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ENVIRONMENTAL RISKS INDUCED BY ELEVATED THORIUM
CONTENTS IN THE COMPLEX RARE EARTH ELEMENTS DEPOSIT
STRANGE LAKE, QUEBEC (CANADA): MINERALOGICAL
INVESTIGATIONS

Abstract

The Strange Lake pluton is situated on the northern border between Québec and Labrador in northeastern
Canada. The ore-body, located within a complex peralkaline granite-hosted system of pegmatites and aplites,
contains elevated concentrations of both LREE and the highly coveted HREE, as well as other HFSE (high field
strength elements, such as Zr, Nb, Y, Ti, and Th). The REE mineralization, however, is extremely complex and the
elements of interest are variably distributed between various “exotic” minerals from different mineral classes that
may also contain considerable amounts of unwanted impurities such as thorium, uranium and beryllium. Naturally
occurring radioactive materials (NORM) like Th may be concentrated during beneficiation, thus constituting a
serious hazard to the workers and the environment. In order to limit transportation and storage of hazardous material
during production, it is of the company’s interest to separate these deleterious constituents early in or at best in
advance to the extraction process. This study focuses on the characterization of the mineral phases that primarily
host thorium for early recognition. Combined chemical and structural analyses indicate that there is one particular
mineral phase in which Th is present in highly elevated concentrations. This mineral is best described as a metamict
Th-silicate occurring in isolated, rounded grains enclosed in quartz. Further studies are required to indicate if this
mineral can be separated early during minerals processing from the ore without considerable loss of valuable REE.

Keywords: rare earth elements, peralkaline complex, exotic minerals, thorium mineralogy

Introduction

The Strange Lake peralkaline complex, located on the Québec-Labrador border about 150 km west of Nain, Canada,
is one of the most promising REE-Zr-Y-Nb-(HFSE) exploration targets (Fig. 1, Miller, 1990: Boily and Williams-
Jones, 1994; Salvi and Williams-Jones, 2006).

Due to similar ionic radii, high valences and electronegativity, Th and U behave geochemically similar to
the REEs (Adams et al., 1959). Therefore, these radioactive elements are often associated with REE deposits
introducing a potential hazard to the local environment (Chakhmouradian and Wall, 2012; Hendry et al. 2009). The
tetravalent Ce, for example, closely relates to the tetravalent actinides Th and U, but also to Zr and Hf, so that these
elements may substitute for one another into REE-minerals and into zircon, respectively (Adams et al., 1959;
Forster, 2006). Although the Strange Lake pluton contains considerable quantities of zircon and other Zr-silicates
that could take up Th (Birkett et al., 1992; Salvi and Williams-Jones, 1995), the chemically assessed contents of Th
have been documented to rather occur as thorite, ThSiO, (Brosseau-Liard, 2012; Miller, 1990; Salvi and Williams-
Jones, 1990, 2006; Vasyukova and Williams-Jones, 2014).
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Figure 1. Geological map and geographical location of the Strange Lake peralkaline intrusive complex. At

present the REE-HFSE-rich B-Zone pegmatite is subject to extensive exploration and is claimed as one of

the most promising HREE-deposits outside of China. Maps modified after Brosseau-Liard (2012) and Gysi
and Williams-Jones (2013).

The Strange Lake mineralogy is highly complex and solid solutions and mineral phase transitions are
common. Since the element-phase relations of a deposit predict the profitability and determine its processing
feasibility (Mariano and Mariano, 2012), it is of primary importance to accurately characterize both the minerals that
carry the elements of interest, and those bearing undesired species which are to be removed during the beneficiation.
This study focuses on the detection of the main Th-bearing mineral phase(s) to critically assess the possibility of
removing Th whilst minimizing the loss of the closely related REEs and Y.

Materials and Methods

The samples for this study were kindly provided by Quest Rare Minerals Ltd., collected from a small
exploration quarry within the REE/HFSE-enriched B-Zone pegmatite lens in the northwest part of the deposit (Fig.
1). A total of six bulk samples were selected for a general heavy mineral analysis via density and subsequent
magnetic susceptibility separation in order to concentrate the mineral phases of interest. Prior to single grain
analyses, major and trace element concentrations of each bulk sample were determined by inductively coupled
plasma mass spectroscopy (ICP-MS). Mineral identification was achieved by optical and polarization microscopy,
combined with scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) spectroscopy for chemical
analysis on mineral grains and respective thin sections. X-ray diffraction (XRD) was utilized for comparison and to
confirm the optical and chemical findings by aligning the structural information to the results.

Results

From the bulk geochemical analysis there is a clear indication of elevated Th contents of 100 to 300 ppm in
the investigated samples, with one sample reaching Th quantities exceeding 1,000 ppm. For the thorium only one
specific mineral phase could be determined as its major carrier. Single grains of 100-200 um in size were found in
quartz matrices (Fig. 2) and as isolated grains of equal size in the paramagnetic granular fractions. The mineral is of
rounded, no distinct crystal shape and occurs in a deep wine red to orange color with resinous luster. It shows no
cleavage but conchoidal fracture and is frequently interspersed with small fissures (Fig. 2). Preliminary chemical
analyses on single grains (EDX) suggest a Th-silicate composition, comprising major contents of Th (37-43 wt-%)
followed by considerable amounts of Nb (15-20 wt-%), variable Y contents (at least 2.5-4 wt-%), and minor
amounts of Fe (3-5 wt-%), As (2.3-2.9 wt-%), Ti (1-1.3 wt-%), Al and Ca (both 0.7-0.9 wt-%). The distribution of
Nb determined by elemental mapping (EDX) appears to negatively correlate with Th within the analyzed grains,
which is supported by BSE images, where phase boundaries are visible due to phase (element) contrast (Fig. 2). The
X-ray diffraction pattern produced from less than ten crushed single grains are very broad and indistinct, indicating
an amorphous state.



Figure 2. Scanning electron microscope (BSE) images of two individual grains of the Th-silicate. (a) A Th-
silicate grain with a thin rim of hematite embedded in a quartz matrix. (b) Intergrowth of the Th dominated
silicate (brighter shades of gray) with a zonation dominated by Nb (darker gray) in a quartz matrix.

Discussion and concluding remarks

Microscopic and chemical analyses on thin sections and single grains suggest that a metamict Th-silicate
closely associated with quartz is the only mineral that contains Th in highly elevated concentrations. Although the
exact deportment remains unknown, preliminary data on the mineral chemistry of minerals into which actinides are
known to substitute, i.e. for Zr and Ce into REE/HFSE-minerals such as zircon, zirconosilicates and xenotime, or for
Ca in titanite or allanite (Adams et al., 1959), suggest that Th is present in these minerals only in very minor
concentrations. The Th-silicate, however, contains considerable concentrations of not only Th, but also of Nb (and
Y) with strong internal variation (Fig. 2b). This is not typically known from members of the thorite-xenotime-zircon
solid solution, for which incorporation of respectable amounts of Nb has not been reported (Forster, 2006). If further
studies confirm our suggestion of the Th-silicate being the major host of Th, a separation from the ore prior to
processing may be considered possible without appreciable loss of valuable REEs. For Nb, pyrochlore and Nb-rich
titanite, and for Y, gittinsite, kainosite-(Y) and another unidentified Ca-Y-silicate (e.g. Brosseau-Liard, 2012)
represent the primary resources. Hence, loss of these metals may also be minor.

Acknowledgements. Sincere thanks are given to Quest Rare Minerals Ltd. for kindly providing the
samples and financial support for this study.
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THE DISCOVERY OF GLAUCONITE IN EARLY ORDOVICIAN FLAT-
PEBBLE CONGLOMERATES OF EASTERN YANSHAN, CHINA

Abstract: Glauconite is newly identified on the surfaces of flat, bamboo-leaf-shaped pebbles from the
Lower Ordovician flat-pebble conglomerate (FPC, conglomeratic limestone) of Changshan quarry, Kailuan, and
Liangjiashan quarry, Funing, in the east Yanshan region of China. Under plane-polarized light, the glauconite is
green, scaly, with a particle size of 3-10 um, and co-occurs with framboidal pyrite. In modern marine environments,
glauconite is formed at depths of 50-500 m, but is enriched at depths of 150-400 m. The co-occurrence of
glauconite and pyrite indicates that early diagenesis of the FPC took place in an anaerobic, deep-water environment.

Keywords: Yanshan area, Early Ordovician, flat-pebble conglomerate, glauconite.

The Ordovician of the Yanshan region is one of the first intervals of that age to have been studied in China.
A conglomeratic limestone known as flat-pebble conglomerate (FPC) is widely developed in Lower Ordovician
successions of the Yanshan area. Until now, due to restricted exposures, the FPC has only been researched at a
general, outcrop scale. It is thin- to moderately thick-bedded, and contains preferentially oriented, flat, bamboo-leaf-
shaped pebbles (FBLSP) with a dark red oxidation halo on their surface (Fig. 1A). These characteristics have been
used as primary sedimentological data for reconstructing the Ordovician epicontinental sea of North China [1-7].
Since the start of the 21st Century, many large quarries have opened between Qinhuangdao and Kailuan, and these
have led to the FPC becoming exposed to a depth of dozens of meters or more. The FPC is found in Liangjiashan
quarry, Funing, and Changshan quarry, Kailuan. These exposures have enabled a re-examination of the stratigraphy.
Fresh FPC is dark gray—celadon in color, horizontally bedded, clast-supported, and forms thin to moderately thick
layers. The FBLSPs are celadon-colored (Fig. 1B), and comprise flat, sub-rounded, elliptic balls of micrite. They are
poorly sorted, ranging in size from 0.1 x 0.8 x 2 cm to 0.2 x 0.3 x 10 cm and some surfaces have limonite rims
caused by weak oxidation. Glauconite occurs on the edges of FBLSPs. Between the clasts, the cement is green, and
composed of calcite, bioclastic material, and microcrystalline glauconite (Fig. 1C).

In this study, the petrographic observation of glauconite samples was carried out using an optical
microscope (Axio Imager, Carl Zeiss). Micromorphology was studied using a scanning electron microscope (SEM;
QUANTA-200, Dutch FEL) with a voltage of 20 kV. Electron probe micro-analysis (EPMA) was carried out using
a JEOL JXA 8230 analyzer (with spectrometer), with an accelerating voltage of 15 kV, an accelerating current of 20
nA, and a beam spot diameter of <1 pum. using a standard sample from the American Standards Bureau. The
analyses were carried out in the State Key Laboratory of Geological Processes and Mineral Resources, and the State
Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences(Wuhan), and the
Materials Research and Testing Center at Wuhan University of Science and Technology.

Under plane-polarized light, the glauconite seen in FBLSP rims is dark gray (Fig. 1D, x50). At high
magnification, it is green, scaly, and microcrystalline. The edges of FBLSPs are embayed because the glauconite
alternates with calcite. Cements are composed mainly of sparry calcite, and bioclastic and microcrystalline
limestone debris (Fig. 1E, x500). Under SEM, the glauconite layers have a thickness of 0.05-0.15 mm around the
surface of FBLSPs (Fig. 1F). Glauconite occurs as scaly microcrystals, and the crystals are elliptical, fan-shaped, or
irregular. Crystal plates bend irregularly or show an “S” type structure (Fig. 1G). Under SEM slice scanning,
glauconite is seen to form distorted sheet aggregates, growing loosely with gaps developed between the aggregates;
the size of a single chip is 3-10 um. The co-occurrence of framboidal pyrite with glauconite is shown in Figure 11I;
the framboidal pyrite is 2-10 pum in size, whereas hexagonal pyrite is 10-15 pum in size.



Fig. 1. A: Specimen of oxidized FPC, with edges of flat, bamboo-leaf-shaped pebbles (FBLSP) having red oxidation
haloes, with surrounding cement also colored red (Liangjiashan Quarry, Funing; x5). B: Thin layer of fresh FPC
showing celadon-colored FBLSP and green-colored cement. Orange-colored surface of FBLSP due to part-oxidation
of pyrite (Changshan quarry, Kailuan; x2). C: Fresh, outcrop surface of FBLSP showing a green glauconite rim
(Changshan quarry, Kailuan). D: Dark green surface rim of glauconite on an FBLSP surface, with rim partly
embayed (white box). Surrounding cement composed of sparry and bioclastic calcite (plane-polarized light, scale:
0.1 mm). E: Close-up of white box in Figure 1D, showing raised edge of FBLSP, which has been dissolved and
replaced by green, authigenic glauconite (plane-polarized light, scale: 20 um). F: SEM image of thin glauconite
layer covering the surface of FBLSP. G: SEM image of irregularly scaly glauconite. H: SEM image of scaly,
irregularly oriented glauconite. I: Energy-dispersive x-ray spectroscopic (EDS) image of FBLSP margin, showing
framboidal and hexagonal pyrite (white) co-occurring with glauconite.

Table 1
EPMA data measured in glauconites from Early Ordovician FPC, Changshan quarry, Kailuan, China
Compound Samples and percentage concentration (wg/%)
No:1 No:2 No:3 No:4 No:5 N,:6 No.7 N,:8
Na,O 0.020 0.013 0.000 0.019 0.012 0.031 0.009 0.015
MgO 5.183 4.036 2.464 4.140 5.149 5.326 4.437 4519
Ca0 5.171 10.360 | 24.135 13.383 3.579 2.632 2.148 2.326
TiO, 0.020 0.221 0.000 0.005 0.000 0.074 0.072 0.036
Al,O; 9.430 9.819 6.791 8.499 8.825 10.206 8.678 8.336
SiO, 46.806 39.387 | 31.709 37.749 38.536 41.152 37.146 35.281
K,0 6.596 6.033 4.978 5.539 5.627 5.847 4.781 2.759
Fe*"+Fe® 14.419 10.084 | 10.452 12.309 14.249 10.197 14.752 16.516
Total 87.897 82.870 | 80.895 83.211 80.768 83.738 78.045 75.715

Potassium content is used to determine the maturity index of glauconite [8-9]. Data show that the potassium

oxide content of glauconite in Lower Ordovician FPC ranges from 2.759% to 6.596%, with a mean value of 5.27%.
This is slightly higher than the mean K,O content of glauconite from the South China Sea [10], and shows that the
Ordovician glauconite is of low maturity. In modern marine settings, glauconite is found mainly in temperate zones
or subtropical outer shelves and upper slopes, and forms near the sediment—water interface [11, 12]. The depth range
of glauconite formation is 50-500 m, with an optimal depth of ~200 m [13]. Glauconite forms slowly in seawater
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that is typically of normal salinity, 15-20 °C, and with a pH value of 7.5-8.5 [14-18]. In the South China Sea, the
greatest enrichment occurs at depths of 146-400 m [19].

In the present study, the glauconite is distributed around the surfaces of FBLSPs. A large quantity of sparry
and bioclastic calcite in the cement shows that significant void space was present initially between the FBLSPs in
the FPC. This provided an interface between the nutrient-rich seawater and the surfaces of the FBLSPs, where
glauconite could form. Consequently, numerous micron-grade, scaly glauconite crystals grew around the surfaces of
FBLSPs or in the gaps between FBLSPs. These characteristics testify to the glauconite being colloidal, forming in
situ as authigenic glauconite [20].

The discovery of authigenic glauconite in Early Ordovician FPC of the Yanshan region provides three
important lines of evidence for a revised sedimentary environmental and paleogeographic interpretation of the Early
Ordovician of North China. Firstly, the red “oxidation halo” around FBLSP surfaces is not the result of exposure
and oxidation during diagenesis but of recent tectonic movements bringing the formation up to the Earth’s surface.
Due to weathering, Fe** in the glauconite and pyrite has changed to Fe®*". The red “oxidation halo” is therefore not
relevant to an understanding of the early diagenetic environment of the FPC. Secondly, the discovery of glauconite
suggests a deep water environment, located on the outer shelf or slope, with a low deposition rate. Thirdly, the
presence of framboidal pyrite indicates that the FPC formed in a marine environment with anaerobic reduction.
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CHALLENGES AND OPPORTUNITIES OF CLARION-CLIPPERTON
FRACTURE ZONE EXPLORATION

Introduction

Water area occupies over three quarters of the earth surface. This huge reservoirs provide completely vari-
ous and unimaginably large amounts of resources. The oceans had long been subject to the freedom of-the-seas doc-
trine. But since nineteenth century were being exploited as never before. And finally, the oceans were generating a
multitude of claims, counterclaims and sovereignty disputes. In 1970 the United Nations General Assembly declared
the resources of the seabed beyond the limits of national jurisdiction to be "the common heritage of mankind". This
regulations led to the rapid development of deep-seabed mining. Nowadays, man has possibilities, as well as appro-
priate technical and technological knowledge, to explore the deepest ocean abyss and to mine its treasures. Paper
discusses issues related to innovative technologies and attractive solutions of exploring polymetallic nodules from
Pacific Ocean seafloor. Author tries to emphasize that the vision of providing access to the natural resources for the
future generations should be the absolute priority for present-day science (Moskwa, 2013).

Keywords: crust, Clarion-Clipperton Fracture Zone, deep-seabed, mining, prospecting, exploration, exploi-
tation, nodules, ocean, Pacific, polymetallic, seafloor



Clarion-Clipperton Fracture Zone description

Manganese nodules were first discovered in 1868 in the Kara sea area, off the coast of Siberia. This discov-
ery sparked interest of scientific world and contributed to undertake an expedition aimed at more accurate explora-
tion of the prospective resource. And so in the years 1872 — 1876 research vessel called HMS Challenger during
expedition around the world stumbled upon a collection of small, dark spheres rich in manganese. These accumula-
tions were called at that time manganese nodules (Fig. 1). This evidence of significant deposits rich in numerous
metals, such as nickel, cop-
per, cobalt and manganese
from sixties, is a potential
alternative to the slowly
vanishing land deposits
(Morgan, 2012). The high-
est nodule abundance (more
than 10 kg/m?) with the
high average percentage of
metals (at least 2.5% con-
tent for Ni+Cu, 0.2% Co,
30% Mn, 0.15% Zn,0.07%
Mo, etc.) were found at
seafloor in the eastern equa-
torial  Pacific  (Clarion-
Clipperton Fracture Zone,
CCZ) and in the central
equatorial Indian Ocean

(2014,
http://www.iom.gov.pl) .

Clarion-Clipperton
Fracture Zone (CCZ) covers area between two faults — Clarion and Clipperton. Zone is located in the South-East
Pacific Basin (Fig. 2) — the deepest, oldest and greatest of all the oceans of the Earth. CCZ zone is latitudinal orient-
ed, its extent is approximately 5200m, with an average width of 1000km. The total area of this field is around 5.5
million square kilometers, representing approximately 3.5% of the surface of the Pacific Ocean. The bottom of the
CCZ area shows the slope from east to west, and the difference in height varies between 3500 + 6000 meters below
sea level. It is distinguished by a large number of elevations and depressions of the meridional orientation, which
gives it a wavy, hilly sculpture. In addition, the bottom is varied with massifs submarine volcanic mountains, volca-
noes-tectonic elevations and slopes of fault zones (Kot/iziski, 2011) .

Figure 1. Manganese Nodules (2014, http://www.iom.gov.pl)

CCFz

Figure 2. Location of Clarion-Clipperton Fracture Zone (2013, http://www.world-geographics.com)

One of the first scientists, who became interested in potential exploring and exploitation of these deposits
was John Mero, who published in 1965 a book "Mineral Resources of the Sea". In this work, Mero released
spectacular photo of the seabed, covered by nodules at depths of more than 5km (Fig. 3).

Clarion-Clipperton Fracture Zone exploration and prospecting

The specificity of the occurrence of oceanic polymetallic nodules raises some problems and difficulties of
identifying and estimating their resources generally different from the problems related with estimating land depos-
its. Nodules of oxides-hydroxides of iron and manganese located on the Pacific seabed are rich in many other min-
erals (such as Ni, Co, Cu, Mo, Zn or RRE) what puts them in the world-class deposits level. Recovery of this kind of
deposits is expected to begin before 2020. The specific parameters of occurrence of deep-seabed deposits enforces
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creation of alternative methods of ex-

ploration and resource estimation. Ge-

ological and mining conditions related

with depth (over 4km below sea level)

and specific bottom conditions results

in many technical and technological

difficulties of taking a samples. Highly

irregular "orebody", or in the other

words — the shape of deposit limits

technical possibility of extraction. The

accuracy of resource estimation (plots

500 x 500m) was geostatistically eval-

uated with the method of ordinary

kriging (Fig. 4). Estimation was ex-

pressed as the low kriging error,

achieving average 60% (for the 0.95

confidence level). The cause of this

level is relatively wide sampling grid

(11 + 15km) which is not conductive

for creation of reliable model of depos-

it diversity in a small scale (up to few

kilometer). Moreover, the variability of

Figure 3. First photograph of polymetallic nodules (Mero, 1964) this deposit parameter is high and re-

veals a strong effect of the random

component and small range of autocorrelation. Constructing a more precise model and increasing resource estima-

tion accuracy will be possible after applying a denser sampling grid in the next stage of exploration (Kot/inski,
Mucha, Wasilweska, 2008).

Figure 4. Nodule Abundance, Entire Study Area using ArcGIS Softwere (Morgan, 2012)
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GEOCHEMICAL EVOLUTION AND WATER - ROCK INTERACTIONS
IN MAKOOK KARST AQUIFERS, KURDISTAN REGION, IRAQ

Keywords: Karst Spring; saturation index; Barite; incongruent dissolution; Carbonate

Abstract This work investigates the geochemical evolution during flowing of karst waters through their
aquifers. The water — rock interactions was defined in terms of correlations between water and Kkarst rocks
parameters. The limestone rock shows higher Sr and lower Na contents, whereas the dolomites contain higher Mg
and lower K. Correlation of saturation indices of minerals with karst water constituents indicates the presence of
gypsum, fluorite, celestine and barite impurities in carbonate karst rocks of the area. The active geochemical
processes that control the chemistry of karst waters are incongruent dissolution of carbonate minerals, de-
dolomitization and cation exchange.

Introduction. Cretaceous rocks are cropping out in the area of interest. Bekhme formation and Kometan
formation composed of limestone, dolomitic limestone and dolomite are dominant. Near Sarwchawa town, Kometan
formation changes laterally to Bekhme formation through a transitional zone (Karim et al., 2012), and both
formations are overlain by Shiranish formation. Makook Anticline represents a double plunging anticline (NW-SE)
within in the parallel trend of Zagros folded structures. Springs of the region of interest drain from Behkme and
Kometan aquifers (well karstified, highly fissured aquifers with confined to semi-confined conditions and overlain
by Shiranish formation (Stevanovic and Markovic, 2004). Only Shkarta spring drains from the Shiranish aquitard.
Methodology. Eight karst springs were monitored and aquifer rocks sampled. The carbonate rock samples were
digested using microwave aqua regia method. The determination of chemistry in rock aliquot and trace elements in
water samples were done with an ICP-MS XSeries-2 (Thermo Scientific). The mineralogy of rock samples were
measured with X-ray diffraction method (URD-6 XRD, Seifert-FPM). Major cations and anions in karst waters were
measured with ion chromatography (IC) using an 850 Professional IC Metrohm. All analysis of the rock and water
samples was conducted in laboratories of TU Bergakademie Freiberg.

Results and discussion

Karst rocks geochemistry and classification: Depending on the entire data gained from water and rock
samples of the karst springs, a hierarchical cluster analysis was conducted. Three principal groups (limestone,
dolomite and marly carbonate) can be distinguished (Fig.1a). This grouping is consistence with the mineralogical
analysis of the rocks, which categorize the karst rocks in the same manner into limestone, dolomite and marly
carbonate rocks. The predominant components of karst rocks are Ca and Mg, forming more than 50% of the rock.
The abundance of K in most karst rocks is higher than the abundance of Na (Table 1). Na is correlated significantly
to Ca (Fig.1lb), confirming the previous classification and indicates lower Na in limestone rocks
(Namar>Napoiomite>NaLimestone)- The pure calcite forming limestone (Bla and Betwata) contains higher Sr and lower
Mg concentration compared to other rocks (Fig.1c). The potassium in karst water is significantly correlated to K in
karst rock, indicating the source of potassium in karst water (Fig.1d). The concentration of K in R-Shkarta rocks is 3
times higher than the other rocks, forced by the presence of clay minerals (Table 1).

Table 1
Geochemical composition of karst rocks
Ca Mg K Na Mn Fe Mineralogy
R-Sarwchawa 393840 | 13560 857 184 40 1987 | Calcite, Dolomite
R-Shkarta 122147 | 31149 | 3203 391 2336 | 27109 | Calcite, Qaurtz, Clay
R-Betwata 410160 | 2467 117 81 18 479 | Calcite
R-Zewa 235865 | 120239 58 244 45 321 Dolomite, Calcite, Quartz
R-Chewa 353373 | 35361 300 142 47 664 Calcite, Dolomite, Quartz
R-Bla 412962 | 3105 250 154 10 492 Calcite
R-QalaSiada 230020 | 119762 | 810 272 28 1193 | Dolomite, Calcite
R-Gullan 227784 | 120479 | 227 347 27 591 Dolomite, Calcite

R = state for rock and followed by name of the spring; concentrations are in mg/kg rock sample.

Water — rock interactions: lon balance and geochemical modelling in the karst waters were carried out by
means of PHREEQC (Parkhurst and Appelo, 2013). The relative analytical error (E%) was within an acceptable
range of + 2%. Ca’*, Mg*", SO,* and HCO5 are the most dominant ions indicating carbonate minerals as the major
source. The Shkarta spring had higher Na, K, Cl and Si concentrations (Table 2) than all other springs revealing the
presence of clay minerals of the Shiranish Formation (marly carbonate). This is convenient with the detection of
clay minerals in R-Shkarta rock sample. Presence of impurities of different minerals was traced from the significant
correlations between hydrogeochemical components of karst water (Fig.2). Ca is significantly correlated with SO,
and saturation index of gypsum (Slgypsum) indicating presence of gypsum impurities in Karst rock, especially in
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springs drained from limestone (Fig.2a). A same significant correlation was notice between fluoride (F), Sleyorite
and Ca (Fig.2a), reflecting the presence of fluorite mineral traces (CaF,). Furthermore, Sr is correlated to SO, and
Slcerestine iNdicating the existence of Celestine (SrSQ,) impurity in carbonate rocks of the area (Fig.2b). In addition to
gypsum, fluorite and celestine, existence of barite (BaSQ,) is possible depending on the significant correlation
between Ba and Slggit (Fig.2h).

Figure 1. Geochemical correlations and classification of Karst aquifers

Geochemical processes: Modeled saturation indices indicate that Zewa, Chewa and Qala Saida springs are
saturated (SI > 0.05) with calcite and Sarwchawa, Shkarta, Betwata and Bla springs are in equilibrium (-0.05 < SI <
0.05). De-dolomitization processes are in progress in waters in equilibrium with calcite and under-saturated with
dolomite (Pavlovskiy and Selle, 2014). Only Gullan spring is under-saturated (SI < -0.05) with respect to calcite,
which suggests shorter flow path and residence time in the aquifer compared to the other springs (Fig.2c).
Regarding the Slpeomite: ONly Qala saida spring was in equilibrium, and the rest were under-saturated with dolomite.
A solution assumed to be incongruent if a mineral will dissolve while another one is in equilibrium (Moral et al.,
2008). Therefore, incongruent dissolution happens in waters of Sarwchawa, Shkarta, Betwata and Bla springs. The
correlation of HCO; and Ca+Mg is an indication for dissolution -precipitation processes in karst waters (Moral et
al., 2008). According to the correlation in Fig.2d cation exchange processes play as well a certain roll in karst
waters.

Table 2
Hydrogeochemistry of karst waters

Sarwchawa | Shkarta | Betwata | Zewa | Chewa Bla QalaSiada | Gullan
Ca”"(mg/l) 76.1 66.5 49.8 47.1 65.3 58.9 59.4 42.7
Mg~ (mg/l) 21.5 10.7 18.8 14.2 19.2 21 21.6 12.8
Na*(mg/l) 2.41 4.36 1.28 0.88 1.91 1.52 1.32 1.02
K*(mg/) 0.77 1.84 0.44 0.55 0.54 0.65 0.42 0.31
S04~ (mg/l) 70.4 24 12.4 10 10.7 12.4 12.1 10.4

HCO;3 (mg/l) 279.3 2315 243.9 186.1 340.4 305.3 267.6 172.2
F(mg/l) 0.13 0.09 0.06 0.05 0.08 0.06 0.05 0.04
Ba(ppb) 661.1 329 123.6 106.9 183.8 138.8 77.9 62.6
Sr(ppb) 24.7 19.6 14 10 21.3 16.4 15.2 9.1

The presented values are mean of 6 sampling periods for each spring (n=6).
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Figure 2. Hydrogeochemical correlations in Karst waters

Conclusions

This work confirms that the geochemistry of karst waters in this area is governed by the geochemistry of
the Kkarst rocks. The karst rocks in the area are limestone, dolomite and marly carbonates and hydrochemistry of the
springs clearly shows the same sources. However, the hydrogeochemical signature of the karst waters varies
according to residence time as well. In karst aquifers, the presence of gypsum, fluorite, celestine and barite
impurities can be traced from the hydrogeochemistry, even if the rock analysis doesn’t emphasized their occurrence.
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MINERALOGICAL INVESTIGATIONS OF AGATES FROM CORDON
DE LILA AND SIERRA DE ALMEIDA, CHILE

Agates are present on the whole earth. Only in Chile, a volcanic dominated country, no founding’s con-
firmed until now. In this presentation the investigations of the first agates from Chile will be presented.

The study contained the investigations with XRD, the XRF and the Microscopy and the aim was to analyze
the mineral phases and the genesis of the agates.

The samples are from a volcanic-sedimentary complex in the north of Chile, the Corddn de Lila. These
rocks have a volcanic composition. A rhyolictic structure, that means big phenocrysts and a fine-grained matrix,
build up the samples. The mineral composition consists of feldspar and fine-grained quartz. Also small concentra-
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tions of pyroxene, apatite and hematite can be find in the rock. All the samples include small veins, which are filled
with agates.

Only one sample is an altered rock, a breccia, which has a hydrothermal background. The breccia consists
of quartz and calcite.

The final discussions exposed, that the investigated rock was a dazite and the intern agate occurred in two
different ways. So the agate was formed by a combined genesis in veins and lithophysen. Through the hydrothermal
overprint secondary minerals were formed. Those were mainly clay minerals from kaolinite-, smectite- and
vermiculitegroup

C.C. BIACEHKO

Hayuonanvuwiii munepanvro-coipbesoti ynusepcumem «I opviiiy

HEPEOIIPEAEJIEHUE HUPTOCIIMPU®EPU/L U3
BEPXHEJIEBOHCKHUX OTJIOKEHUU BOCTOYHO-EBPOIIEMCKOU
IHJIAT®OPMbI

Beuta mepeormnpeaeneHa KoJuieKius oOpaxuomnog coopos 30-40-x romoB mMponuioro Beka, XpaHsiiascs Ha
KadeIpe MCTOPUYECKON M JUHAMHYECKOM reojorud, Kak stanoH Buma Spirifer disjunctus. Murepec x manHoMy
BUIy BBI3BAH €r0 IIMPOKUM pPACHPOCTPAHEHHEM B BEPXHEACBOHCKMX OTIOXKEHHAX, B pPE3ylbTaTe UYETr0 OH
UCTIONB3YeTCs KaK PyKOBOISIIAst opMa B PETHOHAIBHBIX CTpaTUrpaduueckux cxemax. [Ipu pabore ¢ komuiekmuei
NpUMEHEHa HOBas CHCTEMAaTWKa Uil OpaxuoIoj, TPOBEAEHBI CPAaBHEHHS C TUIOBBIMH KOJUICKIHSIMH
muptocrimpudepun mysess LIHUI'PU u I'opHoro mysest. B pe3ynbrare nzydenus B e€ cocTaBe ObLIO YCTAaHOBJICHO 5
BunoB: Cyrtospirifer vjacheslavi, Cyrtospirifer zadonicus, Cyrtospirifer brodi, Cyrtospirifer markovski u
Cyrtospirifer rudkinensis. JlanHble BHIOBI paclpoOCTPaHEHBI B OTIOKCHHSX CEMIIYKCKOTO TOPHU30HTa (CpenHHit
¢pan), a Cyrtospirifer disjunctus mo coBpemenHo# cTpaTurpaduuecKoil cxemMe MPUYPOUECH K OTJIOKEHHUSIM CpeIHE-
BepxHedaMmeHckoro Bo3pacta Kopryomnma (Scaphignathus velifer nu Polygnathus styriacus). Ha ocHoBe momcuéra
pEdep Ha OOKOBBIX M IIEHTPAIBHBIX YACTSIX Ka)KJOH CTBOPKHU BBISIBIECHA M3MEHUYMBOCTH KOJIMUECTBa pEdep, KoTopas
CBsI3aHA C BO3pACTOM HHIMBHIyyMa M XapaKTepoM TpyHTa MecTa obuTaHms. Ha OCHOBe CTENEeHM 3arHyTOCTH
MaKyIIeK PaKOBHH KaXKIOTO BHUJIa OTIPEIEIICHO MPKU3HEHHOE TIOJIOKEHNE PAKOBHHBI.

Hayunsrit pykoBoauTens: 1.T.M.H, podeccop E.Jl. Muxaitnosa

AM. IYPATUHA, B.C. HUKU®OPOBA, I' A. TPOLIEB
Hayuonanvuwiii munepanvro-coipbesoti ynusepcumem «I opviiiy

IF'EOXUMHNYECKHUE OCOBEHHOCTH INIATUHOHOCHBIX
SJIOBUAJIBHBIX OBPA30BAHUM CBETJIOBOPCKOI'O 1
HUWXKXHETAT'NJIBbCKOI'O MACCHUBOB

Pabota mocBsiieHa BBISBICHHIO T€OXMMUYECKUX 3aKOHOMEPHOCTEH paclpeelieHus] pEeAKNX JIEMEHTOB B
MOpoJax KOp BBIBETPUBAHUS W TEPEKPHIBAIOMIMX HX OIIOBHAIBHBIX OTJIOXKEHMs X CBeTnoOopckoro u
HwmkHeTarnnpckoro MacCuBOB C IENBbIO HMCIIOJIB30BAHUS IMOJIYYEHHBIX PE3yIbTAaTOB NPH MOMCKOBBIX pabOTax Ha
KOPEHHBIE MECTOPOKIEHHS IIIIATHHBI, PA3BEPHYBILUXCA Ha Ypajle B MOCIEeIHEE BPEMS.

Ceernobopckuii 1 HipkHeTarmnbCKuid  KOHIEHTPUYECKHU-30HAIBHBIC  KJIMHOIMHMPOKCCHUT-IYHHTOBBIC
MaccuBsl IInaTuHOHOCHOTO Mosica Ypana pacnonararorcs Ha CpenaHeM Ypane. ['eonoruueckoe cTpoeHre MacCUBOB
noapoOHo onmcaHo B pabortax M.A. Manaxosa, O.K. VBanoBa, K.K. 3omoeBa n apyrux. Kopsl BeIBeTpuBaHHSI Ha
HHUX UMCIOT Meﬂ-OJ’lHFOLIeHOBLIﬁ BO3pacCT, OTHOCATCA K HHHeﬁHO-HJ’lOIﬂaﬂHOMy TUITY, XapaKTCPU3YyIOTCs 30HAJIbHBIM
CTPOCHUEM C PA3BUTUEM HCIOJIHOTO npoq)yum BBIBCTPUBAHUSA, COCTOAILETO U3 CepHeHTHHHTOBOﬁ u HOHTpOHPlTOBOﬁ
30H. ['maBHON 0COOCHHOCTBIO HMX (hopMUpOBaHMS SBJISETCS TeHACHIUs K HakomwieHuto V, Ti, Mn, Cu, Zn,
PEAKO3EMEJIbHBIX 3JIEMEHTOB U IJIATUHOBBIX MCTAJIJIOB Ha q)OHe WHTCHCUBHOT'O BbIHOCA MarHus mpu nepexosie oT
HIDKHAX K BEPXHUM TOPH30HTAM THUIIEPTEHHOTO MPO(UIIA, 9TO, BEPOSITHO, CBS3aHO C MX OCTATOYHBIM HAKOIUICHHEM
B TIpOlLIEcCe BBIBETPHBAHMSA U COPOMPOBAHHUEM OKHCIIAMHM XKEJI€3a M MapraHiia, a TAaKXKe TJIMHUCTBIMH MUHEpaJIaMHu
BEPXHUX YacTEH MpoQuIIs.

ITo pesymbraram 0OpabOTKM AAHHBIX JUTOT€OXMMUYECKHX OPCOJIOB PACCESHMS IUTATHHOBBIX METAIIOB B
JJIOBUANIBHBIX OTJIOXKEHUSX, MepeKphiBatomnx CBETIO00PCKHI MACCHB, BBISBICHO, YTO IUIATHHA AaCCOLMUPYET C
rpymmnoit Ni-Mn-Cr-Co, 4ro, Hapsiay ¢ BBISBICHHBIMH 3aKOHOMEPHOCTSMH, MOXKET CIIOCOOCTBOBATH IPOBEINCHUIO
JATBHEUITUX MMOUCKOBBIX pa0d0T HA M3yYEHHOU TEPPUTOPHUH.

Hayunsrit pykoBoauTENS: A.T.-M.H., Ipodeccop U.B. Tanosuna
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0.C. KPUCAK, B.!. KYIIEHKO
Jloneykuii HayuonanbHuIll MmexHU4ecKull yHugepcumem, Ykpauna

P®AKTOPDBI, KOHTPOJIUPYIOIIUE HOBOE ITPOABJIEHHUE
OJIIOOPUTA B IOHBACCE

Boinenensl  ocHOBHBIE (DaKTOPBI, KOHTPOJNMpYIOLIME HOBOe IMposiBieHne Quiroopura B JloHOacce.
VYcraHOBIEHa  NPHUYPOYEHHOCTh  KalbLUTOBBIX  JKWIBHBIX ~ 0Opa3oBaHMil K  OJHOMY  KapOOHAaTHOMY
cTpaturpa)uueckoMy TOPHU30HTY, TJle MMEIOT Pa3BUTHE KPEMHHCTble M KapOOHaTHbIe KOHKpeuuu. IIpoBeneHa
CHCTeMaTH3alusl TPELIMH, 3aloJHEHHbIX O KWIBHOW MHHEpalM3alMeil M BBIICNCHBl  3aKOHOMEPHOCTH
pacripocTpaHeHusl (UIIOOPUTOBOTO OpYyJEHEHHS B ONpelnenéHHbIX M3 HuX. OOHapyXeHa TecHas accOLMalus
(M00pUTOBOI MMHEpaTM3anWM C KpUCTAUIaMH KBapia. [lodydeHHbIE NaHHBIE MOTYT OBITH HCIIOJIB30BAHBI IS
MIPOTHO3UPOBAHUS (DITFOOPUTOBOTO OPYACHEHHS HAa CONPSDKEHHBIX TEPPUTOPHSIX.

B npenenax Jlonenkoro OacceliHa U ero oOpaMieHUs (IIOOPUT pacTIpOCTpaHEH AOCTATOYHO MHUPOKo. Ero
OCHOBHasi Macca COCpEJOTOUYEeHa B HIDKHEKapOOHOBOW Tomme 30HBI cowileHeHus JlonOacca c¢ IIpmazoBckum
KpucTammueckuM MaccuBoM [1]. EnmHCTBEeHHOE mposiBIeHHWe QuioopuTa B IOPOAaX CpeAHEero KapOoHa
TMPUYpPOUYCHO K M3BECTHIKY F; (cBHTa C,Y) B npenenax BomHyxuHCKON aHTHKIMHAIH OPEXOBCKOTO YIICHOCHOTO
paiiona [2]. [Ipu 1OBOJIBHO IIMPOKOM IIPOSIBIICHHH (UIIOOPUTOBOI MUHepanu3auuu B Jlonbacce oOuye Npu3Haky 1
NPEANOCHUIKH X PaclipoOCTPaHEHUs B HACTOsIIEEe BpeMsi He ChOpMyIINpPOBaHBI.

HoBoe mposiBneHue Quoopurta BIEpBbIE YCTAaHOBJIEHHOE HAMH, PACIIOJIOKEHO B INPHUropojae 30pHHCKa
[epeBanbckoro paiiona Jlyranckoit oonactu (YkpanHa). B nenom ¢irooprutoBast MUHepaau3anusi HAXOIUTCS B 30HE
pa3BUTHS MaJOaMIUIMTYAHOW TEKTOHHMKM CyOIIMpoTHOro mnpoctupanus. C ceBepa M Iora y4acTOK OrpaHHYEH
HaJIBUTOBBIMHU CTPYKTYpaMH CEBEPO-BOCTOYHOTO MPOCTHPAHMUS. 3aJe€raHue MOPOa BHYTPH 0JI0Ka MOHOKJIHHAIIBHOE C
[aJeHueM Ha CeBepo-3ana. B 30Hax pa3BUTHS HAABUTOBBIX CTPYKTYP MOPOIBI CMATHL B Opaxuckiaaku (puc. 1).

Puc. 1. 'eonorudeckas kapta HOBOTo nposiBieHus gurrooputa JJonbacca. 1 — U3BectHsaku. 2 — TekToHIMUYECKHE
HapyuieHus. 3 — OII00PUTOBAS MUHEPATU3ALINS

B xome m3ydueHuss HOBOro mposiBieHHA ¢urooputa B JloHOacce aBTOpaMu OBUIM BBIIENICHBI OCHOBHBIE
(hakTOpBI, KOHTpOJIMpYIOIIKE oOpyAeHeHHe. K HUM OTHOCATCA: CTpaTHrpadUdecKuil, JIUTOIOTo-(aIraIbHbIH,
CTPYKTYPHO-MOP(OJIOTHUSCKUI ¥ MUHEPAIOTHYECKUIT KOHTPOJTb.

Cmpamuepaghuueckuii koHmpoav. IIpu IeTaNIbHOM H3YYCHHUU 24-X IUIACTOB M3BECTHSIKA CBUTHI c,!
(OenokanuTBeHCKas), c;’ (kameHcKas), C,° (anmaszHas) u C,’ (ropyioBckasi) CpeIHEeKaMEHHOYTOJBHBIX OTJIOKEHUN
KaJbIIUTOBBIC JKWIBHBICE Tela ¢  (IFOOPUTOBOM  MHHEpaium3aluedl MPUYPOYECHBI TOJIBKO K  OJHOMY
cTpaTurpa)mueckoMy TOPU3OHTY — HM3BECTHsKY L; (cBura Cze). M3BecTHIK MMEET CIIO0XKHOE UYEThIPEXMaYeUHOE
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ctpoenue. IlepBelii  (HWKHWK)  cloi:  TEMHO-CEPOTO  I[BETA, CPEIHEKPUCTAIMYECKUH, JIETPUTYCOBO-
tdopamuanepoBsii. BTopoil cmoil: cBeTIo-ceporo IBeTa, CKPBHITOKPHCTAILNTMYECKUI, MEIKOACTPUTYCOBBIH C
OpaxuoroaaMu, KPUHOHJICIMHU, TPUIOOUTAMH M OJAMHOYHBIMU KopayutaMu. TpeTuit clioii: TEMHO-Ceporo IIBeTa
CPeIHEKPUCTAIIIMIECKUH, NETPUTYCOBO-(hOpaMUHU(EPOBBIH, ¢ PEIKUMH OCTATKAMH WICHHKOB MOPCKUX JIHIHH.
UeTBEPTHI CIIOW: CKPHITOKPUCTAIIMYECKII TIMHHUCTHIA W3BECTHSK, SPKO OpamkeBoro mneera. CyMmmapHas
MOIITHOCTh M3BECTHAKA BappupyeT oT 1,6 mo 4,2 M. IIpu 3TOM KanbIMTOBBIE JKHIIBHBIE TeNa C (DIIOOPUTOM Ha
y4acTKe UCCIIeJIOBAaHUH MPUYpPOUEHBI K TIEPBBIM TPEM MayKaM.

Jlumonoeo-ghayuanvusiii koumpoas. KalblMTOBBIE XKWIBHBIE Tela ¢ (IIIOOPUTOBOW MHUHEpanu3alueit
pacrpocTpaHeHsl B M3BECTHAKE Ly, rlie MMEIOT pa3BUTHE KpPEMHHCTbIE M KapOoHaTHbIEe KOHKpenuu. IIpu sTom
KPEMHHCTBIE KOHKpEH IpuypoueHsl kK TéMHO-cepbiM naukaM (| u 111 cioif), a kapOoHaTHBIE KOHKPELMH K CBETIIO-
cepoii mauke (Il cnoif). KpemHuCTBIE KOHKperMn 4Y€pHOTO IBETa, HENPABMJIBLHON WM YAIMHEHHOW (GOPMBI C
OecCTpYKTYpPHBIM BHYTPEHHMM CTpOeHHEeM. HapyHasi NMOBEPXHOCTH — pe3KOo yrioBatas. Pasmep KOHKpeunmi
Mensiercst oT 2 10 40 cM. B 0oCHOBHOM OHH COCpeIOTOUYEHBI B HIDKHEH YacTH Madek M 00pa3yroT MEeTOYKH BHYTPH
npocios. KapOoHaTHBIE KOHKPELHH CEpOro WM CBETJIO-CEPOTO IIBETa, C(HEPHUUECKOM, pexe MIIMHIPUIECKON
(opMbI; HapyXHas NOBEPXHOCTb OKPYIJIEHHAs M pe3Kas, BHYTPEHHEE CTPOCHHE — KOHIEHTPHYECKH CIOHCTOE.
Pasmep konkpenuii ot 1-2 10 15 cM. B 0CHOBHOM cOCpelOTOUEHBI B BEPXHEHN YaCTH MAYKHU.

Pacnipoctpanenne wu3BecTHAKa L; ¢ KpPeMHHCTHIMM ¥ KapOOHaTHBIMH KOHKpEIMSMH Ha Yy4YacTKe
WCCIIEIOBAaHUN TIPHYPOYEHO K IEHTPAIBHOW W 3amaJHOW YacTH, MPOTSLKEHHOCTHIO Ooiee 12 KM%, Te u pa3BUTHI
KUJbHBIE Tesna ¢ (QuroopuToBod MuHepanmzauued. Ilo mnepudepun 30HB  OpyaeHEHHs (QIIIOOPUTOBAs
MUHEpalu3alus BCTPEUaeTcs TOJIbKO B JKHIIBHBIX Telax, MepeceKaromux KoHkperuu. Ilpu 3Tom B ceBepHON,
BOCTOYHOM M I0Tr0-3aI1a/IHOM YacTH KOHKPENH U (III0OPUTOBasI MUHEPAIM3aLUsl OTCYTCTBYIOT.

Jlutonoro-¢anmaneHelii KOHTPOJIE (QIIOOpUTOBON MHHepanu3auuu panee ormeuded b.C.Ilanoweim [3]. B
30He cowieHeHus JlonOacca ¢ IIpna3oBCKUM KpHCTAJUIMYECKHMM MacCHBOM B Kapbepax JlokyudaeBckoro ¢iroco-
JOJIOMUTHOTO KOMOMHATa HAOIFOACTCs IPHYPOUCHHOCTh TOHKUX MPOKMIKOB KaJbLUTa C KPUCTAIIAMH (IIFOOPHUTA
K TEMHO-CEPBIM M3BECTHIKAM BH3EHCKOTO sIpyca, MECTaMH C YEPHBIMH BKIIIOUEHUSIMH KPEMHS 1 0OMIIbHOH hayHOI
KOPAaJUIOB X OPaXHOIION.

Cmpyxkmypro-mopgonozuueckuii Koumpoasb. BaXHBIM 00CTOATEIHCTBOM, XapaKTEPHU3YIOIIUM YCIIOBHS
HaxXoXJeHHsI (pIIFOOpHUTa B M3BECTHSKE, SIBJISICTCSA €r0 NMPUYPOUYEHHOCTh K ONpPEAETIEHHBIM CHCTEMaM TpeluH. Bo
BpeMs IOJIEBBIX M KaMEpaJbHBIX PAa0OOT OBUIM BBIJIECICHBI TPHU OCHOBHBIX CTPYKTYPHO-MOP(OJIOTHYECKHX THIIA
KaJIbIUTOBBIX JKWJIBHBIX Tel ¢ (iarooputoBoil MuHepanmzauuei: 1. JKumbl, cBsA3aHHBIE C TpeEIIMHAMH
MEXXIUIACTOBOTO paccioeHus. 2. Pa3mayBel M XKeOJbl, CBA3aHHBIC C TPEUIMHAMHU MEXIIIACTOBOTO paccioeHHs. 3.
Cexkymue Ipy3bl, IepeceKaromue NacTsl 10 HOPMaJH.

1. Xwunel, cBs3aHHBIE C TPEIIMHAMHM MEXKIUIACTOBOTO PACCIOCHHS M 3aleralolde COOTBETCTBEHHO
MPOCTHUPAHUIO MOPOoA. JKWiIbl BeIEpXKaHHBIE 110 MIPOCTHPAHUIO C MOLTHOCTBIO OT 0,5 10 25¢M, COMpOBOXKIAIOTCS
mTpUuxamMunu CKOJIbXKCHHUS. I/I3pe;u<a Ha6J’IIOL[a}OTC5I IPUKOHTAKTOBBIC U3MCHCHUA, MpeaACTaBJICHHBIC
MepeKpucTaIN3aeld M3BeCTHsKa. KaapmuT B JKWIaX MpeACTaBIeH KpUCTAUIAMH pa3MepoM 0 7cM
POMOO03IpHUECKOT0 TabuTyca MOJIOUHO-0enioro Ipera. M3 COMyTCTBYIOIIMX MHHEPAJIOB MPeoOasaeT MOJOYHO-
Oexblii M cepblif KBapll, peke BCTpedaeTcsl AbIMYATHI KBapll W TOPHBIH XpycTanb. KpHcTamisl mpencTaBiieHbBI
JBYXTOJIOBBIMH XOPOIIO OTPaHEHHBIMU WHIMUBHIAMH, PEKE X CPOCTKH. PazMep OTAENBHBIX KPUCTAIUIOB JOCTHIAET
10-t cM. BrizesneHo 1Ba OCHOBHBIX rabUTyca KpUCTAIJIOB: IPU3MATHYECKUI H POMOORIPUIECKHH.

2. PaznyBel M Keonbl, CBSI3aHHBIE C TPEIIMHAMH MEXIUIACTOBOTO pPAcCIOCHUs, TaKkKe 3ajeraror
COOTBETCTBEHHO MPOCTHUPAHMIO TOpoJI. JKMIIbHBIE Tella HeBBIIEPKaHHBIE ¢ MOIIHOCTHIO, MeHstomeicst oT 1 1o 20
cM. Penko HabmromaroTCsl MPUKOHTAKTOBAS MEPEKPUCTAIUTH3AINS N3BECTHIKA. KpHCTayuIbl KaubITa CEporo IBeTa
pasMepoM 10 S5cM HMEIT pombodapudeckuil raburyc. V3 COIMyTCTBYIONIMX MHHEPAIOB IPeodanaeT TOPHBII
XpycTanb ¥ JOBIMYATBIH KBapm pombo3apudeckoro raburyca, pasmepoMm ao 15 cm. B sxeomax BcTpedaroTcs
MIPO3pavHble KPUCTAIUIBI MCIIAHCKOTO IIIaTa yIIOMEHHO-pOoMOO3ApHIecKoro raburyca, pasmMepom 10 7 cm. M3-3a
ClIeTKAa  BBINIEJNOYCHHBIX TpaHed HMMEIOT  3€JICHOBATO-CEPYI0  OKpacKy. BaXXHBIM  00CTOSTEIHCTBOM,
XapaKTepU3yIOUIMM OSTH OKWJIbHBIE TeJNa, SBISIETCS IPUYPOUYEHHOCTh (DIIIOOPHTOBOM MHHEpAM3aldU K
Npu3anb0aHI0Boil yacTu. MDIIOOPUT MpEeCTaBlIeH CPOCTKAMHM KPUCTAIOB pasMepoM 10 5 MM. Ilpeobmanmaer
PO30BBIii, OeHO-PO30BBINH U OECLBETHBIN; pPeXke pa3BUT TEMHO-(HOJICTOBBIH, (PHOJICTOBBIN U CBETIO-(hHOIETOBBIN
¢uoopuT, cosiep)kaHle KOTOPOTo He MpeBbIIaeT 5% 00b&Ma KUIBHBIX Tell.

3. Hdpys3bl, CBA3aHHBIE C TPEUIMHAMH, CEKYIIMMH MacTsl mo HopManu. [lamenue npy3 kpyrtoe (70 — 80°)
Jalie BEPTHKAIbHOE; OPUEHTHPOBKA — IO TMAACHUIO BMEIIAONIMX MOpoA. [ns JaHHOW TpYIIBI XHUIBHBIX TEI
XapaKTEepHO IIMPOKOE Pa3BUTHE IPO3PAYHBIX KPHUCTAUIOB MCJIAHICKOTO INNATa YIUIOMEHHO-POMOO3IPUIECKOTO
raburyca ¢ pa3BUTBIM IOSICOM Npu3Mbl. KpucTammsl ¢urooputa B BHIE CPOCTKOB Pa3MEpPOM A0 3 MM TaKxe
MpUypoUYeHsl K 3anpbaHmy apys3sl. llpeoOmamaer TEMHO-(HONETOBBIN, (HONETOBEIH, CBETIO-(GHOJICTOBBIA U
6ecuserHbli (mooput. Coxeprkanne darooputa B xkminax 10-15% B penkux cmydasx 10 40% o6bEMa )KIIIBHBIX TE.

Munepanozuueckuii  xonmpons. @Oa00OpUTOBas MHUHEpaJM3alds B OKWIAX, pa3lyBax M IKeoJax
MEXIUIAaCTOBOTO PACCIIOCHUs Bceraa HaOJoJaeTcs B accOLMalud C KPHUCTaUlaMH MOJIOYHO-0elioro, ceporo,
JBIMUATOTO KBaplla W TOpHOro Xxpycrans. [Ipu 3ToM mno psty THUIOMOP(GHBIX OCOOSHHOCTEH MOCIEAHUE JIBE
Pa3HOBUIHOCTH KBapIla CXOAHBI C «MapMapolIckuMu auamantammy Kapmat [4].

Jlng GonpUIMHCTBA TpaHel MPU3MBI KPUCTAIOB KBaplia XapaKTepPHO HaJIM4He CIOEB pocTa, 00pa3yrolux
KOMOMHUPOBAHHYIO LITPUXOBKY. [lJIsi KpHCTAJUIOB KBaplia pOMOO3JPHUYECKOT0 OOJIMKa XapakTepHa CKYJIbNTypa
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pocTa, CBA3aHHAs C Pa3BUTHEM Ha IpaHIX poMO03Ipa ONMHOYHBIX WIIM TPYIIIOBEIX BUIIMHAICH B BUAC TPEXTPAHHBIX
MUPaAMHUIOK, [Ba HIDKHHUX YTJIa KOTOPBIX PACIIONIOKEHBI APYT APYyTy mox yriioMm Omm3kuM K 90°. PoctoBeie GpopMer
UMEIOT CJIOMCTOE, CTyleHJaToe cTpoeHrne. Kpome BHImHameil mepBOro mopsijaka Ha TPaHSX KPHCTAIJIOB KBapIia
TakKe BCTPEUAIOTCS MEJIKHE IIACTHHYACTHIE aKIECCOPHUU pocTa, popMa KOTOPHIX MPEACTaBIsIieT coO0i MOIOTYIO
TpEXrpaHHy0 nupaMuaxy. [IpuuéM Bce yrilbl NPpUMEPHO OAMHAKOBBI. Tarke Ui IpaHed KpHUCTauIOB MOJIOYHO-
0eToro M ceporo KBapla XapakTepHO HAIWIHE HHIYKIIMOHHBIX TpaHeH KaJIbIIHTa.

BeiBozbl.  YcraHoBieHHBIE (DaKTOpBI, KOHTPOJMPYIOIIUME HOBOe mposiBieHue Quoopura B JloHOacce
JIOTIOJTHAT MMEIOIIMeCs JaHHBIE 10 PernoHalbHOM MuHepanoruu JloHOacca u MOTyT OBITH HCIIOJIB30BAHbI IS
MPOTHO3UPOBaHUS (IIIOOPUTOBOTO OPYACHEHHUS HA CONPSDKEHHBIX TEPPUTOPHSIX.
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VERTICAL DISPLACEMENTS DETERMINATION OF MILLENIUM
BRIDGE IN WROCLAW

Summary

Due the development of construction technologies are increasing ability to pursue investment with limited cost
of their performance. The idea of displacement measurements came from the need for a safety check erected new
engineering objects. Bridges are one of the most important structures that need to be subjected to constant research
of stability. The need for these studies comes from the fact that these objects are under constant influence of the
different reliefs, both static - under its own weight structures and dynamic, coming from the continuous movement
of vehicles. Depending on the construction and size of the bridge shall be tested several elements of construction
such as pillars or foundations.

The researched object

The study has been subjected to
vertical displacements Millennium Bridge
on the Oder River, which is part of the inner
ring road of Wroclaw. It is a fragment of
the national road No. 5 and the European
route E231. It has been officially opened at
the end of October of 2004. Millennium
Bridge (Fig. 1) is a cable-stayed
construction which consists of three parts:
the left-bank flyover 325 m in length,
suspension bridge with a length of 290 m
and cantilever bridge of 260 m with flyover
right bank of 97 m in length. The total
length of the bridge is 973 m. The bridge is
a beam superstructure, and is supported by Figure 1. Millennium Bridge
16 massive pillars. His longest span has a
length of 153 m. Pylons in the shape of the
letter "H" are 50 m height and rise to the level of the deck to 33 m. On the examined object is placed 68 controlled
benchmarks for deformation measurements. Those points have been placed on object in the beginning of
construction works.

Measurement techniques and equipment

The aim of the work was to determine
the vertical displacements of benchmarks
placed on pillars of the Millennium
Bridge. Technique which was used to
work was a geometric precision leveling.
Measurements of this method must meet
the following conditions:
e precision leveling network has an
average measurement error 1 km
leveling calculated in the net-
work adjustment, the error
should not be greater than 1.5
mm / km,
e measurements performed with
good visibility and calm image of . .
leveling rod in the morning and Figure 2. Leica DNAO3
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afternoon at a temperature of 0 ° C to + 25 ° C and wind speed of less than 6 m/s,

e sections of leveling should be measured twice: in the main and return direction,

e the number of stations of the level should be even as a result the same leveling rod is placed in the begin-
ning and in the end of leveling section,

e aiming line should take place at a height of approximately 1.5 m above ground,

e differences in the length of aiming lines should not be greater than 0.5 m,

e at each station elevation is determined twice, and the difference between the assignment of elevations
should not be greater than 0.18 mm.

To achieve the above-mentioned conditions is required geodetic equipment of the highest accuracy. To the work
of precise leveling was used a Leica DNAO3 level (Fig. 2) with a set of precision leveling rods. This level is able to
read a staff with accuracy of 0,01 mm. During electronic measurements with invar staff it is possible to reach a
accuracy of measurements of 0,3mm/km.

Characteristic of measurements and office work

The work has began in May 2014 which was the first measurement in ten years on the Millennium Bridge. In
November 2014, we performed another control measurement. The object was divided into two parts: the northern
side of the Osobowicka street and south, from the Wejherowska street and Orbita Hall. The control network has
been connected with a geodetic height control (fig. 3).

Figure 3. The Control network

Each time after the reconnaissance activities proceeded to measure the reference points in order to check
their constancy. To calculate their constancy we used a criterion of Hermanowski, which is given by:

(AR — AR) oy = L3 = pupvn+n' @

Implementation of the criterion is based on comparison of differences of elevation for all combinations of
pairs of pre-accepted benchmarks for constant. This comparison is carried out based on the data from the baseline
measurement and the measurement of the current. After checking the stability of the reference points began to
measure points controlled. Height measurements were carried out in accordance with the principles of geometric
precision leveling out in section 2 of this paper. After checking the accuracy of the measurements started to
compensate observation.

Graphical interpretation of the results are graphs subsidence controlled benchmarks. Vertical displacement
of benchmarks are shown in relation to the beginning of the project. Due to the large number of controlled
benchmarks (68) are shown only the results of the selected points. For the southern part of the object are linear and
reach values of about - 16.5 mm to -3.5 mm for baseline measurements, after finish the construction. While the
southern part of the bridge such values do not cause as much danger of displacement of the north side of reach
alarming proportions. The values of settlement on the north side range from about -24.0 mm to -3.5 mm. In addition,
differential subsidence in the axes of pillar 15 and 16 between the eastern and western side of the pillar is
approximately 10 mm. Graph 1 (Figure 4) shows the settlement of one of the sample benchmarks south side of the
Millennium Bridge. In the Graph 2 (Fig. 5) shows the point for which the highest settlement determined that
recorded on the south side of the object. The graphs in FIG. 6 and FIG.7 show vertical displacement of the pillar
number 16, wherein the differences subsidence is about 10 mm.
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Figure 4. Graph 1
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Figure 5. Graph 2
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Figure 6. Graph 3
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Conclusion

Such large vertical displacement controlled benchmarks for the part of the bridge located on the
Osobowicka street may be due to the exchange of land, which occurred under this part of the construction during the
implementation of the investment. This situation may cause a threat to the proper operation of the bridge, which is
why it is necessary to continue the work on deformation measurements.
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ROLE OF FROTHERS ON BUBBLE FORMATION VIA BREAK-UP

Abstract

Small bubbles (ca. 1 mm) play a central role in flotation since they provide the large interfacial area for
capturing hydrophobic particles. The formation of these fine bubbles is usually achieved by the use of frothers in
conjunction with the air dispersing device. However, the mechanism of the action of frothers is not well understood.
A general explanation is that frothers retard coalescence and this can be demonstrated. There is also speculation that
the presence of frothers has impact on the air break-up process. In this work, we have developed a simple setup to
study the effect of frothers on bubble formation through break-up. Single bubbles are formed by mechanically-
induced deformation of a pocket of air. Results have shown the presence of frothers produces smaller bubbles than
in water alone.

Keywords: Small bubbles, frothers, break-up, coalescence, flotation

Introduction

The generation of small bubbles in flotation is usually accomplished by the use of frothers. However, the
mechanism is yet to be understood [4]. Most literature adapts the concept of coalescence inhibition, that fine bubbles
are created and the frother preserves them [2]. Coalescence prevention can be demonstrated [7, 9, 11]. There are
suggestions that frothers also aid in break-up of the air mass injected into the flotation machine [1, 3, 5, 6]. In con-
trast to coalescence studies, break-up has not received much experimental attention. Kracht and Finch [9] studied the
effect of frothers on break-up by exposing mono-sized bubbles to a turbulent field generated by an impeller and
observed the presence of frother increased the fraction of bubbles within 90% of the original volume. Javor et al. [7]
adopted the same technique and studied the effect of frother with different chain lengths. Their results showed that
with long-chain frothers the minimum bubble size on break-up is smaller than with short chain frothers.

The system developed by Kracht and Finch [9] exhibited both coalescence and break-up. The purpose of
this paper is to introduce a setup to isolate break-up from coalescence and study the possible action of frothers on
bubble formation via break-up.
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Experimental

The experimental setup shown in Fig.1 consists an 800 ml breaker and a spoon to hold a pocket of air. The
spoon, with a diameter of 20 mm, connects to a tube where a controllable volume of air is injected via a syringe-
pump. During an experiment, the beaker is filled with 750 ml frother solution and the spoon is inverted. Fig.2 shows
the initial state of an experiment. The pocket of air is drawn downward by a vortex formed due to the rotation of the
stirrer bar. When the energy reaches a certain level a small volume of air is spun off and a bubble is formed. The
experiment is recorded using a high speed camera (Fastec Imaging HiSpec5 8G Mono/Color) and bubble size is
obtained through image analysis by ImageJ. The sphere-volume equivalent diameter was calculated using the major
(a) and minor (b) semi-axes of an ellipse fitted to the projected bubble area (Eqg. 1), assuming the bubble to be sym-
metric about the minor axis. Table 1 summarizes some details on the frothers tested.

d = }/(2a)? % (Zb) 1)

Figure 1. Experimental setup Figure 2. Initial state of an experiment
Table 1
Summary of frothers used
Reagent Formula MOIeC(S;ﬁOY)Ve'ght Supplier
MIBC (CH3),CHCH,CH(OH)CH3 102.18 Aldrich
Dowfroth 250* CH3(PO),OH 264.35 Flottec
F-150° H(PO),OH 425 Flottec

® PO is propylene oxide (propoxy) [-O-CH,-CH,-CH,-]
Results and Discussion

Fig.3 shows the deformation of the air mass and the formation of a bubble via break-up in deionised water.
It is observed that the mechanical energy provided by the rotational motion of the stirring bar causes significant
distortion in shape of the air pocket. The deformation and break-up of the air mass in the presence of frothers is
captured in Fig.4, an example of the sequence of images with MIBC 7 ppm. It is noticeable that the break-up in this
case yields a smaller bubble compared to water only. Fig.5 summarizes the bubble size results for all the frothers
tested. The figure reveals a decrease in bubble size with increasing frother concentration. The ability to produce
small bubbles seems to follow the order: F150 > DF250 >MIBC.

Figure3. Sequence of images (2 ms apart) showing bubble
formation in Water only (no frother)

i

Figure 4. Sequence of images (2 ms apart) showing
bubble formation in MIBC 7 ppm
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Figure 5. Effect of frother concentration on bubble size reduction

It is postulated that the presence of frothers creates surface tension gradients along air/water interface upon
deformation due to local variations in surface concentration. Surface tension gradients result in a force that is
speculated to aid the break-up process [10]. The surface tension gradient force will increase with frother
concentration as the local surface concentration differences will be increased and thus a decrease in break-away
bubble size is seen. Extending to a flotation machine, the interplay of mechanical and surface tension gradient
stresses will cause multiple surface instabilities. For a given volumetric flowrate of the air an increasing number of
instabilities and breakaway bubbles implies smaller bubbles, i.e., there will be a decrease in bubble size with
increasing frother concentration, which is the common experience with frother addition in flotation cells.

Conclusions

We have developed an experimental setup to demonstrate the effect of frothers on bubble formation via
break-up. It was shown that the presence of frother caused smaller bubbles to break away compared to water only.
This is the first unambiguous demonstration that frother aids break-up in addition to its well-known effect of
inhibiting coalescence.
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GEOLOGICAL AND MINERALOGICAL FEATURES AND ASPECTS OF
ORIGIN OF SULFIDE MINERALIZATION FORMATION IN
OPHIOLITES OF CENTRAL MIRDITA, ALBANIA

In this paper are shown mineralizations of Gurthi area, situated north of Albania, and is integral part of
Central Mirdita ophiolitic complex. Ophiolitic products of this area are represented by gabbro-plagiogranitic
plutonic sequence, sheeted dyke complex, basalt — dacitic volcanic formation, consisting about 70% of the rocks in

Gurthi area. (Figure 1).

Copper sulphide mineralizations and its associates in this area, such as: Zn, Au, Ag As, Pb, S, etj, are
located at full thickness of the volcanics section, but they are mainly concentrated in two levels: first one that
belongs to horizon 600 — 800 + 100 m is located at upper sequence of andesitic volcanics, close to ophiolitic
melange, enclosing the volcanic section in this area, while secon level of these mineralizations is located below in
this section, at horizons 500 — 600 m in andesitic — basalt sequence of the thickness of volcanics. Based on
geological and exploration works carried out so far in this area, 5 objects have been discovered; 2.8 MT ore
reserves, containing 1.35% Cu, 2.63% Zn and 0.69 g/t Au. Main ore forming minerals are: pyrite, chalcopyrite,
sphalerite, and minor minerals are: bornite, galena, marcasite, etc. Elementary composition of the ore is: Cu, Zn,

Au, Ag, S, Pb, etc.

Now, by most of researchers,
is accepted that origin of sulfide
mineralizations in the studied area and
beyond, is considered to be as
underwater hydrothermal, related to
black plumers, (Sinojmeri A. 1994;
Hoxha L. etj 2001, 2002), in analogy
with the actual mineralization, formed
at the bottom of present oceans or seas.
But, our analytical and mineralogical
studies, carried out for the preparation
of a bachelor's degree, as well as
identification of the sample studied by
us of a series of textures (Figure 2 / a,
b) have no other explanation, except by
pseudomorphism of sulfide minerals,
based on the fauna found close to
hydrothermal plumers, which clearly
shows the formation of mineralization
during underwater hydrothermalism.
Similarly, evidence of collomorphous
structures and intergrowth automorphic

crystals of chalcopyrite, support formation

of mineralizations in black plumers.
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Figure 1. Geological map with copper sulphide deposits of Gurth
Area, Mirdite, Albania
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Figure 2. a) Spherulite pyrite - bornite — tennantite, surrounded by sphalerite, n.p; b) Detail of the figure,

spherulite pyrite — bornite in sphalerite. Polished section 6, n.p.
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Transformations of covellite and chalcosite in cuprite, as well as formation of marcasite at peripheral parts
of collomorphous mineralizations of Fe disulfurs, show that by the end of formation, during paragenesis, occured
significant movements of oxygen and pH activity. These variations are typical in mineralizations formed at the
bottom of the sea.
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THIN SEAM COAL MINING AS A CHANCE FOR IMPROVEMENT OF
COAL MINES VITALITY

Is the Polish coal is used for energy first choice? Definitely yes, especially when we look at the percentage
of electricity production from all sources in Poland.

However the exploitation of coal often becomes unprofitable, notably where there are thin seams whose
thickness borders on the limit criterion for economic viability. That was such the Lower Silesian Coal Basin, which
ultimately collapsed in 2000.

Nonetheless the share of thin coal seams, both in Poland and in the world is more than ten percent of all
coal reserves. There is huge potential in those boards for mining, which can be determined by appropriate methods
to good use. The best example of this is in Poland LW Bogdanka, for example, which will be presented positive
aspects of such deposits with the opportunity for further development.
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Figure 1. Sufficiency of operational reserves in selected coal mines with thin seams exploitation
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NUMERICAL ANALYSIS OF THE SHAFT STATION STABILITY:
VICTORIA MINE CASE STUDY

1. INTRODUCTION

Victoria Mine is located approximately 32 km southwest of Sudbury, Ontario, Canada. Research completed
in this area shows large deposits of nickel, copper and precious metals. Copper and nickel sulphide mineralization
was first discovered on the Victoria property in 1886. Exploration of the aforementioned deposit is a challenge due
to its location — it starts at 1,000 metres from surface and remains open at 2,000 metres. The depth of the planned
production shaft is assumed to reach 1,860 m. The shaft includes ten shaft stations at levels approx. every 300 m.
One of the significant stages in the mine design is the calculation of the shaft station ground support. This paper
presents the results of the 2D (plain strain and axisymmetric) numerical analysis of the one of the shaft stations in
Victoria Mine.
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2. METHODOLOGY

The shaft station under study is situated at the 1400 m level in the weakest layer acquired from the
geological investigation, namely metagabbro. The parameters of the rock mass layer are presented in the Table 1.
The Geological Strength Index (GSI) is assumed to be equal 86, as the corresponding rock mass rating (RMR)
indicates very good quality of the rock mass [1].

Table 1
Rock mass properties and Hoek & Brown Classification data
Layer thickness ucCs Young modulus Unit weight _
Rock name [m] [MPa] [GPa] [IMN/m] GSI m; D
Metagabbro 255 48.2 29.6 0.030 86 27 0.2

The principal method of analysis chosen to assist in predicting the behavior of the shaft lining has been a
Finite Element Method (FEM). There are a number of shaft lining calculation examples in literature (e.g. [2],[3]),
however, this article presents a method which is less detailed but more engineering-friendly. The software used for
the FE analysis was Phase?, a two dimensional commercially available computer package, which has been
specifically developed for the analysis of underground facilities [4].

A two-dimensional elasto-plastic model of the shaft station was created and the calculation has been
divided into 7 modelling phases. First one contains only the calculation of the rock mass without any excavation. In
the second phase, the excavation is executed to the back of the shaft station. In the third phase, the excavation is in
the middle of the station height and the concrete shaft lining is constructed. In the fourth phase, the excavation does
not change but another segment of lining is added. Phase 5 assumes increase of the excavation depth below the
station bottom. In the Phase 6 the shaft station tunnel is excavated. Phase 7 is the final phase, where the shaft
excavation reaches shaft bottom level. All the phases are presented in Figure 1.

Figure 1. Phases of the numerical calculation for the load splits

In addition, the state of stress needed to be assumed. The pre-mining far-field stress regime used in the
Sudbury Basin is derived from the 1980s measurements due to the absence or inconclusive recent results. In general,
the major principal stress is horizontal and trending E-W whereas the minor principal stress is vertical [5]. The
assumed relations are presented below:

o, =109+ 0.0407Z O
g, = 8.7 + 0.0326Z

)
gy = 0.029Z

©)

where o7 the maximal horizontal stress, o, is the minimal horizontal stress, o5 is the vertical stress and Z
depicts the depth (in meters).

3. RESULTS

The calculation was divided into two parts. Firstly, the axisymmetric state of stress was assumed in order to
obtain the values of the displacement completed before the lining execution (Table 1). As a result, the loading that
the rock bolts will carry was derived.
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Table 2
Results of the load splits

Location Total displacement Displacemer_lt before lining _ Completed Rock bolts
[mm] execution [mm] displacement [%)] [%6]
Above station 26.0 14.2 54.6 454
Shaft station 21.2 18.9 89.1 10.9
Below station 25.3 13.8 54.5 455

Next, the acquired values were used in order to calculate the nonsymmetrical horizontal loading that the
construction is subjected to at the depth of the shaft station. The values of the stress tensor calculated according to
Eqg. (1) and (2) were multiplied by the values from Table 1 for rock bolts. They were utilized in the rock bolt
analysis in the plane strain state.

The Swellex rock bolts of the 0.2 MN tensile capacity were chosen as a primary ground support for the
shaft station. Initially, their length was assumed according to the “rule of thumb” formulas and Rock Mass
Classification data. Due to the lack of space, the details of this analysis are not going to be presented in this paper.
The length of the rock bolts was assumed as follows: 5.0 m for rock bolts above the station and 3.2 m for rock bolts
below the station.

Figure 2. Location and the results of the axial force in rock bolts above (a, b) and below
(c, d) the shaft station

The exemplary results of the axial forces in the rock bolts are presented in Figure 2. Figures 2a and 2¢ show
the rock bolts location above and below the shaft station, respectively. In Figure 2a the size of the plastic zone can
be observed. It is noteworthy that the rock bolts are substantially longer than the plastic zone maximal dimension. In
addition, the axial force diagrams are shown in Figures 2b and 2d for rock bolts number 1 and 6 as the most extreme
cases.

Furthermore, the circumferential stresses in the shaft lining were calculated in the lining segments in the
Phase 7 of the calculation. Again, the analysis was conducted in the axisymmetric state of stress. The biggest
stresses appeared in the existing shaft lining (the upper segment) when the shaft station was excavated: 8.6 MPa in
the upper part and 19.7 MPa in the lower one, which is a very dangerous scenario. The lining segment added after
shaft station execution is subjected to significantly lower stresses: from 3.1 to 6.3 MPa. The map of stresses in the
aforementioned part of the construction is demonstrated in Figure 3.
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Figure 3. Stresses in shaft lining in the Phase 7

4. CONCLUSIONS

The paper presented the 2D numerical analysis of the shaft station stability for Victoria Mine located in
Canada. Phase? finite element method software was utilized. Input material properties were assumed based on the
laboratory and in-situ tests performed for the Victoria Project. The scope of study included calculation of the forces
in the rock bolts as well as stresses in the shaft concrete lining. The results acquired shown that the 5.0 and 3.2 m
Swellex rock bolts assumed as a anchoring below and above the station are sufficient and their length is satisfactory
with respect to the size of the plastic zone. Nevertheless, high stresses in the concrete lining segment above the
station indicated the necessity of a casting technology alteration. Further research is needed in order to obtain full
certainty about the safety of the designed construction.
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GEODETIC TECHNIQUES AND MEMS TECHNOLOGY IN
EXAMINATION OF THE GEOMETRIC STATE STRUCTURAL
ELEMENTS

Introduction

All building elements are changing its characteristic over time as a result of applied loads [4, 5]. The basic tool for
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determining the value of deformation and displacements is geodetic measurements. A variety of surveying methods
can be used to determine the geometric state of these components. The available methods of measurements are not
sufficient in case of early warning of dangerous states of an object. The optimal measurements should be
characterized by: a continuity of measurements, control of the relevant points (often unavailable), automatically
transfer of measured data to a PC [3]. Many of methods used did not fulfill these conditions, therefore, the authors
propose solutions that support the surveying of building elements, while satisfying the specified parameters. The
solution of this problem is usage of such elements as accelerometers, gyroscopes, magnetometers, barometers, as
well as laser diodes and CCD [1, 2]. The system can be adjusted to measured object and different components could
be added for example, such as humidity sensor, temperature sensor. These tools extend the capabilities of surveying
technology in the study of the geometry state of the engineering components.

Conception of measuring devices

Authors present the concepts of low-cost devices, performing real-time measurements. Prototypes have ability to
freely configure and connecting the additional sensors in sensitive areas of the element (Figure 1)[6]. During the
measurements the following instruments were used: accelerometers, vibration sensors, piezoelectric elements and
microphones (Figure 2).

Figure 1. Diagram of measuring system with MEMS sensors, monitoring chosen section [6]

Figure 2. Prototype measuring device with Arduino microcontroller

Research

The test of prototypes was conducted on press in Technology Laboratory of Materials and Structures at the
Institute of Civil Engineering at the University of Life Sciences in Wroclaw. The beam was equipped with a several
control methods as it is shown on Fig. 3. The diagram in Fig. 4 show the beam in eight phases of loads. Based on the
data recorded with MEMS sensors the tilt and slope was determined and deflection in the form of catenary. The
largest element of distortion occurred in the mid-span.
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Figure 3. Sandwich beam on the stand (1- scanner, 2- tacheometer, 3-
MEMS/accelerometer, 4- deflection sensor, 5- strain gauge

Figure 4. The diagram of the beam in eight phases of loads
Conclusion

All tested methods gave coherent results. These tools extend the capabilities of technology geodesic in the
study of geometry shape of engineering objects. Usage of MEMS sensors during the investigations enabled to meas-
ure the rotate angles of layers cross-sections. It is quite simple to calculate line of deflection of the sandwich beam
from values of angles for different cross-sections. It is very important especially for sandwich beams. The design of
assistive devices provide a good effect of precision and reliability. The proposed solutions supporting geodetic
measurements comply with the requirements of the precision.
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SELECTIVE COMMINUTION TO INCREASE EFFICIENCY IN THE
BENEFICIATION OF MINERAL RECOURSES

Basics about selective comminution

Selective comminution is a property of a crushing system and results from the different crushing behavior
of the different materials of the feed material. The selective comminution is useful in the treatment of primary raw
materials, especially if it is utilized in the pre-concentration process. During the processing of the minerals Pre-
concentration processes are used to relieve the subsequent processes and to achieve a higher efficiency. The usually
higher valuable mineral content, which is still intergrown with waste minerals, avoids in many cases that the selec-
tive comminution can also be used for finish concentration.

However, for the successful use of selective comminution, it needs even more than a distinct difference in
the comminution behavior of the components that have to be separated. In addition to the material requirements for
the selective comminution, suitable mechanical factors are of fundamental importance too.

The selective comminution is also a promising method for the treatment of low-grade ores and dumps, be-
cause with a comminution and classification step it is a particularly cost-effective technological unit.

With selective comminution various components can be separated, such as valuable minerals from worth-
less minerals, ore from surrounding rock or different ore varieties in the deposit.

The by selective comminution to be separated materials are subsequently named with material W and B.
Depending on the application of selective comminution different terms can be used, for example W = valuable min-
eral and B = waste. The selectivity S; p of the materials W and B describes the difference of the cumulative passage
distribution of both substances and may for example be described for the comminution product (P) with (1).

jl QS,WP (Ig d)_ j‘ Qs,Bp (Ig d)

S =
" Ig dg:n - Ig dg:l (1)

In evaluating the selectivity of a comminution it should be noted that even in the starting material (A) W
and B may exhibit differences in the cumulative passage distributions. Does this difference remains unchanged by
the comminution, no selective comminution has taken place. Separation of substances such as by classification
would still be possible. A selective comminution takes place only with a change in selectivity, (2), (3).

SZl = Sl,P - Sl,A )
[ [ Qaue(19d) = [ Qyee(lg d)] (j Quun 190)~ | Qo lg d)}
S7 — g=1 g=1 _\f=1 f=1
' Igdg:n _Ig dg:l Ig df:n _Ig df:l (3)

For the discretization in cumulative passage distributions from sieve analyzes are g and f the numbering of
the screening cuts, ascending with larger mesh size. If Qs wk and Qs gk (0r Qs wa and Qs ga) are overlapping, the face
between the cumulative breakthrough curves have to integrate in sections and the absolute values have to be added.
For example, for two sections in the cumulative passage distributions in the concentrate is the equation given in (4).

i i n n
SZP = I Qa,wp (Ig d)_ J. Qs,BP(Ig d) J. Q3,WP (Igd)_ j Qs,BP (Ig d) (4)
9=l g=1 g=i g=i
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If the cumulative passage distribution curves of the particle size distributions start already at values greater
than zero, parts of the face are ignored. This can lead to problems in interpreting the data. The smallest sieve should
whenever possible be chosen in such a way, that the smallest fraction does not exceed 5% by weight of the sample.

With the assumption that material W is enriched in the fine fractions in the comminution product by
selective not until the comminution is SZ1 positive. However SZ1 would also be positive if W is already enriched in
the coarse fractions in the feed material and comminution product exhibits a lower selectivity to B. The selectivity
could also disappear completely. W and B were then equally distributed in the crushing product. For negative values
for SZ1 material W has a relatively coarser cumulative passage distribution in comparison to W. This lead for
example to the following interpretation. W is concentrated in the comminution product in the coarse fractions or an
existing selectivity was reduced again. An interpretation for SZ1 and conclusion of the beneficiation should always
taking into account the selectivity of the feed material (S1,A) and the comminution product (S1,P).

An other option for characterising the selective comminution effect is the ore separation degree nere, (5).

(ca—Cg)-(Ck—Ca) 100
Ca-(100—c,)-(ck —Cg) ©)

The parameters are c - concentration in the feed material, ¢k - concentration in the concentrate and cg -
concentration of the valuable material in the waste material. Concentrate and waste are divided by the separating cut
tq. It is possible to find in dependence of t4 the best fit for a separation and the maximum for the ore separation
degree More,max [1]-

Examples of interactions between the material and mechanical properties at selective comminution

As mentioned above, the selective comminution depends on material and machine parameters. In the
following example with fluorite ores are shown the influence of material and machine parameters at impact load on
the selective comminution.
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80 25
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Figure 1. Ore separation degree a) and separation cut b) from single particle impact test in dependence of particle
size and impact velocity, flourite containing dump material, mine 139, Marienberg, Germany

At first dump material from the fluorit mine 139 near Marienberg, Germany was investigated, see also [1].
The dumps still contains small amounts of fluorite. The investigation was made to find out, if selective comminution
is a suitable pre-concentration method. The ore separation degree reaches very high values between 50 and 70
percent, see figure 1 a). Especially for the low velocities only the fluorite breaks and the wall rock and quartz still
remain in the feed particle size. The separating cut for the best separation of fluorite and waste in the comminution
product depends on the feed particle size and impact velocity and shows a linear trend, see figure 1 b). The high
difference in the compressive strength of the materials leads to the good results in selective comminution.

For the second example was the same material was used like in figure 2. At comminution in an technical
scale the impact load has an distinct influence. The investigations were made again with single particles
comminution. The angle of the impact plate was changed from 90° (perpendicular) to 35°. The ore separation degree
has the maximum at the perpendicular case; decrease rapidly with lower angles and increases afterwards slightly,
but does not reach the level from 90°, respectively to the velocity. The separating cut shows a significant
dependence from the impact velocity and the impact angle.
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Figure 2. Ore separation degree a) and separation cut b) from single particle impact test in dependence of impact
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For the third example was ore used from the fluorite mine at Gehren, Germany. The ore contains different
varieties which differ for example by the flourite and quartz content and the unconfined compressive strength. The
results for the maximum ore separation degree of 5 ore varieties show no distinct dependence from the fluorite
content or compressive strength. There are further investigations necessary, especially to the structure of the ores, to
understand the mechanism which support or prevent the selective comminution.
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CORRELATION BETWEEN THE MICROHARDNESS AFTER VICKERS
OF SOLID PROCESS RESIDUA AND THE REACTOR TEMPERATURE
OF A SOFT BROWN COAL PYROLYSIS (OPENCAST MINE
SCHONINGEN, LOWER SAXONY)

Abstract

In order to assess under which conditions, the required processing products originate during the process of
pyrolysis, there is a need for the understanding of the pyrolysis behaviour of brown coal. The aim of this work was
the investigation of the correlation between the microhardness after Vickers of solid process residues and the reactor
temperature during a pyrolysis process. It was conducted at a soft brown coal. The investigated soft brown coal
originated from the opencast mine Schoningen (Lower Saxony). For this purpose, the measurement of the
microhardness after Vickers was performed on pit coal samples and on samples of an experimental series. In this
series the target temperature in the reactor was varied. The target temperatures were in the range between 300 and
800 °C, whereby the temperature was generally increased in steps of 50 K.
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The investigations, which were conducted in the course of this work, provide the result that there actually is
a correlation between the microhardness after Vickers of solid process residues and the reactor temperature of a
brown coal pyrolysis. This correlation is described best by a graph of an exponential form.

The nearly identical results of the particular microhardness-measurement after Vickers show, that the
method is accurate and reproducible. Furthermore, there has been a measurement at several samples of the same
temperature range with the result of a good reproducibility of the pyrolysis process” balance in the lab system as
well as of the microhardness-measurement itself. Besides that, the investigation of microhardness is almost non-
destructive and could be realised easily and fast. So, in the future the investigation of microhardness after Vickers
should be also used in non-metallogenic divisions.

Keywords: brown coal, pyrolysis, microhardness, Schoningen.

1. Introduction

Except for the energetic utilization of coal, there is also the possibility of its chemical and thermic
processing with the aim to connect conventional fossil energy sources with renewable ones. Because of the
relevance, the topic of alternative energy sources achieved within the last few years, it could be expected that this
potential is utilised in the future to a greater extent.

Especially pyrolysis holds an important position in processing techniques. On the one hand, it is the initial
step of many conversion processes (e.g. gasification) but on the other hand, it represents an autonomous method for
upgrading solid fuels. Depending on the reaction, conditions the pyrolysis can influence the whole process and the
quality of the products remarkably.

In order to assess under which conditions the required processing products originate, there is a need for the
understanding of the pyrolysis behaviour of the coal. It could be expected, that the investigation of the
microhardness after Vickers enables an uncomplicated and precise documentation of the modification of certain
components during the process of pyrolysis. This would not be possible solely on the basis of standard analysis, like
the proximate analysis, because the physical-chemical properties of brown coal can diversify depending on their
composition.

So the aim of this work was the investigation of the correlation between the microhardness after Vickers of
solid process residua and the reactor temperature during a pyrolysis process, which was conducted at a soft brown
coal. For this purpose, the measurement of the microhardness after Vickers was performed on pit coal samples and
on samples of an experimental series. In this series, the target temperature in the reactor was varied. The target
temperatures were in the range between 300 and 800 °C, whereby the temperature was generally increased in steps
of 50 K. Furthermore, there were duplicate experiments on raw coal and on the temperature levels 700 °C and 800
°C of the process residua.

2. Experimental method
2.1. Geological allocation of the applied coal

The applied raw coal was a lower rank soft brown coal, which originates from the lower seam group of the
opencast mine Schdningen in Lower Saxony (Germany). This opencast mine is part of the coal field of Helmstedt-
Oschersleben-Egeln and therefore, appendant to the most north westerly offshoot of the Central German brown coal
deposits. The genuine soft brown coal was deposited during Palaeocene to Eocene. A more detailed review of the
geology and stratigraphy of the Helmstedt mining area was recently given by HAMANN et al. (2015).

2.2. Sample preparation of the solid process residua

The soft brown coal, that originated from the opencast mine Schéningen (Lower Saxony), was subjected to
the process of pyrolysis in the lab-scale fixed bed reactor of the Institute for Energy Process Technology and
Chemical Engineering at the TU Bergakademie Freiberg.

In preparation of the process, all 20 samples were oven-dried at 105 °C for 24 h and pulverized to a particle
size smaller than 2 mm. Then the reactor was in each case crammed with 40 g of the sample and the process of py-
rolysis was carried out. Therefore, the already pre-heated furnace was put on the cold reactor in assistance of a crank
handle. The target temperatures were in the range between 300 and 800 °C, whereby the temperature was generally
increased in steps of 50 K. The sample temperature was measured with a thermocouple in the centre of the reactor.
When the respective target temperature was reached, the furnace was moved upward again to start the cooling pro-
cess immediately. In consequence, there was no dwell time. Further construction details for the lab-scale fixed bed
reactor can be obtained in REICHEL et al. (2011).

2.3. Preparation of the polished sections

The raw coal samples were oven-dried at 105 °C for 24 h and pulverized to a particle size smaller than 1 to
3 mm. Afterwards, they were poured in epoxy resin under a vacuum and the surface was grinded and high gloss
polished. The solid process residua were, after they had passed through the pyrolysis, poured under a vacuum in
epoxy resin and their surface was grinded and high gloss polished, too. This procedure followed DIN 22020-2.

2.4. Vickers microhardness

The investigation of the Vickers microhardness is a method adapted from the material sciences, but it has
also proven as a useful instrument to examine coals and their solid process residua. Hence, the measurements were
conducted with the Microhardness Tester VMHT, model VMH-002V, from Walter Uhl GmbH, ARlar. Because of
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its relatively small magnification (x100) of the objective and its monochrome incident light image, the
differentiation of the various residual components was very difficult. Therefore, the measurements were performed
in each case on dense and more or less homogenous densinites and their coked pendants, which have proven to be
identified reliably, even under these adverse conditions. In dependence on STACH et al. (1982) for each sample
were 50 individual measurements conducted.

3. Results and evaluation

Just the raw coal samples and the 14 reliable samples of the residua were used for the evaluation.
Compared to the other ones, six samples showed deviations. The average values of these samples were always lower
than these of the samples with the next lower or higher target temperature and their heating-up rates were always
higher than the heating-up rates samples with similar final temperatures. These heightened heating-up rates could
result from a bending of the thermocouple, while the reactor was crammed. So the thermocouple is not exactly in the
middle of the sample and might already measure the target temperature in the peripheral area which leads to
shutdown of the lab-scale fixed bed reactor, even if the core of the sample has not reached the target temperature.

The average values of the measurements of each sample were presented in dependence of the final
temperature in a diagram (figure 1). To present the deviations between the conspicuous samples and the reliable
ones, they were also plotted in the diagram.

™

140

120

100
80
60

y = 17,47160.002
40 R?=10,9699

20

Microhardness after Vickers [HV

0 T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900
Tmax sample measured [°C]

@ series of measurements @ conspicious points

Figure 1. Correlation between the microhardness after Vickers and the reactor temperature

The investigations provide the result, that there actually is a correlation between the microhardness after
Vickers of solid process residua and the reactor temperature of a soft brown coal pyrolysis. This correlation is
described best by a graph of an exponential form (1):

y =17,471 - g% 1)

The corresponding coefficient of determination amounts to R? = 0,9699. So, the adjustment of this function
to the underlying correlation is very good.

The slope of the graph is plain in the temperature range between 0 and 450 °C, resulting from the release of
aliphatic hydrocarbons from 300 °C and the formation of isolated aromatic compounds. A steep slope is apparent
between 450 and 650 °C, because of a condensation of aromatic structures and the reorganisations of these to
polycyclic aromatic clusters. The data show a slighter slope in the upper range above 650 °C. This could be
explained by the fact that the reorganisation from aliphatic to aromatic compounds is almost completed.

The 50 individual measurements, that were conducted for each sample yield quite similar results with
relatively low standard deviations. This shows that the method of the microhardness-measurement after Vickers is
accurate and reproducible. Furthermore, there were duplicate experiments of the raw coal and on the temperature
levels 700 °C and 800 °C of the process residua that provided almost identical mean values. So the reproducibility
of the pyrolysis process” balance in the lab system as well as of the microhardness-measurement itself is very good.
Besides, the investigation of microhardness is almost non-destructive and could be realised easily and fast. So, in the
future the investigation of microhardness after Vickers should also be used more often in non-metallogenic
divisions.
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THE IMPORTANCE OF ROCK STRENGTH ANISOTROPY IN DEEP
SHAFT STABILITY ANALYSIS

INTRODUCTION

Many rock masses feature a local discontinuity which can influence strength anisotropy (anisotropy). This
characteristic has been well recognized at a sample scale for some time (see Vakili et al., 2014). Anisotropy is also
associated with strongly foliated and sheared rock masses. Significantly, the impact of anisotropy on geotechnical
design is often overlooked (Vakili et al., 2014). In this paper the author investigates the effect of anisotropy on the
depth of failure in a vertical shaft by comparing isotropic and non-isotropic material models.

NUMERICAL MODELLING: BASIC ASSUMPTIONS AND APPROACH

For the purpose of this study, a section of the metacrystal gabbro (MXBG) from KGHM International Ltd’s
Victoria Project (Sudbury, Canada) was chosen, which is located at the depth of 1000 m below the surface. The rock
properties used in this study are listed in Table 1. and in the Figure 5. Principal in-situ stresses are based on
published values (Trifu et al., 2009) and are deemed to be typical for the Sudbury region. In the numerical analysis,
three types of material models were investigated: elastic-perfectly plastic (isotropic), elastic-brittle (isotropic) and
IUCM model (anisotropic). Isotropic models were analyzed with Finite Elements Method (FEM) in Phase 2
software, while anisotropic IUCM model was developed by Vakili et al. (2014) utilizing Finite Differences Method
(FDM) and Flac3D numerical software. Volumetric strain criterion has been used to interpret the results. It is
important to keep in mind that extensional strain is positive if an element has shortened (contraction) and negative if
otherwise (dilation).

Table 1
Physical parameters of metacrystal gabbro (MXGB)
Rock Depth Principal Stress (MPa) Poisson’s &%ﬂﬁ?uz Intact Comp. m s
Type m | o o2 o3 Ratio (MPa) Strength (MPa) b
MXGB 1000 51,6 | 41,3 | 29,0 0,1 53000 150 8 0,026

RESULTS AND DISCUSSION

The elastic-perfectly-plastic (isotropic) model indicated 0.1% volumetric strains of 4.83m radius which
appear mainly on the south boundary of the excavation (Fig. 1). The strength factor is equal to 1 around the shaft
which implies high possibility of failure of the rock mass (Fig. 2).

The elastic-brittle model (isotropic) showed the larger zone of 0.1% volumetric strain which in extreme
amounts to 8.00m in radius (Fig. 3). There are also critical areas in the vicinity of the shaft excavation where the
strength factor drops below the unit (Fig. 4).

The third model utilized JUCM Flac3D code to model strength anisotropy of the rock mass (Vakili et al.,
2014). Also, the sensitivity analysis was done to investigate the impact of each parameter on the stability of the
excavation and the depth of failure measured with volumetric strain criterion (Fig. 5). This approach showed that the
depth of failure for 0.1% volumetric strains is anticipated to be 6.0 m. The sensitivity analysis well explains that
while UCS, GSI and orientation of far field stresses control the rock mass response to mining under high stress
conditions, rock strength anisotropy might be the key parameter that governs the failure mechanism.

The numerical analysis of three different material models confirmed that rock strength anisotropy plays
crucial role in the failure mechanism of underground excavation in high stress environment. While typical elastic
and elastic-plastic model showed vulnerability on the stress field change, the [IUCM constitutive model implies that
anisotropy can have a far greater influence on the stability of underground excavation than other factors such as the
orientation of principal stress vectors.
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Figure 5. Sensitivity IUCM models investigating the failure mechanism (Watson et al., 2015)
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COMPARISON BETWEEN WORKING EFFICIENCY OF TRADITIONAL
BUCKET WHEEL EXCAVATOR AND COMPACT BUCKET WHEEL
EXCAVATOR

The presentation will focus on the comparison between working efficiency of traditional bucket wheel
excavator and compact bucket wheel excavator. For a comparative analysis a traditional bucket wheel excavator SRs
1800 produced by Takraf and a compact bucket wheel excavator PE-100 produced by Sandvik have been selected.
Both excavators may be characterized by a similar theoretical capacity, thus the achieved working efficiency will be
affected by characteristic constructional structures of given excavators. Mining front parameters as well as features
of mining rock are equivalent for both machines. The chief aim of this presentation is to indicate the direct impact of
construction parameters of an excavator on its working system and efficiency.

A. KULINIAK, G.BURY
Wroctaw University of Environmental and Life Sciences, Poland

RESEARCH OF DAILY INCLINATION CHANGES OF THE
WROCLAW’S SPIRE

Summary

The paper presents the results of measurements of the vertical
deflection of the slender object - Wroclaw's Spire. The deformation
results are presented in relation to the observation made in the natural
day. It has been shown that the resulting diurnal changes in position of
the vertex of the object are resulted from the changing weather
conditions. Mainly on varying intensity and the direction of incidence
of sunlight and to the changing strength and direction of the wind. The
study of deformation of objects located in the heavily urbanized areas
is essential for the safety of other objects and people staying in the
proximity of the test object.

Introduction

The increasing technological possibilities of technical
development leads to the fact that the erected structures are more
complex and also more economical. As a result, in our environment
more and more objects pose a threat to other objects as well as people
living in the environment. This problem also occurs in the case of
slender objects - towers and masts with spatial steel structures. These
facilities  should be  checked periodically  deflections
of verticality. Results of current geodetic measurements are very
important and sometimes the only source of information, giving rise to
take the steps to important rectifying current location to the correct
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position.

An example of a slender object is the Wroclaw's Spire. Spire is a steel pole with a height of 96 meters and a weight
of 44 tones consisting of 12 segments of the plate grider supported on the basis of the tripod (pic.1).

Measurement of the Spire performed in order to determine deviations from verticality of the changes taking place in
the cycle of daily observation. Diurnal position changes of the object resulting from the impact of wind and solar
radiation. The size of the daily changes in the position of the tip are compared with the maximum inclinations.
Therefore, it is very important in deflection measurements to be performed under optimal conditions, cloudy
weather and with minimum wind speeds.

Measurements

Field measurements were made on 22" and 23" of July 2014. Observations of Wroclaw's Spire were taken
in the diurnal cycle and were carried out in a one-hour interval. The measurements began at 11%. Due to insufficient
lighting object measurements were not performed in the hours 21% - 4%, The measurements were carried out with
three stations located around the object. It was observed on five levels. Since the measurements have started to 16%
it was sunny, then it started to be cloudy, and then about 19% light rain began to fall. The morning after the
resumption of measuring the weather was sunny. The temperature during the measurements ranged from about 16 °
C to about 20 ° C.

Results of measurement

The first calculations were made using an Excel spreadsheet 2010. The coordinates of the controls and the
coordinates of the points on the object were calculated and performed using c-geo 2014 program. Graphic design of
daily changes are presented using graEhic program CorelDrawX4. Deflections in Wroclaw's Spire obtained in
process of measurement are related to 4" and 5" level (the highest point of the object) - pic.2

center of the base Level 4

0,00 m O,l|0 m 0’210 m
L

Pic.2. Daily deflection of Wroclaw's Spire

In the picture it can be seen that the object move towards the East-South-East direction (ESE).
The maximum deflection is on the 4™ level and it amounts 0.51 m and on the 5" level amounts 0.78m. The
minimum deflection amounts respectively for 4™ level is 0.26 m and for 5" level is 0.54m. The maximum daily
difference in inclination of the object on 5™ level is 0.41m for observations between midday on 22.07.2014 and the 7
a.m. the next day. For 4™ level the daily difference in deflection is 0.31m which is achieved from measurements took
between midday on 22.07.2014 and 8 a.m. the next day. The deflections of the highest point at the start and the end
of the measurement is 0.13m on 4" level and it is 0.06m on 5" level.

Summary

The results of the measurements confirmed that the sun has a significant effect on the direction and size of
the deflections of the object. The significant inclination has been noticed at 12 a.m. (0.54 m) and at 7 a.m. (0.78 m)
The difference between this values is 0.22m which is important to establish the safety of the test object. Ensuring the
safety of the Wroclaw's Spire is important because this object is located near 'Hala Stulecia’ which often hosts
sporting and cultural mass events.
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THE ANALYSIS OF THE METHANE STORAGE PROCESS IN ACTIVE
CARBONS BED

Abstract

This paper presents theoretical basis of LBET class models for the multilayer, heterogeneous adsorption
description and results of its application to the analysis of the active carbons bed, aimed to the methane storage by
means of a physical adsorption. In order to present what information can be reliably drawn, obtained results were
simultaneously fitted to the experimental adsorption isotherms, enabling to determine porous structure parameters.

Keywords: adsorption, active carbons, methane storage, computer calculation.

Introduction

Activated carbons are widely investigated due to its application for gas storage by means of a physical ad-
sorption. This is due to a relatively high surface area, micropore volume and attractive surface potentials that enable
the adsorption of gases on a carbon surface up to densities high enough for industrial applications. Thus, theoretical
research and potential applications in gas storage of these materials, dedicated mainly to the clean burning and low
cost gaseous fuels (e.g. methane) in automotive applications are investigated.

Nevertheless, the evaluation of practical significance of active carbons requires the mathematical
adsorption model assumption in order to characterize these materials based on experimental adsorption
measurements. Several various methods have been already proposed as a description of adsorption equilibria aimed
in particular to the micropore structure characterization of the carbonaceous origin materials i.e. Dubinin-
Radushkevich, DFT. As an alternative to this methods, generalized BET-like adsorption theory with LBET class
models has been also proposed. In this approach, the adsorption mechanism is assumed to be localized, what is a
reasonable assumption in case of active carbons. Thus, it is an useful theoretical and numerical tool for the material
analysis, especially of a random porous structure. Hence, in this paper the application of LBET class models to the
active carbons bed analysis compared to the experimental adsorption measurements (reported elsewhere) is
presented.

Generalized BET-like adsorption model

BET-like adsorption model is the generalization of classical BET model, where the adsorption phenomena
is viewed as a process of adsorptive transition to the liquidelike phase and mixing its molecules being in the
reference state with the energetically privileged cells placed at the adsorbent surface. Thus, the adsorptive
condensation (clusterization) occurs on primary sites, where adhesion energy reaches the local minimum (for
nonpolar adsorbents like active carbons it may be a niche, cavity, corner, etc.). The clusterization may be limited
due to both: the pore geometry and the preassigned space to another cluster. Hence, the proposed description takes
into account the geometrical energetical heterogeneity and the presence of the brunched clusters, that significantly
affects the shape of adsorption isotherms, especially in the high pressure range.

Basic formula describing BET-like adsorption on the x-th type primary sites has the form of following al-
gebraic equations for layers n=1,..., k:

def mpm

_H:n + (H:n +1)"91m 04 0441 =0 (1), where On = Bom.. .
ﬁm mp/m—l

)
is the coverage ratio in clusters of x-th class of the (n-1)-th layer.

Transformed pressure I1.n depends on the relative pressure/fugacity 7, branching factor Bin , energetic

parameter Bin and coverage ratio Oin :
d e f
* = 4 — l_,Brm+ 1— N d e f
M = a(l O ) = Ty = O ) P B —'e XQpy/R )@
As a result of acceptation of additional assumptions , the number of model parameters may be reduced and

leads to the five-parameters LBET class model (more detailed properties are reported elsewhere). Employing LBET,
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adsorption isotherms, are multivariantly identified based on numerically calculated parameters of the pore size ex-
ponential distribution «, cluster shape factor f, total number of primary sites mp,, differentiating adsorption energy
correcting factor at the first layer Z, and adsorption energy at the layers n > 1 B¢. Thus, calculations enable to evalu-
ate the monolayer capacity Vi, first layer adsorption energy Q./RT, ¢, first layer effective contact ratio and to iden-
tify the variant of energy distribution h. The identification is performed for 30 variants of calculated LBET parame-
ters, and its reliability is assessed based on the residual dispersion o, and identification of uncertainty index wig.
Hence, LBET models provide semiquantitive information on the materials porous structure including the energy
distribution on the adsorbent surface and the description of the adsorbate mechanism clusterization.

Results and Discussion

The purpose of performed numerical calculations was to verify the applicability of the LBET class models
to the active carbons bed analysis. Numerical investigations and presented figures were performed applying the mul-
tivariant identification procedure with our own software working on MATLAB® platform. Model parameters were
fitted to the pure methane experimental adsorption measurements on the carbon sample WV1050 and Norit R1 Extra
at 298 K (fitted variant number is placed at the Fig. 1 title).

In both cases, good isotherm fitting quality (Fig. 1) was obtained, since the variant distinctivity w;q has low
values in both case. Due to high h parameters value it was identified that adsorbent surface is strongly heterogene-
ous, but in case of sample WV1050, the energy spectrum is moderate and fraction of relatively small pores domi-
nates (as evidenced by the parameter a=0.24), whereas Norit R1 Extra sample surface energy distribution spectrum
is wider and the parameter «=0.98 stands for high pores domination. This feature may be also seen based on B¢
parameter values comparison, where for smaller pores lower value of adsorption energy and higher contact ratio {
are observed. Nevertheless, for Norit R1 Extra sample sufficiently larger volume of the first adsorption layer was
obtained, i.e. Vy2=1539.

CH, - WV1050/LBET 15 CH, - Norit R1 Extra/ LBET 14
8
_ 3
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Fig. 1. Fitted isotherms for W\/1050° and Norit R1 Extra®.
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Fig. 2. The adsorption energy distribution corresponding to the fitted isotherms in Fig. 1.,
for WV1050° and Norit R1 Extra®.
Conclusions

This paper presents an application of the LBET class models to the analysis of active carbon samples used in
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the beds preparation aimed to the gas storage by means of the physical adsorption. Obtained results give reliable
information on adsorbent porous structure properties, giving an insight into the multilayer mechanism restrictions,
pores geometrical properties and energy distribution at the primary sites. Hence, the LBET class models may be
applied to the identification of real adsorbents of potential applications in methane storage.

Acknowledgment

The work was financed by the AGH University of Science and Technology in Krakow Grants No.
11.11.210.217.

References

1. Dabrowski, A. Adsorption-from theory to practice. Adv. Colloid Interface Sci. 93, 135-224 (2001).

2. Duda, J. T., Milewska-Duda, J. & Kwiatkowski, M. Evaluation of adsorption energy distribution of
microporous materials by a multivariant identification. Appl. Surf. Sci. 252, 570-581 (2005).

3. Duda, J. T., Milewska-Duda, J., Kwiatkowski, M. & Ziotkowska, M. A geometrical model of random
porous structures to adsorption calculations. Adsorption 19, 545-555 (2013).

4. Kwiatkowski, M. Computer analysis of microporous structure by employing the LBET class models
with various variants of the adsorption energy distribution in comparison to the classical equations. Langmuir 23,
2569-2581 (2007).

5. Rios, R. B. et al. Experimental analysis of the efficiency on charge/discharge cycles in natural gas
storage by adsorption. Fuel 90, 113-119 (2011).

6. Dreisbach, F., Staudt, R. & Keller, J. U. High pressure adsorption data of methane, nitrogen, carbon
dioxide and their binary and ternary mixtures on activated carbon. Adsorption 5, 215-227 (1999).

7. Milewska-Duda, J., Duda, J. T., Jodlowski, G. S. & Wyjcik, M. Estimation of reference state parameters
for sorption modeling of gaseous substances. Colloids Surfaces A Physicochem. Eng. Asp. 208, 303-311 (2002).

8. Duda, J. T., Kwiatkowski, M. & Milewska-Duda, J. Application of clustering based gas adsorption
models to analysis of microporous structure of carbonaceous materials. Appl. Surf. Sci. 256, 5243-5248 (2010).

9. Milewska-Duda, J. & Duda, J. T. A non-BET adsorption and its LgBET model. Colloids Surfaces A
Physicochem. Eng. Asp. 208, 71-81 (2002).

T. LADINIG
Montanuniversitaet Leoben, Austria

KEY ROCK MECHANICS ISSUES IN DEEP BLOCK CAVING
OPERATIONS

Abstract

Block caving is an underground mass mining method, which has considerable potential in future mining
activities especially at great depths. For this reason an investigation program on the rock mechanical key issues in
deep block caving operations has been launched. The aim has been to outline the state of the art concerning these
key rock mechanics issues in deep block caving operations and to identify future research subjects. This paper gives
a brief overview of the results of this study.

Introduction

Block caving is an underground mass mining
method, which is used for exploiting massive mineral
deposits with considerable horizontal and vertical
dimensions. Compared to all other mining methods the
ore is not extracted by mechanical breaking or drilling
and blasting, instead the weight of the rock mass and
stresses induced by mining are used for fragmenting the
ore body. For this reason block caving offers the
highest productivity in underground mining and the
mining costs per ton of ore are comparable to open pit
mining. Therefore block caving is an alternative to
large-scale open pit mining especially at depths greater
1000m below the surface, which are referred to as great
depths, as the waste to ore ratio becomes uneconomical
for open pit mining at great depths. As the worldwide
raw material demand is increasing and high quality
shallow mineral deposits are becoming the exception, it

] ] ) ) will be necessary to develop mines at great depths. For
Figure 3. Block caving mine design (Brown 2007) those reasons block caving has a considerable potential
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in future mining operations at great depths.
Block caving mining method

Basically, the mineral deposit is either divided into so called blocks, which are mined one after another, or
it is mined as one large block. For initiating the natural fragmentation of the ore body, which is referred to as caving,
the blocks have to be undercut. Undercutting takes place at the so called undercut level and creates a tabular slot
inside the ore body; compare Figure 1. In this area overlying rock mass is no longer supported and a new stress state
is induced, so caving is initiated. After the ore is broken, it has to be transported out of the caving area. This process
is referred to as drawing. Nowadays load haul dump vehicles are preferred for drawing the ore. They are operating
at the so called production level, which is the mining level below the undercut level and it is comparable to a
complex room and pillar system. At the production level the ore is drawn at so called draw-points, which connect
the drifts of the production level with the caving area. Afterwards the ore is delivered to other haulage systems,
which transport the ore out of the mine

Mine planning — the critical issue in block caving

The critical point in block caving is that it is very difficult or even impossible to change the mine design,

after mining has started. For this reason excellent mine planning is necessary for a successful block caving

: operation. Basically there are three central points in

IL"i‘IILﬁ SEESESESSSSS Pisi T mine planning: The minimum block size, the
r i= | 1
- | I | 1
i-t FH H
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T [ production level layout and the undercutting strategy.
- .‘.";'__"'{1 ] L The minimum block size is the footprint of a
_—-—_i = r’y ! 1 block, which ensures continuous caving throughout the

ey | | oS lifetime of this block, and it is a function of the rock
P g mass properties and the primary stress state. Basically
== Soed¥ S8 Lo CIRELSRESIRRRER AN a more competent rock mass enlarges the minimum
: '.” ] rtmtﬂ e . {;-1'5 block size; compare Figure 2. The stresses acting on
" A e the production level might increase significantly, if the
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- jf;;jj T B preferable in deep block caving operations. However,
1(“— ~lot —Jr ‘I‘ HH ok [ : the determination of the minimum block size is
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B is f Fre g g oo §eE s eaea SRR oSS! :|:; insufficient large footprint associated with major
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——— The production level layout is the floor plan

e B of the production level pillar system. It has to provide
the stability of the production level throughout the

Figure 4. The minimum block size (expressed as hydraulic  lifétime of the block. First of all it is necessary to

radius) as function of the rock mass properties (expressed ~ d€fine the draw-point spacing and afterwards the
as MRMR value) (Laubscher1994) production level pillars can be designed. The draw-

point spacing is the horizontal distance between
neighboring draw-points and it has to be designed
according to the requirements of the ore flow mechanics, so the dilution with overlying waste can be minimized and
the ore recovery increased. However the knowledge of the ore flow mechanics is insufficient and moreover the ore
fragmentation, which might have a major impact on the ore flow mechanics, cannot be predicted accurately enough.
For this reason a precise determination of the draw-point spacing is difficult at present. As a result there might be
considerable ore losses or stability problems at the production level.
The undercutting strategy is the sequence, in which the production level and the tabular undercut slot are
mined. Basically, there are three different undercutting strategies in use: post-, pre-, and advance-undercutting. In a
Mined out Face  Solid post-undercut the production level is excavated before
150 100 50 50 undercutting, in a pre-undercut the production level is
excavated after undercutting and in an advance-undercut
the production level is only excavated partially before
undercutting. The undercutting strategy has a major impact
on a block caving operation, as it influences the stress state
on the production level severely. The stress distribution
around a deep undercut can be described best by means of
a deep isolated horizontal longwall. As it can be seen in
Figure 3, there are major stress concentrations at the
abutments of the undercut and there is a stress shadow
below the undercut. For this reason a pre-undercut is the
recommended undercutting strategy in deep block caving
operations, as the production level is excavated in the
Figure 5. Normalized stress distribution around a deep ~ stress shadow, where it is protected from the high
undercut (Budavari 1983) 44
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abutment stresses, so the production level stability is increased.
Complexity of block caving

Block caving is a complex mining method as it is influenced by several interrelated rock mechanical
parameters, which are referred to as key issues. The production level stability can be used best for illustrating the
complexity of the block caving mining method, compare Figure 4. A detailed description of these key issues, their
interrelations and their impact
on the production level stability
is given by Ladinig (2015).

Conclusions

In conclusion it can be
stated that block caving has a
considerable potential in future
deep mining activities.
However block caving is a
complex  mining  method,
which is influenced by several
key issues, and there are hardly
any possibilities to change the
mine design, after mining has
:;::;;;ﬁing started. For .those reasons

excellent  mine  planning,
requiring an in  depth
knowledge and understanding
of the key issues, is

material propertis of

intact rock
fragmentation -‘

pre-conditioning '

A production level

P
&

stress distribution

cave propagation

\

Figure 6. Relation between the production level stability, natural parameters, ~ indispensable for a successful
which cannot be influenced by mining, (blue) and mining-related parameters, ~ Plock  caving  operation.
which can be influenced by mining, (orange) (Ladinig 2015) However, investigations have

shown that the present
knowledge of these key issues in deep block caving operations is insufficient. For this reason suitable and reliable
design criteria for block caving at great depths are not available at present and future research on the key issues is
necessary.
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KGHM Polska Miedz S.A. — Polkowice-Sieroszowice mine, Poland

SAFETY OF THE BLASTING WORKS IN LGOM MINES CONDITIONS

Introduction

The exploitation of flat copper ore deposits in Polish deep underground mines is performed primarily using
blasting technology. Each day, a few hundred mining faces are blasted in KGHM’s mines using this method. How-
ever, new technology based on mechanical rock excavation is also currently being developed. The notable progress
in recent years in the areas of design and analysis of engineering work can also observed in the field of blasting
techniques. Methods using black powder, nitroglycerin or dynamite, have been almost entirely replaced by the cur-
rent more technologically advanced explosives being used in underground mines.

Emulsion explosives

Developed in the late ‘60s of the last century, emulsion explosives are currently the second most utilized
explosives used in the world [1]. The greatest advantage of this group of explosives is that their individual compo-
nents are supplied to the mining face separately, after application to the blasting hole — then, after a period of time
lasting 5+20 minutes — they become explosives. This gives the opportunity to develop safer devices for their prepa-
ration and injection into the blasting holes. [2]. Another major advantage is that they are totally waterproof. Moreo-
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ver, emulsion explosives are also frost resistant and stable while hydrostatic pressure is changing. Due to their phys-
ical and chemical properties, emulsion explosives have been applied particularly to the mechanical charging in the
blasting holes.

Implementation of bulk explosives began in 1997, in the “Rudna” mine as a prototype of the mechanization
process using Westspreng explosives — these were pumped using force-pumps. Due to the high density of the ex-
plosives further tests have yet to be been carried out. Beginning at the end of 2002 and early 2003, the mechaniza-
tion of blasting holes charging was reintroduced. At that time, bulk emulsion explosives were implemented. These
explosives were based on the technology of the Blastexpol Company. At the end of 2003, and as a result of success-
ful testing, a prototype blasting machine with a mixing module has was used. In 2004, almost 10% of the explosives
used in the “Rudna” mine were injected to the drill holes using the above-mentioned prototype. Since that time, the
technology used in mechanized holes charging has been further developed. Currently, most of the explosives used in
LGOM mines are bulk emulsion explosives. Table 1 shows the use of explosives in the “Polkowice-Sieroszowice”
mine between 2012 and 2014.

Table 1
Use of explosives in “Polkowice-Sieroszowice” mine between 2012 and 2014
Year Dynamite Cartridged Bulk Total Electrical Non- Total
emulsion explosives  explosives  detonators  electric detonators
explosives detonators
2012 2.491.624 1.201 5.471.622  7.964.448 473.530 2.384.412 2.857.942
2013 2.183.760 4181 6.412.176  8.600.117 332.858 2.445.100 2.777.958
2014 1.181.137 4.825 6.636.174  7.820.137 192.240 2.538.183 2.730.423

“numbers in [kg], detonators in pieces
Safety of blasting works

The utilization of modern blasting agents and blasting equipment has systematically been increasing in un-
derground copper mines in Poland. One example is the equipment used for the production of the explosives, which
can simultaneously charge the blasting agents directly into the blasting holes. For example, in 2013 in Polish copper
mines, around 11.2 million kg of the 16.87 million kg of explosives used were emulsion explosives produced while
mechanical charging into blasting holes [3] (however, more than 90% of explosives used in KGHM’s mines are
emulsion explosives, including cartridge explosives). Another factor to highlight is the commonly used method of
the explosives’ initiation with the use of non-electric detonators. The use of these detonators enhances the safety of
the blasting works, because it eliminates the disadvantages of electric detonators. The possibility of the use of elec-
tronic initiation systems is still being analyzed [4]. Several attempts have shown that the appropriate selection of
delays may amplify the elastic wave caused by blasting and consequently release the energy accumulated in the rock
mass. Works related to the safety of rock-mass excavation (drilling of blasting holes, blasting, hauling, installation
of rock support, scaling) are taking place in the immediate vicinity of the mine faces and are connected to typical
mining hazards, including; the loosening of solid rock from side walls, roof falls, and rockbursts. If the last two op-
erations of the process are fully mechanized allowing the operators to keep a certain distance from the mine face,
when connecting the detonators, the blasters are then exposed to danger. Those works are associated with the pres-
ence of blasters in the most sensitive places; therefore those works should be performed as quickly as possible while
simultaneously reducing the number of employees in the area. These rules are regulated by internal organizational
arrangements and structures. Each of KGHM’s mines has its own guidelines regarding safe methods of transporta-
tion, explosive storage, and the performance of blasting in mining parcels. Due to the significantly improved quality
of explosives in recent years and mastery of blasting techniques and safety regulations, the state of blasting work
can be considered satisfactory.

Influence of time of the ability of detonation of emulsion explosives

The aim of the study [5] was to verify the data relating to the behavior of emulsive explosives being mechanically
charged into the blasting holes, based on the RP-T2 emulsion explosive, and depending on the time remaining in the
blasting hole. In the study of Zygmunt et al. [6] as a part of the enhanced safety of mechanically charged emulsion
explosive, a drop of its explosive’s properties after about 48 hours was announced, unfortunately — without reference
to the specific tests. No information was obtained from the manufacturer regarding these explosives. Due to the lack
of appropriate measuring equipment, which allows to precisely determine the detonation parameters, the ability of
only the detonation of explosive’s sample was determined.

Tests to determine the ability of detonation of explosives consisted of a detonation of 3 series of samples. Each se-
ries consisted of 15 plugged up sewage pipes with an RP-T2 explosive filling. Finally, three series of “cartridges”
for different rotational speeds of a sensitizer pump (n=100, 140 and 180 Rot/min.) were prepared. The obtained car-
tridges were successively armed using electric detonators and were fired. The results are presented in table 1.
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Table 2
Results of detonation of the series of samples [5]

o | o | NOOFsam- oy o s s s 6| 7|8 |9 |10|11|12]|13]14]15
2 | 8 ple

| T | Noofdays |1 [ 2 [3 4|5 |7[8[9]10]1|12]14|15[17]21
I Result e e T S B e I T o T T O e A
o | o | Noofsam- o a4 s 6| 7| 8|9 |10]11]12]13]14]15
212 ple

8| U [ Noofdays [ 1 [2[3 4|5 [7[8[o]w0]u|2|u|is|17][2
I Result + + |+ + o+ |+ |+ |+ |+ ]+ ]+
g | o | N g{esam' 112|345 |6|7|8[9][10]11|12]13|14]15
g g

B | W | Noofdays |1 |2 [ 3[4 |6 |7 [8]09]10[11][13]14]127][20]23
= |~ Result + + |+ |+ |+ + |+ |+ |+ |+ |+ ]+ ]+

Explanation to the table: No. of sample — number of sample from given series of measurements
No. of days — number of days, which elapsed since preparation of samples
Result (+) — means, that the tested charge and passive control charge were detonated

After the detonation of the samples, no larger fragment of pipe was observed. This pipe was an explosive’s
shell. This means that the explosive did not lose its thermo dynamical properties, even after such a long period of
time. The studies performed on the influence of time regarding the detonation ability of the RP-T2 emulsion explo-
sives indicate that it did not lose its properties after the manufacturer’s specified time of 48 hours. This indicates that
in order to ensure the safe operation of the mine, all non-decayed blasting holes charged with RP-T2 bulk emulsion
explosive, should be treated with an extreme caution and strictly follow the provisions during removal (Regulation
of the Ministry of Economy on occupational health and safety, operation and specialized fire protection in under-
ground mines).

B v o a

Figure 1. Control charge remaining in its place and marks of matrix (left) and outburst
of the pipe with unsensitized matrix after firing of detonator (right) [5]

Conclusions

The implementation of mechanical excavation system in KGHM’s mines has not reached a successful level
so far. In this situation, a key level of importance is placed on new solutions of blasting technologies. The applica-
tion of non-electric initiation systems of explosives and mechanical charging of the blasting holes - were undoubted-
ly a breakthrough in the field and expanded the range of possibilities for blasting design. One of the most important,
if not the most important factor of development, is increasing the safety measures of blasting works. During trans-
portation, as well as during entire charging process, components and semi-products are not explosives and are not
toxic. The mixture of two components charged into the blasting hole transmutes them into explosives within several
minutes of charging. The presented results indicate that periodic inspections of the thermodynamic parameters of
explosives being used is required, e.g. by measurements of the velocity of detonation, which may force manufactur-
ers to provide the products with guaranteed thermodynamic parameters. This may have an impact on improving the
effectiveness and safety of blasting operations. The negative impact on relatively high temperatures of rockmass
should be also considered, since it may cause completely different behaviors of the explosive — an effect that is not
assumed by manufacturer. This problem may become particularly important in regards to mining deep deposit with-
in the LGOM mines areas, where the rockmass temperature can exceed 45°C.
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VENTILATION CONSIDERATIONS FOR NEW LEVEL DEVELOPMENT
AT WINSFORD ROCK SALT MINE (Case Study)

Introduction

Winsford Rock Salt Mine has undergone substantial development work with the intention to open up ‘The
Lower South Bostock Mining District’. It is the intention of this paper to introduce the major development work
carried out at Winsford; the impact that the development work has had on the ventilation network, and the solutions
Compass Minerals has put in place to ensure adequate ventilation for the remaining life of mine (LOM).

Background

Winsford Rock Salt Mine is located in Winsford, Cheshire, in the North West of England. The mine is
owned and operated by Compass Minerals UK Ltd; a wholly owned subsidiary of Compass Minerals INC. Winsford
Rock Salt Mine primarily produces rock salt (NaCl) for the purpose of de-icing the UK road network in winter. The
mine has excavated 35M m3 of salt (80Mt) during its lifetime, resulting in only 1 years’ worth of reserve remaining.
Due to reserve depletion, the decision was made to invest ~E50M of capital expenditure to update the mine and
provide access to a new deeper deposit of salt, thereby extending the life of mine (LOM) by approximately 25 years.

Development Work at Winsford

The salt at Winsford was deposited approximately 200M years ago as the result of successive evaporation
of water from an inland sea. Mining has traditionally been carried out using the room and pillar method in Zone F,
however, the recent development work has been conducted to access a lower level of rock salt in Zone B (see Figure
1).

Figure 1. Section Detailing Deposit Horizons at Winsford Rock Salt Mine

The access from the -150m level to -250m level has been provided through the development of two parallel
inclined tunnels (drifts). Both tunnels are approximately 1200m in length and have been driven using a Joy
Continuous miner at a grade of approximately 1/12. The tunnels are shown in plan and section in Figure 2. All
future mining will be carried out at the new level with marginally larger pillars due to the increased depth. One drift
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will act as an air intake and driving route, the other the exhaust and rock conveyance. Based on current levels of

sales, the new development is anticipated to add ~25 years to the LOM.

Figure 2. Plan and Section Detailing LSB Drifts at Winsford Rock Salt Mine

Key Ventilation Considerations for New Development

The inevitable consequences of accessing a deeper level are that ventilation costs increase. At the planning
stage several key considerations were made with regards to the impact mining at the new level would have on the
existing ventilation network, and what could be done to mitigate these impacts. Key topics considered included:

1. How to meet the extra ventilation burden required
> How to ventilate an additional 10M m3 of excavated void
2. How to ensure old panels still receive adequate air
» How to have better control and flexibility over network
» How to ensure air is arriving in all working areas
3. How to effectively and efficiently get air to the new level

» Due to distance from intake shaft how to effectively get air to drift portal

» How to effectively and efficiently get air to arrive at the new level

» How to improve atmospheric conditions at the new level
How to Meet the Extra Ventilation Burden Required

With the inclusion of the new level ventilation volumetric requirement will increase by 50%, with the old
fan unable to meet the additional demand. The solution was to install two new 315kW Zitron axial fans. These run at
80% efficient and provide for a significant increase in static pressure. An example of Nol main fan is shown in

Figure 3.
How to Ensure Old Panels Still Receive Adequate Air

The difficulty with the room and pillar method of mining is that often volumetric efficiency (air arriving
where you want it to) rarely exceeds 30%. This is compounded at Winsford, as due to the age and layout of the mine
all panels are utilized and require ventilating. The mine has recently introduced 3D ventilation modeling using the
software program VentSim. Through modelling the mine network, strategy has been formed to ensure that air

Figure 3. No 1 Zitron Main Fan at Winsford Rock Salt Mine

arrives where it is needed
through  simulating  the
impact changes have on the
network before they are
physically carried out.

How to Efficiently and
Effectively Get Air to
Arrive at the New Level

Downcast to Drift
Portal

The mining face in
the Whatcroft district at
Winsford has benefited
from being ~10% of the
way through the ventilation
network, thereby the air not
having a much of an
opportunity for leakage and

pressure loss. However, future mining will be carried out approximately 60% of the way through the ventilation
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network allowing for leakage and loss. This will be overcome through increased use of regulators and booster fans
to ensure that between 80 and 120m3/s arrives at the drift portal throughout the LOM. The route for the air to take
has also been considered to reduce the resistance and resultant pressure loss.

Drift Portal to Face

During the planning stage the size of the drifts were considered on the basis that pressure loss decreases
with increased size of roadway. However, increased size of roadway results in a higher cost of excavation. A
balance was struck taking into account the LOM main and auxiliary fan running costs as a result of the pressure loss.
The optimum tunnel design selected was 8m height by 8m width, with the Joy Continuous Miner taking two cuts on
a top bench to the new level, a pullback to top of the drift, then a bottom bench two cuts wide.

How to Improve Atmospheric Conditions at the New Level

The mine had the opportunity to start afresh and reduce concentrations of dust, DPM and NOX at the new
level. As such, blind headings have been avoided in mine design, reducing the dust concentrations. Reduced
reliance on diesel has been achieved through capital expenditure on a Joy electric shuttle car for the development
work at the new level, rather than use of a Cat 998H FEL, thus reducing the DPM and NOX exposure at the new
level.

Conclusions

Winsford Salt Mine has undergone extensive development work increasing the LOM by ~25 years. The
ventilation planning was considered at an early stage, as such, a number of strategies were put in place to ensure
adequate quantity and quality air arrives where required. The mine is moving towards a more ‘active’ rather than
‘reactive’ approach to ventilation through use of software, with greater control and flexibility for future ventilation
planning purposes. The required quantity of air at the new level in Lower South Bostock has been achieved and
conditions will also be improved for employees moving forward.

S.NOLL, H. MISCHO
TU Bergakademie Freiberg, Germany

INVESTIGATIONS FOR OPTIMISATION OF CLEARANCE TIME FOR
BLASTING FUMES IN ROOM-AND-PILLAR MINING

Abstract

Besides optimisation of drilling and blasting itself, also other underground mining processes like ventilation
have to be optimised according to aspects like energy consumption or occupational exposure limits. One parameter
is the mixture of the blasting agent that influences the composition of blasting fumes. Another approach for
decreasing concentration of contaminants and decreasing clearance time of blasting fumes is faster dilution of
blasting fumes by controlled ventilation.

The latter approach was studied by using the analytical simulation software Ventsim Visual'™ after
verification of system parameters under real conditions in a mine. The results can help for decision making as to
which task should be realised for decreasing clearance time of blasting fumes.

Introduction

Diesel motor emissions and blasting fumes are the two major sources of emissions in underground mines.
For ventilation analysis of the behaviour of blasting fumes, the concentration level and the clearance time are
important aspects.

Clearance time of blasting fumes depends on following parameters:

e  Amount of explosives and type of blasting agents
e  Volume of blasting fumes
e  Airflow at the working face
Geometry of working area (regional spreading of fumes in neighbouring openings)
e  Mass of blasted rock / degasing of blasted rock

One approach for decreasing concentration of contaminants and decreasing clearance time of blasting
fumes is faster dilution of blasting fumes by controlled ventilation. In this paper, investigations about this approach
will be described for the aspect of optimisation of ventilation setup within one working area by analytical
simulation.

Different scenarios are tested digitally for the analysis of spreading of blasting fumes and clearance time by
using simulation software for ventilation (Ventsim Visual™). For verification of results, the openings of a real
working area were replicated in the simulation program and a real blasting event with real measurement of gas
concentrations and clearance time was digitally re-enacted. Hence parameters like volume of blasting fumes, amount
of explosives, initial concentration of CO, ventilation at the face, spreading rate, dimension of openings, friction
factor and resistance are input to the program according to real conditions.

ITM
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Airflow distribution within
one working area

The behaviour of airflow in
the working area is investigated when
curtains are simulated in strategic
drifts. This leads to a higher resistance
of the working area, but also to another
airflow distribution. Different scenarios
were tested, which are shown in Figure
1.

Because of higher resistance,

an increased airflow near the working
face (black circled areas in Figure 1)
will be enforced. Little auxiliary fans
are installed at the single headings. This
aspect was not considered in the
simulation, because they do not
influence  the  airflow  balance.
Consequently, these dead end headings
are coloured red in Figure 1. The red
coloured drift in the rear area represent
the goaf that is isolated by walls (grey
lines in Figure 1).

The fresh airflow (1500
m3/min) is distributed within the
working area into several parallel
airways.  Without installation  of
curtains, airflow of ca. 110 - [ ] D
380 m¥min s streaming through the 0 60 300 450 600 900 >900 [m®/min]
area near the working faces, depending
on the position of the drift within the
working area. If curtains are installed ) ) o o ) )
on the fresh air side of the future Figure 7. Airflow distribution within a working area for room-and-pillar
conveyor drift, airflow of 120 — 390 mining with and without curtains
m3/min would establish in the marked
area. Curtains in the cross drifts at the exhaust air side of the future conveyor drift cause an increase of airflow near
the working faces to 140 — 400 m3/min. Higher resistance in cross drifts on both sides of the future conveyor drift
leads to airflow near the working faces of 160 — 410 m3/min.

As result it can be stated that the installation of curtains in selected locations of a working area cause an
increase of airflow near the working faces of 10 — 50 %. Technical constructions of curtains in the working area
need adapted planning of personnel as well as logistics of material and equipment. The advantage of this approach is
a lower concentration of contaminants during the shift and shorter clearance time of blasting fumes as the following
simulations show.

In the described working area, blasting at two locations with total 600 kg ANFO is simulated as shown in
Figure 2. Spreading of CO concentrations could be detected depending on the time after initiation of the blast. This
is simulated without any curtains in the working area (upper part in Figure 2) as well as for the situation with
curtains at both sides of the future conveyor drift (lower part in Figure 2).

It can be clearly seen that higher airflow near the working faces with installed curtains leads to faster
discharge of fumes and hence to shorter clearance time. This was analysed for different total airflows, too. Two
measuring locations are simulated in the program, one next to the blasting location and another one in the main
exhaust airway. Figure 3 shows the clearance time as function of total fresh airflow at both measuring locations with
and without installation of curtains.

Clearance time as function of airflow can be described as power function (Figure 3) with a stability index
of R2>0,98. Because of simulation of curtains at the described locations, a decrease of clearance time by 30 — 40 %
can be realized near the working faces and 25 — 30 % shorter clearance time was detected in the main exhaust
airway of the working area depending on the total amount of fresh airflow. These shorter clearance times mean
longer operation times, between 10 minutes at very high airflow (3000 m3/min) and 55 minutes at very low airflow
(750 m3/min).
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Figure 8. Comparison of spreading of contaminants (CO concentration of blasting fumes) at different times after
blasting at two blasting locations with and without curtains in the working area at total airflow of 1500 m3/min

Figure 9. Clearance time in a drift next to the blasting location (left) and in the main exhaust drift (right) at different
total fresh airflow and with or without installation of curtains

Resume

Usage of these simulated results of this approach can be found in all room-and-pillar mines like anhydrite,
gypsum, potash, limestone and coal mines. The most important aspect of this investigation is that shorter clearance
time leads to longer effective operation time. The economic impact has to be evaluated practically at each mine.

The installation of curtains in selected locations of a working area cause an increase of airflow near
the working faces of 10 — 50 % at a total fresh airflow of 1500 m3/min. By further simulation, a lower
concentration of contaminants during the shift and shorter clearance time of blasting fumes could be confirmed.
Because of simulation of curtains at the described locations, a decrease of clearance time by 30 — 40 % can be
realized near the working faces and 25 — 30 % shorter clearance time was detected in the main exhaust airway of the
working area depending on the total amount of fresh airflow. These shorter clearance times mean longer operation
times, between 10 minutes at very high airflow (3000 m3/min) and 55 minutes at very low airflow (750 m3/min).

One possibility to realise curtains in selected drifts of a working area is to use flexible membrane material.
In Australia, such materials were tested to minimise influence of dust and gas from the goaf in coal mines. This type
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of membrane curtain can be pre-installed at selected locations during the work cycle and finally installed after
creation of the next parallel drift. [2]

These results show that there are easy, quick and cheap methods to realise optimisation of clearance time of
blasting fumes in room-and-pillar mining.
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MODELLING "GUBIN” OPENCAST EXCAVATION ON THE LIGNITE
DEPOSIT WITH THE USE OF AUTOCAD CIVIL 3D

On the basis of geological data compiled from boreholes and adopted geometric parameters of slopes and
hillsides of the excavation as well as transport ramps, the opencast excavation project to be in the field Strzegow
lignite deposit "Gubin™ has been created. The excavation takes into account the geological and mining conditions of
the deposit’s exploitation, as well as infrastructural and environmental determinants associated with the location of
buildings and protected areas within the deposit.

The study was also devoted to the calculation of the industrial and operative resources for the field
Strzeg6w. All the analyzes and calculations mentioned were carried out with the use of AutoCAD Civil 3D.
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OIIEHKA TAPAMETPOB KAMEPHO-CTOJIEOBOM CUCTEMBI
PA3BPABOTKHN HA IITAXTE «CM3» EJIIIABA

OrpoMHy[0 poJib B 93KOHOMHKE BCEX CTPaH MHpPa B HACTOSILEE BPEMsI UIPAIOT HEMETAUINYECKHUE M10JIe3HbIE
HCKOIIaeMble, YTO MOYKHO 3aKOHOMEPHO OOBSCHUTH MX IIMPOKOMACIITAOHBIM MHOTOLIEJIEBBIM HCIIOJIB30BAaHUEM B
IPOU3BOJICTBE NPOMBIIIICHHOH U CENbCKOXO3IHCTBEHHOM MPOIYKIMH, PU CO3IAHUH HAYKOEMKHX TEXHOJIOIHH M
HOJIy4eHHN KOHCTPYKIIMOHHBIX MAaTepUasioB, KOMIIO3UTOB, CIIELUANbHON KepaMuKH. K cTpaTermyeckd BaKHBIM
BUIAM HEPYIHBIX CTPOHMTEIBHBIX MAaTEPHAJIOB MOXHO CO BCEH YBEPCHHOCTBIO OTHECTH MarHe3uT, KOTOPBIH
sBISIeTCsl 0A30BBIM  CHIPHEM UTSL IIPOM3BOACTBA OorHeyropos.(1) Bexyieii ctpanoil B Mupe mo HoGbYEe TaHHOTO
BUJIa CBIPBEBOrO pecypca ceromHs sBisiercss CIOBakWs, C pAaCIOJOKEHHBIM B T. EmmaBa MarHe3uTOBBIM
komOuHarom CM3 a.o.

MarHe3uT — MuHepal M3 Kiacca kKapOoHaroB, rpynmnbl kajpuura, MgCO3, B kadecTBe H30MOP(HBIX
NpUMECeH CONIEPIKUT JKeJle30, pexxe Mapranell, kajipuuit. TBeppocts— 3,75-4,25, mnorHocts — 2,9-3.1 r/cm3. Liger -
OeJblif, KenaToBaTo-cepbli. Kpucrayumsyercs B TPUTOHAIBHOM CHCTEME, MMEET COBEPIIEHHYIO CHAalHOCTH I10
pom0031py. Bcerpeuaercss B Buae poOMOOIAPUYECKHMX WM HENPABHIBHO BBITSHYTBHIX KpPUCTAJUIOB, a MpHU
00pa30BaHNU B 30HaX BBIBETPUBAHMUS MOPOJ — B (GapHOPOBHIHBIX CKPHITOKPHCTAUIMICCKHX Maccax [2].

B Hacrosiee Bpems n00blYa MarHe3WTa OCYIISCTBICTCS KaMEPHO - CTOJNOOBOI CHCTEMOIl pa3paboTKu
TOPU30HTANbHBIMH CIOSIMH € 3aknankoil. KamepHo-cTonmboBas cucteMa pa3paOOTKH KOHCTPYKTHBHO IIPOCTa H
MOJTHOCTBIO  yIOBJICTBOPSIET YCJIOBUSIM IOOBIYM HEpyOHOro chIpbsi. KoadhUUMeHT u3BneYeHHs H3 HEAp NpH
KaMepHO-CTOJIOOBBIX CHCTEMAaX 3HAYMUTEIBHO HUXKE, HEXKENHU IIPU CUCTEMaX ¢ 00pyLIeHHEM, OHAKO, YKOJIOTHYECKOe
BO3JICHCTBUE TIPH CHCTEMax ¢ OOpyYIICHHEM BCE K€ BeChbMa BBICOKO, HEKOTOPBIC YYACTKH 3€MeJb CYIECTBEHHO
IpoceaaoT, 00pa3yroTcss mpoBaibl. [lo3ToMy 3KoIOrMYecKH O0e30NmacHOH TEXHONOTHedl OTPadOTKH HepyIHOTOo
CBIPBSI, yIOBJICTBOPSIONIEH BCEM TPeOOBAaHHUSIM JOOBIYM HEPYIHOTO CTPOMUTEIBHOTO CHIPBS, SBISETCA MOJ3EMHAs
0TpabOTKa MECTOPOKICHHI KAMEPHO-CTOIO0BBIMU CHCTeMaMu [2].
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Puc. 1. KamepHo-cTon6oBas cucteMa pa3pabOTKH TOPH30HTAIBHBIMHE CIOSIMH C 3aKIaaKoi [4]
1 — 3axmaounslii mypod, 2 — 3a60ii, 3 — wypd BeIIAYHON/pyaOCITyCK, 4 — BOPOHKA
5 — mtpek raBHBIN, 6 — 3akianKa, 7 — HEIUK MeXAyKaMepHbIH

[TockonbKy OCHOBHBIE OTEPH MOJIE3HOTO UCKOIIAEMOT'0 IIPH KaMEPHO-CTOJIOOBBIX CUCTEMaX (hOPMHUPYIOTCS
B Pa3IMYHOTO POJa LEJMKaX, TO CO3JaHHe METOJMKH pacyeTa palMoOHaJbHBIX MMapaMeTPOB LEIMKOB MPH J00bIUE
HEPYAHBIX MOJIE3HBIX HCKOMIAEMBIX SIBISIETCS IEPBOOUYEPEAHOM 3aaueii [1].

OTtpaboTka BeIETCs TOPU30HTATIBHBIMH CIOSIMH CHHU3Y BBEPX, a BEIpaO0OTaHHOE MIPOCTPAHCTBO 3AMOTHACTCS
CyxoH 3akyaskoit. Beicora kaxkmoro ciost coctaBisieT 4,8 M. be3omacHocTs pabouero mpocTpancTBa 00eCTIeYNBAIOT
MEXKITyKaMepHbIE LEINKH. BbieMOUHbIC OI0KH OrpaHndeHbl GapbepHBIMH Leankam [3].

dusnko-Mexanndeckue coiictsa Maraesnta MgCO; u momomuta CaMg(COy),.

Tab6muma 1
[MonyueHHbIe PU3MKO-MEXaHUYECKHE CBONUCTBA JtojiomuTa [4]
MgCO3 CaMg(COs),

ocx [MIla] 70 111
op [Mlla] 6,59 6,63

Ecx [MIla] 11192 13425
u 0,25 0,25

v [kH/M3] 28,36 29,14

GCX - IPOYHOCTH HA OJIHOOCHOE C)KaThe, Gp — IPOYHOCTh Ha pacTsbkeHne, Eck — Moxyns ynpyrocty, | - Koapdu-
nuent [lyaccona, y — 00bEMHBIIT Bec

B pamkax omeHKH mapaMeTpoB CUCTEMBI pa3pabOTKH OBLI PAaCCMOTPEH BhIEeMOYHBIH 0710k J1. BrieMouHbIi
010K OrpaHuieH 0apbePHBIMHU IIETUKAMH, YCTOWYMBOCTH KaMep 00ECIEUMBAIOT MEXK/IYKaMEPHbIC [STHKH.
MexmykaMepHble HEeIUKH MPEACTABISIOT cO00H CBOCOOpa3HbIe PACIIOPHBIE KOHCTPYKIMH, KOTOPbIE MOTYT
paboTarh B HE3aBUCHMOM, COBMECTHOM M KOMOHMHHUPOBAHHOM PEXHUMax. PacCUMTBHIBAIOTCS CIEAYIOIIHE MapaMeTphbl:
Harpy3Ka Ha [EJIUK, HANpsDKECHHs B LIEJMKE, IOMYCTHMbIe MUHAMAJbHBIC Pa3Mephl LennKka. PacdeT 1eaukoB ObLI
paccMOTpeH Ha OCHOBE IUTUT U 6aiok [5].
Jliist pacyera NIMPHHBI 1I€IMKa B OOIIEM cilydae, T.e. ISl Henrka B (hopme cToida, mpeaoxena hopmyna:
AEB
A+T , 1)
Oy " Gy _YE'F‘HI_E_
‘J‘l"]r’m'H ]r'fp-H L

1

TIE: Yep— CPEAHMHI YICIBHBIA BEC NOPOJ MOKPIBAIOLIEH TONMIH, Y, - CPEAHUN YACIbHBIN BEC MaTEpHAa
nenuka, h, — BeICOTa 1ieMKa, n — KO3 QHUIMEHT 3amaca IMPOYHOCTH.

Bo MHOrMX ciydasx TEXHHYECKH W SKOHOMHYECKH IIE€JIeCO00pa3HO KPOBIIO KaMep HE KpPEMHUTh.
OOHaXeHHST KPOBIM IPU ITOM OOBIYHO MMEIOT HPSMOYTONBHYI0 ¢opmy. HesakperieHHsle 0OHa)KEHUS KPOBIH
00pasyroTcst BO BCeM JMAla3oHe MajeHust miactoB U pyaHsix Tei.(5) s pacueToB HEOOXOIMMO 3HATH (DHU3HKO-
MEXaHUYCCKUE XAPAKTEPUCTHKH MOJIC3HBIX W BMemaromux mopos. [Ipu oTpaboTke CIOEB KaMepHO-CTOIOOBOM
CUCTEMOM MOSIBIIICTCS MPoOIieMa 00SCIeUCHUsT YCTOMYNUBOCTH KPOBJIM U OTIOPHBIX IIEUKOB. [Ipu MpOCKTHPOBaHUM
BBICMOYHBIX OJIOKOB HY)KHO OIpPENCIIUTh MUHHMAJBHYIO TOJINUHY KpOBIM Kamep hz. B TeueHwe miuTeNBLHOTO
BPEMEHHU KPOBJISI HAXOUTCS B YCTOHYHNBOM paBHOBeCHH. (4)

PaBHOBecHe CBOIa TOPHOTO JABJICHUS HAJl BEIPAOOTKAMHU:

; 10E
® 7 N(1100 +0,235)

- {hxﬁ: 2
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E — momyns ynipyroctu [MI1a],

N — k03¢ GuIMeHT ONacHOCTH:

N1 - 1,5 + 2,0 koa¢pPUnreHT 0macHOCTH, YIUTHIBAIOIINHN BIUSHUE BPEMEHH;

N2 - 1,5 + 2,0 xo3h¢duImMeHT OmacHOCTH, YYHTHIBAIOUINHA YBEIWYCHHWE BEIMYMHBI COKUMAIOMINX
HATPSDKCHUH Ha TIOBEPXHOCTH KOHTaKTa MEXIy OJI0KaMu mopo (4)

0l g

_[N(1100 +0,235) - L, ©)

h‘z JTEX 1 ':I E ]

= Ryt

rue:

LO - mupuHa BeleMOYHOTO 0J10Ka,
E — Moxynb ynpyroctu Maruesura,
N =N1xN2=4[4].

BoiBoas!

Jlyist OLIeHKM TTapaMeTpoB MEXIYKaMEPHBIX LETUKOB M YCTOMYMBOCTH KPOBJIM Ha mpumepe Oioka J1 Ha
OCHOBHOM pabouem ropm3oHTe 220 ObUIM NMPOBEICHHI J1a0OpaTOpHBIE MCCIeIOBaHUA. Pe3ynbTaThl HCCIIeIOBAaHUMA
OBLTH MCTIONIB30BAHB! IJIsI OLICHKH Pa3MEpPOB BBIEMOYHBIX OJIOKOB M LIEJMKOB IIPU KaMEPHO-CTOJIOOBOH cucTeMe
paspabotku. [TapameTpsl LEIMKOB, KaMEP M KPOBJIM COOTBETCTBYIOT YCIOBHSAM CTaOMIIBHOCTH CHCTEMBI Pa3pabOTKH
B YCJIOBHSX IIAXTHI.
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CONSEQUENCES FROM FORMER COAL MINING AND FOLLOWING
PROBLEMS IN THE CITY CENTRE OF ZWICKAU, SAXONY

Abstract

Zwickau is a city in Saxony, Germany, which is located over a black coal deposit of former economically
recoverable extent. In the 14th century black coal was found for the first time in Planitz, a southern part of Zwickau
(Steinkohlenbergbauverein 2000). There coal seams cropped out at the surface and were mined above ground. But
soon it got necessary to mine underground, because deposits at the surface were completely exploited. In the middle
of the 18th century coal output increased and got an industrial extent with high importance for the region. In Figure
1 the geographic coverage of the mining area of Zwickau can be seen.

Mining was conducted extensively and in several seams of variable thickness, that were partly disturbed by
occurring faults. This fact implicated surface subsidence after exploitation, that had a variable extent (Pfefferkorn
1998). In the following significant effects from this subsidence will be described, but also occurrences induced from
further mining in the city area.

When underground excavation started below settlements, submergence of ground caused damage at
buildings. It had also influence to the river flowing through Zwickau and the groundwater. These problems and
interactions still have an effect to buildings and the subsurface conditions in Zwickau and the environment today, so
there is a current field of work for geologists and geotechnical engineers. In the city of Zwickau there is a building
of high public interest, which is strongly affected by the consequences of mining below the city area. It is the
cathedral St. Marien, which is a precedence for mining induced problems (Kiihn 1995). Current problems can often
be described exemplary for this building, because coherences and effects are well known, respectively are
investigated at this moment for the cathedral.
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Figure 1. Overview of the black coal mining area of Zwickau, with exploited seams and important faults
(Steinkohlenbergbauverein 2000)

Regional Geology

Before describing geological and hydro-geological problems in the area of Zwickau it is important to know
the general geologic setting. Zwickau is located in the southern part of the Erzgebirge Basin, between the Erzgebirge
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Figure 2. Geological units below the city of
Zwickau (Brause 1998)

in the South and the Granulitmassiv in the North.

Zwickau is located in the Late Carboniferous basin of
Zwickau-Oelsnitz, which is a part of the post-Variscan Erzgebirge
basin (Schneider et. al 2011). The extent of the Zwickau subbasin
is about 12 km x 7 km (Schneider 2005), of which 35 km? contain
productive coal seams. These coal seams formed in swamps,
which existed in the basin.

The Carboniferous Formation of the Zwickau basin is
covered by deposits of the middle Lower Rotliegend. The contact
between the sediments of these two formations is angular
unconformable and was linked with strong erosion (Schneider
2005). The deposits from this period are also molasse, but late
post-orogenic and built under climatic conditions, which differ
from those in the Late Carbon.

The Rotliegend complex as well as the Upper
Carboniferous complex are strongly faulted, because during and
after the Variscan orogenesis regional deep faults occured: the
Gera-Jachymov-zone, which is NW-SE-oriented and the SW-NE-
oriented, so called Erzgebirgsnordrand-zone (Brause 1998). The
Zwickau basin is located above the intersection of these two big
zones. Furthermore there is one N-S-oriented zone, which was
also found in rock formations under the region of Zwickau.

Sedimentation started again with Tertiary fluviatile
deposits, but they were nearly everywhere eroded by quarternary
eroding processes (Alexowsky 2007). During the Quarternary age
fluviatile and fluviatile limnic deposits of the Ur-Mulde occured.

Black Coal Mining in Zwickau

In Zwickau and in the surrounding black coal mining
took place since the 14th century. At the beginning coal was
mined in opencast mines, especially in the South of Zwickau,
where seams were outcropping at the surface. With the beginning
19th century the surface-near deposits were completely exploited,
S0 mining had to shift underground.

The whole deposit has an extent of 11 km in O-W-
direction and 4 km in N-S-direction. There is a 30 km? big area,
which was feasible of mining (Steinkohlenbergbauverein 2000).
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The city of Zwickau is located in the northern part of this area and was directly affected by mining during the 20th
century. There are six seams in the subsurface of the center of Zwickau, which were economically recoverable. They
are located in a depth of 450 to 600 m. Mining there started in 1903 and from its beginning it was a goal to perform
a fast and systematic exploitation, to prevent most of the possible consequential damages (Pfefferkorn 1998). An
attempt has been made to prevent the subsidence by building security pillars in the seams, but later they were also
taken down, because they caused unsteady subsidence (Pfefferkorn 1998). Mined cavities were filled via hydraulic
and later pneumatic backfilling. Under the city area charcoal mud was used as backfill material (Muller 2011). It
was the best known method to prevent subsurface movements, nevertheless deformations, strains and tiltings as
result of unsteady subsidence occurred.

When black coal mining in the area of Zwickau stopped in 1978, 210 million t of coal were exploited from
the subsurface.

Direct Consequences of coal mining

The mining process caused destabilization, hence decompaction and breaking of the overburden. Horizons,
which were located directly over the exploited seams, dipped in the developing cavities and on the backfilling. The
resulting subsidence was more or less constant, but also tilts and curvatures occurred, especially at the margin of
dipped areas (LfULG 2005). Because of many faults located under the city of Zwickau, mining there worked not the
way it should. Often it was necessary to stop the process in close proximity to this faults, because seams run at offset
levels. The consequence were unsteady subsidence in the area above the displacement (Pfefferkorn 1998).

How strong the effects of subsurface movements at the surface are, depends on the dimension of the mining
area, thickness and depth of the seams. Furthermore the methods and velocity of mining can make a big difference
considering the changes in the subsurface. Under the city of Zwickau 95 % of the mining cavities could have been
filled by using pneumatic backfilling (Pfefferkorn 1998). But before backfilling could be applied, usually subsidence
occurred, which was about 15 % of the thickness of the seams. Under the city of Zwickau this thickness amounts to
14 m (Kiihn 1995).

Besides the subsidence horizontal shifting was registered in the mining field. The leveling took place till
1978 and started again in 1990, because new movements were observed. From 1995 an amount of a few millimeters
of surface elevation was considered (LfULG 2005). The most likeable reason for this is the stop of water retention
and thereafter the rise of the groundwater level in the mined units. After ending of the coal exploitation around
Zwickau in 1978 the water retention ran further till 1980 and was shut down then. After this the mines were filled
slowly with water. This process lasted till ca. 1995 (LfULG 2005). Also the rock mass was filled with water, but
probably more slowly. Clayey parts of the Rotliegend complex could have swelled and the heightened water
pressure could have caused uplift in the subsurface.

At the moment it is not sure, whether these
movements are completely concluded despite the fact,
that newer measurements did not register anything.
Elevation behaves similar to the previous subsidence, not
evenly, but locally different because of variations in the
rock mass.

Hydrogeological chances in succession of coal
mining

Originally the flow direction of the groundwater
under the area of Zwickau pointed uniformly to the
Zwickauer Mulde, which had the function of receiving
waters from the city area (LfULG 2005). Subsidence
caused by mining had a big influence to the
hydrogeological conditions. Because of the lowered
terrain surface, the flow velocity of the river decreased in
the area from Bockwa in the south of the city center until

: : the northern suburbs. Afterwards sedimentation

Figure 3'2(():002 ?nggggge;:tlgp Lgbofgd;\(%g; level of became stronger_ i_n the riverbed, which got Iift_ed and

lost its permeability. Where the level of the riverbed

turned out to be higher than the surface level, water from the river reached the quarternary aquifer. This means its

function as receiving waters of the Zwickauer Mulde is not given fully anymore. Instead the groundwater flow
direction turned around in parts of the area (LfFULG 2005).

In 1996 Besser et al. made some investigations about contaminated sites in Zwickau, called MOST policy
and they discovered, that groundwater is not flowing in one direction anymore, but is concentrated in some cone-
shaped systems. Such a cone of depression is situated directly below the city center of Zwickau, in the northern part
of the inner city ring (LFULG 2005). There is a second one in Schedewitz, in the south of the city. A pumping
station has to control the water coming in there.

All in all mining subsidence, which had an amount of more than 4.5 m relative to the

ground level, caused a lower distance between groundwater level and surface. After shutting down the
water retention in the mines, an increase of the groundwater occurred. Today the sewage system of the city of
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Zwickau has the function of drainage. Its pipes are broken in places, so groundwater and surface water of the river
Zwickauer Mulde can intrude (LfULG 2005). The water is piped to the pumping station Silberhof and from there, it
is pumped to the sewage plant in Crossen (LfULG 2009).

Damages to buildings after mining in Zwickau

Mining induced movements caused damages to many buildings in the inner city of Zwickau. They are
documented particularly well for the cathedral St. Marien, which is a historical building of special importance.
Using the cathedral, damage symptoms will be described exemplary.

Black coal mining began to influence the cathedral in 1897 (Kihn 1993). Dr. Kiihn and Dr. Hallbauer
(1995) verified, that the biggest damages occurred on the building at the time, when mining took place under the
city of Zwickau and also a few time after. All in all the cathedral St. Marien was lowered by 3.3 to 3.7 m (Kuhn
1995).This subsidence did not occur constantly, so the foundation of the cathedral went through some tilting and
distortions (Pfefferkorn 1998). There was also a horizontal movement of 1.3 m to south (Pfefferkorn 1998). Column
tilting, cracks in the brickwork and put up paving tiles were the consequence. In July 1934, one column got bend
and the responsible of the cathedral considered closing the building (Kihn 1993). In the end it was kept open, but it
has been shown, that the cathedral had some severe static problems.

Today, it is assumed, that primary effects of mining to the cathedral came to rest till 1945. From this time
on to circa 1988 there were no new damages observed (Kihn 2003). After the resting phase further changes in the
static equilibrium had been noticed. The ceiling got loose and almost fell down. In 1991 new safety measurements
took place and revealed new cracks in the brickwork and tiltings of single parts of the building (Hallbauer 1995). In
the opinion of Dr. Kilhn it is still possible, that newer changes at the building could be secondary induced by former
mining activities. Groundwater measurements, that took place around the cathedral in the last 22 years showed, that
the distance between the grounding and the groundwater level is negligible in a flooding situation, as it occurred in
2013 (Troger 2014). This has negative consequences to the foundation, which looses stability being flooded. It must
be considered, that there were static problems in the building long before coal mining occurred in Zwickau.

Summary and prospects

Mining in the region of Zwickau caused some changes in the subsurface, that are still difficult for many
reasons. There are problematic groundwater conditions, which are an indirect consequence of mining below the
aquifer. Subsidence of the ground had an impact on the flow direction of the groundwater and its distance from the
ground. These changes also affected buildings, like the cathedral St. Marien and have to be considered when
observing static problems on them. The same applies to appearing ground liftings. It is widely clear, which
processes induced the current situation, but it is still not known for sure, whether and how much mining
consequences have still influence. There is also no final statement possible, whether there will be further movements
in the subsurface or not. Further investigations will be necessary to clarify this.

It is also possible, that there are currently tectonic activities in the subsurface of the inner city of Zwickau,
which cause movements at the surface (Fenk 1998). Previous investigation did not prove anything like this. It is also
not clear by now, to which extent they are responsible for existing damages on buildings, like the cathedral.

Generally it should be said, that closer inspections are necessary, like further observation of groundwater
monitoring wells, deep drillings and geophysical measurements. With those methods it will be possible to get a
better overview of the structure and properties of the subsurface. Afterwards the new knowledge can be injected into
the 3D-model, which was developed at the TU Freiberg in 2014 (Tréger 2014). It includes an area around the
cathedral and extents till the lower border of the quaternary units. The model was built to collect and visualize all
data about the building ground of the cathedral and its surrounding. It already provides a good overview of the
geological setting of the upper 15 meters subsurface. Furthermore it is possible to add material properties, like kf-
values, permeability and deformability of the soil. With this, differentiated calculations could be made. They would
help making decisions about the progress of long-term remediation of the cathedral.
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EVALUATION OF TERRESTIAL LASER SCANNING TO DETERMINE
THE VOLUME OF ROCKFALL

One of the most important tasks of the mine surveying is to determine volume of the outputs and to
measure deformation of mining facilities. Nowadays, such measurements are usually carried out by tacheometry.
Unfortunately this type of measurement is associated with surface generalization and providing the safety of the
measuring team. However, a measuring technology is dynamically developing. For example, terrestrial laser
scanning (TLS) is capable of making quicker and denser measurement than those made by using conventional
methods. Another advantage of these solutions is fact that surveyor does not need physical contact with measured
object. These circumstances create new possibilities for measurements and interpretation of results [1].

This paper presents the possibilities of TLS for measuring the volume of rockfall caused by natural and
anthropogenic erosion. So far, that kind of measurement has been difficult to realize and entirely based on estimates.
All these problems have been caused by relatively small volume of rockfalls and irregular structure of rock walls.
The research bases on measurements, in abandoned limestone quarry “Zakrzoéwek” in Cracow, which have been
conducted by students from the scientific circle Dahlta AGH. Measurements were repeated in half-yearly sessions
since February 2014. The paper consists of the results of three of them.

Measurements objects

The objects of the research are three limestone rock walls. The first one, due to the solid structure and low
susceptibility to erosion was considered to be the laboratory case and was used to evaluate the reproducibility and
accuracy of measurements. On the remaining two walls, many climbing lines are located. To ensure safety of the
climbers walls are periodically cleaned of loose rock fragments. In fact they are highly exposed to anthropogenic
erosion.

Field measurements

The first stage of the field measurements was to create and measure the control network for the sake of
reproducibility between each measuring session. For this purpose four permanent control points, equally distributed
on measuring objects, were fixed. The points were mounted by 20cm long threaded stud drilled in solid parts of
rocks. Thus, we got forced centring points for Leica HDS targets. The network was measured with recflectorless
total station Leica TCRA 1102plus. Additionally, to tie the measurements to global coordinate system, static satellite
measurement was made with two GNSS receivers Leica GPS1200.

The crucial step in the field measurements was TLS measurement. For all sessions and selected objects
methodology of measurement was similar and based on TLS with the pulse scanner Leica ScanStation C10. Scans
of individual objects were carried out with a medium resolution 1x1cm on the maximum distance to the measured
object, wherein the distance between station and objects contained in 20 to 50 meters range.

Additionally, in order to control the stability of network, during each measurement session were carried out
tacheometry measurements of the geometry between control points.

Processing the measurement data

The first step of processing was to determine the coordinates of the network. The least square adjustment of
tacheometry observation obtained root mean square error of horizontal and vertical point position amounted 3mm in
local coordinate system and after reference measurement to GNSS observation root mean square error of horizontal
and vertical point position amounted 4mm in national coordinate system PL-2000 [2]. Further researches, due to
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higher internal consistency and lack of distortion were carried out in local coordinate system.

Due to network location, points were fixed on the testing objects, important aspect of the measurement was
to check the control points stability between each measurement session [3]. For this purpose, | compared length
between individual points from each sessions and computed standard deviation of this length which amounted
2.1mm. This result is in range of the instrument accuracy and allows to conclude that the network during the
measurement was constant. Additionally, the same length from TLS measurement was compared and standard
deviation was computed, it amounted 2.8mm. However, after comparing the length from TLS measurement with
average length from tacheometry measurement standard deviation amounted 3.4mm, this result equated with
accuracy of distance measuring with TLS method.

After confirming the stability of the control points, the transformation of each point cloud to homogenous
local coordinates system, has become possible to make. To that end, in Leica Cyclone 7.3 the registration of
individual point cloud and adjusted local network coordinates was made. Root mean square error of registration
amounted 2mm. Thus, the prepared point clouds could have been the subject of comparison which purpose was to
determinate occurring deformation.

Comparing point clouds, evaluation of the TLS accuracy

Point cloud is characterized by a very high density, however, the exact location of each measuring point to
some extent is random. This is why direct (discrete) comparison of two point cloud is impossible and requires
different approach to determine the deformation of testing object. Therefore, it is necessary for laser scanning data
to conduct analyses for the entire set of point containing testing object. This type of analysis can be applied in two
ways: by comparing two points cloud and laying down the minimum distance between them (Cloud to Cloud
compare) or comparing TIN models generated from both point clouds [4].

In order to evaluate accuracy of the various method analyse measurements of first object (laboratory case).
Comparison of point clouds was done in CloudCompare v2.6 where calculations were performed using four
functions of determining distance between point clouds: Nearest neighbour, Least Square Plane, Height function and
2D % Delaunay triangulation [5]. Moreover, in Geomegic Qualify 12 were compared TIN models.

This following table shows the results obtained for each method (Tab.1).

Table 1
Session 1-2 Session 1-3 Session 2-3

Average Distance Average Distance standard Average Distance

Method distance standard distance deviation [mm] distance standard

[mm] deviation [mm] [mm] deviation
[mm] [mm]
Nearest neighbor 38 +/- 10 23 +/-12 48 +/- 16
Least squre plane 31 +/- 14 20 +/-12 36 +/- 17
Height function 28 +/- 14 20 +/-12 34 +/- 18
2D1/2 Delaunay | g +-5 4 +-4 6 +-6

triangulation

TIN model 0 +/-11 0 +/- 14 0 +/- 16

The average value included in the table requires a comment, methods of comparing cloud to cloud distance
disregarded a sign of deformation (this method calculates only the distance), that is why we can see in that methods
relatively high average value. However, they have well illustrated real errors of comparison. On the other way,
comparing TIN models method, the sign of deformation was regarded and the average value amounted 0. Thanks
to that fact we can conclude that errors have random nature.

Basing on the results, we can see that the highest accuracy is characterized by a 2D % Delaunay
triangulation method. In this method average distance standard deviation amounted 5mm, which did not differ
significantly from TLS distance measurement accuracy and has been recognized as the TLS accuracy. In further
researches for point cloud comparison the 2D % Delaunay triangulation method was used.

Evaluation of determine volume

After determining accuracy of the measurement, proceeded to determine accuracy of volume computing
with TLS measurements. To this end, computed volume between TIN models generated from first object
measurements. To do this task ClouCompare v2.6 and Geomagic Studio 12 were used. It should be noticed that all
models have no closed components, that is why volume of each model was computed to plane and results were
subtracted from each other. Additionally, relative accuracy of designation of the volume (8) was determined, and
equated with product of scanning accuracy (5mm) and surface area.
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Table 2

Voso2 [M°] | Vigos [M%] | Voraa [M?] [ AV, [MP] | AVig [MP] | AVo [m?] [P [ | §[m°]
Geomagic 225 22,6 22,7 0,1 0,2 0,1 84 0,4
CloudCompare 23,2 23,8 22,2 0,6 -1,0 -1,6 88 0,4

Comparing results from both programs, it is clear that Geomagic has a higher precision. This is due to the
fact that it is possible to freely set the reference plane, which should be the closest and parallel to object. Therefore,
further calculations were made in Geomagic.

Results

Thanks to the cloud to cloud comparison of the remaining two objects, places where between first and
second measurement session deformation reached from a few to a few tens of centimetres were detected. Between
second and third session no significant changes were detected, only a few points, where the voids reached
maximally a few centimetres.

In order to determine the approximate size of the voids, the volumes of whole objects were computed.
However, due to the large surface area and irregular structure these volumes contain greater relative error than
expected rockfalls. Therefore, volume only for areas where deformation reach greatest changes was computed, and
that gave reliable results of changes.

Table 3
Results for object number 2
Vo0 [M*] | Va3 [M°] | Voraa [M*] [ AV [M*] | AVig [M*] | AVo5 [M] P [m’] 3 [m’]
Whole object 764,5 765,1 765,6 0,6 1,1 0,4 325 1,0
The void 12,4 11,5 11,6 -0,9 -0,8 0,1 31 0,1
Table 4
Results for object number 3
Voao [M°] | Viags[M] | Voru[m*] |AVi, [MU|AVL5 [MT][AV, 5[] P [m?] 8 [m’]
Whole object | 2314,6 2308,2 23109 -6,4 -3,7 2,7 662 2,0
The void 11,9 10,4 10,5 -1,5 -1,4 0,1 23 0,1
Conclusions

Basing on the results, TLS can be regarded as extremely useful method for measuring volume and
deformation of rockfalls. It allows to detect deformation with sub-centimeter accuracy. However, to obtain reliable
results it is necessary to provide reproducibility of measurements and choose an appropriate compare method. It
should be also noted that volume computing is affected by number of errors resulting from, inter alia, object size,
irregular shape, accuracy of measurement and location of reference plane. Therefore, reliable volume results were
obtained only for areas where we surely had expected deformations.

Scientific adviser: PhD Pawet Cwigkata
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HN.B. BEPECOB
Hayuonanvuwviii munepanbHo-coipbesotl ynusepcumem «I opuwiily

O EHKA BOSMOXHOCTHU BO3OBHOBJIEHUA PASPABOTKH
TACEEBCKOI'O MECTOPOXKJIEHUSA 30JI0TA

B pabote Obuta mpoBeAcHA OILEHKA BO3MOXKHOCTH BO30OHOBJICHHS pPa3paOOTKH OTKPBITHIM CIIOCOOOM
3a0pOLIEHHOTO MECTOPO’K/ICHHS C TIOMOIIBIO COBPEMEHHBIX CPEJCTB TEJICKOMMYHHKAIMH U CITyTHUKOBOW CHEMKH B
YCIOBUSIX OTPAaHUYEHHOTO XapakTepa MWCXOJHBIX JAHHBIX. DBUIM MOJXyYeHbl OCHOBHBIE TEXHUYECKHE U
9KOHOMHUYECKHE TI0Ka3aTeNt MPEeIIPHUATHS, YTO OKa3bIBaeT 3P PEeKTHBHOCT TAHHOTO HCCIICTOBAHUSL.

TaceeBckoe MECTOPOIXKICHUE 30J10Ta HAXOAUTCS B 3abaiikaIbCKOM Kpae, B 2-X KM oT I. baneii, HaceireHueM
11835 venoBek. 3aBepuieHne JOOBIYM UMENIO OCTPBI colManbHbIN 3¢ dekT, oTpasuBIIMiics Ha HaceneHus r.basei,
HaceneHne ¢ 1992 roma cokparmiock B nBa paza. CTOMT OXHAATh MMO3UTHBHOTO 3(¢eKTa OT BO30OHOBICHHUS
Pa3paboTKHU ISl BEIMUPAIOILETO TOPOJa.

[pemararo BecTd HOOBIYY ISATHMETPOBBIMH YCTYIAaMH Ul YMEHBLICHHS IOTEPh M Pa3yOOXKUBAaHHS, C
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MOCJIEAYIONINM O0BEINHEHNEM YEThIPEX MATHMETPOBBIX TOPU30HTOB B OAMH JBAIATUMETPOBBIH.
Pa3paboTky mpeanaraio BECTH THIPaBIMYECKUMH KCKaBaTOpaMy THIA OOpaTHAs JIONaTa, 0OOCHOBBIBAIO
3TO TEM, YTO B HAYaJIbHBIA 3Tall BO30OHOBIECHHUS TOPHBIX PabOT MOTPeOYIOTCS BBICOKAs MOOMIBHOCTh TEXHUKH B
CBSI3M C HAHOCAMH BCKPBIIIHBIX TIOPOJI, YTO MOTPEOYET 4aCTOTO MEPEIBIKEHNS JOOBIYHOTO 000PyJOBaHHSI.
Ha npumepe moBTopHOH pa3paboTkn TaceeBCKOro MECTOPOXKICHUS OTPaKaeTCsi KapTHHA SKOHOMHOTO U
palMOHAIBHOTO HEAPOIOIb30BaHHs.
Hayunslii pykoBoanTENb: A.T.H., npodeccop I'.A. Xonoausaxkos

A.T. BUIIHEBCKUI
Benopyccruii nayuonanvrolii mexuuyeckuti ynusepcumem (puiuan BHTY e. Conueopck)

YMEHBUIEHUE BJIMAHUSA HA 3BEMHYIO IIOBEPXHOCTD, ITPH
BEAEHUU I'OPHBIX PABOT HA CTAPOBUHCKOM
MECTOPOXJIEHUU KAJIMAHBIX COJIEM, TYTEM ONITUMU3AIIAN
BYTOBBIX ITIOJIOC ITPU CEJIEKTUBHOMN BBIEMKE KAJTUMHOI'O
IIJIACTA

OmgHUM W3 MEPONPHUATHHA, C TIOMOIIBI0 KOTOPOTO MOXKHO YMEHBIINTH HEKOTOpHIC MedopManui 3eMHON
TIOBEPXHOCTH, SIBJISETCS PAIlMOHANBHBIA BRIOOP CIT0c00a BEIEMKH KaIWHHOTO TIACTA.

Beenenne

IIpu Benernu TOpPHBIX paboT, Ha CTapoOMHCKOM MECTOPOXXKICHHH KAIMHHBIX COJEH, NPOUCXOMAAT
CIABWKCHHA H JehopMalnuyd 3eMHOM MOBEPXHOCTH. ODTH (DaKTOphl HEOJArOTBOPHO OTPAXKAIOTCS HA 3JaHHSAX,
COOPYXKEHHSIX U MIPUPOTHBIX 00BEKTAX MOTAAOIINX B 30HY BIHSHUS TOPHBIX PadoT.

Bce 3manust u coopyxkeHus (MPOMBIINUICHHBIC, TPa)XJIaHCKUE, HAa3eMHBIC M IOJI3EMHBIC), a TaK XKe
NpUpOJHbIE  OOBEKTHl  (BOZOEMBI, JIECHBIE U
CEIIbCKOXO3SIICTBEHHBIE yroJbsi), PAaCHOJIOKEHHBIC
Ha TEPPUTOPUAX JEHCTBYIOIIMX W  CTPOSIIMXCS
KaIMHHBIX ~PYIHHUKOB, TO/AJeXar o00s3aTeIpHON
OXpaHe OT BPEIHOTO BIHSHASA TOPHBIX padoT,
HapyIIarmuX 0e30MacHOCTh M 3(PPEKTHBHOCTh UX
IKCIUTyaTaIuH.

Pe3yabTaThl ucciieq0BaHU

[lox BIHAHWEM TOA3EMHBIX TOPHBIX
pa3paboTOK Ha 3eMHOHN MOBEPXHOCTH OO0pPa3yIOTCs
MyJbJAbl  CABMXEHHUs, QopMa ¥  mapameTpsl 1oz
0o0pa3oBaHMsi KOTOPBIX 3aBUCAT OT CJIEIYIOUINX
TOPHO-TCOJIOTHYCCKUX yCHOBHﬁZ BbIHUMAacEMas

L Is | Ls Ls

:
‘
T nm/

Puc. 1. Mynbna v yrinoBble mapamMeTpbl CABUKEHUS MIPU
TIOJTHOH ToapaboTKe

wi 8 = & " 9/ v &
5 \ 5 MOIIHOCTh W YroJ MajeHHs Iuiacta, riiyOMHa TOpHBIX padoT,
> }‘*74’ (I)I/IBI/IKO-MexaHI/I‘{eCKI/IC CBOMCTBA TOPHBIX TOPOA U CTPOCHHC
1

P MaccuB, KOJIMYECTBO IMOJPab0TOK FOPHOTO MACCHBA, MOITHOCTh
| HAHOCOB, HAJIMYKE AU3bIOHKTUBHBIX HAPYIICHUH.
®dopma MyJIBIBI K pa3Mep CABIKCHUH U AedopMaruii B
caMOi MynbJe, B YaCTHOCTH OCEJaHWE 1), B 3HAUYUTEIBHON
CTETICHN 3aBHUCAT OT pa3MEpPOB BBIPAOOTAHHOTO IPOCTPAHCTBA.
UYem GoJplie IIIONIAb BEIEMKH, TEM OOJIbIIE 3TH 3HAYCHUSL.
Haubosee BaXHBIMH CEYEHUSMH MYJbIBl CIABIKEHHS
ABIISIIOTCSL  2/ld6Hble CeueHUsi — BEPTHKAJIbHBIE CEUEHHUS II0
MIPOCTHPAHUIO M BKPECT NMPOCTHPAHHS IUIACTOB, MPOXOJIIINE
yepe3 TOYKM €  MAaKCHMMAaJbHBIM  OCEIaHMEM  3€MHOMU
noBepxXHOCTHU. IloyokeHne MynbIbl CABMKEHHS OTHOCUTEIIBHO
BHIPa0OTaHHOTO MPOCTPAaHCTBA OINPEAEISIETCS C IOMOIIBIO
TPaHUYHBIX YIJIOB, YIJOB CABMXKEHUS, yIiIa MaKCHMalbHOIO
Puc. 2. Mysb/ia ¥ yTIIOBBIE TAPAMETPHI OCE/IaHusl W YIJIOB MOJIHBIX CIABMXEHHH (puc.l) U He MOJHBIX
CIBYKEHHMS TIPH HEMOJIHOH noapaboTke (puc.2), KOTOpbIE CTPOSITCS B TIJIABHBIX CEYEHUSX MYJIbJbI
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CBWD)KEHHS, IpUUEM BbIpaO0OTKM mMeEIoT pasMepsl D; m Dy cOOTBETCTBEHHO BKPECT M 1O NMPOCTUPAHMIO, a AJIHHA
mosrymyiba Ly, L, 1 L3 COOTBETCTBEHHO CO CTOPOHBI MAIEHUS, BOCCTAHUS M IPOCTUPAHWSL.

BbIo cpemaHO TPEANONIOKEHHE O TOM, YTO €CIIH BBINOJHUTH pPacdET OXKHIAEMBIX (BEPOSTHBIX)
TOPM3OHTATBHBIX CIBIKEHUH TpH O0TpaboTKe cTojba JaBBl ¢ (OPMHPOBaHMEM OYTOBBIX TOJIOC B IEHTPE H IO
(manaramM cTonba JTaBBl MPU CENEKTHBHOW BBIEMKE KaJIMHHOTO IUIACTA, TO IOIYYUTCA Tpaduk 3aBHCHMOCTH C
MOMOIIIBI0 KOTOPOTO MOKHO OyJET HE TONBKO KOHTPOJIMPOBATh U YMEHBIIATH BIMSIHUE HA 36MHYIO TIOBEPXHOCTD, HO
Y CHU3WUTH TMHAMHYECKHE BO3JEHCTBUS KPOBJIH Ha MPU3a00iHOE MPOCTPAHCTBO U 3a001HYIO KpEelb HIDKHUX JIaB.

Ilpn TeoperMueckoM pacyeTe W aHaiu3e HAOMIONATENbHBIX CTAaHIMH MmaxTHoro mnonst 2 PY,
NPE/ICTaBICHHBIX B Tabiuue 1, ObUI0 0OHAPYKEHO, YTO OCENAHMS MPU [IEHTPATEHOM PACIIOJIOKECHUH 3aKJIJ0YHOTO
HITpeKa HE3HAYUTEJIbHO YMEHBIIAIOT OCEAAHUs 36MHOI MOBEPXHOCTH B MYJbJE OCEJAaHHH M MPOIECC NMPOTEKaeT
6ornee MIaBHO.

Pacuérhl BRITOMHSINCH B MPOrpaMMHBIX poaykrax «Map manager 6.0 deform» u «TepexoB», B KoTOpom
YUYTEHBI BCE 0COOCHHOCTH pa3paboTki CTapOOMHCKOTO MECTOPOKACHHUS.

3Ha4eHHs yIJIOBBIX TApaMETPOB MYJIbJIbl CIIBIKCHHUS: TPAHIMYHBIN yrout -60 rpaf, yroJ IMONHBIX CABKEHUH
-55 rpaa, yroi MmakcuMainbHOro ocenanus -90 rpan, rpaHUYHBIN yron B HaHOcax — 45 rpaf.

Tab6muma 1
AHanmn3 HaOIIOMaTENBHBIX CTAHIIMY MaxXTHOTO o 2 PY k0 +100m
MakcumanpHas MakcumanbHbIe
HaoOmronarenpHas o
Ne j1aBeI CKOPOCTh OCEIIaHuH, TOPU30HTAILHEIE
CTaHIUA
MM/CyT nedopmanun, MM/M
JlaBa 36 Hu3
(31T ewp) 2py-KOCBIHUYH 2,9 0,9
JlaBa 41 au3
(31111 6oK) OcTpoBKH 41 1,3
JlaBa 38 Hu3
(31111 6oK) 2py-Conuropck 4,6 14
JlaBa 29 nu3
(31T enp) Kpusnuu (ceBep) 3,0 1,1

Amnanuz ToKasaJi, 4TO NpoLecc occJaHnd 3EMHOM IMOBEPXHOCTHU IPU LCHTPAJILHOM PACHOJIOKCHUN 6yTOBLIX
ITOJIOC MPOTEKACT MEAJICHHEC.
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3akJouenue

[Ipu meHTpasbHOM PACIIONIOKEHHH OYTOBBIX ITOJIOC B BEIPAOOTAaHHOM IPOCTPAHCTBE JIAaBBI ITO3BOJISIET HE
TOJBKO yYMEHBIIATh OCENAHMS 3€MHOH ITOBEPXHOCTH, HO M CHIDKATh BEPOSTHOCTH JWHAMHYECKHX BO3ICHCTBUI
KPOBJIHM Ha MPH3a00ifHOE TPOCTPAHCTBO M 3a00HHYIO KpPerb HIKHUX JIaB.
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M.C. BOJIYOK, J.II. KY3HELIOB
Hayuonanvuwiii munepanvho-coipbegou ynusepcumem «I opHuliiy

COBEPIIEHCTBOBAHME TEXHOJIOTWH CEJJEKTUBHOM BLIEMKH
KAJIMAHBIX IIJIACTOB KOPOTKUMH OYUCTHBIMHU 3ABOSIMU C
KOHCOININPOBAHHOMU 3AKJIAIKOU KAMEP

[Totepu momne3noro uckonaemoro npunoderde mo OAO«benapycekanuii» B 2013-2014 rr. cocraBumm ot 43
1o 60% mpu cToboBoM cucteMe pa3padboTku U 10 80% mpu KaMepHOH cucTeMe pa3pabOTKH C KECTKUMH IEeNINKa-
Mu. B cpemHem mo pynHuKaM oHH cocTaBmiIH 10 51%. Ilpu 3TOM mprMeHeHHe KaMepHOW CHCTEMBI Pa3paboTKH ¢
BAJIOBOM BBIEMKOH HEIETIECO00Pa3HO KaK M3-3a IOTEPh MOJIE3HOT0 MCKOMAEMOT0, TaK M Ka4eCTBa PY/IBL.

Hwxnasas npomeimuienras madka |11 xanuitHoro ropu3onTa u || KanwifHBI TOPU30HT IIPEACTABICHBI TPEMS
CJIOSIMH: BEPXHHM CHJIbBHHUTOBBIM, CPEIHUM TalUTOBBIM (IIycTas MOpOJA) W HIDKHMM CHIBBHHUTOBBIM. Takne
T€OJIOTHYECKUE YCIOBUSI CO3JAIOT IPEANOCHUIKH ISl BHEIPEHHS CEJEKTUBHBIX CHCTEM pa3paboTku. ITo
OCYIIECTBUMO IMPH UCIIOJIB30BAHUU IMTPOXOAYECKUX KOMOAMHOB C 6apa6aHHblM HCIIOJIHUTCIIbHBIM OpPTaHOM.

B noknane onuckiBaloTCs pa3zpaboTaHHbIE HAMHM HECKOJBKO CXEM CEJICKTUBHOM BBIEMKH KaJMHHBIX ILIa-
CTOB IPU KaMepHOil cucTeMe pa3paboTKU C UCIOJIb30BaHHEM ITPOXOJUECKHX KOMIUIEKCOB. [IpuMeHeHne cenexTuB-
HOW BBIEMKH, JTaKe MPHU KaMEpPHOH cucTeMe pa3pabOTKH, [MO3BOJHUT JTOCTHYh CPABHUMBIX U JaKe 0oJjiee BBICOKUX
TEXHOJIOTUUECKUX U SKOHOMHYECKUX TI0Ka3aTelei, YeM IpH CTOJIO0BOM cucteMe pa3paboTKH.

ITpu 3TOM B Kamepe Imocie oTpaboTKU MEPBOTO CJIOS CHIBBHHHUTA TI0 JUIMHE YyCTAHABJIMBAIOT Iephopupo-
BaHHbIE TPYOBI, OTPA0ATHIBAIOT CIIOW TANINTA CO CKJIAJUPOBAHHEM €r0 HEMOCPEACTBEHHO B MPOCTPAHCTBO KaMEPHI,
HarHeTaloT B Pa3phIXJIEHHBIA COJITHON MacCHB OTXObI oOorameHus CHiIbBHHUTA. COTIacHO Tab0paTOPHBIM HCIIBI-
TaHMUAM 00pPa3LOB, CXOIHOTO C 3aKJIaJ0YHBIM MacCHBOM KOMIIOHEHTHOTO COCTaBa, MX KPEMOCTh AOCTUTAeT 2-X IO
mkaie npod.IIporoneskoroBa. Takue CBOWCTBA U ycalKy MacCcHB IMpHoOOpeTaeT B TeueHne 28 qHel. 3aTeM ¢ 3aKiia-
JOYHOI'O MacCCHBa, KakK C ITOYBbI BBIpa6OTKI/I, OTpa6aTI)IBaIOT paCHOJ’IO)KeHHI)If/'I BBIIIIE CI0# cunbBuHKTa. C IIOMOIIBIO
nporpammbl Examine-2d Gbuti paccanTaHbl MapaMeTpbl KAMEPHOI CHCTEMBI pa3paboTKH.

[TokazaHo, 4YTO IKOHOMHUYECKHH I(PPEKT JOCTUrAeTCs 32 CUET OCTABJICHUS MYCTOH MOPOJBI (rajuTa) B OT-
paboTaHHBIX KaMepax M HETPaHCIOPTUPOBAHUS TajuTa MO BBHIPAOOTKaM OT 3a00€B IO MOBEPXHOCTH M MOPOJIHBIX
OTBAJIOB.

Hayunslit pykoBoauTens: K.T.H., goieHT F0.I". Cupenko
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E.B. ETOPOBA, U.B. TZKEXKXOPA
Hayuonanvuwiti munepanbHo-coipbegoil yuusepcumem «I opruiiiy
FBenopyccruii nayuonaneHvlti mexHuueckul yHugepcumem

IHOBBIINEHUE 9@PEKTUBHOCTH TEXHOJOI'MYECKOI'O
ITPOIIECCA PABPABOTKHU TOP®AHBIX MECTOPOXAEHUU CO
CJOKHBIM I'MIPOI'EOJIOI'MYECKUM PEXXUMOM

HccnenoBanusi NMOCBSIIEHBI TEXHOJIOTHUECKHM HpoleccaM pa3paboTKu TOP(MSHBIX MECTOPOXKICHUH IpH
Jno0bue Topda IS DHEPreTHUeCcKOro HCIojb3oBaHMs. Ha HacTosmmii MoMmeHT Haumbojiee paclpoCTpaHEHHOMN
cxeMoil 1oOBraM TOpda sABIAeTcsS (pe3epHast TEXHOJIOTHSA, 00eCIeunBaloas B COBOKYITHOCTH C parlOHAIbHBIMHU
OpPTraHM3AIIMOHHBIMHI TIOIXOJaMH yIOBJICTBOPHTEIBHEIE COOpHl Topda 3a KOpOTKHMH HOOBIYHOW ce3oH [1, 2].
CyImecTBeHHBIM HEJOCTATKOM ITOBEPXHOCTHO-TIOCIONHOTO cmocoba pa3paboTKH TOPQSIHBIX MECTOPOKICHHHA
ABISICTCA CHIDKeHHE 3(PQEKTHBHOCTH TONEBOH Cymku QpesepHOro Topha Ha TEXHONIOTHISCKHX KapTax IIpH
3HAYEHHUAX HOPMBI OCYLICHUSI HIKE TPEOyeMOH.

Ha MecTOpoXAeHHAX CO CJIOKHBIM THAPOJIOTHYECKHM pPEXHMOM MOAOOHas CHTyalus HEH30€XHO
BO3HMKAeT 10 Mepe cpaboTrku cnost 3anexxku. C  OAHOW CTOPOHBI TOAJEPKAHHE OCYIIUTENLHOH CETH,
oOecrieunBamIIeii HEOOXOIMMYI0 HOPMY OCYIICHHS BO3MOXHO TPH HANOPHONH OTKa4ke BOJABI (OOJBIIHE
JHEPro3arparhl) WIH MyTeM YIUIyOJEeHHs OCYIIMTEIBHOW CETH, HO 3TO MPUBEJCT K 3ariyOJICHHH KaHAJIOB B
MHUHEpPAIbHBII IPYHT Oosiee 4yeM Ha 0,5 M C COOTBETCTBYIOLIMM YBEIHYCHHUEM 30JIbHOCTU pa3pabaThIBAEMOro CJI0s
3anexu.. C JOpyrod CTOPOHBI, BO3MOXXHO OCT@HOBUTH JIOOBIYY C COOTBETCTBYIOLUIMMH MOTEpsIMH Topda u
YMEHbBIICHNUEC UTOT'OBBIX 00BEMOB }106])1‘11/1 10 CpaBHCHUIO C 6aHaHCOBI>IMI/I.

B COBpeMEHHBIX YCIOBHSAX XO3SMCTBOBAHMS CTONb 3HAYHTEIBHBIC TEXHOJOTHYECKHE IOTepu Topda
HEJIOYyCTUMBI, T. K. B OCHOBHOM, K Hadally HACTOSIIETO CTOJCTHS, BCE NPUTOIHBIC ISl TPOMBIIUICHHBIX
pa3paboTok TopGsHBIE MeCTOPOXKAeHU benapycu 0CBOSHBI HITH SBISIOTCS OHMOC(HEPHBIMU 3aTI0BETHUKAMHU.

B cBs3M C W3MOKCHHBIM, MENBI0 HACTOSIIETO WCCICAOBAHUS SBISICTCS WHTEHCH(DHKAUS HTOOBIYH
(pesepHOTO Topda Ha pa3pabaTbIBaeMbIX
iniintintis ettt [N MPOU3BOIACTBEHHBIX IJIOIIAISIX " CHIDKEHHE
TEXHOJIOTHYECKHX TI0Teph Topda Ha 3aBEepLIAIOLIMX
— CTaIMsAX OKCIUTyaTallMd MECTOPOXKACHHH. 3amadm:
yYMEHbIIIEHHE  JHeprosarpar Ha  [OBEPXHOCTHO-
| H?\ NoCIoiHy10 1006y Topda mpu pazpaboTke TOPPAHBIX
MECTOPOXKJICHANA CO  CJIOKHBIM  THAPOJIOTHYECKUM
T,  DpexHMOM; co3/laHne COBPEMCHHBIX
BBICOKOTIPOU3BOIUTENEHBIX MAIIMH JUISL TIPOBEACHUS
KOMILJICKCA OIEPaIiii 0 MOJTOTOBKE TEXHOJIOTHICCKUX
iomaneH.

— [pensaraeMble TEeXHHUKO-TEXHOJIOTHYECKHE

pemienusi. [TocraBieHHast 3amadya pemiaeTcs TeM, YTO
| — (pe3epHBIH, MIOBEPXHOCTHO-IIOCJIOMHBIN croco0

pa3paboTku TOP(MSIHBIX MECTOPOXKIECHUH, BKITIOYATOIIHMA
/_vf A omepanMy TIO CBOJKE JPEBECHONH paCTUTEIHHOCTH,
BO3BEICHUIO OCYIINTEIHHON CETH W BOJOOTBOISIINX
KaHaJoOB, MA00bIMy ¢pesepHOrOo Topda, PEMOHT
OCYIIUTEIPHOM CETH W TEXHOJOTHYECKUX IIOJICH,
BKITIOYAET JIOTOJHUTEIILHYIO OMCPAIMI0 TP PEMOHTE
OCYIIUTENFHOM CEeTH M TEXHOJOrMueckux mnojeit [3].
[puHIUNManbHAS CXeMa MPOBEICHUS TOMOJHUTCIHHON
TEXHOJIOTUYECKOM orepanuu npu peMoHTe
OCYIIUTENTFPHOH CETH W TEXHOJOTHYECKUX IOJNeH
—Q . MpeacTaBlieHa Ha pHCyHKe 1 — IUlaH  OJHOM
5 TEXHOJIOTHYECKOW TUTOIAAKH A JOOBIYH (pe3epHOro
6 Topda. Ha pucynke 2 mpencTaBiieH NOMIEPEYHEIA pa3pe3
7
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OJIHOM KapThI C KAPTOBBIMHU KaHABAMH.
Omua  TexHOJNOTWYECKas — IUIOIamKa s
no0brun  (ppesepHoro Topda Ha BEPXOBOH 3aneKU

BKIIIOYAET YeTHIPe TEXHOJOTMYeCKHe KapTel 1,
pa3zfenieHHbIe M0 JJIMHE KapTOBBIMH KaHaBaMH 2, a IO
TOpIlaM OTrpaHHYCHHbIE BAJIOBBIMH KaHamamu 3. [lns
NEPEIBIKEHUST TEXHOJIOTMYECKUX MAIIUH KapTOBBIE
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Puc. 1. IlmaH TeXHOJIOTMYECKOM MIOIIAIKI
JUtst ToObIan (hpesepHoro Topha OyHKEPHBIMH
MalIMHAMK



KaHaBBl COCIMHEHBI IMOTIAPHO 3aKPBHITHIMU JpeHaMHu 4, a OfHa W3 HUX Yepe3 MOCTHI-TIepee3ibl 5 coolmmaercs c
BAJIOBBIMHU KaHaJaMH. B TopIiax TEXHOIOTHYIECKOH IUIOMIaIKA OTBEICHEI IOJIOCH 6 A popMupoBaHus mTabeneit 7
¢peseproro Topta. Ha 3aBepmaromem 3Tare, KOTJa TONIIHMHA ITOJIEKAIIETO K CpabOTKe CIIOS 3aJIeKH CTAHOBUTCS
MEHbBIIIE MHHHAMAJIFHO HEOOXOAWMOW HOPMBI OCYIICHHS IIPH OYEpPEeTHOM pPEMOHTE OCYIINTENbHON CeTH H
TEXHOJIOTHYECKUX TOJICH MPOU3BOAAT SKCKABAIUIO YaCTH TOP(SIHON 3aJIeKN Ha MaKCHMAIIbHYIO TIIyOWHY ITOJI0OCaMHU
8 muMpHWHOW 1O OTHOW YETBEPTH OT IMUPWHBI KapT | BIOJH KAPTOBBIX KaHAB 2 C PaBHOMEPHOH YKIIAIAKOW ee Ha
MOBEPXHOCTh KapT U MOCIEAYIOIIUM HX npodunupoBanueM. B pesynprate ypoBeHb 10 TIpyHTOBBIX BOZ 0
MPOBEICHUSI TEXHOJIOTHYECKOI Onepaly B pe3yibTare YIIyOJeHUS W YIIUPEHHs KapTOBBIX KaHAaB MOHMKACTCS
(yposenb 11), a HOpMa ocylIeHUsI BOCCTAaHABIMBAETCS 3a CUET JOMOJHUTEIBHOTO CII0S U3 9KCKaBUPOBAHHOM 3aJI€K1
Ha MOBEPXHOCTH KapT.
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Puc. 2. Onpe,ueneHI/Ie BBICOTBI HapalliuBacMoro CJ1od U3 3KCKaBI/IpyeMOﬁ 3aJIC)KHU

TeopeTnueckne mcciieoBaHus. B mporecce peMoHTa TOPQSHBIX MOJIEH MO HpeajaraeMod cxeme, Ha
HOBEPXHOCTb TOP(MSHOM 3aesku OyIeT BBITPYKaThCs IepeyBIaKHEHHOE TopdsiHOe chipbe. [loTeHnnansHo, cpeaHss
BJIara BEITPYKAEMOTO CHIPbS MOXKET HAXOJUThCS B IMaNla30He €CTECTBEHHBIX BIAXKHOCTEH 171t Topda JTaHHOTO THIA
1 Bupa. OYeBUIHO, YTO COBMECTHO C PEMOHTOM IOJiel IO TNpeliaraéMod TEXHOJIOTHH, HeoOXOIMMO, I
BBIIIOJTHEHHS ITOCIIEAYIOIINX OIEpalnii 10 MOCIOHHOH 100bIYe B TEKYIIEM WM MOCIESIYIOIHX Ce30HaX, 00eCIeYHTh
SKCIUTYaTallMOHHYIO0 BIAXKHOCTH MoBepXHOCTHOTO ciost [4]. TopdsHoe criphe, OyIydn H3BICUEHHBIM H3 3aJICKH,
MEPEXOANT U3 IBYX(a3HOTO COCTOSHUS B Tpex(a3zHoe (KUAKOCTh-TBEPOE-Ta3), UYTO W ONpeeNsieT 3HAUUTESIHHYIO
PasHHIly MEX/1y MPOIecCaMy JIBM)KEHHMS BJIarW B HEHApYLISHHOH 3aJIeKH U co3JjaBaeMoM ciioe Topda. Heobxonnmo
OLICHHUTh PAllMOHAIBHYIO TONIIMHY (POPMHUPYEMOTO CJIOSI M BpeMsi, HEOOXOIMMOE ISl JOCTH)KEHHSI UM PaBHOBECHOM
BJIAYKHOCTH, IPU KOTOPOM IpaBUTALIMOHHBIN MOTOK BIaru OyeT paBHBIM HYJIIO.

[TpoBeneHHbIE HCCIIEAOBaHUS IIOKa3alH, 4YTO JUIS TOP(SIHOTO CBHIPbS XapaKTEPHO 3aBHUCAHUE BIIard B
q)HﬂpraLlI/IOHHOM PAaBHOBECUUN IIPpU PABCHCTBC KAIWIJIAPHO-OCMOTHYCCKOTO U TPaBUTAMOHHOTO [[aBJIeHI/Iﬁ B
00e3BOXKHBAacMON TOPGSIHOW CHCTEMe, PUYEM C POCTOM BBICOTHI €O TOp(a BO3PACTaeT yAeNbHOE KOJIHMYECTBO
BJIATH, YIAJICHHOH M3 CHIPbs 1O HACTYIUICHUS (HIbTPALMOHHOTO paBHOBecHs [5, 7]. B mepByro oyepens mogoGHoe
SBJIICHAE OOBACHACTCS POCTOM THIAPOCTATHYECKOTO JABJICHUS B TOPQSIHOM CHIpbE IIPHU OOE3BOXXHUBAHUH B Oolee
TOJICTBIX CNOAX [7].

Coctostaue Topda, Mpu KOTOPOM KAaNMLIAPHOE M TPABUTALMOHHOE MJABJICHUS BBIPABHUBAIOTCA HAMH
Ha3BaHO KPUTHYECKUM, IIPH ITOM KPUTUYECKOE COCTOSHHE JUISl Pa3HOH BIAXKHOCTH TOP(SHOTO ChIPhs HAOMI0AaeTCS
Mpyu pas3jIMYHbBIX BBICOTaX HaBaJia. B KPUTUYECKOM COCTOSAHHHU BBICOTAa HaBajla paBHaA KpI/ITPI‘ICCKOﬁ 1A JaHHBIX
ycnoBui Ny, = Hyy. C 9TOro KpUTHYECKOTro COCTOSIHMS M HAYMHAETCA BTOPOH 3Tall 00e3BOXKMBAHMS: CyIIKa Topda.
XapakTepHO, YTO Ka)KAOMY 3HAUYCHHIO () COOTBETCTBYET CBOE 3HAUCHHE JUAaMETpa IIOp, IOITOMY BHICOTY HaBalsla
Heo0X0ouMo yTo4YHATh. /11 HanboJiee BEPOSITHBIX CPETHUX pa3MepoB MOp BBICOTa HaBaja Topda MeHsercs ot 2,48
710 4,96 M, 4TO B TEXHOJIOTUUECKOM IUIAHE MOXKET OBITh 0O€CreueHo OOJBIION raMMOW BBIEMOYHO-TIOTPY304HBIX U
MOTPY30YHBIX MallWH, HAIlEAMNX HNpPUMEHEHHE B TOP(SHOW NPOMBIIIIEHHOCTH, OJHAKO C TOYKH 3pEHUS
obecrieueHns NPOXOAMMOCTH TEXHHKH B TEKYIIEM CE30HE OOBIUM I1eJ1eco00pa3HO BHIOMpaTh TONIIMHY CIOS
BEITpY3KkH B auana3one 0,3-0,6 M, ¢ moxy4eHneM KpuTHdeckoi ToamuHbl pacctria 0,21-0,42 M.

PeMOHT TOpdsHBIX MOJICH 1O MpeaaraeMol TEXHOJIOTHH BO3MOKEH Kak B TEYEHHE Ce30HA JOOBIUH, TaK U
MeKce30Hbe. B ciiyuae peMoHTa 1mojieil B mepro OrpaHMYeHHOr0 UCIIapeHHs BIIard (OKTAOPb-MapT) TOJIIMHA CIIOS
BBITPY3KH JOCTHTHET CBOETO KPUTUYECKOTO 3HAYCHUS BHE 3aBHCUMOCTH OT KOJIMYECTBA IOCTYIAIOIICH COTHEUHOM
paaManMy W MHTCHCHBHOCTH Hcmapenus. Hampumep, mis cios Topda 0,4 M BpeMs DOCTIDKEHHS KPHTHYECKOI
BBICOTHI U BlIArocoepxaHus (lneiixuepueBo-charsosslii Topd, Ry = (22...25)%, H,, = 0,273 m, pu W,, = 9,75
kr(B)/kr(c)) coctaBuT 232 yaca.

Pons mcnapenust B mpouecce 00e3BOKMBaHUS TOp(a HEBENHMKa B MEPBOM Iepuoje (TpaBUTALMOHHOM
h, > H,,), Ho sBIIsIeTCs onpenenstomeit ast Broporo (h, < Hyp).

ITpn ounenke mpouecca 00e3BOXMBaHMS TOp(a BBIIPYKEHHOTO B PAcCTHI M3 IPUKAaHABHBIX II0JIOC B
TOOBIYHON CE30H, HAMH OBLIO BBEIEHO IOHATHE PAaBHOBECHOTO BPEMEHHU T,, OTPAKAIOLIETO IEPHOA MOCTIDKEHHS
TOP(OM COCTOSIHUS, TIPH KOTOPOM HaOJIIoaeTcsl paBeHCTBO MOTOKA BJIAard Ha UCIIapeHHe W IPaBUTAIMOHHBIA CTOK.
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310 00BACHAETCS TEM, YTO HEOOXOANMO YUHUTHIBATH UCIIAPEHUS C TIOBEPXHOCTH HaBajla TeM paHbIIe, YeM MEHBIIE
€ro HayajbHas BBICOTA W BBIIIE TEIJIOBOW MOTOK NMpPH BBICOTE CJIOS BbIIE KpuTHYeckoi. Ilpu t =1, BenuuuHa
MHTCHCHBHOCTH HCIIApEHHs PaBHA HWHTEHCHBHOCTU TI'PABUTALIMOHHOTO OOE3BOKMBAaHMS, HO INPH OYEHb MaJbIX
3HAYEHUSX WHTCHCHUBHOCTHM HCHAPEHMs, BKIAJ KOTOPHIX B OOIIMA NOTOK BIAarH HPH 3aJaHHBIX 3HAYCHUSX
HAyaJbHOI BBICOTHI CJIOS HEBENMK, €ro MOMKHO HE YYUTBIBATH TNpU T <T,. IIpu Manelx HMHTEHCHBHOCTAX
00€3B0OKMBaHUs BKJIaJ MHTEHCUBHOCTH HMCTApPEHMs PAcTET U €ro yuer o0s3aTeNieH MpH T >T,, T.e. KOTJa BBICOTA
CIIOSL CTPEMHTBCS K KPUTHYECKOMY 3HAUCHHIO JUIA 3aJaHHBIX XapaKTePHCTUK Top(psHOro couiphs. Ilpu
BBIPABHUBAHUM TEKYIIEH BBICOTBI CJIOS C KPUTHYECKOH POJIb MHTEHCHBHOCTH T'PAaBHTALMOHHOI'O IOTOKA BJIArH
UCKIIFoYaeTcs w3 obmiero OamaHca BIarWM W OOIIYI0 WHTEHCHBHOCTH OOE3BOKMBAHHMS MOXXHO CUUTATh PAaBHOM
MHTCHCHBHOCTH HUCIIAPCHHUSL.

TakuM 06pa3oM, TpaBUTALIHOHHOE 00E3BOKMBAHIE HaBalla Topda sBisiercs onpenesstomuM 1o h; > H,, mo
CPaBHEHHUIO C HCINApEHHEM BJard C IIOBEPXHOCTH HaBana, YBEIWYMBAIOIIETOCS C POCTOM TeMIIEpaTyphl,
panuanmonHoro Gananca (0, = B), yMeHbIIEHHEM OTHOCHTENILHOM BJIQ)KHOCTH BO3ayxa. [loyaraem, 4To rpaHuuen
ydeTra HWCrapeHus IpH NPUMEHEHHWH IpeJUlaracMoil TEXHOJOTMH PEMOHTa B CE30H JIOOBIYM CIIYXKHT BpeMs
«paBHOBeCHs» (PaBHOBECHOE BPEeMs) T, KOTNA 3HAYCHUS WHTEHCHBHOCTH I'PABHTAIIMOHHOTO OOE3BOKMBAHMS 1
UCTIapeHHs] BBIPaBHUBAIOTCS.

C y4eToM NOJyYeHHBIX JaHHBIX, CYUTaEM BO3MOKHBIM, PEKOMEHJIOBATh pa3pabOTaHHBIE TEOPETHYECKHE
MOAXOABI IIPH BHIOOPE palMOHAIBHBIX HapaMeTpoOB CJIOSI TOPQSIHOTO CHIPbS, BBITPYKAEMOTO Ha MOBEPXHOCTH
3aJISKH [P PeasT3aliy PpeIaracMol TeXHOJIOTHIECKOH CXEMBI.

HnskenepHoe mpuioskenwe. B MEKEHEpHBIX pacyerax [OpH  pealu3aluud  pa3pabOTaHHBIX
TEXHOJIOTUYECKUX IMTOJXOM0B, BO3MOXKHO OIPENEIATh HEOOXOOUMYIO HIMPUHY CpaGOTKH NPHKAHABHBIX IOJIOC II0
TpeOyeMoil ToNImuHE ciosl (MIPH PEMOHTE TOJNeH B MEKCE30HBE), WM 1O TpeOyeMoMy BpEMEHH TOCTIKEHUS
BpeMeHH paBHOBecws. BpicoTa N, HapammBaeMmoro cios ompenessercs u3 obbema dKCKaBHpyeMmoi 3amexu. OHa

3aBUCHT OT INTyOMHBI H; M IMpHHBI B; pa3pabaTbiBa€MOW NpPUKaHABHOW MOJIOCHI, re.N = f(H 1 Bl). s

YCIIOBUSI PaBEHCTBA IUIOMIAZEH TOIIEPEYHOr0 CEUSHMS IKCKaBUPYEMOTO U HapaIllBaeMOro CI0EB TOP(SIHON 3aJIKH
S,=S, ¢ y4eToM CTaHAapTHBIX IapaMETPOB KapTOBOI KaHABBI, a TaKKe MPOQMIS KapThl IIIaHUpyeMas BbicoTa h
Hapall¥BaeMOro CJIosl paBHa

2
281H1c05a—7b°+b1H0+ B-h tgp
h = 25 2 , €
28

rae Hl nu Bl - FHy6I/IHa U HIMpUHa HpHKaHaBHOﬁ TMOJIOCHI ISl DKCKaBallUU 3aJICKU; O — YT'OJI 3aJIOKCHUSA
OTKOCOB KapTOBOﬁ KaHaBbI (OTHOCI/ITeﬂbHaﬂ BCJIMYMHA 3aJI0KECHUA OTKOCOB KaPTOBBIX KaHAB pPaBHaA 0,25), HO nu bo -

riyOnHa KaHaBbl v mupwHa o ary (He=1,8...2,0 M; by = 0,3 m); bl = bo + 0,5H o - IIMpHHA KaHABBI HA yPOBHE

MOBEPXHOCTHU KapThl; B — paccTosiHre MEXIy OCSIMH COCEIHUX KapTOBBIX KaHAB (I BEPXOBBIX 3anexkeil B=20 w;
JUTs HEBHHHBIX — 40 M); ho 11 hy - HOpMa OCYIIEHHS 10 1 [OCIIE IPOBEICHNUS PaboT 1Mo SKCKaBaru 3atexu; p = 5° —
YroJI MOTMEePEYHOro YKJIOHA IIOBEPXHOCTH KapThl;

MM T, = ky-h, . 2)

[TnanoBass cpaboTka ClOS 3aJIeKU 3a Ce30H J0OBIYM cocrtaBiseT no 300 MM (mpu cpenHei TriryOuHe
¢pesepoBanus hy, = 11 mm u xonmuecTBe MUKIOB Z = 25). IToaToMy, JUIS JIOCTHUKEHHS BBICOTBI HApaIlMBAEMOTO
ciost h, = 0,9 m He0OX0IMMO HA BEPXOBOI 3aJIEKH 00pabaThIBaTh NPUKAHABHBIE [TOJIOCH! ITUPUHON By = 2,5 M.

CoxpaHHTh CE30HHBIE TIOKa3aTeIHn cOopa QpesepHOro Topda, M3-32 YMEHBIICHUS IUIOMAAN TOBEPXHOCTH
TEXHOJIOTHYECKUX IIOJIeH, BO3MOXKHO 33 CUET yBEIMYeHHs IIyOuHbBI dpesepoBanus hy, T. K. cymka dpesepHOi
KPOIIIKK B PE3yJIbTATE YBEIMUCHIS HOPMBI ocymeHus Ny 1 aspanmu pacctuia 6yaeT mpoxoauTh 6oiee HHTEHCHBHO.
IIpu atom dpesepHsblit TOpd, T0OBIBaEMBIN U3 HApPAICHHBIX CJIOEB, OyJET UMETh OOJBIIYIO IUNIOTHOCTh KU3-3a OoJiee
BBICOKOW CTETICHU PA3JI0KEHUS 3aJIC)KU TITYOMHHBIX CIIOCB.

TexHn4yeckoe NpUIoKeHHe. PabOThl 1O 3KCKAaBalMK 3aJIe)KH MOTYT IMPOBOJUTHCS OJHOKOBIIIOBBIMHU
TOp(SHBIME IKCKABATOPAMH C YBEIMYCHHOH EMKOCTHIO KOBIIAa A0 | M® WM DKCKaBaTOpaMH HEIPEpBHIBHOTO
JICHCTBUS, 00OPYIOBAaHHBIMH Ha MOBOPOTHOH IIaThhopMe HCIOJHHUTEIBHBIM OPraHOM B BHJIE MHOTOKOBIIOBOM
paMbl B COUETAHHMH C JIEHTOUYHBIM KOHBeHepoM [8].

PaboThI 10 HapanMBaHUIO MOBEPXHOCTH KapT MOTYT MPOBOIUTHCS MOITAMHO C IKCKaBalueil 3anexu 6osee
Y3KUMH ~ TIOJIOCAMH, OJHAaKO LIMpHHA By  TEXHOJOTHYECKON  IUIOIMIAJKUA  JOJDKHA  COOTBETCTBOBATH
IKCIUTyaTAlHOHHBIM TTapaMeTpaM MalliH, IPUMEHSIEMbIX Ha OCHOBHBIX omnepaiusix 100buu ¢pesepHoro ropda. K
JIOCTOMHCTBOM JIaHHOTO crmoco0a ClieyeT OTHEeCTH TO, YTO J00bba ¢pe3epHOro Topda Ha TEXHOIOTHIECKHUX
TUIOIIAJIKaX C HAPAIICHHBIMH CIIOSIMH MOJKET HPOBOJUTHCS OJHOBPEMEHHO C BBIpAIlUBAHUEM 00JI0TOOOPA3YIOLINX
pacTeHUl Ha TPUKAHABHBIX II0JOCaX. OTO CHMXKACT CTENCHb OTPUIATEILHOTO BIUMSHHUSA JTUTEIHHBIX
MPOMBIIUICHHBIX Pa3pab0TOK MECTOPOXKICHUS HAa OKPYKAIOIIYIO CPEAy M YCKOPSET MPOIECC BOCCTAHOBIICHUS
HPUPOHOTO JTaHAIadTa.

BeiBoasl. B pesynbraTe MpoOBeACHUS KOMIUIEKCa pabOT MO PEMOHTY OCYIIMTENBHOW CETH U
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TEXHOJIOTHYECKMUX MOJEeH IMyTeM SKCKaBallMH 4YacTH TOP(SHOW 3aJeKd Ha MaKCHUMAaJbHYIO TIIyOMHY ITOJIOCaMHU
LIMPUHOM O OJHOM YEeTBEPTH OT LIMPHUHBI KAapT BAOJb KapTOBBIX KaHAaB C PaBHOMEPHOM YKIAIKOW ee Ha
MOBEPXHOCTh KapT M TOCIEAYIOUMM WX NPOQIINPOBAHHEM IOBBIMIACTCS S(PQPEKTHBHOCTD W YMEHBIIAIOTCS
JHEPro3aTpaThl NMPHU TMOBEPXHOCTHO-TIOCIOWHON A00BYe Topda Ha 3aBepIIAIONIEM dTare pa3pabOTKH TOPQSHBIX
MECTOPOXKIEHUM.
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K.A. EPOXVH
benopycexuii nayuonanvroiii mexuuveckuti ynusepcumem (Qpuauan BHTY 2. Conueopck)

INPOBEJAEHUE TEMOHTAXKHbIX BBIPABOTOK JUISA JEMOHTAKA
3ABOMHOI'O OBOPYJIOBAHMS B IABAX C BBIHUMAEMOU
MOIIHOCTbBIO HE BOJIEE 14 M

B crarbe mpuBOAATCS pe3ynbTaThl MPOMBIIUIEHHBIX HCIBITAHUHA CIOCOOOB INPOBENEHUS JEMOHTaKHBIX
BBIPA0OTOK B HHU3KUX JlaBax TpeThero KaJMHHOrO TOPU3OHTA IyTEM IIPOBEACHHS Mapalie]bHO 320010 JIaBbl
CHELUAJIbHBIX JEMOHTaXHBIX BBIPA0OTOK, OJlarojapsi yemy CYyLIIECTBEHHBIM OOpa3oM IOBBIIIAETCS CKOPOCTb U
0€301acHOCTh IEMOHTa)XKHBIX PaboT.

JleMoHTa)X 3a00HHOTO 00OPYIOBaHHMS M3 OCTAaHOBJICHHBIX 3a00€B JIaB C HEOOJBIION BBIHUMAEeMOM
MoIIHOCTBIO (10 1,4 M) Bcerjga compsbkeH ¢ OOJBIIMMHU TpYAHOCTAMHU. CTECHEHHBIE YCIOBUS TpyAa pabouux,
HEOOXOANMOCTh MIPUMEHEHHS JIEOETOK TSI IEPEMEIIEHHS IEMOHTHPYEMOTO 000PYAOBAHNUS CYIIECTBEHHO CHIDKAIOT
0e30MaCHOCTD M TIPOM3BOAHUTEIBHOCTE JEMOHTAKHBIX pa0oT. B mpakTuke BemeHWs MOZOOHBIX padoT B pPyAHHUKAX
OAO «benapycbkanuii» H3BECTHBI CITy4an CEPHE3HOTO TPAaBMHUPOBAHMS paboOUuX, a IIPOIECcC IEMOHTaXka 3a00HHOT0O
000pyIOBaHUs PACTATMBAETCA, KaK IPaBUIIO, HA 3-4 Mecsma.

Wnes mpuMeHEHNs CHIENHaIbHO MTPOBOAMMBIX BEIPAOOTOK AJISI IEMOHTa)ka 000pYyHZOBaHMS HE MOTJIA OBITh
YCIIEIIHO pealn30BaHa B HEJABHEM IIPOLLIOM H3-3a OTCYTCTBHS B JIOCTATOYHOM KOJHMYECTBE IIEJICHAPE3HOW M
MOTPY30YHO-IOCTABOYHOM TeXHUKH. KpoMe TOro nepBblii ONbIT IPUMEHEHHS TAKKX BHIPAOOTOK B cl1ab0yCTOWYHBBIX
BMeIaronmx mnopofgax Ha pyaHuke 3PY OAO «bemapycekamuit» B 1991-1993 romax mokasan, 4To Hdaxe
MPUMEHEHHE Mep OXpaHbl HE cIlacajio BEIpabOTKH OT IPeXkIEeBPEMEHHOro paspymeHus. CienyeT 3aMeTUTh Takxke,
YTO CIOCOOBI MOJACPIKAHUS PACIIMPEHHOTO NMPH3a00MHOTO MPOCTPAHCTBA, MOJYYCHHOTO 3a c4eT (00BeIMHEHNUS)
NPOJIETOB JIEMOHTa)KHOI BHIPAOOTKM M HE3aKpEIICHHOH (HeroJiep)KMBaeMoil) 4acTh KpPOBJHM JIaBbl, HE ObUIM
perilaMeHTHpOBaHbEl B HOPMAaTHBHBIX JIOKYMEHTax I0 Oe3omacHoOMy BeaeHHio pabor Ha CrapoOMHCKOM
MecTOopoXxeHud [1, 2].

Ilenpto maHHBIX HCcIeNOBaHMK Obuta pa3paboTKa pPEKOMEHAAIMH 110 TPOBEICHHIO JIEMOHTa)KHBIX
BBIPA0OTOK, KPEIUICHWIO Y4YacTKa, OOpa3s0OBAaHHOTO IPOBEJCHUEM JEMOHTaKHON BBHIPAOOTKM M NpU3a00HHBIM
MPOCTPAHCTBOM JIaBbl, pa3padOTKa METOJMKH pacyeTa KpemnH JaHHOTO y4acTKa B JIaBaX C BBICOTOM PacIIMPEHHOTO
npu3aboiHOTO mpocTpancTia 1,1-1,4 M.

3anmaveil nccaegoBaHU MOXKHO Ha3BaTh MPOBEPKY M IMOATBEPKACHNE IKCIIEPUMEHTAIFHO BBHIIIOJHEHHBIX B
MPOEKTaxX CIOCOOOB OXPaHBI M KPETJICHNS TeMOHTaKHBIX BBIPAOOTOK, a TakXkKe pacIIMpeHHOro MpU3aboitHOTO Mpo-
CTpaHCTBa, 00Pa30BAHHOTO JEMOHTaXXHOU BBIPAOOTKON M 3a00€M JIaBhl.

MeTO}II/IKa IMPOBEACHUA I/ICCHC}IOBaHI/Iﬁ BKJIKOYaJla IaXTHHBIC Ha6J’l}OlIeHI/I${ HpOf{BHeHI/Iﬁ TOPHOTO JaBJICHUA B
JEMOHTaKHOH BBIPaOOTKE M NMPHU3a00HHOM NIPOCTPAHCTBE JIaBbl B MPOIECCE POBEACHUS IEMOHTAXXHON BBIPAOOTKH
U BBIIOJHEHMS JEMOHTXHBIX palOOT, aHalu3 pe3yabTaTOB HCCICAOBAHMN M MOIyYEHHE SMITMPHUCCKHUX
3aBUCHMOCTEH JUIS pacueTa OXHMIAeMOH KOHBEPIeHLMH PACIIMPEHHOTO IPH3a00HHOT0 MPOCTpaHCTBA W caMOM
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JEMOHTa)KHOH BBIPaOOTKH Ha CPOK €€ SKCILTyaTalliH.

B 3aBHCHMOCTH OT MeCTa ¥ BPEMEHH IIPOBEICHHUS IEMOHTAXXHOM BBIPAaOOTKH OBIJIO MCIBITAHO JBA CII0Cc00a
ee IIPOBECHUS:

— [lepeviii 6apuanm — NeMOHTaXKHas BBIPaOOTKA IIPOXOAUTCS BIPHCEUKY K YK€ OCTAHOBJIECHHOMY 320010

JaBHI;

— Bmopoii sapuanm — NeMOHTaXXHasl BEIPa0OTKa IIPOXOAUTCS 3apaHee, 3a 30HOM BIMSHUS OYHUCTHBIX pa-
00T IeMOHTHUPYEMOH JaBhl. 3aTeM JAEMOHTHpYeMas JlaBa CBOUM 3a00€M BCKPBIBAET JEMOHTA)KHYIO BBI-
paboTKy.

B BEIIIIE NIEpEUNCIICHHBIX YCIOBUSIX IIPOBE/ICHBI HCCIICIOBAHUS: XapaKTepa HarpyKeHus 3a001HOH Kpenu n
KOHBEPI'eHIMH NPHU3a00HHOT0 MPOCTPAHCTBA B IMPOILECCE MPOBEICHUS AEMOHTAXHOW BBIpaObOTKH ([lepsviil sapu-
anm), a TaKKe B MPOLIECCE BBHITIOJIHEHHMS IEMOHTaXHBIX paboT; Xapakrepa Ae)OpMHUPOBAHUS KOHTYpa JEMOHTaKHOM
BBIPaOOTKH (Bmopoii éapuanm) 3a 30HOW U B 30HE BIMSHHS OYUCTHBIX pabOT AEMOHTHPYEMOM JIaBbl; Xapakrepa
nepopMHpPOBaHUS BHOBH OOpa30BaHHOW ITUPOKOW BBHIPAOOTKH (IEeMOHTaKHasi BeIpaboTKa + mpu3aboitHoe mpo-
CTPaHCTBO JIaBHI).

[Ipexxne 4eM NPHCTYNHTH K H3IOKECHHIO MaTEePUalioB HCCIEAOBaHHN, HEOOXOAUMO MOAYEPKHYTh, YTO
uccienoBanus mo IleppoMy BapWaHTy, T.e. IEMOHTaXKHas BbIpaOOTKAa MPOMICHA BIPUCEYKY K OCTAHOBJICHHOMY
32000 JICMOHTHPYEMOH JIaBbl, IPOBEICHBI BIIEPBbIC Ha MECTOPOXKACHHH. DTa paboTa BEINONHAIACH B YCIOBHAX
naBbl Ne 8-B-1 rop.-620 M pyznnuka 3 PY. ['1aBHBIM MpenMyIIecTBOM JaHHOTO CHOCO0a SIBISETCS MEHBIIUI CPOK
CIIy’KOBI JIEMOHTa)XXHON BBIPAOOTKH, YEM 10 CPABHEHHIO C BAPHAHTOM, KOTJa BHIpAOOTKa IMPOBOJMTCS 3apaHee. DTO
JlaeT BO3MOXKHOCTh ITPOBOJIUTH JIEMOHTaKHBIE BEIPAOOTKH B YCIOBHSX C1a00YCTOHYMBBIX TIOPOJ HEOCPEICTBEHHOM
KPOBJIM BBIPAOOTKM C MUHUMAaJIbHBIMU 3aTpaTaMy Ha KPEIUICHUEe KPOBJIH.

B nepBoM BapuaHTe NpOBeIeHUsT AEMOHTAXHOM BBHIPaOOTKHU cpa3y ke MOCie OCTAHOBKH 32005 JIaBbl, 10 €€
JUIMHE, OBUIM YCTaHOBJICHBI 3aMEpHbIC CTAaHLMM B KPOBJIE M IIOYBE JIaBbl, 3aMEPHbIC CTAHLMH B JIEMOHTAXHOMN
BBIPA0OTKE yCTaHABIMBAIKNCH TAaKHM K€ 00pa3oM, Kak ¥ B JiaBe, HO TIOCJIE IOJHOIO OKOHYAHHUS MPOXOTYSCKUX
paboT. HaGmoieHus BeNiCh BECh CPOK MPOBEACHUS TEMOHTAXHBIX PadOT, OT OCTAaHOBKHU 32005l JIABbI, 10 MOJHOTO
OKOHYaHHMS JEMOHTA)XXHBIX pabOT, YTO COCTABHIO 45 CYTOK (C y4eTOM TEXHOJOTMYECKHX MPOcTOeB). OCHOBHBIC
pe3yibTaThl M3MEpPEHHIl KOHBEPreHLIUHM «KPOBJIS-TIOYBA»  INPHU3a00HHOTO NPOCTPAHCTBA 10 IPOBEICHHS
JIEMOHT@)KHOH BBIPAOOTKH, B TEPUOJ €€ MPOBEJCHUS W BBHINOJHEHHUS JEMOHTAXHBIX paboT B Ipu3abOHHOM
NPOCTPAHCTBE JIaBbl IPUBEICHBI HA PUCYHKE 1.

1 — KOHBEPreHIUs 10 MPOBEACHUS IEMOHTAXKHOM BBIPAOOTKH; 2 — KOHBEPISHIIUS TOCIIC TPOBEICHISI JEMOHTAXKHON
BEIPAOOTKH; 3 — CyMMapHasi KOHBEPTeHIINS 32 BECh MEPHO]T HAOIIOICHIHA

Puc. 1. Pe3ynbraTel m3MepeHn KOHBEPTEHINH «KPOBIIS-TIOYBa» MPHU3a00WHOTO MPOCTPAHCTBA 110 ITHHE JIAaBHI Ne
8-B-1, rop. -620, Pynauka 3 PY

Kak BuaHO W3 guarpaMMbl Ha PHCYHKE |, MakCHMasbHas KOHBEPICHLUS NPH3a00HHOTO MPOCTPAHCTBA
cocraBmia 97,2 MM, 4TO HEOOXOAWMO YYHTHIBATH INPH BBIOOpPE 3a00IHON Kpemn B YacTH €€ MHHHMAIbHOW
THIPaBJIMYECKON pa3ABMKHOCTH. B aHHOM ciyyae BbIcOTa NMpU3a00WHOrO MPOCTPAHCTBA HA MOMEHT OKOHYAaHUS
JEMOHTaXHBIX paboT Haxonwiack B uHTepBasie 1,07-1,14 M (mepBonauamsHo 1,33-1,35 M), uro He Hapymaer
TEXHUYECKUX IIapaMeTPOB HCIOIb3yeMoi 3a00itHo kpenn Pazoc 08/13,5M c pazasmwxHOCTHIO OT 0,8 10 1,35 M.

Jlanee pedp moiieT o J1aBax, IEMOHTHPYEMBIX IO Bmopomy cnocoby, B 4aCTHOCTH 3T0 JaBbl Ne 35Bepx, Ne
87 1 Ne 95. Bo Bcex J€MOHTaXHBIX BBIPaOOTKAaxX ATUX JIaB ObLIO ycTaHOBiIeHO Mo 10 3amepHbIX mpoduiieit ais
H3MEPEHHUs] KOHBEPTEHIINU «KPOBJIS-TI0YBA» U CXOXKJCHHUS O0KOB [3].

Pe3ynpraThl M3MepeHHMH KOHBEPIE€HIIMM «KPOBJISA-TIOYBA» JEMOHTAXHBIX BBIPAOOTOK IpHBEAEHBI Ha
pucynke 2. Kak BUIHO M3 pHCyHKa KOHBEPIEHIHMS BO BCEX JIaBaxX C OOJNbIIEHl MHTCHCHBHOCTBHIO MPOSIBISIETCS] CO
CTOPOHBI CMEXHOOTPAOOTaHHBIX JaB. XapakTep Ae(hOPMHUPOBAHHUSI AEMOHTAXHBIX BBIPa0OTOK B saBax Ne 35Bepx u
Ne 87 mano orimugaercst Ipyr OT ApyTra, HO OTIAMYAIOTCS OT JaHHBIX, MTONyYeHHBIX 13 aBbl Ne 95, koTopas paborana
mo |l cuneBuHMTOBOMY cioro. Ilpm aHanmm3e pe3yibTAaTOB HCCIEIOBAaHWH XapakTepa AehOpMUpPOBAHUS
pacuIMpeHHOTo NMpHU3aboifHOro MPOCTpaHCTBa, 00Pa30BAHHOIO IEMOHTAXXHOH BBIPAOOTKOI 1 3200€M JIaBBI B IEPHOL
BBINIOJIHEHHSI JIEMOHTQ)XXHBIX DPabOT HYXHO YYMTHIBATh CYIIECTBEHHBIE OTIMYHMS B HCCICIYEMbIX JIaBax
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TOPHOTEXHUYECKUX M TOPHO-TEOJIOTHYECKUX YCIOBHH, W TO, YTO JEMOHTaX BO BCEX JIaBaX BBIIONHSUICA OT
TPAHCHOPTHBIX INTPEKOB, KOTOPHIE PACIOJIATAINCH CO CTOPOHBI OTPAOOTAHHBIX CTOJIOOB, B CTOPOHY KOHBEHEPHBIX
mTpeKkoB. Mcxoas W3 3TOTO, y4acTKH 3a00s JIaBBI M JIEMOHTaKHOW BBIPAOOTKH, PACION0XEHHBIE CO CTOPOHBI
«MacCHBa», HCIIBITHIBATIN OOJBIINI CPOK IKCINIyaTallMX N0 CPABHEHHUIO C YIaCTKaMH CO CTOPOHBI OTPaOOTaHHOTO
npocTpaHcTBa. JlaHHBIE UCCIIEIOBAaHUN PAaCIIMPEHHOTO MPHU3a00HHOTO MPOCTPAHCTBA ITPUBEICHBI HA PUCYHKE 3.

1 - B naBe Ne 95 pynnuka 1 PY; 2 — B aBe Ne 35 pynnuka 2 PY; 3 — B naBe Ne 87 pyanuka 1 PY
Puc. 2. KoHBepreHuus JeMOHTaKHBIX BBIPAOOTOK B MOMEHTBBIPDYOKH B HUX 3200€B IEMOHTHPYEMBIX JIaB

Takke TpU CpaBHEHWH JAHHBIX KOHBEPI'CHIIMM HEOOXOIMMO YYUTHIBATH PA3HBIC CPOKU IMPOBEACHUS
JIEMOHTAXKHBIX paboT B MCCIIEAYeMBIX J1aBax, Tak B 1aBe Ne87 cpok JEeMOHTaXHBIX pabOT COCTaBMI 29 CYTOK, B JlaBe
Ne35 - 20 cyr., B maBe Ne§-B-1 — 45 cyr., B 1aBe Ne95 — 25 cyT.

Vcxons u3 BBIIIE W3JI0KEHHOTO, MOYKHO CHIENIATh CIICIYIOIINE BHIBOJIBI:

- HamOoJIbIIME 3HAYEHUS KOHBEPTEHIMH PACIIUPEHHOTO MPHU3a00HHOTO IPOCTPAaHCTBA HAOIIOMAIOTCS CO
CTOPOHBI CMEKHOOTPaOOTaHHBIX YIACTKOB;

- MaKCHMalbHBIC 3HAYCHUS KOHBEPTCHIIH PACIIMPEHHOTO MPU3a00MHOTO TPOCTPAHCTBA OTMCEUYCHHI B
nase Ne 87 pynnuka 1 PY (102 mm), muanMmaneHsle — B 1aBe Ne 95 pynauxa 1 PY (19,5 Mm);

- MaKcHuMallbHasi KOHBEPreHLUs PaCIIMPEHHOr0 MpHU3aboiHOro mpocTpaHcTBa coctaBuia 102 MM M HaxoauTcs B
npenenax HOPMAaTHBHBIX 3HaueHudt U, < 200 [3], 4TOo CBHUAETENLCTBYET OO0 YAOBIETBOPUTENBHOM COCTOSHHH
BBIPAOOTKH U JIOTIOJIHUTEIBHBIX MEPOIIPHUATHH 10 PEMOHTY M OXpaHe He TpeOyeTcsl.

1 — B maBe Ne 95 pynumka 1 PY; 2 — B maBe Ne 35 pynnuka 2 PVY; 3 — B maBe Ne 87 pyananka 1 PY; 4 — B maBe Ne 8-B-
1 pynanka 3 PY

Puc. 3. I3meHeHne cyMMapHOH KOHBEPT€HITNH PACIIHPEHHOTO MPH3a00HOTO MPOCTPAHCTBA IO AITHHE
JIaBHI B paifoHe THAPOCTOEK 3a00HHOM KPEeIH 3a MEPHUOo.I OT OCTAHOBKH 320051 JIaBBI 0 OKOHYAHUS JEMOHTaKHBIX
pabor

3akiaouenue

HccnenoBaHusAME NMPOBEPEHBI M MOATBEPKACHBI 3KCIIEPUMEHTAIBHO BBIMOJHEHHBIE B MPOEKTAX CIIOCOOBI
OXpaHbl M KPEIUICHNS AEMOHTAXHBIX BBIPA0OTOK, a TaKXKe PACHIMPEHHOTO NPH3a00HHOTO NMPOCTPAHCTBA, 00pa3o-
BaHHOTO JIEMOHTA)XHOW BEIPaOOTKOW M 3a00eM saBbl. Kak mokas3any IpOMBIIITIEHHBIE 3KCIICPUMEHTHI, 00a OIHCaH-
HBIE B CTaThe crioco0a NPOBEAEHHS IEMOHTaXXHBIX BHIPAOOTOK MOT'YT MCHOJIB30BAaTHCS B yCIOBHAX CTapoOOMHCKOTO
MECTOPOXKACHUS KaJIUUHBIX COJICH.

O0nacTh NMPUMEHEHHsI TOTO WIJIM MHOTO CHOCo0a IMPOBEIEHHUS JEMOHTAaXHBIX BBIPAOOTOK OIpeaenseTcs
TOPHO-TEOJOTMYECKUMH YCIOBUSIMU. [IpoBefeHHE JEMOHTaXXKHON BBIPAOOTKM MO3BOJSIET YCKOPHUTH IIPOLIECC
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JIEMOHTaka 00OpymoBaHUS B 2-2,5 pasa, MO CpaBHEHHWIO C JEMOHTa)XeM W3 TPHU3a00MHOTO MPOCTPaHCTBA
OCTaHOBJICHHOTO 3a00s1 JIaBbI, 3a CUET HCIOJB30BAaHUS BBICOKOIPOM3BOAWTENEHOW TEXHUKH U TOTPY3KH H
nmoctaBku obopynmoBaHms. Taroke co3marorcsi Oonee Oe3omacHbIE M KOM(OPTHBIE YCIOBHS AJs BEACHHS padoT 1o
JEMOHTaXXy 000pyJOBaHUSI.

Ha ocHOBaHMAX BBIIIE W3JI0KEHHBIX HCCIIEIOBAHUHA ObLTH pa3paboTaHbl «PexoMeHmaIuu Mo MpOBEICHHUIO,
OXpaHe JEeMOHTAaXXHBIX BBIPAOOTOK, METOIHMKE KPETUICHHS NEMOHTAKHBIX BBIPAOOTOK M MpPH3a0O0HHOTO MPOCTpaH-
cTBa B ycnoBusax Tpersero ropusonta OAO «benapycekamuii» [3].
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TopHOTO Aena»; pyk. B.A. I'ybanos; ucnons.: JlyroBud E.A., Mosroserko M.C. [u ap.] — Commuropcek, 2013. —48 c.
— Ne T'P 20120746.

10.B. 3BAMOPKHNHA
Hayuonanvuwiii munepanvno-coipbesoii ynusepcumem « I opnuiiiy

IHYTU CHUKEHUSA KAIIMTAJTIOEMKOCTHU CTPOUTEJIBCTBA
IMAXTHBIX CTBOJIOB B COBPEMEHHBIX OKOHOMHNYECKHUX
YCIOBUAX

[Ipu cTpouTEeNBCTBE MIAXTHBIX CTBOJIOB OCHOBHYIO YacTh KalMTANBHBIX 3aTpat (okoso 80 %) cocTaBisioT
MaTepHajbl HCIOJIb3yeMble s KperieHnsa. Kpemnerne ctBoia Tpedyer 0co60ro BHUMaHUS, IIOCKOIBKY OT BEIOOpa
THTIA KPEMH 3aBUCIT 0€301IacHOCTh BEICHUS TOPHBIX pabOT, KalMTaIbHBIE 3aTPAThl B IIPOIIECCE CTPOUTEIHCTBRA, a
TaKKe 00CITy)KMBaHUE W PEMOHT Ha BECh IIEPHOJI CYIIECTBOBAHHS PYAHUKA.

Jns cHWKeHHs pacxolla CPeACTB Ha KpPEIUIEHWE CTBOJIOB NPEAJIaracTcs HCIONb30BaTh MHHOBAIIMOHHBIC
paspabotkn OAO «["aznpomCepay», MO3BOJSIONINE 3HAYUTEIHHO MOBBICHUTH NMPOYHOCTH, BOJOHENPOHHUIIAEMOCTb,
CTOMKOCTh K arpecCHMBHBIM BojaM OeToHa. /Iyl yJIydIIeHHs! ero CBOMCTB peKOMEHyeTcsl JOOaBIsATh B OETOHHYIO
CMECh CEpHOE MOIU(UIMPOBAHHOE BSDKYILEE, IO3BOJIIONIEE I10CIE 3aTBEPAEBaHHMS CMeCH NOJIYy4YUTh Oolee
BBICOKHE IPOYHOCTHBIE TIOKA3aTEeIH.

Jlist oueHKM SKOHOMHYECKOro Addekra OT mNpUMEHEHUs CepoOeTOHa IPOBEIECHBI MCCIEI0BaHHS
napaMeTpoB KpEeIi CTBOJIA B 3aBUCUMOCTH OT FJ'Iy6l/IHI)I MIPOXOJKH. Ananus TMOJYYCHHBIX PE3YJIbTATOB IMOKa3aJl, 4YTO
HCIIOJIb30BaHUE CepOOETOHA MO3BOJISECT CHU3UTH 3aTPaThl Ha BO3BEICHHE MOHOJIUTHOH Kpemy CTBOJA B CPEIHEM B 7
pa3 B 3aBHCHMOCTM OT JOUHaMeTpa CTBOJIA W TIIyOWHBI TPOXOAKH, YTO IIO3BOJSIET OOCCIICYHUTh BBICOKYIO
KOHKYPEHTOCIIOCOOHOCTh B COBPEMEHHBIX SKOHOMHUYECKUX YCIOBHSIX.

Hayuns1it pykoBoauTens: K.T.H., foueHt [.B. Cunopos

H.IT. KAPUMBETOBA, B.B. KOTEHKO
JKumomupckuii 20cy0apcmeenHblil MeXHOI02UYeCKUll yHugepcumem, Yxpauna

BJIUAHUE TEMIIEPATYPHOI'O PEZKUMA HA ITPOLHECC
AJIMA3ZHOI'O KAHATHOTI'O PE3AHUSA B YCJIOBUSAX
KAMEHOBPOJACKOI'O CEBEPHOI'O MECTOPOKJAEHUSA 'ABBPO

BBenenne. ['opHas moposa B YCIOBHAX TNPHPOTHOTO 3aIETaHUS OOBIYHO HAXOMWUTCS B IOCTOSHHOM
COCTOSIHUM BCECTOPOHHETO JaBJICHHS, KOTOPOE OOYCIOBICHO BIMSHHUEM [aBICHUS MAacChl BBIIIE3aJETAOIINX
TOPHBIX TOPOA (TpaBUTAIIMOHHBIC CHWIIBI), TEKTOHWYECKHX IBIDKEHHH (CHJI), TEeMIEpaTypHBIX TPagHeHTOB U
TEOXMMHYECKHUX TPOIECCOB. BHyTpeHHEe HaNpsHKEHHOE COCTOSHHE B MPOYHBIX MOPOAAX BO3ZHHUKAET BO BPEMs HMX
(hopMupoOBaHWs, TTOCIIE YeTro OHA MPEOBIBaET B YPaBHOBEIICHHOM COCTOSIHUH, HO TIOJ AEHCTBHEM IT'PaBUTALIMOHHBIX H
TEKTOHUYECKUX CHIL

AKTyadbHOCTB. [Ipu npoBeIcHUH TOPHBIX BRIPAOOTOK MPOUCXOUT HAPYIICHUE CCTCCTBEHHOTO COCTOSIHUS
TOPHOTO MAacCHBa C MepepacnpeicICHUEM HANPSHKCHUH B HeM. Eciy B CIUTONTHOM MAacCHBE ATU HAMPSHKCHHS OBLTH
TIOCTOSIHHBIMHM JIJISI BCEX TOYEK OINPENENICHHOTrO0 o0beMa, TO B Ipolecce pa3pabdoTKH HAONIoAaeTcs MX POcT B
npu3abOWHOM ydYacTKe MaccuBa. V3MeHeHHe HanpsyKeHHO-Ie(OPMUPOBAHHOTO COCTOSHHS MacCcHUBa CBS3aHO C
CE30HHBIMU U CYTOYHBIMH HM3MCHCHHSMHU TEPMHUYCCKUX HANPSHDKCHUH B HEM, BBI3BAHHBIX JICHCTBHUEM COJIHEYHOM
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pagManmMM M KJIUMaTa paiioHa InpoBeneHus pabGoT. B jeTHee BpeMs roma 3TO MOXET BbBI3BaTh TaKUe
TEXHOJIOTUYECKUE OCIIOKHEHHS, KaK 3a)KMM MAaCCHBOM aJIMa3HOTO KaHaTa M OypOBBIX LITAHT, YTO HE MPOUCXOIMT B
XOJIOAHBII MJIM yMEPEHHO TEIUIbI MeproJ BpeMEHH WM roja. Takue TexXHOJOTHYECKHE SBJICHHS HPHBOIAT K
HOJIOMKE HHCTPYMEHTAa M O0OpYHOBaHMS, a TaKKe K CHIKCHUIO IPOU3BOIMTENLHOCTH pPabOTHI Kapbepa. B
XOJIOAHBII TepHox Troja, OCOOEHHO IIPH OTPULATEIBHBIX TEMIEpaTypax, IOPOAbI TEPSIOT CBOIO BA3KOCTh M
CTAQHOBATCA 0oJiee XPYNKHMH, YTO MOXET NPHUBECTH K OTKAJIBIBAHUIO YacTeil MaccHBa WJIM MOHOJHMTA, TO €CTh
MOTEPH MPaBWIBHBIX T€OMETPHUYECKUX pa3MepoB W (GopMbl 0j0koB. IIpM MHHYCOBBIX TeMIepaTypax Takxke
BO3HMKAeT PHUCK pa3pylleHHs IOpOJ MO TpelIMHaM, 3aloJHEHHBIX BoJoH. Kpome Toro, n3meHeHue Mo
TEPMHYECKUX HAINPSDKEHUH CBS3aHO C CAMHM IIPOLECCOM J00BIYM OJIOKOB, YTO TaKKe HEOOXOJMMO YUUThIBaTh. [1pn
OTAEJeHNH O0BEMOB KaMHS OT MaccHBa 3a CUET OypeHHMs M PE3KH B y4dacTKax BOKPYT LIIYPOB U IPOIMIIOB
KOHICHTPUPYIOTCA JOMOJTHUTCIBHBIC TEPMUUCCKUEC HAIIPSAKCHUA.

VYueT npoueccoB TEIIOBOTO PACIIUPEHHUS TIOPO/I SIBJISIETCS] HEOOXOJUMBIM YCIIOBHEM (B (PEKTUBHON paboThI
Ha Kapbepax OJIOYHOr0 KaMHs B LEJSIX YCTAHOBKH BPEMEHH T0J1a, KOT/a 11eJIec000pa3HO BBIIONHATE PaOOTEL

HccnenoBannsi TpOBOAMINCH B ycioBusAX KamsHOOpoackoro CeBepHOr0 MECTOPOXKACHHS Tad0po.
CpencTBo mpoBeIeHISI HCCIICIOBAHIIA — alMa3Has KaHaTHas ycTaHoBKa Zhongyuan Machinery ZY-45HT.

Ha rpadukax 1 u 2 m300pakeHsl 0OBEMBI NMPOHM3BOJCTBA TOBAPHBIX OJOKOB 3a TocieaHue 3 roma. Ha
rpadukax MpocieKUBaeTCs 3HAYMTEIBHOS BO3pacTaHWE OOBEMOB INPOHM3BOJACTBA OJIOKOB € Mas, MUK JOOBIYU
MPUXOAUTCS Ha NEPHOJ] C UIOHA O aBrYCT, 3aTeM C CEHTAOPSI ClIeLyeT MOCTeNeHHOe yObIBaHHE NPOU3BOACTBEHHBIX
00beMoB. Ha rpaduke 3 n300pakeHbl KoJeOaHUs TEMIIEpaTyp OKPYKAIOIIeH Cpeibl B TCUCHUE ro/Ia.

Puc. 1. O6beMbl IPOU3BOACTBA TOBAPHBIX 0I0KOB 3a 2012-2014 rossl, M

Puic. 2. O6BbeMBI IPOM3BO/ICTBA HEraGapUTHEIX 610K0B 32 2012-2014 rogsr, M

Puc. 3. I'paduk KoaeOaHuU TeMIIepaTyphl BO3AyXa
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Ha rpadukax 4-6 uzoOpaxeHa 3aBUCUMOCTH OOBEMOB IMPOM3BOJCTBA (C yYETOM MPOHU3BOJIUTEIBHOCTH
aJIMa3HO-KaHATHOW YCTaHOBKHM) OT TIEPHO/Ia MPOU3BOACTBA U TEMIIEPATYPHOIO PEXKUMA ITOTO HEePHO/Ia.

Puc. 4. TIpon3BOINTETFHOCTD PE3aHMS MTOIONIBHI (TPEYTOIBHUK)

Puc. 5. IIpon3BoANTENIEHOCTE pe3aHUs ITOIOIIBEI YCTYTIA

Puc. 6. IIpon3BOANTENHLHOCTD pE3aHUs BEPTUKAIBHBIX IIEICH
Ha rpadukax 7-9 wun3o0paxkeHbl 3aBUCHMOCTH IIPOM3BOAMTEIBHOCTH pE3aHUs OT TEMIEepaTypshl
OKpy»Karolied cpeabl 1o Tunam pesa. [Ipu noapezannn nogomsel TpeyroibHoi Gopmsl (rpaduk 7) MakcumaibHas
TIPOU3BOINTEIBHOCTh aJIMa3HO-KaHATHOT'O pe3aHusl HaOJIoJaeTcs [Py TeMIIEpaTypHBIX MTOKa3aTelsIX Bo3Lyxa oT +3
mo +15°C. Ipu cpedmeil NPOM3BOAMTENHHOCTH KAHATHOTO pE3aHHS OKONO 5,5-6,0 m%/uac (rpaduk 4)
ONTHUMAJILHBIMH TEMIIEPATYPHBIMH MOKa3aTeISIMU JJIs CO3/IaHMs OJIarONpHUsITHBIX YCIOBUI paboThl 000pyI0BaHUS U
paboTHUKOB sBIsIETCS TpoMexxyTok 10-13°C.

Puc. 7. I'padmk 3aBUCIMOCTH TIPOU3BOJAUTEIHHOCTH PE3aHHSI OT TEMIIEPATYPhl OKPYKAFOIIEH
cpebl (TpeyroJbHUK)

[Ipu pe3anum BepTUKAIBHBIX IIeNel (rpaduk 8) MakcuManbHasi TPOU3BOJUTEILHOCTh aIMa3HO-KaHATHOTO
pesanus HaOmomaeTcs TPH TEMIEPATypHBIX IOKa3aTelsx Bo3ayxa oT -2 npo +18°C. Ilpm cpexmneit
IPOM3BOANTEIBHOCTH KAHATHOTO PE3aHHsl OKOIO 5,2-5,9 M%/dac (rpadik 5) ONTHMANBHBIMH TEMIICPATYPHBIMH
MOKa3aTesIMA  JUI  CO3/IaHUS OJAarONpHSTHBIX YCIOBHH paboTBl 000pyMOBaHMS W PaOOTHHKOB SBISETCA
npomexxyTok 12-15°C.
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Puc. 8. I'paduk 3aBUCHMOCTH IPOU3BOAMTEILHOCTH PE3aHHUS OT TEMIIEPATYPhl OKPYKaIOIICH
cpenbl (00K)

[Ipn pe3anwu TOPU3OHTANBHBIX mmener (rpaduk 9) MakcuManabHas TPOU3BOJUTEIBLHOCTh alIMa3HO-
KaHATHOTO pe3aHus HabOIromaeTcsl MPpH TeMIIEpaTypHBIX IMMOKa3zaTelsX Bo3ayxa oT -2 mo +17,5°C. Ilpu cpenneit
IPOM3BOANTEIBHOCTH KAHATHOTO PE3aHHst OKOIO 6,2-6,8 M*/uac (rpadk 6) ONTHMATBHBIMH TEMIICPATYPHBIMH
MOKa3aTeIsIMA UL CO3/IaHUs OJAroNMpHSITHBIX YCIOBUH paboOThl 000pYNOBaHUS W PaOOTHHUKOB SIBISCTCS
npomexxyTok 13-16°C.

Puc. 9. T'paduk 3aBUCHMOCTH TIPOU3BOJUTEIEHOCTH PE3aHUS OT TEMIICPATYPhI OKPYKAIOIICH
cpenbl (MoI01IBa)

BruiBoabl. VTak, TepMudeckre HaNpsHKEHUS] UTPAIOT HEMAJIOBAXXHYIO POJIb NPH BEJCHUH TOPHBIX paboT Ha
Kapbepax OJIOYHOTO KaMHsI, BJIUSSI HA TIPOU3BOJUTENILHOCTD U PEXUM paboT, KAYeCTBO OJIOYHOTO CBHIPBS M €0 LIEHY.
[IpoBeneHHbIE HCCleIOBaHUS MTOKA3aIH, YTO ONTUMAJIbHBIMU TEMIIEPATypaMH OKpY>Karolled cpensl aisi Hanboee
3¢ (PEKTUBHOTO AIMa3HO-KAaHATHOTO pE3aHUsl JIONOJHUTENBHBIX IUIOCKOCTEH OOHA)KEHHS MOHOJIUTA SIBISIETCS
uaTepBan  oT +10 mo +16°C. IIpoBenenne mOOBIYHBIX pabOT B JAHHBIX TEMIEPATYPHBIX YCIOBUAX IMPHUBEIET K
YIIY4IICHAIO YCIOBHH TPYyIa M HOBBIMICHHUIO IPOM3BOIUTEILHOCTH KAMHEIOOBIBAIOIIET0 NPESIIPHATHS B LIETIOM.

B.K. KOCTEHKO, EJIL. 3ABbSJIOBA, A.C. HIIUIIUKA
Jloneykuii HayuonansHwlll mexHuueckuul yHueepcumem, Ykpauna

COBEPHIEHCTBOBAHHUE CIIOCOBA U3BJIEYEHUA
HUMU3KOIIOTEHIIUAJIBHOU TEIIVIOBOU SOHEPT'MU HE/IP HA
YT'OJIBHBIX HTAXTAX

[IpemioxkeH Ccrmocod aHKEPHOTO KpPEIUICHUS BBIPAOOTOK, KOTOPBIA OOECIICYMBACT YBEIHYCHHE
K03 (PHIMEHTa TEIUIONMPOBOAHOCTA TOPHBIX MOPOJ, BMEIIAIONINX BHIPAOOTKY - KaHal, W MO3BOJIIET YBEIHYUTH
3¢ dexTUBHOCTS Tepemayu TeIula M3 MacCHMBa TOPHBIX TOPOJ TEIDIOHOCHTEN0. [IpM O3TOM  IOBBIIIAETCS
3¢ (eKTUBHOCTh PAa0OOTHI IIAXTHOTO TEOTEPMATIBHOTO TEINIOOOMEHHHKA. OKoiorudeckas dS()(eKTHBHOCTh
pa3pabOTaHHBIX MPEIUIOKEHUH 3aKIF09aeTCs] B COKPAIICHWH MOTPEOJICHUS MIaXTOH HCYEpIaeMBIX MPHUPOIHBIX
SHEPreTUIECKUX PECYPCOB U COITyTCTBYIOUIETO WX CKUTAHHUIO HETATUBHOMY BO3ICHCTBHIO HA OKPYKAIOIIYIO CPEIY.

B HacTosmiee BpeMsi aKTyalbHOCTH NpPOOJIEMBI ITOWICKA albTEPHATHBHBIX HCTOYHWKOB DJHEPTHH HE
BBI3BIBACT COMHEHHH B CBSI3M C HCYEPIIAHWEM U CYIIECTBCHHBIM YIOPOXXAHWEM TPAJHIMOHHBIX HCTOYHHKOB
3Hepr1/11/1. AHaJIl/I3 IMOKa3bIBACT, YTO 3aIr1acChl reOTepMaanoi& BHCPFHH Ha IIJIaHCTC JOCTAaTOYHBI AJId TOIO, '-ITO6I)I Ha
JUTATEJILHOE BpeMsi 00ECIICUUTh MIOTPEOHOCTH BCETO UEIOBEUECTRA, & €€ CTOMMOCTh — OJTHA M3 CAMbIX HU3KUX CPEIH
BO30OHOBJISIEMBIX MCTOYHHMKOB SHEpruu. Jjiss ropHOMOOBIBAIOIIMX PETHOHOB YKPaWHbBI, B KOTOPBIX OTCYTCTBYIOT
HETJIyOOKO pACIOJIOKCHHBIC BBICOKOMOTCHIIMATIBHBIC TEPMAbHBIC PECYpPChl, IMEPCIEKTUBHBIM HCTOYHHUKOM
SABJIACTCA TCILJIIOTA, HonyqaeMa;{ nu3 He,up qepe3 CTCHKHU FOpHI)IX BLIpa6OTOK FJ'Iy6OKI/IX IIaxT.

VYueHsiMHA JIOHEIIKOTO HAIMOHANBFHOTO TEXHHYECKOTO YHHUBEPCHUTETa TPEMIIOKCH CHOCO0 M3BICUCHUS
HU3KOMOTCHIIMAIBHON JSHEPTHH, TOCTYMAlomed W3 HEeOp W CHIMAaeMOW TEIUIOHOCHTEIEM CO CTCHOK TOPHBIX
BEIPaOOTOK [2] ¢ TMOMOIIBI0 WIAXTHOTO TEOTePMAlbHOTO TeIIooOMeHHUKA. IIlaXTHBIH reoTepManbHBIH
teruiooOMeHHUK (LI'T) — cOBOKYIMHOCTH TOPHBIX BBIPAOOTOK, MPOMICHHBIX B TOPHOM MAacCHBE C TEMIepaTypoi
nopox 30-50°C u Bblllie, B KOTOPBIX NPOMCXOAUT M3BJIEYEHHUE TEIIIOTHI HEAP IyTEM HArPEBaHUs, JBHIKYIIETOCS B
BBIPa0OTKAaX TETUIOHOCUTEINS, KaK MpaBWiIO, BO3ayXa Wi BoAbl. OCOOCHHOCTL croco0a COCTOMT B TOM, YTO JUIS
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3TOTO HCHONB3YIOT BBIPAOOTAHHBIE NMPOCTPAHCTBA, TO €CTh YYaCTKHM TOPHOTO MAacCHBA, U3 KOTOPBIX H3BJICUCHO
MOJIE3HOE HCKOMAEMOE, M WX IPAKTHYECKOE MCIOIb30BAaHME HE INPEIyCMaTpUBAETCSl B MEpCIEKTHBE. B Taxkmx
YCIHOBUSIX TEIUIOCBEM MOXKET IPOM3BOANUTHCA MAECATKM W COTHH JIET, TaK KaK HCTOYHHUK TEIUIOTHI Oyaer
CYIIECTBOBAaTh B 0003puMoOM OyaymieM. B ommmume OT CKBaKMHHBIX TEXHOJOTHH B 3TOM cHOcoOe Iporecc
TETIIOO0OMEHA SABISIETCSI KOHTPOJIIMPYEMBIM, yrpo3a cy(h($o3un Wim KOIbMaTallMd — MUHHMalbHA. J[nnTenpHOCTH
CYIIECTBOBAHUS TAKOTO THIIA YCTAHOBOK OIPENEISACTCS TOJBKO YCTOWYMBOCTBIO IIPOCTPAHCTBA, B KOTOPOM
OCYILECTBJIIETCS TEILIONEpeaya.

Jis obecniedeHnst HawTydlled TeIUionepeiayd U3 TIyOMHBI MacCHBa K KOHTYpPY TOPHOW BBIPaOOTKH
HEO0OX0/IMMO MaKCHMaJIbHO CHU3UTh HEraTHMBHOE BJIMSHHE TEXHOI'€HHOH TPEIIMHOBATOCTH TOPHBIX MOPOA BOJIM3U
NIOBEPXHOCTH KaHana. KICKycCTBEHHOE yBenuueHue Kod(GQuIueHTa TEmIonpoBOAHOCTH (], ) TPEUIMHOBATBIX

TOPHBIX TIOPOJ BO3MOXKHO B Cllydae, KOI/Ia OTKPBITHIE MAaKpPOTPEIIUHBI 3AlOJHIIOT CIOCOOHBIM OTBEPICBATH
COCTAaBOM (T.€. yMEHBIIAIOT MOPHCTOCTD CPE/Ibl), MMEIOMKUM A GOJbLINiL, YeM Boja. TakuMU XapaKTePUCTHKAME
obnanaer cycnensusi OeHTOHMTOBOH TimHbl 0,7< 7 <0,98. OcobeHHO yBennumBaeT 3HaveHHe Koddduumenra

TEIUIOTIPOBOIHOCTH JTOOABJICHUE B CYCICH3HIO TOHKOJWCIEPCHOTO IMOPOINKa rpadura, UMEIOIIEr0 YHHKAIbHBIN
MOKa3aTejb 116<ﬂ¢ <174.

Jlist uccnenoBaHust M MOATBEPIKACHHUST BO3MOXXHOCTH NMPUMEHEHHS TIIMHO-TPaUTHOH CMECH B KauecTBe
TEILIONPOBOJIAIIETO PACTBOPA OBbLI POBEEH Psijl ombITOB coriacHo 'OCT 25493-82 [3].

DKcHeprUMEHTAIbHbIE HCCIEeOBaHUS MOKa3aid yBelndeHne Kod(duimeHTa TEronpoBOJHOCTH IpU
YBEJIMYCHUH COJAEPKaHUS Mopolika rpadura B riamHO-TpaduTHON cmecu. st Cyxux cmeceil yBelnueHHe
ko3¢ dunmenta TemnonpoBogHOCTH cocTaBmwio 57,9 %, ams yBmaxHeHHBIX 72,68 %. Ecmm ydecth, 4TO
KO3 GHUIHUEHT TEIUIOPOBOIHOCTH TOPOAHOTO MaccuBa HaxoauTcs B mpenenax 0,91<A;<0,512, To ucnons3oBaHue
TJIMHO-TPaUTHOM CMecH B KayecTBE TEIUIONPOBOASAIIEIO COCTaBa MO3BOJUT YBEJIMYHUTH €ro TEIUIONPOBOASIINE
cBoiicTBa Oonee, yeM B 10 pas, 4TO MO3BOJIUT MOBBICUTH APPEKTUBHOCTH pabOTHI TEIUIONPOBOSIINX aHKEPOB.

Llenpto naHHOW pabOTHI SIBISIETCS COBEPIUEHCTBOBAHME CHOCO0A W3BJICUEHHS HHM3KONOTECHIHMAIbHOU
TEIJIOBOW DHEPIMM HENp Ha YrOJIbHBIX IIaXTaX ITyTeM HCIOJIb30BAHUS MIMHO-TPAUTHONW CMECH Ul YBEIHUYCHUS
TEIJIONPOBOJIHOCTH MOPOAHOIO MacCHBa, YTO IIO3BOJMIO Obl IOBBICHTH 3()(HEKTHBHOCTH PabOTHI LIAXTHOTO
reoTepMalbHOTO TEII000OMEHHHKA.

CymHOCTE TIPeIIOKEHHOTO crocoba [4, 5] 3akimrodaeTcs B YCOBEPIICHCTBOBAHHWU CIIOCO0A aHKEPHOTO
KpeIUIeHHsT BHIPA0OTOK, B KOTOPOM Ha Y4YacTKE Pa3pyIICHHBIX MOPOJ INIyp OypsST AMAMETPOM HE MEHee JIBYX
JquamMeTpoB aHkepa. [locie 3akperyieHus] aHkepa, 3a30p MEXIY HHM M CTEHKOH WIypa 3amloJHSIOT TJIMHO-
rpauTHON CMEChIO M yCTAHABIMBAIOT TEIIOOOMEH C BO3JyXOM BBIPA0OTKH C IIOMOIIBIO OMOPHOM 1Iali0bl B BUJIE
pamuatopa, 4YeMm OO0eCHEeYMBAETCS JOCTH)KCHHE TEXHHYECKOro pe3ysibTata - yBelnumdeHue KodduimeHra
TEIJIONPOBOJHOCTH TOPHBIX MOPOJ, BMEIIAIOIINX BHIPAOOTKY-KaHAJ, YTO MO3BOJSET YBENUYUTh dPPEKTUBHOCTH
nepenavyu Terja U3 MacCuBa TOPHBIX MOPOJ] TeIIIOHOCUTeNo (puc. 1).

1 — moxroToBUTENbHAS BBIPAOOTKA; MOPOIHBIA MACCHB; 2 — raika; 3
- maiiba-paauarop; 4 - TEIIONPOBOASIINI HAIOIHUTENb HITypa; 5 —
aHkep;, 6 — ckpemuitommii coctaB; D;, D, D3 — nmamerpsl,
COOTBETCTBEHHO, aHKepa, IIMypa B 3aMKOBOM YacTH, INIypa B
TEILIONPOBOAAIEl YacTy; |, l; — [IMHa, COOTBETCTBEHHO, 3aMKOBO
Y TEIUTONPOBOJISIIEH YacTH IImypa

Puc. 1. KoncTpykuus kpenu BeIpabOTKH-KaHaIa TEMII000MEHHUKA

KOHCTPYKTHBHO TEIUTONPOBOASAIINNA aHKEP BHITJIIIUT CIeIyomuM obpa3zoM. Temo aHkepa MOXKET OBITh
BBITIOJTHEHO M3 MaTephayia ¢ BBICOKUM KOA(PQGHUIIMEHTOM TEIUIONPOBOAHOCTH (A). DTO MOXeT ObITh MeTall, Kak
YepHBIH, TaK ¥ [IBETHOI B TOM ciy4ae, korjaa cpok ciryx0sr IIII'T cocTaBiseT HECKOIBKO NECSITHICTHH WM COTEH
ner. Hambonee mepcHeKTHBHBIMH, 10 HAIlEeMy MHEHHIO, SIBISIOTCS KOMITO3UTHBIE MaTepHanbl Ha OCHOBE
VTJICTITIACTUKOBBIX BOJIOKOH, KOTOpHIE OONamaroT KaK BBICOKMM A, TaK W YHUKAJIBHBIMH MPOYHOCTHBIMH

75



nokazaresiMa.  OOmuii  pa3mep aHKepa ONpeAessieTcs W3 pasMepoB IMPEIMSATCTBYIOMIEH —TEIJIONEepeHOCYy
TPEUIMHOBATON 30HBI BO BMEMIAIONINX BBIPAOOTKY MOpPOAax, KOTOpas, B CBOIO OYepeab, 3aBUCHT OT TIyOHMHEI
3aJI0’KeHHST BEIPAOOTKH, IPOYHOCTHBIX XapaKTEPUCTHK MOPOI, pa3MEepOB IOIIEPEUHOT0 CeUeHHs BEIPaOOTKH, THIIA ee
KpeTIr, BIAYKHOCTH CPedbl U APYTHX (PaKTOPOB.

VCII0BHO JUTHHY aHKepa MOKHO pas3JeliuTh Ha JBa ydacTka. 3amkoBas (l)) — 3To wacth aHKepa, KoTOpas
peanu3yeT CHIIOBBIE CBS3HM MEXAY aHKEPOM M TOPHBIM MacCHBOM. Takas (yHKIHS peau3yeTcs TyTeM CKICHBaHUSI
TeJla aHKepa C MOpPOJaMH IyTEeM 3allOJIHCHHs 3a30pa MEKAY TeJIOM aHkepa auamerpoM D, W creHkamm 1mmypa,
umeromiero auamerp D, TBepueromMM BsDKYIIMM cocTaBoM. [IpOTSHKEHHOCTh 3TOTO y4acTKa OIpelessieTcsl Ha
OCHOBE IPOYHOCTHBIX PAcUYeTOB U B JaHHOW paboTe He paccMaTtpuBaeTcsi. BTopoit yuacTtok - temnonpoBoasiuuii (I),
MOTOKH TEIUIOTHI IEPEIAI0TCS KaK TEJIOM aHKepa, TaK U TEIUIONPOBOISAIINM COCTABOM, 3aMOJHSIOIIAM 3a30p MEXKIY
TEJIOM aHKepa U CTCHKaMHU MIMypa, PACIIMPEHHOTO HA 3TOM ydacTke 1o auamerpa Dj, umeromum Ooliee BEICOKUM,
YeM Y TOPHBIX MOPOA, KOI(PQUIMEHT TEIUIONPOBOJHOCTH. B KauecTBe TEMIONPOBOASIIErO HAIOJIHHUTEINS MOXKHO
HCTIOJIB30BaTh TIIMHO-TPAPUTHYIO CMECH.

[Ipu mpoBexeHNWM IMIAXTHOTO 3KCIIEPUMEHTa 1O KOHTYPY BBIpaOOTKM | Oypmin B MOPOIHBIH MaccwB 2
YeTpIpe mirypa riryonHoi 1, = 5,0 M u quametpom D, = 36 mm. [nametp ankepa 3 pasen Dy = 25 mm. [mypsr Ne 1
u Ne 2 ucnonp3oBanmu B TakoMm Buae. Llmyper Ne 3 m Ne 4 pa3zOypuBanm Ha riyOuny | nmamerpom Dj, mpudem
JIMaMeTp TEIUIONPOBOHOM YacTh wimypa ObLT He MeHee ABYX JuaMeTpoB aHkepa 3 Dz > 2Dq: mmyp Ne3 - D3 = 50
MmM; mnyp Ne4 - Dz = 72 mMM. [Ipu BBEIITOTHEHUH 3TOTO YCIOBHS POCTa TEIUIOBOTO IOTOKA Yepe3 CHCTEMY «aHKeEp -
HATIOJTHHUTEJb)» B MOJIOCTh BRIPAOOTKH HAMOOJIEe 3HAUUTEIICH.

[Mocne storo mimyp Nel 3anmofiHsIM Ha BCIO JAJIMHY aMITyJlaMd 7 CO CMOJIOW M 3aKpEHHTENIeM, C OMOIIBIO
aHKepa 3 mepeMelIuBaId UX M 3aKPeIUBsUTH. Ero Mcmoib30Baliu B KaYeCTBE TAIOHA. B MOCiieiHNE HIMyphI aMITyJIbI
CO CMOJIOH ¥ 3aKpernuTeIeM 7 IOMEIIAIH TOJIBKO Ha JUTMHY 3aMKOBOM YaCTH M 3aKPEIUIUIN aHKep 3.

OfHOBPEMEHHO C€ O3THM TOTOBWJIM  TEIUIONPOBOJHBIA  HamoigHuTedb 4 ¢ Ko3(h(UuueHTOM
TEIUTOTIPOBOAHOCTH A = 22,5 BT/(M Tpan). B xauecTBe HAMOJHUTENS MCIIOIB30BAIN CMECh OCHTOHUTOBOM TIIMHEI U
nopomkoodpasHoro rpadura. 3apaHee CMEMHBaIM CyXHe KOMIIOHEHTHI CMECH B COOTHOIICHHH, OIPEeISIONIeM
HEOOXOIMMYIO BETHYNHY KO3 (HUIIEeHTa TeTIoNpoBoHOCTH. CyXyI0 CMeCh 3aTBOPSUIH BOJOH O KOHCHCTSHIIUH B
BUJIe TYCTOH CyCIIeH3WH U, HE J1aBas IJIMHE pa30yXaTh, HATHETAIN OUIAMOBEIM HACOCOM B TEIUIONPOBOIHYIO YacTh
mrmypoB Ne 2, Ne 3 m Ne 4.

3aTeM OCYIIECTBILLIN YCTAHOBKY OIOPHOW MAiOBl 5 MeXmy cTeHKoi BelpaGoTkm 1 m raiikoit 6. s
Jy4IIEro TermIoo0MeHa MEXIy CUCTEMOW «aHKEp - HAIOJHUTENb» U BO3AYXOM B IOJIOCTH BBIPaOOTKH 1, omopHas
maiiba 5 OblIa BBINMOJHEHAa M3 MeTalla B BHJE paauaropa - JeTald C pa3BUTOW BHELIHEH MOBEPXHOCTBHIO, YTO
yaydqmuiao TEIUIONMPOBOAHBIC CBOICTBa nocneuﬂeﬁ H CIIocoOCTBOBAJIO HHTCHCI/Iq)I/IKaHI/II/I KOHAYKTHBHOT'O
TeHH006MeHa MCKIY CUCTEMOMN «aHKEp - HaNoJHUTEC/IbL» W TCIUIOHOCUTCIICM IAaXTHOI0 Te€OTCpMaJIbHOI'O
TEeIJI000OMEHHHKA.

3aMKoBas 4acThb aHKepa 3 pacrojiarajach 3a MpeAelaMd TPEUIMHOBATON 00JacTH, OKpy’Karouien
BEIpAa0OTKY 1, TO ecTh B 00JacTH TeMIlepaTyp TOpHOTO MaccuBa. AHKep 3 ObUT MPOBOAHHUKOM TEIUIOBOW DHEPTHUH,
WHTCHCHUBHO TPOBOJS €€ B YYaCTOK IMOHIDKEHHBIX TEMIEpaTyp - B MOJOCTh BHIPAOOTKH 1. MOIIHOCTE TEIIOBOTO
MMOTOKa TPSMO TIPOTOPIIHOHANEHA IUIOIAAN CEYCHHUS BeAymiero kanaixa. OIHAKO C TOYKH 3PCHHS SKOHOMHUH
MeTa/lla HCIIOJIb30BaTh aHKEPHl OOJNBIIOrO CEUYEHUs HepannoHANBbHO. [103TOMYy MpHMEHSIM KOMOWHHPOBaHHEBIC
YCTPONCTBA, KOTOPBIE COYETAIOT HECYIIHE CTEPKHH U3 TIPOYHBIX MAaTEPHUAIOB U OKPYKAIOIIHE WX TEIDIOMPOBOTHEIC
JJIEMEHTHI, WMCIOIIUE BCIOMOTATeNbHOS 3HAYCHHWE KaK HECYIIHe KOHCTPYKIMH, a Takke OOecTeuMBaroIInue
TIOBBIIIIEHHYIO TEIUIONPOBOAHOCTh. [locie 3aTBepaeBaHusl TETUIONMPOBOJHON CMeCH BOKPYT aHKEpOB 3 B IIIypax
No2, Ne3, Ne4 o6pa3oBaIMCh 30HBI C TIOBBINIEHHOH TEIIIOPOBOTHOCTHIO.

Jlanee BBLAEP)KMBANIM KpeIUICHHE CYTKH M KOHTPOJHPOBAIM TeMIlepaTypy oOmopHoW maioer 5. [lpu
HAJIMYMM TaKOH Kpemu TOpHOIl BHIPaOOTKHM | OCHOBHOW NOTOK TEIUIOBOM SHEPrHHM MOCTYNal B TPaHHUIIBI
TEIJIO00OMEHa uepe3 aHKepHYI CHCTeMY, M TeMIlepaTypa OMOpHOH IaiObl 5 yBelUYMBajiach MO CPABHEHHUIO C
STAJIOHHBIM KperuteHueMm mmypa Nel. HambGonee WHTCHCHBHBIH POCT TEIDIOBOTO TOTOKA, a CICIOBATEIBHO M
TeMIIepaTyphl HaOIIOIAJICS [P TUAMETpPE IIMypa B TCILUIONPOBUAHOM YacTi D3 He MeHee ueM B JBa pa3za 0oJbIneM
nuameTpa Tena ankepa 3 Dy.

MomtHOCTh TemtoBoro notoka Q, /I / ¢, mepenaBaeMoro depe3 Takue aHKEPHBIE CHCTEMBI, ONPeaelsiIach
o opmyie:

Q/t=2T 7.[p?4, +-4,(D2 - D)), ()
4.1,

rne AT - u3MeHeHne TeMmepaTypsl Ha onopHoi maiide, C; li- riryOnHa 30HBI pa3pyIIaeMbIX IMOpPOJI, M; t -
BpeMS, C; Ay, A KOOGOHUIMEHT TETUIONPOBOIHOCTH, COOTBETCTBEHHO, aHKEPA 3 M TEILIOMPOBOIHOTO HATIOJHUTENS 4,
BT / (M K); Dy, D3 - nuameTpsl, COOTBETCTBEHHO, aHKepa 3 U LINypa B TEIUIONPOBOJHOM YaCTH.

PesynbTaThl MIAXTHOTO 3KCIIEPUMEHTA CBECHBI B TA0IHITY 2.
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Tab6muma 2
V3MeHeHHe TeMITepaTyphl OITOPHOH 1aii0bl B 3aBUCHMOCTH OT JMaMETpa IIIIypa ¢ TeIIONPOBOIHBIM HAIIOJHUTEIEM

mr]:f;pa Ds, v Ot Iile | T,,°C | AT, °C | AQH Jiw/c | +%
1 36 (6e3 TEIIONPOBOAHOTO HATIOIHHUTEIIS) 0,213 29 - -
2 36 (¢ TEMIONPOBOIHBIM HAITOJHUTEIICM) 0,225 31 2 0,012 +5,63
3 50 (¢ TEIIOMPOBOIHBIM HATOJHUTEICM) 0,279 37 8 0,066 +30,99
4 72 (¢ TCIIOMPOBOIHBIM HATOJHUTEICM) 0,451 42 13 0,238 +111,7

TakuM 00pa3oM, HCIOIB30BAHKWE MpeIIaraeMoro crocoda obecrednBacT yBelWdeHHE KOdPhHUITHEHTA
TEIJIONPOBOJIHOCTH TOPHBIX MOPOJ, BMEIIAIOIINX BBIPAOOTKY - KaHal, U TO3BOJSIET YBENUYUTh dPPEKTUBHOCTH
nepenayd TeIia U3 MacCHBa FOPHBIX MOPO]] TEINIOHOCUTENIO B 3aBUCHMOCTH OT JMaMETpa IIIypa, 3amoJHEHHOTO
rmHO-TpadutHOW cmeckio Ha 30...100%.. Ilpm sTom moBbImaercs 3((EKTHBHOCTH pabOTHl MIAXTHOTO
TCOTEPMATBHOTO TEIIO0OMEHHHKA

Dxonorundeckas 3 (HEeKTUBHOCTh pa3pabOTaHHBIX MPEUIOKCHUH 3aKIIF0YaeTCs B COKPAIICHUH TOTPEOICHUS
NIAXTON HMCYEPIACMbIX MPHUPOTHBIX YHEPTETUUYCCKAX PECYPCOB U COMYTCTBYIOMICTO MX CKUTAHUIO HETaTUBHOMY
BO3JICHCTBHIO Ha OKPYIKAIOLIYIO CpPELy.

Jlureparypa

1. IBopoB .M. I'eotrepmansHas sHepretuka. — M.: Hayka, 1976.- 215c¢

2. Tlarenr na BuHaxim Ne82121 Vkpaima MIIK F24 J3/08, F03 G41/00. «Crmoci6 omepskaHHs
reorepmanbHoi eHeprii» Kocrenko B.K. Koctenko O.B., Kocrenko T.B., 3asBHuK i BiacHuk JoHHTY. — Ne
u200603145; 3asen. 03.04.2006; omy6u. 11. 03. 2008, Orom. Ne5.

3. TOCT 25493-82 Tlopoms! ropHBIe. MeTon OIpeneNeHus YACTbHON TEIIOEMKOCTH M Kod((HUIIeHTa
TEeMIIEPaTypOIIPOBOAHOCTH

4. Tlatent Ha BuHaxix Ne102020 Vkpaima MIIK E21D 21/00, E21D/00. «Croci6 aHKepHOTO KpilUICHHsI
BupoOku» Kocrenko B.K. . 3ap'smoa O.J1., Canexupamk C. [lunuka O.C., 3asBuuky 1 BaacHuku JJoHHTY. — Ne a
2011 12723; 3asBk.. 31.10.2011; my6ur., 27.05.2013 Orom. Ne 10.

5. Matent Ha xopucHy momenb Ne 70012 VYkpaina, MIIK E21D 13/00. Croci6 aHKepHOTO KPIIUICHHS
BupobOku/ B.K. Kocrenko, 3ae’snosa O.JI., C. Canixepamk, O.C. lunwuka; 3asBauk i Baacauk JoHHTY. — Ne
u201112926; 3asen. 03.11.2011; omy6ur. 25.05.2012, brom. Nel0.

A.A. KYJIPSABLEB
Hayuonanvuwiii munepanvho-coipbegou ynusepcumem «I opHuliiy

ITPUMEHEHUE XPOMATOI'PAOHUYECKOI'O AHAJIN3A
IMPOAYKTOB B3PbIBA /IUIs1 OITPEJAEJEHUA OBPA30BAHUA
AJOBUTBIX I'A30B ITPU ITPOU3BOACTBE MACCOBBIX B3PBIBOB

B pabore mnpuBeneHBl pe3yibTaThl OKCIEPUMEHTAIBHOTO HWCCIEOBaHMS JUHAMHUKH W3MEHEHHMs
KOHLEHTPAIMH SIOBUTHIX Ta30B IIPU B3PbIBE CKBAXHMHHBIX 3apPs0B C HCIOJIb30BaHUEM I'a30BOH XpOMOTOrpadHH.
IIpuBeneH aHamU3 CYIIECTBYIOLIUX METOAUK KOJUYECTBEHHOTO U KAUECTBEHHOTO OIpEAENeHUs SAOBUTHIX
ra3oB IpH TPOBEACHUM MAacCOBBIX B3pHIBOB Ha Kapbepax. Pe3ymbTaTsl aHannM3a MOKA3bIBAIOT, YTO
XpoMOTOTrpadUIecKuil METO C MCIIOJIF30BaHUEM IIEPEHOCHOTO TazoBoro xpomortorpada XIIM-4 mpencraBmsercs
Hanboyee ONTHMAJbHBIM, IO3BOJISIONMM ONPENCISATh LIMPOKHH CHEKTP TOKCHYHBIX BEIIECTB, C BBICOKOMH
TOYHOCTBIO H3MEPEHHSI KOHIICHTPAIIHH.
Hayunsrit pykoBoauTens: A.T.H., mpodeccop I'.I1. [TapamoHOB 1 K.T.H., HomieHT F0.A. MupoHOB
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E.I'. KY3UH, E.1IO0. 1IY10B, 5.B. MEJIbHUK
Qunuan Kysbacckozo eocydapcmeennozo mexnuieckoeo
yuusepcumema um. T.®D. I'opbauesa, [Ipokonvesck

IKCPECC OHEHKA INOAITOBEPXHOCTHBIX CJIOEB C
IMPUMEHEHHMEM I'EOPAJIMJIOKIIMHN HA OTKPBITBIX I'OPHBIX
PABOTAX

Ha npennpusitusix BeIyIIMX OTKPBITHIE TOpHbIE PabOTHl Ha MOAPAOOTAHHBIX MOA3EMHBIMH TOPHBIMHU
paboTtamMu TEppUTOPHAX BO3HHMKAeT ONACHOCTh WX IlepecedeHHs. BcKpbiBaeMble MOJ3EMHBIE BBIPAOOTKH - 3TO,
OpolIeHHbIE, YaCTHYHO OOpYIICHHbIE IOArOTOBHTENbHbBIC, HOOBIYHBIE, TOPU3OHTAIbHBIC, BEPTHKAIbHBIE U
HAKJIOHHBIE BBIpaOOTKH. B CBsA3M ¢ TeMm, 4TO 3TH BBIPaOOTKM Tpoxomwiauchk mpumepHo 40-50 ner Hazam,
MapKUIEIEPCKUX JOKYMEHTOB, Kak IpaBWio, HeT. [[ns mpemoTBpallleHus aBapUMHBIX CUTyalUd, TaKUX Kak
MPOCEIaHNE 3KCKAaBAaTOPHOH, OyIbl03€pHOM TEXHMKM WIM aBTOTPAHCIOPTA, BO3HMUKAET HEOOXOIMMOCTh
MIPEABAPUTENHLHOTO OOHApPYKEHUSI TPOBAIOOMACHBIX 30H M TNPHHATHA HEOOXOAWMBIX MeEp, MPEMATCTBYIONINX
BO3HMKHOBEHHIO aBAPUH M MHIU/ICHTOB.

B cooTBeTcTBUM ¢ HOPMAaTUBHBIMM JJOKYMEHTaMH [2] B epeyeHb OMACHBIX 30H pa3pesa, MPHIaraeMbIX K
rOZI0BOMY TUIaHY Pa3BUTHS TOPHBIX paboT, BKIIIOYAIOT:

- OMAacHBIE 30HBI B KOHTypax pa3pesa, OTBAJIOB, TMIPOTEXHHUUECKUX COOPYKEHHH, B Mpejenax KOTOPhIX B
HHaHpreMLIﬁ nepuona npeamnojiaracTcsa BEACHNUE TOPHBIX U APYT'UX BUJIOB pa60T;

- OIIaCHBLIC 30HBI, B IMPCACIaX KOTOPLIX IPOXOJAT TPAHCHOPTHBIC MarucCTpajn paspe3a HUIM BO3MOKHO
HOSIBJICHHE JIFOIeH, MEXaHU3MOB, TPAHCIIOPTA;

- ONacHele 30HBI, OOpa3oBaHHBIC pabOTaMM JAPYTUX TOPHBIX TPEINPHATHA (WIAXT, pa3pe3oB) H
TIOTIa/Ial0IE B KOHTYPHI BEICHHS TOPHBIX M APYTUX BUIOB PAOOT B INTAHOBBII MEPHOI.

OnHum u3 croco0oB
0oOHapyKeHU TOTOOHBIX YYaCTKOB
SIBIISCTCS NEePCIEKTUBHBIN METO
reopaguojokanuu. IIpy  IpoOBeACHUH
JTAHHOTO o0cienoBaHus reopaiap

MO3BOJISIET IOJMYyYUTh OOIIYI0 KapTHUHY,
(haKTHYECKH «PEHTTeH» IPYHTa 3eMIISTHOTO
MIOJIOTHA MCCIIEAYEMOTO y4acTKa - COCTaB H
TOJIIIMHY CJOEB, HAJMYHE MEp3JbIX WIH
NIepEYBIAKHEHHBIX yYaCTKOB, OTOJI3HEBBIX
MIPOLIECCOB M TEKTOHMYECKHX HApYIIEHUH,
MOJOCTEH,  y4acTKOB  PasyIUIOTHEHUS,
HaJlMYhe  TOJ3EMHBIX  KOMMYHHKalui,
T'PaHUI] TPYHTOBBIX M TEXHOTEHHBIX BOJ U
Puc. 1. IInan npoBeneHns reopaiapHON CbeMKH T.1. (eM. pHc. 2).
Ilpunuun  neiicTBusl  reopajapa
OCHOBAaH Ha M3JIy4YE€HHH CBEPXIIMPOKOMOIOCHBIX HAHOCEKYHIHBIX MMITYJIbCOB, IPHEME CUTHANIOB, OTPAKEHHBIX OT
TPaHMI] pasena cpel, CTPOOOCKONMUYECKOH 00pabOTKe MHPUHATHIX CHUTHAJIOB W TOCIEAYIOIUM H3MEPEHHEM
BPEMEHHBIX HHTEPBAJIOB MEX/y OTPa)KEHHBIMU UMITyJIbcamu [1].

PexomMenyeTcs pa3sMETUTh NPEIBAPUTEIBHO HANPABICHUE U HOMEpa Tpacc Ha ydacTke 0OCIIeOBaHUs, Ha
KOTOpPOM IOMEYaTh BCE KPYIHBIE OOBEKTHI, PACIONATAIOIIMECS BAOJb HAIPABICHHUS INEPEMEINCHHUS — CTOJOBI,
KOMMYHUKanud u T.JA. (puc. 1). DTo HEoOXOIUMO AJIsi TOTIOJHUTEIBHOW MPHBSA3KK TreopajapHoro npodwuiis Ha
MECTHOCTH ¥ 00JIeTUYEHUS Mpoliecca HHTeprnperanuu [3].

Ha pucynke (cMm. puc. 2) mpeicraBieHbl pagaporpamMma M (oTo BCKPBITOrO B IIOCIEJICTBHM ydacTKa
OTKPBITBIX TOPHBIX pa60T, rac 6])1)13 BbISIBJICHA sIBHAs I'paHUIla HAIUTACTOBAHUS MMOPOI.

Ha puc. 3 npencrasiena panaporpamma ¥ (GoTto oOHapyeHHOH TOpPHOW BBIPaOOTKH, KOTOpas Oblia
YacTHYHO 0OpymIeHa. Tak Kak B IPOIecce Te0pagapHOi CheMKH MPEINOI0KHUTENLHO BEIpa0OTKa Obla Ha TiIyOnHe
OKoJI0 1,5 M OT MOBEPXHOCTH, TO C COONIOJICHNEM Mep O€30MacHOCTH, 3aYHMCTKa MPOBOIMIack OynbrozepoM. Ha
OCHOBAaHMHM IAaHHBIX I'€OPaANOJIOKAIIMM aBTOAOpOra ObLIa CMEIIEHA B CTOPOHBI, TEM CAMBIM OBUIM HCKIFOUCHBI
TIPOBAJIBI TEXHHUKH.
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6)

Puc. 2. OGHapy)eHHe TpaHuUI] CII0EB OPOJ] C PAa3HBIMHA CBOWCTBAMH: a)
panaporpamma, 6) $GoTo HOCIe BCKPBITUS yCTyTa

6)

Puc. 3. Ilonzemuast ropHast BeIpaboTKa: a) OOHapyKeHHE Ha pajaporpamme, 0)
(oTo mocne 3a4UCTKH OYJIbI03epOM
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Taxum 00pa3oM, reopagapHble HCCIIENOBAHNSA HA OTKPBITHIX TOPHBIX pabOTax MO3BOJIAT:

1. ompenensaTs CTPYKTYpy TPYHTOB UL ONpeleIeHHs MapaMeTpPOB PACIIONIOKEHUS OypPOBBIX CKBAXKHH B
LeJIAX ONTHMAJIBEHOTO PACXOI0BaHMS B3PHIBUATHIX BELIECTB;

2. onpeneniTh 0OBOJHEHHbIE YIACTKH U YYaCTKH CKIOHHBIC K OIIOJI3HSM;

3. B cimy4ae BeneHHs paboT Ha ydacTKaxX MOAPaOOTAHHBIX MOI3EMHBIM CIIOCOOOM, OIPENENsATh HEe3aro-
HEHHBIE ITyCTOTHI I HCKITIOUYEHHUS [TPOBAJIOB;

4. B HEKOTOPBIX CIydasX, MPH OJIM3KOM 3aJieTaHWH YroJbHBIX IUIACTOB YTOUHSTH UX MECTOIIOJIOKECHUE U
KOH(UTypanuio;

5. B 3MMHee BpeMs OIpeJeIsiTh 30HBI MPOMEP3aHMs TPYHTa IS NMPOTHO3UPOBAHMS PACHPOCTPAHEHUS
yJIapHOM BOJIHBI IIPH B3PBIBHBIX paboTax.

Ipemaraemslii coco0 3KCIPECC OLEHKU IOANOBEPXHOCTHBIX CJIOEB, B CIIy4ae €ro CHCTEMAaTHYEeCKOIo
MMPUMEHEHUA MMO3BOJIUT CYIIECTBEHHO IMOBLICUTH 6630HaCHOCTb BEACHUS T'OPHBIX paﬁoT.

Jlureparypa
1. Beenenue B reopanmoiokanuio. YaeoHoe mocodue, M. JI. Bmagos, A.B.CraposoiitoB, U3n-so MI'Y,
2005.
2. I1b 05-619-03 IIpaBmia 6e30mMacHOCTH MPH Pa3padOTKE YTOIBHBIX MECTOPOKICHUH OTKPBITHIM CIIOCO-
oom.

3. I'pymma Kommannit «JIOTUC-TEOTEX» [Onexrporuslit pecypce] / T'eopamapsr cepun «OKO-2». — Pe-
suM poctyna http:// www.geotech.ru , ceoGoanbiid. — 3ari. ¢ akpana. — 53. pyc.

E.I'. KY3UH, E.10. IYJ1O0B, K.K. PEMIIEJIb, B.A. BAKUH
Qunuan Kysbacckozo 2ocyoapcmeennozo mexnuieckoeo
yuusepcumema um. T.@. I'opbauesa, [Ipokonvesck

PA3PABOTKA METOJMKM DKCIIPECC-OLEHKH COCTOSIHUS
KPOBJIM IOATOTOBUTEJBHBIX TOPHBIX BHIPABOTOK
3AKPEIIJIEHHBIX AHKEPHO# KPEMBIO C UCTTIOJb30BAHUEM
T'EOPAJIMOJIOKALIMHA

Jlist obecrieueHus: BHICOKOIIPOU3BOANTEIBHON U Oe30macHOl paboThl COBPEMEHHBIX TOPHBIX MPEAPHATHH
HEOOX0/IMMO HMMETh JIOCTOBEPHYIO HMH(OPMAIMIO O COCTOSIHUM TOPHBIX BBIpaOOTOK. IIporHo3 cocrosHus U
TIOBE/ICHHUS IIOPOJ KPOBIHM BBIPAOOTOK MPOJOIDKAET OCTaBaThCs BEChbMa aKTyalbHOW 3amaved. [lna oueHku
COCTOSIHMSI KPOBJIM HMMEETCS HECKOJBKO CII0COOOB, TaKMe KaK BU3YalbHBIH WM W3MEPHUTENBHBIN KOHTPOJIB,
YIIBTPa3BYKOBOU KapoTax, u T.1. [1].

CmenieHne mopoa B TOPHBIE BBIPAOOTKH NPUBOAMT K PACKPBHITHIO TpeuinH. Hannane n pa3BuTHE TpemnH
MIPUBOJNT K Pa3pyLICHUIO IPUKOHTYPHOTO MaccuBa MOPOJ C BHIBAIOOOPA30BAHMEM B JIaBax M BBIXOJOM M3 CTPOS
MOATOTOBUTEIBHBIX BHIPAOOTOK. YCTaHOBJIEHHE 3aKOHOMEPHOCTEH TPEIIMHOOOPAa30BaHMUS B NPHUKOHTYPHOM
MacCHBE IIOPOJ HEOOXOAMMO Ii 0OOCHOBAHUS TEXHHUECKHX M TEXHOJIOTHUECKHX PEIICHHH, 00eCIeUuMBAIOIINX
YCTOHYHUBOCTH TOPHBIX BEIPAOOTOK, O€30MAaCHYIO U CTa0MIBEHYIO padoTy maxT [2].

BusyanbHblli KOHTpOJIb TO3BOJISIET OLGHMBATh caM (hakT CMEIIEHHs, HO HE I03BOJISIET OIPEIeIUTh
BEJIMUMHY, Pa3Mepbl U MIyOUHY paclpoCTpaHEeHHUs TPEIMHbBI; CKBaXKHHBI TIO3BOJISIFOT OLEHUTH KPOBJIIO TOJBKO Yepe3

OIIpeJiCJICHHbIE UHTEpBaibl. B cBs3H
C OJTUM HE BCeraa BO3MOXKHO
OOHapY)XUTh YYacCTKH BHIPaOOTKH,
CKJIIOHHBIE K TPEIINHOOOPa30BAHHIO
1 OOpYIICHHUIO.

Ucnonb3oBanue
BUJICORHJIOCKOTIA peIaeT JaHHYIO
npoOJIeMy TOJNBKO YaCTHYHO — BHAS
BEJIMUMHY W pa3Mepbl TPELIMH B
mpejenax —JAaHHOTO  IIIypa  HET
undopmanmu o HAaIpaBJICHUH
pacnpocTpaHeHUs] TpeuuH (CM. puc.
1).

Meron  reocKaHUpOBaHHUS
MO3BOJISIET MPOCBETUTH TIOBEPXHOCTh
KpOBJIM, OOPTOB, ITOYBBI BBIPAOOTKH

Puc. 1. O6cnenoBanue mimypa BUICOIHIOCKOIIOM Ha BCEM €€ MPOTsLKeHHH. [lpyrum
JOCTOMHCTBOM METO/Ia SIBISIETCSI €r0
orepatuBHOCTh. Ha oOcnenoBanue
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1000 M. BeIpabOTKH TpeOyeTcs He Oosiee IBYX 9acOB 3aMEPOB U IMIECTH YaCOB 00PaOOTKH.

I'eopamapHoe oOcitenoBaHMe WINM TeOPATHOIOKAIMSA - 3TO METOIWMKAa Hepa3pylIalomIero OOCIeTOBaHMA,
3aKITIOYAIOMIASCS B aHAJNU3e HMITYJIbCOB, OTPAXEHHBIX OT TPAHMIl CPENl C PA3TUYHBIMU JIIEKTPOPUINICCKUMHU
XapaKTePUCTUKAMHU (C Pa3TUIHON TUIIICKTPUIECKOW MTPOHUIIAEMOCTRIO - €) [3].

[puHtnn neiicTBHS reopagapa OCHOBAaH Ha METOJE PAIMOJIOKAINH: W3IydCHHE B 30HAUPYEMYIO CpPEIy
3JIEKTPOMArHUTHBIX MMITYJECOB M PETHCTPALNS OTPAKEHHBIX CHTHAIIOB OT HEOJHOPOTHOCTEH M OOBEKTOB B TOJIIE
cpenbl. [1o100HBIH MeTO SIBISIETCSI METOIOM HEpa3pyIIAIOIIEro NCCIeJ0BAaHHUS M KOHTPOJIS.

[Mpennaraercst cnegyromas METOJIMKAa IPOBEACHHS TI'eOpafgapHOro o0OCIeOBaHUS KpPOBIM TOPHBIX
BBIPA0OTOK:

1. Ha BeIKONMpOBKE C IJIaHA UCCIEIYEMOT0 y4acTKa BBIPAOOTKU ¢ yu€TOoM €€ pa3MepoB U Te0JIOTUU TOp-
HOT'O MaccuBa ONPE/ENISIOTCSl KOJIMYECTBO M HAaIIPaBJIEHHs TPAcC MepeMelIeH s reopajapa.

2. Ha mecTe mpom3BojcTBa paboT HEMOCPEICTBEHHO Ha GIOKE BBITIOMHAIOTCS CIELYIONIME MOATOTOBH-
TeJbHBIC PaOOTHI:

- BBEICTABJISIOTCA BEIIKH 0003HAYAIOMIe Hadalo W KOHEI] HAMEYEHHBIX TPAaccC;

-MOHTHPYETCS] aHTCHHBIH OJIOK, BHITOJIHAIOTCS HEOOXOAUMBIE TTOIKITIOUEHUS TaTINKa MepEeMEIIeHIs, H3ITy-
yaTessl, aHTCHHBI U OJIOKa YIPABICHUS B OJIHY 1ICTIb.

3. AHTeHHBIH 610K KPEIHUTCS IPH HOMOIIM PYYKH-IITAHTH U PEryIupyeTcs ee JIMHA I ya00CcTBa Mo-
JiepKaHus OJIOKa MPU IPOBEICHUH 00CIICOBAHUS KPOBIIH.

4. TlpemBapuTeNbHO yCTAHABIMBAIOTCA CIIEAYIONIHE TAPAMETPHI:

- HAaKOIUICHHWE CUTHAJA, YCUJICHHE, TUDJICKTPUIeCcKast IPOHUIIAEMOCTb.

5. Tlepsolit onepatop nepeMeInacT aHTeHHEIH OI0K, BTOPOil OMepaTop CHUMET ITOKA3aHMS U JIETAeT COOT-
BETCTBYIOIINE TOMETKH, UCIOJIb3Ys OJIOK yrpasieHus u oopadorku (bYO).

6. IIpu npoBeeHNN CKAHUPOBAHHS AHTEHHEIH GIIOK IIPHKUMAETCS 110 BO3ZMOKHOCTH OJIMKE K KPOBJIE BbI-
paboTKH, HO TIPH 3TOM, HE COTIPHKACASCH C MMOTIEPEUYHBIMH ITOIXBATAMH aHKEPHOTO KPETICHNUS.

7. OmepaTop 3aITycKaeT 3allich CKAHUPOBAHHS M IIEPEMEINAETCS BIONB BEIPAGOTKH CO CKOPOCTHIO 3 — 4
KM/4 BeJlsl aHTCHHBIN OJIOK MEXIY psIaMHi aHKEPOB.

8. Ilpu manumumm xabeneif, MeTaIMUECKUX TPYO MIM APYTMX META/NIOKOHCTPYKIHI (OTIMYHBIX OT MOJ-
XBaTOB - IITPUIIC) CTABUTCS METKA Ha TPOQHIIE.

9. ITocne npoxona HaMEYEHHOTO NPOQUIIS 3AIUCh OCTAHABIMBACTCS.

Jns ymobcTBa WHTEpHpeTanmuy TaHHBIX IIPH KaMepadbHBIX padoTax Npopuinm TeoCKaHUPOBAHUS
npoxonarcs 1o 20 MeTpoB MEXIY MTHKETaMH.

Ha puc 2. M3o6paxkena cxema pacronoxenus tpace (1-7) mepemereHus reopaaapa.

20 mempob

4 LT,

[ \ \ 7
S - e 5 - T =7 = =
b _ Ll It S A N ERARN

Puc. 2. KapTa cxeMa npoBeJicHUs 00CIICTOBaHUS

Ha puc. 3. mokasaHa pagaporpaMmma € 4BHO BBIPAKCHHBIM OTCJIOCHHUEM IMAa4YKW MOPOJ COBIIaJaromiee ¢
pe3yabTaTaMu O6CH€)_IOBE[HI/I$[ BUACOIHAOCKOIIOM.
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Puc. 3. Padoapozpamma Kposnu ¢ A6HO 8bIpAMCEHHbIM OMCA0eHUeM NAYKU NOpoo Ha svicome okoio 1,2 — 1,4 m

Heo0xoaMMO OTMETUTh, 4YTO TreopajapHoe oOcieloBaHHe CleAyeT JMAOMOJHITh APYIHMMH BHIAMHU
o0crie0BaHMi Ha TIEPBOHAYAILHOM JTare, TaK KaK BOZMOXHO MPUCYTCTBHE MMOMEX BIIHSIONINX HA HHTEPHIPETALIUIO
nokasaHuii reopagapa. Kpome 3Toro, ucrnonb3oBaHue reopajgapa Ha OOBOJHEHHBIX (MEpPEeyBIAKHEHHBIX) Y4acTKax
HE TOKA3bIBACT KApTHHY TIy0Xe BOAOHOCHOTO cJiosi. OHAKO BBIIC/ICHHE MEPEYBIAXHEHHBIX YU4acTKOB (He BCeraa
ompeiesieMbIX BU3yalbHO) MOKHO OTHECTH K JOCTOMHCTBAM METO/IA.

TakuM 00pa3oM, TPOBEAEHHE TeOPaapHBIX OOCIIEIOBAHUI B KAaYeCTBE HKCIPECC-OLEHKH COCTOSHUS
KPOBJIM BBIPAOOTKH TOBBIIMIACT 0E30MACHOCTh BEJCHUS TOPHBIX Pa0OT, B YaCTH OMPEAETEHHs 30H CKJIOHHBIX K
o0pymieHuro. 3aTpatel Ha OOCIIEIOBAHUS HECPABHUMBI C 3aTpaTaMH Ha PEMOHT TEXHHKH M O0OpYIOBaHHS, HE
TOBOPS yoke 0 6€30MacHOCTH MepCOHAA.

Jlureparypa

4. JIyranues b. b., Ky3nenos 0. H., Mapteienko 1. 1. OGecniedeHne yCTOWIMBOCTH TPEUTMHOBATHIX T0-
POIHBIX MAaCCHBOB B OKPECTHOCTH ITO/I3EMHBIX TOPHBIX BEIpaboTOK. - HoBouepkacck.: FOPI'TY. - 2007. - 300 c.

5. Uepnsx U. JI., bypuakos 1O. 1. YmpasneHne ropHsIM JaBIEHHEM B ITOJTOTOBUTENFHBIX BHIPAOOTKAX
riry0oxux maxt. - M.: Henpa, 1984. — 304 c.

6. BeeneHnue B reopaauoiiokanuo. YdyeoHoe mocobue, M. JI. Bnagos, A.B.Craposoiitos, N3n-so MI'Y,
2005.

B.B. ITAUT'UH
Hayuonanvuwviii munepanvno-coipbesoti ynusepcumem «I opuwiily

OBOCHOBAHHWE TEXHOJIOT'MY THTEHCUBHOM OTPABOTKH
MOJIOTNX KAJIMMHO-MATHUEBBIX IIJIACTOB IO/
BOJOHOCHBIMHU I'OPU30OHTAMMA

B cOBpeMEHHBIX PBIHOYHBIX YCIOBHAX, TOPHOE MPEANPUATHE MOXHO CUHTATh XH3HECIIOCOOHBIM, €CIH
o0ecTieunBarOTCA CIEAyIOMHe TPeOOBaHM: MPOAYKIHS MPEIIPUATHS NODKHA OBITh KOHKYPEHTOCHOCOOHOW Ha
BHYTPEHHEM U BHEIIIHEM PHIHKAX; IPEANPHUSITHE JOIDKHO 00eceunBaTh 0€301MacHOCTh BEJICHNS paloT.

BrinonHenue 3Tux TpeOOBaHMH, UMEET 0COOYIO aKTyalbHOCTh IPH Pa3padOTKe COJISTHBIX MECTOPOXKICHUH.
Crneunguyeckoii 0COOEHHOCTBIO pPa3pabOTKH, KOTOPBIX SBJSIETCS IIOBBIIICHHAS ONACHOCTb IPOHUKHOBEHUS
MOA3EMHBIX BOJ| B TOPHBIE BEIPAOOTKH, CIIEJICTBHEM YETO MOXKET CTAaTh 3aTOIUICHHE PY/THHUKA.

B wmupe 3arorureHo yxe Oonee 80 KanMHHBIX PYAHHKOB, Oojblias YacTb M3 HUX — B ['epmanuu. B
nocieqaue 10 jer Tonbko Ha BepxHEKaMCKOM MECTOPOXKICHHM KalWHO-MarHHEBBIX COJIEH 3aTOIUIEHO [Ba
COBPEMEHHBIX KaNUIHBIX pynHuka. [Torepu 3amacoB coctaBmwiau 319 MIH.T. DKOHOMUYECKHH yImepO COCTaBIsET
HECKOJIbKO MIJUINApA0B JI0JIapOB.

IIpn paccMOTpeHHHM TIPUYMH 3aTOIUICHUS PYIHUKOB BEpXHEKaMCKOTrO0 MECTOPOXJICHHMS, IOSBHIACH
THIIOTE3a: BEPOSITHOCTH MOSBICHHUS BOJONPOBOAAIINX TPEIIMH B MACCHBE, M KaK CIIEJICTBUE, 3aTOIUICHHE PYIHUKA
3aBUCHT OT HHTEHCHBHOCTH OTPa0OTKH CHIbBHHHUTOBBIX IJIACTOB.

B nanHOl paboTe paccMOTpeHa TEXHOJIOTHS OTPaOOTKH CHIBBHHHTOBBIX IUIACTOB C TNPHMEHEHHEM
KoMOaiiHa ¢ OapaGaHHBIM HCIOJHUTENBLHBIM OPTaHOM W CPEICTB HENPEPBIBHOW JOCTaBKM pynbl. B nanpHeimiei
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paboTe TOxpa3yMeBaeTCs ONpEIeIeHHEe BIMSAHMS WHTCHCHBHOM OTpPaOOTKM, Ha NpHMEpe IPeaoKeHHOM
TEXHOJIOTUH, Ha HalpsKEHHO-Ie(OPMHPOBAHHOE COCTOSIHHE BOJO3AIIMTHOW Tommu. Tarke HEoO0XoAuMo
OIIPeNIeNINTh TPAHHIy WHTCHCHBHOCTH OTPAaOOTKH, IpH KOTOPOH BEPOSTHOCTh IPOHMKHOBEHUS BOABI B
BBIPAOOTaHHOE POCTPAHCTBO OYAET OCTABATHCS MHHUMAIILHBIM.

Hayunsrit pykoBoanTENS: A.T.H., Ipoheccop B.I1. 3ybos

B.B. PAUC
Hayuonanvuwiii munepanvro-coipbesoti ynusepcumem «I opbiiiy

MAHKEPUT B KAUECTBE 3AKJIAJJOYHOI'O MATEPHUAJIA JIJIS
PYJHUKOB, PACITIOJIOKEHHBIX B KPUOJIMTO30OHE

B pabote paccMOTpeHbI METOBI MOTYYEHHS KOMIO3UIIMOHHOTO MaTepHata Ha OCHOBE JIbJa U JIPEBEC-
HBIX ONMWJIOK (MJIM KaKOTO-JINOO JPYroro BUIA JPEBECHON MAacCCHl, HAIPUMEpP, OYMa>KHOW ITYJIBIIBI), ISl UCTIONb-
30BaHUS B KQUECTBE 3aKJIaJJOYHOTO MaTepuala IpH pa3paboTKe MECTOPOXKICHUH B 30HE OTPULIATEIBHBIX TEMIIE-
patyp. PaccMOTpeHBI HEKOTOpbBIE (PH3MKO-MEXaHHYECKHE CBOWCTBA NAHHOTO Marepualna, MIPOaHaIN3UpOBaH
OTIBIT IPUMEHEHHS NaiiKepuTa B BOCHHOW TEXHHUKE M CTPOUTENBCTBE. [IJI 3aKiTa ki TOPHBIX BEIPAOOTOK IaiKe-
PHUT MOXHO HCIIOJIB30BaTh KaK B KOMOMHAIMH C JIbJIOTIOPOAHON 3aKNIaJKOM, TaK M B KAU€CTBE CAMOCTOSTEIBHOTO
3aKJIaIOYHOTO MaTepuana.
Ienbto pabOTHI SIBJISICTCS CO3[JAHUE PEKOMEHIAIMIA MO0 OCYIICCTBICHUIO 3aKJIQJI0YHBIX Pa0OT U3 HOBOTO
JUISL TOPHOTO Jiesia Matepuaia. [[puMeHeHne TaHHOTO KOMIIO3UTHOT'O MaTepHaja MO3BOJIUT HE TOJIbKO pacliu-
pUTH 00J1aCTh MPUMEHEHUs! JIBJIOIOPOIHOM 3aK/IaJKH, HO YBEJIMUUTH O€30IMIaCHOCTh TOPHBIX PabOT, IPH 3TOM
YUHUTBIBAsI KOJIOTMYECKHE OCOOCHHOCTH KPHUOJIUTO30HBI. A 3TO B CBOIO O4epe]b OyneT CIIocOOCTBOBATH BOBIIE-
YEHUIO B SKCIUTyaTaIlHi0 HOBBIX MECTOPOXKACHHUH I.H., pa3pabOTKa KOTOPHIX B HACTOAIIEE BPEMs IO TEM WU
WHBIM IPUYUHAM HEpEeHTa0eIbHa.
Hayunsrit pykoBomuTens: A.T.H., mpodeccop O.B. Kopanés

B. B. PYCHH, B. H. BOKIINIJ
Benopyccruil nayuonanvuviil mexuuueckuil yHugepcumen
OAO «benzopxumnpom»

TEXHUKO-Y)KOHOMHMNYECKAS OIIEHKA OTPABOTKH
3ABAJIAHCOBBIX 3AITACOB BEPXHEM ITAYKH |V KAJJUAHOI'O
T'OPU30HTA KPACHOCJIOBO/JCKOI'O PYJTHUKA
CTAPOBUHCKOI'O MECTOPOXKJIEHUS

AnHoTanmsi. PaccMoTpeHs! BapraHThl 0TpabOTKM 3a0alaHCOBBIX 3amacoB BepxHel nmauku |V kanumitHoro
ropusonTta KpacHocnob6ockoro yyactka (BocTouHas 4acTh). IIpuBeneHbl Moka3aresin KauecTBa PyAHOW Macchl U
MPpUOBLTH, 00BEMBI KOHEUHOTO MPOIYKTa — KUIMHHBIX yaoOpenuii. [Ipemioxken BapuaHT oTpabOTKK 3a0anaHCOBBIX
3amacoB BepxHei mauku |V kammitHoro ropmsonTta KpacHocmobomckoro ygacTka.

Kniouegvie cnoga: onmumuzayus, mexHuKo-sKoHoMuueckas oyeuka, 6epxnaa nauxa IV kaauiinoeo
20pU30HMA, CENeKMUBHASL MEXHON02US OMPAOOMKU, YUCTIEHHOE MOOETUPOBAnUe

KpacrocmobOoncknii  y4acTOK pacIrojioKeH B 3amaJHON

w | &= |CenexTusnas priemka gacth CTapoOMHCKOTO MECTOPOKACHHMSA KAIMHHBIX CcOJieH u
8 gg ciaoes 9+10 npuypodeH K CTapoOMHCKONH IICHTpaIbHOH JENpeccHH CeBepo-
= (apyximmekonpii komGaiin ) 3amajHoi YacTtd mporuba. 30HOW pa3jIOMOB JAHHBIA YYacCTOK
m s : pas/iericH Ha 3anmajHblil U BOCTOUHLIN Goku. B HacTosmiee Bpems Ha
Kpacnocnobonckom  pyanuke — oTpabaTeiBatorcs  3amackl I
_ ik KaIMHHOTO  TOPU30HTa B  Tpelelax  BOCTOYHOro  OJioka

o0 130 Kpacnocno6oackoro ydactka [1].
. — HaunGonpmmii wHTEpec B INEPCHEKTHBE IPEICTaBIISIOT
3abanaHcoBsIe 3anackl | i 1V KanuitHEIX TOPU30HTOB HA TEPPUTOPUH
. yuacTka. B kauectBe 00BEKTa ONTHMH3AIMKM B JAaHHOW paboTe
Tals BBICTYIIMJIAa  BepxHsAs madka |V~ KanmiiHOrO  TOpHU30HTa
Puc. 1. [Ipenmaraemast TEXHOJIOTUIECKAS Kpacnocmoboackoro ydactka (BocTowHass 4acth) CTapoOHHCKOTO
CXeMa CEJIEKTHBHON BHIEMKH BEPXHEH MauKu MECTOPOXKICHHS, KaKk Hamboiiee mepcreKTuBHBIA. [Ipu oTpaboTke
cnoes 9, 9-10, 10 IV xanuiiHoro ropusonra 3a0aJIaHCOBBIX 3aIlaCOB, HE YIOBIETBOPSIOIUX KOHIUIUOHHOMY
Kpacrocnabozckoro yuacTka (BOCTOUHAs COAEpKaHUIO  IOJE3HOTO KOMIIOHEHTa B  pyZA€, BO3HHKAET
4acTh) HEOOXOJUMOCTh ONTHUMHU3AIMH, KaK TEXHOJOTUH MOOBIYH, TaK W
TUTOIAACH, otpaboTKa KOTOPBIX MO3BOJIUT JIOCTHYb
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peHTabenpHOCTH. B 3TOM cimydae HeoOxomuma pa3paboTka KOMIICKCHOM MOJIENHM TUIACTOB, OTpakaromien
pacripesieieHUe IOJIE3HOTO0 KOMIIOHEHTa M MOIIHOCTEH CIIOEB, TOIUISKANINX OTPabdOTKe TIpH 3aJaHHOM
TEXHOJIOTHYECKOH CXEME.

Co3zaHre MOJeNH IIIacTa BHITIONHEHO B MPOTPAMMHOM OOECIIEYeHWH, TO3BOJISIONIEM TI0 MMEIOMIAMCS
Te0JOTMICCKUM JaHHBIM MPOU3BOANTE MPOCTPAHCTBEHHYIO WHTEPIOJIIIHIO U SKCTpanosanuio. [IpocTpaHcTBeHHBIN
aHamu3 (popMaIM30BaHHON MOJENH TTO3BOJIMII IONYIUTh BaXKHBIC UCXOIHBIC MAaHHBIC NMPH TEXHUKO-IKOHOMHYECKON
OLICHKE BapUaHTOB BOBJIEYCHUS B OTPAOOTKY TeX JINOO MHBIX y4acTKOB |V KanuifHOTO rOpH30HTA.

YucneHHBIH SKCIEPUMEHT IPOBOAMICS Ui yciaoBuil yuacTtka IV ropusonTta cinoes 9, 9-10 u 10 (Bepxneit
NayKu), 3amachbl KOTOPBIX IUIAHUPYIOTCS K OTpabOTKe NpH NOAJEpXKaHUM ChipbeBoil 0azel 2 PY. TopHo-
reoJOrMYecKre YCJIOBUS ydyacTKa HE IO3BOJISIIOT NPUMEHUTh TpagunuonHele Juig |l xanwmitHoro ropmsonra
TEXHOJIOTHUECKUE CXEMBI, K TOMY K€ COfiep>KaHHe IMOJIE3HOT0 KOMIIOHEHTa HEPaBHOMEPHO PacHpeAeeHo MO BCEM
CJIOSIM, YTO 3aTPYJHSUIO OINpENENICHHWE pPalOHAJIbHOW TEXHOJOIMH OTpabdOTKH JaHHBIX 3amacoB. B kauyecTBe
OCHOBHO TEXHOJIOTHYECKOH CXEMBI MIPHUHATA CEIeKTUBHAs BhIeMKa cioeB 9, 9-10 u 10 (pucynok 1) [2].

Ha ocHOBe mpHHATON TEXHOJIIOTHYECKOH CXEMBI IIOCTPOCHA KapTa pacHpeAeICHHs TTOJIE3HOTO KOMIIOHCHTA
KCI (pucynok 2).

Puc. 2. Pacnpoctpanenue coaepxanus KCl Ha momanu pacnpoctpanerus |V kamruiiHOro ropu3oHTa
KpacHocio60ckoro yyactka JUist IPHHATOM TEXHOJIOTHYECKOM CXEMBI

Kak BusHO U3 pucyHKa 2 Ha y4acTKe MMEIOTCS IJommaau ¢ HuskuMm mnokasarenem KCI, uckmouas ux u3
IUTAHUPYEMOH OTPaOOTKU MOKHO JOOHMTHCS YBEIMUYCHHS CPEIHHX IMOKAa3aTelel, HO MPU 3TOM YMEHBIIHUTCS 00Iee
KOJIMYECTBO M3BJICKAEMBIX 3amacoB. [|Ji1 HAX0XKACHUS ONTUMAILHOTO BAPUAHTA B KAUECTBE KPUTCPHUS ONMTHMHU3ALUU
NPUHATA TPUOBLTE OT peau3anuu rotoBoil mpoaykiun (95%-ro konnentpara KCl), noixyyaemast u3 OJHON TOHHBI
J00BITOM pyabl. B Xo4e mcciaenoBaHus MOCIEI0BATENIbHO HCKITIOYATKChH TUIOMaan ¢ Hu3kuM conepixkanuem KCI ¢

maroM B 1 %.

1340 B pe3ysbrare
. B MIPOBEJEHHOTO YUCIEHHOTO
= o ]
EE 1320 T~ JKCIEpUMEHTA  IOJTydeHa
23 / \\ 3aBHUCHMOCTD,
g = T30 e TIO3BOJISIONAs OTpPEETUTh
= 5 = MHUHUMaJIbHOE COZEpKaHne
=Eu / MOJIE3HOTO ~ KOMITOHCHTA
= 2 &
2© 21260 KCI npu KOTOPOM
s E E / JIOCTUTACTCS
(=]
e g 1240 MakCcHUMajbHas — [PUOBLIH
e = oT 0TpaboTKH u
é 5 120 peanusanuu BCEX
g2 MPEIoIaracMbIX 3aracoB
= E‘ 1200
=i (pucynok 3) [3].
B 180 ! ! = 1 = ‘ . W3  pesynbraToB
8+ 9+ 10+ 11+ 12+ 13+ 14+ 15+ 16+ IMPOBEACHHOT'O
MuuuMadbHOE cogep:ranne KCl Ha maxTHOM NoJje, % uccjiaeaoBanms, B

YaCTHOCTH M3 pPHCYHKa 3

Puc. 3. 3aBUCHMOCTS, MOJTyYEHHAS B PE3YJIbTATE UCCIICAOBAHMSI
BUJHO, 4TO  HauOoJjee
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OIITUMAJIEHBIM BapUaHTOM, ¢ SKOHOMUYECKOH TOYKH 3peHHs OyAeT BapHaHT OTPaOOTKH IUIOLIAAN NpeCTaBICHHOMN
Ha pUCYHKE 4.

Puc. 4. OnTuMaibHast TIIOMIAAb MIAXTHOTO IOJIS, IPH 0TPadOTKE KOTOPOH BO3MOXKHO JOCTHIKEHHE HANOOIIbILeH
pUOBLIH
BeiBoabI:
1. IlpenynoskeHa TeXHOJIOTHYECKAsl cXxeMa OTpabOTKM 3a0anaHCOBBIX 3amacoB |V KannitHOro ropusoHTa i
ycnoBuii KpacHocnabonckoro pynanka CTapoOWHCKOTO MECTOPOXKICHHS KATHHHBIX COJICH;

2. Pazpabortana MeTomMKa YKPYMHEHHOH TEXHHKO-KOHOMHYECKOW OLEHKH OTPabOTKH 3a0allaHCOBBIX
3amacoB |V kammitHOTO TOpHM30HTa I ycioBuit KpacHocmabonckoro pymamka CTapoOHHCKOTO MECTOPOXKACHUSL
KaJIMIAHBIX COJICH;

3. YcTraHOBIEHO, YTO HauboJee ONTUMAIBHBIM C 3KOHOMHYECKOM TOYKM 3pEHMS SIBISICTCS BapHaHT
otpaboTku 3anaco |V kanuitHOro ropn3oHTa Ha BocTOYHOM Oyioke KpacHOCI000/CKOr0 y4acTKa Ha IUIOMIASX C
cojeps:kanueM nose3noro komnonenta KCl ue menee 14 %.

Jlureparypa

1. Otuet o aeranbHOM pa3Beake KpacHocnaboackoro yuactka CTapoOHHCKOTO MECTOPOKICHUS KATHHHBIX
coneit Conuropckoro u Ciynkoro paiionoB Munckoit oonactu BCCP, nposenennoii B 1984-87 rr, ¢ mojacyerom
3anacos 1o cocrosHuto Ha 01.09.1987 roxa. (B 9 kHurax).

2. MHCTpYyKIHMs MO TPUMEHEHHWI0 cucTeM pa3pabotku Ha CTapoOWHCKOM MecTopokaeHuH, COIUTOPCK-
Mumnck 2010.

3. VHCTpYKIMS 0 SYKOHOMHYECKOW OICHKE M HOPMHPOBAHHUIO TOTEPh MpH M00BYe KATHWHBIX COJEH Ha
CrapobunckoM Mectopoxaernn, Muack 2006.

C.B. CUHSIBUHA
Hayuonanvuwiii munepanvho-coipbegou ynusepcumem «I opHuliiy

YINIPABJIEHHUE TEIIVIOBBIM PEKUMOM KEJIE3HOJOPOKHBIX
TOHHEJIEU, PACITIOJIOKEHHBIX B CYPOBBIX KIIMMATHYECKUX
YCJIOBUAX

OTMeudeHo, IpH BEIOOPE TPACCHI CTPOUTEIBCTBA JKEJIE3HOAOPOKHBIX TOHHENIEH B CIOKHBIX KIIMMaTHIECKUX
¥ TOPHO-TEOJIOTHUECKUX YCIOBHAX HEOOXOJMMO YUIHTBHIBATH OCOOEHHOCTH €T0 IMOCIETYIOMIEH 3KCITyaTalud, U B
YaCTHOCTH CO3/IaHHE TTOJIOKHUTENHHOTO TEMIIOBOTO PEXXUMA, TPEJOTBPAIIAIONIET0 00pa30BaHNUE HAIEACH.

B pabote nepedncinensl OCHOBHbBIE ()aKTOPHI, BIMAOIINE Ha ()OPMUPOBAHUE TEIUIOBOTO pexnma. B umcie
3THX (HaKTOPOB BBIACICHBI PAcXOAbl BO3IyXa, NMOCTYMAIONINE B TOHHEIb NPH ACHCTBUU €CTECTBEHHOH TITH U
MopIrHeBOoro 3¢ ¢eKrTa 0T MOe3I0B, TCPMOAMHAMHUYECKHE IapaMeTphl HApYKHOTO BO3AyXa, I'€OTCPMHUYECKHE
yCIIOBHS paliOHa PACHOJI0KEHUS TOHHES.

Iloxa3aHo, 4YTO H3-3a HEBO3MOXHOCTH IIOJHOTO HCKJIIOYEHHUS IOCTYIUICHUS B TOHHEIb XOJOIHOIO
Hapy»KHOTO BO3/yXa IpH JEHCTBUM MOpIIHEBOTro 3(ddexra momaepkaHue MONOKUTEIBHOTO TEIUIOBOTO PeXuMa
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JIOJDKHO OCYIIECTBIIATHCSI HA OCHOBE «KOMIICHCAIIMOHHOT0» ITPHHITUIIA.
[Tomy4yeHbl 3aBHCHMOCTH, IIO3BOJIIIONIME OIPENENATh IapaMeTpsl KanopudepHoro o0OpyaoBaHUS B
3aBHCHMOCTH TEMIIEPaTyPHl HApYKHOTO BO3yXa, €0 PacXoJ0B MPH OTCYTCTBHU M HaXOKJCHHUH T0e3]1a B TOHHEIE,
MIPOIOJDKUTEIHFHOCTH TIEPHUOIOB OTCYTCTBHS U ACHCTBHS MOPITHEBOTO 3 deKTa.
[IpemmosxeHBl TEXHUUECKNE PEIICHUS I CO3MaHus dPPEKTHBHOTO M SKOHOMHUYHOTO TEIUIOBOTO PEXHMMa
TPAHCHOPTHBIX JKEJIE3HOIOPOKHBIX TOHHEIIEH.
Hayunslit pykoBoauTens: A.T.H., mpodeccop C.I'. ['enanep

A.JO. TAPAPUH
Hayuonanvuwiii munepanvno-coipbesoti ynusepcumem « I opnuiiiy

METO/IUKA PACYHETA BO3AYXOPACHPEJAEJEHUSA ITPU ITOJAYE
BO3AYXA 110 HEIIVIOTHBIM TPYBOIIPOBOJAM B HECKOJIBKO
HNPOXOJYECKHUX 3ABOEB

Baxnetimieit 3agaueil CTpOUTENBCTBA JIFOOBIX MMOJA3EMHBIX COOPYKEHHUH SABJISAETCS CO3/IaHUE CHCTEM T0IadH
CBEXXEro BO3/AyXa C MOBEPXHOCTH HEMOCPEICTBEHHO HAa TIYOMHY BEIEHUS CTPOMTENBHBIX pador. lnms cozmanms
0e30MacHBIX YCIIOBHH Tpyaa, IpH pa3paboTKe TaKUX CHCTEM HEOOXOOUM aHAJUTHICCKHH pacueT pachpelelieHHs
BO3/yXa B CETH ITOI3EMHBIX COOPYKCHHUH.

Cy1ecTByIomMe METOAbI pacueTa BO3AyXOpaclpeieIeHUsl, OCHOBaHHbIC Ha IPUMEHEHUH NPOrpaMM TUIa
«AnpoceTb», «BeHTWIAIMA» U JIp. OPUEHTUPOBAHBI TONBKO Ha OMNpeeleHHE BEHTWIALHOHHBIX MapaMeTpoB
OJMHOYHBIX BBIPAOOTOK, M HE YUUTHIBAIOT YTEUKH BO3/yXa uepe3 HEIUIOTHO COeIUHEHHBIE YacTU Bo3ayxoBoja. Mx
HCIOJIb30BAHUC MOKET IPUBCCTU K HCEKOHTPOJIUPYEMbIM OLLIl/I6KaM Ipu BBIYMCICHHUU KOJIMYECTB BO3AYyXa,
M0JJaBa€MOT0 K MECTaM €ro NoTpebIeHusI.

Lemnbto co3manust paboTHl sBIsieTcs pa3paboTKa HOBOM MOZETH pacyeTra BO3AYyXOpACHpEeAeTICHUS II0
HECKOJBKUM TapaJIeIbHO YCTaHOBJICHHBIM HETIOTHBIM BO3AYXOBOJAM C YYETOM yTeUeK BO3IyXa, U4TO IO3BOIUT
TIOBBICHTh HAJEKHOCTHh IPOBETPHUBAHUS ITIOA3EMHOTO IIPOCTPAHCTBA, a TakKe MHUHUMH3HPOBATH BEPOSTHOCTH
BO3HHKHOBEHH OTIACHBIX M HECUACTHBIX CITydacB.

Hayunsrit pykoBoauTens: A.T.H., mpodeccop C.I'. ['eranep
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MOUHAMMED JANDAL BERRO, MATTHIAS REICH
TU Bergakademie Freiberg, Germany

IMPROVING THE EFFICIENCY OF MUD PULSE TELEMETRY

Abstract

For monitoring and controlling of deep wells, various sensors are located near the drill bit, which measure
the geological and directional information on bottom while drilling. The acquired data should be transmitted to the
surface in real time. The standard procedure for data transmission in boreholes is the so called mud pulse telemetry,
which sends the information through the drilling mud inside the drill string by means of coded pressure pulses. The
sequence of pressure variations will be detected at surface and processed in a software. Then the transmitted
information will be extracted and displayed as measured downhole parameters on a display. The actual transmission
rate of the mud pulse system is very low compared to the measured amount of raw data. In practice it is rarely
possible to send more than 10 bps to the surface. This limited data rate is the main reason for the need of intense raw
data processing in the bottom hole assembly. At the Institute of Drilling Engineering and Fluid Mining of the TU
Bergakademie Freiberg novel concepts for increasing the efficiency of hydraulic data transmission systems are
investigated and developed. One project is concerned with the combination of different conventional transmission
concepts. This paper shows that the data rate can at least be duplicated. However, there are many technical
challenges in the implementation at both the transmitter and the receiver end. These will be explained and
complemented for clarification with audible practical examples.

Introduction

Hydrocarbon deposits are located deep in the underground, in order to produce them from the reservoirs
deep wells of up to 12 km length need to be drilled. Drilling such deep wells requires a constant monitoring and
controlling of the drill paths. For this purpose the lower section of the drill string above the drill bit, called bottom
hole assembly, is equipped with sensors for numerous different measurements which are continuously taken while
drilling. The acquired data has to be transmitted to the surface in real time, to enable the drilling engineer to
precisely steer the well towards the aimed target zone. Before transmitting the measured data to the surface they
need to be translated into a binary code, thus the data will be represented as series of zeroes and ones . The most
common method for data transmission in boreholes is the so called mud pulse telemetry. Mud pulse telemetry
systems send the measured data by means of controlled pressure fluctuations through the drilling mud inside the
drill string. For downhole pressure pulses generation there are two types of devices available: mud pulsers and mud
sirens. The pulsers are transmitting the data by quasi-static variations of the pressure level inside the drill string. For
example, each time the pulser restricts the flow area inside the drill string, then a ,,1’” will be transmitted, whereas a
,,0”” will be transmitted by not restricted flow area. In contrast, the siren is generating continuous pressure waves at
specific frequencies; hereby for example a certain frequency represents a ,,1’” while another frequency represents a
,0””. The mud pulse telemetry has a long reach of often more than 10 km, but its data rate is usually less than 10
bps, which is very low compared to the measured amount of raw data. Therefore the efficiency of the mud pulse
telemetry urgently needs to be improved. New
concepts for increasing the date rate of the mud
pulse telemetry are to be discussed in the next
section.

New approaches for improving the
efficiency of mud pulse telemetry

At the Institute of Drilling Engineering and
Fluid Mining (IBF) of the TU Bergakademie
Freiberg in Germany a unique flow loop including
prototypes of mud siren and mud pulsers was
established to investigate all details of hydraulic
data transmission in boreholes ™, see Figure 1.
Moreover, a detailed computer model of the flow
loop is available, with which all effects can also be
virtually recreated and simulated.

- issi [
New possibilities for developing new Figure 10. Flow loop for data transmission at IBF
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pulsers for hydraulic data transmission with a higher data rate are currently being investigated. In a first approach,
the two concepts (pulser and siren) are combined in a new pulser that is called a Hybrid Pulser. Consequently the
data rate will be duplicated. Depending on the combination of the two siren frequencies and the two transmitting
options of the pulser (restricted or open) always 2 bits can be transmitted simultaneously as shown in Table 1.

Table 3
Transmission options with common pulsers (pulser and siren) as well as with hybrid pulser
P e Optio e Optio = e e Optio
open 0 first frequency 0 open first frequency 00
restricted |1 second frequency 1 open second frequency 01
restricted | first frequency 10
restricted | second frequency 11

In a second approach a multi-frequency siren was to be developed, so that several frequencies can be
induced at once, thus several bits, depending on the number of different frequencies are generated, can be
transmitted simultaneously. For example, Table 2 demonstrates this effect of a siren with three individually
adjustable frequencies. It is evident that in this case, three bits per slot can be transmitted simultaneously.

Table 4
Transmission options by a multi-frequency siren with three frequencies

eque econd treque d freque Optio
off off off 000
off off on 001
off on off 010
off on on 011
on off off 100
on off on 101
on on off 110
on on on 111

By applying such approach hydraulic effects must be taken in consideration. For example, if two mud
sirens are installed in a row on the flow loop, and one siren generates 15 Hz and the other 39 Hz, it is found that as a
result two dominant frequencies arise, which are 15 and 24 Hz as shown in Figure 2.

Figure 11. Generating two frequencies by installing two sirens in a series connection

A mathematical model was developed that explains the relationship between the induced frequencies as a
result of the incompressibility of the drilling mud. In respect to the developed mathematical model it can now be
calculated, which frequencies have to be adjusted to the individual sirens, so that just the certain desired frequencies
are induced in the drill string.

Faster sending devices should not be the only element to be developed, however improving the mud pulse
telemetry also requires a deployment of more effective signal processing algorithms at the receiver side. At the IBF
mathematical algorithms are developed to remove the environmental hydraulic noise from the received signal
enhancing the ability to detect the transmitted pressure pulses and hence to perform the data decoding correctly.
Furthermore, a novel wavelet algorithm was developed enabling successfully extracting of the useful signal of weak
sirens from the dominant hydraulic environmental noise . The available wavelet algorithm can efficiently be used
to detect the signal from multi-frequency sirens at surface. As an example a synthetic time signal containing four
frequencies (11, 17, 35 and 67 Hz) which are switched on and off independently from each other is shown in Figure
3 (upper part), while in the lower part the result of the applied wavelet analysis is shown. On the time axis on the
bottom of the chart the start and the end point as well as the duration of each individual frequency can clearly be
assigned.
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Figure 12. Applying the wavelet transformation on a time signal with four discontinuously occur-
ring frequencies

Conclusions

All described methods have been tested either on the existing test facility of the IBF or simulated by detailed
computer calculations. It was possible with both the hybrid pulser and the multi-frequency siren to achieve
significantly higher data rates compared to conventional systems. The combination of available pulser systems has
the advantage that all necessary components are already available, leading to a minimum risk of development.
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THE NATURAL GAS MOISTURE IN THE DISTRIBUTION SYSTEM

Introduction

Nowadays there are a number of alternative fuels, which can bring benefits from an economic and
environmental point of view. Some examples of those fuels are: biodiesel, bioethanol and compressed natural gas
(CNG).

The quality of natural gas taken from the distribution system by the common customer and the operator of
CNG fueling stations must meet the requirements of standard TPG 902 02(%).

This quality is not sufficient for the preparation of CNG by direct compression of distributed gas. In order
to suppress the risk of condensation inside the pressure tank of the fueling stations and in some cases even in the
pressure fuel tank of CNG vehicles, the distributed gas has to be dehydrated before used as CNG. The requirements
for water content in the natural gas distributed for CNG preparation and eventually gas processing before being
filled into CNG vehicles should thus be considered separately.

The amount of water removed from a compressed natural gas fueling station

Requirements on compressed natural gas are established in standard 1SO / TR 15403-2 @.This
requirements apply only to compressed natural gas as it enters the fuel tank on the vehicle. Fueling station operators
are responsible for the necessary adjustments of the supplied natural gas composition.

, The water content in the gas at a pressure of 20 MPa and a temperature of -20 ° C should be less than 30
mg/ m”.

For this reason it is important to consider what happens to each component of the CNG when the pressure
varies in the range from 0.002 MPa to 25 MPa.

Natural gas passes from the distribution system, where pressure range is from 2 to 400 kPa, to a compressor
which compresses it to the fueling station tank at 1-25 MPa. During the refueling of a CNG vehicle, gas flows from
the reservoir to the dispenser and expands into the storage cylinder in the vehicle where the pressure range is from 1
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to 20 MPa.

During gas compression in the CNG fueling station, the dew point of water increases, and thus, increases
the possibility of water condensation. Therefore, it is necessary to determine how much water must be removed
from the gas through the dryer (adsorber) to prevent condensation in the pressurized tanks.

In order to calculate the amount of water to be eliminated, monthly and daily values of dew points at 4
MPa, are obtained from all the distribution networks present in the Czech Republic in previous years.

These networks are under the control of the companies RWE and E.ON Distribution. Inc. Information
about the dew points is available on the websites of these companies.

Calculating the amount of water for removal from natural gas

Fig. 1 shows the procedure to determine the amount of water that must be removed from natural gas to
obtain compressed natural gas with moisture content reduced to the desired value.

Figure 1. Water removal from natural gas

The amount of water in the different streams is expressed as:

Mgy = Mgp 11 @
Mgy = Mg 77 » 2
where,

Mgp mass of the dry gas [kg]

Mgy mass of water from the natural gas distribution system [kg]

" mixing ratio of water in the natural gas distribution system [-]

Mg mass of water of compressed natural gas [kg]

13 mixing ratio of water in the compressed natural gas [-]

Then follows,

Mz = Mgy (n—n), ®)
where,

Meq mass of absorbed water [kg]

Mixing ratio r, allows knowing how many kilograms of water are present in 1 kg of dry gas. Its value is
determined using the next equation,

y = By My J (4)
{Pd[s. - ﬁf:] ﬂf&;ﬂ

where,

ry mixing ratio [-]

s saturated vapor pressure [Pa]

Pais. distribution system pressure [Pa]

My molar mass of water [kg-mol™]

Msp molar mass of dry gas [kg-mol™]

To calculate mixing ratio r,, the vapor pressure g, ccwgy 1S previously calculated at a dew point temperature
of -25 ° C using the Antoine’s equation, followed by the next formula,
e cowgy M (5)
B = = .
{P[E.".I'Gj — P [ mrcj} ﬂ"fs-;n
where,
o mixing ratio [-]
Pir rcwe Saturated vapor pressure of the compressed natural gas [Pa]
Prewe pressure of the compressed gas at the fueling station [Pa]

The amount of removed water depends on the type of customer at the CNG fueling station. In this work, the
case of a fleet of twenty buses Iveco Citelis is taken in account. It is assumed that each vehicle fully loads its tanks
on a daily basis.
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Results and discussion

The amount of water needed to be removed from natural gas is calculated mainly for those cases where it
was possible to find almost all monthly dew points and where some of their values exceed the accepted limit, i.e. -7
°C/4 MPa.

In Fig. 2 is observed that during 2013, at the custody transfer station Ttfanovice 2, the largest amount of
eliminated water (54.6 kg - month™) is registered in August. The opposite case happens in November, when the
amount of water to be removed is mere 3.8 kg - month™. The total amount for one year is 209 kg.

Removed water -TFanovice 2

Buses - 2013
60 7 300

5 £
g =
£ E
&0 30 | {150 £
= 2
g Z

=

TS

4] 0
1 2 3 4 5 6 7 8 9 10 11 12
Month
= \onthly amount of water — Increase of water amount throughout the year
Figure 2. Amount of removed water from CNG in the case of twenty buses during 2013
Conclusion

The amount of water to be removed from natural gas in order to avoid condensation of water at 25 MPa,
which is the maximum pressure used in CNG fueling stations, depends on the water dew point in the gas, therefore
the higher dew point, the bigger is the amount of water to be eliminated.

After the analysis of different custody transfer stations, the annual amount of removed water ranges from
55 to 209 kg' year™ in the case of a fueling station that provides CNG for twenty buses lveco Citelis.
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ASSESSMENT OF TECHNICAL CONDITION OF FURNACE TUBES
FROM REFINERIES AND PETROCHEMICAL PLANTS

Abstract: Due to severe working conditiones furnace tubes undergo specific damage processes An
assessment procedure for cumulative damage of furnace tubesis proposed in the paper. Several mechanical tests
were performed in order to prove the assesment proposed in the paper.

Keywords: furnace tubes, degradation, assessemnt, pipes, mechanical properties

During operation, due to the action of transmitted fluids pressure and frequent temperature fluctuations, time
variable mechanical stresses of high intensity are generated in the pipes. Furthermore, significant changes of mechanical
properties, metallurgical structure and chemical composition due to the interaction with the atmosphere inside the furnaces
and from the transmitted fluids within the pipes accelerates the damage of furnace tubes and these degradation
processes have substantial effects on the endurance of the pipes [1,2,3].
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Figure 1. Assessment procedure for cumulative damage of furnace tubes

Carburization and oxidation phenomena causes the decrease of the effective thickness of wall tubes,
while the creep and fatigue phenomena dependent on operating parameters (temperature and working pressure).
Degradation depends on the geometrical characteristics of tubular material parameters that continuously change as a
result of oxidation, carburization, creep and fatigue phenomena. The degradation can be estimated after the initial
working period, but at every periodic inspection is necessary to evaluate the pipe geometry (outside diameter and
wall thickness) in order to compare the actual degradation with the estimated degradation value. If the estimated
value is inferior to the value measured after the periodic inspection the pipe can still be functional, otherwise the
tubular material should be replaced. If one of the periodic inspection shows an accelerated degradation, (below the
allowable value) then the reduction of working parameters should be taken into account (ti <ti-1 and pi <pi-1) in
order to extend the life of the tubular material without the replacement of the pipes. The proposed method for the
assessment of technical condition of furnace tubes from refineries and petrochemical plants is shown in figure 1.

The remaining life of the tubular material cannot be estimated without the experimental determination of
the mechanical characteristics (chemical composition, microstructure and mechanical properties) both in initial state
and after different working periods.

For the study, the pipes of a radiation area from a catalytic reforming unit furnace have been analyzed.
The pipes are made of P91 stainless steel (X10CrMoVNb9-1, according to EN 10216) and have the following
geometrical features: outside diameter, D,=88.9 mm and the wall thickness, s=7.1 mm. The furnace was operational
344 days - between 01.01.2012 - 05.02.2013 and did not work 55 days due to maintenance activities.
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Figure 2. Operating conditiones of the furnace tubes

In order to evaluate the state of the tubular material, mechanical tests have been performed, as shown in figure 3, on
both tubular material that worked a certain period of time (H1T) and on a new one (H2). The values of the mechanical test
performed on tubular material are shown in table 1 and in figure 3.

Table 1
Pressing force and displacement values for the tests performed according to EN I1SO 8492

Sample Maximum pressing force Displacement
[t] [mm]
H2 2,2 9
H1T 1,7 2.6

Figure 3. Mechanical tests performed on tubular material acording to EN 1SO 8492

Furthermore, the chemical composition of the main chemical elements was determined on both tubular
material that worked a certain period of time and on the new ones, as can be seen in table 2.

Comparing the characteristics of chemically determined experimentally with those prescribed by EN 10216-2:
2014 (Seamless steel tubes for pressure Purposes. Technical Delivery Conditions. Non-alloy and alloy steel tubes with
Specified elevated temperature properties) H1T has the chemical composition altered due to carburization processes, the
increased carbon concentration determined the reduction of chemical characteristics.

Table 2
Chemical composition for the main chemical elements of H1T and H2

Chemical H1T H2

element exterior interior exterior interior
C 0.0937 0.214 0.06335 0.04685
Mn 0.517 0.506 0.5235 0.4965
Cr 9.32 9.27 9.585 9.455
Mo 0.893 0.88 0.953 0.904
Ni 0.171 0.172 0.3905 0.2755
Al 0.0093 0.0093 0.0098 0.0103
Nb 0.0126 0.0119 0.06205 0.05095
\Y/ 0.0324 0.0301 0.2365 0.2265

Microscopic examination of samples H1T and H2 revealed the following:
a) H1T has a reduced wall thickness compared to H2;
b) separation of carbides is observed at grain boundaries on H1T furnace tube walls;

c) on HIT there can be seen a separation of carbides at the grain boundaries.

Conclusions

It was found that the tubular material degradation is the result of exploitation at elevated temperature in
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hydrocarbon medium. The processes that led to degradation were creep and carburization.

Coke deposits on the inside of the tube indicates that it has been used for a long time, at high temperature in
the presence of a hydrocarbons, since the presence of coke led to overheating and also increased creep and
carburization.

The chemical composition of analyzed sample is altered by carburizing processes and the increase of
carbon concentration led to embrittlement of the pipe.

The tubes made from the same material and with the same operating as the ones analyzed must be replaced,
based on the assessment procedure for cumulative damage of furnace tubes, as they present a major operation failure
risk.
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ACIDIZING CARBONATE ROCKS

Abstract

Acidizing is a form of stimulation which is performed on a well in order to increase or restore production.
Sometimes, a well initially exhibits low permeability, and stimulation is employed to commence production from
the reservoir. Other times, stimulation is used to further encourage permeability and flow from an already existing
well that has become under-productive. A type of stimulation treatment, acidizing is performed below the reservoir
fracture pressure in an effort to restore the natural permeability of the reservoir rock. Well acidizing is achieved by
pumping acid into the well to dissolve limestone, dolomite and calcite cement between the sediment grains of the
reservoir rocks. There are two types of acid treatment: matrix acidizing and fracture acidizing. Presentation is
focused on the first form of acidizing. The reactions taking place between the rock and the acid lead to increased
permeability and porosity of the reservoir rock. Acid mixed with water splits into hydrogenions and negativeions.
Aqueous solution of acid reacts with rock generating carbon dioxide, water and usually dissolved in water salts.

The aim of the study was to investigate the loss of carbonate rocks samples which react with liquids used
for acidizing. At the outset, the carbonate content of several cores was measured. This enabled to nominate three
representative samples containing various levels of carbonate minerals. During the study three different acids were
used : an aqueous solution of sulfamic acid, an aqueous solution of hydrochloric acid in admixture with acetic acid
and addition of a corrosion inhibitor and an emulsion of oil and acid. Acidizing treatment efficiency was determined
from the loss in carbonate rock structure and the duration of the reaction. The process of acidizing was performed at
various ambient temperatures. The research led to the selection of the optimal acidizing fluids for particular
carbonate rocks.

Introduction

Acidizing is often used for increasing or restoring production of a well. This process involves pumping acid
into the well to melt some of the reservoir rocks. This treatment should increase permeability which leads to better
flow from the reservoir to the well. Purpose of this study is to determine which fluids are most effective and what
kind of rocks are best for acidizing. Acidizing treatment efficiency was defined from the loss in carbonate rock
structure and the duration of the reaction.

Materials and methods

First task was to choose appropriate rocks. To achieve that, the carbonate content of several cores was
measured. This enabled to nominate three representative samples containing various levels of carbonate minerals.
For further research were used dolomite from Ostrowek, dolomite from Libigz and a limestone from Czatkowice.
Table 1 shows carbonate content of those cores.
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Table 1

Due to low carbonate content, dolomite from Kamien Pomorski was excluded from further research.

During the study three different fluids were used: an aqueous solution of sulfamic acid (fluid 1), an
aqueous solution of hydrochloric acid in admixture with acetic acid (fluid Il) and an emulsion of oil and acid (fluid
I11). Every fluid had an addition of corrosion inhibitor.

Before the test weight of each rock sample was measured. After that samples were inserted into the beakers
which contained three different acids. The beakers were put into the oven to reproduce reservoir conditions. After a
predetermined time weight of each sample was measured. Last measurement took place 72h after putting samples
into acids. Acidizing treatment efficiency was the difference between weight before and after the test. In addition,
the corrosion of fluids was measured. The method was identical as for acidizing treatment efficiency. Instead of rock
samples steel plates were placed in acids

Results

Table 2 shows weight loss of samples of dolomite from Ostréwek.
Table 2

Sample weight change- Ostrowek

Type of Initial Weight Change Weight Change Weight Change Weight Change
fluid weight [g]  after 20 [%] after 60 [%%] after 24h [%6] after 72h [%6]
min [g] min [g] [g] [g]
27,41 25,67 6,35% 25,48 7.04% 25,24 7,92% 25,21 8,03%
20,34 19,855 2,38% 19,18 5,70% 19,01 6,54% 18,97 6,74%
20,415 20,215 0,98% 20,115 1,47% 19,855 2,74% 19,835 2,84%

Hydrochloric acid in admixture with acetic acid was the most efficient. The difference in weight was 8,03%
and the reaction was very fast because the biggest drop was after first 20 minutes. Sulfamic acid was second best.
The difference in weight was 6,74% but reaction was a bit slower. The biggest drop was after 1 hour. Emulsion of
oil and acid provided the difference of 2,84% with almost constant drop throughout the test. Table 3 shows weight
loss of samples of dolomite from Libigz.

Table 3

Sample weight change- Libigz

Initial Weight Change Weight Change Weight Change Weight Change
weight [g] after 20 [%] after 60 [%] after 24h [%6] after 72h [%]
min [g] min [g] [g] [e]
ﬂ 23 20,94 8,96% 20,78 9,65% 20,5 10,87% 20,48 10,96%
w 23,94 23,315 2,61% 22,445 6,24% 22,17 7,39% 22,13 7,56%
w 23,805 24,295 -2,06% 24,18 -1,58% 24,07 -1,11% 24,055 -1,05%

Behavior of reactions was similar to those described for dolomite from Ostréwek. Bigger difference in
weight loss is a result of higher carbonate content. Interestingly, the samples in emulsion of oil and acid recorded
weight gain. The amount of melted structure was small and air in rock pores could be replaced by oil from emulsion.
Table 4 shows weight loss of samples of limestone from Czatkowice.
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Table 4
Sample weight change - Czatkowice

Type of Initial Weight Change Weight Change Weight Change Weight Change [%)]
fluid weight after 20 [%] after 60 [%] after 24h [%] after 72h
le] min [g] min [g] le] le]
ﬂ 30,33 19,96 34,19% 19,635  35,26% 17,86 41,11% 17,74 41,51%
W 20,11 15,025 25,29% 14,035  30,21% 13,785 31,45% 13,765 31,55%
W 13,185 13,34 -1,18% 13,165 0,15% 13,055 0,99% 13,04 1,10%

Once again behavior of reactions was quite similar. Samples in hydrochloric acid in admixture with acetic
acid reacted quickly and provided the biggest difference in weight (41.51%). Samples in sulfamic acid reacted
quicker than in previous fluids and the final difference was also big (31,55%). However, samples in emulsion of oil
and acid recorded only 1% loss in weight.

Table 5 shows weight loss of samples of steel plates.

Table 5

The most corrosive fluid was sulfamic acid. It was almost twice as corrosive as other two fluids.
Conclusions

The aim of the study was to investigate the loss of carbonate rocks samples which react with liquids used
for acidizing. Experiments proved that the higher amount of carbonate content in rocks the better results from
acidizing are possible to achieve. An aqueous solution of sulfamic acid provided the highest loss of mass and
structure. Second best was the aqueous solution of hydrochloric acid in admixture with acetic acid, and the worst -
emulsion of oil and acid. Furthermore, corrosion of those liquids was investigated. Aqueous solution of hydrochloric
acid in admixture with acetic acid was almost twice as corrosive as an aqueous solution of sulfamic acid. In
conclusion, we advise to use sulfamic acid for acidizing because it provides big losses of carbonate structure and it
is less corrosive than other acids.

SANGAR S. AHMED, M. BERTAU
Freiberg University of Mining and Technology, Germany

A NATURAL ROCK (ALGINITE) FOR DEMULSIFICATION OF
WATER/BITUMEN EMULSIONS

Abstract

Oil/water emulsions play a major role in crude oil processing, and last not least they constitute pollutants
when emitted into water by industry and domestic sewage. Also oily water in inland waterways and coastal zones is
one of the most serious issues of water pollution which needs to be resolved urgently.

The ability of alginite to remove water from diluted bitumen emulsion has been studied. The experimental
evidence shows that when the bitumen is diluted (1: 3 diluent to bitumen ratio) with toluene to reduce its viscosity
and density, > 98% separation is obtained using the naturally occurring rock material alginite, which petrographical-
ly is classified as an immature oil shale. Moreover, from the results there is a strong indication that the water separa-
tion power of alginite is unparalleled to other, commercially available demulsifiers. The kerogen has been shown to
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not necessarily being required for the demulsification process to work. Upon tempering at (500 and 1000) °C, re-
spectively, the material has not lost its ability to split emulsions, yet at higher alginite ratios. This property is a dis-
tinctive feature, since it allows for cost-effectively recycling used material, what in fact renders it different from
other commercial demulsifiers. Thus, alginite treatment of oil/water systems has proven highly important in in the
field of petroleum industry, be it crude oil processing, be it remediation of environmental pollutions or in the case of
average.

Key words: Alginite, Water/Bitumen Emulsions, Toluene, Qil shale, Viscosity.

1. Introduction

Bitumen is a black, high viscous substance obtained by refinery processes from petroleum processing (pe-
troleum bitumen) @22 or found as a natural deposit (natural bitumen) ). Stable water-in-oil emulsions, which per-
sist in bitumen froth derived from surface mining of Athabasca oil sands, are stabilised by a combination of asphal-
tene and clay solids . Due to potential problems in corrosion and catalyst poisoning, removing water from diluted
bitumen is a very important step in oil sand processing ®. In this study, a natural rock (alginite) from Hungary was
used as a demulsifier to investigate the stability of water-in-bitumen emulsions.

2. Experimental Methods and Materials

Table 1
Properties of bitumen sample
Test description Sample Results
Density g/ml ASTM D-1298 0.9924
Sp.gr @ 15.5°C, ASTM D-1217 0.9935
API Gravity, ASTM D-287 10.93
Total Sulphur Content wt.-%, ASTM D-4294 4.8034
Flash point °C  ASTM D-92 >120
Viscosity ¢St 50 °C  ASTM D-445 2498

Residual distillation feed (bitumen) was used to prepare water-in-bitumen emulsions. It was obtained from
Erbil in the (Kurdistan Region of Northern Iraq). The typical characteristics of bitumen are specified and listed in
table (1). Alginite and some commercial demulsifiers like polyethylene glycol (PEG), polypropylene glycol (PPG)
and hexadecylamine were used as surfactants for removing water in bitumen emulsions. For the A500 and A1000
samples, alginate was tempered for 2 hours at (500 and 1000) °C, respectively.

2.1. Preparation of Water-in-Diluted Bitumen

Bitumen was transferred to a beaker and diluent (toluene / isopropanol) was added. The mixture diluent—
bitumen (Dilbit) was stirred to homogenize for 15 minutes at 1500 rpm. Sample emulsions were prepared by slowly
adding brine solution (3% wt. NaCl) to diluted bitumen (mass ratio 1:1) and kept mixing at 4500 rpm for 45
minutes.

2. 2. Determination of water content

50 ml of emulsion was transferred to a beaker and stirred at 1200 rpm and 60 °C for 30 minutes. Different
diluent to bitumen ratios, alginate concentrations (0.25-2.5) %, and commercial demulsifiers were studied. Water
content was measured by the Karl-Fisher method using a Mettler-Toledo V20 (Germany) and reported as a weight
percentage.

3. Results and Discussion:
3.1. Effect of Diluent to Bitumen ratio

Figure (1) shows the degree of de-

stabilisation of emulsion as a function of 100
various diluent contents. The experimental 90 1
evidence shows that when the bitumen is ~ 80 1
diluted (1:3 diluent to bitumen ratio), more % 70
than 98 % separation is obtained using ¢ 60
alginite. When a 1:5 diluent to bitumen £ 50 -
ratio was prepared, more than 90 % separa- £ 40 -
tion is observed with the same amount of £ 30
alginate. The results indicate that increas- Z 50 |
ing aromaticity of the emulsion leads to 10 |
increasing asphaltene solubility which al- 0.
lows asphaltene molecules to be free to 1:3 1.4 1:5

leave their sites at the oil-water interfacial
film. This ruptures the film and allows
small water droplets to coalescence and
grows, eventually separating into an aque-

Diluent: Bitumen ratio
Figure 1. Effect of diluents: bitumen ratio on water removed using
1.00 wt. % alginite
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ous phase ©.
3.2. Effects of demulsifier on water separation

Some commercial demulsifiers such as PPA, REG, hexadecylamine and alginte, were used for demulsifica-
tion of diluted bitumen emulsions. From figure (2), the highest separation efficiency obtained with 1.0 wt.-% al-
ginite was 97.5% after 1 hour, while with the same amount of PPG, PEG and hexadecylamine, water separation effi-
ciency was 75.8%, 47.2% and 63.4%, respectively. It is concluded that there is a strong indication that the water
separation power of alginite is unparalleled in comparison to other, commercially available demulsifiers.

100
90
80

70
60
50
40
30
20
10

0

Alginite Hexadecvlamlne
0,5% Demulsifier

Water removed (%)

Figure 2. Effect of different demulsifiers on water removed using dil-
uent: bitumen (1: 3) ratio

Figure 3. Effect of amount of alginite, A500 and A1000 % on
water separation using diluent: bitumen (1: 3) ratio

As shows in figure (3), another important property of alginite is that, even without organic compounds
(A500 and A1000), it is able to remove water from the emulsions (water removed > 97.00 % and > 92.00 % by us-
ing 2.5% A500 and A1000 respectively). The results indicate that upon tempering at 500 and 1000 °C, the material
does not lose its capability to split emulsions at higher alginite ratios. This property is a distinctive feature, since it
allows for cost effective recycling of used material, which renders it different from other commercial demulsifiers.

4. Conclusion

1- The percentage of water separation increased with increasing diluting ratio in the oil phase.

2- There is a strong indication that the water separation power of alginite is unparalleled compared to other
commercially available demulsifiers.

3- Kerogen has been shown to not necessarily be required for the demulsification process to work. Upon
tempering at 500 and 1000 °C, the material does not lose its capability to split emulsions.
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LARGE CAPACITY DEVICE FOR HYDROCARBON STORAGE

Abstract

Gas storages in large capacity storage devices may help to solve the problem of the gas storage and
transport if the storage is safe with the possibility of sure, comfortable and fast enough pumping and charging the
battery by stored gases. Such solutions, which can be used as an energy source.The proposed system is protected by
a patent in pilot experiments with different gases and inert substance with large internal surface apparently there is
another application of the invention: P.Rybar, S. Molokac, Patent Application Slovak Republic No.: SK
2000592012/2012.

Key words: VAZEP, large capacity device for gas storage, hydrocarbons, natural gas, natural zeolites,
cryogen temperatures, HeH cryostat.

Introduction

The proposed system is protected by a patent in pilot experiments with different gases and inert substance
with large internal surface. Apparently there is another application of the invention. Project VUKONZE "working"
with gases such as hydrogen and biogas, thus developed a secure high capacity container is compatible with the
following stages of the project.

Further analysis was conducted on the developed design methods for hydrogen storage with cryogenic
liquids. In this context, as suggested by the Chamber for flexible change of the amount of hydrogen in the zeolite
after cooling to the temperature of liquid nitrogen and the preparation of patent - the search operation.

After the installation of equipment the research phase of activity followed, which have been investigated
and will examine large-scale batteries for safe storage of hydrogen from natural materials and conducted the
research and development of new methods for long-term storage of hydrogen.

Nature zeolite

The Eastern Slovakian basin with its basement of graben-synclinal structure was filled by Neogene clastic
sediments, volcanogenic rocks and evaporites. The total thickness of the Neogene sequence reaches 7000 m. Diverse
lithofacies were affected by volcanic activities of acidic to intermediate character, which continued during the whole
Miocene period. Clay minerals and zeolites occur as the major or minor constituents of tuffs in all the Miocene
stratigraphic stages. Zeolitization of stratiform character, showing vertical mineralogical zoning, constructed by
clinoptilolite and analcime is associated exclusively with the bedded marine Lower Badenian sequence of
rhyodacitic volcanoclastics, the so-called Hrabovec tuffs [1].

Surface and properties of natural zeolites

One important property of zeolite is the ability to exchange cations. This is the trading of one charged ion
for another on the crystal. One measure of this property is the cation exchange capacity (CEC). Zeolites have high
CEC's, arising during the formation of the zeolite from the substitution of an aluminum ion for a silicon ion in a
portion of the silicate framework (tetrahedral units that make up the zeolite crystal).

Tetrahedrons (SiAl)04 create a porous structure cause ion exchange capacity. The effective channel diameters:
mostly from 0.2 up to 0.7 nm results to adsorption. The total volume of empty space in the structure of natural
zeolites: 28 - 58 % of the mineral renders catalytic action [1].

Artificial materials

Another possible solution is to use carbon nanotubes, materials based on fullerenes, microscopic particles
of spherical shape. Nanotubes are unsealed form with the bottom of the fullerenes form, the remainder of the tubular
form. This form led to the attempt to locate hydrogen in nanotubes. Existing research points out that hydrogen
cannot be maintained sufficiently effective in such areas.

Large capacity device for hydrocarbon storage

For energy storage gases are usually used high- volume underground tanks or above ground pressure lanks
including tanks for storage of liquid gases. The main disadvantage of such devices it is that they must be classified
as explosive and they are subjects to the rules for working in hazardous environments, including increased demands
on the materials.The additional disadvantage of these devices is their limited volume capacity.

Safe storage of hydrocarbons requires large capacity containers using cryogenic temperatures and inert
substance - such as natural zeolite, with a large internal surface. Such a system can safely store up to 600 times the
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volume to storage in normal pressure. Innovative is the fact that gas will be cooled below the boiling point, making
it liquid. Heat capacity of natural zeolite is large, so that when heated above the boiling point of zeolite stored gas,
there is a gradual release. Thermal process can be the key storage - release - storage be managed in real time.

The proposed system is protected by a patent in pilot experiments with different gases and inert substance
with large internal surface apparently there is another application of the invention: P.Rybar, S. Molokac, Patent
Aplication Slovak Republic No.: SK 2000592012/2012 [2].

Description utility model - VAZEP

The present invention relates to automatic device, which was designed for safety long-term storage of
energy gases and also for their controlled and safe dose for next applications, which are produced, transformed or
consumed in manufacturing or power engineering.

The principle device consists in the thermally insulated tank filled with material with large surface area and
high affinity for energy gases, for instance zeolite.

This tank is connecting through thermal key to

« the cooling reservoar - during filling of gas
e the heating reservoar - during discharge.

The input of tank is connected to the power supply of liquefied gas unit and its output can be connected to a
gas appliance energy unit.

The detail operation of the device is described in [3], The prototype of VAZEP - VUKONZE device was
constructed of stainless steel tank with double shields chamber KM modified natural zeolite with a total surface area
of 620 000 m2. [2].

HeH CRYOSTAT

HeH cryostat is a special type of device, which uses two liquid gases. First one is cooler liquid gas, the second
gas is cooled by liquid hydrogen. Its use as a reservoir of liquid hydrogen.

It is composed of two Dewar vessels, which are inserted into each other. External section, called as the
primary reservoir, is isolated from the outside environment through a vacuum. Inside the primary reservoir is
supplied liquid helium, which has a role to cooler inner tank. Inner tank called as secondary reservoir is isolated
from the primary reservoir by vacuum too, but in this case it is possible to replace the vacuum for gas helium and
back. In this process is created a thermal bridge between the primary and secondary reservoir. Inside the tank is
filled with crushed zeolite suitably chosen faction. Zeolite is a very good absorbers of liquids, because it can keep a
larger volume of fluid compared with bulk liquid. [4].

Conclusion

Proposed device is unigue technical solution for lonely or outlying geotourism or mining tourism attractive
sites with no or limited infrastructure because it is possible to use the device for generation of heat or electricity for
the objects located at such sites. The device construction may ensure energy for long-lasting operation within the
objects of geosites. Subsequent technical-economic analysis is necessary to specify the conditions of effective use of
such investment.

VAZEP is the technical solution for long term and safe hydrocarbon storage and also allows regulated and
safe gas dosing in case of its future use. Safety of the device use results from the technical solution of the device and
use of natural zeolites. The device consists of thermally isolated chamber filled by natural zeolite. Thermally isolated
chamber is connected and disconnected to the cooling reservoir by the thermal key and is equipped by regulated
heater to empty the chamber. Device output is connected to the energetic gas appliance and input is connected to the
source of liquefied energetic gas. The safety is assured by high thermal capacity and inertia of natural zeolites.
Therefore, sudden leak of stored gas in not possible because slow warming of zeolites allows only gradual and thus
regulated release of stored gas from large capacity device. Gases are stored at cryogene temperatures but at
conditions of normal pressure.
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P.P. ATUIIEB, A.C. CWJIOSH
Hayuonanvuwiii munepanvro-coipbegotl ynusepcumem «I opHuliiy

TAMIIOHAKHBIE COCTABBI /UIAA KPEIIVIEHUA CKBA’KHUH C
HAKJIOHHBIMH U I'OPU3OHTAJIBHBIMU YYACTKAMM J1JIA
HOPMAJIBHBIX TEMIIEPATYP

AKTyansHOCTh TpOOJIeMbl MONHON 3((EeKTHBHON pa3pabOTKM MECTOPOXKICHMH He(TH M Tra3a CerojHs
00ycCllaBIIMBae€T CTPOMTENBCTBO CKBAXHMH, HMEIOUIMX B CBOEM Mpoduie HAKIOHHO-HANpaBJICHHbIE U
TOPHU3OHTAIIbHBIE YUacTKU. Takasi KOHCTPYKLMS CKBa>KHH ITO3BOJISIET pa3padaThiBaTh MECTOPOXKICHUS HEYTH U rasa
C HaUMEHBIIUMH KalUTAJIbHBIMU BJIOKEHUSMHU. J[JI1 BHOBb BBOJUMBIX B SKCILUTyaTallUI0 CKBAXXMH NPEIbABIIOTCA
BBICOKHE TpeOOBaHHs 10 KAauyecTBY KpEIUICHWS OOKOBOIO CTBOJIA, TaK KaK OT HEro 3aBHCUT 3()(EKTHBHOCTDH
paspabotku MectopokaeHus. OnHaKo, HaJeXHOE pa3o0IIeHHe NMPOAYKTHBHBIX IUIACTOB HE BCErJa MOXET OBITh
JOCTHTHYTO TIPU IIEMCHTHPOBAaHMM TOPH30HTAIBHBIX CKBaXHWH. B pe3yibTaTe CeAMMEHTAIMH TaMIIOHAXKHOTO
pacTBOpa Ha TOPU3OHTAIBHOM YYaCTKE CKBa)XKMHBI LIEMEHTHBIH KaMEeHb 00/1aaeT yXyALICHHBIMHA TPOYHOCTHBIMU U
(UIBTPAIMOHHBIMHM CBOIMCTBAaMH, a Tarke 0Opa3yeTcss KaHal W3 JKHUAKOCTH 3aTBOPEHUS Y BEPXHEH CTEHKH
CKBa)KHHBI.

B pabote paccMaTpuBaroTCsl MEXaHU3MbI CTaOMIIN3aIMH TAMIIOHAXXHBIX PACTBOPOB, NPEIOKEHA METOANKA
OTIpEZIETICHUsI CEeAMMEHTAlMOHHON YCTOMYMBOCTH M pa3paboTaH CEIVMEHTAllMOHHO YCTOWYMBBIA COCTaB IS
KpeIJIeHUs CKBaXXKHMH C HAKJIOHHBIMU U TOPU30HTAIBHBIMH YYaCTKaMU B yCIOBUSAX HOPMAJIBHBIX TEMIIEPATyp.

Y CcTaHOBIIEHO, YTO OMNpEeNeHHE CeIUMEHTAIIMOHHON YCTONYMBOCTH MO CYLIECTBYIOIIMM METOJUKaM He
BCETJ]a MOXKET a/IeKBaTHO OTPakaTh PEaIbHYI0 KapTHHY, IPOUCXOMAIIYIO B YCIOBUU CKBaXXMH. J{Is1 ompereneHus
CEIMMEHTAIMOHHONW YCTONUMBOCTH TaMIIOHAKHOTO pacTBOpa HEOOXOIMMO IIPOBOIUTH €ro HCHBITAHUS B
TOPU3OHTANBHBIX IMIMHApax. KomuuecTBo crabuimu3upyromieil 100aBKH JOJDKHO HOPMHPOBATBCS HCXOMs U3
YCIIOBHI MPOKAYNBAaEMOCTH TaMIIOHa)KHOTO pacTBopa. CocTaB AOJKEH 001a1aTh JOCTATOYHBIM PACHINPEHHEM IS
obecrieyeHns! IFIOTHOTO KOHTAKTA C CONPSTAIOINMH OBEPXHOCTSIMH.

Hayunsrit pykoBoauTens: A.T.H., mpodeccop H.M. Huxonaes

A.H. AIEKCAH/IPOB
Hayuonanvuwiii munepanvho-coipbegou ynusepcumem «I opHuliiy

HCCJIEJOBAHUE PEOJIOTUMYECKHX CBOVICTB
BOJAOU3O0JALMOHHLIX ITOJIMMEPHBIX COCTABOB ITPU _
MOJAEJIUPOBAHUMU IIVIACTOBBIX TEPMOBAPUYECKUX YCJIOBUHU

CoBpemeHHoe coctosiHue Hedrenoobun B PO xapakrepusyercs BBOAOM B pa3pabOTKy HHU3KOIPOHHIIAC-
MBIX KOJUIEKTOPOB, B CBSI3U C YeM BO3HHMKAET HEOOXOAMMOCTh B CO3JIaHUHU BOJOHM3OJISIIHOHHBIX MaTEPHAJIOB, I10JX0-
JSIIUX JUIS1 TAKUX yCIOBHH. [IepCIeKTHBHBIMU B 3TOM OTHOIICHHH SIBIISIFOTCS TeIe00pa3yrolie COCTaBbl, K X He-
JOCTaTKaM OTHOCHTCSI HHM3Kas MPOHHKAIOIIAs CHOCOOHOCTh W HEBBICOKAS YCTOWYMBOCTH B INIACTOBBIX YCIIOBHSX.
YcTpaHeHne OTMEUEHHOTO JOJDKHO CYIIECTBEHHO MOBBICHTH KOHKYPEHTOCIIOCOOHOCTH 3TOTO CHOC00a BOJOU30IIS-
LU

OOBEKTOM WCCIICIOBAaHWUS CIY)XHJIM ONBITHBIE 00pas3msl  moimmMepHoro cocraBa (mamee IIC),
MpeCTaBISIoNUe co00il BOJHO-IENIOUHBIE PACTBOPBI T'MIAPOJIM30BAHHOTO AKPWICOJEPIKAIIETO IOJIUMEPHOTO
MaTepHuaja, ¢ 100aBKaMU HEHMOHOT€HHOTO IOBEPXHOCTHO-aKTUBHOIO BeIIeCTBa KOMIUIEKCHOTO JeiicTBUs (maiee
[TAB).

W3BecTHO, 9TO CBOMCTBA MOJIMMEPHBIX COCTABOB 3aBUCST OT TEMIEPATypPbl, OJHAKO UX UCCIICAOBAHUS IpU
M30BITOYHOM JIaBJICHUH BBI3BIBAIOT OOJIBIIME TPYAHOCTH, YTO 3a4acCTyIO HE MO3BOJISET IMPOBECTH IKCIIEPUMEHTHI C
MOJIHBIM ~ MOJISJIMPOBAaHMEM IUIACTOBBIX TepMoOapuueckux ycioBud. B manHoit pabote wucciemoBaHus
PEOJIOTHYECKUX CBOMCTB BOJOM3OJSIIMOHHBIX IHOJMMEPHBIX COCTABOB B INIACTOBBIX TEPMOOApUUECKHX YCIOBHUSIX
MPOBOAMINCH Ha aBTOMAaTH3MpoBaHHOM peomerpe Physica-MCR (mpoussoactso Anton Paar, Asctpus) ¢
HCIIOJIb30BAHUEM CIICIIMAIBHOMN SYCHKH JUTd U3MEPEHHUH IO TaBICHUEM.

UcnpiTanust pa3paboTaHHOTO BOAOHM3OJIHOHHOTO monuMmepHoro cocraBa (IIC+ITAB) mpu mmacToBBIX
TEepMOOAPHIECKUX YCIIOBHSX, IOKa3ald ONpPENEISIONIyI0 poiib TeMmrepaTypHoro ¢akropa. Hekoropoe cHuxeHne
peoJIOTHYECKNX TIOKa3aTenell Ha CTaJuH pa3pylIeHUs] HaJMOJIEKYJSIPHOW CTPYKTYpHI IO CPaBHEHHUIO C JAaHHBIMHU
O0HO(AKTOPHBIX AKCIEPUMEHTOB, TP COXPAHEHHM BA3KOYNPYTOro XapakTepa >XUAKOCTH, AAIOT OCHOBaHHE
rojaraTh, YTO pa3pabOTaHHbIN MOIUMEPHBIH COCTaB M B AKCIUTYyaTAI[HOHHBIX YCIOBHUIX OyJeT MPOSBIATH BBICOKYIO
MPOHMUKAONIYIO0 U BOJOU3OJINPYIOIIYIO CTIOCOOHOCTb.

Hayunsrit pykoBoauTens: 1.T.H., mpodeccop M.K. Poraués
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AM. BEJJOHOXKO, K.I0O. MEJIBE/JIEB
berHUITHnedmo

OIIEPATUBHBIN CITIOCOB OLIEHKUA HAYAJIBHBIX
I'EOJIOI'MYECKHUX 3AITACOB HE®TH HA OCHOBAHUH
MPOMBICJIOBBIX JAHHBIX U PE3YJIBTATOB UCCJEJOBAHUI
I''TYBUHHBIX ITPOb

B mHacrosimiee Bpems Ui IOATBEPIKICHHS BENMYMHBI YHCILLIMXCS Ha OanaHce 3amacoB He(TH,
paccYMTaHHBIX 00BEMHBIM METOZOM, HMIMPOKO MPUMEHSETCS! Crioco0 OLEHKH 3allacoB Ha YNPYroM peXuMe, Koraa
OCHOBHasl dHeprusi, 00ecreYnBaroIas NpoABIKEHNE QIIIONIA K 32005M T0OBIBAIOINX CKBAXXUH, CO3/IAETCS 32 CUET
YIPYIroro pacIIUpeHusi CHUCTEMBl «He(ThtBoma+mopona». OJHAKO B NpaKTHKE, YacTO BCTPEYAIOTCS 3aJIEXKH,
COJIeprKall[ie HaChIIIEHHYI0 He(Th, JJIsI KOTOPOH XapaKTEPHO PABEHCTBO HAYAIBHOTO ILUIACTOBOTO IABJICHUS U
JIaBJICHUS HAchIeHUs. [ Takux 3aiexeil OleHKa 3armacoB He()TH Ha YIPYTOM PEXHUME SIBISIETCS HEKOPPEKTHOM,
T.K. C €aMOro Hayana pa3pa0OTKH TPOSBISIETCS pPEXHM pacTBOPEHHOTO rasa. B 3ToM ciydyae MOKHO
BOCIIOJIb30BATBCS CIIOCOOOM OLIGHKH 3armacoB He()TH, KOTOPBIH OCHOBaH Ha (DU3MYECKUX 3aKOHAX COXPAaHCHUS
MaccChl U 9HEPTUH.

U3 pe3ysibTaToB 1a0OpaTOPHOrO aHAM3a TNIYOWHHBIX NMPOO IUIACTOBOTrO (IIIOMAA CHUMAIOTCS IaHHBIC,
KOTOpBIE ITOKa3bIBAIOT, KAaK M3MEHAETCS 00BEM ra30)KMUIKOCTHON CMECH NPH CHW)KCHUH JABJICHUS HIDKE JaBJICHUS
HaceleHus. [Ipu aToMm, yBennueHne obero oobeMa cMecH MPOUCXOAUT 3a CYET PacIIUpPeHHUs HeTH U BBIICICHUS
u3 Hee rasoBod (aszel. Ha ocHoBaHMM (akTHUECKMX JAAHHBIX O IOBEJCHUHM ra3oBOro (akropa BO BpEMEHH,
HaXOJAMTCSI TUIACTOBOE JIABJICHHE, IIPU KOTOPOM ra3 MpHOOpEeTaeT MOJBHKHOCTh. 3Has ATO 3HaYCHHE AABJICHUS, U3
pe3yJbTaTOB J1a0OPATOPHBIX HCCIEAOBAHUM TIIyOMHHBIX Mpo0 HEPTH CHUMAETCs KpPUTHYECKas BeJIHMYMHA
ra30HaChIIIEHHOCTH. B OOJBIIMHCTBE CilydyaeB, KPUTHUECKAs BEJIMYMHA I'a30HACHIIIICHHOCTH HaXOANTCS B IpeJesax
8-12% nopoBoro oobema. /1o 3TOl BeIMYHHBI, 00bEM BBIACIMBILIETOCS I'a3a U3 HE(TH BBINIOJIHSET TOJBKO MOJIE3HYIO
paboTy 1O BBITECHEHHIO PABHOI'O 00BEMa JKUJIKOCTH, 3aIlOJIHSIONIEH OPOBOE MPOCTPAHCTBO, OCTABAsICh MPU 3TOM
HETIOABM)KHBIM. PaccMOTpHM ITaHHBIA Croco0 OLCHKU IeOoJIOTMYECKUX 3amacoB HedTH Ha mpumepe 3anexu B-INF
SVS0082 mectoposxkaenus biok 10 Lagomedio

Jnst mpoBeneHUs PAacueTOB HEOOXOAMMO ONpPEICNUTh, Kakas 4YacTh HAKOIUICHHOH 100bYM HedTH
obecrieueHa TeM WIM WHBIM pexxumoM. C camoro Hawana skcruryatanuu 3anexxu B-INF SVS0082 ocnoBHbIMEH
peXEMaMu pa3pabOTKH SBISIOTCS YIPYTHH PEXKUM U PEKUM PACTBOPEHHOTO rasa.

Jst onpenieNieHust 4acTH J00BIYH 33 CYET YIPYTOro peXKUMa BOCIONIB3yeMCsl YPaBHCHUEM:

— *
¢, =B-AP-f (1)
rze q; — o0brya He()TH 3a CUET YIPYroro pekuMa B MOBEPXHOCTHBIX YCIOBUSIX, ThIC. 0app;
B — HavanpHBIC TEOJIOTHYECKHUE 3aMachl HE)TH B IOBEPXHOCTHBIX YCIOBUSX, THIC. Oapp;
AP — u3MeHeHUe TIaCTOBOTO JaBJIeHHus, PSi;
S*= 5 dpexTHBHBIH K0d(hBHUIHEHT CKIMAEMOCTH IIACTOBON CHCTEMBI (2), PSi ™, paBHBIA:
1-m

=55, +BS =5, o)

r1€ Bor P fr — KOIDPHUIIEHTEI CKIMACMOCTH He(TH, BOBL, IOPOIbI, COOTBETCTBEHHO, PSi

So, Sw — K03 duLMEeHTH! HEPTE,- U BOJOHACHIIIEHHOCTH, COOTBETCTBEHHO, €/1.

Jnsa ompenenenust yactu A00bMM He()TH Ha PEXHMME PACTBOPEHHOTO ras3a Bocmosblyemcs (opmymon 3
(751 MCTIONTB30BaHMS TaHHOH (POPMYITBI HEOOXOIMMO UMETh Pe3yNbTaThl JIAOOPATOPHOTO aHATN3a TITyOMHHBIX MPOO
IUIACTOBOTO (hJIFOMIA, KOTOPBIE OTPAXKAIOT, KaK H3MEHSETCSs O0beM Ta30)KHUAKOCTHOW CMECH MNpPU CHUKEHHH

JIaBJIEHUS HUKE TABJICHHS HACBIIIECHMSL.):
q, = B-(Vi—Vnau) 3)

rne g, — 1o0br4a He(hTH Ha pexXrMe PacTBOPEHHOTO r'a3a B TOBEPXHOCTHBIX YCIOBHAX, ThIC.0app;

Vj — 00beM Ta30KHIKOCTHOW CMECH TIPU CHUKCHUU NaBJIeHus oT Py 1o P, m.e.;

Vuau — o0bem Quionga npu naineHnd HacsieHus (VHau = 1), mpu KOTOpOM 00beM BBIICIUBILETOCS rasa
=0, n.e.

[Tpenarnonaraercs, 4To pacIIMpEeHHE CMECH IPOUCXOJUT B OCHOBHOM 3a CUET BBIACNIEHHS ra3a, KOTOPbIH J10
OIpe/IeIEHHOI HACHIIEHHOCTH OCTAa&TCS HETIOIBIKHBIM, BHITECHSSI HEPTh U3 TOp.

Hcxoonvle dannvie 0na pacuémos:

Juramuka muactoBoro masneHus 1o 3anexu B-INF SVS0082 mpencrasnena na pucynke 1. 3a mepuon c
ot 1965r. mo mrome 1968r. O6put0 OoTOOpano 13 543 TeIc.O0app. HedTH ((=01+0,) IPH CHIKCHHUU ILIACTOBOTO
nasienus ¢ 4200 mo 4000 psi (AP=200 psi).

IMapamerpsl st ompeneseHus 3PHEKTUBHOTO KO3 HIMEHTa CKUMAEMOCTH TUIACTOBOM cHcTeMBl (f*)
cocrapmsor S, = 0,79, S,= 0,21, m=0,236, 3,=15,44*10° psi™, £,=3*10° psi™, $,=0,3*10° psi™.

Hcxons n3 (1) yacTb 3amacoB, KOTOpbIE BO3MOKHO OTOOPATh Ha YIIPYTOM PEXHUME COCTaBHT:
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1-0,236

=B-200psi-(0,21-3-10 psi* +
a, psi - ( p 0.236

.0,3-107 psi*) @, =0,00031B = 0,031%B

Puc. 1. TToBeneHue IacTOBOrO ABJICHUS BO BpEMEHH 0 CKBakiHAM 3aiexu B-INF
SVS0082 B HayanbHBIH epHoJ pa3paboTKu

B JAHHBIX pacdueTax, AJId UCKIIOYCHHA MOBTOPHOI'O y4Y€Ta BJIMSAHHA pAaCHIMPCHUA He(l)TI/I npu CHUXCHUU
JaBJICHWA MbI UCKJIFOUMJIM CJIaracMocC BH*SH, KOTOPOEC OTPaXKACT paClIMPCHUC IIACTOBOM He(l)TI/I.
OIIeHI/IM 4acTb HO6LI‘II/I, KOTOpas OblIa oOecreueHa PEKUMOM paCTBOpéHHOFO rasa:

q, = B-(1,0115-1) = 0,0115B =1,15%B
Pacu€rHast yacTh MOOBIYM HEPTH OT TEOJIOTMYECKHX 3aracoB, KOTopas Oblia oOecredeHa pPeKUMOM

pacTBopé&nHoOTrO ra3a, cocrauia 0,0115 wm 1,15%.
CymmapHas xe JoO0bI9a HeTH Kak 9acTh OT Te0JIOTMYECKIX 3aI1acoB HE()TH COCTABHUT:

q=0,+0, = B-(0,03%+115%) =1,18%B
3Has ke (AKTUUECKYI0 HAKOIUIEHHYIO J00bdy HedTH 3a HaudaybHBIM nepuoj paspaborku (0=13 543
TBIC.0app.) HETPY/HO OLEHUTH I'€OJIOTHYECKHE 3arachl HeTH:

13543muwic.6app.
B=_ 1 1000 = PP .100% =
118% 118%
CpaBHeHHE Teoslornueckux 3amacoB Hedtr 3aneku B-INF SVS0082 ompeneneHHbIX pasindHBIMH METO-
JIMKaMU MpejicTaBieHbl B Tabuuie 1.

1147 mnn.6app.

Tab6muma 1
CpaBHeHHE reoJIornIecKux 3anacoB Hed Ty 3anexu B-INF SVS0082

IIpuHsiThIC HAYAIBHBIC
TCOJIOTHYCCKUE 3aIT1achl
HedrTu, MiTH.0app.

O1ieHEeHHBIC HAYaIbHBIC
TEOJIOTHYCCKHE 3aI1achl
HedTu, MitH.0app

OTKIOHEHHE OT
o(uIaTbHON BETUYHHBI
3amnacoB, %

1031

1147

11.3

TakuM 00pa3om, OILEHEHHAs TMPEIIOKEHHBIM CIIOCOOOM BEJIMYMHA TEOJIOTHYECKHX 3aracoB He(TH
cocraBmia 1147 mumH. Gapp., uto Ha 11.3% mpepprmaer BenmnunHy 3amacoB 1031 miH.Gapp., paccYMTaHHYIO
00BbEMHBIM METOJIOM, KOTOPAasi, KaK M3BECTHO, B Psijie CIy4aeB HE SIBISICTCS] aOCOMIOTHON M HEM3MEHHOM.
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A.A. BOMIIOBA, H.K. KOHJPAIIIEBA, E.. KPATIUBCKHUM
Hayuonanvuwiii munepanvro-coipbegotl ynusepcumem «I opHuliiy

HCCJIEJOBAHUE METOJOB IIOBBIIIEHWS I'/TY BUHbBI
ITEPEPABOTKMU TAKEJIBIX HE®@TEU C HEJIBIO ITOJIYYEHUSA
HEHHbBIX HEOTEIIPOAYKTOB

B ycrnoBusX HCTONICHHS 3alacoOB TPAJWIIMOHHBIX SHEPIETUYCCKUAX PECYpCOB Bce OOJbIICe 3HAYCHHE
nproOpeTaroT TshKelbie HeTH. B HacTosIee BpeMst OIS BRICOKOBS3KOH H BhICOKomapaduHUCTOI HedTeil B 00meM
00BbeMe JOOBIYU PACTET C KAXKIBIM FOJIOM.

OTeuecTBEHHBIC 3aIachl TSHKEIONW HETH coCTaBIsitOT nopsinka 13,1% ot obmiero odbema pa3BeJaHHBIX
B Poccun pecypcoB HedTH. 3aTpaThl Ha JOOBIYY TSXKEIOW HEPTH U MPUPOTHBIX OMTYMOB B 3-4 pa3za MpPEeBOCXOIAT
3aTpathl Ha JOOBIYY JICTKOH HE(BTH, 4TO OOYCIOBICHO HE TOJBKO 0OJee BBICOKMMH MOKA3aTENISIMU IJIOTHOCTH U
BSI3KOCTH, HO U HEAOCTATOUYHBIM PA3BUTHEM TEXHOJIOTHI HOOBIYH, TPAHCIOPTUPOBKA M MEPEPabOTKH TakoW HE(DTH.
B macrosmee Bpems MM TEepeKadyKW KakK JIETKOW, Tak M TsDKENOM He(TH WCIONb3yeTcs OJHA CHCTEMa
TpyOOIIPOBOIOB, YTO MPUBOJUT K YXYAIICHHIO KadecTBa Bced mepekaunBaeMmoil HedTH. [Io MHEHHIO 3KCIEpTOB,
ONTHUMAJIIBHBIA CTIIOCO0 HMCTOIB30BaHUS Takmx HedTel — ee mepepabOTKa BOJNM3H MecTa JOOBIYH, YTO CHIDKAET
3aTpaThl Ha TPAaHCHOPTUPOBKY. CiemyeT OTMETUTh, 4To TIyOnHa nepepadboTku B Poccun cocramser 70-72%, B TO
BpeMs Kak 3a pyOexoM 3TOT mokaszarenb gocturaer 90-95%. DKcmepTsl OTMEHaroT, 4TO IepepaboTKa TsDKEIoH
BBICOKOBSI3KOM HE()TH 3aTpyAHUTEIbHA, JHEPrOEMKa U BO MHOTHX CIIy4asX HU3KOpEHTAOeIbHA M yOBITOUHA BBHUILY
OTCYTCTBHUSl JTOPOTOCTOSIIMX aIlapaToB IMepepaboTku Ma3dyTta M TyApoHa. [lo3TOMY BBICOKOBS3KHE HE(TH,
HNPUPOAHBIC OUTYMBI U TSDKEJBIE OCTaTKH MepepabOoTKH HIYT Ha J3KCIIOPT, TEM CaMbIM JHInas PocCHI0 MHOTUX
LCHHBIX BUIOB HE()TEIPOIYKTOB (HU3KOTEMIICPATypHBIC Macia, TOIUINBA, KOKC).

Pa3paboTka HOBBIX TEXHOJOTHH HOOBIYM, TPAHCIIOPTHPOBKH W TMEPEPAOOTKU TSKENIBIX M CBEPXBA3KHX
He(TeH ABISIETCS IPUOPUTETHHIM HAPaBICHUEM Pa3BUTHS Bcel HEQTIHOM OTpaciu.

B nanHO#l paboTe BBIMOJIHEH aHAIM3 (QU3UKO-XUMHYECKHX CBONCTB CMECH TSKEIION BBICOKOBS3KOM
Sperckoit u mapadwuHHcTOW Bapanaeiickoil HedTH, B3aUMOJEWCTBHE KOTOPBIX MOYKET BBI3BATh YXYIIICHHE
ToKa3aTeIel MOMYyYCHHOW CMeCH. B CBSI3M C 9THUM Tak)Ke aHAIM3MPOBAJIOCH YIBTPAa3BYKOBOE BIHSHUE HAa HEPTH C
LCIIBI0 YITYUINCHUA TPAHCIIOPTHBIX XapaKTCPUCTHUK.

C.A. BAJIUEB
Asepbatiodicanckas 2ocyoapcmeeHnas He(pmsanas akademus

KOJUIEKTOPCKUE XAPAKTEPUCTUKH ME30-KAHHO30MCKHNX
OTJIO’KEHUU CEBEPO-3AITA/THOU YACTHU IO KHO-KACITMMCKOU
BITAJIMHDBI

AzepOaii/pkan  TpeicTaBIsAeT cobOoi  ogHy W3 OoraTedmMx TOTEHIHMAIbHO HEPTETra30HOCHBIX
MPOBUHIIAH, OCBOEHHE OTHX pECYpCOB MOXKET OKa3aTh BECbMa CYIIECTBEHHOE BIMSHHE Ha JalbHeifee
pa3BuTHEe HE(TSHOW W Ta30BOW NPOMBINUICHHOCTH DPECITyOIHKH.

HemaBHO Ha OCHOBe NepCHEKTHBEI HE(PTH W Ta3a TIyOOKHX CJIOEB MHOTHE [eojorodeckne u
reo(u3nvecKre OIECHKH OBUIH TpOBENeHBI B AsepOaifkane. BruM MOATOTOBIICHBI HAaydHBIE KPUTEp, KOTOPHIE
MOTYT OBITh OCHOBaHUEM ]I OyIyIIEro MCCIeOBaHUS. BBIJIO OTMEYEHO, YTO OCHOBHBIC MECTOPOXKACHUH HE()TH U
raza cBszanbl ¢ KOxHoii-Kacnueit u Kypckoro 6accelina, KOTopast MoBepraiach WHTCHCHBHOMY YITYOJCHHIO BO
BpeMsi Me3o3oiickoii apbl. HecMOTpsi Ha BBICOKYIO IEPCIEKTHBHOCTh B LIEHTPAJIBbHOW YacTH M B IIyOOKHX CIIOSIX,
MOKa HE BBI3BIBACT IMOJO3PEHUS Y HCCIICJOBATEINCH, KOJMYECTBCHHOC M YMCIICHHOE BBIPAXKCHHE €Ile HE ObLIO
OTpPa)K€HO JIOJDKHBIM 00pa3oM.

W3BecTHO, 4TO pa3Be/ka, 100bIYa U OICHKA MOTCHIIMANIA B HE()TSHBIX U FA30BBIX MECTOPOKICHUSIX CHIBHO
3aBHCUT OT COOpaHHOW WH(POPMAINK O METPO-PUIUICCKUX XAPAKTEPUCTHK CIOEB, BCTPEUAIOTCS B T€OJIOTHICCKOM
npogure.

C 9To¥ TOYKH 3pEHHH BBIIIC HAIICAHHOM TEKCTE YIOMSHYTO IPOIECC JOJDKHO MPOBOIUTHCS B HEPTIHBIX
u ra3oBbix peruoHax IOxxno-Kacnmiickoil Bmagunsl, rae orioxkeHuss Meso3oa u  KaiiHo308 mmpoko
pacmpocTpaHeHo.

B crathe pa3nuYHBIC T'€ONOTO-TCOXMMUYECKHE W (U3MYECKUE ACMEKTHl OBUIM HCCIEHOBAHBI, KOTOPHIC
BJIMSUTH Ha KOJUICKTOPHBINA MOTEHIMAT HE(TSHBIX,ra30BbIX M  Ta30KOHICHCATHBIX MECTOPOXICHHA B JaHHOM
paiione. IIpoBeneHHBIE HCCIIEIOBAHUS MOKA3bIBAIOT, YTO B Masco-IPOQHIIAX, 00pa3oBaHHEIX BAONIb KiopmakxaH-
[ax-/lenu3 menbdoporo mecropoxaenus [llax-/lenns Ha ceBepo-3amaje, ObUIH 3aJI€KU IUTHOIICH-aHTPOTIOTEHHBIX
CKOIUIeHnH TOHKUM ciioeM oT 100 m g0 200 m. Tommuna yBenmuuBaetcs k Kym agacel 1o 3600 m u B 1llax-/lenuse
1m0 6000m. Ilo kpasM CHHKJIMHAJIBHBIX CKJIAJOK TOJIIMHA YIOMSHYTHIX cKoruieHud gocturaet 3000 M Ha ceBepo-
samage u okono 10 000 M B max-Jenm3. Takum oOpa3om, He HMes JOCTATOYHO 3HAHWHA OTHOCHTEIHHO
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KOJUICKTOPHBIX XapaKTEPHCTHK CTPATHI, HEBO3MOXHO OILEHUTD 3aJICKH YIIIEBOAOPOJIOB H 0OBEMBI IIPOU3BOJCTBA, &
TaK K¢ MOMEHATh HampasieHUe obcienoBaHus. [IoMuMo reonoro-reopu3NUECKuX UCCIEJOBAaHHUMN, MPOBEICHHBIX B
3TOi oOsacTh, OBUIM HCCIENOBaHbI JOTOJIOTHYECKO-TIETPOTpa(hUIECKHE M KOJUICKTOPHBIE XapPAaKTEPUCTHUKH, IS
OTIpEZIETICHUs] U3MEHCHHI COOTBETCTBHUS BIOJIb OOJACTH, COJACPXKAHHS YTIEpPOAa, MOPHUCTOCTH, HMPOHHUIIAEMOCTH,
IUTOTHOCTH, TPAYHISIPHOTO COCTaBa M CKOPOCTH 3BYKOBBIX BOJIH BBIIIEYIOMSIHYTOH cTpaThl. COOTBETCTBEHHO, ObLIA
COCTaBJI€Ha TabiMIla, OTpaXkaromas KOJJIEKTOPCKHE 3apaKTEPHUCTHUKH MECTOPOXKIACHMSA. Tak ke B Tabmuie Obun
yKa3aHbl BEPXHHE, CPEJHHE M HWKHHE TpaHHULbl (U3NYECKUX XapaKTEpUCTHK. B Toxke Bpems, 3aBHCUMOCTH
KOJUIEKTOPCKUX XapaKTepUCTUK JIPYr OT Jpyra, TIyOMHBI 3ayiexeil M pasiuuHble (U3MYECKUE acleKThl ObUTH
MpOaHaIU3UPOBAHEL.

Heo06x0a1M0 OTMETUTB, YTO MTPOBEJCHHBIE HCCIIEJ0BAHUS TAK K€ 3aTPOHYJIM OPUCTOCTD, IPOHUIIAEMOCTh
Y YPOBEHb YIIIEpO/ia U TPaHyIMPOBAHHOCTH OJIM3JIEKAIUX ITIOPO/I.

TakuM 00pa3oM, aHaU3 JIUTOJIOTO-NIETPOrpapUYECKUX XapaKTEpPUCTUK W B3SAThIE NPOOBI C ydacTka
TIO3BOJISIIOT IIPOTHO3UPOBATH HE(TE-Ta30BbIH COCTaB.

A.H. BOJIKOB, A.B. [TIOJISIKOB, B.B. CMUPHOB
Qunuan OO0 «laznpom BHUUT'A3» 6 2. Yxma

OLEHKA CTEIIEHU U3BJIEYEHUSA YIJIEBOAOPOJA0OB HA
PA3/IMYHBIX OTAITAX CHUKEHUSA JABJEHUSA ITIPU PASPABOTKE
TA30KOHJIEHCATHBIX MECTOPOXXJIEHWI HA PEXKUME
ECTECTBEHHOI'O UCTOLEHUA

CoBpeMEeHHBIN YPOBEHb Pa3BUTHS TEXHOJIOTHH MO3BOJSCT CHU3UTH JaBIICHHE 3a0pachIBAaHUS U TEM CaMbIM
HOPOJJIUTE CPOK JKHU3HU MeCTOpOxaAcHUsS. OIHUM U3 KPUTEPHUEB, ONPEACIAIOMIAX PEHTA0CTbHOCTh IKCILTyaTaIl[UH
MECTOPOXKJICHUN B ITHX YCIOBHSAX, OYIEeT 00bEM JIOMOIHUTEIBHON NoObIYH yriieBonopooB (YB). B cBs3u ¢ atimM
MPEJICTaBIsIeTCS] AKTYaIbHBIM OLIEHUTh CTENEHb U3BJICUCHHUAYTICBOIOPOAHBIX KOMIIOHEHTOB Ha Pa3IMUYHBIX 3Tanax
CHIDKCHHS JABJICHUSI [IPH MOJICIIMPOBAHUH Pa3pabOTKH MECTOPOXKICHHIA Ha PEIKUME ECTECCTBEHHOTO UCTOIICHHS.

Jlis  pemieHusl TOCTAaBICHHON 3aJadydl HUCIOJIB30BAIMCH METOIbl (DU3MYECKOTO W MATEMAaTHUYECKOTrO
MOJICITNPOBAHISB BEIOPAHHOM JHaIla30HE TEMIIEPaTyp.

BrmonHeHHBIE pa0OTHI 3aKIIOYANNCh BOOOCHOBAaHMH HMCXOAHOTO COCTaBa TAa30KOHICHCATHOM CMECH,
TPOBENICHAN OTBITOB KOHTakTHOM KoHmeHcarmnu(CCE),moaroroske pVT-Momeny 1 MOJETUPOBAHUHN SKCIICPUMEHTA
CVD (constantvolumedepletion).

Ha mawamsHOM »Tame pemanach 3amada BEIOOpa COCTaBa Ta30KOHACHCATHOW CMeCH, 00eCIeYMBAIOIIETO
HE3HAYNTEIBHOE BIMSHUE TEMIIEpaTypHOro ¢akTopa Ha JaBJICHHE Hadaja KOHACHCAINH, YTO O0OeCIeYrBalio
MOJYYCHUE TPEJCTABUTEIBHBIX NAHHBIX JUIS CPABHEHUS. BBIIO COCTABJICHO YETHIpE PEKOMOMHHPOBAaHHBIXOOpa3Ia
ra30KOH/ICHCATHOM cMecH ¢ pa3nuvHbIM cojaepxkanneM YB Cs. (310, 400, 480 u 600 F/Ms) U UL KQXKI0H U3 HUX
SKCIIEPUMEHTAIILHO ONPEJEJICHO NaBJeHUE Hayala KOHACHCAlMW NpU Pa3IMYHBIX TemrepaTypax. Haumenblee
BJIMSIHAC TEMIICpaTyphl Ha JaBJICHHE Hadala KOHJCHCAIMK YCTaHOBICHO mpu coiepxkanuun YB Cs. 400 /M,
MaKCUMallbHOE ero m3menenue B unrepsajie 20-88 °C cocrasmser 0,8 MIla. lannas YB cmech xapakrepusyercs
creayonmM MoJbHBIM coctaBoM: N»-CO, — 3,2 %; Cy — 74,5 %; C,-C4 — 15,4 %; Cs4 — 6,9 %.

Jlst aToit YB cMecu Obliia BBITIOJIHEHA CEpHs OTIBITOB KOHTAKTHOM KOHJIEHCAITUH TpH TeMriepaTypax 20, 32,
50, 70, 80, 88°C. Ilo pe3ymbTaTaM 3KCIIEPUMEHTOB OCYHIECTBIIOCH IIOCTPOEHHE M30TEPM KOHTAKTHOM
KOHIICHCALINH, XapaKTepu3yromux(a3oBoe moBeneHne YB CHCTEMBLIIO KOTOPHIM YCTaHOBIJICHO, YTO YBEIHYCHHUE
TEMIIEpaTypbl COMPOBOXKIACTCACHIDKEHNEM IIOTEPh W yBEINHMUYCHHEM MaBIICHMS MaKCHMAlbHOW KOHICHCAIIUU
HECTaOUITLHOW XKHUAKOH (ha3bl.

CocraBienre u agantauus pVT-Moaenu MpoBOAWIACh C MOMOUIbIO mpuioxkeHuss PVTxX mporpaMmbl
Tempest. OcHoBoii co3manus pVT-monenu SIBISUIMCH JaHHBIE O KOMIIOHCHTHOM COCTaBE CMECH, (DHU3UKO-
XMMHYECKHE CBOMCTBA KHUIKUAX YIIeBOJAOponoB W pesynbraTel ombitoB CCE. Jlns pacdera Obuio BBEIOpaHO
TpexInapameTpuieckoe Kyondeckoe MoauduurpoBaHHOe ypaBHeHue coctosiHus Ilenra-Pobuncona (1979 r.). Ilo
pe3ynbTrataMm MaTeMaTH4YeCKOr0 MOJICIMPOBAHUS IOJy4Y€Ha XOpollas CXOJUMOCTb JaHHBIX, OTKJIOHEHHUE
pacyeTHBIX 3HAYEHUH OT IKCIEPUMEHTAIbHBIX He mpeBblano 5 %. [locne HOCTHXKEHUS! CXOAUMOCTH Pe3yiIbTaToB
MPOBOAMIIOCH MoJienipoBanue onbita CVD, KOTOpBIH MOIEIUPYET NOBE/ICHHE Fa30KOHACHCATHON CHCTEMBI B X0JIe
pa3paboTKH MECTOPOXKICHHUS Ha PEXHME €CTECTBEHHOTO HCTOMICHHSA. JTO TMO3BONMIO TONYYHUTH HEOOXOTUMBIE
JTAHHBIC [0 W3MEHEHHIO COCTaBa W CBONCTB PaBHOBECHBIX T'a30BOI M JKUAKOW (a3 C LENbI0 OUEHKH H3MEHEHHUS
KOMIIOHEHTOOT/Ia4YH Ha Pa3INYHbBIX CTAIMAX pa3paboTKH MECTOPOXKICHHUS.

Ha ocHOBaHMM STHX JOaHHBIX, NEpBOHAYAIBHO, OBLI MPOM3BENEH pPAacdeT W IIOCTPOCHBI 3aBHUCHMOCTH
n3Menenus: kommnonenrootrnaun Cq, C,-Cy, Csy (pucyHKH 1, 2). DTO MO3BOIMIO ONIEHUTH U3MEHEHUS KO3 hUIIeHTa
W3BJICYCHUS] DPA3NUYHBIX KOMIIOHEHTOB B HCCIEJyeMOM Juana3oHe TtemnepaTyp. CpaBHUTENbHBINA aHAINU3
MOJIYYEHHBIX 3aBUCUMOCTEH Tmokazai, 4to npu naasieHud 1,0 MIla xommoneHTooTmaya C; HE3aBUCHMO OT
temneparypbl npudmmkaetcs k 100 %. [To xommonentam C,-C, yBEIIMYCHUE TEMIIEPATyphbl BEACT K YBEIHUCHHIO
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KoMIoHeHToOoTHaunpuMepHo Ha 12 %, YB Cs, ma ~ 17 %.XapakTep 3aBUCHMOCTEH CBHUICTENBCTBYET OCHIDKCHUH
BIIMSIHHSL IABJICHUSI B OOJACTH HU3KUX €ro 3HauYeHWi Ha KOMIOHeHTooTAady YB Cs. Mpu HH3KHX TeMmIeparypax
(pucyHOK 2).
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— Cz'C4 (20 OC), - Cz'C4 (32 OC), — Cz‘C4. (50 OC),
—_— Cz'C4 (70 OC), —x Cz'C4 (80 OC), —e— Cz‘C4 (88 OC),
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“-r-Cyy (0°C); - Cs,(80°C); =~ Cs. (88°C)

Puc. 2. 3menenne komnonentootnaun Cy-Cy U Cs, IPU CHIKCHHUU JTABICHUS

Jlns ompeneneHuss WHTEHCUBHOCTH JOOBIYM KOMITOHCHTOB HA PAa3lIMYHBIX ATANaxX CHIDKCHUS IaBIICHHS
OBUTH TMOCTPOCHBI 3aBHCHMOCTH W3MEHCHHS KOMIIOHEHTOOTIAuu Hu3BIekaeMbix 3amacoB miusi Cy;, C-C4 m Cs.
(pucynok 3). YunTeIBasg, 9TO Ha CETOTHSIIHUI /IeHb AaBJICHHWE 3a0pachIBaHUS MECTOPOKICHUH cocTaBisieT 4-7
MIla u CcOOTBETCTBYEeT OO0JACTH JaBJICHHS MaKCUMaJbHON KOHACHCAIMW, TEPBBIH OTal XapaKTepH30BaJICS
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CHIDKEHMEM [IABJEHWS OT JaBJIEHHWs Hayala KOHIEHCAIMM 1O [JABIEHHS MaKCHMaJbHOH KOHIEHCAIINH.
[ocnenyromnye Ba dTana CHIDKCHUS JaBlIeHUsS] ObUIM BBIOpaHbI KaK MOTEHIMANbHbBIE: OT JIABJICHHUS MaKCUMAaIbHOU
koHaeHcanuu 10 3,0 MIla u ot 3,0 go 1,0 MIla. 3HaueHus 1aBIeHUS MAaKCUMAIBHON KOHICHCAITUH TIPECTABIICHBI B
Tabmuue 1.

Tabmmma 1
3HaueHUs TaBJICHUS MaKCHUMaJIbHON KOHJICHCAIIH
Temmneparypa, °C 20 32 50 70 80 88
JlaBineHne MakKCUMaJIbHOM 4.0 48 5.3 6.0 6.3 6.5
koHgeHcanun, Mlla

W3 pucyHka 3 BUAHO, YTOHE3aBUCHMO OT TEMIIEPATYPbl OCHOBHAs 100bI4a H3BIEKaeMbIX Y B mpuxonutcs
Ha 00JIacTh CHIKEHUSI JIABJIICHHS OT JIaBJIEHHs Hadajla KOHJICHCAIMU JI0 JaBJICHUS MaKCHMalbHOM KOH/EHCAINH,
JUIS TAaHHOTO Tieproja HaOiroaeTcst o0Iasi TeHACHIMS YMEHBIICHNSI N3BJIEYEHUS] KOMIIOHEHTOB C YBEJIMYEHHEM
temreparypsl. Tak npu temneparype 20 °Crkoaddunuent uzpiedenus mo kommnoHeHry C; pocruraernopsiaka 88 %,
C,-C4~ 85 %,

':: e .
X X =
Bk I o ey | e 3
80k : i 5 2
e " N u' un
= & i 5 3 E i
< 3 2 2] & B 3
o i Ik ] o [e: i
< I - s [£: i
~ 60 2 3 %
) I - e [e: 7
o I - ™ [£: 7
= Ik ] Y [ :
e 3 % i o R i
- ] 5 i) e by
5 40 i & % 3 i Gy
= 3 : -Z-' : i E-
= o - o [+ i
= % - & : : i
20 i i 'a i i
o ok X5 ) [+ i
2 i i 7 & i
X o o 2 ] T 2 T
A ] ¥ o f 3 e = ] e
X 5 % g R u 0 1 i
i ] L T i Ryl o etk B q o o T PO et lE .
Puk- Pmx- 3MIla-| Puk- Pwmk- 3MIla-| Puk- Pmx- 3MIla-| Puk- Pmk- 3MIla-| Puk- Pmx- 3MIla-| Puk-  Pmk- 3MIla-
Pmk  3MIla IMIla| Pux 3MIla 1MIla| Pmx 3MIla IMIla| Pmx 3MIla 1IMIla| Pmx 3MIla IMIla| Pux 3MIla 1Mlla
20°C 32°C 50°C 70°C 80 °C 88 °C
BCy; BC,-Cy; ®Cs.,

Puc. 3. U3menenue KOMIIOHCHTOOTAAYHX U3BJICKAEMbIX 3aI1aCOB IIPU pa3IMYHbIX TEMIIEpATypax

Cs+~ 97 %, a ipu temmeparype 88 °C — C; ~ 81 %, C,-C4 ~ 78 %, Cs, ~ 88 %. st neproia CHUKEHUS IaBJICHHS OT
MaKcUManbHON KoHmeHcamuu 10 3,0 MIIa ormeueHOo yBennueHHeKod(D(UIIMEHTa W3BICYCHUS C IMOBBIIICHUEM
TEMIepaTyphl I BCEX KOMIIOHEHTOB; JUIS 3Tama CHuxkeHus nasieHus ot 3,0 go 1,0 MIla wabGmromaercst
HE3HAYUTENIbHOEe CHIKEeHHe kKoMmmnoHeHTooTaadu it C;, C,-C4 1 poct xodddumnuenta uzsiaeuenus mias Cs.. Jis
VB Cs: mpupocT KOMIIOHEHTOOTAAYN 3a CUET CHIDKeHUs Aamienus mo 3,0 MIla cocrasmser ~ 1-6 %, mo 1,0 MIla
~2-12 %.

Takum oOpa3oM, B paboTe TO pe3yibTaTaM MaTeMaTHYeCKOTO MOJCIHPOBAHUS HA OCHOBE
SKCIEPUMEHTAIBHBIX HCCIIETIOBAHNN YCTAHOBJICHO, YTO IPH CHIKCHUH JaBJIICHAS HIDKE JOCTHTAEMOTO B HEIHEIITHUX
YCIIOBHAX AaBIICHHUS 3a0pachiBaHMA HaWOOIBINUI mpupocT KoddduinenTa n3pnedeHus HaOIroIaeTcs s Ta30BBIX
koMmroHeHTOB C,-C4 u nocturaet mopsiaka 15-20 % B 3aBHCHMOCTH OT TEMIIEPATYpPhI, MPH 3TOM MPU YBEIHMYCHUH
TeMIepaTrypbl Kod(QQuimeHT u3BieueHus Bo3pactaer. s kommnoHeHTOB Cs. K0d3(pdHIMEHT u3BICUCHHS C
MOBBIIICHUEM TEMIIEPATyphl TAKXKE YBEIMYMBACTCS M MOXKET JocTHrath mopsjaka 5 %. B 3axmoueHue cTout
OTMETHTh, YTO JUIS MPAKTHYCCKHUX IIeJe MOMOOHYI0 OICHKY CIICAYEeT MPOBECTH C YYETOM BIHMSHUS Pa3THIHBIX
reosoro-pusnyeckux GakTopos.
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J.A. BOJIKOTPYBOB, A.A. IIETPOB
Hayuonanvuwiii munepanvro-coipbegotl ynusepcumem «I opHuliiy

NHTEHCUDPUKAIUA TPUTOKA ITYTEM ITIPUMEHEHUA
KOMILIEKCHOM TEXHOJIOT UM OCBOEHUSI 1 PEMOHTA
CKBAKHNH B KAPBOHATHBIX HU3KOITPOHUIAEMBbIX
KOJIVIEKTOPAX

3a cdeT omepekaroniero W3BJIeUeHNs Hanboee MPOAYKTUBHBIX 3ajiekeil He(hTH KauyeCTBEHHO M3MEHSIETCS
WX CTPYKTypa, BO3pacTaeT MdoJsi TPYJHOM3BICKAEMBIX PECYpCcOB M HH3KOJCOWTHBIX CKBaXKHMH, CHIDKAETCS
3¢ dexTuBHOCTs 10OBIYM HEePTH. B CBA3M ¢ 3THM BOBIIEUCHHE B AKTHBHYIO DPa3pabOTKy TPYAHOHM3BIEKAEMBIX
3aI11acoB CBS3aHO C MCIIOJIb30BAaHUEM IPOTPECCUBHBIX TEXHOJOTHH (CpeAcTB) OypeHHS M OCBOCHHUS CKBaKMH.

AKTyaJbHBIM SIBISICTCS IPIMEHEHNE METOIOB, TIO3BOJIAIONINX 3HAYUTEIHHO YBEIUYHUTE MPUTOK HA CTAAUU
OCBOCHHS, a TaK K€ IPH KaIUTaTHbHOM PEMOHTE CKBaXKIHBL.

Wnest paboThl 3akiroyaeTcsi B CO3AaHMHM KOMIUIEKCHOM TEXHOJOIMH ITyTEM COBMELICHHS LUKINYHOTO
THIPOJMHAMHYECKOTO BO3/CHCTBHS Ha HW3KONPOHMILAEMBIE IUIACTBI C KHCJIOTHOW 00paboTKOH KapOOHAaTHOMN
HOPO/IBI - KOJUIEKTOPA.

[epcrieKTUBHBIM HAIMPaBICHHEM Pa3pa0OTKH METOJOB MHTCHCH()HMKALMU MPUTOKA B YCIOBHSAX 3aJICTaHUS
HU3KOMPOIYKTUBHBIX IUIACTOB CIICJAYCT CYUTATh MyTh WHTErPAllMH THAPOUMIYJIBCHBIX BO3JICHCTBHU Ha IUIACT C
xuMHudecKuMA (axtopamu. IIpr MHOTOKpAaTHO MOBTOPSIOIIUXCS THAPOYIApaX B COBOKYIMHOCTH C HarHETaHHEM
KHACJIOTHBIX PacTBOPOB, MPHUMEHSIEMBIX B KadeCTBE PACKIMHUBAIOMIEH >XHIKOCTH, TOCTEICHHO YBEIUYHWBACTCS
rTyOWHA M PaCKPBITOCTh TPEIINH, a, CICIOBATEIBHO, 00JIETYAIOTCS YCIIOBHSI IIPOHUKHOBEHHUS KHCIOTHOTO pacTBOpa
B ciabomnpoHunaemMslii wiacT. OCOOEHHOCTD MPeUIaraéMoro pemieHns TOCTAaBICHHON 3aJadl 3aKII0YacTCs B TOM,
YTO BMECTO TPHIOKEHHUS BBIcOKOro mapneHms [I3I1 moxaBepraioT cepusiM KOPOTKHX YAApOB, HPH KOTOPBIX
JKHJIKOCTH HE YCTIEBaeT PIIBTPOBATHCSA B 00pa3yroNuecs TPEIINHE U YBEIHINBATh UX JITHHY.

OnBITHO-TIPOU3BOJCTBEHHBIC UCHBITAHUS NPEAJIOraeMOr0 METOJIa MMEKOT MOJOXHUTEIBHBIA PEe3yabTaT: B
pe3yipTate pa3BUTHS TPEUIMHHOW CHCTEMBl B MPUCKBAXMHHOW 30HE IUIACTAa YJIYYIIWICS TPUTOK HE(PTH, a
CPEIHEeCYTOYHBIN AeOUT BhIpoc 10 4,5-5,49 1/cyT (B TpH pasa).

Hayunslii pykoBoanTeNb: 1.T.H., npodeccop H.M.Hukonaes

HN.E. UBAHOBA, B.B. UBAIIEUKWH
Benopycckuii HayuonanbHblli MexHU4ecKul YHUepCcumem

CKBAJKHHA C 3ATPYBHOM CUCTEMOM PETEHEPALIN

Q = C uenbl0  TOBBINIEHUS  PEMOHTOIPUIOJHOCTH U
I_— nonroBeuHocty ckBakuH B BHTY mpeanoskeHo pasMemiats B HX
IpaBUAHON OOCHINIKE 3aTPYOHBIC CHCTEMBI I[HPKYJSAIHOHHOM
pereHepanyu, cocrosume u3 4-5 —u NUPKYISAIHUOHHBIX TPYOOK,

SHARN \ \ R ' nepGOpUPOBaHHBIX B HHTEpBAJC (GUIBTPA, IPSIHA3HAYCHHBIX IS
NN L E o0ecrieyeHHsl UPKYJIALMA PeareHTa BO BCeM 00beMe IpaBHHHON

o6crrmku (puc. 1) [1].

- Perenepanusi ckBaxkuHbl. [Ipu BeImonHeHMH paboT TO
-~  pereHepalyy B IUPKYJSILIHOHHBIE TPYOKH IOJAIOT PEarcHT H3
0aka NpH OJHOBPEMEHHOW paboTe 3paudTa, CMOHTHPOBAHHOTO B
s Bojo3a0opHOi ckBaxuHe [2]. [l me3suH(EKIUM CKBAKUHBI B
TPYOKH MOXHO MOJaBaTh THIOXJIOPHUT. B mporecce sxcIuTyaTauu
Lot LUPKYJSILMOHHBIE TPYOKH HCIOJIB3YIOT B KauecTBE 3aTPyOHBIX
L= TB30METPOB JJIsi MOHUTOPHHIA THIPABIMYECKOTO COIPOTHUBIICHUS

¢unpTpa U MPUQGHUIETPOBON 30HBL.
TexHOJIOTHSI COOPY:KeHHsI CKBAa:KUHBI. J[1s1 coopyxeHust
I oL S BBICOKOJICOMTHBIX ~ CKB@&XHH C  3aTPYOHBIMH  CHCTEMaMH
S pEarcHTHOH pereHepalii MOXHO PEKOMEHIOBAaTh POTOPHBIH
crocod OypeHHs ¢ OOpaTHOH MPOMBIBKOH YHCTOW BOJOH,
1 — xommykrop; 2 — duamer; 3 — 3atpyOHas  goroppii 0OECIEUMBACT BHICOKOE KAa4eCTBO BCKPHITHS IUIACTA,
LUeMEHTAL; 4 — SKCIUTyATalfoHHas KONOHHA; 5 = poayi65cHoCTE GypeHHs CKBaKHH GOIbIIAM AHaMeTpoM (10 1,5
(uaren; 6 — mysi; 7 - (uamiposas kosoma; 8 M) W CTaOMJIBHO BBICOKHE YHAeNbHbIE aeOUTHL. Pa3paboTaHa
— OTCTOMHUK; 9 — MydTa; 10 — HUPKYIAHOHHbIE N
pyGices; 11 — nepbopamas; 12 — permwm TEXHOJIOTHYECKasl TOCIENOBATEIbHOCTh COOPYXXEHHUSI HOBOM

B07103a00PHO CKBAXHHBI (pHC. 2).

_A L1
LARRAARLNY

P

M TN TE]

! p— IR
i ot e

e

Puc. 1. CkBaxxuna ¢ 3aTpyOHOU cHCTEMOM
LHUPKYJBIIMOHHOM pereneparun
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1 — cTBON pa3BeJOYHON CKBaXXMHBI, 2 — CTBOJ CKBaXHMHBI ISl KOHAYKTOpa; 3 —
KOHIYKTOp; 4 — 3aTpyOHast lIeMeHTalusl; 5 — [eMeHTHast IpoOKa; 6 — CTBOJI CKBaYKHHBI
Uit GuABTPOBOM KOJNOHHBI; 7 — (UIBTPOBas KOJOHHA C OTCTOWHMKOM; 8 —
9KCIUTyaTallMOHHAs! KOJIOHHA; 9 — 3axBaT - mpucrnocobnenue; 10 — MUPKYISIHUOHHbIE
TpyOku; 11 — nepdopupoBaHHas 4acTh NUPKYJIAIHOHHBIX TpyOok; 12 — 3ackinka; 13 —
repMeTH3HUpYIOIast IIHTa; 14 — repMeTHYHBIIH 0T0JIOBOK; 15 — MmydTa

Puc. 2. TexHonormyeckas mociue10BaTeIbHOCTh OYPEHUS CKBAXKUHBI

IIpoxonsr pa3semounslii ctBost 1 (pUCYHOK 2, a), 3aTeM OypsAT CTBOJI 2 Ui YCTaHOBKM KOHIyKTOpa 3
(pucysok 2, 6). [lanee B CTBOI OIyCKatOT KOHAYKTOP 3 (PUCYHOK 2, B), ¥ Ha BCIO €r0 BBICOTY BBIOIHAIOT 3aTPYOHYIO
neMeHTanuro 4 (pucyHok 2, 1). LleMeHTHYIO IPOOKY 5 BEIOYpHBAIOT 1 BCKPBIBAIOT BOJIOHOCHBIH TOPU30HT (PHUCYHOK 2,
).

B OTKpBITBIII CcTBOJI 6 MOCHENOBATENBHO OIyCKAIOT (MILTPOBYIO 7 M OIKCIUTYaTALMOHHYIO 8 KOJIOHHBI
B0JI03a00pHOIM CKBaXHMHBI (PHCYHOK 2, €), NpEIBapUTEIbHO IPUKPENMB K HAM NPH TOMOIIM 3aXBaTHBIX
npucnocodnennii 9 mupkynsunonssie Tpyoku 10. Gunbtp 7 Bog03ab0pHOIT CKBaXKMHBI U Tep(OpPUPOBaHHYIO YacTh 11
UPKYJSIIIMOHHBIX TPYOOK 00CHINAIOT (hUIBTPYIOIIEH 3ackinkol 12 10 TeX mop, Moka ee ypoBeHb He MOAHUMETCS Ha 5-
6 M BbIlIe OalIMaka KOHIYKTOpa (PUCYHOK 2, K). 3aTeM K KOHIYKTOPY NPUBAPUBAIOT ILIMTY 13 Ui repMeTH3anuu
MEXTPYOHOTO IMPOCTPAHCTBA U 3aKPEIUICHHUS] YCThEB LIUPKYISIIUOHHBIX TPYOOK M KpersT ¢uanel 14.

HupkynsunoHHBIe TPYOKH MOTYT OBITH BBEIMONHEHB W3 moimyTmwieHa 11980 wnmn 119100 ¢ HapyXHBIMH
muamerpaMu oT 20 1o 32 mMMm. Takue TpyOBI IONTOBEYHBI (TapaHTHS Mpou3BoxuTens 50 JeT), UMEIOT BBICOKYIO
XIUMHYECKYI0 CTOWKOCTB, MOCTaBISIIOTCA B OyxTax mnuHOM 100M. TexHomormss OypeHus orpaboTaHa mIpH
COOpPY)KEHHH CKBaXXVH B 1. JKmaHoBmun u A. Y3mna Msnensckoro paiiona Munckoit oomactu Pecryonmku benapyce.

Kanumansnoiii pemonm cxeajcunsl. BKiroyaeT onepaniy M3BICYECHHS CTaporo (HiIbTpa, BHIOYpHBaHUS
CTapoil rpaBUitHON OOCHINKKM M YCTAaHOBKY HOBOro ¢uibtpa. Tpebyemoe moasemHoe ycwiue P, mpu u3BiedeHun
9KCIUTYaTalMOHHOM KOJIOHHBI C (PMIBTPOM TOJIBKO CTATUYECKON CHIION HaXoauM 1o (opmylie

KO~ Kon

Po=G+F,, +F,,=0(0,0, +al,)+N-T+F, . &

rae G — obuuii Bec U3BJIEKaEMON HKCILTyaTallMOHHOH KOJIOHHBI ¥ QUIbTPa; Fpyp ., T — cHta 1 ko3 Punment
TPEHHs JKCILUTyaTallMOHHOH KOJOHHBI O TMOPONY; U (g4 — COOTBETCTBEHHO MAacChl 1 M.I. KOJOHHBI M (GHIBTPA,
umeronux sl |, 1 1y ; N — ropusoHTanbHas cocTapisomas O0KOBOTO JaBJIeHHs IIOPOJbl HA KOJIOHHY; F 4 —
CHJIa TpeHHs QUIIbTPA C «KOJIBMATALOHHOW KOPKOW» O OPO.Y.

Cuy N MOXHO OINpeJeiuTh 10 METOJIMKE pacdera CHJI JaBjieHWs Ha noanopsbsie creHkd [3]. Cumy N
HaliieM (IpU JOMYIIEHWH O TPEYTOJbHOHM SIIope pacnpelesieHus] TOPH30HTAIBHBIX HANPSDKEHHH OT TOPHOTO
IaBIICHUS [0 TIIyOWHE) Kak OOBEM SIIOphI JABJICHMS, ACHCTBYIOLIETO0 HA KOJOHHY MIMHOU |, ® HapyXHBIM
JquamMeTpoMm d,.

N ZO,SIK(O'B +O'H)7de :OISIK[ZKai Vi ‘hi +(ZKai Vi 'hi + Kan Y 'IK)}ZdK’ (2)

IZie Gy G, — HaNpsDKEHUS Ha BEpXHEH M HIDKHEH oTMeTkax KoJoHHbI;, Ky — koad¢duumeHT akTHBHOTO
J@BJICHUS I-OT0 CJIOSl TPyHTa TOMIMUHOM hi ¢ ynenasHbIM BecoM yi; Ka, 7, — TO ke caMoe BOAOHACHILICHHOTO IPYHTA;

K, =tg 2 (450 — O,5¢); @ — yron BHyTpenHero tpenns rpyuta; ¥, = 9o, (0, —1000)/ p, , rre p., p,

— INIOTHOCTH CKEJIETA U TPYHTA BOOAOHOCHOI'O IIacTa.

109



Cuity TpeHust GuiibTpa o mopo.y, onpeaeianM mo ykaszauusam I113-01 k CHB 5.01.01-99 [4] xak Hecymyio
croco0HOCTh OypOoHAOHMBHOM cBau, paboTaromel Ha BbIIEPTUBAIOIINE HATPY3KH:

Fmp.¢:7czu'7cf -Rghy, 3)

rae Y. — Ko3(hGUIMEHT YyCciaoBUil paboThl, Y.,~0,8; U- OCpEIHEHHBIH NEPUMETP MONCPEUYHOTO CCUCHUS
(UIBbTpa ¢ «KOJBMATAI[MOHHOW KOPKOI», COCTOSIICH W3 YacTUI] TPaBHUHONW OOCHINKH, CKPEIJICHHOW LEMEHTOM
obpacraHusi, B i- CJO€ BOJOHOCHOTO IUIaCTa, M; Y — KOI(DQPUIMEHT yCioBHil paboOThl TpyHTa Ha OGOKOBOM
MOBEPXHOCTH «KOJBMATAI[MOHHON KOPKHY», 3aBHUCAIINNA OT MPOYHOCTH OTioxeHuH, ys= 0, 6-0,8; R; — pacuerHoe
COTIPOTHBIICHHE TPEHHUIO TPYHTA B MPEIENax i-0ro CIIOsi BOJOHOCHOTO TUTACTa TOMIIHHOM h;.

s obrnerdennsi w3BIedYeHUS (GWIBTPa NPOBOAAT €T0 HMITYJIBCHYI0O OOpabOTKy W 3aKauyMBalOT B
(GUITBTPYIOIIYIO 3aCHINKY Yepe3 HUPKYJISIIUOHHBIE TPYOKH peareHt, KOTOPbIi pa3MsrdaeT eMEHTAI[HOHHbIC CBS3H.
3arteM HW3BJIEKAIOT KOJOHHY TPYO C MOMOIIBIO TIPY30MOJBEMHOI0 MeXaHH3Ma ¢ BHOpoMoioTOoM. Mcnonbs3yroT
OypuibHBIE TPYOBI, KOHEI] KOTOPHIX 3aBOJSIT B OTCTOHHHK M COCTUHAIOT ¢ pe3p0oBoit Mydroit 9 (pucynoxk 1). IIpn
9TOM HCKIJIIOYaeTcs OOpBIB OOCAaTHBIX TPYO W (GWIBTpa, TaK KaKk NPU TOABEME OHU pabOTalOT Ha CKaTHe, a
PACTSTHBAOIIMC YCUIINS BOCIIPHHUMAIOT OypHiIbHBIC TpYOBI. [lociie u3BneucHus, Ha 3a00i OMyCKAIOT IOJOTO U B
nporiecce OypeHHs YOAISIOT CTapylo OOCHIIKY. HOBBI (WIBTp OMYyCKalOT B OTKPBITBIA CTBOJ BMECTE C
OTCTOMHUKOM ¥ HOBBIMHU LIUPKYJISIIMOHHBIMU TPYOKaMU.
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A.H. KYPY, B.B. UBAIIEYKWH
benopyccxuii nayuonanvuulli mexuuueckull ynusepcumem

I'MIAPOIJIEBATOPHASA YCTAHOBKA IS U3BJIEYEHUA
ITECYHAHBIX ITPOBOK U3 CKBA’KNH

Cuwxkenue aebuTa CKBaKMH HA BOJXY W BBIXOJ HX CTPOS, Kak ITPaBWIO, BHI3BAHO KOJbMATalded u
necKkoBaHneM (QUILTPOB. IleCOK OCakaaeTcs B OTCTOMHHUKE, 00pasys Tak Ha3bIBAEMYIO IECYaHYIO MPOOKY,
YaCTHYHO WITM MOJHOCTHIO MEPEKPHIBAIOILYI0 QUIALTP. [ ee M3BJIECUEHHs Yalle BCETO HCIOIB3YIOT 3PIU(THYIO
npokauky [1]. IIpuMeHeHre SpAUPTOB CONMPSIKEHO C MCIOIB30BAHUEM MOIIHBIX MEPEIBHMKHBIX KOMIIPECCOPOB H
KPaHOBOTO 00OpYZOBaHMA Ui MOHTa)a-IEMOHTaka Spiudra, YTO HEe BCerga 3KOHOMUYHO IPU IMPOKavKax
[IyOOKMX CKBRXKMH MAaJblX IHAMETPOB. B 9TOM CBA3M NPEACTABIAETCS NEPCIEKTUBHBIM HCIIOIb30BATh IS
yIaJeHns MeCYaHblX MPOOOK HACOCHI - THAPODJIEBATOPBI, CIIOCOOHBIE IEPEKAUMBATH IIYJIbIY U 3arpsi3HEHHBIE
KUIKOCTH [2-4].

IMpensaraemas cxeMa uapOJIEBATOPHOM YCTAHOBKH IIPEACTABIIEHa HA PUCYHKe 1.
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1-pabounii Hacoc; 2- BEHTHIN; 3- THAPOMOHUTOPHBIH TPYOOTIPOBOS;
4- THAPO37IEeBATOP; S- MOABOASIINI TPYOOTIpOBOM; 6-TToKatommii TpyOOoTIpoBoI; 7-GMIbTp; §- mecyanas
npoOka; 9- nomonHUTENBHBIH pe3epByap; 10- ceTka; 11- ocHOBHOI pe3epByap

Puc. 1. HpI/IHI_[I/IHI/IaJ'ILHaSI cXxeMa CKBaKMHHOM rm[poaneBaTopHoﬁ YCTaHOBKH

YcraHOBKa COCTOMT W3 THIPOMOHUTOPHOTO TPYOONpOBOJA C HAcaJKoOM, OOECHEYMBAIOIIUM pPa3MbIB
necyaHod TpoOKW, CTPyWHOro Hacoca-TUAPOdJIeBaTopa C TOAAIOIIUM TpyOONpoBOJOM, pabodero Hacoca,
BBITIOJTHEHHOT'O B BUJIE BRICOKOHAIIOPHOTO MOTPYKHOTO arperara, IMoJKIF0YeHHOT0 K IMOIBOISIIEMY TPyOOnpoBoay
C aKTHBHBIM COILIOM, 2-X THIPABINIECKH CBI3aHHBIX MEXIy cOO0H pe3epByapoB (OCHOBHOTO M IOTIOHUTEIHHOTO),
pa3mencHHBIX CeTKOH. ['maposseBaTop HampaBisieT IMyJBIY IO MOAAMOIIEMY TPYOOIPOBOLY BO BCIOMOTATEIHHBIN
pe3epByap, TIe TIIECOK OCeAaeT Ha [OHO, a OCBETJICHHAas BoJa IIEpeTeKaeT B OCHOBHOW pe3epByap. llpm
HE00XOIMMOCTH BOJY JOJMBAIOT B pE3ePBYaphl U3 CETH.

OTcyTCcTBHE B ITUTEpAType METOAUK pacdyera IMapaMeTpoB IMOJZOOHBIX THAPOIIEBATOPHBIX YCTAHOBOK IS
CKB2)XMHHBIX YCJIOBHH, XapaKTePH3YIOUINXCS MHPOKUM auarma3oHoM riryouH (10-300M) W auaMeTpoB CKBaXKHH
(150-400mMm), caep>KHUBaeT X MPUMEHEHHE HA TIPakTUKe. [103TOMY LENbI0 paboThI ABIAIACH PA3pabOTKa METOTUKH
pacdera mapamMeTpoB THIPO3JEBaTOPHON YCTaHOBKH U IPOBEpKa €€ pabOTOCIIOCOOHOCTH B MOJIEBBIX YCIOBHsIX. K
HCKOMBIM ITapaMeTpaM YCTaHOBKH OTHOCATCS MapaMeTphl U Mapka pabodero Hacoca, JUaMEeTphl MOJBOAIIETO U
THIPOMOHUTOPHOTO TPYOOIIPOBOIOB, FTEOMETPHUECKHE pa3Mephl CTPYHHOI0 Hacoca- THAPO3JIEBATOPa U MOJAIOIIETO
TpyOoIpoBoa, odecreurnBatolue paboToCoCOOHOCTh YCTAHOBKH TIPH 3aIaHHbBIX IITyOWHAX U TUaMeTpax CKBaXKHH.

ITonGop Hacoca M oOmpeesieHHe PacXoZOB BOABI B MOABOIIIIEM M T'HIPOMOHHTOPHOM TpPyOONpoBOIaxX
OCYIIECTBIANIOCH TpahUIecKuM MeTomoM. JIBmKeHHe cunTamu ycraHoBUBIIMMCS. W3 ypaBHenus J{.bepHymmm,
3aMUCAHHBIX 11 cevennii 1-1 u 2-2, a taxxke 1'-1 m2-2" MOJIy4aJId COOTBETCTBEHHO BBIPAXKECHHUSI IJIS1 XapaKTEPUCTUK

TpyOOTIPOBOIOB:
IO/IBOISIIETO
2 2
v, av
H, = 29 zg -H-h,, +>h, 1)
THIPOMOHHTOPHOTO
2 2
oN oV
H‘:i_if‘_HJr h . (2)
1 2 g 2 g Z Wi

rne H;; , Hr— motpeOHbIc Hamopsl B HaYae MOABOIAIICIO U THIPOMOHUTOPHOTO TPYOOIPOBOMOB; Ve , Ve
WV, » V.- CPETHUE CKOPOCTH, COOTBETCTBEHHO, B COIIJIE, HACA/IKE, ITOIBOISIIEM U THAPOMOHUTOPHOM TPYyOOTIpOBOIaX;

h,, - CHIKeHWE MaBIECHHS BO BCACBHIBAIOMIEM TATpyOKe THIPO3JIeBaTopa MpH ero paborte; ZhWH, ZhWF -

CyMMapHBbIE ITOTEPH HATIOpa B MOABOASAIICM U THAPOMOHUTOPHOM TpyOompoBoaax; H- paccrosHue ot ceyenuit 1-1 u
1'-1' 10 AMHAMHYECKOTO YPOBHS BOJIBI B CKBaXHHE; 0. — KodpdurmeHT Kopuonuca.

3anmaBanu nTuaMeTpbl U B KoopauHatax Q - H Crpownu eauHWuHBIE XapakTepucTHku (KpuBbie | W 2) u
CYMMapHYIO XapaKTepUCTHKY 2-X TpyOomnpoBoaoB (kpuBas 3). B kauecTBe pabodero Hacoca MOAOHPATH MTOTPY>KHOM
Hacoc tuma DLIB, cTpownm ero  xapakTepHCcTHKY (KpuBas 4) U HaXOAWIH pabouyro ToUKy A ¢ kKoopauHatamu (Hy;
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Q,) mpu pabore Hacoca Ha 1Ba TpPyOOmpoBOma. 3areM IO KPUBBIM 1 M 2 HaxOIWIH PacXoAbl BOABI B
rugpoMoHuTopHOM (Q;,) 1 moaBomsmem (Q,,) TpydompoBoaax.

3Has pacxoq Q,z B IOJBOASAIIEM TPYOOIIPOBOE, ONPEILIISIITN IO MEeToIuKe [2] pa3Mepsl CTPYHHOTO Hacoca
— THIPOAJIEBATOpa M BBIYMCIUIA MOJE3HYI0 BBICOTY mnoabema H,,, BOABI THAPOAJIEBATOPOM MO MOJAIOLIEMY
TpyOOIpoBOTY

2
Vv
Hna() =(1_g3)§_hﬂﬂ+zhw4a (3)

rae {3 — Kod()PUIMEHT, YYIHUTHIBAIONIMK TOTEPU DHEPTUU B CMECHTENbHOW Kamepe W nuddysope;
TpyGomposoge; Vi- CpPelHSAA CKOPOCTh CMEIIMBAIONIMXCS IOTOKOB B HAyale CMECHUTCILHOW KaMephl
THIIPORJICBATOPA.

M

/ 1 - Xapakmepucmuka
J'r 1 - 2U0pOMOHUMOPHOZ0

f/ mpydonpoBoda

i
! }/ 2 - Xopakmepucmuka
f / 7 nodawwezo
/' / mpydonpoboda

L /{ /.I 3 3 - CymmapHas
/ / / T T xXopakmepucmuka
d ’ /- mpydonpoBodoh

Ha . _ ‘ L - Xopakmepucmuka

SN T Hacoca

IJr e T Qoa Qs Q. /e

3arem cpaBHWBanu 3HaueHws H,,, u H. Ilpu BeImonHeHnn ycmoBus H,,,> H - HacocHas yCTaHOBKa
obecreunBaeT MoABEM ITyabIBl Ha BeIcOTy H, mpu H,,,< H - HEo0X0AMMO KOPPEKTHPOBAaThH MapKy Hacoca M
JIMaMeTPhI TPyOOTIPOBOJIOB.

[To ykazaHHOW MeTOIWKe OblIa pacCUWTaHa W M3TOTOBJIEHA THAPO3JICBATOPHAS YCTAHOBKA UIA YAAJICHUS
necka u3 GUIBTPOB CKBaXHH TITyOHHOH 10 S50M ¢ BHYTpeHHUM AraMeTpoM He MeHee 150MM. YcTaHOBKa BKIFOYAIa
B ce0s BBICOKOHANMOPHBIA morpyxHoit Hacoc OIIB 6-10-120 ¢ mynbTOM YIOpaBicHHS, THAPOIICBATOD,
HOJIMATHIICHOBBIC TPYOONPOBObBI: MoaBoAsAui (d=32MM), ruapoMoHUTOpHBIH (0=25MM) 1 noparoumit (d=25mm),
2 KyOOBBIX IUTACTUKOBBIX pe3epByapa (OCHOBHOW U JIOMOJIHUTEIBHBIN), IIAPOBBIE KPaHbI JJIsl PETYJIMPOBKU pacxoa,
IPy30I0ABEMHYIO TPOCOBYIO J1e0eKy (PHCYHOK 2).

B nrone 2013r. Ha ckBaxkuHe Ne2/2011 riy6unoii 40Mm B 1. Y3na Msnenbckoro paiiona Munckoii obnactu
ObUTH BBINIOJIHEHBI Pa0OTHI 110 yNAJIEHUIO NecyaHoW MpoOku BbicoToit 1,5M B mHTepBase (38,5-40) M. Meronuka
paboT BKIIOYaja JEMOHTaX TIIyOMHHOTO HAacoca W3 CKBaXXHHBI, COOPKY y MaBIJIBOHA CKBa)XUHBI 00OPYIOBaHUS
THIIPORIIEBATOPHOM YCTaHOBKH (PHCYHOK 2), CITyCK THIPORJIEBATOPA Ha TOJMATHICHOBBIX TPYOax M TPOCE PYIHOM
J1e0E KO,

Puc. 2. HazemHoe 00opyoBaHue THAPOIIEBATOPHON YCTAHOBKY Ha CkBaxknHe Ne2/2011 B 1. Y3na
Mspenbckoro paiiona
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Perymupys mapoBsiM KpaHoMm momady Hacoca DIIB 6-10-120, oTkaumBaiy IyJblly B JIONOJTHHATEIIBHBIN
pe3epByap, YCTAHOBJICHHBI Ha OMOpax BbIIE OCHOBHOIO pe3epByapa Ul CaMOTEYHOTO CIIMBAa BOJbL. [losieBbie
WCIIBITAHHSL TIOATBEPAMIA PabOTOCIOCOOHOCTh THIPOIIEBATOPHON YCTAHOBKH W OOOCHOBAaHHOCTH METOJIMKH
pacdera ee JIEMEHTOB.
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A.B.IIOCTYIOB, I'.10. LIEPBAKOB
Hayuonanvuwiii munepansho-coipbegou ynusepcumem «I opHuliiy

HCCJIEJOBAHUE KOPPUIHEHTA CBETOIOIVIOINEHN S
OPI'AHUYECKHUX OTJIOXKEHHUU JOBbIBAIOIUX CKBAKWH
HE®TEI'ASOKOHIAEHCATHBIX MECTOPOXAEHUU

[Ipu noObrue HePTH HEPTETA30KOHICHCATHBIX MECTOPOKIACHHUHA aKTyallbHOW MPOOJIEeMOH, MPUBOIAIICH K
OCJIO)KHEHMSIM B  pabOTe CKBaXMH M  HEQTEHNPOMBICIOBOrO  00OpyHOBaHHUS, SBISETCS 0Opa3oBaHHUE
acdanprocMononapadUHOBBIX OTIOXKeHHH. boprba ¢ oTnoxeHus MM acgaibTeHOB, CMOJI U NapauHOB BEIETCS
JBYM HalpaBICHUAM: IPEAYNPEKACHUIO (3aMeAJIeHNI0) 00pa3oBaHMs OTJIOKEHHWH W MX ynaleHuto. B naHHOMN
pabote ocBemaercst oiuH U3 Hanbosee F3PPEKTUBHBIX METOJOB yJaJCHUS: XUMUYECKHUIl ¢ IPUMEHEHHEM PeareHTOB
pactBopuTenei, moadop KOTOPHIX MPOW3BOJUTCS C YY4ETOM THIA OTJIOXKEHHH, KOTOpbIE KIACCU(PHUUIUPYIOT IO
MacCOBOMY COJIEp)KaHHIO B pacTBOpe HeTH napaduHOB, ac(halbTEHOB ¥ CMOJL

ABTOpamm 1OKiIana ObUIM TPOBEACHBI MCCICAOBAHUS ONTHYECKUX CBOWCTB CKBRKMHHBIX OTJIOXKCHUH M
Mojenel He(hTH B 3aBUCHMOCTH OT uX THma. [Ipm 3TOM nCronb30Banach METOAWKA MHOTOKDATHBIX HM3MEPEHUI
ONTHYECKOH IUIOTHOCTH M pacyera KO3(QHIMEHTa CBETONOINIONMICHHUS, KOTOpasl BKIIOYana OTOOp M MOATOTOBKY
Npo0 CKBa)KMHHBIX OTJIOXKEHHH, JTaOOpaTOpHBIC M3MEPEHHS MX ONTHYECKON INIOTHOCTH, a TAaKXK€ MHTEPIIPETALNI0
MOJTYYCHHBIX Ta00PAaTOPHBIX JaHHBIX.

Ha mnHavaneHOM »J3Tame 1abOpaTOpHBIE WCCIENOBaHMS BKIIOYATHM B ceOs BBIJCICHHE KOMIIOHEHTOB
OTJIOXKCHHUH B YACTOM BHUje 1Mo MeToay MapkyccoHa. C MOMOIIBIO JAHHOW METOUKHU OBLITH MOJTYYCHBI KOMIIOHCHTHI
U1 IIOATOTOBKH MOHeHeﬁ, C Pas3jIMYHbBIM COACPIKAHUEM Hapa(l)I/IHOB, CMOJI H aC(I)aJ'ILTeHOB B COOTBETCTBHUH C
KiaccuuKanmei.

Ha cnenyromem srarne ObUIM NMPOBEIEHBI WCCICIOBAHMS ONTHYECKUX CBOWCTB MOJEICH C pPa3iIn4HBIM
KOMIUIEKCHBIM I1apaMeTpoM. Y CTaHOBJIEHO, YTO C YBEJIHYCHHEM JaHHOTO IapaMeTpa IPOUCXOIHUT CHIDKEHHE
K03((UIMeHTa CBETOOTIIONIEHHS], TaK KaK IPOUCXOUT CHIKEHHE COJEP)KaHMs ac(aabTeHO-CMOIHUCTHIX BEIIECTB.
[lomydeHHbIE 3aBHCHMOCTH JAAIOT BO3MOXKHOCTB IJISI Pa3pabOTKM METOAMKH, IO3BOJISIOINEH OMPEnersITh THII
OPTaHUYIECKUX CKBAKMHHBIX OTIOKCHHUH M TOBBICUTH 3()(heKTHBHOCTH TPUMEHEHHS XUMHIECKUX METOJJOB OOPBHOBI C
OPTaHUIECKUMH OTIIOKCHUSIMH.

Hayunbl1il pykoBoauTENb: K.T.H., 10LIeHT A.B. Makciotux

N.10. MAPMBLIEB

PVII «Ilpoussoocmeennoe obvedunenue «benopycrnepmoy HI Y « Peuuyanegpmoy,
Tomenvckutl cocydapcmeentulil mexHuyecKull yuugepcumem

umenu Ilaena Ocunosuua Cyxozo

MOJAEJIUPOBAHUE ®UJIBTPAIIMOHHBIX TIOTOKOB HA 3AJIEKAX
HE®DTAHBIX MECTOPOXAEHUU

B xoxe pa3paboTku HEe(TSHBIX MECTOPOXKICHHN BO3HHKAET BOIPOC O CO3JAHHU THUIAPOJUHAMUYCCKON
MoJienn (PMIBTPAIMOHHBIX MOTOKOB, KOTOpas CO3MaéTcs C TIOMOIIBIO CIENHATN3MPOBAHHOTO MPOTPAMMHOTO
obecriedeHns M KOTOPYIO MOKHO CUHTATh IIPUOIIDKEHHO» K peallbHOW CHTyanud. Pacdérsl, MpOBOAMMBIE UIS
CO3/IaHMs TaKOil MOJETH, CIOKHBI W 3aHMMAlOT MHOTO BpPEMEHH M CpeAcTB. B Xome mowmcka Hambolee
ONTUMAJIFHOTO peMICHUS JUIsI CO3JaHUs THAPOAMHAMHYECKOW MOJenu (GHUIbTPAIMOHHBIX IIOTOKOB  OBLIH
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MIOCTAaBJICHBI 3a/1a4H:

e CO3JaHHEe MOJEIH, KOTopas HauboJee TOJTHO OXapaKTepu30Basia Obl CTAINIO pa3paboTKU B obecTieunia
OBl MaKCHMaJIbHO TOYHBIM PE3yNIbTAT PacUETOB;

e paboTa Mo CO3JIaHUI0 MOJIEIH JOJHKHA OBITh MMPOCTOM U IOHATHOM (MEHEee 3aTpaTHOM).

Jus pemreHMs STHX 3amad Mporecc pa3pabOTKW MoAenw (MIBTPAIMOHHBIX ITOTOKOB pa3/IenéH Ha
HECKOJIBKO JTAIOB!

1) BbIOOp AAHHBIX, HCOOXOIUMBIX IS IIOCTPOCHUS MOJIEIH;

2) TOCTpOEHHE MOJIEIH;

3) cpaBHeHHE MOJYYCHHBIX PE3yJBTATOB MOJCIHPOBAHHS C PE3yJbTaTaMH MOJCIHPOBAHUS B CIICLUAIIHU-
3MPOBaHHBIX IPOTPAMMHBIX KOMILIEKCAX.

CyliecTBYIOT BapUaHThl MOJICIIMPOBAHMS, KOTOPbIE MOKHO BBIIIOJIHUTE 0€3 MPUMEHEHUs! CIIeLHann3upo-
BaHHBIX IporpamM. B 3THX Monensx pacyér GpuibTpalMOHHBIX HOTOKOB NPOM3BOJIUTCS C MUCIIOJIb30BAaHHEM psija
apaMeTpPOB, KOTOPEIE XapaKTepU3YIOT OIPENeIEHHYI0 TOUKY 3ajieku. VIHTepecHble pa3paOOTKU IpeACTaBICHH B
JUTEPATYpHBIX UCTOUYHUKAX [1] U [4A], oqHaKO MX MUHYCaMU SIBJISIETCS TO, YTO NOCTPOEHUE MOJAEIU MECTOPOXKIIE-
HUHM ¢ HEOJHOPOIHBIM TEOJOTHYECKIM CTPOCHHEM IO 3THM METOIaM HEBO3MOXHO. DTO OOYCIOBJICHO TEM, YTO B
30HE MEKAY CKBaXHHAMH CBOUCTBA IMOPOABI MOTYT H3MEHATHCS HECKOJIBKO pa3, a He MPSIMO IMPOTIOPIIHOHANBEHO KaK
cunTaeTcs B dTHUX pacu€rax. JlaHHyro mpoOieMy mpeanaraeTcs peliaTh HPH MOMOIIM pacdyéra ¢ MPUMEHEHHEM
0O0JIBILIET0 KOJIMYECTBA HEOOXOAMMBIX sl pacuéra Kod(PHUIUESHTOB, IS YEero IUIOMAAb MECTOPOKACHHS YCIOBHO
pa3buBaeTcsl KBaJApPaTHOM CETKOI C 3aJaHHOW BEIMYMHON SYEHKM, a MapaMeTphl PacCUMTHIBAIOTCA I KaXKIOH
SIYEUKHU B OT/IEJILHOCTH.

B kadecTBe mapameTpoB, 10 KOTOPBIM IPOU3BOAMTCS pacyer, OepETcs: IIacToBOE JaBieHHe, OOBOAHEH-
HOCTb NPOJYKILHUH IUIAcTa, aOCONIOTHAS OTMETKA 10 KPOBJIE IUIACTa M MPOAYKTHBHAs MOUIHOCTh. [1o kaxaomy u3
apaMeTpOB NPOU3BOJUTCS PACUET:

e ko3 ¢unuenra, xapakrepusyromiero aapiaeHue B miacte (Ky,;), KOTOpbIil MOKa3bIBAET 3HEPreTHUECKYIO
XapaKTepUCTHKY ITacTa (deM OoJIbIle TaBJICHHE B IIACTE TEM MEHbIIEe KOA(PQHUINEHT XapaKTepU3yIOIIHii €ro);

o ko3 duUIHEHT, XapaKTePU3YIOMIEro 06BOAHEHHOCTE (Ky,), (1eM Gosbiiie 3HaueHHE KO HUIIHCHTA, TEM
MEHBIIIE BOJIBI, CJIEZIOBATEIHLHO, OOJIBIIIE Colep)KaHne HEPTH);

e KkoddpdunHeHTa, xXapakTepu3ylomero aodco-
JIOTHYIO OTMETKY 10 KpoBie IacTa(Kypos), KOTOPBIH
MIOKa3bIBaeT YCJIOBHOE pACIIOJIOKEHNE TOYEK KPOBIIU
IUIacTa OTHOCUTEIBHO CaMoi TyOOKO# TOYKM pacrosio-
KCHHUS, a YeM IIIyO)Ke TOYKa, TeM MEHbIIe Ko3(hduIm-
€HT;

e Kod(pdUIMEHTa, XapaKTEPU3YIOLIEro Ipo-
OyKTHBHYIO MOITHOCTH (Ki) (HAXOIMTCSA YCIOBHOE OT-
HOILIEHUE NMPOAYKTUBHON MOIIHOCTH B KOHKPETHOW TOY-
K€ IUlacTa K MakCUMaJbHOM NPOAYKTMBHONW MOLIHOCTH,
CJIeJOBaTENIbHO, YeM OOIIBIIE MPOAYKTHBHAS MOITHOCTD,
TeM BHIIIE OyzaeT ko3 duiment).

[onme3ysice 3HaUSHMSMH STHX KO3(PPHUINECHTOB
o ¢opmyie (1) BeiBezeM uroroBbiii koaduituent (K):

k=K, Koy * Kupos * K (1)

Jlanable KO3(DPUIMEHTH PACCUYUTHIBAIOTCS IS KKIOW SYCHKH, a pPe3yJdbTaThl pacdyéToB CIyxaT
WCXOIHBIMH JaHHBIMH JUISI TOCTPOEHHs KapThl. Yem Oonpmie 3HadeHWE KO3(PQHUINEHTa, XapaKTePH3YIOMIETO
W30JIMHUIO Ha KapTe, TeM OOJIbIlle OCTAaTOYHBIE 3arachl B 9TOH 30HE, M YeM MEHbIEe KOI(PQUIUEHT - TeM Ooiblie
MPOMBITOCTh 30HBL. C y4€TOM H3MEHEHHsS HEKOTOPBIX NapameTpoB (OOBOJHEHHOCTH M JIaBJICHMS) HM3MEHSTCS
3Ha4YeHHUs KOd(PQUIMEHTOB, a CcIeJ0BaTEeIbHO U BHJ KapThl. IMEHHO M3MEHEHHE HEKOTOPHIX KOI((PHUIUECHTOB BO
BPEMEHH MTOKa3bIBAET, YTO MOXKHO [TPOU3BOANTH JMHAMUYECKOE MOJAEINPOBAHHUE, UCIIOIb3YS JaHHBIA METO/I.

Jlnist ananu3a ObUTO BEIOPAHO HECKOJIBKO MECTOPOIKICHHH:

1) 3amamro-CoCHOBCKOE;

2) Mapmosuuckoe (1 610k el-zd ropuzonTa).

[MpompbinuienHast He(TEHOCHOCTh 3anagHo-COCHOBCKOrO — MeCTOpoXkieHus HedpTu cBsizana c el-zd
ropm3oHTOM (puc.1). OTI0KeHNs TPOAYKTHBHON YacTH IPEICTaBICHB B OCHOBHOM H3BECTHSKAaMH, peXe - TOHKO U
MEJIKOKPUCTAUTHYECKAMH JoJOMUTaMu. B Hacrosimee Bpemst Ha 3amagHo-COCHOBCKOM MECTOPOXKICHHH T0OBIYa
He(TH Benercs Ha ckBaxmHax NeNe 1, 2.3, u ocymIecTBIIIETCS OdaroBas 3akadka B CKBakwHy Ned. HagambHbie
OayaHCOBBIE 3amachl cocTaBIsOT- 720 ThIC. T, HaualbHble U3BiNekaeMble - 302 Toic. T. Texymmii KMH — 0,08 npu
npoektHoM — 0,42 [2]. TTo mpeanokeHHOM cxeMe MOIeTUPOBaHus Obljla COCTaBIeHa KapTa IJIOTHOCTH MOJBUKHBIX
COCTaBOB, IIPE/ICTABJICHHAs HAa PHC.2, HA KOTOPOIM BHIHMM, YTO OCTATOYHBIE 3aI1achl PAcIIONIaraloTcsl B 30HE Mexy 1-
oif m 3-eif HoOBIBarOIIEH CKBAXMHOW. AHAJOTHYHBIA PYyJIbTAThl IOJyYalOTCS NMPH pacuéTe B HPOTPaMMHOM
komruiekce ECLIPSE (pesynbrars! mpezcTaBieHbl Ha puc. 3.).
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Puc. 2. KapTta mioTHOCTH MOABMKHBIX 3aI1acOB Puc. 3. Kapra miioTHOCTH MOABMKHBIX 3aI1acoB
3ananno-CocHoBckoro Mectopokaenust Ha 01.11.2014 3ananno-CocHoBckoro Mectopokaenust Ha 01.11.2014
roJla, COCTaBIICHHAS MO Pe3yIbTaTaM pacdéra mo rojia, COCTaBJIEHHAS 0 pe3yIbTaTaM pacuéra B
MIPEUIOKEHHOH METOTIKE MIPOTPaMMHOM KOMILIEKCE

ECLIPSE

Ha MapmoBuuckom wMectopoxnenun Hedtu (1 Omok el-zd ropusonra) 3amexs el-zd ropusonra
Npe/ICTaBICHA JIOJIOMUTAMH M pexe Hu3BecTHskamu (puc. 4). B Hacrosimiee BpeMsi Ha MECTOPOKAECHHU I00bIYa
HeTH BenmeTcs Ha ckBakuHax NeNe 50,51,52,104,151, m ocCylIecTBJIsETCS OdYaroBas 3aKadyka B CKBaXKHHBI
NeNel7,22. HauanmbHble OallaHCOBBIE 3amachl COCTaBIAIOT - 3769 ThIC. T, HaYalbHbIE U3BIIEKaeMble - 754 ThIC. T.
Texymmit KMH — 0,109 mpu mpoektHoMm 0,2 [3]. [lo pe3ynpTataM MOJETHpPOBAHHS MOCTPOEHA KapTa, KOTOpas

mpexacraBieHa Ha puc. 5. Pacuérel mo mnporpamme
ECLIPSE mpencraBnensl B ¢opme KapThl Ha puc.6.
CTOUT OTMETHTB, YTO IO MPEMAIOKEHHOMY pacuéry Ha el-
zd 3amexn MapMOBHYCKOTO MECTOPOXKICHHS B 30HE
BOCTOYHEN  ckBaxuHbl  NelSl MIPOCJIEKUBAIOTCA
OCTaTOYHbIE 3amachl, KOTOPbIE TaK e OTMEuYeHbl Ha
KapTe, IOJIYYEHHOHM IpU pacyére B IPOrPaMMHOM
komiutekce ECLIPSE. A ceBepHeli ckBaxuH 17 u 51 (B
oOmacTH, KoTOpas HE  BCKpbITa  CKBa)KHHAMM)
MPOCIIC)KUBAIOTCS 30HBI C BO3MOXKHBIMH OCTaTOYHBIMU
3arnacamu, KOTOpbIE HE BBISBJICHBI IPH MOJCITUPOBAHUH B
CIEUAIN3UPOBAHHOM IPOTPaMMHOM OOECIICYEHHH H,
BO3MOXXHO, OBUIM IPOCTO HE BOBJIEYEHBI B paboTy, a
MIO3TOMY MOXXHO PEKOMEHJIOBAaTh NPOBECTH JO0Pa3BEAKY
JTAHHOM 00JIaCTH.

Puc. 5. KapTa mioTHOCTH TIOJBMKHBIX 3amacoB 100ka Puc. 6. KapTa mioTHOCTH TOJBHKHBIX 3amacoB 1010ka

el-zd ropuzonTa MapMOBHYCKOTO MECTOPOKICHHUS Ha el-zd ropuzonTa MapMOBHYCKOTO MECTOPOKICHHS Ha
01.11.2014 rona, cocTtaBieHHas 10 pe3yabTaTaM 01.11.2014 rona, cocTtaBieHHas 10 pe3yabTaTaM
pacuéToB MO NPEJIOKECHHON METOTUKE pacuéra B nporpammuoM komiuiekce ECLIPSE

B pesymnpraTe moctpoeHust Moene GprIbTPAIIMOHHBIX TOTOKOB MOXHO CKa3aTh, YTO METOIHMKA PacuéToOB
MPOCTa, HO TIPH 3TOM OHa Ma€T TOYHBIE pe3yibTaThl. [loATBEp)KIaeTcss 3TO TEM, YTO MOJydeHHBIE KapThl, KaK MpH
MOJISIIMPOBAaHUK MO MPENIOKEHHOMY alrOpPHTMYy, TaK M B CHEIHAIM3MPOBAHHOM HPOTPAMMHOM KOMILIEKCE,
MPaKTUYEeCKH OJWHAKOBHI. BHenpeHne maHHOTO pacuéra Ha MPOM3BOJCTBE JACT BO3MOXKHOCTH Oojiee OBICTpO H
0oJ1ee 5KOHOMUYHO TIPOBOANTE aHAIH3 TEKYIIEH CXeMbI pa3pabOTKH MECTOPOKIACHUS.
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M.C. OPJIOB
Hayuonanvuwiii munepanvro-coipbegotl ynusepcumem «I opHuliiy

ANHAMHUKA UBMEHEHWA PEOJTOTHYECKUX CBOHCTB HE®THU
ITPU KOMIVIEKCHOHU KNCJIOTHOU OBPABOTKE TEPPUTI'EHHBIX
KOJUVIEKTOPOB

3ajaya TOBBIMICHHS NPOJYKTUBHOCTH CKB&XHH SIBISIETCS OJHUM 3HAYMMBIX HAIpaBlICHHH B
HedrenoObIBatomeit orpacnu. Ilpomeccel ¥ sBIEHHSA, KOTOpble MOTYT IPOTEKAaTh IIPU  TPOBEICHUU
TEXHOJIOTHYECKUX MEPONPHATHH, HANpPaBJICHHBIX Ha MOBBIIIEHHE YP(PEKTUBHOCTH IKCIUTyaTalluM CKBa)KUH M, Kak
CJIC/ICTBHE, BCETO MECTOPOXKJICHHUS B LIEJIOM, TPEOYIOT JETAILHOIO M3YyYeHHs M y4eTa IOJIydeHHBIX Pe3yJbTaToB B
JajbHEHINX padoTax, HallpaBJIeHHBIX HA COBEPUICHCTBOBAHUE CYIIECTBYIOIIMX U (GOPMUPOBAHHE HOBBIX METOIOB
YBEIHYICHUS] HETEOTAAYH.

Hamnbonee 3¢ PpeKTHBHBIM U MIIPOKO UCIIONB3YEMBIM METOAOM BO3/ICHCTBHS Ha MPHU3a00HHYI0 30HY IDIacTa
B MHPOBOH He(TeIO0OBIBAIOIIEH NMPAKTHKE, AT BOCCTAHOBICHUS M YBEIWYEHHUA NPOLYKTUBHOCTH JOOBIBAIOIINX, &
TaKke YIydLICHHUs IIOKa3aTeneil MPHEMHCTOCTH HATrHETATENbHBIX CKBaKHUH, SBIAETCS OOpabOTKa CKBaXXHWH
KHCIIOTHBIMH cocTaBaMH. D(PQPEKTHBHOCTh METOIOB IMOBHIIMICHHS O0TOOpa IIACTOBOTO (IIOWIA 3a9acTyi0 TECHO
CBsI3aHA C M3MEHEHNUEM PEOJIOTHYECKHUX XapPaKTEPUCTHK KaK IIACTOBOM JKUAKOCTH, TaK U IPHMEHIEMBIX PEarcHTOB.
BaxupiM u Haubojiee OTBETCTBEHHBIM OTAallOM IMPOEKTHPOBAHUS TEXHOJOTHMH KHCJIOTHOW 00pabOTKH
MpeACTaBIACTCA HpaBHJ’lebIﬁ BI)I60p TCXHOJIOTUYECKUX ar¢HTOB, UCHOJIb3YCMbIX IPU NPOBCACHUU JAHHOT'O BUA
MEPOIIPUATHI.

ABTOpOM paboOTHl CTaBUTCS LeNb NPOEKTHPOBaHHE Y(PQPEKTUBHON KHCIOTHOW 00pabOTKM Npu3aboiHON
30HBbI IJIaCTa JIO6LIBaIOHII/IX CKBaXXWH, a TAKKC YUCT U NPEAOTBpAlICHUC HCTATUBHBIX HOCJ'IeZ[CTBI/Iﬁ BO3HUKAKOIIUX
SBJICHUI TaKuX, Kak oOpa3oBaHWE BOJOHE(TSIHBIX AMYJIBCHH, 00pa30BaHHE M OTIOXKEHHE KUCIOro OMTyMma M Jp.
3ajagyaMy  TPOEKTHPOBaHMS MOAXOAAa K TIPOBEICHHUIO KUCIOTHOH OOpabOTKH SBISIOTCA: OYHCTKA IIOPOJ
npu3a00HHOM 30HBI IJIACTA OT IJIACTOBOTO (IIIOMJIA, €T0 3aIIUTA OT MPSIMOr0 KOHTAKTA C KUCIOTHBIM COCTaBOM U
3¢ peKTHBHOE PaCTBOPEHHE MUHEPAJIOB U NTOPOJ, CIArarolIiX MPOAYKTHBHBIN KOJIEKTOP.

HccnenoBanus MpoBOAMINCH B JTa0OpaTOpHH TOBBIMIEHHS HedTeoTAadn HarpoHanbHOro MuUHEpaIbHO-
CBIPbEBOTO  YHHMBepcuTeTa. JlabopaTopHblE 3KCIICPUMEHTHI IO  YCTAHOBJICHUIO JHHAMHKH HM3MEHECHUS
PEOJIOTHYECKUX TOKa3arelieil IUIacTOBBIX (IIOWAOB TPH TPOBEACHUM ONEPali KOMIUIEKCHOH KHCIOTHOMN
00paboTKK BBITIONHEHBI HA aBTOMATH3MPOBAHHOM poTannoHHOM BHcko3umetpe Rheotest RN 4.1 mpu pasmudnsIx
3HaYeHHUAX TemmepaTypbl. I[lo pesympTaTtaM paboOTBI TMOCTPOEHBI TpaHUUeCKUE 3aBHCHUMOCTH H3MEHEHUS
HAaIPSHKSHUSI CABUIA OT CKOPOCTH C/IBUTA.

HonyquHHe JaHHBIC MO3BOJIAIOT CACIATh BBIBOJ O TOM, YTO Ha 3TaAl€ IMOJATOTOBKHU ITOPOJ HpH3a6OI>'IHOﬁ
30HBI IJIaCTa, ITyTeM BBeAeHHS pacTBopa IIAB u apyrux peareHTOB, JOCTHUraeTCs CHIKECHHE BSI3KOCTH IIACTOBOTO
¢mona, Haxopsmerocst y 3a00s1 CKBa)XMHBI, YTO NPU BBI30BE IPUTOKA B CKBaXHHY Iocie mposexeHus ['TM
o0ecreuynT HU3KHE 3HAUCHUS CONPOTHBIICHUS (DMIIbTPALMH IITACTOBON JKUIKOCTH U MPOJAYKTOB PEaKIUU U OOJIETYHUT
NpOLEYPY BBIBOJA CKBRKMHBI HA 3aJJaHHBIN PEKUM pabOTEHI.

Llens manbHEHIIMX MCCIIEAOBaHUI: TOBBILICHHE 3(P(EKTUBHOCTH KOMIUIEKCHOTO BO3JCHCTBHS Kak Ha
MOpO/y, TaK M Ha IUIaCTOBBIC (IIIOMIBI 0€3 yXY/IIEHHS PEOJOTMYECKHX CBOMCTB M CO3/laHMS YCIOBHH IS MX
ynydmenus. [I[puMeHeHre JaHHON KOMIUIEKCHOW TEXHOJIOTHH € TIOCIIEAYIOUIMMH 10pab0TKaMH MOXET ObITh OJJHUM
u3 3(h(HEKTUBHBIX METOIOB AJISI YCIOBUH TEPPUTCHHBIX KOJUIEKTOPOB, CONEPIKAIINX BHICOKOBA3KYIO HE(Tb.

Hayunslil pykoBoauTens: K.T.H., 1oueHt J1.I'. Ilerpakos
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FO0.A. PATYEHKO
Tomenvckuii cocyoapcmeennviii mexuuyeckuil ynusepcumem um. 11.0.Cyxoeo, benapyco

OINPOBOBAHUE MATEMATHUYECKON MOJEJIU
INPOIrHO3UPOBAHUA JEBUTA CKBAKUHbBI IIOCJIE IIPOBETEHHSA
HA HEU I'MIPOPA3PBIBA IIJIACTA

D hexTHBHOCTH MoJIcUeTa NPUpPOCTa 1eONTa CKBXKMHBI II0CIIE TIPOBE/ICHHS Ha HEl THApOopas3phiBa IJIacTa,
0COOCHHO B YCJOBHUSIX TPELIMHOBATHIX TOPHBIX IOPOJ, B 3HAYUTEIBHOW CTENEHU OIpEAesieTcs KaueCTBOM
WCXOJHBIX TIOKa3aresiei, BHIOPaHHON METOAMKOW pacdera, a Takke HaMYHEeM TEXHOJIOTHYECKUX PECYPCOB.
OTcyTCTBHE TOYHBIX IApaMETPOB W CYLIECTBEHHBIH pa30poc TOJydaeMbIX pe3yJbTaToOB, OrPAaHUYHMBAIOT
3¢ (GEeKTUBHOCT TNPOTHO3MPOBAHUS JajbHEeHmeld pabOThl CKBaXHWHBI, a COOTBETCTBEHHO M BO3MOXXHOCTH
9KOHOMHUYECKOT'O IUIAHUPOBAHMS PA3BUTHUS IPEIIIPHATHSL.

O4eBUIHO, 9TO KOHKYPEHTOCTIOCOOHOCTD OMpPEEIIeTCs] KA9eCTBOM, CTOMMOCTBIO M CPOKAMH BBITIOJTHEHHS
paboT. IMeHHO 1O 3TOH NMpUYMHE, IPUOOPETAIOT BBICOKYIO aKTYaJIbHOCTh BOIPOCH! YIIyUIIEHHS IPOTHO3UPOBAHUS
MOKa3aTeJel IyTeM NMOCTOSTHHOTO COBEPIICHCTBOBAHMUS TEXHOIOTHUECKHX PACIETOB.

Ecmu paccmarpuBats curyanuio B PecryOnuke bemapych, To, Ha JaHHBIM MOMEHT Ui TIo/cYeTa neOuTa
CKB@)KMHBI TI0CJIC TIOBEICHHSI HA HEW THIpOpa3pbiBa IUIACTA MCHOJIB3YIOTCS TaKHE METOAbI KakK: MaTeMaTHYecKOoe
MPOTHO3UPOBAaHNE M KOMIIBIOTEPHOE MOJEIMPOBAaHME NpHpocTa aebuta. IIpym 3TOM NOBOIBHO YacTO BO3HUKAIOT
CIIO)KHOCTH B CBSI3M C HETOYHBIM pacdeToM mokasateneil. B 2014 romy c ucroip30BaHHEM BBIINICYKA3aHHBIX
METOIUK OBUI CIIPOTHO3UPOBAH IPHUPOCT JeOuTta Ha 6
ckBaxxuHax. IlorpemHocTs pacueTos cocraBuna oT 5,7 10
93,9 %. Opna otpunaresnbHas oOIIMOKAa B YCIOBHSX
HU3KOJEOMTHOM  JKCIUIyaTallMd  CKBAXHHBI  MOXET
MOJIHOCTHIO HHBEJIMPOBATH MOJIOKHUTENBHBINH 3ddexT or
I'PI1 3a ron. Kak BHJIHO W3 BBIIEU3JI0KCHHOIO, JaHHAS
mpobiema Bie4eT 3a COOOH OONbIIHE 3aTpaThl W
HETOYHOCTh 3KOHOMHYECKOTO IPOTHO3UPOBAHUS pPabOTHI
npeanpusTHi. B cBA3M ¢ 3TUM OCTaeTcs aKTyalbHBIM
BOIIPOC 10  YCTPAaHEHWIO TaKWX OCJIOXKHEHHUH W,

COOTBETCTBEHHO, 110  OOECHEUEHHI0O  MaKCHMaJIbHO
BO3MOYKHOH CTaOMIIBHOCTH MPOTHO3HBIX PACYETOB.

[Ipemmaraemast MeToAMKa pacyera MpeaHa3HAUCHA

U 6oJiee TOYHOTO BBIYHCICHUS AEOMTa CKBAXXHHBI ITOCIIE

nposesienns Ha Heit ['PIL 1, 3 — COOTBETCTBEHHO, JIEBOE U TIPABOE KPBLIO
Mognens pacyeTa OCHOBaHAa Ha CYLIECTBYIOIIEH TPENMHBI THAPOPA3phIBa; 2 — CKBaXUHa; 1, 5 —

MeTonuke JKenToBa M THIOTE3BI, IPENIaraeMoil aBTOpOM, CCTECTBEHHDIE TPEIIMHBI TTACTA

Pa3sBUTHs PAa3BETBICHHON TPSUIMHBI THAPOPA3PLIBA 38 CYCT  Pyc. |. Mogens tpetubl [PIL a) — CxeMaTHuHOE

€€ CIMAHUA C €CTECTBEHHBIMM TPEIIMHAMU IOPOABI (PHC. M306paskeHne OGBIMHON TPEIMHBL; 6) —

1. CxeMaTHYHOE H300pa’KeHNEe TPELIUHBI, B KOTOPOIf

Hpeanonomem/le 0 pa3BETBJICHHOM pPa3BUTHUH HUMCIOTCA NMEPBUYHBIC U BTOPUYHBIC KaHAJIbI

tpeuuHsl ['PII ocHOBaHO Ha TOM, YTO B TPEUIMHOBATHIX

mopojax TOA NEeHCTBHEM [aBICHUS THAPOpa3pbiBa OyIeT HEe TONBKO pa3phIBaThCsA IUIACT, HO Takke OyayT
PacKpBIBATBCS ©CTECTBEHHBIC TPEUIMHBI MOpoabl. Takmm oOpazoMm, OymeT yBETHYHMBATHCS TPEIIMHOBATOCTH, a
COOTBETCTBEHHO M d(h()eKTHBHAS MPOHUIIAEMOCTh APESHHPYEMOH 30HBI IUacTa. Jl0Ka3aTeIbCTBOM, MOTYT CIIYXKHUTb
Takue GaKTOPHI KaK:

- Hambonee BeposTHOE HampaBICHHE PA3BUTHS TPEIIUHBI THAPOPA3phIBa — 3TO €€ PAa3BHTHE IO IYTH

HAaUMEHBIUIETO0 COIPOTUBIICHHUS.

- EcrecTBeHHbBIE TPELIUHBI IU1ACTA TAKKE OPUEHTUPOBAHBI.

W3 BhILIEIPUBENIEHHOIO CJEAYET, UYTO €CTh BEPOATHOCTh ciausiHusA TpewuHsl ['PII ¢ ecrecTBeHHBIMHU
TPELIMHAMHU IIJIacTa U 00pa30BaHKE UX €JUHOW CHCTEMBbI B MOMEHT IIPOBE/ICHUS THApPOpa3phiBa. Takum oOpa3om, Ha
yBenu4yeHue aebuta OyIer BIUATH HE TOJNBKO NMPOHUIAEMOCTh OCHOBHOHM TpemuHbl ['PII, HO M mpoHHIaeMocTh
COBOKYITHOCTH JJOUYEPHUX TPELIUH HECKOIbKUX MOPSIIKOB.
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Ha nepBoMm 3Tare coctaBlieHHs METOMKH [TPOTHO3UPOBAHUE Je0MTa CKBAKHHBI [I0CIIE IPOBEICHUS HA HEel
THIpOpa3pbiBa IUIACTA IMPEIIONATalCs pacdeT CIeAyIOIIUX MapaMeTpoB: JaBiieHWe Ha 3aboe B koHue I['PII,
3¢ ¢dexTHBHOE MaBICHHWE THIPOPa3phIBa, IMHA, IIHPHHA W BBICOTA MOJYYCHHOW TPEUIMHBI, KO3 (OHUIHEHT

MIPOHUIIAEMOCTH. Jlanee
aHAJIOTUIHBIM obpazom
IIpEeaIonarancs pacuer
apaMeTpoB TpeUIuH
MEPBOTO U BTOPOTO MOPSIKA
B TOPU30HTAIILHOMI
IUIOCKOCTH ~ OTHOCUTENIBHO
OCHOBHOH TPELIUHBI

THAPOpa3phiBa, C  Y4ETOM
(GyHKIUH W3MEHEHUS TaKHX
mapaMeTpoB Kak: HaBIICHHE
THIPOPa3pHIBa, BCKpBITast
TONMMHA TUTACTa, 00BEM
KHUIKOCTH pas3peIBa.
YkazaHHBIC U3MEHICMEIC
napamMeTpbl pacCUUTHIBAIOTCS
7. KOHKPETHO  3aJlaHHOM

TOYKH Ha IIJIOCKOCTH

TPEIIUHBI I'PII,

IPpUHMMAEMOM 332  TOUKY

Puc. 2. I'padukn namenenus s¢dexkruBaoro aaienus ['PI1, BCKpBITON TOMIIMHBI HaWMEHBIIIETO
mIacTa u o0beMa KUIAKOCTH Pa3pbiBa I TPEIUH BTOPOTO TOPSIIKA comporuBieHus. [ paduku
HM3MEHEHUS JTAHHBIX

mapaMeTpoB MpecTaBiIeHbl Ha puc. 2. [IoaHEBIN pacyeT TeOMETPUUECKUX MapaMeTPOB TPEIIMH IIEPBOrO U BTOPOTO
MOPSI/IKA MTPOBOJIUIICS C LIEIBIO ONpeeNcHrs 00Iero o0beMa CO3IaHHBIX B IOPOJIE ITyCTOT, OKA3BbIBAIOIINX BIUSHHUEC
HA TPUTOK )KUJKOCTH, & 3aTEM BBEIYUCIICHUS MTONPABOYHOTO K03 QHUIeHTa POHUTIAEMOCTH TTOPOIBIL.

B pe3ynbTare cOnocTaBUTEILHOIO aHAIU3a PACYETOB, BBISBJICHA MOTPEIIHOCTD, YTO MO3BOJIUIIO OTKA3aThCs
OT pacyera MapameTpoB TPEIIHMH BTOPOTO MOPS/IKa, YTO 3HAYUTENBHO YIPOIIAET METOJUKY M COKpAIlaeT BpeMs
HeoOxoauMoe Ha 00paboTKy AaHHBIX. [Ipu 3TOM, HAaMOONBITYIO 3P(HEKTUBHOCTH pe3ybTaTa MO3BOJSET MOIYyIUTH
00beM CO3/IaHHBIX B MOPO/IE TPEIIMH B 3aBUCUMOCTH OT 00beMa M3PACXOI0BAHHON JJIsl IPOBEICHUSI THAPOPA3PHIBA
JKHJIKOCTH YXO/SIICH B IUIACT IPH Pa3phiBe.

Janee no 3akony Jlapcu, ¢ y4eToM MOJy4eHHOTO MOMPaBOYHOI0 KOAIPPHIMEHTa TPOHUIIAEMOCTH TOPO/IbI,
BEJICTCS pacyUeT MPOTHO3UPYEMOro IeOrTa CKBaXKUHBI TIOCIIE poBeaeHus Ha Het ['PIT.

B Tabmume 1 mpencTaBieHBl CpPAaBHUTEIBHBIC XapaKTCPUCTHKH JCOUTOB CKBAXKUH, MMOJYYCHHBIX
(hakTHYECKH, TOCTC MPOBEICHHS ONMEPalr, CMOICTUPOBAHHBIX MPH MOMOIIY THIPOJAUHAMHYCCKOTO CHMYIATOPA
Eclipse, a Takke CIpOrHO3MPOBAHHBIX MPH MOMOIIH BBIIIEYKA3aHHONH METOIUKH.

Tabmuma 1
CpaBHUTEJbHbBIE XaPAKTEPUCTUKH JeOUTOB CKBaXKUH. DAKTUUECKHE U CIPOTHO3UPOBAHHBIE
No CKB. dakr, T Pacuer, T OTKﬂOHeﬂoﬂe MopenupoBaHue, OTKJI0HeHHe
pacuera, % T Mojaeau, %

1 18,5 18,37 -0,70 4,2 -77,3

2 5,76 5,45 -5,30 45 -21,88
3 49 4,65 -5,01 11,5 134,69
4 13,8 13,6 -1,42 4,6 -66,67
5 10,7 10,51 -1,77 9,5 -11,21
6 8,8 8,65 -1,66 6,80 -22,73
IIpoueHT OMIMOKHU 2,64 56,9

Ha puc. 3 OpeACTaBJICHBI BU3YAJIbHBIC XaPAKTCPUCTUKU OTKJIOHCHHH q)aKTI/I‘IeCKI/IX )_'I€6I/ITOB CKBAXXHUH OT
CIIPOTHO3MPOBAHHLIX IPU MMOMOIIU NPOrpaMMHBIX CUMYJIATOPOB, 4 TAKKE HpeﬂCTaBﬂeHHOﬁ MCTOAUKU.
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Puc. 3. BusyanbHbIe XapaKTepUCTUKH OTKIOHEHUH (PaKTHIECKUX AEOUTOB CKBaXKUH OT
CIIPOTHO3MPOBAHHBIX

C WuCToNBb30BaHUEM TIPE/UIOKEHHOW MaTeMaTHYeCKOW MOJeNM pacueTa JeOWTa CKBOKHHBI TIOCTE
MIPOBEJICHUS Ha HEeW THUAPOpa3phIBa IIacTa, ObT CIIPOTHO3UPOBAH MPUPOCT AcOnuTa Ha 6 CKBaXKMHAX. [lorpenrHocTh
pacuetoB coctaBuia oT 0,58 mo 8,1 %. MuHuManbHAsE MOTPENIHOCTh BBIYMCICHUN CBUAETENBCTBYET O TOM, UTO
UCIIOJIb30BAHUE TIPH OIMPENCICHUU NeOuTa CKBaXXWHBI 3akoHA Jlapcu sBISETCS NMPaBOMEPHBIM, a yYMCHBIICHHUEC
JileOuTa 3a CYET B3aMMHOTO BIIMSHUS TPEIIUH B JAHHOM CIIydac SBJISICTCS MUHHMAJIBHBIM U UM MOXHO MPEeHEOpeUb.
COOTTCTBEHHO, MOXKHO VyTBEpXKIaTh, 4YTO TMpelnjaracMas METOJWKa sBisieTcs Ooiiee 3ddektuBHON U ee
HCIIOJIb30BAaHUE OOJICTYUT TMPOTHO3UPOBAHHE JalbHEWIICH pabOThl CKBRXKHHBI, a TaKKE OJKOHOMHUYCCKOE
TUIAHUPOBAHKE PA3BUTHUS IPEITIPUITHS.
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P.P. CYJITAHBEKOB
Hayuonanvuwviii munepanvno-coipbesoti ynusepcumem «I opuwiily

CUCTEMA YJABJIIMUBAHUS UCIIAPEHU HE®THU U
HE®TEINPOAYKTOB HA PESEPBYAPAX

IIpu no06bIYe, TpaHCTIOPTUPOBKE HEDTH W HETEIPOIYKTOB aTMochepa 3arpsa3HsAETCs YrieBOIOPOAaMH B
pe3ynbpTaTe aBapHMHBIX BBHIOPOCOB W HcmapeHuil. [lotepum oOT wcmapeHWil MPOMUCXOMAT TPH XpaHEHHUH,
TPaHCHIOPTHPOBKE, OIMOPOKHEHWH pE3ePBYapoOB M TPAHCIOPTHBIX eMKocTell. OCOOCHHO BENWKH ITOTEPH OT
WCIIapEeHMUS JIETKOBOCTIAMEHSOIIIXCS HE()TETPOTYKTOB C Pe3ePBYyapoB B TOBAPHBIX MapKax.

VCTaHOBIIEHO, YTO B CHUCTEME MAarMCTpalbHBIX HedTenpoBonoB 2/3 (oxomo 64,8%) Bcex moreph
MPUXOANTCS Ha PEe3ePBYapHBIC MAPKH.

Lenbto nmaHHO# paboThl sBIsETCA OOppOa C MOTEPSAMU OT UCHAPCHHU HEePTH W HE(TEIPOIYKTOB W3
pe3epByapoB, IS YAYYIICHHS 9SKOJOTHYECKOH OOCTaHOBKM U oOccredeHHue O€30MacHON 3KCIUTyaTaluu
pe3epBYapHBIX MAPKOB.

[Ipennonaraercsi CHIXCHHUE TOTEPh HEPTU M HEPTEIPOIYKTOB, YTO 3HAUYUTEIHHO MOBBICHT 0€30MaCHOCTh
MPOU3BOJICTBA U YIYYIIUT SKOJOTUICCKYIO 0OCTAaHOBKY.

Ha xprime pesepByapa ans XpaHeHHS HE(TEHPOIYKTOB YCTaHABIMBACTCS KapKac, MOBEPX KOTOPOTO
3aKpeIuleHa apMHpOBaHHas IUIGHKa U3 ¢TopronuMmepa. brmaromapss KoMIpeccopy THIA «BO3IyX-BO3IYX» H
BO3AYXOBOJHON CHCTEMBI M CHCTEMBI BBITSHKKH OCYIIECTBIICTCS 3aKadka BO3AyXa M OTKadka ITapOBO3YIIHOM
cmecr. OT KOMIpeccopa yJIOBICHHYIO MapOBO3AYIIHYIO CMECh B JalbHEHUIIIEM IPEAIIOaraeTcsi TPaHCIIOPTHPOBATh
B CTPYIHO-aOCOpOIIMOHHYIO YCTaHOBKY /JIsi pPEKylepaluu IapoB HedTenmpoaykra. B 3Toif ycTaHoBKe u3
MApOBO3MYITHONH CMECH BBIACISIETCS WCHAPUBIIMNACST HEPTENPOAYKT, a OYHMIIEHHBIA BO3MyX TMOMAgaeT B
OKPYXKAIOIIYIO Cpelly, WU YIIOBICHHBIC MCIAPEHUS HAMPABISIOTCS Ha ra3ornepepadaThIBAIONIMIA 3aBOJ, €CIIUA 3TO
SKOHOMHYECKH BBITO/IHO.

JlaHHas cucTeMa CHIKAET MOTEPH NpPU XpaHeHHMH HEe)TH W HEPTEIPOIYKTa, YMCHBIIAET YpPOBCHB
B3PBIBOIIOKAPOOIACHOCTH, YIYYIIAeT SKOJIOTHIECKYI0 0OCTaHOBKY, 2 YMEHBIIICHUE COJICPIKAHUS YIIIEBOJIOPOJIOB B
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aTMocdepe MOBHIIIaeT 0e30MaCHOCTh IKCINTyaTalluy PE3EPBYapoB M BEACT K YMEHBIICHUIO OTPABIIIIONINX BEIIECTB
B BO3JIyXe, TEM CaMbIM cOeperasi 3J0pOBbe paOOTHUKOB U JITOJIeH B OJU3JIeKANTUX paiioHaX.
Hayunsrit pykoBomuTens: K.T.H., AoneHT 1. X. CaMuryimmH

A.B. CYXAHOB
Texnuueckasn axademus Ppaiibepe, ['epmanus

OIITUMM3AIUA JOBbIYA YTJIEBOJAOPOIOB 3A CHET
YBEJIMYEHUA ME)KPEMOHTHOI'O IIEPUOJIA YOIIH

Poccust 3aHMMaeT OfHO W3 BEAYIIMX MECT B MHUpE IO JOOBIYM JKHJIKHX YIJIEBOAOPOJOB C IOMOILIBIO
YCTaHOBOK AJIEKTPOIEHTPOOEIKHBIX MOTPYXKHBIX HacocoB (YOLIH). Okono IByX TpeThHX BCEX CKBAXKHH B 3amaTHON
Cubwupu yxe obopynosanst Y ILIH.

Y3IH mpencrtaBiuser coOOW IIETIh MOCIENOBATENFHO CBS3aHHBIX MEXIY COOOH y3J0B padoTaromux B
KOMIUIEKCE, B OJHOH cucteMe. [103ToMy HOCTATOYHO BBIXOAA M3 CTPOS XOTS OBl OHOTO M3 MEXaHH3MOB, KaK 3TO
TIPUBOJAMT K OTKa3y Bcelt cucteMbl. Kaxkmerid otka3 YOIIH, uHOTIA COM3MEPHM CO CTOMMOCTBIO HOBOM YCTaHOBKH.
3aTpathl Ha CITyCKO-TIOABEMHBIE OTepanyy U rnocieaytomuii peMonT YOIIH tpeOyer He TOTBKO, TOTIOIHUTEIHHBIX
KaIlBJIOXKE€HUH, HO U IPHOCTAHABIUBAET JOOBIUY YTIEBOAOPOAOB HA HECKOJIBKUX AHEH.

B ceromusmHuX yciOBUSX Korja (HMHAHCOBAs CHUTyalus TpeOyeT CHIDKEHHUS YAEJbHBIX 3arpaT Ha
ce0ecTOMMOCTb YIJIEBOJAOPOJOB, Ul HEe(TSAHBIX KOMIIAHUH CTOMT OCTPBIH BOIPOC B BHIOOpE KadeCTBEHHOTO
obopynoBaHus.

3amava cocTosia B ucchenoBanud 3ddektuBHoi skcrutyatarmu YDI[H kak poccuiickoro, Tak u
WHOCTPAaHHOTO IPOW3BOJCTBA Ha OJHOM M3 MecTOpoXKaeHWH B 3amagHoit Cubupu. ['eomormueckue CBOWCTBA
JAHHOTO MECTOPO’KICHHMS 110 TOOBIUE YTIEBOJIOPOIHOTO CHIPhSI CAMTAIOTCS OJHUM U3 CJIOXKHBIX B 3TOM PETHOHE, T.K.
TUIACTOBAst TEMIIEPATypa Ha HEKOTOPHIX YYaCTKaX JOCTUracT aHOMAaJbHBIX 3HAYCHUH, U KOJINIECTBO MEXaHUIECKUX
npuMeceil B OOJBIIMHCTBE CKBAXXHH MPEBBIIAET JOMYCTUMOE 3HAYEHHE B HECKOJIBKO pa3. OCHOBHBIM IOKa3aTeiIeM
a¢pdextuBHOCTH padoTel YOLIH sBisercs mokaszarens MexpeMmoHTHoro mepuoma (MPII). 3a 2013 rox MPII
poccuiickoro npoussoactBa YOIIH cocraBun B cpeaneM okosio 124 cytok, B To Bpems kak Y ILH uHocTpanHoro
MPOM3BOJICTBA 3a TOT K€ NMEpHoA BpeMeHH JocTur 567 cytok. Ctoumocts YOIIH mHOCTpaHHOrO MpPOU3BOJCTBA
MPEBBIIIAET CTOMMOCTh TaKOTO )K€ THIIA pa3Mepa YCTAHOBKH POCCHHCKOTO NMPOU3BOACTBA, IPAKTUUECKU B TPH pasa.
Takolt BeicOKHi TOKazaTenb padoTel YOIIH HHOCTpaHHOTO MPOW3BOACTBA MOXHO OXapakTEpHU30BaTh B IMEPBYIO
ouepenb 3a CYET 3HAYMTEIBHBIX KOHCTPYKTHBHBIX OTIMYHM, a Tak)Ke M3TOTOBJICHHE OTAETbHBIX y31moB YOIIH c
MPUMEHEHHUEM BBICOKOIIPOYHBIX M TEMIIEPATypOCTOMKHX MaTEepPHaJOB MPHUCIIOCOOICHHBIX A PaOOTHl B CIIOMXKHBIX
TEO0JOTUIECKHUX YCIOBHSIX.

OCHOBHBIE TPUYMHBI OTKAa30B Ha JIAHHOM MECTOPOXIICHHHM MOXHO IIPEJOCTaBUTh B CIICAYIOUIEM
MPOLIEHTHOM COOTHOIIEHHU.

Bansinue otnoxkeHuii coneii Ha padory YOIH. Ananu3 mokassiBaeT, YTO OCHOBHOI NPUUMHON OTKa3a
YCTaHOBOK MHOCTPAHHOTO IPOU3BOJCTBA, Ooubliie yeM 50%, sSBISETCS OTIOXKEHHE COoJel Ha pabovMX CTYNEHSIX
Hacoca C IOCIEAYIOUIMM €ro 3aKJIMHUBaHHEM. B TO BpeMs Kak y yCTaHOBOK POCCHHCKOrO MPOU3BOACTBA ITOT
rokasatenb gocturaet Jumb 30%. Takylo BBICOKYIO TEHICHIUIO MOXKHO OOBSICHUTB, JIUIIb MEHBIIUM pPa3MepoM
MIPOXOJHBIX CEUCHHWH B pabOUYMX CTYNEHSX WMHOCTPAHHOTO IIPOM3BOACTBA, IO CPABHEHHIO C POCCHHCKHUMH.
IIposiBneHue cosieli MPOUCXOOUT B pe3yjbTaTe MEpPerpeBa BOAbI, NIPUCYTCTBYIOLIEH B OTKAYMBAEMOW KUAKOCTH.
[leperpeB Boasl 00BsacHsAeTcs pabdoroit YOLIH B pexumMe MalblxX Mmojaad, T.e. MPHUTOK B CKBAXKHHY, MEHBIE YeM
HacoC B COCTOSTHUM OTKa4WBaTh. BTOpoil mpuunHOM 00pa3oBaHMs COJIEH MOKHO OTHECTH CMEIIMBAHHUE TUIACTOBBIX
BOJI C 3aKaYMBAEMBIMH BOAAMH JUIS MOJAEPXKAHUS IUIACTOBOTO JABICHUS WIN C JKHUIKOCTSIMH TUIYLICHUS Pa3HOTO
XMMHUYECKOTO cocTaBa. KpucTamibl cosieil OTKIaAbIBAlOTCS HE TOJBKO Ha pabouyMX CTYNEHSX Hacoca, HO M Ha
HapyxHoU noBepxuoctd YDIIH, uto yxyamaer TeruiooOMeH, a HHOTa U MPUBOJNUT K 3aKIMHUBAHUIO YCTAaHOBKH B
SKCIUTyaTallHOHHOW KOJIOHHE.

IloBrIIEHHOE conepkaHne MexaHMYeckux npuMmecei. Oxono 20% ortkazoB YOIIH kak poccuiickoro,
TaK ¥ MHOCTPAHHOTO MPOU3BOJCTBA MPOUCXOAUT IO 3ToM mpuunHe. [Ipu conepxaHuy MeXxaHHMYECKUX MpUMeced B
CKBaXMHHOM KHJKOCTU CBBIIIE YCTAHOBJICHHON HOpPMBI, pecypc paboThl HAacoca 3HAYUTENbHO CHUXKAETCS:
MIPOMCXOIUT TIOBBIIICHHBIH WM3HOC BTYJIOK Bajla, HAMpPAaBISAIOMNX allaparoB MO BHYTPEHHEMY JAHaMETpy,
TEKCTOJMTOBBIX MIAi0, y3/la MATHI, BTYJIOK BEPXHEr0 M HIDKHErO MOJIIMITHUKOB, YTO NMPHBOJUT K IOBBIIICHHON
BHOpaILK Bajla U NPEXICBPEMEHHON HEOOXOAMMOCTH B peMOHTe. IIpHunHON BBIHOCA MEXaHWYECKHX NpHMecei
MOTYT CIIy>KUTh HE TOJIIBKO €CTECTBEHHBIE ITPOIYKTHI Pa3pyIICHHUS IUIacTa, HO M METO/bI IIOBBIIICHNS HE(YTEOTIauH C
momotibto ruapopaspsiBa wacta (I'PIT). [Tpu 3amycke YOLIH B paboTy, MPOUCXOIUT Pe3KOE CHIDKEHHE TTaCTOBOTO
JaBJICHUS, YTO BBI3BIBACT CABHUTOBOE J[BI)KEHWE B IUIACTE M CHOCOOCTBYET BBIHOCY IIPOIIIAHTa BMECTE CO
CKBaXXMHOM JKUAKOCTHhIO. CHIDKEHHME IUIACTOBOTO JABICHMS BO3MOXKHO TaKKe INMPH HEJOCTaTOYHOW IUIOTHOCTH
nepdoparuu.

DJIeKTpUUYecKHii Mpo6oii 00MOTKH CTAaTOPAa MOIPY:KHOIO0 3J1eKTpoaABMraTes. [loBrIIeHHas BUOpaIus
Bajla Hacoca M poTopa BieYeT 3a coOoi IMomajgaHue IUIACTOBOM JKHUAKOCTH B IOJIOCTH JIEKTPOABHIraTENs uepes
TOPIIEBBIC YIUIOTHEHUS! THAPO3ALIUTHI, YTO NMPHUBOIUT K ANEKTPHUECKOMY NMPoOOI0 0OMOTKM crtatopa. B mMomeHT
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KOPOTKOI'O 3aMbIKaHHUs, JABJIEHUE PE3KO IMOBBIIIAETCS BO BHYTPEHHEH IOJIOCTH 3JEKTPOJABUIATENS, BbI3bIBASI, TEM
caMbIM TIPOPBIB JuadparMel TUAPO3AMMTHL. JIOJsS OTKa3aBIIMX MO 3ToW NpudauHe poccuiickux YOIIIH cocraBuia
OKO0JI0 5%, WHOCTpAaHHBIX yCTAHOBOK - He mpeBbimaeT 2%. ['maposammnTa ABUTaTeNs y BCeX NPOM3BOIUTEIICH
BBITIOJTHSAET OJHH U T€ Ke (QYHKINH, 32 NCKIFOUEHNEeM, He3HAUNTEFHBIX KOHCTPYKTUBHBIX OTIMYHA. ['mapo3amuTa
WHOCTPaHHOT'O MPOM3BOJICTBA UMEET HE JBa, a TPH TOPLEBHIX YIUIOTHEHUS M TuadparmMa U3roTOBJICHA U3 MaTepHaia
BBIJIEpKUBaroIIas remmepatypy 204°C.

HenocraTrounblii nputok ¢uarwouaa ansa aanHoil YIIH. Drto sBieHHe NPUBOIUT K CHUKCHHUIO
JUHAMUYECKOTO YPOBHS >KHIKOCTH B CKBa)XKMHE M YMEHBIICHHIO JaBJIeHHUs Ha mpueme Hacoca. [lomananue rasa B
Hacoc MPOUCXOAUT ABYyMs criocobamu. [lepBbIii-M3 MEKTPYOHOrO NPOCTPAHCTBO CKBAXKUHBI 4epe3 NPHEMHYIO
CETKy Hacoca. BTopoii-ipu CHIXKEHUH JaBJIEHUs] BHYTPU HAcOCa, PACTBOPEHHBIN ra3 0CBOOOKIACTCS U3 XKUKOCTH.
B pesynbTare npoucxoaut cpbiB mogayn Y IL[H, 4To NpUBOAUT K MOHMKCHHUIO TOKA JI0 BEIMYUHBI, OJIU3KON K TOKY
XOJIOCTOTO XOJa IMOTPY)KHOTO 3JeKkTpojBuratens. IlaneHue naBieHUs B HacOCE BBI3BIBAET 3aKPBITHE OOPATHOTO
KJIallaHa ¥ HacoC HaYMHAeT paboTaTh B PEKUME TaK HA3bIBAEMOTO CYXOTO TPEHUS, YTO IMPUBOIUT K HHTCHCUBHOMY
HATPEBY W TOBBIIICHHOMY H3HOCY pabOYMX KOMIIOHEHTOB B Hacoce. DJToil NmpuyuHON o0ycrmoBieHO 8% Bcex
oTka3oB YOIIH, kak i1 HHOCTPAHHOIO, TaK U IJIs1 POCCUICKOTO MPOU3BOAUTEISL.

[naBaennsi u30JAMUH KaleJHHOro yIIMHUTeNs1. HamxexxHOCTh KaOeNbHOTO YIJIUHHUTENS 3aBHCHT B
MEPBYIO OYepenb OT TePMOCTOHKOCTH MaTepHata M3OJSAIHH, a TaK K€ CIHOCOOHOCTH paboTaTh B ONpEACICHHOM
TEeMIIEpaTypHOM Auana3oHe. [103TomMy, HE TOJIBKO BBICOKas IJIACTOBAs TEMIIEPATYPaA, HO U TEIUIOOTa4ya OT Hacoca u
ANIEKTPOABUIATENS] OTPULIATENIBHO BIIHUSIOT Ha JIOJNTOBEYHOCTh KaOEeNbHOTO YJIMHUTEN. DTa NPUYMHA OTKa3a Oblia
BBISIBIICHA TOJIBKO y poccuiickux YOIH, u e€ momns nocturaer 15%.

Pa6ora YOIIH B nepuoguyeckom pexxkume. [leproanyueckuii pesxxuM o3HadaeT skcrutyaranuio Y OIIH He
MIOCTOSIHHO, a C OCTaHOBKaMH. [leproIn4HOCTh pabOTHl U OCTAHOBOK PACCUUTHIBAETCS] TEXHOJIOTOM B 3aBUCHUMOCTH
OT TPHUTOKA IIIACTOBOM kuakocTH. Hampumep, 3 dwaca - oTKauka >KHUAKOCTH, 8 YacoB - BOCCTAHOBIICHHE
CTaTHUYECKOro YpoBHs. Okcmyatauuss YOLH B gaHHOM pexume MOPUBOIUT K MPEKIECBPEMEHHOMY OTKa3y
AJIEKTPOJABUraTeIsl MO MPHYUHE SJICKTPUUCCKOTo MPoOOs OOMOTKH craTopa. [Ipw KakJoM 3aIycKe MPOUCXOIUT
MOBEIIIICHHAS HArpy3Ka Ha 3JICKTPOJBUTATENb, & Pecypc OOMOTKM ero paccumrtaH Toibko Ha 190-230 3amyckos.
[epnoanueckuil peskuM OBUT HCIIOIB30BaH TOJBKO HA POCCHHCKHMX YCTAHOBKAaX, KOTOPBIH BbI3Ball 6% OTKa30B.
Kpome sToro B Hacrosiiee BpeMsi LIMPOKO MCHOJIB3YIOTCS TUPUCTOPHBIE Tpeodpas3oBareny yactoTsl Toka (TTIUT),
KOTOpBIE MO3BOJISIIOT M30€KaTh Mepuoandeckoi skcruryatanun YOLIH 3a cueT OTKayku CKBa)KMHOM >KHIIKOCTH B
COOTBETCTBUU C TUHAMHYECKUM ypoBHeM B ckBakuHe. TITUT obecreunmBaeT Takke TuraBHbIM myck YOIIH, uro
TIPOJyIeBAET CPOK CITykObI AnektpoaBuratessi. C Bueapennem TITUT 3amaga BeiOopa THIOpa3Mepa HACOCa HAMHOTO
YIOPOCTHJIACh, IIPU U3MEHEHUU CKOPOCTH BpAILlEHUs Bajla HACOCA CTaJO0 BO3MOKHBIM, HE3aBUCUMO OT KOJMYECTBA
CTyIeHe! B Hacoce, mpuctocoouts YIIIH K pa3nnaHoMy IPUTOKY YTIEBOAOPOIOB U3 IIACTA.

Jpyrue mpudYuHBI OTKa3a, TakMe KaK MEXaHWYEeCKHWe IMOBpekaeHHs Kadens, He repmermdHocTh HKT,
HekadecTBeHHast coopka YOI[H, mepeboii B 3JEKTPONMMTAHUH U TaK Jajiee SBIIOTCS KOCBEHHBIMH NMPHUYWHAMU, HO
MPUBOJIAT TaKxke K oTkazy YII[H.

W3 mponenaHHOrO HCCIEIOBaHUS MOXHO chenaTh BbeIBOA, uTo YOIIH uHOCTpaHHOro mHpOM3BOJCTBA,
3apekoMeHaoBainu ceds ¢ yrydmei croponsl. MPIT padotsr YOIIH poccuiickoro mpou3BoicTBa MO CPaBHEHUIO C
MHOCTPaHHBIM IIPOM3BOJAUTENEM MOUTH B 4,5 pa3a MeHblle. Yxke mocie BToporo otkaza YOIIH poccuiickoro
MPON3BOJICTBA 3aTPAThl, HA OUEPEAHON PEMOHT, a TaK K€ PacXoJbl Ha CIYCKO-NOJBbEMHBIE ONEpallud U IPOMBIBKY
CKBa)XXMHBI, YK€ MPEBBIIIAIOT CTOUMOCTh HHOCTpaHHBIX YOIIH. HecMOTpsl Ha BBICOKYIO CTOMMOCTH MHOCTPAaHHBIX
VYOIH, mo cpaBHEHHIO C POCCHACKHMH, MX TNPUMEHEHHE IIeJIeCOO0pa3HO I IOBBIIICHUS TOTIOIHUTEIHHOMH
JOOBIYH YTIIEBOJOPOIHOTO CHIPHS HA TaHHOM MECTOPOIKICHHUH.

A.C. PEJOPEHKO
Tomenvckuii cocyoapcmeennviii mexuuyeckuil ynusepcumem um. 11.0.Cyxoeo, benapyco

IHOABOP OITUMAJIBHOI'O KOMIVVIEKCA I'TM JUIAA PASPABOTKH
MECTOPOXJIEHHU B CJIOKHBIX TEOJIOTHUECKHNX YCJIOBHUAX

B xone pa3paboTKu HEPTSHBIX MECTOPOXKICHUH BO3HHUKAET BOMPOC BJIOMOJHHUTEILHOM BO3/CHCTBHM Ha
3aJIeKb U3 BHE C 1IETbIO MOJUICPIKaHMsI JOOBIYM HEPTH U YBEIHMYCHUS KOHEUHOTO K03 duimenta Hedtu. Hanbomnee
9acTO MPUMEHSACMBIMU BO3JICHCTBHUSAMU SIBIISIFOTCS: ONTHMHU3ALNS, BOJOU30JISALNS, TIEPEX0.T Ha B/ MHTEpBai u T.1.B
HACTOSIIEE BPEeMs TOJIBKO OKOJIO 43% Treosoro-TeXHUYECKUX MEPONPUSATHHA SBISIOTCS yCHEIHbIMUA. OTCYTCTBHUE
YEeTKO CTPYKTYPUPOBAHHOTO aHAIHM3a MCTOPHH MPEIIICCTBYIONIMX Pa0OT 3aTPYTHSIIOT BHIOOP COOTBETCTBYIOIIUX
00BEKTOB, a TAK)KE OTPAHUYMBACT BO3MOKHOCTH YKOHOMHUYECKOTO TUIAHUPOBAHUS.

3akJiazbiBasi B OCHOBY HMKE ONMCAHHYIO METOJMKY pacdeTa COCTaBJISICTCS aHAJIU3 Pe3yIbTaTOM KOTOPOTro
UMEEeTCsT BO3MOXKHBIM JaTh peKOMEHAaluu 1o Haumbonee sddekruBHpiM npuMeHeHusiv ['TM B 3aBHCUMOCTH OT
re0JIOTHYECKUX CBOMCTB KOJUIEKTOPA.

Hcnonp3yemast MeToIuKa pacuéra.

1. Ctpourcsi rpauik 3aBUCUMOCTH POCTa HAKOTUICHHON JOOBIUYM HE(TH OT HAKOIIICHHON JOOBIUHM KHUIKO-
ctu (puc. 1).
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2. Ctpowurcsi BCIIOMOTATEbHBINA Ipaik pocTa HAKOIUICHHON JO0OBIYHM JKHUAKOCTH CKBAKHHBI 3a IMPEILe-
cTBytomuii mposeaenuto I TMa (puc. 2).

Ha BcrmomoratenbHOM rpaduke CTPOUTCS JHHUS TPEHIA, MO3BOJSIONIAs OLCHUTh TEHJCHIMIO POCTa
HAKOTUICHHOM TOOBIYM KHUAKOCTH B IpenrT™MHBIN niepuon (Puc. 3).

Puc. 1. JTluraMuka pocta HAKOTUICHHOW JTOOBIYU Puc. 2. BciomoratenbHblil rpauk pocTa HAKOIUIEHHOH
I00BIIH

Puc. 3. Iloctpoenue nmuHUK TpeHAA
rze:
v = 0,0722x — 1336.3 — 3aKOHOMEPHOCTh BO3PACTaHUS HAKOIICHHOW NMOOBIYM HE(PTH 1O OTHOUICHHUIO K
(hakTHUECKO HAKOTIIICHHON JOOBIYH JKUIKOCTH.
R® - 3naueHWe JOCTOBEPHOCTH ammpokcuMmanui. Ko>(h(HUIMEHT MOoKa3biBaeT CTeNeHb JOCTOBEPHOCTH
pacyeTHBIX MOKa3aTese.

1.1 ITo ¢popmyne 1, mpoBOOHUTCS IPOTHO3HBIN pacdeT HaKOIUIEHHOM H0Oban HeTH 3a mepuon 12 me-
CSITIEB TTOCTIE TPOBEACHMUS OIIEPALIHHL.

QE']' =X Qx.:} — X (1)

rze:

(J,= — mporHO3HAas HAaKOIUICHHAsA HOObIYa HedTH, T;
Qs — paxTHyCCKas HAKOIUICHHAS 100BIYA KUIKOCTH, T;
X, X1 — KO3 (HUIMEHTHI ypaBHEHHS TIOCTPOCHUSI.

1.2 [To ¢popmyne 2, onpenensercs adpdexrruBrocts [ TM.
Qr'::-t = QE:}-_QE‘I

&)
re:

Qn — 2bdexTuBHOCTE 'TM, T;

Qs — bakTHyeCcKas HAKOIUICHHAS 100bIYa HE(TH, T;
(; — TEOpeTHUECKast HAKOIUICHHAs 100bIYa HeTH, T.
OCHOBBIBasICh Ha MPEJIOKEHHOW METO/IMKE

[Tpn mpoBesneHun aHanu3a MO INPEUIOKEHHON cxeMe OBUIM BBISBIECHBI OIpE/EIeHHbIE 3aKOHOMEPHOCTH
3aBUCHMOCTH 3(P(PEKTHBHOCTH I'e0JIOr0-TEXHUYECKOTO MEPOIPHUATHS OT COIMYTCTBYIOIINX I'€0JOINYECKUX YCIOBUH,
a TaKXKe IOCJIeNCTBUS HEpPalMOHAJIBHOrO BEIOOpa 00bekToB Juis nposedeHus ' TM (nmuarpammel 3¢ (GeKTHBHOCTH,
puc. 4).
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Puc. 4. lnarpammbl 3¢ (HhEKTUBHOCTH Te€0JIOTO-TEXHUUESCKUX MEPOTPHUSITHH

JlmarpaMMBl TIOKa3bIBAIOT TMONXYYIEeHHYIO 3()()EeKTHBHOCTH OT MPOBEICHHUS HanOOJIee JacTO HCIOIB3YEeMBIX
Te0JIOTO-TeXHUIECKUX MeponpusTuii. CHHIM IIBETOM yKa3aH MPOIEHT 3()(PEeKTUBHBIX MEPOIPHUATHH, OPAHKEBBIM —
Hed (D (DEKTUBHBIX.

OCHOBBIBasiCh Ha aHAJN3€¢ IOTCHIMAIBHBIX BO3MOXKHOCTEH MONYy4YeHHS MakCHUMajbHOTO 3(]dexra ot
MPOBEICHUS MEPONPUATHSI OBLIIH BHIPAOOTAHBI CIEIYIONINE PEKOMEH AT

v' Veenuuenue oT60POB KHUAKOCTH, ABISETCS PUCKOBAHHOM OIepanueil, BIeKyIei 3a CoO0M pe3KUil poCcT
00BOJTHCHHOCTH CKBOKUHHOHN mpoayKiuu. MakcuManbHY0 3()()eKTHBHOCTS BO3MOXKHO MOJNYYUTh IPU MPOBEICHUH
JTAHHOTO MEPOIPUSATHUS B MACCUBHBIX IJIACTaX, 001aJar0IIUX BHICOKOI HE()TCHACKHIIICHHOCTBIO U TEM CaMBIM MO3BO-
JISIFOIMX BECTH 3HAYMTEIBHBIC 0TOOPHI He(pTH Oe3 prCKa CYIIECTBEHHOI'O MOBBIIICHUST 00BOTHCHHOCTH.

st npenynpexaeHus MOIy4eHHUs] OTPULIATENbHOIO PE3yJIbTaTa, IPH MIIAaHUpOBaHuU npoBeneHus I'TM
PEKOMEHIYETCSI BHIITOJIHEHUE CIICAYIOIIUX YCIOBUM:

1. TlocreneHHOE, IOMIATOBOE YBEINYCHHE OTOOPOB KHUIKOCTH.

2. Hanmume KOHTPOJIBHOTO MepHoaa pabOTHl CKBaXKHHBIL, TIOCIIE KaXXIOTO IIara.

3. Bo3sBpaT Ha mpeanocieHIOK CTYIICHb MOBHIIICHUS 0TOOPOB KUIKOCTH, TOCIE TOSABICHUS P00 C BBI-
COKO# 0OBOIHEHHOCTBIO.

v’ TIpoBeaeHne H3OIAMUOHHBIX PAbOT, sBIseTCs d3P(OEKTUBHBIM METOAOM BO3ACHCTBHS HA IIJIACT B JIFOOBIX
Te0JIOTHYECKUX YCIOBHAX. MakcuMasbHas 3(p(GEeKTHBHOCTh T'€0JIOr0-TEXHHUECKOTO MEPOTIPHSITHS HAOII01aeTCs Ha
00BeKTax ¢ BEICOKOW 0OBOJHEHHOCTHIO.

Takum o0O0pa3oM, KadyeCTBEHHO TPOBEJCHHBIE H3OJSAIUOHHbIE PA0OTHI HMMEIOT  TOJOXKUTEIbHBII
SKOHOMHUYCCKUH 3()(HEeKT W yIydlmiaroT MOKa3aTead pa3pabOTKh MECTOPOXKACHHH He(pTH O0e3 BO3HUKHOBEHHS
JIOTIOJTHUTEIbHBIX PUCKOB.

v’ TlpoBenenue paboT MO JOCTPENY U COJSHO-KUCIOTHON 06paboTke, ABaseTcs dP(OEKTUBHBIM METOIOM
BO3JICHCTBUS Ha IJIACT B 30HAX, XapaKTEPU3YIOUINXCS XOPOLIUMH KOJUIEKTOPCKUMU CBOMCTBAMH.

Puckamu taHHOTO MEPONPUATHS SIBISIIOTCSL:

1. TlepecedeHue HOBOTO HHTEpPBaja C BOJOHOCHBIMH IPOILIACTKAMU;

2. TlosBieHUE 3aKOJOHHBIX MIEPETOKOB;

3. BeposTHOCTP NOMaiaHus B HHTEPBAN C XyIIIIMU KOJUIEKTOPCKAMH CBOMCTBAMHU.

Takum oOpa3om, pabotel mo moctpenry m CKO HMEIOT TOJOKUTENBHBIA SKOHOMHUYECKHHA IPPEKT U
YIIYYIIAIOT TTOKAa3aTeNH pa3paboTKH MECTOPOKIACHUN HEDTH.

H.A. ®EJIOPOB
00O «I'asnpom BHUHUT'A3»

MOJAEJIMPOBAHUE TEYHEHUSA ITPUPOJHOI'O I'A3A B 9’ KEKTOPE JIJIs1
OIIPEJAEJIEHUSA DO@PEKTUBHBIX PEKUMOB EI'O OKCIIVIYATAIIUU B
T'A30CBOPHOM CETH IIXT

Hcmonb30Banne Ta30BBIX JKEKTOPOB SBISETCS OJHUM M3 Haumbosiee dHEpProdpQGEeKTUBHBIX CIIOCOOOB
YBEJIMYCHUS JIABJICHHS [TOTOKA ra3a B MPOMBICIOBOW CeTH. B keKTope AaBieHHe 0HOTO (IKEKTHPYEMOro) MoTOKa
YBEJIMYMBACTCS 32 CUET CMEUICHHS C APYrMM (IIKEKTHPYIOIIMM) MOTOKOM, MMEIOIIUM 00Jiee BBICOKOE MOJIHOE
napneHre. K OCHOBHBIM JIOCTOMHCTBAM 3XKEKTOpA, HCIOJB3YIOMIErocss B Ka4deCTBE HACOCA, MOXKHO OTHECTH
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OTCYTCTBHUE IBWKYIIUXCS NETaled M TEXHUYECKYIO MPOocTOTy. OMHAKO IS pacdeTa PeKUMOB pabOTHI 3KEKTOpa,
TpeOyeTcs CO3AaHNe CI0KHON MaTeMaTHIeCKON MOIe I TeUeHH ra3a U TypOyJIeHTHOTO CMEIIEHHS TOTOKOB.

Iens maHHO# pabOTHI COCTOWT B IMOCTPOSHUHM MaTEMaTHISCKOW MOJIEIH pacueTa TeUESHUS IPUPOTHOTO Tra3a
B MKEKTOpe, BU3yaJIM3allM{ IMOJS JABICHHWS W CKOPOCTEH B KaHalle 7KEKTOpa W, COCTaBICHHM Ha OCHOBE
MOJIyYEHHBIX JAaHHBIX YNPOIIEHHON MOJENu NoBeneHus ,kekropa B HazemHod cetn I[IXI. MopenupoBaHue
TEYEHHUS IPOBOAMIIOCH C MCIIOIB30BAHNEM CIICITHATU3NPOBAHHBIX MAKETOB BBIYUCIUTEIHHON THAPOTa30IMHAMUKH.
Jiist 3TOrO OBLIAa OCTPOCHA TPEXMEPHAs MOJENb MPOTOYHON YacTH Tra30BOTO KEKTOpa, Ha OCHOBE (PAKTUUECKOM
reoMeTpud (puc. 1), ¥ MPOBEACH aHAIH3 CTPYKTYPHI H Pa3MEPOB PACUCTHOM CETKH, HEOOXOIUMOMN [UIS MOTYICHUS
pe3yibTaToOB JOCTATOYHONU TOUYHOCTH.

Puc. 1. I"a30BsIit 95ekTop B HazeMHo# cetr [1XT

Jlist pacueta Te4eHUs ra3a B 9KEKTOpE M TYpOYJIEHTHOTO CMEUIEHHs CTPYH, IPUMEHEH METO] KOHEUHBIX
00beMOB. B kauecTBe ypaBHEHMs COCTOSHHS HCIOJBb30BAJIOCH ypaBHEHHE peajbHOro rasza Pemnmmxa-Ksonra. B
npolecce pacueTa MPOBEIEH CPaBHUTENIbHBIN aHAJIN3 Pa3IMYHBIX MOJENeH TYpOYIEHTHOCTH U, IPUMEHHUTEIHHO K
JIAaHHOU 3a7aue, BeIOpaHa Hanbosee noaxoasiias mojaens SST (Shear Stress Transport).

PacyeTs! BEINIOIHEHBI C UCTIOIB30BaHUEM (PaKTHUECKUX 3aMEPOB BXOJHBIX M BEIXOIHBIX JABJICHHUH ra3a I
KEKTOpa, IOMYYCHHBIX B pPaMKax IPOrpaMMbl HAy4HO-TeXHHYECKoro corpyxHudectBa OAO «l'asmpom» u
Verbundnetz Gas AG. Ha ocHoBe pacdeTHBIX W (aKTHUECKHMX MaHHBIX pacxoja rasza, TMPOBOAWIACH OICHKA
TOYHOCTH MaTeMatudeckoid moxenu. OmmuOKa, IpH MOACIUPOBAHUY TEUCHHUS ra3a B DKEKTOpE, COCTaBHJIa MEHee
1% 1o o6seMHOMY pacxomy rasa.

Ha ocHoBe mony4eHHON MaTeMaTHYeCKOil Moy, pa3paboTaHa yrpouieHHAs MOENb II0OBEACHHS ra30BOro
KEKTOpa B HA3eMHOW CETH ISl ONEpaTHMBHOIO aHaliM3a pado4MX XapakTepHCTHK. B pesynbrare pacyeros,
IMOJIYYCHbI KapTUHBI paclpeaCICHUA JaBJICHUA U T1OJIC CKOPOCTH 1A BcEH HpOTO‘-IHOﬁ 4acCTH, MO0 KOTOPbLIM MOKHO
CYAMTb O XapaKTepe TeYECHUs! IIPUPOAHOTO ra3a B KEKTOPE, BKIIOYas CKayKH YIIOTHEHHS, (POPMUPOBAHUE OTPHIBA
TCUCHUA, O6pa3OBaHI/IC SaBI/IXpeHI/Iﬁ MOTOKa MW TMPOTAXKCHHOCTH 30HBI CMCHICHHSA BBICOKO- W HU3KOHAIIOPHOTO
NOTOKOB ra3a. IlodyueHHble JaHHBIE MO3BOJISIIOT pa3padoOTaTh PEKOMEHJAMU 10 COBEPILEHCTBOBAHUIO
KOHCTPYKLIMH U pa3paboTKe HOBBIX IKEKTOPOB.

124



M.E. IABYPOBA
Hayuonanvuwiti munepanvro-coipvegou yHusepcumem «I opHuliiy

HOBBIINEHUE DPPEKTUBHOCTU I''TYIHEHUSA TOBBIBAIOIIINX

CKBAKHH IPHOBCKOI'O HE®TSHOI'O MECTOPOKIEHUA ITPU

INPUMEHEHHMHU TEXHOJIOI'MYECKHUX KUJAKOCTEU HA BOJIHOU
OCHOBE

O0bekToM wuccnenoBanus ssisercs [Ipuobckoe HedTsiHOE MectopoxiaeHne. OHO XapakTepusyeTcs
CJISIyIONIMMH OCOOEHHOCTSIMHM: HHM3KOH INPOHUIIAEMOCTBIO M TOBBIIIEHHON INIMHUCTOCTBIO INOPOJ-KOJUIEKTOPOB;
MOBBIIIEHHON  HEOAHOPOIHOCTh IIIACTa; BBICOKOM  PACUICHEHHOCTHIO pa3pe3oB. [UlymeHme  CKBakKWH
COIPOBOXKIACTCS PAAOM HPOOJIEM, KOTOPhIE IPUBOAAT K CHIKEHHIO KOJUIEKTOPCKUX CBOMCTB MOPOA MpH3a00HHOM
3oubpl miacta (II3ID), m kak creacTBHE — K CHIDKCHHIO JEOWTOB M O0BEMOB m0Obun. MMEeHHO molsToMy Ha
[IprobckoM HEe(YTIHOM MECTOPOKICHHU 0CO00€ 3HAUYEHHE HWMEEeT MOA00p ONTHUMAbHBIX COCTAaBOB KHIKOCTEH
TITYIIEHUs], a TaK JKe IIPUHATHE ONPENeNEHHBIX MEP 110 COKPAIIECHNIO M MPEAOTBPALICHUIO HETaTUBHBIX MOCIEACTBUN
TITYIIEHUS.

Llenbr0 IPOBOJMMOTO HCCIIEOBAaHUS SIBISETCS OlleHKa 3()(EeKTHBHOCTH IIyIIeHUs! JOOBIBAIOIIMX CKBAXXKUH
[Tpno6ekoro HeTIHOTO MECTOPOIKACHHUS TIPU TPUMEHEHHH KUAKOCTEH IIIyHISHUs] HAa BOJAHOW OCHOBE M pa3padoTKa
METOJIOB 110 €€ MOBBINIECHUIO. J[JIs peal3auny NOCTaBJICHHON Lelu ObUIM PEeLIeHb! CIEIYIOINe 3aauu: IPOBEAEH
aHaIM3 Teo0Joro-QU3MUeckord xapakTepucTuku [IproOCKOro MEeCTOpOXKIEHHMs; IPOBEISHbI J1abopaTOpHBIE
HCCIICA0BaHUA MPUMCHACMBIX HAa MECTOPOKACHUN H(HZ(KOCTeﬁ TJIIYHICHHUSA CKBa’XXWH; pa3pa60TaHI)1 PEKOMCHOAINN
MO TMOX00pY ONTHMAIbHOTO COCTaBa XHMIAKOCTEH TIIIyNIEHHS M COBMECTUMOTO C HHM ITOBEPXHOCTHO-aKTHBHOTO
BEIIIECTBA; IPOBE/ICHA OLCHKA TEXHOJOTHYECKOH 3(P(PEKTHBHOCTH ONTHMAIBEHOTO COCTaBa *KUAKOCTEH TIIyIICHUS C
COBMECTHBIM HCIIOJIb30BAHUEM ITOBEPXHOCTHO-aKTHBHBIX BEILECTB.

B xome mpoBenEHHBIX HCCIENOBaHMH OBIIM  TONydeHBl clexyiomue  pe3ynbTatel.  Hambosee
MPEANOYTUTEIBHBIM BOAHBIM PacTBOPOM COJIEH JUISl TUIyHIEHUs! CKBaKUH IIpHOOCKOrO MECTOPOXKAEHHS SIBISETCS
XJIOPH] HAaTpWs, a HAaUMEHee — XJIOpWA KalblMsa. B ciyyae HEZOCTATOYHOCTH IUIOTHOCTH XJIOpHMIA HATPHUS JUIS
CO3J]aHUs] HEOOXOJMMOM PENPECCHU PEKOMEHIYETCsl UCIIOIb30BaTh aMMOHHM3UPOBAHHBIN PAaCTBOP HUTPATa KaJbIHSL.
I[J'IS[ CHIKEHHS HEraTUBHOTO BimsHuA Ha 1311 PEKOMCHAYETCA UCIIOJIb30BATh KUAKOCTHU I'TYIHCHUS C I[O6aBJ'[eHI/IeM
MTOBEPXHOCTHO-aKTHBHBIX BEIIECTB, B YACTHOCTH: XJIOPU HATPUS ¢ KOHIEHTpaToM ['D-1.

HayuHblil pykoBoauTeNs: K.T.H., 1oueHT 1.B. Mapaamos
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ABTOMATH3AIIUA, PObOTHU3AIIHA H
IHEPI O3®®EKTUBHOCTB I'OPHOI'O IIPOHU3BO/ICTBA

S. GREHL, M. FERBER, B. JUNG
Institute of Computer Science, Technical University Bergakademie Freiberg, Germany

EVALUATION OF SLAM ALGORITHMS FOR MOBILE ROBOTS IN
UNDERGROUND MINING ENVIRONMENTS

We present first results on mobile robots designed for autonomous exploration and mapping of
underground mines. A four-wheeled robot was equipped with laser scanners, 3D cameras, and other sensors to build
a navigation map while being driven through the mine. During a test run in a research mine in Freiberg, Germany,
we investigated whether different SLAM (simultaneous localization and mapping) algorithms are suitable for the
build-up of navigation maps under the special conditions of underground mines. Our results confirm that certain
SLAM algorithms indeed solve the task. By using laser scans and an inertial measurement estimation sensor, the
robot is able to construct a navigation map, enhance it with new observations, and estimate its own location within
the map. All this is done in real-time and full robot motion. The automatic acquisition of navigation maps by means
of a SLAM algorithms is a prerequisite for performing other high level tasks in the future where the autonomous
operation of robots in underground mines may become a viable option.

Keywords: underground mining, autonomous systems, mobile robots, mapping

(@) Julius (b) Alexander

Figure 1. The mobile robot Julius (a) is designed for operation under rough environmental conditions and long-time
operation in underground mines. Alexander (b) is de- signed as experimental platform allowing easy switching of
sensor configurations to evaluate algorithms and applications, such as mapping, exploration, or ventilation
monitoring

Introduction

Research in the autonomous robot community has investigated automation technologies to guide trucks [1],
explore abandoned mines [2], or build 3D point cloud maps [3]. The long- term goal of the research presented in this
paper is to enable mobile robot to autonomously explore unknown, abandoned, or contaminated underground
environments while collecting information about the environmental conditions and structure. To perform mining
tasks un- derground the autonomous reaction and adaptation abilities of a miner, surveyor and geodesist need to be
applied to a robot. Such a robot may travel through mines and perform several tasks that are today performed by
humans.

With the unique opportunity of operating a local research mine, the TU Bergakademie Freiberg started a
project to develop autonomous mining robots as shown in figure 1. The first underground experiments were
conducted with the mobile robot Alexander as presented in this paper. The research question was to evaluate state-
of-the-art mapping algorithms in an underground ore mine. A large variety of such mapping algorithms as been
proposed in the literature. For our experiments in the underground mine, we applied a Simultaneous Localiza- tion
And Mapping (SLAM) algorithm [4] that has proven successful in an urban search and rescue scenario.
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Figure 2. Current setup of Alexander with several sensors on a HUSKY
system from Clearpath Robotics

Approach

For sensing or monitoring tasks a robot needs to be aware of its environment and its location in it. Hence, it
needs a set of sensors which observe the mine continuously. Laser scanners are suitable, since they are comparably
low on noise and operate in range of 0.05 — 10m. With up to 15 scans per second we are able to keep track of the
changing environment during movement. The current set up of the robot platform used for localization and mapping
offers plenty of space for additional sensor systems. In particular, we intend to equip the robots with sensors for
measuring temperature, air pressure and gases such as CO,C0O2,CH4,02 and NO.
To localize a robot within an underground mine it has to build a map. Known as the simul- taneous localization and
mapping (SLAM) problem for nearly 15 years, a variety of SLAM algorithms exploiting different sensor configura-
tions have been proposed. In a mine the odom- etry of a robot is uncertain, since the ground is rough and the wheels
may slip. Therefore we choose an approach that solves the task without motor data as presented in [4]. We make use
of laser scans and an internal measurement unit (IMU) which can detect accelerations in six degrees of freedom.
With the IMU data, the algorithm keeps track of the robot’s motion and merges laser scans as they appear into a grid
map.

Figure 3. Multiple laser scans fused using a SLAM algorithm, resulting in an integrated map with the
estimated position of the robot. Continuously triggered laser scans expand the map. The figure shows a
path of = 300m (green) of the robot in the underground mine.

The principle procedure can be seen in figure 3, where Alexander explored a part of the underground mine
Reiche Zeche in a depth of 147m. A valid map is constructed and the robot’s position is continuously localized.

Conclusion

Using a mapping algorithm first proposed for search and rescue tasks, a mobile robot was able to build a
navigation map of its underground mining environment. In the future we plan to integrate 3D vision, gas monitoring
and even an X-ray fluorescence (XRF) analyzer. All those systems will benefit from the calculated map which will
be used to provide localization information to the various sensor readings.
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TROUBLE SHOOTING AND COMMISSIONING OF A WORK PIECE
JACK AND DEVELOPING A NEW CONTROL SYSTEM BASED ON
REAL-TIME CONTROL

Introduction

These days many companies and industries have required more accurate manufacturing, especially in
production using lasers. The reason for this is that many products become more and more sensitive and complex. As
very accurate and effective tools, lasers have high importance in various industries.

In production using lasers, micro positioning of the work piece is an important element. Today it is possible
to move a given work piece in a very sophisticated way. However, even in the most modern industries there are still
problems about controlling in detail.

In order to satisfy needs of industries, we are building up a real-time control system for a work piece jack.
The table will be used together with a micro laser. The connection of table and laser will provide a large working
area. In conclusion, huge work pieces can be processed perfectly accurate.

Material and methods

Hardware of the project: We choose to move the work-piece with a XY- and later also with a XY Z-table.
The table is a device positioned by actuators and servo motors. The XY-table we are using is manufactured by
RUCH servomotor, a Russian Company.

Figure 1. Precision 2D manipulator on the base of
linear iron-less motors

Movement on X, Y, mm 160
Position accuracy on axis X, Y 1.3 micron
Velocity error of each of axes X, Y at fulfilment of a task .
i . 2 micron
at speed (10 mm / c) sin p t, micron, no more
Maximal velocity 1m/s
Motor type AC synchronous, iron-less
Position encoder X, Y: RENISHAW RGH-40A

A processor board provides the computing power for the real-time system.. It is from a company called
dSPACE, which is located in Germany. The board is the interface to the 1/0 boards and to the host computer.
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Figure 2. DS1006 Processor board

Design of the system: Our design of the system is based on real-time control. The control system is using
MATLAB, Simulink and dSpace DS1006 control desk. Because MATLAB and the compiler of dSpace control desk
create effective C source and an object file automatically without additional coding of programs, we can do both
experiment and simulation at the same time and get the control system we want. At first, basically we adapt the PID
controller into a single axis (X-axis) and then expand the field dually (X,Y axis).

Results

Construction: The commissioning of the work piece jack is completed. A connection with the processor
board and a host computer has also been finalized. Further steps will be the construction of the real-time control
system and the connection of the laser to our system.

Implementation

Importance for renewable energy systems: The system, i.e. the laser, will be used to process solar panels
in the future. For this reason the project has great importance for the solar energy industry. It will offer a processing
station for solar panels which is working perfectly fast and extremely accurate.
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PROJECTWORK: ELECTRIC-BICYCLE

Introduction

Individual mobility and sustainable energy are two of the biggest issues of our century. And even nowadays
both seem to be still incompatible to each other. One approach to solve this problem is to replace the usual
combustion engines by an electrical drive. If the electrical energy that is fed to the vehicle is produced in a
sustainable way the mobility of the future could be without any carbon footprint.

Present situation

The development of electrical cars still fights with several problems. While the know-how about electric
motors and their technological environment exists since many decades the development of cars still struggles with
the capacity and durability of accumulators. Also the production costs and size for accumulators with an acceptable
storage capacity are still too high which makes electric cars very expansive and almost unaffordable for ordinary
costumers. Because of that the absolute value for the numbers electric vehicles on the streets in France, Germany,
UK, USA, Japan, Netherlands, Norway and China is just about 190000 [1]. For 2020 European Union (EU) expects
just a market share of 7 % for electric cars.

A much more promising application for emission free and sustainable mobility is the electric bike, or just e-
bike. The number for sold e-bikes in total reaches every year new records while it was 845.000 in Europe for 2012
[2]. Electric bikes are therefore already an everyday sight on the streets.

The advantage over electric cars is first of all the affordable price. This is due to the, in comparison to cars,
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small accumulators and motors but also because the construction of an e-bike does not differ too much from a
normal bike. While a range of 60 to 70 km is more than enough for an average ride with a bike it is too less for a car
[3].

The market seems to be so promising that even automobile companies started their own developments, e.g.
Smart and Audi [4]. The use of light-weight materials, mobile applications for controlling the electric drive and
exceptional design making e-bikes on the top of the price range to high technology products.

Figure 13. E-bikes developed by Smart (left) and Audi (right)

Procedure

Emerge Engineering is a German company that provides different kinds of hardware platforms for the
development of controls and regulations for electric motors. This company especially provides engine control
technologies and mobile application developed for the use in electrical vehicles such as e-bikes.

The department of mechanical engineering of Lappeenranta University of Technology ordered several of

this hardware Kits to enable its students to expand their abilities in control engineering and programming.
Regarding to this topic and in connection with the course “Programming in Control and Mechtronics” a project is set
up in order to develop a motor drive for an electric bike. The task for will be to attach an electric motor,
accumulator, inverter and control to a usual bike and combine this individual parts to a working electrical bike.
Control will be executed with MEDKit from Emerge Engineering. The MEDK:it board is equipped with an ARM
Cortex M3 processor, several BUS connections for in- and output signals and a potentiometer. The MEDKit
software can be modelled and modified in Simulink and dSPACE —TargetLink [5], [6].
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TECHNOLOGY AND MATERIALS FOR ADVANCED GAS COOLED
NUCLEAR REACTORS

Introduction

Testing the helium purifying systems for VHTR (Very High Temperature Reactor) and GFR (Gas-cooled
Fast Reactor). Experimental purifying systems are based on adsorptive purification. The regeneration of helium are
tested membrane separation. Analytical methods must be correctly configured for measuring trace concentrations of
impurities.
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THEORY

History

VHTR and GRF are two of the six concepts for future gas-cooled nuclear reactors V. generation. These re-
actors are cooled by gas and and insight to planned high operating temperatures (1000 °C for VHTR and 850 °C for
GFR). It is advisable to use the inert gas helium, in order to avoid undesirable reactions in the coolant and reactions
with structural materials of the reactor. [1-3].

Impurities in helium

Pure helium used to cool primary circuit contains only trace concentrations of impurities (see Table 1.)

However, during the operation will be continuously release impurities into the cooling medium such as
primarily construction materials, graphite, leakage of ambient air leakages during replacement of fuel, impurities
from the compressor and fission products released from the fuel (Xe, Kr, I, Ag, Cs, Co ... ). Examples of penetration
of impurities are shown in figure 1.

Impurities releasing into the coolant are primary H,, N,, O, CH,, CO, CO,, dust particle. Lubricants
discharged from the condenser are primarily higher hydrocarbons, which under normal operating temperatures of
the reactor are rapidly degraded to the basic carbon compounds.

Table 1
Composition of pure helium [1, 4]
Impurities Concentration [ptm>m™]
P The expected range
Hy, T, 20 - 500
H,0 <1
CO 1-300
CH,4 2-40
CO, 0,1-10
N, <15
0, <0,1
Dust -

Figure 1. Examples of penetration of impurities to the coolant [5]
Experimental PART
Adsorption aparature
Tests adsorbents suitable for sorption of impurities from helium are carried on the adsorption apparatus.
Nowadays are performed experiments focused primarily on adsorption of CO,, CO and CH,. Used adsorbents are
molecular sieves 3 A, 4 A, 5 A, 13X. Experiments now underway at room temperature, but in the near future will be
devices enabling heating and cooling.
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Table 2
Parameters of adsorption aparature

Working pressure up to 100 bar
Flow 1-33 L'min”
Volume of adsorption column 30 -100 ml

Membrane separation

Device for testing separation helium from nitrogen by membrane. Membrane module can be used to
regenerate helium escaping from GFR into the guardvessel (pressure container for GFR with nitrogen atmosphere
preventing leak of helium into the atmosphere).

Due to the increasing prices helium as non-renewable raw material (usually derived from natural gas) are
tested other possibility of its regeneration by membrane separation. Expected helium leak rate from the reactor is
about 3 inventories per year.

Table 3

Results from sampling HTHL; running time of 20 days;
analysis of stainless steel canister GC-HID

concentration(um>-m™)

K1 K2
H, 1,1 1,7
CO 1,2 2,0
CH,4 0,3 0,4
CO, 0,5 0,3
0, 608,2 470,3
N, 6577,0 5301,9

Figure 2. Adsorption aparature
Figure 3. Membrane module Figure 4. Detail Prism® (Air Products)
aparature module

The test membrane module Prism ® (Air Products) is a polysulfone hollow fibres.
Analysis
Analytical methods used for identifying trace concentrations in helium:
e Gas chromatography (GC)
o with thermal conductivity detector
o flame ionization detector
0 helium ionization detector
e Fourier transform infrared spectroscopy (FTIR)
The off-line analysis uses GC sampling conducted in stainless steel containers, plastic bags and glass
mouse. These methods were compared. Stainless steel canisters that were used for the analysis of samples from
experimental High Temperature Helium Loop in Research Centre Rez, have the highest accuracy.

FTIR can be used to analyse some gas off-line or on-line analysis with an advantage especially for
experimental adsorption apparatus.
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A METHOD OF SELECTION OF THE OPTIMAL DEPOSIT
DEVELOPMENT IN UNDERGROUND MINE AS AN OPPORTUNITY TO
IMPROVE OF ENERGY EFFICIENCY

The article describes a method of selection of the optimal deposit development in underground mine which
is created by the author. The article shows the influence of this method for the energy efficiency improvement.
Keywords — energy efficiency, underground mining, deposit development

Introduction

Energy efficiency improvement is one of the most important goals in the energy politics in Poland. Poland
has to reduce the energy consumption: by 9% till 2016 compared to average value from years 2001 — 2005 (on the
basis of the Energy Efficiency Act) [1] and by 20% till 2020 compared with the forecasts for the European Union in
2020 (on the basis of the Energy — Climate Package) [2].

One of the most import ant user of energy in Poland is mining, especially underground mining. This sector
of industry consumed in 2013 about 6% of total energy consumption in Poland and this value is still increasing (Fig.
1).

Small recipents sector
W Transport
m Water delivery: waste
B Industry and Building
= Mining
B Own consumpfion of heat plants

B Own consumption of power
plants and CHP

Figure 1. Energy consumpion in Poland in the years 2008 — 2013 [GWh] (Source: own study based on [3])

Participation of mining sector in the total energy consumption was showed on the Fig. 2. It can possibile to
notice that energy consumption of mining sector is also still increasing — in 2013 it was 8754 [GWh].
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Figure 2. Energy consumpion of the mining sector in Poland in the years 2008 — 2013 [GWh] (Source: own study
based on [3])

Design of deposit development

Development of fossil deposit consists of all actions related to connecting the deposit with surface and
enabling the preparation to mining exploitation [4]. The method of deposit development depends on many factors:
geological, technical and economical, such as shape, tectonic and placement type, shape of surface, fossil resources
and anticipated period of exploitation with designed annual extraction, predicted natural hazards and access to
communication (roads, railways) and utilities (electricity, water). In Poland the most popular kind of underground
mines development is the shaft. This excavation is characterized by a cross-section over 4 m? and a significant
depth. It is drilled usually using explosives. A transport of ore to the surface is realized by skip which is extraction
vessel moving in the shaft using carrying and balance ropes. The decline is an alternative for the shaft. It is narrow
working inclined at 45°, in which fossil is transported to surface on conveyor belt. In Polish underground mines this
method is less popular than by the shaft, currently there are only three mines using it: KWK "Marcel", KWK
"Janina" and ZG "Siltech" [5].

The tool for optimization of deposit development

An important issue of mine design process mine is choosing of development method — by shaft or decline.
It is necessary to keep the energy savings in the first stage of the mine formation and to plan it before the start of
construction of the mine. The reasons are Polish and EU legislation related to energy efficiency improvement and
opportunity to reduce costs.

Author created her own method and program to optimize the kind of deposit development taking into
account i.e. energy efficiency improvement. The main input data include parameters such as:

e depth of deposit
layers lithology
inclination angle (in case of decline)
planned daily coal production
costs of building and equipping both considered excavations
costs of running excavations and devices used to transport ore to surface
energy intensity of used transport devices in both cases
costs of electricity
number of working days per year
selling price of ore
average drilling progress of excavation
e amount of resources to access

Preliminary results of calculations showed that decline is a better method of deposit development than a
shaft in the issue of energy consumption. The reason of this is a different way of working of skip and convoyer belt
(an issue of continuity or periodicity of ore transport to the surface). Moreover, belt conveyors are less energy -
intensive. The method is still developing.

Conclusion

There is a need to reduce the energy consumption in Polish underground mining sector. Presented method
gives a chance to plan the energy savings in phase of mine designing. Author took notice of need to consider the use
the decline as an alternative to the shaft for deposit development.
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APPLICABILITY OF MINING ENGINEERING APPROXIMATIONS IN
PYTHON PROGRAMMING LANGUAGE

Any engineering discipline requires fast and absolute results on processing projects therefore using
programing languages are the most suitable tools to overcome these requirements. In this document Python
programming language examined with code and GUI examples for Mining Engineering Approximations.

Key Words :Python, Computer aided Mining Engineering.

1. INTRODUCTION

Engineering methodology is based on mathematical and scientific calculations. These calculations must be
applied by controlled steps and every result of calculation’s validity must be checked. However it takes time and
difficult to check every calculation by manually. In order to overcome this difficulty and to save time, it is a
necessity to use the calculation software. Today, with commercial computer-aided programs, it is possible to design
a graphical approach to engineering problems. However, for mining engineering, there is no any software which
includes mining engineering principles helps solve mining engineering problems and there is not any study to
develop this kind of a software by companies and world-wide mining institutes. As a result of this, individually
developed software are stayed in a limited level. Nevertheless, advancing technology makes it easier to develop new
complex programming languages with high capability and user-friend interface. “Python” is one of the best and easy
software programs to learn. For this reason, it is widely used in engineering fields and easily adopted to engineering
disciplines like electronic, computer, mechanical and civil engineering.

2. PYTHON PROGRAMMING LANGUAGE

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrumin the
Netherlands as a successor of a language called ABC.

Python is an interpreted, interactive, object-oriented programming language. It incorporates modules,
exceptions, dynamic typing, very high level dynamic data types, and classes. Python combines remarkable power
with very clear syntax. It has interfaces to many system calls and libraries, as well as to various window systems,
and is extensible in C or C++. It is also usable as an extension language for applications that need a programmable
interface. The language comes with a large standard library that covers areas such as string processing, Internet
protocols software engineering, and operating system interfaces. Finally, Python is portable: it runs on many Unix
variants, on the Mac, and on Windows 2000 and later. All Python releases are open source that anyone can change
codes where needed. Python is faster than other programming languages as it doesn’t use any redundant modules
during operating time. Its design philosophy emphasizes code readability, and its syntax allows Frogrammers to
express concepts in fewer lines of code than would be possible in languages such as C++ or Java). The language
provides constructs intended to enable clear programs on both a small and large scale.

3. PYTHON PROGRAMMING LANGUAGE IN MINING ENGINEERING

Python programming language can be applied into mining engineering approximations requirements or
anyone can write new libraries for mining engineering requirements as well. However, any open source library
example is not written by official Python developers or third parties yet. Therefore this useful and flexible language
cannot be improved fast enough in mining engineering. Main reason of this problem is that the written codes are for
personal usage or commercial purposes or already shared codes do not have enough information and comments.
Therefore, users prefer classical calculation and drawing methods instead of developing software. Today, most of
the scientists mention at their academic essays™®! that sharing source code is a necessity to improve mining
engineering technology

4. PYTHON LANGUAGE AS A TOOL OF MINING ENGINEERING

Simple code algorithms, numerical feedback types and rapid computing make Python suitable for
engineering fields. In mining engineering, Python could be used for topography, rock mechanics, soil mechanics,
drilling technologies, slope stability, mining economy, petroleum engineering, ore reserve estimations and GIS
etc... As an example; bench blasting with Olofsson(1985) Burden Approximation! software might have below
codes:
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b max0Olofsson (self,Hole,Density,R1=0.55,Explosive="LINE
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Explosive=="4ANFO":
e=1.36
Explozive=—"EMULITE':
e=1.45
z2elf.1={({7.85)% (Hole®**2)* (Density) )
zelf . blC0lofsson=((e)* (self.1** (0.5))*(R1))
striround(=self.bl0lofs=on, self.sensivity)) + " meters'

By using ANFO command based on the above codes, result will be given below for burden distance for a
vertical hole blasting software with input 0.89 meters of hole diameter:

]

>»> Blast.b max0lofsson(0.859,0.85,R1=0.595,Explosive="LNFDC
'2.97 meters'

In result, it can be observed that burden is nearly equals to 3 meters. If we change the order of the codes, which
work with changing parameters in relation, it still gives correct and suitable results in milliseconds, and at any other
computer or with any other operating systems, codes give the same results.

Another example for GUI application written in python for mining production methods based on
NICHOLAS, D.E ‘Method Selection’ (1981)" give advices for most suitable mining product methods in seconds:

CONCLUSION

Within the scope of this paper, the capability of mining engineering approximations in python programing
language is showed and a sample program which determines the method selection in underground mining is
indicated. According to given comparisons, for complex projects, it is possible to develop a software which is fast
and compute all calculations with high precision rates. With Phyton based open-source software which include
mining engineering principles and academic approaches could increase the efficiency of project results. As a result,
it improves the usage of available approaches and disciplines successfully, and it leads to finding new methods and
approaches which require repeated simulation and calculation. Finally, these advances contribute the improvement
of computer-aided mining engineering.
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OIBIT DKCIIYATAIIUM CUCTEMbBI MOHUTOPHUHT A IABJIEHUSI
EH-PRESSCATER B IIIAXTE KAJJUMHOM COJIN

Annorammsi. Cucrema MoHuTopuHra pasienuss EH-PressCater mosBosisser B peanbHOM BpeMeHH
OTCIIS)KMBATh M PETHCTPUPOBATh MapaMeTphl CONPOTHBICHUS (Hecyllel crmocoOHOCTH) MEXaHW3UPOBAHHOM Kpemnu.
B pedepare mpencraBieH apXuBHBIH O4epK O pa3pabOTKe OECIPOBOIHONM CHUCTEMBI M3MEPEHUsI M PETHCTPALMN
napneHus. OmnucaHbl pa3BUTHE W MOIU(QHKAIMsS CHCTEMBl Oylarojapsi WHHOBALMOHHBIM HMHCTPYMEHTaM
KoH(Urypauuu, a TaKke BU3yalu3aluUu-apXUBUPOBAHUS TaHHBIX, TAKUX KaK MOOMJIbHBIH KOMMYHHKATOp, CETEBOE
nporpammuoe obecrieuenre EH-WebCater. IpencraBieH BBOX CHCTEMBI B OKCIUTYaTaIWIO, a TaKKe BBHIOPAHHBIC
JABICHHUSA B CEKIMAX MEXaHU3MPOBAHHOW Kpermd Ha OCHOBAaHWH 3aperHCTPHPOBAHHBIX M3MEPEHHII BO BpeMsd
9KCIUTYyaTalIOHHBIX HCIIBITaHUH.

KiroueBble ciioBa: HCKpoOe3omacHBI OecripoBOIHON MpeoOpa3oBaTeNls HaBleHHUS (JAaTYUK), CHCTEMa
MOHHTOPHUHI'A IaBJICHUSI, MOOMJIbHBIA KOMMYHHUKAaTOP, MOHUTOPHHT CONPOTHBIICHHS.

1. BBenenue

Iepen pa3paboTkoii cucTeM OECHPOBOIHON Mepeaayl JaHHBIX B TOPHOM MPOMBIILICHHOCTH MPUMEHSIIUCH
IMPOBOJHBIC PCUICHUA. X oCHOBHBIM MMpEeUMyIcCTBOM 6])1_]10 60.]1])111351 CKOpPOCTb TPAaHCMHUCCUHN-PETUCTPALNU
JIAHHBIX, BO3MOXKHAas OJjarojgaps MOCTOSHHOMY MUTaHHUI0. B ciiyuae HCKpOOE30MacHBIX PEHICHHM, MPOoOJIeMOi
BCEeraa ABJIAIUCH OJIMHHBIC KaGeanme JIMHUU, Tpe6y101111/1e TaJIbBAHUYECKOI'0 pasAC/ICHUA MUTaHUA. prZ[HOCTI/I
TaKXKe TPEICTAaBsUT MOHTaX kabenedl. He cMoTps Ha TO, 4TO Kabeiu OOBIYHO JOMOJHHUTEIILHO 3alllMIICHBI
000JI0YKOW THAPOPYKABOB, TMOJTHOCTHIO UCKIIOYUTHh WX MOBPEXKICHHE OBUIO HEBO3MOXHO. AJBTEPHATHBOU OBLIO
OecripoBOHOE peleHne, paboTtaroliee B IOCienoBaTeNbHOW ceTH. OCHOBHOM TEXHHUYECKOW MPOOIIEMON TaKoro
peureHust OblTa pa3paboTKa CHUCTEMBI paJHOIepeNadyd ¢ HU3KHM IMOTPEOJICHHEM MOUTHOCTH, YTOOBI yCTpoOMCTBa
paaroceTH MOTIIH OBITh 3alMTaHBI OT OaTapeil. HemoctaTkoM pagwonepenadyn JaHHBIX HU3KOH MOIIHOCTH SIBIISCTCS
OTHOCHTEIIFHO MaJyiasi YCTOWYHMBOCTh K ITOMEXaM, a TaKXKe YyBCTBUTECIBHOCTh K 3ambuicHHIO. [losToMy OBLI
MPUMEHEH paJuolepeaTyiK, paboTAOmMA ¢ Tak Ha3plBaeMBIM pACIIMPCHHBIM CHEKTpoM. B  cucreme
EH-PressCater paguyc geficTBusI O€CIIpOBOIHON Mepeaadr ObLI OTPAHUYCH [0 COOOPaKEHHSIM SHEProcOCPEKEHUS.
OctaBmmiics H30BITOK MOIIHOCTH HCHOJB3YeTCS M yBEIMYCHHMS pajadyca JedcTBuS i olecredeHus
HEIPEPHIBHOCTH MEPEAayu Jake B Clydae MOBPEKICHHUS HECKOJBKUX COCEIHUX IMpeodpa3oparencii (qardyukos). B
3TOM ciay4ae paspaboraHubiii mus cuctembl EH-PressCater mporokos aBTOMaTHUECKH OOXOIMT MOBPEKICHHBIC
npeobpaszosaTenu (mporiecc HassiBaercs ot anrit. Self healing).

B ycrnoBusx KamuiiHOTO pyJHHKa CHUCTEMa IOJDKHA OOCCIIEYMBATH MPOBEACHHE MOHUTOPHHTA HECYIICH
CIOCOOHOCTH THAPOCTOCK CEKIMA MEXaHW3WPOBAHHON KpEmUd M TOPHOTO JAaBicHUsS B jaBe. CucTeMa HOJDKHA
obecrieunBath cOOp, mpeoOpa3oBaHWE, XpaHCHUE, BBHIBOJ WHPOPMANMU HA MOHHTOP IIAXTHOTO KOMIIBIOTEpA
(koHTpoOIUIEpa) M Tepenady Ha BEPXHUH YPOBEHb (B JUCICTYCPCKYIO PYIAHUKA) WHGOPMAIMU UIS TIPOBCICHHS
aHaJM3a BBITIOJHEHUS TEXHOJIOTMYECKOTO IHMKIA B JIaBe, MPOTCKAHUS IPOIECCOB PAa3BUTHS TOPHOTO JABIICHHS B
JAaBC W TPUHIATHA TNPEAYIPCAUTSIBHBIX OpPraHW3allMOHHBIX W TEXHWYCCKUX JICHCTBHI, HAIMPABICHHBIX Ha
MIPEeIOTBpALICHUE aBApUIHBIX CUTYAIHH B JIaBe, a TaK )K€ BbIIaYH CUTHAIN3ALNH B JIaBY O NMPEBBIIICHUH TaBICHUS B
THIPOCTOIMKAX KPETH 4epe3 CUCTEMY MpeIypeIuTeTIbHON CUTHATH3AIIHH.

2. BectipoBoHAasI ceTh ¢ MOCJIEA0OBATEILHOI CXeMOii mepeaadn

B 71aBHOM KOMIUIEKCE YCTpOMCTBA paIHMOCETH PACIONOXKEHbl BAoJb JaBbl. OOMeH uHbopMmalue
MPOKMCXOUT OT JATYMKOB B KOHIIE JIaBbI K IaTYMKAM B Hadale JaBbl. BCieAcTBIE STOTO NATYMKH, PACIOIOKCHHBIE
OIKe K Havyally JIaBbl, MEPEAAl0OT Ooliblliee KOJMYSCTBO JAHHBIX, CIIEA0BATENILHO, YBEINIUBACTCS BpEMsI Hiepejauu
JAHHBIX. JTO OCHOBHAs TEXHHUECKas MpoOiieMa, KOTOpas 3acTaBuia MpU pa3paborke cuctembl EH-PressCater
€O371aTh MHHOBAIIMOHHBIN MPOTOKOJ. Pa3paboTaHHbIN MPOTOKOJ 00ECIEYMBACT PETHCTPAIIMIO JAHHBIX O JaBICHUU
CO BCEX JIATYMUKOB, YCTAHOBJICHHBIX B JJABHOM KOMILIEKCE, C OOHOBJIEHHEM JTAHHBIX KaXYIO0 CEKYHIY.

XapakTepHble OTIUUMS Tepenadn JaHHbIx B cucteme EH-PressCater:

- mepejiaua M3MEPUTENbHBIX JAHHBIX € OOJIBIIOrO KOJMYECTBA JATYMKOB C OTHOCHTENHHO OOJIBIION
CKOPOCTHIO,

- HU3KOE MOTpeOIIeHHE TOKA MPH Mepeade JaHHbIX | pa3 B CEKyHIY,

- BRIPABHUBAHUE MOTPEOJICHUS] MOIIHOCTH JIJIsl KQXKJOTr0 JIaTYHUKa B CETH, YTO YBEIUYUBAET BpeMsi pabOThI
CHCTEMBI Oe3 00CTyKIBaHM.
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3. Onncanue CHCTEMbI

Cucrtema monutopunra aaeinenus EH-PressCater [1] npenna3znauena s 0eCpoOBOJHOTO MOHHTOPUHTA H
aHalu3a JIABJICHUS B CTOMKAX W MOJIOPKAX BEPXHIKA MEXaHHU3UPOBAHHOM KPEIH, a TAK)KE B HATIOPHOW U CIMBHOM
Maructpanu. CHCTeMa MO3BOJSIET KOHTPOJHMPOBATh PabOTy MEXaHM3UPOBAHHBIX KpereH, Omaromaps cOopy,
MpeoOpa3oBaHUI0 M Tepelavye H3MEPCHHBIX BEJIUYMH JABJICHUS, TO3BOJISIONIMX B TOM YHCIIC AHAIU3UPOBATH
B3aUMOJICHICTBAE KpPEIU C KPOBJICH IJIaBHOW BBIPAOOTKH, a TakKe HICHTH(OUKAIUS aBapUIHBIX COCTOSHUMN
THIIPABINYECKON CHCTEMBI CeKINi. becipoBOIHbIC NATYHKY JaBICHHS, BXOISIIINE B COCTAB CUCTEMBI, IUKIIICCKU
MIPOM3BOMAT M3MEPEHUS M aHANM3UPYIOT HaBjieHne. [loka3aHusi ypOBHS NaBJICHUS CUTHAIU3ZUPYIOTCS C TOMOIIBIO
JIEKTPOTIOMHUHUCIICHTHRIX ~ auomoB  RGB,  pacmonoxeHHBIX Ha  JaTdWkax. brmaromaps — coeaMHEHUIO
npeobpa3oBarenell B IOCIIEAOBATENbHYI0 OECHpPOBOIHYIO CETh, 3apETHCTPUPOBAaHHBIE IaHHBIC IEpenaroTcs B
YCTaHOBJICHHBIM B Hayasie JaBbl mpeodpazoBarens nepenadn |KT, koTopslii codupaer qaHHBIE U MepenaeT nanee B
maxTHEIH kommbioTep EH-O/06/24. TlpuMmeHeHHBIH B CHCTeMe WHHOBAIlMOHHBIA CIOCO0 oOMeHa ITaHHBIMU
MO3BOJSIET COOMpaTh Pe3yabTaThl U3MepeHuil ¢ uwactoroi 1 [ mpu OJHOBPEMEHHOM COXPAaHCHHU HH3KOTO
noTpeOneHus Toka. Pemenne obecrieunBaeT HEMpepbIBHYIO paboTy CHCTEMBI B TeueHHe Oojiee roja ¢ 4acTOTOM
U3MEPEHUIl KaXIylo CeKyHay Oe3 HeoOXOIMMOCTH 3aMEHbl MCTOYHHMKOB IMTAaHUs NpeoOpa3oBarelieil NaBlieHHUS.
IIpumeHeHHass B Imaxte kamuitHoii comm cucrema EH-PressCater mepemaer naHHBIC MO IIHPOKOMOJIOCHOMY
COCJIMHCHHIO Ha IOBEPXHOCTh HA CEPBEP, PETHCTPUPYIOIINN U apXUBUPYIOIIUIN TaHHBIC.

Cxema CHCTeMbl MOHHUTOPHHIA [ABJICHUS B CTOWKAX MEXaHM3MPOBAHHOW Kpemu IMpeACTaBIeHA Ha
pucynke 1.

Puc. 1. Cxema cucreMbl MOHUTOpHHTA HaBienus EH-PressCater, mpuMmeHneHHas B MaxTe KATHAHON COMH

CepBep Ha MOBEPXHOCTH COEAUHEH O ceTn ethernet ¢ mucneTdyepckuM mOoCTOM, Ha KOTOPOM YCTAHOBJICHO
nporpamMmHoe obecrieuenuem Jis Busyanusanuu ganubix EH-PressCater Client. Cucrema MoHUTOpHHTA TaBIICHHS B
nraxte 00OpyZ0oBaHA COBPEMEHHBIM MporpaMMmHbeiM obecnieuenneM EH-WebCater, nossomsiomee Ilonb3oBarento
BU3YaJIM3MPOBaTh PabOTy CUCTEMBI Yepe3 MHTEpHET-Opay3ep Ha KOMIIBIOTEpAX, MOJKIIIOYEHHBIX K IIAXTHOH CeTH.
Braronmapst nporpammuomy obecneuenuto EH-ServiceConnect ocymiectsisiercs: aucranuuonnsiit goctyn (VPN), ¢
MOMOLIBIO KOTOPOro paboTHHKU TexHUYeckoi nopnepxkku Elgor+Hansen S.A. oGecnieunBator KineHty TekyIyo
TIOMOILb U CEPBHCHBIE KOHCYIbTAlUH.

B cocras cuctemsr EH-PressCater Bxomr:

- mpeoOpa3oBarenu (qaTunku) gaeierus RPSI,

- KoHBepTep (mpeodpazosarens) nepenaun IKT,

- maxtHeI# komisioTep EH-0/06/24,

- MOOWJIBHBIH TIpOTIecCHBIN KoMMyHHKaTop (mynsT) MKP,

- nporpammHoe obecneuenne EH-PressCater,

- npunosxkenne EH-WebCater.

Cuctema EH-PressCater umeeT B3pbIBOOE30MaCHYI0 KOHCTPYKIHIO cornacHo cranaapty PN-EN 60079-25.
[TpenMyIecTBOM CHCTEMBI SIBIISIETCSI OTKPBITasi apXUTEKTYpa, MO3BOJISIONIAsl PACHIUPUTD CETh JATYMKOB, a TaKXKe
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obecreynBaromias COBMECTUMOCTh MHTep(detica oOMeHa naHHBIX ¢ mHTepdeiicamu cetn [lomp3oBatens. Cucrema
EH-PressCater, ycraHoBieHHas B IIaxTe KaluiHOW coiu, obopymoBana 92 npeoOpaszoBarensmu nasinerus RPSI,
YCTaHOBJIEHHBIMHU Ha KaX10U TPETheH CEKLIUU MEXaHU3UPOBAHHON KpeEIlU, B Hayaje, KOHLE U B CEPEIMHE HAIOPHOU
W CIMBHOM Maructpand. [lociie OKOHYaHMS TEPBBIX AKCIUTyaTaIlMOHHBIX HCIBITAHUM, JIHBIINXCS HECKOJIBKO
MECSIICB U BO BpeMs KOTOPHIX OBLI IMOJTydeHHI TOYHBIC MaHHBIE M OBUIO COOTBETCTBYIOIIMM 00pa3oM HACTPOCHO
porpaMMHOE oOecTiedeHne, OBUT0 IMPUHATO PElICHHE M3MEHUTHh CIIOCO0 yCTAaHOBKH JATYWKOB W YCTaHOBUTH II0
OHOMY JaT4YMKy Ha KaXAylo cekiuio kpemu. Jimst sToro cucrema Obuia o0OpymoBaHa JOMOJIHUTENbHO 60
0ecrpOBOTHBIMH JaTYNKAMH JIABICHHS.

OtkpsiTast apxurekTypa EH-PressCater no3Bosisier pacimpsith CHCTEMY yCTPOWCTBAMH Ha MOBEPXHOCTH. B
MPUIOKCHUN, IPUMCHEHHOM J1JI COJISTHOM 1IaxThbl, TPAHCMUCCHUA MCKAY MAXTHBIM KOMIBIOTEPOM, YCTAHOBJICHHBIM
B KOHBEHEPHOM ILTPEKE U CEPBEPOM Ha IMOBEPXHOCTH (BHE 30HBI EX) ocyiiecTBieHa nocpeacTsom coequnenns DSL
uckpobesornacHoi nmuHuen ,,EXia”. Tlocne mojBeneHHs B PaOH JKCIUTyaTHPYEMO# JaBbl ONTOBOJIOKOHHOTO
COC/IMHEHUsI, TAaHHBIE C MIAXTHOIO KOMIIBIOTEpa MEepealoTcsl MO ONTOBOJOKOHHBIM mHTepdeiicam Fast Ethernet
»EX 0p iS”. Takum 00pa3om, obecrieueHa raJbBaHUYECKOE Pa3JielIeHUe MEXY HEHCKPOOE30MacHbIMHU MMOCTAMU Ha
MTOBEPXHOCTHU M TEICKOMMYHHUKAIIMOHHBIMHI JTHHUSMH, TPOBEACHHBIMH B 30HaX EX.

[IpenmyiiecTBOM ONMCAHHOTO PEUICHHUS SBISCTCS COSAWHEHHE MAaXTHOro KoMmbioTepa EH-O/06/24 gepes
IIMPOKOIOJIOCHOE COSAWHEHUSIMH C TOMOINBI0 YCTPOHCTB TpaHcMmuccnu naHHBIX EH-NET. TlpumeneHHble B
BBIIIICYKa3aHHOM NPWIOKEHUN coequHeHUs DSL ¢ HOMHHANBHOW CKOpOCThIO 4 MOWT/C, TIO3BOJISIIH B PEXAME
ABTOCOIJIACOBAaHMS C HCIIOJIB30BAHMEM CYIICCTBYIOIIEH TEIEKOMMYHHKAIIMOHHON HHQPACTPYKTYphl JOCTHYB
CKOPOCTH mepenauun nopsiaka 1 Mour/c Ha paccrosiHusIX Oosiee 5 KuiIoMeTpoB. TlonydeHHass CKOPOCTh COCAMHEHUS
DSL mo3BommiIa OCYIIECTBUTh YAAICHHBIN AOCTYN K maxtHomy KommbioTepy (VPN) paGoTHHKaM TEXHHYECKOTO
o0cmy)KuBaHUSI.

4, Tatuuk naBaenusi RPSI

KiroueBbiM aemenToM cricteMbl EH-PressCater sensieres natumk (nmpeodpasosarens) gaBinenus RPSI. Ero
3aj1aueil Tociae MOAKIIOYCHHS K THIPABIMYECKON CHCTEMeE SIBISCTCS M3MEPCHHE AABICHUS KaXIYI0 CEKYHIy, a
TaK)Ke CHTHAIM3alHs 3HAYCHHUS JaBJIeHHs (CONPOTHUBIICHHUS) COTNIACHO 3aPOrpaMMHUPOBAHHBIM IIOPOTraM JAaBIICHUSL.

[MpeoOpazoBatens nasinenust RPSI| saBasercs ycTpoHCTBOM B HCKPOOE30IIacCHOM HCIIOJHEHUH [2].
V3mepuTensHBIM 3IIEMEHTOM TIpeoOpas3oBartesisi SBISETCS ITbe30PE3HCTOPHBIH KPEMHEBBIH  JIaTYMK B CHCTEME
paBHOBecHOTro Mocta. CHrHaiI HalpsDKEHHS ¢ U3MEPUTENILHOTO MOCTa JAaT4uKa 1oJiBepraercs 1udpoBoil 06padboTke
B MHKpOKOHTpoiuiepe. CucTeMa MHKPOKOHTpOJUIEpa KOHTPOJMpPYeT cOOp, JHHEapH3aluio, TeMIepaTypHYIO
KOMIIGHCAIIMIO, yCpenHeHHe, HU(GPOBYI0 (QHUIBTPALUIO H3MEPUTENBHOTO JaT4dka, a TaKkKe YIPaBisieT
CBETOINOMHBIM HHAuKatopoM LED.

HcrounnkoMm nutanus npeodpaszoBatenst RPSI seisercs moayns 6arapen EH-P/10/09, obecnieunBarorimii
Oonee rosia HEMPEPBIBHOK pabOTHI Mpeodpa3oBaTeliss 0e3 He0OXOAMMOCTH 3aMEHBI OaTapen.

IMpeumytectBom Moayist 6atapen EH-P/10/09 sieisieTcst uckpobesomnacHas koHctpykius (EX ia), koTopast
obecrieunBaeT 0Oe30MacHOCTL BO BpeMsi 3aMeHbl Oatapen B 30He EX. HeoOxommmocTts 3ameHsl Oarapen
CHTHANMM3HUpYyeTCs B mporpamMmmuoM obecrieuennn EH-PressCater Client. Crioco6 3amensl 6aTapen npeodpa3oBaterist
MIPEACTaBIICH HAa PUCYHKE 2.

5. YcranoBka cucremsl EH-PRESSCATER

Cucrema MonnTopuHra aasienus EH-PressCater Oviia ycraHoBneHa B coisiHO# maxTe B Mapte 2014 roga
(puc. 7). VYcraHoBieHHas cucTemMa oOeclieuMBaeT MOHUTOPUHI JaBlieHWS B crodkax 141  cexumm
MEXaHU3UPOBAHHOM Kpemnu, a TakkKe NUTarolled M cauBHOW Mmaructpanu. lllaxTHas yacTh CHCTEMBI COEIUHEHA C
CUCTEMOM Ha OBEPXHOCTH TEJIEKOMMYHHMKAILIMOHHOM ONTOBOJIOKOHHOM MHUEN. /JaHHbIE MOHUTOPUHTA AAaBJICHUS, a
TaKKe MPOJBIDKCHMS JaBbl OTOOpa)xaeTcsd Ha AWCIIETYEPCKOM IOCTY € HMOMOIIBIO MPOTrpPaMMHOTO OOecredeHHs
EH-PressCater Client, a rtarke HMHAMBHAYaJbHO HAa KOMIIBIOTEPAaX C YCTAHOBJICHHBIMH TMpHIOKeHUsMu EH-
WebCater.

6. Ipuao:xenue aus Busyanuzanun fanabix EH-PRESSCATER CLIENT

IMpunoxenne EH-PressCater Client ssisercss ucmons3yercs Ui BH3yalM3alldM JaHHBIX, OTOOPa)KEHHs
JaBJICHHS M BPEMEHHM B IAHHOM MECTE THIPABINYECKOi cuctemsl [1].

Oxno npunoxenns EH-PressCater Client (puc. 8) paszeneHo ropu3oHTaIbHO Ha TPH YaCTH.

I'mcrorpamma mpeacTaBisieT 3HAUEHMs AABICHUS B CTOHKaX MEXaHM3MpOBaHHOH kpemn. CTpenodHble
MaHOMETpPHI BHIHBI B JICBOM HIDKHEH YacTH OKHA, IMOKAa3bIBAIOT 3HAUCHUS JABICHUS B NUTAIOMIEH M CIMBHOMN
Maructpanu. B BepxHeil 4acTH OKHA HaXOIUTCS 3HAYOK COCTOSIHUS COSJMHEHHST MKy DJIEMEHTaMH CHCTEMBL.

Cron0OuKKM JaBieHUs Ha THUCTOIpaMMax HMEIOT COOTBETCTBYIOUIMH IIBET B 3aBUCHMOCTH OT HACTPOEK
MOPOTOBBIX 3Ha4YeHWH. [IpaBWIBHBIM pacmop AaHHON CTOWKM BBIOPaHHON CEKIMM CHUTHAJIM3UPYETCS CBETIIO-
3€JIeHBIM LIBETOM.

CocTosiHE€ COEJUHEHHST MEXIY OJJIEMEHTAMH CHCTEMBI (T.€. 10 O4YEpeaM: JUCHETYEPCKUM MOCTOM,
CepBEpOM Ha MOBEPXHOCTH, IIAXTHBIM KOMITBIOTEpPOM, NipeodpaszoBateseM nepenadn |KT) curnanusupyercst uBeTom
TOPHU30HTAIBHOM JIMHUH, a TAK)KE 3HAYKOM BPEMEHHU COOBITHS (BpeMs U JaTa).

IMpunoxxenne EH-PressCater Client curHanusupyeT o pHCKe aBapuu THAPABIMYECKON CHUCTEMBI H
HETEPMETHYHOCTH CTOEK. HerepMeTHuHOCTh CTOMKH HAECHTH(HUIMPYETCS Ha OCHOBAaHWM AaHAJIN3a HW3MEHEHUS
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nmaByieHUs Bo BpeMeHd. OnmmonansHo [Tomp30BaTens mMeeT BO3MOKHOCTD ITPOBEPUTH COCTOSHUE 3apsIKu OaTapei,
HaNpsDKEHHE B KOTOPBIX CIHIIKOM MaJio U TpeOyeTcs 3aMeHa Ha HOBBIE.

JlaBnenue B 40 cexuyn

JlaBiieHue B ruipaBiInyecKOn
MarucTpaiu

Puc. 2. Oxno npunoxenus EH-PressCaterCient. I'paduku 1aBieHus B CTOMKAX MEXaHU3UPOBAHHOM KPEIU
7. lpunaoxenne qisa ananu3a naanabix EH-WEBCATER

IMpunoxenne EH-WebCater siBnsiercst mporpaMMoii Aj1s MOHUTOPHHTA U aHAIU3a JaHHbIX. Ha ocHOBaHUU
3aperMCTPUPOBAaHHBIX pe3ylbTaToB B 0Oa3e ngaHHBIX cepBepa EH-PressCater mossonsier mpocmartpuBath u
AQHAITM3UPOBATH JABJICHHE B BHIODAHHBIX H3MEPHUTEIbHBIX YHKTaX (puc. 9a).

[Tporpammuoe oOecrieueHue [5] MO3BOJSET CNEAWTH 3a JBM)KEHHEM JIaBbl, a TaKXKe aHaJIM3HPOBaTh
HEerepMeTUYHOCTh cToeK. Ha pucyHke 9 mpencraBneHa pabota aJropuTMoB, pealn30BaHHBIX B NpuioxeHnn EH-
WebCater, koTopbie MO3BOISIIOT HACHTH(GHIUPOBATH COOBITHS, MPOMCXOMIIIME BO BpeMs IUKIA PabOThI CEKIIHUH,
TaKHe Kak OIlyCKaHHe / paciiop CeKLHH, cpabaThIBaHUE IEPEINBHOTO KJIalaHa.

Huctpyments! aHanmsa gaHueix EH-WebCater oOHapyXuBalOT M3MEHEHHS aBJICHHSA, KOTOPOE MOXET
NPUBECTHU K MOTCHIHAILHOW HErepMETUYHOCTH CTOMKH. AHAJIN3 MPOU3BOJMUTCS Ha OCHOBAaHHU CPAaBHEHHUS JABJICHUS
B CEKIMHU ¢ 0OHAPYKEHHOI HErePMETHYHOCTBIO C JABICHHEM B COCEIHHUX CEKLHSX.

Puc. 3. CoObrTre B s1aBe. [laBiicHHE B BRIOPAHHBIX CEKIIUAX

Ha ocHOBaHWMM aBJIeHHSI B CTOHKAaxX MOKHO CJIEIWTH 32 BPEMEHEM U OUEPEAHOCTHIO MEPEIBIKKU CEKIHH
BO BpeMs dKciutyaTauuu JaBbl. [Ipuinoxenne EH-WebCater mossonsier otobpakath B 3aJaHHOM MPOMEXYTKE
BPEMEHH pacrpe/encHue aaBienus B nase B Buae 2D u 3D kapt naBnenus (puc. 10).

Puc. 4. 2D kapra pacrpeaeneHust qaBieHus B jgae. 3D kaprta pacupeaeacHus aBICHUS B JIaBe
8. OT4ersl, H3BeLIeHNsT 00 OLINOKAX H ABAPUSX

Cucrema EH-PressCater, kpome on-line Busyanmsammu, 3amichiBacT JaHHBIC O JABICHAM B 0as3e JaHHBIX.
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Ha ocHoBanmm 3ammceii 06a3bl aBTOMAaTHUYECKH CO3MAOTCS €XKEIHEBHBIC M CKCHEIEIbHBIE OTUYETHL. [Ipnmepsl
OTYETOB IIPHMBENEHBI Ha puc. 11, Ha KOTOPOM pacHOJOXEH pamopT paboThl HEPEeNHBHBIX KiamaHoB. OTYeThI
BKJTIOYAIOT B Ce0sl CIIMCOK MMEBIIMX MeCTO coObITHi, mHpopMupyronux [lomp3oBaTesnst, HampUMep, O CIHUIIKOM
HU3KOM fAaBieHHH. HacTpoWkn mpemynpeauTesbHbIX COOOIMIEHHH CHapaMeTpH30BaHbI TaK, YTOOBI MOXHO OBLIO
CO3/1aBaTh COOCTBEHHBIE HMHTEPIPETAINN TPEIYNPEKICHUH, a TaKKe ONPENEsITh CIOCO0 peaknud Ha JaHHOE
cooO0IIeHne, HapuMep, MOCPEACTBOM HEOOXOOMMOCTH MOJITBEPKACHHUA COOBITHA. B mpuimoxeHHH Ui COJITHOHN
maxtel cucteMa EH-PressCater BMecTe ¢ ycTpoiicTBaMu CUTHAIM3alUK T€HEPUPYET 3BYKOBBIE NTPEAyIpPEIUTEIbHBIC
CUTHAJIBL.

Puc. 5. Otuer 0 cpabaTsIBaHUH MEPEIMBHBIX KiIamaHoB. [lapaMeTpusarius npeaynpeIuTeIbHbIX CUTHAIOB
9. BeiBoanl

Cuctema MoHuTOpMHra jgaBienuss EH-PressCater co cBeTOBOM  CHrHamu3amueil B CTOHKax
MEXaHU3UPOBAHHOMN KpPEmH CIIOCOOCTBYET YBEIHUCHHIO 0e30MacHOCTH U 3(PPEKTHBHOCTH IKCIUIyaTallud B JIABHBIX
BBIPA0OTKAX MOCPEACTBOM BO3MOXKHOCTH IIPOTHO3MPOBAHUSI JHHAMHYECKAX BO3JCUCTBHHA TOPHOH Macchl,
BO3MOXKHOCTH KOHTPOJIHMPOBATH ABJICHUE B CTOMKAX BO BPEMs pacropa CEKIH, HACHTU()UKAIUN HETePMETHUHBIX
CTOCK, JYYIIEMY YIPABICHHUIO KPOBJICH, YMEHBIICHUIO MIOBPEKACHUI CEKIIUIT MEXaHU3UPOBAHHOMN KPEITH.

[IpaBuiabHOE yIepKaHUE IICIOCTHOCTH KPOBJIU BBIPAOOTKU SIBJISETCS CAMBIM TJIABHBIM I1apaMeTpoM,
oTBeyarOmMM 32  3(Q(EeKTHBHOCT, mpollecca  JKCIUTyaTallMd IUlacTa ©  OE30MacHOCTH  MepcoHaa.
MexaHU3UpOBaHHYIO Kpenb HEOO0XOAMMO IPEABApPUTENIBLHO paclepeTb B BBIPAOOTKE C NpeABAPUTEIbHBIM
COMPOTHBIICHUEM, TaPAHTUPYIOIIMM VJACPKAHHE IEJIOCTHOCTH KPOBIM B paboyeM TMPOCTPAHCTBE, a TaKKe
00eCIeynBaOIIMM COOTBETCTBYIOIINI YPOBEHb HAMPSKEHHUI B TOPOAAX KPOBJIH U YIOJILHOM COJib . Pacriop cexiuuu
MEXaHU3UPOBAHHOMN KPEMH C COMPOTHUBICHHEM MEHBIINM, YeM TPeOYeTCsl, BHI3bIBACT MOBBIIICHHYI0 KOHBEPTEHIIUIO
MOPOJI KPOBJIK, a B PE3yJIbTATE MOKET MPUBECTU K HAPYIICHUIO IEIOCTHOCTH KPOBJH MO OTHOIICHHIO K Kpemu U
o0OBally KpOBIH, BbI3bIBasl CEPHE3HBIC SKCILUTyATAIMOHHBIC TPYAHOCTH, 3arps3HEHHE COJb IYCTOW MOpPOJOH U
Hapyuienue 6e3omnacHoctu. [ToaydeHne npeIBapUTEIbHOTO COMPOTHBICHUS OCYIIECTBISIETCS IIOCPEICTBOM PACIopa
CTOCK IOAaBJICHHUCM, 06I)I‘IHO COOTBETCTBYIOIIUM 3HAYCHUIO JTaBJICHUA HHTaIOHIefI MarucTpalu. I[J'IH TOrO, ‘ITO6I)I
CTOMKM CEKUMM Kpenu [OIy4YWId IpeJBapUTEIbHBIM  PACIOpP, COOTBETCTBYIOIIUN IPEABAPUTEILHOMY
COIIPOTUBJICHUIO KPEITH, JOJIKHBI 6I)ITI> BBITIOJTHEHBI MUHUMYM JIBa YCJIOBUS: J1aBJICHUC B HI/ITaIOHIeﬁ MarucTpaliu
JIOJDKHO MMETh MPUHATOE 3HAYCHHUE, a TAKXKE OMepaTrop MO/DKEH PACIUpaTh CEKI[HHM TaK JIOJro, MOKa JaBJICHHUE B
MOJATTOPUIHEBOM MPOCTPAHCTBE HE JOCTUTHET 3HAYCHU MPEABAPUTECIILHOIO JaBJICHUA. Ha MPAKTUKE CEKIITNU MOXKHO
pacnoepeTb AaBJICHUEM MCHBIINUM IMPHUHATOTO 3HAYCHUA. HpH‘IHHOﬁ 3TOI'O MOXKET 6I)ITI) KPaTKOBPEMCHHOC MMaJICHUC
JIABJICHUS] B MUTAIOIIEH Maructpanu wid 0Oojee paHHee OKOHYAHHS pacrmopa CTOEK OMepaTopoM [0 TOro, Kak
JIOCTUTHET MPUHSITOTO PEIBAPUTEIHLHOTO TABICHHUS.

B rumpaBinveckoil CHUCTEME CEKIUM MEXaHH3MPOBAHHOW KpEMHM COTNIACHO JACHCTBYIOIIMM HOpPMaM K
MOJMOPIITHEBOMY MPOCTPAHCTBY TOJAKIIOUEHBI MAaHOMETPBI, KOTOPBIE MO3BOJIIIOT KOHTPOJIMPOBATH AKTUBHOE
COIPOTHBIICHUE PacIopa CTOHKH. YTpaBICHUE CEKIUCH M0 COOOpaKeHHEM Oe30MaCHOCTH BCETa OCYIIECTBISCTCS
C COCETHEW BBIIIC PACIOIOKEHHOU CEKIUH, MOATOMY OIEpPaTOp HE HMMEET BO3MOXHOCTH CUUTHIBATH 3HAUCHUEC
JTABJICHUS] BO BPEMs pacropa, 4To CO37aeT BO3MOKHOCTh HE MPAaBUJIBHO pacrepers cekiun. Kpome Toro B cirydae
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BO3HHMKHOBEHHSI TOBPEXKICHUSI CTOWKM WJIHM €€ T'MIPABIMYECKON CHUCTEMbI, CTOHKA 10 MOMEHTa HWACHTH(UKALNU
MOBPEXK/ICHNUS, & TAKXKE ero JIMKBU/IAIMHY, HE TO3BOJIUT MPABUIIBHO pacrepeTh CEKINU KPETu.

BOJIBIIMHCTBO OMHMCAHHBIX MPOOJIEM MOXKHO JIMKBHIMPOBATh, NMPHUMEHSS B THIPABIMYECKUX CTOHWKaX
THIIPAaBINYECKON KpenHu cucTeMy MOHUTOpHHTa naBieHus EH-PressCater. [IpeoOpa3oBarenn qaBieHUs TPUHAMAIOT
(yHKIE MaHOMETPOB, a MPOrpaMMHOE 00eCIeYeHHe CHCTEMbI O3BOJISIET AaHAIM3UPOBATH ABJICHHUE.

B pabore mpencraBieHbl BO3MOXKHOCTH CHCTEMBI, IMPEIyCMATPUBAIOIINE HENPEPHIBHOE pPAa3BUTHE
MPOrPaMMHOTI0 OOECIIeYeHHsI B €ro caMOil HOCJIeIHel BepcHH, JOCTYIHOW B MHTepHeT-Opaysepe. IIpencraBneHo
TaKke, Kak ¢ mnomompio MoOuneHoro KomMmyHmkaropa MokHO mpocThiM st [losdb3oBarens croco6om
CKOH(HUTYpHPOBATh CHCTEMY.

MOBARAKI MOJTABA
Lappeenranta university of technology, School of Technology, Finland

PNEUMATIC FORCE FEEDBACK JOYSTICK

INTRODUCTION

In this project the main idea is to have force feedback joystick in just one direction X-axis (tension and
compression) from the load cell connected to a hydraulic cylinder, the project: control of hydraulic slider, by the use
of a pneumatic cylinder as the actuator to produce force feedback in opposite direction of the stick.

DIFFERENT TYPES OF JOYSTICKS

There are nine different types of joysticks that are more in use:
Universal Joystick (Microswitch)

Universal Joystick (Leaf Switch)

Digital Rotary Joystick

Optical Rotary Joystick

Solid State Joystick

Fire Button Joystick

Digital Trigger Joystick

Analog Joystick

49-Way Joystick

FORCE FEEDBACK

Wide variety of simple command works in robotics can be accomplished with man-machine interfaces with
a maximum of 2 or 3 degrees of freedom. For this kind of applications the joystick represents a sensitive way to
command a user or an object within a virtual environment. Recently the usage of joysticks has been expanded by
adding electric actuators to the joystick axes, enabling in this way force feedback commands to the operators hand
and thus a more precise and intuitive command issue. To obtain high accuracy the position in both joystick axes is
measured by high resolution encoders.

The basic idea of a haptic feedback joystick is to move the stick in conjunction with onscreen action. Like
shooting a machine gun in a game, the stick would vibrate in the player hand.

Force feedback joysticks have most of the same components as ordinary joysticks, with some important
additions. The below picture shows a simple joystick design.
The X-axis and Y-axis shafts connected to the stick both engage a belt pulley. The other end of the belt for each axis
engages a motor's axle. In this setup, rotating the motor axle will move the belt to pivot the shaft, and pivoting the
shaft will move the belt to rotate the motor axle. The belt's function is to transmit and amplify the force from the
motor to the shaft.

Both an electrical signal from the onboard
processor and the physical movement of the joystick will
rotate the motor axle. In this way, you can still move the
joystick even when the motor is moving it.

On the opposite end of the motor, the axle is
connected to the  joystick's position  sensors (its
potentiometers or optical sensors). Whenever the stick
moves, whether due to the motor or the player, the sensors
detect its position.

The joystick has a built-in ROM chip that stores
various sequences of motor movement. For example, it
might have a machine gun sequence that instructs the motors
to rapidly change direction, or a bazooka sequence that
instructs the motor to shift the joystick backward suddenly
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and then forward again. The game software requests a particular sequence, and the computer transmits the request to
the joystick's onboard processor, which brings up the appropriate data from its own memory. This reduces the work
load on the computer and makes for faster reaction times.

As joysticks continue to evolve, manufacturers will take force feedback technology to whole new levels.
This is great for avid gamers, of course, but it could also have a big effect on the rest of the population. Force
feedback controller technology could lead to significant changes in industrial machinery, wheelchairs and other
equipment for handicapped people, and even medical care. Researchers are also developing force feedback
controllers to let people "feel" the Internet as they surf.

The possible applications are endless! In the future, joysticks could be as ubiquitous ascomputer
keyboards are today.

THE MAIN IDEA OF DESIGN

In this project a mechanism of leaver and gears produces rotation in an encoder in a shape that by moving
the leaver about 27 degree the gear system produces 540 degree or 1.5 full rotations in the shaft of encoder. The
reason of this work is that by having more rotation in the encoder there will be more output signal of encoder so it is
possible to control the hydraulic valve with more accuracy.

In this system the encoder controls the hydraulic valve and the output signal of the load cell controls the
pneumatic valve to produce feedback sense. The next picture shows the 3D model of our designed joystick.
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APPOLO PROJECT - SPECTROMETER MONITORING

Introduction

Lasers have been utilized over 50 years for diverse material processing and the current applications have
proven to be very successful. However, number of applications is still fairly small and there could possibly be
several new applications by universities and research institutions if the implementation process was not so
demanding. Implementation of new applications is usually done by spin-off companies with very limited resources.
Thus new applications remain very local without true market penetration. Furthermore, research laboratories are
using universal tools (laser machines), while the effective and low-cost production requires adaptation of the process
and equipment during the technology assessment phase by the end-user. This means that the process and equipment
go jointly.

Project focuses on new laser processing applications, which need to be customized, tested and validated for
commercial use. In other words this means customized service of application labs for trials, experiments at variable
conditions and reliability and process quality assessment in the close-to-manufacturing environment through
validation. Goal of the project is to exploit new applications and bring them to the wider public in academic
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application labs, equipment procedures, system integrators and finally to end-users. This would enable the
development of innovative processes, products and machineries for industrial laser material processing applications.
Another important goal of this project is to establish and coordinate the Hub of Laser Application Laboratories to
provide the high quality integrated services. APPOLO is a collaboration project of several European universities and
it is supported by the European Commission.

Material and Methods

Current and one of the most important targets in APPOLO project is to monitor Micro Laser processes with
very high quality and the focus of this study is to research a spectrometer. The process is carried through process
control during the assessment experiments, on-line tools are assessed and integrated into laser processing systems,
surface profile is monitored with a polygon scanner and laser processing is observed through an auto-focusing laser
unit. Figure 1 shows a possible setup of a laser processing system.

Figure 1. Possible setup of a laser processing system

Figure 1 illustrates the control method in which the operator enters the commands via the laser HMI. All
the sensors are feeding their outputs to a central control unit which after analyzing the data, applies the necessary
changes to the laser working parameters to minimize the process error. Spectrometer being one of the "sensors", it is
expected that a spectrometer is able to register pulse wavelengths coming of a laser processing and by utilizing the
information, it would be possible to tune the laser process and obtain possible errors in manufacturing stage.

Expected results

It is expected that the laser processing during manufacturing stage can be observed with high quality
through a spectrometer which is registering reflecting light coming out of the surface of the processed part. It would
be possible to observe wavelengths of the reflection and tune the process based on the information. All the infor-
mation is expected to be measured through on-line monitoring and the Micro Laser processes are controlled by a
real-time control system. All the measuring devices should be integrated into laser processing equipment.

I. SKOCZYLAS
Wroclaw University of Technology, Poland

ENERGY INTENSITY AND ELECTRICITY PRICES FOR INDUSTRY IN
POLAND COMPARED TO EUROPEAN COUNTRIES

Introduction

Energy intensity is an amount of consumed energy per unit of GDP. In Poland energy intensity decreased
over 3,5 times from 1980 to 2010. It is the most significant change among all countries in this comparison. It
dropped from 0,94 to 0,26 million tons of oil equivalent per billions of 2005 dollars of GDP during last 30 years
(Fig.1.).

It is a result of declining or slightly growing energy consumption and substantially growing GDP at the
same time (Fig.2). At the same time, in the majority of considered countries , energy consumption has completely
different dynamics. Similarities can be observed only for Hungary, Bulgaria, Romania and Slovakia.

Since 1980 in most Western European countries Pearson's correlation coefficient between energy
consumption and GDP are high and have positive value. In Poland it is equal to -0,67. This may suggest that in those
countries GDP growth is associated with an increase in energy consumption. In Poland, at least since late 80s, this
situation is inversed.
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Energy intensity of industry

The elimination of old and ineffective industrial plants from Polish economy might have a big impact on
this situation. This applies especially to the food industry and metallurgy. The diagram shows how the percent of the
energy consumed by the industry and the structure of GDP (value added by the industry) changed. Both have a
downward trend (Fig.3). The energy intensity of industry (energy consumption by industry per value added to GDP)
also declined, but it was not a result of modernization but liquidations and limitations in production of this highly
energy-intensive sector of economy. Since 2002, consumption of energy by other sectors, such as transport
gradually increased therefore since that time the energy consumption also progressively grew.
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Figure 1. Energy intensity in 1980, 1990, 2000, 2010 in several European countries (own calculations based on BP
Statistical Review of World Energy June 2013 and United States Department of Agriculture Economic Research

Service)
450 -~ r 160
400 - POIand L 140 .E
[<)]

iy c
= 350 - S
8 L o
3 120 2 GDP
T 300 - 8
S <
R 250 - E S
5 8 §2
@ 200 - £ 5
o e T
= - 60 E 9 .
3 150 - E === Primary
a - 40 © energy
8 100 1 :>5 consumption

50 A - 20 E

0 T T T T T T 0
1979 1984 1989 1994 1999 2004 2009

Year [-]

Figure 2. Energy consumption and GDP in Poland since 1980 until 2012 (data source: BP Statistical Review of
World Energy June 2013 and United States Department of Agriculture Economic Research Service)

Comparing the energy consumption of industry with other European countries (Fig.4.) shows that in Poland
it is one of the lowest. Since 2006, it is lower than the EU average (in 2012 by almost 1/3). High energy
consumption compared to the average of the European Union shows only the chemical sector, which is considered
to be the strongest industry working for the Polish economy as a whole (chemical companies systematically increase
the scale of its sales, Nitrogen Plants as an example).
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Figure 3. Percent share of value added of industry in GDP and percent share of energy consumed by
industry in total energy consumption (own calculation based on data from Eurostat and International
Energy Agency)

The share of industry in GDP in 2011 was 24,8%, which is 5,5% more than EU average. In terms of the
price of electricity for industry, we are in the 4th place (2011, in Purchasing Power Standard), and higher prices
have only Cyprus, Malta and Bulgaria. However, all countries with a higher share of industry in GDP have lower
electricity prices for industry. Moreover, in the rich countries with a large share of industry in GDP, the price of
electricity for industry constitute 32-47% of the price of electricity for households. Poland belongs to the second
group, poorer countries where electricity prices for industrial prices are 52-75% of those for households (which, in
Purchasing Power Standard, are also one of the highest in Europe). Such energy pricing policy in Poland does not
stimulate the development of the industry [1].
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Figure 4. Energy intensity of industry in 2000, 2005 and 2010 (data source: Odyssee-Mure Database)

2‘
©
=

Energy intensity of industry [koe/€

Spain |
Sweden |

E
=
=
T
-

Country [- ]

Greece —

France :_
Hungary |

Estonia s
Germany

Austria
Belgium s
Croatia
Cyprus
Czech Rep. B
Finland
Ireland
Malta
Netherla.. s
Norway |
Poland
Portugal

Bulgaria S0
Luxembo - ——

Denmark
thhuania
Romania e
Slovakia |

Slovenia |

Conclusions

Due to the growing GDP and decreasing energy consumption, energy intensity declines. In the majority of
European countries the situation is reversed and energy consumption increases with GDP. However, at the same
time, energy consumption by industry decreases, as a consequence of its liquidation. As a result, the energy intensity
in industry decreases to one of the lowest levels in comparison to other countries in Europe. However, in the long
run, this can have negative consequences for the economy still largely based on this sector. As a result of the lack of
investment growth in industry it can be difficult to maintain a high rate of economic growth in the coming years.

Over 20% share of industry in GDP represents the importance of this sector and sensitivity of the country
on climate policy [1]. Excessive focus of European and national energy policy on climate aspects can have a
negative effect on energy prices and, consequently, the development of the industry [2].
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LIVE VIDEO STREAM TRANSFER VIA WI-FI TECHNOLOGY IN
MOBILE ASSEMBLY ROBOT

An assembly robot is an automatically controlled, reprogrammable, multipurpose manipulator
programmable in three or more axes. The field of robotics may be more practically defined as the study, design and
use of robot systems for manufacturing (a top-level definition relying on the prior definition of robot). A
teleoperated Robot is a vehicle that is controlled by a human operator at a remote location via a communications
link. All cognitive processes are provided by the operator based upon sensory feedback from either line-of-sight
visual observation or remote sensory input such as video cameras.

Vehicles are unmanned and controlled at a distance via a wired or wireless connection while the user
provides all control based upon observed performance of the vehicle. There are a wide variety of teleoperated
Robots in use today. Predominantly these vehicles are used to replace humans in hazardous situations. An
autonomous Robot is essentially an autonomous robot but is specifically a vehicle that operates on the surface of the
ground. The figure 1 with the scheme of connection for video stream transfer is situated below.

Figure 1. The operating scheme of video transfer from camera to control unit

The camera creates the video signal, which is transferred to PLC. The Wi-Fi dongle creates the wireless
connection with the control unit. Codec is needed for decoding signal from camera. For the programming purposes
it is possible to use PC with compiler for translating the program to machine language. In future, the pattern
recognition system can be installed for upgrading the system stability and robustness.

M.G. TEHRANI, J.T. SOPANEN
Department of Mechanical Engineering, Lappeenranta University of Technology, Finland

OFF-TERRAIN HEAVY-DUTY VEHICLE HYBRIDIZATION

Introduction

The architecture of conventional heavy off-road vehicle drive line is based on diesel engines and hydraulic
pump/motor as power transmission that is capable of producing consistent and steady output power regardless of
engine relative irregular operation [1]. The efficiency of hydraulic pump/motor drops at high torque operation when
the operation speed is high. In other words, the hydraulic power transmission alone is not suitable for high speed
operation e.g. transportation [2]. Modern agricultural tractors have either continuously variable transmissions (CVT)
or electrically controlled gear shifting (powershift). In both cases hydraulics is present and transmissions include
many wet sliding clutches. Efficiency of this kind of transmissions is also quite poor even though the main power
line is mechanical. On the other hand, with this arrangement it is quite easy to get a wide operational range so that
optimal speed can be found for every task of the vehicle [3].

Methodology

The soil condition in off-terrain mobility is not easy to predict, so the contribution of each wheel is deter-
mined to control the vehicles in the desired trajectory. In conventional multi-wheel drive vehicle drivelines, torque is
distributed to the wheels by the means of differentials and the amount of dedicated torque to each wheel is adjusted
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by frictional plates or applying resistive force on individual wheel. The vehicle traction control system is based on
the friction level on each wheel that can be predicted or sensed by the speed difference of the wheels that are con-
nected to a common differential [4]. In both cases, the suitable torque is regulated by manipulating the torque/speed
ratio at each power dividing unit, thus by considering a series of power dividing unit the control system will be so
complicated [5]. The controlling of electrical systems is easier and faster compared to mechanical systems, so hav-
ing hub-wheel electric motor is not only a more appropriate in the sense of controllability but also improves the effi-
ciency of the driveline by optimizing the torque delivery on the wheels [6]. According to the applications of heavy
off-road vehicles, the designed electric drive line must be capable of providing seamless torque at low speeds that
the electric motors assent perfectly. The output torque of the electric motor is highly dependent on the electric motor
rotor dimensions. In order to overcome the wheel radius limitations, a planetary gear train is integrated to increase
the final torque on the wheels.

In order to validate the applicability of the proposed driveline in different vehicle architectures e.g. electric
drivelines as well as hybrid or all electric, a generic model is needed to be developed. The generic model should be
capable of modifying all parameters in integrated simulation software that in this study are Matlab Simulink and
Mevea. The advantages of utilizing a parametric and dynamic design are that models do not need to be design from
the scratch every time and further optimization will proceed quite fast. The main purpose of the generic model is to
hasten the modeling processes of same kind of products. The benefits of generic model is more sensible when a va-
riety of products are needed to be modeled. It will also save a lot of money and time which can be afterwards spent
on other targets. [13]

Conclusion

Hybridization of off-terrain vehicles is introduced in this paper. Hub-wheel electric motor is proposed for
electric powertrain and the benefits of subsiding of local emission and noise disturbance is explained.
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DYNAMIC MODELING OF A MIXER-SETTLER IN COPPER SOLVENT
EXTRACTION PROCESS

Leaching, followed by solvent extraction and electrowinning circuit (L-SX-EW) is one of the most
effective methods for copper production, accounting for 20 % of primary copper recovery in the world (Schlesinger
et al. 2011). Within the circuit, solvent extraction (SX) purifies and concentrates the pregnant leach solution (PLS)
produced by the leaching operation to generate an electrolyte from which high quality copper cathodes can be
electrowon. According to Moreno et al. (2009) many of the operational problems within the L-SX-EW circuit are
related to malfunctions in operation of SX process, which in turn result from lack of efficient monitoring and control
system specific for the process. Dynamic modeling may be used for analysis, control and optimization of the process
that can help to predict and prevent the malfunctions.
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Mixer-settler extraction cascades are usually

PLS PLO used in copper SX process (Figure 1). The mixer—
. settler is a classic stagewise extraction device that
Raf 1 . . .

-l ,l, \—+ l consists of a well-mixed agitated tank and a large
‘ . empty tank. In mixer, immiscible aqueous and
J/ J/ organic phases are brought into intimate contact to
X ‘ go O . Ral  _ form a two-phase dispersion, which then flows into
Extraction 1 Extraction 2 the settler for the mechanical separation by
LE continuous decantation. The vigorous mixing of the
LO PLS-pregnant leach solution  two phases and adjusted residence time provide a
_l £ Raf- raffinate close approach to equilibrium in the mixer.
)‘ e LO —loaded organic Therefore, the phase disengagement is the major

i RE BO —barrenorganic  fynctjon of the settler. (Ingham et al. 2007)
| — PLO-pariially loaded organic The core of the copper solvent extraction
Stripping LE - lean electrolyte process is the ion transfer between the aqueous and

v RE — reach electrolyte

organic phases pursuant to the reversible chemical
reaction Eq. (1). According to Le Chatelier’s principle loading of the extractant with Cu is an equilibrium-controlled
process and depends on equilibrium pH.
Figure 14. Exemplary flow sheet of the copper solvent
extraction cascade

2HR + Cu?*2CuR, + 2H", (1)
where HR represents the extractant molecule, overbarred are the organic species.
Several models for SX process have been presented in the literature (Table 1).

Table 5
Solvent extraction modeling and simulation approaches available in literature
Reference _ Metals Mixer Settler Reaction Mass transfer | Solution | Applicati
included model model model model method on
Steady state models
Aminianetal. | Cu(ll), CSTR' | - Reaction Fick’s first Solution | Pilot
(2000) Fe(111) rate law and two of plant
film model NLAE?
Ryu et al. Sm, Gd - - Equilibrium | - Solution | No data
(2013) equations of NLAE
Pinto et al. Zn, Cd No data | No data - Mass transfer | No data No data
(2004) coefficient
Dynamic simulation models
Wichterlova Nd, Pr Pulsed- | Pulsed-flow | Equilibrium | - Sequenti | Laborator
and Rod. flow isotherms al y mixer-
(1999) and stage solutions | settler
efficiency of LAE cascade
with a
time step
Wilkinson and | One metal | CSTR | Plug-flow Empirical Equilibrium Solution | No data
Ingham. and CSTR equilibrium | driven mass of ODE?
(1983.) and isotherms transfer
Ingham et al. and
(2007) extraction
Komulainen Cu CSTR | Timedelay | efficiencies Industrial
(2007) plant
Moreno et al. Cu CSTR | Time delay, Industrial
(2009) plug-flow plant
and CSTR
Tamminen et Cu CSTR | - Reaction - Laborator
al. (2013) rate y set-up
This paper Avrbitrary CSTR | Time delay, | Reaction Fick’s first -
number of plug-flow rate law and two
elements and CSTR film model

! Continuous stirred tank reactor model
2 Nonlinear algebraic equations
* Ordinary differential equations
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They can be generally classified as steady-state models and dynamic models. The approach of steady-state
modeling constitutes simultaneous solution of nonlinear algebraic equations for mass balance, electrical charge
balance, mass transfer, extraction reactions and equilibrium equations. Steady state models are useful for flow-
sheeting of continuous process. Dynamic models are able to predict the control response of the process and therefore
are useful for design of process control systems. The greater part of the dynamic models constitute simple
expressions for thermodynamics and kinetics of the process whereas some represent the hydrodynamics of the
settler as well. The simplicity of the models is usually imposed by requirement for fast computation.

The main weaknesses of the dynamic models available in literature are that the extraction of only one
component is mostly considered, meaning inability to predict impurity accumulation or propagation in the system,
they are valid only in the range of concentrations they were calibrated for and for the plant configuration used
during calibration. Moreover, thermodynamics and kinetics of the SX process are usually approximated by
equilibrium isotherms and extraction efficiencies, meaning that complex process behavior caused by reaction
mechanism cannot be predicted. However, Tamminen et al. (2013) successfully introduced reaction mechanism of
Cu extraction to dynamic model of solvent extraction process. The approach implies application of the law of mass
action into dynamical modeling of solvent extraction plant.

The literature survey shows that there is lack of a flexible dynamic model for copper SX process in publicly
available sources. The published models are unable to be accurate in wide range of operating conditions of modern
solvent extraction plants. The models are unable to predict complex process behavior caused by extraction
mechanism. They are unable to simulate the dynamic response of multiple solutes concentrations in both phases in
the outlet streams. Responding to the demand an approach to modeling of a mixer-settler within copper solvent
extraction cascade has been presented in this paper.

Our modeling starts from the following assumptions: mass transfer only occurs in mixer, chemical kinetics
and molecular diffusion define composition gradients for mass transfer, ideal mixer, and constant density. The
model for the mixer utilizes the CSTR model to calculate the bulk concentrations of solutes in the phases at the
outlet of the mixer. The generation term in mass balance equations is proportional to phase interfacial area
(monodispersion) and a flux of a solute across the interface. The flux is calculated using two film theory and Fick’s
first law from the condition of no accumulation at the interface; everything generated by the interfacial reactions is
transferred to the bulk phases. The reaction rates are modeled using the law of mass action and formulated in terms
of interfacial concentrations. The reaction equilibrium constants, reaction rate constants and mass transfer
coefficients have been taken from Aminian et al. (2000). The model of non-ideal flow in settler of Moreno et al.
(2009) is used here. The model for mixer-settler is developed in such a way that extraction of any number of solutes
can be predicted as far as the extraction mechanism is defined and the model parameters for all the components are
fitted. Presentation of model equations is beyond the scope of the paper.

Standard Matlab® solver, ode15s, for stiff ODE is used for solution of the model. The initial states for the
solver are specified as pure extractant in the organic phase and pure water in the mixer and an empty settler. The
feed streams had the following specifications: Cu 20 g/L, Fe 13 g/L and pH 1.7, 6.0 m*/s for PLS, Cu 1 g/L, Fe
0.1 g/L and HR 140 g/L, 7.0 m*/s for organic phase. The residence time for mixer was 10 min and for settler 1.9 h.
After initialization of the solution, the steady state operation of the mixer-settler was allowed to be reached (Figure
2). After that, a step change of copper concentration in PLS (Cu 40 g/L) was simulated and a new steady state has
been reached. The model has captured the realistic behavior of the extraction process (pH 1.7): decrease of aqueous
copper concentration is accompanied by increase in organic copper concentration and by decrease of reagent
concentration. Figure 2 shows a peculiarity in dynamics of mixer-settler: changes in mixer are much faster than in
settler meaning stiffness of the modeling problem.

Figure 15. Simulation result of copper solvent extraction in a mixer-settler reactor unit
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The developed approach to simulation of copper solvent extraction process is demonstrated on an example
of one mixer-settler but the approach may be easily extended for simulation of the whole mixer-settler cascade. The
model allows prediction of distribution in the process streams for any number of solutes as far as the mechanism of
their mass transfer is known.
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M.B. BBICTPOB, H.1. KOTEJIEBA
Hayuonanvuwiti munepansno-coipvesou ynusepcumem «I opHuliiy

PA3PABOTKA AJITOPUTMA JJII ABTOMATHU3ALIMU ITY CKA
OBOPYJAOBAHUA CJOKHBIX TEXHOJIOI'MYECKHUX ITPOIECCOB

3amycK BBICOKOTEXHOJOTHIECKOTO OOOPYIOBaHHMA — 3TO OYEHb CJIOXKHBIM MPOIECC, COCTOSIIINA U3
MHOXKECTBa JEHCTBUH. OTH JCHCTBHS BBIMOJHSIOTCS OIEPAaTOPOM B CTPOTOH ITOCIIECNOBATEIHLHOCTH, KOTOpas
OTIHICaHa B TEXHOJIOTHYECKOM periiaMeHTe. KOHeUHBIM pe3ysIbTaTOM 3THX JEHCTBUH SIBIISETCS BEIBOJ O0OPYAOBAHHS
Ha paboumii pexkuM. IIpH CIOXKHBIX B3aMMOCBS3IX MEXKIY OIEpalMsAMH [ake HEOONbIINE OTKIOHCHHS OT
TEXHOJIOTHYECKOTO PETJIAMEHTa MOTYT CO3/IaTh YCIIOBHSA, IIPH KOTOPHIX YCTAHOBKAa HE CMOXET BOUTH B paboumit
pexum. Takum  oOpa3oM, pydHOH  3aIlyCK  BBICOKOTEXHOJOTHYHBIX  arperaToB/yCTaHOBOK  SIBJISIETCS
HU3K03((PEKTUBHBIM W OYCHb CWJILHO 3aBHCHUT OT omepaTopa. B CBsi3u ¢ uyeMm pa3paboTka ajroputMa Juis
aBTOMATU3allMU ITyCKa 060py;[013aH1/1;1 CJIOKHBIX TCXHOJIOT'MYECKUX MPOLCCCOB SABJIACTCA aKTyaanoﬁ 3aﬂaqe171 JJIsL
MMPOMBINUICHHBIX npe,unpm[Tni/i, HO3BOHXIOIHeﬁ IIOBBICUTH 6630HaCHOCTb u 3(1)(1)6KTI/IBHOCTI) BEIACHHUA CJIOKHBIX
TEXHOJIOTHYUECKUX MPOIIECCOB.

Pabota npoBouiIack B HECKOJILKO ATAIOB!

1. Beibop 00bekTa rccaeI0OBaHuUS;

2. TexHOTOTHYECKOE OMUCaHNE 00BbEKTa HCCIICJOBAHN;

3. Ommcanme OCHOBHOTO OOOpyZOBaHHSA, pPEKAMOB pabOTHl YCTAaHOBKHM W  ONpeE/CICHUE

BXOJHBIX/BBIXOTHBIX TIEPEMEHHBIX TPOIIECcCa;

. OnpenencHre MOCIEAOBATEIFHOCTH TEXHOJIOTHUECKUX OTePaNril IUTS 3aITyCKa YCTaHOBK,

. Onmcanue mporiecca 3amycka 000pyIOBaHUs 110 3aJaHHOH ITOCIIeI0BATEIbHOCTH OTIEPALINH;

. Pa3pabotka anroputma Jjist aBTOMaTH3AIMK TyCKa 000PYI0BaHUS YCTaHOBKH;

. Peanu3zanus u BHeapenue B cymectBytonyio ACYTII paspaboTaHHOTO aaropuTMa;

. AnipoOaryst aaropuT™Ma Ha SKCIEpUMEHTAIBHON yCTaHOBKE;

. KoppektupoBka anroputma u pa3paboTka pPEKOMEHIANMH MO €ro MPUMCHCHHWIO Ha MPOMBIIUICHHBIX
o0BeKTax.

B kauectBe 00BeKTa ObLIa BBHIOpaHA SKCIICPHMCEHTANbHAsI J1abOpaTopHas yCTAHOBKA ISl pa3ieiCHUs
JKUJKHX CMECell Ha TapenpyaThlX PEeKTH(UKAIMOHHBIX KoJOHHaX. C TOMOIIBI0 JKCIEepTa OblIa COCTaBJICHA
MOCJIEIOBATENFHOCTh JCWCTBUHA [UIA ITyCKa-OCTaHOBAa. llepen coO3MaHMEM CHCTEMBI aBTOMATHYECKOTO ITycKa
000pyIOBaHUs OBUTM TPOBEICHBI TPU 3aIlyCKa yYCTAHOBKH IO 33JIaHHON IOCIIEJOBATEIEHOCTH TEXHOJIOTHYCCKHUX
ormepanuii 1 0e3 NPUMCHEHHWS CIICHUAIBHBIX alTOPUTMOB. Bpemsi BbIBoJa O0OpYIOBaHHS Ha PEKHM OYCHb
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151



pa3HooOpa3HO U3MEHSETCS OT 123 MUHYT 70 54 MUHYT U HANPSMYIO 3aBHCHT OT JACHCTBUI M OTIBITa ONEPaToOpa.

Take B Tmpollecce BBINONHEHHS PAa0bOTHl OBUI  COCTaBlIEH alrOPUTM  BBIMOJHEHHS CTPOTOH
MOCTIeIOBATENEHOCTH JeiicTBHi. AnroputMm ObpT mHTErpupoBaH B BepxHHH ypoBeHb ACVYTIL Cs3p Mexmy
ACYTII u pa3pabateiBaeMoii crctemMoii ycraHosieHa ¢ momoinsio OPC Texnonoruum. [Iporece mycka yCTaHOBKH C
MOJKITIOYEHHEM pa3paboTaHHOI0 aNropuTMa MoKasaj, YTO BpeMsl BBIXOJa YCTAHOBKH HA PEXKUM COKPATHIOCH 10 50
MHHYT.

Hcxonst w3 pe3ynbTaToB MCCIEAOBaHUS, ObUT CAENaH BBIBOA O TOM, YTO pa3pabOTaHHBINA alrOpUTM
1esIeco00pa3Ho MPUMEHSTH sl MycKa OOOpYZOBAaHUS CIIOKHBIX TEXHOJOTMYECKHX IPOIECCOB, OH yMEHBIIAET
BEPOSITHOCTB OILIMOKH OIIepaTopa, MOTEPH ChIPbs, SHEPrOHOCHUTENIEH, CHIDKAET HEIIPOLyKTUBHYIO pabouylo Harpy3Ky
Ha OIepaTopa, MOBhIIIaeT 0€30MaCHOCTh BEACHHS CJIOKHBIX TEXHOJIOTHYECKHUX ITPOLIECCOB.

A.M. BATJIMHA
Hayuonanvusiti munepanvro-coipvegou yHusepcumem «I opHulii»

IKCIIEPUMEHTAJIBHBIE HCCJIEJJOBAHUA
JAUIJIIBKOMETPUYECKOI'O JATYUKA BJAZKHOCTH

B Hacrosimiee Bpemsi mpo0sieMa U3MEPEHUs BIaXXHOCTH IIpH 100bIYe, nepepaboTKe W TPaHCHOPTHPOBKE
MOJIE3HBIX HCKOIIAEMBIX BecbMa akTyaslbHa. OCHOBHBIMHM NPUYMHAMH, OOYCIIOBJIMBAIOIIUMH HEOOXOIUMOCTh
KOJIMYECTBEHHOT'O y4eTa BOJIbl Ha TOPHBIX M HEPTAHBIX NIPEIPHUITHUSIX, SIBISIFOTCS:

- OpraHM3alysi ONIEPATHBHOTO Y4eTa JOOBITOTO IT0JIE3HOTO HCKOMaeMOro;

- HAJIMYME TEXHOJIOTMYECKHX IPOIEeccoB, pa3paborka 3(QeKTHBHBIX CHUCTEM aBTOMAaTHYECKOIO

YIpaBIeHUS] KOTOPBIMU HEBO3MOKHA 0€3 KOHTPOJIIS BIAKHOCTH MPOAYKTA;

- 9KOHOMHUSI YHEPTHH TIPH MIEpepabOTKe MOJIC3HBIX HCKOTIAEMbIX;

- obecrieueHre KauecTBa TOTOBOH MPOAYKIIHH;

- IPEIOTBPALIECHNUE AOTIOJHUTENBHBIX 3aTPAT IPH TPAHCIIOPTUPOBKE CHIPHS M TOBAPHOI MPOIYKINY;

- OBBIIIEHUE YKOJIOTHYECKON YHCTOTHI IPOU3BOJICTBA.

B coctaB OMINBKOMETPHYECKOTO JaT4WKa BXOAAT HM3MEpHTENbHas sueiika, 00OpymoBaHHAs
YYBCTBUTEJIBHBIM JJIEMEHTOM, M BTOPHYHBIH INpeoOpazoBaresib. UyBCTBUTENbHBIH SJIEMEHT BBIIOJIHEH B BHUJE
JUAIEKTPUUECKOM MIacCTUHBI, Ha KOTOPYH0 HAHECEHbl 3JIEKTPONPOBOAAIINE KOHIEHTPUUYECKHE OKPYXKHOCTH,
MOKPBITbIE TOHKUM H30JIUPYIOLIUM CIOEM.

OCHOBHBIMU 331a4aMH, BBIIIOJTHEHHBIMHU B PE3yJIbTaTe SKCIIEPUMEHTOB, SIBISIOTCS:

- MCCJIEJJOBaHbl MaTepuajbl ¢ Pa3IMYHBIMUA (PU3NUECKHUMHU CBOWCTBAMH, HAIPUMEp, PEYHOH IMEcoK, Topd,
HeTh M HEPTETIPOAYKTEI;

- IPOBEJICHA OLIEHKA M3MEHEHMSI EMKOCTH M COIIPOTUBIICHHS M3MEPUTEIBHON SUCHKH B 3aBUCHMOCTH OT
BJIQ)KHOCTH MaTepHaa, I 4ero MCIoJb30Bacs BeIcOKoTouHbl RLC-Mmetp;

- IPOBEJICHA OIICHKAa MAKCHMAaJIbHO BO3MOXKHOHN TOJIIIMHBI MaTepHana B M3MEPHUTEIbHOH sdelike, KOTopas
COCTaBHJIA 5 MM;

- OCYIIECTBIICH BBIOOP 3JIEKTPUUECKON CXEMBbI BTOPHIHOTO MPeoOpa3oBaTelis JaTYNKa U HHPOPMATHBHOTO
napaMeTpa, O0ECHEeYHMBAIOIIET0 HAWOONBINYI0O YyBCTBHUTEIBHOCTh M TOYHOCTH H3MEPEHHUH, B 3aBUCHUMOCTH OT
Marepuala u Juana3oHa BIaKHOCTH.

Hayunslil pykoBoauTens: K.T.H., foueHT O.M. bonsirynosa

A.A. BEITPUKOB
Hayuonanvuwiti munepanvro-coipvesou yHusepcumem «I opHuliiy

YIIPABJIEHUE KAYECTBOM 2JIEKTPOOHEPI'MX HA
HPEANIPUATUAX HBETHOU METAJIJIYPTUU C
IJIEKTPOJU3EPAMU

B anekTpoIuTHYECKOM NMPOU3BOJCTBE AMFOMUHUS OONBIIYIO POJb WIPAeT BEITHYMHA TOKA CEPHH, TAaK Kak
MakcuMainbHas 3()()EeKTHBHOCTh 3IEKTPONIU3Epa OCTUTAeTCsl TOJIBKO IPH €0 HOMHHAJIBHOM 3HadeHHH. OIHAKO
MPOLIECC IEKTPOIIU3a ATIOMUHNS HeCTaOMIIeH, TaK KaK CONPOTHBIICHUE CEPUU M3MEHSETCS Clly4aiiHbIM 00pa3oM BO
BpEMsI TEXHOJIOTMUYECKOTO MpoIiecca.

Ha xonebaHusi Toka cepuM BIHAIOT KaK BHEIIHHE (M3MEHEHHME HANpsDKEHUS B DHEProCUCTEME), TaK U
BHYTpEHHHE (BO3HUKHOBEHHE aHOIHBIX 3(P(EKTOB, NMPOBEICHUE TEXHOJOIMYECKUX OIEparyid W mp.) (aKTophl.
[InaBHOE perynupoBaHHE WIM CTaOMIM3aLUs BBHIIPSMICHHOTO TOKA BBIMOJHIETCS C IOMOIIBIO YIPAaBISEMbIX
Jpoccerniel HaCBIIMIEHUS, BKJIIOUEHHBIX IOCIENOBATEIbHO C BEHTWISMU B IUIEYHM MOCTOBBIX BBINpsIMHUTENEH. B
IpoLecce PEryJIMpOBaHUsI TOKA MPOUCXOANT MCKaXEHHE TOKAa BEHTWIBHBIX M CETEBBIX OOMOTOK TpaHC(opMaTopa 1
COOTBETCTBEHHO CHM)KEHHE KO3((HUINEHTa MOITHOCTH BBIITPSIMUTEIBHOTO arperaTa.
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Pemenre BOMPOCOB 3JIEKTPOMATHUTHOM COBMECTHMOCTH CYIIECTBYIOIIMX THPHUCTOPHBIX YCTaHOBOK
(HenMHEHHOW HATPY3KH) C THTAIOMEH WX DJJEKTPUYECKOH CEeThI0 M APYIHM 3JIEKTPOOOOpyIOBaHHEM TpeOyeT
NPUMEHEHNS B CHCTEME JJIEKTPOCHAO)KEHWS TPEANpPHUATHS YCTPOICTB, BBI3BAHHBIX CHI)KATh CTETIECHb
3JIEKTPOMAarHUTHBIX IOMEX B CETH, BO3HUKAIOMINX IPH pab0oTe HEMMHEHHBIX TOTpeOuTENeH.

B nannoii paboTe mpemmaraercss HCIoib30oBaTh ycTpoiictBa PIIH mns ynmpasieHns ko3 duimeHToM
TpaHcopManuy U aKTUBHBIEC BBIIPSMHUTENH IS MOJIEPKaHUSA Ko3(h(umeHTa MOIHOCTH Ha TPeOYyeMOM ypOBHE.
[IpumeHeHHe 3TUX arperatoB MO3BOJIUT PELIMTh HPOOJIEMY YIPaBJICHHS TOKOM CEpHH B YCIOBHUSIX COBPEMEHHOTO
9JIEKTPOIU3HOTO TIPOU3BOJICTBA.

Hayunsiii pyxoBonurens: npod. b.H. A6pamoBuy

N.B. BECEJIOB, B.10. KOIITEB
Hayuonanvuwviii munepanbno-coipbesoti ynusepcumem «I opuwiily

CPABHEHHUE BUJ1OB TPAHCIIOPTA 110 IIOKA3ATEJIAM
IOOEKTUBHOCTH

ITpu dhopMupoBaHUH TPAHCIIOPTHBIX CHCTEM TOPHOTO MIPOU3BOACTBA AHATU3UPYETCS OONBIIOE KOTHIECTBO
IBTEPHATHB, U3 KOTOPHIX BHIOMPAIOT ONTUMAJbHBIE C TOYKH 3peHHst 3)(HEeKTHBHOCTH (TIpeanoYTHTEeIbHOCTH). st
CpaBHEHUsI MCIIOJIB3YIOTCA KpuTepuu (mokasarenu 3¢ (GeKTHBHOCTH, LesieBble (yHKiun). [Ipu BeIGOpe TpaHcmopTa,
HarpuMmep, NpH INPOSKTHPOBAHMM CHCTEMBI TPAHCIIOpTa TpeOyeTcs Y4YMTHIBATh MHOTO pas3lIMYHBIX TOPHO-
TEXHHUYECKUX, MPOMU3BOJICTBEHHBIX W TEXHHYECKUX (AKTOPOB, HEONPENEICHHOCTH KOTOPHIX HE II03BOJISIOT
MPOEKTHPOBIINKY OJHO3HAYHO HAa3HAYMThH BUJ TpaHcropra. HeoOxoauma mpospaynas (MOHATHAs, 0OOCHOBaHHAS)
crcTeMa KOMIUICKCHBIX ITOKa3aTelie, T03BOJISIONIast BEIOpaTh BU TPAHCHOPTa HA CTaAWHM U OZHO3HAYHO OLECHHUTH
3¢ (HeKTUBHOCTH €€ IKCILTyaTalnu.

[Ipennaraercst WCHONB30BaTh MPOW3BOJHBIC MOKA3aTENH TPAHCIIOPTHOTO IOTOKA OISl KOJIMYECTBEHHOH
OLeHKH. TpaHCTIOPTHBIH MOTOK M3MepsAeTCs KOJIMYECTBOM IIEpeBO3MMOro rpysa Q [T], BpemeHeM, 3aTpaunBaeMbIM
Ha repeBo3Ky' T [4]-u mmHOW TpaHcmoptupoBanua L [kM]. YaenpHas 3¢QQeKTHBHOCTH TPAaHCIIOPTHON YCIYTH C
y4€TOM 3aTpaT SHEPIHHU JOJDKHA ONPEIEISTHCS C YIETOM:

1. OTHOIIEHHS BBINOIHEHHOH TpaHcopTHOHM paboTsl TIIst k 3aTpaunBaeMoit MourHocTH TIIy:

T,r / Ty = (Q-L) / (Q-L2 T?) — min;

2. OTHOIIIEHHS BBITIOTHEHHON TPaHCTIOPTHOW yCITyTH K BBITIOJHEHHON padoTe:

TIlry / THA = (Q-L)(LTY) /(Q-L?-T?) — min.

B paborte BbImonHEHBI pacuéThl IOKaszareliell sHepreTndyeckod 3(pQeKTUBHOCTH aBTOMOOHMIBHOTO,
KOHBEHMEPHOTO U KeJIEe3HOAOPOKHOTO TPAHCIOPTA U BHIIIOJIHEH CPAaBHUTEIbHBIN aHAIN3.

ITokazaHo, 9YTO MPHUMEHEHNE TAKOTO MOAXOZA 3HAYMTEIBHO OOJerdaeT 3ajady BbIOOpa BHIA TPAHCIIOPTA;
(hopMHpOBaHUS CIOXKHOTO TapKa MAallMH OJHOTO BHAAa M KOMOWHHPOBAHHBIX CHCTEM, BKIIOUYAIONINX HECKOIBKO
BUJIOB TPAHCIIOPTA; BO3MOKHOCTBIO yUeTa N3MEHEHUH MPOU3BOICTBEHHBIX YCIOBHH «HA NMEPCIEKTUBY» B IMHAMUKE
Pa3BUTHUSI TOPHBIX PAOOT, HI3MEHEHUS CTPYKTYPBI TPAHCIIOPTHOM CHCTEMBI U 3aMEHBI ITapKa MAaIlHH.

Hayunsrit pykoBoautens: noueHt B.1O. Konres

B.A. BOPOHOB, A.10. PY3MAHOB
Hayuonansnolii MunepanbHo-coipbesoil ynusepcumem «l opruiiiy

BbIbOP IAPAMETPOB TYPBOAETAHAEPA JJI51 3AJAHHBIX
YCJIOBHUU I'A3OPACITPEAEJIMTEJIBHOU CTAHIIUA

W3 MarucTpanbHOrO Ta3olpoBOja HPUPOJHBIM Ta3 IIOCTYNAeT Ha ra3opaclpeieNUTEIbHYI0 CTaHIIHIO
(I'PC), rne ero naBieHue CHMKaeTCs 10 TPeOYEMOro ypOBHs, YTO NMPHBOJIUT K pacTpaTe OOJBIIOro KOJIUYECTBA
sHepruu. OHUM M3 crI0cO00B M3BJICYCHUS JAHHOHW SHEPTUH SIBJISIETCS IPUMEHEHHE TYpOOAeTaHAEPHBIX YCTAHOBOK
Ha I'PC.

Bo3MmoskHast BennurHa CyMMapHOH reHEpUPYIOIIeH MOIIHOCTH B CIIy4ae UCIOIb30BaHUs TypOOAeTaHIepOB
TOJBKO JUTSA BBIPAOOTKH 3JIEKTPOIHEPTHH COCTaBIAET 1-2% OT MOIIHOCTH Beex anekTpocTanuu Pocenn. [1] [2]

B HacrosIee BpeMs CyIECTBYeT MHOXKECTBO KOHCTPYKIHI TypOOAeTaHIePOB: POTALIMOHHbIE, TOPIIHEBEIE,
BUHTOBBIC U TypOMHHEIE (meHTpoOexHbIe). [locnennre Hanbonee memecoobpasusl st npumenenus Ha [PC, Tak
KaK OHH CIIOCOOHBI paboTaTh ¢ OOJBIINM KOJIMYECTBOM ra3a M OOJBIIUMH MepenagaMu TaBiIeHu . [3]

Ha puc. 1 npexcraBnena obimas cxema HEHTPOOSKHOI TypOoieTaHASPHON YCTAHOBKH.
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1-rypbuHa,

2-3JIEKTPOreHEePaTop,

3-moorpeBaTels rasa,

4-perymupyromui KiamnaH,

5-perymnsrop gaBneHwHs,

6 u 7-ra3onpoBOJBl BBHICOKOTO U HHU3KOTO
JIaBJICHHS,

8-0aiimacHbIil TPyOOIIPOBO/I C KIamaHoM 9,
10-perynsiTop AaBieHMS.

Puc. 1. Cxema TypOomeTaHAepHON YCTaHOBKH.

C 1menmpl0  aBTOMAaTH3aIllMM  pacdyeTa paboThl  TypOoaeTaHaepa IS PAa3IMYHBIX  YCIOBHH |
ra3opacrpee/UTeNbHbIX CTAHIMI ObLiIa CO3/IaHa MPOrpaMMa, MO3BOJISIONIAs YIUTHIBATh COCTAB ra3a u HU3HIecKue
CBOMCTBA KaXJIOTO OT/ENHLHOI0 KOMIIOHEHTa CMECH, JaBJICHHE M TeMIepaTypy rasa Ha BXOJlie B TypOojeTaHzaep,
pacxon rasza uepe3 TypOoJeTaHep, a TakxKe HeoOXOJUMOe JIaBlIeHHE Ha BBIXOJE U3 TypOoaeranaepa. Pesynbratom

SABJIAIOTCA JaHHBIC
TCPMOTa30JUHAMHUYECCKOT'O u
KOHCTPYKTHBHOTO pacyera

TypOoJeTanepa JUIsl 3aJlaHHBIX YCIOBHH.
C moMompi0 TPOrpaMMbl  OBLI

BBITIOJTHEH CPaBHUTENBHBIH aHaIN3
3¢ hexTHBHOCTH TIPUMEHECHHUS
TypOOIeTaHIePOB c Pa3IHMYHBIMH

IuaMeTpaMd  paboumx ~— Kojec — IpH
Pa3IMYHBIX TOKA3aTeNIX pacxoja rasa Ha
T'PC «Coxon» Bomnoromckoit o6mactu.
PesynpTaThl  aHanmM3a  MPENCTAaBIICHBI
rpaduuecku (puc. 2).

KIIJ TypboaeTaHiepoB c
paboYrMH KOJieCaMH MEHBILIHNX JHaMETPOB
BBIlE, 4YeM y TypOoaeTaHaepoB ¢
OOJIBIIMMHM KOJIECAMH, HAa BCEM JIMAIla30HE
pacxomoB ra3a. OnmHaKo MpUMEHCHHE
TypboaeTanaepa c HANMECHBIIIHM
JIMaMeTpoM pabodero Kolieca Helelecoo0pa3Ho B BUIY CIUIIKOM BBICOKOI YacTOTHI BPAIllCHUS BaJia, YTO MIPUBOJUT
K YCKOPEHHOMY H3HOCY 000pYIOBaHHUS H OTIOJHUTEIHHBIM CIIOKHOCTSM IPH Iepeade IBIKCHUS BPALICHUS Bajia
MOTPEOUTEITIO MOIITHOCTH. [4]

[Ipu Gonee BBICOKMX 3HAYEHHUH pacxoja ra3a NPEANOYTCHHE CIEAYeT OTHaBaTh TypOoaeTaHaepaM co
CPEeIHHMH 3HAYCHHSMH IMaMETPOB PabOYmMX KoJleC, Tak Kak mpu HeOombmoi pasznure B KIIJ| y ammapartoB c
MaJbIMU PabOYMMH KOJIECAaMH, CPOK CITY>KOBI 000pyIoBaHUS OyIeT HIKE M3-3a 0oJiee BHICOKOW YaCTOTHI BPAIEHUS
BaJa.

Puc. 2. 3aBucumocts KITJI TypOoaeTaHaepoB ¢ pa3TuIHBIMU
JraMeTpaMu pabodrx KoJiec OT pacxoja rasa

ITomygaemyro MOLIHOCTH OT TypOOJETaHIEpa BO3MOXHO TaK JK€ MWCIONB30BATh IPH CHKIKEHUH
npupogHoro raza Ha ['PC s 1ocTaBKM MOTPEOHTENSIM B TPYAHOIOCTYIHBIE AN Ta3u(HUKALUK TPaIUIIMOHHBIM
criocoboMm paiionsl. K Tomy ke, KpaiiHe HU3KHE TeMIIepaTyphl I'a3a Ha BbIX0/ie M3 TypOozeranepa (nopsaka -80 °C)
3HAYUTENbHO ynpocTAT npouecc noiaydenus CIII, a Taxke AagyT BO3MOMXKHOCTh OPTaHM3AaLMU NPOMBIIUIEHHOIO
xononwibHuKa 1pu ['PC, npuOBLIE OT KOTOPOTO YaCTUYHO KOMIIEHCHPYET 3aTpaTrhl Ha IMOCIEAYIOIUHA 0J0rpeB
rasa.

Kpome Toro B psime ciiydaeB CTaHOBUTCS SKOHOMHYECKH I1€1ecO00pa3HBIM NPHMEHEHHE cpasy IBYX
TypOOJeTaH/IepOB C Pa3IMYHBIMU JUaMETpaMHu padovnX KoJec B IpelesiaX OJHOW CTaHIUH C OCYIIECTBICHUEM HX
MEPEKITIOYEHIS TIPH N3MEHEHHH Pacxoja rasa.

Jlureparypa

1. Kymmamxua B.B., Jlazapesa O.0. CoBpeMeHHOE COCTOSHHE NPUMEHEHHUS TypOOJeTaHAEpOB Ha
ra3onoTpeOISIIOIUX MPOMBIIIICHHBIX 00bekTaX. JKypHan «HoBoctu TermtocHadxenms» Nel0 (122). M.- 2010 .

2. HopmatusHO-cipaBouHas uapopmarms o ['PC I'aznpom Tpancras Yxra. Yxra -2012 1.;

3. HaBeimoB A.b., KoOymamsumu A.II., Illepctiox A.H. Pacuer u koHCTpyupoBaHHE TypOOIETaHACPOB.
Mammnoctpoenue, M.- 1987 r.;

4. ITaBnenxo I'.B., BonkoB A.I'. 'a3oauHamMuueckuil pacuer oceBoil razoBoi Typounsl. XAU, Xapbpkos-
2007 .
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P.10. 3SUMHUH
Hayuonanvuwsiti munepanvro-coipvesou yHusepcumem «I opHuliiy

BbIBOP U OBOCHOBAHHUE CTPYKTYPbI, IAPAMETPOB U
PEKUMA PABOTBI 'NBPUJIHBIX PUJIBTPOKOMIIEHCHUPYIOIIUX
YCTPOWCTB JJIs1 OBECIIEYEHUS HAJIEXKHOCTH
OYHKIOUOHUPOBAHUA QJIEKTPOTEXHUYECKOI'O
OBOPYJIOBAHUS ITPEJNPUSATUIA MUHEPAJIBHO-CBIPBEBOTI'O
KOMIUIEKCA

O6ocHOBaHa aKTyaJbHOCTh poOIIEMBI obecrieueHust HaJISKHOTO (HyHKIMOHUPOBAHUS
JIEKTPOIHEPreTHYECKOr0 00OPYNOBaHUS NPENIPHATHH MHHEPAIbHO-CHIPHEBOIO KOMIUIEKCA IIpU COOJIIONCHUU
JOJDKHOTO YPOBHS HECHHYCOHIAIFHOCTH Ha OCHOBAaHHUH CTaHAApTa B 00JIACTH KayecTBa 3JIEKTPOIHSPT UHL.

BbiOpaHbl OCHOBHBIE (QHUIBTPOKOMIICHCHPYIOIINE YCTPOIMCTBA PA3IM4YHOIO THNA U KOHQUTYpaLUH JUIs
YCTpaHEHUs BIMSHUS BBICIINX TAPMOHUYECKHX COCTABIISIOIINX M KOMIICHCAIIMN PEAKTUBHOI MOIITHOCTH.

PaccMoTpeHBbl OCHOBHBIE METOIMKM BBIOOpa W pacyeTa OCHOBHBIX I1apaMETPOB PEXHUMOB palboOTHI,
CTPYKTYPbl M KOMIIOHEHTHOTO COCTaBa psiJia NEPCIEKTHBHBIX TEXHUYECKHX CPEJICTB M PEIICHUH MO IMOBBIMICHUIO
KauyecTBa DJICKTPOIHEPTHMH U METOJbl MaTeMaTHYECKOr0 U MMHUTAIIMOHHOTO MOJICIMPOBAHUS JJIEKTPOTEXHUUECKUX
KOMIIJIEKCOB M CHCTEM DJICKTPOCHAOKEHHS B YCIOBHAX IPOMBIIITICHHBIX PEIIPHATHI.

JlaHbl peKOMEHIAIMH 110 BEIOOPY QUIBTPOKOMIICHCHUPYIOIIUX YCTPOICTB, YIIyUIIAIOIUX TaKKe TOKa3aTeIn
KauecTBa JJIEKTPUYECKOW DHEPIruH, KaK 3HaueHUE KOI(PPHUIMEHTOB TapMOHHYECKHX COCTABISIONIMX W 3HAUCHHUE
CyMMapHOro Kod(pQuIueHTa TapMOHHYSCKHX COCTABJIAIOMMX M 00ECHEeYHMBAIONIMX KOMIICHCALMIO PEAKTHBHOM
MOIITHOCTH, YTO IIOJIOXKUTENBHO BIUSAET Ha 3()(EKTUBHOCTH MCHOJIL30BAHUS TEXHOJIOTHYECKOrO 00OPYINOBaHUS H
YBEJINYUBACT CPOK CITY>KOBI 3JIEKTPOIHEPIeTHIECKOTO 000pYTOBaHHUSI.

Hayunsle pykoBoauTenu: 1.T.H., npodeccop b.H. AGpamosuy, k.T.H., goueHT 0. A. Crrues

E.J. KY3UH, M.O. BOYEPOB
Qunuan Kysbacckozo 2ocyoapcmeeniozo mexHuueckoz2o
yuugepcumema um. T.@. I'opbauesa, Ilpokonvesck

3KCIIPECC OILIEHKA COCTOSIHUSI POJIMKOB JIEHTOUHBIX
KOHBEMWEPOB C IPUMEHEHUEM UH®PAKPACHOMN
TEPMOI'PA®UU

OHepreTudeckue MOTEPU B MOMMIMIHUKAX CKIAABIBAIOTCA B OCHOBHOM U3 IOTeph Ha TPEHHUE,
BO3HHMKAIOIUX BCIEICTBUE IMPOCKATIB3bIBAHUS B MECTaX KOHTaKTa Tel KAaueHUs C KOJIbL[AMH M CemapaTopoM,
HECOBEPIIECHHON yIpyrocTu MaTepHuanga Teld KaueHHUs M KoJiell ¥ MEXaHWYEeCKHUX TOTeph B CMa30UHOM MaTepuale.
IIepexons B TEIIOTY, 3TH IOTEPH BBI3BIBAIOT MOBBIIICHUE TEMIIEPATYPhl MOAIIUITHUKOBBIX y3710B. OHU HE SBJIAIOTCS
MIOCTOSIHHBIMHM BO BPEMEHH U ONPEEIISIFOTCS. KOHCTPYKIMEH MMOIIUITHUKA, PEXKUMaMHU ero paboThl M CMa3KH.

MouHOCTb, pacxoayeMas Ha NpeooIeHUe TPEHU B MOALIUITHUKE [1].

P =M, -o,Br (1)

mp mp

rae M, - MOMeERT Tpenns B noaummHAKe, HoM;

() - YrioBasi CKOpOCTb MOJIIHMITHUKA, Paj/c.

TpeHre B MOAMUITHUKAX KaueHUs TPEICTaBIsIET COO0HM CIIOKHBIN QU3NIECKUll mporecc, 00yCIIOBICHHBII
KOHTAaKTHBIMH M OOWmMMH JedopManusiMi CONPUKACAIOIINXCA TEJI, MAaKpO- U MHKPOT€OMETPUEH MOBEPXHOCTEH
Ka4yeHus1, CBOIICTBaMU CMa3KH U T.[.

PaccunuTaB MOMEHT TpeHUsl B MOALIMMHUKE posuka D159%x600 ycTaHOBIEHHOM Ha JEHTOUYHOM KOHBelepe
3JIJ11600 ¢ texHmueckod mnpou3BoauTeNbHOCTEI0 3500 T/4 M CKOPOCTBIO JBMXKEHMS JIGHTHI 4 M/C HONXYyYHIId

Mmp =6,8 H'm.
v 2.4

Vriosas CKOPOCThb MOAIIMITHUKA POJIMKA COCTaBUT () = —— = ———— = 50,3 paz[/c
D, 0159

P
Hannsie nommunauka 180306 npusencHs! B Tabmuie 1.
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Tabnmma 1
XapaKkTepUCTHUKH MOANMUITHUKA MApUKOBOTO paguaibaoro 180306

BryTpenuuii
,I[}I//IaI:VIeTp Bremmmuii Amamerp Ten Yucio ten Crarnueckast
d, mm muametp D, mm xavenns D, Mm KaueHus Z rpysononsemuocts C , H
30 72 12,3 8 15100

PaccuntaB mommHOCTh, Miymyio Ha marpes pomika P, =6,8-50,3=342 Br, Gbuia nocrpoena

3aBHCHMOCTh IPEBBIIICHIS] TEMIIEPATyphl IMOBEPXHOCTH POJIMKA OT TEIUIOBBIX moTepb. Ha puc. 1 mpencrarieH
rpaduK 3aTpar Ha JIEKTPOIHEPTHIO C YUETOM CTOMMOCTH ITOTEPh 32 MECHII.

Puc. 1. I'paduk CTOMMOCTH MOTEPH 32 MECAIL] B 3aBUCHMOCTH OT TIeperpeBa poJiuKa

Awnanu3 puc. 1. mokaspIBaeT, 4TO IeJIeCO00Pa3HO 3aMEHATh POJMKU TPH TEMIlepaType HarpeBa poJIHKa
mpeBpImaromed Ha 4,2 Tpamgyca TeMmIepaTypy OKpyXkamomed cpexpl. Tem campiMm  Oymer obecmedeHO
SHEProcOepeKeHMe IPH TPAHCIIOPTHPOBAHUN KAMEHHOTO YIJIsi KOHBEHEepaMHu.

HewucripaBHble, W3HOIIECHHBIE JIETAINM HA OMNPEICICHHOM 3Tale HE MOTYT OBITh BBISBICHBI BH3YallbHBIM
OCMOTPOM, HO B Tpolecce paboTel OHM OyIyT HAarpeBaThCs 3HAYMUTENILHO CHIBHEE, YeM HCIpPaBHbBIC.
COOTBETCTBEHHO, TEIJIOBU3UOHHAS AUATHOCTHKA MO3BOJISICT BBISBUTH HEUCIIPABHBIC 3JIEMEHTHI U 3aMEHUTh UX JI0
MOJTHOM MOJIOMKH, KOTOPAasi MOXKET TOBJICYb 32 COOOH ITUTEIBHBIN MPOCTOH MO0 CHIKCHUE MPOU3BOIUTECILHOCTH
KoHBelepa [2].

MOIIHOCTs HPHBONOB JIEHTOYHOTO KOHBEHepa szcm =3000 xBr, MomHOCTs HEOOGXOAMMAs UL

nepememennst rpysa P, = 2720 «Br, takum o6pasom, 3anac mompmoctu cocrasur AP =3000— 2720 = 280

kBr. C yuyeroM 3amaca MOIIHOCTH TPOCYUTAHO BO3MOXKHOE HYHCIO [e(PEKTHBIX POJHKOB, C pa3IMYHBIMU
TeMITEpaTypaMu TeperpeBa, 0e3 CHUKCHHS HOMHUHAIBHON TMpPOW3BOAMTEIHLHOCTH KOHBeHepa (cMm. puc. 2). Takum
00pa3oM YHUCIO POJHMKOB C TEeMIEpaTYpHOW aHoManuell (IpPEeBBILICHHEM TeMIepaTypbl OKPYKAIoIei cpesibl)
AT =5 °C cocrasnster 48 wr, ¢ AT =10 °C cocrauser 32 wrt., AT =15 °C cocrasnster 24 wr. Janusle
pacdeTsl CripaBe/IIMBbI TOJIBKO IS TAHHOTO KOHBeiepa.

JlaHHasi MeTOIMKA pacdeTa MO3BOJISIET C MUHUMAIIbHBIMU 3aTPaTaMH BPEMEHHU OLICHUTh COCTOSIHUE POJIMKOB
“ 0OOCHOBBIBATH HEOOXOAMMBIH 00BeM paboT MO 3aMeHEe POJHMKOB C YYETOM HX (PAKTHYECKOTO TEXHHIECKOTO
COCTOSIHHSI.
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Puc. 2. Bo3amorxHOE 9HcIo Ie()eKTHRIX POIUKOB C Pa3IMIHON TeMIlepaTypol neperpesa

TenmoBoii KOHTPOIE MOXET MOMOYB OIEPaTHBHO, Oe3 OCTaHOBKHM 00OOpymOBaHWS M 0€30mMacHO s
orepaTopa-TepMorpaducTa BhISIBUTh MECTa JIOKAILHOTO TIeperpeBa JIEMEHTOB JIEHTOYHBIX KOHBelepoB. [IpuunHoi
neperpesa SBISIOTCS: 3aKJIMHUBAHUE POJIMKA BCJICACTBHE MOJIOMKH IOJIIUITHUKOB POJIMKA, ITOTIaJaHUe MOPOJbI B
3a30p MEXy OBEPXHOCTBIO POJIMKA U KOHCTPYKTHBHBIM 3JIEMEHTOM KOHBelepa (cM. puc 3, 4).

TemoBU30p SABISETCS CPEICTBOM HU3MEPEHUsSI, OJJHAKO JUIsi TOYHOTO OINpENEIICHUs] TeMIIEpaTyphl 00bEKTa,
HE00X0IMMO MPABUIILHO OIPEACIATH U 3a/1aBaTh KOAPPUIUEHT N3Ty4YEHHs OT MOBEPXHOCTH OOBEKTA.

Haubonee WHTEpEeCHBIM METOJOM INPHUMEHEHHsS TepMorpaduu SBISIETCS TPEeNyNpekJeHUue aBapHiHBIX
nosoMok. [IpoBons cucTeMaTHYecKHuii MOHUTOPHHI 00OpYIOBaHUS, BO3MOXKHO BBIBICHHE AC(PEKTOB HA paHHEH
CTQJIMM M TEM CaMbIM 3aMEHATH HEHCIIPABHBIC SJIEMEHTH KOHBEHepa 3a01aroBpeMeHHO, He IOXKUAAsCh aBapHiHOM
CHUTYaIUH.

a) 0)
Puc. 3. Tepmorpamma HCIPaBHOTO POJIMKA &), H MMEIOLIET0 HaYalbHbIH H3HOC 0)
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a) 0)
Puc. 4. TepMorpaMmsbl Ie()eKTHBIX POJIMKOB a) CPETHUIN HAarpeB, 0) CHILHBINA HArpeB
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JIEHTOUHBIX KOHBEHEPHBIX YCTAaHOBOKY.

B.A. MOPEHOB
Hayuonanvuwiti munepanvro-coipvesou yHusepcumem «I opHuliiy

MHOTI'O®YHKIIMOHAJIBHASA SQHEPTETUYECKASA YCTAHOBKA
JJIA DQHEPTOCHABXKXEHUSA NPEANNIPUATUUN MUHEPAJIBHO-
CBIPBEBOI'O KOMIIVIEKCA

C yBenmnueHHEM O00BEMOB JOOBIYM MHHEPAJbHO-CHIPBEBBIX PECYpPCOB HEM30EKHO BCTA€T BOIPOC
3(h(eKTUBHOTO SHEPrOCHAOKEHUS TMPOBOIUMBIX paboT. VcTomeHne SKCIUTyaTHPYEeMBIX MECTOPOKICHUH
BBIHYX/Ia€T CMeEIaTh pPaioHBI JOOBIMM B yJaJCHHBIE TPYAHOAOCTyNHBbIE oOmacTH. Tak, BBOAUMBIE OOBEKTHI
HerenoObluM pacmojyaratorcsi B paiionax KpaitHero ceBepa u BocrouHOM CuOuMpH, TAE€ OTCYTCTBYET
LEHTPAIIM30BaHHOE 3JIEKTPOCHAOXeHHe, 4TO OOyCNaBIMBaeT NPUMEHEHHE JIOKAIBHBIX HCTOYHHKOB O3HEPIUU
pa3IMYHOrO THIIA.

B kauecTBe TaKoro HCTOYHHKA MOXHO HCIIOJIb30BaTh MHOTO(YHKIMOHAIBHYIO HSHEPreTHYECKYIO
YCTaHOBKY, OCHOBHBIM Y3JIOM KOTOPOM siBisieTcst ayekTpoarperar. OnbIT HeTSIHBIX KOMIIAHUH [OKa3al BBICOKYIO
3¢ (eKTHUBHOCTF W THOKOCTHP B paboTe MHKPOTa3oTypOMHHBIX 3jekTtpoarperatroB (MI'TDA) - nHamboree
COBPEMEHHBIX YCTPOICTB B 00/1acTH Ta30BbIX TypOMH. J[OTIOJHUTENBHBIMH y3JIaMH B TaKOW yCTAaHOBKE SIBIISIFOTCS
TEIUTOOOMEHHUK, abcopOIoHHas xonoamabHas MamrHa (ABXM), mapotypounnsIit anextpoarperart (IITDA).

O¢pdextuBHOCTE padoTer MI'TOA ompenenseT BO3MOXHOCTH HCIONB30BAHMUS OCTAJIBHBIX dacTed
YCTaHOBOK, IO3TOMY MpHHUMas ycpemHeHHbIH snektpuueckuii KIIJ muxporypomuer 35 %, okxomo 55 %
OCTAOUICHCS TEIJIOBOH SHEPrMM MOKHO YTHIM3MPOBAaTh HEMOCPEACTBEHHO WM IIpeoOpa3oBaTh Jajee B
3aBUCHMOCTH OT HYXJ OTPEOUTEIISL.

B kauecTBe mpumepa 1enecooOpa3HOro NMPUMEHEHHS CHCTEMBl KOMIUIEKCHOTO SHEProCHA0XKEHUS MOYKHO
MIPUBECTH DJIEKTPOTEXHUUECKUNA KOMIUIEKC He(TenoObIBatomero npeanpusTus B paiioHax Kpaiinero cesepa,
OTIIMYAIOIINXCA OTCYTCTBHEM JIOCTyNa K ILEHTPAJIM30BAHHON DSHEProceTM M 3HAYUTEIBHBIMM IepenajaMu
TeMIepaTyp B TeUeHHE Toja. B ce30H HM3KHX TeMIepaTryp OKpPY)KAIOIIeTo BO3AyXa MOTCHIHAJIbHAs >HEPTUs
BBIXJIONMHBIX Tra3oB MITDA MOTHOCTRIO YTHIM3HPYETCS B IUIACTMHYATHIX OJNOYHBIX TEIUNIOOOMEHHHUKAX JUIA
TEIIOCHAOKEeHNUS TTOTpeOHTeIIeil MPOMBICIA.

B neTHee Bpems TemriepaTypa OKpyXKaromiero cpeisl MoxeT npesbimarth 30 °C, moTpeOHOCTH B TEIIOBOH
9HEPTUM 3HAUYNTEIHHO COKpAIIAoTCsl. BMecTe ¢ TeM, MOBBIIIEHHE TEMIIEpaTyphl aTMOC(EPHOTO BO3/[yXa HETAaTHBHO
Biusier Ha pabory MI'TOA - cHmkaeTcs pacrojiaraeMasi MOIIHOCTb YCTaHOBKH, YTO MOXKET NOTpeOoBaTh BBOJ
JIOTIOJTHUTENBHBIX MOIIHOCTEH aiisi oOecrieueHus Harpy3kd. B BUIy Hanuuus HEBOCTPEOOBAHHBIX HMCTOYHHKOB
TEIUTOTHI IieniecooOpa3Ho mpuMeHsITs ABXM 1t reHeparm xojoga. Y CTAaHOBKA MPON3BOANT OXJIAXIESHHYIO BOAY,
KOTOPYIO BO3MOJKHO HCTIONB30BaTh JJISI KOHIUIIMOHUPOBAHUS MOMEIICHUH, a TakyKe ISl CHIKECHUS TEeMIIepaTypsl
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BXOJISIIIIETO B TypOWHY BO31yXa, 4TOOBI WM30€KaTh CHWKEHHS MOIIHOCTH YCTaHOBKH. IIpw 3TOoM mnsi Hambomee
MOJIHOW  YTWIM3AallMM  TEIJIOBOTO  TMOTEHIHana MepBUYHOrO dHeproHocutens ABXM  menecoobpasHo
SKCIUTYaTHPOBATh B MOCIIEIOBATENbHOI cxeMe coBMecTHO ¢ [ITDA.

[Mpumenerne MI'TDA B 3JIEKTPOTEXHUIECKOM KOMIUIEKCE MO3BOJIIET HamOoJsiee MONHO W 3PPEKTUBHO
WCIIONIB30BaTh TOTECHIIMAN NEPBUYHOTO SHEPTOHOCHUTEINS, YTO YMEHBIIAeT Ce0CCTOMMOCTh IONYUYCHHS YHEPTUU U
TIOBEIIMIACT 3KOJOTWMYHOCTh €€ IIPOM3BOJACTBA. BHEIpeHHWE aBTOHOMHBIX TPUTCHEPALMOHHBIX JHEProarperaTos
aKTyaJbHO JUJISI MECTOPOXICHHUM, HAXOMSAIIMXCS Ha 3HAYUTEIIBHOM YAAJICHUU OT JIMHUM [EHTPAIU30BAaHHOTO
3IEKTPOCHAOKEHUS.

Hayunslii pykoBoauTesb: 1.T.H., npodeccop b.H. AGpamoBuu

H.I'. HOBOKHNJIOB
Hayuonanvuwiti munepanvro-coipvesou yHusepcumem «I opHuliiy

COXPAHEHHUE PABOTOCIIOCOBHOCTHU ACUHXPOHHOI'O
YACTOTHO-PETYJIUPYEMOI'O IIPUBOJA TIPU ITPOBAJIAX
HAIIPAKEHUSA CETH

OnmHolf W3 TpPHYMH HapyIICHHS HOPMaJbHOW pabOTBl NPHUBOJA SBISAETCS IOSBICHHE B CETH
KPaTKOBPEMEHHBIX IPOBAJIOB HAIPSDKEHMS, BBI3BIBAIOIIMX Cpa0aThIBaHHE peJieé MHHHMMAJIbHOH 3ammThl. [l
COXpaHEHMsl YIPaBIIIEMOCTH IIPUBOJOM H MOCJIEIYIOIEero 0Oe3aBapuilHOro pasroHa JABUraTelst HeoOX0oauMo
o0ecreunTh NOoAAepIKaHUE HAIPSHKEHUsI B 3BEHE MOCTOSHHOIO TOKa MpeoOpas3oBaresis 4acTOThl Ha HOMHHAJIEHOM
YPOBHE M COXPAaHHTh KOHTPOJb CKOPOCTH BblOeratomiero asuratens. OJHUM W3 pPELIeHHH IOCTaBICHHOW 3a/1a4u
ABJISIETCS TIEpeBOJ IIPUBOJA Ha BpeMs aBapUHM B PEXUM YIPaBISEMOW pEKylepalud KHHETHYECKOH SHEeprum,
HaKOIUICHHOW BO BPAILAIOIIMXCS YaCTSIX MPUBOTHOTO MEXaHU3Ma.

Pabora mocBslieHa MCCIENOBAaHUIO NPEIJIOKCHHON ABYXKOHTYPHOH CHCTEMBI CKAJSPHOIO YIPABJICHUS
JIEKTPONIPUBOAOM. B OCHOBE CHCTEMBI JIGKUT IPHHIMN YIPABICHUS HAIIPSHKEHUEM 3BEHA ITOCTOSIHHOTO TOKA ITyTeM
perynupoBaHUs aKTHBHOIM COCTaBIAIOIIEH TOKa craTopa. B HOpMalbHOM pexume paboThl CHCTeMa HMEeT JBa
KOHTYpa: BHELIHHH KOHTYpP CKOPOCTH M NOXYMHECHHBIH KOHTYp TOKa. [IpM ¢ukcauuu npenenbHO AOIYyCTHMOTO
3HAYCHUs HANPSHKCHHS IPOMCXOIUT U3MEHEHHE CTPYKTYPBI YIPABICHHS IIYTEM 3aMEHBI KOHTYpa PeryJHUpOBaHUI
CKOPOCTH KOHTYPOM PETYJIUPOBaHUS HampshkeHHs. PaboTocrocoGHOCTh MPEIOKEHHOH CHCTEMBI MTOATBEPKICHA
pe3yJapTaTaMd MOJCIUPOBaHMs TPUBOJA B HOPMaJbHOM U aBapuilHoM pexumax. [locine BoccTaHOBIEHUS
MHUTAIOIIETO HANPSDKEHUS TIPOUCXOIMT TIEPEX0 K UCXOJHOM CTPYKTYpe, KOTopas OCYLIECTBISIET Pa3roH JIBUraTes,
HayMHasi CO 3HAYEHUS  YacTOThl MOMYJHMPYIOIIEr0 CHUTHAJA, COOTBETCTBYIOLICH YacTOTE BpalICHUsl poTopa Ha
MOMCHT BOCCTAHOBJICHHUS ITMTAHU.

Hayunsrit pykoBoauTens: A.T.H., npogeccop O.b. Illornn

E.IO. TYAOB, A.A.TPUT'OPBEB, E.I'. KY3UH
Qunuan Kyzbacckozo 2ocyoapcmeenozo mexHuiecko2o
yrusepcumema um. T.@. I'opbauesa, [Ipoxkonvesck

0 BO3MOXKHOCTH NPOBEJEHU S SKCIIEPUMEHTAJIbHBIX
HUCIIBITAHUU HA JEMCTBYIOIIEM MAKETE HTHEKOBOI'O
NCIHOJHUTEJBHOI'O OPT'"AHA

Ceronns, xak B Poccun, Tak M BO BCeM MHpe HaOJIOAeTCsl chaJl 9KOHOMUKH, KOTOPBIM TSHET BHU3 32
coboit notpebaenue yrisi. CienoBaTenbHO, NMPOU3BOIAMTENL BBIHYKAEH CHIDKATh JOOBIYY YIVIEH, 4TO HEraTUBHO
CKa3bIBACTCSl HA CE0ECTOMMOCTH JIOOBITOTO MOJIE3HOTO MCKOMAaeMoro. Vcxons U3 3TOro, OUeHb BaKHBIM aCIIEKTOM
BBIEMOYHON MAIINHBI ABISIETCS YHEPro€MKOCTh. HeBbICOKHE 9HEpPro3arpaTsl Ha pa3pyIICHHE MAacCHBa MOTYT OBITh
MOTy4YCHbI HCKIFOUUTENBHO MIPH MPaBIIBHO BRIOPAHHBIX PEKHMaX pabOThI, TEOMETPHIECKUX NTApaMETPOB PE3LOB U
NPAaBUIILHONM cXeMe Habopa HMHCTPYMEHTa HA WCIOJHUTENLHOM opraHe. YienbHsle sHeprosarpats (H,,)
XapaKkTepu3yloT co0OH BEIMYMHY SHEPTUH, HEOOXOJUMOW JUIsl pa3pyLICHUs] eIWHMIBI 00beMa YIS MM IOPOJIbI
IPSAMO MPOTIOPIMOHANBHEI cpeHeit cune pesanus (Z '5.!5') ¥ 00paTHO MPOIMOPIMOHAIBHBI IUIOMAAN CEYCHUS cpe3a
(S).

Bo3MOXHBIM TyTEM pemeHust MpoONeMbl CHIDKCHUS DHEprozaTpaT SIBISIETCS HCCIEIOBaHHE W
COBEpLICHCTBOBAHNE METOAMK pacueTa HCIIOJIHUTENFHOIO OpraHa OYHMCTHOrO KoMmOaiiHa W ompenelieHHe
palunOHAIBHBIX KOHCTPYKTHBHBIX [TapaMETPOB y3K03aXBaTHOI BEIEMOYHOW MAIIMHBI.

Jist Goiee yriyOIeHHOTO U3YUYEHHUsI TEXHUKO-9KOHOMHYECKHUX CBOWCTB BHIEMOUYHBIX MAILUH, Pa0OTAIOMINX
10 IPUHIIMITY Pe3aHbsi, HAMU OBIJ CIPOEKTHPOBAH U MOCTPOCH CTEH]I HCClleioBanui (puc 1).
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Jlnst pa3paboTKu NEHCTBYIOIIETO CTeHAa pabodyero oO0OpyIOBaHHUS OYHMCTHOTO KOoMOaiiHa HEOOXOJMMO

Puc. 1. CreHn uccnenoBanuii: 1-BepXHsisl MOABMKHAS TEJIEKKa, 2-
oTiopHas pama, 3-MakeT paboudero o0opyIoBaHUs y3K03aXBaTHOT'O
OYHCTHOTO KOMOaitHa, 4-pUBOJI TTOIa4H, S-TIPUBOJT PE3aHUS

H3TOTOBHTH MakeT ITHEKa c
COONIONIEHNEM  TOYHOCTH  OCHOBHBIX
KOHCTPYKTHUBHBIX apaMeTpoB,

CIIOCOOHBIX TIOBJIHMATH Ha PE3YNbTaTHI
OIBITHBIX HcHbITaHui. K 1momoOHBIM
mapamMeTpaM  OTHOCSTCS  OCHOBHBIE

rabapuTHbIC pa3Mmepsl,
IIPUCOECIUHUTENbHBIE  pa3Mephl, Bce
yTJIOBBIE napaMeTpsl
TPYHTOpa3PyIIAOIINX 3JIEMEHTOB,

reoMeTpusi 3yObeB.

st coxpaHeHMs TOYHOCTH
[IpY IOCTPOCHUU MAKeTa HUCIOJIb30BAJICs
3aBOACKON COOPOYHBIN YEePTEK CXEMBI
Habopa HHCTPYMEHTA OYHCTHOTO
kombOaitHa K75010. Pesmpl, xoTopeIMU
OCHAIIIEH ITHEK, N3TOTaBINBAJINCh TAKKE
10 3aBOJICKUM 4YepTexkaM. J[st ynoOcTBa
HWCCIENOBAaHUA MaKEeT W3rOTOBIEH B
maciurabe 1/5.

Taxoke, s NPOBEACHUS

UCIIBITAHUSI MOJIENI IIHEKa HEOOXOJHMMO CMOJEIUPOBATh FOPHYIO Maccy, (hM3MUecKHe CBOiicTBa KOTOpOW OynyT
MOBTOPATh yroJbHBIH MaccuB. Ilo pe3ympTaram HccienoBaHW HaHHBIM TpPeOOBAaHMSIM OTBEYAET CMECh

CTPOUTCIIbHOTO I'rIICa C MeJ'IKO(bpaKL[I/IOHHLIM yriem.

CyTL OKCIICPUMCHTA COCTOUT B CHATHU XAPAKTCPUCTUK CO CTCHAA ITYTEM 3aMCpPOB TOKOB U HaHpH)KGHHﬁ.
HpI/I BHCAPCHUN IIHCKA B TPYHT HCO6XOZ[I/IMO o0ecneynTh MNOCTOAHHYIKO MOoAady, 3a KOTOPYI OTBE4YaACT

Puc. 2. Mexanusm pe3anusl. 1-31eKTpoapens, 2-peayKTop, 3-I1HeK,

4-nipuBOHAS 1ICTIb, S-TIPUBOTHOM Bal

B nenax nmostydeHus: TOUHBIX pe3yJbTaTOB
MPOBEACHUS IKCICPUMEHTA, OMBIT (UKCUPYETCS
BHUJICOCHEMKOM, KoTOpas CIOCOOCTBYET
JaJbHEUIIEMY CHATHUIO TIOJy4aeMbIX 3HAUYE€HUM
TpeOyeMBIX TApaMETPOB C TOUHBIM COOTHOIICHUEM
BEJIMYUH BpPEMEHH, a TaKXe XapaKTEepUCTHK,
CHUMAEMBIX C JIEKTPONPHUBOJA.

PesynbratoM 1mMOmOOHOTO  CUHTHIBAHUS
TpeOyeMBIX  MMapaMeTpPOB W  HCIIOJIB30BAHHSA
CHCNHANBHBIX MPOTPaMM IO pabdoTe C BHICO
SIBIIETCSL TOJIYYEHHE XapaKTEPHBIX IOKaIPOBbIX
JIaHHBIX BHEJPEHUS MOJIENIH B TPYHT, KaK MOKa3aHO
Ha puc. 3.

IlokagpoBass  cbeMKa  MO3BOJSIET €
BBICOKOW TOYHOCTBIO (DUKCHpPOBATh MapaMeTphl
3JIEKTPONPUBO/IA, u OIICHUBATh xapaxkrep

B3aUMOJEHCTBUS UCIIOIHUTEIBHOIO OpraHa ¢ IPyHTOM.

yIPaBIsIeMbIT JIEKTPOTIPHUBO]]
MOCTOSIHHOTO TOKa B COBOKYITHOCTH C
BUHTOBOW IIMHWILKOH (cM. puc. 1).
3Has mar pe3pObl W YUCTOTY
BpAIIEHHs POTOPA JICKTPOABUTATEIs,
MBIl OIPEACTIMM CKOPOCTh MOAaYH
paboyero oprama Ha 3ab6oit. Jlms
MOJIHOW KapTHHBI HEOOXOAMMO 3HATh
U yICPXKHUBATH MOCTOSHHOW YHCTOTY
BpaIllCHHs IITHEKA. 3aMepbl YacTOTHI
BpaIlCHUS MPOU3BOIATCS npu
MOMOIIM  CYeTYHKa O00OpOTOB, a
BO3MOXXHOCTb yIepKUBaTh eé
MOCTOSIHHOM obecrieunBaeT
AJIEKTPOJIBUTATENb MOCTOSHHOTO TOKA
paboraroias B COBOKYIHOCTH C
YEPBAYHBIM PEIYKTOPOM (pHC 2).

Puc. 3. Buennenune UCnomHUTENTLHOTO Onrana



B pesynbTare mpoBeneHHs CEpHM DKCIIEPUMEHTOB, ObLIM MOJyYeHBI 3HAYCHUS] TPeOYeMbIX apaMeTpoB
TOKOB W HamlpsDKeHHUH. 3aTpaueHHbIE MOIHOCTH BO BPEMEHH MPOOHOI0 HKCIEPUMEHTa MOKa3aHbl HAa CBOJIHOM
rpaduke: puc. 4.

Puc. 4. T'paduk BO3HHUKAONIMX 3aTPAT MOIIHOCTEH HA 3JICKTPONPHUBOIE C TCYCHUEM BPEMEHH KCIIEPUMEHTA. 1-
Pa3roH HCIOJHHUTEIBHOTO OPTraHa, 2-X0JI0CTON X0I, 3-BHEJPEHUE B 3a00H,

4-pezanue

3navyenns MourHOCTH W BBIYHCISUTACH B JAHHOM CIIydae 1o GopmyIe
W=I-U-cosgp, (D)

riae | — 3HaueHne cUiTbl TOKA, 3aTPaueHHOM PUBOOM Ha XOJIOCTOHM X0, BHEIPEHHE U pe3anne Maccusa; U
— 3Ha4YeHWe HanpsuKeHus; C0Sp=0,85 — BenuumHa, XapakTepu3yoiias 0COOSHHOCTH JIEKTPUUECKON COCTaBIISIOIIEH,
cormacuao I'OCT 13109-97.

CHATBIE TOKM W HANpPsDKEHUS C TPHBOAOB YCTAHOBKH ITOMOTAIOT KOJIMYECTBEHHO OICHUTH MOITHOCTH,
3aTpadeHHbIe Ha BHEAPEHHE M TMOJady HCIONHUTENBFHOTO opraHa. UTo B AalbHEWINEM JaeT MEpCIEKTHUBY I
MPAaKTHICCKOTO CPABHCHUS PA3IIUUHBIX CXEM HA0Opa MHCTPYMEHTA HA IIIHEKOBOM UCIIOJIHUTECILHOM OpraHe.

Takum 00pa3oM, pa3pabOTaHHBIA W NEHCTBYIOIIMHA CTEHI MO3BOJISACT MPOM3BECTH HCIBITAHHUS MaKETOB
Pa3UYHBIX KOHCTPYKTUBHBIX HCIIOJIHEHUH IIIHEKOB C BO3MOXXHOCTBIO JajbHEHIIeH OIEHKH WX TEXHUKO-
IKOHOMHUYECKUX MOKa3aTeseh.
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3. ®ponos A.T'. u ap. MccnenoBanne HOBBIX CHCTEM U CPEACTB MEXaHHM3AIMH Y3KO3aXBaTHON BHICMKH I10-
JIC3HBIX UCKOMAaeMbIX. YueOHoe mocobue. M,: Mocksa Hayka. 1970. — 90c.

J.H. IIYBA, M.C. TOPHOCTAM
Benopyccruili nayuonanbhvlll mexnuueckutl yHugepcumem

OLEHKA SHEPI'O3ATPAT IIPU BPAIIATEJIBHOM BYPEHUU
LIITYPOB B I'OPHBIX ITIOPOJAX

VY aenbHbIE 3aTpaThl MOLIHOCTH IIPH Pa3pyILIEHUH MACCHBA TOPHOI MOPOABI SBIIIOTCS OJHUM M3 OCHOBHBIX
MOKa3aTeJIel KadecTBa HCIIOJHHUTEIBHBIX OPraHOB JOOBIBAIONIMX MAIIMH TOPHOTO IMpoW3BoAcTBAa. Ha cHIpKeHne
BEJIMYMHBI 3TOTO MTOKA3aTeNs] HAIIPABICHBI YCUIINS BCEX MPOMU3BOIUTENEH TOPHOZOOBIBAIOIIET0 000py10BaHH. JTa
3a/laya pemaercs pasIMYHbIMM INYyTSMH, HauWHas CO CHOCOOOB pa3pylIeHHs MaccuBa INOPOJAbI M 3aKaHUUBAs
BBIOOPOM HX ONTHMAIBHBIX IMapaMETPOB C TOYKH 3PEHHs JHEProeMKocTH. [Ipu MexaHHMYecKoM pa3pyIeHHH
MacCHBa SHEPrOEMKOCTh 3aBHCUT OT OOJbIIOro dwuciia (aKTopoB, B IEpedeHb KOTOPHIX BXOISAT TpyIIa
IIPOYHOCTHBIX IIOKA3aTEICH MOPOABI, CBOMCTBA U I'E€OMETPHs 3JIEMEHTOB MHCTPYMEHTA PA3PYILICHUA, XapaKTep HX
B3aUMOJCHCTBUS C IOPOJOU U T. IT
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OCHOBHBIMHU criocobamu
MEXaHHYECKOTO  Pa3pyIIeHHUs  SBILTFOTCS
pe3aHue W yaap, a TaKkKe UX KOMOWHAIMH.
I[Ipn pe3anum moponsl  pe3namu, Kak
MOKa3blBaCT  MPAKTHUECKHH  OMBIT U
Pe3yNIbTaThl MHOTOYUCIICHHBIX HCCIIEIOBAHUN
JUisi  OOJIBIIMHCTBA TOPHBIX MOpOJA, Ha
BEJIMUMHY CHJ B3aHUMOJICHCTBHS  MEXIY
pe3llaMH ¥ TOPOAOi HauOOJblliee BIMSIHUC
MOMHMO MPOYHOCTHBIX CBOMCTB IOPOJbI
OKa3bIBaIOT Pa3Mepbl KYCKOB, 00pa3yIomnXcs
IOpU 5TOM TOpPHOM Macchl. OTH pPa3Mephl
MOXHO OLICHHTh pPa3INYHBIMHU CIIOCOOaMH,
HanpuMep, CpelHEd TOJIIMHOW CHUMaeMOH
pe3nmamu Ciost Mopoabl (TTyOuMHa pe3aHus,
TONIIMHA  CTPYXKH). OJTOT  Iapamerp
ABJSIETCS yINOOHBIM Kak s pacdyeroB (B
OOJIBIIMHCTBE ClTyJacB JIETKO
paccuMThIBaeTCs), TaK W AN IPOBEICHUS
HKCHEPUMEHTOB (MOXKHO JOCTaTOYHO MPOCTO
3aMaTh M M3MEpPUTh B IIpolecce
IKCIEPUMEHTa). B CBSA3UM C WM3MOXKEHHBIM U
TEXHHYECKUMH  BO3MOXHOCTSIMH  HaMH
CIPOEKTHPOBaHA u N3rOTOBJICHA
JKCIIEpUMEHTalIbHAsl ycTaHoBKa (puc.l) s
UCCIIEJIOBAaHNSI KMHEMAaTHYECKHX W CHIIOBBIX
rapaMeTpoB TIpoliecca pa3pyIIEHHUs TOPHBIX
HOPOJ, METOJIOM PE3aHUSL.

VYcranoBka co3maHa Ha  Oase
CBEpJIWUIPHOTO CTaHKa M BKJIIOYAeT caM
CTaHOK, MO3BOJIAIOMINI CO3/1aBaTh HECKOIBKO
PEKMMOB JIBIDKCHHUS PEXKYIIETO HHCTPYMEHTA

3a CUET U3MEHEHMS €r0 CKOPOCTEel Mmojadu u

Puc. 1. O6muii B SKCTIEpUMEHTATBHON YCTaHOBKH BpAllleHNs,  CIeNHaIbHOE  CBEpIO  JUIs

OypeHHs LIIMypOB B MACCHBE KAIMIHBIX Py,

¥ W3MEPHUTENBHYIO0 cHUcTeMy. JlaTUYMKHM dYacTOThl BpAICHHWS W IOJaYd CBEpJia CMOHTHPOBAHBI HA KOpIyce H

mmuHAene craHka. /(s ¢pe3epoBaHMS TOPOABI CBEPIO OCHAMICHO CTAaHOAPTHON JABYXIEpoil KOPOHKOM,

UCTIONB3yeMOl B OYpOBBIX CTAaHKax ISl CBEpJICHHS INIIypOB B IUIacTaX KanmmitHOH comm. Ha crom cramka

YCTaHABJIMBAIOTCS ClIECApHbIE THCKH, AaTuuK ¥YJIM ¢ 3akpemieHHOW Ha HeM IUIOUIAAKOW JUIsl MO3MLMOHUPOBAHUS
00pasiia ropHOI OPOJIHI.

B xauectBe HCHBITYeMBIX 00pa3lOB HCHOJB3YIOTCS MOHONMUTHBIE KyOuku paszmepom 100-120 wmm,
BBIPE3aHHbIC U3 OJIOKOB TOPHOMN HOPOJIBI, JIOCTABJICHHBIX U3 PYJHUKOB B JJaDOPaTOPHIO MHCTUTYTA FOpHOro Aeia (T.
Conuropck) 171t MPOBEICHUS UCTILITAHUI HAa IPOYHOCTb.

W3sMepuTenbHas cucTeMa I[O3BOJIIET H3MEPHUTh UETHIPE BEJIMYMHBI, XapaKTEepHU3yHOUIUME IIpoLece
pa3pylIeHHs MacCHBa IOPOIbI CBEPIICHUEM: KPYTSILIUI MOMEHT, CHITy ITO/Ia4M CBepJia Ha 3a00ii, yII0ByI0 CKOPOCTh
BpAIlICHHUS CBEpila M CKOPOCTh €ro MOJadH, ¢ perucTpamnueid 3Tux BenuunH B mamstd [I9BM u oOpaboTkoil B
nporpaMMmHoi cpene Powergrahp. Cxema H3MepHUTEIBHON CUCTEMBI IPUBEICHA HA PUCYHKE 2.

[TpenBapuTenbHast cepus SKCHEPUMEHTOB IOATBEPIMJIA HAIECKHOCTh PAOOTHI YCTAaHOBKH, ITO3BOJIMIIA
ONPEJICTINTh XapakTep W YPOBHM HArpy30YHBIX PEXHUMOB IIPH CBEPJICHHHM TOPHOM MOPOABI, BKJIIOYAIOIICH
pas3IMYHbIE MPOTUIACTHI IO COAEP>KMMBIM MHUHEpAJIaM.

1
_‘_:

2

EN Mo
Puc. 2. [IpuHIMnuanbpHas cxema U3MEPHUTEIbHON CHCTEMBI:
1 — nart4ymk yriaoBod CKOpOCTH (MHIYKTHBHBIHN); 2 — JaTYMK HepeMelneHus (MOTEHIMOMETPHIECKui); 3 —

YIM; 4 — 610Kk KOMMyTanuu; 5 — TeH3oycwimTenb; 6 — amantep USB; 7 — mepconanbsubiii kommbiotep; 110 —
nporpammHoe obecrieuenue Powergrahp.
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Pe3ynbraThl 3KCIIEPUMEHTOB B PEATbHOM PEXHUME BPEMEHH OTOOPaXKArOTCS HA MOHHUTOpPE KOMITbIOTEpA B
crexyromieM Buae (puc.3).

VRN

Puc. 3. ®parmenT otobpakenus Ha [IDBM moka3zaHuii 9acTOTHI
BparmieHus 1 u moma4yu 2 cBepiia, a Takke 0CEBOU CHIIBI 3 U
KpYTSAIIEro MoMeHTa 4

B ocHOBHOHM uacT pabOTHI BBIIONHEHBI 3KCIEPHUMEHTHI IO CBEPJICHHIO OOpa3loB C TMPeoOIagaronM
COJIEp’)KaHUEM JIByX MUHEPAJIOB: CHJIbBHHUTA U rajura. B pe3ynprate 00paboTKN JaHHBIX MOJIyYESHBI 3aBUCUMOCTH
YIEeNBHBIX 3aTpaT 3HEPrHU Ha (pe3epoBaHHE MOPOJbI OT MHTEHCHBHOCTH MOAA4YM CBeplia Ha 3a00H, T.€. CKOPOCTH
MOoAa4YM Ha OIUH 00OpOT cBepia. B pe3ynpraTe, MOXKHO CAENaTh BHIBOJ, YTO Majble ckopocTH mojayu 0.1 Mm/00
COTIPOBOXKIAIOTCS 3HAYUTEIBHBIMY YAEIbHBIMH 3aTpaTaMu dHepruu. [Ipu yBenudenun nojgauu B 6-8 pa3 ynenbHbIe
3aTpaThl CTAOMIU3UPYIOTCS Ha yPOBHE 10*10* kB-Mm/M®. DtoT (aKkTop cleayeT Y4UTHIBATH BHIOOPE MOIIHOCTH
NPUBOAHOTO JABUTATENS U PEXUMa PaOdOThI OJATYHKA IIPH KOHCTPYUPOBAHUH OYPHIIBHBIX YCTaHOBOK.

B pabote Take BBHINOJIHEH CHTOBOW aHANW3 (PAKIMOHHOTO COCTaBa PYHABI, MOIydaeMOW B IIpoliecce
OypeHHss Ha pasNUYHBIX peXuMax. Ero pe3ynpTaThl MOKa3ald, 4YTO HA JaHHBIX pEXUMax (pe3epoBaHUs
npeobagaromeii Gppakiueis spisiercs gacTunsl pasmepom 0,3-0,6 M.

B.B. MAPTUHOBUY
benopyccruii nayuonanvuwiti mexnuueckuii ynusepcumem, Pecnybauxa Benapyco

COBEPHIEHCTBOBAHUME CUCTEMBI DJIEKTPOCHABKEHUA
PYAHUKA, MOHUTOPHUHI ObOPYJIOBAHUA U
OPT'"AHU3AIIMOHHBIE MEPOITPUATHUA 110 IPOBEJIEHUIO
IINIAHOBO-ITPEAYIIPE/IUTEJIBHBIX PEMOHTOB

CoBpeMeHHOe ropHOI00BIBaIOIIee 000PYI0BaHUE, IPUMEHIEMOE MPH MO3EMHON pa3paboTKe IIACTOBBIX
MECTOPOXKJICHAN KaJHITHBIX COJICH, MPEICTABIAET COOOH MPOXOTYSCKHE H OYUCTHBIC KOMILICKCHI, 4 TAKKE CUCTEMY
KOHBEMEPHOTO TPaHCIIOPTa M IIaXTHHIE TOABEMHBIE YCTaHOBKU. [loMHMO 3TOTO I OOecriedeHus: 0e30macHOro
BEJICHUS IMOI3EMHBIX TOPHBIX pa0OT Ha pyIHUKAX HCIOJIB3YeTCS Pa3IMYHBIC MAIIWHBI, MEXaHU3MBI M YCTaHOBKH.
[IprBOABI NCTIOTHUTENHHBIX OPTAaHOB TEXHOJOTMYECKMX MAIIMH W O0OPYAOBaHHS B IIOJABIISIONIEM OOJBITHHCTBE
3JIEKTpOMEXaHUYECKUe, WM dJIeKTporuapomexanmdeckue. [IpoBenenne gppesepoBaHis MaccuBa pa3padaThIBaeMOTo
1acTa, TPAHCIOPTHPOBAHUE pPyOsl W3 32001 K OKOJOCTBOJIBHOMY ABOPY COIPOBOXKAAIOTCS 3HAYHTEIEHBIMHU
3aTpaTaMy 3HEPIUU B MPUBOJAX HCIIOJHUTENBHBIX OpraHoB. Hampumep, HopMaTUBHBIE [TOKA3aTENN PAaCXOA0BaHUs
9JIEKTPOIHEPTHH Ha YCIOBHYIO TOHHY A00BITOH pyasl no pyaaukam OAO «benapychkanuii» cocTaBisoT 0Koyo 15
kBT1/T. OT npaBUIIbHOM OpraHu3aluy TPyjaa MepcoHaia U KBaau(UKaluu KaxJI0ro U3 pabOTHUKOB B 3HAYMTEIBHOM
CTCIECHU 3aBUCHUT OecrepeOoitHOe (PYHKIIMOHUPOBAHUE CHUCTEMBI JICKTPOCHAOKEHHS PYyIHHKA, YTO B KOHCYHOM
UTOTE BIMSIET HA TEXHUKO-YKOHOMHUYECKHE ITOKa3aTeIH.

Ienb paboOThI - COBEPIICHCTBOBAHUE CUCTEMBI AJICKTPOCHAOKCHHUS PYAHUKA, MOHUTOPHUHT 000PYIOBaHHS U
OpraHU3alMOHHbIE MepONpuATHUs 10 nposeaeHuto I1I1P.

B pabote pemeHsl cnemyromue 3agadi: - HCCICAOBAaHA OPTaHM3AIM Tpyda MOA3€MHOTO PEMOHTHO-
MOHT2)KHOTO YYacTKa II0 YHEPTeTHUYECKOMY O0OPYAOBAHHIO PYIHHKA; - MPOAHAIM3UPOBAHEI (PAKTOPEI, BIUSIOIINAE
Ha CcTaOWIBHOCTH PabOTHI CUCTEMBI JICKTPOCHAOKEHHE PYTHHKA; - TMPOBEICH MOHUTOPHHT MOJOMOK U MPOCTOCB
o0opynoBaHUs; - pa3paboOTaHBl PEKOMEHAAIMHM I10 YIYYIICHHUIO OpTaHW3allMd Tpyna MU mpoBeaeHuio [IITP
3JIeKTPOOOOPYIOBAHUS PYIHHUKA.

[ToazemMHBI PEMOHTHO-MOHTAXKHBIH Y9aCTOK IO SHEPreTHIeCKOMY 000pYJOBaHMIO pyIdHHKa UeTBepToro
pynoympasienus OAO "Benmapycekanmuit" sBHsieTCS CTPYKTYpPHBIM TOApa3ielieHueM pyJIHUKa, obecreunBaet
omiepaTUBHOE OOCITY)XUBaHUE; TUIAHOBO-TIPEAYNPEAUTEIBHBIN PEMOHT U HAJAJKY JJIEKTPOYCTaHOBOK, ITyCKOBOW U
3aIUTHOW ammapaTypbl TOPHBIX YYacTKOB;, CPEJCTB DJIEKTPUYECKOTO YIPABJICHUS H  PEryIUPOBaHUS
THAPOMEXAaHU3UPOBAHHBIX M TMPOXOJYECKUX KOMIUIEKCOB; TPOMKOTOBOPSIIYIO CBSI3b B 3200€; BBICOKOBOJBTHOTO
3JIEKTPOOOOPYAOBaHNS; BHICOKOBOJIBTHBIX BHYTPUPYAHHYHBIX CETEH M CETH 3a3eMJICHHsI Ha PyIHUKE;, PEMOHT H
HCTIBITAaHHE TUOKOTO Kabes.
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Pabota cmyx0 Ha ydacTke IMOCTPOCHA B COOTBETCTBHU C 3aKOHONATENLCTBOM PecmyOnuku bemapyce;
MOCTAaHOBJIEHUSIMHU, PAcCHOPSDKEHUSIMH M TIPHKa3aMH BBIMIECTOAMNX opraHoB. [Ipm paszpaboTke MeponpusaTHil 1O
YIIPABIIEHUIO, OOCITYKUBAHUIO YIaCTKOM, [0 MOHTaXy, PEMOHTY M KCILIyaTal[MH YHEPTETUIECKOT0 000PYI0BaHMUS,
KOMMYHHKAIIMA CTPOTO BBIOJHAIOTCA MEXKOTPACIEBBIE, OTPACIIEBbIE U MECTHBIE HOPMATHBHBIE U METOJUYECKUE
Marepuanbl, Kacalolluecsi AEATEIbHOCTH yJacTKa, MEPCIEKTHUBBI TEXHWYECKOTO Ppa3BUTUS  OOINECTBa,
pYJOyTpaBJIECHUs, PYAHUKA.

Ha yuyacTok BO3JIOXKEHBI ClIelyIOIIHe OCHOBHBIE (DYHKIUH:

- opraHmzanys u odecrieyeHre 6e30IMacHbIX YCIOBUH TPy MOJYNHEHHBIX PAOOTHUKOB;

- OpraHusanus  IJJaHUPOBAHUS, CBOEBPEMEHHOIO M KAaueCTBEHHOro  BbimosiHeHus  IIIP
9JIEKTPOOOOPYAOBaHMUS TOPHBIX YYaCTKOB, IIyCKOBOMH ¥ 3allIUTHOM amnnapaTypsl;

- LEHTPAJIM30BaHHOE ONEPaTUBHOE OOCITY’)KUBAHUE IJIEKTPOOOOPYIOBAHHUS T10/I3EMHBIX TOPHBIX y4YacTKOB,
MYCKOBOM ¥  3allUTHOM  amnmapaTypbl,  BBICOKOBOJIFTHOTO  DJIEKTPOOOOPYIOBAaHHS,  BBICOKOBOJIBTHBIX
BHYTPHUPYIHUYHBIX CETEH U CETU 3a3€MJICHUS HA PyIHUKE;

- TUIAHOBBIE NMPOQIIAKTHIECKHE PEMOHTHI BBHICOKOBOJIBTHOTO OOOpPYIOBaHMS LEHTPAIBHBIX ITOI3EMHBIX
MOJICTAHIUH, yY4aCTKOBBIX PaCHpEeAEIUTENbHBIX TYHKTOB, MIEPEABMKHBIX MIAXTHBIX MOJCTAHIUHN, BEICOKOBOIBTHBIX
BHYTPHPYIHUYHBIX JJIEKTPHUECKUX CETEH U CETH 3a3€MIICHHS Ha PYJHHKE;

- TPEANlyCKOBBIE W TEPUOJWYECCKUE HCIBITAHUS BBICOKOBOJBTHBIX  KaOeyiedl, 0OopymoBaHUS,
TpaHc()OpMAaTOPHOTO Macia, 3a3eMIIAIONIMX YCTPOWCTB, MAKCHMAJBHBIX TOKOBBIX 3alUT M MPOBEPKH BPEMEHH
cpabaThIBaHUs anmaparypbl OT ASHCTBUS pelie yTeUKH COTIacHO rpadukam;

- IIEHTPANTU30BaHHBII PEMOHT CHJIAMH y4acTKa OJIOKOB 3all[UTHl U yNpPaBJICHUS, pelie yTeUKH, PEMOHTa U
IKCIUTyaTal[uy 3a3eMJISIOIICH CETH, PEMOHTA U MCIIBITAaHHS THOKOTO Kabes;

- CBOEBpEMEHHas cllaya B BEJIOMCTBEHHYIO M TOCYNAapCTBEHHYIO IOBEPKY KOHTPOJIBHO-U3MEPUTEIBHBIX
pUOOPOB M CPEICTB aBTOMATH3AINH yJacTKa.

ITpn BeIMONMHEHNM CBOMX (YHKIMH YUYacTOK OCYLIECTBIISICT B3aUMOOTHOIICHHS C COOTBETCTBYIOLIIMMH
MOJpA3ENEeHUsIMI PYAHUKA, MOJIydas OT HUX U MpPEACTaBIssl MM COOTBETCTBYIONIME ILIAHOBBIE, YYETHBIE,
OTYETHBIE, CIIPAaBOYHO-UH(POPMAIIMOHHBIE U IPYTUE JOKYMEHTHI.

HauanpHuMK ydacTKa mNpenCTaBiseT B OIOpO HOPMHPOBAHMS PYAHUKA IOKYMEHTBI JUIS HAa4YHCIICHMS
3apa0OTHOM IUIATHI, NPEMHUH, NOIUIAT COIJIACHO JEHCTBYIONIEMY MOJIOKEHHIO; MCXOJHBIC NTAHHBIC Ul pacueTa
HOPMAaTHBOB YHUCJICHHOCTH, HOPMHUPOBaHHBIX 3aJlaHMi, HOPM BPEMEHHM WU PpACLEHOK, OOCITY)XHBaHHUS, IPYTHX
HOPMAaTHBHBIX MaTEpHaJOB MO TPYHy; MPEAJOKEHHS 10 COBEPIICHCTBOBAHHUIO OPraHM3alUM TPyAa U 3apaboTHON
IUIATBI; MaTepHalbl [0 aTTECTAlMM PAabOYMX MECT; 3aKIFOUEHMs AN PELICHUs] TPYLOBBIX CIOpPoB. B ciyxOy
TJIAaBHOTO 3HEPreTHKa PYIHHWKAa — OTYETHYIO NOKYMEHTAIMI0, HH(POPMAIMI0 00 00beMe BBIIOIHEHHBIX yYaCTKOM
paboT; MPOTOKOJBEI HCHBITAHUKA AIIEKTPOOOOPYIOBAaHUS, OPYTHE CIPABOYHO-WH(GOPMAIIMOHHBIE MaTepHaBl IO
PEMOHTY W OOCIYXMBaHHMIO JHEPIETHYECKOr0 OOOPYHOBAHUS; 3asBKM Ha OOECIEUCHHE YYacTKa 3alacHBIMU
JacTsIMH, MaTepuajlaMH M oOOpynoBaHHMEM. Bo Bce moapasmeneHus pyAHHKa — COTJIACOBaHHbBIE TIpadukn
MPOBEJCHUST PabdOT 1O PEMOHTY, HajaJKe, HCHBITAHUIO ¥ TEXHUYECKOMY OOCIY)KUBAHUIO HHEPreTHYECKOTro
obopynoBanus. B ciyx0y oxpansl Tpyna u Th pynHuka — nHGOpMaNHMIO O BHIMOJHEHUH NPEINHCaHNH, TPUKa30B,
HOPMAaTHBHBIX JIOKyMEHTOB, OTYETOB O IPOJAEIaHHON padOTe y4aCTKOM IO BBHINOJHEHHIO TpeOoBaHMit CuCTEMbI
YIIpaBJIEHUsI OXpaHO Tpyla ¥ NpoMBINIIeHHOH 6e3onacHocThio OAO "benapychkanuii”.

HavanpHuk yyacTka C MOJYMHEHHBIMH paOOTHHKaMH oOecreunBaioT OecriepeboiiHoe W Oe3omacHoe
CHa0)XeHHE TMOJ3EMHBIX NOApa3/elieCHUH pYyAHUKa OJIIEKTpOdHEpruel HamnpspbkeHuneM 6 kB u  omneparuBHOE
00CITyKMBaHHE 3JIEKTPOOOOPYNOBAHHUS TOPHBIX y4acTKOB. CBOEBPEMEHHO MHPOBOASAT HEOOXOJVMBIEC HCIIBITAHUS
9KCIIyaTHPYEMOTO  3JIEKTPOOOOpPYAOBaHMS TMOApA3/eIeHNH pyAHUKAa B COOTBETCTBHHM C JECHCTBYIONIIMMH
TpeOOBaHMSIMH; OPTaHU3YIOT HAJEKHOE 3a3eMIICHHE 3JIEKTPOOOOpPYJOBaHMS M CBOEBPEMEHHYIO MPOBEPKY €ro
COCTOSIHMS, NPAaBWIBHYIO OKCIUTyaTalldI0O WM PEMOHT 3aKPEIUICHHOTO 3JIEKTPOCBAPOYHOrO O0OpYHOBaHHA |
JIEKTPOOOOPYAOBaHUS, TPY3ONOJBEMHBIX MEXaHW3MOB. BHEIPSIOT HOBYIO TEXHHKY, CIIOCOOCTBYIOIIYIO Ooiee
HaJIeKHOM, DKOHOMHYHOM W Oe3omacHOi pabore dIeKTpOOOOPYAOBaHUS pPYAHHKA, a TaKKe IOBBIIICHUIO
3¢ GEKTUBHOCTH POU3BOJICTBA U MIPOU3BOAUTEIBHOCTH TpyAa. HayanbHUK ydacTKa COCTaBISET M MPEACTaBIsET Ha
YTBEPIXKICHUE TJIABHOMY HHXXEHEPY PYAHHUKA rpaduK IIaHOBO-IPENYNPEAUTENLHBIX PEMOHTOB YHEPreTHUECKOrO
000pyIOBaHUS; COTIACOBBIBAET C PYKOBOAMTEIAMHU COOTBETCTBYIOIIMX ITOJIPA3/IEeHUIl pyJHUKA BOIPOCH! BBIBOA
TOPHOTO 3JIEKTPOOOOPYHAOBAaHMUS B PEMOHT; B YCTAHOBJIEHHOM IOPAAKE 00eclednBaeT caady JMeKTpooOopyI0BaHUSA
B PEMOHT U NPHEM M3 PEMOHTA; MPOBOAUT paboTy Mo moAdopy KaApoB yyacTKa, UX PallMOHATIBHON PacCTAHOBKE M
Lesnecoo0pasHoOMy HCIIONIB30BAHUIO; NMPUHMMAET YYacTHE B PAlMOHAIM3AaTOPCKOW paboTe, pa3paboTke HOBBIX
JIEKTPUUECKUX CXEM M NPOCKTOB; 0OecreynBacT pa3paboTKy HOBBIX M IIEPECMOTP ACHCTBYIOMIMX IMOJIOXKEHUH 00
y4JacTKe, JOIDKHOCTHBIX MHCTPYKINH PYKOBOANTENCH U CIENUANICTOB y4acTKa, padounX HHCTPYKINH, HHCTPYKIHUH
110 OXpaHe TpyJa.

®dakTopsl, BAMSIOMINE Ha CTAOMIBLHYIO pabOTy CHCTEMBI 3JIEKTPOCHAOKEHNUS PYAHUKA!

1. OpraHu3anuOHHBIE: - IPOBEACHUE TPOTHUBOABAPUNHBIX TPEHUPOBOK C IIEPCOHANIOM y4acTKa;

- BeJileHHe TaOeNbHOrO ydeTa IepcoHajla y4acTKa, KOHTPOJb 33 CBOCBPEMEHHBIM HAa4ajIOM M OKOHYaHHEM
paboThI, 32 MPaBWJIBHEIM HCIIONIB30BaHHEM pabodyero BpeMEHH B TEUEHHE Bcero pabouero AHA, 3a COOIIOICHHEM
TPYIOBOW AWCHMIUIMHBI, APYTMX TpeOOBaHMN IMpaBWJI BHYTPEHHETO TPYAOBOIO pacHopsAika. Belmaua cMeHHBIX
3aJjaHUi Ha TIPOU3BOJCTBO paloT (B MEPBYIO OYEPEb BHIIABATh €T0 HA YCTPAaHEHHE HAPYLICHHUH MIPaBWII U HOPM II0
OXpaHe TpyJa W MPOMBIIIICHHOW 0e30TTaCHOCTH);
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- VYET JKCIUIyaTHPYEMOI'O M PE3EPBHOTO 3JIEKTPOOOOPYIOBAaHHUS, WHCTPYMEHTA, 3AIMUTHBIX CPEIACTB U
MIPOTHUBOIIOKAPHOTO MHBEHTAPS HA yYACTKE, & TAKXKE MIOCTOSIHHBII KOHTPOJIb 38 COCTOSIHUEM 3JIEKTPOOOOpYI0BaHNUS
U DJIEKTPOYCTAHOBOK MyTEM MEPHOIUYECKOT0 JINYHOTO OCMOTpA, CBOEBPEMEHHOE MPHHSATHE MEp MO YCTPAHEHUIO
BBISIBJICHHBIX HAPYIICHHUH;

- HaJM4YMe OCHACTKM JUIs MPOBEICHHS PEMOHTHBIX pabOT, 3aIUTHBIX CPEACTB (IUIaKaThl, HEPEHOCHBIE
3a3eMJICHHS, YKa3aTeld HAMpsDKeHUS, WHCTPYMEHT C H30JMPYIOIUMH PYKOSTKAMH, 3JIEKTPOU30JIUPYIOLINE
MmepYaTKu U JIp.), MPABUIBHOE MX XPAaHCHHE M CBOCBPEMCHHOC HCIIBITAHHME, a TAKXKE KOHTPOJIb UX MPaBUIBHOTO
MPUMCHCHUS;

- BHEJPEHHE HAYYHON OpraHM3alud TPyJa, HOBBIX HMPOTPECCUBHBIX METOJOB PEMOHTa M JKCIUTyaTalluu
3JIEKTPOOOOPYIOBAHUS, JCKTPOYCTAHOBOK, COBEPIICHCTBYETCS HOPMHUPOBAHUE MAaTEPHUATBHBIX U TPYJOBBIX 3aTparT,
(hOpMBI U METOJTbI OPTAHU3AIMH U OILIATHI TPY/IA;

- CBOCBPEMCHHOC TMPEJCTABICHUE B YCTAHOBJICHHOM IMOPSJAKE 3asBOK HAa HEOOXOAMMBIC IS
IKCIUTYaTAHOHHBIX U PEMOHTHBIX HYX/]] 3a[IaCHbIC YaCTH, 000PYA0BaHUE, HHCTPYMCHTHI;

2. TeXHOJOrU4ECKHUe: - HEpaBHOMEPHAs 3arpy3Ka PyI0i MarkucTpaibHOrO KOHBelepa,

- IMHAMHUYECKUE HATPY3KH HA pabOYHX OpraHax MPOXOJUECKUX U OYUCTHBIX KOMOAWHOB;

- QUKIAYecKas paboTa JOOBIYHBIX KOMIUIEKCOB (KOMOAHHOB, CAMOXOIHBIX BarOHOB);

3. TexHuueckue: - 3HAYUTEIILHAS 3AIBUICHHOCTh B pA00YUX 30HAX JIEKTPOOOOPYI0BAHHS;

- BHEJpPEHHE B MPOU3BOJCTBO MEPEIOBOr0 OMbITA 0 PEMOHTHO-MOHTAXXHBIM paboTaM IHEPreTHUECKOro
000pyI0BaHUs, IIIEKTPOHHBIX CPEICTB aBTOMATU3AIMH U KOHTPOJIS;

- KOMIUICKTOBAHHE CHUCTEMBI JJIEKTPOCHA0KEHHS B COOTBETCTBHU C IKCIUTYATAI[MOHHOW JOKyMEHTalUeH
TPEANPHUSITHS-U3TOTOBUTEIIS;

- 4aCThIA MEPEMOHTAXK JICKTPOOOOPYAOBAHHS 33 POJABHKCHUEM OYHCTHOIO KOMITICKCA;

4. YenoBeUyeCKHid: - MPOU3BOICTBCHHAS AUCIUILIHNHA;

- MOPAJIBHO-TICHXOJIOTHYECKOE COCTOSIHUE PAOOTHHKA,;

- QHaJIM3 MOKA3aHUM KOHTPOJBHBIX MPUOOPOB U CPEJCTB aBTOMATH3AIHH;

5. IIpouwme: - 3ampemiaercss HKCILUTyaTalus JCKTPOYCTAHOBOK M JIPYroro o0OpyIOBaHUs, HE IPOIICIIIHX
HCTBITAHHS, & TAK)KE HAXOJSIIUXCSA B YIPOXKAIOMIEM aBaphel, )KU3HU IepCcoHalla COCTOSHHH, YKCILUTyaTUPYEMBIX C
HapYIICHHEM yCTaHOBJICHHBIX TPEOOBAHHUN;

- 3ampemaeTcs BBOJ B 3KCILTYaTallMI0 BHOBb CMOHTHPOBAHHBIX CPEACTB aBTOMATH3ALUU IPU HAPYIICHUU
TpeOOBaHUI MPOSKTHOM U APYTOil COOTBETCTBYIONIEH TOKYMEHTAIINH.

- obecrieuyeHne MOXKAPHOH 0E30MaCHOCTH M MPOTHBOIOKAPHOTO PEKUMA B MOMEIICHUSX W B IOA3EMHBIX
BBIpa0OTKaX, 3aKPCILICHHBIX 33 [TOA3EMHBIM PEMOHTHO-MOHTaKHBIM YYACTKOM, a TAK)KE UCIPABHYIO SKCILTYaTaIlHi0
TEXHHYECKUX CPEJCTB MPOTHBOIOXKAPHON 3alUThl W MEPBUYHBIX CPEJCTB MOXKAPOTYIICHUS, BEHTUISAIUOHHBIX
CHCTEM, 3JIEKTPOYCTAHOBOK, 3a3eMILIIOLIMX YCTPOWCTB, CPEJICTB CBSI3M W OMOBELICHUS; MPUHUMAIOTCS MEpPbI IS
HEME/JICHHOTO YCTPaHEHHs] HeUCIIPABHOCTEH.

ElnospexaeHve Kabens (21% - 420)

O cpaboTka 6/10K0B 3aWUT U ynpasaexun (20% - 392)

R R T LN
B S LN,
AR R RN R AN
Mo o 21% s
R S NN
LR R
R T T TN N N N N
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R OM MMM OMOW MMM MWW MW
R T T L A LN

£ BbIXOA, U3 CTPOA pene 1 KoHTakTopos (14% - 280)

Fluenoseyeckuit paktop (10% - 190)

BB N/10XOM KOHTAKT, ocnabsieHbl coeamHenna (9% - 176)

R e R R T T U S S Y

R R T T T Y
s

[l cropenu npegoxpaHutenu (8% - 166)

[ npounte (6% - 115)

& cropenun 34 (3% - 55)

nporpamHble cbomn (3% - 50)

(4 BbIxo4, U3 CTPOA AaTyuMKa meTaHa (2% - 43)

= nonomka gatumkos AM (2% - 43)
B Bbixog, U3 cTpos 610ka Evroterm (1% - 28)

BbIXOZA, M3 CTpos 610Ka ynpasneHus tuna Micos (1% - 16)

Puc. 1. luarpaMmMa npocToeB THAPOMEXaHU3UPOBAHHBIX U MIPOXOJUECKUX KOMILIEKCOB Ha 4PY
322014 rox (1974 cMeHBI) 10 NPUYMHAM OTKa30B B CUCTEME YHEPIrOCHAOKEHHUS PyTHHUKA

AHanu3 0TKa30B U COOEB 3JCKTPOOOOPYAOBAHMS B PYIHUKE MOKA3all, YTO HauOoJiee YaCThIMU SBISIFOTCS
(cM. TEarpaMMy TIPOCTOEB): - TIOBPEXICHUE KaOes; - OTKII0UYeHHE OJIOKOB 3aIIUT U YIIPABICHUS; - BEIXOJ U3 CTPOS
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pene n KOHTAKTOPOB; - UYENOBEYECKHUH M OPraHM3alMOHHBIA (DaKTOp; - BBIXOA W3 CTPOS JIICKTPOIBHIATEINCH,
JATYNKOB U T..
AHanu3 BBIIIE MEPEUNCICHHBIX TPEOOBAHWK W MPOBOIAMMBIX MEPONPHUATHN Ha pymHuKe 4PY mo3Bosmn
BBINTH CO CIIEAYIONIMMHU IPEIJIOKEHUSIMHU: - PEOPraHU30BaTh OpWUIaibl MO pa3feNbHOMY OOCITYKHBAHHUIO
3JIEKTPOYCTAHOBOK M 000PYIOBaHMS C HANPsHKEHUEM B ceTH 110 1140 B 11 BEICOKOBOJIBTHOTO AIIEKTPOOOOPYI0BaHUS,
- YIy4IIUTh Ka9eCTBO AJICKTPOIHEPTHH, a BCICACTBUE MOBHIMICHNE HAAECKHOCTH PabOTHI AIEKTPOYCTAHOBOK 33 CUET
BHE/IPEHUS KOHACHCATOPHBIX YCTAHOBOK Ha OYHMCTHBIX KOMIUIEKCAX M LIEHTPAIbHBIX NOHU3UTEIbHBIX MOJCTaHIIUAX;
- YMEHBIIUTh MOTEPH BJIEKTPOIHEPTHH 3a CUET MOBBIIIEHU HampspkeHus ¢ 660 B no 1140 B Ha mpoxomueckux
KOMIUIEKCaX; - MOBBICUTH dHEProd(h(HeKTHBHOCTh HA MAarkCTPAIBHBIX JIGHTOUHBIX KOHBEWepax 3a CUeT BHEAPECHUS
YaCTOTHBIX MPHUBOJOB, YTO JA€T BO3MOXKHOCTh PETyJIHUPOBaTh UX CKOPOCTh B 3aBUCHUMOCTH OT 3arpy>K€HHOCTH; -
3aKynka KaOeJeW Uil CaMOXOJHBIX BAaroHOB M OYHCTHBIX KOMIUIEKCOB C 0oJiee KayeCTBEHHOH H30isuend u
OoJibllIeil M3HOCOCTOMKOCTBIO; - CHAaO)KeHHE 3alacHbIMM 4YacTsIMH M pacXOJHBIMH Marepuajamu; - Oosee
Ka4eCTBEHHAasI IPaKTHIECKas ITOJrOTOBKA CIEIHAIICTOB 3JIEKTPOMEXaHUKOB.
Hayunslit pyxoBogutens I'.A. bacanaii

B.A. OMEJISTHIOK, .B. 3AXAPOBA, C.I1. IIEBYYK, C.B. 3AHYEHKO
Hayuonansnoiii mexuuyeckuii ynusepcumem Yxpaunot "Kuesckuii nonumexnuueckutl uncmumym”

MEXAHHUKA KOHTAKTHOFOUB3AI/IMOI[EI71CTBI/I$I IHPOLOECCA
BUBPOPA3ZPYHIEHUSA I'OPHOU ITIOPO/bI IINIOCKUMMU PE3LIAMHA
INIHEKOBOI'O BYPA

Bypenne pa3BesouHbIX CKBa)XKMH Ha BCE BUABI TOJIE3HBIX MCKOINAEMBIX M ITIOJIyYEHHE CKBAXKHH I10J] CBaM
(yHIaMEHTOB SIBISETCS CHEUU(PUIECKUM BHIOM KalUTaJIbHOTO CTPOUTENBCTBA CIOKHBIX TEXHHUYECKUX O0OBEKTOB,
COOpY’KaeMbIX B YHHUKAJIBHBIX T'OPHO-T€OJOTHYECKHX M Teorpado-KIMMaTHYEeCKUX YCIOBHUSX, XapaKTEPH3YeTCs
JOCTaTOYHO OOJBIIMMH MaTepHaIbHBIMU 3aTpaTaMHM 10 BCEMY IIMKIy HX COOpYyKeHHUs. BmecTe ¢ TeM OHO siBisieTcst
OJHMM H3 CaMBbIX BOCTPEOOBAHHBIX CIIOCOOOB T€OJOTMYECKOT0 HCCIEIOBAaHHSA HEApP 3€MIIM, HOMCKOB U Pa3BEIKH
3amexeld (pakTHUECKH BCEX MOJIE3HBIX MCKOMAEMBIX M OCHOBHBIM CIOCOOOM BO3BEICHHS HA3€MHBIX BBICOTHBIX
coopyxeHHiH. O0beMbI OYpOBHIX pabOT B MHUpPE TIOCTOSHHO PACcTyT B TPEOYIOT HOBBIX TEXHHKO-TEXHOJOTHUECKUX H
HMHCTPYMCHTAIIBHBIX PEIICHHUH sl CHIDKECHHMS 3aTpaT Ha ux mposeneHwue [1, 2].

Cpenu pa3HO0Opa3usi HHCTPYMEHTA JUIsl IPOU3BOJCTBA OYPOBBIX POOOT, OT/ACIBHYIO IPYIIITY MPEACTABISIOT
IIHEKOBBIE OYpBI C TUIOCKUMH 3YObSMH IO3BOJISIOIINE MPOBOJUTH Pa3pabOTKy TOPHUX MOPOJ] 0 5 KaTErOpHH C
BO3MOXKHOCTBIO TOJIyYeHHsI CKBaXXHUH A0 1,5 M. OnHUM U3 crioco00B MHTEHCH(HUKAMK MHOTHX TEXHOJIOTHYECKHX
MPOU3BOJICTBEHHBIX IIPOIECCOB TO3BOJSAIOIIMN OJHOBPEMEHHO CHU3UTh JHEPIreTHUECKHE 3aTPaThl SIBIIACTCS
npuMeHeHue BuOpauuu. ViccnenoBanus AeHCTBUS BUOpalMU pH OypeHUU TOPHBIX MOPOJI MOKHO Pa3ZeuTh Ha JIBE
TPYNIBL: NepBas — paccMaTpUBaeT JUHAMUKY INOBEJICHHs OypOBOI KONOHHBI, BTOpas — paccMaTpUBAaeT IPOLECC
B3aMMOJICHCTBHA PabOUYNX OPTaHOB ¢ TOpHOW mopomoil. Cpenn pabGOT BTOPOW TPYIIIEI, TPEACTABISIOT OONBIIOH
MHTEPEC ¢ TOUYKH 3PEHUS PACKPBITHS MEXaHU3Ma BUOPALMOHHOTO PEe3aHus TOPHBIX MTOPOJI, NCCIEIOBAHMS B 00IacTH
paspyuieHuss ropHoil mopoael nojaoroMm ¢ pesuamu PDC [3, 4, 5]. OnHako NpuMEHEHUE NaHHBIX PE3yJbTaToB C
TOYKHM PEHHs BHIOOPOB OCHOBHBIX MapaMeTpoB BHOpamuy (4acTOTHl M aMIUIMTYZBI) M ONPEACICHHUS CHII Pe3aHMs
3aTpyJHEHO W3-32 OTCYTCTBHS B pacyeTHBIX MOJEISIX YydeTa OCOOCHHOCTEH MEXaHWKH KOHTAKTHOTO
B3aUMOJICHCTBUS OTAEIAEMOr0 3JIEMEHTa TOPHOM MOPOIBI ¢ pabOYNM OPTaHOM U MAaCCHBOM.

Jlnsa onpeneneHus OCHOBHBIX ITapaMeTpOB IepeaBaeMoii Ha pabouuii opraH BUOpAINK U ONIPEISIICHHS CHIT
pe3aHus HEoOXOIMMO Yy4YecTh IIOBEACHHE TOPHOTO MAacCHBa IIPH €ro CIOKHOHAIPSHKCHHOM HarpyXeHHU
BO3HHKAIOIIEM IIPH JIEHCTBUM BHOpAIIMH, MOJAETH MOBEICHNUA M XapaKTep pacHpenelieHUs KOHTAKTHBIX JaBJICHUI
MEXIy pabodnM opraHoM u oOpabaTeIBaeMON Cpemoil.

Jna Teopetnyeckoro moaTBepxkaAeHUS 3P PEKTUBHOCTH BHOPAIIIOHHOTO BO3ACHCTBHUS Ha TOPHBIH MAacCHB
CPaBHHM pEe3YJIbTaThl IPH CTATHYECKOM M BUOPALIMOHHOM Pa3pyIIEHHH TOPHOI MOPO/IBI INIOCKUM pe3noM (puc. 1, a,

6). PaccMOTpHM paBHOBecHe OT/ENISEMBIi OT MacCHBA dIEMEHT IOpHOii Toposel Toimuuoi t u Beicotoit N . Tpu
NEHCTBMM pe3lla Ha IOPOJY BO3HHMKAIOT HOPManbHbIE [Jg M KacaTENbHBIE HANPSDKEHHS T, VIS B3aHMOCBS3H
KOTOPBIX BO3MOXKHO HCIIOJIB30BaTh 3akoH TpeHus Kynona. OtaeneHue aneMeHTa MPOHCXOJUT IyTEM €ro CABHIa
OTHOCUTEJILHO MAaCCUBA XapaKTepPU3YIOLIeHCs MIOIMAIKON JIINHON h/ SiNy ¥ mpezenbHBIM HAPSDKCHUEM HA CIABUT
Tg . [Ipenensnoe HanpsiKkeHME HAa COABUT Tg NPH PaspyIIEHMU FOPHBIX IIOPOJ IPH MCIIOJb30BaHuK Moaenu Kynona-

Mopa nmeeT Bux [6]:
B Cllydae cKaTus: tq = Pgtane+c,

pltano.

rac pS - HOpMAJIbHOC JTaBJICHUC BO3HUKAIOIIECC HA TNIOMIAAKE CABUTIA, ﬁ - COCIIJICHHUE.

B CITy4ae PaCTSIKEHUS: Tg = C-
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Puc.1. CxeMbI 1sl BHIBOZIa COOTHOIIICHNH KOHTAKTHBIX JTABJICHUI M CKOPOCTEH TpH BUOPOpPE3aHUH

YpaBHEHUS paBHOBECHS OTIEIIEMOTO JIEMEHTa B CITydae CTaTHIecKoro pezanus (puc. 1, a):

h h
XX =0; pg———siny+tg———cosy- ptsind-rtcoss =0;
siny

siny
h
Y =0; —COSy - —siny + ptcosd - ttsind =0.
2 Ps siny V-Tg siny yv+p T
Hopwmanenoe maBineHne ) ¢ y4eTOM PaBEHCTBA YIVIOB TPEHHA U CKOJA Y = (O :
ch(tg(2¢)tg(¢)+1)

P~ tg(p)t(sin(3) + ucos(8) +tg(2p )cos(5) - utg(2)sin(3))

(1)

OHpeZleJ'H/IM napaMeTphbl BI/I6paIII/IOHHOF0 BOSHGﬁCTBHﬂ Ipu KOTOPOM OTHACJIICHUC JJIEMCHTA MPOUCXOAUT C

Ve <Ugysi-

U3 tpeyronpHUKa ckopocTeit (puc. 1, ) HalaeM CKOPOCTh ABMKECHHUS CTPYKKH OTHOCUTEIHHO 3y0a VC :

sin(y)
sin(m-8-y)

W3 Beipakenuii (2) u (3) ycrmoBue mapamMeTpoB BUOpaIuy AJisi 00eCTieueHNsT pekuMa BUOpOpe3aHus:
sin(y)sin(d)
= 2msin(m-8-y)
rme & u f - ammauryna u yacrora BuGpauHy.

AHanorn4Ho HopMasbHOE JaBjieHne 3 IPH XOJE pe3lia BBepX:
_ ch(tg(2¢)tg(e) +1)
tg(@)t(sin(8)- pcos(8) +tg(2¢ )cos(8) + ptg(2¢)sin(8))

Pa

HaMMCHbIINMU YCUIHAMU, a CIACACTBCHHO U C MCHBIIMMHU SHEPreTUICCKUMU 3aTpaTaMU. VcnoBueM BOZHUKHOBEHHS
3(1)(1)6KT3 Bn6p0pe3aHI/m SABJIACTCA U3MCHCHUC HaAIIpaBJICHUA TaHFeHHHaHLHOﬁ COCTaBJIHIOHIeﬁ T W IOJHOTO
KOHTAKTHOI'O JaBJICHUA (pI/IC. l, 6) 9TO BO3MOIKHO Ipy Co3J1aHnuA BI/I6p00K0pOCTI/I U KacaTcJibHas1 COCTaBJIAIOIIAasd,

KOTOPOH BJOJIb IUIOCKOCTH KOHTaKTa TOPHOW IMOPOIM C pe3loM, OONbIIe YeM CKOPOCTh JABIKCHHSA CTPY)KKH
OTHOCHUTEJILHO pe3lia:

@

©)

(4)

Hcnonb3yst BeipaxkeHust (1) n (4) BO3MOXKHO YCTAQaHOBHTH Pa3HHIy HOPMAJIBHBIX JABICHHH IIPH JBYX
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crioco0ax pe3aHusi TOPHUX MOPoA. YMeHbLIeHHe JaBieHuit Ha 25 % npu Xoje pe3la BBEpX B LIEJIOM MPUBENET K
YMEHBIICHUIO CpeTHero AaBieHus Ha 12,5 % u Kak cieacTBre HeoOX0ANMON MOIIHOCTH JUIsl pean3aliiy npolecca
pesanmsa. OmHAKO ClEAyeT OTMETHTh, YTO peanu3aiis Tmporecca BHOpoOypeHus TpeOyeT IOTOIHUTEIHFHOTO
HACTOYHHKA BBICOKOYACTOTHOH BHOparuy (MarHUTOCTPUKTOpA), YTO MPHUBEAET K yMEHBIICHUIO 3()()EeKTHBHOCTH
MIPEUI0KEHHOTO CII0co0a.
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B.C. ITIPOHBKO
Hayuonansnolii MunepanbHo-coipbesoil ynusepcumem «I opruiiiy

OIITUMMU3AIUA ITYCKA HACTOTHO-PET'YJIMPYEMOI'O
JJEKTPOITPUBOJA C HOMOIIBIO TEHETHYECKOI'O
AJI'OPUTMA

Cratesi moOCBsIEHa pa3paboTKe anropuTMa ONTHMAIBHOTO  MYyCKa YacTOTHO-PETyIHPYEMOTO
3JIEKTPOIIPUBOJA TT0 KPUTEPHIO MUHUMYMa MOTEPh SHEPTUH MPU YAOBICTBOPEHUN TPEOOBAHHSAM IO MaKCHMaJIbHO
JOMYCTUMOMY TOKY, YCKOPEHHIO PUBOJHOTO MEXaHN3Ma U BPEMEHH ITyCKa.

Hcnonp30BaHNE TPaJANIIMOHHBIX METOAOB ONTHMH3ALIWH JUIA HaXOXICHHS AaHATUTHUCCKOTO BBIPAKEHHS
MYCKOBOW XapaKTEPUCTUKU 3aTPYOHEHO B CBS3H CO CIOXKHOCTHIO MAaTEMaTHIECKOTO ONHCAHUS ACHHXPOHHOTO
JIBUTATEJIs, BBIIPSMHUTENS. M aBTOHOMHOIO WHBEpPTOpa HampsDkeHHs. Paborta mocesimeHa paspaboTke MeToxa
MOJY4YEeHUsI ONTHMANBHBIX XapaKTEpPUCTHK Ha OCHOBE T'€HETHUYECKOTO aJTrOpUTMa, HCHOJB3YIOMEro MPUHIUI
€CTECTBEHHOT0 0TOOpa JUIsl OCIIeI0BATEIbHOTO NPHOIHKEHNS K ONITUMAIBHOMY PELICHHIO € 33JaHHON TOYHOCTBIO.

JIyist aBTOMaTH4ECKOro MOMCKa ONTUMAaIbHON XapaKTePHCTHKH ITyCcKa pa3paboTaH pacyeTHBIN OJIOK B cpeje
MATLAB/Simulink, Bkirouaromeid MoJelb ACUHXPOHHOTO [BHIaTeNlsi C y4eTOM IMOTEPH B MEAU M CTalH,
NporpamMMy peajn3alii TeHETHUECKOTo aluropurMa Ha si3bike C++, OJIOK CONpPSHKEHUs! TPOrpaMM pasiniuHOTroO BHIA
Y CUCTEMY YIPaBIICHHS TIOMCKOM.

B pesympTare MMHUTAIIMOHHOTO MOJEIMPOBAHUS IIOMY4YECH ONTHMAlbHBIM 3aKOH YNPABICHUS B BHAC
TaONHIBI, MO3BOJIAIONICH OmMpenensTe TpeOyeMylo aMIUIMTyQy Moaynupyromero curHama LIHMM mo texymien
yactote. IlokazaHo, YTO NPHMEHEHHE ONTHUMAJBHBIX ITyCKOBBIX XapaKTEPUCTHUK IO3BOJSIET CHHU3WUTH IOTEPU
SHepruu 3a Bpems mycka Ha 20-30% o cpaBHEHUIO C TPAAULHUOHHBIM JIMHEHHBIM 3aKOHOM.

Hayunslit pykoBoauTesb: A.T.H., npodeccop O.b. lonnn

H.JI. CEHYUWJIO
Hayuonansnolii MunepanvHo-coipbesoil ynusepcumem «I opruiiiy

CUCTEMA MOHUTOPHUHTI' A DHEPT'O®EKTUBHOCTH
MNPEAITPUATUU MUHEPAJIBHO-CBIPBEBOI'O KOMIIVIEKCA

Jnst mpennpusTHA — MOTpeOUTENel JJIEKTPOIHEPTHH B COOTBETCTBHHM C [ 'paXTaHCKUM KOJEKCOM
Poccuiickoit ®enepaliuu KOMMEPUYECKUN YYET 3JIEKTPUYECKOM SHEPruM M MOIIHOCTH O3HAa4yaeT OIPEICIICHUE
(hakTHUeCKH TPHUHATOW TMPENNpUATHEM SJCKTPOSHEPTHMH W MOIIHOCTH, a TaKke pacueT ee CTOMMOCTH B
COOTBETCTBHH C TapU(OM, yTBEPKICHHOM B JlOrOBOpE 3JIEKTPOCHAOKEHUSL.

Bemmemmmii B 2009 rony ®epepanbhbiii 3akoH (D3) “O06 sHeprocOEpekeHUH W O MOBBILICHUH
sHepreTudeckor spdexkTuBHOCTH ...” No261 mpeanuchiBa€T MHOTHUM TNPEINPUSTUSIM IPOBECTH IHEPreTHUECKOe
obcnenoBanre. OCHOBHBIMH HENSIMH SHEPTETHYECKUX 00CIEOBAaHHUHN SBISIETCS MONTyYeHHE OOBEKTUBHBIX JTAaHHBIX
00 00beMe HCIHOIBb3YyEeMbIX IHEPreTHUYECKUX PECypCcOB, YTO B CBOIO O4epenb HE BO3MOXHO 0e3 OpraHu3aluy Ha
NPEANPUSITHN CUCTEMBI KOMMEpUYecKoro ydera. [l peanu3anuu JaHHBIX 33]a4 HEOOXOUMO NPHUJIAaHHE CHCTEME
AJIEKTPOCHAOKEHNS aKTHBHO-aJAIITUBHBIX CBOICTB.

168



Jns mnpumaHus aKTUBHO-aJAaNTHBHBIX CBOWCTB CHCTEME JJIEKTPOCHAOKEHHS HEoOXoamM Habop
nporpaMMmHoO-ammapaTtaeix  cpeacts (ITAC), xoTopelii OyAeT CcImocOoOCTBOBATH MOBBIMICHUIO 3((HEKTHBHOCTH
nepenaqn dexTpodHeprur. [1ox 3¢ HeKTHBHOCTHIO MOHMUMATOT:

® JICICHTPATU3aIi0 (QYHKINH TeHEparii M YIPABICHUS MOTOKAMH 3JIEKTPOIHEPTHH M MHPOpPMAIUH B
JHEPreTUUECKOM CUCTEME;

® CHIDKCHHE 3aTpaT Ha OPTaHM3AIHNI0 CUCTEMBI IIepeIadi SIeKTPOIHEPTHH;

® OIIEPAaTUBHOE YCTPAHCHUE HEUCIIPABHOCTEH;

® BO3MOXKHOCTB TI€PEIAvH JICKTPOIHEPTrUH U MH(GOPMAIIMK B IBYX HAMPABJICHHUAX, YTO SBJISICTCS BAXKHBIM
YCIIOBHEM [T KOHIEIIIIMK PACIPEACICHHON YHEPTETUKY U HCIIOIB30BAHKS BO3OOHOBIIIEMBIX UCTOYHUKOB YHEPTUU
(BUD).

IIpu sToM cucrema MOHHTOpPUHTA 3(PGEKTUBHOCTH NUPCANPHUITANA MHUHEPATBHO-CHIPHEBOIO KOMIDICKCA
JIOJDKHA 00€CIIeYnBaTh:

* TIOJlyYeHHE HAJCKHON M JTOCTOBEPHOW KOMMEpUEcKoil MH(pOpMaIMy Uil aBTOMATH3aIlMH PacyeToB 3a
3JIEKTPOIHEPTUIO U MOIIIHOCTE C MOTPEOUTENIMH ONTOBOTO ¥ PO3HUYHOTO PHIHKA AIIEKTPOIHEPTHH;

* (opmupoBaHHE JOCTOBEPHBIX JAHHBIX IS MMPOMU3BOACTBEHHON M CTATHCTHYECKOW OTYETHOCTH IO MO-
JIE3HOMY OTITYCKY M peaTu3alliy JIEKTPOIHEPTHH, aHaTII3a PEXKUMOB JIEKTPOIIOTPEOICHNUS B TOTEPE;

* moBHIIeHNE ()(HEKTUBHOCTH HCIIOIB30BAHMS YHEPTETHICCKUX PECYPCOB

DHEprocucTeMa Ha OCHOBE aKTHBHO-aJalITUBHBIX CETeH OOBEIUHSET JIBE TOJCHCTEMBI:

® [IOJICHUCTEMA IePEeIavn ICKTPOIHEPTUH;

e noacucreMa oOMeHa HHpOpMaLHei.

Takum o00pa3oM, TOMUMO TpPAJWIMOHHBIX JIMHUH NEpeAaydl BBOIATCS HWH(DOPMALMOHHBIC CBS3H,
00BETUHSIOIINE BCEX YIACTHUKOB PBIHKA JICKTPOIHEPTHU.

OCHOBHBIM KOMIIOHEHTOM aKTUBHO-aanTUBHbBIX ceTell siBisieTcss AUMCKYD.

Hayunsie pykoBoguTenu: 1.T.H, mpodeccop b.H. AGpamoBud, k.T.H., moneHt JI.A. YCTHHOB

A.B. IIIMTAPYH, A.C. AOAHACBHEB
Hayuonansnulii MunepanbHo-coipbesoil yHusepcumem «I opruiiiy

AHAJIM3 METOJI0OB JUATHOCTUPOBAHHS ABTOMOBUJIBHBIX
TU3EJIENR

B KxauecTBe CHJIOBBIX yCTaHOBOK HanOOJIbIIEE paclpoCTpaHEHUE HOIYYHII JU3eIbHBIA JIBUraTeNb, TaK KakK
MMeEET PsiJI MPENMYIIECTB nepei OCH3MHOBBIM aHAIOTOM.

Jnst mopzmepxaHust Ou3eIst B pabOTOCTIOCOOHOM COCTOSHHM CYIIECTBYET IUIAHOBO-TIPEXYNPEANTENbHAS
CUCTeMa TEXHHYECKOTO OOCTyXKHBaHUA M peMoHTa [1].

CymiectBytomue Metos! KoHTpoist TC nuzeneil mo3BoiAIOT ¢ JOCTATOYHON JOCTOBEPHOCTBIO BBIIBUTH HX
(hakTHIECKOE COCTOSHHE, HO TPEOYIOT OONBIINX TPYJ03aTpaT, UCIIOIb30BAHHS JOPOTOCTOSIIETO JHArHOCTHIECKOTO
000pyIOBaHUSI U MOTYT OBITH PEANN30BAHBI TOJIBKO B CTAIIHOHAPHBIX yCIOBHAX.

Meroapl TEXHMYECKOTO aMarHocTupoBanus [1,3], xapakrepusyromme (PU3NYECKyl0  CYIIHOCTB
OIPEJEIIEMbIX JHUAarHOCTUYECKUX IapaMeTPOB, MOKHO CIPYNNHUPOBATH B BHUJE TPEX IPYII: IO BBIXOJHBIM
napaMeTpaM OJKCIUTyaTallMOHHBIX CBOICTB aBTOMOOWJISI; IO IapamerpaM COIYTCTBYIOIIMX MPOLECCOB PabOTHI
ABTOMOOWJISI; T10 TEOMETPUYECKUM (CTPYKTYpHBIM) napamerpam [2,3].

HHaFHOCTI/IpOBaHHe IO BBIXOJHBIM IMapaMeTpaM IKCILUTyaTallUOHHBIX CBOICTB 6a3preTCH, B OCHOBHOM, Ha
UMHTAIUH CKOPOCTHBIX M HArpy304HBIX PEXHMOB PabOTHI M ONPEACICHUHU INPH 3aJaHHBIX YCIOBUAX BBIXOJIHBIX
napaMeTpoB 00bEKTa AUATHOCTHPOBAHUSI.

JlnarHoCTHpOBaHKWE MO ITapaMeTpaM COIMYTCTBYIONIMX IIPOLECCOB 3akiodaercs B omnenke TC mo
W3MEHCHHIO JIABJICHHWS B PA3IMYHBIX IOJOCTSAX, W3MEHEHHIO pacxXola >KHUAKOCTH MW Ta30B, H3MEHEHHUIO
MHTEHCUBHOCTH TEIUIOBBIJIENICHHUS, KOJICOATEIbHBIX ITPOIIECCOB, HAIMYHIO IIPOIYKTOB U3HOCa B Macie [1,2,4].

JlMarHoCTUpOBaHKE 110 TEOMETPUIECKUM NapaMeTpaM OCHOBBIBAETCSI HA OOBEKTHBHON OIEHKE ITapaMeTpOB
B CTaTHKE.

JlMarHoCTHpOBaHKE MO MapaMeTpaM COMYTCTBYIOIIMX MPOLIECCOB HauOosee MEepPCIEeKTHUBHO, TaK KaK OHO
peanmuzyetcst 6e3 pazdopku CY u JOpOTOCTOSAIIEH, CTAITMOHAPHON POU3BOJACTBEHHO — TEXHIUUECKOH 0a3bl.
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4. Texnmueckuii permameHT or 10.09.2009 N 720 "OO yTBepKICHHH TEXHHYECKOTO pEriaMeHTa o
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A.A. ITBIKOB, U.C. ITABJIOB
Hayuonanvuwsiti munepanvro-coipvegou yHusepcumem «I opHuliiy

JTEKTPOTEXHUYECKHUN KOMILJIEKC C 3ABOMHBIMU
JIEKTPONIAPOTEHEPATOPAMM J1JI51 PABPABOTKH
MECTOPOXXJIEHUN TPYIHOWU3BJIEKAEMBIX YIJIEBOJOPO/JIOB

B Hacrosiniee BpeMsi HEYKJIIOHHO CHUYKAIOTCS 3aachl TPAJAUIMOHHBIX 9HEPIeTHYECKUX PECYPCOB, TAKUX KakK
nerkast HedTh, ra3. [loaToMy OrpoMHOE BHUMaHHUE yJIENISETCs IOMCKY HOBBIX albTEPHATUBHBIX HCTOYHUKOB 3HEPTUU
KaK BO30OHOBJISEMBIX, TAKUX KaK JHEPrHs BETpa M COJHIIA, TAK U HEBO30OHOBISIEMBIX, TAKMX KaK BBICOKOBSI3Kas
He(Th, ra30BbIE THAPATEHI.

[TpumepHble MUPOBBIE 3amlachkl MeTaHa B THIpaTe MO pa3IndHBIM UCTOYHHMKAM OIeHUBaroTcsi okoso 3000-
7000 TpiH.T. DTO CPaBHUMO C 3arlacaMy TPaJAWUIMOHHOTO ra3a. M3 ogHOro KyOM4eckoro Merpa ra3oBbIX 'HIPaTOB
MOXHO HOJy4uTh 10 160 M MIPUPOJHOTO Ta3a, YTO MPENCTaBIsIeT COOOH OrpOMHBINM pe3epB IS YeJIOBEUESCTBA.
JloxazaHHBIE MUPOBBIE 3amachl TsDKEIBIX HedTel cocTaBisMoT okojio 810 MIPA.T, BCETO B MHUPE OTKPBITO OKOJIO
1680 mectopoxaenmii. CpenHee 3HaAUCHHEe KOHEYHON He(TeoTHayu NMpH TPAJAMIIMOHHBIX Croco0ax pa3paboTKu
MECTOpOXXKJeHNH BeICOKOBs3KoW HedTn (BBH), mpeamonmararommux 3akadky mapa C IMOBEPXHOCTH, COCTABISET 6-
15%, n 6e3 mpuMeHEeHNsI METOOB MOBBIMICHUS HEPTEOTAATH UX 100BIYa SIBISIETCS BeChbMa HEI((EKTUBHOI.

OO0umMM B TEXHOJIOTHH Pa3pabOTKH MECTOPOXKICHHUN BBICOKOBSI3KOM HE(QTH M Ta30THAPATHBIX 3asiexen
ABJISIETCS HEOOXOAMMOCTh TEIUIOBOTO BO3JECHCTBHS Ha IUIACT M HEMOCPEICTBEHHO Ha 3ajIeXkb, BO3MOXKHOCTH
KOMOMHHPOBAaHHOTO TETIJIOBOT'O M XUMHYECKOTO BO3JICHCTBHSL.

Jis peanmzanuu 9THX 3anad  pa3pabOTaH dSJIEKTPOTEXHUUECKMH KOMIUIEKC Ha OCHOBE 3a00MHBIX
JJIEKTPOTETIOBBIX T€HEPATOPOB, MO3BOJISIIONIMI HMCIOIb30BaTh B Ka4eCTBE TEIVIOHOCHTEINSI arpecCHBHBIC CPEJbI,
TaKHe Kak ropsidasi cojieHast BO/ia, pacCTBOPHI IIOBEPXHOCTHO-aKTHBHBIX BEIIECTB, NO3BOJISIONINX OoJiee 3pPEeKTUBHO
BO3JIeHiCTBOBATh Ha macT. OCHOBOW KOMILIEKca SBIIIETCS 3a00MHBIH JIeKTpomnaporeneparop-pekyneparop (DI1P),
COCTOSIIMIA W3 JBYX KOPIYCOB — TEPMETUYHOTO BHYTPEHHETO, B KOTOPOM IIPOHMCXOAWT DJIEKTPOIHBIH Harpes
TOKOIIPOBOISIICH KUAKOCTH, U BHEITHETO, 3aTI0JTHEHHOTO TPEOYEMBIM TEIUIOHOCUTETIEM.

Jnst moBbIeHust 2PGEKTUBHOCTH TETUIOBOW 00pabOTKM KOMITICKC IMPEATIONaraeT peaau3aiyio pasiTunaHbIX
PEXHUMOB TETIOBOM 00pabOTKH IIIacTa: MapoTEIIOBOTO BO3AEHCTBHSA, MMITYJIHCHO-IO03MPOBAHHOTO BO3JEHCTBHS,
BO3ACUCTBHS TOpsIeil BOJAOW C 100aBICHHEM IMOBEPXHOCTHO-aKTUBHBIX BemlecTB. OCHOBY CHCTEMBI YIpaBICHUS
KOMIUIEKCOM COCTaBJISIE€T NPOrpaMMHUPYEMOE BBIYHCIUTEIBHOE U YIPABISIONIEE MUKPOIPOIECCOPHOE YCTPOMCTBO
(MIICY), xoropoe cobupaer, oOpabaTsiBacT WHPOPMAIMIO NaTYNKOB TOKA, HAIPSDKCHMS, CKOPOCTH, JABICHHUS,
pacxona, peneiHoil 3amuTel 1 obecrieunBaeT yepe3 070K cBsizu bCJl ABYXCTOPOHHIOIO CBSI3b C JTUCIIETYEPCKHM
MYHKTOM.

Kaxnomy 3HaueHMio yacoBod MomHocTH P, (kBT) mpu paboTe CKBa)KMHHOTO HarpeBaTeis J0JDKHA
COOTBETCTBOBATH BIIOJIHE OIPE/IENCHHAS IPOM3BOIUTEILHOCTD IHTATEILHOr0 Hacoca Quoy, (M*/uac). Tak, B pesxuMe
ropsiaeit Bonsl DIII'P nomkeH paboTaTh ¢ MAKCUMAIBHBIM TOKOM Ijay M MHTATEIBHBINH HACOC JOJKEH padoTaTth C
MaKCUMAaJIbHOH MPON3BOAUTENEHOCTEIO Qrax, T.€. ATOT PEKUM SBIICTCS MPEACITEHBIM ISl YCTPOUCTBA.

3a cueT MalOM METAUIOEMKOCTH KOHCTPYKIHH, SKOJOTHYECKOH 0€30MacHOCTH, BO3MOXKHOCTH
WCIIONIB30BAaHUS PA3MUYHBIX THIOB TEIUIOHOCHUTENS AIIEKTPOTEPMHUUECKHE TEXHOJOTHH SBIIOTCS 3P HEKTHBHOM
TEXHOJIOTHEH pa3paboTKH MECTOPOXKICHIHA TPYIHOU3BICKAEMBIX YTIIEBOIOPOJIOB.

Hayunsrit pykoBoauTenu: 1.T.H. mpodeccop D.A. 3arpuBHsIi, K.T.H. acc. B.O. 3p1pun

A.P. AMUJIOBA
Omoenenue Axademuu mexnonoeuueckux Hayk Poccutickoti @edepayuu
6 Pecnybonuxe bawrxopmocman

BJUSAHUE BUGPAIIMOHHOM OBPABOTKHU C AMILJIUTYJHO-
MOAYJUPOBAHHBIM CUT'HAJIOM HA KAYECTBO MOHTAXKA
PE3EPBYAPOB U3 PYJOHHBIX 3AI'OTOBOK

B coBpeMEHHBIX YCIOBHSX IPOHM3BOACTBA HAMOOJEE MEPCIEKTUBHBIM METOJOM H3TOTOBIICHHS
BEPTHKAIBHBIX CTAJIBbHBIX PE3EPBYapOB SABISIETCS METOJ PYJOHHUPOBAHUS, NPH KOTOPOM OCHOBHBIE OIEpPAINU
COOpKM KOHCTPYKTHBHBIX JJIEMEHTOB pe3epByapa HpPOBOMSTCS Ha 3aBOJE-M3TOTOBHUTENIC, M MX JIOCTAaBISIOT Ha
MOHT@)XHYIO IJIOIIAJKy B BUE CBEPHYTHIX B PYJIOH CBAPHBIX MOJIOTHUILL.

OpHako Ha 3Tarne MOHTaKa KOHCTPYKLUH BO3HHKAIOT TPYIHOCTU B IOJIYYEHHH MPOCKTHON (POPMBI CTEHKH
B 00JaCTH BEPTHKAJIbHOI'O MOHTa)KHOTO CTHIKA, M HEJOCTATOYHOE BBINPABICHHE KOHIEBBIX yYaCTKOB ITOJIOTHHII
nepeJ1 oneparnyeil 3aMbIKaHusI KPOMOK B COYETAHWU CO CBAPOYHBIMHU Ae(OpPMALMIMHU IPUBOAUT K TAKOMY JedeKTy,
KakK YIJI0BaTOCTh CBAPHOIO ILIBa. 3a MOKa3aTelb YIJIIOBATOCTH NPHHHUMAETCs cTpeia mporuba f B mecte momamanus
BHYTpPBH OT IIPOEKTHOI 00pa3yromei pesepByapa.
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OnbIT 3KCIUTyaTallid BEPTHKAJIbHBIX CTaJbHBIX PE3ePBYapOB U IKCIEPUMEHTAIIBHBIC HCCIIETOBAHUS,
npoBezieHHbie B MHcTUTyTe AmmextpocBapku uM. E.O. TlatoHa mokasanu, 4to yrioBas Jedopmainusi B CBapHBIX
COC/IMHEHUSIX B YCIOBHUSIX MAJIOLHKIOBOTO HATPYXKEHHS MPHUBOIUT K PE3KOMY YMEHBUICHHIO pabOTOCIOCOOHOCTH
MOHTaXHBIX CTHIKOBBIX COCJJHHEHHIH CTEHKH C MOSBJICHHUEM B HUX YCTaJIOCTHBIX TPEIHH.

Ha mnpaktuke maHHas mpoOieMa YacTHYHO pemaeTcs 00 KOHCTPYKTHBHO (CBapka «3y0daTtoro»
MOHTa)KHOTO CTBIKa, BhIpe3Ka Ae()OPMHUPOBAHHBIX YYACTKOB C MOCIEAYIOICH MPUBAPKOW CIIEIMANbHBIX BCTABOK,
oOpaTHBIN BBITMO KPOMOK II€pe]] CBAPOYHBIMH OIEpaNUsIMHK), JTHOO0 TPUMEHEHUEM CIICIIMANIBHBIX CIIOCOOOB CBapKH,
MPEeyCMOTPEHHBIMU TIPOEKTOM IPOM3BOJCTBA PabOT: CBapka KOPOTKUMH y4YacTKaMHM, ONPENECNICHHBIH IMOPSIOK
HaJIo)KeHUs 1BOB. [Ipy 3TOM B mporecce MOHTa)a 4acTO HEBO3MOXKHO IMPeAyraiaTh, B KAKOW CTEIIEHH CBApPOYHBIC
Orecpalury MOBJIUAIOT HAa BEJIMYNHY YTJIOBATOCTU B BEPTUKAJIBHOM CTBIKE.

TakuM 00pa3oM, BO3HHKAET HEOOXOJMMOCTh KOJMYECTBEHHOTO ONpE/CNICHUsS YPOBHS CBapOUYHbBIX
nedopmanuii B 30He BEPTUKAIBLHOTO MOHTa)KHOTO CThIKa Pe3epBYapoB U pa3paboTku 3()(HEKTHBHBIX MEPONPUSTHI
[0 X YMEHbBIICHHUIO.

B Hacrosimieli paboTe mpeataraeTcss METOJA CHIDKCHHS CBapOYHBIX JeopMaluii ¢ NpUMEHEHHUEM
BUOPALMOHHOM 00pabOTKU C aMILTUTYIHO-MOYJIMPOBAHHBIM CUTHAJIOM B MPOLIECCE CBAPKH.

Ha ocHoBe aHayiM3a IUTEpATYpHBIX UCTOYHHUKOB CJIEAYET OTMETHTh, YTO HU3KOYACTOTHbBIC KoJjeOaHus C
amMIMTynoit no 1 MM, mNpuKiIagbiBacMble B IONEPEYHOM HAMPABICHUH B BEPTUKAIBHON IUIOCKOCTH,
MEePIEeHANKYJISIPHON OCH CBApPHOTO I11BA, OKA3bIBAIOT MOJIOKHUTEILHOE BO3ACHCTBUE HA IMPOLIECC KPHCTAILUTU3ALNN
MeTajula 1IBa, U3MENBYAIOT U YIIOPSAA0UMBAIOT €ro CTpyKTypy. Kpome Toro, BuOparonHoe KonebaHne cBapouHON
BaHHBI YCTAHABJIMBAET TEIUIOBOE PABHOBECHE B KPHCTAIUIMYECKON PEIIETKE ¥ CHIKAET KOJINYECTBO IOP.

B xozme sKCrepMMEHTOB CpaBHHMBAINCH pa3Mepsl M (opMma CBapoYHOH BaHHBI B IONEPEYHOM CEUYCHUH,
MOJIyYeHHBIE NP CBapKe C COIYTCTBYIOIIEH BHOpooOpaboTKoi u Oe3 Hee. YCTaHOBJIEHO, YTO NPHU NMPUIOKEHUU
BUOPALMOHHBIX KoJIeOaHUH jocTHraercst Oosbluasi riyOMHA NPOIUIABJICHMS, NPHU TOM IIMPHHA CBAapHOIO IIBA
MEHBIIIE, YeM TP CBapKe B OOBITHBIX YCIOBHSX. Takas opma cBapHOTO mIBa OoJiee OIaronpusTHA C TOUKH 3PEHUL
OCTaTOYHBIX CBApOYHBIX aAedopmaiuil. BellleckazaHHOE MOATBEPIKAACTCS pacyeTaMH, M[POBEICHHBIMU B
POTPaMMHOM cpelie ANsys, pealn3yoiiel MeTo | KOHEYHbIX AIEMEHTOB.

Ha stane mMozaenupoBaHusi B IPOrPaMMHOM KOMILIEKce ANSYS ObUIH MOCTPOCHBI TEOMETPUUYECKUE MOJACIH
TUIACTHH, COCJINHEHHBIX CTHIKOBBIMH IIIBAMH C Pa3HON OTHOCHTENBLHOW TTyOuHOM mipoBapa h/S (OTHOIIEHHE BBICOTHI
IIBa K TOJIIHWHE TUTACTUHBI) (PUCYHOK 1).

a—h/s=0,6;6-h/s=0,9
Puc. 1. dopma cBapHOro 1msa

3agaya ornpejeseHus] HanpsDKeHHO-Ae(OPMUPOBAHHOTO COCTOSIHUS KOHCTPYKUMHM B ANSYS CBOAMTCS K
PEILIeHUIO TeMIIepaTypHOil 1 MEXaHMYECKOH 3a/1au ¢ y4eTOM IUTacCTHYecKuX aedopmanuii v noazydectd Mareprasia
KOHCTPYKIINH.

ITpu permennn TemMnepatypHoOi 3a1auu OBII 3a/1aH MIPOLECC OCTHIBAHUS MOJICIH B 30HE MOHTa)KHOTO CTBIKA
B YCIIOBHSIX €CTECTBEHHOW KoHBeKIuH. [IpuMensuics koHeunslit anemenT PLANE77, mpu sToMm Termmodusuaeckne
CBOHCTBa MaTeprasia KOHCTPYKINH — TEIUIOEMKOCTb, TEIIONIPOBOAHOCTD, KOA(P(HUIIMEHT TEIUIOBOTO PACIIUPEHUS —
3aJaHbl KaK IIEPEMEHHBIE B 3aBHCHMOCTH OT TEMIEpaTypbl. B KadyecTBe TI'paHWYHBIX YCIOBHH MPHIIOKEHA
KOHBEKTHBHAS TEIIOOTAA4a C BHEITHUX ITOBEPXHOCTEH.

Ha srtane cTpykTypHOM 3amaud M3MEHEH THUI 3JIEMEHTa Ha COOTBETCTBYIOLIMN KOHEYHBIH 3JIEMEHT C
MexaHnueckumu cBoiictBamu — PLANE183, 3agansl ynpyrue u miuactudeckue cBoiicTBa marepuana. IIposeneno
CUNTHIBAHUE PE3YJIbTATOB TEMIEPATypHOTO aHalIM3a M IPWIOKEHHUE TEMIIEpaTypHBIX IIOJICH K CTPYKTYPHBIM
JJIEMEHTaM B BHJE Harpy3ku. B kauecTBe TpaHMUHBIX YCJIOBUH IPHIIOKEHBI OrpaHUYEHHs IiepemelieHui. B
pe3ysbTrare pemeHus ObLIN TOTyYeHbl KAPTUHBI 9KBUBAJICHTHBIX OCTATOUHBIX HANPSDKCHUI U YIIIOBBIX AedopMaruii
(pucyHoK 2).
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a 6
a — DKBUBAJICHTHBIC HANPsDKEHUs, O - nedopmanmm

Puc. 2. Hanpsprenno-aedopmupoBanHoe cocrosiaue oopasma (h/s =0,9)

Pesynpratel onpenenenus nedopmanuii B BUAE YIIIOBATOCTH MOJETCH CBapHBIX KOHCTPYKLHMI C pa3HOU
OTHOCHTENIFHOW TIYyOMHOW MpoBapa IMOKa3alH, YTO C YBEIMYEHHWEM OTHOCHTENBLHOW TIYOHHBI IIpoBapa 3HAUYCHUS
nedopmanuii yMEHbIIAIOTCS.

Janee B X0/ie MCCIIEIOBaHUI BEIHCH MOUCKH PEXKUMOB COMYTCTBYIOIICH BHOPOOOPAOOTKH, MO3BOSIOIINX
JIOCTUTaTh HAWITYYIIETO 3P PeKTa CHUKEHUS OCTATOUHBIX JAedopmanuii. [IpoBOIMINCE IKCIEPUMEHTHI TIPU CBapKe
mwractuH u3 ctanu 0912C tonmmmHOM 4 MM, pacCMAaTPUBAIKCh PEKUMBI Oe3 BHOpaiuu, ¢ BUOPOOOpabOTKOW Ha
MMOCTOSIHHOW aMIUIUTYJIE U ¢ BUOPOOOPaOOTKOM Ha aMILTUTYIHO-MOIYJIUPOBAHHOM CHTHalC (PUCYHOK 3, Tabnwuia
1).

DKcneprMeHTH TPoBOIMINCh Ha BuOpocTenae BOJIC-400, aMmuntyiHas MOAYJISIMS OCYILECTBISIACH 32
CYeT M3MEHEHUS BHOPOYCKOpEHHs B mpenenax 5..25 M/C?, TIpH 9TOM YacToTa Hecymiero Koyiebanus Obl1a MPUHATA
50 I'm, a yacToTa MOIYTUPYIOIIETO CHrHaja ycTaHOoBMiIachk B 1 I'm. XapakTtep koyeb6aTebHOTO IBIKEHHUS B 3TOM
CIIydae MOKET OBITh ONMCaH ypaBHECHHEM

A=0,17-[1+0,566c0s(2x-t)]-cos(100x-t),

rae A — ammmuTyzna Bubpoxosiebanmii, MM; t — Bpems, .
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a — Ha MMOCTOSTHHOW aMIUTUTYAE; O — C aMIUTUTYAHON MOIYIISAIIUEH

Puc. 3. BubparnoHHbie KoaeOaHust

Tabmuma 1

Pexxumbr 06paboTku 00pas3on

BuGpoyck VYraosarocts f, MM
Yacrtora AMmutyna
No Pexxum cBapku . M OpeEHHUe, No skcniepumenTa
konebauuit, I'ng KoJIeOaHui, MM 2
MM/C 1 2 3
1 Bes Bubparuun - - - 6 7 7
2 .
C BH6poou6pa60TK01/1 Ha 50 06-0.8 5 5 4 4
MOCTOSTHHOM aMIUTUTY/Ie
3 C BuHOpoOOpaboOTKOH Ha - Hecymas — 50,
aAMILIATYTHO- - MOJyJIUpYOLIas — 0,073 -0,265 5-25 3 3 4
MO/IyJIUPOBAHHOM CHTHAJIE 1

W3 cpaBHHUTENbHOI TaOIHMIBI BHAHO, YTO BHOpOOOpabOTKa Ha aMIUTUTYZHO-MOIYJIHPOBAHHOM CHTHAJE
COIPOBOXKIAETCS HANMEHBIINMH OCTaTOYHBIMU JIepOpMaLUIMH.

Takum 00pa3oM, MCCIEIOBaHUS MOKA3alld, YTO MPH CBapKe 3aroToBok u3 craimu 0912C comyrcTByIOMIas
BUOpaLOHHAsT 00paboTKa C aMIUIMTYJHO-MOIYJIMPOBaHHBIM curHaioM mpu ammuuryzae ot 0,073 MM o 0,265 mm
3¢ peKTUBHA C TOYKH 3pEHUsI CHIKEHUsSI OCTATOYHBIX CBapOYHBIX AedopManuii B Buae yrioBaroctd. IlomyueHHsie
pe3ysbTaThl MOTYT OBITh YYTEHBI NPH IJIAHUPOBAHMH MEPONPHATHH IO MOBBILIEHUIO TOYHOCTH T'€OMETPHYECKOM
(hopMBI B 00JIACTM MOHTQ)XXHOTO CTHIKA IPU MOHTa)XC BEPTHUKAJIBHBIX CTAJBHBIX PE3EPBYapOB U3 PYJIOHHBIX
3arOTOBOK.

Hayunb1i1 pykoBoauTeNb: K.T.H., 101eHT A.M. Dalipymun
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Hayuonanouwiii mexnuueckuii ynusepcumem Yxpaunol "Kueeckuti nonumexuuyeckuit uncmumym"

PA3PABOTKA MATEMATHYECKOM MOJEJIU ITPOIIECCA
YIINIOTHEHUA ITIOBEPXHOCTHBIM PABOYUM OPI'TAHOM C
INOITEPEYHBIMU KOJIEBAHUSAMMU B YCJIOBUAX CTPOUTEJBCTBA
TYHHEJIA

Bo3BeneHne TOHHENEH SBIAIOTCS CTPOMTEIBHBIMH NPOU3BOACTBAMH C ITOBBILIEHHOW TPYIJOEMKOCTBIO U
ce0ecTonMOCTbI0. [[1Isi CTpOUTENbCTBA TYHHENEH 3aKPHITBIM CIIOCOOOM B YCIIOBHSIX TOpOJia C IIEbl0 yMEHbBIICHUS
0CaJIKi MOBEPXHOCTH HCIIOIB3YIOT IPOXOIYECKUE LIUTHI, YTO TIO3BOJSET CTPOUTH TOHHEIH ¢ KOMOWHHPOBaHHBIM
KpeIluleHHeM OOJbLIMX AMaMeTpoB. BHemHMH cinoil KperuieHus oOpasyeTcs IIyTeM INEpBUYHOTO M BTOPUYHOTO
HarHetaHusi 0e3 YIUIOTHEHHS I[EMEHTHO-IIECUYaHOl CMeCH ¢ TPYOHOE NMPOCTPAaHCTBO, YTO TPeOyeT 3HAUYNUTEIBHBIX
3aTpaT PYYHOTO TpyJa W Iepepacxola BsDKYIIMX KOMIIOHEHTOB JUISi IIPEJOCTABICHUS CMECH HEO0OXOIUMBIX
TEXHOJIOTHUECKUX MapaMeTpoB. OJHUM M3 TyTed WHTEHCH(UKALMK M MEXaHW3alHUu Mpolecca BO3BEICHHUS
BHEIIHETO CJOSl KPEIUICHWS TOHHENS SBIICTCS TPHUMEHEHHE BHOPANMOHHOM IOBEPXHOCTHOH TEXHOJOTUH
YIUTOTHEHHS.

IToBepxHOCTHBIE BHOpPANMOHHBIE MAIIWHBI JUI YIJIOTHCHHS OETOHHBIX CMECEH OTIMYAIOTCA TEM, 4YTO
paboumii opran B  BHUIE
JKECTKOM  IUIMTBI,  KOTOpas
KoneOiercs, JAEWUCTBYeT Ha
TOBEPXHOCTH n3acinga Ui
3JIeMEHTa KOHCTpyKuuu. Takue

AN

MaIlUHBI LIMPOKO
UCTIOJIB3YIOTCS JJIS TTOJITOTOBKH
OCTOHHBIX W TPYHTOBBIX
OCHOBaHMWH, ($yHIaMEHTOB
COOpY>KEHUH, pu
CTPOUTEIBCTBE LIEMEHTHO-
OETOHHBIX "
I I 11 ac(aIbTOOCTOHHBIX TOKPBITHI
JIOPOT, TIpU  CTPOWTEIHCTBE

apMOOETOHHBIX KOHCTPYKIHUH,

. CTPOUTEIIbCTBE
Puc. 1. Cxema poTOpHOTO MPOXOJIESCKOTO MIUTA C IOBEPXHOCTHO CKOJIB3SIIICH
MPPUTallMOHHBIX 31
BHOpAIIMOHHBIE PAOOYNM OPTaHOM
THPOMEITUOPATHBHBIX

coopyxenuit [1, 2]. HecMoTps Ha mmpokoe MpUMEHEHHE MOBEPXHOCTHOTO HETMPEPHIBHOTO (HOPMHUPOBAHUS, €TO
UCIIONIb30BAaHNE B TOPHOM CTPOUTEIBCTBE OrPAaHWICHO OTACIBHBIMH CIIydasMH BO3BEICHHS MOHOIUTHOTO
KpeIUICHHsT TOHHeJeH ¢ IIOMOLIbI0 MepecTaBHOM omanyOku. [IpyuyMHONH OrpaHMYEHHOTO NPHUMEHEHUS
MOBEPXHOCTHOTO (pOPMHUPOBAHHMS SIBISAETCS CIOKHOCTH CBSI3aHHBIE C YAEP)KaHUEM THKCOTPOITHO-ITPeoOpa3oBaHHOM
OeToHHOI1 cMecH.

Ilpn BO3BenEeHMM TOHHEJEH MPOXOJYECKMMH IIWTaAMH BO3MOXXKHO BHOpAIlMOHHOE  YIJIOTHEHHE
NPUKOHTYPHOTO CJIOS KOMOMHHUPOBAHHOTO KPEIUICHUS! ITOBEPXHOCTHBIM CKOJIB3SIIIMM BHOPALMOHHBIM PabOvYnM
OpPTaHOM, YTO I03BOJISIET UCIIOJIB30BATh OETOHHBIE CMECH C BBICOKMMH TEXHUKO-3)KOHOMHYECKHMH TTOKa3aTeIIMU U
TOBBIIIATh IKCIUTyaTalMOHHBIE ITOKA3aTENN IOA3EMHOTO cOoOpykeHMsI. Cxema paboThl pOTOPHOTO MPOXOTIECKOTO
IIMTa C TIOBEPXHOCTHBIM CKOJB3SIIUM BHOpPAIMOHHBIM PabOdMM OpraHoM mpezcraBicHa Ha puc. 1. Cexmms
MIPOXOYECKOTO IIUTa C TIOBEPXHOCTHBIM CKOJB3SIIINM BHOPAMOHHBIM pab04YnM OpraHOM pasJiefieHa TpH JacTu: | -
30Ha mojaun OeToHHOW cmecw; II - 30Ha BHOpPAIMOHHOTO MOBEPXHOCTHOTO YIUIOTHEHHS MOHOJIUTHOTO CJOS
kpermtenust; 11 - 30Ha cBenenns coopHoro kpemieHus. OTINYINTETbHOW 0COOCHHOCTBIO SIBIISIETCS] HATTMIHE THOKOTO
KPHUBOJIMHEIHOTO (KpyroBOIro) BUOPALMOHHOTO Pab0vero opraHa OCyIEeCTBIISIOIIET0 MONepeYHbIe KOIeOaHH .

s co3manus BUOPAIMOHHBIX OETOHO(DOPMYIOUMX MAIUH HEOOXOIUMO CO3[aHHE METOJWKU pacueTa,
KOTOpasl TO3BOJISIET YYeCTh TIEOMETPUUYECKHE M MEXaHWYeCKHe IapaMeTpbl cpel U paboyux OpraHoB.
CyliecTByIOIIME METOJBI pacueTa MPOLECCOB BUOPALMOHHOTO YIUIOTHEHHS! OCHOBAaHHBIE Ha PacCMOTPEHUU
TIOBEJICHHS DJIeMEHTa OETOHHOW CMECH B BUJIE YIIPYTOTO CTEPKHS IPHU OJHOOCHOM CXKaTHH, Ha KOTOPBIH JeiicTByeT
aOCOJIFOTHO JKECTKWI TulOCKWil paboumii opraH. lcnonb3oBaHWEe JTOrO TOAXO/Aa OTPAHMYEHO YCIOBHSIMH
MpOBEJCHUST PabOT IO BO3BEICHUIO TOHHENS BHOPALMOHHBIM METOJOM, OCOOEHHOCTBIO KOTOPOTO SIBIISICTCS
KPHBOJIMHEHHOCTB ¥ THOKOCTh pabounx opraHoB. Kpome Toro, MopenupoBaHue cpesibl B 3JIeMEHTe OETOHHOM cMecH
B BHJIC YIIPYTOTO CTEPXHS IIPHU OJHOOCHOM C)KaTHH HE COOTBETCTBYET BS3KO-TIIACTHYECKOH NMOBEACHUH CPEbl NPH
€ro YIJIOTHEHHHM B YCIOBHSAX TOPHOW BBIPaOOTKH. Jlisi MOIENMpOBaHMS MOBEACHUS pabOdYMX OpPraHoB NpH
B3aUMOJACHCTBUN C THKCOTPOITHOM-IIPEBPAIICHHOW OETOHHOH CMEChI0O BO3MOXKHO HCIIOJIb30BAaHHE IPUHIMIIOB
rugpoauHaMuKd [3]. OCOOGEHHOCTBIO MOAETMPOBAHUS IBIDKEHHUS TeNl NPH HCIONb30BAaHHM BBIIICYHOMSHYTBHIX
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TIPUHITAIIOB SBJISIETCS YUET CPEIbl B BUAE NMPHCOSINHEHHON Macchl. TakuM 00pa3oM, Mporece YIIOTHEHHS THOKIM
KPUBOJIMHEHHBIM BHOPAIIMOHHBIM pabovnM OpPTaHOM, OCYIIECTBIIAIONINM IIONEpEYHBIe KOJIeOaHHs, CIIPaBEIINBO

NPEACTaBUTh B BHJE KOJEOAHUS AYTH C HAYAIbHBIM DPagHyCcOM R ¢ npucoemnuennoii maccoii npu aeiicrun
HArPY3KH, MOAYMHSCTCS rapMoHMueckoMy sakony P = Fy COS( k). Pacuernas cxema ompesieieHus OCHOBHBIX

apaMeTpoB Mporiecca KPUBOJIMHEHHBIM BUOPAIIIOHHBIM pabovrM OpPraHOM IpeCTaBlIeHa Ha puC. 2.
[Ipu wuccnemoBaHWM JBWKEHUS pabodyero opraHa HCHOJB3YEeM CTATHYECKHH METOA HCCIEeIOBAHUS
JIMHAMUKY CTepXKHEH cTpouTenbHOU MexaHukH. [Ipu 3ToM cucTeMy ¢ pacnpe/ieIeHHBIMU apaMeTpaMy MPeICTaBUM

KaK CHCTEMY ¢ COCPEOTOUEHHBIMU PaBHBIME Maccamu: My =My =Mg =My =Mg =(Mmg+mg )/ 5,

roe M p - Macca pabouero oprana; My - npucoeauHEHHAs Macca OeToHa.

Puc. 2. PacyeTHas cxema HMCCieIOBaHUS TMHAMUKY KPUBOJIMHEHHOTO paboyero oprana

[IpencraBneHHas cucrtemMa JECATh JUHAMHYECKHX CTENCHEW CBOOOJBI M3 pacueTa MO JBE HAa KaKIYIO
cocpenoroucHHyr0 Maccy. CraermaeM  MpeamnosioXeHWe 00 OTHOCHUTENBHO  HEOONBIIMX — EePEMEIICHHUIX
COCPEIOTOYCHHBIX MAacC BJOJB OCH pabodvero OpraHa IO CPAaBHCHHIO C IOMEPCYHBIMU NEPEMCIICHUSIMHU, YTO
MO3BOJIUT BJIBOC COKPATHTh KOJUYECTBO CTereHeil cBoOombl. Mcmonbdyem ycioBue paBHOBecus JlamambOepa,
JO0ABIISASA K CUCTEME CHIIBI MHEPIIUH:

Fi =-m;i¥i =-myj; /8.
Ha ocHOBaHWM NIpHHIWIA HE3aBHCUMOCTH NEHCTBHS CHJI MPEICTAaBUM IIONHBIC NIEPEMEIICHUS Macc Kak
CYyMMY II€peMelICHU OT AeHCTBUS Kax 101 critbl (puc. 2):
Vi =0j1F1 +0j2F2 +06j3F3 +dj4F4 +dj5F5 +8ipP(t) (1)
rae Ojk - HepeMelleHne K no manpaenenuio ot neicteus | u cunet P (puc. 2)
W3 cuctembl ypaBHEHHUH MOKHO HalWTH (GOpMBI KoneOaHWH W 9acTOTHI CBOOOIHBIX KoJieOaHUH paboumx

opranoB. Jlna pabouero oprama pammycom R =31 , o6meii Mmaccoii mg + M3 =908 wu ¢

xectkocTeio EI = 2,352 % 105 Il wacrora cBOGOHBIX KONMEGAHMIT 1 GOPMBI KOTCOAHHIL:

0.5 1 1 1 1
0.866 1 0 -1 || -1707
1 0 -1 0 1.924
w=12x% 103 ;896.7;505;217:43 | 0ge6 || -1 || 0 1 _1626
05 -1 1 -1 0.924

OrnpeneneHue 3Ha9eHUN MaTpHIl GOPM B 4aCTOT KOJIeOaHUH SBISICTCSI OCHOBOM TSI pacdeTa mepeMeneHui

OT JIeHICTBUS CUJIBI P(t). [onpoOGHsIii anropuT™ pacuera KojieOaHWH CTEP)KHEBBIX CHCTEM IIpHBEAEH B padote [4].
Oco0eHHOCTh IPUBEICHHONW METOJUKH ITO3BOJIIET YYECTh IOTEPU YHEPTHH, PACXOLyeMOil Ha yIJIOTHEHHE OeToHa B
BUJIe KO3((DUIMEHTA THCTEPE3UCHBIX TTOTEPb. Y CTAHOBUB aMIUIMTYAY NepeMEIIEHHs COCPeIOTOYCHHOM Macchl 3, B
KOTOPOH NMPUJIOkKEHA CUJIa BO3MOXKHO HAliTU MOILITHOCTH IIpoliecca yIIoTHeHus [1]:
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N_EPXG
_2 0A3Y"

rac n 9 - AMIUIMTyaa M yIjoBasg CKOPOCTb CHIIbI, Xq - aMmiuTyaa KoJIeOAHUH TOYKH MPUIIOKCHHS
3

CHUIBI.
s paccMaTpruBaeMoil CHCTEMBI TIPH BO3JIEHCTBUN HATPY3KH, ITOTIMHSACTCS TAPMOHHYECKOMY 3aKOHY, TIPH

Ry =1000H ¢ yrnosoii ckopoctsio 3141 AMIUTHTYa KOJNEOAHU TOUKM IIPHIOKCHHS BHOPAIMOHHOM

. -3;
o6o6menHoi cumer X3 =1.3%X10 “1 | cocraur 204 Br. PeanbHoe 3HaueHHE MOLIHOCTH IPUBOAA HEOOXOMMO

KOPPEKTHPOBATh C Y4ETOM OCOOCHHOCTEH MPUBOJIAa U KOHCTPYKIIUU BHOpaTopa.

IpucoemuHeHHas Macca OETOHHOW CMECH 3aBHCHT, KaK OT e¢ (DM3MKO-MEXaHUYECKUX MapaMEeTPOB, TaK OT
TEOMETPUHM U YaCTOTHI KOJICOaHUs pabOdyero opraHa M MOXKET ONPEACHATHCS MO TECOPHH CBOOOIHBIX KOJIeOaHH
CTEp>KHEHN B KUIKOCTH [5].

Co3aHHasT METOJUKA pacueTa OCHOBHBIX CHJIOBBIX W JHEPreTHYCCKHX IMapaMeTPOB BHOPAIMOHHOU
TTOBEPXHOCTHOW OETOHO(MOPMYIOIIEeH CeKIWN YIDIOTHEHHS MPHUKOHTYPHOTO CIIOS KPEIUICHHS TOHHEJS IO3BOJISIET
YYeCTh TEOMETPUUECKUE W MEXaHIMUECKUE MapaMeTphl paboYnX OpraHOB MPH CO3JAaHUH MAITUH ITO00HOTO KiIacca.
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CHARACTERIZATION OF GAS ATOMIZED FE-CR-MN-NI STEEL
POWDERS

Abstract

The aim of the current work is to determine the cooling rate during gas atomization by using final dendritic
structure of particles of atomized steels — determination of secondary dendrite arm spacing SDAS. Within the current
work stainless TRIP steels (16%Cr, 9%Ni) with a variation in sulfurous, phosphorous, manganese were investigated.
After the subsequent sieving (>200um, 200-100pm, 100-63um, 63-45um, 45-25um, <25um) particle fractions were
embedded in metallography, polished and investigated on an optical light microscope for characterizing SDAS and
the shape factor of particles. The correlation of SDAS as a function particles diameter will be finally presented.

Introduction

TRIP/TWIP-steels possess a number of necessary properties, such as high strength, pronounced work
hardening and high ductility (examples for these materials are highly alloyed Cr-Mn-Ni steel) [1]. Depending on
chemical composition and temperature a large variety of these metastable steels can show different deformation
mechanisms and composition such as: a fully austenitic microstructure [2] or the multiphase microstructure
containing ferrite, and retained austenite [3]. The purpose to improve properties of pure matrix material, e.g.
increase of yield strength, strain hardening and elastic properties is today’s industrial important aim for further
efficient development of Composites with a metal matrix. The composite materials made through powder metallurgy
have to meet the highest requirements and properties of a finished product [6, 7, and 8]. A promising Composite -
Metal Matrix Composites (MMCs), consist as matrix metastable austenitic steel with (TRIP) effect, which
reinforcements made of partially stabilized zirconia ZrO, (PSZ) - the ceramic part. The CRC 799 “TRIP-Matrix-
Composite™ is an important project at the Freiberg University of Mining and Technology, which is intended for
design of new composite materials which were manufactured using wrought steels and a sintering route and consist
of TRIP/TWIP steel and ZrO, ceramic powders [9, 10].

For production of steel powder a Vacuum Inert Gas Atomization apparatus was installed at the Institute of
Iron and Steel Technology, Freiberg. The atomization, combined with melting under inert gas atmosphere, satisfies
specific quality criteria:

a) Spherical shape of particles

b) High cleanliness manufacturing
¢) Rapid solidification

d) Homogeneous microstructure.

The principle in metal spraying is according close-coupled gas atomization, which is an important
technique device for the production of the powders possessing certain properties; i.e. fine and spherical. One of the
advantages of this process is achievement of drops high cooling rates during solidification [11,12]. As a result of
rapid solidification, structure possesses a decrease in segregation, higher solid solubility, and a finer microstructure
which gives better chemical homogeneity, a more corrosion resistant end product and more favorable hot- and cold
working properties [13].

Experimental

Scientific interest in determination of the cooling rate as major parameter in the course of solidification
motivates scientists to creation of various theories and concepts, giving to this day the flavor about process of
transition of liquid substance to the solid. However, studying of this question is complicated by immediately fast
course of reaction of cooling and solidification and consequently doesn't give in to mechanical measurements. It is
possible, to determine cooling rates during gas-atomization by means of theoretical model [14] or using final
dendritic structure of particles of powder — determination of SDAS or DAS (secondary) Dendrite Arm Spacing . Such
models are described in literature [15, 16].

The distance between the secondary arms of the Dendrites is called SDAS or DAS (secondary) Dendrite
Arm Spacing. It is defined mechanically. To the definition of DAS calculate the general length of distance from the
first to the last arm (Figure 2), so the measuring length L in millimeter. Taking into account the enlargement V
grindings picture it is divided by the number of n of the dendritic arms located on this distance and on the unity pum

converted [18] (see equation 1).
L
ha = 1)

n-v
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Figure 1. Sketch of the CLOSE-COUPLED gas-atomizer by the Institute of
Iron and Steel Technology, Freiberg

DAS is growing with a slowdown of cooling rate. It influences for example properties by steel casting more
intensive then primary corn size. Particularly, impact strength and ultimate elongation at break decline with
increased DAS [18]. The interest is resulted from the fact that secondary dendrite arm spacing determines the micro-
segregation pattern and that the cooling rate can be estimated from the secondary arm spacing of cast alloys [19, 20,
21]. In the present work were for the examined alloys 16-7-6 VV_Mn (with 0,15-25% Mn) and 16-7-9 S (with 0,01-
0,03 S) by the grain classes 45-63 pm and 63-100 pum, as well as for 16-7-6 P (with 0,02-0,2% P) by the grain class
45-63 pm the cooling rate by the measured SDAS estimated.

The evaluation of the cooling rate occurred with the following equation [5]:

;=a-T7° )

The constants a and b depend on the specificity of the alloy [17]. In this work the constants a and b were
chose by Scheller et Al. [22]. The value from a is 158 and from b 0.38.
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Figure 2. Direct measurement of the SDAS with an analysis program

Figure 3. The evaluations of T by the measured SDAS at the
manganese-alloyed

With the enlargement of particle diameter by alloys 16-7-9 S and 16-7-6 P rises the SDAS. By the alloys
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16-7-6 V_Mn these connections is also dependents on the content of manganese. In the case of the V_Mn alloys the
same particle diameters show different arm spacing. The calculation of the manganese’s enthalpy of vaporization for
one drop was carried out by the supposition, that the change of the manganese’s salary influences the solidification
processes alloys V_Mn. They amounted: by the alloy V_Mn_1 with 0.15% Mn to 0.93%, by the alloy V_Mn_4 with
approx. 10% Mn to 2.16% as well as by V_Mn_6 with 25% Mn approx. 4% of the absolute value of the thermal
energy. Such a low extraction of heat, which is caused by the vaporization of the manganese cannot influence
substantially the solidification processes, nevertheless, the results smaller secondary dendrite arm spacing during the
enlargement of the manganese content point to their dependence on the manganese’s percentage in the alloy. Thus it
is to be closed, that beside the T, is also the segregation before the solidification front influence. This leads to the
change of the constitutional undercooling before the solidification front, what causes the change of the SDAS. After
the evaluations of T by the measured SDAS were calculated the highest values of cooling rates at the manganese-
alloyed and sulfurous-alloyed, these amount to 10° K s™. By the manganese-alloyed is the following dependence
recognized: with the enlarged manganese’s content decrease the values from SDAS, heights cooling rates were
estimated by the particles of powder, which contain approx. 25% of manganese.
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ADVANCED MATHEMATICAL TREATMENT OF SPECTRAL DATA
FROM INDUSTRIAL XRF ANALYZERS IN COPPER SOLVENT
EXTRACTION

Introduction

Hydrometallurgy is a specialized branch of extractive metallurgy dealing with metal recovery from ores,
concentrates, and other metallurgical intermediate products by wet methods [1]. In copper solvent extraction (SX)
the pregnant leach solution produced by the leaching operation is brought into contact with an organic extractant
(RH) to generate an electrolyte from which high quality copper cathode can be electrowon. The organic extractant
removes Cu®* from pregnant leach solution by the extraction reaction [2]:

2RH(org) + Cu*(ag) <« R,Cu(org) + 2H*(aq)

stripped organic PLS (1 -10g/L Cu) loaded organic raffinate (0.05 — 0.5 g/L Cu)

At copper solvent extraction and further electrowinning (EW) stages complex process equipment and
different physical and chemical properties of streams makes sampling a very challenging task. For that reason
various spectroscopic methods are in great usage in hydrometallurgy. Spectra of X-ray radiation are under
investigation in spectroscopic area called X-ray fluorescence.

Physical phenomena

X-ray fluorescence (XRF) is an emission of characteristic “secondary” X-rays in a form of photons from a
material being exposed to high-energy X-rays or gamma rays. When material is being bombarded with photons with
energy higher than ionization potential of an atom, ejection of an electron from its orbital occurs. Electron
transitions between inner shells of the atom may generate so-called characteristic x-radiation that is a line emission
which can be attributed unambiguously to the elements [3].

Industrial XRF analyzers equipped with automated sample feed, x-ray tube and detector are widely used in
hydrometallurgy to monitor elemental composition of process streams to maintain product quality at the desired
level.

Chemometrics

Chemometrics is a chemical discipline that uses mathematics, statistics, and formal logic to design or select
optimal experimental procedures; to provide maximum relevant chemical information by analyzing chemical data;
and to obtain knowledge about chemical systems [4]. Various multivariate statistical techniques exist, such as
Principal Component Analysis (PCA) and Partial Least Squares (PLS).

Principal Component Analysis is basically an orthogonal decomposition of data according to size of the
variation of the data giving orthogonal score (T) and loading (P) vectors for any matrix. The main reason for the
popularity of PCA is its ability to reveal special geometric features in data, like tendencies for grouping of samples
or variables (correlation), dimensionality of the data and similar things [5].

Principal Component Analysis may be utilized to solve a regression problem, then it is called Principal
Component Regression (PCR). Generalization of PCA is Partial Least Squares (PLS) theory developed by Herman
Wold [6]. It can be regarded nowadays as the most popular method of multivariate calibration. The Partial Least
Squares Regression is an approach to regression analysis, where improvement in the fit is balanced against the
increase in model uncertainties [5].

Orthogonal decompositions of spectra (X) and measured concentrations (c) in matrix notation are obtained
as follows:

X=T.P+E c=Uqg+f

where X — spectra, IxJ matrix; T — scores, IXA matrix; P — loadings, AxJ matrix; E — residuals of spectra, I1xJ matrix; ¢ —
concentrations, Ix1 vector; U — scores, IXA matrix; q — loadings, Ax1 vector; f — residuals of concentrations, Ix1 vector; | —
number of samples, J — number of variables (wavelengths), A — number of latent variables (compounds in a mixture).

By definition the PLS solution is separated from the PCR solution in a way that in PLS solution is
orthogonally rotated in a way to maximize covariance between solution matrices, namely score vectors T and U [5]:

maximize (' - )7 = maximize (q'¥V XP)?

Results from industrial XRF analyzer data

In copper solvent extraction process monitoring, samples may be analyzed in parallel with industrial X-ray
spectroscopy and off-line with laboratory instruments. Thus the response matrix of concentration values is obtained.
Further, the spectral variables (intensities) are regressed onto responses (metal concentrations) with usage of PLS, so
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the calibration model is obtained. The regression model is given by:
c;=PF1 X1+ BoXa;+ o+ BaXy: + & where B = (fy..... B4) — regression coefficients.

The accuracy of the calibration heavily depends on the accuracy of laboratory analysis. Inductively coupled
plasma atomic emission spectroscopy (ICP-AES) is a generally used method of trace elements detection in
analytical chemistry. To assure reproducibility, copper concentrations were measured on seven different
wavelengths in ICP-AES analysis. A standard method to represent calibration results is to plot predicted values
versus measured values (concentrations, g/L). The points should lie on a straight line with its gradient equal to unity.
An example of PLS calibration of an industrial XRF analyzer for Cu in presence of Fe is displayed in Figure 1.

Figure 1. Analytically measured concentrations of Cu plotted against predicted with calib-
ration. Cu in acidic solution with presence of Fe

Once the calibration model is built, further incoming spectra may be processed on-line with a few
milliseconds of computational time, while conventional laboratory analysis, e.g. ICP-AES or titration, requires 2
hours at minimum. Incoming spectra is projected onto the new space of principal components and concentration
values are obtained.

The principal advantage of the procedure described above is that it is robust to peak mergence and
overlapping, i.e. spectral peaks of other elements don’t affect the calibration even in case they do merge or partly
overlap with the peak of the element that calibration is made for. This allows building a calibration model for any
element in a complex mixture without comprehensive mathematical calculation of peak area or special analytical
treatment of sample in a laboratory.

Conclusions

Complex industrial equipment combined with advanced mathematical tools may be used for on-line
monitoring both of process streams’ composition and final product quality. Also information on metal
concentrations throughout a process support reliable decision making in a process control room. Industrial XRF
analyzers equipped with integrated data processing toolbox may be installed at outputs of principal process units that
allows more flexibility in copper plant operation.

References

1. Habashi F. Textbook of Hydrometallurgy. Metallurgie Extractive Quebec, Quebec, 1999.

2. Schlesinger ME, King MJ, Sole KC, Davenport WG. Extractive Metallurgy of Copper. Elsevier, Oxford,
2011.

3. Beckhoff B, Kanngiefer B, Langhoff N, Wedell R, Wolff H (eds). Handbook of Practical X-Ray
Fluorescence Analysis. Springer, 2006.

4. Massart DL, Vandeginste BGM, Buydens LMC, De Jong S, Lewi PJ and Smeyers-Verbeke J. Handbook
of Chemometrics and Qualimetrics: Part A. Elsevier, Amsterdam, 1997.

5. Hoskuldsson A. Prediction Methods in Science and Technology, Vol. 1. Thor Publishing, Copenhagen,
1996.

6. Wold H. Partial least squares. Encyclopedia of Statistical Sciences, Vol. 6. Wiley, New York, 1985.

181



M. HELBIG
TU Bergakademie Freiberg, Germany

INVESTIGATIONS ON ROD ROLLING WITH SCHEDULE DIAMOND-
SQUARE AND SQUARE-DIAMOND

Abstract. Experimental and theoretical investigations on rolling with schedule diamond-square and square-
diamond were carried out to proof the accuracy of existing models for groove pass design. For experimental
investigation, the first four grooves of the trio-rolling plant at the Institute of Metal Forming were used. The
evaluation of the groove pass model was performed concerning rolling forces, surface temperatures, the final profile
geometry and the roll gap length. With the help of visioplasticity methods, the material flow in the schedule square-
diamond was analyzed. Based on the Freiberg calculation approach a numerical algorithm was built in the computer
algebra system Mathematica. The approach and it’s evaluation is presented in detail.
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TECHNOLOGY PROCESSING OF AU MINERALS FROM LOCALITY

KASPERSKE HORY
Abstract

Nowadays people often discuss about necessity and intensity of mining raw materials. The ecological
organization press on the European countries to reduce mining of raw materials then they are dependent on import
of raw material from all world. It is not easy to satisfy consumption of raw materials and reduction of mining. We
still have to look for new technologies for mining, processing, using raw materials and methods for production the
product. The new technologies should have less influence of the environment. The recycling enable us to get
materials from waste. The gold is also important element which we can get from waste or use mining.

Keywords: Raw material, Gold, Flotation method, Flotation collectors, Flotation speed.

1.Indtroduction

The gold and processing of gold are very importatnt for humakind. The mining has positive and negative
influence for nature and people. It brings job for many people who can earn some money. Sometimes people work
in very bad conditions. For example the human rights and safety are in breach of law. It happens mainly in poor
countries. The maining always is not ecological and we knowingly destroy our planet. The gold does not have only
bad influence of life. It has a lot utilization — for ex. coins, jewellery, medicine, alloyes, industry etc.

The mining of gold has tradition in Czech Republic. The mining was stopped in 1968. Nowadays are doing
only exploration works and maybe the mining will be renew in future but it depends on economy of mining. Some
exploration is on locality KaSperské Hory in Sumava and | decided to try flotation method for option how we can
obtain the gold from raw material.

2. Influence of different types of flotation collectors

The topic of this part of theses is influence of different types of flotation collectors to reach as many as
possible yield of gold to flotation concentrate and the overall efficiency of the flotation separation technology. The
results of the flotation experiments with differents types of flotation reagents are in tablets num. 1 - 4 and the initial
setting of the flotation machine is 1300 rpm (rotation per minute).

Table 1
Results of flotation experiments, Flotation collector: PBX, Rotational speed: 1300 rpm, Flotation cell: 1 dm®
Product Return Co’gtent Yield Yield Effectivennes Quantity
u Au waste collector
[%] (%] (%] [%] (%] [9t1]
concentrate 32,43 0,0020989 89,83 32,43 57,40
waste 67,57 0,0001141 10,17 67,57 -57,40 100
feed 100,00 0,0007577 100,00 100,00 00,00
concentrate 28,76 0,0021909 91,17 28,76 62,41
waste 71,24 0,0000857 08,83 71,24 -62,41 70
feed 100,00 0,0006912 100,00 100,00 00,00
concentrate 30,71 0,0020738 86,41 30,71 55,70
waste 69,29 0,0001446 13,59 69,29 -55,70 150
feed 100,00 0,0007370 100,00 100,00 00,00
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Table 2

Results of flotation experiments, Flotation collector; HOSTAFLOT M91, Rotational speed: 1300 rpm,
Flotation cell: 1 dm®

Product Return Content Au Yield Au Yield waste Effectivennes Quantity collector
[%] [%] [%6] [%] [%] [9.t]
concentrate 33,52 0,0020913 93,53 33,52 60,01
waste 66,48 0,0000730 06,47 66,48 -60,01 50
feed 100,00 0,0007496 100,00 100,00 00,00
concentrate 35,38 0,0018160 87,54 35,38 52,16
waste 64,62 0,0001415 12,46 64,62 -52,16 30
feed 100,00 0,0007339 100,00 100,00 00,00
concentrate 34,30 0,0018477 77,36 34,29 43,07
waste 65,70 0,0002822 22,64 65,71 -43,07 70
feed 100,00 0,0008191 100,00 100,00 00,00
Table 2

Results of flotation experiments, Flotation collector: PAX, Rotational speed: 1300 rpm, Flotation cell: 1 dm®

Product Return Content Au Yield Au Yield waste Effectivennes Quantity collector
[%] [%] [%] [%] [%] [9t]
concentrate 31,52 0,0022562 88,68 31,52 57,16
waste 68,48 0,0001326 11,32 68,48 -57,16 70
feed 100,00 0,0008019 100,00 100,00 00,00
concentrate 34,12 0,0022234 89,49 34,12 55,37
waste 65,88 0,0001352 10,51 65,83 -55,37 100
feed 100,00 0,0008478 100,00 100,00 00,00
concentrate 35,28 0,0019512 88,43 35,28 53,14
waste 64,72 0,0001392 11,57 64,12 -53,14 150
feed 100,00 0,0007785 100,00 100,00 00,00
Table 3
Results of flotation experiments, Flotation collector: AEROPSHINE 3418, Rotational speed: 1300 rpm, Flotation cell:
1dm
Product Return Content Au | Yield Au Yield waste Effectivennes Quantity collector
[%] [%] [%] [%] [%] [9t1]
concentrate 31,89 0,0020059 98,07 31,88 66,19
waste 68,11 0,0000185 01,93 68,12 -66,19 30
feed 100,00 0,0006522 100,00 100,00 00,00
concentrate 34,35 0,0019416 98,27 34,35 63,92
waste 65,65 0,0000179 01,73 65,65 -63,92 50
feed 100,00 0,0006787 100,00 100,00 00,00
concentrate 43,14 0,0015453 98,61 43,13 55,47
waste 56,86 0,0000165 01,39 56,86 -55,47 70
feed 100,00 0,0006759 100,00 100,00 00,00

The results show that the flotation of gold from monitored raw material is very satisfied. The yield of Au
into the flotation concentrate is between 77 % to 98 % and the content of Au in the concentrate is around 20 g.t™.
The using various types of flotation collectors show no significant different results. The effect of different doses of
flotation collectors not much interfere (in the used range) performance of yield. The quantitative evaluation shows
that the results of flotation are not so good (difference between yield of gold and waste to concentrate). The
separation efficiency is from 43 % to 66 %. It is not much satisfied. The concentrate contains much waste and it is
the main reason why the efficiency is low (the return of the weight concentrate is about 30 %). The main reason is
probably to high speed of flotaion machine and the particles of fine waste go to flotation concentrate.

2. Influence of rpm speed

Tablets num. 5 and 6 show the results of flotation with lower rotational speed 900 rpm and the capacity of
flotation cell is 1 dm®. Tablets num. 7 to 10 demonstrate influence of rotational speed to flotation process. These
experiments are made with Potassium Amyl Xanthate (PAX), quantity collector 100 g.t* and the capacity of
flotation cell is 5 dm®. The lower rotational speed is more efficiency for flotation separation and the results of these
experiments are in tablets num. 5 and 6. The rotational speed 1300 rpm has effectiveness only around 50% and the
rorational speed 900 rpm has much higher effectiveness about 70% to 80%. The flotation concentrate contains 25 -
41 g.t* of gold. The lower rotational speed has positive influence of flotation. The flotation experiments are made in
flotation cell with capacity 5 dm®, the collector is PAX and the experiments are made twice. The reduction of
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rotational speed from 1000 rpm to 800 (700) rpm is more efficiency. The effectiveness of rotational speed 1000 rpm
is about 65% and the lower rpm has efficiency about 80 % so the content of gold increases to cca 60 g.t™.

Table 4
Results of flotation experiments, Flotation collector: PAX, Rotational speed: 900 rpm, Flotation cell: 1 dm®
Product Return Content Au Yield Au Yield waste | Effectivennes Quantity collector
[%] [%] [%] [%] [%] [9.t]
concentrate 15,51 0,0035799 96,89 15,51 81,38
waste 84,49 0,0000211 03,11 84,49 -81,38 70
feed 100,00 0,0005731 100,00 100,00 00,00
concentrate 18,64 0,0035235 97,68 18,64 79,04
waste 81,36 0,0000192 02,32 81,36 -79,04 100
feed 100,00 0,0006724 100,00 100,00 00,00
concentrate 16,03 0,0041252 98,08 16,03 82,05
waste 83,97 0,0000154 01,92 83,97 -82,05 150
feed 100,00 0,0006741 100,00 100,00 00,00
Table 5
Results of flotation experiments, Flotation collector: AEROI;’HINE 3418, Rotational speed: 900 rpm, Flotation cell:
1dm
Product Return Content Au Yield Au Yield waste Effectivennes Quantity collector
[%] [%] [%] [%] [%] [9t7]
concentrate 15,71 0,0037539 97,02 15,71 81,31
waste 84,29 0,0000215 02,98 84,29 -81,31 30
feed 100,00 0,0006079 100,00 100,00 00,00
concentrate 17,09 0,0036154 97,35 17,09 80,26
waste 82,91 0,0000203 02,65 82,91 -80,26 50
feed 100,00 0,0006844 100,00 100,00 00,00
concentrate 22,85 0,0039784 99,86 22,84 77,04
waste 77,15 0,0000013 00,14 77,16 -77,04 70
feed 100,00 0,0005920 100,00 100,00 00,00

Table 6

Results of flotation experiments, Flotation collector: PAX, Rotational speed: 1000 rpm, Flotation cell: 5 dm®

Product Return Content Au Yield Au | Yield waste | Effectivennes Quantity collector

[%] [%] [%] [%] [%] [9.t7]

concentrate 28,43 0,00233462 91,57 28,43 63,14

waste 71,57 0,00008538 08,43 71,57 -63,14 100

feed 100,00 0,00072479 100,00 100,00 00,00

concentrate 26,44 0,00265889 93,68 26,44 67,24

waste 73,56 0,00006447 06,32 73,56 -67,24 100

feed 100,00 0,00075048 100,00 100,00 00,00

Results of flotation experiments, Flotation collector: PAX, Rotational

speed: 900 rpm

Table 7
, Flotation cell: 5 dm®

Product Return Content Au Yield Au | Yield waste | Effectivennes Quantity collector

[%] [%] [%] [%] [%] [9.t7]

concentrate 21,88 0,00341916 93,37 21,88 71,49

waste 78,12 0,00006796 06,63 78,12 -71,49 100

feed 100,00 0,00080108 100,00 100,00 00,00

concentrate 21,22 0,00356390 93,24 21,22 72,02

waste 78,78 0,00006958 06,76 78,78 -72,02 100

feed 100,00 0,00081120 100,00 100,00 00,00

Table 8

Results of flotation experiments, Flotation collector: PAX, Rotational speed: 800 rpm, Flotation cell: 5 dm®

Product Return Content Au Yield Au | Yield waste | Effectivennes Quantity collector

[%] (%] [%] (%] [%] [g.t1]

concentrate 13,93 0,00614894 94,12 13,93 80,19

waste 86,07 0,00006221 05,88 86,07 -80,19 100

feed 100,00 0,00091020 100,00 100,00 00,00

concentrate 15,88 0,00632936 95,35 15,88 79,47

waste 84,12 0,00005825 04,65 84,12 -79,47 100

feed 100,00 0,00105394 100,00 100,00 00,00
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Table 9

Results of flotation experiments, Flotation collector: PAX, Rotational speed: 700 rpm, Flotation cell: 5 dm®

Product Return | Content Au | Yield Au | Yield waste | Effectivennes Quantity collector

[%] [%] [%] [%] [%] [0.t]

concentrate 10,97 | 0,00598120 92,63 10,97 81,66

waste 89,03 | 0,00005857 07,37 89,03 -81,66 100

feed 100,00 | 0,00070823 100,00 100,00 00,00

concentrate 11,45 | 0,00565386 92,75 11,45 81,30

waste 88,55 | 0,00005714 07,25 88,55 -81,30 100

feed 100,00 | 0,00069812 100,00 100,00 00,00

3. Cleaning flotation of concentrate

Tab. Num. 11 shows the results of cleaning flotation (the results of basic product of the flotation is in tablet
num. 9). The cleaning flotation gives us flotation concentrate with content of gold cca 123 g.t™. It is very good result
beacuse the salable limit of gold concentrate is minimal 100 g.t™.

Table 10
Cleaning flotation of concentrate, Flotation collector: PAX, Rotational speed: 800 rpm, Flotation cell: 1 dm®
Product Return | Content Au | Yield Au | Yield waste | Effectivennes Quantity collector

[%] [%] [%] [%] [%] [9.t]
concentrate 44,90 0,012457 95,76 44,90 50,86
waste 55,10 0,000450 04,24 55,10 -50,86 100
feed 100,00 0,005842 100,00 100,00 00,00
concentrate 46,84 0,011566 95,79 46,84 48,95
waste 53,16 0,000448 04,21 53,16 -48,95 100
feed 100,00 0,005656 100,00 100,00 00,00
concentrate 40,32 0,012857 93,79 40,32 53,47
waste 59,68 0,000575 06,21 59,68 -53,47 100
feed 100,00 0,005527 100,00 100,00 00,00

4, Conclusion

The topic of this thesis is study of physico —
chemical and phycial processing of gold material from the
most significant locality KaSperské Hory in Czech Republic.
The basic method for obtaining the gold is flotation. The
experiments are made in laboratory and capacity of flotation
cell is 5 dm®. The flotation concentrate contains about 60 g.t
! of gold with yield of Au is cca 95 % and the qualitative
efficiency of flotation is around 80 %. After flotation process
is used the cleaning flotation and the cleaning concentrate
contains cca 120 g.t* of gold with yield of Au is 95 %. The
thesis proposes one of many ecological methods for
processing of gold which can be using in Czech republic.
The cyanide leaching is forbidden in the Czech Republic.

Figure 1. Concentrate of gold gets with flotation ;I;rslil;sltslternative method can be used and has very good
C. MARION, A. JORDENS, K.E. WATERS
Department of Mining and Materials Engineering, McGill University, Canada

AN EVALUATION OF HYDROXAMATE COLLECTORS FOR
MALACHITE FLOTATION

Abstract

The application of hydroxamic acid as a collector is of growing interest in the flotation of complex low
grade ores. While their use has been studied on a number of minerals, there is limited information on the effect of
reagent structure on the performance of these collectors. This work examined the effect of various hydroxamate
collectors on the flotation of a synthetic ore, consisiting of malachite and quartz. Alkyl hydroxamates with varying
carbon chain length (C, — Cg), and two aromatic hydroxamates, benzo and salicylic hydroxamic acid were
investigated. This investigation showed that benzo hydroxamate is highly selective torwards malachite, however
significantly higher collector dosages are required to obtain malachite recoveries similar to those obtained using
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octyl and K-octyl hydroxamate.
Introduction

With ever decreasing ore grades, the exploitation of more complex and disseminated ores has become
critical to meet the increasing demand for mineral and metals. Using froth flotation to beneficiate these complex
ores requires highly selective collectors to separate valuable minerals from waste minerals of similar surface
properties. Chelating agents able to form complexes with metal cations on the surface of specific minerals appear to
be promising flotation reagents [1].

One type of chelating collector which has been studied on a number of minerals are hydroxamic acids.
Hydroxamic acids and their salts were first introduced by Popperle (1940) [2]. Their application has since been
studied on a variety of minerals [3-7]. Although hydroxamates have shown promising results with a number of
minerals, their industrial application is limited [8]. One of the major challenges associated to the use of these
collectors is differences in structure between hydroxamate manufactures, such as variations in the nature of the
hydrophobic group (aromatic or alkyl) and carbon chain length [8].

With limited information on the effect of reagent structure on the performance of these collectors, this
paper investigates the effect of multiple hydroxamate collectors on a synthetic ore, consisting of malachite and
quartz, a common gangue mineral. Malachite has been shown to respond favorably to hydroxamates [3], making it a
good candidate for this investigation.

Materials and Methods

Malachite and quartz used for this work were purchased from AMR Mineral and Metal Inc. (Canada) and
Daubois (Canada) respectively. The malachite was stage pulverized and screened to produce a -150 +38 Cm
fraction for and the quartz was screened to produce the same -150 +38 Cm distri
quartz were then split into representative samples containing 10 g of malachite and 90 g of quartz.

The synthetic ore was floated for 12 min in a 1.5 L Denver D-12 flotation cell at an airflow rate of 4.5
L/min. Prior to flotation, the pH was set to the desired level with hydrochloric acid and sodium hydroxide (Fisher
Scientific). Collector and frother were then added and the ore was conditioned for 1 min. F150 (Flottec) was used as
frother. The hydroxamate collectors examined are shown in Table 1. Following flotation, concentrates were
analyzed using a Frantz Isodynamic Separator.

Table 1
Hydroxamate collectors
Hydroxamate Hydrophobic Group Manufacturer
Benzo Benzene ring Alfa Aesar (USA)
Salicyl Hydroxy-benzene ring Alfa Aesar (USA)
Aceto C, Alfa Aesar (USA)
K-Butyl C, Synthesized at HIF* (Germany)
Octyl Cg Synthesized at HIF* (Germany)
K-Octyl Cg Synthesized at HIF* (Germany)

*HIF is the Helmholtz Institute Freiberg for Resource Technology
Results and Discussion

Benzo hydroxamate was used as a baseline collector to determine reagent dosage and the optimal pH for
flotation. Figure 1 shows flotation results using benzo hydroxamate with dosages of 5,000 (36.46) and 10,000
O/tmatachite (72.91 mol/taachite)- From Figure 1(a) it can be seen that the best flotation response occurs at pH 8. Figure
1(b) shows that benzo hydroxamate is highly selective towards malachite with grades approaching 100 %. It can
also be seen that with a collector dosage of 10,000 g/tmaachie Nea@rly all the malachite is recovered. While these
results are better than those seen when using half the dosage, it leaves little room to observe an improvement with
the other hydroxamate collectors. From these results it was determined that all other reagents would be examined at
pH 8, with a collector dosage of 36.46 Mol/t aiachite-

Figure 2 shows the mass recovery for each hydroxamate. Alkyl hydroxamates with short carbon chains
(aceto and K-butyl) are innaffective at these dosages. Very little was mass was recovered, indicating that these
collectors may need highly elevated dosages to be effective. Octyl and K-octyl hydroxamate dosages of 5,810 and
7,190 g/tmatachite (36.46 MOl/taiachite), resulted in nearly 100 % of the mass being recovered. Therefore these collector
dosages were lowered to concentrations of 200 and 250 g/tmaiachite (1.26 MOl/taiachite) reSpectively, resulting in mass
recoveries of 16.6 % and 19.0 %. Aromatic hydroxamates, benzo and salicyl hydroxamate, resulted in mass
recoveries of 5.9 % and 3.3% respectively.

Figure 3 shows malachite grade and recovery of benzo, salicyl, octyl and K-octyl hydroxamate. It can be
observed that benzo hydroxamate is the most selective of these collectors, however flotation using octyl and K-octyl
hydroxamates resulted in an increase in malachite recovery. Octyl and K-octyl hydroxamates also required
significantly lower dosages.

186



(a) 11 - (b) 100 - — 100
I ES
10 + — 90 - T 90
9
= 97 PE: 80 + + 80 _
a\ -]
= 38t ] 70 + + 70 .3
e 3 Q
o /7T o B
g g 60+ +60
[ = 1]
S o 50 + T30 o
= g L = >
@ S 40+ t40 §
@ 4 8 @
= ] 30 + +30 @
3+ 2 =
5 1 20 + T 20
= 10 10
17T I
0 __i } } } | 0 4 | 0
4 6 8 9 Benzo 10,000 Benzo 5,000
pH Collector and dosage [8/taachite]
W Benzo 10,000 Benzo 5,000 H Recovery Grade

Figure 1. (a) Mass recovery at varying pH with benzohydroxamate dosage of 5,000 and 10,000
O/tmaiachite- (B) Malachite grade and recovery at pH 8 with benzohydroxamate dosage of 5,000
and 10,000 g/tmaiachite- (Error bars shown denote +/- 1 standard deviation)

100 —+

- IIii

Benzo Salicyl Aceto K-Butyl Octyl K-Octyl Octyl 200 K-Octyl
5,000 5,580 2,740 5,150 5,810 7,190 250

Mass recovery [%]
= N W B Y~ R
o O o o o o © o
| | | | | | | |
T T T T T T T T

o

Collector and dosage [/t ajachitel

Figure 2. Mass recovery using various hydroxamate collectors at pH 8. (Error
bars shown denote +/- 1 standard deviation)

100 T T 100
90 + = 19
X 80+ 180
270+ 10
T
3 60 + 160 ®
g (]
® 50+ 150 o
v 1 1 =
2 a0 0E
S 1 1308
Y 30 :
§ 50 - + 20
2
10+ {10
0 | | | 0

Benzo 5,000 Salicyl 5,580 Octyl 200 K-Octyl 250

Collector and dosage [/t majachite]
B Recovery H Grade
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hydroxamate. (Error bars shown denote +/- 1 standard deviation)

Conclusions

The effect of various hydroxamate collectors on the flotation of malachite was examined. From this work it
was determined that:

1. Benzo hydroxamate is highly selective towards malachite, with grades approaching 100 %.

2. Alkyl hydroxamates with short carbon chains require more elevated dosages.

3. Octyl and K-octyl hydroxamate saw significant reductions in grade compared to benzo hydroxamate,
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however improvements in malachite recovery were observed at lower collector dosages.
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CORROSION PROTECTION BY OXIDE LAYERS IN HIGH
TEMPERATURE STEAM ENVIRONMENT

Abstract

Corrosion in many cases determines operation life of metallic equipment. Simple way to reduce it is use of
passive (oxide) layers. They can be created on metal surface which is in contact with corrosive medium right after
starting up the equipment. With proper conditions oxide layers work as a solid barrier between metal and
environment. However, there is many species of different materials (e.g. steels) and often is not possible to keep
outer conditions and environment composition in ideal state. Then can appear problems with layer thickness,
exfoliation or disparity. Therefore is necessary to provide tests by growing oxide layers on materials samples in
laboratory.

In this case, we created oxide layers on often used stainless steels in high temperature and pressure steam
environment. These samples were compared to nickel superalloy oxide layers grown in similar conditions. Chosen
materials are frequently used for construction of industry equipment working at high pressures and temperatures,
e.g. power engineering. As evaluation methods were used metallography, XPS and XRD.

Introduction

Oxide layers are formed on a metal surface by oxidation reactions with environment components. In
advance they are constantly regenerated, if concentration of passivating substance is high enough. On steels they
are composed mainly of iron oxides with various degree of oxidation and can be simply described with the
following scheme.

Fe || FeO || FesO4 || Fe;0s || H20

Thickness of these layers should come to 10 um and they are formed within first hours of operation, in high

temperature steam by reactions of iron and water molecules.

3 Fe+4H,O— Fe;O4+4 H, (1)
Fe + H,O — FeO + H, 2

At temperatures over 570°C is higher balance of reaction (2). FeO (wdstite) does not have protective
impact as FesO, (magnetite). Magnetite grows in higher temperatures also, but slower. Formation of protective
oxide layers at temperature over 570°C is enabled by molybdenum alloying. These layers are resistant under
continuous water circulation in pH range 6 - 12. [1]

Oxide layers enable to prevent pitting corrosion or spreading of cracks caused by corrosion fatigue. Their
growth velocity has to be higher than anodic reactions rate in the crack forehead. However within cyclic stress can
be thick layer of fragile oxides broken again every time when deformation speed achieves a critical point.

It has been proved [2, 3], that on stainless steels with 9 — 12 % Cr, at temperatures over water critical point
(374°C) appears oxide layer with two basic structures. This is thicker outer layer of magnetite and very thin inner
layer of spinel (Fe,Cr);0,. With longer exposition time can be detected Cr,O; in the inner part of layer. Chrome
alloying can ensure more resistant oxide coating, because spinel is more adherent to metal surface than magnetite.
Another element with effect on passivation is nickel. It helps to achieve better stability and thinner layers. In paper
[2] is noticed lowest mass lost by austenitic steel alloyed by 14 % Ni and Mo. Nickel can be found in very small
concentrations in these coatings, especially in metal-oxide interface. Study of nickel alloy (42 % Ni, 29 % Cr and 22
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% Fe) passivation showed, that created oxide layer was composed mainly of chromium and iron oxides with very
homogeneous microstructure [4].

Experimental

We tested three types of material to compare their oxide layers. Two samples were made from stainless
steels and one from nickel superalloy Nimonic 901. Content of alloying elements with main influence on passive
layers is in Table 1.

Table 1
Content of selected alloying metals in tested materials. [5, 6, 7]
12 0,5 1
12 2,5 2
12,5 42,5 6

All samples were exposed in autoclave simulating steam
turbines operation conditions. That means superheated steam
environment with temperature 570°C and pressure 6 MPa. Time of
all expositions was approximately 60 hours. To prevent corrosion we
modified pH of demineralised water used for steam production by
ammonia solution. Values measured during experiments reported pH
8 — 10. Water in storage tank was before pumping through heating
) \ into autoclave degassed to achieve as low content of dissolved
Figure 1. Metallograpic cross section of oxygen and carbon dioxide as possible. _

stainless steel 1.4923 To evaluate composition and structure of created oxide lay-
ers we used XPS, XRD and metallography. Photoelectron spectros-
copy (XPS) was used for definition of elemental constitution. X-ray
diffraction (XRD) helps to define crystalline structures in the layers.
To analyse appearance by photographic documentation of oxide lay-
ers with microscope were made metallographic cross sections. Pic-
tures were made with magnification 500x.

On all samples were after exposition visible dark grey oxide
layers, on steel 1.4923 much thicker than other two samples (Fig 1 -

S 3). On this material appeared exfoliation as well. Using XPS and
Figure 2. Metallograpic cross section of XRD methods was found, that these oxide layers are composed
stainless steel 1.4938 mainly of magnetite and hematite (Fe,O3), in low concentration also
Cr and Ni.
Conclusions

All of tested materials well resisted expositions without
signs of corrosion. Thick layer on stainless steel 1.4923 caused
mainly lower content of alloying metals (Ni, Mo). There is distinct
two types of layers on this material (Fig. 1). Considering short
exposition time and structure analyses, probably it is not inner layer
of spinel but surface of metal with changed crystalline structure due
to high temperature. Thick layer of steel 1.4923 also showed
exfoliation, which can in working systems lead to mechanical
damage and regulation devices blocking. Other two materials,
stainless steel 1.4938 and Nimonic 901, had much thinner layers with
very similar composition. Nickel and chromium content in Nimonic 901 oxide layer is slightly higher than on steels,
which responds with content of these elements in alloy.

Most appropriate properties had the oxide layer on stainless steel 1.4938. It was enough thin and without
considerable imperfections. In following research we would like to realize expositions lasting longer time. So is
possible to get more information about chromium behaviour in the layers.

Figure 3. Metallograpic cross section of
Nimonic 901
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PARTICLE TRAJECTORIES WITHIN A HYDROYCLONE USING THE
POSITRON EMISSION PARTICLE TRACKING TECHNIQUE

Abstract

Quartz tracer particles were labelled using the direct activation technique, meaning the tracers had the same
composition of the mass of particles being classified in the two-inch hydrocyclone (with a cut size of 10 um). The
recorded trajectories of two particles are shown. The first particle, -1180+850 pum in size, showed, as expected by
classical theory, a clear downwards swirling flow to the underflow. A realistic trajectory of the second particle, -
425+250 pm in size, was unable to be determined because of the low localisation rate

Introduction

Since their inception into industry in the 1940’s, hydrocyclones have gained widespread use in a number of
applications as a classifying device. Owing to their simple design, low cost, easy operation, and low maintenance,
they have assumed an important role in the separation of solids and liquids. Although hydrocyclones are widely used
at present, such as in closed circuit grinding®, desliming? liquid clarification®, degritting’, and thickening
operations”, the phenomena leading to separation are still not fully understood.

Hydrocyclones are typically characterized by their performance, e.g. sharpness of separation, the overflow
particle size distribution, and the overall pressure loss. Mechanically hydrocyclones are simple, having no moving
parts, however, their internal flow is highly turbulent and performance is difficult to predict. Therefore it is
important to increase the understanding of the basic phenomena, which have an impact on the performance, such as
the velocity field and the flow of the dispersed phases. These variables will also be a valuable tool for the validation
of simulated hydrocyclone performance via computational fluid dynamics.

Techniques such as Phase Doppler anemometry (PDA) and particle image velocimetry (PIV) have been
employed to obtain average velocity fields, however, these techniques cannot be used to track individual particles in
an opaque slurry. Positron mission particle tracking (PEPT) was developed at the University of Birmingham, and
has been successfully used to visualize flow in a number of unit operations treating opaque slurries: including
flotation cells® and spiral concentrators’. Chang et al.® reported the underflow trajectory of a single resin bead
particle labelled with ion-exchange technique inside a hydrocyclone using PEPT. More recently, Radman et al.’
conducted tests tracking quartz particles inside a quartz slurry flowing through a hydrocyclone. This paper aims to
build upon this work and obtain the trajectories of particles under 1 mm in size.

Materials and methods

Apparatus and procedure

The apparatus consisted of a two-inch diameter Salter hydrocyclone (SC224-P). The total height of the
hydrocyclone was 375 mm; the apex and vortex sizes were 4.7 and 14 mm respectively; and the feed inlet was 12 x
5 mm in size. A total of 1.2 kg of quartz was added to 30 L of water (3.9% solids by mass) in a sump tank. Prior to
adding the tracer, the system was operated until the pressure stabilised at 30 PSI by adjusting the bypass valves. The
closed system allowed for the tracer particle to be re-circulated multiple times over its lifetime, which built up an
average flow pattern. The size of quartz tracers were above the cut-size of the two-inch hydrocyclone (10 um), i.e.,
under the experimental conditions the tracer particles should report to the underflow.

Creation of the tracer particles

The tracer particles were activated via the direct labelling technique using a cyclotron beam as described by
Fan et al.’’. The activated particles were initially between 1180 and 1700 um in diameter due to practical handling
considerations™. If smaller tracers were needed, the larger particles were broken, followed by screening and
selection as detailed by Boucher et al.”.

Positron camera

The ADAC Forte positron camera at the University of Birmingham was used to record the localisation
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events™. The 3D position of the particle was obtained by the triangulation algorithm developed by the University of
Birmingham, as detailed by Leadbeater et al.'?, while a custom MATLAB code was used for post treatment of the
particle location data.

Results and discussion

Coarse particle tracer (-1180+850 pm)

During the coarse particle experiment the quartz tracer particle, which had an activation level of 2.6 x 10’
Bq, passed through the ADAC camera’s detector field a total of 11 times. The residence times ranged from 200 to
340 ms, with an average of 260 ms. A typical pass is shown in Figure 1 (a). As expected by classical theory, a clear
downwards swirling flow towards the underflow is seen. The internal boundaries of the hydrocyclone are also
shown, with some points lying outside of this range. This is due to the low spatial resolution in the z-axis from the
ADAC camera, as documented by Chang et al.®.

Fine particle tracer (-425+250 pm)

For the fine particle tracer, with an activation level of 7.0 x 10° Bq, there was a very low density of
positional data points obtained. This meant the particle’s trajectory was unable to be determined. As a comparison,
an activation level lower than 4x10° Bq is considered weak (1 mm tracer at 10 m s™* with 1000 Hz location rate?)
for particle tracking in high speed flows, such as in the hydrocyclone. Due to the limited number of recorded
positions a representative residence time could not be determined. This is shown in Figure 1 (b) where the first and
last recorded data point do not accurately represent when the particle enters and leaves the cyclone.

(a) (b)
Figure 1. A single pass trajectory of a quartz particle tracer for the (a) -1180+850 um and (b) -425+250 pum size
ranges, with the internal hydrocyclone geometry shown

Conclusions

PEPT has been shown to be a powerful tool for tracking the position of a coarse quartz particle in a
hydrocyclone. This is the first time the trajectory of a particle under 1 mm in diameter, inside of a slurry system, has
been shown. This will be a valuable tool for the validation of computational based models that predict particle
behaviour. Future work aims to continue to develop the PEPT technique for the tracking of particles under 500 um
in diameter. It is envisaged that with improved particle activation and a camera which surrounds the hydrocyclone in
360° this will be possible.
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DRY GRAVITY SEPARATION USING A KNELSON CONCENTRATOR

Abstract

Centrifugal concentrators have been widely used for recovering fine gold over the past few decades. One of
the main drawbacks is the large volume water required. As water is an increasingly important commodity,
investigating dry processing to reduce water usage is of great importance. This work investigated using a laboratory
scale Knelson Concentrator with a dry feed, and air used to replace water as the fluidising medium. A synthetic ore
of tungsten and quartz was used to mimic a gold ore. Response surface methodology (RSM) and central composite
design (CCD) were used for modelling and optimising the process.

Keywords: Knelson Concentrator; Dry processing of minerals; Synthetic ore; Modelling

Introduction

Gravity concentration, one of oldest forms of techniques in mineral processing, utilizes density differences
between minerals to facilitate a separation. For fine particle separations, a centrifugal force is employed to increase
the settling rate in order to enhance the separation. The Knelson Concentrator is one of the most common centrifugal
concentrators for gold processing globally. To investigate dry processing to reduce water usage is of great
importance with the increasing concern of environment.

The mineral processing group from McGill University first reported research introducing the possibility of
dry processing using a Knelson Concentrator (Greenwood et al., 2013). This paper details the continuing research on
modelling and optimising the dry processing.

Materials and Methodology

Synthetic ore was used to represent the composition of a gold ore (Laplante and Nickoletopoulos, 1997,
Greenwood et al., 2013, K&kkilig et al., 2015). Tungsten (17.98 g cm™?) was used to mimic gold and quartz (2.65 g
cm™) was used as the low [density gangue.

A modified 3" laboratory Knelson Concentrator, described by Greenwood et al. (2013) & Kokkilig et al.
(2015) was used for dry processing tests.

Response surface methodology and Central composite design were used to investigate the relationship
between the factors and the response, possible interactions between the factors and their effects on the separation
performance of the dry Knelson process. Motor power (%), solid feed rate (g/min) and air fluidizing pressure (psi)
were chosen in five levels (£//+1, 0), which were designated as x;, X, and x; respectively. The tungsten recovery
was chosen as the response. The minimum and maximum design parameters for motor power are from 20 to 80%;
100 to 300 g/min for solid feed rate; and 4 to 12 psi for air fluidising pressure (Table 1).

The concentrate of each test was treated with an elutriator to separate the tungsten from silica completely
with the tungsten recovery being calculated. All statistical analysis was conducted using the statistical software
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package “Minitab® Statistical Software”.
Results and discussions
Experimental design with coded and actual variables and response are shown in Table 1.

The full quadratic second order response equation representing the recovery of tungsten was expressed as a
function of motor power, solid feed rate and air fluidizing pressure. The coded model equation for recovery (y) is
presented in Equation (1).

y = 47.90 — 19.49x, — 4.02x; + 14.28x; + 7.90x7 — 1.77x% + 1.55x% — 0.10x,x; — 0.09x,x; + 2.94x,%5 (1)

In order to estimate the significance of the developed model, ANOVA was applied. According to the
ANOVA analysis, the calculated F-value of recovery is 14.70, higher than the F-value founded from the F-statistics
Table with P=0.05 (Fg0s(s,10=3.14), which means the regression model is considered acceptable and to fit well.
Moreover, the p-value (P) of the regression model (0.0001 for recovery) is smaller than 0.05, therefore this model is
considered suitable for modelling the response behaviours. The R? value for recovery is 0.93 from which it can be
assumed that a good correlation was obtained, indicating a good fit. In order to understand the results and for
optimization studies, the model is presented in Figure 1 as contour plots. The figures show the relationship between
two factors and response while the other factor is at the centre (0) level.

As seen from the Figure 1(a), the recovery is significantly affected by decreasing motor power. However,
the solid feed rate has a negligible effect on the recovery. Figure 1(b) shows that the recovery depends on both
motor power and air fluidising pressure.

Table 1
Design of the Knelson experiments and tungsten recovery results
RuN Coded levels of variables Actual levels of variables Response
X1 X2 X3 MP (%) SFR (g/min) AFP (psi) Recovery (%)
1 -1 +1 -1 50 143.3 8 33.60
2 +1.68 0 0 50 283.0 8 33.00
3 -1 -1 -1 32 130.2 6 66.50
4 0 0 0 50 150.4 12 70.80
5 +1 -1 -1 32 229.9 6 55.10
6 0 0 0 50 200.7 8 41.80
7 0 +1.68 0 68 128.5 10 45.60
8 -1 +1 +1 32 238.1 10 98.10
9 +1 +1 -1 68 244.9 10 42.20
10 0 0 0 68 131.9 6 40.10
11 -1.68 0 0 50 100.2 8 51.50
12 0 0 -1.68 68 229.0 6 34.70
13 0 0 0 80 197.4 8 32.30
14 0 0 0 50 142.9 4 32.00
15 +1 +1 +1 20 183.5 8 99.60
16 +1 -1 +1 50 147.1 8 57.20
17 -1 -1 +1 50 193.5 8 49.10
18 0 -1.68 0 50 185.2 8 47.70
19 0 0 0 32 157.5 10 99.70
20 0 0 +1.68 50 209.1 8 56.50
280
240 REC %
_ < 60
c =
E 200 k= 60 — 70
~ & 70 — 80
% < 80 — 90
160
6 B 2% - 99
[ | > 99
120 5
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(a) Motor power and solid feed rate (b) Motor power and air fluidizing pressure

Figure 1. Response surface plots for tungsten recovery
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In order to determine the optimum operating conditions, a response optimizer function was used under
different scenarios. For the scenarios, target recoveries were set as 99.9% and 99.99%. The scenarios and the
solutions are shown in Table 2.

Table 2
Different optimization scenarios for recovery
Target MP SFR AFP Composite
(%) (%) (g/min) (psi) Desirability
33 283 11 1.00000
99.9 30 270 10 1.00000
' 30 183 10 1.00000
33 100 11 1.00000
30 270 10 1.00000
33 100 11 1.00000
99.99 33 283 11 1.00000
30 172 10 0.99973
Table 3
Validation tests result
Optimum conditions Recovery (%)
MP (%) SFR (g/min) AFP (psi) Fitted Actual Error
30 200 10 100.0% 99.8% -0.2%

From Table 2, the motor power and air fluidising pressure were chosen as 30% and 10 psi respectively. As
mentioned previously, the solid feed rate has a negligible effect on the recovery, 200 g/min was chosen as the
average of the feed rates listed in the table.

To confirm the validity of the model, experiments were carried out using the determined optimum
conditions. The validation test was repeated five times. The comparisons between the actual and model predicted
data are presented in Table 3. It can be considered that for the optimum conditions the proposed quadratic equations
adequately predicts the tungsten recovery (error <5%).

Conclusions

Dry processing using a Knelson Concentrator can get high recovery. The selected model is significant to
the response and a good correlation was obtained. Motor power and air fluidizing pressure affect tungsten recovery
significantly while solid feed rate does not. The optimum conditions for the highest recovery of motor power, solid
feed rate and air fluidizing pressure were 30%, 200 g/min and 10 psi, respectively.
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rpaHUYHBIC IOBEPXHOCTH 3aKIIOYaeTcs B 00pa30BaHUU
Mapora3oBbIX MY3BIPHKOB TMPH  MECTHOM  TOHWKCHUH
JIABJICHUS B TIOTOKE OBICTPO JBMXKYIICHCS XUAKOCTH. [Ipu
9TOM OCHOBHYIO POJIb UTpaeT ()a3a CXJIONBIBAHUS MTy3bIPHKa, y ) o D ,/
TpU KOTOPOW IHEPTHs, CPABHUTEIILHO MEJICHHO 3aracacMast Kp A
M0 Mepe POCTa My3bIpbKa, KOHICHTPHPYETCS W BBINEISCTCS
3a KOPOTKHil NMpoMexyTok Bpemenn (mopszka 10° ¢) u B
odeHb MasioM npoctpasctse (mopsiaka 10 mm®). Cymectsyer 1 2
YeThIpe OCHOBHBIX 3(h(heKTa IpH 3aXITONBIBAHIH Ty3BIPEKOB:

Puc. 1. Kaputupyromas tpyoka Bentypu
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1) Ha ocHoBanmm TOTO, YTO Ha OJWKHEH K TBEPIOW IOBEPXHOCTH TpaHMIEC Iy3bIpbka OO0JBIIOE
THIIPABINYECKOE COMPOTHBIICHHUE, IIEHTP IMy3bIpbKa IepeMemaeTcss BO BPeMs 3aXJIONBIBAHMSA B CTOPOHY TBEPIOH
TTOBEPXHOCTH.

2) Pa3HOCTh CcKOpoOCTE B KpailHHX
TOYKAaX 10 BEPTUKATH IIOPOXKTACT IPOTHO
BOBHYTpPb JaJIbHEH IOBEPXHOCTH OT TBEPIAOU a) 0)
CTCHKH Ty3bIpbKa ¥ 00Opa3oBaHHE CTPYH,
HaIlpaBJIEHHOM K TBEPJOM CTEHKE.

3) IIpun JIOCTHKEHUU crpyei .
IIPOTUBOIIOIOKHOM CTE€HKU IIy3bIpbKa ,q‘, —— F
MNPOMCXOIUT €€ WU3rud U MpU JOCTaTOUYHOU
SHEPruu IPUBOJUT IIy3bIpb K TOPOUJAIBLHOMU '

(hopme, KOoTOpast OBICTPO pacIaaeTCs. 1

4) Ha mocieqHe# ctaauu 3aXJI0TBIBAHUS
MOYKET BO3HHKATh MPOTHBOCTPYS, HampapieHHas  Puc. 2. OCHOBHbIE CTa/luM NPOLIECcca: a) 3apOKAEHUE U POCT
OT TBEpIOW CTEHKH, MW caM  IIPOIecC 0CeJUION KaBepPHBI; 6) OTPBIB OCEION KaBEPHBI, CHOC €€ B
COIIPOBOKIAETCS 3BYKOBEIM UMITYJIHCOM. QG dy30p, 3aXII0MBIBAHNE OTOPBABIIEHCS YacTH

I[lpu  coOmogeHMH  OMpEIeNeHHBIX
YCIOBHH KaBUTALUS NPUBOJUT K aBTOKOJIEOAHMSAMC HCIOJIB30BaHHEM KaBHTHpYyromeil TpyOkoi Benrypu (KTB).
KTB npencrapner co0oi CyXaroluecs W pacIIUPSIIONIAECS KaHabl ¢ yriioM packpeitus gudgysopa 10-120° u
OTHOIIICHHEM JIMAMETPOB KPUTHYECKOTO ceucHus W mnociie auddy3opHoro kanama Ommskum 4 (puc.l). Ilpu
MPOKAYMBAHUU BOJIBI ¢ pacxonoMm 10 aM/c v naBienneM Ha Bxoge B KTB 0 5 MIla B TUAPOCHUCTEME BO3ZHUKAIOT
aBTOKOJICOAHUS B IIUPOKOM jauamna3one m3menenuit (200- 2000 '), mpu 3TOM aMIUTUTYAA MyJIbCAllUil JABJICHUS B
2,5 pa3a mpeBbIlIaeT gaBieHHe Ha Bxoje. [Iporecc comepkuT nBe OCHOBHBIE cTammu. IlepBas xapakrepusyercs
3apoKACHHEM U pocToM B auddyszope ocemnoil kaBepHB 1 (puc.2.a) B pe3ynbTaTe pa3roHa BOIBI HAIIOPHBIM
nmaBiieHueM P,. BTopas 3akmiogaercsi B OTpBIBE OCEUION KaBepHBI 2, CHOCOM ee B TU((y30p MOTOKOM KHUIKOCTH,
3aXJIONBIBAHUEM OTOPBABIICHCS YacTH TOJ JACHCTBHEM TOMMOpHOTO naBieHus P, (puc.2.6). [Tockoibky pacxombl
BOJIBI ¥ HANOOJIBIITNE IABJICHNUS, XapaKTePHBIE IS CEPUIHBIX HACOCHBIX YCTAaHOBOK COCTAaBIIAIOT | am/c u 30 MIla
COOTBETCTBEHHO, TO I mcrmoib3oBannsd KTB HeoOXOoAWMBI NOMOMHHUTENHHBIE HCCIECIOBAHUS KaBUTAIIMOHHBIX
MpPOIIECCOB, @ MMEHHO BBIOOp TEOMETPHYCCKHX MapaMeTpoB TpyOku BenTypu: yrma packpeitus auddysopa,
JMaMeTpa KPUTHYECKOTO CEYCHHUS TPYOKH, JUIMHBI Tocieauddy3noHHOr0 KaHana. KaBUTAlMOHHBIA pa3phiB
JKUJIKOCTH MOYKHO PacCMaTpHBaTh Kak MOTOK, MBMXKYIIUICS COBMECTHO C 3arOTOBKOHM. YacCTHIBI XHIKOCTHA HPHU
9TOM MOXKHO PacCMaTpUBATh KaK MPUMBIKAIOUINA K TBEPAOH MOBEPXHOCTH CJIOW WIH MPUCOCIMHEHHYIO MAaccCy.
KuneTnueckasi 3HEPTUs MPUMBIKAFOIIETO CJIOS TIOYTHU MOJHOCTHIO NMIEPEXOAUT B pabOTy TUIACTHYCCKON nedopManiuu

3aroTOBKH, MIPU 3TOM [TOTEPH SHEPTUH NPH YAape BBIUUCIIOTCS 10 hopmye [1]:
My
1My

E =

2(m, +m;) s = 2% (1)
rIe My My, 1", ¥ COOTBETCTBEHHO MAcChl M CKOPOCTH COYIAPSIFOLINXCS TEIl.

AHanmm3 B3aUMOACHWCTBUS ITOTOKA KABUTAIMH C 3arOTOBKOM ITOKA3all, 9TO B OOJBIIMHCTBE CIy4aeB MOTEpH
SHEPrUX B TIPOIIECCE B3aMMOJCHCTBHSA MPEHEOPEKNUTETFHO Malbl M BCSI SHEPTHSA MOTOKA KABHTAIMH TMEPEaaeTCs
3arotoBke. JTO 0OBsicHseTcs ciexyiomuM (akrom. Croil THAPOMOTOKaM; OTHENEH OT TNPHMBIKAIOIIETO CIOS
JKUJIKOCTH 7; TIONOCThI0 KaBUTanuu. CKOPOCTh YACTHI[ B THAPOMOTOKE HEOJUWHAKOBA, OIHAKO €€ MOXHO
OXapaKTepru30BaTh CPETHEH CKOPOCTHIO ;. CKOPOCTh THAPOIOTOKA 32 CUET KWHETHYECKOW SHEPTHH T'a30BOTO
My3BIpS HEMIPEPBHIBHO BO3PACTAET, a CKOPOCTH IIPUMBIKAIOIIETO CJI0sI, HA00OPOT, HEMIPEPHIBHO yMEHbIIaeTcs. Takimm
obpa3om, B ompeaeNcHHbIH MOMEHT BpPEMEHH CIIOW #i; JOTOHSET CIIOH #; M CMBIKaeTcsl ¢ HuM. llpm 3TOM
(hopmupyeTcs BOJIHA JaBJICHUS, OTIUChIBaeMas COOTHOIICHHEM [ 1]:

P =V, — L), (2)
TJie Py, €y — IUIOTHOCTh M aKyCTUYECKOE CONMPOTHUBIICHUE JKUIKOCTH, COOTBETCTBEHHO; Vi, V; — ckopocTh 3aroToBkn

U IIPUMBIKAOIICTO K Hel CJI0s1, COOTBECTCTBECHHO.
K.H.L[. nepeaadyun SHEPTUU THAPONOTOKA 3arOTOBKE OIPEACTIACTC cnezly}omei/i 3aBUCHUMOCTBIO [4]

n=1-=—(1-%)" ©
7:1—:1—“ -

re M - Macca 3aroTOBKH.
VYpaBHeHHEe IBUKEHUS 3aTOTOBKU Ha JAHHOM CTaAuU UMeeT Buj [S]:

dz 8 g dey] 42
[m+ zp0 — tmy 5 + 22 mmayy,, — %0 (Z)][S2 4 4z =, @)
f — MOCTOSIHHAS BpEMEHU MPSMOM YAapHOU BONHBLE — Epema; k — napamerp kaButanuu (k =P,/ P,).
Yacrora KaBUTAMOHHBIX KoJeOaHMii onpenesercs Gpopmynoii [1]:

F = Sh, I:glﬁF“—F:J . Ttge, 2 . i (5)
Wi—vi-k
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rae 5h, — uucio Crpyxans; u — KOIPOUIUEHT CYKEHHUS CTPYH; ¥ — YISNbHBIA BEC JKUIKOCTH, & — YTOJ

packpeiTus nuddysopa; F. — naBieHHe JKUAKOCTH Ha BXoae B Kpurmdeckoe cedenne KTB; F.— mnaenenue

HACBIICHHBIX [TAPOB KUIKOCTH; &, —IMaMETP KPHTHYECKOrO CeYeHMs FeHepatopa uMityibcHoro gasierus (IAJ).
YcnoBre CymecTBOBaHMS YCTOMUMBBIX KABUTAIIMOHHBIX aBTOKOJIe0aHUH, coryacHo [2] , mMeeT BUL:

Q = uFipy/297 (B, — B, (6)
rae ' — pacxom KHUIKOCTH; E__P — oAb Kpuruaeckoro ceuenus '/,
Torma nns nuameTrpa dw OyZeT UMeTh MECTO cienyromas Gopmya:

=7 | 2
e = 2 |calaar e )

®opmyrna ams pacyeTa JTHHBI nocieandy3noHHOro KaHaia IMEeT BHI:

IR

= ©)

®opmyiner (1)-(6) MoryT OBITH MCHOJB30BAHBI IS pacueTa Kak T'€OMETPHUYECKUX ITapaMeTpOB TPYyOKH
BeHTypu, Tak U Uil pSKUMHBIX APAMETPOB THAPOUMITYJIBCHBIX YCTAHOBOK, OCHAIICHHBIX CEPUUHBIMH HACOCAMH.
OCHOBOTIOJIATAIOIINM YCIIOBHEM MPHU ATOM SIBISIETCS HAMOOJbIIAs aMIUIUTY/Ia IyJIbCAllUil aBICHHUS B BO3MOXKHO
OouibIlIeM MAana30He U3MEHEHHS TapaMeTpa KaBUTAI|H.

Itgo 2

Jluteparypa

1. Mummenxo B.B., 3amonnes B.A., Hampko W.K. m np. HccnenoBaHne BBICOKOYACTOTHBIX
KaBHUTAI[MOHHBIX aBTOKOJCOAHWI B THIPABIMYECKOW cucTeMe ¢ TpyOkoit Benrypu. B xH. :KapuranumonHbie
aBTOKOJICOaHUs B HACOCHBIX cucTemax.- Kues: Hayk. [Iymka, 1975, 4.2, C.104-113.

2. Manbko U.K. Bnusuaue yriaa muddysopa TpyOku BeHTypu Ha 4acTOTy M ypOBEHb MaKCHMATbHBIX
3HAYEHHUI JABJICHHS BBICOKOYACTOTHBIX KABHUTALMOHHEIX KojeOamuii. B ku.: KaBuranpoHHEBIE aBTOKOJI€OaHMS U
JMUHAMUKA TuapaBindeckux cuctem.- Kues: Hayk. dymka, 1977, C.34-38.

C.B. KKYPABJIEBA, M.A. TAIIMH, B.C. MAMEIIVH
Hayuonanvnas memannypeuveckas akademus Ykpaunul

TEXHHKO—3KOI—£OMH‘IECKHPI AHAJIN3 TEXHOJIOI'NA
KOMINVIEKCHOU JECYJIb®YPAIIUU METAJLJIA B AKII

[Tpoananu3upoBaHbl TEXHUKO-9KOHOMHUYECKHE IOKa3aTeau 3(P(EKTHBHOCTH TEXHOJIOTHMH KOMIIEKCHOW
Jecynbypalyu MeTajula Ha arperare KOBLI-Nleyb. PaccunTaH 0)XuaaeMblii 9KoHOMHYECKUi 3P deKT oT BHEApEHUS
MpeayiaraeMol TEXHOJIOTHH C y4eTOM yBenndeHus npousBoaurensHocty MHJI3, pocra cebecTonMocTi BHETIEUHOM
00paboTKU ¥ IPU HEM3MEHHOI CTOMMOCTH TOHHBI pealM30BaHHON IPOAYKIIHH.

KnaroueBble ciaoBa: skoHOMHUYecKHH 3¢¢eKT, KOMIUIEKCHas Aecyib(ypamms, arperar KOBII-TIEYb,
BHemeuHas 00paboTka

ITocranoBka mpoGJembl. B mpakTHKe MeTaTypruieckoro MpPOW3BOJCTBA, MOCTOSHHO HaOmMomaeTcs
TCHICHIMS yXKECTOUCHHUS TPeOOBaHMN K KadecTBY HpoAyKiuH. CpaBHUTEIbHBINH aHAIW3 TPeOOBaHMH K KadeCTBY
ctamu (ucnonp3oBansl naHHbIe cTaHgapToB [OCT, DIN, ASTM, BS, JIS) [1] B memom CBHAETEIHCTBYET O TOM, UTO
JUISL CTaJell MacCcOBOTO HAa3HAUCHMS (HM3KO- M CPEIHEYTIICPOIUCThIC, HU3KOJICTHPOBAHHbIE) JJOMYCKAETCSI TOBOJILHO
MIMPOKUN NHAaNa30H KojeOaHUM MapodHOro COJepXaHUs YIIepoja, MapraHija, HEeMETaIIMUECKUX BKIIOUEHHUH, a
Take Kuciopoaa. OfHAKO NMPUMEHEHHE HENPEPhIBHON PA3IMBKH CYIECTBEHHO CKOPPEKTUPOBAJIO TPeOOBAaHUS K
KagecTBy MeTaa. [Ipexxne Bcero, 3T0O OTHOCHTCSA K COAEP)KaHUIO Cepbl B METajUle, CHHXXCHHE KOHIIEHTpAIUH
KOTOPOTO HCKITIOYAET Pa3BUTHE JIMKBAI[IOHHBIX SIBICHUH B BHIE OT/ACIBHBIX CKOIUICHUI CYNb(UIHBIX BKIIOYCHHH.
W3 mpakTuKu HEMpepBIBHOW pa3iIMBKH CTAIM H3BECTHO, YTO OAHOM M3 TJIaBHBIX NPUYMH MPOPHIBOB U TPEUIUH
ABJISIETCS. HU3KOE OTHOIICHHE MokasaTtenst Mn/S. IIpHHATO cunTaTh, 4TO 3TO OTHOLICHUE JOJDKHO OBITh HE HIDKE 25.
Muorue mpemnpustus [2,3] mis oOecnedeHus BBICOKOW mpousBomutTenbHocTH MHIJI3 yBenmm4mBaioT CKOPOCTH
Pa3iIMBKH W TOICPKUBAIOT OTHOmeHWs Mn/S Ha ypoHe 35 - 40 m Oomee, (aKTUYIECKH COOTBETCTBYET
OTPAaHUIEHUIO COJCP)KAHMS CEPhI B CTAJIH.

ITocranoBka 3amaum. llenpio paboOTHl SBISUIOCH IPOBENCHHUE TEXHUKO-PKOHOMHYECKOTO aHaIHM3a
KOMIUIEKCHOH TEXHOJIOTHH Jecynbdypanuu crann Ha arperare kosm-mieub (AKII), koTtopas oGecrieunBaer
MOJy4EeHNE KaueCTBEHHOTO MeTaJlia.

N310:xeHHe OCHOBHBIX MAaTepHAIOB HccaeqoBaHusi. OIHMM M3 CIIOCOOOB, KOTOPHIN oOOecTedYnBaeT
HU3KHME KOHILEHTPAIMM CEephl B MeTale, SBISAETCA IPUMEHEHHE IOPOIIKOBOM IPOBONOKH C Pa3IHIHBIMHU
HaroyHUTENIMH [4]. B 3aBUCHMOCTH OT BHJa HAIOJIHMTEINS, OCHOBHBIMH 3aadaMi 00paOOTKH SBIIAIOTCS BIUSHHE
Ha (QU3HKO-XMMUYECKOE COCTOSHHE METalla, KOPPEKTUPOBKHA XMMHUYECKOTO COCTaBa B Y3KHMX Mpejaeiax, KauecTBa
MTOBEPXHOCTHU M BHYTPEHHEH CTPYKTYPHI, JISTUPOBAHUSI ¥ MOTUPHUIIMPOBAHUS, TITyOOKast Jecynb(yparis MeTana.

[TpumeneHne KanbUMHCOAEPKALIMX MATEpPHUANOB Ul BHENCYHOH OOpaOOTKM MeTasia, KpoMe IIyOOKOH
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necynb(dypannu, CriocoOCTBYET PEIICHUIO BaKHBIX 3a1ad [4]:

- yIy4IIeHHE Ka4eCTBa OBEPXHOCTH U MAKPOCTPYKTYPBI 3aTOTOBOK;

- MOJU(UIIMPOBAHKE U TTIO0YIApH3aII HEMETAIUIMUECKUX BKIFOUEHUH, KOTOPhIE HEe Ae(opMHUpYIOTCS pH
TIPOKATKE;

- IOBBILLIEHUE YJAPHOH BSA3KOCTH, INIACTUYECKUX CBOMCTB, XJ1aJOCTONKOCTH;

- CHIDKEHHE COZIEPKaHNS KUCIOPO/ia U HEMETAIUINIECKUX BKITIOYCHHUH.

Pa3zpaboTanHass TexHONOTHs Jecynbdypald MeTajula Ha arperare KOBHI-IEYb C COBMECTHBIM
ucnons3oBanueM TIIC u cuIMKOKaIbIIMEBON MPOBOJIOKU [5] MO3BONAET MOIy4aTh COAEP)KaHHE CEpbl B CTAIH
menee 0,010%, 4To criocoOCTBYET YBEIMUEHHIO CKOPOCTH PA3JIMBKH M MOBBILICHUIO Tpou3BoauTesnisHocTn MHJII3 B
nenoMm. ITpum 5TOM He HY)XHO HOBBIX KaIHMTAJIOBJIOXXEHUH IJISI YCTAHOBKM JIOMOJHUTEIBHOTO OOOpYINOBaHHS M
obecrieueHust TIIyOOKO# aecynbbypaimu Metayia. Jis oneHkdn skoHOMHUYECKOH 3(deKTUuBHOCTH pa3paboTaHHOM
TEXHOJIOTHH KOMIUIEKCHOH JlecyNb(ypalyy MPOBOMIN HCCIEA0BaHUS Al yciuoBui padotsl mpeamnpuarus OO0
"OnexTpoctans". [IpoekTHass MOITHOCTH MPOU3BOJCTBA CTANM Ha 3aBone coctaBisier Ooixee 300000 ToHH B rof.
OcHOBHOE TIPOM3BOACTBO pPsANOBOH coprameHT - Cr3, CTS5, HenmpephIBHOIMTAsI 3aroTOBKAa KBaJPAaTHOTO CEUCHUS
pasmepom ot 120x120 mo 135x135 mm. 111 CyLIECTBYIOIIEH CKOPOCTH PA3JIMBKU CIOKOMHBIX Mapok crajiei - Ct3 u
Cr5, paBHO#t 3,3 M/MHH TIPOIOIDKUTEIHHOCT PA3MBKH 55 TOHH MeTamia cocTaBisieT 56,04 muHyT. TexHOMOTHA
necynbdyparmu meranmna Ha AKIT ¢ coBmectHbiM ucnonbs3oBanuem  THIC u  SiCa-npoBosioku  1O3BOJSIET
YBEIMYUTh CKOPOCTb  Pa3IMBKH 10 3,5 M/MHH, TOTa IPOJOJDKUTENILHOCTh PA3IMBKU KBajpara CEYeHHEM
120x120 MM coctaBur - 52,83 MuH.

®onp Bpemenu padotsl MHII3 onpenessii ¢ yueToM HCKIIIOYEHHUS M3 KaJIEHAApHOTO YHCJIa YacoB B TOIY
BpeMeHr ocTtaHoBoK MHJI3 Ha Bce BHIBI PEMOHTOB, JHMKBUAAIMU TOCIECICTBUN TMPOPHLIBOB W 3aMEHY Y3JIOB
MAIIHUHBI, IEPECTPONKY PYIbEB MAIIMHBI IPY M3MEHEHUH CEYCHUS 3aTOTOBOK, KOTOPHIC OTIUBAIOTCS:

q) = 365 - (Txan + Tl‘Ll‘L + THOT + TH)' (1)

rne ® — ¢oun Bpemenu paboret MHII3, u; T, — AIUTENIBHOCTh KAaNUTAIBHBIX PEMOHTOB, 4, T, —
JUTATENIFHOCTh TUIAHOBO-TIPEAYIIPEIUTEIFHOTO PEMOHTA, 49; T, — UIMTENFHOCTh HMOTOYHBIX PEMOHTOB, 43 T, —
JUTATENIFHOCTh BHEIUTAHOBBIX MIPOCTOEB, U.

Ecmu Ha pa3nuBKy 3aroToBOK He HY)XHO niepectpanBath MHJI3 Ha npyroe ceuenne, poHI BpeMEeHH pabOTHI
MHJI3 Bo3pacTaer.

Jnsa onpeneneHus 3xoHOMHYECcKOro 3ddekra oT BHeApeHH pa3paboTaHHONH TEXHOJIOTHH PACCUUTHIBAIIN
roJI0BY10 mpousBoauteabHocts MHJI3:

p M, P
M= —% @

Tpt—
an

rae I1 — rogoBast pOU3BOAUTEIBHOCTD, T; 1L — KOO (HUIIMEHT BBIXOAa TOIHBIX 3arOTOBOK M3 XKUAKOH CTalH,
JUIS. pa3IUBKU COPTOBBIX 3aroToBok Ha MHIJI3 cocrasmser 0,93 - 0,95; @ — donx pabouero spemenn MHJI3; T -

BpeMsI ay3bl MEXKy IUIaBKaMy 6e3 H3MEHEHHs pa3MepoB 3ar0TOBOK, 4; ¥l . —4ncio miaBok B cepuu.

Jna xBanpara ceuenueM 120x120 mm (mpu V, = 3,3 M/MUH) T0J0Basi NPOU3BOAUTENBHOCTh COCTABIISIET
413490,2 1. YBENnMYMB CKOPOCTb Pa3NuBKH 10 V, = 3,5 M/MuH, npomssogutensHocts MHJI3 Bospacrer mo IT =
438141,5 1. CormacHO TpOBEJCHHBIM pacdeTam cedecTtommMocTh 00paboTku cramun Ha AKII mo mpoekTHOMY
BapHaHTy Bo3pacTaeT Ha 2 mour./T. [Ipu 3ToM 00paboTka MeTamia B KOBIIE-TIEUU 110 MPEAJIOKEHHON TEXHOJIOTHI
MO3BOJIMT YBEJIHMYNTh TPOM3BOAUTEIBHOCTh, B IeioM, Ha 24651,3 T cramm B rox. PeiHOuUHas meHa | TOHHEI
3arOTOBKH CIOKOWHBIX Mapok cTayim coctaBisieT 450 - 500 momn./r. DxoHOMHuYeckuit 3 dekT mpu peanmsamnuu
MPOAYKITNHA MOYKHO OTIPEIEIIUTh KaK:

P =TI, (I - Co; = C,") = I (I - Ce, — C,) ®)

rae P — npubbute 6e3 yuera Hanora; [T, I15 — romoBast mpoU3BOAUTENLHOCTD MO MPOSKTHOMY U 0a30BOMY
BapHaHTaX, COOTBETCTBEHHO, T; L] - meHa 3a 1 TOHHY peann3oBaHHOI npoaykiuu, nowL./t; C,, — cedbecronmocts 1
TOHHBI cTanM 10 ob6paborku wa AKII; C,°, C,} — cebecTONMOCTb BHEIICUHON 00pabotku 1 TOHHBI CTaNIH MO
MPOCKTHOMY ¥ 0a30BOMY BapHaHTaX, OJUL/T.

CebecTonMocTh 1 TOHHBI cTanmu A0 0OpabOTKM HA KOBIIE NMEYH B 0a30BOM M IPOEKTHOM BapHaHTaxX He
Mensercs. ['omoBoil skoHOMmYeckuid 3¢ddekT ¢ ydeToM HeW3MEeHHOH CTOMMOCTH | TOHHBI pealn30BaHHOMN
MPOAYKIINH TIOCIIEe BHEIPEHHUS TpeIaraéMoi TEXHOJIOTHH BHETICYHOH Aecylb(dyparid MOXeT cocTaBisaTh 972 500
IoapoB B rox. B Tabmmme 1 mpeacraBieHa CpaBHHUTENbHAs XapaKTePHCTHKAa TEXHHUKO-?KOHOMHYECKIX
roKa3aTesiell BHENeyHOH 00paObO0TK! U Pa3IuBKY IO 0a30BOMY M IPOCKTHOMY BapHaHTaX.
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Tab6muma 1
TeXHUKO-IKOHOMHYECKHE MoKa3aTeau 3 (HEKTHBHOCTH BHEAPEHHS Pa3paO0TaHHOM TEXHOJOTHH BHEIIEYHON

necynbdyparn Ha AKIT

TMokasarens BapuaHTs! OTKIIOHEeHHE
bazoBbrii IIpoext Abcomot. | OtHOCHT., %

CKOPOCTh Pa3IuBKH, M/MHH 3,3 3,5 0,2 571
Bpewmst pa3nuBKy, MUH 56,04 52,83 -3,21 - 6,08
TTpon3BOANTEIBLHOCTD, T/TOJ 413490,2 4381415 24651,3 5,63
Cebectommocth  oOpaboTkn Ha  AKII, 25,16 27.2 2.04 75
JTOJIIL./T
;(E[I(B)Baﬂ MIPUOBLTHP MOXKET COCTaBJIATh, 0€3 9725645 $

BoiBoabl. Vcmonp3oBanue MPemIoKEHHOW TEXHOJOTHHA KOMIUIEKCHOW Necynb(ypamuu s TOTydeHHs
HHU3KOTO COJICP KaHHs CEPBI B CTAIH MO3BOJISIET OBBICUTh IPON3BOJUTEIIFHOCTD 32 CUET YIy4IICHHS Pa3INBaeMOCTH
CTald M YBEJIMYEHUs CKOpOcTH pasznuBku Mertamia Ha MHII3. IIpoBeneHa cpaBHUTeNbHAas XapaKTEPUCTHKA
KaJIbKYJISIIMN ce0eCTOMMOCTH BHENIEUHOI 00pabOTKH CcTaiy 0e3 MCIOJIb30BaHUS CHIIMKOKAJIBIIMEBOI ITPOBOJIOKH U C
NPUMEHEHHUEM IIpe/UlaraeMoil TEXHOJIOTMU JJIsl KOMIUIEKCHOHM Jecylb(ypaluy C HMCHOJb30BAaHUEM IPOBOJIOKU
CK30. Oxxnpnaemblii 5KOHOMHUECKHH 3P (PEKT MOXKET cocTaBUTh 972 564,5 noju1apos B TONI.

Jlureparypa

1. Ozypyos, A.Il1. Henpepoieaoe nutbe cranu [Tekcr] / A.I1. Ozypyos, A.B. [pecc. — JIHENPONETPOBCK:
Cucremusble Texnoaoruu, 2002. — 675 c.

2. Cwmipnos, O.M. besnepepBHe posmuBanus ctani [Tekcr] / O.M. Cmipnos, C.B. Kybepcovkuii, €.B.
LlImenan. — AmaeBcek: Jou TV, 2011. - 518 c.

3. Esmees, /I.I1. HenpepoiBHoe nuthe ctanu [Tekcr] / /11 Eemees, U.H. Koavibanos. — M.: Metasnyprus,
1984. - 200 c.

4. Jhooxun, JI.A. TlpowsBoactBo cramu. Tom 1. Ilporeccsl BBIMIABKH, BHENEYHOH 00pabOTKH U
HenpepbIBHOM pasznuBku ctanu [Texcr] / . A. Jookun, B.B. Kucienxo. — M.: «Termmorexauky», 2008. — 530 c.

5. Tar. 88592 U Vkpaina, MITKC21D 1/100 (2006.01). Croci6 mecynbdypaiiii Mmetany B arperati KiBIi-
niu / C.B. JKypasivosa, 10.C. Ianiomos, B.C. Mamewun, A.C. Ipuyenxo. — Ne 88592 U; 3asmn. 23.09.2013;
Omny0m. 25.03.2014; Bromn. Ne6.

6. Pyooi, JI.C. TIpoextupoBanue KouBepTepHbIX 11ex0B [Tekcr] / JI.C.Pyooii, B.A. Opman. — K.: YMK BO,
1989. - 80 c.

J.A. JIOI'MHOB, O.A. IYBOBHUKOB
Hayuonanvnuiii munepanvro-coipbegoll ynusepcumem «I opHviily

TEXHOJIOI'UA IEPEPABOTKHN BBICOKOKPEMHUCTbBIX
BOKCHUTOB KA3ZAXCTAHA

B paboTte npencTaBieHbl pe3yibTaThl IPOBEACHHBIX HCCICIOBaHUH 110 nepepaboTke OokcuTor Kazaxcrana
C HUCIOJIb30BAaHUEM TEXHOJIOTUH, pa3paboranHoi B ['opHoM yHmBepcutere [1, 2]. McciaemoBaHuss OCHOBaHBI Ha
HAYYHBIX TPYZJaxX BBIIAIONINXCS Y4eHBIX ['opHoro yHmBepcurera — akamemuka H.C. Kypnakoa, mpodeccopor
H.II. Aceesa, A.H. Ky3nenoga.

[Ipemmaraemast TEXHOIOTHS BKIIFOYAET B CeOS:

- TePMHUYECKYIO0 aKTHUBAIMIO CHIphs (0Oxur mpu Temmeparype 900-1000 °C), mo3BOISIONIYIO TTEpPEeBECTH
coJiepKanecs B O0KCUTaX CHIIMKATH B JIETKOPACTBOPUMYIO B IIEIIOYHBIX PacTBOpax aMopdHyIo Gpopmy;

- oOeckpeMHHBaHIE 000XKEHHOTO OOKCHTA MIETIOYHBIM PacCTBOPOM;

- BBIIIIEJIaYMBaHUE MOJYYEHHOTO KOHIIEHTpaTa 1o crocody baiiepa.

HccrnenoBanusi mpoBOAWINCH Ha Tpobe OokcuToB Typraiickoro MECTOPOXKICHUS, MPEIBAPUTEIHLHO
U3MEeNbUSHHOMN 10 KpymHOCTH -5,0 MM, cienyrorero cocrasa: 43,21 Al,Os; 12,23 SiO,; 18,01 Fe,03; 2,49 TiO,; 0,9
Ca0; 23,16 IIIIIT; psi = 3,53.

TepMoxummuyeckoe 00OTANICHUE OCYIIECTBISLIOCH MPH CIEAYIONIMX YCIOBHSX: 1) HPOJOJIKHTEIBHOCTH
obxura ot 0 10 3 4 (HeOousbIIOE BiAMsHME Ha d(PHEKTUBHOCTh 00eCKpeMHUBaHUs); 2) Temneparypa odxura 900-
1000 °C; 3) rtemmepaTypa obeckpemHuBaHHs 000xokeHHoro Ookcuta 95 °C; 4) xounentpauuss Na,O npu
obeckpemuuBanuu 150 r/i; 5) orHomenwue XK: T npu obeckpemuuBanuu 10:1.

[Ipy naHHBIX YCIOBUSX YAAJIOCh TOBBICHTH KPEMHHEBBIH MOAymb cheIpbs m0 9,1. Teopermdueckoe
uspiieuenre Al,O; (ucxons w3 mpenmnonoxenus, uro obpasyercs 'ACH cocraBa Na,O-Al,03:1,7Si0,-2H,0):

#4571 1009 :79'111-100% = 89% -

Hsi 9,
):[.]'IH YCTaHOBJICHUSA OITUMAJIbHBIX yC.HOBI/[ﬁ CoYeTaHus TEPMOXUMHUIECKOTO 060FameHI/I5{ C
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BEIIIIETIAYMBAHUEM T10 crioco0y baiiepa Obl CIUIaHMPOBAH YKCIIEPUMEHT TI0 MeToay bokca-Ywmiicona [3], B kauecTBe
napameTpa onrtuMusanuu (y) Obulo BeIOpaHo ckBo3HOe wu3BieueHne Al,Os, B KauecTBe BapbHPYEMBIX OBLIA
BBIOpaHBI ciexyrome GakTopel: TeMIepaTypa ooxkura (X;), IpOIOKUTEIHHOCTE 0allepOBCKOTO BHIMIETAUNBAHMUS
(X,), koruentpanus Na,O npu 6aiiepoBCKOM BBILIEIAYHBAHUH (X3).

Maxkcumanbroro menederus Al,Oz € = 85% ymamoch moOUTHCS TIpH yCIOBUAX: TemiepaTypa obxura 900
°C, MpOAOILKUTEIBHOCTh OaiiepoBckoro BeimienaunBanus 180 muH, kourenrpamus Na,O mnpu OaiiepoBcKOM
BhIINIENIaYMBaHuU 3 14 /1, uTo Ha 4 % HUXKE TEOPETUICCKA BO3MOKHOTO H3BIICUCHUSI.

YpaBHEHHE Perpeccuu:

y = 64,975—3525x, +7,375x, +14,35x, — 3,4x,x, + 4,15x,x,,.

CorylacHO paccuyuTaHHOMY 3HadeHuio kputepus @umepa (F = 4,34) maremaTtndeckas MOAENb OKa3alach
aJICKBaTHOM, OBbLIO TPHUHATO PELICHHE MPOJODKUTh HCCICAOBAHUE C LENbI0 ONTHMHU3AIUN TEXHOJOTHYECKOTro
npotecca.

Jluteparypa

1. /ybosuxos O.A. DdhexTHBHBIE TEXHOJIOTHH IIepepabOTKH HU3KOKAYECTBEHHBIX OOKCUTOB /
O.A. [Iy6oBuxoB, B.M. CuzsikoB. — CI16 : HaumoHanbsHbIi MUHEpAIbHO-CHIPbEBOH yHUBEpCcHUTET «[ opHBIiY», 2012.
-195c.

2. Cussixos B.M. Teopus u mpakTHKa TEPMOXUMHYECKOTO OOOTalIeHHs HU3KOKaueCTBEHHBIX OOKCUTOB /
B.M. Cmzsxos, O.A. lyoosukos, JI.A. Jloruraos // "O6oramenue pyn" N/ "Pyna u metamer", Ne 5, 2014, ¢.10-17.

3. Aonep FO.II. TlnanupoBaHue IKCIIEPHUMEHTA MPH MOWCKe onTHManbHEIX ycrmosmii / FO.I1. Amnep, E.B.
Mapxkoga, 10.B. I'panosckwuii // M.: Hayka, 1976. 280 c.

HN.J1. OJIEMHHUK, M.IO. HASAPEHKO
Hayuonanvuwiii munepanvro-coipbesoii ynusepcumem "l'opuwiii”

M3YYEHUE NPOUECCA TEPMHYECKOI'O KPEKUHI'A T'OPIOYHX
CJTAHIEB ITPUBAJITUNCKOI'O BACCENHA

B Hacrosmiee BpeMs OCHOBHBIM HMCTOYHHMKOM CBIPbS JUII XUMHYECKOH W  OHEPreTH4ecKou
MPOMBIIUICHHOCTH SIBISIIOTCS HE()Th M mpuponHbiil ra3. IIoCTOSHHBIN pOCT 3HEPromoTpeONCHUS, YMEHBIICHNE
M3BECTHBIX 3aIlacoB JIETKOAOCTYITHON He(TH, yBEIWYEHHE CEPHHCTOCTH M OOBOAHEHOCTH HE(MTH IOBBIMIAIOT
HMHTEpEC BO BCEX CTPaHaX K TAKOMY HCTOYHHMKY YTJIEBOJOPOZOB KaK TOpPIOYME CIAHIBI. B roprodmx ciaHIax
cogepsurcst 10 50% MuHEpaIbHOW YacTH, MO3TOMY IPH NepepaboTKe ClIaHIEeB 00pasyeTcst OOJBIIOe KOIHIECTBO
TBEPABIX 30JBHBIX OTX0A0B. st 3(hQEKTUBHOTO NPUMEHEHHS TOPIOYMX CIAHLEB B pPa3IHMYHBIX O0IacTIX
MPOMBIIIJIEHHOCTH W HAapOAHOTO XO34HCTBa HEOOXOIMMO JeTalbHOE HU3yYeHHE CIAHLIEBOM 301BI, KOTOpas
oOpasyeTcs B OOIBLIOM KOJUYECTBE MIPU NepepadOTKe CIAHIIEB.

IensMu naHHOM pabOTHI cTANU M3yYCHHUE (PU3UKO-XUMHUYECKUX CBOWCTB FOPIOYHX CJIAHIICB, ONpPECICHHE
OIITUMAJIbHBIX yCHOBl/Iﬁ 6pI/IKeTl/IpOBaHI/ISI TOpIOYMX CJIaHLICB W H3YYCHUC IMOBCACHUSA TOPHOYHX CJIAHIECB IIpU
TEepMHYECKOI 00paboTKe.

OOBEKTOM HCCIIIOBAHUs CTalu Troproune crnaHuel [IpubanTuiickoro OacceliHa, JIGHUHIpajCKOro W
DCTOHCKOTO MECTOPOXKACHUH. B X071€ MccienoBanuii ObUN OTIpeIeNeHBI:

- (hu3MUECKHE CBOICTBA FOPIOYHX CIIAHIIEB;
- KOMIIOHEHTHBIH COCTaB MUHEPAIBHON YaCTH TOPIOYHX CIIAHIIEB;
- ONTUMAaNIbHBIC YCIIOBUS Ul OPUKETHPOBAHUS TOPIOYHX CIIAHIICB;
- N3MEHEHHE MACCHI M TIOPUCTOCTH MPU TEPMUUECKOM KPEKHHTE.
Hayunsliit pykoBoauTens: K.T.H., foueHt C.H. CanrbikoBa

A.B. PBI’KKHH, JI.C. MOJIYAHOB
Hayuonanvnas memannypeuieckas akademus Ykpaunvl

NHOBAIIMOHHBIE IMTOAXOAbI B JETTUPOBAHHUMU PACIIJIABOB
MAPI'AHIHEM

ITocTanoBKa 3aga4 HCCIe0BAHUA

[Ipormecc nernpoBaHus ABISAETCA HEOTHEMIEMOH Omepalield MPON3BOACTBA COBPEMEHHBIX METaJIMUECKUX
KOHCTPYKIMOHHBIX MaTepHaiioB. Hanmdme jerupyroniix BemecTB B COCTABE METAIUIOB M CIUIABOB MPENOIPECIIsAeT
TEXHOJIOTHYECKUE CBOUCTBA (TeMIepaTypa IUIaBICHUs, IPEIe)l IPOYHOCTH, yIapHas BI3KOCTh U T.1.). Hanbombiee
pacmpocTpaHeHue Cpeid BCeX JETUPYIOMUX KOMIOHEHTOB MPU MPOU3BOICTBE HU3KO-, CPEAHE- U BHICOKOYTJIEPOIH-
CTBIX CTaJIcH MOJIyYrII MapraHein. B OCHOBHOM €ro BBOJ B paciljiaBbl OCYIICCTBISIOT B BUIC (heppoMaprania (CIiiaB
METaJUIMIECKOTO MapraHIia ¢ JKeJIe30M) pa3IudHbIX Mapok. [IpousBoncTBo (eppomapraniia TpeOyeT 3HAUUTEITbHBIX
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3aTpaT HEPrHH, YTO HEraTHBHO BIHSET HA SHEPro€MKOCTh U Ce0ECTOMMOCTh METAJUTYPTUUECKON MPOIYKIUH B 11e-
som [1].

[enbto gaHHOM pabOThI SABISIETCS] 0OOCHOBAHUE M SKCHEPHUMEHTANIBLHOE OMPOOOBaHIE TEXHOJIOTHUH JIETUPO-
BaHMs METAJUIOB U CIUIABOB MapraHIieM, BOCCTAHOBJICHHBIM U3 OKCHJIa B 00bEME paciuiaBa.

MeToauka IMPOBEICHUSA ncc.neuonannifl

[IpoBeneHHbIE HCCeTOBaHMS HOCHIN KOMIJIGKCHBIN XapakTep U BKIIOYAIH KaK TEOPETUIECKYIO YacTb, TaK

U SKCICPUMCHTAJBbHYI0. B paMKkaXx TEOpEeTHUYCCKUX HCCICIOBAHUN OBUT TPOBEICH TCPMOIUHAMUYCCKUN aHAIIH3

MPOIIECCOB ATFOMOTEPMUICCKOTO BOCCTAHOBJICHHUST OKCHJIOB MapraHiia. [Ipu 3ToM ObUTO H3yYCHO BIHSHUE TEMIICpa-

TYpBI Ha MPOLIECCHl BOCCTAHOBJICHUS OKCHIOB MapraHiia aJloMUHHEM. XUMUYCCKAC YPaBHCHUS 00pa30BaHUS pac-

CMaTPUBACMBIX OKCHIOB MapraHIiia, alOMUHHUS M UX TCPMOJUHAMHUYCCKUE XapAKTCPUCTHKH MPEICTABICHBI B Ta0-
nune 1.

Tabnuua 1

YpaBHEHUsI XUMUUECKHUX PEAKIMii 00pa30BaHKsI OKCHIOB MapraHIia, alFlOMUHUS U UX TEPMOJIUHAMHUYECKHE XapaK-
TepUCTHKH [2]*

No YpaBHEHHE XUMHUECKOMN peaKkiuu TemneparypHasi 3aBUCUMOCTh Jwnamnazon temneparyp, K
/1 sHepruu [ 'n66¢a, J[Hx/MoIb

1. <Mn> + '/, {O,} = <MnO> 385186 + 73,73 T 298 — 1517

2. 3 <Mn> + 2 {O,} = <Mn304> —1385412 + 360,60 T 298 — 1516

3. 2 <Mn> + %, {0} = <Mn,0;> —959070 + 259,54 T 298 — 1516

4. <Mn> + {O,} = <MnO> -518954 + 177,19 T 298 — 1516

5. 2 (Al) + %1, {0} = <Al,05> —-1685909 + 325,15 T 932 — 2303

o> TBéleOC COCTOSAHHE BCIICCTBA, () — XHUIKO€ COCTOSIHHKE BCILICCTBA, {} - I‘33006p33HO€ COCTOsIHHE BCIICCTBA

Ha ocHoBaHMM NPOBEICHHOTO TEPMOAMHAMUYECKOTO aHAIN3a OBUIM ONpelesieHbl HauboJee MepCreKTHB-
HbIE OKCHJIHBIE COEJIMHEHHsI MapraHIa JUIs OCYLIECTBICHHUS MPOLecca ero BOCCTAHOBJICHUS B 00bEME pacIuiaBa.

OKcneprMeHTaIbHAs 9acTh MCCIEJOBAHUI Mpearnosaraia IpoBeieHree BEICOKOTEMIIEPaTyPHOTO MOIEIH-
POBaHUS TpoIleccCa BOCCTAHOBIICHHS MapraHIla W3 OKCHIA B 00bEMeE KuAKoro dyryHa. [Ipm 3TOM HMcmoss30Banach
CHenranbHas SKCIIEpUMEHTANbHAs ycTaHOBKA (puc. 1), cocTosBIIas W3 CIEIYIONMX KOHCTPYKTUBHBIX 3JIEMEHTOB!
meub Tammana (1), orHeymopHas monacTaBka (2), TpagUTOBBIN THUTENH C XHUIKAM 4yryHOM (3), OpHKeT ¢ mcciexye-
Moi1 cMechio (4), MexaHn4IecKuit 3axBar (5), KpoHITeitH (6) u Tepmomnapa (7).

st SKCHepUMEHTalbHBIX  HMCCIEAOBaHUMN
IpUMEHsUIN 4yyryH B KoiudectBe 1600 , xoTopsli
npeABapuTenbHO apodmwtn 1o ¢pakumu 15 — 20 MM,
3arpyxaid B TpadUTOBBIA THUTEIb YCTAHOBJICHHBIN B
neun TamMMmana W Harpesanu a0 Temmeparypsl 1500°C.
KoHTponb Temneparypsl paciiiaBa OCYLIECTBIISUICS 110
CpEACTBY oOImpefeNieHus] MoKa3aHui Tepmomnapsl BP-
5/BP-20 moxBenénnoit ko nHy tHrisa. CoctaB cMecH
JUT BOCCTAHOBJICHUSI MapraHIla paCCYUTHIBAINA B COOT-
BETCTBHH CO CTEXHOMETPHUECKUMH KOd(PPHUIHEHTaAMU
XUMHUUYECKUX PEaKLHi.

BBon sKk30TepMHUECKON CMECH, B KOIMUYECTBE
120 r, B pacmiaB npoBoAWIN B popMe OpHKeTa UMero-
mero ¢popmy mapamienenunena (a x B X h = 30 x 30 x
50 MM), OCHaIIEHHOTO O0OJIOUKOW M3 YEPHOW KECTH.
Pexum narpeBa meun TammaHa ObUI CIEXYHOIIUM:
HarpeB pabodero NPOCTPAHCTBA OCYILECTBISLIM CO
ckopocteio 10 °C/ mun. no temmeparypst 1500°C, no-
CJIe YEeTO yCTAHABJIMBAJICS CTALMOHAPHBIA PEXNM, MPU
KOTOPOM 32 CYET MOABO/A AIICKTPOIHEPTUH KOMIIEHCH-
pPOBAJIMCh TOJIBKO TEIJIOBBIE TOTEPH, a JalbHEWUIIUH
HarpeB paciuiaBa MPaKTHIECKH MPEKpaInacs.

Onenky 3 QeKTHBHOCTH pa3IMIHOTO COCTaBa
9K30TEPMHUUECKHX CMECEH MPOBOAMIN TI0 OTHOCHUTENb-
HOMY IOKa3aTeJl0 MPUPOCTa COJEpkKaHUs IpUMecel B
YyryHe:

Puc. 1 Cxema 3KkCniepUMEHTaIbHON YCTAHOBKH:

1 — meur Tammana; 2 — OTHEYIIOPHAS TOJICTABKA; 3 —
rpaUTOBBINA THTENb C KUAKAM IyTYHOM; 4 — OpuKeT
13 3K30TEPMHUYECKON CMECH, COAepIKaIleid OKCU/T
MarHusi; 5 — MEXaHMYeCKH 3aXBaT; 6 — KPOHIITEWH; 7
— tepmornapa BP-5/BP-20

Ao Nai =Niw) 405, % (1)
Nié—
e Cyaq 1 Cyoy — COOTBETCTBEHHO HAYAIBHOE ¥ KOHETHOE COJIEpPIKaHUe DJIEMEHTA B UyTYHE.

Pe3yJ’II>TaTI>l MPOBEICHHBIX HCCJIeI0OBAHM I
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Puc. 2 3aBucumocts sHepruu ['n66ca as
MIPOIIECCOB OKMCIICHUS MapTaHiia u
AMIOMHUHUS: TUQPPBI Y KPUBBIX HOMEPA 110
MOPSIKY XUMHUYECKUX peakiuii B Tadmure 1

3aBucumocTh dHepruu [ mb6ca oT TeMIeparypsl s
MPOIIECCOB OKUCIICHUS MapraHIla W ATFOMUHUS TIPEICTABICHBI
Ha puc. 2.

B cooTBeTcTBHM ¢ JaHHBIMH, NMPEACTABICHHBIMU Ha
puc.2 amOMUHIHA 00s1agaeT OOIBIINM CPOJICTBOM K KHCIOPO-
Iy, 9eM MapTraHell, II03TOMY IMPHHIUIHAIHHO MOXET OBITH
UCIIOJIb30BAaH B KAUECTBE BOCCTAHOBUTENSA. YUYUTHIBAs, UYTO
HanOOJIbINAsT Pa3HUIIA MEXKIY 3HAUCHHUSIMH SHepruii ['uodoca,
B HCCJICAYEMbIX IHANa30HaX TEMIICPATyp, ONPEACICHa MEXK-
ny peakipsimu (5) — (3) u (5) — (4), To HauboJIEe paIOHAIb-
HO aJIOMOTEPMHUUYECKOEC BOCCTAHOBJICHHE MapraHiia IpOBO-
quth 13 Mn,O3 1 MnO,, mpu 3TOM TEIIOBBIIEICHUE COCTAB-
astet 3500 1 4750 k]I / KT cOOTBETCTBEHHO [3].

Hcxons u3 pe3ynbTaToB TEOPETHIECKUX HCCIIEI0Ba-
HUH U1 TIPOBEACHHWS OSKCIEPHUMEHTAIBHBIX HCCIIEOBAHUI
ObLT BEIOpAaH MapraHIeBBI KOHIIEHTPAT MAPIION3UTOBBIX Py
(comepxarmii KOMOoHEeHTHI, %: Mnyg, — 34; S — 0,1 u P —
0,1). B kadecTBe BOCCTAaHOBHUTENS HCIOJH30BallaCh KpPYIKa
amomunueBas AB-87. Jlns cBs3biBaHus cepsl U Gocdopa B
COCTaB CMECH JIONIOJTHHUTENILHO ObLIA BBEJICHA W3BECTh U ILIa-
BUKOBBIN mmaT. CocTaBbl pa3pabOTaHHBIX CMECeH MpencTaB-
JICHBI B Ta0JHIIE 2.

Tabauma 2
CocraB pa3pabOTaHHBIX CMeCeil JUIsT BOCCTAHOBJICHHUSI MapraHIla B 00bEMe pacIuiaBa
CopeprxaHue KOMIIOHEHTOB, %
Ne cmecu MapranueBbiii KOH- Kpynka antomunune- N3BecTh MeTal- DnroopuT
HEHTPAT Bast JIyprudecKas (®K-75, ®I'-75)
1 70 30 0 0
2 54 23 16 7

PesynbTarhl J1abOpaTOPHOTO HCCIIENOBAHUS TEXHOJOTHIECKOW A(()EKTUBHOCTH pa3pabOTaHHBIX CMeceit
JUISl BOCCTQHOBJICHHSI MapraHIia MPe/ICTaBIIeHbI B Ta0muIe 3.

Tabauna 3
Pe3ynbraThl HCCIEIOBaHHS TEXHOJIOTHYECKOH A3 PEeKTUBHOCTH pa3paboTaHHBIX CMeCeH Il BOCCTAaHOBIICHHS Map-
rauma**
Bux mpoOsr CocraB uyryHa, %
C Si Mn S P
Jlo 06paboTku 3,85 0,67 0,35 0,031 0,138
ITocie 0O6paboTKH 3,86 0,64 0,85 0,038 0,145
cMmechio Ne 1 0,26 -4,48 142,86 22,58 5,07
ITocne o6paboTku 3,82 0,65 0,80 0,029 0,136
cMmecnro Ne 2 -0,78 -2,98 128,57 -6,45 -1,45

** - B yHCIHUTENE yKa3aHO a0COMIOTHOE 3HAUYEHHUE, B 3HAMEHATHIIC — OTHOCHTEIIFHBIN IPUPOCT COAEPIKAHUS TIPH-

MECH B pacCIliaBeE.

Taxum 06pa30M, B COOTBETCTBUHU C JAaHHBIMU INPCIACTABICHHBIMU B Ta6n1/1ue 4, MOJXHO CACaTh BBIBOJ O
HCHCCOO6p33HOCTH IPUMEHCHNA B MTIPOMBINUIEHHBIX YCJIOBHUAX CMECH Ne 2. 3TO CBSI3aHHO C OTCYTCTBHUEM HEra-
THBHBIX HOCHGI[CTBI/Iﬁ rnepexoja cepbl U (bOC(I)Opa 13 KOHIECHTpPATa B pacCIliaB.

BroiBoabl

1. TeOpeTI/I‘{eCKI/I 000CcHOBaHA U OKCIICPUMECHTAJILHO OHpO6OBaHa TCXHOJIOT'UA JICTUPOBAHUA PACIUIaBOB
MapraHieMm 3a CUCT €T0 BOCCTAHOBJICHUA B 00BEME paciuiaBa.
2. OHpe)IEJ'IeHI)I palroHaJIbHBIC COCTAaBbl CMECH IJIs1 BOCCTAHOBJICHUA MapraHila U3 OKCuia.

Jlureparypa

1. JlernupoBanue ¥ MOIU(DHUIIMPOBAHIE CTAIN C UCIIOJIL30BAHIEM TPUPOAHBIX U TEXHOTCHHBIX MaTEePHaJIOB /
O.1. Hoxpura, 1. /1. Poxmnxuna, B.1. Imutpuenko, M.A. IlnaTtonos; KOpruHCKMil TeXHOIOTHYECKI HHCTUTYT. —
Tomck: U3narenscTtBo TOMCKOTo NOIMTEXHUUECKOTO yHUBEpeuTeTa, 2013. — 320c.

2. KazaukoB E.A. Pacuérsl mo Teopun METaUTyprHIecKHX MpoIeccoB: Yued. mocodue ams By30B. — M.:

Merannyprus, 1988. —288c.

3. Kyb6amresckuit O. Meramnyprudeckas tepmoxumus / Kybamesckuit O., Onkokk K.Bb. - M.: Meramryp-

rus, 1982. - 392¢.
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B.B. CEPI'EEB
Hayuonanvuwiti munepanvro-coipvegou yHusepcumem «I opHuliiy

3KCTPAKUMOHHOE U3BJIEYEHUE U PA3JIEIEHUE
PEJIKO3EMEJIbHBIX METAJLIOB (P3M) U3 9KCTPAKLIMOHHOIA
®OCPOPHOI KHCJIOTHI (Q®K)

XuOWHCKas TPyMIa aaTHTOBHIX pyx comepkuT okoino 0,4% P3M. B cooTBeTcTBHE C TOCYZapCTBEHHOU
nporpammoii P@ pa3zpaboTka TEeXHOJIOTHMHM H3BJICUCHHMS, pa3zeneHus W moiydenus P3M u3 amarwra, SBIsETCS
KPUTHUYECKH BOCTPEOOBaHHOW cTpaTerMyeckoi 3amaueil. B mpouecce kucioTHo# nepepaboTkyu anatura 4yact P3M
BhILIENaunBaeTcss B pactBop OPK, KOTOpBI SBISETCS MNPAaKTHYECKH TOTOBBIM CBHIPhEM, HE TpeOyIomum
IpeiBapuTeIbHON 00padOTKU (M3MeNbYeHHsl, pacTBOpeHus, oboramenus). Kpome toro, DPK comepxur Bce
9JIEMEHTHI LIEPUEBOM MOATPYIIIEI U OTJIMYAETCS TTOBBIILICHHBIM COAEPKAHUEM METAIUIOB HTTPUEBOH MOATPYIIIBI, YTO
00yCllaBIMBaET €€ MOTEHIHAIbHYI0 9KOHOMHYECKYIO MPUBIIEKATEIbHOCTD.

DKCTpaKIHI0 MPOBOMWIN JTH-2-3THITEKCHI(POCHOPHON KUCIOTOH, B KAaueCTBE HHEPTHOTO pa30aBUTEIs
J20I'OK  uncmons3oBanu KEPOCHH MapKH C MacCOBOM JOJIEH NpENeNbHBIX YIVIEBOAOPONOB He MeHee 95% .
OObekTaMu UCCIIEIO0BAHMUS SIBIISUIUCH MojebHbIe pacTBopbl DDK (Ln (P3M) no 0,1%; P,0s 1o 28%; MgO no 9,5%;
SO; o 1,4%; Fe,03 1o 1,65%) u mpoussoacTeernsie pactBopsl IPK( Ln (Cymma P3M) 0,07-0,1%; P,Os 26-28%;
S031,2-1,8%; F 1,4-1,5%; Al,050,1-0,4%; CaO 0,3-0,8%; Fe,030,3-0,4%; SiO,0,8-1,1%).

[Tomy4yeHHBIE PEe3yIABTATHI:

1. BrlpakeHne 3KCTpaKIIMOHHOTO PABHOBECHS MMEET CJIETYIONIUH BHI:

Ln(HZPO4)2++(¥j(HR)Z= Ln(H,PO,)R,(HR)s +2H"

rae (HR)- I20T'®K B opranmdeckoil ¢ase, S — KOJIMYECTBO COMbBATHPYIOIIUX MOJEKYI KHUCIOTHI
(wanpumep, mist La, Ce, Nd-1; Er-2; Yb-3), Ln(H2P04)2+ - KOMIUIEKCHBIE HOHBI P3M.

2. Ilpn xonnentpanmuu docdopHoit kuciorsl 10 10% (P,0s) HaGmomaeTcs NPakTUYECKH MOJHOE
u3BiedeHrne P3M K3 MOJEIBHBIX PACTBOPOB M PE3KOE CHIIKEHHE W3BICUEHUs NPU JAIbHEHIIEM YBEIHYEHUU
KOHLEHTpaK 0pTo(ocOopHOIt KUCIIOTHI.

3. PaccMOTpeHO BIMSIHUE MPUMECHBIX HMOHOB (Fes+, Mg2+, SO42' , F) wna usBneuenne P3M u3 DODK.
VBenuueHune KoHueHTpanun Fe°* u F' MOHWKaeT CTereHb M3BJCUCHHs LEPHA H WTTPHS B OPraHHuecKyio dasy.
[oBbImenne KOHLEHTpALMM HHUTpaTa MarHus HPUBOAWT K BblcanuBaromeMy 3(GEeKTy W, Kak CIEICTBHE, K
TOBBIIICHUIO CTETIEHN W3BICUCHUS IIEpHA U3 PacTBOpoB (ocdopHoit kucnoTel. Hammume cymbdar-moHOB B
pactBopax D®PK OyzmeT cymiecTBEHHEE BIHITh Ha CHIDKCHHE 3KCTPAarMpPyeMOCTH HOHOB HTTPUS, IO CPABHEHHIO C
MOHAMH LIEpPUsL.

4. TlomydeHsI BBICOKHE KOA(Q(GUIMEHTHI pa3feNieHuss HeoauMa OT JpOMs M HeoguMa OT UTTepOus
BN d/Er:334,3; BN d/Yb:1956,5 ; BEr/Yb = 59 , 4ro mno3BonseT S3(P(EKTHUBHO OTHENATH TPYIIY (WIETKUX)

PEeIKO3eMENBHBIX METANIOB OT «TSDKEIBIX» M3 KOHIEHTPHUPOBAHHBIX PacTBOPOB (ochopHOW KHCIOTHL. Taxke
YCTAHOBJICHO, YTO KOX(PQHUIHMEHT pa3feleHus 3pOus OT WUTTepOMs BO3MOXKHO MOBBICHTH IYTEM YBEIWYCHUS
conepxxkanus JI20T®K B oprammyeckoit (ase. PaccunmTaHbl TepMOIMHAMHYECKHE XapaKTEPUCTHKH Tporecca u
TIPEICTaBIECH P IKCTParupyeMocT HoHOB P3M:

InK 5,81 2,52 11,65
. wMoiS' 14,41 614 4,09
P3M Yb > Er > Nd

5. Hcnone3ys 3aBHUCUMOCTH cTeneHH u3BiedeHHs P3M OT KOHLEHTpaluM pacTBOpa M JKCTpareHTa,
YCTaHOBJICHa BO3MOXKHOCTh IIOMYTHOTO M3BJe4eHHss cyMMbl P3M c pasnmenenuem Ha Tpu KoHueHTpaTa: (Lu+Yb);
(Sm-Er) u (La-Nd), 0.06 M; 0.6 and 3M JI23T'DK, coOTBETCTBEHHO.

Jlng peskcTpakiuy NMpearnoyYTUTeNbHee UCTIONb30BaHne 2M cepHON KHCIOTHI, CTENEHb PEIKCTPAKIUU IO
TIEpBOH CTyINeHH cocTaBmiio He MeHee 80% .

M.B. AT'OJIBHUK, A.A. ISJIH
Hayuonanvnas memannypeuieckas akademus Ykpaunvl

INPOU3BOJACTBO BPUKETOB U3 OTXO/J10B AI'JIOITPOIECCA

OnHUM W3 BHAOB OKYCKOBAaHHMS METAJUIypIH4ecKOro ChIpbsi siBisieTcss OpukerupoBanue. Ilpomecc
OpHKETUPOBaHMS TBUIEBHIHBIX PYA M KOHUEHTPATOB ObLT n300pereH B 1880 roay. bpukernpoBanue npuMeHsIIOCh
CHaJajga /s OKYyCKOBaHMS /i1 PyA B LBCTHOW METAIIypruu, a 3aTeM Ui OKYCKOBAaHHUS JKENE3HBIX DY,
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KOHIICHTPATOB M KOJOIIHUKOBOW IBITH. B mepmos pa3Buths OpHKeTHPOBAHUS OBLIO MPEIIOKEHO MHOTO CITIOCOOO0B.
TIpon3BOAUTENHHOCTE MPECCOBON YCTAHOBKH (0 5 T / 4) W TYHHENbHBIX meuel (70 50 T / cyTKHM) B TO BpeMs ObLIa
OuYeHb HHM3KOW W OpHKETHPOBAaHWE HAYAJO BBITECHATHCS HPOMYKTHBHBIM H 3KOHOMHYHBIM AarioMepaIiioHHBIM
mporeccom [1].

B Hacrosmiee BpeMs MOTyYUITH pa3BUTHE 0€3005KUTOBBIE METOJIBI OPUKETUPOBAHUS C TOOABKAMH BSIKYIITAX
BEIIIECTB, OPTaHWYECKOTO W HEOPTaHMYECKOTO MPOUCXOXKICHH. B TmocieqHre ToIsl B CBSI3U C TOSBICHUEM HOBBIX
BBICOKOTIPOM3BOJUTENILHBIX U SKOHOMHYHBIX ITPECCOB, a TAKXKE XOPOIIMMH pe3ysbTaTaMH IUIaBOK Ha OpuKeTax B
YepHOW M LBETHOW METAJUIypruu, HHTEpec K OpHUKEeTHpPOBaHMIO yBenudwics euie Ooipmie. Haubonbiiee
pacrpocTpaHeHue Ipu 0€300)KUTOBOM OKYCKOBAHMH TIOJIyUYHIIH BSDKYIIME THIPABINYECKOTO TBEPICHUS — IIEMEHTHI
[2].

BriepBele MCIOJIB30BaTh MOPTIAHALEMEHTHBIE CBA3KH IIPH IPOU3BOJCTBE OpHKeTOB mpemioxmi Jl.
l036ameB. B panpHeiieM pa3mMYHBIMHM HCCIIEIOBATENSIMH OBLIO MOKa3aHO, YTO ONTHMAJIBHBIA pacxoj IeMeHTa
nexuT B mpepenax 8 - 10% [3].

BpukeTsl Ha IEMEHTHOW CBS3KE, M3TOTABIMBAEMBIE M3 MEIKOAHUCIEPCHBIX METALTYPTHIECKUX OTXOIOB
(OKAJIMHBI, KOJOIHMKOBOH MBUTH, IITAMOB), IOJKHBI MMETh BBICOKYIO XOJNOIHYIO POYHOCTD (He MeHee 40 Kr/cm?)
¥ TIPOTHBOJCHCTBOBATH HArpy3KOi, BOSHUKAIOIINE MTPH BOCCTAHOBUTEIHHO-TEIUIOBOH 00paboTke. OHM HE OIDKHEI
pa3pymaThCs IpH BHICOKOI CKOPOCTH HarpeBa B BOCCTAHOBUTEIHHOH aTMoc(epe oA Harpy3kaMu, XapaKkTepHBIMHU
JUTS yCIIOBUH TOMEHHOU Tieuu [4].

OCHOBHO# Mpo06IeMO Uit pa3BUTHS Ipolecca OPUKETUPOBAHMS SBISIETCSI HEJOCTATOYHAS U3y4EHHOCTb
METaJUTYPrH4eCKUX CBOWCTB OPHKETOB, a TaKKe UX HU3Kas MEXaHWUYECKas MPOYHOCTh. [IpOoM3BOACTBO OpUKETOB U3
OTXOJIOB METAJUTYpPTrHYECKHUX MPEINPHUITHHA SBISIETCS OAHUM M3 HanOoJiee aKTyaJIbHBIX HAlpaBJICHUI ITOATOTOBKU
CBIPBS Ul METAJUTYPIUYECKUX TEPEAEIIOB.

BaxHpIM (akTOpOM pPa3BUTHS METAJUIypPrHYECKOHl INPOMBIIUIEHHOCTH C IO3MLIUH €€ O0ecleueHHUs
CBIPDHEBBIMH MaTepHajaMi SBISETCS PACIIUPEHHUE HCIIONB30BAHHUS BTOPHYHOTO CBHIPBS - OTXOJOB IPOU3BOJICTBA
YepHOW ¥ I[BETHOM MeETaUIyprud. B ariomepannoHHOM, IOMEHHOM U CTaJlCIUIaBUIBHOM IPOU3BOJCTBAX
JKeNe30CcoAeprKaline UTaMbl X TIBUTH COCTAaBILIIOT 2-5% Ha TOHHY TOTOBOM MPOTYKIIHH.

OTceB ariomepaTa WIM BO3BpaT 3TO MEJKHH, OpakOBaHHBIA ariomepar, KOTOPBIH HE TMOAXOIHUT JUIS
JIOMEHHOH IIIaBKH, IMOTyYaroT IIaBHEIM 00pa30M HpH IPOXOYCHUH TOPSYEro arioMepara mepe OXJIaguTeleM U B
HEeOOJBIIIOM KOJMYECTBE MPH IPOXOUYCHUH XOJIOAHOTO arjioMepara. YacTs Bo3BpaTa 00pa3yeTcsl TOMOTHUTEIHHO B
JIOMEHHBIX I[eXaX, TJIe MeJI0Yb -5 MM B MOCTIECTHUH pa3 OTCeUBaeTCs OT arjoMepara nepes 3arpy3Koit B edb.

BosBpar siBisieTcss OTXOJOM INPOMW3BOJACTBA, KOTOPBI HE BXOAWT B TOTOBYIO MPOAYKUHWIO (adpukw,
MOATOMY YeM OOJIbIIIe OTHOCUTEIIbHAS J0JIsl BO3BpaTa B CyTOUYHOW MPOAYKIMK (haOpuK, TeM MEHbIIE JI0JIsl TOJHOTO
ariomepara. KoJIONIHUKOBasi MbUIh U AMCIEPCHBIE IIIIaMBI, KOTOPbIE BBIAYBAIOTCS M3 JIOMEHHOW Ieud, 001anatoT
KpaliHe HHU3KOW aKTUBHOCTHIO M MPEJCTABIISIIOT COO0H BO3BpAT arjoMepara, 00JaIalonuii BEICOKOM TeMIepaTypoi
pa3MsAryeHusi, 4YTo MOBBILIACT TeMIIEpaTypy 00pa3oBaHus paciuiaBa B Ipolecce arjioMmepanuu [5].

B nmaHHOM WHCClIeZIOBaHUM JelacTcs aKUEHT Ha TONYYCHHUH OPHUKETOB W3 BTOPUYHOTO CHIPBS - OTCEBOB
armoMepara. AHAJIN3 TEXHOJIOTHYCCKONH BOSMOKHOCTH M3TOTOBJICHHUS TAKHX OPHKETOB IMPUBOIMUTCS HIKE.

Jlis momy4eHns: OPUKETOB HMCIIOB30BAIM OTCEBHI arioMepaTa KpymHocThIo 0-10 MM, riemeHT Mapku 400.
CooTHoLIEHHE MEX]ly OTCceBaMU U LeMeHToM cocTaBisuio 90 % k 10 %, Bo Bcex ucnbiTanusx. Konuuectso Biaru
noaaBaemoit ceepx 100 % cocrasinsno 9, 10, 11 u 12 %.

W3roToBneHne OpUKETOB MPOBOAWIN IO CIIEAyIOUIEH CXeMe: I03MpOBATH HEOOXOJMMOE KOJIMYECTBO
MOATOTOBJICHHBIX IIMXTOBBIX MAaTepUaJOB; CMEIIMBAIN MaTepualbl B CyxoM Buie B (aphopoBoii 4aiiu; B KOHIE
NPUTOTOBJICHHUS CMECH J00aBIsUIM BOAY M NOJNYYCHHS HEOOXOAWMOW BIAKHOCTH. YBIAXHEHHE IIHUXTHI
OCYIIECTBIISIJIOCH TTOCIIOWHBIM METOJOM (ITMXTa/BOMA/IINXTA), C TOCISAYIONUM CMEIIMBAHUEM CIIOCB U
JOTIOTHUTEIHHBIM YBIaXXHEHUEM.

Bpukets n3rorapnuBaiy Ha JrabopatopHoMm Buopoctone CMIK-435A. YnoTHEHHE CMECH TIPOU3BOIMIOCH
Bo3zeiictBueM BuOpaumu ¢ uyactoroi 50 I'm um ammmurynoi konebanus 0,35 mm. IIpomoinkuTenbHOCTH
OpukeTpoBaHUs (IpeccoBaHus) cocranisuia S MuHyT. [locie BuOpocTona OpUKeThl HAXOAMINCH B mpecc-hopme B
TeueHne 1 cyrok. Jlanee OpHKeThl BEIHUMAIH U3 (DOPMBI, ITOCIIE Yero OHM HaOHMpasi MPOYHOCTh HA NPOTSHKEHUH 21
cyrok. Ha 1-e, 7-e, 14-e u 21-e cyTku u3Mepsuiach BBICOTa W IPOYHOCTH (COMPOTHBIICHHUE CXKATHIO) OPHKETOB.
HcnpiTanus npoBOJUIN Ha «pa3pbiBHOM MarmHe P-0,5».

[TpouHocTts OpukeToB Ha 1 cyTKH OblIa HEBBICOKOW. B cpeanem cocrapisina 9-34 kr/Opuker.

Bruto ompeneneHo, 4TO MPOYHOCTh OPMKETOB 3HAYMTENHHO 3aBHCHT OT BIAQXKHOCTH INUXTHL. Tak mpH
BIIQXKHOCTH MUXTH 9% BIcOTa OpuKeToB OblIa B mpenenax 31,2-37,0 mm. Ilpu 10% - 28,1-30,9 mm; 11% - 27,1-
28,9 mm; 12% - 25,5-27,1 mm. Ilpum HH3KOM COAEpKaHWHM BOABI HEKOTOpPBIE OpPHKETHI JIOMAJIHCh BO BpEMs
M3BIICUEHUS MX U3 mpecc-popmel. [ToaToMy Ipy U3rOTOBICHUN OPUKETOB OBIIIO PEUICHO YBEIHMYUTH HCIIOJIH30BAHNE
Buard ¢ 9 1o 12%. Bonpmoe konmudecTBO BIIArW TakKe HETAaTHBHO BIHSIET Ha MPOYHOCTH OpukeToB. M30BITOUHAS
BOJIa, HE BCTyHas B XMMHUYECKYIO PEaKIHIO0 C IEMEHTOM, OCTAaeTCs JIN0O MCHapseTcs, OCTaBIAsI Ha CBOMX MECTax
TIOPBI.

Pe3ynbraThl NOKa3bIBAIOT, YTO MPOYHOCTh OPUKETOB HE 3aBHCUT OT MX BBICOTHI. BbICOTa OPUKETOB MPsSMO
NPOMOPIMOHANIFHA BJIAXKHOCTH IIMXTHI. UeM BBINIE BJIXHOCTh IIMXTHI, TEM IUIOTHEE MOJYYaeTCsl CMECh W HUXE
BBICOTa OpuKeTa. YKe Ha 7 CyTKU OPHKETHI, TOJIydeHHbIe U3 MHUXTHI ¢ Biaroil 11 u 12 %, nMeroT NpoYyHOCTh 0KO0JIO
450 xr/Opuker. Pe3ynbraTel 3aMepoB OpPHKETOB OT BPEMEHH BBIJECPIKKU IIOKAa3bIBAIOT, YTO MPOYHOCTh OPUKETOB
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3HAYMTENBHO BO3pacTaeT ¢ 9 Kr/OpuKeT B mepBbie CyTKH 110 > 500 kr/Opuker Ha 21 CyTKH.

W3 Bcex BapMaHTOB HM3TOTOBIICHHBIX OPHKETOB HamOoiee ONTHMAIbHBIE IOKa3aTeNH MMETH OpUKETHI,
noxydeHHsle ¢ Biaaroi 10 % nx mpodrocTts Ha 21 cyTku okosto 200 Kr/OpHKer.

JlaHHBIE OPUKETHI BOZMOKHO HCIIOJIF30BaTh B JIOMECHHOM IUIaBke B KonmdecTtBe A0 100 kr Ha 1 T uyryHa,
YTO TO3BOJHUT CHH3UTH PACXO]] arjoMepara, CHHU3UTh CeOECTOMMOCTh UyTyHa. VICmoib30BaTh Takue OpPHUKETHI
HamboJiee BBITOTHO Ha METAUIYPTUIECKUX 3aBOJIaX, HE HMEIOMINX COOCTBEHHOU arinogabpuku, Tae 00pa3yromuecs
OTCEBBI arjjoMepara MO>KHO OpHKETHPOBATh M UCIIOJIb30BATh B MIEYH.
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IKOHOMHUYECKHE MEXAHHU3MbI HHHOBALIHOHHOI O
PA3BUTHA

5 J. CHLOPECKY
VSB — Technical University of Ostrava, Czech Republic

POSSIBLE SALE OPPORTUNITIES OF THE CZECH FINE SIC -
MACROECONOMIC PERSPECTIVE

ABSTRACT

Maintaining of existing business potential and identifying of new market opportunities in the current
turbulent environment are some of the basic needs and necessities of each entrepreneur and enterprise.

This applies to all sectors of national economy and thus the mechanical engineering sector too. In the
manufacturing industry of the Czech Republic, there is used, besides others, silicon carbide (SiC), which is utilized
for grinding, polishing and lapping plenty other materials. Decision whether SiC will be potentially more attractive
product, resp. finding new market niche, depends inter alia on the trends of macroeconomic indicators, such as gross
domestic product (GDP), unemployment rate and index of industrial production, which however are not among
basic macroeconomic indicators presented by professional literature.

The aim of the presented article is to determine on the basis of evaluation and comparison of the selected
macroeconomic indicators’ time evolution, whether the German market is crucial for new sales opportunities of SiC
from the perspective of the Czech engineering industry.

Keywords: silicon carbide, gross domestic product, unemployment, industrial production index

INTRODUCTION

Sales forecast is based on macroeconomic indicators in order to find causality using regression analysis
between German macroeconomic indicators such as: (GDP), unemployment rate and industrial production index
(IPI) with IP1 of the Czech Republic (CR) and according to the results to identify new market niches in commercial
utilization of fine SiC. Time period chosen for analysis is between the years 2002 — 2014. The period includes
expansion of both of these two economies, the crisis development between 2007 respectively 2008 — 2010 as well as
the evolution after the debt crisis in Europe, which started in 2010.

Regression analysis of SELECTED GERMAN macroeconomic variables AND IPI OF Germany and
THE Czech Republic

This chapter presents the results of a regression analysis of selected German macroeconomic variables with
IP1 of the CR. First, scatterplots on the basis of empirical values were constructed and then linear trends were built
including equation and index of fit R?.
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Figure 1. Regression analysis of German GDP and Czech IPI

Figure 1 characterizes dependence of German GDP development and development of Czech IPI. In this
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case was correlation coefficient calculated on 0,14 which indicates very low mutual dependence of variables. The
individual indicators have not direct impact on themselves, whether positive or negative.
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Figure 2. Regression analysis of German unemployment rate and Czech IPI

Figure 2 characterizes dependence of German unemployment rate’s development and development of
Czech IPI. In this case was correlation coefficient calculated on 0,32 which indicates very low mutual dependence
of variables. The individual indicators have not direct impact on themselves.

y=0,9286x+2,4956
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Figure 3. Regression analysis of German IP1 and Czech IPI

Figure 3 characterizes dependence of German IP1 development and development of Czech IPI. In this case
was correlation coefficient calculated on 0,90 which indicates very strong mutual linear dependence of variables.
The individual indicators have big impact on themselves either positive or negative. A corollary arises that with
increasing German IP1 will Czech IPI grow also and vice versa. There was confirmed strong dependence of Czech
export on German industry.

CONCLUSION

Presented article demonstrated low dependence of Czech IPI and German GDP and German unemployment
rate. Further there was confirmed very strong linear dependence of the Czech industry on the shape of German
industry based on IPIl. Here can be found and verified new wide market gaps in commercial utilization of SiC.
Czech companies dealing with the trade of fine SiC can apply results of this article to find new distribution channels
of SiC in potential of German industrial sector.
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MECHANISMS OF INNOVATIVE DEVELOPMENT IN OIL SANDS
EXPLORATION IN CANADA

Successful innovative development is a crucial issue for every country pretending to be advanced. Present
work is aimed towards analysis of various economic tools to enhance innovative development of Russian North.
Exploration of natural resources in the conditions of cold climate is a technically and economically challenging
activity. Due to geographic location Canada is among countries having certain expertise in exploration of northern
regions. As an example, in current article economic tools to enhance innovative development in oil sands
exploration in Alberta province of Canada are discussed. Possible applicability at the Russian exploration of Arctic
region is evaluated.

KEY WORDS: Canada, oil sands, fiscal policy, Russia, North

Extreme climate conditions of Russian North create serious challenge of both technical and economical
character. First of all, cold climate creates serious temperature-resistance requirements for the technologies and
infrastructure used in sub-Arctic regions. Second, low density of population creates additional burden of human
resources costs. And third, low density or even absence of infrastructure multiplied by temperature-resistance
requirements creates burden of infrastructure costs.

Doing business, as usual, for profit oriented organizations in such conditions can have certain implications.
One solution of this bunch of problems can be enhancement of innovative development of territory by the federal
government. Therefore, additional economic incentives should be provided.

There are various estimates of innovative performance/development of Russian Federation and regions. For
example, one study marked St. Petersburg, Perm Krai, Nizhniy Novgorod Oblast as the leaders in innovative
development in Russian Federation, while such regions as Saratov Oblast, Novosibirsk Oblast and Tyumen Oblast
are the outsiders [1]. Russian total innovative development is characterized as not satisfactory [2]. The type of
innovative development is characterized as “catching-up” [3].

Canada has 56.13 score of Global Innovation Index (GII) and rank 12 of 143 countries while Russian
Federation has 39.14 and is ranked 49 [4]. Therefore it is interesting to review the economic incentives and policy
measures used by Canadian government to promote advanced projects of natural resources exploration.

In present work the economic levers to enhance innovative development in Alberta province are studied. In
particular, study is focused on the oil sands exploration. The reason behind that is relative similarity of the
challenges in Alberta and Russian North. Similarity is in severe climate conditions as well as low density of
infrastructure.

Direct funding

Climate Change Emissions Management Corporation was established in 2009 as a part of Alberta
commitment to the federal energy policy “A Shared Vision for Energy in Canada™ established in 2007. The main
mission of this corporation is to fund projects related to increasing energy efficiency, alternative fuels and other
innovative projects in Alberta province. Financing of corporations’ activity is based on the collection of CO2
emissions taxes in province amounting 15 $ per 1 tone of CO2 emissions. This tax itself works as an incentive to
invest in innovative programs towards reduction of CO2 emissions.

Climate Change Emissions Management Corporation is targeted to distribution of funds for all kinds of
energy efficiency projects. Corporation has collected app. 400 million Canadian $ and has financed 48 projects with
182 million $ [5].

Examples of direct funding of projects related to oil sands are [6]:

“Alberta Oil Sands Energy Efficiency and GHG Mitigation Roadmap Program.”
- “Optimization of Enzymatic System for CO2 Capture from Oil Sands Production.”
- “Heavy Crude Quality Improvement” and others.

Subsidies
The exact amount of subsidies to petroleum sector is a question of hot debates in Canada. For example, one
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study suggests that total amount of subsidies to petroleum sector should be estimated as 2.8 billion Canadian $ for
both Federal and provincial governments [7], while other study [8] argues methodology of subsidies calculation and
suggests to reduce total number to only 211 million. The reasons behind such broad range of subsidy estimates are
different approaches to the definition of subsidy. The upper estimates of overall subsidies usually include many not
industry-specific subsidy-like economic benefits, received by the petroleum sector[9]. At the same time, lower
estimates of the subsidy amounts usually include only subsidy-like benefits/incentives that are unique to petroleum
sector.

One of the classifications of subsidies is as follows [10]:

- Direct financing — novelty checks and other direct fund transfers.
- Tax write-offs and exemptions.
- Government sales of products and services with the price below market price.

Alberta province is widely using fiscal levers to stimulate various kinds of favorable activities. For
example, part of environmental taxation, royalties are organized in a way that it stimulates reclamation of land not
after, but during operation of oil sands projects.

Most used subsidy programs in Alberta were tax breaks and royalty reductions [9]. Alberta total royalty
reliefs are amounting to over 1 billion of Canadian $ per year [10]. Before 1997 each project developer had to
negotiate royalty and corporate income tax with provincial government. After that year general rules for royalty and
CIT were established [11]. It is possible to conclude that petroleum industry has options to participate in both
mining subsidy programs like Canadian Development Expense program and Canadian Exploration Expense
program and specially designed for petroleum sector subsidy programs.

Security deposit for land reclamation

In Canada petroleum exploration companies are eligible to calculate by themselves security deposits for the
reclamation of land after mining end [12]. Such feature of it is affecting innovative development indirectly by
promoting incentive for the oil sands exploration companies to use the best reclamation technologies and make the
best security deposit calculations.

Conclusions

What valuable experience for Russian Federation can be learned from Canadian promotion of oil sands
projects?

1. Overall situation with the economic instruments used by Canadian government and Alberta provincial
government in particular, clearly shows that they use a combination of direct funding and various fiscal measures
acting like subsidies. Main stress is made upon the fiscal measures with objective to provide ideal balance between
government revenues and corporate incomes. The outcome of such balance is secured revenues flow and long-term
growth of oil sand industry.

2. Canadian federal and provincial government precisely examines the fiscal policy to respond rapidly
changing economic conditions. Fiscal policy was adjusted at least 2 times in a recent 25 years. Important implication
of such approach is that government focuses on relative parameters rather than absolute.

3. To high extent economic policy is distributed to local authorities — government of Alberta. That creates
faster and better response to the needs of local businesses.

All 3 features of Canadian policy can be employed by Russian Federation to some extent after careful
consideration.
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MODERN METHODS FOR WORK- AND PRODUCTION PLANNING

After mechanization, electrification and computerization the Internet of Things and Services in the factory
heralds a 4th Industrial Revolution. The Internet has driven up real and virtual world and connects them to an
Internet of things. The characteristics of the future form of industrial production are the strong customization of the
products under conditions of high flexibilised (high-volume) production, the degree of integration of customers and
business partners in business and value-added processes and the coupling of production and high-quality services,
leads to hybrid products. It is already apparent at this point that the small-scale production is not addressed in
normal-sized enterprises directly with this idea.

The German industry is not alone with this vision. In the US, President Obama called mid-2011, the
Advanced Manufacturing Partnership (AMP) from making globally competitive with the goal of US companies and
to increase investment in US manufacturing.

In addition, the Obama administration is more willing R & D funds for production research. Thus, the agent
for the area Advanced Manufacturing in the 2013 budget will be again by 19 percent to 2.2 billion US dollars,
increased. In addition, the charge of standardization processes National Institute of Standards and Technology
(NIST) is funded with 100 million US dollars, the technical support for the national manufacturing industry, for
example through the provision of research facilities and know-how.

In China, the leadership supports various industries, including high-end equipment manufacturing, and a
New-Generation Information Technology in 2015 with 1.2 trillion euros and stimulate supply and demand through
subsidies, tax breaks and other subsidies. The share of R & D expenditure in the gross domestic product is expected
to increase in the period up to 2015 from 1.5 to 2 percent.

This vision of Industry 4.0, in addition to many open questions and hopes inherits two convenient forms:

1. It completely misses the resources of small and medium-sized enterprises.

2. It speeds up the installation of the components of preceding 3rd Industrial Revolution, computerization

In a survey conducted in 2013 with 278 companies with fewer than 500 employees gave to the question
"What are the biggest challenges to the implementation of industry 4.0?" 147 the answer standardization and 129
process and work organization.

To clarify these statements PROLAB product + production has launched another survey. This is ongoing,
however, the following answers already occur now with above-average frequency:

0 The systematic arrangement of production and especially of human services is the work plan, but not
explicitly part of the vision

oPreparation of human labor finds little consideration

oIT grows disproportionately, industrial engineering is not an issue

0The issue of employee health in general and in the context of demographic change (older becoming
employees in Germany) remains rather unchanged

oSpecial branches of mechanical and plant engineering such as mining, or demolition of contaminated
objects can badly be brought in connection with the Internet of Things and are not present in the In-
dustry 4.0

If these statements will be associated with the aforementioned characteristics of the industry 4.0, the
following research assignment can be defined:

to find the corporate resources saving (based on the technology of the 3rd industrial revolution
(computerization)) back cross methodology for scheduling work, which takes into account the ergonomics and can
also be used in special mechanical and plant engineering. It should stop the growth of software landscape with the
associated personnel and make SMEs competitive with large companies

The research results of PROLAB product and production will be outlined below.

In recent years, several developments have led to the demands of work planning increased sharply as a link
between design and development on the one hand and the production on the other side. Particularly affected by this
is the work plan creation, the largest proportion of time - at engineering firms with chipping and small series
production are there on average 38% - claimed at work planning.

In individual cases, it can be shown that the productivity gains achieved by use of CAD in construction
almost completely offset by the existing bottlenecks in the production planning scheduling work.

In order to produce quality products and at the same time to document the quality of products, to the
planning documents high quality standards shall be submitted. To a work plan the following features shall be valid:
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detail to demand, traceability and timeliness.

The uniqueness of work plans is related to pay any questions or discrepancies in connection with the
employee or the works of great importance. In addition, particularly supply companies are increasingly faced with
the requirement to not only supply high quality but evidence from development to delivery of the product that the
required qualities are met, which is verified on a quality audit. The mastery of the work system not only from a
technical but also from an organizational point of view can be broken down to the quality of the work plan. The
general rule for scheduling work is that for each operation a time type is assigned, which allocates people time,
machine time, or a combination of both. Repeat- planning and the variant planning methods appear for scheduling
work rather as a special case; Re-planning and planning similarity are more the rule. Based on these conditions and
the previously formulated research commissioned two methods will be presented, which are considered to be
effective. The classification was based on application time (staff) and occupancy time (resource).

In application time the focus was on the ergonomic viewing and the inclusion of extreme working
conditions (mining , radioactivity). A humanmotoric model with an internal motion generator was chosen, which
has the ability, based on a technological task to perform complex tasks. Instead of a sequence of individual postures
the task need only to be defined (e.g. grasp, move, position). The calculation and visualization of movements of the
digital human model is done on the basis of given start and end conditions and the environment geometry (object
reference). The generation of the movement is based on an extensive movement database.

The results of the modeling are:

o] Establishing the workplace environment (layout creation)

o] Planning of movements or tasks on the basis of vicarious library (eg running the target object rec-
ord, running the target object position)

o] Simulation of the task as a video

o] Determination of job time valid to MTM (MTM: Method Time Measurement- MTM is an interna-
tional standard in productivity management.

o] Evaluation of Ergonomics with EAWS (EAWS: Ergonomic Assessment Worksheet international

standard in ergonomics evaluation)

This human model was created as a research project of the European Union, Chemnitz University of
Technology and other partners in 2009. It is called "ema editor of Human Work" and has been tested in PROLAB on
the products (dry / -wetdedusters, fans, shearer, rail vehicles). of our cooperation partners positively to the made
demands.

In contrast to ema, where the user can perform the virtual skilled workers assembly activities in a 3D
environment, the requirements for determining the occupancy time in the context of the work plan preparation were
quite different. Without the human factor the generation of the work plan should be automatic. The tool for this
purpose is an environment for machine learning and data mining. This required first of all a different perspective on
the work plan. In abstract includes a work plan sequences of processes that describe the production process. Each
process consists here again from operations together that are running on a component with a resource. Each
operation can be assigned to different information. In order to derive this information, a model of the production is
required, in which the operating conditions can be displayed. This production model is composed of an component
part-, a resource- and a process model. This information is all stored in different databases (the CAD system and the
ERP system) and need be imported into the learning environment and partially completed and cleaned up. A
significant part of the data is to train the system in the direction: input data is a component part model and the
desired output data are the resource and process model. The remained data are required to validate the results. The
tools for this task are usually available as open source applications.

The PROLAB could reach with the tools "RapidMiner” and "R™ for rotationally symmetrical turned parts a
match between model-generated and manually calculated plans of about 70% on an error of around 5%. This result
was achieved with the cross-validation method in combination with the algorithms k-nearest neighbors and support
vector machine classifier. This is an expandable result. The PROLAB is planning to increase the sample size
significantly, and to establish a modified form of the data pre-processing to achieve a 90% congruence.

In summary it can be said that the procedure with the human model works excellently. However, no
attempts have yet been carried out in extreme conditions. This is the next step. The idea of process planning using
machine learning need to be more investigated, but the trend for rotationally symmetrical turned parts can be
considered positive.
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ECONOMIC ASPECTS OF THE USE OF LOW-TEMPERATURE
PYROLISIS OF WASTE IN MANUFACTURING PLANTS

INTRODUCTION

The pyrolysis process is one way of recycling and use of waste as an alternative fuel. By subjecting the
waste to a temperature without contact with oxygen and other factors which promote oxidation, there is a thermal
decomposition of the substance. Another term for pyrolysis is destructive distillation. There is a distinction between
low-temperature pyrolysis which takes place in the temperature range of 400 and 600 °C and high-temperature
pyrolysis above 700 °C.

The pyrolysis process is used in the technology of slow thermal decomposition for the treatment of specific
types of waste. These are mainly rubber residues (used tires), plastic (polypropylene, polyethylene), as well as solid
biomass (waste from agricultural production, forestry and the remains of some municipal and industrial waste). As a
result of this process, gaseous hydrocarbons are formed and their further proceeding depend on the demand for fuel,
electricity or thermal energy.

The pyrolysis process is called an efficient, pioneering and what is the most important ecologically clean
process. Thermal treatment of waste is not harmful for the environment. It is emission-free and to the atmosphere
there is not released any unwanted substances.

LOW-TEMPERATURE PYROLYSIS

Low-temperature pyrolysis process is carried out at 400 — 600 °C. Currently, the main use of the destructive
distillation is the processing of rubber waste, plastic waste and sewage sludge. It depends on the distribution of more
complex chemical compounds that are part of the substance which is subjected to pyrolysis, to simpler compounds
of lower molecular weight. The process produced three fractions: gas, liquid and solid.

The solid fraction is always produced. During the process of thermal treatment, waste are carbonize. Their
remains still can be used in the process as a fuel or activated carbon which depends on the purity and origin of the
feed material. The second fraction, the gas fraction is a type of a biogas which contains up to 50% of combustible
gases (mainly methane). It enables operation of the cogeneration unit and generation of electricity from biogas. The
gas composition is dependent on the composition of the feed material. The liquid fraction also depends on the type
and composition of the feed material. In this part, various types of oils are formed. This product may contain water,
and only after its separation, oil becomes a full-fledged fuel for engines or heating.

In each case the output product is closely linked to composition of input product and the method of
conducting the low-temperature pyrolysis process. The gas and liquid fractions produced in pyrolysis process, allow
to obtain even 4 MW of thermal power which can be processed (with corresponding losses) depending on the
demand for electrical or thermal energy. It is also possible to subject the fraction to cogeneration process —
ecological process of generating electricity.

The low-temperature pyrolysis process is carried out in four basic parts: in an electric furnace for heating
the feed material, in the cooling unit which condenses resulting fractions, in the tank on emerging fractions and in
the cogeneration unit that can produce electricity and heat.

TECHNOLOGY PROCESS

The whole process of low-temperature pyrolysis can be divided into six stages.

Stage 1 — Input — either through a direct connection to the automated cleaning process or through other
types of machines to manipulate.

Stage 2 — Pretreatment — excess water is removed and thereby increased the energy value and economic
benefit. This stage can delete up to 50% of water, which doubles the potential of each batch.

Stage 3 — Manipulation - loading and unloading of material.

Stage 4 — Thermal decomposition of waste into fraction.

Stage 5 — Storage of gas fraction.

Stage 6 — Cogeneration.

PRODUCTS OF PYROLYSIS PROCESS

Out of 1 kg load, it is possible to get the following products:
a. Carbon - 0,4kg.
b. Pyrolysis oil - 0,5 kg.
c. Pyrolysis gas - methane — 0,2 m®.
d. Electricity — 1,00 kWh.
e. Thermal energy — 0,0012 GJ.

ECONOMIC ANALYSIS
For the economic analysis, the following assumptions are adopted:
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e All products are used for energy processes — electricity generation;
e The price of the material: 0 — the waste comes from internal production;
e Limit of daily processing: 7000 tons of waste.

The basic operating costs in the manufacturing plants, are the personal expenses which are associated with
working staff. To be able to handle the maximum daily production, it is necessary to employ at 1 shift (mode 3 shifts
at 1 day) at least 2 collar workers to load fuel cells, and 1 worker to operate the machine. In addition, on the payroll
should be people who are not directly related to the production process. All of the operating costs are shown in table
1.

Table 1
Operating expenses
Personnel expenses

Number of employees 10
Average gross salary [zt] 3000
Additional costs [z1] 1000
Total costs per person [zt] 3100
Total costs per month [zl] 31000
The number of working days in a year 250
Daily labor costs [z1] 1488,24
Number of shifts 3
Personnel costs in the year [z1] 372 060

For the analysis should be also added costs of maintaining the workplace and other common costs. The
following table shows the volume of production of electricity and thermal energy by gas turbines working in
cogeneration system with a total installed capacity of 5 x 200 kW. On the basis of the second product from process —
pyrolysis oil — these values will double.

Table 2
Production of electricity and thermal energy
PRT unit Pretreatment Cogeneration
Production capacity [kKWh] 0 0 1,2
Consumption of feed per hour [kg] 1000 1 000 1 000
Thermal energy produced [GJ] 0 0 0,0012
Thermal energy produced per hour [GJ] 0 0 1
Thermal energy produced per day [GJ] 0 0 26
Thermal energy produced per year [GJ] 0 0 8712
PRT unit Pretreatment Cogeneration
Production capacity [kWh] 0 0 1 000
Consumption of feed per hour [kg] 1000 1 000 1 000
Electricity produced [kWh] 0 0 1,00
Electricity produced per hour[kWh] 0 0 1 000
Electricity produced per day[kWh] 0 0 22 000
Electricity produced per year[kWh] 0 0 7 260 000

Simple calculation shows that the total volume of production of electricity and thermal energy should me

more than 14 million kWh of electricity and over 17 thousand GJ of thermal energy. Due to use of efficient
cogeneration system up to 1 MW, the investor is entitled to receive EU “yellow certificate’ of origin which in 2014
was worth approximately 110 zt/MWh.

The project generate additional revenue from the sale of pyrolysis coke breeze which accounts for 40% of
total production. In addition, the company can charge for waste collection. The entire project should generate
revenue of at least 7 million zt per year.

OTHER POSSIBILITES OF USE THE PYROLYSIS PROCESS

In addition to the plastic products industry, there are many possibilities for the use of low-temperature
pyrolysis process. One of them is certainly the tire industry. Rubber waste are more energetic than plastic and the
same return on investment is faster. Even from 1 ton of tires, can be produced gas which in cogeneration produce up
to 1000 kWh of electricity. It is also possible to obtain 350 kg of fuel oil of good quality and 200 kg of coal with
high quality.

Another industry where the destructive distillation can be used is industry involved in the treatment of
sewage. It is possible to produce from sludge an alternative fuel. Low-temperature pyrolysis also solve problem of
storage and combustion.

The last industry is the production of poultry manure and animal by-products. These waste have high
energy potential. It is not economic to transport them to the central biogas station. It is possible to get up to 800 kwWh
electricity per year from about 22000 tons of waste.
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LEAN THINKING IN MINING INDUSTRY

Introduction

In the end of 20th century mass production and scientific management techniques from the beginning of the
century were questioned as Japanese manufacturing companies demonstrated that ‘Just-in-Time’ was a more
efficient model. The widely adopted Japanese management concepts came to be known as lean management or lean
manufacturing (Poppendieck 2002).

Lean Manufacturing is now commonly used worldwide in many industries. Lean methodology is
successfully implemented in industrial enterprises, what brings great results through streamlining production
processes and business processes, which in turn leads to cost reduction, increased flexibility of processes and gain
competitive advantage (Womack, Jones, Roos 2008).

In time, the lean tools and concepts spread to logistics, and from there to the military, to construction, and
to the service industry. Lean principles have proven not only to be universal, but to be universally successful at
improving results. As it turns out, principles of lean thinking are universal and have been applied successfully across
many disciplines (Poppendieck 2002).

The paper shows possibilities of implementing Lean Management tools and methods in mining industry.

Lean Thinking principles

In order to set the groundwork for this paper, let’s begin with the definition of Lean developed by the
National Institute of Standards and Technology Manufacturing Extension Partnership’s Lean Network:

A systematic approach to identifying and eliminating waste through continuous improvement, flowing the
product at the pull of the customer in pursuit of perfection.

The wastes are commonly referred to as non-value-added activities, and are known as the Eight Wastes
(Kilpatrick 2003):

- Overproduction,

- Waiting,

- Transportation,

- Non-Value-Added-Processing,

- Excess Inventory,

- Defects,

- Excess Motions,

- Underutilized People.

The book Lean Thinking by James P. Womack and Daniel T. Jones (2008) provided the world with a vision
of what Lean was about. The authors commented:

Lean Thinking can be summarized in five principles: precisely specify value by specific product, identify the
value stream for each product, make value flow without interruptions, let the customer pull value from the producer,
and pursue perfection.

Based on these principles, in order to reduce or eliminate the Eight Wastes, Lean practitioners utilize many tools of
Lean, for example:

- Kanban,

- Total Productive Maintenance,

- Total Quality Management,

- Point-Of-Use-Storage,

- Heijunka,

- One Piece Flow,

- Single Minute Exchange of Dies,

- 5S,

- Visual Controls.

Lean in mining industry

The big problem in implementing Lean method in untypical industries is the fact that classic Lean texts
tend, explicitly or implicitly, to assume that we all work in high volume, repetitive manufacturing environments
such as car components or electronics industries (Hines 2009).

There are many differences between car component (Automotive) industry and mining industry. Comparison of
specificity of the mining and the Automotive industry are presented in Table 1.
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Table 1

Comparison of mining and Automotive industry

Mining industry

Automotive industry

Work of customers cannot be stopped, thus
production at the mine is the push system

The assembly line can be stopped, so
transformation to pull system is possible

Continuous production

Production in cycles

Unstable / variable operating conditions

Stable operating conditions

Variable work environment

Permanent work environment

Geological hazards can halt the production

No threats to production

High volatility of the availability of materials

Controlled availability of materials

Large dispersion of work (up to several km)

Working in a relatively small factory

Mines” customers are other industrial
companies

Sales of products primarily to individual
customers

Source: Helman 2012

Despite of above differences Helman (2012) proves, that there are big possibilities of implementing Lean
tools in mining. Potentiality of adaptation Lean tools and methods are showed in table 2.

Table 2

Potentiality of adaptation Lean tools and methods in mining industry

Method / tool Potential to adapt? Possible implementation
Just In Time yes ordering system and all warehouses
One Piece Flow not directly flow diagram of the machines and operators,
cross-training
Total Productive Maintenance yes all vehicles and conveyors
5S yes storage, tools chambers and other rooms
where is any equipment or material
Kanban yes warehouses at the Heavy Machinery Chamber,
machines, shaft bottom
Heijunka yes all places covered by Kanban cards, shaft
Continuous improvement yes f.i. Miners, foreman

Source: Helman 2012

Good example of implementation Lean in mine is KGHM Polska MiedZ — one of the largest producers of
cooper and silver in the world. After implementation TPM tools company highly improved their processes. In Figure

between Automotlve (WhICh is a source of Lean
Management) and mining, forced implementers to
individual approach to every case. Examples of
implementation of Lean in mines shows, that it is the
right way of development.
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of 4 filter presses in one production department.

Another good example is Diavik
Diamond Mine where implementation of Lean
Sigma (mix of Lean Management and Six
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would not be easy, but still it’s the simplest way
to reduce costs and wastes. Many differences
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RESOURCES POLICY AND VALUATION DEPOSITS IN SLOVAKIA

Abstract

The main goal of this article is to describe the resources policy of Slovakia. Nowadays the process of using
mineral resources is under the legislative standards, which separate deposits into two categories: exclusive deposits
and non-exclusive.

Key words: The raw material policy, the mining company, plans opening, preparation and extraction.

Introduction

The main feature of non-exclusive deposits is ownership attribute, which belongs to land ownership.
Exclusive deposits are part of state’s mineral deposits and they are state property, according to the Constitution of
Slovak Republic, and this ownership is unchangeable. Efficiency of state’s property using is interpreted by
rationality. Since mineral resources are non-renewable, the state cares about economical use of them, to manage
security and rational using of mineral deposits as Slovak Republic property, and also respect of principles of
sustainable resource.

Exploitation of the resource base

Resources and resource base are necessary for permanent operation of modern societies. Resources” global
importance, also projected into small units like regions, defines connection between locus materials and
consumption point of resource. The point of the definition indicates track materials, which can show its importance
in case of optimal recovery. Access and availability mineral deposits have huge sense for proper functioning of
national economy, but regional economy too. Sectors like architecture, chemical, automobile industry,
electrotechincal industry, aviation, engineering, this everything depends on resources availability. Because of the
geological diversity and confirmation of mineral resources, the Slovak geological structure is a very interesting
place for project location based on research and consecutive using of mineral resources.

Resources legislation

Mining law is a body of legal rules, which are adjusting search terms, but also research, mining, ownership
and usage of mineral resources. It defines relations between state, owners of lands with mineral deposits and mining
business entities. It determines resources® types and conditions of their searching and mining, but also who can do
this and what kind of rights and obligations are related. Mining law still maintains its specific characters, although
its evolution is very close to social structure, economics and scientific and technological development.

Mining laws are based on European mining law, so mineral deposits are owned by state, regardless of
ownership of land. Mineral deposits are divided in exclusive and non-exclusive, according to ,,mining law*.

Mining law also defines terms of security and rational using of mineral deposits in Slovakia, what means
complete extraction of deposit and accompanying materials with minimal losses and pollution. Extraction of just the
richest deposits is considered as robbing. But this does not correspond to the aforementioned mining law, according
to what the conditions for exclusive deposit’s usability, during the research and mining, are determined by
organizations, and according to that, the resources are calculated and subsequently classified on balanced sheet and
non-balanced.

After studying, legislation is managing the area of resources, which is interesting because this is the only
area that does not allow mineral deposit ownership transfer from state to another subject in no case, and also admits
its using in case of some financial conditions. Certain financial conditions are specific by this, that resource’s
ownership is changed by mining: while mineral deposit is property of state, after cut-off and mining it becomes
property of miner. The financial achievement towards state or local government occurs only in the moment of
selling the resource as product. In this case, type of product, its physical and mechanical characteristics,
fragmentation, quantities sold, contract type and structure of trading company involved in the sale become
controversial. Because one of beneficiaries of some part defined by edict is the local government too, share
decision-making by resources policy of autonomous region is necessary [2].

Mineral resources valuation

Value and price are two basic financial categories interpreted in different ways and precise definition of
them is necessary. Economists express price in money. Value corresponds to the wishes of the owner rate:

—market value, issue of the market’s wishes,

—capitalized value of the discounted amount next year's earnings’ (net income) generated by the property.
The capitalized value is synonymous of the income approach to valuation of assets and deposits of the mining com-
pany

—carrying amount, the original investment established in the ledger, minus depreciation or amortization, in-
troduced in the accounting documentation,

—insurance value, which corresponds to the cost of insurance of properties’ loss or destruction [3], [5].
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Cash-flow (CF)

Spent and earned money should generally be called cash flow. Cash-flow associations, departments,
regions, individual establishment of the project are the sum of the positive and negative items of income and
expenses associated with a particular activity. This figure in itself does not lack the time factor, which make real all
economic indicators. The sum of all financial flows resulting from investment in the project is designated as cash
flow produced by capitalized investments. Cash flow size is decisive for the economic impacts on regional
development, because there applies the direct correlation of the size of the financial flows and the size of local taxes,
charges for mining area, charges for mined minerals, funds allocated for environmental improvement, etc. [1], [3],
[4].

Return of investment (ROI) and coefficient profitability of investments (PIR)

Return of investment (Return of Investment "ROI") is probably the oldest, but still widely used parameter
for assessing the economic efficiency of investments made. It is the total revenue resulting from specific
investments, divided by the investment funds. This variable is independent on time. Efficiency of investments is
determined by investment rationality, when the smaller number of investment funds restores the higher yield, then
we can talk about the rational use of mineral resources. This is technically difficult to manage, but that’s why the
indicator is more important. The decision, if the possibility of mineral resources” rational using will be made, should
be even with participation of the region. The goals of the national and regional governments are often contradictory;
even it should be avoided in carefully processed mineral policy. Coefficient of investments profitability (Profit to
Investment Ratio "PIR™) is another form of the same indicator. The coefficient of investments profitability of PIR is
equal to returns of investments minus one [1].

The payback period (PBP)

Payback period (Payback Period - PBP) is the duration of the project from the beginning until the
cumulative cash flow becomes positive. Payback is an expression of the capital return. For some projects, it is a
measure of risk, which indicates how long the capital investment is in peril. As in the previous case, it doesn’t have
a full explanatory power as the only indicator, because it informs about the project only until the return of
investments. Although the result based on the payback period may seem to be interesting in some projects, indicator
says nothing about the further continuation of the project, in terms of development of its cash flow. Project may
develop in negative way right after payback period, respectively the actual trend in CF may indicate that even with
relatively short payback, project will not last long. This can be both positive and negative, but unfortunately, the
information isn’t readable on the payback period. It also does not specify the indicator of cash flow development
even until achieving payback period. The payback period shortening is connected with small finance depreciation by
inflation and updates. The smaller depreciation is the greater is the effect for investor, owner of mineral resources
and of course the region. Therefore, defense and obstruction automatically reduce the positive effects from the
perspective of local authorities too [1], [3].
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ANALYSIS OF THE POTENTIAL OF RENEWABLE ENERGY (RE)
SOURCES IN CENTRAL EUROPEAN MINING

ABSTRACT

A prospective analysis of RE sources for Central European mining is considered. This paper has the
following objectives. Firstly, we define the paper questions and RE term. Secondly, we present data about the
current and future development of RE in Central European countries. The positioning of RE sources for meeting the
energy needs of the mining industry is highlighted. In this context, a comparative analysis of the advantages and
disadvantages of energy from fossil and from renewable source for use in the mining industry is given. Data for
comparison RE cost and fossil cost is presented. Possibilities are given for meeting energy needs demand by means
of substitution of fossil energy resources for renewable energy resources. Finally, conclusions are drawn about the
main results.
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RE IN CENTRAL EUROPE

For various reasons, Central Europe strongly depends on conventional energy sources. In fact, fossil energy
is considered more reliable and suitable for industrial needs with high daily level of energy consumption.
Nonetheless, coal, oil and natural gas will retain their significance for the supply of the world population with
energy for the foreseeable future [2]. However, the substitution of the conventional energy carriers for renewable
energy sources can give the advantages for mining industry.

In the context of this paper, three questions are addressed, as follows:

(1) How can renewable energy sources be properly defined?

(2) What are the advantages and disadvantages of energy from fossil and from renewable source for use in
the mining industry?

(3) How can be the RE sources be positioned to meet the mining industry’s energy needs?

DEFINITION AND TYPES OF RE SOURCES

RE: any energy resource that is naturally regenerated over a short time scale and derived directly from the
sun (such as thermal, photochemical, and photoelectric), indirectly from the sun (such as wind, hydropower, and
photosynthetic energy stored in biomass), or from other natural movements and mechanisms of the environment
(such as geothermal and tidal energy). Renewable energy does not include energy resources derived from fossil
fuels, waste products from fossil sources, or waste products from inorganic sources [3].

Table 1 presents the total electricity net generation and consumption from RE sources in Central European
countries from 2008 to 2012.

Table 1
Total renewable electricity net generation (G) and consumption (C) (Billion kwh)
2008 2009 2010 2011 2012
Country

G C G C G C G C G C
Austria 44775 | 44,775 | 47,352 47,352 45,162 45,162 42,473 42,473 50,881 | 50,881
Croatia 5,225 5,225 6,742 6,742 8,418 8,418 4,618 4,618 5,018 5,018
gzg‘:&“c 3,721 3,721 4,639 4,639 5,9 5,9 7,218 7,218 8,016 8,016
Hungary 2,469 93,98 3,01 99,251 3,17 109,635 2,77 126,78 2,644 | 142,685
Poland 6,792 2,469 8,892 3,01 11,1045 3,17 12,9065 2,77 16,868 2,644
Romania 17,052 | 6,792 15,399 8,892 20,103 | 11,1045 16,064 12,9065 14,805 | 16,868
Serbia 9,468 | 17,052 | 10,436 15,399 11,772 20,103 8,58 16,064 9,2 14,805
Slovakia 4,542 9,468 4,8832 10,436 5911 11,772 4,827 8,58 5,42 9,2
Slovenia 4,271 4,542 4,862 4,8832 4,702 5911 3,846 4,827 4,283 5,42
Germany 93,98 4,271 99,251 4,862 109,635 4,702 126,78 3,846 142,685 | 4,283
Switzerland 38,119 | 38,119 | 37,813 37,813 38,246 38,246 34,702 34,702 40,155 | 40,155
Total 185,639 | 185,639 | 1959272 | 1959272 | 218,9615 | 218,9615 | 222,3115 | 222,3115 | 249,094 | 249,094

Source: Independent Statistics & Analysis. U.S. Energy Information Administration

The pictures show some fluctuation due to changing levels of economic activity dynamics in Central
European countries. The indicators show by Fig. 1 and 2 the most generation of renewable electricity is presented in
Switzerland, Austria and Germany.

Figure 1. Total renewable electricity net generation in Cen- Figure 2. Total renewable electricity net genera-
tral European countries billion KWh per year tion in Germany and Switzerland, billion KWh

Source: Independent Statistics & Analysis. U.S. Energy Information Administration [7]

Around the world, a growing number of power plants regularly replace a portion of their coal feed with
suitably treated biomass. More than 150 coal-fired power plants now have experience with co- firing biomass and
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waste fuels, at least on a trial basis. There are ~40 pulverized coal combustion (PCC) plants WITH co- firing
biomass on a commercial basis, with an average of 3% energy input from biomass [6].

COMBINING FOSSIL AND RE SOURCES FOR MINING NON-RENEWABLE RESOURCES
Data on the energy production and usage for Central European countries is given in Table 2.
Table 2
Energy production and usage for Central European countries
Combustible renewable and Alternative and nuclear

Fossil fuel
Country waste energy

% of total % of total energy % of total energy

energy use ab§ol_ute use ab§ol_ute use ab§ol_ute

1990 | 2011 | Vvariation oo 2011 variation [~ oo 2011 variation
Austria 79,1 68,7 -10,4 10,1 19,0 8,9 11,0 10,1 -0,9
czech 917 | 789 | -128 1,6 6,5 4,9 68 | 179 11,1
Republik
Croatia 86,2 81,6 -4,6 35 5,6 2,1 31 4,9 18
Germany 86,8 79,8 -7,0 14 8,5 7,1 11,8 11,8 0,0
Hungary 81,6 73,3 -8,3 2,3 7,2 4,9 12,8 17,2 4,4
Poland 97,8 91,8 -6,0 2,2 8,1 59 0,1 0,5 0,4
Romania 96,1 77,7 -18,4 1,0 10,3 9,3 1,6 12,5 10,9
Serbia 90,8 89,1 -1,7 59 6,4 0,5 4,1 4,6 0,5
Slovak 816 | 685 | -13.1 0,8 5,5 4,7 155 | 256 10,1
Republic
Slovenia 71,3 65,7 -5,6 4,7 8,5 3,8 25,5 27,3 18
Switzerland | 58,5 50,4 -8,1 6,1 9,0 2,9 36,2 39,7 3,5

Source: World Development Indicators: Energy production and use (2014): The World Bank [1].

Data shows that fossil remains the most important source of energy production and usage, but there is a
decreasing tendency of their use from 1990 to 2011. The largest reductions can be seen for Romania 18,4%, the
Slovak Republic 13,1%, the Czech Republic 12,8% and Austria 10,4%. Energy production and use of combustible
renewable and waste increased in Romania 9,3%, Austria 8,9% and Germany 7,1%.

In 2013 renewables made up more than 26% of global generating capacity; in 2013 they produced 22% of the
world’s electricity. Global renewable power capacity continues to increase. In 2013, hydropower and solar PV each
accounted for about 33% of new renewable capacity, followed by wind at about 29% [6].

RE FOR MINING

Table 3 contains a summary overview in the shape of a comparative analysis of the advantages and
disadvantages of energy from fossil and from renewable source for use in the mining industry.

Table 3
Comparative analysis of the advantages and disadvantages of energy from fossil and from renewable source for use
in the mining industry

Fossil energy sources

Renewable energy sources

Advantages

[] Bigger loss of RE then than of the
fossil one during technical conversion
process in of the process of regenerative
energy into the energy flows

[ There is existing infrastructure for
using fossil energy

[] Gridconnected electricity needs to be
supplemented with on-site generation,
typically large-scale diesel generation,
resulting in a dependency on diesel fuel

[JA tendency that the levelized cost of energy (LCOE) of
energy from renewable sources are decreasing and that the
LCOE of energy from fossil fuels tends to increase

[IMining companies can avoid long-term carbon and
environmental penalties by complying with current and future
regulatory requirements; and be well-positioned to adopt
regional or national carbon cap and trade programs

] Mining companies can enhance reputation and brand by
meeting the sustainability expectations of customers,
investors and other stakeholders

[] Generating heat through solar energy can help mines
reduce costs

[JMany mining companies view renewable energy as
environment friendly because they are extractive and altering
the landscape. This energy satisfies the requirements of
companies' corporate social responsibility

[] Lower operation and maintenance costs and decreasing
the costs related to energy
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[J] Side effect of increase of natural
resource productivity is a decrease on
environmental pressure

1 Prices for natural resources tend to
move in cycles - upwards and
downwards — stress on cash flows of
industrial companies with high demand
for such resources

[] Mining companies can only invest in a limited percentage
of energy that’s tied to the sun shining or the wind blowing

[J Not utilizing third parties to develop, fund and deliver
renewable energy assets

[J Lack of suitable infrastructure for integration renewable
energy to mining industry

[ Intermittency from renewable energy sources continues to
be a critical point for mining companies

[] Mines are not always acquainted with all the applications
of renewable energy

Source: Self prepared

Table 4 contains some illustrative data of costs of mining operations and the related energy consumption.

Table 4
Total energy costs of mining operations and consumption
Mining Operations Energy consumption Unit Fossil Energy Costs

Name* $ per kilotonne ore mined kWh per kilotonne ore mined $ per kWh

1 170 7 006 0,024

2 231 7694 0,030

3 527 8949 0,059

4 534 10321 0,052

5 552 11264 0,049

6 817 13322 0,061

7 1793 26 884 0,067

8 1821 33855 0,054

9 3120 42 474 0,073
Total 9 565 161 769 0,469

Source: Benchmarking the energy consumption of Canadian open-pit mines (2005) [3]
*Name: 1 - Drilling (Waste Rock), 2 - Blasting (Waste Rock), 3 - Loading / Excavating (Waste Rock), 4 - Waste
Rock Transport, 5 - Waste Rock Handling, 6 - Drilling (Ore), 7 - Blasting (Ore), 8 - Loading / Excavating (Ore), 9

- Ore Transport.

Fig. 3 shows the levelized cost of electricity (LCOE) in Germany in euro per kWh. Learning-curve based
predictions of the LCOE of renewable energy technologies and conventional power plants in Germany by 2030.

Version: Nov. 2013

Z Fraunhofer
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Figure 2: Learning-curve based predictions of the LCOE of renewable energy technologies and conventional power plants in Germany by

2030. Calculation parameters in Tables T to 7.

Figure 3. Levelized Cost of Electricity in Germany in euro per kwWh
Source: Fraunhofer ISE, Germany November 2013 [4]
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There is a tendency
that the LCOE from
renewable sources are
decreasing and that the
LCOE from fossil fuels
tend to increase.
Consequently, energy
from renewable
sources has a
competitive chance
also for the mining
industry.
Fig. 4 shows
cumulative
investments in
renewables-based
power generation
Source: World Energy Outlook 2013 (2013): Renewable energy outlook. capacity grow 2013-
International Energy Agency [8] 2035 and RE
investments in  the
mining industry
increase in 2013-2022.

Figure 4. Cumulative investment in renewables-based power generation capacity,
2013-2035

Source: Renewables in mining: futuristic or realistic? (2014): EY’s Global Mining & Metals Center [9]

Figurgps RERCHARIMERETSY 1y SSHRERY iR AR NGB RS £5s8n Crary 1 HEn kR AY hdfstry is
necessity to invest a lot of capital for adapt mining operations activity to RE sources use. These pictures show that
investments in renewable-based power generation capacity increase now and will grow in future. Therefore, RE
investments in mining industry will increase also. It means that there is a positive tendency to substitute fossil
energy for RE one.

CONCLUSION

Substitution of fossil sources for RE sources has possibilities for implementation in mining industry. With
one hand, RE has a growing tendency of consumption and use in Central European countries. With other hand, RE
has a similar cost of mining operations and consumption as a fossil energy, but the LCOE from renewable sources
has a tendency to decrease.

The outcomes of the study are threefold:

(1) Fossil remains the most important source of energy production and usage, but there is a decreasing

tendency of their use from 1990 to 2011. Therefore, RE sources consumption increases year by year.

(2) RE cost in comparison with fossil fuel cost is equivalent and as predicted will be decreased from 2015

to 2030.

(3) Investments in RE sources for mining industry increase over the world.

The analysis shows that RE has an opportunity for implementation to mining industry needs.

Consequently, energy from renewable sources has a competitive chance for the mining industry.
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H. A. BEJIULIKAS
Hayuonansnolii MunepanbHo-coipbesoil ynusepcumem «l opruiiiy

®AKTOPBI YITPABJIEHUS HEHHOCTBIO CTPATEIT'TYECKOI'O
IMPOEKTA (HA ITPUMEPE KAJIMUHBIX ITPOEKTOB AO MXK
«EBPOXHM»)

B pabote paccMaTpuBarOTCS BOIPOCH! BEIOOPA MHBECTHIHMOHHBIX MIPOEKTOB, 00ECTICUNBAIONINX ANBEPCH-
(hUKaIMIO KOMITAHWH, HA OCHOBE MX IICHHOCTH (Ha puMepe KamuiHbIX MPoekToB AO MXK «EBpoXum»).

BbiieneHpl OCHOBHBIE NMPOOIEMBI YIPABICHUS [IEHHOCTBIO NPH PEATH3allH MIPOEKTOB: YBEIUYEHHE CPO-
KOB; YBEIMUICHUE OF0/DKETA; IPOOJIEMbI pean3aliin: 3aKyIKH, BEIOODP MOAPSTINKOB, YIET PUCKOB.

BbIsIBIICHB! 1 IPOaHATH3UPOBAHBI (PAKTOPHI LIEHHOCTH MPOEKTOB, BKIIOUYAsl CTPYKTYpY 3aTpaT U (haKTOpHI
CMETHOI CTOMMOCTH, (PaKTOPbl M3MEHEHUS LIEHHOCTH. OCHOBHBIMU (DaKTOpaMH M3MEHEHUS] CTOMMOCTH NPOEKTOB
SIBJISIFOTCSI IIEHBI, 00BEMBI IPOU3BOJICTBA, KYPC BAIIOT, a TaK)XKe MakpornapaMmeTpsl. [Ipemnoxena pakTopHas Moelb
M3MEHEHHs] CTOMMOCTH IIPOEKTa C Y4YETOM JIONOJHHUTEJbHBIX (AKTOPOB, TAKHX KaK CTPYKTypa TOBapHOM
NPOJYKIUH, YCIIOBUSI (PUHAHCUPOBAHUSL, CHHEPTETHYECKUI (D (PEKT U ONIIHOHHBIE BO3MOYKHOCTH.

MumnepanbHo-xumuueckas komnanus «EBpoXuM» IIaHUpyeT CTaTb OJHUM M3 IATU KPYIHEHIINX MUPO-
BBIX MPOM3BO/INTENEH YHOOpEHHii 3a cYET BBIXOJa HAa KaJMWHBIN phIHOK. Ha OCHOBE aHHBIX KaJMHHBIX MPOEKTOB
AO MXK «EBpoXum» «BonraKamuit» u «Yconbckuil KalTUHHBIX KOMOHMHATY» MPOU3BEICHBI PAcUCThl M3MCHECHUS
IIEHHOCTH NIPOEKTOB, CIEIaHbl BHIBOABI O CTETICHH BIHUSAHUS (hakTopoB. it poekTa «Yconbe» MpOoHu3BeAeHa Iepe-
OLICHKA C YYETOM JIOTIOTHUTEIBHOTO (PaKTOpa M3MEHEHHsS CTOMMOCTH 32 CUET BO3MOXXHOCTH ocBoeHHs benomari-
HUHCKOTO yJaCTKa, 9TO YBEINYIHIO ICHHOCTh BCETO MpoeKTa Oosee ueM Ha 16%.

CrnenaHbl BBIBOJBI O HEOOXOJMMOCTH y4eTa BBIICJICHHBIX JOMOJIHUTEIBHBIX (PAaKTOPOB IIPU ITEPEOLCHKE
MIPOEKTOB, JUIs KOMIaHuu EBpoXum mpeiokeHa mepeorieHKa CTpaTerHiecKuX MPOeKTOB ¢ MHTEPBAJIOM 3 Mecsdla
JUI KOHTPOJISI LIEHHOCTH.

Hayunsrit pykoBoauTens: 1.3.H., mpodeccop T.B. [TonomapeHko

10.A. BEPEHILITENH
Hayuonanvuwiii munepanvro-colpbesoil ynusepcumem «I opHviii»

OIIEHKA I/IHBECTI/IHI/IOHI:JIOﬁ HPUBJIEKATEJIBHOCTH ITPOEKTA
11O JOBBIYE CJIAHHEBOU HE®THU HA ITPUMEPE ITPUOBCKOI'O
MECTOPOKJIEHUA

YXyAmeHne CTPYKTYpbl W KadecTBa ChIPHEBOM 0a3bl yIIeBOJIOPOIOB, OOYyCIABIUBACT HEOOXOIAMMOCTh
BOBJICUCHUS B OCBOCHHE TPYJHOM3BJICKACMBIX 3amacoB. BBOJ B NPOMBIILIICHHBIA O0OPOT HETPAJUIIUOHHBIX
PECYpCOB  YIJICBOJOPOJOB MOXKET OOCCICYUTh HSHEPreTUYCCKYH) OE30MacHOCTh CTPAHBl B JIOJTOCPOYHOU
MEPCICKTHBE.

B nanHol paboTe mpemyaracTcs pacCMOTPETh WHBECTUIIMOHHYIO TPUBICKATEIBHOCTh MPOCKTA MO J00bIYEe
cmanneBoit Heptr Ha mpumMepe [Iprobekoro MectopokaeHusi. OCHOBHBIC MEPCIICKTUBBI «CIAHIIEBOW PEBOIFOIIAN
CBsI3aHBI C JOOBIYEH claHIeBOW He(pTH HEMmoCpenCTBEHHO u3 Twiacta. OTHUM M3 KIFOYEBBIX METOIOB TOOBIYH
cimaHIeBo HepTH B OaXKCHOBCKOW CBUTE SIBISCTCS CTPOHUTENHCTBO TOPH30HTANBHBIX CKBAXKHH CICIHATBHOM
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KOHCTPYKLIMH C IIPOBEICHUEM MHOXECTBEHHBIX THAPOPA3PHIBOB. TEXHOIOTHS MIMPOKO HCIIOIb3yeTCs A JOOBIIN
CJIaHIIEBON HEe()TH M3 IUIACTOB — AHAJIOTOB 0a’KCHOBCKOI CBHUTHI, OHAKO OYEHb HAYKOEMKA M KalMTaJIOEMKa, U4TO
oTIpeIeNiIeT He0OX0MMOCTE 000CHOBAaHNE PEHTA0CIIEHOCTH pa3pabOTKU MECTOPOKICHHS.

Jlnist ipoBeieHNs OLIEHKH IAHHOTO MIPOEKTa MOCTPOeHa (PMHAHCOBO-3KOHOMHYECKAs! MOAENb, TI€ IIPOBEICHbI
pacdeTsl OCHOBHBIX TOKazaTenell 3(p¢exTuBHOCTH. Pe3ympTaT maHHOTO pacdeTa - TOMYYCHHE CIEAYIOIINX
mapaMeTpoB:  TUCKOHTHPOBAHHBIA Cpok okymaemoctd (DPP) mpoekra cocraBunm 12 meT; 9HCTHIA
nuckoHTHpoBanHbIit 1oxox (NPV) — 11,6 mupa. py6.; AMCKOHTHPOBaHHbIN HHACKC peHTabenbHocTH (DPI) cocTaBmn
— 1,25. Pacuer 6511 IPOU3BEACH C YIETOM CTaBKU AUCKOHTHPOBaHUS — 16%, cpokoM peanusanuu mpoekra — 30 neT.
ITonmy4yeHne naHHBIX MOKa3aTeNeil CBUACTEIBCTBYET O TOM, uTo [Iprobckoe MecTOpOXkKAEHHE MOKHO pacCMaTpUBaTh
KaK IOTEHIMAIBHBI dKOHOMHYECKH 3()(EKTHBBIH NPOEKT, KOTOPBIA MOXET OBbITh NPHHAT AJIS pealn3aluu, U
MOATBEPJUTH BO3MOXKHOCTH MOJIHOMAcCIITaOHOW pa3paboTku OakeHOBCKOH CBUTHL. Takke, B pamKax JaHHOMN
paboThI ObLI IPOBE/ICH aHAIM3 YYBCTBUTEILHOCTH JUIS ONPEAEIICHHUsST KPUTHYECKUX 3HAUEHHUI MTapaMeTpOB IPOEKTa,
npu Kotopbix NPV otpumarensHo.

Taxum 00pazoM, IPOBEAECHHOE HCCIICTOBAHUE TTOITBEPANIIO HHBECTUIIMOHHYIO IIPHUBIIEKATEIHHOCTh IIPOEKTa
1o no0brde ciaaHneBo Hegtn Ha [IprOOCKOM MECTOPOKAECHHH, HO BBIIBIJIO DSl OTPAaHMYMBAIOIINX HapaMeTpoB,
KOTOPBIE TOJDKHBI OBITH YYTECHBI IPH MPUHITHH PELICHUS O PeaTn3aliy POeKTa.

Hayunsrit pykoBoauTeNs: 1.3.H., mpodeccop A.E. UepenoBUIbIH

M.A. TOJIOBYEHKO
Hayuonansnolii MunepanbHo-coipbesoil ynusepcumem «l opruiiiy

NHHOBALMOHHASA COCTABJIAIOIIASA TPOEKTOB PABPABOTKHA
MOPCKOTI'O HE®TET'A30BOI'O MECTOPOXAEHUA

JlanHas paboTa TMOCBAIICHA OOOCHOBAHHWIO HEOOXOJUMOCTH WCIIONB30BAHUS IIMPOKOTO CIIEKTpa
TEXHHYECKUX W YNPaBICHYECKNX HHHOBAIMHA MpU pPa3pabOTKE M YNPABICHWH MOPCKHUMHU HedTera3oBIMU
npoMeiciamu. Ha ceropnsmHui eHb pa3paboTka He(TETa30BBIX MECTOPOXKICHUI apKTHYECKOro mieibda — 3TO
JOPOTOCTOSIINE W PHCKOBAHHBIE MHPOEKTHI. Jlist oOecrieueHnss B MEPCIEKTHBE MPHUEMIIEMOTO YPOBHS HX
peHTa0eIbHOCTH W TOBBILICHHUS] YPOBHS KOHKYPEHTOCIIOCOOHOCTH pPOCCHICKON HedTerazoqodbun TpedyeTcs
KOMIUIEKCHOE BHE/IpeHHE MHHOBAIMI Ha BCEX ATanax pa3paboTKU U pean3alny 1eab(GoBbIX TPOEKTOB.

J1nst BBISIBIICHUS 11€1ec000pa3HbIX MHHOBALMOHHBIX PEIICHNI OBLIN ONpe/iesieHbl 0COOEHHOCTH pa3paboTKu
MECTOPOXKICHUH Ha apKTUUECKOM LIesb(e 1 BbIACICHBI KIIIOYEBbIE CIIOKHOCTH PEeaIN3allii TAKUX POEKTOB.

Beuto cdopmynupoBaHo onpejesieHne WHHOBALIMOHHOTO IMOJXO0Ja W BBLIEIEHBI €ro COCTaBISIONINE JUIs
HedrerazoBbix npoekToB. s moctikeHus dddekra OT TEXHHUECKMX M TEXHOJIOTHUECKMX HWHHOBAalWH ObLIO
c(OpPMHUPOBAHO YETHIPE MOJIXOIA.

B pabore Obul MpoBeneH CPaBHUTEIBHBIH aHAIM3 TPAJUIMOHHOTO HE(PTErazoBOro MECTOPOXKACHHUS Ha
CyIlle U Ha apKTHYECKOM IIeNb(e MO MATH KPUTEPUSIM: Te0I0ropas3Be/Ika, pa3paboTKka U SKCIUTyaTalusl, JJOTHCTHKA,
nHppacTpykTypa U 3Kosorui. Ha ocHOBaHMM NaHHOTO aHalW3a BBIIBICHA MHHOBAIMOHHOCTH CTPYKTYPBHI CaMOTo
menb(OBOTO MPOSKTA M ONPENeNICHbl OCOOCHHOCTH NPHMEHEHHs TNPOCKTHOTO IMOJXoja. B pamkax MpoeKTHOTro
noaxona OBIIM BBIAENEHBI KIIOUEBBIE WHCTPYMEHTHI IS YCHEUIHOW peaju3aliy IPOEKTOB HAa aPKTUYECKOM
menbde.

B cootBercTBHM ¢ CHOPMYNTHPOBAaHHBIMH 3aJadaMK ObUIa OOOCHOBaHA I1€1€CO00pPa3HOCTh BHEAPEHHUS
KOHLEMIUK HWHTEJUIEKTYyaJbHOTO MECTOPOXKICHHUs. B pamMkax S5TOH KOHIENIMH ObLIM MPOaHATU3UPOBAHBI
BO3MOJXKHBIE IPOOJIEMBI TPH peanu3aluyd He(Tera3oBbIX MPOEKTOB Ha cylle W Ielb(e Mo (yHKIHOHAIbHBIM
OmokaM M CHUCTeMaM, OICHEH PUCK BEPOATHOCTH HACTYIUICHHS AAHHOW MPOOJIEMBI, NMPEAI0KEHBI BO3MOXHEBIE
TEXHOJIOTHUECKHE W YIpaBICHYECKHE pelIeHHs u omucaH 3(QQeKkT oT ux BHexpeHus. [IpuBeneHB! mpuMeps!
9KOHOMUYECKOH 3((EeKTUBHOCTH BHEJPCHUSI COBPEMEHHBIX TEXHOJIOTHH TOOBIUM Ha IPUMEpe TaTYNKa IecKa.

Hayunsrii pykoBoauTENH: 1.3.H., Ipodeccop A.E. UepenoBuIsH
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I'.B. KAHITAJIbsIH, B.B. KOUYPA
Jloneykuii HAYUOHATLHBIU MEXHUYECKUL YHUBEPCUMEM

IKOJIOTO - SKOHOMUYECKAS DOP®EKTUBHOCTH IPUMEHEHUSA
YCTAHOBOK BE3JbIMHOM 3AT'PY3KH YI'OJIBHOM ILIUXTHI U
BE3IbIMHOM BBITPY3KH KOKCA U3 KOKCOBOM IIEYU HA
IMPUMEPE MAKEEBCKOI'O KOKCOXUMHWYECKOI'O 3ABOIA YAO
«MAKEEBKOKC»

IMocranoBka 3agaun (MpooJaeMbI)

B macrosmee BpeMsi B YKpawHe (QYHKIHOHHpPYeT 13 KPYIMHBIX KOKCOXMMHUYECKHX HPEINpHATHSA, 7 U3
KOTOPBIX cOCpenoTodeHbl B JloHeukon oOnacTu. DTH MpeANpHUSATHS PacloOKEHbl B PETHOHAX CO 3HAUUTEIbHON
KOHIICHTPAI[UCH MPOMBIIIICHHOTO MPOW3BOJCTBA M BBICOKOI IUIOTHOCTHIO HacesneHus. KpaitHe HeOmarompusTHas
JKOJIOTUYECKash OOCTAHOBKA, CJOXKHBIIASCS B TOCICIHUC TOABI B KPYIHBIX METAJUTYPrHUCCKUX IIEHTPax, B
OTPENICIICHHON CTEICHH OOYCIIOBJICHA HHU3KHMH TEMITAMH TEXHHUYCCKOTO MEPEBOOPYKECHUS KOKCOXMMHUYECKOM
MOIOTPACIH, MEAJIEHHBIM BHEJPEHUEM B MPAKTHKY HOBBIX TEXHOJOTHYECKHX MPOIECCOB, COBPEMEHHBIX arperaTtoB
u obopynoBanus [1,2].

Kokcoxummdeckoe Ipou3BOICTBO 3aHUMAET «BEIYIIEE» MECTO IO BRICOKOTOKCHYHBIM BEIOpOCaM, cOpocam
U CKJIaJUpPOBAHHEM TBEPABIX OTXO0J0B. K HUM OTHOCAT NIBUIb, OKCHIBI a30Ta, JHUOKCHI CEpbhl, OKCHA YTiepona,
aMMHuaK, (heHo, 6eH30I1, HadTaIuH, CepOBOIOPO/, IIMAHUCTEIA BOIOPOX M TpaduT.

[TosTOMy Ha COBpEMEHHBIX 3aBOAAX BHEAPSIOT IEPEOBbIC TEXHOJIOTHH, MMO3BOJIIOMINE CHU3UTH BEIOPOCH
3arps3HAIONINX BemlecTB B aTMocdepy. K OCHOBHBIM M3 HUX OTHOCSATCSI yCTAaHOBKH O€3BIMHOMN 3arpy3KH YTOIBHON
IIMXTHI B KaMepy KOKCOBaHM U yCTaHOBKaA O6e3/1bIMHOM BRIrpy3ku Kokca (bBK) u3 xameps! kokcoBaHus.

JIutepatypHslii 0030p

s _L7 Pe3koe yxecToueHHE IKOJOTHUYECKUX TPeOOBaHHH
. K KOKCOXUMHUYECKUM MPEANPUATHSIM, OCHOBHBIM arperatam
y ; 7 u  0o0OpyIOBaHHMIO,  KOTOpPhIe  BBIpAaOOTANd  CBOHM
J HOpPMAaTUBHBIE  CPOKHM  OJKCIUTyaTallud, MOpPAIbHO U
f (¢u3nYecKn ycTapend, CTajJo TPeOOBaTh OT KOKCOXHMHUKOB
M = —— KOHIICHTpallMl  YCHIMA  JIs1  PEKOHCTPYKIMH U
< TEXHAYECKOTO MEPEOCHAICHISI MPEANPUATHI 110 PEIICHUIO

" BOTIPOCOB OXpaHBI BO3YITHOH W BOIHOW CPEIBI.
' B Vkpaune naumnas ¢ 2006 roga Ha AJTYEBCKOM
KokcoxummueckoM 3aBojie OAO «ATYEBCKKOKC)» BHEIPEHBI
MePeIOBbIC TEXHOJOTH, TIO3BOJISIONIUE COKPATUTH BHIOPOCHI
3arps3HSAIONINX ~ BEIIECTB B arMocdepy,  CHHU3UTH
0o0pa3oBaHUE IIIAMOBBIX BOJ, VIYYIIHTh KayeCTBO
BBITYCKAaeMOM MPOMYKIIMU: CUCTEMa OECIBbLICBON BBITAYU
KOKCa; CHCTeMa JIOKaJu3allkd ¢ OYUCTKA TBUIEBBIX
BEIOPOCOB TIpW 3arpy3Ke KOKCa B KaMephbl TYIICHUS W TpPHU
€ro pas3rpy3Ke Ha TPAHCIOPTEPHBIH KOHBEHEp; CHUCTEMBI
acIHpalMd C CYXHM CIIOCOOOM YIaBIMBAHWS IIBUIA Ha
NN ) * YCTaHOBKE OOECIHBUIMBAHUS KOKCA; CHCTEMBI aCHMpPALUK

1 - nBepechemHas MalKMHa; 2 - MBUIEOTCACHIBA- Meperpy309YHBIX y3JI0B H KOKCOCOPTHPOBKH [3,4].
IOIIAHA 30HT; 3 — KOKCOHAIPABIIAIONIAS; Bbimaua kokca W3 meded  CONMpOBOXKAAETCS
4 - KOKCOTYIINIIBHBIN BaroH; 5 — KOXKyX; 6 — BbIOpocoM B armMocdepy  3HAuUUTENbHBIX  00BHEMOB
LIEJIEBOM 3a30D; 7 — COCAMHHUTENLHBIN NaTpy- MBLICTa30BOM CMecH. B mensx JToKanu3anuu 3TuX BHIOPOCOB
00k; 8 — komnexTop; 9 — onoper; 10 — kKokcoBas U I JalbHEHIIEH WX OYMCTKH OT B3BEHIEHHBIX YACTHIL
Garapest (MBITM  KOKCA) HCIOJB3YIOTCS YCTaHOBKH OecHbUICBOU
Puc. 1. YcranoBka GecnblLIeBol BbIIauH KOKCa BBIJIAUYM KOKca (CXeMa acmupalyy TYHIHWJILHOTO BaroHa

U3 neueii KokcoBoii atapen xommekca bBK npezacrasnena na pucyske 1).
Bo BpeMst BplIauM KOKCa 30HT C JABOWHBIMH
CTCHKaMH{ yCTaHABIMBAIOT HAJ TYIIMIFHBIM BarOHOM H MIPHUCOCTUHSIOT K CTAIIHOHAPHOMY KOJIIEKTOpPY. Pa3pekenue
B KOJUIEKTOpPE CO3[ACTCs TATOMYyTHEBBIMH MamIMHAMU. D(P(GEKTHBHOCTH JOKATH3AIWNA M OTCOCA MBUICBO3IYITHOM
cmecu cocraBisieT 90 — 95%.

YcTpolicTBO O€3IBIMHOM 3arpy3KH YTONBHOM HIMXTHI COCTOMT M3 CTAIIMOHAPHOTO KOJUIEKTOpa IUIA 0TCOCa
MPOAYKTOB TOPSHHS Ta30B 3arpy3KH W BBIIAYH KOKCa, KaMephl COKUTAHUS, CHA0KEHHOW HIDKHAM CTBIKOBOYHBIM Y3-
JIOM Ha BXO/Jie, IPUCTIOCOOJICHHS AJIsl TTOJIBOJIA TOTUIMBHOTO ra3a U BOAbI, MaTpyOKa AJisl 0Tcoca ra30B BhIJayl KOKCa,
BEPXHUM CTHIKOBOYHBIM Y3JIOM JIJISl COEIMHEHUS C MAaTPyOKOM CTAllMOHAPHOTO KOJUIEKTOPA, a TAK)KE PEryIUpyeMoi
CHUCTEMOM OPOIICHHS, pa3MEIICHHYIO B KaMepe CKUraHusi Ha Bbixoje. Cxema 0e3IbIMHOMN 3arpy3Ku YTOJBHOMN HIMX-
THI IPE/ICTABIIEHA HA PUCYHKE 2.
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CHavaja IpOU3BOIAT OTHOBPEMEHHBIH BBITYCK IIUXTHI M3 JBYX KpalWHUX OYHKEPOB yIiIe3arpy309HOrO Ba-
ToHa (CPEeTHHH JIFIOK TP 3TOM 3aKPHIT), @ ITOCTIE 3aKPBITHS JIFOKOB - BEIITYCK IIUXTHI U3 CPEIHEr0 OYHKepa.
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1 — mmxTa; 2 — CTBIKOBOE YCTPONCTBO; 3 — OYHKEpa YrONbHBIX IIUXT;
4 — Ta300TBOI; 5 — COIIIO; 6 — KOJIJIEKTOP

Puc. 2. Cxema 6e31bIMHOI 3arpy3KH yTOIBHOM ITHUXTHI

I'a3pl 3arpy3ku mpu BXOJ€ B KaMepy IbUICYIOBHUTEINSI BCTPEUIAIOTCS ¢ OOOPOTHBIMH CETKAMHM, OPOIIAEMBIX
BOJOH. [Ipy 3TOM 9acTHIBI ITBIIM, CMOYCHHBIE KAIJISIMU BOJBI, O] IeHICTBUEM [IEHTPOOESIKHBIX CHJI, BEHIOPACHIBAIOT-
Csl B CemapaTop, TAe OTACIAIOTCS NIIaMOBbIE BOJbI. OUHIEHHBIE T'a3bl BMECTE C MapaMH BOJBI BEIOPACKIBAIOTCS B
aTMocdepy.

Heab padoTbl

Llenpto naHHOM pabOTHI SIBISETCS OLIEHKA JKOJOTO — HKOHOMHYECKOH 3(P(EeKTHBHOCTH NpPUMEHEHHS
YCTaHOBKH O€37IbIMHOM 3arpy3KH YroJIbHOHM IIMXTH B KAMEPY KOKCOBAaHUs M YCTAHOBKH O€3/IbIMHOM BBIIaYH KOKCA
u3 kamepsl kokcoBanus Ha mpumepe YHAO «MAKEEBKOKC» .

OcHOBHasl 4YacTh

YAO «MAKEEBKOKC» mpou3BOIUT TSI METALTYPTUIECKUX TMPENNPUATHA CICTYIOIIYI0 TPOIYKINIO:
KOKC JOMEHHEIH, (pakuueit 25-60 MM, 3006HOCTE He Oonee 12%, MaccoBast moiist obmeit cepsl He Oomnee 2%, Macco-
Bas goJis o0meit Biaru He Oonee 5%, nmpodHOCTh 86%; opemek KOKCcoBbIi, (hpakuuei 10-25 MM, 301bHOCTH HE 00-
nee 11%, maccoBas monst obmeit Bmaru He Oonee 20%, npourocts 10%; Memods KokcoBas, dpakmment 0-10 MM,
30JIbHOCTB He Ooisiee 13%, maccoBas mouist oOmieit Biaru He 6onee 22%; KOKC JIMTEHHBIM KaMEHHOYTOJIBHBIN, (pak-
et menee 40 MM, 30116HOCTE He Oonee 12%, maccoBas moist obmieid cepsl He Ooee 0,6%, MaccoBast JOJsI 0OIIeH
BJIaru He 6osiee 5%, npoyHOCTh 76%.

3arpy3Kka yrojbpHOW HMIMXTHI C BIAXKHOCTBIO 7-9% 1 OoJiee B pacKajeHHbIE KOKCOBBIE MIEYH C TEMIIEpaTypon
rperomux creH 1100-1200°C compoBokaaercs oOpa3oBaHHMEM BBIOPOCOB MapoOra3oBOM CMECH, YHOCSIIEH B
aTMocdepy BpeIHbIe BEIIeCTBa, B KonudyecTse, 1/roa: 1,48 meuts; 0,666 CO; 0,056 H,S; 0,222 NH,; 0,019 HCN;
0,015 C;H; OH; 0,370 505 u 0,370 NQ,,.

Bbiaua kokca M3 Kamep KOKCOBaHMS B TYIIMJIBHBIH BaroH IPHBOJAMT K Ta30NbUIEBBIM BbIOpocam, B
KoJIm4ecTBe, T/rox: 22,2 neuib; 0,044 H,S; 0,111 NH4; 0,009 HCN; 0,044 C;H; OH; 1,110 50, u 1,110 NO,.

Pacuer 3K0JIOTO — HSKOHOMHYECKOH A(PQPEKTUBHOCTH NPUMEHEHHs YCTAHOBKM O€3JBIMHOI 3arpy3ku
YrOJBHOW IIUXTHI B KOKCOBYIO I€Yb M YCTAHOBKH 0€3/IbIMHOI BBIJJauM KOKCa N3 KaMepbl KOKCOBAaHHS BBITIOJIHEH JUIS
MaxeeBckoro kokcoxummdeckoro 3aBoga YAO «MaxkeeBKOKc». BrIOpoc MbUTH TpH 3arpy3Ke yTrOJIbHOHN IIUXTHI B
KOKCOBYIO II€4b cocTaBisieT 1,48 T/rox, a mpu BEITpy3Ke KOKCa U3 KaMephl KOKCoBaHM Oe3 ncnonb3oBanus YBBK
cocraBmsieT 22,2 1/ron. CTaBka 3KOJOTHYECKOTO Hallora Ha BRIOpoC meutH mpuHATa 54,05 TpH/T. D HEKTHBHOCTD
T10 TBUICYJIaBIMBAHHIO Ta3009NCTHON YCTAaHOBKHU cocTaBisieT 95%.

ITo pesympraTaM pacueTa CHI)KEHHE IUTATHl 332 BBIOPOCHI NBUTH B aTMOC(EpHBI BO3AYX 3a TOA IpH
BHeApeHun Ha YAO «MakeeBKOKC» YCTaHOBOK O€3IbIMHOM 3arpy3Kd YrojbHON IIMXThl B KOKCOBYIO IE€ub U
6e31bIMHOM BBITPY3KH KOKCa cOCTaBUT 1273 rpH.

BriBobI

BaenpeHnue ycTaHOBOK 0€3bIMHON 3arpy3KH YroJIbHOM IIMXTHI B KOKCOBYIO Ieub U O€3ABIMHOM BBITPY3KU
KOKCa M3 KOKCOBOM IEeYH MO3BOJHUT CHU3UTh BEIOPOCH! IBUTH B aTMOC(epy Ha 95%

CHWKeHHMEe IUIaThl 3a BBIOPOCHI MBUIM B aTtMoc(epHbI BO3AyX 3a Troj npu BHeapeHun Ha YAO
«MaKeeBKOKC» yCTaHOBOK O€3IBIMHOM 3arpy3KH YTrOJBHOM IIMXTHI B KOKCOBYIO I€Ub M O€3IBIMHON BBITPY3KH
KOKca cocTaBUT 1273 rpH.
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K.!A. KOBEIIHUKOBA
Hayuonanvusiti munepanvro-coipvesou yHusepcumem «I opHuliiy

YHOPABJIEHUE CTOUMOCTBIO TIPOEKTOB KOMIIAHUM
MHUHEPAJIBHO-CBIPBEBOI'O KOMIIVIEKCA HA ITPUMEPE OAO
«'A3ITPOM HE®DTb»

AKTyaJTbHOCTh JaHHOW paOOoTHI 3aKIF0YAeTCs B ONPEAEICHUN WHCTPYMEHTOB CTOMMOCTHOTO YIIPaBICHHS
JUTSI MUHHMU3AIUH 3aTPaT ¥ MaKCUMU3AIUH [[CHHOCTH POCKTOB KOMITAHMI MUHEPAILHO-CBIPHEBOT'0 KOMILICKCA.

Lenp nanHOW pabOTHI: HAa OCHOBE KOHIICTIIMU YIPABICHUS CTOMMOCTBIO IIPOEKTa OOOCHOBAaTH U
MPUMEHUTh WHCTPYMEHTBI CTOMMOCTHOTO YIPAaBICHHS JJIs TMOBBINICHUS 3(P(OEKTHBHOCTH MPOCKTa OCBOCHHUS
KyroMO1HCKOTO MeCTOpOKAeHHS HETH U rasa.

B xo1e uccnenoBanus ObUTH TOTYYCHBI CIICAYIONINE PE3YIbTATHI:

1. TlpoBeneH WHBECTHIIMOHHBIA aHAIN3 MPOEKTA, OIpeaeieHbl mokazarenu ¢ dexkrusHoctu: (YA = 76
794,1 mnu.py6.; UJ = 1,34; BHJI = 22,3%; cpox okymaemoctu 15 ser).

2. TlpoBeneHn aHaiu3 YyBCTBUTEIHHOCTH, BBISIBIIEHA 30HA KPUTHUYECKMX 3HAUYEHHH MaKpOIapaMeTpoB
(TIeHa 1 Kypc HAIlMOHAILHOM BAITIOTHI), IPH KOTOPBIX MPOEKT HEpEeHTAOEIIEH.

3. B kadecTBe HMHCTPYMEHTOB CTOMMOCTHOTO WHXXHHHUPHUHTA ObLIa TOCTpOeHa (HHAHCOBAas MOJEJb,
OCHOBAHHAs Ha MPHUHITUIIE COBOKYITHOW CTOMMOCTH BIIQJICHUS, U BEIOOpA TEXHOJIOTHIECKOTO PEIICHHS
npoOJIeMbl cOpoca MOATOBAPHON BOMBI, MO3BOJISIFOIIETO CHU3UTHh 3aTPaThl HA PEANU3aIUI0 MPOCKTa
Oonee yem Ha 250 MiTH.pyO.

4. Bbina penieHa 3ajaya JIMHEHHOTO MPOTPaAMMUPOBAHHUS IS ONIPECIICHIS ONTHMAIBHOM IICHBI IOrOBOpa
C IOJPSIAHOM OpraHu3alyen.

Bbutn crienaHbl CICAYIONINE BIBOBIL:

1. Tpomecc ymnpaBieHus CTOUMOCTBIO HEOOX0aMM i 3((HEKTUBHON pa3pabOTKU U peain3aliy MPOCSKTa.

2. BrisBieHBI 0COOCHHOCTH TIpOIIECCa YIPABICHHUS CTOMMOCTBIO C YYETOM CHEIM()HKH IPOEKTOB MHUHE-
PalbHO-CHIPHEBOTO KOMILIEKCA.

3. Ampobanus MOJETH COBOKYITHOH CTOMMOCTH BIIQJICHUS W 3a[1a4d JIMHEHHOTO MPOTrpaMMHUPOBAHUS TIO-
Ka3pIBaeT A(PPEKTUBHOCTh UX MPUMEHEHHS M IMO3BOJIET CAETATh BBIBOA O ILEIeCOOOpa3HOCTH Iallb-
HEHIIero NCIOIh30BaHUS TaHHBIX HHCTPYMEHTOB.

Hayunsrit pykoBoauTens: 1.3.H., mpodeccop T.B. [ToHomapeHko

H.A. KOTEHKO, H.I'. HIMTAHKOBCKAS
Hayuonanvuas memannypeuueckas akaoemus Yxkpaunwl, 2. [{Henponemposck

HAITPABJIEHUSI COBEPIIEHCTBOBAHMUS XO3SIMCTBEHHOTI'O
MEXAHU3MA PEI'YJIMPOBAHUA UHHOBAIIMOHHOU
AEATEJBHOCTHU NNPEANIPUATUSA

MupoBo#i U NpeAbIAYLIINil OTEYECTBEHHBIN ONBIT CBUIETENBLCTBYET, YTO POCT HALMOHAIBHON YKOHOMUKH
OCHOBBIBACTCA Ha BO3POXKICHHUHU TIPENNPUATHI TOpHO-MeTamurypradeckoro komiiekca (I'MK), kotopsrit Bausier Ha
COCTOSIHME BCEX €€ OTpaciieil Kak TJIaBHBIA ITOCTaBIIMK KOHCTPYKIIMOHHOTO MaTepualla M KaK KpPYITHBII
MOTPEeOHTENTh Pa3HOOOPA3HBIX YHEPTOHOCUTENCH U TOIDIHBA. DTO O0YCIIOBINBACT AKTYAJIBHOCTh B3aUMOCBSI3aHHBIX
npobyieM  BbIOOpa  MyTed  MHHOBAllMOHHOTO  Pa3BHTHS  TOPHO-METAUIYPrHYECKHX  NPENNpUSITHH U
COBEPILIEHCTBOBAaHMS MEXaHU3MOB YIpPAaBICHHA M PETYIMPOBAaHUS UX HHHOBAI[MOHHO-WHBECTHIIMOHHOM
JeSITebHOCTH.

VYrayOneHHe W pacHIMPeHHMC HMHTETPAIIMOHHBIX CBsI3¢d M MPOIICCCOB SIBIISICTCS OJHOW W3 Ba)KHBIX
TEHJCHUUH DPa3BUTHS COBPEMEHHOW TIJI00AJM30BaHONH MHUPOBOM SKOHOMHUKH. JTa TEHJEHLMs NPOSBISIETCS U B
HAITMOHAJIFHOW 5SKOHOMHKE YKpaWHbI B CHIYy €€ BBITOJHOTO TeorpadUuecKkoro TOJOXKEeHHWS W H3/IaBHA
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CYILLECTBYIOIIMX SKOHOMUYECKUX B3aMMOCBS3EHM U XO34HCTBEHHBIX OTHOIIEHUHN CO CTpaHaMu TaMOXKEHHOIO CO3a
n  EBpomneiickoro coobmectBa. OcCOOEHHO TECHbIE TOProBbIe (TOBapHbIE) CBSI3UM Yy  MPEATNPUATHI
SKCIIOPTOOPUEHTHPOBAHON  METAJUIyPrUYECKOM  MPOMBIIUICHHOCTH  (KaKk  TOPHOMOOBIBAloONied, TaKk |
nepepadaThIBaIONIEN).

[TpnopuTeTHBIME B CTPaHOBOI CTPYKType JKCIOpTa YKpawHBl ABIAIOTCS CBsi3H ¢ Poccwmeit (68,9% ot
noctaBok B ctpanbl CHI'); ¢ I'epmanmeit u Typrueit (coorBerctBenno 11,8% n 30,7% ot 3kcmopra B CTpaHBI
EBpomnsl). ToBapHas cTpyKTypa 3KCIOpTa HE OTJIMYAeTCsl BBICOKMM €€ KadecTBOM, TaK KaK B OCHOBHOM 3TO
TPOAYKIUSI TOPHOPYIHBIX U TepepadaThIBAIONINX MPEANPHUITUAN, KOTOpask HE OTHOCHUTCS K CIIOKHBIM HAYKOCMKHM
BUJIAM MPOAYKIIUH.

VIHBeCTUIIMOHHBIE CBSI3M YKPAWHCKUX Mpeanpuatuil ropasgo ciabee. Kak mokaszamu ucciefnoBaHUA
Wucturyta 3K0HOMHKH npoMbinuieHHOCTH HAH YkpauHbl, HHOCTpaHHbIE MHBECTHLHU CO CTpaH TaMO>XEHHOTO
COI03a B METAJUTYyPTUIO MOYTH HE MOCTYMANH, 32 UCKIIOUEHHEM HHBECTHLUI 13 Poccuu, HO OHU COCTaBHJIM MEHBIIIE
1% [1, c.86], a B menoM B 3KOHOMHKY YKpauHbl — 5,6% [2, c.34]. I'maBHOW NpUYMHON SBISETCS HU3Kas
WHBECTHIIMOHHAS TIPUBIICKATEIFHOCT TOPHOPYIHBIX M METAIUTYPTHYECKHAX MPEINPUATHA BCICACTBHE OONBIION
HM3HOIICHHOCTH OCHOBHBIX (poHIOB (B [IpHaHETIPOBCKOM SKOHOMHYECKOM PETHOHE, IIEHTPE METAJUTYPTUH Y KPAWHBL,
oHa cocraBisieT 78,7%, 4To Ooyblle, YeM B IeNOM MO0 YKpamHe — 75%) M SKOJIOTHYECKOH OMacHOCTH, a B
MOCTICNHUN TON W W3-3a CJOXHOHM IIONIMTHYECKOW CHUTyalumu B cTpaHe. [103TOMy OCHOBHBIM HaIpaBICHHEM
MTOBBIMICHUS. KOHKYPEHTOCIIOCOOHOCTH TPEANPHUATHN SBISCTCS WHHOBAIIMOHHBIA MYTh Pa3BUTHS YKPAaUHCKON
TOPHOPYAHOW M METaJIypru4eckoil MPOMBIIUIEHHOCTH TJaBHBIM 0O0pa3oM 3a cyeT COOCTBEHHBIX CPEICTB
NPENPHUSITHI U MOIIEPKKH TOCYAAPCTBA IyTEM COBEPIICHCTBOBAHUS XO3IHCTBEHHOTO MEXaHU3Ma PEryIHPOBaHUA
WHHOBAIIMOHHO-UHBECTUIIMOHHOHN NEATEIHHOCTH MPEIPUITHH.

Ieab10 TaHHOTO MCCIEIOBAHUS SIBIISETCS BBHIOOP HANpaBIEHUS MHHOBALIMOHHOTO PAa3BUTHA NMPEANPHUSITHH
METaJUTyprudeckoro Komiiekca. Ee mocTmxenne TpeOyeT perieHus CIeAyIOIHX 3a/1ad: OLEHKH CYIIECTBYIOLIETO
COCTOSIHUS; 000CHOBaHUE CTPYKTYPHI XO3SHCTBEHHOT'0 MEXaHI3Ma UX MPHOPUTETHOTO HHHOBAITHOHHOTO PAa3BHUTHSI.

Ha kaxaoM u3 3TamoB JBOJIOINHOHHOTO pPa3BUTHA COIUAIBHO-3KOHOMHUYECKHX CHCTEM OOIIECTBO
BBIIBUTAET HOBBIC TPEOOBAHUS K HX JICATEIHHOCTH U KOPPEKTUPYET CYMIECTBYIOIINE, YIUTHIBAsT JOCTHKCHHS HAYKH,
IIEPEI0BOTO OMBITAa U O0IIECTBEHHBIE TOTpeOHOCTH [3, ¢.18].

HemanoBaxkHoil NpUYMHON, CHACPKUBAIOLIEH WHHOBAIMOHHYIO JESTENbHOCTb  METALTyPIHYECKUX
MPEIIPUATHH, SIBIICTCS OTCYTCTBUE MOTHBAIMH JJIS €€ Pa3BUTHS: HET JILIOT [0 HAIOTOOOIOKCHHIO TPEATNPUITHI
(B TOM umcne Ha PHUOBLIL, HA 36MIJII0, HA UMYIIECTBO M JIp.); OTCYTCTBHE TOCYIapCTBEHHOTO (DMHAHCHUPOBAHUS HE
TONPKO Ha WHHOBAIIMOHHOE pAa3BUTHE MPEOUPUATHA, HO ¥ IS COXpaHEHHs KOHKYPEHTOCIIOCOOHOCTH
WHHOBAITMOHHBIX 0OBEKTOB (JOCTATOYHO B Ka4eCTBE NPHMEpa MPUBECTH CUTYAIMIO C aKIHMEH MpOoTecTa TPYIOBOTO
KoJuiekTiBa HO’KHOTO MAamIMHOCTPOWTENBHOTO 3aBoja B T. JlHempomerpoBcke B Hawane 2015r. mo moBoxy
HEBBIIUTAYMBACMOI B TEUEHHUE MOTYyTo/1a 3apaOb0THOI IIaThl ¥ HaYaBIICHCS TEKYIECTH BRICOKOKBATH(HUITIPOBAHHBIX
KaJapoB); HE3aMHTEPECOBAHHOCTh KOMMEpPYECKHX OaHKOB oOOecmedMBaTh JOJNTOCPOYHOE KPEAWTOBAHUE
TOPHOPYAHBIX M METAJUTYPTHICCKHUX MPEANPUATHI U UX TEXHHYECKOrO0 OOHOBJICHUs, 0€3 KOTOPOTrO HEBO3MOXKHO
MIPOU3BOJICTBO MHHOBALIMOHHOMW MPOAYKIIUHU U JIp.

[Nonmarnsromas 4acTh MPEANPUITHN HE MPOSABISICT WHHOBAIMOHHYIO aKTHBHOCTH H3-32 OOJIBIIIOTO PHCKA,
CBOMCTBEHHOT'0 MHHOBAIIMOHHOM fesitensHocTi (MHH/).

OOIIen3BeCTHO, YTO WHHOBALMOHHBIM IpOLECC BKIOYaeT: (yHIaMEHTaNbHBIE M ITOUCKOBBIC
uccienoBanus, npukiaansie HUOKP u ocBoeHne MHHOBALM B peaJbHOM CEKTOPE SKOHOMHUKH.

[IpencraBurenn HaydHOW dKOHOMHYEecKOM mkomel  CaHKT-IleTepOyprckoro  MmOTUTEXHHYECKOTO
YHHUBEPCHTETA CIUTAIOT, YTO (DaKTUIECKH ITOT MPOIECC U ABIIETCS CIeNU(PUISCKUM MEXaHIH3MOM B3aUMOJICHCTBUSA
0o0pa3oBaHMs, HAyKH, MPOW3BOJICTBA M BIACTH, U HEOOXOIUMO COCPENOTOYNUTh MAKCHMyM CHJI H CPEICTB Ha
BHEAPCHUH WHHOBAIMI B SKOHOMUKY, TJIe OHH JAIOT HAMOOJBIIYIO OTAaYy. DTO MO3BOJIHT 3aIyCTUTh B JEHCTBUE U
IpyTHE 3BEHbS MHHOBAIIMOHHOTO Tporiecca [4, c. 168-169]. B uccnenoBanmsax MHcTHTYTa Ip0o0OIeM pernoHaIbHON
SKOHOMHKHU PAH BBIIEISIOTCS TPH MPUOPUTETAa MHHOBAIIMOHHOTO PA3BUTHS: UCTIOJIH30BAHUE BHICOKMX TEXHOJOTHI
BO BceX cdepax COBPEMEHHOW IKOHOMHKH; HCIIOJIb30BaHHE HMHHOBAIIMOHHOTO MEHEIKMEHTAa Ha BCEX YPOBHSIX
yIpaBieHUs] HEIO U MPOJBMKEHHE MHHOBAI[MOHHOM KYJNBTYphl MEHEKMEHTA [5]. DTH HampaBieHUs aKTyaJbHBI U
JUIS HAIIMOHAJIbHON 3KOHOMUKH YKpPaWHBI B IIEJIOM, U ISl pa3BUTHSI TOPHO-METaIyprH4ecKOT0 KOMIUIEKCa CTPaHsbl,
YTO OTPAXEHO B CTPATETUSIX UX PA3BUTHUS.

Ha ocHoBe mpoBeeHHOTO aHamM3a HAYYHBIX IMOJXO0JIOB, MPOOIEM, WX CHUCTEMATH3AlMU W 0000IEeHUs B
HCCIICAOBAHUH OIPECIICHbl CICAYIOINEe HAIPABJICHUS IOBBIIICHAS WHHOBAMOHHOW AKTHBHOCTH NPEANIPUATHI
TOPHO-METAILTYPTHYECKOTO KOMIUIEKCa Y KparHEI:

1. YcoBepIeHCTBOBaHHE COCTaBa U CTPYKTYPHI KOMIUIEKCHOTO XO3SMCTBEHHOTO MEXaHU3Ma YIPaBICHUS U
peryIupoBaHHsS WHHOBAIlMOHHOW JEATENbHOCTH. Ha Hamn B3risan, OH JOJDKEH BKJIFOYATh OPTraHW3AallMOHHBIA U
(uHAHCOBO-3KOHOMUYeCcKHu MexaHm3MbI (DEM).

CoCTaBHBIM 3JIEMEHTOM OpraHu3alMoOHHOTO Mexann3ma MHHJ/ momkHa OBITh HHCTUTYIHMOHAIBHOTO THIIA
OpICTPYKTYypa HAI[MOHAJIIFHONH MHHOBAIIMOHHOM CHCTEMBI, BKIIIOYAOIIas: HAITHOHANBHYIO CHCTEMY 00pa30BaHMs, TaK
KaK B HEH COCpEZIOTOYeHa OCHOBHAS YaCTh HAYYHBIX MCCIICIOBAHUN M HAYYHBIX KaJpOB YKpPanHbl; HHPPACTPYKTYPY
JUIL OCYIIECTBIICHHS HAYYHBIX HCCIECIOBAHMH, OOECIEYMBAIONIIYIO BHEIPEHHEC WHHOBAIIMOHHBIX DPa3paboOTOK U
TeHepalio HAay4YHBIX 3HAaHWN akKaJeMHUYecKoW, oTpaciieBod u By30Bckod Hayk. Ombir CIIA, Ouansauw,
ABctpasmn w ap. crpadH [2, c¢.104-106] moxa3piBaeT 3(PQPEKTUBHOCTh 3TOM OpPraHU3AIMMOHHOW (HOPMBI
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rocynapctBenHor moanepxkku MHHJI. Oprannzammonnsiii Mexannsm MHH]I comepKUT COBOKYITHOCTH METOJIOB
HCCIIEIOBaHUS (oOmeHay4HsIE, 9KOHOMHYECKHE, COIMATIBHO-TICHXOJIOTHYECKHE, OpPTraHU3aLHOHHO-
pacniopsiautensabie, MM, MaTpUUHBIN, SKCIEPTHBIX OLEHOK, NMHUTAI[IOHHOE MOJEIHPOBAaHHE, SKCHEPHMEHT U
Jp.) ¥ KOMIUIEKC WHCTPYMEHTOB (TIaTCHTHPOBAaHHE, PETHCTpPAIMs, JOTOBOPAa M KOHTPAKTHI, JIMICH3UPOBAHUE,
MacTIOPTH3AIMS, PETIIaMEHTANNs], HOPMUPOBAHUE, MOHUTOPHHT, B3aUMOJCHCTBHE H T.1.).

®unaHCcOBO-dKOHOMUYecKkni MexaHmsM MHHJI BkifodaeT COBOKYHMHOCTH METOAOB ((HWHAHCHpOBaHHE,
NPOTHO3UPOBaHNE, NHBECTHPOBAHUE, KPEAUTOBaHKE, 1IeHOO0pa3oBaHue, CTpaXxOBaHHE, MOTHBAIMS, KOHKYPEHIIHS,
CTUMYJINPOBaHHUE U OTBETCTBEHHOCTh) ¥ KOMIUIEKC HHCTPYMEHTOB (HAJIOTH, JIbTOTHI, TOTAI[H, OTYHCICHUS, LICHBI 1
TapuQBbl, NPUIIATEI ¥ CKUAKH, ITPadbl U CAHKINK, 3apabdoTHAs I1aTa u JIp.).

2. CoBepLICHCTBOBaHME  HOpPMaTHBHO-TIpaBoBoro  obecnedenuss  VHH/. CymrecTByromemMy
3aKOHOJATENIbCTBY CBONCTBEHHBI INPOTEBOPEUMBOCTL U  HECOINIACOBAHHOCTh 3aKOHOB U MOCHEIYIOLINX
3aKOHOJATEJbHBIX akToB [6, c.61]. Kcrarm, HanuoHaibHOE 3aKOHOAATEIBCTBO SBISIETCS 0a30BBIM YPOBHEM
COIIMAIBHONW OTBETCTBEHHOCTH YYACTHHKOB PBIHOYHBIX OTHOLICHHWH, YTO, HAa HAml B3IJAJ, CBUACTEIBCTBYET O
Ba)KHOCTHU 3TOI'0 COCTaBHOI'O AJIEMEHTa MeXaHu3Ma ynpasiueHus MTHH/I.

3. Co3pmanme WHHOBAIMOHHON wuH(pacTpykTypsl MHHJI, koTopas HOMKHAa BKIIOYATh: BEITIOJHEHHUC
HayYHO-MCCIIEOBATENbCKUX PabdOT CWIAMH 3aBOJCKOH, BY30BCKOW, OTpacieBoil H CHEIUATM3HMPOBAHHON
aKaJleMMYeCKOW HAyKH; JIOTUCTHKY; WH(OpMaIHMOHHOE OOCITyKMBAHUE; KOHCYJBbTALMOHHOE OOCIY)XHBaHHE;
o0y4eHHe NepcoHaj]a W IOBBIICHHE €0 KOMIICTEHIMH, COLMAIbHOE PAa3BHTHE KOJUIEKTHBA; 3AIIUTY BOJAHOTO U
BO3AYIIHOTO OaccelHa B COUETAHUH C PALMOHANBHBIM PacX0JI0OBAHHEM IPUPOAHBIX PECYPCOB, B MEPBYIO OUEPEh —
HEBOCCTAHABJIMBAEMBIX.

4. Dbonee WMPOKOE HCHOJH30BAHHE IPEUMYIIECTB MEXIYHAPOAHOTO M  MEXKPETHOHAIBHOIO
COTpyJHHYECTBa. PernoHanuzanusi B COBPEMEHHBIX YCIOBHUSX SBIETCS OIpPEACISIONMM (aKTOPOM, CO3JAI0LINM
YCIOBHSA M MPEAINOCHUIKH JJI1 SKOHOMHUYECKOTO Pa3BUTHUS PETHOHOB U TOBBIIMICHUS WX KOHKYPEHTOCIIOCOOHOCTH.
CHIDKeHHEe MMITOPTHOW 3aBUCHMOCTH YKpawWHBI BO3MOXKHO 3a CYET pa3MEIIEHHs T'OCYAAapCTBEHHBIX 3aKa30B Ha
YKPAaMHCKUX MPEIIPHUSATUSIX I PETbHOM 3alUThl OTEYECTBEHHOTO TIPOU3BOANUTEIIS.

5. CoBepILICHCTBOBaHNE AHAIUTHYECKOW MOJIEP)KKH TEXHOJOTHH CTPAaTErMYeCKUX WHHOBAIMOHHBIX
yIpaBJIEHYECKUX PELICHUH Ha BCEX €€ dTamax.

6. I'ocynapcTBeHHass MOJJAEp)KKAa JUHAMUYECKOTO Pa3BUTHUs MPEANPUATUN IIyTEM COBEPLUIEHCTBOBAHUS
®OEM perynupoBaHuss MHHOBAallUOHHO HAIMpPaBICHHOM XO3SHCTBEHHOW NEATEIBHOCTH M MCIOJIB30BAHMS OIBITA
JpYTHX CTpaH MO CO3JAHUIO COAJaHCHPOBAHHOTO B3aHMOJICHCTBHSA MEXKAY MPOM3BOAUTEISIMU M IOTPEOUTEIIMU
3HAaHUH 3a CYET TOCYJapCTBEHHO-YACTHBIX MApPTHEPOB Ui OOECIEYEHHs] KOMMEPLHAIM3ALUN WHHOBAIMOHHBIX
TEXHOJIOTHH.
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A.C. MUHEEBA
Hayuonanvnuiii munepanvro-coipbegoll ynusepcumem «I oprviily

JHEPTO®PEKTUBHOCTB KAK ®AKTOP _
KOHKYPEHTOCIIOCOBHOCTHU I'OPHOAOBBIBAIOIIIEN
KOMITAHUHA

B coBpemennoit Poccuiickoii deneparun BaXHOE XO3SHCTBCHHOE 3HAYCHHE MMEET TOPHOIOOBIBArOINAS
MPOMBIIIJIEHHOCTh, B CBSI3U C Y€M, MEPCIEKTUBBI Pa3BUTHUS JIAHHOM OTpacid WrparoT KIIOUEBYIO pPOJb B
obecredeHnH CTaOMITLHOTO Pa3BUTHS HAITMOHAILHOW SKOHOMUKH.
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OmHako T00ambHOE COCTOSHHE MHUPOBOW TOPHOAOOBIBAIOMICH OTpacid B  TOCIEAHHE TOJBI
XapaKTepu3yeTCsl [eIbIM KOMIICKCOM HETaTHBHBIX TEHICHIMH, aKTyalbHBIX B paBHOH Mepe, Kak IS Pa3BUTHIX,
TaKk M Ui pa3BHBAONIMXCs cTpaH. [lo mroram aHanm3a (MHAHCOBO-OKOHOMHYECKOHW AesTenbHOCTH 40 Bexyrmmx
MHUPOBBIX TOPHOJIO0OBIBAIOIINX KOMITaHHM, MpoBeneHHoro kommnanueid PWC, Bce 40 paccMarpuBaeMbIX KOMIaHUIH
orpaci B 2013 romy ObIIM BBEIHY)XICHBI OTPa3uUTh PEKOPAHBIE YOBITKH OT OOECIICHEHHs aKTHBOB B pazmepe 57
mipa. moiut. CIIIA, mpu 3TOM COBOKyIHAS MPUOBLTE aHAIM3UPYEMBIX KOMIIAHHN COKpAaTHIAch HA 52 MIIpI. IO,
910 cocTtaBuiio 72%, u nocturaa 20 mupa. gowt. CIIA, MUHMMaTsHOTO YPOBHS 3a MOCIIEHEE NECATUIIETHE.

B ClOXUBIIMXCS JKECTKUX SKOHOMHUYECKUX YCJIOBHAX BOIPOC COKpAILEHWS IMPOU3BOJCTBEHHBIX 3aTpar M
pecypcocOepexenuss BcTaeT Bce Oonee octpo. C yderom mpuoOperTaromieil Bce OO0JbIee 3HAYCHUE KOHIICIIIUU
yCTOﬁ‘{HBOFO pa3BUTHA NOCPCACTBOM pAllMOHATIBHOI'O U C6aﬂaHCHpOBaHHOFO HCIOJIb30BaHUA TPUPOAHBIX PECYPCOB
OAHUM H3 KIHOYEBBIX (baKTOpOB CHWIKCHUSA U3JICPIKCK, a, CJICTOBATCIIbHO, U MMOBLIIICHUA KOHKypeHTOCHOCOGHOCTH,
SBJISIETCS IEPECMOTP MOAX0/a K YIPABICHHIO SHEPrOPECypCaMH.

O¢ddexkTuBHAs cHUCTeMa OpraHU3aIlld JYHEPTOMCHEIKMEHTa IO3BOJISIET OCYIIECTBISATh KOMIUICKCHBIN
MOHHUTOPHHT, aHAJIN3 W yHpaBicHHe nHpopMmarmedr o6 sHepromorpedneHnn. OmHAKO 3TOTO HEAOCTATOYHO IS
OTBeTa Ha TIIOOANBHBIE BBI30BHI MHPOBOTO PBIHKA TOPHOJOOBIBAIOMICH MPOMBINIICHHOCTH. [ omepaTHBHOTO
KOHTPOJIS, a TAKXKE BO3MOXKHOCTH JaTbHEHIIIETO aHANIN3a U OIICHKH B CHCTEMY DHEProayAnuTa IPeATPUIATHS JODKEH
OBITh MHTETPUPOBAH SKOHOMUYECKUH MOIX0A K TIOCTAHOBKE TEXHOJOTUYECKHX 33[ad M TEXHUKO-IKOHOMHYECKOMY
000CHOBAHHIO WHKEHEPHBIX PEIICHUH IT0 CHIKECHUIO YHEPTONOTPEOICHHUS HA TOPHBIX MPeAnpuaATHsIX. CTaHOBUTCS
OYC€BUAHBIM, 4YTO [Jid OCYLICCTBJIICHUA 3¢)¢)CKTI/IBHOFO OHCPIrOMCHEIPKMCHTA HeO6XOI[I/IMO MOJCPHU3UPOBATH
CHUCTEMY DHEproayJuTa M pacCMaTpUBaTh €€ KaK KIOYeBOW HCTOYHMK WH(POpPMAIUU JJIs IMPoIecca TEXHUKO-
HKOHOMHYECKOTO OOOCHOBAHHUSI MH)KEHEPHBIX PELICHUH, HalpaBICHHBIX Ha MOBBILICHUE YHEProdP(eKTHBHOCTH
npousBojcTBa. Takke NpencTaBisieTcs LeliecO00pa3sHbIM BKIIOUUTh B COBPEMEHHYIO KOHIICIIIHIO SHEProayaura
OpPHEHTALMI0O Ha HSKOHOMHYECKMH aHalli3 Tpolecca 3HeproodecreueHns: IeHCTBYIOIIETO0 MPOM3BOACTBEHHOTO
mporiecca.

B xome aHanmm3a CyImECTBYIOIIMX IOAXOJOB W METOAUK OIICHKH BO3MOXKHOCTEH II0 ITOBBIIICHUIO
9HEProdpHEKTHBHOCTH (IHEPTETHUECKOTO IMOTCHITHANA) OBLIO BBISIBICHO, YTO B OTCUCCTBCHHOW HAayKe JaHHAs TeMa
He MOJyYWIa MIMPOKOro ocBemieHus. OHAKO Cpey MepeioBhIX 3apyOeKHBIX CTPaH, OCYLIECTBISIOINX pa3BUTHE
KOHLETIIUH YHepProd(GeKTUBHOCTH HA TOCYApPCTBEHHOM YPOBHE MOKHO BBIIENUTH ABCTPaJHIO, B KOTOPOH OblIa
peamu3oBaHa rocymapctBeHHas mporpamma «Energy Efficiency Opportunity» mo oueHke 3HEpreTHYecKoro
MOTEHIMAada KOMIIAHMH, a TakKe TIOBBIIICHHUIO 3HEProdM(EeKTUBHOCTH MPOu3BOACTB. OOHMM M3 OCHOBHBIX
NPUHIAIIOB OLEHKH DSHEPreTHYeCKOro TOTCHIHANA SBIAeTCS KoHIenmusa «bamaHc »Heprum W MaccCh»,
TEOPETUIECKOW OCHOBOW KOTOpPOH SBISAETCS 3aKOH COXpaHeHWs »dHepruu. JlaHHBIH moaxom obecrieunBacT
BOCTIPHSITHE TIPOM3BOJACTBA KAaK IIEJIOCTHOM 3aMKHYTOH CHCTEMBI, HMMEIOMICH PSS BXOJHBIX M BBIXOIHBIX
mapameTpoB. JlaHHAs MOJeNb MO3BOJSET MOJIYYHUTH NMPO3PAvYHOE TTOHMMAHHE TOTO, KaK MPOTEKaeT TOT WM HHOM
MpoIIecC C SHEPTeTHIECKON TOUKM 3pEHHs, YTO KpaiiHe HeoOXoanMo i 3G GEeKTHBHON peann3aliii HHXEHEPHBIX
pelIeHuit o noBsleHo dHeprodddextuBHocTH. [IpeacTaBisercs 1eaecooOpa3HbIM BHEIPUTH TaHHBIA MOJIX0] B
METOJIUKY SHEProayAnuTa rOpHOA00BIBAIOIINX NPEANPUITHH.

KiroueBbIM NMPHUHIMIIOM AaHHOTO IOJXO0J]la, PEKOMEHAYEMbIM JUIsi BHEJPEHHS B POCCHUICKOM INpaKTHKe,
ABJISIETCS KOMIUIEKCHOE MOHMMAaHHE IPOM3BOJCTBEHHOIO IIpoIiecca KakK CIOXKHOW CHCTEMBI, COCTOSILNEH U3
MHO)KECTBA IOJICHCTEM, W JIMIIb METOAOM IIOATAIlHOW JeTalM3allii aHajlu3a MOXXHO B TOJIHOW Mepe OIIEHHTh
SHCPFCTHI{CCKI/Iﬁ IIoOTCHIIMAaI IpOU3BOACTBA. B CBA3HU C O9THUM, KaXXEeTCs HEAO0CTAaTOYHBIM OLICHUBAThH
SHEepromnoTpediieHue KOMIIAHWM JIMIIb B pa3pe3e AWHAMHYECKOTO aHAIHM3a KIACCU(PHUKAIMKA IMOTPEeOIsIeMbIX
SHEPropecypcoB: CIEAyeT aHAIM3WPOBATh IMPOU3BOJICTBEHHBIC MOJCHCTEMBI M IPOIECCH C IEIBbI0 YIpPaBICHUSI
KaXIbIM U3 HUX, a TAKXKe ONpENETCHUS KIFOUYEBBIX «IHEPTeTUUECKUX Y3JIOBY», KOMILIEKCOB MPOM3BOJICTBCHHOTO
000pyIOBaHUIO,  XapaKTEPU3YIOUINXCS  HAWOONBIIUME  3aTpaTaMHd  JHEPTOPEeCYpcoB W OKAa3bIBAIOIINX
HETIOCPEICTBEHHOE BO3ICHCTBHE Ha YHEPTroOaIaHC CHCTEMBI.

0O.B. HACOHOBA, B.B. CTAHUEBCKA/I, 1.B. KOUYPA
I'BY3 “Jloneyxuii nayuonanvHul mexuuyeckuu ynusepcumem ", Ykpauna

BJIMSTHUE ®AKTOPOB HEOITPEJEJTEHHOCTH HA
YOPEKTUBHOCTH ®YHKIIMOHUPOBAHHUS YT OJBHBIX IIAXT
JTOHBACCA

[Ipobnema nccnenoBanust prcka B Havane 21 cToneTus BcTana ¢ ocobeHHOH ocTpoTol. O0IecTBo, KOTOopoe
BOIIPEKH BCEM HCIIOJb30BAaHHBIM MepaM HE MOXKET MNpPEAYNPEIUTh TI00aNbHble KOHQUIMKTHI, MEXIYHApOIHBIE
KPHU3HUCHI, SKOJIOTHYECKHE KaTacTpodsl, OECKOHEUHbIE OIMMOKM W HENpeICcKa3yeMble CHUTYalliH, yOeIuiIoch B
HEOOXOAUMOCTU 0053aTeNIbHOM OLCHKH (PAKTOPOB HEOMPEACICHHOCTH B KAX/OM BUJE NESITEIbHOCTH, [IPEXK/IE YeM
NPUHUMATH PEIICHUS PO KaKKe-JIH00 IIard B HAIPaBICHUU UX OCYIICCTBIICHHUS.

OO1as moJauTHYeCKass ¥ dKOHOMHYECKas: HECTAOMIIbHOCTh, CHHKCHHE HHBECTHUIMU B MPOMBIIIICHHOCTS,
COIMAIbHAsl HAMPSHKEHHOCTh, OTCYTCTBHE JOCTATOYHON MpPaBOBOW 0a3bl W APPEKTUBHOI CHCTEMBI YIpaBICHUS
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0c000 OTpa)karoTCs Ha NESITEIHHOCTH CBHIPHEBBIX OTpacield. B COBpeMEHHBIX yCIOBHSAX MEPBOCTEIIEHHOE 3HAUCHUE
nproOpeTatoT (HaKTOpEl HEONPEAETICHHOCTH, KOTOPBIE BHOCAT CYIIECTBEHHOE, a YacTO M pElIafolee BIMSAHUE Ha
3¢ (eKTUBHOCTh (YHKIMOHUPOBAHUS CYOBEKTOB XO3SHCTBEHHOH aeaTenbHOCTH. DaKTOphl CIydailHOCTH WU
HEOIIPENICIIEHHOCTH BEAYT K BO3ZHMKHOBEHHIO HEOIATONpPUATHBIX CHUTYaIlMii W TIOCIEICTBHH Ha TIPEINPUATHIX,
KOTOpBIE CHIKAIOT 3(p(PeKTHBHOCTH peann3aliil IUIAHOBBIX 33aJaHNH, MPOEKTOB, B TOM YHCJIe WHBECTHIIMOHHBIX, U
MOTYT IPUBECTH K JOTOJHUTEIEHBIM yOBITKAM.

Hus  [lonbacca OCOOCHHO aKTyalbHBIM sBISCTCS 3(PPEKTUBHOCT (DYHKIMOHUPOBAHHS  YTOJBHBIX
OpeJNpUsITH. DHepreTuveckas 0Ce30MacHOCTh M YMCHBIICHHAC 3aBUCUMOCTH OT HMMITOPTHBIX SHEPrOHOCHUTEICH
Tpe6leT MAaKCHUMaJIbHOTO HCIIOJIb30BaHUA 3allaCoB YIJis, KOTOPLIC B 6OJ'II)HJI/IHCTB6 CBOEM COCPCAOTOYCHBI B
JloHerkoM yrojabHOM OacceiiHe U COCTaBISIIOT 87% OT oOmMX 3amacoB yriisi B YkpauHe. [loatomy uccienoBanue
(aKTOpOB HEONPENENICHHOCTH, BIIMSIONMX HAa OIEPALUOHHYIO JEATeIbHOCTh YIOJIBHBIX IPEINPHUIATHH C
JlajgbHEeNe BO3MOKHOCTBIO MX CHUYKEHUS WM HEUTpaIu3allu, ABJISIETCS aKTyaJbHOM Hay4yHOH 3a/1ayei.

Bwmecre ¢ Tem, Henb3sl HE OTMETHTh, YTO YTOJNIbHAS OTpPacih B YKpamHE XapaKTepU3yeTCs BEICOKUM YPOBHEM
pUCKa 1O CpaBHEHHA C JAPYTUMH OTPAcisAIMH 5SKOHOMHKH, UYTO CBS3aHO C OCOOCHHOCTSMH YTOJBHOM
MPOMBIIUICHHOCTH, TAKAMH KaK W3MEHUYHWBOCTH M HMHOTAA HENPEACKa3yeMOCTh TOPHO-TEOJOTHUECKUX YCIIOBHH,
HECTaIMOHAPHOCTD MPeaMeTa TPy, MecTa pabOTHI, TSDKEIBIMH YCIOBHI Tpyna. Ha Takom HeOmaronpusTHoM (GoHe
OTPHIATENHHBIX (DaKTOPOB BaXKHEUNIYIO POJb MPHOOPETAET MPaBIIBHOE IUIAHUPOBAHUE ICATEIHHOCTH YTOJBHOM
IIaXTHl C YYETOM HEOIPEACICHHOCTH YCIOBUI H CTOXaCTHYHOCTH (PAKTOPOB, BIUSIOIINX Ha €e padoTy.

OcHOBHOM MPUHIUIT ACATCIIBHOCTU MPEANPHUATHA COCTOUT B CTPEMIICHUN K MAaKCUMHU3AIIUN HpI/I6I)IJ'II/I. Taxkum
00pa3oM, MPUOBLIE BRICTYIACT TJIaBHBIM Pe3yJIbTaTOM JESITEeIbHOCTH MpeaupusaTHs. Benmuuna BamoBoil mpuObLIN
OTIpeIeNAeTCs CIE YoM 00pa3oM:

m=9q-5, 1

rae Y/ — yucTeiil 1oxox OT peanu3aluy NPOU3BEACHHON IPOAYKLIMH, TPH.
S — cebecToMMOCTh MPOU3BEICHHON MPOAYKIIUH, TPH.

[oxcraBus pacrincannbie BexrnauHbl Y/ i S B popmysty (1) MBI HOTy4IHM ClleAyIoIIee BRIpaKeHHE:

n-2_c yxq-c @

1+a nep nocm

Takum 00pa3oM, IPUOBLTE OT PeaTH3alUU MPOU3BEACHHON MPOIYKIKUU B CBOIO OYepEllb 3aBHCUT OT 00beMa
MPOU3BEACHHON MPOIYKIMHA (JIOOBIYU YTIIs), e¢ ce0ECTOMMOCTH, IIEHBI U HaJoroB. Ha hopMupoBanue 3TUX BETHYUH
OKa3bIBAIOT BIMSHUAC pPA3JIMYHbIC BHYTPCHHHE W BHCIIHUC (AKTOPBI DPHCKA, KOTOPBIC MOTYT IPUBECTH K
OTKJIOHCHUSIM KaK B MOJOXHUTEIbHYIO, TAK B OTPUILIATCIBHYIO CTOPOHY, U B PE3YJIbTaTe K CHIDKCHHIO HJIHM IOTEpe
npuOBLIHM BOOOIIIE.

To4HBI TPOTHO3 OCYIIECTBICHHS IDIAHOBOTO 3aJaHUS WM MPOCKTa HEBO3MOXKEH HH TIPH KaKHX
00CTOATENFCTBAX, TAK KaK IPU NMPOTHO3MPOBAHHWU BCET/Ia MPHCYTCTBYET HEONPEAEICHHOCTh BHEIIHEH Cpensl, HO
CYIIECTBYIOT CIICHHAFHBIE METOIBI, KOTOPHIE ITO3BOJIIOT HE TOJNBKO OMPEACTHTH C OOJNBIICH WMIN MEHBIICH
TOYHOCTHIO MHOJKECTBO BO3MOJKHBIX BapHAHTOB PAa3BUTHS COOBITHS, HO W ONHCATh MOBEICHHE NPEANPHATHSI U
YCIIOBHS peaNu3aliddl 3aJaHus ISl BBIICJIEHHBIX cuTyanuid. ONEHHTh BENHMYMHY PHCKA MPOM3BOJICTBEHHBIX
(hakTOpOB, WMEIOMIMX CIYYalHBIA XapaKTep, MOXHO C TIOMONIbI0 TaKWX CTATUCTHYECKUX XapaKTEPHUCTHK
OXMJaeMoW NpHOBbUIM, KaK IMCIEpPCHst M MareMaTrhueckoe okuaaHue. [yt 3Toro HeoOXoIMMBI pa3paboTka U
HCIIOJIb30BaHUE MOJIENICH MPOTHO3UPOBAHMS OCHOBHBIX MTOKA3aTENCH JICITEIbHOCTU TPEANPHUITHS.

B uccnemoBannu nMpoU3BOAMIOCH TPOTHO3UPOBAHKE MPUOBLIM HA OCHOBE UMHTAIHOHHOTO MOJCIHPOBAHUS.
s Toro 4roObl MMUTHPOBATH BO3MOXKHYIO BCJIIMYHMHY MNPHOBUIM C YYETOM pa3IHYHBIX (DAKTOPOB pHCKa
HEOOXOUMO OIPEICIUTh CIIydaiiHble BEIMYHHBI B BBIPAKCHHUH 2, a TaKXe 3aKOHBI WX pachpeneincHus. Ha
OCHOBAHMHW MMEIOIIMXCS MCCIICOBAHUI Ha IIAXTaX 3HAYCHUsS IICHBI | TOHHBI YIJIS MO Pa3HbIM MApTHIM U 00beMa
JMOOBIYHM YTJISI pacCMATPHBAJNCh KaK CIy4YailHbIe BEIMYUHBI, a TEPEMEHHBIC M ITOCTOSHHBIC 3aTpaThl YCIOBHO
MPUHSATH JeTePMUHUPOBAHHBIME. [IpOBeCHBI MCCIECIOBAaHUS C HCIIOIB30BAHUEM 3HAYCHUH CYTOYHOW NOOBIYH 3a
TOJ] TI0 pa3HBIM IIaXTaM, HA OCHOBaHHH KOTOPBIX OIpEJelIeHa 3aBICUMOCTh CPEAHEKBAIPATUICCKOTO OTKIIOHCHHUS
(paxTHyeckol TOOBIYU OT IUTAHOBOH) OT (haKTHUECKOW JOOBIYU. [laHHAS 3aBUCHMOCTH MOXET OBITh HCIIONb30BaHA
JUTSL OTIPEACTICHUS CPEIHEKBAIPATHYSCKOTO OTKIOHCHHUS MPH 000N MOOBIYe Ha pa3IMYHBIX IIAXTaX, TaK KaK OBLIO
MPOAHAIM3UPOBAHO OOJIBIIOC KOJIMYCCTBO PEANbHBIX MAHHBIX BEIMYMHBI CYTOYHON MOOBIYM Ha IIIAXTax C
pa3IMYHBIM YPOBHEM pPCHTA0CIBHOCTH W 00beMOM [100BIYM. BBUTH ONpeAencHBl 3aKOHBI paCIpeaCICHHUs
9KCIIEPUMEHTAILHBIX BETMYHH (100bIUa MO MeCSIaM U IieHa | TOHHBI YIJIs), KOTOPBIE 3aTeM OBUIHM pacIipeneicHbl ¢
MOMOIIBIO TeHEepaTopa CIy4alHbIX YUCEN MO OMpeleIeHHOMY 3aKOHY. [10CTOSIHHBIE U MEPEeMEeHHbIE 3aTPaThl ObLIN
OMpEeIeNICHBI C MOMOIIBI0 METOa HAMMEHBIINX KBaapaTOB. B BhIpakeHHE 2 MOJCTABISCM 3HAYCHHUS CITydalHBIX
BEJIMYMH IICHBI | TOHHBI YT U MECAYHON MOOBIYH, PacIpeeNICHHBIX IO ONpeaeeHHOMY 3akoHy. CMOAEIpOBaB
TBICSYY peaju3aluid BajloBOW MpuOBLTH, ObLIa omperesicHa (QYHKIUS ¢ paclpe/ielieHHe, YTO B JaNbHEHIIEeM
MO3BOJIMT OLICHUTH PHUCK MOJYYCHUS TPUOBLTH (YOBITKA) M MPOTHO3UPOBATh €¢ 3HAUCHHE C YIeTOM (haKTopa pucKa.

[IpemnoskeHHass MOJIENb MPOTHO3UPOBAHUS BaJIOBOI MPHUOBLIM MO3BOJSCT YYSCTh BIMSHUC TaKUX BaKHBIX
MOKa3aTelei NeATCIPHOCTH TPEANPHUITHs KaK J00bUa yris M IIeHa | TOHHBI YIJisl, KOTOPBIE B CBOK O4YEpEIb
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OTpaXar0T COBOKYITHOC BJIMAHUC OOJIBIIIOTO KOJIMYECTBA B3aUMOCBS3aHHBIX (I)aKTopOB HEONPECACICHHOCTH.
Hcnons3oBanne Hp@,[[HO)KQHHOﬁ MOJICJIH TI03BOJIMT OOECIEeUUTh ee aI€KBAaTHOCTb COBPEMEHHBIM YCIIOBUAM
XO3STUCTBOBAHMS C y4a€ToM HpOPIBBOZ[CTBBHHOfI CUTYyall Ha YIrOJIbHOM NPEANIPUATHH.
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©®OPMHUPOBAHUE KOHIENINA TPAHCOOPMALINA
PETMOHAJIBHBIX XO3AUCTBEHHbBIX CUCTEM JIJIAA
NMHHOBALIMOHHOI'O PA3BUTUA

Tpanchopmaliyst peruoHaabHbIX x03siicTBeHHbIX cucteM (PXC) - aTto mpeobpasoBaHue CTPyKTYpbl, COCTaBa
U CrOCO00B 3KOHOMHUYECKOW EATEILHOCTH CHCTEM, TECHO B3aHMOJCHCTBYIOIIMX B IIPOLECCE TPOM3BOIACTBA H
TPAaHCIIOPTHPOBKK JIO IOTPEOUTENs MNPOAYKIHMH (YCAyr) B €IMHOM aAMUHHCTPATHBHO-TEPPUTOPHAILHOM
obpaszoBanuu. Ha pwuc.l. npencraBieH COCTaB W CTPYKTypa KOMIIOHEHTOB TPaHC(POpMAIMH Ha YpPOBHE
PEruoHaIbHOMN X03UCTBEHHOM CUCTEMBI.

Crpaterasa
CtpykTypa DyHKIHH
YpoeeHB
OcHameHHe \ / perMOHATLHOrD
TIPOH3BOMCTER . MeHeTEMeHTa
PedopmupoEanne Ausepengcams
‘\\ /
. HHHOBANHOH- Tparchopmanus T —— Hudopma-
POIYKT > HOE pa3’BHTHE pasEHTHE 4+— [[HOHHBIE
pecypcsl
Pecypcociepesenne JenenTpaIH3AMNA
IIHHOBAIIHH H (DHHAHCOBEIE
TEXHOJIOTH pecypceel

Kanpoesli pecype
Puc. 1. CocTaB u cTpyKTypa KOMITOHEHTOB TPaHC(OPMALINU HAa YPOBHE PETHOHAIBHOI
XO35IICTBEHHON CUCTEMBbI

OcHogoii Tpancopmaruu PXC sBnsieTcss TeopeTHueckoe 000CHOBaHUE KOHIICTIIIHU, KOTOpas 0a3upyeTcst
Ha CJICTYIOIINX acTIeKTax:

1. BaxdeHmmnM HampaBIeHHEM JJOJDKHO CTaTh pPa3BUTHE HWHHOBAIIMOHHO-PECYPCOCOEpETarommx

TEXHOJIOT U,
2. Iporpamma tpancdopmaumn PXC nomkHa QopMHupoBaTbCsi W OCYLIECTBISITHCS B paMKax
MHHOBALMOHHO-peCypcocOeperaronei HoInTHKH;

3. OCHOBHBIMH NPUHILUIIAMHI MOT'YT OBITb CJIC/IyIOLIHE!

- paspaboTka nporpaMmsl TpaHcopmanuu PXC TpeGyeT MakCHMaiIbHO IIMPOKOHM TTOCTAHOBKHU PEIIaeMbIX
npobsiem. Ilpu coBpeMEHHOM YpPOBHE pa3BUTHSI HayKHM OCHOBHBIM HMHCTPYMEHTOM MOXKET CTaTh METOJOJIOTHS
CHUCTEMHOTO MCCIICTOBAHNS;

- Ul peanuzanu  nporpammbl  TpaHchopmanun PXC  HeoOxomuma B3anMOYBSI3Ka HaMEYSHHBIX
MEpPOIPUATHIA;

- ocymectBieHrne TpaHcGopmanuun PXC HEoOXOOMMO ¢ TOMOIIBIO PETYIHPOBAHUS M TIOAICPKKH CO
CTOPOHBI TOCYAapCTBA.

Hemnbsto popmupoBanust KoHIenun Tpanchopmarmu PXC sgBiseTcs co3maHne MEXaHH3MOB YIIPABICHHUSA,
KOTOpBIC JIOJDKHBI THOKO PearupoBaTh Ha BO3MOXKHbIE M3MEHEHUS CUTYallMu B TocynapcTse u ajantuposath PXC k
BHELIHUM H3MeHeHHsM. Kpome TOro, KOHIENIMs J0JDKHA OBITh OPHEHTHUPOBAaHA HAa Pa3BUTHE HMHHOBAIIMOHHO-
pecypcocOeperaroniux TexHosioruii. @opmuposanne koHuenmu rpancdopmannu PXC npencraieHo Ha puc.2.
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dopmupoBanne kKoHIeNHH Tpanchopmaru PXC ocHOBBIBaeTCS Ha CICIYIOIMINX dTaNax:

1.Ananmu3 pooiieM:

- BBISIBIICHUE CHCTEMHBIX TUCTIPOTIOPIIIH 1 BBI3BIBAIOIINX UX (HaKTOPOB;

- aHAJIN3 MEXaHM3MOB BO3HIHKHOBEHHS M BOCIIPOM3BO/ICTBA IUCTIPOTIOPIIHIA;

- YCTaHOBJICHHE CBSI3€H M B3aMO3aBHCHMOCTEH MEX Ty MpoOIeMaMH PErHOHa;

- BBIBJICHHE KITIOYEBBIX MPOOJIEM, pa3zeieHne MpoOiieM Ha BHEIIHWE, XapaKTepHBIC U BCEH CTPaHBI, U
BHYTpPEHHUE, IPUCYIIUE TOIbKO TAHHOMY PETHOHY;

- (opMynHpoOBKa Mpeaesibl BO3MOXKHOTO BMEIIATEIBCTBA BIIACTCH JAaHHOI'O YPOBHS YHPAaBICHUS IS
peLICHUs] BOSHUKIIIHX IPOOIIECM;

- ompeieicHue PaKTOPOB, BO3JCHCTBYS HA KOTOPBIC MOYKHO PEIIUTH TPOOIICMBI;

- YCTaHOBJICHHE BPEMEHU, HCOOXOIUMOTO JIsl PEIICHUS TOM WM HHON MPOOIIEMBI.

Eciu B pesynpTaTe aHain3a BBIIBICHBI MPOOJIEMBI, BO3HUKIIKNE W3-3a JUCIPOMOPIMHA BO BHEIIHUX II0
OTHOIICHHUIO K JAHHOMY PETHOHY MEXaHHW3MaxX, TO OHH (DPUKCHPYIOTCS M C KPaTKHM aHAIN30M MepemaloTcs Ha
BBIIIIECTOSIINE YPOBHH, BMECTE CO CBOMM BHICHUEM ONITUMAIIBHOTO Pa3pEIICHHS.

2. ®opMyIHpOBKa TIeJIeH U CTPATETHIA:

- Ha OCHOBE TPOM3BEICHHOTO aHANM3a BHYTPEHHHX IMPOOJIEM MPOU3BOIUTCS (OPMHPOBAHHE MHOKECTBA
nenei Tpanchopmaruu PXC;

- OCYIIECTBISIETCS MPOBEPKa CHOPMYITMPOBAHHBIX IIeNIeil Ha TpeaAMET HENPOTHBOPEIUBOCTH IPYT IPYTY, a
TaKXKEe LEJISIM TPAaHC(POPMALIUY BBIIICCTOSIINX YPOBHEIH;

- MPOU3BOAUTCS BBHIPAOOTKA MAKCHUMAaJIbHOTO YHCJIa HAMPABJICHUH, HA KOTOPHIX BO3MOXHO JIOCTHKCHUC
MOCTaBJICHHBIX LIEJICH;

- OCYUICCTBIISIETCSl AaHANU3 QJIbTEPHATUBHBIX HCTOYHUKOB PECYpPCOB, XO3SMCTBEHHBIX pPbHIYAroB,
CTPYKTYPHBIX CIBUTOB, JKOHOMHYCCKMX M JPYIHX CTUMYJIOB, HUX BO3MOXHOIO KOMOWHUPOBaHHS U
MOCJIEIOBATEIFHOCTH MX MCITOIB30BAHMS IS TOCTIDKCHUS TIETICH.

- EHATH? JOCTHEEHHA YCTAHOENSHHEIX Iemef
- ZHAMHS HSMEHEHHA COCTOAHHA pellacMEX
npobmem

Bubop onTHMansHOH
CTPATErHHH OTPARARMIIHE
- shpeETHEHCCTE HCOONBSOBAHHA PECYPCOE;
- VHHEEPCATBHOCTE CTPATETHH,
- KOMIIEKCHOCTE Tpaschopmanma PXC

| —»| PopMEpoBAHME CHCTEMEI EPHTEDHEE.

|| - cEESTEHUE CMCHEMAHEX  OUCHPONOPYUD
- GHATUS  MENAHUSIMOS  SOSHUKHOSSHMA U
AHaTH3 HpOﬁJIEM soCHpouUssedcmea SucHponopyu
i - VEMAHOSIEHUE CAR3eH U E3AUMO3ASUCIMOCET
E MeHCAY npobaemamu PesUOHA
é - SELASAEHUE KIOUESELL npobiaw
- dopuuposanue  Zpanuy  PesVIHPOSANUA
% Z0CYAAPEMEOM SOTHUKLL RPoDIeM
= = o
g E q’OpI\-f}’J]HpOBBI—]HB meneH || “sopumposamme qexei:
g - OpoEepEa mene Ha IpEmMET
E o HEMPOTHECPEUHEOCTH JpPYT JApYLY, a TaKke
= E LeIAM TpaHchopMaHE EHINECTOAIEX YPOBHEH;
| - EEIpaboTEA MAECHMATEHOTO THCIa
= HANpAETEHHH, HAa  KOTOPHIX  BOSMOEHO
.-34 E OneHKA BO3MOMKHBIX AQCTHEEHHE TOOCTABIeHHERR memed:
g 5 - -3HANHS ANBTepHATHEHEIX HCTOUHHEDE
g LE OCIeICTBHE -
B 8 il
§ =
5
=]
R4

Puc. 2. ®opmupoBanue konuenuuu tpanchopmanuu PXC

3. OneHka BO3MOXKHBIX NocneacTBuil. Ha naHHOM 3Tare npoBOAUTCS aHAINU3 CTPATEruil ¢ MO3ULUY:

- IOCTI)KEHHE paHee chopMyITHPOBaHHBIX LEeH;

-M3MEHEHUsI COCTOSIHUS PeIllacMBbIX IPOOJIEM PErHoHa;

- BO3MO>KHOTO BO3HHKHOBEHUS HOBBIX ITPOOJIEM B 000CTPEHNUS CYIIECTBYIOIINX.

Or1ieHKa MOCIEACTBUH MPENIONAraeT BhISBICHIE BO3MOKHOM PEakIMN BCEX 3JIEMEHTOB CHCTEMBI JaHHOTO
YPOBHS Ha CTpaTermdeckoe BimsHUE. JlaHHBII Mpouece MOXKET OBITh ONTHMHU3UPOBAH C TIOMOIIBI0 BCECTOPOHHETO
MOJICTTMPOBAHMS MOCJIEACTBUN peann3alii pa3andHbIX cTpareruil. [Ipn MoaenMpoBaHnu CUTYaIUu LEIeco00pa3Ho
YUUTBHIBATh BO3MOJKHYIO PEAaKIHMI0 HE TOJIBKO BHYTPEHHHMX 3JEMEHTOB CHUCTEMBI, HO M BO3MOXHYIO PEAKIUIO
BBIIIECTOSIIIUX W COCEIHMX OPTAaHOB yIpaBieHHs. Eciy OLEHKa IOKa3bIBAeT, YTO C(HOPMYIHPOBAHHBIE LEIH
HEJIOCTHXXHMMBI, HY>)KHO YTOYHUTH MOCTABJICHHBIE LIEJH, KOTOPbIE PELIAlOT MPOoOJIeMbl, M3MEHUTh CTPATETHMH WU
U3MEHHUTh CPOKM JOCTIKEHUS IOCTAaBJIEHHBIX Lenel. B pesympTare u3 MHOXKECTBa AOMYCTHMBIX CTpaTErHii
OTOMPAIOTCS TOJIBKO TE, KOTOPBIC YIOBICTBOPSIOT LEISIM 0 Ka4eCTBY HOCIIEICTBHH.

4.Bb100p ONTHMAIILHOM CTpaTeruy.

OcylecTBiIsieTcss  CPaBHUTEIBHBIM  aHAJIM3 BCEX OTOOpPAaHHBIX JOMYCTHMBIX cTpaTeruid. Bwioop
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OCYIIECTBIISIETCS C TIOMOIIBIO CHCTEMBI KPUTEPHEB, OTPAKAIOIINX !

-3 PEKTUBHOCTH UCITOJIL30BAHUS PECYPCOB;

- YHUBEPCAIHHOCTH CTPATETHH, TO €CTh BO3MOYKHOCTH aIaNTalli K N3MEHEHUSAM BO BHEIITHEH cpee;

-KOMIUIEKCHOCTH TpaHchopMmaiuu PXC;

- pea3yeMOoCTh OCHOBHBIX (DYHKIMH TaHHOTO YPOBHSI.

Ha nanHOM sTame HEOOXOIMMO TPEITyCMOTPETh HECKONBKO CIEHAPHEB PEATH3aldU CTPATETHH, KOTOPHIC
MPUMEHSIFOTCS B 3aBHCUMOCTH OT TPOTHO3HPYEMBIX M3MCHCHWI BHEIIHHUX YCIIOBHI B TE€X HJIM HMHBIX IIpE/eiax.
Crneyer mpoOBECTH OLICHKY BEPOSTHOCTH U pa3Mepa MOJOOHBIX M3MEHCHHI BO BHEIIHEH CpPEie U COOTBETCTBEHHO
MPEYyCMOTPETh BO3MOKHBIC KOPPEKTHPOBKH CTPATEIHH B MPOIECCE €¢ PEaM3aliy B 3aBUCIMOCTH OT TOTO, KaKOi
CICHApHl peanu3yeTcs B JCHUCTBUTEIBHOCTH. COOTBETCTBCHHO, HEOOXOIUMO HAMETUTh U OICHHUTH PE3CPBBI,
00eCreYnBamOIIUe JOCTIKCHHE C(QOPMYJTUPOBAHHBIX LEJel, HECMOTPS HA BO3MOXHBIC HEOIATONPUSTHEIC
W3MEHCHUs BHEIIHEH cpeapl. KpoMme Toro, cieayeT chopMyIupoBaTh BO3MOKHBIC COOBITHSI, HACTYILICHHE KOTOPBIX
OyneT o3HavaTh HEOOXOIUMOCTH TIOJTHOTO TepecMoTpa KoHtenuu Tpanchopmamuu PXC. [Tpu 3T0M, 0U4eHb BaKHO
c(hOopMyITHPOBAaHBI CPOKH ITAIOB pPeai3ayuy KoHIennud Tpanchopmanui PXC 1 0cCHOBHBIC TapaMeTphl, KOTOpPEIC
HEOOXOIMMO JOCTHYh HA Ka)KJIOM dTalle.

Tpanchopmamust PXC momwkHa 0a3upoBaThes: Ha OIEHKE PECypCHOTO ToTeHnuana cyobekta PXC;
MOCTOSTHHOM aHalln3e (MOHUTOPWHTE) TEKYIeH CUTyalliu BO BHYTpeHHeH u BHelmHel cpene PXC; cTparernueckoit
OIICHKH XO3SWCTBEHHOTO MOPT(dENs C TUIaHUpOBaHWEM Hamboyiee PEHTAOSNBbHBIX BHJIOB TPOAYKIHUUA CyOBEKTOB
PXC; ucnonp3oBaHue pe3ybTaTOB aHAIM3a JACATCILHOCTH I pa3pabOTKH TEKYIIMX CTPATETUH HA MPEIIPUSTHIX
u gpyrux cyobektax PXC w® oueHkH puHcKoB. B ycloBMsX 1mepexola K YCTOHYHMBOMY pa3BUTHIO
CTapOINPOMBIIUICHHBIX PECHOHOB OCOOYI0 Ba)XXKHOCTh NPUOOPETAIOT pa3padoTKa W O0OCHOBAaHUE KOHIICTIIIUU
TpaHC(hOpMAIIMKA PETHOHAJBHBIX XO3SHCTBEHHBIX CHUCTEM Ha OCHOBE HHHOBAIIMOHHO-PECYPCOCOSPEraronmx
TEXHOJIOT .

K.A. CHJOPOBA
Hayuonanvusiti munepanvro-coipvegou yHusepcumem «I opHuliiy

PEIIEHUE 3AJIAYY JIMHEMHOW ONITUMU3ALIUA
HNPUMEHUTEJIBHO K OQKOHOMUNYECKOU OLNEHKE ITPOEKTOB
YTUWIN3ALINU CO, B HEO®TAHBIX MECTOPOXIEHUAX

Jannas paboTa mocBsAmieHa KiIacCU(pUKAIMA PETHOHOB Poccuil ¢ TOUKH 3peHHS MX MEePCIEKTUBHOCTH IS
BHe/IpeHHs mpoekToB yruimmsammuu CO; B HePTAHBIX MecTOpokAeHUAX. [10q00HbIEe TPOEKTHI MOAPa3yMeBaIOT O
co0OM 3axBaT YIJIEKUCIIOTO Ta3a B XOJ€ TEXHOJOTHYECKOTO Iporecca (B YaCTHOCTH, Ha INIEKTPOCTAHIIX) M €ro
JUINTENIFHOE XpaHEHHEe B TeOJIoTHUecKuX pesepByapax. C omHoW croponsl, ytmmmsamus CO, cIyxur s
COKpaIIeHus: BBIOPOCOB TApPHHUKOBEIX Ta3oB B atmocdepy, ¢ apyroi - npm 3akauke CO, B HeTSIHBIC
MECTOPOXKICHUS OyaeT HaOMI0IaThCs pOCT HE(PTEOTAAYH, YTO MOXKET MOCTYKHUTh JOTTOTHUTEIHHBIM CTHMYJIOM JUIS
BHEJIPEHHS M0100HBIX POEKTOB M MOBBILICHHS NX MHBECTUIIHOHHOW MPHUBIIEKATEILHOCTH.

Jist knaccuduKay permoHOB HEOOXOJMMO ObUIO BBHIOpAaTh HauOoyee MEepCIEeKTHUBHBIE ITOTEHIMAIbHBIE
npoektsl yrunuzanuu CO,, OLEHUTH Cpe/lHee PACCTOSHUE U CPEIHIOI CTOMMOCTH TPAHCHIOPTUPOBKH MO KaXKAOMY
PETHOHY, a TaKKe ONpPEESUTh CPOK 3alOJHEHHUsT MECTOPOKACHUI peruoHa yriaekucisiM razoM ot TOLI. dus atux
neneit Obuta chopMysMpoBaHa TPaHCIIOPTHAs 3ajiadya M pa3paboTaHa KOMIBIOTEpHas Mporpamma, Mo3BOJISIONIAs
BBIOpaTh HANMEHEE 3aTPaTHBIE IPOEKTHI 10 KAXKAOMY PETHOHY.

B pabore Obuia mpoaHaMM3WpPOBaHA BMECTHMOCTH HEQTSIHBIX MECTOPOXISHHH pa3HBIX PETHOHOB H
YCTaHOBJICHa 3aBUCHUMOCTh MEXIY CTOMMOCTBIO M CPOKOM 3allOJHEHHS MECTOPOXIEHHH OT 3aJaBacMoro
KPUTHYECKOTO paccTosHU 10 nctounnka CO,.

Brur mpoBeneH cleHapHBIH aHANMHM3 Ui PSJa PETHOHOB C «KOHKYPHUPYIOIIMMK» TMPOEKTAMH, CICIAHBI
BBIBOJIBI 00 WX IenecooOpasHocTh. Takke OblIa COMOCTaBICHA CPEAHSS CTOMMOCTH TpaHcrmoptupoBku CO, mo
peruoHam Poccun ¢ y4eToM pasiuyuHbIX yCIOBHH.

BbinieneHbl KpUTEpUH CpaBHEHHsI PETMOHOB M COCTABJICHBI JIBE KJlacCU(HUKALMK — HepcrieKTuBHOCTH TOL]
PErHOHOB Kak 00BeKkTOB Juisl ynasinuBaHus CO, W NEPCHEKTHBHOCTH HE(TSHBIX MECTOPOXKICHHH PErMOHOB Kak
pesepByapoB st 3akaukn CO,. Ha ocHoBaHmum JnaHHBIX Kiaccudukanuii ObIIM  BBISBIEHBI HamOolee
NIePCIIEKTUBHBIE PErHOHBI /Il BHEIpeHHs TpoeKToB yTrian3auur CO, B HEYTSIHBIX MECTOPOKICHHUSX.
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