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Abstract. The subject of the research presented in the article is the fastening and protection of mine workings for
the extraction of ore and non-ore minerals for the construction industry. The purpose of the work is the development of
the concept of risk-oriented technical and technological solutions for the protection of underground mine workings to
dramatically increase the efficiency and safety of extraction of ore and non-ore minerals at deposits of a complex struc-
ture. The work uses the well-known mixed method of risk assessment, which assumes that underground mining produc-
tion is accompanied by three main interrelated indicators: occupational safety of miners, environmental safety, and fi-
nancial and economic risks. The method involves building a matrix of consequences and probabilities by ranking them.
The technical-technological solutions for fastening and protection of workings of iron ore and uranium mines and under-
ground enterprises for the extraction of non-metallic raw materials are analyzed. Their shortcomings are identified and
the associated risks of operation and long-term preservation of underground enterprises are assessed. The concept of
technical and technological solutions for improving the safety, environmental and economic performance of mines is
proposed, which should be the basis of the new regulatory and technical documentation for the protection of workings. In
particular, for ore mines, this concerns the transition to new technologies of anchorage, special conditions for lining junc-
tions, introduction of bookmarks in particularly dangerous areas, control and reduction of water inflows. For mines pro-
ducing non-metallic raw materials, the effectiveness of a complete transition from drilling and blasting technology to a
mining machinermed one has been practically. If there are thick seams, it is recommended to work them out in separate
layers, leaving a gap between them. It is advisable to divide the zones of geological disturbances into small areas, which
are outlined with barrier pillars. Emphasis is placed on the mandatory implementation of comprehensive monitoring of
the condition of the roof of the structures and their lining on the active and decommissioned areas. Depending on the
degree of risk of collapse in large-scale mine workings and its impact on ground objects, the feasibility of using stowing
is determined. Research results can be used to implement measures to improve miners' labor safety, environmental
safety, and economic performance of ore and non-ore mines.

Keywords: ore and non-ore mines, lining and protection of workings, complex mining and geological conditions,
occupational safety, environmental and economic risks, the concept of risk reduction.

1. Introduction

Complex mining and geological conditions of underground extraction of ore and
non-ore minerals, combined with difficulties of an economic nature, significantly in-
crease the degree of risk in production. In such cases, the technological and financial
decisions should have a thorough scientific basis. The empirical search for the opti-
mal option for mining operations in today's conditions leads to material losses at best,
and emergency situations at worst.

The value of risk factors in the extractive industries is clearly visible from the di-
agram shown in Fig. 1, which illustrates the main risks — the state of industrial inju-
ries in various industries per 100 000 employees. The average value of this parameter
for the national economy of Ukraine as a whole is 33.29. The diagram shows that the
mining industry ranks last in Ukraine in terms of labor safety [1].

According to the types of events (according to statistics), the largest number of
accidents related to production is caused by sudden collapses in mine workings (up to
70%). The reason for this lies in the not fully understood mechanism of behavior of
the "massif — mine working — fastening or protection construction" system.

Negative natural factors that complicate underground mineral extraction play a
significant role. These include, first of all, the growth of rock pressure and water in-
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flows, the complex structure of deposits and the presence of geological disturbances.
These factors and their consequences are illustrated in Fig. 2 and Fig. 3.
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Figure 1 — The level of industrial injuries in Ukraine as of 2019

) o b)
Figure 2 — Operational risks in a gypsum mine: a) — threat of collapse; b) — threat of flooding

Of the underground enterprises that extract ore and non-ore raw materials in
Ukraine, the most interesting are the mines of the Kryvyi Rih iron ore basin, the ura-
nium mining enterprises located in the territory of the Kirovohrad region, the mines
of the Marhanetsk plant in the Dnipropetrovsk region, and the gypsum and salt mines
in the Donbas and Western Ukraine. At the same time, mines for the production of
manganese, salt and gypsum do not fall into the category of those operating at great
depths, therefore they do not require the development of fundamentally new concepts
for the protection of mine workings.
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a) — collapse of rocks in the workings, b) — subsidence on the earth's surface

Figure 3 — Operational risks on the mine on extraction of iron

Means and methods of protection used in the specified mines in the absence of
geological disturbances correspond to the working depth of the productive stratum
and the physical and mechanical properties of the rocks. The priority direction of
their improvement is to reduce the cost of fastening.

The purpose of this work is to develop the concept of risk-oriented technical solu-
tions for the protection of underground mine workings to dramatically increase the
efficiency and safety of mining ore and non-ore minerals at deposits of a complex
structure.

2. Methodology

The methodology of risk assessment assumes, with almost one hundred percent
probability, that underground mining is accompanied by three main interrelated risks.
First, it is the safety of miners. Secondly, it is environmental safety. And, thirdly,
there are financial and economic risks. Taking into account such multifactoriality, a
mixed method of risk assessment was used in the work to justify technical solutions
for fastening and protection of workings. The method involves building a matrix of
consequences and probabilities by ranking them in the form of tables.

The general methodology of risk assessment is detailed in the manuscripts [2—12].
In [13], we proposed a matrix of events and corresponding risk calculation tables for
coal mines, which fully correspond to the conditions of the entire mining industry. It
was according to this scheme that the risks associated with the protection of workings
in ore and non-ore mines were assessed.

3. Results and discussion

The most complex deposits in terms of their structure are deposits of iron ore and
uranium. The schemes of opening and development of these deposits, as well as the
physical and mechanical characteristics of the rock massif, are practically similar.
The difference lies in the depth of development, which is greater in iron ore mines.
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Both types of deposits are opened by vertical mine shafts secured by cast iron tubing
and monolithic concrete or reinforced concrete. Chambers and workings near the
mine shafts are fixed with reinforced concrete or monolithic concrete. Regarding
strength, materials that meet the requirements of standards, instructions, technical
conditions and passports are used to protect the underground mine workings. During
the risk assessment, it was established that the designs, technological techniques and
safety measures during the operation of the fastening meet the requirements of regu-
latory documents regarding its use.
Usually, the shape of the cross-section of the mine workings is determined in ac-
cordance with the physical and mechanical properties and condition of the rocks, the
magnitude and direction of the action of the rock pressure, the service life and the
adopted design of the fastening. If the mine working is not fixed, it is given a cross-
sectional shape that approximates the shape of the vault of natural equilibrium. The
characteristics of the main underground workings of ore mines are given in the Table 1.

Table 1 — Characteristics of the main mine workings of ore mines

Product Appointment Form Fastening type
name pp intersection gyp
Vertical | Dissection of the deposit, descent and ascent Monolithic con-
! . o Round .
trunk of people, equipment, materials, ventilation crete, tubing
Blind Descent and ascent of people, equipment, ma- | Round, rectan- | Monolithic concrete
trunk terials, from lower horizons gular or wood
Vertical | Descent of rock from the upper horizons, Often rectangu- | Wood, long-term —
winze movement of people, ventilation lar concrete
Inclined Opening of the deposit, descent and ascent of | Arch, polygo- Metal arch, precast
trunk people, equipment, materials, ventilation, nal, less often reinforced concrete,
equipped with a conveyor or rail rolling back | rectangular pulverized concrete
Inclined | Descent of rock from upper horizons, move- Often rectangu- | Tree. Durable con-
winze ment of people, ventilation lar crete
Transportation of ore from the lower to the . Arches a special
s : C Trapezoidal
Slope overlying horizons at an angle of inclination arches profile of SVP, pul-
up to 18° is equipped with a belt conveyor verized concrete
. . . . Arch ith -
Traveling | Pipe-cable and cargo-human. Transportation, | Trapezoidal TENEs WIth 8 Spe
wa air suppl arches cial SVP profile or
y pply wood
Adit Transportation in mountainous terrain Vaulted, rec- Ferroconcrete
tangular
o . Reinforced t
Providing access to all or part of the deposit. . cinforeec concrete
Cross Serves for moving people, materials, equip- Trapezoidal or arches. In rocky
stroke . & Peopic, > CquIp arches ones — without lin-
ment, air supply .
ing
Trapezoidal Arches from a spe-
) o h t- ial profil .
Drift Rollback and ventilation arches, cryp cial profile, wood
shaped, rectan- | In stable rocks —
gular or round | pulverized concrete
Cross—cut The mine working, crossed with the extension | Arch deposit, Metal arch, wood

of the

rectangular
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All horizontal and inclined mining workings are carried out with the help of drill-
ing and blasting. The most common means of protecting such products is temporary
fastening with reinforced concrete or tubular anchors located on a 1x1 m grid. Pul-
verized concrete with a thickness of 30-50 mm is used as a permanent fastening. All
cavities behind the permanent fastening are covered with non-combustible material.

Cross-cut are used without fastening or pulverized concrete is used. During their
construction, some places can be additionally fastened with anchors or combined pro-
tection structures. In the case of cracked rocks, a metal arch fastening with a SVP-22
profile is used with a step of 1-2 m and a wooden tightening.

The listed mine workings protection technologies have been tested by years of
trouble-free operation and meet the criteria for risk minimization, so they do not re-
quire significant improvement. Exceptions are cases of non-compliance with the con-
struction technology anchor, especially anchor reinforced concrete fastening. Over
the past few years, we have carried out surveys and expert evaluations of about ten
kilometers of workings of various purposes in the mines of the Kryvyi Rih basin. In
particular, vertical and inclined trunks, as well as horizontal workings of the Za-
porizhzhya iron ore plant, ARSELOR MITTAL KRYVY RIH and SKHID-RUDA
enterprises. It was established that in some areas up to 40% of reinforced concrete
anchors do not bear the load. The reason lies in the lack of adhesion in the "massif —
cement mortar — anchor" system. Long sections fixed with pulverized concrete were
also found to be unsatisfactory. The reason is delamination at the contact of concrete
with the rock. Therefore, we believe that the concept of risk-oriented technology for
the protection of workings should provide for the improvement of the technology of
installing reinforced concrete anchors or their replacement with steel-polymer ones. It
1s mandatory to check the strength of all types of fasteners by the method of non-
destructive testing. For this purpose, the equipment and methodical developments of
our institute, outlined in [14, 15], are proposed, which must be included in the new
technical standards. According to our estimation, such measures will reduce risks by
2.0-2.5 times.

It was also established that the most problematic element is the protection of all
connections, especially horizontal and vertical (or inclined) workings. It is in these
areas that the greatest number of accidents occur, provoked by various geomechani-
cal factors. First of all, this is the process of weakening the massif due to the for-
mation of rock blocks and stratification of rocks, which under the action of their own
weight and mechanical stresses cause collapse in the workings. Therefore, first of all,
it 1s necessary to fix the mouth of all workings that are carried out from the surface.
Secondly, all connections of inclined and vertical workings must be fixed regardless
of the strength of the rocks. Thirdly, the connections of horizontal mine workings
should be fixed in unstable and medium-strength rocks.

A conceptual solution for the safety of work on connections should be the devel-
opment and implementation at mining enterprises of a mobile temporary protective
structure that would prevent accidents during the construction of permanent supports
of connection of workings. As an option, the institute's developments for coal mines
can be used [16].
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Fastening of roadway and main ventilation workings in ore mines must be contin-
uous. In the case of a cross-section of more than 4 m?, it should be made using metal
frames with wooden tightening or completely wooden. In the case of a smaller sec-
tion, concrete is used.

When carrying out horizontal and inclined workings, themining face must be sys-
tematically brought to a safe state by removing pieces of rock that peel off and col-
lapse from the roof and sides of the workings. For an objective assessment of the
state of the massif, it is recommended to use non-destructive testing methods [14,
15]. Rocks discovered during inspection should be felled from a safe place with a tool
designed for this purpose. In case of impossibility, it should be used one-time explo-
sions in holes.

The lag of the fastening from the mine face should be minimal, but such that it
takes into account the effect of the shock wave from drilling and blasting. In the case
of suspension of works for a long time on the constructed site, permanent fastening is
installed tightly to the face.

One of the problems that arise during underground mining of ore is the formation
of cave on the surface on the earth's surface [14]. In order to prevent environmental
risks during the development of deposits in areas adjacent to settlements and industri-
al facilities, as well as to reduce the loss of valuable raw materials, it is necessary to
switch to the use of systems with the stowing of workings. Currently, this is econom-
ically justified in the case of uranium raw material extraction. The use of develop-
ment systems with such a tab is connected, first of all, with an increase in the depth of
development and the value of mined ores. However, the world's leading experience
and calculations of the risks of environmental consequences require the transition to
this technology of all enterprises. At the same time, a number of production tasks
aimed at increasing the efficiency and safety of mining operations are solved. This is
the complete extraction of reserves, the preservation of the earth's surface under ob-
jects of various purposes, the competi-tiveness of raw materials on domestic and
world markets.

The main features of systems with a hardenable stowing are the formation of mas-
sif of low strength (1-3 MPa). This is determined, in most cases, by favorable mining
and geological conditions, and a smaller volume of construction works.

Classification of the stowing, its purpose and conditions of use in uranium mines
are given in Table 2.

Table 2 — Solid stowing classification for uranium mines

Strength

category
Low strength | Creation of lateral fastening for the walls
(0.2-1.2 MPa) | of the structures

Purpose Conditions of use

Flat roof without additional load

Strong Limiting the limits of influence of the . s
(1.2-2.5 MPa) | created space Additional load within the vault
Very strong Additional load of rocks to the

Division of massif into safe spans

(>2.5 MPa) earth's surface
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It was established that the stability of exposures in blocks can be preserved when
forming a bookmark with differentiated strength, namely:

- in the slabs of the first stage, the strength of the stowing should be: 3 MPa for
drifts and 5 MPa for cross-cuts;

- in the cleaning slabs of the second and third stages, it is stowing to use a low-
strength — 1.2 MPa;

- in cleaning slabs with two artificial outcrops, voids can be filled with loose, hy-
draulic and combined stowing.

The use of systems with a stowing will make it possible to extract ores under riv-
ers, reservoirs and the residential sector. At the same time, ore processing is ensured
without disturbing the rock massif. However, this requires the use of a high-quality
backfill with a compressive strength of at least 7-8 MPa. It should be noted that at the
present time, some uranium mines are using hardening pads, which are prepared
mainly from grains of slag, sand and water and have a strength of no more than
1.0-1.5 MPa.

The vast majority of deposits of non-mineral raw materials (sandstone, limestone,
gypsum, anhydrite and dolomite) are developed by the open method. Only thick
seams of high-quality raw materials are developed underground. Mining is carried
out leaving columnar or banded pillars. Stoing of used underground space, with the
exception of some cases, is unprofitable. Therefore, the design of such a development
system requires a safety factor of elements of the geomechanical system not lower
than 3. This should ensure long-term stability of underground workings — theoretical-
ly an infinitely long period of time. In practice, a significant decrease in long-term
stability is observed, caused by a number of unfavorable factors.

The main unfavorable factors that reduce the stability of mining workings are ob-
vious and hidden geological disturbances in the rock massif, the imperfection of the
mining technology and the presence of water pressure horizons in the roof of the
workings.

It is impossible to prevent these natural phenomena without studying the mecha-
nism of their occurrence. The results of our long-term research on a number of non-
ore deposits have shown that the development of negative processes in the geome-
chanical system is not spontaneous, but can last for quite a long period of time [18].
This conclusion is confirmed by other researchers [19]. Fig. 4 illustrates the conse-
quences of these processes.

In particular, it was established that outside the influence of geological disturb-
ances, the development of deformations in the layered roof of the chamber occured in
four stages:

- formation of a base crack in the lower layer (3—10 years);

- the formation of a system of cracks with the release of rock blocks (3—5 years);

- collapse of individual rock blocks of the lower layer and detachment of a deeper
layer (1-3 years);

- successive destruction of rock layers until the formation of a dome of natural
balance above the camera (up to 1 year).
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a) — collapse of the roof of the chamber, b) - surface collapse by the excavated space

Figure 4 — Consequences of negative geomechanical processes in underground gypsum mining

In the case of geological disturbances, deformations develop without prior for-
mation of cracks in the roof of the chamber. The main condition for the intensifica-
tion of the process of destruction of the roof of the chamber is a significant decrease
in thickness or complete absence of the main roof. At the same time, we have the fol-
lowing three stages of the process:

- local collapse of the immediate roof of the chamber (5-20 years);

- gradual expansion of the opening in the roof with filling of the chamber with
rock (up to 1 year);

- the formation of a funnel on the earth's surface (up to 1 year).

A decrease in stability also occurs when the massif is wetted. For example, the
average strength of argillite at a moisture content of 2 % is 53 MPa, and at moisture
content of 4 % it is 15 MPa. An increase in the moisture content of gypsum to 2 %
reduces the uniaxial compressive strength by 2.0-2.5 times.

Of the operational risks in non-ore mines, the most dangerous in terms of its con-
sequences is the combined destruction of the wholes and the collapse of the roof of
the chambers. A much rarer, but catastrophic in its consequences, phenomenon is the
destruction of pillars. This can cause a powerful collapse of the entire mine site due
to the "domino effect". The combination of karst formation with the presence of an
aquifer is also very dangerous for the stability of underground chambers.

The analysis of accidents shows that the primary measures to ensure the stability
of mining operations should be aimed at preventing the destruction of wholes and
roof collapses. This can be achieved by optimizing the parameters of the development
system, changing the mining technology or fixing the roof. For example, for the
chamber-column system, the choice of pillars in the form of a parallelepiped with a
ratio of the length of the pillar to its width from 2.5 to 3.5 is the most widely used.
This form is technological, but it is not optimal from the point of view of geomechan-
ics when using the drilling and blasting method. As the authors' research showed, tak-
ing into account the unevenness of the contour and the near-contour zone disturbed
by cracks, the depth of the weakened zone is about 1 m. From this it follows that,
with an optimal shape, a pillar with a given cross-sectional area should have a mini-
mum perimeter length. The optimization criterion is the ratio of the area S,, which
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fully perceives the rock pressure, to the total area So. Therefore, the cylinder-shaped
rear sight is optimal, which allows to obtain the maximum value of the S,/So ratio.

When working out a fastening of high capacity, the ratio of the height of the pillar
to its width increases. It was established that with a ratio of more than 1.5, tensile
stresses occur in the central part. Since the tensile strength is much lower than the
compressive strength, this accelerates the process of its destruction. Accordingly, du-
rability also decreases. Therefore, it is advisable to divide the layer into floors with a
protective layer between them (Fig. 5a).

When performing mining operations in a karst zone, the probability of premature
destruction of the elements of the chamber-column system increases significantly. In
such cases, it is proposed to divide the mine field into separate blocks of small sizes
with barrier pillars along the contour (Fig. 5b).
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a) b)
a) — division of the seam into levels, b) — barrier safety around danger zone

Figure 5 — Ensuring long-term stability of workings in a gypsum mine

Increasing the stability of products without changing the parameters of the
chamber-column system can be achieved by changing the mining technology. Re-
placing the drilling and blasting technology with the combine technology significant-
ly improves the condition of the near-contour zone (Fig. 6).

¥ e 5

b)
a) — drilling and blasting technology, b) — driving with the help of a heading machine

Figure 6 — Working surface for various options of breaking
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4. Conclusions

Underpinning the presented concept of risk-oriented technical solutions for the
protection of underground workings in complex mining and technical conditions of
extraction of solid minerals, we point out the need to improve the existing regulatory
and technical documentation, which concerns the protection of mining workings.

The following should be provided for in the documents relating to the protection
of workings in ore mines:

- to improve the technology of installing reinforced concrete anchors or replacing
them with steel-polymer anchors with mandatory control of the quality of lining by
the method of non-destructive testing;

- to secure the mouth of all workings leading from the surface (the length of the
fixed section is determined by the project or passport of securing the work), as well
as all junctions of inclined and vertical workings, regardless of the strength of the
rocks;

- it is necessary to fix the junctions of horizontal workings in unstable and medi-
um-strength rocks;

- to development and implementation of a mobile temporary protection construc-
tion structure at mining enterprises. This will prevent accidents during the construc-
tion of permanent lining of junction of workings;

- in order to prevent environmental risks during the development of deposits in
areas adjacent to populated areas and industrial facilities, as well as to reduce the loss
of valuable raw materials, it is to use development systems with the stowing of work-
ings. Also develop and implement high-quality stowing with a com-pressive strength
of at least 7-8 MPa for the purpose of mining ore under rivers, reservoirs and the res-
1dential sector;

- as a mandatory element, periodic hardware control of the strength of all types of
fasteners, as well as the surrounding rocks of unsecured areas to detect hidden punc-
tures and peeling.

For mines for the extraction of non-ore raw materials are appropriate:

- complete transition from drilling and blasting to combine mining technology;

- floor-by-story mining system or leaving barrier pillars on thick seams;

- implementation of continuous monitoring of the condition of the roof of the
products and their fastening in the finished areas. Or stowing, depending on the de-
gree of risk of collapse and its impact on ground objects (especially in zones of geo-
logical disturbances);

- provision of measures to eliminate or significantly reduce water inflows.
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KOHUENUIA PU3UK-OPIEHTOBAHUX TEXHIMHMUX PIWLEHb 3 OXOPOHW BWMPOBOK PYOHUX |
HEPYOHUX LLAXT
Ckinoyka C.l., Kpykoecekut O.[1., CepeieHko B.M.

AHorauis. [pegmeTom JocnigxeHb, BUKNAAEHUX B CTaTTi, € KPINSIEHHS Ta OXOPOHA FipHUYMX BUPODOK LUAXT 3 Bu-
pobyTKy pyou i HepyaHux komamuH Ans OyaisenbHoi iHaycTpii. MeTowo poGoTu € pospobka KoHUenuii puamk-
OPIEHTOBAHMX TEXHIKO-TEXHOMOMYHMX PilleHb 3 OXOPOHM NiA3EMHUX TiPHUYMX BUPOOOK ANS KAapAMHANBHOIO NiABULLEHHS
edhekTUBHOCTI Ta Geanekn BuaoOYTKY PyAHUX i HEPYAHMX KOMamnuH Ha POAOBMLLAX CKMagHOI CTPYKTypu. BukopuctaHo
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BiQOMMI 3MiLLAHWA METOL OLHKM PU3WKIB, SKWA NPUNYCKaE, L0 Mig3eMHe ripHM4oLobyBHE BMPOBHWLTBO CynpoBOA-
XYETbCSA TPbOMa OCHOBHWMW, NOB'A3aHUMU Mix cOBOt0, MokasHUKamu: Be3nekor npaLi LWaxTapis, ekonorivHow Geane-
KOK i hiHAHCOBO-EKOHOMIYHUMM puankamn. MeTtog nepeabayae nobynoBy MaTpuui HACTIAKIB | IMOBIPHOCTEN LNSXOM
iX paHxyBaHHs. [poaHaniaoBaHi TEXHIKO-TEXHOMOMYHI PILUEHHS 3 NIATPUMAHHS Ta OXOPOHW BMPODOK 3ani3opyaHuX i
YPaHOBMX LAXT Ta Nig3eMHMX NiBNPMEMCTB 3 BUOOOYTKY HEPYAHOI CUPOBMHW. BMSBNEHO iX HeZonikn Ta BMKOHAHO
OLliHKY, NOB'A3aHNX 3 LM PU3MKIB DYHKLOHYBaHHS | BaraTopiuHOi KOHCepBaLii nig3eMHMX NignpreMcTB. 3anponoHOBaHO
KOHLIENLil0 TEXHIKO-TEXHOMONYHMX pilleHb AN NiABULLEHHST ©e3neky, eKOMOriYHMX i eKOHOMIYHWMX NOKa3HWKIB poboTK
WaxT, ski MalTb OYTV NOKNageHi B OCHOBY HOBOI HOPMAaTMBHO-TEXHIYHOI AOKYMEHTALi 3 0XOpoHU BMpOOOK. 3okpema,
ONS PYOHUX LWAXT Le CTOCYETbCS NEpPexoay Ha HOBI TEXHOMOMT aHKEPHOTO KPINMeHHs, 0COBIMBIX YMOB KPINEHHS Cro-
nyyeHb, BIPOBaKEHHS 3aKnaaku B 0c06nMBO Hebe3neyHnx 30Hax, KOHTPOMIO | 3MEHLLEHHS BOAONPUNIMBIB. [ns WwaxT 3
BMAOBYTKY HEpYAHOI CMPOBMHW MPAKTUYHO MiSTBEPAKEHO edeKTUBHICTb MOBHOrO nepexody Bif 6ypo-BubyxoBoi Ha
kombaitHoBY TexHonorito. [pu HasBHOCTI NNacTiB BEMMKOI MOTYXXHOCTI PEKOMEHAOBAHO iX BiAnpaLtoBaHHsS OKpEMUMM
NoBEPXaMM 3 3amNMLUEHHSM Ljifika Mix HUMU. 30HW reonoriYHMX NOpyLUEHb AOLINBHO NOQINUTM Ha HEBENUKI LiNsHKN, SKi
OKOHTYPIOKTb Bap’epHUMK Linnkamu. HaronowyeTbes Ha 060B'A3KOBICTb BNPOBAMKEHHS Ha LioumX i BignpaLboBaHMX
BiNsiHKaX KOMMIEKCHOrO MOHITOPWHIY CTaHy MOKPIBMi BUPODOK Ta iX KpinneHHs. B 3anexHOCTi Big CTyneHio pusnky 0bBsa-
INeHHs B BUpOoBKax Bennkoro 06’emy Ta ioro BNNMBY Ha Ha3eMHi 06'eKTY BU3HAYatOTb AOLINbHICT BUKOHAHHS 3aKnagHMX
pobiT. Pe3ynbTati gocnimxeHb MOXyTb ByTW BUKOpUCTaHI AN peaniaayji 3axoiB no nigsuLleHHto 6eanekun npadi Lwax-
Tapis, EKONOrYHOI Be3nekn Ta EKOHOMIMHMX NOKA3HWKIB POOOTW PYAHMX | HEPYOHWX LLAXT.

KntoyoBi cnoBa: pyaHi Ta HepyaHi WwaxTi, NiGTPUMaHHS Ta OXOPOHa BUPOBOK, CKagHi ripHUYO-reonoriyHi yMoBM,
Oeaneka npauj, eKomnoriYHi Ta eKOHOMIYHI PU3MKK, KOHLLENLS 3MEHLLEHHS! PU3MKIB.



