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Summary. The subject of research presented in the article is geomechanical processes that create risks in the
underground mining of minerals for the extraction of solid minerals. The aim of the work is to analyze the geomechanical
factors that create risks in the construction and operation of underground workings in complex mining and geological
conditions, development and classification according to the degree of impact on the safety of mining. In the paper, the
methodological approach is used, which is recommended recommended by regulations widely used in a number of
highly developed countries, in particular, the British standard "OHSAS 18001", which implements the current risk
assessment and continuous correction of actions in accordance with the Schuhart - Deming PDCA cycle, as well as
national standard DSTU IEC / ISO 31010: 2013 developed on the analysis of the european experience. Based on our
own experience, a number of the most well-known geomechanical factors that create risks during the construction and
operation of mine workings have been identified. Among them: depth of mining, geometric parameters of underground
working, rock pressure, physical and mechanical properties of rocks, service life of underground working, type of
support, hydrogeological structure of the massif, susceptibility to dynamic and gas-dynamic phenomena, stress-strain
state of the massif, etc. These factors were classified according to the degree of risk. The factors are indicated, which
require constant monitoring and development of special measures and their implementation in the production process in
a limited period of time. The factors are separately highlighted, which affect the safety and economic performance of
mining enterprises, but belong to the categories of "moderate” or "insignificant”, and therefore require periodic monitoring
and evaluation with further development of planned measures to eliminate or reduce them. Purpose of the work is to
improve safety of miners. This technique is universal. It can be used to assess the operational reliability of engineering
facilities under the significant influence of unstable factors of natural origin.
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Introduction. Occupational safety remains a painful issue for miners. For
example, in Ukraine, despite the fact that a number of important legal documents
were modernized over the past two decades to reduce accidents, almost 50 miners
were died in coal mines in the last 5 years. In the world practice, a risk-oriented
approach is used since the middle of the last century to ensure the functioning of
high-risk facilities. The first full-scale practical application of the risk-oriented
approach was received in 1949 in the US military industry in the form of the so-
called FMEA (Failure Mode and Effects Analysis) analysis. [1]. At the end of the last
century, the concept of risk-oriented approach was reflected in the regulations of
advanced countries. One of the best standards in the field of labor protection is the
British standard "OHSAS (Occupational Health and Safety Management Systems
Specifications) 18001", which implements the current risk assessment and continuous
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correction of actions in accordance with the PDCA cycle (Plan, Do, Check, Act -
plan, execute, check, act) Schuhart - Deming.

In Ukraine, the corresponding changes in the legal framework began after 2000.
The Law "On High-Risk Facilities" was adopted [2], for the practical implementation
of which a methodology for determining risks and acceptable levels for declaring
high-risk objects has been developed [3]. Based on the analysis of European
experience, the basic national standard DSTU IEC / ISO 31010: 2013 was developed
and approved. "Risk management. Methods of general risk assessment " [4].

Unfortunately, the promotion of a risk-oriented approach in the mining industry is
extremely slow. The main reason for this is the lack of a clear grouping of negative
natural, man-made and production processes and their classification according to the
degree of impact on the safety of the production environment. This is especially true
for risks associated with factors of geomechanical safety in mine workings, which is
determined by awareness of the state of the production environment and properties of
the rock mass, controllability and predictability of thermo-gas dynamics of the
environment and geomechanical processes associated with the interaction of the rock
massif with excavation cavities, mine support lining and security structures. The
problems are exacerbated by the intensification and concentration of mining
production, with increased depth of operations and deterioration of geological
conditions of mines. The purpose of the work is: to perform the classification of
geomechanical factors that create risks in the construction and operation of
underground workings in difficult mining and geological conditions.

Methodology. The methodical approach recommended in two documents is used
in the work. The first is a manual for the identification and assessment of
occupational risks in the workplace, developed by experts from the Technical
Research Center of Finland (VTT Technical Research Center of Finland). [5]. The
second is a guide to occupational safety management systems of the British Institute
for Standardization [6]. Both documents are widely implemented in a number of
European and American countries, have shown their effectiveness and efficiency.

Results and discussion. The main geomechanical factors that affect the technical
condition of mine workings and safety of mining operations include:

- at the stage of construction construction - rock pressure, depth of development,
physical and mechanical properties of rocks, the tendency of the rock mass to exhibit
dynamic and gas-dynamic phenomena, structural-geological and hydrogeological
features of rocks and massif, geometric parameters of development, etc .;

- at the stage of operation, these factors are added by the following factors -
service life, type of mine lining and its technical feasibility, rheological properties of
rocks, influence of the neighbour excavations and clearing works, character of
formation of a stress-strain state around mine working face, etc.

The nature and magnitude of the influence of each of the geomechanical factors
on the state of production are different. It can be assessed by using the concept of
risk, which is a measure of the safety of production, because it very well combines
the probability of damage caused by the danger, and the possible extent of this
damage. We emphasize that the purpose of risk assessment is to increase the level of
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occupational safety while maintaining economic indicators of production, and the
ultimate goal is to use risk management to reduce or eliminate the impact of those
hazard factors. By risk assessment we mean the identification of hazards, determining
their magnitude and significance. It is necessary to take into account not only adverse
events and accidents that occurred earlier, but also dangers that did not cause
negative consequences. That is, the risk assessment should identify the hazard before
it leads to an emergency or an accident.

For risk assessment which really lead to increased production safety, it is
necessary, first of all, to determine the priorities of production safety. The most
effective measures are the complete elimination of possible dangers. As such
conditions are often impossible to meet, it is necessary to assess the effectiveness of
measures and to organize constant monitoring of risks and interaction of workers
with the production environment, in our case it is an underground geotechnical
system.

As there is too many main geomechanical factors that influence a technical
condition and safety of mining operations, it is necessary to rank them by their
impact. It is impossible to eliminate all hazards at the same time, so measures to
eliminate them should be planned in an order appropriate to the degree of risk. We
emphasize that, depending on the type of geomechanical factor, it is necessary to
determine the amount of risk in the time period from the moment of direct control to
the empirically-determined maximum allowable timespan. Empirical data is given in
Table. 1.

Table 1 — Approximately allowable time for determining the magnitude of the risk from the
moment of direct control (forecast) of some geomechanical factors

Permissible time for determining
risks from the moment of control
(forecast)

Geomechanical risk factor

Depth of mining development

Geometric parameters of excavation site

Rock pressure

Physico-mechanical properties of rocks

Time lenght of underground excavation site in service use
Type of excavation site lining fastening

Structural and geological characteristics of the massif

Until the project work is completed

Hydrogeological features of the massif

Rheological properties of rocks

Predisposition to dynamic and gas-dynamic phenomena

From 1 week to 1 month (depending
on the rate of progress of mining
operations)

Properties of excavation site lining fastening

Impact of adjacent mining operations

Loss of bearing capacity of excavation site lining

From 1 to 3 days (depending on the
rate of progress of mining

Risk of dynamic and gas-dynamic phenomena

fastening operations)
Stress-strain state of the massif

Formation of stratifications and cutter breaks in the mine

ceiling 1 shift
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There is a quantitative characteristic of a risk determined by the probability of
hazardous event and severity of consequences which it causes. The hazardous event
could produce effects ample in amount and different by degree of impact. The
aftermath itself is the criterion for the size of the risk. If necessary, a total value can
be determined by several different effects. For example: the nature of the caused
damage (significant, insignificant), the extent of the consequences (how many
persons have suffered from some of them, what is the size of the material damage),
the periodicity of harmful factor is available or is not available, the duration of
harmful factor (short, long) Probability and severity can be assessed by various
methods, for example, by no6aButh using the data from Table. 2 [5].

Table 2 — Criteria for determining the severity of the event

Criterion Signs of seriousness of consequences
Insignificant The event causes a shprt—term 'illness or health disorder that does not involve the
need of medical attention. Possible absence from work for up to three days
Moderate The event caused significant and lasting consequences. Medical assistance is

assumed. It leads to absence from work from 3 days to 30 days

The event causes permanent and irreversible damage. Provides inpatient treatment
Severe and causes absence from work for more than 30 days. For example, serious
occupational diseases, permanent disability or death

The probability of an event is influenced by many explicit and implicit factors.
The most common of them are: frequency of adverse effect, duration of adverse
effect, ability to predict in advance or prevent the influence of adverse effect. It is
impossible to give clear instructions on the extent to which events are likely to occur.
There are, however, some general instructions for determining the probability of
adverse event, for example, using the criteria given in Table. 3 [5].

Table 3 — Criteria for determining the probability of an event

Probability of the event Signs of the probability of an event
Small Sometimes and irregularly
Average From time to time, but irregularly
High Often and regularly

Absolute accuracy cannot be achieved in determining severity of the consequences
nor in the probability of events. Therefore, in determining the levels of risks, their
absolute values are not so much important as the differences between different risks
in the levels of probability and severity of consequences.

The magnitude of the risk can be determined in different ways. One of the most
common is the method regulated by the British standard BS 8800: 2004 [6] and is
shown in Table 4.

In the table three levels of severity of consequences and three levels of
probability of harm are shown. First the severity of the consequences, caused by the
situation, using three different positions in the top row of the table is determined, and
then the probability of damage is estimated using the first column. The value of the
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found level of risk is at the intersection of the three selected areas. Risk values vary
from the minimum value (1 - insignificant risk) to the maximum (5 - unacceptable

risk).

Table 4 — The magnitude of risks, according to the standard BS 8800: 2004

- Effects
Probability insignificant moderate serious
Small Insignificant risk Low risk Moderate risk
Average Low risk Moderate risk Significant risk
High Moderate risk Significant risk Unacceptable risk

The decision on the significance of risks means their delimitation in which small
risks are separated. Elimination of all risks is not always possible. Therefore, at the
beginning, the risks are identified, for which measures are taken in the first place.
Then the measures are extended to other risks, understanding that the goal is to
eliminate or minimize the effects of risks.

The approximate limit of the measures can be the difference in the amount of
risks (Table 4). If the value of the risk is 1 or 2, it does not involve implementing

measures. If the risk values are 3, 4 and 5, the risk should be minimized. The limit of
measures 1s given in Table. 5.

Table 5 — The need for countermeasures

- Effects:
Probability insignificant moderate serious
Small Insignificant Insignificant Moderate
Average Insignificant Moderate Significant
High Moderate Significant Urgent

The sequence of activities can be determined by using the data in Table. 6.

Table 6 — Significance of risk and decision on the need and sequence of measures

Magnitude of
the risk

Risk mitigation measures

Insignificant risk

The risk is so small that no action is required

Low risk

Measures are not mandatory, but the situation must be monitored so that the
risk is manageable

Moderate risk

Risk mitigation measures are needed, but they can be planned and carried out
exactly on schedule. If the risk causes serious consequences, it is necessary to
determine the probability of the event more precisely

Significant risk

Risk mitigation measures are mandatory and should be initiated immediately.
Work under risk condition must be stopped immediately and cannot be
resumed until the risk is reduced.

Unacceptable
risk

Risk response measures are mandatory and should be initiated immediately.
Work under risk condition must be stopped immediately and cannot be
resumed until the risk is eliminated.
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A simple way to visually display the results of the level assessment is a risk
profile. The risk profile refers to the cross section of the set of risks. Profiles can be
made in different ways, for example, by type of risk according to the number of
hazards, or the magnitude of risks, or the relative parts of different types of risks of
all identified hazards.

With the help of the risk profile it is possible to determine the priority directions
of labor safety development or the most important objects for measures. The longer
the profile, the more risk factors it meets. Therefore, measures should be started in
places where these hazards are identified.

The significance of the risk can also be determined based on the search for joint
risks. Joint risks are those which are characterized by the same hazards and are
manifested in different workplaces (areas of the massif, mine workings, etc.).

For example, those are dangers associated with the operation of various
machines and mechanisms, the characteristics of the massif, problems related to the
method of management, and so on. In general, the significance of general risks is
very high, as they affect the operation of the entire geotechnical system, so one
measure can increase the security of the entire facility.

In addition to general risks, there are special risks in many work areas or
workplaces. Special risks are understood as risks of very high level or risks with
special dangers concerning only the controlled object. To determine the significance
of special risks and develop measures, additional actions are needed, which are
performed with the help of highly qualified specialists.

The purpose of risk assessment is to select the most effective measures to
improve working conditions and safety. The idea of risk assessment is to use the
amount of identified risk to plan activities. Reducing or eliminating high levels of
risk should be a priority in the implementation of measures. Risk management is used
to reduce or eliminate risk levels. The purpose of risk management is to prevent harm
and minimize damage from harm. In this case the criterion of the effectiveness of
measures to reduce risks should be searched for.

The effectiveness of the measure can be assessed according to the following
criteria [5]:

- increasing the level of security (the more effective will be the reduction of the
highest risks, the more effective the measure will be);

- breadth of impacts (the more risks or the safety of more people are under the
action of the measure the more effective it is);

- compliance with the requirements (if the measure will bring the case in line with
the law, it should be considered as complied with);

- adding flexibility of work (if due to the measure the flexibility of work has (is)
increased, it should be performed, although the impact on occupational safety is
small);

- cost-effectiveness (best measures are not necessarily expensive, often with very
small improvements or significant results are achieved free of charge).

Measures according to their importance and difficulties are divided into four
classes:
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- A - easy and important (measures with significant effect, they should be
performed immediately);

- B - difficult but important (the measure is more difficult to be implemented than
in point A, but it should be done due to its importance. The work, however, must be
well planned and more cost-effective way to solve the problem should be found);

- C - easy but not important (the measure is not very important, but is easy to
implement. Small improvements must be implemented);

- D - difficult and unimportant (too difficult measures should not be taken if the
effect obtained from them is small. The situation, however, should be monitored and,
if necessary, a new assessment should be made).

Schematically, this is shown in Fig. 1, borrowed from work [5].

Easy and many benefits. Difficult, but many benefits.

© Everything is fine at once! Find out the better way to work

g AlB

[4+]

=

=]

E-' C|D

= Together small things provides a Does not involve measures.
benefit. It should be done! Monitor the situation!

Complexity

Figure 1 — Assessment of the importance and complexity of the measures [5]

By using modern methods of risk assessment in production, categories and
criteria for their assessment, as well as our own experience in the field of observation,
study and monitoring of geomechanical processes occurring in the underground
geotechnical system for extraction of solid minerals, the classification of
geomechanical factors was proposed with taking into account operation of
underground workings in difficult mining and geological conditions (Table 7).

Conclusions. Thus, the following well-known geomechanical factors that create
risks during the construction and operation of mine workings can be identified as the
most significant: dynamic manifestations of rock pressure in the form of rock shocks,
gas-dynamic phenomena in coal mines, loss of bearing capacity of mine lining which
can be "instantaneous", and also formation of stratifications and cutter breaks in the
mine mine roof leading to both single, and to mass collapses of a mine roof. The
validity of technical parameters, passports and technology of fastening construction
in all underground workings is also essential.

These factors require constant monitoring and, if detected, the development of
special measures and implementation in the production process during a limited
period of time.

All other geomechanical factors undoubtedly affect the safety and economic
performance of mining enterprises, but belong to the categories of "moderate" or
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"insignificant", so they need only periodic monitoring and evaluation with further
development of planned measures to eliminate or reduce them.

Table 7 - Classification of the main geomechanical factors according to risk criteria

. Seriousness of | Probability The magnitude | The necessity
Geomechanical . .
risk factor factor occurrence of | of risks, acc. to for applying
influence the event BS 8800:2004 of measures
Depth. of  mining Moderate Likely Moderate Moderate
operation
Geometrlc. pgrameters Insignificant Small Insignificant Insignificant
of excavation site
Rock pressure Moderate Likely Moderate Moderate
Phys1cqmechanlcal Moderate Likely Moderate Moderate
properties of rocks
Time length of
underground excavation | Moderate Likely Moderate Moderate
site in service use
Typ ¢ of cxcavation site Moderate Small Small Insignificant
lining fastening
Structural and
geological . . .
characteristics of the Insignificant Small Insignificant Insignificant
massif
Hydrogeological .
features of the massif Moderate Small Small Insignificant
Rheological - properties Insignificant Small Insignificant Insignificant
of rocks
Predisposition to
dynamic and  gas- | Serious Likely Significant Significant
dynamic phenomena
Properties of excavation . . Moderate / Moderate /
site lining fastening Serious Small / Likely Significant Significant
Irgpgct of ' adjacent | Insignificant / Small Insignificant / Insignificant
mining operations Moderate Small
Loss of bearing
capacity of excavation | Serious Likely Significant Significant
site lining fastening
Stres§-stra1n state of the Moderate Likely Moderate Moderate
massif
Formation of
stratlﬁcat‘lons and cutfter Serious Likely Moderate Significant
breaks in the mine
ceiling
Risk of dynamic and
gas-dynamic Serious High Unacceptable Urgent

phenomena
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AHorauis. MpegmeT focnimKeHb - reOMeXaHivHi NpoLecy, WO BiabyBatoTbCs B MACKBI MPCbKIUX NOPid i Mig3eMHUX
MipHMYMX BUPOOKaX LaxT 3 BUOOOYTKY TBEPAMX KOPUCHMX komanuH. MeTot poboTu € aHanis reomMexaHivyHux akTopis,
SIKi CTBOPIOIOTb PU3MKW MPW CNOPYIKEHHI | excnnyaTayii nin3emMH1x BUPOBOK B CKNALHNX MPHUYO-Te0NOrivyHMX YMOBaX, Ta
iX knacudikauist 3a CTyneHem BNnMBY Ha Ge3neky ripHM4oro BUpoBbHMLTBa. B poboTi BUKOPUCTAHO METOANYHWIA MigXig,
WO PEKOMEHA0BaHUI HOPMATUBHUMM OOKYMEHTAMW, SKi LUMPOKO BMKOPUCTOBYKOTLCS B PSdi BUCOKOPO3BMHYTUX KpaiH
CBiTYy, 30KpeMma, OputaHcbkuii cTaHaapt «OHSAS 18001» (Occupational Health and Safety Management Systems
Specifications), B skoMy peanisaoBaHO NOTOYHE OLHIOBAHHS PU3NKY Ta MOCTIMHA KOPEeKLUist fiit y BiBMOBIGHOCTI 3 LMKIOM
PDCA (Plan, Do, Check, Act) LyxapTta — [lemiHra, a Takox po3pobrieHuit Ha OCHOBI aHaridy eBpONeNcbKoro Jocsiay
HaujoHanbHuin ctaHgapT OCTY [EC/ISO 31010:2013 «KepyBaHHsi puankom. MeTogu 3aranbHOro OLiHKOBAHHS PUSKKY».
Ha nigcTasi BnacHoro [ocsigy BUAINEHO psih HanGINbLU BIGOMMX reOMexaHiYHuX (hakTopiB, LU0 CTBOPKOKTL PUNKK Mif
yac CnopymxeHHst i ekcnnyaradii ripHuumx Bupobok. Cepeq Hux: rnnbuHa po3pobku, reoMeTprUYHI napameTpu BUPOOKY,
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MPCbKWA TUCK, (Pi3nKO-MexaHiuHi BNacTMBOCTI MOpid, TEPMiH ekcnnyaTauii BUPOBKW, TUN KPIiNfeHHs, rigporeonorivyHa
OynoBa MacuBy, CXUMbHICTb 40 OMHAMIYHUX | ra30AMHAMIYHNX SIBULL, HaMPYXeHO-1edOPMOBAHWIA CTaH MAcuBy TOLLO.
BukoHaHo knacudikallio uyx dhakTopie 3a CTynHeM puanky. BkasaHi dhaktopu, o noTpebytoTb NOCTIMHOTO MOHITOPUHIY
Ta po3pobKy cnewianbHUX 3aX0aiB i BTINEHHS iX y BUpOBHWUYMIA NpoLec B 0BMexeHnin NpoMixkok Yacy. OKkpemo BULINEHO
thakTopw, siKi BNIMBaKTb Ha ©Ge3neky i eKOHOMIYHI MOKa3HMKM pobOTY TipHMYOLODYBHMX MiANPUEMCTB, ane BigHOCATLCS
[0 KaTeropin «momipHux» abo «HesHayHux», TOMy NOTPebyTb NEPIOAMYHOrO KOHTPOMI Ta OLUiHKM 3 MOAanbLUO
PO3POBKOK NNaHoBMX 3axOfiB MO iX YCYHEHHIO abo 3meHweHH0. PoboTa cnpsmoBaHa Ha niaBuLeHHs 6e3neku npaui
waxTapiB. HaeegeHa MeToguka Mae yHiBepcanbHUM xapakTep. BoHa moxe OyTu 3actocoBaHa [Ansl OLHKM
ekcnnyaTtayinHoi  HagiMHOCTI  iHXKEHEpHUX OO’eKTIB Npu  3HA4YHOMY BNNWBI HecTabinbHUX (HaKTOpIB NPUPOSHOMO
NOXOIKEHHS.

KntoyoBi cnosa: wwaxra, ripHudi BUpoOKM, reoMexaHiyHi npouecy, (akTopu pusmkis, knacudikalis 3a cTyneHem
PU3KKy, pekomeHaaujii 3 6eaneku

AHHoTauus. MNpeaMeT 1ccneaoBaHmMi, M3NOKEHHBIX B CTATbe, 9TO reOMEXaHUYeCKe NPOLECcCh, NPOMCXoAALLME B
MaccyBe ropHbIX MOPOA U MOA3EMHbIX FOPHbIX BbipaboTkax WwaxT no fobbiye TBepAbIX NoNesHbIx uckonaembix. Liensto
paboTbl SBNSETCA aHanM3 reoMexaHU4eckux (hakTopOB, CO3JALMX PUCKM NPKU COOPYXEHUM W 3KChyaTauuu
NOA3EMHbIX BbIpabOTOK B CMIOXKHbIX FOPHO-E0NOrMYECKIX YCIOBUSIX, M UX KNaccuduKkaums no CTENeHn BO3AENCTBIS Ha
BesonacHocTb ropHOro npoussoactea. B paboTe wWCnonb3oBaH METOAWYECKUA MOAXOD, PEKOMEHOOBaHHbIN
HOPMATWUBHbIMW [OKYMEHTaMM, LUMPOKO WCMOMb3yeMbIMA B PsSAe BbICOKOPA3BUTLIX CTPaH MuUpa, B 4aCTHOCTH,
OputaHckuin ctaHgapt «OHSAS 18001» (Occupational Health and Safety Management Systems Specifications), B
KOTOPOM peanu3oBaHa TekyLlasi OLEHKa pucka M MOCTOSIHHAS KOpPPeKLMs AeiCTBUN B COOTBETCTBMM C Luknom PDCA
(Plan, Do, Check, Act) Llyxapta — [emuHra, a Takke pa3paboTaHHbIi Ha OCHOBE aHanu3a €BpOMENcKoro onbiTa
HaumoHanbHeIn cTangapt ACTY IEC/ISO 31010:2013 «YnpaBnenue puckom. MeTogb! BCEOBLLETO OLEHNBAHWUS prUCKay.
Ha ocHoBaHu COGCTBEHHOrO OMbiTa BblgeneH psa Hanbonee W3BECTHbIX reOMEXaHWYecknx (hakTopoB, CO3AAMOLMX
PUCK MPWU COOPY)XEHWW 1 3KcnnyaTauun ropHbix BblpaboTok. Cpean Hux: rnybuHa paspaboTkn, reomeTpuyeckue
napameTpbl BbIpaboTKK, rOpPHOE AaBneHne, U3NKO-MexaH4eckue CBOWCTBA MOPOA, CPOK AKCMMyaTaumun BbipaboTku,
TUN KPEenwW, TMApOreosiornyeckoe CTPOEHNE MAcCWBa, CKMOHHOCTb K AWHAMUYECKUM U ra304MHAMMYECKAM SBNEHWAM,
HanpsxeHHO-4ehOpPMUMPOBAHHOE COCTOSHWE MaccuBa W T.4. BbinornHeHa knaccudukaums aTux ¢akTopoB Mo CTeneHu
pucka. YkasaHHble chakTopbl TpeOylT NOCTOSHHOTO MOHWTOPUHTA U pa3paboTky cneynanbHbIX MeponpusTUiA 1
BOMMOLWEHMS UX B MNPOW3BOLACTBEHHBIA MPOLECC B OrPaHWYEHHbIN MPOMEXYTOK BpemeHn. OTAenbHO BblAENeHbI
(hakTopbl, BNMsioWMe Ha 6e30MacHOCTb 1 3KOHOMUYECKME nokaaTenu paboTbl rOpHOAOOLIBAIOLMX NPEaNPUATUN, HO
OTHOCATCS K KaTeropusiM «yMEPEHHbIX» UMM «HE3HAYNUTENbHbIX», MO3TOMy TpebylT NepuoaMyecKkoro KOHTPONs W
OLeHKM C nocneaytoLLern pa3paboTkoi NnaHoBbIX Mep MO WX YCTPaHEHMIO U yMeHblueHunio. PaboTa HanpasneHa Ha
noBblILleHne Ge3onacHOCTM Tpyaa WwaxTepos. [NpyBeaeHHas MeToauka UMeEeT yHMBepcarnbHbli xapaktep. OHa MoxeT
ObITb NPUMEHEHa ANs OLEHKW 3KCMNyaTaLMOHHON HAAEXHOCTU UHXEHEPHbIX OGBEKTOB MPU 3HAYUTENBHOM BIUSHUM
HecTaburbHbIX (hakTOpPOB MPUPOLHOMO MPOUCXOXAEHUS.

KnioueBble cnoBa: WaxTa, ropHble BbipaboTku, reoMexaHn4eckine npoLecehl, (hakTopbl PUCKOB, Knaccuukalms
Mo CTeneHu pucka, pekomeHaaumm no 6e30nacHoOCTy.
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