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AHHOTauuA

B cratee mpuBeneHB! pe3yJbTAaThl YHUCIEHHBIX IKCIEPHUMEHTOB, BBINOJIHEHHBIX METOIOM KOHEYHBIX
JJIEMEHTOB AJIA OIpENEeNeHUs] PAlMOHAIBHOIO MECTa YCTAaHOBKU aKyCTHUYECKOro Jarduka (reogoHa)
IIPU OLEHKE CTEICHH BHIOPOCOONACHOCTH OJMIKHEH 30HBI YrOJBHOIO IUIAcTa CJIOXKHOTO CTPOCHHMS
aKyCTUYECKUM METO/I0M IIPOrHO3a.

Kirouesrie cioBa: METOA KOHCYHBIX 3JICMCHTOB, aKyCTI/IquKI/Iﬁ JaT4yuK, BI)I6pOCOOHaCHOCTI), yFOHLHLIfI
J1acT, MpOTrHO3

BBengenne

OOHapyXeHHe 30H AaHOMAJBbHON  HANPsSHKEHHOCTH B CTPYKTYPHO  HEOJHOPOTHOM
YIIENOPOJHOM MacCHBE, OMACHBIX C TOYKH 3PEHUS BO3MOXXHOCTH Pa3BUTHUS Ta30IMHAMHYCCKUX
siaeauit (IS]) saBngercs BaxHOW HayuyHO-TexHHYeckoi 3amaueir. B HI'Y s ee pemenus
pa3BHBaeTCs METOJ] aKyCTHMYECKOTO 30HIUPOBAHHUS OJMKHEH 00jacTh MOpoaHOro MaccuBa [1].
HNudopmarus 00 M3MEHEHUH CBOWCTB MPO3BYIHMBAEMON Cpebl, 00YCIOBICHHOM BXOXKIEHHUEM 32005
BBIPAOOTKH B OTIACHYIO 30HY, TIOJYYaeTCs IMyTEM MPOBEIACHHUS CIEKTPATHHOTO aHAIHN3a aKyCTHYECKUX
CUTHAJIOB, KOTOpBIE pACIPOCTPAaHSAIOTCS B MacCHBE W TEHEpPHPYIOTCcS paboTtarommMu B 3aboe
MexaHu3MaMmu (OypribHOEe 000pyIoBaHHE, OTOOHHBIM MOJOTOK, MPOXOAYEeCcKuil kombaiiH). Takum
o0Opa3oM, HWH(OPMATUBHBIA AaKyCTUYECKHH CHTHAl HCXOJUT W3 HCTOYHUKA CO CIIyYalHBIMH
XapaKTepUCTUKaMHU U TIPOXOJUT K MPUEMHOMY JaT4YHKY (TeooHy) Yepe3 TOJIIY OPO/l, KOTopas cama
o cebe ABISIETCS Cpefiof CO CIy4ailHO paclpeielIeHHBIMH XapaKTepUCTUKaMU. B COBOKYITHOCTH 3TH
OCOOCHHOCTH YCJIOXKHSIOT TPOBEJEHHE aHAM3a TMOJYyYEeHHOTO aKyCTHYECKOTO CHTHalla, MPU 3TOM
MOBBIIIAOTCS TPEOOBAHMS K MPABUIILHOCTH YCTAHOBKY reo)oHa B IMOPOJTHOM MACCHUBE.

Lenbo HacTOSIEHd CTATBH SBISCTCS ONMCAaHUE PE3YJIBTATOB CEPUU  UYHCIICHHBIX
AKCIIEPUMEHTOB 110 BEIOOPY MECTa YCTAHOBKU aKyCTHYECKUX JIATYMKOB B BRIPAOOTKE, TIPOBOIUMON I10
IUTaCTy CIOXHOTO CTPOCHHS.

OcHoBHAafl YacTh

B xauectBe o0OBEKTa wHCCIeAOBaHWN OBLT BBIOpAH MOHTAXKHBIM XOIOK B 8§ I0KHOM
KOHBeliepHOM mTpeke ykioHa 1 «Oucy» mmiacra Ks YK «KpacHonumanckas». 3a00i BeIpabOTKH,
BBEIOPAHHOM I MICCIIeIOBaHUH, OBIT 000pyI0BaH MPUEMHON 3BYKOYJIaBIMBaromel ammapatypoit AK-
1, obecnieunBaroIeil ¢ MOMOIIBIO JATYNKOB (TeOPOHOB) IPHEM aKyCTHUECKHX CUTHAJIOB U3 MaCCHBA U
nepenavy uX Ha MMOBEPXHOCTH IS Mocienyromeii 00padoTku. [Ipu BeIOOpe BRIPAaOOTKH YIUTHIBAIHCH
Takre (GaKTOphl KaK IepecedeHrie 30H TeoJIOTMYEeCKHX HapymeHuit, Hammuwe [J[S 3a Bpems
MpoBeAeHNUs HCHBITaHUNA. BrIipaboTka oOopymoBana kaOemem s nonkitrodeHuss AK-1 ugepes
OTJIENBbHYI0 KaOETBHYIO CETh.

" aBrop uist nepenucku: ggf@mine.dgtu.donetsk.ua
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ArmmmapaTypa akyctudeckoro KoHTpois tuna AK-1 coctouT m3 HazemMHOro 0j0ka 00pabOTKH
CUTHAJIOB, PACIIONIOKEHHOTO Ha MoBepXHOCTH B moMmenieHnn ACVYII maxTel, ¥ TOI3eMHON KarCyJbl-
YCHJIMTEINSI C BHIHOCHBIM Te0()OHOM, pacIoJIOKEHHBIX Ha MOA3EMHOM 3aMEPHOH CTaHIMU. 3aMepHas
CTaHLM MpeAcTaBisiia cobol mmnyp 42 MM u muHol 2,0 M, mpoOypeHHBIH B MOPOAaX KPOBJIH Ha
paccrosiaum 15-20 M oT Tpyau 3a00s.

[lomzemHuas gacTp ammapatypbl cOopa U epefadd aKyCTHIecKoi nH(OpMaIui 13 MaccuBa Ha
MMOBEPXHOCTh INAXThHI SBIAETCS HEOTHEMJIEMOW COCTABISIOMIEH CHUCTEMBI MPOBEACHUS H3MEpEHUH.
KauecTBo cHcTeMBI, €€ TOYHOCTH 3aBUCAT OT CTEMEHH COOTBETCTBHA HMCXOIHOW HH(OPMAINH,
3aKIIIOYEHHON B CTPYKType aKyCTHYECKHX CHUTHAJIOB, PACIPOCTPAHSIONINXCSA B MOPOJIHOM MAacCHUBE U
JNIEKTPUYECKUX CHTHAJIOB, TMOCTYMAIOMIMX HAa BXOJA IIOBEPXHOCTHOro OJoka o00paboTKu.
[TpomMeKyTOYHBIM 3BEHOM B TaKOW LENH SBISAETCS NaTYUK-peoOpa3oBaTenb (reooH, YCHUIUTENb) U
TUHHUS CBs3M. TexXHWdYeckas peanu3ais pa3MelIeHHs JaTyhka C TOYKM 3pEeHUs oOecTeueHUs
JIOCTOBEpPHOCTH TpWHUMaeMol wuH(popMannu TpedyeT OJHOBPEMEHHOTO BBHIIONHEHUS pAna
TpeboBaHuid. s BEIOOpa ONTHMAIbHOTO MECTa YCTAHOBKM AAaTUMKa HEOOXOAWM y4YeT KOHKPETHBIX
TOPHO-TE€OJIOTUYECKNX YCIOBHMA MIaXThl, XapaKTEPHUCTHK 3ajeraHus Iuacta (M0 OJHO- WU
MHOTOIIAYeIHON cXeMaM) U TPOdHIIsT BEIPaOOTKH.

g onpeneneHus MecTa YCTaHOBKH JIaT4HMKa ObUIH MTPOBEACHBI YHCIECHHBIE NCCIIEIOBAHUS Ha
MOJIENIN YTJIEOPOAHOTO MAcCHBa ¢ BBIPAOOTKOM MO MCXOAHBIM AaHHBIM, MOJyYCHHBIM MIPHU aHAIU3e
TOPHO-TEOJIOTUIECKIX yCIOBHHA MIaxThl «KpacHoTMMaHCKas».

B xome 53KcepMMEHTOB OBIJIO HCCIENOBAHO HAIpPSHKEHHO-IE(OPMHPOBAHHOE COCTOSHHE
MOPOAHOTO MaccHUBa BOKPYT NMPOBOJUMOH BHIPAOOTKM MO MOJIYYEHHBIM KapTHHAM paclpeacieHus
KOMIIOHEHTOB HaIpsDKeHWH. MozenupoBanack BbIpabOTKa C Pa3sIUYHON CTPYKTYPOH YTOJBHOTO
TracTa.

Jns wmccnenoBaHWil OBIT HCIONB30BAH YHUCIEHHBIH METOJ KOHEYHBIX D3JEMEHTOB [2].
KoHeuHO-371eMEeHTHAasT MOJEIb NPEACTaBIsia COOOW YIIIEBMEIIAIONUN MAacCHB, OCIa0JICHHBIHN
BbIpaboTKOH. Pazmepsl o0macTu MaccuBa B MOJIENN IPUHUMANUCH paBHBIMHA 60x100 M.

MaccuB MOJAETHPOBAIICS CIIOSMH C YIJIOM HakJioHa 16°, COOTBETCTBYIOIIHMHA T'€OJOTHYECKON
CUTyaIlill B MECTE€ yCTAHOBKHM JaTdrka. KaXmoMmy ciioro B Mojenu OBUIM 3aJaHbl CBOU (HU3UKO-
MEXaHHUYECKHE MapaMeTphl, OTBEYAIOIIUe PealbHBIM ycIOBUsAM: Moayns FOHra — E, ko3ddunueHnt
[lyaccona — u, mpemen MPOYHOCTH HA OAHOOCHOE CXATHE — O, MOOYNb capura — (, a Takke
00BEMHEII BEC TIOPOJT — y. 3HAUCHUS TTapaMETPOB TIPUBEICHEI HIDKE, B Ta0I. 1.

BripaboTka, pa3MellieHHas B MOJICIIH, UMeNIa apouHyio GopMy ¢ mUpHHOHN 5,52 M U BBICOTOM
4,47 M. MOUTHOCT MOJEIMPYEMOT0 YTOJBHOTO IuIacTa mpuHuMaiachk ot 0,8 M 10 2,2 M ¢ y4eTrom
mpocioek mopon. Ilo KOHTypy BBIpaOOTKH 3amaBajics OTHOp Kpemu. JlaHHas dYWCIeHHAas MOJIENb
YUHUTBHIBaE€T COOCTBEHHBII BEC MOPO/I.

Tab6n. 1. Du3uKo-MeXaHHIECKHE napaMeTpbl NOpOA AJid HOCTPOCHUS MOACIIN

DU3UKO-MEXaHUYECKUE ITapaMeTPhl
HaumenoBanue nopon 7 E G, Corer 1
MH/™M MH/Mm? MH/Mm> MH/Mm?

Vo 1,3*107 2,5%10* 1,03*10* 15,0 0,16
Apruumr 2,5%107 5,14*10° 1,13*¥10° 48,0 0,25
AJIEBPOITHT 2,5%107 5,75*10° 1,31%10° 56,0 0,28
[lecuanuk 2,6%107 9,04*10* 1,97*%10° 70,0 0,21

VYpaBHeHHE paBHOBECHs TOJDKHO YIOBIETBOPATHCS BO BCEX TOUKaxX Mccienyemoro tena. [pu
JOCTH)KCHUW TPaHWI[ OOJACTH KOMITOHEHTHI HANpPSDKEHWH JOJDKHBI OBITH TaKUMH, YTOOBI OHHU
HaxXOAWJIUCh B DPAaBHOBECHH C BHEIITHUMH CHJIAMH, TPIJIOKEHHBIMH K TpaHuIe. B cmmy s3toro
HNPUHUMAINCh CIEAYIOIME IPAHUYHBIE YCIOBHS: BBIIIEIEKAIIMM MacCUB 3aMEHsICS Harpys3koi yH,
rZle Y — CpPeJHEB3BEIICHHBIH OOBEMHBII BeCc BhIlIe3aieraromux nopox; H — rayOuna 3amoxeHus
BbIpaboTku. [lo GokaM — Harpyska, paBHas AYH ,rme y — o0beMHBIN Bec cios mopos; H — rimybOuna
3ajeranus cios; A — ko3 dunreHt 6okoBoro pacnopa (B pacyerax NpuHAMAIOCh A=1).

[Tpu pacueTrax paccMaTpHBajiOCh TPH CIIy4asi T€OJIOTHUYECKOH CHUTyallud CTPOCHUS YTOJIBHOTO
macta Mo Tpacce BeipaboTku. [lepBas cutyamus mpemycMaTpuBaia, 4TO BBIpaOOTKA TepeceKaeT
IJIACT TPOCTOTO CTPOEHUS, T. €. OJHOMAYCUHBIA, 0€3 MPOCIOHKOB MOPONEl. JIBe ApyTHe CHTyaIluu
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MPeIyCMaTPUBAIOT CIIO)KHOE CTPOCHHE YTOJIBHOTO IIacTa: JABYX- M TpexmadedHoe. MOIIHOCTH
MIPOCJIONKOB COOTBETCTBYET T'€OJIOTMYCCKOW CHUTyallMd IO Tpacce BbipaboTku. KoHuryparms
OJIMKHETO K BBIPAOOTKE ydacTKa MOJACIUPYEMBIX MOPOJ JUIS YKa3aHHBIX CIydaeB IMPEJCTABICHA Ha
puc. 1.

Puc. 1. CtpoeHue yroiapHOro mjiacta npy pa3inyHbIX PACUETHBIX CUTYalUsIX: a) OAHONAa4YeqHast; 0)
JIByXIIau€4Has; B) TpexmaueuHas, |- yrois, 2 — apruiimT, 3 —ajJeBpoJIuT, 4 — MeCUaHUK

AHanu3 pe3ynpTaToB pacyeToB MOKasal ciexytomiee. M3 puc. 2 BUIHO, YTO TOPU30HTAIBHBIE
HaINpsDKEHUS] MaKCHUMAallbHBI B MECTaX CONPHUKOCHOBEHHS KOHTYpa BBIPAOOTKH W TUIACTa, MPHYEM B
MIEPBOM CiIydae (oJHOMavYeyHas) X BeJIMYMHA MEHbINE, YeM B IBYX JPYTHX cUTyalusx. Bo Bcex Tpex
TCOJIOTHYECKUX CHUTyallusiX B OOKax BBIPAOOTKHM CO CTOPOHBI BOCCTaHMs IIacTa HaOIIOAAlOTCs
MaKCUMyMBI ~ TOPHU3OHTAJIBHBIX  HampspkeHud  (puc.2, 103.2). YnciaeHHO  MaKCHMaJIbHBIE
TOPU3OHTATbHBIE HANPSKEHHUS TPU BTOPOH W TpeTbel T'eOJOTHYECKHUX CHUTYalUsX TPEBBIIIAIOT
nepByio Ha 77% u 68% coorBeTcTBeHHO. KpoMme TOro, B MecTax CONMPUKOCHOBEHHS MOPOJI TTOYBHI CO
CTOWKOHN HaOIIOJIAIOTCS JIOKAIbHBIC TIHKH HATIPSHKEHUH, TIOSBICHHSI KOTOPBHIX 3aKOHOMEPHBI Ha TaKUX
KOHIIEHTPATOPax, KaK YIIIbl KOHTypa BHIPaOOTKH.

Ha ydactke mepexoja KOHTypa BBIPAOOTKH OT MPSIMOJIUHEHHON CTOMKM K CBOIY CO CTOPOHBI
MaJCHUS TIACTa BO BCEX TPEX T'€OJOTMUYECKUX CUTYAIMsIX HAaONFOaeTcs JOKaIbHBIN BCIUiecK (puc. 2,
mo3. 1), co cremyromumu 3HadeHUIMU: -9,482 MIla B mepBoii reomorndeckoit curyamuu, -11,16 u -
9,843 MIla — BO BTOpOil U TpeTheil re0JOrHUECKUX CUTYaLMAX COOTBETCTBEHHO (3HaK “—’ 03HAyaerT,
YTO B JaHHOW 00JacTH AEUCTBYIOT CXKUMaroIye HanpsikeHnsa). OTMETHUM TakKe, UTO TOPU3OHTAIbHbIE
HATPsDKEHHSI Ha KOHTYPE BHIPAOOTKH B MEPBOW T'€OJIOTHYECKON CUTYaIllMl YHCICHHO B IOJITOpa-/IBa
pa3a IMpeBbIIIAIOT 3HAYECHUS IS ABYX JPYTHX.

Ha puc. 3 npencraBieHbl KapTUHBI BEPTHUKAIBHBIX HANPSXKEHUHM NMPHU pa3IUYHBIX PacUETHBIX
CUTyalUsIX CTPOEHHS YTOJNBHOTO IUIacTa. 371eCh, KaK M Ha NPEAbIAylIe KapTHHE TOPHU30HTaIbHBIX
HaIpPsDKEHUH, TakKe BUIHO, YTO B MECTAX COMPHUKOCHOBEHHS MTOPOJI TTOYBHI CO CTOMKOW HAOIIOJAI0TCS
JIOKaJIbHBIE THKHM HampspkeHud (puc. 3, mo3. 2), mpudeM B ciydae (a) HU30JMHUM TPAKTHYECKH
CUMMETPUYHBL, a B ciiydasx (0) u (B) BBITSHYTHI BIOJb MPOCTUPAHUS TulacTa. BuaHO, 4TO BO BCcex
TPEX Te0JIOTUIECKIX CUTYAIHIX, KaK B ITOYBE, TAK M B KPOBJIE BEIPAOOTKH, HAOIIONAIOTCS MAaKCUMYMBI
BEPTUKAJIBHBIX HamNpsDKeHu# (puc. 3, mo3. 1). B mepBoil n TpeTheil I'e0JOrHYEcKUX CUTYalUsiX B
KpOBJI€ BHIPAOOTKM M30JMHUN BEPTHKAJIBHBIX HANPSDKEHHH BBITSHYTHI BAOJB MPOCTHPAHUS TUIACTA U
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BEPTUKAIBHO C)XKaThl. B 11€IOM KapTHHBI BEPTHUKAJIBHBIX HANPSDKEHHH UMEIOT Oosiee paBHOMEPHBII
XapakxTep paclpee/eHUs U30IHMHUMN, YeM KapTUHBI TOPU30HTAIbHBIX HAIPSKCHUH.

Puc. 2. Hanpspkenus no ocu OX npu pa3iMuHbIX T€0JOTHYECKUX CUTYalUsIX CTPOSHHUS YTOJIBHOTO TUIAcTa: a)
OJTHOTIaYCYHast; 0) ABYXIayeyHasl, B) TpEXIMadyeyHas; | — y9acTOK JIOKATBHOTO BO3MYIICHUS; 2 — YIACTOK

JIOKQJIbHBIX MAKCUMYMOB

Puc. 3. Hal'[pSI)KCHI/ISI o ocu OY TIpH pa3JIMYHBIX I'€OJIOTUYCCKUX CUTYalUsIX CTPOCHU YIOJIbHOI'O I1JIacTa: a)
OJHOITauYCYHasd, 6) ABYXIIa4€yHasi; B) TpeXmadyeqyHasi; 1- y4aCTOK JIOKaJIbHBIX MAaKCUMYMOB; 2 - y4acToOK
JIOKaJIBHOT'O BO3MYIICHUA
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Ha puc. 4 mnpencraBneHbl KapTHHBI PAaCHpPENENICHUS OKBHBAJICHTHBIX HANPSKEHUH IPH
Pa3JIMYHBIX PACUETHBIX CUTyalUsX. B mepBoil M B TPETbEHl TE€OJIOrMYECKOW CHTyalud, B MECTax
COIIPUKOCHOBEHMSI KOHTypa BBIPAOOTKM M IUIACTa CO CTOPOHBI €r0 BOCCTaHMS, HAOIIOAAIOTCS
BCIUTeCKH HampspkeHui (1mo3. 1 puc. 4). B mepBoit 1 TpeThel TeoJIOTHYECKUX CUTYANHsIX JTOKAIbHBIC
BCIUIECKM HMEIOT MECTO B IOpPOJAaX KPOBIM IIACTa CO CTOPOHBI MaJeHHs, TOr/a Kak BO BTOPOM
CUTyallul 3TOT BCIUIECK COOTBETCTBYET MOJOKEHUIO MEXIYMayeyHOro MOPOJHOTO IMpOCios CO
CTOPOHBI BOCCTAHHS.

Puc. 4. DxBUBaJICHTHBIC HANPSHKCHUS TPU PA3INYHBIX T€OJIOTHUCCKUX CUTYAIMIX CTPOSHHS YrOJbHOTO IIACTa:
a) oflHOMaYeyHas; 0) IByXIaueuHas; B) TpeXmadeuHas, | — y4acTOK JIOKaJIbHOTO BO3MYIIICHHUS

BrIiBOabI

1. HanGonee nH(pOpMAaTUBHBIME C TOYKM 3pEHHS BBIOOpAa MECTa yCTAHOBKU JATYUKA SIBISIFOTCS
KapTHHBI PaCIpPEEIICHUs] TOPU30HTAIBHBIX W OKBUBAJICHTHBIX HANPSKCHUH, TaK KaK KapTHHBI
BEPTUKAJIBHBIX HAIPSDKEHUH KaueCTBEHHO OYEHb CXOXH BO BCEX TPEX pPAacCMOTPEHHBIX
TEOJIOTHYECKUX CHTYalUsX M HE BBIABISIOT KaKUX-THOO OCOOCHHOCTEH B 3aBHCHMOCTH OT
CUTyaluu.

2.B 3aBuUCHMOCTH OT CTPyKTypHl Ijacta (OJHO-, JABYX- WIM TpeXIMadeyHOe CTPOCHHE)
ONTUMAJIbHOE MECTO PACHOJOKEHHUs] JIaTdyuKka (T.e. Y4YacTKM KOHTypa C MaKCUMyMaMu
HaNpsDKEHUH) pa3iIndHo.

3. 1 OJHOMAYEYHOTO IUIACTAa ONTHMAIBHBIM CIIEAYET, OYEBHUIHO, CUHTATh PACIOJIOKECHUE
JaTYMKa B KPOBJIE IJIACTa B CKBaKMHE, IPOOYPEHHOM B CTOPOHY €T0 MaJeHHs.

4. lns OByX- M TpeXHayeyHOro IUlacTa AAaTYMK MOXET OBITh YCTAHOBJICH B IIOJOXKEHUH,
W3J0KEHHOM B M. 3 JuId ofHOomadedHoro Iuiacra. Kpome Toro, npu AByXmadeyHOM ILIAcTe
reo)OH TakkKe MOXHO TaKKe YCTaHaBIMBaTh B TIOYBE CO CTOPOHBI BOCCTaHUS W B
MEXIyNaueqHOM IIPOCIOe CO CTOPOHBI BoccTaHMs. s TpexmauyeyHoro mijacra — Takke B
IIOYBE CO CTOPOHBI BOCCTaHMA U B IIEPBOM NPOCIOE OT KPOBIHU CO CTOPOHBI BOCCTAHUS IJIACTA.

5. Pe3ynbraThl pacueToB MO3BOJISIIOT ONTUMH3WPOBATH MPOLEAYPY YCTAHOBKH aKyCTHYECKOTO
MPHUEMHOTO JaTYHKa C 1ebI0 00ecleueH s KaueCTBEHHOTO €ro0 BKIIOYEHHUS B pabOTy CHCTEMBI
aKyCTHYECKOTO IPOTHO3a BHE3AMHBIX BEIOPOCOB YIUIS U I'a3a B YTOJBHBIX IIaXTax.
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AHoTauis

Y crarri HaBeOeHI pPE3yNbTATH YHCEIbHUX
€KCIIEpPUMEHTIB, 0 BUKOHAHI METOJIOM CKiHYe-
HUX CJIEMEHTIB Il BCTAHOBJICHHS PallioHAIEHOTO
MiCllsi  PO3TAlllyBaHHS aKyCTHYHOTO JIaT4HKa
(reodona) mia yac OMIHKA BUKUIOHEOC3MECUHOCTI
OMWKHBOT 30HM BYTUIBHOTO IUTACTA CKJIATHOI
CTPYKTYPH aKyCTUYHUM METOIOM IIPOTHO3Y.

Kiro4uoBi cioBa: MeTO/T CKIHYCHHHX €JIEMEHTIB,
AKyCTUYHUHN NaTYNK, BUKUJIOHEOC3MCUHICTD,
BYTUIBHUH TUIACT, TIPOTHO3.
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Abstract

Results of calculations with finite elements
method of sonic sensor position for coal seam
monitoring.

Keywords: finite elements method, sonic sensor,
coal seam, monitoring.





