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Konmexcm u npobnema. Buesanubsie BBIOPOCHI YIJIsl M ra3a B ra30HACHIIIEHHBIX IUIACTAaX XapaKTePU3yIOTCs
IIOPOTOBOCTHIO, BBICOKOM CKOPOCTHIO PAa3BUTHS U MAaCCOBBIM BHIHOCOM B BbIpaOOTKy. Kiaccuueckue MeTo 1bl
(mOpoynpyrocTb, KpUTEPUU MPOYHOCTH, MOJENIN IMOBPEKICHHS) HE BOCIPOU3BOIAT IMOPOTOBBIA IMEPEXo
«yCTOWYMBOE COCTOSTHME — aKTUBUPOBAHHOE pa3pyllieHne — BBIOPOC» 0€3 IBPUCTHUUECKUX MEpEeKIoUaTeIei
PEXMMOB U 4aCTO YyBCTBUTEbHBI K UNCIIEHHBIM ITapaMeTPaM.

Llenv u 3a0auu. PazpaboraTh BOCIPOM3BOAMMBIN METOAMYECKHN KapKac NMpUMEHEHHs] KUHeTHKU Lee—
Tarver (Ignition & Growth) ayis MoaenupoBaHus MOPOroBOro nepexo/ia Mpu BeIOpocax Kak JTMHAMUYECKOTO
JIOTIOJIHEHUSI K KPUTEPHAJIbHBIM METOAMKaM OLIeHKH Oe3omacHocTd. OcHoBHble 3ajmaun: (1) amanranus
cTpyKTyphl &G K reoMexaHU4YeCKON MOCTAHOBKE C TMEPEONpeeiICHUEM IEPEMEHHOM Mporpecca Kak JI0JIH
aKTUBHUPOBAHHOIO yriisi; (2) pazpaboTka Habopa BXOJHBIX M BBIXOAHBIX Hokazateneii; (3) dhopmupoBaHue
MIPAKTUYECKOI0 aIrOpuTMa MPUMEHEHUS Ha 1IaxTe.

Memoouueckuti nooxoo. IlpemyioxeHo mepeomnpeneieHne BHYTPEHHEH NepeMeHHou mporpecca F kax
JI0JIM aKTUBHPOBAHHOT'O (IIOBPEXIEHHOTO, Ta300T/1AI0ILEr0) COCTOSIHUS YIJIsl C YIPABISIONIMM TapaMeTpoM,
BKJIIOYAIOIIUM Ta30BbIi (pakTop (repenas aaBiieHus), 3pHeKTUBHbIC HANPSYKEHUS CKeJIeTa U TUHAMUYECKYIO
KOMIIOHEHTY (MHTEHCHBHOCTH nedopmanuii). KuHeTwka mpeacTaBieHa TPEXWICHHOW CTPYKTYPOIl:
MHULUUPOBaHUE (MIOPOrOBbIM 3allyCK aKTUBHOM 30HBI MPU KPUTUUYECKUX HANPSIKEHUSIX U JaBICHUU), POCT
(JlaBUHHOE pa3BUTHE 3a CUET IOJOKUTEIbHONH OOpAaTHON CBSI3U «IOBPEXKAECHHWE —> IMPOHUILAEMOCTh —>
razopasrpyska — paspyllieHue») U 3aTyXaHue (McuepliaHue pecypca copOMpOBaHHOTO ra3a U JUCCHMALIUS
Harpy3ku). Mnentudukanus napaMeTrpoB MPOBOAMTCS IO aHaioram pop-plot (Bpemsi 10 coObITUS VS
Harpyska) u run-distance (IyTMHa pa3roHa vs Harpy3Kka), IOCTPOCHHBIM Ha OCHOBE J1a00paTOPHBIX UCIIBITAHUI
U IIaXTHOI'O MOHUTOPUHTA.

OcHosnvie pezynomamol. ChopmynupoBaHbl (HOPMBI YJIEHOB KHHETHUKH ISl WHUIUUPOBAHUSA, POCTa
U 3aTyXaHHs C SIBHBIM OIMCAaHUEM CKOPOCTH Iepexoja cocTosiHus. Pazpaboranbl QpyHKUMU Jerpajaiuu
CBOMCTB yIJIsl ()KECTKOCTb, IPOYHOCTb, IPOHULIAEMOCTb, IIOPUCTOCTH) B 3aBUCUMOCTH OT YPOBHS aKTHBAIUH
F, oTpaxaromue pe3Kyr0 HEIMHEHHOCTh IIPOHMIIAEMOCTH IPU MOBpEXKACHUM. [IpeyiokeH NMpakTHYeCKUi
MATUATAMHBIN aJIrOPUTM IPUMEHEHUS Ha 1axTe: GOPMUPOBAHNE BXOAHBIX JAHHBIX, KAJIHNOPOBKA apaMeTPOB
MOJICJIM, CIICHAPHBIA pacyeT BbIOPOCOOMACHOCTH, HWHTErpalysi C KPUTEPUATBHOM OIICHKOH, BBIOOD
MIPEeBEHTUBHBIX MeponpuaTuil. CocTaBiieHa KOMIUIEKCHAs TabIuIa BXOAHBIX MIOKa3aTesel (ra3o0Boe AaBlieHuE,
HaAIPSDKEHHOE COCTOSIHUE, TApaMETPhl JIera3aliii) U BIXOIHBIX METPUK (BpEMs 10 COOBITHS, UIMHA Pa3roHa,
MaKCHMaJIbHas J10JIsl aKTUBALMM, UK Je0uTa, MHTErpajJbHbIN OKa3aTelb 0€301aCHOCTH).

Hayunas nosusna u npaxmuueckas 3Hauyumocms. SIBHOE BBEJIEHHUE CKOPOCTH IE€pPEXOAa COCTOSHUS
4yepe3 TPEXCTaAUNHYI0 KHHETUKY MCKIIIOYaeT MOTPEOHOCTh B ABPUCTUYECKUX MEPEKITIOUATEISX PEKUMOB U
MOBBIIIAET YCTONYMBOCTh YUCIIEHHOTO IIPOrHO3a MOPOTroBbIX siBJieHUH. [1o1x0 00beANHIET AUHAMUYECKOE
MOJICIUpOBaHNE (METOIOM CriaxeHHbIX dYacTul, SPH) ¢ uHTerpaJbHBIMH OIICHKaMH O€30MaCHOCTH,
oOecrnieunBasi paHXMpPOBaHUE YYACTKOB 10 PUCKY M 0OOCHOBaHHBIN BbIOOp Mep (Ieraszanus, pa3rpy30uHble
CKB)XHHBI, ONTHUMHU3AIMS B3PHIBHBIX pabOT, W3MEHEHHE Temma MPOXOoJkH). Du3nuecKue mnapajiein
Mexy JetoHauuedl B BB u BHe3anmHbIM BbIOpOCOM (JIOKaJbHBIE OYarn MHULMUPOBAHMS, MOJOKUTEIbHAS
oOpaTHas CBf3b, MCUEPIIAHUE SHEPreTUUECKOr0 pecypca) olpaBAbIBalOT NepeHoc kapkaca Lee—Tarver Ha
reoJMHaMHUYECKYIO 3a/1auy.

Oecpanuuenus u nepcnekmuguvl. Metoauka TpeOyeT 10CTaTOUHOM 0a3bl SKCIIEPUMEHTANIbHBIX JaHHBIX JJIs
KaJIMOpOBKU MapaMeTpoB, BKJIIOYas HCHbITAaHUS 00pa3LoB yIJis, U KOPPEKTHOIO MHOIONapaMeTpUUYeCcKOro
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MOHHUTOpPpHHTI'Aa Tra30BOro pCxumMa B IIJIACTEC. I[aHBHefIIHI/Ie HUCCIICAOBAaHNA HaIpaBJICHbBI Ha PaCHIUpPCHUC
MOJICUCTEMBI Ta3000MeHa (copOrust/necopbuust mo moxaenu JIsHrmiopa), Bepu(UKALUIO 10 HATYPHBIM
MHOTOMapaMCeTpUICCKUM NJaHHBIM HIAXT U CO3AaHUC L[I/I(i)pOBBIX IIBOﬁHPIKOB BLIGpOCOOHaCHBIX Y4aCTKOB IJId
ONTUMM3ALMY YIIPABJICHUS PUCKOM B PEaJIbHOM BPEMEHH.

Bui6oowi. [Ipumenenue kunetuku Lee—Tarver B coueTaHHM C METOOM CITIQXKEHHBIX YaCTHUI IPECTABIISIET
Bq)(l)eKTHBHBIﬁ HHCTPYMCHT Ui YUCJIICHHOT'O MOJCIIMPOBAHUS BBI6pOCOB YIjd U ra3a B ra30HACBIMICHHBIX
IIacTax, yYUThIBAIONIUH O0bIue AeopMaiiu, pparMeHTaINIO U CTI0KHOE B3aUMOICHCTBHUE MEXaHUYECKUX
U Ta30MHAMHUYECKUX TMpoueccoB. [IpemokeHHBIE METOAWYECKHi KapKac YCIEIIHO BOCHPOM3BOJIUT
HOpOI‘OBbeI PCKUM PA3BUTHUS IIPOLICCCA 663 OBPUCTUYCCKUX BMCIIATCIILCTB U MOXKCT 6BITB BHCAPCH B IPAKTUKY
OLIEHKM 0€30TMacCHOCTU TOPHBIX pabOT KaK JUHAMUYECKOE JIOTIOJIHEHHE K CYHIECTBYIOIIUM KPUTEPUATbHBIM
MeTonukam, (moaxox SIxeema), obecreunBasi 0OOCHOBAHHOE YMPABICHHE PUCKOM BBIOPOCOB HA YPOBHE
ydacTka u 3a00s.
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Sudden outbursts of coal and gas in gas-saturated seams are characterized by threshold behavior, rapid
propagation rates, and catastrophic material ejection into mine workings. Classical approaches — including
poroelasticity, strength criteria, and damage models — fail to reproduce the threshold transition from stable
equilibrium through activated failure to dynamic rupture without ad hoc regime-switching mechanisms and
often exhibit sensitivity to numerical parameters.

We develop a reproducible methodological framework applying Lee—Tarver kinetics (Ignition & Growth)
to model the threshold transition governing sudden outbursts as a dynamic complement to safety assessment
criteria. Primary tasks include: (1) adapting the 1&G structure to geomechanical formulation by redefining the
progress variable as the activated (damaged, gas-releasing) fraction of coal; (2) establishing input and output
metrics; (3) formulating a practical five-step operational algorithm for field implementation

Methodology. We redefine the internal progress variable F as the activated coal fraction, controlled by
a composite parameter incorporating gas overpressure, effective skeleton stresses, and deformation-rate
intensity. Three-stage kinetics is proposed: ignition (threshold activation of failure zones at critical stress and
pressure), growth (avalanche development via positive feedback: damage — permeability — gas unloading
— fracture), and decay (adsorbed gas depletion and load dissipation). Parameter identification relies on pop-
plot (time-to-event vs. load) and run-distance (run-up length vs. load) analogues constructed from laboratory
testing and mine monitoring data.

Results. We formulate kinetic rate laws for ignition, growth, and decay stages with explicit description of
state-transition velocity. Coal property degradation functions — accounting for stiffness, strength, permeability,
and porosity changes as functions of activation level F-capture the pronounced nonlinearity of permeability
upon damage. A practical five-stage algorithm is proposed: (1) input data assembly; (2) model parameter
calibration; (3) outburst-hazard scenario calculations; (4) integration with criteria-based safety assessment;
(5) selection of preventive measures. Comprehensive tables specify input metrics (gas pressure, stress state,
degassing parameters) and output indicators (time-to-event, run-up length, peak activation fraction, gas
discharge rate, integral safety index).

Scientific Innovation. Explicit incorporation of state-transition rate through three-stage kinetics eliminates
reliance on heuristic regime switches and enhances robustness of threshold-phenomenon forecasting. The
approach unifies dynamic simulation (via smoothed particle hydrodynamics) with integral safety assessment,
enabling risk-stratified ranking of mine sectors and justified selection of mitigation measures (degassing,
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stress-relief wells, blasting optimization, extraction-rate adjustment). Physical analogues between explosive
detonation and coal-gas outbursts — including local ignition sites, positive feedback loops, and energy resource
exhaustion — justify transferring the Lee—Tarver framework to geodynamic applications.

Prospects. The methodology requires sufficien experimental data for parameter calibration, including
coal sample testing, and robust multiparametric in-situ gas-regime monitoring. Future work will expand gas-
exchange modeling (adsorption/desorption via Langmuir kinetics), verify predictions against multiparametric
field data, and develop digital twins of outburst-prone zones for real-time risk management optimization.

Conclusions. Lee—Tarver kinetics combined with SPH method provides an effective computational tool
for modeling sudden coal-and-gas outbursts in gas-saturated seams, accommodating large deformations,
fragmentation, and complex mechanical-gas-dynamic coupling. The proposed framework successfully
reproduces threshold-driven dynamics without ad hoc intervention and is readily deployable as a dynamic
enhancement to existing mining safety assessment methodologies, enabling defensible outburst-risk
management at the panel and face level.
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