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Features of evaluating the economic security of peat industry enterprises
in the Tver Region of Russia (the industry review)

T. B. Yakonovskaya <, A. I. Zhigulskaya
Tver State Technical University, Tver, Russian Federation
04 thy81@yandex.ru

Abstract

The paper is devoted to the urgent problem of sustainable and economically secure development of enterprises
in the Tver Region peat-extracting sector of the economy. Despite the fact that peat deposits are widespread
in many regions of Russia, the efficiency of their industrial and economic use is extremely low. The purpose
of the study was to determine the features of the assessment and analysis of the economic security of an
enterprise that develops peat deposits. The paper examines the relationship between the concepts of “peat
rent” and “economic security”, and also provides the author’s interpretation of their content and essence.
An analysis of the existing approaches to assessing the economic security of peat extracting enterprises
was carried out, and the use of the rent approach was substantiated based on the data on the peat industry
enterprises used in this study. The indicators for assessing the economic security of a peat production
were identified. The authors proposed a methodological approach, a feature of which was comprehensive
accounting of technical, economic, and natural factors that objectively affected the level of economic
security of peat extracting enterprises. The proposed methodological approach also makes it possible to
develop recommendations for increasing the flexibility and adaptability of peat extracting enterprises,
taking into account the individual conditions of their work. The methodological research toolkit included
the fundamentals of economic theory, information methods for processing statistical data, and economic and
mathematical modeling. The methodology approbation was carried out through the example of enterprises
of the Tver Region peat-extracting industry, which had been at a low ebb (in protracted economic crisis) for a
long time. The conclusions, recommendations, and proposals of the study were used in the development of the
Regional program “Natural Resources Management and Environmental Protection” for 2017-2022 (Order of
the Tver Region Government No. 414-pp of December 26, 2016 as amended on February 7, 2020).

Key words

rent, peat industry, economic efficiency, economic security, regional economy, investment attractiveness,
regional resources, peat extraction, process technology
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OonbIT PEAJIM3ALUU NMPOEKTOB B rOPHOMPOMBbBILWIEHHOM CEKTOPE SKOHOMUKHA
Hay4Hasa cTaTbd

0OCc06eHHOCTH OLLeHKN 9KOHOMMYECKOM 6e30nacHOCTU NpeanpuUAaTUA
Topdopob6biBaloweii orpacnu Teepckoro pernoHa Poccum (0630p oTpacnm)

T. B. SIkoHOBCKas <, A. U. JKurynbckas
Teepckoli 2ocydapcmeeHHblli mexHUueckuti yHusepcumem, 2. Teepw, Poccus
0X< thy81@yandex.ru

AHHOTaUuA

CraTbsa IIOCBsIIII€Ha aKTyaanoﬁ npo6)1eMe YCTOVI‘{MBOFO M 3KOHOMMYECKU 6e3OHaCHOF0 PasBUTHUSA IIpen-
MpUSITUIT TOPGOMOOBIBAIONIETO CEKTOPA SKOHOMMKM TBepCKOTO permoHa. HecMoTpst Ha TO 4TO TOp(dsiHbIE
MeCTOPOXKIEHMST MMPOKO TpeNCTaBieHbl BO MHOTUX perroHax Poccuy, 3pheKTMBHOCTb UX MPOMBIIIEH-
HO-3KOHOMMYECKOI'O UCIIOJIb30BaAHMS Kpal‘/JIHe HU3Kas. ueJIb UcAIeg0BaHUSA 3aK/II0UAeTCA B OIIpeaeJIeHUn
0COOEHHOCTE OLIEHKM 1 aHa/I/3a 9KOHOMMYECKOJ 6€30I1aCHOCTY IIPeIIIPUSITISI, pa3padaThIBaOLIero Topds-
HbIe MECTOPOXXOEHMSI. B craTbe pacCMaTpMBa€TCA CBA3b TMOHSITUM <<T0p(bHHaﬂ pPeHTa» U «IKOHOMMUYECKad 663-
OIMaCHOCTb», a TAKXKe TIPUBOJIUTCS aBTOPCKas TPAKTOBKA MX copepskaHus. [IpoBeneH aHamm3 CyLeCTBYOIMX
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MOJXOJJ0B K OLleHKe SKOHOMMYECKOi 6e30TIacHOCTH e TebHOCTM TOObIBAIONIMX IPeATIPUITII 1 060CHOBA-
HO MCIIONb30BaHME PEHTHOTO IMOJXO/A M0 MaTepuaiaM MPeAIpUsTUil TOPQSHOM OTpacin, UCIIOIb3yeMbIM
TIPY MTPOBEJeHUYM JAHHOTO VCCIeI0BaHMs. BbileNieH MHAMKATOP OIIeHKM SKOHOMMYECKO# 6e30IacHOCTM TOP-
donobeiBaroLIero mpon3BonacTBa. [IpenmokeH MeTOAUYECKUIA TOAX0, 0COOEHHOCTbIO KOTOPOTO SIBIISIETCS
KOMIUIEKCHBIN YUET TEXHUKO-IKOHOMMUYECKUX Y MIPUPOAHBIX GAaKTOPOB, OOBEKTMBHO BIMSIONIVX HA YPOBEHD
9KOHOMMYECKOM 6e30MacHOCTM TOPPOA0ObIBAIOIINX TTPeATIPUITHIL. [IpeIIOsKeHHbI MEeTOAVYECKII TTOIXO0,
TaKKe IMO3BOJISIET pa3paboTaTh PeKOMEHIAIMM [AJISI TIOBBIIIEHMS T'MOKOCTY ¥ aJalTUBHOCTY TOPHOHOObI-
BaIOLIMX MPEATPUSITUIL C YIETOM MHAMBUIYATbHBIX YCIOBUIA UX paboThl. MeTOOMUeCKMiT MHCTPYMEHTapuii
MCCIeIOBaHMST BKITIOUAET ITOJIOKEHMSI SKOHOMUYECKOI Teopuu, MH(POpPMaIMOHHbIe MeTOIbI 06paboTKM CTa-
TUCTUYECKUX TAHHBIX ¥ SKOHOMMKO-MaTeMaTYeCcKoe MOeNpoBaHye. AMPoGaIyss MEeTOAUKMY ITPOBeIeHa
Ha TpuMepe MpeanpusiTuii TopdomoosIBaroIero KoMmiiekca TBepCKOTO pernoHa, KOTOPbIe TOBOJIbHO TPO-
IOJDKUTETbHOE BPeMsI HaXOZSITCSI B COCTOSIHMM 3aTSIHYBIIETOoCsl SKOHOMMUYECKOTO Kpu3ica. BeIBoabI, peKo-
MEHJAIUU U TIPEeAJIOKEeHUS VCCIeI0BaHNS VICTIONb30BAIMCH MIPU pa3paboTKe PerMoHaJIbHOI MTPOrpamMMbl
«VYIpaByeHue IPUPOIHBIMYU PecypcamMu U 0XpaHa oKpyxkatoeii cpenbi» Ha 2017-2022 rons! (IlocTaHOB/IEHME
[TpaBuTenbcTBa TBepCKoit 06macTy oT 26 nexabpst 2016 roga N2 414-mim ¢ u3meHeHusiMu Ha 7 deBpais 2020 T.).
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peHTa, TopdsiHast OTpaciib, SKOHOMMYecKast 3 PeKTUBHOCTb, SKOHOMMUECKasT 6€30ITaCHOCTb, perMoHabHas
9KOHOMMKA, MHBECTULIVIOHHAS IPUBJIEKATEIBHOCTD, PETMOHATIbHBIE PECYPCHI, OTPACIEBOI KOMILIEKC, 10ObIYa
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Introduction

Russia possesses the world's largest peat reserves,
but they have been insufficiently surveyed and are
poorly used in the national economy. The Tver Region
is located in the central part of the Central Federal
District of Russia. The Region mineral resource base
is rather scarce in terms of the types of minerals and
mostly represented by common natural resources, such
as peat, sapropel, brown coal, sand (glass-making sand
and mason sand), gravel and crushed stone, clay (low-
melting clay and high-melting clay, bentonite clay),
limestone (pure limestone, marmorized limestone,
dolomitized limestone, siliceous limestone), marl,
quartzite and quartz, mineral therapeutic muds and
mineral waters. The explored mineral resource base of
the Region includes about 3,738 deposits of minerals,
but the Region industry has developed only 8% of
them, while only 10 of the 15 known types of minerals
are mined [1, 2]. The basis of the Tver Region economy
is industry, whose enterprises bring up to 30% of the
gross regional product. In 2019, the Region industrial
enterprises shipped marketable products to the amount
of 444 billion rubles (versus 442 billion rubles in 2018).
However, in the gross regional product (GRP) structure,
the share of the mining (extracting) sector is less than
1%. Such insignificant contribution to the regional
economy evidences extremely ineffective use of the
local mineral resource base that can lead to increasing
the resource “dependence” (nonindependence) of the
Tver Region sectors of industry.

Peat is an unique natural complex chemical
product containing wide range of organic and
inorganic chemical compounds, substances that are
of great importance for many industries and areas of

economic use. In recent years, the global volume of
peat production has decreased by about four times. The
rates of decline in peat production in peat-extracting
regions of Russia were especially high: the production
dropped from 13.6 min tons in 2000 to 2 mln tons
in 2019). In conditions of economic instability, the
regions attempt to turn the corner through the rational
use of their own mineral resources [3, 4].

One of the priority areas in the regional program
of the Tver Region “Natural Resources Management
and Environmental Protection” for 2017-2022
is improving the efficiency of using local natural
resource potential. But despite this, the Tver Region
mining complex is poorly represented in the regional
economy GRP pattern. The share of mining industry
in the total gross regional product does not exceed
three percent. Even the long-term target program
of the Tver Region “Comprehensive program for
improving energy efficiency of the regional economy
and reducing energy costs in the public sector of the
Tver Region for the period up to 2030”, assuming
creation of conditions for the expansion of the use
of renewable energy sources, secondary energy
resources, and local fuels, did not provided real
incentives for the development of peat enterprises.
Despite the attempts of the Tver Region Government
to revive the peat industry, the statistics show that
the long economic crisis led to the bankruptcy of
many peat extracting enterprises, while the economic
security of the few operating peat producers became
at risk. For instance, in the peat industry of the Tver
Region, the share of closed down peat-extracting
enterprises amounted to 90%. The most common
reasons for their closing down were:
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— the absence of clearly defined place of peat and
peat deposits in the federal legislation of the country;

—thelack of intelligible economic policy in relation
to peat enterprises regarding payments for the use of
natural resources and land tax;

— tax arrears, especially on royalty, and debts on
obligatory payments to other funds, rent arrears (to
the regional budget);

- high degree of wear and tear of equipment and
insignificant renewal of the equipment fleet with
modern machines at the peat-extracting enterprises,
as well as the absence of domestic machine building
sector for peat extraction;

- outdated techniques for development of peat
deposits that do not meet up-to-date technical and
economic requirements, as well as strong dependence
of the production process of peat extraction on weather
conditions;

— the lack of specialized information technologies
for design and management of peat production;

- low demand for peat products caused by the lack
of strategic market research for penetrating into new
markets and creating new markets, the lack of business
planning and investment in the production;

- the peat enterprises face shortage of working
capital;

— the lack of research on the interrelationships of
production, technical, geological and natural factors
with cost effectiveness indicators of the peat-extracting
enterprises.

Many researchers are still discussing the issues
of increasing cost effectiveness and investment
attractiveness of the peat extracting sector, but clear
solutions on such topical issues have not yet been
developed. At the federal level, various models of
management decisions have been proposed, including
the creation of appropriate legislative framework. As
a result, until today the Federal Law “On Peat” has
not been adopted. Meanwhile, peat is quite widely
represented in the the mineral resource base of all
regions of Russia and belongs to the category of
common, renewable resources with wide range of
economic uses [5]. In addition, the peat-extracting and
peat-processing sectors of the regional economy are
the sphere of small and medium-sized businesses. In
turn, the growth in the number of small and medium-
sized businesses can rightfully be considered an an
indicator of favorable investment climate, economic
and resource security, as well as economic development
of a region.

Research Methodology
In the practice of assessing the economic efficiency
of the peat industry enterprises, an approach that
is generally common for all mining enterprises is
used, while the specifics of peat production are not
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taken into account. Therefore, most of the methods
for analyzing and assessing the economic efficiency
of peat extracting enterprises produce inadequate
results [6-10]. In addition, no overall assessment of
the current economic condition of the peat industrial
sector and its importance for regional economy is
available. It should be noted that there are practically
no attempts to assess the level of economic security
and economic efficiency of the peat industry, while
peat is the most widespread resource found in all
regions of Russia, and its commercial development is
carried out in 20 constituent entities of the Russian
Federation. Unsustainable development of the peat
industry enterprises leads to growing risks of losing
economic security and instability in the development
of the mining sector of the regional economy.

Modern economic literature can not offer
unambiguous and clear methods for assessing the
level of both economic efficiency and economic
security of enterprises. There are quite a few methods
for assessing the level of economic security, and they
differ in the degree of complexity and laboriousness
of calculations, as well as in the set of information
data: methods of expert assessments, statistical
methods, multi-criteria methods, comprehensive
analysis of economic performance, a survey method,
methods of “game theory”, etc. Each author offers
his own methodology for identifying threats to
sustainable development of enterprises. Some
believe that economic security is a dynamic system of
indicators, and the level of economic security should
be assessed by the rate of change of these indicators
over time (that is, based on relative values), this is a
kind of economic potential for the development of
an enterprise. Others propose a system of criteria
and indicators (absolute values) of the economic
performance, most often reducing the economic
security assessment of an enterprise to determining
the financial condition and crisis level. At the same
time, it is believed that economic security reflects
the production sustainable development and is
closely connected with its economic efficiency. It
should be noted that in the case of assessing the
economic activity sustainability of peat extracting
enterprises, it is necessary to know the optimal values
(threshold values) of the parameters characterizing
the economically efficient condition of an enterprise.
And here a problem arises, because for peat industry,
practically no studies on the economic efficiency
parameters and the threshold value assessment are
available.

Analysis of scientific views in the field of
determining economic security allowed the authors to
concretize this concept for peat industry: the economic
security of peat industry is a sustainable development
of the peat extracting enterprises of the sector. At the
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same time, the peat extracting enterprises should
demonstrate high adaptability and flexibility to
internal and external threats to economic activities,
be independent in matters of their development and
have ability to defend against any types of threats. Fig.
1 presents a methodological scheme for diagnosing
the economic security of peat extracting enterprises.
To make anti-crisis decision on the selection and
adjustment of business models and strategies for
the development of a peat extracting enterprise,
it is necessary to have clear understanding of the
methodology for diagnosing economic security. In the
proposed methodology, a comprehensive analysis of
all elements of the economic security of an enterprise
is carried out using the data of economic, financial, and
production reporting of peat-extracting enterprises
(see Fig. 1).

From the economic theory viewpoint, the concept
of natural resource rent can be applied to increase
the efficiency of the use of mineral resources. Strictly
speaking, the value of natural resources is characterized
by their ability to bring a profit [11].

In the peat industry, the factors and mechanism
of rent generation remain poorly understood. In the
author's interpretation, peat rent is a kind of natural
mining rent, which is generated only in the peat-
extracting industry and is relatively permanent due to
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self-restoring ability of peat. The need for evaluating
and separating peat rent from profit in current
socio-economic conditions is determined by the very
specificity of peat production, by the fact that there are
no two identical peat deposits in nature, and therefore
the profits of different peat-extracting enterprises
will differ mainly due to differences in mining-and-
geological and climatic operating conditions, as well
as different levels of innovativeness of peat extraction
methods [12-15].

Research Method and Data

The Tver Region occupies leading place in terms of
peat reserves, it is here that 2,082 mln tons peat (about
50% of peat reserves of the Central Federal District of
Russia) (in conversion to 40% moisture content) are
located. For the Tver Region, the peat industry has
long been the basis of the regional mining sector, but
at present its role is insignificant (Table 1). Until 1990,
the Region produced about 6 min tons of peat annually.
At present, the total annual production of all peat
enterprises in Russia is 1.5 mln tons. Traditionally,
the extracted peat was used as a standby fuel at
regional thermal power plants, but with the transition
to natural gas, the share of peat in the fuel balance
dropped to about 1%. Another traditional field of using
peat — the agro-industrial complex — demonstrate
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Fig. 1. Methodology for the analysis and assessment of economic security (compiled by the authors)
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higher demand, but due to the weak solvency of the
agricultural enterprises, the solvent demand for peat
products is extremely weak [16-19].

As seen from Table 1, the peat-extracting sector
products amount to less than 1% of the volume of
shipped goods of the Tver Region mining sector of
economy. Moreover, the highest share of unprofitable
enterprises is also in the peat industry. The mining
complex of the Tver Region is based on nonmetallic
industries, which mainly extract resources for the
building industry. As for the peat-extracting industry,
already in 2016 up to 90% of its enterprises were at
the stage of bankruptcy, and this, in turn, evidenced
extremely unstable position of the whole peat industry
sector. The rates of peat extraction by all enterprises
of the Tver Region peat industry until 2017 were very
low, no more than 100 ktpa (Table 2). Therefore, for
supporting the peat industry in the region, a peat
energy cluster has been organized since 2011, headed
by the Bioenergy Corporation.

As seen from Table 2, the volume of mineral
resource production by the Tver Region mining sector
dropped in 2013, and only by 2019 it reached 50%
of the 2012 level. At the same time, the production
of fuel and energy resources, represented by peat
resources, dropped sharply after 2014 and completely
terminated in 2017. However, it should be noted here
that, despite the termination of the peat extraction
for fuel purposes, the extraction of peat for agro-
industrial needs grew, albeit at a slow pace. In the
Tver Region, the bulk of peat reserves (more than
60%) belongs high-moor deposits, 28% are lowland
type deposits, and 11% are of transitional and mixed
types. Peat deposits are diverse in terms of area size,
type, thickness and structure. The variety of peat in
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terms of geological composition and physicochemical
properties makes it possible to use the category
of “peat rent” as an indicator of the efficiency of
business activity of peat extracting enterprises, which
allows assessing the peat producer economic security
[20-24]. To assess economic security of the peat
extracting enterprises, the following methodology
was developed (Fig. 1):

1. All technical, economic, production and financial
information was applied to the elements of economic
security (Table 3).

2. For each element, a set of basic indicators
was determined (Table 4), and the threshold values
were determined as the average values for all peat
enterprises in the Tver Region.

3. Based on Table 5 data, the indicators were
calculated for certain levels of economic security.

4. The following points were assigned by the method
of expert assessments: 0 points — stable, 6 points
— threshold, 12 points - critical, 18 points — crisis.
The levels of economic security of a peat extracting
enterprise: stable (S), threshold (T), critical (C), crisis
(CR). The economic security index of a peat enterprise
(ES,,) was determined as an average value by formula:

ZX
ZN 1)

where >X. — scores of the parameters from Table 4;
YN, is the number of the parameters from Table 5.
Ranks of the economic security level were determined
by the authors after calculating the index of economic
security: stable (from 0 to 6 points); threshold (from
6 to 12 points); critical (from 12 to 18 points); crisis
(over 18 points).

Table 1
Mining sector of the Tver Region in 2016
Indicator Ccement industry | industry  mix extrastion | extraction | Tt
Volume of shipped products, bln rubles 499 0,5 362 241 1,102.5
Average number of employees, persons 350 100 200 230 880
Average monthly wage, rubles 33,500 12,300 26,293 29,120 21,803
Share of unprofitable enterprises, % 1 90 2 1 -

Source: compiled by the authors based on the data of the Tver Region office of the Federal State Statistics Service https://

tverstat.gks.ru/

Table 2

Dynamics of the Tver Region mining sector production volume and the data on the peat industry production
for fuel and energy and agricultural needs, min rubles

. Year
Peat extracting sector products 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Commercial products of the mining sector 2,216 1,896 1,517 788 726 774 877 1,102
Extraction of fuel and energy resources 590 613 287 0,4 1,4 - - -
Extraction of peat for agriculture 2.3 1.7 1.4 1.55 1.6 1.68 1.7 1.75

Source: compiled by the authors based on the data of the Tver Region office of the Federal State Statistics Service https://tverstat.
gks.ru/
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Table 3
Characteristics of a peat extracting enterprise economic security elements (fragment)

Element Characteristics

Technological process security |Compliance of the process equipment fleet structure with the requirements of modern peat
extraction processes, environmental protection and enterprise strategy

Resourse security

Proven provision with the required volumes of peat reserves of proper geological quality,
effective use of favorable conditions of the peat extracting season

Financial security

Optimal and sufficient equity to debt ratio

Investment availability security

Compliance of the level of business activity with the selected development strategy

Taxation security

Fluctuations in the MET rate for peat, lease and environmental payments, compliance of the
tax regime with the selected business strategy

Personnel security

Provision with skilled personnel

Innovation security

Availability of titles of protection (patents, copyright certificates, etc.). Share of innovative
products in the product mix

Source: compiled by the authors.

Table 4
Threshold score of the key indicators of a peat enterprise economic security (fragment)
No. Indicator S T C CR

1 |Wear (W) rate, % W<50 50<W<70 70<W<90 W >90
Machinery readiness (MR) level, % MR > 100 100 < MR < 80 80 < MR £ 60 MR < 60
Share of technological rent (Rt), % R, > 15 10<R,s 15 5<R, <10 Rs5
Return on assets (ROA) ROA > 2 1.5<ROA <2 1<ROA< 1.5 ROA<1
Cost growth (CG) rate, % CG <100 100 < CG < 200 200 < CG < 300 CG > 300

2 |Share of rent due to peat quality Rpq, % Ry €30 20 < Ry €30 10< Ry €20 Ry €10
;lgl\?)’re;ie of increase in production volumes PV > 100 90 < PV < 100 80 < PV < 90 PV <70
Provision with reserves (PR), % 0 >100 100<0 <80 80<0<50 0<50

3 |Liquidity level (L) L<1.5 1<L<1.5 1.3<L<1.5 L<1
Solvency level (Solv) Solv > 0.5 0.4<Solv<0,5 0.3<Solv<0.4 Solv< 0.3
Return on sales (ROS), % ROS > 15 10 < ROS< 15 5<ROS< 10 ROS< 5
Enterprise profitability (EP), % EP > 20 15 <EP <20 10 <EP<15 EP <10

4 |Production investment growth rate (PI), % PI> 100 80<PI< 100 60 < PI< 80 PI<60
Investment level (IL), % IL>0.3 0.3<1IL<0.2 0.2<1IL<0.1 IL<0.1
Business activity level (BA), % BA >0.6 0.6<BA<0.4 0.4<BA<0.2 BA<0.2
fprlcz)l(\i/};,cg/ion facility modernization level PEM > 100 70 < PEM < 100 50 < PEM < 70 PEM < 50

5 |Peat MET growth rate (MET), % MET< 1 1< MET<3 2<MET <4 MET > 4
lease rate growth rate (LRG), % LRG <5 5<LRG<10 10<LRG < 15 LRG> 15
Refinancing rate (Refin), % Refin< 8 8 <Refin< 10 10 < Refin < 12 Refin > 12

6 |Personnel turnover rate (PT), % PT<7 7<PT<10 10<PT<13 PT>13
ﬁ;ﬁéﬁgﬁ&%@gﬁ‘)’ﬁh rate salaries at the WGR<110 | 100 WGR<110 90<WGR<100 = WGR<90
Worker productivity (WP) growth rate, % WP > 60 60 < WP <40 40<WP <20 WP < 20
Ratio of the average wage at the enterprise
to that in the Tver Region industry (WR), WR > 0.6 0.4<WR<0.6 0.2<WR<0.4 WR<0.2
times

7 g‘g)" Et,/zive product volume growth rates IPG > 60 40<TPG<60 | 40<IPG <20 IPG < 20
flﬂirflgg)i’“;:ovaﬁ"e products in the product IPS > 50 50<IPS<30 | 30<IPS<10 IPS < 10

10

Source: compiled by the authors based on the Tver Region peat producing enterprises reporting data
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Table 5

Effect of peat rent on the indicators of economic activity of the Tver Region peat extracting enterprises

. “Peat e " “TEK Tver- “Tverskaya fuel and
Indicator ” Diakar . . v
Company regiontorf energy company

Share of peat rent in profit, % 40 23 15 10
The ratio of the peat rent portions (of I and II
kinds), % 28/12 15/8 6/9 4/6
The share of the factor effect on the prime cost, %:

- factor of geological quality of peat; 35 31 33 35

- factoy of weather conditions of the peat 15 15 15 15

extracting season
The share; of the ef(f)ect of the used equipment level 40 78 74 30
on the prime cost, %
The share of the effect of the used process (method)

. o 8 8 8 8

level on the prime cost, %
Equity to debt ratio, % 60/40 57/43 47/53 38/62

Source: calculated by the authors based on the Tver Region peat producing enterprises reporting data

A feature of the methodology for assessing
economic security is the use of peat rent as the main
indicator of technological, resource, financial and
taxation elements of the security of production and
economic activities of a peat extracting enterprise.
For example, Figs. 2, 3 demonstrate the relationship
between the peat rent and the indicators of economic
security of a peat enterprise, given in Table 4. Studies of
some indicators of economic security shown in Figs. 2,
3, showed that the prime cost of peat extraction was
20% higher for high-moor peat relative to lowland peat,
whereas the productivity of lowland peat deposits was
15% higher than that of high-moor peat deposits. This
difference in the indicators is due to the difference in the
resource (peat) quality factor (geological quality, deposit
configuration, weather conditions of the production
season, etc.). The values of economic security of peat
enterprises using the same process technology and

Lowland peat
2000

equipment, but developing peat deposits of different
geological quality and natural conditions, differ by the
amount of the rent component of income [1-3].

2000
High-moor peat
> 1500
i
= \< Market price level
2 I D R
g 1000 — Peat rent
o
£
= 500 Lowland peat
~ owland pea
]
0 5 10 15 20 25

Extraction volume per a production cycle, t/ha

Fig. 2. Peat rent, prime cost of milled peat, cyclic collection
(compiled by the authors)

Peat rent
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Y
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Average extraction per
a production worker, t
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Fig. 3. Peat rent, average annual output of a worker, cyclic collection
(compiled by the authors)
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Findings

The peat extracting industry in the Tver Region in
2019 was represented by 4 enterprises, which develop
altogether 6 peat deposits (4 of lowland peat type and
2 of high-moor peat type). Despite the fact that the
Tver Region has the largest reserves of peat in the
Central Federal District of the Russian Federation,
estimated at 2.08 billion tons (on conversion to 40%
moisture content), the rate of extraction of the peat
was and remains very low, no more than 100 ktpa,
and the results of the economic activities of these
enterprises in 2019 did not allow overcoming the
crisis of the peat industry in the Region.

As shown in Fig. 4, two out of these four
peat enterprises in 2019 suffered losses from the
economic activities, and this took place at the same
economic, technological, weather conditions and
taxation regimes. But one should take into account
the fact that from 50 to 70% of peat reserves of “TEK
Tverregiontorf”, “Diakar” and “Peat Company” belong
to the lowland types of peat deposits. The features of
the effect of peat rent on the indicators of economic
activity are presented in Table 5 (based on the authors’
research).

The data of Table 5 show that, despite the same
peat extraction method and weather conditions in the
2019 production season, the indicators of economic
performance are very different. The amounts and ratio
of the rent incomes in peat extracting either increase
profit or reduce losses. However, the peat rent indicator
is strongly dependent on the deposit development (life
cycle) stage. For instance, for the “Tverskaya fuel and
energy company”, the peat rent share is the smallest,
10% of the profit, because peat is mined at the stage
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of “declining production”, when the deposit begins to
deplete and the reserves have been worked out by 67%.
The results of the economic security score calculations
using the method are given in Table 6.

Table 6
Economic security of peat enterprises
Company Year

2017 | 2018 | 2019
“Peat Company” 5.2 8.4 | 10.2
“Diakar” 9.6 124 | 14.7
“TEK Tver-regiontorf” 10.5 | 15.2 | 19.1
“Tverskaya fuel and energy company”| 16.2 | 20.3 | 25.5

Source: calculated by the authors based on the Tver Region
peat producing enterprises reporting data

Analysis of the data given in Table 6 showed that
the economic security of all these four peat enterprises
was deteriorated by 2019. The “Peat Company” is in
relatively security, but it should be noted that this
enterprise has the highest quality resource base with
predominance of lowland type peat. The performed
economic security diagnostics made it possible to
determine the main problems of the crisis conditions
at the peat-extracting enterprises in the Tver Region
(Table 7).

Not feeling the real support of the regional
authorities, the peat extracting enterprises are
developing an anti-crisis development strategy and,
as the primary anti-crisis measures, use a simplified
taxation system and are registered as micro-
enterprises. These measures allow to reduce the tax
burden, but they are clearly not enough to mitigate
the threats to economic security. The statistical data
for the region mining sector are also ambiguous.
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-6000 —

Sale proceeds/profit for 2019,
thous. rubles for the peat enterprises

-8000
“Tverskaya

fuel and energy
company”
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Company”

“TEK Tver- “Diakar”

regiontorf”

[ profit, thous. rubles

Fig. 4. Sale proceeds and profit of peat extracting enterprises of the Tver Region for 2019
(compiled by the authors)
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For instance, until 2016, the extraction of fuel and
energy resources (fuel peat) was carried out in the
Tver Region, but since 2017 there are no data on the
region peat extracting enterprises, while there are no
data on the share of unprofitable enterprises in this
sector of economic activity. Although the archives of
the Tver Region Arbitration Court contain a sufficient
number of bankruptcy cases of the peat extracting

enterprises.
Table 7

Problems of economic security of peat enterprises

Economic security problems

1. Decrease in volume of peat extraction;
2. Lack of free funds;

3. Suboptimal structure of the process
equipment fleet;

4. Peat product sales problems

1. Average wear and tear of equipment;
2. Decrease in volume of peat extraction;
3. Lack of free funds;

4. Decreased liquidity;

5. Peat product sales problems

Company

“Peat
Company”

“Diakar”

1. Large percentage of equipment wear;
2. Suboptimal structure of the process
equipment fleet;

3. Decrease in volume of peat extraction;
4. Lack of free funds;

5. Liquidity loss

6. Peat product sales problems;

7. Poor quality of resource base

“TEK Tver-
regiontorf”
[22-25]

1. Large percentage of equipment wear;
2. Decrease in volume of peat extraction;
3. Lack of free funds;

4. Suboptimal structure of the process
equipment fleet;

5. Liquidity loss

6. Peat product sales problems;

7. Depletion of resource base

Source: compiled by the authors.

“Tverskaya
fuel and
energy
company”

Conclusion

Since the diagnostics and assessment of the
economic security of the peat industry enterprises in
the Tver Region made it possible to assert that all the
peat extracting enterprises faced practically the same
set of problems, the following program of anti-crisis
measures could be proposed to mitigate the risks of
losing economic security:
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1. To improve technological process safety:

- improving the quality of the process equipment
through the equipment modernization,;

— control of the timely implementation and quality
of service maintenance of the equipment;

- improvement of the used peat extraction
methods or individual operations of the process cycle;

- optimization of the peat extracting equipment
fleet structure;

— implementation of the processes for deep and
complex processing of raw peat;

—introduction of new approaches to planning
“full cycle” peat extraction and processing processes;

— use of automated and information technologies
for business process management;

2. To improve financial security:

— optimization of taxation regimes and tax
payments;

- increasing production efficiency;

— optimization of production costs, control of the
costs of peat extraction;

— introduction of information technologies for the
analysis of the economic and financial conditions of
peat enterprises;

3. To improve personnel security:

— optimization of staffing structure;

— improvement of labor remuneration systems;

- stimulation of productivity growth and labor
quality;

4. To improve investment security:

—monitoring of investment projects for
compliance with the adopted strategy for peat
production development;

- systematic implementation of a comprehensive
marketing analysis of the markets for peat products
and peat extracting equipment;

— monitoring of equity to debt ratio of peat
producing enterprises.

The authors' approach to the diagnostics and
assessment of the peat industry enterprises economic
security allows to completely rethink the existing
design methods for peat extracting enterprises and
develop recommendations for increasing the flexibility
and adaptability of peat extracting enterprises,
taking into account the individual conditions of their
operation.
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Impact of technogenic dust pollution from the closed mining enterprise
in the Amur Region on the ecosphere and human health

N. K. Rastanina s[4, K. A. Kolobanov
Pacific State University, Khabarovsk, Russian Federation
04 n.rastanina@yandex.ru

Abstract

Environmental protection is a complex ecological and economic problem, including the need to develop
and implement a number of environmental protection measures to mitigate the negative impact of mining
waste on all natural environment components and human health. In this regard, the study purpose was to
assess the impact of Pb, Cd, Cr, and As compounds on the environment and health of the population of the
Solnechny miner’s village. Based on the purpose, the following tasks were set: 1) review and systematization
of literature data on the problem of technogenic dust pollution; 2) assessment of the mining industrial system
as a source of ecosystem pollution with toxic elements within the closed mining enterprises impact areas;
3) development of proposals for mitigating the impact of mining activities on ecosystems and human health.
The paper presents the findings of the study of the elemental status of children and adolescents living within
the closed town-forming enterprise JSC Solnechny GOK impact area. The relationship between the level of
technogenic pollution of the natural environment and the changes in the elemental status of the children
was shown. A feature of the elemental status of the children in the study group was high content of heavy
metals, including Pb, Cr, and As. Our research confirmed the data that a growing child’s body actively adsorbs
compounds of toxic chemical elements. Deficiency and imbalance of microelements in the body can cause
ecologically-related diseases in the child population. Individual and population carcinogenic risks (CR) caused
by the As, Pb, and Cr pollution were calculated. In accordance with the acceptance criteria for the risk caused
by exposure to the pollutants, the individual carcinogenic risk CR (Cr) = 1,05 - 10-3 belongs to the fourth range
and is unacceptable neither for the population, nor for occupational groups. This is De manifestis risk, and
when it is reached, it is necessary to carry out emergency curative measures to mitigate it. The individual risks
CR (As) = 7,05 - 10~ also exceed the acceptable level for the population. This level of pollution is subject to
permanent monitoring, requires development and implementation of planned curative measures to improve
the indicators of the human environment, one of which is the organization of the environmental monitoring
system in the study area.
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mining, environmental monitoring, waste, heavy metal, compounds, population risk, Amur Region

For citation

Rastanina N. K., Kolobanov K. A. Impact of technogenic dust pollution from the closed mining enterprise
in the Amur Region on the ecosphere and human health. Mining Science and Technology (Russia).
2021;6(1):16-22. https://doi.org/10.17073/2500-0632-2021-1-16-22

TEXHOJIOT'MYECKASA BE3OIMNMACHOCTb B MUHEPAJIbHO-CbIPbEBOM KOMITJIEKCE
N OXPAHA OKPY)XAIOLLEW CPEAbI

Hay4Hasa cTaTbs

Bo3peiicTBME TeXHOreHHOro NbIeBOro 3arpsi3HeHus Ha aKkocdepy
M 3,0pOBbe YeJioBeKa 3aKpbITOro ropHoro npeanpuaTus Mpuamypbs

H. K. Pactaununa 5 >4, K. A. Komoo6aHos
TuxookeaHckuil zocydapcmeeHHplil yHusepcumem, 2. Xabaposeck, Poccus
04 n.rastanina@yandex.ru

AHHOTauus
[Ipo6ieMa 3aIIMThl OKPYsKAIOIIEH cpedbl IpefCcTaBiIsieT co00i CI0KHYIO 9KOJI0T0-9KOHOMMUYECKYIO 3a/a-
Yy, BKJIIOUAIOILYI0 HEOOXOAMMOCTh Pa3paboTKM U peanusaluy psija IPUPOLOOXPAHHBIX MEPOIPUSTUIL,

© Rastanina N. K., Kolobanov K. A., 2021

16


https://mst.misis.ru/
https://doi.org/10.17073/2500-0632-2021-1-16-22
https://www.scopus.com/authid/detail.uri?authorId=56857552500
https://www.scopus.com/authid/detail.uri?authorId=57211208606
mailto:n.rastanina@yandex.ru
https://www.scopus.com/authid/detail.uri?authorId=56857552500
https://www.scopus.com/authid/detail.uri?authorId=57211208606
mailto:n.rastanina@yandex.ru

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJ1I0N'MA
2021;6(1):16-22

obecrieunBaIMX MUHUMMU3AIMUIO HETATUBHOTO BJIMSHUS OTXOJOB FOPHOTO IIPOM3BOJICTBA HA BCE MPU-
pOAHbIe COCTAaBJISIONIME U 340POBbe UejioBeKa. B CBA3M C 3TUM 1Ie/Ibl0 UCC/IeL0BaHMS SIBSETCS OLleH-
Ka BiausHusa coenuHenuit Pb, Cd, Cr 1 As Ha OKpyKawIlylo cpefy ¥ 3[0pOBbe HaceleHUs TOPHSIIKOTO
nocesnika ComHeuHbIN. Vcxons M3 Lenu onpefeneHsl caenyomuue 3amaun: 1) aHaanus U cucreMaTu3sanus
JUTEePaTypHBIX MaHHBIX IO IPo6JeMe TeXHOTeHHOTO IbLIEBOTO 3arpsi3HeHMus; 2) OlleHKa TOpPHOIpPO-
MBIIIJIEHHOJ TEXHOT@HHO CMCTeMbl KaK MCTOYHMKA 3aTPSI3HEeHMS SKOCUCTEM TOKCUUHBIMU 3JIeMeHTaMU
B I'PAHMIAX BIAMSHMUS 3aKPBITHIX TOPHOPYIHBIX NMPeAIIPUSTHIi; 3) pa3paboTka MpeaoKeHMii 110 CHUKe-
HUIO BIVSIHUS TOPHOTO TeXHOTeHe3a Ha COCTOSIHME 3KOCUCTEeMbI U 340pOBbe UeaoBeKa. B ctaTbe n3noxe-
HBI pe3yIbTaThbl MCC/IELOBAHMI 110 U3YUEHMIO JJIEMEHTHOTO CTaTycCa AeTel U MOAPOCTKOB, TPOXKMBAIOIINX
B IPaHMIAX BIMSHUS 3aKpbITOro rpamoobpasyoinero npeanpusitusi OAO «Conneunbiit TOK». TToka3aHa
CBSI3b M3MEHEHMI B JIeMEHTHOM CTaTyce JeTeli C YpPOBHEM TEXHOTeHHOTO 3arps3HeHMs cpeabl 06uTa-
Hust. OCOOEHHOCTBIO 3JIEMEHTHOIO CTaTyCa IeTei B MCCIeNyeMOii TPyIIIe SIBJSIeTCsT BBICOKMIA TOKa3aTelb
comep>kaHMs TSDKeJIbIX MeTasljioB, B ToM uucie Pb, Cr u mbimbsika. Hammm mccienoBaHus OATBEPXKAAIOT
JlaHHbIE O TOM, UTO JETCKUI1 PACTYIIMii OpraHu3M aKTUBHO aicOPOMPYET COeAMHEHMSI TOKCUUHBIX XUMU-
YeCKUX 3JIeMeHTOB. PaccumMTaHbl MHAMBUIYaAbHbIE U MOMY/ISIIIMOHHbIE KaHI[ePOTeHHbIe PUCKM 110 AS, Pb,
Cr. B COOTBETCTBMM C KPUTEPUSIMMU MIPUEMIEMOCTU PUCKA, OOYCIOBIEHHOTO BO3/IE/ICTBMEM 3arpsi3HSIO-
VX BEIeCTB, MHAMBUIYATbHbIN KaHIeporeHHbI puck CR (Cr) = 1,05 - 1073 oTHOCUTCS K YE€TBEPTOMY
IMaTia3oHy U SIBJISIeTCS] HellpueMJieMbIM HM IJis HacejaeHus, HU IJis1 TpodeccoHaNbHbIX Ipynil. ITo De
manifestis Risk, 1 ipu ero gocTmkeHUM HEOOXOAMMO IIPOBeIeHNe SKCTPEHHbBIX 034,0POBUTENbHBIX Me-
POIIPUSTUI TI0 ero CHUkeHU0. IHAMBUAyanbHbIi puck CR (As) = 7,05 - 10~ mpeBblllaeT mpuemiaemMmoe
3HaueHue [ HaceleHMs. [JaHHbI/i YPOBEHDb 3arpsi3HEHMS TOMJIEKUT MTOCTOTHHOMY KOHTPOJIIO, TpebyeT
paspaboTKM U MPOBENEeHMs TIAaHOBbIX O03[0OPOBUTENbHBIX MEPOIPUSITUI T10 YIYUIIeHUIO TTOoKa3aTeseii
cpenbl O6GMTAHMS, OMHUM U3 KOTOPBIX SIBJISIETCSI OPraHM3al[Msl CUCTEMbI 3KOJOTMUYECKOTO MOHUTOPUHTA
B MCC/IelyeMOM paiioHe.

KnioueBble cnoea
TOPHOE [1eJ10, 3KOJIOTMYECKUIT MOHUTOPWHT, OTXOZbI, TSIXKEJIble MeTaslIbl, MOy IMOHHbIN PUCK, [Ipuamypbe

[ns uuTupoBaHus
Rastanina N. K., Kolobanov K. A. Impact of technogenic dust pollution from the closed mining enterprise
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Introduction

Long-term research experience of Russian and
foreign scientists testifies to the negative impact of
mining and processing complexes, both operating
and closed [1-4], on the natural environment and
humans. Environmental pollution by heavy metal
compounds (Cr,Cd,Pband As) in mining areas, where
mining and agriculture coexist, is a major worldwide
concern [5-16]. The studies of foreign scientists in
South Africa, Mexico, and China have shown high
levels of soil, crops and microbial communities
pollution with metals [5-9]. Xu Zhang et al., having
analyzed the features of migration of Fe, Mn, Cr,
Pb, emphasized high contents of these elements in
soils and plants, noting their high phytotoxicity and
significant deterioration of water quality due the
pollution. Bioavailable forms of heavy metals pose
great environmental risks, ultimately threatening
human health [8]. Karaca O. et al. note that heavy
metal pollution can affect biodiversity and economic
well-being of the study region [6]. Ying-NanHuang et
al. note that children are more sensitive than adults
to the impacts of metals Cd and Cr, as reflected in
the HI and CR values, exceeding the permissible
levels [5, 9].

17

Recently, in the Far Eastern Federal District
(FEFD), including in the Amur region, mining
enterprises, including tin ore producing ones, have
been closed, which has led to serious environmental
problems. For instance, Solnechny Mining and
Processing Complex (hereinafter Solnechny GOK or
the GOK), closed to date, for many years was one of
the largest mining enterprises in the Far East. The
tin ore deposit in the central part of the Khabarovsk
Territory was exploited by the GOK for decades,
starting from the middle of the past century. After
the mining termination and the mining enterprise
closure, the past mining activity negative impact on
the natural environment and the surrounding area
can continue for a long time.

The main types of such impacts include
disfigurement of the landscape and deterioration of
soil and vegetation cover, changes in the condition
and composition of groundwater and surface water,
decrease in biodiversity, and the release of hazardous
substances onto the day surface.

Currently, there is a need to organize a com-
prehensive environmental monitoring of ecosystem
changes, as well as to predict environmental impact
of technogenic objects for development of measures
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aimed at reducing the negative consequences caused
by long-term mining activities and eliminating the
cumulative harm to natural environment (waste of
mineral processing) in the tin ore mining areas of the
Far East, including in the Amur region. In this regard,
the study purpose was to assess the impact of Pb, Cd,
Cr and As compounds on the natural environment
and health of the population of the Solnechny
miner’s village for ensuring environmental safety.
Proceeding from this purpose, the following tasks
were defined: 1) review and systematization of
literature data on the problem of technogenic dust
pollution; 2) assessment of the mining industrial
system as a source of the ecosystem pollution with
compounds of toxic elements within the closed
mining enterprises impact areas; 3) development
of proposals to reduce the impact of mining
activities/consequences on the ecosystem and
human health.

Research Subject and Methods

The study subjects were natural and technogenic
ecosystems formed in the past century due to the
activities of the Solnechny Mining and Processing
Complex. The tin ore processing waste is a potential
source of the technogenic pollution. For quantitative
analysis of the samples (the tin ore processing waste,
soils, vegetation, biological material), the ICP/AAS
(inductively coupled argon plasma atomic absorption
spectroscopy) method was used.

A mass spectrometer (ICP-MS Elan 9000, Canada)
was used for measuring the quantitative contents
of heavy metals and arsenic compounds [17].
According to the Guidelines for assessing the risk to
public health when exposed to natural environment
polluting chemicals [18], to determine the values of
population carcinogenic risks (PCR), reflecting the
additional number of cases of malignant neoplasms
that can arise throughout life due to exposure to the
factor under study, the calculation is performed using
formula:

PCR = CR - POP, 1)

where CR - is an individual carcinogenic risk, POP - is
the study population number, people.

The calculation of the additional probability of
developing cancer in an individual throughout his life
(CR) was carried out by formula:

CR=LADD - SF, 2)

where LADD is lifetime average daily dose of an
element, mg/(kg - day); SF is carcinogenic potential
factor, (kg - day)/mg.

Lifetime average daily dose of an element intake
into a human body is calculated by formula:
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((Ca-Tout-Vout)+(Ch-Tin-Vin))- EF - ED

BW - AT-365 > ()
where Ca - is a substance concentration in the
atmospheric air, mg/m3; Tout — is time spent outdoors,
h/day; Vout - is outdoor breathing rate, m3/h; Ch - is
a substance concentration in the room air, mg/m?;
Tin — is time spent indoors, h/day; Vin - is indoor
breathing rate, m3/h; EF - is exposure frequency,
days/year; ED - is exposure duration, years; BW - is
a human body weight, kg; AT — is exposure averaging
period, years.

LADD =

Findings and Discussion

The specificity of the extraction and processing
of tin ore at the mining enterprise under study
consisted in the extraction and processing of huge
volume of rock mass, of which only a small part was
used, whereas the rest was accumulated in the form
of technogenic waste, so-called tailings, placed in the
special structure, tailings storage facility (TSF). This
hydraulic engineering facility was designed and put
into operation in 1969. In the process of ore mining
and processing, new technogenic landforms not
characteristic of this territory were formed. During
the GOK operation, the TSF has accumulated about
16 million m® of waste [1]. In 2001, in connection
with the enterprise operation termination, the TSF of
the central processing plant of Solnechny GOK was
drained, but its surface, contrary to the legislation
of the Russian Federation (according to which the
subsoil user was obliged to conserve the man-made
object and reclaim the disturbed lands), was not
reclaimed in a timely manner.

Migration of chemical elements and their
compounds as a result of complex physicochemical
processes of transformation of minerals contained
in waste, occurring in the near-surface part of the
lithosphere under conditions of increased aeration
is one of the main causes of ecosphere pollution.
At present, the TSF of the closed Solnechny GOK
is a great source of dust release and intensive
technogenic environmental pollution with toxic
elements [2, 3]. On the surface and within the
tailings, especially in dry periods, blossom, thin
crusts and films of technogenic minerals (sulfates,
carbonates, silicates, arsenates, etc.) originate
[1]. As a result of the processes of hypergenesis
and technogenesis, highly mineralized solutions,
containing large amounts of heavy metal
compounds, are formed in mining waste [4]. They
enter surface water and groundwater and migrate
over long distances, polluting natural environment
components [3, 4].
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At the present stage, the role of technogenic
environmental pollution in genesis of a number of
human diseases has been insufficiently studied. It
should be noted that the Solnechny miner’s village
is located 3 km from the TSF. The population lives
in conditions of stable exceeding permissible levels
of the pollutants contents, including in atmospheric
air [3, 4].

Numerous studies indicate that the child
population is more sensitive to the impact of
unfavorable environmental factors [5, 9, 10].

Studies in the field of the impact of tin
ore mining and processing industry on natural
environment components indicate that the problem
of the ecosphere pollution is one of the most urgent,
especially within the impact areas of closed mining
enterprises of the Far Eastern Federal District.
The issues of environmental protection are a
complex ecological and economic task, including
the need to develop and implement a number of
environmental protection measures to minimize
the negative impact of mining waste on all natural
environment components and humans [4], including
implementation of environmental monitoring. It is
aimed at solving the problems outlined in the Federal
Law No. 7 “On environmental protection” [19].
In accordance with Federal Law No. 7, the objectives
of environmental monitoring include: 1) monitoring
environmental condition, including areas where
sources of anthropogenic impact are located;
2) monitoring the impact of anthropogenic sources
on the environment; 3) providing the government,
legal entities and individuals with reliable
information required to prevent and (or) mitigate the
adverse consequences of changing environmental
condition. In this regard, there is a need to create
and develop environmental monitoring system
in the study area.

Within the framework of environmental
monitoring, multi-year research allowed determining
contents of heavy metal compounds in the tailings,
soils, vegetation, snow cover, human biological
material (hair). The tailings assay confirmed the
presence of high contents of heavy metal compounds
in them, including the most hazardous ones, such
as chromium (Cr), arsenic (As), cadmium (Cd) and

elSSN 2500-0632

https://mst.misis.ru/

Rastanina N. K., Kolobanov K. A. Impact of technogenic dust pollution from the closed mining enterprise...

lead (Pb) (in accordance with current classifications).
Significant amount of gases is released from the
tailings body into the air near the tailings surface. Air
pollution here can be classified as extremely high. The
aerosol concentration turned out to be 80 times above
the baseline. The weighted average concentrations of
heavy metal compounds in the snow cover in winter
seasons were as follows (mg/dm?): Pb — 0,001; Cd -
0,002; Cr - 0,001.

Contents of As, Cr, Pb compounds in the soils and
vegetation exceeded MPCs. In addition, the soil cover
is an accumulator of the technogenic pollutants. Soils
react slowly to changes in the environment, but they
fix and accumulate toxic elements. Within the TSF
impact area, accumulation of Pb, Cr, Cd compounds by
plants was recorded, mainly in the leaves and roots of
the plants.

Assaying hair samples taken from children
aged 3 to 14 years living in the Solnechny miner’s
village for As, Cr, Cd, Pb indicated the following
regional features of the elemental status (content
of the elements in hairs) in the studied group
of children:

— the girls demonstrated an excess of 3.5 times for
Cr and 2.61 times for Pb, respectively, in comparison
with the averaged data for Russia [20]. In increasing
order of the excess, these elements should be
positioned as follows: Pb < Cr. The contents of As
(0.015 mg/kg) and Cd (0.103 mg/kg) did not exceed the
corresponding average values in Russia;

— for the boys, only average Russian Cr content
was exceeded by 1.54 times. At the same time, the
contents of As (0.015 mg/kg) and Cd (0.103 mg/kg) did
not exceed the corresponding average values.

The feature of the elemental status of children
in the study group was increased contents of toxic
Pb, Cr and As. Our research confirmed the data
that a growing child's body actively adsorbs toxic
elements. Diseases can be caused both by surplus/
deficiency and imbalance of microelements
in a body [21-24].

In the course of analyzing the impact of the As, Cr,
Pb compounds as carcinogenic factors upon inhalation
into a human body [18] in the Solnechny village, the
following data on the values of the individual and
population risks were obtained (Table 1).

Individual and population carcinogenic risks for the Solnechny village inhabitants fable
Element Content in air, mg/m3 SF, (kg - day)/mg | LADD, mg/(kg - day) CR PCR
As 0.0032 15 4.7-10°° 7.05-10+ 9
Cr 0.0017 42 2.5-10° 1.05-1073 12
Pb 0.0028 0.042 4.2-10°° 1.76-10°¢ <1
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In accordance with the acceptance criteria
for the risk due to exposure to the pollutants, the
individual carcinogenic risk CR (Cr) = 1.05-1073
belongs to the fourth range (the individual risk
throughout life being equal to or more than 1-107%),
and it is unacceptable neither for population nor
for occupational groups. This range is referred to
as De manifestis risk, and when it is reached, it is
necessary to give recommendations for decision-
makers on carrying out emergency curative measures
to mitigate the risk. For arsenic (CR = 7.05 - 107%) the
population risks exceed the acceptable values for the
population. The individual carcinogenic risk caused
by lead compounds is acceptable (CR = 1.76-10-°). To
mitigate the negative impact of TSF, containing toxic
waste, on ecosphere, special process design solutions
have been proposed, the novelty of which the novelty
of which was confirmed by patents of the Russian
Federation (2017, 2019) [25, 26].
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Conclusion

The study findings indicated that the
environmental condition within the impact area of
the closed tin ore enterprise Solnechny GOK in the
Amur Region should be assessed as critical.

Improving the situation within the closed
tin ore enterprise impact area is possible with
establishing an environmental monitoring center
in the study area, the main task of which shall be
providing an integrated approach to monitoring
of the contents of toxic elements in the biosphere
components; organizing an effective system
for collecting, processing and transmitting the
monitoring results, as well as forecasting. The
new methods have been created aimed at ensuring
environmental safety of ore processing waste,
the novelty of which was confirmed by patents
(2017, 2019) [25, 26].
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Amplitude-dependent hysteresis of wave velocity in rocks
in wide frequency range: an experimental study
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Trofimuk Institute of Petroleum Geology and Geophysics, Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russian Federation
P4 MashinskiiEI@ipgg.sbras.ru

Abstract

This research belongs to the field of rock physics. In recent years, in solid state physics and materials science,
new knowledge has emerged about microplastic strain of various materials, including rocks. These data were
obtained using high-precision micro- and nanoscale strain measurements. The very fact of the existence of
the poorly studied rock property in the earth sciences requires the study of the possible influence of the rock
microplasticity on the propagation of seismic and acoustic waves. The studies were carried out using three
alternative methods and under different observation conditions. The field measurements were carried out in
the zone of low velocities in crosshole space with transmitted waves of frequency of 240—-850 Hz. The laboratory
measurements were carried out on sandstone samples with transmitted (6.8 kHz) and reflected (1 MHz) waves
at the strain of 10%-107°. The manifestations of microplasticity were recorded using high-resolution recording
of signals with discretization time ¢, = 1 us — 40 ps and 32.5 ns. The wave amplitude variation was provided
in a closed cycle: discrete increasing the amplitude from minimum to maximum and return to the initial value
(Al+ > A2+ —> .. A, ... > A2—- = Al-). In this amplitude range, an amplitude hysteresis was observed, a sign
of which was the inequality of wave velocities on the upward and downward amplitude courses. This effect
was recorded for all three measurement methods at different frequencies. However, the amplitude hysteresis
of the wave velocity was not observed only in the measurements at full water saturation of loam. The largest
amplitude-dependent change in the wave velocity reached 2% (at the accuracy of 0.02%), and the change
in the attenuation value amounted to 5%. The reason for this effect could be microplastic inelasticity, which
manifested itself by amplitude plateaus located within the waveform. The amplitude microhysteresis forms
overall picture of the amplitude dependence of the wave velocity in wide amplitude range. Proposals for the
potential use of the obtained data for solving some applied problems have been presented.

Key words

rock physics, wave processes, elastic modulus, wave attenuation, wave velocity hysteresis, microplastic strain,
discontinuous inelasticity, amplitude dependence of wave velocity
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AMNAUTYAHO-3aBUCUMbII FTMCTEPE3NC CKOPOCTH BOJIHbI
B FOpPHbIX NOPOAAX B LUMPOKOM AMnana3oHe YacToT:
3KCNepuMeHTaJIbHOe UccneoBaHue
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AHHOTauus

DTO mccienoBaHue OTHOCUTCS K 06acTy ¢usuky ropHbiX nopop (Rock Physics). 3a mocieqHme rogsl B Gu-
31Ke TBEPIOro Tejia M MaTepuaioBeleHUN MOSBUIMCh HOBbIe 3HAHMSI O MUKPOIUIACTUYECKOH medopmanymn
Pa3JIMYHbIX MAaTepPUAIOB, B TOM YMC/Ie TOPHBIX TIOPOJ. DTU JAHHbIE TIOTYYEHbI C TTOMOIIbI0 BHICOKOTOYHBIX
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u3MepeHuit nedopmaly Ha MUKPO- ¥ HaHOypoBHe. CaM (DaKT CyIeCTBOBAaHMS Majio M3yUeHHOTO B HayKax
0 3emsie CBOVICTBA TOPHBIX MOPOJ, TpeOyeT M3yueHNsI BO3MOXKHOTO BIVSIHUSI MUKPOTUIACTUYHOCTHY TIOPOJ], HA
pacIpocTpaHeHue CceiicMUYeCcKnX ¥ aKyCTMYeCKuX BOMH. VccienoBanus IpoBefeHbl 110 TpeM albTepHaTUB-
HbIM METOAVMKAM U IIPU Pa3IMYHBIX YCIOBUSIX HaOmomeHus. [ToieBbie M3MepeHMs TPOBEI€HbI B 30HE MaJIbIX
CKOPOCTEe B MEKCKBaKMHHOM ITPOCTPAHCTBE Ha IMTPOXOAAIIMX BOJIHaX uacToToit (240-850) I'. JlJabopaTopHbie
M3MepeHMsI BBITIOJIHEHBI Ha 00pasiiax MmecuaHuKa Ha mpoxoasmux (6,8 KI'1r) u orpaxkeHHbIX BoiHaX (1 MI'x)
ipu nedopmariiuu (10°8-107). ITposiBIeHMSI MUMKPOILIACTUYHOCTY 3aPETrMCTPUPOBAHbI C MCITOTb30BaHMEM BbI-
COKOpaspeliameil 3amiucu CUrHaJIoB C BpeMeHeM KBAaHTOBaHMS t,,,.. = 1 MKC — 40 MKc 1 32,5 Hc. Bapmanus
aMIUIUTYbI BOTHBI OCYILE€CTB/ISIACh M0 3aMKHYTOMY LIMKITY: TMCKPETHOE YBe/luueHe aMIUIUTYObl OT MUHU-
MyMa 0 MakCMMyMa M BO3BpaT K UCXOAHOM BennunHe (Al+ > A2+ = ... A --- > A2— —> Al-). B aTOM am-
IUINTYOHOM [Marna3oHe MMeeT MeCTO aMIUIUTYIHbIN rMcTepe3yc, MPU3HAKOM KOTOPOTO SIBJISIETCSI HepaBeH-
CTBO CKOPOCTE} BOJIH Ha BOCXOJSIIIEM ¥ HUCXOZSIIEM aMIUIMTYIHOM Kypce. ITOT 3hdeKT 3aperncTpupoBan
JLJISI BCEX TpeX METOLO0B M3MePeHMs Ha pPa3HbIX yacToTax. OqHaKO aMIVIMTYIHBIM TUMCTEPEe3UC CKOPOCTYU BOJIHBI
OTCYTCTBYET TOJIbKO B CJTyuae M3MepeHMi Py TTOTHOM BOIOHACKIIIIEHUY CYTIMHKOB. Hanbosbiiee aMIummTy/I -
HO-3aBUCUMOE M3MEeHeHMe CKOPOCTU BOIHBI AocTuraet 2 % (¢ TouHocTbio 0,02 %), a M3MeHeHMe BeTMUYMHbI
3aTyxaHust cocrasisier 5 %. I[IpuunHoii Takoro 3¢ deKkTa MOXKeT 6bITh MUKPOIUIACTUYECKAS HEYTTPYTOCTb, ITPU-
3HAaKaMM KOTOPO¥A SIBJISIIOTCS aMILTUTYAHbIE TUIATO, pacIosaraiuecs BHyTpY GOPMbI BOTHbI. AMITIUTYIHBIM
MMKpOTUCTEPe3UC (HOPMUPYET OOIIYI0 KaPTUHY aMILIUTYIHOM 3aBUCUMOCTY CKOPOCTM BOJHBI B IIMPOKOM
aMIUIMTYOHOM AuarnasoHe. [IpencTaBieHbl NMpeaoKeHNUsT BO3MOKHOIO NMPUMEHEHMS MMOTyYeHHbIX JaHHbIX

AJIs1 pelieHMsI HeEKOTOPBIX ITPUKIaaAHbIX 3aaay.

KnioueBble cnoBa

(u3uka ropHBIX MOPOJ, BOIHOBbIE TIPOLIECCHI, 3aTyxXaHMe BOJIH, TUCTePe3UuC CKOPOCTU BOIHBI, MUKPOIUIACTH -
yeckas gedopmalius, CKaukooopasHasi HeyIpyrocThb, aMIUTUTYIHAS 3aBUCUMOCTb CKOPOCTY BOJTHbBI

BbnaropapHocTu

Boipaskaio GaromapHocts I. B. EropoBy 3a MpoBefieHMe IKCIIEPUMEHTOB 1 JaibHeliliee 00CYKaeHe Moy-

YEeHHbIX Pe3YyJ/IbTaTOB.

Ans ymTupoBaHus

Mashinskii E. 1. Amplitude-dependent hysteresis of wave velocity in rocks in wide frequency range:
an experimental study. Mining Science and Technology (Russia). 2021;6(1):23-30. https://doi.org/10.17073/2500-

0632-2021-1-23-30

Introduction and Challenge Problem

A promising approach to increasing geological
efficiency of seismic and acoustic research methods is
based on new knowledge in the rock straining physics.
This means deep study of the mechanisms of micro-
and nanoscale propagation and attenuation of elastic
waves. The list of little-known phenomena includes
rock microplasticity, which manifests itself at small-
scale strains. Wide frequency range of quasi-static and
dynamic stresses and strains is of Interests.

Dynamic characteristics of rocks under seismic
impacts were studied at large and moderate strains
[1]. With studying nonlinear effects in seismic
[2-7], the problem of the “elasticity — inelasticity”
boundary has become more actual. Taking into
account (proceeding from) the experimental data,
the boundary strain level was gradually shifted from
~1072-107% towards lower strains to ~10°°. Thus, it was
shown that nonlinear effects in rocks are possible even
at small strains. This extends the effect of inelastic
processes to the field of practical application, where
low-intensity waves are used.

At present, seismic theoretical studies are based
on the classical viscoelastic model of a standard linear
body, which describes well dispersion, relaxation, and
related inelastic processes [8, 9]. However, this model
does not take into account such a non-standard effect
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as the amplitude dependence of wave velocities and
attenuation, which was found in many experiments
in the course of propagation of seismic and acoustic
waves in rocks [10-13]. These were mainly laboratory
experiments on hard rock samples extracted from
great depths. The experimental data showed that,
with increasing the transmitted signal amplitude,
decreasing the wave velocity and increasing
the attenuation were observed [9, 14, 15]. Other
experiments also confirmed the data presented above,
but at the same time showed opposite results as well.
With increasing the transmitted signal amplitude,
both increasing and decreasing the wave velocity and
attenuation could occur [6, 11]. The unusual behavior
of wave velocities extends to the elastic modulus
behavior. The decrease or increase in the elastic
modulus took place in accordance with the stress-
strain ratio slope of curve [16 -20].

Microplastic inelasticity of rocks was discovered
in quasi-static experiments on various samples
[19]. Microplasticity of metals, alloys and other
materials has been known. Its manifestations on
the “stress-strain” diagram are presented in the
form of “the stress-plateau” and “the stress-drop”
[21-24]. This phenomenon can be characterized as
some irregular short-term “actuation” of plasticity
within the elastic strain range [16, 25-27]. This
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thesis has also theoretical substantiation [28, 29].
Below the findings of the P-wave velocity amplitude
dependence study in the rocks obtained using
different equipment under different experimental
conditions are presented.
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Research Techniques and Factual Material

Field studies

Field measurements were carried out in a zone of
low velocities in loams. In the upper part to a depth
of 8.5m, the rocks were partially water-saturated.
P-wave velocity was about 340 m/s. Below there was
an aquifer, the wave velocity in which was ~ 1500 m/s.
The measurements were carried out using the cross-
hole test; the distance between the holes was 7m.
In the first spread, the transmitter was installed at
a depth of 2 m, and the signal receiver, at a depth
of 10m (2m-10m). The wave mainly travelled
through partially water-saturated rock. At the
second spread, the transmitter and receiver were at
a depth of 10 m-10 m, the wave propagated in a rock
completely saturated with water.

The seismic signal transmitter consisted of a set of
piezoelectric cells placed in a body with a preamplifier
[4, 30]. The signal was transmitted through a liquid
spacer and a sealed elastic shell that contacted the
hole wall. The pulse amplitude on the piezoelectric
transducer of the transmitter varied from 350 to 950 V.
PDS-21 sensor was used, which had conversion ratio of
100 pV/Pa. The signal receiver was in contact with the
hole walls through the elastic liquid spacer. Recording
was carried out with signal accumulation up to 128.
The signals were digitally recorded on a computer.
The measurement accuracy of the pulse propagation
time was ~0.02%. The recording discretization time
Liiserer = S 1S and 40 ps. The strain amplitude range was
(3.8-9.8) x 10°®.

Laboratory measurements
in low kilohertz frequency range

The experiments were performed on a cylindrical
sandstone sample 76 mm in diameter and 1 m long.
The rock density was 2.0 g/cm?, the porosity was about
3%.The P-wave propagation speed was 2910-3000 m/s.
The experiment was carried out at room temperature
at five values of the strain amplitude in the range of:
(0.3-1.67) x 10°®,

The transmitter and receiver of the acoustic
signals consisted of piezoceramic cells (TsTBS-3),
were rigidly mounted on one end of the sample
cylinder. At the other end of the sample, a brass
washer 3 mm thick was rigidly fixed in the same way.
The entire structure was inserted through a jack into
the wall opening. The acoustic pulse with frequency of
6835 Hz,having passed along the sample, was reflected
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from the opposite end and arrived at the receiver and,
through the amplifier, at the digital recording device.
The ADC recorder discretization time was 1 ps. The
wave velocity measurement accuracy was 0.05%.
The relative measurement accuracy determined with
the amplitude variation and the other conditions
constancy was much higher.

Laboratory measurements at frequency
of about 1 MHz

The research was carried out on samples of
dry sandstone of cylindrical shape 2.4 ¢m long and
4.0 cm in diameter. The fine-grained sandstone with
the presence of siltstone was sampled from hole at a
depth of 2,920 m. The rock density was 2.36 g/cm?, the
total porosity was 13%. The measuring installation
was a three-layer model. The first and third layers
(beryllium bronze) provided identical wave reflection
at the interfaces. The first layer acted as a delay line,
and the third layer acted as an acoustic load. The rock
sample was located in between these layers. Excitation
and reception of signals was provided by piezoceramic
sensors at frequency of ~ 1 MHz, which were polarized
to longitudinal wave. Controlled static pressure
(20 MPa) ensured constant contact at the boundaries
of the layers.

Research Findings

Field testing

The behavior of the P-wave velocity depending
on the strain amplitude in the loams is presented
for two source and receiver arrangements: the
abovementioned spreads of (2 m-10 m) and
(10 m—-10 m). Fig. 1, a presents the dependence of the
P-wave velocity on the amplitude when the source was
located at a depth of 2 m, and the receiver, at a depth
of 10 m. The magnitude of the transmitted signal
amplitude varied discretely in a closed cycle. The
amplitude increased from A1, A2, A3 to A4 (ascending
half cycle), and then its decreased through the same
values to Al (descending half cycle) — and we had got
a set of digital records in the full cycle.

The behavior of the P-wave velocity in the loams
depending on the strain amplitude was complicated. In
the first half cycle of the amplitude course, the wave
velocity first decreased and then increased nonlinearly.
In the second half cycle, the wave velocity non-
monotonically increased. The largest change in the
wave velocity in the cycle was 1.7%. There was a clear
divergence of the wave velocity "paths" between the
upward and downward half cycles. In the A2-A4 range,
the wave velocity increased instead of decreasing.
Upon completion of the full cycle, we received an open
hysteresis loop, which amounted to 0.7%. This was the
effect of the amplitude-dependent hysteresis of the
P-wave velocity.
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Examination of the seismic record showed the
presence of unusual complications in the waveform
that have been identified as signs of microplastic
strain. Individual fragments of the pulses recorded at
the three amplitude values are shown in Fig. 1, b. These
are built-in short-term amplitude plateaus, the length
of which ranged from one to several t;,. = 40ps.
The instantaneous value of the pulse amplitude did
not change over the length of the plateau. These
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plateaus interrupted the "normal” amplitude course,
i.e. the process of elastic strain and the transition
to microplastic flow. The plateau length reached
twelve ty... Or 480 ps. The increase in the number
of plateaus leaded to decreasing the pulse front
steepness and the pulse pulling. The dependence of
the P-wave velocity on the amplitude of strain in the
loams at the (10 m- 10 m) spread is shown in Fig. 2, a.
With increasing the amplitude from Al to A4, the
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« 0.006 /
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£ 0.004
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<
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Fig. 1. P-wave velocity in loams depending on the strain amplitude: source at a depth of 2 m, receiver at a depth of 10 m (a).
Fragments of the impulses with complications in the form of plateau (b)
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Fig. 2. The P-wave velocity depending on the strain amplitude at the source-receiver spread of 10 m-10 m (a).
Fragments of the pulse front at the A1-A4 amplitudes at the source-receiver spread of 10 m—-10 m (b)
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Fig. 3. Fragments of the pulse front at the A1-A4 amplitudes at the source-receiver spread of 10 m—-10 m (a). Plateau
manifestation (b). Fragments of the pulses recorded at five amplitudes in the first arrival region (b)

P-wave velocity increased nonlinearly by 0.34%. Here,
unlike the previous spread, no amplitude hysteresis
was observed. This was an interesting feature of the
wave propagation in the fully water-saturated loams.
The digital records also showed no plateau on the
waveform (Fig. 2, b).

Laboratory experiment at low kilohertz frequencies

P-wave velocity in the sandstone depending on
the ascending and descending strain amplitudes is
shown in Fig. 3, a. As the amplitude increased from
Al+to A5+, the wave velocity first increased and then
decreased. When the amplitude decreased from A5+
to Al-, the wave velocity increased with a large dip,
and an open hysteresis loop was observed, which
amounted to 1.8%. Fig. 3, b presents the fragments of
the pulse front near the first arrival for the five values

of the upward and downward strain amplitude. The
acoustic paths had plateaus longer than tg . = 2 ps.
These built-in plateaus altered the overall slope of
the pulse front.

Microhysteresis was found on the wave profile.
This was a short-term deviation of two identical
traces (for example, A1+ and Al-, A2+ and A2-, etc.)
from the general amplitude course, Fig. 3, b. In this
case, the front slope (i.e. strain rate) changed in a
small leg. Such legs of microhysteresis alternated
with the legs of complete coincidence of the upward
and downward courses.

Laboratory experiment at frequency of about 1 MHz

The dependence of the wave velocity on the strain
amplitude is shown in Fig. 4. With increasing the
amplitude, the P-wave velocity value demonstrated
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Fig. 4. P-wave velocity in sandstone depending on strain amplitude
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wave-like behavior. With decreasing amplitude, the
wave velocity increased nonlinearly by 0.36%. The
amplitude hysteresis was 0.48%. The shape of the
reflected pulses recorded with nanosecond resolution
at six amplitude values in the closed measurement
cycle evidenced a complicated strain pattern. Fig. 5
presents a fragment of the wave front, where one can
see non-standard inelastic manifestations in the form
of a plateau, local amplitude drop, and microhysteresis.
The duration of these complications amounted to
several t, . = 32.5 ns. It should be noted that the
records (traces) with upward (A+) and downward
(A-) amplitudes, despite some deviations, generally
coincide.

Findings Discussion

The effect of microplasticity depends in a
complicated fashion on the strain level (the magnitude
of the applied mechanical action). The experiments
carried out under different conditions showed basically
the same results. This confirmed the fact that the
strain amplitude influenced the P-wave velocity. The
change in the P-wave velocity due to the amplitude
influence reached 2%. The latest studies carried out
on rock samples using high-precision laser Doppler
interferometry showed that the change in wave velocity
due to the amplitude influence reached 5% [12, 14, 27].

The amplitude effect was detected at high seismic
and kilohertz frequencies with dynamic strains of about
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108-107°, which related to the region of high strain
rates. However, the previously obtained results of the
quasi-static experiments [16, 20, 26, 28] indicated the
possibility of such effect at lower frequencies. Low rates
of a solid body straining create even more favorable
conditions for the actuation of the microplasticity
mechanism [17, 22]. It was detected that at low strain
amplitudes, the magnitude of the amplitude hysteresis
was greater than at higher amplitudes.

The experiments showed the “overlapping” of
the hysteresis loops, and hence the observed increase
or decrease in the wave velocity (elastic modulus).
A small change in the signal amplitude magnitude (one
discrete step AA,) could lead to a noticeable change in
the wave velocity. The standard (generally accepted)
viscoelastic model for rocks does not allow such
behavior of the elastic modulus. The microhysteresis
effect requires in-depth study, since its influence on
the wave dynamic parameters can be significant.

Conclusion

The amplitude hysteresis effect can be useful
for practical applications. The absence of hysteresis
in a fully water-saturated rock encourages repeated
experiments with this result in mind. The established
effect of the local change in the wave velocity in
the small range of strain amplitudes is of both
fundamental and practical importance. Currently, in
seismic methods, the wave velocity sensitivity to the
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Fig. 5. Fragments of the pulse front in sandstone at six amplitude values
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transmitted signal magnitude is not taken into account
that reduces the survey accuracy.

In conclusion, we can say that organizations
interested in this issue, if they wish, can check the
feasibility of applying the amplitude-dependent
effect in practice and determine its usefulness for
further use. This check does not require any special
equipment.

The equipment used for common field work can be
used for the check (with some additions). At the very
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least, high-precision digital recorders are available for
the experimentation. Changing the wave amplitude
magnitude is methodically achieved, for example,
by successively changing the power of the wave
transmission source. Consideration of the amplitude
factor can be useful, for example, to reduce errors when
constructing a seismic cross-section and in other areas
of geophysical surveys. The potential areas of the effect
validation and application are seismic exploration,
VSP, acoustic logging and others.
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AHHOTaUuA

Mapkieiimepckie paboThl TP ITPOU3BOACTBE TOPHBIX PAOOT MMEIOT 0CO00e 3HAUeHMe, TaK KaK OT MX Kade-
CTBa, ONIEPATUBHOCTH U JOCTOBEPHOCTHM 3aBUCST BCE TEXHOIOTMUECKIME TIPOIIECCh TIOTHOTO KM3HEHHOTO 1IMK-
Jla TOPHOTO MPEANPUSITUS ¥ B KOHEUHOM UTOTE €0 KOHKYPEHTOCIIOCOOHOCTh. OpraHm3alyy CaMOCTOSITETbHO
OTIPeeNISIIOT CTPYKTYPY MapKIIEeHIepCKUX CIyK6 C YIeTOM pean3yeMbIX TeXHOIOTHMIT M MacIiTaboB HOOBIUM
TIOJIe3HBIX MCKOMaeMbIX. [l ob6ecriedenHst 6e30MacHOi HOOBIUM ITOJIE3HOTO MCKOMIAeMOT0 OTKPBITBIM CIIOCO-
60M HEOOXOIMMO TIOCTOSTHHO OCYIIECTBJISITh OIIEHKY 1 KOHTPOJIb COCTOSTHMST MAaCCMBa TOPHBIX ITOPOJ, YCTYITOB
1 60pTOB Kapbepa. HemoolieHka GU3MKO-MeXaHNIEeCKMX CBOMICTB TOPHBIX TIOPOJI, HECOOTIOAEHE TEXHOIOT M-
YEeCKOTO IMKIA JOOBIUM ¥ TPAHCIOPTMPOBKY ITOIE3HBIX MCKOIMAEMbIX, M3MEHEHMEe KIMMATUIECKMX YCIOBMIt
Y ApPYTME NIPUBOAST K HAPYLUIEHNIO YCTOMYMBOCTY FOPHBIX TIOPOA, HA BCEX YYACTKAX Kapbepa, B TOM YKC/Ie Ha
yuacTKax JoObIUM U IBUKEHMSI TOPHOTPAHCIIOPTHOTO 060pynoBanus. CyliecTBYIOIast MpakTHKa MOKa3bIBaerT,
4yTO 3((HEKTUBHOCTb PacyéTa yCTOMUMBOCTI GOPTOB U YCTYIOB KapbepoB AOCTUTAETCs Garofapsi METOIMKeE,
KOTOpasi JO/DKHA YUMTHIBATh MEXaHW3M paspyiieHus 1 nedopMalinm 0TKOCOB, a TAKKEe XapaKTep HalpsuKEH-
HO-7IedOpMMPOBAHHOTO COCTOSIHMST MacCHBa 1OpoJ, Kapbepa. VicciemoBaHust, Ipe/icTaBieHHbIe B paboTe, 0C-
HOBBIBAIOTCSI HA CPaBHUTEIBHOM aHajIM3€e TTapaMeTPOB IIPU3Mbl 06PYIIIeHNMsT YCTYIIOB, OTBAIOB M JOPOT Ha Ka-
pbepax aHATUTUYECKUM U TpadUuecKuM MEeTOJaMM C TOMOIIbI0 KOMITBIOTEPHBIX IPOTPAMM, a TAKKE C YUETOM
CTaTMYECKO HArPY3KyM OT CAMOCBAJIOB. Pe3y/bTaThl MCCIeN0BaHNS TTO3BOMMIN YCTAHOBUTD, UTO: OIIPEIeIeHIe
YCTOI‘/)[‘-H/IBOCTI/I OTKOCOB YCTYIIOB U INMPUHBI IIPM3MBbI o6py1ueH1/[sI, BBITIO/IHEHHbIE aHAJIMTUYECKMM MeTOOdO0M,
JaeT 6ojiee BHICOKME Pe3yIbTaThl TOUHOCTH, U€M MOJTyUeHHbIe TPaGUUecKUM METO0M; YCTOMUMBOCTH OTKOCOB
YCTYTIOB ¥ IMIMPUHA MIPU3MbI O6GPYIIEHMSI 3aBUCST HE TOJbKO OT (QM3UKO-MEXaHUUECKOTO COCTOSTHUSI TOPHBIX
IOPOJI, HO TaKke OT BBICOTHI YCTYIIA, BECA aBTOCAMOCBAJIA M €r0 IPy3a, IPUXOASIIerocs Ha 1 M. M IUIOMaaKy
pasMeleHsi, pacCTOSTHMST OT OPOBKM OTKOCA U APYTUX (PAKTOPOB; MACCHB TOPHBIX TIOPOJ] HAXOIMTCS B CIIOKOA-
HOM COCTOSIHUM, He TIOABEP;KEHHOM OTIO/I3HEBBIM SIBJIEHMSIM, IO TeX TIOP, TIOKa CYMMBbI YAEePKMUBAIOIINX CUATT
GOJIbIIIE VITM PABHBI CYMME CIBUTAIOLIVIXCST CUIT; TIPU MCITONb30BAHMY HA OTKPBITHIX TOPHBIX Pab0oTax KPyITHO-
rabapuTHOrO TPAHCIIOPTHOTO 060PYAOBaHMSI HECTAHAAPTHOTO Beca Heo6X0aMMO ITPOV3BOAUTh PacueThl 0e3-
OTIaCHOIA MIMPUHBI TIPU3M OGPYIIEHNS C YUeTOM Harpy3oK OT HUX U3 pacuérta Ha 1 I1. M, BeJIMUMHBI KOTOPBIX
MOTYT ObITh B 1,5—2,0 pasa BbIille paCUeTHbIX I10 KPYIIO-IIVIMHAPUUIECKO TOBEPXHOCTY CKOTBKEHMS.

KnioueBble cnoea
TOPHOeE JIeJI0, Kapbep, OTKPBIThIe TOPHBIE PAOOTHI, YCTYT, TPU3Ma OOpYIIeHNs, OTKOC, OTBAaJ, CAMOCBaJI, Ha-
I'PY3KU, YCTOMUYMBOCTh
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Determination of bench, dump and road sliding wedge technological parameters
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Abstract
Mine surveying in mining operations is of particular importance, since all technological processes of the

full life cycle of a mining enterprise and, ultimately, its competitiveness depend on the surveying quality,
efficiency and reliability. Organizations independently determine the structure of mine surveying services,
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taking into account the methods applied and the scale of mining. To ensure safe open-pit mining of minerals,
it is necessary to permanently assess and monitor the pit bench and wall rock mass condition. Misjudgement
of rock physical and mechanical properties, non-observance of the minerals mining and transportation
process cycle, changes in climatic conditions and other problems lead to loss of stability of rocks in all parts
of an open pit, including in the areas of ore production and mining and transport equipment operation.
The existing practice shows that the effectiveness of an open pit wall and bench stability calculation can be
achieved using a technique that should take into account the slope deformation and failure mechanism, as
well as the nature of the stress-strain state of the open pit rock mass. The studies presented in the paper
are based on comparative analysis of the sliding wedge parameters for benches, dumps and roads at open
pits using analytical and graphical software packages, and taking into account the static load produced by
dump trucks. The study findings allow to establish that: determination of the bench slope stability and the
sliding wedge width, performed by the analytical method, gives higher accuracy results than those obtained
by the graphical method; the bench slope stability and the sliding wedge width depend not only on the rock
physical and mechanical condition, but also on the bench height, the dump truck (plus its freight load)
weight per 1 linear meter of the placement area, the distance from the slope edge and other factors; the
rock mass is stable and not subject to landslide phenomena for as long as the sum of the holding forces is
greater than or equal to the sum of the shearing forces; when using large-sized transport equipment of non-
standard weight in open-pit mining, it is necessary to calculate the safe width of the sliding wedges, taking
into account the loads on them (per 1 linear meter), the values of which can be 1.5-2.0 times higher than
those calculated for the circular-cylindrical sliding surface.
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BeepeHue

Mapkiueiimepckue paboThl IMPU MPOU3BOJCTBE TOp-
HBIX paboT MMeIT 0coboe 3HaUeHMe, TaK KaK OT UX Ka-
YyecTBa, OMEePaTUBHOCTM UM [TOCTOBEPHOCTU 3aBUCSIT BCe
TEeXHOJIOTMYEeCKye MPOIeCChl MOTHOTO KM3HEHHOTO IMK-
Jla TOPHOTO NPeAnpuUsITHUSI U B KOHEUHOM UTOTe ero KOH-
KYPEeHTOCIIOCOGHOCTD.

OCHOBHbIE 3Tallbl ¥ TEXHOJOTMUYECKMe TPeOOBaHMs
K MPOM3BOMACTBY MapKIIeiaepckux paboT dhopmanmnsy-
I0TCSI B HOpPMaTMBHO-METOAMUECKMX MaTepuaax, Takux,
Harnpumep, Kak «MHCTPYKUMM TIO IPOU3BOACTBY MapkK-
nmeigepckmx paboT», yTBepskaeHHbie DenepasbHbIM rop-
HBIM ¥ ITPOMBIIIJIEHHBIM Hai30poM Poccuit.

B cooTBeTCTBUM C 3TUM JOKYMEHTOM Mapkieiaep-

CKMe paboThl OTHOCSITCS B Poccuiickoit demepaiinm K -
LIeH3MpyeMOMY BUIY AesaTelbHOCTH, a Takke Ipeaycma-
TPUBAIOT:
MPOCTPAHCTBEHHO-TEOMETPUYECKME M3MepeHus
TOPHBIX Pa3pabOTOK ¥ TMOA3€MHBIX COOPYKEHUI, OTpe-
JleJieHMe UX TlapaMeTpoB, MECTOTIONOKEeHUSI I COOTBET-
CTBUSI TIPOEKTHOM JOKYMEHTalUN;

— HabmofeHe 3a COCTOSIHMEM TOPHBIX OTBOMIOB
u 060CHOBaHME UX IpaHUIl; BeeHNe TOpPHO rpaduue-
CKOJt MOKyMeHTalV;

— y4eT 1 060CHOBaHME O0OBEMOB I'OPHBIX pa3pabo-
TOK; OIpefie/ieHe OMAacHbIX 30H ¥ Mep OXPaHbl TOPHBIX
paspaboToK, 3AaHNIT, COOPYKEHMIT U TIPUPOSHBIX 00bEK-
TOB OT BO3AENMCTBUS PabOT, CBSI3aHHBIX C TOTb30BaHMEM
Henpamu [1, 2].

OpraHmsanuu  CaMOCTOSITEILHO  OMpenesiioT
CTPYKTYPY MapKIIEHAePCKUX CIYKO M TEXHOJIOTUU UX
peanusanyuM C yYeTOM MacHITaboB HO6GBIUM TT0JIe3HBIX
MCKOTIaeMbIX.
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Mcnonb3oBaHue MapKLuengepcKux
U3MepuTenbHbIX CUCTEM
Ha COBpeMeHHbIX Kapbepax Ais obecneyeHus
6e3onacHoro BegeHus paébor

3HAUNTE/IbHbBIN IIPOTpecc, NOCTUTHYTBIN B IOCTEN-
HME [eCcITUIeTUs] B HOBBIX TEXHOJOTUSIX MPOMU3BOACTBA
MapKIIeiaepckux paboTt, chopmupoBas 6GONbINONH PbI-
HOK 3(beKTUBHBIX TEXHUUECKUX peleHuit Ijsl ux Kave-
CTBEHHOTO BBITIOTHEHMSI. Bce 3T penieHus UCMOIb3YIOT
TEXHOJIOTUM MPOU3BOJCTBA M3MEpPEeHUI CITyTHUKOBBIM
reofie3M4eckum 060pynoBaHMEM.

CrrytHukoBble cucteMbl «IJIOHACC» u GPS, B co-
CTaB Treofie3MyYecKoil armapaTypbl KOTOPBIX BXOIAT Oa-
30Basl CTAHUMS M [Be Iepefaroinyie aHTeHHbI (POBEpPHI),
TTO3BOJISIOT OIpeAeNsSITh KOOPAMHATHI 6a30BOM CTAHIIMU
OT TIyHKTOB TpUaHTyAsSUuu. V3MepeHUS TMPOU3BOIST
nepeaoMMy aHTEHHAMM MyTeM YCTaHOBKM UX Ha 3a-
paHee ompefeN€HHbIe TOUKM B Kapbepe, HAXMMAIOT Ha
MyCK ¥ TepeialoT CUTHA Ha 6a30BYI0 CTaHIMIO, C 6a30-
BOJ CTaHLIMM CUTHAI TOCTyIaeT Ha CIIYTHUK M BO3Bpa-
AaeTcsl ¢ KOOpAMHAaTaMu poBepa. JJaHHbIe MOTyYeHHbIX
M3MEepeHMii HaKaIIMBaIOTCsI B KapTe-maMsITu 6a30Boii
craniuu (puc. 1). IMeHHO TakuM 06pa3soM MOKHO ITpef -
CTaBUTh B I€PBOM IIPUOIIVDKEHUM OOILIYI0 CTPYKTYPY
MapKIleiaepckux 1M3MepeHuii Ha OCHOBE CITYTHUKOBBIX
TexXHOJoTui. VX oueBMIHbIe MpeuMylecTBa (BbICOKas
MIPOM3BOIUTENbHOCTb, TOUHOCTb U ITOMEXOYCTOINYMBOCTD
paboT, BO3MOXKHOCTh peanu3aluy HelpepbIBHbIX M3Me-
pPeHMIT TIPAKTUYeCKM B PeaJlbHOM MaclliTabe BpeMeHIN,
HE3aBUCUMOCTb OT ONTUYECKUX XapPaKTEePUCTUK 3€MHOMN
atrmocdepbl ¥ ONTUUECKOI HaOII0HaeMOCT OObEeKTOB
U3MepeHus U T.J.) He UCKIIOYAIOT HaTUUNSI OTIpeeneH-
HbBIX (JIOKHOCTE (TTOTPenTHOCTY TIPU U3MepeHU BePTU-
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KaJIbHBIX ¥ TOPU3OHTATbHBIX KOOPAMHAT, cjlabast ImomMe-
X03aIIUIIEHHOCTb OT 3JIEKTPOMATHUTHBIX BO3MYILIEHMUIA,
CJIOKHOCTH HAOJIONEHNS TIPU BEIEHUU TIOA3€MHbBIX TOp-
HbIX paboT; BbICOKAsk CTOMMOCTb 0G0OpPYIOBaHUSI U T.[I.),
KOTOpbIE HEOOXOIMMO YUMUTBIBATH ITPYU COCTABIEHUH ITPO-
€KTOB BeJIeHVsI COOTBETCTBYIONIMX PabOT.

OTKpBITHIE TOPHBIE PAGOTHI HA TOPHBIX MTPEIITPUSITHU-
SIX Peanu3yIoTCs B Pa3HbIX KIMMATUUECKUX 30HAX, B TOM
YlClIe TaKUX, Ie TOTOMHbIE YCIOBUSI MOTYT M3MEHSTh-
Cs1 B IIMPOKOM JMAra3oHe He TOJMbKO B 3aBUCUMOCTU OT
BPEMEHM roJia, HO U B TeUeHMe pabounx CMeH Mpeanpus-
Trst. OGUIbHbIE OCAJKM U YACThIe TIEperaibl TEMITIEPATyP
SIBJISIFOTCST OIHMMM M3 CaMbIX CYIIECTBEHHBIX (DaKTOPOB,
BJIMSIIOIINX HA YCTOMYMBOCTDh MECT Kapbepa, OMaCHbIX 110
cxonmy omnojsHei. HabmogeHust 1okasaau, 4To NPy Ha-
JIUYUY OOMITBHBIX OCAJKOB JESTENTbHOCTD MPeIIIPUSITHUS
MOXKeT OBbITh HapyllleHa WIM TOJTHOCTbIO IpeKpalleHa
Ha yuyacTKax 3ajeraHusi TJIMH, CKIOHHBIX K CIIOI3aHUIO,
B CBSI3M C YyeM HeobOxomyuma pa3paboTKa MepOMpUSITHUIL,
ob6ecreunBaIMX YKPeIvieHe yUacTKOB TPYHTa, CoIep-
KAIero IJIMHBI U MIPOBOLIMPYIOIIVE OTIOTI3HMA.

IIns obecrieueHust 6€30MaCHO LOOBIUM ITOJI€3HOTO
JMICKOTIAeMOI'0 OTKPBITHIM CITOCOOOM Ha Kapbepax HeoO6-
XOAMMO TIOCTOSIHHO OCYIIECTBJISITh OII€HKY M KOHTPOJIb
COCTOSTHMSI MAacCMBa TOPHBIX IOPOJ YCTYIIOB U OGOPTOB
kaprepa [3-9]. HemooueHka GuU3MKO-MexaHUUECKUX
CBOJICTB FTOPHBIX IOPOJ, HECOOTIOIEHIE TEXHOTIOTUYUECKO-
rO LIMKJIA JOObIYM U TPAHCIIOPTUPOBKY ITOJIE3HBIX MUCKO-
I1aeMbIX, U3MEHEeHMe KIMMaTNn4YeCKMX yCIIOBI/II‘/J[ n opyrumue
MPUBOIAT K HAPYIIEHUIO YCTOMUYMBOCTU TOPHBIX ITOPOJ,
Ha BCeX yYaCTKax Kapbepa, B TOM UMC/Ie YYaCTKaX JOObIIm
Y IBUKEHMS TOPHOTPAHCIIOPTHOTO 000PYAOBaHMS.

Vi3meHeHus1 GU3UKO-MeXaHUUECKMUX CBOJCTB IO-
pPOJl OTKOCOB ¥ YCTYIOB B 3aBUCUMOCTU OT TE€XHOJIOTU-
YeCcKMX MapaMeTpOB MPUBOASIT K IPOSBIeHUIO Aedop-
MAIMOHHBIX SIBJIEHUI (OTOA3HU, OOPYIUIEHMUS, OCBIIIN,

|
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MPOCAJIKM), UTO BBI3bIBAET CHIDKEHME 0OBEMOB TOOBIUYN
TM0JIE3HOTO MCKOIMAaeMoro, BbIXON 13 paboyero mpoiiec-
ca JIOOGBIYHOTO M TPAHCIIOPTHOTO 060OPYIOBaHUS, YBe-
JMYEeHMEe JOTIOJIHUTENbHBIX PAacXOmoB Ha pPabOThI 10
UX BOCCTAaHOBJIeHUIO [9-13]. OCHOBHBIMU NPUUYMHAMMU
IedopMalMOHHBIX SIBJIEHMII HAa Kapbepe, Kak MPaBuiIo,
SIBJISIIOTCS: HEIIOJHOLEHHBIV YU€T BOLOIPUTOKOB, BbI-
3BaHHBIX 0CaJKaMM, TUAPOTeOJOTNYeCKUX U MHKeHep-
HO-Te0JIOTMYeCKMX YCIOBUI Kapbepa NPy COCTaBIeHUN
M1aHa oObIUM TIOJe3HOTO MCKOTIaeMOro; Hecoboe-
HUe MPOEKTHBIX MapaMeTpoB J0ObIUM; TUHAMUUYECKOE
BO3Je/iCTBMEe TOPHOTPAHCIIOPTHOTO  OOOPYIOBAHMS
U B3PBIBHBIX paboT. HemamoBaskHYIO poOJIb B YCTOMYMUBO-
cTy GOPTOB U YCTYIIOB Kapbepa UrpaeT akTop BpeMeHH,
IIO3BOJISIOL VI CHVMKATD IIPOYHOCTHBIE XapaKTePUCTUKNA
TOPHBIX IIOPOJA, IO NPUPONHBIM M TOPHOTEXHUYECKUM
YCIIOBUSIM.

O6BaJIbI 1 OCHITIM XaPAKTEPHBI IJIsI YCTYIIOB 1 60PTOB
Kapbepa, I10 CTPOEHMIO ¥ COCTaBy MaccuBa TOPHBIX TOPOJ,
COCTOSAILIMX 13 IIOYCKAIbHBIX M CKaJIbHBIX ITopon [14]. Ha
BEJIMUMHY U CKOPOCTb OCBITIaHMSI TOPHBIX MOPOJ, OKa3bl-
BalOT BIMSIHME: TIeTporpaduuecKuii cocTas, TpeIMHOBa-
TOCTb, 00BOTHEHHOCTH U TEeMIIEPATYPHBII PEXXUM MTOPOS;
IVHaMUYeCcKye BO3JeiCTBIUS (B3PbIBHbIE PAOOTHI U IBU-
’KeHVe TOPHOTPAHCIIOPTHOTO 060PYJ0BAHMS).

KauecTBeHHble ¥ HaIlpaB/lleHHble MapkKulelgep-
CKMe HaOIIoeHNsT Ha KapbepaX MO3BOJISIOT MOCTPOUTH
MpelleJIbHYI0 MOBEPXHOCTb CKOJIBXKEHUSI U OIpenenuTb
YCIIOBMS IBMKEHMS CIIO/I3aollelt yacTu ycrymna. MHKIm-
HOMeTpUYecKye n3MepeHus, IPOBOMMbIe uepe3 Mpooy-
pEeHHbIe CKBAKVHBI B OITIOJI3HEBOM MacCyBe, II0Ka3bIBAIOT
DIyOMHY U BeIMUMHY M3MEHEHMSI TIONIOKeHNS I0BePXHO-
CTY CKOJTBbKeHUST ono3Hs. HanbosnblnemMy MCKPUBIEHUIO
B OIIOJI3HEBOM MacCMBe IOJBEPraeTcs OTPe30K CKBaXKM-
HbI, PACIONIOXKEeHHbII Ha TeppUTOpUM (OPMUPOBAHUS
TIOBEPXHOCTU CKObKeHMs [2, 15, 16].

CrryTHMK

CryTHHK

Fig. 1. General arrangement of surveying measuring systems based on satellite technology
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MexaHu3sm gedopmaLmm KapbepHbIX 0TKOCOB

CylecTBylolasi IpakTMKa II0Ka3bIiBaeT, 4To 3¢-
(bexTMBHOCTb pacuéTa YCTOMUMBOCTU OOPTOB U YCTYIIOB
KapbhepoB [IOCTUTaeTcs Ojaromapss MeTOAMKe, KOTopas
IOJDKHA YUMTHIBATh MEXaHM3M pas3pylieHus 1 gegopma-
LMY OTKOCOB, a TaKKe XapaKTep HapsoKEHHO-TepopMu-
POBAHHOTO COCTOSTHMSI MacCKuBa OpoJ, Kapbepa [17].

MOSKHO BBIJIETUTD YEThIPE KMHEMATUUECKYE (hOPMBI
paspylieHus 0TKoca:

— CTallMOHapHOe HepaBHOBECHOE paspylleHue (pas-
BUTHE MMOBEPXHOCTU CKOJbXEHMSI B OTKOCE TOJ BO3/eli-
CTBUEM ITOCTOSTHHBIX TPaBUTAIMOHHBIX CUJI, TOCTUTIINX
KPUTUUECKOTO 3HAUEHNS 3a CUET MpeBbIlIeHNs mapame-
TPOB OTKOCA (BBICOTHI U YIJIa HAKJIOHA OTKOCA), IPU KOTO-
PBIX 06€ecreunBanIach ero yCTOMIMBOCTb);

— CTallOHapHOEe PaBHOBECHOE paspylieHye (HabIo-
JlaeTcs MPY OTCHITIKE OTBaJIa B HEIMOCPEICTBEHHO O1-
30CTM OT BEpXHeil GPOBKM OTKOCA);

— HeCTallMOHapHOe HepaBHOBECHOe pas3pylleHue
(HabmogaeTcsl IPM MHTEHCMBHOM BBIBETPMBAHUM TOP-
HbIX TTOPOJ, MJIM B OTKOCAX, CJIOSKEHHBIX TVIMHUCTBIMU T10-
pomamMm C SIpKO BbIpaskeHHBIMMU DEOJIOTUMUECKUMMU CBOM-
CTBaMM);

— HeCTallMOHapHOe HepaBHOBECHOe IMHaMUuyecKoe
paspyieHnye (HabIIOAAeTCs TP BO3IEICTBUYM Ha MACCUB
Harpy30K MacCOBBIX B3PbIBOB U TOPHOTPAHCIIOPTHOTO
obopymnoBaHus) [9].

CunTaeTcs, 4TO MPOILECC pa3pylleHus OTKoca MO-
KeT MPOTeKaTh Kak B CBSI3U C MOCAeA0BaTebHBIM IIPO-
pacTaHeM MMOBEPXHOCTU CKOJIbKEHMSI OT TOUKU K TOUKE,
Tak ¥ B BUJie TapajuieIbHOTO (GOPMUPOBAHMS TIOMAN0K
CKOJIb’KeHMSI B HVDKHEI M BepxXHel 4acTsx oTkoca [9].

Ob6ecreueHne IOITOBPeMEHHOIT 1 6€30IacHO 9KC-
ITyaTalyy Kapbepa 3aK/IaabIBaeTCs MPaBUIbHBIM BbIGO-
POM METOIMKM pacuéTa yIjioB HaKJIOHA ero 60PTOB, KOTO-
pasi MO/KHA YUUTHIBATD:

— YCTOMYMBOCTD YCTYIIOB ¥ GOPTOB Kapbepa;

— pasMellleHVe Ha 6GOpTax HEOOXOOMMBIX CbhE3IOB
u 6epm;

— DKOHOMUYHOCTb paboT (LieiecoobpasHbIii Koahdu-
LIMEHT BCKPBIIIN, BBIOOP KOHTYpa 0TKOCA) [9].

CyiecTByloliie MeTOJbl OLIEHKM YCTONYMBOCTHU
6GOpTOB KapbepoB YCIOBHO MIEJSITCS HA CTPOTME U TIPU-
ONIVSKEHHBIE T'PYIIIBL. B CTpOrMx mMeTomax pacdyéTa mpu-
MeHSIeTCsS MaTeMaTU4yeckuii anmnapaT MeXaHUKMU CILIOII-
HbBIX cpen. Ha mpakTuke NpUMEHSIIOTCS MPUOIMKEHHbBIE
MeTOJbl PAacy€Ta, KOTOPbIE OMpPenessioT, UTO YCTONYU-
BOCTb F'OPHBIX ITOPOJ B OTKOCAX MOKET ObITh Obecrieue-
Ha, eCJIY CyMMa CUJI, YAep>KUBarIIUX OTKOC OT CABUTA 110
Haubosee c1aboit MOBEPXHOCTH, 6OJbIIE CYMMbI CABUTA-
IOLMX CUJT TTO 3TO¥ roBepxHocTH. KoadduiimeHT 3amnaca
YCTOMUYMBOCTY 06€CIIeUMBALTCS, €C/IM OTHOIIEHVE CYMMBI
YAEPKUBAKOIINX CUJT K CYMMe CIOBUTAIOMIMX — HaMOOJb-
mee. IToBepXHOCTb, HA KOTOPOJM 3TO OTHOILEHME Hau-
MeHblIllee, cUuTaeTcsl caaboit. Ha ycToifunMBOCTb OTKOCOB
60JTbIIIOE BIAMSHYE OKA3bIBAET HAIMUME B OKPECTHOCTSIX
Kapbepa OTKPBITBIX U TTOA3eMHBIX BOJOCTOKOB, BOJOHOC-
HbIX TOPU30HTOB, BOTOEMOB.

Paspa6oTka Mopesieii onpeneeHuss M MPOTHO3UPO-
BaHMs MPU3M OOGPYIIEHMST YCTYIIOB Ha KOHType Kaphbe-
pa sBSeTCS OOCTaTOYHO M3BeCTHbIM HallpaB/ieHMeM
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[2-5, 10, 11, 15, 18-24]. [Ipu1 3TOM paccMaTPUBAINUCD Pa3-
Hble TOPHO-Te0IorMYecKyie M TEXHOIOrMYecKye yCIOBUS

@opMa ¥ pacnookeHye MOBEPXHOCTU CKONMbXKEeHUS
B HeocaabJeHHOM MacCuBe, MpPWIeramwiieM K OTKOCY,
OIpeJensiloTCs OCHOBHBIMU TOJIOXKEHUSIMU TEOPUM TIpe-
JIeIbHOTO PaBHOBECHSI ChITy4Yeli Cpebl, OCHOBbI KOTOPOA
6b11M 3a105keHbl erne B XVIII B.

K. KynoH onpenennyi OCHOBHBIE IOJIOKEHUS TeOpUM
paBHOBECUSI CBIITyUYUX Cpel, a TaKKe MPUMEeHUT UX IS
onpefeseHNs] COCTOSIHMS MacCUBOB M3 CBIIIyYMX Cpep,
OrpaHMYeHHBIX TOPU30HTAIbHOI IIJIOCKOCTBIO, HA BEPTU-
KQJIbHYIO TIOATIOPHYIO CTeHKY [25].

HanbHerime paboThl MO3BOMMIM HA OCHOBE YiKe
BBIPAOOTAHHBIX MPUHIMUIIOB IOIYYUTh PEIIeHUs MOJIs
pa3HOI TeOMETPUM MOAIIOPHBIX CTEHOK C Pa3HBIMMU Xa-
paKTepUCTUKAMU CKOJbXeHUSI 3TuX cTeHOK. B XIX B.
B. PeHKMH MCCIenoBa MMpeaeabHOe paBHOBeCHe GecKo-
HEYHOTO MacCyBa, OTPaHMUYEHHOI'O0 HaKJIOHHOM IIJIOCKO-
cThi0 [26]. Ilocienyroniye sSKCIepUMMeEHTAIbHbIe MCCIe-
moBaHus B. U. KyparomoBa mo3BoIMIN YCTAHOBUTD, UTO
HapylleHue paBHOBeCUS] IIPOUCXOOUT MTyTeM CII0T3aHUS
10 HEKOTOPBIM KPMBOIMHENHBIM ITOBEPXHOCTIM [27].
JanpHeime MCccaegoBaHMsI B 3TOI 00acTM BeIUCH
MHOTMMM YUYE€HBIMY, ¥ OHM OBbLIV HaIlpaBJeHbI HA pelre-
HMe KakK QyHIaMeHTaJIbHbIX, TAK U MPUKIATHBIX 3a/a4.
Poccuiickas MHeHepHasl 1IKoja omnupaeTtcs Ha dyHaa-
MeHTanbHble TpyAbl B. B. COK0/lIOBCKOrO, KOTOpbIE AAIOT
HauboJsiee TOJHOE OMMCAaHMe SIBJIeHWI U HampaBIeHU
TeXHUYECKUX pelleHnii B 4acTu GhopmMaan3anui CoCTo-
SIHUSI CBIYUMX CpeJ, B CTaTUKe U OIpendeneHust YyCTOM-
YMBOCTM MACCUBOB ChITyuuX cpep [28]. VI3BecTHbIE B 00-
JIaCTU TOPHOTO [Jefia yuyeHble Takke BHECIM CBOWM BKJIAT,
B pa3BUTHE 3TOTO HAMpaBIeHNs, CO3/IaBasi KOMIIJIEKCHOe
HayyHOEe U MeTOIMuYecKoe obecrieueHye sl pelleHust
TOPHOTEXHUYECKUX 3amad. [[pyMepom Takux paboT cra-
au paborsl M.M. IIporonbsikoHoBa, K. B. PynmeHneiita,
C.T. ABepunHa [29-31].

[TepeiigeM K IMpakTHKe ONpeAeaeHNs pa3MepoB Npu-
3MbI 00pYIIEeHMsT pabounx 1 Hepabouux YCTYIIOB Kapbepa
C YY€TOM KOHKDPETHBIX YUIOBUI U TEXHOJOTUYECKUX TTa-
pameTpoB [18-23].

OnpepeneHne yCTOMYUBOCTU OTKOCOB YCTYNOB
1 LUMPVHDbI NPU3Mbl 06pyLLIEHUs
Ha Kapbepe «KymTop»

OmpepnesneHne pasMepoB IIPU3MbI 06pyIIeHUsT pabo-
Unx m Hepa6oq1/[x YCTYIIOB, a TaAKXK€ Ha OTBaJIaX, BBIIIOJI-
HEHO 10 u3BecTHON MeTtonuke BHVIMU [19, 22]. ®opma
" PpacCIIojIoKeHMe ITOBEPXHOCTU CKOJIb)KEHMA B HeOoC/1a-
OJIEHHOM MaccyuBe, IIpWIEralpmeM K OTKOCY YCTYIIa,
OIIpeneasaroTCsd OCHOBHBIMMU ITOJIOJKEHUSIMU T€OpUN IIpe-
JIeJIbHOTO PaBHOBECUSI ChITyYeil CPebl:

a) SJieMeHTapHbIe TVIONAAKM CKOJIbXEeHMSI B HEOLHO-
POOHOM MaCCHMBE TOPHBIX ITOPOJ BO3HMKAIOT JIMIIb IIPpA
HaIIpSDKEHUU G, HE MEHee!:

o, =0, =2k - ctge, (1)
rae k — ciierieHne 1opopl; ; € = 45° — ¢/2; ¢ — yroa BHY-
TPEHHETO TPEeHUSI TIOPObI;

6) B MacCCBe OJHOPOAHOI'O OTKOCA IJIOIadKM CKOJIb-
JKeHWS BO3HUMKAIOT C I‘)Iy6I/IHbII
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o, 2k
Hgy, =—0-""ctge, ()
YT
rae y — 06beMHbIN Bec OPOJ,.

OmnpenesneHre IMMPUHBI MPU3MbI OOPYIIEHUS BbI-
ITOJIHEHO ABYMSI MeTOZaMy — rpaduueckuM U aHaIUTHU-
yeckuM [1, 19, 22-24]. TTapameTpsl rpadmyeckoro omnpe-
IeeHus] MUPUHBI TPU3MbI BO3MOXKHOTO OOpPYIIEHMS
B ITOPOAX OTPaskeHbI B TaOJ.1:

— T10 3aaHHBIM (GU3UKO-MEXaHNUECKNM XapaKTepu-
CTMKaM II0POJ, OTIpeiessieTcs ITyouHa, Ha KOTopoit hop-
MMPYeTCS TUIONAZKa CKOIbKeHus — Hy;

— 3aTeM OIpefesiseTcsl YCI0BHas BbicoTa oTkoca H’
KaK OTHOIIIeHe

-
90

— OeNCTBUTENbHAS MIMPUHA IIPU3MbI OOpYIIEHUS d
oIpeesseTCsl yMHOKEHMEeM YCIOBHO MIMPVHBI TTPU3MBbI
o6pyIeHus a’ Ha BeJIMUMHY TITyOMHBI, Ha KOTOPOii dop-
MUpPYeTCs IUIoIaiKa CKOMbKeHMs — Hy,.

AHanMTHYeCKoe oImpefeneHne MUPUHBI TPU3MBbI
BO3MOYKHOT'O OOpPYIIEHMST BBITIONHSJIOCH M0 CIeAyIoIet
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CpaBHUTENbHBIN aHAIN3 pe3yabTaTOB pacyéTa mapa-
METPOB IIPU3MbI BO3MOXXHOTO OOpYILIEHMS AJi YCTYIIOB
Kapbepa moKasas, YTO UCII0/Ib30BaHNMe aHaJIUTUUYECKOTO
MeTo/a pacueTa AaeT 60jiee BHICOKYIO TOUYHOCTh, UEM pe-
3YJIbTATHI, IOJTYYeHHbIe rpadyecKum MeTogoM (Taoi. 1).

Kpowme Toro, mmpuHa mMpu3Mbl 00PYIIeHUS Pa3Ind-
Ha JJ1s pasiMYHbIX TUIIOB MOPO[, CAAramliux YCTYIIbI.
[MlosToMy TipM 3HAUYEeHMM YCIOBHOM BBICOTBI OTKOCA
BCTPOEHHOTO YCTyIla B MOpeHax 45,67 M, KOTOpas BbI-
ia 3a mpezaesnbl rpauyeckoro pacuyéra, YTo COOTBET-
CTByeT HaubOoIbIIeMy U3 3HAUE€HMIi, TOTYUYEeHHBIX aHa-
JUTUYECKMM PACYETOM, IIMPMHA MPU3SMbI OOPYIIEHUS
IJISI IOPOJ, MOPEHbI COCTaBJsIeT 2,17 M, a AJ1s1 KOPEHHbIX
ropog, 3,07 m. IIpu ycJIOBHOJ BBICOTE OTKOCA paboyero
ycTyma B MopeHax 22,83 M IIMpyHa IPU3MbI 00pYIIeHNS
IIJISI TIOPOJI, MOPEHbI COCTaBIsIeT 2,43 M, a OJI1s1 KOpeHHbIX
nopon, 1,28 m.

s mopopn oTBajoB (Tabm. 2) MpY YCIOBHO BBICO-
Te OTKOoca mopoj mopeHbl 30,49 M 3HaueHMe IMPUHBI
MPU3Mbl BO3MOKHOTO OOpYIIEHMSI B IMOPOAAX MOPEHbI
cocrasiiseT 2,21 m. Ho Tak Kak 13 pacuéTa nmpyMHUMAET-
Cs1 HauOoJIblllee 3HAUEHMEe IIMPUHBI MPU3MbI 06pyIIe-
HMSI, HEOOXOOMMO CUMTATh, UTO IPUHSATOE 3HAUEHME

dbopmyrne: C 3a1acoM TepeKpbIBaeT BeIUMUYMHY MTPU3Mbl BO3MOKHO-
o+ ro o6pylIeHnsl B TOpHOI mopome MopeHa. OmpeneneHne
2H|1-ctga-t, ST\ o MIMPUHBI TIPU3MbI BO3MOKHOTO OODYIIEHUSI C YYETOM
ga-1§ 90
a= 2 3) XapaKTepUCTUK MTOPOJ, IPUBEIeHHBIX B Tabl. 1 1 2, BbI-
o+ ) TTOJTHEHO C MCMOb30BaHMEM METOAA KPYIVIO-IIUIUHIPH -
ctg e+ig T YecKojt TOBEPXHOCTM C ITPUMEHEeHMeM KOMIIbIOTepPHBIX
nporpamm [20, 21].
Ta6muua 1/ Table 1
PacueTHas mIMpYHA MPU3MbI BO3MOKHOT0 00PYILEHMS /I YCTYIIOB Kapbepa
Estimated width of the possible sliding wedge for open pit benches
HaumeHoBaHue, | BCTPOEHHBIN YCTYII B IPEAEILHOM II0JIOKEHUN Pa6ounii ycTym
nmapamerp I'padmueckuii pacuer | AHaauTMIeckuii pacuer | Ipadmueckuii pacuer | AHAIUTUUIECKUIT pacueT
Ilopoast Ilopoapt Ilopoasr Iloponpi
Tun nopoasl KopeH- MopeHa ITEjpEs KopeH- MopeHa LEpae KopeH- MopeHa 37 e KopeH- MopeHa e
Hb1e orBama - o orsama = orsama - oTBajna
Bricora yctyna H, M 24 24 24 24 24 24 8 8 8 8 8 8
Vron oTkoca o, rpag.| 63,4 35 37 63,4 35 37 80 60 60 80 60 60
Vron BHYTPEHHErO
TpeHus OPOZ, O, 32 28 32 32 28 32 32 28 32 32 28 32
rpag,.
I%“f/“M“f““e fopon 5 0,3 0,5 5 0,3 0,5 3 0,2 0,3 3 0,2 0,3
O6neMEHIiA Bec 2,85 1,9 2,2 | 2,85 1,9 2,2 | 2,85 1,9 2,2 | 2,85 1,9 2,2
OPOIbI ¥, T/M
Imy6buna Hy,, ¢ KO-
TODOM BOSHMKAIOT | ¢ 25| 53 | 082 = 6,33 | 053 | 082 | 38 | 035 049 | 380 035 | 049
IromangkKm CKOJIb-
SKeHUST, M
VYcnoBHas BbICOTA
otkoca H' (H/Hyy) 3,79 45,67 | 29,27 2,11 22,83 16,26
YcnoBHas mmpuHa
TpUSMEI 0GpyIIe- 0,46 | 1,92* | 1,32 028 | 1,42 | 0,99
Hust a' (1o rpaduky
Ha puc.)
Wupusa mpusmut | 5 o1 | 107 | 108 | 307 | 2,17 1,04 1,06 050 @ 049 & 128 | 243 1,92
0o6pyIlIeHus d, M
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Ta6muua 2 / Table 2

PacueTHast MIMPYHA PU3MbI BO3MOKHOIO 0OPYLIEHHUS JIJIsi OTBAJIOB Pa3/IMYHOI BBICOTHI
Estimated width of the possible sliding wedge for dumps of different heights

HaumenoBaHwme, OTBaja nopoasl

napamerp I'padmueckuit pacuer AHanuTU4IeCcKuii pacuet
Bricota oTBana H, m 25 50 90 25 50 90
Vrois oTKOCa a, rpag. 37 37 37 37 37 37
Vros1 BHYTpeHHero TpeHus I0POoZ, @, rpaj. 32 32 32 32 32 32
Cuerienue rmopop K, t/m? 0,5 1 1,5 0,5 1 1,5
O6beMHbIIT BEC TOPOJIbI ¥, T/M3 2,2 2,2 2,2 2,2 2,2 2,2
Imy6uHa Hy,, ¢ KOTOPO#t BO3HMKAIOT IUIOIALKMA CKONbKEHMSI, M 0,82 1,64 2,46 0,82 1,64 2,46
VYcnoBHas BbicoTa oTkoca H' (H/Hy,) 30,49 30,49 36,58
VcioBHas MMpPYHA MPU3MbI 06pyIeHus a' (o rpaduky Ha puc. 1) 1,35 1,35 1,49
IlIMpuHa puU3Mbl OGPYIIEHNUS d, M 1,11 2,21 3,67 1,11 2,21 4,38

OnpegeneHve BAUAHUA 60/bLLErPY3HOro
TpaHCnopTa Ha YCTOMYUBOCTb OTKOCOB YCTYNOB
1 LUMPUHY NPU3Mbl 06pYLLIEHUS HA Kapbepe
«KymTop»

Pacuét mmpuHBI MPU3MbI BO3MOXKHOTO OOGPYIIEHVS
Ha BCTPOEHHBIX M paboUMX yCTyMax, a TAkKe OTBajaxX Imo-
3BOJIVJI BBITIOTHSTD OLIEHKY UX YCTOMYMBOCTU TIPU BO3ETi-
CTBUM Ha 3TU YCTYIIbI ¥ OTBaJIbl HArPY3KM FOPHOTO 060PY-
moBaHus. Haubosee TSKeNIbIM TOPHBIM 060pYIOBaHMEM
Ha Kapbepe «Kymrtop» siBnsiercst aBTocamocBan Cat 785C,
TIOJTHAsT Macca KOTOPOro € rpy3oM coctasisieT 250 T [21].

[ns pacuéra BAMSHMSI Beca aBTOCAMOCBasia, IpU-
Xonsmerocst Ha 1 m. M ycTyma BbICOTOM 24 M, Ha yCTOVi-
YMBOCTb OTKOCOB YCTYIIOB M MIMPUHY MPU3MBI 06py-
IIeHMsT TP OBVOKEHUM aBTOCAMOCBAja BIOJMb OPOBKU
TPAHCIIOPTHO GePMbI 10 BCeit MPOTIKEHHOCTY KPOMKU
OTKOCa BJIOJIb KOJIEU, PACIIONIOKEHHO! O/IMKe K KPOMKE
OTKOCA, Ha PAaCCTOSIHUM, PABHOM LIMPUHE TTPU3MbI 06PY-
1reHus — 3,5 M, MCIIOb3YeTCsT BhIpasKeHME:

p

ak+2x%xci ’

rIe a, - pacCTOsSTHME MeXKIy KojiecaMu aBToMo6mIst (6a3a);
P - Bec Tpy>kEHOT0 aBTOMOOWIIS, IPUXOASAILIUIICS HA OTHY

AP = @)

KOJIEIO; C; — PAaCCTOSIHME OT CamMoCBajia O Kpasl MpuU3Mbl
ob6pyeHus (puc. 2, 3).

ITpusma o6pyIIeHN

R

24 M

¥o

Puc. 2. OnpeneneHnne BIMsIHUS Beca IPYy>KeHOTO
aBTOCaMOCBaJja, IPUXOISILErocs Ha 1 I1. M BCTPOeHHOT0
¥ pabouero yCcTyIIOB ¥ OTBajIa BBICOTOJ yCTyIIa 24 M

Fig. 2. Determination of the dump truck loaded

weight effect on working bench and dump bench
(per 1 linear meter) at the bench height of 24 m
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Puc. 3. Cxema pacueTa BIMSHMS Beca CaMOCBaJIa C IPYy30M Ha YCTYI
Fig. 3. Pattern of calculation of the dump truck loaded weight effect on the bench
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PacuéTpl yCTOMYMBOCTM OTKOCOB YCTYIIOB BBICOTOM
24,0 M ¥ IIUPUHBI IPU3MbI 0OpYIIIEeHNS IO, BO3IeiiCTBI-
eM Beca Irpy>k€HOro aBTOCaMoCBaJia, pacoioXKeHHOTO Ha
paccTosTHUM 3,5 M OT 6POBKM OTKOCA BJ0JIb KOJIEU, TTOKa-
3ayu (puc. 4), 4TO:

—Ha 1 1. M IIPOTSDKEHHOCTY OTKOCA HarpysKa OT Beca
camocBasa coctaBut 25,08 T/m. m, min 245,7 KH/11. M;

— BAOJIb KOJIeu, YAAJeHHO OT KPOMKM OTKoca (Ha
pacctostauu 3,5 + 4,85 = 8,35 M), Harpyska COCTaBUT
15,81 1/m1. m, wu 155 KH/m. M, mpu 9TOM pacuyeTHOe 3Ha-
YyeHMe MIVPUHBI IPU3Mbl OOPYIIEHNS YBeTMUUTCS 10 5 M.

245,70 kN

[Tpusma 06pyIIeH A 3,5 155(00 kN

5M

Puc. 4. OnipeneneHne yCTOMYMBOCTM OTKOCOB YCTYIIOB
U IIMPUHBI IPU3MbI OGPYIIIEeHMsI 10 BO3[IeiCTBYEM
Beca IPy>KEHOr0 aBTOCaMOCBasla, pacloOKeHHOro
Ha paccTostHuM 3,5 M OT 6POBKM OTKOCA

Fig. 4. Determination of the bench slope stability
and the sliding wedge width under the influence
of dump truck loaded weight located at a distance of 3.5 m
from the slope edge

181,90 kN
6,1 M| 126,90 kN
ITpusma o6pyuIeH s
6,2

Puc. 5. OmnpeneneHne yCTOMUMBOCTY OTKOCOB YCTYTIOB
Y IIMPUHBI IPU3MbI 0OPYIIEHMSI B 3aBUCUMOCTHU
OT Beca IPY>KEHOTr0 aBTOCaMOCBasla, PacioloKeHHOTO
Ha pacCTosTHUMU 6,4 M OT 6POBKM OTKOCA, HAXO/SIIEroCst
3a MpeenaMy Bajga 6e30macHOCTH

Fig. 5. Determination of the bench slope stability
and the sliding wedge width under the influence
of dump truck loaded weight located at a distance of 6.4 m
from the slope edge outside the safety windrow
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OmpeneneHne yCTOMUYMBOCTMA OTKOCOB YCTYIIOB BbI-
coToit 24,0 M U IIMPUHBI IPU3MbI 0OPYIIIEHNMS B 3aBUCK-
MOCTH OT Beca rpy>kéHoro aprocamocBasia Cat 785C, pac-
ITOJIOKEHHOTO Ha PacCTOSIHUM 6,4 M OT GPOBKM OTKOCA,
HaxoZIIerocs 3a mpeaeaMmu Baja 6e30MmacHOCTH, MOKa-
3ay0 (puc. 5), uTo:

— HarpysKa BI0JIb KOJIEM COCTaBUT 18,56 T/m. M, uin
181,9 kH/1m1. M;

— Harpyska BJOJb KOJIeW, yOaJeHHOW OT KPOMKMU
OoTKOca Ha paccrosiHue 6,4 + 4,85 = 11,25 m, cocraBuUT
12,95 1/m. m, wim 126,9 KH/m. M, Tipu 3TOM pacyeTHOe
3HAUeHMe MIMPUHBI MPU3MbI OOPYIIEHUS YBEIUUMIOCh
0 6,2 M;

— OKOHYATeJbHO 3HaYeHMe WIMUPUHBI MPU3MbI BO3-
MOYKHOTO OOPYIIeHMS C yUeTOM Harpy3Ku OT caMocCBaja
Cat 785C nmpuHMUMaeTcs: paBHbIM 6,2 M.

PesynbTaThl pacyeToB YCTONUYMBOCTM OTKOCOB OTBA-
noB [18, 20, 21] ipu mpuHe TPU3MbI OOPYIIEHNS pa3Me-
pom 5,1 m (puc. 6) ripu pasmelneHUM Ha HUX TPYKEHOTO
aBTOCaMOCBaJa MoKa3aJn:

— Harpyska 3ajjHeli ocy, pacIioJIOKeHHOV Ha paccTo-
SIHUM, PAaBHOM IIMpPUHE TIPpU3MbI 06pymieHus 5,1 m, ¢ Be-
COM 3aJHel 0CM aBTOCaMOCBaja, MpUXOASIIMMCS Ha 1 1.
M IIPOTSSKEHHOCTY OTKOCA BIOJIb OPOBKU (puc. 6 u dop-
myna (4)), cocraBut 15,18 1/m. m, vuin 148,7 kH/m1. M;

— Harpyska IepenHeii 0CH, paclioloKeHHON Ha pac-
crostuum 5,1 + 5,18 = 10,28 M OT KpOMKM OTBajIa, COCTaBUT
5,82 1/11. M, uau 57 KH/1. M;

— rmapameTpsl Baja 6e30IMacHOCTM Ha OTBasie MPU-
HMMAIOTCSI B COOTBETCTBUM C €OVMHBIMM TTpaBmwIamMu 6e3-
OTIaCHOCTY, TIPMMEHSIEMBIMU TIpU pa3paboTKe MeCTO-
POSKIEHMIT ITOIe3HBIX MCKOTIA€MbIX OTKPBITBIM CITOCOO0M,
M paBHBI: BbicoTa — 1,5 M; mmpuHa (OTKOCHI 1:2) — 6 M.

148,70 kN

00pyIIeHN
V)

Puc. 6. OnpepeneHue yCTOMUMBOCTI OTKOCOB OTBAJIOB
Y IIMPUHBI TPU3MbI OOPYIIEHNUS B 3aBUCUMOCTY

OT Beca Irpy>KEHOTO aBTOCAMOCBAJIA, PACIIOI0KEHHOTO
Ha paccTostHUM 5,1 M OT 6POBKM OTKOCA OTBaIa

Fig. 6. Determination of the dump slope stability
and the sliding wedge width under the influence
of dump truck loaded weight located at a distance of 5.1 m
from the dump slope edge


https://mst.misis.ru/

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJIOIMA

2021;6(1):31-41

OnpeaeneHne napaMeTpoB aBTOMO6UIbHOM
AOporu Kapbepa, npeaycMoTpeHHbix CHull
2.05.07-91*, pna aBTocamocBanos Cat 785C

CornmacHo CHulII 2.05.07-91*, B coOoTBeTCTBUM C 00bE-
MOM TIepeBO30K TeXHOJIOTMYeCKye MOCTOSTHHbIE Kapbep-
Hble OpOTU (IJIaBHbIe Bbie3[IHble TPaHIIEN; MOAbEe3MAbI
K IexaM obOoraileHust M CKIagaM, K KapbepHBIM ¥ OT-
BaJIbHBIM TIOTPY30YHBIM MJIM Pa3TPy30UHBIM (GpOHTaM),
obecrneunBaoIMe TIePeBO3KY TOPHOI MacChl aBTOCAMO-
cBajiamMu, paboTaOUIMMK B €IMHOM PUTME TEXHOJIOTUYe-
CKOTO TpolIecca ¢ 060pyIOBaHMEM 10 OObIUE TT0JIE3HOTO
MCKOIIaeMOTO IIPY pacueTHOM 0ObeMe TIepeBO30K CBBIIIE
15 MJIH T 6PYTTO B rofi, CAeAyeT IMPOEKTUPOBATh C TBEP-
JIBIM TTOKPBITMEM ¥ OTHOCUTD K KaTeropumn I-k.

C yueToM BbINIEN3NIOKEHHOTO (Ta6nm. 25 CHull
2.05.07-91) onpeneneHo, 4To:

— IJIs aBTOCAMOCBAJIOB HIMPUHON 6,64 M HIMpUHA
Mpoe3sKeii YacTu aBTOLOPOTH MPHU IBYXII0IOCHOM ABUsKe-
HMM NO/DKHA OBITh paBHOIt 20 M (puc. 7);

— IIpU WUpUHe 060UMHBI — 1,5 M IIMPUHA KIOBETOB
U JIOTKOB TOBEPXY YCTYIOB JO/DKHA NMPUHMUMATBCS paB-
HOJi He MeHee 0,5 M, a INMPYHA 3aKIOBETHO ITOJIKU T0JIK-
Ha 6bITh He MeHee 0,5 M (11. 3.20 CHull);

— pu TIpUHATON Ha «KymTope» KpyTH3HE OTKOCOB
Baia 1:2 mupuHA OPMEHTUPYIOILEr0 I'PYHTOBOIO Baja
IIO/DKHA COCTaB/ISITh He MeHee 6,4 M, TaK KakK IIMpUHA
BaJia OIpeesieTCs] NIVMPUHON TIPU3MbI OOPYIIEHMUS;

— BBICOTA OPUEHTUPYIOIIEro IPYHTOBOTO Baja IOJIK-
Ha 6bITh He MeHee 1,6 M (Tabm. 49 CHull);

— MMHMMAaJbHO JOITyCT/MOE PacCTOsIHME OT MOAOIII-
BbI OPMEHTUPYIOIIEro IPYHTOBOTO Bajia IIPY €ro Paciioyo-
SKeHMM Ha 060UMHe 10 KPOMKM IIPOe3sKeli YaCTy JOKHA
6bITh He MeHee 0,5 M (11. 3.17 CHull);

— 1S Tlepexofia K YIIMPeHMIO Tpoes3ykeil yacTu Ha
cepraHTKMHe TIPU BeIMUMHe YVIIMPEeHNSI He MeHee ueM Ha
2,1 m (tabn. 29 CHull) Heob6XoaMMO IpemyCMaTpPUBaTh
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TepeXOIHYI0 KPUBYIO, IJIMHA KOTOPOi MOKHA OBITh HE
meHee 30 M (puc. 7, Tabn. 35 CHull), a paguyc 3akpyrie-
HUi1 He MeHee 31,5 M.

TMomepeuHsblit YKIOH 060uMH coctasiser 40™. Tlo-
TepevHblii YKJIOH BMpaska Ha CepHaHTMHAaX COCTaBIseT
30™., INormepeyHbIit YKIOH 060UNMH HA BUpPaske MPUHUMA-
€TCsI ONVHAKOBBIM C YKIIOHOM TIpOe3sKeiil 4acTyu JOPOTH.

[IpomonbHBINA YKIOH OOpPOTU cocTasisgeT Ao 100™.,
TuUI OOPOKHOI OmEXIbl — 0OJIerYeHHbIN 13 (PPaKIMOH-
HOTO ILIeOHS.

IMomepeuHsbIit TPpodGuib aBTOZOPOTY B GOMBIIMHCTBE
CJlydaeB JBYCKATHBIN C IMOMEPeYHbIMM YKIOHAMM IIpOe3-
ket yacty 30™. Ha 3akpyIyieHMsIX aBTOLOPOrU [IPMHMMA-
€TCsI OMHOCKATHbIV TPOGIIIB MTPOe3sKeit UacT C YKIOHOM
K LIEHTPY KPMBOI, BUPaX KOTOPOI yBEJIMUMBAET YCTOM-
YMBOCTb aBTOCAMOCBAJIa MTPOTUB GOKOBOTO CKOJIBKEHMS
U OTIPOKUABIBAHUSI.

CHullom pekoMeHIyeTCsl MPOEKTUPOBATH MO HOP-
MaM Karteropuu II-K aBTOZOpOrM KpaTKOBPEMEHHOTO
IeViCTBUSI, pacriojiaraeMble B Ipefenax pa3paboToK Ha
yCTyIlax KapbepoB ¥ Ha OTBaJlaX, a Talkoke Bble3[HbIE [10-
poru ¢ paboumx YCTYIIOB Kapbepa ¢ HEOOIBIIM CPOKOM
IeVCTBUSI U C pacueTHbIM OOBHEMOM IT€PEBO30K CBBIIIE
15 MytH T 6pyTTO B TO[.

Paznuune mexxay noporamu Kateropmii I-x u II-k 3a-
KJII0YaeTcsl B TOM, YTO IIUPUHY MIPOe3sKeii 4acTu AOPOTU
kateropuu II-k MOXXHO fesnaTh paBHOI 19 M (BMecTo 20 M
1o kareropuu I-K). [lmaBHOe pasnnume MexIy KaTeropu-
samu [-k 1 II-K cocTOUT B TOM, UTO ITO KaTteropuu II-x nmpu
HeOoOXOOMMOCTH (Ha y4acTKax BPeMEeHHbIX JOPOT C HU3-
KOV MHTEHCUBHOCTBIO ABVKEHNSI) BO3MOXKHO COOpYXKe-
HlMe OJHOMOJIOCHBIX aBTONOPOT C IIMPUHON IIpoe3xkeil
yactu 9,5 m (Tabs. 25 CHull). OcTayibHbIe 3JIeMEHTbI KOH-
CTPYKLMY TOPOTH (IIMPUHA 060UNH, KIOBETOB ¥ 3aKIOBET-
HBIX TOJIOK, BaJla 6€30MaCcHOCTY) OCTAIOTCSI TAKUMU Ke,
Kak M y Iopor Kateropuu I-x.

MuHumanbHas MYPUHA

paboueil mIoNIIAAKY

= -
U] = )
L('}: f— = =
/ 6,64 1,0
[lupuna npusMbl 32 : .
06pyIeHNA : 1,0 M [ipuna
- , 5,6 1,5 P evr—— [IInpuHa monocs
o| Tpusma , I JnameTrp noBopora Ge30macHoCTI
S| “obpymienns / VIPITHA TTOMOCI w1aTopMbl IKCKaBaTOpa
b / 6e30macHOCTI 36.4
< / >
= /

Puc. 7. OnpepneneHne paboueii IIOMAAKY IIPY IBYCTOPOHHET ITOTPy3Ke 9KCKaBaTOPOM
B aBTOTPAHCIIOPT B TYIIMKOBOM 3a60e

Fig. 7. Determination of the working area for double-sided dump truck loading
by an excavator in a dead-end face
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BbiBogbl

PacuéTsl, MPOBOAVIMbIE B COOTBETCTBUU C METOIMU-
yeckumu ykazanusmu BHUMU u CHull 2.05.07-91, no-
Kasain:

- MapKureiimepckoe obecreueHne pabor ms 6e3o-
[TACHOTO BeJIeHMsI TOPHBIX paboT Ipu J06bIUe MTOJe3HO-
rO MCKOTIA€MOTO OTKPBITBIM CIIOCO60M, OymeT HACTOb-
KO 93¢ (deKTMBHO, HACKOIbKO TOYHO ¥ IMPaBWIbHO OYIYT
MIPOBOANUTLCS PAbOTHI IO KOHTPOJIO 32 (PU3UKO-MeXaHU-
YECKMM COCTOSIHMEM TOPHBIX TMOPOJ KaK Ha TOOBIUHBIX
y4YacTKax, Tak M Ha yyacTKaX TPAHCIIOPTUPOBKMU IOJIE3-
HOTO MCKOTIAeMOTO;

— ompefieNieHMe  YCTOMUYMBOCTM OTKOCOB  YCTY-
TOB ¥ INMPUHBI TPU3MbI OOPYIIEHNS, BbITTOJIHEHHBIE
aHATUTUYECKUM METOIOM, HaeT 6Gojiee BBICOKME pe-
3Y/IBTAThl TOYHOCTY, UeM ITOJIy4eHHbIe TpapuueckKum
METOMOM,;
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— YCTOMYMBOCTh OTKOCOB YCTYIIOB M IIMpPUHA TIPU-
3MBbI OOpYIIEHMS 3aBUCSIT HE TOJIBKO OT (OU3UKO-MeXaHMU-
YeCKOI'0 COCTOSIHMS TOPHBIX TTOPOJ, HO TAKKe OT BBICOThI
yCTyIa, Beca aBTOCAaMOCBaJia M €ro rpysa, NpUXOsie-
rocst Ha 1 M. M IJIOMAAKY pasMelleHus], PaCCTOTHUS OT
OPOBKM OTKOCA U APYIUX (PaKTOPOB;

— MAacCMB TOPHBIX ITOPOA, HAXOOWUTCS B CITIOKOMHOM
COCTOSTHUM, He TIOIBEPSKEHHOM OITOJI3HEBBIM SIBJIEHMSIM,
[0 TeX TOp, MOKa CYMMbI YIepKMBAIOLIMX CYJI OOJbIe
VI PaBHBI CYyMMe CIIBUTAOINX;

— IIPM UCIIOIb30BaHMM Ha OTKPBITHIX TOPHBIX pabo-
Tax KPyMHOTra6apMTHOIO TPAHCIIOPTHOIO 06OPYIOBAHMS
HeCTaHJApTHOTO Beca HEo6GXOAVMO IMPOU3BOAUTH pac-
yeThl 6€30ITaCHONM IMPUHBI MPU3M OOPYIIEHUS C yue-
TOM HAarpy3oK OT HMX M3 pacyéra Ha 1 m. M, BEJIMUYMHBI
KOTOPBIX MOTYT 6bITh B 1,5-2,0 pa3a BblIllle pacueTHBIX 10
KPYTJIO-IMIMHIPUYECKOV TTOBEPXHOCTY CKOTbKEHMS.
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MeToabl U TEXHUYECKUE pelleHnsa NoBbilleHUA Hale)XXHOCTHU yAiepXXaHUuA TpaccCbli
reoTexHONIOrM4eCKoM CKBaXKUHbI
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D4 priemnaya@vg.kazatomprom.kz

AHHOTaUuA

C yBenMueHMEeM IITyOMHbI Pa3BeIOYHbIX Y TEXHOJOTUUYECKUX CKBAKMH IMPU MaJIbIX quamMeTpax OypeHust
MHOTOKPaTHO BO3PacTaeT BepPOSITHOCTh OTKIOHEHMS TPACChl CKBAKVMH OT 3aJaHHOM TPaeKTOPUM, T.e. IIPOo-
MCXOAUT VICKPUBJIEHME TPACChl CKBAKMHBI 110 3€HUTY M OTKJIOHEHME 10 asuMyTy. [I03ToMy MpuMeHeHe
CITI0CO00B yaepsKaHMsI TPACChl CKBaXKMHBI 10 BEPTUKAJIN IIpU OYpeHUM 6oiiee ITyOOKMUX FTOPU30OHTOB PYIHBIX
TeJl — BOIIPOC OYeHb aKTyaJbHbIi. B paboTe mpeacTaBieHbl pe3yabTaThl pa3paboTKM HOBO KOMIIOHOBKM
HM3a 6ypOBOIT KOJIOHHBI [JIs 6YpeHMsT CKBasKMH B MSTKMX FOPHBIX TIOPOZAAX C MCIIOAb30BAHMEM BUHTOBBIX
LIeHTPaTOPOB, IMO3BOJISIONIMX 00ECIIeUNUTh XOPOIlKe CTabMUIM3UPYIOIINe U LIeHTPUPYIOIe BO3IeiCTBMS,
Heo6XoyMble ISl YMEHbIIEHUs TOPU30HTAIBHOIO CMENIeHUSI OCY CKBaXMHBI OT 3aJaHHOTO HarpasJje-
HUSI, U YMEHbIIeHMe MCKPUBAECHNSI TPACChl CKBaKMHBI 110 BEPTUKA/IM (3EHMTHOIO YI/Ia) P COXpaHeHUN
JIOCTATOYHO I'MOKOCTY OYpPOBOi KOJIOHHBI. Pa3paboTaHHbIe TEXHMUYECKVE PeIIeHMs] OTIMYAIOTCS MTPOCTO-
TOJ KOHCTPYKIIMY ¥ BO3MOKHOCTBIO aJanTalluy K IIMPOKOMY IMarna3oHy TOPHO-Te0JIOTUUECKUX U TEXHO-
JIOTMYECKUX YCI0BUi GypeHuss. O60CHOBAHbI BO3MOXKHOCTh M3TOTOBJIEHUS LIEHTPATOPOB COGCTBEHHBIMU
MIPOM3BOACTBEHHBIMM MOUIHOCTSIMM M TE€XHOJIOIMUYECKash BO3MOKHOCTh OBICTPOTO U JIETKOTO COeIVHEeHMS
C IPYTMMM 3JIeMeHTaMM Hu3a 6ypOoBOil KOJTOHHBI. D(HPeKTMBHOCTh IIPOM3BOACTBA JOKa3aHa MCII0Ib30Ba-
HMEM B apMMPOBKE LIEHTPATOPOB HEOOPOIUX [0 CTOMMOCTM M M3HOCOCTOMKMX MaTepuanoB, B KauecTBe
KOTOPBIX 6bUIM IIPYMeHEeHbI TBepAOCIIaBHbIe BOJIb(paM-K0OaIbTOBbIE MM TUTAH-KOOAIbTOBbIE BCTABKI.
Kpowme Toro, npeo6agamoinuii 06beM 6ypeHst CKBasKMH B MSITKUX TOPHBIX TTOPOJAX IMO3BOJIVII ITPEIYCMOT-
PeThb MCIOb30BaHMe CMEHHBIX LIEHTPUPYIOIIMX JIEMEHTOB, @ TAK’KE BO3MOKHOCTb PEMOHTA M pecTaBpa-
UMM [JIS1 YBEJIMYEHMsI CPoKa CIYKObI, IIPOM3BOACTBEHHOTO pecypca M MOBTOPHON sKCILTyaTaiuu. M3ro-
TOBJIEHHBIN [IEHTPATOP MMeEEeT HU3KYI0 Ce6eCTOMMOCTb TPOU3BOACTBA 3@ CYET MPOCTOTHI KOHCTPYKIIUU U
IIpMMEeHeHMsI HeJJOPOTOoro M3HOCOCTOMKOTO MaTepuaja M COCTaBUT JOCTOMHYIO KOHKYPEHIIMIO Ha PhIHKE
OYpOBBIX MHCTPYMEHTOB U TEXHUYECKUX CPEMCTB JJIs1 CTAOMIM3auum 6ypuibHOM KOJOHHBI. DKOHOMUYE-
ckuit 9¢deKT OT BHEAPEHMS LEHTPATOPOB CO6CTBEHHOIO IMPOM3BOACTBA Ha 1 (OOHY) CKBAXKMHY COCTaBUI
6osiee 170 000 Tenre.
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Research article

Methods and technical solutions for keeping the path of a geotechnological
borehole

D. N. Moldashi
Volkovgeologia JSC (NAC Kazatomprom), Almaty, the Republic of Kazakhstan
DA priemnaya@vg.kazatomprom.kz

Abstract

With increasing depth of exploration and process boreholes (at small drilling diameters), the probability
of deviation of the borehole path from design trajectory increases many times; i. e. zenith curvature and
azimuth deviation of the borehole path occur. Therefore, developing methods for keeping vertical path
of the borehole when drilling deeper horizons of ore bodies is a very topical issue. The paper presents
the results of developing a new bottom-hole assembly for drilling boreholes in soft rocks using screw
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casing centralizers, which provide good stabilizing and centering effects to mitigate horizontal departure
of the hole axis from the design direction and minimize vertical curvature of the hole path (zenith angle)
while maintaining sufficient drill string flexibility. The developed technical solutions provide simplicity
of design and ability to adapt to wide range of mining, geological and technological drilling conditions.
The feasibility of manufacturing the centralizers by own efforts and the technological feasibility
of quick and easy connecting the centralizer with other elements of the bottom-hole assembly have
been substantiated. The manufacture efficiency is proved by the use of inexpensive and wear-resistant
materials in the centralizer armouring, for which tungsten-cobalt or titanium-cobalt hard-alloy inserts
were used. In addition, prevailing volume of borehole drilling in soft rocks allowed using replaceable
centering elements, as well as their repair and restoration to increase their service life. The manufactured
centralizer has a low production cost due to the design simplicity and the use of inexpensive wear-
resistant material and will compete in the market of drilling tools and technical devices for drill string
stabilization. The economic effect from the introduction of the self-produced centralizers amounted

to more than 170,000 tenge per a borehole.
Key words

rocks, drilling, exploration borehole, technological borehole, uranium mining, Kazakhstan
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BeepeHue

AO «BonKkoBreojiorus» Kak coppemeHHast 3pdeKkTmB-
Has U TiepeoBasi KOMIAHMsS B Te0J0ropa3BejoOuHol OT-
paciu — MOCTOSTHHO MTPOBOAUT Pa3paboTKy ¥ BHEIPEHUe
HOBBIX TUIIOB 6YPOBOJ TEXHUKM U TEXHOJIOTMIL. B pamKax
MHHOBAIIMOHHO AeSITeJIbHOCTY pa3paboTaHbl U BHEIpe-
Hbl yCOBEpILIEHCTBOBAaHHbIE YCTAHOBKM OCBOEHMSI CKBa-
>KMH, OCHallleHHbIe HOBBIMM TUIIaMM TEXHOJIOTUYECKOTO
MHCTPYMEHTA ¥ IIPUCIIOCOOIEeHIA, TAKMMM KaK CTPYIHbIE
anmnapaTsl U TUAPOUMITY/IbCHbIE CUCTEMBI C IPUMeHEeHM -
€M IOJIMMEPHbIX PaCTBOPOB [JIsT 6YpeHMsT TEXHOJIornye-
CKUX U Pa3BeIOYHBIX CKBaXKVH. M1306peTeHbl 1 BHEIPEHbI
B IIPOM3BOJCTBO GEHTOHMUTOBBIE TMU/Ib3bI, 3aMEHMBIIVE
KJIACCUYECKYI0 TUIPOU3OSLINIO 3aTPyOHOTO IPOCTpPaH-
CTBa C MCIIONIb30BaHMEM IIeMEeHTa, ¥ 0becreunBaroIiye
BBICOKOE KaueCTBO TUIPOM3ONISILUMUM U 3HAYUTETbHOE
COKpallleHue 3aTpaT pas3JINdHble TUIbI PUIBTPOB U Tpa-
BUI-TUIb3. Pa3pabaThIBAIOTCS M BHELIPSIOTCS COBPEMEH-
HbIe TUIMBI TOPOA0PA3PYIIAIIIUX UHCTPYMEHTOB HOBOTO
TMOKOJIEHMSI.

VBenuueHue TeMIIOB GYpOBBIX paboOT, HapallyBa-
HMe 06beMOB OYpEeHMS B YUIOBUSIX SKECTKOI KOHKYPEHT-
HOJ cpenbl Ha pbIHKE yoryr mo 6ypenuio B AO «HAK
«KasaTomrpom» cTaBsT repen OGYpOBOJi ¥ TeojoTUdYe-
CKOI1 Crysk607 AO «BOJIKOBreoyIorusi» CJIOKHBIE 3a1aum
110 COXpPaHEeHMIO JTUAVPYIOMMUX MO3UILNUIi TI0 obecrede-
HUIO BBICOKMX TEMITOB GYPOBBIX U I'€0JI0TOPa3sBeqOUHbIX
pa6ot. Ha cerogusmiuuii genb AO «BoJKOBreoaorns»
OCYIIeCTBJISIET TIOJHbBIIA KOMIIJIEKC TeoJioTOopa3Bemou-
HBIX pabOT BBICOKOTO KayecTBa Ha BCE BUJbI TBEPABIX
MOJIe3HbIX MCKOMAeMbIX B COOTBETCTBUM C MUPOBBIMU
CTaHIapTaMMu.

AO «BonKOBreoynorusi» 3aHUMaeT JUOUPYIOLINe M0-
3UIIMU B OTPACIIY TT0 06BEMY re0I0TOpasBeIOYHbIX PaboT,
06beMy 6ypeHMsI U IO KOJIMYECTBY MapKa 6YpOBBIX yCTa-
HOBOK He ToibKo B Kaszaxctane, Ho 1 Bo Bcem CHI. 3a mmo-
ciefHMe TISITh JIeT esITeIbHOCTY KOMITaHMel BbITIOTHEH
KOJIOCCAJIbHBIN 00'beM reoJIoropasBeqouYHbIX paboT, Mpo-
6ypeHO 16 MIJIH 66 ThIC. ITOT. M TEXHOJIOTMYECKUX U pasBe-
JIOUHBIX CKBaXMH [1].
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06u.|,a;| XapaKTepucTuKa CKBaX<uH, UCnoJibdyemMbix
Ha pyAHUKax nog3eMHOro CKBa>MHHoro
BbilleNnaynBaH1a ypaHa

[Mog3emMHOe CKBaXMHHOE BbIILle/IauMBaHue — 3TO
CJIOSKHBIN PU3UKO- XMMMUUECKUit Ipoliecc, TPOTeKaromuit
B reojIOTMUeckoi cpefe. JIMHaMuMKa 3TOro mpolecca, ero
OCOGEHHOCTY OIpenesioTcs: dalnalbHO-TUTOIOrYe-
CKVMMM CBOJICTBaMM DYJOBMEILAIOIMX TOPU3OHTOB, DY,
M BCEro paspesa B LeaoM. [Ipy moa3eMHOM BbIlena-
YMBAHMUM TPOHUIIAEMBIX DYIHBIX Tel MeCTOpOXKIeHMe
BCKPBIBAETCSI CUCTEMOJ TeXHOIOIMYECKNX CKBasKMH,
pacrionaraeMbIx (B IJIaHe) PSifaMy, MHOTOYTOJIbHMKAaMU,
KonblaMM [2—-6]. B 3akauHble CKBa>KMHBI [TOJAI0T PACTBO-
pUTeIb, KOTOPBI, GUIBTPYSICh MO TUIACTY, BBIIETAUN-
BaeT MoJie3Hble KOMITOHEHTbI. [IpOayKTUBHBIN pacTBOP
OTKaulMBaeTcsl yepes3 gpyrue (OTKauHble) CKBAKMHBI. [71s1
TOMCKOB ¥ pa3Belky MeCTOPOKIEHMI ypaHa B COOTBET-
CTBUU C TIPOEKTHBIMM DPEIIeHUSIMU OYPUTCS KOMILIEKC
TIOMCKOBBIX ¥ pa3BeNOYHBbIX CKBOXMH. PasBemouHble
CKBaKMHBI OYPSITCSI HA BCEX CTAUSIX Te0IOTOpa3Beioy-
HBIX pabOT — OT MMOMCKOBBIX /IO SKCILTyaTal[MOHHO-Pa3Be-
IOYHbIX. [IJ151 HOOBIUM YPaHOBOTO ChIPbst MeTomom [1CB mo
BCeJi II0OWaay MeCTOPOXKIEeHMSI IPOBOJSITCSI TOPHO-TIOA -
TOTOBUTEIbHbIE PabOThI, BKIIOYAIOIIME OypeHMe CKBa-
>KUH, pa3nuyalollyXcsi CBOMM Ha3HaueHueM. TeXHOmorn-
YyecKye CKBaKMHbI NTpeJJHa3HaueHbl [l [1I04a4YM B HeJlpa
pabounx pacTBOPOB, 3aKauHble (HATHETATEIbHbIE) — [IJISI
Nog’beMa TEXHOJIOTMYeCKMX PacTBOPOB HAa MOBEPXHOCTb,
OTKauHbIe (Pa3rpy30uHbie) 06eCreYBalOT BbITIOTHEHNE
emré ogHOI BaskHelimel GyHKUIUM — yepe3 HUX OCYILIEeCT-
BJISIETCS PeryIupoBaHye IUAPOAVMHAMUYECKOTO PexumMa
B IPOAYKTMBHOM IJIACTE, OIIPEeISIIOLero My T 1 CKOPO-
Ty GuabTpanyuy pabounx pacTBopos [7-11].

AO «BonkoBreosnorusi» Ha BCeX MeCTOPOXKAEHUSIX
ypaHa Takke OYypUT TUAPOTeONoTMYecKkue, GappakHbIe,
KOHTPOJIbHBIE, IKOJIOTO-MOHUTOPUHIOBbIE ¥ HabMoma-
TelbHbIe CKBaXXMHBI. B mpotiecce IICB 6ypoBbie CKBaXKM-
HbI BBIMOJHSIOT IIMPOKMIA KOMIUIEKC Pa3JIMYHOTO poja
dyHKIMIt: reonornyeckasl pa3Beika; BCKPbITME U TIO[-
TOTOBKA 3aIacoB; OTpaboTKa 3amacoB; yIpaBieHKe IBU-
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KeHMEeM TeXHOJOTUYECKMX PACTBOPOB B MPOMYKTUBHOI
TOJIIE TIyTEM CO3JaHMs B IKCIUIYaTAllMOHHOM OJIOKe
IMIPOJMHAMUYECKO 06CTaHOBKM, obecreunBaiiei
dbopmupoBanme Takoit CTPYKTYpbl GUIBTPAIMOHHOTO
IOTOKAa PacTBOPOB, KOTOpasi B MaKCMMAaJIbHOI CTeleHU
6JIaroNpUSITCTBOBAIA ObI TEUEHUIO (QU3UKO-XUMUUECKIUX
nporeccoB I[1CB; KOHTPO/Ib KOMMUYECTBA U KadyecTBa OT-
KauMBaeMbIX M 3aKauMBaeMbIX pacTBOPOB, CO3[aHNe
MPOTUBOMWIBTPAIIMOHHBIX 3aBeC; KOHTPOJIb TUIPOAMHA-
MUYEeCKUX U QUBUKO-XMMUYECKUX TTapaMeTpPOB BeleHMsI
npouecca IICB; KOHTPOIb TOIHOTHI U3BIEYEHMS ypaHa U3
pyn; oxpaHa OKpysKalleil cpeibl 0T BO3MOXKHOTO (pu3u-
KO-XMMMYEeCKOro 3arpsisHeHus [12].

Feonornyeckuii aHanus NMPOAYKTUBHDbIX
rOpU3OHTOB, PEriaMeHToB 6ypeHus U pakTopoB,
B/IMAIOLLLUX Ha UICKPUBNIeHUEe TpacCbl CKBaXXUHbI

leonormyecknii paspe3 IMOMCKOBBIX ILIOLAMeEI]
U MeCTOPOXIEeHMII ypaHa IpelCcTaBlIeH TOPHBIMU IIO-
pojamy 0CafOYHOrO KOMIJIEKCAa — OT YeTBEPTUYHBIX,
HEeOTeHOBBIX, [1aJIEOT€HOBBIX 0 MeJOBBIX OTIOXKEeHUI.
B nurtonornyeckoMm IiaHe paspes IpefCTaBlleH «HaHO-
caMy» — FTOPM30HTAIBHO WM TOJI0rO3a/leranllyuMy Ie-
peMexXaruMMNUC OCaJOYHBIMM TOMNIIAMU — I€CKaMMU
pa3HOJ 3epHUCTOCTY, NIMHAMU C MPOCIOSIMU aJIeBPU-
TOB, QJI€BPOJUTOB, NMECYAaHMUKOB, TUIICOB, U3BECTHSIKOB
U IPYTUX NPOCJIOEB 0CaL0YHbIX TOPHBIX NTOPOJ. ['opHbIE
IopoAbl MeCcTOpoXneHuii oTHocsaTcs K [I-VII kartero-
puM o 6YpUMOCTHU, CpeIHSIST KaTeropusi IOPoJ, 1Mo Oy-
pumoctu IV [13].

Mectoposxkgenust ypaHa Ily-Capsicyiickoit u CbIp-
JapbMHCKOM YPaHOPYAHBIX IIPOBUHLNI OTHOCATCS K TU-
IPOTeHHOMY  IUIACTOBO-MH(DWIBTPALIIOHHOMY — TUITY.
[TponyKTMBHBIE (PyAHbIE) TOPM30HTHI Uallle BCero cjiara-
I0TCS HEOLHOPOILHBIMM MeCUaHbIMM TOJNIIAMMU — OT TOH-
KO- U CpefHEe3epHUCTBIX 0 KPYIMHO3EePHUCTBIX IECKOB,
C BK/IIOUE€HMEM TJIMHUCTBIX YaCTUIL M KapOOHATHBIX 00-
JIOMKOB KOPEHHbBIX TOPHBIX I10POZ, (M3BECTHSKM, ajeB-
POJIATBI, aleBPUTHI, TUIICBI U T.II.). Bce IMpOOyKTUBHbIE
TOPU30HTHI TTOBCEMECTHO OOBOLHEHBI. IIpOmYyKTMBHBIE
TOPV30HTBI MMEIOT TOPU30HTAIbHOE VIV [I0JIOTOHAK/IOH -
Hoe 3aseranye. C yueTOM IIPOCTPAHCTBEHHOr'O PacIIoo-
SKEeHUSI TIPONYKTUBHBIX TOPU3OHTOB BCE CKBAKUHBI OY-
PSTCST BePTMKAIbHO. PasBelouHble CKBasKMHBI GypSITCS
BePTUKAIBHO C 11e/bl0 OlpefeneHs] UCTUHHOI MOIIHO-
CTM PYIOHBIX TOPU3OHTOB, UTO OUYEeHb BaKHO [JI1 TOYHO-
ro IOofcYeTa 3aracoB PyAbl B IIPOAYKTUMBHOM TOPU3OHTE
U B LIeJIOM Ha MeCTOpOXAeHuy. COOTBETCTBEHHO, TeX-
HOJIOTMYECKYEe CKBAXMHbBI OYPSITCSI TaKKe BEPTUKAIbHO
C UENbI0 BCKPBITHUS, TTOJTOTOBKM U OTPAbOTKM 3aracoB.
BypeHne npou3BOOUTCS B COOTBETCTBUM C YTBEPXKIEHHBbI-
MM 3aKa3uMKOM (YPaHOIOOBIBAIOIIVIMY MTPEATPUSITUSIMMA)
permaMeHTaMy OypeHMSI M COOPYKeHUS TeXHOJoruye-
CKMX CKBaKMH, KOTOPBIMM IIPeSyCMOTpEHO 6ypeHne Bep-
TUKQJIbHBIX CKBa)XMH, C NOIYCTMMBIMU OTKIOHEHUSIMU
Tpacchl CKBaKMHBI He 6051ee 1 % Ha kaxkabeie 100 m. Bype-
HIMe CKBaKMH BeIeTCsI OTPab0TaHHBIMM TeXHOIOTUUECK -
MU peXMMaMU, afalTUPOBAaHHBIMM K TOPHO-TeoIoruye-
CcKUM yctoBusiM. C yBesinueHueM ITyOMHbI Pa3BeLoUHbIX
M TEXHOJOTMYECKUX CKBaOXUH NPU MajbIX OuaMeTpax
OypeHUsT HEOZHOKPATHO BO3PACTaeT BepPOSITHOCTb OT-
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KJIOHEHMSI TPacChl CKBaXVH OT 3aJaHHOM TpaeKTOpUH,
T.€. IPOMCXOIUT UCKPUBJIEHME TPACChI CKBaXKMHBI 110 3e-
HUTY ¥ OTKJIOHEHMeE I10 a3umyTy. [loaToMy npuMeHeHMe
CIIoCcO60B yIepsKaHMs TPACChl CKBAaKMHBI 110 BEPTUKAIN
rpu 6ypeHUM 605ee TITyO60KMUX TOPU3OHTOB PYIHBIX TN —
BOIIPOC OYeHb aAKTYyaJbHbIA. [Is1 obecrieueHus: BepTu-
KaJIbHOCTM CKBAXXMH MPU OYPeHUM 0 «HAHOCAM» — TOp-
HBIM MOpPOJamM 0CaJO4YHOTO KomIuiekca II-V karteropum
1Mo GYPUMOCTU C TPOCIOSIMM KOPEHHBIX TOPHBIX TIOPOJ,
VI-VII kateropuu 1o 6ypMMOCTU MPUMEHSIETCS CIIeTy-
I0IIIast KOMITOHOBKA Hu3a 6ypuibHOI KomoHHbI (KHBK) —
yTsDKeJIeHHbIe OypuiibHbie TpyObl (VYBT) pasauvHoro au-
ameTrpa u pjunHbl. Kak npasuno, KHBK cocraBisitoT m3
VBT @63 mm, YBT 073 mm, YBT 089 mm u YBT 0112 mm,
pacIIONOXEHHBIX II0CIeN0BaTeNbHO Hall IIOPOLOpaspy-
LIAIOLMM MHCTPYMEHTOM (LIapOIIeYHbIM JOJIOTOM WA
ponoroM PDC). IIpakmuuecku npu uckpueieHuu CK8axuH
npoucxooum coemecmHoe U3MeHeHUe 3eHUMHbBIX U a3UMy-
MAnpHbIX Y2108, UMO 6bl3bl6A€M NPOCMPAHCMBEHHOE UIU
obujee uckpusneHue. B mporiecce GypeHus mpeobsaaaro-
mee GOMBIIMHCTBO CKBAXXUH UCKPUBIseTcs. MckpuBie-
HUSI MHOTMX CKBaXXMH MMEIOT JOCTAaTOYHO CTaOMIbHBII,
TMOCTOSTHHO TMOBTOPSIIOLINIACS XapakTep. M3-3a HemocTo-
STHCTBA (DM3UKO-MeXaHNUeCKUX, CTPYKTYPHBIX U OPYTUX
CBOJICTB F'OPHBIX ITIOPOJ, M UX YIVIOB HAKJIOHOB WM YIJIOB
BCTpeUM CO CKBAKMHOI (Teoornyeckue GakTopbl) U TeX-
HOJIOTMYECKUX PEXXUMOB Ux Oypenus, cocraBa KHBK, ko-
JIOHKOBBIX Ha6OPOB, TOPOOPA3PYIIAKIIETO MHCTPYMEH-
Ta U T.II. (TeXHOJIOrM4yeckre GaKkToOpbl) U MECTBYIOMINX
pasfenbHO MM COBMECTHO —IIPOMUCXOOUT UCKPUBIIEHME
CKBakVH. [Ipy OGypeHUM BepTUKATbHBIX CKBAKMH KITIO-
YeBOJ LeNbI0 SIBJISIETCS NpelOTBPallleHie BO3SMOXKHOCTH!
MCKPUBIIEHMS CTBOJIA, @ B (Jlyuae MICKPUBJIEHUS — BO3-
MOKHOCTb MCIIPaBJAeHMS U NIpUBeLeHMs CTBOJIAa K BEPTU-
Kasu. [Tomo6HbIe 3ajauM PEIIAIOTCS 33 CUET UCITOIb30Ba-
HMS Tak Ha3biBaeMoro 3¢ dexTa MasTHUKA: YBeIUIMBas
MHTEHCUBHOCTb (pe3epoBKM CTEHKU CTBOIA OGOKOBOI
II0BEPXHOCTBIO [I0POA0Pa3PyIIaOLIero MHCTPYMEHTa, Ha
HeM OJHOBPEMEHHO CO3[al0T MaKCMMAJIbHO BO3MOXKHYIO
OTKJIOHSIOLIYIO CUITY, KOTOpas HallpaBJleHa B IPOTUBOIIO-
JIO)KHYX0 CTOPOHY OTHOCKUTEIBHO MCKPMBIIEHMS CTBOJA.
Kpome Toro, crabuim3saiusi HeCylieCTBEHHOrO ToKa3a-
TeJisl 3eHUTHOTO yIla CKBaXKMHBI MOXET 06ecreunBaTh-
€ M 3a CYET ONTUMAaJbHOIO LEHTPUPOBAHMUS HIDKHEI
YacTu KOMITIOHOBKM HU3a OypmibHOI KomoHHbI (KHBK),
KOTOpasi B CBOIO ouepenb 0becreunBaeTcsl IOCPeICTBOM
BbIGOpPa HEOOXOOMMOIO PAacCTOSIHUSI [JISI pasMelleHus
OINOPHO-LIEHTPUPYIOLIMX 3/MeMEeHTOB OT IIOpPOoJopas-
pyLIaolero MHCTPYMeHTa. YMeHbIIeHMe IToKa3aTess
MCKPUBIIEHMS] MOXET JNOCTUTaTbCA 3a CYeT M3MeHEeHUS
HaIlpaBJIeHMs] OCY MOPOA0Pa3pylIaloIlero MHCTPyMeHTa
MU OTKJIOHSIONIEN CMibl. BuIbl KOMIIOHOBKM HM3a Oy-
PUJIBHOI KOJIOHHBI [JIS1 CO34aHMSI BEPTUKAIbHBIX CKBa-
JKVH BKJIIOYAIOT MasiTHMKOBbIE, JKeCTKMe ¥ CTylleH4YaTble
KOMITOHOBKM. OCHOBHBIM CPENCTBOM IIpeAyIIpesKIeHMs
VMICKPUBJIEHVSI BePTUKAIbHBIX CKBA)XXMH SBJISIETCS IIpa-
BunbHasg KoHcTpykuust KHBK, onpenensemast oceBoit Ha-
IPY3KOi1 Ha AONOTO, AMAMETPOM U TITyOUMHOI CKBasKUHBI,
reoJIOrMUYecKMMU YCIOBUSIMM, (PU3UKO-MeXaHUUYeCKUMU
CBOJICTBAMM TOPHBIX MOPOJ, OOMYCTUMBIM 3€HUTHBIM
ymioM u npyrumu dakropamu [14-16].
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0630p MeTOA0B NpeaynpeXXaeHus
MUCKPUBNIEHUA CKBAXXUH U TEXHUYECKUX CPEACTB
ANA cTabunusaumm 6ypunbHON KONOHHbI

B mowiegHue roapl 3HAUNTENBHO paclIMPUIACh J10-
Obl4a MHOTMX TIOJI€3HBIX MCKOTIAEMBIX C MTOMOIIBIO TeO-
TEXHOJIOTMYECKUX CKBaKMH. CKBa)XMHHAsl TEXHOJIOTUS
IOOBIYM TIO3BOJSIET B psifie CIyyaeB CHU3UTh B 2—4 pasa
KanuTaabHble 3aTPAThl HA CTPOUTENBCTBO IIPEATIPUSITHUI,
MOBBICUTD NTPOU3BOAUTENBHOCTb TPYJa, COXPAHUTb UMC-
JIEHHOCTH paboTaromiero nepcoxana [17-21].

B KazaxcTane orpoMHbIe 3amachl ypaHOBOTO ChIPbSI
CBSI3aHBI C BOJAOHOCHBIMU TOPU30HTAMM, PACIIOIOXKEH-
HbIMM B IOKHBIX permoHax pecry6iauku. lo6brya ypaHa
OCYLIECTBJISIETCS METOLOM IOL3€eMHOIO BbIlle/avyyBa-
HMS C IOMOLIbIO 3aKaYHBbIX M OTKAUYHBIX T€0TEXHOJIOTU-
YyeCKMX CKBaskuH [22-25]. TexHONIOTMSI COOPY>KEHMSI Te0-
TEXHOJIOTMYECKMX CKBaKMH, XOTS 1 UMEET OOIIVe UepThI
C TEeXHUKOW U TexHoJorueir 6ypeHus TUAPOTeosIoTy-
YeCcKMX CKBaXXMH, TEM He MeHee MMeeT MHOTO BasKHbBIX
0COGEHHOCTEI.

Ha cerogHsamHMII IeHb pas/M4Hble HallpaBIeHUs
OTeUYeCTBEHHbIX U 3apyOeKHBIX UCCIeOBAHMI MOCBS-
HeHbl pa3paboTKe TEXHOJOTUU COOPYKEHUSI TreoTeX-
HOJIOTMYECKUX CKBaKUH, OIpEeNeJeHUI0 Tre0loro-TeX-
HUYECKUX YCIOBUII MEeCTOpPOXKIEeHUIi, BbIOOpY crocoba
M COOTBETCTBYIOIIErOo OypoBOTO o6GopymoBaHwms. Pac-
CMOTpEeHbl MHOTME acCHeKkTbl TEeXHOJOTUM CO3TaHUS
(uAbTPOBOIt YACTU CKBAKUHBI U TUAPOUIOISILINU TIPO-
JYKTVMBHOI'O TOPU30HTA OT BbILIe- M HIDKeJlekalluXx Iijia-
CTOB, @ TaKXe BOIPOCHI OCBOEHMS re0TeXHOIOTMYeCKUX
CKBaXMH [26-29].

B reonmormnueckux ycioBusix GypeHust cKBakuH AO
«BonKoBreoyorusi» Haubomee pacIpoCTPaHEHbI METO/IbI
peaynpeXxnaeHuss MCKPUBIEHUSI CKBaKMH: CHVDKEHUE
0CeBOJ Harpy3Kku Ha JOJIOTO; MEPUOSUIECKOE UCTI0Ib30-
BaHMe CPENCTB MCKYCCTBEHHOTO MCKPUBJIEHMS; OypeHue
BePTUKAILHOTO NWJIOT-cTBoA XecTkuMu KHBK u nocre-
Iyiolee ero pacimmupenue; 6ypenne skectkumu KHBK;
6ypenne KHBK ¢ MakCMMaIbHO MPUOIVKEHHBIM K J10J10-
TY LIEHTPOM TSDKECTH.

MeTon, CHMKEHMSI OCEeBOV HarpyskuM Ha OOJIOTO
MMO3BOJISIET MNPOBOAUTL CKBAXMHBI B TOPHBIX MOPOAAX
C YacTo MepeMeXalIIVMMUCS OCaLOYHbIMU TOIIIAMU
pasaMuHOl KaTeropueit GypMMOCTM C HeOOIbIINMU
uckpusieHussMu. AO «BonkoBreonorusi» Ijs CHUXKe-
HMS VCKPUBJIEHUS TPAcChl CKBaXMH IO 3€HUTY U OT-
KJIOHEeHMS HampaB/leHMsI CKBOXMH IO asuMyTy IpU-
meHsiia B cocraBe KHBK pasnnyHble TexHMUUecKkue
CpeacTBa IS LEeHTpaluy U CTabuansanum OypuIbHOM
KOJIOHHBI B TIpoIiecce OypeHwusl, Takye Kak IeHTPaTOPbI
u crabwmsaTtopsl [30, 31]. YcTpoiicTBO ycTaHaBIMBa-
eTcsl B KOJIOHHe 6ypuibHbIX Tpyo Ham YBT. LleHTpaTo-
PbI Pa3JIMUHBIX KOHCTPYKIMI IPUMEHSIJIUCh OT Pa3HbIX
npousBoauTeneit (YkpausHa, r. JIporo6srd JIbBOBCKO¥
06i1; PO, 1. JTio6epirsl MOCKOBCKOI 0671. u 1. Yda). [Tpu-
MeHeHMe IIeHTPaTOPOB pa3HbIX NMPOU3BOAUTENEN [0
MTOJIOKUTENbHBIN 3((PEKT — UCKPUBIEHUS U OTKIIOHE-
HUS CKBaXMH yAAJ0Ch 3HAYUTEIbHO CHU3UTD. [0 maH-
HBIM MHKJIVMHOMETPUM MCIONb30BaHNUE LEeHTPATOPOB
MTO3BOJIMJIO COKPATUTh OTKJIOHEHMUS CKBaKMH A0 5-7 M,
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YTO NOMYCTMMO perjameHTaMu 6GypeHus. OmHAKO Psif
(akTOpOB, TakMX KaK BbICOKASI CTOMMOCTh (CTOMMOCTD
OJIHOTO ILleHTpaTopa cocTasisia 580 ThIC. TT), TPOMO3J-
Kasi KOHCTPYKIMS (OuHa 2,4 M), a Takke OOJbIION Bec
(6osee 120 KT) LIEHTPATOPOB, HE TTO3BOJIUJI ITOBCEMECTHO
ux npuMeHsTh B AO «BoyikoBreosiorusi». Boercokast crou-
MOCTb LIEHTPaTOPOB OT mpousBoaurtesnei nus PO u Ykpa-
MHBI 00YCJIOBJIEHA TE€M, UTO B KOHCTPYKLUMMU OJISI I[€H-
TpUpPOBaHMS 1 6OKOBOI HDpe3epOBKY CTBOIA CKBAXKUHbI
MCHOJBb3YIOTCS peXyliue Hacagky M3 MCKYCCTBEHHBIX
MOMKPUCTA/UINYECKMX TeXHUUYECKUX aJIMa30B — BCTa-
Bok PDC. Kak mpaBmio, Hacanku PDC ucCIonb3yoTcs
npu 6ypeHuu U LeHTpaluyuu CTBOMA CKBAKMH Ha HedThb
B TBepPIObIX M KPENKUX KOPEHHBIX TOPHBIX MOPOAAX
VII-XII kaTeropuu 6ypumoctu. Kpome 3Toro, Bec Kax-
JIOTO IIleHTpaTopa cocrasiser 6osee 120 Kr, UTO 3aTPYA-
Hs10 pusnvecku ux KoMmrnoHoBky B KHBEK. Beicokasi cTo-
MMOCTb 3TUX LI€HTPaTOPOB B CBOIO Ouepeib IOBBIIIAEeT
ce6ecTOMMOCTb OYPEeHMST CKBAKUH.

dopmMupoBaHMe KpuTepmeB OLLeHKU KOHCTPYKLUU
LLeHTPUPYIOLLUX 3/IEMEHTOB

B cBsI3M € BBICOKOJ CTOMMOCTBIO 1 TPOMO3AKOCTbhIO
1IeHTPaTOpPOB  MPOM3BOJACTBA  3aBOAOB-U3TrOTOBUTE-
neit PO u VRpauHBbI Mepes TEXHOJIOIMUECKO CITyKO60ii
U KOHCTPYKTOPamu, pykKoBoacTBOM AO «BonkoBreoso-
rusi» OblIa MOCTaBjJieHa 3aJauva — paspaboTaTh, MU3TO-
TOBUTb U BHEIPUTDb B IIPOMU3BOJICTBO LIEHTPATOPHI COO-
CTBEHHOTO MPOU3BOACTBA. LleHTpaTOpPbl AOIKHBI GbIIN
OBITh amalTUPOBAHbBI /IS TOPHO-TEOJIOTUUECKUX, TeX-
HUYECKUX M TEXHOJOIMUYECKUX YIoBMii. PaspaboraH-
HbIe IIeHTPATOPbI AOJIKHBI OBV MCKIIOUUTH OTKJIOHE-
HMSI TPACChI CKBAXKMH, CHU3UTH Ce6eCTOMMOCTD OYPOBBIX
paboT, MOBBICUTH MTPOU3BOAUTENBHOCTD TPYIA U COKpaA-
TUTh HEMPOU3BOAUTENbHBIE 3aTpaThl U MpocTou. IIpn
pa3paboTKe KOHCTPYKIMUM U LEHTPUPYIOUIUX JIeMeH-
TOB lLieHTpaTopa creuuanuctbl AO «BOJIKOBreosorus»
UCXOOUIU U3 CIeAyINUX KpUTepueB: MPOCTOTAa KOH-
CTPYKUMM, aJalTUpPOBaHHAs K TOPHO-TE0JIOTUYECKUM
U TEXHOJIOTUYECKUM YCIOBUSIM OypeHMs; BOSMOXKXHOCTb
M3TOTOBJIEHNSI IIEHTPATOPOB COOCTBEHHBIMMU ITPOU3-
BOLCTBEHHBIMM MOIIHOCTIMM Ha 6ase AO «Bonkosre-
OJIOTHST»; BO3MOKHOCTb OBICTPOTO ¥ JIETKOTO COeIVHEe-
Hus ¢ gpyrumu snemeHtamu KHBK; ucnonb3oBaHue
B apMMpOBKe I[€HTPAaTOPOB HEeNOPOTUX IO CTOMMO-
CTU U M3HOCOCTOMKMUX MaTepuasioB — TBEPAOCIJIaBHbIe
BctaBkyu BK (Boimbdpam-ko6anbToBbie) manu TK (TUTaH-
KOOaJIbTOBBIE) BMECTO HOPOTOCTOSHIMX BcTaBok PDC.
Kpome TOr0, YUYUTHIBASI, UTO CKBKUHBI OYPSITCS B MST-
KMX FOPHBIX MMopogax I1-VI kaTeropumu 6ypuMocCTu, He-
06X0qMMO TIpeoyCMOTPETh MCIIONb30BaHMEe CMEHHBIX
LIEHTPUPYIOIINX 371eMeHTOB. Takke WM3TOTOBJIEHHBIN
LIeHTPaTOp [OJ/IKeH MMeTb HM3KYI0 CTOMMOCTDb 3a CUeT
MPOCTOTHl KOHCTPYKIUU U TPUMeHeHUs] HeJopOororo
M3HOCOCTOMKOr0 MaTepuasna, HU3KOM ce6ecToMMOCTH
n3rotosyieHusi. UMsrotoBneHHbIt AO «BOJIKOBreomno-
TUSI» LeHTPATOP AO/KEeH ObITh KOHKYPEHTOCITOCOOHBIM
Ha pbIHKE OYPOBbIX MHCTPYMEHTOB M MMETb BO3MOXK-
HOCTb PEMOHTA M pecTaBpaluy [JIsl YBeINYEHUSI CPO-
Ka CJIY>KObI, TPOU3BOACTBEHHOIO Pecypca u MOBTOPHOI
IKCIITyaTauuu [32-35].
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Pa3pa60TKa U BHeJpeHue LLeHTpPaTopoB
co6CcTBEHHOro npou3BoACTEAa.
HoBu3Ha pa3paboTok

PyKOBOZCTBYSICh JAaHHBIMU KPUTEPUSIMU, KOHCTPYK-
TOPBI APTUM HOBBIX TexHonmoruit 6ypeuns: (ITHTB) AO
«BonkoBreonorusi» paspaboTanyu u BHEAPWIN B TIPOU3-
BOJICTBO MHHOBAILIMOHHBIN TUT TEXHUYECKUX CPENCTB —
LIEHTPATOPbl COOCTBEHHOTO MPOM3BOACTBA [36]. st
Pa3JINUHBIX TOPHO-TEOJOTUYECKUX YCIOBUIT OBLIU U30-
OpeTeHbl, U3TOTOBJIEHbI ¥ BHEAPEHbI B MPOU3BOICTBO
HOBBI€ TUIIbI BUHTOBBIX LIeHTpaTopoB. [1o pesynbraTam
OITBITHOTO OypeHMsI ObUIO OIIpelesieHo, YTO pecypca
OJHOTO IIeHTpaTopa B JaHHBIX TI'e0JIOTUMUECKUX YCIO0-
BUSIX B cpegHeM xBataeT Ha 10 ckBaxkuH. B mpoiiecce
3KCIUTyaTaly o Mepe M3HOCa CMEeHHbBIX TBePAO0CIIaB-
HBIX BCTABOK OHM MOTYT OBITb 3aMeHEHBbI ITyTeM BbI-
KpyuMBaHUS U3 I[eHTPaTopa, a Ha UX MEeCTO BBUHUYEHBI
HOBbIe TBEPAOCIJIaBHbIE BCTABKM, U LIEHTPATOP MOXKHO
3KCITyaTUPOBaTh Jajee, yBeIMUMBasI CPOK IKCILIyaTa-
unu. Kpome 3Toro, pazpaboraHa 1 BHeIpeHa HOBAsI Cxe-
ma KHBK c cronb3oBaHMeM IIEHTPATOPOB COOCTBEHHO-
ro MPOU3BOJICTBA.

HoBusHa pa3paboTaHHBIX IIEHTPATOPOB 3aKIIIO-
yaeTcs B CIeAyIolieM. BMHTOBOJI ILieHTpaTop OGYpOBOro
MHCTPYMEHTA, CONEPXKallUii COeNUHEHHYI0 C OYpOBBIM
MHCTPYMEHTOM KOHCTPYKIIMIO C LIEHTPUPYIOIIMMU BbI-
CTylaMy, apMMPOBaHHBIMM M3HOCOCTOVKMM MaTepua-
JIOM, OTJIMYAETCSI OT yKe CYyILIeCTBYIOUIMX MOZeNeil TeMm,
YTO COeqMHeHMe ero ¢ 6ypOBbIM MHCTPYMEHTOM BBITION-
HEHO B BU[e OXBaThbIBaIoOIIell OypWIbHYIO TpyOy 6ypo-
BOTO MHCTPYMEHTA LIaHTOBOM CUCTEMBbI, B KOTOPON yMO-

.

Puc. 1. 3aroToBKa 1 roTOBBIM BUHTOBOJ LIleHTPaTOp pousBozncTsa AO «BonkoBreonorus»
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MSIHYTBIE [IEHTPUPYIOLIME BBICTYMbI BBITTOTHEHBI 3a0JHO
C JaHTaMU UJIU B BUJIE€ CMEHHBIX JleTajiell, MOHTUPYEMBbIX
B IJaHTax ITOCPeICTBOM (UTYPHBIX IIMOHOK. KpoMme ToTO,
LIeHTpaTop 6YPOBOTO MHCTPYMEHTA, COCTOSIIINIT U3 TPYO-
YaToro KOpITyca, MMeIoIlero o KOHIIaM pe3bObl IJIsT CO-
eMHUTEJIbHBIX 3JIEMEHTOB, BK/IIOYEHMSI ero B COCTaB
OITyCKaeMOTO B CKBasKMHY 6YpPOBOT0 MHCTPYMEHTA U 1IeH-
TPaJTbHYI0 YacCTh, MMEIONIYI0 IO mepudepun apMmupo-
BaHHbIE M3HOCOCTOMKMM MaTepuajoM LeHTPUPYIOLIue
BBICTYIIbI, OTVIMYAETCSI TEM, UTO I[eHTPa/IbHASI YaCTh KOP-
Iyca MeXIy pe3bbaMy MMeeT HVIVMHIPUIECKYIO pe3boy,
Ha KOTOPYI0 HaBMHYEHBbI CMEHHbIe NVCKU, OTHAe/IEHHbIe
IPYT OT Ipyra BTYJIKaMy U CHAGXKEHHbBIE [IeHTPUPYIOIIN-
MU BBICTYIIAMMU.

Kopryc nieHTpaTopa M3roToBjieH us craau M-45 ou-
ametpoMm 157 mmMm, a ¢ TBEpabiM ciutaBoM BK u TK (06-
mas ganHa neHtpartopa L — 1200 mm, Bec — 12 kr). InnHa
paboueit vactu L = 0,3/0,6 M. lllar BUHTOBOI JUHUU —
1117 mm. C gByX KOHLIOB LIeHTPATOPa MMeEeTCsI 3aMKOBast
pe3bboBast uacTh 3-76B (puc. 1).

Ha mnpennpusituu MpoOBOAMINCH WUCIIBITAHUS 1i€H-
TPaTOPOB COOCTBEHHOTO MPOM3BOACTBA HECKOMbKUX M-
ameTpoB @127 MM, @132 MM, @156 MM TIpu GYpeHUM I -
JIOT-CKBAKMHBI» C HYJISI IO TTPOEKTHO ITyOVHBI.

3abypuBaHMe CTBOJIA CKBAKMHBI MTPOM3BOIVIIOCH TIPK
06bEMeE mofauy MPOMBIBOUHOM kuakocTy 190-200 y1i/mMuH
Ha TIOHVDKEHHBIX pekuMax OypeHMsI, CKOPOCTh Bpalle-
HMus n = 86 06/MuH (1-9 CKOPOCTH CTAHKa) CO CIemYIO-
el KOMITOHOBKOJ HM3a GypOBOil KOJIOHHBI: TTUKOGYD
0132/141/161 mm; VBT @63 MM — 8 M; Benylias IITaHTa
063 MM — 8 M.

Fig. 1. Blank part and finished screw centralizer manufactured by JSC Volkovgeologiya
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T'opusonTanbHOe cMelieHne 32604, M 3,8
BeprukanpHoe cMeleHre 326051, M 340,9
AsyMyT cMereHys 326041, rpaf. 34,8
3eHuT cMmeeHns 326051, Tpaz. 0,6
MuxnmHorpamma

—-—--TopusoHTambHOE CMelleHye 32005

O SJUINIIC TOTPENIHOCTeN
Bottom-hole horizontal deviation, m 3.8
Bottom-hole vertical deviation, m 340.9
Bottom-hole azimuth deviation, deg. 34.8

Bottom-hole zenith angle deviation, deg. 0.6

Directional log
—-—--Bottom-hole horizontal deviation
O Ellipse of errors

Puc. 2. IHKIMHHOTpaMMa CKBayKMHBI, ITIPOOYPEHHOI C IIeHTpaTopoM D156 Mm

Fig. 2. Directional log of a borehole drilled with the @156 mm centralizer

C 8 m (mnmuHa YBT) no mpoeKTHOII y6uHbI GypeHue
MMPOU3BOAWIOCH C LieHTpaTopoM @D127/132/156 mm, co
CIenyIoNeii KOMIIOHOBKOW HM3a OYpPUJIbHOI KOJOHHBI:
mko6yp @132/141/161 mm; YBT @ 63 MM — 8 M; LleHTpa-
Top @127/132/156 Mmm — 0,4 M.

PeskuM  9KCIIepMMEHTaIbHOTO OypeHusl: oceBas Ha-
rpyska P = 200-600 krc; yactora BpaieHusi n = 166 06/MuH;
pacxofl TTPOMBIBOUHOM skuakocT Q = 190-200 a/mMuH.
[Ipu 6ypeHUM KaXKIblii 3aMep BeaylIeil MTaHrm — 8 M —
00s3amesibHO TIpOpabaThIBAJICS He MeHee 4-5 pas s
MpegoTBpalleHs CATbHMKO0Opa30BaHms 1 2 pas3a B pas-
HO3EPHUCTHIX Meckax [37, 38].

Pe3ynbTaThl UCIBITAHMIT IO OYpPeHMIO MUJIOT-CKBa-
SKMH C TIOMOIIbI0 HOBOJ KOMITOHOBKY HI3a GYPOBOI1 KO-
JIOHHBI OTOGPaskeHbI B TabJ. 1 1 Ha puc. 2.

Ta6muua 1/ Table 1

CBopHbIe JaHHbIE 0 GYPEHUIO MMIOT-CKBAKMH

Ha yJacTKe C IOMOIIbI0 HOBOV KOMIIOHOBKM HM3a
OypPOBOJT KOJIOHHBI
Summary of drilling pilot holes with new bottom-hole
assembly at the wellfield

JuameTp CpenHsist HomycTtumoe CpenHee
LleHTpaTopa, | NMPOEKTHasl | OTKIOHeHMue, |(akTruecKoe
MM nIyouHA, M M OTKJIOHEeHNe
oT OCU, M
127 420,0 4,20 3,30
132 424,2 4,24 3,78
156 340,9 3,40 3,10
PesynbraTel MHTepIipeTauuy, IIOJAy4YEHHbIE IIpU

npoBenennu I'MC Ha CKBakMHaXx, YAOBJIETBOPSIOT Tpe-
O6yeMbIM IapamMeTpaM, TOPU3OHTAJIbHOE CMelleHNre He
MpeBbIlIaeT NOMYCTUMBIX HOPM, CKBKMHBI OMYIEeHbI
K KpeIvIeHUI0 CTeHOK. TakuM 06pa3oM, MCITONb30BaHMe
IIEHTPATOPOB COOGCTBEHHOTO IPOM3BOMCTBA MO3BOINIO
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MPUAATH KECTKOCTb OYypUIIbHOI KOJIOHHE, KOTOpas He-
obxonyuma s yaepskaHus eé mpy 6ypeHur B 3aJaHHOM
HalpaB/ieH!M, MOBBICUTh OCEBYI0 HArpy3Ky Ha JOJIOTO,
a Taxke YMEHBIIUTD TPEHME U U3HOC OYPIIIbHBIX TPYO.
Bcero ¢ mucnosnb3oBaHMeM HOBBIX TUIIOB I€HTPATO-
poB mpousBonactBa AO «BOJKOBreosorus» 610 MPOGY-
peHo 110 ckBaxkuH. PazpaboTaHHbIe IIEHTPATOPbI MMEIOT
MpueMseMble ONTUMa/bHbIE TabapuThl: IyinHa — 1,2 M,
Bec — 12-15 xr (B 10 pa3 Jyierue pocCUiCKUX II€HTPATO-
pOB), UTO MO3BOJIsIET Jierko coeauHsTh ux B KHBK. Cro-
MMOCTb pa3paboTaHHBIX U U3TOTOBIEHHbIX AO «BOJIKOB-
reoJioTusl» LIeHTPATOPOB cocTaBmuia 54—58 ThIC. TT, UTO
B 10 (mecsiTh) pas melieBse LeHTPATOPOB ITPOM3BOIACTBA
3aBoji0B Poccuu u YkpauHbl. [ToMyMO 3TOTr0, IIeHTPaTOPbI
COOCTBEHHOTO MPOU3BOJCTBA ITOJIHOCTHIO aIATITUPOBAHbI
K TOPHO-T€0JIOTMYECKUM U TEXHOJIOTMYECKUM YCIOBUIM
npoBeneHust 6ypoBbix paboT B AO «BonkoBreonorus».

BbiBogbl

AO «BonKOBreosiorusi» SIBASIETCS TOJOBHBIM IIpef -
npustueM AO «HAK «KaszaToMnipom» 10 reoorn4yecko-
My obecrieyeHMIO BCeX HaIlpaBJIeHUI ero JesiTeTbHOCTU
U TIPOBEIEHUIO TEXHOJOTMYECKOTO OypeHUs s Top-
HO-TIOATOTOBUTENIbHBIX Pab0T Ha ypaHOMOOBIBAIOIINX
MIPeATIPUITUSIX KoMIaHuu. [IpeamnpusiTie 3aHMMaeT OKO-
710 90 % monu peiHKa 6ypoBsIx pabot B AO «<HAK KazaTom-
MpoM», 06ecCIieuBaeT TeojOTUUEeCKOe COIPOBOXKIEHIe
BCEX BUOB JIeSITeTbHOCTM — OT MOMCKA U pa3BelIKy ypa-
HOBBIX MECTOPOKAEHMI 10 X BBOAA B MIPOMBIIIJIEHHYIO
9KCIUTyaTanuio. [Ijist moObIYM ypaHOBOTO ChIPhSl YpaHO-
JIOOBIBAOIIME KOMITAHMM IIPUMEHSIIOT Haubojiee peHTa-
6GeJIbHBII M 3KOJIOTMYECKM 6e30ITacHbIil MEeTO[ I103eM-
HOIO CKBaKMHHOrO BbimenaumBauust (IICB). JTo6biua
YPaHOBOTO ChIPbSI MPOU3BOAUTCS uUepe3 IMpoOypeHHbIe
TEeXHOJIOTMYecKye (3aKauyHble I OTKauHble) CKBAXKUHBI.
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HM3a OYypOBOIl KOJIOHHBI MCKJIIOUAIOT CBEPXIOIMYCTU-
MOe OTK/JIOHEeHMe OCU CKBa)KMHBI OT BEPTUKAJIU (3€HU-
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B maHHoe BpeMms. [1lo maHHbIM [VIC (MHKJIMHOMETPUN)
TOPU3OHTAIbHOE U BepTUKAIbHOE CMellleHNe OCUu
CKBaXXVH HAaXOOUTCSI B Mpefenax MOMYCTUMBIX HOPM.

elSSN 2500-0632

https://mst.misis.ru/

Mongaww . H. MeToapl v TEXHUYECKME peLLEHNS NOBbILLEHUS HAAEXHOCTU YAEPXXaHWs TPacchil...

DKoHOMMYeCcKMii 3QdeKkT OT BHeApeHUs] IeHTPATOPOB
CcOGCTBEHHOTO TPOU3BOACTBA HAa 1 (OIHY) CKBaKMHY
cocraBua 6osee 170 000 Tenre. ITo CTaTUCTUKE CBEPX-
HOpMAaTMBHbIe OTKJIOHEHUS O BHeIPEeHUS I[eHTpaTo-
pPOB COOCTBEHHOIO IMPOM3BOACTBA COCTABJSIN HE Me-
Hee 10 % oT obmero o6bemMa MPOOYPEHHBIX CKBaXKUH
B rof, a 9To He MeHee 700 ckBaxkuH. TakuM o6pasom,
00N SKOHOMMYECKUii 3(PEdeKT MoKeT COCTaBUTh
6osee 120 MJIH TeHTre B IrOf,.
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Tunonorus coopy)<eHuii MeTpononuTeHa Aa 3aZay Knaccupukawmm
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AHHOTaUuA

VipaBieHMue pUCKaMMU SIBJISIETCS BasKHOI COCTaBJISIIONIEl 1esITeTbHOCTY COBpEMEHHOI0 peanpusaTus. B Ha-
CTOsIIIee BpeMsi MeHePKMEeHT PUCKOB JIOKeH BKITIOUAThCSI B OOIIYIO CHCTEeMY MeHe/IKMeHTa KauecTBa CTPOo-
UTeNIbHOI opraHmu3aiuu. [eoTeXxHuUeckoe CTPOUTENbCTBO U, B YACTHOCTH, CTPOUTETHCTBO METPOTIOIUTEHOB,
TaKKe JIOJKHO OCYIIEeCTBISITHCS C YYETOM BO3MOKHBIX PUCKOB. CTPOUTENIBCTBO METPOTIOUTEHA COTIPSIKEHO
C HaJIM4MeM HeoTlpe/ieIeHHOCTel CO CTOPOHBI BHEIITHE cpefbl — ITOPOAHOTO MacCuBa, U creluuduueckux re-
OTeXHUYECKUX PUCKOB, KOTOPbIE MOTYT MPUBOAUTH K MPOSIBIEHUIO PUCKOBBIX CUTyalMii C pa3AIUIHBIMMU T0-
cencTBuUsiMU. 1711 TPOrHO3a MOTEHIMATbHBIX OTIACHOCTEN Ha BCEX CTAIMSIX SKU3HEHHOTO LIMKJIIa COOPYKeHMUS
MEeTPOIOJIUTEHA TpeOyeTCss YMeHMe YIpaBisTh puckamu. KauecTBO yIipaBiieHMs CBSI3aHO C JI€TAJIbHOCTHIO
UIOeHTUGUKAIMM PUCKA, KOTOPAsl MpeAIIecTBYeT 3TAly OIMpefeeHNs] BepPOSITHOCTYM HACTYTUIEHUSI PUCKO-
BOJi cuTyaluu (3Tary oueHKM pucka). [Ias uaeHTuduUKauuy o6beKta TpedyeTcs onpeaeseHne ero cocTasa,
CBOJICTB, MPUPO/IbI BO3HMKHOBEHMSI. METOOM TAaKOTO MO3HAHMUS PUCKA C pa3[ieseHrneM Ha IPYIIITbI TOCPe-
CTBOM OTIpe/ieJIeHNsI CYIlleCTBeHHBIX MTPM3HAKOB (OCHOBaHMI) BsieTcs Kinaccuduraiys. B HacTosiee Bpemst
pa3paboTaHbl pa3Hbie KiaccubUKAIMKU PUCKOB B CTPOUTEIBCTBE. B cTaThe pacCMOTpPEHbI Pa3IMUHbIe ITOIXO0-
IbI K KiaccuduKaym pUCKOB B TOJ3€MHOM CTPOUTENbCTBE, IPOaHaIM3MPOBaHa BO3MOXKHOCTh afanTalyumn
MAHHBIX KJIaCCU(PUKAINI TPUMEHUTENBHO K aHAM3Y Te0TEXHUYECKUX PUCKOB IPU CTPOUTEIBCTBE 00HEKTOB
MeTporonuTeHa. [IpeyiokeHbl TPUHIMIIBI KIaccu(PUKaLy reoTeXHUUeCKnX pruckoB. O60CHOBAaHA TUIIOIO-
TSI COOPY>KeHMIT MeTPOIIONMTeHAa KaK OCHOBA KilaccudUKalMY re0TeXHUUeCKUX PUCKOB MPU CTPOUTETHCTBE
00BeKTOB MeTpononuTeHa. [IpefcTaBieHbl pe3yabTaThl pa3paboTku o61eit popmMbl KimaccuUKany reoTex-
HUYECKUX PUCKOB IIPU CTPOUTETHCTBE METPOIIOIMTEHA.

KnioueBble cnoBa

TOpHOe€ aeJio, IToA3€MHbIE€ COOPY)KeHMS, CTPOUTE/IbCTBO, METPOITIOJIMTEH, TEOTEXHNYECKME PUCKU, K)'[aCTeprII;'I
dHaJIN3
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CONSTRUCTION OF MINING ENTERPRISES AND UNDERGROUND SPACE DEVELOPMENT
Research article

Typology of metro structures for the tasks
of geotechnical risk classification

E. V. Potapova
Rosatom State Nuclear Energy Corporation, Moscow, Russian Federation
elka23sp@yandex.ru

Abstract

Risk management is an important part of a modern enterprise activity. Currently, risk management should be
included in the overall quality management system of a construction organization. Geotechnical construction,
for instance, construction of metro, should also be carried out taking into account possible risks. Metro
construction is connected with a number of uncertainties related to enclosing rock mass conditions, and specific
geotechnical risks, which can lead to materialization of hazards with various consequences. Predicting possible
hazards at all stages of a metro structure life cycle requires the ability to manage risks. The effectiveness of risk
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management requires detailed risk identification, which precedes the stage of determining the probability of
risk (the risk assessment stage). To identify an object, it is required to determine its composition, properties,
physical origin. The method of such risk cognition with division into groups through determining the essential
features (grounds) is classification. To date, different classifications of risks in construction activity have been
developed. The paper discusses various approaches to the classification of risks in underground construction,
analyzes the feasibility of adapting these classifications to the analysis of geotechnical risks in the construction
of metro facilities. The principles of classification of geotechnical risks were proposed. The typology of metro
structures has been substantiated as the basis for the classification of geotechnical risks in the construction of
metro facilities. The results of the development of a general form for classification of geotechnical risks during

a metro construction have been presented.
Key words

mining, underground structures, construction, metro, subway, geotechnical risks, cluster analysis
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BeepeHue

AHanu3 JaHHBIX 110 aBapUSIM U UHLIMIEeHTaM B MO/ -
3eMHOM CTPOUTEIbCTBE MOKa3bIBaeT [1-7], 4TO ux cie-
HapUM XapaKTepPU3YIOTCST 3HAUUTEIbHBIM Pa3HO0Opasu-
€M C TOYKM 3peHMs MepBONPUUMH (PUCKOOOPA3YIOIMNX
(akTOpPOB), pasBUTHUS JATbHENIIINX COOBITUI (TIPOSIBIIE-
HMS PUCKOBOV CUTyaLlMM) U IOCIenCcTBuUiA. Bece cieHa-
pum 06MaAT MHAMBUIYATbHOCTHIO, 0OYCIOBIEHHOI
crienndUKoi 06beKTOB, HA KOTOPBIX OHM JIOKAIU3YIOT-
csa. [Ijns manbHeNIIero aHajau3a PUCKOB HEO0OXOOMMO
rIy6oKoe MX M3yYeHue IyTeM OIpelesieHus] COCTaBa,
CBOJCTB, MPUPOAbI BOSHUKHOBEHMS, TPUHIUIIOB dOp-
MMpPOBaHUS cBsi3eil. MeTomom IOZOGHOTO IMO3HAHMUS
MOCPeICTBOM OIpeJieJieHUs] CYI[eCTBeHHbIX MPU3HAKOB
(ocHOBaHMI1) sBAsieTcs Kinaccudukanus [8]. B nmpaxkTu-
Ke MCCaefoBaHUii MpelodKeHbl pasjiMYHble IOAXOMbI
K KmaccuduKanmy PUCKOB TIPU CTPOUTEIBCTBE TIOA-
3eMHBIX COOPY>XeHMVi. AKTyalbHOV 3a7adeii SIBJISIeTCS
cosmaHMe amalTHMPOBAHHONM KiaccubuUKammu, oTpaxka-
olelt crnen@uKy KOHKPETHBIX COOPY>KeHUI MeTpoTIo-
JIUTeHa U TIpefHa3HAUEeHHO JJ1s pellleHnsI KOHKPETHBIX
3a/1au CTPOUTENbCTBA METPOMNOJUTEHA, KOTOpasi 03BO-
JIUT C OOCTAaTOYHONM CTeNeHbl0 NOCTOBEPHOCTU IPOMU3-
BECTU MIEHTUDUKALMI0 pMCcKoobpasyommux ¢GakTopos,
PUCKOBBIX CUTyalMii U BO3MOXXHBIX TMOC/IEICTBUI IS
1eseli mocaeayloiero aHaamsa.

Llesibio TIpenCTaB/IeHHOTO MCC/IEOBAaHUS SIBISIIOCH
Hay4YHOe 000CHOBaHME TUIIOJIOTUY COOPYKEHUIT MeTpO-
MOJMTEeHa Ha OCHOBe KjiacCUMKalyM TreoTeXHUYeCKUX
PUCKOB U UX KJIaCTepPHOTO aHaaM3a.

1 BBINIOJIHEHMSI TIOCTABJAEHHON LielM peliaaucCh
clenyloniye 3aaun:

1. BeIsiBlIeHMe OCHOBHBIX COCTABJISIIOLINX F€OTEeXHU-
YeCKUX PUCKOB Y IPUHIIUIIOB UX KaaccubUKaIMM B TTOL-
3€MHOM CTPOUTEbCTBE.

2. YcTaHOB/IEHMe KOJTMUeCTBeHHBIX TTPM3HAKOB Kilac-
cudUKaLyM TeOTEXHUUECKUX PUCKOB.

3. O6ocHOBaHMe KpUTepUeB KiaccupuKaiuu reo-
TEXHUUYECKUX PUCKOB U PUCKOOOPpa3yIonnx (GakTopoB.

4. TIpoBeneHre KIACTEPHOTO aHa/IM3a AJis BbISBIIE-
HUSI XapaKTePHBIX TUTIOB COOPYKEHUI METPOIIOUTEHA.
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HOAXOAbI K Knaccud)m(au,uu
reorexHU4YecKux puckos

[MpakTuKa wuccaeqoBaHMii TpejjaraeT pasjauMuHble
MOAXOAbl K KIacCUPUKAIMM PUCKOB IIPU CTPOUTENTh-
CTB€ IOJ3eMHbBIX COOpYy>XeHMii. [IpeniokeHHbIe KIacCu-
(uKkanyM OXBaTBIBAIOT IIMPOKMII AMAMA30H MPU3HAKOB
pa3IMYHOro XapakTepa. ABTopamu 9] BliepBble KIaccu-
(utpoBaHbl PUCKU ITPU CTPOUTETHCTBE TOPOICKUX O -
3eMHBIX COOPY>KeHUI € pa3feeHyeM pUCKOB Ha 8 rpyIi:
CTpoUTeNbHbIe, JKOJOTUYeCcKue, YIpaBIeH4YecKue/mc-
TMOJTHUTEJIbCKMEe, KOMMepuyeckie, SKOHOMMUYecKe, KOH-
TpaKkTHbIe, COLIMaJbHbIE M SKCIUIyaTal[MOHHbIE. BaxkHO
OTMETUTB, UTO B [9] KnaccudumRaImMy MOABEPraroTCs TaKk-
ke puckoo6pasyiomye Gakropsl. ABTopoMm [10] mpemiio-
skeHa Kimaccudukaimsi, OCHOBaHHAsI Ha CJIEIYIOMIUX KPU-
TepUsX: MacuITab BO3IEICTBUS, CTEleHb BO3MECTBUS,
CTereHb 3aBUCUMOCTU OT MCXOTHOTO COOBITHUS, TUIT MH-
(opmanyu, Mecto TmposiBiieHMsI, pasmep yiiepba U T.1.
ABTOp NPUBOAUT KaueCTBEHHYI0 XapaKTePUCTUKY pycKa
IIJISI BO3MOYKHOCTY OTHECEHMS ero K TOM MJu MHOM TPyIi-
rie. Aptop [11] mpenjiaraeT rmepBblii ypOBeHb Kiraccudu-
Kauuy 10 CAefyllIuM KpuUTepusm (OCHOBAHUSIM): IO
BpeMeH) BO3HMKHOBEHUS, (aKTOpaM BO3HUKHOBEHMNS,
XapaxkTepy MoCIeACTBUI, METOAAM OI[eHKU.

AHanu3 pas3JInyHbBIX MOJXOMO0B MO3BOJSIET OIpe[e-
JIUTH OOIIVEe YePThI ¥ BBIAEIUTD TPU COCTABJISIONINE T€0-
TEXHUYECKOT0 pUCKa (PUCKOBOI CUTYaLIUN):

1) mpuumHa (paxTop, pMUCKOOOpasyoUIMii GakTop,
(bakTOp BO3HMKHOBEHMSI, UICXOJHOE COOBITHE),

2) mposiBiieHue (TIpOsIBJIeHNEe PUCKOBOW CUTYyalUN,
MeCTO TIpOsIBJIeHMsI, BO3[elCTBUe, paclpoCTpaHeHle,
JIJINTEeTbHOCTD, PUCKOBASI CUTyaLys),

3) mociaencTBue (xapakTep IIOCIAeNCTBUIL, pasmep
yiep6a, peanu3sanust KACKaJHOTO CIEHAPUST PAa3BUTHSI).

CrenyeT OTMETUTb, YTO OIPEEJEHUI0 BEepPOSTHO-
CTU HACTYIUIEHUSI PUCKOBOV CUTyalMyM MpeAIIecTByeT
umeHTUdMKanMs (3Tal KaueCTBEHHOTO aHau3a), KOTO-
pas 6ymeT OCHOBBIBATbCS Ha Kiaaccudukammu. Ha stame
KaueCTBEHHOT'O aHa/IM3a BasKHO M3YYUTh (aKTOPHI BO3-
HUKHOBEHMS ¥ BO3MOXHBIE TTOCAeICTBUS C OI[eHKOM UX
pasmepa.
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Chopmynupyem o61IMe TPUHLIMUITEI KaaccupURaIUN
reoTeXHNYECKUX PUCKOB IPU CTPOUTEIbCTBE METPOIIO-
JIUTEHA:

1. CtpykTypa Knaccudmkauy — MHOTOypOBHeBas.

2. OcHOBaHMeM (TIpM3HAKOM, KPUTEPUEM) IIEPBOTO
YPOBHS KiaccuduKaiyy 6ymaeT TUII CTPOSIIIIETOCS COOpPYKe-
HMSI METPOIIONIUTEHA (TUTIOTIOTMYEeCKas KaccuuKays).

3. Kimaccudukaiys BBITIONTHSIETCST IO TPeM HallpaB-
JIEHUSIM (COCTaBJISIIOIIMM PUCKOBOI CUTyallun):

1 - kmaccuduranmusa puckooGpasywmmux ¢ak-
TOPOB;

2 - KIaccuUKanus MpPosIBJI€HUSI PUCKOBBIX CU-
TyaIuit;

3 — kmaccuUKamMa MOCIeICTBUII PUCKOBBIX CH-
Tyauuii.

4. Yuer crneunduKyu OPUPOIHO-TEXHUUECKO reo-
cuctembl (ITTTC) «MaccuMB — TEXHONOTUS — ITOA3eMHOEe
COOpY>KeHMe — OKpysKalolias cpefa» [12-15] mpu Ha3Ha-
YeHUM KPUTEPUEB BTOPOTrO U MOCAeNYyWIIUX YPOBHEeI
M COCTaBa KaaccubUKAIMOHHBIX IPYTI.

Tunonoruyeckas Knaccudukauus (Tunonorum)
COOpY>XE€HUA MeTPOononuTeHa

[log3eMHasi AMHMUS METPOIIONMTEHA SIBJSIETCS 3Jle-
MEHTOM CJIOKHOV TMPUPOSHO-TEXHUUECKON Te0CUCTEeMBI
(ITTTC) «maccuMB — TEXHOIOTMS — TIO3eMHOE COOpYIKe-
HMe — OKpyXKalomiasi cpefna». Hambomee 3HaUMMbIMM [T
pPacCMOTPEHMS SIBJISIIOTCS 3Tallbl CTPOUTETbCTBA U IKCILTY-
arainuu aMHuKM. Ha 3Tame cTpouTeNbCcTBa paccMaTpuBa-
eTcs TI0/I3eMHOe COOpY>KeHMe, HaxofsIeecsl B Mpoljecce
co3pganusl. [IoMMMO OTCYTCTBMS IIPU CTPOUTEIILCTBE Iepe-
BO3KM ITaCCaskMpPOB ¥ PabOThl MOCTOSTHHBIX MHKEHEPHbIX
CUCTeM OTJIMYUTEbHO 0COO@HHOCTDIO SIBJ/ISIETCS HATMUMe
MU3MeHEeHUI, MPOUCXOISIMX C COOPYKEHMEM BO BpEMEeHH,
B ITIOPOJHOM MacCHUBe, B OKpyyKalollieit cpefie, a TakKe CBSI-
3aHHbIE C 3TUM ITPOIIeCCOM ITPOEKTHbIE CUTYaIUU U TIpe-
IenbHble cocTosTHMS. Takske OTMETUM, YTO XapaKTepHOIA
0COOEHHOCTBIO CTPOUTEIBCTBA METPOIIOJUTEHA SIBJISIET-
cs1 u3MeHeHue QYHKIMIT OMHOTO U TOTO K€ COOPY>KeHMSI
B 3aBMUCUMOCTU OT CTaIMM >XM3HEHHOIO LIMKJIA IPOEeKTa.
Hamnpumep, ipu CTPOUTENBCTBE U IKCILTyaTalu MOA3€M-
HOJi JIMHUY METPOIIO/IUTEHA BEPTUKAJIbHbIE CTBOJIbI MOTYT
BBITIOJIHATD CeAyIomye (YHKIMNU: BCKpbIBAlOWAsS U 00-
CTY>KMBAIOIIAsT BBIPAOOTKA MIJIST COOPYKEHMS TTOIXOTHbIX
BBIpPAOOTOK (3TAall CTPOMTENIbCTBA) M BEHTUJISILIMS (STall
aKCcIUTyaTanyy). Heo6XomMMoCTh CTPOUTENLCTBA BpEMEH-
HBIX TOPHBIX BHIPAOOTOK SIBJISIETCSI €I1le OTHOI 0COO6EeHHO-
CTBIO [T03€MHbBIX COOPY>KEHMIT METPOIIONIUTEHA IIPU CTPO-
UTENIbCTBE JIMHUI [TYOOKOTO 3aJI0KEHMSI. DTO BhIPaOOTKYU
OKOJIOCTBOJIbHBIX JIBOPOB Pabouymx CTBOJIOB (OOTOHHbBIE
BBIPAOOTKM, KaMePbl BOJOOTIMBHBIX ¥ BEHTU/ISIIMOHHbIX
YCTaHOBOK, IIO3eMHbI€e CKJIa Ibl B3PbIBUATHIX MaTEPUAIOB,
KaMepbl PeMOHTHBIX JIeTI0 U T.J.), TTOAXOAHbIe 1 BCIIOMO-
raTejbHble BbIPaGOTKU. [Ipy 3TOM pasMephl U CIOKHOCTD
BO3BEIEHMST STUX BBIPAOOTOK IMPAKTUUECKM He OTIMYa-
I0TCSI OT TIOCTOSIHHBIX COOPY)KeHUJi MeTpornonuteHa. Ta-
KM 00pa3oM, TMOI3€MHbIE COOPYKEHMUS METPOIIOIUTEHA
BKJTIOYAIOT B Ce0S1 0OCOOEHHOCTM ITPUPOSHO-TEXHUYUECKOM
reocucteMmbl (IITT'C) ¢ 0gHOM CTOPOHBI, M TPAHCIIOPTHO
CUCTEMBI — C Ipyroii (puc. 1), ¥ IpeacTaBiIsSiOT cO00ii OT-
JleTbHOe MHOXEeCTBO MOA3eMHbBIX COOPY>KEeHUIA.
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TIpupogHO-TexHYecKas] MeTpornonutex

reocucrema (ITTTC) [Moxm3emubie \(TPAHCIIOPTHAS CUCTEMA)
COOPYKeHMsI
OcobeHHOCTHI MeTpOTIONNTeHa OcobeHHOCTHU

Puc. 1. TlonoskeHne cOOpy>keHMSI METPOIIONINTEHA
B IIPMPOAHO-TEXHNUECKOI reocucreMe
Y TPAHCIIOPTHO cucTEMe

Fig. 1. The position of a metro structure
in natural-and-technical geosystem and transport system

[IpoBenieHHBINT B XOOe WMCCAEeNOBAHUS aHAIU3 I10-
3BOJISIET BBISIBUTH OTCYTCTBME O6IIEi TUIIOIOTMUYECKO
KiIaccuUKayy IOA3EeMHBIX COOPYKEHUII MEeTPOIIOIM-
TeHa. B TO ke BpeMs TUIoOMOrMUecKe Kiaccuburanmm
(TUTIONIOTMM) CYIIECTBYIOT [IJIST GONBIIMHCTBA HAa3€MHBIX
MPOMBIIIJIEHHO-TPKIAHCKMX ~ COOPYKeHUi,  TpaHC-
MIOPTHBIX COOpyXeHui [16—18]. OueBumHO, 4TO [ Ta-
KOW CJIOXKHOW TI0 TEXHOJIOTUM CTPOUTENbCTBA, COCTABY,
CTPYKTYpe, (PYyHKIMOHATY CUCTEMBI, KAK METPOIIONUTEH,
HeoOXoAyMa TUIOJIOTUYeCKas KiacCupuKauys (TUIT0JIO-
I'MisT) COOPY>KeHMI Ha OCHOBaHMM Hanbosiee XxapaKTepPHbIX
MPU3HAKOB IJIS KaXKXOOM TUIIOJIOTUYECKON TPYIIbl. s
JaJibHeliIei paspaboTKyu KiacCUpUKALU TeoTexXHuYe-
CKUX PUCKOB IPU CTPOUTEIHCTBE COOPYKEHUIT MeTpOIIo-
JMTeHa pacCMOTPUM BO3MOXKHOCTb pasfiesieHUusI Coopy-
SKeHMJi Ha YCTOMUMBBIE IPYIIIIBL.

Ncnonb3ysi mpakTUYeCKUil ONbIT CTPOUTENbCTBA,
TeopeTHyeckre OCHOBbI METPOCTPOEHMSI U YTBepsKie-
HME O TPUHAMIJIEXHOCTU COOPY>KEHMI1I MeTPOIOJUTEeHA
K npupopHo-Texundeckoii reocucreme (IITT'C) «maccus —
TEXHOJIOTUSI — TIOJI3€MHO€E COOpPYKeHMe — OKpy)KaroIias
cpefar», MOXXHO BbIJIENTUTD IB€ OCHOBHbBIE I'PYIIIThI KIaCCH-
(buKaIMOHHBIX TIPU3HAKOB:

1 — opusHaku, 3aBUCSIIME OT TE€XHOJOTUU CTPOU-
TeJIbCTBA COOPYKEHMUST;

2 — TIpM3HAKM, 3aBUCSIINE OT 0O6bEMHO-TIIAHUPO-
BOYHBIX I KOHCTPYKTUBHBIX 0COOEHHOCTEN COOPYKEHUS.

K 1-71 rpyrine npr3HaKOB OTHECEM TEXHOJIOTUYECKME
MacIITabbl BCKPBITHSI 3€MHOJ TIOBEPXHOCTM U Iepece-
yeHMe reoyiorTndeckux cioes. Ko 2-i1 — xapakTepucTuKu
MIPOMOJIbHBIX U ITOTIEPEYHBIX pPasMepoB, 00bEM COOpPY-
>KaeMbIX KOHCTPYKIIMIA, TPOCTPAHCTBEHHOE ITOJIOKeHMe
B IIOPOIHOM MaccuBe. Bcero BrIGpaHO MSITh ONPeesisio-
IIMX MPU3HAKOB (Tabi. 1).

Tabmuua 1/ Table 1

HpMBHaKM TUIOJIOTUYIECKO KJIaCCM('l)I/IKa].H/IM

COOPY)KeHUI MeTPOIOoIMTEHA

Parameters of the typological classification of metro structures

HammeHoBaHMe nipusHaka | ismepumocth (OG0O3HAYEHVE
PasHoo6pasue reosornye- .
. KomnnyuecTBeHHbIN X
CKUX YCIOBUIA
CrereHb HapylIeHVs L1eJ10CT-
HOCTU JHEBHOI MoBepxHO- | KonnuecTBeHHbI X,
¢y, M?
[Iponopuuu coopykeHus KonuuectBeHHbI X;
O6bEM COOPYKEHMS, M3 KomuecTBeHHbIN X,
IIpocTpaHcTBeHHOe MososkeHe| KauecTBeHHbI X;
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Hanee Heob6XomuMMO Ipeobpa3oBaTh BbIOPAHHbBIE 3. [Iporropuyu coopykeHus X,.
MPU3HaKU OJ151 BO3MOKHOCTU ajbHelilieli CpaBHUTE/b- KonmuyecTBeHHBIV TIpU3HAK, KOTOPBIM XapaKTepu-
HOJ OIeHKM U Kiaaccudburaum. [Ijis mpumMepa paccMo- 3yeTCsl COOTHOIIeHMEM IUIOLaAN MOIePEeYHOro ceueHms
TpuM npusHaku X, X,, X;: K HaMboJIbIlIeMy TabapuTy COOPYKEHMSI:
1. Pa3zHoOOpa3sue reoiormuyecKux ycaoBuii X, . S
KonmuecTBeHHbINI MPU3HAK, KOTOPBIA XapaKTepu- X; = _fonep.ces | (3)
3yeTCsl KOJIMYECTBOM IepecekaeMbIX TPYHTOBBIX C(JIOEB C [ hax
pa3nMIHBIMU J'II/ITOJ'IOI‘I/IGIZI, TUAPOreosorueit, MHXeHep- T1€ Syonepces — TUTONIAJI TIOTIEPEUHOTO CEUEHIS COOPYIKe-
HO-TeO0JIOTMYECKMMM CBOJCTBaMM Ha 1 M HaubOJbIIEro Hust, M3 T, — HauGONbIIMiA raGapuT COOPYKEHWS, M

rabaputa COOpYyKeHUs: (HarpuMep, TIyOMHA BEPTUKAIbHOIO CTBOJIA, AJIMHA T1e-

c @ PErOHHOTO TOHHEJIS, JTMHA CTaHIMMN).
il 4. 06bem coopykeHus X,.
X, = =1 R KonnyecTBeHHBIV TPU3HAK, KOTOPBIV XapaKTepusy-
., I hax ) eTcsl 3aHMMaeMbIM OOBEMOM COOPY)KEHUSI B TIOPOITHOM
rme >4 — CyMMa IepeceKaeMbIX Pas3IN4HbIX Teooru- MaccuBe 10 Hapy>KHOMY KOHTYpY:
YeckVX C10eB (4, — OTHeNbHbI TeoIOrMYecKuil ClIoii), X =V @)
mT. (OIpenesnsieTcss JAaHHBIMM TeOJIOTMUYEeCKOro paspesa 40 coop?
y4yacTtka mMHum); I' . — HauboIbImii rabapuT coopysKe- e Vi, — 00beM, KOTOPBIii 3aHMMAET COOPY)KeHMe B I10-
HUSI, M (Halpumep, Ty61Ha BepTUKAIbHOTO CTBOJIA, IJTH- POSHOM MacCyuBe 110 HAPY)XHOMY KOHTYPY, M°.
Ha MTeperoHHOro TOHHeJIS, IIMHA CTaHI[UN). 5. IIpocTpaHCcTBEHHOE NONO0KeHue X;.
2. CTeneHb HapyLIEHMsI L€IOCTHOCTHM AHEBHOJ KauecTBeHHbI NMPU3HAK, KOTOPBIi XapaKTepU3yeTcs
NOBepXHOCTH X,. TTOJIOKEHVEM LIEHTPAJIbHOM OCH COOPY>KEHMS B ITPOCTPAH-
KonuuecTBeHHbIi IPU3HAaK, KOTOPBI XapaKTepu3y- CTBe MOPOJTHOTO MaccuBa (BepPTUKAIbHOE, TOPU3OHTAb-
€TCsI TUIOMIA/IbI0 BCKPBITHS 3eMHOI IMOBEPXHOCTU HoOe, HaKHOHHoe) n nuMmeert FEOMeTpI/I‘{eCKI/If/'I CMBICII.
B Ins ompeneneHnss BOSMOKHBIX 3HAUE€HUI MpU3Ha-
X, = Ssexpam ) KOB PacCMOTpPEHbI COOPYKeHMsI METPOIOIMUTEeHA TOpoda

e S,.p.q — IVIOMAAb BCKPBITHSI 3€MHOM MMOBEPXHOCTYU MoOCKBbBI, PacIoNOKeHHbIE Ha YEThIPEX MTPOEKTHUPYEMBbIX,
B IIpoIlecce BO3BeAEHMUs COOPYKeHMsI, M* (OTpemesnseTcst CTPOSIIIIUXCST U TIOCTPOEHHBIX yUacTKax JMHUI MeTKOTo

TeXHOJIoTHelk). " TTyGOKOTO 3ayiokeHus (puc. 2). Bcero Bei6pano 40 co-
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1 - yuactok Kanunnncko-Connuenckoit muaun (ct. «ITapk ITo6empr» — ct. « ConHIeBo»)

2 - yuactok Ap6arcko-IlokpoBckoii muann (ct. «ITapk ITo6egpr» — cT. «CraBsaHCKMII OyIbBap»)

3 - yuactox KommyHnapckoit muanu (ct. «Ymuma HoBaropos» - cT. «CeBacTOMOMbCKIIT IPOCHEKT»)
4 - ygactok Kanununcko-ConHieBckoit tuHuu (1. «/IemoBoii eHTp» — cT. « TpeThAKOBCKas»)

Puc. 2. TIpoCTpaHCTBEHHOE TIONOKEHVE aHATU3UPYEMBIX YUACTKOB JIMHIU METPOTIONUTEHA I. MOCKBBI
Fig. 2. The spatial position of the analyzed sections of the Moscow metro lines
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Ta6muua 2 / Table 2
3HaYeHMs MPU3HAKOB TUIIOJIOTMYECKOI KiIaccuburamyuy (Ha MpuMepe COOPY>KeHMit MeTponoanTeHa r. MOCKBBI)

Values of the typological classification parameters (as exemplified by Moscow metro structures)

Ne CoopyskeHne OGo3Hauenmne | X, X, X; X, X,

1 |CrBon 1. 463 (cT. «ITapk ITo6empr» — cT. «CliaBsiH- C1 0,2721 | 268,6663 | 0,7716 | 4168,6444 | BepTuKajibHOE
CKMit GyIbBap»)

2 |CrBon 111. 463a (cT. «ITapk ITo6embi» — cT. «Cra- C2 0,2920 | 268,6663 | 0,4548 | 2134,2244 | BepTukaabHOe
BSIHCKMI1 OYyJIbBap»)

10 |CtBon BIUI (cT. «ARameMuyeckas» — CT. «CeBacTo- C10 0,2712 | 268,6663 | 0,9613 | 3346,2588 | BepTukasbHOe
TIOJIbCKUIA TIP-T»)

11 |TleperoHHbI TOHHEb CT. «<PaMeHKU» —CT. «JIo- 1 0,0025 1001 0,0233 | 343359 |Topu30OHTaIbHOE
MOHOCOBCKMII IIP-T»

12 |IleperoHHbIli TOHHEND CT. «JIOMOHOCOBCKMUIA TIp- 112 0,0015 1013 0,0104 | 77008,5 |TopuzoHTaIBHOE
T» — CT. «MUHCKasI»

20 |[TeperoHHBIIT TOHHEb OT CT. «/JOPOTOMMUIIOB- 1110 0,0019 |268,66625| 0,0268 | 29757,78 |[opu30OHTaIbHOE
cKas» 1o cT. «[Imomyxa»

21 |Cranuus «Ynuia Ctpoutesneii» 01 0,0101 7400 1,6216 113664 |Topu3oOHTaIbHOE

22 |Cra”Hums «AKageMmuuecKkas» 02 0,0218 6875 1,7455 105600 |Topu3oHTaIbHOE

27 |CraHuust «JIOMOHOCOBCKMIT ITPOCITEKT» 07 0,0156 7856 1,658 135600 |Topu3oHTaIbHOE

28 |Cranuus «BonmxoHka» 31 0,0165 | 268,6663 | 1,2178 |71460,8000 | Topu3oHTaNbHOE

29 |Cranums «Ilmommuxa» 32 0,0161 | 208,5667 | 1,1895 |73160,0000 | Topu3oHTa/NbHOE

36 |BenTkamepa (cT. «IIapk [To6embi» — cT. «CaBsIH- 39 0,0732 | 122,6563 | 1,3833 | 2325,3663 |[opu3oHTaIbHOE
CKUit 6.-p»)

37 |3ckanaTOpHbIV TOHHENb CT. «<BomxoHKka» o1 0,1400 400 1,5240 | 3808,1331 HaxknoHHoe

40 | DcKalaTOPHBIN TOHHEND CT. «I1apk [To6embi» 24 0,1328 400 0,5953 | 9748,8208 HaxnonHoe

X,
0,5
Ollllllllll ——m - 5 E mE

C1 C2 C3 C4 C5 Co6 C7 C8 COCI101I1I12 IT3 114 II5 I16 I17 I18 TI9I11001 O2 O3 04 O5 06 O7 31 32 33 34 35 36 37 38 39 31 92 33 24

X
10000

2
L
0 - m om om o om o om o= B - -

C1 C2 C3 C4 C5 Co6 C7 C8 COCI01IT1 112 TI3 14115 IT6 I17 I18 TI9I11001 O2 03 04 O5 06 O7 31 32 33 34 35 36 37 38 39 91 22 93 24
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2
1 AENRRARRRAR RN
NEFEE RN 11 il 111

C1 C2 C3 C4 C5 Co6 C7 C8 COCI0IT1 112 TI3 14115 Il6 I17 I18 TI9I11001 O203 04 O5 06 O7 31 32 33 34 35 36 37 38 39 21 92 93 54
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Puc. 3. lnarpammbl Ipu3HakoB X, —X;
Fig. 3. Diagrams of X,-X, parameters

56


https://mst.misis.ru/

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FTOPHbIE HAYKU U TEXHOJ1I0I'MU
2021;6(1):52-60

OpY’KeHUI1: BepTUKaIbHbIEe CTBOJbI, 3CKAJIATOPHbIE TOH-
HeJl), IeperoHHble TOHHEe/!, CTAaHLMOHHbIe COOPY)KeHMS.
PaccunutanHsle o dopmynam (1)—(4) 3HaueHUsT IpU3HA-
KOB CBeJleHbI B Ta0OJI. 2.

B 1mensax npenBapuTenbHON MPOBEPKU TIPeNIIoNoxKe-
HMS O HUIMUUY XapaKTePHBIX TUIIOB COOPY>KeHMIA ITOCTPO-
MM CTOIOUAThIE JUarpaMMbl TpU3HAKOB X, —X; (puc. 3).

W3 pucyHKa BULHO, YTO B COBOKYITHOCTU COOPY>KEHUI
BBIZIEMSIIOTCSI HECKOMIBKO TPYIN B 3aBUCUMOCTU OT TIPU-
3HaKka. OgHaKO HYKHO LIeJIOCTHOE pa3feneHle Ha OCHOBa-
HUY BCEX MPU3HAKOB. B Teopum KiaccubmKrammm BbIgessi-
I0TCSI TPY MO06/IaCTH : KiTacTepu3sanys (KiacTep-aHaans)
M TPYIIMUPOBKA, CTATUCTUUYECKMUIT aHAIM3 Kiaaccuduka-
LV, IUCKPUMMHALMS (IVCKPMMMUHAHTHBIN aHanus) [19].
Is ueneil Hallero MCCAeOOBaHMUS MPUMEHUM METOZbI
knacrepHoro aHanmsa [20]. ITociegoBaTenbHO TPOBEAEH-
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Hasl KjacTepusaiusi ¢ UCIoJb30BaHMEM IIPOrPaMMHOTO
KoMILIeKca Statistica ¢ aropuTMom o6beaMHeHUS «Om-
KAl cocel» M eBKIUIOBOJM METPUKOI ITOCTPOeHMUS
PaCCTOSTHUIT MeXAYy OObeKTaMy I0Kasajia, UYTO JaHHbIe
CTPYKTYPHO HEIJIOXO pa3fiesieHbl Ha MSTh OCHOBHBIX KJla-
crepoB. [Ipu ypoBHe cxokecty mpubnusureabHo 0,42 Xo-
POIIIO OTHEIeHbI IISATh TPYIIIT 06HEKTOB Ha A€HIPOTPaMMe
(puc.4): (11-20); (21-27); (37-40); (1-10); (28-36). [laH-
Hble T'PYIIIbI COOTBETCTBYIOT 0003HAUEHMSIM HaOIIome-
Huit C1-C10, IT1-1110, 01-07, 31-39 u 31-34 (tabmn. 2).
[Tpu atom rpynmna C1-C10 coOoTBETCTBYeT BePTUKAIbHBIM
crBosiaMm, IT1-IT10 — ropu30oHTaIbHBIM [IEPETOHHBIM TOH-
HensaM, O1-07 — cTaHIMSIM MEJIKOTO 3aJI0KEHMSI, COOPY-
’KaeMbIM OTKPBITBIM CII0CO60M, 31-39 — cTaHIMSIM IITy-
6GOKOT0 3aJIOKEHMSI, COOPYKAEeMbIM 3aKPBITHIM CIIOCOO0OM,
21-34 — 3cKaaTOPHBIM TOHHEJISIM.

Henpporpamma crparernu bivoxaitmmii cocep

0,86 T
0,75 1
=
E 0,64
£
§ 0,53
2
o 0,42 1
[S)
4
z 0,32 A
g
ﬁ-‘ 0,21
ol L -
_O)OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
HINOONNFRNODONN—MNINHOND AN NLNOHOWODSAD HONDN—00DALN N
— HreA AT N A AN AN ANANANANANANNO NN NN AN NN <H NN —
Puc. 4. I[eH)lporpaMMa C BbII€JIEHHBIMMU Ky1IaCTe€paMm
Fig. 4. Dendrogram with distinguished clusters
I yposenn 1I yposenn 111 yposenn IV ypoBenn
Kpurepnit Kpurepnit Kpurepnit Kpurepunit
Ne | Haumenosanune Ipynma Ne | HammenoBaHme | Ipynma Ne | Hammenosanme | 'pynma | Ne | Haumenosanue | I'pynma
BepTukanbHblil CTBOI
TopusonTanbHbIN
(TIeperoHHbIIT) TOHHETIb
Coopy»xeHne
CTAHI[VIOHHOTO U
JIOIIOTHUTE/IBHOTO
Ha3HAYEeHUs MEJIKOTO
3aJI0)KeHUA
. Mo Ty (OTKpBITHII C1IOCO6)
COOpy>XeHMs Coopyxenne
CTaHLIMOHHOTO U
IIOTIOTHUTENIBHOTO
HasHaYeHNs I7Ty6OKOro
3aJI0)KeHUs
(3aKpBITHII CIIOCO6)
HaxknoHHbIT
(9cKamaTOpHBIN) TOHHEIb
Tlo xapakTepy
2 NIPpOUCLIECTBUA
ITo Bupy
3 Tlo xapakTepy 3.1 Hedopmarym
ﬂpOﬂBHeHI/IH 3 2 Tlo BMJIY
. paspymeHus
4 ITo mecty 4.1 ITo Touke
NpOAB/IEHUA . JIOKa/IM3auum

Puc. 5. O6mas dopma kinaccudurauyy (Ha mpumepe KiaccubuUKauy MposiBIeHST PUCKOBBIX CUTYaI[Mii)

Fig. 5. The classification general form (as exemplified by the classification of hazard materialization)
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TakuM 06pa3oM, BBIIOJIHEHHBIN KJIACTEPHBIN aHa-
JI3 TIOATBEPXKAAeT Hajuuye XapaKTepPHbIX TUIIOB COOPY-
SKeHUI MeTporonuTeHa. B Tabn. 3 mpecTaBieHa TUIIO-
Jormnyeckasi kiaccuduranyss (TUIIONIOTUS) COOPYKeHUI
MeTPOTIO/INTEHA.

Ta6muua 3/ Table 3

Tunonornyeckas kiaccuuranys (TUIIOIOTHS)
COOpY)XKeHMI1 MeTpPOIIo/IMTeHa

Typological classification (typology) of metro structures

Beptu- | Topuson- | CoopyxkeHne | CoopykeHue | HakioH-
KaJib- | TaJbHBIN | CTAHI[MOHHOTO | CTAHUMOHHOTO |  HBI
HBI (nepe- ¥ JOTOJIHU~ Y OOMOMIHU- | (3CKala-
CTBOJI | TOHHBII) TeTbHOTO TETBbHOTO TOPHBI)
TOHHEJIb | Ha3HaueHMs | Ha3HAueHUs | TOHHeNb
MeJIKOTO 3aJI0- |  TJTyOOKOro
SKeHUST 3aI0KeHUS
(OTKpBITHIN (3aKpBITHI
C110co6) €11oco6)

VUuThIBas YCTAHOBJIEHHbIE IPUHIIUIIBI Y KPUTEPUU
KIaccudmKauyum, pacCMOTpuM 061IyI0 hopMy KIaccu-
bukanmumu Ha npumepe KiaccMDUKALMU TIPOSIBIEHUS
PUCKOBBIX CUTyaluit (puc. 5). TUIIOIOTHUSI COOPYKEHMIA
METPOIIOJIMTEeHa SBJSETCS OCHOBaHMEM (KpPUTEpUEM)
IIepPBOTO YPOBHS.

3ak/oyeHue
1. Hpe,unomeHHas{ TUIIOJIOTMSI OCHOBbBIBAETCS Ha yue-
Te OCO6€HHOCT€I7[ METPOIIOJINTEHA KaK IPUPOOHO-TEeXHN -
YeCKOJ reocucTeMbl C OJHOI CTOPOHBI, M KaK CI0XKHOM
TO03€MHOV TPAHCIIOPTHOM CUCTEMBI — C IPYroii CTOPO-
Hbl. Turomoruss cocraBiseT OCHOBY a,Z[aHTMPOBaHHOVI
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KJIaccuOUKALUM TeOTeXHUUYECKUX PUCKOB IIPU CTPOU-
TeJbCTBE OOBEKTOB METPOITONIUTEHA, KOTOpasl OymeT uc-
MO/Tb30BaThCSl B METOIMKE aHaIM3a pMcKa Ha OCHOBAHUMU
9KCIEPTHO-CTATUCTUUECKOTO ITIoaxoma Ipu (hopMupo-
BaHMM mMGpa PUCKOBON CUTyaluuu B MHPOPMAIMOHHO-
QHATUTUYECKOM apXyMBe PUCKOB U UAEHTUOUKALIUN PU-
CKOB IIPU 3KCMHEPTHOM o1jeHKe [21].

2. TUIoMoTMsI pacCMaTpUBAET COOPYKEHMUS MEeTpPO-
TTOJINTEHA He TOJbKO C MO3UIUU UX (YHKIMOHATHLHOTO
Ha3HaueHMs IOCIe BBOAA B IKcIUTyaraiuio. OHa yum-
THIBA€T IMHAMMUUECKYIO TPUPOAY Ipollecca CTPOUTENb-
CTBa IOA3EeMHOI0 00bEKTa, M3MeHeHMe ero QyHKINI Ha
Pa3IMYHBIX CTAOMSIX KM3HEHHOTO LMKia. Takoil moaxon,
COOTBETCTBYET 3a/a4aM YIIPAaBJIeHUsS Te0TeXHUUIEeCKUMU
pPUCKaMM, TaK KaK HaJuMuMe JaHHBIX PUCKOB OIpemess-
eTCs KaK HeOTheMJIEMBIN 3JIEMEHT IPOoIlecca CTPOUTETb-
CTBA MOJI3€MHOTO COOPYKEHMS.

3. Vicxodst U3 TUIIONOTUM OYOYT ONpPemesiTbCsS PU-
CcKoobOpasyiolie (paKkTopbl, MPOSBAEHNUST PUCKOBBIX CUTY-
aIuii, MoCaeICTBUS MPOSIBIEHNI, a TaKke (GOpMUPOBATH-
¢s1 KimaccupUKAIMOHHbIE TPYIITbI KPUTEPUEB CeAYIOMINX
YPOBHE. ITO MTO3BOINUT 60JIe€ TOUHO TPOV3BOAUTD UEH-
TUGUKAIMIO ¥ TTPOTHO3 BO3MOKHOTO Te€OTEXHUUECKOTO
pucKka, rmogoupath Hambojaee 3(PGheKTUBHbIE MepOIpu-
SITUS TI0 €T0 MMHMMM3AIMK, OIPeIessiTh MaKCYMaTIbHO
TIpMieMJIEMbIi pasMep yinepoba.

4. TlpenioskeHHas TUITOJIOTUS COOPY>KeHUIA METPOTIO-
JAUTeHA aKTyaJbHA I BKIIOUEHUSI B 06pa3oBaTesbHbIe
MIPOTPaMMbI ITOATOTOBKY FOPHBIX MHIKEHEPOB U PUCK-Me-
HeIKepoB i1 (OPMUPOBAHMUSI HEOOXOAMMBIX KOMIIE-
TeHIIVIi B 06JIaCTM YIIPABIEHNST PUCKAMM ITPU KOMITIEKC-
HOM OCBOEHMY TOJI3€MHOTO ITPOCTPAHCTBA FTOPOIOB.
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