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KOMITJIEKCHAS OLIEHKA HAJJEJKHOCTHU
30AHUI, COOPYXKEHUU U TEXHUYECKUX
YCTPOMCTB I'OPHBIX ITPEAITPUSITUN

C.B. banosues', A.M. Mepkynosa'
! YHuBepcuTeT Hayku u TexHonormii MUCUC, Mocksa, Poccus, e-mail: balovcev@yandex.ru

Annomauyus: TIpuBeneHa METOIOJIOTHSI KOMIUIEKCHOM OIIEHKY HAIeSKHOCTY 3MAHUI Y COOPY-
SKEHMUI, TEXHUYECKUX YCTPOVCTB TOPHBIX IPepusiTuii. MeTomosorust TIo3BOJISIET 110 MTePBUY-
HBIM ITOKA3aTeJIsIM, XapaKTepU3YIOIIMM TeEXHNYECKOe COCTOSTHUE MTPOU3BOICTBEHHBIX aKTUBOB
TOPHBIX MPEANPUSITHUIN, TIPOBOAUTb KOMIUIEKCHYIO OLIEHKY HafieskHOCTH. Ha ocHOBaHMM aHamm3a
HOPMAaTMBHBIX TOKYMEHTOB ¥ OTYETHBIX (POPM rOPHBIX MPEIIIPUATUI YCTAHOBJIEHBI TTOKa3aTe-
JIM, XapaKkTepusylolle HaJeXXHOCTb. bosbIlias yacTb mokasaresiei HaZe>KHOCTY OTHOCUTCS K
KauyeCTBEHHBIM XapaKTepUCTUKaM. MeTomoM 5KCIePTHBIX OLIEHOK BhISIBJIIEHbI HanboJsIee 3HaUM-
Mble TIOKa3areau: medeKkThl U TOBPEXIEHMS, MHAEKC M3HOCA, MOoKa3aTesb peskuMa paboThl U
MHAEKC KPUTUIHOCTHU. [IpencTaBieH0 060CHOBaHEe METOOVKM OLIEHKY TEXHMUECKOM HamexX-
HOCTY 30aHUI U COOPY3KEHNI, TEXHUUYECKMUX YCTPOMCTB Ha OCHOBE YCTAaHOBJIEHHBIX 3aBUCUMO-
CTel peanusalii OTKA30B ¥ aBapUITHBIX CUTYalii, CBI3aHHBIX C MIOKA3aTeIIMU HaJeKHOCTH.
IIpenoskeHHass METOMOJIOTHUSI TTOMOYKET PYKOBOACTBY TOPHBIX MPENNPUSITUI OCYIIECTBIISATD
MPEIUKTUBHYIO aHAIUTHKY, TO3BOJISIIOIIYIO OPraHM30BBIBATH YIIPAaBIEeHME IPOU3BOACTBEH-
HBIMM aKTMBaMM C HauboJjiee palMoHaIbHbIMY KalUTaJIbHBIMM BJIIOYKEHVUSIMU TIPU COXPaHEHUM
BBICOKOTO YPOBHS UX HaAeKHOCTU. MeTOmOIOTUsSI CBOJHOV OTYETHOCTU O TEXHUYECKOM CO-
CTOSTHMY OCHOBHBIX (DOHJIOB FOPHBIX MPEINPUITHUI TaKKe BKITIOUAeT B CeOsl OLIEHKY CTENeHU
TEXHNYECKOI HaZEXXHOCTH TI0 MTPOMBILIIEHHbIM aKTVBaM.

Kntouessle cnosa: Hafie>KHOCTb TEXHUUECKIUX YCTPOMCTB, HAAEKHOCTD 3MaHUI 1 COOPYSKEHNA,
nedeKThbI ¥ MOBPEKIEHNS, MHIEKC U3HOCA, MHIEKC KPUTUUYHOCTH, KO3(DOUIIMEHT TOTOBHOCTM.

na yumuposanusa: banosyes C. B., Mepkynosa A. M. KoMIuiekcHasi OlleHKa HalesKHOCTU
30aHNUI, COOPY)KeHMIA U TeXHUUECKUX YCTPOMCTB rOpHBIX mpennpusituii // T'opHbiit nHbOpMa-
LIMIOHHO-aHAJIUTMYECKMIA Otojutetedb. — 2024. - Ne 3. - C. 170-181. DOI: 10.25018/0236_1493
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Comprehensive assessment of buildings, structures
and technical devices reliability of mining enterprises
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Abstract: The article provides a methodology for a comprehensive assessment of the reliability
of buildings, structures and technical devices of mining enterprises. The methodology allows
carrying out a comprehensive reliability assessment based on primary indicators, characte riz-
ing the technical condition of mining enterprises’ production assets. Based on the analysis of

© C.B. banosues, A.M. Mepkynosa. 2024.

170



regulatory documents and reporting forms of mining enterprises, indicators characterizing reli-
ability have been established. Most of the reliability indicators relate to quality characteristics.
By the method of expert assessments, the most significant indicators were identified: defects
and damages, wear index, operating mode indicator and criticality index. The substantiation
of the methodology for assessing the technical reliability of buildings, structures and technical
devices based on the established dependencies of the implementation of failures and emer-
gencies related to reliability indicators is presented. The proposed methodology will help the
management of mining enterprises to carry out predictive analytics, which allows organizing
the control of production assets with the most rational capital investments while maintaining a
high level of reliability. The methodology of summary reporting on the technical condition of
fixed assets of mining enterprises also includes an assessment of the degree of technical reli-
ability of industrial assets.

Key words: reliability of technical devices, reliability of buildings and structures, defects and
damages, wear index, criticality index, readiness coefficient.
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Introduction

The analysis of domestic and foreign
experience in assessing the technical reli-
ability of buildings, structures and techni-
cal devices of mining enterprises shows
that currently there is no system of metho-
dological documents that allows for a com-
prehensive analysis and assessment of
technical reliability on an aggregate basis.
The existing regulatory methodologies re-
late only to individual reliability indica-
tors, use different criteria and do not allow
for a comprehensive reliability assessment
taking into account all reliability indica-
tors [1—3]. The practical application of
techniques that differ in their approaches
makes it difficult to assess the reliability
of the results obtained and make objective
decisions to prevent failures and emergen-
cies. Therefore, algorithmic support for
calculations of technical reliability assess-
ment should be based on the establishment
of cause-and-effect relationships between
the technical condition of buildings and
structures, technical devices and ongo-

ing measures to bring buildings, structures
and technical devices into compliance [4,
5]. Based on the analysis of regulatory
documents of mining enterprises, which
include data on industrial asset manage-
ment systems of companies, guidelines
for managing the operational reliability of
industrial assets, guidelines for managing
maintenance and repairs and monitoring
the operation of industrial assets, guide-
lines for assessing the criticality of indust-
rial assets, guidelines for assessing the de-
preciation of industrial assets, as well as
other internal standards and regulations of
companies, analysis of universal reporting
forms, identification reliability indicators
[6—9], types of industrial assets and types
of indicators (main or auxiliary) have been
identified.

It should be noted that most reporting
forms contain general information, inven-
tory and factory numbers of technical de-
vices, information on repair dates, respon-
sible executors for repair and elimina-
tion of defects, as well as information on
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planned and preventive repairs and neces-
sary material resources [10, 11]. In 30 per
cent of the reporting forms, the informa-
tion is repeated, in some forms the infor-
mation presented is difficult to perceive
and effectively analyze, contains many in-
ternal ciphers, which only confirms the
relevance of developing a universal report-
ing form for assessing the technical reli-
ability of buildings, structures and techni-
cal devices of mining enterprises.

From the currently provided reliability
indicators for buildings and structures, it
is necessary to identify the temperature
profiles of soils for observation wells, the
value of the depth of seasonal thawing,
defects and damages, the nature of dam-
age, data on the state of deformations and
beacons [12—14], examination data and
validity periods, the index of technical
condition, wear, the regulatory frequency
between major repairs, planned date of

Table 1

repair, duration of repair, etc. [15]. The
following information is collected for tech-
nical devices: inventory and factory num-
bers, reliability data, failures, malfunc-
tions, defects, etc. [16—18].

An analysis of the identified reliability
indicators showed that about 18 per cents
of reliability indicators are present in the
reporting forms used by mining and pro-
cessing companies. Most of the reliability
indicators relate to the qualitative charac-
teristics of reliability [19—21].

When developing a universal reporting
form that allows collecting and process-
ing information for further comprehensive
assessment of the reliability of buildings,
structures and technical devices, it is nec-
essary to take into account the advantages
and disadvantages of existing reporting
forms. The universal reporting form should
contain general information about the ob-
ject of research, key reliability indicators

Reliability indicators for buildings and structures
lMokasaTenn HageXXHOCTH ANS 34aHNI U COOPYIKEHU I

No. | Reliability The value of the reliability indicator Code | The coefficient of
indicators significance of the
reliability indicator
There are no defects or damages (the best option) | 1
Others 2
1 Defects and C 3 0.4
damages
B 4
A (worst case scenario) 5
Less than 40% (the best option) 1
2 | Wear index 40-80 % 2 0,3
More than 80% (worst case scenario) 3
Indicator of Normal (the best option) 1
3 | the operating Lowered 2 0,2
mode Unsatisfactory (worst case scenario) 3
o Low (the best option) 1
4 The Frltlcallty Average 2 01
index
Very high and high (worst case scenario) 3
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that can be used to assess reliability in a
timely manner, and secondary indicators
[22, 23]. The information to be filled in
in such a universal reporting form should
be ranked by coal mines, mines, factories
and other facilities for the convenience of
conducting a comparative assessment be-
tween them. A universal reporting form
will allow one to structure information on
technical reliability and eliminate the “rep-
lication” of the same information on other
forms of reporting. Thus, in the future, the
reliability assessment will be more effec-
tive and organizational and technical solu-
tions will be more operational.

The value of the integrated reliability
indicator should also be recorded in a uni-
versal reporting form. Based on the value
of the integrated reliability indicator, the
degree of technical reliability should be
established. It should be noted that when
determining the degree of technical reli-
ability and entering it into the form, an
operational analysis of the existing state

Table 2
Reliability indicators for technical devices

of technical reliability, as well as a retro-
spective analysis, is possible.

Methodology for assessing

the technical reliability of buildings,

structures and technical devices

The scientific significance of the con-
ducted research lies in the substantiation
of the structure and methodology for as-
sessing the technical reliability of build-
ings, structures and technical devices ba-
sed on the established dependencies of the
implementation of failures and emergen-
cies related to the reliability indicators
presented in tables 1 and 2, which allows
to prevent and minimize the consequences
of failures and emergencies at mining en-
terprises.

The approach of obtaining normalizing
coefficients characterizing the proportion
(probability) of the most favorable situa-
tion, taken as a unit, is used as the basis
for quantifying the reliability of buildings,
structures and technical devices.

lMokasaTenn HaaeXXHOCTU AN TEXHNYECKMX ycrpoiich

No. Reliability The value of the reliability indicator Code | The coefficient of
indicators significance of the
reliability indicator
1-0,99 (the best option) 1
. 0,98-0,96 2
1 | Readiness factor 0,4
0,95-0,9 3
Less than 0,9 (worst case scenario) 4
Less than 40% (the best option) 1
2 Wear index 40-80% 2 0,3
More than 80% (worst case scenario) 3
. Normal (the best option) 1
3 IndlcaFor of the Lowered 2 0.2
operating mode
Unsatisfactory (worst case scenario) 3
o Low (the best option) 1
4 The Frltlcallty Average 2 041
index
Very high and high (worst case scenario) 3
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When ranking indicators of reliability
of buildings and structures, experts gave
preference to indicators in the following
order: defects and damage; wear index;
operating mode indicator; criticality index.

The complex coefficient of reliability
of buildings and structures is calculated
using the formula:

Table 3

Krsb = ((pd 'ad +(pw 'aw + (1)
+(pom . aom + (Pci : aci ) : KOsb
where @, — the coefficient of significance
of the indicator “defects and damages”;
a, — the value of the indicator code “de-

fectsand damages”; ¢, — the coefficient of
significance of the indicator “wear index”;

Values of the complex coefficient of reliability of buildings and structures
3HayeHMs KOMNJIEKCHOro Ko3@uLmueHTa HafgeXXHOCTH 30aHUI U COOPYXKEHU

Code K. Code K. Code K. Code K., Code K.
1111 1,000 2111 0,80 3111 0,70 4111 0,60 5111 0,52
1112 0,98 2112 0,78 3112 0,68 4112 0,58 5112 0,50
1113 0,97 2113 0,77 3113 0,67 4113 0,57 5113 0,49
1121 0,95 2121 0,76 3121 0,65 4121 0,55 5121 0,47
1122 0,94 2122 0,74 3122 0,64 4122 0,54 5122 0,46
1123 0,92 2123 0,73 3123 0,62 4123 0,52 5123 0,44
1131 091 2131 0,72 3131 0,61 4131 0,51 5131 0,43
1132 0,89 2132 0,70 3132 0,59 4132 0,49 5132 0,41
1133 0,88 2133 0,69 3133 0,58 4133 0,48 5133 0,40
1211 0,86 2211 0,68 3211 0,56 4211 0,46 5211 0,38
1212 0,85 2212 0,67 3212 0,55 4212 0,45 5212 0,37
1213 0,83 2213 0,65 3213 0,53 4213 0,43 5213 0,35
1221 0,82 2221 0,64 3221 0,52 4221 0,42 5221 0,34
1222 0,80 2222 0,63 3222 0,50 4222 0,40 5222 0,32
1223 0,79 2223 0,61 3223 0,49 4223 0,39 5223 0,31
1231 0,77 2231 0,60 3231 0,47 4231 0,37 5231 0,29
1232 0,76 2232 0,59 3232 0,46 4232 0,36 5232 0,28
1233 0,74 2233 0,57 3233 0,44 4233 0,34 5233 0,26
1311 0,73 2311 0,56 3311 0,43 4311 0,33 5311 0,25
1312 0,71 2312 0,55 3312 0,41 4312 0,31 5312 0,23
1313 0,70 2313 0,54 3313 0,40 4313 0,30 5313 0,22
1321 0,68 2321 0,52 3321 0,38 4321 0,28 5321 0,20
1322 0,67 2322 0,51 3322 0,37 4322 0,27 5322 0,19
1323 0,65 2323 0,50 3323 0,35 4323 0,25 5323 0,17
1331 0,64 2331 0,48 3331 0,34 4331 0,24 5331 0,16
1332 0,62 2332 0,47 3332 0,32 4332 0,22 5332 0,14
1333 0,60 2333 0,45 3333 0,30 4333 0,20 5333 0,12
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a, — the value of the indicator code “wear
index”; @ — the coefficient of signifi-
cance of the operating mode indicator;
a,_ — the value of the operating mode in-
dicator code; ¢ — the coefficient of sig-
nificance of the criticality index; a, — the
value of the criticality index code; K, —
the normalizing multiplier.

Table 4

When ranking the reliability indicators
of technical devices, experts preferred the
indicator “availability coefficient”, in second
place — the wear index, in third place —
the indicator of the operating mode, in
fourth place — the index of criticality. The
complex reliability coefficient of technical
devices is calculated using the formula:

Values of the complex reliability coefficient of technical devices
3HayeHUA KOMMIeKCHOro K03¢¢MHMGHT3 Hage>XHOCTU TEXHUUYEeCKUxX yCTpOl:iCTB

Code K., Code K., Code K., Code K.,
1111 1,00 2111 0,83 3111 0,65 4111 0,50
1112 0,98 2112 0,81 3112 0,63 4112 0,48
1113 0,97 2113 0,79 3113 0,62 4113 0,47
1121 0,96 2121 0,78 3121 0,60 4121 0,45
1122 0,94 2122 0,76 3122 0,59 4122 0,44
1123 0,93 2123 0,75 3123 0,57 4123 0,42
1131 0,92 2131 0,73 3131 0,56 4131 0,41
1132 0,90 2132 0,71 3132 0,54 4132 0,39
1133 0,89 2133 0,70 3133 0,53 4133 0,38
1211 0,88 2211 0,68 3211 0,51 4211 0,36
1212 0,87 2212 0,67 3212 0,50 4212 0,35
1213 0,85 2213 0,65 3213 0,48 4213 0,33
1221 0,84 2221 0,63 3221 0,47 4221 0,32
1222 0,83 2222 0,61 3222 0,45 4222 0,30
1223 0,81 2223 0,59 3223 0,44 4223 0,29
1231 0,80 2231 0,58 3231 0,42 4231 0,27
1232 0,79 2232 0,56 3232 0,41 4232 0,26
1233 0,77 2233 0,55 3233 0,39 4233 0,24
1311 0,76 2311 0,53 3311 0,38 4311 0,23
1312 0,75 2312 0,51 3312 0,36 4312 0,21
1313 0,74 2313 0,50 3313 0,35 4313 0,20
1321 0,72 2321 0,48 3321 0,33 4321 0,18
1322 0,71 2322 0,47 3322 0,32 4322 0,17
1323 0,70 2323 0,45 3323 0,30 4323 0,15
1331 0,68 2331 0,43 3331 0,29 4331 0,14
1332 0,67 2332 0,42 3332 0,27 4332 0,13
1333 0,65 2333 0,40 3333 0,25 4333 0,12
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Table 5

Assessment of the degree of technical reliability of buildings and structures,

technical devices of industrial assets

OueHKa cTeneHM TeXHUYECKOM HafeXXHOCTH 30aHNi U COOpy)KEHMﬁ,
TEXHUHYECKUX }’CTpOﬁCTB npoMbILUJIeEHHbIX aKTUBOB

Degree of technical reliability

K

r

Normal level

20,85

Lowered level

Less than 0.85, but not less than 0.7

Unsatisfactory level

Less than 0,7, but not less than 0,5

Emergency

<05

Krsb = ((Prk 'ark +(pw .aw +

+(pom : aom + (pci ' aci ) ' KOtd
where ¢, — the coefficient of significance
of the indicator “readiness coefficient”;
a, — the value of the indicator code
“readiness factor”; K, — the normaliz-
ing multiplier.

The indicators of the complex reliabili-
ty coefficient, depending on the established
code of reliability indicators, are shown in
tables 1 and 2. The values of the complex
reliability coefficient are obtained by the
method of expert assessments.

Further, for each value of the complex
reliability coefficient code, the values of
the complex reliability coefficient of buil-
dings and structures, technical devices were
obtained (tables 3 and 4).

Based on the results obtained, the de-
gree of reliability of buildings, structures
and technical devices is determined and
decisions are made to prevent and mini-
mize failures and emergencies (Table 5).

(2)

Table 6

Comprehensive assessment of

the technical reliability of buildings,

structures and technical devices

by production associations

(production units)

The degree of technical reliability for
buildings and structures, technical devices
is determined in accordance with the pre-
sented methodology for assessing the in-
tegrated reliability indicator.

In table 6, for each production unit of
the considered production association,
information on buildings, structures and
technical devices is entered in accordance
with their inventory number. A compre-
hensive reliability indicator is determined
as a result of obtaining a specific group of
codes in accordance with the data in tab-
les 3 and 4.

Further, based on the obtained ratio of
the number and degrees of technical reli-
ability, the degree of technical reliability
of the production association (production
units) is determined (table 7) by the larg-

A form for presenting the results of assessing the degree of technical reliability

of buildings and structures, technical devices for production units

¢DopMa AN npeacraB/ieHUs1 pe3y/ibTaToB OLUEeHKHU CTerneHu TeXHU4YecKoM Hage)>xHocTtTu 3.qar-mﬁ
n COOpy)KEHMﬁ, TeEXHU4YeCKnux yCTpOl:iCTB AN NPpon3BoOACTBEHHbIX eAUHUL,

Production
units

Inventory number
of the technical device /
building and structure

Comprehensive
reliability indicator

The degree of technical
reliability of a technical device /
building and structure
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Table 7

Assessment of the degree of technical reliability by production association

(production units)

OueHKa cTeneHM TeXHNMYECKOH HaAeXXHOCTH Mo nponsBoACTBeHHbIM 06beaguHeHUaM

(Npon3BoACTBEHHBIM eAMHULIAM)

Degree of technical

The number of buildings and structures / technical devices of the

reliability total number of buildings and structures / technical devices, %
Normal 285%
Lowered Less than 85%, but mot less than 70%

Unsatisfactory

Less than 70%, but not less than 50%

Emergency < 50%

est number of buildings, and structures,
technical devices from the total number
of buildings, structures and technical de-
vices in production units, which may be in
a normal, lowered, unsatisfactory degree
of reliability or in an emergency situation.

When determining the degree of tech-
nical reliability by production association
(production units), it is necessary to take
into account:

e if the number of per cents matches
at different levels of technical reliability,
then the worst case scenario is accepted;

e if there is at least one building
(structure) ortechnical device with a degree
of technical reliability “emergency”, then
the level of reliability for production as-
sociations (production units) is assumed
to be a degree lower than the degree of
technical reliability that has received the
maximum number of per cents;

e if the number of objects in an emer-
gency condition is more than 25%, then the

Table 8

degree of technical reliability is accepted
as emergency.

In the future, based on the systemati-
zation and processing of data on the tech-
nical reliability of buildings, structures
and technical devices, it is possible to de-
termine what level of reliability each pro-
duction unit belongs to according to the
considered production association (tab-
le 8).

In a similar way, the degree of tech-
nical reliability is determined by the to-
tal number of buildings and structures of
production units and technical devices of
production units for each production as-
sociation.

Depending on the obtained value of
the technical reliability coefficient and
the level of reliability for production as-
sociations (production units), it is recom-
mended that those responsible submit to
the management of production associa-
tions (production units) an action plan to

A form for presenting the results of assessing the degree of technical reliability of buildings,
structures and technical devices for several production units

@opMa Ana NpeacTaBneHUs pe3ysbTaToB OLEHKM CTeNeHM TeXHUYECKOM HaaeXHOCTH 3aaHMNi

M COOpPYXKEHMIA, TEXHUYECKMUX YCTPOMCTB AN HECKOIbKMUX MPON3BOACTBEHHBIX eAMHUL

Production units

The degree of technical
reliability of the technical
devices of the production unit

The degree of technical reliability
of buildings and structures
of the production unit
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increase the level of reliability and dead-
lines for the implementation of measures.

Conclusion

The developed methodology for assess-
ing the technical reliability of buildings,
structures and technical devices of mining
enterprises is based on a quantitative as-
sessment of the wholeness of defects and
damages, the criticality index and the wear
index, the readiness coefficient, as well as
the operating mode, the construction of a
gradation of factors characterizing, based
on expert analysis, the proportion (prob-
ability) of the most favorable situations
taken as a unit.

The consistency of expert opinions was
assessed using the concordance coeffi-
cient.

The use of an algorithm for making
organizational and technical decisions to
increase the level of reliability allows in-
creasing the level of reliability from un-
satisfactory to lowered and normal, which
helps to prevent and minimize the conse-

CIIMCOK JIMTEPATYPbI

quences of failures and emergencies. The
algorithm provides for the differentiation
of measures to improve the reliability of
buildings, structures and technical devic-
es, depending on the degree of technical
reliability.

The technique makes it possible to
predict the state of technical reliability.
As a result of the forecast, the situation is
monitored in order to timely identify the
alarming symptoms of possible implemen-
tations of failures and emergencies.

The methodology of consolidated re-
porting on the technical condition of fixed
assets of mining enterprises also includes
an assessment of the degree of technical
reliability of industrial assets, an assess-
ment of the degree of reliability of techni-
cal devices of industrial assets, buildings
and structures of industrial assets. The
methodology allows predictive analytics,
i.e., based on the available information
obtained using descriptive and diagnostic
analytics methods, to predict how events
will develop further.
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