

- Conclusions:

With traditional methods, structural functions have supported in researching spatial structure of
several geological parameters and coal quality. Then giving objective assessments about form and density of
explorative networks, and how to choose those explorative locations. Meanwhile, structural functions will be
operands in the Kriging equations to estimate natural resource, reserve and define calculation errors by Kriging
variance.

Kriging gives quite exact results about nature resources and reserves of micro blocks, it is very
good for mining operation.

Acknowledgment: This paper is supported by NAFOSTED with Code No. Project: 02 / 2012 / HD —
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SEISMIC INVESTIGATIONS FOR MINERAL EXPLORATION NEAR
GEYER (ERZGEBIRGE)

Abstract

Within the project ,,Mineral exploration in the Erzgebirge with geophysical methods®”, which is a
cooperation of the TU Bergakademie Freiberg with the Helmholtz-InstituteFreiberg for Resource and Technology
(HIF), the national institute for Geosciences and natural resources (BGR), and the federal authority for environment,
agriculture and geology (SMUL), the mineral potential in the area around Geyer was be explored up to a depth of
approximately 500 m. There were several geophysical methods used such as surface-covering aero geophysical
methods as well as local, ground-based methods such as transient electromagnetic and seismic.

The main objective of the seismic measurements was to image the layer boundary between the granite of
the Greifenstein-complex and the metamorphic rocks above. For this purpose a main profile with a length of
approximately 1 km, radial to the center of the granite complex, was acquired in May 2015. The source was an
accelerated drop-weight, the source interval 8 m and the receiver interval 2 m. In addition, two cross profiles
perpendicular to the main profile with a source interval of 2 m were recorded.

A near - surface velocity model was obtained by first arrival tomography. The velocity model and the
results of further geophysical measurements built the origin for a high-resolution 3D-modell of the investigation
area as well as the geological interpretation and evaluation of the raw material’s potential.

Geology

The investigation area is located in the central part of the Erzgebirge mountains and is part of the
“Ehrenfriedersdorf - Geyer” deposit. It is located at the northwest flank of the anticline “AnnabergerAntiklinale”
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(Hosel et al., 1994). The main profile extends from the granites of the Greifenstein-complex in northwest direction
and is divided by the road “ThumerStrafle” (Fig. 1).

Figure 1: Investigation area source position (red) and receiver position (blue)

The granite - complex was formed during the Variscan orogeny in the Upper Carboniferous and consists of
fine grained monzogranite.

It is affiliateby the “Herolder” and the “Halbmeiler” formation, both belonging to the group of “Thum”,
which is characterized by muscovite phyllites and mica-schists. The “Herolder” formation strikes in southwest -
northeast direction and it dips to the northwest.

Due to gravimetric measurements it is expected that the northern flank of the granite complex dips very
steep (Hosel et al., 1994). The main profile runs over this steep flank. The layer boundary between the granite and
the mica-schists is expected in the eastern part of the main profile. Figure 2 shows a geological cross section parallel
to the main profile. The area, which is covered by the seismic measurement, is marked with a box.

L LILLL AL
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Figure 2: Geological cross section parallel to the main profile (3)

Velocity models

At first, due to the linear progress of profile 1, a 2D first-arrival tomography was applied to the data of
profile 1, to derive a detailed near-surface velocity model (fig. 3). Since the profile is approximately 550 m long, the
maximum penetration depth of the rays is only 40 m.

Subsequently a velocity model was created along both profiles to use a 3D first-arrival tomography (fig. 4).
Due to the larger offsets the calculated rays reach depths to approximately 160 m.

The low velocities directly at the surface in both models can be explained by weathering processes. The p-
wave velocities for granite are between 5.1 and 5.4 km;  the p-wave velocities for mica-schist between 4.5 and 5.2
km/ - (Schén, 1983). In general, no significant velocity contrast can be expected between this two rock types.
However it is possible to recognize the granite surface in the velocity model, due to discontinuous velocities.

The shape of the granite surface seems to be variable, local slopes of the granite complex could be
recognized for example in profile 1 at x = 350 m (Fig. 3) or along the entire profile at x = 660 m (Fig. 4).
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Figure 4: velocity model along the entire main profil

Conclusions

The results of the first-arrival tomography illustrated the possibility to detect the upper granite surface.
Depending on the short profile’s length of approximately 1000 m, the penetration’s depth about 160 m is quite low.
Due to the similar p-wave velocities of the rocks it is recommended to verify the measurement by additional
investigations for example by the geological interpretation of drilling data. Subsequently, the results of the seismic
measurement as well as the transient-electromagnetic and the aerogeophysical measurements were used to create a
high-resolution 3D model.
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K. 3. ABBACOB, I'. A. AJIUEBA, H. ATAJ’KUAJINEBA
Aszepbatiodcanckuii I'ocyoapcmeennulii Yuugepcumem
Hegpmu u [Ipomviwnennocmu (AI'VHII)

HNPOT'HO3 'EOJIOTI'O-TEO®PU3NYECKUX XAPAKTEPUCTHUK
PA3PE3A 10 JUHAMUNYECKUM TAPAMETPAM CEUCMHNYECKUX
BOJIH (HA IPUMEPE IUVIOIMAZEU ASEPBAUI’KAHA)

B npexacraBnenHOl paboTepaccMaTpUBAIOTCS T'eOJOTO-TEOPH3HMUSCKUEC XapaKTEPUCTHKU OCaIOYHBIX
IOpOJZl, MEepPCHEKTHBHBEIX B  HE(TErasoHOCHOM =
OTHOIICHHH, Ha ABYX IUIOMAIMX A3epOaiipkaHa:

. bsunoBan Hmwxne — Kypunckoit
BIIAAMHBI
. l'oBcan u 3pIXx — AOIIEPOHCKOTO

He(bTeFa30HOCHOFO peruoHa.

Puc. 1. MecronosnoxeHue MIomaae uccae10BaHus

OTH MECTOPOXKAEHHUS TOCTATOYHO JIOJT0€ BpeMs HaXOAATCS B aKTUBHOM dKcIutyaTariui. CTOUT HAIOMHUTH,
4T0 AOIIEpOHCKHH He(TEra30HOCHBIH PErnoH IKCIUTyaTHPYeTCsi HedTerazoBoil MPOMBILIUICHHOCTBIO yxe Ooliee
IByX crojetuil. B npenenax AOmepona Haxonsrcs miomanu ['oBcan u 3b1x. OCHOBHBIMH OOBEKTaMH pa3padoTKH
Ha 3THX MECTOPOXICHUAX sBiIA0TCA oTioxeHus IIponykrtuBHoi Tommu (IIT), oTtHocsmmecs x HimkHemy
[Tnmmoueny. B nocnennue roasl BHUMaHKHE T€0JIOTOB M reo(M3UKOB MMPUKOBAHO K OTIOXKeHUIM Bepxuero Ilinnonena
Ha momanu bsHpoBaH, aHa miomanu ['oBcaH — K MHOLIGHOBBIM TONIAM, MOJACTHIAOMUX OTIOKECHHS
[TmmonienoBo# smoxu.I eorpaduaeckoe MeCTOONOKEHUE TUIOMAACH yKa3aHo Ha puc. 1.

EcrectBeHHO, 4YTO BaKHEWIIEH 3amaueil asepOalPkaHCKMX TeOJIOTOB W Teo(pH3MKOB Ha 3THX
MECTOPOXKICHHUSAX,ABISETCA ONpPEENIEHHe TOUKH 3aJI0KEHUsI OYEPENHBIX JKCIUIyaTallMOHHBIX CKBaxHH. Kak u BO
BCeM Mupe, B AsepOaifjpkaHe TakKe aKTHBHO NPHMEHSETCs ceiicMuueckas mHBepcus. [ 3TuX meneil y4eHbIMU
kadenper «['eodpusukay AI'YHII paspaboransr komiurekcel mporpamm «REZAYR» m «AZERI», pe3ymbrarsr
TPUMEHEHHS KOTOPBIX Ha IIomansix baumosan u ['0BCaH JOBOAATCSA 10 BAIIETO BHUMAHHSL.
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Puc. 2. ITocTpoeHne CHHTETHUECKOH ceiicMorpaMMBI (CIipaBa) Ha Te0aKyCcTHYECKOH MoJienH (ci1eBa)
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Trace

Ha  ocHOBe  cuHTeTHYeCKOH
ceiicMorpamMMsl (puc. 2) OBUTH TOXY4EHBI
neTpodu3nyIecKie JaHHbIe (IOPUCTOCTD U
MIECYaHUCTOCTh), KOTOPBIC JOCTATOYHO

*
TOYHO, KOPPEIUPYIOTCA C  JaHHBIMH z
z S0
Oypenus (puc. 3). -
T'oBcanckoe MECTOPOKICHHE §
HAXOJIUTCS Ha MOKPBITOM
JIPEBHEKACTTMACKIUMHU OTJIOKCHUSIMH

MIPUMOPCKOH paBHMHE, PacIoIOKEHHOH B
IOKHOH  dgactm  AOIIEpOHCKOTO
moixyocTpoBa A3sepOaiimpkaHa. JTo
MECTOPOXKICHHE OTKpPHITO B 1948
TOAy M BBEIEHO B 3KcIuTyaTanuio ¢ 1950 roga. I'eonorudeckoe cTpoeHHEe MECTOPOKACHHUS HEOJHOKPATHO HU3Y4IEHO
Pa3INYHBIMH T€0J0T0-reo(pU3nIecCKUMH MeToaMi. B pa3Hble Tob! OBUIM BBIIOJIHEHBI PA0OTHI IO T€0JIOTHIECKON
CBhEMKE, CTPYKTYPHO-TIONCKOBOMY M TIyOOKOMY OYpEHHIO, IPaBUMETPHUYECKHE M CEHCMHYECKUE HCCIICHOBAHUSL.
Ilocnennue ceiicmuueckue uccnenoBanust 2D MOI'T mposomgunuck 3zeck B 2004 roxy. B 2012 rogy nannas
mIonaib u3ydeHa ceiicmopaspenkoi 3D.
HedrerazonocHocTh Teosnoruueckoro paspesa riomiaau ['oBcan cBsizaHa ¢ ropusontamu KaCl, KaC2,
KaC3 — Kanunckoii cutel, IIT. VX OTHOCHTENbHO MOUIHBIE YacTH Oojiee NPOJYKTHBHBL, @ HAa HEKOTOPBIX
ydacTKax 3alloJIHeHbl ra3oM, HO OCOOBIH MHTEpeC NPENCTaBIIET TAKKEe OTJIOKEeHUS MHUoleHa, MOJCTHIIAIoNINe
orioxenus: Kanunckoii cButbl. OCHOBHOM 3a/aueii, cTosimel nepe HaMu Obula YCTaHOBJIEHHE MEPCIEKTHBHOCTH
AHHOHM IUTOIANX IO OTJIOKEHMSIM MuoleHa ¢ MPUMEHEHHEeM JaHHBIX celicMopasBenku 3D. Beum moctpoeHs
KapThl MPOTHO3HBIX 3¢ ¢eKkTnBHBIX TommmH (puc. 4)miacroB KaC-1, KaC-2 n KaC-3 nmpoIyKTHBHBIX TOPH30HTOB
KanuHCKo#i CBUTBI, KOTOPBIE IIPEACTABIECHBI HUKE.
- 3

e

KapTa s@denTmonnix ToAwMH Kapra M-.vu;w- v:muu‘u’
Puc. 4. IIpumeps! kKapT MporHO3HBIX 3¢ dexTrBHBIX TomuH miactoB KaC-1 (cieBa) n KaC-3 (crpaBa)
AHanu3 Mo yCTaHOBJICHUIO 3aBHCUMOCTEH MEX/ly Te0JIOTHISCKUMH XapaKTepUCTUKAMU U TUHAMHYIECKUMH
aTpuOyTaMM 1O  LEJNEBBIM  TOPHU30HTaM
IpSIMBIX, YCTOMUYMBBIX CBSI3€ll HE BBIABHIL,
3HaueHHs1 KOod(PUIMEHTOB KOppensnuu He
mpeBpimasin = 0.4 (puc. 5). Bo3MoxxHbIe
MIPUYNHBI OTCYTCBHUS KOppensiyu
cleAyoIpe:Mabl  aKycTudeckuii  addexr
3aJle’)keld B JJAHHBIX CEHCMOTIe€0I0rHYECKUX
YCIIOBUSIX; Pa3HOPOAHOCTD CEHCMHYECKOTO
MarepHaa;00JIbIIoe KOJIMIECTBO CKBaXKHH CO R
3HAQUUTEJBHBIM  OTKJIOHEHHWEM CTBOJIAa OT 1
BEPTHUKAJIH, a TAKXKE yCTapeBIlas CKBa)KUHHAS '
nHopmanus, TIONydeHHas B  CEpEIHHE
NPOLIUIOTO  BeKa, KOTopas He OTpaxkaeT
COBPEMEHHOTO  COCTOSIHUSI  IPOJYKTUBHBIX
IUIACTOB, HM3MECHUBILETOCS 32 TommBl e e e ot
pa3pabOTKU MECTOPOXKICHUH.
B nononnenue mnpoBoauiics

Knee cmp Ko, cmp.

«AVO- Puc. 5. Pesynprats! artpubyTHOro ananmsa miacta Ka-Cl
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aHaIN3» C LENbI0 YCTAHOBIICHUS HAMYUS PA3INYHBIX aHOMaNWi. IIpy faHHOM aHanM3e BBINOJIHSJICS pacdeT B 2-X
WICHHOM BapuanTe (ammpokcumanus 1llys), T.e. paccuuTeiBaeTCs OTpakaTelbHas CIOCOOHOCTh U P-BOJNHBI 11
HOpMAaJIFHOTO TagieHus (kodgdunueHT A) u rpanueHt (ko3¢ duiment b), koTopsril xapakTepu3yeT oTpakaTeIbHYIO
crocoOHOCTh Ut P-BoNHEI pu mpomesxyTouHBIX yriaax HakiaoHa (0-30 rpamgycoB). To ecTh HCIOIB30BAINCH KyOBI
«aMIUIATY [ IPA HOPMAJIBHOM MAaJICHUN» U «TPaJUCHTOBY.

Ipn amanmmse  BeIOWpancs  pspg  JHHAH,
NPOXOJSIIIMX ~ 4epe3 BbeIOpaHHyl0 aHoManuio. Ha
HayaJbHOM JTame Bhlensercss o0sacTh  (OHOBBIX
3HAUEHHMH 3a TNpejesiaMu HCcleTyeMoro oObekTa. (puc.
6). [lanee cTposiTcs COOTBETCTBYIOIIME KPOCCIUIOTHI, Ha
KOTOPBIX BBIAEISETCS 00J1aCTh OTKJIOHEHUH OT (hOHOBOTO
TpeHza.

B pesymprare TMOMyYEHHBIX JaHHBIX ObLIA
BBIJENICHA W 3aKapTHpPOBaHAa IpejnonaraeMas 30Ha
Pa3BUTHS YIYUIIECHHBIX KOJUIEKTOPCKUX
CBOWCTB Ha CKJIOHE TIOJHSTHS B BepXax MHOIeHa (puc. 7).

o o 1
HamOompmmii  MOWCKOBBIA ~ HWHTEpEC  IPEACTABIACT Puc. 6. Brinenenne oTkioHeHHH (Tromy0oi n
aHOMaJIUs B OTJIOKEHHUSIX MuolieHa, IpeCTaBIeHHAs HIKE. JKETIThIE I[BETa) OT TPEHA0BAX 3HAYCHUH

i

L I L o

AR RS R LA A R

Puc. 7. Pa3pe3 nepcnekTHBHOTO yJacTKa (cieBa), BhIJCICHHBIC aHOMaIbHbBIE 00J1acTH (CTIpaBa)

Takum 00pa3oM B MTOTE BBHILICIPUBEACHHBIX HCCIICIOBAHMNA MOXHO cKa3aTh ciemyromiee. Ilo miomtamu
banmoBaH mNpOBENEHBI MOJCYETHl METPOPHU3MYECKUX MAPaMETPOB MO CEHCMUYECKMM JaHHBIM, YTO MO3BOJISET
CYIIECTBEHHO yMeHbUIMTh 3arparhbl. [lo muomaau ['oBcaH ObUIO NPOBEJCHO MPOTHO3MpOBaHUE S()(PEKTHBHBIX
MOIIHOCTEH TpeX MPOAYKTHUBHBIX T'OPH30HTOB, HO B Cllydyae aTpHOYTHOTO aHAJH3a BCTPEYAINCh TPYIHOCTH B
OIIPEACIICHNN 3aBUCUMOCTEH MEXKIY TUHAMUYECKUMHU U HCTpO(bI/I?)I/I‘IeCKI/IMI/I napamMeTpamMu, 110 BeIMICTIPUBEACHHBIM
npuunHaMm. Ha Mectopoxaennn 3b1x, AVOaHanu3 BBIBII psAA  aHOMAJIBHBIX YYacTKOB, CBSI3aHHBIX C
He(TEeHACHIIIEHHOCTHI0, YTO OBUIO OATBEPXKICHO OypeHHeM.

Jlureparypa
1. Llefiko, A.M. AHamu3 IOJATOBEYHOCTH BOA03a0OpHBIX CKkBaxkmH . MuHcka / A.M. Illeiiko, B.B.
WBameukun, H.B. Xomoguackas, 3.A. Makaposa // Bectauk BHTY. —2006. — Ne 1. — C. 27-32.
2. Apenc, B.XK. I'eonoro-ruaporeoorndeckue OCHOBBI T€OTEXHOIOTUIECKUX METOOB JOOBIUU MOJE3HBIX
uckonaemsbix / B. XK. Apenc, A. M. I'aitnun. — Mocksa: Henpa, 1978. — 215 c.

H. A.TAJJ/KHUAJIMEBA, K. 3. ABBACOB, I'. A. AIMEBA
Aszepoatiodcanckuti I'ocyoapcmeennvlil Ynusepcumem
Hegmu u I[Ipomvrunennocmu (AI'YHII)

BBIJIEJIEHUE U U3YYEHUE HEKOTOPBIX TUIIOB
HEAHTUKJIMHAJBHBIX JIOBYIHIEK ASEPBANU[)KAHA
CEHMCMOPA3BEJIKOH 2D U 3D

Hacrosmas pabora rnocpsiiieHa NPUMEHEHHIO CEHCMUYECKUX METO/I0B, U3YYEHHIO MX BO3MOXKHOCTEH MpH
TIONCKE U pa3Be]Ke HEaHTHKIMHAIBHBIX JIOBYIIEK, KOTOPBIE HMEIOT IIMPOKOE pacrpocTpaHeHne B AsepoOaiikaHe.
B Asep0aiijkane, UMEIOIIEM IOYTH ABYXCOTJIETHIOIO MCTOPHIO IPOMBINIIEHHOH HE(QTSHOW MHAYCTPHH, 3amackl
AQHTUKJIMHAJIBHBIX JIOBYIIEK MCYENBIBAIOT ce0s. A cIenHabHBIE Te0JI0ro-reo(pM3MYecKue HCCIECJOBAHMS 110
U3YyYEHHUIO HEaHTUKIMHAIbHBIX JIOBYHIEK OO0 CHUX HOp HE IMPOBOAMIHMCH,HECMOTPS Ha TO, YTO CYIIECTBOBAJIO
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JIOCTATOYHOE KOJIMYECTBO aHTHUKJIMHAIBHBIX JIOBYIIEK, TEM HE MEHEE OBLTH OTKPBITHI MeCTOpokaeHus B FOxHO —
Kacrmiickoit Bmanunae, Takne xak KaszanOymak m Hedruama (Ha cyme), I'psseBas Comka (Ha Mope), KOTOpBIE
OTHOCSITCSL K Pa3HbIM BHJaM HEaHTHKIMHAIBHBIX JOBymIeK. DarnuanbHass W3MEHYHBOCTh M CIOXHOE CTPOCHHE
0CaZ0YHBIX KOMIUIEKCOB, pa3Ipo0IeHHOCT, WX pa3pblBaMH CIOXHOW KHHEMAaTHKH OOYCIOBHIM pPa3BHTHE
Pa3JIMYHBIX THUIOB JIOBYIIECK YIIEBOIOPOIOB.

HemanoBakHy!0 poiib B OTKPBITHH, pa3BEIKe M MPOCIC)KUBAHWN HEAHTHKIMHAIBHBIX JIOBYIIEK HIPAeT
ceificMuyeckass pasBegka. Ha ocHOBe KOMIIJIEKCHOTO aHalu3a JaHHBIX cedicMopasBenku 2D u 3D BelgeneHs
HEKOTOPBIE THUIIBI HECTPYKTYPHBIX JIOBYIIEK B A3zepOaiikaHe.

HeaHTHKJIMHAJIBHBIC JIOBYIIKH, KOHTPOJIMpyeMble Majl0 AMIUVIATYIHBIMM HAPYLICHHMSIMU:
PaccmoTtpum 3nechk Marepuaisl ceiicMopasBenku 3D, koTopas poBeJeHa Ha OJHOM M3 IUIOoMaaei AOIIEpOHCKOTO
mosyoctpoBa. Ha n3yuaemoii TeppuTopur NOJIy4eH BpeMeHHO!H KyO B mHTepBaie 0-6 cex. CelicMUYecKuil MaTepuat
[0 BCEMY pa3pe3y, OXBATBIBAIOIIEMY OTJIOXKEHHS HeoreHa, xapakTepu3yeTcsi XOpPOIINM KadeCTBOM, YTO JAET
BO3MOXKHOCTh TPOBECTH OJHO3HAYHYIO HHTepIpeTanuio. I'eomormdeckass uH(poOpManus W aHanmW3 BOJIHOBOM
KapTUHBI O3BOJIUIIM ITPOBECTH celicMocTpaTurpaduyeckoe pacuaeHEHUe pa3pesa MIOMaan HCCIEJOBAHHS.

T Bt PR RIS :

"

Pucynok 1. CeiicmocTpaTurpaguyeckoe pacujieHeHHe pa3pe3a MIOMAIH HCCIeT0BAHMS
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Pucynok 2. I'opuzoHTaIBLHBII cpe3 Pucynok 3. Kapra yrioB HaKk;10Ha
KYy0a KOTepeHTHOCTH

[To xapaxTepy BOJHOBOTO IOJISI BECh MHTEPBAJ YCIOBHO pa3JiefieH Ha JiBa CeMCMOCTpaTUrpaduuecKux
Merakomiuiekca (CCMK): muonieHoBsid 1 mnonieHoBsId. [IpoaykTuBras tomma (I1T) (puc.1). CBonoBble, a Takxke
KpPBUIBCBBIC YAaCTH aHTHKIMHANCH  OCJIOXXHEHBI HAPYIICHUSAMHU JIBYX PAHTOB: YACTUYHBIMHU M BHE PAHTOBBIMHU.
Jlist BBIIENIEHWE M TPAacCHpOBAaHHE HApYIICHWH NPHUMEHSUINCH pa3Hble crocoObl.OpendTect ceiicmuuecknit KyoO,
MONYYCHHBI 1O  JaHHBIM  cedicmopa3Benku 3D 2012 roma, Obul  TpaHchopMHpOBaH B KyO
korepeHTHOCTH.IloJTydeHHbIE TOPU30HTANIBHBIE CPE3bl M0 ATOMY KyOy HE MO3BOJMJIM OJHO3HAYHO TPAaCCHPOBATh
pa3pbeIBHBIE HapyIIEHUS (pHC. 2). DTO CBA3AHO C TEM, UYTO CTPYKTypHble IumaHel mo Bcem CIT  mpezncraBisioT
MOHOKJIMHANN C OOJBIIUMHE yTIaM{ HAaKJIIOHA, YTO BHOCUT OOJBIION MPOIEHT HEONPEAEICHHOCTH IPHU BBIACICHUN
Pa3pBIBHBIX HapYIIEHHH. B CBA3M C 3TUM, MECTONOJIOKEHHE  TEKTOHHYECKHX  HApyIIEHHH  OIpeaessuioch
BH3YaJIbHO, TI0 pa3pbIBaM KOPPESIIHHU U (a30BBIM CABHTAM OCEH CHH(pA3HOCTH OTPaXCHHBIX BOJH HAa BPEMEHHBIX
paspesax ¥ Mo KapraM yrioBbIx Hecoriacuii (dip) cooTBercTByromux ropu3oHToB (puc. 3).CyOmmpoTHeI  pasiom
B KyIOJ€ TIaleoNoJHATHsI B LEHTPE OTMEYaeTcs pa3pbIBOM Ocel CMH(pA3HOCTH M IIPECTaBIseT, HECOMHEHHO,
HauOONBIINI WHTEpEC Ul ONpesesieHHs IyTed Murpauuu yriieBogoponos (YB). AHanu3 BOIHOBOW KapTHHBI
MTOKA3bIBACT, YTO HA CBOJC ITAJICOMOJHSITHSA, @ TAKXKE HA €r0 MPHCBOJOBBIX M KPBUILEBBIX yYaCTKaX, MEXKIy Majo
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aMIUIUTYJHBIMU HapyIICHUSIMH MOYKHO HaOJIIOATh JIOKAIBHBIE «IIPOCAJKH» BO BPEMEHHOI 00JIacTH, yBEIHYCHHE
BPEMEHHBIX TOJIIIMH C BBIMIEIEKAIIAMHA OTPAXKCHUAMU (pHC. 4).

HeanTuk/IHMHA/IbHBIE JIOBYIIKH, CBfI3AHHbIE C 30HAMH
BBIKIMHUBAHMUS OTJIOKEHWIi: 30HBI BBHIKIMHHMBAHUS BCTPEYAIOTCS BO
MHOTHX He(TerasoHOCHBIX pernoHax AsepOaiipkaHa: MBI  31eCh
pPacCMOTPUM  IpeAmNoJaracMble HE  aHTUKJIMHAIBHBIC JIOBYIIKH B
OTIIOKEHMAX HIDKHero [linronena — MuolieHa pa3HbIX IUIomaaeit 3amnagHoro
Aomepona.Ha HmkecnemyromeMm — ceificMudeckom — mpoduie  (puc. 5)
BBISIBIICHBI 30HBI BBHIKIIMHUBAHUS, caMas Heritybokast

T T san

— e ]« CA) * A1

PucyHok 5. 30Ha BBIKIHHUBAHUSA PuyHnoxk 6. Pazpe3 MrHOBeHHBIX aMILJIMTY/
Ha pa3pe3e 3anagHoro AmmepoHa

U3 HUX OTHOCUTCS celcmudeckoMmy ropu3oHTy SH-IV, npuypodeHHOMY MOICTHUIAIONINX MPOIYKTUBHYIO TOJILY
(TIT) otyioxeHu#, KOTOPHIA NpUMbIKaeT K ropu3oHTy SH-V, oTHocsimuiics Bepxam Juaroma . Ha riyOunax
npumepro 2800 — 3800 M, B mojacTHIAIOMUX J[MaTOM OTIOXKEHUSIX BBIACISIOTCS HECKOIBKO 30H BBIKJIMHHUBAHUS.
[Ipennonaraercss 3TH BBIKIMHUBAIOIINECS OTIOKEHUS OTHOCATCA K ONMIOIIEHOBBIM OCaJKaM. 30HBI BBIKIMHUBAHUS
M3y4YaJIUCh MTHOBEHHBIMH JIMHAMHUYECKUMH XapaKTEpPUCTHKAMH ceficMHYecKux BOJH. Pa3pe3sl MIHOBEHHBIX
nuHamudeckux xapakrepuctik (MX) nocratouno mHpopmaruHbl. Harmpumep, paspe3 MIHOBEHHBIX aMILIUTY[
BOJIHBI, PETUCTPUPOBAHHBIE HAa  BpeMeHax 1.2 — 2.2 ceKk XapakTepu3ylTCS OTHOCHUTEIbHO BBICOKOM
WHTEHCHBHOCTBIO (pHC. 6) W caMmble BBICOKHE aMIUIMTYIbl HAOIIOJArOTCS B 30HAX BBIKJIMHUBaHUS. B paspese
MTHOBEHHBIX ()a3 W MTHOBEHHBIX YaCTOT BBIKJIMHUBAIONINECS CEHCMHYECKHE TOPU3OHTHI IPOCIIEKUBAIOTCS HE
YETKO.

Jlpyrue TUNbI HEAHTHKJINHAIBHBIX JOBYIIEK: B Asep0aiikane mUpoKoe pa3BUTHE MOy U IpyTHE
THUIIBI HE aHTHUKJINHAIBHBIX JIOBYIIEK, CPEAN KOTOPBIX 0CO00 BBIIEISIFOTCS JIOBYIIKH, CBA3AaHHBIE C IajeopyciaMu
JIIPEBHUX DEK. B npuBenennom Ha pucynke 7 paspese kyba 3D CI'-IV xapakrepusyer mnoJouBy
HWKHEIUTMONEeHOBBIX oTioxxkeHuit IIT. Ha Bocroke u3ydaemoil TeppuTopuu, paccekas BCIO ILIONIA/Ib C CEBEpa Ha
10T, IPOXOAUT AaHOMaIUs THUIIA «BPE3» C OYEHb KPYTHIM 3allaJHbIM CKIOHOM M MEHEE BBIPAXKEHHOU BOCTOYHOI
IPaHULIEH, OTOKIECTBIIIEMAs C NIAJIEOPYCIIOM.
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Pucynok 7. ®parmenTt BoiesneHHbIX 1o CI'-Ka2 BpemeHHbIX pa3pe3oB

0.C. KPUCAK
Joneykuui nayuonanbHbll mexHu4ecKul ynusepcumem, Ykpauna
I nasnoe ynpaenenue 2eonoeuu u 2eodxonozuu, 2. JJoneyx

MEXAHU3M U OTAIIbI POPMUPOBAHUA
I'MAPOTEPMAJIbBHBIX KWJIBHBIX TEJI B KAPBOHATHbBIX
MOPOJAX CEJE3HEBCKON CUHKJIMHAJIU JIOHBACCA

JoHenknit 6acceitH mpeacTaBisieT coO0MH, MPeXk/e BCETO, HCTOYHHK KaMEHHOTO YIS, OMHAKO B NpEZeax
€ro TEPPUTOPHH TAKKE MMEIOTCS 3HAUUTENbHBIE KOINYECTBA PYJHBIX MECTOPOXKACHUH U MIPOSBICHUH, B TOM YHCIIE
30JI0TO-TIOJIMMETAJUINIECKHE C cepeOpOM M PTyTHBIE ¢ CypbMOW. B 0ocHOBHOM OHM mpuypodeHs! K obsacti [ aBHOM
aHTUKIMHAIM, HaroapHoMy Kpsiky M 30He couineHeHus: [loHOacca ¢ IIpna3oBCKUM KPUCTAIIIMYECKUM MAaCCHBOM.
IIpu »>TOM ceBepHast 30Ha Menko# ckiamguaToctu JoHOacca M3BECTHA MENKHMMH TPOSBICHHUSIMHE, TPECTaBICHHBIC
KBapIIEBBIMH, KBapI-aHKEPUTOBBIMH JKWJIAMHU C TAJIEHHUTOM U c(aJepuToM, NPUYpPOUYECHHBIE K 30HE COMPSIKECHUSA
I'maBuoro (PoBenenkoro) momepeunoro mnofHsaTus ¢ CeBepHoll aHTukIMHANbi0 (MenBexxkanckuii ysem) [1].
[Ipeanonaranock, 9To K 3amagy OT HETO YMEHbBIIACTCS HHTEHCHBHOCTH MIPOSBICHUN MUHEPATU3alMY U B 3aI1a{HOM
3aMBIKaHUU MPOSBIICHBI TOJIBKO KAJIBIIUTOBBIE M KAJIBIIUT-XJIOPUTOBBIE JKUIBI [2].

B cBs3u c pa3BuTHEM KapbepoB MO J00bIYE KaMEHHOTO YIS M CTPOHMAarepHajoB B IIOCIeIHEE
JecATHIETHE B IIpe/esiax 3amaJHONd YacTH CEBEpHOM 30HBI MeNKoil ckiaggatoctn JlonOacca aBTOpoM ObLIM
00OHapyXeHbI THIpOTepMalibHbIE MUHEPaJIONPOSBICHUsI CaMOPOJHOTO cepebpa, ¢uoopuTa, Gapura, UCIAHACKOTO
IIIaTa, JIMYATOT0 KBapla M TOPHOTO XpyCTals THIA «MapMapoLICKHX IMAMaHTOBY», a TaKKe KpUCTAIIBI (ameH-
KBapla; B KapOOHATHBIX MOPO/aX OOHApyXXEH PATOBKHUT «OCAIOYHBINH (DIFOOPUT», NETAIbHOE M3YUCHHE KOTOPBIX
JOTIOJTHSIET MH(POPMAIIIO N0 PErHoHaTbHOM MuHepanoruu JlonOacca.

OcHOBHasi 1iedb HCCIEAOBAaHMH 3aKII0Yanach B YCTAaHOBIEHHH IUIOMIATHOTO PacIpOCTPaHEHHS,
3aKOHOMEPHOCTEeH JIOKAJIM3allM, MeXaHu3Ma o0pa30BaHUs, OJBOJIOLMM UM BO3pacTa TUAPOTEPMANbHBIX
pyZIOTpOsIBIICHUI paiioHa paboT.

Jis mocTKeHHs TOCTAaBICHHON [einW ObUIM TPOBEICHBI JETalbHBIC ITOJIEBBIE HCCIEIOBAHMA, B XOJE
KOTOPBIX TNPOBOAMJIOCH ONHCAaHHE MOPOJ, BBIXOMSAIIMX HA JHEBHYIO IOBEPXHOCTh, BBIIBICHBI W YTOYHEHBI
JM3BIOHKTHBHBIE W TUIMKaTHBHBIE CTPYKTYphl. Beero ommcano cBeie 150 xapwepos, oroOpaHo 6onee 200 mpo6
KWJIBHBIX oOpasoBaHui. B mpenenax oOHa)XEHMH BBHINOJHEHBI 3aMepbl JJIEeMEHTOB 3ajeranus Ooxee 3000
CTPYKTYPHBIX 3JIEMEHTOB (Pa3pbIBHBIX HApYIICHHWH, 3€pKaj CKOJBKEHHUS, OTKPBITBIX TPELIMH, CTHIIOJUTOBBIX
TEKCTyp W XWi). B KkamepanbHBIA IepHoa HM3roToBieHO M ommcaHo cBbimie 300 annumdo u 20 numdos.
O0paboTaHbl C UCTIOIL30BAHIEM KOMIIBIOTEPHBIX CHCTEM 3JIEMEHTHI 3aJIeTaHus CTPYKTYPHBIX JIEMEHTOB.

Ha ocHOBaHuMM mNpOBEJNEHHBIX TOJNEBBIX HCCIEAOBAHMNA YCTAaHOBIEHO, 4YTO MHHEPAJIONPOSBICHUS
MpUypoUYeHbl K 3amagHod ydacTh Cele3HEBCKOW CUHKIMHANM, BONM3U €€ mepexoga B baxMyTCKyl0 KOTJIOBUHY.
VY4acTok ClI0’)keH KaMEHHOYTOJIBHBIMY OTJIOKEHUSIMH CPEIHEro OTAea U IpeAcTaBieH ceutamu C25 (kaMeHCKas),
C26 (anmmaznas) m C27 (ropnoBckas). C ceBepa M I0ra y4acTOK OTpaHHYEH HAJBHIOBBIMH CTPYKTypaMH CEBEpO-
BOCTOYHOTO NPOCTHUpaHUSA. 3ajeraHrue NOpoJ BHYTPH OJIOKa CKJIag4daToe, NPEACTaBICHO YeperyIONUMHUCS
MIOJIOTHMH aHTHKJIMHAJIBHBIMH M CHHKJIMHANBHBIMH CKJIaJKaMH CEBEPO-BOCTOYHOrO mpoctupanus. CeBepHas H

36



3amagHas 9acTb 0JIOKA, B CBOIO OYEPEb, OCIOKHEHA MAJIOAMILTUTY IHBIMH Pa3pbIBHBIMU HAPYIICHUSMH MIHPOTHOTO
MIPOCTHPAHNS.

ITo cTpyKTypHO-MOP(OIOTHYECKHM OCOOCHHOCTAM JKWIBHBIC TeNa IOAPA3JENAI0TCS Ha TPYyNIsl B
3aBUCHMOCTH OT KPEIOCTH BMEIAIONINX UX KapOOHATHBIX MOPOJ. Tak, B KPENKHX IMayKaxX MU3BECTHIKA BCTPEUAIOTCS
KIJIBI MEXKIUIACTOBOTO PACCIOCHHUSA KBapI-kapOoHaTHOTO (B m3BecTHske L7 cButel C26 ¢umroopuT-KBapi-
KapOOHATHOT0) COCTaBa, a TaK)Ke CEKYIINE APY3bl HCIAHACKOTO IIAaTa CEBEPO-3aMafHOTO MPOCTHPaHUsL. B MATKoi
TJIMHUCTOW Ta4yKe M3BecTHs KA L7 OTMEYeHBl pa3myBbl, KEOJbl M APY3bl MEKIUIACTOBOTO PACCIOCHHUS (IFOOPUT-
KBapI-KapOOHATHOT'O COCTaBa, a TAK)KE KPYTOMAIAIONIIe KUIbl U JIPY3bl (III0OPUT-KapOOHATHOTO COCTaBa CEBEPO-
BOCTOYHOTO MPOCTUPAHUS.

Ha >XWIbHBIX TellaX MEXIUIACTOBOTO pACCIOCHUSI OTYETIIMBO (DUKCHPYIOTCS 3epKajla CKOJBXKEHUS
B30pOCOBOTO TUIIA C HONEPEYHBIM ITPOCTUPAHUEM OTHOCUTEIBHO Oocell ckiasok. [Ipu aTOM B KMiIax KpEenKHX Iavyek
M3BECTHSIKA B IPUCBOJIOBBIX YACTAX AHTHKJIMHAIBHBIX CKIQJOK Ha 3€pKaja IONEPEeYHOr0 MPOCTHPAHUSA
HaKJIQ[BIBAIOTCA OoJyiee MO3MHHUE IITPUXM IMUPOTHOTO NPOCTHPaHMA. B ceKymux Apy3ax HCIAHICKOTO IImaTa
3a()MKCUPOBAHBI 3€pPKaja CKOIBXKEHUs, 00pa3yloye MPaBOCTOPOHHNE CMEIICHUS.

Ocoboe BHUMaHUE YIEISIIOCH N3YYCHUIO CTHIOIUTOBBIX TEKCTYp. CTHIIONUTOBAS TEKCTYPa — 3TO CIOKHO
MIOCTPOEHHAS! TOBEPXHOCTh CONPUKOCHOBEHHUS IBYX OJOKOB mMOpoJ, c(hopMHpOBaBIIAsCS B MPOLECCE «IaBICHUE-
pactBopenue». lllupokoe pa3BUTHE CTHIONUTOBBIX TEKCTYp B H3BECTHAKAX YCTAaHOBJICHO B 3alafHONW YacTH
Cene3néBckoil cuHKINHAMKN. MeHee pa3BUTHI TEKCTYPHI B BOCTOYHOM dacTH cuHKiIuMHamu. Ha ['opomumaHckoi u
AHHEHCKOIl aHTUKJIMHAJISIX CTUJIOJIHUTHI HE OOHAPYIKECHBI.

Ha ocHoBaHMM MpoBeAEHHBIX 3aMepoB 279 CTUIONUTOBBIX TEKCTYp B KpPENKHX IadykaxX H3BECTHAKA
YCTAQHOBJICH OJMH MAaKCUMyM, UMEIOIIUI KpyTOoe MaJeHUE B IOXKHOM Hanpumnciivd fus . 191 881 B owarkux
TJIMHUCTBIX MayKaxX M3BECTHSAKA YCTAHOBJICHO JBa MakcuMyMa. [IepBbIil MakCUMyM Takke UMeeT KpyToe MajJeHue B
KO e g e e 1900 B8y nropol vukeayyM — KpyToe MajeHue B I0r0-BOCTOYHOM HAaIlpaBlICHUH
{stv. nwt. 127 1 &1). TIpu 5TOM ycTaHaBIHMBAEeTCS MEPECCUCHNE CTHIIOIMTOBBIX TEKCTYP FOTO-BOCTOYHOTO MaICHUS
Oosee MOJNOIBIMH FOXKHOTO TAACHHS. YCTAHOBJICHHBIE MAaKCHMYMBl TPOCTHUPAHMS CTHJIOJHTOBBIX TEKCTYpP
COOTBETCTBYIOT OPHUEHTHPOBKE 3€PKAJI CKONBXEHHUS B JKMJIAX MEXKIUIACTOBOTO PACCIOCHUSA. DTOT (akT MOXKET
CBHUJICTENBCTBOBAaTh O TOM, YTO TEKTOHHYECKHE CTHIONUTOBBIE TEKCTYpHl OO0pa3yloTCsl OpPTOTOHAIBHO
MaKCHUMAJIbHBIM CKUMAIOIIUM YCHIIUAM [3, 4].

ITo mopdonornu CTpOEHHsT CTHIIOIUTOBBIE IIBBI PE3KO OTIMYAIOTCS MO KPENOCTH MX BMEUIAIONINX HOPOLI.
Tak, mo mop¢onoruu npeoxentoi I'. 5. BymmuHckuM [5] B Kpenkux naykax W3BECTHSIKA Pa3BUTHI CTOJIOYATHIE U
3y04aThle LIBBI, B MATKMX MIMHUCTBIX MaYKax — Oyropyarsie 1 O0yropuaro-cTonoyarble MBI

JI0BOJIBHO YacTo IO MOBEPXHOCTSIM CTUJIOJNHTOBBIX TEKCTYp HaOJIONAIOTCs OoJiee TT03AHNE TEKTOHHYECKHE
MOJBIKKH. B  MITKMX TIMHUCTBIX TayKaxX MW3BECTHSAKA IO CTHJIONUTAM pPAa3BUTHl IITPUXH CKOJBXKEHUS,
MIPEJCTaBICHHBIE CIBUTAaMHU JIEBOCTOPOHHEIO XapakTepa. B Kpemkmx madkax W3BECTHAKAa INPOSBICHB Ooee
CUJIbHBIE TTOJIBM)KKH, NIPEACTABICHHBIE CABUTaMH OJOKOB MOPOJ 1O TNIOCKOCTH CTHJIOJNMTOBBIX TEKCTyp. [Ipn aTom
30Ha CMEIIEHHMsI, MOLITHOCTHIO 110 0,5 CM 3aIoJIHEeHa KUIIbHBIM MEIKOKPUCTAIUTMYECKUM KaJIbIIUTOM.

MexaHn3M 00pa3oBaHMs OJKWIBHBIX TeI B KPENKMX MadkaX W3BECTHSIKA CBsSI3aH C  SIBICHHEM
BHYTPHUIUIACTOBOTO CKaJBIBAaHMS TapayIebHOTO CIOMUCTOCTH [6]. st W3 XapakTepHa IIojlocdaTasl TEKCTypa,
CBSI3aHHAs] ¢ MHOTOKPAaTHBIM PacCIOCHUEM TpenrH. TekcTypa o0ycioBlieHa YepeaoBaHUEM apalIeNIbHBIX CIIOHKOB
XKHUJIBHOTO MaTepuajla ¥ TOHKMX NPOIUIACTKOB BMelaromeil mopossl. [Ipy 3TOM NOBOJIBHO 4YacTo B OTAEIBHBIX
c(hOpPMHUPOBAHHBIX CIIOWKAaxX S>KMJIBHOTO MaTepuajia HaOJIIOJAloTCS TOHKHE TPOXKHMIKH OECLBETHOTO KalbLUTa,
OpUEHTHPOBAaHHbIE KOCO MO OTHOWICHWIO K MPOCTHpaHHIO XwiI. [lo Mopdoiorum 3TH NPOXKHUIKU SBISIOTCS
TPELMHAMU CKaJIbIBaHUS, CBUIETENbCTBYIONINE O 00JIee MO3HNX TeKTOHUUECKUX MOIBIDKKAX.

XapakTepHOH O0COOEHHOCTBIO JIOKANM3alUM OKIJIBHBIX TEJ MEXKIUIACTOBOTO PACCIOCHHS B MSTKHX
TJIMHUCTBIX TIa4KaX W3BECTHSKA SBISETCS WX MPHYPOUYEHHOCTh K CTHJIONMTOBBIM TEKCTypaM IIMPOTHOTO
npoctupanus. Kak GbIJI0 paHee 0TMEYEHO, M0 CTIJIONUTAM Pa3BUTHI IITPUXHU CKOJBKEHHS JIECBOCTOPOHHETO C/IBUTA.
IIpn >TOM B 30HaX meEpecedeHWs] >KWIBHBIX TEJN II0 CTWIOIHTAM pa3BUTHI JONOJHHUTENbHBIE IeopMalny,
npecTaBiIeHHbIe B30pocamu. JIokann3amnus KWIIBHBIX TeJ, T0-BUANMOMY, CBsI3aHa C NEPBOHAYAIBHBIM Pa3BUTHEM
C/IBUTOB, & BIIOCJIEICTBUH C (JOpMHPOBaHNEM B3OPOCOB, T/Ie MUHEPAIN3AIINS OTJIarajiach MO TIJIOCKOCTSIM OTCIIOCHUS
B IJIMHHUCTBIX NTAUYKaX U3BECTHSAKA.

WHoit xapakTep MexaHn3Ma 0Opa3oBaHUS HAOIIONACTCS Y KM U JPY3 CEBEPO-BOCTOUYHOT'O IMPOCTHPAHMSL.
IMpn OGonee CUIBHBIX TEKTOHMYECKUX IIOJIBMXKKAX, CBA3aHHBIX CO CJBHUTaMH LIMPOTHBIX CTHJIOJIUTOB, MEXIY
CTPYKTYpaMu ObUTH 00pa30BaHHBI TPEIIUHBI CKAJBIBaHUS. VIMEHHO 3TH TPEIINHBI U SBIAIOTCS PYAHBIMU )KHIbHBIMH
TenaMu. [ JKMIIBHBIX TEJ XapaKTepHO HaJIH4He 00IOMKOB OOKOBBIX mopon. Ilo xapakrepy u ¢opmam 3aneranus
MIPEIoIaraeTcsi, 9To0 OOJOMKH W3BECTHSIKA OBUIM 3aTAHYTHI B JKWJIBHBIE Tela 3a CYET CPE3aHHBIX NPH CHBHIE
HEPOBHBIX BBICTYTIOB [7].

Cekymue apy3sl HCIAHACKOTO INMAaTa CEBEPO-3alaJHOTO MPOCTUPAHUS B KPENKHX MadyKax W3BECTHIKA
SIBISIFOTCS 00JIee MOJIOABIMU 00pa30BaHMUSAMH M CBSI3aHbI CO CBUTAaMH IIPAaBOCTOPOHHETO XapakTepa. B rmmacTuaHbIx
TJIMHUCTBIX MadyKaX TPEIUHBI SBISIOTCA 3USIOMMMU U PYJOIPOBOAAILUMHU.

IIpu ananu3se paHee NPOBEAECHHBIX UCCIEAOBAHUN O PEKOHCTPYKIMHY NOJIEH HANPSKEHUI B CEBEPHO 30HE
Menkol ckiamyaroctd JlonGacca, a TakKke COOCTBEHHBIX HCCIECJOBAaHHMH, 3aKJIIOYAIOMINXCS B W3YyYCHUH
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OPHEHTHPOBKH KPBUIBEB CKIAJOK, IITPUXOB CKOJBKCHUS W JKWIBHBIX TEJ, ObUIO YCTaHOBJIEHO, YTO B 3alajHOMN
gacti Cene3HEBCKOW CHHKIMHAIN OCh MAaKCHMAaJbHBIX COKMMAIOIINX HampsoKeHuH (03) MMeeT I0T0-BOCTOYHOE
HanpaBJICHUE, MAaKCHMAaIbHBIX pAacTATHBAIOIINX HampsokeHHH (ol) — ceBepo-BocTOYHOE HampasieHne. Ha
OCHOBaHHMM TPOCTPAHCTBEHHOTO pACIpPENCICHUSI CABHIOBBIX 30H HAa YJacTKE HCCIECIOBAaHWH BBIIEICHO 2
COTIPSKEHHBIE CHCTEMBI CIBUTOB: CyOmMpoTHYIO (a3. mp. 280) u cyOmMepuanoHansHyo (a3. mp. 330).

BeiBogsl. Ha ocHOBaHNM MPOBEIECHHOTO KOMILIEKCA CTPYKTYPHO-TEKTOHO(U3UUECKHX, JUTOJOTHUECKHX,
MHUHEPAJIOTHUECKUX, NETPOrpaduuecKux, KPHUCTALIOMOP(OIOTHYECKUH M (a30METPUUYECKUX HCCIICAOBaHUM
YCTaHOBIIEHO, YTO T'MAPOTEPMaJIbHBIC XKHUJIbHBIE Tella 3anagHoi yacti Celle3HEBCKOW CHHKIIMHAIN (DOPMHUPOBATUCE
B CIIOXKHBIM MHOTOXTAIHBIAH MEPHOJ ATBIIMHCKOIO LHMKJIA CKIAJ4aTOCTH. B KpEenKuX HEeMoJaTIMBBIX IMauyKax
W3BECTHSIKA XHJbI (YOPMHPOBAINCH MPH OCHOBHOM CKJIaJKOOOpa3oBaHUM BO BpeMsl M3ruda Iopoj C SIBICHUSIMHU
BHYTPUILIACTOBOTO CKaJIBIBAHUS, 1€ MHHEPAJIbI KPUCTAJUTN30BAINCH ITPU TIOCTEIICHHOM IOBBIIICHUN TEMIIEPATYPBHI.
B MArKMX IUTACTUYHBIX TIIMHHUCTBIX MadKaX W3BECTHSIKA (POPMHPOBAHME >KIIIBHBIX TEJ CBA33aHO C IOCIEIYIOIINM
COYETaHWEM B30POCOBBIX M CHBHUTOBBIX IOABMKEK, TAE MHHEPAIbl KPHUCTAUIM30BAINCH IPH TOCTEIIEHHOM
MOHIDKCHNH  Temmeparypsl. K  HamOonee mo3mHEW cTaaiuu THAPOTEPMANBHOTO  IIPOIEcca  OTHOCATCA
HHU3KOTEMIIEpaTypHBIE CEKYIIHE IpPy3bl CEBEPO-3alaJHOTO MPOCTHpaHus, (OPMHPOBABIIMECS IPU CABUTOBOM
COCTAaBJISIOIIEH. .
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H.B. KYKCA, O.1. CMESIH, O.H. TPUBOBCKAS
PVII «Ilpouzeodcmeennoe ob6vedunenue «benopycrnedpmoy benHUTTHepmob

IlepcneKTUBBI BbISIBJICHUA 3aJ1e:Keil HepTH B POMEKYTOYHBIX 0J10KaX
peruoHaJbHBIX pa3iioMoB Ilpunsirckoro nporuda

B Pecny6nuke benapych MecTOpOXXKIEHHUS C MPOMBINUICHHBIMUA 3amacamMu He(QTH OTKPBITHI TOJBKO B
npenenax Ilpunstckoro mnpormba, KOTOpBIM MpeACTaBIseT co00il KPYNHYI0 OTPHLIATENBHYIO CTPYKTYpY,
CIOXKEHHYI0O  TIOPOJIaMH  apXeHUCKO-TIPOTEPO30MCKOT0  KPUCTAILIMUECKOTO  (QyHIaMeHTa ¥ OCaJOYHBIMH
00pa3oBaHUsIMU BEPXHENPOTEPO30MCKOT0, MajIe030HCKOTO, ME3030HCKOTO W KaiHO30HCKOTO BO3pacTa oOIIei
MOIIHOCTBIO 10 6,5 KM.

Ipumsarckuii mpornb, kKak W Bce CTapble HE(PTEIPOMBICIOBBIE DPETHOHBI, HAaXOAATCS HAa TOH CTamuu
N3y4YEHHOCTH, KOrJa HauboJjiee KpyNHBIE MECTOPOXKACHUS YK€ BBUIBICHBI M Pa3BelaHbl, a HEKOTOPHIE M3 HHX
MIPAaKTHYECKH TMOJIHOCTHIO BBIpaOOTaHbl. ['0BOpst 00 3(PeKTUBHOCTH MOMCKOBO-Pa3BEIOYHBIX paboT, HEOOXOIUMO
OTMETUTbH, YTO MPAKTHIECKH BO BCEX XOPOIIO M3YYEHHBIX PETHOHaX (IZie B IMPOMBIIUICHHbIE KaTErOpHH 3aracoB
niepeBeieHo Oonee 50% HavaIbHBIX M3BJIEKAEMBIX 3aI1acOB YIJIEBOAOPOJIOB), K KOTOPHIM OTHOCHTCS | [IpursTckas
HI'O, s¢ddexTrBHOCTL Te00ropa3BefouHbIX pabOT PE3KO CHMXKAETCS, YTO SBISIETCS BIIOJHE 3aKOHOMEPHBIM
mporieccom. OOyCIOBIEHO 3TO TEM, YTO Ha MEPBBIX JTalax B HOBBIX PETHOHAX, KaK MPaBMIIO, OTKPHIBAIOTCS
MECTOPOXKICHHS YTIEBOAOPOIOB, CBSI3aHHBIE ¢ HanboJiee KPYMHBIMH JIOKAJIBHBIMHU CTPYKTypaMu. Takue CTpyKTypHI
OTHOCUTEJIBHO MPOCTO BBIABIIOTCS M W3Y4aIOTCS CEHCMUYECKMMHM MeTonaMM. Ha KpymHBIX CTpyKTypax Jaxe
OILINOKH KapTUPOBAaHUA B IIEPBLIE COTHU METPOB 110 FJ'Iy6I/IHC 3aJICTaHUA TIEPCIICKTUBHBIX TOPU30HTOB U aMIIJIUTYI€
(BBICOTE) JIOBYIIEK, KaK TMPABHMJIO, TOJHKO CMEMIAIOT WX B TpocTpaHcTBe. COBEPIIEHHO IPYrod pe3ynbTar
MOJTyYaeTCsl MPH ITOATOTOBKE CTPYKTYp HEOONBIINX pa3MEpoB IO MPOCTHPAHHIO M IIHPHHE C aAMIUIHTYIaMH
(BBICOTOW 3ajieKeil) B TeEpBBIE JCCATKH METPOB WM JIOBYIICK, SKPAHHPOBAHHBIX MAIOAMILIUTYIHBIMA
HapyuleHusIMH. B 9Tux ciaydasx cTpyKTypbl HOJATOTOBJIEHHBIE CEHCMOPa3BEIKON YacTO HE MOJTBEPKIAIOTCSI.
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Buenpenune B I[lpunstckom mporude, HaunHas ¢ 1996 roma, B MPaKTHKY T'€0JOrOpa3BElIOYHBIX pPadOT
TpeXMepHOH ceiicMopasBeaku 3D SIBMIIOCH OTpa)KEHUEM XapaKTEPHBIX TEHACHLUMHW B Pa3BUTUU COBPEMEHHBIX
TEXHOJIOTHH 1 UCTIOJIE30BAaHIH UX B TEO(PH3MUECKUX MCCICTOBAHUAK.

CreneHb OCBOCHHOCTH U M3y4eHHOCTH [IpumsTckoro npormda, B yacTHOCTH CeBepHOTO HE(YTETa30HOCHOTO
paiioHa, TakoBa, YTO KPYIHBIX HEOMOWCKOBAaHHBIX CTPYKTYpP B 30HE CTPYKTYpHOTO rpaOeHa Ha TEKTOHHYECKOW
CTYIICHH TIPAaKTHYECKH HE OCTaJOCh. B CBA3M C 3TUM TOBBIMIACTCS HWHTEPEC OCJIOPYCCKUX CHEIHAINCTOB K
MIPOMEXKYTOYHBIM OJIOKaM PpETHOHAIBHBIX pa3JIOMOB PSJIOM C OTKPBITBIMH MECTOpOKAeHHusMH. Hamnboiee
nepcrekTUBHOM ayst [Tpunsitckoro nmporn6a ¢ npoMexXyTouyHbIMH O10KaMu siBisieTcs: Peuniiko-Buriianckas cTyneHb.

B npenenax wuccnenyemoil teppuropun Ha Tumkocko-HoBo-Yrombckom ywactke B 2002 roxy Oblia
BBHIIIOJIHEHA Y3KOa3MMyTallbHasl, HU3KOIUIOTHAas celicMuueckas cbeMka 3D. B TeKTOHMYeCKOM OTHOLICHUH
n3ydyaemast TeppuTopus oTHocuTcsl K CeBepHOMY apeaity CTpyKTypHbBIX opm [Ipumnstckoro rpabena.

B 2013-2014 rogax B mpenenax FOxHO-OCTamIKOBHUCKOW M YTOJIBCKOH IUIOMAACH C LENbI0 YTOYHCHHS
CTPOCHHSI TIOJICOJICBBIX W  MEXKCOJIEBBIX OTJIOXKEHHH IIPOBEJCHA IMUPOKOA3UMYTajbHAs BBICOKOILUIOTHAS
ceificmmdeckas cpemka 3D, oOmieit mmomaneio 283 kM2, Mo KOTOpO# OblIa BHINIOJTHEHA TIIyOWHHAs MHTPAIHS C
YTOYHEHHOU TITyOMHHO-CKOPOCTHON Mozenbio. Ilpu mocTpoeHMH TyOWHHO-CKOPOCTHOW MOJIENH YYWTHIBAIACH
CII0’KHASI KOH(UTYpAIUs TIOBEPXHOCTH COJSTHOTO KYIIOJIa B TIpeesiaX UCCIeyeMOTo yIacTKa.

B pe3ynpraTe KOMIUIEKCHOM HHTEPIPETAINN CEHCMUIECKAX MAaTEPHaJIOB U TaHHBIX TITyOOKOTO OypeHUs 1o
CKBa)XMHaM, IPOOYpEHHBIM B nipezenax cbeMku 3D Ha HOxHO-OCTalKOBUUCKOM MECTOPOXKICHUH U Ha YTOJILCKON
IUTOINAAN, YTOYHEHO TIE0JIOTHYEeCKOe CTPOSHHE MCCIEAyeMOW TEppPUTOPUU U, IO TOBEPXHOCTH IOACOJIEBOIO
TEPPUTCHHOT'O KOMIUJIEKCA, BBIJACIICH PAI IMPOMEKYTOYHBIX 6HOKOB, MECPCHECKTUBHBIX JJId ITONCKOB 3ajeKen He(bTI/I )41
ra3a (puc. 1). B npenenax BbleneHHBIX OJOKOB MPOBEIEH KOMIUIEKC JMHAMUYECKOTO aHallu3a, HAMpaBJIeHHBINH Ha
IIPOTHO3UPOBAaHUE 30H pa3yIUIOTHEHUs. JUI1 NEpCHIEeKTUBHBIX HA JAHHOM IUIOLIAJU TOPHU30HTOB IIOACOJIEBOIO
KapOOHATHOTO W TEPPUTEHHOTO KOMIUIEKCOB BBINOJHEH HPOTHO3 METPOGHU3MYECKUX MapaMeTpoB aKyCTHUECKOMH
YKECTKOCTH M O0IIeH MOPUCTOCTH. BHITOTHEHHBIH THHAMHYCSCKIA aHaIn3 B KOMIUIEKCE C TaHHBIMH CTPYKTYPHBIMU
MTOCTPOCHUAMU TIO3BOJIMII CHU3UTh PUCKU M OMPEICITUTh ONTUMAIFHOE MECTOIOJIOKECHHE TSI OYPEeHHUS MOMCKOBBIX
CKBaKHH.

Puc. 1 — CtpykTypHas kapTa MoACOJIEBOI0 TEPPUTCHHOTO MOJICOTIEBOI0 KOMILIEKCA IIPOMEXYTOUHBIX
0JIOKOB PErMOHANILHBIX PA3JIOMOB BBISIBICHHBIX 110 pe3yJIbTaTaM I'eoJIoropa3Be0uHbIX padoT.

BeIsIBIICHHBIE TPOMEKYTOUHBIE OJIOKH PErMOHANIBHBIX PA3JIOMOB IO Pe3yJIbTaTaM reoIoropa3BeJOYHbIX:

- Yronbckas HoJcoeBast CTPYKTypa;

- BocrouHo-Yronbckas nojacosneBas CTpyKTypa;

- Boctouno-OcramkoBuuckas noacoieBas cTpykrypa (I mpomexxyTouHsrit 0110K);

- IOxnO-TumkoBckast monconeBast ctpykTypa (II mpoMexyToUHbIH OJI0K).

W3 mepedHs BBIAENEHHBIX CTPYKTYp Haubojee NEpCHeKTHBHOW Juisi OypeHus sBiseTcs YTojbcKas Ha
OCHOBaHMUU:

- IMHAaMHUYECKOTO aHaJIn3a (IPOTHO3MPOBAHKE 30H pa3yIUIOTHEHUS);

- CTPYKTYPHO-TEKTOHHYECKOTO IIOJIOKEHUSI YTOJBCKOM CTPYKTYPHI B HEMOCPEICTBEHHOW OJIM30CTH OT
THIIKOBCKOTO MECTOPOXXICHHS HepTH, B TNpeaesax KOTOPOTO YCTaHOBICHH He(TEHACHIIEHHBIE IUIACThI-
KOJIJIEKTOPHI B KAPOOHATHBIX OTJIOKEHISIX;

- KOMILIEKCA UHTEPIIPETALUN CEHCMUUECKUX MaTEpUaJIOB.
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Puc.2 - I'myOuHHBII quHAMUYECKUil pa3pe3 yepe3 ckBaxuHy Nel-Yronbckast.

IlepBoii  cTpykTypOi JUIL  YTOYHEHUs] TEOJOTMYECKOrO CTPOCHHMS W OLEHKHM MEpCIEKTHB
He(Tera30HOCHOCTH TIO/ICOJICBOTO KapOOHATHOIO M TEPPUICHHOTO KOMILIEKCOB CTaja YTOJbCKas CTPYKTypa,
BbIsIBJICHHAs B 1997 roay mo marepuanaM ceiicMopa3BeZ0UHbIX paboT 2D u moAroToBiIcHA K ITyOOKOMY OYPEHHUIO B
1999 r.

PesynbraTel 00pabOTKM W HWHTEpHpETALMM MaTEpPHANOB TpPEeXMEpHOW cheMku 3D, mpoBeneHHOW Ha
Yronsekoit momaan B 2013-2014 ., MO3BOIMIN I€TATH3UPOBATE CTPOCHNE YTOIBCKOH ITOJICOIEBON CTPYKTYPHI U
OTIPEICTINTH MECTOIIOJIOXKEHUE MPOEKTHOM cKkBaXkMHBI Ne 1-Yrombekas (puc. 2).

Yronbckass mojconeBas CTPYKTypa OTHOCUTCS K Peunnko-BumaHckod TekToHMYeckoil crymeHu. Ilo
TIOBEPXHOCTH TIO/ICOJIEBOTO TEPPUICHHOTO KOMIUIEKCA IPEACTABIAET COO0H MPOMEXYTOUHBIH OJI0K 30HBI Peunnko-
Bumanckoro permoHanbHOTO pasioma. B miaHe cTpyKTypa MMeeT NpsIMOYTOJIbHYIO (OpPMY W BBITSIHYTa JUIMHHOM
OCBIO TI0 ITpocTHpaHnio Peunir—koro pasnoma. Pazmepsl Yroibckol MOACOIEBOH CTPYKTYpHI B TIAHE COCTaBIISIOT
1.5 x 2.5 kM, Yroasckas CTpyKTypa OTpaHHYEHa pazjoMaMH, BXOIIIIUMHI B CHCTEMY PeuHIKoro permoHaabHOrO
pasioMa 1 UMEIOIIMMH aMITTUTYbI ¢ ceBepa 1400 M, ¢ rora 1800 m.

B 2015 rony Havaro riyOokoe OypeHHe MOUCKOBOI cKBakuHBI Nel VYronbckas ¢ LEeNbi0 OMOMCKOBAHUS
VYT0NnBCKO MMOJICONIEBOM CTPYKTYpHI, KoTopas B 2016 roxy oTkpsita YTOJIBCKOE MECTOpOXKIeHHE. [Ipn ucnsiTaHny B
OTKPBITOM CTBOJIC CKBaXHHBI 1 YToJbCKast B mpolecce OypeHHss BOPOHEIKCKUX OTIIOKEHHH (abc.0TM.-4708,745-
4757,926m) nipu aenpeccuu 22,11 MIla nonydeH nputok 0e€3BoHO# HedTH MIOTHOCTHIO 788,5 kr/M3 medbutom 0,55
M3/cyT,

B skcrmmyaTanMoOHHOM KOJIOHHE TIPH WCTIBITAHWH CEMIUIYKCKHX OTJIOXKEHHH (abc.0T™m.-4767,2-4779,04m)
noJydeH (OHTAHHBIH nmpuTok Oe3BomHoW Hedrtu. ITo manueM HI'LY mpwm skciuryaTanuyu CKBaXXHHBI (DOHTAHHBIM
crocoboM Ha 4MM HITylLlepe CpeIHECYTOUHbIH 1e0UT coctaBisut oT 43 no 75 m3/cyr. [lomydenue npuroka HeTH B
9KCIITYaTallHOHHOW KOJIOHHE CBHJETENBCTBYET OO0 OTKPHITHM YTOJIBCKOTO MECTOPOXKICHUS C IOJCOJICBBIMH
3ajexaMu HedTH.

[To pe3ynbTaTam reosoropa3BeloYHbIX padoT U OypeHus ckBaxxuHbI Ne 1-Yronbekas:

- MOATBEPAMIIOCH F€OJIOTHIECKOE CTPOSHNE YTOIBCKOH CTPYKTYPBHI;

- HOATBEP IMIIMCH JIUTOJIOTO-(halaIbHbIe YCIOBUS 00pa30BaHUs KOMIUIEKCA;

- HOATBEPKIeHA HEPTEHOCHOCTH MOACOIEBBIX KAPOOHATHBIX OTIOKEHHH.

CTouT OTMETHTH, YTO HamboJiee MEPCIEKTHBHBIE YYAaCTKH M 30HBI [IpumsTckoro mporuba ¢ KpyIHBIMH
MECTOPOXKJCHUSIMA B 3HAUMTEIBHOW CTENEHH YXXE OCBOEHBI W B jajibHeimeMm mnpoenenne [PP Oynmer
CKOHIICHTPUPOBAHO B palloHax ¢ 0oJjiee HU3KUMHM NEPCIEKTUBAMHU He(DTe3a30HOCHOCTH. Y UHUTHIBAsI ITOJIOKUTEIbHBIE
pe3ysbTaThl HOBOT'O HAlpaBJICHUs] TeONTOpa3BeJOYHBIX pPadOT 1Mo pa30ypHBaHHWIO ITPOMEXKYTOUHBIX OJIOKOB
HEOOX0AMMO MPOIOJDKATh paboThl B IAHHOM HANpPaBJICHUH, KOTOPOE SIBISETCS NMEPCIEKTUBHBIM B IUIAHE OTKPBITHA
HOBBIX 3aJI€XKeil.
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1O. A. MEJIBEJIEBA
benopyccrxuii Hayuonanouwiii Texnuueckuti Yuueepcumem

PETEHEPAIIUSA CKBAKUH HA BOJAY IHIYTEM 3AKAYKH
PEATEHTA B PEMOHTHBIE MEJIKOTPYBYATBIE CKBA’KUHbI

Ha xpymHBIX NpeanpHATHIX COOPYXKAIOT BHICOKOJEONTHBIE BOJI03a00pHBIE CKBaXXUHBI. [Ipn MHTEHCHBHOMN
KPYIJIOCYTOYHOW OKCIUTyaTalMd, B WX (uubTpax W TpUQUIBTPOBONH 30HaX BHINAJAECT OOJBIION 00BEM
KOJIBMATUPYIOMNX OTJIOKECHUH. YIaauTh MOTHOCTHIO KOJIBMATHUPYIOUINE OTIOKEHHS TPaIUINOHHBIMH METOIaMHU
nM3HYTpH (uibTpa HE yAaeTcs, Tak KaK OTJIOKECHUS MOTYT OBITh PAacIHOIOKEHbI HAa 3HAYUTEIBHOM YNAICHHU OT
¢mrpTpa. CKBaOXWHY NPHUXOTUTHCS TaMIOHHPOBATH M COOPYXAaTh HOBYIO, YTO OUYeHb AOporo. Cpok ciykOBI
BBICOKOJICOUTHBIX CKBXXHMH peako mpepbimaet 18-20 met [1].

B BHTY Ha xadenpe «I'MAPOTEXHWYECKOE M IHEPrETUIECKOE CTPOUTEIBCTBOY» IPEIUIOKEH CIOCO0
LIUPKYJSIINOHHO-PEAreHTHON pereHepanny CKBa)XKHMHBI IyTEM 3aKayK{ PearcHTa B CHECIMAIBHO MPOOypEeHHBIE B €&
OKHEH 30He PEMOHTHBIE MEJIKOTPYOUYaThle CKBaYKHHBI.

Jl1 pereHepaniuy BOCCTaHABIMBAaeMON CKBAKHUHBI 1, KOTOpask COCTOUT U3 IKCIUTyaTAl[HOHHON KOJIOHHBI 2 U
¢unbTpa 3 ¢ OTCTOMHMKOM, B OJIMDKHEH 30HE CKBa)KHMHBI COOPYKAIOT HECKOJIBKO PEMOHTHBIX MEJIKOTPYO4aThIX
CKBXXHH 4, COCTOSIINX M3 IKCIUTYaTallMOHHBIX TPYO S U GHILTPOB 6 C OTCTOMHUKAMH (PUCYHOK 1).

fom 2 pgEh

=7 ——r ] [ = -

N4 4|

Puc. 1. TexHonormueckas cxema pereHepalui CKBaKUHBI

Perenepanust BoCCTaHaBIMBAEMOM CKBaXXHMHBI | MPOM3BOAUTCS C TIOMOIIBIO YCTAHOBKH [UIS PEreHEpalIiH,
coJieprKallleil OTKAuHOW peareHTHbBI Hacoc 7, ONMyCKaeMblid B (MIBTP BOCCTaHABIMBAEMOW CKBaXKHHBI 1, makep 8,
yCTaHaBJIMBaeMbIii MKy QUIBTPOBOI M HAADWIBTPOBOI 30HAMH BOCCTAHABIMBAEMON CKBKHHBI 1 IJIs pa3pbiBa
HX THAPABIMYECKON CBS3M, 3aKayHOM peareHTHhld Hacoc 9, eMkocTh ¢ peareHtomM 10 co ciuBoMm 11,
pacnpenenurenbHyto cuctemMy 12 ¢ 3aaBuxkamu 13.

Teopemuueckue uccnedosanus QuibmpayuoHHo20 nomoka. PaccMOTpUM THAPOJUHAMUKY ABIKCHUS
(UIBTPALIMOHHOTO MOTOKA KUJIKOCTH OT HECKOJBKHMX JONOJHUTEIBHBIX PEMOHTHBIX MEJIKOTPYOYaThIX CKBaXKHH,
paboTaronyx B peXXKUMe 3aKauyHbIX, K OJTHOI OTKa4HOM (B0/103a00pHON) CKBaKMHE (PHCYHOK 2).
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Puc. 2. Cxema K THApOIMHAMUYECKOMY PAacdeTy CUCTEMBI PEareHTHOW MPOMBIBKU

Juist onmcaHusi KBa3MyCTAaHOBHUBILIETOCS MPOMBIBHOTO (DMIIBTPAIIMOHHOTO MOTOKA M pacyera MOHWKEHHN
YPOBHS B DPa3iMYHBIX TOYKax MNPHU(UIBTPOBOH 30HBI PEreHEPUPYEMBIX CKBa)XKWUH, MPOOYPEHHBIX B HAIOPHBIX
BOJIOHOCHBIX IJIACTaX MOXHO MCHOIb30BAaTh 3aBHCHMOCTS [2]:

_ Q . 2 2 l N _ 2_72- 2 _ . 2_72' 2
S_—47zkm{{ In(x” +y )+n;{ln[(x R cos , ) +(y—Rsin , i) ]}}. "

Bripaxenue (1) mo3BOJISIET MOCTPOUTH THIPOAUHAMHYCCKYIO CETKY (DMIBTPAIIMOHHOTO MOTOKA. YUYUTHIBAS
YTO, MO COOOpPaKEHUSM SKOHOMHUECKOW  IeJIeCOOOPa3HOCTH PEMOHTHBIX  MEJIKOTPYOYaThIX  CKBaKHUH
HEPAIMOHAILHO COOPYXkKaTh 0oJice TPeX MITYK, HA PUCYHKE 3 MPHUBEACHBI THIPOAUNHAMHYCCKHE CETKHU, MOJYICHHBIC
IIPU MPOMBIBKE CKBa)KUHBI ¢ paanycoMm ¢uisTpa r=0,11 M ¢ MOMOIIBIO ABYX U TPEX JOIOIHUTEIBHBIX PEMOHTHBIX
MEJKOTPYOUYaTHIX CKBAKHH (PUCYHOK 3).

AUHUY paBHEx

g™ _~fHanopob

SAHHIAK B Hid

HONOFPOE
!

~=AUHUY MoK |

a) 0)

a) n=2; 6) n=3; R=0,5 m; k,=10" M*/c, 0=0,006 m’/c

Puc. 3. Tunpoannamuyeckast ceTka (GpuiIbTpayuu

PaccmaTpuBasi THIpoAMHAMUYECKHE CETKH 3aMETHO, YTO IPH TPEX JOMOJHUTEIbHBIX CKBaXKMHAX OYHCTKA
OyzeT NpoXoANuTh Oosee paBHOMEPHO, YeM IIPH JBYX CKBa)KHHAX.

Axcnepumenmanvroe ucciedoeanue PuUIbMpaAyUOHHO20 NOMOKA. DKCIIEPUMEHTAIbHbBIE HCCIEI0BaHHSA
LIUPKYJSIIMOHHOTO (PUIBTPALMOHHOTO JBIKCHHUS JKUAKOCTH IPOBOJMIIMCH Ha JIAOOpAaTOpHOI yCTaHOBKE, KOTOpast
TIpe/CTaBIsIa COOO0M KPYTIIBI OaK ¢ MOJENBIO CKBXXHHBI (PUCYHOK 4).

YcraHoBka paborana ciexyonmm odpazoM. Boxa HacocoM 3abupanack U3 MOJENN CKBaYKHHBI C PACX0J10M
Q. B HaNIOPHBIH 1IUIAHT, & 3aTeM I10J]aBajIach Yepe3 NOAAIOIINe [IUIAHTH CAMOTEKOM B MEJIKOTPYOYaThie CKBKHHBI C
pacxogoM Q, = Q.. JaBnenne B racte npy GUIBTPAIIA PETHCTPHPOBAIIH C TIOMOIIBIO TE30METPOB.
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1- ¢unpTpanmoHHbIA 0aK; 2- KONBIEBOH Obed; 3- MbE30OMETPHI; 4- MIUT MBE30OMETPOB; S5- OUIAHTH; 6 —
CIMBHOW mTaTpyOoK; 7- Bomo3a0OpHas CKBaXWHA; 8- MENKOTpyO4aThle CKBaXWHB, 9- ymnotHenme; 10-
BOJIOBMEIIAIONIHNI TPYHT; 11- monuaTUneHoBas TUIeHKa; 12- TUHSAHBIN 3aMOK; 13 — Hacoc; 14- HamOpHBIA IIUIAHT;
15- nopatomue nUIaHru

Puc. 4. Cxema sKCIepIMEHTAJILHON YCTAaHOBKU

C nenpio MPOBEPKH NPAaBOMEPHOCTH NPHMEHEHHs 3aBUCUMOCTU (1) Ui omMcaHUs HOJS HANOpPOB IpHU
3a()UIIBTPOBOI ITPOMBIBKE COBEPILCHHON BOJI03a00PHON CKBa)KUHBI 110 CTEIIEHU BCKPBITHS BOJAOHOCHOTO T'OPU30HTA
B HAIIOPHOM ILIacTe, ObUI MPOBEAEH Psi/l J1a0OPaTOPHBIX SKCIEepUMeHTOB. COMOCTAaBICHNE PE3YNIBTATOB ONBITOB H
pacyeToB O ONPEENICHNIO HAllopa BAOJb NIABHOHM JTMHUM TOKA MPEZCTaBICHO HA PHCYHKE 5.

s m
ooz §

001 § Al

001§

002

no3l
0 0.1 0.2 03 04 0.5

0.=0,=0,064 n/c; m=0,35m; R=0,3 m; k = k= 0,0071 m/c; 1 — Teopus; 2 — IKCIEPUMEHT

Puc. 5. ConocraBiieHHE SKCIIEPUMEHTAIBHBIX UCCIIEA0BAHNI U PACYETOB IIPH ONPEIEIIEHUH HAIIopa

BbIBOA. AHAN3 TEOPETHUECKUX M OMBITHBIX JAHHBIX MOKAa3aJll, YTO OTHOCUTEIILHOE OTKIOHEHHE HAIlOPOB
BJOJIb TJIABHOW JIMHUM TOKa He mpeBbimraeT 10 %. DTO CBUIACTENHCTBYET O BO3MOMHOCTH  HCIIOJIL30BaHHS
pacuetHOi  3aBucuMocTd (1) A MOCTPOEHHS IOJsI HATIOPOB U OMpENETCHUs CKOPOCTeH W TpajleHTOB
¢buibTpanuu B npuUGHIBTPOBONW 30HE BOJ03a00PHBIX CKBWKHH MPU HMX MPOMBIBKE C MENbI0 Ha3HAYEHHS
HEOOXOAUMBIX PEXKUMOB PEreHEePAIHH.

Jluteparypa
1. Iefiko, A.M. AHamu3 IOJITOBEYHOCTH BOA03a00pHBIX CKBaxwH I. MuHcka / A.M. Illeiiko, B.B.
WBameuxun, H.B. Xonmoauuckas, 9.A. Makaposa // Bectauk BHTY. —2006. — Ne 1. — C. 27-32.
2. Apenc, B.K. T'eonoro-ruiporeojorudeckie OCHOBBI T'€OTEXHOJIOTHUECKHX METOAO0B JOOBIYM IOJIE3HBIX
nckomnaembix / B. XK. Apenc, A. M. T'aiiqun. — Mocksa: Henpa, 1978. — 215 c.
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B.M. HAJIZKA®-KYJIMEBA, JI.A. CYJITAHOB
Asepbatioscanckui I'ocyoapcmeennulil Ynugepcumem
Hegmu u [Ipomviunennocmu

O PE3YJIbTATAX KOJIEKTOPCKHUX CBOMCTB
ME30KAMHO30MCKHUX OTJIOKEHUM HE®TEI'A3OHOCHOI'O
PAMOHA MEKAYPEUbSI KYPHI U TABBIPPHI

B cBs3u ¢ u3ydyeHHEM MEPCHEKTUB HE(PTETa30HOCHOCTH TIIyOOK3aleTaroNINX OTIOXKCHHH B MOCIEIHHUC
roIsl B AzepOaiikane B 3HAYUTEIHPHOM 00BeMe TPOBOIIIIICE T€0JIOTO-TIONCKOBEIE U Teodu3ndeckre padbotel. Ha
OCHOBaHHHU 3ITOTO BBHIPaOOTaHBI KPHUTEPHUU, KOTOPHIC SBISIFOTCS OCHOBOH aiisi Oyayromux pabdor. OTMedeHo, 4To
3aJeXH He(PTH W raza B OCHOBHOM OBUIM IOJBEP)KEHBI IOTPYKEHUIO B ME30KaiHO30HCKMM 3m0Xy. XOTs
HCCIIeIOBATENI HE COMHEBAIOTCA, YTO AT OTJIOXEHUS BBICOKONEPCHEKTHBHBI B LIEHTPAIbHON YaCcTU HCCIeayeMon
TEPPUTOPUH U Ha OOJIBIINX ITyOMHAX, HO KOJIMUECTBEHHOE PELICHHE NTPOOIEMBI HE OCYIIECTBIICHO.

B pesynprare aHanm3a W MHTEPIPETALMU T'EOJIOTO — FeOHU3NYECKUX M NEeTPOPHU3NYECKUX MaTepHaIoB
YCTaHOBJIEHO, YTO HE(TEra3oHOCHbIE KOJUIEKTOPHI B  OCHOBHOM  SIBJISIIOTCS  [ECYaHO — IJIMHHCTBIX,
TPEIIMHOBAaTHIMH BYKaHOTEHHO — OCaJ0YHBIMM M KapOOHaTHBIMH MOpoAaMu. Pe3ynbTaTbl H3y4eHHS] MHOTHX
TBICSY  OOpasloB  KEpHA M3 Pa3HBIX ITTyOOKHH CKBa)KHHBI, YBA3bIBAC "MBIE C  JaHHBIMH  IPOMBICIOBOI
reoU3nKy, paHee JOBOJIBHO MOAPOOHO ONHCAHBI.

B nedrerazonocHoM paiione Mexxaypedsst Kypsl u ['aOpIpphl BeIsIBICHO 34 TOKATBHBIX CTPYKTYp, OJHA W3
KOTOPBIX - MECTOPOXKICHNE HeTH M ra3za Tapcaamiap, BBEICHHOE B SKCILTYyaTAILUIO.

B »sTOoM paifoHe ceiicMopa3BeOYHON OBUIO BBISBICHO 7 JOKANBHBIX IONHATHHA, KOTOpPBIE OBLTH
MOJITOTOBJICHBI K IIyOOKOMY TIOMCKOBO-pa3BenoyHoMy Oypenuto. K Hum otHocsitest crpykTypsl: Caxcnar, bonbiioit
[Tanantokan, Boctounstit ['top3ynaar, 3anagasiii ['top3ynaar, Momnagar, Arrene u Jxaxanmgap.

BypoBbie paboThl BBISIBUIN MEPCIEKTUBHOCTh MeKaypeubsi Kypsl u ['aObIppbl, KpoMe TOro OHU HOKa3aliy,
YTO UMEIOTCSl TPYAHOCTH U MPOOJIEMBI B U3yYCHUH CTPYKTYPHBIX OCOOCHHOCTEH JIOKAIBHBIX MOIHITHH, & TAKKe B
MIPOTHO3UPOBAHUH UX HE(TEra30HOCHOCTH.

Kak ykazaHo BbIllle, C LETbI0 H3YYEHHS KOJJIEKTOPCKHUX CBOMCTB MecTopoxkaeHus Tapcnamiap,
OCIIO)KHEHHOTO ~ Pa3pbIBHBIMH  HapyIICHHUSIMH, ObUT  TIpOBeleH pAn  reosioro-reousndeckux — pador,
MIPOAHATU3HUPOBAHBI KEPHBI, B3ATHIE U3 MPOOYPEHHBIX CKBAXMH. M3ydeHs! kapOoHaTHOCTH (%), mopucTocTh (M, %),
nponunaeMocts (10-15 M2), mwioTHOCTE (0, T/cM3, B CyXOM H BJIaXXHOM BHIE) M PacIpOCTPaHEHHE CKOPOCTU
yIbTpa3BYKoBbIX BOJH (V, M/) B kepHaX. COOTBETCTBEHHO COCTaBHJIHM TaOJHIly, OTPAXAIOIIYIO KOJUIEKTOPCKHE
CBOMCTBA IUIOIIAU paiioHa.

Kak BbInie oTMeueHo, ObIIM N3y4YEeHBI CBOWCTBA MAJICOT€HOBBIX M J0LCHOBBIX OTJIOKEHHH, YIaCTBYIOIINX B
Te0JIOTHYECKOM CTPOEGHUH CTpyKTypbl Tapcmammap. IlameoreH mpencTaBieH ajeBPOJMTAMH, MEpreisiMHu,
u3BeCTHsIKAaMKU U Ty(do-ayeBponuramu. [InoTHOCT, Mepreneir cocrasiser 2,16 rp/cM3, mopucroctb-2,5%,
MarHuTHas BOCHPHUMYMBOCTH OYEHb HHU3Kas, a CKOPOCTb PACIpPOCTPAHEHMS YIHTPA3BYKOBBIX BOJIH COCTaBIISET
3500 m/muH. ITaneoreHOBbIC U3BECTHIKH IMOYTH JHAMArHUTHBIC, UX TNIOTHOCTH COCTABISIOT 2,56 T/CM3, TIOPUCTOCTH
—5,1%, a CKOPOCTh PACIPOCTPAHEHHSI YIIbTPa3BYKOBBIX BOJIH 10 3000 M/MHUH.

[110THOCTh DOICHOBBIX AJNEBPOJIMTOB cocTaBisitoT 2,45 r/cm3, mopuctocth — 50%, a CKOpPOCTh
pactpocTpaHeHHs yIbTPa3BYKOBBIX BONH cOCTaBIOT 1300 M/MHH, IIOTHOCTh HM3BECTHSIKOB COCTaBISIIOT 2,65
r/em3, mopucrocte — 5,74%, CKOpPOCTb pacHpOCTpaHEHHs YJIbTPa3BYKOBBIX BOJIH cocTaBisieT 2950 m/muH, a
MarHuTHas BOCIPHMMYHBOCTh OTCYTCTBYeT. [moTHOCTE aprmmmToB — 2,25 r/cM3, nopuctoctsb-15,5%, MarHuTHas
BOCIIPUUMYHBOCTh OYEHb CJ1adasi, a CKOPOCTh PaclpOCTPaHEHNUS YIbTPa3BYKOBBIX BOJIH cocTasisieT 2700 m/MuH.

HccnenoBanus MOKa3bIBalOT, YTO (PU3MUECKHE OCOOCHHOCTH OJHOBO3PACTHBIX M OJHOWMEHHBIX ITOPOJ
U3MEHSIIOTCS B pe3ysibTare reosioro-(pu3u4eckux MPOLECCOB, NMPHUBOJS K Pa3HbIM pe3yJIbTaTOM. DTH Pe3yJIbTaThl
HAIIUTM CBO€ OTPaXXCHHWE W B METPO(U3MUECKUX HCCIIETOBAHMIX, KOTOPHIE MPOBOAMINCH B YCIOBHAX BBICOKHX
naBneHUH u Temmepatyp. Ilo Tabnmmam, oTpakaromuM (U3NYECKHe CBOMCTBA KEPHOBOTO MAaTE€pHaioOB, MOXKHO
CKasaTh, YTO MECTOpOXKIeHHE Tapcraiuiap, MMEIOIIee IONy3aMKHYTYI0 (OpMy M OTpaHMYEHHOE DPa3ioMaMH, B
KOTOPOM OTCYTCTBYET 3aKOHOMEPHOCTb.

[I70THOCTS IOPOA M PACIPOCTPAaHEHHE CKOPOCTH YIBTPA3BYKOBBIX BOJH, B OCHOBHOM, 3aBHUCHT OT TTyOHH
U TEKTOHMYECKHUX IporeccoB. [1oaToMy Ha pa3iIM4HBIX TIyOMHAaX 3HAYEHHS IIOTHOCTH W CKOPOCTH M3MEHSIIOTCS B
LIIMPOKOM JHaNa30He.

Jnst ycTaHOBJIEHUS CBsI3eH MEXAY TIIyOMHHBIM I'€OJIOTHYECKHM CTPOCHHEM  Mexaypeubs Kypsl u
I'aGopippel ¥ pu3MUECKHMMHU MapaMeTpaMu HOPOJ OCAJO0YHOTO YeXja MPOBEAEH aHajiW3 JAHHBIX 00 M3MEHEHUH
IUIOTHOCTH M CKOPOCTEH YNPYTHX BOJH MO IUIOMIAAN U TIIyOHHE.

HauGonbmmmy 3HauY€HHUSAMH TUIOTHOCTH M CKOPOCTH IPOJOJBHBIX BOJIH OONAAAIOT INIMHBI M NECYaHUKH
CapMaTCKOTO Spyca, BCKPBIThIE HA IJIOMAAN ApPMYJUIBI, KOTOPBIE MOTYT CIY)KUTh PEOPOM TIPH Te0(PH3MIECKIX
nccnenoBaHuax. OTIOXKEHUS MaWKOIICKOH CBHTBHI, KOTOPBIE ITOBCEMECTHO PAaCIPOCTPAHEHBI HAa HCCIETYyEeMBIX
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IUTOIIAsIX, HE3HAYMTEIPHO HM3MEHSIOT CBOM (pru3mueckue CBOHCTBA mo oOmacTH. IlecuaHO-TIMHHCTBIE MOPOIBI
BEPXHETO W CPEeTHETo MUOIIeHa Ha muiomassax ['sipaxkecamad u XaTyHisl Ha 0,38 r/cM3 oTIHYaroTCs 1Mo 3HaAYCHUAM
00BEMHBIX BECOB OT IECYAHO-TJIMHUCTBIX IMOPOJA TOTO K€ BoO3pacTa Iuomanu Apmyansl. IlecdaHo-TIMHHCTBIC
MOPOABI BCEX BO3PACTOB, BCKPBHITBIE HAa IUIOM@AAAX | BIpaxkecamMaH W XaTyHJbI, MMEIOT IOYTH OJUHAKOBBIC
obwremHbIe Beca. OTHAKO CKOPOCTH B 00pa3nax Mopo. IUIOMAAH XaTYHIbI IMEIOT OOJbIITHE 3HAUCHIS, YTO CBSI3aHO
C BBICOKOH KapOOHAaTHOCTHIO 00pa3IoB, OTOOPAHHBIX C 3TOW IUIOMIATW IO CPAaBHEHHWIO C OOpa3laMH IUIOIIAJH
KeipaxxecamaH.

B wmexnypeuse Kypel u ['aOblppbl MalKOIICKME TJIMHBI Ha IOBEPXHOCTH HMMEIOT HHU3KOE 3HAuCHHE
00BEMHOT0 Beca 10 CpaBHEHHIO ¢ capMarckuMu. OObEeMHbIE Beca /sl pa3IMuHbIX KOMIIJIEKCOB ITOPOI MEXKIYpeube
Kypsl u ['aGbIppbl ¢ T1yOWHOI M3MEHSIOTCS OJMHAKOBO, OTJIMYASCh JIMIIL B HayaJbHBIX 3HAUYCHUAX. V3MeHeHue
CKOPOCTH TIPOAOJIBHBIX BOJIH C TJyOMHOH B CapMaTKUX IJIMHAaX W IIECUYaHMKaX HEOJMHAKOBO C MAaWKOIICKUMH
MIOPOAMH.

C nenbio M3y4eHUS XapakTepa W3MEHEHHS CBOWCTB MOPOJA ¢ MIyOHMHOW JUI HEKOTOPBIX HE(TEra30HOCHBIX
obmacreit mpumeHeH rpado-aHanuTndeckmii Mmetox (M.JL. O3epckast).

[lomydeHHbIE 3aBHCHMOCTH MOTYT OBITH NPHMEHEHBI, MPU WHTEPIPETANUHN TEOJIOTO-Teo(PU3MIECKUX
MarepuanoB. Pe3ynbTarTsl:

-M3MEHEHUsI KOJUIEKTOPCKHX CBOMCTB IOPOJ IO IUIOMAAM CBSI3aHBI C HEOJHOPOJHOCTBHIO JIMTO(hAINU
Nopo, rTyOMHAMH UX 3aJIETaHHUsl, & TAKXKE C CII0O)KHOCTBIO TEKTOHHYECKOTO CTPOCHUSI.

-10 pe3yNbTaToM rpado-aHATNTHYECKUX UCCIENOBAaHUN IUIOTHOCTh MOPOJ U PaclpOCTPaHEHHE CKOPOCTH
yIBTPa3BYKOBBIX BOJIH C TJIyOWHOI yBEIMYMBAIOTCS, & KOJUIEKTOPCKUE CBOWCTBA MOPOJ] C  YXUALIAIOTCS.

-IUTI TIPOTHO3MPOBAHUSI HE(TETa30HOCHOCTH CTPYKTYP KPOME YIMOMSHYTBIX reo(U3HYecKO-pa3BelOYHbIX
METO/IOB, 11eJ1eCO00Pa3HO HCIOIB30BaTh METOBI EMKOCTH (DHIbTPALIUH.

A.A. CAMEJ-3AJIE, JI.A. CYJITAHOB
Asepbatioscanckui I'ocyoapcmeennviii Ynugepcumem
Hegmu u [Ipomviunennocmu

NETPO®PU3SNYECKHUE UCCJEJIOBAHUS OTJIOKEHUN
MPOAYKTUBHOM TOJIIIU CEBEPHBIX HE®@TEI'A3OHOCHBIX
TJIOIA IEN FOKHO-KACITUMACKOI'O BACCEMHA

HenaBHOo B cBs3M ¢ M3ydeHHEeM He(TEra3oHOCHOCTH TIIyOOKO3alIeralomux cioeB B AsepOaiijkaHe B
3HAUUTEIHHOM O0BeMe OBIIM NMPOBEAEHBI I'€0JIOrOpa3BeA0YHbIE U reo(pHu3ndYecKiue padboThl. BpuM MOAroTOBICHBI
Hay4HbIE KPUTEPUH, KOTOPHIE MOTYT OBITH OCHOBAaHHEM IS OYAYILEro IeoJoropa3BelouyHOro UccieloBaHusA. brino
OTMEUEHO, YTO OCHOBHBIE 3aiexu HepTH U Taza cBs3anbl ¢ IOxHo-Kacnuiickoit u KypuHckoit BmaguHamuy,
KOTOPBIE MO/IBEPTAINCh HHTEHCUBHOMY IOTPYKEHHUIO BO BPEMsI ME30KaiHO304.

B IOxno-Kacnuiickol BmnaguHe B pa3IM4YHBIX AaHTUKIMHAJIBHBIX 30HAX PACIPOCTPAHEHBI CTPYKTYPBI,
HMEIOIME OJMHAKOBOE TeojlorHueckoe crpoeHne. K HuM oTHocaTcs ['IopraH-AeHH3, pAacIoNIOKEHHAs B
AHTHUKIIMHAIbHON nuHuK JlapBuH kronecu — FOHBINA 1 0.UHIIOB, pacnonokeHHas B aHTUKIMHAIBHOW JTMHUK XalH-
Hedr Jauutaper. CTpyKTypbl, KOTOpBIE pPACHONATalOTCs HAa 3TUX AHTHKIWHAIBHBIX JIMHHUAX, KOPPENSIIMOHHO
H3YYECHBL.

B nanHOM palioHe mpoBeseHBI meTpodu3nUeckue wuccienoBaHus. Llenms uccienoBaHuWil: MONYydIHUTH
MOJAPOOHYI0 MH(POPMANHUIO O MOPOJAX-KOJIEKTOPaX W MX JIMTOJIOTO-MEeTPOPU3NIECKUX OCOOCHHOCTSIX, YTOUHHTH
YIJIEBOJIOPO/IHBIE PECYPCHl KOJUIEKTOPOB M MPEIOKUTH MHPOBEACHHE pa3BelOYHbIX pador. OcraHoBHMCS HA
crpykrypax Hedt Jaumapsl, ['toprsan-ageans u 0. Yumnos.

B xomnexropax IIT (mpoxykTruBHas Toua) ObUTH BCKPHITHI MHOTO3TaXXHBIE HE(TSIHbIE 3anexn. KanmHckas
CBUTA TIPE/ICTABIE€HA QJIEBPOJIMTAMH M TIMHHUCTHIMH OTJIOXECHUSAMH C YEPEeIyONIUMICS MEIKO3EPHUCTHIMU
MIPOCIIONKAMH TIECKOB M IEeCYaHUKOB. IIecKku KBapIieBble, CpelHe-MeIKO3ePHHUCTHIE, a TIMHBI c1a0o MecyaHble H
cmabo kapOonaTtHsle. JInTodanys ¥ MOIIHOCTH TECYAHBIX TOPU30HTOB M TNIMHUCTHIX IPOCIOEB, Pa3AeIOMNX HX,
IO TIJIOMIA N HecTabmibHEL. [lecyaHUCTOCTh pa3pesa OT MOJOIIBEI K KPOBJIE yBeIW4HBaeTCs. [1eCHaHNCTOCTh CBUTEHI
OT CBOJIa K KpbIIsIM yBenndauBaeTcs 10 70 %. B cBure pazgensrorcst 4 HedrerazoHocHBIX ropuzoHTa. Kpome Toro B
HIDKHEH YacTH FOpHU30HTa B psAJie OJIOKOB OTMEUAroTCs elie 4 TOpH30HTA .

Jns onpenpeneHus 3amacoB AKCIUTYaTallMOHHOTO OOBEKTa 110 IUIOMIAAM OCYIIECTBILSIETCS aHAJIN3
HaKOIUICHHOTO MHOTOYHCIICHHOTO T'e0JIOr0-re0()U3n4ecKkoro M IpOMBICIOBOIO MAaTEpPHAIOB M KOMIUIEKCHOTO
UCIIONIB30BAaHUA WX  pe3ynbTaroB. 110 HAaKOIUIEHHBIM  IPOMBICIOBEIM Te€O(U3UUECKHM MaTepHaiaM KaKIoH
CKBR)XMHBI MHTEPIPETUPYIOTCS M ONPENENSIOTCS 3HAYeHMS NapaMeTpoB, TakMX Kak 3((eKTHBHas MOIIHOCTH,
MTOPUCTOCTh, He()TEHACHIIICHHOCTD.
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W3BecTHO, 9TO MOKCK M pa3BelKa MECTOPOKACHUH He()TH U rasa, uX pa3paboTKa M OIEHKa MOTCHIUAIa
3aBUCHT OT NETPOPHU3UIECKUX CBOICTB OTIOXKEHHH, COCTaBIISIOIINX Pa3pe3 CTPYKTYPHI.

Bekpeitas MmakcumanbsHast MommHOCTE [IT B ckBakmHax cocraBisger 2400 M. Ho, B HEKOTOPBIX HacTAX
MECTOPOXKICHHUS C TIOMOIIBIO NTyOOKNX pa3BEeJOYHBIX CKBa)KHH, Ha OOJIBIION ITyOMHE, OBIUIH BCKPBITHI HEKOTOPHIE
ropm3oHTH! [IT. ITMOTHOCTE TAMHHCTBHIX TOPOA 37ech cocTaBisiioT 2,20-2,48 1/cM3, mopuctocts — 8,3-17 %(B
HEKOTOPBIX CIIydasix OCTUTAET 10 25%), pacpoCTpaHeHNE yabTPpa3ByKOBEIX BomH 2150-2200 m/cek. IlnoTHOCTH
QJICBPOJIUTOB cocTaBisitoT 2,13-2,60 r/cM3, mopucTtocTh BappupyeT Mexnay 15-28 %,  pacmpocTpaHeHme
yIbTPa3BYKOBBIX BOJH KojeOuercs Mexay 1300-2200 m/cek. [TnotHOCTh MecuaHukoB coctaBisior ot 2,00 1o 2,50
r/cM3, MOPHUCTOCTH BapbupyeT Mexay 7,2-22,0 %. Bo Bcex moponmax pacnpocTpaHEHHE YIbTPa3ByKOBBIX BOJIH B
3aBUCHMOCTH OT JIMTOJIOTHYECKOTO cOCTaBa, naMensercs B npexaenax 850-2800 m/cex. KapOonartubie rimHbl 1T
MOJIBEPraliCh M3MEHCHHIO M UX (PH3MUYECKUE CBOICTBA COCTABIISAIOT: INIOTHOCTE — 2,02-2,59 r/cm3, mopucTocTs 8,5-
30 % wm pacmpocTpaHeHHE YIbTPa3ByKOBBIX BOMH — 2100-3500m/cex. Hamo oTMeTnTh, 4TO KapOOHATHOCTH H
IIPOHHULAEMOCTh oTIIOKeHUH I1T Toke 3HAUNTENBHO MOABEPTIUCH U3MEHEHHIO.

IIpu mydyeHnn rpanynomerpuueckoro cocraBa cButT IIT mmomanu Hedt Jlammapsl ycTaHOBIEHO, YTO
nraMetp 3epeH BapeupyioT oT 0,1 mo 0,01 MM. DTO CBHIECTENBCTBYIOT, UTO B pa3pe3e OOIbIIE aleBPUTOB, YEM
OTJIO)KEHUH APYTroro COCTaBa.

Kak m3BectHO, Mecropoxnenne Hedrt Jlammapsl MHOrosTaxsoe. UToOBI BBIICHHUTH KOJIJIEKTOPCKHE
CBOWCTBa OTJIOKEHHH, 3aBUCSIIMX OT TJIYOMHBI, MO IJIOMIAANW OBUIM KOPPEISLHUOHHO HCCIEJOBAHbI IPEeIIbl
n3MeHeHH! (U3UYECKHX TapaMeTpoB. B pesynbTaTe YCTaHOBJIEHO, YTO HW)KHHE M BEPXHHE IUIACTBl Mallo
OTJIIMYAIOTCS, HE CMOTPS Ha Pa3HOCTh (DU3UUECKHUX MapamMeTpoB. 3HAYMT, ITO MOKA3bIBAECT HA TO, YTO C IIyOHHOM
OTMEYAeTCs] YMEHbIIEHHE IOPUCTOCTH M OTHOCUTENIBHO YBEIMYMBAETCA IUIOTHOCTh U  paclpoCTpaHEHHE
yIBTPa3BYKOBBIX BOJIH.

O0paboTKa U MHTEpNpeTalys NeTPOPHU3NIECKUX U ITPOMBICIOBO-Te0(PHU3NIECKIX MaTePHAIOB YCTAHOBUIIO,
410 HeKoTopble Topu30HTH [1T B mepecuere Ha HedTh 1 ra3 Oosee MEepPCIEKTHBHBI.

Wtak, wW3ydas JHTONOTO-NETPOTrpaduuecKre CBOWCTBA MECTOPOXKACHHH, IO TeoJIoro-reo()u3nIecKiuM
MaTtepruaraM M KOJUIEKTOPCKMM CBOWCTBAM KEPHOBBIX OOpa3lOB, B3STHIX W3 CKBAXHWH IUIOLIAJH, MOXHO
IIPOTHO3UPOBATH HE(PTEra30HOCHOCTH TITyOOKO3AJIETAIOIINX CIIOEB HAPSIY C yXKe IKCILTYaTUPYEMBIMH.

C 1enpio M3Y4YECHUs] T'€OJIOTMYECKOTO CTPOSHMS MECTOpOXKAeHHS [IoprsH-meHu3 u o. UminoB coOpaHbl
reosioro-reopu3ndeckue Marepuansl. Vcciaenys 3TH Marepuanbl MOCTPOEHBI CTPYKTYypHBIE KapThl 1O KPOBIE
MPOXYKTUBHBIX CJIOEB U HECKOJIBKO MOMEPEUHBIX U MPOJOJIBHBIX Te0JIOTHUECKUX MPOQUIICH.

Ha BbIlIeoTMEUEHHOH IIIOIAAN Ul ONPENENICHHs JIUTOJIOrO-TIeTPOrpadueckux U KOJUIEKTOPCKUX
CBOHCTB, a TaK)Ke 3aKOHOMEPHBIX H3MEHEHHH I10 IUIOIAAX TIyOOKO3aleralouxX IUIacTOB, OBbLIM H3Y4YEHBI
KapOOHATHOCTh, IOPHCTOCTh, NPOHHUIAEMOCTh, TJIOTHOCTh, TIPAHYJOMETPUYECKHH COCTaB U  CKOPOCTH
pactpoCTpaHeHHs NPOJOIBHBIX BOJH C IOMOIIBI0 00PA3loB, B3ATHIX M3 HNPOOYPEHHBIX MOMCKOBO-Pa3BEHOYHBIX
CKBaXHMH Iuroniaan Mecropokaenue Hedr Jammapsl. Taxoke ObutM omnpeneneHsl MUHUMAIbHbIE, MAKCHMaIbHbIE U
CpemHue Npeaensl PU3NIECKUX CBOMCTB MOpoA. PaccMoTpeHa 3aBUCHMOCTD KOJUIEKTOPCKHX CBOWCTB OT INIyOHMHBI
3ajeraHuss M 3aBHCUMOCTh HX OT JApyrux ¢usndeckux ¢akTopoB. COOTBETCTBEHHO, Oblla COCTaBIEHA
nerpodu3nyeckas TabIuna, OTPaXKAIOIIAs KOJJIEKTOPCKHE XapaKTEePUCTHKH TOPOI.

YcTaHOBIEHO, YTO W3MEHEHHE NeTPOGM3MYECKUX 3HAYEHHH B [IMPOKOM JHMama3oHe CBA3aHO C
JIUTOJIOTMYECKUMH HEOJHOPOIHOCTSAMH, Pa3HOOOpa3neM IIyOHMH 3aJIeTaHus MOPOJ M TEKTOHWYECKUMHM YCIJIOBUSMH
KOMILJIEKCOB.

[Ipu nccnenoBaHNM KOJUIEKTOPCKUX CBOWCTB PErHOHA YCTAaHOBWIIM, YTO B IIyOOKO3aJICTAIOUINX IUIACTaxX
oTMeuaeTcsi 3pPEeKTUBHASL TOPUCTOCTh U ITO Ja€T HAM BO3MOXKHOCTh IPOTHO3MPOBATH KOJUIEKTOPHI HETH U rasa.
Ho u3 Mozenu reosioro-pu3n4eckux U3MEHEHHs! TIPE/IENIOB SICHO, YTO B CBSI3HM HEKOTOPBIMH Te0JI0T0-(DU3UUECKUMHU
HM3MEHEHHUSIMHU 3aKOHOMEPHOCTh HapyIIaeTcs.

E.M. HIEBEJIEB
PVII «Ilpouszsoomceennoe o6veounenue «benopycuedhmoy
benHUIIHHegpmw, Pecnybnuxa bBenapyco 2.1 omens

METOJUYECKHUE IPUEMBI IOCTPOEHUSA TPEXMEPHOM
JUTOJIOTMYECKOM MOJIEJIM C IIEJBIO BBIAEJEHUSA
HEPCIIEKTUBHBIX 30H PACITIPOCTPAHEHUSA KOJIVIEKTOPA C
HANJIYUYIIUMU NETPOOUINYECKUMU CBOMCTBAMHU HA
HNPUMEPE JABBIIOBCKOI'O MECTOPOXKIEHUA
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JIaBBIIOBCKOE MECTOPOXKACHHE He(DTH PacTIONOKEHO B Tpeaenax Pedunko-Bunranckol 30HbI MOTHATHIA HA
rpebrne  Peunnxo-Bumanckoir crymenu Ilpumstckoro mnpormba. B mpememax MecTOPOKAECHUS OTKPBITHI
MIPOMBIIITICHHBIE 3aJIEKH HE()TH BO BHYTPUCOJIEBBIX, MEKCOJIEBBIX U MOACOJEBEIX OTIIOKEHUSAX. OCHOBHBIE IITACTHI-
KOJUIEKTOPBI MEKCOJIEBON 3alleKH NPUYPOUCHBI K €JIENKO-3aJOHCKMM OTJIOKCHHUSM, a TaKKe BCTPEYArOTCS
€IMHUYHBIC [UIACTHI-KOJUICKTOPHI B Psifie CKBAKUH B METPUKOBCKUX OTIOKCHUAX. Ha TaHHBIH MOMEHT CYIIECTBYET
HEOOXOAMMOCTh B CO3NAHHM JETAIBHBIX M KOPPEKTHBIX TEOJIOTHYECKHX M JIUTOJOTMYECKUX MOJENCH
MECTOPOXKJICHUH, KOTOpbIE IO3BONAT ONPEACIUTh KOPPEKTHOE pPACHpPOCTPaHEHHE IOpoJ KOJUIEKTOPOB M HUX
neTpopU3MIECKUX CBOWCTBB 3alieKaX MECTOPOKACHHMH, a TaK)Ke MOMOTYTBBIIEIUTh MEPCIEKTUBHBIE YYacTKU JUIS
OypeHusi HOBBIX CKBakMH. [loTyueHHBIE MOJIENIM MOTYT OBITH MCIIOJIb30BaHbLIS IIPOBEICHHUS KOPPEKTHON OLIEHKU
BEJIMYMHEI 3a11acoB YB.

Ha nepBom nstame Oblla co3pgaHa TeOJOrMYecKash MOJAENb MECTOPOKACHHS Ha OCHOBE IMPOBENEHHBIX
ceificMuYecKnX paboT, a TakkKe pe3ynbTaToB OypeHHs CKBaXHMH. B mTore OBUIM MOCTPOEHBI MOBEPXHOCTH
TOPU30HTOB MEXCOJIEBOH TOJIIH, I0’KHAs TPAHUIIA PACTIPOCTPAHCHHSI MEXKCOJIEBBIX OTJIOKECHHUH, a TAaKXKe Pa3IoOMbl
OTPaHUIMBAIOIINE 3aTEXKb.

Ha Bropom stame ObUTO IPOBEAEHO OoJsiee NETaNbHOE BEPTUKAIBHOE PACUICHEHHE OTIOXECHUH Ha OCHOBE
matepuanoB [ IC. Crparurpaduyeckie TOpu30HTH OBLTH pa30UTHI Ha OoJiee MENIKHE JTUTOIMAYKH, 9TO, KK CUUTAET
aBTOp, IIO3BOJISIET CO3/1aTh Oojee ACTaNbHYIO MOJIENb MecTopokaeHus [1]. «PacuieHeHme» TOPH3OHTOB Ha
JIUTOTIAYKU OBUIO OCHOBAHO Ha KOMIIOHEHTaX KOJUIEKTOPOB [2] TOPU30HTA, I'/le KaXkas JIMTOIauyKa BKJIIO4ai1a Obl B
ce0st OIHY KOMIIOHEHTY.

Brienenue KOMIIOHEHT B pa3pes3e OTIOKEHHUH 6a3upyeTcs Ha BBIACJICHHH B IPOAYKTHBHOM 4acTH pa3pesa
JIUTOIUIACTOB-KOMIIOHEHTOB, I'PYNITUPYIOMNX F'UIPOAMHAMUYECKH CBSA3aHHBIC IIACThI-KOJUIEKTOPHI,BBIICICHHbIE 110
I'MC, c npucBoeHMeM HM HAMMEHOBAaHUH-KOAOB. ['paHUIlA KOMIIOHEHTHI ONPEIENAETCS KpPOBJICH MEpBOrO M
MOJIOIIBOW IOCJIEJHEr0 IJIacTa B YCTaHOBJIEHHOM cTpaTurpaduyeckoM cpese. B cBOl ouepens 3TO MO3BOJISET
WACHTHOHUINPOBATE Ty WIM HMHYI0 4YacTh pa3pe3a B COCEIHHX CKBAXHHAX W MPOCICAWTh IUIOMIATHOE
pacIpocTpaHeHHe KOJUICKTOPOB B Ipeaenax mecTtopoxieHus. Komupukanus KOMIIOHEHT MpOBEAEHa B INpeAeax
BCEX MecToposkaeHui [IpunsaTckoro nporuoda.

[Ipn pacuieHEeHMH TOPH30HTA Ha JINTONAYKH YYUTHIBAIMCH PE3YJBTATHl MOTOYEYHOW WHTEPIPETAlNN
MmarepranoB ['MIC mo ckBakWHaM, KOTJa KPOBIS JIMTONMAYKH COOTBETCTBOBAIA WIIM KPOBJE CTPAaTHIpadHIECcKOro
TOPU30HTA, WM TIOJOIIBE YCJIOBHOTO HM3KOIOPUCTOTO TJIMHHCTOTO MPOIUIAcTKa (M0 pe3yiabTaTaM IIOTOYCYHOM
untepnperanuun I'MC). Ecau mo pesyneratam uHTepnpetanuu ['VIC BbLAEINTE HU3KONOPHUCTBIA TIIMHHCTBINA
NPOILIACTOK OBUIO 3aTPYAHUTEIBHO, TO KPOBJS JIUTONAYKH TMPHHUMANACh COIJIACHO KPOBJE BBIIEICHHON
komroHeHThI[3]. B pe3ynbraTe BhINONHEHHOW paboThI B peenax 6 TOpU30HTOB ObLIO BBIAEIEHO 13 nuTonavex.

3ajadyell TpeThero JTama 3akKIIYyalioch — CO3JlaHHE MeTPO(U3UUECKOl MOJENM MEXCOJIEBOM 3aJIeXH.
OCHOBHBIMHU MCXOJTHBIMH JIaHHBIMU sIBJIsUIach oToueuHast nareprperannu ['MC no BceMm mpoOypeHHBIM B Ipejenax
MECTOPOXKCHHUS CKBAXHH. B crienuain3npoBaHHOM NMPOTPAMMHOM MPOAYKTE, OBLIN HOCTPOEHBI KyObl IIOPHUCTOCTH
n rauaucTocTH (pHc. 1,2). PacmpocTpaHeHne mapaMeTpoB MEXCKBaXKHHHOTO NMPOCTPAHCTBA MOJIENHN MIPOHUCXOIUIIO
MeTogoM wmHTepronsuu (indicatorkriging).B urore ObuT momydeH 0O0BEM 3aliekd, KakAas s4elika B KOTOPOM
oOnasana 3HAUYCHWEM IOPHCTOCTH W TIMHUCTOCTH. CIEAyIOIMM IIaroM SIBJISUIOCH CO3JaHue Ky0a «KOJIIEKTOp-
HEKOJIJIEKTOp» Ha OCHOBe meTpodusnueckux KyOoB. Ilpm BblieneHMH siMEEK «KOJJIEKTOP-HEKOJUIEKTOP», IS
«KOJUIEKTOPa» MPHUHUMAJINCH CIEAYIONINE NpeeibHble 3HAUEeHHs: NMOPHCTOCTh Ooiee 4,5%, TIMHHUCTOCTH MeHee
19,5%, ocranbHbBle SAYEHKM OTHOCHIINCH K «HEKOJUIEKTOPY». JlaHHBIE TpaHWYHBIC 3HAYEHHUS IPUHHMAINChH
MIPUBBIICTICHNE IIIACTOB-KOJJIEKTOPOB TpHmoruiacToBo uHTepnperanmn [MIC  ans moxcuéra 3amacoB. Ilo
pe3yapTaTaM BBINOJIHEHHON paboThl OBUT MOJMY4YeH KyO «KOJUIEKTOP-HEKOJUICKTOP», B KOTOPOM KaKJas sdeiika
00béMa 3anexu obnajana XapakTepUCTHKON «KOJUIEKTOpay WM «HeKoiulektopa» (puc. 3). Ho nanublil kyO He
COBCEM KOPPEKTHO OTpa)kaeT JAEHCTBUTEIBbHOCTh,TAK KaK  3aBbllIaeT(aKTHYECKHe JaHHbIE 10 pe3ysbTaram
MOTIJIACTOBOM MHTEPIIPETAIH. DTO CBSI3aHO C TE€M, YTO MPH MOIUIACTOBON MHTEPIPETALNUIIPOUCKXOAUT OTOPAaKOBKA
HEKOTOPBIX IUIACTOB HA OCHOBE AMCKPUMHHAHTHON (YHKIMH,IIPIMEHEHHE KOTOPOH 3aKIII0YaeTcsi B 3aBUCHMOCTH
MIPEAENBHOTO 3HAYEeHUs OPUCTOCTH KaXK/I0TO I1acTa 0T K03 GHUIMEeHTa IIMHUCTOCTH 3TOTO UIAcTa.

[MosToMy Ha criexylomem 3Tane HeoOXoAMMO OBUIO pEeUmIMTh 3ajady, Kak yBA3aThb MEXAY COOOH
BBIJICJIEHHBIE TIACTHI-KOJUIEKTOPBI O pe3yibTaTaM nomnactoBoi uarepnperanuu ['MC u pe3ynbTaTsl HOITy4€HHOTO
Ky0a «KOJIEKTOP-HEKOJUIEKTOP» 0 Pe3yabTaTaM IeTPOo(QU3NIECKOro MOIETUPOBAHHSI.
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Puc 1. Pa3pe3 yepe3 kyO MOPUCTOCTH.
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Puc 2. Pa3pe3 uepe3 KyO IJIMHUCTOCTH.

Bru10 BBIOpaHO Cciiepyroliee penieHre: Uil CO3JaHMs KOPPEKTHOrO Ky0a «KOJUICKTOP-HEKOJUIEKTOP» MPH
(banuanbHOM MOJCIUPOBAHUM, KaK WCXOAHbIC JaHHBIC, 3alaBalliChb CKBaXKMHHbBIC MJaHHBIE (PE3yJIBTAThI
MammHHONHMHTenpetatnn TMIC), a kak TpeHx pacnpocTpaHeHHs (amum KoJuleKTopa M HEKoJuIeKTopa (B
MEXCKBOKHHHOM  TIPOCTPAHCTBE) 3aJaTh Ky0 «KOJUICKTOP-HEKOJUIEKTOP» TIONyYCHHBIH B pe3yJbTaTe
eTpoU3UIECKOro MOJEIUpoBaHus. Meron QanuaabHOr0 MOIEIMPOBaHUS OBLT BBIOPAH CTOXACTHYECKHUH
(anroputm Siquentialindicatorsimulation). beito paccuntano 30 pa3nuMYHBIX BapHalMid, KOTOPbIE OBIIIM CBEJCHBI K
OJIHOMY BapHaHTy (puc. 4).

Puc 3. Ky0 «KOJUIEKTOP-HEKOJUIEKTOP» 110 Pe3yJbTaTaM MeTPOPpHU3NIECKOro MOIEITUPOBAHHS
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Puc 3. Ky6 «xonekTop-HeKOLIEKTOp» ¢ ya€ToM MamiHHoN nHTepnperanuu [ 1IC

B pesympTare OBUT MOITYYEHKYO «KOJUIEKTOP-HEKOJICKTOP», KaK MBI CUMTaeM, Hamboiee peasbHO
OTpaKaIOIMIUK PaCTIPOCTPAHCHHE MOPOJT KOJIICKTOPOB MEXKCOJIEBOH 3aJIeXkKH, a TaKKe METPOPHU3MUCCKIE CBOHCTBA
MTOPOJT B MEKCKBXITHHOM TpoCTpaHcTBe [laBrIIOBCKOro MecTopokaeHusa.Ha ocHoBe ky0Oa OplTa mocTpoeHa Kapra
(¢ (GEeKTHBHBIX HE(PTCHACHIIICHHBIX TOMMHH ¥ KapTa JS((EeKTHBHOH MOPHUCTOCTH KoJuiekTopa. Ilpum
IIEPEMHOKEHHU» O3THX JIBYX KapT Mbl MOJYYWJIN KapTy <«3(GQPEKTHBHOrO IMOpPOBoro obOwvéMa» (puc 5), c
HCTIONB30BaHUEM KOTOPOH MBI MOXEM BBIACIMTH  IMEPCIEKTUBHBIC 30HBI C HAWIYYIIHMH KOJUIEKTOPCKUMHU
XapaKTepUCTUKaMK B TIpefesiaX MEXKCOJIEBBIX OTIIOKeHuil. Hanbosee MHTEpECHBIH y4acTOK PACIOJIOKEH MEXKAY
ckBaxuHamMu 66 u 100 [laBeinoBckue (3oHa 1).K ToMy ke AaHHBIH y4yacTOK NMPUYpPOYEH K CBOJY B CTPYKTYPHOM
wiane. Takke MepCICKTUBHBIME SBJISIOTCS 30HBI PACIIONOKCHHBIC MEXKY CKBaXxuHaMHu 69 u 82s2 (30Ha 2), 30Ha
ceBepo-BocTouHee ckBakuHbI 80 (30Ha 3), a Takke 30HA rOKHee CKBaXUH 99 m 106 (30Ha 4) BHOJIB 30HBI
OTCYTCTBHUSI MEKCOJIEBBIX OTJIOXKEHHUH (puc. 5). BrlmencHHBIE 30HBI MOTYT OBITH PEKOMEHAOBAHBI Il OypeHHs
BTOPBIX CTBOJIOB.

Ha naHHBII MOMEHT NOYTHM BCE KPYNHBIE MECTOPOXKIEHUS bemapycn HaxomsTcs Ha 3aKIHOUYUTEIbHOU
cranuu pazpaboTku. JIerko MOABIDKHBIE 3aMachl, KOTOPBIE M3HAYAIBHO aKKyMYJIHPOBAIUCH B BHICOKOIIOPUCTHIX U
BBICOKOIIPOHHMIIAEMbIX KOJIIEKTOpax MpPaKTHYeCKH BbIpaboTaHbl. OCHOBHOH 3amadell ceroiHs sBISETCS IOMCK U
JIOKamu3alMsa  «GalleMIEHHBIX» B HU3KONOPHCTBIX M HU3KONPOHMIAEMBIX  MOPOJAAX-KOJIIEKTOpax
TpynHousBiekaembix3anacoB (TPU3). DTo cBsA3aHO ¢ TeM, YTO OHHU, XOTh U B MEHBIIECH CTETICHH YeM aKTHUBHBIE
3amachl, HOTAK)KE BOBJICUCHBI B pa3pabOTKy MecTtopokiacHuii (mpu nposemenuu ['PII u apyrux reosoro-
TEXHUYECKUX MEPOIPHUATHII) U HE YYMUTBIBAIOTCS NpH Moacuére 3amacoB. llodydeHHas JIMTONIOTHYECKash MOIETh
03BOJIsIET JTIOKann30BaTh TPHV3 1 mpoBecTH UX OIEHKY.

FHia
Puc.5 Kapra a¢dexruBHOr0 nopoBoro oobéMa (KpacHast JIMHHS — JIMHUS pa3pesa).
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EXPERIMENTAL INVESTIGATION OF MIXTURE VISCOSITIES OF N-
ALKANES AND CARBON DIOXIDE UNDER HIGH PRESSURE AND
HIGH TEMPERATURE (HP/HT) CONDITIONS

Crude oil demand is still increasing and this can only be met by exploration of new oil fields or more
efficient development of existing reserves. Oil production will increasingly focus on Enhanced oil recovery
methods. These methods are just as effective as the reservoir conditions are understood.

Mixtures of liquids (especially oil) and gases play an important role in oil production. On the one hand, live
oil experiences different pressure and temperature ranges during production and dissolution of gas out of oil is a
relevant aspect of the technical design of production and processing facilities. On the other hand, fluids like nitrogen
or carbon dioxide (N,, CO,) are applied in some EOR methods. For example, injection of CO, is the mostcommon
technique to enhance oil production by miscible flooding. It results in reduced oil viscosities and thus increases the
mobility of oil in the reservoir.Therefore, knowledge about the interactions of crude oil and gas mixtures under
various temperature and pressure conditions is essential for the design of production operations, as well as for
planning and implementation of the most suitable EOR method. The input of experimentally determined viscosity
data of reservoir fluids is of high importance to reservoir simulations

A capillary viscometer with integrated density meter was designed and constructed for measurements at
pressures up to 70 MPaandtemperatures up to 150 °C. Viscosities and densities of n-heptane, n-dodecane, dead oil
and their mixtures with CO, have been measured at pressures up to 20 MPaandat temperatures of 40 °C and
70 °C.Thereby the design of the equipment is focused on the preparation of gas-liquid-mixtures by using a movable
saturation vessel.The measurement principle is relying and robust. Experimental data have been compared to
predictive models for the density and viscosity of mixtures (Predictive Peng-Robinson Equation of State, modified
Eyring-Peng-Robinson model) and showed good agreement. The flow of oil, gas, and mixtures through reservoir
rock (and also through the production tubing, surface facilities and pipelines) is determined by their viscosity at the
different pressure and temperature conditions.

The developed capillary viscometer provides numerous valuable possibilities to investigate special
mixtures of liquids and gases under various reservoir temperature and pressure conditions. These experimental
results enable to chose the most appropriate production methods and facilities. Moreover, such data will contribute
to the development of new and enhanced models and correlations for the fast determination of (thermodynamic)
reservoir properties.
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UNTERSUCHUNGEN ZUR GEWINNUNG VON
METALLKONZENTRATEN AUS EINEM SULFIDERZ DER
LAGERSTATTE WALCHEN BEI OBLARN, OSTERREICH

Das Ziel dieser Arbeit war es, einen Weg zu finden aus einem Sulfid-Erz der Lagerstitte Walchen mit
moglichst geringem Aufwand das Hochtechnologiemetall Indium und Wertmetalle wie Kupfer und Zink zu
gewinnen.

Um das Material nach seinem Zerkleinerungsverhalten zu charakterisieren und den dafiir notwendigen
Energicaufwand zu bestimmen, wurde das Verfahren nach Bond angewandt. Die Untersuchung ergab einen
Arbeitsindex von 16,87 kWh/t. Dadurch wurde bestétigt, dass das Sulfiderz aus Walchen etwas hérter ist als Granit.

Fiir die weitere Zerkleinerung wurden sowohl Kugel- als auch Stabmiihlen mit variierender Anzahl an
Mahlkorpern als auch Mahlzeiten untersucht. Auch wenn die Stabmahlung mit einem Mahlkdrperfiillungsgrad von
30 % und einer Mahldauer von 30 Minuten die stiarkste Zerkleinerung ergab, wurde die Stabmahlung mit 10
Minuten Mahldauer gewédhlt. Der Grund dafiir lag bei der anschlieBend geplanten Flotation, da die optimale
KorngréBe bei der Flotation zwischen 10-250 um liegt und die 10 miniitige Mahlung dieses Kriterium am besten
erflillt. Der xgo-Wert der gewihlten Zerkleinerung liegt bei 52 pm.

Als erstes Trennverfahren wurde die Magnetscheidung untersucht. Ziel der Magnetscheidung war es, das
unerwiinschte Eisen vom Rest abzuscheiden und im unmagnetischen Produkt eine hohe Konzentration von Kupfer,
Blei und Zink zu erhalten. Bei dem Vergleich der magnetischen und unmagnetischen Fraktion zeigte sich jedoch ein
dhnlich hohesEisenausbringen. Des Weiteren war in der magnetischen Fraktion ein zu hohes Wertstoffausbringen an
Kupfer, Zink und Blei zu verzeichnen. Deshalb wurden weitere Versuche mittels Magnetscheidung verworfen.

Das zweite eingesetzte Trennverfahren in dieser Arbeit ist die Flotation. Sie stellte auch den Hauptteil der
praktischen Versuche dar. Begonnen wurde mit einem Sammler-Screening. Sammler der Firma Clariant wurden
nach ihren angegebenen Eigenschaften ausgewéhlt. Die Auswahl fiel auf Sammler, die besonders fiir den Einsatz
von Sulfiderz, Kupfererz und Zinkerz geeignet sind. Aufgrund von vorangegangenen Untersuchungen, welche
ergaben, dass mit herkdmmlichen Sammlerkonzentrationen keine zufriedenstellenden Ergebnisse erzielt werden
konnten, wurde eine ungewohnlich hohe Sammlerkonzentration von 500 g/t gewéhlt. Der Sammler Hostaflot LET
wurde sowohl mit als auch ohne den zusétzlichen Einsatz des Schaumers Flotanol C7 untersucht.

Die Werte der Indiumanreicherungwurden auf Grund von Messschwierigkeiten und Fehlen eines
Indiumstandards erst Wochen nach den Versuchen vom Labor nachgereicht und standen zur zeitnahen Auswertung
nicht zur Verfiigung.

Das Sammler-Screening ergab, dass die Sammler Hostaflot M91, LIP und LET mit C7 die besten Resultate
lieferten. Die Ausbringen von allen drei Sammlern waren sehr dhnlich und iiberzeugten durch ein hohes Ausbringen
von Kupfer, Blei und Zink gegeniiber einem geringeren Ausbringen von Eisen.

In der folgenden Flotationsreihe wurde die Wirkung der drei ausgewéhlten Sammler bei unterschiedlichem
pH-Wert iberpriift. Ziel war es, herauszufinden bei welchem pH-Wert ein mdglichst hohesAusbringen der
gesuchten Minerale gegeniiber einem geringen Ausbringen von eisenhaltigen Mineralen entsteht. Die Wahl fiel auf
Hostaflot LET mit C7 und Hostaflot LIP bei einem pH-Wert von 6-7, da hier das Ausbringen der gesuchten Metalle
mit ca. 90 % Kupfer, 75 % Blei und 78 % Zink am hochsten lag. Die Konzentrationen wiesen Werte flir Kupfer von
4,92 %, fiir Blei von 3,38 %, fiir Zink von 3,66 % und fiir Eisen von 38,51 % auf.

In der néchsten Flotationsreihe sollte iiberpriift werden, ob sich bei der Anwendung von anderen
Sammlerkonzentrationen bessere Ausbringen erzielen lassen.Beim FEinsatz des Sammlers Hostaflot LET mit
Schidumer Flotanol C7 lieB sich kaum eine Verdnderung erkennen. Es wurde ein Kompromiss zwischen
demAusbringen von Eisen und den der gesuchten Metallen festgelegt, der bei 500 g/t liegt. Auch beim Sammler
Hostaflot LIP wurde eine Konzentration von 500 g/t gewihlt, hier lieBen sich aber stirkere Abweichungen im
Ausbringen erkennen.

Mit der anschlieBenden fraktionierten Flotationsabnahme sollte iiberpriift werden, wie sich die Ausbringen
in Abhédngigkeit der Zeit verdndern. Es wurde im Minutentakt das Flotat gesammelt, um festzustellen ob eine
langere Flotation sinnvoll ist. Bei Hostaflot LIP undHostaflot LET mit C7 waren die Ergebnisse sehr &hnlich. Bei
beiden Sammlern nahm das Ausbringen nach schon einer Minute sehr stark ab und die Verteilung der einzelnen
Metalle verhielten sie dhnlich. Somit wurde durch den Versuch gezeigt, dass eine Flotatabnahme bis zu 2 Minuten
erfolgen sollte.

Zuletzt wurde die Variation der Konditionierungszeit untersucht. Dazu wurde die Einwirkzeit der Sammler
von 5 Minutenauf 10 Minuten bzw. 20 Minuten verldngert, um festzustellen ob dies das Ausbringen der gesuchten
Metalle erhoht. Bei beiden Sammlern Hostaflot LIP undHostaflot LET mit C7 waren die Ergebnisse &hnlich. Zwar
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stieg das Ausbringen der gesuchten Metalle leicht an, jenes von Eisen jedoch am stérksten, sodass fiir beide
Sammler die Konditionierungszeit von 5 Minuten als am besten geeignet scheint.

Somit ergaben die Versuche, dass Hostaflot LIP undHostaflot LET mit C7 unter den zuvor angegebenen
allgemeinen Flotationsbedingungen das hochste Ausbringen der gesuchten Metalle erzielt. Diese waren bei
Hostaflot LIP durchschnittlich 90 % Kupfer, 78 % Blei und
85 % Zink. Bei Hostaflot LET mit Schdumer C7 ergaben sich Werte von durchschnittlich 89 % Kupfer, 80 % Blei
und 87 % Zink.

ARTUR KALETA
AGH University of Science and Technology in Krakow

SPATIAL MODEL OF POLIMETALIC VEINS EXPLOITATION IN
CANADIAN KGHM MORRISON MINE

Development of IT technology resulted in serious changes in many branches of industry, where
informatization and automatization caused optimization ofproduction and analitic processes. The use of computer
tools in work of people specialized in production and resource planning is getting more popular all around the world
when it comes to open pit or underground mines. This work presents characteristics and possibilities of using
undergound deposit and excavation spatial model of underground copper and nickel mine, belonging to KGHM
International Ltd, in terms of faster and more accurate pursuing of exploitation process while using commonly
accessible project tools.

Sudbury Basin is called ‘Canadian Capital of the country’ because of high accumulation of underground
nickel mines in this area. This region is located around 400 km north-west from Toronto in Ontario, which is the
most economically and industrially developed province of Canada. Nickel and copper deposits of this area occur in
form of complex polimetalic veins what is connected with their untypical genesis. According to the scientific
research, Sudbury Crater was created around 1,85 billion years ago due to impact of the meteorite, 10 km wide in
diameter. Crater is considered to be the one of the oldest meteorite craters and the third biggest crater on the earth.
Its initial shape was circular and the diameter was around 200 km but as a result of tectonic movements and
dislocations, crater changed its shape to more eliptical and its present dimensions are length of 62 km and the width
around 30 km. In the Sudbury Basin there are many other underground mines, belonging to well-known mining
concerns like Vale or Glencore. It is related with the fact that despite relatively small size of veins they are attractive
because of the high content of nickel, copper as well as palladium, platinum and gold.

Morrison Deposit exists as complex of polimetalic veins, at depth of 900 — 1600 m below ground level.
Orebody in the upper part is built from Pentlandite and Millerite, below which the majority of the volume is
represtented by Chalcopyrite and Bornite which are copper ores. The deposit is divided into five major blocks which
are exploited downward. It is worth noting that deeper areas of the Morrison Deposit are much more dispersed in
space, what is especially visible in the lowest exploitation level of the mine. Due to the vertical character, Morrison
Deposit was developed only by two shafts, called Craig and Levack and later orebody development is conducted by
five declines.

Model which is the main topic of this work, presents development and exploitation excavations of the
MD5/a vein in form of spatial model created in Autocad environment. Object is a development of the ore and
existing workings model created in MineCAD and Datamine software by geologists and mine surveyors from
Canada. To create the possiblity of working with data in Poland all the files were exported to DW G format in order
to allow work in Autocad. In the initial work phase, model had to be scaled because of the British Imperial Unit
system. Later the first object of the work was to define cross sectional sizes of the necessary excavations to draw in
sucha model. Main MD5/a development excavation is the spiral decline, which had to be extended in order to
embrace the whole vein.

In this way cross section with dimensions of 16 by 16.5 feet was selected. Inclination of the incline is about
9 degrees which allows to obtain § vein development sublevels. The most time-consuming task was the procjeting of
stope excavations which will be located directly in vein. While selecting dimensions of these openings there were 2
crtiteria taken into account. First of them were the dimensions of Drilling Jumbo Machine used in stopes. It gave the
minimal width of 3,30 m and the minimal height at level of 3 meters. LHD Loader size was skipped due to its
smaller dimensions than in the case of Drilling Machine. Second criteria was defining minimal dimensions due to
the vein dip. Having defined stope height it was possible to calculate minimum width of the excavation from
trigonometric functions. This width had to allow pursuing the exploitation process in manner where on every
sublevel vein runs from top to the bottom of the stope what will give the possibility of calculation exact amount of
exploitations in vein allowing later production scheduling.

Thanks to calculations minimal width was determined and it equals 3,27 m. This dimension is lower
comparing to the previous criteria therefore in case of stope’s size of the cross section is 10 x 11 feet. After defining
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necessary dimensions main work started. After a few weeks of work in Autocad, the spatial model was created.
Thanks to projection of excavations layout many informations valuable in terms of production estimation were
received. Main data obtained after finished projecting process were exact volumes and depth of the specified
excavations. Basing on these data it is possible to define the amount of explosive necessary to use in exploitation
process at every exploitation level. Daily progress was assumed after collecting drilling layouts from mine. Created
model also allowed to estimate mass of the ore and waste rock which has to be blasted in order to exploit the whole
vein. Estimation was based on density of ore and waste rocks as well as volumes of the vein and projected openings.
These tools are available in the default options of the Autocad programme. In the final phase, there was conducted
selection which of the excavations will be created by Cut & Fill or Long Hole Stoping method which are two typical
mining methods of this Canadian mine. Basing on the data from the drilling layouts there were assumed lenghts of
the drill holes and in the combination with the assumed time of unit operations like drilling, blasting, mucking,
reinforcing, daily progress was calculated for the set of one drilling jumbo and one LHD loader.

Possbilities of implementation of the Computer Aided Design in terms of orebody and excavation
modelling are really wide and their use is only limited by the creativity of potential programme users. Definitely the
role of the Information Technology will grow successively, thus it is very important that bigger number of mine
engineers will get acquainted with the modern tools applied in the industry. Without any doubt Computer Aided
Design programs such as Autocad can be very useful tools for mining and related industries.

I. KUKOLJ, F. OUCHTERLONY, P. MOSER
Chair of Mining Engineering, Montanuniversitaet Leoben, Austria

EXPERIMENTAL METHOD FOR CAPTURING DYNAMIC CRACK
PROPAGATION IN ROCK-LIKE MATERIAL

Abstract

Blast-generated fines represent an economical and environmental liability. A possible major source of
blast-generated fine material is the dynamic mechanism of crack branching and merging at the tip of a running
crack. The research aim is to develop an experimental method for capturing and observing this phenomenon in rock -
like specimens. The method includes capturing the dynamic crack propagation in blast-loaded confined mortar
cylinders by means of digital high-speed imaging. The research employed a special blast confinement to control the
effects that influence dynamic crack development and improve safety. The paper discusses the thus far developed
experimental set-up, test results, and points for further improvement.

Introduction

In industrial blasting applications blast-induced fines result in increase of waste and exploitation cost. A
plausible dynamic mechanism behind blast fines generation is related to crack branching and merging at the tip of a
running crack. Although many researches employed small-scale blasting tests to investigate the effects of blast
loading in rock and mortar samples on the resulting fragmentation and crack patterns (e.g., Moser et al. 2003,
Reichholf 2003, Johansson 2008, Schimek er al. 2013), none of them investigated dynamic crack propagation in
real-time with respect to crack branching and merging.

The FWF project — “Fines generated by dynamic crack propagation, as in blasting of rock and rock-like
materials”, which started in late 2015, will find out if branching-merging of fast growing cracks is a major source of
fines. A part of the project relates to developing an experimental method for observing blast-induced dynamic crack
propagation in cylindrical rock and mortar samples in real-time.

The experimental method consists of small-scale blast tests that include detonating an explosive charge
inside the central borehole of the mortar cylinder positioned in a blasting chamber. The method employs high-speed
imaging (HSI) camera to observe the dynamic crack development at the frontal face of the cylinder through a
protective Polycarbonate window on the chamber.

The paper presents the thus far developed experimental method that was tested at the Montanuniversitaet
blast site at the Erzberg mine (Stryria, Austria) in 2015 and 2016.

Methodology

The experimental procedure includes blasting the PETN (pentaerythritoltetranitrate) cord of certain charge
concentration (6, 12, or 20 g/m) inside the hollow mortar cylinder, which is radially surrounded by a damping layer
inside the blasting chamber.

The PETN cord represents a reliable explosive appliance for inducing dynamic loading of high strain rate.
When initiated, the detonation propagates throughout the PETN cord inside the cylinder, starting at the rear of the
blasting chamber towards the frontal face of the cylinder. Resulted detonation shock waves introduce initial radial
cracks around the borehole in the cylinder. Following, blast-induced gas forms inside the borehole, penetrates
already generated cracks, and further develops them. By this point, the firstly introduced cracks usually branch and

53



merge in a complex, seemingly hectic, manor, forming new crack families and intersections, which lead to final
fragmentation.

The cylinder production procedure follows the recipe from researches of Johansson & Ouchterlony (2011)
and Schimek (2013). The mortar cylinders are of size 6140x280 mm with a centred axial borehole, of 10 mm in
diameter, for placing the PETN cord. The weight of the mortar cylinder is approx. 9 kg with average material
density of 2 g/em’ in dry state. The final cylinder preparation procedure includes applying a thin layer of white paint
and a rectangular grid mesh onto the frontal cylinder-face. Additionally, a plug is fitted at the frontal cylinder-face,
25-50 mm deep inside the borehole, to prevent the blast-generated gas to rush in-between the window and the
cylinder and to protect the camera from the detonation-caused flash inside the borehole.

The blasting chamber (Figure 1) includes four concrete segments and employs the "impulse trap" concept
(Sun 2013). The damping layer, protective window and four segments of the blasting chamber directly affect
boundary conditions preventing the spalling effect and reducing circumferential counter-directed cracks, which
could interfere and obscure cracks that propagate towards the cylinder's circumference (Rossmanith et al. 2005).
The damping layer and the window are designed to impede radial and axial blast-induced material expanding and,
hence, provide more uniform radial crack propagation along the cylinder's axis.

Figure 1. The experimental set-up at the blast site on Erzberg (left) and the model of the blasting chamber with the
cylinder in a half-section view (right)

The blast tests employed the HSI camera - Imager HS 4M (LA Vision) to capture the crack propagation at
frame rates of 20,000-37,000 fps at the image resolution of 256x256 pixels and 336x336 pixels.

Results and discussion

Thus far, seven blast tests have employed the experimental procedure providing HSI sequences of the crack
development process with time steps of 26.3-41 ps in-between frames. Figure 2 shows images of three frames from
the same sequence.

As the research goal is to capture the blast-induced crack propagation of the frontal cylinder-face, the
imaging should provide a valid 2-D representation of what is apparently a 3-D event. The cylinder can consist of
several axially coupled layers (discs) to impede the axial crack propagation through the cylinder. Barriers in-
between the discs can consist of cardboard sheets to reduce the transfer of sheer failure from one mortar disc to
another.
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Figure 2. Example images from the same HSI sequence with lapsed time after the initiation

A possible solution for gas-induced flaking at the frontal cylinder face and dynamic window-bending (see
Figure 2) is to improve the window-to-cylinder coupling and apply an aluminium half-filled pipe as the plug.
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HEALTH RISKS AMONG EMPLOYEES OF THE MINING SECTOR

Introduction

The miners work in the special conditions associated with the presence of numerous hazards. Working
under the earth is associated with a number of natural hazards caused by the movement of the rock mass, such as
subsidence, tearing off the roof of the rocks, guilty of gases and rocks. A miner uses the machines and equipment
which creates the risk of accidents and injuries due to the movement of machines and their rotating parts. Blasting,
remorse and gas fires are a source of irritating and toxic gases. Forced position of the body and excessive physical
exertion at work can cause back pain, pain of shoulders and hands. Working underground is associated with the risk
of occurrence of dust causing fibrosis, methane and mine waters. Danger accidents accompanying work of miners
are a source of stress [1,2].

Environmental factors related to work in coal mine

The environmental factors affecting the health of a miner can be divided into factors that may cause
accidents, physical agents, biological agents, chemical agents and dusts, ergonomic factors, psycho-social factors
and factors related to the organization of work.

The factors which may cause accidents include: tremor, getting hit by rocks from the ceiling and side walls;
methane; toxic and irritating gases (carbon monoxide, oxides of nitrogen); machinery and equipment for mining
coals; electricity. All of these factors could be associated with the occurrence of injuries of different organs, and
poisoning, which can be fatal.
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The physical factors include excessive noise; insufficient lighting prevailing under the earth; local
vibration; high humidity in the mines; local vibration; hot microclimate; ionizing radiation.

To the biological agents belong parasites and fungi.

The chemical factors include: low levels of oxygen and high carbon dioxide concentration as a result of
abnormal gas composition of mine air; mine dust causing fibrosis (a mixture of coal dust, silica, trace metals); mine
water and oils containing allergenic substances, mainly chromium - the possibility of skin diseases.

The ergonomic factors, psycho-social factors and factors related to the work organization include shift
work (night shift - the possibility of stress disorders, biological rhythm disturbances, reduced capacity for physical
work); high risk of accident - the ability to psychological stress; hard physical labour, forced body positioning,
performing repetitive tasks - the possibility of pain resulting from overloading the musculoskeletal system [3,4].

The occupational diseases of miners

An occupational disease is a disease caused by the action of harmful factors occurring in the work
environment or the way of work, as specified in the list of occupational diseases. Miners are thirteen times more
likely to succumb to illnesses than workers in other sectors of the economy. Every year in the Polish mining industry
there are more than 600 cases of occupational diseases. Pneumoconiosis is the most often (approx. 550 cases per
year). To the other common diseases belong hearing loss and vibration syndrome.

The incidence of occupational diseases is nowadays 368 per 100 000 people employed in the mining
industry and it is thirteen times larger than the entire national economy. In 2006 this rate was 309 per 100 000
employees. Occupational diseases of miners include also chronic obstructive pulmonary disease.

Other diseases occurring in miners include: eye diseases, mycoses, parasitic diseases (eg. duodenal
hookworm infection), diseases of the skin. Moreover, there is the possibility of the occurrence of overheating and an
increased probability of cancer.

Summary

Work at the mine is associated with numerous health risks and the possibility of the occurrence of many
diseases. Miners should be surrounded by a special medical care and preventive activities to minimize the risk for
their health [5-7].
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THE INFLUENCE OF TRAINING ON SAFETY AWARENESS AMONG

EMPLOYEES
Introduction
Despite the presence of so many different risks in industrial enterprises, the cause
of accidents and dangerous events is often the "human factor", generally understood
as a wrong behavior of the employees. It is mnecessary - in addition to the search
for new organizational and technical solutions in the field of safety - taking actions to change

the mentality of employees, among other things through the proper training, proper orientation, training activities
and education conducted among the crew, and especially focused on the development of safe work habits.

High qualifications of the crew and the related appropriate level of knowledge
of applicable safety rules and hygiene at work have a significant impact on the state of safety in industrial
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enterprises, especially there where both the amount of dangerous threats as well as a high degree of mechanization
create favourable circumstances to the formation of accidents at work. The aim of this study was to determine the
level of awareness among employees concerning safety and hygiene at work.

For efficient management of security at work one should [1,2]:
identify hazards occurring in the workplace,
determine the causes of errors committed by employees,
estimate the amount of risk,
develop ways to reduce risk,
formulate a policy and objectives in the field of safety,
plan actions to implement the policy for the work safety,
create an organizational structure (system) for safety management,
involve people capable of carrying out the policy and objectives,
continuously improve the skills of the crew and motivate it to safe behavior,
continue to monitor the working conditions and human behavior in the workplace,
continuously improve the established system safety.

In many workplaces, it was found that the lack of preventive security and work hygiene
or wrong its implementation, makes that in factories with less risks there are more accidents than in factories which
established the appropriate implemented prophylaxis despite of a higher level of risks, there are less accidents [3, 4,
5].

Examples of guidelines and safety management given by Deming and used for mining purposes are as
follows [6,7,8,9,101]:

. management of the factory should firmly commit to issues of work safety, changing the point of
view from short-term to long-term. The fundamental objectives for the organization, which is mining plant should
be safety, not profit. The high profit is the result of safe, accident-free work and actions to protect jobs,

. statistics created for the satisfaction of the management company does not explain
the causes of accidents,

. improving work safety is a continuous process,

. trainings should be carried out also in the workplace, until the belief that trained employee
possessed sufficient knowledge and skills to work in mining environment,

3 miners should report their findings in the field of occupational safety and hygiene
to the supervisor without worrying about imposing on them additional responsibilities,

3 during trainings in occupational safety and hygiene there should also be used
the experience and knowledge of the audience,

. miners have to co-create a security work system.

Research and results

The research concerned determining the level of awareness of employees on occupied workplaces for
safety and work hygiene in one of coal mines with the implemented safety management system and occupational
health according to PN-N-18001. The study was conducted using an anonymous questionnaire, the study group
consisted of 70 people (women - 14.3%, men - 85.7%). The average working time of respondents was 19.7 years,
the average age - 39.71 years, and average time of work - 14.18 years. Some results of the research are presented
below.

Chosen questions: 1) Do you think / you that at your workplace training in occupational health and
safety is necessary?

o 3%

43%

ODefinitely yes
EProbably yes

o
4% DHard to say

DProbably not
@ Definitely not
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Figure 1. Percentage of answers to the question about the need for training about occupational health and safety at
the workplace.

87% of respondents believe that the training which they received was very useful in their work. A small
percentage of respondents - 10% - gave a negative answer. The reason for this could be lack of awareness about the
hazards on the occupied workplaces.

2) Do you think that operations are performed in the workplace with safety and work hygiene?

3%

% 0%

|~

O Definitely yes
B Probably yes
B Hard to say

O Probably not
@ Definitely not

56%

Figure 2. Percentage of answers to a question concerning performing activities at the workplace with maintenance
of rules for safety and for hygiene at work.

Almost all respondents (96%) believe that their duties performed in the workplace are conducted in
accordance with the principles of safety and hygiene at work. A small percentage of participants - 1% - believe that
their duties are not consistent with the principles of safety and hygiene at work.

3) Do you think that trainings in occupational health and safety allow you to eliminate or reduce the
risks in their workplace?

l 20/. 6°/° 0 °/0

" -

ODefinitely yes
@ Probably yes
W@ Hard to say

@ Probably not
@ Definitely not

Figure 3. Percentage of answers to the questions concerning the elimination or reduction
of risks in the workplace.

Respondents recognized in the majority (83%) that training on safety and work hygiene are carried out in a
manner allowing them to eliminate or reduce the risks in the workplace. In contrast, 6% of respondents believe the
opposite.

Summarizing

The issue of staff training in the field of mine safety and work hygiene is a very important factor in the
prevention of occupational accidents and diseases at work. Basic knowledge of the discipline and organization of
work, interaction with other employees, is a decisive factor for safe working. Most respondents felt the need for
training in occupational health and safety; such training increase their productivity, and this affects the level of coal
production. Trainings provide the knowledge to the crew how to acquire and complete the qualifications which is
necessary to perform the work safely. The knowledge and experience held byemployees in the workplace is suitable
to perform the duties that miners do. It reduces the occurrence of dangerous situations that can lead to unsafe
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conditions that threaten the health and lives of people. The configuration of certain employee attitudes, their attitude
to work and correcting bad habits, should motivate them to safe working, to inspire action in the field of safety and
work hygiene. 88% of respondents believe that in the event of an emergency situation the use of proper knowledge
of the trainee gives you a quick reaction, which limits the impact of negative events. According to the concept of
educational training in the field of safety and work hygiene, it is to convince the employee about the fact that he and
his behaviour until 80% determines its health and safety.
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COMPARISON OF WATER-BASED INHIBITIVE MUDS AND OIL-
BASED MUD IN THE ASPECT OF WELL STABILIZATION

Introduction

The hydration of clay materials has two stages: surface hydration, which takes place when particles of a
rock are absorbing water and osmotic hydration, when there is an disequilibrium of ions activity between packets of
the rock and activity of ions in drilling mud. It can be prevented by using inhibitive water-base muds and synthetic
oil-based muds.[3]

In double inhibitive muds commonly used are ion inhibitors (e.g. KCl) and polymers (e.g. PHPA).
Potassium chloride is used to decrease the hydration by penetrating space between packets of the rock. Partially
hydrated polyacrylamide is used to rock encapsulation. It builds protective filter which prevents filtrate migration
into a rock. [3]

Glycol is used as the third inhibitor and its main function is to harden and strengthen rock. Additionally, it
supports potassium chloride effectivity and improves lubricity proprieties of drilling muds. [2]

Oil-based muds are more stable in high temperatures, have good lubricity properties and are contamination
resistant. On the other hand, they are very expensive and the recipe is a trade secret. [2]

The survey consisted of carrying out a research of technological parameters of water-based inhibitive muds
and oil-based mud used in the Polish oil industry.

Muds have been examined in the aspect of rheological, chemical parameters and the swell of clayey rocks.

Experimental section

All tests have been carried out according to valid national standards and international standards (API).[1]

Ingredients of water based-muds

Partially hydrated polyacrylamide, potassium chloride and glycol were used as hydration inhibitors.

Filtration of drilling muds

Drilling muds were tested on standard filter press and on HPHT filter press (under temperature of 80°C and
differential pressure of 500 psi). For both water-based muds results were comparable: 5 ml (standard filter press)
and 10,2 ml (HPHT) for double inhibitive mud; for triple inhibitive mud respectively 5,9 ml and 12,4 ml. Filter
cakes were thin, around 0,5 mm.
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For oil-based mud: 2,1 ml (standard filtration), 1 mm filter cake and 2,4 ml((HPHT), 3 mm filter cake.

Picturel. Oil-based mud filtration (at left) and water-based mud (at right)

Lubricity test

Lubricity factor has been tested on the Lubricity Tester device and for the oil-based mud it was equal to
0,26. This result was comparable to results for water-based muds.

Swell tests

Swell tests were carried out through two methodologies — QST and LST.

QSE Pellets are used in QST device to examine the swelling of clayey bars conditioned in both water-based
muds and the oil mud for 24 hours. Before and after the test bars were measured and the volume increase was
calculated. Samples from the water-based muds were partially damaged, but it was still possible to measure them.
Volume increase for double inhibitive mud equaled 37,83 mm?®, for triple inhibitive it was two times higher and
equaled 76,42 mm’. Samples from the oil-based mud showed no signs of swelling, even after two weeks of
conditioning.

In the Linear Swell Test samples are created from the ground Miocene and Eocene shale. Testing was
conducted for 20 hours, while the rock sample has been conditioned in tested muds. Percentage linear increase of the
samples from the double and triple inhibitive muds were both equal 12,8%, while the sample from the oil-based mud
was 21 times smaller with a value of 0,6%.

Differences in the swelling process in time between the water-based mud and oil-based mud is captured in
the pictures 2 and 3.
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Picture2. Graph of the rock swell in the water-based mud
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Picture 3. Graph of the rock swell in the oil-based mud

Summary

Research provided the information about the differences in the swelling process between water-based and
oil-based drilling muds. Oil-based mud is effectively inhibiting the clay rocks hydration, but it has flaws limiting its
applicability, like negative impact on the natural environment and well cementing or high costs. Both double and
triple inhibitive water-based muds are cheaper and they do not have the negative impact on the environment, but
they are more vulnerable to hydration.
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INTEGRATED REPORTING AS MODERN TOOL OF
COMMUNICATION WITH STAKEHOLDERS

Introduction

Nowadays, the companies are not able to function in isolation from the environment. Each activity of a
given organization is associated with the impact on a group of stakeholders. The enterprise must take into account
their action plans, and not only self-interest, formerly understood as maximizing profits for owners, but also the
public interest. This approach is conductive to numerous management concepts (e.g., The Freeman's theory of
stakeholders, corporate social responsibility or sustainable development). International initiatives aimed at
increasing the involvement of businesses in improving people welfare and living conditions (e.g., The UN Global
Compact, The Global Sullivan Principles, UN Environment Programme and others) are worth mentioning here. Also
the expectations of various group of stakeholders have changed. The formerly passive, and adopting company’s
actions as necessary, have changed to active stakeholders, capable of expressing their own opinions. Presently
effective management of business requires proper communication with all of stakeholder groups.

One of the inherent elements of communication is to inform about the activities being undertaken by the
company. At present companies draw up numerous reports both mandatory and voluntary. This includes annual
reports with some having character of business or marketing, and being not a simple report summary of the financial
statements. Other report on the activities of the company covering social aspects (also called CSR reports or
corporate social responsibility reports), environmental reports or sustainability reports. The above reports covers
only selected areas of business and do not allow a full view of their performance (e.g., environmental reports only
raise a question of the environment, social reports focus on the employee, social and environmental issues).

That the problems can be solved by the modern communication tool with stakeholders, called integrated
report. This kind of report enjoys increasing popularity both in practice and theoretical sphere’.

1 The topic of integrated reporting brought up i.a. J.Krasnodomska, Integrated reporting as a new area of research in
accounting, "Zeszyty Teoretyczne Rachunkowosci", Tom 82 (138), pp. 77-92, B.Bek-Gaik, B.Rymkiewicz,
Trends in the development of integrated reporting in the practice of Polish listed companies, Zeszyty Naukowe
Uniwersytetu Szczecinskiego. Finanse, Rynki Finansowe, Ubezpieczenia, nr 1 (79), 2016, pp. 767-783;
G.K.Swiderska, B.Bek-Gaik, Where does business reporting head?, Studia Ekonomiczne : Zeszyty Naukowe
Uniwersytetu Ekonomicznego w Katowicach, no 274, 2016, no 5, pp. 7-15, B.Bek-Gaik, Integrated reporting —
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In this article the authors will attempt to present an integrated report as a modern and comprehensive
communication tool with stakeholders. For this purpose, authors make use of the research methods, i.e., literature
analysis, content analysis of corporate publications and comparative analyses.

The concept of integrated reporting

At the age of information the traditional corporate reporting does not to fulfil its role. The financial
statements, including only financial information are not able to fully satisfy the information needs of a wide range of
stakeholders. They provide the necessary data only for selected groups of professional stakeholders such as
investors, investment funds or banks. Accordingly, the disclosure of non-financial information is getting more and
more important. This includes work environment, the impact on the natural environment, working conditions,
product safety, business model, relations with local communities, etc. Over time, the organizations have come closer
to the stakeholders' expectations by introducing various forms of reporting activities. It resulted in numerous types
of corporate publications containing information about the indicated issues, i.e., business reports, sustainability
reports, social reports, environmental reports, etc. However, the lack of standardization and the wide dispersion of
information in different types of reports, leds to a significant deterioration in the communication with stakeholders.
In the case of the need to find some interesting information appears a bureaucratic barrier, which hinder to get an
appropriate documents. The concept of the integrated report is the solution which integrates all of above matters and
provide convenient access to relevant information. Integrated report is the final link in the evolution of corporate
reporting.

The integrated report should provide an report of the value” and integrates the financial and non-financial
information. It aims to eliminate the imperfections of the financial statements, i.e. insufficient its usability and
usefulness of the disclosed information and narrow the scope of financial information®.

In order to standardize integrated report, The International Integrated Report Council (IIRC) published in
December 2013 the guidelines for integrated reporting - The International <IR> Framework®. According to the
guidelines, the IIRC primary purpose of integrated reporting is to depict a provider of capital, that all stakeholders,
i.e., employees, customers, suppliers, business partners, local communities, legislators, regulators, what the
organization has an ability to create value over time”.

However, to ensure the implementation of this objective and the highest quality of disclosed information
requires to adhere to seven basic principles. These are: strategic focus and future orientation, connectivity of
information, stakeholder relationships, materiality, conciseness, reliability and completeness as well as consistency
and comparability’. Undoubtedly, many of the aforementioned principles are crucial for interaction with
stakeholders. The stakeholder relations and the quality of the information given are of great interest. The first
principle assumes that relations of organization with key stakeholders exist together with the fact that the
organization understands and takes into account their needs. The second principle is concerned with the quality of
presented information. The latter includes: relevance, brevity, reliability, completeness, consistency and
comparability of information. All of these rules are conductive to creation of the trust and building sustainable
relationships between the organization and stakeholders.

The integrated report as a communication tool with stakeholders

Nowadays, the company is part of the network of connections and interdependence. Therefore, the
company is obliged to cooperate with a wide range of stakeholders (employees, suppliers, customers, state
authorities, local communities). This allows the company to exist and operate effectively. It is not possible and
effective cooperation without the proper communication. Integrated report, in accordance with the IIRC Guidelines,
can greatly facilitate communication with stakeholders in many aspects. Most companies whilst preparing their
integrated reports, include the stakeholders into the process of identification of the information content of the report.

For example, KGHM Polish Copper (KGHM) in an integrated report for the year 2015” informs that the
process of defining the content has been divided into three phases: the identification of significant business issues
and sustainable development adequate for the Company, prioritization of identified issues and validation workshop
involving the executives. In the first two phases the company conducted the identification of the stakeholders of the
company and prepared the map of the stakeholders (identified among clients, regulators, the media, international

selected issues, Zeszyty naukowe Uniwersytetu Szczecinskiego nr 873, Finanse, Rynki Finansowe, Ubezpieczenia,
nr 77, 2015, pp. 479-491 and other.

2 E.Walinska, Integrated report - beginning of the end of financial statement?, "Zeszyty Teoretyczne
Rachunkowosci", tom 82 (138), 2015,s.157

3 D. Garstecki (2015), Zakres ujawnianych informacji finansowych w raporcie zintegrowanym wybranych
przedsigbiorstw, Zeszyty Naukowe Uniwersytetu Szczecinskiego nr 873, Finanse, Rynki Finansowe,
Ubezpieczenia nr 77, s. 505

4 TIRC (2013), The International <IR> Framework, http://integratedreporting.org/wp-content/uploads/2013/12/13-
12-08-THE-INTERNATIONAL-IR-FRAMEWORK-2-1.pdf, 05.03.2017

5 Ibidem, pp. 4

6 Ibidem, pp. 5

7 Report is available on the page : http://2015.raportroczny.kghm.com/en/ (08.03.2017)

62



organizations, research institutes and others), and then examined their information needs. This allowed to identify
the main issues concerning the activities of the organization from the stakeholders perspective. Then the results were
compared with relevant topics to the company, which have been defined on the basis of workshops with senior
executives, creating a matrix of KGHM's materiality issues. It has been shown that the most important from the
point of view of both internal stakeholders and external stakeholders resources. There are the level of resources of
copper and silver, the perspective of the mining activities and the development of the resource base. These issues
have been widely discussed in the integrated report. It should also be noted that this type of stakeholders engaging
process to defining the content is not individual. Similar methodologies apply in their own integrated reports LW
Bogdanka (content determined on the basis of interviews with managers responsible for contacts with relevant
stakeholder groups), Lotos Group (prepares the matrix of significance divided into three aspects: economic, social
and environmental).

The above examples confirm the new role of reporting, not as a simple one-way stakeholders'
communication tool (as organization or law determines the information content of the report, not taking into account
the needs and expectations of stakeholders), but as a modern and developed two-way communication tools, in which
the company responds to the information needs of stakeholders.

Summary

In summary, integrated reporting is a modern and comprehensive communication tool between the
company and its stakeholders. The most important features of presented thesis include: the opportunity to present
the overall activity of the organization (which previously have not provided corporate reports, and in particular the
financial statements), general accessibility (usually prepared in the form of interactive reports available on dedicated
portals), involving stakeholders in the process of creating reports (presented information which is essential for both
the company and stakeholders), the selection of submitted data in terms of relevance to stakeholders, reliability,
integrity and transparency (organization should provide reliable data, not only about the positive effects of the
activities, but also negative), shows the process of creating , storage and transmission of values. Properly drawn up
integrated report allows for two-way communication between the organization and stakeholders. This enables the
process of integrating stakeholders into the process of selecting the contents of the report, usually with the use of
matrices significance. The organization reveals the contents that is most important from the perspective of
stakeholders and organizations. Currently, corporate reporting is very diverse, companies usually draw up a number
of reports presenting the activities of the organization only in fragmentary range. The multitude of reports distorts
their perception by the stakeholders. Reporting integrated, as the final link in the evolution of reporting, allows
stakeholders an easy and convenient way to find out about the activities of the organization. Currently, in Poland,
integrated reporting is not widespread. However from year to year there is an increased number of such reports. It
should be noted that the future of corporate reporting belongs to integrated reports.
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2D AND 3D NUMERICAL SIMULATION OF SLOPE STABILITY USING
A DETERMINISTICSLOPE STABILITY ANALYSIS

Abstract: Withthe development of computers, numerical simulations such as the finite element or finite
difference methods are applied more and more extensively in slope stability analyses. The stability of slopes is a
very crucial aspect of open pit mines. This paper investigates the use of shear strength reduction (SSR) technique
forthe slope stability analysis, and demonstrates the reliability of this technique. A comparison with the widely used
and accepted method by engineers for practical applications (Limit Equilibrium method, LRM) was conducted to
show the reliability of this method. The advantage of SSR method is that it eradicates the need for a priori
assumptions on failure mechanisms (the type, shape, and location of failure surfaces), instead it automatically
establishes the critical failure mechanism. The results show that the safety factor is slightly conservative using SSR
method in comparison to LRM, as well as for 2D as compared to 3D, and that in 2D the safety factor changes with
the locationof cross section along the slope.

Keywords: numerical simulation; slope stability evaluation; FLAC

Introduction

The numerical simulation techniques, such as the finite difference or finite elementhave developed
incredibly fast and are extensively applied in slope stability analyses . To bypass the lengthy preprocessing,
mostlythe 2D models instead of 3D or simplified geological models areadopted in numerical simulations, which
affect the results significantly.The reliability of the numerical simulation technique (i.e. SSR method) is
demonstrated by analyzingthe slope for stability, after investigating both 2D and 3D models.

Shear Strength Reduction (SSR) was used in FLAC (Fast Lagrangian Analysis of Continua)'forcomputing
factor of safety.InSSR, the safety factor is defined as the shear strength margin,which is also adopted in
conventional limit equilibrium method. The strength reduction technique is discussedas follows!" 2.

For Mohr-Coulomb failure criterion, the shear strength 7, is given as:

I, =c+—a,tang (1)

where o, is the effective normal stress, ¢ is the cohesion, and ¢ is the angle of internal friction.

The reduced shear strength 7, along the failure surface is expressed as follows:

T = Tf )

By substituting Eq. 2 into Eq. 1, we get:

Im = c/f + g, "tan @ [ 3)

The value of fis adjusted until the slope fails, where the ultimate f'is the factor of safety.

For obtaining the reference value of f, the bracketing and bisecting procedure !'” was used. First, the upper
and lower brackets are established. The initial lower bracket is a trial value of f for which the solution converges.
The initial upper bracket is a trial value of f for which the solution does not converge. Next, a middle value between
the upper and lower brackets is tested. When the solution converges, the lower bracket is replaced by this new value.
On the contrary, it replaces the upper bracket. The process is repeated until the difference between upper and lower
brackets is less than 107

Afterthe reference value of f is obtained, it is then used for further calculation with the examination of
graphic output of yield zone developed within the slope in order to determine the slip surface during failure. Smaller
incremental values of f are required in successive steps to determine the possible failure surface.

Numerical Simulation

The mechanical parameters of the slope used in simulation are listed in Table 1. The gravity isset to
9.81m/s’, and the thickness of the overlying soil is 10m. The failure criterion of the slope is the Mohr-coulomb
criterion.

Table 1 Mechanical parameters of the slopematerials

L Weight(kN/m®)  Cohesion(kPa) Friction angle(°) Bulk(GPa) Shear(GPa) Tension (MPa)

ayer
Soil 19.5 20 34 3.04 1.65 0.01
Bedrock 20.1 90 37 28.4 18.7 0.7

64



The horizontal tectonic stress is ignored. The side boundariesare fixed in the corresponding direction both
in 2D and 3D, and the bottom is fixed in x and y directions for 2D and in x, y and z directions for 3D. These
calculations are plane strain problems ignoring thelateral deformation. In FLAC, the convergence criterion to
determine the simulation attaining equilibrium is to achieve a state when the maximum node unbalanced force
approaches zero (in our case a value of 10~ was considered sufficient).

Slope stability analyses in 2D

In 2D slope stability analysis, the safety factor of the whole slope is determined by the safety factor of a
particular cross section;thereforechoosing and modeling of the most vulnerable cross sectionin the potential slide

mass are the most critical steps”!.Figure 1 shows the geometry representing the finite deference models of the slope
in FLAC.

-

Fig. 1.2D (left) and 3D (right) numerical modelof the slope

Simulations were performed for a series of trial factors of safety with ¢ and ¢ reduced according to Eq. 3.
Fig. 3(a) shows the x displacement contours of the slope. The shear failure distributes in the interface between the
soil and bedrock. Not only the shear yield, but also the tension yield appeared, and the tension yielddistributes on the
crest of slope and connects with the shear yield through the whole slide mass, which means that slope failed. The x
displacement of the slope reached to 3.5 cm in 5000 steps of simulation and is concentrated in the upper part of the
soil layer.Fig. 3(b) shows the normalized unbalanced force obtained as the shear strength is reduced in 5,000
calculation steps. For trial factors of safety up to 1.11, simulations converged to equilibrium with an unbalanced
force ofthe order of 10~°. However, when the trial factor of safety was increased to 1.12 the simulation no longer
converged, with the unbalanced force exceeding 107. As the strength was furtherreduced, the unbalanced force
continued to increase.
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3.(a) Results of the numerical simulation in 2D, and (b) Unbalanced force versus the trial factor of safety
The safety factors of the slope using SSR compared with different limit equilibrium methods (LEM) are
shown in Table 2. Generally, the safety factor by Shear Strength Reduction method is a little smaller than that by the

limit equilibrium method.
Table 2 Factors of safety using SSR and LEM

Cross section  SSR Ordinary Bishop Janbu Morgenstern Price

No.1 1.11 1.207 1.242 1.207 1.231

Slope stability analyses in 3D

For complex and heterogeneous slopes, 3D analysis is required for an accurate evaluation of the slope
stability. The 3D safety factor of slope was calculated to be 1.3,which is13% higher than the maximum 2D safety
factor (i.e. 1.15). Generally, the difference of the safety factor calculated in 2D and 3D models is about 20-30%.Fig
4 shows the displacements in x, y and z directions and the slope state, after the shear strength wasreducedby a
coefficient of 1.3. The major displacementsare concentrated in the eastern side of slope. The shear yield distributes
on the surface at foot hill, whereas the tension yield concentrates on the surface of hill crest.
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Fig. 4. Max vertical displacements (in meters) and the yielding zones

Conclusions

The numerical simulation results show that SSR method can be used reliably to calculate the safety factor.
Safety factor calculated via 2D analysis is a little conservativeas compared to that of3D, because in 2D the plane
strain is assumed without considering the horizontal restrict in the vertical direction of the plane. Through 2D
numerical simulation the potential failure line for some particular cross section is selected in advance. In 3D
numerical slope stability analysis,one canseek the potential failure surface for the whole slope, and even cansimulate
the volume of failed mass which isveryvaluable for reinforcement and design. Therefore, for a relatively important
slope, it is advised to conduct 3D stability assessment, even though 3D analyses require more time.
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CLASSIFICATION OF CORUNDUM CRYSTALS IN THE EOLIC
SEDIMENTS FROM ,,PORTEZUELO DE PAJAS BLANCAS“ REGION
ATACAMA - CHILE

The following paper is a short presentation of the bachelor thesis of Hannes Reichel, which is a legwork to
the PhD-thesis of Sr. Gustavo Miranda Diaz and about the classification of the corundum crystals in the eolic
sediments from the “Portezuelo de Pajas Blancas” in the Atacama region — Chile. In this district an outcrop was
discovered, that bears a very high rate of corundum crystals. The PhD- thesis should give a complete overview of
this outcrop also under the aspect of the extraction of the corundum. Until now there does not exist any description
of these crystals. Therefor this bachelor thesis will attempt to do a first classification. This includes the
documentation and collection of samples and a recommendation for a nomenclature in regarding to the crystals
properties. Additionally, a method to store and as part of that to create a database of the crystals will get developed

The analysis of these crystals is limited to an optical classification of their shape, their colour plus their
colour based zonation, the quality of the surface and the rounding via both an incident light microscope and a UV -
lamp, plus the determination of the weight. Subsequently a documentation via pictures and the beginning of a
collection was made.

1. Introduction discovered. The corundum is hosted in a red
The district “Portezuelo de Pajas Blancas” is boehmite in a very hard (Mohs 8-9) and dense state

located in the Atacama Desert, in the north of Chile because of a high temperature contact metamorphism
ca. 60 km north east to the desert — city Copiapo (fig that took part by an intrusion of diorite. The
1). Until now it is the only outcrop in whole Chile corundum can be found as bends inside this red
where these kind of corundum crystals were boehmite (fig 2). The outcrop of red boehmite has an
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extend of 5 m x 6 m. The samples that were analysed
and presented in the thesis were taken from 3 spots
from the sand around the outcrop. Especially in the
main flow direction of the wind which is SSW to
NNE (Araya Tabilo, 2015).

MAPA DE UBICACION

I REGION ‘
DE ATACAMA $

Portezuelo de Paas Blancas

V77 Hom Copiapd, ascala 1250 000

- Carta Coplapd, escala 1:100 000

figure 5: schema leading from the map of
whole Chile over the Atacama Desert to Copiapo and
the “Portezuelo de Pajas Blancas:

1. separation of the samples

To make an analysis of the corundum
crystals possible they first need to get separated from
the rest of the sampling material. First, a separation
by density with a JIG machine was made. During this
step, most of the quartz which has a lower density
(2.65 g/lem® (2.59-2.63 g/em3))(Résler 1984) then
corundum(3.95-4.1 g/em’)(Résler 1984)and some
other materials. Afterwards, the leftover material like
magnetite was separated by a magnetic separation
and some rutile crystals were picked out by an optical
determination.

Afterwards only corundum crystals were left
over. 600 of them (200 per sampling spot were
analysed and determined by their outer optical
characteristics.
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figure 6: red boehmite with a banded layer
of corundum crystals (taken as a field stone near the
red boehmite outcrop by Hannes Reichel
(05.05.2016)

2. used analytical methods

The determination of the corundum samples
was limited to an analysis with two different types of
UV light - UV(C) — light with the wavelength of 254
nm and UV(A) 366 nm in a dark chamber. The main
part of the determination which is the classification of
the optical characterisations, was made by a
stereomicroscope “ZEISS STEMI 2000-¢” with a
standard colour temperature of 3000 K, both with
transmitted (for the inner characteristics like colour
and colour based zonation) - and refracted light (for
the outer optical characterisations like surface and
rounding). In addition to that the weight of the
crystals got measured with a XPE-analytical-scale
from “Mettler Toledo”.



3. description and determination of
the samples

The crystals that were analysed share all the
same basic form (fig. 3 + fig.4) which is described as
a pinacoid in top and base in combination with a
ditrigonal pyramid. In nearly all cases the pinacoid
has a ruffled surface, whereas the pyramid is smooth
except the outer influence of the weathering.
Additionally, all crystals have some extra faces in the
edges where the both pyramids met on their base.
These special faces can also be found in the angles of
the crystal. This types of faces in the edges got
described in the crystal habit of sapphires as {0001}
in Ivan Kostov & Rusland I. Kostov “crystal habits of
minerals” 1999, as a standard form of hematite and
corundum crystals found in the Kootchinskoye
deposit in the southern Ural in Russia. But an
explanation for the faces in the angles of the crystals
was not found until now.

figure 7: sketch of the crystal shape of the corundum
crystals from "Portezuelo de Pajas Blancas" which
shows specialfaces in the angles and edges and a
ruffled top and bottom (graphic by Hannes Reichel)

The name of a crystal is a combination
from the different characteristics each crystal has,
like for example the types of
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figure 8: sample #595 corundum from the outcrop
which shows the described faces
colour, the colour — based zonation etc. and is
named in the following as a nomenclature.
Additionally, every crystal got an own number for
that it can be named exact.Because all crystals
stay inert under UV -light this characterisation is
not used in the nomenclature.

The basic colour of every crystal is yellow
or colourless. Furthermore, every crystal has a colour
— based zonation which can separated in three

different types of blue. The transition from the basic
colour to the zonation can be continuous or
discontinuous. The colour is described by the capital
letter like “B” for blue for the dominant colour and a
minor letter like “d” for colourless for the recessive
colour. A colour is dominant if it occupies more than
50 % of the crystal

Another characteristic are the different
habits of the crystals. In all there are 7 different types
range from a form like it can be seen in fig. 3 over a
very stretched form to a tabular one. The types of
habit are described with the letter C and the number
for every type.

The crystals have as already described a
colour — based zonation. This zonation can be located
only at the a — faces or the special faces in the corners
and angles but it also can have a great variety like an
inverse hourglass or a tube through the whole crystal
etc. At all, a differentiation of 15 types can be made.
The different types of zonation are named with Z plus
a number or a S and a number for special zonation.

Another characteristic is the quality of the
surface and the state of rounding which depend of the
outer circumstances like the abrasion by the
surrounding minerals and the weathering. The quality
can be described by three kinds depending on the
state of destruction from S1/R1 to S3/R3.

The last characteristic that can get described
are the inclusions in the corundum. Three different
types of inclusions can be seen. A fluid a mineral and
an air inclusion. It should be mentioned that the
mineral inclusions always appear in little vortexes.

Combining all these characteristics and
adding the weight and the spot the samples were
taken a complete nomenclature can be made. The
following crystal #420 should give an example for
this nomenclature (fig5).

#420 somple number
C1* (us)_Da (dec)_23_S1°_R1_Im/If 0,01677 ¢ (P3)

Opticol characteristics weight sampling point

1imm

figure 9: sample #420



4. retention and presentation of the crystals

All the 600 determined crystals stay were packed in small bags, which were named with the nomenclature
and then stored into a folder. In addition to that an excel table was created.

5. conclusion

After putting all crystals in this classification, it can be seen, that it is necessary to continue with a more
specific classification, for having a correct mineralogical and crystallographic determination. To find the reason for
the zonation an XRD — analysis should be made too.
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OPTIMIZED BLASTING IN OPEN PIT OPERATIONS

Abstract

Research projects at several Austrian mining operations deal with the optimization of the production
blasting work. Improvements are aiming on the desired fragmentation results, safety and
minimizingenvironmentalimpactslike vibrations, noise, flyrock and dust. Blast site planning and design are based on
3D survey data of the bench. The accuracy of the drilled boreholes is checked. The charging and blasting activities
are documented, critically analysed and improvement opportunities are proposed.

1.) Introduction

To achieve sustainability and efficiency in hard rock mining operations it is necessary to analyse and
improve the currently used blasting technology in production blasts. Improvements are done with special attention to
the desired fragmentation results like grain size distributionand reduction of rework effort for comminution as well
as safety and environmental impacts like vibrations, noise, flyrock and dust.Also the applicability of bulk ANFO or
pumped emulsion explosives for selected sites is investigated, using the pumped emulsion unit owned by the Chair
of Mining Engineering.Using the best available measuring and surveying tools allows gaining deep knowledge of
the process.

When starting to work on the optimization at an operating mine, the first step is to collect data of the
currently performed open pit blasts. Therefore researchers of MontanuniversitactLeoben accompany the miners
while conducting their work as usual to identify potentials for improvement. The following chapters describe the
used methods for data acquisition. In a second step the blast planning is adopted according to the findings and
analysed using the same methods. The blasting results are evaluated to prove the efficiency of the modifications.

2.) Initial surveying and blast planning

For the planning process of a blast site it is required to know about the geometry of the bench, whichcan
either be done in a local coordinate system using reference elements or in a global coordinate system using e.g. GPS
positioning. The Chair of Mining uses the photogrammetry software“BlastMetrix” to survey the geometry of the
bench face. Therefore the operator takes digital photos of the wall from two adjacent positions and the software
combines them to a stereoscopic image. Other systems on the market use laser scanning for full face or section
scanning.

Using the 3D model, the layout of the blast site is designed by placing the drill holes with respect to burden,
inclination, length and spacing. The planed data for the drill holes consisting of coordinates of the collar, direction
and inclination are handed over to the driller. Modern drill rigs can receive this information electronically.
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Figure 1: 3D model of a blast site showing wall and drill holes.
Areas with small burden are highlighted in red.

3.) Control of drilling and blasting

Once the drilling work is completed, the accuracy of the blast holes is measured using a borehole
probe.This device features a magnetic compass and inclination sensors to determine its orientation. When lowering
the probe into the hole, measurements are done at regular steps to represent the track of the borehole by segments
with known length and orientation. Combined with the surveyed coordinates of the collar, the geometry of the hole
can be imported into the blast planning software to analyse the real burden for each drill hole and plan the use of
explosives accordingly. Identifying areas with decreased burden allows the use of intermediate stemming to prevent

flyrock.
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Figure 2: Plan view showing the surveyed drill hole geometry of an implemented blast site

Thetexture and quality of the drillhole walls is analysed using a borehole camera This information is of
certain interest when working in brittle or jointed Rock. Undiscovered cavities, which commonly occur for example
in Karst rock, allow the explosives to accumulate at one spot resulting in flyrock and strong vibrations.

The charging work is precisely logged to know about the position of the explosives and the amount of
explosives per delaystep. To analyse the detonation of the explosives in the hole, a coaxial cable can be placed along
the charge column for measuring the velocity of the detonation front in situ.

High speed cameras are utilized for filming the blast. The videos are split into their single frames for
checking the initiation sequence, gaining information on the movement of the muckpile and study the origin
offlyrock,
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Geo- and microphones placed around the blast site or at adjacent buildings register vibration and noise
emissions. Collecting vibration data from several measurements with different distance to the blast site or different
amount of explosives at one delay step allow establishing prediction models to calculate the expected vibrations for
future blasts.

4.) Outlook

Current developments in the field of unmanned aerial vehicles (UAV), often called drones, can be utilized
for improving blasting work. UAV equipped with photo cameras are used to survey the geometry of the bench with
high precision to get the input-data for blast planning without the need for terrestrial surveying. Due to the quick
data acquisition, the measurement for several blasts can be done within one flight. A current EU funded project at
MontanuniversititLeoben, together with several research partners, aims on measuring the grain size distribution of a
blasted muck pile for easier evaluation of the blasting result concerning rock fragmentation.

Conclusion

Detailed analysis and careful planning of open pit blasts are the foundation for optimal blasting work.
Results of the projects so far comprise of:

- Desired fragmentation results can be achieved with reduced amount of explosives

- Strong reduction of flyrock if accurate information on the geometry is available when charging the
holes

- Reduction of vibrations by optimizing the initiation sequence and considering the burden at the toe

- Drillhole deviations occur regularly

- Pumped emulsion explosives are feasible even for small operations under certain conditions

SEBASTIAN SCHINAGL
MontanuniversitditLeoben

THE QUANTIFICATION OF THE MECHANICAL ROCK MASS
PROPERTIES AT A SMALL AUSTRIAN MINE

The shear strength of discontinuities, the grade of disturbance and the rock strength determine the strength
of a rock mass. Rock strength can be determined by simple tests, while the other two factors can only be estimated
using classification systems.

The thesis presents and discusses different methods of rock mass classification and the estimation of rock
mass strength.

Rock mass classification systems of different authors were used for the quantification of the mechanical
rock mass properties.Due to the inhomogeneity of the rock mass, the geotechnical assessment was carried out
section by section. In addition, core drilling was performed for gathering mechanical strength properties of the rock
material.

The uniaxial testing of about 80 rock cores was conducted on the university’s servo controlled hydraulic
press.No correlation was found between the uniaxial strength of the rock material and the “Rock Quality
Designation” RQD after Deere.

The rock mass strength was then estimated using approaches after Hoek, Ramamurthy, and others. The
following diagram shows how the rock mass strength is estimated after Ramamurthy and Trueman using the rock
strength and the “Rock Mass Rating”RMR after Bieniawski:

71



250 Rock Mass Strength by RMR

Trueman
200 = = = Ramamurtiy 250 Mpa
= = = Ramamurthy 200 MPa
150 = = = Ramamurthy 150 MPa

- = = Ramamuithy 100 MPa
140000

50

rock mass strength [MPa)

0 20 40 R (%] © 80 100

Figure 11: Estimation of the rock mass strength using the Rock Mass Rating RMR and the uniaxial
compressive strength of the rock material

Both the variousclassification systems and the methods for rock mass strength estimation are discussed in
the thesis. It was found that not every system was suitable for the mine in question.

A two-dimensional stress-analysis of the overlying strata was carried out to simulate the stress acting on the
orebody. The input parameters included a density of the overlying rock of 2700 kg/m?® and a Poisson-number of 0.2.
The method after Westergaardwas chosen for the simulation.

Sea level 1720m

Sea level 760m

Total Ftiess (MPe)

Sea level 250m

20 M 2 2 2

Figure 12: Profile of the mountain above the orebody and the calculated primary stresses

The extend of the local variety of rock strength and the grade of disturbance lead to inaccuracy, despite the
14-hole core drilling program.

Hence the geotechnical parameters were substituted by a large amount of discretely distributed random
numbers, in respect to their real distribution. The RQD and the uniaxial compressive strength of the rock were put
into categories, while the records of the rock mass classification were already categorized. A simulation was then
carried out by combining the random numbers, which led to a distribution of the rock mass strength. Correlations
between the parameters were neglected.

This process resembles the Monte-Carlo-method, which is used in simulations e.g. for problems in nuclear
physicsorelectronic circuits.
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Figure 13: Transition of original data to random numbers
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58, Monte-Carlo-simulation of the rock mass strength
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Figure 14: Rock mass strength after Hoek and Ramamurthy using random numbers

These simulations cannot give a result for each of the sections, but they allow for the combination of
drillholedata and geotechnical records. The results obtained from these simulations were supported by the
application of the “Rock Condition Factor”.

In conclusion, the characterisation of inhomogeneous rock mass creates some difficulties. The records are
only valid in a limited area and the amount of core drilling needed causes high costs. A stochastic simulation may be
useful in this case, as it allows for the integration of more data. If the parameters correlate with each other, a more
sophisticated simulation method should be chosen.
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School of Geology and Mine, MUST
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Department for Technology and Policy, Open Pit, Baganuur coal mine, School of Geology and Mine,
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THE IMPACT OF THE NATURAL ORDER OF MINING GEOMETRY OF
BAGANUUR COAL DEPOSIT ON MINING PROCESS

It’s significant to identify the natural order of mining geometry of a particular deposit and provide it with
prompt information, in order to satisfy the requirements to put control on mining process, make the engineering
solution in case of emergency, decide the appropriation issues in the scientific level, as well as reduce industrial
cost.

Furthermore, explosive quality and fraction size are closely related to natural order and structure.
Therefore, it’s effective to explore the natural order of mining geometry of a particular deposit.

Previous researches: One of the Mongolian scientists, who conducted numerous research papers about
theories and methods of solid explosion, is a state honored, (Sc.D), professor, Laikhansuren.B. He conducted a lots
of research papers and scientific works how the solid structure and fraction impact on explosive operation, and how
estimates it for the explosive works. Sc.D, Uranbaigal clarified the fracture direction of layers of Baganuur coal
deposit, which is one of the research papers mentioned above.

Fraction that is one of factors of natural orders of solid geometry has been explored by numerous scientists.
In 1962, the Norse scientist, A.Kh.Lakenbruk, determined the main types of fraction. Furthermore, Russian
scientists, R.A.Takranov, A.S.Shusterman identified the fraction directions and geological structure by using a
random photo device based on photogrammetry method. Moreover, some scientists including I.P.Jingelya, K.A.
Ardashyeva invented a device that allows to easily measure the extension direction and falling angle of fraction.

The Chinese scientist, Fang J, Shiong.S.Yu, Ziang.J, Li M, and Vang J Kh explored the fraction and
breakage of non regular some materials based on digital photography way.

Purpose of the research paper: Purpose of our research paper is to explore the natural order of mining
geometry of soil solids in the open pit of Baganuur coal deposit, and determine how it impacts on mining
technological process. Following targets were set to reach above purpose, herein:

- Explore the soil structure and formation of Baganuur coal deposit;

- Determine the natural order of mining geometry of soil solidity;

- Explore how it impacts on mining processes.

Total of 450 natural measures were made on 5 points of the indent sidewalls of soil solidity of Baganuur
coal mine, in order to identify the direction of fracture, and result was concluded by Crack-Ars software and
included in table 1.

Result of the fraction measure, Table 1

| PointNe | Number of measures | I system | II system | III system
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A B A B A B
o ) o ) o )
1 60 246425 67+4 307435 66+5
2 106 244425 65+5 321423 66+5
3 105 264+12 63+5 322+11 63+5
4 90 218+12 61+5 227422 62+5 11749 62+6
5 90 230+16 66+5 284+30 66+4

As a result of the research paper, natural order of fracture is in system I (a=41, b=64), and system II
(a=292, b=65), and diagonal or system III (a=117, b=62) and located from northeastern side to southwestern side.

After we took photographs in larger scale, from the sidewall of indent, and processed it with Map Info -
10.5 software and identified the average size of fracture in natural block, this size was not exceed 0-400mm —
50.36%, 401-800mm-36.59%, 801-1200 mm-9.36%, 1201mm -3.69% separately /second picture/. According to
fracture classification, in case of d=0.48cm, P=2, it us II degree or more (medium fracture).

Picture 1. Photograph in larger scale, developed by Map-info professional 10.0 software

In table 2 and graphic 2, fraction size in mass after the massive explosion or in 1,2,3,4,5 points in where
measures were conducted, were measured and compared by the Russian scientist, Takranov R.A based on prompt
measuring line method.
Comparison of size of natural block and fraction of mass of an exploded mine

Table No2
Average
Fraction classification, percentage, % amount of Intensific
Point Ne natural block, ation, P
db /mm/
0-400mm 401-800mm 801-1200mm 1201Mm<
1* 2% 1* 2% 1* 2% 1* 2%
1 78.9 78.6 16.9 18.4 1.9 3.0 2.3 - 333 3
2 61.7 83.7 | 333 12.7 4.5 3.6 0.5 - 384 3
3 43.6 79.5 | 42.6 19.5 11.7 1.0 2.1 - 493 2
4 20.0 - 51.1 - 17.8 - 11.1 - 722 1
5 47.6 39.0 | 224 10.9 1.1 24 - 483 2
Average 50.4 79.6 | 36.6 | 18.3 94 2.2 3.7 - 483

Note: 1* Size of natural block, 2* fraction size in the mass after explosion
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Picture 3. Comparison of average size of natural block and fraction after explosion.
1* Size of natural block, 2* fraction size in the mass after explosion
Excavating and loading circles made by excavators working in soil scarp in the 1* section of a mine, are
measured by chronometric method. A result of the measure are compared to theoretical content and included in table
Ne3.
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PROSPECTION OF THE ANTHROPOGENIC STEEL STOCK IN
AUSTRIA

1. INTRODUCTION

The iron and steel industry is one of the most important industrial sectors in Austria. The turnover in
machine engineering and in working and processing of metal reached 43.8 billion € in 2012 (Statistik Austria, 2014)
and the added value in the metal working industries accounts for 10% of the Austrian GDP. In 2010 about 15
million tonnes of products were exported (Eisenmenger et al., 2011) and 112,000 people worked in the iron and
steel industry (WKO, 2015).

Iron and steel are important materials which are not only used in construction and vehicle manufacturing
but are also essential components of machines, tools or consumer durables.

75% of iron ore as the required raw material for the generation of steel has to be imported into Austria and
imports will probably continously increase through the next decades (Krutzler et al., 2012, Weber and Heinrich,
2012).

To reduce the dependency of imports, improved recycling measures, the greatest possible use of closed
cycles and the refinement of steel qualities will be important steps (Bartusch, 2013).

Especially the extraction and processing of raw materials becomes more and more important and in
Germany already 44% of crude steel is replaced by steel scrap (Wirtschaftsvereinigung Stahl, 2015).

The use of steel scrap as secondary raw material delivers also an substantial contribution to environmental
protection by reducing greenhouse gases through steel production and slowing down the iron ore depletion (Anderl
et al., 2012, BDSV, n.d., Frischenschlager et al., 2010).

2. OBJECTIVE OF RESEARCH

The anthropogenic iron and steel stock is in general calculated by material flow analyses. The inflow and
outflow during a certain period (mostly one year) of an estimated stock multiplied by the average lifespan leeds to
the possible stock quantity at a specific point in time.

In this paper the author tried to determine the stock quantity through a bottom up analysis by using detailed
statements of inventory lists to gain a most complete overview of the iron and steel stock in Austria. The detailed
analysis of the structure and sectoral breakdown of the iron and steel stock shall help to secure the future raw
material supply increasingly through secondary raw materials.
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3. MATERIAL AND METHOD

For this paper a bottom up analysis was chosen to gain information from small entities like products and
units, which then were summarized to bigger fractions, like segments and sectors.

The bottom up analysis allowed a very detailled and precise capture of steel quantities and was based on: 1.
Number of items, 2. Sales figures.

The author generally tried to determine the stock of iron and steel by the number of shares in circulation.
Only if data were unsufficient itemised or missing, sold quantities (production plus imports minus exports) -
multiplied by their average life expectance - were used to provide estimated totals.

4. RESULTS

The generated results on December 31, 2010 in Austria show that the stock of iron and steel adds up to a
total of 43.6 million tonnes.

As figure 1 shows the largest portion of iron and steel with 22.6 million tonnes or 52% belongs to the
construction sector, while 7.6 million tonnes (17%) each are bound in the sectors vehicles and metal ware. Machine
engineering is the sector with the smallest share of 5.8 million tonnes or 14%.

Converted to the austrian population (2010: 8,361,069 Einwohner) this results in 5.2 t pro capita.

The specific breakdown by sectors will be find in the appendix.

Although the author has tried to gain and calculate all data with the most possible accuracy, all results
contain more or less uncertainties. The range is estimated between -50% and +100%.

The calculated lifespan varies strongly, depends on the product and utilisation and is between < 1 until 100
years.

The first sector, the vehicles or transportation sector, can been divided into motor vehicles, bicycles,
aircrafts, rolling stock, watercraft and military vehicles. For each of the more than 50 types of vehicles a reference
model was selected to provide the average weight of that specific type of vehicle.

The data for motor vehicles, including self-propelled machines, harvesters and trailers, was easily
accessable through the registration numbers provided by the Austria Federal Statistic Institute (Statistik Austria,
2011).

43.6 Mio. t / 5.2 t per capita

Passenger cars

Consumer
durables

13%
Buildings
26.7%

Infrastructure
25.3%

=~
s &

Figure 1: Iron and steel quantities in Austria 2010 divided by sectors (Source: Warrings, 2015)

In the motor vehicles segment passenger cars represent not only the largest number of registrations but also
the biggest mass with 4.3 million tonnes of iron and steel as figure 2 shows. Trucks with a gross vehicle weight of
over 3.5 tonnes also share a big part with nearly 1.9 million tonnes of iron and steel.

5. CONCLUSIONS

There is a lot of research on iron and steel stock available but most analyses are based on top down
approaches. The author has tried to compare the results found in this paper to 15 national and international research.

A stock of iron and steel of 8-12 tonnes per capita is generally accepted. This is much more than the results
of this paper indicate and does not correspond- at least for Austria- with the author‘s opinion. This appraisal will be
emphasised by an example. The vehicle sector is the most detailed and best researched sector. An assumed deviation
of +15% and a reduction of the sector‘s share to 12% would lead to a total stock amount of only 72.8 million tonnes
or 9 tonnes per capita but not more. This meets also the expectations of the author after which the total stock of iron
and steel could range between 29.3 and 64.4 million tonnes or 4-8 tonnes percapita. The reasons for these large
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differences come from the uncertainties of the used data especially for products and units with no inventory data
available.

The main goal of this paper was to provide a detailed analysis of the structure and sectoral breakdown of
the iron and steel stock to increasingly secure the future raw material supply through secondary raw materials. Stock
changes were not an issue in this work because no material flow analyses were made. But through stock inventory of
products and units and their predicted lifespan a change in iron and steel stock can be estimated and should be
around 1.7 million tonnes per year or 0.2 tonnes per capita and year.

The lifespan depends on the specific type of product or unit. A lot of assumptions are not very solid or
could only estimated from the technical useful life. In general the average lifespan is under 20-30 years or mucher
lower. The lifespan of a product however is mostly defined through its replacement associated with its disposal and
not through its durability. That is why buildings or infrastructure have a much longer lifespan, often with 50-100
years or more.

In conclusion it can be said that a bottom up analysis is a decent approach to a very detailed and extensive
determination of stockkeeping- but is also very time- and resource-consuming and therefore expensive. The creation
of a data base like the ,,Commodity Guide* of the Swedish Chemical Agency (KEMI, 2007) could be a helpful tool
for an easier access to needed information. Such kind of a data base could provide information of the material
composition or weight and value of products and units and could be used not only to estimate a consisting resource
stock but also to evaluate economic assets.
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CONSTANTIN WEIGEL
B.Sc. Mining Engineering, TU Clausthal

NEW METHOD FOR THE DETERMINATION OF PARTICLE SIZE
DISTRIBUTIONS

The determination of particle size distributions is an important process for quality control of raw materials,
especially concerning sand and gravel. Sand and gravel are important raw materials used for construction purposes.
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Nowadays, one of the most common method of determining particle size distributions, is sieving. Although,
sieving is disadvantageous, due to the necessity of dry samples, which makes it complicated to integrate sieving into
many processes.

At the Technical University of Clausthal, a new method of determining particle size distributions is being
developed. This method, which uses piezoelectric acceleration sensors, enables to indirectly determine particle size
distributions and allows for an integration into different mining related processes.

This research deals with a new application of that method for processes that imply rotation like e.g. for
agitators, where the gathered data enables a process optimization.

For this research a prototype, consisting out of a modified mixer, was used, to determine in which way the
method delivers reproducible results and how accurate these results are.

The prototype to test the method is a reequipped kitchen mixer, in which a fluid consisting out of grains and
water is accelerated against a piezoelectric sensor:

Sensor ———

Measurement
Cup

—— Water

Metal Pin ____|

Grains

Motor .

The sensor, which is attached to a metal pin, relies on the piezoelectric effect. The piezoelectric effect is an
effect of certain crystals. If a force is exerted on such crystals, a voltage is induced. The strength of the electric
signal is proportional to the force. In the researched case the particles, which impact on the metal pin, exert a force
on the sensor. Small particles exert a small force and big particles exert a big force on the sensor.

For each particle that collides with the sensor a signal is triggered. Each second, 51,200 of this signals can
be captured. As for a small grain a small signal and for a big grain a stronger signal is triggered, a Gaussian
distribution of the signals (signal strength in relation to the share of the total) can be created. These distributions are
comparable to the grain size distributions. From a comparison of the grain size distributions and the signal
distributions, fractions can be derived and assigned to a specific signal strength. E.g. a signal strength of 1 could
correspond to a particle diameter of Imm. If 50% of the signals were smaller than 1 also 50% of the grains would
have a diameter below I mm. For the assignment of this classes a specific calibration is needed.

The task of this research is to verify, whether this method can be applied for rotating processes or for the
usage in the laboratory. Hence, the reproducibility and the accuracy of the method needs to be determined.

As grain size distributions or signal strength distributions make up for a complex collection of data, a
simple data evaluation is not possible. Anyhow, for the determination of the accuracy a simple assumption provides
the basis for an easy data evaluation. The assumption is based on that fine particles or finer particle size distributions
must trigger smaller signals than coarse particles or particle size distributions. The signal, which is compared with
the particle sizes, will be simplified using the mean of each minute of measurement.

For the particle size distributions coarse and fine material will be investigated. To each particle distribution,
mixtures are being created, which are either finer or coarser in all fractions than the original distribution. The
deviation of the 4 mixtures (2 fine mixtures and 2 coarse ones) is 2.5% in the biggest fraction. Below the ideal grain
size distributions of the mixtures are depicted:
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The signals are expected to be higher for the coarse mixtures, even if the particle size distributions only
deviate 2.5% in the main fractions. For each test 15 means of the signals (15 minutes of testing) were created. To
confirm the reproducibility of the method these 15 values should be as close as possible to each other during the
same measurement as well as on different dates. The figures below prove the reproducibility for the fine Particles:
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As well as on the same day of measurement as on the two different days the signals are comparable. Also,
the expected order of signals (that the coarsest particles trigger the biggest signals) is reached. This confirms a high
accuracy of the method. For the coarse particles not all signals are as expected:
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The signal of the original grain mixture is bigger than the signal of the coarse mixture. This is not as
expected. Anyhow, this mistake has a simple reason: The mixtures cannot be mixed correctly as they are mixed in
fraction, as there is only a slight deviation in the biggest fraction and an even slighter deviation in the other ones and
as the fractions are selected logarithmically. In addition, the coarse grains are dominating the signal as the signal is
related to the grain size squared:
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As the fractions with the coarsest grains are the biggest ones and as they only show a slight deviation, the
possibility is increased that in the biggest fractions, which dominate the signal, unplanned deviations occur. E.g. for
the fine mixture the coarse fraction form Imm to 2mm might be smaller than for the coarse grains, but if this
mixture consists of grains between 1.5mm and 2mm whereas the fraction of the coarse material only ranges of
grains between 1mm to 1.5mm, the fine distribution would trigger bigger signals, although the coarse fraction is
smaller.

In summary it is to say that the investigated method works accurately and reproducibly allowing for an
economic alternative to sieving methods as well as for an industrial usage e.g. for agitators.

ZAIKINA D.P.,
SHEI «Kryvyi Rih National University»

IMPROVING THE PERFORMANCE OF TRADITIONAL
OCCUPATIONAL HEALTH AND SAFETY MANAGEMENT SYSTEM
BASED ON THE USE THE CONCEPT FOR OCCUPATIONAL HAZARD
MANAGEMENT

Under the occupational health and safety management system (HSEMS) one means the part of the
enterprise management system, which serves for the implementation of occupational safety and health policy.
HSEMS is a complex of interrelated elements (technology, planning, responsibilities, procedures, processes and
resources) aimed at implementing policies and goals of occupational health and safety. In other words, the HSEMS
- is regulated legislation by a combination of methods and control tools to ensure the security, the preservation of
life, health and human efficiency in the labor process.

HSEMS includes an identification of occupational hazards, the development and implementation of
effective measures to reduce and eliminate, and carries out constant monitoring the performance in the field of
occupational health and safety.

Within the framework of operation of the work management system there, were formed in accordance with
the recommendations of international standards one of the most important objectives to manage risk. This involves
identifying the hazards and risk assessment, goal setting and objectives to reduce risk to acceptable levels. An
important condition for the work is a «study of technical possibilities, economic viability and social responsibility in
the risk management process».

In modern conditions, the purpose of the risk management is becoming the process of optimal allocation of
scarce resources for the elimination or reduction of various types of risk in order to achieve the highest possible
security level - taking into account economic and social factors. The criteria in the process of risk management are
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used at the threshold levels of, which enterprise consider acceptable. For the purpose of risk management it is
formulated as a «risk reduction to an acceptable level» [1].

Conceptual bases of occupational health and safety management system is based on the existing legislative
system formed in accordance with the existing social and labor relations, as well as international legal acts. Despite
the existence of an extensive legal framework, the working conditions at the enterprises are not always safe for
workers [2]. According to a number of Ukrainian and foreign scientists, occupational safety and health must include
the protection of professional health for worker considering his physical, physiological, psychological and mental
characteristics.

These approaches to occupational health and safety are reflected in the Universal Global Strategy on
Occupational Health, approved by the World Health Organization (WHO), «Guidelines on occupational safety and
health management», developed and formulated by the International Labor Organization. Noting the need for a
systematic approach to occupational health and safety, the European Union in 2002 adopted a strategy on health and
safety in the workplace, in which they proposed to consider in the production health and safety issues as an
integrated system «an industrial welfare», realized through the improvement of its quality characteristics while
providing a safe and healthy working environment, taking into account the constant changes in the organization of
work and the emergence of new risks (in particular social and psychological risks).

Effective management of occupational risks is largely due to the application of the basis of the HSEMS
principles of prevention and continuous improvement. Preventive means that a risk assessment is carried out before
the start of the planned activities. The measures are accepted considering the preliminary results of the risk
assessment, which allows eliminating or reducing the extent of damage and the extent of the negative consequences.
The permanent improvement is an iterative process of improving occupational health and safety management system
in order to improve performance in the area of occupational health and safety, consistent with the policies in the
field of occupational health and safety at the mining enterprise.

In addition, one of the important directions to ensure occupational health and safety of workers is to create
a favorable working environment. Currently, in most countries with developed market economies modern regulatory
decisions in is searched areas such as the working physiology. The comprehensive nature of the new concept of
occupational health and safety shall be based on the assessment of the impact on the working of all possible risks,
not only in the short term, but in the long run. To evaluate the effects on workers of all possible risks, not only in the
short term but in the long run is extremely difficult; if an employee has been working for an extended period, and
even during the whole employment at the same enterprise, it’s easier to trace the influence of occupational risks on
him and to establish a causal link between this impact and employee illness than with a regular change of work.

The impact on the employee of harmful substances and malfunctions of the musculoskeletal system caused
by the peculiarities of the production and employment functions are covered by the physiological activity. However,
in recent years, to the harmful factors there were added new, which effects on the body of workers are in the process
of research (working with technologies that use the ultrafine and nana-elements (nan toxicology), mutagenic
substances, reproductive toxins, etc.).

These or other factors which will be recognized with harmful and (or) the adverse effects on employees'
health, will later be displayed in the public health rules and norms «Hygienic classification of labor in terms of
hazards and risks and psychology of the machine environment, the severity and intensity of the work process»,
approved by order of the Ministry of health of Ukraine from 04.08.2014, Ne 248.

However, attention should be paid to the need to assess the impact of psychosocial risks on employee
health. In particular, the quality of life and health is provided by a set of indicators, because in addition to acute and
chronic occupational diseases (poisoning), possible loss of life following acute exposures (e.g., sudden death as a
result of stress, physical and neuro-emotional overload), etc. According to WHO recommendations one should take
into account the components of psychosocial well-being when assessing the level of health: job satisfaction, family,
income, the balance between work and private life of workers and the elimination of physical and psychological
cruelties in the workplace.

It is important to note that the physiological risks and the unfavourable factors cause occupational stress
(poor physical conditions of work, the need for a lot of work in a short period of time (long-term large congestion
without adequate conditions of full recuperation), the lack of information about the professional responsibilities
(when the employee believes that he is doing wrong things)) can be eliminated or minimized by legal regulation,
while making relationships with work colleagues, to create a favourable business environment provided by the
generally accepted rules of behaviour, moral norms and largely dependent on the worker.

Summing up the above, it should be noted that the new concept of occupational health and safety
correspond to the basic principles of legal regulation of labour relations in Ukraine, such as ensuring the right of
every worker to fair working conditions, including working conditions that meet safety and hygiene requirements,
social partnership, mandatory compensation for damage caused to the employee in connection with the performance
of his employment duties, the establishment of state guarantees to ensure the rights of workers and employers, the
state control (supervision) over compliance with them, ensuring workers' rights to protection of their dignity at
employment, and others. Many of the suggested concept of approaches to ensure healthy and safe working
conditions are reflected in the current legislation of Ukraine.
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Changing ideas about occupational health and safety in the light of new conceptual approaches to the
provision of safe and healthy working conditions allows to reveal current trends of further development of relations
in the field of occupational health and safety and to formulate objectives in this area:

the development of a systematic approach to occupational health and safety, providing for simultaneous
monitoring and accounting of the plurality of disparate risks in the long term allows you to combine these
components of «industrial ecosystem» as the ecological well-being of workplaces and the health of workers
(physical health of employees and psychologically comfortable work environment should be mandatory elements of
environmentally friendly production);

the development of a comprehensive approach to creating a safe and healthy working conditions, providing
for an assessment of human exposure to all possible risks, not only in the short term but in the long term (risk
identification and standard fastening methods for dealing with them);

the expansion of the implementation of personalized approach to the organization of working conditions (in
the organization of the workplace by the employer account health status, physical, physiological, psychological,
mental characteristics of each worker);

the intensification of the development of modern regulatory decisions in areas such as physiology of the
machine environment and psychology of the working environment;

the development of a preventive approach and improvement of the culture in the area of occupational health
and safety of workers [3].

Solutions to these problems will allow at the legislative level to carry out the dialogue in the framework of
social partnership, to increase social responsibility and economic incentives for businesses.
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OITPEAEJIEHUE ITPOYHOCTHBIX XAPAKTEPUCTHUK
3AKJAZJOYHOI'O MACCHUBA ITPU MOJA3EMHOM JOBBIYE COJIEN
METOAOM YUCJIOBOI'O MOAEJIUPOBAHUSA C TIOMOLIBIO
FLAC3D

Kurzfassung

Im Artikel werden Fragen behandelt, die mit der Verringerung von Abbauverlusten beim Tiefbau und
Fragen der Standsicherheit verbunden sind. Es werden Probleme der rationellen Ausnutzung von Bodenschétzen
und des Umweltschutzes dargestellt. Mit Hilfe nummerischer Berechnungen wurden die bendtigten
Festigkeitseigenschaften von Versatz unter geologischen und Abbaubedingungen bestimmt. Dazu wurde ein
nummerisches Modell erstellt und Spannungsberechnungen fiir das Gebirge fiir verschiedene Zeitpunkte quasi in-
situ wahrend des Abbaue durchgefiihrt.

Beenenne

B nmanHO#t cTatbe 000OIIEHBI pe3yabTaThl MACHITAOHBIX CTPATETMYECKHUX HCCIEJOBaHUI B 001acTH
Pa3BUTHS TEOTEXHOJNIOTHHU U € B3aUMOJICHUCTBUS ¢ OKpYyKaroliei cpenoii. OCHOBHBIM HANpPaBICHUEM HCCIICIOBaHUIT
SBUJIACh KOHLICTILHUsSI 00OeCHeYeHHsT IKOJIOTMYECKOH OE30MacCHOCTH OCBOCHMS HEAP, YTO OBUIO CONPSKEHO C
YMEHBILICHHEM MOTEPh B IMPOLECCE MOA3EMHOM JOOBIYM MONE3HBIX HCKOMAeMBIX, YBEIMYCHHEM YCTOHYMBOCTH
MO3EMHBIX COOPYKCHH, a TaKkxke ObLIM PEILCHBI 3a1a4l PALMOHAIBHOTO HCIIOIb30BaHMUs NPUPOIHBIX pecypcoB. B
pe3ynbTaTe UCCIeIOBaHUH ObLUTH MPEII0KEHBI TEXHOJIOTHYESCKUE PEIICHUS PALIMOHATBHOTO U3BJICUCHHSI TTOJE3HOTO
HCKOMAaeMOro u3 Hejp ¢ y4éToM BceX (opM BO3JEHCTBHS T€OTEXHOJIOTHH Ha OKPYKAIOUIYIO CPEely U H3JI0KEHBI
OCHOBHBIC ITYTH PEHICHUA JaHHBIX 3a1a4 FOpHO)IO6BIBa}OH_Ieﬁ IIPOMBIIIJICHHOCTH.

Pa3pa6OTKI/I B paMKax IIPOCKTa HE OrpaHndrBajlaCb MOHOIUCHUIINIMHAPDHBIMHU HCCIEAO0OBaHUAMU, a
MIPUMEHSUTNCH MEKAUCITUILTNHAPHBIE, TPEOYIONINE YIaCTHsI CTICIIHAIICTOB PAa3IMYHBIX 00IacTel ¥ IPOBOAMIINICH HA
CTBIKE HECKOJIbBKUX HAYYHBIX JUCIUILINH (MaTeMaTI/IKa, ¢)H3I/IKa, XUMUA, TCOMEXaHUKA, MPUPOJOINOJIB30BAHUEC U
Ip.). B pe3ynpTaTe 3KCIIEpUMEHTOB TPHU KOTOPBIX MPUMEHSIICS METOJI YUCJIOBOTO MOJISITMPOBAHMYSI, ObLIN MOTYyUEHBI
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HEOOXOANMBIE IPOYHOCTHBIE XapPaKTEPUCTHKHU 3aKJIaJ0YHOI0 MacCHBa MCIONb3yEMOT0 MPHU MOA3EMHOH pa3paboTke
COJISTHBIX MECTOpOXKAeHWH. J[st SToro ObLIa MOCTpPOCHAa YHCIOBAs MOJENb W TIPOW3BENEHBI pacdeTsl (in-situ
3aMepsl) TVIaBHBIX HANPSDKEHUH M JeOpManiii B TODHOM MAacCHBE [UIS Pa3lIWYHBIX MOMEHTOB BPEMEHHU C yYETOM
OYHCTHBIX U 3aKJIaJ09HBIX PadoT.

Jns yBenmMUeHUs IOJHOTHI BBIEMKH, CHIDKEHHMSA CEOECTOMMOCTH OOBIUM IOJIE3HOTO HCKOIAeMOIo C
OIHOBPEMEHHBIM CHIKCHHEM HETaTHBHOTO BIMSIHUS TEOTEXHOJOTMH HAa OKPYXXAMOUIYI0 Cpeay HeoOXOoIuMo
ONTHMU3AIMS TEXHOJIOTHM  M3BJCYCHUS II0JIE3HOTO HCKomaemoro w3 Hexap. [lpm momzemHoit paspaboTke
MECTOPOKICHUH MMOJIE3HBIX MCKOIAEMbIX 4aCTO HApYILIAETCs IIEJIOCTHOCTD U T€PMETHYHOCTh KPYIHBIX BOIOHOCHBIX
TOPU30HTOB, YTO MPHUBOJUT K PUCKAM 3aTOIUICHHS IOJ3E€MHBIX COOPY)KEHHMH, K 3HAUUTEIBHOMY YXY/IICHHIO
oOIemaxTHOH 6e30acCHOCTH M U3MEHEHHUIO THIPOTE0I0THUECKON CUTYallul MECTOPOKICHUSI.

Hcnonp3oBanue cucteM pa3paboTKH C TBEPACIOIIEH 3aKIIaIKOW MO3BOJISIOT MOJYYUTh KaK SKOHOMUYECKHE
(yBEnmMueHHE IOJMHOTHI BBIEMKH; YBEIWYEHHE CpPOKAa CYIIECTBOBAHHMS pYIHHKA; OTCYTCTBHE pAacXoJOB Ha
CTPOWTENFCTBO XBOCTOXPAHWJIMI] W OTBAJOB IIYCTHIX IIOPOX), TOpHOTexHHWUYeckue (3ddexTnBHOE yIpaBiIcHHE
TOPHBIM JaBJICHHEM, YTO IOBBIMIACT OE30MACHOCTH BEJCHUS TOPHBIX PA0OT; YMEHBIIECHHE MOTEPH IIOJIE3HOTO
nckKomaemMoro) 3¢h(heKTs, Tak W SKOIOTHYECKHEe (COXpaHCHHE 3EeMHON IOBEPXHOCTH; YTHWIIM3AIUSA OTXOJIOB M
CHI)KAeT BPEAHOE BO3JCHCTBHIE TAKOBBIX HAa OKPYKAIOIIYIO CPey) M NPUBEAET K 0€30TXOTHOMY TPOU3BOICTBY.

Cuctema pa3paOOTKM C €CTECTBEHHBIM IIOJIEP’KAHMEM OYHCTHOTO TIPOCTPAHTCBA HMEET psx PAL
HEJIOCTAaTKOB:

1. IToTepu mone3HBIX UCKOMaeMBbIX 10 65%);

2. YXyJlIeHue OKpyKarolen Cpeibl;

3. IlocTostHHOE Mepepacpe/ielieHue TOPHOTO JIaBICHHSI.

ITpu pacuére NMPOYHOCTHBIX XAPAKTEPHCTHK 3aKJIAJO0YHOIO MacCHBa COBPEMEHHas HayKa HCIIOJIb3YeT
YHCIIOBOE MOJICITMPOBAHUE JUIsl PEILICHNS] TEOMEXaHUUECKHUX MTPOOIIeM.

OCHOBHBIM ITIOKa3aTeNIeM 3aKJIaJOYHOTO MAacCHBAa SIBIAETCS W3MEHEHHE INPOYHOCTH BO BPEMEHH, IPH
pacdyére KOTOpOH COBpPEMEHHBIE METOAMKM OIMpPAIOTCS Ha YWCIOBOE MopenupoBaHue. I[Ipexxae Bcero s
OTPaOOTKH TITyOOKHX MECTOPOXKICHNH ITPH peIICHNsI KOMOMHUPOBAHHBIX 33/1a4 OBBIIICHHOH CIIOKHOCTH.

MeToauka pacueToB

Pacyersr mponsBenieHBI ¢ MOMOMIBIO MeToa KOoHedHBIX 3meMeHTOB (Finite-Element-Methode nnn FEM).
Merto/ YHCIOBOTO MOJEIMPOBAHMS HAIeN IIMPOKOE NPHUMEHEHHS B TOPHOM Jeie W reomexannke. C IMOMOIIBIO
FEM wMopnenupyeTcss U NPOM3BOIUTCS pacdeT HanpspKEHUH M JedopMaluil pa3iMuHbIX TBEPABIX TeJN, KOTOPbIE
BO3HUKAKOT BCJICACTBUC BO3HCﬁCTBHH BHYTPCHHHUX U BHCIIHUX CHJIL.

Puc. 1 KamepHo-cTon6oBast crcteMa pa3paOOTKH C JIEHTOYHBIMH LETUKaMHU M 3aKJIaAKOH JUIS TOPU30HTAIBHBIX
MECTOPOXKICHUI MaJiol U cpenHer momHocTH [Roschlau; Heintze, 1980]

Teopus ¥ pacyeTHAs MeTOAUKA

TpeOoBaHuss K NPOYHOCTHBIM XapaKTEPUCTHKAM 3aKJIaJ0YHOTO MAacCHBa 3aBHCAT OT BBILIEIEKALIHX
TEO0JIOTHYECKUX CTPYKTYp OTpadaThIBAEMOTO »JIEMEHTa / Harpy3kd (TMHEHHas M He JHWHEHHas 3aBUCHMOCTB) U
OTIPENIEIIAIOTCS TOPHBIM JIaBJICHHUEM.

PacdeTsr TOpHOTO JaBIIEHHS TPOU3BOIATCS C MOMOINBIO IporpaMMHoro obecrieuenus Finiten Differenzen
Programms FLAC’® (ITASCA Consulting Group, Minneapolis). FLAC?® o6mamaer 6uGmmorexoii mmu 6azoit
JAHHBIX C YpPaBHEHHMHUSMH JUI1 OINUCAHMEM pa3IM4YHBIX CBOWCTB MarepuanoB M uX usMeHeHuidl. [Ipu sTOM

Howmep xamep n/n 1 2 3 4 5 6 7 8 9
CTaJus OTpaboTKU I II I II | II
[Iupuna kamepsl, M 4 4 4 4 4 4 4 4 4

BO3MOXKHO IIOCTPOCHHE MOJEJICH C y4eTOM BPEMEHH, IUIACTHYECKHX (KPUTEpUH Pa3pyIIEHHs Marepuala) W/uiu
MOJI3Y4MX CBOMCTB, HAOOpa IMPOYHOCTH 3aKJIaIOYHOTO MacCHBa U €ro yIpyrue cBOMCTBa U T.JI.

IlocTanoBKa 3aga4un

Tabmuua 1 [TocnenoBaTeabHOCTH OTPaOOTKH
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YCTOWMUNBOCTh OYHUCTHBIX Kamep cocTaBimsier 10 mHeid. (5 pgHel ouncTHBIe paboTel + 5 gHe
MOJITOTOBUTENBHBIE W 3aKJIal0dHbIe paboThI). DTO O3HA4aeT, 4yTo B TeueHWH 10 mHEH OYMCTHBIE Kamepsl OymyT
TIPOIiIeHBI M 3aIT0JTHEHBI TBEPACIOMIEeH 3aKIaIKOHM COTIacHO TUIaHy BeeHus padoT. (cm.Tab. 2)

Ilepen HagamoM MOCTPOEHUSI MOJETM OBUIM TPOBEICHBI AHAJIMTHYECKHE pAacueThl YNPYTHX CBOMCTB
3aKJaKH C BBIBOJOM 3aBUCHMOCTH BPEMEHM, HAarpy3oKk W JAedopMamuii, Uil ONpPENEICHUS B3aHMOICCTBHS
HAaJIETAIONIMX TTOPOJ KPOBIIHM HA 3aKJIAI0YHBII MAaCCHB, C YI€TOM M3MEHEHHUS MPOYHOCTHIX XapAKTEPUCTHK 3aKIAAKH
BO BPEMEHHU.

Onucanue Mocjie0BATETHHOCTH OYNCTHBIX H 3aKJIaJ0YHBIX padoT

B kauectBe cucrteMbl pa3pabOTKM MECTOPOXICHUS cojed BblOpaHa KaMepHO-cTOJ00Bas cucTeMa
pa3paboTKu C JICHTOYHBIMHU LIEIMKAMH C TPEXCTAAMHHON BBHIEMKOW M 3aKJIaJKOH BBIpaOOTAHHOTO MPOCTPAHCTBA
(Puc. 1). OuunctHo# Onok oTpabaTbiBaeTcst JUIMHHBIMU KamepamMd 1mo 200 M ¢ OCTaBICHUSIMH MEXITyKaMepHBIX
LETUKOB U 3aKIaJKOH Kamep MHepBoi odepenu. MexIykaMepHBIC IIEIMKH OTPadaTHIBAIOTCA B JBE CTaAUH H C
TOCTIeTYFOIIEH 3aKJIaAKOH OYHCTHOTO TIpocTpaHcTBa. (cM. Tab.1)

Ha pa3nmm4HBIX TpeANpUATHX TOPHOW TNPOMBIIUICHHOCTH CPOK Ha0oOpa HEOOXOIMMO HOPMAaTHBHOI
MpoYHOCTH 3aknaaku coctaBisger 30-90 mHeit. B Momenn ucmonk3oBaicss cpok Habopa mpouHocTu 60 mHEeil. OT10
03HAUaeT, pa3pblB 10 BPEMEHH OTPAOTKH COCeNHMX Kamep coctaBmwi 70 mHeH ¢ ydeToM paboT Ha AOOBYY U
moraieHust BeIpaboTok. I myObuna pa3zpabotku coctasmia 1200 m.

I/ICXOI[HI)IM ITYHKTOM [JI1 MOJACIIMPOBAHUA MTPOUECCOB ABIACTCA HeTpOHyTBIﬁ FOprIﬁ MacCCHB.

ctanus [ (xenThiit): ouncTHBIE paboThl KaMmepsl 1, 4, 7 ¢ mocieayomei 3akiaakoi

cranus 11 (3eneHsblil.): ouncTHBIE pabOTHl KaMepsl 2, 5, § ¢ mocineayromei 3akiaaKoi

cranus | (cuHuil): ourcTHBIE paboOTHl Kamepsl 3, 6, 9 ¢ mocneayoonen 3aKiiaKkoi

[TpoBeneHsl 3aMepbl INIABHBIX HAPSDKEHUH M ieopMaluid KpOBIIH AJISl Pa3JIMYHBIX Y4aCTKOB BPEMEHH.
Tabauna 2. [Tnan ropHeix padoT
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. oTpaboTKa u noranieHue kamep 10 aHei

HA0Op MPOYHOCTH 3akmaaku 60 aHei

Software FLAC3D 5.0

IIporpammuoe obecnieuenrie FLAC3D 5.0 (Fast Lagrangian Analysis of Continua in 3 Dimensions, ITASCA
Consulting Group) CciayXHT A7 IIOCTPOCHHUS TPEXMEPHBIX MOJAENEH paJINYHBIX HEIMHEHHO3aBUCHMBIX CBOMCTB
MaTepualioB 1 0a3upyeTcs Ha YeTKO 33JaHHbBIX MapamMeTpax MOAeNMpoBaHHs. [IporpaMMMa ONHCHIBaET MEXaHUIECKOE
B3aUMO/ICHCTBUE CIUIOIIHBIX TPEXMEPHBIX OOBEKTOB.

IMocTpoenue Mmoaenu

I'eomeTpuueckue pa3Mepbl MOAENM TakWe Kak HIMPHHA, JUIMHA, TIyOWMHA JUI YHCIOBOTO MOJEIUPOBAHUS
COTJIAaCHO PEKOMEHIALM JOJDKHA COCTaBIATh 5-8 pa3MepoB M3ydaemMoro ooOwekTa. PaccmarpuBaeMblif y4acTOK
OTpabOTKH COCTaBIsIeT 36 M, cOCTOUT U3 9 Kamep 1o 4 M IIUPUHON U 4 M BbicoTOM, riryounoi 1 M (Y-ock), naHHas
MOJIeNIb MpejcTaBieHa Kak 2,5D oOBeKT il COKpAlIeHUsl paCYeTHOrO BPEMEHH M OTCYTCTBHS BIIMSHHS INTyOMHBI Ha
pe3yNbTaThl MOAEIMpOBaHus. ['eoMeTpryeckre napaMerpbl MOJEIH:

mmpuHa 180 M (X-0oCh)

BbIcOTa 54 M (Z-0Ch)

riryouHa 1 M (Y-ocb).

MoOIIHOCTH T€0JIOTHIECKUX TIAacTOB cocTaBisieT (cM. Puc 2)

Haneratomye nopois KpoBi (KpacHslid) — 40 M

OtpabaTbIBaeMBblIif TUIACT COJIU (3€JIEHBIH) — 4 M

INoncrunamue nopoas (roxy6oii) — 10 m.

Jlist mocTpoeHust MoeNT OBIITM UCTIONB30BaHBI pa3InyHbIe CBOMCTBAa mopoa Power Law — momsy4ue cBoiicTBa
JUIsi TOPHOTO MaccuBa M YHpyrue cBoWcTBa Iyt 3akianku. C NpuiIokeHHeM Harpy3Ku B BepxHeil wactu mozpein 30
MPa, gto cooTBeTcTBYeT IiryonHe pazpadorku 1200 M. Bo BpeMs JOOBIYHBIX M 3aKJIAOYHBIX PaOOT MPOMU3BOIMINCE
3aMepbl MAKCUMAJIBHBIX HanpspkeHui (12 M) u nedopmanuit (14m, 30 m u 50 m). Cm. Puc.2.

Ipexnae Bcero onpenensuivch AedopMalMy HaJeraroluX [OpOJ KPOBIM M MaKCHMallbHblE HAIPSDKEHHS B
3aBUCHMOCTH OT BpeMeHu. Ha ocHOBaHMe 3THX JaHHBIX BO3MOXKHO CJIIENIATh BBIBOJIBI O MIPOYHOCTHBIX XapaKTEPUCTHKAX
3aKJIaJI0YHOTO MAaCCHBa B 3aBUCHMOCTH OT BPEMEHH.
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FILAC3D 5.01

Puc. 2 In-situ 3amepsr

Ob6mnactu 3aMepoB in-situ. 1-MakcuManbHBIC HaNPsDKEHUS; 2, 3, 4-nepopmannu.

Pe3yJ’l]>TaTl>l MOJACJITHPOBaHUA

PesynbraTel nedopManuii B 3aBUCHMOCTH OT BPEMEHM IPEJICTABICHbI HAa PUCYHKE 3, TakuM 0O0pa3oM
MaKCHUMaJIbHbIE 1 MUHUMAJbHBIE Ne(OpPMaLN COCTaBIIN I Kamepsl 3 — 0,506 M ¥ COOTBETCTBEHHO TSI KaMepHI § —

0,440 M.

Vrmsrtsring sl il des Pl e | (Fhreicy

Lirciician,
J
[
1
h |
I

Puc. 3 [edopmariu KpoBIH HAa OTMETKE 14 M B 3aBHCUMOCTH OTBPEMCHU
X-ochk KamepHI ; Y-0chb AedopMartui [M]; crpaBa-BpeMs 3aMepOB [ICHB |
Ha pucyHke 4 npejacTaBieHbl MaKCHUMaJIbHbIE HAIIPSHKCHUS B 3aBUCHMMOCTH OT BpeMeHH. [locne
3aKJIaJJ04YHBIX Pa0OT ISl KaXK/I0i KaMephl B MHTepBaJie BpeMeHH 7-60 THel.

Al gmm s [y sns s g Firmssbarmh
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Puc. 4 MakcumanbHBIX HAIPSKESHUS AT pa3IUIHbIX KaMmep

Shas il Fauptypansangen nach Verflllsg
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Puc. 5 MakcumaibHbie HapsPKCHUA B 3aBUCUMOCTH OT BpEMEHU MTOCJIC 3aKJIaAKU KaMep.

3aBepIIeHHs

Ha ocnoBanuu nanubix rpadukoB (Puc. 4, 5) BO3MOXXHO ONpEIENUTh CaMOE€ BBICOKOE OXHIAeMOe TOpPHOE
JIaBJIEHUE CPEeIUd MAKCUMAJBHBIX HAMpPSDKEHUH OIS ONpEeJeNeHHs MPOYHOCTHBIX XapaKTEpPUCTHK HCCKYCTBEHHOTO
MaccuBa. B 1aHHOM cilyyae MakCHMasbHbIE Harpy3kM OBUIM YCTaHOBJIEHBI HAJ KaMepoW 2 cO ClelyIomHUMHU

napaMeTpaMu U3MCHCHU S TaBJICHUA.

Bpewms mocrne 3aknaaku kamepsl 2 7 30

60

Makc. Hanpspkenusi, MPa 3,01 6,47

11,10

BriBoabl
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Ha ocHoBanme pucyHka 4 MOXHO CHeNaTh BBIBOABI, 4TO 95 % MakcHManbHBIX KOHBEPIE€HIMH KPOBIH
MPOUCXOIAT [0 213 mHA, TMOCIE Yero 3akIaJOuYHBI MACCHB IEPEHHMAcT TOPHOE JaBJICHHE, KOTOPOE ITOCTOSHHO
WU3MEHSIETCS, W NPU 5TOM KHHETHKA yBEIWYEHHsI TOPHOTrO AaBieHHs juHeWHa. Ilocrme 213 nmHS 3akimagka HE MMeEET
MPaKTHYECKN 3aMETHBIX Ae(opManuii 1 KHHETHKA TOPHOTO JABICHHUS 3aMETHO 3aMEIISETCS.

Heo6xoaumble TPOYHOCTHBIE XapaKTEPUCTHKM 3aKIaJOYHOTO MAacCHBa B 3aBHCHMOCTH OT BPEMEHH
CMOZENNPOBAHBl U OMNpPEICICHBl C IOMOIIBIO 3aMEPOB MAaKCHMAaIbHBIX HapIDKEHMH B Mogenu. Camoe BBICOKOE
MaKCHMaJIbHO HarpshKeHUs 3a(MKCHPOBAHHO Ul Kamepsl 2 U coctaBwiio 2,5-11,1 Mpa (7-60 nH.). D10 03Ha4aeT, 4To
MIPOYHOCTHBIE CBOMCTBA 3aKJIa/IKU JIOJDKHBI OBITH BBILIE MAaKCUMaJIbHBIX HANPSKEHUH KaMephl 2, 4TOObI rapaHTUPOBAThH
0e3omacHOCTh TOpHBIX pabor./laHHas MeToIMKa IO3BOJIMIA OIPEACINTh ONTHMAJIBLHOE 3HAYEHHWE IPOYHOCTHBIX
XapaKTEepUCTUK B 3aBUCHMOCTH OT BPEMEHHU 3aKJIaJIOYHOTO MacCUBa IIOCIIE 3aTBEP/AEBaHMUs, YTO MO3BOJSET MOJA00paTh
ONTUMAJIBHBIA COCTaB 3aKJIAJOYHOM cMecH MpHU OTPabOTKE MECTOPOXKICHUS C MCKYCCTBEHHBIM IOJJEpKaHUEM
OUYUCTHOTO IPOCTPAHCTBA, NPUMEHEHHE KOTOPOIl MO3BOJSET PEIIUTh CIEAYIOLIMe 3ajaud: YTUIM3alUs OTXOA0B
TOPHOTO HPOW3BOJICTBA; AOMOJHUTENbHAS OTPA0OTKA MEIMKOB, TO €CTh YMCHBIICHHE MOTEPh M YBEIHMUCHHE CPOKA
CYIIECTBOBAHUS PYIHUKA, YTO PELIMIO COLHUAIBHBIA BOIPOC, I/A€ TOPHOMOOBIBAIONIEE IPEINPHUITHE SBISICTCS
rpao00pasyouM; COXPAHEHNE EIOCTHOCTH M TEPMETHYHOCTH BOJOHOCHBIX TOPU30HTOB, UTO NPEIOXPAHSIET PyJHUK
OT 3aTOIICHUS/Pa3pyLIICHUS U TIPHUBOIUT K COXPAHEHNIO THEBHOW OBEPXHOCTH
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B. H. BOKHINIIL, A. K. TEL]
OAO «benzopxumnpomy , beropycckuii HAYUOHATLHBILU MEXHUYECKUL YHUBEPCUMEM
Muwnck, Pecnybnuxa benapyco

MOJAEJIUPOBAHUE U OIITUMMN3ALIUA ITAPAMETPOB
TEXHOJIOTHYECKHNX CXEM OTPABOTKH IV KAJIMMHOI'O
I'OPU30HTA KPACHOCJIOBOACKOI'O YHACTKA
CTAPOBUHCKOI'O MECTOPOXIEHUA

KpacHocnoOonckuii y9acToK pacroyiokeH B 3amagHoil yacTh CTapoOWHCKOTO MECTOPOKACHHUS KaTUHHBIX
cousielt u mpuypoueH Kk CTapoOMHCKOH IEHTpaIbHON JIEMPECCUN CeBEepO-3aMaHON YacTH mporuda. 30HOH pa3ioMOB
JMAHHBIA YYaCTOK pa3fefieH Ha 3amafHblii M BOCTOYHBIM Onoku. B Hacrosmee Bpems Ha KpacHocmoGonackom
pyaHuKe oTpadaThiBaroTCs 3amach [11 kanuitHOro ropu3oHTa B Mpe/iesiax BOCTOYHOTO OJI0Ka.

HaubGonpmmii wHTEpEeC B TNEpCHNEKTHBE MNPEACTaBIsAIOT 3abanmaHcoBble 3amackl Il u IV kanmuitHbIX
TOPU30HTOB HA TEPPUTOPUH BOCTOYHOro Oioka. B kadecTBe 0OBEKTa MCCIIEAOBaHUS B JIlaHHOW pabore
paccmarpuBaiicst [V kanumitaelii ropusoHt KpacHocnmo6oxackoro ywactka CrapoOuHCKOTO MecTtopoxieHus. Ilpu
0TpabOTKe 3a0aIaHCOBBIX 3aM1aCOB, HE YJOBJIETBOPSIONINX KOHJUIIMOHHOMY COJICp KaHHIO MOJIE3HOT0 KOMIIOHEHTA B
pyZAe, BO3HHKAaeT HEOOXOJMMOCTh ONTUMH3ALNH, KaK TEXHOJOTUH JOOBIUM, TaK M IUIOLIAZeH, OTpaboTKa KOTOPBIX
TIO3BOJIUT JIOCTHYb peHTadenbHOCTH. B 3TOoM ciyyae HeoOXonuMa pa3paboTKa KOMIUIEKCHOM MOJENHN IUIACTOB,
OTpa’karolIel pactpeaeeHre TOIe3HOT0 KOMIIOHEHTa 1 MOIITHOCTEH CII0EB, MOAJISKAIINX OTpaboTKe MPpH 3aJaHHON
TEXHOJIOTUYECKON CXEME.

JanHas paboTa TMOCBSAIIAETCS HWCCIEAOBAHMIO M OOOOIIEHHIO 3aKOHOMEpPHOCTEH (hOPMHPOBAHUS
TEXHOJIOTHYECKUX CXeM OTpaboTKu ciioeB [V KalIMHHOTO TOpWU30HTA B yCHOBHSIX KpacHOCIOOOICKOTO ydacTka
CtapoOWHCKOTO MECTOPOKICHUN KaNWHHBIX coNieil W pa3paboTKe Ha ATOH OCHOBE aJTOPUTMOB ONTHMU3AINH U
BI)I60pa TEXHOJIOTMU U UX YIPaBIICMBIX TapaMETPOB, MCIIOJIB30BAHUE KOTOPBIX 00€ECIIEUNT MOBLIIIEHNE KaueCcTBa
MIPOEKTHBIX PEIICHHH.

Co3anue MOJIETH IIJIaCTa BBINOJHEHO B IPOrPaMMHOM OOECHEYEHUH, IO3BOJISIONIEM IO HMEIOLIMMCS
T€0JIOTMYECKUM JIaHHBIM IIPOU3BOJIUTH NPOCTPAHCTBEHHYIO HHTEPIOJSIIUIO M SKCTpanosiiuio. [IpocTpancTBeHHbIH
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aHaM3 (OPMaIM30BAHHON MOJEIH ITO3BOJIMII IIOJMYYUTh BaKHBIC HCXOJHBIC NAHHBIC IPH TEXHUKO-IKOHOMHUYECKOH
OLICHKE BapUAHTOB BOBJICUCHHS B OTPAOOTKY TeX JIMOO MHBIX Y4acTKOB IV KaluifHOTro ropH30HTa.

B nmokiame OMUCHIBAIOTCS MHOXECTBO BO3MOXKHBIX TEXHOJOTHYECKHX CXEM, HPHMEHEHHE KOTODBIX
BO3MOXKHO B YCJIOBHSIX PacCMaTpHBAaeMOI0 y4acTKa MECTOPOXKIEHHs. B pesynbraTe aHanM3a TEOPHUHM U NPAKTHKU
ONTHMH3ALMH [TAPAMETPOB TEXHOIOTHYECKHX CXEM OTPAOOTKU COJIMKEHHBIX CIIOEB U BHIIIOIHEHHBIX HCCIICIOBaHUH
Ha OCHOBE pa3a0O0TaHHOTO METOANYECKOrO IOJXOAA TIONYyYCHBl HAyYHO-METONUYECKHE IIOJIOXKCHUS I
000cHOBaHHMS S(PPEKTUBHBIX TEXHOJIOTUYECKHX CXEM C YUETOM BIMSHHS KayecTBa JOOBIBaGMbIX KaJMHHBIX PyX Ha
Ppe3yNbTaThl UX MEPEPaOOTKH.

B xonme wuccnenoBaHus pa3paboTaH aNrOPUTM ONTHMHU3AIMU MAPAaMETPOB TEXHOJIOTHUECKHX CXEM MpHU
0TpabOTKe BEpXHEH M HWKHEH nmadku cioeB [V KaJniHOTro TOpu30HTa, KPUTEPHEM ONTUMAILHOCTH KOTOPOTO OBLIO
MIPUHSTO KOJMYECTBO KOHIIEHTPATa, OJIy4aeMOro OT OTPaOOTKH 3alacoB B PACCMaTPUBAECMOM siYelKe PerysIsspHOM
ceTku. B pesynbrare ObUIM IPEATIOKEHBI PEKOMEHAAIMM K OTPabOTKe MIAXTHOTO MO C ONTHMAIbHBIMH
napaMeTpaMH TEXHOJOTMYECKHUX CXeM IIpU OTpabOTKe BEPXHHUX M HIKHHX cloeB IV KanumitHOro ropusoHTa
(pucyHoK 1):
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Pucynok 1 — PaiionnpoBanue IV kanmuitHOT0 TOPU30HTA O TUIOMIASM C ONTUMAIbHBIMU TE€XHOJOTHIECKIMH
cxeMamu

- B CE€BEPO-BOCTOYHON YacTH rOpu30HTa BepxHHUE clion 9 u 10 oTpabaThIBalOTCS CENEKTUBHO, HIXKHUE CIIOU
— TEXHOJIOTHYECKO# cxemoi 6-+(7+8);

- B IICHTPAJIBbHON YacTH rOpU30HTa BepxHHE ciIon 9 U 10 0TpabaThIBarOTCS CENIEKTUBHO, HIDKHUE CIIOW —
TEXHOJIOTHYECKOH cxemMon 6+7+8;

- B I0T0-3aIaTHOW YaCTH TOPH30HTA HIKHUE CIIOW OTPadaThIBAOTCS TEXHOIOTHIECKOH cXxeMoi 6+7+8;

- B 3aMaJHOI YacTH TOPU30HTA HIDKHHE CIIOW OTPa0aTHIBAIOTCS TEXHOJIOTHIECKOH cxeMoit 6+(7+8).
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Ienb: uccnenoBaTh MpoLEecC PeCTPYKTYPU3ALUHN YTOJIBHONU IPOMBIIITIEHHOCTH B MUPE.

Jo navana 1950-x romoB B MHPOBOM TOIUIMBHO-DHEPI€THYECKOM OajaHCe Yroib 3aHHMal BeIyIIne
MO3UINH. YTOJIbHAS HPOMBIIIIEHHOCTh OblIa OTPAciblO, MPEJHA3HAUYCHHOW AT yIOBIETBOPEHUSI MOTPEOHOCTEH
BHYTPEHHUX HAIlMOHAIBHBIX PBIHKOB. Takoe MoJIoKEeHNEe COXPaHsIIOCh 10 dHepreTrndeckoro kpmuca 1970-x romos:
10 90% moOBIBaEMOTO YIiIsl MOTPEOISUIOCH B CAMUX CTPaHaX, Ha SKCHOPT IIET B OCHOBHOM KOKCYIOIIMHCS yTOJb.

B pesymbraTte 3HEPreTHUECKOTO KPHU3MCA MHUPOBAs SHEPreTHKAa MPHIIA B COCTOSIHUE HEYCTOHYMBOCTH,
Ha3pesia He00XOJUMOCTh PECTPYKTYPHU3AINH YTOIBHON oTpaciu. PecTpyKTypu3anus - 3T0, IPEKAE BCETO KOMIUIEKC
Mep, HaNpaBICHHBIX Ha IOJJAEPXKAHUEC W Pa3BUTHE CTAOMIBHO PabOTAIOMIMX YIIIEAOOBIBAIOIINX IPENIPHUITHIH,
3aMeHa M MOJEpHHU3alMsl 000pyI0BaHMs Ha CTAapbIX MIaXTax, UMEIOIINX eIl JOCTaTOYHOE KOJIMYECTBO 3alacoB, a
TaKXe CTPOUTEIBCTBO M BBOJ B JKCIIIyaTallMI0 HOBBIX HIAXT M Pa3pe30B, OCBOCHUE NEPCIEKTUBHBIX YTOJIBHBIX
MecTopoxaeHui. [Ipekpamaiy cBo JesTelIbHOCTh HepeHTaOeIbHbIe IMAXThl M pa3pesbl, MHPOKO MPUMEHSIIACH
MeXaHu3alyss U aBTOMaTH3allks TNPOU3BOACTBEHHBIX IpoleccoB. Takas pecTpyKTypu3anus OblIa XapaKTepHa,
IIpex/ie BCero, Al pa3BUTHIX CTPaH.

PectpykTypusanus oTpaciM OKasana CHJIBHOC BIMSHHE HA DPa3MEINEHHWE YTOJbHBIX Hpexnpusituii. B
cTpaHax, oOmamaroutmx Oompmioit Tepputopuert (CHIA, Kamama, CCCP u nap.), mpou3omen CABHT OTPacid B
paiioHBI, Te BO3MOXKHA HOOBIYa yrirt OTKPHITEIM criocoboM. B CIIIA u Kanane mieHTp TsyKecTH 0Tpacil CMECTHIICS
B 3amaanbie paiioHsl, B CCCP — B Boctounsle, B Kutae — B mpuMOpCKHe NMPOBHUHIMH. B eBpomneickux cTpaHax
TEePPUTOPHAIBHBIE CABHTH OKa3alHMCh MEHEE 3aMETHBI, T.K. CIBUTH B DPa3MEIICHUH INPOMCXOAWIN B Iperenax
YTONBHBIX 0acCEHHOB. AHAJIOTHYHO €BPONEHCKIM CTpaHaM IIPOMCXOIMIN U3MEHEHHS B pa3MELICHUH B ABCTpaINHU
u IOAP. CILIA, Kanana, FOAP u ABctpanus yBenuuwiu JOObIYY SHEPreTHYECKHUX YIIeil B pacueTe He TOJBKO Ha
CBOM JIEKTPOCTAHILIUH, HO U Ha 3KcopT B EBpony, SInonuto u crpans! FOro-Boctounoit Asuu. Taxoit axcropT cran
Ba)XKHBIM (PAKTOPOM Pa3BHUTHS OTPACIIH.

B psine ctpaH, 0COOCHHO €BpOIEHCKUX, HAYAIOCh HE MPOCTO COKPAICHHE NOOBIYM, a 3aKPhITHE HIAXT U
BBIBOJ MX M3 s3kcmiayaTanud. B 1950-1960-x romax B CBSI3M ¢ yOBITOUHOCTBIO, C HapyIIEHHEM 3KOJIOTHUH,
OMACHOCTBIO IIAXTEPCKOro TPyJa BO MHOTHX CTpaHax HaydalM 3aKphIBaThCA IAXTHI U paspesbl. IIponecc 3akpeiTus
YTONBHBIX TPEANPHUATHHA, NMPHUHABIINHA IIMPOKHE MAacIITaObl, CONPOBOXKIANICS PE3KHM COKpAIICHHEM 3aHSATOCTH
TPYIAMNXCS, ZOOBIYH YTIIs, YTO 00YCIOBHIIO TIONCK APYTUX dHEproHocuteneil (HedTh, Ta3, aToMHast SHEPTHSA).

B Hacrosimiee BpeMmsi 3aKphITBI BCe YrosibHble npeanpuatus B [ommanamm, bensrum, IMopryrammm, B
Vcianun cokpalneHue ueT BCce CTPEeMHUTENbHEE.

B BemukoOpuranun, 'epmannn, ®@paHnmy mporecc pecTpyKTypH3aluu ObII OYEHb OOJIC3HEHHBIM H
3aTpaTHBIM. THICSYN TOPHSAKOB MOTEPSUIN CBOU pabouyre MecTa, U MPaBUTEIbCTBO OBUIO BBIHYKICHO IPUSATH MEPHI:
HayaTh JOCPOYHO BBIAABATh IEHCHIO JIIOJSAM, NPUOIIKEHHBIM K MEHCHOHHOMY BO3pacTy W OTIPaBUTh Ha
nepeKBalM(pUKAMI0O MOJIOABIX TOPHSIKOB WM BBIIATh UM HayalbHBIA KamuTal IJisi OTKpbITHS Ou3Heca. B
BenukoOpuTanuu oTpacip JeHaluoHamu3upoBaHa (kK Hadamy 1995 r.), B I'epmanum — npencraBieHa IBYMs
YaCTHBIMU KOHIIEPHAMH 110 CYIIECTBY CMEIIAHHOTO XapaKTepa BCIIEACTBHE MOLIHOW (DMHAHCOBOW MOJNEPKKH HX
rocynapcTBoM; Bo ®paHnun — HauoHaau3upoBana (B 1946 r.), yrieno0bIBaoIUe MPESANIPUITHS BXOAAT B COCTaB
rocyaapcTBeHHOro koHuepHa «lllap6onax ne ®dpaHc», OCYHIECTBISIOMIETO YIPABICHHE M aJIMHHHCTPATHBHO
MIOJIOTYETHOTO TIPABUTEIBCTBRY.

OcymectBisieMast ¢ 1994 roma pecTpykTypHu3anus yroJlbHONH HMPOMBIIUIEHHOCTH Poccuu Oblia BBI3BaHA
HEOOXOANMOCTBIO HEOTJIOKHOTO BBIBO/IA OTPACIIH M3 CIOXKMBIIErocs TEXHUKO-3KOHOMUYECKOro kpusnca. K Hagamy
PeCTpYKTypH3alluH yrojibHas OTPacib CTPaHbI pacrojaraja B OCHOBHOM YCTapeBIIMM IIaxXTHBIM (pOHIOM, MHOTHE
TIPEATIPUATHS OTPAOATHIBAIN B TSXKEIBIX TOPHO-TEOIOTUIECKUX YCIOBUAX HEKOHANIMOHHBIC TI0 MUPOBBIM OIIEHKaM
3arachkl yrisi, UCIOJIb3Ys TIPH 3TOM (HU3NYECKH M3HOLICHHOE 1 MOPaJIbHO yCTapeBllee 000py/0BaHue, JOObIUY yIiis
MIPUXOJUIIOCH OCYIIECTBIATH MIPH BBICOKOM YPOBHE aBapHHHOCTH M MPOHM3BOJCTBEHHOTO TpaBMaTH3Ma. B oTpacmu
CJIOKHJIOCH BecbMa HeOJarononyyHoe (MHAHCOBOE IOJIOKEHHE H3-3a YOBITOUHOCTH MHOTHX IPEANPHSTHH,
00JIBILION 32/I0JDKEHHOCTH NOTpeOUTeNeH YIilsd U psiia APYrUX MPUYHH BHYTPHOTPACIIEBOTO M BHELIHETO XapaKTepa.

C nenpl0 NPHHATUS KOHKPETHBIX MEp IO BBIBOAY YTOJBHOW NPOMBIIUICHHOCTH W3 CIIOKHBIIErOCs
KPU3HUCHOTO cocTosiHus OblT n3naH Yka3 [Ipesugenta Poccum ot 21.06.1993 1. Ne 934 «O mepax no crabuimnzaruu
MOJIOKEHHS B YrOJNbHOM mpoMmsluieHHOCTH». [IpunaTto nocranosnenue Cosera Munuctpos — IlpaButensctsa PO
or 20.06.1993 1. Ne 590 «O wupe3BblMaiiHBIX Mepax (UHAHCOBOW CcTaOMIM3amUM pPadOTHl  YrOJBLHOM
npoMeinuieHHOCTH».  04.05.1994 1. ObuO  yTBep)KAEHO MeXBEIOMCTBEHHOW KOMHCCHEH 110 COLMAlbHO-
HSKOHOMHYECKHM TpobieMam yrienobsiBatomux pernoHoB (MBK) «OcHOBHBIE NMPUHIOMIBI CAaHALMH U 3aKPBITHS
HENEepCHEeKTUBHBIX U 0000 YOBITOUHBIX IIAXT W pa3pe3oB YrojbHOW NpoMslieHHocTH Poccumy. Jlanee mo xomy
pebopmupoBaHus yTONbHON oTpaciu MuHdIkoHOMHKH P® u xommanmert «Pocyronb», Muntomuepro PO Obuin
paspaboransl «OCHOBHBIE HAINPaBICHHUS PECTPYKTYPU3AIMH YTOJNBHOM NPOMBINUIEHHOCTH Poccum». OTH
MIPOTPaMMHBIE JOKYMEHTHI OIPEAEIIFIIN CISAYIOINEe OCHOBHBIE HAIIPABJICHUS CTPYKTYPHOM MEPECTPONKH YTOJIBHON
MIPOMBIIICHHOCTH:

. (hopMupoBaHHEe KOHKYPEHTOCIIOCOOHBIX YTONBHBIX KOMITAHHWH, pa3paboTka ©  peanu3arius
nporpamMm pehopMUPOBaHUS U PUHAHCOBOTO O3/I0POBIICHIS;
. JUKBUAALUS HETIEPCIICKTHBHBIX U 0CO00 YOBITOYHBIX OPTaHU3AIIHIA;
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. colabHas 3alluTa pabOTHHKOB, BBHICBOOOKAAEMBIX B CBS3M C PECTPYKTYpH3aIMeH, BKIIOYAs
IIPEAOCTaBIICHHE TOCOOMH, KOMIIEHCALUH U JIBTOT B COOTBETCTBUH C JEHCTBYIOIIUM 3aKOHOJATEILCTBOM;

. obecrieueHre 3aHATOCTH BBEICBOOOKIAeMBIX PaOOTHHKOB ITyTEM AMBEPCH(HUKAIINN TIPONU3BOICTBA,
pasBUTHS NIPEANPHHUMATEIBCKON IEATENBHOCTH, pEaln3alid IPOrpaMM MECTHOTO PAa3BUTHA, COACHCTBUS
MIEPECEIEHHIO BBICBOOOXKIaEMBIX PAOOTHUKOB B Apyrue paions! Poccun;

. MOBBIIICHHE OC30MACHOCTH TpyJa B YTOJBHOH OTpPacid IIOCPEICTBOM MOJECPHHU3AIUU |
OOHOBIIGHHMS HMHAMBUAYaJIbHBIX CPEACTB 3allMTHI, CHCTEM oOOecledeHus Oe30MacHOCTH TPYyAd, YCHIICHUS
NpoQHUIaKTHYECKHUX U IPYTUX Mep B 00J1acTH O€30IIaCHOCTH M OXPaHbI TPY/a;

. NIPUBATH3ALMS YTOJILHBIX KOMIIAHUH U CO3/1aHHE KOHKYPEHTHOTO YrOJIbHOTO PHIHKA;

. COLIMAIbHO-?KOHOMHUUYECKOE, 3KOJIOTMYECKOE O3JO0pOBIEHHE U OOecleueHue COLHaNbHOH
CTaOMJIBHOCTH B YTJIEOOBIBAIONIMX PETHOHAX HAa OCHOBE COBEPIICHCTBOBAHMS COLHAIBHONW HMH(PACTPYKTYPHI U
YCHIIEHUSI IPUPOIOOXPAHHON AEATEIBHOCTH B 3TUX PETHOHAX;

. pa3sBUTHE HAYYHO-TEXHHYECKOTO M TPOEKTHOTO OOECHEUCHUS! PECTPYKTYPH3AIHMH YTOJBHOU
MIPOMBIIICHHOCTH.

Peanm3anus yka3aHHBIX HAIllpaBICHHH PECTPYKTYypH3AIlMH YTOJBHOW MpoMEIIuIeHHOCTH Pocenu B 1994—
2006 rT. MOJOXUTEIBHO OTPA3MIACH HA MAaKPO3KOHOMHYECKHMX M OTPACIEBBIX MOKA3aTENSIX (YHKIMOHUPOBAHHS
oTpacnu.

B pesynbrate Obuto nukBHAMpPOBaHO 203 yOBITOYHBIX WM HEMEPCIEKTUBHBIX OPraHU3allMi C BBICOKOIi
TPYAOCMKOCTBIO IIPOU3BOACTBA M  CJIIOKHBIMU TOPHO-TCOJOTMYECKUMHU  YCIIOBUAMMU. I[061)1qa yri 6I>IJ'Ia
COCpeAOTOUYCHA Ha 60J1ee TMEPCICKTUBHBIX MECTOPOKIACHUAX W HNPCANPUATUAX, 6]:.1.]'[0 BBITNIOJJTHCHO TCXHHYCCKOC
TIEPEBOOPYIKCHUE U MaCH_ITa6HaH NMpUBaTU3AMU OCTABHIUXCA B JIKCILUTyaTalluU Hpe}alHHTHﬁ; a TakKxXKe Inepcaayda
00BEKTOB COLMAIBHON HMHQPACTPYKTYpPHl B MYHHUIMIAIBHOEC BEJICHUE IPU PECTPYKTYPH3alMU YroJbHOM
MPOMBINUICHHOCTH.

Tabmuma 1. MacmtaObsl 1 AMHAMHKA TEXHUKO-3KOHOMHYECKUX ITOKa3aTeseil yroJdbHON MPOMBIIIIEHHOCTH
Poccun B poriecce ee pecTpyKTypH3aLuH

IloxazaTtenu ]

994 996 998 000 002 004 006
Yucno maxT, TEXHUYSCKUX SIUHUIL ]

29 96 22 06 06 3 5
UYucno pa3pe3oB, TEXHHYESCKIX €ITHHIT [

5 8 7 19 23 21 27
Jo0OpI4a yriis, MiTH T ] ]

62 55 32 58 56 82 09
YucneHHOCTh MepcoHajla OTpaciu, BCEro, ThIC. { ]
yell. (Ha Ha4aJo roJia) 59,0 03,8 95,6 70,8 36,5 69,0 30,0
BricBoOOXIEHO c JINKBUJUPOBAHHBIX ]
TIPEATIPUATHIH, THIC. Yell. 4,5 8,4 8,4 2,5 4,1 ,8 ,02
Konn4ecTBo JHKBUIUPOBAHHBIX MPEIIPUATHIA, b
€IMHMI] 6 1 4 7 0 -
[IpousBomuTeENbHOCT, Tpyna pabodero 1o {
J00BIYE YIS, T/MeC 3,7 34 7,9 10,3 17,3 59,1 73,5
WHBecTUIIMN Ha CO3/1aHNE HOBBIX PabOUUX MECT ]
o no6brue yrisi, MiaH. pyo., ( B menax Ha 2005 | 057,4 2379, | 977,7 | 2168, | 8534,4 | 8453, | 4000,0
T.) 4 1 5

OOmyM WTOTOM pECTPYKTYpH3alMH YTOJbHOM IPOMBIIUICHHOCTH SBISETCS TOT (akT, YTO OTpPacih
IpeoJioNeNna  TPAaeKTOPUIO  KaTacTpOPUYECKOTO0 TEXHHUKO-3KOHOMHYECKOTO cIlaja W BhIIUIA Ha MyTh
MOCTYNATENILHOTO PAa3BUTUS, HO I1I0Ka HE JIMIICHHOTO ONPENeNICHHBIX TPYIHOCTEH M HaIW4YMid MHOTHX
HYXJAIONMXCS B PpEIICHHH NpoOiieM, OCOOEHHO B YacTH TEXHHYECKOTO IIepEeBOOPYKEHHS IPOM3BOICTBA,
MIOBBIIIEHUS] €€ KOHKYPEHTOCIIOCOOHOCTH Ha IHEPTeTHYECKOM pPBIHKE, oOecredeHus] (pHHAHCOBOM YCTOHYMBOCTH
YTOJIBHBIX KOMITAHUHM M PETyIHNPOBAHHUS COIUATBFHO-DKOHOMHYIECKUX M IKOJOTHYECKHX MOCIECACTBUHA JTMKBUIALINN
IIaXT U Pa3pe30B Ha YTIIEIPOMBIIUIEHHBIX TEPPUTOPHUAX. B cBsa3m ¢ 3tM Muanpomduaepro PO 8 2006 1. yTBep)KaeH
«Komrmurekec MepoIpuATHII IO 3aBEPIICHHUIO0 PECTPYKTYPHU3ALUHU YTodsHON npoMeinuieHHOCTH Poccuu B 2006-2010
rofax».
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AHAJIA3 D@PEKTUBHOCTU ®YHKIIMOHUPOBAHUS CUCTEMbI
YIIPABJIEHUSA OXPAHOU TPYIA I'OPHOI'O HPEAITPUATUSA

Annomauyun. Opgexmusnan cucmema yYnpasieHus OXpaHou mpyoa npeonpuamus obecneuugaem
CYWEeCMBEHHOE — CHUDICEHUe  YPOGHS — NPOU3BOOCMEEHHO020 — mpagmamuzma. B cmamve  paccmompenvi
OpeAHU3AYUOHHBIE MEPONPUSIMUL NO NOBLIUEHUIO YPOGHS 0e30NACH020 Npou3eo0Ccmea nymem 3pgexmuenoi
OYEHKU CUCmeMbl YRpAGIeHUs. OXpanou mpyoda Ha npeonpusimuu. Paspabomanvl xpumepuu oyenku mexyuje
apexmusnocmu  PYHKYUOHUPOBAHUS CUCTEMbL YRPAGIeHUs oxpanou mpyoda 6 opeanuzayuu. Ha npumepe
yeonvnoeo npeonpuamus  komnanuu 000 “JTOK” waxmer «Obyxosckasny OAO «IIY «Obyxosckasy
paccmompenvl nymu nogbluenus: Kauecmsa npou3e00CmMEeHH020 KOHMPOJIS COCMOSIHUSL YC08ULL MPYOd.

Knrueswvie cnosa: kpumepuii, bezonacnocms, s¢pgexmusnocms, CYOT, ycnosus mpyoa.

MEASURE OF EFFICIENCY FOR OCCUPATIONAL SAFETY AND
HEALTH MANAGEMENT SYSTEMS AT A MINING ENTERPRISES

Abstract. Improved technologies with efficient management systems support a significant reduction of an
industrial accident rate. The article addresses organisational arrangements required to improve industrial safety
through efficient assessment of the safety management system at a plant. Criteria have been developed to evaluate
current effectiveness of the safety management system in place. The condition of the coal industry in the Rostov
Region has been reviewed. The case of DTEK company, Obukhovskaya mine of MM Obukhovskaya, is used to
consider ways to improve production control over workplace conditions.

Keywords: criteria, safety, effectiveness, OSH, working conditions.

Beenenne

B coorsercTBum ¢ aeiictByromum B Poccuiickoii ®@enepanuu TpyJOBBIM 3aKOHOJIATENBCTBOM U PSIOM
HanuoHanpHbIX cTanaaproB: ['OCT 12.0.230-2007, TOCT P 54934 — 2012/OHSAS 18001:2007 craHoBHTCS
OUYEBH/IHBIM, YTO YJIy4llIeHHE PON3BOJICTBEHHBIX M CTATUCTHYECKHX MOKa3aTelield BO3MOXKHO ITyTEM peau3allii Ha
YPOBHE IPEATIPHATHS CHCTEMHOT0 TI0X0/1a K YIPaBJICHUIO oxXpaHoi Tpyna [1].

Ha ocnoBammm mnoamynkra 4.14.1 T'OCT 12.0.230-2007 “Cuctema ympaBieHHS OXpaHOH Tpyaa B
opraamzaun. O6mue TpeOoBaHus N0 pa3padoTKe, IPUMEHEHHUIO, OLICHKE U COBEPIICHCTBOBAHUIO MOXHO CHIEJaTh
BEIBOJI, YTO OIICHKA COCTOSHHUS OXpaHBl Tpyda M I(PQPEKTHBHOCTH (DYHKIMOHHPOBAHUS CUCTEMBI YIPaBICHUS
OXpPaHOM TPy/ia IMEET CIICTYIOIINE BHIBI OLCHOK:

1. OLIEHMBAeT OOIIYI0 CTPAaTErHi0 CHCTEMBl YIPABJICHHWS OXPAaHOM Tpyda Ui ONpeAeNIeHHs
JOCTHXKUMOCTH 3aIlJIAaHUPOBAHHBIX LIEJIEH NesITeIbHOCTH;
2. OLIEHMBACT CIIOCOOHOCTH CHCTEMBI YIPABJICHHWS OXPaHOW TpyJda YIOBIETBOPSTH OOIINM

MOTPEOHOCTSIM OpTaHU3allMd M €€ 3aMHTEPECOBAHHBIX CTOPOH, BKJIIOYas PaOOTHUKOB M OpPraHbl yNpPaBJICHUS,
Ha/30pa U KOHTPOJIS;

3. OIIEHHBAET HEOOXOIUMOCTh U3MEHEHHUS CUCTEMBI YIIPABJICHHs OXPAHOU TPYy/a, BKIIOUAs MOJIUTUKY
1 IIeTIH 110 OXpaHe TPY/a;

4, omnpeeNnseT, Kakue ACHCTBHs HEOOXOAMMBI IS CBOCBPEMEHHOTO YCTPaHEHUs HEI0CTATKOB,
BKIIFOYass U3MCHEHHE IPYTUX CTOPOH YIPaBICHUYECKOW CTPYKTYpPBHI OpPraHW3alMd W U3MepeHHe 3PQPEeKTHBHOCTH
Pe3yNbTaTOB;

5. oOecrieynBaeT OOPaTHYIO CBsI3b, BKIIOYAs OINPEICIICHUE MPHOPHUTETOB, B IEIAX PANMOHAIBHOTO
IJIAHUPOBAHUS U HEMIPEPHIBHOTO COBEPILIEHCTBOBAHMSI,

6. OLICHMBAET MPOTPECC B JOCTHXKEHUM LEJIed OpraHu3alMy 10 OXpaHe TpyAa U CBOEBPEMEHHOCTH
KOPPEKTUPYIOILIUX JIEUCTBUH;

7. oreHnBaeT 3PPEKTUBHOCTD JCHCTBHI, HAMEUSHHBIX PYKOBOJICTBOM IPH TPEABIAYIINX aHATH3aX

3¢ ($EKTHBHOCTH CHCTEMBI YIIPABICHUS OXPAaHOH TPyIa.

JlaHHBIE BUABI KOHTPOJIS ¥ KPUTEPHH OLIEHKH SIBIISIOTCS TOBOJIBHO OOIIMMHY M HE B TIOTHOI Mepe OTPaXKaroT
aKTyaJlbHOE COCTOSIHHE CHCTEMBI YIPAaBICHHS OXpaHOWH Tpyaa Ha mpeanpuaruu [2]. B OompmmHCTBE CitydaeB
OCYIIECTBIISIETCSI PEAaKIMOHHBIA IMOIXOA K BO3HUKAIOIIMM mpoOieMam, a He NPOAKTHUBHBIN, HaIleJICHHBIA Ha
MIpeayIpexAeHNe aBapUHHON CUTyallly MM HECYaCTHOTO cirydas [3].
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Pe3ysbTaThbl HccIe0BaAHNUS

@dopmupoBaHHEe CUCTEMBI YIPABICHUS OXPAaHOH TpyJa B OpraHU3aLMU TPeOyeT ONpeNesICHUs KPUTEPHEB
OIIeHKH 2P PEeKTUBHOCTHU €€ (HYyHKIIMOHUPOBAHUSI.

Ba)kHBIM SBIISIETCS HAIMYHE WM OTCYTCTBHE JAHHBIX KPHTEPHEB, a TAKXKE YPOBEHb MX BBHIOIHEHUS:

1) HaJIMYHE OMPOCOB (aHKETHPOBAHMS) TIEpCOHAA 1I0 TeMaM oxpassl Tpyaa (OT);

2) OTHOIIEGHHE KOJMYECTBA 3aBEPIICHHBIX BHYTPEHHUX IPOBEPOK (AayOUTOB) K KOJIHUYECTBY
3aIuIaHUPOBAHHBIX;

3) koJnuecTBo coBenanuii no OT;

4) €KEMEeCsIYHOE KOJIMYECTBO ITyHKTOB IPEIHCaHNH, HECOOTBETCTBUI TPEOOBAHUSIM OXpaHbI TPY/a;

5) (PMKCHPOBAHNE/KOINYECTBO «IIOYTH HPOUCIIECTBUI», BBIABICHHBIX IPH yYaCTHH pPAaOOTHHUKOB,
BKJIFOUCHHBIX B 0011yto cratuctuky HC u Hapymenuii o OT;

6) KOJINYECTBO NPOBEACHHBIX OL[EHOK PUCKOB C y4acTHEM PaOOTHUKOB;

7 KOJIMYECTBO UACHTU(HUINPOBAHHBIX PUCKOB / KOJIMYECTBO YCTPAHEHHBIX PHCKOB,;

8) HaJIM4Y#e yJO0OHOTO KaHajia 0OpaTHOM CBS3M OT pAOOTHUKOB K PYKOBOJCTBY TIPEIATIPHUSATHS;

9) KOJIMYECTBO MOCTYNHBIINX MPEII0KEHNH OT paboTHHUKOB 110 yiydmieHusM B CYOT;

10) KOJIMYECTBO MPOBEACHHBIX ayANTOB OE30MACHOTO ITOBEICHUS,;

11) KOJIMYECTBO TPEHUHIOB T10 OXpaHe TPpyLa;

12) HaJIMYHe IPOLEeLyphl BHYTPEHHETO pacciaeOBaHNsA IPUINH HECUACTHBIX CIIydacB;

13) co0JTI0/IeHIe HOPM UM CPOKOB BBIJJauM CPEACTB MHAMBUIYanbHOH 3amuThl (CH3) paboTHHUKOB,

14) HaJIMYMe KOPIOPATHBHBIX CTAaHJAPTOB, YIYUIIAOIHUX YCIOBUH TPyAa paOOTHUKOB, OTHOCHTEIILHO
JEeHCTBYIOIIEr0 3aKOHOAATENbCTBA,;

15) HaJIMYHMe TeKyIeH oneHKkH AP PpeKTUBHOCTH pacxooBaHus cpeacts Ha OT;

16) OIEPaTUBHOCTH U IOCTYIHOCTh HMH(OPMAIIMOHHOM MpOIaranpl 0€30IacHOTo Tpyaa.

[IpuBeneHHBIN IepedeHb KPUTEPHEB HE SBISIETCS MCUYEPIBIBAIOIINM, TaK KaK COCTOSHUE YCIOBHH TpyAa U
CHCTEMBI YIIPaBIICHUS OXPAaHOW TPyJa CYIIECTBEHHO OTIMYAIOTCSA HA Pa3HBIX MPEATIPHATHAAX. DTO OO0YCIIOBICHO HE
TOIIKO yYPOBHEM BHHMAaHHS CO CTOPOHBI PYKOBOJICTBa (TJIABHBIX aKIMOHEPOB) Ha oOecredeHHe Oe30IMacHBIX
YCIIOBHI Tpyda, HO W COLMAIBHBIM IIOJIOKEHHEM TpaXXJaH B palioHE pACMOJOXKCHUS TMPEIIPUATHS, €ro
KITUMAaTHIECKAX U TEPPUTOPHATHHBIX 0COOCHHOCTEH.

3akarouenue

PocroBckast 00macTh pacrojiaracT HEOOXOTUMBIM MOTCHIMATIOM Ui pa3BUTHI. B o0igacTu MMeEIOTCS
3HAYHUTENIbHBIC Pa3BEAaHHBIC 3aMachl YIJIsl, MMO3BOJSIOIIAE 00CCIEUUTh MOOBIYY B TpeOyeMbIX 00beMax HaleKo 3a
paccMmarpuBaeMblil iepro. OTHUM U3 KITFOYEBBIX (PaKTOPOB YCTOWYHBOTO Pa3BUTHS SIBISIETCS] COBEPILICHCTBOBAHHE
CHCTEMBI YNPaBJICHHUS OXPAaHOW TpyJa Ha MPEANPHUATHU, KOTOpas B CBOIO odepeab 00eCredHuT BHICOKUN YPOBEHD
MOTHBAIIUU K pr[[y pa6oqero nepCOHana, IIOBBIIIICHUEC HpOI/I3BO}Z[I/ITeHI)HOCTI/I pr,l:[a, CHUIXCHHC HOTepb nu
MOBBIIICHUE CTATyCa TOPHALKON NMPo(eccuu B OOIIECTBE.
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IKOHOMMNYECKASA OHNEHKA DOPEKTUBHOCTH
HNPUMEHEHMUA «BE3JIIOJJHOW» BBIEMKHA YTI'OJIBHBIX IIVIACTOB

[IpuBeneHa sKoOHOMHUYECKash OIEHKA AS(P(GEKTUBHOCTH NPUMEHEHHS «OE3IIF0JHON» BBIEMKH YTOJBHBIX
IUTACTOB C HMCIIOJH30BAHUEM WHXKEHEPHOI'O W TEXHUKO-IKOHOMHYECKOTO aHajH3a CYIISCTBYIOMICH MPOrPECCHBHOM
TEXHUKHA W TEXHOJOTHH, & UMEHHO OyporrHekoBoi ycTaHoBKH — KBB «Bekrop», ckpenepoctpyroBoii — YC-2V.
O0ocHOBaHA pPAIMOHATHHOCTh NPUMEHCHHs «OE3II0OHOI» BBIEMKH Ha TpUMeEpe Iuiacta kg II«XapbKOBCKAs».
PeSyHBTaTBI pacy€ToB TIOKazajan, 4YTO JJIid yCJ'lOBPIﬁ . ((XapBKOBCKaH» MNPpEANOYTUTEIIbHA TEXHOJIOTUA C
IIPUMEHEHNEM CKPENepoCcTpyroBoii ycraHoBku — YC-2Y ¢ 3akmagkod BBIPaOOTaHHOTO MPOCTPAHCTBA ITyCTOU
MOPOAOH M3 TOPHOIMPOXOTIECKUX 3a00€B, BHEAPEHUE KOTOPOH MO3BOJUT MOJYYHUTH OKUAAEMBIH SKOHOMHUYECKUM
st dexT B pazmepe 120,5 muH. pyo.

The article discloses the ways of using engineering, technical and economic analysis of existing advanced
machinery and technology ("Vector" auger, the US-2U screper strug) in the process of economic evaluation of the
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effectiveness "uninhabited" coal recovery application. The main goal of the research is to explain the rationality of
"uninhabited" coal recovery application. The investigation was based on ks coal bed of "Kharkivskaya" mine.
According to the calculations obtained, US-2U screper strug with stowage is more preferable for the "Kharkivskaya"
mine working conditions. The affordability of the above-mentioned technology will rise up to 120,5 million rubles
benefit.

B nacrosmee Bpems mepes YroJdbHOM IMPOMBIIUIEHHOCTRIO JloHOAcca CTOST ABE BayKHEHIIHE IPOOIIEMBL
[lepBast — HEOOXOAMMOCTH Pa3BUTHUS KOMIUIEKCHOM MeXaHM3allMM OYHMCTHBIX Pa0OT, KOTOpHIE B IEPCIIEKTHUBE
TIOMOTYT YBEIMYHUTH MOJII0 OE3JII0MHOM BBHIEMKH, YTO B CBOIO OYepelb PEIIUT Ba)KHEWIIME COLUaJbHBIE U
9KOJIOTUYECKHE BOIIPOCH, @ UMEHHO BBIBOJI JIIOJIEH U3 JIaBbl, OCBOOOXKICHUE UX OT TSDKENOro (usnueckoro Tpyaa, a
TaK)Ke CHIIKEHHE BJIMSHHS HETaTUBHBIX (PAaKTOPOB CPEAbl M MPOM3BOJCTBEHHBIX IPOLECCOB B OYMCTHOM 3aboe.
Bropas mpobiemMa — CIIO)KHOCTh METOJOJIOTMH IPUMEHEHHs KOMIUIEKCHOW MeXaHW3allMd Ha BEChbMa TOHKHX
YTOJBHBIX IIJIACTaX BCIIEJCTBHE OTPOMHOIO KOJMYECTBA TEKTOHHYECKHX M I€OMEXaHWYECKHX YCJIIOBHU 3ajeraHui
miacToB [1].

IIpomeinuieHHBIE 3amackl MecTopoXkaeHnii Jlorbacca, COCpeOTOYCHHBIE B TUIACTaX MOIIHOCTBIO MeHee |
M, COCTaBISIOT 0K0JI0 70 % OoT 00mux, a yriaeno0srda U3 HAX - OKoyo 1/3 obmrux 3amacoB. BaxXHBIM sIBIsIeTCS H TO,
YTO B BEChMa TOHKHX IIACTaX 3aJIETal0T OOJNBIINE 3aMackl yIiield BEICOKOTo KadecTBa. Tak, Ha IIACTax MOIIHOCTBIO
MeHee 0,8 M cpemHeB3BeIIEHHAsT 30JIFHOCTh yIJleW HaxogurTcs B mpenmenax 13 %, B To BpeMs Kak 30JbHOCTH
ONaroNpHUATHRIX II0 MOIIHOCTH yTied — B 2-3 pasa Boime 3toro ypoBHA [3]. IlosToMy mpobiema mMexaHH3aIUuu
BBICMKU BECbMa TOHKHUX IIJIACTOB YK€ B HACTOAIIECC BPEMS SABJISICTCA B BBICIIEH CTENEHU aKTyaanoﬁ.

Llenbro paboTHI sBIsieTCsl 00OCHOBaHME 11€71ec000pa3HOCTH OTPAOOTKM TOHKOIO IUIACTa, HA MpHuMepe kg
OIT m. "Xapsropckas" OO0 "ITOK CrepaioBanTpanut" 06e3 MPUCYTCTBHSI JIOACH B OYHCTHOM 3a00¢€.

MeroaamMu 000CHOBaHHUS SIBISETCS: 00OOIIEHNE JIUTEPaTypHBIX M MIaXTHBIX MaTepUalioB, HH)XEHEPHBIH 1
TEXHUKO-KOHOMUYECKHUH aHan3.

B kauectBe 00BCKTa HWCCICHOBAHHUA IPHHATHL TEXHOJOTHMYECKHE CXEMBI OTpaboTKu Intacta kg I
«XapbKOBCKasi», TOPHO-TEOJIOTHIECKHE YCIOBUS KOTOPOTO NMPEACTaBICHHI B Tabmmie 1.

Tabmmma 1 — ['opHO-Teomorndeckas XapakTepUCTHKA TIacTa kg II. «XapbKOBCKas)

1 HanmeHnoBanue miacra ks

2 Mapka yras A

3 [MommHOCTS mIacTa (0T-I0/CPeaHsst), M OAZ)S’%

4 [3ompHOCTH, % 33,6

5 |Cepnucrocts, % 1,35

6 |B0oxo0oOMIBHOCTD, M/aac 7

7 [FasooGunbHOCTD, M>/yac 0

8 |ConpoTHBIISIEMOCTD YIJISl PE3AHHMIO, Kr/cm’ 200

9 |Crpoenue miacra MIPOCTOE U CIIOKHOE
10 |CteneHb BBLAEPKAHHOCTH OTHOCHUTEJILHO BBLIEpXKaHHbIN
11 [Hamuuue BKIOYEHUH OTCYTCTBYIOT

12 |[Kateropuu nopox no JouYT'U:

- OCHOBHAs KpOBJIA

A, (cpegHeobpymraeMast)

- HCOOCPCACTBCHHAsA KPOBJIA

B3 (ManoycroiunBas)

- IoYBa I1; (ycroitamBas)
13 [Koadduuuent kpenoctu f o mkasie M.M. [IpoTtonbsikoHoBa:

- IOpOJ OCHOBHOW KPOBJIU 4-9

- IOPOJ HENOCPEJCTBEHHOW KPOBIU 4-9

- TOPO/J] TIOYBBI 6-7
14 |CkJIOHHOCTH K CAMOBO3TOPAHHIO, BHE3AITHBIM BBIOpOCAM YISl U Taza HE CKJIOHEH

OCHOBHBIMH ~ T'OPHO-TEOJIOTHYECKUMH  TIapaMeTpaM{, OTPAHWYMBAIONINMU  00JacTh  NPUMEHEHUS
«Oe3TFOTHONY» TEXHOJIOTHH SIBJIAIOTCSA: MOIMHOCTH M Yrojl MafeHus IUIacTa; CONPOTHUBISIEMOCTh YIS PE3aHHIo;
BBIOPOCOOTIACHOCTH, TA30HOCHOCThH ¥ BOJIOOOMIIBHOCTH; HATMYUE BKIIOUSHHUH U T.7. [4]. Kak MBI BUANM U3 TaOIUIIBI
1 — ropHO-reoJoru4eckue ycloBHs IacTa ks TMO3BOJSAIOT IPUMEHHTh K HUM IIEPCIEKTHUBHBIE TEXHOJOTHH
«0e3III0THOI BBIEMKH, & UMEHHO:

- OypomnekoBblit KbB «BekTopy;

- ckpenepocTpyroBbiil YC-2V ¢ 0CTaBICHHEM YrOIbHBIX LIETTHKOB;

- ckpenepocTpyroBbiil YC-2V ¢ 3akiaikoil BBIpaOOTaHHOTO MTPOCTPAHCTBA ITyCTON ITOPOJIOH.

Jpyrue BapuaHTBl TEXHOJIOTHH «OE3JI0JJHOM» BBIEMKHM HE PAacCMaTpPHBAIOTCS, TaK Kak B OOJBIIMHCTBE
CBOEM OHHU MMEIOT JIMIIb TEOPETHUECKUIN XapakTep. DT TEXHOJOTHH HE MPOXOIMIN KaKHX-THOO MPOMBIIUICHHBIX
HCTIBITAHNH, a BCE UX TEXHUKO-DKOHOMHUYECKHE TTOKa3aTeN! SBISAIOTCSA pacueTHBIMH. [103ToMy, MX paccMOTpeHne B
paboTe B KauecTBe aJbTEPHATUBHBIX BAPHAHTOB, M3-32 OTCYTCTBHS KaKUX-THOO JaHHBIX, HCKITIOUEHO.

OCHOBHBIM KpHUTEpHUEM SKOHOMHUYECKON OIEHKH MPUMEHEHHs «OE3JII0HOI» BBIEMKH IJIacTa kg MOCITyXaT
yAeTbHbIE 3aTpaThl HAa 1 T 10OBIBAEMOTO YIJI, a JTOTONHUTEIBHBIMU: MPOU3BOANUTENFHOCTE TPY/a, MOTEPH YT B
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Hempax,
paccMaTpuBaeMbIX BapHaHTOB [2].

a TaKXKE€ KadeCTBO ,ZIO6BIB&CMOFO yris.

JlagHass oOIleHKa SIBISETCS OTHOCHTEIBLHOM IS BCEX

B pesympTare HMH)XXEHEPHOTO M TEXHHKO-)KOHOMHYECKOTO pacdyeTra OBIIM MONydYeHBI IapaMeTpBl,

MIpUBEICHHEIC B TabnwIe 2.

Tabmuna 2 — TeXxHuKO-3KOHOMHYECKHUE ITOKA3aTEeIH PACCMaTPUBAEMBIX BApHAHTOB

BapuanT VC2YV ¢ YC-2Vy c
Ennnuna KbB 3aKJIQIKON
HanmeHoBaHue usMepeHusi | «Bektop» OCTABJICHICM BBIPa0OTaHHOTO
LIEJTUKOB
mokazaTeJst IIPOCTPaHCTBA
/muTenbHOCTh IUKIA MUH. 301 18,52 13,76
Konn4ecTBo UKIOB HIT. 3 56 76
/ToObIua ¢ 0JHOrO MUK /LMK 173,4 7,7 7,7
CpenHecyTO4Has Harpy3ka Ha JIaBy T/CYT. 520 431 585
MecsiuHast Harpy3Ka Ha JIaBy T/Mec. 13000 10775 14625
YncneHHOCTh pabo4nX Ha y4acTKe qell. 18 18 18
CpenHemecsiaHast IPOU3BOUTEIBHOCTD TPYyIa P 722 600 312
[pabovero
3arpaThl Ha OIIATY TPyJa pyo/T 66 80 58
OTYUCIICHHS HAa COIL.HYKIBI pyo/t 29 35 26
3arpaThl Ha BCIOMOTaTeJIbHbIE MaTepuaIbl pyo/T 504 575 575
3aTpaThl Ha AIEKTPOIHEPTHUIO pyo/T 93 116 99
3arpaThl HA aMOPTHU3ALIUIO pyo/T 175 160 127
[Ipoune 3aTpaThl pyo/T 28 33 24
3aTpaThl Ha MOJIEPIKAHUE U IPOBEICHNE py6/r 765 765 765
BEIPaOOTOK
3aTpaThl HAa MOHTaX U IEMOHTaX pyo/T 175 136 148
Ce0ecToMMOCTb:
- [0 OYUCTHOMY 320010 pyo/T 895 1000 909
- 110 Y4acTKy pyo/T 1835 1901 1822
- [TOJTHAsI TPOU3BOJICTBCHHAS pyo/T 1927 1996 1913
IToTepu yris % 43 23 2
CTOMMOCTB IOTEPh YIS pyo 62247881 35309240 2944107
'YaacTkoBast 30JIbHOCTh % 50,2 33,6 33,6

Hcxonst n3 MONydeHHBIX DPE3yJbTaTOB, CPaBHHBAs NPHMEHEHHE OYpOIIHEKOBOM M CKPENepoCTpyroBOH
TEXHHUKH MOXHO CJIEJIaTh BBIBOJIBL, UTO OYPOIIHEKOBAs BEIEMKA UMEET PsIJi KPUTHYECKHUX HETOCTATKOB!

- BBICOKHE TIOTepH yIis - 43%;

- CHIDKEHUE KaueCTBa yIJisl 3a CUET MOBBIIICHUS 301bHOCTH 10 50,2%);

- Mayas JJIuHa OypUMBIX CKBa)KUH;
- 0oJ1ee BbICOKas CE0ECTOMMOCTb;

- CJIO)KHOCTB TIPOBETPHBAHUSI U OOJIBLIME YTEUKH BO3/lyXa B BIPA0OTaHHOE NPOCTPAHCTBO.
VYuureiBasg Bce AOCTOMHCTBA M HEJOCTAaTKM KaXKJOro BapHaHTa, a TaK K€ pe3ylbTaThl MOTYYEHHBIX

TEXHHKO-3KOHOMHUYECKHUX TI0Ka3aresell, Hanboiee SKOHOMUYECKH ONTHUMAJIbHBIM M I€JIecO00pa3HbIM BapHaHTOM
TEXHOJIOTUH OTPAa0OTKH IutacTa ks mI. «XapbKOBCKas», C MPUMEHEHWEM TEXHOJIOTHH 0e3 NMPUCYTCTBHA JIOJEH B
OUYHCTHOM 3a0o0e, SBISIETCSI CKperepocTpyroBas ycraHoBka YC-2VY ¢ 3akiagkod BBIpaOOTaHHOTO NPOCTPAHCTBA.
JampHeWmmii pacdeT TMOKa3all, YTO OKHAAEMBId TOJOBOW OKOHOMHYECKHHA J(PQEKT TOocCie BHEAPCHHS B
MIPOU3BOJICTBO IporpeccuBHOM Texuuku YC-2V Oynet pasen 120,5 MiH. pyo0.

BriBogbl. MHxeHEpHBII M TEXHMKO-3KOHOMMYECKMH pacueT MOATBEPIWIM PALUOHAIBHOCTh M
s pexTHBHOCTL BHEIpEeHU «Oe3I0THOMY» BEIEMKH Ha TOHKHX Tutactax JloHOacca. Y CTaHOBIICHO, UTO IS YCIOBHMA
1acTa kg mI. «XapbKOBCKash» MPEANOYTUTENIFHA TEXHOJIOTHS C MPIMEHEHUEM CKPENnepoCcTpyroBoi ycTaHoBKU Y C-
2V ¢ 3aKiagkod BBIPAaOOTAaHHOTO IIPOCTPAHCTBA IYCTONH MOPOAOH M3 TOPHOMPOXOTYECKHX 3a00€B, BHEAPEHUE
KOTOPO¥ MO3BOJIMT MOJIYIUTh OKUAAEMBIN TOA0BOM 3KoHOMUYeckHit 3 dexT B pazmepe 120,5 miH. pyo.
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B.B. KIMMOBUY
Benopyccruti nayuonanvuwil mexuuveckuu yrusepcumem (puruanr BHTY 2. Conueopck),
OAO «benzopxumnpomy»

W3YUEHUE TEXHOT'EHHOM TPEIHIUHOBATOCTHU B
HATYPHBIX YCJIOBUAX

Benenune. HoBblif 5Tan KOMIUIEKCHBIX UCCIIENOBAaHUN YCIIOBUI 00pa30BaHUs M BBICOTHI PACIIPOCTPAHEHHUS
TEXHOT€HHO! TPEIMHOBATOCTH HaJ BEIpAOOTaHHBIM MPOCTPAHCTBOM B YCIOBHAX CTapOOMHCKOTO MECTOPOKICHUS
KaJMHHBIX collell B HaTypHbIX ycioBusx HauaT ¢ 2008 roma [1]. MccnenoBaHus OCHOBaHBI Ha MpPSIMOM METO/E,
npeaycMaTpuBaioiieM OypeHHe M3 TOPHBIX BBIPAOOTOK BOCXOASIIMX M HHCXOMSIINX CKBXHH B HANpPaBJICHUH
BEIPAOOTAHHOTO TPOCTPAHCTBA W MPOBENCHIS B HUX CIICIMATBHBIX padoT. bypeHue CKBaXWH BBIMOIHSAIOCH Hall
Bropeiv wn TpeThbHM KaTMAHBIMH TOPH30HTAMH HAa YYacTKaX C pPAa3IMYHBIMA TOPHO-TEOJIOTHYCCKUMHU |
TOPHOTEXHIUYECKIUMH yCIOBHSIMHU.

Metoaunka ucciaeqoBaHuii. BypoBbie U UCcIeTOBaTEIbCKIE PaOOTH B CKBAKWHAX BHITIONHSIIA COBMECTHO
B COOTBETCTBHUU C reojioro-TexHmdeckuM Hapsaaom (I'TH) Ha OypeHne mccienoBaTenbCKUX CKBAKHH, BKITFOUAIOIIEM
re0JIOTHYECKYI0, TEXHUYECKYIO M HCCIIE0BATEIbCKYIO YaCTH.

KoHcTpykiiuss HcCnenoBaTeNbCKUX HHUCXOJSIIUX CKBAXMH BKIIOYaeT OJHY OO0CagHyl0 KOJIOHHY
(xoHOYKTOp) IMMHON 4-7 M, YCTaHAaBIMBAGMYI0 HA YCThE€ CKB@)XHUHBI. 3aTpyOHOE MPOCTPAHCTBO 3alOJIHAIN
LIEMEHTHBIM PacTBOPOM, 3aTBOPEHHBIM Ha paccojie He arpecCHBHOM K COJSIHBIM mopojaM. bypenue u3 mon
KOHJYKTOpa OCYIIECTBIISUI CIUIOLIHBIM 3a00€M C MPOMBIBKOH J0 MPOEKTHON TIyOHMHBI CKBaXKMHBI WJIH 10 MOTEPU
LUPKYJIALNAN IPOMBIBOYHOM KHUJIKOCTH (B 3aBUCUMOCTH OT TOTO, YTO HACTYIUT PaHbIIIE).

KoHCTpyKIHst HCCIeIOBATENFCKAX BOCXOMAIINX CKBAXHH BKIIOYACT MEXAaHHUYCCKHUH ITaKkep-KOHIYKTOP
JUMHOK 1,5 M, ycTaHaBIMBacMbI Ha YCThe CKBa)XKWHBL. BypeHHe U3 MoJ KOHIAYKTOpa OCYIISCTBIISUTH CIDIOIIHBIM
3a00eM C MMPOMBIBKOH JT0 MIPOCKTHOH TTyOWHBI CKBAKUHBIL.

UccrnenoBatensckas vacte ['TH mpemycmarpuBaeT oOmpenelicHHe OTHOCHUTEIHHOH MPOHUIIAEMOCTH
MpoOYpPEHHOTO MHTEPBaJa C BBITOIHEHUEM a3pO- H THIPOKApOTaXKa.

TuopokapoTak TPOM3BOAWIN B HHCXOISIIUX CKBAKMHAX CYMMapHBIMH WHTEpBaJlaMU IOCIE HX
yriiyOneHus 4yepe3 Kaxple 5-6 M M BBINOJHIM C MOMOUIBIO OIPECCOBOYHOIO Hacoca, NMPU MaKCHMaJIbHOM
n30BITOYHOM AaBiieHNH He 6osee 3 MIla co BpemeneM mpoBeneHus sxkcnepumenta 30 muayT. [loTeps MUpKyIAIUH
IIPOMBIBOYHON KHUJIKOCTH CBHIETEIBCTBYET O JOCTHKEHHH 3a00eM CKBaXXMHBI 30HBI OTKPBITBIX TEXHOTCHHBIX
BOJIOTIPOBOSIIMX TpemuH. [lo 3aBepiieHH0 OypoBbIX paboT (HOTeps IMPKYJISAIHH OypOBOrO pPacTBOpa)
BBITMOJIHSAIM BUACO30HIUPOBAHME CTBOJIA CKB@KWHBI, IO pe3yJbTaTaM KOTOPOTO OLIEHHBAIM KaBEPHO3HOCTh
OTKPBITOTO CTBOJIA CKBAXXHIHEI, OTIPEIEISIIN HHTEPBAII YyCTAHOBKH IIEMEHTHOTO MOCTa [2].

Jist onipenieieHus BBICOTHI PacIpOCTPAHCHUS MUKPOTPEIIHHOBATOCTH HAJl BRIPA0OTAHHBIM IPOCTPAHCTBOM
B TCUCHHE JUTUTEIEHOTO BPEMEHH B HUCXOMAIICH CKBa)KHHE CO3aBalM MCKYCCTBEHHBIN 3a00i1 (IIeMEHTHBIH MOCT),
KOTOPBII pa3o0ImmaeT 30HbI (TOPHBIE TOPOJIBI) C CYIMIECTBEHHO OTIHYAOIIUMICS XapaKTePUCTUKAMHU IPOHUIIAEMOCTH
(TpemmumHOBaTOCTH). [locie yCcTaHOBKHM IIEMEHTHOTO MOCTa CKBKMHY IO YCThSl HANOJHSIUTH PAaccolioM M B HEH
MIPOBOJIMIIN PEKUMHBIE THAPOTEOJIOTHICCKIE UCCIICIOBAHMS.

B Bocxonmfmux CKBaXXMHAX OTHOCHTEJBHYIO MPOHHIIAEMOCTh TOPHBIX MOPOA ONPENeNaN I OTAEIHHO
B3STHIX MHTEPBAJIOB IyTEM pAa300IIeHHUS IUIACTOB C MOMOIIBIO JBYX MEXaHHYECKHX IaKepPOB, BKIIOYCHHBIX B
KOMIIOHOBKY OypOBOH KOJOHHBI. A’pOKapoTa)X HHTEpBaja BBINONHSIM C [OMOINBIO KOMIIpeccopa IIpH
MaKCHMaJlbHOM H30bITouHOM gaBieHuu a0 0,8 MIla co Bpemenem mpoBeaenus skcrnepumenta 30 munyT. [lo
3aBepIIeHNIO OypOBBIX PadOT BEITIONHSIM BHACO30HANPOBAHHE CTBOJIA CKBAXHWHBI, MO pe3yjibTaTaM KOTOPOTO
OIIEHUBAJIN KaBEPHO3HOCTH OTKPHITOTO CTBOJIA CKBAKUHBI, OIIPEIEIISIIN HHTEPBAbI pa300IIeHHs IIIACTOB UCXOIS U3
HA/IeKHOCTH YCTAaHOBKHM MEXaHUUYECKUX MaKEPOB.

ITo monyueHHBIM NpH a3pO- ¥ TUAPOKAPOTAXKE AAHHBIM AJISL KAKJOrO UCCIEAYEMOT0 MHTEpBana CTPOMIU
rpaduKky U3MEHEeHHUs! N30BITOYHOTO AABIECHUSI U CKOPOCTH M3MEHEHHUS H30BITOYHOTO aBICHHS BO BPEMEHH, a TaKKe
OTIPEJIETSUT OTHOCUTEJIBHYIO NPOHUIAEMOCTh MOAPA00TaHHBIX TOPHBIX HOpoxa. OTHOCHTENbHAs MPOHUIAEMOCTb

untepBana O, %, onpenensercs mo Gopmyie

K, :%-100%,
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rac I _ XapaKTCpUCTHKA I’CPMCTUIHOCTU MHTCPBAJIA B UACAJIBHBIX YCIOBUAX, MHa'MI/IH;

2 — (hakTMYECKas XapAKTEPUCTHKA TEPMETHYHOCTH HHTepBana, MIla-mun,

30
S, = [ £i()dr
0 (2)

30
S, = [ ()t
0 3)

P=f@
rre 1 fl( ) — (yHKIMA, XapaKTepH3yIOIlas W3MEHEHHE IAaBICHUS JKHUIKOCTH B CHCTEME OT
BPEMEHH B HICAIBHBIX YCIOBHAX;

b=/
CHCTEME OT BPEMEHH;

0 1 30 — cOOTBETCTBEHHO HUXHHUM U BEPXHUH NIPENEbl, MHUH.
l'eomeTprdeckiii CMBICT BBIYHCICHHS OIPENCIICHHBIX WHTerpanoB mo dopmynam (2) u (3)

4
( ) — (byHKHI/ISI, XapakTepusyrouas (baKTI/I’{eCKOC HU3MCHCHHUC ABJICHUSA XUJIKOCTHU B

CBOJUTCS K ONpENeNICHHIO IuIomaaeii ¢puryp nox rpadhukoM QpyHKINU f ( ) B MHTepBase BpeMeHu ot 0 1o
30 muHYyT. B mueanbHBIX yCIOBHSX IPH IOJHONH T'e€PMETHYHOCTH CKBaKHHBI (Gurypa moj rpadukoM (yHKIUH

E - fl (t) - 3’ 0 a TpeJCcTaBIeHa MPSAMOYTOJIbHUKOM ABCD (pucyHok 1), Toraa
S, =(B0-0)-3=90 MIIa - mun
B

H

D

1 G

Hperen ¢ v

Puc. 1. Tunossle QyHKIMM U3MEHEHHS IaBJICHHUS BO BPEMEHH IIPH THAPOKAPOTAKE

[Mnomanu ¢uryp ABED nin AFG xapaktepu3yioT (pakTHUECKyl0 FepMETHYHOCTh MHTEPBANIA, A IJIOMAAN
¢uryp BCE wiu FBCDG — dakTHuecKylo MpOHHUIIAeMOCTh HHTepBasa (pUCYHOK 1). B HeKoTOpBIX 3KcHeprMeHTax
HavyaJlbHOE JIaBJICHHE XHMJKOCTH B CHCTEME He JIOCTHraeT MakcumaibHoro 3naueHus 3,0 MIla (pynkums f3(f) Ha
pucynke 1. B stom ciyuae obmacte FBCH yunThIBaeTCcs Kak IPOHHIIAEMOCTh HCCIEIyeMOro HHTEpBajia, 4To
yureHo B ¢opmyine (1). Pe3ynapraToM OLIEHKH BBICTYNAeT AuMarpamma, KOTOpas MHPEICTABISIETCS COBMECTHO C
JIUTOJIOTUIECKOI KOJOHKOW CKBAKMHBI M XapaKTEPUCTHKON KaBEPHO3HOCTH CTBOJIA CKBAKUHBI (PHCYHOK 2).

Bricota pacmpocTpaHeHHs TEXHOTCHHBIX TpEIIMH ONpeiensercs MO JuarpaMMe OTHOCHTENBHOU
MIPOHHUIIAEMOCTH UCXOS U3 KPUTEPHUEB:

— Ha HaJIMYMe THAPaBINYECKOI CBS3M MHTEpBaJIa C BEIPAOOTAHHBIM IPOCTPAHCTBOM M CMEXHBIMH WHTEPBAIAMHU
yKa3bIBaeT OTHOCUTEJbHAS MTPOHUIIaeMocTh Oostee 50 %;

— rpaHMIa PEe3KOr0 KOHTPACTa OTHOCHUTEJBHBIX IIPOHUIAEMOCTEH JIBYX CMEXHBIX MHTepBajoB (Gonee 70 %)
SIBIIIETCSA BEPXHEH IpaHMLIed pacIpOCTPAHEHHs 30HbI TEXHOT€HHBIX BOJONPOBOISIIMIX TPEILUH;

— yBEJIMYEHHbIC 3HAYEHHUs] OTHOCHTENILHOI IPOHUIIAEMOCTH OTAENBHBIX HHTEpBaIOB (710 30 —50 %) npu HU3KKX
3HAUEHMSAX OTHOCHTEIHHOHW NMPOHHUIAEMOCTH JABYX CMEXHbIX nHTepBaioB (0 —20 %) cBUAETEIBCTBYET O HAINYUHU
TOPU30HTAIFHON TEXHOTEHHOH TPEIMHOBATOCTH B OAPa0OTaHHBIX TOPHBIX MOPOJax.

a) 0)
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Puc. 2. [IpuMeps! npencTaBICHAS PE3yIbTaTOB OTHOCUTEIHHOHN MPOHUIIAEMOCTH MTOIPa0OTAHHBIX TOPHBIX
IOPO/JT [0 JAaHHBIM KCCJICOBAHUI B BOCXOAsIICH (a) u HHUCXOAsmeH (0) CKBaXKHMHAX COBMECTHO C MaTepHalaMH
BHJICO30HIUPOBAHUS CTOJIA CKBAKUHBI.

Hayunslit pykoBoguTens: K.T.H., foueHT B.H. [lemkoBckuit

Jlureparypa
1. 3eiit, B.D. HccnenoBanus yciioBuii 00pa3oBaHus M BBICOTBI PACIIPOCTPAHEHUST BOAOTPOBOISIIIUX
TpemwH 1pu pazpadorke Crapobunckoro mecropoxaerus / B.D. 3eitrn [u ap.] // Toprsrit xxypHai. — 2010. — Ne 8.
—C. 23-25.
2. Crioco6 OIeHKH KaBepHO3HOCTH cTBona ckBakuHbl. / B.H. JlemxoBckuii, B.B. Knmumosua //
I'opnas mexanuka n MamuHocTpoeHue. — 2016. — Ne 4. — C. 22-28.

I.I'. JUTBUHCKWM, A.A. BEPEJKHSIK
Honbaccxuii 2ocyoapcmeennviii mexHuyeckull yHueepcumem, 2. Aniesck, Yxpauna

PACUYET INAPHUPHOM KPYT'OBOM KPEIIX HA O BM

PaborocmocoOHOCTs U 1ehOPMAIIMOHHO-CHIIOBBIC XapPaKTEPUCTUKH CTAJIbHOW PaMHON KpPEmH BO MHOI'OM
MIPEOTIPENCIIIOTCS KOHCTPYKIIMA COeIMHEHMH WX 3JeMEHTOB. [IpW KperuleHMM TOpPHBIX BHIPAOOTOK HAIIIH
MPUMEHCHHE XECTKHE, IIAPHHUPHBIC, MOJATIMBbIE M KOMOWHHPOBAHHBIC (IIAPHUPHO-IIONATIIUBBIC) COCIMHEHUS
9JIEMEHTOB PaMHBIX KOHCTPYKUMH Kpenu, NpeJoNpeAeiisiolue UX B3aUMOCBS3b, YCTOWYMBOCTh U KHHEMAaTHKY
KpeIu Mpu €€ B3aUMOJCHCTBUM C MACCUBOM TOPHBIx 1HTHa | . PAtwrioenocesfiiog 1 Moot e e [ 1O ELLLIGL
NMPUMEHCHHS CTANBHBIX paMHBIX Kpemed BO MHOTOM 3aBHCHT OT VYAa4HOTO BBIOOpa 4YHcla, THUIA,
MECTOPACTONOXKEeHUS U 3()(DEKTUBHOCTH COCTUHEHUH HX JIEMEHTOB.

KonbueBbie mapHUpHBIE KPEIH UCIIOJIB3YIOT B TOPU30HTAIBHBIX M HAKIOHHBIX BHIPAOOTKAX MPU HATHIHH
BCECTOPOHHETO CMEIMICHHS TOPHBIX MOPOA, TakkKe HPH MyJalluX MOPOAax 3eMIIM, B BEPTHKAJbHBIX BHIPabOTKax
(cTBOMIaX) B KadecTBE BPEMEHHOW YKpemisii mpu mpoxoxake. LlapHHUPHI MO3BOIAIOT MEpPEeMENIaThCsl HECYIIUM
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9JIEMEHTOM OTHOCHUTENBHO JAPYT JApYra, 4TO CIOCOOCTBYET BBIDABHMBAHMIO HArpy3KH IO TNEPUMETPY KpEMu.
[ITapHupHBEIE KONBIEBBIE KPENH HpEIHA3HAUYEHB! AJISI BRIPAOOTOK, HE HCIIBITHIBAIONINX BIMSHHS OUYMCTHBIX PadoT,
Kpenb TNPHMEHAIOT TNpH KOCOHAIPABICHHOM JaBICHHHM. B 3TOM ciydae Kpemb MOXET H3MEHHTh CBOIO
TeOMETPUUECKYI0 (OopMy B COOTBETCTBHM C BEIMYMHONM W HampaBlIeHHEM TopHOro nasicHusA.Komnbnessbie
LIAPHUPHBIE KpENM SBJSIOTCA MOABM)KHOM CHUCTEMOW, MEHSIONIEN KOHTYp NOJ Harpy3kol. B cumy cBoeit
neopMaTHBHON CIIOCOOHOCTH Kpelb aBTOMATHUYECKH IIEpPepaclpeieNsieT Harpy3Ky, BKIIodas B padoTy ympyruit
ortnop nopox. Hecymas cnocoOHOCTb KpeIy IpU 3TOM HOBBIIIAETCS.

OnHUM M3 HEIOCTaTKOB BCEX Kpemel SIBISIETCS HEBO3MOXXHOCTb BOCIPHSTHS BCECTOPOHHETO T'OPHOTO
JaBJeHUs. DTOro HEJOCTAaTKa JIWIIEHBI KojbleBble Kpenu.lllapHupHbBle COenNMHEHUS TpH BBEJICHUM HX B
KOHCTPYKLMIO Kpemu 00ecneynBaloT yAoOCTBO TPaHCIIOPTHPOBKH, COOPKM W MOHTaXka, MEHSIOT ee
KHHEMaTHYECKYI0 CXEMY, CHW)KAIOT CTEIeHb CTATHYECKOH HEONpPEeNeNMMOCTH, MO3BOJISIOT 3aMETHO YMEHBIIUTH
MOMEHTBl B TPY30HECYIIMX 3JIEMEHTaX, paboTaromunx Ha HM3rub. Bce 3TO B 1eIOM 3HAYMTEIBHO IOBBILIAET
paboTOCIIOCOOHOCTh KPENU YCIOBUSIX HEPAaBHOMEPHBIX HArpy30K, YBEIMYHMBACT CIIOCOOHOCTH KPEMH CIIaKUBAThH
9TH HEPAaBHOMEPHOCTH M IIPUCIIOCA0INBATHCS (aJanTHPOBAThCA) K TAKMM Harpyskam. K mpemmymiectBam Kpemu ¢
N30BITOYHBIM YHCIIOM LIAPHHUPOB, JENAONINX €€ CTATHIECKU IIEPEONPEIEIICHHON, CIIElyeT OTHECTH €€ CIIOCOOHOCTh
nepepacnpenesTh HEPaBHOMEPHOCTH NPHIOXKEHHSI BHEIIHEH HAarpy3KH Ha OKpYXKalolye BHIPAaOOTKY HMOpPOJBI, B
pe3ynbTaTe 4ero paboTocrocOOHOCTh KPETH 3aMETHO YBEIMINBACTCS.

Takum 00pa3om, CymecTByeT OOJBIION pe3epB B 00JacTH pa3pabOTKH MAapHUPHBIX KOHCTPYKINH KpeTew,
B OCO6eHHOCTI/I Ipu palilMOHAaJIbHOM COYCTAaHUUW HMIAPHUPHBIX U MOJATIUBBIX COC}II/IHCHHﬁ HOBOI'O THIIA. O}IHaKO JUIA
pacueTa TakKMX Kpemed HEoOXOAMMO CO3laTh YJOOHBIC W OBICTPhIC aJTOPUTMBI BBOAA HMCXOIHBIX NAHHBIX H
MOJyYeHHs] pPe3yJbTaToB B Jierko o0o3puMoM Buzne. [loaTomy 3amadeld jaHHOW pabOThl OBUIO COCTABJICHUE
ITOpUTMa M pa3pabOTKa MPOrpaMMBbl JUIs pacueTa IapHUPHBIX KOHCTPYKIMI KPEnH U, B IEPBYIO O4Yepe/b, pacueTa
NIPOCTENIIEH KOHCTPYKLIUU — TPEXIIAPHUPHOU KPYTOBOM PaMBI.

Pazpaborana mporpamMma 1O  pacdeTy YCHIMH B  TpPEXIIApPHUPHOM  KOJBIIEBOM Kpenmu B
MicrosoftOfficeExcel. [lanHast mporpaMma AaeT BO3MOXHOCTb PAacCUMTaTh BEPTHUKAJIBHBIE M TOPH3OHTAJIBHBIC
YCHIIHS B HIDKHHX IIAapHUPax KOJBLEBON KPEIH, N3rHOAONIe MOMEHTHI B TPOM3BOJIEHOM CEUCHUH (P, B CEUCHUH ()
=n/2, IPOJIOIBHBIE CUITBI B TIPON3BOJIBHOM CEUCHHUH @, TTOTIEPEUHBIC CHIIBI B IIPOU3BOJIBHOM CEUCHUH (.

JOHBACCKHH I'OCY/JIAPCTBEHHBIH
TEXHHYECKHI VHUBEPCHTET

Kadenpa "CTponTenpHeie reoTeXHOMOTHH"
Mpod. o-p rexn. wave Jhmemscemit .1, o1 rp. I'C-12 bepesmmm A A

[Tporpamsa "Pacuer TpexinapHUpHBIX KONLUEBLIX Kpencii”

Ciesa pacuera TpeXIAPHUPHEIL
R finsnis KB IEBRIX Kpemei
Mokazarens OfoIHAEHIE Ina=enns ] !, | e
: | v,
i 2 3 4 3 o LR ——
1. Pamuye esipaborsal, M r 1 1.5 7 : ;;
1. PacnonoserHe apHHPOE F:_
BepTIATEHO [ 10 20 30 - |
FOPHE0HTATEHD 1 5 15 25 —
3. ¥ron mapsapa, * a 10 20 0 ; e
4. Bepruxanssas Harpyzea qe 2 4 & = A AT =0
. . 4 42 0 40 2 2 e
3. boKOBAR Harpy3Ika qb 3 3 7

Pucynox 1 - McxonHble faHHBIE U pacUETHAs CXEMa TPEXIIAPHUPHON KOJIbLEBON Kpenu
YpaBHeHUs U1 pacyeTa BHYTPEHHHUX YCHIIUN B KOHCTPYKILIUU:
W3zrubaromye MOMEHTHI B IPOU3BOJIBHOM CEYEHUH ()

M¢=NK-(l—cosq))-r—%-qé’-rz-(l—cosgo)z—%qp-rz-sinz(p

s

HpOHOHBHBIe CHJIbI B IPOU3BOJIbHOM CCUCHUU

N,=N-cosp+gq, -r-sin® p—gq? -r~(1—cosg0)~cosqp

HonepeqHHe CHJIbI B ITIPOU3BOJIBHOM CCUYCHUU (:

Q,=Ny -sinp—q} -r-(l—cosgo)-singo—qg’ -r-sing-cos @
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B koHI1e pacyeToB cTpouTCs rpadUK YCHUINH B KOJNBIIEBOH TPEeXIApHUPHOH KPETIH.

Pucynox 2 — [ToctpoeHune rpaduka BHYTPEHHAX YCHIIMHA B PE3yJIbTaTe PacueToB

BeiBoasl: Ha ocHOBaHmM pa3pabOTaHHBIX alTOpPHTMa pacdeTa M TPOTPaMMBI C HCIOJIB30BAHUEM
3JIeKTPOHHOM Tabnuiel Exel 11 onpeneieHus 3Mmop BHYTPEHHUX YCUIHKA (MOMEHTOB, HOPMAJIBHBIX U TIONCPEUHBIX
CHJI) B IIAPHUPHON KOHCTPYKIMM CTalbHON paMHO# Kpenwu. JlanpHelIne McclieOBaHUs CIeAyeT MPOBOAUTD st
0000IIICHUST PACUETOB HA MPOU3BOJILHOE YHCJIO MIAPHUPOB. Pe3ynbTaThl MOTYT OBITh MCIOJB30BaHBI B MPOCKTHOU
MPAKTUKE MPHU BHIOOPE PAIMOHAIBHBIX MACIOPTOB KPEIUICHUS TOPHBIX BHIPAOOTOK, a TakKe B y4eOHOM Ipolecce
TP BBIMIOJIHEHUH KYPCOBBIX U TUINIOMHBIX TPOEKTOB.

Jlureparypa
1. JlutBunckuit I'.I'. PacueT xpemu ropHBIX BEIpaboTok Ha DBM: Vu. mocobue/ I'.I'. JIuTBHHCKHIA,
9.B. ®ecenko, E.B. Emen. — Amuesck: Jonl' TV, 2011. — 174 c.
2. Kapernukos B.H., Kneiimenos B.b. Hyxauxun A.I'. Kpennenue kanuraiabHbIX U
ITOITOTOBUTEIIFHBIX TOPHEIX BeIpaboTok. M.: Henpa, 1989. - 571c.
3. H.C. bynbrues, H.H. ®otuesa, E.B. Ctpenbsuos [IpoekTrupoBaHue U pacueT Kpemnu KanuTalbHbIX

ropHsIx BeIpaboTok.— M.: Hexapa, 1986.— 288 c.

I.I. JUTBUHCKUI, A.C. BOT JAHOB
Honbaccxuii 2ocyoapcmeennviii mexHuyeckull yHueepcumem, 2. Anuesck, Yxpauna

PACYET CTAJIBHOM APOYHOM KPEIIK HA DBM

[Ipn moazemMHON NOOBIYE TIOJIE3HBIX HMCKOIIAEMBIX Ba)KHOE MECTO 3aHMMAET IPOBEJICHHE, KPEIUICHHE U
MoJi/IepKaHNe KalHUTaJbHBIX M HMOATOTOBUTEIBHBIX BHIPa0OTOK. Cpenu OOJBIIOT0 pa3sHOOOpasws THIIOB Kperu
DAL PEcHpocTpaiene 5 JTontycee apoman cinaas nogecnang epenn 1o Cugiisn s naeresine
BpeMEHH 000CHOBaHHME KOHCTPYKTHBHBIX TapaMeTPOB TAaKOil KpelmHu OCHOBAaHO TJIABHBIM 00pa3oM Ha HAKOIUIEHHOM
MPOM3BOJICTBEHHOM OIIBITE ¥ KCIOJb30BAHMHU YHPOIIEHHBIX II0/IX0/IOB, OTPAKEHHBIX B psIE€ HOPMATHUBHBIX
Joysciror T 30U VECCHIE a0 6 TR I O NG COSTOH M KDEHH PO S B o,
MTOJTyYCHHBIA MCCIIEI0BATEILCKUMHI M TMPOEKTHBIMH OPTaHM3ALMSAMH B TEUCHHE UIMTEIFHOTO MEPHO/ia BPEMEHHU B
Pa3IMYHBIX YCIOBHAX JSKCIUTyaTallMMl W CBUAETENBCTBYET O TOoM, 4To Jumb 20-30% Kpemu 3ampoeKTHPOBAHBI
NPaBWJIBHO, a OCTaJbHbIE Kpenu JH00 HeIOrpyKeHBI (30-40%), nmbo nedopmMHpOBaHBI U TpPEOYIOT
neproandeckoro nepekperuieHust (35-45%). OTo MpPUBOIUT K 3HAYNTEIHHOMY IE€PEpacxo]y MaTepHajbHBIX H
(PMHAHCOBBIX PECYPCOB TOPHOA00BIBAIOIINX TIPEAIPHITHH.

[IpoekTHBIE MHCTHTYTHI U TEXHUYECKHE OTJEIbI MIAXT MPU NPOEKTHPOBAHUU NMACIOPTOB KPEIUICHUS, Kak
NIPaBUJIO, HE MPOM3BOISAT pacueTHbIC NMPOBEPKH NMPUHSITHIX COTJIACHO HOPMaM THIIOB KPENW BBHIY J1OCTaTOYHOM
CIO’KHOCTU CTaTUYECKOro pacuera kpemnu. [losBieHHe NMpocToro M AOCTYHNHOTO METOJA pacyeT paMHOM Kpemu Ha
OBM mno3BonuT 6ojee 0O0CHOBAHHO OMPEAEINTH KOHCTPYKTHBHBIC IMapaMeTpPhl KpPEemd M BO MHOTOM H30eXaTh
mpoekTHbIX omubok I mmm II poma (korma koadduumeHT 3amaca KOHCTPYKIMK H3NHIICH WK 3aHWXKeH). [loatomy
LENIbI0 JTAHHOW HCCIIEN0BATENbCKON paboThl OblIa pa3paboTKa aqropuTMa M HPOrpaMMbl CTATHUECKOTO pacdeTa
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cTabHON paMHO# Kpermn Ha DBM. OcHOBHas Uest COCTOsIIa B COCTABIICHUH TaKOH IPOTpaMMBI, KOT/1a ITOCIie BBOA
OCHOBHBIX HCXOJHBIX JaHHBIX, XapaKTEPHU3YIOMINX KOHCTPYKTHUBHBIX pa3Mephl KpPelH U €e Harpy>XeHHe CO CTOPOHBI
MacCHBa TOPHBIX TIOPOJ, TIOIYIHUTh rpadudecKoe 1 YICICHHOE PEMICHHE O PACIIpeeNICHIH JCUCTBYIONINX B KaXKI0H
TOYKE KOHCTPYKIIUH BHYTPEHHUX YCHJIMH: N3THOAIOIINX MOMEHTOB M, HOpManbHEIX N U IMOIEePeyHBIX cui Q.

Jis pemeHus OCTaBIICHHOH 3aaun ObLTa BRIOpaHa JIOCTaTOYHO 0oOmmIast pacyeTHas cxema kpemu (puc. 1),
KOTOpas B CIIydae CTAJIBHOM pambl MpEACTaBisieT co00¥ MBYXIIAPHHUPHYIO IHUPKYIBHYIO apKy C IIapHHUpaMH Ha
KOHIIaX CTOEK, KOTOPHIMHU pamMa YCTaHOBJICHA Ha II0YBY TOpPHOW BhIpaOOTKH. [locKkonbKy pacueTHas cxema SIBISIETCS
JBaX/bl CTAaTUYECKH HEONpPEIeNMMOM, 3ajada OlpesiesieHHs YCWIMH Obuta perieHa MerojoM cuil. OcHOBHas
pacyeTHasi cxeMa Obljla IoJTydeHa IyTeM 3aMEeHbl TOPU30HTAIBHOM CBSI3M B IIPABOM ONOPHOM LIAPHUPE €AMHUYHOM
TOPU3OHTAJIBHOM cHiloW X=1, Ipu 3TOM OBUIO BBEJICHO JOMOJIHUTENBHO K TPEM YPaBHEHHSIM PaBHOBECHS €Ille OIHO
PaBEHCTBO HYJIIO TOPU30HTAJIBHOTO MEPEMENICHUs MPaBOro mapHupa. s onpenesaeHus JUIIHEH Hen3BeCTHOH X
OBUIO MCIIOJIb30BAaHO KAHOHMYECKOE YpaBHEHHE

X, = 51‘1
L= Alp()

q i l ¢ l ¢Il ¢ l ¢ qu e 511 —  EeIMHMYHOE MEpeMelleHHe  OT

ds HEU3BECTHOU CUIIBI X;
A,

€IMHUYHOM CUJIBI X

O6a mepeMmemieHHs  ompeAensieM 0
¢dbopmynam Korwm, yduThIBas JHIIb CllaragMbie OT
n3rnba u TpeHeOperas IEPEMEICHUSMH  OT
HOPMAaIBHBIX UM TIONEPEYHBIX CHWJI BBHUAY HX
HE3HAYUTEIILHOTO BIMSHHA:

— I'PY30BOC TICPEMCHICHHUC II0 HAIPaBJIICHUIO

Mj MM,
0, =[G, =[G @

>

TEEFEEEEEEY

rne M llM |, — MOMEHTBI OT E/IMHMYHOH CHIIbI

e B

Xi=1 W T[OpUIOKEHHOH K KpEmu Harpy3ku
cooTBeTcTBEHHO, I  — 3KEcTKOCTh  DJIEMEHTOB

Kpenu.
Pucynox 1 - PacueTHas cxema paMHOH Kpemnu

Pemmenne 3amaum BEIOJMHEHO B paMKkax nporpammbl Exel m odopmieHo Takum o0pazom, 4ToObI mocie
TIOJICTAHOBKM HCXOJHBIX IaHHBIX II0Jb30BaTENb IMPOTPAMMHOTO MPOJIYKTa MOT MOJYYHUTh WTOTOBBIE SIIOPHI
BHYTPEHHUX YCHIINH — MOMEHTOB, HOPMaJIbHBIX U TTOTIEPEYHBIX CHII.

M(p=X-(r-sin(p+hc)+%-q: . p? ,Sin2¢_%.qé’ .(r-sin(p-f-hc)2 3)
N(p:q:-r2-COSZ¢)—X-SiIl(0+qg'(hC+Sin(P)'Si1'1(0 4)
Q,=q! -r-cosp—X-cosp+ql-(h +sing)-cosp )

ITocne mpoBeAeHUsT PacyeTOB 1O AaHHBIM (hopMyJaM pe3yabTarhl (Tadm. 1) oToOpakarTCs B TaOIUIHOM
dopwme.

C mnomouipl0 JaHHOM TPOTpaMMBl BO3MOXHO pacCYUTaTh CJIEIYIONIHMEe MapaMeTphl Kpemd Ha
HpHMOHHHeﬁHOM )5 KpHBOHHHeﬁHOM yJacTKax KpE€mu: BEPTUKAJIBHBIC W TOPU3OHTAJIBHBIC PCAKIIMM B OIIOPHBIX
[IapHUpax, H3TUOAIONINIA MOMEHT Ha MPSIMOJMHEHHOM M KPUBOJIMHEHHOM YYacTKE apOYHOM Kpemwu, IepeMeIcHHE
JUTSL IPSIMOJTMHEWHBIX M KPUBOJIUHEWHBIX YIaCTKOB. TakKe C IOMOIIBIO MPOrPaMMBbl PACCUYUTHIBAIOTCS H3THOAOIINE
MOMEHTHI B IIPOU3BOJIBHBIX CEYEHUH JIFOOOT0 ydacTka kpernu. [locie 3Toro mporpaMMa pacCYMTHIBACT MPOIOJIEHBIC
Y TIOTIEPEUHbIE CUJIbI B TPOU3BOJILHBIX CEUEHUSX Ha apKe.
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BriBoabl: Pa3zpaboraHbl anropuT™ pacuera U IporpamMMa ¢ HCI0JIb30BaHUEM JIEKTPOHHOM Tabnuipl Excel
JUISL ONPENENICHUs] JIIOp BHYTPEHHUX YCHIMH (MOMEHTOB, HOPMAaJbHBIX M NOMNEPEYHBIX CWIJI) B HauOoiee
pacIpocTpaHEHHOH apovHOH KOHCTPYKIMHU CTaJbHOW paMHOM Kpemnu. JlanpHeWne ncciuenoBaHus 1eaecoo0pasHo
HaNpaBUTh HA y4YeT MPOM3BOJIEHOTO 3aKOHA MPHIOXKEHHOIN HAarpy3Kd K apodHON Kpemu. Pe3ynpTaTsl MOTYT OBITH
UCTIONIb30BAHBI B MPOSKTHOW MPAaKTHKE MPU pa3pabOTKe MaclopTOB KPEIUIEHHs, a TakXKe B ydeOHOM mpolecce mpu
BBINOJIHEHUH KYPCOBBIX U TUILUIOMHBIX IIPOEKTOB.
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oxpansl. Ctannapt Munyrnenpoma Ykpaussl. COY 10.1.001185790.011:2007. —Kues: 2007. — 114 c.
3. JlurBunckuit I'.I'. Pacuer kpenu ropusix BoipadoTox Ha OBM: Yu. nocobue/ I'.I". JINTBHUHCKUIA,

9.B. ®ecenko, E.B. Emen. — Amuesck: Joul' TV, 2011. — 174 c.

B. U. MEJISIHUK, A.A. ®POJIOB
Hayuonanvuwiii mexnuyeckuii ynusepcumem Yxpaunol "Kuegcxuii norumexnuueckutl UHCMumym um.
Hzops Cuxopckoeo”

BJIMAHUE OTPABOTKHU IPUBOPTOBBIX 3AITACOB YI'JIAA HA
OCEJIAHUE U YCTOMUYUBOCTH BEOPTA PA3PE3A

ITosmmHOE OCBOGHHME HEAp SABIAETCS OJHOM M3 OCHOBHBIX 3a]ad MPH pa3padOTKE MECTOPOKICHHHN MOJIE3HBIX
nckomaemsix. Hambonee mnenxecooOpa3HeIM CcHOCOOOM MpH AOpabOTKE KapbepoB MOXKET OBITh NPUMEHEHHE
KOMOWHHUPOBAHHBIX CHCTEM pa3pabOTKH, IMOCKOJBKY MEPEeXod OT OTKPBITHIX K MOA3EMHBIM paboTaMm He Tpedyer
3HAYUTENBHBIX 3aTpaT MPHU 0TPabOTKE MPUKAPhEPHBIX 3amacos [1].

Jis moOpram TOJE3HBIX HMCKOMaeMbIX B Hepabodmx OOpTax pa3pe30oB PEKOMEHIYeTCs IPUMEHEHHE
0€e3JF0THOI TEXHOJIOTMU BBIEMKH, B OCHOBE KOTOPOH 3aJI0)KEHBI MPUHIMIBI Pa3pyIICHHs MOJE3HBIX MCKOIAaeMbIX
arperataMpd CO IIHEKOBBIM MM PEXYIIMM HCIOJHHUTEIFHBIMA OpraHaMH HENPEPBIBHOTO JEHCTBUS (CHCTEMBI
Highwall) [2-4].
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[ uccnenoBaHusl MOBEAEHHs OOpTa pas3pe3a BO BpeMs U IOCie OTpaOOTKM MPHOOPTOBBIX 3aI1acoB YIIIs
cucremamu Highwall mpumensieM dncieHHOE MOJETHPOBAHUE METOJOM KOHEYHBIX 3JIEMEHTOB C HCIIOJIE30BAaHUEM
Kkputepust mpounoctd Mopa-Kymnona. B kauectBe mporpamMmmuoro npoaykra ucronssyeM PLAXIS 3D Tunnel [5].

Monempyem oTpaboTKy 60pToB MecTopoxneHne Okaba (Hurepwus), koTopoe mpeacTaBisietT coboit 3anexu
YTJIIEHOCHOH TOJIIH, COCTOSAIINE M3 IECYaHUKOB M aJEBPOIHMTOB C NOAYMHEHHBIM PAa3BUTHEM YTOJBHBIX IIACTOB.
MomraocTs Twtacta coctaBisier 1,0-4,28 M. [Ing mccinemoBaHWs NPUHIMAEeM TPEXMEPHYIO MOJCTH pa3MEpaMHu:
BbIcOoTa — 16,5 M; mmpuHa — 25 M, riayouna — 10 M (puc. 1). Tomuuna mnacra — 3,0 m. [lnact 3aneraer B ToJie
aJIeBPOJIMTOB MOIIHOCTBIO 1o 2,0 M HaJ KpoBIied M moj momomBod. CBepXy M CHH3Y UX HaXOJIAITCS MECYAHUKH:
MOIITHOCTh BEPXHETO CJI0s cocTaBiseT 7,0 M, HIKHEro ciios — 2,5 M. CBo¥CTBa OO MPUBEICHBI B Ta0II. 1 [6].

Tabnuya 1
CDI/ISI/IKO-MeXaHI/I‘IeCKI/Ie CBOﬁCTBa I/ICCJ'IeHyCMI)IX FOpHLIX l'IOpO,H
Haspan IInotHo Moyn Koo VYron Cuerme
CTb, > BHYTPCHHETO HUE,
1€ TTOPO.IBI <HAL b IOnra, kH/m nueHT Ilyaccona TpeHis, rpajt CH/E
Anerpo 24,892 4,6:107 0.25 30 23000
JIUT
. Hecuan 26,068 5-107 0,12 35 2000
Yroms 15, 04 1,910 0,15 37 9000

VS mecaammr LU EEAE,

. »
» » ¥ }

Puc. 1. Monens uccaenyemMoro ropHoro MaccuBa

IIpu paspaboTke mmracta B Oopry paspesa cucrtemodr Highwall ¢ HempephIBHBIM pa0o4YuM OpraHOM
00pazyroTcst TOpHbIE BBIPAOOTKH MPSMOYTOJIBHOTO cedeHHs. BricoTa BeIpabOTKN MOKeT m3MeHsThes ot 1,1 1o 4,5
M, IIMPHHA IPUHUMAETCS PaBHBIM IIHPHHE HUCIOIHUTEIBHOTO opraHa. J{iist MoJennpoBaHus MpUHUMaeM BeicoTy 2,0
M, ITUPHUHY - 3,5 M, TIIyOrHa BeIpaboTKH 10 M.

PesysbraThl pacyera U3MEHEHHsI 0CAJI0K MOBEPXHOCTH MOJIENILHOTO OJIoKa MpH OTPabOTKe BBIPAOOTKAMHU
MIPSMOYTOJBHOTO CEUEeHUS MTPUBEACHBI B Ta0I. 2 [7].

Tabnuya 2
U3menenne ocanok, 10 M, moBepxHOCTH GOpTa MPH PACCTOSHHH MEXKIY BHIPAOOTKAMH
dopma PaccrostHue Mex 1y BEIpabOTKaMH B OOpTy Kapbepa, M
CEYECHUA 4 3 3 2 2
,0 ,5 ,0 ,5 ,0 ,5 ,0 ,5
Ipsimoyr 5 5 6 6 7 8 1
OJIbHAs 0,27 5,67 1,89 9,11 5,76 0,53 11,83 39,00

Ha puc. 2 u 3 npuBeneHsl nehopMHpPOBAHHBIE COCTOSIHHSI OJIOKAa TOCJE BBIEMKH YIS BBIPAOOTKAMH
MIPSMOYTOJIBHOTO CEYECHUS.
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a 0
Puc. 2. [lepopmmpoBaHHOE COCTOSHHE OOpTa TOCIHEe W3BJICUCHHUS IPHOOPTOBBIX 3alacoB YT
BBIPaOOTKaMH MPSMOYTOJIBHOIO CEUCHHUS Ha PACCTOSHHUU 4 M B sy APYT OT ApYTa: a — BUA CIEpeny; 6 — pa3pe3 Ha
PacCTOSHHU 5 M OT YCThsI BEIpaOOTKH

a 6
Puc. 3. [edopmupoBaHHOE COCTOSHHE OOpTa IMOCIE HW3BJACUCHHS NPUOOPTOBBIX 3alacoB  YIJIsd
BBIPAOOTKaMHM MPSIMOYTOJIBHOTO CeUeHHUs Ha pacctosHuu 0,5 M B psiy APYT OT Apyra: @ — BHUJ CIEpean; 6 — pa3pe3
Ha PACCTOSIHUU 5 M OT YCThsI BEIpaOOTKH
Ha puc. 4 mnoxkasaHa rpaduueckas 3aBHCUMOCTh H3MCHEHHs IIPOCAJOK IIOBEPXHOCTH pa3pe3a B
3aBUCHMOCTH OT PACCTOSHHS MEX/y BBIPAOOTKAMU MPSIMOYTOJIBHOU (JOPMBIL.

. 106 m

140

120
=

El} s 4 o al
60

--..._______*

40 |

0,5 1 15 2 25 3 35 d.uM

Puc. 4. V3meHeHus mpocajJoK IOBEpXHOCTH OoOpTa Kaphepa B 3aBUCHMOCTH OT PACCTOSHUS MEXIY
BEIpabOTKaMu

M3menenne mpocaaky HOBEPXHOCTH OOpTa Kaphepa B 3aBUCHMOCTH OT PAcCTOSIHUS MEXIY BBIpaOOTKaMu
JOCTATOYHO TOYHO MOYKHO OIHCATh MOJIMHOMOM 3-TO MOPSAKA:

N =-2,56d’ +24,77d" - 90,23d +178,62 1)
I7Ie M — BEPTHUKAIBFHOE OCElaHHWe MOBEPXHOCTH 00pTa; d — pacCTOSHHE MEXAY TOPHBIMH BBIPAOOTKaMHU,
MIpoiiIeHHBIME B OOPTY Kaphepa.
MonenupoBanne BbleMkH yriug cucremoi Highwall ¢ HenpepsBHBIM paboumM OpraHoMm
MTOKA3BIBAaET, YTO IPH JIOOOM PACCTOSHHM MEXIy BBIPAOOTKAMH MPSIMOYTOJIBHOTO CEUEHHS OHHU SBISIOTCS
YCTOMUMBBIMH KaK B TIPOIECCE MPOXOIKH, TaK M MOcie M0OBYH, T.e. He pa3pymaorcsa. BepTukaipHOe ocemaHue
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6opTa paspesa He NpPEBBINIACT KPUTHUECKOi Bemmuuubl (15-107 M), mpu KOTOPO#i BO3MOXKHA MOAPabOTKA 31aHMil 1
COOPY>KEHUI Ha TOBEPXHOCTH.
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’

BJAUSAHUE I'PAHUIBI PA3JAEJIA PASHOITPOYHOCTHOI'O I'OPHOT' O
MACCUBA HA B3AUMOJEVCTBUE SQHEPTETUYECKUX IOTOKOB
IIPU B3PBIBE CMEXHbBIX CKBA’KUHHbBIX 3APA/10B

B HekoTOpBIX CiTydasx BBIIOJHEHHUS B3PBIBHEIX PabOT Ha Kaphepax OCYMICCTBISACTCS B YCIOBHAX, KOT/a
MIPOMBINIJICHHBIH OJIOK, KOTOPBI TOTOBHUTCS K BBIEMKE, COCTOMT U3 IBYX W Oojee TuroB mopox. [loatomy Ha
TpaHHIE UX pa3zesa psAAOM PacoIoKEeHHBIE CKBAKMHHBIE 3apsi/ibl B3phIBUaTHIX BelnecTB (BB) MoryT B3pbIBaThCs B
pasHbeIX moponax. MccrmemoBaHMS TOKa3bIBalOT, YTO TpaHMIA pa3fesia MOpoJ HEMOCPEICTBEHHO BIIMSAET Ha
pacnpeneneHue 3HepreTHYeCKUX MOTOKOB B3phIBa B ropHoM Maccuse [1]. IIpu mepexose BOJHBI HampsDKEHUS U3
MOpOJBI, HMEIoUIeH OOJBIIyI0 KpPEmocTh, B IOPOAY, KOTOpas HMMEET MEHBUIYI0 KpernocTh, IUIOTHOCTh
9HEPreTUUECKOro ITOTOKA B3PhIBA YMEHBIIIAETCS, a TIPH Iepexo/ie B 00PaTHOM HAIpPaBIECHUH — YBEITHUHBACTCS.

IIpu B3pbIBaHMU ABYX CMEKHBIX CKBa)XKMH IMEPBBIM 3apsn OyAeT pa3pymaTh OJUH THII IIOPOJI, a BTOPOH,
KOTOPBI PacIoioKeH 3a TpaHHIeH pa3gena, OyAeT, COOTBETCTBEHHO, pa3pyllaTh BTOPOH Tl mopoxa. Ecim BomHA
HalpsDKeHUH OT MEpBOro 3apsiia TOCTUTHET T'paHULbl pasjiena IMOpoJl MEpPBOM, TO €e MaKCUMaJlbHble 3HAYCHMS
HaTIPSDKCHUS M3MEHATCS (yBeNmM4aTcs WIM YMEHBINATCS B 3aBHCHMOCTH OT YCJIOBHH IEpexoja), B TO BpPeMs Kak
3HAYCHUS HANPSDKCHUH OT BOJH BTOPOTO 3apsijga OyayT OCTaBaThCS HEM3MEHHBIMH 0 MOMEHTa BCTPEUYH HX C
BOJIHAMH TiepBoOro 3apsjaa. Cieayer OTMETUTh, YTO YBEJIMYEHHE UM YMEHbUICHUE HANpPSOKEHUH NMpU JOCTHXKEHUU
30HBI KOHTAKTa MPOUCXOJUT TOJBKO B TOM MOpOJE, B KOTOPOW MoJApbIBaeTCs NaHHbINA 3apsn. Bo Bropoi mopose,
pa3MemeHHoN 3a TpaHWIeld, MaKCHMallbHBIC HampsDKEHUS OyIyT OJHO3HAYHO YMEHBIIATHCS HE3aBHCHMO OT
ycnoBuid niepexona. CornacHo [2] yMEHBbIIEHHE HAMPSHKEHUH MOXET COCTAaBJIATH OT 3 10 27% B 3aBUCUMOCTH OT
CBOMCTB nopoJ 1 Tuna BB.

Ha puc. | mnpuBenmeHsl XapakTepHbIE 30HBI pa3pylIeHWS Pa3HOINPOYHOCTHOIO TOPHOTO MaccHBa
«MarHETUTOBBIH KBapIWT - CJIaHEI] KBapI-OMOTHUTOBBIM» CHCTEMOH CKBaXMHHBIX 3apsaoB. PaccrosHme Mexmy
CKBa)XMHaMU cocTaBiisieT 6 M. PacniosnioxeHue rpaHulibl pa3/ena ropHbIX Mopoj B MaccuBe MeHsach ot 1,0 1o 5,0 m
(10 ... 50) ¥ or nepsoro 3apsiaa [3].
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2) 9)
Puc. 1. 3oHBI pa3pylleHHs MacCUBa «MarHETUTOBBIA KBAPLMUT — CJaHEl| KBapl-OMOTHUTOBBIN» MPHU Pa3MEIICHUN
3apsA10B OTHOCUTENILHO IPaHMIIBI pa3fiena nmopos Ha paccrosuun: a) 10/507 ; 6) 20/407 ; 6) 30/307 ; 2) 40/207 ;
0)50/107

AHanu3 puc.l CBHIETEIBCTBYET O TOM, YTO pa3Mephl 30HBI pa3pylleHHs IpU B3peiBe 3apsina BB B
KBapIuTe (30Ha CJeBa) BCEerJa MEHBIIME, HE3aBHCHMO OT MecTa pa3MELICHHS TIpaHMLBl pasfesia IOpOA.
COOTBETCTBEHHO, 30HA pa3pylICHUs] B CJIaHIE KBapL-OMOTUTOBOM sBisieTcst Oonblied. JlonmonHurenbHas 30Ha
paspylieHus, oOpa3yoonascsi B pe3yjbTaTe B3auMOJCHCTBUS B3PHIBOB OT JIBYX 3apsioB, pa3MellleHa MPUMEPHO
IocepeuHe, MOCKOJIBKY CKOPOCTH PAaclpOCTPaHEHMs BOJH HANPSIKEHUH B ATHX JBYX MOpOJax OTIMYAIOTCS He
6onee ueMm Ha 10%.

Pacyersr mo ompenencHHi0 o0beMa 30H pa3pyIICHHS IOKAa3BIBAIOT, YTO, HPHU Pa3MEIICHHHA TPAHUIIBI
paszieNna mopoJ Ha PAacCTOSHMM OT TepBOTO 3apsna Ha 10 u 20 7, 1aHHBI 06beM OOINbIIE, YeM TPH B3PHIBAHAH
TaKHX JKe 3apsJ0B B OHOPOJHOM MacCHBe — KBapIe MarHeTuToBoM (V = 14957 M3), u coctasiigeT 1609,6 u 1558,3
M® COOTBETCTBEHHO (pHc. 2). OUeBH/IHO, YBEIHUCHIE 00bEMa Pa3pyLICHHs TOCTHIASTCS 33 CYeT JCHCTBHS BTOPOTO
CKBaXHHHOTO 3apsi/ia, KOTOPBIH pa3MenaeTcss B MEHee MMPOYHBIX CIaHIax (B oMHOpoaHOM MaccuBe V = 1807,1 M).

V,

1600 -+

1550

1500 ""“‘-\

1450 4 i \

10 20 30 40 F

Puc. 2. O6beM paspylieHus: pa3HOIPOYHOCTHOTO MAacCHBa «MarHETUTOBBII KBAPIMT — CIaHEll KBApI-ONOTUTOBBII»
B 3aBHCHMOCTH OT I'PaHHMIIBI pa3ziena mopos

[Ipu pasMelieHHH TPaHMIBI pasjena mopox Ha paccrosuud 307 (3,0 M) oT mepBoro 3apsiia, T. e.
TocepeInHe MeXTy CKBaKMHAMHU, 00beM 30HBI paspyiieHus coctapiseT 1511,1 M. st paccrosanii 40 1 507 ot
IpaHHIIbI pa3jena o0beM paspylieHus coctapiuser 1475,3 u 1450,8 m°.

CpaBHeHHE TIOJyYEHHBIX JJAHHBIX 110 00beMaM pa3pyIIeHHs OJHOPOIHBIX U PA3HOIIPOYHOCTHBIX MAaCCHBOB
MOKa3bIBaeT, YTO HAJW4YME TpaHUIBI pasjiela IOpoJ B 30HE MACHCTBUS B3pbIBa YMEHbIIaeT oOmuii oObeM
paspymenuii Ha 9,7...12,3%, yeM mpu B3pbIBAaHMM TaKWX JK€ 3apsJOB B OJHOPOAHOH cpene. Takum oOpasom,
CYMMapHBIH SHEPreTHYECKHH IOTOK B3pBIBA CMEXHBIX 3apsJ0B B Pa3HONPOYHOCTHOM MaccuBe Oyner Bcerna
MEHbIIIE, YeM B OJJHOPOJHOM, MOCKOJIBbKY IPaHHIA pa3jiena SBISETCS MPEMsTCTBUEM Ha ITyTH paclpOCTpaHEHUs U
B3aUMOJICHCTBUS BOJH HANPSKEHUM.
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Jiisi yMeHbIlIeHHsT BIMSHHS TPAHUIBI pas3jielna MOpoJd Ha paclpelelieHHe SHepreTHYECKUX IMOTOKOB B
MacCHBe TIpeJIaraeTcsl MPOSKTHPOBATh MapaMeTphbl 0ypoB3phIBHEIX padoT (BBP) Takum o6pa3om, 4ToObI Mmiomamb
KOHTaKTa MOpoJ ObLIa MEePIeHANKYIISIPHOI HATIPABICHUIO OTPaXKEHHS, TO €CTh TPAHUILY pa3jiena pa3MenaTh MeXIy
3apsijaMu, KOTOpbIE B3pHIBAIOTCS B pasHbIX rpynmax. [Ipu HEBO3MOXHOCTH COPHUEHTHUPOBATH HAMpaBIICHUE
OTpPaXXCHUsI MEPICHANKYJSIPHO TPaHHIE pa3fesia MOPOJ, B3aUMOJCHCTBHE IHEPreTUYECKHX MMOTOKOB B3PHIBOB
Ka)JI0r0 U3 CMEXHBIX 3aps0B B IPpyIe HE00X0uMo (pOpMHUPOBATh HEMIOCPEACTBEHHO HA TPAaHHIE KOHTAKTA ITHX
mopofi. [Ipu 3ToM BO3MOXKHEI JiBa BapuaHTa. [IepBhIii BapHaHT MPEANONIATacT pPa3MEIICHUEC CKBaKUHHBIX 3apsiIOB,
KOTOPBIC B3PBIBAIOTCS B OJJHOM TPy OJHOBPEMEHHO, Ha ONPEICIICHHOM PaCCYMTAHHOM PACCTOSIHUU OT TPAHUIIBI
pasaena. Ilpu BTOpOM BapHaHTE PSIOM PACIOJIOKEHBI 3apsapl BB HeoOXoauMo B3phIBaTH B TPYIIE C
OTIPE/ICTICHHBIM HMHTEPBAJIOM 3aMEUICHUS TMPH yXKE CYMICCTBYIOIIUX PACCTOSHUSIX MEXKAY TpaHUIICH pasjena u
CKB2XHHAMHU.

IIpennonaoxuM, 4T0 TIEPBBIA CKBAXHHHBIA 3apsiji B3PHIBACTCS B MOPOJEC CO CKOPOCTHIO PACIPOCTPAHCHUS
MPOJOJBHBIX BOJH HANPSDKEHHN €j, a BTOPOW — B MOPOJE CO CKOPOCTBIO ¢p. TOria, mpu pacCTOSHHU MEXAY
3apsiIaMu d, EPBYI0 CKBAKHHY HEOOXOAMMO pa3MeliaTh OT IPAHUIIbI Pa3/ielia Mopo/ Ha pacCTOSHUM

ca
Q=— ()
¢ +c,
a BTOPpYIO — Ha paCCTOAHUUN
@wm=a-a 2

MIpH OJJHOBPEMEHHOM B3pPBIBAaHMHM CMEKHBIX 3apsiioB BB (puc. 3).

spanuya pazdena

creaxcuna Nel creaxcuta Ne2

L
¥
L 4

[~}

e
o *|

Puc. 3. Cxema Kk pacueTy pacCTOSIHUM O IpaHULbl pa3Jeia nopos

B cnyudae yxe CyIIECTBYIOLIMX PAcCTOSIHUN OT CKBaXXHHHBIX 3apsAmgoB Nel m Ne2 k rpanume paszgena
TOPHBIX TOPOA, I OOECledeHHs B3aUMOJICHUCTBUS DSHEPreTHYECKMX IIOTOKOB Ha 3ITOM KOHTAKTe, 3apsjIbl
HEOOXO0MMO B3PbIBATh C 3aMEJICHUEM, PACCUUTHIBAEMBIM 110 (hopMyIie

ca, —c,a
_ 4% 5%
T, = . 3)

6,

BriBoaBI

B pesynbTate mpoBeNeHHBIX UCCIEAOBAHNI YCTAaHOBIICHO, UTO:

1. HanmMuYWMe rpaHMIBl pas/ena Mopo/] B 30HE JCHCTBUS B3pbIBA CUCTEMBbI CKBR)KMHHBIX 3aps/I0B YMEHBIIACT
o0muit 06beM paspymenus Ha 10 ... 13% no cpaBHeHHIO ¢ B3pHIBAHMEM TaKHX K€ 3aps/i0B B OJHOPOJHOH cpexne
IIPU PACIIONOKEHHH TPAHHUIIE pa3zena nopox ot 10 10 50 7' coOTBETCTBEHHO;

2. HaWMEHBIIMMHU SBJIIIOTCA IOTEPH IOTOKA JHEPIrUM TPH Pa3MEIIeHHUH TPAaHUIBI KOHTAKTa MOPO
Pa3IMYHON MPOYHOCTH MEPIEHANKYJISIPHO HANpaBICHUIO OTPAKEHHUS, TO €CTh TPaHMIy pasjena HeoOXOIUMO
pacrosiarate MeXAy CKBaXKHHAMM, YTO MOIPHIBAIOTCS B Pa3HBIX IPYIIAX;

3. IpHU HEBO3MOXKHOCTH COPHEHTHPOBATH HANpaBJIEHHE OTPAKEHUS BOJH HANPSHKEHUH HEpHeHIUKYIISIPHO
TpaHHle pa3jiena MOpoA, B3aUMOJCHCTBUE YHEPreTUYECKUX MOTOKOB B3PHIBOB Ka)IOTO0 M3 CMEXKHBIX 3apsiOB B
rpymie Heo0xoaumMo GopMUPOBATh HEMTOCPEACTBEHHO HA TPAHUIIE KOHTAKTA STHX MTOPOJ.

Jlureparypa
1. ®pono A.A. UccnenoBanue BAMSHUS TPAHULIBI pa3fiesia Pa3HOIPOUHOCTHBIX MaCCUBOB FOPHBIX MOPOJ
Ha paclpejeiicHue HaNpsDKEHUH IpH B3pbIBE CKBaKUHHBIX 3apsiioB // Marepuansl 11-if MesxayHapoHO#H
KOHpepeHIMH 1o MpobieMaM TOPHOW TIPOMBINUIEHHOCTH, CTPOWTENBCTBA W dHepreTuku «CoImaabHO-
9KOHOMHYECKHE M SKOJOTHYECKHE MPOOIeMBbl TOPHOW NMPOMBIIUICHHOCTH, CTPOUTENBCTBA U YHEPreTHKM» — Tyma:
Tynl'Y. —-2015. - C. 23-30.
2. @®ponoB A.A. YrpaBieHHe YHEPTETHUECKUMH ITIOTOKaMH IIPH Pa3pyIICHUHN Pa3HOMPOYHOCTHBIX MAaCCHBOB
TOPHBIX TIOPOJ HA Kapbepax / Jluc. ... 1okT. TexH. Hayk: 05.15.03. — K., 2014. — 369 c.
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3. ®ponos O.0. B Mexi moximy mopia pi3HOi MIITHOCTI Ha 00’eM pyHHYBaHHS TipCBKOTO MACHUBY
BHOYXOM CyMiKHHUX cBepaioBuHHUX 3apsaniB / O. O. ®@pomos // Bicamk HTYY "KIII". Cepis "T'ipauurso": 306.
Hayk. npanps. —2014. — Bum. 26. — C. 69-75.

IO3E® ITAPXAHBCKHU
Cunesckuti Texnuueckuii Ynusepcumem, I nusuye, Ionvua

PUCK TPABMATHU3MA U EI'O 'MCTEPE3HUC

AHHoTanusi: B pabote npencraBieHO 000CHOBaHHE ONPEACICHUS MOHATHS «PUCK TPaBMaTH3Ma», CIIOCO0
€ro MpeicTaBICHUS M UHTepnperanuu. Ha ocHoBe HccienoBaHMM TpaBMaTH3Ma 3a NEPHOA PECTPYKTYPHU3aLUU
KaMeHHOYTonbHbIX maxT [Tonemm (1993-2010rr) ycraHOBIEHAa HOBask 3aBUCUMOCTh, HE ONUCAaHHAS B CHEIMAIbHOMN
JUTEeparype, KOTopas Ha3BaHa «TUCTEPE3UC PHCKA TPaBMaTH3May

1. [oxa3aTenn TpaBMaTH3Ma /UISl YTOJbHBIX IIAXT B EPHOJ PECTPYKTYPH3alMH

VYpoBeHb 0€30IaCHOCTH HAa NPEANPHATHSX JIO HACTOSIIETO BPEMEHH OLCHMBAETCS HA OCHOBAHMU BEJINYHH
K03 GHUIIMEHTOB TpaBMaTu3Ma. IT0 KO3(DGHUIMEHTH 9acToThl TpaBmatmMa Wz, WriWg, K03QQUIUEHT THKEeCTH
ciydass C u 0600mieHHBIH moKa3aTens notepWys (puc.l). Tlogbop mokaszarenelt TpaBMaTH3Ma ISl OLEHKH €To
YPOBHS, KaK IPaBUIIO, TPOM3BOJIBHBIH, TOCKOJIbKY HE CYIIECTBYET TUPCKTHB KaKOH M KOTJa OKHBI IIPAMEHSTHCS.
OdmununanbHble aHHBIE CTATUCTHUECKUX yupexaeHui myOnukytoT 3HadeHust Wy u C. Ilpu aHanmse TpaBMatusma
Yamie APYTUX UCIOJB3YIOT MOKa3aTelb Wy, IIOCKOJIBKY OH KacaeTcs MPaKTHYECKH JIF000H 00JIacTH XO3IHCTBEHHOM
JeATenbHOCTH. TeHACHIMS N3MEHEHNH 3HAaUEeHHH 3TOT0 ITOKa3aTelsi OYeHb PEIKO CBS3bIBAETCS ¢ KodddurueHToM
C.

OO0O0OLIeHHBIM TOKa3aTeNnb IOTep, OIpeAesieMblii B TONbCKON JuTepaType Kak IPEBEHTUBHBIIN
K03((ULKEHT TpaBMaTH3Ma NPHMEHSETCS NpPU aHajlh3e TpaBMaTH3Ma ToXe BechbMa peako. OH JOCTaTOYHO
creuu(HuYeH TOM, YTO €r0 COCTAaBIISIOIIUMH SBIISIIOTCS 3JIEMEHTHI PO(ECCHOHATIBHOTO PUCKA- YaCTOTa M TSDKECTh
TpaBMaTU3Ma.

AHanu3 TpaBMarTu3Ma BBINOJHACTCS JUIS OIpEACICHHBIX IEPUOJIOB,00bIYHO B HECKOJIBKO JIET, a
K03()(PULIMEHTHI IPENICTABIAIOTCS Ha rpadrKax OTAEIBHO MM COBMECTHO (puc.1)

D
—J;ﬂmzynmm@JKmﬂmzwnm;
W-W, z D T

W, =W,-107-C;
W-—o0r11ee KOJHUECTBO ciiydaen; W g, —4HCIIO CMEPTEIbHBIX Cly4aeB;Z—4nUCICHHOCTH,
D—umncno oTpaboTaHHBIX YeIoBeKo-cMeH; T-00beM oboranmeHHoTo( TOBApHOTO) YIS,
Dg—unciio paboumx CMeH, NOTEPSHHBIX U3-3a TpaBMaruzma; C—kodpUUHUEHT TSHKECTH TpaBMaTHu3Ma;
Koadduuuenr vactotsr TpaBmatusma: Wy - Ha 1000 pabouux;Wg - Ha 100 000 uenoseko-cmen;Wr - Ha
1 muHTOHH; Wys - 000OIIEHHBIN TTOKa3aTelb OTEPb.

Kosdpuumentsr: C =

25 g

—o— WS

124 1
23 ] Lotc | + 120
WZ
2.1 Sas 1l E mm
- + 100
fad W

c, W

BenvurHa koad g ryreHTa W,
E&rnmynHe kaad grymaHToB

05

PP PP LPELS ST EF S LS

T'om

106



Puc. 1. KoadurmeHTs! TpaBMaTU3Ma TSl YTOIBHBIX MaxT B iepuoa 1990-2010rr

2.IlonsiTHE PHCKa TPaBMaTU3Ma

[NonsTue puck TpaBMatmsma (,,ryzykowypadkowe”-TIONBCK.) UCTIONB3YeTCA B MPO(ECCHOHAIBHOM THTEpaType,
OJIHAKO B HOPMATHBHBIX U IPABOBBIX JOKYMEHTaX (3aKOHBI, OJ3aKOHHBIE aKThI, PACTIOPSKEHHS, HOPMBI U T.II.) HE
ONMCAaHO KaK O(HIMAIbHBIH TEPMUH M IOPHAMYECKOE MOHsATHE. Yale BCEro HCIOIb3YeTCs MPH ONMHCAHWU WIH
OLIEHKE TpaBMaTH3Ma, COCTOSIHUS YPOBHS TpaBMaru3Mma, MpOQHIAKTHUKH €ro W T.N. Belpaxkaercs, Kak MpaBuiio, B
cpaBHEeHUSAX (OOJBIION, Majblif, yIydllleHHe, YXyAIIeHHe W T.I1.), WIM 3HaYCHUS MU IoKa3artelsi oOlieil 4acToThl,
YHUCIIOM TSDKKHX/CMEPTENbHBIX CIIy4aeB WM K€ APYIMM OOIICHPUHATHIM crocoOoM. Puck TpaBMaru3ma 4acto
COOTHOCHTCS C TIOHATHUEM NPO(HECCHOHATLHOTO PHUCKA.

»IIpoeccHOHAIBHBI PUCK= BEPOSITHOCTh HEOJIATONMPHUSATHOTO CJIy4asi X morepu”

CoryiacHO TOJBCKUM HOpPMaM, BEPOSTHOCTh COOBITHS, KaKk W €ro IOCJIEACTBUS, OLEHUBACTCS |
ompenensercs o 3X Wik 5Stu 0anpHOH mkaie. J{Js BEpOATHOCTH M MOTEPh HE CYIIECTBYET CIUHON METOIUKH X
onpenencHus. MCTOUHUKOM NaHHBIX YacTO SIBISIETCSl CTATUCTHKA CIYYacB, IZIE MOTEPU COOTHOCATCS K CIIydasiM
TpaBMaTu3Ma IO HX IOCIEICTBHSAM (TSXKKHE, CMEPTENbHBIE), a BEPOATHOCTh - K MoKazaTemo Wy Mcxonms u3
IIPUBEICHHBIX MIPEATIOCHIIIOK, 00O0CHOBAHHBIM SIBIISICTCS] IPHUHSITHE K UCIIOJIB30BAHHIO OHATHS PUCKA TPaBMATH3MA:

«Puck TpaBMaTH3Ma - 3TO BEPOSTHOCTh BO3HMKHOBEHHSI HECYACTHOTO CiIy4asl, CBSI3aHHOTO C BBINOJHSEMOM
paboToi, B pe3ylbTare aKTHUBAMKA TPO(PECCHOHAIBFHBIX OMACHOCTEH WM CHoco0a BBIIOJIHEHHS paboTEHI,
NPUBOIAIIMX, B YACTHOCTH, K yIIepOy B BHAC MNPOSBICHHA y pPabO4YMX HapyLIEHHH 300POBBS, BEOYIIHX K
HECIIOCOOHOCTH BBIIIOJHEHUSI CBOUX HMPO(ECCHOHANBHBIX 00S13aHHOCTEH. »

DopMyIHpOBKa €ro MOKET OBITh ONIMCaHA BHIPAKECHHEM:
D, _Dy

W-W,., Z

MaremaTiHdecKuM aHalIoroM OOINEro IoKaszaTels TpaBMaTuiMa Wyg SBISETCS KOI(GQHUIMEHT pHCKa
TpaBMatuzMa Ry. OmpezneneHus ero COCTAaBIAIOIIMX He TpeOyeT NPOBEACHMS IOMOJHUTENBHBIX NEHCTBUHA H
pacyeToB B CTAaTUCTHUKE TPABMATH3Ma, IOCKOJIBKY OHH MYOJHUKYIOTCS B CTAHAAPTHOM BHJIE.

3. MeToabl aHAJIN32 U OLleHKH PHCKA TPaBMaTH3Ma

[TpumepHBId, MPUMEHSIEMBIH B HACTOSIIEE BpeMsi CIOcO0 NPENCTaBICHHsS JAHHBIX Uil OLEHKH YPOBHS
TpaBMaTu3Mma (pHcKa TpaBMaTH3Ma) B YrOJILHOH IIaxTe, MPUBEIEH Ha pHC.2 , TJe Ha oJHOM Tpaduke (00bIYHO Ha 3
OTAebHBIX) A1 1999rona npencrasieHsl 3HaueHUs1 Kodpuuuenta Wys, CHCTEeMaTH3UPOBAaHHbIE IO YMEHBIICHUIO
U, COOTBETCTBCHHO, 3HaudeHWs ero cocrapmiomux WziC. Harepnperanus ko3p¢unnenta Wyslio ero
coctapistronuM WziC SBISETCS CIIOKHOM M HEOJHO3HAYHOM, YTO IIPUBOANTH K HEOJHO3HAYHBIM BBIBOJIAM M JIENIaeT
HEBO3MOXHBIM CPaBHEHHE JUISl Pa3iMyHbIX repnooB.JlosTomykoaddunnenr Wysecan yxxe MCHONB3yeTcsl Toraa
1St popMarbHOM OLIEHKM TpaBMaTH3Ma M HE HAXOAUT IIMPOKOTO MPAKTHIECKOTO IPUMEHEHHSL.
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Puc.2. Pactipenenenue 3HaueHUI 0600IIeHHOTO KO3 GUIMEHTA TOTEePh (B YOBIBAIOIIEM TOPSIIKE)
u ero cocraBisiromux WiC, it yroapHO# maxTsl 3a 1999 rog.

Puck tpaBmaTm3ma Ryu 3HaueHwus ero coctapnsiomux (WziC) MOXHO MPENCTaBUTH APYTHM CHOCOOOM,
OTJIMYHBIM OT BBIICTIPUBEICHHOTO. BIHChIBas B cucteMy mpsMOYroybHbBIX koopauHat (WziC) cOOTBETCTBYIOLIHE

3HAYCHUS COCTaBJSIOIIUX II0 OTHENBHBIM IIAXTaM 3a JAHHBIA TOJ, IMOJNyYUM TOYKH OIPEICISIONINE PUCK
TpaBMatu3Ma B 3THX maxrax [1,2]. (Puc 3)
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Puc.3. Puck TpaBMaTH3Ma Ha YTOJBHBIX [IAXTaX Pa3IMYHBIX MPOU3BOJACTBEHHBIX 00 TUHCHU N
B 1999 rony. (berromckoe I10, Pymzkoe I10, I'muunkoe I10 u T.11.)

CpenHue 3HAUCHUS PUCKA TPABMATH3Ma MOXKHO OIPEICINTh:

1) Ilpy mnomom cpemHero apuMETHYECKOrORy, rne cocTaBistonue (CpenHHe 3HAYCHUS
kodpdunueHToB WziC) nemar moie KOOpAWHAT Ha YeThIpe KBajgpaHTa (TPSMOYTOJIBHHKH),3HAUCHUS pPHCKa
TpaBMaTu3ma.

2) IIpu momomnmm mnpsMON JMHUM TpeHAa (CpelHeld BeNWYMHBI), Aessmeill moje Ha OonbIIve U
MEHbIIINE 3HaYeHHS PUCKA TpaBMaTH3Ma.

3) ITpu noMomu runepOoINIeCKON KPUBOM, JeIIAIIEH Mojie Ha OOJBIINE U MEHBIINE 3HAaUSHUS pUCKa
TpaBMaTU3Ma.

4. TeHaeHUMA ¥ TPEeH] PUCKa TPaBMAaTH3Ma

TeHngeHIIMM W TPEHB! BEJIMYMH PUCKa TPaBMaTH3Ma C IOMOIIIO JaHHBIX Ko3(p¢uueHtoB WziCs nepuon
PECTPYKTYypH3allMl MOXKHO IIPEACTaBUTh B CHCTEME IPSIMOYTOJBbHBIX KOOPAWHAT B BHIE KPUBOH (YHKIMH €ro
cocraBsaomuX Rycwy, (puc.4). Ha pucyHke CTpenkM COEMHSAIOT TOYKM 3HAYEHMH pHCKa 3a O4epeHOH roj
(dopMupys KpUBYIO TEHICHIMM pHcKa TpaBMarusma.Harpaduke ykazaHHBIH TMIOTETHYECKHH MO3UTHUBHBIA TPEH.
YMEHBILICHHS PHCKA TPABMAaTU3Ma Ha OCHOBE MOJIOKEHHMS, YTO KaXKJbII ClIydall TpaBMaTHU3Ma- BEIUUUHA CIydaiHas
U TEM CaMbIM, CIyJalHOW BEIMYMHOIN €CTh M TSKECTh MOJIYYEHHBIX TPaBM (IHUTPABMATHYECKOW peaOMIIHTAIlNN).
OTcrozia mpeanoiarajoch, YTO YMEHBIICHHE YacTOTHl M KOJHMYECTBA CIyyaeB TpaBMaTH3Ma CIydailHBIM 0o0pa3om
YMEHBINIAET YUCJIO CIy4YaeB ¢ KOPOTKOH WM JJIUTENBHON MOCTTPaBMATHUYECKOW peabWIUTAIME U TAKECTh UX
Oynet ymenbiathes. Takoi Te3uc ObLI MPUHAT B COOCTBEHHBIX uccienaoBanusx B 2000r[1,2]. DToT Te3uc, 0HAKO,
HE Halle]l MOATBEPXKICHUS, IMOCKOJBKY IMPOSBIIIACH TEHACHIUS Pa3BUTHS TPABMAaTHUECKOTO PHCKA B CTOPOHY
yMeHbIIeHnsT 9acToThl (Wz—) U Bo3pacTaHus TshkecTH ciaydaeB (C+). B mo3gneiimmx mepuonax, nocie 2000rona,
TEHJICHIIUS PUCKa TpaBMaTHU3Ma M3MEHSUIaCh NETIe00pa3Ho, JEMOHCTPHPYSl HOBOE KaueCTBO 3aBUCHMOCTH (pHc.4).
[Ipu pacmmpenun cpokoB uccienoBanuii 10 1990, a Bnocnencrsuu 10 1954 roxa ObUIM MOTYy4YEHBI HEOXKHAHHbBIE
pe3ynbTatsl. [3]
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Puc.4. Tennenuus n3meHeHus 3HaueHnit pucka tpaBMarusma Ryw(WziC) Ha maxrax
B 1990-2010rT.

5. 'mcrepe3uc pucka TpaBMaTu3Ma.

I[Ipn mocTtpoeHWM KpWUBBIX 3HaYeHWH Kodduumenra tpaBmatuzmMa 3a 1954-2010rr. mposBmiack
MHOTOKpaTHasT WX NHUKINYHOCTH. [IpencraBieHme KpWBOW pHcka TpaBMarm3Ma B rmepuox ot 1960r. (puc.5.)
MIOATBEPKIAET TEHACHIIMIO MHOTOKPATHOH UKJIMYHOCTH B BHIE MHOTOKPATHOTO TIET/IC00pa30BaHMs Ha KpUBOH Ry.

B ecTecTBeHHBIX HaykaX TakOH BHJ 3aBHCHMOCTH AKTYallbHOTO COCTOSHHMSI CHUCTEMBI OT COCTOSHHH B
MPEALIECTBYIOIME MOMEHTHI HOCUT Ha3BaHHE TUCTepe3uca. B ciyyae OTCYyTCTBHS NMETIM TMCTepe3uca rpaduk
IIPEJCTaBIIET TOIBKO OTIEIBHYIO YaCTh KPUBOM U MOXKET BBITVIAACTH JaxKe KaK JHHEHHas 3aBUCUMOCTb.

IIpexne, B cienManbHOM uTeparype, kak B Ilombiie, Tak U 3a rpaHULIEH HE ONMCAHO U HE NPEACTABIEHO B
no00HO# hopme prcKa TpaBMaTH3Ma Kak QYHKINH fic,w,. He oTMedanock 1 He ONMMCHIBAIOCH METIC0Opa3OBaHUE
KPHBBIX rpahKOB pUCKa TPaBMaTH3Ma, HMEIOLINX XapaKTep TUCTepe3unca.

BceaeacTBue  BbINIEH3JIONKEHHOT0, TMoA00HOerpadguyeckoe oro0paxkeHHe M3MEHEHHH pHcKa
TPaBMATH3MAa MPEJCTABJISACTCH BIEepPBble, a YKa3aHHAs 3aBHCHMOCTb YCTAHOBJIECHA Ha OCHOBaHHH
0pMUHAIBLHBIX JAHHBIX TPABMATH3Ma PA0OTHHUKOB YIOJbHBIX WIAXT. [3]

TeHneHIMs M3MEHEHUS! KPUBOIM PHCKA TpaBMaTH3Ma C y4ETOM IeTJIe00pa3oBaHHs IPHOOPETAET CXOKECTD C
runepOonmueckoil  QpyHknmed. KpuBas NeMOHCTpHpYET UYETKYyI0 TEHACHIMIO NPUOIMKECHUS ¥ yAalIeHHS B
HanpaBJCHUN HYJIEBOTO 3HAYEHHs, YTO B COOCTBEHHBIX HCCIEOBAHMAX NPUHUMAETCS KaK MO3MTHBHBIH TpEH.
CHIDKEHUS PUCKa TpaBMaTH3Ma. 3a()MKCUPOBaHO KaK IIPaBOCTOPOHHEE, TAK M JIEBOCTOPOHHEE MeTIe00pa3oBaHue.

I'mctepesuc pucka TpaBMaTH3Ma HE BBICTYNAeT TOJNBKO B IEPHOA PECTPYKTYpPH3aIMM YrOJIbHOM
MIPOMBIIIJICHHOCTH, HO U HEOJHOKPAaTHO HaOIrofaeTcs M 10 Hayana 3Toro nepuona. OH SBISETCS 3aBHCUMOCTBIO
XapaKTepHOW Kak il JUPEKTHBHO - TUTAHOBOTO XO3SHMCTBA, TaK W JJIA CBOOOJHO-PHIHOYHOW 3KOHOMHKH. He
HCKJTFOYAeTCA €ro NMPOSBICHUE U B OyAyIeM, YTO 1aeT BO3MOKHOCTh €r0 IIPOTHO3UPOBAHUSL.

109



B1 Bt B

25 30 35

Puc.5. Tpern n3MeHeHMIA BeTHIMHEI pricka TpaBMatusmMa RW (W7 ; C) Ha yroiapHBIX IIaxTax
B nepuox 1960-2010rr

Jlutepartypa

ParchanskiJ. Ocenaryzykawypadkowego — metodagraficzna. ZeszytyNaukowePolitechniki Slaskie;j,
SeriaGornictwoZ. 250, s. 165-173, Gliwice 2001.(Orienka prucka TpaBMaTu3Ma-rpaduuecKuii MeTo/1.)

Parchanski J. Wskaznikowa metoda oceny ryzyka wypadkowego. Mat. Konf. Bezpieczenstwo i higiena pracy w
gornictwie w krajach Europy Srodkowo-Wschodniej. Miedzynarodowa konferencja Polsko-Amerykanskie
Stowarzyszenie BHP. Sosnowiec, luty 2001r.(Koadduitne HTHbIHIMETO101IEHKUPHUCKATPABMATH3MA. )

[Tapxanbcku FO. Puck TpaBMaTi3mMa pabounxyroJIbHBIX IIaXT U €r0 TUCTEepe3nc. 3anicku [ OpHOTro HHCTUTYTA,
2016. T.222. C. 869-876 Caukr-IletepOypr.

T.IO. POMAHYYK
Honl'TY, 2. Anuesck

T'PABUTAIIMOHHBIN CIIOCOB IPOEKTUPOBAHUS KOOPJIUHAT
X,Y CITIOBEPXHOCTH B IIAXTY

B cmamve usznooicena cywnocmo 2pasumayuoHHo20 cnocoba npoeKmupoeaHuss NiaHoGvlx Koopounam. A
Mak dice npueedenbl NPEeUMyWecmea 3mo20 cnocoda npu OpUeHMUPOSaAHUU WAXM.

Kniouegvie cnoga: npoexmuposanue Koopounam, 2pasumayiis, CGUHYOSbIL 2py3, NPeumMyuecmsa.

Pazpaborannsiii B JJonl' TY HoBbIi criocod [1, 2]ocHoBaH Ha (yHIaMEHTaJIbHBIX (DPU3UUECKHX 3aKOHAX
IpaBUTALNHN, BCEMUPHOTO TATOTEHUS W MaJEHUs Tel. Y CTaHOBIEHO [3], uTo mroboe Teno, OpOmEHHOE C BBICOTHI,
IOJ| AEUCTBHEM CHJIBI TPABUTALIUY, 1A1A€T BEPTHKAIBHO BHU3, TI0 HAMPaBJICHUIO K LeHTpy 3emiu. [IpoexTtupoBanus
IUTAHOBBIX KOOPJMHAT TOYEK C 36MHOM MOBEPXHOCTH B IIAXTy U€pe3 BEPTHUKAIbHBIE CTBOILL |1, 2] ocymecTBisercs
CBOOO/IHBIM NaJ€HUEM CBHHIIOBBIX I'PY30B, ONYIIEHHBIX M3 HAIPaBIIOIINX OTBEPCTHH, M (uKkcanmeil ux cienos
TPaeKTOpUH Ha OPUEHTHUPYEMOM TOPH30HTE CIIeNHAIBHBIMHM 3KpaHamu (puc. 1). KoopauHatel HampaBisronIux
OTBepCTHH  Ans Tpy30oB A, B Ha mNOBEepXHOCTH ONpenNeNdloTCs IyTeM MNpuMbIKaHus oT myHkToB C, D
rOCyJapCTBEHHOM reozesmdeckor cetn. OT 3auKkcHpoBaHHBIX CiIeOB Ha 3KpaHax A', B' B maxre mpuMbIKaHHEM
ompeneuM KoopauHaTel X, Y U TUPEKINOHHBIA yroi o opueHTHpyeMoii ctopoHs! I-11 Ha ropusonte [4, 5].

Ha moBepxHOCTM B yCThEe INAXTHOI'O CTBOJIA, dYepe3 KOTOPHIH TPOM3BOAMTCS TPOEKTHPOBAHNE,
YKJIaIBIBAlOTCSl BPEMEHHBIE OalKW IEPeKPBITHS, Ha KOTOPHIE yCTAHABJIMBAIOTCS HAINPABISIOMIAE YCTPOICTBA C
IUTACTUHAMH. B HampaBisiOmUMX IDIACTUHKAX Bpe3aHbl CHENHANbHBIE BCTAaBKM C OTBEPCTHSAMH IS IycKa
MIPOEKTHPYIONNX TPy30B A, B. OTBepCTHS BBHIMONHAIOTCS B KOHHYECKOW (hopMe BHYTPH METAIUTMYECKON BCTABKH,
rJle BepXHee BXOISIIME C AuaMeTpoM Ha 1 MM Oojblie auaMerpa Tpy3a paclojioXEHO B BEpXHEH IUIOCKOCTH
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IUIACTHHBI, a BEIXOASIIEE, COBIAAIONIEE C TUAMETPOM I'Py3a, PacloIORKEHO B HIDKHEH INIOCKOCTH IUIACTHHBI IIPU e
tommuue 10-15 mm.

Ha opueHTHpyeMOM TOpH30HTE IIAXTHBIH CTBOJI IICPEKPHIBACTCS BPEMCEHHBIM IIOJIKOM, TIe
YCTaHABIHMBAIOTCS SIIUKH-YJIABIMBATEIN CO CHEHHAJIbHBIMH (PUKCHpYOIIMMH SKpaHamu. Ha mHO nepeBsHHOTO
AIINKA-YJIaBIUBATENs, YKIaAbIBACTCS METAUINYESCKUI JIMCT TONIMIMHOM 2-3 MM, a CBEPXY IOKPBIBACTCS JOCKOH H
NEHOIUIACTOM. SIIIMKH-yJIaBINBATEH YCTAHABIUBAIOTCS C LENBI0 JTOMOJHHUTEILHOTO KOHTPOJS NPOSKTHPOBAHU
Toyek. PUKcalys ClEJ0B IrPpy30B Ha TOPU30HTE OPUEHTUPOBAHUS IMPOM3BOAWTCS CHELUAJIbHBIMU 3KpaHamu. To
€CTh, CBUHLIOBbIE TPY3UKH, CBOOOJHO Tajas W3 HANpaBISIOIIMX OTBEPCTUH, NPU JOCTHIKEHHH TOPH30HTA
OpPHEHTHPOBAHU MONAAAI0T Ha KPaH M, MpoJieTasi CKBO3b HET0, OCTABILIIOT Ha HeM ciefpl A', B' B Buzie orBepcruii,
K KOTOPBIM BBINOJIHSIEM IIPUMBIKAHUE OJTHUM M3 U3BECTHBIX CIIOCOOOB B COOTBETCTBUHU C [4]. Uepes sKkpaHbl Ipy3UKH
NIOTNIAJIAI0T B SIIMKHU-YJIABIUBATENH, TA€ TAK)KE OCTABISIOT CIIEAbl B BEPXHEM CIIO€ IIEHOIUIACTa, a B JEPEBSIHHOMN
JIOCKE T'PY3HMK OCTaHABJIMBAETCS, IOCJE YEero MOXKHO IPOBECTH JONOJHHUTENbHOE NMpUMBIKaHue K ciepam A', B'
o0pa3oBaBIIMMCS B IICHOIIACTE SAIIMKA-yJIaBIUBATENs. JIOIOIHHUTENEHOE IPHMBIKAHUE IPOBOAUTCS C LEJBIO
KOHTPOJII ¥ IOBBIIICHUS TOYHOCTH oOpHeHTHpoBaHus [4]. [Ipm npuMBIKaHMM Ha MOBEPXHOCTH M B LIAXTE
UCIIONB3YIOTCSA COOTBETCTBYIOIIHME BU3UPHbBIE MapKH, BEPXHSS YaCTh KOTOPHIX BHINOJHEHA B BUE KOHYCA, & HIDKHAS
B Buje IIiMHApa. L{umrHaprudeckas 4acTh BCTaBIsIETCS B OTBEPCTUE (€T0 JUAMETP JOJDKCH OBITh PaBeH JHAMETPY
Tpy3HKa), a KOHYC OCTAaeTCs CBEpXy (OuMaMeTp KoHyca Ooimble muaMmerpa OuinHApa). CxemMa MpOeKTHPOBAHUS
TPaBUTAIMOHHBIM CIIOCOOOM M300paXkeHa Ha PUCYHKE 1.
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Pucynok 1- Cxema nmpoekTipoBaHus KoopauHaT X, Y ¢ MOBEPXHOCTH B IIAXTY TPABUTAI[HOHHBIM CIIOCOO0M

IIpennaraemslii criocod nmpoeKkTHpoBaHus KoopauHaT X,Y ¢ MOBepXHOCTH B ImaxTy [1, 2] obmamgaer psgom
IIPEUMYIIECTB MO CPAaBHEHMIO C U3BECTHBIMU [5]:

— IPOEKTUPOBAHKE TPABUTAI[HOHHBIM CIIOCOOOM TTO3BOJIUT BIBOE COKPATHUTh BPEMS IIPOCTOS CTBOJIA, YEM
COKpaIaeT 3aTpaThl IPH OPUSHTUPOBAHNH OJHOM IaXThl Ha cyMMy 10 50 TbIC. pyo0.;

— HCKJIIOYAeT MOTPEOHOCTh NMPHOOpETeHUs! JIeOEAOK C METaJUIMYECKOH IPOBOJIOKOM, TPY30B UIl HX
HaTsDKEHUsI, IEHTPUPYIOMINX TapeJoveK, YTO COKpaIaeT 3aTpaTsl Ha cyMMy 10 150 ThIc. pyo.;

— o0JylacTh TIpUMEHEHUsI crnocoba He OrpaHMYMBAeTCs IIIyOWHOH INPOEKTHPOBAHMS, 10 CPABHEHHIO C
N3BECTHBIMH CIIOCOOaMHM, KOTOPBIE OrpaHWYEHBbI ITyOHHOM IpoekThpoBanus 10 S00M [4];

— cmocob SBISETCS YHHBEPCAIBHBIM MPH TEOMETPHUECKOM OPHEHTHPOBAHUHM UYEpe3 BEpPTHKAIBHBIC
CTBOJBI M TpH KOMOWHHPOBAHHOM (THPOCKOIIMYECKOM) OPHEHTHUPOBAHWH, INPHU COOPYNKECHHH BEPTHKAIBHBIX
CTBOJIOB, @ TAK)KE B METPO CTPOUTEIIHCTBE;

— aHaNMM3 W ompejaercHHe (HaKTOPOB MOTPEUIHOCTEH W BBEICHHWE CHUCTEMATHYECKHX MOIPAaBOK 3a CYET
BIHSIIOIIUX (DAaKTOPOB, TO3BOJUT IIOBBICHTH TOYHOCTH LEHTPHPOBAHUS MOJA3EMHON MAapKIIEHIEPCKOH CeTH.
Teoperndeckne Mcciae10BaHNs, TaOOPATOPHBIC M MIAXTHHIE UCIIBITAHUS CBHACTEIBCTBYIOT O JOCTATOYHONH TOYHOCTH
I'PaBUTAIMOHHOTO COCO0A IIEHTPUPOBAHUS TIOA3EMHOM OIIOPHOI MapKIIEHIepPCKON CETH.

Brlcokas ~ KOHKYPEHTOCIIOCOOHOCTBH ~ TIpaBHTAllMOHHOTO  crocoba  IOATBEPXKICHA  OXKHMIAEMBIM
sKoHOMHUYecKHM 3(dexTom B pasmepe 10 150 Teic. py6. IIpy 0JHOM NPOEKTHPOBAHMM 3a CUET COKpPAIIECHHS
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MPOJODKUTENBHOCTH TIPOCTOSI CTBOJIA W HCKIIOYEHUS HEOOXOAMMOCTH TIPHOOPETEHUS JOPOTOCTOSILETO
000pyOBaHUS IJIs1 IPOCKTUPOBAHUS H3BECTHBIM CIIOCOOOM.

IIpakTHdeckas HEHHOCTb XapaKTEpU3yeTCs :

— BABOE COKPAIICHHBIM BPEMEHEM BBINIOIHEHHS IPOEKTHPOBAHMS 3a CUET MCKIIOUCHHS HEOOXOIUMOCTH
CIIyCKa, TIOAbEMa OTBECOB M HAOIIOICHNUS 32 UX KOJICOaHUSIMH;

—BTpPO€ YMEHBIIEHHON TPYIOEMKOCTBIO NPHUMBIKAHMS HAa MOBEPXHOCTH 3a CUET HMCIOJB30BAHHMSA HOBOM
METOJMKH IPUMBIKaHUS Ha 36MHOM MOBEPXHOCTH CIIOCOOOM CTBOpA TPEX TOUEK;

— 3HAYUTEIBHO MOBBIMIEHHONH TOYHOCTHIO LIEHTPUPOBAHMS MOA3EMHOM CETH 3a CUeT HOBOH METOIUKU
pacueTa JONMYCTUMON TOTPEIIHOCTM U BBEAEHUS CHUCTEMAaTHYECKUX MOMPAaBOK MpPU IPOEKTUPOBAHHU
IPaBUTAIMOHHBIM CLIOCOOOM.

WHBeCTHLIMOHHAS! TPUBIIEKATEIBHOCTh HOATBEPKICHA 00BEMOM (PUHAHCHPOBAHMS HEOOXOAMMOTO ISt
MIPOMBIIINICHHOT'O BHEJIPEHHs, KOTOPHIH B 3 paza MeHble o0beMa 3koHOMHYecKoro 3 ¢dexra u cocrapisier 50 ThIC.
py0. TpH OPHEHTHPOBAHMHM OJHOM IMIAXTHI, Ja€T HAAEXKIYy Ha €ro BHEIAPCHHWE B YrONBHOH M TOPHOPYIHOH
IIPOMBINIIEHHOCTH.

BriBoa. Pa3paboTaHHEIH HOBBINM I'PaBUTALMOHHBINA CIIOCOO BBIMTOJHEH IS BHEAPCHUS HA MIAXTaX yTrOJIHHOH
U TOPHO-PYJAHOW NPOMBIIIEHHOCTH, a TaK JK€ NPU CTPOUTEIBCTBE METPOIOJIUTEHOB; HCIOIB30BAHUS €TI0
MapKIIeHepaMy TOPHBIX NMPEANPHUATHH; UI MCIOIb30BaHNA CTYyJCHTAMU B y4eOHOM Iporecce Ha J1abopaTOPHBIX
paboTax IO OPHEHTHUPOBAHUIO MIAXT, BO BPEMs MPOXOXKICHUS YUeOHONH MapKIIEHAEPCKOM NPaKTUKH, HpPH
BeinonHeHU HUPC, xypcoBOM U AMIIIOMHOM HPOEKTUPOBAHUU.

Jluteparypa

1. IlpoexTupoBaHME IUIAHOBBIX KOOPIMHAT TOUEK C MOBEPXHOCTU B IIAXTY NPH OPUEHTHUPOBAHHUU Uepes3
BepTUKAJbHEIE CTBOJIBL: yueb.mocodue /B.I'. Jlapuenko, E.A. Jleaucenko. JJoul TY — Amuesck: Joul TVY,2014. 148
c.

2. TTat.56401 U VYxpaina, MIIK G 01 C 15/12. Cnoci6 npoeKkTyBaHHS KOOPAMHAT TOYOK 3 MOBEPXHI Ha
TOPHU30HT NpH opieHTyBaHHI maxt. / B.I'. Jlapuenko, O.0. JleHncenko; 3asBuTens 1 nareHToodmanarens Joul TY -
Neu201008687; 3asB. 12.07.10; omy6. 10.01.11, Brom. Nel

3. UBanenko J.J. I'paButanus./JI. 1. UBanenko, ['.A. CapganamBuin. — 3-e¢ uzg. — M., 2008. — 200 c.

4. Mapkuielizepckue padoThl Ha YyroJibHBIX IaxTax u paspesax: Mucrpykuwms/Penxomuc.: M.E. Kamnanen
(mpencenateins) Ta ap. - Bun.odur. - Jonerk: OO0 "Anan", 2001. - 264c¢. - (Ha pOC.HYKp. S3BIKAX).

5. Mapkueiiaepckoe neno: Yue0.11s By3oB — B aByx wactsax/mox pen. M. H. Ymakosa. — 3-e u3n.,
nepepad. u norn.— M.: Hexapa, 1989.— Yacts 1/U. H. Ymakos, /1. A. Kazakosckwuii, I'. A. KpotoB u 1p. — 311 c.:
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A.B. TYIIMIIBIH, B.A. JAHUJIOBA
Jloneyxuii HayuoHanbHwIl MeXHUYeCcKuti yHugepcumem, 2. /loneyx

OBOCHOBAHUE BAPUAHTOB PAZBUTHUA I'OPHBIX PABOT HA
YT'OJIBHBIX HITAXTAX TOHBACCA

Huskasi TeXHHKO-TEXHOJIOTHYECKasl MOJArOTOBJIEHHOCTh TOPHOTO Mpou3BozcTBa JloHOacca o0ycioBiicHa,
MpeX/ae BCEro, TeM, YTO IPOECKTHPOBAHHE IPOHCXOTUT METOJOM <«OKCHEPTHBIX OIEHOK». JlaHHBIH MeTox
MIPOEKTHPOBAHUS COMPSDKEH C OIIMOKAMU BCJEJICTBHE OTCYTCTBHS BCECTOPOHHETO PACCMOTPEHHUS BO3MOXHBIX
BapHaHTOB PAa3BUTHA TOPHBIX paboT.

HecmoTps Ha Hamuunme MHOKECTBA PEKOMEHIAIMM IO MPUHATHIO MPOEKTHBIX PEIIEHHH Ha YTOJIBHBIX
niaxrax, B JUHAMHYHO M3MEHSIOIIMXCS YCJIOBHSAX (DYHKIMOHUPOBAHHS IIAXT HMHEPLUHOHHOCTb METOJOJIOTHH
MIPUHATHUS PEIICHUH He MO3BOJISIET aAalTHPOBATh IPOU3BOJCTBEHHYIO CUCTEMY K COCTOSIHUIO CPEABI.

B 3Toif CBSI3M aKTyaJlbHBIM SIBISETCS BONPOC OOOCHOBAHUS NPUHUMAEMBIX PEUIEHUH OTHOCHTEIHLHO
pa3BUTHsSL TOPHBIX C YYETOM CIIOXKHBHIEHCS IPOU3BOACTBEHHOM M SKOHOMUYECKOH CHUTyallid Ha OCHOBE
KOMIBIOTEPHOTO MOAETHPOBAHUSI.

AnHanu3 (yHIaMEHTAJIBHBIX TPYAOB OCHOBOIOJIOXXHUKOB TEOPUH IPOEKTHPOBAHMS YTOJIBHBIX IIAXT €Ile
3a[I0IT0 10 TIOSIBIICHUSI KPHU3MCHBIX CHUTYyallMii B TOIUIMBHO-YHEPreTHYecKOM KoMiutekce JloHOacca ykaspiBan Ha
HEOOXOINMOCTh KOMIUIEKCHOTO y4eTa IapaMeTpoB BHEINHEH W BHYTPEHHEW Cpeabl MPeInpUsATHH U MOCTPOSHHH
ONTHUMU3AIMOHHBIX MOJEJCH, OTPaKAIOIINX B3aMMOCBS3M OCHOBHBIX M BCIIOMOTATENbHBIX IMPOM3BOJICTBEHHBIX
MIPOLIECCOB LIAXT.

Tpyner Takux yaensix kak A.C. Bypuakos, M.I1. Yctunos, A.C. MankuHs, JI.A. Ilyukos, A. M. KypHocog,
A.C. m gp. eme HayMHas C CEPEJUHBl IPOUIIOrO CTOJNETHS YKas3blBald HAa HEOOXOAMMOCTH MOATAIHOTO
MIPOEKTUPOBAHMS TEXHOJOTMYECKMX CHCTEM M Ha oOeclieueHHe Ha 3TOH OCHOBE 3((PEKTHBHOCTH IPOEKTHBIX
peleHuit.
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CrretytoIUM 3TarioM pa3BUTHS BOIPOCA KOMIDIEKCHOHW ONTHMH3ALMH U JUHAMHYECKOTO IPOSKTHPOBAHUS
nocyxwuian pabotel EpemeeBa B. M., Ksona C. C., pmwkna H. A., Hedemona I1. I1., Hlynsareesoit JI. U. u psana
IpyTux yueHbIX [1]. OTi paboThl 3aJ0KHIM OCHOBY CO3JaHHS COBPEMEHHBIX METOIOB MOJCTHUPOBAHMS INAXT KaK
CJIOXKHBIX CHCTEM ¥ ONTHUMH3ALUH IIapaMeTPOB TEXHOJIOTMYECKHX CXEM YTOJIbHBIX LIAXT.

CoBpeMeHHBIE MOAXO0ABl OPUEHTHPOBAHbI Ha KOMIUIEKCHOE MOJEIHMPOBAaHHE YTONBHBIX LIAXT Ha OCHOBE
KOMIBIOTEPHBIX MPOCTPAHCTBEHHBIX Mojeneil [2]. JlanHbIe MoaeIH CIIOCOOHBI C TIOMOIIbI0O Habopa aHATTUTHICCKUX
(GyHKIMH B 3aJlaHHBIX O0JIACTSIX TPEXMEPHOTO HPOCTPAHCTBA ONMUCATH (OPMBI MECTOPOXKACHHMH, pacrpeieieHue
MIPU3HAKOB, BHJ OCHOBHBIX TEXHOJIOTMUECKHX CHUCTEM U HMX MapamMeTpoB. B OCHOBE MaHHBIX MCCIEIOBAHHUHN JISKUT
UCTIONIb30BaHHE 3apyOexHBIX MakeToB Micromine, Datamine u Japyroro mnporpaMMHOro obOecmedeHus s
MOJICTTMPOBAHUSI MECTOPOIKICHHH.

Lenp naHHOW cTaTbu — aHAJIU3 METOAWYECKUX IIOIXOJOB K OOOCHOBAHUIO  IPOEKTHBIX pEIICHHH B
YCIIOBUSX JEHCTBYIOIIMX IIaXT HA OCHOBE KOMIBIOTEPHBIX MOJIENEH, OTPAXKAIOIINX Pa3BUTHE TOPHOTEXHUUECKON
CHCTEMBI B IIPOCTPAHCTBE U BO BPEMEHHU.

[IpoBeneH aHamu3 MPOW3BOACTBEHHOW CUTYallud M OCHOBHBIX ITOKa3aTeNeil (yHKIMOHHMpOBaHHS 18-TH
I1axT oro-Bocroka Jlonenkoit obmactu (puc. 1).
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Puc. 1. IIpoexTHbIe, IIIaHOBBIE U (haKTHUECKHE TIOKa3aTeNny padoThl MIAXT

CpOK CJIy)K6BI TOJIBKO TPETU M3 pacCMaTPUBACMbIX MAXT HE IMPEBLIIIACT 50-t JIET, CPOK CJIy)K6I)I
OCTaJIbHbIX HAaxXT — OO0 100 mer. rOpHO-FeOJ’IOFI/I‘IeCKI/IC ycCia0oBuUsa pa3pa60TKH maxT MpEeACTaBJICHBI Ha PUC. 2,
IIPOCKTHHIC PEHICHUSA — Ha PUC. 3
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¥rnbl NageHua NNacTos KaTeropua WaxT No METaHy MnyGukHa Ianeradna NNacTos
Puc. 2. T'opHO-reonornyeckue yciuoBus pa3padOTKH MaXT
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59 %

Eoinmocemnis

Cromwes

Cxema BCEpLITHA Cnocob nogroTosxK CucTembl pazpaboTkn
Puc. 3. TIpoekTHbIC pelieHus Mpu pa3pabOTKe YroJbHBIX MIACTOB IAXT

B ycnoBusix ycTtapeBHIero maxTHOrO (oHIa, CIOXKHBIX T'OPHO-TEOJOTHUECKHX YCIOBHUSX, HEJOCTaTKa
WHBECTHLMOHHBIX CPEICTB HEOOXOMUMO OOOCHOBBIBATH MPOTPAMMY Pa3BUTHS IPYyNIbl IaxT. I pemeHus 3THX
3a7a4 NPEIJIOKEH MOAXOJN, OCHOBAHHBIH Ha KOMIUIEKCHOM MOJCIUPOBaHWM INaxT. lIpenmornaraercst cosnaHue
NPOCTPAHCTBEHHBIX MOJENEH MIaXT M aBTOMATH3ALMU TEXHUKO-DKOHOMHYECKOH OIEHKH BAapHAHTOB Pa3BUTHL
TOPHBIX padoT.

Pa3paborana xommbroTepHass Mogmenb maxThl uM. A.A. CkoyMHCKOro. B pamkax Mozmenn HOCTpOEHBI
KaJICHOapHBIE TUIaHBI BAPHAHTOB Pa3BUTHS TOPHBIX pabOT W PACCUUTAHBI HX IMapaMeTphl (puc. 4).

Puc. 4. KanenaapHslii m1aH pa3BUTHSI TOPHBIX paboT

Bapuant Noe 1 mpennonaraer yBejaudeHHe NMPOM3BOJICTBEHHOH MolIHOCTH maxThl Ha 530 T/cyT 3a cuer
BBOJIa B pabOTy HOBOH JIaBbI B IEHTPaJIbHOW nanenu. Bapuant Ne 2 npearnonaraer yBelmueHne IPOU3BOACTBCHHON
MomrHocTH Ha 1060 T/cyT 3a cueT BBOJA ABYX HOBBIX JIaB C MOJHOCTHIO HOBBIM 00OpY/IOBaHMEM B OJHOM M3 HHX.
Bropoii BapuaHT TpeOyeT ropaszo OOJBIINX KaHTaIbHBIX BIOKEHUH, YeM MEepBBIi BAPHAHT, U OOJBIINX 3aTpaTr Ha
MoJi/Iep)KaHle ¥ PEMOHT BBIPA0OTOK, TaK KaK 3aIllyCK OAWHOYHON JIaBbl B BOCTOYHOW IaHENW NPUBOAHUT K

JACKOHLICHTPALlUU TOPHBIX pa60T. P€3yJ'II>TaTI>I TEXHUKO dKOHOMHUYECKOM OIICHKH BApUAHTOB NPEACTABJICHBI HA PUC.
3.
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CTapka THCKOHTHPOBAHHY, J0MH &1,
Puc. 5. 3aBUCMMOCTB YHCTON MPUBEACHHON CTOMMOCTH MIPOEKTA OT CTAaBKH JTUCKOHTHPOBAHHS

Hecmotps Ha Gompuryro 100bMy MO BTOPOMY BapHaHTy, BHYTPEHHSAS HOpPMa PEHTA0EIBHOCTH MPOEKTa B
9TOM Ciyd4ae Tropa3fo HIKe, 4eM B IIepBOM BapuwaHTe. Takoil pe3ynbTaT OOBACHAETCS 3HAYUTEIHHBIMU
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KalUTaJbHBIMHU BIIO)KCHUSIMH M BBICOKOH CTaBKOW MUCKOHTHPOBAHUS (B MpPOEKTE NMpHHATA Ha ypoBHE 22%). Ilpn
CHIDKCHUH CTaBKH JMUCKOHTHUPOBAHHS NPEANOYTUTEIBHOCTh BAPUAHTOB MOXKET U3MEHUTHCS.

Co3aHue KOMILIEKCHBIX MOJEJICH Ul YTOJMbHBIX LIAXT MO3BOJMT ONEPATUBHO MEPECMATPUBATH PELICHUS
0 Pa3BUTHIO TOPHBIX pabOT KaK ISl OTACIBHOTO 00BEKTA, TAK U B LEJIOM IS TPYIIIIbI IIAXT.

Jlureparypa

1. Hedenos ILIL., Jpmwkn H.A., Kson C.C., UlynsarseBa JI.W. u ap. TexHonorus pa3paboTKu CIOXKHBIX U
HEKOHIUIMOHHBIX I1acToB Kaparanaunckoro 6acceiina. - Kaparanga, 1995. — 337c.

2. KyzuenoB 10.H., Craguuk [I.A. KoHuenuus npoeKTUpOBaHUS M yNpaBieHUs OTpabOTKOH 3amacoB
BBIEMOYHBIX y4acTKOB Ha 0a3ze MH(POPMAIMOHHBIX TexHoJoruid. — M.: Uzn-Bo MITY, T'MAB, Ned, 2009. - c. 279-
285.

Hayunslit pykoBoauTeNns: K.T.H., foleHT CkaxeHuk B. b.

B.YEPHEHKO, A.10. MAKEEB
JloHeykuii HayUOHAILHBIN MeXHUYeCKUll yHusepcumem, 2. /[oneyx

INPOBJIEMbBI OTPABOTKHN BECBMA TOHKHUX IIVIACTOB YIJIA B
JOHBACCE U BO3SMOKHOE 3KOJIOI'O-TEXHOJIOI'MYECKOE
PEHIEHME 110 UX BBIEMKE

B Hactosmee Bpemst yroipHas NPOMBIIUIEHHOCTh JloHOAcca WCHBITBIBACT 3HAYMTENBHBIE IPOOIEMEL,
CBSI3aHHBIC HE TOJBKO CO CJIOKHOM IMOJIMTHYECKOW OOCTAHOBKOW, HO W C MPOOJIeMOil OTPabOTKH HMECHOIIUXCS
3amacoB yrias. Ha mraxrax VYkpauHbl B IUlacTax MOIIHOCTBIO MeHee 1,2 M cocpenoroueHo OGoinee 80%
IIPOMBIIIJICHHBIX 3aIlacOB, KOTOPhIE B OCHOBHOM IIPE/ICTAaBJICHB! BBICOKOKAYeCTBEHHBIMHU KoKcyromumucs (30%) u
sHepreruueckumu yrisamu [1]. K coxaneHuro, moJaBisiomas 4acTh 3TUX 3alacOB OCTAeTCA COCPENOTOUYEHHOH B
I1actax MOIIHOCThIO MeHee 0,6 MeTpa. Beero B JIoHerkom Gacceiite HacuuThIBacTCS 669 BechMa TOHKHUX IIIAXTOIUIACTOB, U3
KOTOpbIX 243 monorue, 57 HakJIOHHBIE, 369 KpyTO- HAKIIOHHBIE U KPYTHIE.

Tab6mma 1
MOoOIHOCTH IDIACTOB, M 10 0,5 0,51-0,55 0,56-0,60 0,61-0,65 0,66-0,80
VIenbHBIA BEC MAXTOINIACTOB B OOIEM
KOJIMYECTBE 54 6,9 18,5 15,6 53,6

B BecbMa TOHKHX IIIacTax B OacceiiHe cocpenorodeno noutu 40% 3amacos, HO ypOBEHb JOOBIMM M3 HUX HE MPEBBIIIACT
7.5 %, Ota muEcniponiopiwst SBIETCS ONHOM M3 MPUYMH OBICTPOro yriryOneHus paGoT. Takum o0pasoM, COBpEeMEHHBIN dTar
pasBuTHS TOPHBIX padoT B [loHerkoM OacceifHe 0OBEKTHBHO CBSI3aH ¢ HEOOXOIMMOCTBEO 0oJiee IMPOKOH pa3pabOTKI BechMa
TOHKUX ITJIACTOB.

CpencTBaMH MEXaHM3aLUU OTPAOOTKH ITHUX 3allacoB, B OCHOBHOM SIBJISIFOTCSI OUHCTHBIE y3KO3aXBaTHbIC
KOMOafHBI, TPUMEHSAEMBIE C MEXaHH3HMPOBAHHOW M peke, ¢ HHIUBUAYAJIBHONH KpENblo, a TaKKe CTPYTOBHIE
ycraHoBkH. Ha mmactax moutHocThio MeHee 0,7 M BBIEMKa BEIETCSI B OCHOBHOM C IPUCEUYKOM OOKOBBIX MOPOJ, a Ha
HEKOTOPBIX IaXTaX, 0TPadaTHIBAIOIINX TaKHe TUIACTHI 0€3 MPUCEYKH — C UCIOIb30BAaHUEM CO3aHHBIX Oonee 50 et
Ha3aJ IIHPOKO3aXBaTHBIX KOoMOaifHOB. [Ipm 3TOM cpemHecyTodHas Harpyska Ha 3aboif B 2,5-3 pa3a Hmke, 94eM B
KOMIUIEKCHO-MEXaHH3UPOBAaHHOM 3a00€, K TOMY XK€ TPYIOE€MKOCTh PadOT B TAKMX JIaBaX YpPE3BBIYAHO BBICOKA.
Becbma TOHKHME IUIacThl pa3pabaThIBAIOTCS B OCHOBHOM C NPHCEYKOH OOKOBBIX mopoxa. CpenHss BeJMYMHA
npucedku cocrasisieT 15-20 cMm, a BEIHUMaeMas MOIITHOCTh 4acTo npeBbimaeTr 1m. [Ipu 3ToM CHIKeHHE CTOMMOCTH
IT yrasg 3a cdyer ero 3acopeHus npucekaemon moponoi cocraBiseTr 20% u Oonee. Ha mraxtax YkpauwHbI €
npuceykaMu padotaino a0 300 1aB B roj, a CpeJHEro10BOI IPUPOCT 30IBHOCTH YIJIS 33 CUET MPUCEUEK IPEBbIIIal
5,4%. 3acopeHne yris BMELIAIOMIMMK MOPOAaMH OT mpucedek B 3amaaHoM JlonOacce m JIbBoBcko-BombsiHCKOM
yrosisHOM OacceifHe JOoCTHrano cooTBeTcTBeHHO 19,4 u 5,7%. Poct 3acopeHus yriis mopomoil sBiasieTcs OJHOU U3
[JIABHBIX NPWYMH YXYALDICHWS WCIOJIB30BAHMSA TPOW3BOACTBEHHBIX MOIIMHOCTEH W TEXHHKO-3KOHOMHUYECKHX
mokaszareneid paboTel MmaxT YkpawHel. K TOMy e IOCTOSHHBIH POCT 30JBHOCTH YIJICH, MOCTYMAlOMMX Ha
oborarutenbHble (GaOpUKH, 32 CUET 3aCOPEHHS €r0 BMEIAIONMMHU TIOPOJIaMH, OKa3bIBa€T HETATUBHOE BIVSIHHE Ha
mporiecchl oboramienns. B pe3ynbTaTe BBIXOJ TOBapHBIX yried cokparmica Ha 10,4%, oqTHOBpeMEHHO BO3pOCia UX
30im6HOCTE ¢ 12,9 mo 16,4%; W3 roma B ToA yBETMUMBAIOTCS CPENCTBA, BBIACISIEMBIE HA OXPaHy OKpYKalomen
Cpenbl, IOCKOJIBKY YHCIIO TEPPUKOHOB HENPEPBIBHO PAcTET, CO3/1aBasi CIIOXKHYIO MPOOJeMy UX OOCITy>KHUBaHUS U
mukBuganu. Toimbko Ha Teppuropun JlonGacca mx HacuutbiBaeTcs Oosiee 1300, M3 KOTOPBIX MHOTHE TODST,
3arpsA3HAsa BO3AYIIHOE NPOCTPaHCTBO [1]. BrigaBaeMas u3 maxT nopoja 3aHUMaeT IPOMaHbIE TEPPUTOPUU 3EMEND,
NIPUTOJTHBIE /IS CENbCKOro xo3stiicTBa. B JlonOacce oOmiast ruromans 3eMellb, 3aHATHIX I10J1 OTBAJIBI, NTPEBBIIIACT
3000 ra. Kpome Toro, Ha Ka)kayto TOHHY YIS Belgaercst Ha-ropa o 0,3 T mopoasl.
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B JJonenxom HarmmonansHoM TexamueckoM YHuBepcuteTe emie B 90 rogax MpommIioro Beka Oblia co3aana,
UCIIBITaHAa M YCHELIHO anpoOMpoBaHa Ha ImaxTax JloHOacca T.Ha3. TEXHOJOTHS OE3MIOMHOI CKpemepocTpyroBoH
BBIEMKH BECbMa TOHKHX IIOJIOTHX IUIAcTOB (MOIIHOCTHIO 10 0,5 MeTpa) ¢ MpUMEHEHHEM HaBECHBIX 3aKJIaJIO0YHBIX
MIPUCTABOK JUI AWCTAHIIMOHHOTO BO3BEICHUS B BBHIPAOOTAHHOM IIPOCTPAHCTBE IOPOJHBIX OTOPHBIX KOHCTPYKIMI
(OyTOBBIX TOJIOC) W3 TOPOABI OT MPOBEACHUS IMOATOTOBUTENBHBIX BHIPAO0TOK [2]. I'maBHOW 0COOEHHOCTBIO ATOH
TEXHOJIOTHH SIBJISIETCSI TIOJIHOE OTCYTCTBHE JIFOJIEH B JIaBe, KaK BO BPEMsI BBIEMKH U TPAaHCHOPTHUPOBKH YIJIA, TaK U B
MOMEHT JOCTaBKH IIOPOJIbl B BEIPAOOTaHHOE MPOCTPAHCTBO M BO3BEACHUS 3aKJIaIOYHOT0 MaccuBa. (DyHKIMOHABHBIE
OCOOCHHOCTH ~ CKpPEIepOCTPYIOB, CHAOKCHHBIX 3aKJIQ[0YHBIMM TPUCTABKAMU Da3IMYHBIX  KOHCTPYKLMI — IO3BOJISIOT
OJTHOBPEMEHHO PellIaTh JIBE BXKHBIE B SKOJOTMYECKOM M TEXHOJIOTUYECKOM OTHOIICHNH 3a1auH:

- YTHIIM3ALMIO TIOPOJIbI OT MPOBEICHHS ITO/ITOTOBHUTENBHBIX BBIPAOOTOK ITyTeM MEXaHM3MPOBAaHHOW 3aKIIaJKu ee B
BBIPAOOTAHHOE MPOCTPAHCTBO;

- COBEPILICHCTBOBAHKE TIPOLIECCa YIPaBIeHHs KPOBJIEH MyTeM AMCTaHIIMOHHOTO BO3BEICHHUS OMOPHBIX KOHCTPYKLWH 13
3TOM MOPOBL.

Crnemyer OTMETHTB, 4TO B 3T0 ke Bpems B Jlon YU npoBoamice paboThl IO CKPETIepOCTPYTOBOM BRIEMKE
yras BooOmie Oe3 KperuleHUs BBIPAaOOTaHHOTO MpocTpaHCTBa. CUHMTANOCh, YTO TPH OIPENEICHHONW CKOPOCTH
MTOJIBUTAHUS OYUCTHOTO 32005 1 HeOobIoi (10 0,5M) MOIIHOCTH OyJET MPOUCXOINTH IUIABHOE OITyCKAaHNE KPOBITH.
OpHaKo TUIAaBHOTO OIYCKaHUS TOOMTHCS HE yOaloch, U IpeaIaraeMas CHCTEMa BRIPOANIACH B OOBIYHYIO KaMEPHYIO
BBIEMKY, I/I¢ TIPUXOAMIOCH OCTABIATh IIETHKH, YTO MIPUBOAMIO TOUTH K 50% mOTepsM yris.

[opozHbie OMOpbI U3 CHIMTYYHX MaTepUaioB CO CBOOOIHBIMU OTKOCAMH SIBIISFOTCSI HAMOONee TPOCTO BO3BOAMMBIMU
TIO/IAEPYKUBAFOLIIMMYI KOHCTPYKIIMSIME, YTO TPEIONPENIEISIT BO3MOXKHOCTD MX (P (hEeKTUBHOIO MCTIONB30BAHMS ISl YIIPABJICHNS
KpOBJIEH TIpU OE3MFOIHOM CKPENepoCTPyroBOil BbIEMKE BeChbMa TOHKHMX IOJIOTHX IUIACTOB. VX OCHOBHOE TEXHOJOTMYECKOE
MPEUMYIIECTBO 3aKIIIOYaeTC B OTCYTCTBHM HEOOXOIMMOCTH COOPY)KEHHS CIECIMAbHBIX HMCKYCCTBEHHBIX OIpaHHUYMTEINeH
OOKOBOIO pacIMpeHws, BO3BEICHHE KOTOPBIX 0e3 MPUCYTCTBUS pabourx B 3a00€ TEXHMYECKH CIOKHO. Poib orpaHunumTeneit
OOKOBOTO pACIIMPEHHUS WIPacT CaMO3AKIMHUBAIOMIASACS TI0 BCEMY NMEPHMETPY TOJIOCHI KpaeBas 4acTb, a HECYIIHE (YHKII
BBIIOJHAET (POPMHUPYIOLIEECS B IIEHTPATILHON YacTH OMOPHOE SIIPO.

Puc.1. Cxema ynpasineHus: KpoBJel ¢ HOMOILBIO TIOPOIHBIX OIOp.

Cxema C 3aKJIafkoil BBIPAaOOTAaHHOrO TNpOCTpaHCTBA paspaborana Ha kadenpe PMIIM HomHTY mon
pyxoBonactBoM mpo¢.K.®@.Camunkoro u FO.B.bonmaperko [2] m ycremHO WCHBITaHA B HECKOJNBKUX JlaBaxX My
"XonoaHas bamka".

Iopoxa oT mpoBeneHHs BBHIPAOOTOK JOCTABISETCS B BBIPAOOTAHHOE NPOCTPAHCTBO M YKJIAAbIBACTCS B
ONOpHYI0 TMOJIOCY MpU TOMOIIM 3aKJIQJI0YHOro ckpernepocrpyra. OH TpeicTaBiseT Cco00i CepHiHBIA
CKpPEeIepoCcTpyr, K KOTOPOMY Ha BpeMsl BEJICHHUS 3aKJIaJ04HBIX paboT CO CTOPOHBI BHIPAOOTAHHOTO HPOCTPAHCTBA
KPEIUTCsl TPAHCIIOPTHO-(OPMHUPYIOLIAs TOPOJIHAS IPUCTABKA, UMEIOIas B IuiaHe popMy Tparenuy U OCHaIleHHAsS
JABYMs 3aCJIOHKaMM, OTKPBIBAIOIIUMUCA TOJIBKO B OAHY CTOPOHY. 3anonaHeHne IIPUCTABKU HOpOJlOﬁ MPOU3BOAUTCA
TIPY TIOMOIIH JIEHTOYHOTO NTEPerpy’XaTeisi U MepeABIKHOTO OyHKep-703aTopa.

3arpyxeHHas MPHCTaBKa TPAHCIOPTHUPYET MOPOAY K MECTy BBIKJIAIKH OMOPHOHM IIOJIOCHI, MOCIE YEero
YCTAHOBKa PEBEPCUPYETCSI M CKPENEpOCTPYroBBIM I0€3]] BO3BpaIlaeTcss B HCXOJHOE mojoxeHue. Ilpm stom
TIepeIHsSIST 3aCIIOHKA, Hae3Kasi Ha JIOCTABJICHHYIO ITOPOJY, MPUIIOHUMACTCS U MPOITyCKaeT ee 1oy coboii. Bo Bpems
CIIEAYIOMIETO IMKJA, OJHOBPEMEHHO C JIOCTaBKOH HOBOM NOPLUMM TOPOABI, Npenblaylnas mnoArpedaercs u
TpaMOyeTcsi B ONOPHYIO MOJIOCY HepeqHell KOCOYCTaHOBJIEHHOH 3acioHkol mpucraBku. Ilocnme yOGopkm Beeit
MTOPOJIBI M3 BEIPAOOTKH TOPOAHAS TIPUCTABKA OTCOSTUHIETCS OT CKPENepOCTPYTOBOrO o3 a.

B11 3am. naBe anmuHo# 127 M OMOpPHBIE TOPOIHBIE TTOJIOCH! BBIKIAIBIBAINCH B IIIAXMATHOM MOPSIKE JUTHHOM
14 M u mupuHOH 1,5 M. MecTo BBIKIAaIKH MOJOC KOHTPOIMPOBAIOCH aBTOMAaTH4eCcKoi ammapatypoit MUY C-BAYC
C TOYHOCTBIO 10 | M. B roxkHOU KOpeHHOM yaBe 1iacta K, mmHoi 150 MeTpoB onpoOOBaHbI pa3jInIHbIC CIOCOOBI
BBIKJIAJIKM TI0JIOC OT HENPEPBIBHBIX MapajUIeNbHbIX 320010, BIUIOTH /IO BO3BEICHHS CILUIOIIHOTO 3aKJIaJ0YHOTO
MaccuBa
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CxeMa CKpenepocTpyroBoii BLIEMKH YIJIsI € 3aKJIaK0i BLIpaGoTaHHOTO MpocTpancTBa B 11 3am.
JlaBe M I0JKHO# KopeHHoii JaBe miacra k, maxrel'" Xoaoanas baaka"
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Pucynox 2 — Texnonozuueckas cxema 6e31100HOU 8bleMKU C BbIKIAOKOU NOPOOHBIX NOAOC. I -npusooHas cmanyus, 2-
CKpenepHblil AWUK, 3-NOPOOHASI NPUCTNABKA, 4-NOPOOHbIL KOHEellep, S-Kpenb COnpsdiceHus ¢ 00800HOU cmanyuell,
6-nopooHas noaoca, 7-8blk1aobléaemas noaoca; 8-y2onvHblil Kousetiep,; 9-scenezobemontvle naAUmMbl.

B)

Puc3. a) BbIKOIMMpOBKAa W3 IIaHA IOKHOM KOpEHHOHM naBbl M1 k,  6) M B) KOHCTPYKUMS M (OTO
3aKJIaJJIOYHON NPUCTABKH TI') CXEMbI BO3BEJICHHUS IIOPOIHBIX OTIOP B JIaBe

Ipeanaraemasi Ge3T0HAsi CKPENEpPOCTPYroBasi TEXHOJOTHsI TO3BOJISIET YCHEIIHO PEUINTb PsiI
TEXHOJIOTHYECKUX U IKOJIOTHYeCKHX BOMPOCOB:

- BKIIOYUMb 8 PAOOMY 3HAYUMETbHOE KOIUYEeCHB0 8ecbMa MOHKUX (Menee 0,5 M) nono2ux niacmos

-3HAYUMENbHO VEENUYUMb KOIUYECNEO 0CMABIAEMOlL 8 Waxme nopoobl OT POBENICHNUS MTOIrOTOBUTEIBHBIX
BBIPabOTOK (B KOKHOW KOpeHHOHW naBe ruiacta k, 100biTo okono 27000 TOHH Yriisl, 3aJI0KEHO B BBIPa0OTaHHOE
npocTpancTBo 0kojo 43000 TOHH MOPOIBI)
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-ygeauuums npouzgooumenviocms mpyoa I'PO3 (MpUMEHEHNE 3aKJIaJJOYHBIX CKPETIEPOCTPYTOB MTO3BOJIAIIO
BTPOE COKPATHTh YHCICHHOCTb OPHTabl 32 CUET BHICBOOOKICHHS KPEIIMIIBIIHKOB)

-uzbescamsb 3HAYUMENbHLIX KANUMAI08N04CeHull Ha npuobpemenue 0bopydosanus (A CKPETIEPOCTPYTH U
3aKJIaIOYHBIC IPHCTaBKM OBUIM HM3TOTOBJICHBI B MacTepckux nry. XomomHas banka. IlpmoOperamuch TOIBKO
MIPUBOIHAS M HATsDKHAS CTAHINHK U ammapatypa ynpasieHnst MUY C-BAYC)

3anateHToBaHO Oojee 10 KOHCTPYKLMH 3aKIaJOYHBIX MPUCTABOK, B T.4. IIOBBINIGHHOW EMKOCTH,
Npe/sIoKeHa CXeMa MO3BOJISIONIast BO3BOANUTH MOPOIHBIE OIIOPHI OJJHOBPEMEHHO C BHIEMKOH yIIsl.

Jureparypa
1. Makees A.FO. O6ocHOBaHIE palHOHANBHBIX MAPAMETPOB TEXHOJIOTH BO3BEACHHS MOPOAHHUX OMOp MPH
0e3MI0IHOI CKPenepoCTPYroBoii BeieMKe. Jlrcc. Ha COMCKAaHHE YUCHOW CTeNeHH KaH/I..TeXH.HayK. Jlonenk.1989r.
2. [Natents! aBTopa KO.B. bornapenko http://www.findpatent.ru/byauthors/1073452/

JLA. ITIEMET
Benopycckuii cocyoapcmeennwiii ynusepcumem, e. Munck, Pecnyonauka benapyce

PACUET OFbEMHOM NNOBPEXJIAEMOCTH JJI5SI BBIPABOTOK
PA3JIMYHOHN ®OPMBbI

Brenenmne. [Ipu BeneHUM MO3EMHBIX TOPHBIX PabOT B MOPOJTHOM MACCHBE 00Pa3yrOTCs 30HBI C Pa3IMIHON
CTCTEHBIO TPEIIMHOBATOCTH M AceopmupoBaHus. BOKpyr TOpHBIX BBIPAOOTOK MOTYT BO3HHKATh O00JAacTH, B
KOTOPBIX JEUCTBYIOT OJHOBPEMEHHO MO Pa3HBIM HAMpaBICHHSIM CXUMAIOIIME W PACTATUBAIOIIME HAMPSIKEHUS.
YacTo 3TH 30HBI ONPEICIIAIOT BO3MOXKHOCTD Pa3pyILICHHS U €r0 B B 3JIEMEHTaX BbIpaboTKH. [Io3TOMY mocTpoeHue
KpUTEPUEB, ONPEIEIIAIOINE 3TH 30HBI, ABISETCS 3HAUUMOH 3anaueit [1-3].

Ha mam B3rmsan memecooOpa3HO MPOBOIWTE WHTETPANTBHYIO OLIEHKY O0OBEMHOH HMOBPEKIAEMOCTH TaHHBIX
30H B MacCHBaX TOPHBIX IMOPOJ Ha OCHOBE MOJIENU Ae(HOPMUPOBAHHOTO TBEPIOTO Telld C OMAacCHBIM O00BEMOM B
3aBHCHUMOCTH OT (DOPMBI TIOTIEPEIHOTO CEUCHUS BRIPAOOTKH, TITyOUHBI €€ 3aJieTaHus U APYTHX IapaMmeTpoB [4].

OmnacHplii 00beM (IUI0IIAb) B MacCHBE TOPHBIX MOPOA ¢ BBIPA0OTKOH. OOBEKTOM MCCIEIOBAHUSL
SIBISUICS. MACCHB TOPHBIX IIOPOJI C BHIPAOOTKAMH apOYHOM, MPSIMOYTONBHOM M KPYTJIOH (OPMBI MOIIEPEIHOTO
CEUEeHH.

Ha pucynke 1 mpeacTaBieHBI PacyeTHBIC CXEMBI C BBIPAOOTKAMHU PA3IUYHON (OPMBI, HMCIOIIUMHU
OJIMHAKOBYIO ILIOIIA/b IONIEPEYHOTO ceuenus S, = 32,13 M.

I'eomeTpuyeckne XapakTepUCTHKH M CBOWCTBA MaTepHaja ObUIM NMPHUHATH ciexyromumu: h=50— 550 M,

lim
H=50 M, R= 3 M, R=32 M, a= 6 M, b= 5,355 M, g= 9,8 M/c?, p=2300 kr/iv’, E = 1,75-10° Tla, v=0,28, © e = _
lim
(e}
252 Mlla, ? =1,8Mlla.
peh peh peh
H H H
2 g
I
X [R)
IR h
] -
H H H
7 T T A i i S R 7 I 7 S O i i i i R 7 iy i
Pucynok 1 — PacuerHas cxema MaccuBa C  BBIpAOOTKOM  apoOyHOW,  TPSIMOYTOJHHOM

u Kpyrioit popmsl
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Ha pucyHke 2 mpencraBieHbl pacnpejeneHus aedopMaiuii B OKPECTHOCTH BBIPaOOTKH TPHU TIyOHHE
3ajeranuss mnocnenHen H=500 M. BumHo, 4YTO MakcHMMaibHble 3HauYeHHs AedOpMalUii HAXOIATCS B
HETIOCPEICTBEHHON OJIM30CTH OT KOHTYpPa BHIPAaOOTKH.

o= e
(88 0

Pucynox 2 — Pacnipenenenne nedopmarmit Ex (@u ¥ (6)

Jns aHanM3a CTENeHH MOBPEXKAECHHOCTH MAacCHBOB TOPHBIX IOPOJ B OKPECTHOCTH BBIPAOOTKH
UCIIONB30BaNach MOJENb Ne(h)OPMUPOBAHHOTO TBEPIOTO Tela C OIACHBIM OOBEMOM, B COOTBETCTBHU C KOTOPOH
omacHble O00BEMBI NPEACTABIAIOT COOOH TpeXxMepHble OONAcTH, TAe HANPSXKEHHsA JOCTUTAIOT IOBPEXKIAIOIIETO
ypoBHs. B KkauecTBe Takoro ypoBHs MOXKET BBICTYIATh, HAllpUMEp, HIKHsS TPAHUIA PAacCEUBAHUS MPEAEIBHBIX
HanpsbkeHui [4].

B nByMepHO#t mocTaHOBKE, OMACHBIH 00beM V IPpUHUMAET BT OMTACHOH miomiaau S.

J171s1 BBITIOTHEHMST pacyeToB OIAcHBIX 00hEMOB OblTa co3/aHa Imporpamma Ha 6aze BctpoeHHOro B ANSYS
s3pika APDL. Anroput™ paGoThl ITpOrpaMMBbl 3aKIIF0YaeTCsl B COXPaHEHWH MacCHBa JIaHHBIX 3HAUCHHUH JleopMannii
10 BCEM KOHEYHBIM 3JIEMEHTaM M HCIIOJIL30BAaHMS WX B JAIBHEHIIMX BBIYMCICHHAX 3HAYEHUH JIOKAJIBLHOM
TIOBPEXIaEMOCTH, KaK OTHOIIICHHUI JeHCTBYIONINX M TPEeNbHbIX JeopMaluii:

i i lim
\Vq_gq/aq d= X, ). (1)

Beanunner 006eMOB OJIEMEHTOB, IJIs1 KOTOPBIX BBITIOJIHACTCA YCIOBUE

V2L g

CYMMHPYIOTCS JUI HOJIydeHHs 3HA4eHHs omacHoro obbema V u ero moBpexxpaemoctu ¥ ns Beeit
pacyeTHON MOJENH:

v, =S Hly -1V,
i=1

q=x,y. (3)
N . . .
v, =Yy Hy —1]AV,
=l 4)
i
rrne N — KOJMYeCTBO KOHEYHBIX AyieMeHToB, H — dyHkuus XeBucaiiia, AV® 00BEM i-T0 KOHEYHOI'O

JJIEMEHTA.
Ha pucynkax 3 u 4 npezacTaBieHsl pe3yabTaTsl pacueToB. Ha pucyHke 3 moka3aHbl OIacHbIE IUIOLIAH IPH
orieHke aedopmanuii B coorBercTBuu ¢ (1) npu H = 500 M /11 BBIpaOOTOK apOyYHO#, MPSMOYTOJIBHOM U KPYTJI0it

. €
(bopMbl. AHaNU3 pe3yNIbTATOB IOKA3BIBACT, YTO MPHU OLECHKe nedopMaiuii * OCHOBHAs 4acTb OMAcHOro oObema
. . €y .
¢dbopmupyercst B paiiloHe OOKOBHH BBIpaOOTKH, a TP OLieHKe AehopMariii - TONBKO HaJ KPOBIIEH W B IOUBE.

MakcumanbHple 3HaueHHs JedopMmanuii HaxonATCS B KOHLEHTPATOpPax — BepUIIMHAX BBIPAOOTKH (11
NIPSIMOYTOJIBHON M apOYHOM (hPOPMBI).
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U3 pucynka 4 BUIHO, 4TO C POCTOM INIyOMHBI 3aJieraHMs BEIPAOOTKU ONacHas IUIoIans S yBEJINYHBACTCS
(Tmybuna BeIpaboTku BapbupoBanack ot 100 mo 600 m). BenmauHs! omacHOW IOy AJS KPYIJIOW BBIPaOOTKU
NPUHUMAIOT HaMEHbIee 3HaYeHHe, a HauOOobIIie 3HaYeHHs ONacHas IUIOMa b NPHHAMAET IS IPSMOYTONBHOM
(hopMBI BEIpaOOTKH IPH BCEX paCCMATPUBAEMBIX TTyOWHAX 3aJIeTaHUs BBIPAOOTKH.
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Pucynok 3 — OnacHslit 00beM st V=g, /8y (a), Wy Yoo
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v, =¢ /g™
PucyHoxk 4 — 3aBHCHMOCTb ONacHOH MJIOIIAN OT IIIyOMHBI BRIPAOOTKM U1t ' ¥ XX

_ lim
v, =¢,/¢g,

(a),
Q)

3akirouenue. PazpaboTana MeTOIOJIOTHS ONpeaesieHUs] 00bEMHOM MOBPEKAAEMOCTH (OTMACHOM IIIONIAIN)
B OKPECTHOCTH T'OPHOM BHIPAOOTKH Ha OCHOBE MOIEIH A OPMHPOBAHHOTO TBEPAOIO TEjIa C OMACHBIM 00BEMOM.

IToka3aHo, 4TO O0JIACTh PACIIOJOXKCHUS OIMACHOr0 O0beMa 3aBHCHUT OT KPHUTEPHsi, IO KOTOPOMY OH
PACCYUTHIBAIICS, X OT POPMBI BBIPAOOTKH.
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[TomyyeHp! 3aBHCHMOCTH OOBEMHOH IOBPEXKAAEMOCTH OT TIIyOMHBI 3aJieTaHUsl BBHIPAaOOTOK C apOdYHO,
MIPSAMOYTOJIBHON M KPYTJIOH GOpMO MOTIEPETHOTO CEICHUS.
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COMPARISON OF METHODS USED TO CALCULATE
THE COMPRESSIBILITY FACTOR

1. Introduction

Natural gas trading is carried out on the basis of the energy supplied by natural gas. The value of energy
flow of the gas [kWh] is calculated by multiplying the combustion heat value [kWh/m’] with the volume [m’] of
transported gas under relative conditions during given time. It is necessary to know the value of the compressibility
factor to be able to convert the values measured under the operating conditions into the values under relative
conditions. [1, 2]

The ideal gas is a system of particles in which individual molecules do not influence one another by any
forces and their volume can be neglected. It is therefore a model gas which does not normally occur in nature. In
real gases, it is not possible to neglect the volume of molecules and their force interactions. Therefore state
equations for real gases need corrections. The seemingly simplest correction is introduction of the so-called
compressibility factor z [-] into the state equation of the ideal gas

pV,, = zRT. (1)

where p is absolute pressure [Pa], V,, is molar volume [m’], R is the universal gas constant [J mol"K™'] and
T is termodynamic temperature [K]. [3, 4]

Compressibility factor is a value used to assess the size of the deviations of real gas behaviour compared to
the behaviour of the ideal gas. For pure substances compressibility factor is the function of temperature and
pressure, or of temperature and molar volume. In mixtures also works as the function of composition. [3, 4]

Specialized virial types of equations (AGA NX-19, AGAS — DC92, SGERG 88) and equations based on the
free Helmholtz energy (GERG 2008) have been developed in order to provide accurate measurements of the amount
of gas. [5,6,7,8,9,10]

2. Experimental section

Based on theoretical knowledge and information from available literature the following state equations
Benedict-Webb-Rubin-Starling, Benedict-Webb-Rubin-Lee-Starling, Lee- Kesler-Plocker, Peng-Robinson, Redlich-
Kwong-Soave and calculation methods SGERG 88, AGA NX-19 mod. (modified version), AGA NX-19 mod.
KORR (corrected version), AGA8 —DC92 and GERG 2008 were selected to calculate the compression factor.

The calculation of the compressibility factor using state equations and the method GERG 2008 has been
implemented in the program Aspen Plus V8.6. This calculating software is optimized for chemical processes using
mixing rules stated in the guidance document developed for this program [11]. The compressibility factor
calculation using methods AGAS8 -DC92 and SGERG 88 was conducted in accordance with the norm
CSN EN ISO 12 213: Natural gas — Calculation of compression factor [5, 6, 7]. While using the method AGA NX —

19 the calculation was conducted in accordance with the technical rule TPG G 902 01: Conversion and expressing
the volume of natural gas [8].
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In order to determine the accuracy of the selected compressibility factor calculation methods the calculated
values were compared with experimentally obtained data. The values were then compared to each other and a
relative deviation from experimental data was calculated for each method. [12]

The experimental data was obtained from professional literature [13, 14]. Experimentally measured
compressibility factor results of six natural gases of different compositions were chosen for the purpose of
comparison (see Table no. 1). The selection of the gasses was based on their composition which must fall within the
limits of applicability of the above methods. Compressibility factor values were measured in the temperature range
0 — 52 °C and in the pressure range 2 — 10 MPa.

3. Results and discussion

After comparing the compressibility factor values calculated by individual state equations with the
experimentally obtained data, it was discovered that the state equation Peng — Robinson shows the greatest relative
deviation of calculated values compared to experimental data in its entire range of absolute pressures. Other state
equations showed little deviation in the range of absolute pressure of 2 - 4, 5 MPa. With increasing absolute
pressure, the deviation increased the most at the equations Benedikt-Webb-Rubin-Lee-Starling and Redlich-Kwong-
Soave. The equations Benedikt-Webb-Rubin-Starling and Lee-Kesler-Pocker showed the lowest relative deviation
of calculated values compared to the experimental data within the range of absolute pressures and were selected for
further comparison with the calculation methods.

Table no. 1: Composition of the test gases

Component of Molar composition [mol. %]
the gas gas no.1 gas no. 2 gas no. 3 gas no. 4 gas no. 5 gas no. 6

CH, 84,3345 96,580 90,644 81,299 81,203 85,898
C,Hg 8,8946 1,815 4,553 3,294 4,306 8,499
C;Hg 3,1919 0,405 0,833 0,637 0,894 2,296
C4Hyo 0,9844 0,102 0,156 0,100 0,155 0,347
iso-C4Hj, - 0,099 0,100 0,100 0,148 0,351
CsH), 0,1825 0,032 0,045 - - 0,053
is0-CsH, - 0,047 0,030 - - 0,051

CeH 4 0,0325 0,063 0,040 - - -

C-Hie 0,0061 - - - - -

CsHig 0,0012 - - - - -
N, 0,4390 0,269 3,134 13,575 5,703 1,007
CO, 1,9285 0,589 0,466 0,994 7,592 1,498

He 0,0032 - - - - -

H, 0,0015 - - - - -

The method AGA NX — 19 was not included in the graphical comparison of relative deviations of
calculated values compared to the experimental data. The modified version of this method showed very significant
deviations. As for the corrected version of this method, it was not possible to compare all the values because of its
limited applicability. When comparing relative deviations of the state equations, it is evident that the deviations of
both equations Benedikt-Webb-Rubin-Starling and Lee-Kesler-Pocker are several times higher than deviations of
the calculating methods. It is not possible to clearly determine the scope of temperatures and absolute pressures
where any of the above methods SGERG — 88, AGA 8 — DC92 and GERG 2008 would reach similar development
of deviations for all compared gases. However, it is evident that the method GERG 2008 showed the smallest
deviations as shown in figure no. 1. The statistical evaluation of the relative deviations has showed that the method
GERG 2008 reached the smallest relative deviations of the calculated values from experimental values. The method
AGA 8 — D(C92 showed lower deviations in comparison with the method SGERG — 88.
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Figure no.1: Relative deviation of the calculation methods - gas no. 2
(BWRS - Benedict-Webb-Rubin-Starling, LK-PLOCK - Lee-Kesler-Plocker)
4. Conclusion

Based on the comparison of experimentally measured compressibility factor values with the compressibility
factor values calculated using state equations, it is evident that the calculated values reach high relative deviations of
calculated values compared to the experimental data. The equations Benedikt-Webb-Rubin-Starling and Lee-Kesler-
Pocker reached the lowest relative deviations. When comparing relative deviations of the state equations Benedikt-
Webb-Rubin-Starling and Lee-Kesler-Pocker with those of the calculation methods SGERG 88, AGA NX — 19,
AGA 8 — DC92 and GERG 2008 it was obvious that the compressibility factor values calculated by state equations
showed several times higher relative deviations of calculated values compared to the experimental data than the
values obtained by calculation methods. Values calculated using the method AGA 8 — DC92 showed a lower
deviation from the experimentally obtained data than values calculated using the method SGERG 88.
The compressibility factor values obtained by the calculation method GERG 2008 showed the lowest deviations
from the experimentally measured values.
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P.M. ABBIILIOBA, BM. MYCTA®AEB
Asepbatioxcanckuil I ocyoapcmeenusiti Yuusepcumem Hegpmu u [Ipomvruunennocmu

HNCCIEAOBAHUE HAIIPA)KEHHOI'O COCTOAHUA OT
HEPABHOMEPHOI'O PACHPEJAEJEHUSA TEMIIEPATYPbI
O TOJIIIUHE TPYBOITPOBO/JA

KaioueBble cjioBa: HampspkeHHe, NaBICHHE, MOIYJb YHOPYrOCTH, TeMIlepaTypHOe Moje, 000J0uKa,
sorapudm.

Key words: tension, pressure, elasticity module, temperature field, cover, logarithm.

Iox neficTBHEM TeMIEpaTypbl Ha3eMHbIE TPYOOMPOBOJBI MOJYYArOT OOJbIIKe JeGopMalud U B HHUX
BO3HUKAIOT HAMPSDKEHHS B OCEBOM, PAJMAILHOM M TAHI'CHI[HAJIBHOM HampaBiieHUH. LIeTbio 3TOW CTaThu SBJSETCS
OTIpE/ICIICHUE PaJuajbHBIX W TAHTCHIUAIBHBIX HANPSDKCHHH MPU HEPABHOMEPHOM H3MCHEHHUHU TEMIICPATyphl IO
TOJIIIMHE TPYOBI.

Jomyctum, uto Temnepatypa 7=7(r) HepaBHOMEpPHO pacIpejesicHa 1o TONIIMHE i TpyOo-poBoja, rae r
TeKyImui pamuyc TpybompoBoma. Monayns  ympyroctu  E, kosddunuent Ilyaccoma V u ko3duimeHt
TEMIIEPATYPHOIO PACHIMPEHHs ¢/ CYUTACM HEU3MEHHBIMH I10 TONIIMHE TPYObl. O003HAYNUM BHYTpPEHHEE JABIICHHUE
BHYTpHU TpYyObI uepe3 P, BHEIIHUN M BHYTPEHHUH paanychl R; W R, ¥ TeMmmepaTypbl Ha BHEUIHEH M BHYTpEHHEH
noBepxuoctd T; u T, . B arom ciaydae mo ToimpHe TPYObl BO3HHKHYT pajJdalibHble M TaHTCHIUAIbHBIC
HAMpsDKeHUsl. DTH HAMpPSDKEHHST OT BHYTPEHHErO JABJCHUSI M OT TEMIEpaTypbl OTIACIBHO MOTYT 3aIllHCAThCS
CIIEAYIONUM 00pa3oM:

»  PR; R} »  PR; R}
o, = |l o= |ty Q)
R —R; r R —R; r

, aE 1[r—-R}7% f
o, :1—V'r_2 RZ—RZZ ITrdr—ITrdr
1 2

R, R,
. s R 2)
aE 1| r +R, ¢ f
G,T = | 22 ITrdr+JTrdr—Tr2
l1-v r"| Rl —R,
e R, <r<R,
Haiinem ¢yHkuuio pacmpeneneHus Temmeparypbl 1o TonumHe TpyObl. Ilpm  craumonapHOM
TEMIIEPaTYPHOM I10Jie 3Ta (GYHKIHS MOKET OBITh ONpe/ieieHa U3 CIIEAYIOIIEro ypaBHEHUS
d°T 1dT
—+——=0
dr” rdr

R, R,

VT =

!
Ipencrasnss nociennee ypasnenue B Buge 11" +71T' =0 wm (T' . r) =0 u uBTErpUpYS IBAXIBI

MoJTyJaeM
T=Clnr+D 3)
rac C u D HeusBeCTHBIE HUHTCTpaJIbHBIC MMOCTOAHHBIC. Onu OIPCACIAIOTCA U3 CICAYIOIHNX I'PAHUYHBIX
YCJIOBUMU:

1) T/r=R1 =T 2)T/r=R2 =T,
Hcnonb3ys rpanndnbie ycinosus u obosnadas AT =T, —T, naxomum:
AT AT
C= R D=T, - -InR,
n—* In—2

1 1
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VYyauteiBasg C u D B (3) nonydaem QYHKIMIO pactpeie]IeHus TEMIIEPATYPHI TI0 TOJIIHHE TPYObI

R
In—t

T = AT IS +T, )
In—-
2

Ioncrasnsas (4) B (2) wu yuutsBas (1) HaxomuM HamnpsDKCHUS Ha BHEITHEW W BHYTPEHHEW MMOBEPXHOCTH
TpyObI OT HEPABHOMEPHOT'O PACHPEIEIICHHs] TEMIIEPATYPBI MO TONIIUHE TPYOBI:

npu r=R;:
2PR;
ol =0; ol =0; O',P=2—22,
Rl _Rz
r _ aEAT 1 2R}
Yo2(1-v) m B R’ - R]
2
opu r=R;:
P(R! +R;
ol =-P; ol =0; [ = (21 22),
R1 _Rz
r aEAT 1 2R}

>

O' —_— . p—
t 2 2
20-v) | , R R} —R
n=-
2
HCHOJ’ILSY}I MOCJICAHNUC YCThIPE COOTHOIICHUA TAHICHUHUAJIBHBIC HAIPAKCHUA Ha BHEIIHEN U BHyTpCHHCﬁ

MIOBEPXHOCTH TPYOBI OT BHYTPEHHETO JIaBJICHNS M OT TEMIIEPATYpPhI 3aMUIIYTCS B BHJE:
npu r=R;

o 2PR;  aEAT | 1 2R -
"OR'-R 21-v) |, RORI-R;

2
nmpu r=R;

G_P(R12+R22)+aEAT. 1 2R
R -K  20-v) |, R R -R]

t

2
Tns P=95amm=95ke/cm®, E=21-10°2/cm*, v=03 , «a=12,5-10"°1/2pac.,

T, = —20° ++60°C , T, = +20°C  Bbrucnens: oti Hanpsbkenus. IIpM 5TOM pasMepbl TpyG B3ATbI
ClleyIonue:

a) D =34"=863,6 mm, h=15mm, R, =4318um, R, =416,8mm;

6) D=42"=1066,8vm, h=18mm, R, =533,4mm, R, =515,4mm;

) D=46"=1168,4mm, h=20mm, R, =584,2mm, R, =564,2mum.

Pe3ynbraTel BEIYHMCICHUH IPUBEICHBI B CIIeIyIOmeil Tabmume:
TaHreHIMATbHbIE HAPSUKEHHS OT BHYTPEHHET0 JABICHHS U TEMIIepaTypbl, ke/cm’
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D=34"=863,6 m | D=42"=1066,8vum | D=46"=1168,4um
0 o h=15mm h=18um h=20mm
Tl C AT C O-t O-l‘ O-t O-t O-t O-l‘
o (r=R)) | (r=R,) | (r=R) (r=R,) (r=R)) (r=R,)
% -20 40 3550,0 2145,1 3370,2 1965,1 3518,0 21134
= -10 30 3310,8 2280,7 3195,9 2165,9 3296,8 2267,2
-5 25 3191,2 2348,6 3108,9 2266,4 3186,2 2344,0
10 10 2832,3 2552,3 2847,6 2567,6 2854,3 2574,6
15 5 2712,7 2620,2 2760,5 2668,0 2743,6 2651,5
20 0 2593,0 2688,0 26734 2768,4 2633,0 27284
30 -10 2353,8 2823,8 2499,2 2969,2 2411,8 2882,1
40 -20 2114,5 2959,6 2525,0 3170,0 2190,5 3035,9
50 -30 1875,3 3095,3 2150,8 3370,8 1969,3 3189,6
60 -40 1636,0 3231,1 1976,7 3571,6 1748,0 33434

U3 taGmnubl BuaHO, uto npu T, <15°C TaHreHIHalbHbIC HANPSKCHUS OT BHELIHEH IOBEPXHOCTH TPYObI

K BHYTpEeHHE# ymMenpmatorcs, a npu T, = 15° C HaoGopoT, yBeIMHBAIOTCS.

BbIBO/IbI

1. OnHuM 13 (aKTOPOB BHI3BIBAIOIINX 3HAYUTENbHBIC Te(OpMAlUK M HANPSHKEHHS B TPYOOIPOBOIC
SBJIACTCSL TEMIICpaTypHOe Bo3lelcTBHe. Temmeparypa MOXKET IeHCTBOBaTb HEPaBHOMEPHO IO JUIMHE, IO
OKPY>KHOCTH U IO TOJIIMHE TPYOOIIpoBOa.

2. B 3aBUCHMOCTH OT KJIIMaTHYECKUX YCIOBHI M TEMIIEpaTyphbl BO3AyXa TpyOOIPOBO HAIPEBACTCS
u oxyaxpaercs. IIpy HarpeBaHWM BO3HHUKAIOT IMPOJOJIBHO CXKUMAIONIME, a IPH OXJAXICHHH PacTATHBAIOLIMC
HanpspkeHus. Hanbornee onacHbl MpoI0JIbHO PACTATHBAIOIINE HATIPSDKEHUST BOZHUKAIOLINE B TPYOOIIPOBO/IE.

3. B o10il crarke C Y4EeTOM BHYTPEHHErO JABJICHUS U HEPAaBHOMEPHOIO pacIpeelICHUs
TeMIepaTypbl [0 TOJIIMHE TPyOONpPOBOAAa HAWICHBI JUIS Pa3JIMUHBIX TUAMETPOB M TOJIIMH TPYyOOIpPOBOIOB
paauaJIbHBIC W TaHTCHUUAJIbHBIC HAIIPAXKCHUS. yCTaHOBJ’IeHO, 4TO A0 150C TaHICHIUAJIBHBIC HAIPSKCHUA OT
BHELIHEH TOBEPXHOCTH K BHYTpeHHeil yMeHpimaiotes, nocie 15°C HaoGopot pacTyT.
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J.B. BUJIOYC, A.A. KAPAKO30OB
Jloneyxuii HAYUOHATLHBIN MEXHUYECKUU YHUsepcumem

TEXHUYECKHUE CPEJCTBA JJIs1 BO3JIEUCTBUS HA
IMPOAYKTUBHBIU IIVIACT

I[Ipn  noOblue KMAKMX TOJE3HBIX HCKONMAEMBIX OJHOW W3 OCHOBHBIX TPHYMH  CHW)KEHHS
MIPOU3BOIUTEIHFHOCTH CKBAXXHH SBISIETCS KOJIbMATAIMs (TIIMHM3AILNS, 3aKyNOpPKa MHHEPAIbHBIMH OTIOKECHUSIMH)
X CTEHOK B MHTEpBaJie MPOAYKTHUBHOTO IUIacTa WM (GUIBTPOBON yacTh. [Ipm 3TOM CHMKaeTcs MPOHHUIIAEMOCTH
TIPUMBIKAIOMIEH K CKBOXKHWHE YacTH (IIIOU0COAEPIKAIIETO MIacTa (Miu GUiIbTpa), 94TO CIIOCOOCTBYET YMEHBIIICHUIO
neouta. [lo pasmmuabiM maHHBIM 75-80% HE(QTIHBIX W THAPOTEOJOTHYECKHX CKBOKUH MPEXKIAECBPEMEHHO
MIPEeKpaIaT paboTOCIOCOOHOCTh M3-3a KOJIbMATAIlUY WM 3auiuBaHus [ 1, 2].

IIpOnyKTHBHOCTh TAKMX CKBOKHH MOXET OBITh BOCCTAHOBJIECHAa W IIOBBIIIEHA 33 CUYET CHCTEMHOTO
NIPUMEHEHNSI COBPEMEHHBIX TEXHOJIOTHH JIEKOJIbMaTallid IPU3a00HHOM 30HBI IUIACTOB, B TOM 4HCIE H
THJIPOAMHAMHYECKOrO Bo3aencTBUs. Cae0BaTeNbHO, TAKOE BO3ACHCTBHE HAa TPOAYKTUBHBIE IIACTHL, KaK Ha CTaJAUU
BCKpPBITHSL ¥ BBOJA MX B OKCIUTyaTalHIo, TAaK W NPU PEMOHTHBIX paboTax Ha MOCIEYIOMNX CTaIusIX pa3padoTKH
MECTOPOXKICHUS, SIBISIETCSI OJJHUM W3 OCHOBHBIX 3JIEMEHTOB TEXHOJIOTMH JAOOBIYM JKUIKHX ITOJIE3HBIX HCKOMAEMBIX.
IToaToMy uccnenoBaHMs, HampaBICHHBIE Ha CO3JAHHE TEXHUYECKHUX CPEACTB M TEXHOJIOTHI BO3AEHCTBUS Ha
MIPOIYKTUBHBIN TUIACT, SIBJISIOTCS BECbMa aKTYyaJbHBIMU.
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B JloHenkoM HaIMOHAILHOM TEXHHYECKOM YHHBEPCHTETe OBbLI pa3paboTaH psI yCTPOHCTB A
THAPOIMHAMUYECKOTO BO3ACHCTBHSA Ha NMPOLYKTHBHBIH IUIACT, KOTOPBIE MOTYT OBITh pa3[eleHbl Ha CIIeXyIOIIHe
rpyms [3]:

1. I'mppoynapHble TeHEpaTOphl NEPEMEHHBIX MABICHUH, MEpEeNaroNIUXcs CTON0Yy >KHAKOCTH B
CKBa)XMHE, 0a3upyIouecs Ha UCTIONb30BaHUU THIPOYAAPHUKOB IBOMHOTO AEHCTBUS;
2. I'mppoguHaMudeckue W3ITydaTelny HMITYJIbCOB (KaBHTALMOHHBIE T'€HEPATOpBl), B TOM 4YHCIEC U

BBITMIOJTHCHHBIC C BO3MOXHOCTBIO OOpabOTKH (MIBTPOBOW 30HBI 332 CYET MEPEMEIICHUS WX IOPIIHEBBIMH
THIPOJIBUTATEIISIMH JBOHHOTO JICHCTBHS;

3. KomOuHupOBaHHBIC YCTPOWCTBA THUAPOJUHAMUYCCKOTO BO3ACHCTBHS HA IUIACT, SBISIOIIUCCS
KOMOWHAIMEH TUAPOYAAPHBIX TCHEPATOPOB TIEPEMCHHBIX JABJICHUN W TUAPOJUHAMUYCCKUX H3ITydaTeneit
UMIYJIbCOB (KaBUTAIIMOHHBIX TEHEPATOPOB).

Ha 6a3e ruapoynapHMKOB JBOWHOTO IeHCTBHSA OBLIO MPEUIOKEHO JIBa THIPOYIAPHBIX TeHepaTopa
MEepeMEHHbIX JaBieHuil [3] st pasriiMHU3aMU MPOAYKTUBHBIX IUIACTOB, MEPBOE M3 KOTOPHIX BKIIOYAET B ceds
THAPOYNAPHUK ¥ TMPHCOCAMHSAEMbI K HEeMy BHOpAlMOHHBI y3€l ¢ OTBEPCTHUSIMH sl  (OPMUPOBAHUS
BBICOKOHAIIOPHBIX CTPYH (puc. 1).
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Puc. 1. Cxema yctpoiicTBa JUIsl pa3riuHU3aLUU Puc. 2. Cxema KOMOWHUpPOBAHHOTO YCTPOUCTBA
IUTIaCTOB. JUISL pasTIMHU3ALINH TUIACTOB C JIOTIOJIHUTEIbHBIM

KaBUTAllUOHHBIM T€HEPATOPOM.

B cocTaB runpoynapHuka BXOAUT NEPEXOJHUK | ¢ BIyCKHBIM 2 U BBIMTYCKHBIM 3 kaHanaMmi. [lepexonnuk 1
COEIUHSIETCS] KOpITycoM 4 ¢ BepxHeW 5 M HMkKHel 6 HaKOBaNbHAMHM, & KOXKYXOM 7 — ¢ HU)KHEH HakoBambHe. K
NepexoJHUKy 1 KpemurTcsl KinanaHHas kKopoOka 8 ¢ munmuHapoM 9. B kiananHoit kopoOke 8 pa3smelieH BIyCKHOM
knanad 10, a BHyTpu nunuHapa 9 — nopmiens 11 ¢ BeImyckHBIM KianaHoM 12 u npysxkunoit 13. Knanansr 10 u 12
coenuHeHsl TonkarenaeM 14. [Topmens 11 coenuuén ¢ 6oiikoM 15, B HIDKHEH 9acTH KOTOPOTO BBIMOJIHEH IITOK 16.
Kanman 17 B HmKHEW HakoBaJbHE 6 COEAWHEH C 3a30pOM MEXAy KopmycoM 4 u koxyxom 7. B cocras
BHOPAIIIOHHOTO Yy3JIa BXOAUT COEAMHEHHBIM co mTokoM 16 marpybok 18 c xamamom 19 m otBepctmem 20. K
nmaTpyOKy 18 mprcoeanHeHB! AUCKOBBIE MEMOPaHHI 21, MeX Ty KOTOPBIMH BBHITIOJTHEHBI OTBEPCTHS 22.

YCTpOHCTBO CITyCKaeTCsl B CKBXKHUHY Ha TPyOax, 0 KOTOPHIM B HETO MOJIAETCs KUIKOCTh. [loa neiicTBueM
JaBJeHusl TopiieHb 11 coBepHIaeT BO3BPaTHO-NIOCTYMNATENBHOE MBMXKEHHE, HaHOCS OoikoM 15 ymapsl 1o
HakoBaIbHIM. OTpaboTaHHast B THAPOYAAPHHUKE XKUIKOCTh dyepe3 KaHaibl 17 u 19, orBepctus 20 u 22 BBHIXOIHUT B
CKBO)XMHY. BHOpanmoHHbIN y3ed, COeMHEHHBIH CO INTOKOM 16, mepemeniaercst B CKBa)KHMHE, T'€HEPUPYs BOJHBI
JIaBJICHUS B )KUAKOCTH, BO3JEHCTBYIONINE HA CTEHKH CKBXXHMHBI ((PUIBTPA), OUMILNAS MX OT PA3IMYHBIX OTIOKECHUH.
Kunkocts, BBIXOAAIIAs W3 OTBEpCTHH 22, TaKKe CIIOCOOCTBYET HX JydlIeMy OYHMIIEHHWIO. lcrnosb3oBanue
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THAPOYyJapHUKA ABOMHOTO AEHCTBUSI MO3BOJISIET YBEINYNUTh CKOPOCTh UCTCUCHHUS JKHIKOCTH U3 OTBEPCTHH 22, 4TO
MIOBBIIIAET HHEPTHI0 MUCTEKAIOIUX CTPYH M yCHJIMBAET UX IyJbCALUIO. Y JapHBIE UMITYJIbCHI, TIEPEIAIOIINEcs Ha
JMCKOBBIE MEMOpaHBbI 21, CIIOCOOCTBYIOT MOBBIIICHHIO YaCTOTHI BOJIH JABJICHHS, YTO TAKXKE MOJIOKHUTEIBHO BIHACT
Ha MPOLECC Pa3rINHN3AINN IPOAYKTHBHBIX IIACTOB.

OTO yCTPOWCTBO MOXET NOMOJHUTEIBHO OCHAINATHCSA THAPOJMHAMHYECCKAM H3IIydaTeleM HMITYIbCOB
(kKaBUTAIMOHHBIM TeHEepaTopoM) 23, BEIIOIHEHHBIM, HANIpUMep, B BUAe TpyOku Bentypu (puc. 2), yepes KOTOpyro B
30Hy (unbTpa 24 HNPOXOAUT KUIAKOCTh, OTpaboTaHHas B ruapoyaapHuke. IIpum 3ToM orBepcTHs B matpyOke 18
OTCYTCTBYIOT WJIM IepeKphIBatoTcs Kosbliamu 22 (puc. 2) [3].

Just cxeM TUApOyNapHbIX I'e€HEpaTOpOB JABJICHHUH, NPUBEICHHBIX Ha puC. | ¥ 2, BBHINOJHEHA ajanTanus
pa3paboTaHHBIX paHee NPAKTUYECKUX KOHCTPYKIMH yCTPOMCTB K HOBBIM THIIOpasMepaM (U1 AMameTpa Koxkyxa
ruapoynapHuka 146 mm Bmecto 127 mMm). Kpome Toro, /Uit HUX BBINOJIHEHA pa3pa0bOTKa BHOPAILMOHHBIX Y3JIOB,
paboTaronmx Kak aBTOHOMHO, TaK M COBMECTHO C KaBUTalIMOHHBIMU IeHepaTopaMu auamerpoM oT 90 no 146 mm,
BEITIOJTHEHHBIMHE B BUZIC TPYOKH BEeHTYpH 1 reHepupyIOINMI UMITYJIbCHI ¢ YacTOTOH B mpeaenax 1,9-2,7 xI'm.

JlononHUTENPHO TPH ydYacTHH aBTOpa pa3paboTaHa HOBas KOHCTPYKTHBHAs CXEMa M IIPaKTHYECKas
KOHCTPYKIMS ~KOMOMHHpPOBAHHOTO YCTPOWCTBAa [UIi pasmIMHHM3ALMM IDIACTOB  JuamMeTpoM 146 MM ¢
JOTOJIHUTENbHBIM ~KaBUTALMOHHBIM T'€HEPaTOpOM, OTIMYAIOMAscsl OOECIeYeHHEM HE3aBUCHUMOCTH pPabOoThI
THAPOJMHAMUYIECKOTO U3IIydaTeNs U THAPOYJapHHUKA, ITO MO3BOIIET 00ECIEINTh CTAOMIBHOCTD MOJAYH KUIKOCTH
B KaBUTAIIMOHHEIN T€HEPATOp M JOMOIHUTEIRHYIO CTPYHHYI0 00pabOoTKy Mpu3aboiHOM 30HHI IUIacTa. BrimoaHeHHOE
MOACINPOBAHUE KaBHUTAallUOHHBIX mpoueccoB IIO3BOJIMIIO pacuimpuTh NEPEeUYCHb TMEPCHECKTUBHBIX CXEM
TUAPOANHAMUHNYCCKUX 1/13nyt1aTeneI71 JJIA UCTIOJIB30BAHUA B yCTpOﬁCTBaX JJIA pasrjaIvHru3alum 1njiacToB.
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JJOKAJIM3BALIIUA OCTATOYHbBIX U3BJIEKAEMBIX 3AITACOB
HE®THU HA MECTOPOXKIEHUAX ITPUITATCKOI'O ITPOI'UBA HA
IIPUMEPE I BJIOKA EL-ZD 3AJIE KW MAPMOBHUYCKOI'O
MECTOPOXKIEHUA

OTKpBITHE HOBBIX KPYITHBIX MECTOPOXKACHUI HE(TH B HACTOSIIEE BpeMs MMeeT OONbIIoe 3HAUYeHHE, HO C
KaXIbIM TOZOM BEPOSITHOCTh MX OOHAPYKECHHS BCE MEHBINE. 3a9acTyI0 HOBBIE MECTOPOXKICHHS XapaKTePU3YIOTCS
HEOONBIIMMH 3allacaMu M pa3paboTka WX HepeHTaOelbHa. VIMEHHO MO3TOMY OOJIBIIOE BHUMAaHHUE VYAEISETCS
MECTOPOXKICHUSM, KOTOPhIC HAXOAATCS B paboTe, K TOMY K€ OOJBIIMHCTBO M3 HHUX yXKE MEPEIUIH B 3aBEPIIAOIIYI0
cramuio paspabotku. Ha sganHOM 9Tame, sl JOCTHIXKCHHS MAaKCHMAIbHOW JOOBIYH, CTAHOBHTCS BOIPOC O
JIOKaJIM3alluU OCTATOYHBIX M3BJICKACMBIX 3aI1aCcoB. OTBET Ha OTOT BOIIPOC TBITAIOTCA HaﬁTPI, co31aBast
TCOJIOTUYECKYI0 W THAPOJMHAMUYECKYI0 MOJENb, aHAIM3UPYS HCTOPHIO pa3paboTku. J[aHHBIM HampaBICHHEM
3aHUMArOTCA OTACJIbI B HAYYHBIX HMHCTUTYTAX, Ir€ 4 OTOr0 HCIIOJB3YIOTCA AOPOTrOCTOAINHUE ITPOrpaMMHBIC
npoayktsl. Co31aHue MOJICIH U MPOBEICHUE PACYETOB 3aHUMAECT MHOTO BPEMEHH U CPEJICTB, a B PE3YJIbTATE, B X0/
COMOCTaBJICHUS (PAKTHUECKOTO COCTOSHHS Pa3pabOTKH 32 pacCMAaTPHBAEMBIN MIEPUO]] C IIPOTHO3HBIM COCTOSIHAEM 32
3TOT e MEPUOJ], BCE PABHO BBIIBIIIOTCS OTKIOHEHUS (PaKTUIECKOTO COCTOSIHHS OT pacy€rHoro. Ha ceromHsimrHmiA
JICHb OCTAaéTCsl aKTyallbHOM OJHA W3 TJABHBIX 33734 B J00bue - 310 nosbimeHne KMH u BoBieuyeHue B paboTy
HEBBIPAOOTAHHBIX 30H Ha «CTAPCIOIIUX» MECTOPOXKACHHUSAX. MeXaHu3M pa3paOdOTKH HEPTSIHBIX MECTOPOXKICHHUN
ITOCTOSTHHO COBEPIICHCTBYETCS, OAHAKO NPUMCHEHHE HOBBIX METOJOB IOKa HE MO3BOJSIET PEIIUTH MPOOIIEMY
obecriedeHnsi paBHOMEPHOU BHIPAOOTKH 3aM1acoB B IMOJTHON Mepe.

IIpemnoskeHHass METOAMKA, Oa3HUPYIOMIASsCSAd Ha KOMIUIGKCHOM aHaJM3¢ CTPYKTYPHBIX XapaKTEPUCTHK
He(bTeFa?;OHOCHOCHBIX IJ1aCTOB, aHAJIM3€ T'€OJOTHICCKOro CTPOCHUA U MMPOMBICIIOBBIX NAaHHBIX, ITO3BOJIACT BBIABUTH
0COOCHHOCTH PACHPEICICHUS OCTATOYHBIX 3alacoB HE(TH HA MECTOPOKIACHHH, a TaKXKE MPOU3BECTH MPH STOM
MOJICYET HE BOBJICUYEHHBIX B pa3pabOTKy 3amacoB. MeTOJMKa CTPOUTCS Ha YCIOBHOM pa3JeiCHUH 3aJekH
KBaJpaTHOW CETKOW Ha 3JICMEHTApHBIC SYCHKH JOCTATOYHO MAaJON BEIMYHHBI, YTO IO3BOJISIET Ooyiee TOIAPOOHO
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U3yYUTh HEOAHOPOAHOCTh IUIACTOB-KOJUICKTOPOB TPOAYKTHBHBIX WHTEpBanoB. Jlmg pacdera HEOOXOIUMEI
MIPOMBICIIOBBIE MOKA3aTEIH Pa3pabOTKU 3a KPaTKOCPOUHBIN neproa BpeMeHH. 1o pe3ynpTataM pacdéToB CTPOHUTCS
KapTa KOHLEHTPAIMH ITOJIBI)KHBIX OCTaTOYHBIX M3BJIEKAEMBIX 3aIlacOB, HAXOAWTCA WX BEJINYMHA, YTO MO3BOJISECT
OLIEHUTh KaK PEHTA0EIBHOCTh BOBIECYECHUS MX B pa3pabOTKy, TaK W BONPOC O HEOOXOAMMOCTH MOJCPHH3AINH
CHCTEMbI pa3paboTKu 3aneku. [IpeMMyIecTBOM METOAMKH SBJIAETCS HATILSIIHOCTB, CKOPOCTH IPOBEICHUS
pacyeToB, HCHOIB30BAHUE TAPAMETPOB Pa3pabOTKH 3aIeKH 33 KPATKOCPOUHBIN NTEPHO]] BPEMEHH (10 TO/1a).

3¢ HEeKTUBHOCTD UCIIOJIB30BAHHUS METOIMKH MOKHO PAaCCMOTPETh Ha PUMEpE EJICIKO-33J0HCKON 3anexu |
610ka MapMOBHYCKOTO HE(TSIHOTO MECTOPOXKICHUS. 3aJIe)Kb MacCHBHasl, MOJYCBOOBAsI, C CEBEpa, I0ra U BOCTOKA
TEKTOHMYECKH OIPaHUuCHA, C CEBEPO-3alaia U CeBEpO-BOCTOKA — JINTOJIOTHYECKU 3KpaHUPOBaHa (IpaHULIeH 3aeKu
SIBJISIETCSI 30HA OTCYTCTBUSI MEXKCOJIEBBIX OTII0KEHHH TEKTOHUYECKOTO IMPOMCXOXKIACHNUS ). Pa3mepsl 3anexu: JIvuHa -
2,5 kM, mmmpuna - 0,85 kM, Beicota — 129 M. Ycnoruerii BHK npussar Ha abcontotHON oTMeTke —2638 M. 3anexb
MIPE/ICTaBIICHA OTI0KEHHUSIMU:

. 3amoHCcKoro ropm3oHTa (D;zd), KoTOpEI cnoxeH noroMuTaMu (He(TEHACHIIICHHBIMA) H, PEXE -
W3BECTHSIKaMU. JIONMOMHTBI MEJKO-CPEIHE3EPHUCTHIE, TPEIIMHOBATHIE, KAaBEPHO3HbBIC, YJYACTKAMHU IIOPHCTHIC.
TpelmurHbpl pa3IuyHO OpPUEHTUPOBaHHbIE, TOHKUE. KaBepHbI pa3mepaMy NPEUMYLIECTBEHHO 1-5 MM, HOJbIE WU
BBIITOJTHEHHBIE TAIUTOM C BKJIIOYCHHSIMHU aHTUAPHTA;

. emertkoro ropm3onTta (Dsel), KOTOpBIA CIOXKEH B OCHOBAaHMH MEPTeNIIMH W H3BECTHIKAMH.
V3BeCTHSIKM ~ TOHKO-MEJIKO3EPHHUCTBIE,  TOHKOCIOUCTBIE  (CIOMCTOCTh  TIOPHU3OHTAbHAas  O0YyCIOBJEHA
MHOTI'OYHCJICHHBIMH HpOCJ’IOﬁKaMH I‘HI/IH), C HEPOBHBIM HU3JIOMOM, C pPECAKUMU CTUIOJUTOBBIMH IIIBaMHU,
BBIITIOJIHCHHBIMHU Cyﬂb(i)aTHO-FHI/IHI/ICTI)IM MarepuajioMm, TpCIINHOBATHIC, HCPABHOMCPHO TMOPUCTEIC,
MEJIKOKaBepHO3HbIE. [IopuCcTOCTh M KaBEpHO3HOCTh 00YCIIOBIICHA HATMYMEM IIYCTOT OKPYTJIoN (hOPMBI, pa3MepoM B
OCHOBHOM 1-2 MM, MecTaMH 110 4 MM.
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Puc.1 - MapmoBuuckoe mectopoxaeane [, [Vonok. CTpykTypHas KapTa MO KPOBIE €JIeIKO-33T0HCKOTO
MIPOAYKTUBHOTO TOPU30HTA

B HacTosmiee BpeMst Ha JaHHOW 3aiexu N0ObIYa HeTH Bemercs Ha ckBakmHaxX NeNe51,52.104,105,151 u
OCYIIECTBIISIETCS] O4aroBas 3akauka B cKBaKUHBI NeNel7,22. HagansHble OanmaHCOBBIC 3amachkl cocTaBisaor — 3800
y.e., HaganbHble m3Biekaembie — 760 y.e. Texymmit KUH — 0,116 npu npoextHOoM - 0,2 (puc.1).

[Tpu npoBeeHUH PACYETOB OBLIT U3YUEH PsiJl BOIPOCOB:

. CTPYKTYPHOE pAaCIOJIOKECHHE HE(PTEra30HOCHOW YacTH 3ajeku (HAUOOJNbIIee KOJIUYECTBO
VIIEBOJOPOJAOB  JIOJDKHO  COCPEJIOTOYMTHCS B Mpeaenax 30H ¢ Haubollee  THUIICOMETPUYECKHU
BBICOKOPACTIOJIOKEHHBIMU YaCTAMU 3aJIEKH);

. pacnpenenenue 3PQPeKTUBHON He(TEHACHIIEHHOW MOIMHOCTA TO Iuomanu (Haubosbliee
KOJIMYECTBO 3aIIaCOB MOXKET HAXOAUTHCS B 001aCTH ¢ OoNbIIeH 3 PEKTHBHOMN MPOAYKTHBHON MOIITHOCTHIO);

. BOJIOHACHIIIICHHOCTh MTPOAYKTUBHOHN YacTH KOJUIEKTOpa (HanOOoJbIIee KOJTHISCTBO YIIIEBOIOPOIOB
OyZeT HaxXOJUThCA B 30HAX, e 3 dekTuBHAs He(TCHACHIIICHHAS YaCTh KOJUICKTOPA MEHBIIIE COINCPIKUT BOJIEI);

. pacrpeneieHue IUIACTOBOTO JABICHUS 10 3aJeXH (IaHHAs XapaKTePHCTHUKA MOKa3bIBACT
pactpeneneHue (IIBTPAIMOHHBIX CBOWCTB B KOJUICKTOPE U SBISACTCS HEMOCPEACTBEHHON XapaKTePUCTHKOM
SHEPTEeTUKH 3aJICHKH);

. Te0JIOTO-ITPOMBICIIOBBIC TTAPAMETPHI 32 KPATKOCPOUHBIHN MEPHOT BPEMEHH.

ITo pe3ynbraTram pacdera ObLTa MOCTPOCHA KapTa OCTATOYHBIX TMOBMYKHBIX 3a1acoB (3amachl BHIPAKEHBI B
YCIIOBHBIX €IUHUIIAX U COOTHOCSITCS C peajbHBIMU BETMYMHAMH, YTO TIO3BOJISIET IPOU3BOIUTH KOPPEKTHBIN aHAIH?3)
(cm. puc.2).
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Il > 17000
Il < 15000
Bl < 11000
[1<7000
B < 3000

Puc.2 — KapTa ocTaTOUYHBIX TOABIKHBIX 3amacoB el-zd 3ameskn MapMOBHYCKOTO MECTOPOKICHHS

[To pe3ynbpraTam pacuyéra ObLIO MOJYYEHO 3HAYEHHUE OCTATOYHO HM3BJIeKaeMbiX 3amacoB (OM3) B 319 y.e.,
410 cooTBeTcTBYeT TekymuMm OU3, paBHbiM 321 y.e. Mcnosib3ysi METOABI MHTEPIOIMPOBAHUS, OblIa MOCTPOSHA
kapTa nokanuzanuu OM3 no ucciexyemoit 3anexxu. MoXHO OTMETHTh, 4TO ocHOBHBIE O3 pacmonararorcs B 30HE
ceBepHell ckBakHHBI Ne51 (cM. puc. 2), ux BennuuHa coctapisteT 170 y.e. (IpH 0CTaTOYHO M3BJIEKaEMbIX 3aracax B
IIEJIOM TI0 3ajieku okouio 319 y.e). Ha kapre (puc.2) BuaHO, uto ckBakuHa 105, ocBoeHHas u3 Oypenus B mae 2016
roja momaja B HEBBIPAOOTAHHYIO 00JacTh, YTO MOATBEPKIACTCS mapamerpamu e€ paboThl (cpeaHuid neOeT Mo
HedTH 32 2016 rox 10,1 T/CyT, coriacHO MPOTHO3ZHOMY pacuéTy Mo MpeioskeHHoi Mmetonuke 10,8 T/cyT).

B nmaHHBIE MOMEHT OCHOBHOE HAallpaBJICHHE pa3pabOTKM 3aJIeKH 3aKJIIOYAaeTCs B BHIPAOOTKE 3aracoB B
paione ckBaxxuH NeNel05,104,151, onHako, Ha OCHOBaHMM IMPOBEAEHHOIO pacyeTa U IMOJYYEHHBIX PE3yJbTaTOB,
OBUIO TPENTIOKEHO MPOOYpUTH OOKOBOH CTBON cO CKBaXHHBI 502 B paiOH C OCTATOYHBIMHU 3aracaMy AL UX
JanbHEeHmed nopa3paboTku. DTO MO3BOJIUT MOAEPHU3MPOBATH CYIIECTBYIOIIYIO CHCTEMY AOOBIMM M 0OECTIednTh
BbINOJIHEHHUE nTpoekTHOro KMH.

3aKIro4YeHue:

B Hacrosiiiiee BpeMst pelieHue mo AajibHEHIel pa3paboTke MECTOPOKICHUSA 00sI3aTEIbHO MPUHUMACTCS C
Y4Y€TOM PE3YJIbTATOB TUAPOJUHAMUYCCKOTrO0 MOJACIUPOBAHHA, MOJTYUCHHBIX C IMOMOMIIBIO CHEUATIN3INPOBAHHBIX
MPOTrPaMMHBIX IIPOJIYKTOB, YTO 3aHMMAaeT MHOTO BPeMeHHU (BBIOOp MOJPSAYMKA, COTIIaCOBAHUE BCEX BHJOB padoT,
CPOKOB M JApyrue HeoOXOJUMBbIE MPOIENyphl) W CPeACTB. lIpemiokeHHas METOAMKAa MOXXET TNPUMEHSITHCS B
CUTYyalUsIX, KOTJa HeoOX0AMMO OBICTpOE NMPHHATHE PEIICHHS 10 NaJbHEHIIeMy IyTH pa3paboTku 3anexu. OHa
OCHOBaHa Ha aHalM3€ MPOMBICIOBBIX M TI'COJOTHUECKHX MapaMeTpoB (32 KPaTKOCPOYHBIH  IEpPHON)
XapaKTepU3yIOUINX 3aJie)Kb M TO03BOJISIET: BBIABUTH HeBbIpaOoTaHHBIC 30HBI, ouneHHTh OW3 3anexu, B oueHb
KOPOTKHE CPOKM TIPHHATH PEIICHHE 110 AanbHeWIed pa3paboTke 3anexu. st paboThl 10 JaHHOMY METOXy HET
HEOOXOANMOCTH B JIOTIOJHUTEIFHOM OOYYEHHH CHELHAINCTOB, YTO TTO3BOJISIET MUCIIONb30BaTh METOJIUKY Ha CaMOM
TIPOMU3BOJICTBE.

Metoauka Opla anpoOupoBaHa Ha KapOOHATHBIX KoJulekTopax [Ipumarckoro mporuba M moka3aiga CBOIO
3¢ EKTHBHOCTS.

K.1I0. MEJIBE/IEB
PYII 110 «benopycnegpmo « benHUITHnegpmo»

SKOHOMUWYHAS TEXHOJIOTUS NOBBINIEHUS
HE®TEOT/JIAYM IIIACTOB HA BA3SE HECTAIIMOHAPHOI'O
BO3JEVICTBUSI C AKTUBU3AIIMEN ITPOIIECCOB KATWIJISIPHOM
MPOIMUTKN

Esxeromno mupoBas no0pr4a HepTH M3 KapOOHATHBIX OTIOXKEHUH yBenmuumBaercs [1]. Ha ceromasmmamiz
JICHb C KapOOHAaTHBIMH OTJIOXXEHHSAMH cBsizaHO Oonee 40% MupoBbIX 3amacoB HedTtu M okoio 60% MupPOBOI
n060b61un. HedTsHble MECTOPOXKIECHUS, IPUYPOUYESHHBIE K KapOOHATHBIM KOJUIEKTOPaM, IIMPOKO PAaCIPOCTPaHEHbI Ha
bmmxunem u Cpeanem Bocroke, CIIIA, Kanane, Mekcuke, Benecyane u apyrux ctpanax mupa [2].

B mHacrosmee Bpemst B bemapycu oTkpeiTo Ooinee 75 MecTtopoxkiaeHHME He(BTH M Ta30KOHJEHCATa.
HauGonbmee uucino 3anexeir Heptu (6onee 90%) cBsizaHO ¢ KapOOHATHBIMM IIOJICOJEBBIMH M MEXCOJICBHIMU
KoMmIuiekcamu. Ha Tekymmii MomeHT w3 umcnsamuxcst Ha Oamance PVYII «IIpomsBoacTBeHHOE 00BenMHEHHE
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«benmopycHepTb» OCTAaTOUHBIX M3BJIEKAEMBIX 3aracoB He(TH Oonee 64% OTHOCATCS K TPYAHOM3BIECKaeMbIM, 44%
9THX 3allaCOB COCPEZOTOYCHHI B 3ajJieKaX C HHU3KOMPOHHIIAEMBIMH KOJJIEKTOpaMH M Bs3kuMmH HedTsmu u 20%
MPUYPOUCHBI K BHICOKOOOBOIHEHHBIM 30HAM 3aJIeXKeill ¢ aKTUBHBIMU 3alacaMy, HO ¢ 0OBOJHEHHOCTBIO J0OBIBaeMOit
npoxyknun 6omee 80% u BepaboTkoif 3anacos 80-90% [3].

B HinmsompoHiiaesbie KOTeKTopa; siikad sedits

B AKTIBHBE JANACE

B TpyIHOIIRTERBCMEIE 3ATACH = (fpogHeHH0CTER Aodbacmoii mpomyviomm Gonee B0%
1 BRIPAGOTEA 3anacos 80-00%

Pucynox 1 - CocrostHue pecypcHoit 6a3sr 3amacoB Hedtu Pb (cnera),
CTPYKTypa TpyAHOM3BIECKaeMBIX 3amacoB Hedtu PB (cripaBa).

B cnoxuBHIMXCS YCIOBHAX U MOAJACp)KaHUS AOOBMM HE(TH Ha 3aINIAHUPOBAHHBIX YPOBHAX IJIaBHOM
3amaueii HeTssHOM oTpacnu benapycu sBiseTcs YBeNIUYCHHE KOIPPUIMCHTOB U3BICUCHIS HE(PTH 1O CPABHEHUIO C
NPOCKTHHIMM Ha 3ajie)kaX C aKTUBHBIMK 3amacaMM W yBenuueHue TemnoB orbopa m KMH Ha 3amewxax c
TPYZHOU3BJIEKAEMbIMHU 3aIlaCaMH.

VYuuThIBasg MOCTABJICHHYIO 3a/lauyy MO YBEJIWYEHHI0 KO3((UIMEHTa H3BICYCHUS HEe(PTH ACHCTBYIOLIUX
MectopoxaeHuit B naboparopun PVYIT IO «benopycuedpts «benHUIIMHeTh» OBUT  BBINOJHEH psif
9KCIICPUMEHTAIBHBIX UCCICIOBAaHUI MO ONpeIeIeHHI0 KO3 (HUIHUEHTOB BEITeCHEHHST He()TH. Beero BEIOIHEHO TpH
Pa3IHYHBIX BHIA HCCIICIOBaHUIA:

1. Llukiandeckoe BO3ICHCTBUE Ha KEpH TpeMs pa3NIUYHBIMU THIPOIMHAMHYCCKHUMH PEKHMaMH
GuIbTpanuy ¢ onpeneneHueM NpupocToB Ky, MOCIe KaKI0ro pexuma.

Texuonoeus: omnpenencHue Kod(QOUUUCHTa BBHITCCHEHUS HE(TH BOJOH BBIIONHAIOCH MyTEM IPOKAYKU
Yyepe3 MOJEINb IIACTOBOI BOJBI ¢ MOCTOSHHOW 00BEMHON CKOPOCTBIO JI0 TIOJHOTO MPEKPAIeHHs BEIX0Aa He(TH U3
Mojenu. Jlamee, CKOpPOCTh NPOKAYKH YBEIMYHMBANIACH OTHOCUTEIBHO HAyalbHOM B 2 pa3a U BBITECHEHUE
MPOJIOJKAIIOCH 10 MOJHOTO MPEKpalleHus BbIXoJa HeTH U3 MogenH. 3aTeM CKOPOCTh MPOKaYKH yBEIMYHBANIACH
OTHOCHTEJILHO HAa4yaJbHOU B 4 pasda U TaKKE NPOLECCC BBITCCHCHUA MTPOJOJIKAJICA 10 MMOJIHOTO MPEKPalICHUA BbIXOAa
HedTH U3 MoJIeIH (PHCYHOK 2).
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Pucynoxk 2 - ITpupoctsr Ky, Ha K&KI0M U3 YCTAaHOBIEHHBIX PEXKHUMOB.

2. ITocne mpoBeaeHHWs TEPBOTO JKCHEpUMEHTa (IUKIUYECKOTO BO3ACHCTBHSI) BBITECHEHUE
IIPOAOJIKANIOCH C UCIIOJIb30BAHUEM pacTBOpoM Bopa+IIAB.

Texnonoeus: NMEPBOHAYAIBHO BBITECHEHHE OCYIIECTBISJIOCH HA CTAaTUYECKOM DPEXUME C HEU3MEHHBIM
pacxosoM 3akaukd Bojbl. IIpu mpoxoxkaeHnn 2-X MOPOBBIX 00BEMOB 00BEM NPOKAUYKH YBETHMUYMBAETCS B 2 pasa
(co3manue ycIIOBHH LIMKIMYecKoro BoznewcTus). [locie momHoro oOBoAHEHMS B MOJEINb IUIacTa 3aKauMBaCTCs
oTopoyka pactBopa kommosuin AD9-12, cynsdoHona u menoun B pazmepe 0,5 HedTeHachIIEHHOr0 00beMa 1op.
[To KonMMYecTBY JAOTOIHUTEIFHO W3BJICYEHHOM M3 MOJENH IJIacTa HETH PacCUUTHIBAETCS IIPHPOCT KOAPPHITEHTA
BBITECHEHHS 32 cUeT npuMeHeHus pactBopa [IAB (pucyHok 3).

3. BriTecHenne HepTH KamWUIIPHBIMH CHUIAMH (CTaTHYECKOE BBITECHEHHE 3a CYET IMPOTHBOTOYHOM
KaMWIISIPHON MPOTMTKN) TP BO3JEHCTBUU HACHIIIIEHHOTO HEPTHIO KepHA ¢ pacTBOpoM Boma+IIAB.
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Pucynox 3- IIpupoctsr K,y oT npumenenus [TAB mocie nukimdgeckoro Bo3eicTBHS.

Texnonoeusn: mabOpaTOpHBIC HCCICIOBAHUSA MPOBOIWINCH HA TPHCIOCOOJCHUAX, WM3TOTOBICHHBIX U3
OpICTEKa W COCTOSIMIMX W3 CTakaHa M MepHoi Oroperku c¢ meHod menenus 0,01 cM’. Pe3pboBoe COEIMHEHHUE C
PE3MHOBOI MPOKIIANKOM M pe3WHOBas TPyOKa ¢ 3aKHMOM Ha KOHIIE MEPHOW OIOPETKH MO3BOJSIOT TePMETH3UPOBATH
oOpazerr KepHa W OKPY)KaOIIYI0 €ro >KHIAKOCTh. Biaromaps 3ToMy, Ha MPOTSDKEHHH BCETO OIBITAa IUIOTHOCTH M
KOHLEHTPALUs BEITECHAIOIIETO areHTa OCTA0TCS MOCTOSHHBIMU. [1apTHs TakuX 3apsHKEHHBIX CTAaKaHOB MOMEIIAeTCs
B TepMoIIKad, T/ic CO3IacTCsl OmpeeyieHHas Temneparypa. Jlanee eXeCyToOYHO MPOU3BOAMTCS OTCUET KAWLIIPHO
BhITecHeHHO# HedTu. [locne mpekparieHus BeiaeneHus HedTu (depe3 1,5-2 Hemenu) BoIa B CTaKaHE 3aMEHSCTCS
xomnozuiuen ITAB, oTcueTsl B fanbHeHIeM CHUMAlOTCs yepe3 -2 CyTOK 10 HOJHOTO NMPEeKpaIleHus BBIICICHUS
HedTHu (pucyHoK 4).
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Pucynox 4 - Ilpupocts! Ky, oT npumenennst [TAB npu kanuuisipHOil IponuTke.

OcHOBHBIE BbIBO/JbI U 3AKJII0OYCHUSA

1. Huknnueckoe BO3AEHCTBUE C UCIOJIB30BAHUEM JIBYX PEXHMMOB NO3BOJWIO HpupacTuth Ky, OT
1,43% no 7,53%. OcHOBHBIE IPUPOCTHI MOJYYEHBI IT0CIIE IEPBOT0 PEKUMa (LIMKJIA) BO3ICHCTBHS.

2. [pu Goxee BRICOKMX 3HAYCHUSIX HAYAIbHOW HEPTEHACHIIIIEHHOCTH MOJICICH JOCTUTHYTHI OOJIbIINE
npupocThl Ky, MPU HUKINYECKOM BO3JIEUCTBUY, PU YCIOBUU PaBHBIX 3HAUEHUN POHULIAEMOCTH.

3. [Ipumenenne [TAB mocie OUKIMYECKOTO BO3ACUCTBUS OKa3adoCh 3PQPEKTHBHBIM H ITO3BOIMIO
TOJIy4uTh TIpUpOCThI K,y B cpenanem 7,1%.

4, [Ipumenenne pactBopoB [IAB Ha BBICOKOMPOHUIIAEMBIX MOJIEISIX TO3BOJUIO TOMYYUTH
HauOoJbIIHe MPUPOCTHI K,,;; B CpaBHEHUH ¢ HU3KOIIPOHUIIAEMBIMH.

5. IIpupoctst K,,,;. 3a caer ucnonp3oBanus [IAB npy kanuuIsspHON MPOMUTKE COCTABISIOT OT 5,67

no 16,76% (abcomroTHBIX). KanwuisipHas mpomuTKa C  KMCIOJIB30BAaHWEM TOJBKO BOABI [IpuMedarenbHO, 9TO B
HEKOTOPBIX CIIydasiX bl MPAKTHUECKH HE MPOUCXoamiIa u 3HadeHust Ky, He mpeBbimanu 1%.

6. 3nauenuss npupocta Kg,, NpH KaMWUIIPHOW MPONHUTKE HE 3aBHCAT OT BEJIMYHHBI HAYaIbHOW
HE(PTCHACBIIICHHOCTH KOJUIEKTOPA.
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7. IIpupoct K,y npu KanwuIipHONW TPONHUTKE YBEIUYMBACTCA C YMEHBIICHHEM IMPOHUIIAEMOCTH
MOJIENEH.

Jlureparypa

1.  Mycmumos, P.X. HoBas crparernss ocBoeHHs HE(TSIHBIX MECTOPOXKACHUI B coBpeMeHHOH Poccum
ontumusanug 1ooeran 1 Makcummsanus KUH // Hedts. ['a3. Hosanmu. — 2016. - Ned. — C. 8-17.

2. TaBypa B.E. T'eosorus u paspaboTka He(TSHBIX M Ta30BbIX MecropoxieHuit. M.: BHUWODHI,
1995.- 496 c.

3. Jemsnenko H.A., IloBxuk ILII., dyOunun b.A. Crparerusi mouckoB M pa3BelKH W pa3pabOTKU
MECTOpOXIeHUH yriaeBonoponoB B Pecriyomike benapycs // Iloucku n ocBoeHre HeQTSHBIX pecypcoB PecrryOmuku
Benapycs: COopHUK Hay4HBIX TpyOB. — Boim. 8. — T'omens: benHUIIWHedTs, 2012. — 470 c.

P. CAIBITOB, I'. UCMAMJIOB, M. KYPBAHOB
Azepbatiddcanckuil 20Cy0apCmeeHtblll yHugepcumem He@mu u npomviuLiennocmu, AzepoatiodcaH,

e. baxy
3AIIIUTA OT KOPPO3UHU TPYBOIIPOBOIOB
TPAHCHOPTUPYIOIIUX HE®Th BBICOKOM BS3KOCTbIO
Annotammst:  CTaThsl TIOCBANIGHA O TEXHONOTHM  3alMTEl  OT  KOPPO3HH TpyGOIpPOBOIOB

TPAaHCTIOPTHPYIOIUX HE(PTH C BEICOKOH BSI3KOCTHIO ITyTEM MOCTOSHHYIO WM IIEPHOIUYECKYIO TT01ady HHTHONUTOpa B
TpybompoBoa. Kpome »storo, paspaboTaHa TEXHOJOTHS MPOTAIKUBAHUA «THIAPABIMYECKOTO MOPIIH» Ui
00paboTkn HedTernpoBoaa HHIHONTOpoM Koppo3uu. CyIIHOCTH 3TOH TEXHOJIOTHH 3aKJII0YaeTcs B OJHOKPATHOH
00paboTke Bcel MOBEPXHOCTH TpPyO IIyTeM 3amojHEHHS ydacTKa He(TEenpoBOJa Ha TOJOBHOM e€e dJacTH.
[MpeumymiecTBO 3TOrO Crocoba COCTOUT B TOM, YTO OTIAJaeT HEOOXOJMMOCTh OpraHU3aLUi J03aTOPHBIX IYHKTOB U
uX 00CIy)KUBaHUS, U1l 00paOOTKH UCTIONB3YIOTCS MEPEIBUKHBIE TEXHOJIOTHYECKHE arperaThl.

KnrodeBbie cioBa:  BBICOKOBS3KHE HE()TH, HHTHOUTOP KOPPO3UH, TPYOONMPOBOI, IUTIACTOBAas BOAA,
OydepHas )KUIKOCTb, THAPABIMYECKas TIOPIIHS, TEXHOJIOTHYECKHE arperarsl.

Ha HekoTOphix HE(BTSIHBIX MECTOPOXKIACHHH BBICOKOBS3KHE ac(aibTO-CMOJIO-NapaguHOBBIE HEPTH C
TeMIieparypod 3acTbiBaHus +18 — + 20°C TPaHCIOPTUPYIOTCSL K MYHKTY HOATOTOBKM CJAayd COBMECTHO C
IUIACTOBOM Bomoi. [l oOecrieyeHWs HOPMalbHOTO TpaHCIOpTa Ha Tpacce HE(TEPOBOIOB MPOIYKIHA
[0JI0rpeBaeTcst 10 50-600C, C TENBI0 CHIDKEHHS BiI3KOCTH HeTtH. COOTHOIICHHWE HE(PTH W IUIACTOBOW BOIBI
KosebeTcs B mpenenax ot 1:3 mo 1:10.

Harpes TpancniopTHpyeMoii MpoayKInH MOBBIIIAET KOPPO3HOHHYIO arpeCCUBHOCTh MUHEPAIN30BAHHBIX
IUTACTOBBIX BOJ, BCJIEACTBHE 4YEro Ha BHYTPEHHEH ITOBEPXHOCTH HE(TENpPOBOAa pPa3BUBACTCS KOPPO3Hs,
NPUBOJSIIIAS K CKBO3HBIM HOpaeHHsM TpyO. [l CHMIKEHUSI MHTEHCHBHOCTH KOpPpO3uM He(dTenpoBoja Ha
KOHTAaKTE€ C HarpeTod MHMHEPAJIM30BaHHOW IUIACTOBOM BOJOW PEKOMEHIYETCS OCYIIECTBISATh HMHTHOMTOPHYIO
3aIlIUTy C WCIOJB30BAaHHEM TEPMOCTOMKHMX MHTHOMTOPOB Koppo3uu. OH MpencTaBiseT co00il JIETKOMOABIKHYIO
KHUJIKOCTh TEMHO-KOPUYHEBOTO I[BETA, HE PACTBOPUMYIO B BOJIE€ M pacTBOpUMYyIO B HedpTu. [I1oTHOCTS MHrHONTOPA
0,97 xr/m’, Temmeparypa 3acteBanms -18°C, Temmeparypa Bemsiuku 107 °C, B3psiBoGesomacen. O6mamaer
BBICOKUMH aJICOPOIMOHHBIMU CBOHCTBAMH K TOBEPXHOCTH MeETajla M CIIOCOOHOCTBIO 0Opa3OBHIBATH UINTEIHHO
COXpaHsIoIInecs 3amuTHble IUIeHKH. MHruburop oOecrneunBaer 3ammTHBI 3ddext He HmKe 85-95% B
He)TEBOIHBIX Cpelax ¢ mpeobiagaHHeM BOAHOM hasbl mpu Temmeparypax 30-85°C mcronb3yeTcs B COCTOSHHM
MIOCTAaBKH WJIM B CMECH C OTXOJHBIMH OPTaHUMYECKUMH pacTBOpuTersimMu [1,2].

TexHosoruss MHrHONTOPHOW 3aIIMTHI HpPEAyCMaTPUBAET MOCTOSHHYIO WM TNEPUOAMYECKYIO 1107124y B
HedTenpoBOJl HHIMOUTOPa KOPPO3HUH C LeNbl0 00pabOTKK BCeld BHYTPEHHEH MOBEPXHOCTH TPYO OT TOJIOBHOH €ro
4acTH [0 TyHKTa cOOpa W TOATOTOBKM He(pTH. [l OCyIIecTBIEHHS NOCTOSHHOW IIOJa4M HMHTHOWTOpa B
He(pTENPOBOA HA TOJOBHOM €ro yYacTKE M Ha YCTaHOBKAaxX IOJOTpeBa MHPOAYKIMHM OPTaHU3YIOTCS IYHKTHI
JIO3MPOBKH MHTUOWTOpa KOPPO3HMH, COCTOSIINE M3 €MKOCTH JJISi XpaHEHHUs WHTMOMTOpa M JO3aTOPHBIX HACOCOB.
EMKOCTB 17151 XpaHeHH HHTHOWTOpa IMOA0MpaeTCs B 3aBUCMMOCTH OT CYTOYHOTO pacxo/ia ¢ yaeToM 3amaca Ha 15-20
naeit. [Ipyu oCyIIecTBIGHWH TOCTOSIHHOW JO3WPOBKHM WHTHOWUTOpA ONTHMAIBHBIA PacxXxoj €ro JOJDKEH OBITh B
npezenax 80-100 r/M> TPaHCIIOPTHPYEMOI COBMECTHO ¢ HE(THIO ILIACTOBO BOJIBL.

B 3uMHMI nepuo MHIHOMTOp CIENyeT IMojJaBaTh B CMECH C OTXOJHBIM pacTBOpHUTENEM (TpeleibHbIN
KEpOCHH) W Jierkoi HedThio B cooTHOomeHuu 1:0,5. Micxozst n3 3Toro, Npou3BOAMTENILHOCTh {03aTOPHBIX HACOCOB
orpezensieTcst o popmyie:

Q-c, -
4= r———uxle
240-¢,-p
rue: Q - pacxon )KUAKOCTH (BOJIBI) B 3AIUIIACMON CHCTEME, M3/CyT;

C,- konnentpanust unruéutopa B pabodem pactBope, %
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C,. pexomeHayemasi KOHIICHTpalus (JO3UpPOBKAa) Hepa30aBICHHOTO WHTHOWTOpa B TIEpeKauMBacMOM
JKHIKOCTH, r/M3;

P_ mnotrocTs pabodero pacTBopa HHrHOUTOPA, I/cM’;

JlozaTopHBIil Hacoc JOJDKEH CO3llaBaTh JaBlieHUE, MOBBIIIAIOIIEe padouee MaBlieHWE B He(TenpoBoJle B
TOYKE BBOJIA MHTMOWTOPA. YUHTHIBas HEPACTBOPHUMOCTh MHTMONUTOpPA B BOJE M PACTBOPUMOCTB B TsDKENOH HedTH,
MIOCTOSIHHAS JO3UPOBKa MHTMOUTOPA C OMOIIBIO J03aTOPOB B IIOTOK TPAHCIIOPTHPYEMOH NPOIYKIIMH CIIOCOOCTBYET
00pa30BaHUIO HA BHYTPEHHEW IOBEPXHOCTH HE(TENPOBOAA PABHOMEPHOW 3aIIWTHON IUICHKH, COXPaHSIOIICHCS
JuIUTeNsHOE BpeMs (okono 1 mecsma). B ¢Bs3u ¢ 3THM mojady HHTHONTOpa B HEPTETPOBOI MOXKHO IPOHU3BOIHTH
nepuoandeckd. OmnpeneieHne BpEeMEHH IOJa4X WHTHOWTOpa [UIS CO3JAaHUS 3aIIUTHOW IJICHKM Ha BHYTPEHHEH
MIOBEPXHOCTH y4acTKa He(hTEIIPOBOAA IIPOU3BOIUTCS IO (hOpMyIIe:

a-S-l
T=k——
q
rae, T— BpeMﬂ noagayu I/IHFI/I6I/ITOp ,HO?)aTOpHLIMI/I HaCcoCaMH, 4ac,

0. — MPOTSHKEHHOCTh y4acTKa HeTEnpoBOia, M ;

S — BHYTPEHHSISI IOBEPXHOCTH 1-r0 mor. Metpa Tpy6, M”;

L — HOpMa pacxoja MHTHOMTOpA UL CO3JAHHS IUICHKH Ha 1M’ MOBEPXHOCTH TPYObl (IPHHEMAETCS
paBubM 0.2 7).

q — MIPOU3BOANTEIBHOCTH JO3aTOPHOTO HACOCA, JI/4;

K — KO3(UIMEHT YHOCAa HHTHOUTOPa IOTOKOM (IIpHHUMAETCs paBHBIM 1.2-1.5).

[To ucrteueHUM 3TOTO BpEeMEHHM MOjada MOXKET OBITh MpekpamieHa Ha 15-20 gHel, mocie Yero IMKI
00paboTKH T0JKEH OBITH POJIOIIKEH.

Kpome 3toro paspaboraHa TEXHOJOTHS MPOTAJIKHBAHUS  THAPABIUYCCKOTO MOPIIHS” Uit 00pabOTKU
HedTenpoBoia MHIMOUTOPOM KOppo3uH. CYIIHOCTH ITOH TEXHOJIOTHH 3aKII0YaeTcsi B OJHOKpAaTHOW 00paboTke
BCEH MOBEPXHOCTH TPYO MyTeM 3alOJHEHMsI y4acTka He()TepoBoJa Ha TOJIOBHOW €ro 4acTh (MJIM Ha HECKOJIBKUX
y4JacTKax TPacchl) paCUE€THBIM KOJMYECTBOM Oy(hepHOM KUIKOCTH U MHTHOUTOPa KOPPO3UH U MPOTAIKHUBAHHE 3TOTO
“T'HOpaBIMYECKOT0 MOPUTHS MO TPYOOIPOBOIY TPAHCIIOPTUPYEMOH MPOAYKITUEH 10 KOHIEBOH ero dactu. [lomaua
Oy(epHOI KUIKOCTH W MHTHOWTOpa KOPPO3UH B HE(TEHPOBOJ OCYHICCTBISCTCS HpU KpaTtkoBpeMmeHHOH (10-20
MHH) OCTAaHOBKE TpPAHCIOpPTa NPOAYKIMH. I[IpenmymiecTBo 3Toro cmocob6a COCTOMT B TOM, YTO OTHAAacT
HEOOXOANMOCTh OPTaHHU3ALNH JO3aTOPHBIX MYHKTOB M UX 00CITYXHBaHUS; 00paboTKa MCIIONIb3YIOTCS IEPEIBIKHbIC
TexHonorudeckue arperatsl (LIA-30 aBTonncTepHBI), a TAKXKE CHIIOBBIE HACOCHI, IPEIHA3HAYCHHbIC IS TIePEKauKu
HedTn 1 Boxbl. BydepHas KUAKOCTH NMpeaHa3Ha4YeHa IS OTTECHEHUS TPAHCIIOPTHPYEMOI NPOAYKIMH (0COOEHHO
BOJIbI) OT MECTa BBOJIa MHIMOHMTOpa B HETENPOBOJ C 1IEJIbI0 00ecreueH s paBHOMEPHOH 00pabOTKN MOBEPXHOCTH
TpyO MHTHOUTOPOM KOPPO3HH.

B kauecTBe Oy(epHOi KUIKOCTA MOKET ObITh UCIOIb30BaHA JIErKast He()Th MIIH OTXOHBIA OPraHUYCCKUI
pacTBOpHTEIb, 00ECIIEUNBAIOLINE CHIDKEHNE BSI3KOCTH TPAHCIIOPTHPYeMoil acdanbro-cmono-napaduHoBoii HeBTH.
Pacuer TpeOyemoro odobeMa Oy(hepHO# KHIKOCTH NPOU3BOUTCS 110 hopmyre.

V=V, L,m’
rae:  Vo— ob6bema 1-ro mor. MeTpa HedTenpoBoa, M';
(st Tpy6 muamerpom 273 MM ol paseH 0,049 m°)

L — npotshxeHHOCTH y4yacTka HedrenpoBoaa, M (nmpuHUMaetcs paBHbIM 100-150Mm).

Ilocne 3akauku Oy(epHOH XHMAKOCTH B HE(PTENPOBOJ MOAAETCS pacUeTHOE KOJIWYECTBO WHTHOMTOpa
KOppo3uH. Pacuer mOTpeGHOro KOJIMYECTBA MHTMOMTOpPA HPOM3BOAMTCS MCXOJS M3 HOPMBI €ro pacxoja Ha 1 m’
noBepxHOCcTH. COrTACHO TabOPATOPHBIM JaHHBIM OH coctasisier 0,15-0,2 kr Ha 1 M’ TOBEPXHOCTH.

Q=qr S'a, kr
rie, Q — moTpebHOEe KOJIMYECTBO MHTHOUTOPA, KT

q — HOpMa pacxojia MHruouTopa Ha | M7, KT;

S — yx - moBepxHocTh 1-20 Metpa Tpy6, M%;

0 — MPOTSHKEHHOCTH He()TEIPOBOA, M.

B HekoTophIX cilydasx HpU HEIOCTAaTOYHO BBICOKMX CKOPOCTSIX [BIDKEHHUS XHIKOCTH B TpyOONpoBoae I
NIPEAYNPEXICHHs] BCIUIBIBaHUS Oy(epHOH >KHIKOCTH HaJl BOJOH TeMIlepaTypa IoJiaudl ee, a TakkKe HMHIHOMTOpa
HedTEenpoBOJI MOXKET OBITH ONpeaeieH 1o hopmyIe:

0=0313\q-d’
rie: Q — pacxon, m/c;

q — yCKOpeHHe CBOBOIHOTO MajieHust, M/c’;

d — BHyTpeHHHI THaMeTp TPYObI, M.

IlyakramMn mojmadun WHTHOMTOpa KOppo3wmH M Oy(epHOH XHIKOCTH B HE(TENpOBOJ IODKHBI OBITh
MIpUEMHBIE €MKOCTH HACOCHOM CTaHIIMM Ha TOJIOBHOM y4acTKe TPyOOIpoBoja, HAa MPOMEXKYTOUHBIX JTOKUMHBIX
HACOCHBIX CTAHIIUAX U MEpe]] BXOIOM MIPOAYKIINH B HArPEBAaTEIbHBIE YCTAHOBKH.
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TakuMm 00pa3oM, IS 3aIMTHl OT KOPPO3UHM  TPYOOINPOBOJOB  TPAHCHOPTUPYIONINX HEPTh BBICOKON
BA3KOCTBIO  PEKOMEHAYETCS OCYLIECCTBIATh 3alUTy C HCIOJIL30BAaHUEM TEPMOCTOMKUX HHTHOHTOPOB KOPPO3HH.
TexHoJIOrHA IpeaycMaTpuBaeT NOCTOSHHYIO WM IIEPHOANYECKYIO TToady B He(hTepOBO/I.

Pa3paboTaHa TeXHOJIOTHS TIPOTAIKHWBAHUS ‘‘THIPABIMYECKOTO MOPIIHSA~ i 00pabOTKH HedTemnpoBoaa
uHrHOUTOpOM. IIpenMyniecTBo 3TOro crmocoda COCTOMT B TOM, YTO OTHAJAeT HEOOXOOMMOCTH OpraHW3aLUi
J03aTOPHBIX ITHKTOB U HX O0CITY)KHBaHUSL.
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51.C. CUAOPEHKO, A.A. KAPAKO30B
Jloneyxuii HayuoHaIbHLIT MEXHUYECKULl YHUGepCUmem

HAJJOJOTHBIE TMAPOYJAPHUKHU JIAA BYPEHUSA CKBAYKUH

[lpu OypeHMM CKBaXUH Ui JOOBIYM JKUAKHX M Ta3000pa3HBIX IIOJIE3HBIX HCKOMAEMBIX BayKHEHINEH
3a7adeil SBISACTCS MOBBIMICHHE MEXaHWIECKOW CKOPOCTH OypeHHs, OCOOEHHO B KpENKHX Nopojax (mpu moObrde
MeTaHa Ha yTOJNBHBIX MecTopoxaeHusx JoubOacca — mecyannku VII-IX kareropuii mo OypuMOCTH, TpH OypeHHH
THIPOTEOJIOTHIECKNX CKBAXWH B JloHOacce M Ha IIpMa3oBCKOM IUTE — aHAJOTHYHBIC MECYAHUKH W TPAHUTBHI).
VIHTEHCHBHOCTD pa3pylICHUs] TOPHBIX IIOPOJ MOXET OBITh MOBBINIEHA 33 CYET IMPUMEHEHHS HAAJONOTHBIX
THIPOYIApHUKOB M BHOPOBO3OYIUTENCH U yIapHO-BpamaTensHoro Oyperus [1, 2, 3]. Ora 3amaga MoxkeT OBITH
pemieHa 3a CYET WMCIOJIB30BAHUS TEXHWYECKHX CPEICTB, BBHINOJIHEHHBIX HAa OCHOBE T'MIPOYIAPHHKOB JBOHHOTO
JCUCTBHUs, pa3pabOTaHHBIX paHee Ul KOJOHKOBOTO YIapHO-BpallaTelIbHOr0 OypeHus, OypeHus CKBaXHUH Ha
uienbQe 1 JIMKBUIAIMY IPUXBATOB OypoBOro cHapsiaa [4, 5].

B JloHeukoM HalMOHAIBLHOM TEXHHUYECKOM YHHBEPCUTETE OBbLI BBINOJNHEH pAJ TEOPETUYECKHX U
9KCIIEPUMEHTAIBHBIX paboT MO CO3JaHUI0 HAJJOJOTHBIX TUAPOYAApHUKOB nuamerpoM 108 u 127 wmwm,
NpeHa3HAYCHHBIX JJs OypeHHs CKBa)KMH Pa3JMYHOrO LIENEBOI'0 HA3HAUCHMS M YCHENIHO anpoOMPOBAaHHBIX B
IIPOU3BOJICTBEHHBIX YCIOBHSX, B TOM YHCJIE U IPU OyPEHUU THAPOTEOTIOTHIECKUX CKBaXKUH [6].

OnHako aiIsl pacmiMpeHHus O0O0JacTH OJKCIDIyaTaluy pa3pa0OTaHHBIX HaJUIOJOTHBIX THAPOYJapHHKOB
TpebyeTcs co3/1aHne KOHCTPYKIMH OOJBIINX JHaMETPOB.

[IpoBeneHHBIE € ydacTHeM aBTOpa HCCIECIOBAHMS ITO3BOJIMIM pa3paboTaTh KOHCTPYKIMH KOMILIEKCA
HAJJOJOTHBIX THAPOYIAPHUKOB nauamerpoM 146, 168 m 194 mM. Pa3pabGoraHHBIE THAPOYIAPHUKHA MOTYT
UCTIONIB30BAThCsl KaK B KA4ECTBE yCTPOWCTB Ul MHTCHCHU(HKAILMK Mpolecca pa3pyleHNs opoJl Ha 3a0oe, Tak |
JUISL CHYDKCHHMS CHJI TPEHHSI Oy pHIIBHON KOJIOHHBI O CTEHKH CKBaXKHHBI ITPU OypEHUH HAKJIOHHBIX U TOPH30HTAIBHBIX
YYaCTKOB CKBa)KHH, YTO 00YCIIOBJICHO MX JOKAa3aHHOW paHee 3(h(HeKTHBHOCTHIO IIPU MPOBEACHUN aBapUIHBIX paboT
10 TUKBUJIAIIMU TIPUXBATOB OypoBOTro cHapsjaa [S].

Jli1st ipeIoKeHHON CXeMBbI THAPOYAApHUKA BBHITIOJIHEH HEOOXOIUMBIH KOMIUIEKC MPOEKTHBIX pacyéToB, Ha
OCHOBE KOTOPBIX IPOBEICHO TPEXMEPHOE KOMITBIOTEPHOE MOJECTHUPOBAHME KOHCTPYKIMH auamerpoM 146, 168 u
194 mm.

Ha puc 1 m 2 npuBeneHBl 3aBHCHMOCTH OCHOBHBIX INapaMeTpOB pPa3padOTaHHOTO THAPOYIAPHHUKA C
Hapy>XHBIM JHaMeTpoM 168 MM, COOTBETCTBEHHO, OT pabodero xoja mopiHsa-0oiika (S) mpu pacxoje >KHUIKOCTH
Q=600 n/mua (10 11/c) M OT pacxonma >XUAKOCTH TpHU pabodem Xoxe Ooiika S=25MMm. Ha ocHoOBaHWH 3THX ©
AHAJIOTUYHBIX 3aBHCUMOCTEH U1 KOHKPETHBIX YCJIOBHH 3KCIUTyaTallid BBIOMpAeTCsl 3HaUeHHe S Al o0ecrieueHus
HykHOTO ypoBHs 3Hepru (E) u wactotsl (n) yaapos mwin padodero napineHus (P).

O6némHas (3D) Mozens pa3paboTaHHOTO T'MAPOYIapHHUKA TIpeJICTaBIeHa Ha pHC. 3.
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Puc.2. 3aBucuMocTs napamMeTpoB T'HAPOYAAPHHUKA
JuaMeTpoM 168 MM OT pacxosa >KUAKOCTH MPH
(UKCHPOBaHHOM X0/ OO¥iKa.

Puc. 1. 3aBucuMocTs MapaMeTpoB THAPOYAAPHUKA
nuaMeTpoM 168 MM 0T Xo/a nopuIHs-0oiika (rmpu
pacxozae xunkocta 600 j1/MURH).

Puc. 3 — 3D-mozpens runpoyaapHuKa.

Pa3paboTaHHas KOHCTPYKIUS THUAPOYAAPHHKA, KpOMe OOBIYHOTO VIIPABICHHS €ro MapaMeTpaMu B
mporecce paboThl 3a CYET U3MCHEHUS IMOJaYM KHUIKOCTHU, MO3BOJISICT TAKXKE OIEPATUBHO MEHATH €r0 4aCTOTHO-
SHEPreTUYCCKUE MapaMeTphl 3a CUET 0OecrieueHIsI U3MEHEHUs Xoqa 00liKa M BBITYCKHOTO KJIallaHa IPU HACTPOWKE
MeXaHu3Ma Iepe]] HadaloM petica 0e3 3aMEeHBI T KOPPEKTHUPOBKH JUTUHBI KOPITYCHBIX JICTAJICH.

ITo cpaBHeHHWIO ¢ M3BEeCTHBIMH MexaHm3Mamu Tuna BBO u ruapoygapHUKaMu OJAMHAPHOTO JEHCTBHS C
MpSIMBIM aKTUBHBIM XOJIOM OoOlKa, pa3paOOTaHHBIN THAPOYIAPHUK, OTHOCSIIMHCS K KJIACCy MAIIMH IBOWHOTO
JIefiCTBHS, MMEET IOBBIIIEHHBIH MOTOPECYpPC M CIIOCOOCH pa3BHUBATh Ooyiee BBICOKME YaCTOTHO-YHEPreTHYECKHE
apaMeTpHl.
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UNIFICATION PROPOSAL OF SHUTTERING SYSTEM FOR SHAFT
INSETS

Introduction

The objective of this paper is to present advantages and disadvantages of shuttering systems for shaft insets
which have to be considered when designing and performing mine shafts. The paper describes currently used
shuttering methods for shaft insets based on investments, which have been realized in the last years in Polish mining
industry. Prevailing technology needs a development work, which features a huge time and financial effort.
The analysis of using formwork systems used in civil engineering was conducted: the article shows offers of these
systems producers and discuss advantages of their usage. What is more, the paper offers a solution, which is a
connection of methods using in civil engineering with Styrofoam component of formwork.

General information

Generally speaking, it is safe to assume that shafts are vertical openings sank into the earth’s crust in order
to access mineral resources which are too deep to mine economically using open cut methods or adit systems. One
of the most complicated phases of shaft works is inset building. As the inset we mean the point where a horizontal
tunnel intersects a shaft. After the excavation firstly the initial support is constructed. It consists of an arch supports
and bolts (if required). Initial supportguarantees safety of the employees. Lining is assembled. Next step is
permanent support, includes reinforced-concrete support. For the construction of permanent support formwork is
needed. Formwork or shuttering in concrete construction is used as a mould for a structure in which fresh concrete is
poured only to harden subsequently. Types of formwork for concrete construction depends on formwork material
and type of structural element. Formwork for construction of shaft insets is composed of iron centrings filled by
timber or metal boards.

Description of currently used system

Currently used system of shuttering has a lot of disadvantages. Iron centrings need to be order in smelter
and bend in assembly plants. It associates with significant time and financial effort. Furthermore, such elements are
very heavy and their assemblage is complicated. Besides, this construction is disposable and has to be reprocessing.
Again it means financial costs.There are important issues for shaft sinking companies. To solve these issues
shuttering systems for civil engineering can be applied. These systems consist of panels with compact dimensions.
A similar approach is used for tunnelengineering anda few producers of shuttering systems for civil engineering
offer solutions for tunnel engineeringalso. Because of similarity between mining and tunnelling products dedicated
for tunnelling can be especially useful. Shuttering systems for civil engineering are known as shuttering systems.

Analysis of shuttering systems for civil engineering

One of advantages of shuttering systems is primarily economic aspects — not only elements of system are
reusable, but also because of applied solution system is relatively easy in assemblage and short processing time
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featured its. What is more, elements are characterized by low weight, sometimescrane-free handling and intuitive
application.

On the other hand, diversified and complicated shapes characterize shaft insets. Prevailing shuttering
systems cannot be adapt to such diversified shapes. Shuttering system would have to be prepare for special order
and it means financial effort as well as current system. Furthermore, it will be disposable again. In light of these
issues, unification of shape of shaft insets in design phase can be solution to this problem. Nevertheless, it is
impossible. That is to say, intricate geological and mining conditions, different functions of shafts and moreover,
investor’s prescriptions cause that the shapes are different for each shafts.

Usage of Styrofoam component

To overcome this difficulty, it is necessary to adapt a prevailing shuttering system for civil engineering to
each diversified shapes of shaft insets. This method is based on Styrofoam component of formwork. From
Styrofoam blocks with suitable dimensions for shaft insets will be cut.Styrofoam blocks are tractable, especially
when high-temperature cutting tools are used. Construction will be support by shoring tower, produce by mentioned
companies. This solution require Styrofoam which is characterized by proper durability.

A fresh concrete load the construction, which mould them. The higher layer of liquid concrete, the bigger
loads. Height of liquid layer depends on rate of pouring the concrete mixture or in other words, it depends on
increase of concrete mixture column. Based on real values, pouring 17m’ concrete mixture per hour was assumed
and it is 102 m® per six-hours shift. Based on Polish Standard increase of durability in time was computed —started
from moment of poured concrete mixture to the day 28. The concrete has self-supporting ability in the finish of six-
hour shift. Another key thing to remember is that chemical admixtures can be used, for instance, hardening
accelerating admixtures. From this I calculated height of liquid layer after poured102 m® concrete mixture. Thanks
to Autodesk Inventor application I get 2.8 meters of concrete layer. For this height I computed pressure, results from
concrete column, on formwork construction. In this way I obtain 67.2 kPa. Let me assume that Styrofoam composite
will be compress only.Next, I have to find Styrofoam which is characterize by applicable properties. Product which
complies with requirements is a rigid extruded polystyrene (XPS) board. It is lightweight and has excellent
structural strength, high compressive strength in particular (200 kPa and more).The proposed method might
minimize financial costs of shaft insets: the main, relatively expensive core of construction, I mean shoring towers
and elements of shuttering system, is reusable. Over and above the core can be leased from producer.Secondly,
assemblage and adaptation of Styrofoam component will be comparatively low labour-intensive. The solution has a
possible limitations, namely for only one shaft project it will be more expensive than commonly used method of
shuttering, yet the solution can be successfully used for a bigger number of applications. To put it another way,
frequentative usage let shaft sinking companies make use of reusable construction. Each further project increases
cost-effectiveness.

Conclusions

Summing up the results from the pilot study that has been undertaken, it can be concluded thatphase of
shaft insets performance plays an vital role in shaft project. It has been demonstrated that currently used method has
many disadvantages. This study has shown that solution borrowed from civil engineering can be applied and the
method is an effective way to improve profitability and productivity. The originality of solution lies in the fact that it
uses achievments of civil engineering.

The proposed method can be used in practice, however further study will be required. Several other
questions remain to be resolved. In my future research I intend to concentrate on relationship between shape of shaft
insets and values of loads. More calculations will be needed to verify whether durability of Styrofoam component is
enough. Clearly, further research will be needed to validate that Styrofoam will be compress predominantly, so
shear forces, tensileforces and bending moments can be omitted. On the basis of the promising ideas presented in
this paper, work on the remaining issues is continuing and will be presented in future papers, most notably in
author’s graduate work.

D. KAYKOYV, I. KOPREV
University of Mining and Geology “St. Ivan Rilski”

POSSIBILITIES OF AUTOMATED QUALITY MANAGEMENT IN OPEN-
PIT MINING

Introduction

The problem of rational exploitation of natural resources has always been important and topical. At present,
the dynamically changing conditions are constantly imposing new requirements for the mining industry. It is well-
known that the valuable material in the extracted minerals is gradually decreasing due to the depleting rich deposits.
This leads to the increasing volume of the extracted mineral resources. As a result, the modern mining organization
has to cope with the constant pressure of natural factors, economic changes, ecological requirements, etc. In order to
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achieve its goals, the mining organization needs to find a rational solution of the problem with resources. This
requires the constant management of the quality of the final product.

Aim and objective

The aim of this research is to explore some possibilities for automated quality management of mineral
resources in open-pit mining.

In order to achieve this aim, the following objective had to be accomplished: to analyze the systems of
quality management functioning in open-pit mines and the possibilities for their automation.

Open-pit mining quality management

Quality is a fundamental category used in many fields of science. Generally, quality applies to an attribute
or to certain characteristics of an object. In open-pit mining quality is regarded as the quality of unextracted mineral
resources, the quality of extracted mineral resources and the quality of mining operations. In addition, quality
corresponds to the properties of the mineral which are related to its exploitation properties and the customers’
requirements for the final product [3]. It is considered that in modern market economy the quality of the product is
an important factor which determines the competitiveness of each organization [1]. In the mining industry it is also
very common that the requirements of the customers (power plants, beneficiation plants, metallurgic plants, etc.)
determine the nature of the whole process of mining.

There are three main types of characteristics of the extracted mineral depending on the customers’
requirements — properties valuable to the client, insignificant properties and properties related to impurities.
Although these properties are various for the different types of mineral resources, the most commonly used index is
the content of a specific chemical element or chemical compound in the ore. Some mineral resources are evaluated
by using other specialized indexes for their quality such as calorific value (for coals), mechanical properties (for
industrial minerals), etc [3]. Therefore, an important aspect of quality management of mineral resources is the
determination of a margin for the different properties of the ore. Hence the quality management requires the stability
of the indexes of quality.

The nature of the extraction process cannot increase the quality of the naturally formed mineral in a specific
volume of extracted ore. However, the quality of the final product can be modified by different technological
operations which include the alteration of the volume of the extracted ore. It is often required to use selective or bulk
mining in order to achieve the desirable quality of the product. However, using selective or bulk mining affects the
productivity of the extraction process. Another established method of achieving the desired quality is by applying
ore blending at a later stage of the whole process. In order to achieve the desired indexes of the quality of the
product, it is obligatory that the mining process is organized rationally. This is the reason why quality management
should be considered as a whole with the quality of the major mining operations such as drilling, blasting,
excavation, loading and haulage [1], [3]. Therefore, the effective quality management depends crucially on the
planning, organization and the control of the mining operations due to their altering effect on the quality of the ore.

The whole system of quality management includes a great number of processes which could be grouped in
several stages leading to the formation of the product quality. Each stage has a major objective which needs to be
accomplished. Figure 1 represents the different objectives for the stages in open-pit mining which alter the product’s

quality [3]. (fig. 1).

1. Assessment and optimization
Initial ggality ,| of the quality according to the » 2. Establishment of
condition natural, technical and an optimal level of
technological conditions quality during the
planning stage of the
Final quality 3. Ensuring an optimal mining organization
condition [ structure and quality of [*
mining operations

Figure 1. Scheme of the quality management system

Concept of the automated quality management

In order to apply the quality management system efficiently, the usage of specialized software is obligatory.
CADMin has been developed for this purpose and the system utilizes a number of modules which provide
automated solutions for different problems, some of which refer to quality management. For example, the software
provides solutions for the average quality index, which are limited by certain conditions defined by the user,
operational planning of the excavator’s work parameters, operational dispatcher planning for the coordinated work
with excavators and transport, etc. The software’s methods are based on solutions of optimization problems as well
as the use of the Monte Carlo method. The following optimization problem can serve as an example: 6,’—min,
given that €,in<C<Cimax> Imin<qQ<qmax> Qmin<Q< Qmax, Where ¢ is the valuable ore content, q is the excavator’s
productivity per shift, and Q is the mass of the excavated material [4].
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In addition, different types of research have been conducted which examine the usage of artificial neural
networks for analyzing data in the mining industry and for predicting geological data [5]. We suppose that the usage
of artificial neural networks and their capability of predicting geological data, which is related to some ore
properties and the quality of the product, may be beneficent for an automated quality management system.

The software used to this moment in the systems of quality management requires the active participation of
a person for management decision making. In order to minimize the subjective element in decision making it is
necessary to consider the possibilities for using artificial intelligence (Al) in the system by including a module based
on machine learning algorithms. A system with a feedback loop is used to describe the concept of such a system [2].
For now, the automated quality management system with a module which implements machine learning is still only
a “black box”. However, certain characteristics of its functions can be pointed out, based on the input and output
information (fig. 2).

Data required for improved decision making,

Updated data of mining processes

Geological data,

Clients’ requirements. Data with product quality.
. _ Module ; .
Mechanization parameters ] ) Management decision making
—»  using Al | >

Figure 2. Simplified model of an automated quality management system with a module using AI
The input of the system includes the data from the mining face, the parameters of the mechanization, data
from previous learning cycles, etc. The machine learning module could use the methods of analysis of the currently
used software or use only the processed data from the same software. The output of the system includes the
processed data with the quality of the production, based on the clients’ requirements, work parameters of the
mechanization, as well as the management decisions, which would give the opportunity of improving planning, the
execution of mining operations in real-time, etc. The feedback loop is important for the system, because it provides
the updated data from the mining operations and the data from previous decisions, which will improve future
decision making. The well-known Deming cycle (PDCA) and its main stages (plan, do, check, act) could be used as
a model of the constant development and improvement of the automated quality management system (fig. 3).

A\
"/

Fig. 3 Deming cycle (PDCA)

Conclusions

The use of a constantly improving module, which implements machine learning and corresponds with the
proven software methods for finding solutions of optimization problems, provides the possibility for the better
automation of the quality management system by improving operational planning and the management of mining
operations in real-time.
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OPTIMIZATION OF PLACER GOLD EXTRACTION IN A GRAVEL
PLANT

Since millennia, mining of placer gold has been a part of the human history.Extracting gold as a by-product
in gravel and sand (subsequently: “gravel-sand”)plants in contrast is a much more recent idea. Especially the huge
worldwide increased need for construction materials in the last decades led to the opening of vast open-cast mines,
where often millions of tons gravel-sand per year are produced, processed and sold. Most of these sediments contain
various heavy minerals and among others high-valued gold. It is also commonly known since long time, that already
the normal processing in such plants leads at certain places to anenrichment of heavy minerals “by oneself’. Hobby
gold miners know this fact and visit such places less or more regularly for gold panning. By this manual approach
only a small amount of gold passing through a gravel-sand plant can be won. To put the production on a well-based
fundament with higher yields, an implementation in industrial scale is needed.

In the last years in Germany especially Schiffers (2009) systematically investigated different methods of
gold extraction in gravel-sand plants under semi-industrial conditions (greater laboratory scale). Because of the great
economic relevance and therefore traded as a secret,it is almost unknown to what extent these findings have been
applied to and further developed in the extractive industry.

Independently of these circumstances the present paper describes some selected results of experiments
made with sluices operating under industrial conditions in a gravel plant. The so-called “KieswerkMeilenheim”
plant is located near the Rhine river in southwestern Germany and produces gravel-rich and sand-poor sediments of
quarternary age (Neuenburg and Breisgau formation) of the Rhine. The gravel is excavated from depths of up to 100
metresby a floater dredge with a grab at an artificial lake. Five samples within a time frame of about six months and
two further samples two years later yielded gold contents of the gravel between 1.1 and 4.5 ppb respectively. The
grain size distribution of the placer gold particles is characterized by a maximum between 60 - 140 um (50 % of
particles) with less than 10 % being greater than 300 um. The average thickness of the flake-like particles is about
10 pm.

For elimination of bigger clasts of the gravel-sandsat the one hand and the very fine-grained particles at the
other hand a first processing step takes place already at the dredge by different sieving methods. One product is a
fluid mainly consisting of fine sand < 1mm, where gold is enriched in the magnitude up to 25 ppb. The water-sand
fluid is channeled by a pump and feeds a primary sluice box with a sling-type mat at the bottom, where gold and
other heavy minerals are slowly accumulating. After a certain time the mat has to be cleaned, so that the extracted
heavy mineral concentrate can be further concentrated.

One of the challenges is to optimize the step at the primary sluice. In practice this means to extract as much
gold as possible in the shortest time as possible with lowest summary of (investive and operating) costs. One step
for solving this challenge is to determine the maximum concentration of gold, which the mat at the bottom of the
sluice can hold back under certain conditions within a multidimensional space of different parameters. While in
laboratory scale this is apparently a relatively simple task, it is hardly realizable under the sometimes steady or
suddenly changing circumstances of a producing gravel plant. Beside technical and man-made reasons, especially
the varying gold contents of the extracted gravel-sand make it practically impossible to set up a strict correlation
between the material feeding a sluice, the mass or concentration of gold caught at the bottom of the sluice as well as
the mass or concentration of gold in the fluid leaving the sluice.Despite of these challenges, at least for a rough
estimation of the producible amount of gold, a series of tests has been conducted. After using a relatively small (2.9
x 0.4 m) first test sluice a second bigger (7.0 x 0.5 m) sling-mat sluice still under “normal” operation conditions
(manual cleaning) has tested. Finally a so-called belt-sluice (8.0 x 0.7 m) with a sling-type mat was implemented
and itsproperties in relation to the capability of holding back gold particles have been investigated more in detail.

As expected, with a prolonged time of feeding the sluice,increasing amounts of gold as well as increased
gold concentrations have been observed. An exact physical model of the enrichment process should comprise for
instance the sinking of gold particles within the laminar flowing fluid, modeling of fluid turbulences in the border
zone between fluid and slings of the mat, the behavior of gold particles within these turbulences and the interaction
with other (lighter, differently shaped) mineral grains, the influence of constant as well as sudden vibrations caused
by the plant operations and some other factors. Because of the lack of such a complicated comprehensive model
instead a simple mathematical saturation function with only three static boundary conditions was used: i) the
function curve starts at the point of origin, ii) the function curve rises continuously and iii) the function curve
converges to a limit. The latter condition is a consequence of the expectation and observation, that at a certain stage
a dynamic balance is reached, where the mat at the bottom of the sluice is finally saturated with heavy minerals
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including gold, and new gold-bearing sand arriving at the upper end of the sluice remains unchanged at its lower
end.

The form y = a*x / (x + b) seems most suitable, with y = gold mass or gold concentration, x = time and the
variables a and b. The a-value defines the limit of gold mass or gold concentration at infinite time. The b-value
influences the steepness of the curve. Both variables can be determined by using at least two pairs of x, y different
from zero and optimized by the method of smallest squares. Despite certain above-mentioned unavoidable variations
of parameters, the calculated curves for the data of the test sluice, sling-mat sluice and belt-sluice respectively
yielded limits for the final gold concentrations in the mats, that lie in the same magnitude of a few hundred ppm.
Figure 1 shows data and calculation results for the belt-sluice.

Belt-sluice: extracted gold over time

Gold mass [mg] Gold content [g/t]
3000 ~ 500
i | |

F 450
B lim {gold content) ,_, . = 388 gft b 400
F 350

: B mass turf-type (mg)
F 300

A  mass sling-type (mg)
1500 F 250
Gold mass = a*hours/{b+hours)
A [ 200 B content turf-type (g/t)
104 |
& I 150 A content sling-type (g/t)
- - - - Gold content = c*hours/{d+hours)
100
: P
___,,--""_'_F‘ b 50
i] 10 20 30 40 50 60 70 BD
Time [hours]

Fig. 1: Extracted gold masses and gold concentrations in relation to the time of sand-feeding to the beltsluice; the
data for turf-type mat are only for comparison and have not been used for the calculation of curves.

The capability of a mat in an operated sluice to hold back gold particles is continuously decreasing with

increasing time. Therefore from a mathematical point of view, the mat should be cleaned from the accumulated gold
particles after preferably short times(see figure 2).

142



Belt-sluice: extracted gold in dependency on cleaning cycles
(investigated period: 72 hours)
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Fig. 2: Relation of recoverable gold to the number of cleaning cycles during 72 hours in the belt-sluice.

Periodic manual steps,e.g. hand-made cleaning of mats in sluices, can’t appropriatelymeetthese
requirements. In the “KieswerkMeiflenheim” pit a self-developed automatic cleaning system of the belt-sluice
allows for very short cleaning cycles. Feeding and cleaning of the sluice once an hour has been recognized as the
most economic version.
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THE COMPLEX FOR CRUSHING HARD ROCK IN COPPER MINES.
MECHANICAL HARD ROCK CUTTING IN COPPER MINES- HEAD
ARMED WITH MINI DISKS CUTTING TEST

The aim of this project was to verify the methods, tools with handles and the cutting head for hard rock
mining in copper mines, based on laboratory tests and selecting the most favorable solution. The consequence of this
research was to develop a model of the new cutting head, the subsequent implementation and verification. We have
made real tests / bench testing, on the basis of which we have developed guidelines and recommendations for the
design of the new construction of cutting head for the mechanical mining of copper ore in the excavation high up to
1.8 m.
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Today method of operation by explosive material, in domestic and global copper mining, are widely used.
In the process of mining the important role is played by machines such as drilling cars, loader and haulage trucks. At
present, knives tangential-rotary or disk tools are often used in the hard rock mining. Regardless of the tools used,
typically encountered barriers make that mining economically unjustified. In case of tangential - rotary knives it is a
low stability, especially in case of abrasive rock mining. Advantages of using disk tools are mainly due to their high
durability. However, due to the directions of the forces of reaction caused by the impact of disk to the rock, it is
appropriate having good solution for the bearing disk. Limitations of several methods of mining cutting tools make
the choice of tools for cutting heads difficult or even extreme difficult, taking in to account working conditions,
requires taking a number of empirical studies. In addition to a single tool, the whole cutting head is also important.
First of all, the system of tools on its surface and the kinematic parameters. The aim of the research described in this
paper was to determine the possibilities for efficient mining of hard rock type of dolomite and sandstone head
reinforced with disk tools with symmetrical and asymmetrical blades. Applied disco developed in the study of hard
rocks individual tools, where have been studied the disk utilities and knives tangential-rotating of different structure,
geometry, method of attachment, materials and coatings, machining thermo-chemical treatment and the different
parameters of kinematic and scale cutting [1] .

Copper is present in the rock mass with significant mining resistance and high abrasion. Based on the
study of individual tools and the analysis of the results the following conclusions are made[1]:

. The results of bench disk utilities and tangential - rotary knives allowed to determine the empirical
relationships between measured values such as tangential force, longitudinal and transverse, and geometrical
parameters of the tool cutting drums and mining process parameters such as the depth and scale of cut.

. In case of mining tools disk the greatest impact on the size of the tangential force and a
longitudinal has diameter of the disk utility and depth of cut. Visual assessment of the consumption of individual
disk utilities, as well as the durability of the bearing disks suggests that the best solution recommended for rock
mining of hard disk utilities are a diameter of 140 mm or greater.

. The results of bench tests give grounds for extending the scope of research in the direction of disk
utilities with a diameter of 140 mm. It is proposed to carry out tests involving disc blades with angles of 90 © and 45
o

. Durability (wear rate) of knives tangential rotary does not recommend these tools for the mining of
hard and abrasive rocks.

Therefore, in the following order required it was to develop a structure head equipped with a disk tool, its
implementation and testing bench.

PROJECT OF CUTTING HEAD

Cutting heads regardless of performance can be characterized by design, kinematic and energy parameters.
These parameters have an impact on their work and the work of the whole cutting machine. In the analyzed case
reinforced in cutting mini disks head, realizing the cutting process, is taken into account. It should be clear that the
head has not been provided for the implementation of the loading process.

For the head design parameters are included [2]:

. diameter,
cut width — how much cut per one ride,
diameter of the hub,
system utility,
method of head fixing.

Kinematic parameters of the head are:

. cutting speed (speed of the head)
. feed speed cutting machine,
. direction of rotation of the head.

These parameters determine the construction of the cutting drum and its properties, a properly chosen
guarantee the proper implementation of the cutting process. A special role is a group of parameters affecting mainly
the cutting process, they are:

. the type of cutting tools,
number of cutting line,
pitch between the cut lines,
graduation cat line,
deployment of blades to each other (type of a cut).

In addition to these parameters material parameters of individual elements of the head and the torque of the
head at its established speed is also important.
The figure no. 1 proposes a distribution of disks on the head for testing.
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Fig. 1. Distribution of the disk on cutting head
The above mentioned design, kinematic and power parameters of the cutting drum, in the process of their
selection, have to meet specific requirements. These requirements include obtaining founded:

. efficiency,

. durability and reliability,
. granulation ore and dust.
. values and load changes.

Whereas the low seem longwall and hard rock cutting, with high silica the welded head is proposed with
the diameter of the cut about 1.2 m and 0.7 m cut width, turning at a speed of 44 rev / min and a feed speed of 1 m /
min. Head, due to unfavorable properties of rocks that has to be cut, is designed to work without spraying.
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The head model of research reinforcement proposed disk utilities which are no surfaced. Adopted disc
diameter is 140 mm (on the basis of individual tools tests), and its width 68 mm and it stems from the way of
bearing (bearing capacity of rolling bearings and shaft seal).

Fig. 2. Cutting head armed with asymmetrical disc (left) and symmetrical disco (right)
v . ’
i.‘. )

.

Fig. 3. Sample body after mining with use of discs
The research head armed with disk utilities symmetrical and asymmetrical with a diameter of @140 allowed
the preliminary identification of load and kinematic parameters of a new type of bodies, as well as verification of the
design of bearing used disk utilities.
Head with disks extracting samples of sandstone and dolomite confirmed the advantages of using disk
utilities to hard rock, as evidenced by the obtained values of the head drive power registered during the various
trials.

The dominant component of the drag force mining head with disks is feed force (longitudinal). The value of
this force as torque resistance mining head were mostly dependent on the speed of the feed samples, which directly
determined the depth of cut. The increase in the feed rate of the sample, however, did not translate into a
proportional increase in the forces of resistance mining authority.

There was no significant difference in the nature of mining process for mining a head reinforced in
symmetrical or asymmetrical disk utilities.

During the study we observed loosening of the cover of disks. Unscrewing the lid resulted in blocking of
the disk and its uneven and considerable consumption. Bearing caps have to be secured with a local weld or screw
so that the attachment is certain to prevent blocking of disks in the holders. Analysis showed a favorable particle size
granulation excavated by using disks. Analyzing the difference between the granulation excavated by individual disk
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and the head with disks and the corresponding depth of cut, we can expect a larger particle size during underground
tests with larger depths. Expected dust, harmful to human health has been assessed as low, but dust testing is
required in mining conditions.

Visual analysis of disk usage and the state of bearing testifies in favor of the tested solutions. Observed disk
holders surface wear is due to the incorrect positioning and needs to verify the head construction.

The proposed head solution with disk allows efficient cutting of hard rocks without using of irrigation. The
results of these tests speak in favor of this solution and after introducing the given modifications, it is recommended
to perform checks of the test bay and then a series of underground tests.
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EVALUATION OF DIFFERENT CEMENTITIOUS SYSTEMS USING
VARIOUS ACTIVATORS

Abstract

Portland cement is the most widely used binder in the world; however its production is intensive in energy
consumption and pollution generation. There are alternatives to this important construction material that can offer
acceptable or even better properties at a lower cost as well as lower negative environmental impact. These
alternatives can be waste materials or industrial byproducts as blast furnace slag, fly ash, etc. This research is
focused on exploring various mixtures (systems) using chemical activation which will lead to the production of a
green binder derived from industrial solid wastes.

Key words: Ground granulated blast furnace slag, Fly Ash, Cement, Activators

1. Introduction

More than 7% of the word’s CO2 emissions come from the production of ordinary Portland cement (OPC)
and it leads to the search for more environmentally friendly alternatives to cement. Out of these alternative
materials, alkali-activated slag and fly ash are not used as partial replacement to cement but as sole binders in the
production of concrete. One of the economic ways is the alkali activation which will produce an environment
friendly concrete [1][3]. Chemical activation improves the reactivity through altering the pH of the solution, where
the hydration reaction will occur. Alkalis, however, show “selectivity” towards materials, meaning the same
activator may have different effects on different materials. The aim of this work is to explore the possible ways to
increase the hydraulic properties of slag and fly ash by activating them using various activators[2][4].

2. Experimental work

Ground granulated blast furnace slag (GGBFS) and fly ash were used as major raw and cementitious
materials. Various types of activators are classified into three groups; alkaline, sulphate and combination of both
were used with these powdered materials resulting in the different compositions. The waste materials used were
Slag Lafarge (Slag L) and Fly ash (FA) while the activators used for both types of waste materials were Ca(OH)2,
KOH, NaOH, CaS04 * /2 H20 (a — HH), and Ordinary Portable Cement in ratio of 15, 25 and 50 percent.

Pastes were produced by using Hobart mixer for 90 seconds at low speed, followed by 30 seconds by hand
mixing and in the end 90 seconds at high speed. Afterwards, the samples were casted into cylindrical molds having
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dimensions of 50 x 50cm which were then cured for 24 hours at 20 °C and at a relative humidity of 100 %.
Subsequently, the compressive strengths of the hardened samples were measured at 2nd, 7th and 28th day.

3. Results and Conclusions

Figure 1, 2, 3 and 4 show the results of compressive strength test performed for different systems activated
with various activators for different curing time and conditions.
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Fig.4: Compressive strength at 2nd, 7th and 28th day for systems with alkaline activators cured under different
conditions

Conclusions

Figure 1 clearly shows that HH-CAC paste has the highest compressive strength as compared to the other
systems, followed by OPC-slag paste (50:50) and OPC-slag 75:25, which at 28th day age has a lower strength value
as compared to that on the 7th day. It can be due to the products formed in slag-systems after 7 days of curing period
and the microcracks. The influence of addition of OPC to the strength development of OPC-slag and OPC-fly ash
pastes cured for 2, 7 and 28 days is shown in fig. 2. Better results are observed for the OPC-slag 85:15 and OPC- FA
50:50 systems.

Based on all the results, the chemical activation via different groups of activators works better on the
ground granulated slag material compared to the fly ash. Increasing the amount of OPC leads to higher the
compressive strength.
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Jloneyxuii HAYUOHATLHBIN MEXHUYECKUL YHUGepCUmMeN,

Jlonbacckasn akademus cmpoumenbcmea u apxXumexmypol

JIABOPATOPHBIE HCCJIEJOBAHUA ®PUBPOBETOHA JIA
IHOA3EMHOI'O CTPOUTEJIBCTBA

CoBpeMeHHbIE MOAXOIbl K Pa3BUTHIO CTPOHWTEIBHOM WHIYCTPUH TIOAPA3yMEBAIOT pPa3paboTKy U
COBEPIIICHCTBOBAHNE HWHHOBAIIMOHHBIX TEXHOJIOTHII M HCIOJH30BAaHHE HOBBIX CTPOMTEIBHBIX MaTepHAlOB, YTO B
KOHEYHOM HTOTe oOO0ecleyrBaeT IOBBIIIEHHE IPOYHOCTHBIX XapaKTEPUCTHK MAaTepHalioB, HCIIOIb3YEMbIX B
CTPOUTENBCTBE C OJTHOBPEMEHHBIM CHHXKEHHUEM 3aTpaT Ha CTPOUTEILCTBO.

OnHUM W3 TEpCICKTHBHBIX HANpPaBJICHUH CO3/1aHMS BBICOKOIPOYHOW KpPENH ITOJ3EMHBIX COOPYKEHHH
SIBIISIETCSL  MICTIOJIb30BaHWE MOAM(MUIMPOBAHHBIX JI00ABOK B IPOIECCE INPHUIOTOBICHHUS OCTOHHOW CMECH s
noxyuenust pudpoderona. To, uyTo HUOPOOETOH - HOBBIH CTPOUTEIBHBIH MaTepHal, BEPHO TOJIBKO oTdacTH. Ero
UCTOpPHSI HACUMTHIBAET HECKOJIBKO ThICsSUeneTHd. Eme papeBHHME eruntsHe 3aMeTHIIM, 4YTO €CIM B TIJIMHY,
MIpeJHA3HAYCHHYIO UI ITOCTPOUKU KUIIBS, MIPEIBAPUTEIHHO T00aBUTH COJOMY, KaMBIII WM OBEYBIO MIEPCTh, TO
CTeHBI MPHUOOPETAIOT MOBHIIIEHHYI0 MPOYHOCTh W MEHBINIE TPECKAIOTCA. Tak MOSBHICS caMaH - JaJeKUH TPeoK
coBpeMeHHOT0 (hrbpobetona. Utak, puOpoOETOH - 3TO Pa3sHOBUAHOCTH MEIKO3EPHHUCTOTO OeTOHA ¢ JoOaBIeHUEM
¢ubpel. B kauectBe PuOpH MOTYT OBITH MCTIOIB30BAHBI CTEKJISIHHBIE, CHHTETHUECKHE WJIH CTAJbHBIE BOJIOKHA
JUTMHHON 0T 5 1o 150 MM m amamerpom mpumepHo oT 0,2 mm 1o 1,0 MMm. B pesynbrare momydaercs ¢pudpoBoe
apMUpOBaHME, KOTOPOE U MpHaaeT GUOpPOOETOHY YHHUKAIBHBIE B CPAaBHEHHHU C OOBIYHBIM O€TOHOM CBOWCTBA.
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OcCHOBHOM 3ajaueii pu NMPOU3BOACTBE (GUOPOOETOHA ABISETCS paBHOMEpPHOE pacmpenerneHne Guopsl mo
BCEMY 00BeMy cMecH. [l DOCTIKEHHS 3TOW LeN MPOU3BOJUTENN HCIONB3YIOT CIenHaabHOEe 00opynoBanue. B
OCHOBE pabOTHI MEXaHU3MOB JJIS TIPOU3BOJACTBA CTaIePuOPOOETOHA JICKHUT IEKTPOMArHUT, KOTOPHIH B Iporecce
MepeMEIINBaHISI PABHOMEPHO «pacTsAruBaeT» (uOpy 1Mo Bcell Macce cMecH. JTH YCTaHOBKH OBIBAalOT Pa3HBIX
pa3MepoB W MOITHOCTH JJISI PUTOTOBICHNS PUOp0oOETOHA KaK B MUKCEpe, TaKk M Ha OOJIBIIIOM PacTBOPO-O0ETOHHOM
y3ne. st paBHOMEPHOTO PAcIpeneNiCHusl B PacTBOpE CTEKISIHHOW (pUOPBI MCIONB3YIOT TaK HA3bIBAEMbBIH METO
mHeBMOHaOpbI3ra. OH 3aKIII04aeTcsi B CHHXPOHHOM HallbIJIGHUH T10]1 JaBJICHUEM MEJKO3epHHCTONH OETOHHOI cMecH
U pyOJICHOTO CTEKJIOBOJIOKHA. [IpenMyInecTBOM OTOH TEXHOJIOTMH SBIISIETCS BO3MOXHOCTb H3TOTOBJICHHS
KpYHHOTaOapUTHBIX U3IETIHH.

CyliecTBeHHBIN HEJOCTATOK OETOHA - €ro HU3Kasi TPOYHOCTh Ha pacTshkeHue u n3rubd. B ¢pubdbpoberoHe xe
pacTsaruBaoliee HanpspDKEHHE NPUHUMAIOT Ha ceds BOJOKHAa (HUOpPHI, YTO IOBBILAET €ro CONPOTHBICHUE K
pactsbkeHuto mipu u3ru6e Ha 250%, a mpoYHOCTh MpH CKATHU - Ha 25%. OUOPOBOIOKHO 00JaNaeT OTIMIHOM
THApaTayeil, KOHTPOIUPYs PaBHOMEPHOE pacCHpe/ieieHHE BOIbBI B CTPYKType OeTtoHa. Takum 0Opa3oM, BHyTpEHHHUE
HaTrpy3KH CHIKAIOTCS, M, KaK CIIEACTBUE, TPEIIMHOCTONKOCTE OETOHa Bo3pacTaeT B 2 pa3a. CBoiicTBa pubpobeToHa
HaTpSAMYIO 3aBHCAT OT MaTepHalla, HCIOIb3yeMoro B kKauecTBe GpudOpoBookHa [1].

Boutn mpoBeneHBI WCHBITAHUS, C IETbI0 BBIIBICHMWS OCHOBHBIX MPOYHOCTHBIX M Ie()OPMAIMOHHBIX
XapaKTEpUCTUK OETOHA B paHHEM BO3pacTe, a TaK JKC BO3MOXKHOCTH YIYYIICHHS [OaHHBIX XapaKTEPHCTHK
MIOCPEACTBOM NIPUMEHEHHS BOJIOKOH (HOPBI B KAYECTBE AUCIEPCHOTO apMHPOBAHHS.

Hcnonb3oBascsi 6ETOH ¢ IPOrHO3MPOBAHHOM MPOYHOCTHIO B BO3pacTe 28 CyTOK COOTBETCTBYIOIIEH Kilaccy

B20. Bonouementroe oTHOWeHue Getonnoii cvecn coctapuno 57, =0.6. Jina ycxopenns TBepaenus Getoma

MIpUMeEHsUIach JoOaBKa KoMIutekcHoro neiictBus MasterFix mpomssonctea OOO «Kopan, TMBX». Pacxon nanHo#
no0aBKM cocTaBmi 3.271 Ha IM> GeToHHOI cMecH.

Hcnonp3oBanoce nBa Buma GuoOpsr: 6a3anbroBas mpomsBoncTBa 3AO "I'pymma xommanwii [lenerpor" u
moyunpormieHoBas - [IMTC "Croencrad". Pacxon ¢uOper Ha 1M3 OeTOHHON cMecH Ompenersuics HCXOons eé
MIPOLIEHTHOTO COJIEPIKAHUS 10 Macce [EeMEHTa.

VcnpiTanne KyOOB ¥ IIPU3M Ha C)KaTHE MPOBOAMIOCH C MCIIOJIB30BAHUEM YHHBEPCAIbHON HCIBITATEIBHOM
MarmHod ['MC-50 pacmonoxkenHo#t B saboparopuu Kadeapsl «CONpOTHBICHHE MaTepuanoBy JloHeIKoro

HaIIMOHAJIBFHOTO TEXHUYEeCKoro yHuBepcuteray (Puc.1).
TTT— ;:‘ " 1
|

|

_“

Puc.1 HUcnpiranne 6eTOHHBIX KyOOB Ha HcnbITaTenbHON MamuHe [ MC-50

IIpu mpoBeneHHH KPAaTKOBPEMEHHBIX HCIBITAHWN IUANa3oH Harpy3ok cocraBisier ot 0 mo 50T,
JUTUTENBHBIX — 10 25T. [ oOecnieueHns paBHOMEPHOCTH TIepeladyd Harpy3KH Ha TOpel] OETOHHOTo o0pasna
(BBHIy BO3MOXXHOW HE3HAYUTEIBHOW HE MMAapaUIEIbHOCTH MPOTUBOIOJIOKHBIX —TpaHeil) JaHHas
9KCICPUMCHTANBbHAS yCTAaHOBKA OBbLIa JIOMOJHUTEIHHO O0OpYyIOBaHA MIAPHUPOM, YCTAHABIUBACMBIM Ha
obOpazen cBepxy (puc.2). Pazmep mraMIoB mapHUpa COOTBETCTBYET pa3MepaM TOPIIEBBIX IpaHeil oOpas3ioB
(100x100).
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Puc.2 OOmwmii Buj miapHupa.

HcnpiTanue 00pa3noB Ha CXKaTHEe MPOM3BOAWIOCH ¢ ydeToM TpeboBanmii [1,2]. s wm3mepeHus
NIPOJOJBHBIX JedopManuii Mpu3M HpPH CKATUM HCIIOJIB30BAIMCH MHAWKATOPHI YaCOBOT'O THIA C LICHOHM JEJeHUs
0.01mm (Puc.3). UaaukaTopsl B konudecTBe 4 MTYK (110 OJJHOMY Ha K&yl IpaHb IPU3MbI) YCTaHABIMBAINCH Ha
METaUTMYECKYI0 PaMKy, (PUKCHpYeMyIo Ha oOpasiie NMPKUMHBIME BUHTaMU. C IPOTHBOIIOJIOXKHON rpaHu odpasua
TaKke OblIa 3aKperyieHa aHAJIOTHYHAs paMKa ¢ yrmopamu. /Ui OCyIIeCTBICHHUS Iepeaadn NepeMeIneHns BepXHei
PaMKH OTHOCHTEIBHO HIDKHEH Ha W3MEPHUTENbHBIE MPUOOPH! MCHONB30BAINCH ATFOMUHHUEBBIE IIMMIBKN H30THYTOH
(opMBL. MATKOCTH MaTepHana MIMWIeK o0ecreunBania COXpPAaHHOCTh NMPHUOOPOB B MOMEHT pa3pylIeHUs oOpasiia.
Baza nu3mepeHus npoIoibHEIX AedopMarmii coctaBisiia 250 MM.

Jis m3MepeHns MoTepeyHbIX e opMannii UCTIONb30BAINCh HHANKATOPH YacoBoro tuma MUI ¢ meHoit
nmemerus 0.001vM. PamMku 171t KpeTuteHus: IprOOpOB yCTaHABIMBAINCH Ha pacCTOSHUU 20MM OT CepeIHHBI TPU3MBI
B JIByX B3aMMHO NEPIECHIUKYJLIPHBIX HampaBieHHsx. Ha kaxnoe HampaBieHHE M3MEpeHUI MPUXOAMIIOCH MO J1Ba
uHIuKaropa. basa m3MepeHus momepedHbIX AedopMalMii COOTBETCTBOBANA MOMEPEYHOMY CEUEHHIO NMPHU3MBL, T.C.
100 mm.

Harpyxenue mpus3M OCYIIECTBISUIOCH dTalaMH. BennunHa NpupaiieHds Harpy3Ku Ha KaXKAOM 3Tare
cocraBmsia 0.1 oT mpeamonaraeMoi HpuU3MEHHON NpoyHOCTH. L[eHTpoBKa NMPHU3M OCYMISCTBIANACH IMYTEM HX
HarpyxeHuss a0 ypoBHA 0.3Rb ¢ mocnmemyromeii pasrpyskoif. Ilpm 3ToM Ha KaXIOM »JTame HarpyXeHHUS
(UKCUPOBATUCH TOKA3aHUS WHAWKATOPOB. [10 MpupameHusM BEepTUKAIBHBIX Ae(opManuii mo Kaxmoi u3 rpaHei
OTIPENEIIIOCH HAIIPABJICHHE TPEOyeMOro CMEIIEHH MIPU3MBI, YTO MO3BOJISUIO 00ECTICUNTh €€ IIEHTPAIILHOE CXKAaTHE.
[Mocne BBIMOIHEHNS] EHTPOBKH BBIMIOIHSIOCH TIO3TAIIHOE HArpyXeHHUe (C BBIACPKKOHW IPH MOCTOSIHHOW HArpyske)
BIUIOTH 70 paspymeHuss oOpasma. KaprtmHa paspymenust Bcex o00pa3loB XapakTepH3oBajach HaJMYHEM
JMaroHaJbHBIX TpemuH (Prc.4).

e N
Puc. 3 Pacronoxenue paMok Ha 00pasIie mpusMe.
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Puc. 4 O6wmuii Bu pa3pyiieHHOro oopasiia.
Ha puc.5 npexacrariensl rpadukud M3MEHEHUs KYOMKOBOI MPOYHOCTH OCTOHA MPHU CXKATHH C TCUYCHUEM

BPEMCHH U1 PpA3JIMYHOrO IMPOUCHTAa COACPIKAHUA U BUA (I)I/IﬁpLI.

= us=0%

=3 - B ps=1.5%"
= o= MM ps=1.5%
==¥== MNP us=1%

T cym

4 6 8
Puc. 5 CBs13p Mex1y BO3pacToM OETOHA M KyOMKOBOH NMPOYHOCTHIO.

IIo uroram MMPOBCACHUA DKCIEPUMCHTAJIBHBIX I/ICC.]'IGJIOBaHI/Iﬁ ObUIH TMOJYYCHbI 3HAYCHUA Ky6HKOBOﬁ R u

MIPU3MEHHON MPOYHOCTEH OCETOHAa MNpPU CKATHH IS COCTABOB, OTJIMYAIOIIMXCS MPOIEHTHBIM (DUOPOBBIX
BoIIOKOH (1.5% - 6azamsToBO# PudpsEL, 1% 1 1.5% - momunponmieHoBOH GUOPET).

I[aHHLIe O IPOYHOCTHBIX XapPAKTCPUCTUKAX BCEX PACCMOTPEHHBIX COCTABOB MPEACTABJICHBI B Tabm. 1.

Tabnuya 1 TIpOYHOCTHBIC XapaKTEPUCTUKN UCTIBITAHHBIX 00Pa3IioB.
Tun pudps! g
(o]
o BbaszanproBas TTonunponu- 3
SSpanon. QuGpa (BP) udpa (IN0) § R, Mla | Rb, Mlla
IIponieHT apMupoBanus, Hy ‘g
2 5.5 5.5
Cepis 1 0 5 9.5 9.4
7 12.5 11.5
28 18 18
Cepus 3 1.5 3 6.3 6

152



5 12 11.4
7 16 13.5
2 6.5 4.8
Cepus 4 1.5 5 12.5 9.6
7 14.2 11.6
2 7 4.8
Cepis 5 1 5 Hsksk Hsksk
7 16.5 13.5

BBenenne ¢uOpoBoro BoJIOKHA B KadeCcTBE IHCIEPCHOTO apMHPOBAHMS ITOJIOKHMTENIBHO CKa3ajloch Ha
NpoYHOCTH OeToHa. MaKCHMaNbHBIN MPUPOCT IMPOYHOCTH Ha BCEM BPEMEHHOM JMala30HE IMOKaszalu o0paslpbl,
W3rOTOBJICHHBIE C IPUMEHEHHEM IOJIHUIIPONMICHOBON (HOPHI C MPOLIEHTOM apMHUPOBaHUs paBHBIM 1%. YBeauueHne
MIPOYHOCTH Ha 2 CyTKH cocTaBmio 21%, Ha 7 cyTku 24%, 4T0 cBUAETENbCTBYET 00 3(p(heKTHBHOCTH MPUMEHEHHUS
JAHHOTO MaTepHana. ¥ BeNMuueHNe coaepKaHust (uOpoBoro BookHa 10 1.5% He TOIbKO HE MPUBEIIO K YBEINICHHIO
MIPOYHOCTH OETOHA, HO M HECKOJIBKO CHHM3WIIO JAaHHBIM IMokaszatenb. KpoMe Toro B Bozpacte 7 CyTOK HaOMIOAAIOCh
HEKOTOPOE 3ama3/bIBaHKe IPUPOCTA IIPOTHOCTH MO cpaBHEHHIO C 1.5% cocTaBoM.

Cocras ¢ 1.5% 06a3anbToBOI (MOPEI TOKa3an Ooiee 3aHIKCHHBIC MOKa3aTelIH MPOYHOCTH B Bo3pacte 2
CYTOK II0 CPaBHEHHIO C HEApPMHUPOBAaHHBIM OETOHOM, OJHAKO K 7 CyTKaM IPOYHOCTh CTaja COIOCTaBHMa C
obpasuamu ¢ 1.5% copepixaHue NONUIPOITUIICHOBOH (HUOpPHI.

Jlutepartypa
http://lider-decor.kz/ru/articles/?id=704
http://nerudr.ru/staty/chto_takoe fibrobeton v_chem_otlichie ot obychnogo_betona__video.php
I'OCT 10180-90 Beronsl. MeToab! onpeaeeHns IPOYHOCTH IO KOHTPOIBHBIM 00pa3IaM.
4. TOCT 24452-80 beronsl. MeToasl omnpeaencHusi NPU3MEHHOM MPOYHOCTH, MOAYJS YHPYTOCTH H
koddunuenta [Tyaccona.

W N =

U.B. KYIIEHKO, B.B. I/IEBKO, C.B. FBOPHIEBCKHUM
Jloneyxuii HayuoOHANbHBIN MEXHUYECKUL YHUBEpCUmMem

MEXAHUYECKHUE XAPAKTEPUCTHUKHU TPEHIMHOBATBIX
AHU3OTPOIIHBIX TOPO/I, BMEIIAIOIIIUX BEPTUKAJIbBHBIN
CTBOJI

Henap. [Tony4unTs 3aBUCUMOCTH MEXaHUUYECKHUX XapaKTEPUCTUK TOPHBIX MOPOJ OKOJIOCTBOJIHHOIO MacCHBa
C Y9eTOM OCOOCHHOCTEH UX TPEIIMHOBATOCTH, aHU30TPOITHOCTH U TAPAMETPOB aHKEPHOW KPEIH CTBOJIA.

Mertoabl. Vcnonb3yercs MeTOA ONpPENEsICHUsT MEXaHUYECKUX XapaKTEePUCTHK MOPOJ Ha OCHOBE TEOPHd
MHOTOCJIOHHBIX aHH30TPOITHBIX 000JI09eK U Ae(POPMUPYEMOCTH MaCCHBOB TPEIIITHOBATHIX TOPHBIX ITOPO/I.

Pe3yabrarel. [loyyeHbl 3aBUCUMOCTH JIi ONpEAENIEHUsT MOAYJIeH yINpyrocTw, MOAYJIEH cIOBUTa U
kodpdunuentoB [lyaccoHa MmOpox OKOJIOCTBONBPHOTO MacCHBa C YYETOM XapakTepa WX TPEIIHHOBATOCTH,
AHU30TPOIHOCTH, MApaMETPOB AHKEPHOUH KpemHu CTBOJA, KOTOpbIEe HEOOXOMWUMBI JJISl MCCIIENOBAaHHS MapaMeTpOB
HAMPSKEHHO-IC(POPMUPOBAHHOIO COCTOSIHMSI CHCTEMBI « Kpelb CTBOJA — AaHKCPHO-TOPOAHAs 000Jiouka —
TIOPOJIHBII MacCHUBY.

BbiBoabI. YCTaHOBJICHHBIE 3aBUCUMOCTH TPHU HWCIOJIB30BAHWU pa3pa0OTaHHOW paHee MaTeMaTHUYeCKOH
MOJIEITU TIO3BOJIAT ONPEIEUTD MTapaMeTphl HAMPSHKEHHO-IE(DOPMUPOBAHHOTO COCTOSIHUSI CHCTEMBI «KPETh CTBOJIA —
aHKEpHO-TIOpO/IHAsE 000J0YKa — TOPOJHBIH MAacCHB» C YYETOM XapakTepa CJIOUCTOCTH, TPEIIMHOBATOCTH U
AQHU30TPOIHOCTH MOPO/I, BMEIIAIOLIUX CTBOJI, HapaMeTPOB aHKEPHOU KpemHu.

KarwueBple c10Ba: BEpPTUKAIBHBIA CTBOJI, MACCHB TOPOJ, HAMPSIKCHHO-IS()OPMUPOBAHHOE COCTOSHHE,
MOJyJIb YNPYTOCTH, MOAYIb capura, ko3¢ ¢umueHnt IlyaccoHa, aHKepHas Kpelb, CIOUCTOCTh TOPHBEIX MOPOS,
TPEILIMHOBATOCTh TOPHBIX MOPO, AaHU30TPOIMHOCTH TOPHBIX MOPOJI.

IMocTanoBka mpodiaembl. B pabore [1] npuBeneHa pacueTHas cXxeMa H, B OOIIeM BHJE, MaTeMaTHIECKas
MOJIeNb JJISl MCCIEIOBAHUS TTapaMeTPOB HampshkeHHO-negopmupoBanHoro coctosuus (HIC) cucrembl «OeToHHAS
Kpelb CTBOJIa — aHKEPHO-TIOPOHAsI 000JI0YKa — TIOPOIHBIM MaCCUBY», YUUTHIBAIONIAS T€OMETPUIECKUE MapaMeTPhl
CTBOJIA, CJIOMCTOCTh, aHU30TPOITHOCTh TOPHBIX TMOPOJI, NCHCTBYIOIINE BHEIIHWE HATPY3KHW W TPAaHUYHBIC YCIOBHSL.
IIpu 5TOM mMONyYEHBI: BapUAllMOHHOE YpPaBHEHHE CMEIIAHHOTO THIAa OTHOCHUTEIBHO TepeMenieHHus] U (YHKIUU
YCWJIHIA, CUCTEMA JIMHEHHBIX anreOpandeckux ypaBHEHUN JUIS ONPEIeIICHUS] HEU3BECTHBIX MTAPaMETPOB, BBIPAXKESHHS
Ul HampspkeHud. JIis MCrhoJib30BaHUS 3TOM MaTeMaTWYecKOW MOJelNM, KaK OTMEUEHO B PEKOMEHJalMsX,
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http://lider-decor.kz/ru/articles/?id=704
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HEOOXOANMO MOIYYNTh 3aBHCUMOCTHU ISl ONIPEAETICHUSI MEXaHHYECKUX XapaKTepPHCTHK MacCHBa IOPOJ CTBOJA C
YYETOM aHU3OTPOINHNH, KPETUICHUSI aHKEPaMHU M KOOPAWHATHBIX (DyHKIMH. DTH 3aBUCHMOCTH IOIyYeHBI B paboTe
[2]. TIpu »TOM TakXke OTMEUEHO, YTO Ha MEXAHWICCKHE XapaKTEPHCTHKH (MOIYIH YIPYTOCTH H KO3 PUIHEHTHI
ITyaccona), a, cienoBatensHo, Ha nmapamerpel H/IC mMaccuBa TOpHBIX MOPOZ, BMEIIAIOIINX CTBOJ, CYIIECTBEHHO
BIMSET €ro TPEIMHOBATOCTh. CTPYKTypHas HEOAHOPOAHOCTh MAaccHBa IPHUBOAUT K TOMY, YTO HPOYHOCTHBIC U
nedopManoHHBIE CBOWCTBA IOPOJ IO CYTH SBIAIOTCS CIyYalHBIMHM BEJIMYMHAMH, KOJCOMIOMIMMHCS OKOJIO
HEKOTOPBIX CPEJHHX 3HAUeHHU. TpelnHOBaTOCTh paluKaIbHO H3MEHSIET (PU3NKO-MEXaHHYECKHE CBOMCTBA MacCUBa
nopoa. [Ipu 5ToM 3HaYMTENFHO CHIYKAETCS €ro IMIPOYHOCTD M BO3pacTaeT Ae(hOpMUPYyEMOCTh O Harpy3Koi [3].

B nanHo#t paboTe npuBeIeHbI 3aBUCHMOCTH MEXaHUYECKUX XapaKTEPUCTHK (MOyJIel YIPYTOCTH, CABHIa U
ko3(¢punnentoB IlyaccoHa SKBUBAICHTHOH TpaHCBEPCAIbHO W3OTPOIHOW CIUIOIIHOM Cpenbl) MacCHBOB
TPEIINHOBATHIX TOPHBIX MOPOJI.

®opmyaupoBanue Uean padoThl M MocTaHoBKa 3aaad. Llems pabotsl — [lodyuuTh 3aBHCHMOCTH
MEXaHWYECKHX XaPAKTEPUCTHK TOPHBIX IOPOA OKOJOCTBOJFHOTO MAacCHBa C YYETOM OCOOEHHOCTEH WX
TPEIINHOBATOCTH, aHU30TPOITHOCTH U TTApaMETPOB aHKEPHOI Kpenu CTBOJIA.

OcHOBHBIE 3aJaya — TIIONYYUTh 3aBUCHMOCTH JUIA OIPENENICHHS MOIYJIeH yNpyrocTd, COBHTa U
ko3(¢punuenrta [lyaccoHa amist CIIOMCTOTO, aHU30TPOIHOTO MAacCHBA TOPHBIX MOPOJ CTBOJA C yYETOM XapakTepa
TPEIIMHOBATOCTH U MTAPaMETPOB aHKEPHON KPEMH CTBOJIA.

Metoapl. Vcmoms3yeTcs METOA ONPENCICHUS MEXaHWIECKHUX XapaKTEPUCTUK MOPOJ HAa OCHOBE TEOPH
MHOT'OCJIOMHBIX aHH30TPOITHBIX 000JIOUEK U 1e(hOPMUPYEMOCTH MaCCHBOB TPELIMHOBATHIX TOPHBIX MTOPOJ.

Pe3yabraTnl. Kak orMedeHo B pabote [1], BemUuMHaMK, XapakTepu3yeMbIMU YIIPyTrHUe CBOWCTBA 000IOUKH
NIPU PacTSDKEHUHU (COKATHUM), U3THOE U KPYUYEHUH, SBISIFOTCS €€ TUIaBHBIE )KECTKOCTH, KOTOPBIE 3aBUCIT OT YHPYIHX
1
mapaMeTpoB ‘. KOTOpEIE, B CBOIO OYepElb, 3aBHCAT OT MEXAaHHYECKHX XapaKTEPHCTHK i-TO Clos 0OOTOUKH
(Momymeit ynpyroctu u koddrnreHToB [IyaccoHa).

C yueToM OCOOCHHOCTEH pacdeTHOW cxeMbl [1], a TakKe OCHOBHBIX IapaMETPOB aHKEPHOH Kpermw,
3almeM NpUBCACHHBIC MEXAaHUYCCKNUEC XapaKTCPUCTUKNU TIOPOA:

B Eada+(ll'—da)Eb_ . _Eada+(Sl'—da)Eb'

1

1
x1 1' b » Slv > ( )
k k
Eada+(ll'_da)ZEli12/k Eada_i_(S;_da)zErier/k o)
El — : i=1 ; El — : i=1 ; ( )
" [, " S,
1 S 1 S
Ex; = Elf{l3/k’ Ey3 = ZErl[r3/k (3)
i=1 i=1
s cioes (i = 2, j=1,2,3) ’
g Ed, +(12“ ~d,)E, e Ed, +(S2" ~d,)E, ; “
L ‘ S,
k k
Eada_'_(l;_da)ZElilZ/k Eada+(S;_da)zErlllr2/k 5
E2 — _ i=1 , E2 — _ i=1 ’ ( )
X2 12 Y2 Sz
Ei :;El;l3/k; Ey23 :Z:,Enlm/k: (6)
st cnoes (i = 3,j=1,2,3)
Ed +(I,-d )E Ed +(S,-d )E
E;lz a a+(l3m a) b;E;lz a a+(S3m a) b; (7)
3 3
k k
Eada +(l;_da)zE1izz/k Eada +( S;_da)zElirZ/k 8
E3 — _ i=1 : E = _ i=1 : ( )
X 13 Y2 S3
Ej} :ZErIIB/k; Ei :ZErlw/k- 9)
i=1 i=1
rae E" , E, , E’l” — MOJIyJIM yTIPYTOCTH aHkepa, 0eToHa u nopoj, MIla;
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4 — nuaMeTp aHKepa, M;
Il S
i, 71— pacCTOSHUS MEXKIy aHKEPaMH B OCEBOM H PaJHaJbHOM HAIIPABICHHUX, M.
7(R. —R
1
Si = % -a (10)

>

rne G, O paInycChl CIIOCB 000JIOUKH, M, YOI MEXKTy aHKEPaMH, TPaJl.
Monyns casura omnpeneisieM coriacHo (11):

G, =2 G /k ()
i=1 )
Koaddunmentsr [Tyaccona onpenensrorcss aHaaoruaHo MoAyisiM yrpyrocta (1)-(9).
Janee moysiyduM 3aBUCHUMOCTH JIs MPHUBEACHHBIX MOJAYJEH YHNPYTOCTH TOPHBIX IMOPOJA, paccMaTpuBas
HamboJee pacpoCTPAaHEHHYIO CUCTEMY IIPON3BOJIEHO PACIIONOKECHHBIX 3HUSIOIINX TPEIIHH.
Ecmu TpeurwHbl pacronioyKeHbl TOPHU3OHTANBHO, TONXYYHM CIEIYIOIIAE BBIPAXCHUS IS MEXaHHIEeCKUX
XapaKTePUCTHK:

i i

—— 1+x:7£j Dy = 1::;; 5 (12)

) = E’i.”"j —; (13)
2(1+vl’mj +77;j)

Vi; =Vinis Vo =Vin» (14)

i i i i
E i EynisVinj»Vyn,
rIe — MOIYJIM YIPYTOCTH M KO3 QuImeHTs [lyaccoHa Ui HEHapyIIEHHOTO MacCHBa

TOPHBIX IOPOJ;

1y :5;‘/95}1;/; my :5;j/§h§y;

¥>Y — mupuHa pacKphITHS TPELIMH, M;
i

i

>X — paccTosiHUE MEXKAY TPEIINHAMHU, M;

S Oe3pa3MepHasi IUIoNIa (b CKaIbHBIX KOHTAKTOB.
Ecnm cucteM TpeniuH HECKOIBKO (k), OHM PACIIOIOKEHBI O yIilaMt f K TOPH30HTY, TO

i i
Ei _ Exnj . Ei _ E,Vﬂj
xnnj k ] A > Hymj T k ] A (15)
i i .
1+Zr;xm(l—cos ﬂm) 1+277ym(1—sm ,Bm)
m=1 m=1 ;
i
G,‘ _ Exrmj .
xymnj — k ? (16)
. . 2
2 1+v)’mnj +anlcm cos” S
m=1
k k
i i i 2 2 i i i 2 < 2
ermj = Vxnj +Z77xm Cos ﬂm sin ﬂm Vynnj = Vynj +Z77ym cos ﬂm sm ﬂm' (17)
m=1 . m=1

>

BoiBoabI M pexkoMeHAANUH. YCTAHOBICHHBIE 3aBUCUMOCTH MEXaHHYECKHX XapaKTEPHUCTUK TOPOJ
OKOJIOCTBOJILHOTO MacCHBa C YYeTOM OCOOCHHOCTEH WX TPENIMHOBATOCTH, AHWU3OTPOMHOCTH H TapaMmeTpoB
AQHKEPHOW KpEIH CTBOJA MO3BOIIIOT ucciieaoBaTh HJ[C cucTeMbl «kpelb CTBOJIA — aHKEPHO-ITOPOTHAST 000JI0YKa —
TPEIMHOBATHII MOPOIHBIA MaCCHBY» C HCIIOIB30BAHUEM pa3pabOTaHHOM paHee MaTeMaTHYecKor moaenw [1].

Jlureparypa

1. Kynenko U.B., Mapwuitayk 1.®., Mozanesckuii J[.A. K Borpocy o pacyere aHKepHO-OETOHHOH KPEI BEPTHKATEHBIX
cteoioB / 11.B. Kynenko, 1.®D. Mapuitayk, JI.A. Mozanesckuii // ITpoOnemMbl Hemporons30BaHus: MeKIyHap. (GopyM-KOHKYpC
MOJTOABIX yieHbIX, 20-22 anperst 2016 1.: cooprrk Hayd. Tp. Yacts I. — Cankr-IletepOypr, 2016. — C. 137-139.

2. AmbapiymsH. C.H. Teopust anm3otpornHbix obomouek/ C.H. Ambapirymsia. — M.: @mmanmr, 1961.—384 c.
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A. H. KYPY, A. 10. KOUEPTUH
benopyccruii nayuonanonviti mexuuueckull yHUgepcumen

KOHCTPYKLMSA ABYCTBOJBHOM BOJ10O3ABOPHOM CKBAKHUHBI C
CUCTEMOM 3ATPYBHOM PEATEHTHOM PETEHEPAIIA

B mpomecce 3KkcIuTyaTannu NPOM3BOAMTENHHOCTh BOJ03a00pPHBIX CKBAXXHH CHMKACTCS B pE3yJbTaTe
KOJIbMATallMOHHBIX MpoIeccoB. [IpoaomKknTenbHOCTs CTaOMIBHON paboThl BEICOKOAECONTHBIX CKBAYKHH COCTABIISET
3-4 roma, a cpok ciyObl penko mnpeBbimaer 18-20 neT, YTO CYIIECTBEHHO HW)KE€ HOPMATHBHBIX CPOKOB
sKCIUTyaTtanuy. Ha ckBaxMHHBIX BoJ03a00pax Juis obecrieueHus: OecrnepeOoHOCTH MoAaql BOJbI IPEIYCMOTPEHO
CTPOUTEIBCTBO PE3EPBHBIX CKBAXHH, KOTOPhIE OOBIYHO COOPYXAIOT B OT/AECNBHBIX CAaHUTAPHBIX 30HAX CTPOTOTO
pexuma.

C nelsblo yBEJIMYEHUs I0JTOBEYHOCTH BOZ03a00POB M CHIDKCHUS KalMTAIbHBIX 3aTpaT Ha CTPOUTEIBCTBO
pe3epBHbIX ckBaxkMH B BHTY mnpemnoxkeHo pa3memars padodyio M pe3epBHYIO CKBaXHUHBI B OJHOM OYypOBOM
CTBOJIC B BHJE OJHON JBYCTBOJBHOW KOHCTPYKIIMH, OCHAIIICHHON CHCTEMOH 3aTpyOHOH peareHTHON pereHepalun

(puc. 1).
1 711”3 0 116 1 2

"

KoHAdykmop;
3ampydHaa ueMeHmMauus;
nepBeil cmBon;
dunemp nepBozo cmbona;
) omcmoUHuk nepBozo cmBona;
i Bmopou cmbon;
A dunemp Bmopozo cmbona;

413 -~ ! - omcmoUHuk Bmopoz2o cmBona;
2 5] 9 - zpabBulHas odcsinka;
i

O - NN -
|

10 - nec4aHas 3aceinka;
11 - WUPKYNAUUOHHbIE MPYdKU;
12 - 2nyduHHbI0 Hacoc

|
|
SN

5 \& \9\8\ 7
Pucynox 1 — KoHCTpyKIHsI ABYCTBOJILHOM BOJ103a00PHON CKBaXXHHBI C CHCTEMOM 3aTPYOHON peareHTHOM
pereHepanuu

Texnonocuueckas nocie008amenrbHOCMb COOpYJiceHusi ckeadicunvl. IIpousBoasT OypeHHe CTBOJA IOA
KOHAYKTOp | ymapHO-KaHATHBIM MeTOZOM [1], BEIMONHAIOT 3aTpyOHYIO HIEMEHTAINI0 2 KOHAYKTOpa | Ha BCIO €ro
BBICOTY JIO YCThsI CKBRKHHBI. 3aTEM OITyCTHB JIOJIOTO Yepe3 KOHAYKTOp Ha 3200, pa30yprBalOT IEMEHTHYIO MPOOKY
B KOHIYKTOpE, MPOM3BOIAT OypeHHe CTBOJA CIOCOOOM OOpaTHOM MPOMBIBKM YHCTOM BomoW. [lanmee omyckaroT B
CKBaXHHY NEpBBIA CTBON 3 ¢ GMIBTPOM 4 W OTCTOWHHUKOM 5, BTOPOH CTBON 6 ¢ QUIBTPOM 7 M OTCTOHHHKOM 8.
3aTeM CHMMETPHYHO BOKPYT KaXXJIOTO CTBOJA MOHTHPYIOT IIUPKYJIALHOHHBIE TpyOKH 11, mMerorue nepdoparnmio,
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paBHYIO ITUHE QIIIETPOB 000UX CTBOJIOB. BEIIOMHAIOT IrpaBUiiHYI0 0OCHINKY 9. CKBaKHHY CHA0KaIOT OTOJIOBKOM H
OCHAII[AIOT JIBa CTBOJIA OTAEIbHBIMH ITyOMHHBIMH Hacocamu 12.

KoHcTpyknnsi  CKBaXHHBI

MIPEAnoaraeT IpPOBEICHNE LUPKYISIIMOHHONH pEareHTHOW pereHepalun

(GHIBTPOB 000MX CTBOJIOB, KOTOpasi oOecriednBacT APQPEeKTHBHOE BO3ICUCTBHEC HA KONBMATHPYIONINE OTIOXKECHHUS
KaK M3HYTPH, TaK M CHapyXXH BOJONpPHUEMHON moBepxHocTH. Ilpm perenepamum ¢unsTpa 4 mepBoro creoia 3
peareHT MoAaloT B TPU LIHUPKYIALHOHHBIE TPYOKH 11, KOTOpbIE pa3MeIieHbl OTHOCHTENIFHO HETO CHMMETPUYHO MO
yrmom 120°. OmHOBPEMEHHO C TOMOIIBIO BOJOMOABEMHOIO OOOPYIOBAHMS (HAIpPHMEp, SpIH(Ta, HACOCA KT
ruapossieBaropa [2]) u3 mepBoro crojia 3 peareHT BMecTe ¢ MPOJYKTaMH PacTBOPEHUs BHIKAUMBAIOT Hazajd B 0ak,
OTKyJla CHOBa IIOJIAIOT B T€ K€ LUPKYJSLMOHHbIE TPYOkH 11 M TeM caMblM 00ECHEeYMBAIOT NMPUHYAUTEIBHYIO
LUPKYJsiIuio peareHTa. Ilpu perenepanuu (GuiabTpa 7 BTOPOTO CTBOJIa 6 peareHT MOJAIOT B TPH CUMMETPHYHO

PaCIoJIOKCHHBIC HUPKYJIAINOHHBIC
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Pucynok 2 - PacuetHas cxema THIpOIMHAMHYECKON IIPOMBIBKH BOA03a00PHOM CKBaXKIHEI
Jns onucaHns KBa3MyCTaHOBHUBIIECTOCS IBIDKCHUS B MPU(UIBTPOBOI 30HE CTBOJIA CKBAXKHUHBI IIPH 3aKaUKe-
OTKa4Ke peareHTa MCIOJIb30BaHO BeIpaXeHue [3]:
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(UMPKYISALMOHHOW TPYyOKH) 10 TOYKH, B KOTOPOM OmIpenesseTcs NOHIKEHHE, N- YUCIO 3aKayHBIX CKBaXUH
(IAPKYIAIMUOHHBIX TPYOOK); k- KO3 uumeHT GunbTpanuu mpuUIBTPOBOH 30HBL; 71- MOITHOCTH IIJIaCTa; f- BPeMs
OT Hayana paboThl CUCTEMBI; d- KOA(QOUIMESHT NbE30IPOBOJHOCTH.
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CTBOJIa
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OTkavka U3 CKBXMHBI HAYMHAETCSI B MOMEHT BpeMeHH =0 ¢ pacxonoM (J, ¢ TOTO k€ MOMEHTa BPEMEHH B
KaXIyI0 U3 TPeX IUPKYIALHOHHBIX TPYOOK HauMHAET MOCTYHaTh pacxon pactsopa /3. B yactu miacra,
MIPUMBIKAIOMIETO K OTKaYHOH CKBa)XKHWHE, POPMHUPYETCS AEHPECCHs, a B YACTH UIACTa, MPUMBIKAIOIIETO K
LUPKYJIINOHHBIM TpyOKkaM — pernpeccust. [Tocne nepeBoaa BeipaskeHus (1) B JeKapTOBYIO CHCTEMY KOOPANHAT
BBIITOJTHEHO TTOCTPOCHUE THAPOJMHAMHIECKON CETKH (PUCYHOK 3) IUIS OHOTO U3 CTBOJIOB, TIEPBOTO, HAIIPUMED.

I'moponuHaMudeckasl ceTKa IMOKa3bIBAET, YTO Ha NepH(EepUITHBIX ydacTKax 30HBI KOJbMAaTaluy IIHPHHA
MIOSICOB CETKH, KPWUBU3HA M JJIMHA JIMHUHA TOKA, BBIXOJIIUX W3 IMPKYJISLHOHHBIX TPyOOK, HauOojbmias. JToO
yKa3bIBae€T Ha TO, YTO CKOPOCTH BJOJb STHX JIMHUM MEHBIIE 4YeM IO TJaBHOW JmHHMU ToKa. llepudepuiinbie
CerMEHTBHl 30HBl KOJbMAaTallMk OyAyT BBIIIENAYMBAThCS MEIUICHHEE, YeM YYacTKH, JIeKallue MEXay
LUUPKY/SIIMOHHBIMA ~ TpyOKaMH M pereHepupyeMbiM  (QWIBTPOM, TaK KaK CKOPOCTh  BBIIIEIaYMBaHUA
MIPOTIOPIMOHANBHA cKopocTH (ubTparmu. OTcroa ciexyeT, 4To 4eM OoJblle NMPOMBIBHAS CHCTEMa COICPKHT
LUUPKYJSIIMOHHBIX TPYOOK, TEM JIydllle OXBaT 30HBI KOJbMAaTalMM IOTOKAaMM peareHTa M MEHbIIE BpeMs
BBIIICTAIHBAHUS.

[IprMeHeHne KOHCTPYKIUHY IBYCTBOIBHON CKBaXXKHHBI TIO3BOJISIET:

- YBEIMYHUTH CPOK CIYyXOBI paboueil m pe3epBHOI CKBaXXWH 3a cueT 3(PQEeKTHBHOW pereHepamuu UX
(GUIBTPOB, pa3sMENICHHBIX B OJHOM OypOBOM CTBOJIE BMECTE C 3aKauyHBIMH TPyOKaMH, KOTOPBIE CIY)KaT Ul
obecrnieueHNS UPKYIAINOHHO-PEareHTHON 00paboTKy;

- OCYWIECTBJIATh OecnepeOOHHYI0 Mmojady BOIBI NMOTPEOHMTENI0, MMEsS B KAXIOM CTBOJE OTACIBHBIN
3JIEKTPOHACOCHBIN arperar;

- YMCHBUIUTH IUIOINAAXW OTUYYXKAACMBIX II0J CTPOUTCILCTBO 3€MEJIb, TaK KakK pa6011a51 n pe3CpBHaA
CKBa)XMHBI COOPY>KalOTCS B OHOM CAHUTAPHOU 30HE;

- O6CCHC‘II/ITL CHIDKCHHE KaIBJIOXKCHHUH IO CpaBHCHUIO C COOPYKCHUEM ABYX OTACIBHO PAaCHOJIOKCHHBIX
CKBaXHUH (OJII/IH IMMaBUJIbOH BMECTO IBYX, OJlHA 6ypOBa;1 IJiomazaka BMECTO ABYX, MCHbIIIAs JJIMHA KOMMyHI/IKaIII/Iﬁ u
T. 1.).

Jlureparypa
1. BamxaroB [I.H. Bypenue ckBaxun Ha Boxy//I.H. Bamkaros, B.JI. Porogoii.-M.: Komoc,1976.-c.
31-37.
2. Kypu A.H., UBameuxkun B.B. «'uapoasneBaTopHast yCTaHOBKA IS M3BJICUEHHS IIECYAHBIX MIPOOOK

u3 ckBakun». [IpoOiemMsl Heapomonb3oBanust: COopHUK HaywHbIX TpynoB [Kondepenmus]. — Caunkt-IleTepOypr:
HaunoHanbsHblii MUHEpalbHO-ChIpbeBOH yHUBepcuTeT «['opHblity, 2015. — T.1.-cTp.232-(MexayHapoaHslii Gopym
KOHKYPC MOJIOJIBIX Y4eHbIX.22-24 anpens 2015 r.). — 110-113c.

3. Apenc, B.K. T'eonmoro-ruaporeosiornyeckie OCHOBBI T€OTEXHOJIOTUYEC-KUX METOOB JOOBIYH
nosie3Hsix uckonaemsix / B. XK. Apenc, A. M. I'aiinun. — M: Henpa, 1978. — 215 c.

K. H. JABUHCKMHI, E.E. TOJIOBHEBA
Jloneyxuii HayuonanbHoIll mexHuveckull yuugepcumem, [Joneyx, Yxpauna

MOIEJUPOBAHUE PACITPOCTPAHEHUSA YIAPHBIX BOJIH B
OI'PAHUYEHHBIX ITPOCTPAHCTBAX

OCHOBHYIO OINAacCHOCTh TIPH MPOM3BOJCTBE IIOJ3EMHBIX TOPHBIX pabOT W TPOBEJCHHU BBIPAOOTOK
MPEJCTaBILIIOT B3PBIBBI, BO3HHUKAIOIINE B pPE3yNbTaTe BBIACICHHS METaHA, 00Opa30BaHUS B3pPHIBUATON YTOJNBHOU
MBUTH ¥ BEIEHUsI paOboT 1O BBEIOPOCOOMACHBIM IUIacTaM. VIMEHHO 3TH Ha3BaHHBIC (PaKTOPHI MPHUBOMAT K TSKEIBIM
aBapUIHBIM CUTyalusAM Ha maxtax. OCHOBHBIE MOpakarolre (hakTOphl B3PhIBA B YCIOBUSAX YTOJBHBIX ImaxT [1]:
CECMUYECKHE BOJIHBI, BO3AYIIHBIC YIaPHBIC BOJIHBI; BEICOKasd TEMIIEpATypa BO q)pOHTe TOPECHUA; TOKCUYHBIC I'a3bl U
HU3KOE COJIep’KaHHWE KHUCIOpOoJa B MPOAYKTaX peakiuu. Paguyc neicTBUS CEHCMUYECKUX BOJIH, OMACHBIX A
HIOHeﬁ 1 TTOJA3EMHBIX MHXCHCPHBIX coopymeHHﬁ, CPaBHUTEJIIBHO HEBCJIMK U HE TPEBBIMIACT 100 M, 94TO 3HAYUTCIIBHO
MEHbIIIe 30H JNEHCTBUS TOKCUYHBIX Ta30B W yAapHBIX BOJH. M3 mopaxarommx (akTopoB YAapHOW BOJHBI CIEIyeT
BBIJICIATE: M30BITOYHOE NaBIICHUE, BPeMs €ro JEHCTBHS M CKOPOCTHOW HAmop Trasa, ABIDKYyIIerocs 3a (pOHTOM
BosHbIL. OcabiieHne yaapHOH BOJIHBI P ABHXXEHUH €€ BIOJIb TOPHBIX BEIPA0OTOK MPOUCXOJINUT 3 CYET BOBIICUEHUS
B JIBIDKCHHE JOIOJHHUTEIBHBIX Macc BO3/yXa, TPEHHUS O CTEHKH BBIPAOOTOK, TEINIOOOMEHA M NOTEPb SHEPIUU Ha
COIIPSDKEHUSX M MOBOpOTax. JleHcTByromuye B YrojibHOW NMPOMBIIIIEHHOCTH HOPMAaTHBHBIE JOKYMEHTHI TPEOYIOT
00513aTENBHOTO ONpe/eNieHNsT 30HbI BO3/EHCTBUS sl KaXAOTo mopaxaromiero (akropa. OmHako B HacTosIee
BpEMs pacCUMTHIBACTCS 30HA BO3JICHCTBHS TOJBKO OJHOTO Iopakaromiero Qakropa — yaapHod BosiHBI. [loaTomy
BECbMa aKTyaJbHBI HCCIIEJ0BAHUS B 00JIACTH PaclpOCTPAaHEHHs! yJapHbBIX BOJIH 110 CETH TOPHBIX BHIPAOOTOK.

Cocrosinue Bompoca. Kiaccuueckue pabotsl coBerckux yuenoix H.H. Cemenona, JI.JI. Jlannmay, S.b.
3enpaoBuua, [[.A. @pank-Kamenenxoro, K.WM. Hlenkuna, . K. Tpommna, JI.LH. Xutpuna, JL.U. Cenosa, K.II.
CranrokoBnya, B.H. BumoHOBa M MHOTHX JApPYrHX, a TakXke 3apyOekHBIX ucciemoBateneidl E. I'itoronmo, B.
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Hepunrra, P. JIstonca, I'. Dnwbe, P. Kypanra, I'. Teitnopa, ©@. Buinpsmca u npyrux B obmactu (U3UKH B3pHIBa
MOCTY XV OCHOBOW JJIsl BBEINOJNHEHHMS PadOT NPHUKIATHOTO XapakTepa, IMOCBSIMICHHBIX Mpolieme OOprObI ¢
B3pBIBAMH T'a3a U MBUIM B YTOJBHBIX MIAXTaX.

Jns pemieHust 3amad O B3pPhHIBE IIMPOKOE PACIpPOCTPAHEHHE MOIYYMJIM KOHEYHO-Pa3HOCTHBIE METOMBI,
Hambosnee 3¢ GEKTUBHBIN cpeau HUX MeTox siBHOro twma, npemiokeHHb C.K. TomynoBeIM [2], mis pacdera
OZHOMEPHBIX HECTAIIMOHAPHBIX TEUEHUM CO CII0KHOM CTPYKTYPOU.

CymiecTBylomue METOAbI pacyéra B3pHIBOOE3OMACHBIX pPACCTOSIHUE OasupyloTcs Ha Meroguke B.M.
[TnoTHMKOBA, OCHOBAaHHOH Ha YIPOIICHHBIX AHAJTMTUYECKHX COOTHOIICHUSX, MOIYCKAIOUIMX PYYHOW CUeT.
MeTtoinka COOTBETCTBYET JaHHbBIM, npeacTtaBieHHbiM B CHull 2.01.34-84 [3].

HccnenoBanus pacpoCTpaHeHHsT YAAPHBIX BOJH B KaHAJIaX MOCTOSIHHOTO CEYSHUS MTPEJICTaBIICHBI B paboTe
Canosckoro M. A [4].

B nocnennee BpeMst OonbIINe NOCTHKEHHS B MOAEIMPOBAHUH PACIIPOCTPAHEHHMS YIapHBIX BOJIH B3pHIBA B
YTONBHBIX IIaxTaX OBUIM IOJIydeHBI OJaromapsi MPUMEHEHHIO Ta30JMHAMHYECKHX METOJOB M KOMIIBIOTEPHOTO
monemupoBanus J[.1O. [aneeBbim, A.}O. KpaitroBeM, DJI. Iparepom, .M. Bacennnsv, Jlykamossim O.1O0. n
A.B. AcranusemM [5]. B paborax mpoBOIWINCEH MCCICTOBAHUS PACIIPOCTPAHEHHUS YIAPHBIX BOJH B3phIBA 110 CETH
TOPHBIX BEIPAOOTOK C YUETOM Pa3IHIHBIX (PaKTOPOB.

OnHako MOJETMPOBaHME MpOLEcca PACHPOCTPAHEHHS YAAPHBIX BOJIH B3PbIBA B TOPHBIX BBIPAOOTKAX
MIPOBEJICHO HEJOCTATOYHO, OCOOCHHO C MPUMEHCHHEM Ja0OpaTOPHBIX 3KCIIEPUMEHTOB IO MOJCIHPOBAHHIO
pacIpocTpaHeHusl yIapHbIX BOJIH B OTPAHHYEHHBIX POCTPAHCTBAX.

Heabio uccienoBaHus SBISETCS NPOBEACHHBIX J1a0OPATOPHBIX SKCHEPHUMEHTOB II0 PACIPOCTPAHEHHUIO
yIapHBIX BOJIH B OTPaHMYEHHBIX MMPOCTPAHCTBAX M MOJEIMPOBAHMS ITOTO Ipoliecca Ha OCHOBAHUM ITOJyYESHHBIX
pe3yIbTaTOB.

Matepuansl HccjefoBaHMA. lV3yueHHe paclpoCTpaHEHHS YJapHBIX BOJH IPOBOJWINCH B XOJ€
nmabopaTOPHBIX UCTIHITaHUH Ha 0aze OypoB3pbIBHOU aboparopun kadenper C3IICul” JorHTY.

Jns pusndeckoro MonmenMpoBaHHS Ipoliecca paclpOCTPAHEHUS! YIAapHOH BOJIHBI B TOPHOH BhIpabOTKE
OBLTH TIPOBENEHBI UCTIBITAHUS, C UCMOJIh30BAHNEM IUIACTUKOBBIX TPYO paszmmyHOi anmuHHEL (0T 50 mo 1400 mm) u
nuaMetpa (45 MM, 110 mym, 160 Mm). B3peiBanus nposoaunuck ammonuToM 6)KB (B3peiBuatoe BemectBo 11 kiacca,
pa3peleHHoe K IPUMEHEHUIO B ITaHHOW 1abopaTopun) IMepenaTpoOHNPOBAHHBIM B 3apsabl pasauaHoi Maccsl (50 T,
75 1, 100 1). B xadectBe 3a00HMKHM WCIIONB30BANIACh THUICONECUaHHAs CMeCh. 1pyOBl MMOJIBEIIMBAINACE K
METaNTMIECKOH OaJike MMoJ KyImoJoM KaMephl, TaK 9TOOBI COXPaHsIIOCh HX TOPU30HTAIbHOE NojoxeHne. C oxHOoro
KOHIIa TPyOBI HETOCPEICTBEHHO Mocie 3a00iiku pacmosarancs 3apsn BB. Jlpyroit koser TpyOsl ymupaincs B
0aJNIMCTHYECKUH MAasTHUK, YTO IO3BOJISUIO ONPENENsATh MMIYJIbC B3pbiBa. [IpoX0okIeHUE ynapHOW BOJHBI IO
CcBOOOAHOW dYacTH TpyObl (HUKCHUPOBATIOCH BBEJCHHBIMH BHYTPb JaTYMKaMH, COCJMHEHHBIMH C IIPHOOPOM
W3MEpEeHUs] HHTEPBAJIOB BPEMEHH.
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Puc.1 Cxema u obmuii B dkcriepuMenTa: a) Cxema pa3MelneHuss Tpyobl B Kamepe J1abopaTopud | -TUlacTHKOBAs
Tpyba; 2- 3apsg BB; 3- 3a0oiika; 4- Oamka Ui KperwieHHS OaNTMCTUYECKOTO MAasTHHUKA; S- OaTUCTHYECKUN
MasITHHUK; 6- KapaHJall U IUTaHIIeT 171 QUKCHPOBAHUS OTKIIOHEHUS MasTHHKA; 7- MECTa 3aKpEIUICHISI JaTIMKOB.

6) OOmmii BuA niepes B3pbIBAaHUEM.

[InaHupoBaHWe WCHBITAHUA OCYIIECTBISUIOCH IO METOOUKE pEaTH3aldd IOJTHOTO  (aKTOPHOTO
skcnepumenta (IIDD)[6]. Llenpio HPOBEIECHHOTO AKCIEPHMEHTA SBILUIOCH MMOJIYYCHHWE aICKBATHOTO OIMCAHUS
(YHKIMM OTKIMKA (CKOPOCTH yJapHO# BOJIHBI) B 3aJaHHOIM dYacTu (PaKTOPHOTO MPOCTpaHCTBa (OTHOCHTENIBHOE
paccTosHUE M OTHOCHUTEIIbHASI SHEPIUs B3PBIBA).

[InanupoBanue, mpoBeneHue u oOpadoTka pesyinpraroB [1DD mpoBoawiIKMCh MO 00sA3aTEIBHBIM 3Talam:
KozupoBaHKe (aKTOPOB, COCTABICHUE IJIAH-MATPUIIBI SKCIEPUMEHTa, PAaHJOMH3aLHs OIBITOB, pealu3alys IUlaHa
9KCIIEPUMEHTA, IPOBEPKa BOCIPOM3BOAMMOCTH OIBITOB, IPOBEPKA aJeKBATHOCTH MOJENHM, OLEHKa 3HAYMMOCTH
K03(h(PULIMEHTOB PErpecCHH.

B kauecTBe OCHOBHBIX (DaKTOPOB, BIHSIOMIMX Ha CKOPOCTh PACIPOCTPAHEHHS yNAPHOW BOJHBI, OBLIH
TIPUHSATHI PACCTOSHIE OT CEPEANHBI 3apsi/ia 10 CePeIIHBI 0a3bl H YHEPTHUS B3PHIBA.

Tak Kak auaMeTpsl TpyO M MX JJIMHA BapbUPOBAINCH, TO IUIA YHHUBEPCAIHM3ALWU PACUETOB PE3yIbTaTOB
SKCIEpUMEHTa OBUIO PEMICHO NEePeHTH K OTHOCHUTEIHHOH BENWYMHE PACCTOSHUSA R, KOTOpYIO BBIYHCIIIEM IO
¢bopmye:

_ Lo
I1
rae L., — pacCTOAHUE OT CEPEMHBI 3aps/a 10 CEPEMHEI 0a3bl, MM;
1] — mepuMeTp ceueHus OTPaHUICHHOTO IPOCTPAHCTBA, MM, (B HAIIIEeM OKPYKHOCTB TPYOHI).

BennunHa 3apsga M guaMeTp MaTPOHOB TaKKe M3MCEHSIINCH, COOTBETCTBEHHO MOJyYallach pa3Has UIHHA

3aps/IoB, TIOATOMY II0 aHAJOTHH C (PAKTOPOM pPACCTOSHHS IEPEXOJUIN B pacdyeTaX HAa OTHOCHTEIFHYIO BEIMYUHY

SHEPTUH, KOTOPYIO OTPEACIUIN IO GOpMyIIe:
:lm- Qy / ;
— :\Jl PI} zap

IJie m — Macca 3apsia, Kr;

Qy - ynenbHast s3Heprus B3psiBa 4311000 Jx/kr;

P, - HayanmpHOE aTMochepHoe marienue 99325 Ila;

L,qp— AMHHA 3apsiaa, KOTOPas ONpeeNseTcs B HallleM cIydae i IaTPOHOB 1o GopMyIie:
E 4-m

=P po-m-d?>

IJ1e py — IIIOTHOCT NATPOHUPOBAHHKS, B HAIIEM Ciiydae paBHa 1100 kr/m’;

d — nuamerp 3apsiia, M.

Ta6J’II/II_[a 1. PacdeT OTHOCHTEILHBIX BEIIMIHH PACCTOSIHUSA U SHCPI'U B3PbIBA.

Paccrosane  or| duamerp OTHOCHUTEIBLHOC Macca Jlmaa OtHOocuTeIbHAs
CepelMHBI 3apsanal TpyObl, MM paccrosiame R 3apsaga  m, | 3apaaa l,,,, | dHeprus B3pbiBa Q
JI0 CepeINHBI KT M.
6a3bl Ly, MM
45 3,54 0,062 20,8249
500 110 1,45 0,050 0,049 26,3665
160 0,99 0,04 32,5389
45 6,37 0,093 15,8924
900 110 2,60 0,075 0,074 20,1137
160 1,79 0,06 24,8318
45 9,90 0,124 13,1189
1400 110 4,05 0,1 0,098 16,6035
160 2,79 0,08 20,4982

KomupoBanue (akTopoB MPOM3BOAUTCS JUIS TEpPEeBOAa HATypalbHBIX (aKTOpOB B Oe3pasMepHbIC
BEJTUYHMHBI, YTOOBI B JATBHEHUINIEM TIOCTPOUTH TIAH-MATPHILY SKCIIEPUMEHTA.

Ta6mmna 2. KonupoBanue hakTopoB.

WntepBan  BappupoBaHus ¥ | OTHOCHUTEIHHOE PACCTOSIHHE OTHOCHTeNbHAS SHEPTHS B3PhIBA
YPOBEHb (haKTOpOB InR In Q

Hynesoit yposens X;=0 0,925 3,025

WHTepBas BapbHUpOBaHUs 0,925 0,455

Huxuuit yposens X;= - 1 0 2,57
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Bepxnuii yposenb X;=+ 1 1,85 3,48
KonmoBsoe o003HaueHme X1 X2

[Ipu onpexpeneHny UHTEPBaIa BAPbUPOBAHUS LIETIECOO0PA3HO OIMCaHUE NPOLecca JIMHSHHBIM ypaBHEHHEM,
MOPTOMY IIPH KOAWUPOBAHWHM (DAKTOPOB NPUMEHSINCh HATypalbHbIE JIOTapU(pMBl BEIMYMH I Iiepexona oOT
TTOJTMTHOMHAIIFHOHN 3aBHCHUMOCTH (CM. pHC. 2) K IMHEHHOM.

B rtabmmmax 3 u 4 mpencraBieHsl ImaH-martpunbl [1®D u pacuer k0dpPUIIMEHTOB perpeccuu s
OTHCAHUS 3aBUCHUMOCTEH CKOPOCTH yAapHOH BOHEI (D) M OTHOCHTENBEHOM CKOPOCTH yJapHOW BONHEI B Maxax (M)

OT UcclenyeMbIX (pakTopoB X 1 Xo.

Ta6muua 3. [Inan-matpuna [1PD u koadduimenTs perpeccuu st D.

OTBIT X1 X2 X1#X2 Y X1¥Y X2%Y | X1¥X2*Y
1 1 1 1 2141 2141 2141 2141
2 1 1 -1 1212 1212 1212 1212
3 1 1 -1 1318 -1318 1318 -1318
4 1 1 1 2298 2298 2298 2298
Y=B0+B1-X1+B2-X2+B12-X1-X2 B Bl b2 B12
174225 12,75 65,75 477,25
Tabnuna 4. [Tnan-matpuria [1OD u ko3 duituerTs perpeccun s M.
OTBIT X1 X2 X1¥X2 Y X1¥Y X2*Y | XI¥X2*Y
1 1 | 1 6,2823 ~6,282277 | -6,282277 | 6,282277
2 1 B 1 3,5563 3,556338 | -3,556338 | -3,556338
3 B 1 a1 3,8674 3,867371 | 3,867371 | -3,867371
4 1 1 1 6,7430 6,742958 | 6,742958 | 6,742958
BO Bl B2 B12
Y=BOTBL-XI+B2-X24BI2- X1 X2 5,11224 0,03741 0,19293 1,40038

CKOPOCTSIM  yIapHBIX

B xone peanmzanuu minaHa 51abopaTOpPHBIX SKCHEPHUMEHTOB OBUIM IOJYYEHBI CIEIYIOUIME JAHHBIE II0
2.. TlapannenbHble OIBITHI-B3PBIBAHUSA

BOJIH,

KOTOpbIE IPUBELCHBI

Ha pUCYHKE

npeayCcCMaTpuBaJIUCh JJIA IMTPOBEPKU BOCIIPOU3BOAUMOCTHU OIIBITOB U MPOBEACHUA CTATUCTUYCCKUX OLICHOK.

£500

A000

1500

3000

2500

CxopocTs YB, M/t
g

1500

MNonHbld GaKTOPHLIN IKCNEPUMEHT

¥ = -0,0022%7% + 0, 15550+ 35940),2

¥ o= -0,007% & Q0T84 1K 4 32227

¥ 02 2R" 4 10,2518 & ETGES

y = -0,0021% + ., 218% =« FAGR,D

0 100 200 Eo i) 400 =00 GO0 i) -] L] 1000
Paccroase of BB, mm
gy T pry (i ASES0 S0r S0ws +1 +1 s Ty 160S00 SO0 S0 -1 +1 s Trryelia 45000 100v 12w +1 -1
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Puc.2. ITonuslit GakTOpHBIN SKCIEPUMEHT.
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ITo pe3ymbraTaM BBIMIEONHCAHHOTO (PaKTOPHOTO SKCIEPUMEHTA TOCIIEe PacKOOMPOBaHUS (pakTOpoB ObLIH
MOJyYCHBI 3aBUCHUMOCTH CKOPOCTH pAacHpOCTPaHEHUsS YyNApHOW BOJHBI OT OTHOCHTEIHHOTO pPACCTOSHUS U
OTHOCHTEIIbHOW YHEPTHH B3PHIBA B BHJIC HETIOJIHBIX KBAJAPATHBIX YPaBHEHUH:

D =113407InQInR —904,505In Q — 3416,77 In R + 4465,38 )
M=332731InQInR —2,65374InQ — 10,0247 In R + 13,1024 2)

B kadectBe TpaduyecKOil HHTEPHIpETalMU pe3yiIbTaToB (PAKTOPHOrO SKCIEPHMEHTa ObLIa MOCTpPOEHa II0
ypaBHEHHIO (1) THIEPIUIOCKOCT B TPEXMEPHOM (haKTOPHOM IIPOCTPAHCTBE.
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Puc. 3. T'unepriockocTh B TpeXMepHOM (PaKTOPHOM IPOCTPAHCTBE.
IIpoBepka BOCIPOM3BOAMMOCTH OIBITOB IIpoBepsAiack Mo Kpureputo KoxpeHa, a aIeKBaTHOCTh
NIOJIy4E€HHOM Mozenu 1o kpurepuro dumiepa. B3peiBaHus BOCIIPOU3BOJUMBI, TAK KaK BBIIIOJHAETCS HEPABEHCTBO:

G = ﬂ1554-2 =, GI*E‘,DE:‘I-II} o ﬂjgﬂﬁs (3)
IMomyaennas monens (1) anexBaTHa, Tak Kak BBIMOJIHIECTCS HEPABEHCTBO:
F = 3,4‘251 = Fl:ﬁ_.ﬂ'E:d-:l} = ?_.?085 (4)

[IpoBepka anexBaTHOCTH 3aBUCHUMOCTH (1) IOMHMO CTAaTHCTHYECKOH MPOBEPKH MOATBEPIAHMIACH
SKCHEPUMEHTAIbHO, B3pPBIBAHMEM B «HYJEBOH TOUKe». TeopeTHueckoe 3HA4YEHHWE II0 MOJIYYEHHOW MOJenu
cocrasuiio D= 1738,411 m/c, a monmydeHHoe sKcniepuMenTanbsao D,= 1708 m/c.

CrnenoBaTenbHO a/eKBaTHOCTh MOJYYEHHBIX 3aBUCHMOCTeH (1) m (2) moka3aHa M CTaTHCTHYECKHUM U
SKCHEPUMEHTAIBHBIM IIyTeM, II03TOMY MOXXHO OJTH 3aBHCHMOCTH pacCMaTpuUBaTh B KadecTBE MOJIENU
pacupoCTpaHeHHs YIapHBIX BOJH B OIPAaHHYEHHOM IPOCTPAHCTBE MOCTOSHHOTO cedeHHs. B manmpHeHIeM Monens
OyIleT UCTIONb30BaHA NP ONMCAHUH 3aKOHA PACTIPOCTPAHEHHMS YAAPHON BOJHBI B3pbIBA IO TOPHBIM BEIPAOOTKAM.
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ML.I1. MATAPSIH
benopycckuii HayuonanbHbIL MEXHUYECKULl YHUSepCcUumem

HOBBIE KOHCTPYKIIMX PEMOHTOIIPUI'OJHBIX BOAO3ABOPHBIX
CKBA’KUH

OCHOBHBIMH NPHYUHAMH TTOTEPH PAOOTOCTIOCOOHOCTH BOJ03a00PHBIX CKBAKHH SIBIISICTCSI BBIXOJ U3 CTPOS
(GUIBTPOB B pe3yabTaTe KOIbMATAOHHBIX MPOIIECCOB, KOPPO3HUHU U IPYTUX NPUUUH. Y CIIEIIHOCTh M3BJICUCHUS Ha
MIOBEPXHOCTh MECKYIOIMETO (HUIBTPa W €ro 3aMEHBI HEBENNKA, TaK KaK CYIIECTBYET CEPbE3HBII PUCK pa3phIBa
¢GUIBTPOBOH TPYOBI IPM NPEOAOJNCHUH BO3POCIIMX CHJI TPEHHUS, TaK KakK (DUIBTP «cpacTaercs» ¢ IUIaCTOBOM
MOpOJOH NpU MHUHEpaTU3alMd OCAJKOB, BBINAJAIOIIMX M3 BOABL.  BypoBble OpraHu3aluil MPEANOYUTAIOT
nepeOypHUTh CKBaKHHY B TOW )K€ CAHUTApPHOW 30HE, HEXKEJIH €€ PEMOHTHPOBATh, IEPEIIOKHB 3aTPAThl HAa TAMIIOHAXK,
nepeOypHrBaHie ¥ OTYY)KICHUE AOTIOJIHUTEIILHON 3eMIIM Ha BJIaJIeNblia.

[IpakTHyeckn €JUHCTBEHHOH PEMOHTOIPHUIOJHON KOHCTPYKLMEH Ul NPOBENSHMs M3BIEYeHUS (QUIbTpa
SIBJISIETCSI CKBaXKMHA C (QMIIBTPOM «BIOTAal» W IPaBUUHBIM CaJbHUKOM. Ho M OHa B OOJBIIMHCTBE CIIydacB SIBISICTCS
«HEW3BJIEKAEMOW» TpH 3HAYMTENBHBIX JuMHaX ¢wisTpoB. B BHTY Ha kadenpe «[‘maporexHumyeckoe u
9HEPreTUYECKOE CTPOUTEIBCTBOY» MPOBOAATCS PaOOTHI IO COBEPIICHCTBOBAHNIO KOHCTPYKIMI CKBAaXKHH.

Boooszabopuaa ckeadicuna ¢ puipvmpom meneckonuuecKkou KOHCmMpPYKyuu

B  npenmaraeMoil = KOHCTPYKUMHM  CKBa)KHUHBI

1 ¢uIbTpOBas  KOJOHHA  BBINONHEHa W3  HECKOJIBKUX

2  GUIBTPOBBIX CEKLMH, TENECKONMYECKH COEMHEHHBIX MEKIY

,  coboii (pucyHOK 1). DTO MO3BONSET CHU3UTH TPEHHE MPH

: 3 U3BJICUCHUM, TaK Kak (HIBTP H3BIEKAETCS NOCEKIIMOHHO,

l‘ e A-’ 4 HauyuMHas ¢ HIDKHEH  CEKIMU. Mexny  cexuusmMu
5
8
7

yCTAQHABIMBAIOT CaJbHMUK, HaIpuMep, B BHJE KOJIBIIEBOTO
OWIMHApPa W3  3JacTHYHOro  Marepuana.  HawubGonee
NOAXOJIIME COOTHOLICHUS IUAMETPOB BEPXHEH M HUKHEH
‘ CeKIMii (GUILTPOBOK KoJOHHBL: 273/168, 219/114, 168/89
S : R MM, TIpH JUTHHE QUIBTPOBBIX cekuid He 6oxee 9-10 m [1].

O T (71! Py Jns cpaBHEHHs NEOMTOB CKBAKMHBI HOBOM
’ B0 : 9  KkoHCTpYKIMM ¥ THIOBOH ¢ (HIBTPOM, YCTAHOBICHHBIM

15 =S - BIIOTal, BOCIIOJIb3YEMCSI H3BECTHBIM BBIPRKCHHEM UL
- v " §  pacucTa IOHMXCHHS YPOBHA S B CKBAXHHE H DEIIMM €ro
= - SRE RN
16 Eg : OTHOCHUTEINILHO yAenbHOoTo nedoutra Q/S [2]:
B iy Q/S=2nT/lnR/n) ()
| ! rae Q — NeOUT CKBAXKHHBL, M/CYT; S — TIOHIDKEHHE
1 — koHIYKTOD; 2 - 3aTpyOHAas IeMeHTauus; 3 — ypoBHsi, M; T — BOZONPOBOAMMOCTH Imacta M7/CyT.; R —
AKIUTyaTalMOHHAs KOJIOHHA; 4 — HaA(WIBTPOBOAs panuyc BIMSHHS CKBOKHHBL, M; 1y — PaNyC CKBRXXHUHBI, M.
TpyOa; 5 — calbHUK; 6 — OTCTOIHUK; 7 — TpaBuUitHas [Ipeamnonoxum, 4YTO CKBaXHWHbI TNPOOYpEHBI B
3achlnka; 8,9 —cekuuu GUIbTPOBON KOIOHHBL; 10 — WICHTUYHBIX YCJIOBHAX, SBISIOTCS COBEPIICHHBIMH 10
BHyTpeHHUit ¢anew; 11 — HapyxHuuit ¢uaner; 12 — CTCTICHU W XapaKTepy BCKPBITHS IUIACTa, B OJHHUX OYIYyT

MOJBIKHOE KOJIBIIO; 13 — yrmop MOABMKHOTO KOJIBI[A;  YCTAHOBIICHBI CIUIOIIHBIE (MIBTPE auameTpoM 273, 219 u
14 — xoJpIIeBOM IMJIMH] U3 AMACTHYHOIO MaTepuana; 168 MM, B mpyrux — Teneckommdeckue: 273/168, 219/114,

15 - 3axBarHas ckoba; 16 — nHuIE. 168/89 mm. Bomonposoammocts miacta 1000 m/cyT, paanyc
Pucynok 1 — Bogo3zaGopHasi cKkBaKMHA € BiusHUSA — 1000 M.
(GuiabTpOM TEJIECKONNYECKOH KOHCTPYKIUH Pacyersl 1OKa3BIBAIOT, YTO YICNBHBIA OEOUT

ckBaxuH ¢ ¢mieTpamu 273, 219 m 168 MM cocTtaBuT
cootBeTcTBEHHO 29,4, 28,7 1 27,9 MS/‘{*M, a y CKBOXHUH ¢ QUIBTPAMU TEIECKOITNIECKON KOHCTpYKIUU - 28,6, 27,7
u 27 M /a*m, T.e. yaebHbI JOUT NpH Tepexoie K HOBOW KOHCTPYKIMH YMEHBIIHTCS BCero Ha 2,6-3,4%, uto
HECYIIECTBEHHO IT0 CPABHEHHUIO C BRICOKOH YCTIEITHOCTHIO MTPOBEACHUS KaINTAIBHBIX PEMOHTOB.

Booozabopnaa ckearcuna c punvmpom-kapmpuodiricem

3nech pabovas yacTh (UILTPA BHIIOJIHEHA B BUE HAPY>KHOTO TPyO4YaToro (UIBTPOBOTO KapKaca
TIOBBIIIEHHOH CKB2)KHOCTH, B KOTOPBIN IIOMEIIEH CMEHHBIH (QrIbTpoBO# KapTpumK (PUCYHOK 2).
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[IpuHIMNIHaNTEHOE OTIWYHE MAHHOW KOHCTPYKIIMH OT THIIOBOM ¢ (WIBTPOM Ha CIUIOIIHOH KOJIOHHE
3aKJII0OYaeTCsl B HCIMOJIB30BAaHWM CIELHUAIBHOTO CMEHHOTO (DMIIBTPOBOTO KAPTPHUIKA, KOTOPBIM IOMEINAECTCs B
pa60qy}o 9acTh (QUIBTPA, BEITIOJIHEHHOTO B BHIE TPYOUaTOro (IIIBTPOBOTO KapKaca IOBBIIICHHOW CKBAaKHOCTH, H
g CIy’KUT AJIsI TIOJAEPXKAaHUS CTAaOWIBHOTO YAENBHOTO naebuTa
CKB@)XHHBI ITyTEM CBOEBPEMECHHOTO M3BJICUCHHUS 3arpA3HCHHOTO
KapTpuaXa, €ro pereHepalud W IOBTOPHOM YCTAaHOBKH B
ckBaxuHy. KapTpumk nmeer TpyO4aThlii IbIpYaThlii Kapkac W
HapyXHYI0 BOJOIPUEMHYIO MOBEPXHOCTb, BBIIOJIHEHHYIO,
HarpuMmep, U3 MHOJHUATWICH-XOJICTA. 3aKOJIbMaTUPOBaHHbIH
XOJICT KapTpHUXKa MOXKHO MPOMBITh HJIM 3aMEHHTB.

VYTBepkaeHHe O CTaOWIBHOCTH  JebuTa  Takoi
CKBO)XUHBI OysleT 00OCHOBaHO, ecnu (WIBTPOBOH KapTPHIDK

5 4 OyIeT 3acOpSATHCS MEPBBIM, M KaKABIA pa3s, MOMBIBAs €ro N

6 — : = yCTaHaBIMBask HOBBI KAPTPHIK, MBI OyIeM aKKyMyJIHPOBATh B

- S HEM OTIOXKEHWs W  IMPEAyNpekIaTh  PaCIpPOCTPAHCHHE

7 R By " v | KOoJIbMaTaka B Hapy)XHOM (HIBTpE - KapKace W B TPaBHHHON

i, T RN AA o6c¢einke. JIisi IOATBEPIKICHHS TE3HCA O TOM, 4TO (HIBTPOBOM

e, : AR B KapTpuK OyJeT KOJbMATHPOBATHCS MEPBBIM, PAacCMOTPUM

77/ 777 30HAITBHOCTD KOJIbMATAIIMOHHBIX TPOIIECCOB. ITo

1/ uccienoBanusiM B.C. AnekceeBa [3], B THIOBBIX CKBa)KHHAX

--------- J| et HauOONBIIYI0 IUIOTHOCTh M HauxXyJuiue (UIbTPAUOHHBIC

CBOJICTBa MMEET CIO#, KOTOPBI TpPHJIEracT K BOAOMPHEMHOI

1 — xoHAYKTOP; 2 — 3aTpyOHAsA UEMEHTALMS; 3 — MOBEPXHOCTH  (WIBTPA, UYTO OOYCJOBJIEHO YBEJIMYCHUEM

rpaBuiiHas 00CHINKA; 4 — IIMHSHBIA 3aMOK; 5 — CKOpOCTeH (MIbTPAILIMOHHOTO I[IOTOKA BONM3M (HiIbTpa H

OKCILTYaTallHOHHAs KONIOHHA; 6 — paboyas 4acTh JYYITNMHA YCIIOBHSIMH adpallid BOZABL. TakuM 00pasoM, rie

umbTpa; 7 — OTCTONHNK; 8 — HaAQUIBTPOBas CKOpPOCTh Gouiblile, TaM OOJbIIEC BBHIIATACT KOJIBMATAHTA.

Tpy6a; 9 — canbruk; 10 — huiibtp; 11 — OTCTOMHUK;  3apymenm dbopmyny Ui ompeneneHus]  ACHCTBUTENbHON

12 — nentpupyromue ponapu; 13 — xanme; 14 — CKOpPOCTH  (UIABTPAMM ©» KAk  OTHOIICHHE  pacxoja

i)a};;:;:;iﬂ;fogs).mgaﬁopﬂaﬂ I %ﬁig:unom{oro noToka @y K IUIOIATU OTBEPCTUH S,
(uabTpOM-KapTPHIKEM i Q5 5

Sore

Ta€ Some=Sgp Nexe — TIOMAAL OTBEPCTUH PUILTPA, (Sy=27r] — MIOMAnbL 601(013014 MMOBEPXHOCTH QUIIBTPA, F
- HapyXHbIH paanyc GunbTtpa, [ - IMHA QUIBTPA; My — CKBRKHOCTD QUIBTPA) M

B mpeanaraemoii HOBOM KOHCTPYKIMHM BOJI03a00PHON CKBaXXHMHBI C (I)I/IJ'ILTPOM — KapTpHIPKEM IUIOLIAJb
OTBEpCTHH S,,,; PUIBTPOBOrO KApTPHIXKa MEHBIIE, YEM ILIONIAlb OTBEPCTUI HAPY)KHOTO TPyOUaToro (GpuibTpoBOTo
Kapkaca, Tak Kak (puiIbTpOBOH KapTpHIDK HAXOIUTCS BHYTPH HapyKHOTO TpyOdaToro (HMIBTPOBOrO Kapkaca U
nuMeeT MeHbINH paguyc r. [loaToMy ckopocTh GUIbTpauy v yepe3 GHIBTPOBOH KapTpumK corstacHo Gopmyie (2)
Oyzmer OoipIIe, 4eM CKOpPOCTh Yepe3 HapyKHBIH TpyOdarblii (QribTpoBOi Kapkac. A coriacHo [3], KoibMaTaxk
HAYMHACTCS B 30HAX C MOBBIIIEHHBIMU CKOpPOCTSMU (rbrpamuu. OTciofa cienyeT, 4To (GuIbTpOBOH KapTpHIK
Oy/eT 3aCOPSTHCS MEPBHIM.

Jnst BoccTaHOBNEHMST NeOUTa CKBaXKHHBI IPOU3BOJAT M3BJICUCHHE KAapTPHPKA HA IOBEPXHOCTh, €ro
IIPOMBIBKY WJIM 3aMEHY Ha HOBBIH, [TOCJIE Yero BO3BPAIIAIOT KapTPHUK Ha MECTO U IPOJIOIDKAIOT €€ 3KCILTyaTalHio.
B KOHCTpyKUMM HE HCKIIOYAeTCS BO3MOXHOCTh MPOBENCHUS NPO(UIAKTHUECKHX pereHepanuii TpyouaToro
(GUILTPOBOrO Kapkaca HM3BECTHBIMH METOJaMU. becnpersiTcTBeHHOe H3BlieueHHe (HILTPOBOIO KapTpuka Ha
MIOBEPXHOCTh 00ECIIEYNBACTCSI OTCYTCTBUEM TOPHOTO JIaBJIICHHUS BHYTPH KapKaca M KOHTaKTa KOpITyca KapTpHKa C
OOCBITTHBIM MaTEepHaJIOM.

s cpaBHEHHUs NOTEph HAIoOpa W YASNBHBIX J€OUTOB BO/03a0OPHON CKBAXXMHBI HOBON KOHCTPYKLIUH C
(GUIBTPOM-KapPTPUIKEM M CKBaXXHWHBI C OOBIYHBIM IIEJIEBBIM (MIBTPOM, OBII M3TOTOBIIEH WCIBITATEIIBHBIA CTEHA
(pucyHok 3). B Hem ObuTH NpOM3BEAEHBI H3MEPEHHMS NTOTEPh HAIOPa OTIEIBHO B CKBR)XKHMHE C IIEJIEBBIM (QMIBTPOM
d160 MM 1 ¢ GunbTpoM-KapTpuKeM d125 MM, HOMEUICHHBIM BHYTpB IEJIEBOTO (GHUIBTPOBOTO Kapkaca d160 mMm
(pucyHok 4).

164



FOURNRRN IR KGRSO N KRR MR-
b e e e o c——e e — —

1 — meneBoii punbTp d160 MM (B HETO BCTABIISIETCS
KapTpumK d125 MM, Ha cXeMe He MokasaH) ; 2 — Tpyba
neppopupoBanHast d420 MM (Mexny 1 u 2 — oOchInKa);

3 — ciuBHOM narpy0ok; 4 — 6ak d670 mm; S — Pucynok 4 —6mm“l BH/I CMEHHOT' 0
LEeHTPOOEKHBII HAacoC; 6 — CYETUUK BOABL; 7 — ¢uabTpoBoroe kaprpumka (d125 mm) u
MTEE30METPEI meJieBoro puiasTpa (d160 mm)

Pucynok 3 — Cxema cTeHAa VISl THAPABIHYECKHX
HCNBITAHUH QUIBTPOB

Kak moxa3any OIBITH NP YCTaHOBKE (PIUIbTpa-KapTPUIKa BHYTPh IIEICBOTO (IIIBTPOBOTO KapKaca Impu
OJIMHAKOBOM CKBa)KHOCTH 00oux (CKBakHOCTH =~ 18%), morepm Hamopa Bo3pacTaioT B cpenHeM Ha 1-7%, 4To
HECYIIeCTBEHHO. lIpu SKCIEpUMEHTaIbHOM OIPEIeICHUN JCONTOB CKBAXHH OOCHX KOHCTPYKIWN 3HAYCHUS
otimmyganuck Ha 1-3% u B cpegreM coctaBmwiu 11,37 n/c*m, 4To sBIsSeTCS BeChbMa HEIUIOXHM IIOKa3aTeNeM IS
BO/103a00PHBIX CKBOKUH C (GUIIBTPAMU MMOTOOHBIX KOHCTPYKIIHH.

1385: 101188

IIpemnoskeHbl HOBBIE KOHCTPYKIMH PEMOHTONPUTOIHBIX BOJ03a00PHBIX CKBRXKHH C IOBBIIICHHBIMU
CPOKaMHU CITY>KOBI: C (DPUIIBTPOM TEICCKOITMUECKOM KOHCTPYKIINHU; ¢ QUIBTPOM-KapKacOM MOBBIIICHHOW CKBaXKHOCTH
Ha CIUIOLIHOW KOJIOHHE, OCHAIIEHHBIM BHYTPEHHUM (QHIbTPOM-KapTPHIKEM.
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M.C. IUNIEHIKO, B.B. '/IEBKO, M.A. YYPUJIOB
T'OYBIIO «/loneyxuii HAYUOHATLHBIIL MEXHUYECKUL YHUBEPCUMEN )

K BOITPOCY NPOEKTUPOBAHUA BETOHOB JJI51 KPEIIVIEHUSA
YYACTKOB CTBOJIOB, HCIHIBITBIBAIOHINX JE®OPMAILINN
PACTSAKEHUA U U3T'NBA

B HacTosiiiee BpeMsi OCHOBHBIM THIIOM KpEIM BEPTHKAIBHBIX CTBOJIOB SIBIISIETCSI MOHOJMTHAsE OETOHHAs
Kkperb kinaccoB B15 - B25, Tommunoit 300 - 500 MM, mo3Bosisttonas 00eCnednTh YCTOWIMBOCTD CTBOJIOB B IIMPOKOM
JIMaIia30He TOPHO-TEOJOTHIECKUX YCIOBHUIHA.

OjHaKO Ha OINpPEJENICHHBIX Y4acTKaX CTBOJIA, K KOTOPHIM MOXHO OTHECTH 30HBI BIMSHHS HPHUCTBOJBHBIX
BEIPA0OTOK M OYHCTHBIX pabOT, OOJNACTH 3ajJeTaHHs IUIACTOB CIAOBIX IMOPOJX U Jp., B KPEU MOTYT Pa3BHBATHCS
pacTaruBapmue W m3rubaromme  AegopManuy, TPUBOIANIME K  pa3pylICHHI0 OeToHa  BCICICTBHE
TPEIMHOO0Pa30BaAHMS.

AHanu3 OmbITa CTPOUTEIHCTBA CTBOJIOB ITOKA3bIBAET, YTO OCHOBHBIM HAIPABJICHUSM IO YBEIUYCHHUIO
HeCyIIel CIIOCOOHOCTH KPENy Ha pacCMaTPUBACMBIX YYacTKaX SBISCTCS YBEIUYCHHE TOJIIIUHBI KPEIH, MPUMEHCHHE
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MOHOJIMTHOTO MJIN COOPHOTO XkKeIe300€TOHa, YTO MPUBOAUT K 3HAYMTEILHOMY POCTY CTOMMOCTH U TPYAOEMKOCTH
KpEIUICHHS U HE BCera oOecrieunBaeT 0e3peMOHTHOE MOAEpKaHNE CTBOA.

CoBpeMeHHEII YpOBEHb TEXHOJOTMH OETOHAa IO3BOJIICT IPOHM3BOAMTH BBICOKOA((PEKTHBHBIC OCTOHEI,
o0Jaaromue MOBIIIEHHBIMH (PU3UKO-MEXaHHUECKUMH CBOHCTBAMH.

YCTaHOBUB B KayeCcTBE MPHOPHUTETHOTO HANPABIICHUS MOBBIIICHHE COMPOTHBICHUS OCTOHA PACTSIKCHUIO
IIpu W3rude MPH BBHICOKOI MPOYHOCTH Ha C)KaTHEe, MOXKHO BBIIEINUTH B KauecTBE Hanboee 3(pPEKTHBHOTO PEIICHHUS
puUMeHeHUe cTaneGuopoOeTOHOB.

CranedubpoOeToH mpencraBisieT coOOH IUCIEPCHO apMHUPOBAaHHBIA CTaNbHON (GUOpPON MCKYCCTBEHHBIN
KaMEeHHBI Marepuall, MIMPOKO INPHUMEHAEMbII B Ppa3JIMYHBIX OOJACTSAX CTPOUTENBCTBA IPHU IIPOU3BOJCTBE
MOHOJIMTHBIX ¥ COOPHBIX, OETOHHBIX U )K€JI1e300€TOHHBIX KOHCTPYKLHUIX.

ABTOpaMH ¢ LEIbI0 ONpeIeNICHHs] ONTHMANIBHBIX COCTaBOB (MOPOOETOHA BBHIMOIHEH KOMIUIEKC MCTIBITAHUH
Marepualia Ha pacTsDKeHHE TIPH U3ruoe.

I nomyaenus: pudpoderona mcmons3oBanachk pudpa VULKAN HAREX,

W3TOTABIIMBINBaeMas IyTeM (pe3epoBaHMs 3aroTOBOK (CII00B) W MpEACTaBIAIOMAs COOON IUTaCTHHY
CEPHOBUIHOTO (TPEYrONBHOT0) MOMIEPEYHOI0 CEUCHUS, TTOJI0T0, 3aKPYIECHHYIO BAOJb IPOJONBHON OCH, C INIOCKUMH
aHKepHBIMHU OTrHOaMH (3amenaMu) Ha 00OMX KOHIAxX UIMHHON 10 2 MM. muHa Guopsr — 32 + 2 MM, mmpuHa — 3,0
+ 1,2 MM; CKpydHBaHHE OTHOCHUTENBHO MpoaoisHoi ocu — 700 + 300.

HccnenoBanus NpOW3BOAWINCH NPH W3MCHEHHM MponeHTa (HOPOBOTO apMHUPOBAaHUS IO 00BEMY B
npegenax p=0 - 2,0% c marom 0,5%.

Ha puc. 1 npexacraBieHa nosiydeHHas 3aBUCHUMOCTH IPOYHOCTH cTaneuOpoOeTOHa Ha PacTsHIKEHUE MPH
n3rube ot nporeHTa GpuOpPOBOro apMUPOBaHKs. 3aBUCUMOCTb UMEET THIepOOINUECKIN XapakTep.
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Puc. 1. 3aBucuMocTs pouHOCTH cTanepnOpoOeTOHa Ha pacTshHKEHUE pH n3ruode ot |, %

B pesynbraTe McnblTaHWN YCTaHOBJICHO, YTO BKIJIIOYEHHE CTaibHOW (GuOpsl B KoiuyectBe 0,5 - 2,0% no
00beMy B cocTaB OETOHA MMO3BOJISIET YBEIMYHUTH TPOUHOCTD Ha pacTskeHue rnpu u3rude B 1,06 - 2,56 pas.

CpaBHUTENBHBIN aHaJIM3 3aTpaT Ha BO3BEIEHHE MOHOIMTHOrO OeToHa M (hUOPOOETOHA MOKa3bIBAET, YTO
MOHOJIUTHasE OeToHHas Kpemb TommmuHOW 500 MM u kpemb u3 pubOpoderona tommuHOW 300 MM TIpH TPOILIEHTE
apmupoBanus 1,0% umeroT npuOIM3NTEIBHO OTMHAKOBYIO CE0ECTOMMOCTD.

B cBs3u ¢ 3THUM BBIIOJIHHUM ONEHKY 3(dekTHBHOCTH Iepexoga Ha cTaneuOpoOeTOHHYIO Kpemb B
Pa3IMYHBIX TTOPOJIax.

PaccMoTpuM Kamepy 3arpy30uHbIX YCTPOMCTB CTBOJIAa AMaMeTpoM B cBeTy 6,0 M. OTMeTKa KpOBIH
COTIpsDKEHUs pacronioskeHa Ha riryonne 500 M. BeicoTa kamepbl — 15 M, miommaas monepeyHoro ceueHus 36 M2.

ITo 6a3oBOMY BapWaHTy Y4acTOK IMPHUCTBOJILHON BBIPAOOTKH 3aKPETUIEH MOHOJIUTHOW OETOHHOW KPEmblo
TosmuHOM 500 MM, OeToH Kiacca B25.

HoBrlif BapmaHT KpeIUICHHS NpeIyCMaTpHUBaeT BO3BEICHHE Kpemu M3 cTaneduOpobeToHa TONIIHMHON
300 MM, TOJTy4€HHOTO Ha OCHOBE OeToHa Kiacca B25.

Monyns nedopmannu mopos ydactka usmensercs B npenenax E=5 - 30-103 MI1a.

B pesynbraTe uncieHHOTO MOIENHPOBaHus Kamepsl onpenenum kommorneHTs! H/IC kpenu pu 6a3o0BoM 1
HOBOM BapuaHTte. OLeHKY IPOYHOCTU KPENu MPOU3BEJEM COTIACHO peKoMeHaanusMm [1].

3amac Hecymiel cmocoOOHOCTH KPETH OIPEJIEIISIICS U3 BEIPaXKeHUS

R
NS =-"7
O, (1)
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Rnp — npuHATas IPOYHOCTH NOPOT;

ONnp — MakCHMaJlbHble HOPMAaJbHBIC TAHTCHIMAIbHBIC WM OKBUBAICHTHBIC HAINPSOHKCHUS B
paccMaTpHBacMOi 30HE, IPHHIMAEMBbIC B 3aBUCHMOCTH OT BH/1a 30HBL

[Hamnee onpenemnsiercs K03hOUIIMEHT N3MEHEHUS HECYIIeH CITOCOOHOCTH KPEeIH U3 BBIPaKeHUS

NS,
Kyg =",

rne NSH — Hecymas CHIOCOOHOCTH KPEIH TP HOBOM BapHaHTE KPEIUICHUS;

NS6 — Hecymiast ciocoOHOCTH Kpemu pu 6a30BOM BapHaHTE KPEIUICHHUS.

[Ipu BeimonHeHun pacyetroB cpaBHuBasiock HJIC kpemn B Tpex XapakTepHBIX 30HAX y4acTKa Kamepbl
3arpy304HBIX YCTPOHCTB!

1 — GoKoOBasi CTeHKa KaMephl;

2 — MPOTHBOIIOJIOXKHASI KaMepe CTEHKA CTBOJIA;

3 — KpeIb CTBOJIA BBIIIE KPOBJIM KaMEphL.

Ha puc. 2 mnpexncraBmensl rpaduku 3aBucUMOCcTH Kodhdumumenta KNS ot momyms nedopmannu
BMELIAIONIUX HOPOJ B 30HaX 1 - 3 paccMaTpHBaeMOro y4acTKa.
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Puc. 2. 3aBucumocts kodp¢unmenta KNS or wmomyns medopManmy BMEMIAONIMX — HOPOI
B 30Hax 1, 2 u 3 yyacTka KaMepbl 3arpy304HbIX YCTPOICTB

W3 rpaduka BUAHO, YTO TPUMECHEHHE CTalepuOpoOeTOHa SBISETCS KOHKYPEHTOCHOCOOHBIM CIIOCOOOM
YBEJIMYCHUS HecylIeil CIIOCOOHOCTH Kpenu MO CPaBHEHHIO C YBEJIMYCHHEM TONIIMHBI KPelH, U OKOHYATeIbHBIH
BBIOOP JOJDKEH HPOU3BOIUTCS IO Pe3yJIbTaTaM TEXHUKO-3KOHOMHYECKOTO CPABHCHHSL.
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H.C. PEME3, T.A. OCHUIIOBA, B.B. BAITHUYHASI
Hayuonanvueiii mexnuueckuii ynusepcumem Yxpaunul « Kuesckutl nonumexnuyecKuti UHCMumym umMeHu
Hzops Curxopckoeoy

BJIUAHUE I'PYHTOBOI'O OCHOBAHUSA TOJIUT'OHA TBEPABIX
BBITOBBIX OTXO10B U IEPECBIIIKN HA EI'O OCAIKY

B Teuenme mocieqHUX AECATHWIETHH CKOPOCTh 0Opa3oBaHUs TBEpABIX OBITOBEIX 0TX0740B (THO) B Mumpe
IIOCTOSTHHO YBEJIMYMBAJIach M €XKEroJHO Bo3pacTaeT Ha 3-6 %. B pasHBIX cTpaHax MUpa Ha OJHOTO JKHTEINS
npuxoautcss oT 250 mo 1000 kr TBO B rox. Takas cuTyanusi CTaBUT Tepej] YUCHBIMH 3aJady IO OICHKE W
MIPOTHO3UPOBAHUIO yCTOMUMBOCTH NONMMroHOB THO B KauecTBE OCHOBBI COOPYKEHMH. 3aKpBIThle CaHUTapHBIE
TIOJIMTOHBI MCHOJB3YIOT B Pa3HBIX LEJISIX, B TOM YHCIIE KaK MapKd M PEeKpeallMoOHHbIE 0OBEKTHI, KOMMEPUECKHE U
NIPOMBILIVICHHBIE 3/1aHMS, TaKWe KaK CKJIajgbl, OQHCHbIE IIOMEIIEHHs, TOPIOBBIE LEHTPbI, ABTOMArHCTpalH,
HaJ[3¢MHBIE JIOPOTH, JOPOTH Ha CBasgX WM CKOPOCTHBIE [OPOTH, BBICOTHbIE 3maHMA [l], KOHHBIE KITyOBI,
BBICOKOTOPHBIN KPBITHII LIEHTP 3UMHHUX BUAOB CIIOPTA, J€TCKUH Mapk pa3BiedeHui u T.1. [2]. EcTk Takke npuMepsl
MTOCTPOCHHS Ha CPETHEBEKOBBIX TOJIMIOHAX.
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DddeKkTHBHOE HCIOIBF30BaHUE TOJUTOHA TOCHIE 3aKPBITHS TPEOYEeT MOJTOCPOYHOTO IIaHMpoBaHMs. JIJis
BBIIIICYKA3aHHBIX MPOEKTOB OBLIM pa3paboTaHbl TEXHUUECKNE MHKCHEPHBIE PEUICHUS U CTPOUTEIHCTBA TITyOOKIX
1 TTOBEPXHOCTHBIX (PYHAaMEHTOB, CHCTEM KOHTPOJIS MUTPAIIMH CBAJOYHOTO Ta3a W CHCTEM 3aIllUTHI OT 3arps3HCHAN
OKpY’Karouleil cpeabl.

Jis IpOTHO3MpPOBaHUS YCTOWYMBOCTH IIOJNIMTOHA MPEIJIaraeTCsl MCCIENOBAHHUSA €r0 OCAAKH C yYeTOM
HaTPSHKCHHO-IC(POPMHUPOBAHHOTO COCTOSIHHS TOJICTHJIAIOIIETO TPYHTOBOTO OCHOBAHMS W TIEPECHINIKH CIIOCB
OTXO/IOB. JTO TIO3BOJHT MOJIyYUTH OOJiee TOUHYIO OLIEHKY BO3MOKHOCTH HCIIOJBb30BaHHS MOJHWIOHA B KauecTBE
OCHOBAHHS 3[JaHUS WK KOHCTPYKIMH C YIETOM THIIa TIOJCTHIAIOIICTO TPYHTA.

Ocanka sIBISCTCS OCHOBHBIM (DaKTOPOM IPH KCIOJIB30BAHUHM 3aKPHITON CBAJKM B KaueCTBE OCHOBaHUS
coopyxeHus. Jlisi MPOTHO3MPOBAHUSI OCAIAKH 3aKpbITOro moiauroHa THO ObLIO NMPOBEAEHO MaTeMaTHYecKoe
MonenupoBanue. [oKprIBarONIMA U TOACTUIAIONINIA CIIOM ONMKMCHIBAIUCH Monenbio Kynona-Mopa. IIpu atoM Temo
MOJIMTOHA MOJIENTMPOBAIOCH CIa0bIM IPYHTOM C Y4YeTOM MOJ3YYeCTH, HMCIojib3oBasiack Monenb Soft Soil Creep
(SSC) [3].

JlIsl 9UCNIEHHOTO pEIIeHMs 3afadyd HCIIOJIB30BAJCA METOJ[ KOHEUHBIX 3JIEMEHTOB. PacuerHas obGmacth
MIOKPBIBAJIACh TPEYTOIBHBIMHU 3JIEMEHTaMH B KosmdecTse 178.

Pacuer ocamgkm mpoBoamics Ha mpumepe monurona ThHO, pacnonoxxenHoM B T. Bopucmons, Kuesckoit
obmactu. [lonmuron BBeneH B 3kcmuryaTanuio B 2003 Toxy B COOTBETCTBHH C MPOSKTOM HA MeCTE OTPabOTaHHOTO
MECYaHOTo Kapbepa, ero IUIomans cocraBisteT 6,5 ra. Ilomuron mpuHEMan uckimrountenbHo ThO B KommyecTBe
okoito 85 Thic. TOHH B roj. OOmiee KOJMUECTBO OTXONOB oueHHuBaercss B 0,723 MJH. TOHH, cpenmHssl TiryOuHa
cocraniger 18-20 m.

Ocazxka omnpenensiiach Ha ydacTke nmonurona 50x50 M ¢ y4eToM MOMIaroBoi Harpy3Ku MOJUTOHA OTXOJaMHU
yepe3 30 JieT mocne ero 3aKphITUs, Tak Kak npuMepHo 90 % ocalok MPOUCXOMUT B TEUEHUE MEPBBIX MATH JIET, U
MOJKET IpoAoIKaThes B TeueHue 25-30 ser Oosee MeAJICHHBIMH TeMIaMu [4].

Ha pa3HbIX y4acTKax MMOJIMIOHa B €r0 OCHOBE HAXOAATCS IVIMHA M NeCOK. Bbu1o mpoBeeHo MogennpoBaHue
JUISL IBYX BapUAHTOB: C IPOMEKYTOUHOH MEPECHINKOIl MECKOM depe3 Kaxple 3 M OTXO0JI0B U 0e3 Hee.

JedopmupoBanHas pacdeTHas 00JacTh IMOJUTOHA C TIMHUCTBIM TTOACTHJIAIONICH CIIOEM IpeicTaBlIcHa Ha
puc. 1. VI3 aHanm3a 4UCICHHBIX PacyeTOB CIEAYET, YTO MAKCUMaJIbHAS BepTUKaIbHasA Aedopmanus cocrasiser 2,27
M. Ecnm mopctrmarontuii ciroit mecok, To aedopMariys 3HAUUTEINEHO YBETUUUBACTCA U cOCTaBIseT 2,61 M.
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Puc. 1. JlepopmupoBaHHas pacueTHas 00J1aCTh MOJUIOHA C TIIMHUCTBIM MOJCTHIIAIONIEH clloeM

Jisa mccnenoBaHMS BIMSHUS TEPECHIIKM HAa OCAJIKy IIOJBINOHA IPOBOAMIOCH MOJEIMPOBAHHE €ro
ne(OpMHUPOBAHHOTO COCTOSIHUSA NPH MEPECHITIAaHUN CJIOEB OTXOJIOB BBICOTOH 3 M CIOSIMH TecKa. Y CTAHOBJIEHO, YTO
Ha TIOJIMTOHE C MEPECHIKON HaOJI0AI0TCs 3HAUYNTEIbHO MEHbIIe JedopManuy 1Mo CpaBHEHMIO C IIOJIMTOHOM 0Oe3
nepecblnkd: Ha 32 % MeHbllle Ha MOJUIOHE C TIMHUCTOM ocHOBOM, Ha 30 % - ¢ mecuanoi. Tak, eciu
TIOJICTHJIAIONIMH CJIOH - TIMHa (puUc. 2), TO JOCTHIAlOTCs BEPTUKANBHBIE AedopMarmu 1,55 M, eciii B OCHOBE TIECOK

(puc. 3) - 1,82 M. B mpoIEeHTHOM COOTHOIIEHWH OcCajKa K BbICOTE MOJMroHa cocrasiser 14,2 % m 15,26 %
COOTBETCTBEHHO.
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Puc. 2. BeprukanbHble CMEIIEHHS TIOJIMTOHA C TIEPECHITKON M ¢ TIMHUCTHIM NOACTHIIAIOLIEH clioeM (B
MIPOICHTAX)
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Puc. 3. BepTukansHble qedopManny NOJIUIoHa C MEPECHINKOM U ¢ IeCUaHbIM MOCTHIIAONIIMM CIIOEM

BoiBoabl. MccrienoBaHO BIMSHUE MOJCTUIIAIONIETO TPYHTA M MEPECHINTKH Ha ocaaky nosurona ThO mist
OIIEHKM BO3MOXXHOCTH €r0 HCIOJb30BaHUS B KadeCTBE OCHOBAHUS CooOpyxeHHs. IIpoBeneHO dHCIECHHOE
MOJICIIUPOBAHKE  HANPSHKCHHO-ICPOPMHUPOBAHHOTO COCTOSIHUSL TOJIMTOHA ¥ TOJACTHJIAIOIIETO TPYHTA C
HCTIONB30BaHUEM METO/a KOHEUHBIX 3JIeMEeHTOB. /[ Tesna MOMMToHa HCmois3oBasack Mmonens SSC, s
TPYHTOBOI'O OCHOBaHUS U Mepechinky — Mojaens Kynona-Mopa. UccnenoBanusi npoBoIMIMCH Ha IPUMEPE MOJUTOHA
B I. bopucnons, Kuesckoit o0macTm.

YcraHOBIIEHO, YTO NPHU OJMHAKOBBIX MapaMerpax Teja MOJUIOHA, MOJUIOH C IMeCYaHbIM OCHOBAaHUEM
moJiBepraercsi OOJNbIIeH OcalKe, YeM IMOJUTOH C TIIMHUCTHIM OCHOBaHueM (Ha 13 %). Habmromaercst 3HaYUTENBHOE
BIIMSIHHC TIEPECHINTKN Ha BeNMW4uHy nedopmaruii. Tak, [Uis TIMHECTOTO OCHOBAaHUS OCaJiKa yBelHdmiach Ha 32 %,
JU1s1 IecyaHoro ocHoBaHust — Ha 30 %. B pe3ynbpTaTe NpoBeJEeHHBIX UCCAEA0BAHUNA MOXKHO CIENaTh BBIBOJ, YTO MPHU
MIpEeJBapUTEIFHOM IUIAHWPOBAHUH TIOJIMTOHA HEOOXOOMMO IPEenycMOTpeTh mepechinky cioeB ThO u BeOMpaTh
y49acTKH ¢ 0Oojee IUIOTHBIM TPYHTOM JUII BO3MOXXHOCTH HCIIOJIB30BAaHUS €r0 IIOCHE 3aKPBITHS B KadeccTBE
OCHOBaHHMsI coopyxeHHHH. Eciii He ObUIO NMpeBapUTENIbHOTO IUIAHTUPOBAHUS W/UITM B OCHOBAaHHMHU JICKUT CIa0bIi
TPYHT, HEOOXOIUMO MTPUMEHATH Pa3IMYHBIE METOB! YIUIOTHEHHS FIJTH MCIIOJIB30BaTh €T0 C MEHBIINMHU Harpy3KaMH
(Tapku, pekpearMoHHbIe 30HbI, OJIS IJIS TOIb(a).
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APPLICATION OF THE MINERAL LIBERATION ANALYZER IN
MINERAL PROCESSING

Abstract

The Mineral Liberation Analyzer combines an Scanning Electron Microscope (SEM) and multiple Energy
Dispersive X-ray detectors with automated quantitative mineralogy software. SEM-based automated mineralogy
tools are essential in measuring parameters, such as modal mineralogy, mineral locking, mineral association,
theoretical grade - recovery and mineral liberation. Such quantitative information are fundamental to investigate the
mineralogical characteristics of an ore and evaluate its mineral processing.

A carbonaceous apatite ore sample from Lao Cai deposit, Vietnam was used in this study. The
petrographic, mineralogical and mineral liberation observations showed that the ore sample is quite complex,
containing carbonate impurities (dolomite and calcite) and having very fine intergrowth texture. The fine
intergrowth in complex apatite ores requires very fine grinding for liberation in flotation.

1. Introduction

In order to have mineralogical information, some tools were developed early such as the optical microscope
and/or the semi-automated scanning electron microscope (SEM). However, using these tools alone is time
consuming, costly and frequently produce semi-quantitative results from datasets that are too small to be statistically
valid [1]. Automated scanning electron microscopy coupled with energy dispersive X-ray spectroscopy (auto SEM-
EDX) like the Quantitative Evaluation of Minerals by SCANning electron microscopy (QEMSCAN) or the Mineral
Liberation Analyser (MLA) provides detailed characterisation of the ore.

A MLA instrument is an automated mineralogical characterization working based on image analysis of
grayscale back-scattered electron (BSE) images coupled with chemical analysis of the different phases by EDX.
This information can be used to determine both quantitative mineralogical data and mineral processing-relevant
parameters. Samples for automated SEM-EDX are grain mounts (polished epoxy blocks) of 30 mm in diameter or
sliced and polished parts of drill cores.

1.1 Measurement outcomes

The various measurement outcomes of the MLA are: mineral reference, particle and grain properties, modal
mineralogy, calculated assay, elemental distribution, elemental and mineral grade and recovery, particle and mineral
grain size distribution, particle density distribution, mineral association and locking, phase specific surface area,
mineral liberation by particle composition and free surface. More detailed information of the brief selections of

170



measurement outcomes and their definitions as well as benefits of the parameters can be found in FEI [2] and
Sandmann [3].

1.2 Functional principle

The concept of liberation analysis using MLA is a BSE image which is false coloured based on the
information from EDX measurement, BSE detector and the atomic number of the elements in the mineral. The main
image analysis functions used particulation (with three steps are background removal, online de-agglomeration and
clean-up) and segmentation of the image [4]. The particulation starts by removing the background of the BSE image
(Fig. 1a). After background removal any potential touching particles in the image are separated by online de-
agglomeration. Three shape factors including circular ratio, rectangular ratio and combined ratio determine if a
particle is agglomerated respectively is touching another particle. The next step of the liberation analysis is to
recognize all individual mineral phases and define their boundaries in a particle (Figs. 1b).

The different measurement modes are available in the MLA measurement software, were designed for
specific application, such BSE, XBSE, XMOD, GXMAP, etc. The procedure with XBSE-STD collects reference X-
ray spectra for each mineral phase present in the specimen [1-3]. The MLA system performs one X-ray analysis for
each grey level region in a particle (Fig. 1d). The extended BSE measurement mode (XBSE) was applied in this
study to define the mineral composition of a particle.
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Figure 1 How MLA works: a) BSE-image of the polished surface of a mount, b) X-Ray analys1s for each phase, ¢)
matching of X-Ray spectra with the Mineral Reference Library for classification, d) Particle classification and
Processing of the false coloured image

2 Material and methods

2.1 Sample preparation

The apatite samples for this study originated from the Mo Coc deposit, Lao Cai, Vietnam and were
provided by the Vietnam Apatite Limited Company. The reserve mass is considerably high and as a result is one of
the largest in Lao Cai province. The rock is a sedimentary carbonaceous fluorapatite (apatite type 2) rich in
carbonates (calcite and dolomite). The entire sample of about 150 kg was crushed at the Institute of Mechanical
Process Engineering and Mineral Processing, TU Bergakademie Freiberg. The crushing was done in the steps jaw
crusher-cone crusher-roller mill with gap widths of 50 mm, 15 mm and 2 mm, respectively.

After crushing to an upper particle size of approximately 2 mm the feed sample was used for milling tests.
The batch milling tests were done in a laboratory ball mill in 8 minutes grinding time. The feed sample was sized
into four size fractions by using wet screening on a 20; 32; 50 pum sieves. Five samples, the feed sample, and the
four different size classes, were used for mineral liberation analysis.

2.2 Mineral liberation analysis (MLA)

The procedures of sample preparation and a description of the exact analytical procedure is provided by
LeiBner [5]; Sandmann [4] and LeiBner [6].

The material samples from milling tests were mounted in an epoxy block. Polished epoxy grain mounts of
samples were prepared by mixing of 3 g aliquots of solid material, graphite and epoxy resin. Resulting sample
blocks (30 mm in diameter) were ground and polished at the Sample Preparation Lab of the Helmholtz Institute
Freiberg for Resource Technology. Before using the MLA, the polished epoxy blocks are carbon coated with a
Leica (Baltec) MED 020 vacuum evaporator to ensure conductivity of the sample surface and avoid surface
charging due to electron beam interactions.
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The MLA comprises a FEI Quanta 650F SEM (FE-SEM) equipped with two Bruker Quantax X-Flash 5030
EDX detectors and FEI’s MLA suite 3.1.4 for data acquisition was used for automated data acquisition and
processing. Identification of mineral grains by MLA is based on backscattered electron (BSE) image segmentation
and collection of EDX-spectra of the particles and grains distinguished in BSE-imaging mode. Collected EDX-
spectra are then classified using a list of standard mineral spectra collected by the user. More detailed information
on the functionality of the MLA system can be found in [1] and [7]. The MLA measurements were carried out at the
Geometallurgy Laboratory at TU Bergakademie Freiberg and the Helmholtz Institute Freiberg.

3 Results and discussion

3.1 Modal mineralogy

Modal analysis is the process by which the volumes of the individual minerals are obtained. Based on the
volume (given as area-% as it is a two-dimensional method of measurement) and density of each mineral to the
weight % is calculated by the software (Table 1). The main constituents of the feed sample are apatite (64 wt.-%),
carbonate minerals (27 wt.-%), silicates (8 wt.-%) and 1 wt.-% other minerals. The results shows the 20-32 pum size
class containing highest amount of apatite, and low grade in coarse particle (>50 um). The ore samples are high
grade, however rich in carbonate which have similar physical properties like apatite.

Table 1 Modal mineralogy of feed sample and four size classes

Minerals eed 20 pm 20-32 pm 32-50 pm 50 um
Apatite 4.07 223 72.51 68.71 0.85

Dolomite 20.69 20.62 16.93 19.46 27.37
Calcite 6.11 8.38 4.09 3.88 6.84

Silicates 7.98 7.47 5.64 7.06 13.28
Others 1.16 1.3 0.82 0.89 1.66
Total 100 100 100 100 100

3.2 Mineral grain size distribution/ Particle size distribution

The results of particle size distribution and the mineral grain size for apatite, dolomite, calcite and silicates
are show in Fig. 2.

The grain size of silicates and apatite are coarser, but smaller for calcite.

100 100
& ——<20 um
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£ 80 | —a—20-32 ym g .—/‘.\I’/’.\.
Ef,g ——32-50 um ,,;;
> —8—>50 ym =
= =
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| 10 100 Apatite Dolomite Calcite Silicates Others
Apatite grain size / um Minerals

Figure 2 Particle size distribution and mineral grain size distribution of four size fractions

3.3 Mineral liberation

The mineral liberation by free surface for apatite, carbonate, silicates and others are shown in Fig. 3. The
free surface decreases with increasing particle size, which shows why the sample should be ground so fine.
However, high fine content strongly affects the flotation process.

The free surface of apatite and also gangue mineral are quite high. It is fundamental to get high separation
efficiency in mineral beneficiation, this data also regarding to the reagent consumption for flotation process. The
results are shown in Fig. 4. The main gangue which interlocked with apatite mineral is composed of carbonates
(dolomite and calcite).
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Figure 3 Mineral liberation by free surface Figure 4 Mineral association

4 Conclusions

The ore characteristics observations from MLA show that the apatite ore has a very fine intergrowth
texture. The fine disseminated complex apatite ore requires grinding to small particle sizes for sufficient liberation
with respect to downstream flotation. The mineralogical characteristics of different size fractions are very useful for
the design of the flotation process. Especially in very fine flotation the fine particles strongly affect the bubble-
particle collision rate and thus negatively impacts the rheological properties of the slurry.
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PREPARATION OF THE DIAMOND-METAL INTERFACE IN
ALDIAMOND MMCS

Abstract

Diamond-MMCs are an emerging material class in the fields of thermal management and tribology. A
pivotal aspect that needs to be fulfilled in order to surpass the currently used materials in these sections is a strong
bonding at the diamond-metal interface. The investigation of the said interface however is quite challenging since
classic materialographic preparation methods fail due to the extreme hardness of diamond. Therefore an alternative
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preparation method by laser-cutting was investigated. In order to see if the presented method is applicable for the
preparation of the diamond-metal interface, Al-diamond MMCs with different amounts of interfacial reaction
products were fabricated, prepared by this method and investigated by electron microscopy.

1. Introduction

Metal matrix composites (MMCs) with diamonds as inclusion material are an emerging material class in
the working fields of thermal management [1], where the extraordinary high intrinsic thermal conductivity of the
diamond is exploited, and tribology [2], where the exceptional hardness and wear resistance of the diamonds are
used. In both cases a strong bonding between the metal matrix and the diamond inclusion is the key to fully utilize
the unique properties of the diamonds, in order to render the resulting MMCs superior properties to materials, which
are currently used in the respective fields of application. This bonding can be improved by numerous ways, which
all address the establishment of an intermediate interfacial layer between the diamond inclusion and the metal matrix
[2, 3]. However as it is the case for almost every newly emerging material, proper characterization methods to
investigate this diamond-metal interface are missing. The preparation of this interface is especially challenging,
since classic materialographic preparation methods by grinding and polishing fail, due to the extreme hardness of
the diamonds, especially when incorporated into a soft matrix, as it is the case for MMCs in the thermal
management section. Hence new methods need to be found in order to enable a full investigation of this emerging
material class and take them one step closer to their breakthrough in their respective fields of applications. A method
currently used by many groups for AI-MMC:s is the electrochemical etching method developed by Molina et al. [4],
where the metal matrix is selectively removed by electrochemical means, leaving only the diamond surface with the
attached reaction products untouched. A major drawback of this method however is that the actual interfacial
structure between the metal and the diamond cannot be observed and only the interfacial reaction products at the
prepared surfaces are visible.

In order to see if the method presented in this work is applicable for the investigation of the diamond-metal
interface, Al-diamond MMCs were prepared using different processing conditions, which result in different amounts
of interfacial Al4C3 formed during the production process, as it was already shown in [5], and investigated using the
featured method.

2. Experimental

2.1 Preparation of the MMCs

Samples were produced by gas pressure assisted liquid metal infiltration of mesh 70/80 diamonds of
nominal quality SDB1125 (ServSix GmbH, Karlistein, Germany) with 3N Aluminum. The diamond particles were
used in as-received condition and were tap-packed into a graphite mold, which was then inserted into a crucible
system. A solid Aluminum block was placed on top of the crucible system, which was inserted into an autoclave.
The device was subsequently evacuated to a final pressure of about 0.3 mbar. Afterwards the heating was started
with a rate of 18 K/min until the final infiltration temperature of 1170 K was reached. After reaching the infiltration
temperature an Argon-gas pressure of 35 bar was applied. It can be supposed that the contact between metal and
diamond is established as soon as the pressure has been applied. Therefore the contact time was taken as soon as the
Argon was let in. After contact times of 1 and 10 minutes respectively, the heating was turned off and the samples
were furnace cooled to room temperature within 30 minutes. The diamond volume fraction was determined by
densitometry to be 64 £1 vol.-pct. These rather high amounts of diamonds are typical for diamond MMCs in the
field of thermal management.

2.2 Preparation of the interface by laser-cutting

The laser device used for the cutting of the MMCs was a fs-laser system, obtained from Femtolasers
Produktions GmbH, which comprises a Ti:Sapphire laser-oscillator-amplifier system. The significant process
parameters are given in Table 1. The sample was mounted onto the rotational axis of a spinning disc and the laser
was focused onto the sample. A traversing device with a steady drive was used in order to cut the samples through.
In order to protect the freshly cut surface from oxidation and to remove the erosion material a protective He-gas
flow of 60 1/min was established during the cutting process. After initial experiments to determine the ablation rates
and ideal focus depth, in order to minimize graphitization of the diamonds during cutting, (not shown), the samples
were cut and the generated surfaces were then investigated using a FEI Company Quanta 200 electron microscope.

Table 1: Process parameters of the used laser-system

Pulse duration [fs]: 30
Pulse energy [mJ]: 0.8
Repetition rate [kHz]: 1
Central wavelength [nm]: | 800

3. Results & Discussion

The surfaces of the two MMCs prepared by laser-cutting are shown in Figure 1. It can be seen, that the
diamonds displayed in Figure 1, show a lamellar structure, which is a common feature in laser-cut surfaces and is
called Laser Induced Periodic Surface Structures (LIPSS). Images taken with back scattered electrons (not shown),
as well as EDX-investigations (not shown) suggest that the intermediate phase formed is indeed Al4C3. Hence layer
like structure of diamond-Al4C3-Al-matrix can be clearly seen for both samples. A distinct increase in the Al4C3
layer thickness upon increasing the contact time from 1 to 10 min is visible in Figure 1, which corresponds with the
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results of former work [5]. A clear layer like structure can be seen and therefore this method appears to also be
suited for the characterization of MMCs with coated diamonds.

a)

diamond

Figure 1: SE-images showing the microstructures of AI-MMCs produced with 1 (a) and 10 min (b) contact
time, prepared by laser-cutting

4. Summary

It could be shown, that the presented method is capable of generating microstructures for the investigation
of the interface between the diamond inclusion and the metal matrix. The laser cut surfaces show nice clean
interfaces between the diamond and the metal matrix, after initial optimization of the process parameters. These
surfaces allow not only the investigation of interlayers generated during the reaction, but furthermore can be utilized
to study the interaction of diamond pre-coatings with the metal matrix. An additional feature of a clean cut surface is
an easy determination of the layer thicknesses, which cannot be done for this material class with any other method.
Therefore the preparation of diamond-metal interfaces by laser cutting holds huge potential for MMCs with
diamonds as inclusion materials.
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LASER MICROTEXTURING OF TOOL STEEL SURFACE

Abstract: In this paper basic information about laser surface texturing of tool steel are presented. To obtain
net of dimples on a tool steel surface, the diode-pumped solid-state picosecond laser with a 355nm operating
wavelength was used. As the investigated material tool steel ASP 2023 type was used. Different dimple diameters
with the same distance between them were obtained as a result.

Introduction: Tool steel alloys are the most common steel alloys in almost all area of technologies. This
type of steel contain carbon concentration between 0,5% to 1,5% and the total chemical composition depends on the
steel purpose. There are six groups of tool steel dedicated for different purposes which possess different properties
and method of producing. Material used in this paper is in a group of high speed steel which is characterized by very
high wear resistance and hardenability. Among the methods of tool life increase the surface treatments with laser
source are getting more and more attention. First principles of stimulated light emission were described in 1916 by
Albert Einstein. In 1960 based on his theory first working laser was built. Fast developing area of laser application
caused strong interest of engineers. Nowadays, laser processing are well known in almost all area of technologies
and is applied for every kind of material. The most popular are: welding, cutting, drilling, machining, texturing and
general tooling. The main aim of laser surface micromachining is to develop surface area with changed properties
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applicable in a particular purpose. Lasers used to this kind of treatment are constantly being improved and the time
of laser pulses is shortened, which results in improved quality of micromachining[1-5].

This paper investigates the influence of laser microtexturing parameters on surface made by picoseconde
pulsed laser with the aim to increase surface area of tested material.

Material and experiment: Heat treated tool steel ASP 2023 with chemical element concentration in wt %:
C- 1,28, Cr- 4,2, Mo- 0,5, W-6,4, V- 3,1, Fe- rest, was used. The steel bars were cut into rectangular blocks in
dimension (I)3cm x (w)2cm x (h)0,6 cm each. Surface of samples were mechanically grinded to achieve similar
roughness than previously prepared material were subjected to laser texturing. The experiment was accomplished by
A-355ps Laser Micromachining system with a 355nm wavelength diode-pumped solid-state picosecond laser.

. Wavelength: 355nm

. Pulse length: 6ps (nominal)
. Pulse Frequency: 1-400Hz
. Beam diameter: 1,5 mm

. Average Power: 48pum

. M? parameter:<1,2

Microtexturing process was carried out using different parameters such as repetition rate and marking
speed. Four number of passes types was used, 1, 5, 10 and 20 times. Diameter of obtained marks were measured.
Metallographic analysis was carried out at the light microscopy.

Results and discussion: Microtexturing of tool steel was carried out by 355nm laser working at 4Hz
frequency. Obtained dimples are in a range of 30-45um in diameter, the distance between them was 200um. Figure

Fig.1. Image of dimples distribution: a) single pulse, magnification 50x b) 20 pulses in one place,
LM, 100x

— [ — -

- ——mmw= o e W

Fig. 2. Image of single dimple after different number of pulses in the same place: a) 5 pulses, LM,
1000x, b) 20 pulses, LM 500x

The diameters of dimples obtained after single pulse are the smallest and is in the range of 30-35um.
Diameter measurement results are similar after 5 pulses, the biggest change is well observed after 20 pulses in one
place and is in the range of 35-40um. The average diameter were measured in 20 differentlylocated dimples.
Figure 2 shows single dimples after Sand 20 laser pulses on material surface. The depth of obtained dimples were
measured using Laser Confocal Microscopy, figure 3 shows the results. After single pass depth of dimples was in
range 1,1um and increase with every number of pass, after 20 passes depth was equal to 3,7um.
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Fig. 3. Topography of single dimple after 20 passes obtain by confocal microscopy. Nie ma tam wykresu z

profilem przez srodek?

Conclusion: According to the assumption there is observed influence of laser parameters changes on the
size and shape of the dimples created by laser surface texturing. Microscopic observations showed that increasing
the frequency of the laser beam and increasing the number of passes of the laser beam on the track increases the size
of created microtextures. Furthermore it was proved that increase of number of passes of the laser beam increase the
depth of microtextures.
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THE COMPARISON BETWEEN TRADITIONAL SOLVENT
EXTRACTION (SX) AND EMULSION LIQUID MEMBRANE (ELM)
TECHNIQUE-PART 1

Abstract

In this paper, a series of comparison tests between traditional solvent extraction method and emulsion
liquid membrane technique has been performed. These comparison tests usually include but are not limited to
morphology and droplet size test; pH variation test; transport kinetics test; loading capacity test; stripping efficiency
test; cost estimation test, etc. These tests can be used as effective tools to obtain quantitative process parameters for
researchers and process designers. Here only morphology and size test and pH variation test were introduced.

1. Introduction
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Traditional solvent extraction (SX) method has been widely used for heavy metal extraction in industry for
the past several decades !". It generally works by dissolving an metal extractant into the organic solvent (such as
kerosene), once the organic phase was mixed with the aqueous phase that containing the metal ions, these metal ions
will be extracted into the organic phase by the extractant. A newly emerged emulsion liquid membrane (ELM)
technique was developed by Li in 1968 and has been researched ever since . The difference between SX and ELM
method is that ELM method incorporates an organic phase containing finely dispersed aqueous droplets (usually
acid such as H,SQ,), in which stripping process occurs after metal ions are extracted into the organic phase. Thus,
ELM is said to combine extraction and stripping process in one single step °). However, almost all the researchers
perform tests only using SX or ELM method thus very little information exists for comparing these two methods. A
series of comparison tests need to be performed for researchers and process designers to familiarize with these two
processes. These results obtained from these tests may also reveal a good way for process optimization in the future
work.

2. Experimental

2.1 Materials

Kerosene (reagent grade) purchased from Sigma-Aldrich was selected to be the organic solvent for both SX
and ELM method. Cyanex 301 sample was provided by Cytec Canada, and used as the nickel extractant without
further purification. The same amount of Cyanex 301 was dissolved into the same volume of kerosene for both SX
and ELM method as the oil matrix. For ELM method, Sorbitan monooleate (Span-80, Sigma-Aldrich) was used as
the surfactant to stabilize the water in oil emulsion. Sulfuric acid (H,SO4 Fisher Scientific) was selected to be the
internal stripping liquor. The treated NiSO, solution was made by dissolving a calculated amount of nickel sulphate
into distilled water. A general comparison of components between SX and ELM method is listed in Table 1:

Table 1 A comparison of components between SX and ELM method

Term SX ELM
Organic solvent (kerosene)
Components Metal extractant (7.2 wt% Cyanex 301)
N/A Surfactant (2 wt% SPAN 80)
N/A Stripping liquor (0.5 mol/L H,SO,)

2.2 Comparison tests.

2.2.1 Droplet morphology and size test

With the help of mechanical stirrer and oil in water surfactant (TWEEN 20), the oil phase can be stabilized
as oil in water emulsion droplets for SX method and water in oil in water emulsion droplets for ELM method in the
aqueous phase. The droplet morphology test was performed by examining these formed droplets using the optical
microscope, the droplet size was analysed by ImagelJ software.

2.2.2 pH variation test

A comparison of the pH variation curves of the feed phase was made between SX and ELM method after
contacting the organic phase with NiSOy, solution of different initial pH, the aqueous pH was taken on every minute
basis. This test was to explore the chemistry property of the test and reveal the effect of the leakage of internal
stripping liquor to the feed phase pH.
3. Results and Discussion
Figure 1 shows examples of droplet morphology for SX and ELM methods under optical microscopy:

(a) (b)

Figure 1 The morphology of droplets for SX (a) and ELM (b) under optical microscopy

The biggest difference from Figure 1 can be seen that for ELM, the oil droplets contain few finely dispered
acid droplets. The droplet sizes for SX and ELM methods are calculated using ten photos, the result showed that the
average droplet sizes for SX and ELM are 73 and 102 um respectively.
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Figure 2 shows the pH variation curves after mixing NiSO4 solution at different initial pH of 2, 4 and 6
with organics from SX (a) and the ELM (b) method. It can be clearly seen that the reaction is a pH decrease process
and most derease occurred within the first few minutes for both (a) and (b), which also means that this is a fairly fast
chemical reaction with the majority of the reactions occurring within the first few minutes. It is also noticeable that
(b) always resulting a lower pH than (a), which can be explained by leakage of internal H,SO, droplets from the
ELMs into the feed phase during stirring. The percentage of leakage can also be determined by comparing the
difference in the feed phase pH between SX and ELM method. It can also be seen that (a) always brings a slight
higher extraction rate than (b) at all pH ranges, while pH 4 brings the best extraction rate.
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Figure 2 pH variation curve after mixing NiSO, solution at different initial pH of 2, 4 and 6 with oil matrix
from SX (a) and the ELM (b) method; initial nickel ion concentration of 300 ppm.

5. Conclusion

A series of comparison tests between SX and ELM method have been performed. Droplet morphology and
size tests showed the droplets from ELM method usually contain smaller internal stripping acid droplets. The pH
variation tests showed that the process is a pH decrease process with an exchange of hydrogen ions by nickel ions.
While NiSO, solution pH 4 brings the highest extraction rate. The breakage of internal H,SO, stripping liquid into
the environment is inevitable thus needs to be considered during the future tests.
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MEASURING FLOTATION WATER OVERFLOW USING AN IN-SITU
CONDUCTIVITY SENSOR

Abstract

The water overflow rate of the froth zone gives indication to various properties of the froth including the
amount of entrained material and the mobility of the froth. The measurement of water overflow in real time would
provide operators an additional tool to monitor, and in turn, control the flotation process. Conductivity can be used
to measure water in dispersions and thus was investigated for use in measuring water overflow rate. For a laboratory
flotation column, a relationship was developed between the input air rate and measured relative conductivity of the
froth to predict the water overflow rate for the frother PPG 425.

1. Introduction

The froth zone has two main roles in froth flotation: the upgrading (cleaning) of the concentrate from
entrained gangue mineral, and to provide a transport medium from the pulp to the concentrate launder [1, 2]. The
cleaning of the concentrate occurs as a result of the drainage of water from the froth that contains gangue material
[3]. From this, the water overflow collected with the concentrate can be directly related to the level of entrained
gangue material [4, 5, 6]. The effectiveness of the transport to the concentrate launder through the froth zone is also
affected by the water recovery. A large water content (suggesting a large water overflow) indicates a more stable
froth, and a more mobile froth [7]. These concepts show that the water overflow and water content of the froth can,
to some extent, be used to control the flotation response. The use of real-time water overflow measurements would
be useful to operators to monitor and control the flotation process.

2. Theory

Conductivity, ¥ (mS cm™), is an intensive property describing a solutions ability to conduct an electrical

current. In a two-phase dispersion (water — continuous phase, air — dispersed phase), the relative conductivity, K, is
defined as:

K= Keffective Equation 1

Keontinuous

where K_z¢ is the effective conductivity of the dispersion (both water and air), and &

ef fective is the
continuous phase conductivity (just that of water). This relative conductivity can be in turn, related to the amount of
dispersed phase in the dispersion, i.e. the water content [8-14]. There are numerous models to describe this
relationship, and care must be taken to choose to appropriate model for the conditions of the dispersion being
measured. Lemlich [8] derived the following relationship for dispersions of low water content (akin to the froth

zone):

COFEL HLOTE

g =3K Equation 2

where &; is the water content of the dispersion. Lemlich’s model will be applied to relate the measured relative
conductivity to water content in the froth zone.

3. Experimental

Experiments were conducted to relate the water overflow of a two-phase (water-air) system to the relative
conductivity measurements taken of a section of the froth zone.

3.1 Materials

The frother used in the study was polypropylene glycol (PPG) 425 (Sigma-Aldrich, United States). The
frother concentration during the tests was varied in 5 ppm intervals from 10 — 30 ppm. Montreal tap water was used
as the solution water.

3.2 Apparatus

Tests were conducted using a 10.2 cm internal diameter column, 4.6 m high. The column was equipped
with a temperature transmitter and gas flow rate meter connected to a computer, using the data collection software
iFix. A conductivity sensor was constructed using three 10.2 cm diameter stainless steel rings threaded flush to the
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walls of PVC pipe. The electrodes were 1 cm wide, spaced 2 cm apart, oppositely charged, to create a geometric
cell constant of 40.5 cm. The conductivity sensor was attached to a Yokogawa EXA DC 402 supplied by a 120V 60
Hz AC, with a resistivity range of 0.00 kQ - 999 MQ. The conductivity sensor was fitted to the top of the column,
flush with the column wall. Tests were conducted at two different froth depths: 21.6 cm and 31.6 cm. Gas flow
rates varied from 1.0 - 2.0 cm s in 0.2 cm s intervals. Water overflow rate was measured using a graduated
cylinder and stopwatch technique.

4. Results and Discussion

Figure 1.a. shows the relationship of water overflow rate (cm s™') (normalized by the column cross sectional
area (cm?)) and relative conductivity at different input gas velocities (cm s™). The different water overflow rates
(and thus different relative conductivities) were produced by varying the frother concentration for a given air rate.
The results from Figure 1.a. show that there exists a relationship between the water overflow rate and the relative
conductivity for a given air rate. Note that the concentration of frother has no effect on this relationship. The effect
of froth depth was also investigated by conducting experiments at two different froth depths and was also shown to
have no effect on this relationship. The effect of gas rate on the water overflow rate is more apparent when looked at
from a theoretical approach. Taking a water overflow rate, (.. (em’ s, the magnitude of this flow is relative to
the water content, &, and volumetric rate of the froth overflowing, G Froth (cm3 s'l):

we — errxh £ Equation 3
The volumetric rate of the froth overflowing is driven by the input gas rate, g(cm3 s™), and the stability

of the froth. The stability of the froth is represented by the factor ¢2 termed the drainage factor:
Qrroth = Qg @ Equation 4
Equation 4 implies that with a perfectly stable froth (¢z = 1), all the input gas to the system will transfer
to the volumetric rate of the overflowing froth (indicating no froth bubbles bursting, signifying a perfectly stable
froth). Substituting Equation 4 into Equation 3, and using Lemlich’s model (Equation 2) for relating water content
to relative conductivity, K, the following relationship can be made:
Que= Q¥ 3K Equation 5
The problem then becomes in defining the drainage factor, g2. An empirical relationship (adjusted R? value
of 0.767) was determined by calculating the drainage factor for each data point in terms of relative conductivity and

input gas velocity, [ g(cm s, defined below:
=0931K], Equation 6

Converting the volumetric flow rates to flux rates in Equation 5 (by dividing the flow rate by the cross-
sectional area), and substituting in Equation 6, an empirical model was developed relating the water overflow rate to
the input gas rate and the measured relative conductivity:

fie: = WO31 5 3K Equation 7
This model is plotted in Figure 1.a., and it’s accuracy is shown in Figure 1.b, and:
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Figure 1 — a) Relationship of water overflow rate to relative conductivity under different air rates and PPG
425 concentrations and; b) Predicted vs actual water overflow rates from the model in Equation 7.
5. Conclusion
Through this study, an empirical model relating the water overflow in a two-phase frother system to the
input gas rate and relative conductivity was made:
Joos:= QOFL )2 32 Equation 7

A drainage factor was introduced to quantify the drainage and stability of the froth that increased with
increasing relative conductivity and input gas rate. A conductivity sensor capable of measuring live water overflow
of a flotation process could provide information regarding the performance of the flotation process, mainly, the
stability of the froth, and thus recovery of the concentrate material, and the amount of entrained gangue material,
and thus grade of the concentrate material. Future work will include investigating this relationship using different
frothers, and the introduction of particles to see their effects on this relationship. Confirmation of Lemlich’s model
of relative conductivity to water content will also be investigated.
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THE APPLICABILITY OF HIGH MANGANESE STEELS OF TRIPLEX
TYPE IN THE SUPPORT OF MINING EXCAVATIONS

Abstract

The paper presents the possibility of using high-manganese steel in the mining industry, for example, the
support mining excavations, elements of mining machines. This article is a review of the literature on modern steel.
Describes the structure and mechanical properties steels of TRIPLEX type. First of all, attention was paid to
constant high manganese steels about the structure of multiphase TRIPLEX steels, which are characterized by high
strength properties, high ductility, and high deformability technology. Attention was drawn to the unique properties,
as well as the mechanisms in steel.

Key words:support mining excavations, elements of mining machines, high manganese steel, mechanical
properties

Introduction

Mining excavations is called space in land or in the rock mass resulting from mining operations [1]. To
support these excavations are used in the support of mining excavations, which are designed to ensure their stability
over a set period of time, maintain the required cross-sectional dimensions, job security of people and machines.
Depending on the type of support and the use can be made of classification for [1-3]:

° type and system of support,

° basic design features and way of working,

° the material used per support,

° the type and the way cooperation with rock mass.

The diverse geological structure of the rock mass contributes to the application of different types of
support. Due to the quick assembly, durability, possibility of multiple use, and high pressure resistance of the rock
metal support are considered to be the most economical in operation. To the requirements of the mining supports are
e.g.: strength, stability, and ease of replacement, corrosion resistance, ease of transport [1-6].

High manganese steels of TRIPLEX type have a very good combination of mechanical properties and
plasticity, therefore, can be used among other things in the mining industry for example as a material for supports of
mining excavations, elements of mining machines.

High manganese steels of TRIPLEX type

High manganese steel for good have already found their place in the field of scientific research high-
strength steels, while retaining high plastic properties. In recent years developed many new types of steel having a
high manganese content (> 8%), which most often are classified into three groups depending on the chemical
composition and structural mechanisms decisive for obtaining optimal mechanical properties designated as TRIP,
TWIP and TRIPLEX. They are a perspective material when it comes to the use wherever in addition to high strength

of the material is desired as high plasticity (Fig. 1) [6-10].
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Fig. 1. Schematic representation of the mechanical properties of steel [6]

High manganese steels of TRIPLEX type have a high manganese content (18 - 35%), aluminum (8 - 12%)
and carbon (0.5 - 2%) (Tab. 1), are characterized by a good combination of strength and plastic properties, and also
at low density (bellow 7 g/cm’). They are included in structural steel high strength. Among the high manganese steel
they have a high yield strength (0.8-1.2 GPa) and elongation and the tensile strength value are between values of
tensile strength TWIP and TRIP steels. The addition of aluminum (8 - 12%) reduces the density and consequently
the weight of the article relative to the conventional steels. Unfortunately, it affects the increase in corrosion
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resistance and oxidation. On the strengthening of the steel solutions they affect additions of silicon and aluminum,
and carbon stabilized austenite. Manganese is a major alloying element, which provides austenitic structure. In
contrast, addition of carbon of 0.5 - 2% reduces the weldability and the problem of the welded steel connections [8-
11].

Tab. 1. Examples of chemical compositions of steels TRPILEX, wt%

Mn Al C other elements References
24 12 1,2 - [7]

28 8,6 0,7 - [7]

23,83 10,76 0,98 0,2 Si; 0,048 Nb; 0,019 Ti [11]

27 12 0,9 - [8]

High manganese steels of TRIPLEX type have a three-phase structure consisting of austenite y-Fe (Mn, Al,
C), ferrite a-Fe (Mn, Al) and precipitates k- carbide (Fe, Mn);AIC (Fig. 2). The mechanical properties are formed
during the cold plastic deformation, which may occur during the martensitic transformation of austenite to
martensite o or €', mechanical twinning and dislocation glide. Mechanical properties to a large extent determined by
the occurrence of k- carbide (Fe, Mn);AlC, its location, size, and morphology. k- carbides can cause the occurrence
of embrittlement of steel during plastic deformation at room temperature when the grain boundaries are formed on a
large separation. Constantly dispersion precipitates of nanoparticles carbide in the austenitic matrix k exhibit
superior strength. The specific energy absorption value of about 0.4 J/mm® is characteristic for these type of steel.
Effect of SIP (Band Shear Induced Plasticity) is the primary strengthening mechanism of high manganese steel
TRIPLEX (EBU ~ 100 mJ/m?) consisting in the formation of shear bands in the austenite, which intersect each
other. Shear bands with evenly distributed carbides, which show coherence matrix, hinder the movement of
dislocations. The result of this effect is the high rate of strain hardening [8-11].

10 peny’ BT = 20 00V

i WO = 150mm

Fig. 2. The microstructure of high manganese X105MnAlSi24-11 steel (a) LM (b) SEM

Summary

Optimum selection of support of excavations is to take the technical parameters of the support, as well as
the economic aspect. The design of the enclosure must provide the functionality and safety of the excavation work,
while maintaining the economic viability of the entire project. Important is the choice of an appropriate material for
the housing mine workings because of its durability, reusability or assembly speed. The material that meets these
requirements is high manganese steel of TRIPLEX type. This type of steel characterized by high strength properties,
high ductility, and high deformability technology, may find application in the mining industry.
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A MECHANISTIC KINETIC MODEL FOR DIRECT ZINC PRESSURE
LEACHING

Abstract

In the current study, a numerical mechanistic kinetic model for direct leaching of zinc from iron containing
sphalerite concentrate is presented. The model is based on the well-known shrinking-core model approach.
However, in order to consider possible chemical changes that might take place in the liquid phase the model is
solved numerically. This also makes it possible to separate and quantify different factors that might limit the
leaching process. It is suggested that the most probable leaching mechanism is a combination of the acid attack and
electrochemical reaction mechanisms. At first, zinc sulphide reacts with hydrogen ions at the surface of particles
liberating zinc ions and forming hydrogen sulphide. Then in the next step, hydrogen sulphide is oxidized by ferric
ions or molecular oxygen according to an electrochemical reaction mechanism. The estimated reaction orders for the
oxidants are close to 0.5 which supports the electrochemical mechanism. The mechanism of sphalerite leaching also
involves simultaneous surface reactions and internal diffusion of oxidants. The obtained results show that the rate of
the leaching process is mainly limited by the surface reactions. However, internal diffusion might decrease the
leaching rate in some cases up to 50 % at higher sphalerite conversions. It is also demonstrated in the study that new
information can be obtained about the kinetics of sphalerite leaching, the parameters affecting the leaching rate and
the uncertainties involved in the model predictions.

Keywords: direct pressure sphalerite leaching; kinetic modeling; parameter estimation

Direct oxidative leaching of zinc sulphide concentrates in an acidic environment is a complex process. It
involves reactions between ZnS and the oxidizing agents at the reacting surface of the concentrate particles,
decrease of the active surface area of the particles as the reaction proceeds, intraparticle diffusion of oxidants in the
pores of the particles, gas-liquid and liquid-solid mass transfer which might limit the access of reactants to the
reactive surface, and changes in ferrous and ferric ion concentrations in the liquid phase as iron is dissolved from the
particles together with zinc. Due to the complexity of the process, the reaction mechanisms and the rate limiting
factors are not yet fully understood and there exists some controversy in literature about the prevailing reaction
mechanism. However, in order to design leaching reactors in a reliable way it is essential to have deep
understanding how the process conditions affect the leaching rate.

Xie et al. (2007) used the shrinking-core model to explain their results obtained at 120-150 °C and 0.8-
1.4 MPa of oxygen. According to the authors the leaching process appears to be limited by surface chemical reaction
rate. The apparent activation energy was found to be 55.04 kJ/mol. Harvey et al. (1993) also studied sphalerite
leaching at temperatures 130-210 °C. It was found in their studies that the reaction follows the shrinking-core model
and is controlled by chemical reaction rate. The reaction mechanism was postulated to be of electrochemical nature
with dissolved oxygen as the oxidant. The reaction order for oxygen was found to be 0.5.

Zhukov et al. (2017) present the full model description. Due to the strict limitation of article pages, not all
reactions and equations can be shown and the main kinetic equation for ferrous iron in the liquid bulk can be written
as:
dc ,, m
s e Mo ) An+ 240, M

dt My 7, My,

In the current work the experimental data presented by Xie et al. (2007) is used for the development of the
sphalerite leaching model. The data covers a wide range of operational conditions and forms a good basis to develop
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kinetic models and to study parameter values, parameter reliability and the effect of uncertainty in the model
predictions.

In the parameter estimation the coefficient of determination is 97.54 % which is just slightly lower than for
the general power law model. Comparison of the measured and predicted conversions for zinc is presented in Fig. 1.
The predicted values are in very good agreement with the experimental data. The estimated parameter values are
presented in Table 1.

Table 1 Estimated parameter values and their standard error for the electrochemical mechanism.
Coefficient of determination is 97.6 %

para value para value
meter meter
kl,mean 3.07x n -
107 2 0.372
k 29.1x
2.mean . 9. n, 0.259
E, D,, 1.88x
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Fig.1 Comparison of the measured and predicted conversions of sphalerite in direct zinc pressure
leaching. The solid lines represent the predicted values by the model, the circles represent experimental data. Each
row of the subfigure shows the effect of different variables: a — particle size (runs 1-4), b — temperature (runs 5-8), ¢
— pressure (runs 9-13), d — acid concentration (runs 14-18), e — initial ferrous ion concentration (runs 19-22).

Conclusions

The objective of this work was to develop a mathematical model for direct zinc concentrate pressure
leaching to study in details the effect of different rate-limiting steps to the kinetics of the leaching process. For this
purpose a numerical shrinking core model was developed. The parameters of the model were estimated and fitted to
experimental results from literature for pressure oxidation of high iron sphalerite. Two reactions, oxidation by
molecular oxygen and oxidation by ferric iron, were considered. A probable reaction mechanism is suggested where
the leaching starts by acid attack mechanism to produce hydrogen sulphide. In the next step, hydrogen sulphide is
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oxidized by molecular oxygen and ferric ions according to an electrochemical reaction. It was found that this
electrochemical mechanism explains well the experimentally observed one-half reaction orders for the oxidants. It is
also possible to show in the current study in details how internal diffusion affects the leaching rate. The obtained
parameters show that the reaction is mainly controlled by surface reactions. However, internal diffusion can
decrease the leaching rate by up to 50 % at high zinc conversions, high temperatures and ferric ion concentrations.
The obtained parameter values for sulphuric acid reaction order and activation energy are in close agreement with
the values presented by Xie et al. (2007).

It is concluded that by using advanced statistical mathematical methods new information about the kinetics
of sphalerite leaching, the parameters affecting the leaching rate and the uncertainties involved in the model
predictions can be obtained.
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AM. BJIUHOB
IOV BIIO JIHP Jlonbacckuil 2ocyoapcmeeHHbvlil meXHu4ecKuil yHugepcumem, 2. Anuesck

PAIIMOHAJIBHBIN PEKHUM BBIITYCKOB ITPOJYKTOB
IJIABKHM U3 'OPHA JIOMEHHOM NEYU

BaxHyto poip B COBpEeMEHHOH TOMEHHOW IUIaBKE HWIpaeT OpraHu3amus paboTHl TOpHA, KOTopas B
3HAUUTEJBHOW Mepe 3aBUCHT OT CJIEAYIOIUX (akTOpoB: JPEHaKHBIX YCIOBHH B HEM, BSI3KOCTH pacIlIaBOB,
MOPO3HOCTH KOKCOBOM HAacaJKu M pa3Mepa LEHTPaJbHON MaJlOAaKTUBHOM 30HBI B HMXKHEW 4acTU JTOMEHHOM IeuH,
peXuMa BbIITYCKOB IIPOYKTOB ILIaBKH, JMAMETpa U JUIMHBI KaHaJla YyTYHHOH JIETKHU.

IIpu HOpMaNbHOM XOJI€ JOMEHHOMU [1€YM YPOBEHb PACILIaBa B TOPHE NIEPE]l BBIIIYCKOM HaXOAUTCSA HUXKE OCU
BO3AYLIHBEIX (QypM (puc. 1, a).

a — HOPMAJIBHBIN X01; 6 — IMepernoNHeHIe TPOAYKTaAMHU TUIaBKU
Pucynok 1 Pacronosxenne ciioeB 4yryHa U IIJIaka B TOPHE JOMEHHOM Medn

IIpy HEZOCTaTOUHOM KONHMYECTBE BBIMYCKOB MPOJAYKTOB IUIABKUA MPOHCXOJUT IEPENOJHEHHE TOpHA,
YPOBEHb IIJIaKa TOJAHUMAETCS BBIIIE OCH BO3AYIIHBIX (GYpM M IIPOMCXOIUT Aedopmaiusi odaroB ropenus (puc. 1,
6). x ock cMmemaercss K CTEHKaM TOpHA, 4YTO IIPUBOJUT K pa3BuTHIO nepudepuitHoro xoxa. Pacmonoxenue
(¢ypMeHHOro odara B MPOCTPAHCTBE MEYM 3aBHUCUT OT JUHAMHYECKOTO JABJIEHHS JyThsi, KOTOPOMY
IIPOTUBOAEHUCTBYET pauaIbHOE AaBICHUE MaTepHaia, a MpU NepernoIHEHUN T'OpHa — U CTATUYECKOE NaBICHUE CIIOS
nutaka. [Ipu yBenwdeHHH pa3MepoB 30HBI TOPEHHUS M, COOTBETCTBEHHO, YBEIWYCHHH IUIOUIAN €€ TOBEPXHOCTU
JTUHAMUYECKOE JaBJICHHE YMEHBIIAETCs, YeM JOCTUTaeTCsl pABHOBECHE CHIL.

IIpn packpeITUM oOdYara TOPEHHUS TPOUCXOAWUT CHI)KEHHE IWHAMHYECKOTO [aBJICHHS, TaK KaK OHO
pacupocTpansiercs Ha Oonpmryro Twromaab. COOTBETCTBEHHO, MTUHAMUYECKOE [ABICHHE HAa IOBEPXHOCTH 30HBI
TOPEHUSI MOXXHO HAaWTH, YMHOXXHB JHHAMHUYECKOE JaBJICHHE MyThs B (ypMe Ha COOTHOIICHHE IJIOMIAAeH CedeHus
KaHaia (ypMBl U TUIOIIAAN TOBEPXHOCTH OvYara.

WzBectHO, 4TO uMTeNbHas paboTa C nepudepHiHBIM TOTOKOM Ta30B HPUBOAMT K YCTOHYHBOMY
3arpOMOXK/ICHHIO OCEBOHM YacTH 1e4YH W (OPMUPOBAHHIO LIEHTPAIHHOW MallOAKTHUBHOW 30HBI, 8 BIOCIEJICTBUU — K
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oOpa3zoBaHui0 «ToTepMaHa». [Ipn 00pa3oBaHMM IEHTPANbHON MAaJOAKTHBHON 30HBI BCIIEACTBHE YBEIHYCHUS
KOJIMYECTBA OCTATOYHOTO IIaKa YMEHBIIAETCA IMOJE3HBIH 00beM TopHa. JlaHHOE SIBICHHE CBSI3aHO C TEM, YTO
«TOTEpMaH», HAaXO[sCh B IIGHTPE METAJUIONPHEMHHKA, NPEMATCTBYET IIPOXOXICHHIO IUIAKa C AWAMETPAIbHO
IIPOTUBOIIOIOXKHON CTOPOHBI OT YyT'YHHOH JIETKH Yepe3 KOKCOBYIO HACAKY.

JlaHHBII BHJ paccTpOWCTBA XoAa IOMEHHON Te4yd HaOmomancs Ha AJYEBCKOM METaLTypTHIecKOM
xombuHate. B okrsbpe 2013 roma ma JIT Ne5 o6bemom 1719 M’ 6BLTO OTMEUEHO CHIKEHHE CPEIHECYTOUHOM
MPOU3BOUTEIBHOCTH arperata ¢ 3352,7 1/cyt (centsope) mo 3032,02 t/cyr (okts6pe). Bonee nerambHOe,
MIOCYTOYHOE PAacCMOTPEHHE MapaMeTpoB pabOTHI arperara Mokas3aio, 4to ¢ 10 OKTAOps KOJIMYECTBO BBITYCKOB
MIPOJYKTOB IUIABKH ObUIO CHHMXKEHO ¢ 14—15 o 12—13 B cyTkH, a 11 OKTAOps: NpOM301LLIO MTaJieHUe MPOU3BOJICTBA.

Jns uccnenoBanusi 3TOM HpoOieMbl HAa OCHOBAaHMHU IOKaszaTesied pabOTHl Me4Yn M TEXHOJOTMYECKOH
HHCTPYKIMU TIO JOMeHHOMY mpou3BoiacTBy [TAO «AMK» TU 229-J1-031-17-2008 Obu1 mpoBeleH MOCYTOYHBIN
no(haKTOpHBIN aHaJIU3, KOTOPBIA TOKa3all, YTO YPOBEHb IPOU3BOCTBA AOJDKEH ObUT OBITH B cpenHeM Ha 107 T/cyT
6onmpie. Hanbosee BEposITHO, YTO 3TO PACXOXKACHHWE CBS3aHO C IMEPETOJHEHHEM TOpHAa W3-3a COKPAIICHUS
KOJIMYECTBA BBIITYCKOB NMPOAYKTOB IUTaBKU. C 18 OKTAOpst Hadascsi poCcT NPONU3BOJUTENBHOCTH, U TIOCTEIIEHHO OHA
BBIIINIA HA NPEXHUH ypoBeHb. M3 modakTopHOTO aHanmm3a BHIHO, YTO JUIS BOCCTAHOBIICHUS IIPEXKHETO YPOBHA
MIPOU3BO/ICTBA TEXHOJOTUYECKUH MEPCOHAI NMPUMEHMI PSR CTAaHJAPTHBIX PEIIeHWH. BBIIO CHIKEHO comepxaHue
kpeMHuA B gyryHe ¢ 0,72% no 0,6%, nossimena temmepatypa ayThsi ¢ 1029° C no 1067° C, moBsIIEHO coepKaHIe
kuciopoga B nytee ¢ 23,37% no 23,54%. OTm meHCTBUS MO3BONWIM YK€ B HOSIOpE BEpHYTBbCA K TPEKHUM
rmokasaresisiM B pabore.

B mapre 2014 roga IAII Ne5 ITAO «AMK» onare cHM3MJIA MPOU3BOAUTENBHOCT. KOJINYECTBO BBIITYCKOB
MPOJXYKTOB IUIABKK OCTABANOCh Ha mpexHeM ypoBHe 12—13 B cyrku. K atomy BpemeHHM Ha medn oOpa3oBaiics
MIEPEKOC YPOBHS 3aChIMH, BEI3BAaHHBIHM 3arpOMOXKIEHHEM TOpHA U3-3a CHCTEMAaTHYECKOT0 ero NepenojHeHus. B atom
nepuose neyb He Opana AyTbe, IOCTOSIHHO MPOMCXOIWIM TojaBUCaHUs IUXThl. B mae 2014 rona meus paboTaia
HepoBHO. [lepekoc ypoBHS 3aCHIIM YCTPaHUTh HE YAAJIOCh. DTO CBUAETEIBCTBYET 00 00pa30oBaHMM LEHTPAIBHOMN
MaJIOAaKTHBHOW 30HBI («TOTEpMaHa») M, KaK CIEJCTBHE, Pa3BUTHH YACTHYHOTO IepudepuiiHoro xoxa. B Ttakom
pekuMe 1edb mpopaboTaina BIUIOTh A0 OCTaHOBKH B aBrycre 2014 rona. BriocneacTsun, npu KanuTalsHOM PEMOHTE
meun (oceHp-3uMa 2014 roma) B ee TOpHE OBUT OOHAapYXEH IUIABAIOMIAN «TOTEpPMaH», KOTOPBIH HMeI
KOJIOKOJI000pa3Hyto (opMy ¢ amameTpoM OcHOBaHHUS 7,8 MeTpoB, BbicoToi 1,8 Merpa, maccoit 560 tonH. OH
HaxoJWJICAd Ha YPOBHE BO3AYIIHBIX (ypM (IO oTYeTaM MOAPSIHON CTpouTenbHOW opraHm3anuu JloHO6acc-JlHenpo-
Crpoii).

AHanu3 paboThI ey Mokasall, 4To AJIsl HOpMaJIbHOM paboTel arperata 12 BBITYCKOB IPOJYKTOB IIJIaBKH B
CyTKM HEJOCTaTOYHO U3-3a TIEPENOJHEHHA TOpHAa U MOCIEeAYIOIMX PAcCTPONCTB Xoda IulaBku. Jlns
NPEAOTBPALICHUST  3aTPOMOXK/ICHUS] METAJUIONPUEMHUKA MPOM3BEACH pacyeT HeoOXOJUMMOTO KOJIHYEeCTBa
OTOpOXKHEHHH TopHa 1o Metoauke A.M. HoBoxarckoro.

B cooTBeTCTBMM € BBINOJIHEHHBIM PAacyeTOM OIPENeNICHO, YTO AJIS yCTpaHEHHs mepudepuitHoro xoxa,
JMKBUJAINHN 00pa30BaHUS «TOTEPMaHa» W CO3AHUS TEXHOJOTMYECKUX YCIOBHUH Ul (POPCUPOBKH TAHHOW IEUH /10
4000 T/cyT HEoOXoAMMO HWMETh 15 BEINYCKOB UyryHa M IUIaKa ¢ pexuMoM 51 MuHyTa Habop u 45 MUHYT
OTIOPOXKHEHHE.

BriBoabI:

1. B Xxome mpOBENEHHBIX TEOPETHUECKHX HCCIEAOBAHUI YCTAHOBIEHO, YTO IPH HEAOCTAaTOYHOM
KOJIMYECTBE BBIITYCKOB MPOAYKTOB IUIABKU U Je(hOPMALH 04aroB TOPEHHsI IIPOUCXOANT PA3BUTHE NMEpUPEPHIHHOTO
X0Zla ¥ YMEHBIICHHE NMPOM3BOJUTEIBHOCTH JAOMEHHOW meun. JnTensHas paboTa B TaKOM pEXHUME MPHUBOAMUT K
00pa30BaHUIO LEHTPAILHON MaIOAKTUBHOM 30HBI, M KaK CJIEJICTBUE, KTOTEPMaHay.

2. Ilpoenen anamu3 pabotel HAII Ne5 ITAO «AMK» B mepmoxn c oxtsOpst 2013 r. mo mait 2014 1.
VYCTaHOBIIEHO, YTO M3-32 YMEHBIIEHUS KOJMYECTBA BBIMYCKOB MPOAYKTOB IUaBKU ¢ 14-15 mo 12-13 B cyTkm
MPOU30IIUIO CHIDKEHHE CPEJIHECYTOYHOW MPOU3BOAUTENILHOCTH arperata ¢ 3352,7 t/cytr mo 3032,02 Tt/cyr.
HecMoTps Ha psn NpeanpHHATHIX TEXHOJIOrHMYecKHx Mep, ¢ siHBaps 2014 roma NpOW3BOJUTENBHOCTH HEYH
TIOCTOSTHHO cHIDKaslachk. OKpy’KHOE paclipe/ielIeHHe TEMIIEPaTyp M MOKa3aHHs YPOBHEMEPOB CBHECTEILCTBOBAIIN 00
00pazoBaHUM «TOTEPMaHay.

3. JlaHHBIE TEOPETUUECKUE U NIPAKTUYECKHE UCCIIEN0BaHM MOTBEPAKIEHBI IIPU KanuTaabHOM peMoHTe JI1
Ne 5 TTAO «AMK», B ropHe KOTOpO#l OBLT OOHAapyXeH «TOTepMaH» KOJIOKOJIOOOpa3HOW ()OPMBI C JHaAMETPOM
ocHoBaHus 7,8 M, BeicoTOM 1,8 M, Mmaccoii 560 T.

4. TIpoBeACHHBIN TEXHOJOTWYECKUI pacdeT IoKaszaj, 4YTO IS YCTpaHEeHHs MepuepuiiHOro XO0ja,
JUKBUAAINN 00pa30BaHUA «TOTepMaHay U HopMmaiam3anuu xona JIT NeS Heo6xoanmMo nMeTs 15 BBITYCKOB UyT'yHa H
[IaKa ¢ peskuMoM 51 MuHyTa Habop U 45 MUHYT ONOPOXKHEHHE.
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A1. BACUIEB, ILH. CAMOKH!IL, C.B. ’)KYPABJIEBA
Hayuonanvnas Memannypeuuecxas Axkademus Yepaunot (Ykpauna)

NCCIEJOBAHHUE KQHTAKTHOFI JIMHUMU 11OJIOCBHI C BAJIKOM
ITPU XOJIOJHOMU IMTPOKATKE 1I1OJIOC C HATA’KEHUEM

Ilpu x0100HOU npoxamke NOAOC ¢ HAmMaAdNCEHUeM OeQopmayus paouaibHo20 YAPY2020 CHCAMUS BAIKOG
npuobpemaem 3Ha4eHUs, cousMepumbvle ¢ AOCONIOMHBIM 00HCAMUEM NOLOCHL, 6 Pe3YAbImame 4e2o NPOUcxooum
cyujecmeennoe UCKadiceHue KOHMAKMHOU JUHUU Memald C UHCMPYMEHmOM U e€ Onucamue ypasHeHuem
OKPYICHOCMU CMAHOBUMCSL HEKOPPEKMHbIM. YCMAaHO81eHo, UmMO ¢ YMeHbUleHuemM mOMWUHbl NOA0ChL U C
yeenuyeHuemMm KOHMAKMHbIX HOPMATbHBIX HANPA*CEHUN TUHUS KOHMAKMA Memaiid ¢ UHCIPYMeHMOM Npu XOL00HOU
NpoKamKe ¢ HamsAMCeHuem npuoopemaem hopmy CrOHCHOU KPUBOLL.

At the cold rolling of strips deformation with tension of radial elastic roll compression acquires values
comparable with absolute reduction of a strip. As a result a substantial distortion of metal contact line with tool
takes place and description of this line by means of circumference equation becomes incorrect. It was established
that with decrease of a strip thickness and increase of contact normal stresses the metal contact line with tool
acquires the form of an intricate curve at the cold rolling.

Karwuesbie cioa: XOJIOJHAA IIPOKATKA, TOHKAA IIOJIOCA, HATSXEHUE, JIMHUA
KOHTAKTA, VIIPYTUE JJE©@OPMAILINU

IocranoBka mpo6semsbl. [Ipu X0JI0OQHOH NpoKaTke TOHKUX W 0CO00 TOHKUX Hosoc aedopmanus
panuagbHOTO YIPYroro CXKAaThsl BAJIKOB NPHUOOpETAeT 3HAUEHHsI, CON3MEPUMBIE C aOCONIIOTHBIM 00)KaTHEM IOJIOCHI,
B pe3yJbTaTe 4Yero MPOUCXOAMT CYIIECTBEHHOE MCKa)KEHHUE KOHTAaKTHOW JIMHUM METalljla ¢ MHCTPYMEHTOM M e€
ONHCAaHNE YpaBHCHHEM OKPYXHOCTH CTAHOBUTCS HEKOPPEKTHBIM. Y CTaHOBIICHO, YTO C YMCHBIICHHUEM TOIIIIHHEI
TIOJIOCHL ¥ C YBEIMUCHIEM KOHTAKTHBIX HOPMANBHBIX HANPSDKCHUH JTMHUS KOHTAKTa MeTala C MHCTPYMEHTOM IpH
XOJIOMHOHM TIpOKaTke MpuoOperaeT (OpPMY CIOKHOW KPUBOW, B TOM dHcle (OpPMY KPHUBOH C OTpHIATEIHFHOU
KpUBHU3HOU. B CBSI3U ¢ 3THM KOHTaKTHAasI JIMHUS METaJUIa C HHCTPYMEHTOM IIPH XOJIOJHOW MPOKAaTKE TOHKHX IMOJIOC
BMECTO JAyTH, ONHCAHHOW ypaBHEHHEM OKPY)XHOCTH, NpHoOpeTaeT ¢opMmy Oomee ciokHOW KpuBoit [1-3].
OmnpeneneHHOE BIUSHUEC HAa JIMHY W (OpMY KOHTAaKTHOH JIMHHU MOJOCHI C BAJKOM OKa3bIBAIOT WM YIPYTHE
nedopmaruu mosocsr [3].

KoHTakTHas IMHUS MeTaJlla ¢ MHCTPYMEHTOM OKa3bIBaeT OOJIBILIOE BIMSHHUE Ha JUIMHY o4ara JeopMarun
[3] n Ha xapakTep M3MeHEHUs OOXaTHs IO [UIMHE OYara, a 4epe3 HMX Ha BCe MapameTphl Ipolecca XOJIOIHON
MIPOKAaTKH TOHKHMX U 0C000 TOHKHX moisioc [2, 3, 5]. IloaToMy mojydeHHe NaHHBIX O JIMHUM KOHTAaKTa MOJOCHI C
BaJIKOM IIPH XOJIOJHOW HPOKATKE C HATSHKEHHEM U YCTAHOBJICHHE 3aKOHOMEPHOCTH €€ ()OPMHUPOBaHHS SBISIFOTCS
aKTyaJIbHOH 3a1ayeit.

IocTranoBka 3amauym. llempio pa®oTHI sBISETCSA paCIIUpEHUE NPEACTABICHHH O KOHTAKTHOM JIMHUHU
ITOJIOCHI C BAJIKOM TIPH XOJIOJAHOM MPOKATKE ITOJIOC C HATSHKCHUEM.

H3a0keHNe OCHOBHBIX MATEPHAJIOB HccenoBanns. [[iis Goee MeTamrbHOrO PacCMOTPEHHS MEXaHHU3Ma
BIIMSIHASL 3aJTHETO, TIEPEIHEr0, a TAaKkKe COBMECTHOTO BIMSHHS 3aJIHETO ¥ TEPEIHEr0 HATSHKCHHS Ha JIUHY odara
neopManuy Ipu MPOKaTKe ¢ HATsDKEHHEM OBLIO MPOBEICHO MCCIISAOBAaHUE KOHTAKTHOM JIMHUH TIOJOCH! C BaJIKOM,
Ha OCHOBaHWH aHAINTHYECKOTO PELICHUs], B OCHOBY KOTOPOIO MOJIOKEHO pellleHne 3a1aun byccuHecka, M3BeCTHOM
B Teopuu ynpyroctu [3]. Jns peanusanuy MOCTaBICHHON LENN MCXOIWIN W3 TIOHUMAHUSL, YTO KOHTAKT TOJIOCHI C
BaJIKOM IIPH XOJIOJHOM MPOKATKE SIBIISETCS YIPYTrO-IUIACTUYECKUM M MILTFOCTPUPYETCS cXeMoii (0e3 yueTa BIHSHUS
BHEKOHTAKTHOM jJeopMaIiiu MoJI0Ckl, MPUBEACHHON Ha puc. 1 [5].

|

—

Puc. 1 — Cxema ynpyro-miacTuueckoro ouyara gedopmanuy mpy X010 HOH IIPOKATKeE MOJI0C
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B cootBercTBHM ¢ mpHHATONW cxeMoil (puc. 1) mpu ympyro-miacTH4eckoM KOHTaKTe MOJIOCHI C BaJKaMH,
00J1aCTh MeTajula, HaXOMSMIIEerocs MEXOy BajKaMH, COCTOMT W3 NBYX 30H ympyroro (1, 3) W omHOW 30HBI
IUTACTHYECKOTO KOHTAKTa. B 30HE 1, MPOTSIKEHHOCTHIO X, IIPOUCXOAUT YIIPYTOe CHKATHE MOJIOCH! Ha BETHMIUHY A,
a B 30HE 3, NPOTSKEHHOCTBIO X, - YIPYIO€ BOCCTAaHOBIICHUE NOCHEAHEN HA BEIUUUHY A ;,. IIpOTSHKEHHOCTD 30HBI
IUTACTHYECKOTO KOHTaKkTa paBHA [, OHa COOTBETCTBYET ILIACTHYECKOMY OOXKAaTHIO TIOJIOCHI, T.€. YMCHBIICHHIO €€
TOJIIHHEI ¢ hy — Ay, 10 hy — A}, (tie hy, h; —TONIINHA MOJIOCH HA BXOJE U BBIXOJE U3 ovara nedopmanun). Lludpoit
4 orMeueHa (haKTHYECKas KpUBas KOHTAKTA IMOJIOCHI C BaJKOM B MPOIECCE MPOKATKH, MOCTPOCHHAS C YYCTOM
HEPaBHOMEPHOTO YIPYroro pajuaibHOro CXKaThs TmocieHero. i cpaBHeHHs Ha 9Toil cxeMe OykBoi / 0003HaYeHA
MPOTSDKEHHOCTh KOHTAKTa, a Iu(poi 5 KprBas KOHTAKTa METAJIa C BaJKOM IPHU MPOKATKE JKECTKO-IJIACTUICCKOM
MIOJIOCHI B U/ICATTBHO KECTKHUX BaJIKaX.

VYpaBHeHHE, ONMUCHIBAIONICE U3MEHCHHE TOJIIUHBI MOJOCHI B o4are nedopMalid UMEeT CICIYIOIIU BU

[3]:

2 2
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(1)

rae le, Pepe - JNTMHA 04ara AedopMaluy ¥ CpeJIHEE KOHTAKTHOE HOPMAJIbHOE HAINPsKEHHE, PACCYUTAHHOE C
YYETOM BIHSHUS yIPYTuX Ae(opMaIiid BaIKOB 1 TOJIOCHL; 6, # — yIpyTas IIOCTOSIHHAs MaTepuaia padounx BalKoB
1 K03 PUIMEHT, XapaKTepU3YIOIUHA MOI0KECHAE MAKCUMyMa 3ITIOPbl HOPMAJIBHBIX KOHTAKTHBIX HANPSDKEHUH; X —
Tekymas koopamaata (0<x<l.).

JlaHHBIE 0 XapakTepe M3MEHEHUs TOJIIUHEI ITOJIOCH B o4yare AeopMaIuy IpH MpoKaTKke 0e3 HaTsDKCHUS U
C Pa3IMYHBIM HATSDKCHHEM (JIMHUM KOHTAKTa IIOJIOCHI C BAaJIKOM) IOJy4YaiH, BBITONHSS pacdeTsl h(X) B mecsaTH
CedyeHuax ovara. MoJenupoBaiu yCloBHs XOIOJHON NPOKATKH MOJIOC U3 NPEABApUTENLHO HAKIENAHHOH (£4,=0,9)
(puc. 2) cramu 08k [67,=230+34,6(100e5)"°] ¢ yacTHBIMEH OTHOCHTETBHBIMH OOXaTHMH 0,3 TS CIEAYIOLUINX
HCXOIHBIX JaHHBIX: R=300 mm; f= 0,04; hy = 0,25 mm; E,=E,=2.2-10° H/mm?; v,=v,=0,3.

PaccmarpuBanu mporecc MpoKaTKM MOOC 0e3 HaTsDKeHus (puc. 2, a), ¢ OJHUM OOJBIINM HEpeaHUM
HaTshkeHueM (puc. 2, 0), ¢ OJHMM OONBIIMM 3aJHUM HaATsDKeHHEM (pHuc. 2, B), M C ABYMs OJMHAKOBBIMH
HarshkeHussMu (puc. 2, T1). IlocTpoeHne JNMHMM KOHTaKTa NPOW3BOJUIOCH B IPUBSI3KE K JIMHUU COCAMHSIOLIEH
LEHTPBI BAIKOB (JI.IL.B Ha pHC. 2), Ul y100CTBA aHAIN3a MOTYIECHHBIX JaHHBIX.

W3 puc. 2, BUAHO, YTO TIPH IPOKATKE C OAHUM IEPEJAHUM, OJHUM 3aJHHM W TEPEIHUM M 3aJHUM
HaTsDKEHHEM, oOIas MpOTsDKEHHOCTh odara nedopmanuu (1) ymenpmaercs (puc. 2) B CpaBHEHHH CO CIydaem
npokatkn 0e3 HarsbkeHus. [IpuparneHue JumMHBI ouyara aedopManiy 3a JMHHEH, COSIMHSIONMEH LEHTPhl BaJIKOB,
oTIpeieTsIeMOe  YIPYTHMM C)KaTHeM MOCJIEAHUX M YIPYTUM BOCCTAHOBICHHEM IIOJIOCHI MMEET HauOOJBIIYIO
MIPOTSDKEHHOCTH MPH AehOpMaIiy TOHKHUX MPEIBApUTENIFHO HaKJIeMaHHbIX Hojoc X1=2,571...6,181 MM (puc. 2).

IIpu npoxatke ¢ mepenIHUM HaTsDKeHHEM (puc. 2, 6) 3a cueT HauOOJBIIEro YMEHBIICHHUS MPOTSIKEHHOCTH
30HBI OIEPEKEHHsSI TPOMCXOAUT OOJiee CYIECTBEHHOE YMEHBIICHHE MPHUpALIeHust ovara jaedopMaluu 3a JIMHUEH
COCAMHSIIONIEH IIEHTPBI BAJIKOB X1, [0 CPABHEHHIO CIIy4ast IPOKATKE C OJJHUM 3aJHUM HaTsDKeHHeM (puc. 2, B), Korja
MaKCHMYM 3ITIOPbl KOHTAaKTHBIX HAMPSDKEHUH CMEIAeTcsl B CTOPOHY BBIXOJIa MOJIOCHI U3 BaJIKOB. IIpu mpokartke ¢
3aHUM U NIepEeTHIM HaTsDKEHHEM (pHc. 2, T) X; cHIKaetcs B 1,5...2,2 paza.
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a — IIpoKaTKa 0e3 HATsHKCHUS,
0 — MpoKaTKa ¢ OTHOCHUTEIBHBIM MIEPEIHUM HaTsHKeHUEM (1/Bor;=0,5;
B — IMPOKATKa ¢ OTHOCHUTEIILHBIM 3aJJHUM HaTsKEeHUEM (o/foro=0,5;
I' — IIPOKATKa C MEPETHUM U 3aJHUM HaTsDKeHUEM (1/Bori=qo/Bore=0,5
Puc. 2 — JIuHus ynpyro-miaacTHYECKOr0 KOHTAKTa IOJOCHI C BAJKOM IPU XOJOIHOM IMPOKATKE IOJIOC
TomuuHoi 0,25 MM 13 cramn 08k (£4,=0,9; £=0,3)
BeiBoasl. B xone BemmonHEHWsT paOOTHI PACIIMPIUIN TMPEICTABICHUS O KOHTAKTHOW JIMHUH TOJIOCHI C
BaJKOM TIPH XOJIOMHOW IIPOKAaTKE IIOJIOC C HaTsHKeHWeM. llodydeHHBIe KONMWYeCTBEHHBIE IaHHBIC O BIMSHHUA
HATsDKEHHS Ha JUIMHY odara JeQOopMaIlii PN XOJOJHOH IPOKaTKEe TOBOPAT O TOM, YTO IIPH MPOKATKE C OAHUM WIIH
MIPEBATMPYIONINM NEPETHUM HATDKEHUEM, B PE3YyJIbTaTe CMEIICHHUS MaKCHMyMa 3IIOPHI KOHTAKTHBIX HOPMAaJIbHBIX
HaHpHX(eHHﬁ, B CTOPOHY CCUCHMA BXOJa MCTallJla B BAJIKU, YMCHBIICHUA YUAaCTKOB YIIPYTOro KOHTAKTa ITOJIOCHI C
BAJIKOM M CHHIKXCHHSA BCJIWYUHBI CPECAHETO KOHTAKTHOI'O HOPMAJIbHOTO HAIIPSKCHUA, AJIMHA o4dara ):[e(bopMaLu/m
yMeHbl1aeTcs. [[poTHBOMONIOKHBII XapakTep U3MEHEHUs! JUIMHBI o4ara JieopMaluy HabIo1aeTcsl IPU MPOKATKe C
OIHUM WJIKW NPEBAIUPYIOIIHUM 3aJJHUM HATAKCHUCM — MAaKCUMYM 3MIOPbI KOHTAKTHBIX HOPMAJIbHBIX HaHpH)KeHHfI
CMeIaeTcs B CTOPOHY BBIXOJla METa/lIa M3 BAJIKOB, B PE3yJIbTaTe Yero JUIMHa o4ara Je(opMaiiuy yMeHbIIACTCS HE
€O 3HAYUTEIHFHON MHTEHCHBHOCTHIO. [IpH mpokaTke ¢ IBYMsI OIWHAKOBEIMH OTHOCHTEIBHBIMH HATSDKCHUSMH JUTHHA
odara aedopMarnyu HauMEHbIIas.
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H.A.TACAHOBA
Asepbatioocancxuil I'ocyoapcmeennviii Ynusepcumem Hegpmu U Tpomvlunennocmu

BJINAHUE MEXAHUYECKUX ITAPAMETPOB HA IIOKA3ATEJIN
KAYECTBA JIETAJIEM HE®TEINPOMBICJIOBOI'O OBOPYJJOBAHUS

B cratee paccmaTpmBaeTcs TIOBBHINICHHE KadecTBAa IUIACTMAcCOBBIX jertaneil. [IpoBenmeH aHamm3
W3TOTOBJICHHUS IUIACTMACCOBBIX JeTanell He(TEIpPOMBICIOBOTO OOOpPYIOBAaHUS, IIO3BOJNUBIINN YCTaHOBHUTH
3aKOHOMEPHOCTh M3MEHEHHUS YCaJKHU IUJIAaCTMACCOBBIX JeTaled OT PEeXUMOB HX H3roToBieHHs. OmnpeneseHsl
HM3MEHEHHUsI KaueCTBa rOTOBBIX JIeTalleld B 3aBUCUMOCTH OT JIaBJICHHUS JINThS, @ TAK)KE YCTAaHOBJIEHA 3aKOHOMEPHOCTD
W3MEHEHHUsl YCaJIKH, IUIOTHOCTH, LIEPOXOBATOCTH, TBEPAOCTH, pa3pylIAIOUIEr0 HaNpsHKEHUS NpPU PACTSDKEHUH OT
PEXUMOB JIUThSI.

XapakTep TNpOTEKaHUS (DHUIUKO-XUMHUYECKUX TporieccoB (PopMUpOBaHHWE CTPYKTYpPhl H CBOWCTB
IJJaCTMAcC) 3aBHCUT B OCHOBHOM, OT TEXHOJIOTMYECKUX IapaMeTpOB TpoIllecca HM3TOTOBICHUS KOHKPETHBIX
netaneil. K OCHOBHBIM TE€XHOJIOTHUECKUM TapaMeTpaM IMpH JINThE TEPMOPEAKTUBHBIX MaTEPHAJIOB MO JIaBJICHHEM
OTHOCSTCA: TeMIEpaTypa UMIMHAPa T,, CKOPOCTb HATPEBAHMA U OXJaXAeHus, Temneparypa Gopmsl Ty, JaBieHHe
Ha pacruiaB P, Bpemsi BBIAEpXKKH B (QopMe TOJ JaBICHHEM f, BpPeMsl BBIIEPKKH paciuiaBa 0e3 JaBleHUs f.
BapeupoBanue u ympaBieHHE JTHUMH TapaMeTpaMH B 3aBUCUMOCTH OT MapKH MaTepuajoB TPUBOANUT K
CYIIECTBEHHOMY M3MEHEHHMIO KaueCTBa (Opye, Op, Oys O, R, ) M3rOTaBIMBAEMBIX, OCOOEHHO, CONPATaeMBIX JeTajlel
[1, 2]. Hanpumep, W3 OCHOBHBIX PEKHMHBIX MapaMeTPOB JNaBIEHHE NMPHU JIUTHE JeTaeld W3 TePMOIIACTHYHBIX
IUTacTMacC HEOOXOIOMMO JUIS 3amoJHEHHUS (opmyromeil moaocTu mpecc-popMBl OTIMBAEMBIM MAaTEpUAIOM, €ro
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YIUIOTHEHHS, a TaKKe IJIs1 HOPMAJIbHOTO NMPOTEKAHUS PENAaKCAlMOHHBIX MPOIECCOB MPU OXJIAXKICHUH B (OopMe, T.€.
TJIABHBIM PEXHUMHBIM TapaMeTpOM SIBIISIETCSl JAaBJICHHWE HA paciulaB. YCTAHOBJIEHO, YTO YHCIOBOE 3HAYCHUE
ONTHMAIBHOTO MAaBICHHS HAa OIMBKY 3aBHCHUT OT MapKdM Marepuana, oObeMa [AeTaled M MX TONIIHHBI U
KoH(purypauuu. B npakrtuke naBneHne BapbupoBajoch B HHTepBaiie oT 66 MIla o 114 MITa [3].

Hcxonst w3 BBIIEH3NIOKECHHOTO, JUIS W3Yy4YCHUS BIMSHHSA [ABICHUS HAa paciulaB HAMH IPOBOJIUIOCH
HCCIIEJOBAaHNE ATOTO BIMSHHS Ha KAa4eCTBO IIACTMACCOBBIX jeraneil. Ha puc. | moka3aHbl KpUBBIE 3aBHCHMOCTH
ycagku S,, IIOTHOCTH p U HIEpPOXOBATOCTH MOBEepXHOCTH R, Marepuana ABC-miacTuka oT JaBlieHHs Ha pacIuiaB B
munuHApe. M3 aHanm3a KpUBBIX 3aBUCHMOCTEH BHMIHO, YTO C YBEJIMYEHHEM [aBICHUS Ha PACIUIaB IIOTHOCTh
MaTepHala p yBeJIM4UBaeTCs, ycaaka S, YMEHBIIAeTcs, a IepoXoBaTOCTh MOBEPXHOCTH R, CuiIbHO Majaer.

Crenyet OTMETUTD, YTO 3TH ITOKA3aTENId HEOOXOUMO YIUTHIBATh IPH UCIIOIB30BaHUHU JaHHOTO MaTepuaia
B KOHCTPYKIHWSX HArpykK€HHbIX ZIeTaleH, paboTaomMX B Pa3IHYHBIX aTMOC(EPHBIX YCIOBHSX, B 3JJIEMEHTAax
He(TEnPOMBICIIOBOTO 000PYIOBAHUSL.

W3 KpuBBIX 3aBUCHUMOCTH TBEPAOCTH M DPAa3pyLIAIONIEr0 HANPSDKEHHs MPH PacTsXKEHUU AeTaneil u3
Matepuana AbC-macTuka oT aBleHUs BUAHO, YTO C MOBBILIEHUEM AaBleHUs Ha paciuiaB oT 60 Mlla o 115 MIla
TBEPJOCTh 00Pa3LOB YBEIMUMBAETCS M JIOCTUraeT CBOEIO MaKCHMalbHOTO 3HauyeHWs. Takas ke 3aKOHOMEPHOCTh
HaOIoaeTcs M MPU W3YyYCHUH XapakTepa paspyLIaloNiero HarpsHKeHUs TPH pacTsHKEHHH, T.€. NPH JIaBICHUN Ha
pacmas 65 MIla o, = 86 Mlla, a npu masnenuu 105MIla o, = 43,1 Mlla, ¢ yBenrM4eHHEM IUIOTHOCTH L)
MIPOYHOCTh HAYMHAET YMEHBIIAThCS.

Op er Rﬂ* P Le &
Ma Mla MEM TN o5 z

e 3 <
— 410 L 120 | 440 - 1048 [-0.75 =

2
4
L 390 - 110 | g80 | 1045 |-0.70 AN
1
-
= TR

) 4] (] \

| 370 L 100 |__os0l__1042 Loss

1] 75 L] 105 P, MITa
Puc.1. 3aBucumocth ycaaku (1), mioTHOCTH (2), IIEpOXOBAaTOCTH MOBEPXHOCTH (3),
TBepIOCTH (4), pa3pylIAONIeTo HAPSHKSHUS MPH pacTshkeHnH (5) geraneit
u3 AbC-11acTuka oT JaBiIEHUS

OTO MOATBEp)KJIAeT, YTO MpU OOJIBIIMX MaBIEHUSIX B HWIMHIpPE MaTepuan paciuiaBa ObICTPO 3aIONHAET
MOJIOCTh Tpecc-(hOpMBI, BCIEICTBHE YEero He ycleBaeT (OPMHUPOBATHCS PaBHOMEPHOE BHYTPEHHEE HaIlpsHKCHHUE
IIPU OCTBIBAHUH, B Ipecc-hopMe MPOUCXOTUT 3aTBEp/EHHE MaTepuaja 10 CeueHHsM (0T KpaeB K LIEHTPY), YTO
CHOCOOCTBYET yBEIMYEHHIO TBEPAOCTH U Pa3pyLIalONIero HalpsDKEHHs IeTajel.
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A.JO. TOJIBUEB, A.H. KOPYEBCKHUN
T'OYBIIO Jloneyxuii HAyUOHATLHBIN MEXHUYECKUL YHUBEPCUMEM

IHHOBBIIEHUE KAYECTBA Ps1I1OBbIX YI;.JIEI71 METOJO0OM
BUBPAIIMOHHOU IHEBMATHUYECKOMU CEITAPALINU

Ha coBpeMeHHOM »3Tame pa3BUTHS HHTCTPAIIMOHHBIX MPOMBIINUICHHBIX B3aUMOOTHOIICHHNA Ha YPOBHE
00eCIICYNBAIOIINX MMPOU3BOJICTB HAOIIOMACTCSI POCT MOMYJISIPHOCTHA «CYXHX» METOJOB OOOTAIlCHUS M YIIYYIICHUS
KayecTBa pPAa3JIMYHBIX CBIMYYHUX [EPBHYHBIX M BTOPUYHBIX CBHIPBEBBIX pecypcoB. I[lpuMmeHeHHMe Meronaa
BHOpAIIIOHHON ITHEBMAaTHYECKOM cemapanuu Ha ocHoBe Mmoxayns KIIO-50 (puc. 1) mo3BonseT co3maBaTh
MaJiora0apuTHbBIC, KOMIIAKTHBIC U MOOWJIBHBIC 00OTaTUTENBHBIC YCTAHOBKH C KPYIJIOTOJAWYHBIM ITUKJIOM PaOOTHI.
OTH yCTAaHOBKH MMEIOT BO3MOXKHOCTH OTIEPATHBHOTO YIPABJICHUSI M PETYJIUPOBAHUS OCHOBHBIX TEXHOJIOTMYECKUX
napaMmeTpoB mpoiiecca. [IperMMyIiecTBOM NPUMEHEHUsI [aHHBIX YCTAHOBOK SIBJISIETCSI MOJIOXKHTENbHBIA (hakTop
HE3aBHCHUMOCTH OT BOJHBIX PECYpPCOB M OTCYTCTBHE MOTPEOHOCTH B KOMMYHHKAIIMOHHBIX COOPYKCHHUSX ISt
CKJIaJINPOBAHUS BIQKHBIX MPOAYKTOB.

Pucynok 1. O6orarutensHsiit koMmiuieke KITO-50 Ha ocHOBe
BUOPAIMOHHOT0 MHEBMaTH4YecKoro cenaparopa CBII-5,5x1.

Hcnonp3oBaHue CyXOro MeTo1a 00OTaIeHUs C IPUMEHEHIEM BUOPAIIMOHHON ITHEBMAaTHYECKON Cerapaliim
MOJKET ITUPOKO MPUMEHATHCS TIPH TPEIBAPUTEIBHON ITepepaboTke TOPHOI MacChl YTiieT00bIBAONINX MPEATPUSTHI
C IEJBI0 CHIDKEHHSI 30JIbHOCTH PSIOBOTO YIS, @ TAKXKE MPHU BTOPUIHOHN YTHIM3AalHU ITyTEM H3BJICYCHHUS TOpIOYei
YTIepOICOepIKAIIeH MacChl H3 MMOPOTHBIX TEPPHKOHOB.

B 1960-70-x Tomax Meronm CyXOW cemapamuyd OBUI NMPH3HAH TEXHUYECKH W IKOHOMHYECKH Hamboee
LesiecooOpasHbeIM I o0oraliieHus KaMeHHbIX 1 Oypbix yriieil CeBepHoro u lOxHoro Ypana, JlansHero Bocroka,
[Teuepckoro Oacceitna, Ky3sbacca, IlommockoBHoro ©Oacceiina. B 3TOT mnepuox akcmryarupoBaiuch 13
oOorarurenbHbIX (adpuk u 10 0OOraTUTENbHBIX YCTAaHOBOK, KOTOPBIE €XKEroaHo nepepabarsiBanu Oosiee 30 MIIH.
TOHH yrJiei win okoJio 8% Beex oboramaembix yrieir CCCP [1, 2].

Meton BHOpalMOHHOW ITHEBMATHYECKOI cemapaliy IMO3BONSET Pa3/esiaTh MaTepHall, HaXOMSIIHics Ha
nieppoprupOBaHHON pabovYeil MOBEPXHOCTH IMOJ] ACHCTBHEM BOCXOJSIIIETO MOTOKA BO3yXa W BuOpauuid. Ilpu sTom
MIPOUCXOJAT Pa3pbIXJICHHE U PACCIauBaHHE MOCTENM MaTepuaa MO KPYMHOCTU M IUIOTHOCTH 4dacTtull. [Iponecc
pacciioeHust HaOJIfoaeTesl Mo BCeX IUIOMAAM pabodeil MOBepXHOCTH. PasjeneHne Ha MPOIYKTHI OCYLIECTBISETCS
IyTeM IepeMeIeHNs] 0Opa30BaBIIMXCS CJIOEB IIOCTEJIM MaTepuana Ha pabouyeil IOBEPXHOCTH B OJHOM HIIH
HECKOJIKMX HalpaBJICHUSIX (cernapaTtopsl MPsIMOTOYHbIE, BEEPHBIE, IPOTUBOTOYHBIE) [3].

IIpn oOGoramennn yrieid Ha BUOPAIMOHHBIX ITHEBMAaTHYECKUX Ceraparopax ¢ OIHOBPEMEHHBIM
BO3/ICHiCTBMEM BOCXOJSIIET0 MNOTOKA M BHOPAIMOHHOTO TIIEPEMENICHUs] Ha IMOCTENb Cerperamus Marepuaia
0COOEHHO 3aMeTHa B YIUIOTHEHHBIX CJ1a00 B3BEIICHHBIX CIOSX IOCTEIH IPH HU3KHX pacxolax Bo3Ayxa. B aTmx
CIIydasix B BEPXHHX CIOSIX ITOCTENH KOHIEHTPHPYIOTCS Oosee KpymHbIe 3epHa. [Iporiecc paccioeHust IOCTen 1o
IJIOTHOCTH 3€peH UMeeT Manyto 3 (HEeKTHBHOCTS.

Ycunenne s¢dexra cerperamun JOCTUTAETCS HCIOIb30BaHHEM PAIMOHAJBHBIX PEKHUMOB BCTPSXHBAHUS
MIOCTEIN ¥ PETYJIMPOBAHUEM pacxoaa Bosayxa [4].
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BaxseiimmmMu ycnoBusmu 3 pekTHBHOTO paccIOCHHUS MTOCTENH SBISIOTCS CTA0OMIBHOCTh U PABHOMEPHOCTh
pacmpenesneHuss BO3LYLIHOTO IIOTOKA MO BCEH miomanum pabodueil MOBEPXHOCTH cemapaTopa. MHHHMaIbHOE
COIIPOTHBIICHHE PaboOUeii MOBEPXHOCTH BO3LYLIHOMY ITOTOKY JOJIKHO OBITH HE HIDKE 25% CONPOTHUBIICHUS ITOCTEIN
IIPU HENpPEephIBHON moxade Bo3xyxa u 10% mpu ImynbCHPYIOIIEM peKHME IO0add BO3AyXa, CIIOCOOCTBYIOIIETO €¢
BBIPaBHUBAHUIO.

Haubonpmmit 3pdext mpu odorameHnn ¢ UCIOIb30BAHUEM BHOPAIIMOHHO-ITHEBMATHIECKUX CENapaTOpOB
obecrieunBaeT IIKana KpynmHOCTH Marepuana 1:5. MakcumaibHas KpyIMHOCT 000raIiaeMoro InMuTaHus He JTO0JDKHA
NIPEBBIILIATL 75 MM.

XapakTep BO3/eHCTBUS MOABIKHOW paboueil MOBEPXHOCTH U BO3AYIIHOTO MOTOKA HA ITOCTENIb U3 YaCTHI]
oboraiaeMoro MaTepuaia, TPAaHCIOPTUPOBAaHUE MaTepuaga M CHOCOO pasfieNeHHs U Pasrpy3KH NPOLYKTOB, a,
CJIEIOBATEIILHO, U PE3yNbTaThl 000TralleH s 3aBUCAT OT THIA U KOHCTPYKLUH NPUMEHIEMOT0 cerapaTopa.

C HCIOJIb30BaHUEM TEOPETHYECKMX OCHOB BHOpaIMOHHO-ITHEBMATHUECKOH cemapaiuu Oblia pa3padoTaHa
KOHCTPYKIHMS MAaIIMHBI W W3roToBleH cemaparop Tuma CBII-5,5x1 (1. Jomenk, 1. Jlyranck). Konctpyxkims
cemapaTopa IpHUBECHa Ha pHC. 2.

Pucynok 2. BubpannoHHsIi mHeBMaTHUecKui cenmapatop CBII-5,5x1.

B KOHCTpyKIIMN IpUMEHEHA MyIbCUPYIONIAs [oJada BO3AyXa o] €Ky BEHTHISITOPOM Yepe3 BO3IYXOBOJ.
3ambUICHHBIM BO3AYX YyHANSETCS 4Yepe3 BBITSHKHOM 30HT. KOHCTPYKTMBHO I€Ka BBINOJHEHA C BO3MOXHOCTBHIO
W3MEHEHHS YTJIOB €€ HAaKJIOHA B IOTEPEYHOM M MPOJOIBGHOM HampaBieHUsX. Ha meke cemapaTopa pactosioKeHBI
HaNpaBJsIONIME - PUQIU, U3TOTOBJICHHBIE W3 CTaJbHBIX IOJIOC pPa3HOM BBICOTHL. Marepuan U3 3arpy304HOTO
YCTpOIiCTBA IIOCTYIAeT Ha EKy CemapaTopa, IZie ¢ IIOMOIIbIO TUTAaTells PacIpeaenieTcs, 00pasys IoCTelb.

Jleka coBepimaeT  BO3BPATHO-NIOCTYNATENIbHBIE  JBIKCHHS (KadaHMA), TMOCTENb ITI0  HHEPUUH
noJi0pachIBaeTCsl BBEPX B HANPABJICHUH, NIEPIICHUKYIIIPHOM K IIOCKOCTH ONOp. B pesynbraTe Marepualn nocrenu
paspeIXISIETC M IpUOOpeTaeT «TeKydecThy». braromaps HaKJIOHYy JeKH B IMONEPEYHOM HANpaBlIeHHH H
MOCTYNATeIbHOMY JIBHXKEGHHIO TIOCTEIM CJOH JIETKMX 4YacTHI[, pACIOJararolluiicss BBIINIE HAMPABISAIOMINX,
TIOCTETICHHO «CHOJI3aeT» BHU3, IIOJ] YIJIOM K OCH CenapaTopa M pasrpy’kaercs BHOJIb ero 0opTa B ImepenHel JacTu
Jexkd. Hwknue ciion mocrtenmn, HaxOZSIIMecss MEXIy HalpaBIIIOIIMMM, NPOJABUTAIOTCS BAOJIL HUX. Pasrpyska
IIPOJIyKTOB IPOUCXOINT TI0 IEPUMETPY CerapaTopa.

Tabmmmna 1. OcHOBHBIE TEXHUYECKHE XapaKTepUCTHKH cenapatopa CBII-5,5x1

HaumenoBanne nmapamerpa v pa3MepHOCTb Benmnunna
1. Pabouas ruromane pasieneHus, M 6,7
2. [Tpon3BOUTENHHOCTD IO UCXOTHOMY MaTepHany, T/4, 50
4. KpynHocTh o6oramaemMoro Marepuana, MM no 75
5. Pabouas Bnara matepuaina, % 1o 8
6. HachImHas MIOTHOCTh MaTepHaa, T/M° 1o 2,8
7. IlorpermHocTh pa3eneHust (IpU MaKCUMaIbHOM POMU3BOAUTEIEHOCTH) 0,25
8. JlMamasoH peryImpyeMoil 4aCTOTHI KAYaHHs IeKH, C ' 3,0-6,7

Ha ©6aze cemaparopa CBII-5,5x1 cmonTHpoBaHa MoxynpHas ycraHoBka MOK-CBII, pabGotaromas c
MoMeHTa 3armycka B 2009T. 1O CHWXKEHMIO 30JIbHOCTHM DSIIOBOTO YIS W JIOM3BJICYEHHIO TOpIOYEl Macchl W3
TEPPHUKOHOB. Pe3ynbTarel paboThl MOYJIEHON YCTAaHOBKH HA PSZIOBOM YTJIe IIPHUBEIEHEI B Ta0I. 2.

Tabnuya 2. Pe3ynpraThl padOTHI MOJTYJIbHOW YCTAHOBKHM Ha PsJIOBOM KAMEHHOM YTJIe

IpoxykTe! oborameHus
KauecTBeHHbIE XapaKTEPUCTUKU pa3IeICHHS Konuenrpar OTxoabl
Brixon, % |3onbpHOCTB, % Brixon, % |3onbpHOCTB, %
IToka3zarenu npoyKTOB pa3/ieNeHus 30,7 19,8 69,3 73,1
W3Bneyenue roproueit maccol, % 56,3
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W3Bneuenne MuHepaJbHOH Macchl, % 89,5
O¢¢exruBHocTh E, % 45,8
CenexTuBHOCTE Sg, % 11,0
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A.C.JJAHTYX, B.C. IBIBYJIBKO, C.B. 7)KYPABJIEBA
Hayuonanvnas Memannypeuueckasn Axademus Yrkpaunvl (Yxpauna)

OCOBEHHOCTHU BOJIHOOBPA3ZOBAHUA ITPU TPOLYBKE
KHCJIOPOJHO-KOHBEPTEPHOUM BAHHbI

Honyuunu pazeumue npedcmasienus 0 UOPOOUHAMUKE KUCTOPOOHO-KOHGepmepHol eanHbl. C nomowsio
XONOOH020 MOOENUPOBAHUs. NOIYYeHbl OdHHble 00 0COOEHHOCMAX 60IHO0OPA308AHUA U NPEOENbHbIX PeHCUMAX,
KOmMOopble 0KA3bl8AI0N IUAHUE HA NPOOOIICUMENLHOCIb pAOOMbL YymeposKu KOHepmepa, d makdice Ha GbIHOCHL U
8610POCUL.

Representations of hydrodynamics BOF bath have been developed. By using of “cold” modeling the datas,
about features of wave formation and limit modes, that affect duration of BOF life, as well as take-out and emissions
have been achieved.

KatoueBbie caoBa: BOJIHOOBPA3OBAHUME, I'MJIPOJJUHAMUMKA, KOHBEPTEP, XOJIOJHOE
MOJEJIMPOBAHUE

IToctanoBKka mpoOJeMbl. MeTalUTyprUuecKuil KOMIUIEKC YKpauHbI SIBISETCS BEXYLIUM «ApailBepoM»
HalMOHAJIBHON SKOHOMHKH, HECMOTPSI Ha TEKYIINH SKOHOMHYECKHH KPHU3HC, Belb UIMEHHO OH WIPaeT KIIFOUEBYIO
pOJb B HAIOJHEHWH CBOAHOTO OIO/KETAa M IUIATEXKHOTO OajaHca, 00ecHedrBaeT XU3HEAEATEIHHOCTh MHOTHX
PETHOHOB M TOPOJIOB cTpaHbl. [1o IporHo3aM oJHOM U3 KPYIMHEWIINX METALTYPrHIeCKUX KOMIaHUuH «MeTnHBeCcT» B
2017 romy moTpeOieHHe CTaJbHOW NMPOAYKIMM B YKpawWHE YBEIMUHUTCS B cpexHeM Ha 7% 10 4,6 MIIH. TOHH.
Buanmoe mnoTpeOieHue cramu TPOM3OHAET 3a CUET «IPOOYXKICHUS» MAIIMHOCTPOMTENLHOM OTpaciu |
CTPOWTEIBCTBA.

Oxono 70% cranu BBIILIABISAETCA B KUCIOPOAHBIX KoHBepTepax [1]. CoBpeMeHHBII ypoBEHb pa3BUTHS
KHCJIOPOJHO-KOHBEPTEPHOr0  CHoco0a  NPOW3BOJCTBA,  MOATBEPXKIAET €ro  IPEUMYIIECTBA:  BBICOKYIO
MIPOM3BOJIUTEIBHOCTh, OTHOCHUTEJIBHYIO 3KOJIOTHYECKYIO YHCTOTY, HHM3KHE Y/ENbHbIE KallMTAJIbHBIC BIIOXKECHUS U
pacxoibl IO mepeneNy, THOKOCTh W MHOTOBAapUAHTHOCTh TEXHOJOIMH, BO3MOXKHOCTH IPOHM3BOJICTBA
BBICOKOKQUECTBEHHOW CTaJIM IIMPOKOTO COPTAMEHTa M3 YyryHa Pa3jIMyHOTO XMMHYECKOTO cocTaBa. Bmecre ¢ tem,
JUISL IOCTHOKEHHSI BBICOKMX TEXHHKO-IKOHOMHUYECKHX TOKa3aTene, He00X0JMMa ONTHMHU3AIMs TEXHOJIOTHYECKHUX U
KOHCTPYKTHUBHBIX COCTaBJIIIOIIMX TIpOIlecca MpPOM3BOJCTBA. B Hacrosmiee BpeMsi Ha OTEYECTBEHHBIX H
WHOCTPAHHBIX MPEANPHUATHIX KOHCTPYKLHUIO KHCIOPOAHBIX (YypM pa3pabaTbIBalOT C yYETOM PpacIloJOXKEHHS
KHCJIOPOAHBIX CTPYH, CpeqHEel BBIHOCIMBOCTH (YpMBI M €€ HpOITyCKHOH crocoOHocTH. Maino kTo oOpaimaer
BHUMaHHE Ha IMOBE/IEHHE METANIMYECKOH BaHHBI B KOHBEpPTEpPE, a HMEHHO BOJHOOOpa3oBaHME. 3HaHUE O
THJpOJMHAMHKE BaHHBI KOHBEPTEpa M B TOM 4YHCIIE BOJIHOOOpa30BaHHE MMEIOT OOJBIIOE 3HAUYEHHE ISl Pa3BUTHUS
TEOPETHYECKHX U MPAKTUUECKHUX MMOJI0KEHHH.

IMocranoBka 3agaum. Llenpio paboOTH SBIAETCS pacUIMpeHHE NPEACTABICHUH O THAPOIMHAMUKE
KHCJIOPOJHO-KOHBEPTEPHOIl BaHHBI U OCOOCHHOCTSX BOJIHOOOPa30BaHHsI C TIOMOIIBIO XOJOJAHOTO MOJIEIUPOBAHUSL.
A TarKke omnpejielieHHe TPAaHUYHBIX PEXKHUMOB, KOTOPBIC SIBISIFOTCS OINPEACISIONIMM (AKTOPOM JUIsi yBEITHYCHHS
MIPOJIOSDKUTENLHOCTH paboThl ()yTEpPOBKH KOHBEPTEPA U CHIDKEHHUS KOJIMYECTBA BHIOPOCOB.

H3n0keHNe OCHOBHBIX MAaTEpPUAJIOB HccenoBaHus. ONTUMU3UPYST KOHCTPYKTHBHBIE M PEXUMHBIC
napaMeTpel JyTHEBBIX YCTPOWCTB, pa3Hble MCCIEAOBATEIM HCXOJAT U3: HEOOXOAMMOCTH OOecredeHus
MHUHHMAJIbHBIX BBIHOCOB MeETajUla W3 KOHBEpPTEpa, IBUICBBIACICHHS, OKHUCICHHOCTH METallia IOCIe IPOIYBKH;
MaKCHMaJIbHOM MHTEHCHBHOCTH INE€PEMENINBaHMs BaHHBI, MOTJIOMIEHHE KHUCIOPOAa AYThs, BBIXOJA JKUAKOHW CTaiu;
MIPEAOTBPALIEHHUsT BEIOPOCOB NIIAKO-Ta30-METaJUIMUECKON SMYINBCHH, YJIyUIISHHS! TEIUIOBOM pabOThl KOHBEpTEpa,
ONTHMAJIBHBIX TIapaMETPOB KOHEYHOTO IIIaKa M TIpollecca MIIaKooOpa3oBaHMS, a TaKXkKe IMPEeIesbHOTO YPOBHS
BCIICHUBAHUS BaHHBI 1 MHHUMHU3AIMU YHCIIa comel B rosioBke ¢ypmel [2-3].  [locTosiHHAs BOJIHOBasE aKTUBHOCTH
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BJIMSIET Ha MPOAODKHTEIBHOCTE paOOTHl (yTEPOBKH, MEXaHH3M BpAIlCHUS KOHBEpPTEpa, CTAHUH UL MOAICPKKH
KOXyXa, Ha TeIJIo- M MacCOOOMEHHBIE IIPOIECCHI B METAUIMYECKOW BaHHE, a TaKKe Ha KOJNMYECTBO H
HMHTEHCHBHOCTH BEIOPOCOB.

Ilpn wuccnenoBaHWM SIBICHUI, NPOTEKAIOIIMX B KOHBEPTEPHOW BaHHE, 4YacTO HCIIOJB3YIOT METOX
MPUOIMKEHHOTO MOJIEIHMPOBAaHUA. B Takmx Momemsx Jyerde cCOONIOCTH TOAOOWMS OCHOBHBIX (DaKTOPOB W CHIL
Hanbosnee mMPOKO HPH «XOJOJHOM» MOJCIUPOBAHUM THAPOIVHAMUKH KOHBEPTEPHON BaHHBI HCCIIEAOBATEIH
MIPUMEHSIOT TOX/IECTBO Ha MOZENIH 1 00pa3ie uncen nonoous Apxumena u @pyna (1):

Ar=p o [(p,gd.) Fr=o?/(gd,). 0

rJie ®, — CKOPOCTh UCTCUCHHS Ta3a, M/C; py i Py — IIIOTHOCTh ra3a M JKHIKOCTH, KI/M’; g—YCKOPEHHE CBOBOJHOTO
najeHus, M/Cz; d. — nmamerp corma, M.

OpHako Kpurepuil ApxuMela, ONPENCIIONINI COOTHOIICHHWE CHJI BBITAIKMBAHUS JKAIKOCTH M CHII
WHEpINH, HE YYUTHIBACT NPOTHBOJNCHCTBHE CHJIaM WHEPIHH Ta3a BCEH MAacChl BaHHBL, a TaKXKe BIMSHUEC Ha
THIPOAWHAMUKY TIpOIIecca OKHCICHHS yriiepoaa, a kpurepuid dpyna — He YUHTHIBAET COOTHOIICHUE IIOTHOCTH
ras3a ¥ )KHIKOCTH Ha MOZEIH 1 oOpasme [4].

B pabotax [5-7] mokazaHo, 94TO IpH MOJICIUPOBAHUH THAPOAMHAMHUKH BaHHBI HEOOXOJUMO HCXOAWUTH U3
COOJFOICHHSI TOXKAECTBA HAa MOJIeNH 1 o0Opasiie uncia HeroToHa (2):

Ne=m ® /F,
rr ®)
Ile m, — Macca rasa, kr/c; F — Bec xunkoii Banusl, H.

YpaBaeHue (2) xapakTepu3yeT COOTHOIICHUE OOLIeH JMHAMIYECKONW CHIIBI TyThs, KAK CYMMBI UMITYJIbCOB
BCEX CTPYH U NPOTUBOAEUCTBYIOIIEH €l CHIIBI - BECa BaHHBI.

HccrnenoBanme mporeccoB BONHOOOpa3oBaHMS TNpoBoAwian Ha Mmoxenn 60-T1 koHBepTepa JM3 wM.
[etpoBckoro, BemomHeHHOH B MacmTade 1:10. B kadecTBe Momenupyromel XUIKOCTH HCIOJIR30Bajach BOJA,
MOJIETUPYIOIUiT Ta3 — kuciopoA. st cobmonenus ToxaecTBa yucina HpioToHa n Ge3pazMepHOro MMITyJibca Ha
oOpaslie u Moiesii ObUIO paccunTaHo MaciiTab ummnysnbca ctpyu (Mi) Ha oOpasiie U MOJIeNH.

Mi = Mp-M,’ (3)

Kucnopoansie Gpypmbl ObLIIM IEPECUUTAHBI C YIETOM F€OMETPUUYECKUX pa3MEPOB MOJIENIN U U3TOTOBIICHHBIE
HA TOKapHOM CTaHKe M3 S00HHUTA, a B manbHeimem Ha 3/ mpunrepe ¢ ABSmiactuka. Ilocnme pacueToB ObLIO
YCTAHOBJICHO, YTO Oe3pa3MepHbI NMITYJIEC TOKACCTBEHHBIN Ha MOJIeNU U o0paslie Mpu AaBieHuu 1yThs oT 0,5 1o
1,5 arm. bBputo paccumTaHo mapaMeTpsl HAKOHEYHHKOB KHCIOPOAHBIX (ypm. Bce oOmBITH, CHATBIE Ha
BBICOKOCKOPOCTHYIO BHAcoKamepy ¢ dacToToit 3amucu 400 kangpos/c. [loydeHHbIC maHHBIC aHATU3UPOBAIUCH IO
CIIEYIOUINM MapaMeTpaM: BBICOTA BOJIHBI; JUIMHA BOJHEI, BU3yaJbHOE TIOBEJICHNE BaHHBI; MyIbCALUSI PEAKIIMOHHBIX
30H.
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Puc. 1 — 3aBECHMOCTb MMOJIOBUHBI JUTHHBI BOJHBI (A/2) 1 ee BeIcOTHI (h) oT uMmymbca (i), mpu mpoayBKe Gypmoii ¢ 3-

M corutamu JlaBans Ha BicoTe 30 KanuOpoB

B pesynbrare nccnenoBaHuid OBLIM IMOJYYEHBI 3aBUCHMOCTH IIOJOBHHBI UIMHBI BOJIHBI M BBICOTHI OT
UMITyJIbca I MTpoyBKe (hypMamMu ¢ TpeMs (puc. 1), 4eThIpbMs U IAThIO (pHC. 2) cotulaMu. BricoTy pacnonoxeHus
¢ypmsl MersH oT 30 10 40 Kanmnu6poB.

YCTaHOBIEHO, YTO C POCTOM MHABICHHSA AYThbS MOJOBMHA JJIMHBI BOJHBI M €€ BBICOTa YBEIMYUBACTC,
HE3aBHUCHMO, OT KOHCTPYKIIMH HAKOHEYHHKA KHUCIOPOAHOW (ypmbl. [Ipm yBenwyeHWH yria HakJIOHAa OCHOBHBIX
comen JlaBans K BEpTHKAJBRHOW OCH, pacTeT IIOJIOBHMHA JJIMHBI BOJHBI, a €€ BBICOTa yMEHBIIaeTcs. Taroke
YCTAHOBJIEHO, UTO [PH YBEIMUEHNHN JABICHHS TyThs 10 ONpeaeeHHoro yposas (i = 0,4 krem /c’) ycTaHABIHBAIOTCS
MIpeeNbHBIE PEXHIMBI, IPH KOTOPHIX KOHBEPTEPHAs BaHHA JTOCTUTAeT MaKCUMAaJIbHOM BBICOTHI M JUIMHBI BOJHEI (pHC
3). OTH pexXHUMBI BIUSIOT HA YCTOHYUBOCTD (DYyTEPOBKU M KOJIMYECTBO BHIOPOCOB KOHBEPTEPA.
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Puc. 3 — I'pannyHbIE PEKUMBI B3aUMOJEHCTBUS KUCIOPOIHBIX CTPYH ¢ KOHBEPTEPHOM BAaHHOM

BreiBoabl. B xozxe BeImonHEHHs paOOTHI PACIIUPIIIN TIPEICTABICHHS O THAPOAMHAMHMKE KOHBEPTEPHOMH
BaHHBI, OCOOCHHOCTAX BOJHOOOpa3oBaHMA. Ha OCHOBE XOJIOJHOTO MOJENMPOBAHMS YCTAHOBJIEHO, YTO C POCTOM
JaBJICHUS TyThsl BO3PACTAET JUIMHA W BBICOTA BOJIHBI, @ TIPH YBEJIMUYCHWH YIJa HaKJIOHA OCHOBHBIX comen JlaBams
JUIMHA BOJHBI YBEIMYHBACTCSA, a €€ BHICOTA - YMEHBIIAETCSA. YCTAaHOBICHBI T'PAHUYHBIE PEXKUMBI, KOTOpHIC
HEMOCPECTBEHHO OKa3bIBAIOT BIUSHUE HA H3HOCOCTOMKOCTh ()yTEpOBKH KOHBEPTEPA U BHIOPOCHI.
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A.B. TTAJITO
TOY BIIO JIHP Jlonbacckuii 2ocyoapcmeeHHblll mexHu4eCcKuil yHugepcumem (2. Anuesck)

YTUIN3ALUS KOJOIHUKOBOM IbLJINA

ExeroqHOo B 4epHOW MeTaIypruyd 0Opa3yeTcsi OTpOMHOE KOJIMYECTBO JKEIE30COIAEPKAIMNUX OTXOIOB,
KOTOpBIE HAKAIUIMBAIOTCS B OTBANAX M MUIAMOOTCTOWHHMKAX. DTH OTXOJBI COJACP)KAaT B OCHOBHOM OKCHJIBI JKEJe3a, a
TaK ke Apyrue MPUMECH.

B ocHOBHOM eJe3ocoaepiKamiie OTXOJbl HCIOJB3YIOT B KauyecTBe J00aBOK B arjoIIUXTY, OJHAKO
CYIIECTBYET INPOOJeMa CIOKHOCTH MX CIIEKaHHs Ha arJIOMEpalMOHHOW MalluHe. TpyJHOKOMKyeMble YaCTHII
KOJIOIIHUKOBOH MBUIM U IIJJAMOB yXY/IIAIOT T'PaHyJIOMETPUUECKUI COCTaB MOATOTOBICHHOMN MUXTHI, YTO MPUBOJUT
K YXyAUICHUIO Ta30IPOHULAEMOCTH CJI0S M K CHHXKEHHIO TPOU3BOAUTEIBLHOCTH MaluH. Kpome Toro, mpu ciekaHuu
OTXOJIOB YBEJIMUUBACTCS BBIHOC MBI U3 arJIOMEPUPYEMOTro CIIOS, YTO SBISETCSA HEIPUEMIIEMbIM IS 3KOJIOTHU.

Arnomepar, MOJYYeHHBIH C JOOaBIEHHEM JKEJe30COAEPIKAIIMX OTXO/0B, OTJIMYACTCS MOHWKEHHBIMU
MIPOYHOCTHBIMHU TTOKa3aTessIMH. JlaHHOE SIBICHNE 3aTPYAHSAET €ro nepepaboTKy B JOMEHHOM IIepeaene, TaK Kak ero
MIPUMEHEHNE TPUBOIUT K CHIDKEHHIO TA30MIPOHNUIIAEMOCTH CTOJIOA IMUXTOBBIX MaTe€pUaaoB B JOMEHHOM Med.

B Hacrosmee Bpems Ui mepepaOOTKH BCEX HAKOIUICHHBIX OTXOAOB B arjONpOW3BOJCTBE HEOOXOAMMO
JoBecTH ux cojepykanue B mmxte 10 40 — 50%. Takoe MOBHIIICHHE HEBO3MOXXHO 0€3 3HAYUTEIHHOTO CHIDKCHHUS
MIPOM3BOUTENBHOCTH MAIllMH M CHIDKEHHWS KadecTBa arsiomepara. IloaTromy HeoOXonmma pa3paboTKa HOBOTO
croco6a nmepepadoTKH KEIE30COAEPKAIINX OTXOI0B, BHE aryionexa.

Llenbro 1aHHOW Hay4YHOW Pa0OTHI SIBJISETCS BBISBJICHUE YCIOBHUi, NPU KOTOPBHIX BO3MOXKHA 3()(eKTHBHASL
YTUIM3aLKs KOJOIIHUKOBOH IIBIIH, YAOBIETBOPSAIOIas TpeOOBaHUAM, NPEABABIIEMBIX JOMEHHBIM IIPOU3BOACTBOM
K TaKOMY BHJy MaTepHaJIOB.

B ycnoBum naboparopuu kadenpbl Meraqurypruu 4epHbIX MeTawioB JIoHOACCKOTO TocynapCTBEHHOTO
TEXHUYECKOTO YHHMBEpPCHUTETa OBLIM IPOBEJCHBI ONBITHBIC CIEKAHHUs CMeCeH YrOJbHOM IMIMXTHI C KOJOUTHUKOBOM
MBIIBIO C LENBI0 OIEHUTh BO3MOXKHOCTH IIOJIYUEHHS JKele30yriiepoAa U3 MoAoOHOHM mmxThl. JlaHHBIN crocod
OCHOBBIBAETCS HA CHEKAHMU METAJUTYPIHYECKHX OTXOAOB C KOKCYIOIIEHCS YrOAbHOH CMECBIO, IONYYHB IMPH 3TOM
€MHBII TOIUIMBHO-pYAHBIN MaTepuan. Crnekanue ocyuiecTisiioch npu remmneparype 1000 °C B Teuenun 30 MUHYT.

a) 0)
Pucynox 1 — O6pa3siipl, mosrydeHHbIE TP CTIEKAaHWH CMECH YTJIeH 1 KOJIOITHUKOBOW IBUTH B YCIOBHUAX
nabopatopun kap. MUM JJoal TY
a — 60% xonomHukoBo# nbuK ¥ 40% yroabHOM MIMXTHI
6 - 40% kosonTHNKOBO NBUH 1 60% YroJIBHON IIMXTHI

Ta6nnua 1 - MexaHndeckast MMPOYHOCTD CIICKOB M3 PA3HBIX cMeceit

HecmnpeccoBanHbli CrpeccoBaHHBIN
40% KOJIOITHUKOBOH MBIITN 2200 xr / Kycok 2800 xr / Kycok
60% yronbHOM MIMXTHI (77 xr/em?) (100 xr/cm?)
60% KOJIOUTHUKOBOH MBLIH 180 kr / Kycok 100 xr / Kycok
40% yroabHOHN MIMXTHI (6,3 kr/cm’) (3,5 kr/em’)
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80% KOJIOIIHUKOBOM IBIIN

N Matepuan paccslnancs
20% yroJTpHOM OIMXTHI puatp

Ha ocHOBaHMH IIPOBEJECHHBIX WCCIICAOBAHUM TIOJNyYEHBI CIICYCHHBIE OpPUKETHI, KOTOPHIE MOXKHO
UCTIONB30BaTh B KAYECTBE AOTOJIHHUTEIBHON MIMXTHl B JOMEHHOM IIPOU3BOJCTBE, YTO SKOHOMHYECKH BBITOJHO NPH
nedummre muxThl. JXKene3o B OpHKETEe MOIHOCTHIO BOCCTAHOBJICHO, YTO JACT BO3MOXHOCTh YIYYIIHTh TEXHHKO-
9KOHOMHYECKHE ITOKA3aTENIN JOMEHHON IIJIaBKH.

CIIO)XHOCTBIO BHEAPEHUS MAaHHOM TEXHOJOTMM OKYCKOBAaHHMS MaTepHana SBIAeTCI HEOOXOIHMMOCTh
pa3paboTKK M M3TOTOBJICHUS HOBOTO arperara AJIsl IOJydeHHUs CIeYeHHbIX OpukeToB. [losTomy Obuta mpoBepeHa
BO3MO>KHOCTH IOJIy4aTh JKEIE30yIJIEPOA B YCIOBHIX KOKCOXHMHUYECKOTO MPOU3BOACTBA. I 3TOT0 MPOBOAMIHUCH
CIEeKaHMs B SIIMKAX, HEIIOCPEACTBEHHO B KaMepax KOKCOBOI OaTapeu. Bbln modydeH eye30yriaepon B BUAE KOKca
(puc. 2). JlaHHbIE CrIeKaHHs NOATBEPAMIN BO3MOXKHOCTB HOJIy4aTh OKYCKOBaHHBIN JKeJIe30CO Iep KaIUi MaTeprall B
arperatax KOKCOXMMHYECKOI'O MpPOM3BOJACTBA. B yCIOBUSIX HHM3KOH 3arpykeHHOCTH mnpennpustuii Jlonbacca
IIPOU3BOJICTBO JKENE30yIJIepoJa B KOKCOBBIX I€Uax SBISIETCS OYEHb AKTyallbHBIM, TaK KaK 3TU arperarsl UMEKT
Ppa3pyIIAOIIYIOCs TIPH OCTHIBAHUU JUHACOBYIO (h)yTEPOBKY U HE MOTYT OBITh OCTAaHOBJICHBI.

Pucynox 2 - O6pasers onbiTHOTO criekanust 10% konourHukoBo# meuin 1 90% yrojpHOW CMECH B KOKCOBO# OaTapen
AJT4eBCKOT0 KOKCO-XMMHUUYECKOT 0 3aBO/ia

Tabnuna 2 — XapaKkTepuCTHKA MOTYYCHHBIX CIIEKOB KOJOUTHUKOBOW IBUTH M YTOJNBHOW CMECH B KOKCOBOH
Oarapen

CocTaB HIUXTHI Ac CaO MgO Si0, ALO; Fe,O, MnO Peaxki. lopsiuas

JJI CIIEKaHUA CHOCO6. HpO‘IHOCTB
90% yronpHOM
LIMXTBL 1 358 | 6,69 1,36 35,1 14,7 38,6 0,21 56,1 23,5
10% xoJ10o1IH.
TIBIJIN

= -

100% yromeoit | ycg | 341 | 109 | 495 23 194 | 023 60.1 38.5
IIMUXTHI

A. A. POMAHYYK
1'OY BIIO JIHP «/{oubacckuii 2ocyoapcmeenuviti mexuuueckuii ynusepcumemy . Anueeck, JIHP

PU3NYECKOE MOJAEJIMPOBAHUE ITPOLHECCA ITEPEMEIINBAHUA
METAJIJIA CO HIIVTAKOM

IIpusedensvt pesynvmamvl IKCNEPUMEHMANbHBIX UCCIE008AHUL DUULECKO20 MOOenUpO8aHUs npoyecca
nepemewusanus Memaiid co wiakom 8 xooe npodyeku memania. Ionyuena sasucumocms usmeHeHue nAOWaAoU
DPACKPbIMUsL 3epKana Memaiid om pacxood MOOeiupyemozo 2asd.

Knrwouesvie cnosa: winak, cmans, usuieckas Mooeib, azpe2am Kogui-neusb, OKUCIeHUe, UHEPMHBIU 2a3.

JlnHaMmuKa TepeMemMBaHusl MeTayla CO IIJIAKOM B TMPOIECCe €ro MPOJYBKH aprOHOM MpPENCTaBISIETCS
KpaiiHe BaKHBIM TEXHOJIOTUYECKUM ITalloM, OMPEIENSIONIMM BBIOOD KPHUTEPHEB ONTUMHU3AIMK TapaMeTpOB
MPOAYBKM JUIA pPa3WYHBIX CTaJud BHENeyHOW o00paboTku. JIOCTaTOYHO OYEBHIHO, YTO HMHTCHCHBHOCTH
NepeMellIBaHus 3aBUCUT OT pacxojia BAyBaeMOro aproHa, a Takke OT KOJMUYECTBa MPOJYBOUHBIX Yy3J10B. Bmecte ¢
TEM, MOBBIIICHUE PACX0Jla BAYBACMOT0O Tra3a MPUBOIUT K HHTCHCU(UKAIIMH Pa30pPBI3TUBAHUS METala Ha TPaHUIIC
LUIaK-MEeTall M, KaK CIIEACTBUE, K €ro WHTEHCHUBHOMY BTOPHUYHOMY OKHcIeHHIO. Kpome Toro, MHTEHCHBHOE
JIBIDKECHUE IUPKYISIHOHHBIX TIOTOKOB BJIOJIb CTCHOK KOBIIIA MOXET IPUBOIKTH K MOBBIIIEHHOMY H3HOCY pabovero
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ciost ¢pyrepoBkr. Du3mueckoe MonenupoBaHue [l] OCYIIECTBISIIOCH Ha MOJETH, KaK MOKa3aHO Ha pHCyHKe 1.
ITonoxxenne nBYX NPOAYBOYHBIX Y3/I0B B JHHUIIE KOBIIA ONPEAEISIOCh YIJIOM, KOTOPBIH HM3MeEpsICsS B
TOPU30HTAJIBHONW IUIOCKOCTH OTHOCHTEIBHO BEPTHKAJIBHOW OCH KOBIIA. YUHTHIBas CHELU(HUKYy pabOThl arperara
KOBII-TI€Yb, 3aKITIOYAIONIYIOCS B PACIONOKEHHH TPEX JJIEKTPOJOB B ICHTPAIBHON YacTH 3epKaja [UIaKa, Uit
uccien0Banuii ObLTn BoIOpansl yribl B 100° kak Hanbosee xapakrepHble [2].

B kadecTBe XKHIKOCTEH, MOAEIUPYIONUINX PacIljiaB, CTANIN U IUIAKa, IPUMEHSIN COOTBETCTBEHHO BOXLY M
MalIMHHOE Macjo, WMEIOUIME Pa3IMYHYyI0 BSI3KOCTh IPU pa3HOW Temmeparype. Jlias NMpoayBKH HCIIONIB30BaIN
CXKAThIH BO3AYX.

[MponyBka ocyliecTBisIach yepe3 JIBe MPOyBOYHbIE MTPOOKH, YCTAaHOBJICHHBIE Ha Pa3HOM PACCTOSIHUH OT
LEHTpa KOBIIA, MO KOHCTPYKLIMH CTaJlepa3IMBOYHOrO KoBIIa eMKOcThio 300T KOTOpHIH NpUMEHseTcs Ha
COBPEMEHHBIX METAJLTyPrH4ecKuX MNpeanpusitusx. Pacxox rasza BapeupoBaics ot 0,1 no 0,8 n/mun. Bribop
MAIIMHHOTO Macla JUIl UMHTAIMH [IUIaKa Ha TIOBEPXHOCTH MeTajula OOBSCHSETCS ONpPEAEICHHONH COBOKYITHOCTBIO
CBOHCTBAa Macia, B T.4. €rO IUCICPIUPOBAHUS NPH KOHTAaKTE C BOAOW. B dacTHOCTH, MalIMHHOE MAacio
oOecrieunBaeT HU3KOE MeK(pa3HOE HATHKEHUE MEK/Ty MAITMHHBIM MaclIOM M BOJIOH, YTO COOTBETCTBYET ITOBEACHHIO
XKHIKOTO [IJTaKa Ha TOBEPXHOCTH CTAIIH.

/ i .
Pucynox 1. ®usmndeckas Mozesb cTaepa3IMiBOYHOTO KOBIIA

B HavyanpHBIE MOMEHT BpeMEHHM (Cpa3y MOCJE cTapTa HpOLYBKH) oOpa3yeTcs y3Kas Ta30KHIKOCTHas
CTpysl, COCTOAIIAsI M3 MEJIKHX ITy3bIPHKOB MPEHMYIIECTBEHHO CEeprIecKOi (OPMBI, KOTOPBIC, JOCTUTAS TPAHHIIBI
pas3zena BOJa—Macio, YBJCKAlOT 3a COOOH XHIKOCTb M 00pa3yloT B CJIO€ Macia HeOONBIIOW KOHYC, a 9acTb
ITy3bIPHKOB BBIXOJAT Ha MMOBEPXHOCTH pa3ziena KUIKOH (pasbl.

Jaiee 1o X0ty MPOIYBKH CTPYS Ia30)KUAKOCTHOTO TIOTOKA PACIIMPSIETCS, YUCII0 HEOOIBIINX My3bIPHKOB B
HEeHW pacTeT, NpU ITOM YBEIMYMBAECTCS U pPa3Mep KOHyca JKHIKOCTH B ClIoe Maciia. B pe3ynbTare dero Ha
MOBEPXHOCTH Macjia MPOUCXOIUT BBIXOJI OOJIBILIET0 YUCIIa ITy3bIPHKOB U 00pa3yercst MSTHO.

3areM Ipu JanpHEHmedl IpoayBKe YHUCIO Iy3BIPHKOB, JOCTHUTAIOIIMX MOBEPXHOCTH YBEIMYUBAETCS, OHU

CTaHOBSITCSI OOJIBIIIE 110 Pa3MepaMm, U ISTHO YBEJIMYMBAETCS B pa3Mepax Kak M0Ka3aHo Ha PHCYHKE 2.
: v 2 v :

PucyHoK 2. YBenuueHne MsaTHA pacKphITHA 3epKajia MeTajlia

Jlanee OombIvie My3BIPhKHM Ha TMOBEPXHOCTH HAYMHAIOT JIOMAThCs, 00pasys Ooyiee Menkue, a K HHUM
TMPUCOCANHAIOTCA IIY3bIPbKH, BHOBH JOCTABJIACEMBIC Ta30KUAKOCTHBIM IIOTOKOM. Tem caMbIM KOJIHUYECTBO
ITy3BIPEKOB, 00pa3yrONUX MMSATHO Ha MOBEPXHOCTH MAcCla, pacTeT, pacimmpss ero pasmepbl. COOTBETCTBEHHO 3TO
CIoCcOOCTBYET pa3BUTHIO ra3nuTHOTrO 3 dekra, YTO MPUBOIUT K YBEIIMICHHUIO TOJU BOIBI B CJIOC Maca.

[Mo xomy mpomyBKHM — 3TO SBIICHHE YCWIMBACTCS, B PE3yJbTaTe Yero B CIIOE Maclia 00pa3yroTcs
MaJIOCKOPOCTHBIE TOPU30HTAIBHO HAIIPaBJIEHHbIE MOTOKH, PACXOSIIMECs K CTEHKaM COCyAa, W YBJEKaloUlue C
c000i HEKOTOPYIO YaCTh ra30BBIX MY3BIPEKOB [3].
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IIpu yBenmmdyennn pacxona BmyBaemoro rasza (0,4—0,8 1/MWUH) onmcaHHBIE BBIINIE MPOIECCHI MPOTEKAIOT
0oJiee MHTEHCHBHO, a 0Opa3yIOMIMICS >KUAKOCTHBIH KOHYC MMEEeT H3HA4YalbHO OONBIIMK pa3Mep. XapaKTepHOH
0COOCHHOCTBIO TIPOAYBKH JKHAKOCTU TI'a30M CIEIyeT OTMETHTh pa3OphI3TUBAHME €€ HEKOTOPOH 4YacTh, KOTopas
BBIJIETACT 3a Hpenensl cios Macna. llepudepuiiHpie pacxomsmmecs Ta305KUIKOCTHBIE TTOTOKH, MPOHHUKAs B CIOH
Macia, IepPeMEeNIaloTCsl TOPU30HTATBHO K CTEHKaM COCy[a, a 3aT€M HaNpaBIIOTCS BHM3 K TPAaHMIE pasjena BoJa—
MacJio, I'7ie YBJIEKArOT 3a cOOOH IMOPIMIO Macia, KOTOpasi BHEAPSIETCS B BOAHBIA 00BEM Kak IIOKa3aHO Ha PUCYHKE 3.

Takoe cuiIbHOE BOBJEYEHHE B IEpEeMELIMBAaHME Macjia, WMHTHPYIOIIEro I[UIAK, BHIMMO, CIEAYET
OOBSICHSITH BHICOKOW CKOPOCTBIO JIBHIKEHUS ITOTOKOB JKHJIKOCTH B 110/100JIaCTH, PACHIONIOKEHHOW BOJNM3MU ISTHA, TO
€CTb TIPH JBIKCHUH TIOTOKOB HUIKOCTH MPOUCXOJUT OTPHIB HEKOTOPHIX 00BEMOB Macia U BOBJICYEHHE UX B 00beM
BOJIBL.

[Tpn mponyBke yepe3 /Ba MPOXYBOYHBIX y3Jla OTOJIEHHE «METajulay B 30HE BBIXOJA BAYyBaeMOIo rasa
IpoucXo 1Mo mpu pacxoze rasza 0,1 n/muH. OObeMHeHNE 30H BBIXO/a Ta3a B OJHO O0IIee MITHO HAOIOAAIN MPH
npoxyBke ¢ pacxogoMm 0,3-0,6 n/MUH. B ocTanbHBIX cIy4asx Ha HOBEPXHOCTH Maciia 00pa30BBIBAJIICE ABE OTIACIHEHO
PAacIIoI0KEHHBIX 30HBI BHIXO/a ra3a.

upuna maTHa L, (MM) B 3aBECHMOCTH OT pacxojia Bo3ayxa v (JI/MUH) afgekBaTHO (K03 (UIIMEHT MapHOH
koppernsun 0,95) onuceBaeTcs CIeAYIOIINM YpaBHEHIEM JIMHEHHOM perpeccui:

L,_ -5,99 +230,45 v.

IIpn mpoxo’kAeHNH NIMPKYJIALHOHHOTO TOTOKa BIOJH 3€PKala J>KUAKOCTH B KOBIIE OONbIIas YacTbh
(mpumepHO 92-95%) HaXOAAMMXCS B HEM Ta30BbIX ITy3BIPHKOB BCIIBIBACT HA TIOBEPXHOCTH, 00pasys B 3TOM MecTe
Pa3phIB [UIAKOBOTO TOKPBITHS. Tak, KOrja ra3okKWAKOCTHAs CTPYS HAXOJUTCS Ha HEOOJBIIOM pPAcCTOSHHU OT
MTOBEPXHOCTH «METaJIay, OHA PaCIIUPACTCs, ABUrasiCh MPEUMYIIECTBEHHO BBEPX.

PucyHok 3. YBredueHue Moplyuy MOJISIUPYIONIETO Iaka B Ta30KUIKOCTHBINA TTOTOK

OTOT AMHAMUYHO M3MEHSIOIIMNCS OTOK CMEIIAaeT BEPXHHUM CIOH «IIIaka» K CTEHKaM COCy[ia, TeM CaMbIM
(dopMupys 30HY BbIXOJa raza. B ciydae ecnm Bocxogsmiast CTpysl HMEET JIOCTATOYHO BBICOKHH IHEPreTHYECKUH
MOTEHIMAJ, OHA IOAHUMAET CTPYIO «METAJIay BBIIIE YPOBHS «ILIIAKAY.

[Momyuennsle n300pakeHUs 30HBI OTOJICHWS 3€pKaia MeTala oOpalbaThIBaIWCh Ha KOMIIBIOTEpE C
TIOMOIIBIO CHEUATM3UPOBAHHOTO TPpauiecKoro pemaaKkTopa, MO3BOJSIONIETO PACCUUTATh IUIOLIAZb OTOJCHHOMN
4acTU «MeTajIay.

3AKJIIOYEHHE

B xozme mccienoBaHuii, BEITOJHEHHBIX Ha XOJOTHON (pU3MUYECKONW MOJAETH, YCTAHOBIIEHO, YTO BAyBaHHE
HMHEPTHOI'O raza B METaJll 0OKa3blBaeT CYIIECTBEHHOE BIMSHHUE Ha MOBEACHUE IJIAKOBOIO CJIOS, YTO HAXOIUTCS B
NpsSIMOM  B3aMMOCBSI3W C JMHAMHKOI BTOPHMYHOTO OKHCJCHHUS CTall M BOBJCYEHHS IIUIAKOBOH (a3el B
METaJLIMYECKYI0 BaHHy. lcHoib30BaHMEe B KOBIIE JBYX IPOJYBOUHBIX YCTPOMCTB, PpACIOJOKEHHBIX Ha
ONPEJEIICHHOM YAAIEHUM IpYyr OT Ipyra, IPUBOJUT B JBUXKCHME YAaCTU IIIJAKA y CTEHKU KOBILNA, YTO MOXET
CIIY’KUTb NPUYMHOMI MOBBIIIEHHOIO M3HOCA OTHEYIOPOB B 30HE LUIAKOBOIO IMosica. BmecTe ¢ TeM Hanuuue IBYX
MIPOyBOYHBIX (YPM CIIOCOOCTBYET YBEIMYEHHIO BEPOSTHOCTH 3aXBaTa YaCTHI] [IUIAKa METAJUIOM M INepeMeIIeHHs
uX BriyOb MeTaiia B KOBILE. DTO sSIBJIEHHE 00YyCIIOBIMBAETCS HHTEHCHBHBIM NIEpeMEIINBaHNEM 00JIaCTH )KUAKOCTH,
PAacIOoIOKEHHON MeXy POAYBOUHBIMU Y3IaMHU.

Bubanorpadguyeckuii cnucox
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2. TwmzarynuH, P. A. BHeneuHble W KOBIIOBBIE IMpolecchl 00paboTku cramu: [Tekct| MoHorpadus / P.A.
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3. Kpasuenko, B. M. HccnenoBanne mepeMenmImBaHMUsA pacilaBa WHEPTHBIM Ta30M B CTalEPa3IHBOYHBIX
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PA3BAHIIEB AJIEKCAH/IP
AO «Cepebpo Mazaoanay

OBOCHOBAHUE ITAPAMETPOB ITOJA2TAYKHOTI'O OPYIIEHUS I1PU
PA3PABOTKE 9 PYJTHOM 30HBI MP « JIYHHOE»

9-51 pyHas 30Ha 30J10TOCEPEOPSHOTO MecTOposkAeHHs «JIlyHHOe» MaraiaHcKoil 001acTH XapaKkTepu3yeTcs
HEYCTOWYMBBIMM pyJamMu M BMmemamomumu nopoxamu. C 2015-ro roma mpumeHsieTcss cucreMa pa3paboTKH c
MOJPTaKHBIM OOPYIICHHEM M TOPLEBBIM BBITYCKOM pynsl. Ha 9 p.3. mpuxoxutes 6oiee moaoBUHBI 00beMa JOOBIIH
pyzst TOK «JIyaHOE

Pyna 9-it pynsoii 30u51 MP «JlyHHOE» mpencTaBieHa cyibhua-kapOOHaT-KBapIEBEIM COCTABOM, a TAKXKE B
CEBEPO-BOCTOYHOM (pIaHTe JIOKATM30BaHA PyJa ¢ HAJIMYUEM OPTaHWYECKOTO Yriepoia. Bmemiaromumu mopomamu
SIBISIFOTCSL AHZE3UTHl W AJEBPOJIUTHI C MPOCIOSIMU YIIHCTO-TIMHHUCTBIX CIAHIEB,KOTOPbIE B BHAE 3aCOPEHUS
MIPUCYTCTBYIOT B TOBapHO# pyzne.Kputepuem omnpeneneHus rpaHAIB! 30HBI JOKAIU3AINN YIIHCTHIX PYA SBISIETCS
coJiepXaHue opraHuyeckoro yriepoaa seimie 0.2%.

Hannume opranudeckoro yriepoja o BUCSYEMY U JiexkadeMy OokaM 9-i pysHOW 30HBI HETaTHBHO BIUSIET
Ha u3BiieueHne npu mnepepadborke Ha 3UD T'OK «JlyHHOe» mpu cMeImIMBaHWUM C KBapl-KapOOHATHOW pynoil B
Ipoliecce BbIMycKa U3 kamepsl. [Ipou3BoauTcs pasfenpHOe CKIaAMpOBaHHE PYJIbl ABYX BHJIOB, I AaidbHEHIIen
nepepaboTku KkBapueBoil pyasl Ha 3UD «JIlyHHoe» um yrimctoit pynsl Ha Omcykuanckoit 3H®.OtcyTtcTBHE
METOJMKHM pacdyeTa TOBapHOH pyasl ABYX BHAOB CO34aeT TPYAHOCTH IIPH ONEPATHBHOM IUIAHHUPOBAHUU U
MIOJITOTOBKH CPEIHECPOYHOTO IUIAHA C YYETOM paclpeseneHus 00beMOB HOOBIMHM MEXAY KBapIl-KapOOHAaTHOW U
YTJIMCTOH pyIO# U3 KaMep B 30HE aJIeBPOJIUTOB.

Hcxons u3 onbITa paboThl MPOLUIBIX IEPHOIOB OBUIO ompeneneHo, uto 60% ot obmiero odobemMa 100BIYN C
O-ff pymHOW 30HBI - PyOBl HE COACpPXKAT OPraHWICCKOTO YIJIepoia, W TMPHUTOAHBI Ans mepepadotkn Ha 3UD
«JIyaHoe».JlanHas oneHka Obua BeimosHeHa ot 01.02.2016r u ABIsUIaCh YKPYITHEHHOM — HE YIUTHIBACT B IPOIIECCe
BBIITyCKa PYAHOM Macchl IOINAaJaHHEe 4YacTH OOBEMOB KBAPIIEBON pynabl B YITIUCTYI0 M3 KOHKPETHOH KaMephl,
pacIOJIOKEHHON B 30HE aJIeBPOJIUTOB C MPOCIOSIMH YIJIMCTO-IVIMHUCTBIX CHaHIEB. Takke HE YYHUTBIBAaeT
pacripezeneHre 00beMOB JOOBIUYM MEXY KBapIEBOH M YIIIUCTOM PyIOH U3 KaMephI B 30HE AJIEBPOJIMTOB.

Y4er npu NoAroTOBKE CPEAHECPOUHOrO IJIaHa MONaJaHus YacTu 00beMOB KBapIIeBOM PyAbI B YIIUCTYIO B
IIpoliecce BBITYCKa U3 KOHKPETHOM KaMephl, BO3MOXKEH IOCJIe TOATOTOBKY METOAMKH pacdeTa TOBApHOI pyabl s
KaMep PacIoIOKEHHBIX B 30HE aJICBPOJIUTOB C MPOCIOAMH YTIUCTO-TJIMHUCTBIX CIAHLIEB.

PazpaboTka METOANKHM pacueTa BO3MOXKHA Ha OCHOBE PE3yJIbTaTOB (PU3NIECKOT0 MOAEIHPOBAHUS BBIITYCKa
PYAHOH Macchl IPH CHCTEMaX C OOPYyIICHUEM.

OCHOBHBIM  KpDHTEpPHEM  MOJACIMPOBAHUS  SBJISCTCA  TeOMETpUYecKoe rmojobme u  mondop
Marepuano.I'eomerpudeckoe momobue, 00ecredeHo 3a CYeT TOro, YTO BCE pa3Mephbl IIPOCTPAHCTBA, 3aHITOTO
n3y4aeMoN CHCTEMOW B MOJEINH, U pa3Mephl €€ OTACNIBHBIX AJIEMEHTOB OBIIM CTPOTO M3MEHEHBI B OIPE/ICICHHOE
YHUCIIO pa3 MO CPAaBHEHUIO C pa3MepaMM IIPOCTPAHCTBA, 3aHATOrO CHCTEMOW B Harype.B kauecTBe MarepmanoB
HCTIONB30BaHbl JIpOOJICHbIE KBapI-KapOOHATHBIE, YTJIHCThIE PyIsl M BMEIIAOMMe Mopoabl.MonenupoBaHue
IIPOBOJIMIIOCH C MAKCHUMANbHBIM MTPUOIMKEHUEM MOJIENH K YCIOBUSAM HaTYPHI.

COopka MOJenu MPOM3BOIMIACH M3 aKpUIOBOro crexia B macimirade 1:100. MoaenmupoBaHHe BBIIYCKa
ObUTO MPOU3BECHO HAa MPUMEpE ABYX Kamep: kamepsl 30uc r. 600 M. mo pyaHoMmy Teny la. MOIIHOCT PYIHOIO
tena 11-13 m. Beicota nogaraxka 15 M. u kamepst 36uc r. 600 M. 1o pyaHomy teny 1. MoiHocTs pyaHoro Tena 3-5
M. Bricota momstaka 15 M. Obe kaMmepsl pacroyioKeHBI B 30HE AJIEBPOJIMTOB C COJIEpIKAHHEM OPraHHYECKOIro
yrieposa.

MonennpoBanue kaMepbl 30HC pyIHOTO Tena la:

Jns monbopa HeoOXOMMMOW (pakimMu TMpPOW3BEICHO ApobieHHe pynasl W BMmemarommx mnopoxalocne
JpoOJIeHNs] TIPOW3BEIEH OTCEB HEOOXOoAMMOHN (pakimu (coriacHo Macmrada MOAETHPOBAHUS) UL 3aIlOJIHEHUS
Mojenu.J{1si MakcHMaabHOTO TPHOJIMKEHHST K PealbHBIM YCIOBUSIM BBIIYCKa 3allOJHEHHE MOJIENHN IPOM3BEICHO
pynoit ¢ 9-it pyaHO#H 30HBI ¢ coepKaHUeM yriepoja (depHas) U kBapuesas (Oenas)./[nst BU3yanusamuu BhITTycKa
yepe3 Kaxapie 5 cM (5 M. ¢ ydeToM MacmTaba) MOJENb 3amoiHsUIach HEOOJBIIMM CIIOEM KpalneHoH (pakiuu.
dusndeckas Mojelb mpejacTaBieHa Ha puc. 1-2. Ha puc. 3 u3obpaxena nudposas 61ouHas mozaens B Gopmare
Datamine, Ha KOTOPOM U300pakKEHBI PYABI IBYX THITOB.
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4
Puc. 1 Puc. 2 Puc.3
B mpouecce Boimycka dopmupyercssi ¢urypa paspbIxJeHHs, yalle HarnoMuHamoomias (opMy 3IIIMICOHIA
BpAILICHUs, PACCEUEHHOT0 BJIOJIb BEPTUKAIBHON OCH TOPLEBOM CTEHKOM MaccuBa. 1o pesynbrataM MoAeIupOBaHuUs
OBLIO ONIPEAETIEHO, YTO Ha BBICOTE MOAdTAXA 15 M. MaJast MOIyOCh 3IUTHUIICONIA COCTABILIET 5.5-6 €M, UTO C yU4EeTOM
Macmtaba cooTBeTcTByeT 5.5-6 M. Takmm o0Opa3om, ¢ OmHOW BHIPAOOTKH BBITYCK KBapIl-KapOOHATHOH pPYyABI
BO3MOJKEH P MOIIHOCTH pyaHOTo Tena a0 11m. [Ipomecc BeImycka mpencTaBieH Ha puc. 4-5.

Puc. 4 Beimyck 1-To Beepa Puc. 5 chopMupOBaHHBII IITUIICOU ] BHITYCKA

Brimyck pyasl mpomsBoaMiCs MOBEEPHO, KaxkAas [103a B3BEIIMBAllaCh Ha BECaxX, IOCIE YEro KBapll-
KapOOHaTHasl, yIJIncTasl py/ia ¥ IopoJia COPTHPOBAINCH M B3BELIMBAINCH Kaxkaas 1o otaenbHocTH.ITo pesynbTatam
HaOMIONIeHUH, cpeaHss macca 11036l cocraBmwia 10r. Yto coorBercTByeT 00BeMy 4.2 cM3, ¢ ydeToM MaciTada
cpenHsis 103a coctaBuia 4.2 M3 — 4ro coorBeTcTBYeT 00beMy KoBmra [1/IM ST — 1030.

MonenvnpoBanue kamepsl 30Kc pyaHOTO Tena 1:

Beimyck TOpHOI Macchl NMPOW3BOAMIICS IIO3TANHO: TIEPBBIM 3TalloM ObLIO BBITYIIEHO YETHIPE Beepa
BBIIIIEJIEKAIIETO MO3TaXa, Jajee YeThIpe Beepa HIKeNIexKallero. B mporecce BeIycka, 0 KaKIOH 103€ KaXI0ro
Beepa OblIa POM3BE/ICHA COPTHPOBKA U B3BELIMBAHHE MCXOJHBIX MAaTEPHUANIOB, BCE JaHHbIE ObUTH 3a()MKCHPOBAHBI
Ul TIOcTeAyromel o0paboTkn 1 aHanu3a.Beimyck pynsl Mo KakAoMy Beepy OBl OCTAHOBJIEH HPH JOCTHKEHHU
JtoT Topoisl (pazybosxuBanwmst) ceiie 50% mo macce. Pe3ynpTaTel Mo IMpOBaHUs MIPEICTaBIeHBI Ha puc. 6-11.

203



: e i — e
Puc. 8 Puc. 9 Puc. 10 Puc. 11

B nponecce BellTycka Halleraromiasi CBEpXy HOpoja MO BUCSYEMY KOHTAKTy CTPEMUTEIBHO OTCEKAET Pyay
HaXOJSIIYIOCS B JeXadeM OOKY, 4acTh W3 KOTOPOH IEPEXOJNUT B IIOTEPH B CBS3H C HEBO3MOXKHOCTBIO JallbHEHIICH
BBIEMKH. B 1aHHOM cityuae 3T0 yriucTas pyzAa BbIILENexalero ropuzonra.llocie okoOH4aHUs BBITyCKa 4acTb PYyJbl
C BHCSIYETO M JIEXKAYero KOHTAKTa OCTAaeTCAd B «MEPTBOW 30He». B nmanmpHeiimeM 3ta pyzaa (B OCHOBHOM C BHCSYErO
KOHTaKTa) NMPUXOAUT Ha HIDKeNekamui ropu3oHT.IIo Mepe BBIycka BeepoB HAOIIOAAETCS TEHICHUNS CHIDKCHUS
JIOJM KBapIIEBOM Pyl M YBEJIMYEHHUS JOJM PYHABI C CoJIepKaHUEM yrieposa./lonsi BpeMEeHHO HeaKTHBHBIX 3aIlacoB
(mpenmomnaraeMbIX MOTEPh) YIMHCTON pyasl coctaBmiaa 90%, kBapueBoil - 27%. MecTo 3ajoXeHHS Hape3HOH
BBIPa0OTKH (BBIPa0OTKA BBIMYCKA), BIIOCIEACTBUM HIPAET 3HAYMMYIO pOJb Ha IOJHOTY BBIEMKH 3aIlacoB.
VneanpHbIM BapuaHTOM JJisl JJAHHBIX YCJIOBHH SIBJISIETCS NMPOXOJKa BBIPAOOTKM Ha KOHTAKTe C YIJIMCTOH pynoit
OJiKe K BUCTYEMY OOKY.

[To manHBIM (PM3MUECKOTO MOJETMPOBAHMS OBIIO MPOM3BEICHO CPaBHEHHE C pe3ysbTaTaMi (haKTHIECKOH
J00bIYM, KOTOPOE IOKa3alo BBICOKYIO CXOAMMOCTh. Ha BblmenexkamieM MNOAdTaKe pacXoXIEHHE C (aKToM
coctaBmio 25%, Ha Hukenexamem nogdtaxe 7%. IlomydeHHble pe3ynbTaThl MOAEIMPOBAHUS, HapaMeTphbl
auamerpa (Urypsl BhIycKa M (akT JOOBIYM CBUIETEIBCTBYIOT O TOM, 4TO OOBEMBI HOOBITOH pyIBl W3 Kamep
PAcIlOJIOKEHHBIX B 30HE aJEBPOJIMTOB C MOIIHOCTBIO PYJHOTO Tena J0 OM IenecooOpa3sHO MOJHOCTHIO
CKJIaAMPOBaTh HA PyJHOM CKJIaJIe YIIIHCTON py/bl Ulsl faybHel el nepepadorkn Ha OMcykuyanckoi 3U®.

BbIBOABI U NIpPeE/UIOKEHUS :

1. PazpaboTtana MeTonMKa pa3IeNbHOTO CKIAAUPOBAHUS PyJ MPH CHCTEME C OOpyIIEHHEM W
TOPILEBBIM BBIIYCKOM pPYABI, OINpPENCNAIONIas OCHOBHBIE AaCIEKThl B3aWMOJCHCTBHSA CIOyxkO0 Ha CTagud
IUTAaHUPOBAHHMS, YIIPABICHNS BBIITYCKOM H CKJIaUPOBAHHUU PYIBL.

2. Pazpaborana meTomgMka (HU3MUECKOTO MOAEIMPOBAHUS BBIIYCKAa Pyl HA HSKBHBAJICHTHBIX
MarepuaiaXx MPUMEHUTENBHO K YCIOBUSAM 9-H pymHOHN 30HBI MeCTOpoxAceHHus JIyHHOE M NEHCTBYIOMIEH CHCTEMBI
TOpHOTro miaaHupoBanus B Kommnanuu.
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3. IMoarorosnena Monenb (PU3NUECKOTO MOJEIUPOBAHHS BBITyCKa pyAbl. MeToaMKa OmpeaeneHus
nmapaMeTpoB (Uryphl BBITYCKa afanTHPOBaHA K YCHOBHSIM 9-i pynHOi 30HBL. MonemupoBaHHME NPOBEICHO Ha
IpUMepe KOHKPETHBIX KaMep C y4eTOM Pa3iIMYHOH Mopdosoruu pyaHoro Tena. Ilo pesynbraraM MOIETHPOBaHHA
BBIITyCKa Py/bl U3 KAMEP PACHOI0KEHHBIX B 30HE aJI€BPOJINTOB MPEIJIOKEHO:

- Ha PYJHBIX TEIaX MOIIHOCTBIO CBBIIIE OM M 3aJISTaHUEM YITIHCTOH py/bl B JIeXKadeM OOKy 3aIexXH
BBIITyCK KBapI-KapOOHATHOH pyabl 10 MPUMEIIMBAHHS YIJIMCTOW BO3MOXeH 10 45% oT obmiero odbeMa B Beepe
(raHHBIE MOAEIMPOBAaHUS OyIyT YTOYHEHBI NPU CpaBHEHHMH C (akToM a00brun). OcTanbHOH 00BEM pyIbl
nesiecoodpasHo nepepadareiBath Ha OMcykuanckoi 3UD;

- TpaccupoBKy BBIpaOOTKH BBIIYCKa NMPH OTPabOTKE PYIHBIX TEJl MOIIHOCTBIO Oojee 6M ciemyer
3aKJIaJIbIBaTh CO CABHIOM K IICHTPY Ha BEJIMYUHY IIUPHHBEI OypO-710CTAaBOYHOIO IITPEKa OT BUCAYEr0 OOKa pyTHOTO
Telna;

- PynHble Texa MOIIHOCTHIO 1O 6M BKIIIOUUTENBHO I1€1€CO00pa3HO MOJHOCTHIO CKJIaJHpOBaTh Ha
pymHoM ckiame mToiabHH Ne3. Pasnenenne KBapm-kapOOHATHOW Pyl OT YIJIMCTOW HEBO3MOXHO, TaK Kak
napaMeTpsl (PUTYPHI BBITYCKa YK€ B MIEPBOM J03€ BBITYCKa MPEATIOIAraoT MPUMENINBAHIE YTIIUCTHIX Py K KBapIl-
kapbonatHoH. [TepepaboTky ocymecTBiaTh Ha OMcykuaHckoi 3UD.

- TpaccupoBky BBIpaOOTOK BBITyCKa NIPU OTPAaOOTKE PYTHBIX TeJie MOIIHOCTHI0O OM H MeHee
HEOOXOIMMO 3aKJIaIbIBATh HA KOHTAKTE C YIIIMCTOU pynod Onmke K BHCSIeMy OOKY 3aJIeKH B KBapIl-KapOOHATHOMH
pyAe.

4. Pa3paboTana MeTonuka pacdyera TOBapHOW PY/bI C Y4€TOM pe3yJIbTaTOB ONTHMHU3AIMU B MOJYJIE
MSO 1o aBym 60pTOBBIM conepxanusaM— st yenouit 3UD I'OK «JlynHoe» u mis yenosuii OMcykyanckoit 3UO,
KOTOpasl YUYUTHIBAET OCOOEHHOCTH MOP(OJIOTUH PYAHOTO TeJla U Paclpe/ieICHUs] B HEM KBapil-KapOOHATHOW pyIbl U
yriiepojcoaepxkaniero BeuecTsa. OnpeseneHsl MapamMeTpbl CHCTEMBI pa3pabOTKU Ui YCJIOBHE OTpaboTku 9-i
PYZHOH 30HBL.

5. OxoHOMHYecKHi 3(P(EeKT 0T HCKIOUEeHHWS NPUMEIINBAHMSA YIICPOACOACPIKAIIETO BEIIECTBA
coctaBmi OT 2 10 10 miH. pyOnei Mo BBIEMOYHOW €IUHHUIIE CO CPETHHMH NapaMeTpaMH 3aIUIaHUPOBAHHBIMH B
CCII. KoppekTHoe IMIaHHpOBaHHE OOBEMOB NOOBIYHM KBapI-KapOOHATHOW W YIIIMCTOH PYyIOBl M pacmpeiciicHHe
oovemoB mepepabotkn Ha 3UD I'OK «JlyaHOoe» m Omcykuanckord 31D MO3BOTUT MOBBICUTH YKOHOMHYECKYIO
a¢pexTuBHOCTS Ha 37% A7 CeBEPO-BOCTOYHOTO (DiIaHTa pyJHOH 30HBI.

A. I'. DUJIUNIIITEHKO
T'OY BIIO JIHP Jlonbacckuii 20cyoapcmeeHHblll mexHu4ecKull yHugepcumem, 2. Anuesck

HNPAMOE ITOJIYYEHME KEJIE3A

[TpumeHeHne TEXHOJIOTHH IO MPOU3BOICTBY JKelie3a IPsIMOTO0 BOCCTAHOBJICHMs (MJIM TyO4aToOro enesa)
MO-TIPEXKHEMY, KaK M HECKOJBKO JIECSITUIETHI Ha3al, CUNTAeTCS OJHUM M3 CaMbIX NEPCIEKTUBHBIX HAIIPaBICHUN
1151 9 (EKTUBHOTO Pa3BUTHSI MUPOBOH METAJUTypTUH.

Ilon mnpomeccaMu MpPSIMOTO BOCCTAHOBJICHHS JKele3a IOHMMAIOT TaKHe IPOIECCHl, KOTOPHIE TaroT
BO3MOKHOCTH IOJTy4aTh HETIOCPEICTBEHHO M3 Pyl METAJUIMYECKOE JKelle30, MUHYS JAOMEHHYI0 nedb. CrnocoOsl
MPSIMOTO TIOJIyYSHHsI >Kelle3a IO3BOJIAIOT BECTH IPOIECC HE PAcXonysl METaTyprHuecKuil KOKC, 3aMEHSSI ero
JIpYTMMH BHAAMH TOIUINBA.

W3BecTHO, YTO MCIIONB30BaHME Keje3a NMPSIMOTO BOCCTAHOBIICHMS IIPU BBIIJIABKE CTajld (B OCHOBHOM, B
JIEKTPOJYTOBBIX I1€Yax) MO3BOJSET NMPOM3BOANTH HanbOoJiee BHICOKOKAYECTBEHHBIH, SKOHOMHYECKH BBITOAHBIN (C
OTHOCHTEJIFHO HHU3KOW HSHEPrOE€MKOCTBIO) M SKOJOTMYECKHM 4YMCTHIH Metamn Oe3 mpumeceil cepsl u docdopa,
NPUTOMHBIA /I YAOBJICTBOPEHMS CaMbIX BBICOKMX TpeOOBaHMH TakuxX OTpacie-noTpeOuTenei, Kax
MaIIMHOCTPOEHHE (aBUa-, CyIOCTPOCHHE H T. 1.).

B nabopaTopHBIX YCIOBHSX OBIIM MPOBEACHBI ONBITHBIE BOCCTAHOBIICHUS H3MEIIBYCHHOM IeMaTHTOBOM
pyZBl TBEpIBIM yTiepoaoM. M3menpdyeHne MaTepwajioB M YBEIWYCHHE IUIOIMIAAM ITOBEPXHOCTH KOHTAKTa IPH
TIIATEIHHOM CMEIIEHHH OKHUCIIOB XKelle3a M YaCTHUI] YT IPUBOIAT K 3HAYUTEIIEHOMY YCKOPEHHIO PEaKIUi IpsSMOro
BOCCTaHOBJICHUS kelie3a. CTeXeoMeTPHUECKH paccunuTaHo, 4YTo Ha BocctaHoBienue 1 kr Fe,0;, Heooxonumo 2251
yriepoaa. OnpeneneHo, 4To IPH CPABHUTENLHO HU3KOM Temmeparype, a mmeHHo 1100°C, MOXHO mMONy4arh
rybgaroe sxene30. JlaHHbII ponecc npoTekaer 6e3 00pa3oBaHMs KUIKOH (asbl.

[poBenenHble TaGOPATOPHBIE UCCIIEN0BaHUs Py TemIieparypax: 900°C, 1000°C, 1100°C, 1200°C, 1300°C
TIOKa3aJu, 4TO IS OJydeHUs1 OoJiee KaueCTBEHHOTO I'y0UaToro jkeljie3a, BOCCTAaHOBJICHHOT'O TBEPABIM YIIIEPOJIOM,
ontuMmanbHas Temreparypa coctasiser 1100°C. Ilpu stoil Temreparype y Ty0uaTtoro ejesa camas OOJbIIas
CTENEeHb METaJUIM3allud U MPOYHOCTb, & BEC MaTepuajla COOTBETCTBYET PACUETHOMY, YTO IOKA3bIBAE€T HA IOJIHOE
BBIJIEJIEHUE KUCIOPOAA U3 TeMaTHTa.
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B)

Pucynox 1 — O6pa3iipl, NoTy4eHHBIE IPH BOCCTAHOBJIEHUH T€MaTHUTOBO PYABI

a — ry0uaToe xeJjes30, noayyennoe npu 900°C;
0 — rybuaroe xene3o, nojnydernoe npu 1000°C;
B — ry04aToe xenes3o, nonydennoe npu 1100°C.

B xone skcmepuMeHTa OBUIO ONpENENIEHO BpeMs MPOTEKAaHWs IIpoIlecca BOCCTAHOBICHHS IeMaTHTOBOI

pyasl. Jlns 3TOro HarpeB NpPOM3BOAWICS B IeYd, B KOTOPYIO OBUI ONYIIEH THUTENb, MPUKPEIUICHHBIH K
AQHAJIUTUYECKUM BECAM, YTO IIO3BOJIMIIO BECTHU IIOCTOSIHHBIN KOHTPOJIb U3MEHEHUSI MACChl HABECKHU.

Tabnuna 1 — BoccraHOBICHHE TeMaTHTOBOM PY/IBI TBEPABIM YTICPOIOM

Bpewms, mun Temneparypa, °C Bec muxtel, T
0 30 5,55
5 230 5,47
15 375 5,38
20 460 5,24
30 570 5,00
45 720 4,78
55 780 4,67
la5s 830 4,45
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19 15 885 425
14 30 935 4,05
14 45 970 3,87

24 990 3,52
24 15 1025 3,77
29 30 1050 4,00
24 45 1065 4,11

34 1077 4,16
3y 15 1090 4,16
34 30 1100 4,10
34y 45 1100 4,10

Ipouecc npoTekaer 2 yaca, IOCIE 4ero MPOMCXOAUT BTOPUYHOE OKHCICHHUE kelesa. Mcxons u3 3rtoro,
ClIeyeT, YTO IaHHBII Tporecc HeoOXOAMMO NPOBOAUTH B IJIOTHO HM30JIMPOBAHHBIX OT OKPYXAIOLIEH Cpenbl
arperarax, a IOJIlydeHHOe r'y04artoe ene30 TpeOyeT HeMeIJIEHHOTO AalbHEeWIIero rnepersiaBa B AJIEKTPOAYTOBOM
WM UHIYKIIMOHHON meun. MeTammn3anus MoJlydeHHOI'O BOCCTaHOBIICHHOTO Jkene3a cocTaBuia 94,6 %.

JlaHHasT TeXHOJIOTHS IPOU3BOACTBA MeTajlla MO3BOJIMT OTKA3aThCs OT arJIOMEPAlMOHHOTO, JOMEHHOTO M
KOHBEPTEPHOTO IPOM3BOJCTBA, TEM CAaMBbIM CHHU3HTh CCOCCTOMMOCTh MeETalUla, & TaK JKE& II03BOJIUT CHH3HTBH
CBIPBEBBIC M SHEPreTHYECKUE PAcXoabl Ha HOHE pocTa MUPOBBIX LICH HA KOKC M METaJUIOJIOM.

Pucynok 2 — [eperuiaBiaeHHOE TyO0UaTOE JKEIE30

ObOPY/IOBAHUE, TPAHCIIOPTHOE ObCI1Y/KHBAHHUE H
IHEPI O3®®EKTUBHOCTB IIPOU3BO/ICTB MUHEPAJIbHO-
CBIPBEBOI' O KOMIIVIEKCA

B. ENG. LUCAS ALEXANDER BALTZ
Technical University of applied Sciences Georg Agricola, Bochum, Germany

RELOCATION OF AN EXTRACTING PLANT AND DESIGN OF THE
EXPLOITATION IN THE NEW AREA OF APPLICATION, GRAVEL AND
SAND MINE

The aim of this paper was to find a convenient procedure to relocate the extracting plant in a gravel and
sand mine and also to plan the exploitation in the new area of application.

Because of placing the materials preparation plant right on the deposit the suction dredger needs to be
replaced due to the progress of exploitation to continue extracting. This also includes the relocation of the conveyor,
bucket wheel and the pipeline (connecting the dredger with the bucket wheel).
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Especially options of relocating the suction dredger were worked out in this paper. The effort regarding
costs, needed time, work to be performed by subcontractor and possible may occurring problems were determined
on an individual basis and conclusive compared with one another.
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Figure: Exploitation scheme [1]

For the relocation of the dredger, which is 40 m long, 6 m wide and weighs about 90 t, five different
options came up to look after.

Looking on the figure, which includes the three segments of exploitation, the section above the materials
preparation plant comes to mind concerning the measurements of the dredger and the needed space.

Four of the possible options relate to this part of the deposit.

The first one is to engage a subcontractor to build a channel up to 1 m (because of the draft) under the
ground-water level (GWL) so that the dredger could just swim its way through the channel to the planned position
(figure) without any effort.

The second one is also about building a channel but this time just up to 1 m above the ground-water level.
In this case the dredger would have to exploit the last meter for reaching the water level plus the needed space for its
draft to reach the planned position.

The third option is that the dredger builds the whole channel by itself. Only the vegetation gets cleared and
the topsoil skimmed by a subcontractor.

The fourth option is to build two ramps over this part. The key for this one is to build the ramps with the
slightest slopes as possible because of the high weight of the suction dredger. It would need to get pulled out of the
water up to the top of the first ramp, which is almost in the middle of this section. Linked to this would be a platform
where the dredger could fully park (so at least 40 m) and after that another ramp going right down again to the
ground-water level and the planned position to continue exploitation. This option failed after a few calculations
because there is not enough space to build slopes that slight so no danger for the dredger could occur. The dredger is
already working for many years so the external finishes probably would not last to get pulled up.

The last option presented in this paper is to haul out the dredger from the present position with the use of
two cranes. A flatbed truck would transport it to the planned position to be on the east side of the dressing where the
cranes then would let down the dredger into a pre-build pit back in the water.

The relocation of the rest of the extracting plant depends on the choice of the options through which the
suction dredger would be relocated.

Regarding the ones using a channel or ramps the bucket wheel and the conveyor would need to be placed
right on the west side of the materials preparation plant first so the material which would arise can still get properly
conveyed to the dressing.

After the suction dredger is successfully relocated to the planned position on the east side the bucket wheel
would be placed north-northeast of the dressing. The conveyor would be positioned in the section over the materials
preparation plant (if this part would be used for the relocation it would get backfilled) and because of the dredger
would extract southbound the pipes are just behind facing north right to the bucket wheel.

The easiest way to relocate the bucket wheel is to break it down in three parts. Each part then is light
enough to get carried by a wheeled loader. The same procedure works for the pipeline and the conveyor.
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To plan the further exploitation in the new area of application it is necessary to know at which exact point
the suction dredger needs to start extracting again.

In the figure one this point is already shown with the “planned position”. This is because a few meters east
a water pipeline is located. To prevent moving this pipeline to soon the best new starting position is the one with the
extraction southbound.

Furthermore has to be planned how steep the talus can be so it stays stable during the progress of
exploitation.

Table: Matrix of Results

Flatbedtruck | Channel Channel Channel
transport under the | above GWL operated by
GWL suction dredger

Soil mass to move + A -- ==

Overall cost for the | - - i - + +

commissional work

Time exposure - - -- +

Stoppage in | + 4 - oo

production

Loss of sales | ++ < - ==

through a

downtime

Sliding of slopes ++ ++ - =

Further potential | - - 44 4 +

issues

For the company very favourable (+ +), favourable (+), unfavourable (-), very unfavourable (- -)

The table shows besides the results, costs, time exposure and needed soil mass to move some other may
occurring problems and how they would effect the options.

The presented results show the most favourable procedure to relocate the suction dredger and the rest of the
extracting plant for the owning company of the mine with an appropriate plan for the new starting point to continue
the exploitation of the gravel and sand.

Source:
1. Ingenieurbiiro Dr.-Ing. V. Patzold fir RMKS Rhein Main Kies und Splitt GmbH & Co. KG,
Projekt: Planfeststellungsverfahren Lipperandsee, Abbauplan, Holm-Seppensen, 2005
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LEONHARDITE-LAUMONTITE TRANSITION EFFECTS IN ANDESITES
AND VOLCANOCLASTIC ROCKS FROM CENTRAL CHILE

Abstract

Understanding the mineralogy of rocks in detail is extremely important when evaluating the aggregate’s
quality for its use in civil projects. There are mineral and organic particles that may compromise the structural
integrity of concrete such as the well-known expandable clays, water-soluble sulphates, silicate aggregates, organic
impurities, among many others, despite them being regulated. Moreover, Chilean regulations for concrete, do not
contemplate the particular effects caused by the reversible transition of Leonhardite-Laumontite because previous to
this study, its hindering properties had not been documented in Chile. Its ample distribution in deposits throughout
the country, where laumontite bearing rocks are widespread associated with very low grade metamorphic or
hydrothermally altered volcanic or subvolcanic rocks, some of which host major ore deposits, makes its
incorporation to regulations, relevant and urgent. This research work is under review by “Clay Minerals” for
publication.

The theoretical base that fundament the effects in concrete caused by this transition, is strongly backed up
in literature. The effects of reversible hydration of leonhardite to laumontite and its concomitant expansion of the
crystal lattice are known since the 1950s. Its deleterious effects on concrete stability, particularly in humid and
saline environments have been documented by the cement industry and civil engineering publications.
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14 Drill Cores were analyzed at the Institute of Applied Economic Geology (GEA in Spanish) of the
University of Concepcion. The samples come from the Coya-Machali Formation, in the Rio de Tinguiririca valley at
around 60 km east of San Fernando and are constituted of very low grade metamorphic, altered, andesites and
volcanoclastic rocks from Central Chile that showed detachments of shotcrete in a tunnel exposed to periodic water
flow, with expandable clay phases. These are presumed to be responsible for the observed failure. However,
abundant laumontite detected in the cores is considered the cause for such detachments due to the expansion and
contraction of its lattice in response to hydration and drying.

Samples are re-evaluated by conveying a macroscopic and microscopic analysis, in first instance, with the
purpose of back up the previous descriptions made at the Institute of Applied Economic Geology (GEA). The
investigation combines a mineralogical study of a laumontite rich rock, sequenced by optical microscopy, semi-
quantitative X-ray diffraction, automated mineralogy, and the determination of free and confined expansion
pressures by modified standard oedometer tests, as well as monitoring of rock disintegration in water and ethylene
glycol. For the studied rocks, semi quantitative X-ray diffraction proved to the most suitable mineralogical analysis.
Although automated mineralogy allows the observation of laumontite distribution and its directionality in the rock, it
is not possible to differentiate very fine grained groundmass laumontite from feldspar compositions. To test
expansion pressure, standard soil oedometer tests can be adapted for use with finely crushed rock aggregate. Due to
the small size of the zeolite channels in laumontite, ethylene glycol exposure will not reveal the presence of this
expandable phase; In contrast, submerging the rock in water for several days will reveal the instability of the rock,
specially when overburden is added at the end of the experiment. It is recommended to include laumontite in the
“mineral check list” when expansion and long term humid stability are relevant in processing, or when laumontite
rock may be incorporated as aggregate in concrete that will be submerged or exposed to high humidity.

MAX HESSE
Institute of Mineral Processing Machines, TU Bergakademie Freiberg, Germany

INFLUENCING PARAMETERS OF THE SELECTIVE COMMINUTION
OF ORES AT IMPACT LOAD

1 Introduction to Selective Comminution

Selective comminution (SC) is a property of a comminution system and leads either to a preferred crack
propagation in one component (then called preferential breakage) or to a preferred crack propagation along the grain
boundaries (then called interfacial breakage). SC results from different comminution behavior of different
components in the feed material. For mechanical comminution, the preferential breakage seems to be the most
important case of SC. Hereby only SC generates the difference in the particle size as a sorting parameter.

SC is beneficial for the treatment of primary raw materials, especially if it is utilized in the pre-
concentration process. Pre-concentration processes are applied in mineral processing to relieve subsequent processes
and to achieve a higher efficiency. SC is also a promising method for the treatment of low-grade ores and waste
dumps, because it is particularly cost-efficient asa combination of a comminution and a classification step.With SC,
various components such as valuable minerals from waste, ore from surrounding rock and different ore varieties
within a deposit, can be separated.
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Fig. 1  System chain of SC in a sorting process.

SCas an element of a sorting process which depends on three system parts:ithe feed material, the
comminution machine and the separation machine, see Fig. 1. The feed material defines the potential for SC. The
comminution machine has to exploit this potential. The extent of the mechanical exploitation can be influenced by
the machinedesign, material and operationalparameters. These parameters have to be adjusted to the material
potential for SC. After SC, the components are still together in one product, see Fig. 1. So ultimately, a separation
machine is needed to separate the respective components. In the frequently case of preferential breakage, a simple
screening machine can be used. Similar to SC, the quality of using the exploited potential in the sorting process can
bealso influenced by the design, material and operationalparameters of the separation machine. The material
potential for SC, the extent of exploitation and the quality of using the exploited potential gives the qualification of
the whole system chain for the SC.

Different parameters can be used to evaluate SC. One option is the SZ-Index. The components which shall
be separatedby SCare subsequentlynamedmaterialV andG (also index V and G). Depending on the
applicationofSCdifferent terms can be used, for exampleV=valuable mineraland G=gangue.The selectivitySpof the
materials V andG is described by the differenceof the cumulativepassing distribution Q; of bothcomponents and
isgiven,for examplewith (1.1) for thecomminutionproduct(index P) [1]. The mesh size (or particle size) d is used as
logarithmic values. The parameter g moves from the smallest fraction 1 to the biggest fraction n.

_[ Qv p(lgd,)dd, - I Q,¢p(lgd,)dd,

_ g=1 g=1
S, =

lgdg:n _lgdg:I (11)

For evaluating theselectivity of acomminution process,it should be notedthat eventhe feed material(index
A) can contain a selectivity, visible bydifferencesinthecumulative passingdistributionsof V and G.SC takes place
only with a change inselectivity from the feed material and the product, (1.2) [1]. A quantification of the SC is given
by the SZ-Index, (1.2).

SZ =§,-S, (12)

2 Experimental

The aim of the investigation is to determine, how significant the influencesof different material and
comminution machine parameters areto SC. The SZ-Index is used to quantify the SC. Often in industry, impact load
is used as applied load to exploit SC.Important influencing parameters for impact comminution are the particle mass
mp and the impact velocity vp. The particle mass results from the density p and the feed particle size dr. The density
difference Apand the strength differences Algsgbetween the components in one ore are used as the potential for SC.
Is(so) is the Point-Load-Index from the Point-Load-Test. The material parameters dr, Ap and Algspand the operating
parameter vp of the comminution machine are investigated.To set the selectivity in the feed material to zero, the feed
fraction for the components have to be the same in one parameter setting. Three different ores are selected to realize
various density difference Ap and strength differences Ac. A Fluorite-Barite ore, with gneiss and quartz as gangue,
is the first selection [2]. The ore is mined from Marienberg in Erzgebirge in Germany. The second selection is a
lead-zinc ore with dolomite as host rock [3]. This ore is mined from Pomorzany, near Krakow in Poland. Galena,
sphalerite and pyrite were set as valuable component, respectively. And finally, a copper-molybdenum porphyry ore,
with mainly quartz and feldspar as gangue, constitutes the third selection for our investigations [4].The product
particle size dp is the sorting parameter for the subsequent separation of the valuable and the gangue component by
screening.

3 Results

At first, the influence of the differences Ap and Algsg) of various components on the SZ-Index is evaluated.
Ap and Algsp)depends on the ore and represents the potential for SC. If only Ap and Alg s, are used to influence SC,
both together give 100% influence. Fig. 2 shows their portion for different feed fractions and impact velocities. For
all parameter settings, Algsgy dominates the influence on the SZ-Index. The consideration to use SC in beneficiation
can be focused on the strength properties.
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Fig.2: Density difference Ap and strength difference Algsy) and their part of influence on the SZ-
Indexfor a separation of one valuable component from the gangue; the calculations considers data for the
Fluorite-Barite ore and thelead-zinc-ore at different feed fractions and impact velocities a) vp = 20 m/s; b) vp
=40 m/s; ¢) vp = 50 m/s.

As next, the influence of the feed particle size dras feed fraction and the impact velocityvpon the SZ-Index
is evaluated. The material parameter dy can easily be influenced by a pre-comminution as well as vp by the choice of
the rotor diameter and rotational speed. For a given ore,Ap and Algspare constant and have no influence to the SZ-
Index. If both dr and vp are used to influence SC, both together contribute 100% influence. Fig. 3 shows their
portion for different ores with different combinations of valuable and gangue component. For all parameter settings,
the influence of vp to the SZ-Index is equal or higher than the influence of dg. The maximization of the SC should
start with adopting vp and can be continued with adopting dg.
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Fig. 3: Impact velocity vp und particle size drand their influence to the SZ-Indexfor the separation
of one valuable component from the gangue; for the Fluorite-Barite ore, the lead-zinc-ore and the copper-
molybdenum porphyry.
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II.A. ATAEBA
Asepbatioscanckuil I ocyoapcmeenusiti Ynusepcumem Hepmu u [Ipomwiuinennocmu

BJIUSHUE KOJIEBAHUS YCAAKHA BHYTPEHHUX PASMEPOB HA
KAYECTBO JAETAJIEM HE®@TEITPOMBICJIOBOI'O OBOPYJTOBAHUA

B nanHHOW cTaThe paccMaTpHBaeTCs BIMSHHE KOJ€OAHHMS YCaaKd BHYTPECHHHX pPa3MEpOB Ha KauyecTBO
JeTaineil HeTenpoMBICIOBOTO 00opynoBanus. OnpeseneHa BenuurnHa ycaaku Juist matepuanos 03-010-02, 91-330-
02 u Al-aMmuHOIIIACT U BBIBCJICHHBIC PE3YJIbTAThl AAlOT BO3MOKHOCTH HCIIOJIB30BaHHA B MPOU3BOJACTBCHHBIX
YCJIOBUSAX MPU UX U3TOTOBJICHUM.

KauecTBo miiacTMaccoBbIX JeTalieil He(hTepOMBICIOBOTO 00OPYAOBAHUS U €€ POJb MPH SKCIUTyaTaluH
BCErja sABJAIUCH AaKTyaJIbHbIMU HpO6HeMaMI/I, KOTOpPbIC Tpe6y}0T TCOPCTUIYECKOTO0 M IJKCICPUMCHTAJIBHOI'O
nccaenoBanus. [Ipu 3TOM 171 aHATUTHYECKOTO ONPEICIICHHUS BPEMEHN OTBEPKACHUS, KOTOPOE SIBIISIETCS] OCHOBHBIM
PSKHUMHBIM TIapaMEeTpoOM, Ha CTaHAAPTHBIX O0paslax M TEXHOJOTMYECKHMX AETANsIX 3KCICPUMEHTAJIbHO HAMU
OTIpEJICTICHBI BIMSHHUS BPEMEHH BBIJCP)KKH Ha KaUECTBO M3TOTOBJICHHUS IUIACTMACCOBBIX W3JICMUHA W3 MaTepuaioB
03-010-02, ©1-330-02 u Al-aMuHOILIACT.

Ha puc.] npuBeneHsl KpuBBIC 3aBUCHMOCTH yCaJKH M IPOYHOCTH IIPU CXKATHH MaTepuaga OT BPEMEHHU
BBIJICP)KKU M3 BEIIICYKa3aHHBIX MaTepHaJIOB.
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Puc.1. KpuBble 3aBUCUMOCTH yCaIKH U IPOYHOCTH TPHU CIKATHH
matepuana 03-010-02 ot BpeMeHH BBIIEPKKH:
1 — mIPOYHOCTH NPH CXKATHH; 2 — pacueTHas ycaaKa.

Bemmuuna ycanku st marepuana 03-010-02 npu 1=0,4 mun/mMm cocrasiser 0,82%, 1= 0,6+1,6 Mun/mMMm,
COOTBETCTBEHHO Jisi Marepuana 21-330-02 — 0,70%, mns martepuana Al — 0,25%; moBblaeTcs Takke H
MexaHuJeckass MpoyHocTb (cM. puc.l). Marepuan 03-010-02 mpuoOGperaer HaMOONBIIYIO MPOYHOCTH TPH
BBIIEpKKe B mpecc-popme 1=1,2 mMun/MM (0,=196,2 Mlla) Ha KaXIblii MWUIMMETP TOJIIUHEL. OTO JaeT
OCHOBaHHE€ CYHMTaTh, YTO TPHU BBIAEPKKE Oonbiie | MHH/MM TMPOIECC OTBEPXKACHUS IMOJHOCTHIO 3aKaHYUBAETCS,
KOTJIa JIETalb HAXOAUTCS B Ipecc-popMe U B pe3yIbTaTe Yero MEXaHNIeCKast POYHOCTh YBEIHIHBACTCSI.
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Ha pwnc.2 ykazaHel KpHBBIE 3aBHCHMOCTH TIPEIEIOB KoOJIeOaHUII pa3MepoB 00pas3oB yKa3aHHBIX
MaTepHaIOB OT BPEMEHH BBIJCPIKKH.
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Puc.2. CpaBHEHHE TOYHOCTH BHYTPEHHHUX Pa3MepoB U3 MaTepHAJIOB

03-010-02, 32-330-02, BX1-090-34, CII3-342-02, ¥2-301-07, AI'-4C
B 3aBUCHMOCTH OT BPEMEHH BBIIEPKKH C HOMEPaMHU KBaJIUTETOB
mo CT C3B 144-75 no pazmepy ¢ 29, 6 Mm

W3 pucyHka BUIIHO, YTO C YBEJIMYEHHEM BPEMEHH BBLIEPKKH ITpeJelibl KoleOaHuil pazMepoB 00pa3ioB
YMEHBIIAIOTCS, T.. HOMEpa KBAIUTETOB CHIDKaroTcsi. Hanpumep, npu 1=0,4 Mua/MM 1ipesient KonebaHuii pazmepa
obpasuoB u3 03-010-02 cocrapisier 72 MK, YTO COOTBETCTBYET S5-My HOMEpPY KBaJIHUTETOB ISl Pa3MEPOB CBBILIE
6 10 10 mm, mpu 1=10 Muna/MM 1 7=0,4 MUH/MM COOTBETCTBEHHO — 38 MK (6+7 HOMepa KBaJHUTETOB). A TaKKe W3
pHc.2 BHIHO, YTO MUHUMAJBHBIN Mpenen KojebaHus pasMepoB o0pasioB u3 Matepuana D1-330-02 monyuaetcs B
npenenax 6+8 MK, T.e. BBICOKas TOUYHOCTb, KOTOpPAsi COOTBETCTBYET 5+6 HOMEpaM KBAJUTETOB, & MaKCHMaJbHBIH
npenen konebanuii pasmepos (50+30 Mk), T.e. coorBeTcTBYeT 8+9 HOMepa kBamureroB mpu T =0,4+0,6 MuUH/MM

DTO CBSI3aHO C TEM, YTO BpeMsi HEOOXOMMOE JUIsl OTBEPIKACHHS MaTepUaIioB B rpecc-Gopme HeI0CTaTOYHO.

Ha puc.3 ykasaHel BIMSHHE BpPEMEHHM BBIJICPKKH Ha YCaJKy BHYTPEHHHX pa3MepoB. 3/1eChb BO BCEX
CCUCHMSAX pa3MepoB (KpoMme cedeHHs Mo pasmepy 19,8 MM) ¢ yBenMueHHEM BpPEMEHH BBIICPKKH Yycajka
PaBHOMEPHO YMEHBIIAETCSL.
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Puc.3. KpuBbie 3aBUCUMOCTH KOJICOaHUS yCAIKH
BHYTPEHHUX Pa3MEpOB U3 Pa3HBIX IPECC-MaTEPHAIIOB

B ceuennn no pasmepy 20,2 MM KpHBBIE YCaIKH PAacIiojararorcsi Oosiee IUIaBHBIMH, YEM B CEUCHHH IIO
pasmepy 10,2 MM, a B aHaJOTMYHBIX CE€YEHHSX 1O pasMepam 9,6 MM u 19,8 MM NpUMEPHO Takoe K€
pacnpenieneHue KpUBBIX YCaJOK. BUIMMO 3TO MPOMCXOAMT 3a CUET 3HAYUTEIHHOTO YMEHBIICHHS Pa3MEpPOB B
ceyeHmsix 10,2 MM u 9,6 MMm. Bugumo, 31ech B OTIHYHE OT JPYTMX I'€OMETPHUECKHX Pa3MEpOB NPOUCXOAUT
nedopmarusi IPSMOYTOJIBHBIX OTBEPCTHH (CM. prc.4), Oarogapst 4eMy BO3HHKAIOT B CEYCHHUSX CHIIBI, B CKPBITOM
(dbopmMe IpoTHBOJCHCTBYOLIME HA ycaaKy B ceueHusix 20,2 MM u 19,8 mm. Eciin npoaHanu3upoBars KpuBbIe pHc.3,
TO BUJHO, 4TO npu T =0,4 MHH/MM B yKa3aHHBIX CEUEHHSIX pa3MEpoOB JeTalell W3 HENoJOrpeToro Marepuaia B
CpemHeM MOJydJaeTcsl pasHasl BenuuuHa ycaaku. Hanpumep, y pasmepa ¢ 15,02 mm — 0,99%, pasmepa 10,2 Mmm —
0,87%. Hns marepuana 03-010-02 npu pazmepe 9,6 mm — 0,99%, npu paszmepe 9,8 mm — 0,49% n3 matepuana I1-
340-02. DroT pe3ynbTaT MOKA3BIBACT, YTO B CIOXKHBIX KOHCTPYKLHUSAX JAeTanell BHYTPEHHHE M IeOMeTpUYecKHe
pasMepbl CYIIECTBEHHO BIMSIOT Ha BEJIMYMHY YCaIKH NpH (OpPMUpOBaHHHM JeTaneil B mpecc-popme. Pesromupys
MIOJYYEHHBIX PpE3YJIbTaToOB, CIEAYEeT OTMETHTh, YTO M3 BCEX TEXHOJIOTHYECKHX (DaKTOPOB, HENOCPEICTBEHHO
BIMSIOIINX Ha NMPOM3BOAMTEIHHOCTh M3TOTOBIICHUS IIJIACTMACCOBBIX JIETallel, HanboJiee BaXKHBIM SIBJISICTCS BPEMsI
BBIJIEP)KKU B (DOPME U OT €T0 BETMYMHBI B OCHOBHOM 3aBUCHT CTOMMOCTD M3TOTOBJICHUS M3/,

Takum 00pa3oM, NPOBEACHHBIMH HAMU HCCIIEIOBAHUS MO3BOJISIIOT IPABMIIBHO OINpPENEIUTh BPEMs
BBIJIEP)KKA B 3aBHCHMOCTH OT TOJIIMHBI JA€Tajed JUId IIOJy4eHHs HeoOXOIMMOTo KadecTBa IpH ITOMOIIH
maremaTuueckux mozened [1]. Ilpu MX cOCTaBlIE€HHMM YYMTHIBAIOTCS peakuuMu OTBepxkiaeHus [1]. Dro maer
BO3MOXKHOCTh JUIS KaXAOTO KOHKPETHOTO MaTrephaja OMNpPEACNUTh BpeMsl OTBEPXKICHHUS, KOTOPOE MOXKHO
PEKOMEHA0BaTh UX ISl MPAKTHUUYECKUX HCIONIB30BaHUM [2]. DKcIepuUMEHTaNnbHbIE UCCIIENOBAaHUS MPOBEICHBI 110
KpUTEPHSIM ~ KadecTBa — YyCaIKH, MPOYHOCTH M TOYHOCTH. OHHM TOATBEP)KJAIOT, YTO HAWIYYIINM BpPEMEHEM
U3roToBieHus sBisercs it marepuana 03-010-02 — 0,5+0,7 mur/mMm, a mt BX1-090-34 — 0,8+1 mus/mMM. D10
MIOJTHOCTBIO COBITA/IACT C Pe3yJIbTaTaMH, ITOJyYeHHBIMH B paboTax aBropamu [3 ].

Jlureparypa
1. Kyp6anosa C.K. Kann. nuccepramus «Pa3paboTka MeToA07I0THN 00eCTIeueHHs KadecTBa TIIaIKuX
1 pe3b00BBIX MIACTMACCOBBIX JIeTanel HeTepoOMBICIOBOTO obopyaoBanus. baky, 1999
2. Kepumor JI.A., Kyp6anoBa C.K. OcHOBHBIE (DaKTOPHI, BIUSIONIHE HAa TOYHOCTH HU3TOTOBJIICHHS

JeTaniell pu MpeccoBaHuU. MaTtepHualibl TOKIan0B 47-i roOouneitHOi yaeOHO-METOINIECKON U HAyYHO TEXHHYECKOH
koH(pepenuuy, 11 gacts. baky, 2000

3. Kepumos JI.A., Kyp6anosa C.K. OcHOBBI KOHCTPYHPOBaHHUSI INIACTMACCOBBIX U mpecc-popm baky,
DM, 1997.
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A.B. IMHOBCKASI, C.B. 3AMYEHKO, H.A. IIEBYYK, B.B.BAITHUUHASI
Hayuonanvuwsiii mexuuueckuu ynusepcumem Yxpaunvl « Kuesckuti noaumexHudecKutl uHCIumym um.
Heops Curkopcrozoy

COBEPHIEHCTBOBAHUME TEXHOJIOT'MX OBOTI'ALIEHUA
JHEPTETUYECKUX UCKOIMAEMBIX TYTEM MOJAEPHU3ALIUN
JIEMEHTOB I'OPHO-TPAHCITIOPTHOI'O KOMIIVIEKCA

B mocnenHue roibl HAOMIOMACTCS TEHACHIMS CHIXKCHUS Ka4eCcTBa OOBIBAEMOTO YISl 32 CUET YBEITUUCHUS
30JIBHOCTH W CTCIICHM W3MEJbUCHHUS TOPHOW MacChl, MO3TOMY peaim3anus 3()(HEKTUBHBIX METOJOB CYXOTrO
oOoramieHus] MEJKHX KJIacCOB YIJs B YCJIOBHSAX IIAXT OCOOCHHO akTyanbHa [1-2]. Yromb sBIsSETCS OIHUM W3
BRXHCUIIMX BHUIOB TOIUIMBHO-3HEPTETHYCCKOTO ChIPhs. JloJii yIias B MHPOBOM DJHEPreTHYCCKOM OanaHce
COCTaBJIsIET OKO0JIO 25%.

Cpenu METOMOB CyXOro OOOralleHHs TOPHOW Macchl, KOTOpas COCTOMT M3 KOMIIOHEHTOB, HMMEHOIIHX
pasnuuHbie KO3(D(GUIMEHThI TpPEHHUs, CIEAyeT OTMETHTh METOJbl CyxXoro oboramieHus: mo TpeHuio. I[Ipoiiecc
oboraiieHusi TOIUIMBHO-OHEPTeTHYECKUX MOJIE3HBIX HMCKOMAeMbIX 3akiifodaercs B cienymomieM (puc. 1). [opHyto
Maccy MOAIT B 3arpy30uHblii OyHkep 1, U3 KOTOpOro OHa MOCTYHAaeT MO KyckaM (C MOMOIIbIO HIHEKOBOTO

MUTATeNs) HA PEIITak CKPEeOKOBOTO KOHBedepa 3 Mexay ckpeOkamu 2. CkpeOOK pacloyioKeH MOJ YIriIoM a,
KOTOPBIH OJM30K K Yy TPEHHs [IEHHOTO Matepuana (yrisi) mo ckpeOky 2. B crnencTBue mpeBbIIeHNs CUIT PEAKIIUK
fing - sin OLOT B3aMMOJENCTBUS KYCKOB IIEHHOTO KOMIIOHEHTA 4 M KYCKOB MOPOIbI 5 CO CKPEOKOM 3 Hajl cuiaMu

TpEHHS fmg -cosaL- f , npu ycinoBun [ <fg0OL , IPOUCXOMHUT JBIKEHHE KYCKOB C MEHBIINM 3HAauCHHEM

ko3¢ dunreHTa TpeHnuss f OTHOCHTENBHO CKpeOKoB 3. PasmerneHsle 10 WIMPHHE pelITaka KYCKH IOPOABI 5 H

[IECHHOT'O KOMITOHEHTA 4 MPH BHITPY3KE MOMANAIOT B pa3rpy304YHbIC OYHKEPHI [ICHHOTO KOMIIOHEHTA U TIOPOJIBI.

Puc. 1. Cxema criocoba 00oraIieHus TOITHBHO -3)HEPTeTHYCSCKUX OJIC3HBIX HCKOMACMBbIX:

1 — 3arpy30uHbIii OyHKEp rOpHOW Macchl; 2 - CKpeOOK; 3 — pemTak CKpeOKOBOro KOHBeiepa; 4 - KycKu
[IEHHOTO KOMITIOHEHTA;5 — KYCKH MOPObL; 6, 7 — pa3rpy304Hble OYHKEPHI IEHHOTO KOMIIOHEHTa U MOPOJIBI.

J1st co3panus METOIUKU pacy€Ta, KOTopasi MO3BOJIAET OMPENCTUTh T€OMETPUUECKUE MapaMeTPhl CUCTEMBI

6

7
O6OF3.H1€HI/I$[ TOIIJIMBHO-DHECPTCTUYCCKUX ITOJIC3HBIX HCKOIIAaCMBIX, H€O6XOI[I/IMO paccMOTPETh MEXaHUKY
KOHTAaKTHOT'O B3aUMOJICHICTBHSA Cpebl U pabOUYNX OpraHoB (CKpeOKoB).
PaccMOTprM KOHTaKTHOE B3aMMOJEHCTBHE TOPHOIM Macchl ¢ pabodynMu opraHaMu CKpeOKOBOTO KOHBeHepa
MoziepHU3upoBaHHOTO. [lon neiicTBueM ckpebka, LEHHBIN MaTepuan JBIKETCS MO0 jKET00Y C MOMOIIBbI0 CKpeOKOB

(puc. 2).
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fmg-cosa

Me - COS &+
Jmg-cos oy

ar

-

Puc. 2. Cxema neiicTBUS CHII
Kycox mop meiicTBUEM CHITBI F= mg TspKkecTH AEUCTBYeT Ha HEN00, 4TO B CBOKO OYEpe/b BBI3bIBAET

HOpPMAJIbHYIO U KacaTeJbHYI0 COCTAaBIIAIONIYI0 peakuuio (cuiny TpeHus). COnpoTHBIEHHE, KOTOPOE BO3HHMKAET B
pe3ynbpTaTe MepeMelieHNus TaHHOTO TeNla IO MOBEPXHOCTH APYroro Ioj JeHCTBHEM BHEIIHHX CHJI, MPHUBOAUT K
BO3HMKHOBEHHMIO CHJIBI TpeHHWs. B naHHOM ciydae CKpeOOK pacroyioeH moj yriioM Hakiona O, KOTopsbIid
NpUOJIMKEH K yrily TPEHUs] LEHHOI'0 MaTepHala 1o CKpeOKy, YTO MPHUBOJIUT K CIOKHOMY JIBH)KEHHIO MaTepHaia

BO3HHMKHOBEHHS ITapbl CHJI TPEHUS: CHJIA TPEHUSI OTHOCHTENILHO CKpeOKa F mp.ckp. mgf COS & wu cuna tpenus

OTHOCHTENILHO Keno0a Fmp_m. =mgf . Ilpu B3auMojeicTBUsL CKpeOKa € KyCKOM Marepuaja BO3HUKAET

HOpMallbHasg COCTABISIOMAS pPeaKLuK N = ﬁng COS X . Tockonbky, meHCTBYeT HECKONBKO CHJ, TO

PaBHOJCHCTBYIOIIAs. CWJIA HAaXOJUTCS II0 INpPaBUILY CJIOKEHUS BEKTOPOB. Monaynb paBHOACUCTBYIOLIEH CHIIBL
HaXOJHUTCS IO TEOPEME KOCHHYCOB!

R=\/F2mp_m_-|—N2 —2F, _ Ncosa =

mp.oic.

\,/(mgf)2 +(fmg cos@)’ —2mgf - fing cosa cosa

I[J'Iﬂ obecrieueHus nponecca pasacyicHusd ABYX KOMIIOHCHTOB paBHO,I[eﬁCTByIOH.[aﬂ CHJla JO0JDKHa
IPEBbIIIATh CUITY TPCHUS:

(M

Fp ore. < R @
Ucmnone3ys ypasaenue (1) 1715t HepaBeHcTBa (2) TONYIHM YCIOBHE TpoIiecca 000TalleH s 10 TPEHHIO:
a2 arcg(f) 3)

Ha puc. 3 BumHO, Kak MeHSETCS yroj MOBOPOTa ckpebka o oT koadduuuenra tpenus . Ha pucynke
OTMEUEHO TpU OOJIACTU KOTOPBbIE XapaKTEpH3YIOT MPOILECC OOOTralieHus M0 TPEHWIO IPU Pa3sHOM yIJie HaKJIOHa
ckpeOKa: B MEpBOMl — OTCYTCTBHE OTHOCHTENILHOTO IIEpEeMEIleHHs] IEHHOIO0 KOMIIOHEHTa M HOpPOJibl, BO BTOPOH —
OyzneT NMpOMCXOIUTh TOJBKO BMKEHHE IIEHHOTO KOMIIOHEHTa, B TPETHHl — OyJeT NMPOUCXOAWTH ABIKEHHE, KaK
LIEHHOTO KOMIIOHEHTA, TaK U TIOPOHI.
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Puc. 3. I'padmik ABMKEHUS IEHHOTO KOMITOHEHTA U TOPOBL.

ABTOpamu OBUTH MTPOBENCHBI IKCIIEPUMEHTAIbHBIC HCCIIEA0BAHUS Il 00OTalleHNs] IEHHOTO KOMITOHEHTa
(kaMeHHOrO yrJisg) C TOMOLIbI0 CKpeOKOBOro KoHBeiiepa. Hipke cxemarmdecku u300pakeHa cxema
IKCICPUMCHTANBHOM ycTaHOBKH (pucC. 4), KoTOopas paboTaet cieAyrommM obpazoM. [lepcoHanbHbI KoMIboTep 1
MOJIaeT CUTHAIl K MUKpPOKOHTpoiutepy 2 - ArduinoNanoATmega328, KoTopelii B CBOIO OYepeab OTHPABISET €ro K
npaiieepy 3 - TB6560, obecrnieynBarmuX MHUTAHHE M yMpaBicHHE ImaroBuMm nsuratensm 4 - 17HS8401. Ocu
LIarOBHMX JIBUTaTeNeil BpaIlaloTcs B OJHY CTOPOHY, YTO O0OECIeUYHBacT JABMKEHHE 3y0UaToro peMHs 5, 4TO B CBOIO
ouepenp oOecIieUNBaET MOCTYIATENbHOE IBI)KCHHE IITOKAa 7, KOTOPBIA 3aKperuieH B moamunHnkax 6. K xoHmy
IITOKA ¢ MTOMOIIBI0 mMaid 9 mpukperuieH ckpebok 10, moa cooTBeTCTBYIOMMM YIiioM o. CKpeOOK IBIKETCS MO
METaJNIMYECKON IJIaCTHMHE, HA KOTOPOM pacmojoxkeHbl Kycku yrig 13 u mopoast 12. Ilpu IBM)KEHMHM IUITOKA
MIPOMCXOIUT ABMKEHHE [IEHHOTO KOMIIOHEHTA M MOPOMbI, OCKOIbKY KO3(G(HUINUECHT TPEHUS LICHHOTO KOMIIOHEHTA

MeHblIe KO3(QQUIMEHT TPEeHUs MOpOJIbI fg(fn, HaOJII0aeTCsl JIBI)KCHHE IIEHHOTO KOMITIOHEHTa OTHOCHTENBLHO

cKkpeOKa.
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Puc. 4. Cxema sKCTIEpIMEHTAIEHON YCTAHOBKU

BriBosibI: OBUT pa3paboTaH HOBEIHM CIIOCO0O 00OTANEHHUS TOTIIMBHO-3HEPTETHYECKHX ITOJIE3HBIX HCKOMTAaeMbIX
IIyTeM MOJEPHU3AIMH JIEMEHTOB FOPHO-TPAHCIOPTHBIX KOMILJIEKCOB, KOTOPBIA 110 CPAaBHEHHUIO C TPaAULUMOHHBIM
(BnaxHbIM) oO0ecneyrBaeT YMEHBIIEHHWE IOTEPh OJHEPIMM M MaTepuasioB. MojepHU3anusl KOHCTPYKIHMH
CKpeOKOBOTO KOHBEHepa ¢ IeNbio 00OoTraleHns1 yIiisi BO3MOXHA IyTeM M3MEHEHHMs yrila cKpeOka K HallpaBJIEHHIO
JBIDKEHUSI TOPHOM MacChl.
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YcTaHOBIIEHO YCIIOBHE Tpoliecca o0oTaleHus Mo TPeHHI0. Tak sl YCTOMYHUBOTO Tpolecca oOorameHus
IO TPEHMIO YTOJI HAKJIOHAa CKpeOKa JODKEH HaXOAUTHCS MEXIY 3HAUCHUSIMH YTJIOB TPEHHS [IEHHOTO KOMIIOHEHTA 1
TTOPO/TBL.

IIpoBenéHHBIE AKCHEPHUMEHTAIBHBIE WCCICNOBAHMS MOATBEPAWIH BO3MOXHOCTH IIPOIEcca CYXOTo
paszeneHus IByX KOMIIOHEHTOB TPEHHEM ITyTeM ACWCTBHUSA HAKIIOHEHHOTO O] YTJIOM TPEHHUsS CKpeOKOM KOHBeiepa.
PasHuIa MEXIy TEOPETHYECKHMMH WM SKCIIEPUMEHTANBFHBIMH 3HAYEHUSMH cocTaBmia 5-7 %, 9TO MOATBEpKIAcT
MIPaBOMEPHOCTD MOJYUYEHHBIX TEOPETUYECKUX 3aKOHOMEPHOCTEH.

Jlureparypa
1. 3aituenko C.B. MonenupoBanue usbuparenbHoro apobnenust nmo tpenuto / C.B. 3aifuenko, A.H.
CoxkouoBckuii / HayuHblil BECTHUK MOCKOBCKOT'O TOCYA@pPCTBEHHOTO ropHOro yHuBepcutera. — 2013. - Beim. 8. — C.
88-90.
2. 3aityenko C.B. O6oramierne ropHoi Macchl o npogyroctr / C.B. 3aituenxo, A.C. Komyp // Hayunsrii
BECTHHK MOCKOBCKOTO TOCYIapCTBEHHOTO ropHoro yHuBepcurera. —2013. - Bem. 9. — C. 53-56.

A.B.KBHIYK, C.B. 3BAMYEHKO, C.II. LIEBYYK, O.A. BOBK
Hayuonanvuwiti mexnuueckuu ynusepcumem Yxpaunvl « Kuesckuti noiumexHuuecKuti UHCMumym» umeru
Heopsa Curxopcrozo

KHHEMATHUKA MEXAHU3MA KOJIBIIEBOI'O
TIOBUHI'OYKJIAJYUKA C MUHUMUM3AILIMEN HATPY3O0K 3AXBATA

W3 roma B ron HaceJleHWE Hallleld IUIAHETHI pacTeT, TPAHCIIOPTHBIX CPEJCTB CTAHOBHUTCS Bce OOJbILIEe U
HEJIOCTaTOK CBOOOJHOTO HPOCTPAHCTBA CTAHOBHTCS Bce Oojee octpo. J[msi coxpaHeHHss MOOWJIBHOCTH JIOAEH U
IPY30B HOBBbIE OOBEKTHl MHPPACTPYKTYPhI HEM30E€KHO YXOIAT MOJ 3E€MIII0, a 3TO TpedyeT 0ojee MHTEHCHUBHOTO
OCBOEHHSI T'OPOJCKOTO IOA3EMHOT0 MPOCTpaHCTBA. IIpu CTpOMTENhCTBE TOHHENEH M KOJJIEKTOPOB Pa3IMYHOIO
Ha3HA4YeHUs] BO3MOJXKHBI JIBA OCHOBHBIX cIloco0a TNpoBeAeHHs pabOT — OTKPHITHIA M 3akpbIThiid. Haunbonee
MEPCIEKTUBHBIMU CYMUTAIOTCS 3aKPHITHIE METOABI CTPOUTENLCTBA, TPEOYIOT MHHHUMAalbHOTO paspe3a 3eMHOMN
MTOBEPXHOCTH, C TIOMOIIBI0 MPOXOTIECKUX IMUTOBBIX KOMIUIEKCOB. OMHON W3 TIIaBHBIX 3ajad MPHU CTPOUTEIHCTBE
TOHHEJIEH SBIIIETCSI COOPYKeHIE 00paboTKu ToHHENA. st 00pabOTKN TOHHENEH MCIONB3YIOT COOPHBIC YyTYHHBIC
WIH JKeJNe300€TOHHBIC 3JeMEHTHL.B muTeparype 000pyIOBaHHIO M TEXHOJOTHH BO3BEICHHS COOPHOTO 00paboOTKH
TOHHEJEW YHeNsIeTCs MHOTO BHHMAaHHA OCOOCHHOCTSM KOHCTPYKIIMH CTPOHUTENHEHOTO  OOOPYIOBaHUS,
MPECTaBILIOMIKE COOOM CIIOKHBIE MeXaTpoHHBIe cucTteMbl [1, 2]. s MexaHW3amuu BO3BEACHUS COOpHOMN
TOHHEJIBHOM 00pabOTKH, BO3BOJMMOTO IO 3aIIUTOW XBOCTOBOH YaCTH OOOJOYKH IIUTA, MPUMEHSIOT CIIeIHANbHbIE
YCTPOHCTBA — YKJIaJ9UKA. MeXaHU3MBI, IpeAHa3HaUCHHBIC JI1 COCTABIICHHUS TIOOMHTOBOH 00pabOTKM HA3BIBAIOTCSA
TIOOMHIOYKJIQIYMKaMHU, a JUIsl KeJIe300€TOHHOTo OJI0UHOro 00paboTku —OokoykiagdukaMu. [10 KOHCTPYKTHBHBIM
MIPU3HAKaM YKJIAIYUKH AETSATCS Ha YeThIpe TIPYNIbL: PHIYaXKHbIe, KOJBIEBBIE, AyroBble M cTpenoBbie [3]. s
MOHTa)ka COOPHOTO KpeIUICHHS YKJIQJZOYHbIE MEXaHH3MBl JOJDKHBI 00JIafaTh TPeMsl CTENECHSMH ITOABHXKHOCTH,
oOecrieunBamIe IMEepPEeMEIIeHHe MOHTHPYEMOro »JJIeMEHTa OOpabOTKM 10 paJualbHOM HalpaBlICHUH B
MOTIEPEYHOM CEUYCHHH TOHHEIS, KOJBLIEBOM W TPOIOJIHHOM BJONE OCH TOHHeNs. Takoil Habop mepeMmenieHuit
MOHTHUPYEMOTO AJIEMEHTa OCYIIECTBISCTCS PHYAKHBIMU YKIAT9HKaMd, pabouuii opraH KOTOPBIX Bpamiaercs B
IUTOCKOCTH TOTIEPEYHOT0 CEUCHHS TOHHENS U CMEIIAeTCs TI0 OCH TOHHEIA [4].

Ipoxomueckuit muT (puc. 1) I TOPU3OHTANBEHBIX BEIPAOOTOK BEIHUMAET IPYHT C TIOMOIIBIO TUTAHIIAHOBI
U BEICTpamBaeT 00pabOTKH BHYTPU XBOCTOBOI OOIIMBKH, HCHOIB3Ys IIEMEHTHBIE OJIOKHA ¢ OONTOBBIM COSAMHCHHEM
[5]. Iut BKiIOYAaET POTOPHBIN 3KCKABATOp 2 C IIAPOLIKaMU 1, MIIMTHI, IIAHIOPHBIE IUIMTHI, YIOPHbIE HUIMHIPSI,
TepMETHYHYIO MEPEropoAKky 3, CHCTeMy THmepOapUYecKoil KaMmepbl, apTUKYIALIHOHHOE COCAWHEHMS, LIMINHAPHI
TATH, BHHTOBOH KOHBeWep 6 WM yKimaguuk OiokoB oOpaborku 7. IIpoxomueckuil IIHMT MpPOABUTAETCS BIEpen,
BBITAJIKUBAs TOCIEAHEE KOJIBIIO C MIOMOIIBIO WIMHAPOB TATH. Bemen 3a KaXIpIM METPOM MPOJABIDKEHIST KOMOaiiHa
coOupaeTcst KOJBII0 W3 OJOKOB C TOMOIIBIO YKJIaguuka OJOKOB, PACIOJOXEHHOTO Ha 3aJHEH 4YacTh MIUTa
KoMOaifHa. BIoKH BBITPY’KAr0TCSA C IMTOMOIIBI0 MOCTOBOTO KpaHa, KOTOPHIA MEPEHOCHT OJIOKH BIEpPEa M pa3MelnaeT
X B HAKOIUTENb IS OJOKOB 00paboTku. Hakomurens mpoaBuraeT OJOKH B 30HY HOCTPOCHHUS ISl 3aXBaTa UX
yKJIaaqukom [3].

Tro6uHTrOyKIa UK poxoaueckoro muta WIRTHTB 576 pacrionoxeH Tak, 4To IIaBHAS 9acTh YKIATIHKa
HAXOJIUTCS BHYTPU XBOCTOBOH OOmMBKH. OH COCTOHMT U3 OOJBIIOTO CTaJbHOTO KOJbIA, Ha KOTOPOE KPEIHTCS
Oonrtamu Kk obOoiime. KombIlo yKkiamuWka COICpPKHTCS B TIOJNIOKEHHWH W BpamiaeTcs Ha 8 kojecax. BHemrHss
OKPYXXHOCTb KOJbIIa MPOXOJUT IO OJTUM KojecaMm. JIBWKeHHe MO0 Kpyry 3aJaeTcsi THIPaBIAYECKUM
ANEKTPOABHUraTeNeM, KOTOPHIA NMPHBOAWT B JCWCTBHE KOJBLIO YKIAAYMKAa C ITOMOIIBIO 3yO4aToil mecTepHH U
3yb4uaToro Kojeca, KOTOpO€ HAaxXOIWTCA Ha BHEUIHEH CTOpPOHE KOJbIa YKIaguWKa. Bpamenus ykmagdnka
orpannunBaercs g0 200 rpamycoB B J000M HaIlpaBICHUH C TOMOIIBI0 OECKOHTAKTHBIX TepeKIItoyaTeseH.
YCcTpoicTBO 00OWMBI MOXKET BBIIBUTATHCS PaJHalbHO C IOMOIIBIO JBYX THJIPABIMYECKUX IMIMHIPOB. ['0J0BKa
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yKIaguuka (puc. 2) MOHTHpYETCS Ha O0OWME W ONHpacTCs Ha JBE HANPABILIIONIHE INTAHTH. | WapaBIMYecKHi
IUIHHAP | 3acTaBiseT KPBIMIKY TOJOBKM YKIaguumka O 3aKpbIBaThCi M OTKPBIBAThCS ITyTEM BO3JACHCTBHA Ha
Kpeinkondep, KOTOPHIA B CBOIO OYepenh ACHCTBYyeT Ha (hukcaTop. B pesymprare ®KecTKOTO KpeIwIeHUs IIIHHAPa K
BIJIKE €T0 IITOK NEPEMEIIAsCh C TPEHHEM IO ITOBEPXHOCTH KpeHIkorndepa MHTCHCUBHO Pa3pylIacT KOHTAKTHBIC
MIOBEPXHOCTH, YTO CHIDKACT HA/IEKHOCTh PabOTHI MEXaHW3Ma 3anMpaHus. [ MOBBIMICHNS HAaJEKHOCTH pabOTHI
TIOOMHTOyK/TaA9iKa HEOOXOIMMO WM3MEHHUTh KMHEMATHKy PabOThl MEXaHW3Ma 3alMpaHust M MPOBECTH CHIOBOM
aHaJIU3 MEXaHU3Ma ¢ M3MEHOM cUCTeMOM NpuBoja (ukcaropa.

Pucynok 1 — YeTpoicTBO NIPOX0OAUECKOro MuTa
| — mapoImku, 2 — poTOpHBIH 3KCKaBaTOpP, 3 — repMETUYHAs MEPeropoka, 4 — TuApaBINnYECKUN JOMKpAT, 5
— LWJIMHJPSI TSATH, 6 — BUHTOBOH KOHBelep, 7 — yKJIaq4nuK 0J0KOB 00paboTKH, 8§ —yCTaHOBJIEHHBIH TIOOUHT
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Pucynok 2 — KOHCTpyKIHS TOJIOBKH YKJIaTIHKA

1 — rugponmMHIp, 2 — BUIIKA, 3 —Kpehikondep, 4 — cTONOpHA TUTACTHHA, 5 — MIAPHUPHBIN CTEPKEHB, 6 —
KpBIIIKA TOJIOBKH YKJIaquuKa, 7 —MHKPOBBIKJIIOUYATEIh MOHTAXXHOM IUIACTHHBI, 8 — OOKOBHMHA, 9 — MOABEMHAas
606nHa

[IpoBeneHHbIE HCCIIEAOBaHUS M MaTeMaTHYeCKUE pacyeThl CTaBWJIM 1IEJbI0 pacdeT M CO3/IaHHe
KOHCTPYKIIMHU TIOOMHTOYKJIaJA4MKa, KOTOPAasi MO3BOJSIET MOBBICHTh HAJICKHOCTh €ro paboThl MyTeM MOJEPHHU3AIHN
CHUCTEMBI TIPUBOJIA TOJIOBKH.
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Ha pucynke 3 nokazaHa W3MEHEHHas, yTeM IIAPHUPHOTO3aKPEIUICHNS IMINHAPA, KHHEMaTHIecKasi cXeMa
paboTHI TFOOMHIOYKIAIYHKa. BCsl KOHCTPYKIMS HEMOABMKHO 3aKPEIUICHA 3a KPEIJIeHA Ha BUJIKE C MOMOIIBIO JBYX
IIAPHUPOB W TMIPENCTABISET co00i Tpex3BeHHBIN MexaHM3M. [eiicTBueycnnmusaT] Ha KPBIMIKY TONOBKH YKIIAAIHKa
cruredoM L1 mpuBeneT k moBopoTy. Ha KpBIIIKy rojoBKH yKIIaI9uKa B CBOIO ouepenp neiictByer yewiust T2 u N ot

600muHBI TIOOMHTA Ha 1Ieye L2,

“’ﬂg

Pucynok 3 — Kunemarndeckas cxema TIOOMHIOYKIIaq9nKa
3Has Maccy TeOMEeTpHUYECKHEe MapaMeTpsl M Maccy TIOOMHIa BO3MOXHO ompenenuts cuisl T1 m T2

BO3HHUKAIOIIAE B MOMEHT 3axBaTa (MacaTIOOMHTa My,,= 2325 kT, yron mogbema mmeda L2 o = 13 ©, cuma N = 23250
H, uteun L1 =85 mm, L2 = 145 mm):

In=N-tga =23250-0.23 =53475H (2)

Onpenenus cuty T2, Moskem Teneps HaiTu cuiry T1.

fimtm _PIR0R s 2
£ %1 ~ 059 ' (2)

OnpenenuBycunust T1 u T2, MOXkeM BBIIOJHUTHPACYETOCHOBHBIXIIAPAMETPOBIUAPOLIMIMHAPA U CAENIATh
ero BbIOOp. Jlns 3Toro ompexenmMauaMeTp mroka d m3pacyera Ha MPOJOJIBHYIOYCTOWYHBOCTH, C YYETOM TOTO,
YTOMAKCHUMAJIbHBIA ~ BO3MOJKHBIH xon mopmHsA rugpormwuHapal., = 50 MM, ko3¢ ¢uimeHT,

YUUTHIBAIOIIMHKOHCTPYKTUBHBIEOCOOCHHOCTUIHApOIMIIMHIpa k = 1, Moayns ynpyroctu E=2- 10°MITa.

(ot |, 5
s K<+Lo,,..~64*N s/1°:0.05° 6423250
i — = = T3 100 = 0027 m= 27 mm. (3)
~\ T N T 2
Hcxonst u3 Toro, 4T0 HAM U3BECTHO AUaMeTp mroka d; = 27 MM, pabouee TaBIeHIE
P = 25 MIla = 24,6 MIla, F,,, = 23250 H, Bo3M0OXHO paccuuTarh AuaMeTp nopmHs D u3 dhopmyms! s

onpeneneHus ycums mroka (1).

d, =
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D:—ﬂr:
JJT="T.T.P 4

D* — 277
- (f <246 = 23250 H
Haﬁ;.;eM IJIOLAb ITOPIIHS:

H'D:_ﬂ.lﬂl-'Sil-?

= = 666.4 MM° (5)
3Has BCe OCHOBHBIC ITAPaMETPhI, MOKEM OTPEICITUTh yCUITHE TIOPIITHS:
Fropm =S5 P = 6664246 = 163934 H (5)

BriOupaem Onmwkaiiiee 3HaYEHUE TUAMETPOB IMOPIINHSA U IITOKa TuapommwinHapa coracHo [OCT 6540—
68: D =32 mm; d =28 mm.
Tabanna 4.1 — OCHOBHBIC TEXHHUYECKUE XapAKTEPUCTHKH PACCUMTAHHOTO THAPOIMINHIPA

Ycunue VYceunue [wnamer Junamert PoGouee Xon
Ha HA IITOK Fm:’ H | p nopmms D, | pmrokad, MM JIaBJIICHUE P, HOPIIHS L i
nopuref T, pm > MM MITA MM
H

163934 23250 32 28 25 500

Hcxons u3 3TUX JaHHBIX M SKOHOMHUYECKOH IeJIecO00pa3HOCTH, BEIOMpaeM B Katanore ruaporaap 'L
50.25.500.735.0025.

[lpu mnpoBeneHuu aHamu3a POOOTHIBBISBICHBI HENOCTATKU TIOOMHTOYKIAIYHKa IMPOXOJUYECKOTro IIUTa
WIRTH TB576, xotopble peuieHbl MyTEMHU3MEHEHHsS KHHEMAaTHKH IPHBOJA TOJIOBKH, PacueToOM, BHIOOPOM H
3aMEHOW I'MAPOLMIIMHIPA 3 MIApHUPOM. JlaHHAs MOAEpHHU3alMs TIOOMHIOYKIIaIYMKa MPUBEIET K MPOJUICHHUIO CPOKa
CiyKObl JeTasied M TIOOMHIOYKJIaguuKa BLEJIOM, YTO B CBOIO OYepelb IMOBBICUT HaAE&KHOCTh M YMEHBIIUT
JKCIUTyaTallMOHHBIE PACXO/BL.
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MOBBINEHUE Y®»PEKTUBHOCTHU PABOTHI OUMCTHBIX
KOMILIEKCOB
TP PASPABOTKE ILTACTOBBIX MECTOPOKJIEHUN
KAJIUAHBIX PY ]I

OOBEKT MCCcIIeT0BaHUs — OUNCTHBIE KOMOaHBI M 3a00iHbIE CKPEOKOBBIE KOHBEHEPHI.

Hems — moBblmeHue  3(G(GEKTUBHOCTH  MPHUBOJOB  HCIOJHHUTEIBHBIX  OPraHOB,  yBEIHYCHHE
MIPOU3BOIUTEIHFHOCTH OYMCTHBIX KOMOAHOB MPH MOI3€MHON pa3paboTKe KaJHMIHBIX MECTOPOXKICHHH, TIOBBIIICHHE
HaJAEKHOCTH JKCIUTyaTanuy 3a00MHBIX CKpEOKOBBIX KOHBEHEPOB, YBEIMYCHHE MX MPOU3BOIAUTEIBHOCTH, a TAKXKe
CHIDKEHHE JHEpro3arpar Ha TPAHCIOPTHUPOBAHWE PYyIObl OT OYHUCTHOTO KOMOaiiHa K IyHKTaM HEperpy3Ku Ha
MarucTpalbHBIA KOHBEHEp B YCIOBHAX MOI3EMHON Pa3pabOTKN KATHIHBIX MECTOPOKICHHH.

AKTyaJbHOCTh TEMBI ompenensercss PecrnyOnmkaHCKON mporpaMMod MO CYIIECTBEHHOMY YBETHYECHHUIO
00BbEMOB ITPOM3BO/ICTBA KAJTMHHBIX YIOOPEHHH AJIsl HYK CEIBCKOI0 X035icTBa Hallel pecyOJuKH U MOCTaBKU Ha
9KCTIOPT.AKTYaJILHOCTh TEMBI ompezeisiercss PecryOnnkaHCKO MporpaMMoil 1Mo CyIIeCTBEHHOMY YBEJIMYEHHIO
00bEMOB TIPON3BO/ICTBA KAJMHHBIX YIOOPEHUH AJIsl HYXKJI CEIbCKOTO XO3SIHCTBA Halleld peciyOJIMKH M €XeroHOH
MIOCTaBKH Ha IKCIOPT B 00BEMe CBhINIE 8 MIIH. T.3HAUNTEIbHBIH 00bEM TOpHBIX paloT, a Takke HE0OXOJUMOCTh
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OOJBIIMX DHEPro3aTpaT Ha JOOBIYY M TEepepaboTKy TOPHBIX MOPOJ TPEOYIOT NMPUMEHEHHS B TEXHOJOTHYECKUX
IpoLeccax COBPEMEHHBIX BBICOKOIIPOU3BOJUTENBHBIX 1 A((PEKTUBHBIX MAIINH U 000pyJOBaHHUS.

B pabore npoBeneH oOMMPHEIA MaTeHTHO-HH()OPMAIIMOHHBIN 0030p M aHAN3 OYUCTHBIX KOMITJICKCOB IS
MOM3eMHON  Pa3pabOTKM  YTONBHBIX W KANHHHBIX ~ MECTOpPOXKACHHI.PaccMOTpeHBl NpHMHIHUIHAIbHEIC
CXEMBIOYHCTHBIX KOMOAfHOB, a TaK)K€ Pa3JINUYHBIEKOHCTPYKIHH CKPEOKOBBIX KOHBEHEPOB.

HecMotpst Ha 3HAUUTENBHBIN NMPOIEHT MMIIOPTHOW TEXHUKH M O0OpPYIOBaHHSA, SKCILUTyaTHPYIONIUXCA Ha
TOPHBIX MPEANPHATHSX, OEOPYCCKHE MATHHOCTPOUTEIH COBMECTHO C HAYYHBIMH, NTPOEKTHBIMUA OPTaHU3aLMSIMU U
KOHCTPYKTOPCKMMHU OIOpPO HMHTEHCHUBHO DPAa3BHBAIOT KakK IO 00BbEMY, TaK M IO aCCOPTHMEHTY HPOH3BOJICTBO
OTEYECTBEHHBIX TEXHOJIOTHYECKHX MalluH. PynHuku u coneoboraturensHblie Gadbpuku OAO «benapychramus»
o0ecreunBaroTCsl TEXHOJIOTHYECKUM 00opynoBanueM, npoussereHHbIM B 3A0 CUIIP «Conuropckuii WHCTUTYT
npobiieM pecypcocOepekernsi ¢ ONBITHBIM NPOM3BOJICTBOMY, a Takke 3AO «Husa» n JlureitHo-mMexaHudeckuit
3aBOJL «Y HUBEpCAID).

OuncTHON KOMOAWHIIPUMEHSETCS U BBIEMKH IIOJIE3HOTO HCKOIIAEMOTO IO TEXHOJIOTMYECKOH CcXeMme
JUTMHHBIMH CTOJIOAMH C HCIIOJIb30BaHUEM JIaBOKOMILIEKCAa. OCHOBHOM MCTIOMTHUTEIBHBIM OpraH OYUCTHOTO KoMOaifHa
— IIHEK-(pe3a ¢ TOPU30HTAIBHOM Ochi0 BpameHusa. CoBpeMeHHbIE KOMOAHHbBI OCHAIICHBI CHCTEMAaMHU YIPaBICHHUS U
KOHTpOJIS, TO3BOJIIIOIIMMH BBIOMpaTh CKOPOCTH TOAAYM, OOecHeYuBaromue OIM3Koe K ONTHMaIbHOMY
UCTIONIB30BAaHNE MOIIHOCTH ABHTATeNeH MpUBOAA MIHEK-(Ppe3. Harpyskn 3Toro MexaHu3sMa M MEXaHH3MOB ITOJIa9d
3aBUCAT OT CONPOTHBICHUS IOAAYe HCIIOJHUTEIBHOTO OpraHa Ha 3a00if, KOTOpoe B CBOIO OYEpElb CBS3aHO C
CUJIAaMH COIIPOTHBIICHUS PE3aHUIO HAa WCIIOJHHUTENILHOM opraHe. Pacuer ycunumsi mojnauu ouucTHoro kombaifHa c
UCIIOJTHUTENIBHBIM OPTaHOM B BUJIE IHEK-(pe3bl 0a3upyeTcs Ha OOLIETPUHATHIX 3aBUCUMOCTSX CHJI, ACHCTBYIOLIUX
Ha pe3Ibl, OT MPOYHOCTH MOPOJIBI 1 OCHOBHBIX I€OMETPHUECKUX U KHHEMAaTHUECKUX ITapaMeTPOB MpoIiecca pe3aHHus.
B xauecTBe OCHOBHBIX PEXHMMHBIX ITapaMETPOB, BIHUAIONMX Ha BEIMYUHY CHUJI CONPOTHUBICHUSA PE3aHHUIO U Mojade
UCIIOJTHUTENILHOTO OpraHa, NPUHATA YIJIoBas CKOPOCTh BpalleHUs HIHEK-(pe3bl U CKOPOCTh I0J1a4d KoMOaiiHa Ha
3a00M.

VYceroiunBas paboTa 04YMCTHOTO KOMOaifHa OCYIECTBISIETCS B TOM CIydae, €ClIM Ha BCEX OMOpax
(3aBasbHBIX W 3a00WHBIX) OyAYT MOJOXHUTEIbHBIE peaknuu. [IpM KpaTKOBPEMEHHBIX MOBBIIICHUIX
Harpy3kd, BINIOTH JO OIPOKHIA D3JIEKTPOJBHUTaTeNsd, Ha 3aBaJbHBIX ONOpPax MOTYT BO3HHUKATh
OTpHULATENbHbIE peaKkuu (OTpBIBHBIE ycuius). Peaknuu B onopax GOpMHUPYIOTCS OT YCHJINH IIHEKOBOTO
HCUOJHHUTEIBHOTO OpraHa B COBOKYMHOCTH C Maccoil kKomOaiiHa u ycunumeMm monaum [1].Be3omacHocTh
BBINIOJTHEHHS OYUCTHBIX Pab0OT MOXET OBbITh OOecredeHa 3a CYeT YCTOMYMBOIO IOJIOXKEHUs] KomOaiiHa Ha cTaBe
CKpeOKOBOro KOHBeWepa. B naHHO# pa®oTe BBIMOJHEHBI pacdeThl MO ONpEIeNeHHI0 K03(h(UIMEHTOB 3amaca
YCTOWYMBOCTH JJISl IISITH THIIOB OYHMCTHBIX KOMOAHHOB, KOTOpBIE IIHUPOKO IMPUMEHSIOTCS Ha pynHukaxOAO
«benapycbkanuiiy npu 100bIUe PyIbl BaJOBBIM M CEIEKTHBHBIM criocobamu[2]. Pe3ynbTaThl OKa3bIBAIOT, YTO HA
PEKOMEHIYEMBIX peKHMax paboThl KOMOAHOB 0OecIieYrBaeTC sl 3amac ycToM4MBOCTH B ipenenax 1,78-2,65.

ABTOpamMu TpeI0KEHO MOAECPHU3MPOBATh KOHCTPYKILHUIO PYKOSITH OYHMCTHOTO KomOaitHa. Ilpumenenue
TIOBOPOTHOM PYKOSATH C M3rHOOM B CpeAHEH YacTHIIO3BOJISET YBEIMYMIOCH IMPOCTPAHCTBO B OOJACTH IOTPY3KH
gyepe3 OOpT Ha 3a00itHEIN KOoHBelep. PaspaboTaHHas KOHCTPYKIHs OYUCTHOTO KomOaitHa ¢ ['-00pa3HON PYKOSTHIO
UCTIOJTHUTEIBHOTO OpraHa oOecleynBaeT cymecTBeHHoe (10 7 %) yBeIMueHHE HMPOU3BOJIUTEIHLHOCTH MOTPY3KH
MIOJIE3HOTO NCKOTIAaeMOTO Ha 3a00WHBIH KOHBEHEepH CHUKEHNE YJCJbHBIX 3aTpaT SHEPTHH HA Pa0OTy MaIIWHBI.

B mpomecce BBINONHEHMS HAaydyHOH pabOTHI TOJNydeHBI M OOOCHOBAaHBI OCHOBHBIE MHapaMeTphl II0
MIPOEKTUPYEMBIM H3JIENIUSM, TTO3BOJIMBIINE Pa3padoTaTh OCHOBHBIE KOMIUICKTHI KOHCTPYKTOPCKOHM JIOKYMEHTALlUH
Ha OYKCTHBIC KOMOAWHBI /ISl BAJIOBOM U CEJICKTHBHOM TEXHOJOTHHA pa3pabOTKH IUIACTOB MOJIE3HOTO HCKOMAeMOro.
UepTexu BBINOJHEHBI C UCIIOJIL30BaHHEM coBpeMeHHOro rpaduueckoro nakera «Kommnac-10 3D» 1 3eKTPOHHBIX
OMOIMOTEK [0 OCHOBHBIM IapaMeTpaM CTaHIAPTHBIX M3JIENUiH, a TAK)KE METOIUKAM pacueTa.
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PucyHok. Bua Ha HCIIOTHUTEJIBHBINA OPraH 0OYMCTHOIO KOMOaiiHayu 3a00lHbINH cKpeOKOBbI N KOHBeliep

criepeau OT 3aBAJIbHOI CTOPOHBI 0YHUCTHOTO 326051 (3D-Moenb)

3afoiinblii ckpeOKoBbIii KoHBeiiep.C 1enbio0 MoBbIIIEeHUS 3P (QEKTUBHOCTH pabOTHl M HAJEKHOCTH
IPpH SKCIIyaTalnuu 3a00HHBIX CKPEOKOBBIX KOHBEHEpPOB aBTOpaMH NPEATIOKECHBI TPH HPUHIHMITHAIBHO
HOBBIE CXEMbI MOJIEPHU3ALUH 3a00HHBIX CKPEOKOBBIX KOHBEHEPOB.

IlepBas cxema. OxHuM u3 HambOonee HEI(D(PEKTHBHBIX MPOLECCOB B PabOTE OYMCTHOTO KOMIUIEKCA
SIBIISICTCA TOTpYy3Ka OTOMTON TOpHOH Macchl Ha 3a00iHBIN CKpeOKoBHIH KoHBeiiep. [Tocne pabodero xoma komOaitH
JIBIDKETCS B OOpaTHOM HampaBIeHWH ¢ paboynM OpraHoM (OpraHamH) y HOYBBI, OCYIIECTBJISISI 3a4HUCTHOM XOI:
MOrpy3ka OTOMTON TOPHOI MOPOJBI MPOMCXOAUT C TMOMOIIBIO JIONATOK HIHEK-(pe3bl, KOTOPbIE, BOBJICKAIOT B
JIBIDKEHHE OTOMTYIO MacCy B HallpaBJICHUH OT 320051 K KOHBelepy.

[IpakThyeckn Bce COBpEeMEHHbIE 3a00iHbIe KOHBEHEpPhl OCHAIICHBI MACCUBHBIMU 3aYUCTHBIMH JIEMEXaMH,
HE TO3BOJLSIIOIIMMH YMEHBLIMTh Pa3Mepbl MEPTBOW 30HBI MEXy IITHEKOM M JKelloOOM KoHBelepa. Eciu y panee
MIPUMEHSBIINXCSI KOHBEWEpOB 0e3 JieMexa 3a30p MEeX[y IIHEKOM W OOpTOM KOHBeiiepa NpUHUMAJICS MUHAMAIbHO
BO3MOXHBIM (40-70 MM) M3 KOHCTPYKTHUBHBIX COOOpPa)XE€HHH, TO Y KOHBEHEPOB C JIEMEXOM 3TO paccrosiHue B 3-4
pasa OoJjble, BCJIEACTBHE Yero B IPUKOHBEHEpHOW 30HEe o00pasyercst IOCTaTOYHO OOJNBIIONW MO pa3Mepam
TIONIEPEeYHOTO0 CEYEHHs CIUIONIHOW HaBajl pas3pylmieHHoro wMarepuana. OOpasytomascs OydepHas 30Ha 0[]
BO3/ieiicTBHEM JlomacTeil B 30HE PabOTHI IHEKa MPUBOAMTCS B JBIDKEHHE, CONPOBOKAAIOIIEECS YIUIOTHEHHEM
Marepualia, ero JONOJHHUTEIbHBIM H3MENbUCHHEM M OOpaTHOM LMPKYJSMed B 30HY paOOTHI mIHEKa.ABTOpaMu
npeaaraeTcss 3aMeHNUTh €CTECTBEHHBIN TPaMIUIMH M3 NOPObl Ha HAKIOHHYIO IUIOCKOCTH B BHJE MOTPY30YHOTO
COIIHMKA, YTOOBI NPOIECC MOTPY3KM Hadal MPOHMCXOIUTh B HAaYaIbHBI MOMEHT BpeMeHH. COIIHMK co3aercs
YIJIMHEHUEM JIBDKH KOMOaiiHa 10 HaIlpaBJICHHIO K PEXYIeMy OpraHy M UMeeT HEKOTOPBIA Yroll B MPOJOJIbHOM U
MOTIEPEYHOM HaIlpaBIICHUSX.

BTopbIM MepCHneKTUBHBIM BapHaHTOM MOJICPHM3ALMU TpoOLiecca TPAHCIOPTHPOBAHMS PY/AbI M3 JIaBbl Ha
IITPEKOBBIE KOHBEWEPHI, SBIISIETCS 3aMEHa IIPOIEecca MEPEeMELICHHsS BOJOYEHHEM IMOJIE3HOTO HCKOIAeMOoro,
HaxXOJSIIerocsi B jkesio0e KOHBeWepa, Ha TPAHCHOPTHPOBKY ImepeHocoM.llepeHoc mpexanaraercs OCyLIECTBIATH
crenyromuM o0pa3oM: Ha cKpeOkax KOHBelepa 3aKpelHTh TOPH30HTAIbHBIC IUIACTHHBL, C 3apaHee PacCUUTAaHHOM
IUTONIA/IbI0, HA KOTOPBIE OyAeT 3arpedaThes mopojia.

Tperbe TeXHHYECKOE NPEUIOKEHNE COCTOMT B OOOPYNOBAHMM TSATOBBIX IIENEH POJIMKAMH, KOTOpBIE NpU
TiepeKaThIBAaHUH 110 JKeJI00Y CYIIECTBEHHO YMEHBIIAIOT CKOJIBKEHHUE LIeTIel cO CKpeOKaMH | IUIACTHHAMU 110 HEMY H
OOKOBMHAM, TEM CaMbIM, YMEHbIIas CHJIbI TPEHHS, BIUSIONIME HA MPOM3BOJAMTEIHLHOCTH KOMIUIEKCA B LEJIOM M
TIOMOXET YMEHBUINTh 3HEPrOeMKOCTh Mpoliecca TPAHCHOPTUPOBAHMS IMOPOABI M HPOUIUTH PECYpPC OCHOBHBIX
3JIEMEHTOB 3a00IfHOr0 CKpeOKOBOTrO KOHBelepa, a TakkKe B PAlMOHAJIBHOM JHaMeTpe IPUBOAHBIX 3BE3J0YEK,
o0ecre4YnBaoIIeM CYIIECTBEHHOE CHIDKEHIE H3HOCA 3BEHBEB TATOBBIX LIETICHl.

JlBa mocieHUX NpeUIoKEHHs, B 00IIeM, M3BECTHBI U NPUMEHSIOTCS Ha CKPEOKOBBIX M IUIACTHHYATBHIX
KOHBelepax, OJHaKO OCOOBIE YCIOBHS JKCIUTyaTallMyd 3a00HHBIX KOHBEHEpOB B JIaBe B COCTaBE OYHCTHOTO
KOMIUIEKCA U IIOCTOSIHHOM MEPEIBUKKU C UCKPUBIICHUEM TPACChl TPeOYIOT OPUTHHAIBHBIX TEXHUYECKUX PEIICHUI.
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Takum 00pa3oM, MpPEICTAaBICHHBIC BBINIC TEXHHMYECKHE M TEXHOJIOTHUECKHE pa3pabOTKu 00ecrednBaioT
MTOBBIIIEHUE YKCIUTYaTAIIHOHHBIX [TOKA3aTeIeH OYUCTHRIX KOMIUIEKCOB.

Jlureparypa
1. OguctHeie KoMOaitHbL: [cripaBounuk] / B. 1. Mopo3zos, B. U. Uynenkos, H. B. Cypuna; mox o6m. pen.
B. U. Mopo3zoBa. — M.: M3x-Bo MITYVY, 2006. — 650 c.
2. T'opHble MaIIWHEL JUTs1 KaTMHHBIX pyaHukoB / A. b. Mopes, A.Jl. Cmbrunuk, I'.B. Kazauenko. — MuHck:
Wnrerpanmonurpad, 2009. — C. 236-273.
* — Paboma evinonnena noo pykoeoocmeom cmapuieeo npenooasamens I A. bacanas

KOPYAT'UH A.M.
3onomoussnexamenvras gadpuxa kyurnoeo eviyeravusanus, 340 «3or0mo Ceseprozo Ypana»

HNPUMEHEHUE KOMIIVIEKCOHA O3®K B IPOLUECCE CIC

Ha muormx mpenmpusatusix, B ToM ducie u B «3omore CeBepHOro Ypama» cymecTByeT mnpobiema,
CBsI3aHHasI ¢ OTJIOKeHHEeM couteit xk&éctkocTr (Kampiuit). B Hamem ciiyyae 00NbII0e KOJIUYECTBO CONEH JKECTKOCTH
00pa3yeTcs B MPOIIECCE OPOIICHHUS OKUCICHHBIX PY/ PACTBOPAMH ITUAHU A HATPHSL.

Comu KECTKOCTH, OTjJarasCb Ha TBEPAbIX MOBCPXHOCTAX, OTPULATCIIBHO BJIUAIOT Ha MNPOTCKAHUEC
IIPOIIECCOB NMepepaboTKU MPOAYKTHUBHBIX PACTBOPOB Ha CIEIYIONIUX dTamax:

. IlepBasi, m camas BaxkHas mpoOieMa —OTJIOKEHHWE OcaJka Ha aKTHUBHPOBAaHHOM yrie B
COpOUMOHHBIX KoJOHHaX. OcaToK OTKIagbIBacTCS Ha IMOBEPXHOCTH M B TOpax YIJIA, TEM CaMbIM CHIKAETCS
COpOLIMOHHAS €MKOCTh M CTCICHb HACHIIIAEMOCTH YIJIA. YBENHMYUBacTCs Harpyska Ha YJIOP, yBemmumBaercs
pacxo.l KUCIIOTHI TS pereHepaui yTis.

. Bropas mpobiema cBsi3aHa C OTIOXKEHHEM OCa/IKa IUTACTHH TEIUIOOOMEHHHKA, BCIEICTBHE YEro
YMEHBIIAETCs MPOITyCKHAs CIIOCOOHOCTH TermooomenHuka 1 KITJ[ canxaercs.
. Tpetps npobiiemMa — cHIKEHNE QUIBTPANMOHHON CIOCOOHOCTH OCBETIIMTEIBHBIX U OCAIUTEIBHBIX

¢unbTpoB. Tpedyercst pereHepanys MOJOTEH KHCIOTOM, YTO B YCJIOBUSX y4acTKa KyYHOTO BBIIEIAUUBAHUS HE
PEKOMEHIyeTCs, TaK Kak KOHTAaKT KUCIOTHI M IIMaHOCOAEP)KALIMX PAacTBOPOB MPUBOJUT K 00pa30BaHUIO IapoB
CHUHWIBHOMN KUCJIOTBI.

. UYerBépras mpobneMa BbI3BaHA OTJIOKEHHEM Ocajlka Ha TPyOKaxX KaleslbHOIO OPOMICHHUs, YTO B
CBOIO OYEpE/b CHIKAET MPOMYCKHYIO CIIOCOOHOCTh TPYOOK JI0 TMOJHOW 3a0WBKHM OTBepcTHidl. Tpelyercs 3ameHa
TPYOOK.

CHU3UTh OTpHUIATENILHBIE BO3IECHCTBUS COJNEH JKECTKOCTH BO3MOKHO NPHUMEHEHHEM KOMIUIEKCOHA -
okcmyTmreHanMoconoBoit kucnotel (ODDK), uto mpuBener K COKpaIIeHUI0 BPpeMEHH OTpabOTKH mTadens Ha
18%

Lenp sxcnepuMenTa:

. BbISIBHTH BIMSHHE COJICH KECTKOCTH, BBIMAAAIOMINX Ha MOBEPXHOCTh aKTHBHPOBAHHOTO YIS, Ha
COPOITMOHHYIO €MKOCTh YTJIS;
. CHU3UTH BBHINIAJCHNE KaJbIIMEBOTO OCajKa 3a CYeT J00aBJeHHs B NMPOAYKTHUBHBIN pacTBop (IIP)

KOMILIEKCOHA - okcrdTHIIeHaAnpochoHoBas kuciora (0 JDK).

YcnoBus MpOBEACHUS SKCIIEPUMEHTA:

. 4 HaBeCcKHM aKTMBHPOBAHHOTO yris Maccoii mo 100 rpaMMOB TOMECTUTH B METAJUIMYECKHE KOJIOBI,
MpeACTaBIAIoNIe cO00H YMEHBIIIEHHYIO KOMUIO COPOIMOHHBIX KOJIOHH. B HMXHEH yactu konoHHBI moasoj [1P, B
BEpXHEH 9acTH - CIUB 00€3METAITICHHOTO PacTBOPa;

. IMoaroroBuTs 2 THIA MPOAYKTUBHBIX PACTBOPOB!

1. IIPOyKTUBHBIH pacTBop mTadesns KB;

2. TOT K€ PacTBOP C J100aBJIEHNEM KOMIUIEKCOHA;

. [TpuHATE pacxox KOMIUIEKCOHA 1Mr/i;

. BpeMsa koHTakTa pacTBOpPOB € YIVIEM B 3KCIIEPUMEHTE COOTBETCTBYET BPEMEHM KOHTAaKTa B
TIPOMBINUICHHBIX YCIIOBUAX;

J B mpomuecce skcriepuMeHTa OJJUH pa3 B CyTKH ONpeAesieTcst 00bEM pacTBOpa U cofepKaHue B HEM
30510Ta. [0 OKOHUaHUH SKCIIEPUMEHTA IIPOBOJUTCS aHAIIN3 COAEPIKAHUS 30JI0Ta U KANbIHA B yIIIe;

. [To pesynpraTam onpoboBanus onpenesnsercs 3PpQPeKT oT J0OaBICHHU KOMITJICKCOHA.

Cxema Ipo1ecca ABUKCHHA PAaCTBOPOB IIOKa3aHa Ha PUCYHKE 1.1
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OfesMeTaANICHHBI
pacTEOp

CopOunoHHAR KONOHHL
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F[\-:pm' TANBTIHHSCKHI HACOC

©

[MpoOVETHEHET pacTeop

: s

Pucynok 1.1 Cxema nponecca IBI)KEHHSI PacTBOPOB.

Ha pucynke 1.2 npencrasieH CTeHA, KOTOpBIH ObUT coOpaH Iuis MpoBeleHus dKcrepuMenTa. Ha crenne
YCTaHOBJICHBI 4 COpOLMOHHBIC KOJIOHHBI, €MKOCTH C NPOAYKTHBHBIMH PAacTBOPAaMH, HACOC, KOTOPHIH MOmAéT
MIPOYKTUBHBIE PACTBOPHI B COPOLIMOHHBIE KOJIOHHBI M EMKOCTH IS CIMBA 00€3METaIEHHBIX PAaCTBOPOB.

N
Pucynok 1.2 ®otorpadus co creHaoM.
Ha pucynke 1.3 mpezncraieH rpaduk 3aBECHMOCTH MacChl COPOMPYEMOTo 30J0Ta OT Macchl 300Ta B I[1P.
KpacHbIM M CHHUM I[BETaMH IPEJICTABJICHBI pe3yJbTaThl PACTBOPOB C NPHUMEHEHHEM KOMIUIEKCOHA,
3€JIEHBIM M KENTHIM pe3ysbTaThl Oe3 nobasnenus. [Ipu 0JMHAKOBBIX YCIOBHSX MOJa4YH OCAXKICHUE 30JI0Ta B CIydae
nobaBieHUs KOMIUIEKCoHa Oonblne Ha 18%, 4eM B 0OOBIYHOM peKUME.
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Pucynox 1.3 I'paduk 3aBuCHMOCTH Macchl COpOMPYEMOTO 30J10Ta OT Macchl 3oiiota B [1P.
Ha pucynke 1.4 mpencraBieHa auarpaMMa aHajan3a coepkKaHHs 30J10Ta U KalblUs B HACBIIIICHHOM YTIIE.
Ha mepBoMm m BTOpOoM cTONOLax MOKa3aH aHAIW3 HACBHIIIEHHOTO Yris 0e3 mojadd KOMILIEKCOHA, Ha
TPEThEM M YETBEPTOM COOTBETCTBEHHO C Iojadeil KOMIUIeKcOHa. CHHHMM IIBETOM IIPEICTABICHO COAEPXKaHHUE
KalbLHsl B yIie, KENTHIM — coJiepkaHue 30510Ta. ClieoBaTebHO, IPUMEHEHNE KOMITIEKCOHA TTO3BOJIMIO CHU3HUTh
coJliepKaHue Kalblus Ha 26% M yBEIMYUTh COAEPKaHNE 30110Ta Ha 50%
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Pucynok 1.4 [Ilnarpamma aHamm3a coep>KaHus 30JI0Ta U KalbIHsI B HACHIIIIEHHOM YTJIE.

Hcxons W3 MONYyYEHHBIX PE3yIbTaTOB MOXHO CIIEATh BBIBOJ, YTO YBEIMYCHUE OCAXKICHUS 30JI0TA Ha
yrouib Ha 18% npuBeéT K COKpAIICHHIO BPEMEHH Iepepab0oTKH PACTBOPOB U YCKOPEHUIO H3BIICUCHUS IPATOLCHHBIX
METAJUIOB M3 IMITa0eNs KYYHOTO BBINIEIIAYHBAHUS COOTBETCTBEHHO Ha 18%. I[lonHOE M3BIIEYEeHUE PYABI METOJOM
KYYHOTO BBIIIEIAYMBAHUS POJOIDKACTCS B cpeaHeM 4 roxa (48 mecse).

B 2017 r 3akan4ymMBaeTcsi OTCHINKA cBexel pyabl. OkoHuaHue oTpaboTku wmtabens oxupaercs B 2021 r. C
MIPUMEHEHHEM KOMIUIEKCOHA 0TpaboTKa 1mTadens cokpatutes ¢ 48 1o 39 mecsies.

Hwxe npezcraBiiena Tabiuna ¢ SKOHOMHYECKUM 3B HEKTOM OT 100aBICHHST KOMILIEKCOHA.

06bém TP, MiH. M° 11,2 9,2
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CroumocTh iepepaboTKH, py6/M3 41 41
3arpatbl, MJIH. py0 459,2 377,2
3arparbl Ha KOMIDIEKCOH, MIIH. py0 0 3,2
DKOHOMUS, MJTH. Py0 78,8

Kommiekcon OD/IDK nemeriie ipyrux KOMIUIEKCOHOB M He TpeOyeT OOJBIINX 3aTpar, a ero NpUMEHEeHHe
MI03BOJISIET 3HAYUTEIHEHO SKOHOMHTB 3aTPaThl HA MPOU3BOACTBO U OECLIEHHOE BPEMSI.

A.B. JEKOMIEB, I1.10. LJIIOIINH
Tlepmckuii HAYUOHANLHBLIL UCCIE008AMENLCKUL NOIUMEXHUYECKUL YHUGEPCUM e

PA3PABOTKA A IPOMBIHNVIEHHOE OCBOEHHUE TEXHOJIOI'HA
MOJEJIUPOBAHUSI TOAT'OTOBKH CKBA’KUHHOU MPOAYKIIUNA C
HoMouibIO MOBHJIBHOU YCTAHOBKHA

EsxeromHo Ha ycTaHOBKax MOJATOTOBKH HE()TH MPOU3BOJCTBECHHBIX KOMIAHHUN ITOJTHOTO KA TIPOBOAATCS
OTIBITHO-TIPOMBIIINICHHBIC Pa0OTHl M BHEIPEHHE HOBBIX TEXHOJIOTHH MO ITOBBIIICHHIO KauyecTBa HE()TH W CTOYHOH
BOABl. B CBA3M C 3THM MpoBeIEeHWE BCCBO3MOXKHBIX HCTIBITAHWI O€3 BMENIATEIhCTBA W HAPYIICHUS OCHOBHOTO
mpoIiecca Ha CTEHIOBOM OOOpPYIOBAaHWH SBISCTCA aKTyaldbHOH 3amadeil. [IpuMenerne 3HaHWN 00 S((EKTUBHBIX
TEXHOJIOTUSX IPOMEICTIOBOM MOATOTOBKA HE(TH M BOABI M KOHCTPYKTOPCKUX pEIICHUI B 00macTu HEe(TSIHOTO
MaIIMHOCTPOCHUSI MO3BOIMIN Pa3paboTaTh MOOMIBHBIA KOMIUIEKC Ul MOJCIMPOBAHUS HPOLECCOB IMOJITOTOBKH
CKBR)XMHHOW NPOJIYKUUH. B KayecTBe OCHOBBI OBbUIM NMPHHSTH TEXHHYECKHE HAPAOOTKH YCTAHOBOK IPOMBICIOBOM
noArotoBku Hetu. C MpUBIEYEHHEM KOHCTPYKTOPCKOTO OIOpO pa3paboTaHbl OCHOBHBIE TEXHHUUYECKHE PELICHUS,
MIPOM3BEACHBI HEOOXOIUMBIE TEXHOJIOTHYECKUE U THAPABIMYECKUE pacyeThl, HA OCHOBAHMU KOTOPBIX OblIa IPUHSATA
KOHIICTIIIUS CO3aHUsI MOOMIBLHON YCTAHOBKH MOATOTOBKH CKBOKUHHOM mpoaykiuu (MYTICII).

CpaBHEHHE MPEUIOKEHHOTO TEXHHUYECKOTO pEIIeHHs C ypPOBHEM TEXHUKH, H3BECTHBIM H3 Hay4dHO-
TEXHUYECKON M MaTeHTHOH NTOKYMEHTALUU HE BBISIBWIO CPEICTBO, KOTOPOMY NPHUCYIIU BCE yKa3aHHBIE MPU3HAKH,
YTO OMpeeNieT HOBU3HY pa3padaTbiBAeMOT0 YCTPOHCTBA.

Pa3paboTaHHas ycTaHOBKa IpeACTaBIseT c000H MOOWIBHBIN NPOMBINUICHHBIH 00pas3en yCTaHOBKH
moaroToBku Hedptr u Boael B MacmrTade 1:100, mMo3BONSIOMNN MPOBOAUTH OMBITHO-IPOMBINIICHHBIC HCITBITAHUSL
(OIIN) BKIIOYCHHOTO B €ro TEXHOJOTHYECKHH Iporiecc OOOpYINOBaHWS WM HOBOH TEXHOJOTHH COTJIACHO
HOPMATHBHO-IIPABOBOM JIOKYMEHTalMd B 00JacTH HEe(TSHOW © Ta30BOW MPOMBINIICHHOCTH. YCTAaHOBKa,
BBINIOJIHEHHAs: B COOPHOM paMHOM KOpIyce Ha JBYX IUarhopmax, COCTOMT M3 4 TEXHOJOrMYeCKHX OJIOKOB:
ocHoBHOM 010K (Biok 1) mMo3BOJISET OCYIISCTBIIATH MPOIECC MOATOTOBKH HE(TH M BOJBI METOJOM OTCTaHBAHUS
BopoHedTsaHOM smyabcun (BHD) B Tpex TEXHOJIOTHYECKUX ammaparax CHelHalbHON KOHCTPYKIHH ¢ IPUMEHECHHEM
cuctemsl Harpesa BHD (biok 2), momauei xumnueckux peareHToB (biok 3) u mpecnoit Bozs! (biok 4) (pucyhoxk 1).
TIpOM3BOUTEIBHOCTS YCTAHOBKH cocTaBser 0,1+2m’/4; [aBleHHe B TOUKE TMOIKIIOUEHHS HE JOJDKHO PEBHIIIATH

1,0 MIla; TemMnepaTypa nepekaurBaeMoi »)uakocTu +5 + +70°C, norpebisemas MomHocTh — 80 KBT.
- ony _

Puc. 1 — TexHonornveckas cxema v BHEIITHUI B MOOWJIBHOHN YCTaHOBKH

IIpu nmpoBeneHWH  OMBITHO-NIPOMBINIUIEHHBIX HCIBITAHUNA  TIOJAKIIOYEHHE MOOWJIBHONH  YCTaHOBKH
OCYIIECTBJIACTCS K TpPyOONMPOBOAHONH OOBsI3KE MEHCTBYIOIIETO0 OOBEKTa C TOMOINBI0 THOKAX pPYKaBOB H
OBICTPOPA3BEMHBIX COCIMHEHUH JIJIsl MapalljieIbHON paboThl C MPOM3BOJICTBEHHBIM IMPOIIECCOM IMPOMBICIIOBOM
MOJITOTOBKK IuTomagHoro ooOnekra.llpomsBogurcs ee kammOpoBka, T.e. obecredeHWe mapamMeTpoB pPadOTHI
YCTaHOBKH (pacxojl, NaBieHHe, TeMIepaTypa), Ipu KOTOPBIX MOKa3aTeau KadecTBa (CoaepKaHwe BOABI B HE(TH,
XJIOPOPTaHUYECKUX coJiel W T.1.) Bexojsmero mnpoaykra u3 MYIICII u 00beKTa MOATOTOBKH COOTBETCTBOBAIIH.
[Mocne ycTaHOBJIEGHUS CXOAMMOCTH B aHajH3€ MPOO MPOBOAUTCS U3MCHEHHE TEXHOJOTHUYSCKUX PEKUMOB PaOOTHI
MVTICII, BHyTpeHHEH OCHAIIEHHOCTH €€ aIlllapaToB MM BHEAPECHHEM HOBOTO OOOPYIOBaHUS B TEXHOIOTHYCCKHIA
mporiecc cormacHo mporpamme OIIM, oneHmBaercss 3¢ (EKTUBHOCTH CMEHBI PEKUMOB MPU CPaBHEHUU C
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«KamOpOBOYHBEIMUY Mpobamu. [lo pesympTaTam aHammza U 0000meHUs POO POPMUPYIOTCS PEKOMEHIAIMH 00
ONTUMAIBHBIX peXnMax WA JPPEKTUBHOCTH WCIIONB30BAHMUS HCHBITHIBAEMBIX TEXHHYECKHX CPEICTB H
MIPUHUMAETCS pelIeHHe 110 UX MacIITabNpOBaHUIO Ha MPOU3BOACTBEHHEIN OOBEKT.

B nepuox ¢ 31.11.2015 mo 24.12.2015 r. va YIICB «Pacceer» 000 «JIYKOMJI-IIEPMb» mpoBeaeHs!
OTMBITHO-TIpOMBICITOBEIe HcTbITaHUsE (OIIM) MOOMIBHOM yCTAaHOBKHM ITOATOTOBKH CKBaXHHHOW MPOIYKIHU JUISA
JOCTIDKEHHS KadecTBa MOATOTOBKM He(hTH cTouHOH Boas! g0 Tpebosanuit CTII 07-03.4-15-001-09.

HcnpiTaHnst yCTaHOBKY NPOBOMIIKCH B JBA dTara:

ITposepxa MYTICII Ha repMETUYHOCTD U IPOYHOCTH;

MopenupoBaHUe MPOLIECCOB MOATOTOBKH CTOYHOM BOJIBI:

- yCTaHOBKa CeTYaToro (GMIbTPYIOIIEro 3J1eMeHTa ¢ pazMepoM siueek 0,9 MM B GUIbTp TOHKOH ourcTKy D-

- YCTaHOBKa CeTYaToro (GMIBTPYIOIIEro dIeMeHTa ¢ pazMepoM sueek 0,125 MM B QWIIBTP TOHKOH OYHCTKH
d-2;

- CTYIIEHYaThIl HAIPEB MIACTOBOM BOIBI 10 26-30°C;

- MOJICTTHPOBaHUE OTCTOS BOAKI B pe3epByape PBC-3000.

Ilepen xaxapM 3TarioM MOJENHpoBaHMs MpoBoamuiack kKanmnoporka MYIICII mon cymecTByIOmuid peskum
00BEKTa, KOTOpasl 3aKII0YaNach B OMPEACICHHH PEeXKUMa PadOTHl YCTaHOBKH II0 COOTBETCTBHIO MpoO Hedth n
cTouHoi Boapl mocie npoxoxaeHmst MYIICII n Ha oTkauke MPOIYKIHUH ¢ 00BEKTa MOATOTOBKH.

B MVIICII cmoznenupoBasbl orcToitnk O-1/1 — 200 M° u anmapar riy6okoii ounctky Bogsl (ATOB) —
100 M’ myrem mepecuera pacxoga CTOYHOI BOIBI Yepes TexHomormueckue emxoctn MYIICIT E-5 u E-6 mpn
YCIIOBHHM PAaBEHCTBA BPEMEHHU HaX0XIeHUS KHUIKOCTH B eMKOCTsX MYTICII u Ha neiicTByoIeM o0beKTe.

Pacxon MVIICII BeiOupancst HCX0Ass W3 COOTHOLIGHUS pabouux 00beMOB (0OBEMOB ammnapaTos,
3anosHeHHbIX Bomoit) O-1/1 u AT'OB VIICB «Pacceer» u emkocrteit E-5, E-6 MYTICII, a Tak:ke pacxoI0B BOJIbI Ha
Hacocax KycrtoBod HacocHoi cranmumu (BKHC 505, 506). Pesymerarel anamm3a mpo0 IO KadecTBY BOJBI
TI0KA3BIBAIOT, YTO IUIAHOBAs 3aKkauka Ha BKHC — 1457 m*/a cooTBeTcTBYET pacxony depe3 MVYIICII npu pacxone
1,46+1,47 M/ Hanpasinenne BBoma xwunkoctn B E-5, E-6 BbIOpaHo 1O aHANOTHH C ACHUCTBYIOLICH
TexHoyoruueckoit cxemoii Ha YIICB «PaccBeTy - uepes AHMINA anmapartoB (10 OCH).

HcnbiTanus ceryarbiX GUILTPYIOLIMX 3J1€eMEHTOB ¢ padmepom siueek 0,9 u 0,125 mm

[Ipn ucnpITaHNM ceTYATHIX (PUIBTPYIOMIMX 3JIEMEHTOB ¢ pasMepoM sueiku 0,9 MM MEKO4YHMCTHOH nepron
paboTel uipTpa coctaBun 72 4. B mpomecce paboret MYIICII ¢ gaHHBIM THIIOM (GHIBTPYIOIIETO 3JEMEHTa
otobpano 13 npo0 (pucyHok 2). 13 rpadKoB BUIHO, YTO PE3yJbTAThI aHAIM3a MPOO peskumMoB Ne9, 10 BBIXOIAT 3a
rpanuibl TpeboBanuit CTII. B stot mepuoa Bxoasmias B MYTICIT mpoayKis OTJIHYaNach HU3KHM KadyeCTBOM:
TBY — 6onee 102 mr/n; Heprenponyktsl — 6onee 243 mr/in. ITo pexxumam Nell, 12 BuaHo, uto Ha Guibtp P-2 eme
B TedyeHHEe 4-X YacOB HMMEETCS BIMSHHE OT MNpeaplaynmx pexumoB Ne9, 10. Dror ¢dakt moaTrBepkpaercs
YXYALICHHBIMH MOKa3aTesIMU KadecTBa Bojibl nociie d-2. Boccranosnenune dunbTpa HabIr01a€TCS ITOCIE 5-T0 Yaca
padoter MYTICII.

PesynbraTel ananmnza mpo0 Nel6 cBHAETENBECTBYIOT O TIOJTHOM 3acOpeHHH ceTkH QrbTpa P-2 gepe3 72 u.
mocJie ee ycTaHoBKH. [Ipu neMoHTaxke (GribTpa Ha HOBEPXHOCTSIX CETKH 00HApYKEHBI OTIOKEHHS He(QTEIPOAYKTOB
(w/mp) u TBY. TonmmHa OTIIOXKEHWH Ha BHYTPEHHEH TTOBEPXHOCTH CETKH — 3...6 MM, Ha BHEITHEH TOBEPXHOCTH —
2...3 mm.Ilpu ucnonp3oBaHuH (HUIBTPYIOMIETO 3MeMeHTa (peKuMBl 4-7) HaONromaeTcs ymydIleHHe IOoKa3aTeleH
Ka4ecTBa BOJbI, ITOJrOTOBJICHHON MO JEHCTBYIOIIEH TEXHOJOrHYecKor cxeme. HarpeB CKBa)XMHHOW NMPOIYKIUH B
CcoUYeTaHnH ¢ QUIBTPOM 00CCIIEUMBACT YCTONYMBRIC MOKA3aTEIN KaueCTBa BOIbI Ha ypoBHE: coaepxkanue TBU — 10-
16 mr/n; v/np — 12-19 mr/n (pexumsr 12-13). Tpedosanus CTII o kadecTBy BOJBI BBHIIOIHSIIOTCS NPH BXOASIIEH
npoaykiuu: TBY — mo 102 mr/m, v/mp — 10 220 mr/.

[Tocne ycraHOoBKM B (UIBTP TOHKOW OYMUCTKA BOABI -2 CceTKa MHUKPOHHOW W3 KHCIOTOCTOMKOMN
HepXKaBewIeil cramu ¢ pasmepoM sueiiku 0,125 MM yaydmieHMs KadecTBa CTOYHOM BOJBI HE OOHApYXKEHO,
MEXOUMCTHOM Nepuo cocTaBuil 3-4 .

MogpenupoBanue Harpesa Bxoasimeii B MYIICII npoaykuuu

Ipu uarpese nocrymaromeit B MYIICIT Boasl g0 26-30 °C (mpoGbi Ne§, 9) cHukaeTcs conepkaHue
HepTenpoayKToB, HecMOTpsl Ha moctymuieHuss B MYTICII nponykuuu Huskoro kadectBa: TBY — Gomee 102 mr/im;
HedrenponykTel — Gonee 243 wmr/n (npoba Ne9). BnmsHue HarpeBa Ha conepxanue TBUY HesHauuTensHO, 4TO
TIOJTBEPIKIAETCS pe3yybTaTaMu Ipoosl Ne9 (pucyHok 2).
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TpeGosarua CTT:
" == == BKHC 505 - 25 mr/n
BKHC 506 - 22 mr/n

CopepxaHnue TBY, mr/n

6 7 8 9 10 11 12 13 14 15 16
(13) (14 (14) (14) (26) (30) (24) (26) (30) (29) (26) (26) (26)
6 Pexum (temneparypa °C)

& TpeGosarua CTT:
= === BKHC 505 - 37 mr/n
BKHC 506 - 32 mr/n

Copepxahue HedpTenpoaykToB, Mr/n
=

4 5 6 7 8 9 10 11 12 13 14 15 16
(13)  (14) (14 (14) (26) (30) (24) (26) (30) (29) (26) (26) (26)
Pexum (Temneparypa °C)

M Nnacrosas Boga BKHC 505 M Crounas Boga o -2
I Nnacrosas Boga BKHC 506 M Croynasi Boga nocne -2

Pucynok 2 - Pesynpratel ananmza npo6 Boasr Ned-16

Ilocne BoccTaHOBIEHHMA CpEeIHMX IIOKa3aTeslel KadecTBa IO BXOAALIEH MPOAYKIMH MOBTOPHOE
MOJIeNIMPOBaHNE HAarpeBa MPHUBEIO K 3HAYUTEIHHOMY YIyYIICHHUIO TOKa3aTeslel 0 CPaBHEHHUIO C Ka9YeCTBOM BOJIBI,
MOJITOTOBJIGHHOM MO JeHCTByIoleH TexHonoruueckod cxeme (mpoObr Nel2, 13), 4To mO3BOJNMIO JOCTHYb
Tpebyemsele o CTII mapameTpsl.

MopeaupoBaHne npeIBapuTeaIbHOro oTcTos Boabl B PBC-3000

Pacuer pacxoma B MYIICII ompenensics U3 yCJIOBHs MOJHOrO 3amoyiHeHus amnmapatoB O-1/1 u AT'OB
noarorasnuBaeMoil Bogoi u PBC-3000 na BeicoTy 5 M 1 coctasui 0,25-0,26 M/

MoOwmipHas ycTaHOBKa BBIBeZIeHa B pexuM MonenupoBanus PBC uepes 18 1 mocie Hauana 3amycka. Ilo
pe3ynpTataM aHamm3a npoOsl Ne2l oTMedeHO ymydineHHe NoKaszarenell mpu MopmenupoBannu PBC-3000 6e3
nononHuTenbHoro Harpesa mnpoaykuuu (13 °C) 1m0 CpaBHEHHIO € KaueCTBOM BOJbI I[OATOTOBIECHHOW MO
JEHCTBYIOIIEH TEXHOIOTHIECKOH cxeMe. TpeboBanus kadecTBa Boabl 1o CTII BeITOTHEHE.

BbiBoABI H peKOMeHIaAUHT

IToaroToBka cTouHoii mactoBoi Bojsl YIICB «Paccer» mo tpeboBanuii kauectBa CTII-07-03.4-15-001-
09 BO3MOXHa TIpH:

- KoHTposie Bxoasauied nponykuun B O-1/1 u3 tpexdasznoro cenaparopa (C-1/1, C-2/1) n noanepxaHuu
«BOJISTHOI» MONYIIKK B cenaparope Ha ypoBHe He MeHee 0,7-0,9 m. [IpeBblieHne HeTenpoayKTOB B Boje Oojee
250 ™Mr/m yBelMYMBAET KOJIMYECTBO YJIOBICHHBIX TBEPIbIX 4YaCTHIL, YXyJAlLIas KadecTBO BOJbI Kak IO
HedrenpoaykTam, Tak ¥ o TBY, 4To MpUBOIUT K NPEBBIIEHHUIO TPEOYEMBIX HOPM MO KaueCTBY HOATOTaBINBAEMOM
Bojsl cornacHo CTII-07-03.4-15-001-09;

- YBEJIMUEHUH TEMIIEPATYpPhI BOJbI 10 26-30 °C;

- YCTaHOBKE CETKH ¢ pa3mepoM staeiiku 0,9 MM B QrutbTpel TOHKOH ouncTky nepen Hacocamu BKHC.

- BKJIIOYEHHHM B TexHoJiorndeckuil mnpouecc onHoro PBC-3000 1ist mnpeaBapUTENbHOIO OTCTOS
BooHe(pTsIHOU SMynbcuH u cOpoce cTouHOi Bomsl Ha O-1/1 mw AI'OB poctatouHo sl yBeTHYSHHS BpEMEHH
HaXO0’KJCHUS BOJIBI B TEXHOJOTMYECKHX anMapaTax ¥ yIydIIeHus kauecTBa Boabl 1o HopM CTIL

MoOwmipHasi yCTaHOBKAa B pe3yJIbTaTe MPOBEIEHHUS ONBITHO-IPOMBICIOBBIX HWCIBITAHWN TI03BOJIMIA
YCTaHOBHUTH OCHOBHBIE 3aKOHOMEPHOCTH IPOLIECCOB Pa3pyIICHUS PEaTbHBIX CTOMKUX BOAOHEPTIHBIX 3MYIBCHHA IpH
OTIEPaTUBHOM BO3JIEHCTBUHM Ha HUX pa3nuuHbiMu MeTtofamu Ha YIICB «Paccet». [IpoBeneHue mccienoBaHuii B
TEPMOOAPHUYECKIX YCJIOBHSX C KOHAWIIMOHHBIMH CMECSIMH OOECTIEUHJIO TIOBBIIICHHE HH()OPMAaTHBHOCTH U
JOCTOBEPHOCTH PE3YyJIBTATOB 110 OTHOIICHHUIO C PE3yIbTaTaAMH Ha MOJEIBHBIX CMECSX U B Ta0OPAaTOPHBIX YCIOBHUSX,
OTIIMYHBIX OT pPeabHbIX.
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H.A. CAPAIIYJIOB
000 «Oxomcxas 20pHO-2e0n02UYeCKAsl KOMAAHUSLY

COKPAILIEHHME PYYHOI'O TPYJA IIPU BBII'PY3KE,
OTCOPTHUPOBKE U BO3BPATE I'O/IHbIX ITAPOB B MEJIBHUILY.
IHHOBBIINIEHUE 39PPEKTUBHOCTHU ITPOUECCA U3MEJIBYEHUA

AHHOTAIMA

B nanHOM pabore paccMaTpuBaeTCs KOMILUIEKC pPEalbHO CYHIECTBYIOIIMX MpOONeM, CBS3aHHBIX C
OONIBIIMMHK TpYJ03aTpaTaMu, HEed((PEKTUBHBIM HCIIOJIL30BAHHEM TPYAOBBIX PECYPCOB, BBICOKOH BEPOSITHOCTHIO
MOJTy4YE€HHUs TPaBM, U T.[. - IIPU IPOBEICHUU ONEPALK IO COPTUPOBKE IIAPOB.

Lenpto HacTosmed pabOTHI SBISCTCA - COKPAICHWE NPHUMEHEHHS DPYYHOTO Tpylda HpPH BBITPY3KE,
OTCOPTHPOBKE M BO3BpATE TOJHBIX IIAPOB - UIA JAIbHEHIIETO MCIIONB30Banus B MedbHANIAX 3VD. JlomoMHUTETEHO
MOKHO OXXHIATHIIOBBIIICHHE CHUTOBOH XapaKTEPHCTHKH TOTOBOTO NMPOAYKTA HyIydlIeHHEe pabouyMx HapaMeTpoB
MENBHUIIBI, 3a CUET YyAAJEeHHs CKpana MOCPEICTBOM MPOBEJIEHHs MEPECOPTHPOBKH MOMONBHBIX IIAPOB HE pEXeE
oxHOTO pasza B Mecsal.Chenars Mpomecc MEHEee TPYH03aTpaTHbIM, 3(D(EeKTHBHBIM, 3KOHOMHYECKH BBITOJHBIM H
OezomacHbiM. [locraBneHHble nenu OyIOyT IOCTUTaThCs 3a CYET BHEAPEHUS W JAIbHEHIIEro HCIOJIb30BaHMS
KOJIOCHHUKOBOTO BUOPO-TPOXOTa.

KiroueBnle ciioBa
MOMOJIbHBIE IIapbl; mmapel; MenbHuIA; MIICHU; usmenbuenue; ¢yTepoBKa; IPOXOT; KOJOCHHUK; BHUOPO-TPOXOT;
COPTHPOBKA; IEPECOPTUPOBKA; MEXaHU3AIHSL; CHIDKEHHE PYYHOTO TPYAA.
Te3ucnbl

ITomonbHBIE MIapHI ABISIOTCS OJHUMHU U3 OCHOBHBIX PACXOJHBIX MAaTEPHUANIOB, IPUMEHAEMBIX B MEIBHULIAX
- HCIIOJIB3YEMBIX Ha TOPHOJOOBIBAIONINX MPEINPHATHAX, KOTOpPHIC IO3BOJIOT 1O HEOOXOAMMOW KpPYIHOCTH
n3MenbpuaTh pyay nepeq ee odboramenrneM. Ha GombIIMHCTBE NPEeaNPHATHIL, aKTyalbHa ITpobieMa KaueCTBEHHON HX
COPTUPOBKH W 3KOHOMHHPAOOYEro BPEMEHH II0CIE MNPOBEACHHBIX - IepeyTepOBKH WM KaKUX-THOO IPYyrux
MOHTXHBIX paboT, CBSI3aHHBIX C OCBOOOXKAECHHEM BHYTPEHHETO IIPOCTPAHCTBA METIBHUIIBI.

H3mMmenbuenne — 3To Npoluecc pa3pylIeHUs] KyCKOB IOJIE3HOTO MCKOMAaeMOro MOJ, BO3AEHCTBUEM BHEIIHHUX
CHJI B 3aMKHYTOM 00BEME C LIeJIbI0 JOCTH)KEHHS TpeOyeMOi KPYIMHOCTH WIJIM CTENIEHHW PACKPBITUS MHHEpajoB. B
pe3yabTaTe M3MEIbUEHHUs IMOJIy4aroT MPOAYKT, NMPUTOJHBIA MO KPYIMHOCTH M IOCIEAYIOIIEro OOOralleHus U
CoJIeprKallUii TIOJIe3HbIe MUHEPAJIbl B BUJIE YACTHUI, MAKCUMAJIBHO OCBOOOXKICHHBIX OT ITyCTOW IOPOJIBI.

MenbHunpsl  nmoiaycamomsmensueHus  (MIICHM)  mmpoko  HCHONB3yIOTCST B TOPHOAOOBIBaroLIen
MIPOMBIIIJICHHOCTH. B OCHOBE nx paboThI U JIKUT MPOLECC U3MENBYCHHUS, [IENBI0 KOTOPOTO SBJISIETCS YMEHbIICHHE
KPYIHOCTH MaTepHaa ¢ IOMOIIBIO CaMOT0 MMUTAHKS U MEJIIOIMINX TeJ (CTaJIbHBIX IIapoB).

Memnpaurna [ICU paboTaer ¢ morpy3koii mapos auametpom 100 MM. B mporiecce n3MenpueHust MPOUCXOTUT
Hen30eKHBIM N3HOC IIapOB JI0 KPUTHUYECKOTO pa3Mepa «-30 MM», Tak Ha3bIBaEMBIH CKpal HEeNpaBUIEHON (GopMBbl,
KOTOpPBI HE TOJIBKO HE HECeT HHMKAaKOW IOJB3bI Ul TIpolecca, a HaoOOPOT CHMXKAIOT IPOU3BOJHUTEIIHHBIC
MOKa3aTeI U3MENbYCHHS.

[Ipn nepedyrepoBke 6apabaHa MeIbHHUIIBI, MAPHI BEITPYXKAlOT M cOPTUPYIOT. COPTUPOBKA MPOU3BOIUTCS
Bpy4Hylo. JlaHHBII Tmporiecc SBISAETCS MPONODKUTEIBHBIM IO BPEMEHH, JOCTaTOYHO TPYAOEMKHM U
TPaBMOOTIaCHBIM.

['maBHO# 1ENBI0 HACTOAMIEHPAOOTHI SIBISIETCS COKpAIllEeHUE MPUMEHEHHUS! PYYHOTO TpyAa MpH BBITPY3KE,
OTCOPTHPOBKE, BO3BpATe TOJHBIX IIApOB AJS JAIbHEHIIEro MCHOJb30BaHMS B MenbHuIax 3M®, a takxe s
yIy4IIeHUs] CHTOBOH XapaKTEePUCTHKH FOTOBOTO MPOAYKTA U yIIydIlIeHHe pabounx mapameTpoB MenbHuUIBl. Crenars
MPOIECC MEHEE TPYA03aTPATHBIM, 3D (HEKTUBHBIM 1 OE30MACHBIM.

CopTupoBKy MIapOB NPOU3BOASAT BPYUHYIO, UTO IPUBOJUT K TAKUM HEJOCTATKAM KaK:

* Beicokue Tpyao3aTpathl (5-8 deaoBek)

* Hu3zkas npou3BoIuTENBHOCTH (24-72 4yaca)

* BeposATHOCTb BO3HUKHOBEHHSI HECUACTHOTI'O CIIy4asl U BBICOKHI PUCK MOIY4EHUS TPaBM

* [ToTepst IPOMEKYTOTHOTO KJ1acca COpTUPOBKH (+30-60 Mm)

* lcnonp3oBaHHE MOCTOBOTO KpaHa BO BpPEMsI COPTUPOBKHU

Brimyck mapoB TpoM3BOAAT MpH IIAHOBOW mepedyTepoBKe MeNpHUNBI (2 pa3a B TOA) WIH TIPH
BHEIUIAHOBBIX CHUTYAaIMsIX, CBA3AaHHBIX C MPEXKICBPEMEHHBIM H3HOCOM (YTEpOBKH, CHIDKCHHEM IOKa3aTelen
CHUTOBOW XapaKTEPUCTHUKH WM KaKUX-THOO IPYTHX CUTyalMid TpeOyromux 3TOH omepanud. BBIMycK mpon3BOAST
Yyepe3 OJWH W3 JIOKOB, PACIOI0KEHHBIX Ha OapabaHe MENbHUIIBI, Yepe3CyIIECTBYIOMUI KeJI00 PacloloKeHHBIH B
(dyHaMeHTe, B KOHEYHOM UTOTE ITOIy4aeTcsl OTPOMHAs Ky4da IIapoB.

ITocne BbImycka, mapbl B CPOUHOM HOPSAKE COPTUPYIOT HA roaHele (He MeHee 60 MM B auaMmerpe) U
HeroJiHbIe (CKpall, COOTBETCTBEHHO MeHee 60 MM). B mpornecce copTUPOBKH y4acTBYeT O 8 UENIOBEK, SIBIISIOIINECS
anmapaTyMKaMu JpPYrux OTAeNeHWi.MalmMHUCTBl MEJNBbHHUII B 3TO BpeMs paboTaloT B PEMOHTHOH TpymIe,
3aHMMaloIIeiicss caMoil mepedyTepoBkoil. Bech mpomecc JUmMTCs MOJHYIO CMEHY, OTBJIEKas annapaTiukoB OT
paboTHI B CBOMX OT/AEIEHHSX.
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Bo-niepBrIX, COpTHUpOBHIMKAM HEOOXOAMMO Oe30MacHoe M, OJHOBPEMEHHO, CBOOOIHOE MECTO IS
MIPOBEACHUSI COPTUPOBKH, YTOOBI HE CTOATH IOJ pabOTAOIIMM MOCTOBBIM KpaHOM, KOTOPBIH 3aHHMAaeTcs
MIOTPY30YHO-Pa3rPy30YHBIMU pab0TaMH - HEMPEPHIBHO, X HE MEIIATh APYT APYTY.

Bo-BTOpEIX, O4eHb OoJbIIMe (U3MUECKUE 3aTPATHl UCTIHITHIBACT KAXIBI COPTUPOBIIHK, BEAb AJIS Hadala
HY>KHO BBISIBUTBH TOJHBIN IIap BOIU3M ce0s, 3aTeM HAKIOHUTHCS K HEMY, B3STh, IOIHATH, U B 3aBEPIICHUN 3aKUHYThH
Ha pacCTOSHHH, THOO TOWTH 10 KOHTeHHepa i COPOCUTH MIaphl B HETO.

B-Tperpux, Korga BEpXHHMH CIIOW Kydd OTCOPTHPOBAH, Ha BHIY OCTAarOTCS TOJIBKO HETOJHBIE IIaphl,
UCTIONIB3YIOT MarHUTHYIO IIali0y, /s paCTaCKMBaHUS OCTaBIIEWCs Kyud. JJocTyn K Ky4e orpaHdueH IepeKphITHEM
nepBoil OTMETKH Kopiyca. IIpuMmeHsist Takod cHoco0, TepseTcs OrpoMHOE KOJHMYECTBO BpPEMEHH, IIPH
TPaHCIIOPTHPOBKE IIAPOB Yepe3 JIIOK B MEPEKPHITUH - JAJIbHEWIIee X BBICHIIIAHUE MPOUCXOAUT Ha IOJ HYJICBOH
orMmerku. [lomydaeTcs Tak, 4To BO BpeMsi pabOThl MarHUTHOW IIAiOBl - MPHOCTAHABIMBAETCS COPTHPOBKA, a BO
BpeMsi pabOThl COPTHPOBILMKOB - IPUOCTaHABIMBAETCs padoTa KpaHa. BeiBoa: crocob cOopa mapoB npu IMOMOIIN
MarHUTHOH maiOsI siBIsieTcs Hed(h(HEeKTHBHBIM.

Jis pemieHHs Bcero KOMIUIEKCA BBINIE OMMCAHHBIXIPOOIEM - MPEANIOKEHO MEXaHHM3UPOBATh IPOIECCH
BHEJIPUTHh YCTPOMCTBO MJIsi HENpPEPHIBHOH, OBICTPOH, KadecTBEHHONW COpPTHPOBKHM ImapoB. [IpemmymiectBa
HCTIOB30BaHUs TAKOTO YCTPOUCTBA OYOYT CIEAYIOIINE:

e [IpuBieyeHNE MEHBLIETO KOJNYECTBA JIHOACH

e BEIcOKast CKOPOCTh COPTHPOBKH

e CoptupoBka Ha 3 kiacca kpynHoctH (-30; +30-60; +60)

o [Tonyuenne mnpomexxyTouHoro kmacca (+30-60), KOTOpBII MOXHO HCIOJB30BaTh B JOBOJOYHBIX

MEJIBHUIIAX IMaBHOTO Kopiryca 3P

e BrIcokas TOYHOCTh COPTHPOBKHU

® MoOUILHOCTh KOHCTPYKIIHH, T.€. OBICTPBII MOHTAX U IEMOHTAX

¢ BEIicokast MpON3BOAUTEIFHOCT, 38 CYET XOPOIIETO YIila HAKIOHA KOHCTPYKIUH U yCTAaHOBKH BHOpaTopa

o CHIDKEHHUE PHCKA MOTYICHHS TPABM

e MoOCTOBO# KpaH KOpITyca He Y9aCTBYET B MPOIECCE COPTUPOBKU

e [IpocToTa ¥ HAIEKHOCTH KOHCTPYKIIHA

e l3roTOBICHNE U3 TOCTYIMHBIX MaTEPUAIOB, YSPHOBOTO METAILIONPOKAaTa M METAIIOIOMA

KoHcTpyKkius cOCTOMT U3 ABYX pa3felbHbIX KOJOCHUKOB. IIepBBI KOJTOCHUK, KOTOPBIM MPUHUMAET Ha
ce0st OCHOBHOM yiap MpH BBITPY3KE MIAPOB, MPESIHAZHAYCH IS YAAJICHUS HEIPUTOIHBIXIIAPOB pa3MepoM «-30 Mm»
U TPAHCIIOPTHPOBKH IPUTOAHBIX Ha CICAYIOMIMI 3Tall COPTHPOBKH, HAa KOTOPOM TaKKe MMPOUCXOAUT JeJICHUE Ha JIBa
knacca, «+30 -60 mm» u «+60 -100 Mm»» .

C moMOIbI0 [aHHOM YCTaHOBKM, MHPOBOJS COPTHPOBKY XOTS-OBI pa3 B MeCAIl - MOXHO OXKHAATh
yBedaudeHue 3((GEKTHUBHOCTH IOMOJIA, BCJIEICTBUE IMOJYYHTh YJIYUIICHHS CHTOBOH XapaKTEPUCTHKUA TOTOBOTO
npoxaykra MenbHUIBI [ICH 1 TOBBICHTE CTENICHD PACKPBITHS MHHEPAJIOB.
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C.C. IEPBAKOB, A.H. KO3HUK, O.A. HACAHBD, JI.A. TOJAT AUCKASI
KBenopyccruil eocyoapcmeennulii ynusepcumem

HAIIPAXKEHHO-AE®@OPMUPOBAHHOE COCTOAHHUE CEKIINA
HE®TEINPOBOJA C YYETOM PA3JIMYHBIX BU/I0OB BHYTPEHHHUX
KOPPO3UIMHBIX JE®EKTOB

IMocranoBka 3aga4un.B pabore paccMOTpEHO BIMSHHUE Pa3IMuHBIX BHYTPEHHUX KOPPO3HOHHBIX J1E€(EKTOB
Ha HaNPSHKCHHO-Ie(POPMHUPOBAHHOE COCTOSIHHE XapaKTEepHOM CEeKIMH TpYyOBI, pacrosiokeHHoro Ha ydactke HHC
IMunck Hedrenporoma Mo3wips — BpecT 3 co cBOOOIHOM MOBEPXHOCTHIO (HA BO3AYXE) U B TPpyHTE (C 3armyOiaeHneM
Ha 0,8 M) ¢ y4eToM rpaBUTalMOHHOTO 1O (cM. Tabmumy 1). B xauecTBe cymiecTBEHHO pa3iIMYHBIX BHYTPEHHHX
JedexToB BHIOPAHO OJJHO MPOTSHIKEHHOE M MHOYKECTBO MEJIKHX, PABHBIX €MY 110 00bEMY, TOBPEIKICHHH.
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MexaHHYeCKHe M TeOMETPHUYECKHE XapaKTEPUCTUKUA TPYObl U ONMUCAHUE MHPOTSHKEHHOTO TOBPEXKICHUS
npuBeaeHsl B [1].Jng aHanmm3a HampsHKEHHO-Ae()OPMHUPOBAHHOTO COCTOSHHUS B CHWJIY CHMMETPHH MOJCIH
JOCTaTOYHO PACCMOTPETh YETBEPTh CEKIIUU TPYOBI.

Tabnmma 1 — Kopgndukarms pacaeTo

YcmoBus CranpHas TpyOa ¢ CranpHas TpyOa ¢ CranpHas TpyOa ¢ CranpHas TpyOa ¢
Harpy>KeHus BHYTPEHHAM BHYTPEHHUM MHO>KECTBEHHBIMHU MHO>KECTBEHHBIMHU
nedexrom Ha JnedeKkToM B rpyHTe BHYTPEHHUMH BHYTPECHHUMH
BO3JlyXe nedekramMu Ha BO3ayxe nedekramu B rpyHTe
Kon pacuera DT DTG MDT MDTG
Jst cxeM Harpy>keHus (CM. PUCYHOK 1) rpaHMYHBIE YCIIOBHS IPHHUMAIOT CIIEAYIOIIUI BUA:
O] ) _
“ r=r, —u r=r, =i B _pl,
-2 -2 (1)
.., = P(@)o.,_ = /p(e),

r=r,
rae ungeke 1 coorBercTByer Tpybe, 2 — rpyHTy, p(()— pacmpesencHue AaBICHHUS HA KOHTAKTHON IOBEPXHOCTH

TpyOBI, f — ko3¢ urment Tpenus, T=Q, 7 .
0) (R
L

Lo

SRR

ARSI

o

E4

EERSMMMINNNY

TR .

Pucynox 1 — PacuerHble cxembl TpyOBI ¢ KOPPO3HOHHBIM JIe()EKTOM: a) Ha BO3yXxe; 0) B TpyHTE

[lpu npexanonoxkeHun 00 SIUIMICOUAANEHONM (OpME BHYTPEHHHX MOBPEXICHUH 10 JaHHBIM O
pacIioyoKEHUH M TeOMETPHUYECKHM XapaKTepHCTHKaM Je(eKTOB B CEKUHMAX TPyOOIpoBoja ObUIM ONpeesieHbI
napameTpbl BaiOy/UIOBCKHX pacrpefeneH i, OMUCHIBAIOINX JUIMHBI, IIUPUHBI U TIYOMHBI Je(eKTOB. YTIIOBOE
HIOJIOXKEHHE OMUCHIBAJIOCH ['ayccoBCKUM pacnpesneneHueM. Pacnpenenenue neekToB B IPOAOILHOM HAIpaBICHUU
CeKIMM TpyOBl 3aJaBajoCh paBHOMEpHbIM. Ha puCyHKe 2 TpencTaBiIeHBl CTEHEPHUPOBAHHBIE 110 JAaHHBIM
pactipeneneHusM JedekTsl Ha pa3BepTKE CEKIMH TPyObl, UMEIOIIME TOT K€ O00beM, 4TO M IPOTSHIKEHHOE
MOBPEXKJICHHUE.

1 400 Sa—
[ - o 1
1200 = '
—-— a
1 000 -
- 1]
= 800 .
- 43 nedexra |
= B )
L] ' :
400 O
200 e -
B L ' |

U

- AL --E- — ”- i -.._E.; bid

¢, pan
004995 00,7588 1.468 2. 177 2885 3,594

[nybuna, MM
Pucynoxk 2 — Mopens TpyObl CO MHOJKECTBEHHBIMHU BHYTPEHHUMH JiehekTamMu
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Hanpsi:kenHoe coctosinue.l13 pucynkoB 3 —5 crmemyer, 9to B ciydae OOOOIIEHHOW CTaTHCTHUYECKOU
MOJENHN C MHOXXECTBEHHBIMH Je(EeKTaMM IUIACTHYECKHE TEUEHMsS MOTYT BO3HHKHYTh KaK B CEKIUH TPYOBI CO
cBOOONHOW BHEIIHEH MOBEPXHOCTBIO, TaKk W B TpyHTe. HampsokeHHMS MaKCUMalbHOH HMHTECHCHBHOCTH
COCPENOTOUCHBI B 00/1aCTH Je(EKTOB BO BCEX MOJEIIAX. YUET BIUSHUS Beca IPyHTA HAa CTCHKY TPyOBI IPUBOIUT K
YBEIMYCHHIO MaKCHMAaJbHBIX SKBHUBAICHTHBIX HANPsDKEHUH O Ha 9,2 % m 1,9 %.MakcumanbHble OKpYXXHBIE
HanpsKEeHUAG,,yBennunBatorca Ha 10,3 % u ymenpmatrorcs Ha 5,3 % pacuero DT u MDT cooTseTcTBEHHO.

MHoOXeCTBEHHbIE BHYTpEHHHE Ne(eKThl 10 CPaBHEHMIO C IPOTSDKEHHBIM HOBPEXKJICHHEM 3HAYMTEIIHLHO
YBEJIUUMBAIOT 3HAYEHUs MPOJOJIBHBIX HampspkeHUH o,0 Ha 640 % cxumaromue, Ha 600 % pacTsaruBaromueHa
Bo3ayxe u Ha 600 % cxumaromue, Ha 310 % pactaruBatonye B rpyHTe. Taxke MHOXKECTBEHHBIE HMOBPEXKIACHUS
YBEIUYMBAIOT MHTCHCUBHOCTh HANPSHKEHUH Giy Ha 46 % u 37 % Ui pacueToB cO CBOOOMHON MOBEPXHOCTHIO U B
TPYHTE COOTBETCTBEHHO.

Kpome Toro, B MoJenu cO MHOXXECTBEHHBIMU IOBPEXKICHUSAMHU TOSBISIOTCS CKUMAIOLINE OKPY)XKHBIE
HanpsKeHHs. G,. JlanHbld 5(Q@ekT yTouHseT OOHApYKEHHOE paHee BJIMAHHE KOPPO3HOHHBIX IOBPEXICHHI
LIIHHIPUYECKOTO BHAAa Ha ()OPMUPOBAHUE CKUMAIONINX OKPY)KHBIX HANpPSDKCHWN HAa BHEIIHEH CTEHKE CEKIUH
TpyOHI [2].

) 141000 ST
1582409 ekt
<1748409 1838409
-32009 .2028+09
+2073:09 2218409
.2232409 2400
2402409 2593409
2568409 2768409
.2728+09 2062409
.2892409 3158409

B) - ommson $6.1812
.972E+08 . TR
.1362+09 139.405
.1798409 181.017
.219E+09 222629
. 2608409 264.241
.3012+09 305.853

3412409 347 .465

.3B82E+09 389.077

.4238+09 430.689
Pucynox 3— Pacripenenenie MHTEHCHBHOCTH HANPSDKEHUH Gjy B Pa3BEPTKE CEKLUH TPYOBI:

a) DT, I1a; 6) DTG, [1a;B) MDT, I1a;r) MDTG, MIla
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a) .129E+09

.131E409
. 14BE+09 1532409
. 166E+09 1752409
. 185E+09 1972409
.204E+09 2198409
+223E+09 .2412+09
. 242E+09 2638409
. 260E+09 2858409
L 279E+09 3078409
. 298E+09 3298+09

B) _ 4some08 I).90.8272
.215E+08 =19.1324
| 920E+08 52.5625
L 163E409 124.257
2332400 195.952
. 304E+09 267.647
3748409 339.342
.444E+09 411.037
. 515E+09 482.731
.S85E+09 554.426

Pucynox 4— Pacnipenenenue oKpy»KHBIX HalPsSKEHUH G, B pa3BePTKE CEKIUH TPYOBI:
a) DT, I1a; 6) DTG, I1a;8) MDT, ITa;r) MDTG, MIla

a) -.223E408
~.170E+08
-.117E+08
~.645E+07
-.117E+07
L411E+07
L93I9E+07
. 147E408
.199E408

2528408

B)

-.165E+09
-.129E+09
-.931E+08
~.569E+08
~.207E+08
.155E+08
.S16E+08
.B78E+08

L124E+09 108.188

.160E+09 143.451

Pucynok 5— PacnipesencHre MHTEHCHBHOCTH HANIPSDKEHUH G, B Pa3BEPTKE CEKIIUU TPYOBI:
a) DT, I1a; 6) DTG, I1a;8) MDT, ITa;r) MDTG, MIla

235



3akaroueHue.llocTpoeHsl  KOMMBIOTEPHBIE ~ MOAENH,  IO3BOJIIOIIME ~ OMHCAaTh  HAINPSKECHHO-
ne(OpMHUPOBAaHHOE COCTOSHHE CEKIMH TpPyOBl C TPOTSDKEHHBIM W MHOXECTBEHHBIMH KOPPO3HOHHBIMU
MOBPEXICHUAMH Ha BO3IyXe W B TpyHTe.B 1enoMm, TpyHT OKa3plBaeT 3HAUWTEIBHOE KOIWYECTBEHHOE W
kadectBeHHoe BiusHHe Ha HJIC cexmum TpyOBI, Harpy)XeHHOH BHYTPCHHHM IaBIICHHEM. 3ariyOiicHHe
TpybompoBogana 0,8 MeTpa yBeIHMUYMBAeT 3HAUECHHUS KOMIIOHCHT TEH30POB HANPSDKEHUH IO CPABHEHMIO C CEKIMEH
TpyOsl Ha Bo3Aayxe.lloka3zaHO, UTO MHOKECTBEHHBIE NOBPESKACHHUA II0 CPABHEHHIO C MHPOTSHKEHHBIM Ne(eKToM
NPUBOJST K YBEJIMYEHHI0O WHTEHCHBHOCTH HANpSDKEHHH Gj, Ha 46 % u 37 % pmns pacyeToB co CBOOOJHOM
MIOBEPXHOCTBIO M B T'PYHTE COOTBETCTBEHHO.YCTAaHOBJIEHO, YTO Ha HANpPSHKEHHO-IEPOPMUPOBAHHOE COCTOSHUE
MOJIENIM CO MHOXKECTBEHHBIMU MOBPEXICHUSMH TPYHT OKa3blBaeT MEHbIIEE BO3ACHCTBUE, YeM Ha MOJEIb C
BHYTPEHHUM IPOTSHKEHHBIM JieheKkToM.

JIureparypa
l. [ep6akos, C.C. HanpsixeHHO-1e(hOpMUPOBAaHHOE COCTOSHHUE JIMHEHHOTO ydacTka He(hTermpoBoaa
C Yy4eToM KOPPO3HMOHHBIX nedexToB M peMoHTHRIX pabor / C.C. Illep6akos, A.H. Kosmk, O.A. Hacamp //
Teoperndeckas u mpuKiIagHas Mexanuka. Bemmyck 32. —Munck: BHTY, 2017. — C. 352-357.
2. Hacanp, O.A. HampsokeHHO-Ie(OPMHPOBAHHOE COCTOSIHHE TPYOBI C TPOCTPAHCTBECHHBIMH
KOPPO3HOHHBIMH TOBpekAeHUAMH // Tp. MexmyHapogHoro (popyma-KOHKypca MOJIOIBIX YUeHBIX, 20 — 22 ampens
2011 r., — Cankr-IlerepOypr: CII6ITH, 2011. - T.1. — C. 158-159.

C.C. LIEPBAKOB, ¥ 114, O.A. HACAHBb, A.B. TOHYAPHUK
Benopyccxuii cocyoapcmeenuwiii ynusepcumem

HATNIPSIXKEHHO-TE®OPMUPOBAHHOE COCTOSIHUE PACTOYHOM
OIIPABKHU HITAHI'M CBEXPMOIIIHOI'O T'OPU30HTAJIBHOI'O
CTAHKA C YYETOM PA3JIMYHBIX YCUINH 3ATSI)KKU BOJITOBBIX
COEJIUHEHUN

Beenenne. OOBEKT HCCIIEAOBAaHNS — MHOTORJIEMEHTHAsT TprOodaTHIeckas CHCTeMa PacTOYHOH OTPaBKU
OOpIITaHT |, SIBISIONIASCS OAHUM U3 HanOoJiee OTBETCTBEHHBIX Y3JIOB CBEPXMOIIHOTO TOPH30HTAILHOTO PACTOYHOTO
cTaHka. B nmaHHOH cucTeMe peanu3yeTcs Kak KOHTaKTHOE B3aMMOJICHCTBHE C TPEHHEM MEXIy €€ Pa3lIn4YHbIMU
3JIeMEHTaMU, TaK ¥ HEKOHTAKTHBINA M3ru6 [1].

Ienp paboTel — pa3paboTka MEXaHHKO-MAaTEMAaTHYECKUX MOZEJIeH, MO3BOJIIONINX OMMCATh HAIMPSDKEHHO-
ne(GOopMHUPOBAHHOE COCTOSHHE W KOHTAKTHOE B3aMMOJAEHCTBHE YNPYIHX AJIEMEHTOB CHCTEMBI PACTOYHOM OMpaBKU
OOpIITAHTH.

IMocTranoBka 3amaym. B pamkax naHHOH paOOTHI OBUIO MPOBEICHO OBa pacdyera, B XOJAE KOTOPBIX
OIICHUBAJIOCh BIMSHUEC YCHIWHA 3aTSDKKA F, TOPU3OHTANLHOW TPYHIBI OONTOBBIX COCIMHEHHUH, KpPEISIINX
pacTouHyr OmpaBKy (CM. pHUCYHOK 1), Ha ee HampsHKEHHOE COCTOSIHHE. MeXaHWYeCKHe XapaKTepUCTHKH
HCTIOJIb30BaBIINXCS MaTEePHAIIOB YKa3aHBI B Ta0imIe 1.

C y4eToM TpeAIoIoKeHUs 0 HACTYIUICHUN TIACTUIECKAX TCUCHUH BO BCEM Telle 0OJTa, YCHIIHS 3aTSKKH
OOJNTOBBIX COCTMHEHUH paccuuTaHbl o [2] u paBHstoTes: F, = 24950 H, F), = 43049 H, F. = 82341 H, F, = 264903
H.

O603naunm moaenu kogamu FF u FN. Pacuet FF onuceiBaeT noBeseHne roJOBHOM YacTH OOPINTaHTH IPH
MakcumanbHoOU F,, = 24950 H. Pacuer FN omuchiBaeT nmoBeieHre roJoBHOM yacTu 6opmtanru mpu F, = 0.

Tabmnna 1 — MexaHn4yecKne XapakTepUCTUKH
Marepra Koappuument Monyns FOnra, E, | IIpenen texydectu, | IIpenen mpounocty,
Ilyaccona, v I'Tla o,, Mlla o,, MIla
Cranp 18XI'T, (mst 03 211 385 980
00JITOB)
Crans 18XT'T 0,3 211 730 980

Koadurment tpernst f s Bcex pacyeToB npuHsT paBHbM 0,18.

Pexymass Harpy3ka Obla 3agaHa paBHOM FN: {-3118; 3619; -8620} H mo mpemocTraBIcHHBIM

Xap6I/IHCKI/IM YHUBEPCUTCTOM HAYKHU H TEXHOJIOTUI JaHHBIM. Cuna FN NpUKIAAbIBAJIACh K HOXY PEKYLICTO

WHCTPYMEHTA.
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Pucynok 1 — KoHeuHO-37IeMEHTHOE pa30reHue U CXeMa HarpyKeHHUs /I PacCueTOB

Bce pacuers! nmpoBOAMINCH B TTAKeTe KOHEUHO-3JIeMeHTHOro MoaenupoBanust ANSYS Workbench B mose
CHJIBI TATOTEHUSI B CTATHYECKOW ITOCTAaHOBKE C HEJIMHEWHBIM ITOBEJCHUEM MaTepHalioB B OOJACTH pEXyIIeH JacTh
PacTOYHON ONPaBKH.

Pacuer s Bcex Mojenei pasOuBaics Ha 2 3Tama: Ha IEPBOM YYHTBHIBANACh 3aTsHKKAa OOJITOBBIX
COEIMHEHUH, Ha BTOPOM J00aBIISIIaCh PEeXyIlas Harpys3Ka.

Ha BTOpoM »3Tame B KauecTBe TIPAHMUYHBIX YCJIOBUN IPUKIAABIBAINCH PACIPENCIICHUS YCWIMH U
MEPEMEIICHHMA, TIOTYUYCHHBIX OT 3aTSKKH OOJITOBBIX COCTUHCHUH.

HanpsiskeHHoe coctosinMe. Bo Bcex pacueTrax, IpW OIICHKE HMHTEHCHBHOCTH HAIPsDKEHWH, 0 Havaia
pe3aHus MaKCHMaJbHBIC HANPSDKEHUS COCPEJOTOYCHBI B OOJIACTH 3aTSDKKM BEPTHKAIBHON TPYMIBI OOJITOBBIX
COCIMHEHUH, KPeIIINX PAacTOYHYIO ONpaBKy (cM. puCyHOK 2). Mx Oompmras BennumHa, okono 1,7 I'Tla (cm.
PHUCYHOK 3), CBsI3aHA C TOBOJBHO IPpyOO0H CETKON B 00JIACTH TalITEIBHOTO MEPEX0/ia CTEPKHSI 00ITa B IUIAIKY.
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1696,9 Max 1715,6 Max
20817 171,72
25,537 17,187
31328 1,7203
0,38431 017219
0,047145 0017235
0,0057835 0,001725
0,00070949 0,00017266
8,7037e-5 1,7282¢-5

a) 1,0677¢-5 Min 1,7298e-6 Min

1726,4 Max

1715,9 Max

B) 44753 24376
116,72 34417
30,442 4,8594
7.9398 0,68611
20708 0,096874
0,54009 0,013678
0,14086 0,0019312
0036739 I 0,00027268
0,0095821 Min 3,85e-5 Min

Pucynox 2 — PacnipesienieHue SKBUBANICHTHBIX HANPSKCHUH G, TOCTIE 3aTsHKKH O0ONTOBBIX coeuuenuii, Mlla: a)

FF, 6) FN; B mporiecce pe3anust: B) FF, r) FN

1722,2 Max 6) 1712,7 Max )
a) 15309 » 15224

13397 13321

114B.4 1141.8

957,09 951,35

765.8 Te1 2

57452 1 l I 5709 I I

383,24 3806
191,96 1903
0,67524 Min 0,0042869 Min

r) 1654 Max B)— 1673 Max
14703 14871
1286,6 1301,2
11028 1115,3
919,19 929,43
735,49 743,55
551,76 557,66
368,08 371,78
184,37 185,89
0,67073 Min 0,00918 Min

Pucynox 3 — Pacnipenenenue 5KBUBaIEHTHBIX HAPSKEHUH O, HOCKE 3aTsHKKA OONTOBBIX coenunenni, MIla: a)

qv
FF, 6) FN; B mpouiecce pe3anwust: B) FF, r) FN

B mpouecce pesanms 3ti obnactu pasrpyxarorcs mpumepHo Ha 2,34 %, 3,95 % nns pacueroB FN u FF
COOTBETCTBEHHO. B 1e/loM e, W3 pUCYHKa 3 BHUIHO, YTO BEJMYMHBI 3aTSHKKH OOJTOBBIX COEAWHEHU,
paccUMTaHHBIX 110 METOJMKE, PEITI0KEHHOIT B [2], SIBISIFOTCS OLIEHKAaMH HAIIPSHKEHHOTO COCTOSHHUS CBEPXY.

B BepxHeii onope, 10 $ha3bl pe3aHus, MaKCUMallbHasi MHTEHCUBHOCTD HAIIPsHKEHUIT HaOMoqaeTcs B 001acTi
3aTArUBaeMbIX OOJITOBBIX COSIMHEHUN U cocTaBisieT mpuMepHo 315 MITa mns o6oux pacuetoB. [Ipu ocitaGineHHBIX
Oonrtax HanboJiee HArPYKEHHOW OKa3bIBACTCS HIKHSA 9acTh BepXHelt onopel. [Ipu 3aTsHYTHIX 00ATaX poCT CHilbl F,
MIPUBOJHUT K O0Jiee pAaBHOMEPHOMY HATPYKCHHIO BEPXHEH OTIOPHI.

B npomecce pezaHus MakCHMaibHBIC HAINPSDKEHHSI CMEIIAOTCS B OONIACTh PEXKYINEH YacTH pacTOYHOM
OTIPaBKH, COXPAHSS CBOM 3HAYCHHS B MECTaX 3aTSDKKH OONTOBBIX COCIUHCHHUN BEPTUKAIBHOW TPYIIEI, KPETISIIUX
pacTodHyr omnpaBKy. BHe o0iacTH 3aTsDKKM BEPTHKAIBHOW TPYHIBI OOJTOBBIX COCTUHEHWH, WHTCHCHBHOCTH

Hal'[pi[)KeHI/Iﬁ Ge HE MPEBBIMIACT NPEAC] TCKYUCCTU MATEPHUATIOB.

qv
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3akiaouyenue. I[locTpoeHBI  KOMIBIOTEPHBIE  MOJENH, IIO3BOJIIIONIME  OMUCATh  HaNpsOKEHHOE-
Je(OPMUPOBAHHOE COCTOSTHUE CUCTEMBI paCTOYHOW OTPAaBKH OOPINTAHTH B 3aBUCHMOCTH OT PAa3IMYHBIX 3HAYCHHUM
CHIIBI 3aTsDKKH F,.

B obnactm 3akpervieHHs pacTOYHOM ONpaBKM CHJIBHOE BIMSHHE Ha HAaNpshKEHHO-Ie(hOpMUPOBAHHOE
COCTOSIHHE BEpPXHEH OMOpPHI OKa3bIBACT 3aTKKA OONTOBBIX COCIMHEHHH, KPEISIIIUX BEPXHIOK OIOpPY PacTOYHON
OTIpaBKH, a TaK)Xe IpoIecc pe3aHus. B To ke BpeMs cpemHss ormopa JeMOHCTPHPYET OJAWHAKOBYIO HATPYKEHHOCTD
[0 MHTCHCUBHOCTH HATPSKCHUN KaK TOCJE 3aTSDKKH TOPU30HTAJIBHBIX OOJITOBBIX COCIMHCHHI, TaK M BO BpeMs
pe3aHus. YCTaHOBIICHO, YTO JaXe MPH HE3aTAHYTHIX OO0JITaX, KPEMAIINX PACTOYHYIO OMPABKY, BO BPEMs pe3aHUs
HOX JIEPIKUTCS B BEpXHEH omope.

B nampHelineM 1ienecoo0pa3eH nepexoj] K aHaau3y OMacHbIX 00beMOB [1] I MOJTy4YEeHUS WHTETPaTbHBIX
OIICHOK MTOBPEKIAEMOCTH CUCTEMBI.

Jlutepartypa
L. epbakos, C.C. Mexanuka tpubodarnaeckux cucreM / C.C. llep6akos, JI.A. CocHOBCKUH. —
Mumnck: BI'Y, 2011. — 407 c.
2. Buprep, U.A. Pe3pboBrie u ¢dnannessie coequaenus / U.A. buprep, I'.b. Uocunesny / — M.:

MammHocTpoenue, 1990, — 368 c.: ui.
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