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About Manganese Ores in Thuringia, Germany

Thuringia, a state in the central part of Germany, constists of the Thuringian basin, which is situated in the
central part of the state of Thuringia and is bordered by the Harz Mountains to the north and the Thiiringer
Schiefergebirge and Thiiringer Wald to the south. During the Late Cretaceous compressional event, which affected
large areas of western and central Europe, there seemed fluids initiated to migrate from the basement upward. This
large-scale fluid circulation is thought to have led to the formation of numerous hydrothermal deposits along the
margins of the Thuringian Basin (Riiger & Decker, 1992).  These deposits were economically exploitable,
particularly in the southern area of the basin, and have been mined since the Middle Ages (Zimmermann 1914). The
first written documents about the ore exploitation here date back to 1668 and 1732 and the mining ceased in
1949. More than 40.000 tons of manganese ores had been extracted.

The manganese ore deposits show depending on the mode of their formation a wide spectrum in the
composition and stability of manganese minerals and their paragenesis. Pyrolusite, “Psilomelan”, Braunite,
Hausmannite, Manganite (very random), Hollandite, Romanéchite, Cryptomelane, Bixbyite, Hematite, accompanied
by Baryte, Calcite, Fluorite, Rhodochrosite, Ankerite, Orthoclase and Quartz. A historic note to the first description
of the minerals: Hausmannite and Braunite have their type localities in this studied area. And a lot of interesting
pseudomorphs between the ore minerals and their accompanied minerals are located in this area.

While former works focused on the minerals and their occurrence the interests in the last years switched to
their formation conditions. Microthermometry on Baryte and Calcite brought new ideas. For example in the
accompanied non ore minerals on one hand and in the paragenesis of baryte with manganese and iron ores on the
other hand baryte seems relatively young in both mineralisations. Together with isotopic data the results suggest
that the fluids responsible for baryte in both assemblages were very similar. (Majzlan et al., 2016).
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TRACES OF THE FORMER ORE MINING IN THE GORY SOWIE
MTS. (OWL MOUNTAINS), POLAND.

Gory Sowie Mts. are located in Southern-Eastern Poland in Lower Silesia. Geologically they are part of
Owl Mountains block, which is the oldest Precambrian structural element of Middle-Sudetes. Owl mountains belt
(in geological point of view) is the elongated NW-SE direction horst composed mostly from Archaic and
Proterozoic high grade metamorphosed rocks such as: gneisses, migmatites and amiphibolites, with a predominance
of Late-Proterozoic migmatitic gneiss of sedimentary origin. In the central part of the mountains, there are non-
metamorphosed Kulm sediments, laying on the previous complexes. From historical point of view this region across
the centuries was strongly connected to mining, which history began in XI11 century. The "golden ages" of mining in
this region date back to the 16th century, when in mines yearly was extracted 70 tonnes of ore from which 30 kg of
silver was recovered. At the end of the 16th century, after the exploitation of the richest parties, mining began to fall
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in this region. The last attempts to resume mining in the Gory Sowie Mts. were at the beginning of the 20th century
where in Bystrzyca Gorna for a short period of time zinc was excavated, and in Jedlinka, after the unsuccessful
attempt to excavate copper and lead ores, the extraction of barite took place. Ore mineralization of this region is
related to complicated geological structure, tectonic, and magmatic processes. Origin of mineralization is
hydrothermal, and occurs in quartz-barite veins. Ore mineralization includes ore minerals like galena, sphalerite,
pyrite, chalcopyrite and hematite.

Mining works in the area was concentrated in the few mining districts. Field works was carried out only in
two of them: Srebrna Gora and Bystrzyca Gorna areas. Field works were focused to collected the samples from old
pit heaps and adits, which were found using LiDAR survey and studying old German geological maps. Collected
samples were further used for mineralogical analysis. First stage of the mineralogical analysis was carried out based
on macroscopic investigation. Microscopic investigation gave us results that ore mineral occurs mostly in veins and
some ore minerals are dispersed. Ore mineral in general fulfil cracks, fault lines, boundaries between minerals and
empty spaces in rock. These ore minerals are silver-colored, heavy with metallic luster galena, black and grayish-
black colored sphalerite, yellow colored pyrite and secondary ore minerals such as: hematite dispersed in rock mass,
iron oxides and copper secondary minerals: malachite and chrysocolla. Rock forming minerals are milky-grayish
colored quartz, white or purple colored, heavy and brittle barite and carbonates. After macroscopic investigation
selected sixteen samples have been prepared for further microscopy examination in reflected light. As a result of
microscopy examination we found that in galena crystals small in size inclusions of tetrahedrite occurs. Moreover
microscopic examination in reflected light give us information about structure and texture of ore crystals
were relatively mostly small in size, rarely occurs continuously (even in veins). Furthermore in microscopic
investigation we approved ore mineralization founded in macroscopic investigation and we found occurrences of
arsenopyrite which formed mostly inclusions in sphalerite. Selected samples with rare minerals were researched
using scanning electron microscopy with EDS and electron microprobe to check the chemical composition and
identify the rare phases. Especially silver bearing minerals and tetrahedrite inclusions were research. Result of this
analysis confirm the presence of high silver phases as pyrargyrite as well as confirm the high content of silver in the
tetrahedrite (up to 16%). The main silver minerals in the studied ore are Ag bearing tetrahedrite, freibergite and
pyrargyrite. Moreover we found that hydrothermal mineralization appeared in couple stages with different chemical
association. The mineralogical detection has been carried out being based on results of previous examination. Also
the results was related to geochemical environmental as well as to the geological processes.
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STUDY OF FRACTAL PARAMETERS VARIABILITY ON THE
EXAMPLE OF SANDSTONE

Abstract

Porosity is one of the most important petrophysical parameters. However, due to a highly complex and
chaotic structure of pore space, the classical approach of description doesn’t always fully resemble its real character.
This phenomenon encourages researchers to find new ways of characterization - such as the fractal analysis.

The study has been carried out on thin sections of a coarse-grained sandstone core. Having taken
representative pictures, it was possible to apply the computer image analysis techniques which allowed to calculate a
fractal box-counting dimension as well as lacunarity for each of the photos. The correlation analysis has been carried
out. A relationship between both of the fractal parameters and porosity was observed.

1. INTRODUCTION.

It has been proved that many reservoir rocks, such as sandstones, possess a fractal structure [2, 3, 7]. The
basic features of a fractal are: self-similarity which can manifest itself stochastically or exactly [8], construction
based on a simple and recursive definition instead of an equation and a non-integer dimension [5]. Due to a variety
of fractal dimension definitions, it is justified to note each time which one is being used. The box-counting
dimension [6], also known as Minkowski-Bouligand dimension which is based on the box-counting algorithm was
estimated in this research: the structure is covered by an equal grid of squares. Then those that contain a portion of a
studied object are counted. Next, the process is repeated for a denser grid. Here the fractal dimension is calculated
from the slope of a line plotted from the data on a scaling factor against grid density graph.

Two fractals can have the same fractal dimension thus an additional parameter — lacunarity — has been
introduced. It describes fractal invariance to its rotation. High values point to greater changes in the way how the
structure looks after rotating, whereas low show small differences and therefore bigger homogeneity.

1. METHODOLOGY.

The studied core sample of coarse-grained came from the southeast part of the Polish Lowland. 5 thin
sections were created, which were based on a blue-coloured resin to expose the pore structure and distinguish pores
from grains [4]. They were distributed parallelly throughout the whole sample with a distance of approximately 2



cm between each of them. Then thin sections were photographed using a binocular magnifier with 2x magnification.
8 representative pictures of resolution 3264x2449 pixel were taken for each of the samples. The computer image
analysis techniques were applied to each of the photos (Fig. 1 — A). Using a free software ImageJ, it was possible to
mark pores filled with resin (Fig. 1 — B), which each time required adjusting three different parameters such as: hue,
saturation and brightness. Finally, binary images were created (Fig. 1 — C). They contain only white (pores) and
black (cementation, grains and other minerals) pixels. Knowing the resolution and therefore the total number of
pixels it was possible to determine porosity for each of the converted images. Fractal dimension and lacunarity were
calculated utilising the FracLac plugin, based on the box-counting algorithm.
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Fig. 1. Image conversion. The scale bar shown on the picture A represents 1 mm.

1. RESULTS.

The calculated fractal dimension varies between 1,449 and 1,691 with the average of 1,603 whereas
lacunarity changes in range from 0,474 to 1,531 (average 0,779). Porosity of the examined sandstone sample has
been estimated at around 12,418% (min 3,935%, max 20,014%). Additionally, graphs showing a relationship
between fractal parameters and porosity were created (Fig. 2-3). Each data series is encompassed by its own trend
line.
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Fig. 2. Relationship between fractal dimension and porosity. The coefficients of determination are: R, =
0,97, R’ = 0,83, R’ = 0,96, R%, = 0,96, R% = 0,73.
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Fig. 3. Relationship between lacunarity and porosity. The coefficients of determination are: R*, = 0,6, R%
= 0,62, R%: = 0,43, R, = 0,72, R% =0,2.

\VA DISCUSSION.

The computer image analysis of the studied samples confirms the fractal properties of reservoir rocks such
as sandstone. Both fractal dimension and lacunarity change within a single thin section as well as throughout the
whole core. Created graphs point to a good correlation between porosity and fractal dimension and none or weak
correlation between porosity and lacunarity.

Marking of the pore space had the most impact on the image analysis. It was based on a human judgement
what could have an influence on estimating the fractal parameters. However, this property can be compensated by
increasing the number of analysed photos. Therefore, making the analysis less subjective. What is more, it has been
noticed that photos of a higher resolution allow to study a greater range of a studied material but it implies bigger
file sizes and difficulties in its conversion.

The change in fractal dimension and lacunarity manifests itself in macropores with a diameter as wide as
200 pm. The computer image analysis is useful when a mercury porosimetry doesn’t fully describe the pore space of
a studied object [1].

V. CONCLUSION.

. The fractal dimension and lacunarity change throughout the whole sample and a single thin
section.

. Fractal dimension increases with the increase of porosity.

. There is a weak correlation between lacunarity and porosity. A decrease in porosity is
encompassed by an increase in lacunarity values.

. Thin section analysis can be useful when a mercury porosimetry is doesn’t properly show the
distribution of pores in an analysed sample.
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GOLD POTENTIAL OF NEOARCHEAN GREENSTONE BELTS OF
AYINA UNIT (NTEM COMPLEX, NORTHERN GABON)

ABSTRACT

Potential for gold of Central African Archean belts seems underestimated by comparison with their
equivalent in West Africa and NE Brazil. Deep lateritic weathering, thick equatorial rain forest and high operational
costs are some of the reason that could explain the little exploration works and the poor results obtained. Gold is
known to occur in south Cameroon and northern Gabon since the last century. Although gold showings are common
and many placers have been mined artisanally, no industrial-scale gold mines exist on the northern Congo Craton
border. The Ayina unit, which corresponds with the eastern margin of the Ntem complex, is constituted by medium-
grade metamorphic Archean formations, interpreted as greenstone belts. It is commonly accepted the presence of
Archean or Paleoproterozoic iron formations (greenstone belts, ultrabasic rocks and most often, banded iron
formations) can be considered a priority target for gold deposits, as indicated by the presence of humerous streams
and rivers mined for alluvial gold. The fact that this unit spans the frontiers of three different countries has not
contributed to having an overall picture of this part of the Congo craton. The present work offers a geological
integration of the Ayina unit in its geological context. A special focus have been made of tracing the greenstone belt
as these sequences of supracrustal rocks have been shown to be very favourable for gold, iron and other
mineralization.

Key Words: Gold, Ayina-unit, Ntem-complex, Greenston-belt, Gabon

OBJECTIFS AND METHODOLOGY

This work aims to improve the geological knowledge and to highlight the potential for gold of the Archean
supracrustal formations of the Ayina unit. This unit is by far the less known unit of the Ntem complex. Not a single
study in the Gabonese side have been done up to the present work and only some regional ones have been carried
out on the Cameroon side. The primary objective of this study is to frame the Ayina unit as a geological entity,
without considering political borders, and to reveal graphically the huge volume of highly potential iron-rich
supracrustal formation contained in it.

The regional geological map available in this presentation has been compiled from the integration of
geologic, cartographic, topographic, aeromagnetic and radiometric data from reports published by different
institutions and authors of Gabon, Cameroon and Congo Republics (Fig. 1). The iron-rich greenstone belts are
clearly recognizable and outlined by airborne magnetic surveys. These geophysical techniques have been widely
used for the cartography of these inaccessible forested and deeply weathered areas.

The compilation and integration of previous data was accompanied by field works performed in a 1500 km?
northern Gabon area during the dry seasons of 2014 and 2015. The area corresponds to the “G9-580 Minvoul
Prospection Permit” owned by the Craton del Congo Exploraciones SARL, Spanish-Gabonese mining company.
Regional field works consisted on geological mapping, petrological studies of the main lithological units and
geochemical analysis of stream sediments, soils, saprolite and rocks. Simultaneously to the mapping, an artisanal
gold mining sites inventory was made, and more than 40 streams and rivers where tested for gold by panning.

GEOLOGY OF THE AYINA UNIT AND GOLD MINERALIZATION

The study area corresponds with the Ayina Unit. This unit represent the Eastern margin of the Ntem
complex. The regional geology of the area is characterised by abundant meso-Archean terrains emplaced into the
charnockitic basement, and overlain by two series of supracrustal medium-grade metamorphic rocks. The
geochronological, structural and chemical characteristics show many similarities with the neighbouring Sao
Francisco (Brazil) and Guyana and West Africa cratons.
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Figure 1.- Integration geological map of Ntem Complex and surrounding units. [1] Phanerozoic covers; [2]
Yakadouma et Dja Series (Neoproterozoic); [3] Noya Basin (Neoproterozoic); [4] Yaoundé Series (Neoproterozoic,
Pan-Africain) ; [5] Ntem Complex, Ayina unit and Nyong unit (Neoarchean to Paleoproterozoic) Foliated series:
amphibolite/garnet gneiss ; [6] Ntem Complex, Ntem unit (Mesoarchean) Banded series: undifferentiated granulitic
gneiss ; [7], Monts de Cristal migmatitic belt (Mesoarchean ?) ; [8] Nord Gabon plutonic complex (3.1 — 2.8 Ga)
Granitoid, tonalite, granodiorite; [9] Greenstone belts (Mesoarchean to Paleoproterozoic) : Amphibolite, itabirite,
micaschist; [10] Dolerites and Gabbros [Pre-Eburnean (2.2 Ga) and Pre-Pan-Africain (1 Ga)] ; [11] Magmatic
charnockitic suite and TTG suite (2.9 — 2.8 Ga) ; [12] K-rich granite and porphyroid monzogranite (2.7 — 2.5 Ga);
[13] Geological contour; [14] Major fault; [15] Major thrust ; [16] Dextral transcurrent movement; [17] Sinistral
trancurrent movement; [18] Nkol shear zone ; [19] Nord Gabon shear zone; [20] Ntem shear zone ; [21] Abanga
fault; [22] Nouna Fault; [23] National border.

The Archean ferriferous belts of Gabon can be compared with the Quadrilatero Ferrifero, Jacobina and
Contendas-Mirante Brazilian provinces (Leistel et al., 2001) where epizonal and mesozonal gold mineralizations are
hosted in greenschist facies but also in higher metamorphic grade displaying metallogenic controls distinctive of
convergent tectonical setting, corresponding to orogenic gold deposits model (Grooves et al., 1998).

CONCLUSIONS

Gold mineralization is one of the most characteristic features of all granitoid-greenstone terranes, with large
deposits located in almost all cratonic regions. The widespread distribution of gold deposits in this type of
geological context is evidenced by its contribution (> 25%) to total world production. Gold showings are common in
Gabon and Cameroon and many placers have been exploited either artisanally or industrially. International survey
programs (BRGM, SYSMIN) as well as private exploration companies confirm the presence of Archean or
Paleoproterozoic greenstone belts, in particular ferruginous banded facies, as a very favourable factor for the
location and control of gold mineralization. Ayina unit occupies a remote and inaccessible territory remaining one of
the less known cratonic areas of Central Africa. As indicated in the integration geological maps presented in this
paper, the eastern edge of the Ntem complex contains huge extensions of supracrustal rocks interpreted as Archean
to Paleoproterozoic greenstone-belts. The extensive presence of artisanal mining on the rivers draining these
formations and the positive pan testing results for gold let consider the Ayina unit a changeling but highly promising
region for gold, iron and other mineral resources.

REFERENCES

Groves, D. L., Phillips, G.N., Ho S.E. Houstoun, S.M. and Standing, C.A. 1987. Craton-scale distribution of
Archean Greenstone gold deposits: predictive capacity of the metamorphic model. Econ. Geol. 82, 2045-2058.

Leistel, J.M., Deschamps, Y., Feybesse, J.L., Husson, Y., Lambert, A., Leduc, C., Milési, J.P., avec la
collaboration de Chassignol, A.L., Chéne, F., Heinry, C., Langan, B., Lannez, P., Ralay, F. 2001. Evaluation du
potentiel aurifére du craton gabonais BRGM/RC-51121-FR.



LEANNE SCHMITT
Technische Hochschule Georg Agricola

THE DOLERITE-HOSTED ZOROASTRIAN GOLD DEPOSIT, YILGARN
CRATON, WESTERN AUSTRALIA: LITHOGEOCHEMISTRY,
ALTERATION ZONATION PATTERNS AND SOURCES OF SULFUR

Abstract

The Zoroastrian gold deposit is situated along the Bardoc Tectonic Zone and structurally related to giant
and world-class deposits. It is classified as an orogenic gold system with gold being hosted by dolerite. Portable X-
ray fluorescence (pXRF), whole rock multi-element (ME) analysis, scanning electron microscopy (SEM), optical
microscopy and secondary ion mass spectroscopy (SIMS) were used to construct Zoroastrians architecture, map
fluid pathways and identify sources of sulfur.

A new crustal architecture has been determined through lithogeochemistry and mapping mineral zonation
patterns. This new architecture has implications on fluid pathways which may give insights into processes that
control gold transportation and precipitation. The host-rock dolerite has been analysed showing four distinct dolerite
units that vary in Ti, Th and Zr indicating different degrees of fractionation and crustal contamination (Barnes et al.,
2012). Furthermore, different alteration events are identified within Zoroastrian relative to the gold forming event. A
Ti- mineral zonation pattern is present with titanite occurring in least altered wall-rocks and ilmenite and rutile
occurring close to, or within the high-grade gold zones. This replacement reaction is related to a change in fluid
chemistry (Hunt and Kerrick, 1977). Multiple sulfur isotope analysis revealed MIF as well as MDF signatures, thus
several sources for sulfur seem to be involved ranging from a shallow marine to a deep mantle source (Farquhar and
Wing, 2003).
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CHEMICAL-MINERALOGICAL CHARACTERIZATION OF THE
BARAHONA N°2 TAILINGS IMPOUNDMENT AND ITS HISTORICAL
RECORD, EL TENIENTE MINE, CENTRAL CHILE.

ABSTRACT

The Barahona N°2 tailings impoundment corresponds to a deposit of 35 Mt and a CuT grade evaluated in
~0.32%, generated from the flotation tailings from EIl Teniente Mine. It belongs to CODELCO, Chile; and consists
of an upper Miocene-Pliocene copper-porphyry orebody. The exploited mineralization during the deposition of the
tailings consisted of chalcocite, coveline and oxidized copper minerals such as atacamite, malachite, crisocola and
occasionally cuprite and native copper.

The physical, chemical and mineralogical characterization of the impoundment was carried out in order to
recognize chemical reorganization processes within the reservoir that could have been carried out over time. Also,
external components that had possible been influenced during time were evaluated.

The analyses carried out are macroscopic descriptions by binocular microscope observations, granulometric
studies by laser diffraction, mineralogical descriptions through X-ray diffraction in whole rock and clay fraction; in
addition to the use of X-ray fluorescence spectrometry.

Granulometrically, the Barahona No. 2 impoundment presents an increase of fine particles in depth and
towards the eastern edge of the reservoir. The argillic fraction is consequently higher in the deep sectors and is
mainly characterized by chlorite, mica and smectites. While the surface argillic fraction consists by mica, chlorite,
kaolinite and an interlayer of mica-vermiculite. The predominant non-phyllosilicate mineralogy consists of quartz,
micas, plagioclase, feldspar, rutile, tourmaline, pyrite, iron oxides and oxyhydroxides. Analyses by X-ray
fluorescence spectrometry also shows changes in the concentrations of the elements in depth, suggesting a
concordance with the water table level.
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The results show that the concentration of chemical elements of interest such as copper and molybdenum,
would be related mainly to the mineralogy of the parent material deposited in the reservoir and its granulometry. In
addition, the influence of external factors, such as gases emitted in the proximity of the tailings impoundment from
the Smelting Plant Caletones, would increased the acidification rates and the concentration of elements such as As,
Cu and Pb.

B.SC. MATTHIAS GERHARD PORALLA
Institut fiir Mineralogie, Brennhausgasse 14 « 09599 Freiberg, Germany

FLUID INCLUSION ANALYSES OF DIFFERENT FLUORITE
GENERATIONS OF THE SCHONBRUNN AREA (VOGTLAND), E.
GERMANY

The fluorite deposit of Schonbrunn is situated in the SW-Vogtland, south of the town Plauen
(W. Saxony) and can be subdivided into three major areas: Schonbrunn, Boésenbrunn/ Griine Tanne and
Wiedersberg. Each of these deposits is sited on generally NW-trending faults which are strongly mineralized,
especially the fluorite mineralization was of economic interest in recent times. In the centre of the Vogtland syncline
these mineralized faults flank the horst of Triebel, which is an uplift of Ordovician slates among of spilitic volcanics
of the Upper Devonian. While the mineralized structure Schonbrunn belongs to the NE- flank of the Triebel horst,
the structure of Bésenbrunn/Griine Tanne is part of the NE-flank of the Triebel horst. **

The hydrothermal vein mineralization of the three Southwest Vogtland fluorite deposits can be
distinguished in two periods, namely a late variscian, marked by a changing sequence of fluorite and adular, and a
post variscian period with a brief phase of sulfidic ore mineralization and a monogene deposit of fluorite and quartz.
The reasons of precipitation of the specific fluorite generations was determined with microthermometric
measurements. The precipitation of the late variscian fluorite is mainly linked to an interaction with the adjacent
rock (intrusion of the Schonbrunn granite) and temperature reduction, whereas the post variscian fluorite is mainly
precipitated by mixing. In general, precipitation due to pressure differences is irrelevant.

Microthermometric measurements at double-polished thick sections revealed a strong decrease of
homogenization temperature from 316 °C to 60 °C and an increase of salinity from 5.5 wt.-% NaCl+CaCl, until 27.7
wt.-% NaCl+CaCl,. After the application of a hydrostatic model to determine the formation pressure, it could be
proven that the deviation between homogenization temperature and formation temperature averages 5 °C and is
therefore negligible. Furthermore, the recorded luminescence images facilitate the assignment of the FEs to the FIA
type and were helpful in supporting the elaborated paragenesis scheme in terms of sum of crystal faces and REE
peaks.

MAXIMILIAN MROZIK
Technische Universitdit Bergakademie Freiberg

MINERALOGICAL AND GEOCHEMICAL RESEARCH OF
NICKELHYDROSILIKATE DEPOSIT ELOV IN THE NORTHERN
CENTRAL URAL

The nickelhydrosilikate deposit Elov is situated in the northern Central Ural nearby the town of lvdel. This
publication should mainly give an overview of the lateritic and oxidic parts of the deposit. Therefore three samples
are very interesting, first one real limonitic iron ore with a very high nickel content, second a chromitic iron ore
which contains a very well crystallized berthierine and third a oxidic nontronite nickel ore.

The limonitic iron ore contains nearly only goethite, with a small share of quartz and sporadically small
lizarditeveins. The occurrence of goethite is usually indicated by an endothermic dehydroxylation between 290°C
and 330°C in the thermogram. During this reaction the a-FeOOH is converted in a-Fe,O3 and water is released. In
the thermogram the limonitic iron ore shows a very sharp and defined dehydroxylationpeak at 310°C and an
associated very sharp peak in the DTA-curve. The DDTA-curve also clearly shows the phase transition. The sharp

'BAUMANN, L.; KUSCHKA, E.; SEIFERT, T. (2000): ,,Lagerstitten des Erzgebirges®; Stuttgart; Enke Verlag; S. 266-272
2 KUSCHKA, E. & Hahn, W. (2011): , FluBspatlagerstitten des SW-Vogtlandes: Schonbrunn, Bosenbrunn, Wiedersberg; Dresden: Sichsisches
Landesamt fiir Umwelt, Landwirtschaft und Geologie.; S. 5-9, 20, 21, 30, 31, 45-47, 67-88, 180 ff
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constituent DTA-peak gives an indication of the size of goethite particles more specifically of crystallites. By
particles with a small specific surface results a delay in dehydroxylation. Thereof result two independent peaks,
which are caused by the formation of an impenetrable hematitic layer on the surface of the goethite particles. So in
this case we have found mainly particles with a relatively large specific surface. Same results are documented for
the oxidic nontronite nickel ore. The identified dehydroxylationpeak at 295°C shows only one specific reaction in
the DDTA-curve, so it seems necessary to assume that the particles are also very small. Furthermore, the
temperature of the dehydroxylationpeak indicates the substitutional incorporation of various metal ions into the
goethite structure, such as Mn, Cr, Co, Al, Ge and nickel. With increasing incorporation, the peak temperature
increases. In the specific case of limonitic ore, due to the high nickel concentration (1.16% Ni), in addition to
aluminium insertion, it is above all assumed that nickel is incorporated into the goethite structure, which makes
goethite the main nickel bearing mineral in this rock.

As ore minerals in the actual understanding occur primarily minerals of the spinel group, which show very
differentiated forms and compositions within the individual rocks. In limonitic ore there is spinel mainly in two
different forms. There are usually partially strongly solved, to chains and heaps cemented aggregates of iron-rich
spinel. The aggregates are similar to a relictic string- and mesh structure as it also occurs in the Saxon serpentinites
(vgl. Jubelt, 1954). In addition to pure magnetite grains, which always show strong solution phenomena, very sharp-
edged and euhedral crystals are distributed in the rock. The euhedral crystals are often accumulated in small clusters.
However, sharp idiomorphic crystal edges can only be observed as thin borders surrounding a strongly dissolved
xenomorphic nucleus (image 1). The chemical composition of the core is very different to that of the magnetite. For
the most part, it is aluminium rich iron spinel, which contains chromium, magnesium and titanium in small amounts.
Although the main elements are iron and chromium, the average aluminium content is about 8.6%, which is why,
according to Sokolov (1948), they are defined as ferrichrompicotite. However, the idiomorphic edges of the crystals
no longer consist of picotite but of titanium containing ferrichromite and contain no significant levels of aluminium
or magnesium. It can be assumed that the relictic picotite was partly dissolved from the ultrabasic rock series during
the weathering process. In this process, aluminium and magnesium were concentrated mainly in the newly formed
smectite group minerals. Chromium behaves very immovable under exogenous conditions, which is why it was
straightaway precipitated together with the mobilized iron. The ferrichromite thus formed, recreates the former

ecipitation can be described as endotaxy.
ARy b

image 1: BSE-images
strongly dissolved xenomorphic nucleus of ferricrompicotite with an endotactic ferrichromite border: limonitic iron
ore (left) euhedral ferricrompicotite with ferrichromite border: chromitic iron ore (right)

The chromitic iron ore is a metasomatic product of lateritic process. Most of the chromite grains always
have a roundish shape. All spinels have only a slight internal zoning, which probably may have been primarily
retained by magmatic formation or could be produced by transformation during metamorphosis or weathering.
Thereby the iron content increases from the core towards the edge of the grains, while they are slightly depleted of
chromium. The chromium distribution suggests a relictic zoning, as the magmatic system is first deprived of the
highly compatible chromium component during crystallization. In case of formation in the sedimentary or
exogenous process, chromium behaves strongly incompatible and would not be precipitated initially. It can be
assumed that this rock is the conversion product of a former "Leopard-" or "Sprenkel-" ore. The relictic nodular
chromite grains were preserved in the rock, while the minerals of the surrounding matrix were exposed to the
process of serpentinization and exogenous solution. This is also indicated by the numerous irregular inclusions in
the chromites, which do not follow concentric structures in the grain itself. They are only to be regarded as relictic
aggregations from the former magmatic texture.
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image 2: cobalt-anode x-ray powder diffractogram with sharp berthierine peaks (chromitic iron ore)

The berthierin [(Fe**,Mn?*, Mg)s(Fe** Al)«(Si, Al,)Os(OH),] is situated as conversion product in form of
a brownish compound within the matrix between the spinel grains of the chromite iron ore. It was converted by the
oxidation of divalent ferrous iron in large parts to ferri-berthierine or ferri-ferri-berthierine, whereby a dark brown
colour replaces the normally greenish colour. The mineral is also confirmed by the thermogravimetric measurement.
In the thermogram several dehydroxylation peaks overlay each other, but the major mass losses are linked to a
temperature range of 450 °C to about 510 °C (image 3). These relatively low temperatures preclude that it is
magnesium serpentine or kaolinite; their dehydroxylation temperatures are significantly higher (kaolinite: 520-620
°C, Mg-serpentine: 600-800 °C). The mineral of the present sample contains no magnesium, which is why it must be
a relatively pure aluminium berthierine. This can be seen in the chemical analysis (4.92% aluminium, 0.2%
magnesium) and is confirmed by EDX-measurements on a scanning electron microscope. These pure aluminium
berthierines are very rare, since there solid solutions are often common. Berthierines are also rarely so well
crystallized and tenuous disordered that they show all the characteristic Bragg peaks in the diffractogram (image 2)
as in this deposit. The thermal analysis also shows an exothermic reaction in the range of 920 °C. This reaction,
which is also typical for kaolinite, is caused by the formation of y-Al,O3;, FeAlO; and mullite from the aluminium
contained in the berthierine (Mackenzie and Berezowski, 1984). The nickel content of this ore is very low while the
PGE content is slightly increased, which is apparently due to the increased primary chromite content.
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chromitic iron

image 3: thermogram of chromitic iron ore (left);  BSE-image: nodular chromite grains in

ore (right)

The highest nickel contents of the deposit were proved in the limonitic ore (1.16%) and the oxidic
nontronite nickel ore (1.03%). Consequently, these sections are most enriched when considering the absolute
contents. For the limonitic ore it can be assumed that nickel is mainly linked to nickel-rich goethite and very
occasionally to nickel sulphide. The rock contains neither smectite nor talc, and the serpentine veins, in which EDX-
analysis did not produce any major nickel content, are the result of later secondary formation. Due to the increased
position of the dehydroxylation peak, the thermal analysis of goethite indicates a significant foreign metal
substitution, additional substantiating the thesis of nickel-rich goethite. Although nickel sulphides have been
detected in limonitic ore, their absolute contents are negligible compared to substitutional incorporation in the
goethite structure. This is supported by the missing peaks in the powder diffractogram as well as by the low sulphur
content of the sample. Sulphur content is only 0.1% compared to the nickel content with 1.16%. In the case of the
oxidic nontronite "steaming" nickel ore, the main nickel bearing mineral cannot be determined with certainty. An
enrichment in the silicate components, especially chlorite and smectite, seems plausible. It can be assumed that these
are typical nickel bearing nontronites, as they also occur in the analogous deposits at Kuhschnappel and
Frankenberg.
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TOURMALINE CHEMISTRY AS A PROXY FOR MINERALIZED
BRECCIAS IN PORPHYRY COPPER-MOLYBDENUM DEPOSITS

The Rio Blanco-Los Bronces porphyry copper-molybdenum cluster (14.8-4.3 Ma) in central Chile is one
of the largest mining districts of the world with more than 200 Mt of contained Cu; almost 30% of these
resources are hosted by hydrothermal breccias. These breccia complexes are tourmaline-, biotite-, chlorite-, or iron
oxide- cemented and are widespread in the Paleo-Eocene and Mio-Pliocene porphyry Cu-Mo belt of the central
Andes. The ongoing research project aims to understand the time—space relationships between the different breccia
bodies and the multiple porphyry intrusions. For this, two cross sections in the southern part of the deposit (Sur-Sur and
La Americana areas) are studied. Most interesting from the economic/genetic point of view is the intermineral breccia
(tourmaline- and biotite-cemented), which have high copper grades. It is under debate whether there is a vertical
mineralogical zonation of the cement of the breccia body from tourmaline-rich at the top to biotite-dominated at the
bottom, or there are two superimposed breccia formation events. Textural and mineralogical observations of
benches- and tunnels-outcrops, drill cores, and polished-thin sections support the first hypothesis.

Our work has been focused on tourmaline chemistry due to its high resistance to alteration and weathering,
which allows this mineral to retain its original isotopic signature. Preliminary results of 127 microprobe
measurements of tourmaline chemistry from the early mineralized breccia (BXT) and the late barren one (BXTTO)
show that all the tourmalines belong to the alkali group and the composition ranges between the dravite-schorl end
members.

There is a pronounced negative correlation between Fe (ferric?) and Al, probably due to exchange at the Z
octa- hedral position. The backscatter images of tourmaline show oscillatory and sector zonings, i.e., alternating
light bands/zones (high CaO, FeO, Na20) and darker ones (enriched in Al20O3 and MgO). There is no significant

dif- ference between the concentrations of the major constituent elements (SiO2, Al203, FeO, MgO), but a
slight enrichment of TiO2 is recognized in the BXTTO.

Previous works attempted to determine the age of the brecciation-mineralization event, dating sericite and
biotite. The ages were interpreted to record thermal resetting of the K-Ar system by later intrusions. Therefore, we
are attempting Ar-Ar dating of tourmaline (closure temperature ~600°C) albeit it’s low K20 contents (average 0.04

wt. %).

We will complement the tourmaline major element measurements (EMPA) with minor and trace elements
data (LA-ICPMS) to find some discriminating factor between fertile and barren crystallization environment. We
are also conducting B-isotopic analyses to identify the source/s of boron in these fluids (magmatic vs non-
magmatic-evaporitic- origin).
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UP AND REACH THE PLACES OUT OF SIGHT -
UNDISCOVERED TREASURES OF THE LAND OF EXTINCT
VOLCANOES

INTRODUCTION

Although Poland is rarely associated with volcanic activity and landscapes, exactly here - in the
West Sudetes Mountains - hides a place called The Land of Extinct Volcanoes. Domain forged by magma and ash
extruding from Earth's mantle to its surface during three geological periods (Ordovician, Permian and Miocene).
Centuries of weathering, erosion and natural resources' exploitation brought the rocks and hills to their modern,
characteristic shape, and the processes lingers. A number of well-preserved examples of such forms and processes
can be observed there around, and six of them are presented in this article.

The Land of Extinct Volcanoes is still rather undiscovered and tourism is not wide-spread there,
however, a lot of unusual attractions awaits those who decide to come. Some of the unique ways of 'reaching' the
objects are also mentioned below.

LOCATION

The Land of Extinct Volcanoes is a common name for the Kaczawskie Mountains and the
Kaczawa Foothills. Both are situated in South-West Poland, Lower Silesia District, and constitute a part of the West
Sudetes Mountains and Foothills. It is located to the north of Karkonosze mountain range, with its boarders outlined
by two rivers: Bobr and Nysa Szalona (1).

Geologically, the land consists of Kaczawa Metamorphic Unit and parts of North Sudetic
Depression. The oldest, Ordovician volcanic rocks cover vast area in the middle and south. Permian volcanism is
rather connected with Wlen graben and Swierzawa Half-graben (parts of North Sudetic Depression) while outcrops
of the youngest basalts occur only north to this lines (2).

DESCRIPTION OF SITES

Mysliborski Gorge in Kaczawa Foothills is an example of the oldest volcanic rocks of the region -
greenstone, created from basaltoids, submerged and transformed in greenschist facies of regional metamorphism.
The rocks are divided into oval shapes - pillow lavas, marking former magma extrusions and its fast cooling at the
ocean floor. The gorge itself was formed by post-glacial waters in Pleistocene (when erosion uncovered the
480-million-years-old greenstone rocks) (3).

Mysliborski Gorge shows the highest grade of adaptation for tourism among geological attractions
of the region (e.g. three trails and educational paths run through it).

15 kilometers to the west, in Swierzawa, lies another considerable object - Wielistaw Organs,
which owe its name to impressive parallel rock columns formed some 250 million years ago. It is a unique example
of columnar jointing in ryolithes - rocks formed from dense magma rich in silica, while this type of thermal
disintegration is typical for basaltic lavas. In Wielistawka acid magma formed a stratovolcano cone, which interior
has been revealed by a quarry (inoperative today) (3).

An interesting tourist destination in the vicinity is Wielistaw Mill - a restaurant and guesthouse
arranged in former mill's buildings. A Kaplan turbine, once driving the flour production, still works in the mill's
cellars, powering a small hydroelectric power plant. A view of the working machines is available for tourists, and
numerous workshops help children to understand (on particular examples) some issues connected with renewable
energy (4).

Next 5 kilometers west lies Ostrzyca Proboszczowicka, a relic of the last period of volcanic
activity. It is a conical remain of a shield volcano neck, due to its shape sometimes referred to as Silesian Fuji-yama.
Slopes of the mountain are covered with basanite screes (created in periglatial conditions in Pleistocene) and on the
top basalt columns naturally unveil (as the only natural outcrop of such forms in the region; the others are strictly
connected with mining) (3).

Three stages of Ostrzyca's formation are splendidly presented in Sudecka Zagroda Edukacyjna in
Dobkow - a place, where knowledge and skills are passed in a dynamic, interactive way, with great use of
visualization and live experiments. The exhibition is supplemented by a nearby viewpoint, from which apparent
traces of all three periods of volcanic activity can be observed. Another astonishing concept that found it's place
there is Ekomuzeum Rzemiosta (Ecomuseum of Crafts) - a museum without borders, composed of a number of
houses and workshops, where professions often considered as extinct or almost extinct, like soap making or
weaving, can be seen and experienced live (5).

An object less popular (and thus more difficult to find) is a remain of a little quarry in
Szyndziatowy Forest near Muchow. Not too high, albeit perfectly regular basalt columns can be found there. They
are of similar age (20 million years) and origin as Ostrzyca (3).
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Every July Muchow hosts a festival called Muchowska Kosa (Muchéw Scythe), a part of annual
Kaczawskie Imprezy Plenerowe (Kaczawa Open-Air Festivals) - events of different types and themes, aiming to
preserve and popularize local customs, traditions and heritage.

A place even harder to find is Crater Lake, named after its round shape and surrounding rock
walls. In fact, it is not a real crater, but hollowed central part of a volcanic neck (again an effect of basalt rock
exploitation). Interesting round-shaped pieces of rock can be found around the lake, that may be either the result of
spherical weathering of basalt columns, or volcanic bombs preserved in pyroclastics.

Crater Lake can be reached by following one of local Geocaching trails, another tourism activity
and alternative way of discovering the region.

CONCLUSIONS

Those 6 examples of geotourist sites give glimpse at the great diversity of the region and
immensity of forms and processes which can be observed there. All of the described objects are connected with
volcanic activity, however, numerous forms of sedimentary rocks may also be spotted in The Land of Extinct
Volcanoes. Various available ways of sightseeing and discovering the region enhance its tourism and cognitive
value. Surprisingly, although local people are deeply aware of the region's volcanic past, it remains almost unnoticed
beyond its borders. This may partially be due to the proximity of Karkonosze mountain range, a place much more
popular and with long-lasting tourism traditions. Nevertheless, The Land of Extinct VVolcanoes is still on its rise and
it's time is undoubtedly yet to come.
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K.H. KAHAKOBA', E.C. CYPUKOBA', O.A. TJOKTHOHOBA'?, A.JO. KAJTUHUH'
! Huemumym neghmezazosoii ceonozuu u 2eoguzuxu um. A.A. Tpogpumyra, Hosocubupck,
2Medepanvioe 20cydapcmeennoe asmoHoMHOe 00PA308AMETbHOE YUPEHCOCHIUE GbICULE20

obpazosanus «Hosocubupckuii nayuonanbHbill UCC1e008amMeNbCKULl YHUGEPCUMem

OCOBEHHOCTHU I'EOJIOI'MYECKOI'O CTPOEHUA
BEPXHEIOPCKHX OTJIOKEHHM IOTO-BOCTOYHBIX PANOHOB
3ATIA/THOM CUBUPHU B 30HE ITIEPEXOJA MOPCKHUX OTJIOXKEHHUI
B KOHTUHEHTAJIbBHBIE

B 1oro-Bocrounsix paiionax 3amagHoit CuOupH 3alie)XH YIJIEBOJOPOAOB TPAAMIMOHHO CBSI3aHBI C
AHTUKJIMHAJIBHBIMH JIOBYIIKAMH B OTJIOXKEHHSAX PETHOHAIBHOTO HedrerazoHocHoro ropusoHta O;(BepxHss opa),
KOTOphle  (OPMHPOBAIMCH  TJIABHBIM  00pa3oM B MEIKOBOJHO-TIPHOPEKHO-MOPCKUX,  NPHOPEXHO-
KOHTHHEHTAJIbHBIXOOCTAHOBKAX TETJIOr0 T'YMHIHOTO KJIMMAaTa M MPEICTaBICHBl TEPPUTCHHBIMHU MTOPOJAMH Pa3HO
3€pPHUCTOCTH, OKaTaHHOCTH CTENEHH COPTHPOBKH. B cocraBe ropmsonTa lO; BblmenseTcs cepusi pernoHalbHO
BBIJICP)KAHHBIX TI€CYAHBIX IDIACTOB, OONANAIOMMX XOPOUIMMH KOJUIEKTOPDCKMMH CBOWCTBAMH, CIIOCOOHBIX
KoHIeHTpUpoBaTh YB. Otnoxenus ropmsonta HO; mepekphIBaroTCA TIHHHUCTBIMH OTJIOKEHHSIMU T€OPTHEBCKOM
CBUTHI U OUTYMHMHO3HBIMH apTHJUIMTaMH Oa)KEHOBCKOM CBUTBI, KOTOpas SIBISETCS OCHOBHOM He(Tenpou3BOIsILEH
TONIIEH JUIS JaHHOTO pernoHa. TakuMm o0pa3oM,MMEIOTCS BCe MPENIOCHUIKN s (opMupoBanus 3anexeid YB B
OTIIOXKEHUAX ropu3oHTa 10;.

B paMkax mDaHHBIX HCCIIeIOBaHMHA paccMOTpeHsl 3 paiona (Puc 1), Haxomsmmecs B mpenenax OIHOI
He(Tera30HOCHOH 067acTy, rae oTiaokeHus ropu3onTa 0, GpopMupoBanuces B CXOTHBIX (DarlHaibHBIX 0OCTaHOBKAX.
B anmMuHHCTpaTHBHOM IIaHE paliOH HCCIICAOBAHHMI HAXOMUTCS Ha FOT0-BOCTOKe 3amamHo-Cubupckoit HI'TI Ha
rpannne HoBocubupckoit m Tomckoi obOmacreit (cm. Puc 1). Ha ywactke Ne 1 wm3ywanocsOcranmHCKOE
HeTera3oKoH/ICHCAaTHOE MeCTOpOXKIeHue, Ha ydacTke Ne 2 - HedTsiHOe bonTHoe u razokonaeHcatHoe KazaHckoe
MecTopoxaeHus 1 Ha ydacTke Ne 3 - Bepx-Tapckoe HedTsiHOE MeCTOpOXKICHHE.

B ocHOBy naHHON paboThl TONOXKEHBI AaHHbIE IUIomagHod 2D celficMopasBenku IO HM3y4aeMbIM
MECTOPOXKJCHUSIM W COIpPECIbHBIM TEPPUTOPHM, a Takxke HaHHble 3D ceiicmopasBenku no Bepx-Tapckomy
MECTOPOXKICHHUIO. B pamxax npoBEeIEHHBIX HCCIEIOBAaHWK ObUIA OCYIIECTBICHA KOPPEIANNS OCHOBHBIX
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OTpaXKaIOIMHUX TOPHU30HTOB, HOCTPOCH HAOOP CTPYKTYPHBIX KapT W KapT H30MAXUTCEHCMOKOMIUIEKCOB, KOTOPHIC
BMECTE C BPEMEHHBIMH CEHCMHYECKIMH Pa3pe3aMH IMOCTY>KUIIN OCHOBOI I CTPYKTYPHO -TEKTOHHYECKOTO aHai3a
U U3Y4YEHHs HCTOPUM (OPMHUPOBAHHUS CTPYKTYPHBIX JIOBYILEK.
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Puc. 1. CTpyKTypHas KapTa I10 oTpaxaromeMy ropusonty |I1? (momomsa 6axeHoBCKOM CBUTBI).
VcioBHbIE 0603HaUeHUs: | — M30TUIICHI OTpakarontero ropuszontTa |12, 2 —okansHble moxHATHS B
CTPYKTYPHOM IUIAHE OTPAXKAIOIIETO Topu3oHTa |1%, K KOTOPBIM IIPHYpOYEHBI HCCIIETyEMBIE MECTOPOKICHHUS, 3 —
CKBa)KHHBI ITONCKOBBIE M Pa3BEOYHbIC, 4 — HA3BaHUSI MECTOPOXKICHUH.

OCHOBHBIMH OTPaKaIOIIUMHU TOPH30HTaMHU B FOTO-BOCTOYHBIX paifoHax 3amamHoit Cubupu sBisrores: O, —
KpOBJISI T'€TEPOTeHHOTO JOIOPCKOro (YyHAAMEHTa,a TAaKKe psJ OTPaKalOUIMX TOPH30HTOB, NPHYPOUYCHHBIX K
pPETHOHANBHO BBIJEPKAHHBIM TNIMHUCTBIM IAa4KaM TPAHCIPECCUBHOro reHesnca. OAMH U3 CaMBIX HAaJEKHBIX
OTpakaroIuX Topu3oHTOB — |1? — npuypodeH k nogowmBe 6aXkeHOBCKON CBUTBI, KOTOPas MEPEKPHIBAET OTIOKEHUS
ropusoHTa 0

AHanu3 BBINIOJHEHHBIX CTPYKTYPHBIX U NMANEOCTPYKTYPHBIX MOCTPOCHUN MO3BOJMII CHENaTh CIEAYIOIINE
BBIBOJIBL. BOJIBITMHCTBO COBPEMEHHBIX JIOKATBHBIX MOIHATHH, BBIICICHHBIX Ha HCCIEIyeMOH TEpPUTOPHUH B
CTPYKTYPHOM IUIaHE OTpakaromero ropusonta ll°cdhopmMupoBanuch Haj OTHOCHTENBHO KPYIHBIMH 3PO3HOHHO-
TEKTOHUYIECKUMH BBICTYIIAMH ¢yHnameHra, KOTOpBIE UCTIBITHIBAIIN TEHJICHIIUIO K pocrTy.
AHTHKIMHAJIBHBIECTPYKTYPBI, CTABIINE B IOCIEICTBUE JIOBYIIKaMH Y B ObUIH MOYTH MOJIHOCTHIO CHOPMHUPOBAHBI
yxe k anty. B wactHocTH, Bepx-Tapckas, bonrHast, Kazanckas cTpykTypbl Obutn 3aMKHYTHI, Bepx-Tapckas nmena
MaKCHMaJIbHYI0 aMIuuTyny. Ha OcTaHMHCKOW IJIomaan Ha MPOTSHXKEHUH OOJIBIIEH YacTH Me3030s TaK JKe IIIH
MIPEUMYIIECTBEHHO YHACNIEIOBAaHHBIE IPOLIECCHI POCTa JIOKANBHBIX KYIIOJIOB, HO TNpPH 3TOM CTpPyKTypa Obuia
He3aMKHYTOM Ha ceBepe. K ¢opMHpoBaHMIO 3aMKHYTOrO TOJHSATHS IIpUBEJIa CMEHAa HANpPaBIEHHOCTH
TEKTOHUYECKUX ABUKECHUMU, IPOU3O0IIEIIAs B KAITHO301CKOE BpEMS.

CoriacHo CTpaTurpaueckol CXeMe BEPXHCIOPCKUX OTIIOKeHHH 3amagHoii CHOMPH OTIIOKEHHS
ropusoHTa F0; Ha rore Tomckoii — ceBepe HoBocuOupckoit obnacteil mpeacTaBiieHbl BaCIOTAHCKOW W HAYHAKCKOM
CBUTAaMHM, KOTOpBIE JIaTepaJIbHO 3aMeEIaloT Apyr Apyra [1]. Bacroranckas cBuTa MMeeT NPEUMYIIECTBEHHO MOPCKOH
TEHE3UC ¥ 110 JIMTOJOTHYECKOMY COCTaBY Pas3/ielieHa Ha HUJICHIO U 8epXHI0I0 nooceumsl [2]. Hudcnesacroeanckas
nooceuma TIPEICTaBlICHA IPEUMYIIECTBEHHO TIJIMHAMHM M apriUIMTaMH, C PEAKHMH HEMHOTOYHCICHHBIMHU
MIPOCTIOMKaMU aJleBPOJIMTOB, MOIIHOCTH IIOJICBUTHI YMEHBIACTCS C 3alafa Ha BOCTOK BIUIOTH JIO MOJHOTO
BBIKJIMHUBAHHSI.

B cocraBe gepxmnesaciocanckou nooceumul BBIIENSIOT TPU TMAdKd - TOAYTOJbHYIO, HAIyTOJBHYIO H
MEXyToJbHYyIO [2].

Haynakckasg cBuTa SBISETCS BO3PAaCTHBIM AaHAJOrOM BaclOTaHCKOW cBUTH. C(BHTa TIpeAcTaBiIeHA
MEJIKOBOIHO-MOPCKUMH, JIATYHHBIMH H JI€THTOBBIMHU CEPOIBETHBIMHU MECUAHMUKAMH, AJICBPOJIUTAMHU U apTUILTUTAMU
¢ peo0IiaaHueM TeX MM MHBIX B Pa3HBIX THIIAX Pa3pe30B, C MHOTOYUCICHHBIMHI TUTACTaMH yrirei [2].

B pesynpraTe MpOBEAEHHBIX HCCIIEAOBAaHWNA OBUIO yCTAaHOBJIEHO, YTO pa3pe3 KeIoBeH-OKCPOPICKUX
OTJIOXKEHWH HCCIEAYeMbIX YYaCTKOB HE IMOIXOAWT MOJ OIpENeIeHHEe HM BaCIOTaHCKOM HM HAayHAaKCKOIl CBHT: ¢
OJIHOW CTOpOHBI, B U3y4aeMOM paiioHe M0 KOMIUIEKCY CTaHAAPTHOTO, PaJHMOAKTUBHOTO M aKyCTHUECKOTO KapoTaxa
Ha/IeKHO BBLIENAIOTCA MNOJYrONbHAs, MEXKYroibHas M HAAyroJlbHAas Madka, HAAyTOJIbHBIE U IOJYTOJIBHBIE
NIECYaHUKH Pa3BUTHl MOBCEMECTHO M, BEpOsTHEE BCero, (POPMHUPOBAIMCH B MEIKOBOIAHO-MOPCKHX YcloBHSIX.C
JpYyroil CTOpPOHBI,B pa3zpe3e OKC(HOPACKONW YacTH OTIIOKEHHI HIMPOKO PAa3BHUTHI YITM W YIIHMCTHIE aprHJUIUTHL, a
rayka TyOOKOBOJIHBIX TINIMH HW)KHEBACIOTAHCKOM IIOACBUTHI KpaiiHE MaJIOMOIIHA Ha BCEH TEPPUTOPUH
HCCIIeIOBaHMH, a B npenenax OcTaHMHCKOro U BoNTHOro MecTOopoXkK/IeHHs U BOBCE MPUCYTCTBYET HE OBCEMECTHO,
3aMeIIasch OJHOBO3PACTHBIMH TECYAHBIMU IUIACTaMH, (GOPMHUPOBABIIMMHUCS OIIKe K KOHTHHEHTY, B CIEICTBHE
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Yero IrpaHuUIla MOAYTOJIFHOHM MavKy B NMpEJeTax U3y4aeMOro PETHOHA SIBISIETCS] HEM30XPOHHOMH, a NMECYaHble TUIACTHI
HUMEIOT KOCOCTIONCTOE CTPOCHHE M BBIKIIMHUBAIOTCA I10 JIATEPAJIN, OAHAKO B MIPEAETaX OJHOTO MECTOPOXKICHHUS, KaK
MPaBUJIO, SBISIFOTCS THAPOJWHAMHUYECKH CBSI3aHHBIMH. B OTIOXEHHAX MOAYTOJbHOM IMAYKH BBIABICHBI 3aJEXKH
yrneBonoponoB Ha Kasanckom n OCTaHMHCKOM MECTOPOXKACHHSAX. MeXyroimpbHas Hadka Ha BCEX M3YyYaeMBIX
00BEKTaX MMEET 3HAYMTENIBHBIC MOIMHOCTH, a Ha OCTaHMHCKOM MECTOPOXICHHH B COCTaBE MNAa4yKH BBIBICH
MIECYaHBIN TUIACT, MIPEATIONOKHUTEIHFHO PYCIOBOTO I€HE3NCa, C KOTOPHIM CBsi3aHa He()Tera3oKOHJEHCAaTHAas 3aeKb.B
COCTaBe Ha/yroJbHOW MaykKd Ha BCEX YYacTKax HPUCYTCTBYIOT HO 2THIPOJMHAMHYECKH CBS3aHHBIX MECYaHBIX
mnacta. OTJIOKEHHs HalyTOJIbHON MaYyKy MPOIYKTUBHBI HA BCEX UCCIIEAYEMBIX MECTOPOXKICHHUSAX.

CroutT Takke OTMETUTb, YTO OTJIOXEHUs ropusoHra lO; mepexpsIBarOTCs aprHJUIMTaMH T'€OPTHEBCKOM
CBUTBI, KOTOPBIE MOTJIH MPEISITCTBOBATh BEPTUKAIBHOM Murpanuu YB u3 HedremaTeprHCKOl 6aKEHOBCKOI CBUTHI
B mecuaHble IutacTel ropusonta l0;. B psne cksaxun Ha bBontHOM u BepXxTapckoM MecTOPOXAECHUM MOIIHOCTH
T€OPrUeBCKO CBUTHI NpeBbIIAOT 10 M, mecuaHble IUIACTHl IOAYTOJBHOW MAyKW Ha JaHHBIX MECTOPOXICHUIX
00J1a1a10T XOPOIIMMH KOJIJIEKTOPCKIMH CBOWCTBaMH, OJJHAKO MIPUTOKA Y B U3 HUX HE MOIydYeHO.

Takum 00pa3oM, OYEBHIHO, HYTO KEJUIOBEH-OKC(OPACKHAE OTIOKCHHA M3y4aeMOro paloHa HMEIOT
CMEIIaHHBIH (MOpPEe+KOHTHHEHT) TeHE3UC, YeM OOyCIOBIICHa dYacTas CMEHa OOCTaHOBOK OCaIKOHAKOIUICHHS,
JIUTOJIOTWYECKass HEOJHOPOTHOCTh, MOJU(ANNATBHOCT, OTIOKEHHH. Hambonee mnepcneKTHBHBIMU pailoHaMu
moncka YB B maHHOM paiioHe OyAyT CKIIOHBI JIOKadbHBIX MOMHATHA B paiioHaX ¢ MaJOMOIIHOW Te€OPTHEBCKON
cBuToi. OgHAKO MOIIHOCTH KOJUIEKTOPOB ropm3onTta H)jmadek OyayT ompenensaTbess He TONBKO IManeopenbedom,
HO ¥ JICTAJIbHBIMH T1aj1eoreorpadguyecKkuMu 0COOEHHOCTSIMH.

Pabora Beimonnena npu ¢uHaHcoBol noanepxkke PODU u IlpaBurensctBa HoBocuOupckoii obnacty,
npoekt 17-45-543214p mon_a.
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HOBBIN TUII - PATOBKUT-®JIIOOPUTOBAS PYIHASI
®OPMAIIUS B KAPBOHATHBIX MIOPOJIAX JOHEIIKOT'O
BACCEMHA

QI00pUT  TUAPOTEPMAIBHOTO HpoHMCcXOoxkaeHHs B JloHenmkoM OacceifHe — sIBISETCS  JTOBOJBHO
pacnpocTpaHeHHBIM MuHepasoM. OH BCTpedaeTcs Cpelu Pa3sHOBO3PACTHBIX MOPOA HaC030HCKOI0 OCaJTO0YHOTO
KOMIUIEKCa OT 30HbI cousieHeHus: [lonOacca ¢ [Ipna3oBCcKuM KpHUCTAIIMYECKUM MacCHBOM JI0 00JIACTH COWICHEHHS
Houbacca ¢ BopoHexckuMm KpucTtauimdeckuM MaccuBoM [1]. OmHako ocamovHBIA (IFOOPHT WIIM PAaTOBKHT B
npexnenax Jlonernkoro 6acceifHa sIBISIETCS JOBOJIBHO PEKUM MHHEPAJIOM.

Lenpto naHHOW pabOTHI SIBISETCS JETalbHOE HM3Y4YEeHHE HOBOTO MNpOSBIECHUs paroBkura B JloHOacce,
aHanM3 MOoA00HBIX IPOSIBICHHUH B MUpE, a TAKXKE YCTAHOBJICHNE I'eHe3uca (III0OPUTOBOW MUHEpATU3alNH.

[IposiBneHne paToBKHTa, YCTAHOBICHHOE aBTOPOM, PACIIOJIORKEHO B CEBEPO-3allafHON OKpauHe T'. 30pHHCKa
(ITepeBanbsckuii p-H, Jlyranckas Hapomnas Pecmy6nuka). B crpaturpaduueckoM OTHOIIEHHH MHMHEpAIH3alUs
IpuypodeHa K y3KoMy ropu3onty — |l mauke m3ectHsika L;, CBHUTHI C,° CPEHEKAMEHHOYTOJIbHBIX OTJIOKEHUM.
PynokoHTponupyromuid Cioi NpeACTaBlIEeH TIJMHUCTBIM HM3BECTHSAKOM OT TEMHO-CEPOro 1O YEpHOro LBETa C
IUINTYaTOW OTAEIBHOCTHIO. B 30HE BBIBETpHMBaHUS W3BECTHAK MPHOOpETaeT CBETJIO-CEphIi IBEeT. B M3BeCTHAKE
MeCTaMH BCTPEYArOTCSI CKOIUICHHs PaKOBHH Opaxuomon poxa Schizophoria u Lingula mioxo#t coxpannocTH, He
PEeAKO 10 HAIJIACTOBAHWIO YCTAHABJIMBAIOTCS OOyTIMBIINECS (parMeHTHl CTBOJOB JIEpEBBEB. VI3BECTHSK Takxke
XapaKTepu3yeTcs 3HAYMTENIBHBIM COJEp)KaHWEM ITHPHUTA, IPEACTaBICHHBIH KaK B BHJIE MHKPOTJIOOYJISPHBIX
BBIICNICHUI, Tak U B BUJAE CpelHE- KPYMHOKPUCTAIIMUECKUX arperatoB. MOITHOCTh M3BECTHSKA BBIAEP)KaHHAA U
cocrasysier 1,3 — 1,5 m.

3a mpenenaMu OpYISHEHHsS W3BECTHSAK IPUOOPETAeT CBETJIO-CEPhIH WM  OJIeHO-KEeNTHI IBET,
KOMKOBAThIi C MSTHUCTOM TEKCTYpoi. M3BecTHAK oOTiM4aeTcs OOMIMEM pa3sHOBO3PACTHOM MOpPCKOH (ayHBbI.
[MupuToBas MuHepamu3aysi He OOHapykeHa. B W3BECTHSKE MOBONBHO YacTO BCTPEUAIOTCS KOHKPEIMOHHBIC
mpociion kapbonartHoro cocraBa. Comepikanue koukpeuuii cocraisier 10-30 % B peakux ciydasx g0 70 % ot
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obmeit Maccel mopozabl. KoHkperuu ceporo IBeTa, OBaJbHO-NPOIOJTOBATON (OPMBI, IIMHOH 1O HECKOIbKUX
METpoB, MmHUpWHOH 10 15 cM. TekcTypa KOHKpenud B OCHOBHOM 30HaibHas, OOYCIOBJIICHHAs HaTUIHEM
JIMMOHMTOBOTO siipa. MOIHOCTb U3BECTHKA KpaliHe HE BblAepKaHHAs U u3Mensaercs ot 0,3 1o 2,2 m.

B HmKHEH yacTH Madky M3BECTHSAKA HA OPYACHEHHH JOBOJBHO YacTO BCTPEUAETCS! NMPOCION aHKEPHUTA,
MOIIHOCTBIO OT 0,5 10 4 cM. AHKEPHT ¢ BOJIOKHUCTON CTPYKTYpOi 6erroro nBera, MeCTaMu ¢ OypoBaTHIM OTTEHKOM.
HIMeHHO B mpocioe aHKepHTa M ObUT yCTaHOBICH paToOBKUT. OcafodHbIil (UIIOOPHT B BHIAE TOHKOMOIOCYATBIX
CIIOWKOB W JIMH304YEK, MOIIHOCTBIO 0 5 MM, (DHOJETOBOrO CBETNIO-(DHONETOBOIO OTTEHKa 10 OecuBeTHoro. B
OCHOBHOM PaTOBKHT 00pa3yeT CKOIUICHHSI, TIPOCTPAHCTBEHHO NMPUYPOUYEHHBIE K HIDKHEH YacTH MPOCI0sl aHKepUTa.

B 30He pa3BuTHs aHKEpUTa JIOBOJBHO YacTO BCTPEYAIOTCS JKHIIBHBIE TeJla C KpUCTALIAMU (IIIOOPHTA.
TakuM 00pa3oM, COBMECTHOE HAXOXKAECHHE THAPOTEPMAIBHOIO (IIIOOPHUTA B XKWIAX U OCAJOYHOro (UIIOOpHTA B
MIPOCJIOe aHKEPHUTA MMO3BOJIMIO BBIIETUTH PATOBKUT-(IIIOOPUTOBYIO PYAHYIO (hOpPMALIHIO.

[lo cTpyKTypHO-MOP(OIOTHUECKHMM OCOOCHHOCTSIM JKHIJIBHBIE Tella MOAPA3JIeNITIOTCS Ha MEXKIIIACTOBBIC
KHJIBI U KPYTOTIa/IAlOIIHE XKHUJIBI CEBEPO-BOCTOYHOTO MPOCTUpaHHs [2].

MeKnacToBbIe JKWIBl ABIAIOTCS KpalHE HE BBIACPKAHHBIMH II0 HMPOCTHPAHUIO, MOIIHOCTH KOTOPBIX
n3MeHsiercs ot 1 10 25 cM. JIoBONBHO 9acTo B XKIJIaX BCTPEUAIOTCS pa3ayBbl. KOHTaKT JKMIIBHBIX TEJ ¢ BMEIIAIOmeH
MOPOAOM B OCHOBHOM YETKMA W HEPOBHBIM, METaMH YCTAHABIHMBAIOTCS IPUKOHTAKTOBBIC HM3MEHEHUS,
MIPEACTABICHHBIC IEPEKPUCTAIIN3ANCH H3BECTHAKA. MEXKIUIACTOBBIC KUIIBI IMEIOT (IIFOOPHUT-KBaPI-KapOOHATHBIN
cocraB. Ha 3amp0aHzme XKW Pa3BUT MENKOKPHCTAIIMYECKH MOJIOYHO-OENBIi KaJdbIWUT M KBapl. Ha KpuCTauisl
TIepBOH TeHepaluy HapacTaeT (II0OOPUT B BUJIE CPOCTKOB pazMepoM 10 5 MM. DIr00puT 0T YepHOro, (hHOJIETOBOTO,
cBero-uoneroBoro  orTeHka 0  OecuBeTHOro. B IEHTpanbHOI  YacTM KM Pa3BHT  CpelHe-
KPYIMHOKPUCTAJUINYECKUI Cephlii KaJbIIUT, ACCOLMUPYIOMUN ¢ KPUCTAIIIAMU CEPOTo, JBIMYATOrO KBapIia, a Takxke ¢
KpHUCTaJ/JIaMH KBaplia THIIa «MapMapolICKUX AWaMaHTOB». Pa3Mep KpHCTalIoB KBapLa U3MeHseTcs oT 5 MM j0 10
cM. Mexay KpHcTaljJaMH CEeporo KajbllUTa OYeHb PEAKO BCTPEYarOTCS KPUCTAJUIBI O6apHTa poMOO3APHYECKOro
raburyca pasmepom a0 1 cm. CamopoHoe cepebpo HabmogaeTcs BO BceX paHee 00pa3oBaHHBIX MUHEPATIaX B BHIC
KceHOMOp(hHBIX  BbleneHWH pasmepoM 710 0,01 MM, B OTKpBITBIX TONOCTSX  pasBUT  CpeIHE-
KPYHMHOKPUCTAIIIMIECKUH MOTYyIPO3paYHbIA ¥ MPO3PavHbIi KaIbLUT YIUIOMIEHO-POMOO3APHUIECKOTO TabuTycCa.

Kpyronanatomue >xuiipl CeBEPO-BOCTOUHOTO MPOCTUPAHUS C YIiIoM najeHust oT 70 — 80° 10 BepTUKaJIBHO.
XKunbl He BBLAEPXKAHHBIE IO MOINHOCTH, M3MeHsAmomeics or 1 1o 8 cM. Ha KoHTakTe ¢ TeMHO-CEpBIMHU
OpPraHOTEHHBIMH MaykaMH H3BECTHsAKa L; >kumbl pe3ko 3aryxaioT. KoHTakT ¢ BMmemaromiell mopomoi 4eTkuil u
POBHBII, B OCHOBHOM JKHJIBI UMEIOT APY30BYI0 TeKcTypy. CocraB xwui ¢urooput-kapOoHaTHelid. Ha 3anp0anme ki
MIPUCYTCTBYET MENKOKPUCTAIIIMUECKUI Cephli KalbIUT. B 30HaX pa3BUTUSA CTHIIOIUTOBBIX TEKCTYpP CYOLUIMPOTHOTO
MPOCTHPaHUsl Ha 3aJb0aHIAX Pa3BUT MEIKOKPHCTAJUIMYECKHH MOJIOYHO-OeNbId KalbIUT. DIOOPHUT paciookeH
HEMOCPEJCTBEHHO Ha 3aib0aH[e >KWJI WIM HapacTaeT Ha KPHUCTAUIbl KaibuuTa. DII0OPUT B BHIE CPOCTKOB
KpucTaiuioB. Pazmepom 110 3 MM nMeeT GHONETOBBII U CBETIIO-(hHNOJIETOBBIH OTTEHOK JJO OECIIBETHOTO. B OTKPHITHIX
MOJIOCTSIX OBUTM YCTaHOBJCHBI KyOMYECKHE KPHCTAJUIBI Pa3MepoM A0 5 MM. B uiax Ha KpHCTaUIbl (Irooputa
HapacTaeT CpPEAHEKPUCTANIMYECKUH Cephli KaJbIUT, AacCOUMMPYIOIMH C KpUCTAIaMH KBapla THIa
«MapMapoIICKUX IHaMaHTOB» pazmepoM 110 1 cM. CamopoiHOe cepeOpo oTMeUaeTcs KpaiiHe peaKo U MPHypOUEHO,
TJaBHBIM  00pa3oM, K MOJIOUHO-OeIoOMy KaibLUUTy H  (IIOOpUTy. B OTKPBITBIX TOJIOCTSAX — Pa3BUT
CPEAHEKPUCTAINIMYECKNI MPO3PavHbI KAIBIHUT YIUIOMIEHO-POMOO3IPUUECKOTO TadHuTyca C PasBUTHIM IOSICOM
npusmbl. [Ipu nepecedeHuM INpOCIOs aHKEpPUTa KPYTONAJAIOIIMMM JKMJIaMH B TOCIEIHHX YCTaHaBIMBAETCS
3aKOHOMEPHOE YBEIIMUCHHUS COIEPKAHUS (IIIOOPHTA.

Takum o6pa3oM, HaOmogaeTcs TeCHas CBSI3b MEXKAY PATOBKMTOM B INPOCIOE aHKEPHUTAa M KPUCTAJUIaMHU
(roopuTa B KHIIBHBIX TENAX.

PatoBkutr sBisieTcs JOBOJIbHO PEAKUM MHUHEPAJIOB, OJHAKO B OTACIbHBIX paﬁOHax HEKOTOPLIC
cTpaTurpaduIeckre TOpU30HTHI 000TaIIEHB ’TUM MHHEPAJIOM.

B TIlpenypamsckoM mporu0be paTOBKUT BCTpEYaeTcs B KAMEHHOYTOJIBHBIX M3BECTHAKAX, KOTOPHIE
aCCOLMMPYIOT C THIICAMU M aHTHApUTaMH. [IpakTHdecKky Bceraa ¢ paTOBKUTOM BCTPEYAIOTCSI BTOPUYHBIC CEKYIIHE
¢umoopuroBsie odpazosanust [3]. [Ipenmonaraercs, 4ro 0Opa3oBaHNe PaTOBKHUTA CBS3aHO C Pa3BUTHEM KapOOHATHO-
9BAIOPUTOBBIX OTJIOKEHUH OCTATOYHBIX MOPEH B YCIIOBHSX apUAHOTO KJIMMAaTta IPH HCIApEeHHH MOPCKOHW BOJIBI U
YBEJIMUYEHNN KOHIEHTpanuu cosieil. Taxke B CBSI3M C PacIpOCTPaHEHHEM PAaTOBKUTA B OONACTSAX CTHIKA KPYITHBIX
reo0JIOKOB MPEJIIOIAraeTcsl TAKKE BO3MOKHOCTD YYaCTHs 9HAOTEHHBIX HCTOYHUKOB (ropa.

Ocob0 mHpoKoe pacnpoCTpaHEHHE pPAaTOBKHTa B CPEIHEKAMEHHOYTOJBHBIX OTJIOXKCHUSX, TJIABHBIM
00pazoM B KalIMPCKOM TOPH30HTE, Pa3BUTHIX B IOTO-3amagHoOld dacTh MOCKOBCKOW CHHEKIW3bl — B BepxHem
ITonomkee u B BepeiickoMm paiione [4].

Ha Bepxnueit Bonre ycraHoBimeHsl KapOOHATHBIE OTJIIOXKEHHS CpEeIHEKAMEHHOYTOJIBHOTO BO3pacTa
(KamupcKuil TOPU30HT), COACp)KAIlMe 3HAYMUTEIBHOE KOJHYECTBO PATOBKHTA, a MEIKHE KpPHUCTAJUIMIECKHE
MIPOSIBIICHUS] MHUHEpaIa OTMEYAIOTCS 3/1€Ch B KAPCKOM TOJIIIE TIOYTH IIOBCEMECTHO [5].

QIr00puTOBAs MUHEPAIM3alKs YCTAaHOBJIEHA B JIOJIOMHTaX CYpaHCKOH CBUTHI HIKHeEro pudes HOxuoro
VYpana [6]. Ilpennosaraercsi BO3MOXXHOCTH 3JIM3HMOHHO-KAaTareHETHYECKOTO (DIF0OpUTOOOpa30BaHUs B CBS3H C
TEKTOHUYECKON aKTHBU3alLUEH B BEHIE.

[lo Bompocy o0 mnpoHcXOXAeHHH (II0OpUTa B OJHMX M TEX M€ OCAIOYHBIX IOpPOJax HMEIOTCS
pa3sHOpeuuBBbIE  BBICKA3bIBAHMs  HUCclefoBaTened.  BbICKa3bIBAalOTCS — CIHEIYIOIUE  OCHOBHBIE  THUIOTE3BI
MIPOMCXOXKAEHHS ocanouHoro ¢uoopura: 1. Qarooput oOpaszoBaics 3a cdeT (ymMapoNbHO-THAPOTEPMATIBHBIX
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MPOLIECCOB, CBA3aHHBIX C BHEAPCHUEM MarMaTH4eCKUX LICJIOYHBIX MOpPOJ; 2. oOpa3oBaHue (IIIOOPHUTA MPOUCXOIAUT
B MOPCKHUX 0OacceifHax OMOXMMHUYECKAM ITyTEM, 3a CUET KU3HEACITSILHOCTH OPraHu3MOB; 3. (iooput odpazoBaics
B pPe3yJibTaTe BTOPUYHOIO MepepacipeiesieHuss U KOHICHTPAIMK (GTOPUIOB, PACCESHHBIX B 0CAJ0YHBIX MOPOaaX; 4.
ocakieHne (IIIOPUTa IPOUCXOIANUT TIPH YCHIXaHUH 3aCOIOHEHHBIX PEJUKTOBBIX OacceitHoB [3-7].

Ha ocHOBaHHM J€TaNbHOTO U3YUYCHHS PATOBKUT-(DIFOOPUTOBOH (hopManny B MPUropoe 30pHHCKA, a TAKKE
aHanM3a NoJA00HBIX MPOSIBICHUN B MHUPE MPEIOJIaracTes IepBOHaYaIbHOE HAKOIUIeHHE (IIF0OpHTA IPOUCXOIUIO B
JlaryHe 3aKpbhITOrO THIA C IOBBIIIEHHOH COJIGHOCTBIO B JKapKOM M CyXOM Kiumare. B mocneayromieM, npu
MIPOXOXJICHUN TUAPOTEPMAIBHBIX PACTBOPOB 4Yepe3 KOHTPOJIMPYIOUIMH CIIOW IMOJ AEHCTBUEM TeMIEpaTyphl H
JIaBJICHUS IPOUCXOIMIIa MOOMIM3aLUs TOpa U €ro NepeoTIOKEHUE B BUJIE (DIIIOOPUTA B JKHIIBHBIX TeJlaX.

BoNbIIMHCTBO — NPOSIBIICHWIT ~ paToOBKMTa  NPUYPOYEHO HMMEHHO K  KallMPCKOMY  TOPH30HTY
CpeHEeKaMEHHOYTOJILHBIX OTIIOKEHHH, YTO MOXKET OBITh CBSI3aHO C IIOOATBHBIM 3apaKCHUEM (PTOpa METKOBOIHBIX
GaccelfHOB TOM MOXH.
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A.A. MACBKOB, 1.B. JECHSK
000 Csemnoe

_ KAPTUPOBAHHUE I'MIPOTEPMAJIBHBIX
N3MEHEHUUPYIHOTI'O ITOJA MECTOPOXKAEHUA CBETJIOE HA
OCHOBE MYJIBTUCIIEKTPAJIBHBIX KOCMOCHHMMKOB

AHHoTanus. BrimonHeHa o06paboTka COBpeMEHHOro crekTpo3oHanbHOro cHumka ASTER nHa miomans
MecTtopoxaeHns Cemioe. Iloka3aHo, 9TO TMAPOTEPMAIbHBIE M3MEHEHHS OTPAaXAroTCd BMOHOKBAPIIEBBIX, KBapIl-
ATYHUT-TIIMHUCTBIX, KBapIL-TUAPOCTIOAUCTBIX M  «KEJIE3WCTBIX» MHHEpaJbHBIX HHJEKcax. Paspaborana
CHEKTpalbHasi MOJENb PYJHOTO MO, KOTOpask MOXKET CIYXHTh OCHOBOW JUIs MOMCKOB 30J0TOTO OPYAEHEHHs Ha
COMpENENbHBIX Y4aCTKaX PYAHOTO MOJIS U BHYTPU HETO.

KiaoueBble  caoBa:MecTopoxiaenne  CBernoe, THAPOTEPMAlbHbIE  M3MEHEHUS,  CIIEKTPaJIbHbIE
KOCMOCHHMKH, MUHEPAIIbHBIE HHIEKCHI

Lenpto pmanHOM paboOTHI SBISUIACH aJanTalys HAKOIUICHHOTO MHPOBOTO OIBITa KapTHPOBAaHUS
THIPOTEPMAIINTOB K YCIOBHSAM3aJePHOBAHHOCTH W 3QJIECEHHOCTH, a TaKke pa3paboTka KOCMOCIEKTPAIbHOMN
MOJIeNH pyIHOTO ToJisi MecTopoxaeHus Ceernoe. Kpome Toro, Ha OCHOBaHHMHM TOJyYE€HHON KOCMOCHEKTPaJIEHOU
MOJIENH ONpeAEIICHbI MONCKOBBIE NMPHU3HAKH 30JI0TOTO OPYJACHEHHUS BHYTPH PYAHOTO MOJS, KOTOPHIE MPHUMEHUMBI
JUTSL MICTIOJTB30BAHMS Ha COMPSKEHHBIX IJIOMIAIAX C aHAJOTMYHOH Ie0J0rmYecKoif 00CTaHOBKOH.

B reonoro-cTpykTypHOM OTHOIIEHHH TEPPUTOPHS pyaHOro moist CBETIOro HAXOAWTCS B Tpenenax
VYIpUHCKOM ByKaHUIECKOH 30HBI OXOTCKO-UYKOTCKOTO BYJIKAHOTUTYTOHHYECKOTO Tosica [1].

B mnpenmenax ydacTka pacnpoCTpaHEHbl HOKPOBHbBIE, CYOBYJKaHWYECKHE HWHTPY3MBHBIE M JIAHKOBBIE
o0OpazoBaHusi pa3HOOOpPa3HOTO COCTaBa, IPHHA/UIEKAIIME aMKMHCKOMY, XETaHHHCKOMY M YPaKCKOMY
BYJIKaHMYECKUM KOMIUIEKCAaM MeEJIOBOTO Bo3pacta. MHTpy3HBHbIE 00pa3oBaHMsl OTHOCSTCS K YPakCKOMY H
XETaHMHCKOMY KOMIUIEKCY. 3aKapTUPOBaHHbIE 3[€Chb KPYTONAQJalollle pa3pbIBHbIE HApPYIIEHHS HMEIOT
IIPEUMYLIECTBEHHO CEBEPO-BOCTOYHOE HAmNpaBlieHHE. YJIbHHCKasMUHEpareHH4Yeckass 30HAa XapaKTepu3yeTcs
NPEUMYILECTBEHHBIM pa3BUTHEM OJIM3 TIOBEPXHOCTHOTO 30JI0TO-cepedpsiHoroopyaeHeHus [ 1-2].
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HccnenyemasiHaMu TUIOLIA(b XapaKTePU3yeTCsl YACTUIHON 3aJIeCEHHOCTHIO M 33JJICPHOBAHHOCTBIO. B Takux
YCIIOBHSX, OCHOBHBIM METOJIOM HCCIIEIOBAHUI MOXET CITY)KUTh METOJ KaHAJIbHBIX oTHOIIeHNH (bandratio).

O0paboTKa, aHaIH3 KOCMOMATEPHAIOB M MOJICITHPOBAHHE T'€OJOTMIECKUX U PYJHBIX CHCTEM BBITIOJIHEHBI B
COOTBETCTBUH C OOILICTIPUHATHIMU METOJMYCCKUMH PEKOMEHIANMSIMHA U MoaxoaaMu. [1ocienoBaTenbHOCTh paboT
BKITFOYaja:l) MOATOTOBKY pPAacTPOBBIX HM300pakeHUi; 2) pacdeT CHEKTPANbHBIX WHACKCOB; 3) WHTEPIPETALHIO
MOJY4EHHOTO MaTepHuara.

Pacuer crekTpaqbHBIX HWHIEKCOB NMPOBOAWICA B reomHpopmarnmonHoi cucreme ArcGIS. Ilo mnomann
06110 paccuuTaHo Oosiee 30 pa3IMYHBIX MOKa3areeil, KOTopble B TajbHEHIIeM OLIEHUBAINCH HA MH()OPMATHBHOCTh
U MHTEPIPETUPOBAIIUCH.

OCHOBHBIMHU 3JIEMEHTAMH MOJYYEHHOH CXEMBI CTPYKTYPHO-METACOMAaTHYECKOI 30HAJIbHOCTH SIBIISIOTCS:
KOJIBIIEBBIE CTPYKTYPHI BTOPOTO M TPETHEro IMOPSJIKOB, YaCTHbIE JHHEAMEHTHI, TeJa BTOPHYHBIX KBApPIHUTOB H
MIPONMIINTOB, YYaCTKU THIIEPTeHHOMIMMOHUTH3AIUH (PUCYHOK 1).
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Pucynok 1 — Cxema CTpyKTypHO-METaCOMATUYECKOHN 30HATBLHOCTH pyAHOTO ToJist CBeTioe (1o JaHHBIM
Jemu(pprupoBaHus KOCMOMATEPHAaIoB): 1—2 — ypakckas CBUTa: 1— aHE3UThI, aH1e310a3aIbThI, UX JaBbl U TY(bI; 2—
JAINTHI, TY(GBI, MTHUIMOPUTHI; 3 — XaKapUHCKas CBUTA, aH1e310a3alIbThl; 4—6 — YpaKCKON AU T-PHOTUTOBBIIH
KOMIUIEKC: 4 — rpaHOAUOPHUT-TIOPGUPHI; S — PUONUTHL; 6 — NaLUTHL; 7 — XakapUHCKHUH 0a3aJIbTOBBII KOMILIEKC,
JalKy ¥ ITOKK aHAe3n0a3ansToB; 8—10 — BTOpHYHBIC KBAPIUTHL: § — MOHOKBAPIIEBHIS; 9 — MPEUMYIIECTBEHHO
KBapIl-aTyHUT-TITUHUCTBIE; 10 — IpEeMMYILECTBEHHO KBApL-TUAPOCIIOIUCTEIE; 11 — MPONMIUTEI XJIOPUTOBEIE; 12 —
Y4aCTKU MHTEHCHBHOM JIMMOHHUTHU3AMH; 13 — KOJIBLEBBIE CTPYKTYPBI BTOPOTO NpsiaKa; 14 — KONbLEBbIE CTPYKTYPHI
TPEThETO MopsiaKa, 15 — paspeiBHEIC HapymieHus; 16 — ygactku padot 3A0 «Ilommmeramm» (1 — Jlrogmmna, 2 —
Tamapa, 3 — Enena, 4 — Jlapuca); 17 — mmomane ydactka FOxHbIi

JIMHEMEHTHI U KOJIBIIEBBIE CTPYKTYPHI ACMN(POBAIUCH B MOHOXPOMATHYECKOM M IIBETHOM OTOOPaKCHUU
KOCMOCHHMKOB 10 XapakTepPHbIM Uil HMX NpH3HaKam. J{Jisl MepBbIX 3TO JIMHEHHbIE HEOJHOPOAHOCTH peibeda,
PACTUTENIFHOCTH, I'PAaHUIBI IIBETAa MOBEPXHOCTH M PA3JIMYHBIE MX B3aMMOOTHOIIEHHUS. 11 BTOPBIX — 3TO Te Xe
HEOJHOPOAHOCTH, HO H30METPHUUECKOT0, KOHIIEHTPUYECKOTO CTPOCHHUS.

KosnbreBsie CcTpykTypel pyaHoro mons CBETIOro OTpaXKaroT MaleOBYIKAHWYECKHE IOCTPONKH M HX
OTJIeJIbHBIC 3JIEMEHTHl. Tak, KojblieBas CTPYKTypa BTOPOro Mopsiika auamerpoM 10 KM ompenenseT MOJIoKeHHe
MAJICOBYIKAaHUYECKONM MOCTPOMKH CO CJIOXKHBIM BHYTPEHHMM CTPOCHHEM, a CTPYKTYphl TPEThEro Hopsaka
YKa3bIBaIOT HA BO3MOKHOE TIOJI0XKEHHUE NATIE0XKEPIL.

JluneameHTh! (PUKCHPYIOT pa3HOHANpPABICHHBIE PA3pbIBHBIE HApYILIEHUs, CPEAM KOTOPHIX MpeoliIamaroT
CEBEpPO-BOCTOYHBIE MPOJIOJIBHBIE, CEBEpO-3alaaHble, CyOMepuAMOHaNbHbIE W cyOmmpoTHele. OCHOBHBIMH
PYJAOKOHTPOJIHUPYIOIUMH pa3IOMaMH MPEACTaBIISIOTCS CEBEPO-3alaJHBIE U CEBEPO-BOCTOYHBIE CTPYKTYpPBI, C
npeo0alaHieM MepBBIX.

[To orobpaxkénnbiMB I'TUC nHIexcaMkaHalbHBIX HAOOPOB OBUIM 3aKapTHUPOBAHBI TPU (ALK BTOPUUHBIX
KBapIMTOB:1) MOHOKBapIeBas;2) TNPEHMYIIECTBEHHO KBapI-adyHUT-TIMHHUCTAs;3) NPEHUMYIIECTBEHHO KBapIl-
THIpOCIIoNCTas. B cocTaBe MpONMIMTOBEIXMETACOMATHTOB NMPEOOIaNalOT CYIIECTBEHHO XJIOPHTOBBIE Pa3HOCTH.
Mopdosorusi MOHOKBapPIIEBBIX TEJ pa3IndHa B IICHTPAITBHON M KPaeBOH YacTAX MalCOBYJIKAaHUIECKOH OCTpoiiku. B
LEHTPAIFHOW YacTH (UKCHPYIOTCS Tella HEeNpaBWIbHOW (GopMBI M ciaabo BBITSHYTHIE (MecTopoxiaeHus Jlapuca,
Enena), torma kak Ha (uaHrax npeobiamaloT JHHEHHBIE CEBEPO-BOCTOYHOTO IMPOCTHPAHHSA (MECTOPOXKICHHS
Jlronmuna, Tamapa). CoBnazieHue reHepaibHOTO IPOCTHPAHUS METACOMATHYECKUX 00pa3oBaHMi ¢ TEKTOHUYECKHMHU
CTPYKTYPaMU CEBEPO-BOCTOUHOIO HANPABICHHSI KOCBEHHO YKA3bIBAIOT HA UX B3aHMOCBSI3b.

VY4acTku BTOPUYHONW JTUMOHHUTU3ALUH, ONPEAEICHHBIE N0 BBICOKMM 3HAUEHUSIM CIEKTPAIbHBIX MHAEKCOB
«Xene3nas nusina» n «TpexBaleHTHOE XKeae30», (PUKCUPYIOT IUIOMAAN OKHCICHUS TNEPBUYHBIX CYIb(UIHBIX
MUHepaioB. [1iomaay okucIeHuss B OCHOBHOM Macce BKIIIOUSHBI B 00JIaCTH Pa3BUTHUI BTOPHYHBIX KBAPIIUTOB.
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IlogBoxs WTOrM OTMETHM, YTO yMEHHE padoTaTb C MYJIbTUCIEKTPATbHBIMIKOCMOCHUMKAMUSBIISIETCS
BECbMa I0JIE3HBIMH, 0€3 NMpeyBeINICHHUs, HE3aMEHUMbIM HHCTPYMEHTOM P T'€0JOTMIECKOM H3YUCHHH OOBEKTa U
MIPOTHO3UPOBAHNH OOHAPY)KCHHS IPOMBIIIICHHBIX MECTOPOXKACHHH. [Ipm HCIONp30BaHMM HM3BECTHBIX METOAMK
00paboTkM KOocMOMaTeprala BO3MOXHO IPOM3BOANTH KAapPTUPOBAHHE JOCTATOYHO OOIIMPHBIX IUIOMAAeH, Io
pe3ynbTaTaM KOTOPOTO ONPENENSATh JIOKAIBHBIC YYaCTKH JUIA ITOCTAHOBKH HA3E€MHBIX IOHCKOBBIX padoT. Takas
JIOKAJIM3aIHs O3BOJIHUT COKPATHTh 00BEMBI (PU3UIECKUX HA3eMHBIX PadoT.

B oTHOmIeHMM 00BEKTa HAIIero WCCIECIOBaHMs, JJISI BCEX HM3BECTHBIX PYIHBIX 30H, PACHOJIOKEHHBIX B
LEHTPAIFHONH M CEBEPHOM YacCTSAX I1aJeOBYJIKAHMYECKOW IMOCTPOMKH PYIHOTO IIOJIS, XapaKTEePHO NPOSBICHUE TEl
BTOPUYHBIX KBapLUTOB MOHOKBapLEBOIO W KBaplLl-aJIyHUT-TJIMHHCTOIO COCTaBOB B ACCOLMAIMM C JIOKaJbHBIMHU
y4JacTKaMHM WHTEHCHBHON JIMMOHHUTH3ALMH.DTH NPU3HAKH MOXKHO paccMaTpHBaTh B KayeCTBE JHCTaHIIMOHHBIX
MIPU3HAKOB BBIACIECHUS SIIHTEPMAaIbHBIX30JI0TO-CEepeOpsIHBIX MecTopoxIeHNni. [oy4eHHbIe 3aKOHOMEPHOCTH MOTYT
OBITh HCIIOJIB30BaHBl COBMECTHO C APYI'MMH MHHEPAarecHMYeCKUMH JIaHHBIMH B KauecTBE IPOTHO3HBIX KPUTEPHEB
MOTEHIIUAIBLHON 30JIOTOHOCHOCTH ILIOIIAIEH.
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E.C. CYPUKOBA, J1.B. AIOHOBA
Hncmumym neghmeeaszosoii eeonocuu u eeopusuxu um. A.A. TpodhumyrxaCubupckoeo omoenenus
Poccuiickoti akademuu nayx, 2. Hosocubupck

BOCCTAHOBJIEHHE DTAIIOB DBOJIIOIIUN ME3030MCKO-
KAMHO30MCKUX OTJOXEHUN 1 CEUCMOT'EQJIOT MYECKHUE
KPUTEPUU 'A3OHOCHOCTH CEHOMAHA JIUISI CEBEPHBIX
PETMOHOB 3AIIAJTHOW CUBUPU

B cratee npuBeneHBl  BBIBICHHBIE ABTOPAMHUCEHCMOTEOJIOTHUECKHE KPUTEPUH  Ta30HOCHOCTH
CEHOMAHCKOTO U amnT-alb0CKOTOpe3epByapoB Ha ceBepe 3amaaHo-CHOUpCKOW TUMTHL. Takke MpUBEICHO
(usnueckoe 000CHOBaHUE BCEX KPUTEPUEB.

KaroueBble cioBa:3anagnas Cubups, Hagpmm-Ilypckoe mMexaypeuse, HeTera30HOCHOCTh,CEHCMUYECKNE
npoduiy, anT-anbd, CEHOMaH, IUHAMHYECKHE XapaKTepHCTHKH CEHCMHYECKOll 3amucH, NpsMble IPU3HAKH
yIJIE€BOAOPOAOB.

B ajgMuHMCTpaTMBHOM IUIaHE paioH paboOT PAacIoNIOKEH B 3allaJHOW M IEHTpalbHON dYacTiax SImano-
Henenkoro aBronomuoro okpyra (SIHAQ).CormacHo cxeme HE(TEra3oreoJIorn4eckoro paioHHpOBaHUsI3ama HO-
Cuobupckoit HI'TI (pen. KonrtopoBuu A.D., 2006 r.) paccmarpuBaeMas B paboTe TEppHUTOPHS paclojoKeHa B
3anajHoN 4acTH Hanpmm-IlypckoitHedrera3oHOCHOM obnactn (HT'O): B Hanpmvckom u
I'yoxmackomuedTerazonocHsIX paifonax (HI'P). Ha atoit Tepputopun B mepuox ¢ 1967 r. mo 2009 r. oTkpsiTo 9
MecTtopokaeHnii. Hambonmee kpymHbie - Mensexne, IOOuneitHoe u SIMcoBelickoe HedTera3oKOHICHCATHBIC
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MHOTOIUTACTOBBIE MECTOPOXKICHHUS, OTKpBITBIe B 1967-1970 TT., SBIAIOTCS YHUKadbHBIMH TIO 3amacaM |
MPUYPOUYEHBI K BBICOKOAMIUINTYAHBIM AHTHUKJIMHAIBHBIM CTPYKTypaM. 3ayie)ku YB Ha 3THX MECTOPOXKICHHAX
CKOHIICHTPUPOBAaHBl B CEHOMaHCKOM mecdaHoM pesepByape I[IK1 (94.4% cymmapueix 3amacoB YB Ha »1mx
MECTOPOXKICHHAX), allT-alIbOCKUX TOPH30HTAX W IMIEIb(POBHIX Miactax Heokoma. Ha KOOmneitHoM MecTopokIeHHN
TaKkKe NPONYKTHBEH OaTckmii ropu3oHT 10, Ha SIMcoBelckoil mUOmanyW MPOMBIIUICHHBIE NPUTOKA HE(PTH
MTOJTyYICHBI 3 aYNMOBCKHX NlecyannkoB [KonTopoBud u np, 1975; Epmmnos u ap., 2003;]. B TekToHHYeCcKOM IIIaHe
[KonTopoBuu u np., 2001] naHHBIE MECTOPOXKAEHHS NMPUYpOUEHBl K MeaBe:KbeMyMe30Baly, BXOIIEMY B COCTaB
Mengsexbe-HyrnHckoro HakJIOHHOTO MeraBaia, FOouneitHoMy 1 SIMCOBEiCKOMY KYITOJIOBUIHBIM ITOJHATHSIM.

Pabora mocBsiiieHa aHAIN3y Te0JIOTHYECKOTO0 CTPOCHUSI M BBISIBIICHUIO CEHCMOICOIOTHUECKUX KPUTEPHUEB
ra30HOCHOCTH aNT-aJib0-ceHOMaHCKuX omioxkeHnit Haneim-Ilypckoro Mexaypeubsi, BBIIOJHEHHOMY Ha 0ase
KOMIUIEKCHOM MHTepIperanuu ceiicMopa3Beqounbsix MarepuanoB (10860 km ceiicmopassenka MOI'T), TC (85
CKB&)XUH) ¥ TIIyOoKoro OypeHus (256 cKBaXHH).

BrimonHeHa KoppensAmMs OCHOBHBIX — OTpaxaommx ropm3oHTOB (OI')Me3030iicko-KalfHO30HCKOTO
0CaIO0YHOTO YeXJa HCCIeAyeMOr TeppuTOprH: A (IIOJOIIBa OCAZOYHOTO Yexia), 1tmp (KpoBis TaMIIeHCKOHW cepun
TpHuaca), b (kpoBmst 0akeHOBCKOH CBUTHI, BOJDKCKHN Apyc), M (HEHTHHCKas MAavyKaTaHOIMYMHCKOW CBHTHI, amT), [’
(xy3HemoBcKast CcBUTA, TypoH), C (TaHBKMHCKas CBUTA, KpoBii Mena). OmmncaHHBIE CeHCMHUYECKHEe perepsl
NPUYPOUEHbl K TJIMHUCTBIM MadkaMm - (QIIIOHI0yrnopaM, OOJaJarolliM aHOMAIbHO HHU3KHMH OTHOCHUTEIHHO
BMEIIAIONINX MTOPOJ] AKYCTHIECKIMHU XapaKTEePHCTHUKAMU; TTOJTyIHIIN Pa3BUTHE HA OTPOMHON TeppUTOpUH OacceliHa,
XapaKTepU3yIOTCSl BBIACPKAHHBIMU ~ TONIIMHAMHK, HMEIOT MOPCKOH TeHe3nc W (HOPMHPOBAINCH B DIIOXH
PETHOHAJBHBIX TPAHCTPECCHI B  YCIOBUSIX CHHUBEIMpPOBaHHOIO peibeda.Hamnume B paspese pemnepHbIX
OTpaXXaroUIMX TOPU30HTOB TIO3BOJIAET pPAa3JeUTh ME3030ICKO-KalHO30MCKUN OCaJO4yHBbIM uexonl Ha 5
ceficMOreoIorHuecKuX METaKOMILJIEKCOB, KOTOpBIE o o0beMy COOTBETCTBYIOT OCHOBHBIM
HeTera3onepcreKTUBHBIM ~ OCaJOYHBIM  METaKOMIUIEKCaM: TpUac-IOpCKUil, Oeppuac-HIKHEANTCKUH, anT-
CEHOMAaHCKUH, TypOH-MaaCTPUXTCKUN U KaHHO30MCKUIMA.

CTpyKTYpHBIH M HaJECOCTPYKTYpHBIM aHalu3, NPOBEACHHBIA MO CTPYKTypHbIM kKaptam OI' m kapram
TOJIIMH CEHCMOKOMIIIEKCOB IO3BOJMI M3YYHUTh I'€0JOTHYECKOE CTPOSHHE M MCTOPHIO TEKTOHHMYECKOTO Pa3BUTHUS
TEppPUTOPHH. 3aTeM ObLT MPOBE/ICH aHAHM3 IUIOTHOCTEH M CKOPOCTEH pacipoCTPaHEHHUs IPOJOIBHBIX CEHCMUUECKIX
BOJIH B BOJIOHACBHIIICHHBIX M Ta30HACBHIIICHHHBIX ME€CYaHHWKAaX; MOCTPOCHHE JBYMEPHBIX JHUTOJIOTO-aKyCTHUECKHX
pa3pe3oB  anT-aIb0-CCHOMAHCKHX OTJIOKEHHWH C y4eToM (WIIOMIOHACHIIIEHHUS KOJJIEKTOPOB, MaTeMaTHUECKOe
MOJICIMPOBAaHNE BOJHOBBIX IOJEH, pacdeT JBYMEPHBIX CHHTETHYECKMX BPEMEHHBIX pa3pe30B, COIOCTABICHHE
peasbHBIX (I0JIEBBIX) U CHHTETHUECKUX BOJHOBBIX TOJEH.

B pesynbrate mnponenaHHOW paOOThl OBUTM YCTaHOBIEHBI CEHCMOIE€OJIOTMYECKUE KPUTEPUU HAIUYUS
ra30BbIX 3aJIE)KEH B CCHOMAHeE:

1. Hammume OI, npuypoueHHOro K Ta3oBojasHOMY KoHTakTy (I'BK), mom BBICOKOAMILIUTYAHOM
MOJIOKUTEIBbHOM CTPYKTYPOU.

2. Hanuume 30H yBenuueHus 3HadeHuid AT Mexny oTpaxkaromuMmu ropuzoHTamMu M u I, xotopble
NIPUYPOUYEHBI K KPOBJE M IOJIOIIBE anT-ajJb0-CEHOMAHCKOTO CEHCMOTeOJOTHYECKOr0 MErakOMIUIEKCa, B IIIaHE
OTBEYAIOIINM BBICOKOAMIUIUTYIHBIM CTPYKTYpaM.

3. Hammume 30H NOHM)XEHHBIX AMIUIMTYJ OTpPAXKAIOIIEro TOPW30HTa [, NPHYpOYEHHOTO K KpOBIE
pe3epByapa, B INIaHE OTBEYAIOLINM CEHOMAaHCKUM 3aJIeXKaM yTIIeBOJOPO/IOB.

O060cHOBaHME TIEPBOTO KPUTEPHSL.

Hammaune OI, xontponmpyromero I'BK, Ha nccnemyemoit teppuropuu otMmedaercs Ha FOOuieldHOM U
SIMcoBeiickoM MecTOpOXKAEHUSX, npociexkuBaercs Ol KBa3UTOPHU30HTAIBHO WIIM UMEET BBITYKIYIO BHI3 GopMy.

Hammuane otpaxkaromero ropuszonta Ha ypoBHe ['BK cBuaerenbcTByeT O TOM, YTO Ha 3TOH TpaHHIE
TIPOUCXOUT TEpemnal aKyCTHUECKUX KECTKOCTel opol. [Ipu 3ToM oTpaxkaronuii TOpU30HT, GOPMUPYIOIIUICS HA
I'BK He M30XpOHEH U «pacceKaeT» B Mpelenax CTPYKTYpbl Pa3HOBO3PACTHBIC IUIACTHI, BXOMSIINE B COCTaB
ropuzonra I[1K;.

AHanu3 JHUTOJOT0-aKyCTHYECKUX Pa3pe30B CKBAXHH II0Ka3aJl YMEHBIICHHE B Ta30HACHIIIEHHOW 4YacTh
paspes3a CKOpOCTEil pacHpoCTpaHEHHUs! MPOAOJIBHBIX celicMudeckux BosH Ha 20% u muiotHocted Ha 10-15%, uTo
IMIPUBOJAUT K Nepenajgy akyctudeckux xkectkocredl Ha ['BKHa 30%, uTo comocTaBUMO C mepenajgoM aKyCTHYECKHX
KECTKOCTell Ha Oa)kKeHOBCKOH CBHTE, Ha KOTOpOW (opMupyeTcss HambOojiee IHEPreTHYECKH BBIPAKECHHBIH B
3amaguoit Cubupu orpakarommii ropusont b (II'). Takum 06pa3oM, CHHXPOHHOE YMEHbIIEHHE CKOPOCTEH u
IJIOTHOCTEW ra30HACHIIIEHHON 4acTU pa3pe3a NPUBOJUT K PE3KOMY Ilepenany akycTudeckux kectkocred Ha I'BK u
ABJISIETCS IPUIUHON (POPMHUPOBAHUS HA ITOM TpaHUIEe HHTEHCUBHOH OTPa)KEHHOW BOJHEI.

O60ocHOBaHIE BTOPOTO KPUTEPHSL.

ITockodbpKy Ta30HACHIIIEHHBIE HWHTEPBAJIBl CEHOMAHCKOTO pa3pe3a XapaKTepu3yeTcs MNOHMKEHHBIMHU
CKOPOCTSAMH PaCHpPOCTPAHEHUS MPOJOIBHBIX CEHCMHYECKUX BOJIH, TO NMPH JOCTATOYHO OOJIBIION BBICOTE 3ayIeken
9TOT (¢akTop, OyaeT NPUBOAUTE K YBEIWYCHHWIO BpeMeHHOH womHoctH (AT) ant-aap0-CeHOMaHCKOTO
CeIiCMOTe0JIOTHUECKOTO0 MEraKOMIUIEKCa, BKIIOUAIOIIEro 3anekb. VIMEeHHO Takas cuTyalus HMEeT MECTO Ha
HCCIIeyEMOI TEpPUTOPHUU.

Amnanu3z xaptsl 3HaueHNH AT Mexay oTpakaromuMu ropu3oHTaMu M u I mo3BOJISET cenaTh BBIBOJ TOM,
YTO B IUIAaHE KOHTYpaM CEHOMAHCKHX 3aJIe)Kei OTBe4aroT 30HbI yBeandeHHbIX 3HaueHnd AT(M-I'). Ilpuuem, 30HbI
yBenn4eHHbIX 3HaueHnil AT yetko ¢ukcupyrotes kak Ha SIMcoBeiickom n FOOuneiiHOM MeCTOpOKAEHUAX, TAe Ha
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BPEMEHHBIX pPa3pe3ax HaJCKHO OTOMBAIOTCS OTpPakKalOIIME TOPU3OHTHI, mHpuypoueHHsle Kk I'BK, tak u Ha
MenBexbeM MECTOPOKACHHH, TAE 3TOT TOPU30HT OTCYTCTBYET.

O00CHOBaHNE TPETLETO KPUTEPHSL.

YMeHblUIEHHE IUIOTHOCTEH M CKOPOCTEM NPUBOAUT K IOHMKEHUIO AKYCTUYECKOM >KECTKOCTH BCETO
Ta30HACHIIIEHHOTO CJI0S U, KaK CIEJICTBHE, K U3MEHEHHIO KO3()(hUIIMEHTOB OTpakeHHsI HE TOJIBKO HA €r0 IOJOIIBE,
HO ¥ Ha €0 KPOBJIE — Ha TPAHUIIE MEXK Iy Ky3HEIIOBCKUM(IIONIOYOPOM 1 ceHOMaHCKUM ropu3onToMm [1K;.

Otpakaronuii TOpU30HT [, KOHTPOJMPYIOIIUHA KpPOBIIO CEHOMaHa, (OPMHUpPYETCS Ha IOJOLIBE IJINH
KY3HELOBCKOW CBUTBHI, CKOPOCTH PACIPOCTPAHEHUSI HPOJOJIBHBIX CEHCMHYECKHX BOJIH B KOTOPOH COCTaBIISIOT
nopsiaka 2000 m/c. TTockonbKy B ra30HACHINIEHHOH TOJIIE aKyCTHYECKasl )KECTKOCTh MaJaeT, TO B 30HE Pa3BUTHUS
3aJeKH Ha TpaHulie (IIOHI0YNOp-pe3epByap IMPOUCXOAUT YMEHbIIEHHE KOd(D(UIMEHTa OTpaKEHUS M, Kak
CJIE/ICTBHE, SHEPTUHU OTpaKeHHOW BoJHBL. Ha rpanunie «ky3HenoBckas cBuTa-ropu3oHT I1K;» Haa ra3oBoi 3as1exbi0
ko3(unment orpaxenus cocrasiser 0.19, 3a ee npenenamu — 0.25. TlonydeHHble MaTepHaNbl CBUIETENECTBYIOT O
TOM, YTO 30HBI IOHM>KEHHBIX 9HEPTUH MPAKTHIECKU ITOTHOCTHIO TIOBTOPSIOT OUEPTAHUS 3aTIEKEH.

Xapakrepuctukaant-ansockux 3anexkeit Hagpmm-Ilypckoro wmexnypeusbss TpHBeIeHa Ha IpuUMepe
IOGuneitHOrO MECTOPOXKICHNUS, HA KOTOPOM HapsALy ¢ CCHOMaHOM IPOAYKTHBEH anTcKuii mecyansiii ract [1K18. B
pe3ynpTaTe TpPOACTaHHOW paboOTHl  yCTAaHOBJIGHO, YTO 3HAYUTENbHBIE 1O TommuHe (Oomee 15 M)
ra30HACHIICHHBICANT-AIbOCKHE MECYaHUKH OTOOpakaloTCI HAa BPEMEHHBIX pa3pe3ax MONO0KHUTEIbHBIMHU
AHOMAIMSIMH aMIUTUTYTHBIX XapaKTEPUCTUK CEHCMHYECKOW 3aIucH, MOJYYMBIIMMH Ha3zBaHHEe 3(dekra «ipkoro
TISITHAY.

HpOBeﬂeHHLIﬁ aHaJIn3 ToKa3ajl, YTO Ha KPOBJIC U IOJOIIBE aHT-aJ'H)6CKI/IXFaSOHaCLIHleHHI)IX IICCUaHHUKOB
MIPOMUCXOJAT CKaYKU aKyCTHYECKUX JKECTKOCTEeH - ()OHOBBIC 3HAUCHMsI CKOPOCTEH B anT-ajlbOCKOIM 4acTH paspesa
cocrapisior nopsiika 3000 m/c, B razoHachleHHBIX necyanukax 2700-2800 m/c. PesynbraThl MaTeMaTn4eckoro
MO/JICTIMPOBAHMS BOJIHOBBIX IM0JIEH MOKa3ald, 4TO B Cliy4yae, KOIJa MOIIHOCTh 00J1aJaloIiero aHoMalibHO -HU3KUMHU
aKyCTHIECKUMH XapaKTEePHUCTUKAMHU Ta30HACKHIIICHHOTO MEeCUYaHNKa COCTaBIAeT 25-30 M MPOUCXOANUT PE30HAHCHOE
CYMMHpPOBaHHE BOJH OT €r0 KPOBJIM M TOJOLIBBEI — BTOpas (ha3a BOJHBI OT KPOBIM CHH(A3HO CyMMHpYETCs C
nepBoii (ha30i BOJIHBI OT IOJOIIBBEL, YTO NPHBOAUT K YBEIMUCHUIO SHEPIHMH WHTEP(EPEHINOHHOTO CHTHANIA M
MOPOXKIAET Ha BPEMEHHBIX pa3pe3ax (Y (EeKT «IPKOTo MATHAY.

HccrnenoBanne BHIONHEHO Mpu (hrHAHCOBON moaaepkke PODU B pamkax HaygHoro mpoekTa Ne 18-35-
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KOMIUTEKCHOE OCBOEHHE MECTOPOK/JIEHHH TBEPIBIX
TMOJTE3HBIX HCKOITAEMBIX H BE30ITACHOCTB TOPHOI O
ITPOH3BOJICTBA

ANDREAS DABORER
Chair of Mining Engineering and Mineral Economics, Montanuniversitaet Leoben

KEY ROCK MECHANICS ISSUES IN THE DESIGN OF A DEEP
SUBLEVEL STOPING OPERATION SITUATED IN DIFFICULT ALPINE
ROCK MASS CONDITIONS

Abstract
The alpine region underwent several mountain-building processes in its history, resulting in a quite
complex geological mining environment. On the one hand rock mass properties, especially the structural geological
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features, vary over short distances; in some circumstances also within in the range of 10m. On the other hand the
primary stress field is disturbed as a result of the tectonic activity and therefore it is not an easy task to determine it.
Besides the mentioned issues large scale faults and shear bands occur regularly and the deposit geometries show in
general a high grade of complexity. Under these rock mechanical challenging conditions it is planned to extract a
mineral deposit at great depths by means of sublevel stoping. The article deals with some rock mechanical aspects in
the design of the sublevel stoping operation.

Introduction The mineral deposit has unregular extensions in all three dimensions varying between of 10m
to some hundred meters. Its dip is about 15-30° and the overburden of the designed sublevel stoping operation is
about 1000m. A special feature of the deposit is its surrounding shale body, which has a thickness between 40 and
100m and Limestones form the hanging- and footwall beyond the shale body. Compared to the rock mass properties
of the deposit as well as the limestones the shale can be considered as being very soft. For this reason the deposit
acts like a rigid inclusion and attracts primary stresses. The result is a higher primary stress state acting inside the
deposit than it would be expected due to the depth. To determine the primary stress increase in the deposit 2-
dimensional numerical simulations with FLAC are used. The model consists of two ellipses, which represent a
vertical cross-section of the deposit and the shale, and it takes into account the effect of the rigid inclusion by
increasing the Youngs-modulus and decreasing the Poisson-ratio of the deposit compared to the surrounding
limestones. Moreover the Youngs-modulus of the shale is decreased and its Poisson-ratio is increased to account for
the shales lower stiffness. The primary stress state in the limestones is estimated by means of depth and density with
a ratio of the horizontal to vertical primary stresses of 1. For this reason the model is loaded on all sides with a stress
of 25MPa. The results of the numerical simulations show that the stresses inside the deposit increase to roughly
28MPa due to its higher stiffness. Accordingly primary stresses of 28MPa are used in the planning of the mining
layout. Besides the increased stresses the geological structure of the deposit has to be considered. In general there
are no preferred discontinuity directions present on a local scale and the spacing is in the range of decimeters. For
this reason it is difficult to adopt the rock mechanical planning on the small scale discontinuities. However, several
large scale discontinuities, whose extend is at least 10m, cut through the deposit. They can be divided into two
different types. The first are so called shear zones, which occur every 40m to 60m in a north-south direction dipping
more or less vertical with a thickness of about 1m. The rock is thinly layered and can be scratched out by hand. In
Figure 1 their strike and dip range is represented by means of the blue lines in the Schmidt-circle projection. The
second type are bedding planes. They are flat lying with a dipping angle of approximatively 25°, about half a meter
thick and they occur every 20m in vertical direction. The dip direction is about 145°, compare Figure 1 (red lines).
The rock conditions in those bedding planes are comparable to those encountered in the shear zones.

Figare | Ocnlativz of paelap aaleos and sluza

Mining sequence and regional stress distributions

The deposit is divided into different mining blocks with a plan view size of 100m width x 150m length and
each block has several levels. The idea of mining the deposit is to achieve an extraction ratio greater than 85%
inside the mining blocks whilst leaving a barrier pillar between neighboring mining blocks behind. Mining
will be started at the top sublevel and will be continued downwards; compare Figure 2. The top level will be mined
in a primary-secondary sequence. First a top and bottom drift are developed (1) and the sill pillar between will be
blasted on the retreat (2). Afterwards the mined out stope is backfilled with paste fill. The next primary stope is
extracted at a distance of 20m (4a&b, 5). This stope will be backfilled only to the bottom of the head entry (4b), so
an access is still available to backfill the secondary stope. Later on a secondary stope is used to extract the 20m-
pillar between the primary stopes. Therefore only a bottom drift is developed (5) and the stope will be mined out
with fan drilling and blasting on the retreat (7a). In order to prohibit a contamination of the ore with backfill from
primary stopes a small pillar will be left in place. These small pillars have nearly no stiffness anymore and will not
take significant loads anymore. The previously described mining sequence is also applied to extract the remaining
stopes in the first sublevel.
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Figure 2: Schematic mining sequence

After the first block is mined out, there is a distressed zone present around it. Figure 3 gives a schematic
overview. The extend of this zone is determined with two-dimensional numerical simulations in FLAC: The
distressing effect is present up to vertical distance of 80m and in a distance of 40m to 50m below in the middle of
the mined out block, the occurring stresses are about half of the primary stresses. Determining the extend of the
stress shadows is important for the success of the mining method, because the stope drifts in the next level are
developed in the distressed zone and therefore protected against the high stresses. An additional advantage is that
there is no compulsion to comply with the geometric arrangements or dimensions of the upper level, as long as the
distressed zone won't be left. This implies that the mining operation can be done like in the first layer, but it is not
mandatory as it is shown in Figure 2. In case of the investigated mine only bottom drifts will be used to mine the
stopes in the secondary and tertiary sublevel and backfilling will be done through a piped borehole drilled into the
stope out of a neighboring bottom drift; compare Figure 2. Moreover, applying a downward mining sequence has
the advantage, that there are no remnant pillars present compared to upward mining sequence, when an old, mined
out mining block is approached. So there is no loss of ore in such a safety sill pillar.

Figure 3: Schematic distressed zone around
stopes

Risk of local roof failure

The risk of a local roof failure in the first sublevel is of great importance for the safety of the mining
operation. In case of this particular mine it is especially important because the shale protects the deposit from the
water-bearing limestone formations. If a breakthrough through the shale occurs, the water of the overlying limestone
formations would flood the mine. For this reason a roof failure must not occur. The situation is most critical during
the extraction of the secondary stopes. To assess the consequences of a roof failure a simple model, which takes the
angle of breakage, the swelling factor as well as the geometry into account, is used. The results show that a height of
loosing of more than 50m can occur and therefore a breakthrough to the hangingwall limestones is possible. As a
result heavy roof support, which can limit the break up height effectively, must be installed in the top drifts of the
first sublevel. Therefore in the first step when the head entry of the primary sequence is done, long cable bolts will
be installed. They will be drilled with the shape of a fan and will have a length of up to 50m. The cable bolt fans of
two neighboring top drifts must overlap each other. Additionally grouted bolts will be used to control the local roof;
compare Figure 2.

Stope orientation

Another important point is the orientation of the pillars and stopes. Basically the stopes must be oriented in
such a way, that there is no activation of the large shear zones possible and that the pillars in the first sublevel are
not cut through by the shear zones or bedding planes completely. To have an optimal angle between the shear zones,
the bedding planes and the stopes, the axis of the stopes should be oriented between 110° and 150°; compare Figure
1. Between these angles no long intersection between the stopes and the shear zones or bedding planes occurs and
the activation of a shear zone is very unlikely.

Conclusions

Deposits located in the alpine region underwent several mountain building processes. Correspondingly, the
geology and rock mass conditions are heavily influenced by tectonic activities. As a result rock mechanical
engineers must take especially care of a disturbed primary stress field, disturbed and average to low quality rock
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mass conditions and changing conditions over short distances. Some of the influences of those parameters on the
geotechnical mine planning process are shown by means of a deep sublevel stoping operation in the alpine region.

BENEDIKT GRAFINGHOLT
TH Georg Agricola University, Germany

PRE-COLUMBIAN MINING IN SOUTHERN PERU: AN
INTRODUCTION

Introduction
For more than 12000 years the people in the Andes mined the resources of their surroundings.® and were
irreversibly associated with mining..* The world’s largest copper (El Teniente, Northern Chile). °, silver (Potosi,
Bolivia) and tin (Llallagua, Bolivia) deposits. ® and one of the greatest gold deposits (Yanacocha, Peru) in the world
are still located in the Andes.’. “In the most general sense mining can be regarded as extension of the search for
natural materials that could be used for the fabrication of tools and weapons or as ornaments.”. ® The desire and
search for raw materials let to the evolution of a mining tradition in the Andes that used methods which allowed the
pre-Columbian miners to extract ores and other resources such as obsidian and minerals with highly specialized
tools that were produced using locally available resources, like stone and bone. . °

This paper deals with the long-lasting tradition of mining in southern Peru and explains the origin of this
tradition. A combination of mining archaeological methods . ° and modern geochemical analysis was used to discuss
the question of how resource production was organized by the pre-Columbian cultures of southern Peru and northern
Chile and to answer the question concerning the beginning of pre-Columbian mining and raw material consumption
patterns in the research area. In order to address this question a pre-Columbian mining district in the Palpa region
(Fig. 1) is presented to reconstruct the duration of mining in the region and clearly identify the cultures involved in
mining. By means of geochemical analysis resources mainly mined in the region were defined and exchange
networks of locally produced ores and artifacts were identified.

Fig. 1 Nasca Palpa Region
In the past, as Shimada/Craig outlined, archaeologists have concentrated their research on high-value
artifacts that emerged during the Conquista and in later unorganized excavations and grave robbing activities with
no contextual information. Due to the focus on precious artefacts the reconstruction of the technological process
(chaine d’operatoire) was concentrated on the final stage. The completely multi-phase production process was never
really accepted as worth investigating.. * Resulting in the fact that previous generations of researchers never asked
and tried to answer the question were the raw materials for those — in most cases — looted artefacts came from. An

® Salazar et al. 2011a; Salazar, Salinas et al. 2013;

# Shimada 2013, 335

® Maksaev et al. 2004, 16

® Sillitoe 2004, 1

" Gustafson et al. 2004, 259f

8 Weisgerber/Pernicka 1995, 3

® Petersen/Brooks 2010, 36; Figueroa et al. 2013; Salazar et al. 2011a
10 Stsllner 2015

™ Shimada/Craig 2013, 3f
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explanation may be that they were so overwhelmed by the richness of noble metals that were used by the pre-
Columbian cultures in South America to produce such marvelous artworks. . 2

Pre-Columbian Mining in Peru

“In contrast to the northern coast of Peru and also to the central Andean Altiplano, southern Peru was
never a focal area of metallurgical inventions or innovations. B

Nonetheless, different research groups have so far successfully documented pre-Columbian mining
activities in Southern Peru. Eerkens et al. assumed that pre-Columbian mining was conducted on several pre-Inca
sites in the Nasca region." Stéllner™ and later Stéllner et al. prepared the ground for the study presented by the
author with a comprehensive survey of the mining activities in the Palpa area and successfully pinpointed pre-
Columbian extraction zones.*®

The mining and extraction of pigments and minerals most likely let to the discovery of the auriferous
pyrite-quartz-carbonate veins of the Nazca-Ocoiia belt."” These minerals — apart from being used for metallurgical
process — were also frequently used for the polychrome ceramic of the Nasca culture as pre-fire slip-pigment paint.*®

YEARS FERIODS CULTURES PFHASES  CERAMICSTYLE RAW MATERIALS
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Fig. 2 Chronology of the Nasca Palpa Region (Unkel et al. 2012 modified Griifingholt)

Additional proof of this assumption can be found in the Nasca-Palpa area and Ica region. With the rise of
the Paracas culture in southern Peru copper metallurgy and with it gold and copper mining was present in the
region.” Though the Paracas culture was directly influenced by the Chavin horizon that was manifested in an
iconographic style that adopted elements of the Chavin iconographic on textiles and ceramics®, a reimport of at
least the knowledge of copper metallurgy and mining into the Chavin culture seems quite logical. It is a fact that
from the end of the Chavin horizon and the beginning of the Early Intermediate Period copper became the

2 S4enz Samper/Martinon-Torres 2011, 245

B Stoliner et al. 2013, 108

14 Eerkens et al. 2009

15 Stllner 2009

16 St5liner 2009; Stoliner 2011; Stdllner et al. 2013; Reindel et al. 2013

7 Sjllitoe 2004, 9

%8 \aughn et al. 2005, 142

1 Stsliner 2009; Stdliner et al. 2013, Reindel et al. 2013, Van Gijesghem et al. 2013
2 Reindel 2011, 170
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dominzalting metal in the Andean region. All further developments in smelting and alloying techniques relied on this
metal.

So far it has not been possible to document ancient gold mining in the Andes. An often-proposed
assumption is that the pre-Columbian miners extracted the gold from alluvial gold deposits and did not actually
exploit gold from mines.”

The archaeological research in southern Peru has reconstructed the metallurgical development in the Nasca-
Palpa region as a three-stage process. This process staggered over time with the development of metallurgy in the
Americas as described above. At first thin gold plates were produced during the Paracas culture whereby this
tradition of gold working was handed down to the Nasca culture and then to the Middle Horizon. During the Early
Intermediate Period native copper was used on a regular basis,”* but it can be assumed that the foundation for the
copper metallurgy in the Nasca-Palpa area was already laid during the Paracas culture parallel to the introduction of
the gold metallurgy.* This copper metallurgical tradition evolved cross-cultural over the centuries to the mastering
of binary and trinary copper-arsenic alloys during the Middle Horizon.” It is obvious that the raw materials for the
described metallurgical processes had to be mined somewhere by the inhabitants of the Nasca-Palpa region. The
local gold deposits in the Nasca-Palpa area probably attracted the attention of the early inhabitants of the region.
According to a recent analysis of gold ores from the Viscas and Acari valley it seems most likely that these quartz-
gold veins were exploited and the extracted ores were then used to produce Paracas and Nasca gold object.”® This
corresponds with the results presented earlier by Stollner et al.”” which indicate that the people who inhabited the
Nasca-Palpa region extracted the raw materials they needed from the polymetallic veins which were opened up by
the quebradas of the rivers in the research area. (Fig. 2)

Mollague Grande — a pre-columbian Gold mine

The site Mollaque Grande has an important characteristic for pre-Columbian mining activities: small adits
that follow mineralization. (Fig. 3) Peterson has perfectly described were to look for ancient mines as he states that:
“the ancient miner usually worked the softer rocks such as sandstone, lutites, and slates and rarely worked the
igneous and metamorphic rocks. Wear on the mining tools was especially great in gravelly units. As a consequence
of these limitations, the ancient miner typically opened many adits instead of opening a single deep adit. This is why
numerous small mines are found on the slopes '_of)D;eS(;uelga, Nevado lllimani, and Micuipampa.”*®

R

Fig. 3 Mollaque Grande — Small adits that follow the mineralization. (Foto: Stollner)

This description of an ancient mining site is a reflection of the situation that was documented on the site of
Mollague Grande in the Nasca-Palpa area where the archaeological context revealed that this site was obviously
intensively mined in pre-Columbian times.”

The site was continuously occupied from Early Paracas (840 500 cal. BC) to Late Paracas (380-260 cal.
BC). Apart from Mollaque Grande only the sites Mollague Chico and Pernil Alto.* have had an occupation history
that reached thus far back in time.

Rather exceptional for the Paracas culture is the combination of a working and processing place with a
settlement at the slopes of the hill®! - there had to be a reason why people settled so far away from the river. In
addition, the documented shells and obsidian projectile points indicate that the people who dwelled at this site were
being supplied in the best possible way. Additionally the lithic material that was found during excavation conducted
on the site further supports the assumption that ores were processed on this site and that the people exploited the rich
mineral resources of the mineralization zone they were living next to already during Early Paracas. This proves the

2| echtman 1991, 17

2 Séaenz-Samper/Martinén-Torres 2011, 246

2 Castro de la Mata Guerra Garcia/Vellarde Dellepiane 2013, 12
2 Schlosser et al. 2009, 430

% Castro de la Mata Guerra Garcia/Vellarde Dellepiane 2013, 12
% Schlosser et al. 2009, 432

2 St5llner et al. 2013
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® personal communication with Johny Isla at the site, 2014.
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statement formulated by Stollner et al. that: “in all cases permanent ancient settlements were situated nearby or
even in short, easy reachable distances from the mines!”.* The incomplete mining tool (5502_15) documented in
Layer C Rasgo 5502 demonstrates that mining was conducted on the site and that in the course of the mining
operations tools broke and had to be replaced. Though only a small proportion of the site was investigated, the
excavated seashells from Layer A Rasgo 5000 and Layer C Rasgo 5502 as well as the crab claw from the same layer
prove that the inhabitants of this site had access to maritime seafood and were supplied on a regular basis.

Conclusion
The archaeological investigation and excavations conducted in the pre-Columbian mining districts of Mollaque
Grande have demonstrated that the inhabitants of the Nasca-Palpa area who settled in the region from the Archaic
onward. * were aware of the rich polymetallic ores embedded on the flanks of the quebradas. The site Mollaque
Grande is extremely important for the pre-Columbian mining archaeological research as it offers an insight into an
early stage of mining and the organization of labor in a mining settlement during the whole span of the Paracas
culture.
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RESULTS OF CERTAIN STUDIES ON QUALITY INDEXES
OF IRON ORE OF TAYANNUUR MINE

Summary:

18-25 percent of mining operations’ total costs in following iron ore mining accounts for drilling and
blasting costs. Hence, the study analyzes the relationship between the geometrical and qualitative characteristics,
and does research in geological situations when mining operation is being produced at +1950 level.

Introduction

The Tayannuur iron ore is able to be a largest representative iron ore in Mongolia through 90 million tons
of reserves. The annual mining capacity is 5 million tons of iron ore and a total of 10 million m3 of rock mass
operation is made.
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The iron ore can be on the average line of Mongolian iron ores with 45% of iron content, 0.01-0.86% of
mineral content, 69% of metal recovery and 20% of tailings content. That means the iron ore have average
characteristics of Mongolian all similar ores.

While steel consumption in the world is growing, iron ore exports in Mongolia could not have been stable
in recent years. Thus it has to be saved on the entire mine production process and reduce cost of its products as well
as improving quality management system even further. The blasting work takes large part in the mining operation; it
is advisable to investigate scientifically what is the relation between the geological and geometric factors.

Furthermore, an important issue is to investigate the dependence between the quality characteristics of the
ore and to do scientifically research the possibility of providing pre-information during planning phase of blasting
operation using the derived mathematical models.

During the mine exploration work or estimation of resource, when defining the boundaries of the ore’s
body, results of observation of prospect route along the line, prospect route between lines, surface magnetic
mapping and result of drilling by 22 search line 134 pipes (26840ton/meter drilling) have been used. But during
mining usage this can differ around 20%-40%.

Moreover, the results of the drilling work and wall advancement should be evaluated with first prospect
drilling results in order to analyze correlation among ore quality characteristics. Furthermore, research work has
practical importance of reducing amount of explosives, reducing cost of operation, and improving planning of
mining operation.

The Tayannuur iron deposit has the most technologically favorable condition for exploitation. The ore body
extends on surface and underground without interruption, the content is uniformly distributed. Magnetite makes up
65-70 percent of ore body. Amount of harmful elements (Sulfur -S, Phosphorus - P) are below permissible level.
When concentrated by magnetic separator; 60%-65% /at rare 70%/ dressed ore can be made.

Using the result of average mineral content of iron ore produced at +1950 levels in ALS and GSTT
laboratories, statistical analysis has been made and average content is shown in Table 1.

The average content of iron ore minerals at +1950 levels at Tayannuur mine.

Table 1.

Average Average Average
Ne Mineral content Ne Mineral content Ne Mineral content
1 | AI203 (%) 6.42 11 MgO (%) 1.99 21 TiO2 (%) 0.49
2 As (%) 0.001 12 Mn (%) 0.36 22 V (%) 0.01
3 Ba (%) 0.01 13 Na20 (%) 0.37 23 V205 (%) 0.016
4 Ca0 (%) 8.72 14 Ni (%) 0.01 24 Zn (%) 0.03
5 CL (%) 0.41 15 P (%) 0.097 25 Zr (%) 0.01
6 Co (%) 0.008 16 Pb (%) 0.005 26 LOI 1000% 0.15
7 Cr (%) 0.0075 17 S (%) 0.50 27 Fe(%)01 36.57
8 Cu (%) 0.027 18 Si02 (%) 23.78 28 SG 3.98

Certain results of Tayannuur laboratory are shown in table 2, within framework of research work for
defining density of iron ore at +1950 level
Determining density of iron ore

Table 2.

Block number Density Block number Density

g/mass g/sm® g/mass g/sm®
1950-fe-001-1 852 3.887 1950-fe-006-6 622 3.887
1950-fe-002-2 609 3.805 1950-fe-007-7 598 3.737
1950-fe-003-3 725 3.778 1960-fe-018-8 600 3.753
1950-fe-004-4 619 3.869 1960-fe-019-9 614 3.839
1950-fe-005-5 633 3.957 1960-fe-020-10 619 3.866
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One type of mathematic-statistical analysis of Iron ore quality indicators such as iron content, weight
volume, sulfur levels are shown in table 3.

The results of a statistical analysis of iron ore quality characteristics

Statistical indicators Iron or content Fe, % Volume weight y, g/cm® Sulg—uibsleé
Valid n 84 103 97
Mean 40.88 3.83 0.36
Minimum 22.5 3.07 0.01
Maximum 57.9 4.94 2.00
Std. Dev 8.83 0.45 0.04

When examining the principle on correlation between ore weight volume and ore content, correlation was
high r=0.41. As shown in figure 1

Volmmeweight 4. g an3

Tron Fe %

Figure 1. Correlation between volume weight and content of Tayannuur iron ore
Conclusion:
The following conclusions have been made regarding the relationship between natural patterns and their
correlation to the Tayannuur iron ore mining project:

1. The iron ore quality parameters for the mine at 1950 meters are Fe = 40.88 + 8.838, y = 3.83 +
0.45,S=0.36 +0.04.
2. Mathematical model for weight volume depending on iron content is y = 0.02 * CFe + 2.99. r =

0.41 is highly directly dependable
During the mining process, by increasing the chance of defining quality indicator, preliminary information
can be supplied and cost of production can be reduced, optimization problems can be overcome.
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PROJECT OF MEASURING DEVICE FOR BOREHOLES

Introduction
The subject of this thesis is the presentation of the measuring device project designed for boreholes
testing in surface and underground mining, as well as other engineering works. The main task of the device is to
provide an image of borehole walls by the conjucted camera. It allows the indentification of geological structure and
possible geological disorders like cracks and cavities. Furthermore, the device will provide data from gyroscope and
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compass, allowing to designate correctness of borehole drilling. Modern technologies like 3D printing and
microcomputers will be used in the project. During the presentation the methodology of measurements and
collecting of the data and progress of the project was made so far will be shown.
Visual rock mass body control

Visual control of rock mass allow us to determinate the condition of the rock body around
roadways. Discover changes and identification cavities and cracks. An example of obtained Figure 1, show the
image of crack recorded by endoscope. Analyzing this data, we can apply appropriate strengthening of the
excavation [2]. A very good example is endoscopic rock mass factor (ERMF) [1], this classification allow us to
determine rock mass condition and introduce suitable reinforcements in excavation. This classification will be
presented in (Tab. 1.) [3].

Fig. 1 The cracks in rock mass

Tab.1 Rock mass classes and recommended support reinforcements [3]

ERMF Rs(izgm?ys Steel arch yielding support Steel arch yielding support reinforcement —
class ity reinforcement roadway affected by the exploitation
description
I stable none steel frame-sets increment decreasing
roof arches fixed to the roof rocks by
I stable none rockbolts + steel frame-sets increment
decreasing
. steel frame-sets increment decreasing + roof
none or steel frame-sets increment :
Il stable . arches fixed to the rocks by rochbolts or
decreasing .
roofbolting
cable bolts between arches, bullflex- | crown runners fixed to the roof with the help
v poor stable
hoses of cable bolts
crown runners fixed to the roof with | two rows of crown runners fixed to the roof
\ poor stable the help of cable bolts, bullflex- with the help of injection cable bolts,
hoses recommended bullflex-hoses recommended
two rows of crown runners fixed to
the roof with the help of injection , . . .
VI unstable cable bolts, bullflex-hoses roadway’s maintenance can be impossible
recommended

Blasting holes control

Drilling blasting holes are associated with the risk of occurrence of deviations in relation to the projected
hole axis. This problem is particularly important when we project long blasting holes in open pit mine [4]. Deviation
in long holes causes a difference between planned and actual burden which may cause the risk of fly rock and
incorrect execution of the contour of excavation. Therefore, controlling the right angle of borehole is important for
safety and efficiency of blasting operations.

Second unfavorable phenomenon is occurrence of caverns and fissures in the rock mass. Unrecognized
caverns can increase the mass of explosive material in the blasthole, which may increase the range of flying rock
fragments.

An example of a device for measuring the hole deviation is the Boretrak® probe, but it allows us only to
measure the hole deviation. Our measuring device is equipped with accelerometer, magnetometer and odometer,
which allow us to get a 3D image of a hole in the rock mass body. It also allows us to see the image of the hole wall,
which make it possible to localize cavities or cracks and joints in the rock body. It is also possible to send live data
and preview them on the screen.

Device components

The device is based on the microcomputer Raspberry Pi 3 which is equipped with:

Broadcom BCM2837 quad-core 64-bit processor with 1,2 GHz; 1 GB ram memory.

This allow us to connect:
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. High resolution camera ArduCam with wide-angle objective, which allows to get photos in 5
Mpx resolution and recordings in resolution up to 1080p. Lens allow us to get photos with an angle of 105° angle.
Because of it, we can make a detailed recognition of rock structure in the borehole.

. 3-axis digital magnetometer GY-273, based on HMC5883L, which allow us determining the
direction of the device with 1° accuracy.

. 3-axis digital accelerometer MMAB8451, which allow us to measure the Earth's acceleration in 3
axis. By this element, we can determine the angle of inclination of the device.

o 24 pulse encoder. Based on the data received from it, we can determined the location of our device
in borehole.

Thanks to large capability of Raspberry Pi 3, it is also possible to connect other modules like:
— carbon dioxide sensor;

— flammable gas sensor MiCS5524;

— high accuracy temperature sensor MCP9808;

— LED lighting with variable power;

— other sensors and extensions.

Project of device

The project is currently in early stages, we describe device made so far, with the possibilities of
future expansion.

The device case was printed in 3D printer, which allow us to get strong and not expensive device
jacket. This solution allows introduce quick changes in the project (Figure 2). Basing on presented components, we
made a first version of device. The device allows to obtain a good quality imagine, which is crucial for applying
it in endoscopic research. It was also added LED diode with the possibility of adjust light intensity, this allow us to
gett right photos. Implemented accelerometer allows us to specify the angle at which the device is located, thanks to
this will be possible to use it in blasting operations, to control blast holes. In next version of the device, we planned
to add additional cameras to get a wider view and additional sensors like flammable gas sensor. This will allow us to
get not only the image of rock mass, but also inform us about the gases, which occur in the mine. In the final version
we are planning to create full system, which enable to conduct comprehensive research.

Fig. 2. 3D case model

Conclusion
The device was designed allows to gain useful and accurate data about the hole. Based on this data
will be possible to determine the state of the rock mass, and identify occurring changes. Device could be also used
during blasting operations to increase safety, being a less expensive and easier to use. In our opinion device in the
future can significantly simplify research and increase safety a lot of engineering works.
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DESIGN OF A UNIT FOR LINING WHILE CHARGING WITH
CONSIDERATIONS FOR PLACEMENT OF DETONATOR AND PRIMER

The objective of this paper is the redesign of the existing ContBlast unit, developed at the
Montanuniversitdt Leoben in 2011, to a Lining-While-Charging (LWC) unit. The development process is integrated
in “SLIM”, a H2020 project of the EC.

The ContBlast unit is a prototype for underground cautious blasting, which centers the emulsion in the
borehole using plastic hose with a smaller diameter than the borehole diameter to pack the explosive in. The
distance between borehole and plastic hose is kept by expanding centering units. A detonation into the air gap
between borehole and explosive reduces the explosive power and therefore enables cautious blasting. (Ivanova R.

2011, p.5)

Protection container Inner wall

Detonator hole

Charging hose fixing unit

Foldable plastic hose

Expanding centering units

Figure 1: Schematic drawing of the ContBlast unit (source: lvanova)

The LWC redesign is developed for open pit production blasts within rough and rugged borehole
conditions. The plastic hose has the same diameter than the borehole enabling the emulsion to deploy the full
explosive potential. Goal of the plastic hose is to keep the explosive in the assigned borehole, without allowing the
emulsion to pour into voids of the fissured rock. This fixated position of the emulsion reduces the explosive
consumption and decreases the risk of fly rock. The plastic hose creates a borehole with a constant emulsion
distribution, therefore the risk of ignition failure throughout the total borehole length is decreased. The reduction of
ignition failure decreases the risk of nitrogen leakage and the mechanical secondary crushing work, because the
emulsion reacts reliable. Furthermore, because the explosive is lined while charged the operation speed in fissured
rock can be increased.

_ Inner Pipe
Plastic Hose Charging Hose

/

N / |

Primer

Unfolding Device \

Protection Container

Figure 2: Schematic drawing of the LWC unit (source: Foger)

The LWC unit is developed for a borehole diameter of 90 mm and a length of 30 m. It is aligned for the
MUL-BBK emulsion pumping unit. The plastic hose diameter is 90 mm creating an envelopment area in which the
primer can be stored. The thickness of the hose is 100 um. The envelopment area is closed with cable tie. The
ignition cord runs on the outside of the unit through the closed cable tie opening. The protection container, produced
out of Plexiglas, has a diameter of 70/65 mm and a length of 40 cm. 4 container elements are placed in line with a 1
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cm gap between them to create a total container length of 163 cm. The gaps are closed with Duct Tape. The 3D
printed unfolding device, produced out of Polylactic Acid, has an outer diameter of 62,5 mm leaving 1,25 mm for
the plastic hose to move through. The inner pipe has a diameter of 32/31 mm and a length of 190 cm. It is the
longest part of the LWC unit, therefore the total unit length is 190 cm.

To achieve the goals five major aspects had to be solved. Firstly, 30 m of @90 mm plastic hose had to be
stored between the protection container and the inner pipe. This was accomplished with the “folding within
subcomponents” technique. The 163 c¢cm protection container was separated to 40 cm subcomponents to enable the
experimenter to fill every element separately and to minimize the friction, which grew between folded plastic hose
and protection container. The 1 cm gap between every subcomponent was implemented to give the LWC unit a
more flexible behavior in the borehole.

Secondly, the unfolding device had to have the ideal outer diameter to support the unfolding of the plastic
hose, while preventing the emulsion from pouring into the inner part of the unit. Field tests depicted, that with a
diameter of 62,5 mm the device was not capable to prevent water from pouring in the unit, but emulsion was
successfully detained. The unfolding success highly depended on the folding technique. The first 20 cm of the first
protection container, in which the unfolding device is located too, were folded lightly with hose. Therefore, only one
layer of hose could reach the unfolding device and no damage on the hose occurred, due to plugging of many hose
layers between the container and device. After the first 20 cm the friction between container and hose was high
enough to disengage only one layer of plastic hose at once.

Thirdly, the connection between LWC unit and emulsion unit charging hose had to be developed. It was
necessary to lead the charging hose directly through the inner pipe to the envelopment zone of the LWC unit. The
matrix was lubricated by acidic acid through the charging hose until it was mingled by the static mixer with acidic
acid and ammonium hydroxide directly in the envelopment zone. Other attempts, to connect the charging hose at the
end of the inner pipe with the unit, were not successful. The friction between emulsion and inner pipe without
lubrication was too high and the connection failed. Therefore, the inner pipe had to be dimensioned rather big.

Fourthly, the movement of the unit inside the borehole was reviewed. The risk of LWC unit plugging inside
the rough borehole was considered high, because the unit diameter was 70 mm in a ¥90 mm borehole. The
segmentation of the unit into 40 cm protection container pieces was beneficial, because a slight movement of the
unit inside the borehole was possible. Boreholes are not drilled completely straight and therefore the 190 cm long
unit can adjust to slight variations. Furthermore, the connection between inner pipe and protection container was
accomplished by a cone shaped Duct Tape. This allowed detached stones falling out of the borehole wall to slide
beside the unit. Field tests depicted, that the movement inside the borehole works and the plastic hose is sheltered by
the protection container without taking damage from the borehole wall.

Fifthly, the durability of the 100 um thick plastic hose was tested. Goal was to determine the maximal gap
length the hose can bridge under varying stress conditions. The hose was inserted inside two @90 mm plastic tubes
with a movable gap between them. The hose was exposed on all sides to the gap and had no support. The hose was
filled with pressured air or water until failure occurred. The failure behavior can be described as linear. A gap of 12
cm could be handled until 0,9 bar was reached, 11 cm until the 1,1 bar was reached, 4,5 cm until the 4,4 bar was
reached and 4 cm until 4,6 was reached. The deadweight of the emulsion inside the hose creates a pressure of 2 bar
in the bottom area of the borehole. Therefore, without other influence factors gap lengths of 9 cm can be bridged
with this kind of plastic hose.

In the next development stage is the deployment of the LWC unit in a real production blast. The field test
showed, that the unit is currently not deployable in boreholes partly filled with water and mud. Therefore, the next
step is to make the LWC unit heavier, either through exchange of the plastic parts with materials with higher density
or with the attachment of weights.

Nonetheless, first benefits are foreseeable. Beside the 3D printed unfolding device all parts of the unit are
available at the marked, which makes the LWC unit a cheap alternative within rough borehole conditions. The
assembly of the unit is easy and no special equipment is needed, therefore the unit can be produced with a simple
manual on site if required. And the connection from unit with charging hose can be done fast, hence the charging
time is not increased rapidly.
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CHALLENGES AND APPROACH IN THE APPLICATION OF
ROCK MASS CLASSIFICATION SYSTEMS IN ALPINE ROCK MASS
CONDITIONS

Abstract

Rock mass classification systems are a widely applied method to describe the rock mass properties
quantitatively. Therefore the design of an underground excavation in mining is at least to some extend based on the
results of the rock mass classification. Over the years several different rock mass classification systems have been
developed under different rock mechanical conditions. As outlined before they are important in the geotechnical
design of underground as well as open-pit mines. However rock mass classification systems estimate and describe
the rock mass properties indirectly, because there are no direct methods to determine the rock mass properties by in-
situ measurements available so far. The indirect methods come along with considerable disadvantages. Some
examples: Each classification system has been developed for a specific mining environment and for determining
certain rock mass properties; The results depend on the engineer doing the classification; Varying geological and
geotechnical conditions are difficult to describe adequately. The latter issue is especially critical in alpine rock mass
conditions. To overcome some disadvantages a worksheet has been developed and adjustments have been made.

Introduction

The rock mass classification enables a geotechnical classification of the rock mass with different qualitative
classes, like “very good rock” up to “very poor rock”. Based on them it is possible to estimate for example the
average stand up time of an excavation or the required rock support. Also some approaches to assess parameters like
cohesion, friction angle, elastic modulus and the strength of the rock mass have been developed. (cp. Siefert 2009)

The determination of the rock mass conditions with the rock mass classification systems has also some
general issues such as the subjectivity of the assessments. It is most likely that it will result in different results if two
or more persons asses the same rock mass. The reason therefore are several qualitative estimation-parameters. A
descriptive example is the rating of the roughness of a joint surface, which is described in terms of “very rough” to
“slightly rough”. Moreover experience in rock mass classification is also mandatory to be able to determine the
particular parameters of the different systems properly. Otherwise it is very likely that the conditions of the rock
mass will be misinterpreted. Furthermore, all systems are based on case studies for specific rock mass conditions.
That means, the type of classification system applied should fit the conditions in the present case. Therefore the
operator of the rock mass classification system should know about the restrictions of the methods.

The rock mass conditions in the alpine region are usually rather complex. Alpine rock masses are
characteristically for their small-scaled (<10m) distinctions of geological structures, which also influences the rock
mass classification. The reason therefore are subduction and collision events during the formation of the Alps, which
led to changes of the strike of the tectonic units along the Alps by almost 180 degree (cp. Froitzheim et al. 2008).
Due to these large-scale tectonic events, a lot of faulting zones, joint sets and different formations have been
generated on a small scale. These circumstances have to be considered for the application of the rock mass
classification systems and require special treatment. In the process of developing the worksheet the complex alpine
conditions are taken into account and described in the following parts.

Development of a worksheet

The motivation to develop a worksheet was to establish a tool, which makes the process of rock mass
classification easier and less time consuming. This was achieved by creating a standardisation of the assessment
process of the most common rock mass classification systems and their inclusion in the worksheet. Moreover the
worksheet is also a useful tool for people with less experience in assessing the quality of a rock mass. The selected
systems for the worksheet are the Rock Mass Rating (RMR) after Bieniawski, Mining Rock Mass Rating (MRMR)
after Laubscher, Q-System after Barton and the Geological strength index (GSI) after Hoek. These systems were
chosen, because they are well approved and applied regularly.

The first step in developing the worksheet was to figure out, which parameters must be assessed for every
single classification system and look out for similarities between the different systems. Afterwards the required
parameters for the ratings were arranged in form of a table. Later on the worksheet was tested in an Austrian mine
several times and modifications and adjustments were made. This process of consequent adaptions enabled finally a
good workflow for the assessment of the parameters. Besides the establishment of the worksheet also some
simplifications within particular rock mass classification methods have been made. The focus of these measures was
on the one hand to adjust the rock mass classification systems according to the requirements of alpine rock mass
conditions and on the other hand to guarantee a user-friendly working tool.

To validate the applicability the worksheet was tested in a second Austrian mine. In addition to the
worksheet the rock mass classification was also done by means of the “old” methodology without the worksheet.
The comparison of the results show that the rock mass classification done with the worksheet does not differ with
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the classification done without the worksheet significantly. However, the application of the worksheet lined out that
the workload of assessing a 10m long section has been reduced considerably. The reason therefore is that the
structure of the worksheet helps to improve the workflow and makes the process more efficient.

Challenges in Alpine rock mass conditions

As outlined previously the rock mass conditions in the alpine region are very complex and vary over short
distances. In some instances they can change within the range of less than 10m. This issue has a major influence on
the applicability of rock mass classification systems, because the structural geological features, which are the main
focus of the classification systems, differ significantly between different sections of the mine. Consequently the rock
mass conditions of large areas cannot be treated as homogeneous and respectively they cannot be rated by means of
assessing a single section of the mining area. Instead the whole mine has to be grouped into major rock mechanical
formations. The basis of the grouping may be for example the geological rock mass formations in combination with
the structural features and discontinuities of the rock mass. Therefore an inspection of the whole area of interest in a
particular mine is required up-front the classification to distinguish the different formations and conditions of the
rock mass. After the major rock mechanical formations have been figured out, representative sections for each of the
formations must be chosen and assessed. The experience has shown that sections with a length of 10 meters are
appropriate for the classification. Moreover it is strongly recommended to choose several sections for each
formation and to form an average rating. The number of sections (in each formation) may depend on the overall size
of the major formation and on their importance for the stability of the mine.

Due to the fact that there are usually several joint sets with varying directions and spacing present in each
classification section, it has proven to be quite helpful to draw an overview of the joint pattern up-front the
beginning of the classification in a section. Another important point is that all different classification systems are
applied in the assessment of each section, because it is possible to determine, whether different classification
systems end up in similar or different ratings. This issue can help in the overall interpretation a lot. For that reason
the four above mentioned systems have been applied in the worksheet. The results of the classification of one
section are shown in Figure 1.

Section 10-20m
System RMR MRMR Q GSI (2002)
Rating 72 63,3 14,5 70-75
Rock Mass Class Good Good Good
(Range of the class) (80-61) (80-61) (10-40) -

Figure 1: Comparison of the results of the applied systems.

Conclusions

In conclusion it can be stated that the alpine rock mass has to be treated different compared to other rock
masses in the application of rock mass classification systems. The reason therefore is that several tectonic events
resulted in a heavily fractured and disturbed rock mass, which properties may vary over short distances within the
range of 10m or even less. To address those challenges and to provide assistance in the process of rock mass
classification a worksheet has been developed under alpine rock mass conditions. Additionally a test in an Austrian
mine proved its usefulness. Finally it is stated that the rock mass classification in alpine region requires carefulness
especially in choosing representative major rock mechanical formations and their classification sections.
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UNDERGROUND IN-SITU TESTS FOR THE OPTIMIZATION OF
THE USE OF LARGE HOLE DRILL BITS IN GERMAN POTASH

MINING
INTRODUCTION
Germany is the world’s 5th largest potash producer; the production capacity of the five German potash
mines is approximately seven million tons of end products [1]. Four out of the five German potash mines apply the
room and pillar mining method, since the deposits can be characterized as flat layered seams. A typical example of a
panel in room and pillar mining in a German potash mine is illustrated in Figure 1.

fresh airinto the mine wb used alr back up to the surface
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Figure 1: Room and pllla:r mmmg panel in German potash mining (plan view) [2]

Each face in the panel has the character of a drifting operation. In order to allow the most effective parallel
drilling  technology, an initial  relief is necessary for every drill and blast cycle.
The most common method to create this relief is to drill three parallel relief holes with a diameter of 280 mm and
typically 7 m length each. Large hole drill jumbos are used to drill these three drill holes parallel to the direction of
advance (Figure 2).

Figure 2: Large hole drilljumbo atthe face [3]

These large hole drill jumbos are equipped with multiple wing boring heads. Each wing carries a bit.
Possible bits are flat chisels and conical picks. Figure 3 shows multiple wing boring heads with the two drill bit
types mentioned. The main differences between flat chisels and conical picks are illustrated in Table 1.

Figure 3: \iuluplc wing boring heads with flat chisels (left)
and conical picks (right) [4]

In order to determine the optimal bit type for large hole drilling in underground potash mining, a series of
tests has been executed in Hattorf-Wintershall mine in the Werra-Fulda potash district. These tests focused on
investigating the performance and the economic efficiency of the drill bits.
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Table 1: Main differences of flat chisels and conical picks:

Flat chisels Conical picks
Dol speed High Low
Bit wear High Low
Durability Up to 7 relief holes perbit set Up to 15 reliefholes per bit set
Re-sharpening ofbit | Upto 7 times None, bitis re-sharpened during drilling process

SPECIAL GEOLOGICAL CONDITIONS

The Werra-Fulda potash district is located in the federal states Hesse and Thuringia in Central Germany.
The district consists of three active potash mines, including Hattorf-Wintershall mine, and a non-active mine with
backfill activities. The deposit consists of two potash seams, which are located in a depth between 800 and 1200 m.

The upper seam contains the mineral Kieserite (Mg[SO,]-H,0), which is unique worldwide and allows the
production of special magnesium fertilizers [1]. The presence of Kieserite significantly increases the wear of drill
bits. The wear depends, inter alia, on the hardness of the minerals. The Vickers hardness of Kieserite is
approximately 130 and thereby higher than the Vickers hardness of other typical salt minerals like Halit (~19),
Sylvin (~32) or Carnallite (~53) [5]. For this reason, a special focus was set on drill bit wear progression.

Furthermore, the seams are partly influenced by volcanic activity. For this reason, there are carbon dioxide
occlusions. Due to the presence of carbon dioxide occlusions, high amounts of this gas may blow out during large
scale extraction activities. [6]

Thus, an extraction method is chosen that requires limited or no presence of working staff near the face.
Only the drill and blast method in combination with remote initiation of the blasts fulfills the according safety
requirements. In addition to this, the underground drilling tests had to be conducted in absence of personnel, because
large hole drilling is part of the extraction cycle.

MEASUREMENT SYSTEM

In order to compare the performance and economic efficiency of the two drill bit types, three parameters
need to be determined

- drilling speed

- energy consumption and

- rate of bit replacements.

For this purpose one large hole drill jumbo was equipped with the following measurement systems:

The drilling speed is measured by a laser sensor in combination with reflective marks. The laser sensor is
mounted on the chassis of the large hole drill jumbo. Three reflective marks are installed on the moving drilling
carriage. The drilling speed is then calculated by the distance between the reflective marks and the time difference
between measuring the peaks of the laser sensor. The installation of the reflective marks and the laser sensor is
shown in Figure 4.
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Figure 4: Measurement system to determine the drilling speed

Electric energy is consumed by the rotational drill motors and the hydraulic feed. The energy consumption
of the drill motors is measured via constant data measurement of the electric current. The energy consumed by the
hydraulic feed is determined by measuring the pressure inside the hydraulic cylinder. For this reason, a pressure
sensor with constant data collection is mounted on the hydraulic system. The pressure level indicates the energy
consumption of the hydraulic feed system.

The installed measurement technology is working autonomously and thus, the safety requirement of
executing manless drilling is feasible.
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Figure 5: Wear pattern of the probed
drill bit types

The bit replacement rate depends on the wear progression and the drilling speed [7]. While the
reduction of the drilling speed may indicate the point of time when the bits need to be replaced, the wear
of the individual bits shows which bits have to be replaced. The wear of conical picks is measured by the
decrease of the length of the conical pick. A method to determine the wear of flat chisels is by measuring
the extent of the wear mark. Figure 5 shows the wear measuring process for the two probed bit types
regarding their individual wear pattern.

RESULTS

In total, 189 large holes were created in the Kieserite bearing upper potash seam. 78 large holes
using flat chisels and 111 using conical picks were drilled. The main results of the tests under these
geological conditions are:

- The initial drilling speed of flat chisels is 40 % higher than the drilling speed of conical picks

- Flat chisels must be replaced 85 % more often than conical picks, which is the main
influencing factor regarding the drilling and drill bit costs

- The average energy consumption does not depend on the drill bits used. There are variations
in the energy consumption of hydraulic feed and the rotational drill motors while testing the different
tools. Having said this, the total energy consumption of both versions is roughly the same

Based on the main results of the work conducted in this project, the use of the probed large hole
drill bits shall be re-evaluated. There are some additional aspects to be considered like the comparison of
applicable drill bit logistics, and shift process scheduling with respect to the different relief hole drill
speeds and costs.

REFERENCES

Rauche, H.: Die Kaliindustrie im 21. Jahrhundert, Berlin Heidelberg: Springer Vieweg, 201
1]

Bruns, A.; Kuhlmann, T.; Thiele, J. C.: Simulation Based Decision Support of Vehicle Usa
2] Room and Pillar Processes Concerning Productivity, Outcome and Energy Consumption. In: Mining

Report Gliickauf, Nr. 4, 2016

Online: https://www.agrarheute.com/media/styles/ah_bildergalerie_740x500/public/media/
3] 9/140749.jpg?itok=2yabmxTQ [09.02.2018]

Pietsch, H.: Entwicklungsrichtungen fiir Gesteins-Bohrwerkzeuge. In: Nobel Hefte, April-
4] September 1980

Online: https://www.mineralienatlas.de [09.02.2018]
5]

Baumann, L.; Nikolskij, I.; Wolf, M.: Einfiihrung in die Geologie und Erkundung von
6] Lagerstitten, Leipzig: Deutscher Verlag fiir die Grundstoffindustrie, 1982

Schwate, W.: Handbuch Gesteinsbohrtechnik, Leipzig: Deutscher Verlag fiir die
7] Grundstoffindustrie, 1983

42


http://www.agrarheute.com/media/styles/ah_bildergalerie_740x500/
http://www.agrarheute.com/media/styles/ah_bildergalerie_740x500/
http://www.mineralienatlas.de/

M.SC. S. TROGER, DR. N. HOTH
TU Bergakademie Freiberg, Institut fiir Bergbau und Spezialtiefbau, Arbeitsgruppe fiir
bergbauliche Wasserwirtschaft

INVESTIGATION OF HYDROGEOCHEMICAL REACTIONS
AS INITIAL EFFECT OF SOIL LIQUEFACTION EVENTS WITHIN
LIGNITE DUMPS

Abstract

Currently occurring soil liquefaction events on lignite dump sites in the former mining area Schlabendorf
(Lausitz/Germany) are not yet explained sufficiently by considering geotechnical aspects and impacts
from the surrounding. Therefore, inner chemical reactions are taken into account to have a triggering
effect of destabilization within the soil. Hydrogeochemical monitoring, conducted on dump sites in the
Lausitz region [Hoth et al. 2012] did show the existing connection between soil liquefaction events and
hydrological wet time periods, in which a high groundwater recharge took place. Column tests have been
proved to be a useful way of monitoring and testing hydrogeochemical processes under small-scale
laboratory conditions. The following paper is going to show, how these processes might work as a
triggering influence to soil liquefaction. Additionally, it reflects how currently running column tests are
used to investigate the geochemical reactions within dump site sediments.

Initial problems within lignite dump sites

During remediation process of lignite dump sites in northeastern Saxony and Brandenburg a number of
soil liquefaction events took place since 2009. Till today there are several thousand hectares of
endangered areas of soil liquefaction which therefore are not accessible [Kuyumcu 2012]. The current
research concentrates on the question, how hydrogeochemical processes, which are connected to
groundwater recharge and increasing groundwater level, do influence the liquefaction. Hoth et al. [2012]
postulated working hypotheses about the effect of the gaseous phase within the dump, which is considered
to be a two-phase system. Development and degassing of new phases due to chemical and microbiological
reactions is therefore a possible inner initial of soil liquefaction or at least a reinforcing effect to it. Hifner
[2012] additionally stated the fluid mechanics of groundwater recharge in this system and the relation
between saturation and capillary pressure within the pore space.

Currently ongoing laboratory tests deal with the development of carbon dioxide and secondary mineral
precipitation, both accompanied with carbonate buffering reactions within dump site sediments.
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Figure 1: Pyrite weathering cycle after Singer & Stumm [1970]. Source: [Simon 2015] S. 23
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Initial problem to this is the drainage of acidic water in a lignite dump due to pyrite weathering,
which is encouraged by the exposition to atmospheric oxygen during the mining process [Simon 2015].
Pyrite weathering includes the oxidation of iron, mobilisation of ferrous ions, sulphate ions and
hydronium in the groundwater (fig. 1). Therefore, carbonate substances like till, burnt lime and lignite
ashes are added to the upper soil layers of the dumping site, in order to buffer acidic fluids. During the
carbonate buffering, precipitation of hardly soluble ferrous minerals takes place, which leads to a lowered
permeability in the affected areas. Incoming water stream can be hindered or lowered by that, which leads
to developing pressure. This effect collaborates with the development of carbon dioxide, which might
occur diluted in the groundwater or gaseous within the pores, depending on the ratio between capillary
pressure and saturation of the pore fluids.

Hydrogeochemical testing with column installations

The testing recreates the setup of a lignite dump composition, which includes an acidic layer in
the lower area. In this case an iron rich, fine grained sand from a lignite dump near Leipzig (Saxony)
constitutes the development zone of acid water. Above, a mixture of till and fine grained sand is fitted,
representing the reaction zone with two sampling ports reaching in. In the top part of the column
constitutes a thin layer of neutral standard sand as a discharge zone. All three layers are in a saturated
constitution, which means, that they were completely filled with distilled water during installation. Fluid
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can be led through the column with the help of a pump and a defined pumping rate. The proceeded pilot
run divides in two alternating testing stages. First, the testing runs under closed condition. Inflow and exit
are shut and the three ports lead to pressure sensors that monitor the ongoing processes inside the column.
During the second stage, entrance and exit are opened and water is pumping from the bottom to the top of
the column in order to comprehend the groundwater flow within a dump site. Besides monitoring of
pressure conditions via sensors, water sampling runs during the pumping stage in order to do chemical
testing. Used methods are multi element measurement (MPAES), determination of the content of
inorganic carbon (TC measurement) and photometric measurement of sulphate and divalent iron content.
Redox potential, electrical conductivity and pH value give information about the general chemical
conditions within the sediment layers.

Figure 2: column test setup. a) development

zone, b) reaction zone, ¢) discharge zone

Monitoring observations during the pilot run column test

As can be seen from figure 3, pressure inside the column increased steadily during the closed
phase, while air pressure stayed constantly low. This implies that CO, development took place in a
significant extent even without any streaming, only due to the contact of the acidic layer in the bottom of
the column and the carbonate layer above (differences exist due to weight load of the saturated soil
material).

Pilot run column test 7th of February to 16th of February 2018
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Figure 3: pressure development during closed phase (phase 1) and streaming phase (phase 2) during the pilot run
column test

From the time, when the inflow and outflow opened and the pumping began, a sudden decrease of
pressure took place. During the streaming, the rebound is remarkably steeper, especially for both of the
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lower ports. While streaming, acidic water generates in the development zone, spreads into the area
between development and reaction zone. Therefore, the buffering of acidic water, driven by carbonate
material, runs in a stronger way. Equally, secondary mineral precipitation and CO, development increase.
The buffered solution flows further through the reaction zone and leaves the column by passing the
discharge zone. The effect of secondary mineral precipitation leads to a lowered pore volume and
permeability of the sediment. The simultaneously increasing pore pressure was monitored at the lower
ports of the column.

Interpretation of current results and further investigations

The current results already show, how strongly pressure potential within pore space of dump
sediments increases due to gas development. Additional geochemical analyses will be evaluated to
comprehend the connection of these laboratory investigations to ongoing processes in liquefied dumps.
Furthermore planned test setups deal with different compositions of dump sediments, degassing of CO,
from mine water and the influence of organic matter to the composition of pore fluids and capillary
actions. The sum of tests results and geochemical modelling based on that are expected to give a proper
understanding of the gas phase as initial to soil liquefaction.
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LONG-TERM CONSOLIDATION STABILITY EVALUATION
OF SILICA SOL GROUTING IN LOOSE COAL

1. Materials

Coal sample from coal seam 8 of Huaibei Coalfield is loose and broken. Fragment sieving curves
of coal sample are shown in Fig.1. Fragment of coal sample below 10 mm accounts for 93.7%. The
pulverization phenomenon of coal samples is serious.
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Figure 1 Fragment sieving curves of coal sample
Silica sol is provided by BASF HOCK Mining Chemical (Jining, China) Company Limited.
Catalyst's adding can promote the solidification of silica sol. Quantity of catalyst can control gel time. The
main performance parameters of silica sol and catalyst are shown in Table 1.
Table 1 Main performance parameters of silica sol and catalyst

Parameters Silica sol Catalyst
Dynamic Viscosity (mPa-s) ~10 ~1
Density (kg/L) 1.1 1.07
pH 10 7
Concentration (% by weight) SiO, 15% NaCl 10%
2. A 500-day experiment

According to the two judging characteristics of mixture between liquid limit and plastic limit and
maximum apparent density, saturated grouting of various fragment distribution are shown in Table 2. The
design and numbering of the experiment are also listed in Table 2.

Table 2 Saturated grouting of various fragment distribution and experimental scheme

Test number Fragment distribution G/IA
BO <2mm 0.36
SG1 2-5 mm 0.50
SG2 5-10 mm 0.72
SG3 Fragment <2 mm accounts for 2/3 and 2-5 mm accounts for 1/3 0.29
SG4 Fragment <2 mm accounts for 2/3 and 2-5 mm accounts for 1/3 0.24

A simple curing box simulating the temperature-humidity environment of roadway surrounding rock
has been designed on the basis of microclimate of mine area. Lay a layer of water in the bottom of the box
and put a cystosepiment on the water. Cure the sample on the cystosepiment. An RC-4HC temperature-
humidity recorder is employed to record the temperature- humidity change in the curing box. The samples
were prepared on April 29, 2016. Temperature and relative humidity data from the preparation date to
September 11, 2017 (500 days) are shown in Fig. 2.
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Figure 2 Temperature and relative humidity in the curing boxes between 2016-04-29 and 2017-
09-11 (500 days)
A UTM5504 electrohydraulic servo tester is used to conduct UCT. The uniaxial compression
strength (UCS), secant modulus Esg are obtained.
3. Results and discuss
3.1 Strength
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Figure 3 UCS curves vs. time for samples
As shown in Figure 3, UCS of Test BO is larger than that of Test SG4, UCS of Test SG4 is larger
than that of Test SG3 and UCS of Test SG3 is larger than that of Test SG1. The strength of Test SG2 is
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the minimum of all. The variable of this series tests is fragment distribution. The influents of fragment
distribution on grouted coal body mainly are intergranular chimerism and friction and fragment strength.
Bigger fragments have less contact points in unit volume and larger contact stress. With the fragment
dimension get larger, internal weak layer become more. The protodyakonov scale of coal taken from the
field is about 0.1 and the coal fragment is easier to crack. Saturated grouting of fragment 5-10mm is the
maximum amount of grout needed in the experiment. The UCS of pure gel is 0.07-0.3 MPa in
experimental curing period. And UCS ratio of coal to pure gel is 3-14, leading to the weakness of surface
contact effect. In combination with the reasons above, so Test SG2 is the minimum of all. Because of
skeleton effect of big fragments on grouted coal samples, the bigger skeleton, the stronger bite force, the
UCS of Test SG4 is larger than that of Test SG3.

UCS of Test B0, SG1, and SG4 are climbing in the first 200-day curing, and then remain
unchanged basically or had a little floating. These indicate that 200-day curing is the starting time of UCS
stability.

3.2 Secant modulus
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Figure 4 Secant modulus curves vs. time for samples

As shown in Figure 4, fragment distribution has an appreciably effect on secant modulus.
Overall, the smaller fragment, the larger secant modulus samples. Average secant modulus of Test SG2 is
the smallest, then Test SG1, followed by Test SG3 and Test SG4. Test BO has the biggest secant modulus.

Secant modulus time-varying curve of Test B0, SG3 and SG4 have a rising trend with time.
However, secant modulus of Test SG1 and SG2 basically remain unchanged and have a descending trend.
These indicate that when grouted coal samples involving small-fragment <2 mm, long-term stiffness
stability of silica sol grouting consolidated body can be guaranteed.

4. Conclusion

When silica sol is grouted into the coal sample involving big-fragment (5-10 mm), the long-term
strength stability of samples cannot be achieved. When silica sol is grouted into the coal sample not
involving big-fragment (5-10 mm), 200 days is the start time that strength reaches stable state. When
silica sol is grouted into the coal sample involving small-fragment (< 2 mm), the long-term stiffness of
samples can be achieved. That is to say that fragmentation of coal has a negative correlation with the long-
term consolidated stability of silica sol grouting.

V.. MEDIANYK, M.G. IVANINA, A A. FROLOV
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute”

CALCULATION OF THE PARAMETERS OF THE CONTOUR
BURNING OF BOREHOLE CHARGES

One of the negative consequences in carrying out mass explosions in open pits is the back-break. This leads
to a decrease in stability of bank slopes, reduction in angles of bank slopes in comparison with the project and
requires additional costs for artificial strengthening of banks or cutback in order to restore transport berms on the
ultimate pit and considerably complicates subsequent drilling and blasting operations. To eliminate these drawbacks,
presplitting blasting method that due to the creation of a shielding plane makes it possible to obtain a relatively flat
and stable surface of the bank and reduce the amount of destruction behind the final boundary is used [1].

At present, a significant progress has been achieved in the field of application of contour blasting in open
pit mining. However, a number of key issues related to the choice of rational parameters of contour blasting,
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predictive estimate and choice of methods that allow increasing the efficiency of the formation of the angles of bank
slopes has not been solved [2, 3].

As a result of the blasting in the mass, a stress state is formed around the cylindrical cavity. Since when
blasting contour charges, we need to create the minimum permissible stress state of the rock mass in the middle of
the well location line, then when choosing the parameters of drilling and blasting operations, it is necessary to
proceed from the condition of ensuring the process of rock destruction in the interval between charges with a given
width A.

With the simultaneous explosion of adjacent cylindrical charges of explosives, the displacement of the rock
mass at points lying along the AB line (Figure 1) in the direction radial from the charge is impossible. Therefore, to
estimate the state of stress at point B, we consider azimuthal component of stresses 65°=0. Tangential stresses at a
system of rectangular coordinates thy at point B caused by blasting of adjacent borehole charges are equal in
magnitude, but they are reverse in direction, and their resultant value will be thy:O. As a result of summing radial
stresses o, at point B, equations will be as follows [4]:

GE =20, cos? 0; 65 =20, sin? 0; rEy =0, )
where sinf i cosf are parameters that are determined by rations:
2 2
a . A
COS2 0= ﬁ’ Sln2 =3 (2)
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Fig. 1. Scheme for the determination of blasting by presplitting method

When the rock mass is destroyed in the contour of the slope, the tensile stresses o,, which at the point B are
determined by the dependence:

B_ B B
G, =0, —VO,, ?3)

where v is the Poisson's ratio.
Radial stresses resulted from the blasting of a single cylindrical charge are calculated by formula:

o, =P-fy(r)-f,(n), 4)

05 i
where P — pressure of detonation products on the borehole walls, Pa; fp (r) = (rc/r) — function of the

geometric divergence of cylindrical waves and distance; f (r) =exp(-ar/r,) — absorption function that takes into

account the loss of stress waves; a — distance between boreholes, m; r. — borehole radius, m; r — current distance to
the charge, m; o — absorption coefficient.
Let's substitute in formula (3) value cyB and 6,% (formula (1)) by taking into account (2) and value o, ¢ (3)

17
Ir= E 2 + AZ (5)
and we obtain equation

B vaZ - A? VaZ+A?
Op =2P,/d, —SGXp —ad— . (6)
Due to the fact that the density of the explosive charge in the pre-split boreholes is low, the pressure of
detonation products on the walls does not usually exceed 200 MPa and is calculated as follows:

at
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o _ 4do(y-1)n
nd?2
where g — linear mass of the charge, kg/m; o — specific energy of explosives, J/kg; y — isentropic exponent:
v = 1,45; n — energy loss factor; d. — borehole diameter, m.
Since the main destructive stress in blasting by presplitting method is the tensile stress that, in the ideal
case, should create a separation fracture, in this case, the condition for the destruction of the rock mass are:
B
>
Op 20y (8)
where G, — ultimate tensile strength of rock, Pa.

Thus, using formulas (6), (7) and the condition for the destruction of the rock mass, we determine the
necessary linear mass of the charge that ensures the condition for the fracture development between pre-split

boreholes:
2
o GKp «f a +A A2
exp| a

40)11

, ™

©)

The analysis of Eq. (9) shows that there is a definite dependence of the linear mass of the pre-split charge
of the explosive g on the distance between pre-split charges a at established properties of the rock mass.

Calculations have been made for rocks that are represented within the open pit of the Poltava Mining and
Processing Combined Works to establish a graphical relationship between g and a under the following parameters of
the pre-split borehole charge: borehole diameter — d. = 0,25 m; specific energy of gramonite blasting 79/21 —
®=4285 kJ/kg; energy loss factor — n=0,7.

Figures 2 and 3 show graphical dependences of the change in the linear mass of charge g on the distance
between the pre-split boreholes a during the destruction of rocks of different hardness that are located within the
open pit.

| d ] ' b} ] T 3 ¢ am

Fig. 2. Dependence of the linear mass of the charge g on the distance between the pre-split boreholes a
during the destruction of rocks: 1 — quartz-biotite slate; 2 — quartz-mica slate; 3 — magnetite quartzite; 4 — buck
quartz; 5 — cumingtonite-magnetite quartz
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Fig. 3. Dependence of the linear mass of the charge g on the distance between the pre-split boreholes a
during the destruction of rocks: 1 — plagiogranite, migmatite; 2 — weathered shale; 3 — amphibolites; 4 — granitoids;
5 — weathered ferruginous quartz
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As a result of the analysis of dependencies, with the increase in the distance between pre-split charges, the
linear mass increases in the parabolic dependence. The nature of the change in established dependencies for
different types of rocks is not the same, since some of them intersect between themselves (see Fig. 2, 3).

To ensure the stability of detonation, the contour well is proposed to be formed by placing it in a shell and
holding the charge column in an upright position. Fig. 4 shows the design of the charge with the use of the sleeve
feed device with the help of which charges are formed diameters 127 mm.
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Fig. 4. Design of the borehole charge with the use of the sleeve feed device

The above technology has been successfully tested in industrial conditions. In pre-splitting boreholes with a
diameter of 250 mm, the charge with a diameter of 127 mm is placed in the polymer sleeve. Under such conditions,
the consumption of bulk explosives per 1 m of the borehole charge was 13 kg and it was 19 kg emulsion explosives.
This design ensured the uniformity of the explosive distribution along the length, location of the charge along the
borehole axis and technology of the charge formation in the borehole with any level of water cut.

Conclusions.

Based on the results of the conducted studies:

1. It has been established that each type of the pre-split borehole charge design that is characterized by the
linear mass corresponds to the optimal distance between pre-split boreholes.

2. A design for a network borehole charge, which implies that an explosive is placed uniformly in a
polymer shell along its length and held in a vertical position along the borehole axis. The mentioned technology for
the formation of pre-split borehole charges has been successfully tested in industrial conditions.

3. A promising direction of further scientific developments are theoretical and experimental studies of the
effect of the natural fracture pattern of the rock mass on parameters of blasting by presplitting method.
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ONLINE METHOD FOR QUALITY DETERMINATION IN
AGGREGATE MINING

In Germany, approximately 210 million tons of aggregate are extracted annually for the production of
construction materials for usage in civil engineering. In this context, magmatic rocks take on a special position,
since in principle they have higher strength and wear resistance than most sedimentary rocks. They are preferably
used in road construction and asphalt production, as a track bed, for concrete production or for hydraulic
construction. A separate data collection showed that about 50% of the total annual production consists of magmatic
aggregates (Tayebi, 2015).

An indispensable prerequisite for the sustainable, economic extraction and further processing of aggregate
is the adherence to the product qualities required for the respective application. The permanent strength of
aggregates are always of paramount importance for usage in civil engineering.

If a time-dependent loss of rock strength of the aggregate product occurs while usage in construction,
whether in an unbound form such as railway gravel or bound form such as asphalt, liability for defects and
complaints can cause economic consequences for the aggregate producer, which endanger the economic existence of
the company concerned.

The current methods for assessing the rock strength of aggregate products are time-, personnel-and
therefore cost-intensive. They enable investigations of partial samples (handpieces) and thus do not provide a
reliable basis for the quality determination of large masses. To make matters worse, the usual processes, e.g. glycol
test and methylene-blue test, often produce contradictory results when examining the same rock. They even increase
the uncertainty and thus the risk in quality control. For a comprehensive quality analysis, a online method that gives
an indicator about the rock quality based on easily determinable data is required.

One possibility to determine the rock quality while mineral extraction is based on the magnetic
susceptibility of the aggregates. The magnetic susceptibility is a parameter that can be linked directly to the content
of magnetite in the aggregates. Should the aggregates have been alterated, it is possible that their magnetite content
changed to hematite. Such alteration would result in a decrease of magnetic susceptibility. Also, the alterated
minerals show an immensely fewer resistance to weathering, which results in a lower rock strength. The method to
determine the rock quality via magnetic susceptibility is already being applied in some German quarries and had
been researched by A. Tayebi for basaltic andesite rocks. The aim of this research is to show whether this method
can be applied for all type of magmatic rock types or whether is limited to certain rock types.

For this research, a total of 8 quarries, 4 of them with problems of the rock quality, were selected and
visited. The quarries are extracting granite, basaltic andesite, gabbro, basalt and cuselite. Approximately 50 rock
samples have been collected per quarry and approximately 1000 measurements of the magnetic susceptibility were
carried out at 150 coordinates per mining operation. These coordinates were recorded for further mapping. During
the field research, a structural geological investigation and mapping of disturbances and alteration zones has been
carried out. All results have been statistically analyzed. In addition; about 10-15 more samples were taken based on
tectonic structures within each quarry. Geochemical investigations were carried out on most of these samples. These
were carried out in the form of multi-elemental analysis; the measurement of the loss of ignition and the magnetic
susceptibility. In addition, petrographic investigations of the selected samples were carried out by means of
microscopy investigations.

Structural geological images were referenced in geological maps along with the measured values for the
magnetic susceptibility.

The field trips to the quarries provided information about:

" Geology and structural geology.
" If available, internal measurement data of susceptibility and LOI during drilling of blast holes.
. -The distribution of magnetic susceptibility within a quarry.

This distribution gives information on whether major differences in the magnetic susceptibility occur in a
quarry and whether it can be formed by means of susceptibility classes, which may allow an indication about the
rock quality. However, a statement about the quality of the rock cannot be made on the basis of these distributions.

The calculated qualities are shown in the following graphic. These are the graphs depicted in green, the
data from companies in which there is no rock quality problem.

The graphs depicted in red represent companies in which a decay problem exists, which is due to an ageing
of the rock, at which magnetite was converted into hematite. This conversion is noticeable through measurements of
the magnetic susceptibility. All three of these companies are extraction plants from basaltic.

The graph depicted in blue represents a company in which the decay problem differs from the other three
companies. In this quarry lies sun burner basalt. Sun burner basalt has significantly lower strength than conventional
basalt. This can be justified by an ageing, at which Nepheline converted into smectite-analcime. Smectite-analcime
swells in the absorption of water and weakens the structure of the rock.
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Laboratory tests have been conducted to determine quality-determining parameters, such as loss of ignition,
of the rock samples, which can be correlated with the magnetic susceptibility of the samples.
The sample analysis carried out so far includes for the time being:

" Measurement of the susceptibility from hand-pieces, grinded samples and cut samples.

" Measurement of the loss of ignition (LOI) of the respective samples at temperatures of 200°C,
500°C and 850°C

= in addition, a measurement of the acoustic conductivity was carried out for some samples (for

samples from two of the problem plants)

For this purpose, the samples were sawn into plates with 4cm height each and a metal ball was dropped on
these plates from a pre-determined height of 40cm. Under the rock slab, the strength of the sound waves generated
by the impact of the metal ball was measured with a piezoelectric accelerometer.

" All data were statistically evaluated and analyzed-the rock samples were exposed to weathering.

The results of the sample analysis show:

. Consistently high correlations (R > 0.9) between the magnetic susceptibility, irrespectively of
whether they were measured on a cut, grinded or untreated rock sample.

" A high correlation (R > 0.75) between the magnetic susceptibility (irrespectively of the type of
measurement) and the loss of light in samples from quarries, which have problems with the natural stone quality due
to the ageing of magnetite. The following graphic illustrates such a correlation:

= A low correlation (R < 0.2) between the magnetic susceptibility (irrespective of the type of
measurement) and the loss of light in samples from plants which have no problems with the natural stone quality.
The following graphic illustrates such a correlation:

= A mediocre correlation (R = approx. 0.3) between loss of ignition and acoustic conductivity of the
rocks and a slightly better correlation (r = approx. 0.5) between the magnetic susceptibility and the acoustic
conductivity of the rocks.

A geochemical analysis of the samples could show that the magnetic susceptibility and the alteration of the
rocks are linked at certain quarries (the ones that are marked in red at the previous graph). For slightly alterated
samples with a smaller loss of ignition of 3.4% a magnetic susceptibility of 9.68 x 10® SI Units could be measured.
Whereas, for a strongly altered sample, where almost all magnetite had been transformed into hematite, a magnetic
susceptibility of only 1 x 10-6 SI Units and a loss of ignition of 6.6% could be determined.

For a basalt quarry, where an link between LOI and magnetic susceptibility has not been possible in the
laboratory analysis, the geotechnical analysis delivered an explanation. In that quarry strongly altered basalt shows
higher LOI values up to 8.9%, whereas unaltered samples show an LOI of only 2.9%. Anyhow, both samples show a
comparable magnetic susceptibility. This is because, during alteration, only olivine and zeolite minerals are being
altered, whereas the magnetite stays stable. In this case the degree of alteration also relates to the loss of ignition and
hence, the strength of the rock.

This research could show that the magnetic susceptibility can be used as parameters for only certain rock
types. Anyhow, for these rock types an alteration of magnetite needs to be necessary. The degree of alteration of the
rocks has been shown to be mostly linked to the loss of ignition and hence to the rock strength. Even for rock types
where magnetic susceptibility is unsuitable as quality index.

The acoustic conductivity is a less reliable parameter for the rock strength in comparison to the magnetic
susceptibility as it delivers comparable, but less detailed results. Anyhow, the acoustic conductivity might be a
suitable parameter for the online determination of rock quality (e.g. during the blasting process) for rocks, where the
magnetic susceptibility test cannot be applied. Pilot measurements for the “sun-burner” basalt, where the quality
also cannot be indicated via magnetic susceptibility, have shown a suitability of the acoustic method as a quality
determining parameter.
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EXPERIMENTAL TEST AND VERIFICATION ON FULLY
BONDED BOLTING SYSTEM GROUTED BY NEW MATERIAL

Abstract

Fully bonded bolting measure has many superiorities as compared with end-encapsulated measure. A new
type grout named by FC168 anchoring bag is proposed in this study, this anchoring bag can dramatically reduce the
resistance the bolt encountered during bolt inserting process, thus the fully bonded bolting measure can be realized.
The fully bonded bolting supporting conducted in Datong coal mine testified that roadway deformation could be
comparatively restrained, it solved the problems which former end-encapsulated bolting measure couldn’t solve.

1 Geological overview and supporting problems

Study was conducted in return airway of working face 2017, Datong Coal Mine in Qinghai Province.
Geological section of the area and submerging test results for rock sample are shown in Fig. 1. It can be seen that
coal seams were severely deformed under the influence of fault and syncline, the largest inclination of coal seam
approximately reached up to 75° and the average thickness of seams were 5 m. Mining method was horizontal
slicing method, thus the length of working face only had 18 m, situation like this is rare even from a worldwide

scope.
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Fig. 1 Geologlcal section for 2017 working face

Return airway was excavated under coal seam No. 4, field research indicated that the surrounding rock was
extremely loose even in its natural undisturbed state, rock stress distribution map was also extremely complex. The
deformation of surrounding rock was extremely acute which gravely slowed down the normal advancing rate (less

than 4 m/d) of the airway. Some supporting failures are listed in Fig. 2.
In order to restrict additional cost when introduce new supporting measure, all schedules and components
were kept identical except the alteration of encapsulated length, original end-encapsulated way based on resin was
replaced by fully bonded way based on FC168.

Designed width* 'u'aghl
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Large arep of asymmetric

bulge-like deformation

Fig. 2 Failure examples for large deformation in roadways

2 Evaluation for segment supported by fully bonded measure

As compared with traditional resin end-encapsulated measure, fully bonded measure based on FC168
anchoring bag could be easily realized without introducing additional operational procedures and some large
grouting equipment. The most significant aspect is it didn’t increase the resistance when rotate the bolt into the
bottom of borehole, on the contrary, the resistance was largely reduced. A detailed view of fully bonded bolt and an
overall view of the segment supported by the proposed measure are shown in Fig. 3, compared with situations
shown Fig. 2, the deformation was effectively controlled.
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Fig. 3 Detailed show for fully bonded bolt and photo for section supported by fully bonded bolts

Non-destructive pullout test is a vital measure to evaluate the supporting quality of bolting system, which is
widely utilized in bolting area. Here the pullout test was conducted on the middlemost bolt on the roof, the results
showed that pullout force could reach up to 10 MPa in 10 minutes and 38 MPa in 23 minutes. Pullout test on upper
right corner bolt indicated that 41 MPa could be reached in 30 minutes. Because the destructive pullout test was not
conducted on account of safety concerns, hence the actual pullout force was supposed to be larger. It demonstrated
that earlier bolting strength might not remarkable enough, but the late strength was much higher than the originally
desired results.

The total deformation amount and deformation speed were recorded after the installation of fully bonded
bolting system, corresponding results were shown in Fig. 4. Deformation details shown in the figure indicate that
deformation rate was relatively high in the first three days after support, the maximum speed for roof-to-floor
deformation could reach up to 10 mm/d, afterwards, the deformation speed mitigated to a lower level. The
maximum amount for roof-to-floor deformation was 25 mm. The deformation speed for ribs, in the similar form,
decreased from 11 mm/d to 1 mm/d in the first four days, afterwards, it began its horizontal evolving procedure.
Total amount for rib-to-rib deformation in first ten days was approximate 30 mm.
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Fig. 4 Deformation and deformation rate of roof to floor (a) and rib to rib (b)

A comparison with segment supported by end-encapsulated measure is actually necessary, however,
operators in the coal mine hadn’t arranged deformation monitoring sites before we implemented the fully bonded
bolting way based on FC168. Though we arranged monitoring sites at end-encapsulated segment simultaneously as
the implementation of fully bonded measure started, the obtained data showed no obvious change. This results was
normal because the end-encapsulated segment had already been excavated for 20 days, the deformation of
surrounding coal mass was supposed to be stagnated. In those 20 days, further excavation of the return airway was
stopped due to the difficulty encountered to control the severe deformation, the advancing was relaunched with the
assistance of the proposed fully bonded bolting system.
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Fig. 5 Deformation details for end-encapsulated supporting segment after 20 days
Still, by referring the difference between the designed cross-section size and the actual cross-section size at
the monitoring sites, and by virtue of advancing progress chart of the return airway, deformation amount and
average deformation speed at those sites were obtained eventually, see Fig. 5. Note that horizontal axis means the
distance to the starting line of return airway, data positioned at the right side of each point consists two parts, upper
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underlined data represents the width/height difference between designed value and actual value at each monitoring
site, lower data represents the actual width/height.

It can be observed from the figure that the maximum roof-to-floor deformation approximately reached to 1
m at a distance of 5 m to starting line, this site was the farthest one to the advancing face. Rib-to-rib displacement,
as compared with roof-to-floor deformation, was relatively smaller, displacement in most sites was 0.2 m or so, and
the largest one was obtained at the site closing to starting line, reached by 0.57 m. Starting line was the place where
several roadways crossed with each other, which created a complex stress superposition situation around this area,
thus the deformation around this place was relatively large.

As hereinbefore described, the total deformation duration for end-encapsulated segment was 20 days, then
the deformation speed could be calculated accordingly. The maximum average speed for roof-to-floor deformation
was approximate 50 mm/d, whereas that for rib-to-rib was approximate 30 mm/d. By comparing Figs. 4~5, it can be
found that segment supported by end-encapsulated measure had an active deformation trend and the worst place
could have an overall cross-section convergence rate of 34%, which was calculated under the circumstance that the
coal mining face didn’t advancing, otherwise, the situation would be much worse. Supporting failure of underground
space certainly brings difficulties concerning normal advancing of roadway or coal production, it also threatens the
safety of operators. Alteration in Datong coal mine proves that FC168 had a lot of superiorities as compared with
end-encapsulated bolting measure, which resolved the problems that the latter couldn’t resolve.

3. Conclusions

Restricted by high viscosity of resin and ultimate torque of bolting machine, the fully bonded bolting
measure is difficult to implement in high stress rock mass. FC168 is a cement-based material which is specified by
its high early strength, thixotropic characteristics, and high post strength, it is thus especially applicable to reduce
the resistance when bolting machine rotates bolt into the bottom of borehole, and this material is able to meet the
requirements of fully bonded bolting measure. The successful trial of fully bonded bolting measure in Datong coal
mine didn’t introduce extra equipment and cost augmentation, the operation process was relatively easy and the
rotating resistance was also small, which overall guaranteed the rapid installation of fully bonded bolts, the fast one
was remarkably finished in 50s. Subsequent non-destructive pullout tests and deformation monitoring results
testified the stability and availability of the proposed supporting measure.
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benopycckuii nayuonanenwvili mexnuueckuil yHugepcumem

Guruan BHTY «Mescompacnegoii uncmumym nogvliudeHus Keanupurayuu i nepenoozomosku Kaopos no
MeHeOdcmenmy u pazeumuto nepconana bBHTY» (Conucopckoe omoenenue 6ble30H020 00yuerHus)

BO3MOKHOCTH IPUMEHEHUS CTOJB0BOM CUCTEMBI
PA3PABOTKH IIPU BEJJEHUU 'OPHBIX PABOT HA IV
(BABAJIAHCOBOM) KAJIMMHOM I'OPU30OHTE CTAPOBUHCKOI'O
MECTOPOXKIEHUS KAJINHUHBIX COJIEN.

ITocTaHoBKa npod1eMbl:

Ha coBpemeHHO# cTagnu u3y4deHus, KOTa 3amackl OCHOBHBIX KOHKypeHTocrocoOHsIx |1 u 11l ropuzonTon
CTrapoOMHCKOTO MECTOPOXJICHHS B 3HAYMTEIFHOW Mepe IOTalleHbl B MPOIECCEe HMHTEHCHBHOM AKCIUTyaTallHH,
KaJuiHbIe conu |V ropu30oHTa SBASIOTCS OQHUM M3 BO3MOXKHBIX HCTOYHHUKOB PACHIMPEHUS CHIPEEBON 0a3bl pernoHa
1 TIPOJUICHUS CPOKOB CYIIECTBOBAHUS IEHCTBYIOMIUX TOPHO-A00bBaromux npeanpustuii OAO «benapycskammii.

CornacHo ct. 65, m. 1.4 Konekca Peciyonmku benmapyce «O Hempax»: HeIONyIICHHE HEparMOHAILHOTO,
HSKOHOMHYECKH HEOOOCHOBAHHOTO BBIOOPOYHOTO M3BJICUEHUS MOJIE3HBIX HCKOMAEMBIX.

eas ucciaenoBanmii:

JlokazaTb BO3MOXKHOCTb NMPUMEHEHHSI CTOJIOOBOM cHCTEMBI pa3paboTku npu oTrpaborke [V kammifHOro
TOPHU30HTA

H30:keHNe OCHOBHOTO MaTepHaJa:

UeTBepThIii KAIUWHBIA TOPU30HT SIBIISETCS OJHUM M3 HauOoJee MUPOKO PacpOCTPAHEHHBIX B Mpefesiax
CrapoOuHCKOTO MecTOopoXaeHus. B mpeaenax roproro otoaa pyaaukoB OAQO «benapycbkanuii» OH pacioyiokeH
Ha TUTOMIAIH OKOJI0 453 KB.KM, 3ayleraet Ha TimyouHax oT 725M 10 910M. MomHOCTs ropuzoHTa Kosebyercs ot 1,6 —
2,5m j0 34,0m. Haubonbiue 3nadeHus MotnHocTH (25—40 M) 0TMe4aroTcsi B CEBEPHOW U CEBEPO-BOCTOYHOM 4aCTIX
MECTOPOXKJCHHUS 3a IpeAeaaMu AeHCTBYoMUX maxTHeIX none OAO «benapycbkanuiiy.

I'eonoruveckuii pa3pe3 ropu3oHTa MPEACTaBICH YEPEAOBAaHUEM IPOCIOEB CUIIBBUHUTOB, KAMEHHOM CONH U
raJoleauToB. XapaKkTepHas O0COOEHHOCTh TOPH30HTA — HAJIMYME OOJBLIOr0 KOJWYECTBa KaKk MOIIHBIX (OT 2 10
10cMm, pexe 15-20cMm, m3peaka 60-90cMm), Tak U TOHKMX TaJlONEIUTOBBIX IMpocioeB. OOmeH 3aKOHOMEPHOCTBIO B
pacIipeieIeHIH TAJIOTIEIINTOB SIBISIETCS YBEIMUSHNE UX KOJIMUYECTBA M MOITHOCTH (@ CJIeI0BATENHHO, U INIMHUCTOCTH
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paspesa) ¢ 1oro-3amaja Ha CeBepO-BOCTOK, B CTOPOHY Pa3lioMOB. B CBOJHOM pa3spese ropu3oHTa MPUCYTCTBYIOT /0
22 cUIBBUHHUTOBBIX CIIOEB. MIHAEKCalNs CUIIbBUHUTOBBIX CIIOCB BBITIOJHEHA CHU3Y BBEPX.

Tabmuna 1 — [MapaMeTpsl CIOCB IPOAYKTUBHOTO TIACTA
MomHOCTh, M Copepxanue, %
CpenHsis KCL H.O

HanmenoBanue cios

6-7 0,96 4,83
6 0,25

IpoMbInLIeHHBIH HHTEpec npeacTaBasaioT 7,8 u 10 cion

[Ipu pa3paboTke MECTOPOXKICHUI KaIMHHBIX COJICH BCETZa CYIIECTBYET OIMACHOCTH BO3MOXKHOTO IIPOPBIBA
arpecCHBHBIX K COJIIM BOJl B IOJ3EMHOE NMPOCTPAHCTBO PYAHHKOB W3 BBIIIEIEKAIINX BOJOHOCHBIX TOPH30HTOB.
3amuTa pyIHUKOB OT 3TOM IOCTOSHHO CYIIECTBYIOLIEH OMNAacHOCTH JOJDKHA OOECIedMBAThCS HAIUYUEM Haj
0TpadaThIBaEMbIM IIJTACTOM JOCTATOYHON MOIIHOCTH BOAOYIOPHBIX MOpoJ, coctaBisitomux B3T, u coorBeTcTBHEM
IapaMeTPOB OUYHUCTHOM BBIEMKH KOHKPETHBIM T'OPHO-T€OJIOTHYECKUM U I'HJIPOT€0JIOTHUECKUM YCIOBHSAM.

BonozamutHas tonma (B3T), mpeacraBieHa COJCGHOCHBIMU OTJIOKEHHSMH HaJ TOPU3OHTOM BEIEHUS
TOPHBIX PaboT, ¥ TIIMHUCTO-Meprenuctoit Tomued (TMT).

OxujgaeMass BBICOTa 30HBI PACHpPOCTpaHEHHUs TpemuH B mopoaax B3T 3aBucur oT mnpuBeneHHOMH
BBIHUMAEMOH MOIITHOCTH IIJIACTOB, TITyOMHBI 3aJleraHns! OTpabaThIBAEMBIX TOPU30HTOB, HX KOJIMYECTBA M B3aNMHOTO
PpacIoI0)KeHHs TPAHUI] OYUCTHBIX paboT.

VicxoaHble JaHHBIE 71 PacyeTa BBICOTHI 30HBI PAa3BUTHSI BOJIONPOBOASIIINX TEXHOTEHHBIX TPEIINH

o N YeTBEpTHIi
HanmenoBanue Bropoii kanuitab1i o . . S
Tpernii KaTUHHBINA TOPU3OHT KaJUAHBINA
TOPHU30HTOB TOPU30HT
TOPHU30HT
cT0J00- KaMep- CTONGORAS KaMepHas CcTOJI00Bas
Cucrema Bas Hast
paspaboTkn cioif 4 cioit
(2+3)
I'my6una
BEJICHUS TOPHBIX
pabor (H,m) 500 500 662,6 665 665 817,5
Brinnmae-
Masi MOIIIHOCTh ITacTa
(m, M) 2,2 3,0 1,3 2,1 45 2,4
Koadpunuenr
U3Bneuenus Ku 1,0 0,7 1,0 1,0 0,5 1,0

CymMapHas BBICOTa PaCpOCTPaHEHHSI BOJOIIPOBOSIINX TPEIIUH OT BIUSHUS OTPAOOTKH 3-X TOPU30HTOB
Ha PaccMaTpUBacMOM yYacTKE COCTaBIISET:

Hy=902+19,74273 = 1372 m
MH = HB}’T*HT: 180 — 137,2 = 42,8 M

My > [M]

IIpu [M] = 35M ycnoBus 6e3omacHOi 0TpabOTKH MIaXTHOTO 1oJis 2-To PY YeTBepToro kanuitHOro

TOPHU30HTA COOJIOIAIOTCS
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Kapra paitonnposanus |V kanuiinoro ropuzonra maxraoro nois 2 PY no
YCIOBHIO BOJ03aLUAThI

YCJIOBHBIE ObO3HAYEHWS
1

AHMIbI:

Tpannia ukanmsaria 1V Kaititnoro ropusonta
06/25 T'eosioropasBe10uHbIe CKBAKHHbI:
o
Titowaz, 1¢ orpadotka IV kanniinoro ropusonta
HEBOIMOJKHA 110 YCTOBIAM BOO3AIITE!
T17101a/H, Ha KOTOPHIX BOSMOKHA PaspaGoTKa CTONGOBBIMH
crctemav Ges orpariruerii

BeiBoa: coracHo pacuéraM orpaHudeHuil s 0TpaboTkr YeTBepTOro KaauiHOTO TOPU30HTA CTOIOOBOM
cucTteMoil He cymiecTByeT. JIMmib 0TpabOTKa BCEX KAIMHHBIX TOPH30HTOB CTOJIOOBBIM CIIOCOOOM, OTpabOoTKa
3amacoB YeTBepTOro KaauitHOro rOpu30HTa F0XKHOM YacTH MaXTHOTO moJist 2 PY He mpencraBiseTcss BO3MOXKHOM.

Cnucok ncnoJib3yeMoii TuTepaTypsl:

1. Kopekce Pecryomiku benapycs «O Heapax» ot 14 mrons 2008r. Ne4(06-3

2. WHeTpyknus 1o oXpaHe W KPEIJICHHIO TOPHBIX BEIPaboTOK HAa CTapoOMHCKOM MECTOPOXKICHHH.
OAO «benroxumnpom», YYII «MHcTuTyT ropHoro aena» Comuropck-Munck 2010r.

3. WuCcTpykums 1o mpuMeHEeHHI0 cucTteM paszpaborkm Ha CrapobuHckoM MectopoxkaeHuu OAO

«benroxummnpomy», YYII «Mucturyt ropuoro nena», PYII 1O «benapycbkanuii», Conuropck-Munck 2010 r.

E.Jl. ATHATKHWUHA
Jloneyxuii HayuOHANbHBIN MEXHUYEeCKUL YHUBEpCUmem

NCCIIEAOBAHUE MPOLECCA TOPMOXEHMHUSA INAXTHBIX
INOABECHBIX MOHOPEJIbCOBBIX JOPOT" VIS OBECIIEYEHUA
BE3OITACHOCTH SKCIUVIYATALIMN

AKTyanbHOCTH padoThl. be3onmacHOCTH TpaHCIIOPTa MO HAKJIOHHBIM BBIPAOOTKAaM YTOJBHBIX IIaXT BO
MHOTOM OOecIieunBaeTcsi TOPMOXKCHHEM ITOJBIDKHOTO COCTaBa IIOABECHBIX MOHOPEIbCOBBIX popor. M3 Beeit
HOMEHKJIATYpPbl TPAHCHOPTHBIX CPEACTB TOJBKO MHIAXTHBIC IIO/BECHBIE MOHOPEIBCOBBIE JOPOTH 00ECIEeYHBAIOT
fecreperpy30uHoe TPAHCIIOPTHPOBAHHE BCIOMOTATENbHBIX IPY30B M JIOCH 110 TpaccaM ¢ yriaMi HakmoHa +35° u
MaJbIMHU paJuycaMu 3aKkpyrienui mytu [1-3].

CoBpeMeHHbIE TEHJEHLIUU MOKa3bIBAIOT HEYMOIUMBIH POCT CKOPOCTH JABUKEHUS U MAacCChl NEPEBO3UMBIX
Ipy30B, 4TO TpeOyeT CO3AaHus TPAHCIOPTHBIX CPEJCTB, O0ONANAIOIINX MOBBINICHHOH TATOBOW CIHOCOOHOCTBIO H
3¢ ¢eKTHBHBIM  TopMOXeHHeM. JIis 0O0OCHOBaHHWS palHMOHAJBHBIX IAPAMETPOB  INAXTHBIX  ITOABECHBIX
MOHOPEJIBCOBBIX JOPOT BAXKHBIM 3TAllOM SIBIIAIOTCS HCCICIOBAHMSA IWHAMHUKH (YHKIMOHHUPOBAHHMS TOPMO3HBIX
YCTPOWCTB METOIaMH MAaTEeMaTHIECKOTO MOJICIMPOBAHISL. DTUM OOBSACHIETCS aKTYaJIbHOCTH PaOOTHI.

Heab paboThl 3aKiI04aeTCA B pa3paboTKe MaTEMAaTHIECKOH MOJIENU MPOLECCa TOPMOKEHHS TOIBUKHOTO
cOCTaBa, 4YTO TIO3BOJIET 3a CUYET OOOCHOBAaHHWS IAapaMETPOB M COBEPIICHCTBOBAHMS TOPMO3HBIX YCTPOMCTB
MTOBBICUTH 0€30MaCHOCTD AKCILTyaTallMy MAaXTHOW MOJBECHON MOHOPEIHCOBOH TOPOTH.
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JInst TOCTHKEHUsI yKa3aHHOH LIENN NCCIeJOBaHUH HEOOXOJUMO PELINTh CICIYIOIINE 3aIaUum:

- pa3paboTaTh MaTeMaTHYECKyI0 MOJEIb MpOoLEecca TOPMOXEHHS IOABMKHOTO COCTaBa MIAXTHOM
[10/IBECHOM MOHOPEILCOBOM AOPOTH;

- Ha OCHOBE MaTeMaTHMYECKOHM MOJENU IpoLecca TOPMOXKEHUS IAXTHOW IMOABECHOW MOHOPEIbCOBOM
JOPOTH BEIIBUTH PALMOHATBHBIC 3HAYCHUSI TOPMO3HBIX YCTPONCTB M MOJBHKHOTO COCTABA;

- paspaboTaThb pEKOMEHAAUWH S TOBBIIICHHASA J(PQPEKTHBHOCTH TOPMOXEHHS U 0e30macHOCTH
9KCIUTyaTaluy OIBECHON MOHOPEIbCOBOM JOPOTHU B IIAXTE.

OcHOBHBIC MaTepHAJbI U Pe3yJbTaThbl HccaeAoBaHus. [IoaBIKHON COCTaB COBPEMEHHBIX MOABECHBIX
JIOPOT' COCTOUT M3 XOJOBBIX, TSATOBBIX W TOPMO3HBIX TEJEKEK, COCIMHEHHBIX MEXAY CO00l cuenkamu (TsAramm),
MepeMeINaloUXcsl 0 MOHOPEIbCOBOMY MyTH. K XOIOBBIM TeNeXKaM IOJABEHIMBAIOTCA TIPY3bl, NMOAJNOHBI U
KOHTEHHEpBI, paclojlararolecss B CpeAHed YacTh cocraBa. VX KOJMYECTBO ONpENeNseTcss CIIOCOOHOCTSIMU
TATOBBIX Tesexek. OHa U3 JBYX TOPMO3HBIX TEJEKEK BCETAa HaXOAUTCS MEpBOIl MO X0y JBUIKEHUS MOJBUXKHOTO
cocTtaBa, a BTOpas — mocienHed. B oOmem ciydae TATOBBIE TENEKKH B HEKOTOPOM CTENEHM MOTYT BBIIONHATH
TOPMO3HBIE (YHKIWMH, IMO3TOMY YacTO IOTOJHUTEIHFHO CHAOXKAOTCS TOPMO3HBIMH YCTPOWCTBAMH. XOIOBBIC
TEJIS)KKH, KaK MPaBHJIO, HE IMEIOT TOPMO30B.

Ha puc. 1 npencrasiena cxema NoABECHON MOHOPEIBLCOBOM JOPOrM KaK CUCTEMBI YIPYIHX TEJl, CBA3aHHBIX
Mexay coboi. ITockoIbKy MOMEHTHI MHEPIIMM BPAIIAIOIMINXCS KOJIEC XOJOBBIX M TATOBBIX TEIEXKEK Malbl, TO HX
MOJKHO HE y4uThIBaTh. CUMTaeM, YTO AWCCHIIATUBHBIE CHIIBI, JEHCTBYIONIINE B CLENKAX, PABHBI MPOIOPIHOHATIBEHO
CKOPOCTH HX JedopManu, a 3a30pbl B COCUHEHUAX JIEMEHTOB JJOPOTH OTCYTCTBYIOT.

Beemem cnemyromme o6o3HaueHHA: My, My — TpHBEJCHHBIC MAacChl TOPMO3HBIX — TENEHKEK;
m,, Mg, Mg — Maccel XOAOBBIX TENEKEK C NPUBEICHHON MAcCOi 9acThio cuenky; My, My, M; — npuBencHHbBIE
MAacchl IOJIBECHBIX 3JIEMEHTOB IIOJBHIKHOIO COCTaBa C YYETOM NPHUBEACHHOW Maccel rpysa; My, Mg —
MIPUBEJICHHBIE MAacChl TATOBBIX TEJEKEK (YCTPOHCTB); hC — pacCcTOsSHUE MEXIYy LEHTpaMU MacC TENEkKEK U
MEePEeBO3UMBIX TPYy30B; C.15,Cog,Cr35, Cog7,Crg,y Cg1g — KOX(PHUIHUEHTH! JKECTKOCTH CIEIOK, I CTHIKYEMBIX

MEXIy c000il  Telexkek; bclz,bcz3,b35,b57,b79,b910 —  Ko3QHUIUEHTH  AeMI(HUPOBAHUSA  CIETOK,

COOTBCTCTBCHHO.

— -—

Puc.1. Cxema miaxTHOH 1o JBECHONH MOHOPENILCOBOMN IOPOrU: 1 — MOHOPENBCOBBIN MyTh; 2 — XOJ0Bast
TeNnexKa; 3 — TAroBas TeJeKKa; 4 — TOPMO3HAS TENIEKKA; 5 — ePEeBO3UMBIN Ipy3

Ucnone3ys obmume noaxoabl [4-7] cucrema muddepeHHanbHbIX YpaBHEHHH [BHXKEHHUS B MOMEHT

TOPMOXKEHHSI TIOABMKHOTO COCTaBa C YYETOM €ro YNpyro-IeMrupyomnx CBA3ed W KojeOaHWil MepeBo3nMOro
rpy3a OyJeT BBITIIIETh CIIeyIOIUM 00pa3oM:

59



myX + Ty 1)+ Cep (X1 = X5 )+ begp (g = %,) = 0;

M, X, — Cogp (X1 = X5 ) = Begp (Xy = X5 )+ Cegp (Xp = X3 )+ by (%o = X5) + F (t): 0;

MKy — Cepg(Xy — Xg) = Beag(Xy = Xg )+ Ces (X3 — X5 )+ begs (Xg — X )+ Myg /e (x5 = X, )
Xy = 91N (x5 = %4)=0;

MsXs — Cozs(Xg — Xs ) — a5 (Xg = X5)+ Cos7 (X5 — X7 )+ sz (Xg — %7 )+ M@ /Do (X5 — X5 ) = O;
X5 — g /he(xs —X5)=0;

M; X7 — Cos7 (X5 — X7 ) =gz (Xs — X7 )+ Cozg (X7 = Xg )+ 79 (X7 — Xg )+ Mg /1o (X, — Xg) = O;
X —9/h(X; —%g)=0;

MgXg — Ce79 (X7 - Xg)— be7g (X7 - X9)+ Ceot0 (Xg - X10)+ chlO(XQ - X10)+ Fq (t): 0;

MypX10 — Ceoto (Xg — X0 ) —DBeo10 (Xg — %40 ) +Too (t) =0,

0;

rae Xq, X5,...X{g — TPOJOJBHBIC IEPEMEIIECHAS COOTBETCTBYIOIIUX IIPUBEACHHBIX MAcC IMOIBHKHOIO

cocCTaBa HOI[BGCHOI>'I MOHOpeHLCOBOﬁ AOpPOTH; Fq (t), qu (t), quO (t) — TOPMO3HBIC CUJIbI, CO3aBACMbIC TAT'OBBIMHA

Y TOPMO3HBIMHU TEJIEKKAMH, COOTBETCTBCHHO.

Pe3ynpTaThl YMCICHHOTO PELIeHUs CUCTEMbl YpaBHEHHH, ITOIyUYeHHbIE ¢ IToMOoIIbio MeTona PyHre-KyTThl,
IpeacTaBieHbl Ha puc. 2. [Ipu 3ToM pacueTs! BBINOIHAIKNCH I MapaMeTpOB IOABMKHOIO COCTaBa, XapaKTEPHBIX
JUIsL COBPEMEHHBIX HIAXTHBIX IIOJBECHBIX MOHOPEILCOBBIX OPOT.

/i, pan

Puc.2. l"pa(i)lxmecxﬂe 3aBUCUMOCTH ABMIKCHUSA NOABUIKHOI'O COCTABA BO BPECMCHU:

1-Fp=1(t);2- Fyu(t);3- Fg(t);4- Fyo = f(1);5-wg = (1)

s mpuMepa, NMPUBEAEHHOTO HA PHUC. 2, MPUHUMAIUCH CIEAYIONIME 3HAYEHMS: HayajdbHAs CKOPOCTh
ABIDKEHHs TIOJBIAKHOTO cocTaBa — 3,5 M/c; maccel My =My = 0,21, M, =Mg = 2,01; My =Mg =Mg = 8,0

T, Myg=Mg =M, = 1,0 7, muna noxseca N, = 1 m; koadpuument xecrkoctn cuenok C, = 800 xH/m;

KO3 PUIUEHT aeMIpUPOBaHUS CIEITOK bc = 1,0 xH-¢c/M, a TOpMO3HBIC CHJIBI, CO3IABACMbIC TOPMO3HBIMH

Tenexxkamu — 15 kH.
AHanu3 TOXYyYeHHBIX Pe3yJbTAaTOB JJIS Pa3HBIX COYETaHUH MapaMeTpOB IMOIBIKHOTO COCTaBa M CIIETIOK

HOKa3bIBAET, 4TO Macchl My, Mg; M, UMEOT HOBOJLHO OJNM3KME MTHOBEHHbIE 3Ha4eHHS X3z, Xg U X7. OTO B
MOJIHOM Mepe OTHOCHTCSA M 1 Mace X4, Xg, Xg, KOTOpbIE BO BPEMs TOPMOXXEHHS COBEPIIAIOT MPOMOJIBHBIE

Ko0J1e0aHus, MOBOPAYMBAACE Ha yroll Y/, ; Wg, Wy, KOTOPBII NPUHUMaET MakcuMaibHoe 3HadeHue 0,2 paj.
W3 puc. 2 BHAHO, 9TO NMPH HAYaJIBHOM TOPMO3HOM YCHJIMHM Ha TOPMO3HBIX TeNeXKax, paBHoM 15 xH,

HauOoJbIllee YCUIINE B CIEMKE COCTABISET F910 =27, 5 xH ana mepBoil mo XoAay TOPMO3HOHN KapeTKw, a Jyis

nocueaHen — F12 =25,7 kH. C poctom 3HaueHus ko3 duipeHTa *KeCTKOCTH CHENKH Pa3HUIA MEX/y TOPMO3HBIM
YCHIMEM W YCHWJIMEM, JACHCTBYIOIIMM B CIENKax - yBenumduBaerca. Jlias yMEHbIICHWS YCWIMH B CIEIKe
1enecooOpa3Ho yBeIMYMBaTh 3HaueHne kKoddunmenta nemndupoBanus. Tak mpu bc = 10,0 kH-c/™m ycunus B

cuenke coctaisior 18,6 kH u 17,2 kH, cooTBeTCTBEHHO.
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C nanpHEWIIMM MOBBIIEHHEM, KOTAA bc 2> 15,0 kH-c/m, yka3aHHasi pa3HULA CYIIECTBEHHO CHIKACTCS U

npu bc = 20,0 xH'c/m cocraBnser menee 1%. IlodTomMy 3HadeHuUe bC = 15,0..20,0 xH-c/m cnenyer

PEKOMEHIOBATh HCIOIb30BATh IPH MPOESKTUPOBAHHH IIAXTHBIX ITOIBECHBIX MOHOPEIHCOBBIX JOPOT.

[IpoBeneHHBIE WCCICNOBAaHHUS MOKA3ald, 4YTO JUI1 CHIDKEHHA JAWHAMHUYECKHX YCWIMH B CLENKax
LIENecO00pa3HO BBIMOJHATH PACMIPENCICHHYI0 TOPMO3HYIO CHCTEMY BJIOJNb BCEro MOIBHXXHOTO COCTaBa H
TOPMO3HBIE YCTPOMCTBA pacloyiaraTb Ha KaKJOW XOJOBOW Tenekke. Kpome TOro ykazaHHOE KOHCTPYKTHBHOE
UCTIOTHEHHUE TO3BOJIHUT MCKIIOYUTH CaMOIPON3BOJIBHOE CKATHIBAHHE MOJBIDKHBIX CIMHUI] HA HAKJIOHHBIX y4acTKax
MOHOPENCOBOTO  IIyTH, YTO MO3BOJHUT MOBBICUTH OE30MACHOCTh OKCIUIyaTallMM IIaXTHBIX IOJIBECHBIX
MOHOPEITBCOBBIX Z0pOT. OCOGEHHO 3TO Ba’KHO [T TPACE C yIrIaMH HAKIOHa Goiee 6°.

BriBoabl. B pe3ynbTare BBINOTHEHHBIX TEOPETUIECKUX HCCIIEIOBAHMIA:

- paspaboraHa MaTeMaTH4ecKass MOJENb TOPMOXKEHHMS ITOJBI)KHOTO COCTaBa C y4YETOM €ro YHpyro-
JeMI(QUPYIOIUX CBI3el U KoJieOaHUil epeBO3UMOTO Ipy3a;

- YCTaHOBJICHO, YTO IIPU ONPEAEIECHHBIX JKECTKOCTHBIX M MAcCOBBIX IapaMeTpax 3JIEMEHTOB IOJIBUKHOTO
COCTaBa, BO3MOXKHO BIMATH Ha YCHIIHS, BO3HHUKAIOIINE B MPOIIECCE M0 OCTAHOBKH, COKPATHTh BPEMsI M TOPMO3HOH
ITyTh, YTO MO3BOJISIET IIOBBICUTH OE30MACHOCTD AKCIUTyaTallly MAaXTHBIX MOJBECHBIX MOHOPEIBCOBBIX JOPOT;

- TNOJy4EHHbIC 3aKOHOMEPHOCTH MOTYT OBITh WCIOJIb30BAHBI IPH CO3JAaHUM HOBBIX W MOJACPHHU3ALNHI
CYIIECTBYIOIIUX IOJIBECHBIX MOHOPEIBCOBBIX I0OPOT, PEIHA3HAYEHHBIX ISl paOOTHI B IIOA3EMHBIX YCIOBHUSIX.

JanpHeHmM pa3BUTHEM JAHHOTO HANPABICHUS SBILFOTCS SKCIEPUMEHTANIBHBIE UCCIIEI0BAHHS, KOTOPHIC
IUTAHUPYETCS IPOBECTH B TAOOPATOPHBIX M MPOMBIIIICHHBIX YCIOBHAX.
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0.JI1. KU3UsPOB, A.C. KHbIII
T'OY BIIO JIHP «[{onbacckuil 20Cy0apcmeenuvill mexHudeckuil ynusepcumemy (2. Anuesck)

TEXHUKO-9KOHOMUYECKOE OBOCHOBAHMUE
MEPOINPUSATHUHI MO OBECHBIJIMBAHUIO BO31YXA B OUMCTHOM
3ABOE LI. «XAPBKOBCKAS» CII «CBEPAJTOBAHTPALIUT»

VYrompHash IbUTH SBISETCS BPEAHBIM W ONACHBIM IIPOM3BOACTBEHHBIM (D)aKTOPOM, BBI3BIBAIOIINM
BO3HMKHOBEHHME OMNAcHbIX Npod3aboneBaHnii, a TaKke CHIKAIOUIMM CpPOK 3KCIUTyaTallud TOPHO-LIAXTHOTO
obopynoBanust. BpenHoe Bo3zeiicTBHE IBUTH 9acToO HelooneHuBaeTes [1], HO OHO MOXET NPEICTABIATh PEATbHYIO
OMACHOCTb, MOATOMY CHIDKEHHE KOHUEHTPALMU NbIAM B PYJAHUYHOM BO3AyXE SIBJIAETCS aKTyaJbHOW HaydyHOMH
3agaueil.

OreHnB (haKTHIECKOE COCTOSTHHE TTBUIEBOTO PEKMUMA B YCIIOBHUAX OYHCTHBIX 3a00€B 1. «XapbKOBCKas»,
OBUTO BBIABIICHO, YTO MIPUMEHSIEMbIE Ha IIaXTe€ MEPONPUATHSI He 00eCTIeYnBalOT CHIDKEHIE 3allBUIEHHOCTH BO3yXa
1o ITJIK, TeM camMbIM IPEenATCTBYET TOCTIKEHUIO KOM(OPTHBIX 1 0€30IMacHBIX YCIOBHH TPyAa B OYHCTHOM 3a00¢€.

[{enb pabOTHI — TEXHUKO-IKOHOMHYECKOEe 000CHOBAHNE MEPOTPHUATHI M0 CHIKEHUIO KOHIIEHTPAIMH ITBLITH
B OYHCTHOM 3a00€ B YCIOBHSX IIaxThl " XapbKoBcKas'.

JI1 TEXHUKO-3KOHOMHYECKOTO CPAaBHEHHS, COTIACHO [2], BEIOpAHBI CIEIyIONINE TEXHOIOTHIECKHE CXEMBI
IIPEeJBApUTENHHOIO YBIAXHEHUS IIacTa: | BapHaHT — TEXHOJOTMYecKas CXeéMa HarHeTaHUs B IUIACT BOJBI uepes3
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CKB@)XUHBI M3 JABYX IOJTOTOBHTEIBHBIX BBHIPAOOTOK; 2 BapHaHT — TEXHOJOTMYECKAs CXEMa HArHETAHWS B IIJIACT
BOJIBI Y€pe3 IIITYPhl U3 OYUCTHOTO 32005, MPUMEHAEMast B HACTOSILEE BPEMsI Ha [IaXTe.

C menpro uccnenoBanusi >((EKTUBHOCTH CHIDKCHHS 3allbUICHHOCTH BO3IyXa, pa3paboTaHa MOIEINb,
peann3oBaHHas B mporpaMMHOM Komiuiekce Ansys Fluent. Tlpunsrta meyxdasnas K-e Momensb TypOyJIEHTHOCTH C
BHUXPEBBIM OTOKOM [3].

MonenupoBaHue OCYIIECTBICHO [UIS CICAYIOUINX YCIOBHI: MOIIHOCTD Iuiacta 1,15 M; yronm mameHus 6°;
qHa naBel 200 M; TeMmmepaTypa Bo3ayxXa B JlaBe M BMmemaromux nopoxa 22° C. B nmaBe MexaHU3WPOBAHHBIN
kommieke KJ/1-90. Ha ocHOBaHMM TNpOBENCHHBIX PSAOM aBTOPOB MCCIICNOBAHUH JUCIIEPCHOTO COCTaBa IBUIN
YTOJBHBIX MAXT [4, 5], pa3Mepbl YroJibHBIX YacTHUIl MPU MOJESIUPOBAHUN 3a/1aBAJIUCh CIIETYIOIINE: MUHUMAIIbHbIHA
auaMetp 10 MM, MakcUManbHbIM auameTp 70 MKM; cpeAaHU MeAMaHHBIN AuaMeTp 36 MxM. J[ofsf B3BEIICHHBIX
YaCTHIl C UHBIMU 3HAYEHUSIMU IMaMETPOB B BO3yXe He npeBbimaeT 35%.

[lepBOoHauaFHO HCCIIEIOBAaHO paclpeseieHie KOHLEHTPAalUH YrojbHOW MbUIM MO JaBe (PUCYHOK 1).
CoracHo pacueTaM, KOHIICHTpALUs UM BO3Jie KoMmOaitHa coctaBisteT 160 mr/m?, a Ha pacctossHIH 20 M OT 32605
JOCTHTAeT BEMUYMHBI 75 Mr/m°. JlanpHeilnee yBeTMUEHHE pPACCTOSHHUS OT 3a00s OKa3bIBAaeT HE3HAYHTEIHHOE
BIMSHHUE HA COZIEPKAHUE MIBUIN B BO3/YXE.
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Pucynox 1 - M30moiisi KOHLIEHTpAIMK YroJIbHOM BTN B CPEJHEM CEUEHHUH, TapajlieIbHO HAIJIaCTOBaHHIO

I[anee HCCJIICAOBAHO BJIWAHUC BJIAKHOCTHU YIJIA U CKOPOCTH ABWIKCHUSA BO3AyXa B OYHMCTHOM 3a00e Ha
KOHIICHTpAaulO MbUIH. MunumanbHas CKOPOCTb BO3AyXa OHpCACJICHA PACYCTOM, MCXOJA U3 KOJIMYCCTBA BO3AyXa
U1 IPOBETPUBAHWA IO BBIACJICHUAM YTJICKHUCIIOTO Ta3a. Brnaxuocts yrist U3MEHAJIACh B JIUAIIa30HC OT 5 a0 8%.
I[J'IH KaXXJ101ro 1moKasaTejs BJIaXHOCTHU ObLIU TIOJTYYCHBI CBOU 3HAYCHHA ONTHUMAJIbHBIX CKOpOCTefI Vou.onr (pI/ICYHOK 2)
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Pucynox 2 - I'paduk 3aBHCUMOCTH KOHIICHTPAIIMH YTOJILHOM IBIJIM B 30HE PabOTHI KoMOaifHa OT CKOpOCTH
BO3/lyXa B JIaBe

CoriacHO MPOAETAHHOMY aHAIN3y, NMPUMEHEHHE TEXHOJIOTHYECKOW CXEMBbl HAarHeTaHUs B IUIACT BOJBI
Yyepe3 CKBOXKHUHBI U3 JIBYX HMOATOTOBUTEIBHBIX BHIPaOOTOK — mMo3BojsieT B 1,5...1,7 pa3 CHHU3UTH KOHIEHTPAIHIO
IIBITH KaK B 30HE paboThI KOMOalHa, TaKk W Ha MCXOIIICH CTpye, M0 CPAaBHEHMIO C IIaXTHBIM BapwaHTOM. Jlamee
MIPOU3BEICHO TEXHUKO-3KOHOMUYECKOE CPAaBHEHNE BapHaHTOB. J{J1s1 Ka)kI0ro BapraHTa ObUTH PACCUUTAHBI: 00BEMBI
pabor, 3aTpaThl Ha MaTepHalIbl, AMOPTU3ALIMIO, JIEKTPOIHEPTHUIO, 3apaOOTHYIO TIAaTy U OTYMCIeHus (Tabmuna 1).

Ta6nnua 1 — TexXHUKO-9KOHOMHYECKOE CpaBHCHUEC BAPUAHTOB TEXHOJOI'MYCCKUX CXEM 110 00€eCIBLUINBAHUIO
BO3/1yXa B JIaBC

O6wem pabot
3arpatsl Ha
Ha Yaenbrbie BBIEMOYHBINI
Ne ITapameTpbi En. 1 Bap.|2 Bap. Ne Bux satpar EX | priemounsiit [satpartel, py6./t Y
/11 TEXHOJIOTHH U3M. /1 U3M. V., M MJIH. Py6.
1 Bap.‘2 Bap.| 1 Bap. | 2 Bap. | 1 Bap. | 2 Bap.
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Bypenue

3,08 [40,417 [266112034920000
CKBaKHH/IIITYPOB

1| BnaxsHocTs yris % | 78| 6 9

2 Hmara w |132| 3 ||10| Harueraune sonbi 8 0,224 | 2,021 | 1932481746000
LIy pa/CKBaKUHBI CKBa)KUHBI/IIITYPBI
3 | Paccrosmme mexny |\ gq | g ||qq| DICKIPOSHEpTIA HA 0,587 | 0,283 |506880| 244440
[IITypaMu/CKBaXKHHAMY OypeHue
KomnuectBo

DneKTpos’Heprus Ha

0,755 | 7,76 |652608|6704640
HarHeTaHue

4 | mmypos/ckBakuH Ha | mT. | 80 (38800 |12
BBIEMOYHBIN Y4aCTOK

AMOpPTH3AIIOHHbIE

HaBJ’IeHHe KHNJKOCTH, OTYHUCJICHHUA Ha

MIla| 18 | 15 ||13 1,496 | 0,226 (1292544 195552

HarHeTaeMoi B IJIacT OypoBoit
CTaHOK/3JIEKTPOCBEPIIO,
KomnuectBo
AMOpTH3aI[MOHHBIE
6 HHIKOCTH, M® | 160|017 | |14|  orumcnenns na 0,154 | 0,154 |133056 | 132696
3aKauMBAEMOM B OJIUH
H.[Hyp/CKBa)KI/IHy HAaCOCHYI YCTaHOBKY M |10560(116400
OnTuManbHas
7 | cxopocth nBmkenus | m/c | 2,2 | 1,7 | |15 Ha marepuansi 0,733 | 8,083 {633600 6984000
BO3/IyXa B JIaBe
8 ena 1 T yrus py0. [2145|2186| |16 Hroro 7,029 | 58,944 1607305650927328|

DxoHOMHUYeCKUH 3(PGEKT OT MPUMEHCHHS TEXHOJIOTHYECKOM CXeMbl HarHETAHWS B IJIACT BOJBI Yepe3
CKBYKHHBI U3 JIBYX MMOJATOTOBHUTEIILHBIX BRIPA0OTOK, OMIPEICIUM IO (opMyIie

Oer = Lier Uup = L - Cop + Ciy) = 864000-(2145 - 2186 - 1375 + 1427) = 9504000 py6., (1)

rne /[ ; — 3amachbl BBIEMOYHOT'O Y4acTKa, T;

Ly, Ly, — eHa 1 T 100BIBAEMOTO YIIIA, COOTBETCTBEHHO, IO ITAXTHOMY M IPOEKTHOMY (IIPEAIaracMoMy)
BapuaHty, py0. (B3sTa 10 MIAXTHOMY OTYETY C KOPPEKTHPOBKON HA (PAKTHUECKYIO BIAYKHOCTH YIJif);

Cu, Cyp — cebecTommocTs 1 T HOOBIBAEMOTO YITIA, COOTBETCTBEHHO, MO IIAXTHOMY M HPOEKTHOMY
BapuaHty, py0. (10 MIaXTHOMY OTUYETY C KOPPEKTUPOBKOM Ha (paKTHYECKUE 3aTPATHI).

Takum 00pa3oM, HECMOTpSI Ha YBEJIMYEHHE BIAXKHOCTH J00BIBAEMOTO YIS, U, KaK CIIEACTBHE, CHIDKCHHE
€ro LEeHbl MPU MPUMEHEHUH MpeAiaraeMoil TEXHOJIOTMH HATHETAHUS JKHIKOCTH B IUIACT U3 MOJATOTOBUTEIBHBIX
BBIPAOOTOK, 3aTPaThl HA OCYIIECTBICHUE 3TOTO MEPOIPHUATHS CYIIECTBEHHO HIKE, YEM TPU MPUMEHEHHUH IIIAXTHOTO
BapHaHTAa.

BoiBoabl. IIpuMeHEHHE TEXHOJOTHMYSCKOW CXEMbl HATHETAHWS B IUIACT BOJABI 4Yepe3 CKBAXKHHBI M3
MTOJITOTOBUTEIILHBIX BBIPAOOTOK, IPU ONTUMAILHOW CKOPOCTH BO31yXa B JIaBe V., = 2,2 M/c, mo3BoisieT B 1,5...1,7
pa3 CHHU3HUTH KOHIICHTPAIIMIO MbUIM, MO CPABHEHHIO C BApUAHTOM, MPHUMEHSICMBIM Ha IIaXTe, dKOHOMHYCCKUI
3pPeKT OT NPUMEHEHUS TEXHOIOTMYECKOW CXEMbl HArHETAHWS B IUIACT BOJBI Yepe3 CKBAXKUHBI U3
[OJICOTOBUTENBHBIX BHIPAOOTOK COCTABMII 9,5 MITH. pyo0.

Bbubdauorpapuyeckuii cnucox

1. Vmenvwenue — nvineobpazosanus  [Onexmpounviii  pecypc]. —  Peaxcum  odocmyna:
http://minestories.com/ru/.

2. @edepanvibie HOPML U NPABULA 8 0OAACTNU NPOMBIULIEHHOU be3onachocmu « Mncmpykyus no 6opvoe ¢
noLibio 8 yeoavusix waxmaxy [Texem]. — 2014, — 54c.

3. Bamypun O. B. Pacuem meuenuil dcuOKOCmu u 2a3a ¢ HOMOWbIO YHUBEPCAIbHO20 NPOZPAMMHOZ0
xomnnexca Fluent / O. B. bamypun, H. B. bamypun, B. H. Mameees. — C: C['AY, 2009. — 148c.

4. Tpyouywvina JI.A. Hccrnedosanue oucnepchoco cocmaga OmaoNCUBUENCS Nblau Yeael pa3iuyHol cmaouu
memamopusma / /. A. Tpyouywina, Ji. C. Xnyooe // BECTHUK - nayuno-mexnuueckuti scypruan Nel-2014. C. 13-
23.

5. Kpemenes O. I'. 3axonomeprocmu OUcCnepcHozo cocmaga WiaxmHou Nulid 6 20PHLIX GblpadOMKAX
veonvnwix waxm [onbacca / O. I'. Kpemenes, B. IO. /[lepessanckuil, B. A. Cepeees, B. U. Mywenko, H. H. Kopaiox //
Cnocobwl u cpeocmea co3danusi 6€30nacHbIX U 300POGbIX YCA06Ull mpyda 8 y2oabHulx waxmax. — 2013. C. 152 —

164.

63



IO3E® ITAPXAHBCKH
Cunesckuti mexuuyeckutl ynugepcumem, 2. I nusuye, [1OJIBIIIA

MOHSITUE PUCKA TPABMATHU3MA M METOJMKA ETO
OLIEHKU

AnHotanusi: B paboTe npencraBieHbl METO/IBI OLICHKH TpaBMaTH3Ma 3a neproa 1993-2010 r.r, a Takxe
000CHOBaHHME MOHATHS PUCKA TPAaBMAaTU3Ma U CIIOCO0 €ro MpecTaBIeHHs U HHTEPIIPETaluu

JanbHeiimue MccinenoBaHus B paciiupeHHOM o0beme ¢ 1954mo 2010 r.r. mo3BoJIMIIM OMKCATh HOBYIO
3aBUCUMOCTb, 0 CHX IOp HE OMHCAHHYIO B CIIELUAILHON JINTEpaType , KOTOpas IMOIy4niIa Ha3BaHUE «THCTEPE3UC
TpaBMaTu3Ma.

1. BBeaenue

YpoBeHb 0e30IacHOCTH Ha HPEANPUATHSAX A0 HACTOAIIETO BPEMEHH OLICHMBACTCA HA OCHOBAaHWH BEIMYMH
KO3(PUIMEHTOB TpaBMaTi3Ma. JT0 Kod(hduimentsl actotsl TpaBmarmsma Wz, WriWg, xosddumment tsmxectn
cydass C u 0600mennsrid ko3¢ dumment morepbWys (puc.1). Ilogbop mokaszareneii TpaBMaTH3Ma IS OIICHKH €r0
YPOBHS, KaK IPaBHIIO, IPOU3BOIBHBIN, MOCKOIbKY B [loibIie 1 Ha CBETE HE CYIIECTBYET AUPEKTUB, KAKOH M KOTJa
JOJDKHBI IpUMeHSThes. OQHnnanbHbIe JaHHBIE CTATUCTHYECKUX YIPSKICHUN MYOINKYIOT 3HaUCHHST KO3 (HUIHEHTO
B Wz u C. [lpu ananuse TpaBMaTH3Ma dyaile APYTHX HMCHONB3YIOT K0d(pduumeHTW;, MOCKOJIBKY OH KacaeTcs
MPAaKTUYCCKH JIO0OH 00JacTH XO3SWCTBCHHON AeATeNbHOCTH. TCHICHIMS W3MCHCHHH 3HAYCHHH 3TOr0
ko3 duimenta peaxo cessbiBaeTes ¢ koddduimenrom C. Csa3p mexnmy stumu mokaszatensmu (WziC) Becbma
CYIIECTBEHHA, IOCKOJIBKY OTPaXaeT CBS3M MEXKIy IapaMeTpaMu IMpOQeCcCHOHANIBHOIO pHCKa (TEPMHH YETKO
Ompe/IeNieH IOPUIUYECKN).

B Ionbmre npy aHanm3e TpaBMaTH3Ma MPUMEHACTCS TAKKE T.Ha3. IPEBEHTHBHBIA KO (UIMEHT TpaBMaTH3Ma,
ompepesieMblii  Kak  000OmeHHb ko3¢ ¢umueHT noTepb[l]. Ero CcocTaBISIOIINMH  SIBISTIOTCS  JICMEHTHI
po(eCCHOHANBHOTO PUCKA - 9acTOTa M THKECTh TPaBMAaTHU3Ma, OJHAKO JKE, CIOCOO MPENCTaBJICHHUS BEIUYHHbI
MIOKa3aTels, OCOOCHHO B CBSI3M C €0 COCTABIIIOIIMMH, CIOXKEH M YacTO HE MOIJIEKHUT JOTHYECKOMY aHAIM3Y.
AHanu3 TpaBMaTH3Ma IPOM3BOAWTCA JUII KOPOTKHX (HECKOJIBKO JIET) MPOMEXYTKOB BPEMEHH, a 3HAYCHUS
KOX(PHUIHIEHTOB Ha TpaduKax MPeACTABIAIOTCA OTACIHHO (pHc. 1).

ﬁ; W, :%-103; W, ZVBV-105 ; Wo :V?V-lo?’; W, =W, -107°.C;

Sm

W — obmiee kxonmdecTBO ciydaeB; Wg, — UYHCIO CMEpPTENbHBIX CIy4aeB; Z — YHCICHHOCTB;
D — gucno orpaboranHbIX YenmoBeko-cMeH; T — 00beM o0orameHHOTo( TOBApHOTO) YIJIs;

Ds — uncno pabounx cMeH, MOTEPSHHBIX M3-32 TpaBMaTH3Ma; C — KOA(QQUIMEHT TSHKECTH TPaBMAaTHU3MA;
Koaddrmument gactotsr TpaBmMaTiu3ma: Wz - Ha 1000 pabounx; Wg - Ha 100 000 genoBeko-cmeH; W+ - Ha 1 MuH
ToHH; Wys - 0000IIICHHBII TOKA3aTEeNb OTEPh.
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Puc. 1. KoadduuneHTs! TpaBMaTH3Ma Ha yroiabHBIX maxTax B nepuoa 1990-2010rr
2. Puck TpaBmMaTu3zma
[lonsTHE pHCK TpaBMaTH3Ma HCIOJIB3YETCSl B MPOQECCHOHATBEHON JUTEpaType, OOHAKO B HOPMATHUBHBIX U
NIPAaBOBBIX JOKYMEHTaX (3aKOHbI, II0/I3aKOHHBIC aKThl, PAaCIOPSDKEHHS, HOPMBI M T.II.) HE OIKMCAaHO Kak
oQHIMAaIbHBIA TEPMHH M I0pUAnYecKoe MoHsTHe. [IoHATHE pHUCK, KaK Kiloyegoe CIOBO, UCIOIB30BaHO B YCTaBe O
CTpaxOBaHWM TpPaBMAaTH3Ma W B €ro HCIIOJHHUTEIBHOM aKTe, T.€. B pacrnopsbkeHHH o uddepeHunpoBanuu
NIPOLIEHTHON CTAaBKHM B3HOCAa Ha OOIIECTBEHHOE CTpaxoBaHHE. lIcIionp30BaHO OHO Ul ONpENeNeHUs] KaTeropuu
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PHCKOB, BBIP&KCHHBIX IHU(paMu, KOTOpPbIE HE HMMEIOT CBSI3M C BEPOSTHOCTBIO, IOCKOIBKY KAaTE€TOPHH 3TH
TIPUBOJIATCS HA OCHOBE KOY(PPHUIMEHTa YacTOTH TpaBM, NMPOPECCHOHATLHBIX 3a00JIeBAaHUN U pabOTHI B OMACHBIX
ycnoBusax Ha 1000 3acTtpaxoBaHHbBIX.PUCK TpaBMaTH3Ma, KOTOPBII HE ONMUCAaH U HE UMEET ONPEAEIECHHBIX METOIUK
€T0 aHaJIN3a YacTO OTHOCHTCS] K HOPMAaTHBHBIM MOHATHAM IIPO(ECCHOHATIBHOTO PHCKA.
«IIpodeccnoHaNbHBI PUCK = BEPOSITHOCTH HEOJIATOMPHUATHOIO CIy4Yas X MOTepu»

CorylacHO MONBCKUM HOPMaM, BEPOATHOCTh COOBITHS, KaK W €ro TIOCIEACTBUS, OLECHUBACTCS U
ompezensiercst Mo 3x win 5STH OajbHOW 1Kane. /i BEpOsSTHOCTH U TMOTEPh HE CYILIECTBYET €IWHON METOIUKH HX
omnpeneneHus. MICTOUHUKOM JAaHHBIX 4acTO SIBJISETCS CTATHCTUKA CIIyyaeB, IA€ MOTEPH COOTHOCATCS K CIydasM
TpaBMaTu3Ma I0 HX IOCIEACTBHSIM (TSIKKHE, CMEpTENbHbIE), a BEPOATHOCTh - K KO3 HUUUEeHTY 4acTOThIWS;.
Hcxonst M3 NpUBENEHHBIX IPEANOCHUIOK, OOOCHOBAHHBIM SIBJISICTCS OJHO3HAYHOE OIPEAEICHHE IOHSTHS pPHUCKa
TpaBMaTU3Ma, BUJ MaTEMAaTUYECKUX 3aBUCUMOCTEH M METOIMKA €ro aHaJIn3a.

«PHUcKk TpaBMaTH3Ma — 3TO BEPOATHOCTH COOBITHS (IIOJMYYEHHS TPABMBI), CBS3aHHOTO C BBIIOJIHACMOW
paboTol BCIENCTBHE aKTUBALMH PO(ECCHOHATIBHBIX OMAaCHOCTEN MM CII0co0a BHIMOJHEHUs paboThI, IIPUBOISIINE
K TOTepsM, B YaCTHOCTH NPOSBICHUH Yy paOOYMX IIOCIEICTBHUH, BPEIHBIX JUIA 3/I0POBbS, IPHBOAAIINX K
HECIIOCOOHOCTH BBHIIIOJIHUTH PadOTy»

R =W KC—E-lﬂE-LH%- 103
W z Z W—Ws, Z

OmnpezneneHre COCTABIAIOIINX PHCKA TPaBMaTH3Ma He TpeOyeT KaKuX-TH00 JOTIOTHUTENBHBIX ICUCTBIH U
MPOIeTyp B CTATHCTHUKE TPaBMAaTH3Ma, IMOCKOJIBKY JaHHBIC MYONUKYIOTCS B CTaHAAPTHOM BHIE B OQHUIIMAIBHOMN
CTaTHUCTHKE, B TO ke BpeMst 0THO3HAYHOTO W HOPMATHUBHOTO OIIPEEIICHIS TPEOYIOT METOIBI M OCHOBHI €TI0 OI[CHKH.

3. Meroabl aHAJIM32 M OLIEHKH PHCKA TPABMATH3Ma

[TpumepHbIl, MpUMEHSIEMBbIH B HACTOsIIEE BpeMs Croco0 MpelCcTaBICHHs IaHHBIX Uil OLEHKH YPOBHS
TpaBMaTu3Ma (pHUCKa TpaBMaTH3Ma) B YTOJNBHOW IaxTe, MpuUBeJeH Ha puc. 2. Ha mpakTuke B aHanM3ax dyaiie
UCTIONBb3YeTCs TONbKO Kod(duimenT yactorsl Wy ITokazarentsbkectu cirydaeB TpaBMaTu3Ma Crpencrasisiercs: 6e3
B3aUMOCBsI3H ¢ nokazaresieM yacToTblWz. Ilokazatens Wys odeHb penko ucrnonb3yercs Uit (GOpMaibHOW OLEHKH U
MPAaKTUYCCKH HE MMEET NMPUMEHEHus. B mpumepe, npuBegeHHOM Ha rpaduke it 1999r (puc. 2) mpeacTaBieHo
3HadyeHus kodhduimenta Wys YMEHBIIAIOIIET0Cs BMECTE C €ro cocTaBisoiuMu kodddurmentamuW; u C.
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Puc. 2. Pacnipenenenne 3naueHn 00001menHoro ko3ddurmenra moteps Wys (B yOBIBaromeM nopsuke) u
ero coctasistoux WziC, nist yronbHo# maxtsi 3a 1999 rog.

Wureprperanus kodadduipenta Wys mpu nomortuu ero cocrapisionmx (WziC) TpynHa u HeoHO3HAYHA ,
YTO MOXET IPUBECTH K OUIMOOYHBIM BBIBOJIAaM, a CPAaBHEHHE II0 HECKOJBKHM TOJaM CTaHOBHTCS TPYIHBIM H
HEBO3MOHBIM.

Puck tpaBmarusma Ryu 3Hauenus ero cocrapisiromux (Wzi C) MOKHO MpeCcTaBUTh JIPYTUM CIIOCOOOM,
OTJIMYHBIM OT BBIIICTIPUBEICHHOTO. BrUChIBast B cucTeMy MpsiMOYroJibHbIX koopauHaT (W7 i C) cooTBeTcTBYMOIINE
3HAUEHHsl COCTABISIIOIIMX MO OTHAEIbHBIM IIAXTaM 32 AaHHBIA TOJ, MOJYYMM TOYKH OIPEIEISIOINe PHUCK
TpaBMaTu3Ma B 3THX maxrtax (puc. 3). [1,2]
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Puc. 3. Puck TpaBMaTtn3Ma Ha yrompHbBIX maxtax B 1999 roay (Berromckoe 10, Pynskoe I10, I'muBuikoe

O u mp.)

CpenHue 3Ha4eHUs] pPUCKA TPAaBMAaTU3Ma MOXKHO OIPEAEIUTh:

1) ITpu nomoumm cpexnero apudpmerndeckoro Ry rae cpemnue 3HaveHus coctaBistommx(WziC)
JEIAT M0JIe KOOPAUHAT Ha YETHIPE NMPSIMOYrOJIbHUKH,3HAYE€HUS PUCKA TPAaBMaTU3Ma.

2) IIpu momomumm mnpsMON JMHUM TpeHAa (CpelHeld BeNWYMHBI), Aessmeill moje Ha OonbIive U
MeEHbIIINE 3HaYeHUs PUCKa TpaBMaTHU3Ma.

3) [pu momMoIu runepOOTMISCKON KPUBOM, ACTSIIeH moJie Ha OOJbIINE U MCHBIIIHE 3HAYCHUS PUCKA
TpaBMaTU3Ma.

IIpenBapuTenpHble MCCIEJOBAHUS TOKa3alM, 4dYTO TPETHH METOJN aHajuu3a sBIsAeTCS Haumboiee
11e7IeCO00Pa3HBIM B HCTIOJIB30BAHUH.

4. TeHleHUMANTPEHAPUCKATPABMAaTU3MA

TeHneHIMM W TPEH[BI BEIWYHH PHCKA TPaBMaTH3Ma MOXKHO IIPEJCTABUTH B BHUJEC KPHBOHW (PYHKIHHU €TO
COCTAaBIAOMNX Ryyc:wz)B CUCTEME NPAMOYTOJBHEIX KOOpauHAT (puc. 4). Ha pucyHKe CTpesKH COEMHSAIOT TOUKH
3HAYEHMH pHCKa 3a ouepesHoN ro GopMHUPyYs KPUBYIO TEHASHINHY PUCKA TpaBMaTHU3Ma.

Harpacguxe, crpenkoifyka3zaHHbIH THIOTETHUECKUH TTO3UTHBHBIN TPEH/I yMEHBLIEHHUS PUCKa TpaBMaTH3Ma
Ha OCHOBE IIOJIOXKEHMSI, YTO KaXKIbli ciaydyail TpaBMaTU3Ma - BEJIMYMHA CllydailHas U TeM CaMbIM, CIly4alHOM
BEITMYMHOHN €CTh U TSDKECTh IOJyYEHHBIX TPaBM (IHUTpaBMaTH4YecKoi peabuimrarmm). OTcIofa Mpeanosaranoch,
YTO yMEHBIIIEHHE YaCTOTHl U KOJIMYECTBA CIIy4aeB TpaBMaTH3Ma CIydalHBIM 00pa30oM YMEHBIIAeT YHCIIO CIy4aeB ¢
KOPOTKOH MJIM JUINTENFHON MTOCTTPaBMaTHYECKON peaduIuTanneil 1 TsbkecTh UX OyAeT yMeHbIaThes. Takoi Te3uc
ObUT MPUHAT B COOCTBeHHBIX HccienoBanusx B 2000r. [1,2] DTOT Te3uc, OJHAKO, HE HAIEN MOATBEPKICHU,
MTOCKOJIBKY MPOSIBIMIIACH TEHJCHLUS Pa3BUTHSA TPAaBMAaTHUECKOI'O PHCKA B CTOPOHY yMeHbIIeHHus 4acToTsl (W) u
Bo3pactanus TsoxecTH cirydaeB (C+). B mo3nHedmunx nepuonax, nocie 2000roxa, TeHASHINS pHUCKa TpaBMaTu3Ma
N3MEHSIach IeTIIC00pa3sHo, NEMOHCTPHPYsS HOBOE KadecTBO 3aBucumoctd (puc. 4). IIpm pacmmpeHun cpoxoB
uccnenpoBanuii 10 1990, a Bocneacteuu 10 1954 roma ObLIH MOTYYCHBI HEOXKUIAHHBIC PE3YIbTATHL. 3]
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Puc. 4. TenneHnys u3MeHeHNs 3HAYE€HNH pUCKa TpaBMaTu3Ma Rywzc) Ha YTOJNBHBIX IaXTax
B 1990-2010rT.

5. I'ncrepe3uc pucka TpaBMaTH3Ma

Ha ocHOBBIBaMiiZIo cuUX IMOp MPOBEJNCHBIH HCCIEIOBAHMH, [0 XOJAy KpPUBOW 3HauyeHHHK03((uImeHTa
yacToTel Wz, 32 1954-2010 ronpl (puc. 5), BHITEKaeT 3aBUCUMOCT €€ MHOXKECTBEHHOU ITUKIMYECKON TEHACHIIUU K
POCTY ¥ CHW)XEHHIO, 4YTO OTMEYaloch B MpodeccHoHaldbHOW Jureparype [4].0Ha Takke BCTpedaeTcs B
NpUOJIM3UTEILHOM COTJIACHM U 3HauyeHus oOoOuieHHoro kod¢d¢uumenta noreppWys. B cBoro ouepensp,
LUUKJIMYHOCTh 3HaueHHs: kodp¢unuenta tsoxkectd C HAXOAUTCSA B «IIPOTUB (a3bD» 10 3HAYCHUS KOA(PPHUIUCHTA
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Puc. 5. Tennenunnn3MeHenuii 3auenuii koagduipentos rpasmaruzma Wz, CuWyg
Ha KaMEHHOYTOJIbHBIX MmaxTax B 1954-2010 rr.
Belmenpuse/ieHHbIE  JaHHBIE, IIPEICTABIEHHBIE B CHUCTEME KOOPAMHATRy(cw;), JAlOT OJHO3HAUHYIO
KapTHHY TPBMAaTH3Ma B BHE prcka Tpemari3Ma (RYS. 6).
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Puc. 6. Tenaenuus u3sMeHeHs 3HaY€HUH pUcKa TpaBMaTtu3Ma Ry wz) Ha yroJbHBIX IIaXTax
B 1990-2010rT.

[IpencraBnerne KpuBoil pucka TpaBMarm3ma B 1960-2010rr. (puc. 6.) moxTBepkaaeT TEHICHIUIO
MHOTOKPAaTHOH IUKJINYHOCTH B BHJE MHOTOKPATHOTO IeTJIeoOpa3oBaHMs Ha KpuBod Ry.B ecrecTBeHHBIX Haykax
TaKoil BHJ 3aBHCUMOCTH aKTyallbHOIO COCTOSHHSI CUCTEMBI OT COCTOSHHUH B HPEALIECTBYIOIIME MOMEHTBI HOCUT
Ha3BaHUE THCTEpe3nca. B ciydae oTCyTCTBUS HET/IM THcTepe3nca rpauk MpeiCTaBIsIeT TOIBKO OTAECIbHYIO 4acTb
KPUBOW M MOKET BBITTIAAETh JaKe KaK JIMHEIHAs 3aBUCUMOCTb.

IIpexne, B cienManbpHOM IuTeparype, Kak B Ilombiie, Tak U 3a rpaHULIEH HE ONMCAHO U HE NPEACTABIEHO B
nono6Hoit hopme pucka TpaBMaru3Ma Kak GyHKUUH fc.w,). He oTMeuanoch 1 He OIMMCHIBANOCH HETI€00pa30oBaHKe
KPHBBIX rpapKOB pUCKA TPaBMaTH3Ma, HUMEIOLINX XapaKTep TUCTepe3unca.

BcrnencTsue BBIIEH3IOKEHHOTO, MOHATHE PHCKA TPaBMaTH3Ma, ero rpaguyecKuii MeTo[ ONUCAaHUA B
BH/I¢ T'HCTEepe3ruca pPUCKAa HeCYACTHBIX CJIy4YaeB IPEACTABJICHbI KAaK OPUIHHAJBLHOE HAYy4YHOE [JO0CTHIKCHUE
aBTopa. [3]lIpencraBneHHble 3aBUCHUMOCTH OBUIM MOJIyYeHbl HAa OCHOBE O(GHIMAIBHBIX JaHHBIX TpaBMaTuima
pabOTHUKOB KAMEHHOYTOJIbHBIX IIaxT B [lombie.

TeHnneHMs U3MEHEHUS! KPUBOI PHCKA TpaBMaTH3Ma C y4E€TOM IIeTiIe00pa3oBaHusl MPHOOPETAET CXOXKECTh C
runepOosmueckoit  GpyHknmei.KpuBass JIeMOHCTPHpPYET UETKYI0 TEHACHIMIO NPUOIMKEHUS U YyAaleHUs B
HanpaBJCHUN HYJIEBOTO 3HAYEHHs, YTO B COOCTBEHHBIX HCCIICIOBAHHMAX NPUHMMAETCs] KaK IO3UTHUBHBIM TPEHN
CHIDKCHUS PUCKa TpaBMaTH3Ma. 3a()MKCHPOBaHO KaK IIPaBOCTOPOHHEE, TAaK M JIEBOCTOPOHHEE METIe00pa3oBaHue.

I'mctepesuc pucka TpaBMaTH3Ma HE BBICTYNAeT TOJNBKO B MEPHOA PECTPYKTYpPH3alMU YTrOoJbHON
MIPOMBIIIJICHHOCTH, HO U HEOJHOKPAaTHO HaliromaeTcs M 10 Hadayua 3Toro nepuoja. OH sBISETCS 3aBUCHMOCTBIO
XapaKTepHOW Kak i1 JUPEKTHBHO - TUIAHOBOTO XO3fKCTBA, TaK W JJIs CBOOOJHO-PHIHOYHOW SKOHOMHKH. He
HCKJIFOUAEeTCs €ro NMPOSBICHUE U B OyAyIeM, YTO AaeT BO3MOKHOCTB €T0 MIPOTHO3UPOBAHHS.

Jlutreparypa
1. UYepkaco I'., 'pomoB @. : YcnoBus Tpyna: aHanM3 M IYTH COBEUICHCTBOBaHWSA. [Ipodwusaar,
Mocksa 1974.
2. Parchanski J. Ocena ryzyka wypadkowego — metoda graficzna(OueHkapuckaTpaBMaTu3Ma-
rpaduueckuiimeron). Zeszyty Naukowe Politechniki Slaskiej, Seria Gornictwo Z. 250, s. 165-173, Gliwice 2001.
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10.1. PYBYEBCKUI
AO «Cepebpo Mazaoanay (AO «Ilorumemaniy)

ITPOTPAMMA HOBBIIIEHUSI KBAJIU®PUKALIUA
PABOUUX CIIEIIMAJIBHOCTEM IO NIEHTUO®UKALINN
OIIACHOCTEM U PUCKOB, CBSI3AHHBIX C IOTEPEHN
YCTOHMYNBOCTHU MACCHUBA TOPHBIX ITIOPOJI

Beeoenue. Ha cerogHamHMN JeHb TIE€OMEXaHUKA SABISIETCA OJHUM U3 KIIOYEBBIX HAIPaBICHUN
0e30I1acHOro BeACHUs MOJ3EMHBIX FOpHBIX pabor [1]. B mocnenHue roxsl Ha MpeNpUATHIX KOMIIAHUHM BBEJEH B
neiicteue Cranmapt «['eomexaHmYeckoe oOecIiedeHre TOPHBIX paboT Ha MECTOPOXKICHHSX», HO HET MOHWMaHHS
MPAaKTUIECKOTO TIPUMEHEHHS ITaHHOTO JIOKYMEHTa TIIpH €XKECMEHHOW paboTe Kak CO CTOPOHBI pabodmx
CIeHaTbHOCTEH, TaK M HHKEHEPHO-TEXHUIECKOTO IePCOHaNa, YTO MTOKa3bIBACT:

® HEJOCTaTOYHBI  ypOBEHb  0a30BOM  TEOPETHYECKON/IMPAKTUIECCKOW  IMOATOTOBKH  pPabOdHMx
CIeNHaTbHOCTEH TIPH HWACHTU(UKAIIMKA OMACHOCTEH M PHCKOB, CBSA3aHHBIX C yYCTOWYMBOCTHIO MAacCHBAa TOPHBIX
TIOpoJ;

e HEOOXOIMMOCTh W3MEHEHHs OTHOIICHHS pPaOOTHHKOB K O€301acHOMY BEJICHUIO TOPHBIX pPadoOT
(moBBILIIEHNE KYIBTYPBI IPOU3BOJICTRA).

Ha ocHOBe yka3aHHBIX IOJIOKEHHWIl ompenesieHa Lesib padOTHI, KOTOpas 3aKIIOYaeTcs B IOBBIIICHHE
KBann(pUKAIUU pabOyYMX CIEHaIbHOCTEH MO HACHTH(GUKAIWU ONACHOCTEH W PUCKOB, CBS3aHHBIX C IOTEpei
YCTOMYMBOCTH MAacCCHBA TOPHBIX TIOPOJ.

3amaun pabOTHI BEIICTICHEI B 4 B3aNMOIOIOIHAIONINX OJIOKa:

® aHaJNW3 CTATUCTHYCCKUX JaHHBIX;

® CTPYKTypa IMpOTpaMMBbI TOBBIIIICHHUS KBATA()UKAIIH;

e BHEIpEHHE MPOTPAMMEI,

e [OCTEeIyFOIIee Pa3BUTHE POTPAMMEL.

Memoouka uccnedoganun. B pe3ynbraTe OLIGHKH paclpeesieHs HECYACTHBIX CIydaeB Ha MPeANPHITUAX
kommanuu B mepuox ¢ 2010 mo 2016 rog HeoOXOOMMO OTMETHUTh, YTO IO BHIAM MPOHCIICCTBHU (HaKTOp
«oOpymaronecs: TopHbIe MacChl» 3aHUMAET 2-0€ MECTO, COCTABIIsIsL Mopsika 25% HecyacTHBIX CllydaeB OT O0IIero
qHcia.

B xozme paboThl BbIJENCHBI BO3MOXHBIC MPUYHMHBI TPAaBMAaTH3Ma, CBSI3aHHBIE C MOTEPEH YCTOWYMBOCTH
MaccuBa TOPHBIX 1opof [2]:

® CJOXXHBIC/ONACHBIC TOPHO-TCOJOTHICCKHE M TCOMEXaHHYECKHE YCIOBHS C YBEIMUYCHHEM TITyOMHBI
pa3paboTKH MECTOPOKICHUI;

® yBEIMYCHHUE YHUCIIAa 0OBEKTOB, BBOJUMBIX B AKCIUTyaTaIHIO U 00HEMOB FOPHBIX PadoOT;

e (opManmzamus MO OTHONICHHIO K JOKYMEHTaM, IO3BOJIIOIIETO HACHTH(QHUIMPOBATH OIMACHOCTH U
PHCKH TIPH BEJCHUU TOPHBIX PadoT.

Ha ocHOBe MaHHBIX CTATHCTHYECKOTO aHAIN3a HECUYACTHBIX CIIydaeB OBLI MPOBEIEH OMpoc paboTHUKOB (40
YeNI0BEK) Ha MOJ3EMHBIX TOPHBIX paboTtax. llens ompoca - BEIIBIEHHE YPOBHS 3HAaHHH HOPMATHBHBIX JIOKYMEHTOB,
MO3BOJISIOIIUX MJICHTU(QHUIUPOBATh OMACHOCTH M PHUCKH, CBS3aHHBIE C IMOTEPEH yCTOMYMBOCTH MaccuBa TOPHBIX
nopoz (tabnuma 1).

Tabmuna 1
Marpuiia o1leHKH PUCKOB

YpoBeHb onacHoCTH HeiicrBue nmepconaja

OnacHOCTH KOHTPOJIHUPYIOTCS, TOPHBIE PabOTHI HE OCTAHABIHBAIOTCS.
PaboTHIK MOKET YCTPaHHUTh OMACHOCTH CAMOCTOSTEIBHO.

OmnacHOCTB TpeOyeT MPUOCTAHOBKH TOPHBIX pa0OT U MPUBEACHUS YIacTKa B
Oe3omacHoe coctosiHre. OMacHOCTh UCKITFOYACTCS HA YPOBHE JIMHEHHOTO
WHXCHepa ¥ HAYaJIbHUKA y9acTKa.

Bce BuabI paboT Ha ONTAaCHOM M CMEXKHBIX YUaCTKax JIOJDKHBI ObITh
ocTaHoBiieHbl. OMacHOCTh MCKJIIOYAETCS HIIM €€ HEraTUBHOE BIMUSHUE CBOIUTCS
K MUHAMYMY TIPH HE3aMeJTUTEITLHOM BMEIIaTeIbCTBE KOMUCCHH B COCTaBE
TJIAaBHBIX CIIEIUAIMCTOB MPEATPUSATHS — TJIaBHBIN WHXKEHED, HAYalIbHUK
pPyIIHUKA, TJIaBHBIE T€0JIOT, TIaBHBINA MapKIehep, HadadbHUK y4acTKa,
reoMeXaHuK.

Yposenb 1 — Bunmanue

VYposens 3 - CTOII

Ilo pe3yjibTaTaM YCTHOI'O OIIpoca ObLI IMPOBCACH aHaJIn3 BHEAPCHHUA Ha IMPOU3BOACTBE W IOHUMAHUA
JAaHHOT'O TOKYMCHTa pa6OTHI/IKaMI/I. HOJ’Iy‘{CHBI CJICAYyHue pe3ybTaThl:
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e HaJWYKMe MAaTPHILBI OLCHKH PHCKOB Ha pabo4yeM MecTe OTMEUCHO He Y BCeX ONPOLICHHBIX COTPYJHUKOB;

® YaCTWYHOE WM MOJHOE HE3HAHWE JaHHOTO JOKYMEHTa OTMEUEHO y 65%.

Utor wuccnenoBaHus - HEOOXOOMMOCTH ITOBBINICHHS TEOPETHYECKHX M IPAKTHYSCKUX HABBIKOB IPH
©KECMEHHOH paboTe B OA3EMHBIX yCIOBHUSIX.

Ilpakmuueckuii pesynomam. Ilpn HapaboTke oOydaromieid 0a3pl HaHHBIX OblIa pa3paboTaHa KapTa
reoMeXaHM4ecKor OleHKH pucka [2]. Llems BHeOpeHUs MOKyMEHTa - OIICHKAa PaOOTHHUKAaMH OTIACHOCTEH W PHCKOB,
CBSI3aHHBIX C YCTOMYMBOCTBIO MaCCHBAa FOPHBIX ITOPOI.

[locne mepBBIX pe3yibTAaTOB MO HCIOJb30BAHUIO KAapThl T'€OMEXaHMYECKOW OIIEHKHM pHUCKa PabOunuMHU
CHELUaJbHOCTSIMM KapTa OblIa MEepeopUeHTHUpPOBaHa Uil PaOOTHI T'OPHBIX WHXKCHEPOB M B3aUMOJECHCTBHS C
HHXEHEPOM-TeOMeXaHUKOM (puc. 1).

[ocne oueHkH ypoBHSI paOOTHUKOB 0a30BOr0 MOHUMaHHUS YCTOHYMBOCTH MacCUBa FOPHBIX MOPOJ NPUHATO
pemieHMe O pa3pabdoTKe MNpOrpaMMbl IOBBINICHUS KBadUHUKanuu s  paboyux —CIEHHAIBHOCTEH 110
«UISHTH(HUKALIN OITACHOCTEH U PHCKOB, CBSI3AHHBIX C MOTEPEH YCTOHYMBOCTH MACCHBA TOPHBIX TOPOI».

Puc.1. 3anonHeHne kapThl reOMEXaHUUECKOH OLIEHKU PUCKA TOPHBIM HHKEHEPOM

[Iporpamma MOBBIINICHHS KBATU(PHUKAIMKA NPEACTABICHA B MOIYJIHHOM BapHaHTE, Pa3[CICHHOM Ha IATh
gacreil. Kaxxaprit Moaysp BKIIFOUAeT B ce0sl OpeesieHHbIe TIOApa3Ieiibl, KOTOPhIE 3a1eHiCTBOBAHBI TIPH Peai3alnu
MIPOTPAMMBI ITOBBIIICHUS KBATHA(UKAIIHH.

OpHa M3 OCHOBHBIX YacTed MPOTPaMMBI — 3TO MPOBEICHHUE O0YJAIONINX 3aHATHH (§ 3aHATHI M0 OCHOBAM
TCOMEXaHUKH W YCTOMYMBOCTH TOPHOTO MAacCHBa), 3a CYET KOTOPBIX MPEIIONaraeTcsi IOBBIIICHHE YPOBHSI
TEOPETHUYECKOH W TPAKTHYECKOW TOATOTOBKH PabOYUX CIIEUATBPHOCTEH NpH HIACHTU(UKANWU OIACHOCTEH W
PHUCKOB, CBSI3aHHBIX C YCTOHYMBOCTHIO MAacCHBa TOPHBIX MOPOJ. TeMaTHKa MPOBEICHHUS 3aHATHS - «5 MHHYTKa»
r€OMEXaHHUKH.

Taxxe Ha MPEANPUATHIX KOMITAHUH MPOBOAUTCS padoTa Mo PACIIMPEHUIO U HAKOIIJICHUIO 0a3bl JaHHBIX 110
BU3yaJIM3al[Mi OMACHBIX (DAaKTOPOB, B PE3yJIbTATE YEro CTAHOBHUTCS BO3MOXHBIM MPEIYNPESIKICHUE Pa3BUTHS
HEOJArONPHUSITHBIX MPOUCIIECTBHIA NPU BEACHHUH TOPHBIX padoT [3].

OfHUAM W3 HAMPABJICHHUN IO Pa3BUTHIO MPOTPaMMbI MOBBINICHHS KBATH(DHUKAIUU SBJISICTCS MPEMHPOBAHUE
CIICTIMAINCTOB. B 1einoM cucreMa MOTHBALIMU JUIS PAa3BUTHUS MIPOTPaAMMEI MOBHIICHNS KBanmpukanmn Ha 2018 rox
MIpeCTaBIICHA B IBYX HAIPaBICHUIX:

e MoTHBHpYIOMHE (HaKTOPHI (€KEToIHAS MPEeMHUS JIyqIIeMy TOApa3IeICHHAIO M0 TeOMEXaHUKe; KyOOoK 3a
paboTy Oe3 HeCYaCTHBIX CIyYaeB; IEPCOHANBHBIC HATPaIbl);

e orpaxpgaronmue (GpakTopsl (paccCMOTpEHHE HEIOMYCTHMBIX HApYIICHHH 0E30MacHOTO BEJCHUS TOPHBIX
paboT; HpPUOPHUTET MpPOOJeMbl OE30MACHOCTH HAJ BCEMH OCTAIbHBIMU MpoOJieMamMu; TPeOOBATEIBLHOCTh U
HEMPUMHPUMOCTH K HAPYIICHUSIM 0e30MacHOCTH (3aMeUYaHue, MaTepPHaIbHOE B3BICKAHHE).

Ilpu peanu3aiuel IPOTPAMMBbI TOBBIIICHHUS KBATH(UKAIMKM YBEIHMYCHUE CTATyCa WH)KEHEPa-TeOMEXaHHUKa
HEOOXOIUMO ISl IOHUMAHUS pa00YNMU CIICIHATBHOCTSIMHU IeJICH U 3a7a4, KOTOPBIC BBITOJHICT TEOMEXaHUK, U IS
COBMECTHOT'O B3aUMOZCHCTBHS MIPH:

® ©XKCECMEHHOM OICHKE YCTOMYMBOCTH MacCHBa FOPHBIX MOPO/I;

® CBOCBPEMCHHOM U ONTUMAIBLHOM MPHHATUE PEHICHUS MPH YXYIIICHHH TOPHO-TEOJIOTUIECKUX YCIOBUI
IIpU IPOH3BOJICTBE PadOT;

e (0e30MacHOM MPOBECHUU TTIOA3EMHBIX M OTKPHITHIX TOPHBIX PadoT B IIETIOM.

Bo1600b1. BrimonHeHHAs paboTa MO3BOJSET CACTATH CIICAYIONIHE BHIBOIBL:

1. Pa3paboTana mporpaMMa MOBBIIICHHS KBaTH(QHUKAIIMA MOAYJIEHOTO THUIMA I pabouuX CIeUAITEHOCTEH
TOJI3EMHBIX TOPHBIX padoT.

2. BBIMONIHEHO MO3TAITHOE BHEAPSHUEM ITPOTPAMMBbI Ha IPEATNPHITHSX KOMIAHHH.
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3. IIporpamMMy BO3MOKHO alalTHPOBATH MPH BEACHUH OTKPBITHIX TOPHBIX padoT.

Jlureparypa
1. BymsraeB H.C. MexaHnka moA3eMHBIX COOpYXeHHH. Y4eOHUK a7 By30B. — M., Henpa, 1982. 270 c.
2. Pariseau W.G. Design Analysis in Rock Mechanics. 2007. 576 p.
3.  Ipotocens A.I'., Tumocdeer O.B. 'eomexanuka: Yae6Hoe nocodue. — CIIb, 2008. 117 c.

B.1.CAMYCb, T.E. AETHEJIb, C.H. CTOBITHUK
Hayuonanvuwiii mexnuueckuii ynusepcumem Yxpaunot "Kuegckuii nonumexnuueckutl UHCmumym
um. Hzopsa Cuxopckozo'

HNCCJIEJOBAHUE HAT'PY304HOI' O PE:XKUMA CETMEHTHOI'O
QJIEMEHTA HHBEHTAPHOU KOHCTPYKIIMA 1JIs1 CTBOJIOB
BOJIBIIOI'O TMAMETPA ITPU MEJIKOM 3AJIOKEHUU

Co3gaHne CHUCTEMBl KOMMYHHKAIIHOHHBIX TOHHEICH CONPOBOXKAACTCS COOPYKEHHEM OOJBIIOTO
KOJIMUECTBAa  BEPTHKAIBHBIX CTBOJOB  OoJblIOr0  jauaMeTpa. V3BECTHbIE TEXHOJOTMH  CTPOUTEIHCTBA
MPEyCMATPUBAIOT JKEJIC300€TOHHYI0 KOHCTPYKIIMIO, KOTOpas OC3BO3BPATHO OCTABJISICTCS B MAacCHUBE IIOCIIE
OKOHYAHUS UCTIOJIB30BaHUS CTBOJIA.

s cokpaineHusT 0ObEMOB TOPHO CTPOUTEIBHBIX PabOT W Y/CHICBICHUS CTOMMOCTH CTPOMTEIBLCTBA
MPE/UIOKCHA WHBCHTApPHAS KOHCTPYKIHUS  BEPTHKAIBHOW BBIPAOOTKH, HMMEIOIIAass BO3MOXHOCTH OIEPATUBHOIO
MOHTa)Ka-JIeMOHTaXKa, TpelyCMaTpUBAIOIIas BO3MOKHOCTh MHOTOKpAaTHOE HCToib3oBaHue (puc.l u 2).

OmnpeneneHre HarPy30YHBIX XapaKTEPUCTUK KOJBIIEBOH KOHCTPYKIWH, BKIIOYAs BEPTUKAIBHYIO KOJOHHY,
[0JIy4€Ha MOJIEIMPOBAHUEM Ipoliecca HarpykeHus B nporpaMmMHoM komiuiekce "SOLIDWORKS"

B nmaHHONl crarhe MpHUBEAEHBI pE3YJIbTATHl HMCCIEAOBAHUNA JaHHOW KOHCTPYKUMH. MeToaukoit
MIPEIyCMOTPEHO OIpeneieHHe MaKCHMAalbHBIX AedopMariif, BO3HHUKAIOIINX B B OTHETHHOM 3JIEMEHTE
KOHCTPYKIUH U3 4yryHa. OCHOBHBIC XapaKTEPUCTHKH KPCTUICHHS:

XapakTepuCTUKU 3HaueHus

Pasmep neranu 1IxB, Mm. 1175x900

Bec, kr. 4745

OGbeMm, M° 0,066

Matepuan Uyryn CU25 T'OCT 1412-85

Tabn.1 O6mue XapaKTePUCTHKH JeTaTH

Jerans u3roroBieHa B BHJE CETMEHTHOH YacTH OKpPYKHOCTH aumameTpoM 10 M c mecteio pedpamu
KECTKOCTH BJIOJIb W30THYTOH MOBEPXHOCTH W OJHUM DPeOpPOM - NEpIeHAMKYJsIpHO. B neHTpe aerans umeer
oTBepcTHe auamerpoM 120MM A MpPOM3BOACTBA OYPOBBIX pabOT C IENBI0 JIOKAIBHOW Pa3Tpy3KH JIEMEHTa OT
JAaBJICHUS T'PYHTOBOI'O MAacCHBa, B TAKKE YCTAHOBKU JOMKpaTa Npu NoaAbEME KOJIOHHBI U3 CeKHI/Iﬁ Ipru 1E€EMOHTAXKE.

Prc ] Obumi s | Puc 2 OGuuft sua 2

Broms omHOTO pebpa smeMEHT HMeEeT Y3ed KpemvieHHs 3aMKHyToi ¢opMel aumamerpoMm 140Mwm,
BI)I]'IOHHIOH_U/II‘/JI POJIb HAIPABJIAIOMINX IIPU MOTPYKCHUN KPEIIJICHUSA BAOJIb MPEABAPUTEIIBHO 3a6ypem-n)1x OGC&]IHI)IX
Tpy0. C NpOTHUBOMNOJIOKHOH CTOPOHBI JETajlb MMEET TPU CEIMEHTHBIX JYyrooOpasHBIX yIopa, IPH 3aMBIKaHUU
KOTOPBIX TNPOUCXOIUT 3aMbIKaHUE IJIEMEHTOB B BHJIE KOJIbLIA U CO3[JaHHE JKECTKON KOHCTPYKUUU. Takxke 1Mo Kpasm
JIeTaly BBINOJIHEHBI ONOPHBIE MOBEPXHOCTH, KOTOPBIE NEpepaclpeleNsaioT JaBJIeHUe OT IPyHTOBOIO MacCuBa Ha
JpYyTue dJIEMEHTBHI.
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Cxema 3aKpeIUIeHHs DJJIEMEHTAa BBIIOJIHEHA CIEAYIOIMM 00pa3oM: 10 BEpTHKaJIbHBIM pebpam
HaTPaBJIIONINE TPYOBI MPOXOIAT Yepe3 KOJBIEBBIE W AYrooOpasHbIe y3IIbl IMapHHUpHOTO 3akperureHus (Puc.3),
HIDKHSISL 9aCTh JISTaIH OMUPACTCS Ha KECTKYIO MIIOCKOCTh O€3 yueTa CUJl TPeHHUSI.

[IpuBeneHHas cxeMa MO3BOJSIET MAKCUMAIBHO TOYHO CMOJACIUPOBATh pabOTy OTACIHHOTO JIEMEHTa KPeru
0e3 yuera nehOpMHPOBaHUS COCETHUX neraneil. Pa30ueHre Ha KOHEYHbIC AJIEMEHTHI BBINOIHEHBI B TPEYTOJIbHOM
¢dopme. KomraecTBo y31moB - 71981, obmee konngecTBo ameMeHTOB - 38400 (puc.5)

A
Puc.3. Pa3buBka sneMeHTa Ha CETKY KOHEYHBIX 3JIEMEHTOB
Harpyska, 3amaBaeMas B Ipollecce HarpyKeHHs oOycliOBIeHa auameTpoM cTBoia 10 M Ha TiryOuHE

3
3aeranust 20 M, ITIOTHOCTh IPYHTOB IIPHHAMAETCA 2 /M.

Hcxons u3 B3anMOAEHCTBUS CHIJI TPAaBUTAIIMN B PACCMOTPEHHBIX BBIIIE YCIOBHUAX MaKCHMalIbHOE JaBJICHNE
2
Ha BHEIITHIOIO MOBEPXHOCTH yteMenTa gocturaet 40 t/m” (puc.6).

.

Puc.4 JlaBneHue Ha CTEHKY KpEIUIEHUS OT MacCUBa

Pe3ynbraTel pacueToB MO3BOJISIOT BBISIBUTH 30HBI MAKCHMAIIBHBIX BHYTPEHHHUX HaNpsDKeHUH (puc.S u 6).

Puc.5 OOmmit BUx pactpeeneHus BHyTPEHHUX HaNPsHKEHUH.

L

Puc.6 ®poHTaneHBIN BUI pacipeeieHns BHyTPEHHUX HANPSHKEHUH IeTalu.
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BHelHue Harpy3Kd MEpeAaloTcs Yepe3 CErMEHTHYIO MOBEPXHOCTh JJIEMEHTa M IepepacrpelesssioTcsi B pedpax
XKeCTKOCTH (puc. 5,6 u 7):

= |

Puc.7 BHyTpeHHME HAIPsDKEHUSI HA BHEILHENH CTOPOHE JIEMEHTA

Puc.8. Hanpsxenne & pedpax 1 Puc.9. Hanpsoxenue & pedpax 2

TTonyuyeHHBIC AMIOPBI pacnpeaeacHus aehopMalii MPOMOPIHOHATLHBI 30HAM BHYTPEHHHX HAIPSKCHUN
(puc. 8 u 9):

A

Puc.10 Dmropa neopmupoBanust B pedpax *KeCTKOCTH

=

Puc.11 Dmropa pacnpenenenus nedopmannii o BHENIHEH TOBEPXHOCTH

MOXHO OTMETHTb, YTO MaKCHMAallbHbIC MEPEMELICHUs] BO3HUKAIOT B IIEHTPAJIbHOW 4YacTH 3JeMeHTa U
3aTyXaroT y 30H MAapHUPHOTO 3aKkperuieHus (puc.11).
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Puc.12 Pacnipegenenue gehopMalluy B 37eMEHTe

B nanHOl cTaThe mHpeACTaBIEHBl pPE3ylbTaThl PacueTOB A YYT'YHHOH KOHCTPYKLUH. AHAJIOTHYHBIE
pacyeTsl ObIIM POU3BE/ICHBI JUIsl OETOHA, CTalIM U ITOJMMEPOB.

BBIBOJ: MPEIOKEHHbII KOHCTPYKTHBHBII SIIEMEHT BBILICPKHBACT 3aJaHHbIC paboume HArpy3ku (40 T/m°)
IIPU MaKCHMaJbHBIX BHYTPEHHUX HanpspkeHusx 3024457 xH / m2, u makcumansHoOi nedopmanuu 0,261MM co
3Ha4YeHHneM Kod¢¢unmenTa 3amaca K = 7.004.

KOMIIVIEKCHOE OCBOEHHUE HE®DTEI'A30BbIX
MECTOPOKEHHH H TPAHCIIOPTUPOBKA
YIJIEBO/[OPOJHOI' O CbIPbA

HAKIM SARKO, AMRO MOHD
*Institute of Drilling Engineering and Fluid Mining — TU Bergakademie Freiberg

RESERVOIR MODELLING AND SIMULATION: HISTORY
MATCH SENSITIVITY BASED CASE STUDY FROM KURDISTAN
REGION - IRAQ

Abstract

Increasing of the hydrocarbon production rate is one of the reservoir engineers’ tasks within the
development, management and planning of the oil and gas fields. To do so, it is very important to have a reliable
geological model of the reservoir. In this case study the steps of making a 3D geological model using Petrel software
for a carbonate reservoir which is located in the Kurdistan region — Irag will be covered briefly and how the history
match can be achieved between the real observed production data and the simulated cases by using Eclipse
simulator (software). After making a 3D geological model as precise as possible, the matching simulated case has
been achieved from the first run regarding the oil production rate whereas by further manipulation of the sensitive
parameters the gas production rate has been matched also and the bubble point pressure was the most sensitive
parameter that affected the matching. It is important to mention that by using Petrel and Eclipse the history matching
can be carried on for well by well which can be consider as strength of this work. This case study will be followed
by another one in which different prediction scenarios will be carried out.

1. Introduction

Petrel is software, which is very useful for making the 3D geological model. Modelling of the carbonate
reservoir (in Petrel) is doable and considering the dual porosity (matrix and fracture porosities) and dual
permeability (matrix and fracture permeability) is quite possible. The carbonate reservoir modelling steps will be
discussed. Defining the simulation cases will be covered also.

2. Modelling

The required data for constructing the 3D geological model has been provided by the Ministry of

Natural Resources (MNR) of Kurdistan Regional Government (KRG). The first step in Petrel to make the 3D
geological model is importing the well heads (well coordinates) then the well deviation data and the well tops (the
depth at which the well penetrate a certain geological layer). The next step is determining the reservoir boundary
and making the grid cells (in this case study each grid cell is 50m * 50m and its thickness depends on the layering).
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Figure -1- Reservoir model of the case study showing the matrix porosity distribution and the location of the wells

The well logs should be imported and the upscale process for porosity will carried out in which
each penetrated cell by the borehole will get a certain porosity value. After that the distribution of porosity for the
entire reservoir grid will be done according to a certain geo-statistical method. The same steps can be repeated for
the permeability modelling. The fracture data (the dip direction and the dip angle) will be imported to Petrel and
discrete fracture network (DFN) will be made. From the DFN the software is making the fracture properties
including the fracture porosity, fracture permeability in I, J and K directions and the sigma factor which shows the
degree of connectivity between the fracture and matrix properties.

After completing the reservoir body and its properties the step of making the fluid model will start. In fluid
modelling the parameters like defining the reservoir fluids (oil, gas and water), reservoir pressure, reservoir
temperature, oil API gravity, bubble point pressure, gas/oil ratio, gas gravity etc. will be given. Also in the rock
physics section the parameters like rock type (Limestone or Sandstone), rock compressibility, water saturation, oil
saturation, gas saturation etc. will be defined. After making the mentioned steps the model is ready for simulation.

3. Simulation

Before defining and starting the simulation case the history strategy should be made. In the history
strategy the observed production data will be inserted in addition to the production and injection wells and the start
and end date of the history matching period. Also in this step the type of the simulator should be determined. In this
case study Eclipse 100 (black oil) has been used. After that the simulation case will be defined by inserting the grid
parameters like fracture and matrix porosity and permeability, rock physics, fluid model, history strategy etc. and
finally the simulation is ready to run.
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Figure -2- Oil production rate had matched perfectly
Figure 2 shows perfect match for the oil production rate. All the required parameters have been
inserted as it is mentioned in the final well report data of the MNR-KRG. In order to get the gas production rate

matching, the bubble point pressure had to be reduced from 10 bars to 4 bars. Figure 3 shows the matched and
mismatched simulation cases.
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Fiald, Gas producton rate

Jon rabe [m3sd)

srodugt

Date

— Case-Bg- V3P SRR 0 D0aenen Mg WINOut-2es ¢

Figure -3- Gas production rate for matched and mismatched simulation cases
4, Conclusion
To sum up, good reservoir model is crucial for good history matching. The less mistakes in
building 3D geological model the less errors and problems in running the simulation. The bubble point pressure was
the most influential and sensitive parameter for the history matched simulation case.
References
The Ministry of Natural Resources of Kurdistan Regional Government, The Final Well Reports, Well A, B,
C, D, E and F,. Kurdistan region — Irag, 2006 and 2007
Gilman J. R., Ozgan C.; Reservoir Simulation: History Matching and Forecasting,
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TU Bergakademie Freiberg

GEOGRAPHY OF HYDROCARBON TRANSPORTATION: NATURAL
GAS & EUROPE

Introduction

Energy is a part & parcel in our modern civilization. Europe being in the forefront of the development
consumes a lot of energy. Oil & Gas provides more than 60% of total energy demand in Europe (BP Statistical
Review of World Energy, 2016). Natural Gas is one of the most important and versatile form of non-polluting fossil
fuel. All the projection shows that Europe’s natural gas consumption will be increasing gradually. However, Hand
full of countries producing major share of hydrocarbon (Oil & Gas), access to the petroleum energy has become an
important factor of economics and political equation. Europe’s indigenous production decrement opens the door for
possible discussion on the source of future natural gas supply. In the first part of the paper, description will be given
about the consumption of natural gas in the past as well as the future demand projection. Next part, the possible
supply methods mainly the pipeline & LNG as well as the possible sources will be described.

Primary energy consumption by foel Shares of primery energy

RfoN sae

® Aprematiion®
-

T " Noclosr
- o

- Cas
-0

DO PSS THEE 1999 J00S J0TS 2078 o0

Figurel: Gradual transition of Fuel mix in EU (Source: https://www.bp.com/content/dam/bp/pdf/energy-
economics/energy-outlook-2017/bp-energy-outlook-2017.pdf)

Natural Gas Supply and Demand
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EU Gas consumption is gradually increasing. Figure 1 shows the primary energy consumption and their
overall share percentage. The indigenous production are expected to decrease gradually. European gas production
has decreased by 41% in the last decade & expected to fallen 3.2% per annum until 2035 as existing fields mature
and are not replaced (Bp Energy Outlook, 2017).The top producers in Europe (Netherlands, UK) are forecasting the
gradual depletion.
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Figure 2: (Left) -Sources of European Gas, 2016; Graphic by Alan Smith (BP statistical Review of Energy

2017, Gazprom, and National Statistics) (Right)-Gas Pipelines of the European Continent (Source:

https://southfront.org/network-of-power/)

The shale boom, which happened in North America, especially in USA, is unexpected to happen here in
EU. The new verified data showed a significant difference from the initial estimation. Poland is the continent’s
leader in shale gas exploration. It has the largest estimated reserves and fracturing operations are well accepted by
the population. There is a big gap in reserves estimation, which did not actually rely on an actual geological and
geophysical survey from both sides. The rush for shale gas in Poland was driven by huge estimated reserves.
Foreign investors withdrawn from Poland by 2015 and followed by national companies PGNiG SA, PKN Orlen SA
and Grupa Lotos SA, who also abandoned most of their projects due to negative results. Netherlands is a significant
producer of oil & gas regarding conventional resources. No commercial exploration or extraction of shale gas will
take place in the Netherlands over the next five years. Existing licences for exploration activities relating to shale
gas will not be renewed (government.nl, 2017) . (Cooper, Stamford, & Azapagic, 2016) Published status of the shale
gas reserves and operations. In Europe, the ecological and social aspects are much higher in comparison with North
America as well as other parts of the world. Considering reserves and technical as well as socio political aspects, it
is very unlikely to change the shale gas production anytime soon.

Gas Transportation through Pipeline in EU

Natural Gas has limited and expensive transportation option. Historically, Pipeline transportation holds
major share of gas transportation. It is also a tool for political pressure and bargain. Figure 2 (Left) shows the total
European gas consumption and more than 95% of which transported through pipeline; (right) shows Operational,
Proposed and under Construction pipeline transportation from Russia to European Continent. Nord Stream 2 is a
significant project, which will add 55 bn cubic meters of annual European flows. Apart from Russia, Algeria &
Norway also provide significant amount of Gas supply to Europe through pipeline. Pipeline transportation cost is
cheaper compare to LNG. However, European energy mix policy and flexibility issues, forces the pipeline suppliers
to think about the profit margin. Pipeline will still be the main Gas transportation medium in European Continent.

Liguefied Natural Gas (LNG)

Global LNG trade has been increasing for the last few years and it is expected to be increasing in the
coming years. Figure 3 (left) shows the global LNG trade supply and demand Projection While (Right) shows the
Global LNG Infrastructure in Operation as well as under discussion. In pacific basin, Supply poised to be increased
according to the IGU. Although, India, China, Pakistan, Egypt will continue the demand drive, European market
will be open for additional deliveries. European market has ample infrastructure in UK, France and Spain. European
Gas market has been described as “ Clearinghouse for LNG”, “The swing market for LNG”, “The Residual market
for LNG”, “Market for the last resort” and so many things (Corbeau & Yermakov) (Elliot & Reale, 2017) (Clemente
J., 2016) (Schmers, 2017). In reality, the scenario is much more complicated. In Netherlands, UK & Belgium
recorded the decline of import. In UK, LNG has been displaced by pipeline gas.

BP's LNG Supply & Demand Projections
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Figure 3: (Left) -LNG Supply & Demand Projection 1990-2035; (Right) - Global Infrastructure of LNG
Bunkering (Source: https://sea-Ing.org/Ing-as-a-marine-fuel/bunkering-infrastructure/ )

Conclusion

The natural gas demand and supply is as uncertain as any other time. There is no consensus view regarding
the economic as well as gas demand growth. More accepted view is that the region will face domestic production
decline, which will open the door for the import increment at the present economic growth rate. The import can
happen through pipeline or LNG. Russia is the only pipeline supplier with enough reserve and resources to provide
enough gas to EU for a significant amount of time. US LNG export capacity boom as well as pacific region LNG
activity increment means pipeline supplies have to compete with LNG. Considering higher LNG cost and
availability the pipeline seems to be maintaining the market share. The market competitiveness will benefit the EU.
Diversification in gas supplies and flexibility is highly encouraged in European Commission. Therefore, LNG &
renewable energy would appear to grow in future despite the economic challenges.
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RASCHEL GEORGES, M. SC. (RWTH AACHEN UNIVERSITY)
Technische Hochschule Georg Agricola, Bochum, Germany

AUTOMATED SURVEYING OF UNDERWATER SLOPES IN SAND
AND GRAVEL MINING

Introduction

About 70% of the produced sand and gravel in Germany is extracted by so-called dredging (underwater
mining). The management of these deposits is subject to the challenge of increasing automation, while increasing
the yield and reducing the specific extraction costs (personnel, energy, wear). For each of these three core
objectives, there are already numerous solutions and practical approaches. Achieving these three goals at the same
time, does not seem possible at the present. Rather, they seem to be at odds: Maximum use of deposits goes hand in
hand with lower production capacities, and therefore with increased costs. Automated dredging is borne by the
output (mining losses today range from 15% to over 30%, depending on the used mining equipment and/or device-
specific boundary parameters).

In this research project, approaches will be developed to achieve the seemingly contradictory goals as
simultaneously as possible. The basis for this is a comprehensive and timely recording of underwater slopes.
Surveying is done by an automatically working boat (called “Gravel George”) which will be further developed for
application possibilities for the special tasks of this research work (see figure 1). On the basis of the survey data,
methods for the automated management of these slopes will be developed.
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Figure 3 Survey boat "'Gravel George"

Slopes under dredging operation

The extraction of gravel and sand in dredging operation usually does not take place from the the natural
grain formation in the in-situ deposit. The material is extracted from slopes formed by a mixing process. An initially
still relatively steep slope collapses at time X under its own load and forms a new “broken slope” (see figure 2). The
slope angle of such broken slopes results from a complex of different deposit parameters; the shear strength of the
soil is of particular impact, which in turn is significantly dependent on the angle of internal friction.

working slopg =

"broken slope"

slope angle B
] ofthe broken slope

Figure 4 Reallocation process of an underwater *'broken slope****

The deposits considered here are usually sedimentary and therefore characterized in a horizontal and
vertical direction by a heterogeneous composition. As a result, the slope angle of the broken slope is not a constant
and can vary in small-scale. Furthermore, the time of “breaking”, the reallocation process from the working slope to
the broken slope, within a deposit is not constant as well. During this reallocation process, which can also be
described as a settlement flow, the gravel-sand material goes through a mixing process. Coarse material settles
earlier, fine material continues to flow (see figure 3).
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Figure 5 Mixing process of the ""broken slope™

The extraction process in most excavator systems takes place in these broken slopes, since the material here
is loosened and thus can be removed efficiently. The extraction takes place in the coarse material area, where the
particles are the most valuable. The excavation equipment dredges in one place without time-consuming relocation
processes. The mining losses increase with increasing distance of the dredging site from the slope foot.

Recording of the excavations

The state of the art is that dredgers are equipped with extraction control systems. By means of GPS and a
device-specific sensor, the position of the extraction tool during excavation is determined with sufficient accuracy.
The removal process of the material from the deposit is recorded spatially. In addition, the extraction devices are
usually equipped with three to four vertically sounding down echos to depict the substrate in the area of the dredger.
Alternatively, so-called 3D scanners are used for the spatial recording of the slopes and the lake bottom in the
immediate vicinity of the excavator. Both systems are able to detect broken slopes in the immediate environment or
below the dredger with sufficient accuracy.

Slope reallocation outside the detection range of the systems is not recorded and can only be recorded when
the extraction equipment comes into the area of this slope as it progresses in the field of dredging.

* Richwien, Andrea; Untersuchungen zur Standsicherheit von Unterwasserboschungen aus nichtbindigen
Bodenarten; Institut fiir Geotechnik und Markscheidewesen; Clausthal Zellerfeld; Heft 10/2005
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Development goals for the automated surveying of slopes.

For the future planning of sand and gravel mining, current and widely collected information on the broken
slopes must be available. For this purpose, the survey of the slopes must be decoupled from the dredger. Such
approaches exist in practice already, with so-called drone boats, equipped with GPS and corresponding
echosounders that can independently measure predefined lake areas. In a further development process, in addition to
the spatial measurement of the broken slopes, information on the mixing of the excavated material during the
reallocation process during a slope break is to be recorded. The collection of empirical data on the grain distribution
of the dredged material, their allocation to the extraction position, makes it possible to obtain the spatial allocation
of the material composition. Appropriate sampling methods must be developed for the determination of the particle
size distribution. If the information on the spatial and qualitative status of the broken slopes is available, a proactive
mining plan can be carried out taking into account the maximization of the yield and quality control. In addition, the
mining equipment management must be optimized, to move automatically, quickly, and accurately from one mining
spot to the next adjacent spot. This ensures to win even the thin areas of broken slopes with a high extraction
capacity.

A.B.BOPOHIIOB
PI'Y negpmu u eaza (HUY) um. M. M.Iyorxuna

HPUMEHEHUE MAJIOTOHA’KHOTI'O CIII' B HEKOTOPBIX
TEXHOJOI'MYECKHUX ITPOINECCAX I'A30BOH
HNPOMBIIIJIEHHOCTH

B pabote nmoka3pIBaloOTCs MPEUMYIECTBA BHIPABHUBAHMS ra3a C IOMOIIBIO CXKMKEHHOTO TPHPOIHOTO ra3a
(CII"). anHbBI{ BHA XpaHEHUs ra3a UMEET MHOKECTBO MPEHMYIIECTB, a TAKXKE Y HEr0 OTCYTCTBYIOT HEIOCTaTKH
MXT.

Ha naHHBIX KOMIIOHEHTHOTO COCTaBa MECTOPOXKICHUS A, PElIeHBI CIEeIYIOINe 3a1a4i, He0OOX0JUMbIE TIPU
IIPOEKTUPOBAHKUE 3aBOJAa IO CXKIKEHUIO rasa:IIpoaHanu3upoBaHbl BCE TEOPETUUYECKUE LMKIBI COKMKEHUs rasa,
OTIpe/ieIeHbl UX JTOCTOMHCTBA M HelocTaTKy;lIpoaHann3upoBaHbl BCe «peasbHbIC) ITUKIIBI CXKIKEHUS Ta3a (1o ToH
nHpopManum, KOTOpasi IMEETCsl B OTKPBITOM JIOCTYIIE);

OaMH M3 IUKIJIOB, KOTOPBIA 110 MHEHHMIO aBTOPOB SABJSIETCS ONTHMAlbHBIM, CMOJEIHMPOBAH B Iporpamme
Pipesim. C ee moMOIIbIO pacCUMTaHbl OCHOBHBIC XAapaKTECPHCTHKU IMKIA CXKIKCHHS rasa: JeHCTBHTEIbHAs
cymmapHas paboTa, 3aTpaunBaemas Ha cxkarue I1I" 1 CXA u creneHp TepMOANHAMHUYECKOTO COBEPIICHCTBA IIUKIIA;
IMpousBenen pacyer (azoBoro nepexoja M ONpeeSeHbl TOCTOSHHBIE PABHOBECHS I'a30-KUIKOCTHOTO MOTOKa (IIst
pacyera Ha4aJIbHOIO MOMEHTa paBHOBECHS NPHMEHEHa Koppessiiueil YwicoHa; o ypasHeHuio Pamopna-Paiica
orpezienieHs! (pa3oBble COCTOSHUSIKOMIIOHEHTOB Ta3a; Ha OCHOBE ypaBHeHus coctostHust Coase — Peuymxa — KBonra
(CPK)paccuuransl KO3 PUIIHEHTHI CKIMAEMOCTH KaXI0T0 KOMIIOHEHTa B K0 n3 (a3, 1ociie 9ero onpeaeeHsl
K03()()UIMEHTHl PABHOBECHS C IOCTATOYHOW TOYHOCTBIO METOAOM IIOCIEAOBATENBbHBIX MTepanuii.Ha ocHoBanmm
pacueToB onpezaeneHa 3¢ pexruHocTs NpuMeHeHus CIII'. OnpeneneHbl OCHOBHBIE MEPOIIPUATHUS [0 YMEHBIIE HUIO
MOTEPh DJIEKTPOIHEPIMH W YBEJIMYEHHI0 3HEprod(d(ekTuBHOCTH 00OpymoBaHus. PaccunrtaHa SKOHOMHYECKAs
s¢pdexktuBHOCT cTpouTenscTBa 3aBoja CIIIY, mocyuTaHbl OCHOBHBIETEXHHKO — DKOHOMHYECKHE I10Ka3aTellu:
YHCTBIA AUCKOHTHPOBAHHBIN JOXO, HHIEKC PEHTa0eIbHOCTH, CPOK OKYIAaEeMOCTH.

HayuHblii pykoBoaMTEb: K.T.H., 1011. A.H. Tumarmes

0.A. MEJIBEJIEBA
benopycckuii nayuonanbHblll mexHuuecKull yHusepcumem

PET'EHEPAIIUA ®UJIBTPOB CKBA’KUH CITOCOBOM
IHNOUHTEPBAJIBHOI'O CBABUPOBAHMUSA B PEAI'EHTE

B BHTY mnpennoxeHo ajis noBsiieHnst 3G (HEKTHBHOCTH pEreHepaluy JIITUTELHO JKCILTyaTUPYIOIIUXCS
CKB&)KMH, 3aKOJIbMAaTUPOBAHHBIX HMPOYHBIMU CIIEMEHTHPOBAHHBIMU OTJIOKEHUSIMH, POU3BOJUTE UX PETCHEPALHIO
CrocoO0oM TOMHTEPBAJLHOTO CBaOWpOBaHMS B peareHTe. B QuibTp omyckaloT spnudT M yCTPOHCTBO JUIA
perenepanuy, cojepixaiiee cBad (JHCK), )KECTKO 3aKpEeIUICHHBIH Ha HIKHEH TpyOe spnudTa (prucyHOK 1).
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CRBLANMN  CHOCODOM  MONNTENBLTMET &

CHAGEDONANIA B pear enTe

OrpaHn4yMBalOT Y4acTOK (UIbTpa ABYMsI [TaKepaMy, 3aJMBAIOT PEareHT U NPUHYAUTEIBHO MepeMeIaloT
cBab Mexmy HUMH BBepX (paboumii Xox) C 3aJaHHON CKOPOCThIO. B BepxHeEi MONIOCTH Haja AWCKOM CO3JaeTCs
n30BITOYHOE JABJICHHUE, a B HIDKHEH IOJOCTH IOJ AWCKOM — IOHI)KEHHOe namieHue. Ilox amelictBueM mepemnana
JaBJICHUH TIOTOK pearcHTa U3 BEepXHeH monoctu orudaer ¢Bad 1Mo rpaBUtHON 0OCHINKE, IPOU3BOS PAaCTBOPEHHUE U
BBIHOC KOJIbMAaTHPYIOIINX OTIOXEHUH. BHn3 cBab nepemeniaercs nox aeiictBueM Beca 3piaudTa.

Henpto HacTostmeil pa®oTel ABIseTCS pa3pabOoTKa METOAMKH pacyeTa MapaMmMeTpoB (UIBTPAIMOHHOTO
MIOTOKA B I'PaBUHHON OOCHITIKE B 3aBUCHMOCTH OT PEKHMMOB CBaOMPOBAHMUSL.

PaccMoTpuM pacueTHyIO cxeMy CBaOMpPOBaHHS MEXKIY IBYMsI HCTOJBHKHBIMH Makepamu (PHCYHOK 2).
VCTaHOBUM B3aHMOCBSI3b  MEXIY CKOPOCTBIO JBMJKEHHS CBaba V. M pajuanbHOH V, M BEPTUKAIBLHOH V,
CKOPOCTSMH (DUIBTPALIMOHHOTO IIOTOKA B TpaBUiHOM oOckinke. Hauano orcuera mnockocts 0-O pacnonoxxuM Ha
YPOBHE HIDKHETO Makepa. byneMm 3amaBaTh mar OBIDKEHHS OucKa Xj. ITycTh cBab ABMXKeTCS BBEPX C IOCTOSIHHOM
CKOPOCTBIO V.

W3 ypaBHEHUS HEPa3pbIBHOCTH CJIEAYET, YTO PACcXOA XKHUIKOCTH Q, BBITECHsAEMbI cBaOOM M3 BEpXHEH
MOJIOCTH paboueil KaMepsl MpU €ro moabeMe, paBeH pacxony Q,, IMocTymaromeMmy B HIDKHIOIO MOJOCTh paboueit
KaMepsbl:

Qs = QH = vc@ ’ (’Oce ! (1)
T2 2 .
rie @, - paGodasi IIOWAAb AMCKA, PaBHAS (O, = 2 (d,—d?), d, - sryrpennuii qnamerp duibrpa,

d - amamerp mrranru.
ITpu awkeHnn cBaba BBEpX B BEpXHEH MOIOCTH pabodel KaMephl CO3aeTCsl H30BITOYHOE MOJIOKUTETIHFHOE

JaBJICHUA Apg ,aB HIDKHEH ITOJIOCTH — OTpHUIATCIBbHOC JABJICHUC (_ApH) IO OTHOIICHUIO K TUAPOCTATUYCCKOMY
JaBJICHHIO .. HOZ( ﬂGﬁCTBHeM H30BITOYHOTO JaBJICHUA Apg KHJIKOCTH BBITCCHACTCA U3 BerHCI\/’I KaMEphI B IUIACT C
pacxoaom Qe.m,: a oA ACUCTBUCM IMepenaaa MAAaBJICHHUSA MCKAY KaMepaMu Ape—u NEPETCKACT MO I'PaBUHMHOU
00CBIIKE U3 BerHeﬁ MOJIOCTU B HUKHIOKO € pacxoaoM Q

nep.6—n

Apg—u = Apg - (_Apn) = Apg + Apu . (2)
BanaHc pacxoZ0B B BEpXHEW U HU>KHEH KaMepaxX COOTBETCTBEHHO:

Qs = Q/fuz.g. + Qnep.g—H ' (3)
QH = Qruz./-: + Qnep.sfn ; (4)

rae Qruz » - Pacxon, HOCTyHa}OIlII/Iﬁ 13 1J1aCTa B HUJKHIOKO KaMEpy.

. Hepenaz[ JAABJICHUA MCIKAY IMOJIOCTAMU:

Tak xax cormacHo dopmye (1) Qg = QH , TpupaBHuBaeM (3) u (4) 1 HoIy4aeM, 4TO pacXobl KUJIKOCTH,

HarHeTaeMol B IJIaCT W3 BEpXHEH Kamephbl W 3a0MpaeMoil W3 IJlacTa B HIDKHIOK Kamepy, paBHBI MEXIy co0oil:

Qnﬂ.s. - Qm.H '

Pacxou TNEPETCKAHUA Qnep.e’fl-t

Qnep.(f—n = 0‘)050 ’ VB ’ (5)

ornpezenseM 1o popmyie:

81



®,;, - NOTIEPEYHOE CEYEHNE TPABUIHHOM 0OCHINKH, C HAPYKHBIM JHaMeTpoM D4, paBHOE

T
03060 - Z

Y4uTHIBas, YTO MPOIECC CBAOMPOBAHUS OCYIICCTBIIACTCS C BHICOKUMH CKOPOCTSIMH TEPEMEIICHUS CBaba
0,1m/c<v,<0,4 ™M/C, QUABTPAIMOHHBIA TOTOK OTMOAMIIUN TUCK IO TpPaBUHHONW OOCHIIKEe, OyAEeT HMETh
TypOyJICHTHBIH pexuM ABMKeHHs. Toraa BepTUKAIBHYIO CKOPOCTh V, PUIBTPAIMOHHOTO OTOKA HA YPOBHE cBaba B
rpaBUHOIN 0OCHITIKE Oy/IeM HAXOIUTh JUIS Clydas TypOyJIeHTHON (UIbTPALMK IPH KBAAPATUYHOM CONPOTHBICHUH

(Dozgc - qub) , Dd] - BHEWIHUI JuameTp QuibTpa.

A
VB:k.\/T:k. h1 (6)
pgd
Ap
otkyma ¢ yuerom (5) Q.. =@, K - [/, ()
pgd
rae | - rugpasnudeckunii yxion; K- koddduument typOyneHTHON (uIbTpaMu MaTepuaia rpaBUAHOM
OOCHINKY; O - AJMHA TYTH QUIBTpALHH.
. 2 —
Tocne npeoGpasosannii a-Q°, +Q, . —Q, =0, otxyna
~1+1+4a-Q,
Qnep.ﬁ—H = 2a 1 (8)
3-q-x(lI —x) 3 )
rjae 8 =-———————; ( — y/leIbHbli 1eOUT CKBaXuHbL, M/C; Ly~ uTMHA QuibTpa; X- War nobemMa
K -?,, L, -]
cBa0a.
3Hast Qnepﬂf” , BEPTUKANIHYIO CKOPOCTb V 5 B TPABUHHON OOCHINKE HaiaeM U3 pOpMyIIEI (5):
VB — Qnep.e—n . (9)
®

o0b¢

Pa,I[I/IaJ'ILHaﬂ CKOpPOCTb VP.B. B BCPXHCHU MTOJIOCTU KaMCPbI 6y,Z[GT paBHa:

2
v — Qm,g — a.Q nep.6—u
Mo n-D, (1 -x) ’

8

(10)

rje (, - IIOLAb HAPYKHON GOKOBO! MOBEPXHOCTH (DHIBTPA HAIPOTHB BEPXHEH IOJIOCTH KAMEPBI,
pasnas @, =7 D, (I —Xx).

Ipumep VYaenbHBIA AEOUT CKBaOXWHBI (=5 M2/, BHYTPCHHUH W HapYyXKXHBIH TUaMeTphl (QHIbTpa:
d;=0,305m, D, =0,34M; D s =0,54m; d =0,04m; L,=18Mm; k=3cm/c=0,03m/C.

PesynbTaThl pacueToB mapaMeTpoB (pUIBTPAIIMOHHOTO MOTOKA MOKA3aJld, YTO BEPTHKAJIbHAS CKOPOCTh V
0CTaeTCs HeM3MEHHOW Ha ydJacTKe 00pabOTKH MpH MOCTOSSHHOW CKOPOCTH IOjbeMa cBaba V., =CONSt, a paguanbHast
CKOPOCTS V), B TPABUIHHON OOCBINKE HANPOTHB BEPXHEH KaMephl pABHOMEPHO BO3PACTAET MO Mepe MogbeMa cBaba u
COKpAIIIEHHS MJIOMIA N HarHeTaHus.

Ha pucynke 3 mnpencraBieHa 3aBHCUMOCTh BEPTHKAJIbHOW CKOPOCTH (WIBTPALIMOHHOIO IIOTOKA OT
CKOpOCTH ToIbeMa cBaba - V,=f(v,,).

I'papux 3asucumocru v,=f(v.)
0,250
0,200
0,150
0,100

0,050

BeprHkaibHas cKopocThb,
Mm/c

0,000
0,08 0,1 0,2 0,3 0,4

Cropocrsb cBaba, m/c

Pucynok 3. I'paduk 3aBucumoct V,=f(V,,)
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BeptukansHas CKOpOCTh 3Ha4UMTENbHO (OoJee YeM Ha MOPSOK) IMPEBBIMIACT PpaJUaAIbHYIO CKOPOCTB.
CrenoBaTeabHO, OCHOBHOM BKIIaJ B IPOIIECC pereHepanuy OyeT BHOCUTh BEPTUKAIbHBIN (PUIbTPallMOHHBIH TOTOK,
Tak Kak AsekceeBeiM B.C. m np. [1] TeopeTwdecknm M SKCIIEPUMEHTANBHO TOKA3aHO, YTO 32 CUET yBEIHMYCHUS
CKOPOCTH JBW)KEGHHS peareHTa MHTCHCHU(UIMPYETCS MHpOLEcC PAacTBOPEHMS M BBIHOCA NPOAYKTOB PEAKIUH U3
pUGHUIBTPOBOI 3aKOIbMATHPOBAHHOMN 30HBI CKBa)KUHBI.

BriBoJ

[pennoxena KOHCTPYKLMSI YCTAaHOBKM JII TIOMHTEPBAIBHOM peareHTHOI JeKoIbMaTaluy (HIBTPOB
CHoco0OM TMOMHTEPBAJIBHOIO CBaOMpOBaHWS B peareHTe. [loMydeHbl aHAIMTUYECKWE 3aBHCHMOCTH JUI1 pacuera
paaualIbHOM 1 BEPTHKAILHON CKOPOCTH (pUIIBTPAIIMOHHOTO TTOTOKA B TPABUIMHOMN OOCKIIKE, PACCMOTPEH IPUMEp pacyera.

Jluteparypa
1. Axnekcees, B.C. Kunernka pacTBOpeHus KoJbMaTaHTa B NMPU(UIBTPOBEIX 30HaX ckBakuH / B. C.
Anexcees, I'. M. Kommynap, B. T. I'pe6ernnkos // Co. mayu. tp. / HUM BOATI'EO. — Mocksa, 1977. — Bem. 70. —
C. 30-33.

A.B. HUKOJIAEBA, A.A. KOPIIAK, B.B. ILIEHUH
000 «HUU Tpancnuegpmoy

MOJAEJIUPOBAHUE KMHETHUKHA ITPOLECCOB UCITAPEHUA
ITPHU OTI'PY3KE HE®THU B TAHKEPHI HA ITPUMEPE OOO
«TPAHCHE®TD - ITOPT KO3bMHWHO»

Mopckast TpaHCTIOPTHPOBKa HE(TH SABISIETCS OJHUM W3 CTPATETMYCCKH Ba)KHBIX HATPABICHUH JOCTaBKH
He()TH OT NMPOU3BOJMTENST KOHEYHOMY IOTpeOuTe 0. B 3TO# CBS3M KIIIOYEBBIMH TOYKaMH He(TEeTpaHCHOPTHOMN
cucTeMbl sBISIIOTCA HedTsaHble TepMuHaibl. B cucreme [TAO «TpaHcHEpTH» B CTPYKType MOCTaBOK HedTH B
ctpanbl ATP takoii Toukoit siBisiercss OO0 «TpancuedTs — [TopT Ko3bMUHOY» (KOHEUHBIH MYHKT TPYOONPOBOIHOM
cucrembl «Bocrounas Cubupps — Tuxuii okean»). Copt orrpyxaemoii Heptu ESPO. Ha pucynke 1 mpencrasnen
00IM BU HA IJIOMIATKY QOO «TpancHedts — ITopt Koszsmuno».

- =

Pucynoxk 1 — O6mwuii Bux Ha momaaky OOO «TpancuedTs — [Topt Kozsmuno»
Ha pucyHke 2 mpezacraBiieHa JTUHAMHKa U3MEHEHHs1 KoiudecTBa oTrpyxeHHoi B OO0 «TpaHcHepTh —
IMopt Ko3pmuno» uepru B nepuoy ¢ 2010 r. mo 2017 .
i*.l‘l‘~ LI B 3.7

30,0
250

20,0

NN TONN

K iectes o1rpyAeRnofd medgrn,

2050 pALIS | 2 2013 014 20 2010 m?
Hep oy Bpestenn. roa

Pucynok 2 — JIlnnamuka n3MeHeHHs KosmdecTBa oTrpyxenHoi B OO0 «Tpancuedts — [Topt Ko3smumO»
Hedtr B iepuos ¢ 2010 r. mo 2017 r.

Hcxons W3 NaHHBIX, NPEACTABICHHBIX HA PUCYHKE 2, MOXXHO KOHCTATHPOBATh HAJIM4YHE YCTOHYUBOMN
TEHJICHIIMK K BO3PACTaHUIO KOJMYECTBA OTIPYKEHHOW HedTH. YBennvuBarouecss o0beMbl OTIPY3KH BIIEKYT 3a
co00if HE TONBKO BO3pACTaHUE DHEPro3aTrparT Ha MEPEeBANKY HE(TH, HO W TOBBIIICHHE SKOJIOTUYCCKUX PHUCKOB.
Kpome Toro, Ha ¢oHe MOmOOHONW TUHAMUKH OCOOYIO Ba)KHOCTh HPUOOPETAIOT BOIPOCHI PECYpPCOCOEPEIKEHIUS,
ITOCKOJIBKY B IPOIIECCE HAMBA TAHKEPOB TEPSCTCS CYIIECTBEHHAS YaCTh JICTKOUCIIAPSIFOIIUXCS YTIIEBOIOPOJIOB.
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C 1uenpio MOBBIIEHHUS YPOBHS 3KOJIOTHUYECKO OE€30MACHOCTH, a TAKKE COKpAIEHHs IOTEPb HE(PTH OT
ncnapeans B 2010 r. B OO0 «Tpancuedpts — IMopt Ko3pmuHO» OBITa BHEApeHa ancoOpOIMOHHAS yCTaHOBKA
ynapnuBauusi mapoB (YPII) mpomsBomctBa kommanmm CarboVac. Ha pucynke 3 mpexacraBieH oOumid Buj
PEeKOHCTpYHpOBaHHOU ancopbunonHoit YPII.

Pucynok 3 — O6mmii Bux pexornctpynpoBanHoit YPIT 8 OOO «Tpancaedts — [Topt Ko3pmuHO»

D¢ eKTHBHOCTD yIaBIMBAHUS IAPOB ONPENEIACTCS MPOIECCaMH, IPOUCXOIAMUMH B CHCTEME «TaHKEp —
TpybOompoBox razoBoil ¢assl — YPII». MHTeHCHBHOE ncmapeHne He(TH NPH IOBBIIEHHBIX PACX0JaX 3aKauKh
MMPUBOJAUT K POCTY HABJICHUA B T'a30BOM IPOCTPAHCTBE TaHKEpaA. B CJIyda€ TMPCBBIICHUA IaBJICHUSA B I'a30BOM
MIPOCTPAHCTBE TaHKepa BhILIE KPUTHYECKOTO CpadaThIBaeT aBapHiiHas CHCTeMa TaHKepa W M30BITOK ra3oBoil (ha3bl
cOpachiBacTCs Ha MacTpaizep. BeiOpoc ra3oBoii (as3bl yepe3 MacTpaiizep BICUET MOTEPU IEHHBIX JIETKOJCTYUUX
YTIEBOLOPOAOB, KOTOpbIe MOINIM noctynuTth Ha YPII, u 3arpssHeHue okpysxarwowmeid cpensl. Ilpu nossliienun
KOHLIEHTPALM yTJIEBOJOPOJOB Ha TpHYalie CBEPX JOMYCTUMBIX 3HAYCHUH IOrpy3Ka TaHKepa MOXET OBITh
aBapMIIHO OCTAHOBJICHA.

C nenbio B 0000IIEHHOM BHJIE HCCIIEA0BATH IPOLECCH], MPOTEKAIONINE B CHCTEME «TaHKEp — TPyOOIpOBO
ra3oBoit ¢a3sl — YPII», XapakTepusyromue ee mapaMeTpsl ObUIN CTPYIITUPOBAHBI B Oe3pa3MepHbIe KOMIIIEKCHI: Y —

OTHOCHUTENILHOE JaBJIeHHe ra30Boi (asel; 1 — mapameTp, YUMTHIBAIOIIMI BKIaJ HCMApEHUs B MACCOBBIH OanaHc
cucremsr; & — mapamerp, xapakTepusyromuii BKIa1 THAPABIMYECKOTO COMPOTHBICHHS OTBOIAMICH CETH B OBIIYIO

AWHAMUKY MW3MCHCHUA TaBJICHUS, T - XapaKTCpHOC BpEM: 3aKa4dKH. Hepqu/ICHeHHBIe BBIINIEC KOMILICKCHI
chopMyYIIMPOBAHBI B CIIEAYIOLIEM BHUIE
P ))
y=—,
Y= 5.
Ju F-R-T
Y= @
Qs Py
| &
A==
o NUD @
SvVR-T
t
T=— (4)
TEE.E':

rae P — Tekymuee faBnenue B ra30B0M NPOCTPAHCTBE TaHKEPA;

Py — texymiee KoHeuHOE NaBlIeHKE B TPYOONPOBO/IE ra30Boi (hasbl;

7. — obbemubIit pacxon 3akauku HeTH B TAHKEP;

I ~ MHTCHCHUBHOCTH MaCCOOTAa4u C NOBECPXHOCTHU UCTIAPCHUS,

R — ra3oBas mocTosiHHAs ra30BO3IYIIHON CMECH;

T — temneparypa ra3oBO3/LyIHOI cMecH;

F — nyomans moBepXHOCTH MCHApEHHS;

5 — mnomans ceuenus Tpy6onposoa razosoit hasbi;

L «4 — 9hdexTuBHas nnuHa TpyOONpoBOAa razoBOH (asbl, ¢ YYETOM BCEX MECTHBIX TMIPABIMYECKHX
CONPOTHUBIICHUH;

D — nuamerp Tpy6onpoBoa razoBoii (asl;

A- K03 PHUIIMEHT THAPABINIECKOTO COMIPOTHBIICHHS TPYOOIIPOBOIa Ta30BOM (a3l

t — TekyIuee BpeMs OT HAYANA HAMBA;

T.zx — oOliee Bpems 3aKauku HETH B TaHKEP.
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C ydgerom Oe3pa3MepHbIX KOMITIEKCOB (1) — (4), OCHOBBIBAasICh Ha 3aKOHE COCTOSHHUS, 3alTUCAHHOTO IS
ra3oBOr0 IPOCTPAHCTBA TaHKEpa, MOJydeHo 0000meHHoe auddepeHnralbHoe ypaBHEHHE ITWHAMUKHA pOCTa
JIABJICHUSI B TA30BOM IIPOCTPAHCTBE TaHKepa

dy e
S (- =y+yeT -, 5)

rue € — KodpQUUUeHT, XapaKTepU3YIOLINI HHTCHCUBHOCTh H3MEHEHHUS MacCOOTIAYH.

Ha pucyske 4 mpeicTaBlieHO CONOCTaBICHHE PE3YJIbTATOB IKCIICPUMEHTAIBHBIX JAaHHBIX, OTyYeHHBIX IPH
MOHHTOPHHIE TEXHOJOTHYeCKHMX mapamerpoB HammBa Tankepa OOO «TpancHedpts — I[lopt KozpmuHO», T
Pe3yIBTaTOB MOJCIHPOBAHUS 110 YpaBHEHHIO (5).
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Pucynoxk 4 — ComnocTaBieHHE pe3yIbTaTOB MOACINPOBAHUS C JaHHBIMH MOHUTOPUHTA

CpenHexBaJpaTu4Has NOTPEIIHOCTh Mojenu He npesblmiaer 1215 Ila, u B cymecTBeHHOM Mepe
ompeelicHa TEPEeXONHBIMH peXHMaMyd HanuBa.  IlomydeHHass MOJENb MOET OBbITh HCIOJBb30BaHA IIPH
MIPOEKTUPOBAHNH YCTAHOBOK PEKYIEPALH MapoB HA MOPCKUX HE(TAHBIX TEPMHHANAX, @ TAKXKE VIS MOBBIIICHUS
s dexkTuBHOCTH PaboThl yxe cymectByromux YPII. ObecrnieueHne Takux THIPaBIMYECKUX PEXUMOB OTBOMSIICH
CeTH, MPH KOTOPBIX KpHBas M3MEHEHUS AABICHHUS B Ta30BOM NPOCTPAHCTBE TaHKepa (PHUCYHOK 4) IMpOHAET HHXKe
NpeAeNbHON BENMYMHBI JABJICHUS OTKPBITHS JIMHUM MacTpaii3epa, IO3BOJIUT MHHUMH3HMPOBATh  yIIEpO
aTMoc(epHOMY BO3/1yXY BBI3BaHHBIN MOCTYIUICHHEM B aTMocdepy 3arps3Hsiomux BeuiecTB. [logoOHoe pemieHue
CHOCOOCTBYET TMOBBIIICHUIO YPOBHS OSKOJOTMYECKOW O0€30IacHOCTH, a TakkKe JOCTHIKEHHIO IOJIOKUTEIBHOTO
a¢dekTa B 0071aCTH pecypcocOepexeHus U SHEProdPPHEKTHBHOCTH.

JL.B. IIYTPAIIL, A.A. PEKHUII
benopyccxuii nayuonanvHvlll mexuuyeckull ynugepcumem

YCTPOMICTBA ®UKCAIIMU YPOBHEM BOJbI U MECT
NOCTYILIEHUS TECKA JJS1 TMATHOCTHUKHA TEXHUYECKOT' O
COCTOSIHUSI CKBAKUH

Ha Bonmo3abopax mOA3eMHBIX BOJX B MPOLECCE JKCIUTyaTallud BO3ZHUKAIOT CJIOKHOCTH C OIpeNeleHHUEM
MIOJIOXKEHNS CTaTHYECKOTO M TUHAMUYECKOTO YPOBHEH BOJBI B CKBaKHHAX. IIpo0OiIeMbl BO3HUKAIOT M3-3a TOTO, YTO
BOJIOTIOJbEMHBIE TPYOBI, HA KOTOPBIX CMOHTHPOBAH 3JIEKTPOHACOCHBIH arperar, UMEIOT (UIAHIIEBBIE COEANHEHUS,
3aHMMAIOIIME 3HAYNTEIbHYIO YacTh ITOIIEPEYHOr0 CeUeHUsT 00cagHON KOJMOHHBI. [103TOMY pH CIycKe «XJIOIYIIKH»
WIN 3JIEKTPOypOBHEMEPA HE BCETAA yIAeTCsl JOCTHUTHYTh YPOBHS BOIBI, MPOMCXOAUT MX 3aKIMHMWBaHHWE M OOpBIB.
IIpuMeHeHHe crenUaabHbBIX NEKTPOHHBIX CUCTEM C JaTYMKaMU JABJICHUH, HAXOAAIMXCS IOCTOSHHO O]l YPOBHEM
BOJIbI B CKBaXKMHAX, BBI3BIBAET TPYAHOCTHU U3-3a UX HU3KON HAJE)KHOCTHU U CII0KHOCTHU B SKCILTyaTallUU.

B 9T0#i CBSI3M NpeIIOKEHO M anmpoOMPOBaHO B IPOW3BOJCTBEHHBIX YCJIOBHSAX IPOCTOE U HaJeKHOE
YCTPOWCTBO Ui W3MEPEHHS YPOBHEH BOIBI B BOA03a0OPHBIX CKBAXMHAX MPH CMOHTHPOBAHHOM B CTBOJIE
3JEKTPOHACOCHOM arperare. Y CTpOMCTBO COAEPIKUT MTHEBMOHACOC C THOKHM IIUTAHTOM (ITE€30METPOM ), OITyICHHBIM
10]T MUHUMAJIbHBIHA YPOBEHb B CKBOKHHE, MAaHOMETP, 30JI0THUK (PUCYHOK 1).

B Bomo3abopHON CKBaXMHE MPH MOHTaXKE SJEKTPOHACOCHOTO arperata Ha BOJOMOIBEMHOW TpyoOe
3aKpEIUIAIOT C TIOMOIIBI0 XOMYTOB TMOKMI HUTaHT (ITb€30METP) C BHYTPEHHUM AHUAMETpoM 6-8 MM. OTKpBITHIHA
HIDKHUH KOHEIT Tbe30MeTpa pa3MeNaroT Haj AIEKTPOHACOCHBIM arperatoM. BepxHuii KOHEIl - BBIBOJAT B MABUIBOH
U TepMeTH3UpyloT 3arnymkoi. [Ipy u3MepeHHM NONOXKEHUs ypOBHEH YAANSIOT U3 Mbe30MeTpa 3arilyllky U
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MTOJKIIOYAIOT K HEMY ITHEBMOHACOC C MAaHOMETPOM W 30JIOTHHKOM. [IHEBMOHAacOCOM IONAIOT CXKATHIM BO3AYX B
mee3omeTp. Ilpu crabunmsanuy mokazaHus MaHOMETpa GUKCHPYIOT €To.
I'myOuny cratuaeckoro H., u puHAMmyeckoro H,,, ypOBHEH OIPEnENsiOT IO COOTBETCTBYIOIINM

MOKa3aHUSIM MaHOMETPOB D, cm. ¥ Puan.oun.
Hcm = me - hle

H()uu = me - h Oum»

rac me — JJIMHA IbE30METPA; hcm: y how - 3aFHYGHeHI/Ie MbE30MCTpa Moa CTATHYECKUH U ,HI/IHaMI/I‘IeCKI/Iﬁ
YPOBHH; hcm = pMal-Lcm' /pg' hdul-t: p,ual-t.dun,/ pg; P- INIOTHOCTH BOJIBL.

1-Bomo3abopHast CKBaXXMHA; 2- IICKTPOHACOCHBIH arperat; 3 - BOJIOIIOIbeMHas TpyOa;

4-ruOkuii MUTaHT (TBE30METP); 5-XOMYTHI; 6-THEBMOHACOC; 7- MaTpyOOK IMHEBMOHAcoca; §-MaHOMETp; 9-
oOpatHsbIi Ki1anaH (30J10THUK); 10-3armymka

Pucynok 1 — Cxema u3MepeHus ypOBHEH BOJBI B CKBXKUHE: a) - COCTaB 000pynoBaHusT; 0) — oOmuid BHI
MTEE30METPa C 30JI0THUKOM M MAaHOMETPOM.

Oprasm3anny, SKCIUTYaTHPYIOMIHE IIOA3EMHBIC CKBaXHHHBIE BON03a00pBI, CTAJIKHUBAIOTCA TaKXke C
mpo0JieMaMy TIECKOBAHUS CKBaXKHH P YACTUYHOM Pa3pYIICHUU CAIbHUKOB M YUYaCTKOB (HIBTPOB. B nutepatype
[1] nopenmaraercs ompemensaTh MecTomoyioxkeHue Jedekra (GHIbTpa MOWHTEPBAJIbHON OTKAYKOH BOABI U3
repMETH3aUPOBAHHBIX YYaCTKOB (PIIIBTPA. DTOT METO/I SIBJISCTCS JOCTATOUHO CIIOKHBIM U TPYIAOCMKHUM.

B BHTY pa3paboTaH, H3rOTOBJCH W MPOIIEN IOJICBbIC HCIBITAHUSA MPUOOP ISl OOHAPYKEHUS MECT
MECKOBAHUS CKBAXHUH (pHUC.2), KOTOPBIA CONCPKUT IYJIbT YOPAaBICHUS M HHIUKATOP MYTHOCTH BOJBI,
nepeMeIaeMbli BIOJIb QHIBTPA B MPOLIECCE OTKAYKU BOJIBI M3 CKBAXKUHBI [2].

[IpuHDMNManbHAsT cxemMa OOCIeNOBaHMS CKBOXHH C TIOMOINBIO TpuOOpa s OOHApYKCHHS MeCT
MIECKOBAHUS TOKa3aHa Ha PUCYHKE 2.

~

1- xommpeccop; 2 — KpaH KoMIpeccopa; 3 — MaHOMeTp; 4 — BO3LyXONpoBoIHas TPyOa;

5 — mynbT ynpasneHus; 6 — CKBaXHHHBIH OJIOK CO CYETYNKOM TIIyOHHBI;

7 — BojonoypeMHast Tpy0a; 8 — 0ak; 9 — rpaBuiiHbIi canbHUK; 10 —MECTO MeCKOBAHHUS,

11 — uHAMKATOp MYTHOCTH BOABI; 12 — UIBTP ¢ TpaBHfHON OOCHITKOM;

13 — necuanas kaBepHa; 14 — OTCTOWHUK

Pucynok 2 — Cxema o0ciemoBaHHMsS IECKYIOUIMX CKBaXHWH: a) — OOOPYIOBaHHE CKBAXKUHBI IIPU
obcnenoBanny; 6 - oOIIMIA BHI IpuOOpa AJ1st OOHAPYKEHHSI MECT TIECKOBAHUS

WHuKkaTop MyTHOCTH NPUCOEIUHEH KadeneM K MyJbTy yIpaBlieHus,, OH 0(hOpMIIEH B BUJE POBOJIOYHOTO
Kapkaca. BHyTpm kapkaca HaxoasTCs HCTOYHHMK cBeTa (cBeToanmon) M (POoTope3ncTop, YCTaHOBJIEHHBIE YT
HanpoTHB Jpyra. MHAMKaTOp mepeMemaroT B CTBOJIE CKBaXMHBI NpH paboratomeM spiudre. IIpn nonananum
WHJIIKAaTOpa B 30HY IPUTOKA MECKa WM APYTHX YacTHIl OCBEIIEHHOCTh (JOTOPE3UCTOpa Ma1aeT U yMEHBIIAETCS TOK
B 1INy, (QUKCUPYEMBIi MH/UIMAMIIEPMETPOM B IyJbT€ YIPaBICHUS. OTO TO3BOJISAET OIPEAEIHTh MECTO
TIOCTYIUICHHUS TIECKA B CKBAKHHY.
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IIpuGop mnpomren ycreniHbple IOJIEBbIE HCTBITAHUS Ha TECKYIOIMWX CKBakuHax: Ne2 rmyOmHONW 60M
Bono3abopa «Bomomoi» (VII «MwunckBomokanain») u Ne22 rimyounoit 98m Bomo3abopa «CesepHbiit» T. XKomuHo
(VII «KoguHCKUi BOTOKAHAI).

Jliisi MOBBIMICHUSI TOYHOCTH (HKCAIMM MECTa IPHUTOKA YaCTUI] MECKa MPEJIOKESHO YCTPOWCTBO IS
oOcieoBaHUs, OCHAIIEHHOE TOTPYXHBIM HacocoM [3]. PaspabGoraHa Taxke KOHCTPYKIMS YCTPOHCTBa IUISt
TaMIOHUPOBAHUS OOHAPYKEHHOTO MMOBPEXKICHHOTO YJacTKa 00caqHoi TpyOb!l Witi (GUIbTpa CKBaXUHEI [4].
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M.C. IIOITOBA, A.10. OCTAITIOK
Loneyxuii HayuOHANbHBIT MEXHUYECKUL YHUGEPCUME

TEYEHHUE )KHJKOCTHU HA 3ABOE CKBAXKHWHbI I1PU
BYPEHUU AJIMA3ZHOU OJHOCJIONMHOU KOPOHKOU

AJMa3HBIM NOpPOIOpa3pyIIAIONINA HHCTPYMEHT sBIAeTCS Hanbosee MepCHeKTHBHBIM C TOYKH
3peHust 3 GEKTUBHOCTH pa3pylIeHHs 32005 U yBEIMYCHUSI MEXaHHYECKOH CKopocTH OypeHus. OJJHOH N3 OCHOBHBIX
npoOiieM TNPUMEHEHHUs] alIMa3HOTO HHCTPYMEHTA SIBISETCS OTPAHMYEHHAs TEPMOCTOWKOCTh aIMa3HOTO ChIPBSL.
CoBpeMeHHBIE BO3MOXKHOCTH CHHTE3a KPYIIHBIX TEPMOCTOHKHX aJMa3HBIX MOHOKPHCTAIUIOB W JOKa3aHHAs
3¢ (PEKTHBHOCTh MPUMEHEHHUS MHOTOCEKTOPHBIX KOHCTPYKIHU IMOPOAOPA3PYIIAIONICTO WHCTPYMEHTA MO3BOJISIIOT
paCcCUUTHIBATh Ha Pa3BUTHE MIPOU3BOJICTBA AIMA3HBIX OTHOCIIOMHBIX KOPOHOK.

HccrenoBanre pabOTHI alMa3HOW OJHOCIOWHONW KOPOHKH C pagWalbHON PacKIIQJAKONH KPYITHBIX
(1600/1250 Mxm) TepMocTorkuX (10 1 150°C) anmasHbix MOHOKPHCTAIIOB B CEKTOpE Ha 3a00€ CKBaKMHEI ITOKA3aII0,
YTO HaMOOJIBIIEH MEXaHWYECKOH M TeMIIepaTypHOH Harpys3ke IOJIBEpraroTcs aJMa3bl MEpBBIX JBYX paJHalIbHBIX
psnoB cekropa [1-4]. Dra Harpy3ka 3aBHCHT OT psiJa (hakTOpOB: CBOICTB pa30ypHBaeMoOil HMOPOIbI; PEKUMOB
OypeHusi; THIA PAaCKIAJKH alMa3oB; KOJIMYECTBA PalUalibHBIX PSJOB B CEKTOPE; PACCTOSHHS MEXIY aiMa3aMiu B
JIMHUM DPE3aHMs; MECTOIOJIOKEHUS aiMa3a B CEKTOPE KOPOHKH; KOHCTPYKIMH TOpIla KOpPOHKM u T.j. [1-5].
HemanoBakHy!0 poJib TIpH 3TOM UTpaeT TeYECHHE KUAKOCTH Ha 3a00e CKBaXMHBL. IIoMHMO BBIHOCA IITaMa M3-TIOT
TOplla KOPOHKH, TIPOMBIBOYHAS JKMIKOCTH BBIMONHSAET (YHKIMIO OXJIXKACHUS IOPOAOPA3PYIIAIONIETO
HHCTPYMEHTA.

JJis meTabHOTO UCCIIEOBAHMS THAPABIUYECKUX MPOIIECCOB MPOTEKAIOIINX Ha 3200€ CKBAaKUHBI B
mporecce OYpeHUsT OTHOCIONHON alMa3HO KOPOHKOH OBLIO MPOBEICHO KOMITBIOTEPHOE MOJICIMpoBaHue. Pemenne
3ajayd OCYIIECTBISUIOCH METOJIOM KOHEYHBIX JJIEMEHTOB C HWCIOJB30BAaHHEM OCHOBHBIX 3aKOHOB MEXaHUKH
CIUTOIITHOHM CPEIIBL.

Ha oxmaxkiaeHue aimmMa3oB BIHAET BpeMs H 00beM KOHTAKTHUPYIOIIECH ¢ HUMH IMPOMBIBOYHOH *XuaKkocTH. Ha
CKOPOCTb ¥ HaIpaBJIeHHE TEHEHHUS MIPOMBIBOYHOM XHMIKOCTH, MOMHMO BEIMYHHBI €€ IOAaYM, BIMSET 4YacToTa
BpamieHus KOPOHKH. B mpomecce BpameHHs MeXIy TOPLOM KOPOHKH M JKHAKOCTHIO BO3HUKAIOT BSI3KHE
HaTPSDKEHUS, KOTOPBIE H3MEHSIOT HAIIPABIICHHE U CKOPOCTH TEUEHHS KUIAKOCTH MOJ] CEKTOPOM KOPOHKH.

s mccnenoBaHUs XapakTepa TE€UYEHHUS KHUIKOCTH IO/ TOPIOM MHOTOCEKTOPHON KOPOHKH OBLI
paccMOTpeH TUAPABIUYECKHN peXHM padOThl OJHOCIOWHOW aiMa3HOW KOPOHKH ¢ 4 paJualbHBIMH PSIaMH B
CEKTOpE.

Ecnu HaGmonaTs TedeHue )XUAKOCTH 110 TOPLIOM KOPOHKH B HAIIPaBJICHUH OT Haleraroleil yacTu
cexTopa K cOeraromieid, To npu 4actore BpameHus 200 00/MHMH >KHIIKOCTB, IOTABIIAs MOJ TOpEl W3 OGOKOBOTO
IIPOMBIBOYHOTO OKHA, T€YET, HE JOXOAsS JO BTOPOrO PajHanbHOrO psifia, B NMPOTHBOIOJIOKHOM HAMPABICHUU OT
Ha0erarolei 4acT ceKTopa, T.€. 10 X0y BpalleHNs] KOPOHKH (puc.l).

UYem OoJpliie 4acToTa BpAILCHUS T€M OOJBIIE CHIIA, YBIIEKAroONast XUAKOCTh IO/ TOpPeL CEeKTopa.
Ha pucynke 1 B Bue NMpOEKIINHM BEKTOPOB MpEICTaBICHa KapTHHA U3MEHEHUS CKOPOCTH W HAIPaBIICHUS TCUCHUS
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KUAKOCTH OT YaCTOTHI BPAIICHUA ITOA TOPLOM CEKTOPA KOPOHKHU B TPEX IMAPAJIIICITIBHO IMPOBEACHHBIX INJIIOCKOCTAX.
I[J'II/IHEI BEKTOpPa NMpOonopuruoHaibHa BEJIMYNHE CKOPOCTH TEUCHUS KUIKOCTH.

a 0

PucyHok 1. — HanpaBiieHHE M CKOPOCTH TEUEHHUS IPOMBIBOYHOI KHUAKOCTH IO TOPLIOM ceKTopa ¢ 4
panuaNbHBIMU PSAAAMHA B TPEX MapauieIbHO IMPOBEICHHBIX INIOCKOCTSX: a — yacToTa BpameHus 800 06/mMuH; 6 —
gactoTa Bpamieaus 200 00/MuH.

Yem Oonplie 4acToTa BpALICHUS KOPOHKH, TeM OOJNBIIMH MOTOK JKHUIKOCTH NPOTEKaeT IOX TOPLOM
CEKTOpa, a He yXOIHUT B OOKOBOI IMPOMBIBOYHBIN KaHAI (puC.2).

a 0

PucyHOK 2 — TMHNY TOKa IPOMBIBOYHOM )KUAKOCTH Ha 3a00€ B IIPEAEIax OJHOTO CEKTOpa KOPOHKHU: a —
yactoTta Bpamienus 200 06/mMuH; 6 — yactoTa Bpameaus 800 00/MuH
PesynbraThl HMCCIICIOBAHMS TCUCHHS JKAIKOCTH Ha 3a0oe mpu OypeHHH aiMa3HOW KOpoHKou (Tadm. 1,
puc.3), mokaszaiy, YTO MPH YacToTe BpaiieHus MeHee 380 00/MHMH KHIKOCTh MO TOPEI KOPOHKH W3 OOKOBBIX
MIPOMBIBOYHBIX KaHAJOB HE IOCTYIAET, YTO OOBSACHAET Oojiee PEe3KHH POCT TeMIlepaTyphbl HarpeBa ajiMa3oB NpHU
MOBBILIEHUH YacTOThI BpameHusi KopoHku ¢ 200 o6/mun mo 400 o6/mun. [Ipu vacrore Bpamenuss 600 06/MuH
TEUEHHE XUIKOCTH TI0Jl TOPIIOM CEKTOpa KOPOHKHM HE 3HAYMTENbHO, W JIMIIb IPH YacToTe BpamieHus 6onee 800
00/MHH JIBH>KEHHE SKHJIKOCTH T0J] TOPIIOM KOPOHKH CIIOCOOCTBYET 3 (EKTy TeII00TBOAA.
Tabumma 1
PesynbraThl Hcciie0BaHUs TEUEHHS XKUAKOCTHU IO/ TOPLIOM KOPOHKH THaMeTpoM 93 MM ¢ 4 panuaibHBIMU
psnamu B cektope (oceBasi Harpyska 20 kH, noxava nmpombIBoUHOM sxuakoctd 40 j1/MuH)

Yacrora BparieHusi, 00/MUH 200 400 600 800 1000

Cpennuii pacxoJi KHIAKOCTH, KI/C -0,00139" | 0,000122 | 0,00134 | 0,00234 | 0,00320
* MHHYC 0003HaYaeT, 9TO KUAKOCTH TCUET OT HAOETarOIIEeH K cOeTaroIei 9acT CEKTopa.

0,004 -

0,003 -

Ic

0,002 -

0,001 -

cpeaHui pacxop, Kr

200 400 600 800 1000
-0,001

-0,002 -

YacToTa BpalleHus, 06/MUH

Pucynox 3 — I'paduk 3aBUCHMOCTH U3MEHEHHS CPETHET0 PAcX0/1a KUAKOCTH I10]] TOPIIOM CEKTopa
KOPOHKH OT 4aCTOTHI BPAIlIeHNs] KOPOHKHU (KOPOHKA TMaMeTpoM 93 MM ¢ 4 paJuanbHBIMU psiJlaMi B CEKTOpE, OCeBast
Harpyska 20 kH, nopava npomMbIBOYHOM xuakoctu 40 j1/MUH).
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Otcioma ciemyer, 4To HauOOICEe ONMUMANbHLIM C TOYKH 3PEHHS OXJIAXKICHUS Uil OypeHHs
CKBOKHH JTAHHBIMH KOHCTPYKIMSIMA KOPOHOK SIBIISICTCS unmepegan yacmomut gpaujenus om 600 oo 1000 ob6/mumn.
Bypenue maHHBIME KOpPOHKAaMH ¢ 4acTOToi Bpamenus cBeime 1000 06/MIH BO3MOXKHO JTaXke ¢ OCEBON Harpy3Koil B
20 xH, T.k. Ipu 3TOM TeMIlepaTypa HarpeBa aiMa3oB HE JOCTHTaeT KPUTHICCKOW OTMETKH (TEPMOCTOUKHE aMasbl
BEIIEP)KUBAIOT Temmeparypy xo 1500°C), HO mpu 3TOM NPEHMYIIECTBOM O0JaNal0T KOPOHKH C KOJHMYECTBOM
panuagbHBIX PSAAOB B CEKTOPE MEHBINE YeThbpeX. KOPOHKH C YeTHIphbMA-ABYMsS pafdalbHBIMU PAJAMHU B CEKTOPE
JIydIlle OMBIBAIOTCA (OXJaXAI0TCs, OYUIIAIOTCS) IPOMBIBOYHOM JKHIKOCTBIO, UMEIOT pABHOMEPHOE paclpesieeHue
Harpy3KH Ha ajiMa3bl KOPOHKH U TaKUM 00pa3oM 00JIalafoT 3a11acoM IPOYHOCTH.
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J1.C. CUIOPEHKO, A.A. KAPAKO30B
Jloneyxuii HayuoHaNbHLIN MEXHUYECKUL YHUBEpCUmMem

T'UJIPABJIMYECKHUE YCTPOMCTBA JIJISI BYPEHUSI CKBAXKHUH
U BO3JIEUCTBUS HA TIPOJYKTUBHBIN IJIACT

Baxneitmeit 3amaueit npu OypeHHHM CKBa)XHMH SIBIISICTCS IIOBBIIICHHE MEXAaHHMYECKOH CKOPOCTH OypeHus,
0COOEHHO B KpemKHUX TMopojaax (Mpu JoOblue METaHa Ha YrOJNLHBIX MecTopoxkIeHusix Jlonbacca — 3TO MECHaHUKH U
n3BectHsaku VII-IX kareropuii mo OypumocTH, npu OypeHHH THIPOTeOJIOTMYeCKHX CKBakMH B [lonbacce u Ha
[Ipra3oBckOM IIUTE — aHAIOTUYHBIC TIECUAHUKH M TPAHUTHI). VIHTEHCHBHOCTD pa3pyILCHUS TOPHBIX TIOPOJ MOXKET OBbITh
MOBBINIEHa 32 CYET MNPHUMEHEHUS HAJUIONOTHBIX THAPOYAApPHHUKOB M BHOpoBO3OyauTenell Kak mpu OypeHHn
[IapOIICYHBIMH JIOJIOTAMHU, TaK W NpU Hcnosb3oBanuu nonor PDC [1, 2, 3, 4]. [ljist 3TOro MOTryT KCHOJB30BATHCS
Mozupukarmy 3(GEKTHBHBIX KOHCTPYKIHMN THAPOYIapHUKOB JIBOMHOTO AEHCTBUS, pa3paboTaHHbIX paHee B JlOHEIKOM
HaIMOHAIEHOM TexHun4deckoM yHuBepcutete (JorHTY) [5, 6, 7].

Kpome Ttoro, mpu 100bIY€ KHIKHX IOJE3HBIX HMCKONAEMbIX OJHOW M3 OCHOBHBIX HPUYMH CHIDKCHHUS
MIPOU3BOJUTEIBHOCTH CKBa)KMH SIBISIETCS KOIbMATalMs UX CTEHOK B HWHTEpBalle MPOAYKTUBHOIO IIIAacTa WIH
¢mrbTpoBoil Yactu. [Ipum 3TOM CHIKEHHE MPOHUIAEMOCTH MpPHU3a0OWHOW 30HBI (WM (IIIBTPA) CIIOCOOCTBYET
pe3koMy yMmeHbmeHuto aebuta. o 75-80% HeTIHBIX M THAPOTEOJIOTMYECKHX CKBKHH IPEXKICBPEMEHHO
IIpeKpamanT paboToCTIOCOOHOCTh M3-3a KOJIbMAaTalud WK 3amnuBaHud [§, 9]. [IpoayKTHBHOCT TaKMX CKBa>KUH
MOJKET OBITh BOCCTAHOBJICHA 3a CUET MPUMEHEHHS TeXHOJIOTHI IeKOIbMaTalluy Ipru3a00iHON 30HBI IJIACTOB, B TOM
YHCcIe U THAPOIUHAMUYIECKOTO BO3ACHCTBUS.

B JosHTY 6b11 pa3zpaboTaH ps yCTPOWCTB AJI THAPOJAMHAMUYECKOTO BO3ACHCTBHS HA MPOTYyKTHUBHBIN
mwiact [ 10], Takke 6a3UPYIONINXCS HA UCTIONB30BAHUY THAPOYJAPHUKOB JBOWHOTO JEHCTBUS:

1. I'mppoynapHele TeHEpaTOphl IEPEMEHHBIX AaBIEHUH, Mepelaroluxcs CToNI0Yy KHAKOCTH B
CKBaXHHE;
2. KoMOnHMpOBaHHbBIE yCTpOMCTBA THIPOJMHAMHYECKOTO BO3AEHCTBUS HA IUIACT, SBJIIOIIHECS

KOMOMHAIME! THIpOyJNapHBIX TI'eHEpPaTOPOB IEPEMEHHBIX JaBICHHH W THIPOJMHAMHYECKUX U3Ilydareseit
HMITYJIbCOB (KaBUTAI[IOHHBIX T€HEPATOPOB).

ABTOpBI IIPMHUMAJIM Y4acTHE B BBIIOJIHEHHU HCCIEJOBaHUI MO CO3JaHMIO HAIUIONOTHBIX TUIPOYIApHHUKOB
qrameTpoM 10 194 MM, a Takke THAPOYINApPHBIX TEHEPAaTOpOB MHaBieHMS auamerpoM 146 mm. PaspaboTaHHBIC
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TUIPOYIAPHUKH MOTYT HCHOJB30BATHCS KaK Il MHTEHCH(HKALMK HpoLecca paspyLieHus opod Ha 3aboe, Tak U Ui
CHIDKCHHUS CHJI TPEHHsI OypUIBHOW KOJIOHHBI O CTCHKM CKB@XHHBI NPY OypeHHM HAKJIOHHBIX M TOPU30HTAIIBHBIX
YYaCTKOB CKBA)KMH, YTO OOYCIIOBIICHO MX JIOKAa3aHHOW paHee 3(h(eKTUBHOCTHIO TPH MPOBEICHIH aBapHUHHBIX padoT 1O
JIMKBUIAIAHN IPUXBATOB OypOBOTO CHapsiaa [6].

Jst 3TUX THAPOYIAPHUKOB BEHIIIOIHEH HEOOXOAUMBIN KOMIUICKC IPOSKTHBIX pacdéTOB, HA OCHOBE KOTOPBIX
NPOBEICHO TPEXMEPHOE KOMIIBIOTEPHOE MOMAECIUPOBAaHUE KOHCTPYKLMH, MO3BOJMBIIEE BHIOpPATh palMOHAIbHBIC
reoMeTpUYECKHE TTapaMeTphl 3JIEMEHTOB ruaposurareis. Ha puc. 1 nmpuBeaeH nmpuMep MOIEIMPOBAHUS TEUECHUS
KHMJKOCTH B KJIaITaHHOM KOPOOKe TMApOyNapHHKa.

Puc. 1 — [Ipumep MoaemupoBaHUs TEUCHUS )KUIKOCTH B KIIATAHHOW KOPOOKE THIPOyIapHUKA.

Pa3zpaboTaHHas KOHCTPYKIMSA THIPOYAApHWKA HE TOJBKO IO3BOJSIET YNPABIATH €ro MapamMeTpamu B
nporuecce paboTHI 3a CUET N3MEHEHHMS TT0/1a4H JKUAKOCTH, HO M H3MEHATH €TI0 YaCTOTHO-?HEPIeTHUECKHE TTapaMeTPhl
3a cuéT M3MEHEeHus xoaa Ooilka M BBIIYCKHOTO KJallaHa NPH HAcTpPOMKe MeXaHW3Ma Iepe] HadaloM peiica 6e3
3aMEHBI WJIM KOPPEKTUPOBKH JJIMHBI KOPITYCHBIX JIETaJICH.

Ilo cpaBHEHMIO C WM3BECTHBIMH MexaHM3MaMu Thna BBO u ruapoynapHHUKaMu OAMHApHOTO IECHCTBHS C
NpPSIMBIM aKTHBHBIM XOAOM OO¥iKka, pa3paboTaHHBIE T'MAPOYAAPHUKH JBOWHOIO JEHCTBUS MMEIOT IMOBBINICHHBIN
MOTOPECYPC U CIIOCOOHBI 0becreunBaTh 00JIee BEICOKHE YaCTOTHO-3HEPreTHIECKHE ITapaMeTphl.

Ha 6a3e ruapoyaapHHKOB [BOWHOTO MACHCTBHS OBLIO TMPEIJIOKEHO JBa THAPOYIAPHBIX T'€HEeparopa
nepeMeHHbIX faByeHui [10] amst pasrimHU3aMy TPOAYKTUBHBIX IIACTOB, MEPBOE M3 KOTOPBHIX BKIIIOYAET B cebs
THIPOYNAPHUK ¥ TPHCOCAMHSEMBbI K HeMy BHOpAlMOHHBIM Y3€l C OTBEPCTHSIMH sl  (OPMHUPOBAHUS
BBICOKOHAIOPHBIX CTPYH. DTO yCTPOHCTBO MOXKET JIOMOJHUTEIFHO OCHAIATHCS THAPOANHAMUYECKIM H3ITydaTeIeM
UMITyJIbCOB (KaBUTAIMOHHBIM TeHepatopoM) [10]. Jnsg 3TuX cXeM THIPOYAApHBIX T'€HEpaTOpOB aBICHUI
BBINOJTHEHA aJanTanus pa3paboTaHHBIX paHee KOHCTPYKIMI K HOBOMY THropasMmepy 146 mm. Takxe BbImoigHEeHa
pa3paboTka BHOPAIMOHHBIX Y3JI0B, pa0OOTalOmMX Kak aBTOHOMHO, TaK M COBMECTHO C KaBUTAI[MOHHBIMHA
reHeparopamu auamerpoM oT 90 mo 146 MM, BBIIOJIHEHHBIMH B BUAE TPYOKM BeHTypu M TeHepupyrommMu
HUMIIYJIbCHI ¢ YaCTOTOW B mpeaenax 1,9-2,7 kI'm.

O0bémHas (3D) mMogenb pa3paboOTaHHOrO THUAPOYJAPHOTO TeHepaTopa IePEeMEHHBIX JaBJICHHN
IIpeJCTaBIeHAa Ha pHC. 2.

Puc. 2 — 3D-Monenb rupoyapHOTO FeHepaTopa epeMEeHHBIX AaBICHUH.
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SYNTHESIS AND PROPERTIES OF REECOB IN TERMS OF
CRYSTAL STRUCTURE AND CHEMISTRY

The development in optical and sensor technologies increased steadily during the last century. For that
reason, the demand for more efficient, cleaner and ecological machinery hast to be improved; sensors which can
resist and work under high temperature and high pressure are required. Most of the piezoelectric materials that are
known today, e.g. quartz, cannot proceed at elevated temperatures above 600°C. Any other materials with higher
temperature resistance are more expensive and energy consuming in production, or only available in sufficient size
as naturally occurring minerals with fluctuating properties like tourmaline [2].

First mentioned in the early 1970s, rare earth element calcium oxoborates (REECOB), synthesised by the
Czochralski method, started to play a very important role in technical applications in the recent years. They are
displaying constant piezoelectric properties up to 1200°C. The low temperature dependence of dielectric and
piezoelectric properties, along with an electrical resistivity and both mechanical and chemical stability, predestined
the REECOBs for non-linear optics and sensor technology [2].

The general crystal structure is build of four different structure elements: It includes differently tilted,
planar [BOs]* -triangular groups, two independent Ca-sites, and a slightly distorted REE*" octahedron. The Ca(1)-
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site can also be interpreted as a distorted octahedron, while the Ca(2)-position is more irregular with a six- to
eightfold coordination sphere. The [B(1)O5]* -group is approximately parallel to the crystallographic ab-plane and
corner-connected to the surrounding structural units, whereas the [B(2)O3]* -triangle is tilted towards the ac-plane.
The REE-octahedron build edge-sharing chains along the c-axis, but there is the suggestion of a disorder between
the REEs and the Ca(1)-position to different extents, depending on the rare earth element [1].

The differences in the cell parameters of the known REECOBs, grown by the Czochralski-method, shows,
that the decrease of the unit cells correlates with the decrease of REE®" radii, with the strongest change in the c-
direction. Furthermore, the change in ion size directly transferred to a change in the unit cell parameter, whereas a
change in the other directions is partially buffered by the structure [1].

Before the synthesis, the solid state reaction is necessary, regardless to the type of synthesis. Ordinarily this
reaction follows the equation:

REE,0; + 8CaC0; + 35,0, -+ 2REECa,0(B0;),; + 8C0,

This equation shows the most common possibility for the source of boron. Another opportunity is the
presence of H3;BO3, which is strongly hygroscopic [1].

Suitable crystals for the application as e.g. sensor materials are grown from Czochralski-, Bridgman- or
flux-method. The advantages of the flux-method are that crystals are larger, of high optical quality, and experiments
are easier to control. But also, the Bridgman-method provides perfect crystals with effectual sizes and could be an
alternative to the Czrochalski-method. The Czochralski-method is the most common method for synthesising of
REECOBs anyway, because this technique is the cheapest and easiest for synthesis the of pure crystals [1].

It is important, that the growth conditions are always the same for one crystal, because any variation in
composition or structure would influence the mechanical and optical properties of the result. These conditions are
e.g. the pulling rate, rotation rate and the diameter of crystals, that has to be determined for each configuration.
Large crucibles allow other pulling rates and diameters of crystals than smaller crucibles. For the REECOBS,
iridium crucibles of different sizes are used. Because of the danger of oxidation, the synthesis usually take place in
nitrogen or argon atmospheres. But even crystal growth in platinum crucibles under atmosphere were reported [1,3].

The resulting monoclinic crystals are 10-15 ¢cm long, with diameters of the cylindric main body about 10-
30 mm. They are non-hygroscopic and possess a hardness between 6 and 7 on the Mohs scale. The synthesised
single crystals YCOB, LaCOB and GdCOB are transparent and colourless, whereas others show a distinct coloration
depending on the rare earth ion. For example SmCOB have a yellow coloration, NdCOB is purple and ErCOB rose.
The resulting colour depends on the energy levels in the visible light range of the involved rare earth ion. GACOB,
YCOB and LaCOB reveal a large optical window, which makes these crystals interesting for optical application.
That is why these components are the most intensively studied materials regarding dopant ions [1].
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RWTH AACHEN UNIVERSITY - UNIT OF MINERAL
PROCESSING

RWTH Aachen University (Rheinisch-Westfdlische Technische Hochschule Aachen) is the largest
technical university in Germany. It was founded in 1870 and has now approximately 45.000 matriculated students.
RWTH Aachen University consists of nine faculties with 270 institutes. The Unit of Mineral Processing (AMR)
belongs to Faculty 5 — the faculty for Raw Materials and Disposal Technology. The head of the department is
Professor Dr. Ing. Hermann Wotruba. The main services and work areas of the AMR are analyses and
characterization of minerals, milling and crushing, screening, dewatering and sorting. In the area of sorting the AMR
provides density, magnetic and electrostatic separation and furthermore flotation and sensor-based-sorting.

The research focus of the AMR lies in different areas: Firstly, in sensor-based sorting. Therefore, there are
different kind of sensors available at the AMR: optical sensors, NIR, XRT, XRF and metal detectors. Sensor-based-
sorting is a key feature to optimize the processing of primary and secondary raw materials and to achieve a more

92



sustainable management. Moreover, with sensor-based sorting the processing of (complex) ores with low grades is
possible. It is necessary to combine different sensor technologies in the processing process. By collecting the data
from the sensors and adding machine learning to the process there is a high potential for increasing the efficiency of
a whole process. To achieve these goals, research in sensor-based sorting and control is required.

Secondly, the AMR does research in the processing of finegrade complex ores. To achieve better results in
processing these ores a whole process including for example crushing, grinding, magnetic and gravity separation
and flotation has to be investigated. Especially sorting of fines e.g. with flotation is a challenge for the future.

Thirdly, due to a research and innovation action funded by the European Commission the processing of
marine resources is another project the AMR does research in. The key objective is to develop a new highly-
automated and technologically sustainable deep sea mining system for the harvesting of polymetallic nodules from
the sea floor. It is planned to operate at depths of 3,000 to 6,000 meters with an In-situ processing (sediment
separation and sizing). On the surface of the sea follows an on-board processing consisting of dewatering and
conditioning. To achieve these objectives two conditions are ensuring safe working conditions and harvesting of the
polymetallic nodules with a minimum environmental impact. Figure 1 shows a concept design of the process.

XHAFERRI, ENERA*, BIER, THOMAS.A
*Msc. Enera Xhaferri, Institut fiir Keramik, Glas- und Baustoff-technik, TU Bergakademie
Freiberg, Leipziger Str. 28, Freiberg, Germany

SURFACE MODIFICATION OF SLAG PARTICLES BY
DRY/LIQUID COATING VIA HIGH ENERGY MIXER

Abstract

Use of the coated process makes it possible to change the physical properties of the individual particles or
of a bed of particles in targeted manner. This, in turn, paves the way for the creation of new particle and material
properties. Two different devices from the Japanese company Nara were utilized for this research work. The
samples were prepared by using a granulator NMG-1 (Nara mixer granulator) and a high energy impact coater
“Hybridizer”, NHS-0 (type-0). Three different types of blast furnace slags, Poland slag (P), Lafarge slag (L) and
FeHS slag (G) were used as binder and 3 different types of activators were used in their liquid and solid form. Based
on SEM images it can be stated that the samples prepared with Poland slag using NMG-1 and NHS-0 showed the
desired results. A thin layer of sodium hydroxide was detected around P slag particles, partly surrounded it.

1. Introduction

Dry coating is a relatively simple approach to coat powders with specific guest particles via mechanical
means to produce composites having desired tailor-made properties, without the constraints of harmful emissions or
huge capital investment. The Japanese researchers have been the pioneers in this field. One of the methods to mix
the powders is by shearing forces and this concept has been used in the mechanical dry coating. By generating a
mechano-chemical reaction between two or more materials, new materials having different physical and chemical
properties are created. Figure 1 presents the schematic view of the dry coating process
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Figure.1 Dry Coating scheme
2. Experimental work
Table 1 shows the composition and the procedure of the preparation of samples with NMG- 1L and NHS-O0.
Samples were labelled with different codes for facility reason as shown in the tables below.
Table 1 Tests realized with NMG-1 and NHS-0

Code Slag Type Activator Device  Processtime Mainshaft Powder T  Adhesion
[min] [min] [°C] [9]

T1 P NaOH NMG-1 4 400 27 -

T2 P WG NMG-1 4 400 27 -
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Ti1A P NaOH NMG-1 10 400 30 -
T2A P NaOH NMG-1 4 600 32 +
T3A P NaOH NMG-1 4 400 33 -
T4A P WG NMG-1 10 400 32 +
T5A P WG NMG-1 4 600 88 +
T6A P WG+ NaOH NMG-1 4 400 34 +
8B G Gypsum NHS-0 3 16200 100.5 -
T9B P Gypsum NHS-0 3 16200 102.1 -
3. Results

The results for samples prepared with P slag and sodium hydroxide/ sodium silicate by different parameters
are presented in figure 2 and 3 (a, b, ¢, and d).

Figure 2a. Sample T1 Figure 2b. Sample T1A

Figure 2c. Sample T2A Figure 2d. Sample T3A

Sample T1 (fig.2a) was prepared by mixing Poland slag and NaOH solution using NMG-1 with a speed of
400 rotation/min and 2 minutes mixing time. Increasing mixing time up to 10 minutes, figure 2b, leads to a better
distribution of the activator solution through the slag particles and NaOH concentrated areas as shown with the
yellow arrow. In figure 2c, the speed of the rotation was increasing up to 600 rpm, and in comparison with figure 2a
we can distinguish a higher content of activator around the slag particle. Keeping the rotation speed and mixing
time at the same levels as for sample T1, and increasing the amount of the activator solution results in an improved
coating process as presented in figure 2d.

‘‘‘‘‘‘‘

Figure 3a. Sample T2 Figure 3b. Sample T4A
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Figure 3c. Sample T5A Figure 3d. Sample T6A

Sample T2 (fig.3a) was prepared by mixing Poland slag and sodium silicate solution using NMG-1 with a
speed of 400 rotation/min and 4 minutes mixing time. Increasing mixing time up to 10 minutes, figure 3b, leads to a
better distribution of the activator solution through the slag particles and NaOH concentrated areas as shown with
the yellow arrow. In figure 3c, the speed of the rotation was increasing up to 600 rpm, and in comparison with figure
2a we can distinguish a higher content of activator around the slag particle. Keeping the rotation speed and mixing
time at the same levels as for sample T1, but using a combination of both activators (NaOH +Na,SiOs) improved
coating process as presented in figure 3d.

3.1. Heat of hydration

Pastes of the binary powder using water powder ratio of 0.35 and 0.5 were prepared by normal hand mixing
for 30 seconds and filled into 3 sample holders for the calorimeter measurements.

W Flaw [rew/g)
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Figure 4. Heat release rate of different pastes as a function of time. Each curve represents the average of
three measurements.

From the graph in fig. 4 it is shown that the heat release curves show the same trend for all the pastes, with
the difference on the dissolution rate peak. Sample T8B shows the highest peak in comparison with the other pastes.
In order to highlight the difference of the coating process by the use of the different devices, we can compare
samples T8B and T8. The samples have the same composition, but the former one is prepared by NHS-0 and the
later with NMG-1. A comparison between samples T8B and T9B, both prepared with NHS-0 results with better
behavior for G slag. Samples T1 and T1A have the same composition and were prepared by employing the NMG-1.
For the sample T1A, the mixing time was higher compared to sample T1 and this can also be seen from the
calorimeter graph above, where T1A line show a higher dissolution pick. Also from the SEM results, sample T1A
results in a better distribution of the activator solution through the slag particles. The mixing time factor is a very
important task for the coating process in improving it.

4. Discussion of the results

The following conclusions can be drawn from this study:

. Changing the device’s parameters can lead to a different coating process; the same slag activated
with the same activator under different mixing times and/or rotation speeds showed a dissimilar coatings layer
(comparison of picture 2 —a, b, ¢ and picture 3 —a, b, c).

. Increasing the amount of activator logically leads to higher possibility of coating since the chances
to surround slag particles are higher in this case (Figure 2a and 2d).
. The increase of mixing time between the slag particles (the so called host particles) and the

activator particles (guest) makes it possible that the guest particles can be embedded onto the host particle due to the
mechanical forces and guide till the creation of the layer, as shown in picture 2a and 2b.

. The bigger the rotation speed the thicker will be the layer around the slag particles. (Figure 2a and
2c)

. The heat release rate is higher during the initial dissolution for the samples prepared with G slag
and gypsum using the hybridizer. Heat flow of G slag paste and gypsum paste was measured separately for
comparison and, as shown from figure 4 the heat release is lower compared with the coated material.
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I1.2. BEPBIJIO
Canxm-Ilemepbypeckuii 2opHbili yHUgepcumem

YUCJIEHHOE MOJAEJIUPOBAHUE BJIOYHOI'O PYJIHOI'O
MACCHUBA

Ilpeonooicen memoo npocHo3a NPOUHOCTHHBIX XAPAKMEPUCTNUK MPEUUHO8AMO20 20PHO20 MACCUBA C
NOMOWbIO YUCIEHHO20 MOOENUPOBAHUS MEMOOOM KOHEUHbIX I/IeMEHMOE8 6 NPOSPaAMMHOM Komniexce Simulia
Abaqus npumenumensHo K yCA08UAM MeCMOPOXCOeHUs anamum-Hegenunosvix pyo. Ilocmpoenvl ceomexanuueckue
MoOenu mpewuHo8amozo maccuga, 20e OIOYHOCMb YYUMbIBAEMCs 8 ABHOM Gude, MNOAYYeHbl NOoKA3amenu
NPOYHOCMHOU U 0ePOPMAYUOHHOU AHUZOMPONUU NO PE3YTbMAMAM NPOBEOCHHBIX YUCICHHBIX IKCHEPUMEHNOS.

I'eomexanndyeckoe OOOCHOBAHHE CTPOWTENHCTBA MOA3EMHBIX COOPYKCHHH, OCBOCHHMS MECTOPOXKICHHI
TIOJIE3HBIX MCKOIAeMbIX B MAaCCHBAaX, NMEIONINX OJOYHOE CTPOEHHE, BKIIOYACT PEHICHHE TaKUX BAXKHBIX 337ad, KaK
OIIEHKa MEXaHWYECKMX XapaKTEePHUCTHUK MacCHBa, BHIOOP Ko duimenTa cTpykTypHOro ociabiaeHus, 000CHOBaHHUE
YCTOWYHMBOCTH IIOA3EMHOTO COOPYXKEHHs, pacyeT HEeCYIIeH CIIOCOOHOCTH IEeNIMKOB, M HEBO3MOXHO 0e3
JIOCTOBEPHOTO TPOTHO3a TreoMexaHudeckux mporeccoB [1]. MeTtoasl ompeaeneHUs NPOYHOCTHBIX H
JneopMalMOHHBIX XapaKTepUCTUK OJOYHOTO TOPHOI'O MAacCHBa MOXKHO pa3/ieiuTh Ha MNPSMbIE M KOCBEHHBIE.
IIpsiMble MeTOIBI BKIIIOYAIOT JJaOOpaTOpHbIE M HATYpHbIE 3KCIepUMEHTHl. KOCBEHHBIE METOABI pa3iensioTcs Ha
aHAJUTUYECKHE, SMIIUpUYECKHe U 4YHCIeHHble [2,3], M3 KOTOpBIX KaXIbIi HMMeEeT CBOM IPEeUMYINECTBA H
HenocTaTku. HayuHble TOAXOABI M METOJbI, MCIIOJIb3YEeMbIE JUIS PELIeHUs] MOCTAaBJICHHBIX 3a]a4, 0a3upyloTcs Ha
MIPUHIUIAX KOMIIJIEKCHOTO H3y4YeHMs BOIPOCOB TPEUIMHOBATOCTH MAacCHBOB TopHbIX mopon [4]. MccnenoBanus
MPOLECCOB  1e(OPMHUPOBAHHUS W pa3pylmICHUs] ONOYHOTO MaccHBa B NPHUKOHTYPHOH OOJACTH IOJ3EMHBIX
COOPY)KEHHUIl TPagULMOHHO BBINOIHAETCS B paMKaX MEXaHMKH CIUIOIIHOW Cpefbl, KOrja MOPOAHBIA MacCHB
paccMaTpuBaeTcsl Kak yNpYTOIUIACTHYECKas Cpela, a caM MEXaHW3M YIPYroIUIaCTHYecKoro aehopMHpOBaHHUS
YCpeIHEeH MO OIpeAesIeHHoi obnacT. B To e BpeMs Xpynkoe pa3pylieHHe OJIOUHBIX PyIHBIX U TOPHBIX MACCHBOB
MIPUBOINT K (DOPMHUPOBAHMIO OOJIBIIOTO KOJIMYECTBA HOBBIX TIOBEPXHOCTEH OCIabIeHNs, HA KOTOPBIX JIOKAJIN3yeTCs
CABUTOBBIE ¥ HOpPMajbHBIE pacTAruBaromue aedopMmanuy. Pa3BuTHE TPEIIMHOBATOCTH W3 CYIIECTBYIOIIEH
CTPYKTYpBI MaccuBa (DOpPMHUpPYET TaK Ha3blBaeMyr0 Ae(OpMAIMOHHYIO aHH30TPOIHIO, KOTOpas B CBOIO OYepelb
OKa3bIBaET BIUSHIE Ha MOCIEAYIOMUI poriece Ae(GopMUpOBaHIS U pa3pyIICHUS MacCUBa.

Jis  mpoBeneHHs HCCIICOBAaHUM HCIHONB3YeTCsl YHCICHHAas MOJENb NPEACTaBUTEIBHOTO Yy4acTKa
IIOPOTHOTO MacCHBa, Ha OCHOBAHMHU KOTOPOW MPOBOJSTCS BUPTyaJbHBIE JTAaOOpAaTOPHBIE MCCIIEOBAHUS C IENBIO
M3Y4YCHUS] €r0 MEXaHMYEeCKOTO IOBEISHMS M IOCIEIYIOUIEr0 ONpeNesieHHs] NMPOYHOCTHBIX M J1e(OpPMaIMOHHBIX
XapakTepucTHK. DOPMHUPOBAHUE MCXOJHON YUCIEHHOM MOJENIN y4acTKa IMOPOJHOTO MAacCHBa OCYIIECTBISIETCS Ha
OCHOBaHMH Pe3yJIbTaTOB FT€OMEXaHNIECKNX M Te0(pN3NIECcKUX HCCIIeI0BaHUH. B3anMOCBsA3b MeX/ly MOBEPXHOCTSIMU
ocnabnennst QGopmupyeTcs B SBHOM BHAE, 4Yepe3 KOHTaKTHOE B3aMMOJCHCTBHE, B TO BpeMs KaK MHKpPO- H
MaKpOTPEIIMHBI YYUTHIBAIOTCS Y€pe3 3KBUBAJIICHTHBIC MEXaHWYECKHE TIOKa3aTeln BHYTPH OJIOKOB TOPHOW IOPObI.
TakuM 00pa3oM, CMEIIEHHS IO TTOBEPXHOCTSIM OclalbIeHHss MOACIUPYIOTCS B IBHOM BHJE, a HE pacCMaTpHBAIOTCS
yepe3 ycpeOHEHHbIe IMOKa3zaTelnd. MeXaHWKa JIMCKPETHBIX cpel B padoTe WCHONB3yeTcsl Ul OIMHCaHUs
MEXaHUYeCKOr0 IOBECHHUS HApyIIEHHOT'O MOPOAHOTO MAaCCHBa, KOTOPBIN pa3jielieH MOBEPXHOCTAMH OCIa0IeHuUsI.

C menpro MPOBENEHHUS YHUCICHHBIX IKCIIEPUMEHTOB BBIOpAaH MMEIONMI OJI0YHOE CTpoeHHe XUOMHCKHUil
MaccuB. Ilo pesympTaraM JAETaNpHOTO W3Y4YeHHS MecTopokaeHus [lmaro PacBymduopp ¢ mOMOIIBO
crepeorpaU4ecKnX TOBEPXHOCTEH W KapTHPOBAHUS TPEIIMHOBATOCTH CPETHETO TOPHU30HTA MECTOPOKACHHUS
BBIJICIICHO OCHOBHASI CHCTEMa TPEIIMHOBATOCTH, MPOCTHPAIOIIASCS B CyOITHPOTHOM HarpasieHuH (yroi nmajgerns 0-
15°), ceTp TpemwH SBISAETCA MOJIWTOHAIBHOW, CHCTEMHOH M HENpephIBHOH. YacToTa TpEUIMH B CHCTEME, Kak
npaBmiio, cocrasisier 1-3 mr./M. TpenHsl poBHBIE, TUIABHO MCKPHUBIICHHBIE, MHOTAA NPUTEpTHl. I M3ydeHus
AQHU30TPOIHMU MEXaHHMYECKUX XapaKTEPUCTUK IIEJIMKOB B TPEIIMHOBATOM TOPHOM MacCUBE OBUIM ITOCTPOEHBI MOJEIN
C INUPUHON 2 M U BBICOTOM 2 M. BpallieHue yriia HakJIOHa TPEIMHOBATOCTH MIPOU3BOAMIOCH € IIaroM 15 rpaaycos.

B pamkax paboThl 1m0 HM3ydeHHIO (U3MKO-MEXaHHYECKHX CBOWCTB HEHAPYIIEHHOW TOPHOWH MOpPOIBI B
7a0OpaTOPHBIX  YCIIOBHSIX OKCIEPUMEHTAIBHBIM IIyTE€M IIOJy4eHa cienytomas uHdopmauus o Qusnko-
MEXaHWYECKUX XapakTepuctukax: p=2760 xr/m3, moxyms ynpyroctu, E=5 104 MIla, xoaddunuent Ilyaccona
v=0,255, yron BHyTpeHHero TpeHusi @=27°, cuemienne c=30 MIlla. DkcneprMeHTaNbHBIM IyTeM TOJTYYCHBI
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CIIEAYIOIINE BEIMUUHBI [TOKAa3aTeNe IPH B3aMMOAEHCTBUH OJIOKOB TOPHOI IMTOPOABI IO KOHTAKTY: OCTATOYHBIN YToi
BHYTPEHHETO TPEHUS cocTaBisieT 27 rpamxycoB, cuemieHune 795 Ila, mpoYHOCTh Ha C)KaTHE MaTepHaia CTEHKU
tpenabl 20 MIla, k03 UIHeHT mepoxoBaTOCTH MOBEPXHOCTH B3aNMOAeHCTBH 0JI0KOB paBeH 18. ccnenoBanus
MOKa3aJIM, 9YTO MPH CONPHKOCHOBEHUH JIBYX IIEPOXOBATHIX MOBEPXHOCTEH, MJIOIAAb AEHCTBUTEIBHBIX KOHTAKTOB
paBHA MpPAaKTUYECKW HYJO, a KOHTAKTHBIE HANpPSKCHUS BO3HHMKAIOT TOJNBKO B COIPHKACAIOIIMXCS MECTax.
IMocTpoeHHas reoMexaHUIECKast MOAENTb HUCIIOIB30BANACH I BEIOOPA U COCTABICHUS PACUETHON CXEMBI — MOJEIIH,
JUIsL KOTOPO# 3aJjaHbl HadyaJIbHBIE U TPaHUYHBIE YCIIOBHUS, BHIOpAH pa3Mep HCCIIEAyeMOW 30HBI, ONPEAEIeH METO,
UCTIONB3YIOMINICS JJIs aHAJIM3a MPOUCXOSIIMX B MACCUBE MEXaHUYECKHUX IPOLIECCOB.

Ilocne mnpoBeneHHs psa YHCICHHBIX SKCIICPUMEHTOB OBLIM HOCTPOEHBI TrpaduKy JIeGOpMUpPOBaHHS
OJI0YHOTO pYAHOrO MacCHBa MPH PA3NUYHBIX yriax HAaKIOHAa CHUCTeMbl TpeluHoBaTtoctH (puc. 1 a,0).
[IpeumymiecTBeHHO IS pa3pabOTaHHBIX Mojeniel OJ0YHOro MaccuBa C pa3MepaMH CTOPOH 2 M HpU HUX
JneopMHUPOBaHNYU TIPOSIBISICTCS JHMHEHHAS 3aBHCUMOCTb MEXIY HAIlPHKEHUSIMH M JedopMauusMd 10 MOMEHTa
JOCTH)KEHHS MPEACIBbHOTO 3HadeHus NpodHocTH. Ilo Mepe HarpyxeHHs MacCMBa B HEM HAKaIUIMBAIOTCS
HaNnpsDKeHUS. B 30HAX, I7ie B JadbHEHIIEM BO3HHKHET TJaBHAs IUIOMIafKa paspymeHus. [locremeHHO, mo mepe
pas3BUTHS, B IIpo1iecc Ae(opMUpPOBaHHS BKITIOYAFOTCSI HOBBIE MUKPOIUIOLIAKH.
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Puc. 1 - I'paduku nehopMupoBanus 6JI0YHOTO PyTHOTO MACCHBA C COOTHOIIICHHEM CTOPOH 1:1 mpu
Pa3IMuUHBIX YIiaxX HAaKIOHa CHCTEMBI TPELIMHOBATOCTH TpH OokoBoMm aasienun 0 MIla (a) u 10 MIIa (0).

Cam mporecc neGopMHUpPOBaHHS HE COMPOBOXIAeTCS (OPMHUPOBAHMEM HOBBIX TPELIMH, a TOJBKO
PacKpBITHEM U BBIXOJIOM U3 3alEMJICHUsI CYIIECTBYIOUIMX, YTO CIIPABEAIUBO /sl OJIOYHOM CTPYKTYyphl Maccusa. 1o
pe3ysbTaTaM NpPOBEICHHBIX YHWCICHHBIX OKCIEPUMEHTOB HaJl OJIOYHBIM DPYIHBIM MacCHBOM Ha OJHOOCHOE U
NByx0oCHOE (¢ mpuioxkeHneM O0okoBoii masieHust 10 MIIa) cxxatus BISIBICHO W IpapuuecKu 0TOOpaxeHo (puc.2)
BIIMSTHHAC HAJTMYUS TPSITMHOBATOCTH HA MEXaHUIECKHE XapPAKTEPUCTUKH MacCHBa.
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Puc. 2 — 3aBucuMOCTH IPOYHOCTH Ha cxKaTHA (a) 1 MOy st iedopMali (6) OT yrila HaKJIOHa CUCTEMBbI
TPEILINHOBATOCTH B OJIOYHOM PYTHOM MacCHUBeE.

Pa3paboraHHas 4uCIeHHas TreoMeXaHH4YecKas MOJelb OJIOYHOrO TOPHOTO MAacCHBa, IPEACTABJICHHOTO
JMCKPETHO# Cpenoil, yIUThIBAET KOHTAKTHBIE YCIIOBHSI MEXIy OJOKamH, CTpOCHHE OJIOYHOr0 MacCHBa B SIBHOM
BHUJIE, TI03BOJISIET MOJIEIHPOBaTh (POPMUPOBAHKE M Pa3BUTHE TPEIIMH CABHra M pa3pbiBa, HOJIy4YaTh 3aBUCHMOCTb
nedopMHUpoOBaHUsl MAacCHB B OCSX G-€, Ae(OpMAaIIOHHAS aHU30TPOIHUS YYUTHIBAETCS B SBHOM BHE B IpoOILEcce
paspyuieHust OGJOYHONW CTPYKTYphl MacCHBa. BBHINOIHEHHBIE YHCIEHHBIE 3KCIIEPUMEHTHI IMTO3BOJIMIIM BBIYHCIHUTH
MEXaHWYeCKHE II0Ka3aTesJd OJOYHOrO TOPHOrO MaccuBa M HMX aHu3zorponuio. Ilo pesynbraram 4YHCIECHHBIX
9KCIIEPUMEHTOB BO3MOXKHO BBISBIICHHE 3aKOHOMEPHOCTEH M3MEHEHHMs Je()OPMAaIMOHHBIX XapaKTEPUCTUK OJIOYHOTO
MaccuBa B 3aBHCUMOCTH OT JIOCTUTAEMbIX HAIPSDKEHHUH.
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A.10. TPUIHIAEHKO, 1.B. KYIIEHKO, C.B. BOPIIIEBCKI/IIL/'{,
H.A. BAPCYK, 1.A MO3AJIEBCKHUH
TOY BIIO «/loneykutl HAYUOHATLHBLUL MEXHUYECKUL YHUBEPCUMEem»

IHPOI'PAMMHO-AIIITIAPATHASA CUCTEMA JJIA
OITPEAEJIEHUA ITPOYHOCTHBIX U AE®@OPMAILIMOHHBIX
XAPAKTEPUCTUK BETOHOB 1 ®UBPOBETOHOB C
UCIOJIBb30BAHUEM JIATYMKOB NEPEMEIIEHU, OCHOBAHHBIX
HA D9OPEKTE XOJJVIA

Aemopamu paspabomana yHUGEPCANbHAA RPOZPAMMHO-ANNAPAMHAA CUCIEMA ONA ORpedeneHUs
HPOUYHOCHIHBIX U 0EPOPMAUUOHHBIX XAPAKMEPUCMUK 0emOon08 u puopodemonoe npu 00HOOCHOM CioHcamuu,
GKIOYAIOWAs YCMAHOBKY, 000PY008AHHYI0 OamMYUKAMU nepemeuienuil Ha ocHoge Ihhexma Xonna,
npeononazaruias HenpepovleHyIo 3anuch Pe3yibmamos usMmepeHuil ¢ UCnOIb306AHUEM MAKPOCUCHIeMbl chopa
dannvix M-DAQ 12, a maksice cneyuaivHo pazpadomantozo agmopamu RPOZPamMmHO0 obecneyenus.

Knrwouesvie cnosa: mooyns ynpyzocmu, xodpguyuenm Ilyaccona, npusmennas npouHocms, Gemon,
duopodemon, oamuuxu na Ippexme Xonna, UHOUKAmMopsvl 4HACOBO20 MUNA, MAZHUNOUYECHIGUM ETIbHDBLE CXEMBbL.

Authors have developed universal computer system for diagnosis of durability and deformative
characteristics of concrete and fiber-reinforced concrete in uniaxial compression, including the installation,
equipped with movement sensors based on Hall effect, involving the continuous recording of results using data
collection macrosystem m-DAQ12 and also involving specifically developed by authors additional software for it.

Keywords: elastic modulus, concrete, fiber-reinforced concrete, sensors based on Hall effect, Puasson's
coefficient, prismatic durability, clock-type indicators.

CormacHo [l], mpu3MeHHass NPOYHOCTh, MOXIYNh yIpyrocth W kodddumuent Ilyaccona OeToHOB U
(uOpPOOETOHOB OMPEHEIAIOTCS C UCTIOIB30BaHUEM MHIUKATOpoB dacoBoro tuma MY-10 ¢ nenoit generus 0,01 mm,
MPUKPEIUIIEMbIX K METaJUIMUYECKMM paMKaM MO OJHOMY Ha KaX[yl OOkoByio rpanb. Ilonmepeunsle nedopmanuu
U3MEPSIIOTCS C TIOMOIIBIO HHAUKATOpOB yacoBoro tuna MUI-2 ¢ nenoit nenenns 0,002 MM, ycTaHaBIMBaeMbIX Ha
CHeNHaTbHBIX MPIKUMHBIX YCTPOHCTBAX, ONMUPAIOIINXCSA Ha OOKOBBIE TPaHH 00pa3LoB-TIPH3M.

HeO6XOHI/IMO OTMETUTH pPAJ HEAOCTATKOB JaHHOTO METOAA. Kak moxka3sciBaer IpaKTUKa, WHAWKATOPBI
4acOBOTO THIA B XOJI€ UCIHBITAaHUH OOpPa3lOB M3 BBICOKOIPOYHBIX OETOHOB U (hUOPOOETOHOB JIOBOJIHHO YacTO
BBIXOJAT U3 cTposi. [IprnobpeTeHne xe HOBBIX HHAUKATOPOB ¢ neHoi aeneHust 0,001 umm 0,002 MM B COBpEMEHHBIX
YCIIOBHSIX BEChbMa MPOOJIEMAaTHYHO BB UX BRICOKOIH CTOMMOCTHU M TepUIHUTHOCTH. Kpome Toro, maHHBIE IPHOOPEI
TpeOyIOT PETYJSIPHBIX MPOBEPOK W OOCTY)KUBaHHA (YUCTKH, CMa3KH W Tp.), T.K. HA pe3ydbTaThl H3MEPEHUI
OKa3bIBAIOT CYIIECTBCHHOE BIMSHIE BCEBO3MOKHBIC MEXaHUYECKHE MTOBPEKICHHS, HEUCTIPABHOCTH, 3aTPs3HCHUS U
1.11. Micionp30BaHue WHAWKATOPOB YaCOBOIO THIIA TPEOYET JOMOIHHUTEIHLHOTO 3aJICHCTBOBAHUS B HCIBITAHUAX KaK
MUHHMYM 2 OIBITHBIX CIEIMATHCTOB JUIS CHATHS IMOKa3aHWH NMPUOOPOB W 3aHECCHHs] UX B PabOuuWil KypHa.
Haxkonen, B cooTBercTBUU ¢ [1], oTcueTsl mo mpubopaM (UKCUPYIOTCS TOJBKO B Hayalle W B KOHIIE BBIICPKKU
KaXI0i W3 CTynmeHel Harpysku, T.e. depe3 4...5 MmHyT. B TO >Xe Bpems, HempephIBHAs 3allUCh PE3yJIbTAaTOB
n3MepeHuii B mamsate OBM mo3Bonmmia ObI MOJMYYHTH JOTOJTHUTENBFHBIE CBEICHHS O «IIOBEISHHUI» MaTepuaia
oOpasna ToJ Harpy3koii; Oojee TOYHO 3adUKCHPOBATH MOMEHT Hadaja €ro pa3pylieHHs, MaKCUMaJIbHO
aBTOMATH3WPOBAaTh M, TakKUM O0pa3oM, CYIIECTBEHHO YIPOCTHTh MOCIEAYIOMIYI0 O0paboTKy pe3yiIbTaToB
9KCIEPUMEHTA.

CyHICCTByeT pAa  aJbTEPHATUBHBIX MCETOJIUK OIIPECACIICHUA YKa3aHHBIX XapaKTECPHUCTHUK. O}IHI/IM u3
pacIpoCTpaHEHHBIX CHOCOOOB HM3MEpeHHs IeopManuil sBIsSeTcs TeH3oMeTpus. HoMeHKiaTypa BBITyCKaeMBIX
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TEH30PE3UCTOPOB CTOJb BEJIMKA, YTO OHHM IIEPEKPHIBAIOT IOYTH BCE 3ala4M HM3MEPEHHS MalblX M OOJIBIINX
nedopMarnui.

K duciny HemocTaTKoB 3TOro THIA NMEPBHYHBIX IPeoOpa3oBaTeleh CIEeAyeT OTHECTH HEOONBIION Mpenern
n3MepsieMbIx Aedopmanuii, OTHOCHTENTBPHO HEBBICOKMH KO3()(UINEHT TEH30TYBCTBUTEIBHOCTH (TIEHOYHBIC
TEH30PE3UCTOPHI), HETMHEHHOCTh TEMIIEPATYPHON XapaKTEPUCTHKH U OONBIION THCTEpPE3nC (MOITyNIPOBOJHUKOBBIC
TEH30PE3UCTOPEI).

Hapsimy ¢ TeH3ope3ncTopamMM B CHUCTEMax H3MEpeHHs JedopManuii NPUMEHSIOT Jia3epHble W
WHIyKIMOHHBIE JaTYMKH, OU(QPOBBIE NAaTYMKKA aOCOJIOTHBIX IepeMelleHHH, EMKOCTHBIE U IbE303JIEKTPHYECKUE
natunky. CyIIecTBYIOT Takke TpEXOCeBble JaTYUKH JedopMmanuii, HUCIONb3YIOIIMECS B COCTABE CHUCTEM
KOMIUIEKCHOIO MOHUTOPHUHTA 3JIaHUI U COOPY)KEHMH, a TakKe OOHAPY)KEHHsI M OLEHKH JUHAMHYECKHX IOJBIIKEK
MacCHBOB TOPHBIX NMOPOA. DTO NpUBAapUBaEéMble U ChEMHBIE JAATYMKM HAa OCHOBE TEH30PE3UCTOPOB, 3aKJIaJHbIE
JaTYNKH JUIsi OETOHOB Pa3IMuHBIX MAPOK.

Bce oHM TpHTrOmHBI IS WCTIOJIB30BAHUS B KadecTBE JIAOOPATOPHBIX MM B COCTaBE MOOMIBHBIX
CHCTEM  MOHHTOPHHTA HaNpsHKEHHO-IE()HOPMHUPOBAHHOTO COCTOSHHUS HH)XXEHEPHO-TEXHHYECKUX KOHCTPYKIIHH,
obecrnieunBas OeCTpeneIEHTHO BEICOKYIO pa3pemIaronryro criocoOHOCTh (1o 1 MKkM).

OnmHako TakWe W3MEPUTEIbHBIE CHCTEMBl BBHAY CBOEH BBICOKOM CTOMMOCTH M CJIOKHOCTH Majo
pacrpocTpaHeHsl. B ciydae ke ncnbplTaHMi OeTOHa HAa MPU3MEHHYIO MPOYHOCTh UX HMCIHONB30BAHHE OTPAHUYEHO
HeOONBPIMMHU pa3MepaMu U ¢opMmoii obpas3moB [1, 2], a Taxke KOHCTPYKTHBHBIMH OCOOCHHOCTSIMH JaTYHKOB:
uctuHHas aedopmanys OeTOHA MOXKET MAacKUpOBaTbCs W HCKaXaThCsl AedopManusiMM CUCTEMbl H3MEPEHHS
(mporu®bl 1 AedopMalK YIPYTUX AJIEMEHTOB KPEIUICHHMs, [IOCTOPOHHUE CMEILEHHUs) M OIIMOKaMH, BhI3BaHHBIMHU
YIPYTOCTBIO CAMHX AAaTYUKOB, MPETHA3HAYEHHBIX JUIS JIOKAJIbHBIX U3MEPEHHH.

[TosTomy ncTHHHBIE AedopMaliK OETOHA MPU MCHBITAHUIX JUIS ONpeAeIeHHs NPU3MEHHON MPOYHOCTH U
JneopMalMOHHBIX XapaKTePUCTHK O0pa3LoB JIydllle BCEro H3MEpSATh MOCPEACTBOM BHEIIHUX CMEIICHHH TI0
aHAIOTUH C M3MEPEHUSIMH MEXaHHYECKMMH HWHANKATOpaMH YacOBOTO THIIA, OCOOCHHO B AMama3oHe OOIbIINX
nedopMarmii.

Y4unThIBas BBIIMIECKA3aHHOE, aBTOPAaMH CTaThbH Oblla IPEAJIOKEHa OJKCIIEPUMEHTANbHAs YCTaHOBKa
o0opynoBaHHas JaT4MKaMH IepeMelleHnii Ha ocHoBe 3¢ dekra Xoyma mpeamnonaramomas CUCTEMY HEIPEPBIBHOMN
3allliCH HM3MEPEHHMH C HCIONB30BAHMEM MaKpocHcTeMBl cbOopa maHHbIX M-DAQ 12, a Taxke crennaabHO
pa3paboTaHHOTO aBTOpaMH MPOTPAMMHOTO 0OECTICUEHHSI.

OOmmmii BUI yCTaHOBKH M300paxkeH Ha pucyHke 1. KOHCTpYKIUsI COCTOUT M3 IBYX HPSIMOYTOJIBHBIX PAMOK
C JaTYUKaMU JAJsl U3MEPEeHHs NPOJONbHBIX Jedopmanunii oOpa3ua M JBYX paMOK C JaT4MKaMH Ui U3MEPEHUs
MOTEPEYHBIX AehopMaIiuii.

Ha BepxHeil pamke A UW3MEpPEHUS  BEPTHKaJIbHBIX
(npomonbHBIX) Aedopmauuii  oOpasua ycTaHOBJIEHbI 4  JaTduKa
MepeMeIleHH, a TaKke YeThIpe MHINKATOpa YacOBOTO THIA C IIEHOM
nenenus 0,01 mMm. Bcee natuuku mnepemMelmieHMd W MHAUKATOPHI
YacOBOTO THIA COEIMHEHBI ITOCPEIICTBOM TAT C HIDKHEW pamkod. Ha
BEpXHEH W HIDKHEH paMKax [UIi W3MEpPEHUS TOPU3OHTAIBHBIX
(monepeunsIx) meopmanuii oOpaslna yCTAaHOBICHO 1O JBa JaTIHKa
TepeMeIIeHNH U YeThIpe MHANKATOPa YacOBOTO THIA C IIEHON JeTIeHUs
0,002 mMM. Pamkm Ui W3MepeHHs TOPHU3OHTAIBHBIX JAedopMaruid
HUMEIOT IO JIBa CTEPXKHS, DPACIIOJIOKEHHBIX Ha IPOTHBOIOJIOKHBIX
CTOpOHax JApyr OT Jpyra ¥ JBa  IOANDPYKUHEHHBIX CTEpPIKHS,
MapajyieIbHO KOTOPBIM PACIONIOKEHB! TATH. VIHAMKATOpBI 4acOBOTO
THUTMA WCTONB3YIOTCS I OOeCledeHrs IEHTPOBKU 0O0paslioB Mepen
UCIIBITAHWEM U TAPUPOBKH MOKa3aHUH TATYMKOB.

Pamku U1 m3MepeHus TOPU3OHTAIBHBIX JeopManuii UMeroT
1O /IBA CTEPXKHS, PACIOJIOKEHHBIX HAa IHPOTHBOIIOJIOKHBIX CTOPOHAX
JIpyr OT JApyra W JBa MOJNPYXHHEHHBIX CTEpKHs, NapauiebHO

KOTOPBIM ~ PACMOJIOKEHbl  TArW. MHIMKATOpPhl  4acoBOro  THIIA Puynoxk 1 — OGmmii Bux
HMCIIO3YIOTCS. ISl ODeCrieyeHns LEHTPOBKH — 00pastoB TEPEld  ycTaHOBKM AATYMKOB IEPEMEIICHHH Ha
UCTBITAHHEM M TAPHMPOBKHU MOKA3aHUH IATYHKOB. ocHoBe > dexra Xomma

MaFHI/ITOpraBHﬂeMBIe HUHTCTPAJIBHBIC CXEMBI COJACPKAT B
OJIHOM TIOJIYIIPOBOJHUKOBOM KpHCTAJUIe HHTErpajlbHble MpeoOpa3oBaTeib MAarHUTHOTO MOJisi (dyeMeHT Xoluia,
MarHUTOTPAH3UCTOP U T.7.) M ANEKTPOHHYIO CXeMy yCHIIEHUS W 00paboTKH cUrHasa. 3a pyOekoM Takue CHCTEMBI
naseiBaroT cxemamu Xosuia (Halleffect integrated circuits).

HpI/IHLII/Il'[ HeﬁCTBHH MAarHuTHBIX ITaTYUKOB TMEPEMCIICHUA OCHOBAH Ha HM3MCHCHHUHU DJJICKTPHUYCCKOTO
CUIrHaJla Ha BBIXOAC AAaTYWKaA IMPU U3MEHCHUU IOJOXKEHUA KOHTPOJIUPYEMOI'O o0bekra. Tak kax YYBCTBUTECJIbHBIM
9JIEMEHTOM JIaTYMKa IEPEeMENICHUs SIBISETCS NpeoOpa3oBaTesib MarHUTHOTO IIOJISi, TO M3MEHEHHE BBIXOJHOTO
curHajma  (UKCHpPyeT W3MEHEHHME BEJIWYMHBl HMHIAYKIMHM MarHATHOTO  MOJSA,  BO3JCHCTBYIOIIEro  Ha
MarHUTOYYBCTBUTEIIBHBIN 3JIEMEHT JIaTUHUKa.

Ha pucynke 2 mokazaHa CTpYKTypHas CXeMa OCHACTKH, CO3/aHHOW Uil HCHbITaHWH OeToHa Ha
NPU3MEHHYI0 TPOYHOCTh. B cocraBe cucrembl paboTaeT BOCEMb JAaTYMKOB XOJUla, CUTHAIBI C KOTOPBIX
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ycmBaroTes: AU depeHanibHBIMU YCHINTEISIMA Ha MUKPOMOIIHEIX npenn3uoHHsix OY. Ilpu sToM Ha ypoBHe
ycwmreneid  peanusyercs (QYHKIMS KOMICHCAIIMM CMCIICHUS HYJId M TEPMOKOMIIGHCAIlMH. TapHpoBKa
U3MEPUTENFHOH CHCTEMBI IIPOM3BOAMTCA OAWMH pPa3 IO JaHHBIM HMHAMKATOPOB YacOBOTrO THIA. IlocTOsSHHBIE
KOX(PHUIHUEHTHI 3aHOCITCS B TTAMATH IIPOTPaMMBI-CaMONIHICIA (PUCYHOK 3).
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Pucynok 2 — CIpykTypHas cxeMa anmapat-
HOH 9aCTH H3MEPHTETFHOI0 KOMILIEKCa 11
HCIIBITAHUH OeTOHA Ha MPH3MEHHVIO IPOH-
HOCTE.

A

Pucynox 3 — IIporpamma-camommucen
J78 3a0HCH H 00pabOTKH pesyibTaTOR HCIIBI-
TaHHH OeTOHa.

[pennoxxeHHas: ycTaHOBKA AJsl U3MepeHUs AedopMalfii ONBITHBIX 00pa3loB 0eTOHOB M (UOPOOETOHOB
IPH OJHOOCHOM CXKaTHUH SIBJIICTCS IIEPBBIM INAaroM K IOCTPOCHHIO YHHBEPCAIBHOH NporpaMMHO-amapaTHOH
CHCTEMbl ONpENENCHUS MPOYHOCTHEIX M Je(OpMAaIMOHHBIX XapaKTEPUCTHK OCTOHOB W (HOPOOETOHOB IpH
UCIIBITAHUAX Ha PACTSDKCHHE H CHKATHE.

CHHCOK HCTOYHUKOB
1.TOCT 24452-80 beronel. Meronmsl ompeneneHHs NPU3MEHHONH IPOYHOCTH, MOXYJS YHPYTOCTH U
ko3 punumenra [lyaccona.// MexrocynapcTBeHHbIl ctanaapT. Mocksa. Crangaptuagopm, 2005.
2.B.A. Spos, O.Il. Menasenesa, B.M. Koameipe, JI.B. IllepbakoB. McmbiTanue xeie300€TOHHBIX
KoHCTpyKIu# / YueoHoe mocobue. — Kpachosipck, Kpac'ACA, 1999.

H.H. TPUIIEHKOB, ®.M. TOJYBEB
Pecnybnuxancruil akademuyeckuli Hay4HO-Uccie008amenbCKuil U NPOEKMHO-KOHCIMPYKMOPCKULL
UHCIUMYM 20PHOU 20102Ull, 2eOMEXAHUKY, 2e0PUu3uKy U mapkuetidepckozo dena (PAHUMMH), Jloneyx

MOIEJUPOBAHUE CABUXEHUA I'OPHBIX ITOPO ITPU
SATOIIVIEHUU OYUCTHBIX BBIPABOTOK 3AKPBIBAIOIIIUXCH
YI'OJIBHBIX ITAXT

IIpu 3aKkpHITHH YroJbHBIX MAXT B JIOHOACCE UCMOJIB3YIOT METOA «MOKPOW KOHCEPBAIUU», IPU KOTOPOM
YIPAaBJISIOT 3aTOIUIEHHEM TOPHOTO MaccuBa J10 Oe3omacHoro ypoBHs. OJIHAKO MHCTPYMEHTAIbHbIE HAOJIIOJICHHS Ha
MoIpa0OTaHHON TOBEPXHOCTH 3aKpPHITHIX MIAXT (UKCHPYIOT AedopMani 3eMHOH IOBEPXHOCTH, BBI3BAaHHEIC
3aTOIUICHUEM CTapBhIX TOPHBIX BHEIPAOOTOK M COOTBETCTBYIOIIECH IMOBTOPHOW aKTHBH3AIMEH MpoIecca CABIKCHIUS.
3T (aKThl CBUAETENBCTBYIOT O HECOBEPUICHCTBE CYIIECTBYIOMIMX METOMUK IPOTHO3a aedopMaruii 3eMHOM
MTOBEPXHOCTHU MPH 3aTOIUICHHH TOPHBIX BBIPAOOTOK. DTO MOTPEeOOBANO CO3MaHUs OoJiee COBEPIICHHOW METOIMKH,
YYUTHIBAIOIIEH (DH3MKO-MEXaHHYCCKHE XapaKTEPHCTHUKU OOBONHEHHBIX TOPHBIX IOPOJA, CTENCHb IOAPadOTKH
TOPHOTO MACCHBa, OPSIIOK 3aJieraHus IIACTOB B MACCHUBE U JIP.

Jnst pa3paboTKM Takod METOAMKH Oblla CO3/laHa KOHEYHO-IJIEMEHTHAs MOJeNlb OTPabOTKH TOPHOTO
MaccuBa CO CIEQYIOIIMMH TapaMeTpaMmu: TIyomHa oTpaboTku JaB — 850 M; AnIMHA MOTalIeHHOW OYHCTHOM
BBIpabOTKH — 200 M; MakCUMaJIbHOE YHCIIO JIaB Ha Iiacte — 11; yron 3aneranus miacta — O rpaaycoB; pa3Mepbl
mozenu: mupuHa 4000 metpoB, ryouna 1100.

B Mopens 3akmampiBamuch cheayionie (U3MKO-MEXaHWMUECKHe CBOWCTBA: a) MoAyih HOHra; 0)
koa¢dunment [TyaccoHa; B) INIOTHOCTH MOPOBI; T) YAEIHHOE CLEIUICHHE; 1) YTOJl BHYTPEHHETO TPEHUS.

B Mopenu yuuThIBaIUCh ITyOWHA OTPAOOTKH, MOIITHOCTE YTOJIBHBIX TUIACTOB M HAHOCOB.
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Jlst amekBaTHON pabOTHI MOJIETH HEOOXOIUMO TIPOBECTH €€ KATHOPOBKY MO (PaKTUIECKUM I PACUETHBIM
napamerpam. Kputeprnem kamuOpoBkM ObUIM BBIOpaHbI paccuuTaHHble To I[lpaBmmam [1] ocemaHus 3emMHOU
MTOBEPXHOCTH TIpH €€ ToApaboTKe OYUCTHBIMU paboTaMu. Pe3ympTaTel KanHOPOBKM MOJENH TIPEICTABICHBI HA PHC.
1.

[TomyueHHass CXOOUMOCTHh TPaUKOB MO3BOJSIET YTBEPXKAATh, YTO MOJENH PabdOTaeT aJeKBaTHO, Kak B
OTHOIICHUH HOBBIX, TaK U B OTHOIIICHUH MTOTAIICHHBIX JIAB.

B xoHEYHO-311eMEHTHOI MOJIETN aHAIM3UPOBAINCH PE3YJIBTATHI MOCIEI0BATEIEHOIO 3aTOIICHUS] TOPHOTO
MaccuBa HaJ JaBod (¢ uHTepBajoM B 50 M) Ipu pa3lIWYHOM KOJIMYECTBE JaB Ha IulacTe (OT oxHOU 1o 11-Tu naB).
Kpome Toro, Ttakke MOJEIMPOBANICS MOABEM BOJBI Ha BBHICOTY paclpOCTPaHEHHUS 30H BOJONPOBOISIINX TPELINH
(3BT), KoTOpble NO pa3IWYHBIM HCCIICAOBAHUSAM, B 3aBHCUMOCTH OT psjfa TOPHO-TEOJIOTHYECKHX M TOpHO-
TEXHHUYECKHX (PaKTOPOB MOTYT BapbUPOBATHCS OT HECKOJBKHX JIECATKOB JI0 COTEH METPOB HaJl JIaBOM[2].

Puc. 1 — KamubpoBka Moeny 10 OCelaHusIM TIOBEPXHOCTH MPpHU MOIPaboTKe

Jis MonenupoBaHMA 3aTOMJICHHUS HCIOJIB30BANINCH 3aKOHOMEPHOCTH M3MEHEHHS (DU3MKO-MEXaHHYECKUX
CBOMWCTB FOPHBIX ITOPOJT TIPH YBIAKHEHUHU ONMCAaHHBIE B [3, 4]. XapaxTep U3MEHEHHUS CBOMCTB NeCUaHUKa OTPaXKaroT

CJICAYIOIHNE 3aBUCUMOCTH:
oVE

pyEEsE _ Erery
mecy 1,5 ]_)
VEAZXE __ _ CVX
Hrees = Hpeen X 1,2 2)
VEMDHE oyX
Ine: El — MOJyNb YNPYrOCTHM YBJaXHEHHOro mnecuaHuka; E ... — MOIy/ib yIpYrocTH Cyxoro
rEJIEEE b
NeCUaHUKa; Mg — Kod(p@uuuenT IlyaccoHa YBIAKHEHHOTO NECYAHUKA; Monmw - KoddQuuuent Ilyaccona

CyXOro IeCYaHHKa.
PesynbraThl, mosydeHHbIE IPH MOASIMPOBAHNH, IOKa3aHbl Ha PHC. 2 U pHC. 3.

A)
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Puc. 2 — A) Cxema 3atomieHust orpaboTaHHbIX JaB. b) Xapaktep ocemaHuii 3eMHON MOBEPXHOCTU IPH
3aTOIUICHUN HECKOJIBKHUX OTPa0OTaHHBIX JIaB HA OJTHOM ILIacTe

50 n T
300

250

w— CIOEM 200 Ha 50 M

Nojiwes sogw wa 100 m

s Mlouem sog na 150 m

w10 bEM S04 Ha 200 m

= FlofIweM 804 a3 250 m

e logTves 807 1 300 m

(4} 500 1000 1500 2000 2500
CyMMapHan AWK NaR KA OZHOM NNACTE M,

Puc. 3 — BennunHa ocefaHUH B MOJIENH NIPH Pa3IMIHBIX YPOBHAX NMOIBEMA BOJIBI

ITo pe3ynbTaTamM MOJENTUPOBAHNUS BBISIBICHO COOTBETCTBUE XapaKTepa OCeAaHN, BEI3BAHHBIX 3aTOTUICHUEM
TOPHOTO MacCHBa, XapakTepy oceqaHuil mpu noapadbotke. [Ipu 3ToM BennmunHa OCeNaHnii BRI3BAHHBIX 3aTOIICHHEM
ropHOro MaccuBa He mpeBbimaeT 20 % 0T ocemaHuil BhI3BAaHHBIX MOAPabOTKOM. B pesysbrate uccinenoBanuii Obiia
BEIBE/ICHA 3aBHCUMOCTh OCEIaHW, BBI3BAHHBIX aKTHBU3AIUECH T€OMEXaHHYECKUX IPOIECCOB, OT BBICOTH MOIbEMA
MTOJI3EMHBIX BOJI IIPH 3aTOTUICHUH JTUKBUAUPYEMBIX TOPHOIOOBIBAOIINX NPEANPUATHH (PUCYHOK 4).

300 n MM BenuuuHa

250 ocepgaHuM npu

200 PasNIYHBIX YPOBHAX
saronneHus

150

100

S0

0 50 100 150 200 250 300 350 H 804y

Puc. 4 — 3aBUCHMOCTD OCeTaHUi OT BBICOTHI ITOAbEMa BOJIBI IPH TIOJTHON MOIpaboTKe 3eMHOM
TTOBEPXHOCTH.

Kak moka3pIBalOT NaHHBIC HWCCICIOBAHMSA, BEIWUYMHA AcGopManuii 3eMHON IMOBEPXHOCTH 3aBHUCHT OT
CTCTIeHH MOAPa0OTaHHOCTH 3EMHOW TIOBEPXHOCTH, pPa3MEpPOB 30H BOJONPOBOMSANIMX TPEUIWH, BEITHYHHEI
BOJIOTIPUTOKA. AKTHBH3AIMS OCECIAHWI, BBI3BAHHBIX MOJHON MOAPAOOTKOW, MpPU MOJbEME BOJBI B MAacCHBE Hal
JIAaBOI HOCUT HEJTMHEWHBIH, 3aTyXatol1i XapakTep.

CIIMCOK JIMTEPATYPbBI
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P. A. KOBHHUP, H. H. TPUIIIEHKOB
JloHeykuti HAYUOHANLHBIU MEeXHUYeCKUL YHUBEPCUMEN!

OIEPATHUBHBII METO/J CO3JAHMS LIU®POBLIX MOJEJIEN
PEJILE®A ITPU YUYETE BJIUSTHUSI ME3OPEJILE®A
HA MOJIPABATBIBAEMYIO TOBEPXHOCTbD

AKTYalbHOCTB:
CymiecTByloIass METOJMKa HPOTHO3a CHBIKEHMH W AedopMmanuii 3eMHOW MOBEPXHOCTH OT BIIMSHUS

MOJI3EMHBIX TOPHBIX pabOT NpeaycMaTpUBacT B pacuéTax UCIIOJIb30BaHHE BEJIMYMHBI CPEIHEH TITyOUHBI pa3paboTKy,
T. €. pacyeT CABIDKCHUH M nedopMaiyii 3eMHOH NMOBEPXHOCTH B MPEAETIax MYJIbIbl CABIKCHUS BBITOJIHICTCS IS
HEKOTOPOH TOpPM3OHTAIBHOW IUIOCKOCTH. OHAKO peanbHas 3eMHas IIOBEPXHOCTh B YCIOBHAX Me3opeibeda
3HAQUUTEIBHO OTJIMYAETCSI OT TOPU3OHTAIBHOM IIOCKOCTH, TEM CaMbIM IIPH HCIIOJIB30BAHHH CYIIECTBYIOIIETO
anropuTMa pacdera [1] BO3HMKaeT HeEKoTopas morpemHocTs. Jms ycnoBuii JlonOGacca mepemas BBICOT TOUYEK
penbedpa B Mymnpae caBHXKEHHS MoxeT nocturath 50-100 MeTpoB, a MOTPENIHOCTH IIPOTHO3a OTHOCHUTEIBHBIX
nedopmanuii, 06yCIOBICHHBIE penbedoM, MOryT gocTuratb 50-80% IOMyCTHMBIX 3HaYEeHHH [2].

B cBs3u ¢ 3THM OBUT pa3paboTaH aqroput™ pacueTa Aedopmariuii 3eMHOW MOBEPXHOCTH, OCHOBAHHBIA Ha
UCITIONB30BaHuM U poBoi Mojenu peaseda (LIMP), B KOTOpoM BMECTO cpefHel riiyOuHbI pa3pabOTKH B pacyere
nedopmaluii UCIoIb3yeTCsl TMHAMUYECKas TIyOnHa, onpeneisiemMas UIsl KakK0ro pacuetHoro myHkra [2]. Takum
00pa3oM, s WCIOJB30BAHUS HOBOIO QJIrOPUTMAa BO3HHMKAaeT HEOOXOAMMOCTh B cosganuun IIMP  mis
0IpabaThIBA€MbIX TEPPUTOPHH.

OcHoBoit s coznanust LIMP moryT ciyxuTh kak Tonorpaduyeckue miaHmersl Macmradom 1:20000, tak
U IUIaHBI TOPHBIX PabOT ¢ HAHECEHHBIMU TOPH30HTAISIMU 3€MHOM MOBEPXHOCTH. B KilaccuueckoM IpeacTaBiIeHUN
coznanne [IMP Ha ocHOBe pacTpOBBIX ITaHHBIX MPEACTAaBIsIET cOOOH TMPOIECC BEKTOPH3ALMHM CKAaHHMPOBAHHBIX
KapTorpauecKuxX MaTepHaioB B TaKUX nporpammax, kak AutoCAD, CoreIDRAW, Surfer u T.1.

VYcnoBust BeeHUs TOPHBIX paboT Ha Tepputopuu JloHbacca 00ycIIOBIEHO OONBIINM KOJIMYECTBOM paHee
OTpa0OTaHHBIX YYAaCTKOB YTOJIBHBIX IUIACTOB, W KaK CIIEICTBHE BBICOKYIO CTEICHb HOAPaOOTaHHOCTH TOPHOTO
MacCHBa, YTO YBEIHYNBAET aHAIN3UPYEMYIO IOBEPXHOCTh. TakuM 00pa3oM, BO3HHKAET HEOOXOJUMOCTb B CO3/IaHUH
HHCTPYMEHTA TO3BOJISAIONIET0 aBTOMAaTHU3UPOBAThH MPOIECC CO3TaHUs HUPPOBBIX MOAENeH penbeda 3HAUUTENBHON
TUTOIIAH.

Omuum u3 coco6oB GricTporo co3manus IIMP sBnsercs ucmonp3oBanue cucteMbl SRTM (shuttle radar
topographic mission) pactpos [3]. Oanako ucnonas3zoBanre SRTM rpaduxu Bieder 3a co00H PsiJi HEAOCTATKOB
BEKTOPHOH rpaduKy, a TakKe HU3KYIO TNIOTHOCTH BBICOTHOM ceTku (90 M) mnsa ctpan CHI', koTopoit HeqocTaTo4Ho
qutst noctpoerus LIMP amst moppabaTeIBaeMBIX TEPPHTOPHIL.

Juist cBeZieHust K MUHUMYMY HE0OXOJMMOTO CTOPOHHETO MPOrpaMMHOT0 obecrieueHus Ipu co3nanun LIMP
OBUIO NPHUHATO HCIIOJIB30BaTh 32 OCHOBY mporpammy «Google ITnanera 3emis» [4], obnangaroniyo ITaHHBIMH O
BBICOTHBIX OTMETKaX 3€MHOI MMOBEPXHOCTH.

s aBTOMaTm3anuu npouecca cOopa BBICOTHBIX JaHHBIX M3 mporpaMmsbl «Google Ilnanera 3emist» Oblia
pa3paboTaHa AECKTOIHAs IpOTrpaMMa Ha si3bIke IporpaMMupoBanus Python.

[IpuHIMD paboTHI MPOTpaMMBbI 3aKITI0YAETCS B YCTAHOBKHU CBSI3M ¢ 0a30Boil mporpammoii (Google ITnanera
3emutst) mocpeactBoM co3fanus COM obObekTa U mocneayromas 00padoTka UM KOMaHJ Ha TIOJy4eHHE BBICOTHBIX
JTAHHBIX.

B riraBHOM OKHe pa3paboTaHHOM POTpaMMbl UMeroTCst 1Be KHomku: «Get Elevationy u «Pausey.

Ipu Haxxarnu monbk3oBaTeneM Ha KHOMKY «Get Elevation» mpomcxomut cuuThiBaHHE TEKCTOBOTO (haiina,
PACIIOJIOKEHHOTO B OJTHOM KaTaJiore C MCIIONHSAEMBIM (ailitoM mporpamMmbl. JIaHHBIN TEKCTOBBIA (Dailll cOAEPKUT
CTPYKTYpHpOBaHHBIE JaHHble O co3naBaeMoii LIMP. K wncxonmHblM maHHBIM OTHOCSTCS: reorpaduueckue
KOOPJMHATHI (IIMPOTA M JIOJNI0Ta) YIJIOBBIX (HM)KHEH JIEeBOH M BEepXHEH MpaBoii) TOYEK ydacTka, abCOITIOTHBIN IIyTh
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K coxpaHgeMoMy (aillly W mar CheMKH KBaJpaTHOI ceTkH B rpamycax (puc. 1). ['eorpadudeckue KoopauHATH U
IIAr CeTKH 3alUChIBAIOTCS B IECATHYHBIX IPaLycax.

Maiin Mpaeka @opmat Bug Cnpaeka

47,6685 37.2338 47.7753 37.5547 C:/Patch/to/file.txt ©.080882 "
47,6685 37.5547 47,7753 37.9863 C:/Patch/to/file.txt ©.080882

Pucynok 1 — CtpykTypa (haiina uCXOJHBIX JaHHBIX Tt co3nanus [[MP
Ilocne cuuThIBaHMS MAaHHBIX U3 TEKCTOBOTO (paiijia MPOrpaMMOM BBHIMOJHACTCS MOTOYCYHOE OMPEICTICHUC
BBICOTHBIX OTMETOK TOYCK C(POPMHUPOBAHHON CETKH KBAaJPATOB U 3aIHCh IUTAHOBBIX M BBICOTHBIX KOOPIMHAT 3TUX
TOYCK B BBIXOJIHOM TEKCTOBBIH (haii.
Ipu HaxxaTHX HA KHOTIKY «Pausey BBITIOJIHSETCS] OCTAHOBKA MPOIECCa MOJTYYCHUS BBICOTHBIX OTMETOK.

Google Earth = O X

Sanyck noToka

lat_min = 47,6685

lan_min = 37.233

lat_max = 47,7753

lon_max = 37.5547

name_file =: F A e 38 et
delta = 0.0002

Flease wait while Google Earth is being launched...
kol = 1206751, 91.32 %, t =20c
kol = 1209969, 91.56 %, t =41c

Get Elevation Pause

Pucynok 2 — OtoOpakeHue cBeieHuit o cozaasaemoii [IMP

Pesynapratom paboThl NpOrpaMMbl SIBISETCS TEKCTOBBIM (aity, cojepkamuii NpOCTPaHCTBEHHbBIE
KOOpAMHATHI TOUEK, PACIOI0KEHHBIX 110 KBaJPaTHON CeTKe ¢ 3aaHHBIM ImaroM. KoopauHATHI TOUEK ONpenensoTcs
B MexayHapoaHoii cucreme WGS-84. Tlporpamma mnpeaycMaTpuBaeT BO3MOXHOCTH MPHOCTAHOBKU PAa0OTHI U
roceAyonero npojokenust popmuposanus LIMP B HoBom ceance. [l mepeBosia 3TUX KOOPAMHAT B CHCTEMY
CK-42 ucnonb3yercs aApyras nporpamma, HarmiucanHas Ha si3bike Visual Basic.

BeiBojbI:

B nmanHO# cTaThe OmHMcaH OCHOBHOW NPHHIMII ONEPAaTHBHOTO CO3AaHMs IHM(POBBIX Mojeneil penbeda c
LEeNBI0 ydeTa BIMSHUS Me3openbeda MpH pacdere cABIKeHWA u aedopmarmii. [IpakTHueckoe HCIIONB30BaHHE
JTaHHOW TIPOTpaMMBI MO3BOJIMJIO BRIMONHATH co3nanne [IMP co ckopocThio onpeiesieHnst BBICOTHBIX OTMETOK OoJiee
4000 Toyek/MHUH (B 3aBUCHMOCTH OT BBIYMCIIMTENHLHON MOIHOCTH KOMIIbIOTepa). [Jisl IuiaHieTa miaHa mMaciraba
1:10000 dopmupyetcs mo kBaapathoii cetke [IMP 06némom cBbiie 401 Thic. Touek. Cpeanee BpeMs 00pabOTKU
OJIHOTO TUIAHIIIETa COCTABJISIET OKOJIO ITOJIyTOPa YacoB.

CIIMCOK UCHTOJIB3YEMbIX HCTOYHUKOB:

1.TCTY 101.00159226.001-2003 I1paBuia noapaOOTKH 3AaHUH, COOPYXEHUH U IIPUPOTHBIX 00BEKTOB IPH
noOBrde yris moa3eMHbBIM criocodoM. — B3amen “Tlpaswmn oxpansr...” (M.: Henpa, 1981. —288c); Been. 01.01.04. —
K., 2004. - 128 c.

2. Aunroput™m mporHosa jiedopMaluii CKJIOHOB Me3openbeda Mpu UX MOoAPadOTKe MOA3EMHBIMUA TOPHBIMHU
paboramu / H.H. I'puienxos, B.P. llneep, E.B. binnnuxosa // Hayd. tpynst YkpHUMU HAH Vkpaunst. — 2010. —
Ne 7. — C. 199-210. — bubnuorp.: 4 Ha3B.

3. SRTM [Dnexrponnsiii pecypc]. — Pexxum nocryma: URL: https://uk.wikipedia.org/wiki/SRTM. —
HasBanwue c skpaHa.

4. Google Tlmamera  3emust  [Omekrponmblit  pecypc]. —  Pexwum  mocryma:  URL:
https://www.google.com/intl/ru/earth/. — Hazsauue ¢ skpana.
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A.JO. KOYEPT'UH
benopycckuii HayuonanbHbL MeXHUYECKUll yHUgepcumem

UMITYJIbCHO-PEAIEHTHAS PETEHEPAIINA CKBAKHH C
NCITOJb30BAHMEM B3PbIBA BOJOPOJHO-KNCJIOPOJHON
CMECH

B BHTY pa3paboTaHa ycTaHOBKAa JUIs MMITYyJbCHO-PEAr€HTHON pereHepaluy CKBaXXUH B3pPHIBOM
BOJIOPOJHO-KUCIIOPOHONH CMECH. YCTaHOBKAa IIpelHa3HaueHa JUIsi BOCCTAHOBJIEHHS Je0uTa BOA03a0OPHBIX
CKBR)XUH, B TOM YHCJIE C JJIMTEIBHBIMA CPOKAMH OSKCIUTyaTallMH, KOTJa UX (GHUILTP M NpUPHUIBTPOBas 30HA
3aKOJIbMATHPOBAHbl TPOYHBIMH CIIEMEHTUPOBAHBIMH OTJIOXKEHHAMH, IIpm mOIBOTHOM B3pBIBE BOZOPOIHO-
kuciopomsoit cmecu (2H,+0,=2H,0+Q) B OTKpHITONH CHU3Y KamepeoOpaszyeTcss MapoBOH Iy3bIph, JaBICHHE B
KOTOPOM TIPEBBIMIAET THIPOCTaTHIeCKoe MpuMepHO B 10 pas, my3bIps BHAYaJIe pacIIMpsieTCs IPUMEPHO B 6-8 pas, a
3aTeM, 3a CYeT KOHACHCALMM IIapOB CXJIONBIBACTCA, M CO3JacT B (WIBTPE BOJHY MAABICHHSA, THIPOIOTOK
3HAKOIIEPEMEHHOTO HAIIPaBIEHHUA, a 3a CTCHKOM (UIbTpa - 3HAKONEPEMCHHBIH (MIBTPAIMOHHBIA ITOTOK.
[lepeuncnennsie ¢akTopsl obecrmednBaOT >(GGEKTHBHOE pa3pyIlIeHHe ¢ PAacTBOPEHHE KOJIBMATHPYIOIIUX
orTioxkeHHH.  JInmst cokpalieHus BpeMeHH o0O0paOOTKM (HIbTpa, HCTOYHHK BOAOPOJO-KHUCIOPOAHOH CMeECcH
(3mexkTpoau3ep) BBHIMOIHEH HE B MOTPY)KHOM HCIIONHEHHUU, & pa3MelleH Yy yCThS CKBXHUHBI. DTO MO3BOJSIET HE
OTPaHMWYMBATH €r0 rabapHUTHL,MOLTHOCTh U HPOU3BOIUTEIBHOCTh. IIpUMEHEHHE KOHCTPYKIMM 3JIEKTpOJIM3epa ¢
pa3fenbHON cXeMOoW IMOJMydYeHHs BOAOPOAA M KHCIOPOAa M MOAAYM MX IO OTAEIBHBIM IIUIAHTaM BO B3PBIBHYIO
Kamepy, Mo3BOJIsIeT 00eceunTh HEOOX0AMMYIO 0€30MaCHOCTh MPH BHIIIOJHEHUS PadoT.

YcTaHoBKa U300pakeHa Ha pUCyHKe 1.

[orpyxHyro gacTh yCTpOHCTBa Ha Tpoce 19 OIMycKaloT B 30HY OYHMIIAEMOro (HIBTPA U YCTAHABIMBAIOT B
€ro BepXHeW JacTh. 3aTeM OTKPBIBAIOT BEHTIUH 16 u momatoT u3 Oaka g peareHTta 14 B mo3arop 15 mopmumio
peareHTa, 00BEM KOTOPOH OMPENENAIOT IO HACHIIICHHOCTH 00pabaThIBaeMOro y4acTKa (UIBTPa M OOCBIITKH
KoIbMaTaHTOM. PeareHT mo mwianry 17 momailoT B KONbIEBYIO mephopupoBaHHyI0 TpyOky 18, koTopas
pacIpesenseT ero paBHOMEpHO Ha 00pabaTbIBaeMOM ydacTKe (GpHIbTpa.

3areM MMOJAr0T HaNpPsDKCHHE OT MUCTOYHHKA ITOCTOSHHOTO TOKA 3 Ha MakKeT 3JEKTPOIOB 2 dJeKTpoinsepa 1,
3aMOJIHEHHOTO pacTBopoM ruapokcuna kamust KOH. O6pasyromuecs npu pasioskeHHH BOJbI BOIOPOI M KUCIOPO/I,
0 OTACIbHBIM TPYOKaM CHH3Y MOCTYMAIOT B MPEAOXPAHUTEILHBIN 3aTBOP 4, 6apOOTHPYIOT Uepe3 CIIOW JKUAKOCTH,
pasnenbHO coOuparTCsi B BepXHEH dYacTu 3aTBopa 4. 3aTeM MOCTYMalOT MO Ta30MpOBOJHBIM IMUIAHTaM 5,
ra30Ino/BOJSIIUM TpyOKaM 6 B IOJIOCTh T'a30BOrO KoJjmaka 12 M 3amloyHSAIOT €ro J0 YPOBHS HH)KHEro cpesa
razooTBozsmei Tpyoku 7. Ilo rasoorBomsiieil TpyOke 7, 6apOOTHpYs depe3 CIIOW JKUAKOCTH, ra30Bas CMECh
TIOTIa/IaeT B MOJIOCTh paboueii kamepsl 8.

e

BERER LN e

EE s SRR R

1-anmexTponu3sep; 2-3MeKTPOAbl; 3-HCTOYHHK IIOCTOSTHHOTO TOKA; 4-TIPEIOXPAHUTEIBHBIN 3aTBOD; S-IINIAHTH
JUTS Ta30B; 6-Ta30MOABOIAIINE TPYOKH; 7-ra300TBOIAIIAs TPYOKa; 8-paboyas kamepa;9-cBeda mopKura padboueit
kamepbl; 10-mamkeTsl; 11-oTpakaTens; 12-ra3oBeiii konmnak; 13-koHudeckoe aauie; 14-6ak s peareHra; 15-
nozatop; 16-Bentmin; 17-nutaHr Juia pearenra; 18-konbuesas neppopuposanHas Tpyoka; 19-tpoc; 20-nebenka;
21-cBeva MmoJpKUra KoJjraka.

Pucynok 1 — Cxema yCTaHOBKH ISl IMITYJIECHO-PEAar€HTHOH pereHepaIiiii CKBaXHH
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UYepes ompenencHHOE BpeMs, HOCTATOYHOE I HAKOIUICHHs B paboueil Kamepe 3aflaHHOTO o0beMa rasa,
HampspKeHHE Ha dJIEKTPou3epe | BRIKIIIOYAIOT U BKITIOYAIOT CBEUUTIOMKUTA 9 1 21.

T'a3oBbIe 00BEMBI B pabodeil kKamepe 8 U Ta30BOM KoJmmake 12 MOHKUATAIN OJHOBPEMEHHO, B pe3yIbTaTe
Yero B HHX IIPOMCXOJUT B3PBIBHOE XHMHUYECKOe mpeBpaimeHune. OOpa3yroTcs MOJOCTH BBICOKOTO IAaBICHUS
MIPOXYKTOB B3pbIBA, COCTOSIINE U3 BOJSIHBIX MapoB. IlapoBble MOIOCTH Kak MOPIIHHM BO3ACHCTBYIOT Ha JKHIKOCTB.
Hanmune ymnotHsrommx MamkeT 10 mpemoTBpamiaeT yTeUKH pearcHTa BAOJb CTBOJIA CKBAXHHBL B peareHT
W3JIy4aroTCsl BOJIHBI CXKaTHs Ha CTaJAMM PACLIMPEHUs IPOAYKTOB B3pbIBA M BOJHBI Pa3psDKCHUS Ha CTaJAuU
KOHJICHCAlIUU TIapOBBIX Iy3bIpeil. DHEPrus 3ajlroM IPOM3BEICHHBIX  Ta30BBIX B3PHIBOB, pPacxXoayercss Ha
paspyllcHUE OTIOKEHHWI Ha ydyacTke QuibTpa Mexay padouell kamepoil 8 u koHmueckuMm muumieM 13. Takum
00pazoM, TpOBe/ICHNE 3aJIIIOBOIO B3phIBa B pabouell KaMepe M Ta30BOM KOJIIAKe 32 CYET CYMMHUPOBAHUS SHEPTHiA
B3pBIBOB C OOJIBIION BEPOSTHOCTHIO MO3BOJISIET Pa3pyIIUTh CLEMEHTHPOBAHHBIC OTJIOXKCHHUS, XapaKTepHbIC IS
JUTUTENIBHO SKCIUTyaTHPYIOMINXCsl CKBaXKMH. [1oBOAHBIE B3PBIBEI IPOU3BOJAT B CPElE peareHTa, YTo 3HAYUTEILHO
HHTEHCUHUIUPYET Mpoliecc pacTBopeHus [1].

Crenn (pucyHkd 2,3) COCTOWT W3 HMIMHAPUYECKOTO 0aka, TPy30IOABEMHOTO YCTPOICTBA, HAPYKHOTO,
1ep(OpUPOBAHHOTO IMIMHAPA BHYTPh KOTOPOTO YCTAHABIMBAIN (ParMeHT 3aKOJIbMAaTHPOBAHHOTO CKBaKHHHOTO
¢unbTpa nmuamerpom D= 0.2 M (8").DunbTp npenBapUTENbHO B3BEIIMBAIM Ha Becax M YCTAaHAaBIMBAJIM B
LEeHTpanbHON 4acTu Oaka 1. 3aTem oOcwimamm meckoM. Ilocie 3TOro mpoBOAWIM THAPABINYECKHE HCIIBITAHHA
¢mrpTpa. CTponiy MHIUKATOPHBIE KPUBEIE CBS3H MOHIDKEHHS S B QYHKIHHU MPHUTOKA BoAbl Q k QmibTpy, T.€. S =
f(Q). Tonmxkenne S onmpemensuIh Kak pasHOCTh HAOPOB B KoyblleBoM Obede Hy m dumstpe Hy, T.e. S = Hy - Hy.
Iputok Q ompeaessiin 00bEMHBIM METOIOM. Y IENbHBIH Ae6UT ( onpeaesiu o Gopmyie q = Q/S.

DddexTuBHOCTS pereHepanuu (GUIbTpa MOJCILHONW CKBaXKUHBI OMPEICsUIach KaK OTHOIICHHE
yIeNBHOTO AebuTa - mociie 00paboTKH K YAEIbHOMY AEOUTY 10 00paboTKH o

D = (gi/ qo). BHyTph (pHIBTpa OMyCKanW CKBaKHHHOE Ta30JMHAMHYECKOC YCTPOHCTBO M MPOU3BOIMIIH
00pabOTKy B3pBIBAMH BOJOPOJHO-KHCIOPOAHOM ra3oBoii cmecu (BKI'C) HmkHe# wyactu ¢uiubTpa mauHO#M 0,5M.
B3spsiesl BKI'C ocy1iecTBiIsiin B peskuMe B3PIBHOI'O TOPEHHS B LIMVIMHAPHUUECKON B3pBIBHOM KaMepe ¢ BHYTPEHHUM
muamerpom d= 150 MM, reomerpuueckum odbemom V, = 3 e, B3peiBbl IPOU3BOAMINCH IOJHOW KaMepou ¢
HHTEPBAJIOM, PaBHBIM II0 BEICOTE PACCTOSHHUIO OT HIDKHETO cpe3a KaMmepsl 10 oTpaxatens h= 0,07 m.

W3 ananm3a pe3ynpTaToB CiemyeT, dto l-as mMmynbcHas oOpaborka B3peiBamu BKI'C mo3Bosmia
YBEIMUYUTh YAETbHBINA NEOUT MOJIETHHONW CKBAXXHMHBI B cpeJHEeM B 2,8 pasa (yIenbHbIH AEOWT CpaBHUBAJICA IPHU
PaBHBIX BOJOTIOHIDKEHHAX S), T.€. 41 = 2,8(.

pecopecesicocatn
rrserssssscssnnn

Pacywox 1 Cxesa cremm 3am  mMmYIRCHO Pacyrox 3 — OSumit ana crescza

PEAT T THORAOCEM OO TN CXBLAMMHALL PIIKTDOS

[Nocne 3anuBku B ¢misTp 120 am® 20% HCI ¢ noGaskamu «Jleckamay u3 pacdera 0OpabOTKH TOJIBKO
HIDKHEH dYacTH QuiubTpa BeICOTOH 0,5 M, W BBIIEPKKH pearcHTa B TeUeHHE 16 9acoB, yoaloch TOCTUTHYTH
3HAYUTEIBHOTO MPUPOCTA YAEIBHOTO neduTa: (s = 137q, .

B 10 ke BpeMs Bu3yaibHBIH OCMOTP (HUIBTPA MOKA3all, YTO Ha BHEIIHEH MOBEPXHOCTH QHILTPA U

KapKaca ¢ BHyTPEHHEH CTOPOHBI OCTAIOCh COOTBETCTBEHHO U (20-25)% oTnoxeHuid. OcTaBIInecst OTI0XKeH!s ObUTH
yJaJIeHbl UMITYJIbCHO-PEAreHTHON 00pabOTKOM.

Jluteparypa

1. Axcenbpyn, I'.A. PactBopenne tBepasix Bemiects / I.A. Akcenspyx, A.Jl. MomgaHoB. — Mocksa.:
«Xumusy, 1977. - 272 c.

106



3.C. MIPUTBIYEHKO, C.B. 3BAMYEHKO, H.A. IIEBYYK
Hayuonanvueiti mexnuueckuu ynusepcumem Yxpaurvl « Kuesckuti noaumexHuyeckutl UHCMmumym
umenu Heopsa Cukopckozo»

OLEHKA BbIBOPA PECYPCOCBEPEI'AIOIINX TEXHOJIOT 151744
N OBOPYIOBAHMUA JJIAA CTPOUTEJIBCTBA TOHHEJIEN

Pemenne 3amay  CBS3aHHBIX CO  CTPOMTENILCTBOM  IIO/I3EMHBIX COOPYXEHHH U oOecnedeHus
WHHOBALMOHHOTO ITyTH PAa3BHUTHS TPAHCIIOPTHOM CETH MOXKET OCYIIECTBILITHCS ITyTEM pa3paOOTKH ONTHUMAIbHBIX
CHOCOOOB CTPOWTENBCTBA, HCHONB30BAHMS HOBEWIIEro 00OpyJOBaHMS, INPOTPECCHBHBIX TEXHOJOTHH I
YBEIMUYECHUS! CTOMKOCTH, KOMIUIEKCHOM MEXaHH3alMH M aBTOMAaTH3allMH IIPOIECCOB Ui OOCCIICUCHMS BBICOKHX
TEXHHKO-3KOHOMHWYECKHUX ITOKa3aTeIei MpU COOPYKCHUN TOHHEIEH.

Llenpro MaHHBIX HCCIECOOBAaHHWN SIBISIETCS TEXHHKO-PKOHOMHYECKAasl OIEHKAa CYHIECTBYIOIIMX METOJOB
CTPOUTEIHCTBA TPAHCHIOPTHBIX, THAPOTEXHUIECKUX U KONJIEKTOPHBIX TOHHEIEH ITyOOKOro M MEJKOTO 3aJIETaHHs C
TOYKH 3PEHHs] MOBBIIIEHUS 3()()EKTUBHOCTH HCIOJIB30BAHUS MAaTEpUaJIOB U 00OPYNOBaHUS, yIYYLIEHUS TEXHUKO-
9KCILTyaTallHOHHBIX U SKOHOMUYECKHX ITOKa3aTelie BO3BEJEHHBIX COOPYKEHHH.

MpsI npeiaraeM NpUMEHSTh METO/ POJIMKOBOTO YIUIOTHEHUS 32 MEKAyHApOIHON TepMuHoioruei "Roller
- compacted Concrete". Crmocod poIMKOBOrO YIJIOTHEHHS XOPOIIO 3apEKOMEHAOBAN ceOs MPH CTPOUTEIHCTBE
OTBETCTBEHHBIX MOHOJIUTHBIX COOPY>KCHMMH, B YACTHOCTH THAPOTEXHUYECKUX COOPYKEHUH, IOpOr, a TaKKe IpH
MIPOM3BOJICTBE IUIOCKKX (pOJHMKOBOC (hOpMHpOBAaHME) W KOJBLEBBIX (paauaibHOE MPECCOBaHUE) COOPHBIX
Kele300eTOHHBIX u3nenuit [1-4].

Peanmzanns TexHomoruu oOpabOTKM KOHTYpa TPYHTOBOTO CJOSI TOHHENS AIS (OPMHUPOBAHHS CBOMCTB
MOYBBI C IOMOIIBIO POJHMKOBOTO (DOPMHUPOBAHUS NPEICTABIEH Ha cXeMe paldOoThl INPOXOJYECKOTO MINTAa C
(dbopMupoBaHHEeM U 00KaTHEM ITOYBBI IPH CTPOUTEIHCTBE TOHHEJIEH METOJOM POJIMKOBOrO mpeccoBaHus (puc. 1).
Tur 1 u poTtop 4 NBUTAOTCS B HAIIPaBICHUH 32005 33 CUET YCHIJIMS IUTOBBIX JJOMKPATOB 3, KOTOPBIE YIUPAIOTCS B
cOopHyto 00paboTKy 2. IlluToBble JOMKpaThl 3 OBUIralOT IIUT, (POPMUPYIOLIYIO CEKLUIO omnanyOku 2 u poTop 4 B
HarpasieHun 3a00s. [Ipu BpareHnun potop 4 pa3pabaTbiBaeT rPyHTOBBIA MacCHB, U MI0YBA YaCTUYHO MOMNAJAET MO
poJynKoBble paboune opransl 5. Ponuku 5 BIaBIMBaIOT €ro B pajWalbHOM HANPaBICHUM, U TPYHTOBBIM CIIOH
YIJIOTHSIETCS. ¥ BBIPABHUBAETCS 110 BHYTPEHHEH nepuepur MOJA3eMHOTO COOPYKEHHUSI.

Bo3Benenne MOHOMUTHOW OOpaOOTKM TOHHENIO IO TEXHOJOTMH POJHMKOBOTO (OPMHPOBAHHS MOXKET
MPOXOJMTH MO CXeMe, NMpHUBEAECHHOH Ha puc. 2. I'punepHas cexuus 1 aBuraeT mWUT 2, GOPMUPYIOUIYIO CEKIHIO
onayOKky 3 B HalpaBJICHUN MPOKJIAJKN TOHHETO. Bpamiasce, potop 4 3axBaThIBacT MOPIUU CTPOUTENHLHOI cMecH,
KOTOpBIE TONAAaloT U3 OyHKepa 7 B paclpefenuTeIbHbIEC PyKaBa 6 U yASPKUBAIOTCS ICHTPOOSKHBIMH CHIIAMH, TIPH
3TOM CTPOWTENbHAs CMECh IOMNaJaeT MOA YIUIOTHSAIMHNE POIUKH 5. PoTop 4, Bpamasch BMECTE ¢ yIUIOTHSIOIIHUE
poJivKamu 6, BIABJINBAET CTPOUTEIBHYIO CMECh B PaJAMAIEHOM HAlpaBICHUH M NIPH 3TOM IPOUCXOINT YIUIOTHEHHE
MOHOJIUTHOTO OETOHHOTO MaccHBa.

iy

Puc. 1 Cxema mpoxoaueckoro mmura ¢ GOpMUPOBAHUEM TIOYBBI METOIOM POJIMKOBOTO IIPECCOBAHUS (TTOBOJT

poTopa u TIOOMHTOYKJIaTYiKa He TIOKA3aHBI)

OKOHOMHS Pacxo/I0B Ha BEICHHUE CTPOUTEIBHBIX paboT IpH COOPY)KEHHHM TOHHENEH JOCTHUTAeTCs 3a CUEeT
BHEJPEHHUS B IPOM3BOJCTBO HOBOW TEXHOJOTMH YIUIOTHEHHS 3JIEMEHTOB OOpa0OTKH, NMPH KOTOPHIX AOCTHIAeTCs
Hanbonee 3((eKTHBHOE HCIIONB30BaHHE HECyIed CHOCOOHOCTH TIIPHJIETaloNIero KOHTYpa W KauyeCTBEHHOE
YILUIOTHEHHE BBICOKOTEXHOJIOTHUHBIX CTPOUTENbHBIX cMecell. OHM OTIMYAIOTCA OT TPAAULUOHHBIX IMOBBIIICHHON
KECTKOCTBIO C MaJbIM COIEPKMMBIM IieMeHTa (K 18%) M BBICOKMMH TEXHHKO-’KOHOMHYECKHMH IOKa3aTeIsIMU.
OOpazoBaHHE TPYHTOLIEMEHTHOTO CJIOS IIO3BOJISIET YMEHBIIUTH M PAaBHOMEPHO paclpeAeiInTb HArpys3kKy Ha
00paboTKy TOHHEIIIO, YTO, MOJOOHO NMOPOI00ETOHY, 4TO 00pa3yeTcs PU TOPKPETHPOBAHHH, TTO3BOJISIET YMEHBIIUTh
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TONIUHY 00pabOTKH. DKOHOMHS BSKYNIUX KOMIIOHCHTOB OOECIIEUMBACTCS 3a CYET J00aBJICHHSI OTHOCHUTEILHO
Mayioro Kojm4decTBa BoAbl (K 12%), 94TO mpH COXpaHEHHH ONTHMAIBHOTO 3HAYCHHS BOAOIEMEHTHOTO OTHOIICHHS
JIaeT ’KOHOMHIO IleMeHTy. CyMMa 3KOHOMHHM OT BHEIPEHHS HOBOW TEXHOJIOTUH YIUIOTHEHHS PacCUHTHIBACTCS
ITyTEM COIIOCTABJICHUS INPOEKTHBIX 3aTpaT Ha BO3BEACHWE TOHHEINIO C 3aTpaTaMH, KOTOPBIE HMEIOT MECTO IpH
MIPUMEHECHNHN TPEATIOKEHHON TEXHOIOTHH POIMKOBOTO YIUIOTHEHUS IPHKOHTYPHOTO CIIOS U 00paOOTKH TOHHEIIIO 3a
uHCTpYyKumeH "OmnpeneneHust 5JKOHOMUIeckoi 3(p(peKTHBHOCTH MCTIONB30BaHMS B CTPOUTEIECTBE HOBOM TEXHHKH,
n300peTeH U panuoHaau3aTopckux npemioxxennit” CH 509-78.

Puc. 2 Cxema npoxXoa4ecKoro MUTa ¢ POJIMKOBBIM ()OPMHUPOBAHUEM MOHOJIUTHOW 00pabOTKH TOHHEIIIO
(moBoJ poTOpa, ITHEKOBBIN U ICHTOYHBIA KOHBEHEPHI HE MOKA3aHBbI)
PaccMoTpuM CTPOMTENHCTBO TOHHEIIO METPO MPOXOAYECKUM ImuToM S - 402 TpaHCHAIMOHATLHON
komnanuu "Herrenknecht" ygacTku MeTpo SKCIDTyaTallMOHHAS [UTHHA KOTOpO# npeactasiseT 1,49 kM (Tabm. 1)
Tabsmna 1. BeixogHble aHHBIC TSI pacdeTa 3KOHOMHYECKOro 3(pdeKTa 0T BHEAPCHNSI HOBOH TEXHOJIOTHH

Enqununa Bba3zosBebrit HoBas
Iloxazarenu

HU3MEpEHUs BapHaHT TEXHOJIOTHS
O0BeM npuMeHeHHs (IJTMHA TOHHEIS) M 1490 1490
O0Bem OeToHa Ha OIHMH METP COOPYKEHHUSI TOHHEIIO:
B40 M 5,46 45
M200 2,6 2,6
[IpuBencuusIC _Pacxofipl  Ha  MSTOTOBJCHHE cOopHOIt Tic.py6 29410 18850
XKeNe300eTOHHOH OTnpaBhl Ha 3aBOJIE
CebectonMocTh pabOT 1O COOPYKCHHIO KOHCTPYKIHH
(81/59 won-rox) TrIic. pyo 3521 2565
V nennHbIe KaMATaNbHBIE BIOKEHHS K MPOH3BOLCTBEHHBIM Tric.py6 853 1064
(OHI]AM CTPOUTEIHHON OpraHU3aAIIH

OxoHomuueckuii 3¢pexT (Teic. pyd.) OT HCIOIB30BAHHUS TEXHOJOTUH POJIMKOBOTO YIUIOTHEHHS
MIPUKOHTYPHOTO CJI0Sl U 00pabOTKM TOHHENeH paccuuThIBaeTCs 3a hopmyoii:

E=((31+3:1) o+ E3 (30 +3.2) Ap =
=((22410+1971+ 3649)1+ 0 - (18850 +1361+ 2725))1490 = 7590muic. py6o

rac A2 — 4yacTh o0OBema MIPUMEHCHUA HOBOM TCXHOJIOTHH, 31,32 — MPUBEACHHBIC PpACXOAbl Ha

MIPOM3BOJICTBEHHOE M3TOTOBJICHHE COOPHOMN JKEeJIe300€TOHHON ONpaBhl C YU4ETOM CTOMMOCTH TPAaHCIIOPTUPOBKH K
CTPOWTEBHON IUIOMIA/IKE MO CPAaBHUBAEMBIM BapHaHTaM 0a30BOM M HOBOW TEXHOJIOTHH, pyO Ha HOTOHHBIH METp

TOHHEJIIO; 3C1 ,302 — TIpPUBEJICHHBIE pacXoAbl Ha BO3BEJCHHWE KOHCTPYKIHMI Ha crpoimiomanke (6e3 ydera
CTOMMOCTH 3aBOJICKOTO H3TOTOBJIEHHS) 110 CpPaBHMBAaEMBIM BapuaHTaM 0a30BOM M HOBOM TEXHOJOTHH, pyO Ha
MIOTOHHBIA METP TOHHEIS; E3 — 9KOHOMHS B c(epe SKCIUTyaTalMM KOHCTPYKIHMH Ha MPOTSHKEHHM CpoKa HX
ciyx0bl, () — k03(pPUIMEHT U3MEHEHHS CPOKA DKCILTYaTalMd HOBOM CTPOUTENBEHOH KOHCTPYKIMH 10 CPABHEHHUIO C

6a30BBIM BapHaHTOM.
D¢ exT OT UCTIONB30BaHMS TEXHOJIOTHH POJIMKOBOTO YIUIOTHEHHUS! MPUKOHTYPHOTO CJI0sl U 00paboTKH Ha
OJIMH TIOTOHHBIH METP TOHHEIIIO:

E=((31+301) ¢+ E3 (30 +3.2) Ap =
=((22410+1971+ 3649)1+ 0 - (18850 + 1361+ 2725)) = 5094 mwic. py6.

Hcnonp30BaHle TEXHOJIOTHHM DPOJMKOBOIO YIUIOTHEHHS IMO3BOJISET CO3/IaBaTh MOHOJIUTHYIO 00paboTKy
TOHHeMO 0e3 00pa3oBaHUs CIOS TAMIIOHUPYEMOTO IeCYaHO-IIEMEHTHOTO pacTBopa W 0e3 HeoOXOIUMOCTH
TPAHCIOPTHPOBKH COOPHOIM JKEIe300€TOHHOW ompaBel. B maHHOM cinydae »SKoHOMHUYecKuil 3ddekr ot
HCTIOJIB30BaHUS TEXHOJIOTUH POJIMKOBOTO YIUIOTHEHHS HAa OJHMH TIOTOHHBIN METpP TOHHEIIO MPECTABIISCT:
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E=((31+301) o+ E3-(30+3.0)) Ap =
=((22410+1971+3649)1+ 0- (18850 + 2725-1612)) = 8067 mwic. pyb.

Jns ycnoBuil peanuzanuy JaHHOW TEXHOJIOTHMHM Ha y4YacTKe METpO AIMHHOM 1,49kM sKOHOMHYECKHit
addexr cocrasisier 13161 ThIC. pyO.
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EVALUATION OF THE MICROSTRUCTURE AND
TRIBOLOGICAL PROPERTIES OF TIC LOW-FRICTION THIN FILM.

1. Introduction

Many industries such as automotive and mining require the use of thin coatings that will combine the
strength, hardness, low density, wear resistance and good corrosion resistance [1, 2]. Sliding wear elements can
exhibit poor tribological properties leading to delamination, cracks, oxidation, plastic deformation and structural
changes. The low friction coating deposited on the surface of the wear-resistant components lead to longer service
life and to enable the change of the range of conditions in which they can be applied [3].

2. Experimental procedures

Study of the structure was performed using a Raman spectroscopy. The topography of the samples was
examined using a SEM and AFM. To determine the tribological properties of the TiC thin films, an abrasion test
under dry slide friction conditions was carried out by the ball-on-disk method. Adhesion of the coating to the
substrate material was verified by the scratch test by moving the diamond indenter along the examined specimen’s
surface with the gradually increasing load.

3. Results and discussion

The TiC coating was deposited successfully on the X6CrNiMoTil7-12-2 steel substrate. TiC thin film
characterized by a cluster of irregular spherical microparticles. The average surface roughness of samples for TiC is
6 nm (Fig. 1a, b). The chemical composition of the coating was confirmed by examining the surface of the EDS
made from the surface of the samples (Fig. 1c).

On the spectrum of the Raman of TiC (Fig. 2) are clearly marked peaks G (1581 cm™) and D (1355 cm™)
derived from carbon, can also be observed three peaks around the 397 cm™, 419 cm™, 628 cm™, which responsible
for spectrum TiC.
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Fig. 1. The topography of the surface of TiC thin films a) AFM, b) SEM, ¢c) EDS
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Fig. 2 Raman spectra of TiC
Coating adhesion of the substrate material is one of the crucial concepts concerning the deposition of
coatings on tools (Fig. 3a). The critical load Lc; (the first cohesion related failure event) and L, (the first adhesion-
related failure event) values were determined with a scratch test with a growing load allowing to determine the
values of the force causing coating damages. Tests with the metallographic microscope were held to determine the

nature of damages (Fig. 3 b, c).
The investigated coating shows relatively good values of critical load. The first failure occurs at values 4 N.

The second critical load values L, occurs at 9 N.
a)
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Fig. 3 Testing the adhesion of the TiC coating to the substrate, a) acoustic emission (AE) and friction force
F. as a function of the load Fn for TiC coating, b) scratch failure pictures of TiC for L¢, ¢) scratch failure pictures
of TiC for Lc,

Figure 4 illustrates the diagrams of changes in a dry friction coefficient p obtained during tests of wear in
relation to counterpart with Al203 for a wear track of 1000 m. Under technically dry friction conditions, the friction
coefficient recorded for the associations tested is stabilized in the range 0.2+0.3.
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Fig. 4 Dependence of friction coefficient on sliding distance during the wear test for TiC coating.

4, Conclusions

The investigated coating shows relatively good values of the critical load. The scratch tests on coating
adhesion reveal the cohesive and adhesive properties of the coatings deposited on the substrate material.

The beneficial tribological properties of the friction associations with the participation of the investigated
coatings indicate that they may be applied to cover selected elements of abrasive joints of machines and tools and,
consequently, to enhance their efficiency and durability.
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ELECTROCHEMICAL AND PHYSICOCHEMICAL PROPERTIES OF
COBALT BASED ALLOYS

Abstract: Direct Metal Laser Sintering is the most popular 3D printing method used for manufacturing
high dimensional components. The aim of the work is to characterize the influence of manufacturing technology on
the physicochemical and electrochemical properties of cobalt based alloys. The work present the results of
roughness measurements, contact angle measurements and Surface Free Energy calculation, and pitting corrosion
test. Based
on obtained result it can be confuted that the type of manufacturing technology have significantly affected of quality
of the components.

Keywords: CoCr alloy, DMLS, SFE, corrosion resistance.

1. Introduction

Currently, there is a noticeable increase in interest in the use of modern technologies used
in the manufacturing of metal components. Simultaneous technology development has resulted

in increasing use of i.e. CAD / CAM systems based on Rapid Prototyping. The most popular 3D printing
techniques are Selective Laser Sintering (SLS), Selective Laser Melting (SLM) and Direct Metal Laser Sintering
(DMLYS). Fabrication of the metal framework at the CAM stage in the 3D printing procedure with the use metal
material consists of spread super - thin layer
of powdered to the working platform and next sintering it selectively with a laser beam.
The laser beam is guided according to virtual recording of the manufactured element and raise the temperature of
those areas just above the melting point. The biggest advantages of the process are high dimensional accuracy of
printed details, no waste and comparted to the traditionally manufactured methods little energy is used.

2. Materials and Methods

The study materials used for testing were two cobalt based alloys in form of the discs with the diameter d =
14 mm. The tested samples were divided into two groups, depending on the manufacturing technology. First group
of samples was obtained from the traditional casting methods (Realloy C) and the second group was obtained from
Direct Metal Laser Sintering procedure (EOS CoCr SP2). The chemical compositions of the tested materials were
given in Tab.1.

Tab. 1. Chemical compositions of the tested alloys
Elements, [%]
CO Cr Mo W Si N S Fe Mn
Realloy C 59.00 | 25.00 | 3.90 | 10.10 | 1.60 | 0.19 | - - 0.75
EOS CoCr SP2 | 63.80 | 24.70 | 5.10 | 5.40 - - [1.00|>050|>1.00

The samples were subjected to mechanical treatment: mechanical grinding with the use abrasive paper SiC
with the grain size of 320, 500, 800 and 1000, and mechanical polishing with the use SiO, polishing pasta.

In the first step the surface roughness measurements were performed with the use profilometer Surtronic 3+
by Taylor Hobson. The test was carried out with the use contact method. On the basis of measurements values of R,
parameter was determined.

The contact angle measurements and Surface Free Energy (SEP) calculation were performed. The test stand
included Surftens Universal goniometer by OEG and PC with Surftens 4.5 software. Drops of the two measure
liquids (distilled water and diiodomethane), each 1.5 pl volume, were placed on the surface of the samples. The
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measurements were started 20 s after dispensing the drop on the samples. The test was carried out at room
temperature
T=23°C.

In the next stage the pitting corrosion test was performed with the use of potentiodynamic method by
recording of anodic polarization curves. The test was carried out with the use the test stand comprised of the
VoltaLab PGP201 potentiostat, PC with VoltaMaster 4 software and three - electrode system (anode — test sample,
auxiliary electrode — platinum wire PTP — 201 and reference electrode — calomel electrode SEC KP — 113). The
anodic curves were recorded from the value of starting potential Ejy; = Eoc; — 100 mV and the polarization rate was
equal
3 m/s. When the anodic current density reached the value i = 1mA/cm?®, the polarization direction was changed.
Based on recorded polarization curves characteristic values describing to pitting corrosion were determined i.e:
corrosion potential E¢r (MV), potential of transpassivation E; (mV) and the value of polarization resistance R, was
determined with the use Stern method.

3. Results

The mean value of R, parameter for the Realloy C samples was 0.37 um. The smaller values were recorded
for the samples obtained from DMLS method, whose average value was Ra = 0.07 um.

Results of contact angle measurements and energy calculation were presented in Tab.2. The highest values
of contact angle were recorded for the EOS CoCr SP2 samples, whose the average value was 91.83 °. The values of
contact angle more than 90 ° indicate the hydrophobic character of the surface. While, the average value of contact
angle of the Realloy C samples was 82,75 ° and pointed to the hydrophilic character of the surface. For the both
groups of tested alloys values of the surface energy y are comparable. Additionally for the all samples high value of
the apolar component and the low values of the polar components were obtained. On this basis, can be concluded
that the surface of tested samples exhibited a greater affinity for the apolar groups.

Tab.2. Results of contact angle and SFE

Contact angle, [*] Surface energy, [mJ/m’]

. N d P

Sample No Distilled water | Diiodomethane Ys Vs Vs
Realloy C 1 82.75 53.24 34.35 25.70 | 8.07
EOSCoCrSP2 | 1 91.83 59.23 29.08 26.13 2.95

The obtained results of the pitting corrosion test in the form of polarization curves for both group of tested
samples were presented in Fig. 1. Meanwhile, the characteristic values describing the pitting corrosion resistance
were given in Tab. 4.

For the both groups of samples, the polarization curves had a similar character. For the
Realloy C samples as well as for EOS CoCr SP2 samples the progress of the curves was characteristic for materials
of high corrosion resistance — no hysteresis loops were stated. Basing on the obtained polarization curves existence
of transpassivation potential E;, has been stated. The mean value of transpassivation potential for the cast samples
was E, = 837 mV and for the EOS CoCr SP2 samples was E = 875 mV. Additionally, the mean value of corrosion
potential E.,, for Realloy C samples and EOS CoCr SP2 samples was — 327 mV and — 232 mV, respectively.

Tab.3. Results of pitting corrosion test

ECOI’F! Etr: Rp:

Sample | v | imv] | [MQ/em?]
ReallyC | -327 | 1011 | 0.39
EOS CoCrSP2 | -234 | 946 | 0.35

Realloy C EOS CoCr SP2
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o
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\
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Fig. 6. Results of pitting corrosion test
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4. Conclusion

Based on the obtained results, it can be concluded that DMLS technology is a good alternative to traditional
techniques used for manufacturing metal component. The samples obtained from the DMLS procedure are
characterized by better corrosion resistance, smaller values of surface roughness and higher values of contact angle
compared to the samples obtained by cast techniques.
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PARAMETER STUDY ON NANOFILTRATION OF SYNTHETIC
LEACHING SOLUTION

1. Introduction

Due to an increasing scarcity of raw elements in the world, it is essential to tap new resources. As a
consequence, particularly the demand of the elements germanium and indium will obtain a rapid increase until 2030
as described in the report of strategic elements of the European Union [1]. In this context, since 2013 a
biohydrometallurgy process chain was developed at the TU Bergakademie Freiberg with the aim of the utilization of
secondary raw materials from ore heaps or deposits. In particular the separation of elements from a PLS (pregnant
leaching solution) with nanofiltration membranes is investigated. During the conventional recovery process by
pretreatment with nanofiltration membranes a minimization of solvent application is intended. By application of
this, an already existing process, such as heap leaching or in-situ leaching of ores to produce strategic elements,
becomes more cost-efficient and environmentally friendly.

2. Bioleaching and membrane process

Bioleaching can be described as a wet digestion of metals from ores with the facility of microorganisms,
thereby insoluble metals are converted into a soluble form. This process is used for ores with low metal contents
where conventional methods like pyrometallurgy are no longer profitable. Due to the irrigation of the heap from
above with water or a diluted sulfuric acid solution, the leaching solution migrated through the fixed bed and
interacts with the solid particles. The result is a pregnant leaching solution, where 10 % of the PLS is removed for
the metal extraction. The residual PLS is return to the heap and operates in a loop [2-4].

Nanofiltration is a pressure-driven process predominantly using asymmetric synthetic polymer membranes
at pressures between 3 and 30 bar in winding modules. These membranes can be considered as very thin layers of
semipermeable structures, where on the one hand separation is carried out by diffusion and on the other hand by size
exclusion. A characteristic advantage of nanofiltration membranes is their ion selectivity caused by electrically
charged surfaces. Thus, the separation is carried by the electrical charge of the component ions [5-7].
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Figure 1: Basic principle of membrane process [1].
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The feed stream will be separated into two sub-streams: retentate and permeate. In the permeate stream being
continuously removed from the system all components have passed the membrane. On the other hand, all remaining
components are in the retentate stream. Due to the selectivity of the membrane, the components are retained
differently. On the contrary, polarisation effects on the laminar boundary layer may affect the flow and quality of the
resulting permeate. In order to minimize these effects, the process parameters have to be varied and spacers may be
applied too. Spacer affect a turbulent flow and thereby promote the mass transfer and minimization of the laminate
boundary layer [8-10]. The aim of this study is the investigation of the influence of spacers offering various
geometries and the impact of different process parameters.

3. Materials and methods

In this study, 3 fully woven polyamide spacers with different filament interspaces from 0.5 mm till 1.5 mm
and filament diameters from 0.15 till 0.5 mm were investigated at overflow velocities of 2-3.3 m/s and temperatures
in the range of 25-40 °C. The investigations were carried out using the nanofiltration membrane NF99HF from Alfa
Laval in a membrane test cell with cross flow stream conditions and a synthetic PLS at 15 bar. The concentration of
the individual elements in the permeate and retentate streams were determined by ICP-MS using an XSERIES 2
from Thermo SCIENTIFIC. The permeate stream was removed from the system at all times, while the retentate
stream was returned to the storage tank and subsequently concentrated.

4. Results and discussion

In order to ensure a selective separation of germanium and indium with high yields, the retention and the
permeate flux of the individual elements are crucial. Without the presence of ions or charged particles an increase in
permeate flux up to 30 % is observed, caused by changes in flow conditions (Ommuoka! McTOYHMK CCHUIKH He
Haiiaen.).

Flux ultrapure water

repr om f filament also in mm

The presence of spacers leads to formation of vortexes and a associated increase in the mass transport perpendicular
to the membrane surface. Due to high shear forces the formation of the boundary layer is aditionally counteracted,
and so the mass transport by diffusion is increased too. The selecitivity is used as criterion to obtain a statement
about the separation of the elements. This characteristic value is the ratio of the component-specific concentrations
of elements in the permeate to retentate. For achieving a high selectivity, the retention for the favoured component is
decesive. Ommno6ka! McTounuk cepuiku He HaiimeH. shows retention values for all elements of the synthetic PLS
about the recovery amount of permeate. It has to be noticed that all elements - except of Ge — have featured retention
values near 1. Germanium shows retention values by about 0.4, so it is accumulated in the permeate and all other
components are found in the retentate.

Retentian

That result is also obtained for other process conditions. This behaviour is membrane-specific and spacers have no
perceptible influence. In contrast, an increase of the process temperature will lead to a higher permeate flux. For all
considerations to increase the flux, the pressure drop caused by a spacer in the winding module has to be taken into
account. Thus, it is found that an increase in the filament diameter results in an increase in the permeate flux, but
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also in an increase in the pressure loss. In consequence, the choice of the spacer has a significant influence on the
economy of this separation process and should be chosen with care.
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MECHANICAL PROPERTIES OF HIGH MANGANESE STEEL OF
TRIPLEX TYPE

Abstract: The paper presents the results of investigations of the mechanical properties of the newly
developed high manganese steel of the TRIPLEX type. These steel is characterized by an average density of 6.67
g/cm®, which is less than 15% lower than conventional structural steels. TRIPLEX steel after hot rolling in order to
determine the mechanical properties were subjected to static tensile test. Based on the results of the static tensile test
determined the mean value of plasticity reserve, tensile strength and yield strength. On the basis of the researches
steels structure after static tensile test, it can be concluded that the grains are elongated in the direction of the tensile
forces. It can be seen little refinement of particles in relation to those which were obtained after four-step hot rolling.
Ferrite grains are distributed on a wide angle grain boundaries of the austenite or in the form of elongated particles
remaining after the thermo-plastic treatment.

Keywords: high manganese steel, mechanical properties, tensile strength, plasticity reserve

Introduction

The dynamic development of the automotive industry around the world puts the present construction
elements of passenger cars and trucks ever higher demands on the anticipated working conditions and existing needs
by supporting and directing advances in the field of material engineering. This favors the production and study of
new materials, which are characterized by improved mechanical properties while maintaining the required
technological formability. The combination of strength and plastic properties of the steel is particularly preferred
important in the manufacturing process, the zones of controlled energy absorption of the damaged car [1-9]. The
mechanical properties of high manganese steel can be shaped by appropriately selected thermo-mechanical
treatment, which economically is a preferred mass production method. Thermo-mechanical treatment allows to
increase the strength of the material without decreasing its ductility. The mechanical properties of such steels, as
indicated above, are determined to high extent by the location, size and morphology of k-(Fe,Mn);AIC carbides. «
carbides may also be a reason for the occurrence of steel brittleness during plastic deformation at room temperature,
when they are formed on the grain boundaries as large precipitates [1-9]. TRIPLEX type of steel have a
combination of high strength, good toughness, and also to reduce the density and provide high energy absorption are
very attractive from the point of view of their use in the automotive industry. Due to the lower specific weight
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density can be used as a material for electric rotary machines, generators, as well as devices for storage and transport
of liquid gases [2-9].
Experimental
The aim of this work was presents mechanical properties of newly developed high manganese steel
X98MnAISINDbTI24-11 TRIPLEX type. The subject of researches have been high manganese steel of TRIPLEX
type with micro additives Ti and Nb (Tab. 1).
Tab. 1. Chemical composition of high manganese X98MnAINDbTi24-11 steel

Elements C Mn Al Si Nb Ti Ce La Nd P max Smax

[wit. %] 0,98 |23,83 |10,76 | 0,20 0,048 (0,019 (0,029 |0,006 |0,018 | 0,002 0,002

The tested steel was melted in a laboratory vacuum induction furnace after cooling in air, plastic working
performed on the ingot by hot forging at high speed hydraulic press with load of 300 tonnes. Then hot rolling was
performed on a one-roll reversing mill with a roll diameter of 550 mm, at a linear speed of 0.74 m/s. Hot rolled has
been subjected to trial sections of tested steel with dimensions of 5x185x600mm. The batch was austenitized at
1150°C for 15 min. The finishing temperature for all rolling variants was 850 °C. Three variants of
thermomechanical treatment were presented in figure 1. The degree of plastic deformation in all hot rolling variants
was e = 0.2,

Varlant C

s
Fig. 1. Thermo- mechanical treatment scheme

The specimens for structural examinations in a light microscopy (LM) were embedded, then ground and
polished mechanically with sandpapers and discs wetted with a diamond suspension with the maximum grain size of
1 um. 5% of HNOj solution in ethyl alcohol (nital) was used as a reagent to reveal the structure. The time of etching
was about 10-70 s.

Mechanical properties tests were performed on the Zwick Z050 universal strength machine with a force
range of 50 kN. The textExpert Il program was used to develop the test results. The static tensile test was performed
using an analog extensometer directly attached to a flat sample. Static tensile test was performed in accordance with
standard PN-EN 10002-1. At least 3 samples were cut in accordance with the direction of hot rolled steel.

Results and the discussion of results

Metallographic studies carried out on light microscopy of X98MnAINbTi24-11 steel of TRIPLEX type of
hot rolled under semi-industrial conditions are shown in the figure 2a-c. The structure is composed of austenite
grains containing numerous of annealing twins. The higher Al content causes the tendency for this formation of lines
of a-ferrite parallel to the strip surface in hot rolling direction. Hot strip samples processed with air cooling show the
same microstructure as water-cooled. The use of isothermal heating after the last deformation step at 850°C results
in a recrystallized fine grains statically or meta dynamically, which are arranged on the boundaries of large grains of
dynamic recovery austenite. Based on structural research steel after the static tensile test (fig. 2d-f) can be concluded
that the steel is relatively brittle. The grains are slightly elongated in the direction of the tensile forces. Only find
minor fragmentation of the particles with respect to those which were obtained after four-step hot rolling. Small
grains of austenite are visible on the borders of large grains. Small ferrite grains are distributed on a wide angle
grains boundaries of the austenite or in the form of elongated particles remaining after the thermo-mechanical
treatment.
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Steel X98MnAINbTI24-11 after four-stage hot rolling has a yield strength of 896 - 1086 MPa (fig. 3a). The
tensile strength values are in the range 1113 - 1142 MPa (fig. 3a). The highest value of the elongation equal to 24%
(fig. 3b) TRIPLEX steel processed thermo-mechanical treatment was achieved for steel subjected to four- step hot
rolling according to the variant A of a thermo-mechanical treatment shown in Fig. 1. The high ratio of Ry /Ry=
0.98-0.99 for hot rolling steel irrespective of the variant used shows that the TRIPLEX steel is less susceptible to
gradual strengthening, while the high Ry-A4 product of 17875 MPa-% guarantees stable conditions cold plastic
deformation during technological shaping. The most important mechanical property characterizing the high
manganese consistency is the reserve of plasticity, ie the energy that can accumulate during a vehicle collision. The
mean value of the plasticity reserve was determined by calculating the area under the real stress curve - the actual
deformation determined by the static tensile test. The plasticity reserve results for the tested steel are shown at the
figure 3c. For X98MnAINbTi24-11 steel, average value of plasticity reserve are in the range of 216 to 260 MJ/m®
(fig. 3c). The highest average value of the value of plasticity reserve (~260 MJ/m?) was obtained for the steel after
hot rolling and cooling in water.

T

Fig. 3. a) value of yield and value of tensile strength, b) value of elongation, ¢) value of plasticity reserve
depending on variant thermo-mechanical treatment

Summary

The following conclusions have been formulated based on the results of the investigations and their
analysis:

. The structure of the X98MnAINbTi24-11 steel after hot rolling under semi-industrial conditions
consists of austenite grains containing numerous of annealing twins. The high content of aluminum results in the
elongation of the ferrite grain parallel to the rolling direction. The use of isothermal heating after the last
deformation step at 850 °C results in a recrystallized fine grains statically or meta dynamically, which are arranged
on the boundaries of large grains of dynamic recovery austenite. The structure of the steel after static tensile has
proved to be relatively brittle, the grains are slightly elongated in the direction of the tensile forces. At the wide
angle grain boundaries of austenite are distributed small grains of ferrite in the form of elongated particles remaining
after the thermo-mechanical.

. Steel X98MnAINbTi24-11 of the TRIPLEX type after four-stage hot rolling has a yield strength of
1047 - 1079 MPa and the tensile strength values are in the range 1064 - 1084 MPa, which is about 500MPa higher
than TRIP and TWIP steels. Steel after thermo-mechanical of hot rolling and cooling in water showed the greatest
elongation value equal to 24%.

. The high ratio of Ry o/Ry= 0.98-0.99 for hot rolling steel irrespective of the variant used shows that
the TRIPLEX steel is less susceptible to gradual strengthening, while the high Ry, A4 product of 17875 MPa-%
guarantees stable conditions cold plastic deformation during technological shaping. The highest average value of the
value of plasticity reserve 259 MJ/m® was obtained for the steel after hot rolling and cooling in water.
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MICROTEXTURES OBTAINED BY PICOSECOND LASER

Abstract: This study reports influence of laser impact on various types of surface. Hard coatings TiN and
TiAIN on tool steel as a base material were used. Carried out multiply tests to obtain specific patterns. For texturing
355nm wavelength picosecond laser was used. Test results reveal that different parameters has big influence on
geometry and dimensions of obtained structures.

Introduction

Recently, extending work life and reducing wear friction of working material surface were one of the most
developing field of material science. More effective lubrication is needed increasingly due to the greater demand for
working machines. In industry the most popular and effective method of developing working surface area is laser
texturing. Researches in surface engineering field has reported that systematic patterning on investigated material
surface changed its topography in order to improve tribological properties. 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 texturing.
In this paper laser microtexturing to evaporate surface material were used. In results surface of material is removed
(evaporated) and specific geometry left instead. Laser microtexturing modification can increase surface durability
and reduce friction [1-9].

Material and experimental method

Tool steel ASP 2030 with chemical composition given in table 1 as a based material was used. Steel was
obtained by powder metallurgy and contain chromium, molybdenum, tungsten, vanadium, silicon and cobalt.
Additionally experiment was carried out on commercial TiN and TiAIN coatings obtained by PVD deposition.
Before coating specimens were mechanically grinded and polished with 1um diamond polishing suspensions to
obtain lowest roughness.

Tab. 1 Chemical composition of tool steel ASP 2030 [6]

Elements C Si Mn Cr Mo \ W Co P+S

[wt. %] 1,27 0,30 0,30 4,20 5,00 3,10 6,40 8,50 0,030

Laser working on 355nm wavelength was used. Cimita is control software system enables to
create, edit and run CNC programs. The parameters which were controlled was frequency of laser pulse, speed of
sample movement, number of passes, number of laser pulses in one place and distance between obtained craters.
Texturing was accomplished by picosecond small power solid state laser to obtain four different geometry. The
main aim of this research is to show the possibilities of laser and prepare surface for further trybological tests.

Results
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First tests were based on sending single impulse, multiply times in the same place at the sample. Used
100% of laser power with frequency 24Hz and speed 6mm/s, repeating five times. Obtained set of dimples, one of
dimple is shown in fig. 1d. Distance between each dimple is equal 250um. Noticed impact waves (costal walls)
around the middle of affecting area. The tests were carried out on steel surface. Second tests were based on drilling
holes. Holes were made by laser beam, divided on five smaller beams which were rotating. Obtained set of holes of
diameter ~25um and ~1pm depth (fig.1c). Holes were made by using 100% of laser power and with drilling time 1s.
The tests were carried out on steel surface. Distance between each hole is ~200um calculated from center of hole.
Third pattern obtained by 355nm wavelength laser are scratched lines (fig. 1c). Lines were made with 100% of laser
power and frequency 400Hz one line had been scratched 5 times and distance between lines is equal 50um. Tests
were carried out on TiAIN coating, made in PVD process. Fourth pattern is grid, made by 50% of laser power.
Distance between each line in grid is ~150pm. Tests were carried on TiN coating made in PVD process.

To observe obtained geometries light microscope (LM) and scanning electron microscope (SEM) were

|
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lc. Micograph set of holes pattem on  Fig !|d Micograph of dimples created by 5

uncoated sample, mag 200x, LM impulses of laser beams on steel surface, mag
3000x. SEM
Topography of each sample was tested. For grid and lines patterns research reveals that multiplying number
of passes increase depth of obtained structures. As it is shown in figure 2, depth of grid lines are approximately
~0,5um.

Fig. 2. Topography of grid pattern textured on TiN coating using by 50% of laser power

Summary

1. Different geometry pattern are possible to be obtained by A-355ps Laser Micromachining system
based on 355nm wavelength picosecond laser.

2. Every kind of materials are able to be textured by diode-pumped solid-state 355nm wavelength
laser.

3. Very regular textures has been produced and then was observed by a light microscopy and

scanning electron microscopy.
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4, Microscopic observations showed that increasing the number of passes of the laser beam affected
on surface and increases the size and depth of microtextures.

References
[1] A. Erdemir; Review of engineered tribological interfaces for improved boundary lubrication;
Tribology International; Volume 38, Issue 3, March 2005, p. 249-256
[2] I. Etsion; Improving tribological performance of mechanical components by laser surface

texturing; Tribology Letters; Vol. 17, No. 4, November 2004

[3] A.A. Voevodin, J.S. Zabinski; Laser surface texturing for adaptive solid lubrication; Wear 261
(2006) 1285-1292

[4] Avanish Kr. Dubey, Vinod Yadava; Journal of materials processing technology 195 (2008); p. 15—
26

[5] J. Meijer; Laser beam machining (LBM), state of the art and new opportunities; Journal of
Materials Processing Technology 149 (2004); p. 2-17

[6] Polish standards PN-EN 1SO 4957:2002U

[7] P. Andersson, J. Koskinen, S. Varjus, Y. Gerbig, H. Haefke, S. Georgiou, B. Zhmudd, W. Buss;
Microlubrication effect by laser-textured steel surfaces; Wear 262 (2007); p. 369-379

[8] A. Kr. Dubey, V. Yadava; Experimental study of Nd:YAG laser beam machining—An overview;
Journal of Materials Processing Technology 195 (2008); p. 15-26

[9] BT. Zhang, HT. Huang, JF. Yang, JL. He, CH. Zuo, JL. Xu, XQ. Yang, S. Zhao; Generation of
7.8W at 355 nm from an efficient and compact intracavity frequency-tripled Nd:YAG laser; Optics Communications
283 (2010); p. 2369-2372

A.K. EOPEMOBA
OTK 3K Maiickoe
Cesepo-Bocmounsiii I'ocyoapcmeennuwiii YHusepcumem

OBOI'AIIEHMUE 110 KOMBUHUPOBAHHOM CXEME
OKMCJIEHHOMU PYIbI OT'P MECTOPOXKIEHUA MAUCKOE

Pyner mectopoxnenns Maiickoe B COOTBETCTBAH CO CBOMMH TEXHOJOTHICCKIMHU CBOMCTBAMH MOTYT OBITh
pa3IeneHbl Ha TP TPYIIIE: HePBUYHBIE PYbI, PyIbl EePeX0AHbIX 30H H OKHCJIEHHBIE PYABI.

B Hacrosimieli ctatbe paccMOTpeHa BO3MOXKHOCTD NMEePepabOTKH OKUCIEHHBIX PY/I.

K oxucneHHBIMU pynaMH OTHOCST T€ PYAbI, U3 KOTOPHIX NMPH COPOLMOHHOM I[MaHU-POBAaHUM M3BJIEKAETCS
6onee 70 % 30s10Ta. V3BeueHre 3010Ta BO (hJIOTOKOHIICHTPAT JJIsl HUX 00BbIYHO cocTaBiisieT meHee 50 %. [Toaromy
Takue pyAbl He MOABEPTaloT (HI0TAIMH, UX MepepadaThIBAIOTCS B TOTOBYIO MpoAyKiuio — ciiaB Jlope metogom CIL
HETIOCPEIICTBEHHO Ha MECTOPOXKICHHH.

HccnenoBanus mo nepepaboTKe OKUCICHHON PyABIMECTOPOKACHNS Maiickoe MHOTOKpPaTHO ITPOBOJIMINCH
paHee. B mpoBeneHHBIX HCCIIEOBaHUAX OBUIO TOKa3aHO, YTO OOOTalIeHHe METOAaMU ()IOTAllMH M TPAaBHTAINH
HeopdexruBHO. Hambonee 3(p¢eKkTHBHEIM METOAOM TepepalOTKH SBIACTCS IUaHupoBaHWe. LlnaHMpyeMbIM
sBisiercss 67-70% 30510Ta U3 TaHHOM OKMCIEHHOH pyIbl, HO BBEJCHHE OIEpally MPEeIBAPUTEIILHOTO OKHCIEHHS
PYZIBI B IEIOYHOM PAacTBOPE MO3BOIISET MOTHATH U3BIIeueHHe 10 73-75%.

[Ipu sToM Hanmmuue B pyde COPOIMOHHO-aKTHBHBIX MAaTEPHUAIOB MPEAOMpPENCNsIeT HCIIOIb30BaHNE
copOuroHHOTO BEIMenaunBanus mo meroxy CIL (yroms B BeimenaunBanuu) win RIL (cMora B BBIIIETAYNBaHAH).

B 2017 r Opula m3ydyeHa M TIPOBEpEeHAa Ha MPAKTHKE BO3MOXKHOCTH MEPepabOTKH OKHCICHHOI pyIbl
THIPOMETAITYPTUIECKUM METO/I0M C OCaXICHHEM 30JI0Ta Ha aKTHBHUPOBAHHBIN yTOJIb.

JmurensHocTh OIIP cocraBuna 25 nnel. B xoje mpoBeAeHHS OMBITHBIX pabOT OBLIO OMpPENETIeHO, UTO
pPyZBl MMEIOT IOBBIIIEHHOE COJEPXKaHME YTIIepoja, MPaKTHYECKH BECh OH HAaXOAWTCS B OpraHndeckoil (opme u
ABJISIETCS OUY€Hb aKTHBHBIM COPOSHTOM JIJIsl pACTBOPEHHOTO 30J10Ta. [Ipy 3TOM BBEJICHHE B ITYJIBITy HCKYCCTBEHHOT'O
copOeHTa (aKTUBUPOBAHHOTO YIJIsl) HE OKa3bIBaJIO 3((EKTUBHOTO ACHCTBUS IO COPOIIMU PACTBOPEHHOTO 30JI0TA HA
yroib.

B nepuon OINIP manupoBaiiock noctudb ko3 duunenra u3BieueHus 3oiora 68,55%, mo gaxry mocTurin
55,04%.

OcTpo BcTall BOIIPOC O BBIBOJIE OPTaHMUYECKOTO YrIIepoa U3 MUTAHUS IUAHHUPOBAHUS.

3ajadeil HAIMX MCCIIEAOBAHUIT SIBIISUIOCH PACCMOTPETh BOZMOKHOCTh MepepabOTKH YIiIepoJ0COAEPIKaIIIX
pya mo KoMOMHHMpOBaHHOW cxeme oboramenus (¢moramms + CIL), rae B meHHBIH TPOIYKT MaKCHMAalIbHO
BBIBOJHTCS YTJIEpOJ OOIIHI/OpraHNIECKUH W M3BJIEKAETCS 30J0TO C HEBBICOKMM KOX((HUIMEHTOM, a Ha XBOCTaxX
(IIoTanNM peann30BBIBACTCS TEXHOJIOTHS COPOIIMOHHOTO BhIIENaYNBAaHUs 30JI0Ta C HANMEHBIINMH MTOTEPSIMHU €T0 B
XBOCTaX [IMAaHUPOBAHMSA 32 CUET YMEHBIICHHUS PEr-poO0MHTa YIITUCTEIMA KOMIIOHEHTAMH PYIBI.
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IIpu Oomee rIyOOKOM aHanmu3e W3y4eHUs MpoOIeMbl caM co0oi Hampocwics (opmaTr pemeHus B
CIIEAYIOIIEM HCIIOTHEHHH:

- ipu tomode 80-82% rotoBoro kmacca -0,074 MM mpoBecTH (IoTaIMIO B MET0YHON cpeae npu pH BbIe
9,0 ¢ mpuMeHEeHHEM OIpeeIIeHHONH HOMEHKIATYPHI alloJIIpHBIX PEareHTOB cOOMpaTeieid M COCHOBOTO Macia, 9To
JaCT BO3MOXKHOCTD BBIBECTH YTJIEPOJ B TIEHHBII NPOIYKT;

- Ha 00€3yrIepo’KeHHBIX XBOCTaX (PIOTAIMHM HPOBECTH OMEPALMIO COPOIMOHHOTO IHAHUPOBAHMSA, T.K.
OCHOBHOH 00beM 30J10Ta Oy/IeT MMEHHO B XBOCTaX M3-3a JICTIPECCHHU €r0 Ha (JIOTalluy HOHAMH M3BECTH;

- 3¢peKT 0T KOMOMHUPOBAHUS JBYX TEXHOJIOTHH B OJHOM LEMM OXHMIAICS B MOJTY4YECHHU KO3 PHUIUCHTA
u3BIIeYEHUS 30710Ta HEe MeHee 75% (ckBo3Hoi OK+HAY).

B mnpowmbliuieHHO# npakTHKe (IoTanMu B KadecTBE COOMpAaTelsl YINIMCTHIX BKpalUIeHHH —HambOouee
LIIMPOKOE NPUMEHEHHWE HaxOAAT aroJIsipHbIE peareHThl KEPOCHH M JIpyrdue YIJIEBOJIOPOABI, HarpuMmep,
OKCHAMPOBAHHBIN KepocuH. Pacxoa KepocuHa 3aBHCUT OT 0COOEHHOCTEH py/pl 1 Konebnercs B npenenax ot 0,5 no
12,5 xr/T pymsl. ®nortammro BexyT B menodHoit cpeae (pH 8,8-10). AccopTHMEHT mpUMEHSIEMBIX MPH (QIIOTAIIUN
MIEHO00pa3oBaTeneil IMUPOK U BKIOYAET COCHOBOE Macllo, JIETKHE U TSKEIbIE APEBECHO -CMOJISTHBIE Macia, (aoTou,
CMECH CIHPTOB MHPAHOBOTO U AUOKCaHOBOTO psina, T-80, OIICH u ap.

B kauecTBe mempeccopoB MyCTOH HMOpOAB! (IPH HEOOXOAMMOCTH) OOBIYHO HCIIONB3YETCS KUIKOE
CTEKJIO, PETYIATOPOB CPENbl - U3BECTh, COJA WJIM THIPOKCHI HATpws. [l ymydIieHWs CEeJIeKIUH B HEKOTOPBIX
CITydasx IMONAI0T alIFOMOCHIIMKAT Kars M KPEMHHICTBIA HATPHIA, a TakKe KpeMHEe(PTOPUCTHIN HATPUH IS IETPECCHU
CIIIOT.

Ilpu cnocobe QIOTAMOHHOTO pa3jieNeHuss yriaepoaa H Cynb(GHIOB INpH OOOralleHuH
yriepoacoacpiKamux Cyﬂb(i)I/IL[HLIX U CMCIIAHHBIX pPyd HOPEANOYTUTECIBHO HW3MECIBUYCHUC HCXO[[HOI‘;I pyasl B
MPUCYTCTBUM peareHTa CIUPTOBOIO THIA, HAampuMep OYTHJIOBOIO CIIUPTa W aloJSIPHOTO peareHTa, HalphMep
KEpOoCHHA, YTO MO3BOJIACT UCKIIOYUTH ONICPALNI0 KOHTAKTUPOBAHUA U3MEIbUYEHHON IMyJbIbl B KOHTAKTHOM 4YaHC U
YIY4IIUTh YCIOBHS 3aKPEIUICHHS PEarcHTOB Ha BHOBb OOHAKAIOMIMXCS IMOBEPXHOCTAX YIVICPOJCOACPKAIINX
MHHEPAJIOB.

Pe3ynbTaThl MPOBENCHHBIX ONBITOB IOKA3aJIH:

Pucynok 1. OnwIT ¢ moave U3BECTH, KEPOCHHA, COCHOBOTO Maciia (JTYYIITHHA OIIBIT).

Au r/tr |C%
1% &% €% OKHCIICHHAs py/ia
00 [ 100] 100
usmenbuenue 10 82-84% kiacca -74 MKM

Guoranus 10 Mus
18,40] 12,95 0,62
3,95 46,19 9605 | 90,74 5381

Au-C k-1 Au cojiepKaIiue XB-Tbl

1) 3agaya, MakcuManbHO U3BiIe4b COpr B MEHHBII NPOAYKT Ha (DIOTALMK, BEIIIOJIHEHA 3a CUCT U3MEHEHUS
HOMEHKJIATyphl peareHToB. [Ipu oTkaze oT rereponoisipHbIx codupateneid (Kx, A’po), n BOBIE€UEHHH B TpOIECC
aroJIsIpHBIX  coOuparenedl (KepoCHH) TOSBHIAach BO3MOXXHOCTH BbiBecTH Oonee 45% Copr u3 mnuraHus
IUAHUPOBAHUS, TEM CaMBbIM CHU3UTH 3 ekt nper-pooOuHTa.

2) KadecTBO (hIOTalMOHHOTO KOHIIEHTpaTa MOIY4YeHO Ha ypoBHE 18-19 1/T. B ceromHsAIHUX yCIOBHIX
stoT @K He ABIsIeTCS TMKBUAHBIM JUI Peallu3alii MPOAYKTOM. [ pereHus mpobaeMbl ero cObITa ecTh IBa MyTH:
a) HaiiTu notpebutens Ha K yka3aHHOTO KauyecTBa MO 30JO0TY M C BBICOKMM COJEpKaHHeM yriepopa; 0) mpu
monyyennd OK oT cynbOuAHON pyasl ¢ BBICOKMM KadecTBOM MO 30J0Ty (50-60 r/T), HEOONBIIMMHU MAPTHSIMU
IIOJIIIMXTOBBIBATh BEICOKOYTJICPOAUCTHIN O€IHBIN KOHIIEHTPAT, U €r0 peaii3altio OCYIIECTBIATh B 001eM o0beMe
BBINYIIEHHOM TOTOBOM MPOAYKIUH.

3) W3pnedeHue 30JI0Ta B MEHHBIH MPOAyKT coctaBmio 7-10%. CrenoBarenbHO, Ha ITUAHUPOBAHUE OBLIO
HanpasieHo 90-93% 3onoTa.

[Janee XBOCTBI (UIOTAIMM Ka’kKAOTO M3 OIBITOB OBUIM HANpaBJICHbI Ha COPOIIMOHHOE BHINIEIaYMBaHHE.
PeareHTHBIII pexXMM OJWHAKOBBIM COXpaHSJICS BO BCeX omblTax. l[MaHmpoBaHHE NPOBOIMIOCH B OYTHUIOYHOM
aruraTope IpH pexxumMe yroib B BbimienaunBanue CIL, koHueHTpauus nmanuaa 0,5 /1, Bpems nmaHupoBaHus 24
qaca, pH 10,5, nm3ensHoe Tormueo — 500 r/T.

BrIBozbI 1O pe3ybpTaTaM HMaHWPOBAHUS:

1) B onplTax, rae muTaHWEM IMAHUPOBAHMS SBIISIOTCS XBOCTHI (pIoTarmy He 00e3yTiIepoKeHHBIE, COPOIHS
30J10Ta Ha aKTHUBUPOBAaHHBIA yroyib coctaBmia 60,1%. B obmem o0beme muTaHus oOIlIee KOJMYECTBO YIIepoja
cocraBuiio 88,02%.
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2) B ombITax, Tie TUTaHUEM IIMAHUPOBAHMS SIBISIOTCS 00E€3YTIePOKEHHBIE XBOCTHI (hIIOTAIMU, COPOIHS
30J10Ta Ha yroJib cocraBmia 68,28-69,32%. B oliiem o0beMe MUTaHMs KOJIUYECTBO yriiepoja coctaBmio 45-53%.
Hawnmydmmm npru3HaH OIBIT ¢ HOAa4el H3BECTH M KEPOCHHA B M3MEIbICHHE.

3) CkBoznoe wm3Biedenne 3onora (OPK +HAY) B 6asoBom ompite coctaBmio — 70,52%. CxBo3HOE
M3BJICUCHHE 30JI0TA B OIBITAX C IMOAa4Yei KepocHHa Ha (hoTamnuto coctaBmwiio 75,72-78,58%.

[Ipu cpaBHEHNH SKOHOMUYECKUX MOKa3aTenel oTpaboraHHoro ¢akra B utoHe 2017 T U mpemIoKEeHHOTO B
JaHHOH cTaThe pexxuMa padbotel @noranus yriepona + CIL, mosrydaem 3HaYUTENbHBIA SKOHOMUYECKHH 3 PEeKT, UB
yCIOBUSIX peanuzanuu yriaepogauctoro ®K ¢ nomydeHneMm CKBO3HOTO KOI(QHIMEHTa W3BJICUYEHHS 30JI0Ta BHIIIE
75,0%, 1 B YCIIOBHSIX OTHECEHHs MOJydyeHHOro yriepoaucroro @K k oTBaIbHOMY HPOAYKTYC KOI(P(HHINEHTOM
M3BJICYEHUS 30J10Ta HA Yrodb 69,32%.

Tak ke CTOMT OTMETHTb, YTO B TepHoJ] mepepaboTku okucieHHOH pyasl OI'P na 3VIdMaiickoe 10
TEXHOJIOTUM COPOLMOHHOTO BBILIEIaYMBaHUs, A CHIDKEHHs 3(dekra mnper-poOOHHra MPUMEHSUIH AN3ENIbHOE
TOIUTUBO B 00BEeMe 2 KI/TH pyIbl B ONEpalNH MpeHoKHCIeHus. D dexra NHrHONPOBaHUS YTIIUCTHIX BKIFOUSHHNA
JOCTHTHYTO HE OBIJIO, HA ATO yKa3bIBaeT HU3KHUI K03 duiment n3pnedeHus (copommmu) 30510ta Ha yroias — 55,04%.
B mpoBeneHHBIX HaMH ONBITAaX YAAIOCHh JOCTUTHYTh CHIDKEHHS pacxoja IU3eIbHOTO TOIUIMBA B 4 pasa, 4TO
TIO3BOJIMIIO CHU3UTH BO3JCHCTBHIE SKOJIOTHUECKOTO ACTIEKTa.

C.C. KEBE/Ib, B.B. KOUYPA
Joneyxuii HayuoHanbHuIl MexHuuecKull yuugepcumem, 2./[oneyx

AHAJIN3 OCBOEHUA TEXHOJIOT'UH BAYBAHUA
NBLJIEYTOJIBHOI'O TOIIJIMBA HA YAO «<EHAKUEBCKUH
METAJJTYPTUUECKHIA 3ABO/I»

ITocTanoBka 3aga4un

Baxnelimas 3agada 4epHOHM METAJUIyprHMHM - CHIDKEHHE YHEPrOEMKOCTH METAIUIONPOAYKIMH HE MOXET
OBITH pemeHa 0e3 CyIIECTBEHHOTO COKpAIeHHUs pacxosa KOKca Ha BBIIUIABKY 4yryHa. IloaToMmy ocoboe 3HadeHHE
IpUOOpeTaeT MUPOKOMAcIITAOHOE BHEAPCHNE TEXHOJIOTUH JOMEHHON IUIaBKH C BAYBAaHHUEM B TOPH IBIJICYTOIBHOTO
torusa (ITYT), npuroToBieHHOro U3 HeACUIMTHBIX 1 OTHOCUTEIILHO HEJAOPOTHX HEKOKCYIOLIMXCS MapoK yIie ¢
HU3KUM COJIEp>KaHueM cepbl U 30ibl. [IpeumyinecTBaMu yrisl IO CPaBHEHUIO C JIPYTMMH 3aMEHUTEIAIMH KOKCa
SIBJISIETCSI €T0 HU3Kasi CTOMMOCTD, OOJTBIIIHE 3aI1achl M BRICOKAS TEIUIOTa CropaHust y pypM nomeHHoO# meuw [1-3].

PesyabraTsl npoMbinieHHOro BHeapenus ITY T-rexnoJsiorun

EnaxueBckuit merammyprudeckuit 3aBon (HAO «EM3») umeer OnarompusTHBIE MPEANOCHUIKH IS
BbICOKO3(ekTnBHOrO ucmonp3oBaHus I[IYT: coBpeMmeHHBIE HOMEHHBIE medn oObemom 1513 u 1719 M,
arnodadpuka, cknany okxarsimedl M kokca (COK), mpemycMaTpuBarOIMii MOATOTOBKY OCHOBHBIX IIMXTOBBIX
MaTepHajioB K IUIaBKe, Bo3ayXxoHarpeBaTtenu Kamyruna ¢ remmneparypoit 1ytes A0 1250 °C, 10TKOBOE 3arpy304HOE
ycrpoictBo Ha II1-3 u apyroe.

Jus peammzanuu [TY T-texnonornu ¢upmoii Kuttner moctpoena coBpemenHas [1Y T-ycTaHOBKa, BBeICHHAS
B 3KcIUTyatauuio B 1-m kBaprane 2016 r.

Vcrionp3yemble MIMXTOBBIE MaTepuaisl: cBoil armoMepat u okatsimm CeBI'OK ¢ orceBoM Menoun (0-5 M),
Kokc ABJnieeBckoro, EnakueBckoro u MakeeBckoro KX3.

Hnst mpousBoactBa [IYT moctaBmsiicss Ky3Henkuid cnabocnekatomuiicss yronp mapku CC (0-50 mm) ¢
coneprxkanueM cepbl 10 0,2 %, 305161 — 7,5 %, nerydux Bemiects — 22 %.

Ocoenne [1YT-rexnonorun Ha YAO «EM3», HauaToe ¢ mapTa 2016 1. Ha qoMeHHOM neun Ne5 ([I1-5) u ¢
20 ampemss 2016 r. ma [II-3, mpoxommwmo B HEONAroNPHATHBIX MIUXTOBO-TEXHOJOTHYECKUX YCIOBHAX H3-3a
HepeTyJSIPHBIX TTOCTaBOK, IIPEX/E BCETo, XKele30pyaHbIX MatepranoB (okarsimeii CeB'OK), m3mMeHeHus: kadecTBa
kokca (Mapku u KX3-nocraBimukn).

Ha JII-5 ocBoeHa TEXHOJOTHs C BAYBaHHEM B IOPH MBUICYTOJIbHOIO TOIUIMBA COBMECTHO C MPHPOIHBIM
razoM (ITYT+IIT") u meuteyromproro Tormuea (IIYT) (tabmn. 1) [4,5].

Tabsmua 1 - [Tokazatenu padotsr AI1-5 YAO «EM3»

[Tepuosl
;ﬁgagib 20.03- 11-31.07.2016
Tokasarenu 201’16 21.04.2016 (2-it
(Gasombiii) (1-# omIBITHBIIT) OTIBITHBIH)
Texnonozuueckue noxasamenu:
[Tpon3BOANTENBEHOCTD T/CYTKH | 25955 | 2999,6 | 2896,7
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VY nenbHas IPOU3BOJUTENBLHOCTD, T/(M3cyT) 1,715 1,983 1,915
Pacxos Tommuea, Kr(M°)/T 4yryHa:
KOKC 564,2 440,7 440,0
KOKCOBBIII opeliex 34,6 34,1 34,1
IyT 0 127,8 122,1
Inr 0 21,0 0
PacxoJ| CyXMX MaTepualioB, Kr/T 4yryHa:
arnomepar EM3 634,1 571,8 689,8
arnomepar IOI'OK 0 0 165,7
okatbimu Ces['OK 1038,3 1050,1 788,5
W3BECTHSK 75,9 55,2 43,6
KOHBEPTEPHBIH MIIaK 60,1 95,1 66,2
JlyThe:  pacxof, M°/T uyryHa 1552 1535 1384
COoJIepIKaHUE KUCIopoa, %o 20,0 23,0 22,8
Temmeparypa, °C 906 1100 1100
JIaBJICHUE, aTM 2,495 2,555 2,61
Crenenp ucnoan3oBanus CO, % 35,0 35,35 35,19
Conepxanue B uyryse, % : Si 0,55 0,67 0,64
S 0,061 0,070 0,083
BpIxox 1utaka, Kr/T 4yryHa 430,5 393 390,3
OcnosHocts nmaka, CaO/SiO, 1,16 1,09 1,08
Cognepxanne MgO B nutake, % 5,48 5,72 511
Pacuemmnvie noxazamenu:
OOneMHas 1011 KOKCa B IIKXTE, %o 56,2 51,8 51,7
Teoperuyeckas remmeparypa, “C 2102 2132 2192
Pacxon yrmepona, mouieniiero 10 Gypm, Kr/T 4yryHa 340,8 284.,6 259,6
BBbIX0J TOPHOBBIX Fa30B, M°/T UyT'yHA 1932 2049 1809
BBIX0a BOCCTAHOBUTENLHEIX Ta308, Mo/T 9yryHa 651,68 862,11 736,36
CreneHpb NpSIMOT0 BOCCTAHOBIICHHS, Yo 53,65 27,44 35,52
[Tpuxoj cephl ¢ NIMXTOW, KI/T YyryHa 6,59 5,874 6,03
Pacxop ycII0BHOTO TOIUIMBA, KI/T YyTryHa 607,68 634,0 602,0
K.m. 1. ucronp3oBanus Temia mneuu, % 85,08 76,26 80,99
BBbIX0J1 KOJIONIHMKOBOTO ra3a, M /T 4yryHa 2154 2131 1953
Onpedensawowjue noxazamenu:
PynuHast Harpyska, T/T KOKca 2,92 3,67 3,61
BrIxo maka, Kr/T KOKca 763 892 833
BBbIX01 TOPHOBOTO ra3a, M /T KOKca 3355 4649 4120
ITpuxo MeIoYH C MIMXTOH, KI/T KOKCa 179 201,4 207,2
CKOpOCTh ra3a B pacmape, M/c 8,36 13,36 11,11

W3 comocraBneHus: 6a30BOTO M OMBITHBIX IEPHOAOB ClienyeT, yTo BayBaHHe B TopH IIYT B 1-M u 2-m
nepuonax 127,8 (+21 v IIT) 1 122,1 kr/t YyryHa 00ecreunio CHIKEHHE pacxo/ia KOKCa COOTBETCTBEHHO Ha 1235
n 124,2 xr/T uyryna (22 %). IIpx 3TOM ITPOU3BOANTEIHHOCTH TIEYH NOBBICHIIACh B MCCIIEAYEMBIX nepruoaax Ha 404,1
t/cyt (15,6 %) u 301,2 t/cyt (11,6 %).

Cymmapsbiit ko3ddunueHT 3ameHbl Kokca coctaBwi 0,97 m 1,02 kxr/kr. 3a UCKIOYCHHWEM BIUSHU
KoMneHcupyromux mepornpuatuii u [ koagdumument 3amensl kokca [IYT cocrasun B 1-M u 2-M nepuogax 0,63 u
0,76 xr/kr. OCHOBHO# MPUYMHON YKa3aHHOTO PACXOXKICHUS SBILICTCS KpailHe HU3KWI IMOKa3aTelh HCIOJIh30BAHUS
BOCCTaHOBHTEIBHOTO MOTEHI[MAA TOPHOBBIX Ta30B (1) 35; 35,35 u 35,19 %, a coaepkanne CO; B KOJOITHUKOBOM
raze 13,2; 13,5u 13,9 % B 6a30BOM U OMBITHBIX MEPHUOJIAX).

AHaJOTH4HBIE PE3yIbTaThl MOJTYYEHBI MPU COMOCTaBIEHHH 0a30BOTO M ONBITHBIX IEPHOIOB PabOTHI Ha
JI1-3 [4,5].

JI1-3 B 6azoBoM mepuoze pabortama ¢ BayBanueMm III', temmeparypoir aytes 1100 °C u coaepkanuem
kuciaopoxa B xaytee 22,67 %. IlosTomMy pecypchl KOMIIEHCHPYIONIMX MEPONPHATHII OBUIM 3HAYNTEIBHO
OTpaHMYEHHBl M KOMIIEHCHUPOBAIUCh BBIBOJOM M3 COCTaBa AyThsl mpupojHoro rasa. IIpumenenue IIYT B 1-m
OTMBITHOM NE€PHOAE MO3BOIMIO NMPH MPAKTHYECKH HEU3MEHHOH NPOU3BOAMUTENBHOCTU MEUU CHU3HUTh PAacXoj KOKca
Ha 41,2 xr/T yyryHa (8,6 %) n I1I" Ha 58,3 M T YyryHa.

CymmapHbIii koadduieHT 3aMeHbl Kokca yriiem cocraBui 0,31 u 0,56 kr/kr B 1-M M 2-M OIBITHBIX
nepuoaax. [Ipu aTom nepepacxon Kokca 3a cuet BeiBoza [1I" coctaBmit 46,64 kr/T 4yryHa.

Huskas cremeHp WCHONB30BAaHUS BOCCTAHOBUTEIHHOTO MOTEHIMATAa Ta30B ONPEACNSACT IOBBIIICHNE
pacxojia Kokca. B oTeuecTBeHHOM 1 3apy0OeKHOM NMPaKTHKE BHIIIABKU YyTYHA 1\, COCTaBIsACT 45-55 % (conmepxanne

" UyryH nojBepraics BHEIOMEHHOM JIeCyb(ypanuy B KUCIOPOIHO-KOHBEPTEPHOM LIEXE
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CO, B KOJNOWIHUKOBOM raze - 16-24 %), uyto HapaBHE ¢ ApyruMH (akTopamu 0OECIeYHBacT CHUIKEHHE Pacxoia
Kokca 10 250-350 kr/t gyryna [1,2]. OCHOBHO!M NPUYMHOW HU3KOTO 3HAYCHHUS CTCIICHU MCIOIBb30BaHus Ta3a (1,,) B
yenosmsix YAO «EM3» sBrsieTcss HU3KOe M HecTaOMIbHOE KauecTBO KOKca (Tiokazateins ropsaeit mpogHoct (CSR)
coctaBisit 45-55 %. EcrectBenHo, uto mpu ucnonb3oBaHuu IIYT U COOTBETCTBEHHOM CHIDKCHHMH Pacxofa KOKca
MpOLECC pa3pylICHHE KOKCAa B INEYM yCHIMBaeTcs. B 3apyOexHOW mpakTuke mpu paboTe JOMEHHBIX Iedel ¢
npumenerneM ITYT Bemmunua CSR oroBopeHa motpeGuTesieM u cocTaBisieT He Menee 65 % [1].

Bo 2-m ombiTHOM nepuone Ha JII1-3 moBbiieHa 3¢(EKTHBHOCTH KOMIEHCHUPYIOIIMX MEPOIPUSTHH:
YBEJIMYEHO COJEpKaHue Kucjopona B ayThe (2,44 %), moBelllIeHa TeopeTHueckas temieparypa ropenus (95 °C),
CHIDKEHBI PacxoJl KOHBEpTepHOro mwiaka (47,2 kr/t 4yryna) u ocHoBHocTh 1wiaka (0,05 eanHwur), 6maromnpusTHO
W3MEHWICSI COCTaB JKele30pyAHoi dactu muxThl (+323,9 kr/t uyryna armomepara IOI'OK). Dto mo3Bommio
moBeicuTh 10 138,8 kr/T uyryna pacxon IIYT, cuusuth pacxonm kokca (77,6 xr/t uyryna, 16,3 %), MOBBICUTH
npousBoauTensHOCTh neun (370 t/cyt, 11,8 %).

BriBoabI

Ocoenne [1YT-texnonornn Ha YAO «EM3» mHauaTto ¢ mapra 2016 r. ma JI1-5 u ¢ 20 ampens 2016 r. Ha
AI1-3. Ins npurotoiernus [IYT ucmonb3oBancs BRICOKOKaYeCTBEHHBIN Ky3Henkwid yroiap Mapku CC (A=7,5 %,
S5=0,2 %). Hcnonp3yemblii KOKC He OTBedan TpeOoBaHHMAM coBpeMeHHOW I[IYT-TexHomormm wu3-3a HHU3KOTO H
HecTaOMIPHOTO 3HAYECHUS MOKa3aTens ropstaeid nmpodHocTH (45-55 %) u HecTaOMIBHBIX TEXHHYECKOTO aHANIW3a U
(hpaKIIMOHHOTO COCTaBa MOCTABIINKOB KOKCA.

IIpomsbinennsiii onbIT ocBoeHus IIY T-rexnonoruu Ha JI1-5 n03B0IMI CHU3UTE PACXOJ KOKCA B OIIBITHBIX
nepuosaax Ha 123,5 u 124,2 xr/T uyryHa (22 %). IIpon3BoguTeIbHOCTD MY IpH 3TOM NoBbicuiiack Ha 404,1 T/cyT
(15,6 %) 1 301,2 1/cyt (11,6 %).

Ha JII1-3 B ombITHBIX mepuojax pacxon Kokca cHuzmicsa Ha 41,2 kr/t uyryHa (8,6 %) u 77,6 xr/T 4yryHa
(16,3 %). TlpomsBoauTenpHOCTh Meun mpu BayBanuu I1YT moseicumace Ha 33,9 1/cyt (1,07 %) u 370 T/cyr
(11,8 %).
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H.A. 3BJAI'HHIEBA, B.I'. HAYMEHKO, H.M. MAJKAPA
Loneyxuii nayuonanvHuIli mexHuueckuu ynugepcumem, [loneyx

NCCIEAJOBAHUE ®AKTOPOB, BJUAIOLINX HA
T'PAHYJIOMETPUYECKH COCTAB AHTPAIIMTOB ITIPU
MEXAHUYECKOM PA3ZPYHIEHUHA

IIpoBeneHbI JKCIEPUMEHTANBHBIE HWCCIICAOBAHMS TI0 MEXaHHYECKOMY pa3pylIeHUIO aHTPAaIUTOB.
IIpencraBneHsl pe3yiabTaThl CHTOBOTO aHANIHM3a IMOJYYCHHBIX MPOAYKTOB. YCTAaHOBIIEHA 3aBUCHUMOCTH CTEIICHH
pa3pylLIeHUs: aHTpaLUTa OT €ro CTPYKTYPHBIX U TEKCTYPHBIX XapaKTepUCTUK. MI3MeHeHue KPYIMHOCTH YacTULl U UX
nepepacnpesieieHie B KilaccaX KPYIMHOCTH TakKXe 3aBHCUT OT KOJHMYECTBa MaJeHUN Marepuana. IDTO JaeT
BO3MOKHOCTh YCTAHOBHUTH yYaCTKH TEXHOJOTHYECKOW NEmOYKH (HaOpUKH, SBISIONIAE UCTOYHUKAMH HAUOOJBIIETO
pa3pylIeHUs: 1 U3MEHEHHSI TPaHYJIOMETPUUECKOTO COCTaBa MPOIYKTOB.

Kniouesvie cnoea: aHTpauur, TpaHYJIOMETPUYECKUH COCTaB, KJIAacC KPYMHOCTH, MEXaHUYECKOe
paspyleHue, nepepacnpeaeiacHue, pU3nIecKue CBOMCTBa

Beeoenue. KonnuecTBO M KadecTBO COPTOBBIX KOHIIEHTPATOB SIBISIOTCS OCHOBHBIMHU IOKa3aTesMU
paboTel 00oTaTUTENBHBIX (haOpuK, TepepadaThIBAIONINX aHTPAIUTHL. TEeXHOJOTHYECKHE CXEMbl peaTn30BaHbI
OOJBIIUM KOJIMYECTBOM OOOTAaTUTENHHOTO, BCIIOMOTATEIHHOTO W TPAaHCHOPTHOTO 00OpymoBaHUsA. B OTOENbHBIX
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y3/1ax 3TOH LENOYKHM MMEETCs] 3HAUMTENbHBIH Iepenasn BBICOT. Takue Mmepenaabl BCTPEUAIOTCS MPH IMEperpy3ke
MaTepruala Ha JICHTOYHbIE KOHBEHEpHI, B pPAa3IMYHBIC ammapaTtsl W OYHKEPHI, W SBISIOTCS HCTOYHHKAMH
MEXaHWYECKOTO pa3pyIIeHWs KyCKOBOTO aHTpamura. IIpOoXOoXIEHHE pSAOBOTO aHTpalMTa IO TOYKaM
TEXHOJIOTHIECKUX OTIepalrii COMPOBOXKAAETCS U3MEHEHHEM ero KpymHocTH [1,2]. MexaHmdeckoe BO3ACHCTBHE Ha
YaCTHLBl MPUBOJUT K HM3MEHEHHIO CHTOBOTO COCTaBa MCXOJHOTO MaTepHana W IepepaclpefeICHHIO KIacCOB
KpPYITHOCTH B TpaHyloMeTprueckoM mauamazoHe [3]. Tarke Ha rpaHYJIOMETPHYECKHN M (PAaKIHOHHBIA COCTaBBI
CYIIECTBEHHO BIMSIOT (M3MYECKHE CBOWMCTBA aHTpAaLUTa M MHUHEPAJbHBIX mpumecedl. CHTOBBI cocTaB H
nlaMooOpa3oBaHMe B Mpolecce TepepadOTKH  CBSI3aHBI € MEXaHMYECKOH IPOYHOCTBIO —aHTpaluTa |
CONYTCTBYIOIIMX MOPOJ, KOTOpas OLEHHWBACTCS B 4YaCTHOCTH, XPYIIKOCTbIO. PaspylieHue KycKOB yriei B
3HAYUTEIBHON MEpe OMpPEACNACTCS HE TONBKO XPYMKOCTBIO YTOJBHOTO BEIIECTBA, HO M HAIM4YHMeM TpeuwmH [4].
HawuGosee 1mojHO 5TO CBOMCTBO MPOSBIISIETCSI BO BPEMsI TPAHCIOPTUPOBKH, Ha Mepenajax, Npu CoylapeHUn KYCKOB.

Ilocmanoséka 3ad0auu u ananu3z pe3yabmamos. 3ajgadeil HCCIENOBAaHUS SABAIOCH YCTAHOBUTH
3aBUCHMOCTH IIEpepaclpeieeHHs KIacCOB KPYITHOCTH IIPH MEXaHNIECKOM BO3JICHCTBHH. B KadecTBe MccinexyeMbIx
00BEKTOB OBUIH B3ATHI aHTPAITUTHI TPEX IMAXT KpymHOCTHIO Oonee 100 mm. O6pa3ms! nepBoii maxtel (Nel) u BTOpOit
maxTel (Ne2) UMenn CIOUCTYIO TeKCTYPY C BUAMMBIMH TPEIIMHAMH; 00pas3mbl MepBOH IMIAXTHl OTIMYAIHNCH Oojiee
BEICOKHUM COJEp)KaHHEM MUHEpANbHBIX IpPUMEceH; B aHTpanuTax TpeTbel maxThl (Ne3) 4eTko mpocieKnBaiach
mojocyarasi CTPYKTypa. AHTPALUTHl OTACIBHOM IIaxThl Opocamw ¢ BBICOTHI 4,5 M; KOJMYECTBO ITOBTOPEHHUH
coctaBmino 8-10. ITocnme Kaxmoro mageHWs BBIIONHSUIM PAcceB AJSI ONPENCICHUS CTENEHH pa3pyLICHUS KyCKOB
Marepualia ¥ IepepacrpeiesieHusi KiIaccoB KpymHocTH. [lo pesysibraTam OIBITOB OBUIM TOCTPOECHBI TpadHKH
3aBHCHMOCTH BBIXO/Ia K&X/IOT0 Kilacca KPYIHOCTH OT KOJIWYECTBA MOBTOPEHUI maaeHus (puc. 1-3).

a) )

|

fem e et e en [

Pre, 1. PacopeaencHAe XIACCOR KPYIMHOCTH B OOPAIUAX AHTPAUATA MAXTE Nel
a) BRXOIN KIAccoB Doaee SO sog 0) Baixoas xiacoos Meaee SO wu

Ha puc. 1 mnpencraBneHsl pe3yiabTaThl HCIBITAaHUS 00pa3noB maxTbl Nel, oTaMyarommxcs
HaJIMYMeM OOJIBIET0 KOJIMYECTBa MUHEpPAIbHBIX NMPUMECei, 0 CpaBHEHHIO ¢ ApyruMH obpasuamu. Ha rpadukax
BHJHO, 4TO TIOC]E 4-X MaJeHUil pa3Mepsl HCXOJHBIX KyCKOB NMPAKTHUECKH HE U3MEHHWIINCH, OTKOJIOIHNCH OT/ENbHbIE
YacTHUIIBI KPYITHOCTHIO 6-13 MM, MOABHIICA M IOCTETIeHHO IpubaBisiics kiace 0-6 MM. [lepeoMHBIM SABHIOCH 5-0€
najieHue, B pe3yibTaTe KOTOPOro KPYMHbIE KYCKH pPa3pyLIMJIMCh HAa HECKOJIbKO 4YacTed. bomnbiias ux dyactb
cocramia kiacc 50-100 mm (oxomo 87 %), oOpazoBancs kmacc 25-50 mm (7,4 %), ocrampHas Macca
mepepacIpeeiach MKy HIDKHUMHA kiaccamd. C yBeJIMUYCHHEM YHciia MaJeHUH OOJbIIe BCETO pa3pyIIHIINCh
YacTHULBI KPYIMHOCTBIO 25-50 MM, 3aMETHO UX pacnpeiesieHue MeXIy HIKHUMH Kiaccamu. B nenom mocne 10-tu
NaJIeHU OCHOBHBIM CTall KjlaccoM KpynHocTH 50-100 mm ¢ Bbixoaom 78,9 %. Beixoas! kiaccoB 13-25 mm - 7,6 % u
0-6 MM — 9 %; 10 2,3 % cocTaBuiaH Kaaccel 25-50 MM 1 6-13 MM,

a) - a)

-

Pac. 1. Pactipeencane X3acC0B XPYTINOCTH B OOPAIUAX ANTPALNTS mwaxTi No2

2} BRExOXH Kanccoe Ootee S0 yd: 0) BRXOXN KuaccoB Meaee S0 Ma

Ha puc. 2 mokaszaHbl pe3ysbTaThl WCHBITAHWSA 00pasioB IMIaxXThl Ne2, M0 KOTOPBIM BHAHO, YTO KYCKH
KkpynHocThi0 >100 MM Haganm paspymaTtbes IpH 2-M THaJeHHH, o0pa3ys HIKHHE KIAacChl KPYITHOCTH.
[Mocnenyromue maaeHUs COMPOBOXKIAINCH MOCTEIICHHBIM pa3pyIIeHHEM KPYIHBIX KYCKOB M TEpexo]l ux B Ooiee
Menkue kinaccsl. HaunHast ¢ 8-ro magenus, kycku 6omee 100 MM 3HAUWTENBHO YMEHBIIAIOTCS B pasMepax, mpu 9-m
MaICHUN OHU MOJHOCTBIO Pa3pylIaroTcs; 3a CUET ITOr0 yBenuumBaeTcsa Bbixof kinacca 50-100 mm mo 57,5 %. B
pe3ynbTare 10-TH mageHuil pacupeaencHue KiaccoB KpymHocTH cieayromee: 50-100 mm ¢ BeixogoMm 53,3 %; 25-50
MM — 3 %; 13-25 mm —14,3 %; 6-13 MM — 13,8 % u 0-6 mm — 15,6 %.
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Puce. 3. PaCﬂthCJt‘H)’.t KJacCoB KPYIIHOCTH

8 00PA30AX AHTPAUHTOR maxTs Ne3

Ha puc. 3 mpexacraBineHsl pe3yiabTaThl UCHBITaHHS 00pas3noB Ne3, OTIMYAIOMIMXCS SBHO BBIPAKEHHOM
nojocyarod CTpyktypoil. Ha rpadukax BUIHO, YTO HCXOIHBIE KYCKH aHTpaumuTa KpymnHocThio >100 mm
pa3pyLIWINCh TpU NEPBOM MajeHuH, o0pa3ys miTh kinaccoB kpynHocTu: 50-100 mm ¢ Beixomom 51 %; 25-50 MM —
32,4 %; 13-25 mm — 6,6 %; 6-13 mm — 0,6 % u 0-6 mm — 9,4 %. [Ipu mocnenyOMmMuUX MageHUSIX HaOIIOJacTCs
YMEHBIIIEHHE B 2 pa3a kinaccoB KpynHocTH 50-100 MM u 25-50 MM, npu TpeTbeM NaJCHUM YacCTHULBI KPYHIHOCTHIO
50-100 MM MOJTHOCTBIO pa3pymIriInchk. B pesynbrare 10-Ti mageHuid KpyHbIE KIAaCChl TIOIHOCTBIO ucuesny; 42,3 %
coctaBui mTEIO 0-6 MM; 28,2 % u 25 % kmaccel 13-25 MM u 6-13 MM cooTBeTCTBeHHO; Kitacc 25-50 MM Bcero 4,5
%. Takoe 3HaUUTENBEHOE pa3pelIeHNe KPYITHOKYCKOBOTO aHTPAIMTA CBA3aHO C HAJTHMYHEM OOJBIIOTO YHCIIA TPEIIHH
B JaHHBIX 0Opa3max.

ITomy4eHHBIX CHUTOBBIE XapaKTEPUCTHKH MOKA3bIBAIOT, YTO MaTepHal pa3HBIX MIAXT UMEET Pa3IHYHYIO
CTENEeHb Pa3pyLICHUs KPYMHOKYCKOBOTO aHTpAIlUTa M, KaK CIIEICTBHE, HEPAaBHOMEPHOE paclpejieieHHe KJIacCOB
KPYIHOCTH B NPOAYKTaX. DTO HEOOXOIUMO YUHTHIBATH IPH OOOTALCHWH LIMXTHI, B KOTOPYIO BXOJHT CHIPBE C
Pa3IMYHBIMH XapaKTepUCTUKAMHU.

Ha puc. 4 nmpuBeicH yCpeITHCHHBIH CUTOBBINM COCTaB UCIIBITYEMbIX 00pPA3I[0B BCEX IIAXT.

Ha rpajdukax BUAHO, YTO TONyYEHHBIC YpaBHEHUS IJIMHUHM TPCHOA YCPECOHEHHOW XapaKTepPHCTHUKU
COOTBETCTBYIOT MHXKCHEPHBIM pacueTaM; BBHICOKHE 3HaueHHS Ko3(duimeHTa CBHICTENBCTBYIOT 00 aleKBaTHOCTH
JAaHHOW MOJIEH UCCIIENyEMOMY MpOLIECCy.
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Puc. 4 Pﬂl‘ﬂp!‘JC‘:ﬂ[“f KMaCCoOB KPVIIHOCTH D IINXTC

a) BMXOIN KIACcoB 0oaee SO v 0) BaXOIM K3accop Memee SO My

3aknwuenue. Ilo pesynbraTaM UCCIEIOBAaHHWN, MOXKHO CHIENATh BBIBOJ, YTO NpPH MaJ€HHH C BBICOTHI Ha
CTENICHb pPa3pyIICHHUs AaHTPAIUTOB W CYIIECTBCHHBIE HM3MEHEHHS T'PAaHYJIOMETPHYECKOr0 cOcTaBa B OOJBIICH
CTEIICHU BIIMAET TEKCTypa MarepHuala, pacKalblBAHME IIPOMCXOLWIO IO TPEIUMHAM KIUBa)Xxa M JIMHUAM
HarutacToBaHus. C yBeJIMYEHHUEM KOJIMYECTBA MaJACHUI CHUXKAETCS BBIXOJ KPYIHBIX KJIACCOB, KOTOPBIC MEPEXOIST B
MEJIKHE KJIACChl. DTO OCOOEHHO Ba)KHO YYHMTBHIBATh MPH HAIMYMHM B TEXHOJOIMYECKHMX cxemax (abpuk 00JbLIOTO
KOJIMYECTBA YYAaCTKOB, MMCIOIIMX 3HAYUTENIBHYIO BBICOTY MIIM Iepenajbl BbICOT. JlaJbHEHIINE HCCIeI0BaHU
IIO3BOJIAT IIPOTHO3UPOBATh KOJUYECTBEHHBIE II0KA3ATEIN TOBAPHBIX IIPOAYKTOB B 3aBUCUMOCTH OT XapaKTEPUCTUK
BXOJSAIIETO ChIPbSL.

JIMTEPATYPA
1. HA. 3eaeunyesa. MonenupoBaHue IepepaclpeesieHns] KIacCcoB KPYNMHOCTH aHTpalHTa IpH
MEXaHW4eCcKOM paspylieHnu // IlepcrieKTHBbl MHHOBAIMOHHOTO Pa3BUTHUS YrOJBHBIX pernoHoB Poccun: COopHHK
TpyznoB V MexayHapoiHOH Hay4qHO-IIpaKTHYeCcKoi kKoH(pepenuunu. IIpokonbsesck, 2016. — ¢.355-357.
2. HA. 3ssacunyesa. VccnenoBaHne mnepepaclpesiesieHus KIacCoB KPYIMHOCTH B MPOJIYKTax
oOoramieHust aHTpaluTa Ha OCHOBE Pe3yJbTaToB onpoOoBaHus // DyHIaMeHTaIbHBIE M NPHUKIIAaJHbIE TPOOIEMBbI B
rOpHOM Jieie. MartepHuasbl BCepOCCHIICKOI HayuHO-TeXHUUeCcKoi kKoHpepenimn. Mexnypeuenck, 2016. — ¢.97-99.
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3. HA. 3eseunyesa. Omupenenenue KodI(QPHUIMCHTOB H3MEIbUCHHUS KIaCCOB KPYITHOCTH B
MPOyKTaX 00OTaTUTENbHOU (HaOpHUKH Ha OCHOBE MPAKTUIECKUX PE3yIbTaTOB // «30aradyeHHs] KOPUCHUX KOTIATHHY.
HayxoBo-Texuiunnii 36ipauK. Bumyck 62(103), Juinponerposcerk, 2016. - ¢.51-56.
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A.C. MAPKOBA
00O 3oromopyonas komnanus «Maiickoey

CKOPOCTHAA ®JIOTALUA KAK CITOCOb CHU/KEHUA ITIOTEPDH
30J10TA

IIpu oborameHun 30J0TOCOAEPKAIMUX PYI MMEIOT MECTO TOTEPH METaula, Ui COKpAIICHHS KOTOPBIX
HEOOXOIMMO HCIOJB30BaTh PA3IHYHBIC TEXHOJOTHYECKHE MPUEMBI. OIHHM U3 BUAOB IOTEPH SBIAIOTCS MOTEPH
30JI0Ta CO MUIAMaMH. Takue MuIaMbl 00pa3yoTCs B IUKIIE PYAOIOATOTOBKH B PE3yNbTaTe IIEPEH3METbUCHIS PYIbL.
Ecimm cBOEBpeMEHHO HE BBIBECTH JTOT METAlI W3 CXEMBI, OH mepeinér B xBocTeLllenms namHO# pabOTHI
3aKIIIOYAeTCsl B COKpAIIEHNH MOTEPh 30JI0TAa ¢ OTBAIBHBIMH XBOCTAMH 32 CUYET CHIDKCHHS NUIaMOOOpa30BaHUSHA
CTalu! U3MEJbUCHUS C TIOMOITHIOBHEIPEHUS MPOIIECCa CKOPOCTHON (IIOTAIINH.

CkopocTHasi ¢uoTanus HaxoIUT Bc€ Oosblliee NMPUMEHEHHE CPEAM MPEANPUATHHA TOPHOJO0O0BIBAIOIICH
MPOMBINIICHHOCTU. M3y4eHHI0 3TOro BOIpOca MOCBSIIEH psif padoT. Bkparie 0 CKOPOCTHOH (IOTAIMHU: 3TO
MPOIECC MTHOBEHHOH (hIOTAIMK BHICBOOOKICHHBIX MUHEPAIBHBIX YACTHIl M3 [UPKYJIUPYIONICH HATPY3KU KOHTYpa
n3MenpueHus. Hu JJId KOro HE CCKPET, YTO Pa3JACIICHUEC YacCTUll B THAPOUHUKIIOHAX MNPOHUCXOIUT HE TOJIBKO IIO
KPYIHOCTH, HO M IO yIeJIbHOMY Becy. Tak, 4acTHUIIbI C BHICOKOW TUIOTHOCTBIO JiaXKe MPH UX HEOOJBbIIONH KPYITHOCTH
OCTalOTCS B IHPKYJIUpYIOIIeH Harpy3ke. Takod MPOAYKT SIBJISETCS OJarompHATHBIM Ui (JIOTAalMu, T.K. B HEM
COIICP)KUTCS MEHBIE IIIAMOB, 4 YaCTHIBl IICHHOTO KOMITOHEHTa WMEIOT OoJiee YUCTHIC W MEHEe OKHCIICHHEBIE
MIOBEPXHOCTH.

OOBEKTOM HCCIIEOBAaHUI BBICTYITHIIA 30JI0TOCOACPKAMIASIBRICOKOYTIIEpOANCTas pyna. Pyma oTHocHuTCs K
Cynb(pUIHOMY THITy apCEHONMUPUT-MUPUTHOTO cocTaBa. Cpeaw HEpYIHBIX MHHEPAIOB TJIABHOC MECTO 3aHUMAIOT
KBapIl, MyCKOBHT, IIOJICBOW IIIAT W JKEJIe30-MarHUEBhIH KapOoHAT. BaxHO#l 0COOEHHOCTHIO JAHHOTO THIIA PYIIBI
SIBJISIETCSL TIOBBILIEHHOE COJIEpKaHue opranndeckoro yriaeposaa ot 0,4 mo 2 %.

[Tepen HauanoM (GIOTALMOHHBIX OMBITOBOBUIO U3YYEHO paclpe/ieieHHe METaJUIOB MO KilaccaM KPYITHOCTH
B IleCKaX THAPOLMKIOHUPOBaHUs (Tabmuma 1).

Tabmnuua 1 — Pe3ynbTaThl CHTOBOrO aHaIM3a MECKOB BTOPOH CTaANU KilacCU(pUKaIK

Knacc xpynmHOCTH, MM Beixon, % Conepxxanue AU, T/T Pacnpenenenue, %
+0,5 10,65 11,86 1,77
-0,5+0,25 16,97 35,23 8,38
-0,25+0,1 41,21 69,56 40,16
-0,1+0,071 7,96 167,15 18,64
-0,071+0,040 10,35 173,35 25,14
-0,040+0,020 3,56 93,65 4,67
-0,020+0 9,30 9,55 1,24
Hroro 100,00 71,37 100,00

Kax BugHO u3 Tabmuust 1, ~84% metamia CKOHIEHTPUPOBAHO B kiacce kpymHoctu -0,25+0,040 MM, 9to
TOBOPHT O BO3MOXHOCTH €ro W3BJIeueHUs (IioTarueii.

[ToucKoBBIE ONBITHI [0 CKOPOCTHOMW (QJIOTALIMH MTPOBOJMIIMCH B OJIHY OIEpAIIMIO, C IPUMEHEHHUEM pearcHTa-
aKTHUBATOPA MEIHOTO KyIopoca 1 peareHTa-cooupareins OyTHIOBOrO KCAHTOTeHATa Kajus. B mepBoii cepuu ombIToB
BapbUPOBAJICS PACXOJ aKTUBATOPa, BO BTOPOM — pacxox cobuparens (pucyHok 1). Ilo pe3ynbTaTaM ONMBITOB OBLIH
YCTaHOBJICHBI ONTHMAJIbHBIC PACXO/bl PEareHTOB, MPU KOTOPBIX MOJYYHIIH JIy4IIHe TEXHOJOTHYSCKUe MOKa3aTel
(10 r/Tr MmemnOTO Kymopoca u 130 1/T KcaHTOTeHATA).
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» Crenens xonuenTpausn Ay = Msnnevenne Au, % = Buixoa konuentpara, %

Pucynox 1 — TexHosornueckue nokasareny JlabopaTopHbIX OIBITOB IO (IIOTAIUK:
a — npu u3MeHeHun pacxona CuSO,
0 — npu n3menenuu pacxoaa bKK

Crnenyromuii 3tan paboThl 3aKIOYANICS B pacuéTe KaueCTBEHHO-KOJUYECTBECHHON CXEMBbI NEHCTBYOIICH
(abpuKu U CXeMBI TIOCIIe BHEIPCHUS B He€ omepariy CKOpocTHOU Qurotanuu. bamanc meramna mo obeuM cxemam
npuBeE¢H B TabmmIe 2.

Tabmuma 2 — bananc meramia

[Iponykr | Brixon, % | Conepxanne AU, T/T | WzBneuenue Au, %
Tekymas cutyanuus
Komnuenrpar 8,73 60,27 86,24
XBOCTEI 91,27 0,92 13,76
Wcxonnbrit 100,0 6,10 100,0
Cutyanus nocie BHEJPEHUS
Konnentpar 1 2,22 136,00 49,54
Konuentpar 2 5,70 40,67 38,00
Konuewrpar 7,92 67,41 87,54
00beIMHEHHBIN
XBOCTEI 92,08 0,83 12,46
Hcxonnbrit 100,0 6,10 100,0

Ilo pesympTaTaM BBINOJHEHHBIX PACYETOB MOXKHO OTMETHTH, YTO B Cllydyae NPHUMEHEHHsS CXEMBI C
oreparyeil CKOpOCTHOMH (uioTalUy M3BJIEUSHHE 30J10Ta B KOHIIGHTpAT noBbiliaeTcs Ha 1,3% 1pH yBEeJIMYSHUH €ro
Ka4yecTBa M COKpalleHHH Bbixoaa. COOTBETCTBEHHO, KOJIMYECTBO (DIOTOKOHIEHTpATa CHU3MTCS, YTO MOBICYET 3a
co00iyMEHBIIIEHHE 3aTPaT IO €ro TPAHCIOPTUPOBKE CTOPOHHUM OPTaHU3AIHSAM.

Budunorpaguyeckuii cnucox

1. Koneman P.Ilpumenenne ckopoctHo#t dioTamun OyTOTEeK Ui MOBBIIICHHS U3BJICUYEHUS IIEHHBIX
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2. AxcenoB b.B., I'amorun A.1O. [Ipumenenne neckoBbixiuoTomammuSkimAir npu oboramieHun
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M.IO. IIPOINEHKO, C.B. TKAYEHKO, C. A. ®PUCTHUK, B. A.I'PSI3BHOB

Tocyoapecmeentoe obpazogamenvHoe yupescoerue blciieco NPopecCuonatbHo20 00pa306anUs
Jlyearcxou Hapoownoti Pecnyonuxu «/Jonbacckuil 20cy0apcmeennblii MexHUuYecKull YHUsepcumemy, 2.
Anuescx

CPABHUTEJIBHBIN AHAJIN3 DY®O®EKTUBHOCTH PA3JIMUYHBIX
CIIOCOBOB ITPOAYBKHA KEJE3OYIVIEPOAUCTOTI'O PACIIJIABA B
CTAJIEPA3J/IMBOYHOM KOBIIE

B Hacrosmee BpeMs COBPEMEHHBIE TEXHOJIOTHUECKHE CXEMBl IIPOM3BOACTBA  KAadECTBEHHOMH
METAIONPOAYKIINH U3 KENE30yrJICPOJUCTHIX CIUIABOB NPENYCMAaTPUBAIOT IEPEHOC OIEpaldii MO PACKHCICHUIO,
JIETHPOBAHMIO, pa(UHUPOBAHMIO, HArpeBy W TOMOTCHH3AIMM paciulaBa B CTAJEPa3IMBOYHBIM KoBHI. Takas
TpaHcdopManus TEXHOJIOTHH MO3BOJIMIIA 3HAYUTEIBHO YBEIHMYHUThH NIPOU3BOAUTENLHOCTD IIABUIBHBIX arperatoB u
o0ecreunTh BBICOKOE Ka4eCTBO MOJrOTOBKH METaJlIa JUIs TOCIIeyIOIeH ero pa3inBKy.

OnHuM 13 Haubosee pacpoCTPaHEHHBIX CIIOCOOOB KOBIIEBOM METaJUTypriH SIBJISETCS MPOAYBKa paciuiaBa
B KOBILIE WHEPTHBIM Ta30oM C IIEJbI0 €0 FOMOTEHH3alM{ 10 XMMHYECKOMY COCTaBy M TeMIlepaType, a Takke
paduHUPOBaHKS OT HEMETANIMYECKUX BKIIOYECHHUI DHIOTEHHOTO M DK30T€HHOro npoucxoaeHus. Kak mpaswuiio,
TakoW Crmoco0 BHENEYHOW 00pabdoTKM IpeAycMaTpHBAaeT BJAyBaHHE B paciulaB, uepe3 MOPHUCTHIE MPOOKH,
PAacIIOI0)KEHHBIE B JHUIIE KOBINA MM MOTPYXKHBIE ()ypPMBI, ONIPEAEICHHOTO KOJIMUECTBAa HHEPTHOTO I'a3a B €ANHHILY
BPEMEHHU.

CKOpOCTh TOMOTCHH3AIMHY 1 BO3HUKAIOIIMX B MPOIIECCE MPOAYBKH KOHBEKTHBHBIX TIOTOKOB HAXOAWTCS B IPIMOH
3aBHCUMOCTH OT YAEIBHOTO Pacxoia HHEPTHOTO ra3a. OHAKO NP yBEIMYCHNN HHTEHCHBHOCTH MPO/TYBKH BO3HUKACT PSIT
CYILECTBEHHBIX MPOOJieM OOYCIOBIECHHBIX Pa3BUTHEM MPOIECCOB BTOPHYHOTO OKHCICHWS M IOBBIIICHHOTO H3HOCA
(yTepoBKH CTaIepa3IMBOYHOTO KOBIIIA.

OCHOBHOW MpPUYMHOM BTOPUYHOTO OKHCIECHUS CTalM SBISETCA pAacKphITHE 3epKaja MeTaiia,
00yCIIOBJIEHHOE BBIXOJIOM MY3bIPHKOB HHEPTHOTO ra3a Ha MOBEPXHOCTh MPHU BHICOKOH MHTEHCUBHOCTH MPOIYBKH H
B3aUMO/ICHCTBUE €r0 C KHCJIOPOJIOM arMoc(epbl, YTO MPUBOJUT K OOPa30BaHUIO JIOMOJHUTEIHHOTO KOJHYECTBA
OKCHAHOW (a3bl, CHI)KEHHMIO KayecTBa CTAIM IO 3arps3HEHHOCTH HEMETAJUIMYECKHMMH BKJIIOUCHHSIMH, a TaKXkKe
BBIXO/1a TOJTHOTO METaJljla BBULY YXYALICHUS €ro YPOBHS (PM3UKO-XMMHUYECKHX CBOWUCTB.

[ToBbIlIEHHBIH M3HOC (YTEPOBKH MOXKET MMETh MECTO IPH BO3JCHCTBMM Ha Hee 00pasyloIuXCsl MpU
MIPOyBKE MHTEHCUBHBIX T'a30’KUIKOCTHBIX MOTOKOB. OCOOEHHO 3TO MPOSBISAETCS IPH NMEPEMEIICHUH ITPOTYyBOUHBIX
poOOK OMXKe K MOBEPXHOCTH CTEH KOBINA C LEJbI0 MPEAOTBpaIeHUs] 00pa30BaHMs 3aCTOWHBIX 30H B 3TOH YacCTH
00BeMa BaHHEI.

HccnenoBanue TUIPONMHAMHUKH IEPEMEIIMBAHUS METalla B KOBIIE B IIPOM3BOJCTBCHHBIX YCIOBHAX
SIBISIETCSI OCTATOYHO CJIOKHOM 3amadeid. [1o3ToMy OCHOBHBIE MapaMeTphl M XapakTep MOBEIEHHS MeTajula IpH
NIPOAYBKE WHEPTHBIMH Tra3amMH Haubojee YHAOOHO W3ydaTh C MHCHOJB30BAHHEM METOJO0B (DU3UUECKOrO
MOJIETTUPOBAHUS.

Ha ¢usnueckoit monenu cranepaznuBodHoro koBma [TAO «Amd4eBCkHi MeTalTypruueckuii KoMOuHaTY,
BBITMIOJIHEHHON C HCIONB30BaHHEM HEOOXOAMMBIX KPHUTEPHEB IOA00Ws, OBUIM IPOBEAEHBI HCCIEJOBAHUS IO
M3YYEHHUIO XapaKTepa IOBEACHUS MOJEIHPYIOMIEH >KUIKOCTH (BOABI) HPH TPATUIMOHHOM M IYJIbCHPYIOIIEM
pexume nojadn padpHHUPYIOLIETo Ta3a (BO3ayxa) uepes ABe NMPOIYBOUYHBIE MPOOKH KOHGHUryparus KOTOPHIX ObLIa
MaKCHMaJIbHO NMPUOIIKEHA K KOHCTPYKIIMH, UCTIONB3yEeMOH Ha IIPEATIPUSTHH.

BbazoBbIMu KpuTEpHSIMH 1TO00MS TTpH pa3paboTke (pu3nuecKoi Moaenu Obu BeIOpaHbl kKputepun Opyna,
Crpyxans, TeOMETPHYECKOT0 MOA0OUS W KPHUTEpHH TOMOXpoHHOCTH. PDu3mueckas MOJIETb CTAIEPA3IMBOYHOTO
KOBIIIa OblJIa BBITIOJIHEHA M3 OPICTEKJIa B BUE YCEUEHHOTO KOHYycCa BBICOTON 456 MM, AnaMeTpoM B BEpXHEH 4acTH
313 MM, a B paifone gauma 272 mm. OOmuii BU MoJieny moka3aH Ha pucyHke 1. [TomoskeHre IBYX MPOIyBOYHBIX
Y3JIOB B JHHUINE KOBIIA OINPEAEISIOCH YIIIOM, KOTOPBIH M3MEpSIICS B TOPH30HTAILHOM IUIOCKOCTH OTHOCHUTEIHHO
BEPTUKAJIbHOW OCH KOBIIA. Y4uThiBas crenuduky paboTel arperara KOBII-TI€Yb, 3aKJIIOYAMOLIYIOCS B
PACTIONIOKEHUH TPEX AJIEKTPOJIOB B IIEHTPAILHOM YacTH 3epKaja Iuiaka, I HCCIeT0BaHUN OBIITN BRIOPAHBI YTIIbI B
100°.
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1 — eMKOCTB U3 OpPICTEKIIa MOAEIHPYIONIasl CTaJePa3IMBOYHBII KOBII; 2 — OJIOK YIpaBJICHUS
9JIEKTPOMarHUTHBIMH KJIallaHaMK; 3 — KOMITBIOTEp, OCHAIIEHHbIH nporpammoii Cubase 5;
4 — ra30BBIf CYETYHUK; 5 — BEHTHJIb PETYJIMPOBKH MO/Ia4H ra3a; 6 — IMPOAYyBOYHBIE Y3JIbI
Pucynox 1 — O6mwuii Bux pU3H4YecKoil MOAENIH JUI UCCIIE0BaHNUS ITPOLYBKH paciliaBa B
CTaJIepa3IMBOYHOM KOBIIIE

B kauectBe pabouecii )KUIKOCTH, MOACIUPYIOMICH JKUAKYIO CTallb, UCIONB30BaIH BOAY IPU TEMIIEpaType
18-25°C, a B KauecTBe KHIKOrO ILIAKA — MAIIMHHOE Macjo. BBIOOP BOIBI KaK MOJIENHUPYIOUIEH KHIAKOCTH
00BsICHSIETCST TeM (aKTOM, YTO 3HAYEHHS BA3KOCTH BOJBI M CTAJM B OOJACTH TEMIIEPATyp BHENEYHOH 0OpabOTKH
JOCTaTO4YHO Onm3ku Apyr K npyry. IIpoxyBka MOIENBHOH J>KHAKOCTH BO3IYyXOM OCYLIECTBIISUIACH 4YEpe3 BE
MIPOAYBOYHBIE MMPOOKH, UMEIOIINX 10 6 oTBepcTHit tuametpoM 0,33 MM.

Pacxop raza mpu MOJICITMPOBAaHHUHM IIPOILYBKHU O HCCIIETYEMBIM CXEMaM COCTaBIIsUI 2,5 JI/MUH. Y IIpaBlIeHHE
3NMEKTPOMArHUTHBIMM KJIallaHaMH IIpU MyJIbCHPYIOUIEH Iojade Tra3a OCYILECTBIISIOCHh OT KOMIIbIOTEpa uepes
3BYKOBYIO IUIATy C HUCIHOJb3oBaHHeM mporpammbl Cubase 5. YacTtoTa OTKpBITHS 3JIEKTPOMarHUTHOTO KilarmaHa
cocrasisiia 2 ',

IIpu ncnonp30BaHUM TPAAUIIMOHHON CXEMBI NMPOAYBKM pacliljlaBa B CTalepa3IMBOYHOM KOBIIE Yepe3 ABE
JIOHHBIE TPOOKHM OBIJIO YCTQHOBJIEHO, YTO BAYBaeMBI C pacxoJoM 2 JI/MHH MOJENBHBIA Ta3 o0pasyeT naBe
Bpal[alOIINXCs Ta30KUIKOCTHBIX CTPYH PACKPBIBAIOIIMXCS HA BBIXOAE U3 MOAEIBHOM KUIKOCTH M OTOJIAIONINX ee
MTOBEPXHOCTH (pHc. 2 U 3).

Buraroriee BKIIOUEHHE

-l i -

—\ Sl [

['a30KWIKOCTHBIE TOTOKHU

Pucynox 2 — Xapakrtep MoBeJeHUS XKUIKOCTH U HEMETaJUINIECKHX BKIIFOUCHHUH TpH
TpaAMLIMOHHON cXeMe MPOYBKH uepe3 2 ¢, 3,5 ¢ 1 5 ¢ OT Havaja ombITa

[Inomane packpbITHA MOBEPXHOCTH MOIEITBHON JKHAKOCTH IS PACCMOTPEHHBIX YCIOBHH MPOTYBKH
Kosebanacek B mpenenax 17-25 % oT ruromaan 3epkaja MOJENH, YTO CIOCOOCTBYET WHTCHCHBHOMY BTOPHYHOMY
OKHUCIICHHIO pacIliaBa B TCUCHUH BCEH TEXHOJOTHMYECKOU omeparuu. KpoMe Toro, 0TMEYEHO, YTO 00BEM KHUIKOCTH
HaXO}IHHII/H\/'ICH MEXKAY Ta30KUIAKOCTHBIMU CTPYAMHU IPAKTUICCKHU HE IMOJABECPTacTCAd IOMOTCHHU3AIWUU IIPEACTABIIAA
coboii 3acToitHyro 30HY. [lokazaHHOE Ha PUCYHKE 2 HEMETAJNTMYEeCKOe BKIIOYCHHE B ATOW 30HE NMPAKTHUECKU HE
ITOJIBEPTaioCch BO3JCHCTBUIO 00Pa30BaHHBIX TIOTOKOB U BUTAJIO B 00BEME MeTallIa, HE CMOTPS Ha CBOM JOCTaTOYHO
6onpmoit pazmep. [ToaToMy MOXXHO yTBEp)KIaTh, YTO MPH TAaKOM Pacxojie HHEPTHOTO ra3a TPaJWIMOHHEBIN crocod
MPOAYBKHU C HECJIBIO OMOTCHU3AIUU paciljiaBa U €ro pa(i)I/IHI/IpOBaHI/ISI OT HEMETAJUIMYECKUX BKIIIOYEHUM SIBISETCS
Mano3(PeKTUBHBIM.
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PackpsiTne
3epKaa

Pucynok 3 — Xapakrep pacKpbITHs 3epKajia MEeTajlIa P TPAIUIHOHHOM cXeMe MPOIyBKH (a) U ¢
UCIIOJIb30BaHHUEM ITyJIbCUpYIOLIeH moauu rasa (0)

2 I
2 //
BCHHLIB{IH][Q BKIIIOYCHUS

e o
" N

Packpbitue T1YJIbCUPYIOLICT O IOTOKA

PucyHok 4 — XapakTep MOBeICHUS KUAKOCTH U HEMETAJUNIMYECKUX BKIIOUESHUH NPU MyJIbCUPYIOLIEH cxeme
npoayBku uepes 1 ¢, 1,5 ¢, 2 c u 4 ¢ or Havasa omnsiTa

Ha pucyHnke 4 npejcraBieHa JMHAMHKa MOBEACHUS BIyBaeMOT0 ra3a B 00beMe MOJIEIbHON )KUAKOCTH TIPU
UCIIONIb30BAaHUH MYJIBCUPYIOLIETO pEeXHUMa IPOAYBKH ¢ 4YacToToil 120 MMIyNbCOB/MHH, a TaKXe Xapakrep
PacKpBITHS 3epKajia MpH BBIXOJIE €r0 My3bIPHKOB B aTMoc(epy. AHAIN3 MPEACTABICHHBIX PUCYHKOB ITOKA3bIBACT,
YTO MpH MyJIbCHPYIONIEM pPEXHUME IOAAYM Ta3a WHTEHCHBHOE PACKpBHITHE ITOTOKA MPOUCXOTHUT B CPEIOHEH HacTH
MOJIENH, a K 3epKally MOAEIBHON XHIKOCTH JOXOIHUT MOTOK, MMEIOIINI HE OOJIBIIYI0 KMHETHYECKYIO SHEPTHIO.
Taxo# xapakTep MOBEICHHS BJlyBa€MOT0O ra3a yBEJIMYNBACT HHTEHCHBHOCTh NIEPEMEIINBAHUS XKUAKOCTU B CpeaHEl
YacTH MOJETH M 00ecHedYMBaeT 3HAYMTENHbHO MEHBIEe pacKpbITHe 3epkana (2-3 % oT Iuiomanay 3epkaia), 4To
TIO3UTHBHO BIMSET HA TIPOIECCH NEPEMENINBaHNA M CHIKEHHE MHTEHCUBHOCTH BTOPHYHOTO OKucieHms. Kpome
TOTO, MIPU MyJIbCUPYIOIIEH MoJaue Ta3a B CpeaHet yacTH 00beMa KHUIKOCTH 00pa3yoTcs MOTOKH, CIIOCOOCTBYIONTHE
yAaNeHUI0 HEMETAJUIMYECKUX BKIIOUeHUH (puc. 4). [lynbcupytomas mojada ra3a Mo3UTUBHO BIIUSET HA CHUKCHHE
HE TOJIbKO IUIONIaJM, HO M BPEMEHH KOHTaKTa paciuiaBa ¢ arMmocgepoil. ITo 0o0ycioBI€HO TeM (akTOM, YTO
YepeayIoIInecs UMITYJIbChl IPUBOJST K TEPHOIUUECKOMY PACKPBITHIO M 3aKPBITHIO 3e€pKajia MeTaljla Hall KaKaoi
U3 TPOJYBOYHBIX ITPOOOK, TOr1a KaKk NPH TPAAMLIHUOHHOM CIOCO0€ IPOYBKH HEIOCPEICTBEHHBI KOHTAKT pacIliaBa
u arMocdepbl HaOJIF0aeTCs B TEYSHUH Beeil 00paboTKu.

Takum 00pazoM, NMpPOBEIECHHBIE HCCIIEIOBAHUS ITO3BOJIMIM YCTAaHOBUTH 3HAUMTEIbHBIC IMPEHUMYIIECTBA
MyJbCUPYIOUIEro crocobda IMpOAyBKH C TOYKM 3PEHHS CHW)KEHHMS HWHTCHCUBHOCTH BTOPHYHOTO OKHCIICHUS,
CHIDKEHHE 00beMa 3aCTOMHBIX 30H, a TaKkke dPPEKTUBHOCTH YAAICHHS HEMEeTaJUINUECKUX BKITIOUCHHH.

B xoze nocnemyronmx nccie10BaHNi NperoIaraeTcs NpoBeIeHHE IIIaHUPOBAHHOTO SKCIIEPHMEHTA C LEIbIO
Gosee MIIyOOKOTO M3y4YEHHs! BIMSHHS OCHOBHBIX IAapaMeTpOB MyJIbCAIIMOHHOTO INepeMelnBanus (YAEIbHOTO pacxona
rasza, HHTEHCUBHOCTH IYJIbCAIMH, KOHPUTYPAIMU JOHHBIX NPOOOK) Ha 3((HEKTUBHOCTH MPOLIECCOB FOMOTEHHU3AIMH U
papuHHPOBaHUS.

HU. H. ®§OMUH
3A40 «3onomo Ceseprozo Ypanray

OCAXKJIEHUE APAI'OHEHHBIX METAJIJIOB HA
AKTUBUPOBAHHBIN YT'OJIb B COPBIIMOHHBIX KOJIOHAX U3
OBOPOTHBIX PACTBOPOB 30JIOTOU3BJIEKATEJIbHONU ®ABPUKH
«¥YT'OJIb-B-ITYJIBIIE»
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K u3ydeHuto 1aHHOW TeMbI Hac MOJATOJIKHYIIM CIEAYIOIIUE IPOOIeMbl: HU3KHH KO3()(UINEHT N3BICUCHUS
30JI0Ta ¥ TIOBBIIICHHAss KOHIEHTpAUMWs JAparoleHHOro MeTaula B IUPKYJIMPYIOIIUX pPacTBOpax KOHTYpa
n3MenbueHUs. BbUIo IPUHSATO pelleHre 0 BHEAPEHUH Npoliecca 00e3MeTauIMBaHusl 00OPOTHBIX PacTBOPOB.

B TexHOMOTHYECKOM TIpoIiecce 30JI0TOM3BIEKATeN HON (hadprkn «yrois-B-mynsne» (3P YBII) mporecc
BBIIIETAYNBAHNA HAUMHACTCA HA CTAAMH M3MENBYCHUS PyIbl, TaK Kak U1 pa30aBICHUS IIyJbIBI B MEIbHUIAX
HCTIONB3yeTcst 000poTHas Boja C conepxaHueM nmaHuna Hatpus (0,15 1/71) M ¢ BBICOKHM cofep)KaHHEM 30IJI0Ta
(6omee 1 wmr/m). B pesymprate, CKOpOCTh NPOTEKaHWS IPOIECCa PAaCTBOPEHHUS 30JI0Ta CHmKaercsa. K mpumepy,
koddunmeHT n3BneueHus 3a 2015 rox = 78,5%, 3a 2016 rox = 78,38%, npu IIIaHOBBIX MOKa3aTensix 78,7%.

[IpopabotaB merampbHO NPOOJIEMY, MBI NPEIOKHIIN HAPYIIUTh PABHOBECHE CHUCTEMBI IMOCPEACTBOM
copOIMy 30J10Ta Ha aKTUBUPOBAHHBIN yrousib. brnarogapst yeMy noBbeIcuTCs 3 (hEeKTHBHOCTh PEAKLUH PACTBOPEHUS
30J10Ta, U, KaK CIEICTBUE, 3TO MPUBEJET K MOBBILICHHUIO U3BJICUCHHS B LICJIOM.

MBI mpoBeNM HCCIENOBaHME O BIMSHUM KOHIIEHTpAlMM 305I0Ta B OOOPOTHBIX pacTBOpax Ha
TEXHOJIOTUUECKOE U3BJICYCHUE.

Jns uccnenoBaHust ObUIM TOATOTOBJICHBI 3 HM3MeNb4eHHBIE NPoObl pyasl. [IpowsBenn orOGop mpoObI
00OpOTHOH BOJBIYACTHYHO O00E3METAIICHHOTO pPAacTBOpa, M BOJONPOBOMHOW BOAbl. B o0TOOpaHHBIX mpodax
pactBopoB BIpoBH:UH coaepkanue NaCN u pH.

Kaxpmprit pactBop Opl1 mepememan ¢ 1 mpoOoit pynel. Ha moxydeHHOW myJblie CBIMHTHPOBAIHN
TexHoyoruueckit mpouecc 31D VBII.

B mpobax mbr 3amepsin pH 1 mpoBoamin oTO0p MpOOH! MybIel uepes 2, 4, 6, 8, 24 daca mocie Hadana
arnTallMOHHOTO IuaHupoBaHus. OToOpaHHas Npoda MyJbIIEl OTGUIBTPOBBIBAIACE Yepe3 (IIBTP «CHHASA JCHTA».
®unpTpaT nepenasaics B 1a00paToOpPHIO A aHATIH3A.

Yepes 24 yaca oT Havyana onbITa OTOMpaiack npoba MyJbNbl B 00beMe, HEOOXOAMMOM ISl OTIpE/IeICHHS B
TBepoil (asze, METOJOM NPOOMPHOTO aHaiIM3a COJep)KaHMs AparoleHHbIX MeTtauioB ([JM). HaBecku cyxoro u
M3MENbUSHHOTO KeKa MepelaBalich Ha IPOOUPHBIN aHAIN3 /I OIIPEACIICHNs B HeM conepxanus Au u Ag (puc.l).

N asioicree  Wiccnegosanma 8 naGoparopuu

Puc.1 — Pe3yabTaThl uccjie0BaHusA B JIa00paTOpPUM.
Ha ocHoBaHMM TIPOBECHHOTO MCCIEAOBAHUS MBI CJIeJIali BBIBOJ O TOM, YTO KOHIEHTPAIUS JPArolleHHbBIX
METa/UIOB B 00OPOTHBIX PACTBOPAX BIHUSICT HA TEXHOJOTHUECKOE U3BJICUCHHE 30JI0TA.
ITo pesynbTaTam wuCClIeAOBaHUSA OBbUIO TPUHATO pEIICHHE O MPOBEACHUH OIBITHO-TTPOMBINIJICHHBIX
ucnelTaHui Ha npousBoactse 3D YBII.
W3 xoHTypa W3MENBbUYCHHS YacTh PACTBOPOB OTHPAaBISUIA Ha oOe3MeTallMBaHWE B KOJIOHHE C YIIieM, a
00e3MeTaUIeHBIN CITUB BO3BpaMIajics 0OpaTHO B KOHTYP H3MEITbUCHUS.

144 14,8
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Puc. 2 - Pe3yabTaThl NIpOBe/IeHUs UCTIBITAHMS.
CronbuaTtass auarpamMma O3HAa4aeT HTOrOBOE MECSYHOE H3BICUCHME, JIMHEHHass auarpamMma - o0beM
pacTBopa, KOTOPbI YXOAWI Ha 00e3MeTaJNIMBaAHHUE.
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ConocraBuB JaHHBIE, MBI PUIUIH K BBIBOAY: YeM OOJIbILE PACTBOPOB YXOAMIIO Ha 00e3MeTa/UIMBaHHE, TEM
BBIIIIC HTOTOBOE U3BJICUCHUE.

OMBITHO IPOMBINIICHHbIE HCIIBITAHNUS, KOTOPBIE POXoamiy B TedyeHue 2016 rona, MOATBEpAWIN JaHHBIE,
NOJly4eHHBIE B JIaOOPAaTOPHBIX YCIOBHUAX. MBINPEIUIOKIIA HHULUHPOBATh IMPOU3BOJCTBEHHBIH IIPOEKT MO
00e3MeTaNINBAHIIO 0OOPOTHBIX PACTBOPOB B KOHTYPE M3MEIbUYCHHUS.

A ¥IMEHHO: YCTaHOBHTB JIBE KOJOHHBI C IPOM3BOANTENBHOCTEI0 70 M*/4 Ha Kaxyio koonHy (Puc. 3)

Puc. 3 - HﬂalmpyeMoe PACIOJI0KEHHUE 1I€XAa 110 00e3MeTaLIUBAHUIO.

3atpaTbl, HEOOXOIUMBIE JJIsl peaIn3aliu MPOeKTa, COCTaBsIT 13 MIIH. py0. (3KCIIEPTHBIH pacueT NpoBeaeH
10 aHaJIOTHUU C YCTAHOBJICHHBIMHU KOJIOHHAMHU Y4aCTKa Ky4YHOT'O BI)IIHeJ'Ia‘-II/IBaHI/IH.)

DKoHOMHUYECKUH IPPEKT B pe3yibTaTe OCYIICCTBICHUSA TAHHOTO MPOEKTa OYyJEeT JOCTUTHYT 3a CYET
cHIKeHUs roteps JIM ¥ yBeIM4YeHUs! U3BJICUEHHS U COCTABHUT 0K0JI0 9,7 MJIH pyOuieil B rox.

ObOPY/IOBAHUE, TPAHCIIOPTHOE ObCI1Y/KHBAHHUE H
ISHEPIO3®®EKTUBHOCTH IIPOU3BO/[CTB MUHEPAJ/IBHO-
CBbIPBEBOI' O KOMIIVIEKCA
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ENDIS 4.0 AS A REPLAY ON REQUIREMENTS OF INDUSTRY 4.0
IN THE FIELD OF POWER SUPPLY AND AUTOMATION FOR MINING.

SUMMARY: The article presents a new product line for energy distribution and control ENDIS 4.0 from
the perspective of Industry 4.0 requirements made by Europe. The paper presents various variants of the technical
solution and the possibilities of configuration and quick reconfiguration. The authors also included their remarks and
observations of the current level of implementation of the Industry 4.0 guidelines in the Polish and world mining
industry.
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1. INTRODUCTION

The idea of Industry 4.0 is well established in Europe. In Poland, the mining industry is increasingly being
discussed and visible in the activities of many companies. The concept itself brings to mind the associations like an
intelligent mine, plant, factory, digitalization, full integration of products with the infrastructure, their
communication with the manufacture or analysis of data in real time.

So what is Industry 4.0?

This is the fourth phase of the industrial (r) evolution. The first revolution took place in the 18th century
and was based on the mechanization of production by using a steam engine. The second one, began at the beginning
of the 20th century after the introduction of mass production and the use of electrification. The third one started after
the popularization of automation in the 1970s, which was made possible by the dynamic development of electronics
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and IT solutions. The fourth revolution is happening now. This is a revolution based on cyber-physical systems and
dynamic data processing (Figure 1).

Zlozonodd
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Figure 1. Industrial revolution stages [1]

The Becker Group, as a world leader in the production of highly advanced electrical solutions for the
mining industry within its new ENDIS 4.0 product line, also meets the requirements of the Industry 4.0 as well as
the requirements of customers from all continents. Below we present the various technical and technological
solutions in this area.

2. ENDIS 4.0 — introduction of product line referring to Industry 4.0 requirements

ENDIS 4.0 is a family of universal compact stations for different voltage levels depending on demand.
Thanks to its modular construction, it provides possibility for 4,8,12,16 or 24 contactor panels, including circuit
breakers. The compact station design enables the use for voltages from 500V to 4.16kV, resistance to voltages up to
25kV, nominal current 1250A and connecting short-circuit current 25kA. This feature makes it easy and quick to
reconfigure stations as customer requirements needs or powered machines and equipment change.

The compact station can be installed in the so-called high (H) and low (L) housing. In the high version, 2
levels are available with up to 24 slots for contactor panels. The individual compartments are closed by a quick-
action door. The construction enables its installation on the flange of the transformer station. The applied
constructions are as standardized as possible and well thought out in terms of quick reconfiguration and servicing.

DCB - ENDIS OF THE FUTURE

CS4012.L
Figure 2. Configuration possibilities of compact stations.

Additionally housings can be equipped with many types of fast connectors and grooves on both sides which
was presented on figure 3 below.
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Figure 3. Different types of connectors and grooves can be used.

The construction frame for the insertion of contactor panels is mounted completely outside the flameproof
housing. The frame design eliminates the need to connect main and auxiliary bushes in a flameproof housing.
Thanks to this, it is also possible to use a construction frame for inserting contactor panels in the non-explosive zone
after installation in a suitable industrial enclosure. In addition, when there is a need to replace the interior of the
casing in underground conditions, the entire structure is prepared in a suitable place (workshop) and the whole
structure is changed at the station work place.

Figure 3. Construction frame for the insertion of contactor panels.
Particular characteristics of the frame:

. Contactor panels are electrically inserted and pulled out with the possibility of manual
manipulation;

. Automatic disconnection of faulty contactor panels from the main circuit with constant diagnostics
connection to the panel;

o Automatic recognition of inserted panel, no panel encoding;

Load capacity of main contacts up to 1000A,;

Possibility of using a power switch up to 1000 A,

Optionally integrated arc protection is optional;

Free-access from back of the compact station for cable connection;

Universal sliding position for single and double- and double-outlet contactor panels and
transformer panels.

Compact stations of the ENDIS 4.0 family are equipped with optimized new generation of contactor panels.
The design of all contactor panels is identical for all voltage levels. The TCU 2-output contactor panels are made for
rated voltages of up to 1140V, load currents of 2 x 250A and have a switching capacity of 4kA. The contactor panel
type HPC 500 has been designed for rated voltages up to 4.16kV, 500A load current and rated switching current of
6kA. Power current contacts can be replaced independently. The CB 1000 type power switch has been designed for
a rated voltage of 4.16kV, rated current of 1000A and a holding capacity of 25kA (Figure 5). The light output is
integrated into the compact station without having to use a space for the contactor panel.
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HPC 500

Figure 4. Contactor panel.

The standard equipment is a control module with a transmission speed of 500kBit/s for network interfaces
and communication with contactor panels. The station has a 15" touch screen with full visualization of diagnosis of
individual panels, their configuration and their history (Figure 6). Even when the panel is disconnected from main
power supply, full diagnostic transmission and power supply of control circuits is maintained.

At present, in industrial plants only a part of the equipment and sensors are connected together. Sensors
combined with automation systems are mainly used to read parameters and control the production process. Industrial
Internet of Things means that more and more devices are equipped with built-in sensors and processors, which
allows for efficient communication and interaction. It also influences the increasingly centralized control, and
decentralized analysts enable decisions to be made in real life. [1]

Within the compact station, all important components are diagnosable, “connected" and intelligent, able to
communicate with the outside world. Thanks to this feature, Becker's service team can even remotely determine
which component has failed and how it happened. Additionally, thanks to such extensive diagnostics, in some cases
it is possible to perform predictive service activities. The Becker Group places particular emphasis on this
functionality because of the fact that it has customers on every continent, where the possibility of remote service and
prediction of failures is a significant saving of maintenance costs.

Figure 5. Touch-screen display of the compact station visualization panel — examples.

Optionally, the compact station can be integrated with the PLC via the Mincos AST, BTS or other system
bus interfaces or other from customer requirements for applications without additional external controllers.

With widespread connectivity and the use of standard communications protocols from Industry 4.0, there is
a growing need for cyber-attack protection or interference with proper operation. As a consequence, the core of
cyber-security is reliable communication and advanced user-identification systems providing access to devices.
ENDIS 4.0 fully meets these standards by protecting the communication interfaces as well as providing access to
parameters changes or important settings.

For easy operation, commissioning and servicing of the station via a 15" screen, there are numerous easy-
to-understand instructions available in both text and graphic form (schemes, animations) in the language of the
user's country and other required languages. Additionally, the station can act as a transmission hub and converter
between different transmission technologies. (Figure 7)

Additionally, it is possible to remotely connect by Becker service to the compact station and remote support
of customer service while allowing for such connection.
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Figure 6. Fully configurable transmission and control equipment.

ENDIS 4.0 technology is fully integrated with the PROMOS 4.0 automation system and is integrated on
both hardware and software level. The following figure shows the traditional configuration of the previous version
of ENDIS and PROMOS on the left. Here we can see a separate compact station for supplying the main motor of the
belt conveyor, a stand-alone lighting module and a Promos system controller. On the right, thanks to the full
integration of the ENDIS 4.0 into PROMOS 4.0, everything is integrated into the frames of compact station.
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The possibilities and functionality of the PROMOS 4.0 system are described in the article "Automation
system of conveyors Promos 4.0 " in papers of the 13th International Conference on WORK SAFETY OF
TRANSPORT DEVICES IN MINING in 2017[2].

3. SUMMARY

The world's mining industry is already moving from Industries 3.0 to 4.0. The results are already visible in
the control of production, shortening the investment preparation cycle and customer relations. Maintaining contact
with international clients, at the technical level with the world's top tycoons is an essential factor influencing the
increase in the profitability of extraction.

One we should not forget about regulatory issues related to, among other things, access to the data.
Companies collect huge amounts of data and are responsible for protecting them. The scale of technological changes
accelerates exponentially. No one used smartphones 10 years ago, and now we have such devices available even in
potentially explosive atmospheres. It is likely that in 10 years' time the longwall will be fully autonomous. We are
unable to predict what new solutions will be available and what we will need in the future in our industry.

It is very important to overcome one of the main barriers to effective implementation of Industry 4.0: low
awareness of staff and regulators. This is still a very fresh topic. The increasing use of automation systems, sensors,
software and analytical tools allows us to analyze the effects of implemented solutions and, most importantly, to
focus on those changes that bring the greatest value.

A very important issue is also our education system, which should be based on projects and teach problem-
solving engineers. We have plenty of talented and craving for knowledge engineers, but we lack interdisciplinary
specialists who combine technical knowledge with business soft skills. And just such once are needed to be able to
fully implement the assumptions of the Industry 4.0 ideas.

The presented product group ENDIS 4.0 is one of the components, the means of reaching the Industry 4.0
level, but whether and how we will use it depends only on ourselves.

LITERATURE
[1] Boston Consulting: Industry 4.0 EN Opportunity or threat to the development of an innovative
economy?
[2] Szymiczek K. Lubryka J. 2017: Conveyor Automation System Promos 4.0 - Materials of the 13th
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[3] Instructions for use of Becker CS4008 stations.
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ROTATING MAGNETIC FIELD - INFLUENCE ON THE DECAY OF A
FREE FALLING JET

1. Introduction

Metal powders are a base material for additive manufacturing by laser or electron beam melting in 3D-
printers. However, the quality of the printed product is restricted by the mean particle size of the metal powder. To
increase the product quality, the mean particle diameters have to be decreased. Typically, metal powders are
produced in metallurgical atomization processes. The process begins by melting steel alloy in a crucible. Then, the
metal melt passes an atomization nozzle, where a gravity-driven free falling jet is produced. In general, existing
atomization technologies use a vacuum inert gas with high atomization pressure to break up the jet. Fig. 4 shows a
divergent-convergent atomization model used by industry. [2]

woger red
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Fig. 4: Sketch of the divergent-convergent industrial atomization nozzle of ALD Vacuum Technologies
GmbH, Germany [1] and modification with a constant diameter for RMF and visualized streamlines

Experimental and analytical studies have shown that flow instabilities in the nozzle can disturb the free
falling jet and enhance the atomization process [2].

The present work investigates if a deliberate instability by using a rotating magnetic field (RMF) can
influence the jet stream because of the liquid metal magnetic properties. Furthermore, it is studied if the RMF can be
used to control and regulate the liquid metal during the flow process. Hence, an improvement in efficiency for the
technical process occurs because atomized particles can be adjusted. Therefore, the behavior of a free falling jet of
liquid steel is investigated with the use of computational fluid dynamics (CFD). CFD offers the possibility of
analyzing different problems, where experiments are expensive and difficult. The study uses volume of fluid (VOF)
approach in the open-source library OpenFOAM.

2. Numerical Model

The liquid steel flow, which is surrounded by a gaseous atmosphere, is considered to be transient,
incompressible, isothermal and has a fully developed laminar inlet flow [2]. The material properties are shown in
Table 1.

Table 1: Material properties of liquid steel and gas [2]

Property Liquid metal Gas
Density kg m? 6930 1.19
Viscosity m?s*t 0.9°10° 15.33-10°
Surface tension kg s 0.9

Based on the assumptions, the governing equations can be formulated as:
V-u=0, 1)
du
plac+ ?'(EE}] = —Vp+pg+nV - (V@) + V- 155+ Foue+ Fy, ©)
where W, B, P, & and 1) represent the velocity, pressure, density, gravity acceleration and dynamic viscosity,

respectively. T 5 describes the subgrid scale stress and F s specifies the surface tension force. The simulations

are done with the implicit large eddy (ILES) method.
The RMF is represented by the Lorentz force F, . The components for a two-pole (p =1) magnetic field are

defined by [3]:
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here By, w, ¥, rand p, are the magnetic flux density, angular velocity of electric current, electrical
conductivity, radius of the orifice and magnetic permeability constant, respectively.

The discretization and interpolation schemes depend on the terms in the momentum equation. Therefore,
the discretization accuracy contains first- and second-order calculations. A time step of At = 10° s is used for a
stable computation. Moreover, mesh has an amount of 2.3 million cells. To deal with the phase interaction and the
jet breakup, the significant area outside of the nozzle (computational domain is enhanced by an additional outlet area
compared to Fig. 4) has a local mesh refinement.

3. Results and Discussion

The simulations show an increase in velocity because of the rotational movement resulting from RMF and
the angular momentum (see Fig. 4). The velocity at the nozzle inlet is set to be 1.5 m - s™. At the nozzle outlet, the
liquid metal flow accelerates and leaves the nozzle with a velocity, which depends on RMF and its rotating
frequency, Fig. 5.

o S0Hz e—w=—f=25Hz f~10Hz

Velocitvmm 5!

0 02 04 0.6 0s |

Maometic Freld Strensth w1

Fig. 5: Comparison of different flow velocities under the influence of a an increasing magnetic field
strength and different rotating frequencies

The results indicate an increasing flow velocity depending on the magnetic field. It is worth pointing out
that the velocity increases considerably by 0.75 T. Below 0.75 T, the velocity is almost unaffected from the rotating
magnetic field. However, the variation of the frequency leads to different velocities. This research shows that a
rising frequency influences the liquid metal drops out of the nozzle by an increasing rate up to 15 % in case of 50
Hz. In conclusion, a high rotating magnetic field strength leads to an increase in flow speed.

The primary breakup and the flow development are shown as a screenshot after a jet development time of
0.5 seconds in Fig. 6.
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Fig. 6: Contour plot of the jet and the gas velocity in the background; comparison of the influence of
magnetic field strength on jet behavior at t = 0.5 s of an atomization process with an rotating frequency of 50 Hz

With an increasing magnetic field strength the free falling jet forms a helix or hollow-cone-shaped beam. In
case of 0.5 T, the jet shows a transformation although the velocity is not affected by the RMF, compared to Fig. 5.
Increasing RMF, the jet is characterized by a deformation. Thus, flat twisted sheets and ripped wing-spread
ligaments arise. Furthermore, small particles can be observed. This is due to instabilities, which effectuate a high
velocity and agent forces, which influence the jet surface. As a result, the magnetic field induces a primary breakup,
which occurs faster depending on the magnetic field strength and its rotating frequency.
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COMPARATIVE ANALYSIS OF GOLD RECOVERY FROM FREE
MILLING AND REFRACTORY ORES

Introduction

Gold is a soft yellowish, corrosion-resistant element, the most malleable and ductile metal, occurring in
veins and placers (www.elementmatter.info) with chemical symbol Au (Pappas, 2016).The recovery process
depends on the ore type and metallurgists have categorized the ore types into two major category: free milling and
refractory ores (Zhou et al, 2004). ). Free millings are ores with particle size of 80% passing 75microns and have
extraction greater than 90% with conventional cyanidation (Marsden et al., 2006).Refractory ores yield lower
recovery (<80%) by direct cyanidation (Fleming, 2012). La Brooy et al., 1994 demonstrated that, gold is locked up
in the host rock by physical locking (Sulphide, silicate, oxide), chemical locking as gold alloys or compounds
(electrum), gold substitution into a sulphide lattice, chemical layer formation causing gold surface passivation. The
recovery processes includes conventional cyanidation, biological oxidation, pressure oxidation, roasting and
ultrafined grinding.

Problem Definition

Gold recovery methods/processes are based on mineralogical factors or the mineralogy of the ore. Ore
characteristics influence the type of recovery method that is appropriate to use (Marsden and House, 2006). The
method of recovery for free milling ores is different from refractory ores. Selecting an inappropriate recovery
method will result in serious negative consequences such as low recovery, high cost of operations and
environmental issues. It is in line with these that this study seeks to identify the most appropriate method to use in
recovering gold from its ore.

Obijectives
The objectives of this research are:

> To identify the different recovery methods for free milling ores and refractory ores

> To design a flowsheet for both recovery methods and compare both recovery methods
Purpose of Study

The design, construction and operation of a mineral processing or metallurgical plant requires a huge sum
of financial investment. Energy consumption, chemicals, labour and equipment all contribute to high operational
cost. Some chemicals used are hazardous and will have adverse implications on the environment if not applied in the
right process.

It is based on the aforementioned, that this study is being conducted to identify the most appropriate
recovery method for free milling and refractory ores by comparing the different existing recovery methods. The
findings will be very instrumental for the mining industry, mineral and metallurgical regulatory bodies.

Methodology

Literature review was the research methodology used in executing the study. Existing literatures in the field
of gold processing with emphasis on free milling and refractory ores were carefully reviewed and these formed the
basis for selecting the appropriate recovery method. This was done by comparing the efficiency of recovery, the
energy consumption, chemical consumption and environmental implications.
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Recovery of Free Milling and Refractory Gold Ores
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The observations made during the study are outlined in the table below.
Table 5: Cost, Environmental Impact and Percentage Recovery Analysis

Ore Type Cost of Treatment Environmental Impact Percentage Recovery
Free Milling Relatively Low Low High (above 90%)
Refractory Relatively High High Low (below 80%)

Cost of Treatment

Free milling ores do not require pre-treatment, thus reducing the cost of treatment. Construction of pre-
treatment plant comes with a cost as well as utility and operational costs which is negated here.

Refractory ores require pre-treatment before the gold can be recovered effectively and this makes the cost
of treating the ore high. Pressure oxidation and biological oxidation, which are pre-treatment processes, require high
energy and high chemical consumption respectively for effective pre-treatment and these contribute to high
operational cost.

Environmental Impact

The absence of pre-treatment processes in free milling ore makes it have low negative environmental
impact because the pre-treatment processes use chemicals as well as emit gases which may cause pollution to the
environment as well as mortality in human beings.

On the other hand, refractory ore processing have relatively high negative environmental impact if not well
monitored and controlled because of the pre-treatment processes. These pre-treatment processes uses chemicals and
also emit gases which are harmful to the environment. For instance, roasting emit gases such as sulphur dioxide and
arsenic (I11) oxide which are dangerous to the environment. Sulphur dioxide gas causes eye irritation, heart failure
and difficulty in breathing. Arsenic causes pollution to water bodies thereby endangering aquatic lives and also
causes mortality in humans. Sulpheric acid which is used in chemical oxidation process can caused blindness and
mortality in humans.

Percentage Recovery

Free milling ores give higher recovery (above 90%) due to their mineralogical conditions such as, the gold
is not locked up in the lattice of the mineral, no sulphide occlusion and no chemical locking of the gold particles.
The gold particles surface are free and there is direct contact between the gold particles and the lixiviant during
leaching process.

Refractory ores does not give high recovery (below 80%) unless pre-treated due to factors such as physical
locking of gold, chemical locking of gold, gold substitution in sulphide lattice and chemical layer formation which
passivate the gold surface. These factors limit the recovery of gold from refractory ore when direct cyanidation is
employed and in order to improve the percentage recovery, the ore is pre-treated.
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Conclusion

Upon carefully analyzing and comparing the processes of treating free milling and refractory ores, the
following conclusions are drawn.

Free milling ores are relatively easy to treat, have low negative environmental impact as well as capital and
operational cost compared to refractory ores. The mineralogical characteristics of the ore allow high gold recovery
(above 90%) by direct cyanidation. The gold particles are fully or partly liberated after crushing and grinding, and
thus become amendable to direct cyanidation.

Refractory ores are relatively complex to treat, have low recovery by direct cyanidation (below 80%) and
have high capital and operational cost due to their mineralogical characteristics. Therefore for effective gold
recovery pre-treatment is required. They are complex and expensive to treat because one has to know the specific
mineralogical characteristics in order to know which of the pretreatment method to employ. The high capital and
operational cost stems from the cost of constructing and operating the pre-treatment plant.

Based upon the obtained data, the study therefore concludes that free milling ores are relatively easy to
treat, give high recovery, have relatively less capital and operating cost, and low environmental impact as compared
to refractory ores.

Further studies be carried out on comparative cost analysis between treating of free milling and refractory
ores.
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CONTACT AND NON-CONTACT CONVEYOR SKIRTING SYSTEM

Abstract

Conveyor belt skirt board rubber sheets are very essential to improve conveyor belt performance. It is used
to reduce belt slippage, improve tracking and extend life of belt, bearing and other components. With features like
good resistant to abrasion, cut and wear skirt board rubber is designed to resist heavy impact at loading areas.
Historically they comprise of two elements, a liner plate (sometimes termed hungry board) that is used to centralize
the bulk of the material being transferred onto the centre of the receiving belt and a rubber skirt system that is used
to minimize spillage and assist in the control of any dust emissions. The liner plate is usually constructed of wear
resistant materials and is bolted, slotted or spot welded into place. It is a consumable item and its design and set up
should reflect the abrasiveness and size of the material being transferred. The skirting rubber assembly and design is
usually reflective of the ore being handled and its abrasiveness. It is usually 12mm thick rubber and it is important to
select a rubber quality that is inferior to the rubber quality of the conveyor belt if the skirting system is a contact
type skirt arrangement. The reason is that it is most important that the skirt rubber wear preferentially compared to
the belt. It is also important to understand the geometry of the transfer system.

Skirt boards are used in conjunction with delivery chutes at tail end of the conveyor, to guide the material
while loading. It essentially consists of a fabricated frame firmly supported on the conveyor structure. A skirt rubber
is attached at the bottom keeping uniform pressure on the belting.

In this paper, an attempt explanation of spilling problems and dust control with the traditional skirting
system, case studies and selection criteria and cost effective analysis of contact skirt and air skirting system.

Motivation

Conventional conveyor rubber skirting system has been used for skirting the transfer points of conveyor
worldwide. Combined with its low cost, it has made a logical choice to date. However, the bulk material handling
industry is seeing dramatic changes and innovations in the area of highly abrasive-resistant skirting material and non
contact skirting. These innovations are the result of changes in plant operating environments, including higher belt
speeds, ongoing reductions in employees, and a skills shortage in the market. Today a variation of the high
performance polyurethane is now the most economical way of skirting rubber conveyor belts but for fine material
non-contact air skirting also available now. Selection depends on material and economic conditions. | am trying to
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provide analyses and case studies of both traditional bulk material handling conveyor skirting system and non
contact skirting system that is air skirting system of advantages and disadvantages, performance and working
conditions of contact and non-contact skirting system.

Types of contact skirting systems:

Standard Polyurethane Skirting:

Dust Seal:

Fold-N-Seal:

Load Zone Containment Skirting:

Wedge-Loc Clamping System:

And so on....

Air Skirting System

Contact free conveyor belt skirting again significantly differs from the conventional conveyor belt skirting
as it does not touch the conveyor belt while stopping material side spillage.

The air scrape skirting system is fitted slightly above the belt on the outside of the hard skirts at transfer
points and on other critical areas on the conveyor belt.

The system consist of a polyurethane casing with integral molded diagonally very wear-resistant sheet steel
blades which divert the inward airflow generated by the moving conveyor and product displacement back into the
product flow and so preventing side spillage. Larger particles get deflected by the diagonal flutes while the inward
suction disperses the dust particles back into the product flow area
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Presentation will concentrate on this dissertation (Themes):
0 Introduction of skirting system
00 Main problems in bulk material handling (like spilling and conveyor maintenance)
[0 Skirt board reaction forces
[0 Characteristics of wear liner
0 Introduction of air skirting system
0 Technical details of air skirting system
00 Combination of air skirting system and dust sealing system
00 Advantages and disadvantages of air skirting system
0 Cost comparison of traditional and air skirting system
0 Case study 1: Traditional skirting system; problem and result
0O Case study 2: Air skirting system
00 Conclusio
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INFLUENCE FACTORS ON THE ONLINE GRAIN SIZE ANALYSIS VIA
STRUCTURE-BORNE SOUND IN HYDRAULIC CONVEYOR SYSTEMS
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The grain size distribution is an important quality determining parameter for bulk materials. In the mining
industry, grain-size distributions are not only part of quality assurance, but also play an important role in the control
and optimization of processing processes. An example for such a processing process is the classification in a hydro-
sizer. In a hydro-sizer, bulk material flows downwards through a water tank. In the tank an upwards water current
collects the finest grains and transports them upwards. To maintain an optimal separation precision the flow rate of
the upwards stream needs to be adjusted to the amount of fine grains in the bulk material. Therefore, the
determination of the grain size distribution is necessary before the classification.

Nowadays such grain size distributions can be determined with structure-borne sound on belt conveyor
systems. This process is based on the utilization of piezoelectric sensors. These sensors measure the impulse that
occurs when grains collide with an oscillator that is connected to the sensor. Whereas fine grains result in smaller
signals, coarse grains trigger bigger signals:

L

y

Principle of the graih size analysis

The piezo-element of the sensor receives each of these impulses as a charge change. For the measurements
included in this paper, sensors with a sensitivity of 1.02mV per m/s ? are used, which work in a high-frequency
range. The signals taken from the sensor are forwarded to a computer via a data acquisition unit. Up to 51.200
signals per second can be recorded. These signals are converted into a particle size distribution by the utilization of a
calibration function. In the course of calibration, the particle sizes are assigned to specific signal strengths. For
example, if the finest 10% of the grains are smaller than 63 pm, the largest of the smallest 10% of the signals is
defined as the fractional limit for the grains smaller than 63 um.

For this process, it is important that apart from the grain size, all influences on the sensor are kept constant;
otherwise, the calibration cannot provide accurate results. In this case, neither the grain spectrum of the bulk
material, which is being analyzed, can be significantly altered, nor a bulk material with a different density, may be
analyzed without new calibration.

In contrast to the conveying on conveyor belts, additional factors must be included for the calibration
regarding hydraulic conveying of bulk materials. These factors are the water-to-solid ratio (the concentration) of the
specific fluid, as well as the flow rate. Both the concentration of the supported fluid and the conveying speed,
influence the acoustic signal in different ways. The velocity affects which kinetic energy and with which impulse the
grains hit the oscillator. Previous investigations, where there was no dependence between concentration and
velocity, index a linear dependence between the acoustic signal and the velocity of the particle. Neither of these
factors can be kept constant in hydraulic conveyor systems. In addition, both the flow rate and the concentration are
related to each other.
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Influence of velocity and concentration on the signal
The concentration affects how often particles hit the oscillator. The concentration is also dependent on the
density of the fluid. Previous investigations in which the concentration is independent of the speeds indicate a linear
relationship between concentration and the acoustic signal. However, at high concentrations, a saturation can occur,
from which the influence of a further concentration increase is negligibly small. This is the case when a maximum
number of collisions of grits with the sensor is reached.
Laboratory and field tests

145



For this paper, the influence of the concentration and the conveying speed on the acoustic signal for particle
size analysis is investigated and statistically analyzed. In addition, the particle size analysis is based on sensor and
metrological influences. Finally, an algorithm is presented, with which the influences of concentration can be
calculated, so that a real-time correction of the calibration function is possible.

The laboratory tests are accompanied by field measurements in the plant of Quarzwerke AG in Haltern,
Germany. In the test stand, a fluid consisting of approx. 30 | water and a certain amount of quartz sand (p ~ 2.65
kg/L) is moved by a pump. The grain size distribution of the sand is kept constant in the laboratory and measured
each hour in the field. The concentration is measured with the usage of a measuring cup as well as with a load cell
sensor. The velocity can be determined via a strain gauge sensor in the field, or via an air-bubble-based
measurement system in the laboratory. This system measures the time an air bubble needs to pass between to
sensors. In the laboratory the velocity can only be roughly controlled, as the pump heats up over time and loses
efficiency. In addition to the sensor technology in the test stand, the pump performance is monitored. Thus, the
following parameters are determined, or set, during the tests:

. Concentration of the fluid
. Signal of the load cell

. Flow velocity

= Pump performance

. Grain size distribution

" Acoustic signal

Concentration
The concentration [-] describes the ratio of the mass [kg] of the grains in the fluid to the fluid mass:
m 1
ol
== oC
£ me 15 M my, o p# Uy
My
The concentration is measured with a load cell. In the case of laboratory tests, the concentration is
predetermined. Load cells use strain gauges to determine a change in load. They make use of the piezoresistive
effect. The load cell is installed directly under the conveyor line. If the density of the fluid increases (or the
concentration), then the load on the strain gauge increases. This generates a signal. The signal is proportional to the
fluid mass:
, m'p
Signalm,=—=1, [1 + '[p?, —pw}c]
c
According to this equation, there is a linear proportionality between the signal of the load cell and the

concentration. This proportionality has been confirmed in the field with a correlation coefficient of 0.78, taking into
account almost 200 samples.

A linear correlation is expected between the signals of the acoustic sensors and the concentration (or the
signals of the load cell). This correlation can be confirmed in the field taking into account over 1500 data pairs with
a correlation coefficient of 0.71 as well as in the laboratory.

Velocity

The analysis of the field measurements show that the measurement of the velocity via a strain gauges is
highly inaccurate. The measurement via the air-bubble-based system in the laboratory is a viable method to
determine the flow speed. The most viable way, especially for the industry, to determine the flow velocity is,
anyhow, via the power of the pump. This is possible because the power of the pump (or the related electric
consumption of the pump) is related to the flow rate [m3/s] and the concentration [-]:

1 - -
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The laboratory experiments verified that the velocity can be accurately calculated via the power of the
pump and the concentration.

Both, the field and the laboratory test show a quadratic relation between the velocity and the signal of the
piezoelectric signals. In addition, a cross-relation between velocity and concentration has been discovered.

Conclusion

This paper presents several results, which can be used to improve the online grain size analysis in hydraulic
systems:

- A load cell delivers reliable information about the change of fluid concentration

- The fluid concentration is linearly related to the signals of the piezoelectric sensors

- Strain gauges do not present a reliable way to determine the flow velocity

- A determination of the flow velocity via an air-bubble system as well as the determination of the
velocity via a change of the electrical consumption (power) of the pump is accurate

- The flow velocity seems to be quadratic related to the signal of the piezoelectric sensors

XUAN QUANG NGO, MATTHIAS KROGER
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RESEARCH ON FRICTION CHARACTERISTICS OF HYDRAULIC
SEALS IN DEWATERING PUMPS APPLIED IN MINES

Abstract

Removing the dirty water in mining is a very important task to create the best working environment.
Improving the efficiency of equipment used in drainage is therefore essential. In this paper, the results of research on
the friction characteristics of hydraulic seals used in dewatering pumps of mines are presented. Hydraulic
applications are challenging for seals. Seals have to prevent leakage of fluid from the cylinder as well as to
withstand high pressures, extreme temperatures and transverse forces within the cylinder. They are used in pumps to
ensure suction pressure and ensuring tightness when working in different environments (water, mud, soil, sand,
etc.). This paper discusses experimental results of friction and wear of seal materials in water and mud under
different velocities and pressures.

Keywords: rubber seals, pumps, friction, wear

1. Introduction

Mining techniques can be divided into two common excavation types: surface mining and underground
mining. Surface mining is done by removing surface vegetation, dirt, and, if necessary, layers of bedrock in order to
reach buried ore deposits. In underground mining, ore, for processing, and waste rock, for disposal, are brought to
the surface through the tunnels and shafts. In both technologies, dirty water disposal is essential. There are many
kinds of pumps used in wastewater disposal systems. Pump are described in [1].

Using in pumps, there exist several types of hydraulic seals, which are available as rod seals, piston seals
and wiper seals [2]. During work, the piston seals always have contact with cylinder under different pressure and
environmental conditions. Research on improving the lifetime of seals is essential to enhance efficiency of pumps.
This paper discusses the friction characteristics of hydraulic seals to improve the efficiency of them.

2. Experimental

2.1 Preparing

Testing of friction characteristics is based on the contact between the rubber and the metal surface. The
rubber samples made from raw material ethylene propylene diene monomer rubber (EPDM) and natural rubber
(NR) filled with cacbon black. They have a hardness of 60 shore A. The length of sample is 20 mm and radius of
sample is 7.5 mm.

J
Fig 1. Geometry of sample
After vulcanisation, the samples were stuck with sample holder which are fixed on the machine when
working. Counterpart is a plate, which is made from steel. When contacting with sample, steel plate rotates to make
sliding velocity between sample and steel plate. Water or mud is stored in contact area same to environment in
pumps, see Fig 2.

o
Fig 2. Contact between sample and steel plate 1. sample holder, 2. sample, 3. steel plate
2.2 Experimental setup
The experiments are done using the tribometer test rig [3]. Structure of tribometer test rig is shown in Fig 3.
When testing, test sample contacts with rotating disk. The rotating disk is transmitting rotary motion from the drive
to make sliding velocity. The input parameters are load, velocity and contact environment. Friction coefficients are
calculated by relation between friction force and normal force which are determined by force sensor.
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Fig 3. Structure of tribometer test rig

The pressure is calculated based on dimension and operating conditions of the pump. Here we calculate
with mud pump TPK 4 "x4", operating pressure maximum is 20 bar, cylinder diameter is 4 inches. The fluid
pressure dependent part of pressure on the seal surface, which is in contact with the cylinder surface, is determined
by 15 bar. The absolute pressure in contact is higher due to preload. In this experiment, input normal force is 100 N
resulting in a mean pressure of 17 bar. In the experiments four velocities steps 10 mm/s, 50 mm/s, 100 mm/s and
200 mm/s were used. In order to reproduce the realistic environmental conditions water and mud was brought into
the contact zone.

3. Results of experiments

3.1 Friction coefficient of EPDM sample

In the beginning the contact between EPDM and steel was measured under dry contact. With different
velocities we collect different friction coefficients. At 10 mm/s, the friction coefficient is 0.60. Friction coefficients
of 0.82, 0.92 and 1.0 were measured for the velocities 50 mm/s, 100 mm/s and 200 mm/s. We can see that friction
coefficient increase when velocity is increased. The results of friction coefficient are compared in Table 1.

Table 1. Friction coefficient between EPDM sample and steel plate under dry contact

Velocity 4, 50 100 200
[mm/s]
Dry contact | 0.60 0.82 0.92 1.0

After experiments with dry contact, the experiment was repeated with an alternative environment condition,
water as well as mud were put in contact area. The results of friction coefficients are shown in Table 2.
Table 2. Friction coefficient between EPDM sample and steel plate in water and mud

Velocity | 10 50 100 200

(mm/s) (mm/s) (mm/s) | (mm/s) | (mm/s)
Contact in | 55 0.16 0.11 0.08

water

Contact in | ) 3¢ 035 |032 |03l

mud

The friction coefficients under contact in water and mud are reduced when velocity is increased. This is
inverse to the results of dry contact. The friction coefficients under contact in water and mud are very much smaller
than the friction coefficients under dry contact. Under contact in mud, the friction coefficients are higher than the
friction coefficients under contact in water. However, dependence of friction coefficient on velocity is small. That
means when increasing the sliding velocity considerably, the coefficient of friction decreases slightly.

3.2 Friction coefficient of NR sample

NR is often used in pumps, too. After experiments with EPDM sample, we continue with NR sample to
determine friction characteristic. With the same experimental we measured values of friction coefficients of NR.
Table 3 depict the experimental results.

Table 3. Friction coefficient between NR sample and steel plate.

Velocity 10 50 100 200
[mm/s]

Dry 0.50 0.53 0.57 0.68
contact

Contact in 0.29 0.18 0.14 0.10
water
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Contact in

0.40 0.35 0.32 0.30
mud

With dry contact, the friction coefficients of NR are smaller than the friction coefficients of EPDM. The
friction coefficients increase when velocity is increased. The friction coefficients under contact in mud are higher
than the friction coefficients under contact in water. The friction coefficients of NR are slightly higher than the
friction coefficients of EPDM under contact in water. However, the friction coefficients of NR and EPDM are
nearly equal under contact in mud. Under contact both in water and in mud, friction coefficient reduce when sliding
velocity is increased.

3.3 Wear rate of EPDM and NR sample

Wear measurements are carried out to determine the amount of material loss during operation. The
material worn away can be expressed either by mass loss, volume loss or changed geometry [4]. In this paper, we
measured wear rate by determining mass loss of the sample. The initial mass of the sample is 2600 mg, slide
velocity is 300 mm/s. Under contact in water and mud, after slide distance 3180 m, the amount of materials
removed of EPDM and NR is negligible. Under dry contact, after slide distances 540 m, 1620 m, 2200 m and
3180 m, the amount of materials removed of EPDM samples is 5 mg, 29 mg, 46 mg and 67 mg. The mass loss of
NR samples is 6 mg, 17 mg, 25 mg and 32 mg. Fig 4 shows the mass loss of samples.

i EP DM sample

a0 —— IR sample /

Mass loss (mg)

( 100 800 120016002000 24002800 3200

Slide distance (m

Fig 4. Mass loss of EPDM and NR samples under dry contact

In the same slide distance, mass loss of EPDM sample is higher than mass loss of NR sample.

4. Conclusion

With the results of the experiment showed above, we can summarize that with an increasing sliding
velocity, the coefficient of friction increases with dry contact and the coefficient of frictions decreases under contact
in water and mud. The friction coefficients of EPDM is higher than the friction coefficients of NR with dry contact.
Under contact in water, the friction coefficients of EPDM is smaller than the friction coefficients of NR. However,
the friction coefficients of EPDM and NR are nearly equal under contact in mud. Under contact in mud, dependency
of friction coefficient on velocity is small. Under dry contact, mass loss of EPDM and NR is significant.
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J.B. BOPOHIIOB
PI'Y ne¢pmu u eaza (HUY) um. M. M.I yoxuna

OJIUH U3 METOJ0B OIITUMU3BALIUU PACYHETA 3AMEHBI
JAN3EJIBHBIX TEHEPATOPOB HA BO3OBHOBJISIEMbBIE
NCTOYHHUKHU SHEPI'MH, C HEJIBIO YBEJIMYEHUSA
JHEPI'O®®EKTUBHOCTHU ITPOU3BOACTB

AXTHUBHOE BHEJPEHHE BO300OHOBIIEMBIX MCTOYHHKOB SHeprum — 370 peamnu TOKa Hauama 21 Beka. Ha
MHOTHX IPOM3BOJICTBAX, B YACTHBIX JOMaX MX HCIIONB3YIOT Ui YBEJIMYEHHUS dHEProd(pdeKTnBHOCTH 0OBEKTOB U
YMEHBIIICHUIO 3aTpaT Ha 3aKyIlKy »>JeKTpodHepruu. Ha mnpom3BoacTBaX BHEAPSIOTCS CONHEYHO-BETPOBEIC
YCTAHOBKH, KOTOpBIE IO3BOJISIIOT B IEPCIEKTHBE 3HAYMUTEIHHO SKOHOMHUTH HAa 3aKyNKax TOIUIMBA IUIS JH3EJb-
TeHEepaTOpOB, KOTOPHIEC SIBISIOTCS PE3EPBHBIMH HCTOYHWKAMH NuTaHWA. OTHOBPEMEHHO C 3THUM pe3epBHBIC
TeHepaTophl, 00ECNEeYnBAIOT IOBBIIEHUS KaTETOPUH HAAEKHOCTH TNOTpeduTeneld, auOO0 BBICTABIAIOTCS HA
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AyKUMOHBl W TPOJAIOTCS CTOPOHHHM OpTaHu3almsaM. Takke CymlecTByromias KoHmemmwst «Smart — grid»
MOJPa3yMEBAET, UTO 000 TOTPEOUTENh IIEKTPOIHEPTUH B 000 MOMEHT MOJKET CTaTh €€ MIPOIABIIOB.

Bonbmiast 4acTb MPOEKTOB B COBPEMEHHBIX PEANMAX BBIIOJIHACTCS C IOMOINBIO CHENHATN3UPOBAHHBIX
MIPOTPaMMHO-BBIYHCIINTEIBHBIX KOMILIEKCOB. [Iporiecc BHEAPEHUSI BO30OHOBIISIEMBIX HCTOYHHKOB SHEPTUH B3aAMEH
JW3€Tb-TEHEPaTOPOB CMOJENUpPoBaH B mporpamme. C ee IOMOIIBIO BO3MOXHO aBTOMATH3HPOBaTh IOAOOD
MOIITHOCTEH COJTHEYHO—BETPOBOM YCTAHOBKH, KoTopas Oyner mokpeiBate 100% rpadmka Harpyskd, ¢ y4eToM
CTOXAaCTUYECKOro Xapakrepa reHepanuu. OnpenenstoTcI0CHOBHBIE TEXHUKO-D)KOHOMHUUYECKHE MOKa3aTeNld MPOeKTa
BHEJIPEHHs MICTOYHHUKOB aJIbTEPHATHBHOW IeHEpalllH, KallUTaIbHbIC BIOXEHHs, cedecTouMocTh KBT*u. Tak xe Ha
BBIXO/IE NpOrpaMMa BBIIAET THUIOBBIE Tpa(UKH, KOTOPHIE MO3BOJSIOT OLIEHHTh ONTHMAILHOCTh BBIOPAHHBIX
MOIIIHOCTEH.

OreHKka NPOrpaMMBIIIPOBEACHA Ha IPOEKTE 3aMEHBl JIM3ENIbHBIX I€HEPaTOpPOB, MUTAIOMINX aBapHHHBIC
3a7BIKKH Ha HedTenpoBoae «Taac — IOpsx — BCTO».ITogoOpaH THIT 1 KOJIMYECTBO OCHOBHOI'O TEXHOJIOTHYECKOTO
obopynoBanus. OOG0CHOBaHA SKOHOMUYECKAs M TEXHUIECKask H3(PPEKTHBHOCTH IpeAiaraeMoil HHUITATHBBL.

Hayunslii pykoBoaureb: K.T.H., gou. M.H. lymmnanos

A.J0. TPUIIAEHKO, C.B. BOPILIEBCKH,
C.B. KOHOHBIXHWH, U.B. KYIIEHKO
I'OY BIIO «/{oneykuil HAUUOHATLHBIIL MEXHUYECKUL YHUBEPCUMEm»

NCCIEJOBAHUE OTPAXKEHHOI'O CUT'HAJIA, KAK
MOKA3ATEJISI DX®PEKTUBHOCTHU PA3PYIIEHUSI TOPHOM
IHOPOABI ITPU BYPEHUUA

AkTyanbHoOCcTh. [Ipn OypeHHHM IIMYpoOB W CKBaXWH IS B3PBIBHBIX pabOT ONHOW M3 TIABHBIX 3a/1ad
SIBIISIETCSI BBIOOP OypOBOro MHCTPYMEHTA U1l OypeHHsI KOHKPETHBIX TOPHBIX IOPOJI, CHEKTP KOTOPHIX OYEHB IHUPOK
— OT MATKUX M INTACTUYHBIX OO0 KPCIKHX, XPYHNKHUX, a6pa3I/IBHLIX U TpCUIMHOBATBIX. B HacTodAIIEeC BpEMA IJIs
OypeHHs1 B3PBIBHBIX CKBO)XMH Ha OTKPBITBIX TOPHBIX paboTax, B MOpOJax CpeaHeld KPeHnoCTH M IUIACTUYHBIX,
LIMPOKOE PacIpOCTPaHEHUE MOIYYMIIM TPEXIIApOIIEYHbIe J0JI0Ta, 3aMEHUBILUE YIAPHbBIH OypOBOW MHCTPYMEHT.
OpHaKOo KECTKOCTh IAPOIIEYHBIX JOJIOT 3HAYUTEIBHO MEHbIIE, YIApHOTO U PeXyIlero 0ypoBoro HHCTpyMEHTa 3a
CUCT YCTAHOBKHM HIAPOMICK Ha uar[(bax, KOHCOJIbHO 3aKPCIUICHBIX Ha Jialax, KOHCOJbHO YCTaHOBJICHHBIX B KOPITYCC
Jonota. B pesynbraTe HMCHIONB30BaHHMS TaKOM KOHCTPYKLIMH OYypOBOTO HWHCTPYMEHTa OrpaHHYeH pPOCT €ro
TIPOM3BOUTENBHOCTH W 3((GEKTUBHOCTH H3-32 BO3HMKHOBEHHS BBICOKOTO YpPOBHSI BHOparuii OypoBOTO CTaHKa.
[MombITKYM HaOXKEHUS MIPOIOIBHBIX KOJICOAHUH Ha CHCTEMY IoJjadl OypOBOTO CTaBa, TAK)Ke IPHOCTAHOBIICHBI, N3-32
BO3HHMKHOBEHHSI BBICOKOTO YPOBHsI BHOpaluii OypoBOro crtaHka npu OypeHnu. bypeHue TpemMHOBATHIX TOPHBIX
TIOPOJI TAKXKE CTAHOBUTCS MPOOJIEMHBIM HM3-32 TIOSIBJICHNS BRICOKOT'O YPOBHS BHOpaiuii OypoBOTro cTaHKa.

Bypenne ynapHbIM MHCTPYMEHTOM MpeaycMaTpuBaeT (OPMHUpPOBAHHE SHEPTUH yJapHOTO MMIIyJbCa B
OypoBOM arperare u Iepeaade ero Ha 3a00il CKBaXMHBI. [IpH TEH30METPUPOBAHUM U 3aITUCH YIAPHOTO MMITYJIbCa
MOJKHO TPOCIEIUTHh €ro INepBOHAYaIbHYI0 (opMy, a 3aTeM H3MEHEHHYIO Iocie OTpakeHHs oT 3abod. Ilpu
LIapOIIeYHOM OypeHHMH yJapHblii uMIynbc ¢Gopmupyercss Ha 3a0oe CKBOXMHBI HyTéM IpeoOpa3zoBaHUs
BpamaTeIbHOTO JBMKEHUS KOpIIyca JI0JIOTa B MepeKaThIBaHKE MIApOIIKU ¢ 3yOkamu 1o 3aboro. IIpu atoMm kopiryc
IIAPOLIEYHOI0  JI0JIOTa BOCTIPHHHMAET OTPaXEHHBIH OT TOPOABl 3a00s1 HUMIIYJIBC JHEPIUH, KOTOPBIHA
BOCIIPHHMMAETCS TEH30JAaTYMKOM, YCTAHOBJICHHBIM Ha OypOBOM CTaBe BOJHM3HM KOpITyca J0JIOTa, W Iepenaércs
Jajblie Ha YCTPOMCTBO mopaun OypoBoro craHka. [1o3ToMy OTpa)KeHHBIH OT 3a00sl CHTHAJl MOXKET CITy>KHTb
MEpHIIOM KadecTBa Ipolecca pa3pymeHus Ha 3a0oe.

HoBuszna. {1 moBBILICHNS KECTKOCTH OypOBOTO MHCTPYMEHTa pa3pabOTaHO HOBOE OJHOLIAPOIICYHOE
JI0JIOTO C BepTUKIbHOM 1amndoi [1], mo3Bossiomee mepeaaBaTh OCEBOE YCHIME OT KOpIyca J0JoTa
HETIOCPECTBEHHO Ha INAapoLIKy, KOTOpas YCTAaHOBJIEHA IIOJ YIJIOM K KOPIYCY J0JIOTa M COEJUHEHAa C HHUM
BEpTHKaJIbHON nandoif co cheprndeckiM MOJIIUITHUKOM, a YCHINE OT KOpITyca JOJIOTa Ha IIapoIIKy Hepena&rcs
qepes pa]lI/IaHBHO-yHOpHBH\/'I ITOAIIUITHHUK. HcneiTanne Takux OOHOIIAPOINCYHBIX JOJOT HPH 6ypeHm/I CKBa>XXHUH B
MopoJIax CpeaHeH KPEermoCTH U IUTACTHYHBIX T0Ka3aJl0 UX 0osee BBHICOKYIO AP PEKTHBHOCTD 10 CKOPOCTH OypeHus u
CHWKSHHIO YPOBHS BHOpanuii Ha 10J10Te U OypoBoM cTase [2, 3].

O0bekT wHcciaenoBanusa. B pabore mnpuBENEHBI pE3yNbTaThl WCCICAOBAHUS TEXHONOTHYECKHX U
KOHCTPYKTUBHBIX TOKa3areied OypeHHs OJHOIIAPOUICYHBIX JOJIOT C BEPTHKAIBHBIMHU HamdaMu mpu OypeHuH
B3PBIBHBIX CKBRXUH THAMETPOM 76 MM B M3BECTHIKE KpenocThio 8 mo mkaie npod. M. M. IIporonsskoHoBa.

KaioueBble cjioBa: [0710T0 OAHOLWAPOLEYHOe, BEPTUKaNbHAA Landa, cKopocTb bypeHus, mucriepcus u
4acTOTa NPOAO/bHbIE KonebaHus.

Heab paboTbl — yCTAaHOBUTH (DPYHKIMOHAJIBHYIO 3aBUCUMOCTH MEXAY KOHCTPYKTHBHBIMH HapaMeTpamu
J0JIOT ¥ PEeKUMHBIMH TapameTpamu OypeHHs Uil OLEHKH TEXHOJOIMYECKHX, NUHAMHYECKHX W YacTOTHBIX
mokaszareneid OypeHHs OJHOIIAapomIeyHbIMH  jgosnotamMu  Iloc/iefoBaTelbHOCTH  BBLINMOJHEHUS  PaOOTHI.
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OKCHEepUMEHTAIBHBIC HCCIECOBAaHMS TNPOBOIMINCH B JIADOPATOPHBIX YCIOBUSX Ha OypoOBOM CTEHAE IyTEM
peanm3anuu D-onTUMaNbHOTO, POTOTAOEITHLHOTO mATA()AKTOPHOTO TUIaHA ¢ YHCIOM ONBITOB N=42, KaKIblid
(axTop peann30BaH Ha TPEX yPOBHIX, C TOBTOPEHUEM KaXIOTO OIIBITA. 3aIICh ANHAMHUYECKUX HATPYy30K BEJIHCH 110
JIBYM KaHallaM OJHOBPEMEHHO JUIA IPOJOJIBHBIX M KPYTHIIBHBIX KOJICOaHHI.

B kauectBe (HaKTOpOB, OKa3bIBAIONINX BIMSHHE HAa TEXHOJOTHYECKHE MapaMeTpsl OypeHHs, Obuin
npuHsTE:  X3-yron Hakimona mapomek gomor, (Q=20°25° u 30°); X,-umcio 3y6uaThIX BEHIOB HA KaxKmOi
mapouke, (N=4,5 u 6 wr); Xs-paccrosuue Mexay 3yokamu B 3ybouatom Berue,(1=12,14 u 16 mm); X,-ycunue
mojaun Ha 3abo, (F=26,47,60 kH); Xs-uactoTa BpameHus noi0ta, (0=100,150,300 06/mMuH.).

KoHCTpyKTHBHBIE W pEXHMHBIE IapaMeTpbl OypeHus mpencraBieHbl B Tabmuue 1. B kauectBe
W3MEPHUTENBHON anmapaTypbl UCIOJIb30BAIICS OCLMILIOrpad, TeH30YCHINTENb, TeH30JaTYMKU. 3alUCH KOJIeOaHUH
o0OpabaThIBAIICh MO COOTBETCTBYIOIIEH MeToauke. [lociae oOpabOTKM OCHMIUIOTpAaMM W Pa3JIOKEHHS 3amlucei
koneOanuii B pag Pypbe crekTp KoneOaHWi pa3jiokeH Ha MATh TapMOHUK. JlIsl KaXJoH M3 ISITH TrapMOHHK
paccunTaHa JUCIIEPCHS U CIEKTP YaCTOT BXOASAIINX B COCTaB 3TOH FapMOHHKH.

Tab6muma 1.
HarypanpHble 1 KOOMPOBaHHBIC 3HAUCHUS (haKTOPOB
DakxTopbl YpoBHH hakTOpoB WnTepBan
-1 0 +1 | BappUpOBaHUSA
KoncrpykTuBHbie | X1 - yron Haknona mapourkn, Q°, rpagycer 20 25 30 5
X2 -qncino 3y0UaTHIX BEHIIOB MIAPOMIKH, N, MITYK 4 5 6 1
X3 - paccrosiHue Mexay 3yokamu, |, Mm 12 14 16 2
Pexxumunie X4 - ycunme oaun Ha 3a0oi, F, kH 26 43 60 17
X5 - gacToTa BpameHus J0J0Ta, ®, 00. / MUH. 100 200 300 100

Pe3yabTaThl npoBeneHHON paboThl. B paboTte npuBeaeHb! pe3ysIbTaThl U aHAIN3 CJIETYIONIUX [TapaMeTpOB:
CKOPOCTh OypeHusi, TUCTIEPCUS U YaCTOTa MEePBO TapMOHUKH MPOAOIbHBIX KojebaHui. Pe3ynbTaThl nccienoBaHus
IIpeJCTaBIeHbI B BUJE ypaBHeHUH perpeccun (1,2,3) mia ckopoctu OypeHHs, AUCIEPCUU U YaCTOThI NMPOIOIBbHBIX
KojeOaHUH Ha TEpBOW TapMOHHKE, MOJNYYEHHBIX B pe3yjbTare OOpabOTKHM SKCIICPHMEHTAJBHBIX NaHHBIX MO
M3BECTHBIM MeTonukaMm. g ymoGcTBa M HArIAOHOCTH aHANM3a MCCICNOBAaHUH KaKIoe aHATUTHYCCKUE
BBIP)XCHHE CONPOBOXKIACTCS rPaQUICCKUM MaTepHAIOM, COCTOSIMIMM HX JBYX PUCYHKOB, KaXKIBIH M3 KOTOPBIX B
YeTHIPEXMEPHOM MPOCTPAHCTBE IOKA3bIBACT HCCICAYyEeMble 3aBUCUMOCTH. YeTBEpTOe H3MEpeHHE Ha KaKIOM
PHCYHKE MPEICTaBICHO IUCKPETHBIM B BHJIE TPEX IMOBEPXHOCTEH OTKIHMKA BBITOJHEHHBIX IS OXHOIIAPOILCYHBIX
JOJIOT C OTHUM U3 TPEX YIIIOB HAKJIOHA IAPOILIKH.

1. YpaBHeHHe perpeccuu Uit CKOPOCTH OypeHus

V1=10.14876+0.03462X,+000878X,+0.00662X5+0.04193X,+0.08685X5+0.00227X X,

+0.00098X1X35+0.01127X;X,4+0.0208X,X5-0.013X,X3+0.00133X,X,4-0.001X,X5-0.0096 XX

-0.0014X3X5+0.02011X,X5+0.01X,%+0.00574X,%-0.0075X 5-0.0338X,°+0.05349X (1)

2. YpaBHEHHE PErpeccuy JUisl IUCTIEPCUH NIEPBOI rapMOHUKN

V,=392.2+188.6X1—203.5X,-+61.9X5+76.7X4-87.67X5-147.1X1 X,

+66.4X1X3-73.4X1X4-44.2X1X5-53.1X,X3+45.2X,X4-53.1X, X5 +-168.3X 53Xy

-209.9X3X5196.9X,X5-160.2X,°+269.3X,°+122.8X5%-1.731X,>+111.8Xs° )

3. YpaBHeHHE perpeccuu A1 YacTOThI MEPBOil TapMOHHUKU

V3= 22.25+2.205882 X;+0.911765X5+2.705882X4+3.823529X5-2.375X X5

-0.8125X3X3-0. 25X X4+1.0X; X5+1.4375X,X5+2.75X,X4-0.875X,X5+5.0625X 35X,

+4.6875X3X5+2.875X 4 X5-5. 75X, +4.75X,%-0.75X 5%-0.25X 2+1.75X5". (3)

Ha puc. la moka3zaHbl 3aBHCUMOCTH CKOPOCTH OypeHHs OAHOIIAPOIICYHBIMH JIOJIOTAMH C yIJIaMU HaKJIOHa
mapomex Q=30°, 25° u 20°. [ocme0BaTETLHOCTD MEPEUNCICHHs MOBEPXHOCTEH OTKIMKA NS YIIOB HAKIOHA
JOJIOT COOTBETCTBYET MOPAJAKY UX PAa3MEIICHHA Ha BCCX PUCYHKAX IO BBICOTE. HepBI)IM NEPEUYUCTACTCA TOJIOTO C
YTJIOM HaKJIOHA JIJIsl BEpXHEH MOBEPXHOCTHU U TaK Jiajee.

CkopocTh OypeHHs BO3pacTaeT ¢ YBETUYECHHUEM YCWIMS TMOJA4d M YacTOTHl BpAlIeHUs IS BCEX JOJIOT.
CkopocTh OypeHHsI BO3pacTaeT ¢ YBENMYCHHEM YCHJIUS MOJAa4Yd HECKOJNBKO HeJIWHEHHO. [IpH MajiblxX YCHIMSIX
MOa4M CKOPOCTh OypeHHs AOCTHTaeT SKCTPEMyMa - MaKCHMyMa IpH CpelHeM ycwiuu nomauyd F=0 ycn. ex. wu
HeOoJbIIoN YacToTe BpameHus o= - 0,5 yci. en.

Ha puc. 16 nokazana 3aBUCHMOCTb CKOPOCTH OypeHUs] OT BOOPYXKEHHS LIAPOIIKU JI0JI0Ta — YUCIIa PSJIOB
3yOKOB M paccTosHUA Mex1y 3yOkamu. CKopocTh OypeHHsl BO3pacTaeT ¢ yBeIN4YEeHHEM YHcia PagoB ¢ 3yOKamMH U OT
YBEJIMYEHUs] PACCTOSIHUS MEXAY 3yOKamu Uit BceX A0J0T. IIpnuéM 3aKkOHOMEpHOCTH HM3MEHEHHS! CKOPOCTH
OypeHwst UIsl BCeX J0JIOT IpH Q=200, 25% 1 30° onuHaKoBEI
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a) Q=30 rp. Q=25 1p. Q=20 1p. 6) Q=30 rp. Q=25 rp. Q=20 1p.

Paccr. Mexiv SvOxamp. MM 0 0 0
Puc. 1. 3aBucHMOCTE CKOPOCTH OYPEHHUS TOIOTaMH ¢ HAKIOHOM Imapoirek nof yriaom Q=20", 25° u 30" ot:

a) YCWIHSA TIOJJa9X W YacTOTHI BPAIICHHS NOJIOT; 0) YMClia psAmoB 3yOKOB W PACCTOSHUSA MEXIY 3yOKaMu
HIAPOLIKH.

Ha puc.2a moka3aHa 3aBHCHMOCTbH JAMCIIEPCHUH MPOAOJBHBIX KOJCOAHUN OT YCHIHMS MOJAYH M YaCTOTHI
Bpamenns. Jlis 0M0Ta ¢ yrioM HakmoHa mapomkn 30° yBelTHdYeHHEe YCWIHS TOJAYM M 9YaCTOTHI BPAIICHHS
CHIDKACT TUCTICPCHIO MPOJIOIBHBIX KOJICOAHUI BO BCEM JHMAaNa30HE U3MCHCHUS PSKUMHBIX MapameTpoB. Jucmepcus
m3mensiercs ot D =1200 yen. en. no D=530 ycn. en. B nuanazonax (ot F=+0,5 no F=+1,0) misa ycunus nogauu u

4gacToThl BpameHus (ot o=+0,5 mo =+1,0) popma noBepxHOCTH OIU3KAS K TIOCKOH .

2) Q=30 rp. Q=25 rp. Q=20 1p. 6) Q=30 rp. Q=25 rp. Q=20 rp.

ki
g.
=

Puc. 2. 3aBucumocth mucniepcud 1-of TapMOHUKM TIPOAOJIBHBIX KojieOaHMH TIp  OypeHuH
0JIHOWIAPOLIEYHBIMH JOJIOTAMHE ¢ HaKI0HOM mmapourky mox yriaom Q=20°, 25° u 30° o

a) YCWIMsS MOJAa4¥ M 4aCTOTHl BpaIlIEHHs J0JI0T; 0) yucia psaoB 3yOKOB M PAacCTOSHUS MEXIy 3yOKaMu
LIapOIIKH.

Jns ponora ¢ yrioM HakJIOHAa INApOmIKM 25 Tpaj. IOBEPXHOCTh OTKJIMKA IIpEJCTaBIeHa B BHAE
9KCTPEMAIbHON 3aBUCHMOCTH MHHHUMAaJbHOE 3HAUCHHWE KOTOPOHW NPOXOANT dYepe3 CIEAyIONIMe TOYKH Ha
MOBEPXHOCTH OTKJIMKA: OJIHA TOYKA Ha moBepxHocT oTkiuka, (F=+1,0 =0 ) Bropas Touka ( F=- 1,0 o= -0).
[puuém aucniepcus Mo JIMHUM Tepernda Bo3pacTaeT ¢ yBeiamdeHneM ycwmnus mogadn ¢ 500 mo 540 yeu. exn. locie
JIMHUM nieperuda IUCIIepcHs BO3pAcTaeT C yBEIWYEHHEM YCHIIMS 0/1a41 M 4acTOThI BpauieHust. J{is ponora ¢ yriaom
HakJioHa mapoiku Q=20 rpaj. HOBEPXHOCTh OTKJIMKA TAaKXKe MPEJCTaBIeHa B BUJE IKCTPEMaIbHOW 3aBUCUMOCTH.
[eperu® noBepxHOCTH, €€ MHUHUMYM, IPOXOIUT MO JIMHUM Yepe3 CICAYIOIIME TOYKH Ha MOBEPXHOCTH OTKIIMKA
(F=+1,0 o= -0,5 ) u Bropas touka ( F=- 1,0 ®= +0,5). B Bume 3KCTpEeMaIbHOH 3aBUCHMOCTH MHUHHMAJIbHOE
3HauYEHHE KOTOPOH MPOXOJUT uepe3 CIEAYIOIIUe TOYKHM Ha MOBEPXHOCTH OTKJIMKA: OJHA TOYKA Ha MOBEPXHOCTH
otknuka, (F=+1,0 ®=0 ) BTopas Touka ( F=- 1,0 o= +0,5). Ilocne nuHHM mepernba AUCIEPCHS HA I0JIOTE
BO3pACTaeT C U3MEHEHNEM YacTOTHI BPAIIEHUS U YCHIIHMS MOJa4y B 00€ CTOPOHBI - IPH YBEIMUCHUHN U YMEHBIICHHH.
Jlunuro nepernda Ha MOBEPXHOCTH OTKJIMKA MOKHO CUHTATh O0JIACTHIO PALMOHAIIBHBIX PEXUMHBIX ITAPAMETPOB.

Ha puc. 26 noka3zana 3aBUCUMOCTb JUCHEPCHU |-0# rapMOHHMKH NPOAOJIBHBIX KOJIEOAHHUH OT Yncia paaoB
3yOKOB M PAcCTOSIHHSI MEXIy 3yOKaMH. IOBEpXHOCTH OTKIHMKA [UII BCEX JOJOT HMEIOT 3KCTPEMaJbHYIO
3aBUCHMOCTH OT YHWCIIa PAAOB 3yOKOB IIAPOIIKH, MHHHUMAJIBHOE 3HAUYEHHE NHUCIEPCHU JIOCTUTACTCS IPU CPEAHEM
3HAUEHHU YHUCIA PSIOB.

Ha puc. 3a moka3zaHa 3aBUCHMOCTH YaCTOTHI POJOJIEHBIX KOJIeOaHMH 1-01 TapMOHHUKH OT YCHIINS MOJIa4n
¥ 9aCTOTHI BPAIICHHUS OHOLIAPOMICYHBIX JOJIOT ¢ yriaMu Hakiona mapomek Q=20°, 25°u 30°.
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#) Q=25 1p. Q20 rp. Q=30 1p. 6) Q=I5 rp. Q-201p. Q=30 rp.

16 1% 0 a5 1
T Yeuunc pogaa, xH .
Yscrom spumcnns, 0./

Puc. 3. 3aBucuMocTh 4YacTOTHl 1-0f TrapMOHHKHM TPOJONBHBIX KOJeO0aHWH Tpu  OypeHHn
0JIHOWIAPOMIEYHBIMH JOTOTAMHE ¢ HAKIOHOM mmapourky mox yriaom Q=25° 20° u 30° o
a) yCWJIUSI TIOJJa4M ¥ YacTOTHI BPAILIEHUs JI0JI0T; 0) Ynciia psaoB 3yOKOB M PACCTOSIHUS MEXY 3yOKaMu.

IToBepxHOCTH ONM3KH K IUIOCKHM, MapajuIeIbHBIM IIOCKOCTAM MOKAa3bIBAIOIINM, YTO YaCTOTHI IEPBOI
TapMOHMKH BO3DPACTAIOT IPOMOPIMOHAIPHO YBEIMUYCHHIO YCHWJIMS IIOJAYM W 4YacTOThl BpameHus. Ha puc. 30
MOKa3aHa 3aBHCHMOCTb YaCTOTHI IPOAOJIBHBIX KoJieOaHHH |-0# TapMOHMKH OT 4YHCIA PSIOB 3yOKOB M PAaCCTOSHUS
MEXAy 3yOKaMH. YBENWYEHHE pacCTOSHHS MEXIy 3yOKaMM YBETHMYMBAET YacTOTYy a M3MEHCHHE YHCIa PAIOB
3yOKOB ()OpMy MOBEPXHOCTH JENAET IKCTPEMAIbHON, MUHIMYM 3KCTPEMyMa JOCTUTaeTCsl IPH CPEIHEM 3HAYCHUH
YrcTa PSIOB 3yOKOB.

BouiBoabl. VccienoBanusi oka3aiy yBeJIMUEHHE CKOPOCTU OypeHHsI M CHW)KEHHE YpPOBHS BHOpanMid HpH
OypeHHH JI0JIOTOM ¢ OoJiee JKecTKOW KOHCTpykuuel. OTpakeHHbIH OoT 3a00s CUTHaj, B BUJE MMITYJIbCa SHEPTUH,
MOJKHO HCIIOJIb30BaTh AT CO3JJAHHS aBTOMAaTHYECKONH CHCTEMBI PETYIMPOBAHUS PEXUMHBIX IapaMeTpoB OypeHus
Imapome4YHbIM 6ypOBbIM HHCTPYMEHTOM B CBA3U C TIIOCTOAHHO H3MCHAIOIUMUCH Q)HSHKOMexaHI/I‘{eCKI/IMI/I
CBOMCTBaAMH TOPHBIX TTOPOJ 330051 CKBa)KMHBI U JAHAMHUYCCKUMU XapPaAKTECPHUCTUKAMU 6ypOBOFO CTaBa IO MEpe
U3MEHEHHsI €ro JUIMHHBI 3a Cu€T yriyOleHWs CKBaXUHBL. AMIDIMTYA0()a304acTOTHYI0 XapaKTEePUCTUKY
OTPaXXCHHOTO CHTHajda PEKOMEHIyeTCs HCIOIb30BaTh JUIA (OPMHUPOBAHUS JONOJHHUTENBHBIX HMITYyJIbCOB MHPHU
HaJIOXKEHUH BUOpaIuii Ha OypOBOH CTaB C MAPOMIEYHBIM JOJIOTOM ITOBBIIICHHON )KECTKOCTH €r0 KOHCTPYKIIHH.
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A.Il. KOHOHEHKO, P.1. BOXXKO
T'OY BIIO «/loneykutl HAYUOHALHBIL MEXHUYECKUL YHUBEPCUMEm»

OBOCHOBAHME IPUMEHEHUA HAI'HETATEJIBHBIX
IPJIMOTHBIX YCTAHOBOK C HEHTPOBEXXHBIMH
HAT'HETATEJISIMH

HpI/I OKCILTyaTaluu BpJ'II/I(l)THBIX YCTaHOBOK Tpa}IHHHOHHOﬁ KOHCTPYKIIUM JBUXKXCHUC KUIAKOCTHU
(TuapocmecH) MO OTBOIAIIEMY TPYOOIIPOBOIY OCYIIECTBISIETCS CaMOTEKOM, 4To TpeOyeT obecredeHHs YKIOHA
3TOro TpyOONpPOBOAA B CTOPOHY IOTpeOuTessi. OOecIeunTh JBIKEHUE SKUJIKOCTH 110 OTBOASIIEMY TPYOOIIPOBOIY C
BOCXO/SIIIAM YKJIIOHOM BO3MOXKHO TOJIBKO IPH aOCOJIOTHOM JaBJICHMH B BO3AYXOOTIEIHTEIC, HPEBHIMIAIONIEM
a0OCoJIIOTHOE JaBlIeHNE y MOTPEOUTEIIS NTepeKaunBaeMOM JKHIKOCTH.

Pabora ospoupTa TPagUIMOHHON  TEXHOJOTMYECKOW CXeMbl €  HW30BITOYHBIM  JIaBIICHHEM B
BO3/IyXOOT/AEJINTENE IIOBJICUET CHIDKEHHE €ro DHEpreTHYecKod 3((EeKTHBHOCTH, TaK KaK 3TO 3KBHBAIEHTHO
YBEJIMYEHUIO BBICOTHI IIOIbEMA TP IIPOYHMX PABHBIX YCIOBHSX.

HpI/I IIPOMBINIIICHHOM HCIIOJIb30BaHUN BpJ'II/I(pTHBIX YCTaHOBOK BO3HHMKAIOT CUTyallMH, KOrja CYIIECTBYIOT
OTPaHMYEHHUS IO JOMYCTHUMOH BBICOTE MOABbEMa SPIU(Ta TPAAUIIMOHHONH KOHCTPYKIHH H3-3a OTPAHHYEHHBIX
BEPTUKAJBHBIX Ta0apUTOB B MECTE pPACIOJIOKEHUS YCTAHOBKH (HAIpUMeEp, OTPAHWYCHHS BEPTHUKAIBHBIMU
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rabapuTaMu TOPHBIX BBIPAOOTOK, 3arpOMOKICHHOCTBIO TPOCTPAHCTBA OOOPYIOBaHMEM U T.I.), YTO JeJaeT
HEBO3MOJKHBIM IPUMEHEHHE TaKHX YCTAHOBOK KaK CPEACTB BOTOOTIMBA (THApPONOAbeMa). B pasnu4HbIX oTpacisax
NPOMBIIUICHHOCTH BO3HHMKAIOT TaK )€ CIy4al HEOOXOAUMOCTH HAllOPHOM TPaHCHOPTHPOBKH JKHUAKOCTH IO
TOPU30HTAJIBFHOMY HJIM HAaKIIOHHOMY OTBOJSILEMY TPYOOIIPOBOLY.

YBemmunte 3HEProd3dpdekTuBHOCTE paboTHl pIMUPTHOH YCTAHOBKH C LEHTPOOESKHBIM HAarHETaTelleM B
KauecTBE HCTOYHUKA C)KATOTO BO3JyXa BO3MOXKHO IIPH I0Jade BO BCACHIBAIONIIMI TaTPYOOK HArHEeTaTels BO3yXa ¢
N30BITOYHBIM JaBJICHUEM, MMEIOIIMM MECTO B BO3AyXOOTAeiuTelie. Peanmuzanus 3Toro Bo3MOXKHa HpH padorte
ra30’kKMIKOCTHOTO TIOJABEMHHKA [0 NPHUHIMITY HarHetaTenbHOW spnudTHON ycranoBku (Puc. 1). YcrpolictBo u
pabora HarHeTaTeIbHOU 3pAU(THON YCTaHOBKH N3JI0KEHBI B [1].

B xopme wuccrienoBaHusi IpoBeneHa OLCGHKA DHEPreTHueckod 3((eKTHBHOCTH pabOTHl HAarHEeTaTeJbHOMN
SpAU(THOH YCTAaHOBOK Ha IPUMEPE HCIIOIb30BaHHS B €€ COCTaBE IEHTPOOEKHOro (paaualbHOTO) HarHeTaTess

IIHB 200/3 mpoussoactea OAO «JladpbHEBOCTOUHBIN 3aBOJI IHEPTETHYCCKOTO 000PYIOBaHU», T. Xa0dapoBck, PD.
a z
2 1
: l,]

T
<3

20

o=

Puc. 1. [lpuHumMnuanbHas cxeMa HarHeTaTeIbHOM SpudTHOI ycTaHOBKH: 1 — mogseMHas Tpyba; 2 —
BO3IYXOOTHCIHUTENb; 3 — CIMBHAS TPyOa; 4 — BO3LyX00TBOAAIIAS TPYOa;
5, 8 — perynupyromue KiamnaHsr; 6 — qaT4uK ypoBHS, / — MaTpyOoK; 9 — maT4nK JaBIICHHS,
10 — pmarootnenutens; 11 — paguaneHbI HarHeTaTeNb; 12 — HAMOPHEIN BO3AYXOIPOBOS;
13 — myckoBoii matpy6ok; 14,19 — 3aaBmxka; 15 — cmecutens; 16 — momaroras Tpy0a;
17 — 3ymnd; 18 — cOpocuoii Tpydonposon; 20 — oOpatHblit kinanan; 21 — oTBoAsIIKi TpyOONIpoBOd; 22 —
MOTPEOUTENb NepeKaYMBaEMOM KUIKOCTH; 23 — IOMOJIHUTEIbHBIA HCTOYHHUK CKATOTO BO3AyXa (IJIs1 KOMIIEHCAIIUH
YHOCa BO3/lyXa TPaHCIOPTHPYEMOH KHIKOCTBIO).

Ilo paspaboraHHOI MeTOIWKE pacyeTa, OCHOBAaHHOW Ha OOIIEH3BECTHBIX 3aBHCHUMOCTSIX [2 — 5],

BBIYKCIICHBl 3HAYEHWs I1apaMeTpoB, XapaKTepH3YIOIIMX pabdoTy HarHeTaTeIbHOW SpiaudTHON YCTaHOBKH c
9 _ , 5

HarHeTarexeM [{HB 200/3, B muamazoHe aOCOMIOTHBIX JaBJICHUN B BO3IYXOOTHEIHTENE P, 4, = (1,013+1,25)-10° [a

(Puc. 2, 6) n oTHOCHTENBHBIX TOrpykeHuil cmecutens o = (0,15+0,95). 3aBucumoctu m,, = f(a), Mom = f(a),

n,="f ((x) nu H= f((x) (Puc. 3 — 5) mocTpoeHsI Mpu 3HaUYEHUH aOCOOTHOTO JaBJICHUS Ha BXOJE B HarHETATEIh

- 5 _ = —
DPaess = 1,25-10° Ia. IIpu Beruucnenun 6e3pa3sMepHbIX BenU4YMH T1,, Q, u A B KauecTBe 0a30BBIX IPUHUMAIHChH

3HAYEHUS! COOTBETCTBYIONINX MapaMeTPOB pabOTHI APIUPTHON YCTAHOBKH TPATUIIMOHHOW TEXHOJIOTUYECKOH CXEMBI
(Puc. 2, ) ¢ BBICOTO#H MOABEMA, aHATIOTHYHOM HarHetarensHoi (H + AH, = H,,).

Vcrnonb3yss METOAMKY, U3JIOXKECHHYIO B [6, 7], rpadU4ecKuM METOJOM IMOCTPOCHBI T'a30MHAMHUYCCKUE
XapaKTePUCTHKH HATHETATEIS TIPU IaBJICHUAX BO BCACHIBAIOIIEM MATPyOKeE p, ,, B OTOBOPEHHOM JHAIa30HE.

IloBbiCHB pgaBiieHME B BO3AYXOOTHENMTENE A0 3HAYEHUS P4 = 1,25 10°TIa BO3MOXKHO IOOUTBHCS
CIIeYIONINX WU3MEHEHUH mapamMeTpoB paOOThHI SPIU(THOW YCTaHOBKH: YBEIWYHTH BHICOTY MOIbeMa 3piudra Ha
BermuuHy AH,, oOecrmeunts paboTy HEHTPOOEKHOTO HATHETATENS C TOBBIIICHHBIMUA 3HAYCHUSMH JaBIICHUS U
oJ[a4yu, 00ECIeYNTh YBEIHYSHNE TEOMETPHUUECKOT0 MTOIPYKEHUsI cMecuTest apiudTa jo Benuuunsl h, (Puc. 2, 6).

=
=

=

12
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Puc. 2. Dmropsl JaBieHUi B IIOABEMHBIX TPYOax spiau(Ta TPaIUIMOHHONW TEXHOJOIHYECKOU CXEMBI - @),
HarHeTaTeJIbHOTO PIUQTA - 6), TPATUITUOHHON CXEMBI C TITyOMHOW MOTPYKEHUS CMECHUTEIS, aHAJIOTHIHON
HaTrHETAaTeIbHOMY (PKBHBAJICHTHAS CXeMa) -6) 1 3piu(Ta TPAIUIIOHHON CXEMEBI C BEICOTOM ITOIbeMa, aHAJTOTHIHOH
HaTrHETAaTeIbHOMY -2)

Ny =Sla)

= fla)

o

Puc. 3. smenenue KI1J] HarHeTaTenbHOro 3paudra ¥ SpIudTa TPaIUIHOHHOW TEXHOIOTHICCKON CXEMBI
(c maruetarenem ILIHB 200/3) mpu abCoNFOTHOM JaBICHUH Ha BXOJIC B HATHETATENb P, o, = 1,25 10° ITa
| {i.
105
100

Puc. 4. 3menenne otHomenwns KI1/] HarHeTaTenpHOTO U TpaauiuoHHOTO 3piudTa (¢ HarHetaTenem [{HB
200/3) mpu abCOMIOTHOM JaBJICHUU HA BXOJE B HATHETATEIb
Pag = 1,25-10° Ta
130 H

Puc. 5. I3MeHeHe OTHOMICHHS BBICOTHI ITOIheMa HATHETATEIEHOTO U TPAIUIIHOHHOTO 3piudTa (¢
HarHeTareseM [IHB 200/3) mpu abcomoTHOM JaBICHUN Ha BXOJE B HAarHETATENb
Pass=1,25-10°TIa

B xone MpOBEAECHHOTO KCCACIOBAHUS YCTAHOBJICHO, YTO B CPAaBHCHHU C JPIU(PTHOW yCTAaHOBKOI
TPAIUIIMOHHON KOHCTPYKIMHU paborta 3piudTHON ycTaHoBku ¢ HarHertarenem I[[HB 200/3,0 B HarneraTeabHOM
peskiMe, NpH aGCOMIOTHOM JaBICHHH B BO3AyXOOTAEIHMTENe (HA BXOJAE B HATHETATENb) P, = 1,25:10° Ila B
JMana3oHe OTHOCHUTENbHBIX morpyxeHuit o = (0,15+0,95) obecneunBaeT yBeNMYEHUE BBICOTHI MOIBEMA Ha
(4,6+24,3)% wn nogauu spnudTa — Ha 23,6% npU MPaKTHUECKH PaBHOLIEHHOH 3HepreTuueckoil addexkruBHOCTH.
YcTaHOBIIEH XapaKTep JaHHBIX 3aBHCUMOCTEH.

BrrurciieHs KOTHYIeCTBEHHBIC IOKA3aTENI H3MEHEHHUS BRICOTHI orbeMa, KITJ[ n mogaun HarHeTaTeTbHOTO
spmudra ¢ 1eHTpoOexkHEIM HarHetareneM [[HB 200/3,0 B amama3oHe OTHOCHTEIBHOTO MIaBICHHS B

Bosgyxootgenurene p, .= (1,0+1,234), 49ro cOOTBETCTBYyeT AMama3oHy abCONIOTHOIO HABICHHS P4

. 5
(1,013+1,25)-10° Ila, mpu B3ITOM B Ka4yecTBEe MpPHMEpPa 3HAYCHHH OTHOCHTENHHOro morpyxenus o = 0,3. Tak
BBICOTA IOJbEMA, B ITHX YCIOBHUSX, yBeaWdMBaercs Ha 5%, mogada spiudra yBenmuuBaercss Ha 57,6% npu
yBenuuenun KI1/] spnudra Ha 12,4%.
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