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Abstract. This article is devoted to solution of one of the live scientific tasks: to determine
regularities of dangerous geomechanical process occurrence and criteria for assessing risk of their
development in the "support-rocks" system, and to validate parameters for the information system
which could provide prompt making of decisions on ensuring safety of underground mining jobs
with the help of current technologies: network communication, visual control and electronic docu-
menting of data, which are of great importance for the job safety at the mining enterprises. On the
basis of mathematical modeling methods, different scenarios of geomechanical process develop-
ment around the roadways were assessed. The methods and rational parameters were developed for
the information system elements functioning on ensuring the underground job safety. An architec-
ture with the validated rational parameters was designed for the information system of the under-
ground job safety, which differs by its methods for prompt predicting and assessing of different
scenarios of geomechanical process development, and which includes the following subsystems: a
basic client-server subsystem with functions of interaction between the personnel and management
of the enterprise; a reference and information subsystem, which supports a decision making process,
accumulates data and analyzes technical documentation; a subsystem for analyzing the job safety by
geomechanical factors and for assessing of the "support-rocks" system state basing on the risk crite-
ria and mathematical fuzzy logics.

The job safety is improved thanks to the better interaction between the people and their more
strict disciplinary responsibility and early decision-making on maintaining the roadways in the
trouble-free state. Methodical recommendations were developed on how to use the information sys-
tem for ensuring the underground job safety with taking into account geomechanical conditions of
the rock mass. The recommendations, which include the information system functioning, prepara-
tion and deploy ment, and specificity of its application in different mining enterprises, were suc-
cessfully approved and implemented.
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Today, a share of the coal production and consumption is steadily increasing in
the world energy balance. In Ukrainian coal mines, rate of the face advance is also
increased; the mines are transferring to the roof bolting and pillar-free technology for
supporting the roadways in order to reuse them in future, and all these factors are re-
alized in extremely dangerous conditions. High danger of the coal and other mines is
associated with objective geomechanical factors, as the minerals are extracted from
the weak and water-saturated rocks at the great depths. Under such conditions, un-
controlled deformation of the rock mass is occurred in the form of sudden rock fall,
destruction of the roof supports and blockage of the roadways, accompanied with the
traumatism of up to half of the total number of the casualties. Besides, analysis of ac-
cidents shows that they are less commonly caused by equipment failure: human fac-
tor ranks the first. Therefore, an effective way to reduce accidents and injuries is to
predict the geomechanical processes and strictly control observance of the safety
rules by personnel with the help of the latest information systems [1-5].

To determine regularities of dangerous geomechanical process occurrence and
criteria for assessing risk of their development in the "support-rocks" system and to
validate parameters forthe information system which could provide prompt making of
decisions on ensuring safety of underground mining jobs with the help of current
technologies - network communication, visual control and electronic documenting of
data - is the live scientific task, which is of great importance for the job safety in the
mining enterprises.

On the basis of mathematical modeling methods, different scenarios of geome-
chanical process development around the roadways were estimated. The task of re-
ducing accidents and injuries in the mining enterprises was solved with the help of
designed information system of safety (ISS), one of the basic functions of which is an
opportunity to quickly predict and assess various scenarios of geomechanical process
development. The geotechnical system "support-rocks" is considered as a control ob-
ject. To assess its state, the ISS applies mathematical models of the rock mass, which
combine methods of continuum mechanics (finite element method) with the theory of
boundary and out-of-bounds states of the rocks (method of initial stresses). The data
on structural and geological characteristics of the rock mass and physical-mechanical
properties of rocks are taken into account.

It is proposed to use the local situational geomechanical models in the information
system of safety, which include parameters (in accordance with the passport of sup-
ports)of one of the possible ways of the roadway supporting and the most likely esti-
mated rock mass behavior under increasing load on the control object. In case of in-
creasing convergence of the roadway contour and rock destruction recorded by de-
vices of objective control, this approach makes it possible to quickly validate the re-
quired organizational and technical measures and to create conditions for the timely
warning of personnel about the emergency danger.
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To validate the risk criteria used by the ISS for assessing the job safety with tak-
ing into account geomechanical factors, typical scenarios of distribution of zones
with inelastic deformation and stress changes in the rock mass are identified (Fig. 1).
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Figure 1 - Scenarios of inelastic deformation zone behavior in the rock mass around the road-
way supported by the roof bolting at increasing depth of the mining jobs (a - 250 m, b - 500 m; c -
750 m; d - 1000 m; e - 1250 m; f - 1500 m) and changes of maximal stresses at different methods of
the roof supporting (g-1)

With the help of method of mathematical modeling, the geomechanical situational
models were calculated, which assumed use of different types of supports, increase of
load on the "support-rocks” system, and changing conditions of the rocks bedding
and water intrusion. The methods are developed, and parameters are validated for
functioning of the information system elements on ensuring safety of the under-
ground mining jobs [6, 7, 8].

The methodology for building the information system of safety was further devel-
oped, and now it uses different methods for the prompt predicting and estimating dif-
ferent scenarios of the geomechanical processes development. The ISS architecture
consists of three subsystems. The first is a basic client-server subsystem, which, with
the help of network technologies and mobile communication, provides functions of
interaction between the personnel and management of the enterprise. The second is a
reference and information subsystem, which supports a decision-making process
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through the data accumulation and storage, information presentation as requested and
automatic analysis of needed normative and technical documentation.

The third subsystem assesses rate of the job safety by geomechanical factors and
with the help of mathematical models. This is a system for supporting the decision-
making with elements of expert knowledge, which accumulates and analyzes knowl-
edge (for example, typical mining and geological conditions or standard scenarios of
the rock massive behavior) and has algorithms for assessing state of the "support-
rocks" system on the basis of danger criteria and mathematical fuzzy logics.

Organization of personnel management assumes that the text description of the
tasks, time for their accomplishment, explanatory images, additional requirements
and instructions and on-line information concerning monitoring of the current task
accomplishment are transmitted to and recorded by the electronic media ( Fig. 2). The
subsystem of personal management has a warning function for rapid response to the
occurrence and development of events caused, in the first turn, by geomechanical fac-
tors (Fig. 3). This function helps to make appropriate decisions during essentially
shorter period of time. Labor safety is improved thanks to better interaction between
the people and their more strict disciplinary responsibility.
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Figure 2 — Setting of production task

Figure 3 - Responsiveness of the personnel
management system to the changed production
situation

In assessing parameters for geomechanical monitoring of the "support-rocks" sys-
tem, it is proposed to combine factors of expected technical risks for the system to
lose its stability by way of integrating the probability estimates of informative pa-
rameters of the rock mass and roadway state. Two integrated indices of safety were
formed for each group of parameters consisting of m indicators (standardized or nor-
malized in the range from 0 to 1).

The first indicator R, reflects level of maximum technical risk and is determined
by the value or rate of change of the monitoring parameter, which characterizes the
most unacceptable state of the control object by choosing a maximum value from the
calculated functions of the risk value distribution:
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R(E,)=kr R(E,)+kryR(E})+...+kr,, R(E")
R(E,)=ks\R(E{)+ks,R(E})+...+ks, R(E")
Ryux = R(E,)=kg\R(E,)+kg,R(E;)+...+ kg, R(E;") ’
R(K,)=krR(K})+kr,R(K})+ ...+ kr,, R(K™)
R(K,)=kg R(K,)+kg,R(K;)+...+ kg, R(K;")

where m;, m,, m; are the number of risk factors, which affect stability of the roof (E,
factor), walls (E; factor) and floor (£, factor) of the roadways, respectively; m., ,,5 are
the number of risk factors, which can cause sudden failure of the roof (K, factor) and
sudden raising of the floor (K, factor); R (E,), R (E,), R (E,), R (K,), R (K,) are poten-
tial risk factors of emergency caused by the factors of £ type (volume of inelastic de-
formation zones, displacement of roadway contour, etc.) and K type (changed dis-
placement rate, stress, volume of zones with continuity break, etc.); K,, K,, K, are
normalized weighting factors, which can cause potential risk for specific factors in
the group.

The second indicator Ry reflects an integrated technical risk of the "support-rocks"
system destruction, which is determined by sum of all of the risks:

Ry =k 2 R(E,); +ky 2 R(E,); +k3 2 R(E)+ky D R(K,); +ks 2 R(K,); ,
i=1 i=1 i=1 i=1 i=1

where k", k", k3", k', ks* are normalized weighting factors of influence of each factor
group, k;"+k; +k;'+k, +ks=1.

The first indicator is used by the ISS to control entering of the control object to
the emergency mode and to determine a factor, which requires urgent interruption,
and the second indicator is used for the total assessment of the object current state.

The information system of the mining job safety was synthesized and tested with
taking into account geomechanical factors. The designed subsystems were integrated
into the information system of the mining jobs safety with the help of information
management methods, which are available for the authorized users. The remote divi-
sions of the enterprise were covered by the client software arranged on the mobile
devices connected to the local and global networks. The interaction with the system
was organized via the GUL.

The basic software-and-hardware complex is developed, which includes person-
nel management system based on the network technologies, stationary and mobile
communication tools and algorithms for warning about occurrence of dangerous ge-
omechanical factors. The complex was tested on example of typical organizational
structure of the mines and approved in the production conditions. The results showed
that the ISS improved rate of the underground mining jobs safety through: the inte-
gration of geomechanical data obtained from various measurements and information
sources into one information field; support of decision-making process at various lev-
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els and provision of up-to-date information; organizational adaptation to the man-
agement structures; more detailed data processing on the base of mathematical mod-
els; criteria assessing rate of danger for the control object by methods fuzzy logics;
personnel interaction via stationary and mobile interfaces.

“The Methodical Recommendations on How to Use the Information System for
Ensuring the Underground Mining Jobs Safety on the Basis of Geomechanical State
of the Rock Mass” were developed including the ISS functioning, preparation and
deployment and specificity of its application in different mining enterprises. The Me-
thodical Recommendations were successfully tested and implemented in the Institute
of Safety and Ecology in the Mining and Metallurgical Industry, SHEI "Kryvyi Rih
National University" of Ministry of Education and Science of Ukraine and by other
mining companies.

Introduction of the designed ISS into the production lines provides high economic
efficiency thanks to the reduced rate of injuries and forced outages as it: provides
prompt information about the rock mass state and indications of dangerous situations
in the roadways, which is obtained after processing data from various sources (per-
sonnel, control sensors, control systems); improves staff safety and efficacy of exist-
ing emergency systems due to the increased number of the controlled processes and
better quality of their control; provides more strict labor discipline and minimizes
costs thanks to the improved coherence between different infrastructural divisions of
the enterprise and better production control with the help of electronic documenting
of the tasks and performed jobs.

Conclusions.

1. The analysis shows that totally up to half of all accidents and accidents are
caused by geomechanical factors, which occurring the form of uncontrolled deforma-
tion of the rock mass, destruction of the roof supports and blockage of the roadways.
The second reason is the human factor. It is shown that one of the ways to reduce
number of accidents and injuries is to ensure more strict labor discipline of employ-
ees and to prevent scenarios of negative geomechanical processes with the help of the
state-of-the art information systems.

2. To validate the risk criteria used by the ISS for assessing the job safety with
taking into account geomechanical factors, the typical scenarios of distribution of
zones with inelastic deformation and stress changes in the rock mass are identified.
Two integral indicators of safety are formed for assessing parameters of the current
geomechanical monitoring of the "support-rocks" system. The first indicator deter-
mines the maximum level of technical risk and is defined by maximal values selected
from the functions of the groups related to the risk of losing stability of the roadway
roof, walls and floor. The second indicator reflects an integrated geotechnical risk for
the system to lose its stability and is determined by the values and rate of monitoring
parameters changing. The first indicator is used by the ISS to control entering of the
control object to the emergency mode and to determine a factor, which requires ur-
gent interruption, and the second indicator is used for the total assessment of the ob-
ject current state.
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3. An architecture with the validated rational parameters was designed for the new
information system of underground job safety, which differs by its methods for
prompt predicting and assessing of different scenarios of geomechanical process de-
velopment, and which includes the following subsystems: a basic client-server sub-
system with functions of interaction between the personnel and management of the
enterprise; a reference and information subsystem, which supports a decision making
process, accumulates data and analyzes technical documentation; a subsystem for
analyzing the job safety by geomechanical factors and for assessing of the "support-
rocks" system state basing on the risk criteria and mathematical fuzzy logics. The job
safety is improved thanks to the better interaction between the people and their more
strict disciplinary responsibility and early decision-making on maintaining the road-
ways in the trouble-free state.

4. “The Methodical Recommendations on How to Use the Information System for
Ensuring the Underground Mining Jobs Safety on the Basis of Geomechanical State
of the Rock Mass” were developed including the ISS functioning, preparation and
deployment and specificity of its application in different mining enterprises.
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AHoTanig. CTaTTs NpUCBsIUYEHA BUPIILIEHHIO aKTyaJbHOTO HAYKOBOT'O 3aB/IaHHS BCTAHOBJICHHS
3aKOHOMIPHOCTEH 1 KPUTEPiiB OLIHKH HEOE3MEKH PO3BUTKY I€OMEXaHIYHHX IPOLECIB B CHUCTEMI
«KPITUIEHHA-MACUBY», a TaKOX OOIPYHTYBaHHS NapaMeTpiB iH(popMaliiiHol cucteMu 3a0e3nedeHHs
OTIePATHUBHOTO MPUUHATTS KEPYIOUYHX PIMICHB I 0€3MEUYHOTO BEICHHS IMi3eMHUX TIPHUYINX POOIT
3 BUKOPHCTAaHHIM CYYaCHUX TEXHOJIOT1H: MEPEXKHOI0 3B’S3KY, BI3yaJIbHOTO KOHTPOJIIO 1 €JIEKTPO-
HHOTO JTOKYMEHTYBaHHS JaHUX, 110 MAa€ BKIMBE 3HAUCHHS IS OXOPOHHM Tpalll Ha TipHUI0100yB-
HUX HiANPHEMCTBAX.

Ha 6a3i MeTo/1iB MaTeMaTHYHOTO MO/ICTIOBAaHHS BUKOHAHO OIIIHKY CIIEHApiiB PO3BUTKY TeOMe-
XaHIYHUX MPOIECIB HABKOJIO TIPpHUYUX BUPOOOK. Po3po6ieHO MeToau 1 0OrpyHTOBaHI MapaMeTpu
(GYHKIIOHYBaHHS €JIeMEHTIB iH(OpMAIiifHOT cCUCTeMU 3 0e3MeKH BeIeHHs III36MHUX TIpHHYUX PO-
6iT. Po3po0ieHa apxiTekrypa i oOIpyHTOBaHI mapamMeTpHu HOBOI iH(pOpMaIliifiHOT cucTeMu Oe3neku
BEJICHHS MMIA3EMHHX TIPHUYUX POOIT, sIKa BIAPI3HAETHCS METOJAMH ONEPATHBHOTO MPOTHO3YBAHHS 1
OIIIHKH CIICHApiiB PO3BUTKY T€OMEXaHIYHUX MPOIIECIB Ta BKJIOYAE: 0A30BY KIIIEHT-CEPBEPHY IiICH-
cTeMy, 110 3a0e3neuye (QyHKIT B3aeMO/Iii Ta yNpaBIiHHS IEPCOHAIIOM Ha MiJIPUEMCTBI; JOBIAKO-
BO-iH(MOpMAIlIHY TACUCTEMY MIATPUMKU MPUAHATTS PIllICHb, sIKa 3I1MCHIOE HAKOITMYCHHS JTaHHX 1
aHaJIi3 TeXHIYHOI JOKYMEHTALlii; MiJCUCTEMY aHali3y piBHS O€3MeKH ripHUYNX POOIT 3a reoMexaHi-
YHUMHU (paKTOpamu, sika OLIHIOE CTaH CUCTEMHU «KPIMJICHHS-MAaCHB» Ha OCHOBI KPUTEPIiB HEOE3MEKH
Ta MaTeMaTUYHOTO anapary HEYiTKoi JIOTiku. besneka mparii migBUIIy€eThCS 32 paXyHOK MOKpPAIEH-
HS B3a€MOJIi1 1 TUCHMIUTIHAPHOT BIAMOBIIAJLHOCTI MEPCOHANY, @ TAKOX MPUNHATTS 3aBYaCHUX Pi-
IIeHb 3 MiATPUMaHHS TipHUYNX BUPOOOK B O€3aBapiiiHOMY CTaHi.

Po3pobiieHi, 3aTBep/pKeH] Ta BOpOBaKeHI «MeToau4Hl peKoMeH 1allii 3 BUKOPUCTaHHS 1H(OP-
MalliifHoi cucreMu 3abe3neueHHs Oe3MeKH BeIEHHs MiJ3eMHHUX TipHUYHMX POOIT 3 ypaxXyBaHHAM
T€OMEXaHIYHOTO CTaHy MOPOJHOTO MAaCHUBY», 110 BKIIOYAIOTh OCHOBH (DYHKITIOHYBaHHS, MiATOTOB-
KM 1 po3ropTanHs iH(OpMaIiifHOT CHCTEMH, a TaKOK OCOOJIMBOCTI 11 3aCTOCYBaHHS Ha T1PHUYOPY-
HUX TATPUEMCTBAX.

KirouoBi cioBa: Ge3nexa BeleHHs MiJ3eMHUX TipHUYUX poOIT, iH(popMalliiiHa cucrema, reo-
MeXaHIuH1 (DaKTOPH.
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AnHotauusi. CTaThsl MOCBSIIEHA PEIICHUIO aKTyaJbHON HAy4YHOW 3a/Jaud yCTaHOBJIE-
HUSI 3aKOHOMEPHOCTEH U KPUTEPHUEB OLIEHKU ONACHOCTU Pa3BUTHUS I'€OMEXAaHUYECKHUX IPO-
IIECCOB B CHCTEME «KPEMb-MAaCCHUBY, a TaK)Ke 00OCHOBAHUS MapaMeTPOB MHPOPMAITMOHHON
CUCTEMBI 00€CTICUCHHUS ONIEPATUBHOTO MPUHSATHS YIIPABJISIONINX PEMICHUI ISl 6€301MacHOTO
BEJICHUS MOA3EMHBIX TOPHBIX PabOT C MCIOJIb30BAHUEM COBPEMEHHBIX TEXHOJIOTHI: ceTe-
BOU CBSI3U, BU3YAJIbBHOI'O KOHTPOJISI U DJIEKTPOHHOI'O JTOKYMEHTUPOBAHUs JAaHHBIX, YTO UMeE-
€T Ba)KHOE 3HAYEHUE JIJIsi OXPaHbI TPyJa Ha TOPHOIOOBIBAOIINX TPEIIPUITHSX.

Ha 6a3e MeTo70B MareMaTHYeCKOr0 MOAEIHPOBAHNUS BHIIIOJHEHA OICHKA CIICHAPHEB Pa3BUTHUS
reOMEXaHMUECKUX MPOLECCOB BOKPYI TOPHBIX BbIpaOOTOK. Pa3paboTaHbl MeTO/bl U 0OOCHOBaHbBI
napaMeTpbl (QyHKIIMOHUPOBAHHS AJIEMEHTOB WH(POPMAIMOHHON CHCTEMBI 0€30MacHOCTH BEICHUS
MIOJI3EMHBIX TOPHBIX paboT. PazpaboraHa apxuTekTypa U 0OOCHOBAHBI MapamMeTpbl HOBOM MH(OP-
MAIMOHHON CHUCTEMBI O€30MTaCHOCTH BEICHUS IMOJ3EMHBIX TOPHBIX paboT, KOTOpasi OTIUYALTCS Me-
TOJIaMH OINEPAaTUBHOIO MPOrHO3UPOBAHMS U OLICHKH CLIEHApPUEB Pa3BUTHs I€OMEXaHUYECKHUX IpO-
IIECCOB W BKIIOYAET: 0a30BYI0 KIMEHT-CEPBEPHYIO MOJCHCTEMY, KOTOpast oOecreunBaeT (QyHKINN
B3aMMOJICHCTBHSL M YHpABJICHUS IEPCOHAIOM Ha MPEANPHUATUH; CIPABOYHO-UH(OPMAIIMOHHYIO
MOJICUCTEMY TIOJICP’KKH TIPUHATHS PEIICHNH, KOTOPask OCYIIECTBIISIET HAKOIJICHHE TaHHBIX U aHa-
JIM3 TEXHUYECKOH JOKyMEHTAIMM; MOACUCTEMY aHaJlM3a YpOBHsS 0€30MacHOCTH TFOpPHBIX paboT MO
reoMeXaHMUeCKUM (akTopaM, KOTOpast OIICHUBAET COCTOSTHIE CUCTEMBI «KPETIh-MACCHBY» Ha OCHOBE
KPUTEPHEB OMACHOCTH W MaTeMaTHYECKOro ammapara HeyeTKod Joruku. besomacHocTs Tpyzda mo-
BBIIIACTCS 32 CUET YJIYUIICHUS B3aMMOACHCTBUS U JUCIUIUIMHAPHOW OTBETCTBEHHOCTH TMIEPCOHANA,
a Tak)Ke NMPHUHATHUS 3a0JaroBpeMEHHbIX PEUIeHUH MO MOAJIEPKaHUI0 TOPHBIX BBIPaOOTOK B Oe3aBa-
PUHHOM COCTOSIHHH.

Pa3pabotansbl, yTBepk/IeHbl U BHepeHbl «MeToauyeckiue peKOMEHIAlUU O UCIOIb30BAHUIO
MH(GOPMaLIMOHHON cHUCTEeMbI oOecriedeHHs] Oe30MacCHOCTH BENEHUS IMOA3EMHBIX TOPHBIX padoT ¢
Y4ETOM I'€OMEXaHHYECKOT0 COCTOSHUS MOPOAHOTO MAacCHBay, KOTOPbIE BKJIIOYAIOT OCHOBBI (DYHK-
[IMOHUPOBAHMS, ITOATOTOBKH U Pa3BEPTHIBAHUS WH(POPMAIIMOHHON CUCTEMBI, a TaK)K€ OCOOCHHOCTH
ee MPUMEHEHHs Ha TOPHOPYIHBIX MPEINPUATHUSIX.

KiroueBble ci10Ba: 6e30MaCHOCTh BEICHUS MTOA3EMHBIX TOPHBIX padoT, MHPOPMALIMOHHAS CHC-
TeMa, TeOMeXaHHUYECKUE (PaKTOpBbI.
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