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Abstract

This results of study show that, Au and accompanying elements (Ag, Pb and Zn) have correlated pretty
closely. All of its consistent with the logarithmic distribution standard, in accordance with the law of distribution of
content mineral rare. The structure functions have nugget effect and spherical models with show that Au and
accompanying elements special variation are changes. Au contents shown no clearly local anisotropy (Index
Anisotropy K=1,17- 1,4). Intensity mineralization of the ore bodies are quite high with demand spherical conversion
coefficient ranging from 0.49 to 0.75 and from 0.66 to 0.97 (for other body). With nugget effects, ore bodies shown
that it is consistent with mineralization in the ore bodies study, ore erasable, micro vein, infilling fractures in quartz
vein. All of variogram presents local anisotropy, indicated gold mineralization at study area has least two-
mineralization stages, consistent with the analysis of mineralography samples. By the results of the structure
function study, the authors present the system optimization for exploration of mineral deposit and used to evaluate
gold reserves by Ordinary Kriging. High accuracy of Kriging estimation results are expressed in the minimum
Kriging variance, by compare the results calculated by some other methods (such as distance inverse weighting
method, ..) and specially compare to the results of a some blocks have been exploited

Keywords: mining geostatistics, geostatistical model, Daksa Area

Introduction. Daksa gold area is the biggest gold deposits in Vietnam. The Daksa geological structure
complicated, distributed mainly metamorphosed sedimentary NuiVu formation (PRs-€:nv,). The sulfide gold ore
bodies distributed in quartz schist, quartz — biotite related to faulting and distribution wing anticline [2]. The gold
ore bodies form circuits, network circuits, circuits lenses; fill the cup surface layer of the developing northeast —
southwest; is the less than or west longitude north — SE. There are two sub-areas: In BaiDat has main body (BD);
in BaiGo have 6 beam, with main body is BG (Figl).

Results

1. Statistical data analysis

To facilitate the study, we established a database in the form of tables and GIS data. Results of statistical
analysis are cited in the tab. 1 - 3.

The density function f(x) distribution of Au content in the BD body follow the standard logarithmic form:
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Figure 1. Bodies BD and BG
4



Gold content (and associated elements) distributed unevenly and special relationship quite closely
correlated with each other (tab. 1 and 2). This result is quite consistent with the symbiotic combination of mineral
quartz - sulphide polymetallic - gold in the study area, can use the regression functions (as built) to estimate resource
elements included in the study with associated elements in the ore body BD.

Table 1: Au centent ol are bodies in the mandard logarithmic distribution

- MEan & viaitun g
et Mot Centent (gT) {can squsts devisiin  Smesdsrd l.1r-u=||||r|.
Min Man Avernge {xF} L)
A0 s It &3 L 2
AL B all A L) L1 B it

Tabde 2- Corredstiom coe{liceent beiween Au Tabde 3: Comelation coefliceen! between Ay
with assocmied elements in the ore body BD with assocmted elements in the B bosdy

Al AR b ¥n A AR Fh ]
i ! A 1
Mg e | FLT [N 11} |
e R3Y-  LLEY | 2} A2 L] |

) N 44 K.
Zo O%A 076 DA4 o N oo O R S

2. Spatial analysis parameters ore bodies

To analyze the spatial structure detailed and comprehensive anisotropy of parameters of the ore body, the
authors have studied variograms under different directions, testing multiple times and choose the best result. In the
framework of the article, we can only cite a few results, shown in the (fig. 2 and 3).
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Figure 2. Screen interface Variogram analysis of results according to the 290°, 335°, 20° and 65° of BD
For BD ore bodies, according to the spatial analysis have shown nugget effects and spherical structure;
expression of local anisotropic weak (with anisotropy index was 1.17); size influence of the direction of ore body's

slope is 60-65 m; can use the spherical model to determine the size for influence and the size of the block and is the
basis for the implementation Kriging to calculate resources/ reserves.
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Figure 3. Screen interface Variogram analysis of results according to the 280°, 325° 10° and 55° of BG

For BG ore bodies, according to the spatial analysis have shown nugget effects and spherical structure;
expression of local anisotropic (with anisotropy index was 1.4); size influence of the direction of ore body's slope is
50-55m can use the spherical model to determine the size for influence and the size of the block and is the basis for



the implementation Kriging to calculate reserves, resources. The results of this study indicate Gold mineralization at
the Dak Sa has at least two mineralization stages, consistent with the results of analysis of mineral samples.

3. Resource/reserves Estimation (Kriging)

For the assessment of resources/reserves of good results, the authors have made the necessary content
(select appropriate Kriging, the size of the subblocks, the size and direction of the major axis, of the semi-major-
axis, of the minor-axis). The authors tested a number of times and selected the size of the subblock is (10 x 6 x 1) m.

We have used the Ordinary Kriging (OK) to evaluate resources/reserves of Au and associated elements.
Results are shown in (fig. 4 and 5) and (tab. 6).
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Figure 4. Kriging interpolation for BD (O.K) ore body Figure 5. Kriging interpolation for BG ore body

Table 6
Results calculated resources/reserves of BD and BG bodies by OK
Reserves and Resources of ~ The average content of  Reserves and resources

Body Categogies

mineral (T) Au (g/T) of Au (kg)
BD 122 213,824 14.61 3,124
333 244,434 9.99 2,442
Total 458,258 5,566
BG 122 232,334 7.81 1,815
333 1,029,614 7.07 7,279
Total 1,261,948 9,094

4. Validation

We were particularly concerned about the reliability of research results. We compared the evaluation
results by Kriging with the results of other methods such as Geological Block (National Council for Evaluation of
Mineral Reserves had approval), the Weighted Inverse Distance (WID), histograms and special way compared with
results in a number of mining blocks.

Some matching results are shown in (table 7).

Table 7
Validation results for Kriging with Geological Block, WID and Mining Block
Blocks- Specs comparison The error between the methods (%)
category Kriging WID GeoBlock
6A-122 Mining Reserves of mineral (T) -2.00 -2.07 +6.941
Block The average content of Au (g/T) +0.70 +2.60 +5.66

Comparing results in Table 7 and 8 shows ore reserves and Au content evaluated by Kriging has the
smallest error. Thus, the choice of Kriging for calculating the reserves/resources for Au in recherche area is
consistent with mineralization characteristics as well as variations of the particular uneven concentration of Au in
the ore body.

Conclusions and discussions

1. Ore bodies are mainly distribution in the quartz sericite schist, clay limestone of Nuivu formation (PR3-
€lnvl), have no clear boundaries. The ore mineralogy is pretty simple, consists pyrhotite, pyrite, galena, sphalerite,
chalcopyrite, native gold,... and electrum (maybe). Complex symbiotic mineral: quartz-pyrite-gold and quartz-
pyrhotite 11-gold-galena-sphalerite; formed in hydrothermal conditions the average temperature - average low (300 +
230°C and 245 + 185°C).

2. Au content and the elements associated in the ore bodies in accordance with the standard logarithmic
distribution, can be modeled by spherical model, showing anisotropy region. Au content correlate with Ag, Pb and
Zn. However, this relationship between the ore bodies and zones, sub-zones differ somewhat. Regression fuctions of
these parameters as a basis for forecasting the remaining elemental composition.

3. Spherical model (had calculated) allows better analysis of spatial variation characteristics of the ore
body parameters, are selected base resource/reserves assessment, established network of gold exploration.

4. Instudy area, to improve reliability in resource/ reserves assessment, the best method is Ordinary Kriging.
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ALTERATIONS IN ATMOSPHERIC CONDITIONS OF SULFIDE
MINERALIZATION IN GURTHI AREA, MIRDITE, ALBANIA

In this paper are shown alteration of sulphide mineralization in atmospheric condition and problems
caused from alteration in mineralizations of Gurthi area, situated in 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. Main ore forming minerals are: pyrite, chalcopyrite, sphalerite, and minor minerals are: bornite, galena,
marcasite, etc.In this mineralization we have the presence of elements such as Cu, Zn, Au, Ag As, Pb, S, etc.

The region has mountainous, rugged reliev with quotas ranging from 300 meters (the Fan valley Reps) to
1,500 meters (Peaks East of Gurthi). Significant humidity and strong temperature fluctuations (from -17 ° C to ~ 35
° C) are factors that significantly favor alterations in sulfur minerals exposed to atmospheric conditions.

Mining activities developed intensively in this region for tens of years, have unbalanced the natural
ecosystem, thus, creating a new system (technological environment). The first area waters are with high
concentrations of acidic pH (Fig. 1), ranging from 2.2 to 5.0 and the content of SO4-2 ions varies from 300 to 1.340
mg /1 (Goskolli E. 2003).

These low pH values are caused by alterations of sulfur mineralization stripped by mining works, and that
constitute a typical example of AMD. This
situation led to almost complete distinction of the fish
in the waters of the Fan, and anemic crop plants
appeared in the fertile lands of the valley.

Through this study we aim to identify
the products of the alterations of sulfur
mineralization, and their contribution to AMD.
An important role in the degradation of the
environment, often greater than low pH water
themselves, play the elements dissolved also in
them. Among the elements that are considered
potential toxic pollutants coming from mineral
waste are Zn, Pb, Cu, Ni, Cd, Hg, Mo and As. But
also elements such as Cr, Co, and Se may pose a
significant pollution in specific areas.

The main responsibility for the
formation of AMD in this mineralization, is
pyrite. ~ From  microscopic  observations
performed in this study, one can judge that there ) . S
is a presence of both routes of degradation of Figure 1. Acid water of Sefta of Spaci, Mirdité
pyrites. That in the presence of bacteria (the best
known are Thiooxidans Thiobacillus and Thiobacillus ferrooxidans) and that, without the presence of bacteria.
Generating acidity under direct influence of sulfureater bacteria Thiobacillus Thiooxidans is illustrated below
(Torma, 1988):

E

2FeS, + 70, + 2H,0 — 2FeSO, + 2H,S0, (1)
(Palencia, etc. 1991), proposes a different reaction that ends, beside the sulfates, with the oxidation of Fe2
+ to Fe3 +, which takes place under the direct influence of bacteria Thiobacillus ferrooxidans:

4FeS, + 150, + 2H,0 — 2Fey(SO4); + 2H,S04 2)
Pyrite remains challenged by ions Fe3 + forming sulfur nativ:
FeS, + Fey(S04); — 3FeS0O, + 28° 3)
which reacts with the ferric sulfate to to give ferrous sulfate and sulfuric acid:
28" + 6Fey(SO4); + 8H,0 — 12FeSO, + 8H,S0, @)



Drawing on our diffractometric analysis of all samples, final products of alterations appear to be the Fe
hydroxide or sulfate, which can be mentioned forming: Romeritit, Szmolnokitit, Bieberitit, Epsomitit, Tosuditit,
Halkantitit and Gypsum. The presence of Romeritit, Halkantitit, Szmolnokitit supports the idea of forming an acid
environment and alterations of sulfur minerals in atmospheric conditions.

TOBIAS DORNIS
TU Bergakademie Freiberg, Germany

LATERITIC NICKEL DEPOSITS

Nickel on the world market

According to Gleeson and others (2003), Dalvi and others (2004), and Mudd (2010), laterites contain about
70 percent of world nickel resources, have been mined for more than 100 years, and account for about 40 percent of
world nickel production (Berger 2011). Nickel has the 4™ highest value of resources, which are gained by mining.
It’s also 4™ most important resource for german import (9,8%). The value of the reserves is estimated a 1000 billion
US § and the value of the resources is estimated a 5000 billion US §$. In 2014 the production was at 2,4 mio t/a.
While Russia is the biggest exporter (produces 17% of the worlds market), Indonesia and the Phillipines are closely
following. It’s use varies from stainless steel and other alloys to batteries, catalysts and not forget coin.

Historical mining

In Callenberg was the largest Nickel deposit of Middle-Europe. In the 19™ century it was already known
that the Region of Callenberg in Saxony had Nickel ores. While the research and technology at this time wasn’t
sufficient for making the deposit exploitable, the anew geologic exploration in 1947 opened mining its” ways in 1961.
From there on 5 different mines opened, lifting 4 billion tonnes of Nickel ore, which were refined to approximately
13.000 t of Nickel. The nickel deposit in Callenberg has analogies to those in the middle and southern Ural.

Principal requirements

The formation of lateritic nickel deposits is primarily dependant on climate, topography and source rock.
Subtropical and tropical climates are necessary for the weathering of ultramafic rocks in a peneplain topography. These rocks
occur within ophiolite complexes as harzburgite and dunite or within komatiites and layered complexes as peridotites and
dunites (Brand and others, 1998). There are also other relevant factors including: tectonic setting, structure, groundwater
level and chemistry, drainage and geomorphology. They act as a dynamic system in the formation.

Structure

Generally the deposit has a Ferricrust on top, which is followed by the Hematite-/Goethite-rich zone, the
Clay zone, the saprolite zone and on the bottom the source rock. Eventually more than one zone is worth of
processing. The source bedrock in case of Callenberg is serpentinite which is associated with lateritic Nickel
deposits in 87% (Berger 2011). Those ultramafic rocks hold 0,2 — 0,4 % Ni in Olivine or Serpentine.

Fluids and chemical transport

The water responsible for ore forming is either rain water or groundwater. Depending on the topography
and geomorphology the height of the water table varies. This leads to different rates of drainage. The percolating water
travels the path of least resistance, relying on protolith crystal structure and inherited structure, cracks, fissures, and
faults (Berger 2011). In this process the soluble elements are being leached and the least soluble are being residually
concentrated or secondarily enriched. This results in precipitation in open fractures as Ni-bearing crusts or minerals.

Mineralogy

Nickel is released by recrystallisation and dehydration of Fe oxyhydroxides and is slowly leached
downwards through the profile, both vertically and laterally reprecipitating at the base with Si and Mg to form an
absolute concentration within the saprolith, typical of 'garnierite’ deposits, such as New Caledonia (Brand 1998).
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Garnierite is the informal name for Ni-Mg hydrosilicates usually consisting of serpentinite, smectite, chlorite, talc
and sepiolite. The mineralogy of these types of deposits is varying in terms of crystallisation as they are in terms of
types of Ni-bearing hydrous silicates. The concentration of Nickel is around 1-2,6 percent, but some can exceed 15
percent. Typically those are near faults or shear zones.

Processing

Due to the complexion of laterites, huge energy is needed for smelting the oxidic material. They also
contain water up to 40% as moisture and chemically bond. Usually they are being treated with low-pressure and
low-temperature processing methods. There is evidence that the production of Ni and Co from laterites is more
energy intensive than that of sulfide ores, reflecting the environmental impact of producing a Ni-Co laterite deposit
(Marsh 2010). Three different types of processing methods are being used for different parts of the laterite profile:
High pressure acid leaching (HPAL), the Caron Process and smelting. But there is a new process available, called
the Direct Nickel (DNi) Process. With this process, the whole laterite profile can be treated using a single flowsheet.
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THE STUDY ON GEMOLOGICAL AND MINERALOGICAL
CHARACTERISTICS AND GENESIS OF NEPHRITE IN TIELLI,
HEILONGJIANG PROVINCE, CHINA

In the long history of China, nephrite as jewelry with pure color, gentle luster, tough and fine texture won
people’s affection, nephrite also carried the best implication of Chinese culture. After the 2008 Olympic Games in
Beijing, the world knew nephrite as medal and nephrite became more and more popular all over the world. So the
requirement of nephrite for jewelry or decoration is growing with the time. As we know, nephrite deposits are found
in more than 20 countries, such as China, Russia, Canada and New Zealand, but the quantity of output is small and
the quality of most production is not good enough for jewelry. In recent years, many nephrite deposits have been
found in China, but the quality of deposits is uneven, the features of nephrite from these deposits are not researched
and there is no systematic exploration.

In this paper, the gemology, mineralogy and genesis of nephrite deposit in Taoshan, Tieli, Heilongjiang
province (Fig. 1, 2) are researched. Compared the nephrite’s characteristics with those of the known origin, the
differences of origin, mineralogy and quality are found, and the features provide the evidence for identification,
development and utilization of the nephrite.
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Figure 1. The geographic positions and stratigraphic distribution of Taoshan, Tieli, Heilongjiang Province

The color of nephrite from Tieli (Fig. 2) is mainly light green-white, the color is evenly distributed, part of
some samples is light green rarely. The different samples’ texture has a bit of differences, most of them are fine, but
some are coarse. Their transparency is poor, i.e. slightly transparent to opaque. RI. is in the range of 1.60 to 1.63, the
specific gravity is in the range of 2.94 to 2.97, and the Mohs hardness is range from 5.15 to 6.79.

Figure 2. Nephrite samples

By IR (Fig. 3), Raman spectroscopy (Fig. 4), EMPA, EDX, LA-ICP-MS (Fig. 6), XRD (Fig. 5), it turns out
that the main mineral compositions of nephrite from Tieli is tremolite, occasionally calcite particles can be observed.
REE mass fraction of nephrite sample is generally low, LREE and HREE are classified significantly, i.e. that LREE
is enrichment and HREE is flat, 3Eu shows positive and negative anomaly, Ce” is positive anomaly. REE pattern
curve has a various of types and large changes, it shows that ore-forming fluids are multiple sources and multi-stage
superimposed mineralization, and the mineralization environment is oxidative.
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Figure 3. Reflet-:tion (left) and powder transmission (right) infrared épéctrum of samples

Figure 4. Raman spectrum of samples Figure 5. XRD pattern of samples

[ 3

Figure 6. Secondary element and trace element contents of samples

By observing the sample sheet under polarizing microscope and SEM (Fig. 7), the nephrite from Tieli
shows micro-structure as felt-like blastic structure and microscopic fibroblastic structure, most diameters of the
fibers are less than 5um, some are 5 to 10um, part of the fibers are semi- orientation to orientation.

Figure 7. SEM images of samples
11



By EMPA, EDX, combining BSE images observation, the surrounding rock of nephrite from Tieli is mainly
composed of diopside, serpentine, apatite, feldspar and calcite, chlorite, sphene, dolomite and quartz also can be observed.
There are two inferred phases of geological processes coexisting in this region: First, granodiorite trust into dolomitic marble
leading to contact metasomatism, and make marbles turn to tremolite and diopside; second, thermal fluid containing Si trust
into dolomitic marble causing hydrothermal metasomatism occurred, and make marble serpentinized.

Contrasting the nephrite from other deposits, the gemological properties, composition and structure of
nephrite from Tieli is closer to the others, they can be distinguished by their gemological characteristics and mineral
composition. The nephrite from Tieli has light green-white color, fine texture, shows a certain commercial value, it
still needs the further study to better develop and utilize.
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INVESTMENT INSURANCES: A WAY TO PROTECT
INVESTMENTS IN NATURAL RESOURCES EXTRACTION? -
INTERNATIONAL POSSIBILITIES AND AN OVERVIEW OF THE
GERMAN SYSTEM

Historical Background and Presentation

The establishment of a multilateral investment insurance system under the authority of the World Bank was
first discussed after the second world war in 1948. Years later, in 1985, the draft convention establishing the
Multilateral Investment Guarantee Agency (MIGA) was submitted by the assembly of the Bank’s Board of
Governors in Seoul (the ‘MIGA Convention’). The Agency became reality on 12 April 1988 when the Convention
entered into force after the ratification by twenty countries (five industrialised countries and fifteen developing

12


http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165043757023&d=7FCB7F929335D62C6F456D9CCAB11917&s=Noninvasive+methods+for+the+investigation+of+ancient+Chinese+jades
http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165043757023&d=7FCB7F929335D62C6F456D9CCAB11917&s=Noninvasive+methods+for+the+investigation+of+ancient+Chinese+jades
http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165015296121&d=355B30F34540DB963FF15A3141202439&s=jade+and+serpentinite
http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165015296121&d=355B30F34540DB963FF15A3141202439&s=jade+and+serpentinite
http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165068492751&d=1E6FD4300DECAFBDFECEEB17F0E3FC42&s=the+internal+structure+of+nephrite
http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165068492751&d=1E6FD4300DECAFBDFECEEB17F0E3FC42&s=the+internal+structure+of+nephrite
http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165068492751&d=1E6FD4300DECAFBDFECEEB17F0E3FC42&s=the+internal+structure+of+nephrite
http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165168930520&d=02E8810A3AEA7AF955B710F0A402021B&s=WHITE+NEPHRITE
http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165168930520&d=02E8810A3AEA7AF955B710F0A402021B&s=WHITE+NEPHRITE
http://fjour.blyun.com/views/specific/3004/FJourDetail.jsp?dxNumber=165073357717&d=4C6EFFF9E86DD0A9495A717B26A5C72E&s=amphibole+asbestos+mineralogy

countries), which were required to hold one thll'd of MIGA's capital.” The Agency is open to all members of the
World Bank.? It currently has 181 member states.’

The overall aim of MIGA is to support ‘the need to strengthen international cooperation for economic
development and to foster the contribution to such development of foreign mvestment in general and private foreign
investment in particular’, as mentioned in the preamble of the Convention.* Especially the ‘flow of investments for
productive purposes among member countries, and in particular to developing countries’ was the motivation for the
creation of the Agency.® To reach those aims, the Convent|on endowed the Agency with the power to issue
guarantees against political (respectively ‘non-commercial’®) risks in respect of investments between member
countries. MIGA has also the authority to carry out complementary activities to promote the flow of investments
among developing member countries (category 2 countries).” In the flscal year 2015, MIGA issued a total of USD
2.8 billion in guarantees for 40 projects in developing member countries.®

Organization

The headquarter of MIGA? is located in Washington D.C. (USA). MIGA is a member of the World Bank
Group among such institutions like IBRD (International Bank for Reconstruction and Development), IDA
(International Development Association), IFC (International Finance Corporation) and ICSID (International Centre
for Settlement of Investment Disputes). The Agency consists of a Council of Governors, a Board of Dlrectors and a
President.’ It is possible for the member countries to resign from the obligations under the Convention.* MIGA
possesses full juridical personality*? and is provided with privileges and immunities.*

Eligibility for MIGA Investment and Investors

The Convention does not define eligible investments by itself.* It is important to mention that only
investments made on the territory of a developing member state are eligible for insurance under the articles of the
Convention.” In order to profit from the insurance, both the host country as well as the applicant’s country must
have signed the Convention.

Pursuant to the Convention eligible forms of investment include equality interests, shareholder loans, as
well as loan guarantees issued by equity holders, provided the loans and loan guarantees have a duration of at least
three years.” After an application for a guarantee, the Agency must investigate the economrc structure and
soundness of the venture, its consequences to the host country and its environmental |mpacts " Like any other
insurer who wants to minimize the risks, the Agency must examine the investment structures in the host country,
including the availability of a fair treatment and legal protection for the foreign investment.* Of course the
government of the host country must agree to the investment before MIGA assents the insurance.”® The fathers of
the Agency wish to integrate the new insurance mechanism into already existing national and regional mechanisms
and so they are giving MIGA the possibility to cooperate with public and private political risk insurers for joint
projects.? The cooperative work between MIGA and the national mechanisms is also mentioned in the
Convention.? Investors may be either natural or judicial persons.? Pursuant to the Convention, eligible investors
include a national of a member other than the host country, an entity incorporated with the principal place of
business in a member country, or the majority of its capital owned by a member or members or nationals thereof,
and nationals of the host country, if the assets to be invested are obtained from abroad.?

Covered Political Risks

See Article 61(a) of the MIGA Convention.

See Article 4(a) of the MIGA Convention.

See https://www.miga.org/who-we-are/member-countries (dated august 2015).

See Preamble of the MIGA Convention.

See Article 2 of the MIGA Convention.

See Article 2(a) of the MIGA Convention.

See Article 2(b) of the MIGA Convention; Hobér/Fellenbaum, Political Risk Insurance and Financing of Foreign

Direct Investment, in: Bungenberg/Griebel/Hobe/Reinisch (eds.), International Investment Law (2015), p. 1524.

Multilateral Investment Guarantee Agency Annual Report 2015, available at https://www.miga.org/Docum

ents/Annual-Report-2015.pdf (20.02.2016).

9 See Atrticle 36(a) of the MIGA Convention.

10" See Article 30 of the MIGA Convention.

1 See Article 51 of the MIGA Convention.

12 See Article 1(b) of the MIGA Convention.

13 See Articles 43-50 of the MIGA Convention; Ziegler/Gratton, Investment Insurance, in:
Muchlinski/Ortino/Schreuer (eds.), The Oxford Handbook of International Investment Law (2008), p. 539.

14 Ziegler/Gratton, (fn. 14), p. 539.

> See Article 14 of the MIGA Convention.

16 See Article 12(a) of the MIGA Convention; see Operational Regulations of MIGA, Articles 1.01-1.10;
Ziegler/Gratton, (fn. 14), p. 540.

7" See Article 12(e) of the MIGA Convention; Hobér/Fellenbaum, (fn. 8), p. 1528.

18 See Article 12(d) of the MIGA Convention. See Operational Regulations of MIGA, Articles 3.04-3.19;
Ziegler/Gratton, (fn. 14), p. 540.

19 See Article 15 of the MIGA Convention.

20 See Article 20 of the MIGA Convention; Ziegler/Gratton, (fn. 14), p. 540.

21 See Article 21 of the MIGA Convention.

22 See Article 13 of the MIGA Convention.

% See Article 13(a) of the MIGA Convention; Hobér/Fellenbaum, (fn. 8), p. 1527.
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MIGA insures investments from four non-commercial categories: currency transfer, expropriation and
similar measures, breach of contract as well as war and civil disturbances.” The Board of Directors can extend the
guarantees to other non-commercial risks.”® The guarantee does not extend to ‘non-discriminatory measures of
general application’®® taken by governments to regulate economic structural activity. Unfortunately, this exclusion
can allow member states to classify legislation that has de facto the effect of expropriating an investment. The
problem is the difficult task of drawing a line between a lawful regulation and an unlawful expropriation.?’” The
Convention also covers military action or civil disturbances in the host state.”® The guarantee covers against losses
‘from, damage to, or the destruction or disappearance of, tangible assets caused by politically motivated acts of war
or civil disturbance in the host country, including revolution, insurrection, coups d’état, sabotage, and terrorism.’?®

German Political Risk Insurance —an Overview

The Federal Republic of Germany was the third country — after the US and Japan — to start such an
instrument to protect foreign investments against political risks.*® In Germany insurances are managed and
controlled by a government appointed consortium by PricewaterhouseCoopers Aktiengesellschaft
Wirtschaftspriifungsgesellschaft (PwC), as the leading partner, and Euler Hermes Aktiengesellschaft (Euler Hermes)
to cover risks for investments.®* Germany protects not only commercial security, but also political and diplomatic
support to German investors, helping to prevent foreign complications of loss or conflict.*> Those investment
guarantee programmes cover losses resulting from expropriation, breach of contract, war, moratorium and
inconvertibility. Last year the German Government provides export credit guarantees for German exports amounting
to EUR 25.8 billion. In 2015, the guarantees provided to developing countries accounted for 75 percent of the total
amount of the German export credit guarantees. In 2015 the largest coverage volumes were attributable to Russia
(EUR 3.60 billion) and the USA (EUR 2.60 billion).*® Furthermore, Germany protects direct investments in
developing and emerging countries amounting to EUR 2.6 billion against political risks. The regional focus on such
guarantees was on projects in Russia followed by China and India.**

MUHAMMAD AFZAL GULZAR
TU Bergakademie Freiberg, Germany

PROSPECTING AND EXPLORATION OF COPPER AND BASE METALS
IN SHAGHAR THANG VALLEY SKARDU,
GILGIT-BALTISTAN

Abstract

Alteration and oxidation phenomena, both of which are considered to be the best pathfinders for almost all
the base metals in general, and copper in particular are quite widely recorded in most parts of the study area. The
project area is located southwest of kachura village Skardu, Gilgit-Baltistan, and is part of the Kohistan Ladakh
Island Arc. The area under investigation contains different types of rocks, including meta-sediments, volcanics as
well as a wide range of plutonics (including diorite, granodiorite, granite and pegmatite), and is suspected to be the
best host entity of various minerals of economic value. Sulfide zones of Cu bearing chalcopyrite, malachite leaching
and bornite have been noted in diorites and highly sheared hornfelses. Both fresh and altered pyrite mineralization
was noted in most parts of the study area. Total 18 chip samples were collected from the strongly altered zones,
aiming to know the base metals (Cu, Au, Zn, Mo, Ag, Mn) concentration in the diorites of the study area. 11 Cu
samples show encouraging values of >10000 ppm S-21 (Cu=0.126%), S-26 (Cu=0.053%), S-27 (Cu=0.078%), S-28
(Cu=0.313%), S-31 (Cu=0.136%), HAA (ST)-40 (Cu=0.219), on the other hand very poor concentration of Au
(<0.2 ppm). Ag anomalies are ranging between 0.2 to 1.8 ppm, while that of Mn are between 240 to 11200 ppm.

? See Article 11(a) of the MIGA Convention.

2 See Article 11(b) of the MIGA Convention.

% See Article 11(a) (i) of the MIGA Convention.

27 Ziegler/Gratton, (fn. 14), p. 542.

%8 See Article 11(a) (iv) of the MIGA Convention.

# |nvestment Guarantee Guide available at https://www.miga.org/documents/IGG_English_final.pdf.

%0 Steffens, German Political Risk Insurance in: Bungenberg/Griebel/Hobe/Reinisch (eds.), International
Investment Law (2015), p. 1553.

Bungenberg, Evolution of Investment Law Protection as Part of a General System of National Resources
Sovereignty (and Management)? in: Bungenberg/Hobe (eds.), Permanent Sovereignty over National Resources
(2015), p. 136.

%2 Steffens, (fn. 31), p. 1555.

%% See http://www.bmwi.de/DE/Themen/Aussenwirtschaft/Aussenwirtschaftsfoerderung/finanzierung-und-
absicherung-von-auslandsgeschaeften,did=190888.html (26.02.2016).

See http://www.bmwi.de/DE/Themen/Aussenwirtschaft/Aussenwirtschaftsfoerderung/finanzierung-und-ab
sicherung-von-auslandsgeschaeften,did=190896.html (26.02.2016).
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The occurrence of copper-bearing sulfide mineralization and the high geochemical anomaly of Cu in the diorites
exhibit the telltale of the manifestation of possible source rock for Cu and other base metals. Identical environmental
conditions prevailing in the area with favorable infrastructure comprising electricity/network of road systems with
over and above promising mineral occurrences clearly demand detailed investigations for the potential localities
through extensive exploration, exploitation and development in the region.

Introduction

The study area is part of Skardu district, northeast Pakistan, bordering India, China and Afghanistan in east,
north and west, respectively. The study area of ‘skardu Shaghar Thang’ is covered by the topographic sheet No. 43-
M (scale 1:250,000) of the Survey of Pakistan. Geologists of various organizations have carried out geological
studies in several parts of this region and have made initial and significant contributions to unravel the basic
geology. In Baltistan region, Middlemiss and Parshad (1918) reported the gemstone bearing pegmatites especially
aquamarine for the first time. Later on, Ivanac et al. (1956) described the geology of the northwest portion of Gilgit
agency. Desio (1963; 1964; 1979) carried out preliminary geological investigations in this region. Different
expedition groups also published different series of papers and memoirs (Desio (1964), Desio and Zanettin (1970),
and Desio and Martina (1972). The preliminary work on pegmatites of Shigar region was carried out by Kazmi et al.
(1985) and Kazmi and Donoghue (1990). Ivanac et al. (1956) in ‘The geology of the northwest portion of Gilgit
Agency’ has defined two main geological groups; the Yasin Group and the Shigar Volcanics. Desio (1963) has
reviewed the geologic ‘Formation’ of the western Karakoram and marked the Katzar formation and Burji-La
formation. Tahirkheli et al. (1979) worked on the detailed geology of Kohistan, Karakoram and Himalayas in
Northern Pakistan, and distinguished the lithological units of the Kohistan-Ladakh island arc and carried out the
radioactive minerals investigation in Shigar valley. The lithological units of the Kohistan-Ladakh Island arc have
been identified by Bard (1983). Petterson et al. (1985) have studied in detail the petrological and geochemical
evolution of the Kohistan arc- batholiths. In Haramosh area Baltistan, Khaltaro granitic pegmatite- hydro-thermal
vein system was investigated by Laurs et al. (1986) and the occurrences of precious and some rare industrial metal
in Gilgit, Azad Kashmir, Hazara and Baluchistan were reported. Shah et al. (1999) worked on the occurrence of
Gold in Garesh area, Northern Pakistan. Tectono-metamorphic evolution of Skardu and its surroundings have been
investigated in detail by Searle et al. (1989); Searle and Tirrul (1991); Searle (1991); Ahmad et al. (1975), Placer
mineral deposits in the Indus, Gilgit, Hunza and Chitral rivers of Pakistan have been investigated by Jan & Jabeen
(1991). A detailed review of mafic-ultramafic plutonic complexes in the Indus suture zone of Pakistan has been
done by Crawford & Searle (1993). Collision-related granitoid magmatism and crustal structure of the Hunza
Karakoram, North Pakistan has been highlighted by Searle & Tirrul (1991).
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Figure 1. Geological map of the Kohistan—Ladakh westernhHimaIaya region,“afteriée-arle etal. (1999).
KKH, Karakoram Highway
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Figure2. Geological map of the project area (modified after Shah et al., 2015)

General Geology and Tectonic Setting of the area

Indus-Tsangpo Suture is the collisional front of the single suture zone of the collision between Indian and
Asian continental plates. Kohistan Ladakh island arc has been sandwiched between India and Asia in northern
Pakistan. Main Mantle Thrust (MMT) marks the suture between the Indian plate and the Kohistan-Ladakh island
arc, and the Northern Suture Zone (Pudsey et al., 1985).

In Baltistan district, the Shyok Suture Zone has been reactivated by late south-directed 'break-back’
thrusting and shearing (Searle et al., 1989). This late brittle structure is the Main Karakorum Thrust (MKT). The
project area is located within the Kohistan Ladakh island arc. MKT marks the northern boundary of Eurasian plate
in the investigated area.

The island arc consists of thick cal-alkine volcanics, plutonics and metasedimentary rocks. Volcanics and
metasediments are of Cretaceous age, while the plutonics and later dykes are of Late Cretaceous to Miocene, in
three different episodes (Petterson & Windley, 1985). The generalized succession is shown in Table 1.

Table 1
Regional lithological units of the area
S.no Rock Unit/Formation Age
1 Sand and sand dunes Sub Recent-Recent to Pleistocene
2 Alluvium and river Terraces Sub Recent-Recent to Pleistocene
Igneous Rocks
1 Pegmatites, felsic and mafic dykes Miocene to Early Eocene
2 Granite
3 Granodiorite
4 Quartz diorite
5 Diorite
6 Deosai volcanics Late Eocene
7 Basic Complex Eocene and Cretaceous
Meta Sedimentary Rock Sequence
1 Burji la formation Late Cretaceous
2 Yasin Group Early Cretaceous
Shigar Volcanics Early Cretaceous
4 Katzara formation Early Cretaceous
Objectives of the study

The primary objectives of this study are to plan a program for the:
A-Delineation of alteration sulphide zones within the target areas
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B- Base metals especially gold, copper and silver hosted rocks

C- Sulphides both massive and polymetallic associated with metasediments and metavolcanics

Methodology

The geological field trips were carried out during June, 2008 in the Shagarthang valley. This study includes
the alteration zones of selected streams of Shaghar Thang Valley of Skardu Baltistan. Reconnaissance sampling was
carried out from different mineralize zones of the project area. Most of the streams are coming from the Deosai
Plateau. Total 48 reconnaissance rock chip samples were collected from the outcrop and the mineralized zones. The
samples are shown on the geological map of the area (Fig-1). The area comprises of granodiorite, gneiss, schist and
slates. Minerals identified in the field comprise of malachite, azurite, fresh/ oxidized pyrite, limonite and
goethite/manganese dendrites. Slates of the area are also oxidized, and contain rich hematite, limonite, goethite and
jarosite mineralization. Subsequent to visual study of samples, only 18 samples were selected for analysis (Table-2).
All geochemical investigations were done at SGS (formerly Société Générale de Surveillance) Karachi. Minimum
weight of the sample was 1kg and 75 Micron (-200MESH) was used.

Test Method:

MB-01: sample digestion with HCL+HNO3+HCL=4, final finish with AAS.

MG-01: Sample Roasting+Aqua regia digest/ extraction aliquat 336, final finish with AAS.

Discussion and Results

Volcanics, gneisses and granodiorite with subordinate slates are the predominant hosts for the
mineralization. Due to the regional metamorphism, the volcanic rocks have been epidotized and sericitised. The
most prominent characteristics observed in the volcanics are the serpentinization and epidotization. Most of the
fissure cracks, micro faults, cavities, folds, and joints show hydrothermal alteration. Small quartz lenses and veinlets
have also been noted in the field area. Oxidized pyrite and malachite staining were noted in most of the field area.
Main minerals recorded are limonite, goethite, jaracite, fresh/oxidized pyrite, malachite, azurite and manganese
dendrites. Both volcanics and meta-sediments have abundant mineralization of pyrite, chalcopyrite, malachite,
azurite and are rich in manganese dendrites. Pyrite leaching, azurite and malachite of copper mineralization are
widely disseminated and concentrated along veins cracks and fissures. The mineralization in Burji-La formations
mostly show manganese dendrites and are composed of gray limestone and slates; the slates are highly oxidized and
are rich in hematite, limonite, goethite and jarosite mineralization. Deosai volcanics show sericitization,
chloritization and epidotization which are marked by the difference in colour. The extensive and widely occuring
alteration may be the result of regional metamorphism. The disseminated nature of the mineralization is porphyry.
These mineralized zones, within the Deosai volcanics, cover large area and the alterations fit well within the
description of the porphyry deposits. The earlier volcanism representing metavolcanic schist occurring as big
xenoliths, while the later volcanics are devoid of mineralization, most of the samples show the encouraging values
of Cu >10000 ppm S-21 (Cu=0.126%), S-26 (Cu=0.053%), S-27 (Cu=0.078%), S-28 (Cu=0.313%), S-31
(Cu=0.136%), HAA (ST)-40 (Cu=0.219)) while show very poor concentration of Au (<0.2 ppm). Ag anomalies are
ranging between 0.2 to 1.8 ppm, while that of Mn are between 240 to 11200 ppm.

Table 2
Shagarthang Area Samples Results

Sr.No Sample No = Sample Location Cuppm Auppm Znppm Moppm Agppm Mn ppm

1 S-3 Shagarthang Valley 9000 <0.02 30 <10 0.8 390
2 S-6 Shagarthang Valley 2000 <0.02 40 <10 0.4 240
3 S-7 Shagarthang Valley 23000 <0.02 30 <10 0.4 1790
4 S-10 Shagarthang Valley 8000 <0.02 70 <10 1.0 500
5 S-14 Shagarthang Valley 4000 <0.02 70 <10 0.6 260
6 S-16 Shagarthang Valley 11000 <0.02 50 10 0.6 600
7 S-18 Shagarthang Valley 3000 <0.02 40 <10 0.2 240
8 S-21 Shagarthang Valley 126000  <0.02 20 <10 0.8 11200
9 S-25 Shagarthang Valley 24000 <0.02 20 <10 0.4 280
10 S-26 Shagarthang Valley 53000 <0.02 20 <10 0.8 260
11 S-27 Shagarthang Valley 78000 <0.02 30 <10 0.4 330
12 S-28 Shagarthang Valley 313000  <0.02 30 <10 1.8 260
13 S-31 Shagarthang Valley ~ 136000  <0.02 30 <10 0.4 360
14 S-34 Shagarthang Valley 3000 <0.02 40 <10 0.6 600
15 S-36 Shagarthang Valley 15000 <0.02 20 <10 <0.2 240
16 S-37 Shagarthang Valley 12000 <0.02 50 <10 0.2 560
17 S-40 Shagarthang Valley 219000  <0.02 30 <10 1.4 400
18 S-45 Shagarthang Valley 6000 <0.02 50 <10 0.4 540

17



Results

{l-r-h-l-l_[rli'ln-n
— - : et 1§
L e
B - ki R ]
- ] .J iy
L S | I; L L]
| == g b e
| —— —
| £ "
Fig-3-Cu assays in ppm Fig-4 Ag assays in ppm
Ain GRisys B pEm
el L
P TR R T TTLIL
— 1w e o
L2
i L s AT =
[~ 1
i T - [ 'S L]
L ] B
= 0 L
et | 10 i -“ A —*-
*-—-#ﬂ e JROS
¥ m_ S gt ot L TR |
— i S— L
Fig-5 Zn assays in ppm Fig-6 Mn assays in ppm

Conclusion

It is concluded that most of the gneisses, volcanics and granodiorites are the host rocks of the
mineralization of base metals. Mineralization within the volcanics spread over large area may represent the porphyry
deposit. Lithology of the area indicates that most of the mineralization is associated with the alteration types and
various minerals assemblages.
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SEQUENTIAL EXTRACTION AND IDENTIFICATION OF MINERAL
PHASES WITH XRD OF A TAILING OF THE DEPOSIT EL TOQUI,
CHILE

Abstract

A modified sequential extraction with a following XRD-analysis of three samples of the tailings of El
Toqui deposit in Chile is used to dissolve and identify minerals and to correlate the obtained elements with mineral
phases. This is also necessary to appraise the deposit regarding economic potential and environmental risk.

The results show that the modified sequential extraction is well applicable to carbonate-skarn-deposits.
There are different decreasing and increasing trends in the 6 steps seen, especially for amorphous/not determined
phases, quartz and calcite. Trends with sulfur, zinc, iron and aluminum are recognized as well. A reason for the
circumstance that the results are just trends is a semi-quantitative analysis due to the complex structure of the
mineralogy. The most obvious correlation between mineral phase and element can be seen between calcite and
calcium, also because of their high content. Other statements are difficult, because of the numerous, different
mineral phases. In these samples neither rentable elements nor dangerous elements were found in high
concentrations. But for a more representative appraisal and overview of the deposit it is necessary to analyze more
samples and also further methods are required.

Introduction

The topic is part of the project “Secondary mining — recovery of strategic elements of old mining debris of
certain locations in Chile combined with a more ecology-friendly safe-keeping of residual material” of the
Technische Universitit Bergakademie Freiberg (Freiberg University of Mining and Technology) and also the topic
of my Bachelor-Thesis. The aim is to identify minerals, determine the origin of elements after a sequential
extraction and to find valuable elements in the tailings of El Toqui to value the possible economic potential and
ecological risk. Due to that the sequential extraction gets modified for this special type of deposit. It is used for the
dissolution of the minerals and the release of elements because of the high carbonate content. Subsequently the residuals
were analyzed by XRD (X-ray diffraction) for studying the changes in the concentration of the mineral phases.

The deposit represents a zinc-lead-skarn-deposit with a complex mineralogy and the host rocks are volcanic
stones and limestone. The most important ore minerals are sphalerite, pyrite, pyrrhotite, galena, chalcopyrite,
arsenopyrite and dignified bismuth.

Methods

The main methods were the modified sequential extraction and XRD. But also scanning electron
microscopy, polarization microscopy and a handheld XRF (X-ray fluorescence spectroscopy) were used.

The following table 1 shows the different steps and the parameters of the modified sequential extraction.
The third and fourth step is modified because of the high carbonate content. With that modification you make sure
that all the different carbonates get dissolved and there is an overview of the solubility of the carbonates and a
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simpler correlation of minerals and elements. Two steps of the original manual were omitted because they are not
relevant for this deposit and analysis.

Table 1
Overview of the different steps of the modified sequential extraction and the conditions
step | extracted fraction extraction medium pH-value

1 water soluble fraction ultrapure water 7

2 carbonate bound fraction ammonium acetate solution 6

3 carbonate bound fraction ammonium acetate solution 4.5

4 carbonate bound fraction ammonium acetate solution 4.5

5 amorphous and slightly crystalline Fe- and oxalate solution 3,25
Mn-hydroxides

6 amorphous and crystalline Fe- and Mn- oxalate solution with ascorbic acid 3,25
hydroxides

Three samples were used. Each of the samples was divided in 6 parallel batches. In every step all the
batches are treated the same and at the end of each step one batch gets remote. After washing and drying this batch,
the solid residuals get analyzed by XRD and the fluids by ICP-OES.

Results

The first particular observation was the colorful staining of the eluates as shown in figure 1.

The modified steps show a clear red staining and the last two steps a green one. In step 3 and 4 the pH-
value is reduced and therefore there is
a complex forming with possibly
manganese or iron. The green staining
is typical for an iron-oxalate-complex.
It appears in chelates.

The first step with ultrapure
water shows no relevant changes in
concentrations of interesting elements
and minerals.

But the second step displays a

decreasing trend of calcium and zinc in
the solid sample. It got dissolved thus
there is a higher content in the eluates.
This is a good example for reverse
trends which are matching well.
The third step dissolves nearly all the
calcite as seen in the results of the
XRD. But in contrast the content of
sulfuric phases increases.

In the fourth step a stagnation

Figure 1. Different staining of the eluates of the different steps

is recognized except the content of iron and aluminum which increases again.

The maximal dissolution of iron takes place in step 5. But there is also more sulfur in the eluates. So you
can say that some sulfides also got attacked by the extraction medium. The amorphous phases decrease in the results
of XRD. For the first time, arsenic was detected.

In step 6 the maximal dissolution of aluminum takes place. There are also little sulfides found in the solid sample.
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Figure 2. Example for the content (in ppm) and the behaviour of different mineral phases while the sequential
extraction of one sample. Quartz increases, Calcite decreases, Chlorite, pyrite, pyrrhotite almost stagnates and the
amorphous phases have negative and positive rises. (dark blue: quartz, red: calcite, green: chlorite, purple: pyrite,

light blue: pyrrhotite, orange: amorphous/not determined phases)
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Interpretation

The different steps show an obvious correlation between dissolved mineral phases and the content of
certain elements in the eluates. Also the results of the handheld XRF (especially for the control of the solid phase
used) matches.

Calciumgehalte der Elsate in ppm im Vergleich pur h.XRF
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Figure 3. Example for the contents of calcium in three different samples, measured with ICP (eluates) and
handheld XRF (solid samples) in ppm

When the mineral calcite got dissolved there was an increase of calcium in the liquid phase.

After these steps there are some logical decreasing trends, but also increasing trends in the solid samples.
These seemingly increasing trends are not real and due to the changes in mass and concentration. When phases get
dissolved, the amount of the remaining phases gets higher. But indeed there is no change in mass or concentration.
An example is the behavior of quartz. It seems that its concentration gets higher in each step but the concentration
stays the same because of the resistivity against the extraction media.

With the modified steps the aim to dissolve nearly all the carbonates was achieved. The results in these
steps show that also zinc could be bound to some carbonates or that the sulfides are already weakened.

Statements about the solution behavior are possible. Some carbonates like clinozoisit or wollastonite got
dissolved in different conditions (e.g. lowered pH-value) than calcite. Furthermore aluminum-hydroxides are tighter
bound than iron-hydroxides, but both got dissolved in a more extreme environment than carbonates.

The analysis doesn’t indicate a high content of dissolved elements which could be hazardous for the
environment. In little amounts arsenic and lead got dissolved but not in a common natural environment.
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Figure 4. Example for the content of silicon in ppm of three different samples
A seemingly increasing trend is visible

There were a few problems with the complexity of the mineralogy. Therefore the results of XRD are
merely semi-quantitative. Accordingly several further methods could be used for more precise results. But for the
main aims and statements this procedure is sufficient.

In these three samples there was no rentable amount of valuable elements, but three samples are not
adequate for a representative appraisal of the entire deposit.

Conclusions

As a conclusive summary it has to be said, that the modified sequential extraction is well applicable to
carbonate-skarn-deposits. Well seen decreasing and increasing trends are apparent for amorphous/not determined
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phases, quartz and calcite. A reason for this circumstance is a semi-quantitative analysis. The most obvious
correlation between mineral phase and element can be seen between calcite and calcium, also because of their high
content. In these samples neither rentable elements nor dangerous elements were found in high concentrations. For a
more precise statement and appraisal of the deposit several further methods are required.
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TRESOURCES ESTIMATION YEASTERDAY AND THESE DAYS —
EXEMPLIFIED ON CU-AG SIEROSZOWICE DEPOSIT

Resources estimation is one of the most important stages related to deposit’s exploitation planning. These
days it is possible to use an advanced geostatistical methods to resources estimation. There are lots of modern
software available on the market, for instance Isatis Software (Geovariances) which is not still applied in the mining
industry in Poland. The main foundation of the project was to compare results of copper resources estimation based
on borehole data using Boldyriev polygons method and ordinary kriging. The resources which were calculated by
Boldyriev polygonal method were the important information on the stage of geological documentation process and
deposit management project. The correctness of resources estimation was inspected basing on data coming from
underground mine workings. The difference between estimation methods were presented by a percentage resources
estimation error. The results of the comparison clearly show that the ordinary kriging is much more effective than
the Boldyriew Polygonal method.
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PREPARATION OF A POLISHED REFERENCE BLOCK FOR THE
IDENTIFICATION OF CU- AND CU-FE-SULFIDES

Abstract

The development of a polished mineral reference block is necessary to recognize and distinguish Cu- and
Cu-Fe-sulfides with advanced scanning electron microscopy-based image analysis systems (Mineral Liberation
Analyser (MLA), QEMSCAN or similar). Bornite, chalcocite, digenite, covellite, enargite, chalcopyrite and
cubanite were selected to build the reference. Most of these minerals were sourced from the extensive Geoscientific
Collections of the TU Bergakademie Freiberg. To test the identity and monomineralic nature of the samples, the
verification process of reflected light microscopy, SEM-based mineral liberation analysis and electron probe
microanalysis (EPMA) has been documented. In particular, the MLA can be used to test and show the homogeneity
of the Cu sulfides. The development of a mineral reference for Cu- and Cu-Fe-sulfides is the first step to
benchmarking the performance of SEM-based image analysing systems.

Introduction

Copper ores may comprise a multitude of Cu minerals, including, among others, sulfides, carbonates and
oxides. Copper sulfides are a particularly complex group of ore minerals, with several members of this group known
to occur in economically significant abundances in Cu ores (Oszczepalski, 1999; Tarkian and Stribrny 1999; EI
Desouky et al., 2010; Boomeri et al., 2010).

As different ore minerals will have different processing characteristics, it is of importance to distinguish
these reliably during ore characterization studies. Differentiation of the common Cu sulfides is easily accomplished
using the light microscope. However, as advanced scanning electron microscopy-based image analysis systems
(MLA, QEMSCAN or similar) become more widespread, they are commonly applied to Cu sulfide ores. Distinction
between minerals is achieved in these SEM-based image analysis systems based on qualitative mineral chemistry (as
acquired by EDS) and average atomic number (as reflected by the brightness of the BSE image) (e.g., Gu, 2003;
Fandrich et al., 2007). As such, reliable distinction between different Cu sulfides with similar mineral chemistry and
average atomic number (Table 1) is regarded difficult. Particular difficulties may be encountered while trying to
differentiate between chalcocite and digenite or chalcopyrite and cubanite (Table 1). On this basis, it was decided to
develop a mineral reference block to test the capability of scanning electron microscopy-based image analysis
systems in recognizing and distinguishing Cu sulfides.

Methodology

Seven minerals were selected for inclusion in the first attempt to build this reference block, namely bornite,
chalcocite, digenite, covellite, enargite, chalcopyrite, and cubanite. An individual polished block (Figure 1)
containing hand-picked millimeter-sized grains of each of the seven Cu- and Cu-Fe-sulfides was prepared in order to
test the identity and monomineralic nature of the minerals. This screening procedure was carried out using reflected
light microscopy, scanning electron microscopy and electron probe microanalysis.
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Figure 5. Polished reference block containing grains of Cu-sulfides (diameter: 2.5 cm)

Results and Discussion
Each sulfide of the reference block was identified and its homogeneity assessed by reflected light microscopy.
Table 1 shows the Cu and Cu-Fe sulfides that have been selected for the development of the polished reference block.

Table 1

Selected Cu sulfide minerals with stoichiometric formula and calculated average atomic number

Average Atomic

Mineral Formula Location Number*

Covellite CuS Montana, USA 24.64
Chalcocite Cu,S Tsumeb, SW-Africa 26.38
Digenite CuoySs Colusa Mine, Butte, Montana, USA 26.15
Chalcopyrite CuFeS,  Wittmannsgereuth, Thiiringen, Germany 23.54
Cubanite CuFe,S; Henderson II Mine, Chibougamau, Quebec, Canada 23.16
Bornite CusFeS,; Butte, Montana, USA 25.34
Enargite Cu;AsS,; Butte, Montana, USA 25.53

Elvaz)
*Average Atomic Number (-:_ ): N Tiw 4l ; N...number of atoms of each element; A...atomic weight;

Z...atomic number (Loyd, 1987); assumption: stoichiometric end-composition of minerals.

More than 80 % of each surface exposed of the embedded particle for the respective reference minerals is
found to be composed of the reference mineral. However, chalcocite as found to be intergrown with significant
amounts of enargite and digenite whilst enargite has minor inclusions of bornite (Figure 2).

Figure 2. BSE (A) and XBSE (B) image of the Cu- and Cu-Fe-sulfides in the reference block representing their
homogeneous nature. 1) Covellite, 2) Chalcocite, 3) Digenite, 4) Chalcopyrite, 5) Cubanite, 6) Bornite, 7) Enargite

Emons et al. (2006) defined reference materials as “material, sufficiently homogeneous and stable with
respect to one or more specified properties, which has been established to be fit for its intended use in a
measurement process”. According to the definition of Emons et al. (2006) some criteria for minerals to be used for
reference blocks for SEM-based image analysis are: homogeneity, stability, mineral grain size, granular crystallinity
and excellent polishing properties.
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Homogeneity within the context of assessing the capabilities of an instrument-software combination used for
automated mineralogy for the distinction of different minerals means that the reference mineral of the polished block has
to be uniform in mineralogical composition. If the reference mineral is intergrown with other minerals than these
inclusions should be clearly definable. For example an intergrowth of covellite and quartz should be no problem for
identification, because of different BSE grey values and different EDS spectra. Whereas chalcopyrite and cubanite will
possibly cause some problems while clearly defining the reference mineral, because of similar BSE grey values and
similar chemical composition (Table 1). Results of EPMA and MLA analysis clearly illustrate that the selected reference
minerals exhibit the homogeneity that is necessary for application in SEM-based image analysis systems.

For reliable identification in SEM the mineral grains must be large enough and offer enough space for
spectra acquisition. According to the prepared reference block the minimum size of the reference material should be
about 4,000 — 5,000 um in diameter.

A further criterion concerning the reference block is that the reference mineral should be granular
crystalline with grain sizes >> 10 pm. That criterion is required for having a sufficient size of the mineral surface
area for identification and analysis. The reference minerals of the polished block analysed herein corresponds to that
criterion, which was confirmed by optical light microscopy as well as EPMA and MLA analyses.

Stability of the selected reference minerals of the Cu-Fe sulfide group is an important issue. Surfaces of Cu-
and Cu-Fe-sulfides are known to tarnish, i.e. oxidize, at variable rates. This will influence analytical results and
needs thus to be avoided. To achieve stability, especially of the surface of the minerals, and to avoid oxidation of the
sulfides, the reference block has to be stored under controlled temperature and humidity (< 60 %) conditions.

Finally, the polish of the reference block must be of very high quality. This is easily attained for the
selected Cu- and Cu-Fe-sulfides. None of the selected minerals shows relevant scratches or artefacts.

Conclusion

The results of this study clearly illustrate the capabilities - and limitations - of a particular SEM-EDS
system used for automated mineralogical studies.

The mineral reference block for copper sulfides can be used as a benchmark for the performance of SEM-
based image analysis systems that have become an indispensable tool in ore characterization studies. That
benchmark further ensures a high accuracy and reproducibility of MLA data generated from copper ore samples.
The reference block may also serve for internal quality assurance and quality control.

The reference block may in future incorporate a larger number of Cu sulfides (e.g. tetraedrite, tennantite), if
compositionally uniform mineral samples become available. Similar reference blocks may be developed, for
example, for complex silver ore minerals, manganese oxides and non-sulfide copper and zinc minerals.

References

1. Boomeri, M., Nakashima, K., Lentz, D. R. (2010). The Sarcheshmeh porphyry copper deposit, Kerman,
Iran: A mineralogical analysis of the igneous rocks and alteration zones including halogen element systematics
related to Cu mineralization processes. Ore Geology Reviews 38(4): 367-381.

2. El Desouky, H. A., Muchez, P., Boyce, A. J., Schneider, J., Cailteux, J. L. H., Dewaele, S., von Quadt,
A. (2010). Genesis of sediment-hosted stratiform copper-cobalt mineralization at Luiswishi and Kamoto, Katanga
Copperbelt (Democratic Republic of Congo). Mineralium Deposita 45(8): 735-763.

3. Emons, H., Fajgelj, A., Van der Veen, A. M. H., and Watters, R. (2006). New definitions on reference
materials. Accreditation and Quality Assurance 10, 576-578.

4. Fandrich, R., Gu, Y., Burrows, D., Moeller, K. (2007). Modern SEM-based mineral liberation analysis:
Int J Miner Process 84: 310-320.

5. Gu, Y. (2003). Automated scanning electron microscope based mineral liberation analysis: An introduction to
JKMRC/FEI Mineral Liberation Analyser: Journal of Minerals and Materials Characterization and Engineering, 2: 33-41.

6. Lloyd, G. E. (1987). Atomic number and crystallographic contrast images with the SEM: A review of
backscattered electron techniques. Mineralogical Magazine, 51, 3-19.

7. Oszczepalski, S. (1999). Origin of the Kupferschiefer polymetallic mineralization in Poland. Miner Deposita 34:599-613.

8. Tarkian, M. and Stribrny, B. (1999). Platinum-group elements in porphyry copper deposits: a reconnaissance
study. Mineralogy and Petrology 65(3-4): 161-183.

ANTONIA KORDA
TU Bergakademie Freiberg, Germany

RESEARCH OF CHEMICAL AND BIOTIC LEACHING ON ORE
MINERAL CROSS SECTIONS FROM THE POLYMETALLIC
"KB’- ORE-TYPE, WILHELM STEHENDER NORD, FREIBERG
DISTRICT, EASTERN ERZGEBIRGE, GERMANY

Abstract

This paper presents preliminary results of chemical and biological leaching experiments of In-bearing
sphalerite sampled from the polymetallic vein Wilhem Stehender Nord of the Freiberg mining district, Germany.
Prior to the leaching experiments, the mineralogical composition of the ore mineral cross sections was determined
by optical and scanning electron microscopy. The samples were then leached for 10 days in iron-ion (ferric and
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ferrous) sulphate solution. The resulting surface corrosion patterns were again analysed by optical and scanning
electron microscopy. Observation indicate a decelerate order of minerals with decreasing solubility: carbonates >
galena > sphalerite > chalcopyrite, pyrite and quartz. A comparison with biological leaching experiments on the In-
bearing sphalerite does not show significant differences.

Keywords: Freiberg; Erzgebirge; leaching-experiment; bio-leaching; sphalerite.

Introduction

There is an increasing need for metals like In, Ge and also rare earth elements (REE) on the global resource
market mostly due to advances in technology (EUROPEAN COMMISSION, 2010). The challenge for a reliable and
sustainable supply of metals forces the invention and advance in initiative approaches in metal winning, such as the
biohydrometallurgical processes. In this framework, the interdisciplinary working group BHMZ
(Biohydrometallurgical Center for Strategic Elements) at the Technical University Bergakademie Freiberg
(TUBAF) investigates the extraction and the extraction potential of RE-elements of ore deposits in the Eastern
Erzgebirge, Germany. The present study focuses on the post-transition metal Indium incorporated in sphalerite.

The Eastern Erzgebirge forms part of the Saxo-Thuringian Zone at the northern margin of the Bohemian
Massif (LINNEMANN AND ROMER, 2010). The Eastern Erzgebirge consists of metamorphic rocks that experienced
medium- to high-grade metamorphic overprint during the Variscan Orogeny. Syn-to post variscan magmatites are
also present (e.g. KRONER and ROMER, 2013). The Erzgebirge is known for its various types of ore deposits
comprising skarn-, greisens-, polymetallic vein- and placer deposits (SEIFERT, 2006). Among these deposits is the
Reiche Zeche mine of Freiberg, which mineralisation was investigated within this study. The data presented in this
contribution summarises the preliminary results of a study to test the feasibility and experimental conditions of
leaching experiments at the TU Bergakademie Freiberg. The main focus is a comparison of chemical and biological
leaching experiments on ore mineral cross sections including the examination of possible surface corrosion and
pitting caused by leaching solution.

Materials and Methods

Sample material was taken from the sphalerite-bearing 'kb’-type ore vein known as Wilhelm Stehender
Nord of the Reiche Zeche mine, Freiberg. One part of the sample was split into four pieces, mounted in epoxy in 1-
inch-round aluminium rings and polished. To avoid any leaching of the aluminium the ring was coated with nail
polish.

A representative part of the sampled ore was further analysed for major and trace elements by Activation
Laboratories Ltd. (Actlabs), Ontario Canada.

The cross sections were leached for 10
days in iron-ion (ferric and ferrous) sulphate
solution adjusted to a pH of 1.6 with H,SO, at room
temperature and placed in an orbital shaker. Two of
the sections were leached with a chemical and two
with a biological leaching solution.

Various methods of ore sterilization
described in literature, including steam autoclaving
and thymol additions, are suspected to significantly

affect the leaching process and suppressed the peClion a b m I
chemical leaching rate (Brickett et al., 1995). Hence Type of ]
no direct sterilization of ore material was jsaching | Themucs | Deekguell | chesson bilagieal
performed. . n 7ot | o7 mom | o1 meis h i
. . . #-cOng T LE. g L] o 7 RS LU e
All experiments were carried out in 250 ml |

Erlenmeyer flasks containing 100 ml of lixiviant.  gjgyre 1. leaching experiment set-up, Erlenmeyer flasks

Two types of experimental series were conducted.  containing leaching-solution and cross sections on orbital
These consisted of acid-ferric sulphate experiments shaker

and acid-bacterial leaching experiments. Slightly

modified Leptospirillum (HH) medium originally described by the DSMZ (Leibniz Institute DSMZ-German
Collection of Microorganisms and Cell Cultures) was used. Microorganisms used for inoculating were previously
cultivated from the mine water of the Reiche Zeche by microbiologists of the TUBAF.

Mineral identification and surface characterization before and after the leaching experiment were
performed by the examination in reflected light and by a scanning electron microscope (SEM, LEO Gemini 1530,
Zeiss) fitted with an BRUKER axs energy dispersive x-ray analyser (EDX) at the Werkstoffwissenschaft Institute of
the TU Bergakademie Freiberg. Solution analyses were performed by inductively coupled plasma mass
spectrometry (ICP-MS) with the analytical set up at Eurofins Umwelt Ost GmbH (subsidiary Freiberg). The
leaching solutions of all experiments were investigated in respect to their microorganisms via binocular microscopy.
Additionally the biological leached cross sections were examined by fluorescence microscopy (Nicon E 1000
Eclipse). Hence, sample preparation with glutardialdehyde fixation (CsHgO,) and DAPI (4, 6-Diamino-2-
phenylindol) was necessary.
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Results

Optical and electron microscopy revealed pyrite, sphalerite, galena, chalcopyrite und gangue minerals as
the main ore minerals in all samples. Cassiterite and Ag-bearing phases were also present, however in subordinate
concentrations. Trace element analyses indicate an indium content of 0,006 % (detection limit: 0,001 %).

WstN 0801-1a WSstN 0801- WSstN 0801- WstN 0801-2b
1b 2a

Figure 2. Ore mineral cross sections after leaching experiment, varying in intensity of tempering-like colours

Investigations of leaching solution with binocular microscopy after experiment show positive evidence of
microorganisms in biological leaching solutions and no evidence of microorganisms in the chemical leaching solutions. The
distribution of microorganisms on the mineral surfaces investigated with fluorescence microscopy and SEM was not randomly.
Agglomeration of bacteria around inclusions in pyrite were observed. Evaluation of the results of geochemical analyses is in the
current state of research. Observed precipitation on all four mineral cross section surfaces vary in intensity and thickness. Galena
generally showed alteration incrustation, containing Pb and S examined by SEM-EDX. Pitting caused by leaching solution
showed almost triangular-shaped corrosion pattern in sphalerite phases.

Intensity of tempering-like colours vary with iron(lll) ion content in leaching solution, similar to the formation of
precipitates on the cross section surfaces, which showed increasing intensity with accelerating iron content. At this stage of the
investigation no significant difference of corrosion pattern between biological and chemical leaching can be confirmed.

Discussion and conclusion

The observed galena alteration incrustation, probable consists of anglesite (PbSO,). A decelerate order of minerals was
examined in the cross sections with decreasing solubility: carbonates > galena > sphalerite > chalcopyrite, pyrite and quartz.

The implementation of a leaching experiment feasibility study at TUBAF presented in this paper was
successfully. It still needs further improvement in order to develop a representative, significant study of leaching
experiments investigating surface corrosion pattern and pitting.
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INVESTIGATION OF PLUTONIC ROCKS (BUSHVELD, SA)
BASED ON THIN SECTIONS BY ENERGY DISPERSIVE X-RAY MICRO
FLUORESCENCE SPECTROSCOPY

The investigation of mineral compositions, for example by point counting, is an important part to
characterize a rock. An alternative is the software supported method ENVI® (the Enviroment for Visualizing
Images) and IDL by Excelis. In addition to this method the software allows the graphic account of the minerals and
the analyzation of the grain size and distribution. Under certain circumstances ENVI can make a rock classification
and a statistic connection between the separate mineral phases possible.

The issue of this bachelor thesis is the practical application and feasibility of the following method and not
directly the results of the investigation. The researched samples are thin sections from plutonic rocks from the Upper
and Main Zone of the bushveld complex (South Africa) and belong to the Bierkraal drillcores.

In the beginning these samples are measured by using the M4 Tornado (Bruker) for energy dispersive X-
ray micro fluorescence spectroscopy (u-XRF). The pu-XRF is an analyzing method for element compositions. Each
sample is a grid measurement, which is defined by the repetition of point measurements. After the grid measurement
every point deposits an element spectrum. The element identification is based on the specific X-ray radiation of any
element. The intensity of the X-ray radiation of measured element is proportional to the concentration. More
precisely the u -XRF element spectra includes the detected energy of radiation, which is emitted by the electron
transitions.

This data is used to identify the mineral phases based on the element distribution. ENVI generates a
separate “band” for each electron transition, meaning any pixel of the image shows a specific part of element
spectra. For example, # 5 radiation of iron. Any band represents the distribution and intensity of a selected electron
transition for the whole sample. The element distribution is presented either as a grey scale image (Fig. 1) for
absolute intensity of one single & radiation or as the relative intensity relation between three different bands as a
RGB color image (Fig.1). In this way mineral phases in the sample can be identified by the combination of typical
element bands. It is fundamental to know, which minerals can be estimated in the samples and which elements are
included.

Figure 6. Sample T15-0099 as grey scale image (left), GB color image (middle) and classified image
(right) with plagioclase (green), clinopyroxene (magenta) and pigeonte (orchid)

To continue the research, the mineral phases are defined as so-called Region of Interest (ROI) by the
selection of various clearly recognized areas. Every ROI is related to a certain color, for instance plagioclase is
green (Fig.1). During the classification these ROIls are used as definition to characterize the whole sample and
generate an image of the mineral arrangement. All areas in the image are colored accordingly to the corresponding
mineral phases and unclassified areas are black. The mineral classification is calculated by the Spectral Anlge
Mapper algorithm for every pixel. For the defined ROIs margin of error are chosen to assign the pixels to the
mineral phases, because they do not include all pixel variations. A filter is used to smooth the borders between the
mineral phases and to eliminate unclassified areas/pixel by adapting one pixel to the majority of adjoining pixels.

The complete image (Fig.1) is statistical interpreted by the IDL script, called Petrographic Analyst, to
calculate the precentral mineral composition and the grain size distribution. Also rock classification and a statistic
connection between the mineral phases can be determined with additional information. For the researched samples
only the precentral mineral composition is calculated. This happens with only the background information of the
image, the color of each pixel and the correlation between color and mineral phase.
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The results of the mineral composition (Fig.2) are used to classify the rock type based on the definition of
plutonic rocks from the International Union of Geological Science (IUGS). The proportion of plagioclase, alkali
feldspar and quartz allows the first subdivision. Afterwards the exact classification takes place using the percentage
of mafic minerals and the ratio of anorthite in plagioclase (An%), which is estimated by the p -XRF measured
composition of sodium and calcium.

Figure 7. Results of the calculated mineral composition from the samples of core 1

With the exception of two samples, the rest of them includes only plagioclase and are classified as
diorite/gabbro/anorthosite. But just one of the exceptions contains enough quartz and alkali feldspar to call the sample
quartz diorite/gabbro/anorthosite (Fig.2). In all samples the part of mafic minerals is higher than 10 percent and the
anorthite ratio of plagioclase is between 60 and 79 percent. The trend of this results is similar to the postulated An% data
from Tegner (2006), but the exact values are about 15 percent higher than the postulated. In contrast the magnesium
number of clinopyroxene and olivine fits to Tegners postulated data, the trend as well as the exact values.

The Using the described method appears different problems. For example, the identification of mineral phases
based on grey scale images is difficult and complex, because the single phases could not be distinguished. Also the
combination of three different bands as RGB colored image is sometimes not enough, depending on the mineral phase. In
this situation the image can be compared with a second combination of other bands. The identification of completely
unknown samples is also very difficult. In that case the samples have to be microscoped to identify the included minerals,
which makes it much easier to identify the minerals. If the identification is wrong, the definition of ROIs and in conclusion
the classified image for the calculation will be wrong. Another problem is to estimate the correct margin of error, because
with a too small or too high error a pixel can be assigned to the false ROL.

Most of these problems are eliminated or clearly reduced with regular software practices. The practiced
handling and certain empirical values are necessary for good results. In the beginning the handling with ENVI and
IDL is difficult, because a manual for specific geoscientific usage doesn’t exist. Both aspects make the method
labor-intensive and time-consuming. Also the rock classification and the determination of the phase connection is
only partly practical, because the database with the criteria for the calculation is actually not finished yet.

The calculated mineral composition (Fig.2) shows no visible variance to the optical estimated proportion,
so that the results can be correct. But real variability of the data could not be estimated. The probed rock
classification has to be appeared critical, because the anorthite ratio of plagioclase of the researched samples are
differed significant from Tegner (2006) postulated values. A possibility for the clear divergence are overestimated
values of calcium or underrated sodium values by the p -XRF measurement. The values can be corrected by the
factor of the variation in the plagioclase composition from Tegners comparative values.

The potential possibilities of the introduced method are promising, but some aspects are not technically matured for a
practicable realization. There are a couple of things to improve. Currently a practiced handling is important to get realistic results. In
the future a ROI database of the most frequently used minerals and their corresponding margin of error can enhance the handling and
the expenditure of time. In addition to this aspect it is necessary to investigate the accuracy of the method by comparing a test series
with the result of an established method for the determination of the mineral composition.

CRISTIAN RADEANU, ADELINA RADERMACHER
University of Petrosani, Romania

MATHEMATICAL MODELS USED TO DETERMINE THE STRAIN
OF EXPERIMENTAL WORKS JIU VALLEY MINING BASIN

Summary

The project aims at the presentation of results as well as the prognosis of deformations during mining
works based on experimental measurements. For this study were explored the directional galleries from the layer
nr.3 and transversal galleries from the mining basin in Valea Jiului, works which are located between horizons
+200+-150. According to the depth of exploitation, the mining works are situated in rocks with variable resistance.

Introduction

In order to increase the reliability of mine works for the opening and afferent preparing of mining field
from Valea Jiului, the goal of the project is to analyze the stability of mining works taking into account the
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following factors: geological factors, mining factors (geomecanic feature of the massif), technical factors, the
capacity of the support etc.

Specialized literature does not offer a law of mining pressure regime , respectively of deformations that
arise in mining works by taking into account all determining factors.

Analytical calculation methods of pressure regime cannot be valid without a comparison with situ
measurements which may confirm or refute the forecasted pressure regime. This could be explained by the fact that
all calculation hypotheses idealize rock massifs, as they are particular cases with a narrow field of application.

Thereby situ measurements make it possible to obtain the cumulative effect of all determinant factors but
without separating the effects of each one.

By means of the measurement realized through topometry methods during 2010 — 2013 years the variation
of the deformation was studied during works for opening and preparation from ceiling, hearth and sidewalls
direction, taking into account the characteristics of the rocks in which the mining works are located, the depth, the
time, the carrying capacity and opening of mining works.

So, the project includes two parts: in the first part are presented the results of statistical processing of the
evolution in time of deformations without considering the various factors that lead to the change of profile of
mining works (namely, a presentation of mathematical models which involves all determinant factors), in the second
part are presented a series of multiple regression equations which frame the behavior of the rocks into a
mathematical pattern which is a combination with factors that were taken in study.

First part

Following the analysis of measurements results that, under the influence of mining pressure each
supporting framework behaved differently. Final values of profiles and section reductions being very diverse,
obtaining after processing the experimental data by statistical — probabilistic means, a series of regression equations
which show the evolutions in time of the deformations. This way were obtained the following equations:

£(u)=0.0075%t2-0.8456%t+24.6496 cu raportul de corelare 3=0.989;
f(u)=0.005*t2—0.155*t+10.591 cu raportul de corelare n=0.988;
£(u)=0.005%t2-0.462%t+20,243 cu raportul de corelare n=0.87;
£f(u)=0.008%t2-0.788%t+28.643 cu raportul’ de corelare n=0.95;
£(u)=0.005%t2+0.208%t+18.53 cu raportul de corelare n=0.99;
£(u)=0.005%t2+0.022%t+27.31 cu raportul de corelare :n=0.98;

From the analysis of regression equations with the measured values was obtained the best approximation
through the polynomial parabolic function.

This used technique is the method of the smallest squares whose algorithm is presented below (1) (2).

It starts from the general equation of the subsequent parable:

y=a+bx+cx*
The constants a,b,c, are determined so that the sum of quadratic deviations of the empirical values (Y1)
and calculated values Y1* is:

o
min z=min;: (Y,-Y™)?
=1

Deriving Z function in relation with a,b,c and equaling the derivates with 0 is obtained a normal system by
means of which are obtained the values of a, b and c.

‘a'a+b-)"_.’ X4y X1=Y ¥,
&Y X +bY Xi+e Y Xi=Y ) YK,
Y. Xi+by X;fC'E X§=Y. ¥, X3

These equations help us to determine the real mechanical parameters of the rock in which the mining works
are executed that are different from those determined in the laboratory. In this context a correction coefficient for
rock-deformation parameters from situ can be calculated compared to those from laboratory.

Second part:

To analyze various factors that influence the deformation of mine in the study a number of measurable
factors works were included, such as:

- Physic-mechanical properties of rocks: 6, 61,7, ¢, C, tfm?, E, w);[4]

- Time:t

- Barring capacity of supporting: Q [3];[4]

- Depth of location of mining works: H

- Opening of mining works: B.
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After processing the experimental dates a series of multiple regression equations were obtained that can be
considered as some mathematical models for evaluating the deformation of mining works, written summary below:
For directional galleries of opening:

U=107.687%In(1l+t)-25.815%Q+170.48%B-8. 242%0ro;’

U=119.988*%1In(l+t)—12.889*%Q+87.586%8B-5.863%0rc;

U=-54.616%C~-2L.097*¥Re+351.977*%y~1.665%9-1177*%u~0.0057*E+13.575%w
For transversal gallery of opening:

U=125.1691n(1+t)+15.584%B-4 . 614%0ro;
U=-1973.892+139 ..779* 1{1( 1+t)+49.8%Q-1.714%H-5. 368*0ro+488%B;
For preparing galleries:

U=-32.03%Kt—0.305%y+3. 839%§+86.038%;
U=38.315%1n(1+t)-3.386%Q+42. 2¥B-3. 51%0ro ;
U=0.648%t-7.055%Q-4. 197*0Oro+1. 186%H

In these equations the measurement units are:

- Deformations: U [mm];

- Time: t [days];

- Barring capacity of supporting: Q [tf/m?];

- Opening work: B [m];

- Compressive strength resistance: o, [MPa];

- Traction strength resistance: ot [MPa];

- Depth: H [m];

- Cohesion: C [MPa];

- Internal friction angle: ¢ ["1;

- Volumetric weight: y [tf/m-];

- Poisoons’s ratio: ;

- Modulus of elasticity: E [MPa];

- Humidity: w[%].

Conclusions

This project leads to the simplification of many factors that must be taken into consideration, in order to
forecast the rock-forming system in condition of variable loads which act on the support.

The elaboration of global mathematical models (part 1) may help the researcher to understand the behavior
of rock deformation in time depending on the variable load which could act on the support, so, these patterns can
create the opportunity to choose or design a kind of support whose flexibility and carrying capacity provide the
stability of mine works, with minimal maintenance costs and a maximum length of service.

From mathematical models (part I1) results that the most important factors that influence the deformation of mine
works are: carrying capacity, compressive strength resistance, depth location of mine works, time and opening work.

In order to use the above mentioned models is necessary a detailed knowledge of the geotechnical behavior
of the rock massif, using geotechnical properties of the rock massif while designing it (the result of the correction
coefficient and the property determined in the laboratory)
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THE GEODYNAMIC INTERPRETATION OF THE
MORPHOSTRUCTURAL AND GEOCHEMICAL DATA OF THE
HOGGAR VOLCANISM

Abstract

The objective of this study was the realization of a research work on the Cenozoic swell of the Hoggar and
the associated volcanism, following a new method applied for the first time in Algeria, precisely in the Hoggar that
has been studied only partially. This method was applied for the first time by Nkono (2009) in Equatorial Africa.

This study includes mapping of the study area that covers the Cenozoic volcanism. The mapping was
realised from the combination of Landsat7 ETM + satellite images and the digital elevation model.
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The geological objects identified by remote sensing mapping are volcanic cones, structural lineaments and
volcanic surfaces. These mapped objects will be analyzed following their adensities and orientations.

The geodynamic interpretation of the morphostructural data, is represented by Riedel models, assuming the
presence of a correlation between the lineaments and the volcanic structures.

Geology of the Hoggar

The Hoggar is the seat of an important magmatic activity that emerged from the Eocene to Quaternary
(AzzouniSekkal et al. 2007), and in which are set up large volumes of tholeiitic, alkaline, hyperalkaline, saturated
and undersaturated lavas. This volcanism is localized along the major lithosphericscale accidents that separate most
often some terranes that make up the Hoggar.

This work focuses primarily on outcrops of this volcanism in some areas between the terranes Tefedest,
Laouni, Azrou and N'Fad EgereAleksod.

These terranes belong to a group called LATEA, which is basically a microcontinent
ArchaeoPaleoproterozoic dismembered by major accidents in the Pan.

Figure 1. Simplified geological map from Africa. This figure shows the principal volcanic provinces,
cratons and sutures distribution. (According to Black, 1984; Dautria et Girod 1987; Lesquer, 1989; Kampunzu et al,
1991; Nkono 2008; Boubekri et al, 2015)

Cenozoic volcanism of the Hoggar

There was in North Africa a Cenozoic volcanism activity which is associated to a serie of lithospheric
swells. They are: the Hoggar in Algeria, Tibesti in Chad, the Air in Niger, the Darfur in Sudan and Cameroon's
chain (Figure 1).

The volcanic formations are based on a Precambrian basement which has been eroded and been affected by
a Cenozoic swell. This volcanism produced strong reliefs that can reach over 2000m, the highest point is Mount
Tahats with 2918 m in the Atakor. These volcanic formations cover an area of 13 882,72Km? (from our mapping).

The total volume of lava emitted is about 1,530 km3. Volcanism take shape in various structures such as
necks, veins and plateau basalt.

The Cenozoic volcanism formes several districts, which geographically grouped into three provinces
(Figure 2 .b).

Districts Tahalra, Atakor, Manzaz, Egere, Anahef and Adrar N'Ajjer are at the level of the swell and are
aligned in a NESW direction. This alignment is the "lineament Oued Amded" which is a transverse tectonic
lineament that affects the central Hoggar (Figure 2. a). It comes in the form of a corridor of one hundred kilometers
wide where there are many accidents NESW to ENEWSW. The location of the volcanic districts of central and
eastern Hoggar seems to have been controlled by this lineament (Dautria and Lesquer 1989).

Methodology

The studied Volcanism includes several necks, domes, veins, basaltic fragments and various pyroclastic
products. To understand the geodynamic context of the volcanism establishment, we followed the Nkono et al.
(2008) methodology. It consist in to maping the volcanic structures and lineaments distribution using satellite
images of medium resolution such as Landsat 7 ETM + and digital terrain models. This verifies if there is a
relationship between the activity of these faults and volcanism studied.

This thesis is divided into three parts:

In the first part, we did a detailed mapping of the volcanic apparatus; then we made a digital processing to
achieve rosettes preferred directions of their distribution. The same work was performed on the lineaments. It
appears that the results converge and suggest a direct relationship between the distribution of volcanic structures and
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linéamentaires directions. These lineaments are arranged in accordance with a model Riedel and volcanic structures
have preferentially in the direction T, transtensive.

These results suggest, as highlighted by Liegeois et al. (2005; 2012), that the intraplate volcanism is
actually an expression of Hoggar metacratonisation during the collision between Europe and Africa, the replay
panafrican structures.

In this thesis, we will retain two types of geological objects: lines and circles. These objects, once identified
and drawn on the ARCGIS mapping software (10.0) will be analyzed with various programs in relation to their
sizes, orientations and densities.

The lines represent the outlines are analyzed with the program INTERCEPTS (Launeau et al. 1996), in
order to determine the main directions. The statistical orientation is determined in the form of rosettes with the
ROSE program (0.10) and analysis of directions around which are distributed circles is established by the SPO
program (Launeau and Robin. 2004).
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Figure 2. Map of Cenozoic volcanism provinces in the Hoggar. (a) The map shows the layout of the swell
of the Hoggar and the associated volcanism over the Oued Amded (L.O.A.) and areas of Cretaceous distension. (b)
The figure shows the arrangement of the ages and affinities of the volcanic districts of the Hoggar. (Modified from
Dautria and Lesquer 1988)

The second part of the thesis is devoted to the study of detailed volcanic of the Tahifet, Tazrouk and
Assekrem area. We therefore carried out a mapping of the region, in which we identified the structural markers
(dykes and faults), volcanic cones and volcanic surfaces (basaltic flows and acids lava). Then we analyzed the
various items listed in the same way as before thanks to the SPO software intercepts and ROSE.

In the third part of this work, we will conduct a geochemical synthesis of previous studies in volcanic
provinces of Hoggar.

The choice to apply this methodes on the Hoggar volcanic outcrops was motivated by:

- Diversity Association of linear and circular geological objects.

- The major tectonic and volcanic activity concentrated on the swellof the Hoggar (Lesquer 1998).

- Geodynamic interpretations made on the study of volcanic Hoggar region are partial and localized.

- The relationship between different objects in this region is the subject of considerable debate in the
literature.

Conclusion

The study that we make allowed us to apply for the first time the orientation analysis method and spatial and
temporal distribution at different scales and macroscopic megascopic in the Cenozoic volcanic province of Hoggar.

A global lineament mapping of various terranes supporting the Cenozoic volcanic province Hoggar was made
from images Landsat 7 ETM +, MrSID and DEM. This mapping helped identify and list volcanic cones 2672 and 4863
lineaments. The image processing have also been used to make the distinction between basic lavas acid lavas.
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(@) (b)
Figure 3. Distribution of geologic objects in the Hoggar province . (a) Distribution map of volcanic cones at
the Hoggar swell on a simplified geological background. (b) Distribution of lineaments in the cental Hoggar Area

The realization of a structural sketch map lineament regions Tahifet, Tazrouk and Assekrem, shows a dyke
system associated with major lineaments and magmatism in the region.

The different geochemical behavior of lava rather show a tholeiitic trend high fusion rate in the districts at
the top of the bulge and are more alkaline at lower periphery hyperalkaline fusion rate.

Around Tahifet, shear zones are defined by sinistral movement reactivated in Paleozoic in dextral offsets
and cross NWSE shear are frequently associated with sinistral dextral shear NESW (Amri K; 2011). This
evolutionary model involving a dextral shear component parallel to the increase in Oued Amded, is also proposed
for the volcanic district Atakor. The compressive component discussed in the Riedel system Tahalgha district
perfectly matches the compression PanAfrican events described in the literature.

The work has led us to:

— New Map lineament;

— Distribution map of volcanic cones;

— Statistics volcanic surfaces, lineaments and volcanic cones;

— Interpretation of the implementation of volcanic districts in terms of models Riedel those obtained for
the different districts usually indicate NESW dextral.

NUGROHO RIO PRIANDRI, BASUKI NURCAHYO INDRO, SAPIIE BENYAMIN
Institut Tekonologi Bandung

FRACTAL DISTRIBUTION OF VEINS AND FRACTURES SPACING IN
MINERAL EXPLORATION:
CASE STUDY IN KAYU ARO AREA, JAMBI, INDONESIA

Abstract

Distribution of veins as bearer of precious mineral is really important especially in a selective mining
method. Its occurrence in nature as product of deformation usually follows fractal distribution that is characterized
by power law. In this research, by utilizing surface geological mapping, scanline data, and statistical processing,
maximum number of vein occurrence is produced. This parameter is powerful to be used in calculating vein
volumetric by combining with vein dimension based on field measurement.

Keywords: fractal, power law, vein, spacing, prediction.

Introduction

Generally, occurrence of ore deposit can be divided into groups: disseminated and veins. In disseminated system,
the ore minerals are distributed in whole mineralized rocks which result in relatively low grade but high tonnage ore body. On
the other hand, veins usually contain higher grade of ore in smaller body. The higher grade benefit of veins has attracted
geologists and miners since long ago. However, challenge in working with vein system deposit lies in predicting which veins
contain more economic ore especially in continuous or multi-phase deformation terrain.

Obijective of this study is to find maximum occurrence of favored vein distribution pattern through
statistical approach. It can give a new insight in predicting vein volumetric in mineral exploration. This case study
was conducted in Kayu Aro exploration area, Jambi, Indonesia (Figure 1) during April — June 2014.
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Fractal Distribution

Mandelbrot (1983) stated that power law is main characteristics of fractal dimension which indicates
similar distribution and behavior in different scale. It refers to similarity in full geometrical replica of a particular
object. According to Bonnet et all (2001), power law more often be used as distribution analysis because it has no
limitation in scale. Power law analysis has three characteristic values of the object, namely: data frequency (k),
fractal dimension (c), and coefficient of determination (R?). In this study, x refers to veins and fractures spacing. On
the graph, k shows maximum vein occurrence (y-axis) with particular value of spacing (x-axis). The tilting of
regression line follows value of ¢ while fitness of regression line to data follows value of R”.

y(x) = kx

- l

- | “——

Figure 1. Composite geological map of research area

Method

Fieldwork which included geological mapping, alteration mapping, and scanline was done to interpret
geological condition and history of the research area. Scanline was done in three stations with high number of veins
and fractures along a particular geomorphological lineament to analyze the distribution of both structural features.
The measurement scheme based on Sapiie (1998) fieldwork method is depicted on Figure 2. Then, veins and
fractures width and occurrence number data were plotted into log-log graph of cumulative distribution to find the
mathematical equation as shown before. Interpolation of alteration intensity from petrographic analysis was also
plotted into alteration map to suggest the source of hydrothermal alteration.

Geology of Research Area

Research area lies within Bukit Barisan Mountain Range in Sumatera (Figure 1). This location is also
located inside Sumatera Strike-Slip Fault Zone with dextral displacement. According to compiled composite geological
map (Figure 1), lithology of the research area consists of five Miocene aged rock units, namely Bukit Narso Andesite Lava
Flow Unit, Kayu Aro Pyroclastic Flow Unit, Kayu Aro Andesite Lava Flow Unit 1, Kayu Aro Volcaninc Neck Unit, and
Dacite Intrusion Unit. Alteration zone of Quartz+Chlorite+Epidote+Calcite, Quartz+Sericite+Chlorite, and Argilic present
in the research area forming elliptical shape on the composite geological map (Figure 1). Similar orientation of Dacite
Intrusion Unit, alteration zone, and alteration intensity contour with NE-SW Batang Simpang sinistral strike-fault indicates
that the intrusion and alteration was controlled faulting. It is supported by consistent N-S trending veins and open fractures
in Dacite Intrusion Unit along the fault zone.

Veins and Fractures Distribution

Due to insufficient number of data for each station, single station distribution analysis could not be done.
By focusing the study only on veins and fractures in andesite lithology because of its wider range of average spacing
class, data from two measurement station (A and B; Figure 1) was combined and analyzed together. It was done by
considering consistent N-S trend of veins and open fractures as well as similarity of massive quartz vein
characteristics in all of scanline station to make sure that those structures are products of same process. All of the
selected data were plotted together into log-log graph with width parameter as x-axis and number of occurrence
parameter as y-axis (Figure 3). From the graph, R* number of 0.8939 shows that regression line y = 1331.7x™"*
relatively fits veins and fractures spacing distribution. The power value of 1.40 is fractal dimension (c) of the veins
and fractures spacing that control tilting of the regression line. According to measurement, mode of andesite
lithology is £0.5 cm, with 100 cm length. Vein height could not be observed during fieldwork because all of the vein
outcrops were on stream bed.
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Discussion

From vein distribution graph, we can interpret maximum occurrence of veins with a particular width along
fault area and within those two stations. In this case study, by using mode data of andesite measurement and
assumption for vein height of 500 cm, with 10 cm of spacing, there are 50 number of maximum occurrences within
the area. The maximum vein volumetric prediction then conducted by multiplying volume of a single vein with
maximum occurrence number. In this example, the volume of the vein is 1,250,000 cm® or 1.25 m®. By combining
geochemical data of precious metal grade, prediction of metal volumetric for this vein can be done. From the case
study, this method is applicable for surface as well as subsurface exploration data. It can be continuously updated as
more detailed modelling is conducted.

Conclusion

Maximum occurrence number as one of vein spacing distribution properties produced from this method is
powerful to determine simple prediction of vein volumetric and furthermore precious metal volumetric by
combining it with vein dimension.
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PREDICTING OF DELTA SYSTEM IN PART SECTION OF THE EAST-
THRACE BASIN BASED ON SEISMO-STRATIGRAPHIC DATA

The area which is the subject of this survey is one of the least studied parts of the Republic of Bulgaria in
geological aspect. It locates in the southeast of the country, and its boundaries fall within the administrative region
with center the town of Haskovo. The main objective of the survey is performing a seismic-stratigraphical analysis
on 53 seismic profiles and clarifying certain issues concerning the sedimentary environment and filling in the East-
Thracian basin. To achieve the tasks was also used the available information from the performed borehole P-1
Generalovo. The methodology used to make the interpretation is entirely based on the concept for the seismo-
stratigraphic analysis (Vail et al. 1977; Bally-ed., 1987; Vail et al., 1991; Miall, 1996). There was identified a
lowstand system tract, where were detected and mapped two elements — basin floor fans and lowstand wedge-
prograding complex. The specific architecture of the tract and the likely filling of this part of the sediment section in
the basin, give reason to predict a delta system.

Keywords: deltaic system, East-Thrace basin, seismo-stratigraphic data.
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BIOLEACHING OF COPPER FROM KUPFERSCHIEFER FROM
POLAND

Abstract

Polymetallic Cu ores of the Central European Kupferschiefer deposits are one of the most important
sources of copper in Europe. The copper mineralisation is strata-bound and hosted by the carbonaceuous shale
(Kupferschiefer), carbonate rocks and sandstone. The copper minerals are chalcocite, bornite, chalcopyrite and
covellite. Other minerals are clay minerals, carbonate (calcite, ankerite). The fine-grained matrix is rich in organic
matter. The ores are typically complex and often very fine-grained, so they are not easy to process efficiently and
economically. Biomining is based on the ability of microorganisms to transform solid compounds into solube and
extractable elements. Because of low costs and low environmental imputs, it may offer solutions to this problem and
make the process efficient and environment-friendly. Microbiological metal-extraction processes are ecofriendly and
quicker than physicochemical processes.

1.1. Exploration

The first slag from Germany gives information about the copper mining in the Early and Middle Bronze Age
(Leipold, 2007). The first exploration of metals in Poland started in the North-Sudetic Trough area in the 16" century, but
systematic ones began in 1930. After the 11 World War the mines were reopened. The new mines in the so-called “"Lubin
mine under development™™ were opened in 1966 (Lubin), 1969 (Polkowice), 1974 (Rudna) and 1986 (Sieroszowice). These
mines are still working and still have documented reserves of billions of tons of ore (Borg, 2012).

1.2. Mineralogy of ore

The copper ore deposits of the European Kupferschiefer are sediment-hosted strata-bound deposits (Borg,
2012). They are located in Germany and Poland. The Cu-rich part of the ore is dominated by chalcocite,
chalcopyrite and bornite (Speczik 1995, Borg 2012, Kostudis 2015). This mineralisation is hosted by several rock
types such as footwall sandstone and conglomerate, black shale (Kupferschiefer), carbonate rocks and anhydrite.
The largest volume of copper ores of the Polish deposits is hosted by footwall sandstone (60%), hanging-wall
carbonate rocks (30%) and only 10% by black shale. For example, the Polkowice mine has up to 59,7% ores from
hanging-wall carbonate rocks (Borg 2012).

A significant enrichment in copper, silver and PGE is found in the basal Zechstein strata in the vicinity of
the oxidized area known as Rote Faule (Rydzewski, 1978). This zone of post-depositional oxidation is characterized
by the presence of extensive amounts of Fe (I11) oxides (hematite, goethite) replacing syn-sedimentary framboidal
pyrite. The other minerals, such as chalcocite, covellite and chalcopyrite are replaced too (Oszczepalski 1994). Rote
Féule is located above the paleohighs of the Weissligendes sandstone, which has higher permeability (Jowett 1986).
The iron oxide particles are presented as concentrated oxide, red spots or bands (Bechtel 2001).

1.3. Geological setting

At the end of the Variscan Orogeny in the latest Carboniferous time (320 Ma ago), the intercontinental (or
cratonic) basin of Poland was a successor basin of the Variscan foredeep and on the north margin of the orogen.
During the latest Carboniferous and earliest Permian times (300 Ma ago) the drift of the European Plate to the
African Plate caused a stress field, which was the reason for the creation of the shear fault system with small pull-
apart basins. The faults were perfect pathways for the intrusion of magma and the extrusion of volcanic rocks. The
magmatism was bimodal (Eckard, 1979). The lower Permian (280 Ma ago) was characterized by thermal subsidence
and extensional tectonic. The basin was filled with pyroclastics, lava flows and clastic sediments forming the
Rotliegendes strata. In the late Permian the basin was hydrologically closed, it was a large developed playa system.
This area was a peneplain with fluviatile and eolian sediments. This white sandstone formed the Weissligendes. The
thermal subsidence in the latest Permian (Wuchiapingian 255 Ma ago) was the reason why the basin floor was some
200 to 300m below sea level. The transgression of the Zechstein See via faults system in the North-West Europe
happened very rapidly and catastrophically (Glennie and Buller, 1983). The thin part of the Weissligendes strata was
reworked and redeposited. The first sedimentary unit in the Zechstein time was Kupferschiefer. It is a black,
laminated, marine, typically thin (0,3-0,6m) shale that was deposited in anoxic, euxinic bottom water. In Poland the
Kupferschifer is organic-rich (5 wt%) and very calcareus. (Paul 2006, Borg 2012). The Zechstein basin filling has
more than 1,5km thickness and is characterized by evaporitic cycles. This deposit has carbonate-rich shale, marine
carbonate, beds of sulfate, sandstone and salt (Jowet 1986). Cycles Z1 and Z3 covered completely the Polish
Rotligendes basin.

1.4. Age of mineralisation

The age of mineralisation is not well known, but it is unlikely that such rich orebodies were created during
normal diagenesis. Some unusual event would be needed at a special time. This event probably opened the Tethys
Ocean to the south in the Triassic to the early Jurassic (Jowett, 1986). This age is considered the paleomagnetic age
of pyrite, fluids inclusions and degree of organic matter (Bechtel, 2000). Geologic evidence suggests that the
mineralisation was formed during the late diagenesis when metal-rich brines migrated through the Rotligende,
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leaching metals from the volcanic rocks and up the flank of basement highs, possibly along the reactivated hercynian thrust
faults to the pyritic Kupferschiefer and Zechstein limestone above (Jowett, 1986). The extension and rifting caused small
igneous events. The heat flow was high and caused an anomaly of temperature. (Jowett 1986).

2. Biomining

Biomining is the use of biological components for metal extraction. In normal cases it is the use of
microorganisms, for example acidophilic bacteria or fungis. Bioleaching is the solubilisation of metal compounds by
microorganisms or their metabolites (Kostudis et al 2015). It is possible to use diverse mechanisms to leach:
cytolisis, complexolysis, rodoxolysis or bioaccumulation (Anjum 2009). The new branches of biominig use organic
acids such as gutamic acid or citric acid, which is produced by microorganisms.

Bioleaching is more economical and does not use large amounts of energy in comparison to smelting or
roasting, and does not produce any harmful gas or sulphur dioxide. Bioleaching of copper has been applied
commercially since 1950 (Brierley and Brierley, 2001). The copper minerals in Kupferschiefer are closely
associated with organic matter and very fine-grained (grain size <5pum). In the case of Kupferschiefer it is not
possible to use acidophilic bacteria, because the high carbonate content impedes the leaching with these
microorganisms.

Because of the above, bioleaching at neutral and alkaline pH ranges may be a really good alternative for
processing of these ores. The best results show experiments which use urease-producing bacteria such as
Corynebacterium species. These studies obtained a copper solubilisation rate up to 64,4% (Groudeva et al 2007).
The use of combining heterotrophic and autotropic microorganisms provides up to 72,1% copper extraction from the
minerals.

2.1. Glutamic acid

The use of pure glutamic acid (681,8 mg/l) shows copper solubilisation of 43,6%. The feed sample
contains copper minerals such as chalcocite, bornite, chalcopyrite and covellite. These minerals show different
behaviour during the leaching experiments. After the leaching the covellinite content increases — it confirmed the
formation of secondary covellinite. Possible other sulphur-bearing minerals are polysulphides and jarosite (Klauber,
2008). The most important part in copper recovery with glutamic acid comes from chalcocite. Focusing on
chalcocite-rich deposits of Kupferschiefer may be important for further experiments.

2.2. Bioleaching with fungi

This type of bioleaching has (compared to bacterial leaching) some selling points: the ability to grow under
higher pH (alkaline solid waste too) and a faster leaching process (Anjum 2009). The studies of Anjum (2009, 2010)
used fungi as Penicillium and organic acid from metabolism reactions of Aspergilus species. The black shale was
from Pakistan. The mineralogy was diverse in comparison to Kupfershiefer from Europe. This ore contained
aluminosilicate minerals (illite, kaolinite, muscovite) and sulphides such as pyrite, pyrrhotite, nickel sulphides,
sphalerite and chalkopyrite. Other detected minerals were quartz, aluminium oxide, wollastonite and dolomite.

It was found that metals solubilization increased as the concentration of acid increased too, which resulted
in the rise in pH of the media (acid production). The value of pH decreases too because of the dissolving of
carbonate from Kupferschiefer.

Optimum solubilization of copper (51,22%) was recovered in the case of chemically citric acid (1%). For
tartaric it was 38,19%, for malic and oxalic about 41%. The concentration of acid was important: 0,5% citric acid
showed 44,18%. The best result was 49,3% for copper dissolution with the leaching with citric acid after the
metabolism processes of Penicillium.

Good solubilization of copper after using the citric acid was recovered, because this acid is a chelator. A
chelator is an organic acid which has two or more electron donor groups. Hence one or more rings are formed and
then the organic acid can be called the chelating agent and the resulting complex is called the metal chelator
(Denevre et al. 1996).
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PETROGRAPHY OF GARNET-MICA SCHISTS IN THE
FOOTWALL AND HANGING WALL OF THE DOLOMITE MARBLE OF
LENGEFELD, WESTERN ERZGEBIRGE

Abstract

The garnet-mica schist of Lengefeld is a metapelite that was formed during the Variscan overprint of
neoproterozoic sediments and belongs to the Raschau-Formation within the Keilberg-Group of the Western
Erzgebirge. It represents the host rock of the dolomite marble deposit Lengefeld.

The mica schist shows dense, granular structure with an intense foliation that is characteristic for
metamorphic rocks. Main minerals are quartz, muscovite, garnet with subordinate plagioclase, biotite and chlorite.
A variety of accessory minerals such as apatite, monazite and xenotime also appear.

The garnet of the mica schist from the footwall and hanging wall of the deposit show referring to their
chemical composition among themselves no significant difference. That is the reason why the garnets are not
suitable to use them as a new exploration tool for the marble mining. The almandine and pyrope content from crystal
core to crystal rim decrease, whereas the spessartine and grossular content increase. Basically, all garnets are clearly
almandine-dominated.

Thermobarometric calculations show a maximum formation temperature of 650 °C and maximum pressures
of nearly 10 kbar for the mica schist. These values are equivalent to the deposit formation conditions due to the
close proximity of the rock to the dolomite marble. The question, whether the marble had influenced the chemistry
of the garnet, cannot be answered concretely. Only few evidences could be identified; for example, the garnets of a
sample which was collected 100 m away from the sampling area, shows only a slightly different composition.

Introduction

The garnet-mica schist of Lengefeld belongs to the Erzgebirge, a highly complex crystalline unit. It
represents the host rock of the dolomite marble deposit Lengefeld. As part of the shale zone it occurs together with a
number of metapelites, such as quartz-rich muscovite schists, quartz schists and phyllites.

The Erzgebirge can be divided according to Sebastian (2013) into individual layers, situated within the
shale zone and forms a separate entity. The primary deposition conditions and boundaries between the lithological
units of the former Proterozoic to early Paleozoic sediments cannot be traced (Tichomirowa, 2003) and are purely of
tectonic nature (Kroner, 1995).
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A special feature of the mica schist is the occurrence of many garnet-porphyroblasts, which are up to
several millimeters in size. The formation of garnet takes place under specific pressure-temperature-conditions.
Previous studies by Schilka et al. (2003) have shown that in this case subsidence of the rocks to a depth of at least 20
km at temperatures around 600 °C must have existed. For example, Hoth et al. (2010) referred to pressure and
temperature calculations of 12 kbar at 500 - 600 °C occurring for the mica schist zone.

The minerals of the garnet group have the general structural formula X3*"Y,**[SiO4]s. The X position is
occupied in natural occurring garnets mostly with the cations Mg®*, Fe?*, Mn*, and Ca?".

Regional and local Geology

The Erzgebirge is, by Pietzsch (1963), a partial structure of the large-scale tectonic unit of the
Fichtelgebirgs-Erzgebirgische anticline zone. By Henningsen & Katzung (2006) it is limited in the NE by the Mid-
Saxony thrust and by the Eibenstock granite in the SW. The Eger-Graben in the SE and the VVorerzgebirgs-valley in
the NW close the geological frame of the Erzgebirge (Fig. 1).

Tonery whcmsive i Mid-Saxomy thrust ‘

Figure 1. Geological map of the Erzgebirge. The circle shows the position of the garnet mica schist 0
Lengefeld. (modified after Henningsen & Katzung 2006)

The Variscan orogeny represents the main tectonometamorphic overprint of the Erzgebirge and thus the
rocks of the mica schist zone including the garnet-mica schist of Lengefeld, too. According to current knowledge the
following process sequence for the Variscan orogeny can be reconstructed determined by Kroner et al. (1998). It
starts with an early Variscan subduction event of the continental shelf of Gondwana under Avalonia prior to the
subsequent continent-continent collision. The results of the progressive convergence of the plates are creating a
thorough transposition foliation, the syncollosional exhumation of pressure metamorphosed rocks and an associated
long-range observable inverse metamorphic zoning (Kroner et al. 1998). Crustal narrowing and stacking up to
crustal doubling associated with isostasy and subsequent shearing by exhumation were the results. The occurrence
of granitic melts younger than 330 million years indicates the end of the convergence with the simultaneous final
exhumation of recessed crustal units.

The Erzgebirge can be roughly subdivided into a high metamorphic gneiss core zone and metamorphic
schist zone with various metamorphic facies. These schists are further subdivided into an inner schist shell and an
outer, metamorphic low grade phyllite shell. The garnet-mica schist of Lengefeld, as a part of the Western
Erzgebirge, is also a part of that mica schist shell.

Petrography of the garnet-mica schist

The study of the garnet-mica schist by the polarization microscope has shown, that most minerals occur in
the footwall and hanging wall of the deposit in approximately equal proportions. However, the content of the two
main rock-forming minerals quartz and muscovite varies. The content of muscovite in the footwall is significantly
higher, whereas the quartz content is much higher in the hanging wall. This confirms the information previously
released in Schilka et al. (2002), where the rock in the hanging wall is described as quarz-muscovite schist. Due to
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the significant proportion of garnet in the rock, the description as a garnet-leading quarz-muscovite schist is also
appropriate.

The continuous idioblastic garnet crystals show a particle-size-distribution in a range of medium-to coarse-
grained. The grain size of the mineral varies within the rock, but not specifically between the footwall and hanging
wall of the marble deposit. Phenomena that can be observed in numerous garnets at the hanging wall are referred to
Pichler & Schmitt Riegraf (1993) as helicitic inclusion vortexes which are also tectonic structures (Fig. 2). This
rotated poikiloblasts, mainly quartz crystals, can be indicators of a multi-phase discontinuous deformation and
growth pattern (Schulz, 1995). For example, older rock foliations can be preserved (Schulz, 1995).

In thin sections the mica schist of the footwall often shows mylonitic quartz tracks. This is an indication of
intensive stress acting in this area of the rock.

- g 2000pm _ § R— il g S
Figure 2. a) Due to the uneven growth diffuse appearing garnet crystal. Sample U2HG-1, linear pol., 25-times
magnification, 5.4 V exposure. b) Almost euhedral grown garnet crystal with just a few mineral inclusions and tectonically
induced crack structures. Sample U152 / 12, linear pol., 25-times magnification, 5.0 V exposure c) Poikiloblast-rich garnet

with pressure shadows projecting into the foliation level on both sides. Sample SWS4-2, crossed pol., 25-times
magnification, 5.8 V exposure. d) Snowball garnet with syn-crystalline spiral quarz-poikiloblasts. Sample SWS4-1,
crossed pol., 25-times magnification, 5.3 V exposure. Photographed by F. Tréiger (2013)

Rock analysis with scanning electron microscopy including Mineral Liberation Analysis (MLA).

With respect to the chemical composition and zoning of the garnets between hanging wall and footwall
there is no clear difference observable.

Nearly all garnet crystals in both sample series (hanging wall and footwall) show increased calcium and
manganese contents in the core area. Towards the rim of the crystals magnesium and iron contents increase while
calcium and manganese contents decrease. Since some garnets show no zoning profile, their growth could have
started later. However, cutting effects from preparation may be responsible for this phenomenon, too. In addition,
there are garnets with nearly homogeneous composition. This composition corresponds to the core composition of
zoned garnets. Since this phenomenon cannot be explained by cutting effects, it is assumed that these are crystals
whose growth stopped prematurely. Different garnet crystal ages within the rock are also possible.

Modal fraction analysis of the mica-schists

The modal fraction analysis was performed using MLA XMOD at the scanning electron microscope.

The measurement results shows, that the garnet content is quite different between the individual samples
(Tab. 1), but not significantly different between hanging wall and footwall. This discovery is also consistent with the
results of description of hand samples and the dates gained by polarization microscopy. It has to be noted that areas
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with the highest possible proportion of garnet in the rock were selected for thin section preparation. Therefore, the
garnet content is not representative.

Similar statements can be made about other rock-forming minerals, especially biotite, muscovite and
quartz. The content of these minerals is different between the individual samples (Tab. 1), but not significantly
different between hanging wall and footwall.

Table 1
With XMOD determined modal fractions of important rock-forming minerals in garnet mica schist in
weight percent [wt-%.]. F. Trager (2013).

Mineral BK14-1 [wt-%.] BK14-2 [wt-%.] STR-645 [wt-%.] SWS4-1 [wt-%.] U2HG-1 [wt-%.] U2HG-2 [wt-%.]
Garnet 11,93 13,40 7,55 5,88 11,15 10,65
Biotite 10,66 6,33 5,40 2,98 4,86 4,67
Mica 63,52 60,95 13,92 26,65 12,95 17,16
Quartz 9,73 15,21 67,39 61,80 61,48 58,39
Plagioclase 1,39 1,44 3,78 0,67 7,33 7,11
Chlorite 1,52 1,34 0,07 0,02 1,15 0,86
Apatite 0,06 0,03 0,34 0,20 0,14 0,13
Ti-Fe-Oxide 0,82 0,63 0,23 0,30 0,35 0,39
K-Feldspar 0,03 0,06 0,51 0,97 0,49 0,33
Other 0,33 0,60 0,81 0,52 0,09 0,31
Total 100,00 100,00 100,00 100,00 100,00 100,00

Microprobe analysis of certain garnet, mica and feldspar crystals

All analyzed garnet crystals are clearly dominated by almandine. The pyrope and almandine content
increase from the core to the rim of the crystals, whereas the spessartine and grossular content decreases. Significant
differences between the studied crystals of the hanging wall and footwall are not apparent. Small differences in the
measured values between the individual crystals can be explained as natural fluctuations. This result is consistent
with the discoveries of the analysis by scanning electron microscope and MLA. The mica crystals within the garnets
show a different composition in comparison to their equivalents in the rock matrix. So, the existence of at least two
mica generations can be assumed. Biotite crystals within the matrix at the hanging wall have a higher XFe- about
0.10 but a lower XMg content than the crystals at the footwall. Basically, all biotites are very rich in iron.
Significant differences in chemical composition of muscovite within the matrix were not observed.

The analyzed feldspars are very pure albites.

Discussion & Summary

The garnet-mica schist of Lengefeld shows a typical dense, granular structure with clearly visible foliation
due to the direction of the tectonic pressure during the Variscan orogeny. Mylonitic quartz tracks indicate intense
acting stress during the metamorphic overprint.

Garnet, which was analyzed in detail, occur in the footwall samples with far less mineral inclusions and
subparallel cracks than their equivalents within the hanging wall. The reason for this could be an imbalance in
occurring of the necessary elements for garnet growth, so the crystals growth is significantly disturbed. Pressure
shadows occur on both sides of the garnet crystals, where biotite and chlorite often accumulate. The garnet
porphyroblasts create a region with less stress acting. Presumably, the element bearing solutions of mica migrate
preferentially in this area. As a result of this, both minerals tends to crystallize within these pressure shadows.

In the grossular-pyrope-spessartine triangle, an increasing of the pyrope content is visible at falling
grossular content from the crystal core to the rim. All crystals are generally almandine dominated.

Due to the different chemical composition of the in general very iron rich biotites, two generations of mica
in the rock can be assumed. The biotites enclosed in garnet are the older generation. Existing differences in the
composition of muscovite within the rock matrix could not be observed.

The question whether the presence of the dolomite marble deposit as large calcium and magnesium anomaly has
a detectable influence on the chemistry of the garnet, cannot be answered conclusively. The analysis of garnet crystals
from samples belonging to the same rock unit, but not to the immediate environment of the marble, could help to resolve
this issue. In the grossulare- pyrope-spessartine triangle, the trend towards increasing pyrope- and falling grossulare
content can be seen. This indicates a temperature increase by falling pressure during the growth of the garnet crystals
(Owona et al. 2010). However, thermobarometric calculations showed a temperature and pressure increase.

Due to the missing of clear differences between the chemical compositions of garnets from the footwall and
hanging wall this mineral cannot use for effective exploration of the marble.
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RATIONAL USE OF NATURAL RESOURCES: AN OVERVIEW OF THE
CHILEAN APPROACH

Chile is a country located in South America, which occupies a long and narrow strip between the Pacific
Ocean and the Andes mountain range. Its main economic activity is mining, which has been essential for the
economic development of the country, especially in the 20th century. Currently, the country stands for
approximately one third of the copper mine worldwide production and it also has a significant production of
molybdenum, silver and gold. The copper production is 5.8 millions fine metric tons. This output has attached the
generation of over 220 millions as tailings from processing plants.

The main problems that the Chilean mining industry is facing, are the following: the difficulty of access to
water resources, this is because of most of the mining operation in Chile are located in places characterized for their
dry weather, where there is not plenty water sources that supply all the mining activity, agriculture and the cities that
are located in that area. Chile also has problem with the disposal of mining waste in dumps and especially disposal
of tailings in storage facility, mainly as tailings dam. In Chile, there are also many abandoned tailings dams
generated by former operations, these dams were constructed in times with a less restrictive legislation, and massive
tailings dams that are fed by the operating mines with low margins of operational flexibility for future modifications.

These problems have put the communities under alert and they have required to the State a new legislation
that regulates the mining activity in a more sustainable way. Companies have been lead to seek for improvements, in
order to keep their operation out of jeopardy and to maintain a cooperative relationship with the communities where
are located.

As a result of the urbanization of China and other countries, the copper demand has dramatically increased
in the past years. However, the grade of most of deposits has decreased, due to the aging of the operating mines, and
also because every time it is more difficult to find massive deposits with attractive grades. As a result of this facts,
every time the production of copper is going to involve the movement of more material from the mine, to the dumps,
to the plants and therefore to the tailings dumps. this also applies to the amount of required water in the future, in a
location that is currently dealing with dryness. So the magnitude of the problems will be increasing as the
production increases.

So far, the mining companies have put their efforts on the improvement of the current processes, but
unfortunately there has not been a significant breakdown in the technology. This focus has led to an improvement in
thickening and filtering technology, increasing the weight concentration that can be reached. One of the main
accomplishment was the shift of water source, from using fresh water from aquifers to sea water, which is desalinate
at the shore and then it is pump up to the processing plant. Now, there are mining operations that operate with salt
water, without using a desalinate plant and without generating a salted waste to the environment.

The tailings dams are more difficult to approach, because the purpose is to find a use for material generated
with a certain granulometrical distribution, with reagents used for concentration processes and often located in
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places that are difficult to access. the approach for the tailings dams can be divided in two options: use of tailings
dams material as an input for another industry and reprocessing of tailings dams in order to recover species of
interest, this option also allows to use later the material as input for another industry. In some cases, the reprocessing
of a tailings dam could not be economically profitable for itself, but it would help to decrease the losses in cases
where tailings dam need to be treated for remediation reasons.

The focus of the research have been oriented to the construction industry, using tailings material to make
construction material, such as bricks, concrete, cement or paint.

One use for the tailings material is using it for brick production. Some results (Ahmari and Zhang, 2012)
show that copper mine tailings can be used to produce bricks meeting the international requirements of the ASTM.
These bricks can be made by the geopolymerization technology. The procedure consists in mixing the tailings with
an alkaline solution, forming the brick at specific temperature and pressure. However, this method for brick
production requires lowers temperature than the conventional method.

Some authors (Blessen, et al. 2013) point out that using copper tailings in cement concrete as a partial of
natural river sand, this replacement rate can easily reach 60%. The study shows that the density of concrete
increased with increasing percentages of copper tailing in concrete. This is due to the high specific gravity of copper
tailing when compared with natural sand. Using a concrete sample without copper tailings as a control sample, it
could be measured that by adding copper tailing. Using a substitution rate between 40-45% of copper tailings help to
obtain a more strength and durability material. Nevertheless, the strength and durability suitable for construction can
be obtained by using a substitution of a 60%.

There are studies (Saxena and Dhimole, 2006) that point out that copper tailing waste can be used to add
desired properties to paints, such as increasing their hardness, resistance to impact, abrasion and corrosion. In order
to do that, the material is dried, sieve to obtain under 53 microns, and the pH is adjust until reaching a value around
6.5, higher values corrode the metal at which the paint is added. The paints with copper tailing waste are
environmentally clean and cost-effective.

A Chilean example or a reprocessing plant

There is a Chilean company, Minera Valle Central (MVC), located in central Chile, close to El Teniente
mine. Minera Valle Central processes the tails of the flotation from EI Teniente mine and also processes the material
from two old tailings dams (Cauquenes and Colihues) from El Teniente. The average copper grade in the fresh
tailings is 0.115%. On the other hand, the dams contain material that was processed between 1936-1977 and 1977-
1986, respectively. Approximately 364 million tons of tailings at a grade of 0.31% Cu were deposited in the
Cauquenes tailings impoundment and approximately 216 million tons of tailings at a grade of 0.26% Cu were
deposited in the Colihues tailings impoundment. (Amerigo Resources Ltd, 2013).

The plant has a capacity of 175,000 tons per day and currently receives approximately 130,000 tons per day of fresh
tailings, the tailings in the Colihues deposit are currently extracted at a nominal rate of 35,000 tons and the Cauquenes
processing rate is planned to be 60,000 tpd. The ex-cess of material is discard and sent to the final tailing dam, Carén.

The plant consists in grinding, collective flotation and selective flotation, reaching recoveries between 22-
34% for the fresh material, 34% for the material coming from Colihues and 48% for the material coming from
Cauquenes. This operation shows the feasibility of reprocessing and relocating material from old tailing
impoundment, mixing it with fresh tailings and disposing the material in final location.

The extraction method for the fresh material is using pipeline from the processing plant of EI Teniente to
the processing plant of Minera Valle Central. While the extraction method for the tailings impoundment is
extracting the tailings via a hydraulic monitoring system using high pressure water guns operating at 30 bar. The
flow of water at high pressure water is directed onto the surface of the tailings in a sweeping motion in such a way
as to create a ditch on the surface. The monitors work horizontally and vertically, operated by remote control using a
hydraulic system of electronic valves that allow them to rotate and advance. A single monitoring unit is capable of
sustaining a production rate of 8,000 to 10,000 tons per day. Mining bench heights are 10m high and access ramps
are created to relocate the hydraulic monitors. The slurry drains to the center of the sump by gravity and is
channeled by the ditches made by the monitor. The slurry has a density of approximately 45% solids and is pumped
to the processing plant by means of vertical 150 kW sump pumps and 350 kW horizontal booster pumps, via 10”
high density polyethylene (HDPE) pipelines.

A Chilean Cu-Au skarn deposit: An example of how mining could be sustainable

200 km at north of Santiago, Chile, there is a Cu-Au skarn deposit that is currently be exploited. This
exploitation occurs at a little mining level and provides employment for about 60 people and generate about 50 tons
of Cu-Au concentrate that are sold to ENAMI (State entity that helps small and medium size mining operations).

The deposit is a typical skarn with copper and gold mineralization occurring in a single vein of about 3.5
meters in length. The copper occurs mainly as bornite followed by chalcocite and less amount of chalcopyrite, and
the gold occurs probably in the form of native gold and carried by copper sulphides like bornite. The gangue
minerals are the typical from these kinds of deposits being mainly garnet and wollastonite.

The mining method is similar to the “sublevel and stopping” one. The vein is exploited and the ore is
transported by trucks to the processing plant, being the vein mainly garnet and wollastonite with and average head
grade of copper of 0.6% and 0.4 g/t of gold.
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The processing plant consists in the typical unitary operations of crushing, grinding and flotation. A copper and gold
concentrate is produced with grades around 55% of copper and 50 g/t of gold. The tailings exhibits excellent sedimentation
properties, mainly due the high presence of garnet, and it is perfect for water recovery, allowing this to have a low unitary
make-up of fresh water consumption of 0.5 m3/ton of ore, which is a low value for a small operation. These tailings are
discharged in a decantation pool; where after 24 hours are extracted mechanically by a bulldozer with a humidity of about
20%. Then the tailings are disposed in a drying field until it reaches a humidity of 10%. The recovery water from the pool is
then conducted to the process water pool where it is also added the make-up.

The tailings with a humidity of 10% and containing about 80% of garnet (mainly as andradite), 10% of
wollastonite and the rest being mainly calcite, pyroxenes and epidote, are sold to a cement company allowing these
to have a mining operation without the accumulation of tailings.

The geological features of this skarn deposit allow to have a sustainable mining operation, in which a
copper and gold concentrate is produced and sold with profits, and at the same time the whole tailings material is
also sold to a cement company.

Acknowledgements

I would like to thank Juan Alcalde and Emilio Castillo for their contribution and ideas.

References

1. Amerigo Resources Ltd, “43-101 Technical Report”, 2013.

2. Saeed Ahmari and Lianyang Zhang. “Production of eco-friendly bricks from copper tailings through
geopolymerization. Construction and Building Materials. 2012 pag 323-331.

3. Mohini Saxena and Lokesh Kumar Dhimole. “Utilization and value addition of copper tailings as an
extender for development of paints”. Journal of Hazardous Materials, 2006 pag. 50-57.

4. Blessen Skariah Thomas, Alok Damare and R.C. Gupta. “Strength and durability characteristics of
copper tailing concrete”. Construction and Building Materials. 2013 pag 894-900.

MICHAL PIOTR WALTER, TOMASZ ALEKSANDER SIWEK
AGH University of Science and Technology, Poland

APPLICATION OF MINERALOGICAL AND PETROPHYSICAL
METHODS IN DETERMINING THE SOURCE OF MAGNETIC
ANOMALY IN IGNEOUS ROCKS

Preface

During geophysical surveys carried out to define local magnetic anomaly the most crucial factor is its
source. Soil and sedimentary rocks magnetic properties examinations are relatively simple to conduct, although
examining igneous rocks may bring many obstacles of technical kind.

Trying to determine the origin of magnetic anomaly in igneous rocks it is recommended to carry out
additional mineralogical and petrophysical surveys on the material gathered in situ.. While determining its intensity
is rather simple, determining its source may cause much more problems, because of complicated inner structure and
chemical composition, which cannot be determined on the basis of surface geophysical surveys. Thus more complex
laboratory methods are needed.

Ferromagnetic material in igneous rocks appears mostly in the form of minor and accessory minerals such
as: magnetite, hematite, ilmenite and other compounds consisting of iron and titanium. Classic geochemical methods
are not applicable to investigations of that kind because of their destructive nature — after the process samples cannot
be retrieved. Due to this issue it is needed to apply more modern methods, which can recognize the composition of
solid samples, such as: X-Ray Diffraction (XRD) or Scanning Electron Microscope (SEM).

Research process

Willing to determine source of local magnetic anomaly on Wdzar Mountain in Pieniny Klippen Belt several
surveys were conducted, as mentioned below.

To begin with, two samples from gathered material were selected: AM-01 (brighter) and AM-02 (darker).

During preliminary examinations (on both AM-01 and AM-02) Bartington MS2B measurer was used,
which indicated high values of volume magnetic susceptibility about 3.2*107*-4.2*10™ m*/kg. In order to determine
source of such a high value of this certain property thin plates on diamond suspension was prepared. Over
microscopic observations occurrence of extinguished areas (both under 1N and NX) located in envelopes around
hornblende crystals was noticed, which are probably products of resporption of these in hipergenic zone™.

During observations carried out with Olympus optic microscope there was no opportunity to determine
composition of the envelopes. However, it gave several clues on where to search for magnetite and similar minerals.

Subsequently, willing to determine whether samples contain stoichiometric magnetite magnetic
susceptibility measurement in function of temperature in range of 80-240 K in cryostat in order to find the Verwey
transition, as well as heat capability measurement were conducted on sample AM-01. Unfortunately, results given
did not support this thesis.

Moreover hysteresis loop determination in magnetic field intensity varying from -1500 to 1500 and from -
200 to 200 Oe and Curie temperature in fields 1 and 0,1 T were conducted, both on sample AM-02. Received
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hysteresis loops are similar to those typical for soft ferromagnetic substances — narrow and high[z]m. Looking on
temperature—magnetization plots it can be seen, that during first heating Curie temperature is situated near 750 K
and for all following measurements it moves to 640 K, which have not been explained.

Thanks to observations of both samples made under SEM it was possible to recognize inner structure of the
envelopes, which allows to state, that those are opacity envelopes.

In order to get to know the composition of each mineral occurring in the envelopes additional chemical analysis
with Energy Dispersive Spectroscopy (EDS) module was conducted. The results were not as precise, as expected, but
gave the basis to affirm that the envelopes consists of plagioclases, alongside with titanomagnetite or ilmenite.

To support this claim, due to expectation to find ferromagnetic material in those envelopes, further XRD
surveys were carried out. XRD results showed distinct magnetite peaks in spectrum, nevertheless several additional
measurements on another samples are necessary.

Conclusions

Examined rocks appear to contain ferromagnetic compounds, but there is no certainty about its mineral
composition and content level. The most probable are conglomerates composed of magnetite, titanomagnetite and
ilmenit resulting from slow cooling of igneous body.

Most of applied methods proved to be ineffective due to large dispersion of ferromagnetic material.

Counter to initial expectations sample AM-01 proved to have stronger magnetic properties than AM-02.

The research should be continued on larger amount of material in order to obtain a credible statistical sample.

Recognizing rock's inner structure and mineral composition is crucial for understanding source of its
magnetism. Having used such a wide variety of mineralogical and petrophysical methods it was possible to mark
with high dose of probability the source of the magnetic anomaly in igneous rock, which may bring a huge
contribution to geophysical surveys of region altogether.
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0.C. KPUCAK
Jloneykuii HayuonansHulll mexHuueckuil yHugepcumem, Ykpauna

OCOBEHHOCTH JIOKAJIM3ALIUU U TPUPOJA ®TOPA
HOBOI'O BOPUHCKOI'O) ®JIIOOPUTOBOI'O OPYJIEHEHUA
JOHBACCA

B Jlonenkom Oacceiine u ero oOpamsieHHH (IIOOPUTOBas MHHEpaIH3alusl BCTPEYAETCsl JOCTAaTOYHO
IIMPOKO OT 30HBI COWIEHEHHs C [IpHa3oBCKMM KpHUCTAIMYECKHM MaccuBoM (Bkirouas [lokxpoBo-Kupeeckoe
MECTOpOXKIeHUE) [6], B CEBEpHOW 30HE MENKOHM CKIamdaTocTd Ha BomHyxWHCKOH aHTHKIMHAIMU [12], B ceBepo-
3ama HOI YacTH B COJSIHOKYIOJIBHBIX CTPYKTypax CIaBsSHCKOTO IOXHSTHS, 10 00nacTH cowieHeHus JloHOacca c
BopoHe)CKIM KpUCTAUINYECKUM MaccuBOM [6]. Borpocom ero o6pazoBaHus NOCBAIIEHA OOIINpPHAS IUTEPATypa, B
TO 7K€ BpeMsl BOIIPOC 00 HCTOUHHKE (TOpa M IPHYUHAX OTIIOKEHHUS (PIr0opuTa OCTa&TCs AUCKYCCHOHHBIM.

HoBoe mposiBieHue ¢QaroopuTa YCTaHOBJIEHO aBTOPOM, pAaCIOIOKEHO B HpUTropoje 30pHHCKA
IlepeBanbckoro paifona Jlyrauckoit oGmactu. IIpu JeTamsHOM W3ydeHHH 24 miacToB u3BecTHska cButhl C,°
(6enokanuTBerckas), C,° (kamenckas), C,° (anmasnas) u C,' (TOPIOBCKas) CPEIHEKAMEHHOYTOIBHBIX OTIOKCHHIT
KaJIbI[UTOBbIE O KWIbHBIE Telda ¢  (UIIOOPUTOBOM  MHHEpalu3alueil NpUypOYeHbl TONBKO K  OJHOMY
cTpaturpauuecKoMy TOPH30HTY — U3BECTHSKY L7 (cpeaHuit kapOoH, MOCKOBCKHH SIpYC, KalIMPCKUI TOpHU30HT) [4].
UYro yka3bIBaeT Ha CTPATU(OPMHBIN TUIT OPYACHEHUSI.

B cBsi3u ¢ xoporeli 00HaKEHHOCTBIO TTOPOJ KAMEHHOYTOJIbHOIO BO3PAcTa M IIIMPOKUM Pa3BUTHEM KapbepoB IO
J00bIYe KaMEHHOTO YIUII M CTpoiMaTepHaioB M3BeCTHAK L; m3ydeH Ha Oomprioii mnomamu. Ilpu stom ¢urooputoBoe
OpyZIeHEHHE PacpOCTPaHEHHO Ha PACCTOSIHUM CBBINIE 12 KM 0 IPOCTUPAHUIO KapOOHATHOH OPOIbL.

PynoxkoHTponupyromuii cjioil B LUEHTPAIbHOW YacTH SBJIAETCS TIMHUCTBIM H3BECTHSAKOM TEMHO-CEPOro
I[BETA, C BBIIEpKaHHOM MomHocThIo (1,3 — 1,5 M). B maneoHTOIOrM4eckoM OTHOIIEHHH CJIOH Oe/IeH Pa3HOBUIOBOH
(hayHOM, BKITIOYAIOIINIA TOIBKO paKOBHHBI Opaxuomno pona Schizophoria u Lingula mmoxoit coxpanHoctu. B cnoe
TaKKe IOBOJILHO YacTO BCTPEYAIOTCS OOYTIIMBILIUECS OCTATKH BBICHINX PACTCHHM.

[To mepudepnn opyneHeHNS N3BECTHIK CMEHSAETCS Ha CBETIIO-CEPHIH, ¢ MOIHOCTRIO OT 0,4 1o 2,2 M. Croit
oTiMyaeTcss O0WiIMeM Pa3HOBHIOBOW (ayHBI, BKIIOUaromieil: Tabymsatel poxa Michelinia u Palaeacis;
JIBycTBOpuaThle MoJuttocku poxa Conocardium; koHynsitel pona Paraconularia; mmanku poma Tabulipora u
Cyclotrupa; Opaxuononel poma Lingula, Orbiculoidea, Reticulatia, Plicatifera, Schizophoria, Telebratuloidea,
Chotetes; oguHOouHBIe Kopayutbl poaa Stereolasma u Bradyphyllum; ammononznen pona Homoceratoides; Mmopckue
muiuu pona Cromyocrinus 1 Sunerocrinus; Tpuitooutsl poaa Phillipsia.
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Pynuere Tema mpenacTaBieHBl pa3gyBaMH U KEOJAMH MEXKIDIACTOBOTO PACCIOCHUS, PEXe CeKyIIUMH
JIpy3aMH CEeBEepO-BOCTOYHOTO mpocTtupanusi. Mx momuocTs n3mensercs ot 0,5 mo 25 cm. CocraB pyn: (hiarooput-
KBapI-KapOOHATHBI Wi (PIOOPUT-KAPOOHATHRIA C PENIKUMH BKpAIUICHHSMH THPHUTAa W CaMOPOIHOTO cepedpa.
Copneprxanne QuroopuTa HOCHUT KpaiiHe HEPaBHOMEPHEIN XapakTep W cpelHee COIepKaHWe B pylaX B OCHOBHOM
He3HauuTenbHoe. OMHAKO B IEHTPAIBHOM YacTH OPYICHEHHUS, Tle B KOHTPOIHPYIOIIEM CIO€ TPHCYTCTBYIOT
BKPAIUICHHOCTh NHPHUTAa M MPOCION aHKEPUTAa C PATOBKUTOM, COJCpXKaHHE (DIIOOpHTa pe3KO YBEIWYHBACTCS U
Hepeaxo gocturaet 40 %.

[Ipocnoit aHkepuTa NMPOCTPAHCTBEHHO NPHYPOYECH K HIDKHEH YacTH MayK{ TJIMHUCTOTO HM3BECTHSKA, C
MOIIHOCTBIO 710 4 cM. AHKEpHT 0€JI0ro 1BeTa, MecTaM ¢ OypOBaThIM OTTEHKOM 3a CUET MPUCYTCTBUS THIPOOKUCIIOB
xkese3a. B xone mpoBesneHHs MuHeparpauYecKUX HCCIIEJOBaHUA MECTaMH B IPOCIOe HaOJIIOAaeTCs OCaJO4HBIN
¢mooput (patoBkHT). PaTOBKUTOBBIE CKOIMJIEHHsS TOIMMHOW OoT 1 10 5 MM ¢uosneroBoro, cBeTIO-(hHONIETOBOTO
oTTeHKa 10 OeciBerHoro. Ilog MHKpOCKOIOM B OTpaXEHHOM CBETE pATOBKUT IIPEJCTAaBIEH B BHE
TOHKOIIOJIOCYATBIX CIIOMKOB FUJIM MENKHX CHJIBHOPA3BETBIEHHBIX JIMH30YEK W OTHENBHBIX YIJIHHEHHBIX
00ocobnennit (puc. 1a).

[MupuT B mauke M3BECTHSAKA MO CTPYKTYPHO-MOP(OIOTHIECKAM 0COOEHHOCTSIM MOJKHO Pa3/IeiHTh Ha JBa
TUINA: CHUHIMEHETHUYHBI ¢ BMELIAIOIIEW €ro O0caJoyHOM MOpOAOH M SIUICHETUYHBIH, COOTBETCTBYIOIIMIL
THUIPOTepMALHOMY —Tporieccy. IIMpUT TmepBOrO THIA TPEACTABICH MHKPOTIOOYISIPHBIM — BBEIIEICHUEM,
CKOHIICHTPUPOBAHHEIA B BHIE OTACIBHBIX JIMH3 TOMMUHON 10 4 cM. Taxke MAPHUT TOBOIBHO YacTO BCTPEUACTCS B
pakoBuHax Opaxmomon poaa Schizophoria. I[TupuT BTOpPOro THMA, SBIASIOMIMNACS SMUTCHETHYHBIM, IIHPOKO
pacnpoCTpaHEHHBIH U Ha CONPSKEHHBIX TEPPUTOPUAX (MTOTUMETaIIHUecKue MectopoxaeHust HaronsHoro Kpsoka u
HukuroBkn) [7]. B rnaBHOIi cBoel Macce MUPUT 3TOW TPYMITBl 00pa30BaJICs, MO-BUIUMOMY, 38 CYET pacCesiHHOW B
M3BECTHSKE ero BKPAIUICHHOCTH. [lJisi MUpUTa XapakTepHO BBIIEICHUE CPEelHE-KPYINHOKPUCTAIMYECKUX arperaTtoB
OKpadipHueckoro raburyca. Pa3mep CpOCTKOB KpHUCTa/UIOB Hepenko mgocturaer 1 — 2 cm (puc. 10). Ilpwu
MHUKPOCKOTIMIECKUX HCCICIOBAHUAX TOBOJBHO YacTO KPUCTAUIBI MAPHUTAa UMEIOT 30HANBHOE CTPOCHHE C TIIAJAKON
MOBEPXHOCTBIO IPaHEH, peXe C TOHKOW XapaKTepHOU IITPUXOBKOK.

| c™m

0.2 MM

a 0
Puc. 1. AkueccopHbie MUHEpaNbl B U3BECTHSKE L7: a — pa3BeTBIEHHBIE MEJIKHE JTMH3EI PATOBKUTA B
ankepure. CBETIIO-CEpOe — aHKEPUT, TEMHO-Cepoe — paToBKUT. OTpak€HHBIN CBET, Oe3 aHanu3aropa; 6 —
COBMECTHOE BBIJIEJIEHHE JIBYX CTPYKTYPHO-MOP(OIOTHUECKHUX THIIOB TUPUTA

[lo pe3ynpraTam TPOBENEHHBIX IOJEBHIX pabOT, MHHEPAIOTHYECKMX W  IAJIEOHTOJOTHYECKHX
WCCIIEJIOBAaHNH, a TaKXKe JIMTOJOro-(alMaIbHOTO aHallk3a, MOXHO IIPEAINOJIOXKUTh, YTO B IEHTPAIBLHON YacTH
OPYACHCHHSA BO BpEMA OCAAKOHAKOIIJICHUA TJIMHUCTOM TTa4KW W3BECTHSKA L7 CymeCcTBOBajia MEJIKOBOAHAA JIaryHa
3aKpBITOTO THMA C TIOBBIIEHHON COJICHOCTBIO M CEPOBOJOPOINHBIM 3apakeHHeM. JlaryHa Haxoawiach B
Tponmudecko 30He ¢ TEMWIBIM KiuMaToM. OO 53TOM CBHACTENLCTBYET TPUCYTCTBUE TMPOCIOS AaHKEPHTA,
BKpAIJICHHOCTh NMUPHUTA, a TakkKe OeaHas pazHOBHIOBas (ayHa, KOTOpas MPUCIIOCOOMIIACh K 3TOM CIOXKHUBIICHUCS
obctanoBke. Ilpn sTOM Mo mepudepun OpyIeHEHUS, IMO-BUANMOMY, CYIIECTBOBaJa JIaTyHa OTKPHITOTO THIA, C
COJICHOCTBIO, He MpeBbImaromeil 3,5 %, 0 4€M CBUACTENBCTBYET Pa3BUTHE MHOTOBHAOBOW (payHBI, BKIIOUYAIOIMICH
MHOT000pa3ne OANHOYHBIX KOPAJLIOB.

I'nyOokas mepekpucTauIM3anysl NUPUTAa Ha OPYICHEHHH CO CleJaMH MOOWJIM3alMH M IEPEOTIIOKCHUS
PYIHOTO BELIECTBA CBS3aHBI C BO3ACHCTBUEM IEPBHIX MNOPLUUH (QUIBTPOBABIIMXCS Yepe3 CJIOH HM3BECTHsKA
THIPOTEPMANIbHBIX PACTBOPOB, BO3HUKILUX B CBS3U C TEKTOHUYECKOH aKTUBU3aIUel palioHa B alIbIIHIICKOE BpeMsl.

46



OO0mue BbBOMB. Ha OCHOBaHMM KOMIUIEKCHOTO H3Y4YeHHs HOBOTO (30pHHCKOTO) (IIFOOPUTOBOTO
opyaeHeHus B JlonOacce MOKHO BBIICIUTD CIIEIYIONICE:

1. BriepBoie mis Tepputopun JJoHenKoro 6acceifHa yCTaHOBJIEHA paTOBKUT-(QIIIOOPUTOBAST (POPMAIIHS.

2. Ilpupona reHe3nuca paTOBKUATA B MPOCIOE aHKEPUTA IEHTPATbHON 4acTH OPYICHEHHS — CHHITCHETHIHO-
ocasiouHas, 00pa3oBaHHE KOTOPOTO SIBIACTCA OTPAXKECHHUEM CHEIU(PHUKM KIMMAaTHICCKUX YCIOBHH HAKOIUICHUS
TIIMHUCTOM MAaYKK M3BECTHSIKA L7, 2 IMEHHO TTOBBIIICHHOW COJIEHOCTH B jKapKOM U cyxoM Kimmate [1-3, 5, 8, 11].

3. Ilpu mpOXOXKIEHHH THUAPOTEPMAIBHBIX PACTBOPOB Yepe3 KOHTPOJIMPYIOIIUH CIIOW OpYAEHEHHS, IO
MPOHUIIAEMBIM 30HaM IPOHMCXOAWIa MoOMIM3anus (hTOpa M €ro HepeoTIOKEHHUE B BHIE (IIIOOpUTA, Kak IpHU
HavanbHO cTagny 00pa30BaHMs KHUJIBHBIX TEJl, TAK U MPH MOCICAYIONIEM METacoOMaTO3¢ Mo KanbIuTy [5].

AmnanorndHas paToBKUT-(II0OOpUTOBas (OpMalys, YCTAaHOBJIEHHass Ha 30PHHCKOM (hIr0OpUTOBOM
OpYACHEHUH, TaKXKe IpOosiBJieHa B KapOOHAaTHBIX moponax Bocrouynoit Mouromuu, Ypana u Ilpenypanbs, Ha
CypaHnckoM MectopoxaeHuu FOkHoro Ypana, a Takxke Ha MecTopokaeHud MopBaH Bo @pannuu [13]. ¥V ropona
Bepeit B MockoBckoit o6acti, B [TonmockoBbe u B Bepxuem [loBomwkse hopMmarus npruypodeHa K mopoaam TOro
JKe Bo3pacTa (KallMpCKHi TOPH30HT MOCKOBCKOTO sipyca) [9] 3To MOXeT yka3plBaTh Ha HEKOTOpoe momobme
YCIIOBHI X 00pa30BaHMUS.
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M.C. I1IOIIOBA
Jloneykuii HayuoHanbHuIl MeXHU4YecKull yHugepcumem, Ykpauna

PA3ZPABOTKA AJIMA3HOI'O MNIOPOAOPA3PYHIAIOIIEI'O
HUHCTPYMEHTA HA OCHOBE CUHTETUYECKHUX
MOHOKPUCTAJIJIOB JJ51 BYPEHUA 'EOJIOT'OPA3BE/IOYHbBIX
CKBAXKHH

OcHoBHOM mpo0ieMoOl anMa3HOro mopojopaspymaromiero uHcTpyMeHnra (IIPU) sBnsiercst Xpymnkocts,
HHU3Kas TEPMOCTOMKOCTb M JOpPOroBu3Ha anMa3oB. B MHctutyre cBepxTBepiabix MarepuanoB um. B.H. Baxyns
HanuonaneHolt akageMuu HayK YKpauHbl OCYIECTBICH CUHTE3 HEJOPOTUX KPYMHBIX aJIMa3HBIX MOHOKPHUCTAILIOB C
MOBBIIIEHHOM TEPMOCTOMKOCTBIO (10 1150 °C), MpUroHsIX A apMHPOBAHMS OJAHOCIOMHBIX AIMA3HBIX KOPOHOK.
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D10 00yCIIOBMIIO TIPOBEICHNE HOBOTO ATala UCCIICIOBAHUN B 001aCTH pa3paboTKH HOBBIX KOHCTPYKIIMH aIMa3HOTO
TTPU st GypeHus Te0Ioropa3Be0UHBIX CKBAXHH U TEXHOJIOTHIA €r0 TPUMEHEHUSI.

B ocHOBY paboTHI MOIOXKEHA HIES PACCMOTPEHHS KaXXIOTO anMa3a KOPOHKH IPH B3aHNMOJIECHCTBIH C TOPHOU
MOPOJOH KaK OTAEIBHOTO BJIEMEHTA €IMHOW CHCTEMBI, B KOTOPOH HPOMCXOISIT B3aHMMOCBSI3aHHBIE MEXaHHUIECKHE,
TETIOBBIE M THIPABIMUECKUE TIPOIIECCHI.

Pa3zpaboTka HOBBIX anMa3HBIX KOPOHOK IPOM3BOJWIACH Ha OCHOBAaHMM KOMILIEKCA HCCIEIOBaHUH, B
npolrecce KOTOPBIX onpeaessinch: 1. Harpysku, neiicTByromue Ha Ka /bl atMas Ipy B3aUMOJICHCTBIHH KOPOHKH C
nopo1oif; 2. MexaHn4ecKkre HanpshKEHHs B ajiMa3ax, MaTpHIE U KOpITyce KOPOHKH C Y4ETOM AEHCTBYIOIIEH OCeBOM
Harpy3ku 1 KpyTsiiero MomenTa; 3. Ilone ckopocTeid )HUAKOCTH IPU MPOMBIBKE 320051 ¢ YUETOM BpallleHNs] KOPOHKHY;
4. TemnepaTypa Ha KOHTAaKTE aJMa30B C IOPOJOH M TEMIEPATYpHOE IIOJIC B TeJIC KOPOHKU C YIETOM LUPKYIALINN
MPOMBIBOYHOI KHUAKOCTH Ha 3200€ CKBAXKHHBI.

HccnenoBanuch KOPOHKH € PaAnalibHOM pacKiIaJkoW anMa3oB Ha TOPIE CEKTOPa, KOTOPHIE CUUTAIOTCS
Hanbonee s¢dexTnBHBIMH. Harpy3ka Ha OTAENbHBIE aJMa3bl CEKTOPOB KOPOHKH MPOMOPIMOHAIBHA CIIOO
CHMMaeMoW UMH 1opojipl. ToJIIMHA CIIOS MOPOABI, CHUMaeMasl alMa3oM, 3aBHCUT OT €r0 MECTOPAcIlOJI0KCHUS B
CEeKTOpe, KOJMYECTBA aJIMa30B M BHJA UX PACKJIaJKH B KOpoHKe. [103TOMy KOpOHKHM C pajuajabHOW pacKiaakou
OBUTH YCIIOBHO pas/ieIeHbl Ha J[Ba TUIA MO XapaKTepy pacHoIOXKEHHs aliMa3oB IEPBOrO M ITOCIEIHETO paaualbHbIX
PSIIOB CeKTOpa: Ha pasHbIX JUHUIX pe3anus (I Tum) u Ha ogHux nuHusAx pesanus (II tum). HanGosee paBHOMEpHO
pacmpenenseTcss Harpy3ka Ha aiMasbl KOpoHKM | Tuma. TommuHa ciosi mMOpoAbl, KOTOPHIH CHUMAOT aaMasbl
MIEpBOTO M BTOPOTO pajHalbHOTO psifia OJMHAKOBas, HO OOJbIIE YeM TOJIIMHA CJIOS, CHUMAaEeMOIO TPETBUM H
MOCJICYIONIVMH PSAAaMH HE MEHee 4eM B 2 pasa, IprdYeM, 4eM OOoJIbIe PsIIOB B CEKTOPE, TEM OOJIbINE 3Ta pa3HHIA.
CroxxHee pacmpenensercss Harpy3ka Ha ainMmas3bl B KopoHKax |l Tuma. B HHMX 1Ba HEpBBIX paJualIbHBIX psiza
Harpy>k€Hbl HC€ OJMHAKOBO, MaKCHUMaJIbHAas1 Harpys3ka IMpUXOJAUTCA Ha ajiMa3bl BTOPOTO paJUuaJIbHOIO psijla H
MPEBBINIAET HArpy3Ky Ha alIMasbl TPEThETro U MOCIEIyIONUX PaguaIbHBIX PsIoB 6osee yeM B 3 pasa [1, 2].

OpnHakoBasi e TOJIIMHA CJIOS TOPOJbI, CHUMAaeMOro KaKIbIM ajMa3oM, HaONIoJaeTcst JIMIIb THpU
HCIIOJIb30BaHUM KOPOHOK I TuIa ¢ AByMsI paiuaJbHBIMU psAaMu B cexTope [2].

[TosToMy B IEpBBIX OBYX PagMaNbHBIX PANAX CEKTOpa BCErza HYKHO HMCIONB30BaTh OoJiee MPOYHBIE U
TEpPMOCTOMKHE anMa3bl, a A TOCIEAYIOIMX pSAIOB BO3MOMKHO HCIONB30BaHME aJMa30B MapTHH MEHbIIEH
npoyHocTd. B 3TOM ciydae oOecriedmBaeTCsl panMOHAIBHOE HCIOJIB30BAaHWE aAJIMa3sHOTO CHIPhS Pa3IHYHOTO
Ka4ecTBa IPpH COXpaHeHUHN 3()(HEKTUBHOCTH PAOOTH KOPOHKH.

Koponku I tTnna Obuth MPUHATEL B Ka4€CTBE OCHOBHBIX NMPOTOTHIIOB MPH CO3JaHWU HOBBIX KOHCTPYKIIWH,
Kak o0jajaromiye MEHBIIUM IIeperajoM Harpy30K Ha ajMa3 M COOTBETCTBEHHO MEHEe CKIOHHBIE K
HEpaBHOMEPHOMY H3HOCY aJMa3oB. YCTaHOBJICHO, YTO Ha Xapakrep paboThl KOPOHKM | TuIa BiMsET Takxke
3HA4YCHUC KOS(l)(bI/IHI/IeHTa k, PAaBHOTO OTHOMICHWIO PACCTOSHUA B JIMHUM PE3aHUA MEXKAY MNEPBBIMU aJiMasaMU
CEKTOpa M MOCIIEAHUMHE aiMa3aMHy BIIEPEIUUIYIIETO ceKTopa (1K) K pacCTOSHHUIO MEXAY alMa3aMH BHYTPHU CEKTOpa
(la). MakcumasbpHasi TOJIIIMHA CJI0S TIOPO/IBI, Cpe3aeMasi ajIMa3oM JJIsi KOPOHOK ¢ packiakou | Tnna paBHa:

v i
Mo =ha| 14D (-5, ) |, (1)
i=1

rae hy — rmyOuHa BHeApeHus ajaMasa B MOpPOAY B HavalbHbIH MOMeHT pabotsl kopoHku; M=(1/1)—1 mis
Henoro 3HadeHusi K, ecnu 3HavueHune K mpoOHOe, TO M NpUHUMAeTCss paBHOM wHenodl dacTh pesynbrara (6e3
OKpYTJIEHH); Ky=N1/N,, N1 — CyMMapHOE KOIMYECTBO aIMa30B B [IEPBOM U BTOPOM PaJHaIbHBIX PSIAX CEKTOpa, Ny —
KOJINYECTBO aJIMa30B B CEKTOPE.

Ipu feTATBHOM HCCIIEIOBAHUH TEMIIEPATYPHBIX TPOIIECCOB HA KOHTAKTE aMa30B C TIOPOIO MpH paboTe KOPOHKH Ha
3a00€ CKBXHHBI MPOBOIMTCS OHOBPEMEHHOE MOJICIMPOBAHIE TEIUIOBBIX M THPABIMYECKHX MPOIIECCOB. PellieHue 3amadu
OCYIIIECTBIISIETCS METOJIOM KOHEUHBIX 3JIEMEHTOB C HCTIOB30BAHAEM OCHOBHBIX 3aKOHOB MEXaHHKH CILTOIIHON cperpI [5).

DparMeHThl Pe3yIBTATOB MOJICTMPOBAHHS JIBEKEHIIS YKIIKOCTH U PACTIPEICIICHHS TEMITEPATYPBI 110 TOPITy KOPOHKH
TIOKa3aHbI Ha PUC. |, a Ha puC. 2 — TpaMKU 3aBHCHMOCTH TEMIICpaTypbl HA KOHTAKTE ajMasa C MOPOIOH IPH W3MEHEHHN
PEKUMHBIX NapamMeTpoB. AHANN3 TAHHBIX MOKA3bIBACT, YTO MUHUMAIIbHAS TEMIIEpaTypa aiMa30B 00CCIIeUNBACTCS B KOPOHKE C
JBYMsI paIuaJIbHBIMH PSIAMH, YTO OOBSCHSIETCS KaK PABHOMEPHOCTBIO HATPY)KEHHUsI BCEX alMa30B, Tak 1 00Jiee HHTCHCHBHBIM
OXJTXKIICHHEM MX TMPOMBIBOYHOW >KUIKOCTHIO. [Ipy OmHON M Toit ke yriyOke 3a 00OpOT TemrepaTypa HarpeBa aaMas’oB
KOPOHKH C JIByMsI PIUATLHBIMU PslaMy B ceKTope B 1,3-3 pa3a MeHbIIe YeM Y KOPOHKHU C YEThIPEMSI PaTHATLHBIMU PSIAMHU,
TIPH 9TOM TEMIIEpaTypa HarpeBa aiMa3oB HEBEJMKA ke TIPH Iojiade KuaKocTy 19 1/mMuH.

'__‘ pe ’\
- 1 - r Y
| E
i N,

Puc. 1. IIpumep pe3yapTaToB OMpEAEICHUS XapaKTepa ABIKCHHS KUIKOCTH H TEMIIEPaTyphl 32005 s
KOPOHOK C YEThIPbMS paJvaibHbIMU PSIaMU B CEKTOpE
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Puc. 2. I'paduk 3aBUCHMOCTH TEMIIEPaTyphl HA KOHTAKTE ajiMa3a ¢ MOPOJIOM OT YACTOTHI BPAIICHUS MIPH
rmojaue XKuAKocTH: a — 70 n1/MuH; 6 — 19 1/MuH.

Puc. 3. OmeITHEIH 00pa3ert K(-;pOHKI/I BCO-1

PaccmatpuBasi BO3MOXKHYIO NEpPCIIEKTHBHOCTD ABYXPSIAHBIX KOPOHOK JUISl BHEIPEHHSA B TPAKTHKY OypOBBIX
pabor, ObuT mpoBeneH aHamM3 WX 3(P(EKTUBHOCTH B 3aBHCHMOCTH OT CIICAYIOLIMX KOHCTPYKTHBHBIX IapaMeTpOB:
paccTosiHUA MEKIy psjamMu anmasos (L), umHbl cexktopa (L), JUIMHBL OKHa NpoMbIBOYHOTO KaHaina (Ly). B pesynbraTe
MPOBEZICHHBIX PAcuYeToOB OBUIM OIpEEIeHBbl CIEAYIONINE palliOHAJIbHBIE COOTHOIICHUS MEXTY KOHCTPYKTHBHBIMHU
napaMeTpaMi KOPOHKHM [4]: /IMHA OKHA TPOMBIBOYHOIO KaHalla paBHA PACCTOSIHUIO MexIy psanamu anmasos (L= Lyp);
JUIMHA CEKTOpa PaBHa TPEM JUTMHAM OKHa IPOMBIBOYHOTrO KaHana (L=3 Ly); cymMMa JUIMH CeKTOpa U OKHA IIPOMBIBOYHOTO
KaHaJla HaXOAUTCS B TIpefiesiax 5-5,5 quaMeTpoB 00beMHbIx anmmaszoB (Lo+ Ly =5+5,5d,).

Crenyrommmu 1o 3G (HeKTUBHOCTH SIBJSIFOTCS KOPOHKH € YETHIPbMSI PaIMaIbHBIMU PSIIAMHU.

B KOHCTpYKIIMM KOPOHKHU C YETBIPbMS PaJMaIbHBIMU PSAAaMH B CEKTOPE PEKOMEHIYETCsl HCIOJIb30BaTh B
OJTHOM CEKTOpE ajMa3bl Pa3IHYHBIX TPYII MPOYHOCTH. [IpHueM MpOYHOCTH aaMa30B MEPBBIX JIBYX paJHalIbHBIX
psinoB (Pp) ¥ aIMa30B IPYTHX PAAHATBHBIX PSAIOB (P,) HOMKHEI OBITH CBS3aHBI OTHOIICHUEM P =Py /i /1,.

Ha ocHoBanuu nonyueHHbIx pe3yibTaToB B MCM m3rorosiena ogHocnoiHas koponka bCO-1 nuamerpom
93 MM, OCHaIIIeHHAs TEPMOCTOMKHMH alIMa3HBIMH MOHOKPHCTAIIIAMH C pazMepoM 3epHa 1,6/1,25 mm (puc.3).

Paboyvast 4acTh KOPOHKM COCTOMT M3 JIBEHA/IIIATH CEKTOPOB, Pa3eICHHBIX NPSIMBIMU POMBIBOYHBIMHA OKHAMHU
JUIMHON 8 MM, C YEeTBIPbMsI paJuaJIbHBIMU psiiaMu anma3zoB. OcoOeHHOCTBIO KOHCTPYKIMH TaHHOI KOPOHKH SIBISIETCS
OCHAIIICHHE Pa/IMajIbHBIX PSJIOB €e paboyero Topla ajJMa3HbIMU 3€pHAMH PA3IMYHOM MPOYHOCTH M TEPMOCTOUKOCTH,
T.€. IPOYHOCTH AIIMA3HBIX 3EPEH MOHIDKAETCS OT IMIEPBOTO PAa K MOCIETHEMY PAIY CEKTOPA.

Pe3ynbTarel MCTIBITAaHUH B TIPOM3BO/ICTBEHHBIX YCIIOBHSIX TIOKA3aJIH, YTO 1O CpaBHEHHIO ¢ KopoHKoi 01A3 xopoHka
BCO-1 obecrieunia MOBBILIEHHE MEXaHUUYECKOW ckopocTn Oypenus B 1,67 pasa, Ipu 3TOM HPOXO/Ka Ha KOPOHKY TakKe
yBenuuuiack B 1,64 paza.

TakuM 00pa3oM, NPOBENEHHBIH KOMIUIEKC HCCIIEJOBAHUI MO3BONMI pa3paboTaTh HOBYIO KOHCTPYKLHUIO
aJMa3HBIX OJHOCIIOMHBIX KOpPOHOK. IlosyueHHble pe3ynabTaThl MOATBEPAMIM BO3MOXKHOCTh MCIIOJIB30BAHUS
Pa3IMYHOIO aJMa3HOTO CHIPbSI B CEKTOPE, YTO MO3BONIAET ONTUMHU3UPOBATH PACXOJ MOHOKPHUCTAJIIOB PAa3HBIX IPYMII
NPOYHOCTHU MPU U3TOTOBJICHUU KOPOHKH [3].

JanpHeiimas pa3paboTka HOBOTO MOPOIOPA3pyLIAIONIET0 MHCTPYMEHTA C CHHTETHYECKUMH ajIMa3HBIMHU
MOHOKpPHCTAJUITaMH OyJeT HampaBieHa Ha CO3JaHWe KOPOHOK C ABYMS paJHalbHBIMU PSAAAMU B CEKTOpE, KOTODEIE,
0 MPEIBAPUTENBHON OlleHKe, OynyT Oomnee 3 PeKTHBHBIMH.
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KOMILUTEKCHOE OCBOEHHE MECTOPOKIEHHH TBEPJBIX
MOJIE3HBIX HCKOITAEMBIX H BE30ITACHOCTb T'OPHOI'O
ITPOH3BOJICTBA

FANGBING LI, DACHUAN FENG, CHUWEN GUO
China University of Mining and Technology

STUDY OF THE SAFETY PERFORMANCE OF ABRASIVE WATER JET
CUTTING IN COAL MINE

Abstract

With the feature of cold cutting, the 1111abrasive water jet cutting technology can play an effective role in
explosion in coal mine. In order to demonstrate the safety of abrasive water jet cutting, built the cutting bench and
carried out safe cutting experiment. It will provide an experimental basis to the application of abrasive water jet
cutting technology in hazardous environments.

Keywords: coal mine ; abrasive water jet; cutting bench

Preface

Coal mine contains large amounts of methane gas, whose main component is methane, which is produced
from the humic type organic in coal-forming process, As a large number of methane gas is leaking into the mine in
the mining process, though good underground ventllatlon will take away most of methane gas, there is still a certain
concentration of gas in the actual working environment™. Explosive gas when the gas concentration in the air is 5%
to 16%, can explode in the case of high temperature (650 °C~ 750 °Q? Thus, using conventional thermal cutting
approach is very dangerous in the coal mine. In order to protect the safety of staff, it's necessary to use safe cutting
technology. Abrasive water jet cutting(abbreviated AWJ, the same below)ls a cold cutting technology, which is
closely related with safety engineering. it's clean, odorless and non-gas®®! .so it is suitable in the hazardous mining
environments.

AWJ technology is based on liquid booster principle!. The mechanical power can be converted into water
pressure energy , high-pressure water flows through the nozzle, so that the water pressure energy can be converted into
kinetic energy to form a high-speed and high-density water jet mixed with a large number of abrasive particles™®!. Its
impact on the workpiece is used in cutting operation. Thus, in the course of cutting steel and other metals, the abrasive
particles will inevitably collide with the metal, so there may be higher local temperature and even producing sparks, when
the temperature exceeds the ignition of gas, there may be a gas explosion in the coal mine!.

This paper discusses the safety of the application of AWJ cutting machine in coal mine gas environment by
the testing method.

The Design of Cutting Bench

According to the actual situation, Made sure the AWJ cutting system is running in the simulated gas
enviroment. In order to explore and validate the safety of the AWJ cutting system in coal mine ,observed if there are
sparks and explosions in the cutting process in different gas concentration. It will provid an experimental basis for
AW] cutting system ’s development and application in coal mine.

1. The Profile of Cutting System

As is shown in Fig. 1, the AWJ safety test system in coal mine is composed of AWJ cutting system and the
gas environment cutting bench .In this paper, Abrasive suspension jet (ASJ) which is also called as pre-mixed
abrasive water jet,is coordinated with the cutting bench. Gas environment cutting work system mainly consists of
gas supplying device,gas measuring device, temperature measuring device and the cutting bench.

Abrasive Supply Cutting Bench
1.Tank 2. Filter 3. High pressure pump 4. Electric motor 5. Unloading device 6. Pressure Regulator 7.
Pressure gauge 8. one-way valve 9. regulating valve 10. Abrasive tank 11. Mixing chamber 12. Nozzle 13. Cutting
objects 14. Slideway15. Gearing 16. Cutting bench 17. Cutting Tank 18. Gas concentration measuring device
19. Gas supply device
Figure 1. The ASJ Gas environment cutting system



2. The Structural Design of the Cutting Bench
Cutting bench is the core of experimental system and its structure desigh will be introduced as follows.

Figure 2. 3D Design of the gas environment cutting bench

As shown in Fig. 2, the cutting bench with Length 800mm, width 600mm, height 400mm,is welded by the
triangle. The top and around the workspace is welded by metal and fixed on the edge of the angle iron by the rivets.
In order to facilitate cutting, metal chamber built two slide rails, mounting slide on rails, cut piece is secured on the
slider pushed by the cylinder.

Since the experiment has been using gas, for security reasons, the metal chamber side opened a small hole
to access the gas concentration sensor installation. Measure the concentration of methane gas in the metal chamber
by on-line real-time measurement,while both meeting the cutting environmental condition and preventing high
concentrations of methane gas. Install infrared thermometer for temperature measurement, compare the temperature
of cutting piece with the gas explosion temperature to draw a conclusion.

Experiment and Phenomena

According to the design requirements,carried out the processing of each part of the structure , and
eventually built a cutting bench. In view of the experiment the conditions of the laboratory equipment, this safety
cutting bench is connected to abrasive suspension jet cutting system.

Based on the Shanghai University Baodong Xu's study™ we selected the appropriate cutting speed,
cutting target distance and other parameters, carried out a series of experiments, experimental results shows that the
cutting bench has good explosion-proof function, even if there are sparks caused by the the friction between the
abrasive particles and the steel, it is surrounded by the rapid flow of cold state water, and the heat is taken away, so
the temperature is lower than the ignition temperature of the gas explosion, in addition, spark lasted very shortly, No
big concentration of energy wouldn't cause gas explosion. Figure 6 is the captured spark in the experimental process

Conclusion

- AWJ cutting is a "cold" cutting technology. It's suitable for coal mine production because of its low
temperature, simple structure and cutting safety, etc.

- The explosion-proof AWJ cutting bench is safe, relatively lightweight, and can be use in the coal mine.

- The monitoring system of this bench is simple and effective, and its parameters are reasonable, thus our
experiment can have expected effect by this system.

Water jet technology provides a new technical direction for safe coal mine production with its "cold"
feature, and its effectiveness and feasibility are proved by experiments. In order to improve the efficiency and
ensure the production safety, we need to carry out more experiments to optimize theAWJ cutting equipment.
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THE ACCESS METHODS FOR DEPOSITS IN UNDERGROUND MINES

Abstract

The following paper describes the vertical and inclined access headings connecting surface with the
deposit. There were given advantages and disadvantages of opening-out deposits by vertical and inclined shafts and
declines in the text. The conception of the TBM driveage method, drive advance and heading support was
characterized basing on the opening-out project for ”Przeciszéw” deposit.

Introduction

Every underground mine independently from type of planned ore to excavate needs to plan the method of
accessing the deposit. One of the most popular, traditional way is to access deposits by vertical shafts. The other one
is to bore a descending gallery from surface to the deposit, sometimes called as an inclined shaft but it is not the
same thing. Incline shafts are used to make the transport ways on each excavate level in the mine shorter while
descdending galleries (declines) are responsible for ore continuous delivery.

Selection of access method

The most important thing in selecting the deposit access method is economic calculation. There is a
possibility that more expensive type of opening-out heading would bring more profites in the future because of
bigger efficiency. To make a good economic analysis the new technical solutions [11], the way of boring and type of
heading need to be considered during the access method selection [13]. In addition to above the following things
have to be included in deposit development plan: natural hazards, time provided for project realization, depth of
excavation, gradient of deposit, trend and dip direction and other necessary geological concepts for economical
substantiation [13]. The basic way of choosing the access method is based on the identification of the deposit,
underground or open pit method selection regarding geological, constant conditions and economical balance [9].

Generally, using inclined shafts indicates shorter transport headings than in classical, vertical method what
in reality can increase the level of extraction. But in that case the present tilt has to be considered — the capacity of
skips is much lower than in vertical model and a special gib with anti-block systems for skips is needed [15].

Vertical shaft is the most expensive access system for carrying out the ore on the surface. It is connected
with very big advance rates cautioned by lack of continuous transport and necessity of employment a specific
number of workers only for the shaft support.

Declines or descending gallieries are usually bored with gradient from 6° to 10° (sometimes even up to 14°). The
biggest advantage of this access system is the continuous delivery possibility which can be even up to 12 min tons/year
[2]. Of course excepting pros there are some disadvantages of this system. The very big problem is boring declines in
rocks with very high endurance but the worst thing is when very weak rocks are present in rockmass what often requires
using special help methods like freezing rocks [2]. In the situation when declines are the planned method of deposit access,
the way of boring is worth for be discussed. The development of the TBM (Tunnel Boring Machine) in the last few years
makes a possibility to reduce costs of investment. A TBM complex can be used in drifting works as an alternative to road
header and explosive charges because of its high advance rates.

The ”Przecisz6w” project

The ”Oséwigcim-Polanka 1” is a coal seam located underground nearby the former german death camp
called ”Auschwitz” with 534 min tons of coal of which 25% are recognized as balanced resource. The KOPEX
Group mine project assumes extraction from 3 to 4 millions tons per year with opening-out deposit by 3 declines
bored by TBM complex with a total length about 5km [16].

Because of very little information about geology at that region the further part of this paper is basing on the
geological data from Chrzanow region (which is located 30km from Przeciszow) that with a high probability are
similar.

Basing on the mentioned geological data the following types of rocks are provided to exist in the rockmass:
dolomites, limestones, schists and sandstones with local underground water existance. The average UCS (uniaxial
compression strength) and DRI (drill rate index) were counted basing on obtained geological data and graphic
correlation occuring in Rock Excavation Handbook. To calculate the most important parameter — Average Rate
Advance (ARA) the RME (rock mass excavability) index was necessary. It was counted using table 1.

For the UCS = 45,59MPa, Drill Rate Index DRI = 71,08, the character of the rockmass homogenity: mixed
with number of joints per meter: 8-15 and oblige orientation with respect to tunnel axis, stand up time for TBM — 40
hours and groundwater inflow below 20dm?/s

The index is: RME =71
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Table 1
Endurance parameters with scoring [14]

Lpsa Akl Qe s e s REange of i rock (00 35 pasimisf

Bt iy -8 ] Lol ] L = [l
T T | & LT | ] ad n
Dirilim ey [O- 18 punin]
T - L] s Fdl te A =
L e ] ik L1 ] L] b i
DriiaderiliFiidliea al v biFiced i0e 330 poidE)
AR R R . by ol e par asrter  DrsEsapiecn seee repech b el poes
B Py e e Bl L -  BiL S 38 Frr i nimadde | Flnces i d
il AWE] Vi o k] r 1n N n L] a o
Hil@mnd wafs ihina [0-29 pdirial
il i =& 512 iR &m o
dhem gy o B L1i} L] R
A - -] - o =50 = -]
-h.-l-.g 8 L] x i 3

The Average Rate Advance is described by the formula [14]:

where:

Summary

The element which decides about the deposit access method is economic balance which is determined by
existing geological and technical conditions. Accessing deposit by declines bored by TBMs can be very profitable
provided that the minimal average advance rate is achievied. The progress of TBM is conditioned by the type of the
machine and thus by the endurance of rocks forming rockmass. The minimal ARA index is estimated by specialists
and TBM’s producer. Mining solutions used in boring by TBM are based on civil engineering solutions.
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TECHNICAL PROJECT OF A LONGWALL SYSTEM OPERATION IN A
HARD COAL MINE

Summary:

The paper presents a structure of a technical project of a longwall system in a hard coal mine. The example
of such a project described in further part of this paper is the basis for graduate the engineering studies at the Faculty
of Mining and Geology at Silesian University of Technology.

1. Introduction

In every Polish coal mine there are documents exist such as technical projects of longwall operations.
Technical project is elaborated to determine a safe and economical way of extraction of minerals. Each one of such
documents is being prepared on the basis of existing legislation, accordingly to other existing documents Mine
Operation Plan, Regulation of the Minister of Economy on the occupational health and safety, mine operation, and
special fire protection measures in underground mines, Geological and Mining Law and other. Technical projects of
longwall operations were elaborated during the last 3 semesters of engineering studies. It was the basis for getting
the first professional degree - the engineer title.

In the technical project should be included information regarding following issues:

— Mine-geological conditions and tectonics,

— Natural hazards associated with mining extraction,

— Location and identification of shaft protective pillars,

— Parameters of the designed longwall,

— Technical equipment of the longwall,

— Mining technology,

— Organization of work and control in the area of the longwall,

— Ventilation of the area.

2. Maps of the coal seams

In first stage, on the basis of initially given assumptions, localization of exploration drills and mining area
surface have been determined. On the basis of the drill logs capacity of the coal beds has been determined, what
made a foundation for preparation of coal seams maps. On the basis of diagrams: "Minimization of the access
workings length™ and "Minimizing the transport costs" the location of the main shafts and the peripheral shaft have
been determined. Accordingly to given instruction, geometry of the protection pillars for the shafts has been
determined. The graphic method of pillar design consists on drawing of two lines at the angle of 58° from the
surface of the ground nearly to the edge of a shaft down to the coal beds. The points of intersection of these lines
with the coal seams define the lengths the radiuses of the protections pillars at each mining level. Due to tectonic
structure of the coal bed, there are faults exist, which influence the dimensions of the pillars.

During locating of the shafts within the mining area, there are two important factors to be considered: the
distance of haulage and the costs directly related to the transport. The calculations and results obtained by
determination of the protection shafts have been collected in tables. In this way a set of information about area
protected against extraction works has been obtained.

The next stage of preparation for the elaboration of the technical project was design of the general mine
structure by main access workings. On three coal seam maps prospective extraction fields have been planned in
respect to the mine levels, obtained from the depth-coal resources graphical relation. It was assumed to keep running
four active longwalls, at least one in each of accessed coal seams, with another one longwall being in preparation
stage. A parcel of the coal bed obtained n result of access workings arrangement, became subject of further design
activities. In this way a set of three maps has been obtained, which was the basis for further design phase.

3. Natural hazards considerations

An important part of every technical project is correct recognition of the natural hazards that affect the
safety and comfort of the work. To these hazards must be included: methane hazard, coal dust explosion, rock burst,
fire, water, methane and rock outbursts, radiation, expected geological disturbances.

For each of the above-mentioned hazards a prevention method has been elaborated, aimed on reduction on
its impact on the safety of the work. Hazards determine the way of ventilation, flow rate of air directed to the
longwall, and then the cross-sectional areas of the head- and tailgates in longwall panels.

In this particular project it was necessary to specially consider seismic and rock burst hazards. Factors
which influence the potential rock burst hazard, as large depth of the coal bed the ability of the rock strata close to
the coal seams for accumulation of the elastic energy, presence of the edges of extraction in other seams, and
occurence of faults have been analyzed. The range of influence has been calculated, what allowed to determine high
rock bursting hazard zones. With the use of analytical methods, maximal energies of shocks induced in undermined
sandstone layers have been estimated.
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Based on the data of already conducted extraction works and geological profile, made on the basis of a
exploration drill in the area of considered longwall, its parameters have been determined: longwall height and
length, length of the longwall panel, longitudinal and cross-sectional inclinations.

4. Technical equipment

In the last semester, works on the correct form of the project have been conducted. All necessary
information, calculation and analysis of conditions of mine operations in the longwall have been included to the
project. It started with a short characteristic of the coal mine, which contains information about its location, area, the
neighborhood of other mines and data of the mineral resource being subject of mine extraction.

The information includes:

— Participation of each geological formations in the overburden,

— Roof and floor conditions in the coal seam (strength, thickness),

— The location of mining levels,

— The number of active longwalls in the coal mine,

— The way of the access to the bed for analyzed longwall,

— Tectonics in the area of considered longwall.

The next step was selection of a variant of the technical equipment for the proposed longwall. Several
equipment options have been considered. All necessary calculations have been conducted, then appropriate
proposals have been formulated. From the three proposed options, the most favorable one has been selected in terms
of efficiency and economy. Step by step further parameters have been determined: daily advance of the longwall,
number of cycles, the way of a shearer within a single cycle, the optimum cutting speed, the required efficiency of
the face conveyor and of the conveyor in the tailgate.

After selection of the option, details of longwall machinery and devices have been considered. The
dominant mining system in the Polish coal mining industry is the longwall system in various forms. In considered
case along-strike, retreat longwall system with caving has been adopted. It was necessary to choose properly the
powered roof shield support sections.

The basic parameters which should be considered by selection of the longwall support are: its range of
operation, maximal transversal and longitudinal inclination and the step of the support. Step of the movement of the
support should be no less than the cutting slice of the shearer. Similarly as in case of longwall support, selection of a
shearer must be focused on a number of parameters: height of cutting, cutting slice, maximal velocity of movement.
In aim to haul the coal from the longwall face, appropriate face conveyor and tail-gate conveyor. For these machines
the transport efficiency is a critical factor, which should be equal to the previously determined efficiency of the
cutting machine. The last machine being present in the longwall is lump crusher, which is needed to crush oversized
coal blocks.

Optimal selection of the equipment is a very important part of the project. Also important role is playing the
way of extraction works — extraction technology. First step is equipping of the longwall that means a range of
operations including transport and installment of the hydraulic shields, coal shearer and face conveyor, installation of
the tail-gate conveyor and crusher. When the longwall is already being fully equipped, starting procedure of the
longwall takes place. The starting procedure covers the time from the first cut up to the moment when full collapse of
the roof strata occurs at the whole length f the longwall. From this point the longwall is being considered as regularly
operational. When the front of the longwall is approaching to the end of the longwall panel, the longwall must be
prepared for liquidation. Preparation for liquidation is an intermediate period in the late phase of its operation up to
completion of the extraction. This phase has been distinguished, while during this time changes in the organization of
works may be implemented, mainly in form of change of number of work shifts and number of the longwall crew.
After completion of extraction, the longwall undergoes liquidation. Technical project of a longwall does not cover its
liquidation. For this purpose, separately longwall liquidation project is being prepared and executed.

The next step of the project is selection of the work system and coverage of work positions with required
number of qualified staff.

Another section of the project has been dedicated to the support and protection of the head- and tailgates.
Due to increased rock mass pressures convergence occurs and the gates support should be adequately reinforced.
There is a wide range of methods exist to maintain the proper dimension of gates at the entrances to the longwall.
Implementation of still stringers and props allows improving the performance conditions of the support.

To the project must be also included crew access coal haulage, and material delivery routes schemes.

Ventilation of the longwall is divided into two sub-categories. First part related to the design of the fresh air
delivery and used air removal routes. In the second one required amount of the air must be determined. The
calculations are conducted with regard to the number of the crew in the longwall, methane hazard, and
maximal/minimal air flow velocities being allowed in longwalls.

In final point a schedule of control measures has been determined, with regard to the current stage of
operation, namely who and how frequent will check the correctness of operations on the longwall.

5. Conclusion

The technical project significantly facilitates the work of mine management personnel. It allows gathering
all most important information in one place, what is necessary for properly management of mining works. In case of
geological disturbances occurrence in a form of faults, corrective measures might to be applied to the project. Such a
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document should be elaborated on the basis on reliable data, while the health and safety of the mine personnel is the
most important issue in mining industry.

Elaboration of the technical project of the longwall allows the students to learn how such documentation is
being prepared, and analyze commonly occurring problems, which an engineer may face in practice performing his
future job in a coal mine.

M. MALANCIUC, C-V. POPA, V. ARAD
University of Petrosani, Romania

COMPARATIVE STUDY OF MECHANICAL ROCK CUTTING

Abstract

The paper deals with the results of laboratory experimental researches, performed in the past years , in view
to establish the parameters characterizing the behavior at cutting of different mineral substances (coal, salt) and
surrounding rocks( marl, clay, sandstone) and the laws governing their interdependence in respect to increase the
working effectiveness of rock cutting equipment such as shearer loaders and roadheaders.

Keywords: rock, experimental, cutting, shearer loaders, laboratory.

1. General Consideration

An important and very complex issue in mining industry is the rock cutting mechanization, in general, and
the cutting using shearer loaders(SL) and roadheaders(RH) in particular, for underground mining. The experience
gained worldwide and in Romania also, confirms, that in the foreseeable future the longwall technology and the
drivages development in soft rock such type of rock cutting machines will be used. The up to date experience shows
that regardless their technological level, these machines must be compliant with the working conditions, the
appropriate selection and operation represents the main reserve in improving their operational performance.

The paper presents the results of theoretical, laboratory and field researches regarding the behavior at
mechanical cutting of coal, salt and other different rocks from the main mining basins of Romania, as well as the
essential correlations necessary to the knowledge of the working regime of the SL and RH taking in mind the
improvement of their performances.

In this situation it is necessary to study the interaction machine-massif in general and specific conditions, in
order to derive the general laws of correlation between parameters and the specific application for a given machine
in given conditions.

2. Performing Experimental Research

The experimental research may be performed in lab conditions on samples collected from the ore-body or
directly, in situ on field. The lab essays have the advantage of a high accuracy and possibility to establish many
parameters. In situ assays have the advantage of being close to real conditions, but due to the difficult conditions in
underground environment, the accuracy and number of parameters measured is limited. A rational way, as resulted
from the literature, is to verify in situ main results of lab assays, and correct them accordingly.

The laboratory assays required an appropriate testing rig. The most accessible is to be used a shaper or
planer machine tool with technical feature appropriate for the purpose. In fig. 1 a shaper based test rig is presented
and the main components can be observed.

Figure 1. Shaper type laboratory rig : 1-rock sample; 2-test bit ; 3- dynamometer; 4- slider-crank mechanism; 5-
actuator block

The lab tests require also a correct collection and conservation of samples. So, the samples were collected
in cubic shape using removing tools which avoid creation of supplementary stresses during collecting, were covered
with paraffin wax to avoid weathering in contact with the air and after their transport in lab were cased in gypsum
and wood boxes. The assays were performed short time after collection.

In fig. 2, such coal samples are presented , covered with paraffin wax layer of 1-2 mm , introduced in
wooden boxes and reinforced with gypsum.
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The prismatic bits used on the testing rig have a special construction, their longitudinal axis being inclined
with 40 degrees relative to the cutting direction. Some of the geometric parameters of these bits are with fixed
values, others are variable ones, function of the results aimed to be obtained. In fig. 3 an example of layout of the
test bit is presented, with o and § changing parameters, respectively from a.to o' and f3 to .

Figure 2. Preparation of samples for testing on rig

Figure 3. Layout of test bits; realization of the test bit kit

In order to measure the cutting forces, a dynamometer has been devised, as in fig. 4. The transducer
element consist in an cantilevered beam with strain gauges, which are located in such a manner that they can
measure the strain produced by the bending moments due to F,, Fyand F,.

The electrical measuring block is formed by a system of strain gauge bridges which allows to be measured
the three components of the cutting force, and a recording-display system with DAQ card and a PC. (see fig. 5).

By performing the experimental assays, we have had in mind the determination of the cutting forces, of the
specific cutting resistance, the breakout angle of the chips resulted, their dependence on depth of cut, on
characteristic angles of the cutting tool, on the width of the cutting edge. During each assay, the components of the
cutting force were measured. An example of recorded diagram resulted from one cut measure is presented in fig. 6.

Figure 4. Layout and materialization of the dynamometer

58



r i i:ﬁjs'L:%.

Figure 5. The measuring- recording block : T; — strain gauges ; 2-bridge & amplifier; 3- oscilloscope ; 4- DAQ
card; 5-PC computer; 6-Monitor; 7-plotter
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Figure 6 . Fragment of a the recorded diagram of cutting force value

3. Results Obtained

After performing the experimental assays, and data processing, a series of dependences between different
parameters has been derived, regarding different coal deposits in Romania as a function of cutting depth, rake angle,
cutting edge width a.s.o .

Among the most important characteristics, we can mention: specific cutting resistance, cutting force,
penetration force, lateral force, breakout angle and specific energy consumption, as it can be seen in fig. 7.

Taking into account the relation F,=A h, (A being the specific cutting resistance and h, being the depth of
cut), which is in unanimity accepted by the literature, it results that the tangential force F, has a linear dependence
on the depth of cut h,, and A is a constant in rapport with h, having a well determined value for a given type of coal.
Contrarily as it can be seen from the empirical data, the specific cutting resistance A is highly dependent on values
of the rake angle o of the cutting instrument. As an example, in fig. 8, these dependences are shown.
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Figure 7. Main parameters of the bit and cut
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Figure 8. Dependence of average cutting resistance A, on raking angle a
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As we can see, for the studied range for a between 0°and 40° all the curves are decreasing ones, having a
inflexion point at a certain value of o

The breakout angle of removed chips is important to estimate the volume of rock detached and it has been
calculated measuring the volume of the chips footprint and using the appropriate geometric relation, approximating
the chip with a trapezoidal prism. In fig. 9, the variation of the breakout angle ¥ in respect to the depth of cut ho is
presented, for different types of coal, and we can notice that it varies between 500...700 for coal and 30 o... 60 o for salt.

In order to illustrate the differences among different coal, rock and salt types, in fig. 10 the specific energy
Es variation in respect with ho is presented.
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Figure 10. The variation of specific energy consumption in respect with the depth of cut

4. Conclusion

The comparative analysis of experimental data obtained on a large number of coal and salt samples shows
that the cutting parameters varies in large limits, so for each rock and each cutting machine it is necessary to know
the interdependences between the rock properties and tool parameters.
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THE INFLUENCE OF TIMING ON CRACK DEVELOPMENTS
WITHIN BLASTHOLES

Introduction

The main goal of drill-and-blast technology in underground mines is the use of effective burden
development. One of the crucial factors affecting its volume is the appropriate selection of millisecond delays of the
blastholes. Up to this point, the selection of the firing time has been based solely on field tests and empirical
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conclusions. No effective analytical tools have been available until now. Taking into account the importance of the
excavation process within the entire production cycle, it’s clear that only systematically furnished research - based
on numerical simulations and supported by field observations - enables the selection of an optimum solution from
the number of technically allowed solutions applicable under given mining conditions.

Selection of millisecond delays

One of the critical issues of blasting works design is the appropriate selection of millisecond delays. This
selection has a direct influence on the development of cracks caused by explosive detonations. This may be attained
by the use of non-electric detonators, which are manufactured with several different variants of delays - and
electronic detonators — fully programmable in delay increments of 1 ms from 0 to 15,000 ms, which offer a great
advantage in reference to both electric, or non-electric initiation systems. The idea of the use of electronic detonators
lies within the initiation of the explosive inside the blasting hole. This occurs while the detonation in the previous
hole is in progress. Thus, the following blasting hole is detonated when the rockmass has been weakened by the
detonation in the previous hole. This means that the firing pattern and the delays between the following blasting
holes should be designed so the detonation in a given blasting hole may take place when the displacement of the
rockmass (as a result of the detonation of the previous charge) has occurred, i.e. when the undisturbed rockmass has
been fractured. This is presented in figure 1.

Delay times between individual blastholes or single rows of blastholes are selected based on the designed
volume of burden and spacing dimension between them. Aside from the selection of appropriate delay times, the
effectiveness of blasting works that use an electronic detonation system also depend on both the parameters of
explosives used and of rock being excavated. Using delays between the individual blastholes enables better control
of the blasting works effect. This can be assessed by the high level of fragmentation.

e

A-  Single row of blasthole fired simultaneously
B- Single row of blastholes fired with excessive delay time
C- Single row of blastholes fired with optimum delay time
Figure 1. The influence of timing on explosion energy interaction between blastholes [1]

When considering KGHM’s mining conditions, the selection of optimal delay times is based on research
investigated by a team led by Sniezek [2], which, to date, is the only available research addressing this problem. The
authors emphasize that a precise selection of delays should be determined for each specific geological and mining
conditions where detonations of blastholes will be conducted.

Numerical blast simulation

The most critical part of a blast development is the appropriate selection of geometry and the firing time of
cut holes — these are a group of holes located at, or near, the center of the mining face. Many different types of cuts
are used in mining, including the most common types the parallel and V-cut. The parallel cut designs are usually
based on blastholes drilled parallel to the mining drift axes and always involve one or several uncharged holes. This
creates an additional free face for the blasted rock. The object of the research is the use of prismatic cut, which is
formed by a blast of several closely spaced parallel holes located near the center of the mining face, however, only
some of them are loaded with explosives. The blasting is carried out towards an empty drill hole(s) which acts as an
opening. Several different drilling and firing patterns of cut holes were investigated regarding their efficiency. Two



of these are presented in this paper: a parallel cut with two uncharged holes in the center and a prismatic burn cut
with four uncharged holes (fig. 2).

A numerical problem solution and results visualization was based on a LSTC LS-Dyna computer program
code. This code utilized a highly nonlinear transient dynamic finite element analysis using explicit time integration.
Computer modeling of crack developments require a representative material model of the rockmass in addition to an
explosive agent. Detonation of the explosive was described using a burn model based on functions determining the
degree of burn of explosive in the given finite element [3]. The surrounding rockmass subjected to dynamic impact
was mapped using the RHT material model [4], which describes the behavior of brittle materials (concrete, rock) at
relevant strain rates and pressures.

Figure 2. Drilling and firing pattern of cut with empty relief hole — case 1 (left) and 2 (right)

The results of numerical investigations for both analyzed cases were interpreted with respect to the
development of cracks. Fragmentation patterns are presented in figure 3. The results showed that fragmentation is
higher close to the center of the cut as expected. The effects of firing simulations of the analyzed cuts are similar,
but it’s also apparent that delay times in some blastholes were not optimally selected. Some of the blasting caps
detonated at a time when cracks from the previous detonators were still developing. Both analyzed cuts have
sufficient volume of burden in order to be used effectively in practice. Furthermore, the presented method may be
used for verification, whether the diameter of the surrounding blasthole is not reduced, which may result in misfires
due to critical diameter of bulk emulsion explosives. The presented results have confirmed that the application of
innovative numerical tools to optimize drilling and firing patterns within the cut holes may improve the
effectiveness of blasting works in underground mining conditions (see also [5]).

Figure 3. Cracks developments for case 1 (top) and case 2 (bottom) after detonation of cut [6]
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So far, obtained computer simulations have produced some valuable results. However, moving forward,
additional work is required to determine a reliable material model which will reflect geomechanical parameters of
the ore zone rocks. Further investigation and research should focus on experimental material tests of rock samples
from KGHM mines in order to determine their mechanical properties. Within the framework of experimental testing, both
static (tensile strength machine) and dynamic tests (modified split Hopkinson pressure bar) should be conducted. The
project is still being carried out and additional results of determining a material model are expected soon.

Conclusions

The obtained fractures’ spatial distribution is one of the most important criterion in the effectiveness of
blasting in a given shot-firing pattern. The material presented in this paper may be treated as an introduction to a
broader discussion on analytical tools modelling detonations, as well as on the scope of research necessary for
obtaining a reliable forecast of effectiveness for drill-and-blasting technology. The achieved results have shown that
the effectiveness of designed drilling and firing patterns can be easily simulated by the use of numerical tools, even
simplified, as described within this paper. Considering that the implementation of a mechanical excavating system
in KGHM’s mines has not yet reached a successful level - blasting technologies should continue to both be
improved and developed to achieve their maximum efficiency.
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PREVENTION HAZARD CONTROL DUST IN COAL PROCESSING
PLANT - A NEW SOLUTION ON THE EXAMPLE OF «BUDRYK» COAL-
MINE

1. New Solutions For Prevention Control Of Dust Hazard

Preventive measures used directly to deprive the dust volatility slowly become a regular part of the
technical equipment and the technological. These measures are already being used in some mines. Basic element
that differs them from each other is the cost of their operation and their effectiveness. Most of the proposed solutions
is based on the suppression of the dust cloud with water spray. Fog is produced by properly installing built which
dissipating water or water with additional chemicals. These systems can be used in conveyor belts and parts of
vibrating screens.

2. Tests Operating New Solutions For Prevention Control Of Dust Hazard In ""Budryk' Coal-Mine

In agreement with JSW S.A. ("Budryk" Coal-mine) and scientific unit (Silesian University of Technology
in Gliwice, Faculty of Mining and Geology, Mining Institute) in the Department of Mechanical Coal in "Budryk"
Coal-mine has been installed and deployed to the traffic system spray. Installing a measure depriving dust volatility
uses water mist. The installation was included in the traffic 06/05/2014 year and used to continue. As part of the
research work done initial testing and tests of operational system.

2.1. Description Of The Solution

The device is mounted just above the broadcast with. An essential element of the device are three special
nozzles that produce a continuous stream of water mist. Water mist binding to the dust particles causes the descent.
Each of the nozzles has the water supply. This allows for adjusting the intensity of the devices as required. The
nozzles are connected to the metal tubes to each other and connected directly to the power source using commonly
used in mine joint fire. The nozzles is attached to the upper shell. Cover is made of stainless steel. At its ends
attached are additionally aprons rubber side (with adjustable length, made of flame retardant material) that enclose
the space around the conveyor before too much moisture. Below is a diagram of the structure - the view from the top
and from the side. The whole installation is suspended above the conveyor by means of a steel chain.

Legend:

= 1 -serpent power

= 2 - the main shut-off valve
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3 - connector installation fire

4 - metal supply lines jets

5 - spray nozzles

6 - upper cover, made of stainless steel
7 shut-off valves nozzles.

Figure 2.1. Installation scheme using a volatility measure depriving dust mist - view from the top and
side view [K.Straczek]

The sprinkler system can be fully used successfully to protect places threatened by a large build-up of coal dust
in coal preparation plants. It does not specifically increase the moisture content of the feed being transported on a
conveyor belt. The construction of the plant allows the administration of water mist in a continuous and direct it in place to
generate dust. An important advantage of the installation is completely mechanical construction without electronics.
Optionally, you can upgrade the installation of various types of sensors, with which it will work. This may be a motion
sensor or a presence sensor strip feed on the tape. Installation is simple to install and operate. It has the ability to work
from a pressure of 1.2 bar and the nozzles producing a mist consume only 3 liters of water per minute each. This setup can
also be installed in underground mining [1]. Below is a picture built and connected equipment during operation.

Figure 2.2. Installation image using a volatility measure depriving dust mist [K.Straczek]
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3. Results Of Observation (Preliminary Tests) Existing Apparatus

After installing the sprinkler system for a dumping, and implementation of its movement was observed
reduction of dust, which certainly improves safety and working conditions. During operation of spraying and after
consultation with those employed in handling conveyor observed the following changes:

= visible reduction of dust (below the conveyor in the region of the passage next to the conveyor in the area
before broadcast with, in the region of the broadcast with),

= pressurized water that is directed from nozzles precipitated dust particles from the air,

= changes in optical and around the pouring conveyor (conveyor little moisture, low humidity floors in the
area go, significant reduction in the amount of coal dust in the air, low humidity air in the workplace),

= heneficial to the control of dust during processing,

= fine water mist, which is not transmitted over long distances in the air,

= advantage of the installation is a simple design (ease of installation, the possibility of any configuration of
construction, the ability to adapt to different types of impact loading, of unloading, etc., installation made of 90% of the
material areas of the mine, simple-to-use system - to run off and regulation installations are shut-off valves),

= reliability - the system is utilized for several months - this time is no problem or interruption in the
operation of systems.
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DEM INVESTIGATION OF GRANULAR BACKFILL PRESSURES
IN MINE SHAFTS

Abstract

Numerical studies have been conducted to investigate the earth pressure distribution in mine shafts filled
with granular material. A 3D discrete element approach was applied to simulate the shaft backfilling process. The
particles have simple shapes using three-ball clumps. Friction between particles and friction between shaft wall and
particles were taken into account. As a result, the silo effect was observed via stress/pressure distribution along
backfill column. Based on numerical simulations a modified Janssen’s equation is proposed for analytical
stress/pressure prediction.

Keywords: DEM, silo effect, shaft, earth pressure, ballast, backfill

1. Introduction

The problem of mine shaft backfill is one of interests for closing mine. In practice, most abandoned mine
shafts are backfilled with granular material, e.g. rock ballast. To isolate the shaft from underground voids, such as
drifts, workings, cavern etc., locking plugs and retaining structures are needed. Generally, locking plugs are used to
separate different sections of backfill and retaining walls are built in the workings adjacent to the shaft. The
pressures of backfill exerted on these structures are important input parameters for geotechnical design and
dimensioning. Conventionally, pressure on locking plug and earth pressure on retaining wall are determined using
Janssen’s theory[1]. Due to the tube-like shape of the shaft, backfill is partially supported by the shaft wall due to
the friction between wall and backfill particles. Therefore, the pressure of backfill increases non-linearly with
increasing height of backfill column and stabilises at the certain height. However, the key parameter in Janssen’s
solution, the value of lateral stress ratio K, is controversial and can be determined by different methods which may
lead to large discrepancy. This theory is mostly applied for silo problem filled with cereal or other particulate
materials. The geometry of silos rather differs from that of mine shaft and the properties of these materials are
different from geological backfill. Therefore, the Janssen’s theory for silo problem may not be appropriate with the
problem of mine shaft.

This paper presents the simulation of the behaviour of granular material inside the shaft using PFC*® under
consideration of the mechanical properties of the granular backfill including grain-size distribution, particle shape
and the friction angle. A simple clump template was used to describe particle shape. Grain grading was also
incorporated in modelling. The first part describes the simulation of repose test, which is used to determine the
relation between micro friction of particle in numerical model and the repose angle. The second part deals with the
simulations of shaft backfilling with granular material using different micro friction between particles and shaft
wall. The numerical simulations depict the filling process, the effects of the friction at the shaft walls on the pressure
distribution. The silo effect was well observed in by the numerical simulations. Pressure values obtained from
numerical models were compared with those calculated by Janssen’s theory [1]. Discrepancies between numerical
experiment and Janssen’s theory were found.
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2. Janssen’s theory

According to Janssen’s theory, the vertical pressure (#s) and the horizontal pressures (@) of backfill at
depth z are determined by Eq.1 and Eq.2, respectively:

)

@

where: ¥ is lateral stress ratio, mss is friction coefficient between material and wall, = is bulk density of
filling material and R is radius of shaft/silo.

3. DEM modelling

The interaction between particles is characterized by contact constitutive models between the entities
(particle-to-particle or particle-to-wall). A linear contact model was used in this study. This model is defined by
normal and shear stiffnesses k, and ks of two contacting entities [2]. It is assumed, that every contact is characterized
by contact Young’s modulus (Eg) and the ratio of particle normal to shear stiffness ky/k;. Values of normal and
shear stiffnesses for each particle are related to particle radius ™ and can be determined by using the following
equations:

©)
4)

Theoretically, granular material can be modelled in real size and shape as proposed by Ferellec and
McDowell [3] and shown in Fig. 1-c. However, for a huge number of particles the model should be simplified. In
this study, a three-ball clump was used to describe particle shape which creates rolling resistance (Fig. 1-d).
Referring to a ballast material used for a shaft backfilling project [4], upscaling of grading was applied to reduce
computational effort.

(a) (b) (c) (d)
Figure 8. Examples for ballast particles (a) and its clump representation using different number of spheres
(b, ¢) [5] and the clump triad (d)

4. Simulation of repose test

The stable angle of rock ballast slopes after dumping in drifts varies between 42 and 45 degree [4].
Numerical simulations of the repose test provide a simple basis for the micro friction calibration. As a result of these
simulations, variation on angle of repose was obtained depending on micro friction of particles (Figure 9). The
results indicate that the angle of repose increases almost linear with increasing micro friction up to a certain limit,
i.e. 42 degree corresponding to a micro friction coefficient of 0.4. When micro friction is greater than this limit,
there is almost no further increase of repose angle.

4.1  Simulation of shaft backfilling

4.1.1 Shaft parameters

A cylindrical shaft model with diameter of 5 m without connection to underground drifts or filling stations
was used to investigate the silo effect of granular backfill. The pressure exerted by backfill, i.e. normal pressure on
shaft wall and vertical pressure on shaft bottom is obatined. The shaft was modelled by wall elements. It is assumed
that there is no convergency of shaft walls. Based on symmetry conditions, only one-fourth of the domain was
analysed to reduce the computational effort (Fig. 3-a). The symmetry planes are modelled by flat walls with zero
friction. To save computational time, simulations of shaft filling were performed using an upscaling factor of 5 for
particle sizes. Most simulations were performed with particle density of 3.0 T/m? contact stiffness modulus of 0.5
GPa, and stiffness ratio of 1.0.
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Figure 9. Simulation of repose test and the relation between angle of repose and micro friction coefficient
(based on ‘triad’ particle simulation)

4.1.2 Shaft filling simulation

A series of particle packages, called ‘clouds’ of ballast, were generated randomly at certain height and
within certain space inside the shaft. The dumping process is driven by gravitational force until the shaft is filled to
the desired height. Fig. 3-b shows the filling process. This scheme was emloyed in order to archive a random
distributed assembly in the shaft.

The compaction of the backfill column, stress state at any location or pressure on walls can be monitored
during the simulation process. A series of numerical experiments was conducted with different micro friction
coefficients between particles and walls.

(a) (b)

Figure 10. Side view and top view of one-fourth model (a) and filling process at different states (b)

4.1.3 Results of simulations

Figure 11 illustrates the distribution of different variables obtained from simulations along the granular
column in shaft for various values of micro contact friction between material and shaft wall. The effect of wall
friction on the pressure distribution is shown in Fig. 4-a,b. These results confirm the silo effect. The pressures
increase with depth and saturate at certain depth. The saturation pressure and depth of saturation is a function of
wall-particle friction. If wall-particle friction is very small, i.e. 0.001, which is unrealistic in practice, almost no
pressure is supported by the sidewalls and the exerting pressure distribution is nearly hydrostatic. The fiction
between particles should have influence on the compaction dumping material. However, due to the height of filling
column, the overburden fill minimize this affect on the final compaction of backfill (Fig.4-d).

The dashed curve (Figure 12) describes the distribution of vertical pressure calculated from Eq. (1) with
Ww=0.5 and K=0.4. The curve of vertical pressure obtained from numerical simulations level-off earlier than
Janssen’s prediction. Besides, there is a linear part at the top of the backfill column that the Janssen theory does not
describe. This behaviour can be characterized by two-component curve, i.e. a part of perfect linearity followed by a
part according to Janssen's theory. The discrepancy between Janssen’s theory and numerical simulation decreases as
the wall friction decreases.

67



Ver. Pressure [MPa] Hor. Pressure [MPa] K[-] Porosity [-]
00 02 04 06 0800 0.1 0.2 0302 04 06 08 040 042 044

T T T T T T T T T T T T
04 Wall-particle | | i I 10
friction
5* O 05 1 7 1 r 5
—0—04 )
10 4 A ‘6‘ 8 + 10
Y Q
I
154 4 A 5 1 + 15
L | <o) =
.E. TRA E,
= 204 4 A —'.«?0 1 + g 20 £
S .j“‘ A ey o
g o < al
25 11 @% ] . o 125
;
d.‘ S
Tr] ‘
304 4 A 8 + q 430
o
o
35 4 8 - g 135
401 " L : 40
(a) (b) (d)

Figure 11. Variables versus depth for different wall-particle friction coefficients, particle - particle friction is 0.4, K
is lateral earth pressure coefficient
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Figure 12. Vertical pressure vs depth

5. Conclusions

DEM simulations are appropriate to analyse the silo effect in shaft backfill. Both the dynamic filling
process and the behaviour of ballast column after filling can be considered. Symmetrical models help to reduce
computational effort remarkably. The height of ballast column at which the stresses saturate can be estimated based
on given friction coefficient for specific grain grading and compaction degree. Pressures of granular column on

retaining structures can be predicted. Numerical simulations are more realistic and show some deviation from
classical Janssen’s theory.
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INTEGRATED DEVELOPMENT OF SOLID MINERALS DEPOSITS AND
SAFETY OF MINING OPERATIONS

Overview of the metal content in mining waste tailings at the example of two tailings in Freiberg mining
district, Germany and metal extraction from their samples by bioleaching.

Abstract

Growing demand for metals and at the same time exhausting of the high-grade mineral deposits across the
word changes the value of all available mineral reserves. New applications in the industry make us looking for the elements
that in former times were not considered as valuable and industry vital. Thus, such elements as Rare Earth Elements (REE)
which can be associated with some mineral type were not separated and went to the mining tailings with depleted ore. As an
example metal content of two mining dumps “David Schacht” and “Hammerberg” nearby Freiberg mining district,
Germany was under investigation as a potential ground water contamination source with contents of about 0.5-1.5% zinc and
0.3-1.0% lead as well as arsenic and cadmium. Due to the indium content of up to 3800 ppm in the sphalerite of the Freiberg
deposit, the tailings contain about 5-70 ppm of indium. The samples from mining tailings have been benefited by bioleaching
with leaching yield of zinc 81% (w/w) and indium 87% (w/w) with a decrease of indium after 10 days. An assessment of the
indium amount within the two ponds resulted in 31 tand 9t.
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APPLYING THE ANTYPIROGENIC PHENOL FOAM IN PROPHYLAXIS
OF FIRE HAZARD - THE CONCLUSIONS WITH TESTS AND THE
EXPERIENCES IN COAL MINES

1. Introduction

In coal mines, under conditions which prevent heat dissipation oxidation may cause fire endogenous
following a spontaneous ignition of coal caused by the oxidation of. Therefore, in the seams prone to spontaneous
combustion should be carried out excavation work having insulation and sealing cracks in the rock, resulting voids
old workings, excavations, because the air flowing through the gaps or voids can lead to spontaneous ignition of
coal. This article aims to present the conclusions of the trials and the use of antypirogenic phenol foam in the
prevention of fire hazards in coal mines.

2. Selection Of Places And Applied Technologies

To the performance of the tests with the use of antypirogenic means elected excavations in which there was a
real risk of spontaneous fire. A total of a dozen of such attempts, mainly in the mines of JSW S.A., KW S.A. and KHW
S.A.. Every time a thorough analysis were the location of excavation, the existing risks and possible benefits of the
antypirogenic measures. Before selecting a technology carried out site inspection and measurements were preliminary
(local conditions, gas analysis, air flow, temperature and rock). Isolating places were created voids, crevices, the place
to go through excavations. To this end, there is injected the previously formed foam. Cavity volume is compressed to
pump components intended for this type of foam. In some cases [3] was decided to use the technology consists in
triplicate embodiment spraying of the side to side of excavation. During the trial it focused mainly on measurements of
temperature. They were made using infrared cameras and included several phases. The first phase is to measure the
surface temperature of the sample before, the second measurement during the test and the third consisted of
measurement in a few minutes after the fourth trial and the measurement 7 days after the test. In addition, during all
tests performed photographic documentation in order to make further analysis on the technology chosen to use
antypirogenic phenol foam. An example of such documentation is presented below (Fig. 2.1 to 2.2.).

3. Antypirogenic Means And Modifications

For the isolation of the resulting block, slots, go through the water excavations decided to use a phenol
foam type POROFLEX" [2]. Two-component phenol foam POROFLEX"™ antypirogenic is intended for use in
underground mines for any work in the field: filling voids in the rock mass, dams, around the case, consolidation of
rock mass, cracks, insulation and sealing there, the rocks around there, workings, go drifts through the coal seams,
construction zones, not flammable, deactivate the carbon surface prone to spontaneous combustion. The choice of
this particular measure was dictated by, among others, the fact that it is a product that inactivates the surface of coal,
reducing its propensity to spontaneous combustion (included in class IV inhibitors process of self-heating — the
antypirogens - according to the classification of GIG), flame-retardant properties antistatic. The use of foam as a
carrier antypirogens also results in a reduction in the propensity to spontaneous combustion of coal by deactivating
the surface, with whom he has contact foam.
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Figure 2.1. Pictures of the sides of the excavation made by means of a thermal imager - a temperature increase
[made by the authors]
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Figure 2.2. Photos side of the excavations carried out using a thermal imager - cooling process [made by the
authors]

4. Conclusions From Testing And Experiences

During the tests and experiments used three different technologies use antypirogenic phenol foam. The first
was to isolate places created voids, crevices, places to go through water excavations. To this end, there is injected
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the previously formed foam. The second is the sealing of the side of excavation pits spray polyurea made with the
foam of phenol, in order to protect the coal seam before the self-heating (developing fire slit endogenous) and
emission of heat from the rock to the excavation, and also to reduce the migration of the mine air rich in oxygen,
cracks arising in the rock mass around the him to closed space. For this purpose, made spray methods discussed in
Chapter 2. The third technology consisted of injections, the center into the rock. Used for this purpose wells, which
were injected in phenol foam. Holes drilled side walls of the excavation at an angle of 45° (holes southern and
northern) and in the roof excavation. 2 m length was measured the temperature of the original rock. Then increased
depth of the holes to 6 m and were started injecting antypirogenic means. After seven days, the efficacy of
controlled antypirogenic means performing holes near the new primary, in which the depth of 2 m, the temperature
of the rocks. After a few months (6-8) was carried out another inspection in the same way as before. Using the first
technology in each case obtained a satisfactory effect (reduction of the risk of fire) has been confirmed performed
regularly at these sites measurements, particularly temperature and gas concentrations. Regarding other
technologies, we can conclude that the results obtained are quite encouraging. During the trial it achieved largely
originally founded purpose. Measure the sample temperature in exercise tests showed that even at the peak
temperature of the surface of the reaction did not exceed 60°C. In addition, approx 5-7 min. since the end of
attempts side of excavations temperature dropped below 35 ° C (Fig. 2.3.). During tests it turned out that the foam is
very well penetrating various types of refraction and easily penetrates into the gap. It should be emphasized that the
foam can also be used to fill voids in the rock mass and in such a case can be made that in one process line.
Surprising was the exceptionally high performance of the product used. One set was enough for three times to cover
the section of approx 3 m side of excavation. But it requires refinement technology of spraying. Trials have shown
that it may be advantageous embodiment instead of three showers, one immediately after the other, to make only
two sprays of several dozen or ten-minute break between them. When using a third of the technologies we gained
results are very encouraging. For example, in the pavement in the transport gallery 402 in the party "L" at 1030m in
the "Halemba - Wirek" coal-mine [1] after seven days from the congestion achieved significant temperature
reduction in injection foam. The openings 45 and 46 hollowed in a southerly direction until it was 19 and 15°C.
Permanent setback confirmed the measurements carried out after eight months of congestion. It is true that during
this period the temperature increased, but this increase was relatively small (0.2 to 4.0°C).

References

1. Drogo$ J., Maciaszek M., Kokoszka G., Stota K., Stota Z., Morcinek-Slota A.: Zastosowanie
antypirogenicznej piany fenolowej w profilaktyce zagrozenia pozarowego w KWK ,Halemba-Wirek” —
doswiadczenia z wdrozenia. XV Jubileuszowe Miedzynarodowe Sympozjum ,,Geotechnika-Geotechnics 20127, str.
193 —204. Gliwice 2012.

2. Instrukcja bezpiecznego stosowania piany fenolowej POROFLEX® antypirogeniczny. Nr dok.: SChM
— 147/10. ,,SCHAUM - CHEMIE MIKOLOW” Sp. z 0.0. Mikotoéw 2010.

3. Szatan B., Stota K., Slota Z.: Nowe zastosowania antypirogenicznej piany fenolowej w profilaktyce
zagrozenia pozarowego”. V Warsztaty Gornicze z cyklu ,,Ratownictwo goérnicze XXI wieku”, 18-19 maj 2012,
Tarnowskie Gory 2012,

ZBIGNIEW SLOTA, KRZYSZTOF SLOTA
Silesian University of Technology, Poland

DEVELOPMENT OF METHODS FOR THE SELECTION OF
APPROPRIATE MEASURES TO REDUCE THE THERMAL LOAD ON
WORKERS IN EXCAVATIONS OF DEEP MINES

1. Introduction

Thermal load to which is subject to man found in a hot environment depends on the heat generated inside
the human body as a result of physical work and the characteristics of the environment that determine the heat
exchange between the human body and its environment. In terms of thermal comfort amount of heat produced by
the body it is balanced by the amount of heat given off to the environment. The main physiological parameters
characterizing the thermal stress are: the internal temperature of the body, skin temperature, heart rate, weight loss,
blood pressure. To determine the microclimate in the environment used the basic parameters of air environment and
microclimate indicators, which take into account the cumulative effect of several basic parameters of air. The basic
parameters of the air and the environment affecting the climatic conditions are: temperature measured with dry
thermometer, the temperature measured by a moister thermometer, air velocity, air pressure, relative humidity, the
chemical composition of air, heat radiation environment. The most famous microclimate indicators are: the intensity
of the cooling air K, the effective temperature ET (ATE), the Belgian effective temperature BTE, French
replacement temperature t,, the temperature substitute climate t,, WBGT index, the rate of thermal discomfort
(also as WDC). Indicator thermal discomfort = [1], which became the basis of this method, involves the study of

71



Fanger, on thermal comfort (comfort Fanger equation) and limit safe for health body's internal temperature equal to
38°C, that is included on the basis of the recommendations of the PN-EN 27243 by adopting a benchmark index
WBGT. Indicator thermal discomfort is so simple tool to numerically evaluate the climatic conditions in relation to
the working man. If = 0 in the environment, there is thermal comfort when = 1 environment is a thermal safety
limit for human labor. In order to ensure optimal climatic conditions should be used classic methods of improvement
or a method using refrigeration. Classical methods to improve the climatic conditions in the mines are those methods
that do not require refrigeration. As the depth of exploitation and concentration of production classical methods of
improving climate conditions, may not be sufficient. There is therefore a need to use other methods, involving the
use of refrigeration.

2. Method Of Selection Of Means Reduction Load Thermal Body Of Workers

Determination of energy expenditure, a set of clothing (thermal resistance of clothing) and acclimatization
employee in a hot environment can have a significant impact on the activities undertaken in the framework of
procedures to reduce the thermal load on the body. From them, largely depends on whether the employee in a hot
environment will be exposed to the performance of work under the conditions of thermal discomfort safe or dangerous
to life and health. Appropriate selection of the energy expenditure, or the type and intensity of work, clothing and
acclimatization employee will have an impact on the perception of his climatic conditions at the workplace. These
factors largely determine the thermal load of the employee. Indicator thermal discomfort — allows different adjusting
the combination of acclimatization, the way the clothes and the energy expenditure of the employee. For this purpose
special tables with the most frequent values of these factors. They allow, in a simplified way, determine the climatic
data ambient conditions (temperature, humidity and air velocity). Tabulated values of these was the first step in the
development of methods and the order of selection factors influencing the thermal load.

The analysis allowed the following hierarchy of the proceedings:

o if possible, in areas threatened by climate-directed employees acclimated;

o for not acclimatization employee anticipate the process of acclimatization, directing him to a less
vulnerable climatic areas or to work with less energy expenditure until full acclimatization;

o if possible, for a given position, equip a worker in working clothes, in accordance with the regulations,
with the lowest thermal resistance;

o if it does not cause disturbances in the production process make a reduction in energy expenditure
through the use of employee scheduled breaks.

If the actions listed previously did not produce the results we still have the possibility of ventilation and
climate solutions discussed earlier.

The developed method is proposed that the following hierarchy of actions:

e within the possibilities of ventilation and technology to increase the speed of air flow in the work,
bearing in mind that increasing the air speed above the limit of 3.5 m/s will have had little impact on improving the
climatic conditions;

e as a last measure to improve the use of air cooling, keeping in mind that reducing the temperature by
1°C each brings improvement in climatic conditions, however, may involve considerable financial outlay and
technical problems.

3. Illustrated Algorithm Method For Selection Means Thermal Load Reduction Body Of Workers

In order to illustrate the method developed, created the first algorithm [2], which shows by block diagram
the method of selection of measures to reduce the thermal load (by altering energy expenditure, acclimatization and
the way clothes) to be provided work in conditions of comfort or discomfort safe for worker's health. Unfortunately,
there are such working conditions in underground mines excavations that measures influencing factors of the
algorithm did not bring the expected results. You should then use a complex method of selection of measures to
improve conditions. That method is shown in the second algorithm [2]. It is a powerful the first algorithm of section
reflecting ventilation and air conditioning solutions to improve the conditions. When using this algorithm, the result
of improvement, always lead to ensure the safe climatic conditions, but due to technical, organizational and financial
resources may not always be possible to implement. The algorithm also allows the selection and development of
improvement measures to not only be possible to ensure the minimum safe climatic conditions, but also the
conditions for full comfort. In algorithms, the following assumptions in steps to improve climatic conditions:

o for acclimatization adopted two states: not acclimatized employee A = 0 and acclimatized A = 1,

o for clothing thermal resistance improving step is 0.05 clo until the Icl = 0.5 clo;

e step planned downtime to 5 minutes, up to 55 minutes per man-hour or the metabolism M<65 W/m2;

e increasing the speed of the air takes place at 0.1 m/s until it reaches 3.5 m/s;

e air is cooled by 0.1°C ts until the dew point is reached (t = ts), followed by deep cooling of
condensation of the water vapor in steps of 0.1°C.

4. Summary

So far (as of February 2016) was performed hundreds of trying to implement the method developed for the
Polish mining industry. Over 95% of implementations a success, that is achieved its objective of reducing the
thermal load of the body and improve the climatic conditions in the workplace. The proposed decision-makers in the
mine improvement measures that have been applied, has always resulted in the improvement of climatic conditions
at the workplace. Unfortunately, not always managed to provide work in beneficial or satisfactory conditions. The
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most common work had been further difficult and very difficult climatic conditions, but it was already uncomfortable heat
safe for worker's health. Most of these solutions entailed incurring large financial outlays. In many cases, enough
organizational measures or ensuring the proper maintenance of equipment and ventilation equipment.
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DEFORMATION MONITORING SYSTEM FOR RECTIFICATION OF
BUILDINGS VERTICAL DEFLECTION

Underground mining operation beyond the economic benefits carries a negative aspect associated with
environmental impact on surface. As a result in highly urbanized areas comes to buildings deformation, so-called mining
damages (Kwiatek, 1997). One of these deformation derivatives is vertical deflection of the objects, what increases usage
inconvenience and in case of excessive levels may directly endanger safety of structure. Thus objects which deflection
exceeds allowable value are being rectify. The most common method of rectification is to isolate the building from the
foundation and lifting it with hydraulic jacks. However it should be noted that this process is technically demanding. It
directly undermines stability of object construction and exposes building to additional stress. Nevertheless, in recent years
more and more challenging construction is straightening. The example of this trend can be straightening the historic Neo-
Gothic church in Upper Silesia (Gromysz, 2015). Therefore, it seems justified necessity of surveying such objects in order
to precisely determine the changes that occur during rectification. The results of such measurements can be used to assess
safety of the object and improve techniques for rectification.

Figure 1. Lifting the building with hydraulic jacks

In this paper will be presented monitoring system which integreted classic measurements, satellite
measurements and terrestrial laser scanning method with the task of:

= |nvestigating the condition of the building before rectification,

= Determine precise relative displacements and deformations occurred during the straightening,

= |nvestigating the condition of the building after rectification and to determine the absolute displacement
of the object,

The measurements were carried out for four-storey residential building located in the Upper Silesia in
Piekary Slaskie. In the building during mining activities number of mining-induced damage occurred. However, the
essential damage comes from deviation which was decided to eliminate by straightening the whole building.
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Figure 2. Photography of monitored building

The field work contained three measurement series:

= | series (30/06/2015) — initial survey, determining the coordinates of the control points, investigating the
condition of the building using laser scanning method,

= |l series (29/09/2015) - made the day before rectification, its aim was to control the state of the object,

= |Il series (30/09/2015) — continuous tacheometry measurements during the rectification process,
determining the coordinates of the control points at the end of the rectification, inventory of the object’s condition
after the straightening using laser scanning method.

The following equipment was being used during the measurement: state of the art precise multistation
Leica Nova MS50, two GNSS receivers Leica GRX 1200 and a set of eight prisms GPR1. The displacements of the
object were determined with the established network of 16 control points that had been equally located on the both
segments of the building.

As a result of the measurements, the values listed below were determined:

= deflection of the building before and after the rectification (Figure 2);

= absolute displacements of the control points between the measurement series (Table 1);

= relative displacements, which were measured during the rectification;

= deformation and displacements caused by the rectification.

before rectification \aﬂer rectification

Figure 3. Vertical deflection of monitoring building

Additionally, an analysis of the rigid body was made.

Programs such as Leica Geo Office 8.0, C-Geo, Leica Cyclone 9.0 and CloudCompare v2.6.3 were used to
develop the measurements. In order to speed up the calculation process, the author used an original program, which
had been written in Visual Basic for Applications (VBA) and based on the functionality of Microsoft Excel 2013.
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Figure 4. Control points vertical displacements during straightening

Through the techniques mentioned before, it was possible to determine the movements with millimeter
accuracy in the global system and submillimeter precision for their relative values. As accurate data allows
analyzing the impact of the rectification process for the way the object react.
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A.B. BAJIATI'YPOB, B.b. CKA’KEHUK

Loneyxuii nayuonanbHblll mexHudecKull yHugepcumem, Yxpauna

MOJAEJIUPOBAHUE N OHEHKA BAPUAHTOB KAJIEHIAPHOTI'O
IINTAHA I'OPHBIX PABOT HA YI'OJIBHBIX IITAXTAX

B 21 Beke pa3BUTHE KOMIBIOTEPHBIX TEXHOJOTHI JOCTUTIIO BBICOKOTO YpOBHA. Bo Bce KpymHbIEe oTpaciu
MPOMBIIIJICHHOCTH BHEJPEHBI KOMITBIOTEPHBIC CHCTEMBI, ITO3BOJISIOMINAE TOOUTHCS BBICOKOW TOYHOCTH H OBICTPOTHI
00paboTku OoJypIIOr0 KOJHMYecTBa WHQPOpManuu. HMHTErpanuss KOMIBIOTEPHBIX CHCTEM B IPOU3BOJICTBO
3aKJII0YAeTCs HE TOJHKO B aBTOMATHM3allMd MPOW3BOJCTBA, HO M B PAa3BUTHH CHCTEM CTPATETMYECKOTO U
TaKTUYCCKOTO INIaHUPOBAHUA, 06ecnetha}oumx AaHaJIn3 BO3MOKHBIX CHCHAPUEB Pa3BUTUA IIPEANIPUATHA.

YronpHas otpacib Jlonbacca, B OTIMYHUM OT JAPYTUX OTPACiCd MPOMBINIICHHOCTH, B MEHBIIICH CTETICHU
MOJBEPIIIaCh MHTETPAIlM KOMITBIOTEPHBIX CHCTEM Ha YpOBHE IUIAHWPOBAHHS, YTO B OIPENEICHHON CTEeIeHU
OKa3bIBaCT BIUSIHHUE HAa € KOHKYPEHTOCTIOCOOHOCTh. CTaphie MOIXO0/bI, XapaKTEPHU3YIOIIHECs PYYHBIM MepedopoM
BapHaHTOB BO3MOXKHOTO PAa3BHTHS TOPHBIX pabOT, HE MO3BOJSIOT o00ecneyuTh 3PQPEKTHBHOE YIPABICHHE
MpeanpUsITHEM B JUHAMUYHO U3MEHSIOUINXCS PHIHOUHBIX YCIOBUSIX.
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B mHacrosimee Bpems pPBIHOK NpOrpaMMHOrO oOecrieueHuss Oorar pasiMyHBIME  IPOrpaMMaMH,
MO3BOJISIIOIIMH  YaCTHYHO AaBTOMAaTHU3MPOBATH IIPOLECC IUIAHUPOBAHHMS BapHaHTOB DPA3BUTHA TOPHBIX DPaboOT.
Hanbonee n3BeCTHBIMH HpOrpaMMaMH, XOPOIIO 3apEKOMEHIOBABIIMMHU ceOs NMpH IUIAHWPOBAHUH TOPHBIX padoT,
seisiorcst Gemcom Minex, MineSched, MineFrame u ap. OmHako AaHHBIC MPOTPAMMBI MONYYHIN ITHPOKOE
pacmpocTpaHEeHHE Ha CIOKHOCTPYKTYPHBIX PYIHBIX MECTOPOKACHHAX, B YCIOBHAX yroibHBIX mIaxT JloHbacca mo
Py NPUYUH 3TH IPOTPaMMBbl HE BHEPSIOTCS.

B 9T0li CBSI3M aKTyaJbHBIM JUIsl YTOJIBHOW MpoMbILIeHHOCTH JloHOacca siBisieTcst pa3paboTka MOAXO0J0B K
AaBTOMATH3allMM IPOIIECCOB IUIAHUPOBAHHS KaJICHAAPHBIX IUIAHOB C BO3MOXKHOCTBIO OBICTPOTO IepecMoTpa
BapUaHTOB Pa3BUTHs U BBIOOpa HanboJee 11eJIeco00pa3HOro BapuaHTa B KOHKPETHBIX YCIOBHUSX.

PazButne TOpHBIX pPabOT B TPOCTPAHCTBE M BPEMEHHM IPEICTABIAIOT OOBMMHO Tpaduuecku B
TOPHU30HTAIbHOM WM BEPTHUKAIbHOM NpOeKIH. Ilnomane BBIEMKHM IIIACTOB WM 3aJIe)KH B pPas3HBIE ToJa
OKpAIIMBAIOTCS B Pa3HbIC IIBETA, a YIACTKH IUIAHUPYEMOM MOMECSYHON MIIM TMOKBapTaIbHOHW BBIEMKH OJHOTO Toja
OKpAIIMBAIOTCS OJHUM LIBETOM, HO IIOMEYAIOTCS AaTaMM Hadana M OKOH4YaHus paboT. I'paduueckoe nzobpaxeHue
KaJICH/IapHBIX IIJJAHOB BEJCHUS TOPHBIX PabOT AOMONHATCA TaONMIAMU C yKa3aHUSIMU B HUX ITOMECSYHBIMU
(kBapTaJbHBIMH, TOJIOBEIMU) 00beMaMu paboT, TMHUEH OYHUCTHBIX 3a00eB U T. 1. [1].

ITpn nocTpoeHnn KaneHAapHOTO UIaHa OOBIYHO HCIIONB3YIOT CIEIYIOMINI NepeueHb JOKYMEHTAINH: TIaH
TOPHBIX padOT MO BCEM IUTACTaM, KOTOpPEIe pa3padaThIBacT MIaxTa; rpad)uk BBOAA-BEIOBITHS OYNCTHBIX 3a00€B; TIaH
NPOBEICHUSI TOPHBIX BBIPAOOTOK 110 COOTBETCTBYIOIIMM IUIacTaM. B 3aBHCHMOCTH OT CIOXHBIIEHcCS
TOPHOTEXHUYECKOM M TOPHO-TEOJIOTHYECKO CHTyalMH, AOMOJIHHUTENBHO (HOPMHPYIOT AOKYMEHTHI: MapIIpyTHas
KapTa NpOBeACHHs FOPHBIX BBIPAOOTOK; 3asBKM Ha TpeOyemoe 00OpynOBaHHE Ui MOHTaXa W JAEMOHTaXKa JIaBbl;
rpaduK JBHXCHUS OYUCTHOTO 00OpYIOBaHus; rpadMK JIBIKEHHS MPOXOMUYecKoro odbopynoBanus. dopmupoBaHue
9THX JOKYMEHTOB Takxke OOyCIIOBICHO (OpPMUpPOBAaHHEM TOJOBOW MPOWU3BOJCTBEHHOH IPOTrpaMMbl, WIN C
pa3paboTKOH HOBBIX IIJIAHOB Pa3BUTHS IIAXThI. 3a4acTyl0 HA TOPHBIX NPEANPUSATHAX MPeo0IialaeT CUTYaTUBHOE, HE
CHUCTEMHOE IUTaHUpoBaHue [2]. DTO OOBACHICTCA TeM, YTO HA MPOU3BOJICTBCHHBIM MPOIECC BIHICT OOJBIIOES
KOJIMYECTBO HETPECKa3yeMbIX (haKTOPOB, KOTOPbIE MPUBOIAT K W3MEHEHHIO 3alUIaHMPOBAaHHOW IHPOrPaMMBI IO
JO0bIUE IOJE3HOTO HMCKOIAEMOTO W psAy APYTHX TEXHOJOTMYECKHX IPOIECCOB, OCYIIECTBIIEMBIX Ha TOPHOM
MPEANPUSITHH.

@poHT NOATOTOBUTEIBHBIX W NOOBIYHBIX PAa0OT IMOCTOSHHO H3MEHSETCS B IPOCTPAHCTBE C TEUCHHEM
BPEMEHH M 3TO NPHBOAUT K M3MEHEHUIO B3aUMHOTO DPACIIOJIOKECHHUS TOPHBIX BBIPA0OTOK, CXEM TPaHCIOpPTa M
BEHTWJILNH, HANpPsDKEHHS TOPHOTO MaccuBa. MopenupoBaHHE pa3BUTHS TOPHBIX paboT mpennonaraer yder
BO3MOJKHBIX OIPaHHYCHHN HA MaKCHMaJbHYIO Harpy3Ky Ha JOOBIYHOI 3a00ii, a Taxke OrpaHMUYECHUI HA B3aUMHOE
pacIoNoKeHHe TOPHBIX BBIPAOOTOK BCIIEACTBUE HPOSBICHUH TOPHOTO AaBieHHA. Bce 3TH (akTopsl B KOHCUHOM
UTOTE OTpPEJEINOT (PMHAHCOBBIC ITOKA3aTENIM TOPHOTO MPEINPHUITHS U YPOBEHb O€30IIaCHOCTH BEAEHHS TOPHBIX
pabor. IlpuHATHE aneKBaTHBIX PEIICHWH OTHOCHTENHHO pPa3BUTHS TOPHBIX pabOT OCHOBBIBAE€TCS Ha YdeTe
MPOCTPAHCTBEHHOI'O PACIIONIOKEHHS TOPHBIX BHIPAOOTOK B Pa3iIMYHbIE IIEPHOJIBI BDEMEHH.

Jnst KOMIBIOTEPHOTO MOJAEIHMPOBAHUS KaJCHIAPHOTO IIJIaHa PA3BUTHS TOPHBIX PadOT HCIIOIB30BAJICS
nporpamMMHbIH KoMIuleke «lllaxTta-3D», MO3BOJIAIOMMI 1TO MCXOAHBIM JAaHHBIM M OTPAaHMYHMBAIOIINM (haKTOpam
MOCTPOUTH B INPOCTPAHCTBE IUIAHHPYEMYIO CETh TOPHBIX BBIPAOOTOK M KaJeHJApHBIM IUIAH OTPabOTKM 3aIacoB
MOJIE3HOTO McKomaeMoro (puc. 1).

B mporpamme uMeercsi BO3MOXKHOCTM 3alaBaTh HE TOJBKO HAaIlpaBiI€HHE M CKOPOCTH IPOBEICHUS
BBIpAabOTOK, HO U UX ()OPMY, UTO MO3BOJIAET MONYUUTh JaHHBIE 00 M3BICUEHHON TOpHO Macce.

[MonyyeHHbIC MaHHBIE O IUIAHUPYEMOW CETH TOPHBIX BhIPAOOTOK 3aHOcsATcss B Tabmuuel EXEL, raoe
MOJCYMTHIBACTCS. UX OOIIas AjarHAa, 0OBEM M3BJIEKaeMON TOPHOM MaccChl, KOJIMYECTBO MPOXOAYECKHUX Opuram u
000pya0BaHus, TPeOyEeMbIe IJIs MPOBEIACHUS BHIPAOOTOK U (PYHKITHOHHUPOBAHHUS JTOOBIYHBIX 32a00€B.

Bosit 21 N3 2NC N

Puc. 1. TpeXMepHaﬂ MOACJIb KaJICHAAPHOI'O IUIaHa pa3BUTHUS TOPHBIX pa60T
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Puc. 2. ®parmMeHT KaeHIAPHOTO IIaHA OTPAOOTKH IIacTa

JlaHHble TAaONULBI TO3BOJSIIOT IOJYYHUTh OCHOBHYIO HWH(OpManuio s CpaBHEHHS BapHaHTOB
KaJIeH/IapHOT0 IIJIaHa W BEIOOpa U3 HUX Hanbouee palMoHaIbHOTO sl JaHHBIX YCIIOBHH.

Ha puc. 3 mpencraBiaeHsl XapaKTEpHCTHKH BapHaHTOB, MONYyYCHHBIE B Ppe3yibTaTe MOICIHPOBAHUS
BapHaHTOB KaJIEH/IAPHOTO IUIaHa.
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Puc. 3. FI/ICTOFpaMMLI KOJIM4YECTBAa NPOBECACHHLIX MECTPOB BBIpa60TOK 10 BapuaHTaM

AHanorn4HeIM 00pa3oM IIPOMCXOAMT CPaBHEHHME BCEX I[OKa3aTeleld BAapHAHTOB M IO pe3yibTaram
CpaBHEHUsSI IPUHUMAETCSI PELIEHUE O BIOOpE HanOoJIee MPEIIOYTUTEIFHOTO BapHAHTA.
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Takum 06pa3oM, IPOCTPAHCTBEHHOE KOMIIBIOTEPHOE MOJACIMPOBAHNE PA3BUTHU TOPHBIX PabOT MO3BONIAET
CYIIECTBEHHO YCOBEPIIEHCTBOBATh MpOIECC pa3pabOTKKM pPa3IMYHBIX BapHaIlUil KaJeHJApHOTO IUIaHa TOPHBIX
pabot, ompenenuTh MPEUMYIIECTBa U HEJOCTATKH TOTO WM WHOTO BapWaHTa, CIENaTh OOOCHOBAaHHEIN BBIBOI O
NPUHATHA TIpeAjaraeMoro IUTaHA pa3BUTHA B CYMIECTBYIOIIMX YCIOBUSAX (YHKIMOHHPOBAHHS TOPHOTO
TPEIIPHUATHS.

JIuteparypa
1. TopHONpOMBINIEHHBIE BEOMOCTH. [ DJIEKTPOHHBIH pecypc]. — Pexxum noctyna: www.miningexpo.ru
2. Kanyrur IO.E. MHpopManuoHHBIE TEXHOJOTMH IUIAHMPOBAHUS TOPHBIX paboT (s TOPHBIX
umkenepos). - Cn6.: Henpa, 2004. c. 154-161.

IO.H. BUKSAIIEBA
Jlonbacckutl cocyoapcmeenbili mexHudecKull yhusepcumem, Ykpauna

MPUBOP U METOJUKA JJIS1 UCTIBITAHUM T'OPHBIX IIOPOJ HA
PACKOJI

3HaHI/Ie OCHOBHBIX MEXaHMYECKHUX CBOICTB Mopoa TMO3BOJJACT ONTUMHU3UPOBATH TEXHOJIOTHYCCKUEC
MpPOIIECChl MPU JOObIUE M TEpepabOTKE IMOJIE3HBIX HMCKOMACMBIX, YTO B CBOIO OYEpEIb MO3BOJIICT YMCHBIIHUTH
MIPOU3BOJCTBEHHBIE 3aTPaThl U SBIIAETCS aKTyaJIbHOW 3a/iauell B HacTosmiee BpeMs. BO3MOXHBIM pelieHueM Takou
3aJauu ABJSIETCS Pa3paboTKa M IMUPOKOE BHEAPEHHUE MPOCTHIX, JOCTYITHBIX MPHOOPOB M METOJOB IS ONPEACICHHUS
MPOYHOCTHBIX CBOMCTB MOPOJ B Ta0OPATOPHBIX M POM3BOJICTBCHHBIX YCIOBHSIX.

Henpto wuccienoBaHuil SABISJIOCH H3YYEHHME IMIOKa3aTelell MEXaHWYEeCKHMX CBOMCTB TOpPHBIX MOPOJ,
MOJIYYEHHBIX MPU CTATHYECKOM U TMHAMUYECKOM HArpyXEHHH IO OTIEYAaTKy MHACHTOpa Ha MEPHOHU IPOBOJIOKE.
OcHOBHasi Uesl UCCIEIOBAaHUSI COCTOUT B ONPEJCJICHUM OTKJIOHEHHUS MOKa3aTesled MPOYHOCTH, MOTYUYEHHBIX MpPU
CTaTUYEeCKOM HATPY>KCHHH OT TIOKa3aTeleH MpH JUHAMUYIECKOM HarpyXCHHU 00pa3IoB.

[Ipy MexaHMYECKHMX UCHBITAHUAX OOpPa3LOB TOPHBIX IOPOJ BO3HHMKAET 3aJada [0 HW3MEPEHHUI0
paspymatomeif cuiasl. Pemas takyio 3amauy, B JoHl TY Obu1 paspaboran mMexaHW4YecKuil muHamometrp (puc. 1),
KOTOPBIM MO3BOJIAET IO OTIEYAaTKy Ha MEPHOW IPOBOJIOKE OMPENEIHUTh CHITy, HEOOXOIUMYIO JUI pa3pyLICHUS
obpasia, Kak Mpy CTATUIECKOM, TaK M MPH JUHAMUYIECKOM BO3aeHcTBUH [1].

Puc. 1. KoHcTpykius tuHaMoMeTpa

JuHaMOMeTp Ui yNapHO-CTaTHYECKHMX MWCIBITAaHMH 00pa3loB COCTOMT W3 Kopmyca |, B KOTOpOM
pa3MeIleHb! JBa MWIMHIPUYECKUX ITyaHCOHAa 2 OJMHAKOBOTO AMAMETpa, a MEXAy HHUMH HaXOAWTCS MeEpHas
npoBojyioka 3 (puc. 1). IlyancoHsl 2 3adMKCHPOBAHEI B NIBYX COOCHBIX IMIMHAPHYECKUX (HIDKHSS W BEPXHSIS)
BTYJIKaX 4, KOTOPBIE MOTYT CBOOOZHO MEPEMEIaThCs BIOJb IIPOIOIBHON OCH BHYTpH Kopiryca 1. Ha BeicTynaroniem
KOHIIE HID)KHEH BTYNKH 4 C IIOMOIIBIO JepXKaTens 5 3aKkpeluléH MHAEHTOp 6 [yl uchbITaHus oOpasmos. Ha
BBICTyMAIOIIEM U3 Kopmyca | KOHIle BepxHeH BTYyNKHM 4 3aKkpeIuleHa BCTaBKa 7, Ha KOTOPYIO IPHUKIAJBIBAIOT
JUHAMUYECKYI0 HJIM CTaTHUECKyI0 Harpys3ky. [y pasMelleHuss MEepHOW MHpPOBOJOKM B KOpIIyce IMHAMOMeETpa
NpeyCMOTPEHBI CKBO3HBIE OTBepcTHs §. OTBEpCTHS MMEIOT OBAJIBHYIO (OpPMY, MPUYEM HX MPOAOJBHBIA pa3mep
COCTaBJIAET HE MEHEE YABOCHHOIO TUaMeTpa MEPHOH MPOBOJIOKH 3, a HOIEPEYHbIH pa3Mep paBeH €€ AuaMeTpy.

[Tpuniun paboTel TUHAMOMETpA IS yIAPHO-CTATHYECKHUX MCIBITAHUH 3aKiItogaeTcs B ciaeayromem. [lepen
MPOBEICHNUEM HCIBITAHUN MEXITy IMIHHIPUYCCKIMH ITyaHCOHAMH 2 YCTaHABIMBAIOT MEPHYIO IIPOBOJIOKY 3.
Wnnenrop 6 pasmemaioT Ha oOpas3ne Marepuaia, KOTOPHIH HCHBITBIBalOT. Ha ynmapHylo BCTaBKy 7 HOEHWCTBYIOT
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CTaTHYECKOil (Hampumep, MpeccoM) I THHAMHYIECKOH Harpy3Koi (yaapoM MoioTka). O6paser moJ HHACHTOPOM 6
packaneiBaeTcs WM AedOpMupYETCs, B Buae oTmnedaTka. OTHOBPEMEHHO IO JCHCTBHEM 3TOH XKe CHIIbI
MOSABIISIIOTCSL CUMMETPHYHBIE OTNEYAaTKH OT IMIMHAPHYECKUX ITyaHCOHOB 2 Ha MepHOi mpoBoioke 3. Ilo
OTHeYaTKaM Ha MEPHOH NPOBOJOKE 3 C MOMOIIBIO TAPHPOBOYHOTO rpadika ONPEAESIIOT MaKCHMAIbHYIO CHIIY,
KOTOpast IecTBOBajla BO BpeMs HCIbITaHWA. Ha prucyHke 2 mpencraBieHa cxeMa W3MEpEeHUs CHIIBI ICHCTBYIOMIEH
Ha 00pa3er] MopoIHL.

D /

—

N2

-

Puc. 2. Cxema u3MepeHHs CHITBI JCHCTBYIOMIEH Ha 0Opa3er] MOPOIb:
1 - MepHast MPOBOJIOKA; 2 - IIMJIMHAPUIECKUE TyaHCOHBI; D - AnamMeTp npoBOJIOKH;
| - TommIMHA MPOBOJIOKH TOCIIE BO3IEHCTBHS CHIIBI

bnaromapst ToMy, 4YTO OTHEYAaTKH IIyaHCOHOB Ha MEPHOM IIPOBOJIOKE JBYCTOPOHHHE U CHMMETPUYHBIC,
YIIPOIIAFOTCS U3MEPEHHMS, JOCTUTaeTCsl TOBBIICHUE TOYHOCTH U JOCTOBEPHOCTH ONPEICNICHHUs NPHIIOKEHHON K 00pasiy
JMHAMHYECKOW WM CTATUYECKOM HAarpy3KH IO CPAaBHEHHIO C M3BECTHBIMU MeTonaMH [2, 3]. DTo MO3BOJISIET PaCIIMPUTh
JMana3oH IPUMEHEHUs JUHAMOMeTpa Ui YJapHO-CTaTWYECKUX MWCIBITaHMH Ha MaTepuaibl C  pa3IdnuyHbIMU
MPOYHOCTHBIMH CBOMCTBaMM M YMEHBIINUTH AJIUTEIBHOCTE U TPYIO0EMKOCTh UCIIBITAHHH.

Ha ocnoBe npemnoxennoro auHamomeTpa B JJoHI TY pa3paboTaH MOpTaTHBHBIN MPHOOP IS IKCIIPECC-
HCIBITAHUN TOPHBIX MOpon (puc. 3), KOTOPHI MO3BOJACT IPOBOANUTH MACCOBBIC HCIBITAHHWS HAa CTATHYCCKUHA H
yIapHBII PacKOJ M OINEPaTHBHO ONPENENATh IMPOYHOCTh MOPOA B JIAOOPATOPHBIX M TMOJIEBBIX ycnoBusx. IIpubop
COJZICP)KUT CHIIOBYIO paMy, COCTOSIIYIO M3 JBYX CTOEK, ONOPHBIX IUINT, 32)KMMHBIX BHHTOB M JUHAMOMETpPA
(puc. 3a).

a) 0)

Puc. 3. [Ipubop 1 yrapHO-CTATHIECKUX HCIBITAHUIA TOPOI: a) C CHIIOBON paMOH;
6) mpubOp NpH UCTIBITAHNH TIOPOJ (O€3 pamMsbI)

3a cuér ChEMHBIX MHJCHTOPOB NPUOOp IO3BOJISIET IPOBOAWTH HCHBITAHUS Ha CXKaTHE, PACTSHKEHUE U
OTpBIB, KaK IO CTaHIApTHBIM, TaK MU IO HOBBIM pa3paboTaHHBIM MeToxukaM. KoHcTpykimsa mpuOopa mo3Boiisier
JEerKo MEHATh HWHIEHTOpHl. Ilpu wHcmonb3oBaHMM NPUOOpa B IOJEBBIX YCIOBHAX CHJIOBas paMa MOXET
OTCYTCTBOBATH (pHC. 30).

Oco0eHHOCTEI0 TIPHOOpa SBIAETCS TO, YTO CHIIY BO3JCHCTBHSA MHICHTOPOB Ha 00pa3el ONpeNesioT 10
OTIIEYaTKy Ha MEPHOHU IIPOBOJIOKE (pHC. 4), OCTABICHHOMY IABYMS LIMJIMHIPUYECKUMH ITyaHCOHAMH.
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Puc. 4. OTneuaTku myaHCOHOB Ha MEPHOMN MPOBOJIOKE

Jst npoBepkH pa3paboTaHHOTO METOZA ONpeJeNICHNs] IPOYHOCTH OBUIN IIPOBEICHBI HCIIBITAHUSI 00pa3IoB
Ha OJJHOOCHOE pacTsDKeHHe OpasmibCbkuM MeToqoM [4] Ha obpasuax npounoctsio 0,4-0,5 MIla (kyckoBoit caxap u
np.). [Ipu 3TOM CpaBHWIN Pe3yIbTaThl, HOJXYUYCHHBIE TIPH CTATHIECKON U TUHAMUYECKOH HarpysKke, IMPIIIOKEHHOHN K
HCCIIeIyeMOMY 00pasIry.

JlMHaMudecKue UCIBITAaHMS JUIA OTPEENICHNS TpesieNa MPOYHOCTH Ha OMHOOCHOE PAaCTSDKEHHE MPOBOIMIIN
chepuueckumu uHAEHTOpamu. Ilpubop (puc. 3a) ycraHaBmuBanu B pabodee IOJOKCHHE, IPOBEPSIIH
B3aMMO/ICHICTBHE KOHCTPYKTHBHBIX 3JEMEHTOB, YCTaHABIMBAIM MEPHYIO IPOBOJIOKY. Mcciemyemslii oOpasen
3KUMAd MEXAY ChEpHUCCKHMH WHICHTOPaMH BPALICHHEM TacK W MEPeXOJWIN K HCIbITaHuio. 1 3Toro, mo
yIapHOH BCTaBKE HAHOCWIIM YJap MOJIOTKOM, TaK 4TOObI oOpasel packojoiics. B MpoTHBHOM cilydae UCIBITaHUE
OpaxoBaJloCh U MOJUIEKAIO MOBTOPEHUIO. [IpOBOIMIOCH HE MeHee 7 OMBITOB /IS KaKAOTO UCIBITYeMOro o0Opasia.
ITonmy4yeHHble pe3ynbTaThl 3aHOCWINCH B JKypHaJl MCHBITaHUNA. ONpenesnsy MIoIagb MOBEPXHOCTH pacKoia, Ul
4yero oOpaser] NpUKIaAbIBaId 3TOW MOBEPXHOCTHIO K MHJUIMMETPOBOIl Oymare, 0OBOMIN KOHTYPHI KapaHIAlIoM U
OpSAMBIM  MOACYETOM M3MEPSUIM  IUIOMIaAb. MepHYI0 MNpOBOJOKY U3BJIEKAIM U3 TpHOOpa M C IMOMOLIBIO
MITAaHTEHIUPKYJIS HU3MEPsUI BEIUYMHY TOJIIHMHBI IIPOBOJIOKH MEXAY OTIIEYaTKaMH OCTaBJICHHBIMH ITyaHCOHAMHU
(puc. 4). Ilo TapupoBoyHOMY TpadUKy ONPENCIBUIN CHIYy HEOOXOIMMYIO IUISI packoiia oOpasma cheprdecKuMu
WHJICHTOPAMH.

ITpn craTndecKux HUCHBITAHUAX CHJIA, JCHCTBYIOMIAs HA YAApHYIO BCTAaBKY, CO3/1aBaJlaCh THAPABIMYECCKAM
npeccoM BII-3 xonctpykuun BHUMMU [4] u paccunThiBanach 1o JaBlI€HUIO Macia B cucteMe. [locie 3aBepiieHus
UCTIBITAaHWH M pacyéra, CPaBHUBAIM TNPOYHOCTH OOPa3LOB HA PACTSDKCHHUE, IOTYYEHHBIE INMPU AWHAMHYECKOM
(0,=0,97 MIla, cpenuexBagpatuueckoe orkiaoneHue 0,018, xodddurment sapuaruu 1,9%) u cTaTUYeCKOM
(0,=0,55 MIla, cpennexBaaparuueckoe oTknonenue 0,016, koadduuent papuanuu 2,9%) HarpyKeHuH.

Oxkazanoch, 4TO NpPHU IMHAMHUYECKOM HArpy>XeHHUM o0Opa3IoB WX Ipenen NPOYHOCTH Ha OJHOOCHOE
pacTshkeHHe oOKazajcs MHOYTH B JBa pa3za Ooibllle, 4eM IpH CTaTHUeCKOW Harpys3ke. UToOBl mepeTtd oT
JIMHAMHUYECKOW Harpy3KH K CTaTHYE€CKOH, Ha/I0 BBOJIUTD TONPaBo4HbIi koo duiment, pausiii 0,56.

BriBogpl: [IpoBeaéHHbIE HCCIENOBAHUS MOKA3ald, YTO MPUOOP M METOIUKY ISl JKCIPECC-UCTIBITAHUI
00pa3IoB MPOU3BOJILHON (OPMBI MOKHO MCIIOIB30BaTh ISl MCCIIEJOBAaHNUS MEXaHUIECKUX CBOWCTB FOPHBIX ITOPO/I,
Kak [PU CTaTHYECKOM Harpy>K€HWH, TaK U IPH YAApHOM packodie. st mepexosa OT CTaTHYECKUX K TUHAMHYECKAM
pe3ysbTaTaM HCIBITaHWH, HE0OOXOIMMO HCIIONB30BaATh MONPAaBOYHBINH Koddduiment. C moMonpo pa3padoTaHHOTO
YCTPOWCTBA M IPUMEHEHHEM pa3JIMYHBIX THIOB WHJICHTOPOB MOXHO OMNEpPaTUBHO, B JIADOPATOPHBIX WU
MPOU3BOJICTBEHHBIX YCIIOBHSX, OIPENIENISTh MPOYHOCT HA PACTsHKEHHE.
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A.C. BOTJAHOB

Lonbacckuil 2ocyoapcmeennviil mexHuyeckuu yHugepcumem, Yxpauna

AHAJIM3 ONIIBITA KPEIIVIEHUSA ITOATI'OTOBUTEJIBHbBIX
BBIPABOTOK B CJIOKHBIX 'OPHO-TEOJOI'MYECKHUX YCJIOBUAX

I/I3y‘l€HLI yCJ10BUsL MnNpoBE€ACHUSA W KPCIUICHHUA  MNOATOTOBUTCIIBHBIX  TOPHBIX BI)IpaGOTOK Ha
HI.«CyXO,HOJ'ILCKaH-BOCTO‘IHaf{». Ha ocHoBe maxTHBIX Ha6J'IIOZ[eHPII>i JaH aHaliu3 yCJ'IOBI/Iﬁ KpCIUICHUA U
MOoAACPIKaHUA BLIpa60TOK Ha OTpuMepe 3arnaHoro KOHBeﬁepHOFO TpeKa 25 3aHa[[H0ﬁ JIaBBbI.
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B Hacrosimiee BpeMst O0JIBIIMHCTBO HOATOTOBUTEIBEHBIX TOPHBIX BBIPaOOTOK (0K0J10 90%) KpensT cTajibHON
pamHoii kpembto u3 cmeunnpoduias CBII apounoro wnm TtpanenueBuaHoro odeprtanus [1]. Ilpu 3ToM
CYIIECTBYIOIIME CTANbHBIE paMbl B (popMme Tpamenuy MMEIOT HEIOMYCTHMO HHU3KYI0 HECYIIyI0 CIHOCOOHOCTH (He
6onee 50-70 xkH) m mOYTH MONHOCTBIO BBITECHEHBI apoOvHOW Kpembio. OIHAKO M apodYHBIE KPEmd NaJIeKH OT
COBEpIIEHCTBA, T.K. IPH OTCYTCTBHU 3a0yTOBKH 3aKpEIJICHHOTO IPOCTPAHCTBA OHM JIETKO Ae(HOPMHPYIOTCS Aaxe
npu Harpy3kax 50-80 kH na pamy. [losToMy akTyanbHa 3ajaya IOBBILICHHS pPabOTOCHOCOOHOCTH Kpemu
MOATOTOBUTEIBHBIX TOpHBIX BbIpaboTok (III'B). Ilens paGoTel — mpoaHaqu3UpOBaThH ONBIT NMPHUMEHEHUS PaMHOMN
Kpely B CIIOXHBIX TOPHO-TeOJNIOTHYeCKHX ycioBusx mi. Cyxononbckas-BocrouHas u aaTh peKOMEHJAalUH 110
KPETUICHHUIO TOPHBIX BHIPAOOTOK.

I'opHOTEXHMYECKHE YCIOBUS Ha IIAXTe CIECAYeT OTHECTH K CaMbIM HeOIarompusTHbIM. PaccMOTpuM 3TH
YCIIOBHSA Ha MPUMEpE 3allaIHOTO KOHBeepHoro mTpeka aBel Ne 25 (puc. 1).

Puc. 1. IlonepeuHoe ceyeHre KOHBEHEPHOTO MITPEKa B 30HE CONMPSKEHUS €
JIaBOM U MOC/IE TEXHOJIOTMYECKOTO OTX0a

Hasnauyenue mrpeka — Iojava CBeXEW CTPyH BO3/AyXa, JOCTaBKAa MaTepHajoB M OOOPYIOBaHHS MNpPU
oTpaboTke 3amaaHoi iaBel Ne 25. OCHOBHAs M HEMOCPEICTBEHHAS KPOBJIS IUIACTA IPEACTABIICHA AJEBPOIUTAMM:
MaJIOyCTOHYMBBIMH WM HE YCTOMYMBBIMH B HIDKHEH dacTu cios. IlouBa mpencTaBieHa ajgeBpONIUTAMH TEMHO-
CEepBIMH, T'OPHU30HTAIBHO-CIIONCTHIMH, TPEIIUHOBATBIMH, C OTIIEYaTKaMH KOpPHEH M cTeOiel pacTeHWi, cpemHei
KPEMOCTH, CPEIHEH YCTOWYMBOCTH. YTONBHBI IIACT i3' OMACEH IO BHE3ANHBIM BHIOPOCAM YIS H rasa,
BBIJIaBIMBaHUIO. [leCuaHUKU KPOBIN U TOYBBI BEIOPOCOOIIACHHI.

Haunbonee BakHBIE MapaMeTpsl IaclopTa NMPOBEACHUS M KpeIUIeHUs KoHBeHepHoro mrpeka 25 3KII
MpeCTaBICHbl Ha pUcyHKe 2. CHcTeMa KpeIUIeHUs BBIPaOOTKH, MPEACTABIsET COO0H KOMOMHUPOBAHHYIO CHCTEMY
AQHKEPHOMW M CTaNbHOM apOYHON KPEeNH C YCUIICHHEM JIEPEeBIHHBIMU CTOMKamu (puc. 1, 2).

Puc. 2. TTacnopt nmpoBeaeHus U KpemnaeHus KoupelepHoro mrpeka 25 3KIII:
MIPOAOJIBHBIN pa3pe3 U BUJ CBEPXY
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AHKepHOE KpeIUIeHHEe BBIPAOOTKHM BBINOJIHEHO CTaJICHOJIMMEPHON aHKEpHOH KpEelbi0 IOBBIIICHHON
HECYIIeH CIOCOOHOCTH CO CIEAYIONIMME TMapaMeTpaMu: Iar YCTaHOBKH aHkepHoW kpemu - 800 MM; paccTosiHue
MeXIy aHKepaMH 10 IupuHEe BEIpaboTku - 800 MM; aHKep MeTalummaeckuil ¥25 MM mmHon L=2400 MM; amMIyIts! ¢
o GupHEIM coctaBoM P28 MM O L=300+600 MM, moxxsat L=2500 mm (2 miT.).

[TapameTpsl cTalbHOM apOYHONW Kpemnu MPUHSTHL B COOTBETCTBHUM C pacyéroM, MO KOTOPOMY BhIOpaHa
apounas kpernb KIIJIO-14,6 u3 npoduns CBII-33 ¢ y3nom nmogarmuBoct 3I1K. IT10THOCTE Kpemu cocTaBiseT 2
paMbl/M. 3aTsHkKa KPOBJIM U OOKOB II0 BCEMY CEUYCHHUIO BBIPAOOTKHM NpenycMOTpeHa ceTkoi-3aTskkod 800 x 1000
MM ¢ BenmuuHOU stueiiku 100 x 100 mm. KpemieHne ceTKH-3aTsSHKKH MEKIY COOOM OCYIIECTBIISIOT KPIOKAMU. C
OOKOB BBIPa0OTKH BE/yT YCTAHOBKY 2 O0KOBBIX aHkepoB L =2400 MM ¢ IpUMEHEHUEM CETKHU — 3aTSIKKH

BripaboTka mojiepkuBaeTcst Beies 3a j1aBoi (puc. 1-2), 1 monajgaer B 30Hy HHTEHCHBHOT'O CTAIIMOHAPHOTO
omopHoro nasneHus[2]. Kak cnemyer n3 aHammsa ropHo-Teosorudeckux ycnosuit (ITY), BeIpaboTka HaxomuTcs B
cioxkHbIX [TY, a NpUHATHIC TEXHIYECKHE PEMICHNUS U1 KPEIUICHNS BEIPa0OOTKN HENb3s MPU3HATH O€30INO0YHBIM.

[TporHo3zupyemble CMELIEHHs] MOPOJA KPOBIM BBHIPAOOTKM 3a JIaBOW JUIi TAaKOW CXEMBI IIOIJCpP)KaHHS
COCTaBAT (YTO HOATBEPIKIACTCS pPealbHBIM MTOBEICHUEM MTOPOJ — CM. PHUC. 3): CO CTOPOHBI MacCHBa YIS, COTJIACHO
BBITIOJTHEHHBIM HccinenoBanusaM — 0,5...0,7 M; co cTopoHs!I BeIpaboTaHHOTO TpocTpaHcTBa — 1,2...1,7 M. ITockombsky
BEPTHKAIbHAS KOHCTPYKTHUBHAS IOJATIMBOCTh MPUHATOHN Kpemnu He mpessimaet 0,3...0,5 M, a y31bI MOJaTINBOCTH
IpU  TMPUHSATOM YMEHBUIEHHOM BEPXHSKE KpENHM pAacCIOJIOKEHBl IIOYTH MEPHEeHANKYJSPHO HaIpaBJICHHUIO
npeodIaaroX BEPTUKAIBHBIX CMEIEHUH OO/, KPellb 0Ka3ajlach MOJHOCTHIO 1e(OPMUPOBAHHO.

[MombITKa YBETMYHUTh YCTOHYMBOCTH BBIPAOOTKH 32 CUET YBEJIMUYCHUS IUIOTHOCTH KPENU M NPUMEHEHHUS
Tsokénoro crnennpoduis B koHcTpykiuu (CBII-33) okasanack Hed((EKTHBHOM, MOCKOJBKY JII000OE YyBETUUCHHE
Hecyliel CIIOCOOHOCTH Kpenu He CHOCOOHO MOBIHATH Ha CMEIICHHUS] OCHOBHOM KPOBJIM IMOCJE IPOXO/a JIaBbl, HE
CIacacT IOJIOKECHUE U YCTaHOBKA B IITPEKE JOMOTHATEIBHBIX JEPEBSIHHBIX CTOEK M0 IIEHTPY BBIPAOOTKH;

OOmee mpeACTaBICHHE O COCTOSHUM INTPEKa MO MEpe YAICHHS OT CONPSDKEHHS C YKIOHOM MOXHO
TpocieanTs 1Mo GoTtorpadusam (puc. 3).

Puc. 3. O6muii BU Kpenu mTpeka Mo Mepe yAaleHus OT yKIOHa

Ecimun BO3ne yKiIOHa COCTOSHME INTPEKa MOXKHO CUHTAaTh YIOBJICTBOPUTENBHBIM, 4YTO OOBSICHIETCS
HaJINYHMEM OIOPHI B BHJIE MacCcHBa MOPO CO CTOPOHBI YKJIOHA, TO MO Mepe YAAJICHHUS OT CONPSDKEHHS ¢ YKIIOHOM €To
COCTOSIHME YXYZIIAeTcs, a 3aTeM MPOUCXOIUT IOJIHAS MOTeps oOIIel yCTOMYMBOCTH CTOEK Kpemu (rmo Ditnepy) u
MecTHasi TOTepsl YCTOHYMBOCTH CTEHOK Npo¢wiIsi, KOTOpas oOKas3ajach SIBHO HEIOCTaTOYHOM HEecMOTpsS Ha
npumerenne crennpodmist CBII-33. CTOMKH MONHOCTRIO MOTEPSUTH HECYIIYIO CIIOCOOHOCTD, YTO TPO3UT 3aBAJIOM
BEIPAOOTKH.

Ha puc. 4. npeacraBnena THIIMYHASL KApPTHHA HAKJIOHA PaMBbl BIOJIb BEIPAOOTKH ITOCIIE €€ TIPeJBapUTEIILHOM
nedopmanuy, rae MOXKHO HaOIMIONATh YXyIIIEHHE COCTOSHUS BepxHsAKoB apouyHoil kpenn KMII. Takwme pamsr
00J1a/1a10T HUYTOXKHON HECYIeH CIIOCOOHOCTBIO M IIPEACTABISIOT Yrpo3y Ul TOPHOPaOOYMX H3-3a BO3MOXKHOTO
BHE3AITHOTO OOPYIICHHSI.

Puc. 4. Jlepopmannu BepxusikoB pamHoit kperin KMIT pa3pbIBBI CIIIOMIHOCTH,
TIOTEPH MPOJIOIBHON YCTOHYMBOCTH M CKPYYHBAHUS TPOQGUIS

B MTPEKEC B 30HC CTAHUOHAPHOI'O OIOPHOIO MAAaBJICHUA IIOCJC IIPOXOoJa JaBbl Ha6J’IIOZ[a€TCH JOBOJIbHO

WHTEHCHBHOE ITy4eHHE TOYBHI. [lydeHue mposBiseTcs y)ke Ha HEOOJBIIOM pacCTOSHUM OT 3a00st (oxoio 10-20 m) u
MPOKMCXOMUT ITyTEM BbIIABIMBAHHS CIOEB MIOPOJI B BUJIE POJIOJIBHO-TIONEPEUHOr0 U3rkba U MmoTepy yCTonurBoCTH [3].
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BeBogpl: Cremyer 3aMeHHTh KpeIUleHHe ropHoW BhIpaboTku Ha kpermb KPIIT-T (kpems pamHas
noxaTiuBas TparneuueBuaHas koHcTpykmuu Jorl TY) u3 crernpoduns CBII-22 ¢ marom ycranoBku pam 0,8 M u
KOHCTPYKTUBHOH BEPTHKAIbHOW MOAATAMBOCTRIO 1,5 M B 3amkax tmma 3IIK, 9TO COOTBETCTBYET CMEUICHHSM
KpoBiH. [Ipu 3TOM COCTOsIHIE BBIpaOOTKH IO KpalfHeH Mepe He YXYALINTCS, a TPYAOBBIE U MaTepHalbHBIC 3aTPaThI
Ha KperureHue cHu3sATes B 1,8-2,5 pasa.

JIureparypa
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JlurBuHCcKuUi. — Yrone Ykpaussl, 1981, Ne 4. — C. 19-22.
3. JlurBuuckuii .. MexaHu3m mydeHHs NOpOJ MOYBHI B MOATOTOBHTEIbHBIX BbIpaboTkax / I.I

JIntBuHCKMHA. — YTOaB, 1987, Ne 2. — C. 15-17.

A.T. BULIIHEBCKUM
benopycckuii nayuonanwvrolli mexnuueckutl ynusepcumem, uauan BHTY, Coaueopck

YMEHBIIEHHE ITOTEPB ITOJIE3HOI'O HCKOITAEMOTI'O NYTEM OTPABOTKHA
MEXIAHEJIBHOT'O HEJHNKA C BBIPYBKOU B OTPABOTAHHOE ITIPOCTPAHCTBO, B
YCJIOBUUA CTAPOBUHCKOI'O MECTOPOXJIEHUA KAJIMUHBIX COJIEHU

Brenenue
CornacHo crt. 65, m. 1.4 Kogekca Pecrybnmukn benmapycs «O Hempax»: HeTOMyIIEHHE HEPAIMOHAIHHOTO,

9KOHOMHYECKH HEOOOCHOBAaHHOTO BEIOOPOYHOTO W3BJICYEHHSI OJIE3HBIX HCKOIAEMBIX.
IMorepn monesnoro uckomaemoro (ITM) mpu pa3paboTke MECTOPOXKACHUH IOA3EMHBIM CHOCOOOM, B
yacTHOCTH Ha CTapoOMHCKOM MECTOPOXICHHUHM KaJMHHBIX COJIEH, SBIACTCS aKTyaJbHOH Ha MPOTSXKEHHH BCETO

CpOKa IKCIUTyaTallii PyJHUKOB.
N36exarh mOTeph MPaKTHYECKH HEBO3MOXHO. [l 3TOro HeoOXOAMMO NPOBOJHUTH JOMOJHHUTEIBHBIC

MEPOIIPUATHUSA 1A obecneueHus YMEHBUICHUSA TOTEPD IMOJIE3HOTO NCKOITAEMOT 0.

Iean uccjenoBaHmii:
Ymenbuth notepu [ myréMm oTpabOTKM MEXMaHEIbHOrO LEelHKa C BBIPYOKOH B 0TpabOTaHHOE

IPOCTPAHCTBO
H3i10:keHNEe 0CHOBHOI'O MaTepHaJIa:
[pu otpadotke |1-111 cHIBBHHATOBEIX CI0EB 3r0 KATUIHOTO TOPU30HTA, COTTIACHO [2] OCTa&TCs OXpaHHBIH

LETNK 1 IIMPUHA €T0 3aBUCHUT OT IITyOHHBI pa3paboTKH cM. pHC. 1.
Jnst Hammx ycsoBui cM. rpaguk Ne2 - KpuBasi JUIl TPYNIBI COJMMDKEHHBIX BBIPAOOTOK, BKIIIOYAIOIIAS

MaHeJIbHbIe KOHBEHEPHBIH U TPAHCTIOPTHBIN IITPEKH, OOPTOBOM MITPEK JIABHI.

el

11 ligrena

W S W b4 )] e WY 0

I nteng M

Puc. 1. I'paduxu mi1st BEIOOpa pa3MepoB OXpaHHBIX LEIUKOB ( a )
IIPYU MOJIEPKAHUK BBIPAOOTOK HA IPAaHULE CO CMEXHOM 0TpabaThIBAEMOH IaHEIbIO
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B pacueTHOM BapuaHTe AJMHA W IIUPUHA CTOJI0A JIaBbI 00YCIOBICHA CYIIECTBYIOIUMH TTaHEISIMH.

1) Jimua aBsi - 182 Mm;

2) BriHMMaeMas MOIIHOCTD - 2,1 M;

3) MumHa cronba - 2360 M;

4) Tlopsmok oTpaboTKH CTO6a — 0OPATHBIH;

5) Vmpasnenue KpoBieii — MOIHOE 0OpYILICHHE.

OnHOI M3 IIaBHBIX MPOOJEM Ha CETOMHALIHWI J€Hb, NPH BEICHUH OYMCTHON BBIEMKH C NPUMEHEHHEM
0ecILIeTTMKOBON CXEMBI, SIBIISIETCSl BRIPYOKa B 0TpabOTaHHOE MPOCTPAHCTBO cocenHero crojba. Uto B CBOIO ouepenb
BJIEYET HEOOXOAMMOCTh NPHMEHEHUs MOIOJHHUTENFHBIX MEPONPHATHH 110 MPOBETPUBAHUIO, KPEIUICHHUIO U
opraHuzanuy pador B JaBe.

BbipabomaHHoe npocmparcmoso
I baHuua 30Hb‘l, onacHou Ho cxonnemﬁo 2a308 ‘
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TpaHcriopmHbil wmpek nasbi rno ci. -1l

Puc. 2. mnan yuactka ctonba nassl (IV c.ci1. yclioBHO He TOKa3aH)

T.x. IV cunbBUHUTOBBIN CIOW M3BIEYEH HECKOJIBKUMU TOJAMH paHee, TO TOPHOE JaBJIeHHE B TYNMHKOBON
YaCTH JIABBI MOYKHO CUATATH O€30IaCHBIM

[Ipu opraHM3any MOATOTOBUTEIBHEIX PabOT, HEOOXOIUMO TIPH MPOXOJKE OYSPEIHON TEXHOIOTHICCKOM
cOOIKHM, BEHINOJNHATH BBIPYOKY B OOpPTOBOM IITPeK paHee OTpaOOTaHHOH maBbl. BBIpyOKYy BBINIOJNHITE B
«TUCTAHIITMOHHOM PEXHMME» C BHITIOIHEHHEM MPaBUI O0€30ITaCHOCTH MPH BEICHHH TOPHBIX PadOT B 30HE OMACHOH 110
CKOIUICHHIO Ta3a W MbUTH. J[0 Havajma OYUCTHBIX padoT (T.e. MOATOTOBKA CTOJNI0A JIaBBI M MOHTaXX OYHCTHOTO
o0opynoBaHus), OyAeT BBIIONHEHO CCTECTBCHHOE IIPOBETPUBAHWE U Jera3alus IPUMBIKAMOMIETO YYacTKa
0TpabOTaHHOTO CTOJIOA JTABHI.

OTOT cmoco® TOATOTOBKM CTOJ0A JIaBbl IIO3BOJIMT, YMEHBIIHTh KOJWYECTBO OCTAHOBOK JIABBI
00YCIIOBJICHHBIX TOSIBJIEHHEM ra30B U3 0TpabOTaHHOTO MacCHBa.

BriBoa: orpaboTka MeEXMaHETHLHOTO IENHKa OECIEIMKOBOH CXeMOW C BBIpYOKOH B oTpaboTaHHOE
MIPOCTPAHCTBO, MO3BOJISIET CHU3UTH MOTEPH MOJE3HOTO MCKOMaeMoro 7o 260 ThICSY TOHH C OJHOTO CTOJIOA JIaBHI.
Jnst  Toro, dYroObl JOCTHYb YCTOHYHMBYIO pabOTy OYHCTHOTO KOMIUIEKCA BCIICJCTBHE HEXKEIaTeIbHBIX
Fa3OHpOﬂBHCHI/Iﬁ u3 OTpa6OTaHHOI\/’I 30HBI, HCO6XO)II/IMO Ipu MOATOTOBKE cToJ1I0A JIaBBI BBINIOJIHATH OIepeKaroune
«JIera3alliOHHBIC COOMKI»
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OAO «benroxummnpomy, UYII «MHcTUTYT ropHOro aenay» Comuropck-Munck 2010r.
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T.
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A.A. IOBI'YH, C.I1. IEBUYK, B.B. BAITHUYHASI, C.B. 3BAHYEHKO
Hayuonanvnwiii mexnuueckuii ynusepcumem Yxpaunwvt "KIIH"

JHEPTOPECYPCOCBEPET'AIOIIUE MEXATPOHHBIE
KOMIUVIEKCBHI OBOI'AIIEHUSA YIJIA C CHJIOBBIMU YJIAJIEHUEM
COCTABJSAIOIIINX KOMIIOHEHTOB

B mocnemnme rTompl pa3paboTKa IIONIE3HBIX HCKOMAEMBIX COIPOBOXKIACTCA CHIDKCHHEM KadecTBa
JIOOBIBAEMOT0 TIEPBHUYHOTO CHIPBS, OCOOCHHO TPH IOOBIYE YIS 3a CUET YBENWYEHHUS 30JBHOCTH M CTEICHH
U3MENBYCHHS MAacChl. METONBI BIaXXHOTO OOOTAIIeHWS YT, KOTOpHIE HAILIM IIHPOKOE MPHMEHCHHWE B MHpE,
TpeOYIOT NPUBJICUCHHSI B TEXHOJOTHUECKHH NPOLECC 3HAYMTEIHLHOTO 00beMa BOJBI M SHEPTUH C 0Opa3oBaHUEM
0OJIBIIOrO KOJIMYECTBA OTXO/M0B. VIMEHHO MO3TOMY, mpobjeMa CO3IaHMs M pealu3alus pecypcodPeKTUBHUX
METOJIOB O0OTaleHUs] MEJIKHX M CPEJHHMX KJIACCOB YIJISI B YCJIOBHSAX T€OTEXHHYECKUX MPEANPUSTHH O0COOEHHO
akTyanbHa. Co3laHMe KOMIAKTHOIO M 3HeproeeKkTHBHOrO 00OpYAOBaHUS s OOOTameHUs YIJsl, KOTOpoe
BO3MOXKHO HCIIOJB30BaTh B YCJIOBHSIX T'€OTEXHHUECKUX MPEINPUATHH, IO3BOJUT 3HAUYUTEIBHO YMEHBUIUTH
TPaHCIIOPTHBIE PAcXO/bl IPU TOCTaBKE Ha 00OTaTHTENbHbIE (haOpuKy.

Cpemu METOIOB CyXOoro oOoTramieHHsl MacChl, KOTOpas COCTONT W3 HECKOJIBKHX KOMIIOHEHTOB, UMCIOIINX
pasnuuHbie KO3(D(UIMEHTBI TpeHHsl, CIeAyeT OTMETHTh METOJ cyXxoro oboramieHus o Tpenuio [1, 2].
[IpemnoskeHHBIE W3BECTHBIE CXEMBI METOIOM OOOTAIIeHWS [0 TPEHHUIO M0 PsIy NMPUYMH HE HANUIA IITHPOKOTO
nprMeHeHHs. [ TaBHBIM HEZOCTATKOM CYHIECTBYIOIIHAX CXEM OOOTAIICHHUS IO TPEHHUIO CIEAyeT CUUTATh CI0KHOCTh
mporiecca B3aUMOJCHCTBUS KOMIIOHEHTOB MAacChl IPH HMX JABIDKCHHSA, W KaK CIEJCTBHE, IIOYTH OJUHAKOBAs
TPaeKTOpHUS NBIDKCHHUS W Maylas CKOPOCTh YaCTHIl KOMIIOHCHTOB. Takke K HEJOCTaTKaM OTHOCST CJIOXKHOCTB
M3TOTOBJICHUS] pa0OYHX OPraHOB 00OTaTHTENBHBIX MAIIUH.

Jnst co3maHus HOBOH pecypcocOeperaroiieil TeXHOJOIMH OO0OralleHus YIis cieQyeT HCHOJb30BaTh
MPOLIECCHI CErperalny, B OCHOBY KOTOPBIX ITOJIOXKEHO HCIOJIb30BaHUE TPHOOTEXHUYECKUX CBOWCTB pa3/ieisieMbIX
KOMIIOHEHTOB C CO3/laHMEM BBICOKOH CKOpOCTH pabo4yMx OpraHoB JUId OOecrle4eHHs HeoO0XOJUMOi
MPOU3BOIUTEIHHOCTH.

JUis ycTpaHeHHs CYIIECTBYIOIMX HEIOCTaTKOB aBTOpaMM IMpeJIo’KEeHa HOBas CXeMa CyXOro o0oraiieHus
1o TpeHuto [3], KoTopas mpeaycMaTprBaeT CHIIOBOE OT/EIICHUE YaCTHII OTHOTO KOMIIOHEHTa OT Apyroro. [IpuHimm
pabOoTHI MaITHBI O0OTAIICHHS 10 TPEHHIO TIpe/icTaBieH Ha pucyHke 1. [Ipu B3anMoIeiicTBHN YacTUIIBI JHAMETPOM

d C BaJIKaMH1 IUaMETPOM D B0o3MOKHO JIBa BapuaHTa ,IlaJ'ILHGﬁLHGFO JABHXKCHUA 4aCTHUIIbI: HepBbe/‘I - CUJI TPpCHU:A luP

OyzeT HeTOCTaTOYHO AJIS MPEONOJICHHUS PeaKkIMd HOPMAIbHON COCTABIIAIONICH NEHCTBUS BAJIKOB, YTO MPUBEAET K
IIPOCKAIb3bIBAHUIO; BTOPOM — CWJIBI TPEHMs 3axXBaTAT YacTUIly M IPOU30MIET €€ Uu3MeIbueHHUs. Xapakrep
B3aMMOJICHICTBHS BAJIKOB C KOMIIOHEHTAMHU OMNPEICISIOT FeoOMeTpUYecKue M (pu3ndecKkue mapaMeTphl 4acTHIbI U
BasikoB. CripoektupoBaB Ha och OY cuilbl, AGHCTBYIOLIME HAa YACTHIy MOXKHO HalTH 3aBUCHMOCTb MEXIY YIJIOM
3axBara o ¥ KO3(GGHUIMEHTOM TPEHUs! | AJIsl YCIOBHM MepeXo/1a CKONBKEHHs B 3aXBaT:

2P -sin(ar/2) —2uPcos(a/2) =0, tg(a/2) = u 1)

Jnsa onpeneneHus kod(pdHIMEHTa TPEHUS LEIecoo0pa3sHO HCIOJb30BaTh TAHIEHC YIVIA MEXIy
TaHTEHIMAILHONW 1 HOpManbHOI coctapmsomeit 1J(Q . [loacrasue 3Hadenue s K0dQGHUIMERTa TPEHHUS, TOTYIUM

3HAYCHHUC JIA yIJjla 3axXBara:
tg(a/2)=tgp, a=2¢p- (2)

W3 BepaxeHus (2) cnexyeT BBIBOJA, YTO IIPU OJHUX M TEX K€ TIEOMETPHYECKUX IapaMeTpax
B3aMMOJICHCTBHS BAJIKOB C MAacCOM YacTh MaTepHaja ¢ OOJBIINM 3HAYCHHEM yTila TPEHHUS OyIeT 3aXBaThIBAThHCS, a
4acTh OCTaHETCS B 30HE KOHTakTa. [laHHBIA 3¢ QEeKT ciexyeT HCIONIb30BaTh MPH OTAEICHUH MOPOIBI OT YT,
nmeet ko3 durment Tperns B 1,5-2,5 paza MeHbIIe, 4eM opoa.

Takxe, pacCMOTpEB CXeMy B3aMMOJEHCTBHS YACTHIIBI MAacChl ¢ BAIUKOM (puc. 1), MOXXHO HAaWTH CBA3b
TEOMETPHUIECKUX apaMETPOB CUCTEMBI:

1-cos<
2
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Puc. 1. CxeMma B3aMOAEHCTBUS YaCTHUIILI C BAJIKAMU

CrenaB aHanmu3 BbIpakeHUs (3), MOXKHO HIPUATH K BBIBOLY, YTO JUI PAa3HOTO IUaMeTpa 4acTUIbl 0 Macchl
HEoOX0MMO TPHMEHSTh BaJoK pasHoro amamerpa D. Ho Takoe pemreHne HpuBENET K HCIOIB30BAaHHIO BAJIKOB
MepEeMEHHOro pajauyca (KOHMYECKOH (OpMBI), 4TO B CBOIO O4Yepelb MPUBOAMT K BBHICOKOW METAJUIOEMKOCTH H
CJI0’)KHOCTH KOHCTPYKIIMM 00OTaTUTEILHONW MalIHbI, CYIIECTBEHHBIX SHEpro3aTpaT Ha U3MEJIbYCHUE MaTeprana.

C uenplo yCTpaHEHHS ITaHHBIX HEIOCTATKOB aBTOPaMHU IPOBEJIEHBI HKCIEPUMEHTAJIBHBIE HCCIICAOBAHUS
oOoraieHus 3a yrjioM TPEHHs ¢ CUJIOBBIM yIaJeHUEeM MOPOoAbI (pHc. 2). DKcIepUMEHTaIbHAas YCTAHOBKA COAEPIKUT
B ce0e BaJIKM IIOCTOSHHOTO AnaMeTpa ¢ BO3MOXHOCTHIO H3MEHEHHUS MEKOCEBOTO PACCTOSHUS U IIPUBOL.

Puc. 2. DxcriepuMeHTaNbHAS YCTAHOBKA CYXOTr0 00OTaIeHNUS 110 TPEHHIO

HpOBC}IeHHBIe HCCIICA0OBAaHUA TOATBEPANUIN BO3MOXHOCTH 060FaH_IeHI/IH 3a YIJIOM TPEHHA C CHIIOBBIM
yAaJeHUEeM HOPOABI MIIMHAPUYECKUMH BAIKaMU M CIIOCOOCTBOBANIM CO3JAaHHIO HOBOM CXEMBI MalIMHEI (pHC. 3).
BaxHbIM OTJIMYMEM HOBOTO MEXAaTPOHHOI'0 KOMINIJIEKCA SABJIACTCA HUIWMHIAPUYECCKHUEC BaJIKH 1, OCHU KOTOPBIX
PACTIONIOKEHBI TTOJT YTIIOM JIPYT K APYTY. DTO MO3BOJISIET H3MEHUTh PACCTOSTHUE MEX Iy BaJKaMH BIOJb UX JIUTHHEI U,
Kak CJIEJICTBHE, IO3BOJIIET 0OpabaThiBaTh TOPHYIO Maccy pa3HbIX (paknuii Ha OAHOM MammHe. lV3meHeHue
paccTosiHMSI MEXIy BaJKaMH TaKKe€ YMEHBIIAeT CTEleHb M3MENbUYEHHs, YTO IPHUBOJUT K YMEHBIICHUIO
9HEPro3arpaT MalliHBL

CrientyetT OTMETHTB, YTO TNPEJICTABICHHAs! CXeMa NPY HU3KOHM 30JI5HOCTH BBIXOJ@ YIJI MMEET HEJ0CTaTOYHOI0
MPOM3BO/IUTENLHOCTD. JIJIsl yCTpaHeHHs TAaHHOTO HEJOCTaTKa aBTOpaMH IPEJIOKEeHa HOBasi cXeMa CyXOoro oforaiieHus
M0 TPEHHIO, KOTOpas NpeayCMaTpPHBAcT CHUIIOBOE OTHAECNICHHE YacTeil OJHOro KOMMOHeHTa oT apyroro [4]. IlpuHmmn
paboThl MEXaTPOHHOTO KOMIUIEKCa OOOramieHHsi [0 TPEHUIO TpeJACTaBieH Ha puc. 4. MexaTpoHHas cHcTeMa
M30MPATENLHOTO APOOJIEHHS PadOTaeT CieAyIommM o0pa3oM. Macca U3 muTaTelsi 2 MmonajaeT B MPOCTPAHCTBO MEXTY
JIMCKaMH 1, KOTOpBIE BPAIAlOTCsl B OJIHY CTOPOHY. [loJ neficTBreM CHIl TpEHHMS YaCTHUIIBI TIOPO/IBbI YBIEKAIOTCS AMCKAMU
1 n m3Menpyasich MONaJAlOT B NMPUEMHBIN OyHKep mopojs! 4. JlelicTBre CHl TPEHHs! Ha KYCKH YIJIsl JOCTATOYHO JUIS
BpaIlleHHs] BMECTE C IMCKaMH U HEJIOCTATOYHO JUISL MX 3aXBaTa U M3MEJIbYCHHS M3-3a2 CPAaBHUTEIILHO MEHBILIETO 3HAYECHHS
kod(uirieHTa TPEHUsT Y MO CPaBHEHUIO ¢ KOI(MPHUIMEHTOM TpeHus mopozbl. [Ipu sToM mucku 1 pasroHSOT U
3a0pachIBAIOT YaCTH YTJIsI B PHEMHBIN OyHKep yriis 3.
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Puc. 3. [IpononsHOE ceueHre 000TaTUTEILHON YCTAHOBKHU T10 TPCHHUHUIO:
1 - Basiky; 2 - KaMepa U3MEIbYCHUS; 3 - OUUCTUTENH; 4,5 - HANPABJISIst JIOTKH; 6 - aMOPTH3ATOPBL; 7 -
[IHEKOBBIN MUTATENh; 8 - pa3rpy30uHas melb; 9 -0yHkep; 10 - KOpIyc YCTAaHOBKU

1 2

Puc. 4. Cxema paboThI AUCKOBOTO KOMILIEKCA

[lo mnpuHmumy cyxoro o0orameHus 1O TPEHHI0O C CHJIOBBIM YAaJeHHEM TOpOJIbl HAy4HO
Mpou3BoJACTBeHHBIM IIeHTpoM "IIpecc", r. HocoBka mOCTpoeH wLeiblil psii MEXaTPOHHBIX KOMIUIEKCOB JUIS
oborareHus yriis pa3IMuyHoro kiacca (puc. 5).

Puc. 5. MexaTpoHHBIE KOMIUIEKCHI CYXOT0 OOOTaIeHAS yTIIs
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IIpencTaBneHHblE MaIIWHBI YCIEIIHO IPONIUIM HCHBITAHUS Ha TEOTEXHMUYECKHX IPEATIPHATHAX
«[TaBrorpamyroap» ¢ MOATBEPKICHUEM BBICOKHX TEXHHKO-3KOHOMHYECKHX MOKa3areneil. Kaxkmas m3 co3maHHBIX
MallMH IIpPEeAHA3HauCHa U1 COPTUPOBKH MAacCChl Da3IWIHON KPYNMHOCTH M B COBOKYITHOCTH OO0pa3yroT
BBICOKO3(D(heKTHBHBIN KOMIIIIEKC 00OTAIIEHNS YIS ¢ BBICOKUMH ITOKA3aTEIIMHU Ka9eCTBA BBIXOAAIIETO MPOIYKTa.

ITpenMymiecTBa MPENCTABICHHBIX HOBBIX CIIOCOOOB OOOTamICHMS MO TPEHHIO C CHIIOBBIM YAAJICHHEM
MOPO/IBI OTHOCHUTENIFHO Majble SHEPrOEMKOCTh M MacCOBO-Ta0apUTHBIE MOKA3ATENH, YTO MO3BOJIIET HCIIOIb30BAThH
UX B YCIOBHUSIX F€OTEXHUYECKOTO TPEIIPHUATHS O3 TPaHCIIOPTHPOBKHM Macchl Ha 00oraTuTeNbHbIe (habpuKy.

YcTaHOBIICHHBIE 3aBUCHMOCTH PacIpeIelieHHH IaBlIeHNH B 30HaX JCHCTBHS pabOYMX OpraHOB Ha MAaccy MO3BOJISEOT
YCTaHOBHTH OCHOBHBIE SHEPIOCHIIOBBIE ITApaMeTphl MEXaTPOHHBIX CUCTEM OOOTAIEHHUSI U TIPOBECTH IPOYHOCTHBIE PACUETHI.
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B.A. IPUBAH, H.A. IYBPOBA
Pecnybnuxanckuii akademuueckuti HayuHo-uccie008amenbCkKuil U NPOeKmHO-KOHCMPYKMOPCKUL
UHCIMUMYM 20PHOT 201102Ul, 2e0MEXAHUKY, 2e0U3uKY U mapkutetioepckozo oeia (PAHUMMU), [oneyx

O®OPMUPOBAHMUME U 2BOJIIOIIUA JE@OPMAILIMOHHBIX
MOJIEM MACCHUBOB I'OPHBIX ITIOPO/I HPI/IMMHOFOKPATHOI‘/’I
INOJAPABOTKE B HEHTPAJIbHOM PAUOHE JOHBACCA

LenTpanpHBI TEONOTO-IPOMBINUICHHEIH paiion Joubacca (LIP) — crapeiimuii ropHOIOOBIBAIOIIHI
peruoH, pa3paboTKa KOTOpPOro Hadajgack B KOHHIE 19 cronmetust w mociyxwia 0a3oi Uit pa3BUTHS
METANTYPIrUIeCKUX, XUMHYECKHH M MAalIMHOCTPOUTEIBHBIX TNpeanpuaTuii. Ha ero TeppuTOpHH pacriosiokeHs
TOpPHBIE OTBOABI 28 IIAXT, Psi KPYNMHBIX MPOMBIIUICHHBIX M XHMHYECKHX MPOM3BOJCTB. BBICOKas cremeHb
TEXHOT'€HHOM Harpy3kd IpPOBOLMPYET OIACHBIC aBaphiiHble cuTyauuu. Hampumep, B pe3yibTare MOAPAOOTKH
I'op7oBCKOTO XMMHYECKOTO 3aBOAa MPOM30IIIAa YTeYKa ONACHBIX OTPABIIAIONIMX BEIIECTB, YTO IPHUBEIO K
OTPAaBJICHUIO MTAXTHOM aTMOC(hepHI C JETATbHBIM HCXOJIOM.

MsHorokparHas nojapadoTka MaccuBoB B ycioBusix LIPJI, Benymasicst Oonee 130 jer sBisieTcss OJHUM U3
HauOosiee 3HAYMMBIX (AKTOPOB, OINPEACISIONINX KapAWHAJIbHOE W3MEHEHHE (WIIBTPALMOHHBIX XapaKTEPUCTHK
BMeIaronmx nopo. Iloaromy, nenpio JaHHON pabOTHI SBJISIETCS OLIEHKA CTETIEHH HapyIICHHOCTH MacCHBA FOPHBIX
MOpPOJ]  BCJIEICTBHE MHOTOKPATHOTO IIO3TAIHOTO  BO3JEHCTBUS  3HAKONEPEMEHHBIX Pa3HOHAIPABICHHBIX
nedopmanuii, BOZHUKAIOMMX B MPOLIECCE IKCIUTyaTallid MECTOPOXKICHUS, sl AaIbHEHIIIEro MPOTrHO3a N3MEHEHUS
ero (GMIbTPaMOHHBIX XapaKTEPHCTHK.

B xauectBe 00bekTa McCIEeAOBaHUS BHIOpaHBI TOPHBIE OTBOABI IAXThl AslekcaHap-3anaj (Tae Mpou30IIIo
OTpaBJIeHHE MIAXTHOM aTMOc(epsl) U ABYX Npuieraronux maxTt uM. Kanuanna u KongparseBka o01ei miomaabso
6onee 60 kv’. TopHble mpeanpusTHs PaGOTAIT C HAYATA TPOLIIOTO CTONETHS M 0TPabaThBaroT 10 20 IIACTOB Ha
riryounax g0 750-1000 M. B kxauecTBe TECTOBOM MOJENM Ul TOJyYSHHUS] OIEHOYHBIX XapaKTEPUCTHUK IOJIeH
nedopMaruii B POM3BOIBHON TOUKE MACCHBA FOPHBIX MOPOJ, ObLIM BEIOpaHb TpH yrombHEX miacta (Ks>, Kz, Ki')
maxtel uM. Kamuamna. Tlnacter Ks2, Ky, ki’ otpaGarsiBamuce mHa mporsokernn 80 mer ¢ 20 mo 90 IT. mpoumoro
CTOJISTHSI K UMEIOT YTIIbI TaACHUS OT 52° 10 56°.

1 mpoBeneHns pacueToB ObUT MCIOJIB30BAaH CIEAYIOMHNX MOAX0. Bce maBel B mpepenax Kaxmaoro
njacta ObUTM OOBEAMHEHBI MO BPEMEHHBIM IiepuojaM oTpaboTku. B kadecTBe mara OBIT yCTaHOBJICH
uHTepBaia 10 ner. B pesynbrare annpokcumanun okoxo 1000 nas BeigeneHo 125 KOHTYpOB TOpHBIX paboT mo
TPEM YTOJBbHBIM IUIACTaM, KOTOpbIE pa3OMTHI Ha TPYMIIBI, COOTBETCTBYIOIINE BOCEMH BPEMEHHBIM HHTEpBAJIaM
0TpaboTKH ¢ ImaroMm B JiecsatuieTne. [ist onpeneneHus 3Ha4eHUH nedopManuii B MpOM3BOILHON TOYKE MacCHBa,
MCXOJHBIE JJaHHBIE O IITyOMHE OTPabOTKH BCEX alPOKCHMHPOBAHHBIX KOHTYPOB OYMCTHBIX TOPHBIX BBHIPAOOTOK Ha
ropusoHTe «0» NMpUBENEHBI K 3HAUYEHHSM, COOTBETCTBYIOIIUM TOpH30HTaM «-250», «-450» u «-650» merpos. U3
pacdera NCKIIIOUYEHBI KOHTYPBI, KOTOpbIe ()aKTHUECKH PACIIOJIOKEHBI BbIIIe 0003HAYEHHOTO TOPU30HTA.

I'opHO-Treonormueckne ycioBusi OTpabOTKH HCCIEAYEMOM TEPPUTOPUH - OOIBIIOE KOIMIECTBO
0TpabaThIBAEMBIX IUIACTOB, KPYTO€ TAJCHHE M MaJO€ MEXKIUIACTOBOE pACCTOSIHME — IOTpeOOBalM ydera
MHOTOKPAaTHOCTH MOAPabOTKN AJSI MOIYYEHHUs AOCTOBEPHON OLEHKH HANpsKEHHO-AE()OPMHPOBAHHOTO COCTOSHUS
MaccuBa. [loaromy, mpu pacdere mnapameTpoB nedopmamuii TOYKHM MaccuBa [l ,2] OBUIO ydYTEHO BIIHMSIHHE
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MHOJKECTBEHHBIX BBILICISKAIIUX CTAPBIX TOPHBIX pabOT HA KaXKJIOM 3Tare mocienyomeit orpadotku. [ pacyera
MaKCHMAJIbHBIX OCEJaHUH OT TEKYLIIMX TOPHBIX pabOT ¢ yd4eTOM BIMSHHS CTapblX BBIPAOOTOK, HCIIOJIB30BaHO
peKyppeHTHOe cooTHoIIeHne Buza (1):

obw __ . HO8 Aq [aqm
net =0+ —n" 1
Qo
rae tn — paC‘IeTHLIﬁ nepuoa; N — KOJIMYECTBO PaCYCTHLIX MCPUOIOB.
Ha PUCYHKE 1 MpEACTAaBJICHBI 30HbI BJIMAHHUSA AlIIPOKCUMUPOBAHHBIX KOHTYPOB I'OPHBIX pa60T mjacra k52
TECTOBOM MOJIETIH.

Puc. 1. 30HbBI BIUSHUSI KOHTYPOB TOPHBIX paboT 1o miacty K

B kadecTBe mpmmepa, Ha pUCYHKe 2 TpeCTaBiIeHAa TUHAMUKA M3MEHEHHs Ie(OpMAaIlMOHHBIX IOJeH C
BPEMEHHBIM 111arOM B JIECSTh JIET.

Puc. 2. JIlnnamuKa U3MEHEHUS 10JIel TOPU30HTANBHBIX AeopMaliii Ha Topu3oHTe «0»

Pacnipenenenne 3Ha4eHUI TOPU3OHTAIBHBIX Ae(opMariii B peaenax uccaeyeMoH IUIOoImaan XapakTepu3yeTcst
YepeIyIONIMHUCS TIPOCTPAHCTBEHHO CONPSDKEHHBIMH 30HAMH CKAaTHS M PACTSDKCHUS, TPOCIICKUBAIONINIMHUCS Ha BCeX
JTanax OTpabOTKU. 30HBI CKATHUIN M PACTSHKCHUH, IPECTABISIFOT COO0H MPHOIM3UTEIFHO PaBHBIC TI0 IUIONIA M 00JIACTH,
XapaKTePU3YIOUIHMECs OMM3KUME IO BEIUYUHE 3HAYCHUSMH W TPUOIU3UTCIBHO PABHBIM MPOCTPAHCTBEHHBIM IIIATOM
YepeIoBaHUs B MPeerax KaxkI0ro paccMaTpuBaeMOro BpeMEHHOTO IEPUOIa.
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Jlnst aleKBaTHOTO ONMCAHUS HAKOIUICHWS IOBPEXKICHHOCTH MaccuBa TOPHBIX MOPOA B Ipolecce
noApabOTKH, CIEIYeT yYUTHIBATh TOT (DAaKT, YTO MOPOIBI Pa3lIUYHBIM 00pa3OM pPearupyroT Ha pas3iIHMyYHbIC BHUIIBI
nedopmanmii. Hanbosee ycTOWYIHMBEI TOpHBIE MOPOABI K AehOpMaIMAM CXATHS, B TO BPeMs Kak MPOYHOCTH Ha
pacTsDKEHHE COCTaBIAET, Kak mpasmio, He Oomee 10 % ot mpounoctn Ha cxatue [3]. IlpenenbHble 3HaYeHUS
nedopmanmii pacTsDKeHHS, UIA MOPOA HCCIEAYEeMOTO paioHa, NPH KOTOPBIX MPOHMCXOMUT paspylIeHHE U
oOpa3oBanme TpemuH KonedmoTes B npeaenax 0,05 — 0,25 mm/m, a cxarus — 2 mm/m [3].

Takum 00pa3zoM, yBenMUeHHE 3HAYCHUH TOPU3OHTAIBHBIX Ae(OpMALMH PacTSDKEHHUS, JOCTHTAIONIUX Ha
HEKOTOPBIX y4acTKax S5+7 MM/M W NpEBBINAIOIINX IpeacibHble 3HaueHWs B 20+30 pa3, CBHIETENBCTBYET O
KapJUHAJIbHOM M3MEHEHHM E€CTECTBEHHOTO COCTOSHHS BMEINAIOUIMX IMOPOJ MMEHHO BCJIEACTBHE MHOTOKPAaTHOMN
JIOJITOCPOYHOM NMOAPAOOTKH.

AHanM3 TOJIyYEHHBIX pe3yJbTaTOB IIO3BOJIIET CJHENIaTh BBIBOA, YTO JOJTOCPOYHAs MHOTOKpATHas
noapaboTKa YroJIbHBIX [UIACTOB B YCJIOBUSIX KPYTOTO MaJEHUs MPUBOIUT K 0OPa30BaHUIO B MaCCHBE TOPHBIX MTOPOJ
YepeyIOIUXCsl MPOCTPAHCTBEHHO-CONPSDKEHHBIX 30H CXKATHA M PAcTsHKEHHH, 3aMelaloniux JApyr Jpyra B
IpoLecce BEJICHUS TOPHBIX paboT M T'EHEPUPYOIIMX KBA3HPETYISIPHYIO CETh BEPTHKAIBHO OPHEHTHPOBAHHBIX
TEXHOT€HHBIX  KOJUIEKTOPOB, KOTOPBIE  SBIAIOTCS  MUTPAlMOHHBIMH  KOPHAOPaMH, CIIOCOOCTBYIOLIIMMH
pacnpoCTpaHEHHIO MOJUIIOTAHTOB B MacCHBE.

JlocTOBEpHOCTD MOJIyYCHHBIX PE3YIbTATOB, CBUACTEIBCTBYIOIINX O TPAHC(HOPMAIINKI MaCCHBA TOPHBIX MOPOA B
KBa3MOAHOPOAHYIO IO (HMIBTPALMOHHBIM XapaKTEpPUCTHKAM Cpelly, TIOATBEPKIaeTCsl 0OpabOTKOM SKCTIepHUMEHTATbHBIX
JIAHHBIX O PACIIPEICIICHNH BPEAHBIX 3arpsI3HAIONINX BEIIECTB HAa TEPPUTOPUH HCciIenoBanus [4, 5].

Pa3paboran M peanu30BaH MHKPEMEHTAJIbHBIH MOJAXOJ JAJs BPEMEHHOH OIEHKH TpanchopManuid nosei
nedopmanuii 1 MPOHUIIAEMOCTH MaccuBa TOPHBIX MOPOJ B MPOIEcce MOAPaOdOTKH, KOTOPBIH SBISIETCS 6a3ucoM s
OLIEHKH W3MEHeHHs (WIBTPALMOHHBIX XapaKTEePUCTUK MAacCHBa TOPHBIX IIOPOJ YCJIOBHSAX MHOTOKPaTHON
CHCTEeMaTHYEeCKOHW JOJITrOCPOYHOI moapaboTku MaccuBoB. Kak mperncraisiercs, JaHHBIN MOAXO]] MO3BOJISIET pellaTh
MHOTOYHMCJICHHBIC THAPO-TCOMCXaHNYCCKUE 3aJa4r U, B YaCTHOCTH, 3aJa4d IMPOTHO3a Pa3BUTUSA KOHTaAMHUHAIITUOHHBIX
MIPOIIECCOB B TOPHBIX MacCHUBaX.
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A.A. KIIMMOB
OI'll OO0 «llonumemann LLlaxmonpoxookay

«TPOCOBOE KPEIIVIEHUE OYUCTHOI'O ITPOCTPAHCTBA B
CJIO’KHBIX TOPHO-TEOJIOI'MYECKHUX YCJIOBUAX
MECTOPOXKIEHUSA «BUPKAYAH)

Lenbto maHHO#N paboTHl SABISIETCS OOOCHOBAaHWE IIEIIECOOOPA3HOCTH TPOCOBOTO KPEIUICHHS OYHCTHOTO
MPOCTPAHCTBA B YCIOBHUSIX MECTOPOXKICHUS «bupkayany.

3amayaMu UCCIEI0BAHUS SIBIISIFOTCS

e VYBennueHne 6€30IaCHOCTH BEIEHHSI TOPHBIX pPadoT;

e VYMeHbIIEHNE OJATrOTOBUTEIbHO-HAPE3HBIX padoT;

e VYMeHbIIEHUE [TOTEPh U 3aCOPEHHS T00BIBAEMOH PYIbI;

e Pacuer sxoHOMHYeckoro 3ddekra u MpoBeIeHNe aHaTN3a MOJTYUYSCHHBIX PE3YJIbTATOB.

Jnst noCTIKEHHsI IOCTAaBISHHOH LIENN U pelllaeMBbIX B CBSI3M C HEH 3a1a4, paboTa pa3jieneHa Ha IJIaBbl.

B nepBoii r1aBe naercs KpaTkas XapaKTepUCTHKAa MECTOPOXKIACHHS, pacCMaTPHUBAIOTCSl TAaKHE Pa3zieibl Kak
reoJIOTHYECKasl XapaKTepUCTHKa MECTOPOXKICHUS, aHAJIU3 KOJIOHKOBOTO OypeHHs, TeéOMEeXaHN4ecKoe 000CHOBaHUE
IapaMeTpoB CHUCTEMBI OTpPabOTKH. Ha OCcHOBe 3THX MaHHBIX MpEAJaraeTcsl MCIOJIb30BaTh TPOCOBOE KPEIUICHHE
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OYKMCTHOTO MPOCTPAHCTBA C MOMOIIBI0 aBTOMATH3UPOBaHHOM ycTaHoBKH «Sandvik DS421-Cy. Takke B 3TOii riiaBe
JIaeTCs CPAaBHUTEIBHBIM aHAIN3 MOIYYCHHBIX PE3YJIbTATOB.

Bropas riaBa nmocsiieHa YSKOHOMHYECKOMY 00OCHOBAaHHIO IIPUMEHIEMOTO METO/IA.

JA71st 5KOHOMHYECKOTO POCTa M OJIaronoaydnst JF000ro TOPHOTO MPEANPHUATHS BXKHO YTOOBI €T0 MPOAYKIIHS
OBLTa MaKCHMaJBHO KadeCTBEHHA MPU MHUHAMAIBHBIX 3aTpaTax Ha ee No0sray. OcoOeHHO BaskeH 3TOT BOIPOC IpHU
IoOBrde 1 mepepaboTke O6JaropoaHsIXx MeTanioB. CTpeMHUTEIhHOE pa3BUTHE TEXHOJIOTHI B TOPHOM IPOHM3BOJICTBE
no3Bosisier Ooinee 3((eKkTHBHO AOOBIBaTH MOJE3HOE HMCKOIAeMOEe W3 HEAp 3eMJIM M obecrednBaeT Oe3omacHoe
Be/IeHHE TOPHBIX pa0b0oT. OCHOBHBIM KPUTEPHEM JUISL ATOTO SIBIISICTCS yMEHBLICHUE MOTEPh M Pa3yOOKUBAHUS MPU
J00BIUE MOJIE3HOTO UCKOITaeMOT0

3onoro-cepeOpsiHass MHHEpan3alus, ¢ KOTOPOW CBs3aHbl NMPOMBIIUIEHHBIE 3arachkl 30JI0Ta U cepedpa,
NpUypoYeHa K TEKTOHMYECKOH 30He (IpUKaNbAEpHBIA pasznoM). [IpukanbaepHBI pa3ioM KOHTPOJIHMPYET
pa3MelleHle PBYIIHUX 3PYNTHBHBIX OpPEKUYHMH, ¢ KOTOPHIMH NPOCTPAHCTBEHHO CBS3aHBI I'MIpPOTEpMalbHBIEC, B TOM
YHCIIe U pyAHbIC 00pa30BaHUs.

ITo naHHBIM TeONOTMYECKUX M3BICKAHUM, MOITYYCHHBIX B PE3YNbTaTe U3YyYECHUs] MECTOPOXKICHHUS, TTOPOIBI
MPE/ICTABIICHBI BYJIKAHOT€HHO-0CAI0YHBIM KOMIUIEKCOM CPEIHE-OCHOBHOTO COCTAaBA.

ITopons! Bucsyero O0ka pyIHOTO Tesla XapaKTEPU3YIOTCS] KaK HEYCTOWIHBEIE.

Hcxonst n3 qaHHBIX KOJIOHKOBOTO OypeHHs ObUI POBECH aHAIN3 M PacCUNTaH I0Ka3aTeNb HapyIIEHHOCTH
nopoJ. [Tokasatens kadecta mopoasl (RQD) — 3To oTHOIIGHNE 00IIEeH [UTMHBI COXPAaHEHHBIX KYCKOB KepHA JUTMHOW
6osiee 10 cM K aHMHE MPOOYPEHHOTO MHTEPBAja B CKBKMHE. BBUIO BBISBIEHO, YTO MOPO/IBI BUCSIUET0 OOKa PYIHOTO
Tena No2 XapakTepu3yloTcss Kak HeycroWumBble. Tak jke MO pa3pe3y MOXKHO HPENIOJIOKHUTh, YTO C TIyOWHOIt
YCTOWYHBOCTH MOPOJ BUCSYETO OJIOKA yBEIMIHBACTCS.

[locne mnonyueHusT JaHHBIX TEOJOTMYECKOW pPa3BEIKH, OTICIOM TEOMEXaHMKH W THUAPOTreOJIOrHU
«Tonmumeramn WHXUHUPUHT» OBUIM MPOBEAEHBI pacueThl YCTOWYMBOCTH BBICOTHI 3Taka U IIOCTPOEHA
TreoOMEXaHHUYEeCKask MOJIEIb.

3aKIIIoueHNe TEOMEXaHWKH MOKa3ano, 4To mpu orpadorke P.T. Ne2 momdTa’kHBIMH INTPEKaMH, BBICOTA
araxka coctaBuiia 30 M, a mpelenbHbIN NpoJIET KaMepbl cOCTaBUT 20 M.

[Tpoananu3upoBaB Te€OJOTMYECKHE W T'€OMEXaHMYECKHe CBOICTBa MecTopoxkaeHus «bupkauan», BUAHO,
YTO TOPOJBI BUCSUYETO OOKa PYAHBIX Tl Oelniee E3MHTETPUPOBAHBI, MPOXOAKA BBHIPAOOTOK B MIpE/eNax BHCSIYETO
6oka OyneT ocloKHEHa HU3KUM KJIACCOM YCTOHYMBOCTH ITOPOJ] KPOBIIH, BEJIMK PUCK 3aCOPEHHS Pyl IPU BEICHUU
OYKCTHBIX paboT. J{isi yMEHbLICHUs 3aCOPEHUs PYIbl U YBEIMYCHHUS YCTOMYMBOCTH BHCSYEro OOKa mpeiaraercs
TPOCOBOE KpEIJIEHUEe OYMCTHOTO MPOCTPAHCTBA

KanaTHbIil aHKep NpeqHa3sHaueH AJS KPEMJIeHHWsS TOPHBIX BBIPAOOTOK IyTeM TIyOHMHHOTO aHKEPOBAaHUS
OKpYXaIOUIMX IMOPOA. 3aKperuieHHe KaHaTHOTO aHKepa MPOM3BOAMTCS MPHU IIOMOIIM IMOJMMEPHOI0 COCTaBa MM
LIEMEHTHOI'0 pacTBOpa Mo BCeH JUIMHE IIMYpa, YTO 00ecreurBaeT yCTOHUMBOE COCTOSTHIE TOPHOTO MacCHBa.

IIpu oTpaboTKe JAHHOT'O MECTOPOKACHHUS OBLIN MOIOOPAHBI IBE CUCTEMBI OTPabOTKH !

Cucrema pa3pabOTKH MOASTAXKHBIMH IITPEKaMU

CroeBas cuctema pa3paboTku

[IpenmymiecTBa kaHara:

Bricokoe pa3pbIBHOE ycHIIHE;

OnrumainbHas Hecymast; CHoCOOHOCTH/YCTOHYMBOCTh CHCTEMBI;
ObecneunBaeT (PUKCAIUIO TOPOJBI ITO BCE JTHHE.

Jlnst aBTOMaTM3alMy IPOW3BOJCTBEHHOTO Mpollecca NpeasiaraeTcs MUCIOIb30BaHHE MOA3EMHOI OypoBOM
YCTaHOBKOM, KOTOpasi BBITIOIHAET MOJHOCTHI0 MEXaHU3UPOBAHHBIN pabouMil IIUKII:

e bypeHue

e 3anoiHEHHe PacTBOPOM

e MoHTax Kabemns

[IpencraBneHbl TEXHWYECKHE XapaKTEPUCTUKM JaHHOH OypoBOW ycraHOBKM. Bce pasmepbl Obutn
MPOBEPEHBI ¥ OAXOMAT I10]] CEYEHHsI, IPIMEHsIEMbIE HA MECTOPOXK/ICHUHN «BbrpKauan».

Jnst oTpabOTKM MECTOPOKAEHUH IOA3EMHBIM CIIOCOOOM O4YeHb Ba)KHO, YTOOBI MACCHB OKPY>KaroUIHX
nopos Obul ycroiunBblid. OTKa3 Takod CHCTEMBI MOYKET MPUBECTH K BOSHMKHOBEHMIO HANpPSDKCHWH B MacCUBE, B
MOCJIC/ICTBUM YETO MOXET IPUBECTH K BHIBAJIOOOPa30BAaHMIO, 3aCOPEHUIO PY[bl, TOBPEXKICHUIO 00OPYIOBaHUS,
TpaBM U T.[1., CTOUMOCTb KOTOPBIX 3HAYUTCIIbHO NNPEBLIMIACT IEPBOHAYAIIbBHYIO CTOUMOCTD KPCIUICHUA.

Sandvik DS421-C — 310 GypoBast yCTaHOBKA JUTsl KPEIUICHHsI TOPHBIX BRIPAGOTOK M TOHHEJIEH, YCTaHABIIMBAFOIIAsT
MHOTOKITEHBIE TPOCOBBIE aHKEpa ¢ TIIYOMHON MX YCTaHOBKH /10 25 M. BypoBasi ycTaHOBKa 000pyIOBaHa MHKCEPOM TS
MPUTOTOBJIEHHS PACTBOPA, IEMOHTUPYEMOH TIaT(OPMOit [Isl XpaHeH s [IEMEHTa M TPOCOBBIM 0apabaHOM, YTO MO3BOJISET
eii B TeYeHHN HECKOJIBKHX CMEH paboTath 6e3 MOMOIHEHHUS PACXO/IHBIX MATEPUAJIOB.

IIpenmymiecrsa:

e Bce onepaiyy BBINONHAIOTCS OJHUM OIIEPATOPOM, HaxojsIieMcs B KaOMHE, 4To oOecrieunBacT emy
MOBBIIICHHYIO 0€30I1aCHOCTb;

e MexaHu3amws poriecca BO3BEACHMS Kl 00eCIeYMBAET HaJISKHOCTh U BRICOKOE KAYECTBO KKIIOTO aHKEPa;

e MorHble BBICOKOIIPOU3BOIUTENBHBIE MEPHOPATOPH 00ECIICUNBAIOT BBICOKYIO CKOPOCTh OypeHUs U
CHIDKEHUsI 3aTpaT Ha OypOBYIO CTallb.
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IIpomecc BCKpBITHS W TOATOTOBKHA PYIHOTO TeJsA Ui AalbHedmieid ero orpaboTku. Iloaroroska
OCYIIECTBIISICTCS MPU MOMOIIHX IBYX CIUPAIBHBIX aBTOCHE3OB, C KOTOPBIX MPOM3BOANTCS BCKPBITHE PYAHOTO Tela
KBepuuiaramMu. Jlamee mo MpOCTHPaHMIO PYIHOTO TeNa HMPOXOAAT PyAHbBIE IITPEKA, ¢ KOTOPBIX OCYIIECTBISETCS
3aKpeIUIEHNE OYHMCTHOTO MPOCTPAaHCTBA TPOCOBBIMH aAHKEPAMH C TOMOIIBI0 MEXaHHU3UPOBAHHON OypoBoil
YCTaHOBKH. BO3MOXXHBI pa3IndHbIE COCOOBI MOEPKAHMUS BUCSIETO OOKa.

IIpn mpuMeHEHNHM TPOCOBOTO KPEIUIEHHS OYMCTHOTO IPOCTPAHCTBA, BHICOTA 3Ta)ka YBEIMYMIACh, a
CJI/IOBATENILHO YMEHBIIUIICS 00BEM MOrOTOBUTEIBHBIX M HApe3HBIX PabOT, B YACTHOCTH YMEHBIICHUS KOJIMYECTBA
KaMep, MEeKIY3TaXHBIX U MEXAyKaMEepHBIX LEJIHUKOB. 3a cueT MPUIAHUSA YCTOWYMBOCTH BMEILAIOUIMX MOPOA CO
CTOPOHBI BHCSIYEro OOKa, MOXKHO YBEIMYHUTH HpoJjeT sTtaxa ¢ 20 merpos 1o 50-60 merpoB. JlaHHBINH pacueT ObLI
MPOM3BE/ICH Ha MIPUMEPE MECTOPOXKICHUS C TOZOOHBIMH TOPHO-TEOIOTHUECKIMH YCIOBUSIMH.

BriepBeie TpocoBoe KperuieHHe ObUIO0 MCHonb3oBaHo B Hayane 1970 ronoB B BpokeH-Xwumn, ABcrpanus.
ITo3xxe, TpocoBOE KpemjeHHE I[IUPOKO HCIONB30BANIOCh M HUCHOJB3YyeTcd MO Cceil JeHb BO MHOTHUX
TopHOAOOBIBarOIINX KoMmaHusAX Bcero mupa. B CIIIA TpocoBoe KperuieHre Hadauo HCIoJIb30BaThes B 1977 romy
ropHomoObIBaroreii kommanueir Homestake, roxxuas Jlakora. Ha pynauke byck, pacmonosxenrom B Kanaze,ropao-
TEOJIOTHYECKUE YCIOBHS CXOXKHE C YCIOBUSIMU MECTOpOAeHHs «bupkadan». Bmemaroniue mopoasl pyIHOTO Tena
OBLTH MATKHMMH, CHJIBHO TPEUIMHOBAaTHIMH. [l pemeHusi Bompoca 0€30HacHOCTH M OOECHEeUYCHUS! YCTOWIMBOCTH
MacCHBa CO CTOPOHBI BUCSYETO OOKa, OUMCTHOE MIPOCTPAHCTBO KPETIIIN C MTOMOIIBIO KaHATHBIX aHKepoB. [yt 3Toro
paspabaTbiBajicss MPOEKT HA KpelIeHWe, IocClIe 4Yero Jejajach TIeOMeXaHWdecKas MOJAENb C pacueTaMu
YCTOMYUBOCTH MacCuBa

Ha ocHoBaHMM pacyeToB OBbLI MPOBEJCH aHAIU3 NMPOM3BOACTBEHHBIX MOKa3aTesiel, KOTOPBI MOKa3al, YTo
00BEeM MOATOTOBUTENIBHBIX M Hape3HBIX pab0T MOXKHO YMEHBIIUTH HA §15 1m.M., 00beM KOTOPBIX cocTaBHUT 5459 M3.
3a cyeT CHWXCHUS MOKasaTesiel 3acopeHus o0beM pynbsl yMmenbimwics Ha 14538 1. KommdectBo moObiBacMoro
MeTajula B TOBapHOM pyne yBean4utcs mopsaxa 50 KT ycJIOBHOTO MeTajlla 3a cUeT YMEHBIICHHUS 00beMOB PYAHBIX
LENNKOB. B BapmanTe mNpHMEHEHHS TpPOCOBOTO KPEIUICHUS OYHCTHOTO MPOCTPAHCTBA, YICJNBHBI 00BEM
MOATOTOBUTEIbHO-HAPE3HBIX pabOT YMEHBIIUIICS

ITpn moxcyeTe s5KoHOMUYECKOH 3()(HEKTUBHOCTH OBIIIO BBISBIECHO, OOIIHME 3aTPaThl IIPU OTPAOOTKE PYIHOTO
tema No2 mectopoxkaerns «bupkadan» ymensmmmck 2 140 000 mommapoB, pacdeTHas BBRIpYYKa OT pealn3aIliu
Metamia coctaBmia 1 700 000 mommapoB. Takum oOpazom okumaemblil 3¢ (dekT oT BHEOPEHUS NaHHOTO METO[a,
coctaBut nopsaaka 3 841 605 nomnapos.

B 3akimoyenue He0OX0AMMO OTMETHTh, YTO MPUMEHEHUE TAHHOTO METOAA UMEET PsiJl IPEUMYILECTB!
IMonnepsxanue, a Takke YCHICHHE YCTOWIMBOCTH TOPHOTO MacCHBa;

YBenudyeHne Hecyuiei crnocoOHOCTH MacCHBa;

IIpenoTreparienre 0OBaIOB CO CTOPOHBI BUCSUETO KOHTAKTA;

be3onacHoe BelleHNe TOPHBIX Pa0OT M YBEJIHUEHUE CPOKa CITY:KObI Kamep;

YBenuueHne BHICOTHI ATaXKa 3a CUET NMPHUAAHUS yCTOWINBOCTH MAaCCHBA;

YMeHbIICHHE 3aTpaT Ha MOr0TOBUTEILHO-HapE3HbIE PA0OTHI MPH MTOATOTOBKE PYAHOTO TENa;
Dxonomuueckuit apdekt — 3 841 605 $.

J.A. HECKPEBA, I1.1. I1OJISAIKOB
Hucmumym usuxu copuvix npoyeccos, JJoneyx

OCHOBBI MEXAHUYECKHUX ITPOLECCOB PA3PYHIEHUA
HECIIVIOIOHBIX CPEA ITPUPOIHOT'O MACCHUBA

H}Ieﬂ pa6OTH 3aKJII0YacTCd B HUCCICAOBAHHU U O6OCHOBaHI/II/I CBsA3U U POJIM BJIUAHUA HANPAXKCHHBIX
COCTOSIHUM  Ha CpPaBHUTEIIbHBIE OLIGHKM MEXaHWKHM pPa3pylICHUs HE CIUIOIIHOW Cpelbl CIOUCTOM CTPYKTYpHI
MPUPOJHOTO MacCHBa.

B naHHOW wWIee MOXHO BBIJICITUTH HECKONBKO KIIOYCBBIX W BaXHBIX (Ppa3, CPAaBHHUTCIHEHOW OLECHKU
MEXaHUKH WM pa3pylicHHe He CIUIONTHOM cpenbl. DTH (Ppasbl OTpa)karoT WACK ITaHHOW paboTel. Ha mpupomHsid
MAacCHB MBI OyJeM CMOTpPETh KaK Ha HE CIUIONIHYIO Cpely W OyAeM NpPOBOIWTH CPaBHUTEIBHBIA aHAIU3 CO
CIUIOIIHOMN Cpeoi.

PasHOOOpasue (u3MUecCKuX CBOKMCTB MOPOJ OOYCIOBICHO CIOXHOCTHIO MX MHHEPAIBHOTO CBOMCTBA U
ctpykTyphl.[1] TIpsiMmoe 3KCHepUMEHTaIbHOE HCCIIeIOBAaHNE MEXaHMYECKHX IMPOIECCOB, KOTOPHIE MPOUCXOIAT B
IMPpUPOTHOM MACCUBE, T.€. B HATYPAJIbHBIX YCJIOBUAX, CBA3AHHO CO 3HAYUTCIIbHBIMU TEXHUYCCKUMHU TPYJIHOCTAMU.

DTO HWCCIeOBaHUE CTABHT IEJIh YCTAHOBIEHUS 3aKOHOMEPHOCTEH BIMSAHUS (DU3UUECKUX CBOWCTB TIOPOJI,
KOTOpbIE BMEIAeT MPUPOIHBIH MAacCHB, HA MEXaHU3M M MPOIECC MX pa3pyIIeHUs IS ONpPEIeTIeHHs PEIeTbHOTO
COCTOAHHA MacCCHBa BOKPYT BLIpa6OTKI/I C YUCTOM CHUCTEMBI HOpO]lOyFOJ'[BHBII\/’I IJ1acCT.

[IpuponHbIii MacCHB MPEACTaBISET COOOW  CIIOXKHYIO MHOTOKOMIIOHEHTHYIO TOPHYIO TIOPOIY
OpraHUYECKOr0 MPOUCXOXKICHUSI.

BoNBIIMHCTBO TPOLECCOB, MPOUCXOIAIIMX B IMPHPOJHOM MACCHBE, BKIIIOYAas U JOOBIYY MOJE3HOTO
HCKOIIaeMOro, HEMOCPEACTBEHHO CBSI3aHBI C Pa3pylICHUEM IPUPOJAHOTO MacCHBa.
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[IpupoaHEIf MaccHB CYIIECTBEHHO OTJIMYAIOTCS OT APYTHUX TBEPABIX TEJ, MPEXAe BCEro Ae(PEeKTHOCTHIO
CBOCH CTPYKTYphI, OONBIINOW HM3MEHUYUBOCTHIO CBOUX (PU3NKO-MEXaHHUYECKUX CBOWCTB. BakHBIM MOMEHTOM
SABISICTCA TaKKe TO, YTO pa3pyIlICHHE MAacCHBa IIPOUCXOAWT B YCIOBUSAX CIIOKHOTO HArpyKeHHsS, a HMEHHO
00BEMHOTO HE pABHOKOMIIOHEHTHOTO CYKaTHSl.

C poctoM riyOWHBI pa3pabOTKH YTOJNBHBIX IUIACTOB MOCTOSHHO TpeOyeTcs MPOTHO3 W3MEHEHHS
MEXaHHYECKUX CBOMCTB W MEXaHM3Ma pa3pyleHus yrieil. Y B 3ToM ecTb OOJbIINe CI0KHOCTH, IOTOMY YTO HY>KHO
OIPEJIeJINTh 4YTO TJIABHOE, & 4YTO BTOPOCTEIICHHOE, OT Yero OTTAJKUBAThCS. B CBSI3M C 3TUM YCTaHOBJICHHE
3aKOHOMEPHOCTEH pa3pyLIeHHs IPUPOAHOTO MAacCHUBa B 30HE MPEAEIBEHOIO COCTOSHUS B 3aBUCHMOCTH OT BHJIOB HX
HAaIpsHKEHHOTO COCTOSIHUS U ITyOHHBI 3aJIeTaHUs SIBJISIETCS aKTyalbHOU 3a1aueii.[2]

B Hacrosiiee Bpemst ecTb Oouiblasi HapaboTKa 110 pa3pyLIeHHI0 00pa3oB NPUPOAHOTO MaccuBa.[10]

K »TuM HapaboTKaM NPWIOKEHBl TEOPETHYECKUE pacyeThl, I[POaHAIN3UPOBAB HEKOTOPHIE, MBI
MpeArosaraeM, 4To B pacyeTax 3ajl0)KeHa [OIPEITHOCTb.

Pe3ynbpraThl nporao3a HanpspKeHHO-Ae()OpPMUPOBAHHOTO COCTOSTHHMS BMEINAOIIETO0 MAacCHBA MPH BEICHUU
OUYHCTHBIX PabOT B MEPBYIO OYEpeIb 3aBUCIT OT €ro CTPOEHHUsS cOCTaBa M MOIIHOCTH. llocriemHue mROCTHXEHHA
TOPHOH Hayku OOS3BIBAIOT NMPUHUMATH JJISI MUCCIEIOBAHWN IWCKPETHBIM MAacCHB, OOYCIOBJIEHHBIH CIIOMCTOCTBIO
MOPOA Pa3NUYHON JUTOIOTHYECKON pasHOCTH.[6]

OtMeTnM, 4TO 0€3 TOJIHOTO TOHMMAaHUS MEXaHMYECKHX CBOWCTB IPUPOJHOIO MaccHBa HEBO3MOXKHO
MPOTHO3UPOBATH IIPU BEIOOPKE HCKOIIAEMBIX €ro MoBeJieHHe. Bce cylecTByomye METO bl paciera, Tak WIN HHaue,
NPUBSI3aHbl K CIUIOIIHBIM cpesaM, (METO/bl pacueTa HAaK/IaJbIBAlOT HA HE CIUIOLIHYIO Cpely), YTO B CBOIO OYepellb
MPUBOAMT K OOJIBIIMM HOTPENIHOCTSIM B pacueTax. M3-3a 3TOro HEBO3MOKHO IPEICTABUTH OOLIENPUHATYIO MOJIENb
JUI IPOTHO3UPOBAHUS pa3pyLICHUI.

B pabore MBI TOKazanmw, YTO TMPH pacueTe YCWIMH s HE CIUIOIIHON Cpeapl YIpYryr o0IacTh
MPAaKTUYECKHA OIEHHUTH CIIOKHO.

Tak xe mo0aBUM, YTO paccMaTpuBas pa3Hble WCTOYHHKH W JKCIEPHUMEHTHI JeflaéM TaKOH BBIBOJ.
OKCIIepUMEHTHl MPOBOAWINCH Ha Oonbmmx oO0pa3lax, KOTOpble  W3HAYalbHO HMEIOT OOJNBIIYIO0 CTETEeHb
HapyIIEeHHOCTb, a PU 00paboTKe 3Ta HAPYIIEHHOCTh TOJIBKO YBEIMYMUBACTCA, YTO HAKIIAABIBACT JOIOIHUTEIHHYIO
MOTPEIIHOCTh Ha PacyerT.

J71st TOro 4TOOBI YMEHBIINT 3TY IMOTPEHIHOCTH HYKHO HCIIONIB30BaTh 00pa3Iibl OOIIEIPUHSTHIX Pa3MEpPOB.

IMoxBons uToOr, A€naeM 3aK/IIOUCHHE, BCE CYIIECTBYIOIIME METOJbl pacueTa, TaK UIW MHAaue, IPUBSA3aHbI K
CIUIOIIHBIM cpenaM, (METO/bl pacuyeTa HaKJIaAbIBalOT Ha HE CIUIOLIHYIO CPEAy), YTO B CBOIO OYepe/b IPHUBOIHUT K
OOJIBIIMM TOTPEIIHOCTSM B pacuerax. V3-3a 3TOro HEBO3MOXKHO IIPEACTaBUTh OOLICHIPUHSATYIO MOZIEIb IS
MPOTHO3UPOBAHUS pa3pyLICHUH.
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TPABMATHU3M PABOTHHUKOB YI'OJIbHBIX HIAXT B IEPUO/]
PECTPYKTYPU3ALINU HA INAXTAX ITOJbIIN

AnHoTanmsi: B paGoTe npencraBieHbl HEKOTOPBIE JaHHBIC PECTPYKTYPU3aLUH YTOIbHBIX MIAXT 33 EPUOA
1993-2010 rr. Ilo mpeacTaBleHHBIM JaHHBIM Ha OCHOBE psijia ITIOKasaresiedl NpOoaHaIM3UPOBaH TPaBMAaTHU3M
pPabOTHUKOB MIAXT, 03 yuera hUpM, 00CTYKHBAOIIUX IIAXThl HA ayTCOpCUHTe (outsourcing).

1. Pecrpykrypu3amus

IIporece pecTpykTypu3anuu yroiabHbIX HIaxT B Ilompmie Hawancs B 1993 roxy W mpomosnkaercs 10
HACTOSIIEr0 BpeMCEHHM. [JIaBHOW LeNbl0 ObUIO NOCTH)KCHHE CTaOMIBHON peHTabeNbHOCTH HIAaXT. ['NaBHas Ienb
JIOCTHTaJach MOUIATOBBIMH ITPOrpaMMaMH (4aCTHBIMH LENSIMH) — (PMHAHCOBOM PEeCTpyKTypH3aliel, TeXHUYECKOMH,
OPraHU3alHOHHON U pecTpYKTypU3aluel 3aHATOCTH. B mporpaMMe pecTpyKTypH3aliy, KaKk TJIABHOHU LICNbIO, TaK U
LEJSIMM YacTHBIMH HE JEKJIAPUPOBAJOCh MOBBINICHHE O0€30MacHOCTH Tpyla pabdoumx Ha MIaxTaX M CHIDKCHHUE
TpaBMaTHU3Ma. JTa mpoblieMa TOJDKHA pa3pellaThes dyepes 1enn YacTHele. HekoTopble moka3aTelny, JOCTUTHYThIC B
npolecce peCTPYKTYPU3AIMH LIaXT, IPUBEACHBI Ha puC. 1.
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Puc.1. HekoTopsle mapaMeTpsl TEXHHUECKOW M OPTaHU3alMOHHON PECTPYKTYPH3AIHUN YTOIBHBIX MAXT 3a
nepuox 1993-2010 rr. [1,2]

JloObrya yriisi B HadaJIbHBIA MEPHOJ PECTPYKTYPU3ALMK HAaXOAWIach Ha ypoBHe cBble 130 MIIH TOHH, a,
HaunHas ¢ 1998 roma, ymensmanocs U B 2010 romy mocturiio ypoBHst 72 miH ToHH (-45%). B stoT mepuon
KOJIMYECTBO IIaXT YMEHbIIMIOCH ¢ 68 1o 31, T.e. moutu B 2,2 pasa. [lo6brya B 2010 rogy Obina nmomydena u3 116,4
paboTaronux jaB, B TO Bpems kak B 1998 roxy snaB takux O0b10 545,1, T.€. B 4,7 pa3a 6onpire. CokpaTuiach TaKxKe
CyMMapHas JIMHUSI OYUCTHBIX 3a00¢eB ¢ 83,9 ThiC.METPOB 110 25 THIC.METPOB- T.€. B 3,4 pa3a.

CrpemiieHHe K KOHIICHTpPAIlMA TOPHBIX Pa0OT, KOTOpOE TIO OMpEIETCHUIO CHIDKaeT 3atpathl, k 2006 romy
noJtydeH 2,8-KpaTHbIH IPUPOCT CpeaHecyTouHON 100bK 13 JaBbl (0T 1,08 1o 3,07 Thic. TOHH B CYTKH), HOCJIE YETO
nobbraa 1o 2010 roma ymeHbIIamach W JOCTUTIIA YPOBHS 2,55 ThIC. TOHH B CYTKH. B Ieproji 3TOTO yMEHBIIICHHS
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CpEIHECYTOYHON JOOBIUM, OCTAIBHBIC BBIJIEICHHBIC NapaMeTphl (KOJIMYECTBO LIAXT, JIaB, JIMHA (DPOHTA U T.IL.) TAKKE
YMEHBIIAINCH, YTO COJACHCTBOBAJIO KOHIICHTPALMM TOPHBIX PAabOT M JaJIbHEHIIEMY BO3PACTAaHUIO CPEIHECYTOYHOU
Jo0br4y. [IpHYMHEL 3TOr0 yMEHBIIEHHUS CIIEIyeT UCKaTh, O YeM MPEeIyNpexIalId CICHAINCTBI, B POCTE HHTEHCUBHOCTH
MPUPOJIHBIX ONTACHOCTEH, B T.4. METAHOHOCHOCTH U CBSI3aHHBIX C HEll YTpo3 B3PHIBOB M BO3rOPaHUH MeTaHa.

B HayanbHOM mepHone pecTPYKTYPU3aLUM INAXT 3HAYUTENBHOW HpOOJIeMOH OBUI POCT YHCICHHOCTH
MepCcoHaja, COCTABISBLIMN 3HAYMTENFHYIO JIOJIIO0 B CEOSCTOMMOCTH MPOIYKIHMH, M KOTOPBIH HE0OX0AMMO OBLIO
YMEHBIIIaTh 0€3 MAaCCOBOTO YBOJIIbHEHHS paOOTHHUKOB. PemreHne 3Toi mpoOieMbl OBIIIO 3aJI0KEHO B TOIIPOTpaMMe
- PECTPYKTYpH3aLUsl YUCIEHHOCTH (puc.2.)
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Puc. 2. BennunHa 3aHATOCTH ¥ IUHAMUKA €€ peayKuuu [ 1,2]

CHIKeHNE YHCIICHHOCTH JIOCTUTATIOCh B OCHOBHOM IO €CTECTBEHHBIM IIPUYMHAM C OIOKMPOBAHHWEM MpHeMa
HOBBIX cOTpyIHUKOB. B 1988 u 1989 rr. [lpaBUTEnbCTBO BBIIEIMIO 3HAYMTEIBHBIE CyMMBI Ul aKTUBU3ALMK IpoLecca
CHIDKCHHSL YHCIICHHOCTH (T.Ha3. crumyrmupyronmii maket GPS). B 2000 oka3anoch, 4TO Ha MIAXTax BO3HHUK JCQHIIHT
YHCIICHHOCTH COTPYIHUKOB, KaK YIIPABJICHIIEB, TAK U BHICOKOKBATH()HUIIMPOBAHHBIX PA0OUMX Pa3IMUHBIX CIICIIHAIBHOCTCH.
DT0T AeHUIIUT MPHHSUIUCH BO3MEIIATh, 3aTPY/IHSSA Ha YCIOBUSIX ayTCOPCUHTA PA3IMYHBIC BCIIOMOTATEIBHbIC (DHPMBI.

CrarucTuka NpHBJIEYEHUs] ayTCOPCHHIOBBIX BCIIOMOTaTeNbHBIX (UpM Bepercs jumb ¢ 2005 roma Ha
ypoHe Briciiero I'oprHoro VYmpasnerus (WUG), a ¢ 2009 roma ocymiecTBIs€T cCHeLHHalbHOEe ATEHTCTBO
Pectpykrypuszanuu. [2] O peanbHbIX Iudpax YHUCICHHOCTH C YYE€TOM AyTCOPCHHIA TPYIHO MOJIEMU3UPOBATH,
nockonbky B 2010 roxy uucneHHocTs o ganHeiM WUG Obia B 1,9 pa3za BrImIe, 4eM 110 TaHHBIM ATEHCTBA.

2. TpaBmatuzm

YacTrora HECUACTHBIX CIIy4aeB, ompejaenseMas ImokasarenmeM Wz  (komudecTBo cimydaeBe Ha 1000
paboTaromuMX) MO OTPACIIAM XO3SIHCTBEHHOM NesITeIbHOCTH pEACTaBICHA Ha pUC.3.
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Puc. 3. [lokazarens yacToThI NPO(ecCHOHATHLHOTO TOR | s Mpoit3s,

tpaBmaru3zma WZ B TTonbiim 3a 1990-2010rr. [3] o MpOM.
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[IpencraBneHHbIe 3aBHCHMOCTH JIEMOHCTPUPYIOT, YTO TpPaBMAaTH3M B YIJIEAOOBIBAIOIIMX MIAXTax B
CpPaBHEHWH C JPYTHMH OTPACISMHU - CaMblii BBICOKHHA. XapakTepHBIM IS IIaxT SBJSIETCS pe3koe, ModTH 3,5
KpaTHOe, TaJieHre 3HAYCeHUH MmoKa3aTess 4acToThl TpaBMatu3Ma ¢ 49,5 B 1993 1. mo Bemmuuns 14,5 B 2002 roxy.
Takux U3MEHEHUH HE OTMEUEHO HU B OJHOM APYroi OTpaciy XO35HUCTBEHHOW NEATENbHOCTH. B cienyromue Tpu
rojja HaCTyIIJIa CTaOWIM3anys 3HaUeHU rmokasarens, a ¢ 2006 roxa HaOI0qaeTCs IIOCTETIEHHBIH POCT.

OcrasnbHbIe TTOKA3aTeNN YacTOTHl HECUACTHBIX ciTydaeB W (YHCIO cirydaeB Ha |MiH. ToHH yriri), W (ducio
ciydaeB Ha 100 ThIC. YETIOBEKO-CMEH) JUTsl YTOJBHBIX MIAXT UMCIOT TCHIICHITIO U3MCHEHUS, TIOI00HYIO Mokaszatemo Wz, B
TO K€ BpeMs TIOKA3aTeNb TSHKCCTH HECUACTHBIX CIydacB (KOJMYECTBO JHEH HETPYIOCIIOCOOHOCTH Ha OJMH CITydail 0e3
ydeTa CMEpTEJbHBIX) UMEET POTUBOIOIOKHYIO TCHICHIHIO H3MCHCHUSI, YeM TTOKA3aTeI I YaCTOTHL

[pencraBicHHBIC 3aBUCUMOCTH ITOKA3aTeNCi TpaBMaTU3Ma Ul KAMCHHOYTOJIBHBIX IIAXT, MO0 OTHOIICHUIO K
MPENICTABICHHBIM TapaMeTpaM TEXHHYCCKOH PECTPYKTYypPH3aIlH, KOTOPBIC CUUTAOTCS O(PHUIMATBHBIMU JAHHBIMH,
MOKHO OBLIO OBI MPU3HATH AJICKBATHBIMU U XapaKTEPHBIMHU JUIS TIEPUOa pecTpyKTypu3anun. OIHAKO, UCCIICIOBAHUS
aOCONIOTHRIX 3HAYEHHH COCTABILIOIINX IMOKa3aTelied TpaBMaTH3Ma IOKa3bIBAIOT, YTO HAa TEHICHIMIO HM3MCHEHUI
ToKazaresield TpaBMaTH3Ma BIVSUTH M APYTHE PUIHHBL, KPOME TPOTPaMMbI YaCTUIHOM pPECTPYKTYPHU3AINH IIaXT.
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Puc. 4. Iloxa3arenu TpaBMaTHU3Mad KAaMCHHOYT'OJIbHBIX ITAXT

[Tonpmu 3a 1993-2010rT. [4]

Peskoe B 3,5 — pasa, mageHue BeJMYMH Mokaszareneil tpaBmatuzmMa Wz B 1993-2002 rr. ormevaetcs
TONBKO B BUE XO3IHCTBCHHOW AEATENEHOCTH - ['OpHOE Aeno B mojapas3ziene YTosbHBIE mAaxThl (puc.2). B mpyrux
paszzenax IMOJOOHBIX COOTHOIIEHWH He HaOdroganock. B ToMm mepuoze, Koria NOKa3aTelb 4YacTOThI PE3KO
CHMYKAETCs, yMEHbBIIACTCSI TAK)Ke KOJMYECTBO TSHKKHMX ClIy4aeB TpaBMaTH3Ma, a nokasatesb Tskectd C pacrer. U3
aHaJIM3a TSDKECTH CIIydaeB CJEJyeT, YTO B 3TOT IEPHOJ| JI0JIsl CIydaeB C MoKaszaTejeM HeTpyaocnocodHoct > 90
JIHEH pacTeT, a yMEHbIIAETCs JA0JIS CIIy4aeB ¢ HETPYJOCIOCOOHOCThIO <28 JTHEeH.

CnyuaeB ¢ mokazareneM HeTpyaocmocoOHocTu cBbiie 180 mHedl moYTH B AecATh pa3 OoJbIle, YyeM
OTMEUYCHHBIX TSDKKHX CIydaeB. B 3To ke camoe BpeMs aHaJM3 JaHHBIX 110 HEKOTOPBIM IIaXTaM CBUIETEIbCTBYET,
YTO B TO BpPeMs KakK, YMCIIO TpaBMaTH3Ma Ha MPOM3BOACTBE YMEHBIIAETCS, YMCIO HECUACTHBIX CIIy4aeB IO J0pore
Ha paboTy U ¢ paboTHI pe3ko Bo3pociio. Ha HEeKOTOpBIX MmIaxTax YHMCIIO TpaBMaTH3Ma I10 Jopore 06110 5 pa3 Gosblire
YeM Ha MPOM3BOJICTBE. DTH ciydaH (110 J0pOre) He YUUTHIBAIOTCS CTATUCTUKON MPOM3BOACTBEHHOI'O TPaBMaTH3Ma.
Ha ocHoBaHMYM 1OJOOHBIX 3aBUCHMOCTEH BO3MOXXHO HPEANOIOKEHHUE O TOM, YTO CTOJIb 3HAYMTEILHOE CHIKECHHUE
nokazatesst Wz sIBIseTcs pe3yJbTaToOM CBOETO POJA «CTaTHCTHYECKOI KPeaTHBHOCTH.

Hdpyrum ¢axTopoM, BIMSIOIMM Ha (OPMHUPOBAHHME YPOBHS TpaBMaTH3Ma, SBIISIOTCS IpaBUiIa
nuddepeHINPOBaHUS CTaBKU OTYHCIICHHI HA COLMAJIbHOE CTPaXOBaHUE OT HECUACTHBIX CIy4aeB Ha ITPOHM3BOJICTBE
1 Ipo(hecCHOHANBHBIX 3a00JeBanuii [4, 5], KoTopsle 00s13aTenbHbI K puMeHeHwo ¢ 2003 roza.

B Hos6pe 2006 roga Ha yroipHOH miaxte «Xaynemba» B pe3ysbTaTe B3phIBa MBUIETa30BOM cMecH MOTrHoio 23
ropusika. CrencTBrue MO 3TOM aBapWH HpopoipKaeTcs 10 cux mop. Tor (akT wuMmeTs BimsHHE Ha Oojee cTporoe
cobmonienne Tpebosanmii [1paBun bezonacHocty, a, cienoBaTeNbHO, HA CHU)KEHHE BEIMUMHBI CPEAHECYTOYHOM JIOOBIYH
(yrpo3a MeTaHa) M Ha pOCT CITy4aeB TpaBMaTH3Ma, BCJIEJICTBUE MX OOJIee ToIepaHTHOH (HOpPMaJIbHOM) perucTpalym.

Jlureparypa

1. Biuletyn informacyjny o dziatalnosci spotek weglowych i kopaln wegla kamiennego w likwidacji
(MudopMalimoHHbBI OIOJIETEHh YTOJBHBIX OOBCOUHEHHWH W JIMKBUAMpPYeMbIX maxt). PAWK 1995r, PARGWK,
Katowice 1996-1999 r.

2. Monitoring proceséw restrukturyzacyjnych gornictwa wegla kamiennego (MOHHTOPHHI HPOLIECCOB
pecTpyKTypHu3anun yrieaoosBaromeit orpacian). ARP 2004-2010r., Katowice 2004-2010r.
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3. Roczniki Statystyczne Rzeczpospolitej Polskiej (Craructnueckuii Exxeroquuk ITonsckoit Pecrryomukm),
Rok 1993 +2010r., GUS, ZWS Warszawa.

4. Analiza miesigczna stanu bezpieczenstwa i higieny pracy w kopalniach wegla kamiennego i
przedsigbiorstwach robot gérniczych, Nr 12 (EsxeMecsdHBIN aHAIH3 COCTOSIHUS 0€30IACHOCTH TPyAa Ha IIaXTax H
npeanpusaTHAxX yriaenoOsBatomeit orpaciu). COIG, Katowice, grudzien 1993-2010r.

5. Sprawozdanie z dziatalno$ci urzedow goérniczych w roku 1993-2010 (OtueT 0 AeSITEIEHOCTH TOPHBIX
mupeknuii) . WUG, Katowice.

6. Ustawa z dnia 30 pazdziernika 2002 r. o ubezpieczeniu spotecznym z tytutu wypadkow przy pracy i
chorob zawodowych (3akon ot 30 oktsa0ps 2002 T. 0 COIMATBHOM CTPAXOBaHUM OT HECYACTHBIX CIyYacB Ha
TIPOM3BOJICTBE U TIpodeccHoHaTbHbIX 3a0omeBanuii) (Dz.U. z 2002r. Nr 199, poz. 1673).

7. Rozporzadzenie Ministra Pracy i Polityki Spotecznej z dnia 29 listopada 2002 r. w sprawie réznicowania
stopy procentowej sktadki na ubezpieczenie spoleczne z tytutu wypadkdw przy pracy i choréb zawodowych w zaleznosci
od zagrozen zawodowych i ich skutkéw (Pacopsxerne Munmctpa Tpyzna u conpansHo# momutuku ot 30 HostOpst 2002
T. 0 qu(PepeHIIMPOBAaHUH CTABKH OTYHCIICHUH Ha COLMAIIBHOE CTPAXOBAaHNE OT HECYACTHBIX CIIydaeB Ha MPOM3BOJICTBE U
npodeccHoHabHbIX 3a60meBanuii). (Dz.U. z 2002r. Nr 200, poz. 1692).

. TEPITAK
AGH University of Science and Technology, Poland

MOJAEJIUPOBAHUE NPOLECCA BBIITYCKA JIMT'HUTA ITPH
OTPABOTYKE MOIIIHBIX ITOJIOTUX IIJIACTOB

B Hacrosiee BpeMsi TEXHOJIOTHH Pa3pa0bOTKH MOIIHBIX MOJIOTHX IUIACTOB C BBIMYCKOM MOAKPOBEIBHON
TONBINM JINTHUTA HCHONB3yeTcs Ha maxtax B CroBakum, CrmoBeHnu u Typrwm. s HaHHBIX TEXHOJOTHH
MPEIO’KEHBl MEXaHU3UPOBaHHBIE KOMIDIEKCH. CHCTEMBI C BBIMYCKOM YIUIA IIOJ BBIMICIEKAISH TONIIEH,
HCTIONB3YIOTCS TaKKe MPH JOOBIYE MOIIHBIX IUIACTOB yrisl B ABTpanuu, Kutae u Poccun. Ilotepu mpu BBITyCKe
YTl I3BMEHAIOThCS OT 16 % 10 25 %. [2]. B mpakTuke HCCONB3yrOTCA ABAa BapUATHA BBIEMKH YTOJIbHBIX IUIACTOB: C
BBIITYCKOM  TOJKPOBENBHOW MO0 MexcioeBor Toimu. [3] B croBamkmx mraxrTax, MOITHOCTh HMOJIKPOBEIBHOM
Tommu u3MeHserca B npeaenax 8§ — 10 m. (puc.l). B maxte Coma B Typruu MOIIHOCTH ITOAKPOBEIHHON TOJIIN
cocrannseT 5™, B Kurae 1o 7,5 M (puc. 2 ), B ABTpanuu 10 3,5 M. [2]

Prc.|. Texmonones senyces Jenairy i Pre2. Texuosorss salyces yras s
noxxposcasiol Toxumm ua sabolimuil xouschcp noaxposcaknol roaun na sabasunui
xonscicp

Ipu cucremax c BBITYCKOM IOJI OOPYIIEHHBIMH TOPOIAaMH  OJJHOM M3 TJIABHBIX NPOOJIEM, SIBIISIFOTCS BEICOKHE
noTepu U pazydoxuBanue. [IpH BbITycKe 3KOHOMHYECKH LIETIeCO00Pa3HO, YTO Obl 3T MOKa3aTeNH ObLIIH MUHUMAJIBHBIE.

Ha 3¢ pexTnBHOCTS BBITyCKa YIS BAMAIOT CIEAYIOMINE TTApaMeTpPHI:

® YIroJI HaKJIOHA 33/IHEH Orpak/1aroliel 4acTh MeXaHU3UPOBAHHOM KpeTH;

® pa3sMephl BBITYCKHOTO OKHA,

® KYyCKOBAaTOCTh YTJIf;

® MOLIHOCTB MOJKPOBEIbHON TOIIIH. [4]

duznyeckoe MoAeTMPOBaHNE BBIMYCKA MOA 00pyIIeHHBIMH TIOPOAAMH

Ilepen mnpoBeneHHEM NPOMBIINIICHHBIX HCIBITAHUH M JOOBIYM  HEOOXOJIMMO IIPOBECTH (DU3MUECKOE
MO/IETIMPOBaHHUE MPOLIEcca BHIITYyCKa YIS 110]] OOpPYIIEHHBIMHU TopoaMu. OU3HIKCKOE MOJICITUPOBAHUE MOXKET J1aTh
o0IIyl0 KapTHHY BBIIyCKa W TPHONMKEHHYIO KOJMYECTBEHHYIO XapakTepucTHKy. B Mozenn moJnKHBI OBITH
COOJIIO/ICHBI I€OMETPUYECKOE. KHHEMAaTHYECKUE U IPaHyJIOMETPHYECKOE MOA00NUS ¢ peabHBIMU YCIOBUSMH. [ 1]

[Ipomec BEBIMycKa MOXHO MOIETHPOBATH C FHCIOJIB30BAHWEM ECTECTBCHHBIX  FUIM HMCKYCCTBEHHBIX
MaTepHuaaoB (MOJECTUPOBAaHUE B DKBUBAJICHTHBIX MaTepuanax). [1]
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C ydetom uccnenoBanuii aBropoB (I'. M. Manaxos, B. B. Kynukos, B. P. ImeruToB), ObutH PUHATHI IS
J1a60PaTOPHBIX UCCIENOBAHMH caeayromue KoddduuuenTs Kpurepues [1,4]:
1) s reoMeTpUYEcKOro moao0us:

- JIMHEWHBIA MacITao;

2) anst KHHEMaTH4ecKoro 1mo1o0us u3 (1) BeIpakeHHsT HAaXOJUM:

- MacmTal pacxona;

- MacmrTad BpeMeHH;
- MacITad CKopocTy;

- Hof00ue rpaHyJIOMETPHIECKOTO COCTAaBA CHITyYHX TEIl.

Jlureparypa

1. Wwmenurtos B.P., [Tanenes P.I'., OcHOBBI Hay4HBIX HcciaenoBanuii, Mocksa 1990.

2. Korzeniowski W., Terpak D., Waloski R., Zastosowanie systemu $cianowo — podbierkowego w
gornictwie wegla kamiennego i lignitu, Przeglad Gorniczy 12/2015.

3. Kmmmwmu B.U., Kimoma C.B., MccnenoBanue BBITycKa YIIIL MPH OTPa0OTKE MOIMHBIX IIOJOTUX H
KPYTBIX YTOJIBHBIX IDIaCTOB, DU3UKO — TEXHUIECKHE MPOOIIEMBI pa3pabOTKH MOJIE3HBIX HCKomaeMbIx, Ne 2, 2010.

4. Kmnmma B.U., ®oxun F0.C., Kokoymun JI.U., Kybansraoex YVIIV. b., Pa3paboTka MOITHBIX IIACTOB
MEXaHU3UPOBAHHBIMHU KPETISIMU C PETYINPYEMBIM BHIITYcKOM yriisi, HoBocubupck, «Hayka» 2006.

C.C. LIEPBAKOB, JI.A. IEMET, O.A. HACAHb
Benopyccruil 2ocyoapcmeennuii ynusepcumem, Mumnck

PACUYET OTACHBIX OB BEMOB B OKPECTHOCTH
BBIPABOTKHA

Beenenne. CymmectByer 00MBIIOE KOMMIECTBO pabOT MOCBAIICHHBIX HAPSDKEHHO-IE(hOPMHUPOBAHHOMY COCTOSIHHIO B
OKPECTHOCTH BBIPAOOTKH B TOpHOM MaccuBe [1, 2]. Ompako 3amava 00 WHTETPATBHOW OICHKE 30H TPEIIMHOBATOCTH H
TIOBPEXKIAEMBIX 30H OCTAeTCs J0 KOHI[A He pereHHo. TakuM o6pasoM, omHM 13 3((EKTUBHBIX CIIOCOOOB PEIICHHS TaHHOH
3a71a4l MOXET ObITh OLIEHKAa OOBEMHOM MOBPEAIAEMOCTH HA OCHOBE MOZIENH 1e(hOpMUPOBAHHOTO TBEPIOIO TeNa ¢ OIACHBIM
0o0nemMoM [3, 4] B 3aBUCHMMOCTH OT (POPMBI BRIPAOOTKH U OT TITYOHHBI €€ 3aJIeTaHus.

IMocranoBka 3agauyn. OOBEKTOM HCCIIEIOBAHUS SIBIISUICS TOPHBII MacCHB C BbIpaOOTKaMHM apoO4HOW M
MPSAMOYTOJIEHON (DOPMBEI.

I'eomeTprueckne XapakTepUCTHKU M CBOIcTBa Marepuana ObutM MpHHATHI cnenyromumu: H = 20-80 M, R
=3 M a=6wm~Db=535m g =98 mc’ p =230 k™M, E = 1,75 10° Ila, v = 0,28,
oM =-252MIla, 0," = 1,8 MIla.

Ha PUCYHKE 1 MPEACTAaBJICHBI PACYETHBIE CXEMBI C BBIpa6OTKaMI/I pa3anH0ﬁ (I)OpMI)I, HMCHOIIMMHA
OIMHAKOBYIO TIIOmaab Sy = 32,13 M2,

Pacuers! mpoBOAMINCH B KOHEUHO-3IeMeHTHOM makete ANSY'S. 3agaua nenunack Ha JjBa dTana:

1) HaxoXIeHHE HANPSHKEHHOTO COCTOSHHUS MAcCHBa,

2) YUYC€T MNPCAHAINPSAKCHHOTO COCTOAHUA HOPU pPaACUHETC HaHpﬂ)I(eHHO',Z[G(l)opMI/IPOBaHHOFO COCTOSAHHUA
MacCHBa C BLIpa6OTKOI7[ JJIS IOJTYUCHUS nepeMemeHI/H‘/i B MAaCCHUBC, BbI3BAHHBIX HEIMOCPEACTBEHHO Bpra60TKOﬁ.

Puc. 1. Pacuernas cxema MaccuBa ¢ BbIpaOOTKOIL: a) apouHOil (hopMbI; 0) IPAMOYTOJILHOM (hOpMBI
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Ha pucynke 2 mpencTaBieHBI paclpeneieHus MHTCHCHBHOCTH HANPSUKCHHM B OKPECTHOCTH BBIPAGOTKH
MPH Pa3IMYHONW TIyOWHE ee 3ajeraHus. BUIHO, 4TO ISl BCEX TIIyOWH MaKCHMAJbHBIC 3HAUCHUS HATPSIKCHUN
JIOKAJIM3YIOTCS B TEOMETPUUECKUX KOHIIEHTPATOPAX HAMPSUKECHUHN — YIiiax BRIPaGOTKH.
H=25m

H=50m™

Puc. 2. Pacnipenenenre MHTEHCUBHOCTH HaNpsKEHUI

OmnacHblii 00beM. B cooTBeTCTBHM ¢ MOJENBIO NeOPMHUPOBAHHOTO TBEPAOTO TEJIa C OMACHBIM 00BEMOM
onacHble 00BEMBI IMPEACTABISIOT CO0OI TpeXMepHble O0JaCTH, TJie HANpSIKEHHsS JOCTUTAIOT MOBPEKIAIONIETo
YPOBHSI, HAPHMEP, HIDKHEH TPaHUIIBI paCCEUBAaHU MPEISIbHBIX HAPsOKeHNH [4, 5].

YcnoBust 1uist OrpaHUUYEHHS OIIACHBIX 00bEMOB UMEIOT BUL:

V, ={dV /g, =8"™ dv Vv, }ij=xy.2
_Jnmeut =l 1)
T npu 1 #],
V, ={dV /g =pf™ dv CV, }i=123,
Vint = {dV [ e 20 "™, dV CV, }’
rae Vk — pabouwnii 00beM HarpyKEHHOTO TeJa.

Pacuer omacubIx 006eMoB (1) B 0011eM cirydae mpoBOIUTCS CIIEAYIOINM o0pazom [4, 5]:
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V, = .[dV qa=xY,2 12,3, int. 2)
W2l
Onacubie 00beMbl (1) SBISIOTCS TOKa3aTenssMH abCONIOTHON HHTErpalbHON IMOBPEXKIaeMOCTH Tena. B
KauyeCTBe OTHOCHUTENBLHON HHTErPajbHOM MOBPEKJAAEMOCTH MOXET OBITh HCIOJIb30BAHO OTHOIIECHHE OMACHOTO
00BeMa K pabodemy:

@, =V, IV, q=xy,2,1,2,3,int (3)

B pamkax npoBeICHHBIX PACUETOB HKBHUBAJICHTHBIC HAIPSIKCHMS DPACCUUTHIBAIUCH B COOTBETCTBUU C
YETBEPTOU T€OpUEH IIPOYHOCTHU:

1
O, =0 ZE\/(O-l_Uz)2 +(Gz _03)2 +(03_O-1)2 . 4

[nga omnucaHus W3MEHEHHS BEIUYMHBI JEHCTBYIOIIMX HANpsDKEHUM 110 CPAaBHEHUIO C BEIMYUHOU
TpeJeNbHBIX OBUT BBEJCH NMOKA3aTeNb MOBPEXKIAEMOCTH CIICAYIOIIETO BIIA:
] lim _
l//q _|Gq/6q |,q—IV (5)

BennunHbl omacHBIX 00BEMOB ISl SKBUBAJICHTHBIX HANpPSHKEHUH (4) pacCUMTHIBAINCH Ha OCHOBE
cooTHomeHus (2)
V, = '[dv q=IV. ©)
vq2l
Omnachblii 00beM (IUIOIIAJAB) B TOPHOM MaccHBe ¢ BbIpa0oTkoi. Iy peanu3anuu pacdyera OMacHBIX
00BeMOB pa3padarbiBasiach mporpamma ¢ momomnsio BcrpoeHHoro B ANSYS spika APDL. IMpuammm paGoTst
HPOrPaMMBbl 3aKITI0YAECTCS B TOM, YTO ITOCIIE MIPOBEACHHS pacyeTa I i-T0 KOHEYHOTO 3JIEMEHTa UMCIOTCS 3HAUCHUS
CpeOHHX HAaNpsDKeHUH u nedopMmanuit [5]. DTH 3HAYCHHS MEPEHOCATCS B MAacCHUB, KOTOPHIM HCIONB3yeTCsS B
JaTbHEHIINX BBIYMCICHUAX 3HAYCHWH NOBPEXIAEMOCTH, KaK OTHOLICHHH [CHCTBYIOIIMX W TPEAEIbHBIX
HaINpsDKEHUH B COOTBETCTBHUH C (5):

- (7
Benuunnel 06’])eMOB OJIEMCHTOB, AJI1 KOTOPBIX BBIMTOJHACTCS YCIIOBUEC
i
y' =1 ®)

CYMMHPYIOTCS B COOTBETCTBHH C (6) IUIS TOJTydEeHUs] 3HAUEHHs OITacHOro oobema V Juis Bcel pacueTHOH
MOJICTIH:

Iim‘

l,z/:4 :‘0'; /o,

N
V, =Y Hlpy' —1av' q=1, ©)
i=1
rae N — Koim4ecTBO KOHEUHBIX 3IeMeHTOB, H — ¢ynkmus Xepucaiina, AV' — 06BeM i-To KOHEUHOTO
JJIeMEHTA.
B nByMepHoOIf mocTaHOBKE, OMACHEIH 00heM V IIPUHUMAET BH]] ONACHOW TUTOINATH S.
Ha pucynke 3 mpejcraBieHa 3aBUCHMOCTh OIACHOW IUTOIIAAXA OT TJYOHHBI 3ajieTaHUs] BBIPAOOTKH.
I'nyOuna BeIpaboTky BapbupoBaiack ot 20 1o 80 M ¢ marom B 5 M. BuHo, 4T0 ¢ pocTOM IITyOHHBI PacTeT olacHas
mIomas S, 0CTHras pUMepHO 25 M.

o [ )
:'.‘i - i
20| i
JF! . - L et
i . g
i ARSI ILEIL
LY 4
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B OKPECTHOCTH I'OPHOH BBIPAOOTKH Ha OCHOBE MOJIENH Je(hOPMUPOBAHHOTO TBEPJIOTO Tela ¢ ONaCHBIM 00BHEMOM.

Iloxa3zaHo BIHsHUE (bOpMI)I MOoNepeYHOT0 CCUYCHUA BI)IpaGOTKI/I u FHy6I/IHLI €€ 3aJICraHus Ha HAIPSI)KCHHO-
ILC(l)OpMHpOBaHHOC COCTOSIHMC TOPHOT'O MaCCHUBA B OKPECTHOCTHU Bpra6OTKI/I.
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K. KAMINSKA, B. SWIDERSKI
AGH University of Science and Technology, Poland

THE ANALYSIS OF NATURAL SURFACTANTS IN ORDER TO
IMPROVE FOAMING PROPERTIES OF CRUDE OIL DURING
EXPLOITATION WITH A GAS LIFT

In the oil industry, a gas lift is a very popular method of exploitation. It aims to pump the natural gas to the
well in order to decrease the specific gravity of oil. One of the methods of carrying out the oil is to improve its foaming
properties by adding surfactants. The purpose of the work was to examine the impact of four natural surfactants: coco-betaine,
decyl glucoside, hop granules and soapwort saponin on the foaming properties of the oil. To conduct the studies, oils from
Turaszéwka, Réwne, Debki and Grobla deposits were used. They were selected for the basic physical and chemical properties.
The methods of surfactants extraction from the organic matrix was developed. The foaming properties studies were carried out in
static and dynamic conditions in accordance with the modified Bikerman’s method. The studies showed that the structure of
foam and its durability depend on the surfactant’s concentration, flow conditions and the oil chemical composition. The soapwort
saponins and hop granules extracted with acetone are the most effective foaming agent among the mediums examined, i.e.
improve oil foaming properties by up to 90%. The use of natural surfactants may serve as an innovative solution for the
oil industry due to easy access, low purchase costs and being harmless to the environment.

Dissertation advisor: MSc Ewa Knapik

0. SHTYKA, J. SEK
Lodz University of Technology, Poland

SATURATION OF OLEOPHILIC/HYDROPHOBIC POROUS MEDIUM
WITH LOW CONCENTRATED EMULSIONS STABILIZED BY
NONIONIC SURFACTANTS

Introduction

The liquids transport in porous media forced by the capillary suction pressure is known as the spontaneous
imbibition or wicking. The migration processes and hydrological regime in soil and rocks observed in the nature are
based on this phenomenon. Moreover, the spontaneous imbibition is also a fundamental process in many fields,
including chemical and pharmaceutical engineering, and the environment recovery technologies etc. This can be a
reason to explain the continuous interest about the mentioned process in the scientific literature.

This paper presents the results of experiments with oleophilic/hydrophobic porous media saturation with
two-phase liquids during imbibition and a concept concerning various non-ionic surfactants and their fraction
influence on the discussed process is discussed. On one hand, the obtained results allowed to predict the sorption
process of low concentrated emulsions in porous structure and its distribution in pores of material. On the other
hand, a sorbent saturation with two-phase liquid depended on a set of conditions such as the concentration of its
dispersed phase, the chemical composition and the amount of added emulsifier agent.

Materials and method of investigation

In these experiments, the oil-in-water emulsions stabilized by non-ionic surfactants represented penetrating
liquids. The used commercial emulsifiers were Rokanol NL6, Rokanol L7 and Rokacet O7, which are constituted of
alkoxylated alcohols, ethoxylated fatty acids and differed by hydrophilic-lipophilic balance (HLB). They were
added in concentrations of 1+5 vol%. The dispersed phase was composed of refined vegetable oil produced by EOL
Polska Sp.z.0.0., Poland, and its concentrations were 10 and 30 vol%. The viscosity of the oily phase was equal to
56.3+0.5 mPa-s and surface tension was 31+1.5 mN/m.

The oleophilic/hydrophobic porous medium was represented by a non-modified polypropylene material
with an average porosity of 0.93.

The change of porous structure saturation with stabilized emulsions was studied experimentally at the
ambient temperature of 23+1°C. This procedure has been precisely described elsewhere [Shtyka, Sek 2016]. The
sorbent sample was directly submerged into one of the prepared emulsions, and the process of imbibition was
followed till a dynamic equilibrium was reached. After that, a part of the polypropylene material imbibed with a
permeant was cut into equal fragments. The saturation of each sample was investigated and calculated as a ratio of
the volume of an imbibed emulsion to the free volume of material pores.
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Results and Discussion
The changes of maximal height of the imbibed emulsions with the increase of the surfactant concentration
were observed, and the obtained results are shown in Table 1.
Tablel
The maximal height of emulsions penetration in the oleophilic/hydrophobic porous material

Emulsifier Concentration of Concentration of emulsifier added in an emulsion, ¢
dispersed phase 1vol% | 2 vol% | 5 vol%
@4, Vol% height of an imbibed emulsion, m

10 0.040 0.070 0.098

Rokanol L7 30 0.042 0.067 0.086
10 0.082 0.102 0.111

Rokanol NL6 30 0.051 0.083 0.088
10 0.081 0.091 0.101

Rokacet O7 30 0.065 0.080 0.083

In the case of 10% emulsions, the highest value of the maximal height, i.e. 0.08+0.111 m, was observed for
two-phase liquids stabilized by Rokanol NL6. The lowest one was obtained for emulsion composed of Rokanol L7
as an emulsifier and it was equal to 0.04+0.098 m.

The similar tendency was noticed for 30% emulsions; however, the height was a little bit lower in
comparison with 10% emulsions (Tab. 1). The enlarging of the dispersed phase concentration caused an increase of
the liquids viscosity and consequently, viscous dragging force as an opposite one to the capillary suction pressure. In
all investigated cases, the height of an emulsion penetration in porous medium raised with the increase of emulsifier
concentration in it.

The results of experiments also gave the possibility to define the changes of oleophilic/hydrophobic porous
media saturation with the height of penetration during the imbibition and its dependence on the composition of the
investigated emulsions. Such alterations of the saturation level for the emulsions stabilized by emulsifier Rokanol
L7 added in different concentrations, are represented in Fig. 1.

In case of adding surfactant in the lowest concentration e.g. 1 vol%, the highest saturation level was observed for
30% emulsion (Fig. 1a). For other investigated liquids, the same tendency was analogous only at a height <0.04 m and after
that, the opposite one was noticed (Fig. 1b, 1c). As shown in Fig. 1, the highest level of saturation was observed for 30%
emulsion with a surfactant concentration of 1% and at a height <0.04 m. One of the reasons of this phenomenon can be the
obstruction of path ways by the dispersed phase droplets as a wetting constituent.
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Figure 1. Changes of sorbent saturation vs the height of emulsions stabilized by Rokanol L7
in an amount of: a — 1 vol%; b — 2 vol%; and ¢ — 5 vol%

The results concerning the porous medium saturation with the emulsions stabilized by different amount of
Rokanol NL6 and Rokacet O7 are represented in Fig. 2. The experimental data were approximated by two different
fitting curves that allowed to define a common trend of the process. The decreasing of material saturation versus the
height of an emulsion penetration was observed for all investigated liquids (Fig. 1, 2). In case of the lowest
emulsifier concentration, the highest level of saturation was obtained for Rokanol NL6, i.e. up to 1.8. As mentioned
previously, the porous material imbibed with 30% emulsion was more saturated comparing to 10% emulsion (Fig.
2a). However, the opposite tendency was observed for the emulsion stabilized by Rokacet O7 (Fig. 2a, b). The
increase of Rokacet O7 concentration in emulsions till 5 vol% influenced the sorbent saturation, which became
higher for 30 % emulsion (Fig. 2c). Moreover, the concentration of the dispersed phase influenced significantly on
the saturation for low emulsifier fraction e.g. 1 vol%, but its increase up to 2-5 vol% minimized this effect (Fig. 2c).
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Figure 2. Comparison of the sorbent saturation changes vs the height for emulsions stabilized by Rokanol NL6 and
Rokacet O7 added in concentration of: a — 1 vol%; b — 2 vol%; and ¢ — 5 vol%

Co

nclusions

The saturation level of the porous sorption material decreased with the height of the imbibed emulsion front
that can be caused as a result of paths obstruction with oil droplets. The concentration of emulsifier added in an
emulsion as well as its composition and hydrophilic-lipophilic balance had a significant influence on the porous
structure saturation during the imbibition. However, the dispersed phase concentration was considered as an
influential factor, but only for emulsions stabilized by 1 vol% of the investigated surfactants.

Acknowledgment. The used surfactants in this research was provided by PCC Exol SA, Brzeg Dolny,
Poland, and polypropylene sorptive material was obtained from Sintac©-Polska Sp.z 0.0., Warsaw, Poland.
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THE THERMAL POTENTIAL OF DEPLETED OILFIELDS
A SENSITIVITY STUDY

Nowadays, the majority of the reservoir are in a mature stage of exploitation or abandoned due to depletion.
In abandoned reservoirs there had been invested huge amounts of money, especially in drilling, wells which
remained unused. During exploitation, only hydrocarbon reservoirs are being produced, whiles, aquifer reservoirs
have the initial pressure. By producing these aquifer reservoirs, important water flow rates could be obtained.
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The depleted reservoirs, situated in areas with positive thermal anomaly, could represent high energy
sources. The principal advantage is the low price of the exploitation, because of existing wells in the field. On
Romania’s territory, there had been highlighted areas with high thermal flux and positive anomaly of thermic
gradient with values up to 6-7 °C/100m,(fig 1) , areas with depleted or abandoned oilfields.

Figure 1. Romania’s geothermal map (after Romanian Institute of Geology and Geophysics — 2001)

The sensitivity study refers to a mature oilfield situated in the south-western part of Romania, in the
Pannonian Basin, also known as a hot basin, where the temperature at about 2530 m is around 160°C.

Geological model

The regional geology

For the geological model was chosen a structure belonging to Pannonian Basin known as a region with high
geothermal flux.The petroliferous structure is located about 40 km West of Timisoara city.

We may emphasize two important units, Crystalline Basement and Sedimentary Cover— Depression
formations. Above the Crystalline Basement erosional shape organized on descending steps from East to West,
forming a series of buried edges, lays a sedimentary formations overburden consisting of different thickness and age
formations. There are present 3 main zones: Southern Zone, Central Zone, Northern Zone.

The southern zone, where the structure is positioned above the crystalline basement locally pierced by
igneous masses are the Miocene and Pliocene age deposits. Isolated under Miocene deposits were encountered
deposits belonging to the upper Cretaceous and Eocene.

The foundation itself Romanian sector of the Pannonian Basin consists of crystalline rocks, belonging to several tectonic
cycles, showing different degrees of metamorphism and igneous intrusions sin and/or post cinematic associated respective cycles.

Crystalline and magmatic rocks associations, forming the basement of the Pannonian Basin, aftera long
sub-aerial evolution were covered by a sedimentary layer, resulting from several transgression-regression cycles
induced by the different phases belonging to the Alpine orogenesis phases.

Miocene belonging sediments (Badenian and Sarmatian) covered the basement paleo-relief draping the existing relief.

Pliocene sedimentation leaded to the levelling of surface and sealing the pre-depositional shape (as a consequence of
Transgression).

The productive reservoirs exploited until now are located in Cristalyne Basement, Miocene and Pliocene. Insome areas
both in crystalline basement and sedimentary overburden were emphasized CO, accumulations. It has an endogenoriginand is
exploited together with hydrocarbon gases or on some structures where is almost pure separate.

Wells depth is variable from about 100 m (Suplacu de Barcau) up to more than 4000 m (in southern zone).

Structure Geology

The seismic surveys, acquired processed and interpreted in successive rounds emphasized the existence of
some domal culminations with drape folds characteristics overlying the basement paleoshape. Mainly, the structure
consists of three culminations separated of saddle zones.

Stratigraphy and lithology

Cristallyne basement, was opened on a 140 m interval in one well and consists of black graffitic schists,
green chlorite schists, light grey sericitic schists, fisurate white quartz shists and talcum schists.

Miocene, was encountered in two wells in west on a cumulative thickness of more than 100 m. It contains:

- Upper Badenian, consisting of polygenic conglomerate (with large rounded elements of sandstones,
limestones, quart schists, gness, with silica cement) and fine sandstones with silica cement and disseminated PbS
and pirythe.

- Lower Samatian, consisting of sandstones and microsandstones red-grey with mediun to large grains,
with dolomitic and ferruginous cement, and gray compact shale intercalations.

Pliocene, transgressive, is developed on a thickness up to 3000 m and consists of a detritic series specific
to Pannonian Depression. It is divided in two parts (fig.2).

- Lower Pliocene, about 1000 m thick, consisting of a pellitic, marlyseries alternate with sandstones,
sands and clayey sandstones — grauwacke type.

- Upper Pliocene more than 1800 m thick consisting of a more rough series formed by sands, sandstones,
conglomerate clay and marls.
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Tectonic

The structure forms an anticline oriented approximately from ENE to VSV which emphasize successive 3 culminations
(fig-3), each of them may be considered as brachianticlines drapping the basement paleoshape. They are oriented approximately N-S
and their dip varies from 4 to 7 degrees according with flank or pericline position. They are separated by lower zones with a isobathic
different about 80 to 100 m, providing distinct hydrodynamic units with no spillpoints emphasized till now.

L
§
Figure 2. Geological cross section Figure 3. Structural map Pliocene VIII complex
Water Flow Model

To estimate the thermal energy potential of the aquifer, it is needed to build a model beginning with aquifer
characterisation and geological and technical conditions of the wells and to simulate the flow with specialized software which
uses Nodal Analysis to analyse the performance of system.On the structure there are emphasized more oil-condensate productive
complexes which are in a mature exploitation phase, nearly depleted.Such a calculation model for a chosen well that exploits one
of the complexes of water saturated reservoirs will be presented, forward in this study.

The aquifer has the following properties: a permeability of 15 mD, a thickness of 5.1 m with a water
specific gravity and salinity at 1 070 kg/m® respectively 92710 mg/l. The produced layer has the initial pressure’s
value at 401 bar, and a temperature of 161°C in consequence of thermal anomaly. Thus for aquifers reservoirs it will
be taken into account the initial pressure data.

The production well taken into consideration for this simulation is a very important part of the model, so
the necessity of knowing its construction. The well is equipped with a 5 ”*in casing and a 2 ”® in tubing, perforating
an interval of 5 m with a perforation density of 13.1 shoots per meter and a perforation diameter of 10 mm. The true
vertical depth of the well’s perforation is 2530m

The correlations used were Beggs & Brill for water’s viscosity and Orkiszewski in the wellbore. To
calculate the Heat Transfer in the wellbore, Alves et al correlation was used, in addition to well’s construction data
and a thermal gradient of 0,06°C /m.

The production has been simulated using different values for the flow rate and pressure,at the wellhead.
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Conclusions

Today, in Romania but not only, there are a lot of mature, depleted, oilfields, from which were produced
only the oil and gas bearing reservoirs thus the aquiferous remained at the initial pressure and can be perforated in
order to obtain significant water flows.

In some regions of Romania,there are important thermal flux and temperature gradient up to 140-150
mW/m?/year respectively 6-7 °C /m. A few of the depleted oilfields are situated in these areas, with positive thermal
anomalies.

The study case refers to a mature oilfield situated in the Pannonian Basin, in an area with a thermal gradient
of 0,06°C /m. Based on the oil reservoirs temperature and pressure conditions , a water flow model was simulated
and its thermal energy potential emphasized. The obtained flow rate and temperature values( at surface conditions-
wellhead) demonstrated an important energy resource that can be produced with minimal costs.

The water can be used both for heating (localities, green houses and so on) and small plants. Due to its salt
content, the water obtained has to be used in heat exchangers.
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HYDRAULIC FRACTURING OF NATURALLY-FRACTURED OIL AND
GAS FIELDS: IMPLICATIONS OF FAULT REACTIVATION

Abstract

Hydraulic fracturing is a process of injecting fluid down a bore-hole into the subsurface rock at pressures
high enough to surpass the break-down pressure of the rock. The primary goal of this treatment is to create a
network of fractures that serve as conducive paths for oil and gas flow into the well. Subsurface rocks in oil and gas
reservoirs are often naturally fractured. The pre-existing fractures in these rocks interact with the hydraulically-
stimulated fractures and complicate the whole reservoir stimulation process. These interactions, under given
conditions, can reactivate the natural faults (or commonly known as fractures). This paper uses distinct element
method-based numerical modelling software to simulate this process and understand the hydraulic fracture-natural
fracture interaction behaviour and post-interaction shear displacement of natural fractures in case of a fault
reactivation. We show here that significant shear displacements along the natural fracture can occur in reactivated
faults and the calculated magnitude of the induced seismicity, under the given condition, was 2.89 as per the Richter
local magnitude scale.

Introduction

Hydraulic fracturing is a well stimulation technique in which pressurized fluid, injected into subsurface
resource-bearing rocks, is used to fracture the reservoir rocks. With the recent technological advancements of
fracturing technologies that include the advent of horizontal drilling techniques, traditionally uneconomical
unconventional oil and gas fields have now become accessible and productive.

Reservoir rocks contain discontinuities (or commonly referred as fractures) of various sizes starting from
micro-scale grain boundaries to faults of several meters long (Wasantha et al. 2015). These natural fractures disturb
the propagation of hydraulically-stimulated fractures as evident from acoustic emission observations at many sites
around the world. When a hydraulic fracture meets a natural fracture it either crosses the natural fracture (crossing)
or discontinues further propagation at the intersection and turns into the natural fracture by opening it (opening).
There could also be a possibility of arresting the hydraulic fracture propagation at the intersection without opening
the natural fracture and thus with no fluid flow into it (arrest). These interaction behaviours are influenced by the
prevailing reservoir conditions (properties of the reservoir rock, stress anisotropy, angle of approach, etc.).

While proponents advocate for hydraulic fracturing emphasising the lucrative industry value, opponents
often argue that the environmental impacts associated with hydraulic fracturing outweigh the economic benefits with
a large margin. Induced seismicity, ground and surface water contamination and land subsidence have been
recognized as prodigious threats to the environment and the society among other impacts. Induced seismicity of
different levels has been reported in many fracturing sites around the world. Usually, the hydraulic breakdown of
intact rock creates only minor seismic events, which are even undetectable in most cases, and larger seismic events
are a product of the interaction of hydraulically-stimulated fractures with pre-existing natural fractures (Gischig and
Preisig 2015). In other words, it is a result of shear displacements occur along reactivated natural fractures. This
paper focuses on the use of advanced numerical simulations to quantify the magnitude of those seismic events
trigger by fault reactivation following hydraulic fracturing. The results are expected mainly to assist with the
decision making of hydraulic fracturing projects for regulatory authorities.

Numerical Simulation procedure
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We used the Universal Distinct Element Code (UDEC) software (a product of Itasca Consulting Group
Inc.) for the simulation. The problem domain in UDEC is formed by an interacting blocky system created by
subdividing a block using one or many joints or joint sets. The blocks can be made rigid or deformable but
indivisible. UDEC allows larger block deformations and rotations of blocks, and large shear and normal
displacements of joints during calculations.

The numerical model of this paper considers a hydraulic fracture (that propagates along a pre-defined
fracture in the model) that propagates parallel to the major principal stress direction starting from a bore-hole, for
which the fluid is injected, and intersects an inclined (45°) natural fracture on its way. Assuming a symmetric
hydraulic fracture propagation, only a half of the model is simulated to improve the computational efficiency. Major
and minor principal stresses are applied horizontally and vertically, respectively. Figure 1 shows a schematic
diagram of the numerical model with applied boundary stress levels for the simulation.

Results and Discussion

Results of the numerical simulation performed as above revealed that, under the prescribed reservoir and
operational conditions, hydraulic fracture-natural fracture interaction results in ‘opening’ mode, meaning that the
natural fracture is reactivated. We plotted the shear displacement variation along the reactivated natural fracture as
shown in Figure 2. According to Figure 2, it is clear that the shear displacement is higher closer to the intersection
and it fades away with the distance away from the intersection. In addition, a maximum shear displacement of about
9.2 mm was observed from Figure 2.

We used the definition for scalar seismic moment introduced in Aki (1966) to determine the seismic
moment pertaining to this shear displacement (Equation 1).

1)
where, & is the rock shear modulus, # is the area undergoing shear displacement and & is the shear
displacement.

The calculated seismic moment, as per the Equation 1, was 9.11e14 dyne.cm. Then we used the Equation 2
to calculate the moment magnitude (f..), as defined in Shearer (2009).

@

A moment magnitude of 2.89 dyne.cm was obtained following the Equation 2. The seismic chart used in
Zangeneh et al. (2013) was used to convert the calculated moment magnitude into more familiar Richter local
magnitude ("), which yielded a value of 2.89 (for , ).

Figure 1. Schematic diagram of the numerical model
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Figure 2. Shear displacement along the natural fracture

Conclusions

Fault reactivation of hydraulic fracturing of naturally-fractured reservoirs was numerically studied using a
distinct element based-software. The simulation results displayed a notable shear displacement along the natural
fracture under the given reservoir and stress conditions. Richter local magnitude was calculated based on this
displacement and yielded a value of 2.89, which is reasonable for the model conditions considered here. We
conclude that this type of numerical modelling can be successfully used to predict the magnitude of the induced
seismicity resulting from fault reactivation following hydraulic fracturing.

References

1. AKki K (1966). Estimation of earthquake moment, released energy, and stress-strain drop from G wave
spectrum, Bulletin of the Earthquake Research Institute, University of Tokyo, 44: 23-88.

2. Gischig V, Preisig G (2015). Hydro-fracturing versus hydro-shearing: A critical assessment of two
distinct reservoir stimulation mechanisms. 13" International Congress of Rock Mechanics (ISRM 2015), 10-13
May, Montréal, Canada: 1-12.

3. Shearer P (2009). Introduction to Seismology, Second Edition, Cambridge, Cambridge University
Press, ISBN 978-0-521-70842-5.

4. Wasantha PLP, Ranjith PG, Zhang QB, Xu T (2015). Do joint geometrical properties influence the
fracturing behaviour of jointed rock? An investigation through joint orientation. Geomechanics and Geophysics for
Geo-Energy and Geo-Resources, 1(1-2): 3-14.

5. Zangeneh N, Eberhardt E, Bustin RM, Bustin A (2013). A numerical investigation of fault slip triggered by
hydraulic fracturing. In: Effective and sustainable hydraulic fracturing, Bunger et al. (Ed.) InTech Publishers. pp. 477-488.

N. E. ABAHOBA, E. B. KAUAHOBA
benopyccxuti nayuonanvHblli mexuuueckull yHusepcumem

YCTAHOBKA JIJIS1 PEBEPCUBHO-PEAT'EHTHOM PETEHEPALIUA
BOJO3ABOPHbBIX CKBAKUH

BeIcokne SKCIUTyaTallMOHHBIE pacXoXsl M CTOMMOCTh CTPOUTENILCTBA BOJ03a0OPHBIX CKBAXHH, HX
CPaBHHUTENILHO HU3KHI CPOK CITyKOBI, AENaeT aKTyaJbHBIM JUISl YBEIMYEHHS MX JOJITOBEYHOCTH CO3JAaHHME HOBBIX
TEXHOJIOTHI pereHepannu ¢GWwIbTpoB. Haspenma HeoOXOAMMOCTh B pa3paboTke 3(G(GEKTHBHBIX M JOCTATOYHO
NPOCTBHIX B JIKCIUTyaTallMd TEXHOJOIMH pereHepanyu, KOTopble obecredyminn Obl HOPMATHUBHBIH CPOK CIy»ObI
cKBaXUH (25 et n Oojee) npu HU3KOM ceOECTOMMOCTH 100BIBAEMOI BOJIBI.
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Hamm mnpemnoxeHa ycTaHOBKa st

PEBEPCUBHO-PEAr€HTHON perenepanyn

——= BOmO3a0OpHBIX  CKBaXWH, COCTOAINAs W3
KOMIIpECCOpa,  IUIAHTOB W IOTPYXKHOTO
yCTpoiicTBa, BBINTOJTHEHHOTO B BUZIE
JBYXKaMEpHOTO  ITHEBMAaTH4eCKOrO  Hacoca
BBITECHEHHS (CM. pucyHOK 1) [1].

Pabounit rpouecc pereHepanuu
OCYIIECTBISIOT B  CIEAYIOUIEM  IOpSIKE.
[TorpyxHoe ycTpOWCTBO MOMEIIAOT B (GHIBTp
CKBa)XMHBI U TI0 IITaHraM 3 U 4 MOJaroT MOPIHH
peareHTa M3 Oaka (Ha PUCYHKE HE IIOKa3aH) B
kamepsl 1 u 2. 3ateM 1o nutanram 3 u 4 noaaroT
KomnpeccopoM 13 B Te xe kamepel 1 u 2
CKaThll BO3AYX M 3aJaBIMBAIOT PEAreHT B
rpaBuiiHyIo oOchinKy. Ilpm sToM 1uIaBaromiue
mIapoBble  KJIamaHel 5, 6  HEpeKpbIBAlOT
orBepctuss 7 M 8 B Kamepax | m 2 u He
BBITyCKAIOT BO3AYX B CKBaXuHy. Pearenr
HauMHAET  pPAcTBOPATH  KOJIBbMAaTHPYIOIIUE
OTJIOKEHUSI B TPAaBUHHOW OOCHIIIKE B pEeXHUME
«pEareHTHOW BaHHBI». 3areM TOTOBST
YCTAHOBKY K paboTe B PEKHME «PEBEPCHBHO-
peareHTHOI» 00paboTKH. Brauane
cOpachIBaIOT, HaNpHMep, CXKaTbli BO3AYX U3
HIWKHEH Kamepel | B atMmocdepy uepes
OTKPBITBINf BEHTWIb 12 TP 3aKpHITOM BEHTHIIE
10. TIpu »TOM peareHT T™OA JelcCTBHEM
paspshKEeHHs BBIXOAUT M3 I'PaBUWHON OOCBHIIIKU
3aMojHsAeT Kamepy | depe3 oTBepcTtue 8.
YcranoBka rorosa. [locie 3TOro 3akpbIBarOT
cOpocHOW BeHTWIIb 12, OTKpBIBalOT BeHTHIb 10
W TIOJNAIOT CKaThli BO3IAYX M3 pecuBepa
Kommpeccopa 13 mo mmaHry 3 B HHXKHIOKO
KaMepy 1, ¥ OOHOBPEMEHHO, NPHU 3aKPHITOM
BeHTHIIC 9 Ha muTaHre 4 OTKPHIBAIOT COPOCHOI
BEHTUJIb 11 U cOpachIBaIOT Yepe3 HETro CXKATHIN
BO3AyX M3 Kamepbl 2 B armocdepy. IT10
MO3BOJISIET BECTH 33/IaBIIMBAHUE pEAreHTa U3
HIKHEN Kamepbl 1 ¢ M30BITOYHBIM JIaBJICHHEM
yepe3  BEpPTUKAJIbHBIM  KOJIBIIEBOM  KaHal,
3allOJIHCHHBIH ~ TpaBUMHOW  OOCHIIKON B
HaIpaBIEHUU BEpPXHEH Kamephl 2, B KOTOPOI

i HCKYCCTBEHHO co3zaercs MIOHMKEHHOE
i JaBrneHue. PeareHT, mnoaHuUMasch BBEPX IO
IpaBUHHON OOCHINIKE, OMBIBAET €€ 3epHa H
CYIIECTBEHHO  MHTEHCH(UIHPYET  IpoIecc
pacTBopeHust OTJIOKeHHH. B KoHue mnpouecca

1,2 — HrokHAA B BEPXHAA KaMEPEL 3,4 - BOSAYXOBOALL 5,6- 34 apnypanms peareHTa IUIABAIONIAA MAPOBOi
IUTABAKOIINE MIAPOBBIE KIAllaHbl, 7,8 — OTBEPCTHUS B KAMEPAX;  yraman 6 [ICPEKPBIBACT OTBEPCTHE 8 B KAMEPE
9, 10 — Bertnnu; 11,12 — cOpocHsie BeHTHIN; 13 — 1 ¥ He BBIIYCKACT BO3AYX B CKBAXKHHY. 3aTeM
Kommpeccop; 14 — rpaBuiiHas 0OCHINKa. IePEKPHIBAKOT CcOPOCHOI BEHTHID 11,

Puc. 1. Cxema ycTaHOBKH JUI pereHepanuy CKBaKUH OTKDBHIBAIOT BEHTWIb 9 M MOJAIOT CHKATHI

BO3AyX IO IIJaHTy 4 B BEpPXHIOIO KaMmepy 2.

O/HOBPEMEHHO COpachIBalOT CXKAThIi BO3JIyX M3 HW)KHEH KaMmepbl 1 10 1uIaHry 3 uepe3 OTKPBITHIA COPOCHOM
BeHTWIIb 12 B atMocdepy npu 3akpbiToM BeHtwiie 10. PeareHnt nonx aeiicTBueM nepenana 1aBleHUH MeXIy BEpXHEH
KaMepo# 2 U HIDKHeH | MpoXoIuT yepe3 KOJbLEBON LMIMHIP, 3al0JHEHHBIA OOCHINKOI, CBEpXY BHHU3 M 3aIlOJIHSET
HIDKHIOIO Kamepy 1. Jlanmee IUKI 3akaukd M OTKAyKd BO3[QyXa B Kamepax | M 2 MHOTOKPaTHO MOBTOPSIOT 1O
MIOJTHOTO PAacTBOPEHUs] KOJbMAaTaHTa B TIpaBUiHOW oOchmke. Ilporecc 3HaKoNepeMEeHHOTO (PEBEPCHBHOTO)
JBIDKCHUSI peareHTa B I'PYHTE OOCBHITKM 3HAYMTENBHO WHTEHCH(UIMPYET pacTBOPEHHE OTIOXKEHHH M SBISIETCS
6osiee 3 PEKTUBHBIM, YEM «peareHTHas BaHHAy», TJe PearcHT OCTABIISIOT 0ObIYHO Ha 24 yaca B QUIBTPE CKBAYKHHBI.
PabGoueit cpemol, oOcCymecTBISIONIEH pPEBEPCUBHOE JBI)KEHHE peareéHTa B KaMepax IIOTpY>KHOTO
YCTPOMCTBA, CTBOJE CKBa)KMHE M NPH(UIBTPOBOH 30HE, SBISETCS CXKAaThIi BO3AYX, INMOJaBacMbIi U3 pecuBepa
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KoMmIIpeccopa. /laBneHne u pacxon C)KaToro BO3myXa OyIeT 3aBHUCETh OT TIIyOWHBI YCTAHOBKH M T€OMETPHUYECKUX
pa3MepoB GHUIBTPAa CKBAXKUHBI, (UIBTPALHOHHBIX TapaMETPOB I'PAaBHHHON OOCHINKH, TEOMETPHUECKUX PA3MEPOB
MOTPY>KHOTO YCTPOMCTBA, BETMIHNHBI 331aBa€MOM CKOPOCTH (QIIIBTPAIMH B TPABHIHOM 0OCHIIKe. [ ycTaHOBICHUS
3TOH B3aMMOCBSI3U Pa300beM BECh IyTh ABMKEHHS CXKATOTO BO3yXa M PEarcHTa HA TPU ydJacTKa, JISKAIINX MEXKIY
ceuenmsiMu K-K, 1-1, 2-2 i 3-3. /IBiwkeHNe CUATACTCS YCTAHOBUBIIAMCS.
Heobxonnmoe maBieHure KOMIpeccopa HaXoauM U3 ypaBHeHHs Jl. BepHymim, 3ammcaHHOTO I CeUeHUit
K-Kwu 1-1:
pK:pong(H +Z)+p1+psoxt)lg(hmp. 5031)1+h&wo)1 (1)
Ilie p, — JaBJICHUE CO3/1aBaeMOe KOMIIPECCOPOM; p,. — IUIOTHOCTh peareHra B BOJ03a0OPHON CKBa)XKHUHE;
Psosol — IUNIOTHOCTH BO3/lyXa B BO3IyXoBope; H — paccrosHue ot cedeHus 1-1 mo cedenust 0-0; Z — BbIcoTa ciost
peareHTa B HIDKHEH kaMmepe;p; — JaBieHue B ceueHuu 1-1; h,,, 50 — HOTEpH HAIlOpa B BO3AYXOBOAE; Nyypp — MOTEPH
Haropa Ha BXOJI€ BO3JyXa B KaMepy.
Hasnenne p; HaxoamMm u3 ypasaenus /1. bepaymmm, 3amucannoro mis ceuernit 1-1 u 2-2:
plzpwcg(a+22)+p2+pwcg(h2p.oﬁc+hd)1+hg1)2+homel +hom@2)l (2)
Tl a — PacCTOSHHUE MEXKAY IBYMs KaMepaMmu; Z — BBICOTA CJIOSl pearcHTa B BEpXHEH KaMepe; p, — JaBICHHE
B ceueHHH 2-2; h,, .5 — IOTEPH HAIOpa pearcHTa B TpaBHifHON obchinke; Ny, , hy, — HoTepH Hamopa Ha IepBOM U
BTOPOM Yy4acTKax (HIbTPA COOTBETCTBEHHO; Nyygs s Nomgz — TIOTEPH HATIOpA peareHTa Iocie NPOX0XkKIACHUE IEPBOTO
U BTOPOTO OTBEPCTHH B KAMEPaX COOTBETCTBEHHO.
Hasnenue p, HaxoauM u3 ypaBuenus [I. bepHyuty, 3armucanHoro i ceueHui 2-2 u 3-3:
P2=pe0s029 (hmp 60302 hsbzxot)) ) (3)
TJI€ Peoso2 — IIIOTHOCT BO3YXa B BO3AYXOBOJE; Ny gos02 — MOTEPH HATIOpPa B BO3AYXOBOJE; Nyyyop — MOTEPH
HaIropa Ha BBIXOJIE BO3/lyXa U3 KaMephl B BO3YXOBO/I.
IToncraBnsas BeipaxkeHnue (3) u (2) B BelpakeHHe (1) momydaeMm BbIpakeHHE IS pacueTa JaBJICHUS B
pecHuBepe KoMIpeccopa:
px:pmcg(H+3Z+a+hep.oﬁc+h(])l+h([12+homel +hom62)+p303(>lg(hmp.em(ﬂ+hsxm))+p303()29(hmp.303(32+h6b1x0()), (4)
PaccmorpuMm Tpu QuiapTpa CKBaXXHH IMaMeTpaMu paBHBIMH 168 MM, 219 Mm m 273 mm, H=50 wm;
paccTosHME MEXAy KaMepaMu a paBHO BHyTpeHHeMy auamerpy ¢unbtpa D, nnmsa kamepsl 6 paBHa 4'Dy;
JHAMETpPBI IUIAHTOB BO31yxoBooB 0=0,02 M; 1rana3oH CKOPOCTEil NBIKCHUS pearcHTa B rpaBHItHON OOCHITIKE - OT
0,005 m/c no 0,04 m/c. ITo BeIpakeHHIO (4) CTPOMM XapaKTEPUCTUKY TPYOOIPOBOIOB YCTPOHCTBA B KOOPAWHATAX
Q- p. Pe3ynbTaThl npezcTaBlieHbl B BUJIE IPa)MKOB HA PHCYHKE 2.
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Puc. 2. 3aBucHMOCTS 1aBICHUS B pECHBEPE KOMIIPECCOPa YCTAaHOBKHU OT €T0 MoJauy IpHu paboTe B
¢bunpTpax pasHeIX Auamerpax: 168 mm, 219 MM u 273 MM

BriBogEBI:

1. TpemiokeHa cxema YCTaHOBKH JUIS PEBEPCHBHO-PEArcHTHOMN pereHeparyy BoJI03a00pHBIX CKBAXKHH C
MOTPY>KHBIM YCTPOHCTBOM, BBHITTOJTHCHHBIM Ha 0a3e JBYXKaMEPHOTO ITHEBMATHYECKOTO HACOCA BHITCCHEHUSI.

2. TlomydeHO BBIpaXCHUE, MO3BOJIIONICE PACCUMTATh MOJAady M JABICHHE KOMIIpEccopa MO 3aJaHHOM
CKOpPOCTH (HUIBTpAalMM TIOTOKA peareHTa B TPaBUHHOW OOCHINKE, YYWUTHIBAIOIIEE T'€OMETPHUYECKHE pa3sMephl
CKB)KUHBI, YCTAHOBKH ISl pETCHEPAIH U CTETICHb KOJbMaTaIK (GHIbTPA U TPAaBUHHOW OOCHITIKH.
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TEXHOJIOI'MsI HAHPABJIEHHOI'O I'HIPOYJAPHOI'O
BO3AEUCTBUSA HA ITPU3ABOUHYIO 30HY IIVIACTA C
PET'YJIMPYEMOM JJIUTEJBHOCTBIO UMITYJIBCA

Cpenu MHOTHMX TIpUMEHSEMBIX B HAcTOSIEe BpeMs METOJOB HANpaBlICHHBIX Ha yIydllleHUe
KOJUICKTOPCKHUX CBOMCTB mpu3aboiiHoit 30ubl 1wiacta (I13I1) ocoboe MeCTO 3aHMMAIOT HMMITYJIbCHBIC METOJIbI
00pabotku. OTimyasch MPOCTOTONH TPOBENCHHS TEXHOJOTHUSCKUX OIEPannii, MPOCTOTOW M TOCTYITHOCTHIO
MPUMEHIEMOTO O00OpYAOBaHMA, MJOMYCKAIOMIET0 €ro MHOTOKPATHOTO WCHOJB30BaHUS, HE3HAYHTEIBHOCTHIO
TPYAOBBIX, SHEPTETUICCKAX M MaTepUANBHBIX 3aTpaT, UMITYJIbCHBIE TexHOoJoruu oopabdotku [13I1 BeICTymaroT Kak
OTIepaTUBHBIC METOIBI MHTCHCHU(HUKAIINH PaOOTH CKBAKHH.

Bonpmme mccnenoBanus B 001aCTH UMITyIBCHOTO Pa3phiBa MOPOA MIPOBEN W3BECTHBIN YUeHBIH MuXaItoK
A.B. IM ObuIn BBIJENICHBI J1BA OCHOBHBIX THIA OOpa3yIOIIUXCS B MAacCHUBE TPELIMH: BEPTUKAJbHbIE (IJIOCKHE) U
TOPH30HTAIbHBIE (palualbHO-KObLEBbIE) [1].

PacyeTHpIM IIyTeM yCTaHOBJEHA 3aBHCHUMOCTb pa3MEpPOB ITHX TPEIIMH OT BpPEMEHM U JaBICHUS
HarHeTaHUs IPU MMITyJbCHOM BO3JEHCTBMM Ha IUIACT, KOTOpas IoKas3aja, YTO AJS BEPTHKAJIbHBIX TPELIMH IpHU
MalbIX 3HA4YEHUSIX BpeMEeHM HarHeTaHus, npumepHo 0,1-0,2 ¢ [1], pocT MakcHMaIbHBIX Pa3MEPOB MPOUCXOAUT
MPAaKTUYECKH MO JTMHEHHOMY 3aKOHY, a Jjajiee HAUMHAETCs MIOCTENICHHOE BBINOJIAKUBaHUE KPUBBIX. [lI paguaabHO-
KOJIBIICBBIX JK€ TPEIIMH POCT MaKCHMAaJbHBIX pa3MepoB Haxonuwrcs B wuHTepBane Bpemenn 0,25-0,4 c [1].
VYBenuyeHne Kak BPEMECHH BO3ICUCTBHS, TaK W IHKOBOTO JAaBJICHUS CIOCOOCTBYET POCTY pa3MEpOB TPEIIUH,
nprdeM Ooiee OBICTPOMY POCTY BEPTHKAIBHBIX TPELIHH, 9YeM PaJHATbHO-KOJIBIICBHIX.

C menpio MOATBEPXKACHUS TEOPETHYECKUX OOOCHOBAHWI HAa HATHETATENBHOW CKBaXKMHE TyHMa3HMHCKOTO
HEPTSIHOTO MECTOPOXKICHHS IPOBEICH MPOMBICIOBBIN IKCIIEPUMEHT, B X0Ji¢ KOTOPOTO IEMEHTUPOBOYHBIN arperar
AHII-320 co3naBan ruApOMMIYIIbCHI BEICOKOTO AABJIECHUS.

Ilepenaua maBieHHs K MJIACTy OCYIIECTBISUIACh MMITYJICAMM IOBBIIMIEHHOTO JAaBJICHHS, CO3/1aBa€MBIMHU B
HacocHo-KoMmpeccopHbIx Tpybax (HKT) myrem KpaTKOBPEMEHHOTO OTKPBITHS ITHEBMO33aJBMXKKH Ha YCThE
ckBaxuHbl. [Ipy Takoil mepeaadye MOIIHOCTM WHTEHCHBHOCTH BO3ZECHCTBUS Ha IJIACT OINpPEAEISIETCS HE TOJBKO
aMIUTUTYI0M, HO U YaCTOTON M3MECHEHUS TaBJICHUS BO BPEMEHH, a Takxke (Gopmoii ummyibca [2].

Puc. 1. lnarpamma m3menenus nasienns B [1311 ot Bpemenn

AHanu3upysi [JaHHBIE IIPOMBICIOBOTO OKCIIEPUMEHTa, IIOJlydeHHbIE MPH MOMOLIM IIyOMHHOTO
BBICOKOCKOPOCTHOTO MaHOMETpPa, MOKHO cJejaTh BBIBOJ, 4YTO IpH Hcrojb3oBanuu arperara AHI[-320,
CO3/JAIOLIEr0 UMITYJIbC JaBieHus paBHbld 16 MIla Bo3aMoxHO moiydeHue Ha 3a0oe yaapHod Harpysku Ha [I3I1 ¢
nmasiieauem 21-22 MIla (8 1,35 pa3sa Gospiie mpuiioskeHHOH). OIHAKO JAIUTEIBHOCTD MPHIIOKCHHOTO BO3ACHCTBHS,
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B BUIy TexHuueckux orpanmdyenunit AHI[-320, coctaBnser auwb 0,15 ¢, 4T0O HEIOCTATOYHO AJISi MOJHOLIEHHOTO
hopmupoBaHUS pagraTbHO-KOJIBIIEBBIX TPEITHH.

MHoto0 mpe/iaraeTcsi TEXHOJIOTHS HAIpaBICHHOTO WMIYJIBCHOTO ruapoyaapHoro Bosneiicteus Ha I13I1 ¢
NPUMEHCHHEM THOAPOAKKYMYIIATOpa JaBJCHHS, IMO3BOJIIOIIETO PETyINpPOBATh  [UIMTEIFHOCTh  HMITYJbCa
Bo3aelicTBHs B peaenax a0 0,5-0,8 ¢. OcobeHHOCTh MpeaIaraeMoro MeToAa BO3AEHCTBHIS 3aKIF0UAeTCS B TOM, 9TO
BMECTO MPHJIOKEHHS BhICOKOTO aaBicHus [13I1 momBepratoT cepusM KOPOTKUX yIApOB, MPU KOTOPBIX XKHUIKOCTH B
MOJTHOM 00beMe He ycreBaeT QMUIbTPOBATHCS B TPEIIMHBI IUIACTA U 3HAUUTEIILHO YBEIUUUBATh UX JUTHHY. KopoTkue
yAaphl CIIOCOOCTBYIOT Pa3BUTHIO MPUJICTAIONINX TPEIIUH, BBIKPAIIUBAHHUIO MOPOJBI, 00pa30BaHUIO KAaBEPH BOKPYT
MpU3a00HHON 30HKI U yBETHUYCHHIO e 3()h(HEKTUBHOTO pajuyca.
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Puc. 2. Cxema rugpoynapHoro Bo3zaeiictus Ha miact: 1 — AHII-320;
2 — TUAPOAKKYMYJISITOP; 3 — 3aJIBMIKKA C TTHEBMOIPUBOIOM; 4 — MaKep;
5 — nponykTuBHBIH mIacT [3]

Arperar AHII-320 co3maer B THIPOAKKyMYJIATOpE HEOOXOIMMOE IaBicHHe. [Ipu MOCTIDKEHHH 33JJaHHOTO
JIABJICHUSI HA JOJM CEKYHIBI OTKPBHIBAaETCSA 3aJBIDKKA C ITHEBMOIPHUBOJAOM, CO3Jarommas umirynisc gaBrneHus B HKT.
KpatkoBpeMeHHbIE CKauykd JaBJICHHMs, CO3/aBaeéMble Ha YCTbE CKBaKHMHBI, NMPHBOST B ABIDKEHHME MAacCy JKHIKOCTH,
Haxosytocst B HKT, koTopast B CBOIO ouepesib co3/1aeT HaNpaBIICHHBIN THAPABIMUECKUH yaap Ha 3a00€ CKBaKUHBI.

Konebanmst Macchl CKBa)KMHHOM JKMIIKOCTH 33 CYET CBOSH MacChl M WHEPIMM BBI3BIBAIOT TAaKKe JBIDKCHHE
TIacTOBOrO (IFOM/IA, CIOCOOCTRYIOMIEe pa3MbiBy KaHasioB [13I1 1 pa3pyiieHno MpOCTPaHCTBEHHON PENIeTKH BHICOKOBSIZKOM
He()TH 3a cUeT peryisipHoi ee aedopMari, ¢ OCTENeHHBIM YMEHBIIeHHEM ee Bsi3kocTr. Co3/1aHNe OBTOPHBIX THIIPOYAapoB
YBEIMYMBAET MPOTSHKEHHOCTh, PA3BETBICHHOCTh U PAacKPBITHE TpelIMH. B riryOokoil ckBaxkuHe 3(QeKT BbIIIE, TOCKOIbKY
TIPUBOJIMITCS B JIBVDKEHHE CKBKMHHAS KUJIKOCTh, IMEIOIIas 00Jiee 3HAUUTENbHYIO Maccy U HHEPLIHIO.

Takum o00pa3oM Bapbupysl aMIUIMTYAy, YacTOTy M JUIMTEJbHOCT HMITYJIbCA JaBIICHUs, BO3MOXKHO
MHMHHUMH3UPOBATh 3aBUCHMOCTD TOJIydEHHOTo 3(¢eKkTa OoT TIyOMHBI 3ajleraHusl MPOJYKTHBHOIO IUIACTa W BOBJIEYb B
Pa3paboTKy BCIO CIIOUCTO-HEOJHOPOHYIO TOJIITY He(TEHOCHOTO IUTacTa. TeopeTHdecKy MPUMEHSI TaHHbIH KOMILIEKCHBIN
METOJ] BO3MOXKHO I0oOWThCsl TpuiioskeHnst sHeprud K II3I1 comocTaBMMOM 1O MOIHOCTH € 3HEPrHeil KIIacCHYecKOoro
THIPOPAa3pHIBA MIIACTA, 3aTpayrBas PU 3TOM 3HAUUTEIEHO MEHBIIINE MATEPHAIBHO-TPYIOBBIE M SHEPTETHUECKUE PECYPCHL.
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U.M. HAPOKHBIN
Poccuiickuti ynugepcumem opyscowvl HApooos

INPUMEHEHMUME ITOPTOB MI'PI1 C PACTBOPUMBIMU HIAPAMHU

B pabote paccMoTpeHa BO3ZMOXKHOCTD IPUMEHEHHS TIOPTOB C PACTBOPHMBIMH LIAPAMHU M3TOTOBICHHBIMH U3
MAarHueBOro CIUIaBa.

Ha ceromusimHmii neHP aKTUBHO BEAyTCs pPabOTBI € NPUMEHEHHEM TEXHOJIIOTMM MHOTOCTaAWHHOTO
ruapopaspsia mwiacta (MIPIT), st nosyuenust mpremiieMoro 1e0uTa, Ha CKBaKMHaX C FOPH30HTAILHBIM OKOHYaHHEM.
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Ha pgamHOM oTame pabotr mnpumenstorcs moptel MIPIT  akTmBHpyrommecs mapamu, KOTOpbIE B
MOCJIEAYIONIEM HEOOX0ANMO pa30ypHuTh — NMPOM3BECTH HOpManu3anuio. JlaHHas mpoueaypa TpeOyeT MpHUMEHEHUs
cTaHKa ¢ rubkoi HacocHo-kommpeccopHoi TpyOoit (I'HKT) c BbIcOKOW CyTOYHON CTaBKOW W JIOTOJHHUTEIHHOM
orutaTo# 3a cnyckonoasémusle onepanun (CI10), 3aTpaunBaeMoe BpeMsl Ha KOMILIEKC orepanuii no pa3oypUBaHHUIO
KOMITOHOBKH M3 YETHIPEX MOPTOB 3aHMMAET B CPEIHEM CeMb CyTOK. MBI IpeaaraeM HCIOIb30BaTh TEXHOJIOTHIO
pacTBOpeHHs IIapOB W3 MAarHWEBOTO CIUIaBa B PACTBOPE JMMOHHOM KHCIOTBI, HE H3MEHSS HPUMEHSIEMOM
TEXHOJIOTHH 3aKaHUYMBAHUSI M MCIOJIB3YEMOI0 00OpYIOBaHMs, YTO B CBOIO OYEpeab HE TPEOYeT NOMOIHUTEIbHBIX
BIIOJKCHHH 1 3aTpart. Tak ke JaHHas TEXHOJOTHS MO3BOJIHUT COKPATUTh LUK PaboT B /1Ba pasa.

Ha naHHBIII MOMEHT YCHEIIHO MPOBEICHBI JIAOOPATOPHBIC UCIIBITAHUS C COCTABJICHHE COOTBETCTBYIOLIETO
MPOTOKOJIA. BBIT M3roTOBIEH mIap, MPOM3BEAEHBI €r0 3aMephbl Mepea HadajloM HUCIBITaHUH, MOJYYHB CIIETyHOLIHA
pesynbrat: ¥70,7vMm; macca 350r.

Ectp psan npenmymects Han apyrumu kucmoramu C6H8O7: JluMoHHAs KHCIOTa HE CTOJIH OMACHA IS
4eJIoBeKa HeXemH, coisHas. IIpocToTa MpUTOTOBIEHUS B MOJEBBIX YCIOBUSAX, JHMOHHAs KHCIOTa 3aBO3UTHCS B
memkax o 25kr. Huskast croumocts 200py6/kr, anst npurotoBnenust 1m® 40% JIMMOHHOW KHCIOTHI MOTpedyeTcs
400xr., mHEpTHA K 000PYIOBaHHIO B CKBAXKHHE.

Cpoku OCBOEHHSI CKBaXXMHbI IPU MPUMEHEHHWU TEXHOJIOTMU pacTBopeHust wapoB MIPII B mumonHO#
KHCJIOTE B 2 pa3a ObicTpee, 4eM IMpu pa30ypuBaHUM, 3a CYEeT CHIKeHUs koiuuecTBa omepanuii CI1O. CHibkeHue
npsAMBIX 3aTpaT. CHIKEHHE KOCBEHHBIX 3aTpaT, IMyTeM MOJIyYCHHS NMPHOBUIM OT HE NOOBITOM HedTH, CKBaXKHMHA
BBIBOJIUTCS HAa PE)XUM Ha 3 CyTOK ObIcTpee.

I0.A. PATYEHKO
ITTY um. 11.0. Cyxoeo, berapyco

TEOPHUSA O MOPDOJIOI'NU I'MIPOPA3PBIBA IIVIACTA

I'mapopaspbIB m1acTa — OIUH U3 METOAOB MHTEHCH(UKAIMU pabOThl HETSIHBIX U Ta30BBIX CKBaXKHH.

Texnonorus ocymectsienus [ PI1 npu no0srde HeTH BKIIOYAET B ceOs 3aKauKy B CKBRKUHY C TIOMOILBIO
HACOCHBIX CTaHIMH CIell >KUAKOCTU TIPH JABJICHHUAX BBIIIE AABICHUS pa3pbiBa HedreHOocHOro miacra. Jlis
MOJICPKAaHUST TPEIIMHBl B OTKPBITOM COCTOSHHM, KaK IIPaBHUJIO, B TEPPUTEHHBIX KOJUIEKTOPAX HCIIOIB3yeTCs
PaCKJIIMHUBAIONIUIT aT€HT — MPOIIIAHT, B KAPOOHATHBIX — KHUCIIOTA, Pa3beIaIoNIasi CTeHKH CO31aHHON TPEIHHBI.

Lenpto wccnenoBaHust sBIAETCS O0OCHOBaHME MOPQOJIOTHM IIpollecca THApOpasphlBa  IUIACTA,
HocJieiyronias pa3padoTka U ONpoOOBaHWE MAaTEMaTHYeCKOW MOJENW NMPOTHO3WPOBAHUS NeOMTa CKBAXHH IIOCIE
NPOBEJICHUs] HA HUX BBIIIEYKa3aHHOH onepauuu. Pabora mpuobOperaer 0coOyi0 akTyalbHOCTh Ha (OHE BBICOKOM
MOTPEIIHOCTH NMPOTHO3HBIX PacyeToB, mopsiaka 94%, B CBSI3U € 4eM, OCTPO CTOHUT BONPOC O pa3pabOTKe METOIUKU
KadeCTBEHHOH OIEHKH (P (PEKTUBHOCTH U pUCKOB mpoBeaeHus [PII.

B mporecce uccienoBanus npodieMaTHKy pa3paboTka 3aTparuBaiia psi BOIPOCOB:

e Bo3HHKHOBEHHS BTOPUYHBIX TPEIIHMH B IPOLIECCE THAPOPA3PHIBA;

e BimsHMe yria pacnpocTpaHEeHUs! BTOPUYHBIX TPEIIUH Ha PE3yJIbTaT IPOTrHO3a;

e CymecTBOBaHHE 3HAYUTEILHOTO B3aUMHOTO BIIMSIHUS TPELIMH IIPH pacyeTe CUCTEMBI 00pa30BaHHOH B
pesynbrate ['PII B kapOoHaTHOI Opoe;

e BiusHue Hanpasnenus pa3sutus TpemuHsl I'PII Ha TouHOCTH pacueTa.

Ha nepBom stame pa3paboTKu coOCTaBisIach METOJMKa IPOTHO3MpOBaHME Ie0HTa CKBRKWHBI IOCIE
MpOBEICHUS Ha Hel THapopa3priBa miacta. [Ipennomnaraics pacyeT cieIyromux napaMeTpoB: AaBJIeHNE Ha 3a00e B
kone ['PII, sddexTuBHOE naBieHWe TUAPOPA3PHIBA, MJIMHA, IIMPUHA W BBICOTA TONYYCHHON TPEIIHUHBI,
k03¢ ¢unneHT npoHunaemMocTu. Jlajee aHaJOrM4YHBIM OOpa30oM BEJICS pacyeT HapaMeTpoB TPEIIUH IEPBOTO
MOpsiIKa B TOPH3OHTAJIFHON IUIOCKOCTH OTHOCHTEIHHO OCHOBHOHM TPEIIMHBI THAPOPA3PHIBA, C YUeTOM (YHKIIMHA
W3MEHEHHSI TaKWX IapaMeTpoOB KakK: JaBICHWE THAPOPa3phIBa, BCKPHITAs TOJIIMHA IIIACTa, 00BEM KHUIKOCTH
paspbiBa. YKa3aHHbIE M3MEHSEMbIE MapaMeTpPbl PACCUUTBHIBAIOTCS IJII KOHKPETHO 33JaHHOW TOUKM Ha IIOCKOCTH
tpemunbl ['PII, npuHuMaemoii 32 TOUKy HaMMEHbIIEro conpoTusieHus. Jlanee onpenensics 00beM CO3/IaHHBIX B
MOpoJe TPEIIMH B 33aBHCHMOCTH OT OO0BEMa M3PAaCXOJOBAHHOM U1 TNPOBEACHHS THAPOPa3phIBa IKHUIKOCTH
yxondmed B macT mpu paspeiBe. Ilocne dvero, mo 3akoHy Jlapcu, ¢ yd4yeTOM MOJIyYE€HHOTO IONPAaBOYHOIO
K03(HUIMeHTa TPOHUIAEMOCTH TIOPOJIBI, BEJIETCSI PacdeT IPOrHO3UPYEMOT0 J1e0NTa CKBaXKMHBI T10CIIE POBEICHHS
Ha Heil ['PIL

B Tabmuume | mpencTaBIeHBl CPABHUTENBHBIC XapAKTEPUCTUKH AEOMTOB CKBAXWH, MOIYyYCHHBIX
(bakTHYECKH, TIOCTIEe TPOBEACHHS ONEpalnK, CMOJICIMPOBAHHBIX NPH MOMOIIN T'MIPOJHHAMHYECKOTO CHMYISTOPA
Eclipse, a Taxke cripOrH03upOBaHHBIX IPH IIOMOIIY BBILICYKa3aHHOH METO K.
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Tabmuma 1
CpaBHHTEIbHBIC XapaKTEPUCTUKHU ICONTOB CKBa)KMH. DAKTHUECKUE U CIIPOTHO3HPOBAHHBIC

OTKJIOHEeHHEe Mopenupo- | OTK/I0HEHHE
Ne ckB. DakT, T Pacuer, T o o

pacuera, % BaHHe, T Moaeau, %o

1 18,5 18,37 -0,70 42 -77,3

2 5,76 5,45 -5,30 4,5 -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 olIMOKHU 2,64 56,9

Ha puc. | npencraBneHsl BU3yalbHBIE XapaKTEPUCTUKH OTKJIOHECHHH (DaKTHYECKUX AEOMTOB CKBAXKUH OT
CIPOTHO3UPOBAHHBIX ITPU MOMOIIU NPOIPAMMHBIX CUMYJISITOPOB, a TAKXKE NPEICTaBICHHON METOIUKH.

IPpPeKTHEHOCTE METOAHK
NPOrHOIHPOBAHMHA AeGHTA CKBANKHHLI
nocne nposesenun PRI

.01 BT g TR =1
pie e defirfa. 1)
i¥T

N d by =

[l

JAEENT, T/O¥T

Com 1 Crm.E Comd Cemd OCxnb Cunb

Puc. 1. BusyanbHble XapaKTepUCTHKH OTKIOHEHHH (haKTHUECKUX JIeOUTOB CKBaXKUH OT
CIPOTHO3MPOBAHHBIX

C HCTONb30BaHUEM MPEUIOKCHHOH MaTeMaTHYeCKOH MOJenn pacdera JeOHTa CKBaKHHBI MOCTe
NPOBENICHUs Ha Hell rUIpopa3phiBa Iuiacta, ObLI CIPOTHO3MPOBAH NMPUPOCT NebuTa Ha 6 ckBakMHax. [lorpenrHocTs
pacueToB coctaBuia ot 0,58 mo 8,1 %. MuHUManbHAs MOTPEIIHOCTh BBIYUCICHUI CBUAETENBCTBYET O TOM, UTO
npejsaraemMas MeToIMKa siBisieTcs 0osnee 3G ek THBHOM.

BceneacrBue ajantanuy MOAEIM M MCKIIFOYEHHMS] M3 pacyera psjaa (akTopoB, MO3UIMOHUPOBABIIMXCS B
Ka4yecTBE OCHOBHBIX B HauaJle HCCIIeI0BaHMs, ObLII MOCTABJICH BONPOC O MOP(HOJIOTUH TPEIIMHBI THAPOPa3phIBa.

Ha puc. 2 npescTaBiieHa KJIaCCHYECKask CXeMa IIPOBEICHHS ONepalliy THAPOPa3phIBa.

2
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Bpomn

Puc. 2. BusyanbpHble XapaKTepUCTHKHU KIACCUYECKON TUHAMUKY JAaBJICHUs B Tipoliecce ocymecTBienus [ PT1

N3HavamsHO NporcxXoauT Habop JAaBIeHHs, HEOOXOIMMOTO IS TIPOBE/ICHMS OTIepalivy, Kak yKasbiBaeT 30Ha 1. 3oHa
2 COOTBETCTBYET KPUTHYECKOMY JaBJICHHMIO TumpopaspeiBa (Pb). 3areM, Mo NpeomoONCHWIO KPUTHYCCKOH OTMETKH,
HaOJMIOACTCS PE3KOE TIOHIDKCHWE [IABIICHHS, CBUICTENBCTBYIOIIEE O TMONYYCHWH pPa3pblBa IOPOILI W TIPOIBIDKCHUH
3aKavMBacMOro areHTa B riact (30Ha 3). [Tocne dero, Kak WITOCTPHUpPYET 30HA 4, AT MUHAMAIBHOE TIOBBIIIICHIC [TABIICHI,
VKa3bIBAlOIIee HAa PACHPOCTPAaHCHHWE TPEHIMHBI B Topoje. [Ipu TpekpallleHMH Oreparr, CHOBAa HAONFOHACTCS pe3Koe
TIOHIDKEHHUE JTABJIEHHST (MOMEHTATHLHOE JIABIICHHE 3aKPBITHSI TPEILMHBI — 30Ha 5).

Tem ne MCHEC, TOJYYUTH BBIIICOIMMCAHHYIO CXEMY MNPOBECACHUA OIICpallMi B PCAJIbHBIX YCIOBHUAX B
MOJIABJISAIOIIEM OOJIBIIMHCTBE CIy4acB HE MPEACTABISICTCS BO3MOXKHBIM. PeanbHas cxeMa M3MEHEHHsI TaBJICHUS IPU
MPOBEJICHUH THAPOPA3phIBA IUIACTA MPECTABICHA Ha PUC. 3.
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Puc. 3. BusyanbHble XapaKTepUCTUKN (GaKTHISCKON THHAMHUKH JaBIICHHUS B Iporecce ocymiecTBieHus [ PI1

Kak BHOHO W3 WUIIOCTpallMM, B pEaJbHOM NpakTHKe OTCYTCTBYIOT 30HBI 2, 3 u 4. KosebaHus,
HaOoaeMble B 30HE 3a, YKa3bIBalOT Ha N3MEHEHHE IUIOTHOCTH 3aKaYMBaeMOM JKUIKOCTH ¥ HE UMEIOT OTHOIICHHS
K Mopdosnorun camoro mnpouecca. CaM Mpolecc CYUTAETCs 3aBEPIICHHBIM B MOMEHT OKOHYAHMS 3aKadyKH
MIPOEKTHOTO 00BEMa KHUJIKOCTH Pa3phIBa.

BcenenctBue aHanmu3a BBIIICTIPUBEICHHBIX JAHHBIX, ObUIA BBIIBHHYTa THUIOTE3a O TUAPABINYECKOM
pacuIupeHnH IIacTa.

OCHOBHBIE TE3UCHI:

e B mponecce nposeaeHus omnepanuu (B OCOOCHHOCTH B KapOOHATHOM KOJUIEKTOpPE) HE NPOUCXOANUT
pa3psIBa IUIACTA, a JIMIIb PACIIMPEHIE ECTECTBEHHOH ITyCTOTHOCTH OPO/I TI0/ BO3CHCTBIEM 3aKaulBaEeMOr0 areHTa.

e HeBo3MOXXHO CO37aHME B IOPOJZE TPEHIMHBI JaKe OPHEHTUPOBOYHO MPABHIIIBHOM TreOMETpUUYECKON (hOpMBI
BBHJLY Pa3TPy3KU PaCIIMpPSIONICHCS (PacTyIeit) TpEIMHEI IPH COSIMHEHNH €€ C APYroi TPEIMHON MOPOIbL.

o [lomyuyaemas cuctemMa XapakTepH3yeTcs! pa3BETBICHHBIM XapaKTEepOM ITyCTOTHOCTEH HEMPaBUIBHOH (DOPMBL.

e OrcyrctBue 3ddekra (Hu3kuil 3G GeKT) onepanuu OOBICHACTCS CO3JAHHEM CHUCTEMbI B MPOMBITBIX
KaHajax MOPOibl, BBUY PAaCHpPOCTPAHEHHS XKHUJIKOCTH IO IMyTH HAUMEHBILET0 CONPOTHUBICHUS, U, TAKUM 00pa3zoMm,
He 3aTparuBaeTcs MaTpHla, Ha KOTOPYI OPUEHTHPOBAHA OIepaliys.

BriBoabI:

1. Tlo pe3ynpTaTaM HCCICAOBAaHUHA BBIABICHO, YTO BBIABHHYTAas TEOpHUsS MOITBEP)KIAeTCA MaJlon
MOTPENTHOCTBIO PACUETOB, BHIITOJHEHHBIX ITPH MOMOIIN BBIIIEONMCAHHON MaTeMaTHYECKOH MOZENH, ONepHpYIOIIei
OCHOBHBIMH TE€3HCaMHU TUIIOTE3bI.

2. IlpeanoxeHHas TUIOTE3a IO3BOJSIET pacCMaTpHUBaTh TMAPOPA3phIB IUIACTa Ha KAa4eCTBEHHO HOBOM
YPOBHE, UTO OTKPBIBAET MEPCIIEKTUBY JUIS HOBBIX UCCIICAOBAHUI.

3. I'mnotesa mo3Bosisier Ooyee KAaveCTBEHHO HCCIEAOBAaTh MW ONEHUBAaTh 3(QQPEKTUBHOCTE U
11e7IecO00Pa3HOCTh MPOBEICHNUS THIPOPa3phIBa IJIACTA.

4. TlpezncrapieHHas rurnote3a 0 MOpQOJIOrUH HpoLecca MHIPOpa3phiBa MOKET ObITh UCIIOJIB30BaHA IIPU aHAJIM3E
Pa3paboTKU U PeKOMEHIyeTCs K Pa3BUTHIO U MPHUMEHEHHIO TIPU COCTABIICHHH NIPOEKTOB Ha pa3pabOTKy MECTOPOKICHHH.
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J.B. CEPJIIOKOB, 10.U. CEPJIOKOBA
PVII “Ipoussoocmeennoe obvedunenue “‘benopycnepme”, BenHUITIHnegpmo

MNPUMEHEHUE COEIIUAJIBHOM KOMIIOHOBKH JJI5s1
JTOBBbIYH HE®TH C IEJIBIO TOBBIIIEHUS KUH U
3KOHOMUYECKOHN Y®PPEKTUBHOCTHU SKCILJIYATAIIUU
MECTOPOXIEHUI

IIpu sKcrulyatanuu 3alexeidl WM OTACNbHBIX Y4YaCTKOB Ha pEeKUMax HCTomeHusi (0e3 momaepiKaHus
TUTACTOBOTO JABJICHHWS W BJIMSHUSA 3aKOHTYpHOW 0O0JacTH) BO3HHKAeT MpoOieMa B OTPaHUYCHHUW IOOBIYH I10
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CKBa)KMHAaM, 9TO CBSI3aHO C HEJOMYIIECHUEM CHIDKCHUS TMHAMHUYECKAX yPOBHEH (3200 HBIX TaBICHNI) B CKBAKHHAX
HIDKE KPUTHUYECKHX IJISI MIPEIOTBPALICHUS] HapyHICHUs HKCIUTyaTallMOHHOW KONOHHBI. CIe0BaTENbHO, B 3aJEKH
OCTAfOTCSl 3amachl, KOTOPbIE MOTYT OBITH BEIpaOOTaHBI 3a CYET YNPYIHX CHJI, OIHAKO, H3-3a TEXHHUYECKHX
OTpaHMYCHUHN WX MOOBYa HEeBO3MOXHA. Ha Takux oObekTax KoHedHBIH Bo3MOXxHBIH KMH Hmke nmpoextrHoro. Tax
K€ 3TO HETAaTUBHO CKA3bIBAETCS HA SKOHOMHYECKHX MOKA3aTEISIX SKCIUTYaTally CKBAKUH U 3aJIEXKH B IIEJIOM.

JononHUTENEHON TIPOOIEeMO B CTaphIX HE(PTETA30HOCHBIX IPOBHHIMAX SBISETCS CHIBHO M3HOIICHHBIN
no6siBatommii pona. B npunenax [Ipunstckoro nmporuba oOmmast Zoist «cTapbix» CKBaKHUH COCTaBisgeT nopsiaka 40
%. B ckBaxMHaX CO 3HAUUTENIBHBIM CPOKOM IKCIUTyaTal[il OTMEYAeTCs] YMEHBIIEHUE TOJIIIUHBI CTEHKH 00CaTHBIX
TpyO, 4TO B CBOIO Ouepe/b MPUBOJUT K HAPYIICHHIO LEJIOCTHOCTU HKCITyaTallMOHHOW KOJIOHHBI IIPU CHIDKEHUH
JMHAMHYECKUX YpOBHEH (3a00MHOTO JaBieHHs) HIKe KpUTHYecKoro. B psge cnyuaeB mpoBenenune PBP B Takux
CKBa)KMHAX SIBJISETCS O€3yCIIeIHBIM U HEIPOIIOIb30BaTeb HECET 3aTpaThl Ha OypeHHe CKBaXKHH-TyOJIEPOB.

3ajaveil MccIeOBaHMM SBIISIETCS CO3JaHUE CHOCO0a JOOBIUM HEe(TH, TO3BOJISIONIETO CHIXAThH 3a001HOE
JaBIICHWEC B CKBa)XHWHE TPH A0OBMEe HE()TH HMKE NPEICIBHO AOIYCTUMBIX 3HAUCHWH, HE JOMyCKas IPHU 3TOM
pa3pyLIeHHs SKCIUTyaTalMOHHOW KOJIOHHBI IIOJ A€HCTBUEM TOPHOIO AaBIEHUS U 3a c4ET 3Toro yBennuutb KUH u
CyMMapHbIe 00BEMBI JOOBIYH HEPTH.

JAst penieHus! BBIIEOMCAHHBIX POOJIEM MIPEyIaracTcsi BHEAPEHUE CIEUATBHON KOMIIOHOBKH C ITAKEPOM.
[Ipennaraemast TEXHOJOTHS TIO3BOJIAET CHIDKaTh 3a00ifHOE naBleHHMEe O3 pHCKAa CMSTHS 3KCIUTyaTallMOHHOM
konoHHbI. [locTaBneHHas 3amadya pemraercsa 3a CU4€T TOTO, YTO B Crloco0e MOOBIYH HE(TH ONPENEISIOT MPEeASIbHO
JIONTyCTUMBIN TUHAMUYECKUHA YPOBEHb JKUAKOCTH (MCXOIS M3 TOPHOTO IABJICHHS M XapaKTEpPUCTHK MaTepuaia
9KCIUTYyaTaI[MIOHHON KOJIOHHBI), NP NPEBBIIIEHUH KOTOPOTO MPOHCXOIUT CMATHE JKCIUTyaTallMOHHOI KOJIOHHHBI.
[Tocne yero cmyckarOT B CKB2)XHHY Ha KOJOHHE HAaCOCHO—KOMIIPECCOPHBIX TPYO KOMIOHOBKY, BKIIIOYAIOIIYEO
MaKep, pacroyIoKEHHBIN BBIIIEe MM HUXKE Makepa MOTPYKHONH Hacoc ¢ rasocemnaparopoM. llakep ycTaHaBIMBaroT
HaJl MHTEPBaJIOM Iep(dopanny HKCILTyaTalliOHHOW KOJIOHHBI HIKE TJIYOMHBI NPENEebHO JIOMYCTUMOTO CHHU)KEHHS
JUHAMHYECKOTO YPOBHS, HA MaKCHMalbHO BO3MOXKHOW TIIyOMHE, MMO3BOJISIONICH CHIDKATh 3a00iHOE JaBlIeHHE 10
MPEe/IeIbHOTO 3HAUYEHHs, 00ECTICUNBAIONIET0 MAKCUMAaIbHBIE 00BEMBI JOOBIMH M KO3 GHUIUCHT N3BICYCHUS HEPTH.
3arpyOHOE TNPOCTPAHCTBO CKBAXHWHBI HAJ TAKEPOM 3alOJHAIOT JKUIKOCTHIO, IABICHHE CTON0a KOTOPOH
YPaBHOBELIMBACT TOPHOE JIaBJICHHE HA NITyOMHE YCTAHOBKHM IAKepa; BKIIIOYAIOT MOTPYKHOHM HACOC M OCYIIECTBIISIOT
OTKauKy IutacToBoro ¢uronaa. BeigenuBmmmiicst cBOOOXHBI Ta3 B MNOANAKEpHOH 00NAaCTH OTBOXUTCSA IO
cKkBaXHHHOMY TpyOompoBoxy (BHT) B munmro HedTecOopa.

KonmuecTBo KUAKOCTH [UI CO3IAaHUS NPOTHUBOAABICHUS ONPEICISICTCS UCXOIS M3 NMpHIETIa IMPOYHOCTH
MaTepHaja SKCIUTyaTallMOHHOW KOJIOHHBI M TOpHOTO JaBieHus. [Ipu co3maHHM IPOTHBOAABICHHS CYLIECTBYET
BO3MOYKHOCTh PETYJIHPOBATH JIBa ITapaMeTpa:

1. Bsicora cTonba )XKUAKOCTH B 3aTPyOHOM ITPOCTPAHCTBE;

2. TInoTHOCTB )KMAKOCTH B 3aTPyOHOM MPOCTPAHCTBE.

Crioco0 n0o0bMM HeTH MOSCHSAETCS YepTeKaMH, rae Ha pucyHke 1 (¢wur. 1) m3o0OpakeHa CKBaXHHA C
KOMITOHOBKOH JuIst 1OOBIYM HE(TH, B KOTOPOW MOTPYKHOW Hacoc PacHoJIOKEeH HIDKE Makepa; Ha pucyHke 1 (dur. 2)
- CKBa)XMHa C KOMIIOHOBKOU JJIsl TOOBIYH HE(PTH, B KOTOPOI MOTPYKHON HACOC PACIIONOKEH BBIIIE MAKepa.

B ckBakuHe, BCKpBIBILEH MMPOAYKTUBHBINA IU1ACT B BUJIE JIMH30BUIHOM 3a1€Xu 1, yCTaHOBJIEHA SKCIUTYaTalMOHHAS
KOJIOHHA 2 ¢ Nep(hOpalMOHHBIMH OTBEPCTHAMH 3, B KOTOPOi Ha rityOrHe H ycraHOBNeH maxep 4, HIbke KOTOPOTO PacrionokKeH
HOrPY)KHOM Hacoc S5, HaIpUMep, AJIeKTPOLICHTPOOSIKHBIN, OCHAIIEHHBIH ra3ocenapaTtopoM 6 U o0paTHbIM KianaHoM 7. Bes
KOMITOHOBKA CBSI3aHA C YCTHEM CKBAKHMHBI (Ha PUCYHKE HE MOKA3aHO) IIOCPEACTBOM KOJIOHHBI HACOCHO-KOMITPECCOPHBIX TPYO
(;mdroBoii KOJTOHHEI) 8. B moamakepHOE MPOCTPAHCTBO 9, THAPABINYECKH CBA3aHHOE Yepe3 Mep(oparioHHbIe OTBEPCTHS 3
3aJIeXBIO 1, CIyIIeH CKBaKMHHBIHA TpyOomposoz 10.

PaccmoTpenHast KOMITOHOBKa ObLTa BHeZpeHa Ha CkBakuHe 1 Xyropckoil. B mporiecce sKcrutyatalmy CKBaKHHBI
TIPEJIIoNaraeTcsl CHIKEHNE TEKYIIETO IUIACTOBOTO JaBiieHHs.. PacuérHoe KpHUTHYECKOe CHIDKEHHE AMHAMUYECKOTO YPOBHS
cocraBister 1400 M. [pu Tekymmix oT00pax JMHAMHUYECKHHN YPOBEHb HE0OXOMIMO CHIDKATH 110 2100-2500 M.

KonkperHo 1151 3TOM ckBaXXMHBI ObLIA pazpaboTaHa ciienyromnias KoMIoHoBKa. HacocHoe o6opynoBanue u
makep ¢ KaOelTbHBIM BBOJOM M BBICOKOHAIIOPHBIM TPYOOIIPOBOJOM JJIsI OTBOJA ras3a CIIyCKaeTCs Ha 3aJaHHYIO
riryouny. [lakep ycTaHaBIMBaeTCsl HIKE y9acTKa BEPOSTHOTO HAPYIICHHUS KOJIOHHBI. 3aTpyOHOE MPOCTPAaHCTBO HAZ
MaKePOM 3aroJIHACTCS HEOOXOAUMBIM 00bEMOM HE(PTH, 0OECIIEINBAONIEH CO3MaHUE MPOTHUBOJAABICHHS HA CTEHKU
9KCIUTyaTaIlMOHHON KOJIOHHBEL. B cocraB YOILIH, pacnonokeHHOTO HIKe Makepa, BXOAWT MYJIbTH(A3HBIA O0CeBOM
Hacoc, HampaBJeHHBI Ha 00pbOy co cBoOomubiM razoM Ha npuéme OILIH. IIBHT mnpennaznaden mis oTBoza
CBOOO/IHOTO ra3a n3 3aTpyOHOT0 IOANAaKePHOTo NPOCTPAHCTBRA.

OKCIUTyaTHpOBaTh CKBAXHHY NpeIyaraeTcs B MEPHOIUYECKOM pexuMe. PacdeTHoe Bpems mepuoaa
paboThI COCTABHT: OTKaYKa — 2,5 yaca, HAaKOIJIeHHe — 7,5 Jacos.

Tpebyemoe obopynoBaHue:

1) Tlakep ¢ orBogom rasa mo BHT u kaGenbubiM BBojgoM 4IIMC-KBB-112-I'T (FOrcon-Cepsuc).
I'ny6una cycka - 2680Mm.

2) TIBHT TT 7/16-25 (IlckoBreokabens), amunaa 2700M.

3) BUH/AS5-30-2000 (Bopew). I'mybuHa criycka - 2696mM.

4)  Mynbtudasnslii oceBoit Hacoc MOOHS5-200 (HoBomer).

5) IorpyxHoii anexrpoasuraresns 40KBT.

6) OOparHblit KinamaH — 2 ex.

7)  Koxyxu-nporextopsi s [IBHT.
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Puc. 1. [IpuHIIMnmanpHas cxeMa KOMIOHOBKH IS TOOBIYH HE()TH ¢ TAKepOM

JomonauTtenbHas n0OBYa Quronga 3a CYET NMPHMEHEHHS KOMIIOHOBKH C ITAKEPOM PACCUUTHIBACTCS II0
dbopmyne 1.

), 1)

rae AQ — IOmONHHUTEIbHAS 100bIua QIIona, T;

P1 — naBneHme CMATHS IKCIUTyaTaIlHOHHOM KOJOHHHI (OTpaHNYeHUEe KOHCTpYKTHUBHOE), MI1a;

P2 — w™uHmManpHOE faBieHHEe pabOTHI HACOCHOrO 00OpynoOBaHUS (OTpaHWYECHHE HACOCHOTO
obopynoBanus), Mlla;

V — ynenbHbiit 0T60p dirouna, /MIla.

Okcmiyarauus ckBaxuHbl YOLH mnpu BHeapeHuu mnpejuiaraeMoOd TEXHOJOTHMH IO3BOJUT CHU3UTH
ractoBoe nasieHue Ha BJIT mo 9,5 MIla (ma 2,9 MIla mmxe Tekymiero). Mcxons U3 UCTOPHU SKCIDTyaTallud
CKBa)XKHHEI, JOMOJTHHUTENbHAS 100BYa HE(YTH MOKET COCTaBUTH 2204 T.

Brut BRITIONTHEH pacu€T IKOHOMHYECKOH 3((EKTHBHOCTH BHEIPEHUS JAaHHON KOMIIOHOBKH Ha KOHKPETHOU
cKkBaxuHE. bpumu yuteHsl Bce 3atpaTel Ha obopynoBanue 1 KPC. Tak xe B pacuére Opaquch TEKyIIUE CTaBKH
HAJIOTOB M ce0eCTOMMOCTh J00bIYM HeTH M0 XyTOPCKOMY MECTOPOXIeHHI0. MUHMMAIbHAS CTOUMOCTh Oappeis
He(TH, IPU KOTOPO# OyIeT COXPAHSTHCS MONOKUTENbHAS YHCTast TPUObLTE — 36 $.

U3 donma ckBaxxkun PYII «IIpousBoactBeHHoe 00beaunHeHue «benopycuedthy» Bbuto mpoaHaaIH3upoBaHO
99 ckBaxuH. M3 3TOrO 4yNcia O6butH BEIOpaHBl 15 CKBaKMH-KaHIWAATOB AJI BHEApeHUs TexHosoruu. [Ipu atoM Bce
CKBa)XHHBI-KaHIUIATHI pa3JelieHbl Ha 2 TPYIIITBL:

1. CkBaXWHBI, SKCIDTYaTHPYIOMIHE 3aJ€Kb P CHIDKAIOMIEMCS TIIACTOBOM JaBIICHUM;

2. CKBa)XHMHBI, KCIUTYaTHPYIOIIUECS IPH JHHAMIYECKUX YPOBHAX HI)KE KPUTHICCKUX.

U3 15 ckBaxuH K mepBOM rpymme oTHOCUTCs 5. JlomonmHuTenpHas J00bYa HeDTH M0 JaHHBIM CKBAKHHAM
3a TOJl MOXKET COCTaBHTh 9 THIC.T.

3a cu€r BHeIpEHWS TIpeajaracMod KOMIIOHOBKM HAa CKBaXHHaX BTOPOH TIpymmbl oOecIieYnBaeTcs
HEIOMYyIIEHNUE CMSITHSI SKCIITyaTallMOHHON KOJIOHHBI U COOJIOZCHHUE MIPABWII dKCIUTyaTauu CKBaKUH. CyMMapHBINA
JebuT He(TH 1O TaHHBIM CKBaYKIMHAM cocTaBisieT 66,1 1/cyT. ['omoBas Bo3MorkHas 1o0srda HeTH — 23 THIC.T.

W3 BBIIIEH3IOKEHHOTO MOXHO CJieJiaTh BBIBOJI, UTO TIpEIyIaraeMblid Croco0 J00bMHM He(TH C HCIIONB30BAHHEM
KOMIIOHOBKH C TIaKEPOM TI03BOJISIET HE JIOIYCTUTh HAPYIIEHHS SKCIUTyaTAIIMOHHON KOJIOHHBI Ha CKBOKWHAX CO CHIDKEHHBIMH
JIMHAMUYECKAMU YpoBHsIMH, TIoBBICHTH KMH, cokpatuts 3atpatsl Ha PBP, GypeHrie HOBBIX CKBaYKMH M OOKOBBIX CTBOJIOB.

P.T. CYJIEUMEHOBA

Amuwipayckuti uncmumym negpmu u 2asa, Pecnyonruxa Kazaxcman

TEXHOJIOI'Hs1 UMIIYJIbCUBHO-BOJIHOBOT'O
BO3JAEUCTBUA HA HEOTAHOU IVIACT

Obcysrcoaemess mexHono2Uust NosvlueHUe Hehmeomoauu UMNYIbCUBHO-BOTHOBLIM 6030eticmeuem (HUBB)
Ha Heghmsible NIACMbL NPU USMEHEHUU OUHAMUKU PAOOMbL CK8ANCUHHO20 WMAH208020 HACOCA.
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H3BecTHO, 9TO OCHOBHOH TexHOyOTHEH M00ban Hedtr B Kazaxcrane sBIseTCs MOAAepKaHUE TIACTOBOTO
nasierust (I1I1/])-3aBomHeHne, TO €CTh 3akadka BOJBI B IUIACT. B CHIy HM3BECTHBIX JTOCTOWHCTB TEXHOJIOTHH
HCKYCCTBEHHOTO 3aBOJHEHHS (ZOCTYITHOCTh W JCIIEBH3HA BOJIBI, IIPOCTOTA pEAIN3AINH, OTHOCHUTEIbHAS
3((eKTUBHOCT) CTall CaMBIM OOIIETIPH3HAHHBIM METOJIOM YBEIHUYCHHS HE(PTCOTAAUH IUTACTOB U OYAET IIHPOKO
MPUMEHSATHCS €IIe ATUTEIHHOE BPEMSI.

BMmecte ¢ TeM mpu 3aBOAHEHHWH HEOJHOPOIHBIX CIOXKHOIIOCTPOEHHBIX MECTOPOKIECHHH OXBAaT IIACTOB
3aBOJHCHUEM M JPEHHPOBAHUEM IIOJy4aeTCss HEBBHICOKMM. CIaOONpOHHUIIAEMBbIE 30HBI, NPOIUIACTKH, JIMH3BI,
LEJINKH, SKPaHUPOBAaHHBIE YYaCTKH IJIACTOB OCTAIOTCS HE(TEHACHIIIEHHBIMU U MOTYT coaepxath 10 20 — 80% ot
HavyallbHbIX 3amacoB HedTu [1], YTO NPUBOAUT K JOCTATOYHOMY OBICTPOMY OOBOJHEHHIO CKBaKHH U BBICOKOMY
COJIEP’KaHUIO MJIACTOBON BOABI B 10OBIBaEMOM HE(TH.

MHoOro4ucIeHHbIe MONBITKM J00bIMM He(TH Ha OOBOJHEHHBIX  MecTOpokaeHusx myteMm [II1/]
Pa3IMYHBIMH TEXHOJIOTHSMH, CYILIECTBEHHO HE MOBJIMSINA Ha CHU)KEHHUsT OOBOJHEHUS NPOJIYKLUH U Ha MOBBIIICHUS
HereoTnaun ruracra. JlaHHas cUTyanMs MPOCIEKHBAETCS BO MHOTHX M APYrHX pernoHax. OOmast cuTyanus Ha
9THX MECTOPOXKACHHUSIX TakoBa, 4TO KO3(GHUIMEHT wn3BiedeHus Hedgtn He mpesbimaer 30% W Tompko B
UCKITFOYUTETBHBIX CIIyYasX MPaKTUKU 3TOT ko3 dunuent nocturaer 45-50%.

B nmamHON paboTe 0OCyXIaeTcsi TEXHOJOTHSA  IOBBIMIEHHE HEPTEOTHAYH WMILYIECBHO-BOJIHOBBIM
Bo3zeiictereM (MBB) Ha HedTsHBIEC MIacThl U3MEHEHHEM JHHAMHMKH PaOOTHI CKBAXMHHOTO IITAHTOBOTO Hacoca
(CIIH) B co3maHmst 30HBI pasyIUIOTHEHHS IOPOJ BOKPYT CKBa)XHMHBI B MHTEpBaje mepdoparuy 3a cYeT Beca
KOJIOHHBI HacocHO-KoMIteccopHbIX Tpyo (HKT) .

TexHosoruss npenHa3Ha4YeHa Uil TIOBBILICHHS HE(TEOTIAuYd HEOJHOPOJHBIX 0 NPOHHLAEMOCTH U
He(TeHACHIIIEHHOCTH, CJIOYKHO ITOCTPOCHHBIX 3aJIeKeil, pa3padaTbiBaeMbIX KaK ¢ IPIMEHEHUEM 3aBOJJHEHHS, TaK U
0e3 ero, Ha JIOOBIX TMIIyOMHAX 3ajeraHusl NPOAYKTHBHBIX IUIaCTOB, Jomyckaiomux npumenenus  CIIH.
CrnaOonpoHUIIaeMble 30HBI, TPOIUIACTKH, JIMH3BI, LENHKH, SKPAHHPOBAHHBIE YYACTKH IUIACTOB OCTAIOTCS
He(pTeHACHIIEHHBIMU B MOTYT coaepxkath 10 20 — 80% oT HavanbHBIX 3amacoB HedTH [1].

Kpowme Toro, BcrencTBne MEKpOHEOTHOPOIHOCTEH B BUJIE TIEPEMEHHOTO CEUCHNUS PHIBTPYIOINX KaHAJIOB
W Ppa3MYHON CTEeNeHW THUAPO(MIBHOCTH B 3aBOJHEHHOH YacTH IUIACTOB, HE(Th OCTaeTcs B BHIE IOOYI,
3alIEMJICHHBIX B PAacUIMPEHUSX KaHAJOB, KyJa OHa BBITECHACTCS M3 CYXCHHH KamWULIPHBIMH CHJIAMH B
rUAPO(UIBHBIX KOJUIEKTOpPAaX, WIM B BHUJAE IUICHOK Ha THAPO(OOHOH moBepxHOCTH TBepaod ¢as3bl. Takoi
paccesiHHO#M B 3aBOJJHEHHO# YacTu m1actoB HedTu MoxkeT octaBathes a0 20 — 40% [1].

[TpoGnema noBeIIeHNs HEPTEOTHAAYN [IACTOB, BO3HUKIIIAS MHOTHE AECSATKH JIET Ha3aJl, CTAHOBUTCA BCE
Oonee akTyaJbHOM:

= BCIEACTBHE OBICTPOTrO COKPAICHNS Pa3BeJaHHBIX U3BJIEKAEMBIX 3aI1aCOB;

" W3-32 BBICOKOH CTENEHM pa3BEJAHHOCTH HEAP M Maloil BEPOSTHOCTH OTKPBITHA HOBBIX KPYIHBIX
MECTOPOXKJCHUH C OOIBITNMH N3BICKAEMbIMH 3allaCaMU;

" Quarozapsi MOTEHIMAIBHO CYLIECTBYIOIIEH BO3MOKHOCTH IMOJIYYUTD JIOTOJHHUTENIbHbIE 00BEMBI HE(DTH
M3 OCBOCHHBIX PallOHOB 0e3 OOJIBIINX 3aTpaT Ha pa3BelKy, pa30yprBaHue U 00yCTPONCTBO HOBBIX IIIOLIAICH.

K HacroseMy BpeMeHH co371aHO OOJIBIIIOE KOJIMYECTBO Pa3IMYHBIX METO/IOB yBenmaeHus Hedreornaun (MYH)
IJTACTOB Ha OCHOBE NPHMEHEHHs HOBOTO OOOPYZOBaHMS M HOBBIX TEXHOJOIMH  moxbéMa He()TH, a TaKkke Ha OCHOBE
pa3MMIHBIX  ((PU3MYECKUX, XUMHYECKHX, MHKPOOHMOJOTMYECKMX M Jp.) CIOCOOOB BO3JCHCTBHS HAa NPOSYKTHBHBIC
ropr3oHTEL K coxxaseHuto, OOJIBIIMHCTBO HOBBIX M3BeCTHHIX MYH camu TpeOyroT 3HAUMTENBHBIX 3aTpaT U MO3TOMY He
CHIDKAIOT, @ YacTO YBEIMUYMBAIOT, CE0ECTOMMOCTh HE(DTH M HE PEIaloT 3a/Jaull MOBBIIICHHUS PEeHTAa0EIbHOCTH CKBaYKMH Ha
HCTOIIEHHBIX MECTOPOXKIECHUAX. Tak, HalprMep, pecypco3aTparsl Ha JOOBIMY OJJHOM TOHHBI He(pTH TaKUMH METOJaMH B 3-
5 pa3 IpeBBIIAIOT PECYPCO3aTPaThl 4YeM Ha I0ObIUY OTHOM TOHHBI HE(TH 3a CUET 3aBOTHEHMS [3].

B Texnonorun BB ncnons3oBansl Gpusndeckue siBiaeHus U 3h(GexThl, BOSHUKAIOIINE B HEOAHOPOAHBIX MO
MPOHUIIAEMOCTH M HACBHIEHHOCTH IUIAacTax, MPH CO3/JaHUHM B HUX MEPEMEHHOTO MOJA YIPYTrux aedopMaruii Ha
(hoHE aHOMANBHBIX CTATHYECKUX HANPSHKEHUN W MpegHa3HadeHa JUIi  OBBIIICHUS HedTeoTnaun
HEO/IHOPO/HBIX 110 NMPOHUIIAEMOCTH M HACHIILICHHOCTH, CJIOXHOIOCTPOEHHBIX 3ajieel, pa3pabaTbiBaeMbIX KakK C
NPUMEHEHWEeM 3aBOJHEHMS, Tak M 0e3 Hero, Ha JIOObIX TIIyOMHax 3aJleraHus IPOAYKTUBHBIX ILIACTOB,
Jomnyckaromux npumenenue CIIIH.

TexHosornss CHMXaeT ceOECTOMMOCTh HE(TH, TMPOAJIEBAET CPOKM PEHTAOENbHOM OSKCIUTyaTallly
OTAEJIBHBIX CKBAXXWH, yYacTKOB M IEJbIX 3aJIe)KeHl M IO3BOJISIET IEPEBOANUTH HEPEHTAOEIbHbIE OOBEKTHI B
peHTabenbHbIe. TexXHOMOr s MPoCTa, MOJHOCTHIO aAalTHPOBaHA K IIPOMBICIOBBIM YCIOBHSIM, JIETKO PEIN3yeTCs B
IpoIiecce MOA3eMHOTO PEMOHTA CKBaXKHH.

B pesynbTaTe MpOMBICIOBBIX HCCIEIOBAHHI OBLIN TMOJy9eHBI CTaOMIBHBIC TOJIOKHUTEIbHBIE Y(P(dEeKTs B BUIE
YBEJIMYECHHSI TIPOM3BOJUTENHFHOCTH CKBAXWH WM CHIDKEGHHS OOBOJHEHHOCTH JIOOBIBAEMOW TIPOIYKIIMHM, BBIIBICHBI
MEXaHMU3MbI 3TUX 3((EKTOB, agaNTHPOBAHA K IIPOMBICTIOBBIM YCJOBHSIM 32 CYET MaKCHMAJbHOTO HCIOJIB30BAaHUS
CTaHIAPTHOTO HE(PTEPOMBICIOBOTO 000PYIOBAaHKS U OTPAOOTAHHBIX TEXHOJIOTHIECKIX MPHEMOB 1 orrepartwii [1,2,3].

B cBs3u c Tem, d4ro Ooiblloe 4YHCIO CKBaXHMH Ha HedTenmpombiciax Kazaxcrana u Poccun
skciutyatupyetea ¢ nomouisto CIIH, ocymecTsieHa mpuBsA3Kka TEXHOJOTHM MUMEHHO K TaKHUM CKBaXXHMHaM. OTO
MO3BOJIMJIO MaKCUMAJIBHO YIIPOCTHTh U YJCUIEBUTH PEaM3allio TEXHOJIOTHU U, TAKMM 00pa3oM, CO31aTh YCIOBUS
JUISL €€ IIMPOKOTO BHEIPEHUs] Ha He(TENPOMBICIAaX ¢ MUHUMAJIBHBIMH 3aTpaTaMH BPEMEHH, SHEPTeTHYECKUX U
MaTtepHalbHBIX pecypcos [1-3].
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CyIIHOCTh TEXHOJIOTHHU TMOBHIIIeHUsT HedTeoTnaun VBB Ha HeTsAHBIE TUIACTBI JUHAMHKOW pPabOTHI
mradrosoro Hacoca (ILII'H) coctout B co3maHmy 30HBI PasyIUIOTHEHUs! MOPOA BOKPYT CKBaKHHBI B MHTEPBAJC
nepopaIiy 3a c4eT Beca KOJIOHHBI HacocHO-KoMmpeccopHbIX Tpyo (HKT) mpu ommpanun ee Ha mopoasl B 3yMIige
Yyepe3 CIENNabHBIA XBOCTOBHUK M B BO30YK/IEHHN B IIOPOJax IUIacTa HHPPaHU3KOYACTOTHBIX YIPYTHX KOJICOAHWH,
CO37]aBaEMbIX B XBOCTOBHKE U YEPE3 HETO B MOPOJAX CTOIOOM OTKaYMBAEMOW JKHIKOCTH IPH PabOTe IITaHTOBOTO
Hacoca [2].

PazymnorHenne u WMHQPaHU3KOYACTOTHOE TMOJI€ YNPYIMX HANpsHKCHWH, co3JaBaeMble B OJHOM
000pyI0BaHHOIT XBOCTOBHKOM (BO30Y KJafoliell) CKBa)KWHE, OXBAaTHIBAIOT BO3JICHCTBHEM 30HY C paguycoMm 1o 2-2,5
KM OT TOYKH BO30yx1eHHs (320051 BO30OYKaaromiel ckBaxuHbl). Bo Bceid 3Tol 30HE CTUMYIHpYETCsl (QHUIBTPALHS
JKUJKOCTH, M YJIy4IIAI0TCS TEXHOJIOIMYECKUE MTOKa3aTel OOJIBIINHCTBA JOOBIBAIOINX CKBAXHUH [1,2].

OCHOBHOW NPUYMHOM, yAepKHUBarolieil HeTh B HEOAHOPOAHOW MOPHUCTOM Cpesie MPU BBITECHEHUU He(TH
BOJIOM, SIBJISIIOTCSl KalWUIAPHBIE CHibl. KamwuispHele cuiabl (OpMHUPYIOT 00JaJarollyl0 aHOMalbHO BBICOKOM
CIBUTOBOH BSI3KOCTBIO CBSI3aHHYIO BOAY, KOTOpas TaMIIOHHpYyeT He(Th B HEOJHOPOTHOCTAX W JAENaeT
HETIPOHUIIAEMBIMH TOHKOZWCIICPCHBIE 30HBI, 00pa3yroT IUICHKH Ha THUAPO(HOOHOW MMOBEpXHOCTH TBEpAOH (a3bl,
CO3JAl0T KaNWUIAPHOE AABJICHHE, KOTOPOE HEOOXOIMMO MPEO0NETh IPH BBITECHEHUH TI00yn HETH U3 KaHAIOB
HepeMeHHOro ceueHus. OTpUIaTeNbHOE BIMSHNAC KAIMULIPHBIX CIJI BO3PACTAET C YBEINYEHHEM HEOTHOPOIHOCTH
nopuctoi cpensl. [Ipn cHIKeHNN AEHCTBUS KaMWIIAPHBIX CHIJI 33 CUYET YMEHBIICHHS MEKX(a3HOTO HATSHKEHUS ¢ 25
— 35 1o 0,01 — 0,001 MH/M mocturaercs mpaktudecku noxHoe (1o 95 — 98%) BeiTecHeHHe HedTH [2], TOATOMY
OCHOBHOH 3aj/iaueil BceX METOJOB IOBBIIEHHS HE(TEOTHauu IJIACTOB SIBJISICTCS CHU)KEHHE M MOJIHOE YCTPaHECHHUE
JIeHCTBUA KAWULIPHBIX CHJI. DJTa 3ajauya B HACTOsAIIEE BpeMs pEIIaeTCs IyTeM HarHeTaHHs B IUIaCThl BMecTe C
Bozo# moporocrosinux [TAB, MUIIEIUISIPHBIX PaCTBOPOB, APYTUX XUMPEAreHTOB, BO3JEHCTBHEM Ha IPOIyKTHBHBIE
IUTaCTHl TEIUIOM, 3JIeKTPOMAarHUTHBIM TOJIeM U Jip. Bce 3Tu MeTonpl upe3BBIYAHO AOPOTH U HE CHUXKAIOT
cebecronmoctu HepTH. Kpome Toro, oHM HEOE3yNpeyHbI B 9KOJIOTMYECKOM OTHOILCHHUH.

Hnsa amamm3a s¢dexrunBHOCTH  TexHoiormn VBB wm ngpyrmx MVYH Ha Ham B3mman menecooOpasHO
JOTIOTHUTENBHO IPUMEHSTH METOJ, CHMMETPHYHOM CPaBHUTEIIFHOM OLIEHKH B peabHOM MaclITabe BpeMEHH.

OCHOBHBIMH CPaBHUTEIIFHBIMH ITAPAMETPAMH ITPH TAKOH OLeHKE 3P PEKTUBHOCTH TOIKEH CIIYXKUTh:

® YCpEIHEHHBIH IO IUIOMANN CYTOYHBIH 1eOUT OJHOM CKBRXMHBI 10 HE(TH 32 ONpEneNsieMbIH IEpHOL,
T/CYT, BBIYMCIICHHBIN, KaK 9acTHOE OT JAeNeHHs oObeMa He(TH B TOHHAX, JOOBITOTO Ha JAHHOW IUIOMATH 32
JaHHBIN NTEpHOA, Ha CYMMapHOE BpeMsI padOThI BCEX CKBAKMH Ha 3TOH IIOIAAN B JAHHBIH MIEPHOA B CYTKaX;

® yCpeIHEHHas IO IUIOLAa OOBOJHEHHOCTh NPOIYKIMH 32 ONPEeIsieMblid TIEPHUO/I.

KonmuecTBeHHas OlleHKa TEXHOJIOTHYECKOT0 A eKTa T0HKHA TPOU3BOIUTCS 110 3HAUCHUSIM:

®  OTHOCHTEJIEHOTO M3MEHEHHs YCPEAHEHHOTO MO IUIOIIA/IM CYTOUHOTO IeOHTa OTHON CKBaYKHHBI 110 HE(TH;

® OTHOCHUTEJIBHOTO M3MEHEHMS YCPEIHEHHOI 1Mo III0Maa O0OBOJIHEHHOCTH MPOTYKIIUH;

e o0bema JIONOJHUTENBHO TO0OBITHI HE(PTH 3a pabouuii HepHo;

® OTHOCHTEJIFHOTO M3MEHEHMs YCPEIHEHHOTO MO IUIONAaJd CYTOYHOTO JNeOMTa OJHON CKBa)KMHBI IO
HepTH B 30HE BO3AEHCTBUS MeX1y 0a30BBIM M pabOYMM NEPHOJAMH C Y4EeTOM OOIIeH TEHICHIMH TaKoro Ke
M3MEHEHUs (3a 30HOW BO3JICHCTBHS)

e KO3(D(OUIMEHT KOppeIsIIMU MEXKAY OCHOBHBIMH ITOKa3aTeNsIMU (3a Mecsll) B 30HE BO3ICHCTBUS H
BpeMeHeM 0a30BOTO IEepHOIa.
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2.I. LIMPAJIMEB
Asepbauioacanckuii I'ocyoapemeennviil Yuusepcumem Hepmu u Ilpomwiuinennocmu

HEKOTOPBIE OCOBEHHOCTHU /IBYX®A3HBIX I'A30-
AKNAKOCTHBIX CUCTEM B HE®TE/IOBbIYE

B npemraraemoii paboTe HM3iaraloTCsi OCHOBBI METOJIOB aHANW3a THAPOJWHAMHUKU IBYX(a3HBIX CHCTEM.
JIJ'IH KPAaTKOCTH OCHOBHOC BHUMAHHUEC YACIACTCA THAPOJUHAMNYCCKUM YPaBHCHUAM )IByX(paSHBIX CHUCTEM.

JaHHbIi croco0 pacueTa JaeT BO3MOXHOCTh pPellaTh HEKOTOphIe 3aJadd B HedTeAoObIde, C y4ETOM
MHOT'0()a3HOCTH CUCTEMEI.

JlaHHBIE METOAMKH OBUIH OMPOOOBAHBI U COMOCTABJICHBI HA PA3JIMYHBIX IKCIUTYaTallHOHHBIX CKBa)KHUHAX.
Haubonee npuemiieMble METOIMKH TPEIIOKCHBI ISl OMPEACICHHS PACIIPEICICHUS JaBJICHUS WIN Ke 3a00HHOr0
JTaBJICHUS B pabOTaIOMKMX (OHTAHHBIX CKBAXKHUHAX.
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[IpennosxeHHoe B paboTe ypaBHEHHUE UL pacyéTa MoTeph Ha TPEHUE MPH IBHKCHUH JBYX (Pa3HOH CHCTEMBI
HE YYIUTBIBAET CKOPOCTH ABIDKEHHS ra3a OTHOCHTENBHO KUIKOCTH.
Lens naHHOM cTAaThU - HA OCHOBE 3aKOHOB OJTHOPOJHOM >KMJIKOCTH U ra3a NpeyloKUTh MOJEIbHBIN MOAX0A
JUTS PEIICHNST MHOTOYHCIICHHBIX 3a7]ad B THAPOJMHAMHUKH IBYX()a3HBIX Cpell.
B cratbe menaercs MOMBITKa YTOYHATH HEKOTOPHIE ACTIEKTH THAPOINHAMUKH Ta30)KAIKOCTHOTO TTOTOKA.
Kak m3BecTHO M3 HAay4HOW JIMTEPATYpHI, BCe pabOTHI MO OMPEACICHUI0 TPSHUS TPH JBIDKCHUH IBYX(a3zHOi
CMeCH OCHOBAaHBI Ha J1a0OPATOPHBIX SKCIepuMeHTaX. [Ipu 3TOM, OmMpeseNiUB IMepemnaj AABJICHUS Ha TPEHHE, MOXKHO
OIIPEJICITUTh KacaTeIbHOE HAMPsHKEHKE CIBUra. [leperna TaBieHust Onpe/IeISIFOT C MOMOIIBI0 MAHOMETPOB I0 opMyIie:
Ap-S =1yL, (1)
rie S- IIoIaab CeYeHus TpyObI; (- CMOUCHHBIN TepUMeTp; L- JuIuHa TPYOBI.
B pesynbraTe 00pabOTKH MHOT'OYHCICHHBIX SKCICPUMCHTAIBHBIX TaHHBIX HW3BECTHBIX y4YCHBIX [1-4] u
HAIIIUX JAHHBIX ObLIA MMOJyYeHA 3aBUCUMOCTh, KOTOpas IOKa3aHa Ha puc. 1.
Kak BugHO W3 puc. 1, SKCIepUMEHTANbHBIC JaHHBIE XOPOIIO JIOKATCA Ha MPSIMYIO, KOTOPYIO MOXKHO
OIHCaTh YpPaBHCHHUEM THIIA
To - To - To = KNTT, ()
TJIC Te, Ty, T - KACATCIIHHBIC HAMPSDKCHUSI TSI CMECH, YKUIIKOCTH U Ta3a; K-OCTOSTHHBIN Kod(rment (*26).
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Puc.1. K BBIBOJTy OCHOBHOTO YpaBHEHUS JBIKEHUS CMECH

CornacHo 3aKOHY OﬂHOPOZ[HOﬁ KUAKOCTH U rada JaHHOC YPaBHCHHUEC MOXHO 3aIliMCaTh KakK

di, i,
Te = Muy Hr.:_}_—"_ k , (3)

[ i,
TAe |y, Wr - AUHaAMHUYECKasA BA3KOCTH KUJIKOCTHU U rasa, f’_'r - 'paJUCHT CKOPOCTH KUAKOCTH U ra3a.
I/I3B€CTHO, 4qTo 06'BéMHO-paCXO,Z[HO€ ra3oCcoACpiKaHueC MOXKXHO OIIPEACIUTD KaK:

K

B . 4)
orkyma k. ¥, .':'L - (5)

C y4éToM BBIILICYKA3aHHOTO, YpaBHEHHUE (2) MOYKHO 3aITUCaTh CIEAYIOIUM 00pa3oM:

T= (6)

Tenepp 3amuineM ypaBHEHHE PaAaBHOMEPHOTO IBMIKEHUS CMECH B Kpyriioi Tpyoe. J[ist aToro BeIIennM B
HEN MEXIy JBYMs CEUEHHUSIMU COOCHBIM LMIMHIpP paguycoM » U JUIMHOM L. Tak kak pacnpelesneHue CKOpocTel B
000uX CEUCHMAX OJANHAKOBO, TO MOXKHO CUHMTATh, YTO CHJIBI, IPHJIOKCHHBIE K IIMIMHIPY, HAXOASTCS B PABHOBECHHU.
Torna ypaBHeHHE TUHAMUYECKOTO PaBHOBECHS LIMIIMHAPA MOKHO 3aIlUCATh B BUJE!

1-p2) e = 2nrLr, , 7
TIe p; - p, =Ap - nepenaj qaBicHUs.
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C yuerom opmynsr (4) r = R—y umeeM:
iy _
I f & ¥l To T Uk P (8)

T Y- pacCTOSHUE OT CTEHKH TPYOBI IO pacCMaTPHBAEMOTO CIIOS.
Pemras nmanHOE ypaBHEHHE OTHOCHUTEIFHO CKOPOCTH JKHAKOW (hasel u ¢ ydeTom, uto npu y = 0, v, = 0,
ompenenus 3HaueHUE ¢ = 0 (HHTETpaIbHOE MIOCTOSHHOE), IMEEM:

Vi = )

B ciyuae, korga fi 0, mmeem usBecTHyIO hopmyiry CTOKca I OJHOPOTHOMN KHIKOCTH.
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Puc. 2. ComocraBicHue (I)aKTI/I‘ICCKI/IX JAHHBIX C paCUYCTHBIMHA

[pemnosxenHast popmyia BbIpakaeT 3aKOH M3MEHEHHS CKOPOCTH JKUAKOW (pa3bl B MOTMEPEUYHOM CEYCHUU

TpyOBI, B KOTOPOU IBUIKETCSI CMECh.
TaxuM xe 00pa3oM MOXKHO ONPEACIUTh U PACcX0] XKHUIKON (asbl B Ta303KUIKOCTHON CMECH:

Oy = . (10)

Ecnu B=0, T.e. qBIOKETCS TONBKO KUAKas (asa, To uMeeM n3BecTHOE ypaBHeHue [lyaseiis.

Takum oOpa3oMm, pemas JaHHbIE YpaBHEHHs  OTHOCHTENBHO Ta30BOi (Da3bl, MOXHO OINpPEIEIHTh
pacmpezieneHnue CKOPOCTH Ta30Boi (a3bl [0 CEUEHUIO TPYOBI U Pacxo rasa.

Ilocne wu3BecTHBIX mpeoOpa3oBaHMM, BBOAS B JaHHOE YpaBHeHHEe dmcio PeiiHompaca, ®Ppyma u
K03((UINEHT TUAPABINIECKOTO CONPOTUBICHNUS JUIS )KUAKOH U ra30Boi (a3bl, B KOHEUHOM BHUIE HMEEM:

; (11)

rae &, ¥ . - INIOTHOCTH >KUJIKOH M Ta30BOH (1)21351

Jannas popmymnasBIsseTcs10000mIEHHON HOpMYIION IS ONpeeNICHHS TOTEPH JaBIICHUS Ha TPEHUE KaK IS
JAMUHAPHOTO, TaK W JUIA TYpOYJIEHTHOTO PEeXHMa IBYIKEHHS JKUIKOW W Ta30BOM (a3, KOTOPHIE COCTABISIIOT
Tra30)XUAKOCTHYIO CMECh.

B ciydae, xorma pacxon ra3oBoi (a3sl paBeH HYJI0, U3 KOHEYHOH (HOPMYITBI HIMeeM M3BECTHYIO (DOpMYITy
Japcu-BeticOaxa.

[Ipu namMmuHapHOM pekuMe Kod()(PHUIMEHT THAPABINYECKOTO COTIPOTHBIICHUS IS JKUIKOW W ra3oBoil ¢a3
ompenensercs o Gopmyne [lyaseiins, a npu TypOYICHTHOM - HCIIONB3Ys YKCI0 PeitHonbca.

Jlnst 000CHOBaHMS TaHHON MOJETH PacyEThl IPOBOIUINCH HA OCHOBAHUH MPOMBICIIOBOTO MaTEpHAIA.

Kax BumHO U3 puc. 2, MOTPEMIHOCTh MEXTY PACUETHBIMUA M U3MEPEHHBIMU MapaMeTpaMu He3HaYUTeIbHas,
YTO JA€T NpaBo NPEJIOKUTH TaHHYIO METOJUKY JIJISl IPAKTUYECKUX PacdyEToB.

13380: 100118 H
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1. Ha ocHOBaHWW MHOTOYHCICHHBIX dKCIIEPUMEHTAIBHBIX JAHHBIX TOIYYSHO MOCIHLHOE MPEICTaBICHHE
JIBHDKCHMS Ta305KHIKOCTHOM CMECH.

2. [Tomyuena meronuka pacyéra mMoTeph NABICHUS HA TPEHHUE I Ta30)KUIKOCTHONH CMECH, TBHKYIICHCS B
TOPU30HTAIEHON TpyOe.

3. ConocTaBieHre JaHHON METOIUKH C TIPOMBICIIOBBIM MaTepHaJIOM ITOKA3aJI0 XOPOUTYIO0 CXOJMMOCTb, UTO
TOATBEPIKIAET €€ MPHEMIIEMOCTh B TIPAKTHYECKUX pacdETax.
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COBPEMEHHBIE TEXHOJIOTHH OBECIIEYEHHH
CTPOUTEJIbCTBA 3/JAHHH, COOPY.KEHHUH H OFbEKTOB
MHUHEPAJIBHO-CBIPBEBOI'O KOMILIEKCA

FAN WANG, QIANJIN WANG
China University of Mining and Technology

RESEARCH ON KEY TECHNOLOGY OF HYDRAULIC VERTICAL
SHAFT DRILL

Abstract

According to actual condition characteristics of mine construction, in this paper load-sensing principle is
applied to the hydraulic vertical shaft drill in the view of energy saving and high efficiency to replace pneumatic
drill. Then simulation model of the system is established and accuracy of model is verified by the comparison of
theoretical analysis results through dynamic response characteristic. Finally, it turned out that that when the loads of
actuators are vary widely, load sensitive system still can guarantee the independence movement of each actuator.

Keywords: vertical shaft drill, load sensitive control, simulation analysis

Introduction

With the development of the Chinese construction technology of the vertical shaft, which as the key
equipment of digging and building, its performance has a directly effect on the period of mine construction. The
hydraulic vertical shaft drill has a lot of advantages than the pneumatic drill such as energy saving and high drilling
efficiency and less cost. For these advantages of hydraulic vertical shaft drill, the research on it is imperative to be
done.

The structure of hydraulic vertical shaft drill developed by ourselves is shown in the Figure 1. It can be
used to drill shaft diameter from 6 m to 9 m by rock drill and all action are powered by two motors with 75 KW. The
brief three-dimensional model of hydraulic vertical shaft drill is shown in the Figure 2.

Figure 1. The structure of hydraijlic vertical shaft

-

o\

Figure 2. Three-dimensional model of hydraulic vertical shaft drill
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1-3- cylinder with variable piston; 2- pressure-compensated valve; 3-throttled directional valve; 4- shuttle
valve; 5-cylinder
Figure 3. The simplified schematic diagram of load sensitive system

Design of the Hydraulic System

According to actual condition characteristics of the hydraulic vertical shaft drill, in this paper load-sensing
principle is applied to the hydraulic circuit in the view of energy saving and high efficiency. To be conducive to
analyze the basis of the characteristics of load sensitive system, the simplified schematic diagram of two hydraulic
cylinders as actuators is drawn in this paper which is illustrated in figure 3.

The highest load pressure of cylinders is chosen by shuttle valve 4, then is feedback to the right end of the
load sensitive variable valve 1-1, while the outlet pressure of the pump is feedback to the left side of the load
sensitive variable valve 1-1 and the pressure cut-off valve 1-2. The pressure cut-off valve 1-2 is to limit the
maximum working pressure of the pump. The theoretical analysis results in the figure 3 that flow equation for
throttled directional valve 3 is:

Q = C,Ay2Ap/p
Q refers as flow of throttle valve; C, refers as flow coefficient; A is flow area of valve port; Ap refers as the
pressure difference; p is the oil density. Owing to the pressure-compensated valve 2, the load sensitive system has
the characteristics of the flow distribution has nothing to do with load pressure.
Simulation Analysis for the load-sensing system
Simulation model of the system is established that is shown in Figure 4 and the parameter setting is shown
in Table 1. The dynamic response characteristic of the system is illustrated in figure 5 and 6.
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Figure 4. Load sensitive model
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Table 1
Parameter setting of load-sensing hydraulic system model

Hydraulic elements Parameter setting Parameter values
Pump displacement 100cc/rev
Pump - -
Typical speed of pump 1500rev/min
Pressure cut-off valve cut-off pressure 300bar
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Figure 5. Flow curve of the system
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Figure 6. Pressure curve of the system

Results and discussion

The simulation result shows that adjust time of the system is short and overshoot is small. The flow of
pump has a slight fluctuations in pressure mutation point and the output pressure of pump is always higher than the
highest load as a constant value.

To sum up, the simulation result is consistent with the results of theoretical analysis, which proves the
correctness of the model. It can be used for the subsequent of simulation process.

Conclusion

In this paper, the advantages and the mechanical structure of hydraulic vertical shaft drill is introduced.
Load-sensing principle is also applied to the hydraulic system of vertical shaft drill in the view of energy saving and
high efficiency. Then theoretical analysis of the load sensitive system and simulation modeling based on the
platform of AMESim, the simulation result is consistent with the result of theoretical analysis, which proves the
correctness of the model.

When the loads of actuators are vary widely, Load sensitive system still can guarantee the independence movement
of each actuator. It can improve the efficiency of the whole system and achieve the purpose of energy saving.
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THE TENSILE STRENGTH DISTRIBUTION OF CARBONATE ROCK

Abstract

The paper presents the results of an investigation of crushing by compression of single particles. The
investigation was carries out one of the three lithological varieties of Polish copper ore: a carbonate. The tensile
strength of particles was determined by uniaxial compression. The strength distribution is approximated by
Weibull’s distribution and the distribution parameters are independent of the particle size. The author prepared 5
size fractions for one of the lithological types of copper ore. The size of fractions were: 16- 18 mm, 18-20 mm, 20-
25 mm, 25- 31,5 mm and 31-45 mm. In each size fraction a average particle size Dmax was calculated.

Keywords: tensile strength, dolomite, Weibull’s distribution function

Introduction

Polish copper ore is exploited from the Legnicko-Glowacki copper district and this raw material is the feed
for mineral plants. Polish copper ore is a mixture of three lithological types: carbonate, sandstone and shale. The
carbonate type of copper ore is represented by dolomite minera,l and shale type — by slate mineral. Each of them
features different physical, mechanical and chemical values, what influences the enrichment process (Kijewski,
Jarosz 1996).

The process of size reduction of raw materials depends on many factors, such as the type of the crusher, the
method of crushing, strength properties of the raw material as well as the type and properties of the environmental in
which the process of crushing takes place. The theoretical tensile strength of the particle should be conditioned by
its crystal structure and the nature of atomic bonds in the crystal and is expressed as an approximate model (Cottrell,
1964). But the practical experience shows that the actual strength of solids in the stretching process is 10— 10* times
smaller than the theoretical strength resulting from the rupture of atomic bonds in a perfect crystal. The actual
mechanical properties of solids are determined by the presence of congenital defects in the structure and
microscopic flaws in the bulk material around which concentrates the stress under the applied load of crushing. In
the presence of mechanical stress, due to local slip, next microcracks may be formed (Griffith, 1921).

Both the number of cracks in the particle and their lengths are random variables. Since the strength of the
particle depends on the number and sizes of microcracks, it is also a random variable. Cumulative probability
distribution function of the strength distribution is given by Weibull’s distribution function (Weibull, 1951,
Jayatilaka and Trustum, 1977):

F..Ta'i--.:::pg--lr—'_l-| f (1)
where:
1 — Weibull’s module,
7 s+ — average value of strength,
r — constant, which is associated with the Weibull’s module from the function of gamma:
ra{™1+=] )

The parameters T and 7 ... depend on the distribution of the cracks. These were determined by the results

of an experiment, during which individual particles were crushed and the destructive force at which rupture of the
particle occurred was registered.

Numerous observations of the process of disintegration of irregular particles during compression (Brozek,
1996a, 1996b) led to the conclusion that the formation of large particles is caused by tensile stress, while small
particles with flattened shapes are formed by shear stress in the neighborhood of the point where the load is applied.

As it can be, finding the distribution of particle size, the dependence between its and mechanical properties
of material is a very complex problem.

Laboratory tests

The experiments were conducted on particles of dolomite. The author prepared 5 size fractions for one of
the lithological types of copper ore. The size of fractions were: 16- 18 mm, 18-20 mm, 20-25 mm, 25- 31,5 mm and
31-45 mm In each size fraction a average particle size Dmax was calculated.

Single—particle breakage test for each fraction was performed using a compression-testing machine.
Individual particles were being loaded at a constant rate until the first fracture across the particle occurred. The
value of the destruction force of each particle was recorded.

Previously, the flat and elongated particles were rejected from the set of samples.
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After the compression of each fraction particles, the distribution of strength of crushed particles was
i

calculated. Strength distribution curves were plotted in the system |=—,§ |, where P-distribution function

decomposition, 7 ... - average strength of the crushed particles in each fraction of particles.

The value of the destructive stress for all the samples was divided into several narrow fractions (partitions).
For each fraction of particles the yield in the strength was calculated. The results of these measurements were used
to calculate the average strength and determine the distribution of strength.

Treatment of results

The purpose of crushing the five fractions of particles in the three lithological varieties of copper ore was to

investigate changes in mechanical properties of particles (evaluation of value 7.. and the Weibull’s module #t).
The tensile strength of particles was calculated according to the following formula:
F

o= 3)

where:
P- the value of the destroying force,

L' — the value of an average screen diameter of the crushed particle.

The cumulative yield of particles in a fraction of destroying forces, calculated against the total weight of the
sampls, is represented by the distribution function of particles strength or the probability of the destruction.
Empirical data were fitted to a model distribution function expressed by the formula (3). Calculations performed
according to the least squares method are as follows:

w AT : , SAHE
Plo) = 1-exp|-0917(-=]  |P(2a>)=1—axp|-0546(——] ] (4)

Figures 1 presents a distribution model which was applied to the results of the experiment. This curve
shows that model values agree well with the results of the experiment. It can be said that the Weibull’s distribution
approximates well the distribution of strength of irregular mineral particles.
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Figure 1. Cumulative distribution function of tensile strength of dolomite particles
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Figure 2. The dependence of average tensile strength of dolomite, slate and sandstone particles on size particles
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In addition, it was observed that the average particle strength increased, while the average particle size
decreased (Figure 2). This is consistent with a statistical strength theory, according to which the increase in particle
volume increases of the probability of the destruction by a large number of microcracks.

Conclusions

The results in this paper indicate that the distribution model agree well with experimental values. It can be
said then the Weibull’s distribution approximating agrees well with the distribution of strength of irregular mineral
particles. Decreasing average particle size led to increase of average crushing strength of particles.
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STUDY ON COAL MINE VENTILATION SYSTEM

Abstract

This paper considers the problem of switching control of coal mine main fan, which aims at keeping
ventilation unceasing during main fan switchover. Recently, the popular way to achieve ventilation unceasing during
main fan switchover is that standby fan is required to be started before working fan stopped, which guarantees that
the ventilation power is continuous. It has been shown that this way is useful to keep gas concentration under limit.
First, the soft redundancy technology is utilized to guarantee that the coal mine ventilation system is stable in the
case that a single PLC breaks down. Then, a kind of sequence control strategy for all the ventilation facilities is
studied to keep ventilation unceasing during main fan switchover. Finally, a simulation example is used to find the
optimal parameter coordinate about delay time for sequence control.

Keywords: Coal Mine Main Fan, Switchover, Gas Concentration, Ventilation Unceasing, Soft redundancy,
Sequence Control.

Introduction

Coal mine main fan plays an important role in the coal mine ventilation system, which is known as the
mine’s “breathing” system. When working fan has been running continuously for a long time, its impeller, blade,
casing, and motor have been corroded seriously. It is required that working fan should be stopped and standby fan
should be started, which is called main fan switchover. For high gas mine, it is required to find a good control
strategy for sequence control, by which all the ventilation facilities are regulated cooperatively to keep ventilation
unceasing during main fan switchover. In the past two decades, many researchers have focused their attention on the
coal mine ventilation system (see [1, 2, 3, 4, 5] and the references therein).

To the best knowledge of the authors, there mainly exist two strategies to cope with this problem. One is
based on describing the coal mine ventilation system by an approximate model in which the curve fitting algorithm
is used [3]. The other one is based on modeling the coal mine ventilation system as a class of complex coal mine
ventilation networks [4, 5].

On the other hand, the actions of all the ventilation facilities are required to coincide with the instructions
from a single PLC. When the single PLC breaks down, it means that all the ventilation facilities are out of control.
In order to cope with this problem, two different kinds of technologies have been applied. One is referred to as the
soft redundancy technology, which needs two PLC and a set of relay control system. The other one is called the hard
redundancy technology, which needs two PLC and two sets of relay control system.

Motivated by the above discussions, we will consider the problem of switching control of coal mine main fan,
which aims at keeping ventilation unceasing during main fan switchover. First, we will apply the soft redundancy technology
to coal mine ventilation system, which guarantees that the coal mine ventilation system is stable in the case that PLC breaks
down. Then, we will find a good control strategy for sequence control, by which all the ventilation facilities are regulated
cooperatively to keep ventilation unceasing during main fan switchover. Finally, a simulation example is used to find the
optimal parameter coordinate about delay time for sequence control.

Problem Formulation

As shown in Figure 1, all the relevant ventilation facilities are as follows: No.1 main fan consists of two
motors, one horizontal air-door, and one vertical air-door, so dose No.2 main fan. Under the assumption that No.1
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main fan is working, No.2 main fan is standby. No.l main fan’s horizontal air-door is full closed and vertical air-
door is full open, No.2 main fan’s vertical air-door is full closed, which leads to a complete ventilation network.

Vertical air-door No.1 main fan
Horizontal air-door | | ‘ |—88—{ ‘ l |
Underground No.l motor No.2 motor
Hlorizontal ain-door | ‘ ‘ |—88—1 ‘ ‘ |

Vertical air-door No.2 main fan

Figure 1. The layout of aircraft

Study on Mine Ventilation System
1. Software Redundancy
The realization process consists of three parts. First, OB 100 performs the initialization of blocks and the
definition of system operation parameters by invoking FC 100. Then, FC 102 is called in OB 86, which can identify
whether soft redundant failure occurs and post the diagnostic data to FB 101, which is activated in OB 35. Final, if
soft redundant failure occurs, then FB 101 calls FB 103 or FB 104 or FB 105 to achieve switching between working
and standby PLC in a way that’s similar to the one used in main fan switchover. If there is no failure in soft
redundancy, then working PLC will work continuously until soft redundant failure occurs. Certainly, we can also
specify which PLC is activated at each instant of time.
2. Sequence Control of Ventilation Facilities
It is assumed that main fan switchover is to be done from No.1 to No.2. Due to the fact that the number of
blades driven by No.2 motor is less than that driven by No.l motor, No.2 motor is easy to be started and No.2
motor’s normal operation is convenient to start No.l motor. According to which, No.2 motor of No.2 main fan
should be started at first, a delay time of 20s later No.1 motor of No.2 main fan is started. A delay of time 15s later
two motors of No.1 main fan stopped simultaneously. Meanwhile, the vertical air-door of No.2 main fan opens, the
horizontal air-door of No.l main fan opens, and the vertical air-door of No.l main fan closes. A delay of time At s
later, the horizontal air-door of No.2 main fan starts to close. In the following section, we will discuss quantitatively
how the ventilation of coal mine ventilation system changes for some certain At s.
3. Measurement of Ventilation
As shown in Figure 2, the pressure difference between 1 and 2 is described by the following dynamic
equation:
AP =P, =P == ppd = =ppl (1)

where P, and v, denote static pressure and air flow rate of 1, respectively, so do Py and v of 2, g is the
air density.

; @

where [J represents air volume, A is the effective sectional area, v denotes air flow rate.
Substituting (2) into (1) leads to the following equation

-'ir'--lr';_ -F,:- il—'l ! .l‘,-:l-':.., (3)

]
-

where , Mg = ;, 4, and 4"|._- denote the effective sectional area of 1 and 2,

respectively, D and el are the diameter of fan casing and fairing.
It follows from (3) that

Q= |2 @)
.,.'H.d! A

where i can be measured by differential pressure transmitter.
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Figure 2. Measurement of Ventilation

N

Simulation

In order to obtain the best value of At exhaustively, we choose three typical cases. Let At take the value in
the set [5s, 10s, 15s]. The parameters for coal mine ventilation system are as follows: D = 3.8m, d = 2m, p =
1.1Kg/m3. Simulation is as follows.

Figure 3. Ventilation At =5s Figure 4: Ventilation At = 10s Figure 5: Ventilation At = 15s

As shown in Figure 3, 4, and 5, we can see the ventilation of coal mine ventilation system varies with
different At. We conclude that the longer is At, the larger is the ventilation fluctuation of coal mine ventilation
system. It is important to point that At is not as small as possible. We have to select At appropriately with the
consideration of process requirement of the horizontal air-door.

Conclusion

In this paper, we consider the problem of switching control of coal mine main fan, which aims at keeping
ventilation unceasing during main fan switchover. Numerical simulation indicates that the value selection of At takes
an important role during main fan switchover and the smaller is At, the smaller is the ventilation fluctuation of coal
mine ventilation system.
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CONSTRUCTION OF AUTONOMIC GRINDING SYSTEM IN
ELECTROMAGNETIC MILL

The grinding is one of the most energy-intensive mineral processing operations. It directly affects the final
price of the raw material. Energy consumption for the grinding process is being affected by a number of factors
associated with the characteristics of the feed and product, the type of crushing device and method of operation.
Grinding processes require the use of large amounts of energy, it is estimated that approx. 5% of the energy
produced in the world is used for this purpose [7]. For processing plants of non-ferrous metal ores cost of energy
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associated with the processes of crushing represent approx. 50 1 60% of the total cost. Ability to determine the
amount of energy required to crush the material is important in the design of the technological system and in
particular the selection of equipment in terms of both the type and size [8]. Conventional grinding of mineral raw
materials is carried out by material removal by the grinding media. In the classical drum mills - ball or rod - the
movement of the grinding media is caused by the rotation of the drum mill (cylindrical working chamber filled with
grinding mediums) [5]. A disadvantage of this type of mill is a high energy consumption and interchangeable parts
(lining), and grinding media as well. Such solution results in low efficiency of the process due to the high loss of
energy supplied to the movement of grinding media, which is only slightly reflected in the actual grinding process
[6]. There is no control over the shape of the obtained grains, resulting often in the obtained product with low
technological value. Betting mineral processing, and device manufacturers constantly strive to develop solutions less
energy-intensive, higher efficiency of the process, with the possibility of asking precise product properties - shape
and particle size. Selection of the mill and its technical parameters determines the fineness which is obtained [6].
The grinding is also used for processing of mineral aggregates, and the yield is strictly dependent on the type of
feed. In a joint consortium of University of Science and Technology, together with the Silesian University of
Technology is working on an innovative electromagnetic device mill.

:

Picture 1. ELTRAF magnetic inductor

Electromagnetic mill is a device in which the ferromagnetic grinding media are moved by generated
rotating electromagnetic field as an energy carrier [9]. The basic elements of the mill is inductor of rotating
magnetic field and placed in its axis tube, constituting as the working chamber. One of the advantages of the mill is
the ability to intensify the electromagnetic multiple processes by carrying out grinding in the area in which the effect
of the electromagnetic field, ferromagnetic rods (grinding media) rotate of a suitable coupling ratio of length to
diameter [9]. A basic condition for industrial use of electromagnetic mill is its continuous operation. Grinding media
should be selected for the particle size of the particulate material. In the case of large variation of the grain size of
the material, a blend of grinding bodies of different sizes can be used. Any change in the size of the grinding media
adapts to the physical properties of the ground material and the final fineness of the ground product [6].

Picture 2. Instalation electromagnetic mill
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Installation of electromagnetic mill is a complex object for which there are pursued different objectives of
control system. To obtain the required particle size being the main purpose of the master control system is carried
out during the operation of the mill under nominal conditions, ie. after startup procedures, constituting a separate
group of tasks performed by the control system. Additional goals of the electromagnetic mill control system is to
obtain the required temperature and humidity of the product [3]. Another task of the control system is to stabilize the
mixture of grinding media and the material ground and control of the rotating electromagnetic field.
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Figure 1. General structure of the multilayered control system

Already the initial studies have shown that changing the process parameters significantly affects the fineness of the
product obtained in the electromagnetic mill [1]. To make this solution a competitive system, it should has as much universal
application as possible for all kinds of raw materials, configurable using a system of measuring and control systems as well as
a designed dedicated application HMI / SCADA [2]. Such requirements impose a need for a mill with a unique operating
principle and the wide possibilities of parameterization of its work, exactly as the electromagnetic mill being designed by the
consortium of University of Science and Technology, together with the Silesian University of Technology.

Article financed by the project: PBS3/B3/28/2015
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THE EFFECT OF ACTIVATOR CONTENT AND CURING CONDITION
ON ALKALI-ACTIVATED SLAG MATERIALS

Abstract

The development of lower CO, materials which can be used instead of pure Portland cement in high-
volume applications is an area of intense research interest at present. Alkali activated materials have been identified
as a key component of this move [1]. As a research effort on developing cementless alkali-activated concrete this
paper investigate the behaviour of alkali-activated pastes using 100% ground granulated blast furnace slag. The
effect of dosage of alkali-activated solution and curing conditions were employed for further investigation.

Keywords: activators, GGBFS, microstructure development

Introduction

Alkali activated materials (AAM;) including geopolymer binders and other related systems are produced by the
reaction between an alkali source, often (but not necessarily) supplied as a liquid, and a solid aluminosilicate precursor. These
are clinker-free cements which can exhibit comparable performance to conventional Portland cement, when they are
adequately formulated and cured [1]. The theoretical basis of geopolimerization as a major reaction mechanism of cementless
concrete was established for the first time by the French researcher Davidovits in 1978, who used kaolinite and alkaline
activators. Thereafter, this topic was studied by many researchers [2-3]. Most frequently produced from waste materials such
as fly ash and slag. Its main reaction product is a low crystalline hydrated calcium silicate, like a CSH gel type. This gel phase
is different from the one in the Portland cement pastes because it has a low CaO/SiO, ratio and some structural differences
[4]. Figure 1 shows the schematic process during the activation of the slag.

The most widely adopted alkaline activators are MOH-type caustic alkalis and R,O - (n) SiO,-type silicates,
which are used individually or in combination. The effect of activation strongly depends on the physical-chemical
nature of the GGBFS, the nature and quantity of the activators and the curing condition.

Experimental program

Mixing of slag and alkaline activators solution were designed. The liquid/binder ratio of 0.35 was used to
prepare samples. Two levels of activator concentrations of 2.8% and 5% expressed as percentage of slag weight
were studied. Cylinders of 50 mm in diameter and 50 mm in height were cast as tests specimens. During the first 24
h the specimens were left in the mould. After demolding, specimens were cured under water, in a curing container at
a relative humidity of about 100% and temperature of 20°C above water and immersed in NaOH solution. The
specimens were tested for each type after 2, 7 and 28 days of curing. Alkali activated slag paste were used for
isothermal calorimetry studies to evaluate the heat release response of these pastes.

) C-58H
Alkaline solution P 4 K Outae (‘ M

. \/ .
TR iﬂ}

»
Blast Fumace Siag (P -~
Figure 1. Reaction mechanism in an alkali- activated slag particle

Results and discussion

The results on series of samples activated with different dosages of sodium hydroxide and cured in three
different environments are shown in figures 2, 3, and 4. Heat of evolution and MIP measurements were studied
further and represented in graph 5 and 6.

2.8% vs 5% NaOH
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Figure 2. Compressive strength development of AAS with different NaOH dosage vs. ages
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Figure 3. Compressive strength development of 5 % activated AAS vs. two different curing conditions and age

Figure 4. Compressive strength development of 2.8 % activated AAS vs. two different curing conditions and ages

Figure 5. Evaluation of heat release rate on pastes activated with different dosages of NaOH
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Figure 6. Specific volume versus pore radius for NaOH-L samples cured above and under water
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Summary

Curing conditions and activator dosage has an important role on alkali activated slag materials.

Increasing activator dosage leads in a higher compressive strength.

Samples cured above water give higher compressive strength values and a denser material as observed from
MIP measurements.
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N.B.KYIIEHKO, U.®.MAPUMYYK, . A.MO3AJEBCKHM
Joneykuii HayuonansHulll mexHuueckuil ynugepcumem, Ykpauna

K BOITPOCY O PACYETE AHKEPHO-BETOHHOM KPEIIN
BEPTUKAJIBHBIX CTBOJIOB

B Hacrosimee Bpemsi He B MOJIHOW Mepe M3y4eHbI OCOOCHHOCTH COBMECTHOHM PabOTHI pa3iIMYHbBIX BHIOB KperTeH
BEPTUKAIBHBIX CTBOJIOB C aHKEPHO-NIOPOAHBIMU 0Oomoukamu. CyIIecTBYIOIINE METOABI UCCIEIOBAHNH HAIpPSKEHHO-
nedopmupoBarHoro coctostHus (HZC) crcteMsl Kpenb CTBOJIAa — aHKEPHO-TIOPOHAST 000JI09Ka — ITOPOIHBII MacCHB He
MO3BOJIAIOT y4YECTh OJHOBPEMEHHO CIIOMCTOCTh BMEIIAIOLIEr0 CTBOJ IMOPOJHOTO MAacCHBa, AHM3OTPOIHIO U
TPELIMHOBATOCTb MOPOA, 0COOCHHOCTH CXEMBI PACIIOJIOKEHHSI aHKEPOB U HEOJHOPO/IHBIE TPAHUYHBIE YCIIOBHS.

Ienpb cTathu — pa3pabortath MeTo[ uccnenoBanus mapamerpoB HJIC cucteMsl OeTOHHAsE Kpemb CTBOJA —
AHKEPHO-MIOPO/IHAsl 000JI0OYKA — MOPOAHBIH MAcCUB, UCIIONB3Ysl BAPHALIMOHHBIN MPUHIIMI PELICHHUS KPaeBbIX 3a/1a4
TEOPHH YNIPYTOCTH.

PaccMoTpuM IMIMHAPHYECKYIO OOOJIOYKY, COCTOSIIYIO M3 TPAHCBEPCAJbHO H30TPONHBIX CJOEB B
paauManbHOM M OCEBOM HAIIPABJICHHAX, HAXOIALIYIOCSA MOJ JCHCTBUEM CHKUMAIOIMX HArPY30K Oy U Qy, TPU Kpas
KOTOpPOI1 cCBOOOIHBIE, a YETBEPTHIN — MAPHUPHO OTEPTHIH (puc. 1).

W3BectHO, uto TowHOe pemienne 3amaun o HJIC mmacTuHBI M 00OJIOYKM MOXHO HOJYYHThb, €CIH HX
JKECTKOCTh IOCTOSIHHAS, TPAHWYHBIE YCIIOBUS SIBIISIIOTCS OJHOPOAHBIMH, a Kpas — IIApHUPHO omnepThiMH. [loaTomy
UCIIOJIB3yeM OJIMH U3 OCHOBHBIX MPSMBIX METOJIOB PELIEHHS KPAEBbIX 3a/1a4 TEOPUH YIIPYTOCTH — BApUALIOHHBII METOI.

[TycTp 006051049Ka, KaK TPEXMEPHOE TEJI0, OTHOCHTCS K TPUOPTOTOHAIIBHOM CHCTEME JIeKapTOBBIX KOOPANHAT
X, ¥y ¥ Z ¥ TI0J] AEHCTBHEM HArpy30K IIOJIy4aeT IMEepPeMELIeHUs COOTBETCTBEHHO #, v M W. IIpu BbIOOpe OCHOBHBIX
ypaBHEHMH OyZeM HCXOAWTh M3 CIEAYIOMIHMX TPEINOJOXKEeHUNH: paccMaTpuBaeTcss OoOmuil m3rubé M Manble
nedopmaruy 060JI0UKH; PACCTOSHUS 110 HOPMAITH (Z) MEXLy IByMs €€ TOUKaMH JI0 U Hocie AeGopMaLny OCTaloTCs
HEM3MEHHBIMH, T.€. BHEIIHUE CJIOM MOUMHsIOTCS runotese Kupxroda-Jlssa; nedopmanuu €', =0.

Vcnonp3yeM OCHOBHBIE COOTHOILICHUSI TEXHUUECKOH TEOPHUH MHOTOCIOWHBIX TPAaHCBEPCATIBHO M30TPOITHBIX
MITMHAPHYECKUX 0001049eK [1]. BBemeM QyHKINIO yCHIHI B CPEMHHON MOBEPXHOCTH C TOMOIIBI0 COOTHOIIICHHUH:

T=(F) +U T,=(F) ; T,=-(F)
W xx Xy

rae U — moTeHnwai BHEIIHEH CHIIBI (.

B cooTBeTcTBHM ¢ MPUHIMIIOM BO3MOKHBIX TIEPEMENICHUN BapHallys MMOTHON YHEPTUN Ae(POPMHUPOBAHHON
000JI0YKH paBHA HYJIIO B COCTOSHUH PaBHOBECHS

MW =00 +0V =0,
rme  OY — Bapualus MOTEHIMANLHOM SHEPTHH;
OV — Bapuanus noTeHIMAaNa BHENIHUX CHIT:

oV = —5”‘ q,wds —5” q,uds,;
ds = dxdy;ds, = hdy. 1)

Wnrerpans! (1) Berancisitores B npenenax 0 <x <[, 0 <y <R,0.
Brmonssasg Bapuanuio nedopManuii 1 yCWINH B CPEIMHHON MOBEPXHOCTH 000IOUKH, MTOTyYHUM ypaBHEHUE
B OTIEPAaTOPHOM BHJIE JJIsI TOJTHOW 3HEprud [2]:

1 1 1 )
an =5f| S Lww)-L(p.0)- L(W,¢)—§Lc(<o,U)—(qywds—Rwadsl) —0.
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Puc. 1. PacueTHas cxema 3agaun:
1 — GeToHHAS KpeIb CTBOJIA; 2 — aHKEPHO-TTOpoIHAst 000souka; 3, 4, 5 — MOPOTHBIE CIIOU C Pa3IMIHBIMU
(U3HKO-MEXaHHMYCCKHMH XapaKTePUCTHKAMH

Hckomple QyHKIMK TIpeICTaBUM B BHJIC
n

w(X,Y) :Zaj fj(x)gj(Y)? (P(X,Y)Zibj pj(X)qj(y)’

=
rae @ b; — HeompeneneHHbIE TapaMeTpHI;
fi,...,0j — 3a7aHHBIC KOOPAMHATHBIE QYHKIHH.
Beenewm ciemnyroniie MacitaOHbIC IPe0Opa3OBaHUS U KOHCTAHTHI:

w=hw, x=Ix,y=R,0Y,z=hz,¢=Ehl’p,U =U U;

Dy = Do D), = Dyny,, Ci =Coay C, =C,a.,;

d, =0,q,, h=hoh, g, = aj/A3, B, = —alz/A3, Bl = (al*z)fl;

A, = oy 0y, — :_12(1;\24))R§, t, =1/R,, k, = 1/h;

o =0ol® /Dy, p, =Ugl? /Dy, D, = E;h¢ 12(1-v2);

Uo= Zn:YiHil Qo= i/li?/iHi Co = Ebhb/(l_vbz)’

e ézl Mo, v — COOTBeI”:iTBeHHO MOJy1h ynpyroctu, MITa, Tonuuma, M, 1 kosdduument [Tyaccona s

KpeIin CTBOJIA.

B pesynbrare mosiydnM CHCTEMY JIMHEHHBIX anreOpandecKux YpaBHEHUH OTHOCHTEIBHO HEOMPEACICHHBIX
apameTpos aj, bj:

137



Zn:aj H 25: F G, ds+ cotgibj H KNds = ﬂ (potoqyds - p1Udsl)fiqi;
j=1 r=1 j=1

2
Cto Zn:ajﬂ RSds+co/t0ibjﬂzm"PrQrds1 :_”ZZ:Trdsl : ?
e - " B -
F=F, (fi")xxgi’ F,=F, :(fi..g;.)yw Fy :(fil)x(gi‘)y;
G, =hyy(1) ), 91, B =keh (1797, Ga = ke (1)), 9,
G, =kshy,(97),,. Gs = 2keh3y(f1,9,) K =(f), 9y

( ) an = kozplﬂlzupi (q| )yy’TZ =p Y (pi”)xx Q;-

WnTterpans! (2) Beraucistores B mpegenax 0 <x<1; 0 <y <1.
Boipaxxenust 111 GyHkimii R, S nomyuaem u3 Beipaxkennit K, N mpu 3amere cootetctBeHHo P, ( Ha f, g; i Ha j.
Jlist i-ro citost 060I0YKH YPaBHEHUS ISl HATIPSDKCHU I TIPUMYT BUI:

:{gbj[kgﬂl(pjgj)" +B,(p ] } {Za [Bll ,+k2BL(f,q,). ]}
{ib, k25.(p,0, ), +5p;), 05+ ) q,]+(c,) pu } {Za B,(1)), 0, +k2BL,(f,0, )W]}

=1

o, =v,-(o,+0,)

—Ko sz{ﬂfzzm:bj (pua, )y +(22/h)anaj ((fjlxgi)y )}
e B i:}l/npyrne apameTphl o6c:;qm;

By = BliB2 +BiyBiss By = BiiBis + BiyBu;

Bs = BioBo + ByBisi By = BloBis + BBy,

Takum o6paszom, pazpaboran MeTon uccienoBanus napametpo H/IC cucteMbl Kperb CTBOJIA — aHKEPHO-
noposHast 000JI0YKa — MOPOAHBIH MacCHB, IO3BOJSIONIMH YYECTh CIIOMCTOCTH BMEIIAIOIIETO CTBOJ ITOPOJHOTO
MacCHBa, aHM30TPOITHIO M TPEIIMHOBATOCTh MOPOJA. JTO JaeT BO3MOXKHOCTH 0Oojee MOJHO M3YyYHTh OCOOCHHOCTH
COBMECTHOI paboThl OETOHHOW KpemM CTBOJA M AHKEPHO-TIOPOIHBIX O000JIOYEK; YCTaHOBUTH 3((EKTHBHBIC
napaMeTpsl KPenu M CXEMBbI PacloIOKEHHUS aHKEPOB.

Jlutepartypa
1. Ambapuymss. C.H. Teopust anuzotpornsbix obosnouek / C.H. AmGapiiymsiH. — M.: @umatiut, 1961. — 384 c.
2. HouxoB A.O. Pa3ButHe Hay4yHBIX OCHOB YIPABJICHUS YCTOWYMBOCTBIO BBIPAOOTOK C HCIIONB30BAHHEM
AHKEPHBIX CUCTEM: JIUC. ... IOKT. TeX. Hayk: 05.15.02 / A.O. HoBukoB ; Jlonenkuii Ham. TexH. yH-T. — JloHerk, 2011. — 479 c.

A. H. KYPU

benopyccxuii nayuonanvHwlll mexuuyeckuu yHugepcumem

JIBYXKOJOHHAS BOJO3ABOPHOM CKBAKHUHA JIJIS
IKCIVIYATAIIUU IBYX BOJOHOCHBIX I'OPU30HTOB

Wuorna mns obecriedeHUs BOJOH KaKOTo-THOO0 KPYIMHOTO 00BEKTa WIIM HACEICHHOTO MYHKTA MPUXOIUTCS
JKCIUTYaTHPOBATh OTHACIBHBIMH CKBR)XKHHAMH J[Ba M 00Jee BOJOHOCHBIX TOPU30HTA, THAPABINICCKH HE CBSI3aHHBIC
Mexay co0oif. [1o THAPOreOIOrHYecKHM YCIIOBHUSM TaKHE JIBA TOPU30HTA HENB3sI COCAUHATH OOIIeH (UIbTpOBOU
KOJIOHHOM OJHOW CKBa)KMHBI, TaK KaK B HUX MOTYT CYIIECTBOBAaTh Pa3jMUHbIE MbE30METPUUECKHUE HANOPHI U BOJA
Oyzer u3 TOpu30HTA ¢ 00JIee BEICOKAM HAIOPOM pa3rpykaThCs B TOPH3OHT ¢ OoJiee HU3KUM HaropoMm. Kpome storo
BOJIBI MOTYT UIMETh PA3HbII XUMHYCCKUI COCTAaB M PA3IMYHYIO BEIMYMHY BOJOPOTHOrO Mokaszarens PH, yro moxer
MPUMBECTH K XHMUYECKOW PEaKIHMH COJEp)KAIIMXCSd B HUX KOMIIOHEHTOB W OOpa30BaHUIO HEPaCTBOPUMBIX
COEMHEHUH, KOJIbMATUPYIOIINX MPUHUMAIOIINI BOJOHOCHBIN TOPU30HT.
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[Ipemmaraemass KOHCTPYKIMS ABYXKOJOHHAS CKBXHWHBI C IBYMS SKCIUTYaTallHOHHBIMHA KOJOHHAMH B
OJTHOM KOHIYKTOpE TIpeICTaBIeHa Ha PUCYHKE 1.

I
45

=

S N O A

Puc. 1. KoHCTpyKIUS 1BYXCTBOJIBHOM CKBaYKUHBI C ABYMS 3KCIUTyaTallUOHHBIMU KOJIOHHAMH: | -KOHAYKTOD; 2-
3arpyOHas IIeMEeHTaIs; 3- OCHOBHAS SKCIUTyaTaIl[OHHAS KOJIOHHA; 4-1to0ammMayHas [eMeHTalus; 5-
JIOTIOTHUTENbHASI SKCILTyaTal[HOHHAS KOJIOHHA; 6-(DMIIBTP OCHOBHOM 3KCIUTyaTallMOHHOHN KOJIOHHBI; 7-OTCTOWHHUK; 8-
rpaBuitHas oOcCHIKa; 9-HandMIbTpoBas KoJaoHHA;10-QUIBTP MOMOTHUTEIBHOM SKCILUTYaTaTMOHHON KOJOHHBL; 11-
OTCTOMHHUK; 12-calbHUK

CkBakuHa MOXET ObITh MPOOypeHa pPOTOPHBIM crocoboM crienytomum obpazom [1,2]. OrpeiBator
OTCTOWHHUK M OYypsT A0N0TOM auameTpoM 151 MM pa3BemodHBIH CTBOJI Ha NMPOEKTHYI0 riiyOuHy. IIpomsBomsr B
pa3BeJOYHOM CTBOJIE TreO0(U3UUECKHE HCCIIEOBaHHUS C LENbI0 ONpEAEiICHHUs TIyOUHBI 3ajJeraHuss U MOLIHOCTH
BojioBMetarorux mopox [2]. Tlocne paciindpoBKH KapOTaKHBIX JHArpaMM, YCTAHABIMBAIOT HAMPABISIONIYIO
KOJIOHHY, TIPOM3BOAAT OypeHHe CTBOJia MMOJA KOHAYKTOp | OONbIIOTO JguameTpa, BBITOJHSIOT 3aTpyOHYIO
[IEMEHTAINIO 2 KOHIYKTOpa 1 Ha BCIO €ro BBICOTY JI0 YCThS CKBAXKUHBIL. CpOK TBEPICHHUS IIEMEHTA JUII KOHAYKTOPOB
00BIYHO yCTaHaBIHMBAIOT 12 yacoB. 3aTeM ONYCTHUB JOJIOTO Yepe3 KOHIYKTOp Ha 3a00M, pa30ypHBaiOT I[EMEHTHYIO
npoOKy B KOHIYKTOpE 1, MpoM3BOIAT OypeHHe CTBOJA, BCKPBIBAIOT BEPXHUH BOJOHOCHBIH TOPH30HT, CIOKCHHBIN
MecKaMK, ¥ HIDKEPACIOJIOKEHHBIH Bopoynop (mmHy, cM. Puc.l) Ha HyXHylo Tinyomny. Tak kak Oypenune
MPOU3BOIUTCS OOJBIITNM ANAMETPOM, €TI0 TIPOU3BOIAT METOAOM 00PaTHOH MPOMBIBKY YHCTON BOTOM.

3areM OIyCKAaIOT B CTBOJI CKB&KHHBI OTKPBITYIO CHHM3Y OCHOBHYIO 3KCIUTyaTallHOHHYIO KOJIOHHY 3,
JIOTIOJTHUTENBHYIO SKCIUTyaTaIMOHHYIO KOJIOHHY 5 ¢ (UIBTPOM 6 M OTCTOWHHKOM 7 C 3aBapeHHBIM CHH3Y
JoHbIIKOM [3]. YCTaHOBHB WX B CTBOJIE CKBaXKWHBI, HATHETAIOT [EMEHTHBIM PacTBOP IOJ JABICHHEM BHYTPb
OCHOBHOH AKCIUTyaTaI[MOHHON KOJOHHBI 3 ¥ BBIIIOJIHAIOT €e Mmoa0anMagHyo ieMeHTanuio 4. Beicota niemenTanun
HE JI0JDKHA TPEBBINIATH BBICOTY OTCTOMHMKA 7 (QuiabTpa 6. B TakOM COCTOSHHHM OCHOBHYIO SKCIUTyaTar[HOHHYIO
KOJIOHHY 3 W JONOJHHUTENbHYIO SKCIUTYaTallMOHHYIO KOJIOHHY 5 OCTaBISIOT Ha Mepuoj TBepAeHus nemeHta. Cpok
TBEpJICHUS [IEMEHTa I IKCIUTyaTallMOHHBIX KOJIOHH cocTaBisgeT 48 uacos. Ilocie 3TOro mpom3BOIAT 3aCHITKY
TpaBusl B MPOCTPAHCTBO MEXAY KOHIYKTOPOM | M 3IKCIUTyaTallMOHHBIMHM KOJOHHAMH 3 M 5 C IETBI0 CO3JMaHHA
TpaBUHHOM 0OCHINKK 8 BOKpYT ¢uiabTpa 6. 3arac rpaBust HaJ BepXxoM (QHIbTpa 6 JOJDKEH COCTABIISATh HE MEHEEe SM.
B I0ONOMHUTENBHYIO 3KCIUTYaTAllMOHHYIO KOJIOHHY 5 omyckaroT 3paudT iaubo ruaposnesatop [4] u npousBoasT
OCBOCHHE BEPXHEro BOJOHOCHOTO TOPH30HTa, CIOXEHHOro meckamu (cM. Puc.l) [5], myrem mnymecupyrorueit
MPOKAYKH, KOTOPYIO MOTYT COYETaTh cO cBaOMpoBaHHEeM. [Ipn HEOOXOAMMOCTH TPaBUH NMPH MPOKAYKE JOCHINAIOT.
3areM HaBepX I'paBHs 3aCHIIAIOT HEIPOMBITBHII MECOK JI0 YCThS CKBasKUHBI.

BckpblTHe HM)KHETO BOJIOHOCHOTO TOPHM30HTA, CIOKEHHOro mnecyaHukamu (cM. Puc.l) ocymiecTBisitoT
crenyommM o6pa3oM. B skcmiyaTannoHHYIO KOJIOHHY 3 OMYCKAalOT J0JIOTO M, pa3OypuB IIEMEHTHBIN CTakaH B
KOJIOHHE U BBIIICII)KAINE TOPOIbI, BCKPBIBAIOT BOJOHOCHBIM TOPU30HT. 3aTEM OITyCKAIOT B CTBOJ HaA(MIBTPOBYIO
KoJoHHY 9 ¢ puiabrpoM 10 u orcroitaukom 11 [3]. IIpu momaganuu B paspese BOJOHOCHOIO FOPHU3OHTA IPOCIIOEK
TeCKa, BBITIONHSIOT TPaBHifHYI0 OOCHIKY GuibTpa 10 u ycTaHaBimmuBaroT canbHUK 12. B ¢umstp 10 omyckaroT
5piu@T U BHITOJHSIIOT IPOKAYKY CKBAXKHHBI.
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CkBaXuHY CHa0Xaf0T OTOJIOBKOM W OCHAINAIOT JBa CTBOJIA OTHACIBHBIMH TIYOMHHBIMH HAacOCaMH. JTO
MO3BOJISIET HE3aBHCUMO JPYr OT ApYyra SKCILUIyaTHpOBaTh [IBa THIPABIMYECKH HECBS3aHHBIX MEXIy co0oi
BOJIOHOCHBIX TOPH30HTA.

Ha pucynke 2a noka3aHbl B KOHKPETHBIX T'€0JOIMYECKUX YCIOBHUIX KOHCTPYKIMH JBYX THUIIOBBIX CKBaXKHUH
Juist 3a00pa BOIBI M3 JBYX BOJOHOCHBIX TOPH30HTOB, TMAPABIMYECKH HE CBSI3HBIX MEXIy CO0O#, U mpumep Hx
00BeIMHEHNS B OAHOI KOHCTPYKIIMU IBYXKOJIOHHOM CKBa)KUHBI (PHCYHOK 1,0).
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Puc. 2 KOHCprKI_[I/ISI PpacmoIOKEHN CKBAXKUH B KOHKPETHBIX I'€OJIOTMYCCKUX YCIIOBUAX:
a- IBC THUIIOBBIC CKBAXXUHBI; 0 -ABYXCTBOJIbHAsd CKBa’KMHA B OTHOM KOHAYKTOPE

CoopykeHue TpeaaraeMoil CKBaXXHHBI IS 3a00pa BOJBI U3 ABYX ropu3oHToB (Puc.20), comeprkareii 1Ba
CTBOJIa BHYTPH OJHOTO KOHIYKTOPA, TO3BOJIAET PACIIUPUTH (DYHKIIMOHAIHHBIC BO3MOXKHOCTH CKBAKHHBI C ABYMS
(dunbTpaMu, yCTaHOBIICHHBIMH Ha OJIHOH KosioHHE. [Ipearaemasi KOHCTPYKIUS MMEET MapajliesIbHO pa3MelleHHbIe
B JIByX CTBOJIaX (DMIIBTPBI, YTO MO3BOJISIET:

- OCYIIECTBIIAITH Oecrepe0oiHyI0 Mojady BOJBI HMOTPEOHTENIO B Ciyyae BBIXOJa W3 CTPOS OJHOTO H3
(unbTPOB;

- MOBBICUTH BOJIO3aXBaTHYIO CIHOCOOHOCTh BepXHEro (MIIbTpa 3a CUET NMPUMEHEHHUS! I'PaBUHHON OOCHIIIKH
3HAYUTEIHHON MOIITHOCTH;

- paciMpuTh 00JIACTh IPUMEHEHUS CKBAXXHH C ABYMS (pUIBTpaMm, 3a cYET OJHOBPEMEHHOH SKCIUTyaTalluu
JIBYX TU/IPABIIMYCCKA HECBS3aHHBIX BOJOHOCHBIX TOPH30HTOB;

- o0ecreunTh 3aIllUTy BOAOHOCHBIX TOPH30HTOB OT CMEIICHHS BOJ NpPH UX IEPETeKaHWH W3 OJHOTO
TOPHU30HTA B JIPYTOH;

- 00ecrneYnTh IKOHOMHIO CPEJICTB [0 CPABHEHMIO C COOPYKEHUEM JIBYX CKBAXKHH OTIEIBHO Ha Ka) bl U3
BOJIOHOCHBIX TOPH30HTOB (OJMH TABWJILOH BMECTO JIBYX, OJUH KOHIYKTOD BMECTO JBYX, YMCHBIICHHS
COCTAaBJISIOUIMX TPYOOIPOBOJAHON apMAaTYphI U T.JI.).

bnarogapss BHEIpEHHIO B CHCTEMaX BOJOCHA0KEHHS CKBAXKMH HOBOM KOHCTPYKIHMH OyJeT JOCTUTHYT
IKOHOMHYECKHH I PEKT 3a CYET CHUIKEHHSI UX CMETHON CTOMMOCTH.

Jluteparypa

1. BemsixkoB B.M. YueOHas kaura macrepa mo OypeHuro ckBaxuH Ha Bomy/B.M. bemskos, B.A. Tlomkos, .M.
Kpachomekos. - M.: Kornoc,1976.-c. 284-286, puc.133.¢.

2. Bamkaros /I.H. bypenue ckBaxun Ha Boxy//J].H. Bamkarog, B.JI. Porosoii.-M.: Komnoc,1976.-c. 31-37, puc.5,6,7.

3. TaBpunko B.M., Anekcees B.C. ®unbtpbi Oypobix ckBakiH M.: Henpa, 1976.-c.41-48, puc. 28, 30.

4. bamxkaro J[.H. CrenpaisHple paboThl pyr OypeHHH ¥ 000pPYIOBAHNK CKBXUH HA BOJY: CIPABOYHOC H3/IAHUE/
J.H. Bamkaros [u ap.] — M.: Henpa, 1988.-268 c.

5. Kypu A.H., Vameukun B.B. «'uipoaneBaTopHast ycTaHOBKa JUIsl M3BJICUCHHUSI IIECUaHBIX MPOOOK M3 CKBAKHHY.
Ipobiembr Hemponons3oBanwst: COOpHIK HaydHbIX TpynoB [KoHbeperiws]. — Cankr-IlerepOypr: HarmoHaTBHBIA MIHEPATBHO-
chIpbeBor yHUBepcHTeT «I opHBI, 2015, — T.1.-c1p.232-(MeXIyHApOIHBIA (HOPYM KOHKYPC MOJIOIBIX YVUIEHBIX.22-24 amnperst
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JI.A. MO3AJIEBCKH, H.JI. BAPCYK, C.B. BOPIIIEBCKHI
Jloneyxuil HayuoHanbHLIL MexXHuYecKull yuueepcumem, Ykpauna

JIABOPATOPHBIE UCCJIEJJOBAHMSI ®UBPOBETOHA C
NOBABJIEHUEM BA3AJBTOBOM, NOJUITPOIIMJIEHOBOMN U
CTAJIbHOM ®UEBP

HaOpb13roeToH, nim TopKpeTOETOH, He SIBISIETCS OTHOCHTENILHO HOBBIM H300peTeHueM.. [lepBbie paboThl ¢
npuMeHeHneM HaOpwirOeTona Obutn BbimonHeHbl B CoenuuenHbix llltatax B AsenrayHe eme B 1907r.
komnanueil “Cement-Gun”. IlepBoe ycTpoHCTBO AJsI HANBUICHUS CyXHUX MaTEpPHAJIOB MPU HOBBIX CTPOHUTEIBHBIX
paborax Opmio m3o0pereHo B IlencmmbBanumu B 1907r. Kapmom DOTaHOM, KOTOPBIM HY)KHAJCs B MAaIIWHE IS
HaOpBI3ra CTPOMTEIHHOTO pacTBOpa HAa METAIUITMYECKHH KapKac UL COOPY)KEHHS IWHO3aBpoB. Ero kommaHus
Cement-Gun 3amuTiiIa HHTEPECH TOProBod Mapku «(Gunitey sl UCTIONB3YeMON UMH CTPOUTENBHOW CMeCH. DTOT
pacTBOp coaepiKal MEIKHA WHEPTHEIHM 3aII0THUTENbh U BEChMa BRICOKHI MPOIICHT IeMeHTa [1].

Oco0OeHHOCTH HaOpBI3TOCTOHA, TaKWe KaK METOJ €r0 HaHECCHHS INPH KPEIUICHHH TOPHBIX BBIPAOOTOK,
CHCNHANbHBIE MaTepHhaibl, OOOpPYAOBaHHWE CHAETAald €ro BaXHBIM W HEOOXOTUMBIM HMHCTPYMEHTOM ISt
COBPEMEHHOTO ITOI3EMHOI0 CTpOUTENIbCTBA. B Poccun HaOphI3roeToH BrepBhie mpuMeHEH B 1916 roay. Co3nanue B
1942 roay B llIBeitapuu MamuH IJisi HAHECCHHS CMECH C HAIOJHHUTENIEM KPYMHOCTHIO 10 30 MM U pa3paboTka
3(h(GEKTUBHBIX YCKOPHUTEICH CXBATHIBAHWSA W TBEPACHUS CMECH CIIOCOOCTBOBAIM INUPOKOMY HCIIOJIE30BAHHIO
HAOpBI3rOCTOHA JJIsI BO3BEJCHHMS KaK BPEMCHHOW, TaK M IOCTOSHHOW KpemHM IMOJ3eMHBIX BbIpaboTok [1].
OubpoHaOPHIBrOETOH — OJHA M3 PA3HOBUIHOCTEH LEMEHTHOro OETOHa, B KOTOPOM coJlepxutcs (udpa wiau
(hubpoBOIIOKHA B KadecTBe apMUpyomero Marepuaia. [IprMeHeHre HaOpBI3TOCTOHA MTO3BOJISIET MEXaHU3UPOBATh
MIPOM3BOJICTBO padOT M OCYIIECTBUTH OeTOHHpOBaHUE Oe3 onanyokn. OmHAKO, HEOOX0IUM KOMITICKC HCCIICIOBAHMIHA
UL pa3pa0OTKU TEXHOJOTHYECKUX PErIaMeHTOB (hHOpPO-HAOPHI3TOCTOHUPOBAHMSA, MTO3BOJISIOMINX CHUZHUTH PAaCXOJd
0cToOHa TO CpPaBHCHHWIO C MOHOJHTHBIM OETOHOM M YMCHBIICHHE TONIIMHBI €ro HAaHCCeHHS IIPH TeX Ke
MPOYHOCTHBIX XapaKTePUCTHKAX.

Hapsmy ¢ pa3paboTkamMy HOBBIX MaTepHalioB IOCTOSIHHO HIIET Pa3BUTHE HOBOTO MPOTPECCHBHOTO 00OPYIOBAHIIS,
obecneunBaroiero 3pQeKTHBHOE NPUMEHEHHE HOBBIX MAaTEpHaJOB M JIETKO IPUCHOCA0IMBAEMOTO K W3MEHSIOIIMMCS
YCIIOBUSIM BelieHHs1 paboT. Ha cerofusiHuii 1eHb HAOI0aeTCs
npucyIasi BceM pa3paboTkaM B 00OpYIOBaHMM TEHICHLMS K
TMPUMECHEHUIO KOMIUICKCHBIX W aBTOMATU3UPOBAHHBIX CHCTEM,
KOTOpbIE TapaHTHPYIOT BBICOKYIO IPOW3BOAMTEILHOCTh PaboT M
CTOHKOE KOHTPOIHUPYEMOe KadecTBo, a Taroke Oonee Ge30macHbIe U
OnarompuATHBIE YCIOBHA Tpyma it Jmoieit. OGopymoBaHwme
KOMIDIEKTYeTCSI B 3aBHCHMOCTH OT KOHKPETHBIX YCIIOBHH
TIPOM3BOJICTBA PAOOT.

MHOXeCTBO 3apyOeXHBbIX KOMIIAaHHMHM, TaKMX Kak
MEYNADIER  MASCHINEN, Putzmeister, SPERNO
Maschinenbau (puc.1) w ap., 3aHUManuCch pa3pabOTKOM
v - R nmanHoro obopynoBanus. B UI'TM mmenn H.C. [Nomskosa
Puc. 1. Mammsa 11s HaHeceHHs HAOPBI3T-6eToHa HAH VKpauHbl paspaborana MHOTrOLEJIeBast

SPERNO 208 G—F OeroHoykmamgounas MamuHa MBM. B OpmBmem CCCP
HCIOJIB30BAIMCh, MammuHbel THoa T1-46, C-165b, C-630A, C-
702, BM-60, BM-60I1, BM-68, BMC-3, IIBM, CBb-67 u

JpyTre Mog00HbpIe MaIIuHGI [2].

OnHUM W3 TEpCHEKTHBHBIX HANpaBJCHUI pPa3BUTHS TEXHOJOTMM HaOpbI3TrOETOHMPOBAHMS SIBIISICTCS
UCIIOJIb30BAaHUE BCEBO3MOXKHBIX (DMOp (CTaNbHBIX, IOJMMEPHBIX, MHUHEpaJbHbIX) puc.2. CranedudbpoderoH —
KOMITO3MIIMOHHBI MaTepuail M3 OeToHa, B KOTOPOM apMHUPYIOIIMMH MaTepuallaMHd BBICTYNAIOT pPaBHOMEPHO
pacripeziesieHHbIe 110 BCEMY €ro 00beMY KOPOTKHE CTallbHble BOJIOKHA. PuOpoOeToH 00nanaeT 3HAUYNTEIbHBIMU
MPENMYIIECTBAMH 110 CPABHEHHUIO C OOBIYHBIM OETOHOM.

Bonpmias cTemeHp CONMPOTHBICHHS TPEIIMHOOOPA30BAHHUIO CIOCOOCTBYET YBEIMUYCHHMIO TaKuX (hHU3MKO-
MEXaHMYECKMX TIOKa3zaTesiel, KakK IPOYHOCTh INPHU CXKATHH, PACTSHKEHHH W HM3THOe, BOJOHENPOHHIIAEMOCTD,
MOPO30yCTOWYIHBOCTH, CONTPOTHBIICHHE K IPOHUKHOBEHUIO XMMUYECKHUX BEIIIECTB.

OrmpeneneHue npeaeIoB MPOYHOCTH MPOBOAMINCH Ha oOpasmnax-0amoukax 160x40x40 MM 1 Ha obpasiax
kyOukax [100x100x100] MM B 3agaHHBIe OTpe3KHM BpeMeHH. [[ns mccienoBaHMs ObUT BHIOpAaH TakoW coCTaB
[IEMEHTHOTO PacTBOpa KaK: «IIEMEHT-TIECOK-3alloJIHUTENby cocTaBa 1:2:3 ¢ mobOaBieHueM pa3nnuHbix (uodp. B
KauyecTBE BSDKYILETO BEIIECTBA MCIIOJIB30BaJICs mopTiaanaunemMeHT Mapku M450 ¢upmel «HUKOJIAEBIUEMEHT»
JIbBOBCKOTO 3aBOJia CAETAHHOTO 10 HEMELKON TEXHOIOTHH.

B kauecTBe 3amoiHMTENS UCHIOJIB30BAICA IECOK pe4yHOH ¢ MaxkcuMenbsHOBCKOro Kapbepa. Jlms
JOCTHXEHHUsT HEOOXOAMMOM IIACTHYHOM cMecH, BojpoueMeHTHO# otHomieHue (B/Il) cocraBuno 0,8. McnbiTanus
MIPOBOIIIIKCH TIO TIATH Pa3IMIHBIM cocTaBaM (puOpsI B GeToHe: 6e3 GHOPEI, ¢ comepxanneM CTaabHO# Gudpsr 2%, ¢
colepXaHneM cranbHOW (ubper 4%, ¢ comep)kaHueM moJUIponmiIeHoBoi ¢Guoper 0,5%, c copepkaHueM
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6a3ampTOBOM (PHUOPEI OT Macchl TOTOBOTO CyXOro OeTOHHOTO pacTBopa. CranpHas, NOJHMIPONMICHOBAS U
6azanproBasi puOpPHI B COOTBETCBUU ¢ TpeOyeMOM KOHIEHTpauuen aobaBiisuiach B pacTBOp mnepen Jo0aBieHuEM
Bonbl. McmbiTanus npoBoamimck depes 7, 14, 21, 28 cyrok TBepaeHus OetoHa. PesxuMm TBepaeHHsS BO3IYIIHBIHA
(Temmeparypa Bozayxa 22 £3°C, BnaxxHocTs 45%).
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Puc.2. Bunbl HCoNb3yeMbIX B UCCeT0BaHUAX (UOp: a) — cranbHas; 0) — mouMepHas; B) — 0a3anbToBas

B)

PesynbraThl HCIBITaHMA IPOYHOCTEH HA paCTsHKCHHE TIPU H3THOE MPUBEICHBI B Tabimie 1.

Tabmuma 1

W3menenune IPOYHOCTH OeToHa Ha PaCTAKECHUE TTPU n3rube U cxxaTue npu JIO6aBJ'IeHI/II/I Ppa3JIMIHbIX BUJI0B

U KOHIIeHTpauuii pudp

ConeprxaHe Ipemen mpoYHOCTH Ha pacTspKeHHe B Krc/cMm 2 | TIpemen MpPOYHOCTH Ha  CXKATHE B

¢uOpHI B 00pasie B 4yepes Krc/cM? uepes

% coaepKaHuU OT

Macchl CyXoil cMecu 7 14 21 28 7 14 21 28
CYTOK CyTOK CYTOK CYTOK CYTOK CYTOK CyTOK | CyTOK

be3 ¢pubpsr 13,2 23,4 32 37,2 37 73.2 100.3 120

CranpHas ¢pudpa 2% 18 33,2 447 51 50 93 125 143

CranbHas ¢pubdpa 4% 22,5 39,5 53,5 64 62,5 108,5 143,5 163,5

[Honumnponunenoas 15,5 25,2 34,4 39 37,5 76,45 110,6 136

¢uodpa 0,3%

BazanmproBas  Qubdpa 17,5 31,5 43,1 49 48,2 89,25 121,75 140

0,3%

AAansrpasiraa nosassTenesR Halops NECYHDCTE HE CHATHE
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Puc. 3. I'padux Habopa nmpodHoCTH OETOHA HA C)KATHE C OOABICHUEM pa3InIHbIX (HUOP
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Owarpamma nosasarenckh nabopa npovnocTen Ha wiarnb.
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Puc. 4. I'paduxu Habopa npovyHOCTH OETOHA NP U3rHOE ¢ JOOABICHUEM Pa3INnYHBIX HUOD

BreiBoabl. B pesynbrare mpoBeNEHHBIX HCCIEIOBAaHWN ompeaeneHo cienytomee. Ilpu nobasmennn 2%
cTanbHON GHuOPEI 2% cTanbHOM (HUOPHI MPOYHOCTH OeTOHa yBenmuumiach Ha 35 %, a npu nobasnernn 4% - Ha 70%.
Ha cxxatue npu 3THX jke KOHLIEHTPAIMIX IPOYHOCTh yBenuuuiaach Ha 17 u 35 % COOTBETCTBEHHO.

[Tpu noGaBiennn 6a3anbToBOM (GUOPHI TPOYHOCTHBIE XAPAKTEPUCTHKU ObUTH OJM3KM K mokaszaresisim 2%
KOHIEHTpalu ctaneduopoOeToHa, a Tak)Ke 3HAYMTEILHO YMEHBIINIOCh TPEIMHO00pa3oBaHue OeToHa.

IMpu no6aenenun 0.3% mnonunponuiaeHoBoit (UOPbI MoOKa3aTeny BBIPOCHM MeHblie yeM Ha 10 % 1o
CPaBHEHHIO C OOBIYHBIM OETOHOM, U 3HAUNUTEIFHO YMEHBIINIOCH TPEIIMHOO0pa3oBaHue OEeTOHa.
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IMPOTHO3UPOBAHUE OCAJIKU ITOJIUTOHA TBEPJBIX
BBITOBBIX OTXOJ0B C YYETOM 'PYHTOBOI'O OCHOBAHUSA U
CTATUYECKOW U JMHAMMNYECKOMU IMPUT'PY30K

VYkpanHa 3aHUMAeT OJHO U3 MEPBBIX MECT B MUPE IO KOJIUYECTBY OBITOBOIO MycCOpa Ha JYIITy HAaCEICHUS.
Esxxeronno B rocymapctBe obpaszosbiBaeTcsi 10 MitH. T 0TX070B. 90 % OTXOIIOB MOTanaeT Ha MOJHMTOHBI TBEPABIX
OopiToBBIX 0TX070B (TBO) wmmm cBamku, KOoTOphle 3aHMMAOT 160 ThIC. Ta 3eMenb. B CBA3M ¢ MOCTOSHHBIM
yBeIMUEHUEM OOBEMOB OTXOJIOB M, KaK CIEJCTBHE, YBEIMUYEHHUE IUIOIMIAJEeH, OTBOJAMMBIX IO TIOJUTOHBI, OCTPO
BCTAET BOMPOC 00 YCTOMYMBOCTH MMOJUIOHOB M MX BO3MOKHOM HCIIOJB30BaHUHM B JaibHeimem [1].

[Tocne 3akphITHS TOJIWTOHA BO3MOXKHO €T0 HCIOJB30BAaHHWE B KAdeCTBE OCHOBHI JISI COOPY)KCHUH M
KOHCTPYKILIMH, B YaCTHOCTH CIIOPTUBHBIX ILIOMIAJIOK, JIOPOT, 3aII0BEAHUKOB, aBTOCTOSHOK, IIPOMBIIIJICHHBIX TAPKOB,
MECT OT[IbIXA U T.J. Takas CUTyalusi CTABUT IePE]l YYCHBIMH 3a]1a4y [0 OIICHKE U IPOTHO3HPOBAHUIO YCTOHYUBOCTH
CBAQJIKH B KAYE€CTBE OCHOBBI COOPY)KCHUI, KOTOPAsl BHIOJHUMA C TIOMOIIBI0 MATEMATUYECKOTO MOICITUPOBAHMUSL.
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Jms mporHO3WMpOBaHMS OLEHKH YCTOMYMBOCTH MOJHIOHA TPENIaraeTcs H3Y4eHHE ero OCaJKH IO
JIEHCTBUEM CTaTWYECKOH W JWHAMHYECKOH TPUTPY30K C OOS3aTENBHBIM HCCIICOBAaHHEM HAIpsKEHHO-
JIe(OPMHUPOBAHHOTO COCTOSIHHS ITOJICTIJIAIOIIETO TPYHTOBOTO OCHOBAHHS, KOTOPOE MOJICIUPYETCS C Y4eTOM
TIOSTAITHOM HATPY3KH KaXKIOTO CJIOS TOJIUTOHA OTXOJaMH.

Bb11o nposeneHo MarematHdecke MoAenpoBanye. [1oKpbIBaromii 1 NOACTWIAOLIMI CJIOU ONHCHIBAIMCH MOJEIIBIO
Kymona-Mopa [2]. B cBoro odeperp, Telo MoJMrona MOZeIMpOBaIOCh CIA0BIM TPYHTOM C YHIETOM TIO3Y4ECTH, ACTIONB30BAIACh
monenb Soft Soil Creep (SSC). Dta Moziens HanOoIee MOJTHO OIMCHIBACT TAKKE CBOMCTBA CIIA0OTO TPYHTA, KaK, 3aBHCUMYIO OT
HaIpsDKEHUH JKECTKOCTh, a TAKOKe BTOPHYHYIO KOMIIPECCHIO C ydeToM Tnoisydectd. CreyeT OTMETHThb, YTo Mojeins SSC
YUHUTBIBACT KaK (PUBHHUECKYIO, TaK ¥ TeOMETPUUECKYFO HEJIMHEIHOCTB Tpoliecca 1e(hOpMUPOBAHHMS TPYHTA.

I'ippoarHaMHUYecKie acTieKTHI MPOOIEMBI 3aKITFOYAIOTCS B ydeTe (DMIBTPAIOHHBIX CHIL, ACHCTBYIOIINX Ha CKEJIeT
TPYHTOBO#1 Cpe/ibl, ¥ TapaMeTPOB B3aUMOICHCTBHS KUIKOH 1 TBEpHOH (ha3 TpyHTa (1aBieHHs], HAPSHKEHHS U IOPHCTOCTH)
B TIpoliecce KOHCONMMIAImi. B npemmonoxeHn 6e3BUXpeBOro TeueHrs (GMIBTPAIIFIOHHOTO TTOTOKA M PACHPEISNICHIS CHIT
CONpPOTHBJICHUST PAaBHOMEPHO II0 CEUEHWIO OJJIEMEHTa MHCIONb3yeTcss 000OmIeHHbId 3akoH Jlapcu M ypaBHEHHs
Hepas3pbIBHOCTH. [IpuHHMMaeTCs, YTO CHKMMAeMOCTb CKEleTa M IOpPOBOM JKMIKOCTM Majla, YTO NPHUBOJUT K JIMHEHHOW
3aBHCHUMOCTH TOPHCTOCTH TPYHTa OT JaBieHusl. B3anmoneicTBue ckenera IpyHTa M BOABI XapakTepH3yeTcsi 00beMHON
CHWJIOH, IPONOPLIMOHATIBHOM I'PaAUEHTY Haopa. Y paBHEHUS JONOHAOTCS HAUaJIbHBIMU M TPAHUYHBIMU YCIIOBUSIMU.

J17151 YMCIIeHHOTO PellieHNsI 3a/1a4K HCTIOJB30BJICS METO] KOHEUHBIX 3JIeMEHTOB. PacueTHas 00nacTh pa3ouBaiiach Ha
265 KOHEUHBIX 371eMeHTOB. [1oMHToH, TSI KOTOPOro MPOBEICHO MOJICIMPOBAHIE, COCTOHT U3 JACCATH CIIOEB OTXOZOB, TOJIIIHA
Kaxxoro ciost 3 M. Ocajika onpeensiiach ¢ y4eTOM TOIIAroBOro HarpykKeHust noymrona yepes 30 JieT mocie ero 3aKphiTHs.
Ocajka ObITa paccuiTaHa JUTs Pa3iMdHBIX TOACTIVIAIONINX CIIOEB TPyHTA (TJIMHA W TIECOK) C YUeTOM CIICHYFOIINX BEIIMIHH
CTATUUECKOM 1 TMHAMIYECKOM BEPTUKAIBLHOM pactpeesieHHo i npurpy3ku: 5, 50, 100, 150 u 180 kI 1a.

Panee [3] Obu1a pacuntana ocagka 6e3 mpUrpy3Kku. J1jist OJMIoOHa ¢ TIIMHUCTBIM TPYHTOM OCHOBBI OHA COCTABHIIA
3,83 M, ¢ meckoM - 4,95 M. JleopMupoBaHHas pacdyeTHas 00NACTh MOJMIOHA C MIECKOM B Ka4eCTBE TPYHTa OCHOBBI MPHU
BEPTUKAILHOM CTATHUECKON pactpeieieHHON Mpurpy3ke, paBHoii 5 klla, mpeacTtaBnena Ha puc. 1.
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Puc.1. JlebopmupoBanHas pacueTHast 0071acTh IIOJIUIOHA C BEPTUKAIBHOH pacipeieNIeHHOH CTaTH4eCcKOH
npurpyskoit 5 xlla
Beprukanbuele Jedopmanuy MOJMroHa MpeCcTaBieHbl Ha puc.2. B pesynbrare 4HCIEHHOTo pacdera
YCTaHOBJICHO, YTO MaKCUMalbHas BepTHKanbHas fedopmarus coctasuia 5,06 M.
Ecnu BenmmumHa CTaTHYECKOM BepTUKAIBHON NpUTpy3kH yBenndusaercs 1o 50 klla, To MokHO HaOMIOAATS,
YTO IIPOUCXOAUT yBenmdeHue nedopmarmu Ha 0,13 M.

[T ] - = - - = == EE ] - =m -
L

Puc. 2. BepTukanbHbie [eopMalny MOJIUTOHA C TIECKOM B KAYECTBE TPYHTA OCHOBAHHS C BEPTHKAIBLHOU
pacnpeneseHHoN craTnueckonnpurpyskoit 5 klla

144



IIpu Tex ke yCIOBHUSAX BEpTHKaIbHBIC jae(GopMali MOJUTOHA C TJIWHUCTHIM TPYHTOBBIM OCHOBAaHHEM
coctaBmsAioT 4,23 M. YCTaHOBJIEHO, YTO TNPH IWHAMHYECKHX HATrPYKCHHSX HPHU TOH JXK€ BEIHUYMHE IMPHUTPY3KH
MIPOMCXOINT 3HAUATEIIFHOE YMEHBIIEHNS BEPTHKAIBHBIX Aedopmartuii (4,19 m).

VYCcTaHOBIIEHO, YTO €CIM B KAa4eCTBE OCHOBAaHHS MOJHMIOHA KCIIONB3YETCS IECOK, TO TPH IPH TeX JKe
YCIIOBHAX, IMPOUCXOMUT 3HAYUTEIHHOE YBEIWYCHHWE BEPTHUKANBHBIX AedopManuid moiwroHa: Ha 22,7 % mpu
cTaTHyeckoil mpurpyske u Ha 20,8 % mpu JUHAMHYECKOH HpHUrpyske. JTO OOBSCHACTCSA 3HAYUTEIHHO OOJbIIeit
MOPUCTOCTHIO, & CJIEOBATENFHO U CKUMAEMOCTBIO TIECKa M0 CPAaBHEHHIO C IJIMHOM, a 0cajika MOJUTOHA COCTOUT U3
CYMMapHOU 0CaJIK¥ Teja MOJUTOHA U TOJICTHUIIAIOIIETO €r0 TPYHTA.

Ha puc.3 npezacrasnena 3aBUCUMOCTh ocaaky nmonurona ThO oT BeTMUMHBI BEPTUKAILHON CTaTUUECKON U
JUHAMUYECKOW TMPUTPY30K JJIsi JBYX THUIIOB TPYHTOBOTO OCHOBaHMA. V3 aHammM3a puCyHKa CJEIyeT, YTO
HanOoJbINKe AeHOPMAIMUK JOCTUTAIOTCS Ha MOJUTOHE C MECUYaHbIM OCHOBAHHEM KakK IMPH JUHAMUYECKOH, Tak U
mpu  cTaTU4ecKod mnpurpyske. OJHaKo, B TPOIEHTHOM COOTHOIICHHWH, BEIMYMHA OCAJKH C MaKCHUMalbHOM
CTaTUYECKOI MPUTPY3KOU IT0 OTHOIICHHUIO K MCXOIHOHM ocajke 0e3 MpHUrpy3Kd HauOONbIIas y TIHHBL M COCTaBISICT
33,7%, 3TOT e moKa3zarenb st necka - 19,2%. DToT HeoueBUAHBIA (akT OOBSICHIETCS TEM, 94TO 00Jiee TOPHCTHIN
HEYCTOWYHBEIA TPYHT OCHOBAHHS Iecok 3a 30 JIeT JOCTUT HauOONbIIeH MaKCHMAlbHOW OCAIKU M B JaJbHEHIIEM
IepopMHpYETCS B MEHBIICH CTEIEHH, YeM TIIMHA, KOTOpas elle He JOCTHTIIA OKOHYATeNbHOU aedopMarmm. IToT
YCTaHOBJICHHBIH (haKT HEOOXOAMMO YYHTHIBATh HPU MPOCKTUPOBAHUU M IKCIUIyaTallMd COOPYKECHHUH Pa3IUIHOTO
Ha3HA4YEeHUsI, IOCTPOCHHBIX Ha 3aKPBITHIX MMOJUTOHAX.
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Puc. 3. 3aBucHMOCTB OCaIKM MOJIMTOHA C TIMHUCTHIM U ITECYaHBIM TPYHTOM OCHOBAHHUS OT BEPTHKAJIBLHOMN
pacnpeieleHHON IMHAMUYECKOM U CTATUYECKOM IPUTPY3KH

BoiBoabl. Pa3zpaborana s¢¢exTuBHas Meroiuka pacyera ocaiku nomurona ThO, ocHoBaHHas Ha
YHCIEHHOM MOJICJIMPOBAHUM  HANpsDKEHHO-1€()OPMHUPOBAHHOTO  COCTOSIHMSL TIOJIMTOHA UM TIOJACTHIIAIOIIETO
TPYHTOBOI'O OCHOBaHHs. BriepBble NpeAIoKEHO YyUUTBHIBATh NIPH PacdyeTe yCTONUMBOCTU MOJUTOHA MOJCTHIAOIIUI
TPYHT, TaK KaK OH SIBJSIETCSI OJTHMM M3 OCHOBHBIX ()aKTOPOB, BIMSIONINX HA OCAKY.

VYcTaHOBNIEHO, YTO HaWOOJbIIEas OcajKka NPOUCXOIWT Ha IIONMIOHE C IECYaHBbIM OCHOBAHHWEM, OJHAKO B
MPOLIEHTHOM COOTHOILEHUY, BEJIMYMHA OCAJKH ¢ MAKCUMAJIBbHOH CTATUYECKON IPUIPY3KOM 10 OTHOLIEHHIO K MCXOJHOM
ocajike 0e3 NMPHUIPy3KH HaMOOJbINASl HA TOJMIOHE C TJIMHUCTBIM ocHOBaHWeM (33,7%). Ilpu crartmueckux mpurpyskax
JIOCTUTalOTCsS 3HAUMTENILHO Oouibline jAedopmaruu, 4eM NpH AMHAMHYECKHX NpUrpy3kax. [losyueHHble pe3yabTaTsl
HE0OXOIMMO YUHTHIBATh IPH MCTIOJIb30BAHMH ITOJIMTOHOB B KAYECTBE OCHOBBI COOPY)KECHUH MITH KOHCTPYKIIUH.
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OBOCHOBAHME KOHCTPYKIIMU BPEMEHHOI'O
KOMBHUHHNPOBAHHOI'O KPEIVIEHUA B YCJIOBUAX
TEKTOHNUYECKHN HAPYHIEHHOI'O MACCHUBA

AKTya.]'ILHOCTb paGOTLI. B HacTosdee BpEMs 3aTPyAHCHO BbINIOJIHCHUEC OHepaTHBHOﬁ KOPPEKTUPOBKH
mapamMeTpoB HaGpLI3F6€TOHHOﬁ KpEI1 B MIPOLECCE MPOXOAKU C HCIbIO COXPAHCHUA yCTOfI‘IPIBOCTH BHYTPCHHETO KOHTYpa
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TOHHEJIS IO MOMEHTA BO3BEJCHHUS TIOCTOSIHHOM OO/IEIKH.

Lenb ncciienoBaHuii — COXpaHEHNE MPOSKTHOTO TIOJI0KEHHUST KOHTYPOB CEUCHHMSI TOHHEJISI B CBETY MOCPEICTBOM
YIpaBIICHHs TOPHBIM JIABICHUEM TPH MPOBEACHHH TOPHOIPOXOIUECKHX PaboT.

Hnest pa0doTHI 3aKr04aeTCI B 000CHOBAHNN TEXHOJIOTHYECKHX CIIOCOOOB aHKEPHOIO VCHIECHHS B KOMOMHAIIMH C
HaOPBI3r-0ETOHHBIM KPEIICHHEM TSI CO3aHs OIarONpHATHBIX YCIOBHH BO3BEICHUS IIOCTOSHHOM OOIEITKI TOHHEIIS.

UYucaeHHOE MOJICIUPOBAHKE BHINONHAIOCh B YHHBEPCAIHHOM TPOrPaMMHOM KoMmiuiekce Abaqus. ['pyHTBI
KaKJIOTO CJIOST PACCMATPUBAIMCH Kak yIpyromiactTideckas cperna (monenb Kymona-Mopa). Tlapamerpsr Moneneit cpepl
MOIOMPAIIHCE C YYETOM 3THX JTAHHBIX.

Tabmuua 1
PacyeTHbIe oKa3aTesi MEXaHMYECKUX CBOMCTB IPYHTOB
Howmep crnos [TnoTHOCTS P, Monaynb Koaddrmment CuenuieHue c, VYron
/M3 nedopmanuu EO, TIOTIePEeIHOI klla BHYTPEHHETO
MIla nedopmanuu v TpPeHus @ , rpaj
[epserii cnoit | 1,92 1700 , 14 19
Bropoii cioii | 1,88 1400 0,33 12 19
Tpernii cioit | 2,75 1500 0,31 10 33

p— o0t ¥

Puc.1. MO,I[eJ'IB TOPHOT'O MacCuBa METOAOM KOHCYHBIX 3JIECMEHTOB

Ilo pesympraram pacyeToB TIIOJNyYEHBl KapTUHBI CMEIIEHHH KOHTypa OOHa)X€HHs BBHIpaOOTKH U
pacnpezieneHnss HOpMaJlbHBIX HaNpsDKeHWH, JEHCTBYIOMMX B TPYHTOBOM MAacCHBE B PaJHMalIbHOM HAIpaBIICHHH,
xapakrepu3yromue nporecc n3menenust HJ{C cucTeMsl «Kperb - MacCHB» B IIETIOM.

Puc. 2. Pactipenenerne HJIC mo kKoHTYpy TOHHENS
a) 10 HaHeCeHHs HaOpBI3rOETOHHON Kperiu;
0) mociie HHeCeHMsI HAOPBI3TOCTOHHOM KpeTH
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AHaNM3 NOJIYYCHBIX S0P O3BOJIMI YCTAHOBUTH, YTO MAaKCUMAaJbHBIC MIEPEMEICHHS KOHTYpa BBIPAOOTKH
HaOmomatorcss B maTax cBojga (Umax = 14,5 mMm) m mo ocu obpatHoro cBoga (Umax = 15,6 mMm), dro
CBHJICTENBCTBYET O MAaKCHMAIbHOH pa3rpy3ke TPYHTOBOTO MaccMBa B O3THX 30HaxX 3a CYET COBMECTHOTO
JeopMHpOBaHUs CUCTEMBI KKPETTh - MACCHBY U MEPeAadr HAPSHKCHUI Ha HAOPHI3rOETOHHYIO KPETIb.

Puc. 3. 3onbl qedopmMupoBaHusl NOPOJ MPH AHKEPHOM KPEIUICHHN

Kak u B mnepBoM BapuaHTe sl HaOpPBI3r-OETOHHOI'O KpEIUICHHsS, B AaHKEPHOM KperuieHun (6e3
KOMOMHHUPOBaHMA) MaKCHUMalbHbIE Ne(opManuy MpeBBIIIAIOT JOMyCTHMbIe HOpMBI. IIpy KOMOMHMpOBaHUH 2-X
BUJIOB Pa3MEIICHMs aHKEPHOTO KpEIUICHHs (paguanbHas W IEpPEeKpEecTHas) BBIIIOJHEH pacdeT B IPOrPaMMHOM
KOMIUTEKce Abaqus 1 TIOJTydEHBI CIICTYIONINE PE3YIbTaThl.

Fu oms o om0 — e b Bl T B e |

Puc. 4. Tlepemenienus MaccuBa BOKPYT BBIPAOOTKH IPH CTAHAAPTHOMN CXeMe aHKEPOB
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Puc. 5. [lepememenust MaccuBa BOKPYT BBIPaOOTKH MPH MEPEKPECTHON CXeMe aHKEPOB
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AHanu3upysl TOJNyYeHHbIE [AaHHbIE MOXHO CHENaTh BBIBOJ, YTO B YCIOBUSX TJIMHHCTBIX TOPOJ
MepeKpecTHast cxema paboTaeT JIydlle CTaHJapTHOU.

Puc. 6. 30HbI nedopMupoBaHus MOPO MPU KOMOMHUPOBAHHOM KpEIJICHUH
(HaOpBI3r-0ETOHHOE C AHKEPHBIM )

BeiBoabl: 1. HaGpbeir-0eToHHAs Kpemb UMeeT psi] IPEUMYIIECTB Iepe]] ApYTMMH BUIaMU BPEMEHHOU KpemH:

- BKJIOYAaeT B pPabOTy MaccuB, OKPYXKAaOIIMI BBIPAOOTKY, C MAaKCHMAaJbHBIM COXPAHEHHEM €ro
€CTECTBEHHOM HecCyIlel CHOCOOHOCTH, HE JIOMyCKas €ro pas3pylleHHs; - O0eCHeyMBaeT XOpoIIee CLEMJICHHE C
MIOPOHON TOBEPXHOCTBIO, YCTOWYMBOCTh K arpecCHBHBIM BO3ACHCTBHSM, BO3MOXKHOCTH IIOJHON MeEXaHM3aIHH
OCHOBHBIX ¥ BCIIOMOTaTEIbHBIX padoT;

- TO3BOJISICT YTNPABJIATh TOPHBIM JABJICHHEM IIOCPEICTBOM BHECEHHs ONEPATHBHBIX KOPPEKTHPOBOK B
KOHCTPYKIIMH B TIPOIIECCE COOPYKEHUSI TOHHEJIS;

- COKpaIllaeT CPOKH CTPOUTENBCTBA 33 CUET OTKa3a OT TPAIUIIMOHHBIX Mep (onanryOKa, TAMIOHHPOBAHHE U T,

2. Bpibop mapamMeTpoB MOCTOSHHOW OO0AETKH HEOOXOJAMMO OCYIIECTBIATH C YYETOM HAIH4Us
HaOpBI3rOETOHHOM KPEeIy, YTO MO3BOJINT 3HAYUTEIBHO COKPATUTh CPOKH CTPOUTEIBCTBA BCEro OOBEKTa 3a CUET
YMEHBIICHUS TPYJOEMKOCTH CTPOUTEIIFHO-MOHTaXXKHBIX PabOT M MaTepHalbHBIC 3aTPaThl HA CTPOUTEIHCTBO IIyTEM
CHIDKEHHS MaTepHaIOEMKOCTH TIOCTOSSHHON O0IeNKH.
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REMOVAL OF ORGANIC CARBON IN COAL SERIES KAOLIN BY
GRAVITY SEPARATION

Abstract

Coal series kaolin is a precious natural resource and an important nonmetal mineral, which has great
industrial value. However, coal series kaolin usually contains organic carbon and a small amount of impurities, such
as iron and titanium, which have a great influence on the whiteness of the final kaolin products. In this investigation,
gravity separation was adopted to remove organic carbon, iron, and titanium from coal series kaolin based on the
differences in density. It was found that the loss on ignition (LOI) of the kaolin with the removal of organic carbon
(decarbonized kaolin) decreased by 44.22% compared with that of the raw kaolin, and the contents of Fe,O3 and
TiO, decreased by 48.57% and 59.57% , respectively. The decarbonized kaolin was of high purity, and its whiteness
was much higher than that of the raw kaolin. The organic carbon separated from the coal series kaolin also can be
used in various ways depending on its coal rank and quality, avoiding the waste of coal resources. Gravity
separation is an effective method for the removal of organic carbon from coal series kaolin.

Keywords: coal series kaolin; carbon removal; impurity removal; gravity Separation

Introduction

China's coal measures kaolin is of large reserves, good quality and wide distribution, and almost all large
coal mines have associated or symbiotic kaolin [1-3]. Coal series kaolin, as a kind of valuable non-metallic mineral
resources, has a wide range of applications, such as paper-making, rubber, paint, chemical, and other industries [3].

An obvious disadvantage of China's coal series kaolin is that it contains a certain amount of organic carbon
which seriously deteriorates the product quality. Therefore, the removal of organic carbon from coal series kaolin is
the key to its efficient utilization. Chemical bleaching and calcination are the most widely used for removing organic
carbon in industry. However, the conventional chemical bleaching is costly, and its decarbonization effect is poor
[4-5]. Calcination has a good effect in removing organic carbon, but it causes the waste of coal resources and
environmental pollution [4-5]. Besides, both flotation and magnetic separation show an unsatisfactory effect in
removing organic carbon [6]. However, it is rarely reported that physical methods are used to remove organic
carbon from coal measures kaolin.

In this study, a physical separation method, gravity separation, was adopted to remove organic carbon from coal
series kaolin based on the differences in density, and the decarbonization effect of the gravity separation was explored.

Experimental

1 Materials

A coal series kaolin sample obtained from Shuozhou coal mine in Shanxi Province, China was tested in this study.
The chemical composition of sample is given in Table 1. It indicates that the kaolin sample contained a large amount of
organic carbon. Furthermore, the amounts of Fe,O5 and TiO, were also relatively high in the kaolin sample.

Table 1
Chemical composition of samples, %

2 Methods

The raw sample was crushed into a certain size by a jaw crusher. Then, the crushed sample was separated
using the float and sink test. In the float and sink test, zinc chloride powder and water were used to prepare various
kinds of mixture liquid with different densities. The ash content, LOI and calorific value of the products obtained
from the test were also measured.

Results and discussion

Table 2 shows the density distributions of the sample with various maximum sizes. Both the yield of <1.3
g/cm3 product and that of >2.0 g/cm® product increased as the maximum size decreased from 50 mm to 13 mm,
while the yield of 1.3-1.8 g/cm® product declined. However, the change on the yields of various density fractions
was insignificant. Therefore, the optimal maximum size of the sample was 50 mm considering the cost of crushing.
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Table 2
Comparison of density distributions of the sample with various maximum sizes, %

As also shown in Table 2, LOI of >2.0 g/cm3 product was less than 20%, which was closed to theoretical
value. Furthermore, the LOI of <2.0 g/cm3 product was much higher than that of >2.0 g/cm3 product. The results
indicate that organic carbon in coal series kaolin mainlg existed in <2.0 g/cm3 product.

Flgure 1 shows the XRD results of >2.0 g/cm® product at the maximum size of 50 mm. It indicates that the
>2.0 g/cm?® product separated from the raw coal series kaolin by gravity separation was the kaolin with high purity.
This product was defined as the decarbonized kaolin.

i

e

Figure 1. XRD results of >2.0 g/lcm® pfoduct (decarbonized kaolin)

Table 3 shows the comparison of chemical composition of the raw sample and decarbonized kaolin. The LOI of
decarbonized kaolin decreased by 44.22% compared with that of the raw sample, and the contents of Fe,O3; and TiO,
decreased by 48.57% and 59.57%, respectively. The results indicate that not only the organic carbon but also Fe,O3 and TiO,
could be removed by gravity separation. Furthermore, the high quality kaolin could be obtained in this way.

Table 3
Comparison of chemical composition of raw sample and decarbonized kaolin, %

Figure 2 shows the residues of various density products. The residues of uncalcined light products showed
light brown color due to the existence of the Fe,O3 and TiO,, and the whiteness of residues gradually increased as
the density of the uncalcined product increased. Therefore, it can be inferred that Fe,O; and TiO, were mainly
existed in the light products, and that is why Fe,O3z and TiO, could be removed by gravity separation.

Flgure 2. Reskdues of various density prodocts Figure 3, SEM and EDS rescis of the sseface
(from <1.3 10 >2.0 g'om’ ) afler being calcined of <1 .3 pem’ prodect

Figure 3 shows the SEM and EDS results of the surface of <1.3 g/cm?® product. Both the iron and titanium
elements were found in the surface of <1.3 g/cm® density product, which directly suggested that the light products
contained Fe,O5 and TiO,.
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Table 4 shows the density distribution of the raw sample at the maximum size of 50 mm. The calorific
value of lights with density smaller than 1.6 g/cm® was more than 5500 Cal/g, and the ash content of lights with
density smaller than 1.5 was only 10.74%. Therefore, the lights recovered from the coal series kaolin also owned the
industrial value.

Table 4
Density distribution of the raw sample at the maximum size of 50 mm

Conclusions

- The gravity separation was proved to be an effective method to separate the organic carbon from the coal series
kaolin, and parts of the Fe,0; and TiO, could also be removed by this method.

- The Fe,0; and TiO, mainly existed in the light products of the coal series kaolin in this study. It was the reason
why the gravity separation can separate not only organic carbon but also Fe,O; and TiO, from the raw sample.

- The quality of the coal series kaolin was upgraded by gravity separation, and the organic carbon also could be used
in different ways depending on its quality and coal rank. Therefore, the value of the coal series kaolin was increased.
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COMPONENT ANALYSIS OF SEAWATER AND MIBC AND THEIR
EFFECTS ON FLOTATION BUBBLE SIZE

Abstract

As freshwater becomes an increasingly valuable and scarce resource, a great deal of attention is being paid
to the use of saline (e.g. sea) water in flotation. The effects of a common frother (MIBC) on bubble surface area
flux and bubble size in seawater solutions was examined in this paper. It was determined that an optimum MIBC
concentration exists at approximately 4-5 ppm for seawater, while slightly decreasing bubble surface area flux at
higher concentration (5-50 ppm) for all saline solutions tested. The different components of seawater were
examined and it was determined that MgSO, may be acting to decrease bubble surface area flux in the presence of
NaCl in seawater.

Introduction

Flotation conducted in highly saline, even seawater, has become more prevalent in areas with limited
access to freshwater. The use of seawater can alter the pulp chemistry, and affect the performance of flotation. For
instance, it has been shown that salt ions present in seawater can act to inhibit bubble coalescence, and thus flotation
bubble size without the addition of a frother [1]. This reduction in bubble coalescence has been shown to be related
to the total ionic strength of the salt ions present in solution although debate still exists regarding the underlying
mechanism [1,2]. Castro and Laskowski [3] conducted experiments with frothers in seawater and NaCl solutions
and determined that the effect of frothers on coalescence prevention was minimal, having a larger effect in seawater
than in NaCl solution.

An important factor in the performance of flotation is regarding the size of bubbles. As flotation is a surface-area
driven process, it is often beneficial to represent bubble size as bubble surface area flux (Equation 1) [4].

5, =1 (1)

'r
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Where Sy, represents bubble surface area flux, Jq represents superficial gas velocity and Ds, represents
Sauter mean bubble diameter. Bubble surface area flux represents the total bubble surface area produced per cross
sectional area per unit time. A large bubble surface area flux is generally desired as this increases the surface area
for particles to attach to and thus be recovered.

This paper details the results of an investigation into to effect of salt solutions, both with and without the
presence of a common frother, methyl isobutyl carbonyl (MIBC).

Experimental

1. Materials

The commercial synthetic seawater salt Instant Ocean was used to replicate seawater. A compositional
analysis conducted by Atkinson [5] determined that Instant Ocean had a weighted difference of less than 5%
difference for the major seawater ions. ACS quality salts NaCl (Fisher Scientific, USA), MgSO, (Sigma-Aldrich,
Germany), CaSO, (Acros Organics, USA) and KCI (Fisher Scientific, USA) were used in amounts similar to those
found in seawater. The frother used was methyl isobutyl carbinol (Aldrich Chemistry, USA).

2. Apparatus

Tests were conducted using a laboratory scale Denver mechanical flotation machine with a cell volume of
5.5 liters, equipped with the McGill Bubble Viewer as a means to capture pictures of bubbles. The complete
experimental apparatus is shown in Figure la.

Figure 1. a) Experimental setup and; b) Position of sampling point

Bubbles formed by the injection of air and rotation of the impeller in the cell rise up through the bubble

sample tube into the bubble viewer. The position of the sample tube relative to the float cell is shown in Figure 1b.
In the bubble viewer, a thin film of bubbles is produced which are captured by camera and analyzed offline using

the image analysis software ImageJ [6] to determine the Sauter mean bubble diameter. A thorough explanation of
the apparatus and ImageJ analysis can be found in Sovechles & Waters [1].

The cell volume was kept constant by ensuring all experiments commenced with the flotation cell filled to
capacity, allowing overflow. The impeller speed was kept constant at 1200 RPM with an air superficial velocity of
1.0 cm/s (at the sampling point). Prior to the tests, the solution was allowed sufficient time to reach an ambient
temperature of 19-22 °C.

Results and Discussion

Figure 2 shows a comparison of bubble surface area flux for deionized (DI) water, seawater solution, and 0.5M
NaCl (seawater NaCl composition) as a function of MIBC concentration. It can be seen that MIBC increases the bubble
surface area flux in the seawater solution, with an apparent optimum MIBC concentration of 4-5 ppm resulting in an increase
of 47%. This indicates that it is beneficial to add MIBC to seawater systems. Bubble surface area flux appears to slightly
decrease for both saline solutions with larger MIBC concentrations (5-50 ppm). In the absence of MIBC, the bubble surface
area flux in NaCl was higher than in seawater, contrary to the ionic strength rule which indicates that bubble size decreases
with increasing ionic strength until a minimum bubble size is achieved (minimum achieved at an approximate ionic strength
of 0.3-0.5, seawater ionic strength is approximately 0.69) [1].

Using 0.5M NaCl as a base, other major seawater ions were added to determine if the lower seawater
bubble surface area flux could be explained. Figure 3 appears to show that in the absence of frother, the addition of
MgSO;, results in a decrease in bubble surface area flux.
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The addition of CaSO, and KCl appeared to have no influence on the system. This further points to MgSO,
in seawater as a possible cause of the observed decrease in bubble surface area flux. This decrease with the addition
of MgS0O, indicates there may be an interaction between the different ions present in seawater. This could be
explained by the complexing of free ions present in solution, reducing the total amount of free ions, however further
research with these ions needs to be performed.

Conclusion

It was determined that the bubble surface area flux in synthetic seawater is smaller than that of just the
NaCl component of seawater, with indication that there are interactions between Mg2+ or SO42' and Na" and CI'. Tt
was determined that MIBC frother increases bubble surface area flux in seawater solution, with an optimum
concentration of 4-5 ppm MIBC. At larger MIBC concentrations (5-50 ppm) it appears that bubble surface area flux
slightly increases for the saline solutions tested in this paper.
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INVESTIGATION OF THE WETTING BEHAVIOR OF IRON BASE
ALLOYS ON BORON NITRIDE SUBSTRATES

Abstract

The interfacial wetting has very important meaning both in life and in industrial manufacturing. Improved
wetting is necessary for metallurgical processing, e.g. sintering and casting of liquid iron base alloys for additive
manufacturing.

The wettability of ceramics by a liquid metal, e.g. high alloyed steel, has a major impact in numerous
materials-processing technologies at high temperatures (< 1400 °C).

Within the present investigation, some experiments were performed to determine the contact angle of
binary iron alloys on boron nitride substrates.

Introduction

The wetting phenomena is the ability of a liquid to maintain the contact with a solid surface, resulting from
intermolecular or interfacial interactions when the two phases (liquid and solid) are contacted. The equilibrium force
balance between the adhesive and the cohesive forces determines the degree of wetting (wettability).[1][2]

In the research a special term "contact angle" is used to graphically characterize the wettability of the
substrate liquid. It is possible to determine the degree of liquid wetting of the solid substrate by measuring the
contact angle. [3]

For measuring a contact angle a method of sessile drop was applied. (Figure 1).

Figure 1. Schematic graph of measuring a contact angle. [4]

Within the present investigation, some experiments were performed to determine the contact angle of
binary iron alloys on boron nitride substrates.

Several alloying elements like chromium, manganese, nickel, phosphorus, and sulfur have an influence on
the work of cohesion. The chemical exchange reaction between the substrate and the liquid phase, the oxygen
content in the furnace atmosphere and the experimental time according to the experiments were analyzed according
the contact angle.[5]

Experimental analysis and results

The research was made with the sessile drop method using a hot stage microscope (Figure 2) and argon
atmosphere (99.999 vol%, < 2 ppm O,).

Binary systems based on iron were studied in the research. Nickel, chromium, manganese, sulfur and
phosphorus were selected as alloying elements. Pieces of alloys in cubic form, weighting 5 g each, were melted on a
boron nitride substrate with 30 mm diameter (Figure 3).

The dependency of the contact angle on the melting temperature in the hot stage microscope were revealed.
The obvious reaction between nickel and boron nitride substrate were not observed, therefore, we can supervise the
dependence of the contact angle alternation concerning temperature and time only (Figure 4).

154



.I.H"I Almps raninEices

FrdirE- B A

o

4

J

Itacier 7L Rl J | Airgican

Figure 2. Scheme of hot stage microscope

Tt 1E19.0°C Tecll 151E0°C P A%
ImLR0Ie 03858 Probe; 160114 FeiNE BN _1515
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Figure 4. The dependence of the contact angle of a Fe-Ni binary (9 % Ni) on a BN substrate on temperature
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On the other side the alloys with manganese.

2Mn + N, = 2MnN (1)

When alloys heated to a temperature of 1500 °C and melted, a strong reaction (Formula 1) with formation
of MnyN is observed in literature (regardless of manganese concentration).[6] The formation of MnNg, MnsN,,
MnyN, Mn;N, and other nitrides is also possible. In this reaction a crater forms (Figure 5).

Tist 1515.1°C Teoll 15140°C P 520
OAD2018 163940  Probe 160204_FeMnT_BM_151

Figure 5. The image of a Fe-Mn binary (7 % Mn) on a BN substrate at 1519 °C temperature

The graph shows the time, until the drop remained unstable and active reaction took place. At the beginning of the
measurement, when the melt reacts with the ceramic substrate, the variation in the results of the angle measurement is great.
At a temperature of 1560 °C the drop is stable. Until the end of the measurements, when the temperature reaches 1500 °C, the
contact angle decreases. This suggests that the work of adhesion increases (Figure 6).

Figure 6. The dependence of the contact angle of a Fe-Mn binary (7 % Mn) on a BN substrate on temperature

The CRC 799 " TRIP-Matrix-Composites " is a huge project at the TU Bergakademie (Mountain Academy)
Freiberg, which is intended for design of new composite materials consisting of TRIP steel and ceramics in a casting and a
powder route. During the research project the influence of the contact angle of various components was determined.

The findings of the interface boundary "metal-ceramic" analyses with the usage of a scanning electron
microscope, as well as more accurate conclusions on the effect of the boron nitride wettability with steels will be
presented at the end of April.
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A STUDY ON THE INFLUENCE OF PH, FROTHER TYPE AND DOSE ON
FLOTATION OF CARBONACEOUS COPPER-BEARING SHALE

Abstract

The paper shows the influence of the frother type and dose and pH of solution on flotation of carbonaceous
copper-bearing shale. It was shown that shale was naturally hydrophobic material and it did not float in distilled
water. It started to float in the presence of frothers and salts. The recovery of shale increased with increasing dose of
frother and salt. The presented date clearly indicated that flotation of shale did not depend on pH of solution.

Introduction

Kupferschiefer stratiform copper ore consists of three lithological layers such as sandstone, dolomitic and
carbonaceous shale. The shale fraction is very unique in terms of lithology, geochemistry, mineralogy, chemical
composition as well as technology of processing. It consists of clay minerals, silicates, carbonates (dolomite and
calcite), organic matter and dendritic components (Chmielewski and Luszczkiewicz, 2010). Due to high content of
copper (7%) and total organic carbon (8%) in the carbonaceous copper-bearing shale, it is very difficult to find the
most effective way of processing this material. The high content of shale, and therefore organic carbon, in the final
upgrading products causes many pyrometallurgical problems.

Copper-bearing shale mined by KGHM Polska Miedz S.A. is a hydrophobic material and can be upgraded by
flotation (Kowalczuk et al., 2014). Efficiency of flotation depends on many parameters including particle hydrophaobicity,
interfacial liquid film between a particle and a bubble, type and dose of flotation reagents and many others. In flotation, a
hydrophobic particle attaches to a gas bubble and forms a stable aggregate, which can be moved upwards to the froth layer,
while hydrophobic particles sink. The frother layer is usually stabilized by the presence of frothers. Frothers also reduce
bubble size, prevent bubble coalescence (Melo and Laskowski, 2006) and rupture the interfacial liquid film (Kosior et al.,
2011). However, there is still a need to investigate the behavior of copper-bearing shale in froth and collectorless flotation. In
this work we show our and recently published data on the influence of frother and salt type and dose on flotation and
hydrophobicity of carbonaceous copper-bearing shale.

Results

Carbonaceous copper-bearing shale is a naturally hydrophobic material since its advancing and receding contact
angles, measured by a sessile drop technique, are equal to 43 and 24°, respectively. Despite the hydrophobicity of shale, it did
not float in distilled water. Shale started to float in the presence of frothers and salts. Kowalczuk et al. (2014) investigated the
impact of such frothers as aliphatic alcohols (C,H.,,.;OH), poly(propylene glycols) (HO(CsHsO),H), poly(propylene glycol)
alkyl ethers (C,H,n+10(CsHsO)mH) and poly(ethylene glycol) alkyl ethers (C,Han.10(C-H40)H) on flotation of copper-
bearing shale. It was shown that flotation is strongly influenced by the type and dose of frothers. As shown in Figure 1, the
best flotation results were obtained with tri(propylene glycol) butyl ether C,Ps, tri(propylene glycol) propyl ether C;P; and
tri(propylene glycol) Ps;, which indicated that they can float carbonaceous copper shale at a relatively low dosage.
Additionally, these frothers can be used for pre-flotation of carbonaceous matter from copper ore to reduce its content in the
final industrial concentrates.

concentration, mg/dm3

10 20 30 40
80 I I I

concentrate yield, %

0 30 60 90 120 150
concentration, g/Mg

Figure 1. Influence of frother type and dose on flotation response of copper-bearing shale (Kowalczuk et al, 2014)
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In order to meet the expectations of metallurgical requirements there is a need to reduce the organic carbon
from the final flotation concentrates. Therefore, Konieczny et al. (2013) tested the possibilities of organic carbon
matter separation by a pre-flotation stage under industrial conditions. They found that there is a possibility of
separating a significant amount of organic carbon on the pre-flotation stage by applying only a frother. They showed
that 28% of organic carbon contained within the feed was successfully separated. However, this pre-flotation cause
copper losses of 8% with reducing of organic carbon content from 1.7 to 1.27%.

The presence of frothers not only started flotation of shale but also “uncovered”, necessary for flotation, its
effective hydrophobicity from 0° in distilled water to around 40° in the presence of frother (Drzymala and
Kowalczuk, 2014, Kowalczuk et al, 2015). This effective hydrophobicity of copper-bearing shale was dependent on
the frother dose.

An important issue for flotation of naturally hydrophobic substances is to use a mixture of frothers
(Ngoroma et al., 2013), which can give either the synergetic or antagonistic effect. The synergetic effect was
observed for a mixture of methyl isobutyl carbinol (MIBC) and di(ethylene glycol) monobutyl ether (C4E,). The
maximum recovery with blends was higher than for frothers used separately. The synergetic effect was also
observed for a mixture of MIBC and tri(propylene glycol) butyl ether (C4P3). On the other hand, the mixture of
MIBC and di(ethylene glycol) monoethyl ether (C2E2) gave a negative effect and the maximum recovery of shale in the
presence of mixture was relatively low in comparison to frother used separately (Kowalczuk and Drzymala, 2016).
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Figure 2. Influence of pH on copper-bearing shale flotation in distilled water, industrial water and in the presence of
C4E; frother (Kowalczuk and Drzymala, 2016)

The flotation process can be modified using many flotation reagents. Electrolytes, that is salts and pH
regulators, change the solid-water interfaces (Drzymala, 2007). These reagents can either improve or worsen a
flotation process. The influence of pH on flotation of carbonaceous copper-bearing shale was investigated in
distillated water, industrial water, which contains salts, and in present of frother tri(ethylene glycol) monobutyl ether
(C4E3). It was shown that the flotation response of copper-bearing shale did not depend on pH of solution (Figure 2).
Irrespective of pH, the maximum recovery was equal to 60% in distilled water and ~80% in industrial water and in
the presence of frother (Fig. 2) (Kowalczuk and Drzymala, 2016).

Conclusions

The paper presents the study on the flotation behavior of copper-bearing shale in distilled water, industrial
water and in the presence of frother type and dose. It was shown that shale is a naturally hydrophobic material and
can be easily recovered in collectorless flotation. Flotation of shale depends on the frother type and dose but does
not depend on the pH of solution.
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COMPARISON OF PYRRHOTITE POLYMORPH FLOTATION WITH
AND WITHOUT ULTRASONICATION PRE-TREATMENT

Abstract

The flotation response of the pyrrhotite polymorphs (magnetic and non-magnetic) is conflicting in the
literature and can be traced to impure minerals and mineral surface oxidation. This leads to results that may not
represent the polymorph’s true floatability and thus a fair assessment cannot be made. This study focuses on two
main aspects: the effect of ultrasonication on pyrrhotite flotation and the comparison of flotation responses of the
polymorphs, both with and without collector addition. The results demonstrate that ultrasonication can greatly
improve collector adsorption thereby enhancing mineral floatability. The polymorphs were found to behave
differently in the acidic-neutral pH region and identically in the alkaline region, suggesting a surface chemical
phenomenon. In the acidic region, non-magnetic pyrrhotite was significantly more floatable.

Introduction

Pyrrhotite (Po) is the second most common iron sulfide mineral in nature (after pyrite), having a non-
stoichiometric formula Fe( S, where 0 < x < 0.125 [1]. It is present in most metal sulfide ores, typically associated
with Ni—Cu, Pb—Zn and platinum group elements (PGE), having many superstructures that are all based on the
hexagonal NiAs crystal subcell [2,3]. There are two naturally occurring structures: magnetic and non—magnetic
pyrrhotite [2]. Due to its abundance, pyrrhotite is processed alongside valuable base metal sulfides and is considered
a gangue mineral. Pyrrhotite rejection at the concentrator (>85%) is commonly practiced as it generally contains >75
wit% of the feed sulfur and is the largest contributor to SO, emissions [4]. Historically, many pyrrhotite flotation
studies were conducted to understand its physicochemical properties, however, these rarely distinguished the type of
pyrrhotite. Generally, the differences were perceived to be minor and comprehensive studies were not pursued.
There is now ample evidence from recent studies suggesting that the two polymorphs exhibit different flotation
responses [5-8]. However, the information is contradictory as to which one is “more” floatable in the pH range of
interest, with surface oxidation playing a major role. Some microflotation studies in the literature concerning
pyrrhotite flotation use ultrasonication as a pre-treatment step to breakdown surface oxide layers prior to flotation
[8]. This apparently cleans the surfaces and therefore allows for a proper assessment of a mineral’s true floatability.

The objectives of this study were to compare the flotation responses of the pyrrhotite polymorphs
(magnetic and non-magnetic), and the influence of ultrasonication treatment prior to flotation.

Experimental

1. Mineral purification

Naturally occurring magnetic and non—magnetic pyrrhotite minerals were sourced from two different
Canadian deposits (magnetic — Subdury, Ontario; non—magnetic — Voisey’s Bay, New Foundland and Labrador).
The magnetic variety (Fe;Sg) was purchased from Excalibur Mineral Corporation, it was crushed and purified by
magnetic separation (hand magnet ~ 1000 Gauss) after which the +38um was sized into 3 fractions. The non—
magnetic variety (FeqS19) was obtained from storage (leftover from previous studies) and ground (rod mill), floated
(Denver cell) with an aggressive float scheme to remove chalcopyrite and pentlandite (as concentrate), after which
the tails were subjected to magnetic separation (hand magnet ~1000 Gauss). The non—magnetic material was then
sized into 3 +38um fractions. After purification, the minerals were stored in a freezer.

2. Mineral characterization

The metal composition of the purified minerals was determined using a Thermo Scientific iCAP 6500 ICP—
OES CID Spectrometer (copper, iron and nickel) after which mineral compositions were calculated using their ideal
stoichiometric formulas (Table 1). The minerals were also characterized using a Bruker Discover D8 — 2D
Diffractometer using Co Ka radiation as validation.

3. Ultrasonication and microflotation

Mineral surfaces were cleaned using a Hielscher Ultrasound Technology UP400S UltraSonic Processor for
1 minute (this time was determined to be optimal). Microflotation tests were conducted on 1g purified minerals (—
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106/+38pum, P80 = 75um) using a modified Hallimond tube (180 mL) between pH 6 and 11; 5 minutes of potassium
amyl xanthate (PAX) collector conditioning (2.5 ppm, equivalent to ~100 g/ton); N, gas source; with tests conducted
in triplicates, and error bars in Figures denote + 2 standard deviations.

Results and Discussion

The mineral compositional data (Table 1) shows 86 — 92% pyrrhotite purity among the ore samples for all
size fractions. Although relatively pure, the proportional locking to other sulfide minerals (i.e. chalcopyrite and
pentlandite) may slightly influence the microflotation results as they generally demonstrate higher flotabilities.

Table 1
Composition of purified minerals by size class. Note: Cp — chalcopyrite; Po — pyrrhotite; Pn — pentlandite; Rk — rock
Non-magnetic (FegS1) | Magnetic (Fe;Sg)
Sizefraction(um) I' D O.I. I'I I'I l' 0 l.l. l.l l'-
-106/+75 0.03 91.72 1.61 6.64 1.41 86.44 5.14 7.00
-75/+53 0.03 90.09 1.56 8.32 1.12 88.33 4.50 6.05
-53/+38 0.03 88.00 151 10.46 1.08 86.68 4.46 7.79
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Figure 1. Pyrrhotite with/without collector (PAX, 2.5 ppm) & ultrasonication (1 min.); (a) Magnetic; (b) Non-

magnetic

Figure 1 displays flotation recoveries of the pyrrhotite polymorphs under various conditions; collectorless,
with PAX collector; and ultrasonication (as pre-treatment). Figure 1(a) illustrates the effect of both collector and
ultrasonication on the magnetic variety, both of which greatly enhance the floatability when compared with the
collectorless condition, which served as the baseline. The collectorless data under the two conditions appears to be
quite similar, with increasing recoveries in the alkaline region, which may be attributed to surface oxidation at high
pH. Intermediate oxidation is known to promote the collectorless flotation of pyrrhotite. When comparing the
relative effect of ultrasonication to the collector, it is clear that the effect is additive, where the introduction of
sonication likely destabilizes surface oxide films thereby rendering them ‘clean’, thus resulting in higher adsorption
densities. The results demonstrate enhanced floatability between 8.5 and 9.5 pH, the largest increase being ~24%
(pH 9). Figure 1(b) displays the recoveries of the non-magnetic variety, where the mineral without ultrasonication
pre-treatment exhibited virtually no flotation response (both with and without collector), which was most likely the
result of surface passivation (although most precautionary measures were taken to prevent this). After
ultrasonication, both collectorless and collector flotation recoveries were significantly enhanced, supporting the
proposition that the surfaces were cleaned and promoted improved collector adsorption. Collectorless floatability
appeared to be similar at all tested pH conditions. Flotation with collector resulted in a maximum recovery of ~80%
(near neutral pH) after which a steady decline was observed with increasing pH, this was the result of collector
desorption at alkaline conditions (surface collector substitution with OH™ ions). Direct comparison of the floatability
of magnetic and non-magnetic pyrrhotite (after ultrasonication and with collector), Figure 2, shows that they have
near identical recoveries in the very alkaline region (pH > 9), however, significantly different in the acidic to neutral
pH regions. This implies that there is a difference in the surface chemistry of the polymorphs, which requires further
investigation. Overall, the non-magnetic variety was found to be more floatable in the acidic to neutral pH range.

Conclusions

1. Ultrasonication treatment prior to flotation can significantly improve collector adsorption by removing
surface oxides and results in increased flotation responses;

2. Pyrrhotite polymorphs exhibited differing flotation behaviour which may be attributed to different
surface chemistries;
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3. Non-magnetic pyrrhotite was found to be more floatable than the magnetic variety in the acidic/neutral
region, however, they showed near identical recoveries in the alkaline region.
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Figure 2. Comparison of magnetic and non-magnetic pyrrhotite recoveries (2.5 ppm PAX, 1 min. ultrasonication)
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REVERSE FLOTATION OF SUBBITUMINOUS COAL

Abstract

Coal cleaning is very necessary before coal utilization as it could remove the minerals and increase the
quality of coal sample. Low rank coal usually has high moisture and high number of oxygen containing functional
groups, which will increase the hydrophilicity of coal surface. So it is usually difficult to float low rank coal by
traditional flotation. In present study, subbituminous coalwas upgraded using reverse flotation. The effect of
different collectors on reverse flotation performance was investigated. During reverse flotation, silica particles were
floated while coal particles were depressed. Reverse flotation is a good alternative method to upgrade low rank coal.

Keywords: subbituminous coal; silica; reverse flotation; amine collectors

Introduction

Coal particles are hydrophobic in nature and coal fines below 0.5mm are always beneficiated using flotation
method. Low rank coal is usually difficult to float using traditional flotation with oily collectors, because there are a number
of the oxygen-containing groups on coal surface . The oxygen-containing groups such as hydroxyl, carboxyl, and carbonyl
would increase the hydrophilicity of coal . A lot of researchers have done some work to improve the floatability of low rank
coals, like pretreatment with different surfactants ™, heat treatment using low temperature [ or microwave treatment &
etc. Electrolytes were also added to the slurry to reduce the negative charge on coal surface, which can change the surface
zeta potential from negative to positive and increase the combustible matter recovery . New collectors and collector
mixtures can also increase the concentrate yield and decrease the ash content of the concentrate . Contrary to coal
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conventional flotation, reverse flotation takes advantage of the hydrophilic property of low rank coal, during which process
the coals are depressed while gangue minerals are floated. In this investigation, the effect of different collectors on reverse
flotation performance of subbituminous coal was discussed.

Materials and experiments

1. Materials

Subbituminous coal sample obtained from Peabody Energy in US was crushed to flotation feed size (-
200um). The proximate analysis and the size composition of this coal sample are shown in Tables 1 and 2,
respectively. The purity of the quartz used was 98.8% and the mean size of quartz particle is 10.87um. Flotation
feed was prepared by mixing subbituminous coal and quartz with the ratio of 7:3.

Table 1
Proximate analysis of subbituminous coal
Sample Mad/% A% Vadl % FCal% Sd%
Subbituminous coal 27.72 8.81 46.62 16.85 0.72
Table 2

Particle size distribution of subbituminous coal
Particle Size/um Yield/% Ash Dry/%

150-200 15.71 6.42
120-150 12.92 6.96
74-120 153 7.05
53-74 10.52 7.3
38-53 351 8.7
-38 42.04 11.3
Total 100.00 8.81

2. Chemical reagents

Lilaflot D817M, Lilaflot 811 provided by AKZO NOBEL and Dodecyltrimethylammonium Bromide
(DTAB) from SIGMA were used as collectors. 1% solution of collector was made by diluting 1g as-received reagent
to 100ml with distilled water. Dextrin bought from Fisher Scientific was used as coal depressant. 1% dextrin
solution was made with distilled water daily. Methyl isobutyl carbinol (MIBC, lab grade) was used as frother. Tap
water was used throughout the flotation stage.

3. Reverse flotation tests

Reverse flotation tests were carried out in a 1-L Denver laboratory cell in natural pH. The air valve was kept at
maximum. The slurry was conditioned for 3 min in all the tests. The other conditions are as follows: pulp concentration:
409/, conditioning time: Omin, conditioning speed: 1000rpm, frother: MIBC 20 ppm, depressant: dextrin 2kg/t.

Depressant was conditioned for 3 min and then frother was added and conditioned for 1 min. As soon as
collector is introduced along with air bubbles in the flotation cell, the flotation process begins. Froth product was
collected for 5 min. The concentrates (the products remains in the cell) and the tailings (the froth products) for reverse
flotation were collected, dried and weighed to calculate recoveries.

For reverse flotation, combustible matter recovery in concentrate was calculated by equation (1). Reverse
flotation separation efficiency was calculated by equation (2).

Combustible matter recovery (%)=Mc*(100-Ac)/[M*(100—Ar)]*100 Q)
Separation efficiency index (%)=100*Mc*(Ar-Ac)/[Mg*(100-Ag)*Ag] *100 (2)

Where Mc and Mg are the weight of the concentrate and the feed (g), respectively, Ac and Ar are the ash
content of the concentrate and the feed by weight (%), respectively.

Results and discussion

Figure 1. Effect of collector dosage on reverse flotation performance
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Amines and ammonium salts are very popular quartz collectors [8]. In this research, three cationic amine
collectors Lilaflot D817M, Lilaflot 811 and DTAB were used and the performance comparison among them is
illustrated in Fig.1. The collector dosage changes from 1kg/t to 4 kg/t. It is obvious that higher combustible matter
recovery can be obtained with DTAB than with the others. With the increase of collector dosage, the ash content of
concentrates decrease as more minerals are floated into froth product. The separation efficiency for both DTAB
(changing from 9.86% to 54.90%) and Lilaflot 811 (changing from 27.11% to 67.43%) increases when collector
dosage changes from 1kg/t to 4kg/t, indicating that more collector is necessary to get more silica floated. The
separation efficiency for Lilaflot D817M decreases from 83% to 68.94% when the collector dosage changes from
1kg/t to 2kg/t and then does not fluctuate much with more collector dosage. However, separation efficiency for
Lilaflot D817M is higher than that for the other two collectors in the whole tested ranges. It indicates that Lilaflot
D817M has the best selectivity during coal reverse flotation. When 3kg/t Lilaflot D817M was used, a clean coal
product with 8.41% ash content was obtained with 86.75% combustible recovery and 71.32% separation efficiency.

Conclusions

In this research, reverse flotation was conducted to separate the subbituminous coal-silica mixture. The
effect of three different amine collectors on reverse flotation performance was investigated. Lilaflot D817M has
better selectivity than the other two collectors. When 3kg/t Lilaflot D817M was used, a clean coal product with
8.41% ash content could be obtained. The combustible recovery is 86.75% and separation efficiency is 71.32%.
Therefore, reverse flotation is feasible to separate subbituminous coal with appropriate conditions.

References

1. J. Qu, X. Tao, H. He, X. Zhang, N. Xu, B. Zhang, Synergistic effect of surfactants and a collector on the
flotation of a low-rank coal, International Journal of Coal Preparation and Utilization 35 (2015) 14-24.

2. W. Xia, J. Yang, C. Liang, Effect of microwave pretreatment on oxidized coal flotation, Powder
Technology 233 (2013) 186-189.

3. G. Atesok, M. S. Celik, A new flotation scheme for a diffcult-to-float coal using pitch additive in dry
grinding, Fuel 79 (2000) 1509-1513.

4. O.F. Ersoy, H. Turgut, O. Giiven, K. Cinku, O. Ozdemir, M. S. Celik, Effect of heat treatment on the flotation
of Turkish lignites in brine solution, Materials Science and Technology, Quebec, Canada, (2013) 2044-2052.

5. G. Ozbayoglu, T. Depci, N. Ataman, Effect of microwave radiation on coal flotation, Energy Sources
Part A: Recovery Utilization and Environmental Effects 31 (2009) 492-499.

6. E. Bolat, S. Saglam, S. Pigkin, The effect of oxidation on the flotation properties of a Turkish
bituminous coal, Fuel Processing Technology 55 (1998) 101-105.

7. R. Jia, G. H. Harris, D. W. Fuerstenau, An improved class of universal collectors for the flotation of
oxidized and/or low-rank coal, International Journal of Mineral Processing 58 (2000) 99-118.

8. M. Vieira, A. E. C. Peres, The effect of amine type, pH, and size range in the flotation of quartz.
Minerals Engineering 20 (2007) 100.

SA.4. BACUJIEB, 1. H. CAMOKHWII
Hayuonanvnas memannypauieckas akaoemus Ykpaunvl

PA3BPABOTKA SQHEPI'ETUYECKH 39OPEKTUBHBIX PEXKUMOB
HATAHAKEHUN HA OJHOKJIETBEBBIX PEBEPCUBHbBIX CTAHAX
XOJIOAHOHU MPOKATKMU ITOJIOC

Ha ocHOBaHNM MaTeMaTHYECKOTO MOACIUPOBAHUS MMOJTYYCHBI KOJTMYCCTBECHHBIC TaHHBIC O BIIMSTHUN YPOBHSA
N COOTHOIICHHUA OTHOCHUTCIBHBIX YICJIBbHBIX HaTSHKEHUH Ha CYMMapHYIO MOMIHOCTBH IIpU XOHO)IHOﬁ IIPOKaTKe C
HaTsSOKCHUEM. Hpezmoxceﬂm MoAean JJid  ONpPCACIICHUA OINTUMAJIbHBIX BCJIMYMH 3aJHETO W HNEPEAHEro
OTHOCUTCJIBbHOI'O YJCJIbHOI'O HATSXKCHUSA U HUX COOTHOLICHUA, O6€CH€‘II/IBaIOHII/IG MHHUMMU3AIIUKO MOIIHOCTHU
(pacxoz:a 3H€pFI/II/I) Inpu BEACHUM IIpolecca XOJ'IOI[HOfI MPOKATKN C HAaTsAXKCHHUCM. C HuCHoJNb30BaHUEM
MPCAJIOKCHHDBIX MOI[eJ'ICﬁ OINITUMU3UPOBAHBI PEIKUMBI HATSOKEHUH Ha OAHOKJICTBEBOM DPEBEPCUBHOM CTAHC 1680,
MIO3BOJIMBIIME YMEHBIINTH MOTPEOISIEMYIO MOIIIHOCTD IPH XOJIOHOM Ipokartke Ha 6,5 u 4,5 %.

On the basis of mathematical modeling obtained of quantitative data on the impact of the level and the ratio of
relative unit tension on the total capacity of the cold rolling with tension. The models for determining the optimal values back
and front relative specific tension and their relationship minimizes power (energy consumption) in the management of cold
rolling process with tension. With the use of the proposed models are optimized schedules of tension at single-stand reversing
mill 1680, which allowed to reduce power consumption during cold rolling at 6,5 and 4,5%.

KiiroueBble cj10Ba: XOJIOAHAs IIPOKaTKa, I10JI0Ca, OJHOKJIETEBON pEBEPCUBHBIA CTaH, HaTSIKEHUE,
COOTHOIIIEHHE, MOIITHOCTb, 3HEPTro3((HEeKTUBHOCTD.

ITocTranoBka leOﬁJIeMbI. HpnnomeHMe TAHYIIUX CHUJI K TOJIOCE Ha BXOAC M BbIXOAC U3 OYara z:e(bopMam/m
IIOBBIIIIACT YCTOfIQHBOCTL M CTaOUIILHOCTH npouecca NpoKaTkKu, obecrieunBaer CYIIECTBEHHOC YMCHBIICHUC YPOBHS
KOHTAKTHBIX HaHpSDKGHI/Iﬁ " CUJIbl IPOKATKH, CHOCO6CTBy€T TOBBIIICHUIO TOYHOCTHU, NPEIKIAC BCETO IIIOCKOCTHOCTH,
MMPOKAThIBACMbIX TIOJIOC, PACHIMPCHUIO COPTAMCHTAa U YBCJIUMYCHUIO IMMPOU3BOAUTCIBHOCTU CTAaHOB XOHOILHOﬁ
MoJIOCOBOM TpokaTku. [IpuMeHsieMble Ha JCHCTBYIOIIMX CTaHAX XOJOJHOW MPOKATKH YJEJbHble HATSXKEHUSI (
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usMeHsroTes B npezenax ot (0,05-0,15) or (rne op — mpenen TeKy4ecTH MaTepuaia MOJ0Chl B COOTBETCTBYIOIIEM
MEXKIeTheBOM TpoMexyTke) 110 (0,30-0,45) or. BennmunHa OTHOCHTENBHBIX YACTBHBIX HATSDKEHUH ¢/0r 3aBUCHT OT
COpPTaMEeHTa MPOKATHIBAEMBIX MOJIOC M OTPAaHNYMUBACTCS TOYHOCTHIO M KAYECTBOM IPOJOIBHBIX KPOMOK HCXOIIHOTO
MOJKaTa, CTETEHbIO HAKJella M MEXaHWYeCKHMMH CBOHCTBAMH MaTepuaita IOJOCH, a Takke BO3MOXXHOCTAMHU
MEXaHHUYECKOTO W 3JIEKTPHIECKOro obopynoBanus ctana. OQHAKO PEKOMEHIAINH 0 ONPEACTICHA0 PAlHOHAIHHBIX
BEJIMYMH OTHOCUTEIILHBIX YICIbHBIX HATSXKCHHUN M UX COOTHOIICHUS IIPH XOJIOTHOM MPOKATKE HET.

HocTranoBka 3amaun. [lenpro0 pabOTHI ABISIETCSA HCCICIOBAHUE BIUSHHS COOTHOIICHHS OTHOCHTEIBHBIX
YICTBbHBIX HATSDKEHHSI Ha MOIIHOCTH IPOIECCa XOJOJHOM MPOKATKH M pa3pabOTKa dHEPreTUUCCKU APPEKTUBHBIX
PEXKUMOB HATSDKCHUH HAa OJTHOKJICTHEBBIX PEBEPCUBHBIX CTAHAX XOJIOJHOW MPOKATKH.

H3yi0:keHNe OCHOBHBIX MaTepHaJioB HccjaenoBanus. OO0 sHepreTuueckoi 3(h(HEKTHBHOCTH Tpolecca
XOJIOZHOI MTOJIOCOBOW MPOKATKH C HATSHKEHUEM CYIIMIIN TI0 BEIMYHHE COOTHOMIEHUS W,/ W, [1]
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rae Mo, Pepens Wor lows Vims Scus Mey Peper Wes les Vi, Sc — MOMEHT IPOKAaTKHM Ha OOYKe BaIKOB, CpeJHEE
KOHTaKTHOE€ HOPMAaJbHOE HalpspKeHUe, KOI(QQUIMEHT, XapaKTepPU3YIOUIMH I0JIO)KEHHE TOYKH IPHIIOKEHHS
PaBHOJICHCTBYIOIEH KOHTAaKTHBIX CUi (KOdQUIMEHT mieya MOMEHTa), [UIMHA oyara JaeopMalvd, CKOPOCTh
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C ucnonp3oBaHueM BbIpaxkeHHs (1) MccienoBaiy BIMSIHHE COOTHOIICHMS 33IHET0 ¢o/oro U TEpeIHero
qi/or (toe org, or; — Tpenen TeKy4ecTH MaTepHuaia II0JIOChl Ha BXOJAE M BBIXOJE M3 odara jaeopMariyn)
OTHOCHTEJIFHOTO Y/IJIbHOTO HATSHKEHUs Ha MOIIHOCTH ITPOIIEcca XOJIOHOM MOJI0COBOIt pokaTky (puc. 1).

W3 puc. 1 BuAHO, YTO MOIIHOCTh NPH XOJOAHOW MPOKAaTKE C HATSHKEHHEM 3aBUCUT OT TapaMerpa
qo'o11/(q,°'6T0) Tonbko B Juanaszone m3MeHenus ero 3uadeHuit ot 0,1-0,2 1o 1-2 (Ha pHUCyHKE NMOKa3aHO ITyHKTHPOM).
JanbHeliee yBenuueHne 3Ha4eHUI JaHHOTO IIapaMeTpa Ha CyMMApPHYIO MOIHOCTb IIPOKATKH C HATSDKEHUEM IIPAKTHYECKU
HE BJIMSIET, TIOCKOJIbKY B 9THX YCJIOBHMSIX Je(hopMaliy HEOOXOAMMBIi YPOBEHb MOIHOCTH JUIsl OCYHIECTBICHHS Mpoliecca
ONpeIeNsIeTCs] UCKIIFOYNTENEHO BEJIMYNHOM 3aHEr0 OTHOCHUTENIHOTO HATSDKEHUSL.

B pesynprare craructudeckold oOpabOTKM W OOOOIIEHHS MaTepUalioB JaHHOTO HCCIIENOBAHUS TIONyYEHBI
CJIEITYIOIINE 3aBUCUMOCTH (MOJIEIN) JUISl ONPEIeTICHHS PAIOHALHBIX 3HAYSHUH OTHOCUTENBHBIX YAENbHBIX HATSDKSHUH U
WX COOTHOIIEHHS B JII000H KieTH (JIIoOOM TPOITYCKe) HEMPEPHIBHOTO (PEBEPCUBHOTO) CTaHA, OOSCIIEUMBAIOIINE BEICHHES
Tpoliecca X0JIOAHON POKATKH ¢ HANMEHBIIISH MOIITHOCTHIO MITH C HAMMEHBIIINM PacXo/I0M SHEPTHH:

9, 1+ f +1+gg

:kq
h

Fro 1+5. |0
R

(€)

kq — xO(pdUIMEHT, ONMpEeaeNAIOMMA BO3MOXKHBIH yPOBEHb OTHOCHTENBHBIX YICHBHBIX HATSHKEHHH C y4eToM
OCOOEHHOCTEH TEXHOJIOTMHU TPOKATKH Ha KOHKpETHOM cTaHe (kg=0,05-0,25); &, &, &y — YacTHOE, MpeIBapUTENLHOE U
CYMMapHOE OTHOCUTEJIbHOE 0OYKaTHe TIOJI0CHI PU MPOKATKE B JAHHOM MPOITYCKEPEBEPCUBHOTO CTaHa, A0 eUHULBL, R, /g
— pazuyc paboyero Bajika ¥ TOJIIMHA MOJIOCHI Ha BXOJE B ouar e(h)opMaliiy JaHHOTO MPOIYCKa PEBEPCUBHOTO CTaHa, MM; [
— K03 (PUIMEHT TPEHUS NP MPOKATKE B TAHHOM IPOITYCKE PEBEPCUBHOTO CTaHA.
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Tabmuma 1
JeiicTByronye 1 npearaeMble pexXUMbl HATSDKEHUS. M SHEPTOCUIIOBBIE TAPAMETPHI IIPH XOJIOJHOH
MpOKaTKe Ha OJHOKJIETEeBOM peBepcrBHOM cTaHe 1680 OAO «3amopokcTaiis

Ipoxarke monock! 0,5x1020 Mm i3 mozkarta 2,5x1020 MM (cTams 08km) [o1=230+34,6(100£)**; t,,=40 °C; t,,=55 °C; R,=1,0
MKM; t,,,=40 0C]

[HeiictByromuii pexxum mpokatku: 2W=4401 kBt

Y W
NQ ho, qO! ql! P(:1 i Wc: WMOTI n
KT MM € Ex H/vv? | H/imw? doloro | Qulom f le, My MH /e kBT kBT K}%T
25 54
1| % | 0293 | 0203 | 15 64 | 0067 | 0,138 | 0093 | 1600 | 964 | 19 | 629 | 32, | 806
2 | L7 | 0312 | 0514 | 58 76 | 0125 | 0139 | 0084 | 1464 | 11,28 | 2.4 | 103 | 180" | 109
7 6 | 236%* | 1
3 | 121 0254 | 0637 | 57 65 | 0104 | 0110 | 0079 | 12,07 | 1042 | 2.9 | 829 | 18" | gs52
S 1o , , , , , , , Tow
09 184>
a | % | o2 | 0737 | 76 81 | 0129 | 0130 | 0,077 | 1135 | 1074 | 34 | 900 | oces | 912
06 170*
5 | %° | 0241 | 0800 | 82 77 | 0131 | 0119 | 0074 | 1014 | 1041 | 39 | 750 | 72, | 740
Ipennosxennblit pesxuM Hatsikenuit: ZW=4115 kBt1;k=0,17; AZN=286 xB1; AZW/ZW 500,,s=6,5 %
1| %> | 0203 | 0203 | 60 | 155 | 0269 | 0333 | 0,093 | 1557 | 764 | 19 | 398 | 20, | 741
*

2 1%7 0312 | 0514 | 132 | 183 | 0283 | 0331 | 0,083 | 1416 | 918 | 24 | 876 %** 123
3 | 12| 0254 | 0637 | 164 | 196 | 0207 | 0320 | 0077 | 1140 | 7.97 | 29 | 710 | 2257 | 798
2 Ba4*

09 438*

a4 | % | 0274 | 0737 | 181 | 206 | 0304 | 0320 | 0,075 | 1065 | 824 | 34 | 790 | o0, | 851
0,6 405*

5 | 0° | 0241 | 0800 | 196 | 77 | 0312 | 0328 | 0,073 | 975 | 895 | 39 | 937 | Joo. | 691

Tpoxatke monockr 0,8x1020 MM 13 moakata 2,7x1020 Mm (ctanb 1km) [01=260+13,3(100¢)*"; 1,,=40 °C; t,,=55 °C; R,=1,0
MKM; t,,,=40 0C]

JeiicTByroruit pesxxum mpokatku: Wy, ., ~3085 kBT

Ne ho, e & Jos d1, q /o q o f . MM Pcv :4/7(’: Wc: WMDTI qu
KT | MM z H/mm? | H/vm? 07O rom © MH kBr | xBr KpBlT
2,7 58*
1 0,296 | 0,296 15 69 0,060 | 0,279 | 0,094 | 16,28 8,55 19 | 603 813
0 268**
19 214*
2 0 0,298 | 0,506 63 82 0,163 | 0,184 | 0,082 | 14,20 8,47 24 | 832 279w 897
13 203*
3 0,185 | 0,597 61 70 0,137 | 0,149 | 0,075 | 1041 6,54 2,9 | 495 525
3 233**
1,0 274*
4 0,163 | 0,663 82 84 0,175 | 0,172 | 0,072 9,25 5,85 3,5 | 466 473
9 281**
5 0.9 0,13 0,707 86 80 0,176 | 0,160 | 0,069 8,17 5,28 40 397 283~ 377
1 ’ 3 [l ’ [l ’ [l fl 263**
IpeioxeHHbI#A pexum HaTskeHni: XW=2946 kBt;k,;=0,15; AZW=140 xB1; AZW/EW )05 =4,5 %
*
1 | %7 | 0206 | 0206 | 68 | 120 | 0270 | 0332 | 0,003 | 1595 | 695 | 19 | 519 | 2000 | 755
19 374*
2 0,298 | 0,506 110 148 0,283 | 0,330 | 0,082 | 13,91 7,28 24 | 737 866
0 504**
13 443*
3 3 0,185 | 0,597 133 155 0,297 | 0,328 | 0,074 | 10,00 5,29 2,9 | 427 516%* 501
1,0 478*
4 9 0,163 | 0,663 143 161 0,303 | 0,328 | 0,071 8,87 4,85 35 | 397 53g%* 457
0,9 496™
5 1 0,13 0,707 151 80 0,308 | 0,159 | 0,069 8,00 4,80 4,0 600 263** 367

*— MOIIIHOCTG 3aJHel (pa3MaThIBaroIIeii) MOTaKy, KBT; ** — MOITHOCTE nepeHell (HaMaThIBArOIICH )

[Ipu pacdere HEPTETUYECKU BBITOJHBIX PEKUMOB HATSHKCHUH Ha ONHOKIICTHEBBIX PEBEPCHUBHBIX CTaHAX
CHayYaJia OMNpPEICNIAIOT ONTUMANBHYI BEIUYMHY 3aTHETO OTHOCHTEIBHOTO YICIHHOTO HATSIKCHHS, MOJb3YsICh
mogenpto (2). Janee, 3Has (olorg, MO BBIpaXEHHIO (3) PACCYMTBHIBAIOT ONTUMAJIBHOE 3HAUYEHHE IEPEIHETO
OTHOCHTEJIFHOTO YACIBHOTO HATSHKEHHS (i/or;, a CIIeOBAaTENbHO W ONTHMAIBHOE COOTHOIICHHE MEXIY
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HATSOKCHWIMH (oloto U Qi/or;. PaccunraHHble TakuM 00pa3oM 3HAYCHHS OTHOCHUTENBHBIX YACIbHBIX HATSDKCHHIA
MO3BOJISIIOT MUHUMH3HUPOBATh ITOTPEOIIIEMYIO MOIITHOCTh MTPH XOJIOAHON IMPOKATKE HAa PEBEPCUBHBIX CTAHAX.

IMonp3ysick M30KEHHBIM ITOIXOA0M, B Tabimuie 1 mpencTaBieHbl Pe3yabTaThl PACIETOB TEXHOJIOTHUECKUX
[apaMeTpoB, BKIIOYAsh MOIIHOCTH MPOKATKH, Al CYIIECTBYIOIIMX M TpeljaraeMbix (dHeprocOeperarommx)
PEXUMOB HATSDKECHHH MPU XOJIONHOW MPOKATKE IMOJIOC W3 HU3KOYTIIEPOMUCTHIX cTajei pasmepamu 0,5x1020 MM u
0,8x1020 MM Ha omHOKIIETHeBOM peBepcuBHOM craHe 1680 OAO «3amopoxcranby. PacdeTsl 3HEPrOCHIOBBIX
napaMeTpoB IIPH XOJOJHOW IPOKAaTKe OCYIIECTBISIM 110 METOIMKe, pa3paboTaHHOW Ha Kadenpe oOpabOTKH
MeTaJUIoB AaBieHHeM HaruoHansHON MeTayutypruyeckoi akageMun Ykpaussl (T. JlHenponeTtposck) [1-3]. Ananus
NPUBEJICHHBIX B Ta0nume 1 JaHHBIX ITOKAa3bIBa€T, YTO NpaKTHKyeMble Ha craHe 1680 peXuMbl HaTSHKCHUH
XapaKTepU3yITCsS OYCHb HH3KUM YPOBHEM OTHOCHTEJBHBIX YAeHbHBIX HaTshkenuit (0,06<0/0r<0,18). Ilpu 3tom
U3MEHEHHE 3HaYeHUH (o/oTy U (i/or; TIO TPOIYCKaM M MX COOTHOIICHHE (o or1/(Q1010) B KAXKIOM MPOMYCKE UMEIOT
CIly4alHBIH XapakTep, YTO HE CIOCOOCTBYeT MHHHMMH3ALMM MOIIMHOCTH (pacxoja SHEpPruu) IpPH XOJIOIHOMN
npokaTtke. Kak crmenyer w3 Ttabmummbel | mpum Xomomso#t mpokaTtke momoc 0,5x1020 mm m 0,8x1020 MM Ha
peBepcuBHOM craHe 1680 mo mpemnaraeMbIM peXKMMaM HATSHKCHHH TOCTHUTAETCSl YMEHBIICHHE MOTPeOIsseMoi
MOIIHOCTH cooTBeTCTBEHHO € 4401 kBT 10 4115 xBT 11 ¢ 3085 kBT 10 2946 xBT, nau Ha 6,5 u 4,5 %.

BbiBoabl. YCTaHOBIGHO, YTO HAWOOJbIIEE YMEHBIICHHE IOTPEOIIeMO MOITHOCTH NPH XOJOITHOM
MPOKATKe C HATSDKCHWEM JOCTHUTaeTcs INPH pPEaM3alliy IPOIEecca C OTHOMICHHEM 3aJHET0 OTHOCHTEIBHOTO
YIOENBHOTO HATSDKCHHS K IEPEAHEMY OTHOCHTEIBHOMY YICIbHOMY HATSDKCHHIO MEHbIIE ABYX ((o.or1/0;.010<2).
YcoBepIeHCTBOBaHHBI PEXXUMbI HATSHKEHUI Ha OTHOKJIETEBOM PEeBEPCUBHOM cTaHe 1680, MO3BONIMBIINE YMEHBIIUTh
MOTPeOIIEMYI0 MOIITHOCTD TP XOJIOHOI IpokaTtke Ha 6,5 u 4,5 %.
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BEN CUHBEHB, JI.C. MOJTYUAHOB
Hayuonanvhas memannypeuieckas akaoemus Ykpaunvl

BBICOKOCTOMUKHUE KOMITIO3UIIUOHHBIE OTHEYIIOPHI 151
COBPEMEHHOI'O ITPOU3BO/JCTBA METAJIJIOB U CIIJTABOB

Ha coBpemeHHOM 3Tare pa3BUTHSI MHPOBOTO IIPOM3BOJICTBA, OCOOEHHO B c(epe METAJUTypTHUH U JINTEHHOTO
MPOU3BOJICTBA, 3HAYMTENIFHO BO3PAcTaeT pPOJIb OTHEYNOPHBIX MaTepHajoB. JTO CBA3aHHO C OCOOEHHOCTSIMH
(DYyHKIIMOHMPOBAHUSI BBICOKOTEMIIEPATYPHOTO OOOPYNOBAaHMS: CTOHKOCTh OTHEYIOPHOH (YTEpPOBKH ONpenesisieT
JUIMTENBHOCTh 3KCIUTyaTallkd BCETO KOMIUIEKCA TEXHOJOTHYECKOTO OOOpYIOBaHMs, KOTOPOE MHCIBITHIBACT
MHTEHCUBHOE TEMIIEpAaTypHOE, MEXaHHYECKOe M XMMHYECKOE BIMSHHE CO CTOPOHBI IIAKOBBIX, METAIIIMYECKUX
pacIulaBOB M BBICOKOTEMIIEPATYpHBIX ra3oBeIX (as[l, 2]. B mociemnee Bpemsl MIMPOKOE pacHpOCTpaHEHHE B
TEIUIOHEPreTHKE, I[BETHON METAITYPIiH U CTEKOJIBHON MPOMBIIIJICHHOCTH HOIy4aloT KOMIIO3UTHBIE OTHEYTIOPHBIE
MaTepHanbl 00J1aJaolie MOBBIIIEHHBIMU dKCIUTYTAIIMOHHBIMA CBOMCTBAMHM TIO CPaBHEHHIO C TPATUIIMOHHBIMHE [4].
Hambonee  HM3KO3aTpaTHBIM  cmocoOOM ~ HMX  TIPOM3BOACTBA  SIBJSIETCS  CaMOPACHpPOCTPaHSIOLIHHCS
BbIcOKOoTeMnepaTypHeli cuaTe3 (CBC). B TexHHueckol nuTepaType KOMIO3UIMOHHBIE OTHEYIIOPHBIE MaTepHaIbl,
nmoJrydeHHbIe ¢ mpuMeHeHneM TexHosnornn CBC npunsaro HazeBath CBC-oraeynopamu [5].

[Tpumenenne texnonornu CBC mo3BossieT moay4ars 00 KOHEYHBIE N3N 3aJaHHBIX T€OMETPUIECKUX
pa3mepoB, Jmbo mosyhadpuKaTsl B BHJE BBICOKONOPHCTBHIX, HU3KOIPOUYHBIX KOHIVIOMEPATOB WIJIM IIOPOIIKOB.
Wznenus, mnomyuaemble nyTéM mnpeccoBanusi CBC-nonydaOpukaroB B yCHOBHAX NpeINpHsATHH u4EpHOM
METAJUTYPIH1 MaJONPUMEHHUMBI, TaK KaK UX TIPOU3BOJICTBO TPeOYeT 3a/1eHiCTBOBAHMS CIIEIUAILHOTO 000PYI0BaHUSL.
Bonee npennoyTUTENBbHBIMU SBISIOTCS U3AEIUS 3aJaHHBIX FE€OMETPUUECKUX pa3MepoB. IIOMUMO BBICOKOCTOMKHUX
OTHEYNOPHBIX U3AENHii, nonydeHHbIXx MeTogoM CBC, nus mpuMeHeHMs Ha HMpeanpUsTHAIX 4EpHOW MeTalTypruu
nmetot Takxke CBC-kmagounsie pactBopsl, CBC-niokpbITus 1 xapoctoiikue nmopucteie CBC 6etonsr (KCB).

[lo nuTepaTypHBIM MAaHHBIM BBIIOJHEH aHAJIHM3 OAKCIUTyaTAal[HOHHBIX CBOHCTB W chep NpHUMEHEHH,
komro3uoHHBIX CBC-0rHEYIOpOB, pe3y bTaTsl npuBeacHs! B Tabmuie 1 [3 — 8].

CornacHo mpuBeNeHHBIM B Tabimmax | m 2 mamHBIM, Hambonee moxxomsuumu CBC-orHeymopamu, mo
TeMIepaType SKCIUTyaTalliu, SBISOTCA Kepamuku Ha ocHoBe BN uw BN — TiB, onu moryr sddexrusHo
KOHKYPHPOBAaTh C MarHe3MTOM, XpOMOMAarHe3uToMm H mnepuxiaszommnuaennioM. CBC-kmagounsie cocraBel, CBC-
HNOKpBITUS. U IpeccoBaHHas MyuuTHas CBC-kepaMuka MOTYT YCHEHIHO HMPHUMEHSTCA BMECTE C IIaMOTHBIMU U
JMHAcOBbIMHM orHeymnopamu. Jluras mymumtHass CBC-kepammka u JKCBb ans HenocpencTBeHHOH (yTepoBKH
pabounx Ccino€B B  BBICOKOTEMIICPAaTYpHBIX  arperarax HENPUMEHHMMAa, MOXET HCIIOJIb30BaThCs  Kak
TEIJIOM30JIALIMOHHBIH Marepuan. HambGosiee BBICOKMMHM HPOYHOCTHBIMHM XapakTepucTukamu obnanaior CBC-
orueynops! Ha ocHoBe BN — TiB, OHU NPEBOCXOAMUT MArHE3UT, XPOMOMATHE3HUT MEPEKIA30IINCHENU I, @ KepaMHKa
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Ha ocHOBe BN — cooterctByeT mnepeknazommenenuay. CBC-nokpertus, nutas mysumtHas CBC-kepamuka,
npeccoBanHass MyumTHas CBC-kepamuka um JKCB 10 NpOYHOCTHBIM MOKa3aTeNsM 3HAYUTEIBHO YCTYIAIOT
MAarHe3UTOBBIM, LIAMOTHBIM M XPOMOMArHe3HTOBBIM orHeymopaM. CBC-NOKpBITHS W IpeccoBaHHAs MYyJUIMTHAs
CBC-kepamuka 001aar0OT MOPUCTOCTRIO OJM3KOH K MIAMOTHBIM M ITWHACOBBIM OTHEYTIOPOB, TIOATOMY HX MOXKHO
NPUMEHATh BMECTO HHX. B IIel0OM, MOKHO OTMETHTH NEpCIeKTUBHOCTH puMeHeHns: CBC-orueynopoB Ha OCHOBe
BN u BN — TiB, B uépHnoii MmeTamypruu. JlaHHbIe MaTepHaisl MOTYT 3G (GEKTHBHO MCIIOIB30BATHCS IS QYTEPOBKH
BBICOKOTEMIIEPATYPHOTO ~ METATyprHYecKOro  O0OpYNOBaHHs,  HEMOCPEJCTBEHHO  KOHTaKTHPYIOIIETo ¢
METAUTMYECKUMH U IIJIAKOBBIMH PACILIaBaMU, B3aMEH TPaJULIMOHHBIX OTHEYIOPHBIX MaTepUalIOB.

Tabuuma 1
CaoiicTBa u cdepsl npuMeHenust CBC-orueynopos

CBolicTBa MaTepuaia
Pa3znoBugHOCTB
Temneparypa IIpounocts, | Ilopucrocts, Cdepsl npumeHeHMst
Marepuana o
sKcIuTyatanuu, C MIla %
Orueynopusie CBC ot 1290 ot 18,5 ot 14,0 onr(;IKepIﬁf)Hf{(I)/Iﬁp ;)M;)?TOBKH s
TTOKPBITUS 1o 2000 mo 31,5 1o 20,0 ynop yrep
TEIUIOBBIX arperaTax
Knanownssi CBC- | 900~ 1770 o § Crapimemns oreynoprof
cocraB ['amma — 3XI1 A yrep
arperaToB
Kepamuka Ha ocHOBe
DyTepoBKa TEIIOBLIX U
MYJUIHTOBBIX CTPYKTYP BBICOKOTEMIICPATYPHBIX
NpeccoBaHHas 710 1800 15-25 13- 16 SRR patyp
nuTas 10 1500 >15 20 - 30 P
KommnosutHsie dyTepoBKa
OTHEYTOPHI HA OCHOBE: BBICOKOTEMITIEPATYPHOTO
BN 10 2000 80 H/1 000pyI0BaHUS B IIBETHOU
BN - TiB, 10 2000 85 H/T METAJUTyPrHH
KCE ot 1200 ot 5,0 65 - 75 Temnonzomsauus
1o 1400 no 1,7 JHEPTeTUUECKUX arperaToB

* — mns xiaamouHsrx CBC-cocTaBoB IMpHBENEH IMpeneN MPOYHOCTH CIeIUieHns ¢ orHeymopoM, MIla; v/m — Her
JTaHHBIX

B rabnmue 2 mpuBeAeHBI IKCIUIYaTALMOHHBIC XAPAKTEPUCTHKH M C(epbl MPUMEHEHHS TPaIHIHOHHBIX
OrHEYIHOpHbIX Marepuanos [9 — 10].

Tabnuma 2
DKCIUTyaTalMOHHBIC XapaKTEPUCTUKHU U Cephbl MPUMEHEHUS TPAJAUIIHOHHBIX OTHEYITOPOB
CBolicTBa MaTepuaia
PazHoBuIHOCTH
MmaTepraa TeMnepaTypa0 [IpouHocTs, IlopucrocTs, Cdepsl npuMeHeHUsI
sKkcrutyaraiuu, “C MIla %

[lamor no 1730 9,8 - 68,2 14 ®DyTepoBKa METAJLTYPrUUECKOTO
Junac 1o 1730 245-29,4 20 000pyIoBaHus, KOTOPOE
Maruesur 710 2000 294-490 | 135 HETIOCPE/ICTBEHHO
XpPOMOMAarHe3ut 10 2000 20 -50 24 KOHTaKTUPYET C )KUIKUMHU
[lepuknazommnuuenus 1o 2000 40-80 15 iiiﬁli?;;Kgii;aBaMn

B xone mpoBeneHus TaMbHEUIINX JTA00PATOPHBIX HCCIICIOBAHUI SKCIICPUMEHTAIBHBIM ITyTEeM OBLUTH TOTyYCHBI
OITBITHBIC 00Opa3Ibl KOMITO3UIMOHHBIX OTHEYIOPHBIX MarepuaioB merogoM CBC, OCHOBHBIMH KOMITIOHEHTAMH KOTOPBIX
seisttoTest BN, AlbO3 u Al TiOs. FIX OCHOBHBIE SKCILTyaTAIHOHHBIE CBOMCTBA PHUBEEHBI B TAOIHIIE 3.

Tabmmma 3
OCHOBHBIE TEXHOJOTHYCCKHE CBOWCTBA KOMIIO3UTHBIX OTHEYITOPHBIX MATEPHAIIOB
CBoiicTBO Enunuipl namMepenus 3HaueHne
MexaHuuecKasi HPOYHOCTh MIla 85-90
OrHEyopHOCTh °C 2000
TepmocToiikocTh TEPMOLUKIIBI 6-9
ITopucrocTh % 5-7
11171aK0yCTOMYUBOCTE * — 15-19

* - IUIaKOYCTOMYHMBOCTh OMNPEACISIIA B CPaBHEHHH C MEPHKIA30YIIIEPOJUCTBIMHU ILJIaBJICHBIMHU
orHeynopamu (mpuHsTa 3a 1).
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C nenpio OmEeHKH 3(PPEKTUBHOCTH Pa3pabOTaAHHON KOMIIO3MIMOHHOW KEPaMUKH MPOBEACH aHAIHM3 II0
BO3MOXHOCTH €€ IPHMEHEHHSI B COCTaBE OTHEYNOPHOH (YTEpPOBKH KHCIOPORHOro KoHBepTepa. CTOHKOCTBH
OIpeNieNnéHHbIX 30H (YTEpPOBKH KOHBEpTEpa B 3HAYMTEIBHOH Mepe 3aBHCHT OT TEXHOJOTHMYECKHX CBOWCTB
OTHEYIIOPHBIX MaTepUajoB, aHAIN3 (AKTOPOB, BIMAIOIINX Ha CTOMKOCTh HamOOJiee H3HAIIMBAEMBIX YYacTKOB
(hyTepoBKH TIpeACTaBICH B TaOIHIIE 4.

Tab6muma 4
DakTOPHI, BIUSIONINE HA PA3IHYHbIC 30HBI (DYTEPOBKH KUCIOPOJIHOTO KOHBEpTEpa
. Uctou-
30Ha / y3en pyTepoBKU @DaKTOphI BIUSIOIINE HA CTOHKOCTh .

B3auMopelicTBue  cO  NUIAKOMETAIIMUECKOW  3Mynbcuell  u
JI€Tounslii y3en OKHCJIMTENILHOM Ta30BOM (a3oif; ucTHparomiee JeHCTBHE CTPYH [11]
KUAKOTO METaJIa; pe3Koe U3MEHEHHEe TeMIepaTyphL

B3auMopelicTBue O NUIAKOMETAIMUECKOW  3Mynbcuell  u

Hannangennsie 30Hb1 . . . [12]
OKHCIIUTENHHOM ra30Boii (ha3oii.
. BosneicTBre BBICOKOTEMIIEPATYPHBIX MUIAKOBBIX M METAIMYECKHX
I11l1aKoBEIi TOSAC A patyp [13]
pacIuIaBoB.
BosgeiicTBHe  IIJTaKOBBIX aCITaBOB,  B3aUMOJEHCTBHE  C
OxororangeHHble 30HbI A p > A [14]

OKHCITUTEIIFHOH ra3oBoit (as3oil.

VYuuteiBas TOT (DakT, YTO Ha pa3IMYHbIC 30HBI (YTEPOBKU BO3ACHCTBYIOT Pa3IHUYHbIC (AKTOPHI, TO
PaBHOMEPHOCTh H3HOCAa (YTEPOBKM MOXKET OBITh JOCTUTHYTA MyTEM €€ YTONIIEHHS W H3MEHCHHS THIIA
OTHEYMOPHOTO Marepualia B Pa3NMYHbIX 30Hax. [[OBbIIIEHHE TONIIKMHBI PYTEPOBKHU SIBISICTCSI HEPUEMIIEMbBIM, TaK
KaK MPUBOJHUT K CHUKEHHIO IOJE3HOr0 00bEMa arperara, €ro MPOU3BOJMTEIBLHOCTH, BO3PACTAHHIO PACXOJOB
OTHEYIOPOB. BBIXOIOM W3 CIOXHBIICHCS CHUTYaI[MH SIBISCTCS MPUMEHEHHE B OBICTPO H3HANIMBAIOIIUXCS 30HAX
BBICOKOCTOMKHMX OTHECYMOPHBIX MAaTEPUATIOB HOBBIX BHIOB. K TaKOBBIM OTHOCSTCS KOMIIO3HMIIMOHHBIC OTHEYIIOPHI,
coaeprkamgre BN. Vcxons u3 u3noxeHHoOro, pazpaboTaHa MoJieib pabouero ciiosi BHICOKOCTOHKON (GyTepoBKHU st
KHCIIOPOJIHBIX KOHBEPTEPOB (pHC. 1).
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Puc. 1. Monenb qu3aiiHa pabodero ciosi BBICOKOCTOMKOM (hyTepOBKU KHCIOPOIHOIO KOHBEPTEpA C
HCTIOJIb30BaHUEM KOMIIO3HUITHOHHBIX OTHEYIIOPOB

B cooTBeTcTBMM € HEH MeEHee CKJIOHHBIE K HM3HOCY IHHINE W Y4YacTKH (DyTEPOBKH HHKHEro KOHyca
BBIMOJTHSIOTCSI M3 TPAIUIMOHHBIX MEPUKIA30YIICPOJUCTRIX OTHEYIOPOB, a YYacTKH, Oojee CKIOHHBIE K
Ppa3pylICHUIO, IpeyIaraeTcs PyTepoBaTh KOMIIO3UIIMOHHBEIME OTHEYIIOPHBIME MaTepHaliaMH, cojepkammmu BN.

BriBoabl

B xome nmnpoBegeHus HCCIEAOBaHUS —IPOAHATU3UPOBAHBI  HKCIUTYyaTAllMOHHBIE  XapaKTEPUCTUKH
OTHEYNOPHBIX MaTepUaJIOB. YCTAHOBJIEHO, YTO KOMIIO3HIIMOHHBIE OTHEYNOpHBbIE MaTepuaibl coaepxkamue BN u
TiB2 o06yafaloT MOBBIICHHBIMU OTHEYIIOPHBIMH XapaKTEpUCTHKaMu. Pa3paboraHa Mojenb Au3aiiHa (yTEpPOBKU
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pabodero ciiosi KUCIOPOJHOT'O KOHBEpTepa OOJaarolIyl0 CTOMKOCThIO B 1,5 — 2 pa3a BbIllle B CPaBHEHUU C
MEPUKIIA30YTJIEPOAUCTOM.
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A.M.KPUBOPYYKO, C.B.KAAWJIBHUKOB
Hayuonanvnas memannypeuveckasn akademusi Ykpaunul

OCOBEHHOCTH TEXHOJIOTHYECKHUX CXEM IMTPOU3BOACTBA
MAT'UCTPAJIBHBIX TPYDB

PaccMOTpeHBI OCHOBHBIE TEXHOJIOTHUECKHE CXEMBI IOJY4eHHs CBAapHBIX TPyO Oosbmroro nuamerpa. B
Ipolecce HMCCIICAOBaHUS BO3HHKAIOUIMX CBAapOYHBIX HANpsDKEHHH M JedopManuii ycTaHOBIEHAa KOHLEHTPAIUS
HanpsoKeHui U pedopmanyii B 30HE CBApHOTO IIBA M B 30HE CIUIABJICHHUS. BBIABIEHBI 3aKOHBI 00pa30BaHU
CTPYKTYPHBIX H3MEHEHHI CBAPHBAEMOIl KPOMKH JJIs1 JITOOOT0 MOMEHTa BPEMEHH.

KnaioueBble cioBa: MaructpajibHble TPYObl, OCTaTOYHBIE HANPSDKEHHS, MPee TeKy4eCTH, CBapHOH IIIOB,
Jnedopmanus, MeToJ] KOHEUHBIX 3JIEMEHTOB.

Bce maructpansHble TpyObl H3TOTABIMBAIOT TOJNBKO 1O CBAPHOI TEXHOJOTHH, KOTOpPAasi OCHOBaHA Ha JBYX
OCHOBHBIX IIporieccax - JAe(OpMHpPOBAHUS CO CBapKoil MPOJOIBHON mmBa M AeOPMHUPOBAHUS CO CBApPKOH
criupanbHoro mBa. CBapHOE NPSIMOIIOBHOE MPOW3BOJICTBO TO3BOJSET HM3rOTaBimMBaTh 1420 -MHJUTMMETPOBBIE
TpyOBI C TONIIMHOW CTEHKH N0 32 mmumMmeTpoB. CBapHOE HPOM3BOACTBO HAa OCHOBE CHHPAIBHOIO IIBA JAaET
BO3MOKHOCTb NOIYYUTh 2520 - MHJUTUMETPOBBIE TPYOBI C TOIIIMHON CTEHKH B 25 MIJIITMMETPOB. B cBoro ouepesns,
MPOU3BOJICTBO TPYO OOJBIIOr0 AMamMeTpa MpPSMOIIOBHOTO THIIA ITOJPAa3yMEBAacT UCIIOJIL30BAHHUE JIBYX CBAPOYHBIX
texHosoruil. Pasmepsr ot 159 u g0 426 MuIIMMETpPOB HPOHU3BOIST TOJIBKO METOAOM INPSIMOLIOBHOW CBapKu
BBICOKOUAaCTOTHBIMM TOKaMHU, a u3fenus ¢ guamerpoMm oT 530 u no 820 MUINIMMETPOB M3roTaBIMBAIOTCA IO
HNpPSMOILIOBHBIM TEXHOJIOTHUSM C HCIOJBb30BaHUEM JyroBOM CBapKH B Cpele HHEPTHBIX ra3oB. IIpon3BoacTBO
MarucTpaibHbIX TPyO OOJNBLIOrO AMaMeTpa II0 TEXHOJOTMH CHHMPAJbHOW CTHIKOBKM IIBOB 3aTpPariMBacT BECh
COPTaMEHT MOJ00HOHM NMPOAYKIMU: HCIONb3Ys CKPYYMBAHWE M CBAapKy IO CIHPAIHM, MOXHO MOIY4YHTh M 159 -
MUJUTAMETPOBBIE U 820 - MUJUIMMETPOBEIE TPYOBI.

TpyOs! 0OIBIIMX JUAMETPOB U3TOTABIMBAIOTCS U3 TPEX-UETHIPEX THIIOB CTAIH, & UMEHHO:
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* C «KJIACCHYECKOW» KOHCTPYKIMOHHOW CTalmd C HOPMHPOBAaHHBIMH MEXaHHMYECKHMH CBOWHCTBAMH -
KaTmOpoBaHHBIN NPOKAT U3 cTaym Mapok 10, 15, 20 u naee no 50 mapkw;

* U3 YIIIEPOJHCTON CTalM C HU3KHUM COJICP KaHHEM JIETUPYIOLINX JIEMEHTOB - CTAIBHOMN NMPOKAT JIMCTOBOTO
Thna, npousBeaeHHs n3 Mapok Ct0, CT3, Cr4, a nHOCTpaHHBIE Mapku Takod crtamu (mo cranmapty EN 10025)
MapKHpyroTcs abopesuarypoirt S185 mmm S195;

* U3 YITEPONUCTON CTamu OOBIKHOBEHHOTO KadecTBa: CTANBHOW NPOKAT C TONIIMHON imcta Oomee 25
MWIIMMETPOB, pou3BeaeHHbIN n3 Mapok BCT3cn, BCT3 u ux ananoros.

CoBpeMEHHOEC TMPOU3BOJACTBO CBApHBIX TPyO OONBIIOr0 JAMAMETpa OTIMYACTCS Pa3HOOOpazueM
TEXHOJIOTHYECKHX CXEM IIOJy4eHUs] TpyO M CHCTeMaMu KOHTPOJIS KauecTBa TOTOBOM MpoayKuuu. JIis moiaydeHus
9JIEKTPOCBApHBIX TPyO OOJBIIOro auaMeTpa MPHUMEHSIOT TEXHOJOIMYECKHE CXEMBbI: IPSIMOLIOBHBIE TPYOBI C
(dopMOBKOH Ha Tpeccax, Ha BaJblaX; JBYXIIOBHBbIE TpPYyOBl; CHHpAJEUIOBHBIE TPYOBL. DIEKTPOCBApHBIC
NPSIMOIIOBHBIE TPYOB! M3rOTOBISIIOT Ha mpeccax 3a oaumH mpoxon (cxema UOE) mim Ha mpecce ¢ IIaroBoif
topmoskoii (cxema JCO). Io TeXHOIOTHUECKONW CXEME H3TOTOBICHUS MPSIMOIIOBHBIX TPYO OONBIIOTO AHaMeTpa Ha
npeccax 3a oxguH npoxon (TOCA 1020) dopmoBka TpyOBl mpoucXoanuT Ha Tpex mpeccax. CHawama (opmyrores
KPOMKH JICTa Ha KPOMKOTHOOYHOM IIpecce, Aajee Ha IIPecce MpeABapUTENbHON (POPMOBKH IIPOUCXOANUT POPMOBKA
JMCTa C MOJIOTHYTEIMU KpoMKamu B U-00pa3HyIo 3aroTOBKY, 3aTEM Ha Ipecce OKOHYATEIbHOW ()OPMOBKH 3aTOTOBKA
npeobpasyercss B O-o0OpasHyro. Ilo TEXHONOTMYECKOW CXeME H3TOTOBJICHHS NPSMOIIOBHBIX TPYO OOIBIIOTO
IaMeTpa Ha Ipeccax ¢ MaroBoil (GopMoBkoi JTUCT ¢ momorHyTeIMu Kpomkamu (TOCA 1420) dopmyercs B O-
o0pa3Hyl0 3aroToBKy Ha OJIHOM Tipecce. TpyObl OOJBLIOro AMaMeTpa MNONY4YaroT IO CXEeMe MPOM3BOJCTBA
CIHPAICUIOBHBIX TPYO, IPOU3BOJCTBO UAET IO HEMPEPHIBHOI cXxeMe: B (JOPMOBOYHO-CBAPOYHOM CTAHE ITPOUCXOIUT
cOopka TpyObl M cBapka. C LeJIbI0 MOBBILICHUs JOJITOBEYHOCTH paboOThl TPyOOIpOBOAa, TPYOBI JOJKHBI OBITH
M3roTOBJICHBI U3 cTanu X90 u ObITh AIHHOM 12,5 METPOB.

IMpumenenne TpyO kimacca mpoynoctr X90 mo3BosseT oOecreyuBaTh TpPeOyeMble IKCIUTyaTal[HOHHBIC
CBOHCTBa 0€3 CYIIECTBEHHOTO YBEIMUYCHUS TOJIIMHBI CTEHKH TpyO. OMHAKO CBapKa, Hapsay ¢ MpeHMYIIEeCTBaMHU,
o0yazaeT W HEKOTOPBIMH HEJOCTaTKaMM, K YHCIY KOTOPBIX MOXHO OTHECTH BO3HHKHOBEHHE OCTaTOYHBIX
HaNpsoKeHUi 1 aeopManuii B 30HE TEPMHUYECKOTO BIHMSHUS. B CBSI3M C PasylNpOYHEHHEM yJacTKa OKOJIOIIOBHOW
30HbI. OKOHYaTeNbHOE (POPMUPOBAHUE CBAPOUHBIX HAIPSHKEHUH MPOHUCXOIUT MOCTIE 3aBEPIICHUS Tpoliecca CBapKH
U OCBOOOXJICHMS CBapHON KOHCTPYKLHH OT 3aKpeIUICHHH. BmecTe ¢ 3THM NpOMCXOAWT IepepachpesencHue
HaINpsOKEHHO-1e(OPMUPYEMOTO  COCTOSIHUSI, BO3HMKAIOT OCTaTOYHbIE Je(OpMaldyd W  BCIEACTBHE 3TOTO
MEPEPacCpeaACIAIOTCd W BHYTPECHHHUC HAIPSIKCHUA KOHCTPYKIUH, MPHU 3TOM BBIACIAIOT HECKOJIBKO MNPUYHUH
00pa30BaHMsI BHYTPEHHUX OCTATOYHBIX HampspkeHuit [1]:

1. JloxanpHBI HEpAaBHOMEPHBIM HarpeB MeTajuia. B mpoliecce cBapku, B pe3ysibTaTe MECTHOTO HarpeBa
MeTajula M €ro MOCIEeAYIOIEro OXJIaXKICHNS, B CBAPHOM COEIHHEHUH 00pa3yeTcss HepaBHOMEPHOE TeMIIepaTypHOe
II0JIC, BO3HHUKAKOT CXHMAKOOIUC H (I/IJ'II/I) pacCTATUBAOIINUEC TCPMHUUYCCKUEC BHYTPCHHHUC HANPSIKCHUA, BCIMYUHA
KOTOpBIX 3aBUCHUT TJIaBHBIM 00pa3oM OT TeMmeparypbl HarpeBa, Kod(GQHUIMEHTa JIMHEHHOrO pacCHIMpEHHS |
TEIJIONPOBOIHOCTH CBapHBaeMoro merauia. [Ipum 3ToM, Korja BeJIMYMHA BHYTPEHHUX HANPSDKCHUH JOCTHTHET
YPOBHS TIpeliesia TEeKydecTH, B MeTajule HAa4YHyT IPOMCXOMUTH IUIACTHYECKHe nedopmanny, MPUBOISLINE K
M3MEHEHHIO ()OPMBI M Pa3MEPOB CBApUBAEMOT'0 M3/IETIHS M BOSHUKHOBEHHUIO OCTATOUHBIX HAIIPSIKEHHUH.

2. HepaBHOMepHBIE CTPYKTYpHBIE TIpeBpalieHust B Metaiie. [Ipi cBapke KOHCTPYKIUH W3 yrIIepOJUCTHIX U
JIETUPOBAHHBIX CTaJleil TpPH Harpese BBIIIE KPUTHYECKHX TEMIEpaTyp MOTYT BO3HHKHYTh HAalpsDKCHUS,
00yciioBiIeHHbIE (DA30BBIMH TPEBPALICHUSIMH C M3MEHEHHEM THUIA KPHUCTAJUIMYECKOI pemeTkn M oOpa3oBaHHEM
(assl, oOnanarorieii GONBIINM YACITbHBIM 00BEMOM U APYTUM KOI(PPHUIIMEHTOM JIHHEHHOTO paCIIMPEHUSL.

3. JlureiiHas ycajka HAIUIaBICHHOTO MeTaiia. lIpm oXmaxaeHMH M 3aTBEpAECBAHUU PACIUIABICHHOTO
MeTaJuIa IIBa IMPOUCXOUT €ro ycaka. ITo OOBSICHIETCS TeM, YTO NPH 3aTBEPACBAHUHN YBEIMIHUBACTCS IUIOTHOCTh METaJlIa,
B PE3YJIbTATe YEro €ro 00beM YMEHBIAEeTCsl, B CBAPHOM COSIMHEHNH BOHHKAIOT MPOJIOJIbHBIE M MOTIEPEYHbIE BHYTPEHHHE
HanpspkeHus1. B pesysbTare MpooNbHON yCalkd B COSNMHEHWH BO3HMKAET JIedopMalis B MPOJOIBHOM HaNpaBICHUH
OTHOCHUTEJIEHO OCH 11IB3, a MOTIepeyHast, KaK MPABHIIO, BEI3BIBACT YIJIOBBIE Ie(hOpMAaIIHH.

B mponecce nccienoBaHusi BO3HHUKAIONMIMX CBAPOYHBIX HANpsHKEHUH M aedopMaruii, ycTaHaBIMBAETCS
3aKOH paclpe/ielieHuss TEeMIIepaTypbl CBApHBAaEMOW KPOMKH il JI000r0 MOMEHTa BPEMEHH B 3aBUCHMOCTH OT
MOIIIHOCTH HCTOYHHMKA U CKOPOCTH €ro nepeMelieHus. Jlanee, Ha OCHOBaHWH ITOCTPOEHHOH TeMIIepaTypHOH KPHBOH
W TUIOTE3bl MJIOCKMX CEYEHWH, HaXOAAT KaK BPEMEHHBIE, TaK M OCTATOYHBIC HANpPSHKEHUS W AedopManuu Juist
JAHHOTO IIOIIepeyHoro ceueHus [2]. B cBA3M ¢ MHTEHCHUBHBIM Pa3BUTHEM BBIYMCIUTEIBHOW TEXHUKH CTaJO
BO3MOJKHBIM BBIIIOJHEHHE JIFOOBIX pacy€ToB, B TOM YUCJIC U OIPEACIICHUE OCTAaTOYHBIX CBAPOYHBIX HaHpﬂ)I(eHPIﬁ. B
HacToslIee BpeMs Ha MepeJHIH IJIaH BEIXOAAT OoJjiee YHUBEPCAIbHBIE METOIUKH, XapaKTePU3YIOIIHECs IIPOCTOTOH
3aJaHus I/ICXO}IHOﬁ I/IHq)OpMa[H/II/I. B ocnoBe Takux METOAUK JIC)KUT, B HACTHOCTH, MCTOJ KOHCYHBIX D3JICMCHTOB,
MO3BOJIIIOIIUX PEHHTh AaHHyo 3a1ady (ANSYS, ABAQUS, SYSWELD) [2].

Jis mpexynpexIeHUs HaUpsHKeHWH W nedopManuil Ipu CBapKe MPUMEHSIOTCS KOHCTPYKTHUBHBIA H
TEXHOJIOTHUECKUH croco0bl. KOHCTpYKTHBHBIN crOoco0 OCHOBaH Ha parMoOHAIFHOM KOHCTPYHPOBAaHHMH CBapHBIX
Y3J10B ¥ BKIIIOYAET CIEAYIOIINEe MeponpusTus [3]:

1. Ha3zHayeHne MHMHHMaJIbHBIX CEYEHUH CBapHBIX IIBOB (IO YCIOBUSM IIPOYHOCTH) VIS YMEHBLICHUS
00bEMOB, B KOTOPBIX IIPOTEKAIOT IIACTHYECKHE Ie(OpMALIHH.

2. N30exxaHne 4pe3MEpHBIX CKOIUICHUH M IIEPEeCeUeHNi CBapHbBIX LIBOB JUIS YMEHBIICHHS MJIOCKOCTHBIX U
00BbEMHBIX HANPSHKEHUH, 0COOCHHO B KOHCTPYKIHSX, BOCHIPUHUMAIOLIUX yIApHYIO M IEPEMEHHYIO HarpysKy.
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3. PacmonoxeHne CBapHBIX MIBOB CHMMETPHYHO LEHTPY TSDKECTH M3ICIUS C LENbI0 B3aHMHOTO
YPaBHOBEUINBAHHS BOSHUKAIOIINX U3THOAIONIIX MOMEHTOB.

4. IlpuMeHeHHE TIPEHMYLIECTBEHHO CTBHIKOBBIX IIBOB, SBJAIONIMXCA MEHEE JKECTKUMH |
XapaKTepU3YyIOIINXCS MEHBIIECH KOHIICHTPAIMEH CHIIOBBIX HANPSDKEHHUH 1O CPABHEHHIO C YTTIOBBIMH IIBAMH.

5. M36exanne mpuMeHeH s HaKIIaJOK, KOCBIHOK H T.I1., BEIYIIEM K YBEJINUCHHIO IDIOCKOCTHBIX IepOpMAaIIiid.

6. IlprMeHeHe BCIIOMOTaTEIbHBIX JIEMEHTOB B BHIE PeOep JKECTKOCTH C IIEBI0 MPEIOTBPAIIECHHS OTEPH
YCTOWYMBOCTH JJIEMEHTOB M O0pa30BaHMS BBIIYYHMBAaHWH B MPOCTPAHCTBEHHO-PA3BHUTHIX KOHCTPYKIUIX
KopoOuaroro cedeHus. J[ns yMeHbIIEHHs MONEPEYHOU ycaJaku pedpa KEeCTKOCTH HEOOXOJMMO pacIioyiaraTb Tak,
4TOOBI IPH CBApPKE HArpeBy MOABEPTAIICH OJHHU U T€ )K€ MECTa OCHOBHOT'O MeTallja.

7. lobGaBneHrne K HOMHHAJIBHBIM pa3MepaM JAETajlH MPUILYCKOB Ha YCaJKy, PaBHBIM yCaJIKe MeTayla s
YpaBHOBEUIMBAHUS JAe(OpMarHi.

8. PacniosioykeHne cBapOYHBIX IIIBOB TAKKM 00pa3oM, YTOOBI OHO HE MEIIaI0 MEXaHU3allMK CBAPOYHBIX PabOoT.

B pesynbprare mccienoBaHus OBUIM TIOJTyYEHBI CIEAYIONINE PE3YJIbTAThl: — HanOONbINAasi KOHIEHTPALUI
HaNpsoKeHUi 1 pedopMarii BO3HUKAeT B 30HE CBAapHOTO IIBAa M B 30HE CIIIABICHUS, IIPH 3TOM JKBHUBAJICHTHBIC
OCTaTOYHbIC HANpsDKEHUs (Mo Mm3ecy) NOCTHIalT MpeAena TEKydeCTH. — YPOBEHb OCTaTOYHBIX OKPYKHBIX
HaIpsOKEHUH IpH cBapKe 0e3 IoorpeBa MPEBBIIIACT MIPEAE TEKYIeCTH MeTaria mBa Ha 21%. — B cirydae CBapKu C
IpeBapUTEIbHBIM TTOI0TPEBOM BEIMUMHA MAKCHMAJIBHBIX SKBUBAJICHTHBIX M OKPYKHBIX HAIPSOHKEHUH CHIKACTCA
[0 CPaBHEHMIO CO CBapkoil 0e3 momorpeBa Ha 15% wm 17,5% COOTBETCTBEHHO, 3a CUET OOJBIINX IIACTHICCKUX
nedopmanmii B cBapHoM 1mBe (yBeiaudenue Ha 9,8%). BpusiBneHO, 4TO TIIyOMHA CTPYKTYPHBIX H3MEHEHHH,
M3MEJIbYCHNUE OCHOBHBIX CTPYKTYPHBIX COCTABIISIOIIUX HU3KOYTIIEPOJUCTON GeppuTHO-NIepiuTHOH cTanu 12X1MOP
MIPOMCXOINUT JUIsI OCHOBHOTO Metasa A0 150 MkMm, B MeTayie mBa 10 60-70 MKM U B 30HE TEPMHUYECKOTO BIUSHUA
710 240 MKM, YTO B II€JIOM ITOBBIIIAET TBEPAOCTh CBAPHOro coenuHenus Ha 25-30 %.
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A.C. JJAHTYX, C.B. XKYPABJIEBA, B.C. MAMEIINH
Hayuonanvnas memannypeuveckas akademus Yxpaunul

NCCIIEJOBAHHUE BJIUAHUSA TAPAMETPOB IIIVIAKOBOI'O
PEKUMA HA ITIOKA3ATEJIN YAAJIEHUS CEPBI B AT'PEI'ATE
KOBHII-IIEYb

HOJ’Iy‘IeHLI MAaTeMAaTU4YE€CKUEC MOJCIN COBMCCTHOI'O BJIMAHHUA COCTaBa IJIaka W TEMICpATyphl Ha
MoKa3aTeiu aecyibdypannun Meramia B arperare kopui-ieus (AKIT). OnpeneneHsl OCHOBHbBIE PEXUMBI 00pabOTKH
METallla B AKH, IIpU KOTOPBIX o0ecreYnBaeTcsl BLICOKAsT CTEIEHD z[ecym,(bypaulxm, 9TO MO3BOJISICT YBCJIMYHTH
BbIXoA rogHoil cranu Ha 0,29 %. CHuxenue conepxkanus cepbl B meramie ao 0,005 — 0,009 %, nossossier
MOBBICUTH KaU€CTBO MECTAJUIOIMIPOAYKIINU, U UT'PACT BAXKHYIO POJIb B IOBBIIICHUHN €€ KOHKypeHTOCHOCO6HOCTI/I.

The mathematical model of the joint effect of the slag composition and temperature on the desulfurization
performance of the metal in the ladle furnace (LF), were found. The basic modes of the metal processing in the LF,
which allows increasing of desulfurization, efficiency and increasing the yield on 0.29%, were found. Reduce of the
sulfur content in the metal to 0.005 - 0.009%, allows improving the steel quality, and plays important role in
increase of its competitiveness.

KroueBble c10Ba: MHOTO(AKTOPHBIHN aHATIN3, IECYTB(YPaLIFs, arperaT KOBIII-TIeyb, BHEMEUHast 00paboTKa

IocTaHoBka mnpo6aembl. TexXHOJNOTHS BHENEYHON OOpPabOTKM  CTalmM SBISETCS ~ HEOTHEMIIEMOI
COCTAaBJISIOLIEN KOMIUIEKCA IIPOLIECCOB U ONEpaLUi MOJy4YEHHU s )KUJIKON CTalM IUPOKOr0 COPTAMEHTA U B, IIEPBYIO
oyepelnb, CTallel BHICOKOKAYECTBEHHBIX U CIICOUAaJIbHOI'O HAa3HA4YCHMUA. Breneunoe pa(l)I/IHI/IpOBaHI/IG n J0BOJKa
CTaJId B arperarax KOBII-II€Yb MO IIpaBy 3aHUMACT JUAUPYIOUICC MOJIOKCHUC B LCIIHU TEXHOJIOTHIl BHEIICYHOMU
06pa6OTKI/I CTajid, B TOM YHCJIC C LCJIbIO CHHUXCHUSA COACPIKAHUA CCPBI [1] B 10 Xxe BpEMsA HE BCi IPAKTHUKaA
BHCIICUHOM 06p360TKI/I crai B AKII sBnsercs paIIPIOHaJ'ILHOfI, YTO MOXKHO OOBICHUTH He}IOpaGOTKaMI/I B 4aCTHu
TCOPETUYCCKUX U DKCIICPUMCHTAJIbHBIX I/ICCJICILOBaHI/Iﬁ, CTEIICHH TEXHOJIOTMYECKOM 3aBCPHICHHOCTHU PEAIU3YyEMOI0
rnpo1ecca. Takas CUTyalurd SBJSICTCA CACPIKHMBAIOLIUM q)aKTOPOM n HC CHOCO6CTBy€T pacHIMpeHu0 COpTaMCHTa
BBITIIABJIACMBIX CTaHeﬁ, IIPOU3BOACTBY CTAJIM BBICOKOTO H 0c000 BBICOKOIO KayeCTBa, a TaKXC Hauboee
SKOHOMHYHOMY OCBOEHHIO TEXHOJIOTUN PAaPUHUPOBAHUS CTAIIH.
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ITocranoBka 3agaum. Llenpio paOoThI SIBISIETCSl MCCIEIOBAaHWE COBMECTHOTO BIMSHHSA Ha ITOKAa3aTENN
Jecynb(ypanun psaa TEXHOIOTHYECKUX (PAKTOPOB: OCHOBHOCTH, OKHCJICHHOCTH, COCTaBa MIJIAKA U TEMIEPATYPHI, a
TaKXke pa3paboTKa paroOHAIHFHOTO ITAKOBOTO PEeKMMa 00pabOTKH MeTajula Ha arperaTe KOBII-TIeYb.

Hzii05)keHMe OCHOBHBIX MATEpHAJIOB HcCCIeAO0BaHMs. B Xoie NpOBENEHHBIX HCCIEIOBaHUM
MPOAHATM3UPOBAHO BIHMSIHUE OCHOBHBIX TEXHOJOTHUECKHX (DAKTOPOB Ha MPOIECC YAAICHHS CEPhl IPH BHETIETHON
00paboTke MeTauIa Ha arperare KoBmI-nieus. Mccnenoanns npoBommmi B AKII ¢ emkocTsio koBmeit 60 u 250 1. B
MEpBOM BapUaHTE METaUl BHIILUIABIUIM B AJIEKTPOCTAJEIIABUILHON TIeYH, BO BTOPOM Cilydae — B KOHBepTepe. B
o0oux ciyyasx HpOBOAWJIM OOpabOTKY CIIOKOMHBIX Mapok craneil. TemmepaTypa Merauia mocie o0paboTKu
COOTBETCTBOBAJIa YCJOBHSIM HEMPEPBIBHON pazNUBKU U cocTaBisa mopsiaka 1580 — 1610 °C. s ompeneneHus
CTETICHU BJIMSHHS OCHOBHBIX (DAaKTOPOB Ha IOKa3aTesu mpolecca Jecylbpypalyy B XoJe paOdoThl ObLIH ITOTyYEHBI
MOJIETIM MHOXKECTBEHHOI JIMHEHHOW perpeccuu. B kauecTBe mokaszaTesst mpolecca ylajleHHusl Cepbl HCIOIb30BalIH
paxTHuecKHit KOdPHIMCHT pacTpeeeHns cepbl Mex Iy Metamiom i ummakom: Ls? = (S)/[S] [2,3].

B xozne mccienoBaHUi ONPENENCHO, YTO 3HAYNTEIBHOE IMOJIOXKUTEIBHOE BIMSHUE HA MPOIECC yAAICHUS
CephI OKa3bIBACT KOJMYECTBO M3BECTH, MPUMEHAEMOH st 00paboTku. KoshumumenTt pacipeneneHus cepbl MEKIY
METAJUIOM M IIUIAKOM IIPSIMOIIPOIIOPIMOHAIBEHO YBEIMIMBACTCA C POCTOM pacxoza u3BecTH (puc. 1), ITo CBSI3aHHO
KaK C YBEIMYCHHEM MAaCCHI BCETO IIUIAKA, €T0 CYIb(PHUIHON eMKOCTH, TaK U ¢ yBenmdeHrneM noiu (CaO) B nurake.
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60-T xoBur: Ls= 3E-37(Ca0)**", R = 0,858;
250-1 koBwr: Ls = 7E-27(Ca0)***, R2=10,919
Puc. 1. 3aBucumocTb kod(duienTa pacnpeeneHus cepsl ot copepxanus (CaO) B miake

Haunbonee oTpuriarensHoe BIUSHIE Ha TIpoliece Aecyabdypannu okaseiBaet cojepxkanue (FeO) u (MnO) B
IJIaKe, UX CyMMapHOe BJIMsSHKE Ha KO3(D(DUIMEHT pacipeeeH s cepbl MeX/1y METAJUIOM M IIUIAKOM [OKa3aHO Ha
pucyHke 2. Kak BHAMM, C POCTOM KOJMYECTBA JAHHBIX OKCHJIOB IPOHMCXOJAUT pe3Koe majeHue KodhduiuueHTta
pacmpenieieHust cephl, UYTO KpaifHe HEraTHBHO OTpakaeTcsl Ha TMpolecce ynaaldeHus cepsl. IlpuumHoit
OTPUIATENIFHOTO BIMSAHHUS OKCHJIOB Kejle3a M MapraHua sBISIETCS yBEIWYEHHE aKTHBHOCTH KHCIOpPOJa, 4TO
NPENATCTBYET MEPEX0/1y Cephl U3 METAJIa B IILIAK.
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60-1: Ls= 56,61 (FeO+Mn0)>"° R2= 0,899,
250-1: Ls = 367,6 (FeO+Mn0) ™", R2 = 0,977
Puc. 2. 3aBrucHMOCTb KO3 PHIMEHTA pacpeaeleHus cepsl ot cogepxanus (FeO+MnO) B muiake
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I'oBopsi 0 BIMAHHU OCHOBHBIX OKCHIOB, COJEPKALIMXCS B LIIaKe Ha KOA(QOUIMEHT paclpeiesieHUus Cephl,
cllefyeT OTMETUTb, YTO IIOBBINICHHE COJEPXKAHHA OKCHIOB KPEMHUS, aJIOMHHUS, XKejle3a W MapraHlia CHIDKAIOT
K03 UIMEHT pacrpeieNieHns cepbl 1 OTPHULATENHHO CKA3bIBAIOTCA HA Hpornecce aecyinbdypanuu Meramia B AKIT
[4]. PocT conmeprkaHMsl OKHCH KalbIMNS W MarHUsS HA0OOPOT ONarompusATHO BIUSAIOT HA MpOIecC yOaleHHus ceprl. B
Xoze paboThl OBIIM BBIBEICHHI 3aBUCHMOCTH COBMECTHOT'O CIMSHHUS COCTaBa IIaKa M TEMIIEpaTyphbl, a TakKe
ocHoBHocTH (B), oxucnennoctu (FeO) u Temmnepatypsr:

60-T xoBLI:
Ls = — 46,237(Si0,") + 465,40(Ca’") + 135,896(Mg”") — 213,524(Al05>) — 533,0(Fe*") — 1446,71(Mn%)
+0,0169 T — - 21,037; )
Ls = 47,066 B — 22,871(Fe0) + 0,0197 T + 92,447; (2)

250-T KoBIII:
Ls = 53,374 (SiO,*) + 454,275 (Ca®") + 196,2 (Mg®") — 270,52(Al0;*) — 628,7(Fe?") — 1897,7(Mn%")
+0,0107 T — 66,38. (3)
Ls = 59,889 B — 13,054(Fe0) + 0,0436 T + 30,984. 4)

AHamu3Mpysl ypaBHEHHS MHOXECTBEHHOW KOPPENAIMH, OTPEICIUIN, YTO 3HAYUMOCTh KO3()(HIIHEHTOB
KOPPEJSIINK PacTioyiaraeTcs B CIIEMYIOIIEH TOCIIe0BaTEIbHOCTH:

- s yenosuit o6pabotku Ha AKIT emxoctsio 60 T: (Ca?), (Si0,*), (Mg®"), (Fe*), (Mn?), (AIO5Y),
TeMIepaTypa.

- st yenouii o6pabotku Ha AKII emxocteio 250 T: (SiO,%), (Ca?"), (Fe*), (Mn%*), (Mg?), (AIO5Y),
TeMIepaTypa.

Crnenyer OTMETHTb, YTO B HCCIEAYEMOM HHTEpBale TeMmeparyp, KOd(GQHUIUCHT paclpelelieHHus Cepsbl
MEX1y METAJJIOM U IIJIAKOM UMEET CJIa0yIo 3aBUCUMOCTh OT TeMIEpaTypsl [5,6].

Tabmuma 3
Pexomernmarmu no pesxnMam o0paboTkn Metaymmia Ha AKIT

T.9C XuUMHUYECKHI COCTaB IIIaka, %

’ SiO, CaO MgO Al,O, FeO MnO B

16001620 | B>~ | %85~ |75 100 | 32-39 | 02-05 | 01-04 | 265 295
20,5 60,5 ' ' ’ ’ ' ' ' ' ’ ’
TexHonornyeckue napamerpbl 00padoTKH

Emocts Bpems 06paboTku, MUH HHTeHCHBHO%TL MPOLYBIH Pacxon Ar, M/t
KOBIIIA, T Ar, M°/MuH

60 30 —45 0,245 — 0,345 0,20-0,30

250 45 — 60 0,350 — 0,450 0,080 -0,110

OmnpejeneHbl OCHOBHbBIE pexuMbl 00paboTku Metama B AKII, npu KOTOPBIX JHOCTUTaeTCsi MAKCHMAaJIbHAs
cTeneHs aecyiabdypanuu (Tabnuia 3). PekoMmenmgyemoe BpeMsi 00pabOTKH MeTajia s KOBIICH pa3sHOW €MKOCTH
OMpeNeNsyIi C Y4eTOM BPEMCHH, HEOOXOIAMMOTO Ui TOMOTCHHM3AIMH METAJUIMYECKOW BaHHBI, yCPEIHCHHE
XHUMUYECKOTO COCTaBa, TEMIIEPATYPHI, MOJHOTHI MPOTEKAHHUS MPOIIECCOB AeCyIb(ypaliiu, a TaAKKE COTIAaCOBAHHUS
pabOThI CTAICIUIABMIIBHOTO arperata U MalluHbl HSIIPEPBIBHOTO JIMThS 3aTOTOBKH.

BoiBoasl. [losryueHbl MaTeMaTHYECKHE MOJICIIM COBMECTHOTO BJIMSHHSI COCTaBa IJIaKa U TEMIIEPATyphl Ha
moKazareiu JAeCydbQypalnudd MeTaula B arperare KOBII-TeYb. [IpeayioKeHHBIC PEXKUMBbI OOPAOOTKH IMO3BOJISIOT
YBEJIMYHUTH BBIXOJ TOAHOM ctanu Ha 0,29 % (3a cyeT yMEHBIICHHS KOJTMYESCTBA NIJIAKa, CHIKCHHUS ITOTEPh METalIa)
Y TOBBICUTH KAYECTBO METAJlJIa 33 CUYET CHIKCHUS KoJmdecTBa cepbl B MeTaute o 0,005 — 0,009 %.
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MHUKAWJ AJTEMJAPU
Aszepbatioscanckuii I'ocyoapcmeennviii Ynusepcumem Hegpmu u [Ipomwvriuunennocmu

U3YUEHUE KATAJIUTUYECKOH AKTUBHOCTHU KOMILJIEKCOB RE
(V) B PEAKIIMAX OKUCJIEHUA

OKCO KOMIUICKCHI PEHHUSI HauboJiee MIMPOKO HCIONIb3yeTcss B paguoMenuimae. [loatomy, umeer 6OIbIION
WHTEpEC COCOMHEHUS COJACPIKAIOMNe B MOJIEKYJIaX CHIBHO BIHUSIOMKE MOJsApHBIe rpynnbl Re=0. OpurnHansHbe
METOZBI CHHTE3a OPraHUYECKHX JIMTAH/IOB PA3IMYHBIX BHIOB, N3YUCHHE CTPYKTYPHI U CBOKMCTB, a TaKXKe BBEICHHE
pamMo JAWarHo3a W Pa3sBUTHA TEpanmdd sl MPOCKTHPOBAHUS HOBBIX IIPEMApaToB B OONACTH COSIWHEHHS
KOMILIEKCOB PeHUs ObIT pyHAaMEHTaIbHBIM BKJIAJIOM B 3HAHUSI.

B kadecTBe MOJCNTBHONH pEAKIHUU CYIbPUINCPOKCUIA3HOW aKTUBHOCTH ()EPMEHTAa HCCIIEOBAH
KaTaJIMTUYECKOE JCHCTBUU TOJIYYCHHBIX HAMH HAauOOJiee CTA0MIBHBIX K JCUCTBHIO BOJHBIX PACTBOPOB KOMILICKCOB
B PEaKIUU OKUCIICHUS METHI(EHIICYIb(UIA 10 CYTbPOKCHIIOB U Jlajiee CYIb(HOHOB.

OxuciieHue MeTHWIPCHUICYIb(pHIa MPOBOJWIN C HCIONB30BaHHEM B KauecTBe KaTalu3aTOpOB
xommiekcos [ReOL',Br(SCN),], [ReOL',CI(SCN),] u [ReOL%CI(SCN),] mpu KoMHATHO#T Temmeparype. B 1aHHbIX
COEIMHEHUSIX OpraHu4ecKue Juraniel : L - 4-MeTUIMMmuAa3oi-2-THod, L?- N-MeTHI0eH3NMI1a301-2-THOA. JIis
9TOr0 K ameTOHUTPUIEHOMY pPacTBOPY MeTHI(EHMWICYTb(uaa MpHOaBISIIN TEPEKUCh BOJAOPOAA, KaTaIH3aTop.
Peakumio Bemm 3 dwaca, 3a XOIOM pPEaKIWH CICIWIH C HCIOJIB30BAHHEM BBICOKO3((PEKTUBHONW KUIKOCTHOU
xpomarorpadun. Peakius okucnenus metuinpeHmicyabduaa:

Puc. 1. Peakuus okucieHus MeTIIIQEHIUICYTh(HIA

[pu oxumcnennn MetwideHwicynpuaa obpasyeTcs cMech METINI(QEHIICYIb(POKCHIa W METHUI(PCHUI-
cynb(OHa ¢ MaKCHMalbHOW KOoHBepcued 81% Ui KOMIUIeKca cocTaBa [ReOL',Br(SCN),], 91% st Kommekca
cocraBa [ReOL',CI(SCN),], u 68% mis [ReOL%,CI(SCN),] i celleKTHBHO peakuusi NpoTeKaeT AJisi KOMIUIEKCOB
cocraBa [ReOL',Br(SCN),] 93%, [ReOL',CI(SCN),] - 98% u [ReOL*CI(SCN),] 88%. KoMILIEKChl HE TONBKO
yIy4IIaloT KOHBEPCHIO, HO U 00ECIEeYMBAIOT CEJIEKTHBHOCTh PEAKIMH B MOJIYYEHUH CYJb(okcuna. PesynbraTs
MPOBEICHHBIX MCCIIEIOBAHUI TpHBECHBI Ha puc. 2. CKOPOCTh NPOTEKAHUSI peakluu (MOJb MPOAYKTa/MOJIb KaT. B
qac) cocrasisier 30 ams kommiekca [ReOL',Br(SCN),], 28- [ReOL',CI(SCN),] u 31 mms [ReOL*CI(SCN),].
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Puc. 2. [luarpamma, MoKa3pIBaroIIast BRIXO KOHBEPCHU METWI(DEHMI CyIb(QHAa i CEIEKTHBHOCTb C
[ upennourenuem cynsdorcuna [l v cymsdpona [

KOHBepCMﬂ/ CeNNIeKTUBHOCTb

B03MOXHBIN MEXaHU3M KaTajin3a peakiuu MpUBeJIeH Ha puc. 3.

OKCOpEeHHEBbI  KOMIUIEKC BCJIEACTBHE O0Opa3oBaHMs C MEPEKHChI0 BOJOPOJAA  MEPTUAPATHON
PEaKIMOHHOCIOCOOHON YaCTHIIbI, pearupyeT ¢ MOJIEKYI0i MeTundeHucyab(umaa, atoM cepbl KOTOPOM SBISETCS
3JIEKTPOHHOOOECTIeYeHHBIM. B pe3ynbTaTe 31eKTpohUIIbHOTO OKUCIIeHUsT 00pa3yeTcs CyJIb(QOKCH]T.

Iocne paboThl ¢ OKHCIEHHEM METHAGEHUICYNb(hUIA HAC 3aNHTEPOCOBANI MTPOILIECC OKUCIICHHUE CTHPOJIA.

B kadecTBe MOJICIBHON KATATUTHYECKOH PEaKI[MK ATTOKCHIMPOBAHMUS aJIKEHOB MbI HCIIOJIB30BAIIN PEAKIIUIO
B3aUMOJICHCTBUSI CTUpPOJIA C TEPEKHUCSAMH, B TPUCYTCTBUU PEHHEBBIX KaTalM3aTOPOB, KOTOPBIC MPOSBHIH
HaMOOJBIIYIO YCTOHYMBOCTh K BO3ACHCTBUIO THaposn3a. JJisi 3TOr0 MBI HCTIOJIH30BAIN CIIEAYIOUINE COSIUHEHUSL:
[ReOL%Br(SCN),], [ReOL',Br(SCN),], [ReOL',CI(SCN),], [ReOL',Br(SCN),].
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Puc. 3. [IpennonaraeMblii MEXaHH3M OKUCJICHHUS METHII(EHIICYIb(uIa

OCHOBHBIMH TIPOJTYKTaMH OKHUCIIEHUS CTHPOJIa SBJISIIOTCS OKUCh CTUPOJIa, OeH3anbaeru, OeH30iHas KuciaoTa u 1-
(enmwnTan-1,2-1momn. B pe3ynbrare Takoro B3auMoIeHCTBHS MaKCUMalIbHas KOHBEPCHsI ObLIa MOJTyYeHa ¢ HCTIONIb30BaHHEM
B Ka4ecTBe KaTalmsatopa komrviekca cocrasa [ReOL%CI(SCN),]. B tabimie MpHBeIeHs! JaHHbIC KOHBEPCHH CTHPOJA I
CEJICKTHBHOCTB JIJIsl Pa3IMYHBIX MPOIYKTOB OKHCIICHHS Yepe3 6 4acoB IOCIIe Havyalla PeaKLiHHL.

Tabmuma
JlaHHBIE IO KOHBEPCHH CTHPOJIA U CENICKTUBHOCTD JUIS Pa3JIMYHBIX IPOAYKTOB OKUCIICHHS Yepe3 6 4acoB
mocye Hadana peakuuu ( t-BUOOH — tpeTOyTnn rugponepokcum)
i

Karanuzarop OkucnuTensb Kousepcust | A, a [IpoayKT ceneKTUBHOCTD
(%)
BA oC BK (i

[ReOL',CI(SCN),] H,0, 51 8.5 90 5,5 0,5 4
[ReOL",Br(SCN),] H,0, 55 7.6 74 11 9 6
[ReOL?%,CI(SCN),] H,0, 59 0.5 82 10 5 3
[ReOL%Br(SCN),] H,0, 10 0.2 52 41 5 2
[ReOL',CI(SCN),] t-BUOOH 20 2.5 52 47 1 -
[ReOL",Br(SCN),] t-BUOOH 31 4.3 50 43 5

[ReOL?%,CI(SCN),] t-BUOOH 35 5.1 53 37 8 2

Kak BumHO W3 TaOmUIEI, OoJiee CENCKTHBHO IMPOTEKAET PEAKIUS C HCIIOIH30BAHUEM [ReOL%,Br(SCN),],
BBIXOJI ITPOJIyKTa COCTABISET 8,5 r/MOIb 4. XO4eTCS OTMETUTh, YTO MCIOIB30BAHUE BCEX KATAIU3ATOPOB MIPUBOJIUT
K NPEUMYIIECTBEHHOMY mojyueHuto Oensanpaeruia (50-90%). Haubonbinasi celNeKTHBHOCTh PEaKIUH MMOTYICHUsI
OKHCH CTHpONA HAONIONAETCS TpH WHCIONB30BAHMM B KadecTBe KaranmsatopoB [ReOL%Br(SCN),] u
[ReOL";Br(SCN),], TpeT6yThi riponepexicH, B KauecTBe OKHCIHTEIS.

Venoeus peakmmm: ctupon (0,51 r, 5 mmonb), katammsatop [ReOL,Br(SCN),] (20 mr, 5 momp%),
temneparypa 80°C, CHyCN (25 mun).

Takum 00pa3oM, MPOBEJICHHBIE HAMHU HCCIEAOBAHMS  MOKA3bIBAIOT, YTO KOMIUIEKCHl PEHUS
CTEPEOCEIEKTHBHO KaTAJIU3UPYIOT PEAKIIUIO OKUCICHHUS CTUPOJIa 10 OKHUCH CTHPOJIA.

BrIBOIEI -

1. VcraHOBIEHO, YTO BbIICNICHHBIE COSAUHEHHS SBJISIOTCS AMAMATHUTHBIMH, YTO XapakTepHo s perus (V).

2. Tloka3zaHO, YTO KOMIUIEKCHl PEHHUSI KaTaJIM3UPYIOT PEaKIMI0 OKHCJICHHUs CTHUpojia ¢ 00pa3oBaHHEM
MIPEUMYIIECTBEHHO OCH3aIbeTH I, U PEAKITUIO OKHCIEHUS METHI(EHMICYTbPHUAA 10 CyIb(HOKCHUIOB U CYTb(HOHOB.

II.C. HABAPOB
000 «Omononckas 3010mopyoHass KOMNAHUAY

PAZPABOTKA U ATTECTALIUA METOIANKU ATOMHO-
ABCOPBIHMOHHOI'O AHAJIN3A 30JI0TA U CEPEBPA B TBEPABIX
BEHIECTBAX MUHEPAJIBHOI'O ITPOUCXOXIEHUA

AKTyaJTbHOCTH Pa3pabOTKH TaHHOI TeMBI BOSHHKIIA B CBA3H C TEM, UTO:
e B 2014 Tomy pykoBoACTBOM KoMmmaHuu «OMOJIOHCKAas 30JI0TOPYIHAs KOMMIaHW» OblIa IMOCTaBJICHA
3ajada - BHeApPUTH B IIpoOupHO-aHanmutudeckoit nmadopatopuu (nmanee ITAJI) aToMHO-aOCOPOIMOHHBIN aHAIN3
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3om0ta ['eonoropassenounsix mpod (manee I'PP).

e HET HM OJHOM OTpacleBOM KOMIUIEKCHOM MeToaukun HaydHOro coBera 1Mo aHaIMTUYECKAM METOIAM
(maee HCAM) oHOBpEMEHHOTO OIpEIeTICHAS 30JI0Ta M cepedpa aTOMHO-a0COPOIIMOHHBIM METOIOM.

e BCE OCHOBHBIC OTPACIEBbIE METOANKH, pa3pabOTaHHBIC €Ie B COBETCKHE TOJBI, yCTAPEIH U OTCTAIH OT
COBPEMEHHBIX BO3MOKHOCTEH MMPHOOPOB.

e CYIIECTBYIOIIME METOMBI ONPEEICHHUS 3070Ta U cepedpa OYeHb TPYAOEMKH, 3aTPATHBI M OTSATOIICHEI
60MBIINM KOJIMYECTBOM OMNEpalfif, 4YTO B CBOIO OYepe]b 3HAYMTEIHHO YBEIMYMBAET MOTPELIHOCTH MOIy4aeMOro
pe3yibTaTa aHanu3a.

Ilenb - MOBBICUTH MPOU3BOAUTENBHOCTh U OJAHOBPEMEHHO YIYUIIUTh METPOJIOTHUECKUE XapaKTEPUCTUKU
BBIJIABAEMBIX PE3YJbTaTOB aHANIW3a IyTEeM CO3JaHHs METOAMKH OJHOBPEMEHHOI'O 0e3 JKCTPaKIHOHHOTO
oIpeieNeHus 30J0Ta U cepedpa.

3amaun:

e Pa3paboTaTh KOMIUIEKCHYIO METOANKY KOJIMYECTBEHHOTO XUMHYECKOTO aHaIN3a 30J10Ta U cepedpa;

e  VYMEHBIIUTH CIIY4aliHYIO COCTaBJISAIOLLYIO IOIPELIHOCTH;

e OpraHu3oBaTh W IMPOBECTH SKCIHEPHMEHTANBHYIO OLEHKY KOJMYECTBEHHBIX IPU3HAKOB IOKa3aTenei
Ka4ecTBa, 00paboTaTh MOIyYEHHbIE CTATUCTHYECKUE TaHHBIC;

e ArrecroBath HOBYH0 MeToguky KXA B ®enepambnHom ['ocymapctBeHHOM YHuTapHoM Ilpennpusitun
«Bcepoccuiickuil HayqHO-HCCIe0BATENIbCKUI HHCTUTYT MUHEPAILHOTO ChIpbs nMeHH DexopoBckoroy (naaee BUMC);

e OrueHUTh SKOHOMHYECKHUiT 3P PEKT OT BHeApeHust MeTouKH B [TAJL.

HopMaTHBHBIMM JOKYMEHTaMH YCTaHABJIMBAIOIIMII TpeOOBaHMS K pa3pabdOTKe W aTTecTalys METOIHK
apisttorest 563 TOCT u 205 OCT B KOTOpBIX periaMeHTUPOBAHBI BCE ATAIBl M PEKOMEHIAINH, HEOOXOIUMBIE IS
YCIIEUIHOM aTTeCTal[ui METOIHUKHU.

ATTecTallio U yTBepXkAeHHe MeTonuku mpoBoautT «BHUMC». BUMC e xomaTaliCTByeT O BHECEHUU
MeTOIUKH B DeiepabHbIN peecTp.

Co3anne METOIUKH 3TO KPONOTIMBBIA, TPYJOEMKHH M PAcTIHYTHIH BO BPEMEHH IPOIECC, TPeOYOmunii
0c000T0 BHUMAHUSI, OT KOTOPOTO 3aBHCUT Ka4eCTBO BHIIaBAEMBIX B OyIyIIEM pe3ysIbTaTOB.

OcHoBHBbIe HanboJIEee 3HAYNMBIE BOIPOCHI, KOTOPbIE HEOOXOIUMO ITpopadoTaTh MpH pa3pabOTKE METOANKH:
BBIOODP METOa U CPECTB H3MEPEHHUS;

YCTaHOBJICHHE IIOCNIEJ0BATEIEHOCTH OIepalHii;

OpraHu3aIys U IPOBeJICHUE IKCIICPUMEHTA,

yYCTaHOBJICHHE HOPMATHUBOB KOHTPOJIS;

pa3paboTka MpoeKTa T0KyMEHTa;

arrectanys MeTOIUKH KOJTMYECTBEHHOTO XUMHUUeCKoro aHanu3a (ganee MKXA).

OKCHEepUMEHTHI M anpolanusi HOBOW METOAMKH IPON3BOJMINCE HA PEIBHBIX NMPoOax ¢ MaKCHMaJIbHBIM
pacIIaTbIBAaHHEM BCEX YCIIOBHH, BIUSIONIMX Ha MOTPEIIHOCTH MOIy4aeMoro pe3yibTaTa, TAKUX Kak:

® Bpems;
orepaTop;

Cpe/CTBa U3MEPEHHUS;

PEaKTHBBI,

KOHTPOJIb TOYHOCTH C MCIIOJIb30BaHUEM CTAHAAPTHBIX 00pa3IoB;

MEXMETOJMYECKOTO KOHTPOJIb, C UCIIOJIB30BAHUEM IPYTOH aTbTepPHATHBHON METOTUKH.

KadyecTBE albTEPHATUBHOTO MeETOAa I CPaBHEHMS MOITY4aeMBIX pe3yJbTaTOB MCHOIB30BAJICS
MpOOMPHBIA METOJ, NMPU3HAHHBI BO BCEM MHpE B KadecTBE pemnepHoro. B pesymbrate Habpanock OOJbIIOE
KOJIMYECTBO CTATHCTUYECKHUX JJaHHBIX, KOTOpPBIE MBI 00paboTainm 1O BCEeM KPHUTEPHSM, PACCUUTAIN 3aIlachl
TOYHOCTH U OLEHHIIH MOJIy4YEHHbIE TOTPEIIHOCTH.

W3 npuBeseHHBIX JaHHBIX BHJHO, YTO BCE PE3YIbTaThl C YIOBIETBOPUTEIBHBIM 3allacOM TOYHOCTHU
COOTBETCTBYIOIINH 3 KaTerOpHM METOAMK BBITIOJIHEHUS M3MepeHuH (nanee MBU).

IIponenypa skcTpakuuu, mpejaraeMas BceMu orpacieBbiMu MBHU, momMumo yBenuueHHs BpeMEHH U
pacxojia peakTUBOB, BHOCHUT JONOIHUTENBHYIO MIOTPEITHOCTh B OKOHYATENbHBIN pe3yabTaT U3MEpeHHsl. DKCTPAKIIUs
HeoOXonnuMa st ABYX ILelNed -  3TO yBEIMYEHHsS AaHAIUTHYECKOTO CHI'HAla M CEJEKTUBHOTO OTAEICHUS
AQHATTM3UPYEMOTO METAJIa OT MEIIAIOIINX 3JIEMEHTOB.

B xauectBe mpumepa mpenctasineHa metonuka HCAM Nel31-C B xotopoit 13 daxropoB BHOCSIINE
CHUCTEMaTHYECKHE U CITyJaifHbIe MOTPEIIHOCTH, 6 U3 HUX — 3TO SKCTPAKITHUSL.

Hama meroamka mpeamnpusaTHS COAEPKUT 7 (aKkTOPOB, BIMSIOMIMX HA IOTPEIIHOCTh M KaK CIIEACTBHE
BEPOSATHOCTH BO3HUKHOBEHUS CIIyYalHBIX M CHCTEMAaTHYECKHUX OMMOOK, yMeHbImaeTcs 6osee ueM Ha 30 %.

[Tocne HammcaHUsI TEKCTa METOJUKH, €€ anpoOalny M MPaKTHYeCKOro BHEAPEHHUS B paboTy Ha peanbHBIX
npobax, ObUIa OIlEHEHAa SKOHOMHYECKasi COCTABIIIOIIAs MPOeKTa. HeManoBaxxHyI0 poiib, ¢ 3KOHOMHYECKOH TOUKH
3pEHUs], UTPACT CTOMMOCTb 00CITY)KMBaHHsI aTOMHO-a0COPOIIOHHBIX CLIEKTPOMETPOB.

Ha npencraBieHHOM claiiie BUJIHO, YTO CTOMMOCTb PAacXOJHBIX MaTepualloB M OOCITYy)KUBaHUE aTOMHO-
a0COpOIMOHHBIX CIIEKTPOMETPOB OTIMYACTCS HA IMOPSIOK, U B JICHE)KHOM DKBHBAJIEHTE COCTABIISIET OKOJIO JBYX
MUIIHOHOB PyOIIe.

TWe e e o o
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CrouT OTMETHTD, 4TO cniekTpoMeTp KBanT-2AT obnamaer iydiiell 1yBCTBUTEIBHOCTBIO 1O CPABHEHHIO C
AAnalyst 400. CoriacHo MoJy4eHHBIM Pe3yJIbTaTaM HIDKHSS IPaHUIla ONpeaesICHHs 30J10Ta 1 cepedpa pasHa 0,20
rpamMMa B TOHHE, YETBIPEXCOTBIH 7K€ CIIOCOOCH OIPEAEIATh 30JI0TO TOIBKO OT 0,5 TpaMM B TOHHE.

OnHNM M3 OTINYNH, 1 HEMAIOBAXXHBIM, C (PM3WIECKON TOUKH 3PEHUS, ABISIETCS TUI IIIaMEHH aTOMHU3AINT
pacmbuIieMbIX pacTBOpoB. Hamm Oblma ocymecTBiIEeHa 3aMEHa aleTHICHOBOE IJIaMs Ha MpomaHoBoe. M kak
CJIC/ICTBHE OBIIM YMCHBIICHBI CIICKTPaIbHBIE HHTEP(HEPCHIINH (TIOMEXHN) U YBEITHNUCHA YyBCTBUTEIHHOCTB.

[MonHbIN MIEpexo ¢ MponaHa Ha aleTHIICH J1aJl ClieTyIOlIHe IUII0Ch:

® HKOHOMUS AlleTHJICHOBBIX OAJIJIOHOB, KOTOpast B TOJ] COCTaBIIsIET O0Jiee 0JJHOr0 MUJUTMOHA PYO.;

e yIydYllleHHWEe YCIOBUIl TpyAa B 4YacTH (akTopa TSDKECTH, TaK KaK 4YTO ITyCTOM, YTO IIOJIHBIN
alleTUJICHOBBIH 0asioH Becut Ooinee 80 Kr.

IIpn oleHKM BHEAPEHHOH METOAMKH 10 €€ IO0Ka3aTeldi0 HPOM3BOAUTEIBHOCTH OBUIM ITOJYYEHBI
clelylone AaHHble: il aHanu3a 36 mpod mo 131 MeToauKe HCHONHHUTENI0 HEOOXOAMMO IMOTPaTHTh 9 YacoB
cBoero pabouero BpemeHd, mo 130 MeTommke — § 9acoB. JTO JOCTATOYHO MPOIOIDKUTEIBHEIN MEpHOJ] BPEMEHU
YYUTBIBas TO YTO MO OJHOM M TOW ke mpoOe HeoOXOOMMO cHenaTh aHajh3 Ha 30JI0TO W cepedpo. Hama xe
METOMKA MPEIoIaraeT BEITOTHEHNE H3MepeHne 36 mpob 1Mo ompeIeeHnto 30J0Ta i cepedpa 3a 6 9acoB.

CoxkpamieHne BpeMEHN aHalu3a TSHET 32 cO00H KOHOMHIO TPYA03aTpaT, YTO B CBOIO OYEPE]b MOBBIIIAET
MPOU3BOIUTENBEHOCTD HCIIOJIHUTEIIS aHAIN3a B TIepecdeTe Ha peanbHble poObl. [1o nanHsM npencrasaeHHsM [190
9KOHOMUSI TPYZO03aTpaT 10 pa3zpaboTaHHO# MeToauku 3a 2015 rox cocraBHT /Ba C MOJOBHHOW MHJUTHOHA PYO. B
roq, a 9T0 3KOHOMUs, €CJIM CpPaBHUBATL C ABYMS BBIIIIEC O3BYUYCHHBIMU METOJUKAMU, paBHasA 40 %.

[MapamnensHO B CBSI3M C TEPEXOJOM Ha OJHY KOMIUIEKCHYIO METOJMKY MBI TIOJNyYHJIHM SKOHOMHIO
PCaKTUBOB, KOTOPbLIC HeO6XO,Z[I/IMO 6])1.]'[0 3aKynaTtb A1 AByX METOUK. DKOHOMHSA JACHEKHBIX CPCACTB Ha PCAKTUBAX
10 HOBOM METOAUKEC COCTAaBUT CTO CEMBACCAT ThICAY B I'OJ NJIN 68 % B OTIIMUME OT €€ IpeaAIICCTBCHHUKOB.

IIpy BHeceHMM W3MEHEHUW B METOJ aHa/IN3a, yNaJoCh JOCTHYb YJIy4YlIEHUs YCJIOBUH OXpaHbl TpyJa U
MPOMBIIUICHHON Oe3omacHocTH. [1epBBIii U caMblif 3HAYUTENBHBIH IIar, ¢ TOYKH 3PEHUS] B3PHIBOONIACHOCTH - OTKa3
OT aleTHICHA M MEePexo] Ha MPOIaH, TaKk KaK OJHOM M3 OTIMYHUTEIbHBIX OCOOCHHOCTEH aleTHiIeHa SIBISITCS €ro
B3pBIBOONAcHOCTh. [Ipu B3pbIBe | KT aleTHiIeHa BRIAEISIETCS] IPUMEPHO B 1BA pa3a OoJIbINe TEIula, YeM IPH B3PhIBE
1 Kr TpoTHIIa.

Bropoii mar - oTka3 OT 3Tama 3KCTPAKIUH, B IIPOIECCE KOTOPOH MCIONIB3yeTCs M30aMIJIOBBIM CIHPT,
MOBJIEKIIEE yIydlIeHHEe BO3AyXa paboueil 30HBI J1abOpaHTa, a TaK K€ 3TO YMEHBIICHHE OTXOJO0B JabopaTopuu —
M30aMHJIOBBIH CITUPT OTHOCHUTCS K 3 KJIACCY OMACHOCTH.

[ToapITOXKMBas, HEOOXOAMMO OTMETUTH KITFOUEBBIE JOCTHKEHHUS MTPOBEEHHON PabOTHI:

e Meroauka pa3paboTaHa, BHEPEHa U YCIIEITHO MCIIOJIB3YETCsl B IBYX J1a00OPaTOPHsX;

e Meromuka arrecroBada 24 wrons 2015 roma PI'VII BHMMC wu BbuIZaHO CBHUIOETEILCTBO 00
MeTposorudeckoit arrecranuu (Ne255/2015-01.0015-2013);

e DKoHOMHYECKHUH 3P deKT OT BHEIPEHHBIX N3MEHEHHH B Ir0J] paBeH IIECTH MIJUIMOHAM pyOIiei;

o Meroauka HanpasieHa B ®I'YII «k BHUUMCy» niis BHecenus ee B denepanbHeiil peectp Poccrangapra.
Metoauke B Omikaiiiee Bpems Oynet nprucBoeH Homep OP.1.31.2015. XXXXX;

e VIIydmieHsl yCIOBHS OXpaHbl TPy/a U MPOMBIIUICHHOW 0€3011acHOCTH.

Takum oOpa3om, pa3paboTka M BHeIpeHHE COOCTBEHHOH METOJHMKH IO3BOJIMJIA HE TOJNBKO COKOHOMHTH
JICHE)KHBIC CPE/CTBA, YJYUIIUTh YCIOBUS TPYJa, YBEIUYUTH NMPOU3BOAUTEIHLHOCTh, HO M TOBBICHIO 3HAYUMOCTH,
CTaOMIIBHOCTB M ABTOPHUTET MPEANIPUATHSL.

A.B. INIACTOBEL
Loneyxuii nayuonanbHbIl mexHuuecKull yHugepcumem, Yxpauna

INEPEPABOTKA IIJIAKOBBIX OTXO/J10B METAJITYPTUHN

KiroueBble cjioBa: IDIaK, METAJUTYPIHsl, CEIICKTUBHOE WU3MENBYCHUE, MarHUTHOE OOOTallleHHe, KPUBBIC
o0oraTuMoCTH, TPOOHO-(HaKTOPHBIN IKCIICPUMEHT.

BBenenne. OTX0Jbl CYLIECTBYIOMIMX JACUCTBYIOUIMX U 3aKPBITHIX MPOU3BOJCTB CO3/1al0T TEXHOTE€HHBIE
00BEKTHI, YeM HAHOCAT OTPOMHBIM Bpea OKpYKAroIIel cpele, 3aHUMaloT OTPOMHBIE MPOCTPAHCTBA 3€MENBbHBIX
pecypcoB. K Takum oTX0gaM OTHOCSITCSI TEPPHUKOHBI IAXT M YIJIe0OOTaTUTENBbHBIX (PabpHK, OTBabI OTXOIOB
Pa3IUYHBIX TUIABUIIBHBIX MPOU3BOJICTB, MUIAMOOTCTOMHUKH W WJIOHAKOMUTENIN CHCTEM OTYHCTKH BOJ M BO3AYIITHBIX
MOoTOKOB. [IIaKoBblEe OTBAJBI METAUTYPTHYECKUX TMPOW3BOCTB SIBISIOTCS OJHAM W3 TAKUX BPEIOHOCHBIX (DaKTOPOB.
INomHomacmTabHOE BHEApEHHE TEXHOJIOTHH IO TepepaboTKe OTXOI0B MPOM3BOACTB YIyUIIHT SKOJOTHIO HAIIero Kpas,
CO371aCT HOBBIE TIPEIIPUSITHS IPHHOCSIIINE TOXOM, HOBbIE pabodre MecTa ¥ 0CBOOOJUT OTPOMHBIE 3eMJITHbIE TLIOIIA I

AHajau3 HCCJAEAOBAHNN M MyOJIMKAIUA. AHAIN3 TEXHOJOTHYECKUX CIIOCOOOB MmepepaboTKH IMIIAKOBBIX
OTXOJIOB METAJLUTYpPruH, MPEIONpPEACICHHE OCHOBHBIX MapaMETPOB IMEpepabOTKH M MPAKTUYECKUE PE3yJIbTATHI
MO3BOJIMJIM Pa3padoTaTh TEXHOJOTHMYECKYIO CXEMY, 32 OCHOBY KOTOPOM B3ATO MOCTAJUAIBHOC PACKPBITHEC W
W3BJICUCHUE METAJLUTU3UPOBAHHON (ha3bl METOJOM CYXOW MAarHMTHOW cemapaleii ¢ BapbHPOBAHHBIM T'PaIHCHTOM
MarHuTHoro nosis [1, 2].
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CymecTBYIOIIIE MHOKECTBEHHBIC TEXHOJIOTMUECKHE TPOM3BO/ICTBA TI0 NMEPEPAdOTKE METAILTYPTHICCKHX IIITAKOB
UCIOJB3YIOT TIOATOTOBUTEIGHBIE IIPOLECCH IO PACKPBITHIO arperaroB, METOIbl TIPAaBUTALIOHHOTO, MAarHUTHOTO U
CIIeNMATBFHOTO (a3poceraparys 1 a3pOoKIacCH(UKAII) 000TAIIeHNS, COPTUPOBKH TT0 KPYITHOCTH [3].

O0bekT M Hedb padoTbl. OOBEKTOM WCCICOBAaHWI SBISICTCS TPABUTAIMOHHO-MArHWUTHAS —CEaparis
MapTEHOBCKHUX H IOMCHHBIX [IIJJAKOB, CEJIEKTUBHBIN IIPOIIECC PACKPBITHS arperaToB «IIaK-MeTaIN3UPOBAHHBIH KOPOJIEK».

Ilenbro maHHOI pabOTHI SABISETCS ONPEACTICHNE B3aHMMHBIX CBSI3¢H HapaMeTpOB YIPaBICHHS TEXHOJIOTHIHOCTBIO
npotiecca, pa3padboTKa TEXHOJIOTUH 10 KOMIUIEKCHOH NepepabOoTKe IUTAKOBBIX OTXO00B METAJLTYPIHH.

Pe3yabraTrsl  mcciieioBaHUH W JKCHEPHUMEHTOB 1O MepepadoTKe IIJAKOBBIX  OTXOH0B
METAJUIypru4eckoro mpou3BojacTBa. CTPyKTypH3alusl arperaToB METAUTYypIH4ecKOro MIIaKka ONpEJelsieT ero,
KaKk CJIO)KHOE ChIpbe sl mepepaboTKH. OTO OO0YCIOBJIEHO XaOTHYHOCTBIO pAaclpeelieHns] BKparuIeHHH
MCTAJUIM3UPOBAHHBIX YaCTHIIL. bonpmme craokHOCTH CO31a€T PpPasHOPOAHOCTH OTUX MECTAJIM3UPOBAHHBIX
BKJIIOYEHUII, YTO MPEMATCTBYET MOJHOMY PACKPBITHIO CPOCTKOB IIUTAKa M METAJUIM3MPOBAHHON (a3bl B OMEPAIHIX
M30MPaTENHHOTO APOOIICHUS U CEIEKTUBHOTO U3METbYCHUS.

[TonHOTa PACKPHITHS CPOCTKOB CHOCOOCTBYET MOCTHIKCHHIO MAaKCHMAIBHOTO II0KA3aTelNsl W3BICUCHUS
TMOJIE3HOTO KOMITOHEHTA ¥ BO3MOXKHOCTH MOJIy4aTh MPOAYKTHI BHICOKOTO KayecTRa.

Jnst 3TOTO0 IPOBENEH SKCIICPUMEHT HCCICIOBAHMS KHHETHKH W3MenbueHHs. OOBEKTOM IKCIIEpHMEHTa
SBJISIETCS TOATOTOBJICHHBIM APOOJEHBIH HUIAK 10 KPYMHOCTH 6 MM. l3MenpyeHHEe MpPOBOAWIOCH HA IApOBOH
MEIBHHUIIE TTOJYNPOMBINIICHHONH YCTaHOBKH. IIpoliecc CENEKTHBHOTO HM3MEIBUYCHHUS TPOXOMMII HPH KacKaaHOM
pexuMe. DTOT PEeXUM IIO3BOJISIET YIPABIATH IPOLECCOM COKpAIIEHHA AWaMeTpa KyCKa, BIWSAS Ha HUIAKOBYIO
COCTAaBJIAIOLIYI0 TIOBEPXHOCTH METAJUNTU3MPOBAHHBIX YACTUI]. B kauecTBe MENMIONIIMX TE MCIOIb30BAIICH CTAIBHBIC
mapsl KpynHocTh 10 Mm. PabGoTa MenbHHIBI OIEHMBAIach KHHETHYECKHMH XapaKTEPHUCTHKAMHU 3aBUCHMOCTH
BpeMEHHU 00pabOTKM MaTepuala U rpaHyJIOMETPHIECKNM COCTaBOM. MI3MeNnb4eHHbIH MPOLYKT KOHTPOIUPOBAIICS TI0
kpymHOCTH 100 MKM. LMpKYyISIMOHHON Harpy3Kol MENBHHIBI CIYKHT HaApemeTHBIH Npoaykr. Ha ocHoBe
MOJIYYEHHBIX JIaHHBIX OBLI MPOCTPOEH TpaduK ONTHMAIBLHOIO BPEMEHHU H3MEJIBbYCHUS, KOTOPHIH HM300pakeH Ha
pucyHke 1.
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Puc.1. Kuneruka usmenpbyeHus 1muiaka KpynHoCcTbio <6 MM.

I'padmueckoe oToOparkeHHe 3aBUCHUMOCTH KMHETHKU M3MeJbyeHusl (puc.l.) rmokasano, 4To ONTUMAaJIbHON
JJIATCIIBHOCTBIO BPEMEHU U3MCIBUYCHUA SABJIACTCA 3HAUYCHHUC B 40 MHHYT. Tlocne 40 MUHYT H3MCJIIBYCHUA
3 (peKTUBHOCTh TpoIlecca 3HAYMTEIBHO MAJacT, TaK KaK OCHOBHAs dYacTb OKHCICHHOTO CJIOS YZajeHa ¢
MOBEPXHOCTH METAJIM3UPOBAHHBIX BKITIOYCHUH.

Jlis makcumanbHO 3G (HEKTHBHOTO Tpoliecca pa3neieHuss He0OX0ANMMO OOJBIIIOE KOJIUIECTBO TaHHBIX 00
oboraruMocty 1utaka. OMHUMH W3 TaKUX JAHHBIX SIBJISIOTCA KPUBBIE 000TaTHMOCTH. [l M3ydeHHS MarHUTHBIX
CBOMCTB MarTepuaja NpPOM3BEJCH MarHUTHBIH (QpakiMOHHBIN aHanu3. ['paduyeckoe OTOOpa’keHHWE IUCKPETHBIX
3Ha4YeHUH (PPaKIHOHHOTO aHaJIM3a MPEACTaBIeHbl KPUBHIMH 000TaTUMOCTH JIJIsI IUIAKOBBIX OTXO0JI0B KOMILIEKCHOTO
cocrasa (puc.2.).

AHani3 MarHUTHBIX KPUBBIX OOOTaTMMOCTH IOKa3ajl, YTO MaTepHall COCTOMT U3 JBYX Pa3IMYHBIX II0
MarHMTHBIM cBoWcTBaM ¢pakuuu. [lepBast MarHuTHast HpaKLUs BBIIEISETCS IPH HANPSHKEHHOCTH MarHUTHOTO OIS
100 xkA/mM. DTa Qpaxiuus B OOJBIIMHCTBE IPEICTAaBICHA CTAIBHBIMH KOPOJBKAMH CTaHIAPTHOTO XUMHYECKOTO
cocraBa. Bropas marauTHas (paxmus BeIICIACTCS IPU HANPSHKEHHOCTH MarHUTHOTO 1ot 500 kA/M. C moMoIIsio
YCOBEPIICHCTBOBAHHON CXEMBI CEJICKTHBHOTO U3MEIBUCHHUS, BOSMOXKHO 0oiiee 3((EKTUBHO OTACIUTh OKHCICHHYTO
wienky (FeO) or MarHWTHBIX ¢pakumii W TepBOM CTaguel BBIACTIUIN KOMIUICKCHBIH KOHIIGHTpAT IO
HAINpsHKEHHOCTH MarHUTHOTO ToJist 525 kA/M. Bo BTOpoii cTagnu mponu3BecTH pa3/ielieHne Ha KOHIIEHTpaTa Ha IBa
MIPOAYKTA - «OKETE30PYIHBIIN» U «(peppOoCILIaBHBIN MO HApsDKeHHOCTH 120 KA/M.
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Puc. 2. KpI/IBLIC 000raTUMOCTH IIIJIaKa KOMILJIEKCHOI'O COCTaBa

Jlns onpeneneHus onTUMaabHONW 00JIacTH 3HAUCHUH MapaMeTpoB pasfieneHus pa3paboTaH U OCYLIECTBICH
JIpoOHO-(DaKTOPHBIA DKCIIEPUMEHT MAarHUTHOW cemapaluy ¢ IMOoMoInbsio mporpaMmsbl StatGraphics. IlpoBexeH
9KCIIEPUMEHT CyXOW MarHUTHOW Cellapaliy C BBISBICHHEM BIUSTENLHOCTH (haKTOPOB Ha MPOILECC pa3liesieHHs 110
MarHUTHBIM CBOMCTBaM METaJUIM3UPOBAHHBIX KOPOJBbKOB OT YacTHYEK MLIIaKa. B KkadecTBe KOHTPOJIUPYEMbIX
rapaMeTpoB BBIOpaHAa HAIPSHKEHHOCTh MAarHUTHOTO TOJISL HCIIOJMHUTENBHOTO OpraHa cernapaTropa, BIaXXHOCTb
MaTepHaia MOCTYNAIOIIero Ha CeNapaldio U Harpyska Ha ceraparop. AHaIW3 JAHHBIX, C TIOMOLIBIO HPOrPAMMEI
StatGraphics, TO3BOJNIMI MONYYNUTh TOBEPXHOCTh OTKIHKa (puc. 3), mmarpammy [lapero (puc. 4) u ompenenuTh
ONITUMAJIbHBIC IIapaMeTPBl Ul IPOBEACHUE MATHUTHOM Celapalyy IulaKa.

Standardized Pareto Chart for B Fe Estimated Rgf,ggnse Surface
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Puc. 4. [ToBepXHOCTh OTKJIMKA SKCIIEPUMEHTA

Puc.3. Iuarpamma [Tapeto N
MarHWTHOH cenapaIiu Iuiaka

Huarpamma Ilapero cBHIETENBCTBYET O TOM, YTO CAaMbIM BIMSATEIbHBIM (AKTOPOM JUISI MarHUTHOMN
cemapalyy LUlaka CIY>XKUT HalpsDKEHHOCTb MArHUTHOTO IO HCIIOJHUTENIBHOTO OpraHa cemaparopa.
MunyMu3anus 1aHHOTO apaMeTpa NPUBOAUT K MOBBIIICHUIO Ka4e€CTBAa KOHIIEHTPATA.

IToBepXHOCTb OTKIIMKA MO3BOJISACT IpadMIECKIM METOJIOM ONPEAENIUTh, KaKkoe OYeT ColepKaHue XKee3a B
KOHIICHTpATe IPU ONpEeAEIEHHON KOMOMHAIMM ABYX IIapaMeTpoOB YIpaBieHHs npoueccoM. Ha ocHoBe maHHOTO
rpaduka MOKHO OCYIICCTBIISITh IIPOTHO3UPOBAHKE PE3YJIbTATOB MAarHUTHOM cemapaiiy Iiaka.

BeiBoapl. B pesymbrare mpoBeneHHs 1a0OpaTOPHBIX SMIMPHYECKH OBIIM  OINpEJeNIeHbl OCHOBHBIC
B3aMMOCBS3H IapaMeTPOB YIIPABICHHS TEXHOJIOTHYECKUMH Iporieccamu. OmnpenerneHsl ONTHMaIbHbIE MapaMeTpsl
MPOLIECCOB CENEKTUBHOIO PACKPBITUS arperaToB «lLIaK-METalIM3UPOBaHHbIN Koponek». [IpenctaBneHa monHas
uHdopmanus 00 060raTUMOCTH IIITAKOBOT'O ChIPbs. JlaHHast nH(opManus MO3BOJIUT IIPOU3BECTH JIEeTANBHBII 000D
MapaMEeTPOB YNPaBIIEHHsI TPOLECCOM MarHUTHOM CceNMapaniy HIAKOBOTO ChIPbS.
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China University of Mining & Technology

STUDY ON FLOW FIELD PRESSURE DISTRIBUTION OF
THREE PRODUCT CYCLONE CLASSIFICATION SCREEN BASED ON
CFD SIMULATION

Abstract

Three product cyclone classification screen (TCS), characterized by its high efficiency and large treatment,
has been applied in coal preparation plant. Yet the unclear mechanism about TCS limits the application. Based on
the previous research, a CFD scheme for the screening mechanism of the novel device has been proposed, studying
the pressure distribution of flow field and giving the change regulation of pressure along the screen.

Keywords: CFD; Three Product Cyclone Classification Screen; Flow Field; Pressure Distribution

Introduction

Hydrocyclone, characterized by its simplicity and high throughput, was the main hydraulic device which has
been extensively used in mining, chemical and other fields. However, due to the phenomenon of short-circuit flow,
the study on the improvement of separation efficiency has been continued[1].

Feng-gang Song gave the cyclone fine screen: they researched the classification efficiency of hydrocyclone
whose wall was replaced by a cylindrical screen, with particle size, feed concentration and feeding pressure[2]. Tie-
hang LIU et al. studied the separation process of cyclone screen: the particles minus 0.074mm were tested in
different screen mesh, and the influencing factors of screening efficiency was obtained[3]. F.J. Souza et al. proposed
filtering hydrocyclone model: the cone shaped filter wall was used to replace the tapered section; subsequently Luiz
G.M. Vieira et al. researched and obtained the optimal structure parameters by CFD simulation, which proved that
its performance was better than the traditional cyclone[4].

Based on the traditional hydrocyclone (THC), Jian-zhong Chen et al. in China University of Mining and
Technology presented a novel model named three product cyclone classification screen (TCS) which has been
applied in industrial production. The practical result in Xue-hu Coal Preparation Plant showed that the separation
efficiency of TCS was 25% higher than that of TDCP.. In order to explore the mechanism of the material through
the sieve, the internal flow field pressure distribution was simulated by CFD, giving the pressure variation of the
screen along the wall, on the basis of previous research results.

Equipment and Simulation

1. Equipment

The device structure is shown in Fig.1. Mixed slurry is tangentially given from the inlet under a given pressure. Due
to the increased cylinder-type sieve, unique boundary effect appears: With the cutting effect of sieve edges, some part form
underscreen flow through sieve; the others swirl to the cone section and form underflow and overflow!®.

Figure 1. Schematic diagram of TCS
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2. Simulation

With the geometry described by SolidWorks, the mesh was got by Gambit. The RSM model and mixture
model of Euler—Euler were selected for simulation as turbulence Model and multiphase flow model, respectively.
Meanwhile, the settlement of single precision solver simulation was used without considering the heat transfer

process, and the entrance flow was 15m? /h.
Results and discussion
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Figure 3. The total pressure
cloud picture of the THC at y=0

The total pressure cloud picture of TCS and THC are shown in Fig.2 and Fig.3, respectively. It can be seen
that due to the presence of the screen in TCS, with the weakened vortex effect, the internal pressure was reduced to
around 50% of THC.
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Figure 4. The relationship between pressure and radius in z=-100 mm plane of TCS

It can be seen in Fig.4 that the total liquid pressure (PTotal) of TCS between the central pipe and inside of
screen (where x=-12.5~-37.5 mm) strengthened with the increase radius in TCS.
In y=0 plane, the relationship between axial position and internal-external pressure can be shown in Fig.5.
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Figure 5. The pressure between inside and outside the screen in TCS
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With the increase of axial position, the APy, decreased to 0 that would lead to the sieve reflux phenomenon
at the bottom. The formula between APty and z (where x=37.5 and 42 mm) can be got by Origin as in Eq.1:

AP =0.06e%12 —(0,006e2°16 + 294.36€25 —294.35 1)

Total

where AP+~ the total pressure difference around screen (pa).

Conclusions

By CFD simulation, it is known that the Py 0f TCS strengthened with the increase of radial direction at the
same axial position; the APrqq Of TCS decreased with the increase of axial height around the screen; the reason for
sieve reflux has been found out, which is conducive to the further optimum structure of the equipment.
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INVESTIGATING THE EFFECT OF HUMAN FACTORS FOR MINING
EQUIPMENT

Introduction

Human factors (or ergonomics) is defined as the scientific discipline concerned with the understanding of
the interactions among people and the other elements of a work system, and as the profession that applies theory,
principles, data, and methods to design in order to optimize human well-being, safety, and overall system
performance.

As well as a scientific field and profession, human factors is also a way of looking at the world which has
as its focus the capabilities, limitations, motivations, behaviors, and preferences of people. The aim is to maximize
efficiency, effectiveness, quality, comfort, safety, and health by ensuring that systems are designed in such a way
that the interactions are consistent with people’s capabilities, limitations, motivations, behaviors, and preferences.
The emphasis is on changing work systems to suit people, rather than requiring people to adapt to these systems.

Design

The design of mining equipment plays a crucial part in the safety and efficiency of work tasks that are
conducted by operators at that equipment. Similarly, design has a major impact upon the ease, safety, and efficiency
of equipment maintenance.

Because most equipment designer and mine site engineers still view human constraints to be less
significant than technical challenges (such as of equipment reliability, payload, etc.) there is a tendency to not
systematically consider human factors in the equipment life cycle process, and it is common to see human factors
concerns being passed from one phase to the next.

Safety

In equipment design (especially mobile equipment design), a distinction is often made between primary,
secondary, and tertiary safety:

1. Primary safety is the prevention of accidents per se.

2. Secondary safety is the protection of the person in the accident situation; for example, making mining
vehicles more crashworthy.

3. Tertiary safety involves recovery and assistance after an accident.

Safe design should also therefore consider all three levels; however, the main concern of eliminating
hazards and minimizing risks means that the focus is on primary safety, especially for the users of the equipment.
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Usability

To provide a simple definition, usability means that the people who are intended to use a specific item of
mining equipment can do so quickly and easily to accomplish their required tasks. Everything to do with the
equipment has to be usable. In many ways the benefits of usability are obvious; they can include increased mining
efficiency, fewer work injuries, improved operator acceptance, fewer errors, earlier detection of the requirement for
maintenance, less training required, and less mistakes and/or violations. Mining technology should not be seen as a
“barrier” whereby the operator has to focus excessively on the technology and not the task. Likewise, as much as
possible, the technology should fit the operator and the task, and not require the operator to fit the technology.

Human factors and the system life cycle cost

Whatever the time in the system life cycle, human factors interventions in most industries (including mining)
usually have the dual objectives of increasing productivity and effectiveness and improving the conditions of work (for
operator safety, health, comfort, and convenience). Although consideration may be given to ease of use, comfort, and
other similar matters, most of the analysis has been done on both short- to medium-term performance and safety benefits.
Such an approach does not usually fully consider long-term environmental costs (e.g., environmental pollution due to
human error when maintaining equipment). Therefore, the complete benefits from using human factors should ideally be
derived from the total system and equipment life cycle costs of the product, including conception, design, development,
build, purchasing, implementation, support, operation, maintenance, and disposal.

Potential barriers to using human factors in design

So if human factors is such a great discipline and approach, then why is it not systematically used in all
mining equipment design? It has already beenindirectly mentioned a few of the reasons; the points below will
summarize some and expand on others.

1. Lack of human factors knowledge and over-imputation. That is, designers get some of their information
about the eventual mine site user by attributing their own personal knowledge to the other person, rather than using
formal human factors data or methods.

2. Lack of easily accessible human factors information and methods, and standardization does not always
work for all human-related equipment issues. This issue is lessening in areas such as physical ergonomics (e.g.,
where anthropometric data are often built into modern computer-aided design packages so that the different sizes
and shapes of operators and maintenance workers can be considered). However, in more complex, or psychological,
areas such as workload or being able to deal with multiple alarms, designers often have less assistance, and so need
to rely more on trial and error or their own professional judgment.

3. Competing priorities. Designers generally work for larger equipment manufacturers, who sell
equipment to mining companies. Consequently, there is a gap between the designer and the ultimate health, safety,
or well-being of the end user. Where design compromises need to be made (e.g., lower price, high usability, or
increased productivity of equipment), then the immediate demands of pleasing clients in terms of technical aspects
may take precedence over “softer” and longer term aspects such as usability.

4. Professional pride of the designer and/or emotional investment in an idea. Designers may be reluctant to
change something they have created, especially when human factors is not part of their core training.

5. Perceived costs. As seen earlier, human factors costs and benefits are difficult to fully quantify. For example,
“adding” usability may be seen as an additional cost, especially if only considered later in the design process.

Automation and new technologies

Automated and new mining technologies are being increasingly developed and deployed for a number of
efficiency and/or safety reasons. These vary by their precise application to different aspects of mining, but they
generally fall into one or more of the following broad categories:

1. Removal of operators from hazardous situations. This includes from near large mobile equipment, or
even total removal from a mining method (e.g., underground room and pillar mining, in theory). This category also
includes the reduction in the need for hazardous maintenance or exploration tasks.

2. Lower cost of production. In one sense this is a catch-all category, and virtually all new or automated
technologies need to achieve a positive return on investment (across the full life cycle of the equipment). Examples
include more ore dug and transported, or more efficient process control operations.

3. Requirements for enhanced precision. As will also be mentioned later, an example of this is automated
blast hole drilling-where not only is there a potential safety benefit, but also the correct location of the blast holes
can be more accurately achieved through automated systems. Similarly, for in-vehicle assistance systems in mobile
mining equipment, this might include roadway departure warnings or better braking and speed-limiting systems (to
allow the mobile equipment to be operated more precisely when in busy operations).

4. Less environmental impact. Automation and new mining technologies can, in theory, be more
sustainable, minimize the need for land reclamation (e.g., by using keyhole mining methods, rather than open-cut
operations), and require less energy to extract and process the commodity.

5. Being able to mine areas previously inaccessible. For example, being able to mine in hard-to-reach
locations that previously could not be mined economically (e.g., at greater depths or lower seam heights).

6. More data and information. Certainly, such aspects need to be handled correctly, so they are not
perceived as intrusive and as unnecessarily

Conclusion
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Mining equipment should be viewed as one part in the wider system of work that also involves individuals,
groups (work teams), the organizational environment, the physical environment, prescribed tasks versus how work
is actually done, communications, the wider society and culture, as well as the mining equipment and technology
being used. Whatever the different elements of the system, it should be clear that operating and maintaining mining
equipment are done within a wider context of work, and that improvements and new equipment designs will be most
effective if considered within this wider work framework rather than as piecemeal adjustments, retrofits, or add-ons.
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DEVELOPMENT OF A QUALITY ASSURANCE SYSTEM FOR HOT
ROLLED TWIN-ROLL-CAST (TRC) MAGNESIUM STRIPS

Abstract

Magnesium is a material with a huge potential in the lightweight construction due to its numerous beneficial
properties. In addition, from the view of the resource availability it is almost unlimited. The Institute of Metal Forming of
the TU Bergakademie Freiberg has developed an economical technological chain for the magnesium strip production. In
order to guarantee a stable quality on an industrial scale a quality assurance system is necessary. The paper describes
firstly the prerequisites for the construction of the quality assurance system. Afterwards, the concept of the quality
assurance system for the magnesium strip production is proposed and discussed.

Keywords: Twin-Roll-Casting technology, quality assurance system

Introduction

The automotive industry is forced to increase their efforts on material substitution in the lightweight
construction due to higher awareness concerning resource availability and climate protection. In this context
magnesium has increasingly moved into the focal interest of the automotive industry owing to its nearly unlimited
availability and favourable properties.

Due to the lack of economical magnesium strip production routes the Institute of Metal Forming of the TU
Bergakademie Freiberg has developed an innovative technological chain, consisting of the Twin-Roll-Casting (TRC) and hot
strip rolling process. Figure 1 depicts the entire technological chain for the magnesium strip production.

For further industrial application of this technological chain a quality assurance (QA) system is necessary,
which enables a reproducible production under the impact of deviations. A direct adoption of QA systems from
other fields such as the steel or aluminium production is not possible because the technological and material science
context is different. However, these QA systems serve merely as a basis for the development of the new one. For
this reason, the paper states the prerequisites for the development and the concept of the QA system for the entire
technological chain corresponding to its special needs.

a) Twin-Roll-Casting b) Hot strip rolling

TRC-strip Hot rolled TRC-strip
0. Ingots 2. Twin-Roll-Casting 4. Trimming 6. Air furnace 7. Coiler . ' 9. Air furnace
1. Melting furnace 3. Shear 5. Coiler 8. Quarto-reversing mill

Figure 1. Pilot plant for magnesium strip production at the Institute of Metal Forming [2]
QA system prerequisites

The hot rolled TRC strip is assessed by various quality features, which are influenced both by its
production process and the mechanical and geometric properties of the TRC strip. As a result, the exploration of the
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processes as well as the interrelationships among the individual process steps is the essential part of the QA system
preparation. For this purpose, experimental data of the pilot plant have been collected and filed. These experimental
data are listed in [1]. Subsequently, these data have been analysed and classified into three indicator types. These
three types of indicators are listed in Table 1 [1].

Table 1
Classification into indicators according to [3]
Primary indicators Secondary indicators Tertiary indicators
Properties of TRC strip TRC process Impact on the result
Properties of hot rolled TRC strip Hot strip rolling process
Product parameters Process parameters Manipulated variables

The technological chain is a non-linear, dynamic and multidimensional process. Hence, the determination of the
quantitative interrelationships among the different classified indicators is carried out by the variance-based Partial Least
Squares Structural Equation Modeling (PLS-SEM) approach. The PLS-SEM approach is a multivariate analysis method,
which ought to explain the primary indicators based on a series of ordinary least squares regressions [4].

Concept of QA system for magnesium strip production

The knowledge of the interrelationships among the classified indicators in Table 2 forms the prerequisite
for the design of the control units in the QA system. Based on this knowledge Figure 2 proposes the concept of the
QA system for the magnesium strip production.

Figure 2. Quality assurance system for the TRC technology [1]

Control units must be implemented both in the on-line and off-line mode. The on-line mode is necessary in
order to react directly to the quality deviations during the process. Thus, the target quality can be reached. In some
cases, there is no technological possibility to generate all relevant indicators on-line. Therefore, control units in the
off-line mode should be implemented to check the certain properties. They are tested by the destructive and non-
destructive test whereof corrective actions are derived by the resetting of the tertiary indicators [1].

Following the approach and requirements of the “Future project Industry 4.0” of the German Government
the magnesium strip production should be integrated with IT-technologies. As a result, the magnesium strip
production will be controlled by cyber physical production systems.

Conclusion

The development of the QA system for the magnesium strip production depends strongly on the quality features of
the hot rolled strip. In the first phase of research, the analysis concentrates only on the Twin-Roll-Casting process.

The parameters of TRC process were classified into the three indicator types. The quantitative interrelationships of
indicators are currently analysing, for instance, the thickness profile of TRC strip. In the near future, further properties of the
TRC process will be statistically analysed and its quantitative interrelationships will be also determined.
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SELF-SIMILARITY IN COMMINUTION TECHNOLOGY

Introduction

Fractals are widely known in various branches of science. The underlying concepts seem to overcome the
barriers between the different research areas. Hence, exploring the fractal nature of comminution products is an
interdisciplinary undertaking.

In the past, a few research projects have proven that grinding products are very likely to have a fractal
character. Those investigations have shown that self-similarity is a very common characteristic for single particle
comminution, confined particle bed comminution and ball mill grinding. Regardless of this fact, fractals plays no
role in today’s design and operation of comminution machines.

The aim of the research presented in this paper is to examine the comminution behavior of coarser particles,
which are comminuted in single particle mode. Doing so, this research extents the range were the self-similar behavior of
comminution products is analyzed to the point where usually primary crushing takes place. As section of this paper
explains, the obtained results show significant evidence for self-similar character of the crushing products.

Basics on self-similarity

Self-similarity is the basic idea of fractal geometry. The term "self-similarity" means —very simplified - that
an object can be decomposed into smaller copies of itself. As you zoom in such objects, the initial structure is
generated again and again. This property is also described as scale invariance. Objects that have self-similar
characteristics are called fractals.

A distinction is madebetweendeterministicandstochasticfractals. Typical examples for deterministic fractals, which
can be derived from a rule, are the Cantor set and the Sirpinski gasket. In contrast, stochastic fractals miss such rules for
generating themselves. Thesestructures have indeedsimilaritiesat different resolutions, but they do not have exactly the same
patternorappearanceas in the original state. In result, differently enlarged parts of the objects can be distinguished clearly from
each other. Nonetheless, it is not possible to draw a conclusion about the size or dimension of the objects without a specified
scaling. Typical representatives of statistical fractals are coastlines and rock formations.

Self-similarity of comminution products refers not to the shape and size of individual particles but to the
effect, that the comminuted products have a self-preserving size spectra (Kapur, 1972). In order to prove the
similarities between different particle size distributions, the usual way is to rescale them to their mean particle size
as characteristic length. If those normalized particle size distributions of comminution products of the same feed
material fall onto each other, they are called self-similar (Figure 13).

Experimental test work

Since self-similarity is verified especially in the field of grinding with feed particle sizes less than 7 mm, the
question occurs weather those characteristics can be found at coarser feed particles too. Hence, the focus was set on
single particle comminution of three different size fractions -3.15 +2.5 mm, -31.5 +25 mm and lump pieces -300 mm.
As Figure 2 shows to the reader, the smallest fraction connects our test work to the range of past test work.
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Figure 13. Two self-similar example distributions plotted against the particle size x (left) and against the
dimensionless particle size x/Xsq (right)

The comminution tests were carried out with three different minerals. In order to cover materials with
different comminution properties, a granodiorite from Kindisch, Saxony, a dolomite from Ostrau, Saxony, and a
quartz from Ottendorf, Saxony were chosen.

For the crushing test work, three different piston-die presses were used, each fitting a particle size range.
The testing procedure was similar for all the three presses. The particles were singly positioned in the die-presses
and comminuted by the slow compression of the piston.

Results and discussion

Due to the limitations of space, this paper focuses on the results of quartzite (Q), which are presented.
Figure 15 shows the particle size distributions of the quartzite particles that were comminuted with the different
die-presses to specific gap widths, ranging from 100 mm for the lumps to 0.8 mm for the smallest fraction.
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Figure 14. Particle size range of past and recent test work (Klichowicz, et al. 2014)

To analyze the self-preserving character of the particle size distributions, the results are further plotted to
the normalized diagram with the dimensionless particle size x/x50. As Figure 16 (left) shows, the product particle
size distributions vary and not all of them fit onto each other.
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Figure 15. Size distributions of comminuted quartzite particles (Q) in dependence of the feed particle size (red —
lumps -300 mm, blue/black -31.5+ 25 mm, green - -3.15+2.5 mm) (Klichowicz, et al. 2014)

The authors noticed two problems, which may occur by testing the crushing behavior ofsingle particles
indie-presses. For small reduction ratios, respectively big gap sizes, the self-preserving particle size distribution was
not able to ermerge itself. This effect is comperable to the findings of Venkataraman (1988). He stated that
preclassified particle size distributions need a certain amount of grinding to form out their natural self-similar
characteristics. On the other side, the normalized curves flatten at very high reduction ratios. The analysis of the
fresh comminution products showed, that the tests have reached a point of transition where the single particle
comminutions merges into partly particle bed comminution.
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Figure 16. Normalized plot (left) and adjusted normalized plot (right) of crushed quartzite particles in
dependence of the gap width of the die-presses (Klichowicz, et al. 2014)

In consequence, the results have to be revised from those tests having a too small or to big reduction ratio.

Figure 16 (right) shows only the tests where enough comminution occurred to overcome the unnatural
preclassiefied feed distribution and where no or only minor particle beds were formed. Because, the particle size
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distributions of all three size fractions fall onto each other, it is concluded that the tested quartzite has a self-similar
breackage behavior. These findings are equally found with granodiorite and dolomite too. Thereby, self-similar breakage can
be proofed for the first time explicitly for feed particle sizes in the range of primary and secondary crushing of brittle
materials.
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EXPERIENCE IN APPLYING THE MOBILE FEED-STATION
IN BORYNIA- ZOFIOWKA-JASTRZEBIE COAL MINE- JASMOS
DEPARTMENT

Abstract: The issues raised in this article relate to one of the product line of Elgor + Hansen SA Company,
which is both a supply power and maneuvering device. This device with the progress of the longwall is moving by crawler
track. The mobile power supply and maneuvering device is always manufactured in configurations corresponding to the
expectations of the customer. The device in described example supplies all drives of longwall machines.

Keywords: mobile power supply and maneuvering device, power supply and maneuvering device, power
supply device, transwitch.

Introduction

An importantdetermining factor formobility, proper operationandsafety ofmaintenance and operationin
miningconditionsintroducedhigh concentration ofminingore andeconomic policyis certainlyelectrical equipmentas
well as asystemof itsmovementwith the progress ofthe frontwall. The Elgér+Hansen company, for over 20 years,is a
manufacturer ofdevicesthat meet the highrequirementsin terms ofsafety, quality andreliability,designed
themobilepower supply station. Both themobile power supplystation andother devicesare designedaccording to the
needsand the requirements ofthe customer, who is thedirect user of devices. Thanks to listening to ourcustomers
andby observing theoperation of the equipmentand thestrugglesassociated withtheirmovement, the company
produceda device that meets thenew expectationsof the market.

Flameproof power supply and maneuvering device [2]

Flameproof power supply andmaneuveringequipmentare devicesperformed byexplosion-proofaccording
toATEX execution rules and can be installedin undergroundmining headings in methane and non-methane coal
mines withmethane hazard grade:"a", "b", "c" and in headings withclassAandBof dust explosion hazard.

The design ofthe devicewas developed according tothe requirements of Directive94/9/EC (ATEX).
Conformity certificatepredestinesthe use ofthe device inrooms with explosive atmosphereGroup IcategoryM2.

Appliedintegratedpower protections relay and adopted system ofcontrolbased onPLCcooperating with
thetechnological blocks and using theintrinsically safe circuits, allow safe cooperationwith the devices
supplyingmining machines and equipment.

Construction

The mobile power supply and maneuvering device consists of:

a) upper voltage chamber equipped with the isolation switch with earthing switch, overcurrent protection
current and connector switching the main transformer,

b) a transformer chamber, with a dry transformer,

c) lower voltage chamber, equipped with switchgear, protection and control devices,

d) allowing the chassis of a tracked easily by moving a set of built-up the power supply control apparatus.

Functionality

The power supply device with maneuveringis equipped with 3tracksdisconnectors on the side
ofmaneuverability. Particular linesenable the connection:

- Track-1: four engines,

- Track-2: four engines,

Track-3: five engines.

The deviceis also equipped withan outletofrated voltage 42V.
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Figure 1. Schematic diagram of the power supply and maneuvering device
EH d31/d122100/6.0/1.0/ W /111/02.21 from the main circuit to 1000V
supports the complex needs of the entire longwall mining

View AndDimensions Of TheDevice

Figure 2.View of mobile power supply and maneuvering device
EH d31/d12-2100/6.0/1.0/W/I11/02.21

All poweredreceiversare protected by integrated Protections Drivers made in digital technology andhaving
aself-checking system performance.

The outletsare protectedagainst short-circuits, overloadand phrase unbalance. Earthing continuity control in
the integratedprotection controller, enablescontrol ofearthing continuityandremote control. The outletsare protected
by earth lacking blockingand thermal control. Thermal Circuitsmay be combined withtemperature sensors of the
poweredengines.The power supply and maneuvering device isequipped withcontrol andsignaling apparatus.

In order to control the device is used the continuity protection orseparatorswith theintrinsically safe circuits.
Optionally,the power supply andmaneuveringdevice is adaptedto connect to thedata transmission
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systemenablingreading of technical informationandits transferto the surfaceof the mine (eg. to the control room) and
/ or the EH-MineView system or any othersystem usedby the customer.

The data transmission systemenables, among other things, transfer ofinformation aboutthecurrent &
voltageand information aboutinterrupting conditions. The power supply andmaneuveringdeviceis also equippedwith
an internaldata transmission systemby which informationabout the current and status of thecomponentsaresent by
the digital busand visualized on the display. The display may showoperating parameters, protections or relay
statusandthe measured electric values.

The ElgértHansenSA company, offering products worldwide, has certified supply and mane uvering
equipment in different configurations, allowing the power supplyvoltageotherthan6 kVandpowerdrives with
differentpowerandvoltage ratings. These devicesalso havethe opportunity to supply three-phaseandone-
phasereceiversof rated voltagefor example130V or 230V.

Thereis a schematicdiagram of an apparatusoperatedinJasMos coal mine presented below.

Conclusion

The current situation in mining poses challenges for users and producers that cause actions which are
customized and fully optimized in cost. Currently, users more often expect devices which are strictly dedicated to
meet all their requirements. The current mining regulations and a system of compulsory certification of devices is
not conducive to fast-action adaptation of previously developed solutions which meet the expectations of potential
customers. That is why the Elgér + Hansen S.A. company certifies products allowing the customer to freely
configure the devices- one of the example is the power supply and maneuvering device. Such approach is required
by the market and the construction of dedicated devices, including the need to maintain a competitive price of the
device, forces lower costs without compromising product quality. This aspect makes use of similar or even identical
components with the highest technical parameters in various electric configurations which are dedicated in the
production of devices for demanding clients.

Figure 3.The dimensions ofthe mobilepower supply andmaneuvering device
EH-d31 /d12-2100/6.0/1.0/W /111 /02.21

Table 1
Technical Parameters [2, 4]
Technical parameters

Inlet Ratedvoltage 6000V
Outlet rated voltage 1000V
Frequency 50/60Hz
Rated Power 2100kVA
Number of main load lines 3
Number ofthree-phaseoutletsof the main
] 13
circuit(protected)
Rated continuous currentof a singleload line do 450A
The mass of powers_upply andmaneuvering 11000kg
equipment
Chassis weighttracked 7100kg
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One of the mainbenefits of using theabove-describedsolutionsof the mobilepower supply andmaneuvering
stationis thepossibility to position thepower supply unit(transformer) very close to the machines, what gives a
positive effect onthe conditions of traction drives, which requirethe installationof engines withincreasingpower. In
such arrangement there is a greater reliability andcertainty to supplydrives with high powerdue to lowervoltage drop,
thereby increasing the life of thepoweredengines.

The use of mobile power supply and maneuvering devices brings additional benefits- both economic and
organizational (associated with running the reconstruction of electric apparatus). Another benefit is no need of using
power cables from transformer station to power supply and maneuvering device because in this case is the same-
one mobile device. There are both technical and economic advantages due to the smaller number of installed
conduits. The great importance is also the speed of assembly of the power longwall system, which is limited to the
installation of power and control cables. One mobile devices that power the mining longwall complex gives us a
simple control system and power supply because we eliminate cables between individual devices, which are usually
located in the train of electrical apparatus. All the above aspects minimalize the risk of failure even for power supply
and maneuvering equipment working in difficult mining conditions.

A significantadvantage ofmobilityis thatlargeweight isseated onthe flooreliminatingproblemsof the
suspension ofsuch heavyequipmentasflameprooftransformer stationsandtheir movement. This
solutiongivesmaximumsimplify for the process ofreconstruction ofthe power supply equipmentanda
significantshortening oftime. Maneuverability of mobile power supply stationenablesus toshape thedimensions ofthe
passage for people ie. duringnormal operation,the device isusuallylocatedvery close to theside wall. The
modernelectrical ~ equipmentbased on  thenew range  ofprotection, relayswithself-monitoring  of
theirperformanceandadaptedto workin eventhe most difficultclimatic conditions, allows the connectionto multiple
systems of visualization and monitoring- such as EH-MineView.

Taking everything into account, when producers have to prepare the dedicated, oftenunique and limited to
oneproductioninindividual quantitiesgoods, it can be saidthat the manufacturersof machines and equipmentfor the mining
industryface thechallenge.Such situationstimulates the growth ofmainlymanufacturers-leaders, not small businesseswith
little experience, withoutfinancial backing, whichprovidesthe guarantee of the quality ofservices,warranty andpost-
warranty service and enables arapid response. Only companieswith goodfacilities,technical engineering, proper financial
situation and companies with experience in industrycanstablyoperatein the market andat the same timeacquirethe
confidence ofmining companies. The Elgor+Hansen S.A. companyhasalso skilled professionals who providetheservices of
remote siteusingthe EH-ServiceConnect system.

It should be emphasized that each of the solutions proposed for mining companies meet all the restrictions
and selection criteria connected not only with meeting the technical parameters of monitoring and remote
parameterization of the operating parameters, but also in the training of maintenance and service.
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IMPLEMENTATION OF ROBOTIC OPERATING SYSTEM IN MOBILE

ROBOTS CENTRAL CONTROL SYSTEM

Abstract

Robots become more and more popular in modern world. Wide access to software development tools,
cheap electronics components and rapidly progressing research related to machine learning algorithms are nowadays
allowing to apply robotics in everyday use, also in mining industry. It is possible to use freeware open source
software available online to create fully functional control system for a robot, which could perform various tasks to
improve safety and efficiency in mining facility.

This paper is focused on a central control system created for Mobile Assembly Robot. It is based on
Robotic Operating System (ROS). It allows to create a control system in which cooperation and relations between various
hardware components can be created. It is achieved, by applying control and signal processing algorithms to the system.

Main benefit of ROS is providing control architecture which is easy in implementation and modification,
also in case of cooperation of multiple design teams. Software structure is much more "modular” than in case of
software written for embedded systems. Combining different programming languages is also possible. Due to the
open source character of this software there are libraries and solutions provided by internet community. Their
application is possible not only in research facilities or civil environment but also for industrial purpose like mines and
smelters.

Robots can perform task which are hard and often dangerous for human, like working in hazardous
environment or operating with very heavy objects. They are also faster and more efficient than human. Robots are
not affected by distractions, being tired or illness. From industrial point of view, in case of accident the only
problems is fixing or replacing broken robot. Moreover, in many cases they can work 24 hours per day all 7 days of
a week.Development of material science and new kinds of electric insulation allows for application of robotic
solutions even in explosives environment and creates new possibilities for application of robots.

Moreover, ROS also allows simulation of the created system, therefore it is possible to work on the control
system in parallel to design teams working on assembly of a robot, without actual device.

This publication provides working principle, architecture, simulation of work of mobile robot control
system and also examples of application in mining facilities.
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TU Bergakademie Freiberg, Germany

CONCEPT OF TEMPERATURE MODELING OF THE HOT STRIP
ROLLING TECHNOLOGICAL CHAIN OF MAGNESIUM ALLOY AZ31

Keywords: Reversing rolling; thermal modelling; 3-D simulation; magnesium alloys

Abstract

The paper proposes the approach to the modelling and calculation of the temperature development during
the hot strip rolling of magnesium alloy AZ31. This technological chain of magnesium alloy includes the reheating,
reversing hot rolling and un- /cooling of a coil. The temperature modelling chain combines each step of the
technological chain. Moreover, they are connected with each other. The3D FEMimplementation occurs by means of
the OOPDE (Object orientated partial differential equations) Toolbox in MATLAB™, In the paper will be shown
the state of the work on this approach and some result with its validation.

Introduction

The institute of Metal Forming of the TU Bergakademie Freiberg is one of the R&D leaders in the field of
the magnesium strip production by means of the Twin Roll Casting and subsequent reversing hot rolling (see Fig.
1). The paper focuses on the hot strip rolling technological chain which consists of the reheating, transport, coiling,
hot reversing rolling, uncoiling of the a coil.

Figure 3. Entire technological pilot chain of magnesium strip production at the institute of Metal Forming
of the TU Bergakademie Freiberg[1]
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The importance of the temperature modelling during the hot rolling technological chain is caused by the
limited temperature range of the magnesium plasticity which is up to 225°C. It is due to its hexagonal lattice
structure. In addition, the knowledge of the temperature evolution during the process enables to design the
technological chain more efficient from view of the energy consumption, on the one hand. On the other hand, it will
also support by the understanding of microstructure behavior along the hot reversing rolling process.

Modellingconcept

The modelling of the hot rolling technological chain is carried out by means of FEM using the OOPDE
Toolbox in MATLAB. The OOPDE Tooboxfacilitates the describing each step of the technological chain by means
of the single classes. These classes include information such as grid, fem, solution which can be brought into
connection with other classes. Thus, it is possible to describe the entire hot strip rolling technological chain by
modelling each step and creating the individual classes. Fig. 2 depicts the schematic construction of these classes.

Finite element formulation

The convective-diffusion equation formodelling heat transfer cf. [2], is written as

onf} (1)
onl.t L .. Jips 2)

where T(K) is the temperature, 2 (kg/m3) is the density, <u (J/(kg K)) is the specific heat capacity and f;
(W/(m2 K)) is the heat transfer coefficient according to the boundary conditionsli.f 1. ...%; are the % surface
segments of L. These segments re used to define several boundary conditionsmodelling contact with surrounding
air, a mandrel, or guide pulleys. During the processing steps theform off! as well as the number of boundary
conditions varies.A radiative heat transfer boundary condition is not considered in the presented model in order to
simplify and to accelerate the calculation. However, the emissivity of magnesium alloys in the temperature range of
the reversing rolling of magnesium alloys is about 0.135. The radiation of magnesium alloy will be taken into
account in the further development of the work. To apply the finite element method (FEM) we consider the weak
form of the differential equation.
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Figure 4. Modelling concept of the hot strip rolling technological chain based on the classes in OOPDE Toolbox

After discretization of the domain £, boundary T, and of all functions by finite elements, we finally obtain
the semi-discrete problem:

3

where K is the stiffness matrix, I’ is the mass matrix, F is the vector of the heat source and the matricesH;
correspond to functions % and & . They are the vectors corresponding to the given data T-.in theboundary integrals.
By the dependence of the stiffness matrix on the temperature this is a non-linearproblem. For the details of the used
FEM software OOPDE we refer to [3].

Results

The furnace program for coil heating together with the calculated furnace temperature compared to the
measured within the furnace chamber during coil heating is shown in Fig.3.The validation of coil heating simulation
is given in [1,4]. In the next step, the coil is transported to the coiler. It happens a slightly cooling occurs due to free
convection. Subsequently, the coil is unwound. Fig. 3 shows the predicted temperature during the unrolling step.
The validation of the unrolling process is outlined in more details in [5].
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Figure 5. Simulation results of reheating (left) and uncoiling (right) steps

In the next figure the calculated steps of the reversing rolling are demonstrated. Fig.4(a) depicts the
temperature state of the reversing rolling with the uncoiling of the first coil. In Fig.4(b) the second coil has been
already created. The rolling process is carried out with both the uncoiling and coiling process.The temperature
evolution and the difference between both coils can be observed. Fig.4(c-d) shows the completely uncoiled first coil
and the coiled second coil, respectively. In addition, the temperature state of the second coil after the first rolling
pass is about 320°C. Hence, the temperature reduction corresponds to about 50°C.

Figure 6. Simulation results of hot strip rolling steps (a-d)

Conclusion

The paper focuses on the thermal modelling of the hot strip rolling technological chain of magnesium alloy
AZ31. The proposed modelling approach enables the investigation of the temperature state of the reversing hot rolling
taking into account the previous steps such as the reheating, un- /coiling process of a coil. The modelling concept and
the implementation idea was presented. In the near future the further experimental trials will be carried out in order to
validate the simulation results. Theadvantageofthismodellingapproach consists on the possibility to calculate both the
temperature state of coils and the temperature state of the unrolled strip in connection with coils. Based on these
calculations the microstructureevolution can be calculated along the reversing rolling process more accurately.
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DESIGN AND IMPLEMENTATION OF MACHINE VISION FOR
MOBILE ROBOTS

Introduction

Despite the industrial development, mining industry is still remains as hard and dangerous labour. That is why,
the demand of automation and robotics is very high. Although, there are other factors impacted on robotics development
in mining, which include the need of increasing productivity, ensuring people’s safety and avoiding accidents.

To be more precise, there are several levels of robot autonomy which vary on the human participation in
the human-robot interaction. One of them, according to Beer et al ‘Assisted Tele-operation’ goes ’after ‘Manual’
stage in this taxonomy. This type gives the opportunity to robot to help man in performing tasks. Machine can
advise to operator, for example, the best suitable trajectory or avoid obstacles if the distance is too low between
machine and object. (Beer, J.M., Fisk, A.D. & Rogers, 2014, p. 74.)

Word ‘Teleoperation’ can be interpreted as ‘control from distance’. In this way ‘distance’ can be changed
from 10 meters to millions of kilometers. In Figure 1 the scheme of typical tele-operated system is presented. It is
called telemanipulation, which is a mechatronic system with local device (as master) and remote device (as slave).
Connection is established via communication link. In the case of mining industry the best way of transmitting signal
will be wireless channel. Depending of particular mine, the system may include also system of repeaters for signal
not to be lost. (Mahler, 2014)

The aim of this study was designing and implementing machine vision for mobile robots, which can be
used in mining industry. It is a trial to create an augmented reality system which will be as an advisor for an operator
in the case of determining important objects on the image. The tasks for augmented reality system are:

1. Human detection (by face or silhouette projection)

2. Defining special signs (danger or warning)

3. Recognize valves, tools and other most used devices on the site

4. Understanding colors of lights (areen, blue, vellow, red)

0
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Figure 1. Principle scheme of tele-operated robot

Methods

With the use of previously described video system it is become possible to use video stream from the site in
the control room. (Soroka, 2015) Video signal goes wirelessly to video switcher. From this device it grabbed by the
frame grabber to the PC with pre-installed LabVIEW with IMAQ drivers. The general scheme is shown in Figure 2.
Capture device with the technology Direct Link feeds the program with video.
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Figure 2. General scheme of machine vision system

In real time program, blocks “IMAQ Learn pattern” with the pre-loaded samples compare every frame by
the means of statistical approaches. It is possible to use several methods in learning template information. They are:
Low Discrepancy Sampling, Grayscale Value Pyramid, Gradients Pyramid. The best way of doing things is to use
all the algorithms step-by-step. Sometimes there is a need of filtering the image. For these purposes FFT
transformation can be used. (National Instruments, 2013)

Another block can be used for color detection. Its name is ‘IMAQ Color Classifier’. The idea is to train the
program in detecting colors. There are two phases in the process of determining colors: training phase and
classifying phase. At first, samples need to be inserted in the memory of classifier. As much samples one have, the
higher accuracy will be. Furthermore, it is obligatory to create classes (e.g. colors) which will contain the medium
and low resolution mask to produce the absolute feature. (National Instruments, 2011)

It can be challenging to develop the best suitable algorithm for human detection. The program needs to
check at first the existence of face. After that it can be possible to create custom classifier for recognizing shape of
silhouette projection.

Results

In the Figure 3, the screenshots from camera are presented. After recognizing object the program sends a
string with information to an operator. It uses colours in three stages of importance: green (low importance), yellow
(medium importance) and red (high importance).

Figure 3. Demonstration of several popular signs

Discussion and conclusions

It should be mentioned, that the experiments with pattern recognition were done only in the laboratory
conditions. One more factor is not considered: illumination. To avoid impacting of low light, there is a possibility to
install LED torch.

In this work, several results of implementing machine vision are presented graphically. Basic structures are
mentioned with commentaries. Future work will be the experiments on site. Although, the algorithms of detection
and code optimization will be done.
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INCREASE OF ENERGY EFFICIENCY OF ROAD TUNNELS

Abstract

The report investigates the opportunity for optimization of the electricity cost for supplying the road tunnel
lighting.

Keywords: natural lighting, solar panels, LED lighting, road tunnels, illumination efficiency.

Introduction

Entering into a road tunnel without illumination, the driver of the vehicle falls into a "black hole.” The
human eye is unable to adapt so fast from the high level of brightness in front of the tunnel entrance to the lower
brightness inside. The ability to adapt is limited by the physiological characteristics of the human eye. It is therefore
necessary road tunnel entrance to be highly illuminated and the rest of the tunnel to be illuminated according to the
illumination standards (1).

Exposition

Lighting of road tunnels are differentiated in 5 zones, which are shown in Figure 1. The purpose of these
zones is to achieve maximum adaptation of vision of the driver to road conditions, with minimum energy
consumption. The blue curves show the needed luminance in the different parts of the tunnel.

Figure 1. Zones in the road tunnels

Safe passage of the driver through the tunnel is associated with a large stress of the eyes. The load is
determined by the rapid adjustment of the eye to the high brightness in front of the tunnel entrance, to the brightness
of the internal tunnel area.

Depending on the above conditions, the luminance in the threshold zone should be from 90-250 candelas
per square meter. The realization of such high luminance along the 100 - 250 meters requires installing higher power
consumption lighting system.

The primary expense for the maintenance of a road tunnel is the need for it to be illuminated.

In the research of lighting systems of approximately 40 road tunnels in the Republic of Bulgaria [2], is
established that the power required for lighting the threshold and transition zone at the entrance of the tunnel
ranges from 20-120kWonly for one of the tunnel tubes. The rest part of the road tunnel, according to its length is
illuminated by up to 10-15% of the required output power of the threshold and the transition zone of the tunnel. The
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annual utilization of the maximum load is 2500 hours, which corresponds to 50 MW to 300 MW annual power
consumption for the threshold and transition zones.

This report examines the opportunities for cost optimization for supplying the lighting system of road
tunnels with electric power, which is the biggest expense on their operation.

Opportunities for energy efficiency

1. So far in tunnel lighting systems were used luminaries with high pressure sodium lamps (HPSL). The
progress in the field of LED lighting makes it possible to produce such also for internal tunnel area where the required
unit capacity for them is 50-100W with symmetrical radiation and lighting for adaptive zone with a power range of
350W and asymmetrical radiation. This luminaire replaces almost 1:1 tunnel luminaire with HPSL 400W bulb and
active power consumption 450W with the light source control gear. Besides the high light output of more than 100
Im/W [3], which have LED light source, their advantage is long life up to 100,000 hours compared to HPSL with 25
000 working hours. Also, a big advantage of LEDs to HPSL is the possibility of their easily dimming. While luminaires
with HPSL do not allow a rapid change of the luminous flux, this issue in LED luminaries is missing. They can in a
split second to change the light output from 0-100%. An additional advantage is the favorable dimming function -
increasing the light yield while dimming (50% luminous flux is achieved at 40 percent power input) [4].

Till now in these lighting systems the regulation of power is performed by sectioning the lighting in groups
and inclusion of different levels (Fig. 2). When using LED lighting, the dimming of the luminaries can be smooth.
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2. Another option for optimization of costs to power lighting systems in road tunnels is the use of suitable light
distribution of the luminaires, which allows achieving the norm requirements with minimal costs [5]. This is possible,
because of the mirror component of the road surface. Fig. 3 shows the light parameters of the LED illuminator with
efficient light distribution measured in scientific research laboratory "Lighting™ at MGU "St. lvan Rilski".
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Figure 3. Light distribution of LED tunnel luminaire for adaptive zone with a power range of 350W and asymmetric
radiationCCT- 3970K, CRI =83

3. The above advantages of LED lighting make it possible to use solar radiation to power the lighting of
the threshold and transition zone. The advantage in this case will be the lack of transformers, batteries and power
converters (Figure: 4). As such drivers will use LED light powered by a constant voltage 150-300 V, generated by
photovoltaic panels.

To determine the parameters of photovoltaic power is necessary to know the amount of solar radiation in
the critical time of the day, ie , in which there is a need of more power. To do this you need to know at what time of
the year, the front brightness L20 is greatest and when solar radiation is the weakest. Such an embodiment of the
power supply of the luminaires of the threshold and transition zone may reduce the consumption of these zones from
50 MW to 275 MW per year, depending on the specifics of the tunnel.
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Figure 4. Powering tunnel luminaries with photovoltaic

4. Another possibility for lighting the threshold and transition zone of the tunnel is the light pipes [6]. At
low external brightness is not necessary realizing a high brightness in the input. In practice, the power of
illumination must be proportionate to the external light. This is an ideal prerequisite for threshold lighting of road
tunnels to use light pipes to bring outside light inside the tunnel. This will get natural regulation in accordance with
the normative requirements placed and brightness in the input area will be proportionate to the solar radiation.

A feasible solution is to place light hubs at the entrance of the tunnel to capture a large amount of sunlight
and direct into the light pipes.

Such equipment can fully replace the lighting in the adaptive zone of the tunnel.

Conclusion

Using each of these methods will result a substantial reduction in the electricity cost for exploitation of the
tunnel lighting. Using LED luminaires the electricity cost will be reduced to 50%, if we combine it with suitable
light distribution of the luminaires, these costs will decrease by another 30%. Installing photovoltaic or light tubes
for illuminating the threshold and transition zone, this cost will be kept to a minimum and the investment will return
approximately from 6 to 8 years.
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TEST BENCH FOR MACHINE COMPONENTS
RESEARCH ON HIGHLY STRESSED COMPONENTS SUCH AS IN
MINING EQUIPMENT

Abstract

The chair of development and construction at the Technische Fachhochschule Georg Agricola is
developing currently a flexible test bench for highly stressed machine components. Investigations on drive
components such as clutches, shaft-hub connections or brakes are possible. The technical capture with such a wide
range of products is made possible by a modular construction. With a nominalmechanical output of 45 kW torques
up to 1500 Nm can be applied for the dynamic tests.

Motivation and objectives

Test benches are needed wherever a technical object must be tested reproducibly on its properties. To check
the properties is important forguarantee the functionality and operating safety in mechanical engineering. For the
transport of raw materials the drive and extraction technology are essential. The chair of development and
construction at the University of Applied Sciences “TFH Georg Agricola”, has set oneself the task to develop a test
bench for thesecomponents in drive and extraction technology.In this sector the requirements on high load-bearing
capacity are fact. Consequently the test bench has to meet these requirements with a powerful system. With this
present plannedsystem it will be possible to test machine parts under speed and high torques.
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Facts and figures

In this section shortly facts will be mentioned about the test bench, so that the interested reader gets a better
perception of the extensive project. The part numbersrefer to the attached technical drawing on the second last page:

1. The space between the gearboxes (No0.29) is provided for the modular units. Here different test objects
can be clamped with various conditions such as width, length and height;

2. The devices of the test bench are mounted ona machine bed which has a weight about 7 tons for a
strong position and minimal vibrations.The length dimensions are 5000 mm x 1500 mm;

3. A powerful induction motor (No.2) with an output of 45 kW is responsible for the provision of speed
and torque. This electric motor has a weight of 410 kg;

4. The second identical induction motor (No.2)is used as a brake by using a power resistor. The next
intention isto fed back the braking energy into the system by using the generator operation;

5. With a gear transmission ratio (No.29) the motor torque will be increased to about 1500 Nm on the
testing unit. This is based on the nominal torque of the electro motor, so there are even higher torques possible if
these are not permanently in use;
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6. In addition to the mechanical completion, a test bench requires the corresponding sensors and controls in
order to generate the desired properties and of course to monitor and read the measured values. This is mainly about
the mechanical construction;
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7. The torque measurement (No.26) is performed with a torque transducer with proven strain gauge
technology combined with the latest electronic components. In addition to torque measurement, the transducer has a
speed sensor for checking the rotational speed permanently. Magnetic particle brakes are not rest torques free, so the
difference is measured by two torque transducers. One before and one after the brake;
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8. Self-aligning couplings (314.65. ... and 314.80. ...)guarantee a stress-free connection between the elements.
Two clutches are connected in series, so that they can be carried out corrections in axial, angular and furthermore radial
deflections. For ease of installation, the couplings are partially provided with divisible clamping hub;

9. The installation of the magnetic powder brake (N0.25) is justified to the advantageous properties, which
have the other braking systems are only partially. The main features include fast response time, high precision and
dispense the torque exactly. Furthermore the brake has a high efficiency, no wear and no servicing is required;

10. The mechanical brake (No.28) brakes the test bench in case that the modular section is divided from the
subsequent part of the system;

11. A safety clutch (No.49) disconnects the induction motor from the drive train when a certain torque is
exceeded. This protects the system against overload, if for example an unexpected deadlock appears in the drive train;

12. The elastic coupling (No.27) inhibits the unwanted strokes of the motor, so that the system is preferably
unaffected of them. Strokes are always associated with higher torques.

Conclusion

Normally application-specific test benches cannot buy ready-made. Justified by the different requirements,
test benches are customized solutions with different concepts. With the completion of the project presented here, the
Technische Fachhochschule Georg Agricola zu Bochum represents a specific system for testing components in drive
and extraction technology.

S. VARGA
TU Bergakademie Freiberg, Germany

AUTOMATED DETECTION OF THE GEOLOGY AT MINING

Abstract

To reduce the dependencies of foreign deposits of rare elements or ores like copper, it is very important to
inspect if mines can be reopened again. For this it is necessary to know the geology of a mine. Closed mines that are
still accessible can be a danger for the team of new exploration. Possible reasons for these risks are for example a
lack of fresh air or a bad stability against collapse. Further it is expensive and time-consuming to exploit it by
people. This leads to an increased economic risk for reopening mines again. These problems can be reduced by an
automatic exploration. Therefore, a research project with the aim to develop an automatic driving vehicle has been
launched. A part of this research is the automated detection of the geology of the deposit in the mine. The target of
the automation is one step to mining 4.0.Below a multisensory system to detect and to map the geology of a mine,
especially the ore lodes, will be shown. Part of this sensor concept is a combination of RGB-camera, a hyperspectral
camera and a laser scanner.

In the recycling industry it is usual, to select the individual components of the conveyer belt automatically.As a
requirement for that, automated detection of individual components must be done. A combination of a RGB camera and a
hyperspectral camera is a very common tool(Headwall Photonics (2009), LLA Instruments GmbH). In case that further
information are required, additional sensors for detecting metal can be added for example.The solution can be found in
other industries like raw material processing and inspection services.

The principal to detect material signatures and structures of the earth surface by using spectrum cameras
such as hyperspectral cameras is common for many scientific disciplines and industry solutions.

Goetz & Srivastava (1985) definetheimagingspectroscopy, now knownashyperspectralimaging, as
»theacquisitionofimages in hundred sofcontiguous, registered, spectralbands such thatforeachpixel a radiances
pectrum can be derived.”In 1972 Landsat-1, former called ERTS-1, with a multispectral scanner (MSS) launched
and the received data was used for a geologic interpretation of the CoconinoPlateu(Goetz et al. 1975).%*

Hunt (1977) describes the underlying physical processes for the rock and mineral, relating to a defined
wave length.

This spectrum of hyperspectral cameras can be divided into two main parts. The first part from nearly 200
to nearly 1000 nm, some authors call this VNIR (Clark (1999)), and the second one from nearly 1000 to nearly 2500
nm. In the first part electronic processes are dominant. In the second part vibration of the molecules generated a
characteristic spectrum. This leads to an exact finger print of the material being detected. The first part (up to 1000
nm) can be used to detect metals and rare elements (Carli et al. (2015)).

A further advantage of hyperspectral sensors, working in this spectral range, is that they are cheaper then hyperspectral
sensors for the wave length of 1000 to 2500 nm. Therefore, a hyperspectral 1Dsensor will be used for the project (QMini, Sphere
Optics (SphereOptics GmbH (Hg.) (2015)) 1D sensor means, that the sensor measures punctual and not an area.

For this research | use a combination of a RGB camera and a hyperspectral camera like it is described
below. New at my concept is that | put the technology of the industry in a mine with an additional laser scanner. For
the pre-processing | will modifythe algorithm of the well-knownindustry solution to the special situation of a mine.

%Fundamental research of spectres and geology are done in the 1970s Ross, H. P., Alder, J. E. M., and Hunt, G. R.
1969; Hunt, G. R., and Salisbury, J. W. 1970; Hunt, G. R., Salisbury, J. W., and Lenhoff, C. J. 1974a, 1971a, 1971b,
1973b, 1973a, 1974b.
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Further | add the aspect of the calculation of fissure planeto this.So it can be said that | make geological research
with transformed methods of the in industry 4.0.

In illustration 1 the principal is shown. The laser scanner detects the fissure planeand the geological borders
are calculated by using statistics. With the RGBcamera | will additional detect the geological borders. This leads to a
map where several kinds of rocks can be discovered. The next step is to find out the kinds of rock. In addition, I use
the hyperspectral sensor to detect the signature of the rock.

Figure 1.Multisensorconcept, which includes a hyperspectral-sensor, a RGB-camera and a laser scanner

As a first step of my research | work with hyperspectral sensors in order to detect the signature of the rock.
Basically, for working in a mine, the right illumination is essential. Using a hyperspectral sensor makes it necessary
to give further attention to this point.The spectrum of the light must be similar to natural light, because for further
calculation the spectrum of the light must be known. Then it can be separated from the rocks’ spectrum.Michelsburg
(2014) combines a fluorescent lamp for the visible spectrum and a halogen lamp for the NIR in his study of
hyperspectral cameras in inspection services. A separation of the lamps through shading is important to avoid
mixing of the spectrum of the single lamps.Inside a mine you can have larger difficulties, because the environment
is much more challenging. The surface of the rocks is wet and rough and the adit curvy. Furthermore the energy of a
robot is limited. Another problem is the positioning of the lamps on the mobile in order to separate the lamps from
each other. A good solution may be a separation through time. This means: first the RGB camera measures, then
their lamps turn off, the halogen lamps turn on and the hyperspectral camera starts their measurements.

First measurements to test a hyperspectral camera (NorskElektroOptik AS (Hg.): HySpex. Imaging
Spectrometer User's Manual) have been done and show that the hyperspectral camera can be used for our research.
This project is promoted by the BMF (Grant No: 033R126A).

References

1. Carli, C.; Serventi, G.; Sgavetti, M. (2015): VNIR spectral characteristics of terrestrial igneous
effusive rocks. Mineralogical composition and the influence of texture. In: Geological Society, London, Special
Publications 401 (1), S. 139-158. DOI: 10.1144/SP401.19.

2. Goetz, A. F. H. & Srivastava, V. (1985): Mineralogical mapping in the cuprite mining district. In:
Gregg Vane und Alexander F. H. Goetz (Hg.): Proceedings of the Airborne Imaging Spectrometer Data Analysis
Workshop, April 8, 9, 10, 1985. Pasadena, Calif., [Springfield, Va.]: National Aeronautics and Space
Administration, Jet Propulsion Laboratory, California Institute of Technology; [National Technical Information
Service, distributor] (NASA CR, 176210), S. 22-29.

3.  Goetz, A. F. H,, Billingsley, F. C., Elston, D., Lucchitta, I., Shoemaker, E. M., Abrams, M. J. (1975):
Applications of ERTS images and image processing to regionalgeologic problems and geologic mapping in northern
Arizona. Pasadena, CA: Jet Propulsion Laboratory. In: JPL Technical, S. 32-1597.

4. Headwall Photonics (2009): Mining & Mineral Exploration Hyperspectral Imaging. Biiro Berlin
Schwarzschildstra3e 1 D - 12489 Berlin.

5. Hunt, Graham R. (1977): Spectral signatures of particulate minerals in the visible and near infrared.
In: GEOPHYSICS 42 (3), S. 501-513. DOI: 10.1190/1.1440721.

6. Hunt, G. R., and Salisbury, J. W. (1970): Visible and nearinfrared spectra of minerals and rocks-1.
Silicate minerals. In: Modern Geology 1 (4), S. 238-300.

7. Hunt, G. R, Salisbury, J. W., and Lenhoff, C. J. (1971a): Visible and near-infrared spectra of minerals
and rocks-111. Oxides and hydroxides. In: Modern Geology 2 (3), S. 195-205.

8.  Hunt, G. R., Salisbury, J. W., and Lenhoff, C. J. (1971b): Visible and near-infrared spectra of
mineralsand rocks-1V. Sulphides and sulphates. In: Modern Geology 3 (1), S. 1-14.

9. Hunt, G. R, Salisbury, J. W., and Lenhoff, C. J. (1973a): Visible and near-infrared spectra of
mineralsand rocks-VI1. Additional silicates. In: Modern Geology 4, S. 85-106.

10. Hunt, G. R., Salisbury, J. W., and Lenhoff, C. J. (1973b): Visible and near-infrared spectra of
mineralsand rocks-VI1I. Acidic igneous rocks. In: Modern Geology 4, S. 217-224.

11. Hunt, G. R., Salisbury, J. W., and Lenhoff, C. J. (1974a): Visible and near-infrared spectra of
mineralsand rocks-1X. Basic and ultrabasic igneous rocks. In: Modern Geology (In press).

12. Hunt, G. R., Salisbury, J. W., and Lenhoff, C. J. (1974b): Visible and near-infrared spectra of
mineralsand rocks-VIII. Intermediate igneous rocks. In: Modern Geology (In press).

13. LLA Instruments GmbH: Analytische bildgebende Prozess Technologie.

14. Michelsburg, Matthias (2014): Materialklassifikation in optischen Inspektionssystemen mithilfe
hyperspektraler Daten.Norsk Elektro Optik AS (Hg.): HySpex. Imaging Spectrometer User's Manual. Prost Stabels
vei 22. 2019 Skedsmokorset, Norwegen.

203



15. Ross, H. P., Alder, J. E. M., and Hunt, G. R. (1969): A statistical analysis of the reflectance of igneous
rocks from 0.2 to 2.65 microns. In: Icarus 1 (11), S. 46-54.

16. SphereOptics GmbH  (Hg.) (2015): QMini.  Miniature  Spectrometer For Integreted
Mobile Applications. Ehbachstrafie 7a. 88690 Uhldingen.

A.B. BOCAK, C.I1. IEBUYYK, B.O. NOJIMIIYK, C.B. BAMYEHKO
Hayuonanvuwiii mexnuueckuii ynusepcumem Yrxpaunvt « KIIH»

KHHEMATHKA NOJABEMHON YCTAHOBKHA C MUHUMMU3AIIMEN
JTUHAMWYECKHUX HAI'PY30K ITIPUBOJIA

B Hacrosimee Bpems B pa3sBUTHH HIAXTHOTO TOIhEMa HAOMIONACTCS TCHICHISA YBEIMUCHWS TIIYOWHBI TOIBEMA,
CKOPOCTH JBIDKCHHSI COCYIOB W WX TPY30MOOBEMHOCTH. PocT B mocnmemHme rompl miyOMHBI momsema a0 1200-1500m m
00yCITOBIIEHHAST STHM 3>KOHOMHYECKas I1eIecO00pasHOCTh KOHIIEHTPAIH TPY30IOTOKOB MPUBEIN K CO3IAHHIO COBPEMEHHBIX
TOJTbEMHBIX KOMIUIEKCOB, CTIOCOOHBIX TEpeMeIlaTh B OIBEMHBIX COCYaX OJHOBPeMEeHHO 0 100 uenoBek 1 MOAHUMATE CKUIIBI
Tpy30m0abeMHOCTBIO 710 50 ToHH [1]. TTpu sTOM TS cCOXpaHeHus! MPOM3BOAUTELHOCTH MOBEMHbBIE YCTAHOBKHU JIOJDKHBI UIMETh
Bce OOJBIIIYIO0 CKOPOCTh JABKYKEHHS MOJEMHBIX COCY/IOB M OOJIBILYIO MX TPY30IOIXEMHOCTb. V13BECTHBI MIAXTHBIE MOIbEMHbBIC
YCTAHOBKH, BBICOTA MOAbeMa KOTOpbIX jgocturaer 2000 M, rpy30MoIbeMHOCTh COCYIOB JIO - 75 T, a MakCUMAaJIbHasi CKOPOCTh
meikerrst 1o 20 m/c [2]. B zapyOexHON TpakTHKe MaKCHMAaIbHAs CKOPOCTh TombeMa nocturaet 30 m/c. MormHOCTh
AMEKTPONPHBOIOB cocTabisier 1o 5-10 Teic. KBT. Macca morbeMHBIX KaHaToB MOXKET ocTurath 10 30 T. [Ipw 5ToM 3Ha9HTeNEHO
YBEJIMYUBAIOTCS IMHAMUYECKUE HArPY3KH [PH Pa3rOHE ¥ TOPMOMKEHHH [3].

Borpmas 9acTh MOABEMHBIX YCTaHOBOK PaOOTAIOT aBTOMATIYECKU C M3MEHEHHEM ABIDKCHUS CKOPOCTH TIOXBEMHBIX
COCYJIOB Onarofiapst aBTOMATHIECKAM YCTPOHCTBAM, KOTOPBIE COCTABIIIIOT CHCTEMY YIPABICHUS IBHTAaTENIeM, B COOTBETCTBIH C
TPEBAPUTEIIHHO PACCUMTAHHOMN TaXOTPaMMOIA, TOBTOPSACTCS KaXKIbIH orbeM. OHUM 13 CIIOCO0O0B TOBBIIICHES 3(()EKTHBHOCTH
Y HaJISKHOCTH PabOThI TIOJLEMHON YCTAHOBKH SIBJISIETCS ONTHMAIbHAS HACTPOMKA CHUCTEMBI YIPAaBJICHHUS SJIEKTPOIPHBOIA C
LENBI0 YMEHBIICHHS] IMHAMITYECKUX Harpy30K, KOTOpbIe BO3HUKAIOT IIPH ITYCKE, YTO TO3BOJIIET YBEIUUIUTH CPOK CITY>KOBI BCEX
COCTaBJLTIOIMX 3JIEMEHTOB IOEMHOTO OOOpPYOBAaHKS M TOPHO-TEXHUYECKHX COOPYXKCHHIL. YMEHBIIEHHS AMHAMUYECKHX
Harpy30K TIPH IIAXTHOM TIOIhEME BO3MOMKHO JIOCTHYb IBYMS F3BECTHBIMH CIOCOOAMH: TPUMCHEHFC aBTOMATH3HPOBAHHOM
CHCTEMBI YIpaBJICHUS ABHTATeNs [4, 5] M MexaHmdeckw - TpUMEHEHHe 0apabaHOB ¢ TepeMEHHBIM TpodieM (HarprMep,
OMMMHIPOo-KoHUIeckuM) [2, 6]. ITprmeneHue nepBoro criocoda TpedyeT CIOKHONH MHOTOKOMITOHEHTHOH CXEMBbI YIIPaBJICHHUS
SNEKTPONIBUTATENIEM, YTO MOYKET TIPUBECTH K YMCHBIIICHHWIO HANEKHOCTH PA0OTHI MAIIMHBI, CYIICCTBEHHOTO YBEIMYCHUS
KarTatbHbIX (10 50%) 1 sHepreTdeckux 3atpar (bonee 5%). Tak moTepr MOIIHOCTH TOJBKO B YaCTOTHOM TpeoOpazoBarerie
(moTepu MPOBOIMMOCTH 1 Tiepeksrouenwst) 6oree 10% [7].

IIpumenenne O6apabaHOB C MEPEMEHHBIM paalycoOM, HamlpuMep, OWIMIMHIPO-KOHHYECKHM, peIaeT
MpobJjeMy YacTHYHO, IMOCKOJIBKY KOHHUYEecKass (opMma MpeArnojiaraéT MTHOBEHHOIO BO3HHUKHOBEHHS YCKOPEHHS
Mexay nepuogamu [2]. ONTHManbHBIMH YCIOBHSAMH ITyCKa MOJBEMHOW MAIWHBI SBISAETCS PHIBOK MMOCTOSTHHOTO
3HAYEHUs, KOTOPBIA CO3/IACT Pa3TrOH MAIIUHBI C TIOCTOSHHO PACTYIIUM YCKOPEHHEM, MUHUMHU3UPYET TUHAMAYECCKUE
SIBIICHHUS C MUHUMAITLHBIMH 3aTpaTaMy SHEPTHH.

[TosTOMy TOBHIIICHHE SKCIUTYaTallMOHHBIX CBOWCTB MOJHEMHOW YCTAHOBKHM Ha OCHOBE OOOCHOBaHUS U
BbIOOpa Gopmbl OapabaHa MaIIMH MOABEMHBIX YCTAHOBOK MO KPUTEPHIO MUHUMAIFHOTO YCKOPEHUS B Hayalle IIycKa
SIBJIIETCS. aKTyaJIbHOM Hay4yHOH 3ajaueil.

IIpoBeneHHBIE HCCIEIOBAHMUSA CTABWIM II€JBI0 YCTAHOBJICHHS 3aKOHOMEPHOCTEH PEXHMOB JIBHKEHUS
MOJBEMHON YCTAHOBKH TPU MHUHUMAIBHBIX JUHAMHYECKUX HArpy30K, KOTOpPblE BO3HHKAIOT, YTO IO3BOJHUT
YCTaHOBHUTBH TEOMETPHIO HAMATHIBAsI OPTaHa C IEPEMEHHBIM PaIHyCOM.

HeobxonuMocTs IpUMEHEHNST MHOTOIIEPUOTHBIX TaX0rpaMM IIPH paboTe MOABEMHBIX YCTAHOBOK, BBI3BaHA
psmoM (aKTOpoB, TaKWX KaK OTPaHWYCHHE CKOPOCTH [IBIDKCHUS B Ppa3rpy30YHBIX KpUBBIX, HopMmamu [ITD3,
BEJIMYMHON cBOOOAHOTO BBIOETa M T.A. [lodTOMYy obecriedeHHe MBHKEHUS MO TaKUM TPEOOBAHUSM HCIIONB3YIOT
MBSITUIIEPHOAHY WM CEMHUICPUOIHY TaxOrpaMMbl C IMMOCTOSHHBIMU 3HAYCHHSAMH YCKOPEHHH HA HAdYalbHBIX H
KOHEYHBIX MEPHoJaxX, YTO MPUBOJAUT K MTHOBEHHOMY BO3HMKHOBEHHIO 3HAUEHUS JMHAMHUYECKUX Harpy3oK, Ha BCe
AJIEMEHTHI MOJBEMHON YCTAHOBKH. YMEHBIICHHS AMHAMHYECKHUX HArpy30K IPH ITyCKE BO3MOXKHO IIPH YCIOBHH:

a(t)=0, nmpu t=0. Jlaunoe ycnoBHEe MOXKHO BBIIOTHMTH HPH TOCTOSHHOM PHIHKE B HAuyalle JBHKCHHS:
b = const = p, mpu €= 0. [ns poiBka M yCKOpEeHHs C pasHbIM 3HAUYCHHEM INPOIOJDKHTEILHOCTH TEPBBIX U
MOCJIETHUX JIBYX IEPHOJIOB 3aBUCUMOCTH IIPHOOPETACT CIETYIONTUI BU;

b(t) =p, t E[0;t1); b(t) =p, t E[0;11);

b(t)=-r, tE[t1;t2); b(t)=-p, t E[t1;t0);
b(t) =0, t<[to;t3); b(t)=0, t<[to;t3);
b(t) =-p, t E[t3:t1); b(t) =-p. t E[t3;t4);
b®=p, t<ta;t5]. b()=p. t<=[tg;t5].

J1nst ppIBKa ¢ Pa3HbIM 3HAYCHUEM MPOJODKUTEILHOCTH TIEPBBIX U MOCICAHUX ABYX HEPHOIOB 3aBUCUMOCTh
pHOOpeTaeT CIEAYIOMUN BU/:
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2
v="- 1ot ),

_pta(t2 205t +tytp)
S 2Atg-tp)
v(O)=pt? . t Eltp;ity);

_ -p((t-t3 )2 '2'[12) tE[taits).

v(t) JElt);

v(t)

2
t3-t4 t(t-14)(t+t4-2t5)  tefig;t
V(t):p(t%- R ), [4,5]_
2 2ty -t5)
AHanorun4yHo JUISL BBICOTBI IIOABEMA C YCKOPEHUEM !
pt3
hO="6" tefoty).

2 .3 2
-pt1(3tot = -t~ - 3ttt + 1t
ht) pt1(3t2 ot +17t2)

6(t1-t2) teltis).
pty(2t5 -Ttytp +6t3t)
h(t) = tEfto;itz)
6 tE[tpit3),
_p(3titg-t3 +6tt -3tt5 -7ty + 25t +t3 )
V()= 6 tEltsit),
2 3 2 3 2
Tt o o(t-g) (t-tg) (13-t4)” (t-t4)t3-14)
V(O =pl(t-— 2 +(Z- S+ - ) B
6 376y 15) 2 6 2 tE[ta;ts]

[Tpu Takux ycinoBUsAX rpaduK W3MEHEHHUS PhIBKA, YCKOPEHHS, CKOPOCTH M BBICOTHI TIOAbEMa MPH JBHKCHUN
MOILEMHOTO COCYJIa UMEET Clenyromuii Bus (puc. 1, a), npu:

p= 1%3
1y s, ©2-s5c. Byse, Y4756 1530, A~

OCHOBHEIMH HUCXOAHBIMU NapaMeTpaMu AJId pacdyeTa HaMATbIBAOIIUX OPraHOB SABJIACTCSA AUAMCETP KaHaTa

d

, IPOMEXYTOK MEXIy COCCAHUMHU BUTKaMHu ¢ (st 0apabanoB ¢ mepemeHHbIM paguycom 0.015-0.02m). Cpennuit

JAUaMETP n. IO BUTKa I .

D = h(tn+ 8)-h(tn) , _ h(AD-h(AG-D)

T T
rae A BpeMs 3a KOTopoe OapabaH nenaet oauH 000pOT:
21
A=—,
(O]

rne @ - yrnosas ckopocTh GapabaHa.
OquI/IHHBIM HEOIOCTAaTKOM l‘IpCIIHO)KCHHOf/’I 3aBUCUMOCTH ABJIISICTCA HeHOHyCTI/IMBI paSMGpBI B Hayajie U

KOHIle OapabaHa B YCIOBUSX MHHHMAJIBHOTO JHaMeTpa min | KOTOpBIC PETJIAMEHTHPYIOTCS IpaBHIAMHU
Ge3zomacHocTH, 4TO TpeOyeT Koppekuuu npoduis GapabaHa Ha HadyaJIbHBIX M KOHEYHBIX ydacTKax. V3MeHeHue
HayalbHOTO Tpodmisd TpeOyeT KOPPEKIMH JUIMHBI LEHTPAIbHOW NWIMHIPUYECKOW 4YacTH B CTOPOHY €€

Nimi
ymenbineHns. Homep BuTka k KoTopomy OapabaH B Hadaje MMeEeT IWIMHAPUYECKYIO (opMy MIN yoxuo0
OTIPEICTNTh U3 YCIIOBHS:

Dmin<Dnpipy -

Bremnuit Bua OunmmmHIpo-napadonmaeckoro 6apabana ¢ Koppekuuei npodwist 6apabaHa Ha HAYATbHBIX,
KOHEYHBIX U LIEHTPAJBHBIX y4acTKaX IPEJCTABICHO Ha pUC. 2.
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Puc. 1. I'paduku u3MeHeHUs pbIBKa, YCKOPEHHs, CKOPOCTH U BBICOTHI IOABEMA

Puc. 2. BHemHuii Bujt GUIIIMAIPO- Puc. 3. Taxorpama ounminuHIpo-napadoandeckoro 6bapabana

napabonuyeckoro 6apabaHa

AHanmm3 TaxorpaMMBl, KOTOpyI0 oOecrmeunBaeT OTKOppeKTHpoBaHa ¢opma Oapabana (puc. 3)
CBHJIETENBCTBYET O mpeobuanatomeii (6onee 80%) BOCIIPOM3BOANMOCTD TaXOrpaMMBbl MPEACTABICHHON Ha puc. 1,
YTO TIO3BOJIET JOCTUYb INOCTABJICHHYIO L€b ITyT€M YCTAHOBJICHHS PEKMMOB IBHKEHHS IOJBEMHOH YCTaHOBKH
IpY BO3HUKHOBEHHHM MHHHMAIIBHBIX [MHAMUYECKHX Harpy3ok. Takxke, ClieqyeT OTMETHTb, YTO BO3HHKAs
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MTHOBEHHO CKOPOCTH ¥ YCKOPEHHUS C TPHUBEACHHONW TEOPETHYECKOH TaxorpaMMbl Ha NpakTHKe OyIyT HMETh
MEJICHHBIA XapaKTep 3a CYET YIPYTUX U BA3KUX XapaKTEPUCTHK MPHBOAA.
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JI.A. TAPUBOK, U.B. IDKEXKOPA, M.C. TOPHOCTAM
benopyccxuii nayuonanvHvill mexuuyeckuu ynugepcumem

MOJEPHU3ALINAS KOMIIIEKCA TEXHOJTOI'MYECKUX MAIIINH
JJIA TOPHOU OTPACJIN OT BEJIOPYCCKHUX ITPOU3BOJAUTEJIEN

Hayunass paGora mpenctaBiseT co0OM WHHOBAallMOHHBIA MPOEKT IO MOJEpHU3AlUsA KOMIUIEKCA
TEXHOJIOTHUECKUX MAIIUH JUIsl TOPHOI OTpaciu OT OeNOPYCCKHX NPOU3BOAMTEINEH, BBITONHEHHBIN KOJIEKTHBOM
CTYZIEHTOB Hay4YHO-TBOPYECKOT0 010p0 «[ OpHSIK».

3a mocnenaue 50 ner GeropyccKkhe TeoNOTH OTKPBUIM BAXKHBIE UIS CTPAHBI IIOJIE3HBIE HMCKOMAaeMble U
MOATOTOBWIIN 0a3y JUIS CO3aHMS U PA3BUTHS CTPOUTEIHHOW MHIyCTPHUH, IPOU3BOJICTBA KAJTMIHHBIX U KapOOHATHBIX
ynoOpeHui, noObluM HedTH, KAMEHHOW COlM, OOJMIIOBOYHOTO M CTPOUTENBHOTO KaMHS, CTPOUTEIbCTBA
03/I0POBUTENBHBIX YUPEKICHUH Ha OCHOBE pa3HOOOpa3HbIX MUHEPaJIbHBIX BoA. Ha Teppuropun Hamiel peciryOnuku
YCTaHOBIICHBI 3HAYUTEIbHBIE PECYpChl W 3amachl OyphIX YIJIEH, TOPIOYMX CIAHIEB, CAIPOIIEINICH, JKEJIE3HBIX Py,
JIABCOHUTA, PEAKUX METAUIOB U BBHICOKOMHUHEPAIM30BAHHBIX PACCOJIOB, Ha OCHOBE KOTOPBIX MOTYT OBITH
OpraHU30BaHbI JOOBIYa M KOMIUIEKCHAs TepepaboTKa MUHEPAIBHOTO ChIpbd. CleayeT OTMETHTh, 4TO 70 KoHIa 40-x
rofioB 100bIYa MUHEPANBHOTO CHIPhS Ha TEPpPUTOpPHH bemapycu cumranack MajoNepCHeKTHBHOM, Tak Kak KpoMe
3HAYMTEJIbHBIX 3a1acoB TOpda, Mecka U rpaBusl 37eCh He ObUIO YCTAHOBJEGHO JPYTHMX MECTOPOXKACHHH IOJE3HBIX
HCKOTIAeMBIX.

B HacTosmee Bpems pa3zpaboTkoii Mectopoxaenuii I[11 Ha TeppuTopun pecyOIuKy 3aHUMAIOTCS KPYITHBIE
npeanpusitus:  benapycekanuii, benopycnedrts, Hepynnpom, Bentonras. ['omoBble 00beMBI ITPOM3BOACTBA
MUHEPAJILHOIO CBIPbsl M MPOXYKLUMU IS PA3IUYHBIX OTpacied MPOMBIIUIEHHOCTH, CTPOUTEIbCTBA U CEJIBCKOrO
XO3SICTBA, @ TAKXKE MIOCTaBKH HA 3KCIOPT ONPEAEISIOTCS MIUTMOHAMU TOHH.

B 3aBucHMOCTH OT rOpHOTEOJIOTHYECKUX ycaoBui 3aeranus [11, a Takke GU3NKO-MEeXaHUIECKUX CBOMCTB
TOPHBIX IIOPOA TPU pa3paboTKe MECTOPOXKACHUH NPUMEHSIOTCS ISITh OCHOBHBIX TEXHOJIOTHYECKHX CIOCOOOB:
OTKPBITBIH TTOBEPXHOCTHO-TIOCJIOWHBIN, KapbepHBIN, IOA3EMHBIH (UIaXTHBIN), CKBAXHHHBIA ¥ TIOABOIHBII.
JaneHelimas mepepaboTka W 00OTAlIEHHE IIOJNE3HBIX HMCKOMAEMBIX IPOBOIWTCS HAa TOPHBIX NPEANPHSITHIX
(oboratutensHBIX (habpHKax), a TaKKe Ha MEPEABIKHBIX JPOOHIHHO-COPTUPOBOYHBIX JINHUSIX.

3HAaYNTEIbHBIH 00bEM TOPHBIX paboT, a TakKe HEOOXOIMMOCTH OONBIINX YHEpPro3arpaT Ha JOOBIYY U
nepepabOTKy TOPHBIX TOPOA TpeOYyIOT TpPHMEHEHHsS B TEXHOJIOTHYECKHX IPOILECCax COBPEMEHHBIX
BBICOKOTIPOM3BOIUTENFHBIX U 3(PPEKTUBHBIX MAIIHH U 000pYIOBaHHS.

HecMoTps Ha 3HAYWTENBHBIN MPOLEHT UMIIOPTHOW TEXHUKH W OOOpYIOBaHMS, SKCIUTYyaTHPYIOIIUXCS Ha
TOPHBIX MPENPHATHSX, OSIIOPYCCKHE MAIMHOCTPOUTEN COBMECTHO C HayYHBIMH, IIPOSKTHBIMU OPTraHU3alMsIMH U
KOHCTPYKTOPCKMMH OIOPO HMHTEHCHBHO pPa3BHUBAIOT Kak IO 00BEMY, TaKk M IO aCCOPTHMEHTY MPOH3BOJICTBO
OTEUYECTBEHHBIX TE€XHOJIOTHUECKUX MamKH. Cpein HUX K YHUCIy MHUPOBBIX JIMAECPOB MO INPOU3BOACTBY KapbepHOM
TexHUKH HaxoauTcs benA3. Pynuukn n coneoboraturensubie Gpadpuku OAO «benapycbkanus obecreqnBarTCs
TEXHOJIOTHUECKMM obOopynoBanuem, mnpousBepeHHBIM B 3A0 CHIIP «Conuropckuii HMHCTHTYT IpoOiemM
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pecypcocOepexenuss ¢ OMBITHBIM MPOHM3BOICTBOMY, a Takke 3A0 «HuBa» m JIMTEHHO-MEXaHMYECKUH 3aBOT
«YHuBepcam». KoMruieke TEXHOTOTHUECKUX MAIIWH JIJIs TOP(QSHOM OTpaciay OCBOCH Ha 3aBojie «AMKOAOP-TTHHCKY.

B cBs3u cBeime nznoxeHHBIM KoJutleKTuB HTCB «"opHSK» B CBOEH TBOPUECKOH ACATEIEHOCTH Pean3yeT
CIIEAYIONIYI0 HeNb — pa3pabOTKa M OpraHU3alys NPOU3BOJACTBA KOMIUIEKCA OTEYECTBEHHBIX TEXHOIOTHUECKHX
MAIIVH I HHTCHCU(HUKALNH JOOBIYH U EPepabOTKH IOJIE3HBIX HCKOTAEMBbIX.

JUst ee JOCTHKEHUSI PEIIAOTCS CIIELYIOINE 3aauu:

— HCCIICIOBAHUE IEPCIEKTUBHBIX CIIOCOOOB Pa3pabOTKH MECTOPOXKICHHH IOJIE3HBIX HCKOIAEMBIX M
panMoHaIbHOE UCIIOIb30BaHKE 3eMHBIX Heap Pecnyonuku benapyce;

— aHaJIM3 PEeKMMOB PaOOTHI MCIOIHUTENBHBIX OPraHOB TEXHOJIOTHUECKHX MAIIMH IPU B3aUMOAEHCTBHUHU C
TOPHOM MOPOJOH;

— pa3paboTKa KOHCTPYKTOPCKOW JOKYMEHTAllMd M OpraHU3alusl NPOU3BOJCTBA BBICOKOI()(EKTHBHOTO
TEXHOJIOTUYECKOT0 000pYAOBaHUS ISl 1OOBIYM M IEpepabOTKH MOJIE3HBIX CKOIAeMBIX;

— IMIIOPTO3aMEIIIEHHE B TOPHOIT OTPACIIM ¥ BO3MOKHOCTB SKCIOPTa TOPHOH TEXHUKH.

B pesymbraTe TEOpEeTHUYECKHMX HCCICJOBAaHWN M aHaIW3a PabOTHl TEXHOJIOTHYECKOTo O0OpYyIOBaHMS B
MPOU3BOJICTBEHHBIX YCIOBHSAX aBTOPAMH NMPEIJIAraroTCsl K JaNbHEHIIEH peann3auy CIEAYIONe NPUHINIHAIEHO
HOBBIE TEXHHUYECCKHE PEIICHUS M0 MOAEPHU3AIMHU TOPHBIX MAllMH W 00O0pYMOBAHUS, 3aIUIICHHBIC MaTCHTAMH
Pecrry6nuku bemapycs.

1. Mammns! 1 pa3paboTKH TOP(SHBIX MECTOPOKACHHH:

1.1. IIlHexoBbIii mpoduaupoBmuk (puc. l),arperatupyemslii ¢ COBpPEMEHHBIM AHEPrOHACHIIICHHBIM
KOJIECHBIM TPaKTOPOM, CHa0)XeH CKpeOKOBBIM KOHBeiiepom, mo3Boussier cyiiectBeHHO (1,7-2,0 pa3a) MOBBICHTH
npou3BoaUTENbHOCT MTA 1 CHU3UTB 3HEPro3arparsl M0 NpoQUIMPOBAHUIO IIOBEPXHOCTH KapT.

11 7 8 10 5 3

LA,

2 12 14 13 6 9 1 4

Puc. 1. [lIaexoBbIi MPOGMITAPOBIINK:
1 — mepennss KojecHas TelexKa; 2 — 3aJJHUE OIOPHbBIE KaTKH; 3 — paMa; 4 - IPUIETTHOE YCTPOHCTBO; 5 -
TpaHcMmuccus, 6 - mHek-¢pesa; 7, 12 — koxyx; 8 — ruaponuIuHAPsL, 9 — pama; 10 - ciempsiiee ycrpoiictso; 11 -
CKpeOKOBBIN KOHBelep; 13 - HaKIOHHBIN HOX; 14 - 3arpy304HOE OKHO

1.2. Camoxonnasi ryceHH4Hass MamuHa (puc. 2), BKIOYAMONIas YIIUPEHHO-YJIMHEHHBIH TI'yCEHUYHBIN
JIBUXUTENb 1, pamy 2, aBurareiab 3, TpaHCMHUCCHI0O 4 W KaOMHYy 5 C OpraHaMu yIOpaBleHUS, a TaKXKe
KOMOMHHUPOBaHHBII MCIIOJHUTENIBHBINA Oprad B BHJIE KOHYCHBIX HIHEK-(pe3 6 1 7 MO3BOJISIETCOKPATUTH KOJIUYECTBO
TEXHOJIOTHYECKUX MAIINH, HOBBICUTh NMPOU3BOAUTENIFHOCTh TPYAA U CHU3UTh METAJUIOEMKOCTh W 3HEPro3aTpaTsl
TP PEMOHTE KapTOBBIX KaHAB Ha pa3pabaThIBACMBIX TOP(SIHBIX MECTOPOKACHHUSX.

Puc. 2. KanaBnas mamnsa

1.3. Mammua s yoopku ¢pe3epHoro Top(hanosBoysieT CHU3UTH NUKOBBIE HAarpy3ku OT pPabOThHI
BBITPY3HOT'O KOHBEIepa M KOBIIOBOTO 3JI€BAaTOPA, TEM CaMbIM, IIOBBICHTH HAJAEKHOCTb 3JIEMEHTOB MPUBOAA PadbOUINX
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OpPTaHOB, a TaKXe YMEHBIINTh Maccy KOHCTpyKmmuu 10 20 %, CHH3MTH 3JHEpro3arpaTbl HA BBIIOJIHCHUC
TEXHOJIOTUYECKOH OTepalui.

2. KapbepHas TexHUKa.

2.1.0npoxkuAbIBAIOLIHIACS KY30B KapbepHOro camocBaa (puc. 3) OTINYAIONIHIICS TeM, 9YTO BHYTPESHHHE
CTEHKH OOKOBBIX OOpPTOB M JHMIIA IO AJIWHE HAKIOHHOW IIOCKOCTH BBITIOJIHEHBI PH()IIEHBIMH, YTO YMEHBIIAET
W3HOC BHYTPEHHMX CTEHOK JHHIIA M OOKOBBIX OOPTOB ONPOKHIBIBAIOLIETOCS Ky30Ba IPH Pa3rpy3Ke HACHITHOTO
rpy3a, 0COOEHHO adpa3uBHOTO MaTepHaa.

Puc. 3. OnpokuapiBaroImuiicss Ky30B KapbepHOTO camocBaa

2.2.0mopHasi 6a3a HIAraIIero OTBAJ000pa30BaTeNsi WJIH JKCKABAaTOpa, IHUIIEC OMOPHON 0a3bl
KOTOPBIX BBINIOJHEHO B BHJE KOJIbLA 3HAYMTENIHHO MOBBIIIAET CTATHYECKYIO YCTOMYMBOCTH JAHHBIX MAIIWH Ha
TexHojorudeckux rromraakax (IT-tr Ne 19961, PB).

3. MoOunbHasi KOJTIOOMHIOBasi YCTAaHOBKA /Uil OypeHHS M OOCITyXHMBaHHS HE(TSHBIX M Ta30BBIX
CKBO)XMH Ha 0a3e OTEYECTBEHHBIX aBTOMOOMJIEH M KOJIECHBIX Tsraueil o0jagaeT BBICOKOH NPOXOAMMOCTBIO TI0
MepeceYeHHO TOBEPXHOCTH 32 CYET TOTrO, YTO OapadaH ¢ KOMIUIEKTOM T'MOKOH TpyOBI M 3aIUTHBIM IIOJOHOM
YCTaHOBIICHBI Ha paMe IMOJIYNpHIENa MOCPEICTBOM PAMKH C BO3MOXKHOCTBIO NPHUHYAUTEIBHOTO PETYJIUPOBAHUS
MTOJIOKEHUST PAMKH OTHOCHTEIBHO pambl 1o Beicote (I1-T1 Ne7277, PB).

4. TIpoxoauecKuit M OYMCTHON KOMILIEKCHI IS TIOA3EMHOM pa3paboTKH MECTOPOXKICHNN KaTMIHBIX COJICH.

4.1. OuyucTHOl KOMOAH MOXXET TMPUMEHSTHCS TSI BBIEMKH TOJIE3HOTO MCKOIAEMOTO TI0 TEXHOJIOTHUECKON
CXeM€ JUIMHHBIMH CTOJIOAMH C HCIIONB30BAHUEM JIABOKOMIUIEKCA, OTINYAETCS] TEM, UTO C APYrOd CTOPOHBI KOpITyca MO
OTHOIIECHUIO K PYKOSTH CO ITHEK-(PPe30il OH OCHAIIEH IUCKOBOH (Pe30il ¢ MPHUBOJOM M HANPABILIONINM KO3BIPHEKOM,
TIOBOPOTHOI PYKOSITHIO C THAPOLMIMHIPOM T'OPHU30HTAJIBHOTO ITO3MIMOHMPOBAHMS, B KOTOPOM JHCKOBas ¢Qpesa c
MPUBOJIOM YCTAHOBJIEHA Ha KOHCONU MOBOPOTHOH PYKOSITH, a PYKOSTh OTHOCUTENIBHO BEPTHKAIBHOIO INApHHUpPA C
BO3MOXHOCTBIO YTJIOBOIO IIOBOPOTa OTHOCUTENIBHO Kopiyca. O0ecneunBaeT CHIKCHUE YASNIBHBIX 3aTpaT MOLHOCTH Ha
(bpe3epoBaHe MaccHBa U MOBBIIICHUE Y(P(YEKTUBHOCTH pabOThI OUKCTHOTO KOMOaiHa.

4.2. Tlpoxomgueckuii KoMOaiiH ¢ COOCHBIMH poTopamu llpemnaraemas KOHCTPYKLMSI HCIOJHUTEIEHOTO
oprasa mpoxoa4deckoro kom0aiftHa obecrieurnBaeT pa3eNbHBIN IIPUBO/ BpallleHUs 3a0ypHUKa U BHYTPEHHETO Oypa ,
YTO ITO3BOJIAET YBEIUUUTD JIHHEHHBIE CKOPOCTH (ppe3epoBaHMs OPOIBI 3yOKaMH, PacloI0KeHHBIMU Ha 3a0ypHHKE,
JI0 CpPEeIHUX 3HAYEHHH CKOPOCTH (pe3epoBaHMs MOPOJbI 3yOKaMM, 3aKpEIUICHHBIMUA Ha BHYTPEHHEM Oype, M Kak
pe3ysbTaT, — YBEIWYMBAECT IPOU3BOJMTEIHLHOCTH IPOXOJYECKOro KomOaifHa, yiIydIIaeT pPEMOHTOIPHIOJHOCTD
WCTIOJTHUTENILHOTO OpTaHa.

4.3. IIpoxomyecko-ouMcTHOH KoMOailH ¢ mIaHerapHo-AuckoBbiMM HMO. B mnanetapHOM
ncnonHuTenibHOM  oprane (MO), pykosTH CHaOXEeHBl JOTOJHUTEIBHBIMH pPE3I[aMH, YCTaHOBJICHHBIMH B
pesrenepKaTeisix, 3aKpelIeHHbIX MOCPEICTBOM KPOHIITEIfHa Ha CBOOOJHOM KOHIIE PYKOSTH, C BO3MOXHOCTBIO
OCYLIECTBJICHUS ONEPEXKAIOIIETO CHATHUSA CJIOS IOPOJIbI 110 KOHTYPY BHEIIHUX TPAGKTOPUM PE3LOB PEXYLIUX JUCKOB,
IIpyu 3TOM PEXKYHIUE KPOMKH AOIOJTHUTCIBHBIX PE3IOB PACHOJIOKCHBI B IIJIOCKOCTH, HepHeHHHKyHHpHOﬁ OCAM
[IEPEHOCHOTO BPALCHUS PYKOSTEN C PEXKYLIUMU IUCKAMU.

4.4. IllaxTHBIA caMOXOAHBII BATOH BKITIOYAIOIINI IBYXOCHYIO CAMOXOIHYIO TeNIeXKKY | 1 2 ¢ KabeTbHBIM
JNEKTPUYECKUM MPUBOAOM 3, KOPITYC, ITyJbT YIpaBieHus 4 U NpoMILHbIH Ky30B 5, Ha THE KOTOPOT'O PacIIOJIONKEH
CKpeOKOBBI KOHBeWep 6, OTIMYAIOIIUICA TEeM, YTO CBEPXY HPO(WIFHOTO Ky30Ba YCTaHOBICH BBIJBIKHOM
KOHBelep 7 ¢ BO3MOXKHOCTBIO IPOJOJBHOTO CMELIEHUsI C IOMOLIBIO POJHMKOB § IO HAMpPaBISIOIIUM penbcaMm 9
OTHOCHTEJIFHO 0OpPTOB MPO(MILHOTO Ky30Ba B CTOPOHY €ro 3arpy304HOW 4acTH Ha MaKCUMaJbHYIO JJIMHY, IPH
KOTOpOH T0JIOBHOI OapabGaH BBIJBIKHOTO KOHBEHepa HaXOJUTCS HaJl 3arpy30YHOM 4acThio MPOQHIBHOTO Ky30Ba,
CO CTOPOHBI 3arpy304yHol BOpPOHKM 10 BBIABMKHOW KOHBEWEp ONMpAaeTCsl HAa OOHOOCHYIO Telexky 11 ¢
3aKpEIVICHHBIM Ha HEW MPHULENHbIM ycTpoiicTBoM 12. Llenp — yBenndyeHHe NpOU3BOAUTEIBHOCTH MPOXOAYECKOTO
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KOMIUIEKCAa W yMEHBIIEHHE HHEpPro3aTpaT Ha BBIIOJHEHHWE TEXHOJIOTHYECKOH OIeparyy IO TPaHCIIOPTHPOBAHUIO
PYZIBI OT IPOXOJYECKOTo KoMOaiHa 10 MarucTpalbHOTO KOHBeHepa mpu OONBIIOHN ITHHE BRIPAOOTKH.

Puc. 4

5. Ilpeccst u hopmoBarenu aisi OpUKETHBIX 3aBOZOB U 000TaTUTEIHHBIX (hadpHK.

5.1.1temnenbHblii mpecc(Puc. 5), oTnmuaromuiicss TeM, 9TO CTaHMHA BBHIIIOJIHEHA COCTAaBHOW W3 TpeX
YacTeil, IepeNHssl 1 3aIHss JIUTHIE, a CPelHsAs cBapHas, a He 20-TH TOHHAS JIUTasl.

MopynbHass KOHCTPYKLHMSI CTaHUHBI IIpecca II03BOJIMJIA BIIEPBbIE B pecrnyOlnKe OpraHU30BaTh
MPOM3BOJICTBO OTEYECTBEHHBIX IUTEMIIEIBHBIX IPECCOB Ha MMHCKOM MaIlIMHOCTpOUTeIbHOM 3aBoae M3OP;
yIy4IaeT TEXHOJIOTHYECKHH MTPOoIece 00CTy)KUBaHUSI U PEMOHTa METAJUIOEMKOW U rabapUTHOW CTaHWHBI IIpecca B
Iporecce dKCIIyaTallul Ha OPUKETHBIX 3aBOJAX.

Puc. 5. llltemnensHbIM npecc

5.2. IlpensnoxxeHus: aBTOPOB IO MOJIEPHH3ALMM BaJKOBBIX IPECCOB M COOCHBIX Ipecc-hopmoBareneit
MPOXOAAT B HACTOSIIEE BPEMsI KOHCTPYKTOPCKYIO IPOpaboTKy U 0(OpMIIeHHE MaTepHalioB Ha IIATEHTOBAHHE.

Takum 00pa3oM, IpEACTaBIEHHbIE BBINIE TEXHUYECKUE W TEXHOJOTMYECKHE pPa3pabOTKU OOECIeYHMBAIOT: —
TOBBIIIEHHE JKCIUTYaTAllMOHHBIX IOKa3areield TOPHBIX MallMH M pa3paboTKa OSKOJOTMYECKUX MEPONPHATHH MO
MH)KEHEPHOW 3allUTe OKPYXKAOIIeH Cpeibl MpU pa3paboTKe MECTOPOXKICHMII TMOJIE3HBIX HCKONAEMbIX HAa TEPPUTOPHU
Pecryoimkn  Benapych; — mMMIiopro3zaMerieHHe TOpHOTO 00OpYyIOBaHMS;— IOBBIIICHHE NPONU3BOJUTENIEHOCTH TPYAd;—
CHIDKEHHE YJIEBHBIX 3aTpaT 3HEPTHMM Ha EIMHUILY BBITYCKaeMOH MNPOJYKIHMH WJIM BBITOJHAEMBIX TEXHOJIOIMYECKHX
olepalyii; — MOBBIIEHNE HAJIEKHOCTH KOHCTPYKIIHI HCIIOJTHUTEIBHBIX OPTaHOB TOPHBIX MAIIIHH.

MBI, KOJUIEKTHB HAyYHO-TBOPYECKOTO CTYAEHYECKOro Oropo «I'OpHSK», CHOCOOHBIPOBECTH TEOPETHYECKOE
000CHOBaHME OCHOBHBIX IIapaMETpPOB IMpEUIaraeéMoro 00OpyIOBaHMs, pa3padoTaTh KOHCTPYKTOPCKYIO JIOKYMEHTAIHIO
noOeceunTh aBTOpCKI/Iﬁ HaA30p 3a U3TOTOBJICHMEM W TIPOMBIIIJICHHBIMA MCHBLITAHUAMA KOMIUIEKCA TMEPCIIEKTUBHBIX
TEXHOJIOTUIECKUX MAIIIH JJIsi TOPHOW OTPACIH OT OENOPYCCKUX MPOU3BOAUTENCH.

C.C. LIEPBAKOB, I'.B. TPUBOBCKHI
Benopyccxuii cocyoapcmeennwiii ynusepcumem, Munck

MOJIEJIUPOBAHUE TPEXMEPHBIX HAIIPSI)KEHHO-
JTE®@OPMHUPOBAHHBIX COCTOSIHUI U OB bEMHOM
MOBPEXJIAEMOCTHU CUCTEMBI
ACPAJTBTOBETOH/ABTOMOBNJIBHAS IIINMHA/IUCK

BBenenme. B pabore paccmarpuBaeTcsi B3aUMOJICHCTBUE 3JCMEHTOB MHOTO3JEMEHTHON CHCTEMBI
Juck/agromoOmnbHasmnHa/achanstobeTon.  M3Becten  psg paboT,  MOCBSMIEHHBIX — AHAIUTHYECKOMY U
KOMITBIOTEPHOMY MOJICIIMPOBAHHIO HAMIPSKEHHO-1e(hOPMUPOBAHHOTO COCTOSHHS OT/IEIBHBIX 3JICMCHTOB YKa3aHHOU
cuctemsl [1,2]. OnHako, 3aj1aua OLEHKA OJHOBPEMEHHBIX KOHTAKTHBIX B3aHUMOJCHCTBUI 3JIEMEHTOB CHCTEMBI, UX
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TPEXMEPHOTO HaNpPsLKEHHO-A€()OPMHUPOBAHHOTO COCTOSHHS M COCTOSIHUSI 00BEMHOM MOBPEXKIAEMOCTH OCTAETCS HE
JI0 KOHIIA PEIIEHHOMN.

Ilenpto pabOTBHI  SBIACTCS ONpENEIICHHE C MOMOIIBI0 KOMIIBIOTEPHOTO  KOHEYHO-3JIEMEHTHOTO
MOJIEIMPOBAHIS YKa3aHHBIX COCTOSHUI CHCTEMBI AUCK/aBTOMOGHIbHasIIIHA/achanbToGETOH.

KoneuHno-anemenTHasi Mmoaeab. s pacu€ToB Oblia B3sATa TOTOBAs reOMETpUYECKas MOJENb TPY30BOH
mmHE GoodYear 12R22.5 ¢ auckoM, U3 KOTOPOH ISl YCKOPEHHSI pacdeToOB OBUTH yOpaHBI HEKOTOPHIE JICMEHTEI,
KOTOpBIE HE JaBaji Obl NMPAaKTUYECKH 3HAYUMBIX JUIA aHalIM3a pe3yibTaToB. Ac]aibTOOCTOHHOE IOKPBITHE
MO/JIEIUPOBAJIOCH MPSMOYTOJIBHBIM NapajuienenunenoM pamepoM 350x100x175 mm. [{ng yckopeHus pacdyéToB B
CHIIy CHMMETPUH OCHOBHOW MOJIENN MCIOJIb30Bajach €€ 4eTBePTh (CM. puc. 1).

st Toro, 4ToOBI MIPH HArpYKEHUH BHYTPEHHHUM JIaBJICHHEM W OCEBOW HArpy3KOH INMHY HE BBIJABIMBAJIO
U3-TI0J] TUCKA, B MOJICIh ObLIO J00OABICHO OOPTOBOE KOJIBIIO.

IMockonbky B paboTe paccMaTpuBaeTcss OOBEMHAs MOBPEXIAEMOCTb B 30HE KOHTAKTa IIMHBI U
acdampTO0CTOHA, TO B IaHHOM oOmacTH OBUIO 3amaHO Ooiee IUIOTHOE KOHEYHO-3JIEMEHTHOE pa3OmeHue, IO
CPaBHEHHIO C OCTAILHOW MOJEINBIo (cM. puc. 1, a).

Ha moBepxnOCTSIX ceuennit Mmoaenu B mockocTsax XY u YZ Oputn 3a1aHBI YCIOBUS CUMMETPHH 110 OCH Z U
X COOTBETCTBEHHO.

Puc. 1. Cxema HarpyxeHust (a) 1 KOHEUHO-dJIeMeHTHOe pa3duenue moaenu (b)

ABTOMOOWJIbHASI IIMHA HMMEET CJOXKHYI CTPYKTYpy. OHa COCTOMT W3 pa3lIM4HBIX DJIEMEHTOB C
COOTBETCTBYIOIIMMHM MEXaHWYECKHUMH XapakTepucTHkamHu [4]. B pacuerax paccMmaTpuBaiuch YCpeIHEHHBIE
YIpyTue XapakTepUCTHKH JUIS IIUHBI, KaK JUIl KOHCTPYKIUH B 11e10M (cM. Tabm. 1).

Tabmuna 1
MexaHn4yecKre XapaKTePUCTUKH DJIEMEHTOB MOJIEIH
Monyns ynpyroctu, E, TTa Koaddunuent [1I0THOCTB, KT M, p
Ilyaccona, v
Cram 210" 0,3 7850
Iluna [1] 410° 0,49 1100
AcdanprobetoH [3] 14,77 108 0,1 2510

B kadecTBe TpaHWYHBIX YCIIOBHH pPacCMaTPUBAIKCH CIEOYIONINE HArPy3KH, JCHCTBYIONINE HA CHUCTEMY
Jck/aBToMoOMIbHasmrHa/achansTo6eToH (puc. 1, 6):
1) BHyTpeHHee MaBieHUe (| B IIHHE HA TOBEPXHOCTH S:

)

2) ocesas Harpyska F HampasiieHHas 1o ocH Y, IPHIOKEHHAs K TIOBEPXHOCTH Jucka H:

O]

3) ocHoBanue acharbTOOETOHA KECTKO 3a/e/IaH0 3a(DUKCHPOBAHO BO BCEX HAITPABJICHHSIX.

Harpy3ku aiist myHBI OBUTH B3SITHI U3 HOPMATHUBHOW JINTEPATYPHI TponsBoauTes. Koaddumuentsr tpenus
CTaJIb-IITMHA U MIHHA-achanbTO0eTOH, paBHbIe 0,6, ObUIH B3STH U3 CIIPABOYHHUKOB [5,6].

Hanpsizkénno-nepopMupoBanHoe coctosinue. M3 puc. 2 BUAHO, YTO MaKCHUMallbHas WHTEHCUBHOCTH
HanpsOKEHUH BO3HHWKAET B JUCKE B HAIPABJICHWUM OCEBOM HArpy3KH, a TakkKe B OKPECTHOCTH KOHIIEHTPATOPOB
HanpspkeHui. Takke OOJNbIIME HANPSHKCHUS BO3SHHUKAIOT B OOPTOBOM KOJbIC MIMHBEI. CXOXHH XapakTep UMEKT U
pacrpeneneHus MepBbIX INIaBHBIX HaNpsDKeHMA. HampsbkeHus B IIMHE B HECKOJIBKO pa3 MEHbLIE, YeM B JIUCKE.
Tonbko B OOPTOBOM MOBEPXHOCTH IIWHBI BO3HUKAIOT HANPSKCHUS, COMIOCTABUMBIC C HAMPSDKCHUSIMA B JIUCKE.
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Puc. 2. DxBuBaIeHTHBIE HaIlps’)KCHUA B CUCTEME

B nimHe HanOoJIbIIasE MFHTEHCUBHOCTD HAIPSDKEHNH BO3HUKAET B GOPTOBOI YacTh. MakcHMasIbHbIe HAIIPSDKEHUS, Kak
U B JIMCKE, CKOHIICHTPHPOBAHBI B HAIPABJICHUN OCEBOI HATPY3KH, T/IE LIIMHA UCTIBITHIBACT HAMOOJBIINI U3IHO.

AHa7M3 KOHTAKTHOTO B3aMMOJCHCTBMA IMHBI M acainbroOeToHa (CM. PHIC. 3) IMOKAa3bIBACT, YTO KOHTAKTHOE
JIaBJICHNE W HanOOJbIIasi MHTCHCHBHOCTD HANPsDKEHHI! COCPEZIOTOUYEHBI HE B IEHTPE 00JIaCTH KOHTAKTa, a COOKY B 00JIacTH,
IJe JWUCK MepemaéT OCeBYIO Harpy3Ky ImMHe. To e camoe HaOmomaeTcss M /Uil TIEPBBIX IVIABHBIX HalpsDKeHWH. B
KadeCTBEHHOM OTHOIIECHHH IOJI0OHOE PACIIPENEICHHE KOHTAKTHOTO IABJICHMSI C MAaKCHMAIbHBIMU 3HAUCHMSMH Ha Kpasix
00J1aCTH KOHTAKTa COOTBETCTBYET 33/1a4e O BJABIMBAHNH IIOCKOTO LITAMIIA.

FiEi

)
vl

a) 0)

Puc. 3. O6nacth KOHTaKTa (a) U KOHTaKTHOE JaBjieHue (0)

O0BbéMHasE TOBPEXKIAEMOCTb. Pacu€T TOBpEXTaeMOCTH OCHOBAaH Ha HCIOJB30BAHUU  MOJCITH
JIe(OPMHUPOBAHHOTO TBEPIOTO Tela ¢ OomacHeIM 00bEMOM [3]. B COOTBETCTBHHM ¢ MaHHON MOJENBIO, OIMACHBIM
00BEMOM SBISCTCS TPOCTPAHCTBEHHAS O0JIACTh HATPY)KEHHOTO Tela, B KOTOPOH NEHCTBYIOIIWE HATIPSIKCHUS
MPEBHIMIAIOT MIPEACIIbHBIE:

Y, =g )
c G(C* lim) '
dv
V,=9—2LdV cV,;, (4)
v
rae C :1, 3 nu |nt — IEPBLIC, TPECTHU I''ITaBHBIC HAIIPSXKCHUSA U1 THTCHCUBHOCTDH HaHpH)KCHHﬁ.

B pabore paccmarpuBaroTcsi omacHele O0OBEMBI B O0JACTH KOHTAaKTa ILIMHBI M acgarbToOeTOHa,
paboTarouMX B yCIOBHUAX (PPUKIMOHHON yCTaJIOCTH, ITPeAe KOTOphIX ObuT BhIOpaH paBHbIM § MIla [3].

Kak BugHo m3 puc. 4, omacHele 0OBEMBI 00pa3ylOTCS HEMOCPEACTBEHHO B 00JACTAX HaWOOJIBIIETO
KOHTaKTHOTO JIaBJIEHUs B 00J1aCTH B3aMMOJAEHCTBUS MIMHBI ¢ acanbrodeToHoM. [1lkana mox pucyHKaMu ONMMCHIBAET
YpOBEHb JIOKaJIbHOU ToBpexaaeMocTH (3) B omacHOM o0beMe (4), T.€. BO CKOJIBKO pa3 JIEHCTBYIOINE B KOHETHOM
AIIEMEHTE HaIpsDKEHUS TIPEBHIIIAOT peiebHbIe, paBHbIe 8§ MIla.

Kax BumHO U3 Tabu1. 2, onacHele 00hEMBI B acGaibTOOETOHE IPUMEPHO B TOJITOpA-IBA pa3a OOJIbIIE YeM B
mmHe. MeHbIasi TOBPEeXIaeMOCTh IIMHBI B 007aCTH KOHTAaKTa MOXET OBITH OOYCIOBIIEHa IepepacipeneieHueM
HanpsoKeHWd B HEHW BCieNcTBHE ee¢ o0beMHOro jaedopmupoBanus. C  Opyrodl CTOpOHBI, HarpyXeHHeE
achanpbToOCTOHA TIPOUCXONT JIMIIEH B MAJIOH 00JIaCTH KOHTAKTHOTO B3aMMOJICHCTBHSI.
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0)

't‘.

i . . - |

6)

.

Puc. 4. OnacHble 00BEMBI, pacCUNTAHHBIE 110 MHTEHCUBHOCTU HANPSDKEHUI BO Beel cucteme (a), B IIMHE
(6), B acampToOCTOHE (B)

Tabmuma 2
Omnacuble 00bEMBI
Twum onacHbIX 00BEMOB OnacHblil 06bEM B HIUHE, OmnacHslif 006EM B acdanbTe, o em®
om’out’
Vint 24,377 44,536
Vs 24,113 34,170
Vi 14,066 34,170

3axiao4enue. [IpoBeieHO KOMIBIOTEPHOE MOAEIUPOBAHUE HANPSKEHHO-IE()OPMUPOBAHHOTO COCTOSHUS
MHOTO3JIEMEHTHON CHCTEMBI JUCK/aBTOMOOHIbHAsIIHHA/ac)aTbTOOCTOH, HATPYKEHHOW BHYTPCHHHM aBICHHEM
LIMHBI ¥ OCEBOI Harpy3KOH Ha JIUCK.

[omyyeno pacnpeznencHue HaNpsHKEHUH B CUCTEME, PACCUUTAHBI KOHTAKTHOE B3aMMOJACHCTBHE MEXIY €€
3JIEMEHTaMH, a TAaKXKe OMacHble 0OBEMBI B IIMHE M ac()albTOOETOHHOM IMOKPBHITHU B 30HE KOHTakTa. [lomydeHHbIe
oracHele 00BEMBI B acanbToOeTOHE OKa3adich NMPHUMEPHO B IOJITOpa-iBa pa3za Oojblle, 4eM B IIMHE H3-3a
nepepacripeielieHust B Helf HanpspkeHUH BelieJCcTBHE 00bEMHOTO e opMUpOBaHHSI.
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