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Beeoenue. Ilpu mpou3BOACTBE OUYMCTHBIX PAOOT HA YrOJBHBIX MECTOPOXKICHUSX KOMOAWHOBBIMHU
KOMIUIEKCAMH CKOPOCTh TpoABIKeHHst 3a00st nocturaetr 20-30 M B CYTKH, YTO BBI3BIBaE€T OBICTpOE
U3MEHEHUE HAINpSOKEHUH B OKPECTHOCTU 32005, KOTOPOE MOXKET CTaTb TPUITEPOM JUHAMUYECKUX
saBieHnid (OBICTpOE pa3pylIeHHe IMOpOJI, BHE3ANMHBIA BHIOPOC YIJIsl M Tas3a, TOpHBIA yaap). B mopomgHom
MaccuBe COOBITHS Kiacca 4 W BbIIIE MPOUCXOJAT, KaK IMPAaBUIIO, B OKPECTHOCTH HApYLIEHUH CIUIOIIHOCTH
(TEeKTOHMYECKHE pa3JIOMbl, TU3IBIOHKTHBBI), KOTOpPBIE IPH HM3MEHEHWH KOH(PHUTYpalMy IOA3EMHOTO
IIPOCTPAHCTBA SIBJIAIOTCS] KOHIIEHTPaTOpaMH HAINpPsKEHUH. AHAJIOTMYHYIO POJIb UTPAIOT HEKOTOPBIE YUACTKU
KOHTaKTa CyOropH30HTAJIbHBIX YIOJbHBIX IUIACTOB C BMEIIAIOIIMMHU IOPOJIaMH, 3a4acTyIO IIPEICTaBIISIOIIIE
co0OH TOHKHE MPOCION BBICOKO30JIbHBIX TIMHHUCTBIX yIJIel — ci1a0ble 30HBI, KOTOPBIE MOTYT OBITh OYaramu
JUHaAMHUYecKUX coObiTui. [IpeaBapuTenbHOE BBISIBIEHHE MECTOIOJIOKEHHUS CIIAa0bIX 30H reo(pU3nuecKUMHU
METOAAMHU TO3BOJIUT OCYHIECTBHTH NMPO(MUIAKTUYECKHE MEPONPHUATHS Ui YMEHBIICHHS PUCKA OMACHBIX
JUHAMHYECKUX MPOSIBJICHUH TOPHOTO JaBJICHMUS.

lI'eomexanuueckas mooens yeonvrnozo niacma. Ilonoro3zasneraroias yrojibHas 3aj1eXb pa3pe3aHa Ha aHEIH,
KOTOpBIE OTpadaThIBAIOTCS MEXAaHW3MPOBAHHBIM KOMIUIEKCOM. B Mojenu yuuThIBaroTCsl pa3Mepsl IUIacTa,
HaNpsOKCHUS B HETPOHYTOM MacCUBE, (PU3NYECKIE CBOWCTBA ITOPO/T, HEOJHOPOAHOCTh KOHTAKTHBIX YCIIOBHA Ha
IpaHMIIEe TUIACTA ¥ BMEUIAIOIINX MOPO/I (HAIMYHE YYaCTKOB C TOHWKEHHBIMH /1e()OpMaIIHOHHO-TIPOYHOCTHBIMHU
XapaKTepUCTUKaMH), BbIEMKAa HMMMTHUPYETCS IO3TAalHbIM H3MEHEHHEM KOH(PUIypaluu BbIPaOOTAaHHOTO
IIpOCTpaHCTBA. PacueTsl okasanu, 4To ¢ NpuodamKeHneM 3a00s K ¢1a00il 30HE B €€ OKPECTHOCTH BO3HUKAIOT
00JIaCTH TOPU30HTAIBHOTO PACTSKEHUS, BETMYMHA HAMPSHKEHUH B KOTOPBIX MPEBBIIIAET COOTBETCTBY IO
npesiea MPOYHOCTU YIUIA. DTO MOKET CTaTh NPUYMHOW pa3pyllIeHHs U BbIOpoca yIis U raza B OYUCTHOE
IIPOCTPAHCTBO.

Jl1st 000CHOBaHMS BO3MOKHOCTH BBISIBIICHUS CJIA0BIX 30H TPOBOIMIINCH JTA00PATOPHBIE SKCIIEPUMEHTHI. M3
AMOKCHUJIHOM cMOJIbI U3roToBjIeHb! napamenenumnes! (100 x 140 x 40 mm) u cTaHAapTHBIE LIUIMHIPUYECKHE
obpasupl. [locnenHue MCHBITHIBAIIMCH HA OJHOOCHOE C)KAaTHE, OJHOBPEMEHHO YJIBTPa3BYKOBBEIM METOJIOM
orpesieNsiiach CKOpocTh P-BoyiH V. B pe3ynbraTe ycTaHOBICHBI JeOpPMAIMOHHBIE CBOHCTBA MOJIEIHLHOTO
reoMartepuasna 1 SMIMpUYECcKas 3aBUCUMOCTb V0T cpeiHero HanpsikeHus s. [lapanienenuneasl nogBepraivch
KBa3UCTaTUUYECKOMY BEPTHKAIbHOMY CXKATHIO, IPU 3TOM HAa KOHTAKTE FOPU30HTAJIbHBIX I'PaHEl C IJIUTAMU
rpecca IMOCPEJCTBOM TOHKMX CHJIMKOHOBBIX IJIACTMHOK CO3JaBajlMCh YYacTKM C HU3KUM TpeHueMm. Ha
BEPTUKAIbHBIX TPaHSIX YCTaHABJIMBAJIUCH MO 6 MbE30JaTUUKOB Sm , HAa KaXJOM LIare HarpyXeHus k
OCYIIECTBIISIIOCH IPO3BYYHBAHUE U U3MEPSUIOCh BpeMst 1(k, m, n) mpodera P-BoIHBI MeX Ty TaTYMKaMu Sm U
Sn. Ilo T(k, m, n) BeIONHSIIaCH TOMOTpadus U HAXOAWIOCH pacupeaeneHne W cKopoCTH MPOAOIBHBIX BOJIH
B OCBeIlIeHHOM oOnactu D oOpasia.

Uneepcusi oamnvix sKcnepumenma (onpeoenenue mecmononoxcenus ciaowvix 3om). Wcnonv3ys W u
3aBUCUMOCTH V(s), B D paccuuThIBaJIOCh CpeiHee HarpsbkeHue s(D), KOTopoe SBISIOCh BXOAHBIMU JIaHHBIMU
JUIsl TPAaHUYHOM 00paTHOM 3a/1a4M — «I1pH 3aJJaHHOW BEPTUKAIbHON HArpy3Ke HaWTH KacaTeJIbHbIE HAIIPSKEHUSI
Ha TOPHM3OHTAIBHBIX TpaHUIAX O00pasla Mo HW3BECTHOMY pacmpezeieHuto s(D)». YCTaHOBJICHO, YTO
chopMyJIMpOBaHHAS 3a7a4a OJHO3HAYHO pa3penimmMa, pa3paboTad U YrcIeHHO peanu3oBan FEM anroputw,
OCHOBAHHBIM Ha TOCTPOCHWHU nuckpetHoi ¢(yHkimm ['puna. HaiinenHoe Takum oOpa3oM pacrpenesieHue
KacarenbHble HanpsiKeHUs Ha TOPU30HTAIBHBIX IPAHAX MapalieseNnuIea, HallICHHbIE B PE3YJIbTaTe PELICHUS
obpartHo# 3amaun 1o s(D), oKa3anuch MPAKTUYECKH HYJIEBBIMHA HA KPAEBBIX yYacTKaX, YTO COOTBETCTBYET
YCIIOBUSIM 3KCIIEPUMEHTA.

3axniouenue. 1lpeasoKeHHBIM TOAXOJ] IMO3BOJSIET HE TOJBKO MPOBOJUTH PEKOHCTPYKIHUIO
HaIpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS B MIPOIIECCE BRIEMKH 3aacOB, HO U BBISBIIATh AHOMAJIbHBIE
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YY9aCTKHU Ha KOHTAKTE YTOJIbHBIX IJIACTOB C BMEMIAIONIUMHE TTOPOJIaMH, SIBJISIIONHAECS 09arOBBIMU 30HAMU
IMUHAMAYECKUX COOBITHH.
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Introduction. When mining coal deposits with shearer complexes, the working face advances at speeds of
up to 20-30 meters per day, causing rapid stress changes in the vicinity of the working face, which can trigger
dynamic events. In rock mass, events of class 4 and higher typically occur near discontinuities, which act as
stress concentrators. A similar role is played by certain areas of contact between coalbeds and the host rock,
often consisting of thin layers of high-ash clayey coals—weak zones (WZ) that can become foci for dynamic
events. Preliminary identification of WZ location will enable the implementation of preventive measures to
reduce the risk of hazardous events.

Geomechanical model. A horizontal coal deposit is cut into panels, which are mined by a mechanized system.
The model takes into account stresses in the intact massif, rock properties, and the heterogeneity of contact
conditions at the coalbed-rock interface (WZ — areas with reduced deformation and strength characteristics).
Simulation has shown that as the working face approaches a WZ, horizontal tension zones occur in its vicinity,
where the stresses exceed the corresponding coal tensile strength. This can cause failure and the release of coal
and gas into the working space.

Laboratory experiments were conducted to validate the possibility of WZ identification. Parallelepipeds
(100 x 140 x 40 mm) and standard cylindrical specimens were made of epoxy resin. The latter were tested
for uniaxial compression, while the P-wave velocity V' was simultaneously determined using an ultrasonic
method. This resulted in the determination of the empirical dependence of V on the mean normal stress s. The
parallelepipeds were subjected to quasi-static vertical compression, with thin silicone plates creating low-
friction areas at the contact of the horizontal faces with the press platens. Six sensors Sm were mounted on the
vertical faces; at each loading step £, sounding was performed and the P-wave travel time 7(k, m, n) between
sensors Sm and Sn was measured. Tomography was performed using 7(k, m, n) and the distribution W of the
longitudinal velocity in the illuminated region D of the specimen was found.

Determining the location of WZ. Using W and the V(s) dependence, the stress s(D) was calculated in D.
This was used as input for the boundary value inverse problem of «find the shear stresses on the horizontal
boundaries of a specimen by s(D)’’. The problem was found to be uniquely solvable, and a FEM algorithm
was developed and numerically implemented. The shear stress distribution on the horizontal faces of the
parallelepiped, determined by solving the inverse problem using s(D), turned out to be nearly zero at the edges
of faces, consistent with the experimental conditions.

Conclusion. The proposed approach not only allows for the reconstruction of the stress-strain state during
mining but also the identification of anomalous areas at the contact of coalbed with the host rock, which are
focal zones of dynamic events.
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