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Abstract

Purpose. The paper seeks to classify the downstream rock mass of the Ighrem Aousser (I/A) mine and examines its fractu-
ring in order to determine the optimal distance between mine workings.

Methods. The study starts with a geo-mechanical classification of the rock mass using widely recognized methods: Rock
Quality Designation (RQD), Rock Mass Rating (RMR), Q-Barton, Geological Strength Index (GSI), and Rock Mass Index
(RMI). Fracturing surveys were then carried out to identify the primary fracture families using DIPS software. Finally,
PHASE 2 software was employed to determine the optimal distance between galleries.

Findings. This study presents a comprehensive geological and geomechanical analysis of the Ighrem Aousser (I/A) mine,
including field observations, core drilling, and structural analysis using DIPS software. The rock mass was found to be highly
fractured and altered, particularly within the mineralized zones. Laboratory tests show a UCS of 58.79 MPa for flysh, and
RQD values are 66.2 for flysh and 48.5 for mineralized zones. The RMR ranges from 28 to 45, and Barton’s Q-values vary
from 0.8 to 3.7, indicating poor to fair rock quality. Numerical modeling suggests an optimal distance of 16 to 17 meters be-
tween vein drifts and main mine workings for improved stability and safety as the mine deepens.

Originality. This study offers a comprehensive classification and structural analysis of the downstream I/A rock mass to
propose the optimal distance between the vein drifts (GF) and the main mine workings (VM). This integrated approach not
only enhances the understanding of rock mass behavior but also ensures improved safety, stability, and productivity in mining
operations, establishing a new benchmark for sustainable mining development.

Practical implications. In the mining industry, classifying rock masses, designing excavation supports, and determining the
optimal distance between galleries improve safety, boost site productivity by reducing contamination, and lower mining costs.
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1. Introduction Production activities at the Ighrem Aousser mining site

The Compagnie Miniére de Touissit (CMT) is a Moroc-  aT€ currently taking place at the 14™ level (700 m deep),
can company that exploits deposits located in the polymetal- ~ While development work is underway at the 15 level (750 m
lic district of Jbel Aouam, in central Morocco. This districtis ~ deep). The exploitation of this vein-type deposit at such
particularly known for its lead, zinc and silver vein minerali- depths presents increasing ground stability issues, including
zation, but there is currently a growing interest in other types ~ block falls, progressive narrowing of gallery walls along the
of mineralization, including gold in the skarns developed vein and access routes, as well as collapses. These instabili-

around some granitic intrusions in the district. ties significantly complicate operations in terms of personnel
The Signal vein was the first discovered in this region, safety and worksite productivity, ultimately leading to higher
marking the beginning of the exploitation of other veins such  technical production costs. As the mine deepens further to
as Ighrem Aousser, Sidi Ahmed and Iguer Oujna. reach 1100 meters, these stability problems are worsening,
Currently, Ighrem Aousser is the most active production intensifying both technical and safety-related challenges.
center and is home to the deepest mine in Tighza and North The exploitation of mineral deposits faces many challen-

ges, particularly with regard to the stability of the land. Se-

Africa. To optimize operations, a re-engineering of the ’ e
veral researchers, such as S. Wang, CY Li and C. Didier, have

mining infrastructure was undertaken, including a project

to centralize extraction by a single 1100-metre shaft, super- highlighted .stability. problems at mine facesz emphasizing the
vised by the Canadian group CMAC. This reengineering risks assogatesi with these .cor.nplex environments [1]-[3].
also takes into account the increased degradation of the han- ~ These stability issues pose a significant threat to the safety of

ging wall with depth. personnel working on the site. Indeed, B. Altindis, SN Ismail
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and B. Jiang, in their work, particularly insisted on the im-
portance of ensuring the safety of workers in mines, stressing
that unstable conditions can lead to serious accidents [4]-[6].

In addition to safety issues, ground stability also affects
the productivity of mining sites, which has the direct conse-
quence of increasing operating costs. That is why a proactive
and methodical approach is needed to minimize these risks
and optimize the performance of the operating sites.

In this context, our study will focus on determining the
optimal distance to be maintained between the vein drifts
(GF) and the main mine workings (VM). This analysis will
result from an in-depth study of the characterization of the
rock mass [7]-[9], an essential aspect to assess the geotech-
nical quality of the terrain [10], [11]. The aim is to simulta-
neously improve productivity and safety at the operating site.
This approach will involve a detailed study of the rock ma-
trix [12], and its discontinuities [13]-[15], taking into account
the factors influencing the mechanical stability of the mass.

To do this, a precise modelling of the rock mass will be
implemented [16], [17], in order to simulate the real condi-
tions and determine the ideal distance to be observed be-
tween the GF and VM galleries. This optimal distance is of
paramount importance, as it guarantees not only the stability
of the mining structures, but also that of the deposit as a
whole. By optimizing this spacing, we can both improve
worker safety and maximize sites yields, while reducing the
risk of rock destabilization.

2. Study area

2.1. Geographical setting

The mining center of Tighza is located in the Beni Mel-
lal-Khenifra region, in the province of Khenifra, commune of
Elhammam-M’rirt. It is located 100 km south of the city of
Meknes, and 7 km north-west of the city of M’rirt, as shown
in Figure 1. The majority of the inhabitants of Tighza are
miners, former miners or sons and widows of miners. Indeed,
the subsoil of Tighza contains mineral wealth exploited by
the Compagnie Miniére de Touissit (CMT). Aouam, Ighram
Aoussar, Sidi Ahmed are the main mining deposits in the
region. 500 people work there. Lead, zinc, copper, silver and,
more recently, gold are mined here. Agriculture, livestock
and trade occupy the rest of the inhabitants of Tighza [18].
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Figure 1. Geographical location of the Tighza mining district [18]

2.2. Geological setting

From a stratigraphic point of view, the Tighza domain en-
compasses Paleozoic terrains from the Ordovician to the Car-
boniferous, with allochthonous and autochthonous terrains [19].

The Ordovician is the most dominant stratigraphic stage,
constituting the Aouam, Anajdam and Iguer Oujana massifs,
which correspond to the allochthonous part of the Ordovician.
The deposits attributed to the allochthonous or autochthonous
Upper Ordovician are essentially detrital in character, contain-
ning a schist series at the base and alternating sandstones and
pelites, as well as at the top of the Ordovician, there are bars of
quartzite. The Ordovician of the M’rirt region is predominant-
ly clayey or clayey-sandstone with a rhythmic character.

The Silurian is a lithological succession with a fine detrital
character. It rests directly on the upper quartzite. It consists of
sandstone pelites with a greyish to blackish hue. Silurian
schists are rich in organic matter, which facilitates fossiliferous
dating. These facies are known in the region of Jbel Aouam
under the name of Mokattam schists or cloisonné schists.

Devonian deposits consists of argillites indicating calm
sedimentation. The nodules and limestones that enrich the
Devonian indicate that the deposition occurred on the outer
platform. The sedimentary series of the Devonian is com-
posed of silty argillites intercalated with fine limestones
bearing numerous indications of synsedimentary tectonics
that indicate bedrock instability.

The sandstone-conglomerate series of the Tournaisian oc-
cur unconformably on the previous terrains and are topped by
marine platform deposits, formed mainly by bioclastic lime-
stones, sandstone limestones and marls of Middle Target Age.
The flysh character series follows these platform deposits.

3. Methods

3.1. Geotechnical study of the Ighrem Aousser rock mass
3.1.1. Identification of rocks

After analyzing the core holes, the facies in question is a
flysh with alternating sandstone and shale with a predomi-
nance of sandstone banks compared to the schist levels, is the
Pb-Ag mineralization.

3.1.2. Empirical classifications of the rock mass

In this part, we will characterize the rock mass of the Ighrem
Aousser mine using several empirical methods, namely the
RQD, the CMA, Barton and the Geologic strength Index (GSI).

3.1.3. Classification de DEERE (Rock Quality Designation)

The Rock Quality Designation (RQD) was developed by
Deere et al. (1967) to provide a quantitative estimate of frac-
turing influencing rock mass behaviour based on the exami-
nation of drill cores. RQD is defined as the percentage of
intact pieces greater than 10 cm in length over the total
length of the borehole [20], [21]. Based on the core drilling
analysis, and based on the DEERE classification, the rock
mass is classified as good (Table 1).

Table 1. DEERE classification

Classification
Rock RQD de DEERE
Sandstone 83.6 Good
Flysh 66.2 Average
Mineralization 48.5 Mediocre

3.1.4. Classification de Bieniawski. RMR (Rock Mass Rating)

The Bieniawski classification or CMA is the sum of five
scores representing the quantification of five parameters
characterizing the rock (simple compressive strength; RQD;
discontinuity family spacing; discontinuity roughness and
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weathering, presence of water; drift orientation relative to
critical discontinuity family orientation). The sum of the
five notes is adjusted by a note relating to the direction of
the deepening in relation to the direction of the dip of
the discontinuities. Bieniawski, by this classification, pro-
poses the possible excavation method and the most suitable
type of support [22], [23].

According to this classification, the I/A mass is classified
as average to good (Table 2), and the adequate support is
summarized in Table 3.

3.1.5. Barton classification

Barton’s method is an empirical classification of rock
masses. The principle of this classification consists of noting
the quality of the rock mass through 84 parameters. It is
characterized by a Q quality index varying between 0.001 for
a very bad mass and 1000 for a very good mass. In practice,
this index decreases within 0.005 and 50 [24], [25].

Using this classification, we were able to classify the rock
mass from medium to very poor for the flysh (Table 4).

Table 2. RMR result for each facies

Bieniawski’s

Rock RMR Class . .
classification
Sandstone 62 2 Good
Flysh 53 3 Average
Mineralization 47 3 Average

Table 3. Supports for each facies by RMR

Support
Given the good resistance of the sandstones, we
will opt for bolts spaced 1.5 to 2.0 meters apart and
accompanied by a welded mesh or a wire mesh
Flysh has an average hold, for this reason we
will use bolts spaced from 1.0 to 1.5 meters
apart and accompanied by a welded mesh or a
wire mesh. In addition, we will install light
hangers spaced 0.7 to 1.5 meters apart
Mineralization has a medium hold, for this
reason we will use bolts spaced from 1.0 to
1.5 meters apart and accompanied by a welded
mesh or a wire mesh. In addition, we will install
light hangers spaced 0.7 to 1.5 meters apart

Rock

Sandstone

Flysh

Mineralization

Table 4. Supports for each facies according to Q-Barton

Classification

Rock 0 de Barton From Support
Sandstone 37 Average 1.87 Barton considered sandstone to be stable, so it was sufficient
) & ) to adopt light support according to the areas of instability
Systematic bolting
Flysh 0.98 Poor 1.87 Lb=220m/Es=1m
Mineralization 0.8 Poor 1 Systematic bolting

Lb=220m/Es=1m

3.1.6. Hoek and Brown GSI classification

Introduced by Hoek (1995) and Hoek, Kaiser and
Bawden (1995), the GSI is a dimensionless, empirically
determined number, and their estimation is based on a direct
observation of the rock mass structure from an examination
of the rock mass quality in situ. This index varies between 5
and 85, by definition, values close to 5 correspond to very
poor quality materials, while values close to 85 describe very
good quality materials [26]. The modified GSI proposed by
Sonmez and Ulusay (1999) [27], is an improvement of the
GSI considered too approximate.

The calculation of GSI and modified GSI for the I/A rock
mass made it possible to classify the different facies (Table 5).

Table 5. GSI Classification and modified GSI

Rock GSI Modified GSI Classification
Sandstone 70 62 Good
Flysh 57 56 Good
Mineralization 30 24 Poor

3.1.7. Rock Mass Index (RMI)

The Rock Mass Index (RMI) is a system for classifying
rock masses developed to meet the need to characterize the
strength of rock masses, a requirement emphasized by seve-
ral researchers such as Hoek and Brown (1980), Bieniawski
(1984) and Nieto (1983). Unlike building materials common-
ly used in civil engineering, which are mainly characterized
by their strength properties, rock masses did not benefit from
such a specific characterization of their strength. Developed
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between 1986 and 1995, the RMi system is designed to use
input parameters that have major significance in the behavior
of rock masses [28].

According to this classification, the I/A mass is classified
from very high to extremely high (Table 6).

Table 6. RMI result for each facies

Rock RMI Classification RMI
Sandstone 107.18 Extremely high
Flysh 61.70 Very high

Mineralization 30.47 Very high

4. Results and discussion

4.1. Study of the fracturing between
the 15" level and the 20™ level

As part of this study, we carried out a survey of the frac-
tures and discontinuities present in the levels: the 15%, the
16" and the 20™ level at the level of the cross bands (TB) — a
horizontal gallery connecting the shaft and the mineralized
vein — since these are the only structures excavated to date.
Figure 2 shows the areas surveyed.

This figure illustrates the various mine workings carried
out as part of the Ighrem Aousser new shaft project. Three
access points are shown in orange, located around the shaft at
the 15%, 16" and 20" levels, corresponding to altitudes of
750, 800 and 1000 m, respectively. The drifts connecting the
shaft to the mineralized vein at each level are marked in
green. The vein was intersected at the 16™ and 20* levels, at
horizontal distances of 128 and 172 m, respectively.
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Figure 3. Contours of the concentrations of the poles at the TBs of the three levels: (a) 15" level; (b) 16" level; (c) 20™ level

(b)

4.1.1. Survey processing tool

To identify the main fracture families in each orebody,
we used the DIPS software (Rocscience, 2006). DIPS is a
software specifically designed for the interactive analysis of
orientation-based structural geological data, using advanced
graphical tools. It focuses on the analysis of fracturing data
via stereographic projection, integrating statistical tools for
qualitative and quantitative analysis, as well as for the calcu-
lation of fracture family characteristics.

4.1.2. Study of fracturing

In this study, we conduct fracture surveys on three down-
stream mine levels that are in active condition (15%, 16™ and
20™ levels) to process them using Dips software to characte-
rize fracture families (Fig. 3). The main areas of concentra-
tion for the three levels are grouped into families in Table 7.

S

Table 7. Families of discontinuities at the TBs of the three levels 15™, 16" and 20"

Areas Discontinuity ID Dip Dip direction Description

I m 75 147 Main family

Families of discontinuities at the TB of the 15" level 2m 84 220 Main family
3m 76 336 Main family

Il m 78 134 Main family

Families of discontinuities at the TB of the 16" level 2m 77 208 Main family
3m 78 246 Main family

Il m 81 332 Main family

Families of discontinuities at the TB of the 20 level 2m 69 12 Main family
3m 85 233 Main family

The objective of the fracturing surveys carried out at
three different levels (15, 16" and 20% levels) is twofold: on
the one hand, it is a question of identifying the different
families of fractures present in the rock mass, and on the
other hand, it is about verifying the continuity of these frac-
tures at different depths. The results obtained showed that
each area studied contains three distinct families of fractures,
whose dip varies between 69° and 85°. These fractures ex-
tend continuously at depth, thus confirming their persistence
and structure within the rock mass.

4.2. Simulation of the interaction between GFs and VMs

The aim of this study is to find the minimum, or even op-
timal, distance between the VM and the GF to ensure the
stability of the ground. To find this distance, we will work
with the PHASE2 software. Before starting the study, it
should be mentioned that this distance plays a very important

role in ensuring the stability of the environment that contains
the chimneys (backfill, jet, personnel).

The study consists of two phases:

— the study of the behaviour of the ground after digging;

— the process of finding this minimum distance.

The input data include the average values from estab-
lished mechanical tests, the passivity factor of the ground,
which is K =0.2, the data of the embankment and the depth
which is of the order of 800 m.

The termination criteria adopted are set out in Table 8.

4.2.1. For the main routes

Figure 4 represents the force factor distribution around
the walls of the main track, and Figure 5 represents
the deformations and displacements around the VM with
the main deformation of the opening from the simulation
by the Plaxis software.
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Table 8. Breakup criteria

Mechanical
backfill

Mohr-Coulomb

4

Figure 4. The distribution of the force factor around the VM

4

Figure 5. Movements around the VM

Mineralization Sterile

Generalized
Hoek Brown

Generalized
Hoek Brown

The SFR behaves as an alternative to FS (safety factor),
for the structure to be stable, the SFR should be in the range
of 1 and 1.5; the red and black outlines present the areas
limited by the SFR < 1.5 condition, respectively.

For VMs, the SFR is mediocre for a hanging wall and
crown, with deformations and displacements converging
towards the size limitation, which justifies the existence of
serious problems such as uplift of the environment and con-
vergence of the facings, which requires the installation of
adequate support and, as soon as possible, the restriction of
ground movement.

4.2.2. For the vein galleries

Figure 6 represents the force factor distribution around
the walls of the main track, Figure 7 represents the defor-
mations and displacements around the VM with the main
deformation of the opening and Figure 8 represents the dis-
tribution of the SFRs of a 50 m Panel with a hollowed slice
from the simulation by the Plaxis software.

The safety factor is very low (0.52 and 0.78) around the ex-
cavation, which justifies the instability around the excavation,
especially on the roof, which requires the installation of ade-
quate support as soon as possible to limit the movement of the
ground. We also note the concentration of stresses and the max-
imum displacements, as well as the low safety coefficients
around the backfilled units due to the geomechanical parameters
of the backfill, which can create significant movements over
time, and this has a very important role in the creation of bells.

Around the VM and GF excavations, the zone that
exceeds the elastic part (SFR <1) converges towards the
plastic state. This zone is located within a radius of 1.28 m
from the facings, the modelling of the exploited panel (in the
case of Torpedoing or in the process of operation) shows that
the panel remains unstable on the boundaries of the trenches,
the head and base GF tracks.

4.2.3. The simulation of the panel operated
by the Plaxis software

The simulations of the panel operated by the backfilled rising
slice method are carried out by taking into account the alternation
of the facies (the location of the phases resulting from the obser-
vations made during the establishment of the structural lift).

— the distances between the chimneys in the I/A site is 7 m;

—dm=7+7+7+3=24m is the distance at 45° in the
I/A site, so the perpendicular distance is of the order of 17 m,
but we have to check the stability.

It is noticeable that at this distance (16.642 m) and the ra-
dius area of 3.371 m from the facing, the safety factor or SFR
seems acceptable of the order of 2. For the unit in operation,
the decompressed height is estimated at 0.895 m (Fig. 9).

4.3. Supporting of mining structures (UNWEDGE software)

UNWEDGE is a software developed by Rocscience that
aims to study the stability of the facings of an excavation based
on the block fracturing. Designed to be a fast, interactive and
simple tool, it allows the analysis of the geometry of the blocks
(delimited by 3 planes of discontinuities) surrounding an under-
ground excavation and allows us to assess their behavior [29].

A

&

Figure 6. The distribution of the force factor around the GF
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Figure 8. The distribution of the SFRs of a 50 m panel with a hollowed edge

125 2 2z

Figure 9. The solution found with the determination of the decompressed zone heights (optimal distance 16.642 m)

UNWEDGE also makes it possible to set up, or rather to
size, a retaining system either by bolting or by shotcrete, and
even to combine several types of supports, with the possibi-
lity to determine their characteristics.

After having processed all the galleries on the
UNWEDGE software, we will represent the results obtained
by determining the blocks likely to fall, then we will put a
bolting on them to determine the behavior of the ground.
After estimating the height of the decompressed zone, it is
now possible to calculate the load applied to the supports
placed in the section.
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The results of the support are grouped in Table 9 for the
vein drifts and in Table 10 for the main mine workings.

4.4. Simulation of the interaction between the GFs
and the VMs after insertion of the supports

After the design of the gallery supports (split set bolts), it is
necessary to study the interaction between the main mine wor-
kings and the vein galleries after the bolts have been inserted.
Figure 10 shows the location of bolts in vein drifts, Figure 11
shows the interaction between the main tracks and vein drifts
after bolt insertion while taking into account the optimal distance.
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Table 9. Characteristics of bolts in vein drifts

Table 10. Main track bolt characteristics

Bolt No. Length, m Spacing, m Orientation Bolt No. Length, m Spacing, m Orientation

1 2 1 Norrpal to the 1 25 1 Normal to the
opening section opening section

5 5 1 Non_nal to tl_le 5 15 1 Normal to the
opening section opening section

3 15 1 Nonpal to the 3 15 1 Normal to the
opening section opening section

4 15 1 Normal to the

opening section

2a )

s

Figure 11. Effect of the optimal distance to the bolt insertion

Despite the remarkable increase in the safety factor after
the bolting location (FS >2), and taking into account the
optimal distance (16.642 m), some blocks are still suscepti-
ble to falling (FS < 1.5) which implies the need for additional
support such as wire mesh.

5. Conclusions

In order to determine the optimal distance between the
mine working structures and to know their mutual interac-
tions, we started our study with a characterization of the
downstream rock mass surrounding the Ighrem Aousser
mine, composed mainly of sandstone and flysh. This study
began with the application of various geotechnical classifica-
tions such as the Borehole Quality Index (RQD), the Rock
Mass Rating (RMR) classification system, the Q-Barton meth-
od and the GSI (Geological Strength Index) geological system.
These classifications were combined with the results of the

Figure 10. Bolt layout around the vein drifts

1o
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T e

mechanical tests carried out in the laboratory of the Moham-
madia School of Engineering, thus allowing an in-depth evalu-
ation of the mechanical properties of the rock mass.

In a second phase, a structural study of the mass was car-
ried out. This study involved a detailed survey of the majori-
ty of the fractures observable, specifically at the 15%, 16t
and 20" levels of the mine. Thanks to the use of the Dips
software, these fractures were analyzed and grouped into
different families of fractures. The objective was to identify
areas that are particularly vulnerable to instability, which
could pose risks to the stability of the mass.

Based on the results of the empirical classifications and the
analysis of fracturing, several support proposals have been
developed to ensure the stability of the rock mass. These sup-
port solutions will then be dimensioned and validated using
the UNWEDGE software, to ensure their effectiveness and
compliance with the safety standards required for mining.
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Finally, several simulations were carried out using the
PHASE?2 software, integrating the data obtained during pre-
vious studies. These simulations made it possible to deter-
mine the optimal distance to be maintained between the GF
and VM mine structures. This distance plays a crucial role in
ensuring not only the stability of the mining workings them-
selves, but also the overall stability of the deposit.

The objective was to establish a configuration that would
guarantee safe working conditions for personnel, while redu-
cing the risk of instability in the rock mass. In addition, this
parameter helps to improve the quality of mine production by
minimizing the bypass ratio. The latter, if it is too high, can
hinder the extraction of the ore, thus reducing yields and in-
creasing costs. Thanks to these simulations, it became possible
to optimize the design of the mine working structures, ensu-
ring that they were both safe and efficient, while promoting the
exploitation of the deposit in the best possible conditions.
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I'eomexaniuna kaacugikanis HUZKHBOI YacTUHU poaoBuiia Irpem Ayccep
3 BU3HAYEHHAM ONTHMAJIbHOI BiICTaHI Mi’k TipHMYNMH BUPOOKaMH

X. Xoccaiini, A. Jlaxmiii

Merta. Po3po6ka reomexaHigHo1 kiaacudikanii MacuBy TipChbKHX MOPIJ 3a CTIHKICTIO 1 BUBUSHHS ii TPINMHYBATOCTI 3 METOIO BH3HAUCHHS
ONITHMAJIBHOI BiJICTaHI MK FIpHHYMMHK BHpOOKaMy B yMOBax pyaHHKa Irpem Ayccep.

Metoauka. J[oCIiDKeHHS CKIaaeThesl 3 TeOMEXaHiqHOT KiTacnu(ikaliii TopogHoT MacH i3 BUKOPUCTAHHAM IIMPOKO BU3HAHUX METOJIB: OLi-
HKH sIKOCTi ripcbkux nopin (RQD); pedituary macu ripeskux nopin (RMR); Q-Barton; ingekcy reonoriunoi minaocti (GSI) Ta iHfexcy macu
ripcekux nopig (RMI). Bynu npoBeneHi JocmiKeHHS TPILMHYBATOCT] /s BUSBICHHS NEPBUHHUX CIMEH MepeoMiB 3a JOIOMOTO0 MPOrpam-
Horo 3abe3neueHns DIPS. /Iy Bu3Ha4eHHA ONTUMAIBHOI BiZICTaHI MK TajiepessMu OyJio BUKOPHCTaHO mporpamue 3adesneuenHst PHASE 2.

PesyabTaTu. BusBieHo, o MacuBH TipChbKHUX HOPiJ CHIBHO TPIIIMHYBATi Ta 3MiHEHi, 0COOJIMBO B MeXax MiHepasi3oBaHHX 30H. Jlabo-
paTopHi AOCHTIKEHHsI TOKa3yI0Th, 10 OJHOOChOBA MIIHICTh Ha CTUCK cTaHOBUTH 58.79 MIla st iy, a 3Hagenus RQD — 66.2 ans -
nry i 48.5 s MiHepani3oBaHUX 30H. PEHTHHT Macu TipChKUX MOpiJ KOMMBAETHCS Bif 28 1o 45, a 3HauenHs Q 3a bapronom — Bix 0.8 mo 3.7,
[0 BKa3ye Ha 3aJ0BUIbHY SIKICTh MAaCHBY TIpCBKHX MOpia. UHCETbHNM MOJEIIOBAaHHSAM BCTAHOBJICHO, III0 ONTHMAJTbHA BiJICTAaHb MK XKHIIb-
HUMH [ITPEKaMU Ta OCHOBHUMH TipHHYMMHU BHpPOOKaMH CKJIajae Bim 16 mo 17 MeTpiB, MO € JOCTATHIM JJIS MiJBUINCHHS CTa0UTBHOCTI Ta
0e3nexn B yMOBaxX IOTIMOJIEHHS TipHUYIHX POOIT.

HayxoBa HoBu3Ha. Po3po01eHO KOMIUIEKCHY Kiacu@ikallio Ta 31iHCHEHO CTPYKTYpHHUI aHaji3 HW)KHBOI YaCTHHHU MOPOIHOTO MAacHUBY
JOCHIPKYBaHOTO POIOBHIIIA JJISI BCTAHOBICHHS ONTHMANBHOI BiICTaHI MK )KIJIBHUMH IITPEKAMH Ta OCHOBHUMHU TipHUYUMH BUPOOKAMH.

IpakTHyHa 3HAYUMICTb. Y TipHHUOI00YBHII IPOMHUCIOBOCTI KiIacu]ikalis TipcbKUX MOPiJ, MPOEKTYBAHHS KPIiIUICHh BUIMKOBUX BH-
poOOK 1 BU3HAUYEHHA ONTHMAIIFHOI BIICTaHI MK TalepesMH IiIBUINYIOTh O€3MeKy, 30UIbIIYIOTh MPOAYKTHBHICTD AUISHKU 38 PaXyHOK 3Me-
HILCHHSI IOKa3HUKa 301THEHHS Ta 3HWKYIOTh BUTPATH Ha BUJO0YTOK KOPHCHUX KOTAJIHH.

Knrwuosi cnosa: emnipuuni knacugixayii, nopoonuli macus, 2iopopospus, Kpinienns, npoepamue 3abesneuenns DIPS, UNWEDGE ma
PHASE 2
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