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Annotation. The article justifies technical and organizational solutions aimed at improving the operational properties
of hoisting equipment, the development of methods and means of controlling the operational state of existing systems in
complex mining-geological and mining-engineering conditions. The main directions of ensuring the intensification of
mining operations are identified, which include the modernization of lifting equipment units that radically increase the
operational properties of mine lifting installations and the development of methods and means for monitoring and
managing the operational status of existing systems. Technical solutions of a new type of hoisting machines with two
consecutive friction pulleys, which have significantly higher load characteristics and allow usage of less metal-intensive
and energy-intensive hoisting machines, are considered. The order of estimation of a state of a mine shaft and general
types of work on its monitoring are justified. Conceptual foundations of intensification of mining operations in the mines
of Ukraine are defined based on modernization of hoisting equipment units and improvement of a control system. The
concept lays the scientific and methodological foundations for the formation of a strategy and development plans for a
comprehensive survey and risk assessment of mine shafts with long service life. The purpose of such work is to ensure
the effective and reliable functioning of the mine hoist and increase its operational safety in the face of intensification of
mining operations when moving to large mining depths. The expected results of the functioning of the monitoring system
of the operational status of deep vertical shafts of mines and mines are formulated in terms of solving urgent problems of
the mining industry of Ukraine. The implementation of such work will solve the social problems of the industry by
improving the safety of liting equipment and significantly reducing industrial injuries during the operation of mine lifting
shafts, economic problems by significantly reducing the cost of material resources and reducing the volume of
unreasonable shaft repairs due to targeted localization of places of increased emergency risk in trunks.
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At the present time, under the conditions of limitation of financial, material and
mineral resources, it is expedient to intensify underground mining operations through
technical re-equipment of main production processes and introduction of new non-
traditional and safe technologies for development of coal seams.
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This provides a significant increase in operation efficiency of mines, resource
saving and quality of coal products and leads to an improvement of the key indicator
of coal competitiveness — its prime cost. Primary tasks here are the development and
implementation of new non-traditional methods of condition management of
geotechnological systems, which can ensure the intensification of operation of mining
enterprises, considering the requirements of labor safety and resource saving [1, 2].

There are great potential resources to ensure the intensification of mining
operations in the improvement of mine hoisting systems:

- increase the speed of hoisting to increase the amount of minerals hoisted to the
surface as the main indicator of mine productivity;

- reduction of equipment and reinforcement wear to increase their life cycle;

- reduction of risks of accidents to reduce downtime and repair costs and
eliminate the consequences of accidents.

This is achieved through realization of two directions: modernization of hoisting
equipment units, which radically increase operational properties of mine hoisting
installations and development of methods and means of monitoring and managing the
operational condition of existing systems.

In the first direction, the most promising solutions should be considered,
including the installation, instead of the traditional, of a new type of hoisting
machines, having two friction pulleys consecutively working for one rubber-cable
rope (pack of ropes). Pulleys are electrically interconnected by one control system
and steel traction ropes are replaced by rubber-cable ropes (RCR), that have
significantly higher loading characteristics and allow using less metal-intensive and
energy-intensive hoisting machines. Such systems are able to operate from depths
that significantly exceed the currently boundary depth of 1600 m. At the same time,
the increased traction ability of paired friction pulleys in some cases stops using
ballast balancing ropes, which create significant difficulties in operation.

A kinematic scheme of a hoisting installation with two consecutive friction
pulleys is shown in Figure 1.
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Figure 1 - Scheme of a new type of hoisting installation
[ with two consecutive friction pulleys: S; — loaded rope

tension, H; S, — intermediate rope tension without
4 deflecting pulley inertia, H; Sz — non-loaded rope tension,
H; M1, M, —driving pulley traction moments, H-m
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It should be noted that such a system is much more secure by the criterion of the
emergency danger of a local slipping of RCR along the pulleys. Unlike traditional
machines with plastic lining of grooves under profiled steel ropes, which wears out,
melts and loses traction when slipping, RCR grooves have a smooth steel or wear-
resistant friction surface connected by friction forces with a smooth rubber surface of
the RCR. In case of short-term local slipping, for example, in case of emergency
braking, destruction of a pulley and the RCR, there is no dangerous decrease in the
friction coefficient.

When operating a hoisting unit with paired friction pulleys, each of them must be
provided with standard reserves for non-slipping K;, K, in Euler conditions. K=
K,=1.25 for gearless drive of a mine hoisting machine and K;= K,=1.20 for
machines with a reducer.

The main scientific problems, the solution of which is necessary to ensure the
efficiency of such installations, are:

- calculation of a required distribution of traction moments between the pulleys
by the control system, which would ensure the preservation of a defined margin of
non-slipping along each pulley;

- calculation of a complex stress-strain state of the rubber-cable construction and
determination of rational parameters of a new type of traction element [3 - 7].

The second direction does not require large capital expenses. However, its
development requires significant organizational efforts and scientific developments.
It is oriented on existing hoisting systems, for which it is necessary to ensure the
intensification of mining operations in the mines of Ukraine based on the use of
monitoring systems for deep shafts. It lays a scientific and methodological basis for
the formation of a strategy and plans of development for integrated survey and risk
estimation during the operation of mine hoisting complexes of ore-hoisting shafts of
Ukraine in order to ensure efficient and reliable operation of mine hoisting in
conditions of intensification of mining operations during the transition to large depths
of extraction while simultaneously increasing the level of operational safety. In the
second direction, ensuring the safety of operation of mine hoisting installations of a
new and traditional type is based on the creation of a monitoring system and assumes
the development and application of a set of methods that provide receiving,
processing and analyzing information about the status of hoisting equipment.

The relevance of creation and implementation of the system is due to negative
trends in annual increase in risks of operation of mine hoisting machines, due to the
complication of mining-geological and mining-technical conditions of operation of
mine hoisting combined with long life cycles of shafts [8, 9].

Calculation of distribution of traction moments between the pulleys and a stress-
strain state of the rubber-cable construction is ensured by fulfilling the following
inequalities:

Sy _explog-fy). Sz _explay - fp). (1)
Sy Ky S3 K2
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where - a4, o, angles of contact with a rope of the first and second pulley
correspondingly, Radian; f;, f, - coefficients of rope friction along the first and second
pulley correspondingly.

According to the condition of non-slipping along the second pulley the maximum
allowable stress of the intermediate rope S; is

Sénax =S, exp(OLZ ) f2) (2)
K2

Accordingly, the maximum allowable tension of the loaded rope S;, while
fulfilling the condition of non-slipping on the first pulley and considering (2), is equal
to
exp(oy - fy +op - fp)

81283 K K
1°1™\2

(3)

From (3), the equivalent margin of non-slipping of a paired hoisting machine is
equal to the product of margins on non-slipping along each traction pulley. That is,
such a hoisting machine has an equivalent margin against emergency slipping
simultaneously for two pulleys which is much larger than the margin for each pulley
individually and than a traditional hoisting machine with one driving pulley.

Calculate what should be the distribution of traction moments on the pulleys, in
order to ensure the fulfillment of the conditions (1)

M; =Ry -(51-953); My =Ry -(S; —S3); (4)

where Ry, R, - radii of driving pulleys, m.
By substituting values of tensions S; and S, from (2) and (3) into (4) get the
following

exp(ay - f1 +o, - f exp(a, - f
Mlle.S{ P( 1K11-K22 2) IO(Kz2 2)}
exp(a, - f
M2 =R, '53{—p( Kz 2) —1} ()
2

Relations (5) indicate that rope non-slipping along each of the driving pulleys can
only be ensured by providing an unequal distribution of traction moments between
them by the control system, determined by the following dependency.

R, _{GXD(%' fi+ay-fy) exp(ap- fz)}
Koo Mg _ Ki-Ka K2 6)
2, exp(az - )
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If driving pulleys have equal radii R, angles of contact a, friction coefficients f
and non-slipping margins K, then the relation of traction moments between them is
determined from the equation

Ky =K K
M12 [exp(oc- f) _1}
K

exp(2o.- f) exp(a- f )}

(7)

From the relation (7) it can be seen that the ratio of traction moments along the
pulleys, which ensures the absence of inelastic slipping of ropes with equal margins
on each pulley, does not depend on the current values of tension in the machine
ropes. That is, it does not depend on its type (balanced or unbalanced), on the
position of the hoisting vessels in the shaft, and when radii of the pulleys are equal
neither depends on their radius. It can be seen that this value depends only on angles
of contact of the pulleys, friction coefficients and defined margins for non-slipping.
Therefore, it is an invariant of a change of tension of ropes, a degree of balance of the
hoisting installation, a weight of hoisting vessels and a presence or absence of lower
balancing ropes. This makes it possible to implement a sufficiently reliable control of
its operation, both in the normal mode of operation and when the emergency brake is
triggered, ensuring that the rope does not slip along any of the pulleys with a required
margin.

Determine the maximum possible loading capacity of such an installation
according to the criterion of ensuring the friction connection of a rope with pulleys
with a given margin of non-slipping. The most dynamic mode of operation of a
hoisting machine is the triggering of a safety (emergency) brake during the descent of
the load.

Consider this process for the most general variant of a partially balanced hoisting
installation with different weights of head and balancing ropes in operating and
emergency dynamic modes. In this case static S¢, S¢and dynamic S¢, S¢» tensions

of branches of a rope are equal to
i W
St =[Qgr +q-(H=1)+qy -I]-; gdin _ gt -(1——g j;

S5 = [Qpor +a-(1 +10) +qye - (H =1 ~l0)-; $§™ = 5§ -(nvgvj: (8)

where W — deceleration during braking, m/s®, g — free fall acceleration, m/s*; H —
length of a rope from a pulley to a loading device at a shaft bottom, m; q — weight of
a unit length of a head rope, N/m; Qg — weight of a loaded hoisting vessel, N; Qpor —
weight of an empty hoisting vessel, N; | — path of the vessels covered from the
beginning of the ascension cycle, m; |, — distance from a pulley to a level of the upper
position of a hoisting vessel in a shaft, m.
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Deceleration during the emergency braking in a mine hoist with a friction pulley
Is limited by an allowable value according to a non-slipping condition. The minimum
value of this deceleration is allowed to be equal to 1.2 m/s® In this case, the greater
the deceleration value is permitted by the hoisting installation without the occurrence
of rope slipping, the faster it stops and leaves the main emergency mode that caused
the brake to trigger. This should be considered during a comparative analysis of
characteristics of hoisting systems with different parameters.

By substituting expressions for S¢rand S¢ into (8) and (3) with equal pulley
parameters, obtain an expression for determining the maximum allowable
deceleration W2Skqa«(l) of the hoisting vessel according to the non-slipping condition
in the emergency breaking mode when the load is descending at any point of the shaft

SSt(1)-exp(2a- f)—Kob?-S3t(1)

W 2SKmax (1) =
max Sft(I)KObz +exp(2a- f)sgt(l)

(9)

For a traditional hoisting installation with a single pulley maximum allowable
deceleration [10]:

S5t(1)-exp(a- f) —Kob -S;
S{t-Kob +exp(a- f)-S5 (1)

W1SKmax (1) = (10)

The obtained relations are the basis for calculating the laws of electric drive and
brake control of driving friction pulleys, loading capacity, allowable accelerations
and decelerations that ensure reliable and safe operation of hoisting equipment with
machines and tractive elements of a new type, considering inertial characteristics of
pulleys, ropes, and vessels. Such modernization significantly improves their
performance and loading capacity without changing the shaft equipment of hoisting
complexes (provided that the value of the ‘hoisting machine intensity’ parameter
meets the criteria of parametric stability of the dynamic interaction of a heavier
hoisting vessel with reinforcement and reduces energy consumption during operation)
[11].

Applying relations (1) — (10), compare the possible values of allowable
accelerations and loading capacities of double-drive and conventional hoisting
machines with traditional parameter values for mine hoisting practice of deep ore-
hoisting shafts: a = mt; calculated friction coefficient f=0.25; K=1.25; the amount of
steel head ropes n=8; weight of an empty skip Qp,r=500 kN; diameter of head ropes
42 mm; weight of a unit length of one head rope 77 N (weight of a unit length of all
ropes gy is equal to 77-8=616 N).

Radius of the driving pulley of a hoisting machine multirole - 5x8 is equal to 2.5
m. RCR which is equivalent to eight steel head ropes by carrying capacity has a
length unit weight of qg=637 N/m. At the same time, its design contains cables with a
diameter of 21 mm, packed into a rubber shell. Therefore, according to the criterion
of maximum allowable ratio of the pulley diameter to the diameter of a steel
rope/cable, the driving pulleys may have a radius R=1.05m. The results of
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calculations by formulas (9), (10) for the traditional ratio of weights of hoisting
vessels (Qqr /Qpor = 2) and the equality of length unit weights of head and balancing
ropes are shown in Figure 2.

5
0:\n4 ............ LI B B B B R A L B B B B B B B B B B B B B B B B B B B B ) -‘.-2
g
R
=
e 2
< 1
¢ — — — —
gl

0

200 400 600 800 1000 1200 1400 1600

Vessel coordinate, m

Figure 2 - Dependency of maximum allowable deceleration during the emergency braking in a
mode of load descending on a position of vessels in a shaft: 1 - single pulley mine hoist; 2 - double
hoist mine hoist

Graphs shown in Figure 2 show the dependencies of the allowable deceleration
for a traditional installation (curve 1) and a paired hoisting installation of a new type
(curve 2).

It can be seen that in this variant the paired hoisting machine provides 2.8 times
safer deceleration than the traditional type of machine. Moreover, the value of this
deceleration is the same at each point of the shaft. Select this value of deceleration to
determine the maximum possible weight of a loaded vessel in a fully balanced paired
hoisting machine. In the case of usage of lightened balancing ropes, the allowable
deceleration during the emergency braking becomes a variable function of a shaft
depth.

Figure 3 shows the graphs of allowable deceleration W, for a paired hoisting
machine on a length unit weight of a balancing rope for different points in a shaft. It
can be seen that the allowable deceleration during the emergency braking in a mode
of descending a load increases as a vessel ascends in a shaft. In addition, it is clear
that only from g, = 0.2 KN/m the paired hoisting machine begins to exceed the
traditional system in terms of the allowed deceleration and, as a result, in carrying
capacity.

Figure 4 shows a graph of the allowable deceleration during the emergency
braking on the weight of a loaded vessel for a fully balanced coupled hoisting
machine.
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Figure 3 - Dependencies of allowable decelerations during the emergency braking on a weight of a
balancing rope: 1- single pulley mine hoist; 2- shaft lifting machine with two pulleys at the bottom

of the shaft; 3 - shaft lifting machine with two pulleys in the middle of the trunk; double-shaft mine
hoist at the top of the shaft
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Figure 4 - Dependency of allowable deceleration on a weight of a loaded vessel:
1 - single pulley mine hoist; 2 - double hoist mine hoist

It can be seen that the new hoisting machine exceeds the dynamic characteristics
of a traditional one when the value of a weight of a loaded vessel is up to 2500 kN,
which is several times more than the maximum load of existing installations.

Having performed the calculations by formulas (9), obtain that paired hoisting
machine has a maximum allowable deceleration value of W,,,=1.5 m/s® at a weigh of
a loaded vessel 5.2 times larger than the weight of an empty one. It speaks of large
reserves in a selection of carrying capacity, degree of balance, dynamic
characteristics and safety when replacing traditional hoisting machines that have one
friction pulley and steel head ropes with paired friction pulleys and rubber-cable head
and balancing ropes.

In this case, a number of new problems appear that require solution to ensure
reliable operation of such systems. These are problems of ensuring lateral stability of
rope winding through cylindrical pulleys, problems of optimal distribution of traction
moments between pulleys at each point of the shaft, which depends on the relation of
installation parameters, optimization of RCR design for operation under conditions of
alternating tensile and bending dynamic deformations during winding through the
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system of pulleys, development of a system for monitoring the condition of both the
ropes themselves and synchronization of operation of electric drives and hoisting
machine brakes.

Solving the problem of monitoring the technical condition of mine hoists comes
down to creating conditions that would establish the current state of equipment based
on a comprehensive estimation of characteristics of all interrelated elements, make it
possible to predict changes over time of this state and allowed to quickly determine
the exact locations, sources and character of potential danger. On the basis of these
data, the character, sequence, amount of work and the cost of resources for carrying
out preventive maintenance and repair are determined [12]. In a general case it is
required to perform a full range of the following activities:

- optical-visual survey of the shaft equipment, analysis of the results of
instrumental measurements of guide profiling, measurements of wear of guides and
buntons, assessment of safety of the shaft operation. Development of
recommendations to improve the safety of operation of shafts;

- development of methodological support and instructive documentation for
conducting measurements in industrial conditions on existing shafts, processing and
analysis of results;

- performing measurements of movement smoothness of the hoist vessels,
mathematical processing of instrumental measurement data, execution of
deformation-strength calculations;

- development of complex mathematical models of dynamic processes in shaft
equipment for diagnosis and prediction of development of negative processes
(corrosion of buntons, wear, deformation of guides, etc.) in conditions of great
hoisting depths and long-term service of shafts;

- justification of the criteria for ranking the levels of emergency hazard of
operation of mine shafts during their long-term service.

Due to the fact that many parameters of various elements of the shaft are
interrelated, the use of complex multifactor mathematical models and computer-
oriented modeling methods in combination with measurement data of the parameters
of an actual operating condition of the system makes it possible to determine the risk
level of various phenomena and processes under the conditions of each specific shaft.
This allows localizing reinforcement sections with an increased level of emergency
hazard in the early stages and taking organizational and preventive measures to
eliminate potential hazard [13 - 17].

Modernization of hoisting equipment by switching to machines with paired
friction pulleys and rubber-cable head and balancing ropes allows increasing their
loading capacity, reliability, performance and safety, and reducing energy
consumption during operation. Rubber-cable traction ropes significantly exceed the
traditionally used steel ropes by their characteristics and durability and can
successfully replace them in the reconstruction or creation of new hoisting
equipment.

Implementation of measures for monitoring the technical condition of hoisting
systems, with appropriate scientific, technical, methodological and organizational
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support, allows achieving a qualitatively new level in solving the following relevant
scientific and technical problems of the industry:

- obtaining new objective information about the dependencies of physical and
mechanical processes in mine hoisting systems during long-term operation in difficult
mining and geological conditions;

- organization of a scientifically justified system of targeted preventive measures
that minimize the risk of spontaneous accidents in shafts.
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AHoTauif. Y cratTi OOrpyHTOBAHO TEXHiYHi Ta OpraHisauiHi pilUeHHs, ChpsSMOBaHi Ha  MigBMLLEHHS
ekcnnyaTayinHMx BRacTMBOCTEN MIGNOMHMX YCTAHOBOK, PO3BWTOK METOiB i 3acobiB ynpaBniHHS ekcnnyaTawitHum
CTAHOM [it0YMX CUCTEM B CKNMAOHMX TPHWYO-reONOriYHMX i MPHUYOTEXHIYHMX YMOBaX. Bu3Ha4yeHO OCHOBHI HanpsMKu
3abesneyeHHs iHTeHcudikaLii ripHumx pobiT, 40 AKUX BiHOCATLCA MOAEPHI3aLli BY3niB MigHIMANbHOMO yCTaTKyBaHHS,
L0 pafyKanbHO MigBWLLYIOTL eKCNyaTaLiiHi BNAacTUBOCTI WaXTHMX MiAMOMHUX YCTAHOBOK i PO3BUTOK MeTogjB i 3acobiB
MOHITOPUHIY Ta YNpaBniHHSA eKCnnyaTaLiiHuM CTaHOM JilounX cucTeM. PO3MSHYTO TEXHIYHI piLUEHHS NiANOMHUX MaLUUH
HOBOrO TWMy 3 ABOMA NOCMIAOBHAMM TArOBUMM LUKIBAMW TEPTS, WO MalTb 3HAYHO OiNblU BUCOKI XapaKTepuCTUKM
HaBaHTaXeHb | 4O3BONSIOTH 3aCTOCOBYBATM MEHLL METANO- Ta eHEProeMHi NignoMHi MawnHn. O6rpyHTOBaHO NOPSAOK
OL{iHKM CTaHy LaxTHoro ctoBbypa i 3aranbHi BMAM POGIT MO VOr0 MOHITOPUHrY. Bu3HayeHo KoHUenTyanbHi 3acagu
iHTeHcudiKkaLil ripHMuMX pobiT Ha WwaxTax i pyaHukax YkpaiHu Ha 6a3i mogepHisalii By3niB nigHiManbHOTO yCTaTKyBaHHS
i BOOCKOHANEHHS cucTemm KoHTponto. KoHuenuis 3aknagae HaykoBo-MeTOAWYHI OCHOBW OpMYyBaHHS CTparterii i nnaHis
PO3BUTKY POBIT 3 KOMNNEKCHOTO 0OCTEXEHHS Ta OLIHKW PU3MNKIB LUAXTHUX CTBONIB 3 TPUBANMMK TEPMiHaMM ekcnnyaTauii.
MeTa Takux pobiT - 3ab6e3neyeHHs ePeKTUBHOTO i HAAIMHOTO (hYHKLOHYBAHHS LIAXTHOTO MigAOMY i MiABWLLIEHHS PiBHS
oro ekcnnyartayinHoi 6e3neku B yMoBax iHTEHCUAiKaLii ripHW4mMx pobiT Npu nepexodi Ha BenwKi rambuHn BUaobyTKy.
CdhopmynboBaHO OuikyBaHi pe3ynbTaTh (PYHKLIOHYBAHHS CUCTEMM MOHITOPUHTY EKCMIyaTauiiHoOro CTaHy rnmboKux
BEpPTUKanbHUX CTBOMIB LLIAXT i kKonaneHb B NnaHi BUPILLEHHS akTyanbHWUX npobnem aobysHoi rany3si YkpaiHu. BukoHaHHS
Takux pobiT AO3BONUTL BMPILUMTM coujanbHi mpobrnemu ranysi 3a paxyHOK 3HAYHOTO MigBMLLEHHS 6e3nekn poboTu
MiZAOMHNX YCTAHOBOK Ta ICTOTHOTO CKOPOYEHHSI BUPOOHMYOrO TpaBMaTM3My MpuU ekcnnyatauii WaXTHUX MigioMHKUX
cToBOYpIB, EKOHOMIYHI NPOBNEMM LINSXOM CyTTEBOTO 3HUKEHHS BUTPAT Ha MaTepianbHi Pecypcu Ta CKOPO4eHHs obearia
HeoOIPYHTOBAHMX PEMOHTIB CTOBOYPIB 3@ paxyHOK adpecHOoi nokanisauii MicUb NigBWLIEHOI aBapinHoi Geanekn y
cToBOypax.

KntouoBi cnoBa: WwaxTHMI Niginom, konanbHs, CTOBOYP, apMyBaHHS!, MOHITOPUHT, KOHLeNLis.

AHHoTauus. B cTatbe 060CHOBaHbI TEXHNYECKME W OPraHU3aLMOHHbIe PELLEHNS, HanpaBneHHble Ha NOBbILLEHWE
9KCNNyaTaLMOHHbIX CBOWCTB MOABEMHbLIX YCTAHOBOK, pasBuUTWE METOLOB M CPEACTB YNpaBREHUs 3KCMyaTaLyOHHbIM
COCTOSHMEM [AENCTBYIOLNX CUCTEM B CIIOXHbIX FOPHO-TEOMNOTMYECKNX M FOPHOTEXHMYECKMX ycroBusx. OnpeaeneHbl
OCHOBHble HanpaBneHus obecneyeHns MHTEHCU(MKALMM TOpHBIX paboT, K KOTOPbIM OTHOCATCS MOAEPHW3aUMs y3noB
noabeMHOro 000pyaOBaHWS, pagukanbHO MOBbILIAKLMX  SKCMyaTaLUMOHHbIE CBOWCTBA LWAXTHbIX MOABEMHbIX
YCTaHOBOK 11 pa3BUTME METOAOB ¥ CPEACTB MOHUTOPWHIA U YNPaBEHUs SKCMyaTaLMOHHbIM COCTOSHUEM AEeNCTBYHOLIMX
cucteM. PaccmoTpeHbl TEXHWYECKME pEeLLEeHUst MOABbEMHbIX MaluMH HOBOrO Tna C ABYMS MOCNefoBaTeNbHbIMM
TATOBbIMMA  LUKMBAMM  TPEHWS, UMEIOWMMN  3HAYUTENbHO Gonee  BbICOKME HArpy304YHbIE  XapaKTEpPUCTUKM W
NO3BONAKLUMMUA NMPUMEHATb MEHEE METano- U 3HEeproemMkne nogbemHble MawwHbl. OBOCHOBaHbI NOPSAOK OLEHKM
COCTOSHMS LUAXTHOrO CTBOMa W 06lme Buabl paboT no ero MoHUTOpUHry. OnpegeneHbl KOHUeNTyamnbHbIE OCHOBbI
WHTEHCUMMKALMA TOpHbIX paboT Ha lwaxtax W pyaHukax YkpawHbl Ha Gase MoAepHW3auuu y3noB MOABEMHOTO
obopynoBaHUst N COBEPLUEHCTBOBAHMS CUCTEMbI KOHTpONS. KoHuenuus 3aknaabliBaeT Hay4HO-METOAMYECKUE OCHOBbI
(hOpMMPOBaAHNSA CTpaTEr W NIIaHOB pasBuTUsS paboT Mo KOMMSEKCHOMY 06CMefoBaHWI0 W OLIEHKE PUCKOB LLAXTHbIX
CTBONOB C A/NTENbHbIMM CPOKamu aKcnnyatauuu. Llenb Takux pabot - obecneyeHne 3heKTUBHOTO M HaAEKHOro
(DYHKLMOHNPOBAHMS LLIAXTHOrO NOAbEMA W MOBbILIEHWE YPOBHS €r0 KCMIyaTauMoHHOM 6e30nacHoCTM B YCNOBMSX
WHTEHCMMMKALMA TOPHBIX paboT npu nepexoge Ha Gomblume rmyGuHbl Aobblum. CopmMynupoBaHbl OXugaemble
pesynbTaTbl (DyHKLMOHMPOBAHWS CUCTEMbI MOHWUTOPWMHIA 3KCMyaTaLMOHHOTO COCTOSHMS Tny6OKMX BepTMKanbHbIX
CTBONIOB LUAXT M PYAHMKOB B NMaHe pelleHnst akTyanbHbIX npobnem fobbiBatowiei otpacnm YkpauHbl. BeinonHeHve
Taknx paboT MO3BOMWUT PeLwmnTb coumanbHble npobnembl OTpacnM 3a CYeT MOBblleHUs GesonacHocTu paboTbl
NOABEMHBIX YCTAHOBOK W CyLLECTBEHHOTO COKPALLEHWs MPOM3BOACTBEHHOMO TpaBMaTU3Ma Npu AKCNIyaTaumuy WaxTHbIX
NOABEMHBIX CTBOJIOB, SKOHOMUYECKME NPOBeMbI NyTEM CyLLECTBEHHOIO CHIDKEHMUS 3aTpaT Ha MaTepuarbHble Pecypebl
N COKpalleHus 0BbeMoB HEOBOCHOBaHHBLIX PEMOHTOB CTBOJSIOB 33 CYET aAPECHON NOKanM3auuu MeCT MOBbILIEHHON
aBapUIHOM ONACHOCTY B CTBONAX.

KnioyeBble cnoBa. WaxTHbI NOLbEM, PyAHWK, CTBOM, apMUPOBKA, MOHUTOPUHT, KOHLIENLMS.
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