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B ycnoBusix BeieHHs TOPHBIX padOT Ha yIapOOTIACHBIX MECTOPOKICHHUAX BaKHOMU 3a1a4ei re0(hu3nIecKoro
KOHTPOJISI SIBJISIETCSI CBOEBPEMEHHOE OOHApYKEHHE MPOILIECCOB MEepepaCIIpeIeTICHHS HAPSPKEHUN B MacCcHUBe
TOPHBIX TOpoA. Takue mporecchl 4acTo TMPOSBISIOTCS B BUAE TPUITEPHBIX COOBITHHA, WHUIUUPYIOMIAX
nocyenyromue apTepIIOKOBbIE MOCIEI0BATEIBHOCTA. ABTOMAaTH3UPOBAHHAS CUCTEMa KOHTPOJISI TOPHOTO
nasienus «Prognoz-ADSy, npuMeHnsieMast Ha psiJie yAapooIacHbIX MecTOpoxaeHui Poccun, npeiHazHaueHa
JUIS. HEPEPBIBHOM PErMCTpaliii B MACCUBE MOPHBIX MOPOJ COOBITUN aKyCTUYECKOW 3MUCCUU (SIBIISIOLIUXCS
CJIEJICTBHEM pPa3pyILICHUSI TOPHBIX MOPOJI) B 4aCTOTHOM juamnazone 0.2—12 kI, DkcnepTHbIN aHAJIU3 TaHHBIX
CHCTEMBI, COOpaHHBIX 32 BpEMs €€ SKCILTyaTalllH, TI03BOJII BBISIBUTH OCHOBHBIE 3aKOHOMEPHOCTH TPUTTEPHO-
aTEPIIOKOBBIX CEPHIA, UTO AAJI0 BOZMOKHOCTB Pa3padoTaTh aJrOPUTM UX aBTOMAaTHIECKOH HIeHTH(DUKAINH.

OcHoBa paboThl 0a3WpyeTcsi Ha TPEJCTABJICHUSAX CEHCMOJIOTUH, COTJIACHO KOTOPBIM adTeplioku
BO3HHUKAIOT BCJIEACTBHE IT€pEPACIIPEICICHHSI HAIIPSHKEHNUH TOCTIE TIIaBHOTO TOJIYKA (TPUITEPA), a X 3aTyXaHHe
BO BpeMEHM MNoauuHsercs 3akoHy Omopu—Yuy. B pamkax wuccienoBaHus ObUIM ITPOAaHATM3UPOBAHBI
COBpPEMEHHBIC TTOXO0/IbI K OMUCAaHUIO a)TePIIOKOBBIX MOCIIe0oBaTeIbHOCTEH, BKIiItouas moaenu ETAS, LPL
u PLE. Ha ocHOBe mpoBeneHHOro aHann3a ObLI BBIOpAH METOJ MACHTH(PHKAINU TPUTTEP-aTEPIIOKOBBIX
cepuii, Oa3MpyIOIMMIICS Ha aHATN3€ SHEPTEeTUISCKUX M BPEMEHHBIX ITapaMETPOB PEATbHBIX JTaHHBIX.

Jliist pa3pa®OTKH METOTUKH M CO3/IaHUS alITOPUTMA aBTOMATUIECKOM HIeHTH(DUKAINHY OBLTH HCITOJTb30BaHbI
47, ompeieNIeHHBIX SKCIIEPTaMHU, TPYII «TPUTTEeP-aTEePIIOKI», 3apETUCTPHUPOBAHHBIX CUCTEMOM 32 TIEPHOJ C
2011 1mo2023 rr. Bxo/e cTaTuCTUYECKOT0 aHAIM3a 3TUX TPYIII OTPE/IeICHBI KIFOUEBbIE [TAPAMETPhI AITOPUTMA.
st mpoBepku ero 3¢ (GEeKTUBHOCTH yCTAaHOBICH MHUHHMMAIBHBIM TOPOT AHEPTUM TPHUITEPHOTO COOBITHS,
coctasistronii 5000 J[x. MuHUManbHOE YUCIIO aTEPIIOKOB B IPYIINE, MO3BOJISIONIEE KIacCH(DUIIMPOBATH
COOBITHE KaK TPUTTEP, IPUHSTO PABHBIM IITU. AHAJIN3 BPEMEHU pEerucTpaiiu coObITHI TOKa3a, 4To epBoe
adrepmaiokoBoe coobiTre B 90% ciydaeB MPOUCXOANUT B TEYCHHUE 5 MUHYT ITOCJIC TPUTTEPA, & MAKCUMAITbHBIH
MHTEPBAJl MEX]Ty MOCIEIYIOIUMU COOBITUSIMU B rpynne He npesbimaeT 140 MuHyT.

Anroput™ uaeHTU(UKAIMKE pearn3oBaH Ha s3bike Python m mporecTrpoBan Ha 0a3e HaHHBIX CHCTEMBI
«Prognoz-ADS» Huxonaesckoro mecropoxaeHus 3a nepuoa 2011-2024 rr. KauectBo paboTsl anropurma
OLIEHUBAJIOCH 110 47, BBISIBICHHBIM IKCIIEPTAMHU, IIOCIIEA0BATENBHOCTAM. 13 47 TpUrrepHslx cepuil anropurm
KOppeKTHO ueHTUuumposan 40, 4To cooTBETCTBYET 85% TouHOCTH 0OHApyx)eHus. Ciydan, KOTja allrOPUTM
He 00Hapy U1 [TOCIE0BATEIbHOCTH, IPECTABIIAIOT COOOH CII0KHbIE CLIEHAPUH, B KOTOPBIX MpPEAIoIaracMble
TPUTTEPHI TONAIU B aQTEPIIOKOBBIE CEPUU MPEAIIECTBOBABIINX 00JIe€ MOIIHBIX COOBITHH.

OnHuM 13 3TanoB Bepu(pHUKaInu, MO3BOJSIONINM YAOCTOBEPHUTHCS, YTO HAlICHHAS CEPUsi COOBITHIA SIBISIETCS
MMEHHO TPHUITEPHO-a(TEPIIOKOBOI, a HE MHTCHCUBHBIM ITOTOKOM (POHOBBIX COOBITHH, CTaja MpOBEpKa
BBIJICTICHHBIX JUTMHHBIX MTOCJIeIoBaTeIbHOCTEH (¢ unciioMm adrepiiokoB 10 u 6osiee) Ha COOTBETCTBUE 3aKOHY
3aryxanusa Omopu—Yuy. M3 24 npoaHaau3npoBaHHBIX I'PyNIN ¢ YKa3aHHBIM KOJIMYECTBOM COOBITHH J1s 18
ObLIa OJTyYeHa CXOJMMOCTh MOJETH ¢ Kod(hdhuimentamu gerepmuHam (R?) B auanazone ot 0.605 1o 0.969.
3TO MOATBEPKIIAET, YTO BBICICHHBIE AJITOPUTMOM TPYMIHI B OOJBITMHCTBE CIydaeB OTPA)KalOT peajbHbIe
(bu3nUecKre MpoIecch pejaKcaluy HalpsHDKeHUH, a He CIlydaiiHyt0 (DOHOBYIO aKTHBHOCTb.

Pazpa®oTtanHblli anrOpUTM TO3BOJSET TOBBICUTH ONEPATHBHOCTh W OOBEKTHBHOCTH aHAU3a
reoJJMHaMHUYECKOro COCTOsIHMSI MaccuBa Ha HukomnaeBckom MectopokaeHuu. Ero mnpumeHeHue naet
BO3MOYKHOCTh 0oJiee JeTallbHO OIICHWBATh aKyCTHYECKYI0 AaKTHMBHOCTh W pPa3padaThiBaTh MPOTHO3HBIE
kputepun. JlanbHeimme nuccienoBanus OyayT HalpaBleHBI HA MOBBIIICHWE TOYHOCTH HUICHTU(UKAIUH U
MHTETPaLHI0 aJIFOPUTMa B CUCTEMY OIIEPATHBHOIO IPOTHO3a y1apOOIacHOCTH.
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In the context of mining operations at rock burst-hazardous deposits, a key objective of geophysical
monitoring is the timely detection of stress redistribution processes within the rock mass. Such processes
often manifest as trigger events that initiate subsequent aftershock sequences. The automated rock pressure
monitoring system «Prognoz-ADS», deployed at several rock burst-hazardous deposits in Russia, is designed
for the continuous recording of acoustic emission events in the rock mass within the frequency range of
0.2-12 kHz. Expert analysis of the data collected by the system over its operational period has revealed the
primary patterns of trigger-aftershock series, enabling the development of an algorithm for their automatic
identification.

The work is grounded in the concepts of seismology, according to which aftershocks arise from the
redistribution of stresses following a main shock, and their decay over time follows the Omori-Utsu law. The
study analyzed modern approaches to describing aftershock sequences, including the ETAS, LPL, and PLE
models. Based on this analysis, a method for identifying «trigger-aftershock» series was selected, relying on
the analysis of energy and temporal parameters.

To develop and create the automatic identification algorithm, 47 expert-identified «trigger-aftershock»
groups, recorded by the system between 2011 and 2023, were utilized. Statistical analysis of these groups
determined the key parameters for the algorithm. To verify its effectiveness, a minimum energy threshold for
the trigger event was set at 5000 J. The minimum number of aftershocks in a group required to classify an
event as a trigger was established at five. Analysis of event registration times showed that in 90% of cases, the
first aftershock event occurs within 5 minutes of the trigger, and the maximum interval between subsequent
events within the group does not exceed 140 minutes.

The identification algorithm was implemented in Python and tested using the «Prognoz-ADS» database from
the Nikolaevskoye deposit for the period 2011-2024. The algorithmys performance was evaluated against the
47 expert-identified sequences. Out of 47 trigger series, the algorithm correctly identified 40, corresponding
to an 85% detection accuracy rate. Cases where the algorithm failed to detect sequences represent complex
scenarios where the potential triggers fell within the aftershock series of preceding, more powerful events.

Verification involved checking long sequences (> 10 aftershocks) for Omori—Utsu law compliance. Of the
24 analyzed groups meeting this event count criterion, 18 showed model convergence with coefficient of
determination (R?) ranging from 0.605 to 0.969. This confirms that, in most cases, the groups identified by the
algorithm reflect real physical processes of stress relaxation rather than random background activity.

The developed algorithm enhances the efficienc and objectivity of analyzing the geodynamic state of the
rock mass at the Nikolaevskoye deposit. Its application enables a more detailed assessment of acoustic activity
and the development of predictive criteria. Future research will focus on improving identification accuracy
and integrating the algorithm into the operational rock burst hazard forecasting system.
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