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Annotation. The work is aimed at improving mechanisms for controlling the stress-strain state of large
underground mine workings with a chamber-pillar system of mining. The aim of the work is the development and
implementation of methods and special equipment for monitoring and diagnosing the state of the roof of mine workings
of non-metallic mineral deposits, which ensure long-term operation of large section chambers. Using the example of the
gypsum mine of the Siniat ALC in Bakhmut, Ukraine, the stages of development of deformation processes in the roof of
highly loaded workings are shown. The accelerated development of deformations in zones of geological disturbances is
established. The necessity of organizing integrated control of the roof of mine workings as the weakest link in the
underground geomechanical system is substantiated. The task of improving the safety of mining at the mine was
accomplished by organizing and conducting geomechanical monitoring of the state of the roof of mine workings.
Monitoring involves the provision of operational monitoring of the situation in a particular area of the mine field. This
makes it possible to implement organizational and technical solutions that exclude the occurrence of an emergency and
reduce the damage from exposure to incorrigible natural factors. To solve diagnostic problems of varying complexity,
three levels of monitoring are recommended. The effectiveness of the integrated use of visual observations, instrumental
measurements and vibro-acoustic diagnostics of the state of the roof is established. Examples of long-term monitoring of
dangerous sections of roofing workings are given. Improving the monitoring of the condition of the roof of underground
mine workings with a chamber-and-pillar system for the development of non-metallic mineral deposits allows increasing
the level of safety in the mine and preserving the environment. The development does not contradict the requirements of
national regulatory documents in the field of labor protection. Monitoring is technically and economically adapted to the
capabilities of the production structure of the enterprise. Monitoring experience can also be recommended for mines
producing anhydrite, limestone and marble.

Keywords: monitoring, diagnostics, big section chambers, deformation of the roof, gypsum mine.

Introduction. Considerable part of nonmetallic construction raw materials in the
world are mined underground. Mostly use chamber-and-pillar system of
development. Parameters of chambers of some deposits are specified in Table 1.

By the sizes, chambers belong to developments of big section. It imposes increa-
sed requirements to control of a condition of a roof of workings, especially taking
into account the insignificant depth of fields and existence on a surface of objects of
civil, industrial and agrarian function. The market value of the extracted mineral raw
materials is small. Service life of chambers is decades. Fastening of a roof of
chambers is incidental. Natural geomechanical processes in rock mass promote
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gradual decrease in stability of a roof of chambers. In the absence of control, the
caving of a roof is possible. Large accidents in gypsum mines in Nikitovka (Ukraine),
Shante-Lu (France) and Koshava (Bulgaria) are known. In zones of geological faults
mining operations provoked inrushes in a roof and on the gypsum field in Bakhmut
(Ukraine). As a result of it on the land surface pits were formed (Figure 1).

Table 1 — Chambers parameters of some building materials deposits

Country Raw materials Deposit Depth, m | Height, m | Width, m
gypsum Artemivske 70 - 100 15-18 8-11
Ukraine limestone Novo-Odesske 20 - 30 5.2 6-8
Inkermanske 20 - 30 13 8-12
gypsum Novomoskovskoye 110-130 |9-11 10-11
Russia anhydride Gorosubovskoye 130-150 |(9-14 8
marble Kibik-Kordonskoye 150-200 |12-18 8-12
: Grigoriopol 40-70 5.2 5-9
Moldova limestone Chisineu 20-100 56 3
Italy marble Carrara _ 20 - 30 8-10 4-6
Candoglia 30 - 50 18 - 22 8-10
Portugal marble Alentejo 65 - 90 10- 14 9
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Figure 1 — The pit over gypsum mine workings in Bakhmut (Ukraine)

Emergence of contingency situations in mines is promoted by the following
factors: the long life of workings, increase in total length of constantly used
workings, complication of mining and geological conditions. Necessary condition of
safety of work of mines and surrounding medium is the organization of
geomechanical monitoring of a condition of a roof of workings. Further the
developed structure of monitoring for the gypsum mine of ALC "Siniat" (Bakhmut,
Ukraine) of the international concern "Etex Group™ is given. At the enterprise, the
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European requirements to the culture of production and safety of work of miners
successfully are implemented.

The long joint creative commonwealth of specialists of the ALC "Siniat" and
scientists of Institute of geotechnical mechanics of National Academy of Sciences of
Ukraine allows in difficult mining and geological conditions to conduct profitable
operation of the deposit. Creation of a complex system of observations of a condition
of workings became one of successfully implemented projects of cooperation. Its
major element is control of a roof. It is carried out in common by specialists of the
enterprise and institute. When organizing the control, the results of monitoring at
gypsum  deposits of Russia (Kamsko-Ustinskoye, Peshelanskoye and
Novomoskovskoye) [1] were taken into account. The best methodological and
instrumental developments of other organizations are taken into account [2-7].

Preferable use of one of methods was the first flaw of the schemes of control used
earlier. The prevailing place was taken by visual inspection. Other methods were
used fragmentary and did not make a whole system.

The second flaw consisted in definition of a condition of a roof only by results of
the current diagnostics. The executed researches showed that dynamics of
development of deformation processes in a roof is crucial. At some point, the
quantitative accumulation of defects in rock mass passes into qualitative. Sign of a
dangerous state is not the absolute value of parameter, but its jump. Therefore the
following requirements were imposed to monitoring: to provide operational control
of the situation on the concrete site of the mine field; to provide a possibility of
realization of organizational and technical solutions which exclude emergency or
reduce damage from influence of ineradicable natural factors; not to contradict
requirements of national normative documents in the sphere of labor protection; to be
technically and economically coordinated with opportunities of production structure
of the enterprise.

Methods. The developed technique takes into consideration the main mining,
geological and technological situations at operation of developments and has flexible
structure. Taking into account the extensive nomenclature and continuous
modernization of technical means their concrete types were not discussed.

By the complexity level three levels of geomechanical monitoring are provided:
low, carried out on the sites by the master, the mine master, the head of the site
according to requirements of safety rules [8]; medium, carried out by service of
overseeing by excavations, including documenting of results of observation and
roughing-out of data array; high, carried out by one or several specialized
organizations with a necessary hardware on separate, particularly complex, sites of
the mine field.

Time frames of realization of monitoring provide operating, current, long-term
and specialized types of monitoring of a condition of a roof of underground
chambers. Features of their realization for different levels of monitoring in Table 2
are displayed. For different levels of monitoring a particular set of the used control
methods is provided (Table 3).



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2019. No 146 121

Table 2 - Application conditions of different monitoring forms

Type of monitoring - Monitoring level -
low medium high
Operating in shifts if necessary -
Current everyday | on the approved schedule -
Long-term - on the approved schedule continuously
Specialized - - disposable

Table 3 — Roof control methods for different levels of monitoring

Monitoring Testing methods
level basic additional
Low Visual inspection from floor of chambers -
Survey with use of elevators, determination of geometrical E“"mg of control
. . oles for
. parameters of the revealed defects, installation of beacons .
Medium o : L determination of
on cracks and monitoring of their state, registration of the |
; - thickness of
stationary tools state, rock bolts condition survey layers

Creation of electronic archive of photos of the most
High problem sites, vibroacoustic diagnostics, installation of
means of constant control and their technical inspection

Selection and test
of a core in vitro

According to requirements "Safety rules ..." [8] monitoring of the lowest level is
carried out in shifts by the head of change before works and daily the supervising
foreman. Visual inspection without use of lifting tools allows revealing only the most
significant changes of a geomechanical situation. Filing of results of inspection at this
level has descriptive character. Monitoring of the average level provides detailed
visual inspection of a roof with use of the telescopic elevator. At the same time fix
the revealed defects and their geometrical parameters measure (Table 4).

Table 4 — Visually recorded defects of a roof

Characteristics (signs)

Type of defect

quantitative qualitative
Crack Lefng(t)t;,rg;sclosure, shift "Healing" or development
The rock slab separating from : . : Stability in case of induce
. geometrical dimensions :
the massif cavind

Replacement of a protective
gypsum pack with soft rocks

Geological description of the
replacing rocks
Characteristic of extent of
moistening

Specification of defect:
destruction, corrosion, etc.

area

Site of moistening area

Damage of the "anchor with a

grid” system area of maintaining

Within monitoring of the medium level establish beacons for control of dynamics
of disclosure of cracks. For short-term observations use plaster, cement and glass
beacons. Their task consists in identification of the fact of increase in disclosure of a
crack. For the long overseeing by dynamics of disclosure use bladed beacons. Their
design and the scheme of installation are presented in Figure 2.
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Figure 2 — Construction of the bladed beacon: 1 — roof, 2 — fracture, 4 — plate, 4 — rock bolt, 5 —
sighting line, 6 — basic line, 7 — place for designation of beacon number, 8 — frame boundary when
shooting

The sighting line 5 is drawn immediately after installation of the beacon in the
form of a piece of the straight line passing through both plates. Basic line 6 is put on
one of plates at in advance defined distance by. Process of monitoring consists in
periodic photography of the beacon with high-res (not lower than 12 Megapixel).
Segments of the hairline line on both plates, a part of the basic line and number of the
beacon shall get into the shot. Also the installation mode is provided in a shot of date
of photography. In case of computer processing of a picture with big increase define
s/b, relation. Then on the known value of b, calculate real value of extension of s of a
fracture from the moment of installation of the beacon. Resolution capability of
monitoring in case of qualitatively the executed photos of the beacon makes order
0.2-0.3 mm. Accumulating electronic archive of photos, it is possible to keep track of
dynamics of development of a fracture for a long time.

For execution of preventive engineering actions for support of maintenance of a
roof in secure state it is necessary to know its building.

One of tasks of monitoring of the medium level is execution of control drilling.
Determine thickness of layers in a roof by its results and its geological structure.

In case of high level monitoring execution the most problem sections are exposed
to visual survey are photographed. The periodicity of photography accepted by
default — once a quarter. In case of explicit progressing of deformation processes the
temporal period between executions of monitoring is reduced. Place a measured tape
for determination of the extent of defect in a frame. The example of the exfoliating
rock slab in a roof of workings given in the Figure 3.

In case of computer processing of the picture the necessary linear extent of defect
is determined. The analysis of electronic archive of photos for long time allows
keeping track of dynamics of development of deformation processes in a ceiling of
roof.
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Figure 3 — A photo of separation in a roof of the main transport gallery

Vibroacoustic diagnostics allows revealing the latent defects on a section of rock
mass in parameters of damped oscillations [9]. Excitation of oscillations is realized
single shock. Diagnostics of a roof includes: primary continuous monitoring of a roof
for identification of an incipient state of process of stratification in a protective pack
which is not revealed in the visual path; repeated periodic monitoring of earlier
revealed sites of stratification; assessment of stability of the revealed visually
unstable blocks; assessment of stability of the pedigree blocks delineated by cracks
on a roof surface.

The equipment description and operation instructions are provided in [10, 11].
Diagnostics of a roof is carried out from the telescopic elevator. The operator installs
the contact receiver of vibration on a roof and about 1 m strikes blow in a controlled
point apart. The equipment keeps result of monitoring on the given time slice.
Process of monitoring is illustrated by Figure 4.

— — y et = — - D

Figure 4 — Realization of vibroacoustic diagnostics of a roof of development by basic option
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Because of the uncomfortable working position it is difficult for operator to strike
at the same time the most powerful blow and to provide stable contact of the receiver
with the massif. Therefore in basic option of monitoring the best results on
informational content are yielded by parameter — a relaxation time of oscillatory
process which does not depend at impact force. Despite limited base of monitoring
and influence of a ghost mechanical pulse on the receiver through a cabin design after
striking this scheme is used as the main. The scheme of vibroacoustic monitoring
with big base is developed and approved. In this case the receiver has permanently in
the place, comfortable for the recording equipment, and carry out exaltation of a roof
step by step from a cabin of the telescopic elevator. When using such scheme
oscillatory process of the site of a roof as the thick plate jammed on a contour it is
almost localized in the neighborhood of a impact point. Other site of rock mass
between the activator and the receiver serves as an acoustic wave guide. The scheme
Is illustrated by Figure 5.
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Figure 5 — The scheme of vibroacoustic diagnostics of a roof on big base of monitoring:
1 — ceiling of chambers, 2 — stratification, 3 — shock point, 4 — floor of chambers,
5 — vibration receiver, 6 — recording equipment

The scheme at realization of conditions is implemented: high and stable impact
energy; high sensitivity of vibration receiver and its stable contact with a roof; low
level of acoustic noise; the base of monitoring is much more sizes of the surveyed
site.

High sensitivity of receiver and stable acoustic contact are provided with its
fastening to the massif quick-hardening mix. Feature of distribution of a wave packet
to the vibration receiver — natural frequency filtration of a signal. The low-frequency
portion of a spectrum containing the resonances, characteristic of defects, fades less
in comparison with high-frequency. On low frequencies when excitation defects the
substantial increase of a vibration amplitude is registered. At stabilization of impact
parameters change of level of a signal can exceed much the variations caused by
instability of conditions of excitation of oscillations and also change of base of
monitoring. From one installation of the receiver control up to 30 points.

For monitoring of a roof of the long workings with small roadway cross-section is
used the scheme provided on Figure 6.
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Figure 6 — The scheme of vibroacoustic diagnostics of a roof in development working:
1 — ceiling of chambers, 2 — stratification, 3 — shock point, 4 — floor of chambers,
5 — vibration receiver, 6 — recording equipment

When using such scheme for identification of the abnormal sites beforehand the
established criteria values are not necessary. Their selection along a profile happens
by comparison of values in more remote points in comparison with more close ones.
In the absence of defects in a roof the initial vibration amplitude in a low-frequency
portion of a spectrum monotonically decreases in process of removal of the receiver
from an exaltation point. Sign of stratification is significant increase in amplitude,
despite the increasing base of monitoring. The specified regularity is illustrated by
Figure 7.

Amplitude 4

v

Base of monitoring L

Figure 7 — Dependence of a vibration amplitude on base of monitoring for a roof of development
working with existence and lack of stratifications: 1 — lack of stratifications in a roof, 2 — sign of
stratification

Deformations of an immediate roof of the gypsum mine are very insignificant.
The critical deflection of a protective pack is estimated of 10-20 mm. The modern
laser registrars of deformations with a high precision provide measurements in the
specified range [12]. However their use demands of additional attracting of the
specialized organization. Optimal solution — use of the indicator stations set on deep
bench mark. The station provides the measurement range of vertical deformation to
10 mm with resolution capability of 0.01 mm. With annual execution the service life
of the station makes up to 10 years. On sections of the explicit movement of blocks
the most reliable and convenient in operation were developed multistage signaling
devices with the dropping-out signal elements.
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The quantity of steps of operation is from 3 to 6 depending on design version. Every
of steps is configured individually on operation at a certain deformation in the range
about 1 up to 20 mm. Resolution capability of a threshold of operation makes 0.5 mm.
Service life of signaling devices without test — not less than 10 years. The appearance of
the signaling device of vertical deformations of a roof intended for installation on a deep
bench mark is presented in Figure 8.

Figure 8 — Appearance of a six-step signaling device of roof deformations

In zones of carsts the significant change of properties of rocks is observed. For
adjustment of the dimensions of chambers and pillars also the complex of characteristics
of rocks is necessary for calculation of chart of supports. For this purpose the third level
of monitoring provides sample drawing and their laboratories tests in institute. Definition
to 12 characteristics is possible.

Results and discussion. The total duration of overseeing the gypsum mine workings
with participation of institute is over 40 years. During the specified time there were
irreversible geomechanical processes in the mine roof. They considerably reduced
stability. The adjusted system of observations and timely performance of engineering
preventive actions allowed to prevent the emergency development of situations and to
save mine. The typical phenomenon in a roof of working, is gradual formation of block
structure with threat of the subsequent caving. Long overseeing of indicator stations by
network allowed revealing the main regularities of deformations in a roof of working
(Table 5).

Table 5 — Deformations development dynamic in a gypsum mine working roof

Duration, | Speed of deformation,
Stage Process years mm/year
1 Stratification of rocks of a roof to 10 t0 0.3
2 Formation of a single large fracture 2-5 0.3-0.5
3 Formation of large-block structure 1-3 05-1.0
4 Formation of shallow blocks to 1 more than 1

Dynamics of development of fractures and zone of stratification in a roof by results
of vibroacoustic monitoring is illustrated on the example of chamber No. 31 of the VII
stall (Figure 9).
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Figure 9 — Development by years of a system of fractures and increase of area of stratification in a
ceiling of chamber

The chamber was fulfilled in 1992 and within more than 10 years its visual inspection
did not show signs of violation of a roof. The first longitudinal fracture in a roof appeared
in 2007, following — in 2009. The first signs of stratification in a roof received with use of
a vibroacoustic method were also found in 2009. Development of block structure in a roof
of working happened 4 years. Periodic measurements of disclosure of an initial
longitudinal fracture were shown by its increase for the specified period from 5 to 10 mm.
Disclosure of other fractures by 2012 made from 1 to 3 mm.

Regularly carried out vibroacoustic diagnostics showed the considerable expansion of
a zone of stratification in a roof. Due to potential danger of further operation, working was
closed access for people and machines. In two years there was a working roof caving.

In some cases deformation processes in a protective pack of a roof of workings don't
fade and don't lead to emergence of new fractures. An example is the site of transport
gallery between pillar No. 147, 148, 153 and 154. Working crossed by the single fracture,
recorded at the end of the last century. On the basis of data of vibroacoustic diagnostics on
the site the three-stage signaling device with a step of operation of steps of 2 mm was
established.

Systematic overseeing by a condition of a signaling device showed the progressing
lowering of the muck block in a roof from the pillars No 147 - 154. The first stage of a
signaling device worked in 2012, and the second in 2018. Considerably the area of
stratification of a protective pack increased in a chamber of roof. The condition of a roof
on this site of the main transport gallery of the gypsum mine in December, 2018 is
illustrated by Figure 10.

On sites of the mine take with geological faults of rock mass deformation processes
happen more intensively. Local faults are grouped in zones. By results of monitoring 22
dangerous zones are allocated. Conducting mining operations on some sites is carried out
on the special project. Some characteristics of three large dangerous zones are presented in
Table 6.
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Figure 10 — The site of a roof vertical displacement on the main transport gallery between pillars
No 153, 154, 147 with a view of the triggered deformations signaling device

Table 6 — Selection of dangerous zones by results of geomechanical monitoring

Conditional AE%" Disposition of Typical forms of a faults of the massif
number m a zone (stall)

6 52100 IV,V, Vi Karst, partially humid

21 15200 VII Karst, small-amplitude tectonics

22 17800 VII Karst, with inrush of rocks in the chamber

Conclusions. Need of the organization of complex monitoring of the weakest link of an
underground geomechanical system — a roof of workings is proved. Three levels of
monitoring for diagnostics problem solving of varying complexity are recommended. The
efficiency of complex use of visual observations, tool measurements and vibroacoustic
diagnostics is established. On the example of the gypsum mine in Bakhmut stages of
development of deformation processes in a roof of heave-gage workings are shown.
Acceleration of their development in zones of geological flaws is established. Experience
of the organization of monitoring can be recommended also for mines on extraction of
anhydrite, a saw stone and marble.
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AHoTauis. Pobota cnpsiMoBaHa Ha YAOCKOHANEHHS MEXaHi3MiB KOHTPOMID HanpyxeHO-4ed)OpMOBaAHOr0 CTaHy
NiA3EMHMX TipHUYMX BMPOOOK BENMKOrO Nepepisy Ans kaMepHO-CTOBNOBOI CUCTEMM PO3PODKM KOPUCHUX KonanuH. MeToto
poboTu € po3pobka Ta BNPOBamKEHHS METOAMKM, CnocobiB i cnewjianbHoro obnagHaHHs Ans KOHTPOMH | 4iarHOCTUKM CTaHy
MOKPIBAi FipHWYMX BMPOBOK POAOBWLL, HEMETANEBWX KOPUCHWX KOManuH, siki 3abe3nevytoTb TpuBary excryatalio kamep
Benukoro nepepisy. Ha npuknagi rincosoi waxt TOAB «CiHiat» B Micti BaxmyT, YkpaiHa, nokasaHi eTann po3BuTKY
AedopmaLiiHX NPoLeCiB B NPUKOHTYPHOMY MacyBi BUCOKOHABaHTaXeHMX BUPOOOK. BCTaHOBNEHO MPUCKOPEHHS PO3BMUTKY
pechopmalliit B 30HaX reonoriyHmx nopyLeHs. byna aoBeaeHa HeobXigHICTL OpraHisaLyii KOMMIEKCHOTO KOHTPOIKO Crabkoi
NaHKK NiA3EMHOI reOMEXaHIvYHOI CUCTEMM, SIKOKO € MOKPIBNS BMPOBOK. 3aBaaHHs nigBuLLeHHs 6e3neku ripHnimx pobiT B
waxTi Byno BMPILLEHO OpraHidauieto i NPOBEAEHHAM reOMEXaHiYHOrO MOHITOPUHTY CTaHy MOKPIBMi TPHWYMX BUPOOOK.
MoHiTopuHr nepenbayae 3abesneyeHHs OnepaTMBHOTO KOHTPOMKD CUTyaLlii Ha KOHKPETHIN AinsHUi WwaxTHoro nons. BiH
TakoXx 3abe3nevye MOXMBICTb peanisaii OpraHi3aliiH1X i TEXHIYHWX pillieHb, SKi BUKIIOYAKOTb BUHWKHEHHS! aBapiiHOi
cutyauii abo 3meHwyloTb 306MTOK Big BRIMBY HenepebOpHWX NPUPOOHWX (haKTopiB. PekoMeHayeTbCs TpW piBHS
MOHITOPWUHIY ANS BUPILLEHHS Mpobnem AiarHOCTMKM PisHOi CKnagHocTi. BcTaHoBneHa eqeKTUBHICTb KOMMMEKCHOrO
BMKOPUCTaHHS! Bi3yarnbHUX CMIOCTEPEXEHb, IHCTPYMEHTANbHVX BUMIPIOBaHb i BIBPOAKYCTUYHOI iarHOCTIKW CTaHy NOKpiBni.
HaBegeHo npuknagu TPUBAnoro CrocTepexeHHs 3a HebeaneyHuMn AinsHkamy MokpiBni BMPOOOK. YAOCKOHANEHHs
CUCTEMMW KOHTPOIIO CTaHy MOKPIBMi MiA3EMHUX FPHUYMX BUPOOOK MPW KaMEepHO-CTOBMOBOI CUCTEMI PO3POBKM KOPUCHIX
KonanuH HepyaHUX POZOBWLY [O3BONSE MiOBMLUMTK piBeHb 6e3neks pobOTW B LUAXTi Npu OAHOYACHOMY 30epeeHH
JoBKinns. Pospobka He CynepeymTb BUMOraM HauiOHaNbHUX HOPMATUBHUX AOKYMEHTIB Yy cdepi OXOpOHM npaui. BoHa
TEXHIYHO | EKOHOMIYHO apanToBaHa [0 MOXNMBOCTEM BMPOBGHMYOI CTPYKTYpu nignpuemctea. [locsin opraHisauii
MOHITOPUHIY MOXe 6yTW pekoMeHZ0BaHMIA TaKOX ANs LaXxT 3 BUAOOYTKY aHrigpuTy, NUALHOTO BanHAKY, KaMEHtO | Mapmypy.

Knto4oBi crnoBa: MOHITOPUHT, AiarHOCTUKa, KamMepy BENUKOro nepepisy, Aedopmallii noKpissi, fincosa LwaxTa.

AHHoTaumA. PaboTa HanpaBneHa Ha COBEPLLEHCTBOBAHNE MEXaHU3MOB KOHTPOMS HanpshKeHHO-AehOPMUPOBAHHOTO
COCTOSIHMS MOA3EMHbIX FOPHbIX BbIPabOTOK BOMBLLIOrO CEYeHNs Anst KaMepHO-CTONGOBOM CMCTEMbI Pa3paboTki NONe3HbIX
uckonaembix. Llencto paboTel sensetcs pa3paboTka u BHeAPEHUe METOANKM, cnocoboB 1 cneumnanbHoro obopyaoBaHus
AN KOHTPONS M AMArHOCTUKA COCTOSIHUSI KPOBMM TOPHBIX BbIPAabOTOK MECTOPOXAEHMIA HEMETANINYECKUX MONEe3HbIX
McKonaeMblx, KOTOpble 006ecneunBaloT ANMTENbHYI SKCMyaTaumio kamep Oonblioro ceyeHus. Ha npumepe runcoBoi
waxtel OAO «CuHuat» B ropoge baxmyT, YkpauHa, nokasaHbl 3Tambl pasBuTUS AePOPMALMOHHBIX MPOLECCOB B
MPUKOHTYPHON MacCuBe BbICOKOHArPY)KEHHbIX BbIpabOTOK. YCTAHOBNEHO YCKOPEHWS pasBuTWs AedopMauuin B 30HaX
reonorMyecknx HapyweHuin. boina aokasaHa Heob6XOAMMOCTb OpraHM3auuM KOMMMEKCHOro KOHTpons craboro 3BeHa
NOA3EMHOM reOMexaHUYeckon CUCTEMbI, KOTOPOW SBRSETCS KpoBns BblpaboTok. 3adadva noBbilweHns 6e30macHoCTy
TOpHbIX PaboT B LaxTe ObiNo PeLleHo 3a CYET OpraHM3aLnn U NPOBEAEHUS FeOMEXaHUYECKOTO MOHUTOPUHIA COCTOSIHUS
KPOBMM TOPHbIX BbIpaboToK. MOHMTOPUHT npegdycmaTpuBaeT obecneyeHne OnepaTMBHOTO KOHTPONS CuTyauun Ha
KOHKPETHOM yyacTke waxTHoro nonsi. OH Tawke obecrneynBaeT BO3MOXHOCTb peanu3auLyi OpraHM3aLMOHHbIX W
TEXHNYECKUX PELUEHUIA, UCKITHOYAIOLWMX BO3HUKHOBEHWE aBapWUIMHON CUTYaLMW WM yMeHbLIAKT yuiepb OoT BO3AeincTBus
HenpPeoAoNMMbIX NMPUPOAHBIX hakTOPOB. PEKOMEHAYETCS TPW YPOBHS MOHUTOPUHIA ANS PeLeHust Npobrnem AnarHOCTMKN
Pa3NMYHONA  CROXHOCTU. YCTaHoBNeHa 3(EKTMBHOCTL KOMMNEKCHOTO MCNONb30BaHWS BU3yanbHbIX HabnoaeHnn,
WHCTPYMEHTAMNbHbIX U3MEPEHUA 1 BUOPOAKYCTUYECKOW [OMArHOCTUKWA COCTOSHWS  KpoBnW. [MpuBedeHsl npyuMepsl
ANUTENbHOrO HabMogeHUs 3a OmacHbIMM yvacTkamu KpoBMK BbipaboToK. COBEpLUEHCTBOBaHWE CUCTEMbI KOHTPOMS
COCTOSIHUS KPOBIM NOA3EMHbIX FOPHBIX BbIPABOTOK NPy KaMepHO-CTONO0BO cucTeme pa3paboTkv NonesHbIX UCKonaeMbIx
HEepyAHbIX MeCTOPOXAEHWA NO3BONSET MNOBbICUTbL YpOBeHb Oe3onacHocTW paboTbl B LaxTe NpW OAHOBPEMEHHOM
COXpaHeHU! OKpyxatowleit cpeabl. Paspabotka He npoTMBOpEuUMT TPebGOBaHMAM  HaLMOHaNbHbIX HOPMATMBHBIX
[OKyMeHTOB B obrnact oxpaHbl Tpyda. OHa TEXHMYECKM W 3KOHOMWYECKW afanTMpOBaHa K BO3MOXHOCTSM
NPOW3BOLCTBEHHON CTPYKTYpbl NpeanpuaTs. OnbIT OpraHn3aLM MOHUTOPUHTA MOXET ObiTb PEKOMEHAOBaH Takke Ans
LWwaxT no Aobblye aHrMapuTa, NbibHOTO M3BECTHSIKA, KAMHS 1 Mpamopa.

KntoueBble crnoBa: MOHUTOPUHT, AWUarHOCTHKa, kamepbl GOMbLIOrO ceyeHus, aedopmaLy KpOBIK, r1NCoBas LaxTa.
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