DNIPRO UNIVERSITY
of TECHNOLOGY

Mining of Mineral Deposits
Volume 14 (2020), Issue 3, 134-140

JOURNAL / MINING.IN.UA

UDC 622.274:622.274.4 https://doi.org/10.33271/mining14.03.134

Underground mining method assessment using decision-making
techniques in a fuzzy environment: case study, Trep¢ca mine, Kosovo

Gzim Ibishi*™® Mahmut YavuzZ<, Melih Genis®**

IMitrovica Isa Boletini University, Mitrovica, 40000, Kosovo
2Eskisehir Osmangazi University, Eskisehir, 26000, Turkey
3Zonguldak Bulent Ecevit University, Zonguldak, 26000, Turkey

*Corresponding author: e-mail gzim-ibishi@hotmail.com, tel. +38344176357

Abstract

Purpose. The purpose of this paper is to reevaluate the currently used underground mining method with the intention to veri-
fy if cut-and-fill stoping method is appropriate for deep future excavation mining levels > 800 m below the ground sur-face.

Methods. Decision-making methods i.e., Analytical Hierarch Process (AHP) and Fuzzy Multi-Attribute Decision-making
Methods (FMADM), and UBC selection tool are implemented.

Findings. According to UBC approach six alternatives — Block Caving, Cut-and-Fill Stoping, Sub-level Caving, Sub-level
Stoping, Square Set Stoping, and Top Slicing have been considered as technically feasible alternatives. Results shows that cut-
and-fill stoping method is the optimal mining method for deep excavation mining levels. Optimal underground mining method
for Trepca mine due to the priority of this alternative (0.443) is the highest value compared with the other alternatives.

Originality. This study attempts to find most suitable underground mining method among the possible alternatives based on
AHP and FMADM techniques.

Practical implications. In mine planning and design stage, mining method selection (MMS) for a mineral deposit is one of
the most critical and challenging decision that experts have to make mainly based on geological, economical and geotech-

nical properties of the ore deposit.
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1. Introduction

In mine planning and design stage, suitable underground
mining method selection is one of the crucial and challenging
activities of mining engineering. Once sufficient information
has been collected from geological exploration works of a
mineral deposit, mining method selection (MMS) process
can begin taking the advantage of engineering knowledge,
intuition and past experience [1]. One of the fundamental
goals of MMS is to maximize net present value (NPV), max-
imize the exploitation of the mineral deposit and provide
safety working environment for employees [2].

Each mineral deposit is unique and has specific site fea-
tures meaning that there isn’t a single convenient mining
method utilized of ore deposit extraction. Generally a set of
feasible alternatives are possible. Accordingly, selecting the
most optimal mining method is known as multi-criteria deci-
sion-making (MCDM) process. The optimal mining method
from a set of feasible alternatives is the one that best fits the
mining condition and has minimum problems [3].

In the literature, there are many applications of decision-
making methods in mining operations. Many researchers
have presented in a successful way application of the AHP
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and FMADM methods. [4] solved an underground mining
selection problem by using the fuzzy analytic hierarchy pro-
cess (AHP) and the Yager’s method for pair-wise compari-
son of the criteria. [5] applied the Yager’s method to select
an underground mining method for an iron deposit in Iran.
[2] applied the AHP approach of the UMMS to an under-
ground bauxite mine in Iran. [6] used the AHP method of the
UMMS to an underground lignite mine in Turkey. [7] ap-
plied the AHP technique of the UMMS to an underground
bauxite mine in Iran. [8] applied the AHP and Yager’s meth-
od to select an appropriate mining method for a chromites
mine in Turkey. [9] used the AHP and Yager’s method to
determine an underground mining method for the Ciftalan
lignite mine in Turkey. [10] applied the AHP and Yager’s
method to select an optimal underground mining method for
Nchanga mine in Zambia. [11] applied FMADM (Yager’s)
method to select the most convenient underground mining
method for a chromite mine located at the vicinity of Kayseri
Pinarbasi. Due to the fact that the fuzzy set theory is far clos-
er to human’s subjective perception and representation, we
are inspired to utilize MCDM methods in MMS decision-
process for a mine.
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The aim of this paper is to select a suitable underground
mining method between level +12 m and level —227 m at
Trepca mine. This current study was carried out for the sole
purpose of reaching a steady production rate meeting safety
requirements during mining operations. Finally, a sensitivity
analysis technique is utilized to each mining method.

2. Methods

2.1. The AHP method

The Analytic Hierarchy Process (AHP) is a MCDM tech-
nique which was developed by Thomas Saaty in 1977 [12].
The AHP model helps experts to set priorities and make a
decision among the alternatives. This technique utilizes a
multilevel hierarchical structure of objectives, main/sub-
criteria, and possible choices. The fitting data are obtained by
utilizing a group of pair-wise comparisons (PWC). Such
PWC become used to receive the importance weights of the
decision criteria, and the relative performance measures of
the alternatives with respect to individual decision criterion.
In case the comparisons are not completely consistent, after-
wards it provides a technique for improving consistency [13].
After structuring the hierarchy, the judgment comparison
matrix is developed according to expert’s knowledge and
used to estimate the priorities of the elements. The PWC
matrix is shown in Equation (1) for maximization problems
and Equation (2) for minimization problems [9]:
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where:

w; — the weight of element 1;

w; — the weight of element 2;

w, — the weight of element n.

The intensity of importance is evaluated utilizing the
Saaty’s comparison judge Table 1.

Table 1. Numerical scale of AHP model

S Relative ;
Definition intensity Explanation
Equally 1 sub-criteria (j) and (k) are equally
preferred important
Slightly 3 sub-criterion (j) is slightly more
preferred important than sub-criterion (k)
More 5 sub-criterion (j) is more important
preferred than sub-criterion (k)
Strongly 7 sub-criterion (j) is strongly more
preferred important than sub-criterion (k)
Absolutely 9 sub-criterion (j) is absolutely more
preferred important than sub-criterion (k)
Intermediate 2,4,6,8 compromise is needed
values

In a study by [1], the fundamental steps engaged in this
methodology are outlined as following:
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Step 1: State the problem.

Step 2: Expand the target of the problem.

Step 3: Determine the criteria that affect the behavior.

Step 4: Construct the problem in a hierarchy of different
levels.

Step 5: Compare each element in the corresponding level
and calibrate them on the numerical scale.

Step 6: Perform calculations to find the maximum eigen-
vector, consistency index (Cl), consistency ratio (CR), and
normalized values for each criteria or alternative.

where:

Amax — the principal eigenvector;

n — the matrix size;

ajj — an element of pair-wise comparison matrix;

w; and w; — the j*" and i element of values of eigenvector,
in each instance.
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where:

RI — the random indices.

To figure out whether the resulting ClI is acceptable, the
CR should be calculated. The CI of randomly generated recip-
rocal matrices from the scale 1-9 is called the RI. The ratio of
Cl to RI for the same order matrix is called the CR. RI values
are given in Table 2. In principle, a consistency ratio of 0.10 or
less is considered acceptable. This means that the result here is
less than ideal. In practice, CR exceeding 0.10 occur usually.

Step 7: If the maximum value of eigenvector, Cl and CR
are satisfactory then decision is taken based on the normal-
ized values; otherwise the procedure is repeated till these
values lie in a wanted range.

2.2. The fuzzy MADM (Yager’s) method

Multiple Attribute Decision Making (MADM) deals with
the problem of choosing an alternative from a set of alterna-
tives, which are defined with respect to different attributes.
The experts might define weighting of criteria in order to
reflect their importance. Most common ways of expressing
the relative importance of criteria are the analytical hierarchy
processes and fuzzy versions. The focus of this section is on
Yager’s method [14]. The Yager method takes into consider-
ation the max-min method of [15]. The weighting process
utilizes the exponentials based on the definition of linguistic
hedges proposed by [16].

Yager’s approach takes into account the maximum-
minimum principle approach. Accordingly, let A ={Ai,
Az,...An} be the set of possible alternatives, and C = {C;,
Ca,...Cn} be the set of criteria, hence, fuzzy set decision is the
crossing point of all criteria:
uD(A):min{ﬂCl,ﬂC2 ,...,ﬂcn}.

A A A

(6)
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Table 2. The consistency indices of randomly generated reciprocal matrices [11]

Order of the matrix (n)

RI 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

000 0.00 058 090 112 124 132

141 145 149 151 148 156 157 159

The optimal decision for all (Ai) € A. (A") is the optimal
decision:

(A7) = max (. (A1) @)

In this approach the importance of criteria is presented as
exponential scalars. The rule of thumb being used in this
model, the larger should be the exponent gives the minimum
rule. Other way round, the less important a criterion is, the
smaller weight posses:

o (A) =i sy (A s, () s, ()} ©

2.3. Case study

The MADM techniques are employed to pick up a suita-
ble mining method between main level +12m to level
—227 m, for a lead-zinc-silver mine (Fig. 1) owned by Trepca —
Joint Stock Company. The underground mine, in which raw
lead-zinc-silver of approx 150000 metric tons per year has
been exploited, is located in Stan Térg district of Mitrovica
in Kosovo as seen in Figure 2. An underground mining
method is requested for Trepca mine by the mine manage-
ment to extract the ore from deep production stopes utilizing
drilling and blasting operation.

Figure 1. 4 view of Trepg¢a lead-zinc-silver mine
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Figure 2. Location map of Trep¢a mine in Mitrovica district in
Kosovo
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Trepga mineralization deposit is considered as the largest
lead-zinc-silver mine in Kosovo and Europe. The characteris-
tics of the central ore body are tabulated in Table 3, aimed at
the use in the UBC tool. The UBC mining method selection
tool was developed by [17] and it is an online computer based
version of the [18]. This online selection tool is used to deter-
mine the best possible alternatives for the ore deposit. A geo-
logical cross section view of the central ore body is given in
Figure 3, showing the ore body and the surrounding geological
rock units in the study area.

Table 3. Main characteristics of the UBC selection tool
Ore deposit characteristics

Description

General shape of deposit
Ore thickness

irregular
thick, 30-100 m

Ore plunge intermediate, 40-45°
Grade distribution uniform
Depth > 600 m
RMRugs9 for deposit strong
RMRugse for hanging wall medium
RMRugss for footwall strong

RSS? for deposit (> 600 m) very weak
RSS? for deposit (> 600 m) very weak
RSS2 for deposit (> 600 m) very weak
aRSS = a/ov

1000
NW

SE

500

Tt
Schist

Volcanic
breccia

-

Sulfide
mineralization
S0

FE Limsstane

200 m

Figure 3. Longitudinal geological cross-section of the central ore

body [19])

In this study, rock mass characterization systems such as
the Rock Mass Rating (RMR)[20], and the Geological
Strength Index (GSI) [21] were utilized to characterize the rock
mass and to evaluate the rock mass strength parameters. Results
from field studies and observations are presented in Table 4.

Table 4. Rock mass classification ratings for the ore body and
surrounding geological units

Rating range

Classification Volcanic Sulfide .
. . . Limestone
breccias mineralization
RMR system 54.6-60.1 65.8-78.5 60.7-70.0
Mean value 57.4 72.2 65.4
GSI system 55-65 70-80 65-75
Mean value 60 75 70
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At the first step, a group of experts must determine the
main and sub criteria that will affect the selection of a min-
ing method that can be thought to be optimal for the condi-
tions and requirements of the mine management. All this is
done for the sole reason of having a stable productivity and
maximum safety during the exploitation process. The main
and sub-criteria influencing mining method selection are
listed in Table 5.

Table 5. Main and sub-criteria influencing mining method selection

Main criteria Sub-criteria
Mechanization
. (Cur) possibilities
(Cy  Production (C12) Flexibility
criteria
(C12) Methpd
changing
(Can) Concentration
(C2) Technological (C2) Selectivity
criteria (Ca3) Ore recovery
(Caa) Dilution
(Cs) Management (Caz) Organizations
criteria (Cs2) Safety
Investment
(Co) qungmic (Car) cost.
criteria (Cr) Production
cost

3. Results and discussion

The UBC mining method selection tool is applied for
quantitative evaluations giving underground mining method
alternatives to be valid for the decision-making process. The
working principle of the UBC tool is pointing out the right-
ness of a mining method to the available parameters.

The final rankings based on the UBC selection tool are
presented in Figure 4.

Orebody Characteristics Mining Method Rankings

Geometry and Grade Distribution
General Shape: | Irregular
Ore Thickness: Thick (30-100m)
Ore Plunge: | Intermediate (20-55deg)

(best)

Block Caving (28)
Cut and Fill Stoping (27)
Sublevel Caving (25)
Sublevel Stoping (22)

Grade Distribution: | Uniform
Depth: | Deep (more than 600m)

«aaa]q

Rock Mass Rating

(after Bicniawski 1973) Square Set Stoping (21)

Ore Zone: Strong (60-80) Top Slicing (20)
Hanging Wall: Medium (40-60)
Footwall: Strong (60-80)

Rock Substance Strength
(unconfined compressive strength / principal stress)
Ore Zone: \Very Weak (less than 5) v
Hanging Wall: Very Weak (less than 5) v
Footwall: Very Weak (less than 5) v

(worst)

Figure 4. UBC ranking tool for depth > 600 m at Trepca under-
ground mine ([22])

Figure 4 shows ranking together with scored points for
each underground mining method. Nevertheless, since the
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UBC technique is adjusted for Canadian hard rock mines so it
cannot be precisely suited to Trepca mineral deposit. Appli-
cable alternatives presented in Figure 4, are taken into ac-
count or excluded from the alternatives set considering both
the rating given for alternatives and engineering experience.

The underground mining method selection process for the
mine study area are implemented the AHP and FMADM
(YYager’s) methods by excluding block caving and square set
stoping methods due to the fact that block caving is suitable
for massive ore bodies and square set stoping has low
productivity rate and high cost.

Prior to commence addressing the problem using the
AHP model, the model is organized in a hierarchy fashion
composing objective, criteria and alternatives as demonstrat-
ed in Figure 5.

Levell

‘ Mining Methaod Selection ‘

Production
(C:)

Economical
1C:)

Technological
(C:)

Level2

Management
1C:)

Leveld

Figure 5. AHP model

Thus, main criteria considered to affect the decision-
making process are as following; the production, technologi-
cal, management and economic criteria (Table 5). The main
criteria of influence (Ci— C4) together with the hierarchy
process demonstrated in Figure 5 and with various under-
ground mining methods for the central ore body presented in
Figure 4 ought to be the base for the hierarchy process re-
quired for the MMS. Afterwards organizing the hierarchy
(Fig. 5), the four pair-wise comparison matrices for each
level are constructed to compare criteria of influence (C1 — Cy)
on the central ore body.

All main criteria influencing the MMS were compared to
each other by the experts, and the PWC matrix was built up
as tabulated in Table 6. Afterwards comparing of main crite-
ria, a similar fashion was also conducted for all other sub-
criteria by the experts and the following comparison matrices
given in Tables 6-11 were structured.

Table 6. Pair-wise comparison matrix for main criteria

C1 C2 Cs Cs W
C: 1 0.33 3 0.50 0.190
C2 3 1 2 0.33 0.268
Cs 0.33 0.5 1 0.25 0.102
Cs 2 3 4 1 0.440
Amax = 4.226; CR =0.084 <0.1; OK 1.000

Furthermore, the PWC of the alternatives based on each
sub-criterion was carried out. Hence, twenty matrices were
built up. There exists four alternatives, the matrix order was
4x4. In this case, the PWC matrix for production is presented
in Table 7. Table 7 shows the general priorities considered
for the sub-criteria of 'Production’ main criterion. Thus, it is
clearly noted that the optimal alternative is “Cut-and-Fill
Stoping” (A1) once judged by the production criterion.
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Table 7. Pair-wise comparison matrix of sub production criterion

Cu C2 Ci3 W
Cu 1 2 3 0.540
Cr2 0.50 1 2 0.297
Ci3 0.33 0.50 1 0.163
Amax = 3.009; CR =0.008 <0.1; OK 1.000

Table 8. Pair-wise comparison matrix of sub management criterion

Ca1 Ca2 W
Ca1 1 2 0.667
Ca2 0.50 1 0.333
max=2; CR=0<0.1; OK 1.000

Table 9. Pair-wise comparison matrix of sub-economic criterion

Ca Ca2 W
Ca 1 0.50 0.333
Ca2 2 1 0.667
Amax=2; CR=0<0.1; OK  1.000

Table 10. Pair-wise comparison matrix of available alternatives
based on sub flexibility criterion

A1 Az Az As W
AL 1 3 5 7 0.564
A 0.33 1 3 5 0.263
Az 0.20 0.33 1 3 0.118
Ay 0.142 0.20 0.33 1 0.055
Amax =4.117; CR =0.043 <0.1; OK 1.000

The overall evaluation of each alternative is estimated by
aggregating the product of the relative priority of each crite-
rion and the relative priority of the alternative considering
the corresponding criteria. Thus, the overall evaluation of
alternative cut-and-fill stoping method is estimated as
(0.467-0.540) + (0.564-0.297) + (0.472-0.163) = 0.497. The
last matrix is presented in Table 11. Since the comparisons
are based on the subjective evaluation, consistency ratios (CR)
were estimated using Equation (4), ensuring the precision
choice. Hence, the findings show that the maximum eigenval-
ues (Amax) Were close to corresponding matrix order and the
(CR) values for all calculated matrices were less than 0.10.

Table 11. Overall results

Ci1 Cz Cs Cs Overall
AL 0.497 0.473 0.149 0.471 0.443
A 0.275 0.240 0.238 0.242 0.247
Az 0.149 0.205 0.397 0.133 0.182
As 0.080 0.083 0.217 0.153 0.127
w 0.190 0.268 0.102 0.440

In Fuzzy MADM model, A = {CFS, SLC, SLS, TS} rep-
resent the possible mining alternatives, whereas, C = {C4, Ca,
Cs, C4} represent the set of selection criteria. An expert is
asked to assign membership level of each criterion in consul-
tation with expert group on this topic. Thus, the membership
levels per each criterion are specified by experts utilizing the
linguistic model (Fig. 6) and are tabulated in Table 12.

The relevant weights of criteria were finally obtained
from the eigenvector matrix. The exponential weighting was
consequently defined for each criterion as: a1 =0.102,
az =0.056, a3z =0.031, as=0.043, as=0.075, os=0.125,
a7 =0.026, ag = 0.068, ag = 0.034, a10 = 0.147, a11 = 0.293.

Applying the maximum-minimum Bellman and Zadeh
principle, final set is calculated as below:
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UD (A) = {A1/0.937, A2/0.861, A3/0.765, A4/0.624}.
The optimal mining method is:

up (A7) = max (up (A1) = 0.937.

More or
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Figure 6. Linguistic model for fuzzy numbers

Table 12. Membership level of each criterion

A1 A2 As A4
(Cu) 0.800 0.600 0.400 0.200
(Cr2) 0.950 0.600 0.400 0.050
(C13) 0.650 0.500 0.450 0.200
(Ca) 0.800 0.600 0.600 0.400
(C2) 0.950 0.800 0.650 0.600
(C23) 0.800 0.600 0.600 0.400
(C24) 0.400 0.600 0.800 0.200
(Cay) 0.400 0.600 0.800 0.200
(C) 0.200 0.600 0.600 0.800
(Ca1) 0.800 0.600 0.400 0.800
(Ca2) 0.800 0.600 0.400 0.200

The result shows that Cut-and-Fill stoping (Aa) is the op-
timal mining method.

Understanding sensitivity of each alternative due to
changes in criteria sensitivity analysis is taken into account.
In the AHP model (Fig. 7), eigenvector component value for
each criterion is increased up to 80% and results no change
in the judgement evaluations in the final priority ranking.

T
Economic main criterion |
decreased 80%

Economic main criterion
increased 80%

Management main criterion
decreased 80%

Management main criterion
increased 80%

Technological main criterion
decreased 80%

Technological main criterion
increased 80%

Production main criterion
decreased 80%

Production main criterion
increased 80%

Present Decision

040
A4

0.30
Az

0.20
A

0.10
A,

0.00 050

Figure 7. Sensitivity analysis results in the AHP model
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Figure 7 shows that the proposed AHP model is not sen-
sitive to any criteria. In the Yager’s model (Fig. 8) results
show that alternative A; seems to be sensitive due to eco-
nomic main criteria as decreased by 43%.

Economic main criterion
decreased 43%

Economic main criterion
increased 43%

Management main criterion
decreased 43%

Management main criterion
increased 43%

Technological main criterion
decreased 43%

Technological main criterion
increased 43%

Production main criterion
decreased 43%

Production main criterion
increased 43%

Present Decision

000 020 040 060 080 1.00
HA1 A2 As As

Figure 8. Sensitivity analysis results in the FMADM model

4, Conclusions

Mining method selection is a very tough and challenging
task due to interaction of several subjective and objective
criteria. Hence, experts frequently face difficulties while
making decision. In this study, UBC mining method is used
to identify a set of reasonable alternatives and two similar
MCDM methods were applied to assist experts eliminating
issues while making decision on mining method selection.
Further, MCDM models containing four main criteria and
eleven sub-criteria for four alternatives were developed for
this research. However, compared to old methodologies of
mining method selection, multi criteria decision making
techniques made it possible to select the optimal under-
ground mining method in a scientific fashion that preserved
loyalty and objectivity. If MCDM models can be applied
accurately, the outcome does not show significant differences
between the applied methods (AHP and/or FMADM). More-
over, decision-makers must support their decisions with
other methods and should perform sensitivity analyses for
giving more accurate decision. In the AHP and Yager’s
method, results showed that the cut-and-fill stoping method
was selected as the optimal underground mining method for
the central orebody at Trepca mine.
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HiHKa crnocody mix3eMHoi po3po0KH i3 BHKOPHCTAHHAM TeXHIKH NPUITHATTS
(0] oy 0
pillleHb B yMOBaX HeBH3HA4YeHOCTi Ha mpukiaaai maxtu “Tpemya”, Kocoso

I'. 16ii, M. SIBy3, M. T'enic

Mera. Oninka epeKTUBHOCTI CydacHHUX CIOCO0IB Mmif3eMHOI PO3pOOKHU Ta IIapoBa BUIMKa i3 3aKIaKOIO € aJeKBaTHUM CIIOCOOOM st
rinbokoi BUiMKHM Ha rarbuHax 800 M i Ginblie Ha OCHOBI TeOPil NPUHHATTS PillICHb.
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Metoauka. Bynu BukoprcTaHi HaCTyNHI CIocoOH MPUHAHATTSA pillieHb: aHAITUYHHUN iepapxidnuii npouec (AIIT), HeuiTki Oaratokpure-
pianpui Meronu npuidHatTs pimens (HBMIIP) i BuGip cnocody po3poOku meromom YuiBepcurery bputancekoi Komym6ii (YBK). Ipu
BUOOpi crocodby po3pobku meronoMm YHiBepcuteTy bputancekoi Komymo6ii B IKOCTI TEXHIYHO IOUUTBHUX OYyJI0 BHAUIEHO 6 MOXXJIMBHX Ba-
piaHTIB po3poOKM: MOBEpXOBe OOBAIEHHS, MIApOBa BUIMKA i3 3aKJIaKOI0, IiIIOBEPXOBEe OOBAICHHS, IiIIOBEPX0-KaMepHa, BUIMKa i3 CTaH-
KOBHM KpIIJIGHHSIM 1 IIapoBe 0OBaJIeHHS.

Pe3syabsTaTn. Po3po6iieHo Moemni NpuiHATTS OaraToKpUTepiaJbHUX PIlIeHb, MO MICTIATh 4 OCHOBHI KpuTepii Ta 11 migkpurepiiB st
4 anpTepHATHUB, IO JO3BOJIMJIO B MOPIBHSAHHI 31 CTAPUMH METOJOJIOTIIME BHOOPY METO/IB BUAOOYTKY 00paTH ONTHMATBEHUI METOJ MiI3eM-
HUX TIpHUYMX POOIT HAYKOBUM YMHOM, 30€piriiy MpH IbOMY JIOSUIBHICT 1 00’ €KTHBHICT. BusBIEHO, 10 mapoBa BUIMKa i3 3aKIAJKOIO €
ONTUMAJIBHUM CHOCOOOM PO3pOOKH Ha TIHOOKHUX ropuzoHTax. Tak, ans maxtu “Tpemya” maHuii crnoci mig3eMHOI po3poOKU € ONTHMAab-
HHUM, OCKiJIbKH HOT0 e()eKTHBHICTH 32 3aTalbHOI0 OLIHKOO anbTepHaTuBH (0.443) 3HaYHO BHUILE, HIXK MPU 1HIIMX CIIOCO0aX PO3POOKH.

HaykoBa HoBuM3Ha. [[n1 ymoB maxTi “Tpenua” BHUsABIEHO HaiOinbIl epeKTHBHHUH cmocid mig3eMHOI po3poOOKH Ha OCHOBI METO.IB
npuitesaTTs pimens AIIT 1 HBMITP.

IpakTnyna 3HaunmicTs. [Ipn manyBaHHI Ta IPOEKTyBaHHI Po3poOKH BHOIp crioco0y BUIOOYTKY € HAHBaXIIMBIIINM 1 9acTO PU3UKO-
BaHMM pIIIEHHSM, sike (haxiBIli HOBHHHI IPUHHATH Ha OCHOBI aHANI3y I'e0JOTIYHIX, EKOHOMIYHUX 1 TEOTEXHITHUX XapaKTePHCTUK PYIHHUKA.

Knrwuosi cnosa: cnocié pospobru, memoo ynieepcumemy Bpumarncvkoi Komym6ii, ananimuunui iepapxiunuii npoyec, Heuimkuil 6aza-
MOKpumepianbHull Memoo npuliHamms piwens, waxma “Tpenua”

Ouenka croco6a Moa3eMHOI pa3padoTKHU ¢ HCMOJIb30BAHMEM TeXHUKH MPUHATHS
peleHuii B YCJOBUSIX HeollpeleJJleHHOCTH Ha npuMepe maxTel “Tpenya”, Kocoso

I'. U6umu, M. SBy3, M. I'enuc

Heasb. Ouenka 3pGeKTHBHOCTH COBPEMEHHBIX CIIOCOO0B MOA3EMHO pa3paboTku Ha riyouHax 800 M u OoJiee HA OCHOBE TEOPHH MPUHSI-
TUS peIlCHUH.

MeToauka. Bputd HCHIONBE30BaHbI CIICAYIONIUE CIIOCOOBI MPUHSITHS PEIICHUN: aHATUTHYECKUI uepapxmdyeckuii npouece (AUIT), HeueT-
KHEe MHOTOKpUTepHaibHble MeToasl npuHatus peumiennid (HMMIIP) u BeIGop crocoba pa3paboTku MetonoM YHuBepcuteTa bpurtaHcKoit
Komym6un (YBK). IIpu BeiGope criocoba pa3paboTku MeTonoM YHHBepcutTera bpuranckoit KosymOnm B kauecTBe TEXHUUECKHU LeNIec000-
pa3HBIX OBUIO BHIJETIEHO 6 BO3MOXKHBIX BAPHAHTOB Pa3pa0dOTKU: ITAKHOE OOPYILCHHUE, CIIOeBast BEIEMKA C 3aKJIAJKOH, ITOIPTaKHOE 00pyIIe-
HUe, TOJ3TAXHO-KaMepHasi, BEIEMKa C KPEIUICHHEM CTAaHKOBOH KPETIBIO M CIIOEBOE 00pyIICHHE.

Pe3yabTatsl. PaspaboTansl MOJeIH NPUHITHS MHOTOKPHTEPHAIBHBIX PEIICHMI, cojaepikamiue 4 OCHOBHBIX KpuTepust u 11 moaxpu-
TepHueB Uit 4 albTEPHATHUB, YTO MO3BOJIMIIO MO CPABHEHHIO CO CTAPhIMU METOMOJIOTHSIMU BHIOOpPA METOJOB JOOBIYM BHIOPATh ONTHMAIBHBII
METO/ TTOJ[3¢MHBIX TOPHBIX Pa0dOT HAyYHBIM 00Pa30M, COXPAHUB IIPU 3TOM JIOSIIBHOCTh U 00BEKTUBHOCTD. BBISIBIIEHO, YTO CI0EBast BEIEMKA C
3aKJIaKOH SBISIETCS ONTUMANBHBIM CIIOCOOOM pa3pabOoTKH Ha INTyOOKHX ropu3oHTax. Tak, mumst maxThl “Tpenya” maHHBIA criocod mom3eM-
HOHM pa3paboTKH SABISETCS] ONTUMAIBHBIM, TaK Kak ero 3(GdexTnBHOCTh MO 0o0mel oneHkH aabrepHaTHBHI (0.443) 3HAUUTENBHO BBIIIE, YEM
HPH IPYTUX CrIoco0ax pa3paboTKH.

Hayunas noBu3na. /{51 ycnosuii maxtsl “Tpernya” BbUsiBIeH HanOoee 3 QEKTHBHBII ctoco0 MOA3eMHO pa3paboTKH Ha OCHOBE Me-
Toz0B npuHATHs pemenuit AUl u HMMITP.

IIpakTHyeckass 3HAYUMOCTb. [Ipy TUIAaHNPOBAHMY U MPOEKTUPOBAHMH PAa3pabOTKH, BEIOOP CrIoco0a JOOBMMH SBIAETCS BAOKHEHIINM M
3a9aCTyI0 PUCKOBAHHBIM pEIIeHHEM, KOTOPOEe CHEIHANUCTHI JOIKHBI IPUHATH HA OCHOBE aHAIM3a TE€0JIOTHIECKIX, JKOHOMUUECKUX U Te0-
TEeXHUIECKUX XapPaKTEPUCTHK PYIHHUKA.

Knrwuesvle cnosa: cnocob paspabomku, svloop cnocoba paspabomxu memooom Ynusepcumema bpumanckoi Konymbuu, ananumuye-
CKUIL UepapxudecKuli npoyecc, HeyemKuil MHO2OKPUMEPUALbHbIL Memoo npursmus peutenut, waxma “Tpenua”
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