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Abstract
Purpose. This article proposes to analyze and determine the mining design for shallow-dip deposits hosted in poor quality rock.

Methods. We used the UBC tool to find the optimal exploitation method, the Rock mass rating (RMR) and Q-system (Q) to
determine the optimal mining stope and the recommended rock support, the numerical modeling by RS2 software with a
variety of geotechnical, geometrical, and technical conditions to analyze the evolution of the unstable zone width and the
maximum total displacement around the stope after excavation.

Findings. The optimum mining method designated by the UBC tool for this type of deposit is the cut and fill. By projecting
the obtained RMR and Q-system values on the design graph, it is concluded that the operating stope is located in the stable
zone with a height of 3 m, and bolting support is recommended. The simulation by RS2 software reveals that the optimal
mining design that can be used to mine shallow-dip vein deposits hosted in poor quality rocks consists of a 3 m high stope
and a 75° dip with cemented backfill.

Originality. This work presents a study to choose the most suitable underground mining method and mine design for shal-
low-dip deposits hosted in poor quality rock.

Practical implications. In the mining industry, the success of operating an underground mine is conditioned by the selec-
tion of the appropriate method, of the mining design and dimensioning of a rock support adapted to the nature of the rock,

and excavation geometry according to the type and nature of the deposit.
Keywords: mining method, displacement, unstable zone, rock mass, poor quality, backfill

1. Introduction

Mine design is the key to the success and long life of the
operation of an underground mine [1]. Once the geological
data is completed and shows that the deposit has resources
that can generate positive profits, the process of mining engi-
neering can begin with the design that includes the choice of
the mining method and the geotechnical sizing.

The first process that corresponds to the selection of the
mining method (MMS) is to choose the method that best
meets the unique criteria of each deposit, such as geometric,
geological, geotechnical, depth, and other data, such as eco-
nomic, technological, and environmental [2]. It should be
mentioned that this process is the one that will decide on the
profitability and sustainability of a mine because once you
apply the chosen operating method, it is complicated to
change it [3]. For this, several authors have developed ap-
proaches and algorithms to select the optimal exploitation
method. These methods can be classed into three catego-
ries [4]. The first category was a qualitative classification
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based on graphs to choose the producing mining method [5]-
[11]. The second category uses the weighting of several
parameters are related to the geometry of the minera-lization
and the geotechnical conditions of the rock [12]-[14], the
most used is developed by MILLER ET AL [15], which is
the UBC (University of British Columbia) approach. The
third category is a method that uses the Multicriteria Deci-
sion Making Technique (MCDM) by introducing financial
data, technical data, and data related to the geometry of the
mineralization and the geotechnical conditions of the rock,
the most used are analytic hierarchy process (AHP) [16],
[17], analytic network process (ANP), analytic hierarchy
process and fuzzy method (FAHP) [18].

After choosing the mining method, the second step in the
mine design process consists of analyzing the mine stability
and dimensioning the support suitable for the excavation
geometries imposed by the chosen mining method and rock
conditions. This stability analysis proposes solutions to pre-
vent rockfalls, one of the most severe security problems in
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the mining industry. These rockfalls linked to the intersection
of the gallery surface and existing discontinuities in the rock
mass [19], the state of the stresses (in situ stresses, and the
stresses induced by the excavation of gallery) [20], [21], the
convergence of land following the increase in depth [22],
[23] and the interference between excavations [24].

The main objective of this study is to choose the optimal
mining method for shallow-dip vein deposits hosted in poor
quality rocks by involving the UBC method. Then, we
played a stability analysis of the chosen mining method
through empirical and numerical simulations to determine
the geometric elements such as the height and dip of the
mining stope, the type of backfill, and the support rock re-
quired to ensure the stability of the excavation.

2. Methods

In this article, our idea is to present the mining design for
shallow-dip vein deposits hosted in poor quality rocks, be-
cause vein deposits:

—considered an important source of metals like silver,
gold, tin, copper, lead, and zinc for years to come [25];

— located all over the world: in Europe, Australia, Cana-
da, South America, and Africa, and when they have a power
of less than 3 m, these deposits vary in terms of geometry,
dip direction, and width [26];

—have geological characteristics, sometimes very com-
plex, often irregular and erratic [27];

— present a challenge in rock mechanics for mining engi-
neers at the time of operation, especially since a large part of
the deposits that remain in the world are developed further at
depth with an inclined dip, for example, in Kazakhistan, 40
to 50% of vein-type gold deposits are defined in deep in-
clined and steeply inclined zones with intense fracturing of
the ore and host rocks and variable deposit elements [28].

This mining design is constituted of two stages.

The first step is to apply the UBC method [15] to use to
mine shallow-dip vein deposits hosted in poor quality rocks.
This method is based on the Nicholas quantitative me-
thods [14] it uses RMR for rock conditions instead of RQD,
and it takes into account narrow deposits with a thickness
than 3 m. UBC is a weighting method, which means that the
mining method with the highest total represents the optimal
mining method for the deposit studied [29].

The second step is to determine the mine design for the
shallow-dip vein deposits hosted in poor quality rocks, using:

—the empirical methods that generally used in the
mining industry [30], such as the Q-system method [31]
and Rock mass rating (RMR) [32], to determine the stable
geometry and the support necessary to ensure the stability
of the excavation;

—finite Element Numerical Modeling (FEM), which
frequently used to analyze geotechnical problems in the
mine, as it can adapt to material heterogeneity, nonlinear
deformability, complex boundary conditions, in situ and
gravity constraints [33], [34].

2.1. Data collection

2.1.1. Geological and geometrical characteristic

In this article, the mining design is to be studied for
vein deposits shallowly-dipping hosted in poor quality
rocks. The geological data used in this study are summa-
rized in Table 1.
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Table 1. Geological and geometrical characteristic

Rock unit Criteria Description
Deposit shape Irregular
Deposit distribution Erratic
Ore zone Ore thickness 3m
Ore dip 45°
Depth 600 m
He\l,cgﬁng poor quality rock mass -
Foot wall poor quality rock mass —

2.1.2. Geomechanical and geotechnical characteristic

For the Geotechnical data, we used the shale data to simu-
late the Geotechnical parameters of the poor quality rock mass.
This simulation was made by ORMAS V1.0 software: Online
Rock Mass, Strength [35]. Table 2 summarizes the various
Geotechnical parameters of the poor-quality rock mass.

Table 2. The characteristics geomechanical and mechanic for a
poor quality rock mass

Description Symbol  Value Unit
Unit weight 1 2600 kg/m?3
Intact rock strength oci 25 MPa
Hoek-Brown constant mi 6 —
Geological Strength Index GSlI 33 —
Intact Elastic Modulus Ei 5000 MPa
Disturbance Factor D 0 —
Tunnel Depth H 600 m
Friction angle o' 21.22 °
Cohesive strength c' 0.7997 MPa
Rock mass compressive strength ocm 0.5277 MPa
Rock mass tensile strength Otm -0.0267 MPa
Deformation modulus Em 496 MPa
Poisson’s ratio v 0.3 -
The value of the Hoek-Brown mb 05482 -
constant m for the rock mass
Constants that depend upon 0.0006 -
the rock mass characteristics a 0.5183 -

In this section, we also determine the parameters of geome-
chanical classification and empirical simulation such as Rock
mass rating (RMR), Q-system (Q), vertical stress (o), and
Rock substance strength (RSS). These parameters are given by
the equations, which are indicated in the following table.

Table 3. Rock mass classification ratings for the poor rock mass

Description  Symbol Value Unit  COTrelation  Proposed
formula by

Rock mass

rating RMReo  50.78 - ) [36]

Q-SYSTEM Q284 - @ [37]

Vertical

stresses ov 1560 MPa (3) [38]

Rock sub-

stance strength o> 160 - ) [15]

RMR =1.36GSI —5.90; (1)

RMR = 42.87Q%1%%; @)

oV=0H; 3)

Rss =22 4)
ov
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2.2. UBC mining method selection

In this study, we used the UBC tool (a test version) de-
veloped by Mining Studio [39] to select the optimal mining
method for shallow-dip vein deposits hosted in poor-quality
rock. Figure 1 summarizes the results obtained. This tool
shows that the cut and fill extraction method is the most
suitable method for extracting this type of deposit.

Figure 1. Ranking results obtained by the UBC tool [39]

2.3. Designs of the mining methods

2.3.1. Empirical method

The combination of the Benwinski (RMR) and Barton
(Q-SYSTEM) geomechanical classification results with the
stability graphs widely used to define the stable dimensions
of the excavation (Fig. 2) [40] and the determination of the
appropriate support for this excavation depending on the
nature of the rock (Fig. 3) [41].

Figure 2 illustrate that the excavation for an RMR 89 val-
ue of 50.71 is located in the stable zone for a height of 3 m,
while it is located in the transition zone for a height varying
from 3 to 14 m, this excavation becomes unstable when the
height of the stope exceeds 14 m.

5 Span. . g
40 L i i ‘ e il
7 { B o
- — ~Ae FV
35 i A
Pillar <&
_
£ 30
R=
g R+
5% 20
= o# *
%‘J 15 o... oL
o .
2 . |
4 STABLE
5 -
0 . 1 . 1
0 10 20 30 40 50 60 70 80 90 100
Rock Mass Rating
A Unstable Potentially @ Stable
Unstable

Figure 2. Stability study using the updated critical span curve [40]

The projection of the value Q of 2.84 on the graph of
Figure 3 recommends support of the Systematic bolting type
for an opening varies from 3 m and support of the Fiber
reinforced shotcrete and bolting, 5-9 cm for a height varies
from 6 to 12 m.

Table 4 summarizes the different types of support rock
that can be used to stabilize the excavation for the different
heights studied.

2.3.2. Numerical method

Analysis of the stability of mining excavation by nu-
merical modeling is commonly used in the mining indus-
try [24], [42]-[45].
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Figure 3. Estimated support categories based on Q [41]

Table 4. The different types of support recommended for each span

Zone  Stable Potentially unstable Unstable
Design
span, m <3 >3and< 14 >14
Systematic bolting and Cable bolt and
Rock Syst_i- Unreinforcced shotcretg (4  Fibre reinforced
support matic a 10 cm) for Span < 8 Fibre  shotcrete and
bolting  reinforced shotcrete and  bolting, 9-12 cm

bolting, 5-9 cm for span > 8 for span

In this analysis, we used the RS2 software developed by
RocScience Inc. [46] to analyze the displacements and the
safety factor (SF) around the excavation generated by the
overhand cut and wire operating method chosen as the ex-
traction method optimal for exploiting shallow-dip vein de-
posits hosted in poor quality rocks.

Figure 4 shows the dimensions and geometry of the mo-
del used in this simulation, and to minimize the effects of the
mining sequence the analysis will be done on a single stope,
assuming that the rock mass is an elastic and isotropic mate-
rial. A uniform mesh with 3 nodes was applied in the simula-
tion. The HOEK BROWN criterion is applied as the failure
criterion of the rock mass with gravitational stress to simu-
late the initial stresses in the rock mass over a depth of
600 m. Table 2 shows the geomechanical and mechanical
parameters of the rock mass used.

Figure 4. Geometric model used in analyses with RS2
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The results of this analysis are presented according to the
height of the mining chamber, the dip of the mining cham-
ber, and the type of backfill used to fill the voids.

3. Results and discussion

3.1. Effect of the height of the stope

In this step of analysis, we will have analyzed the defor-
mation and the extent of the unstable zone around the excava-
tion to determine the optimum height of the design mine. The
deformation will be represented by the total maximum dis-
placement, while the extent of the unstable zone indicates the
depth of the unstable zones, which have a safety factor less
than 1 (SF < 1), this value is fixed at 1 view that the Mine
openings are considered temporary openings [44]. This analy-
sis will be done for different cases of the stress factor ratios K
(K=1, 1.5, 2). This factor represents the horizontal-vertical
stress ratio and is determined by the following equation [38]:

K - horizontal stress
vertical stress

(®)

The data published in the literature suggest that the stabi-
lity of the rock mass depends on the height of the stope [47].
Figure 5 and 6 shows the evolution of the safety factor and
the total maximum displacement at the turns of the excava-
tion at three stress ratios.
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Figure 5. Numerical analysis by RS2 of the safety factor for
several heights and stress ratio K
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Figure 6. Numerical analysis by RS2 of the maximum total dis-
placement for several heights and stress ratio K
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The maximum width of the unstable zone (SF<1)
around the excavation is seen when the horizontal stress is
two times the vertical stresses for all three types of openings,
while the minimum width of this zone is seen when the stress
horizontal equal to the vertical stress (Table 5). The total
maximum displacement observed after excavation around the
opening is recorded when the horizontal stress is two times
the vertical stress for the three types of openings, while the
minimum value of this parameter is recorded when the hori-
zontal stress equal to the vertical stress (Table 5).

Table 5. The values of the unstable zone and total maximum
displacement for each height and stress ratio

Depth of unstable Total max.

zone, m (SF < 1.09) displacement, m
Stope  Stress . .
height, ratio roof right left roof right

wall wall  wall wall

m (K)

Height 1 3.090 3.440 3.150 0.018 0.018 0.017
stope 15 3.680 3.880 3.280 0.020 0.017 0.018
3m 2 4570 4.410 3.930 0.023 0.017 0.021
Height 1 5.950 4.110 5.670 0.030 0.022 0.030
stope 15 6.820 4.900 5.920 0.035 0.023 0.035
6m 2 10.030 5.760 7.550 0.043 0.025 0.043
Height 1 10.690 5.370 10.240 0.052 0.030 0.052
stope 15 17.050 6.790 11.440 0.064 0.032 0.064
12m 2 17390 6.930 12.710 0.079 0.033 0.079

Figure 7 shows the evolution of the safety factor and the
total maximum displacement around the excavation for three
types of height. The width of the unstable zone (SF < 1) will
be multiplied by 2 when going from a height of 3 to 6 m and
by 3.6 when going from a height of 3 to 12 m for the right
and left wall, then that for the roof, the width of the unstable
zone (SF < 1) will be multiplied by 1.25 when going from a
height of 3 to 6 m and by 1.63 when going from a height of
3 to 12 m. The value of the maximum total displacement will
be multiplied by 1.8 for a height from 3 to 6 m, and by 3.2
for a height from 3 to 12 m for the right and left wall. While
for the roof, the total maximum displacement value will be
multiplied by 1.35 for a height from 3 to 6 m and by 1.83 for
a height from of 3to 12 m.

3.2. Effect of stope geometry

The effect of the inclination on the stability of the stope
was analyzed (Fig. 8 and 9). Table 6 illustrates the variation in
the width of the unstable zone (SF < 1) and the total maximum
displacement at different inclinations and for an opening of
3 m and an in situ stress ratio K = 1. This analysis shows that
the width of the unstable zone and the total maximum dis-
placement decrease with the increase in the inclination in the
right and left wall, while these two indices evolve positively
by increasing the inclination at the level of the roof (Fig. 10).

3.3. Effect of the nature of the backfill

In the underground mining industry, backfill is used as a
platform to reach upper section mineralization and to in-
crease containment in the excavation and fill voids created
by mining [48]. Usually, backfill is subdivided into cemented
backfill (CB) and uncemented backfill (UB) [49]. The
uncemented backfill is represented only by-products from the
excavation of the galleries or the open pit [48], this type of
backfill has the same geotechnical characteristics of the
waste rock used with zero cohesion [50].
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Figure 7. Evolution of the unstable zone and total maximum

displacement: (a) the unstable zone around the excava-
tion at different stress value materialized by the stress
ratio K and at different heights of the stope; (b) total
displacement around the excavation at different stress
value materialized by the stress ratio K and at different
heights of the stope

While cemented backfill involves mixing a material that
can be waste rock or sand with the cement, the geotechnical
characteristics of this type of backfill depend on several
parameters such as the percentage and type of binder used,
the nature and the particle size of the products used and the
type and amount of water applied [51].
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Figure 8. Numerical analysis by RS2 of the unstable zone for
several inclinations
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Figure 9. Numerical analysis by RS2 of the total maximum dis-
placement for several inclinations

Table 6. The values of the unstable zone and total maximum

displacement for several inclinations, with stope
height =3 m, stress ratio K =1
Hanging-wall Depth of unstable Total max.
dip angle, ° zone, m (SF < 1.09) displacement, m
left r0of right  left roof right
wall wall  wall wall
45 3.090 3440 3.150 0.018 0.018 0.017
55 2.680 3.670 2.730 0.016 0.019 0.016
65 2430 3.890 2510 0.013 0.019 0.013
75 2190 4.140 2.140 0.010 0.020 0.010
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Figure 10. Evolution of the unstable zone and the total maximum
displacement as a function of the inclination: (a) the
unstable zone around the excavation at different incli-
nation of the stope; (b) total displacement around the
excavation at different inclination of the stope
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Figure 11 and 12 illustrate the simulation after the back-
fill of the excavation by the cemented and uncemented back-
fill, using the geomechanical properties of the waste rock
without cohesion for the uncemented backfill and the classi-
cal geomechanical properties presented by [52].

Height =3m, K=1, Dip=75", UB

Figure 11. Numerical analysis by RS2 of the unstable zone as a
function of the backfill

aHeight =3m, k=1, Dip=75°, UB

ight =3m, K=1, Dip=75°, CE

Figure 12. Numerical analysis by RS2 of the total maximum
displacement as a function of the backfill

Table 7 summarizes the change in the width of the un-
stable zone (SF < 1) and the total maximum displacement
depending on the type of backfill used.

This analysis shows the cemented backfill canceled out
the unstable zone and reduced deformation by 25 to 29%
around the excavation (Fig. 13).

Table 7. The values of the unstable zone and total maximum
displacement for the backfill with Stope height =3 m,
stress ratio K = 1 and hanging-wall dip angle = 75°

Depth of unstable Total max.
zone, m (SF < 1.09) displacement, m

Type left right left right
ofbackfill  wall %" wanl  wal  ™°f  wai
Uncemented 4 oo 3570 1750 0.008 0017 0.008
backfill

Cemented 4 15y 0000 0000 0002 0005 0.002
backfill
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Figure 13. Evolution of the unstable zone and the total maximum
displacement as a function of the backfill: (a) the un-
stable zone around the excavation as a function of the
backfill; (b) total displacement around the excavation as
a function of the backfill

4. Conclusions

In this study, several analytical methods such as mining
method selection, empirical and numerical were used to de-
termine the optimal mine design for shallow-dip vein deposits
hosted in poor quality rocks. Based on geotechnical and geo-
logical considerations, the optimum mining method designated
by the UBC tool for this type of deposit is the cut and fill. The
geomechanical characteristics of the rock mass used as input
data for the empirical and numerical analysis were determined
from the ORMAS V1.0: Online tool and from the correlation
equations between GSI and RM on the one hand and from
somewhere else between RMR and Q-system. By projecting
the obtained RMR and Q-system values on the design graph, it
is concluded that the operating stope is located in the stable
zone with a height of 3 m, and bolting support is recommended.

Then a series of numerical modeling was done with a va-
riety of geotechnical, geometric, and technical conditions to
analyze the evolution of the width of the unstable zone
(SF <1) and the maximum total displacement around the
opening after the excavation. This simulation reveals that the
optimal mining design that can be used to mine shallow-dip
vein deposits hosted in poor quality rocks consists of a 3 m
high stope and a 75° dip with cemented backfill.
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HocaixxeHHs Ta oninka cTilikocTi MeToay mia3zeMHol po3po0dKku
M0JIOr03a/ISIrAI0YMX KMJILHUX POJOBHUIL Y MOPOJAX HU3BKOI SIKOCTI

O. I'aznani, JI. Mycranpad, T. Tarma, b. Ana6mxa, @. Ampayi

Merta. Bubip onTManbHOro METOLY IiJ3eMHOI PO3pOOKH MOJOT03aIsralouiX JKHIBHUX POAOBHUII, L0 3aJSITA0Th Y MOPOJAAX HU3BKOT
SIKOCTI, 32 JOIIOMOTOI0 eMITIPHYHOTO i YUCEIFHOTO MOCIIOBAHHS AJIS1 BU3HAUCHHS CTIMKMX TeOMETPHYHI SIEMEHTIB MipHUY01 BHPOOKH.



0. Ghazdali, J. Moustadraf, T. Tagma, B. Alabjah, F. Amraoui. (2021). Mining of Mineral Deposits, 15(3), 31-38

Metomuka. {11 BUOOpY ONTHMAaIBbHOIO criocody po3poOku OyB BHKopucTaHMi Meton YHiBepcurery Bpurancekoi Komym6ii (UBC),
JUIS BU3HAYEHHsI ONTHMAJIbHOI TipHUYO1 BUPOOKHU 1 pEKOMEHI0BAHOTO TUITY KPIiIUICHHS — cUCTeMH Kiacudikauii moponaux macuBiB RMR i
Q, A7 aHai3y 3MiHU IIMPHHU HecTaOlIbHOI 30HU Ta 3arajJbHOTO0 MaKCHUMAaJbHOTO 3CYBY HaBKOJIO BUPOOKHM Micis BHMMAaHHS BHKOPUCTOBY-
BaJIOCs YHCEIbHE MOJIETIOBAHHS B cepeoBHIi RS2 it pi3HUX Te0TeXHIYHUX, TEOMETPUYHHX | TEXHIYHHX YMOB.

PesyasTarn. llInsxom npoexTyBaHHS OTprMaHuX 3HaueHb RMR i Q-cucTemMu Ha po3paxyHKOBHIl Ipadik MpOBEAEHHS TipHHYHX POOIT
CTaJI0 OYEBHIHO, 1[0 OYHCHA BUPOOKA 3HAXOAUTHCS y CTabUIBHIN 30HI BUCOTOIO 3 M, 1 peKOMEHIOBaHUH THII KPIIUICHHS — aHKepHUH. Moze-
JFOBaHHSA B cepenoBuIli RS2 minTBepamiio, mo onTrMaibHa cXeMa pPO3pOOKH IOJIOr03alIsTalouiX JKUIBHIX POJOBHII y MOPOAAX HU3BKOT
SIKOCTI1 BKJIFOUa€ BUOIH BUCOTOIO 3 M 3 KyTOM Haxwuiy 75° 1 IEeMEHTOBAHOIO 3aKJIaIKOI0.

HayxoBa HoBM3Ha. HaykoBo 0OTpyHTOBaHI CTiiiKi reOMETpUYH] apaMeTpH MiA3eMHOTro BUIOOYTKY Ta CXEMH PO3pOOKH IOIOro3ajsra-
IOYMX KIJIBHUX IUIACTIB y MOPOAAX HU3BKOI SKOCTI.

IMpakTnuna 3nauuMicTb. EQexTrBHa poboTa MIaXTH 3aJeKUTh Bil BUOOPY BIAMOBIAHOTO CIOCO0Y PO3POOKH, CXEMH TIpHHYIHUX POOIT i
rapaMeTpiB KpiIUIeHHs, alallTOBaHO 0 THITY TIOPOJIH, a TAKOXK BiJl reoMeTpil BUIIMaHHS 3 ypaxyBaHHSM THUITY i IPHPOIH POIOBHIIA.

Knrwuosi cnosa: cnocio po3pooku, 3pyuienHs, HecmabiibHa 30HA, NOPOOHULL MACUE, HU3bKA SKICMb, 3aKIA0KA

HcciaenoBanne u olleHKA yCTOﬁqHBOCTH METOaa HO}I3€MH0]71 pa3pa60TKn
moJoro3ajeralomux KHJabHbIX MeCTOpomeHHﬁ B MOpoaax HU3KOro KayeCcrea

O. l'azpanu, /1. Mycranpad, T. Tarma, b. Anabmkax, . Ampayu

ess. Beibop onTuManbsHOTO METOAa MOA3EMHON pa3pabOTKU MOJOr03alIeralonX KUIBHBIX MECTOPOXKICHHUM, 3aJICTAlONINX B MOPOJax
HHU3KOTO Ka4eCTBa, C TIOMOIIBIO SMIMPHUIECKOTO U YHCIEHHOTO MOJIEIHPOBAHUS IS ONPEAETICHHS yCTOMUNBEIX T€OMETPHIECKIE STIEMEHTOB
TOPHOH BBIPaOOTKH.

Metoauka. /{1 BeiOopa onTUMaNbHOTO crocoba pa3pabOTKH OBUT HCTIONIB30BaH MeTo YHuBepcuteTa bpurtanckoit Komym6un (UBC),
JUISL ONIpeeIeHHs] ONITHMAaJIbHON TOPHOH BBHIPAOOTKH W PEKOMEHIOBAaHHOTO THINA KPENH — CHCTEMbI KIACCH(HKAIMU ITOPOJHBIX MacCHBOB
RMR u Q, mis aHanu3a M3MEHEHHs NIMPUHBI HECTAOMIBHOW 30HBI M OOIIEro MakCHMAaIBHOTO CABUTa BOKPYT BBIPAOOTKH IOCIIE BBHIEMKH
UCII0JIb30BATIOCHh YHCIEHHOE MOJIeNUpoBaHue B cpeae RS2 11 pa3nuuHbIX re0TEXHUYECKUX, TEOMETPUUECKUX U TEXHUYECKUX YCIOBUH.

PesyasTatsl. [IyTem npoenypoBanust moidydeHHbIX 3HadeHMH RMR 1 Q-cucteMbl Ha pacueTHbIH rpaduk MpoBeIeHUS TOPHBIX paboT
CTaJI0 OYEBHJHO, YTO OYMCTHAsl BHIpAOOTKA HAaXOIHUTCS B CTAOMJIBHOW 30HE BBHICOTOM 3 M, M PEKOMEHJIOBAaHHBIH THII KPEIH — aHKEPHBIN.
MogenupoBanue B cpefe RS2 moarsepanio, 4To ONTUMAaNbHAs CXeMa Pa3pabOTKU MOIOr03aeTalomnX KIIBHBIX MECTOPOXKICHHN B MOPO-
JTaX HU3KOTO KayecTBa BKIFOYACT 3a00H BBICOTOH 3 M C YIJIOM HaKIOHA 75° M IEMEHTUPOBAHHOW 3aKIIaIKOH.

Hayunasi HoBu3Ha. HayqHo 000CHOBaHBI yCTOWYMBBIE TEOMETPHUYECKHIE TapaMETPhI OJ3€MHOM JOOBIMH U CXEMBI Pa3pabOTKU MOJIOTO-
3aJIeraloIyX KUIbHBIX IIJJACTOB B IIOPOAAX HU3KOTO Ka4ecTBa.

IIpakTHyeckas 3HaUNMOCTh. DPdeKTHBHAs paboTa MAaXTHI 3aBUCHT OT BEIOOPa COOTBETCTBYIOIIETO criocoba pa3paboTKH, CXeMbI TOPHBIX
paboT 1 mapamMeTpoB Kpery, aAanTHPOBAHHOH K THITY ITOPOJbL, @ TAKXKE OT TEOMETPUH BEIEMKH C YYETOM THUIIA U PHPOJIBI MECTOPOIKICHUS.

Knioueswie cnosa: cnocob paspabomxu, cosue, HecmabuibHas 30Ha, NOPOOHbIIL MACCUB, HU3KOE KAYeCME0, 3aKIA0Kd
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