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Annotation. The introduction of modern digital seismological monitoring systems at mining facilities has opened up
wide opportunities for practical application and implementation of forecasting techniques used in seismology. All this
determines the exceptional relevance of the problem in controlling technogenic seismicity, as well as the development of
effective measures to prevent the negative effects associated with large dynamic phenomena in mines. The purpose of
the paper is to research the influence of mining-geological conditions on the distribution peculiarities of technogenic
seismicity foci at the O.F. Zasiadko mine during the development of 19th eastern longwall and Eastern inclined longwall
(EIL) Ne 3. The seismic acoustic system ARAMIS M/E, developed by the Polish company EMAG, was applied at this
mine. This system is designed to record seisms, determine their energy and coordinates of the foci epicenters. The
system includes massif vibration sensors (geophones) located in the mine workings, signal transmission channels and
ground-based recording modules. Seismological monitoring of the rock massif was carried out when performing stoping
in 18th eastern longwall, Eastern inclined longwall etc. The sensors were placed in the plane of the ms bed. The analysis
was performed on the basis of such calculated indicators as the density function of seisms P, the average relative
energy Ea.e, as well as spatial location of foci in each longwall. These indicators made it possible to compare the
number and intensity of seisms that occurred in each longwall under the various mining-geological conditions. To
research the nature of technogenic fracturing, one of the methods of fractal geometry was used - the law of frequency of
Guttenberg-Richter, which describes the dependence of the number of occurring phenomena on their size. In particular,
there are fluctuations in the level of activity A and slope angles y by months as the longwall mines. The change in the
slope of magnitude-frequency relationship showed a greater dependence of the parameters on the mining-geological
conditions and the degree of disturbance in the mining section and less on the time. The nature of the change in the
magnitude-frequency relationship for the 19th eastern longwall and EIL #3 indicates a significant difference in their
seismic activity. Longwalls, mined out in different mining-geological conditions, differ in the relative energy of seisms, in
their number, recording time and spatial location of foci.

Keywords: seismological monitoring, seismic activity, relative energy.

Introduction. Intensive exploitation of coal deposits leads to the emergence of
various dynamic manifestations of rock pressure in the rock massif. The form, nature
and intensity of dynamic phenomena are extremely varied. Their development takes
place not only in seismically active regions, but also in regions that are traditionally
considered to be geodynamically quiet ones (regions with minor seismicity). So in
Donbas after the closure of mines there is an increase in the number of technogenic
earthquakes.

With an increase in the depth of the worked horizons, mining began to be
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complicated by the cases of large-scale manifestation of rock pressure in the form of
mountain-tectonic bumps and technogenic earthquakes caused by the combined
action of natural and technogenic factors. The complex nature of large dynamic
phenomena in mines has arisen an increased interest in seismological methods, since
seisms reflect the process of cracking, and fractured zones are potential areas of
increased outburst hazard and zones of methane accumulation. The introduction of
modern digital seismological monitoring systems at mining facilities has opened up
wide opportunities for practical application and implementation of forecasting
techniques used in seismology.

All this determines the exceptional relevance of the problem in controlling
technogenic seismicity, as well as the development of effective measures to prevent
the negative effects associated with large dynamic phenomena in mines. The purpose
of the paper is to research the influence of mining-geological conditions on the
distribution peculiarities of technogenic seismicity foci at the O.F. Zasiadko mine
during the development of 19th eastern longwall and Eastern inclined longwall (EIL)
Neg.

Realization of this purpose required the solution of certain tasks, the main of
which are: influence analysis of mining-geological conditions on the nature of the
technogenic seismicity manifestation and identification of distribution peculiarities of
technogenic seismicity foci in various sections of the mine.

Methods. To research the influence of mining-geological conditions on the
distribution peculiarities of technogenic seismicity foci, we used the results of
seismological observations conducted at the O.F. Zasiadko mine. The seismic
acoustic system ARAMIS M/E, developed by the Polish company EMAG, was
applied at this mine. This system is designed to record seisms, determine their energy
and coordinates of the foci epicenters. The system includes massif vibration sensors
(geophones) located in the mine workings, signal transmission channels and ground-
based recording modules. Seismological monitoring of the rock massif was carried
out when performing stoping in 18th eastern longwall, Eastern inclined longwall etc.
The sensors were placed in the plane of the m; bed. This arrangement allowed us to
cover the mine field with a total area of about 10 km?. At the sensor installation site,
the m3 bed lies at a depth of 1000 — 1400 m, amount of inclination is 7° — 10° [1].

To analyze the distribution of technogenic seismicity foci, such indicators as the
density function of seisms P were calculated:

P = N/S;

where: N — the number of registered seisms within the longwall; S — longwall square.
And the average value of the relative energy Eyy rer:

Eav.rel =X EreI/N;

where: X E, is the sum of energies of seisms foci within the longwall.
These indicators made it possible to compare the number and intensity of seisms
that occurred in each longwall under the various mining-geological conditions.
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To research the nature of technogenic fracturing, one of the methods of fractal
geometry was used — the law of frequency of Guttenberg-Richter, which describes the
dependence of the number of occurring phenomena on their size [2].

The law of frequency describes the destruction process of environment
statistically, and the energy distribution E of the number of seismic pulses N recorded
in the massif is written in the following formula:

IgN = A —y-IgE;

The parameters of the magnitude-frequency relationship — inclination to the
abscissa axis y and level A — are among the most important quantitative
characteristics of the seismic regime. Inclination of the graph reflects the ratio
between the number of strong and quiet events, the level of the graph is their total
intensity in the rock massif.

Results and discussion. The solution of the tasks was carried out using analysis
of seismic data obtained at the O.F.Zasiadko mine when the seismological
monitoring of 19th eastern longwall and EIL Ne3.

On average, 300-400 events with relative seismic energies from 10' to 10°
conventional units were recorded at the mine during the month. For the period
2009-2014 years, 17052 events were recorded.

The 19th eastern longwall was mined along the strike of rocks, to the left along it
there was the mined-out area of the 18th eastern longwall.

EIL Ne3 was going to the rise, to the left of it there was an unmined massif
complicated by tectonic disturbances, to the right a mined-out area of EIL (Fig. 1).

Seismological monitoring of the 19th eastern longwall was carried out from the
beginning to the end in the mining of a longwall, while at EIL Ne3, seismological
observations were made for only one third of the total length of the longwall (up to
the A-B line, Figure 1).
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Figure 1 - Seisms of varying intensity, recordered during mining of the m3 bed
for the 2009-2014 period. 1 — projections onto the plane of seisms epicenters; 2 — the direction
in the mining of a longwall; 3 — isolines of the m3 bed; 4 — seismic quiescence zone
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For these longwalls, an analysis of recorded seisms was performed, as well as
comparison with similar results from the 18th eastern longwall and EIL was made
[3].

The analysis was performed on the basis of such calculated indicators as the
density function of seisms P, the average relative energy E,, e, as wWell as spatial
location of foci in each longwall. The results of indicators are presented in Table 1.

Table 1 - Indicators of seisms in longwalls

Density Average
Events function relative

Longwall name quantity, of seisms, energy, Eay

N (unit) P (unit/m?) (conv. units)
18th eastern longwall 1441 0.024 0.9-10°
19th eastern longwall 3388 0.023 4.4.10°
EIL 3608 0.024 1.0-10*
EIL #3 372 0.009 8.1-10*

It follows from the Table that for different values of N and the square of worked-
out longwalls, the density of seisms has almost the same value, i.e., density function
of seisms for all longwalls is alike. The low value of P for EIL Ne3 is probably due to
the fact that monitoring was carried out for only one third of the longwall.

During the mining of the m; bed at the 19th eastern longwall, seisms moved after
the face advance and were evenly distributed within the technological sizes of the
longwall.

The emergency of seisms foci were recorded mainly forward of the face and in
the regular roof caving zone. This longwall is characterized by low energies of the
recorded events (10° — 10% conventional units). A similar pattern was observed when
mining the 18th eastern longwall.

A common feature in the development of the 18th and the 19th eastern longwalls
Is a large number of seisms with low energy of foci within the longwqall being
mined. There were no significant differences in the manifestations of seismic activity
of the18th and the 19th eastern longwalls.

Analysis of the distribution of technogenic seismicity foci during the mining of
EIL and EIL Ne3 showed the following: both longwalls are characterized by seisms
with high relative energy of foci (10* — 10° conventional units) and a small number
with low (10% — 10° conventional units).

The peculiarity of the EIL Ne3 mining is that the fixed seisms foci are distributed
over a considerable area, far beyond the mined-out area of the longwall (Fig. 1). This
pattern of seisms distribution began to take shape during the EIL mining. The foci
were located far beyond the longwall. It is possible that such a high activity of
cracking (10" — 10° conventional units) is due to the fact that the section is in a shear
zone, which is currently active. The areas with the most intense cracking can be
considered as zones favorable for gas accumulation, which can be associated with
abnormal gas manifestations in mines [4, 5]. It is possible that the gas-dynamic event
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that occurred at EIL #3 on March 24, 2015, is certainly connected with such a zone.
In the longwall there was a catastrophic gas breakthrough in to the working. The gas
breakthrough made an emergency, and the end result was a methane explosion.

It is characteristic that at the EIL and EIL Ne3 after four months from the start of
mining operations, there are periods of seismic decline in the number of recorded
seisms up to their total disappearance. Seismological monitoring of the EIL showed
that in October, November and December, only 17 seisms were recorded. At EIL Ne3
in May, there were no single seisms, that is, a complete seismic quiescence was
observed, and in June ten seisms were recorded.

The periods of decline in seismic activity coincide not only in time, but also in
space. In Figure 1, the activity depletion areas for each longwall are highlighted by
hatching. There is a coincidence in the location of these sections. This indicates that
decline in seismic activity is due to the mining-geological conditions.

According to the available data of the registration of seisms at the mine, graphs
were constructed for the 19th eastern longwall and EILNe3 for every month of their
operation.

The magnitude-frequency relationship for the 19th eastern longwall and EIL Ne3
were compared with similar for the 18th eastern longwall and the EIL.

Analysis of the magnitude-frequency relationship of the 19th eastern longwall
showed that they have a classic view — a straight line with a negative slope.

Figure 2 shows the magnitude-frequency relationship of the 19th eastern longwall
for the period May — October. A similar behavior of the graphs was observed during
the mining of the 18th eastern longwall.

The slope angles for the 18th and the 19th eastern longwalls are constantly
increasing, which is evidence of an increase in the number of events with low
energies.The EIL is characterized by the presence of both positive and negative slope
angles of graphs, which reflects the influence of mining-geological conditions on the
bed mining.

At the EIL in October, November and December, a decline in seismic activity is
observed (Fig.3). At EIL #3, the first four months, the magnitude-frequency
relationship also looks like a straight line with a negative slope. In April, the angle
value of the magnitude-frequency relationship decreases, and in May there is a
complete seismic quiescence (Fig. 4).

The moments, when the value of the angles of magnitude-frequency relationship
tends to zero or take negative values, coincide in time with the passage of longwalls
of geological disturbances sections, bends of a bed, zones of local structures and
other anomalies of the massif structure.

The nature of the change in the magnitude-frequency relationship for each
longwall indicates a significant difference in their seismic activity.

In particular, there are fluctuations in the level of activity A and slope angles y by
months as the longwall mines. The change in the slope of magnitude-frequency
relationship showed a greater dependence of the parameters on the mining-geological
conditions and the degree of disturbance in the mining section and less on the time.
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Figure 2 - Fragment of magnitude-frequency relationship of the 19th eastern longwall, May —
October period, 2014
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Figure 3 - Fragment of magnitude-frequency relationship at the EIL, June 2013 — January 2014.
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Figure 4 - Fragment of magnitude-frequency relationship at EIL Ne3, January — June period, 2014
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Conclusions.

1. It is established that the distribution of the seisms foci during the mining of the
19th eastern longwall and EIL Ne3 has its own characteristics, which are caused, first
of all, by the influence of mining-geological conditions.

2. Longwalls located in the same mining-geological conditions - (the 18th and the
19th eastern longwalls, the EIL and EIL Ne3) - have a similar view of the seisms foci
distribution. A common feature at the mining of the 18th and the 19th eastern
longwalls is a large number of seisms with low relative energy of foci within the
mined longwall. For the EIL and EIL Ne3 — a large number of seisms with high
relative energy of foci, periods of seismic quiescence, the emergence of foci far
beyond the boundaries of the mined longwall.

The nature of the change in the magnitude-frequency relationship for the 19th
eastern longwall and EIL Ne3 indicates a significant difference in their seismic
activity.

Longwalls, mined out in different mining-geological conditions, differ in the
relative energy of seisms, in their number, recording time and spatial location of foci.
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AHoTauif. BnpoBamkeHHs Cy4acHNX cucTeM LndpOBOro CEMCMONOTYHOrO MOHITOPUHIY Ha 0B'eKTax ripHUumMx pobit
BIOKPUNO LUMPOKI MOMIMBOCTI ANS MPaKTUYHOMO 3acCTOCYBaHHA | BMPOBAMKEHHS METOLIB MPOrHO3yBaHHs, L0
BUKOPUCTOBYIOTBCA B Ceicmonorii. Bce Le BW3HAYAE BMHATKOBY aKTyanbHICTb Mpobnemu ynpasriHHA TEXHOTEHHOI
CEMCMIYHICTIO, @ TaKoX po3pobKy edeKTUBHMX 3axOAiB OO 3anobiraHHs HeraTMBHUX Hacnigkis, NOB'A3aHMX 3
BESIMKUMU OMHAMIYHUMK SBMIWAMK B waxTax. MeTow cTaTTi € OOCHIMKEHHS BRAMBY MiPHUYO-TEONONYHUX YMOB Ha
0COBNMBOCTI MOLUMPEHHS! OCEPEeaKiB TEXHOTEHHOI CencMivHOCTI Ha waxTi im. O.0. 3acsabka npu pospobui 19 cxigHoi
nasu i CxigHoi yxunbHoi naBu Ne3. Y po6oTi HaBepeHi pesynbTaTy BuKOHaHWX Ha waxti iM. O.®. 3acsgbka
CEICMONOTiYHIUX CNOCTEPEXEHD MO PEECTpaLlil i NoKaLlil CEMCMIYHMX SBULL, LIO BUHWKAOTb NPW BignpaLoBaHHi nnacta
ms. Ha waxTi BBegeHa B fito cercmoakyctnyHa cuctema ARAMIS M/E, pospobneHa nonbebkoto komnanieto EMAG.
[aHa cuctema npusHaveHa ans peectpauii CeCMIYHMX SBULL, BU3HAYEHHS TX eHepril Ta KOOPAMHAT ENiLEHTPIB ABMLL,
Cuctema Bkntovae B cebe aatumkm Bibpayii MacuBy (reooHu), po3MmileHi B ripHW4MX BUpobKax, kaHanu nepepaui
CUrHaniB Ta Has3eMHi peecTpytoun mogyni. PilueHHs nocTaBneHux 3aBhaHb 34IMCHIOBANOCS 3a [OMOMOrOK aHanisy
CENCMIYHMX OaHWX OTpuUMaHux Ha waxTi iM. O.®. 3acagbka npu CEMCMONOriYHOMY MOHITOpUHTY 19 cxigHoi nasw i
CxigHoi yxunbHoi nasm Ne3 (CYI1 Ne3) [ins 3asHaueHux naB 6yno BUKOHAHO aHani3 3apeecTpoBaHUX CEMCMIYHNX SIBILL,
a Takox 6yno npoBefeHO MOPIBHSHHSA 3 aHanorivyHMMK pesynbTtatamu 18 cxigHoi nasu i CYJ1. AHani3 BUKOHYBaBCA Ha
OCHOBI TaKuX PO3paxoBaHUX MOKAa3HMKIB SK LUIMbHICTb PO3NOAiNY CEeNCMivHUX aBuL (P), cepeaHst BennuMHa BigHOCHOI
eHepril (Ecp. sian.), @ TaKOX MPOCTOPOBE pO3TalyBaHHS OCepedkiB MO KOXHIM nasi. [na LoCRimKeHHs npupoau
TEXHOrEHHOI TpilMHyBaTOCTI OYB 3aCTOCOBaHWA OAWH 3 METOAIB (hpaKTanbHOI reoMeTpii - 3aKOH MOBTOPHOBAHOCTI
FytTeHbepra-PixTepa, B SIKOMy ONUCYETLCA 3aNEXHICTb YMCna SBULL, WO BiabyBalTHCA Bif iX BENWUYMHW. Xapaktep
3MiHM rpadikie MOBTOPIOBAHOCTI MO KOXHil1 NaBi CBiAYMTb MPO 3HAYHE BiAMiHY iX CEMCMIYHOI aKTVWBHOCTI. 3MiHa Haxuny
rpacikis  MOBTOPIOBAHOCTI MOKA3ano BEMUKY 3amnexHiCTb napameTpiB Bif TiPHUYO-TEOMNOriYHNX YMOB | CTyrneHs
MOPYLLEHHSA AiNAHKW BianpauloBaHHS, | MEHLUY - Big Yacy. XapakTtep amiHu rpadikis NOBTOPOBaHOCTI N0 19 cxigHii nasi i
BYJ1 Ne3 cBigunTb npo 3Ha4Hy BiAMiHY iX CEACMIYHOI aKTMBHOCTI. JlaBW, WO BignpaLboBYBanUCh B PI3HUX FpHUYO-
reornoriYHmnx ymoBax, BiApi3HAOTLCA MO BiQHOCHIN eHeprii CEMCMIYHMX SBMLL, 3a iX KIMbKICTIO, YacoM peectpauii i
NPOCTOPOBOMY PO3TaLLyBaHHIO OCEPEAKIB.

KntouoBi cnoBa: ceiicMONOriYHuUi MOHITOPIHT, CeACMiYHa aKTWUBHICTb, BiIHOCHA EHEPTiS.

AHHoTauuA. BHegpeHne COBPEMEHHBIX CUCTEM LMGIPOBOTO CECMOSIONYECKOTr0 MOHMTOPKHIA Ha 0O bEKTaX ropHbIX
paboT OTKPLINO LIMPOKME BO3MOXKHOCTM ANS NPAKTUYECKOro MPUMEHEHUS U BHEOPEHUS METOOB NPOrHO3MPOBaHMS,
“cmonb3yeMbix B ceiicmonoru. Bce 3TO onpeaensieT MCKNIOYMTENbHYIO aKTyanbHOCTb Npobnembl ynpaBneHus
TEXHOrEHHOM CEMCMWYHOCTBIO, a Takke paspaboTky SMEKTMBHBEIX Mep M0 NpedoTBPALLEHMO HEraTUBHbIX
nocneacTBUN, CBA3AHHBIX C KPYMHbIMY AUHAMUYECKUMU SBMIEHNAMM B LWaxTax. Llenbto ctatbn sBnseTcs nccnegoBaHue
BNUSIHUS TOPHO-TE0NOTMYECKNX YCMOBUIA HA OCOBEHHOCTM PacnpOCTPaHEHUsi 04aroB TEXHOTEHHOW CEMCMUYHOCTM Ha
waxte uM. A.®. 3acagbko npw paspabotke 19 BocTOuHOW naBbl, M BocTouHom yknowHo# nasbl Ne3. B pabote
npuBefeHbl pe3ynbTaThl BbINOMHEHHbIX Ha WaxTe um. A.®. 3acaabko ceiicMonornyeckux HabnioaeHuii no peructpawum
1 NIOKaLUMN CEMCMIUYECKNX SIBMEHMI, BO3HMKAIOWMX Npu 0TpaboTke nnacta ms. Ha gaHHOi waxTe BBeAEHa B AeNCTBIE
cencmoakyctuyeckas cuctema ARAMIS MI/E, paspabortaHHas nombckon komnanuein EMAG. [anHas cuctema
npeaHasHayYeHa ans perucTpauyin CEMCMUYECKNX SBNIEHWIA, ONPEAENEHNs X 3HEPTN 1 KOOPAMHAT ANULEHTPOB 04aroB.
Cuctema BknovaeT B cebs gatumkn Bubpaumm maccvBa (reodhoHbl), pasMeLLeHHble B FOPHbIX BblpaboTkax, kaHasbl
nepegayn CUrHaroB M HaseMHble PerucTpupytowme Mmoayrv. PelueHne nocTaBneHHbIX 3aday OCYLIECTBAANOCH C
MOMOLLbI0 aHanmM3a CEeMCMWUYECKMX AaHHbIX NOMyYeHHbIX Ha waxte um. A.®. 3acagbko npu CEcMONorMyeckom
MOHWTOpUHre 19 BOCTOYHOW naBbl U BocTouHol yknoHHon nasbl Ne3 (BYJT Ned). [ins ykasaHHbIX naB Obin BbINOHEH
aHanu3 3aperMcTpuMpoBaHHbIX CEMCMUYECKUX SBREHWA, a TaKke Oblno MPOBEAEHO CPaBHEHWE C aHaNOMU4HbLIMM
pesynbTatamu 18 BOCTOYHOW naBbl U BYJ1. AHanu3 BbINOMHANCA Ha OCHOBE TaKWUX pacCUMTaHHbIX MokasaTenen Kak
MAOTHOCTb pacnpesenieHns CencMmuiecknx seneHun (P), cpeaHas BennumHa oTHocUTENbHON aHeprm (Eqp. o), @ Takke
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MPOCTPAHCTBEHHOE PAcCrONOKEHWe 04aroB MO Kaxgod naee. [ng wccrnegoBaHus NpUpoAbl  TEXHOTEHHOM
TPEeLWMHOBATOCTH Bbin NMPUMEHEH OAMH W3 METOAOB (PpaKTanbHOM reoMeTpun — 3akoH nosTopsiemocTu yTTeHbepra-
Puxtepa, B KOTOPOM OMWCbIBAETCA 3aBMCUMOCTb 4WUCMa MPOMCXOAAWMX SIBMEHMA OT MX BENWUYMHbI. Xapaktep
M3MEHEHWS rpachvKoB MOBTOPSEMOCTY MO KAXIOW NlaBe CBUAETENLCTBYET O 3HAYUTESTEHOM OTINUMM UX CEMCMIUYECKON
aKTUBHOCTU. M3MeHeHWe HaknoHa rpahkoB NOBTOPSAEMOCTM NOKa3ano G0MbLUY0 3aBUCMMOCTL NapamMeTpoB OT FOPHO-
reorniormyecknx YCroBuiA M CTENEHM HapyLWeHHOCTW yvacTka OTpaboTKM, W MEHbLUY) — OT BPEMEHW. XapakTep
U3MeHeHNs rpacvkoB noBTopsieMocTy no 19 BocTouHoi nase v BYJ1 Ne3 cBuaeTensCTByeT O 3HAYUTENBHOM OTAINYMM
WX CeNCMWUYECKON akTWBHOCTW. JlaBbl, oTpabaTbiBaeMble B Pa3HbIX FOPHO-TEOMOrMYECKMX YCMOBUSX, OTMINYAIOTCA MO
OTHOCUTENBHOWM SHEpri CEMCMUYECKVX SIBMIEHWI, MO UX KONMWYECTBY, BPEMEHM PErnctpauuy 1 NpoCTpaHCTBEHHOMY
pacnomnoXeHuto 04aros.
KntoueBble cnoBa: CEMCMONOMMYECKNA MOHUTOPUHT, CEMCMMYECKAS aKTUBHOCTb, OTHOCUTESTbHAS SHEPTUS.
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