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Abstract. In this study, the use of the concordance coefficient according to Kendall's formula for expert assessment
of the geophysical state of mining massif is thoroughly examined. There are various methods for expert assessments,
one of which is the ranking method. In this method, experts are asked to rank quantities or factors in order of their
influence, assigning ranks from most influential to least influential on a scale from 1 to n (the number of ranked factors).
One drawback of this formula is the inability to consider the level of competence when conducting expert assessments.
The proposed new approach involves taking into account the level of competence of experts providing recommendations
regarding the influence of various factors on the geophysical state of the mining massif. Through scientific research, an
analytical dependence (formula) for the concordance coefficient has been determined for the first time, considering the
level of competence of experts in the field. A specific example of calculating the concordance coefficient is provided,
demonstrating the significant impact of the experts' qualifications on the calculations of the concordance coefficient. The
obtained data emphasize the importance of the experts' qualifications for the accuracy of concordance coefficient
calculations. Such an approach allows for consideration not only of mathematical aspects but also of expert knowledge
to ensure more informed decisions. The discussed analytical dependence enables comprehensive assessments by
incorporating expert recommendations. The presented conclusions shed light on the practical aspect of utilizing the
results for evaluating the geophysical state of mining massif. The research underscores that accounting for the
qualifications of experts is a crucial element in assessing the geophysical state. The acquired data can be employed to
support effective decision-making in the field of mineral extraction. Considering the level of expertise of experts
enhances the reliability of information obtained during the assessment of the geophysical state. The research findings
can be practically applied for a comprehensive evaluation of the geophysical state of a massif of mining rocks. In
summary, the use of the concordance coefficient according to Kendall's formula, taking into account the qualifications of
experts, contributes to a more accurate determination of the geophysical geophysical state of a massif of mining rocks.

Keywords: geophysical condition, expert assessment, concordance coefficient, Kendall's formula.

1. Introduction

With the deepening of open pit mines and the considerable height of waste
dumps, a qualitative analysis of the geophysical condition of the slopes of waste
dumps and the walls of open pit mines is more important today than ever. Assessing
the geophysical state of open pit mines and dumps requires consideration not only of
the results of mathematical calculations but also the competence of experts in the
field. The level of expertise, knowledge of the local terrain, understanding of the
overall situation in the open pit mine, intuition, and the ability to anticipate the direc-
tion of mining operations become crucial in making informed decisions regarding the
assessment of the condition of waste dump areas and open pit mine walls.

The use of expert assessments allows for well-founded decisions, which is an ex-
tremely important aspect in ensuring the efficient extraction of minerals.

This approach to analyzing the geophysical condition takes into account important
aspects and ensures safe and productive mining activities. Considering the qualifica-
tions of experts and the specific features of the geophysical condition of a particular
massif are key factors for successful and safe open pit mining operations.

2. Methods
The method of expert assessments is a set of logical and mathematical procedures
aimed at obtaining conclusions from an expert or a group of experts on a specific is-
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sue. The main advantage of this method lies in the ability to use the experience and
intuition of a group of competent specialists for making optimal decisions. Expert as-
sessments can be used to establish risk characteristics, assess the importance of vari-
ous variables, or make decisions. The advantages of this method include the absence
of the need for expensive software and the simplicity of calculations. In the stability
calculations of slope faces and quarry walls, this method is practically not applied,
although it can be used to determine the weight of factors when using zoning to as-
sess the condition of quarry walls based on stability factors.

There are several methods for conducting expert assessments, one of which is
ranking, where experts are asked to rank quantities or factors in terms of their influ-
ence, assigning ranks from 1 to n (the number of ranked factors). To assess the degree
of agreement among experts, the Kendall formula [1] is used, one of the drawbacks
of which is the inability to account for the level of expertise when performing expert
assessments.

The goal of the conducted research is to achieve the possibility of considering the
qualification of experts when calculating the concordance coefficient using Kendall's
formula.

The task involves the practical calculation of the concordance coefficient, taking
into account the qualification of experts, and deriving an analytical dependency (for-
mula) that considers the level of qualification (ranks) of experts in assessing their
concordance.

3. Theoretical part

The article [2] describes the use of the method of expert assessments to determine
the weight of factors influencing the stability of a mountain massif. The results of
calculations are provided, where the concordance coefficient was determined using
Kendall's formula [1], with a value of 0.479.

We take the data from the expert assessment (Table 1). Each expert is assigned a
value representing their level of qualification in the considered question in the form
of an expert qualification coefficient (rank) K; for each i-th expert (i = 1...m). The
qualification coefficient of the i-th expert should be an integer. The lower the value of
the expert's qualification coefficient, the lower their qualification is considered. With
a qualification coefficient equal to 1, the expert's qualification is considered the low-
est.

The range of assigned qualification coefficients can vary depending on the chosen
scale from 1 to o. In the example mentioned above, the qualification coefficient val-
ues range from 1 to 5, where 5 represents the highest expert qualification, and 1 rep-
resents the lowest.

Here are the thoughts of each expert presented as several separate opinions, coor-
dinated with consideration of the expert's qualification rating. Using Expert A as an
example, whose qualification coefficient is 4, we illustrate the creation of imaginary
thoughts of additional (virtual) experts, the number of which should equal the value
of his qualification coefficient.
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Table 1 — Aggregated Result of Expert Assessment of Factors
Factor Volume | Impact of |Operations| Hydro- | Presence | Fracture Expert
Influence Drilling Mine |geology| of Weak | Porosity | Qualification
Indicator and Impact Layer |of Rocks |Coefficient on
Blasting Rock a 5-point
Scale Sum
Expert's Factor number (j , j=1...n) (Ki, i=1...m)
rame 1 2 3 4 5 6
Expert A 1 6 5 4 3 2 4 21
Expert B 1 2 5 6 3 4 3 21
Expert C 2 5 6 4 1 3 1 21
Expert D 1 6 2 5 4 3 1 21
Expert E 3 4 2 6 1 5 1 21
Expert F 1 6 5 4 3 2 2 21
Expert G 3 5 6 2 1 4 1 21
Expert H 2 3 5 4 1 6 4 21
Expert 1 2 4 5 3 1 6 4 21
Expert J 2 4 5 3 1 6 5 21

In this case, the number of imaginary thoughts of additional experts is 4, and the
value of each factor's indicator equals the value set by Expert A. (Table 2).

Table 2 — Creation of an Imaginary Distribution of the Opinion of Expert A

Factor Influence Volume | Impact | Operations | Hydro- | Presence | Fracture
Indicator of Mine geology | of Weak | Porosity
Drilling Impact Layer | of Rocks
and Rock
Blasting Sum
Addi- .
Expert's tional Factor number ()
name Expert
Number 1 2 3 4 5 6
1 1 6 5 4 3 2 21
Expert 2 1 6 5 4 3 2 21
A 3 1 6 5 4 3 2 21
4 1 6 5 4 3 2 21

Similarly, "virtual" opinions opinions are created for other experts and compiled
into a general table, labeling them as Expert A-1, Expert A-2... Expert A- K; ; where
K; is the number of "virtual" experts equal to their qualification.

Table 3 of virtual experts is created to facilitate the calculation of the concordance
coefficient, taking into account the qualifications of the experts.
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Table 3 — Distribution of Expert Opinions According to Their Qualifications

Factor Volume Impact of Operati | Hydro- Presenc | Fracture | Sum

Influence Drilling and | ons geology | eof Porosity

Indicator Blasting Mine Weak | of Rocks

Impact Layer
Rock
Factor number (j, j =1...n

Expert's name 1 > 3 /-] 4 ) 5 5
Expert A-1 1 6 5 4 3 2 21
Expert A-2 1 6 5 4 3 2 21
Expert A-3 1 6 5 4 3 2 21
Expert A-4 1 6 5 4 3 2 21
Expert B-1 1 2 5 6 3 4 21
Expert B-2 1 2 5 6 3 4 21
Expert B-3 1 2 5 6 3 4 21
Expert C-1 2 5 6 4 1 3 21
Expert D-1 1 6 2 5 4 3 21
Expert E-1 3 4 2 6 1 5 21
Expert F-1 1 6 5 4 3 2 21
Expert F-2 1 6 5 4 3 2 21
Expert G-1 3 5 6 2 1 4 21
Expert H-1 2 3 5 4 1 6 21
Expert H-2 2 3 5 4 1 6 21
Expert H-3 2 3 5 4 1 6 21
Expert H-4 2 3 5 4 1 6 21
Expert 1-1 2 4 5 3 1 6 21
Expert -2 2 4 5 3 1 6 21
Expert 1-3 2 4 5 3 1 6 21
Expert [-4 2 4 5 3 1 6 21
Expert J-1 2 4 5 3 1 6 21
Expert J-2 2 4 5 3 1 6 21
Expert J-3 2 4 5 3 1 6 21
Expert J-4 2 4 5 3 1 6 21
Expert J-5 2 4 5 3 1 6 21

When performing an assessment using this method, the average value of the ranks
of the set of factors S, and the average deviation g; of the average rank of the j-th fac-
tor from the sum of the ranks of the factor provided by all experts are determined:

Zn: 2Ry
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where m — the number of experts assessing this factor; n — the number of factors;
R;; — the value of the rank given by the i-th expert to the j-th factor; S; — the sum of the
rank values R; given by all experts to the j-th factor; S, — the average value of the
ranks of a set of factors.

The value of the concordance coefficient is determined by Kendall's formula [2]:

w=— =1 _05518. )

Now let's decompose the formula describing the deviation of the average rank g;
into components and replace the "imaginary opinions" with the competence coeffi-
cients of experts (K; , i=1 ... m):

n
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4. Results
Substituting ¢g; from equation (3) into the formula for calculating the sum of

squares ¢;, get:

2
m
2 j=1 i=1
WIEDIIENNEDY YRy K | =658, @
=t =l j=1 n i=1
The total number of "imaginary thoughts" is equal:
m
d=) K;=26. (5)

i=1

Based on Kendall's formula, we obtain the formula for calculating the
concordance coefficient, which takes into account the qualifications of each expert:
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Thus, if not considering the qualifications of experts, the concordance coefficient
will be 0.479. Taking into account the qualifications of experts, the concordance
coefficient will be 0.552, which is 15% higher.

Accounting for the qualifications of experts significantly influences the value of
the concordance coefficient, and therefore, the application of a method that allows for
considering the qualifications of experts more accurately solves the task of
determining the concordance coefficient. That is, the application of a method that
allows taking into account the qualifications of experts more accurately solves the
task of determining their agreement. The number of points characterizing the
qualification of an expert is influenced by competence, objectivity, propensity for
independent systematic thinking, activity, etc.

5. Conclutions

1. For the first time, based on the Kendall formula, an analytical formula has been
developed to determine the concordance coefficient, taking into account the qualifica-
tions of experts.

2. Incorporating the qualifications of experts into the calculation using the Ken-
dall formula allows for a more comprehensive assessment of the concordance of
opinions and provides a more realistic picture of the assessment of factors.

3. The research results can be applied in practice when conducting a comprehen-
sive assessment of the geophysical condition of the mining rock massif.
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BU3HAYEHHA FrEO®I3NYHOIO CTAHY MACUBY INPHUYUX NMOPIA EKCNEPTHUM LLTAXOM
PomaHeHko A. O.

AHoTauif. Y uboMy foCnifXeHHi AeTanbHO po3rnsaaeTbCs BUKOPUCTaHHS KoedillieHTa KoHkopaauii 3rigHo 3 dop-
Mynoto Kenganna gns ekcrnepTHOT OLiHKM reodiisnyHoro CTaHy FipHUYoro Macusy. ICHYHOTb Pi3HOMaHITHI MeToau npoBe-
[EHHS EKCNEPTHUX OLIHOK, OOHUM i3 HUX € METOZ, paHXyBaHHs. B pamkax Lporo MeTogy ekcrnepTtam nponoHYeTbCs Po3-
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TallyBaTV BEMMYMHW YU YUHHWKM B NOPSAKY iXHBOrO BNAMBY, MPUCBOIOKOYM iM PaHry Bif HAbINbLL BNAMBOBMX A0 MEHLL
BMMMBOBMX 3a LKANOK Big 1 40 N (KiNbKICTb paHXOBaHUX YWHHMKIB). OfHUM 3 HEAONIKIB L€l (hopMynu € HEMOXIUBICTb
BpaxyBaHHSA PiBHA kBanicikaLji ekcnepta npu NPOBEAEHHI EKCNEPTHOI OLiHKU. 3anpOnOHOBaHWA HOBWI MigX04 nepea-
Bavae BpaxyBaHHs piBHS KBanichikaLii ekcnepTiB, Ski HaAATb pekoMeHAALi 3 ypaxyBaHHAM BNMBY Pi3HNX (haKTopiB Ha
reoi3nyHNiA CTaH ripHUYOro MacvBy. B xoai HaykoBOro JocnigkeHHs Breplue byna Bu3HaYeHa aHaniTUYHa 3anexHiCTb
(dbopmyna) ans koedilieHTa KOHKOpAALii, ika BPaxoOBYeE piBEHb KOMMETEHTHOCTI €KCMEpTiB Yy AaHin ranysi. HaBegeHo
KOHKPETHUIA NpUKNag po3paxyHKy koediljieHTa KoHkopdaLii. PesynbTaTit JOCTIMKEHHS CBiAYaTb NPO 3HAYyLLWA BNUB
piBHS KBanicpikaLii ekcnepTiB Ha po3paxyHK1 koedilieHTa koHkopaayii. OTpuMaHi faHi NigKpecnioTb BaXNMBICTL PIBHS
kBanicpikayii ekcnepTiB Ans TOYHOCTI po3paxyHKiB koediljieHTa koHkopAaauii. Takuid nigxin [JO3BONSE BpaxoByBaTW He
NWLLe MaTeMaTUyHI acnekTu, ane 1 ekcnepTHi 3HaHHs NS 3abe3neveHHs Binblw obrpyHToBaHUX pileHb. PosrnsaHyTa
aHaniTM4Ha 3anexHicTb J03BONSE NPOBOAUTY KOMMNEKCHI OLiHKM, BPaxoBYUM ekcnepTHi pekoMeHAaauii. [MpeacTtasnei
BWUCHOBKM BUCBITNIOKOTb NPAKTUYHUIA acMeKT BUKOPUCTAHHS pe3ynbTaTiB Ans OLiHKM reodi3suiHOro cTaHy ripHU4oro mMa-
cusy. [locnimxeHHs nigkpecnioe, Wwo obnik keanigikaLlii ekcnepTis € KNYOBUM €NEMEHTOM Npu 3AINCHEHHI OLHKW reo-
isnyHoro craHy. OTpumaHi AaHi MOXyTb ByTW BUKOPUCTaHI AN MIZTPUMKM €GOEKTUBHIX pillieHb Yy rany3i BugobyTky
KOPUCHUX KonanuH. BpaxyBaHHs piBHs kBarnidikawyii ekcnepTiB nigsuLLye JOCTOBIPHICTL iHChopMaLi, OTpUMaHoI nig Yac
OLLiHKM reodisnyHOro craHy. PesynbTtaTit JOCHimKEHb MOXYTb BYTI BUKOPUCTaHI HA MPaKTULLi NPY BUKOHAHHI KOMMIIEKC-
HOT OLiHKM reodhi3M4HOro CTaHy MacwBy FipHUYMX MOPIA.Y3aranbHioum, BUKOPUCTaHHS KoedilieHTa koHKopaaLii 3a ¢o-
pmynoto KeHpanna 3 ypaxyBaHHaM kBanigikaLji ekcnepTiB cnpusie Binbly TOYHOMY BM3HAYEHHIO re0i3NYHOTO CTaHy
ripHUYOro Macmey.
KntoyoBi cnoBa: reochisnyHuin CTaH, ekcnepTHa oLiHKa, koeddilyieHT koHkopaaLi, dpopmyna Kenganna.
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