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Annomauus:

Axmyansnocms, yenb pabomovl: 2eoMexaHudecKue npoyeccsl, NPOUCXooslyie Npu gvleMKe niacma yais u
0XBAMbBIBAIOUUE SHAYUMENbHBIE 00bEeMbl MACCUBA 20PHBIX NOPOO, POPMUPYIOM UHMEHCUBHBIE 2A308ble NOMOKU
KaK 8 8blpabomanHnoe npocmpancmeo, max U Ha NOBEPXHOCMb, SGIAAC, NPUYUHOL 2A30801 ONACHOCHYU ULAXM U
HAa3eMHbIX coopydicenuil. H3yuenue npoyeccos @ 603MYUeHHOM 20pHbIMU pabomamu Maccuge no360.1Un NPoSHO-
3UpP0BAMb UX CIEOCMEUS U CHUSUIN BO3MOJICHBIE PUCKU.

Memoowvt uccnedosanus: ¢ npumeHeHueM Memooo8 pYOHUHUHOU 2a300UHAMUKY NOKA3AHA HEJIUHEHOCb U3-
MeHeHUs MemaHooOUNbHOCHIU BbIEMOYHO20 YHACMKA C NEPUOOOM HECOUSMEPUMO DONLULUM, HeM ULaz oOpyuleHus.
ocHogHoll Kpogau. OCHOB80I nepuoouyecKux usMeHeHUlli MemaHo8blOeeHUs S8NAemCcs HeUHEHOCIb 2e0MeXaHu-
YyecKux npoyeccog. Buinoanen ananus usmepenuii 0agieHus 8 CMoliKax mMexanusuposantoti kpenu 6 aagax. Cono-
CMABTIANUCH Pe3YIbMambl MAMEMaAmMu4ecko20 MOOeIUPOBAHUSL 2eOMEXAHUYECKUX NPOYeCcco8 C NpUMeHeHUueM Me-
MoOa KOHEeUHbIX dJIeEMEeHNMO08 U paspabomaHHas napamempuieckas Mooeib.

Pesynvmamut: Ha ocroge u3gecmuvix 3aKOHOMepHOCIE pa3eumus uepapxuu 2e0CmpyKkmyp paspabomana
napamempuyeckas Mooesib 2e0MeXaHU4eCKUX npoyeccos 8 Maccuge 20pHuIX NOPOO C Y4emom peanu3ayul ynpyeou
HepaUU MACCUBA Npu OBUICEHUU ONUHHO20 0YUCMHO20 3a005. [Ipusedenvl pe3ynbmamsl UCcied08aHUs NPoseie-
HuUil 20pHO20 0A8NeHUs 8 CMOUKAX CeKYUil MeXaHusupo8aHHot Kpenu. BblnoHeHa 0yeHKa CX0O0UMOCmU napamemn-
puteckoii Mooenu ¢ pe3yTemamamy MameMamuyecko2o MoOeIUpoBaHUs 2eOMeXaHUeCKUX npoyeccos ¢ npume-
HeHueM Memooa KoOHeuHbIx 91emeHmos. OnpedeneHo, 4mo HeluHelnas mexHo2eHHas CmpyKmypusayus emMeuaro-
e2o0 Maccusa copHeIX NOPOO UMeen eOUHYI0 3aKOHOMEPHOCb KaK OJisl MUTIUOHO8 MOHH ROPOO 8 00aacmu 8-
AHUS OTUHHO20 OYUCIHO20 30005 (YCIAHOBNEHO Memooamy PYOHUUHOU a3po2a3’00UHaAMUKY), MAaK U 011 ComeH
MONH 8 €20 HeNOCPeOCHBEHHOT OKPeCIHOCHU (YCMAHOBIEHO MeMOOaMy 2e0MeXAHUKY NO OagNIeHUI0 Ha ceKyuu
MeXaHU3UPOBAHHOIU Kpenu U YUCIeHHbIM MOOeNUPOBAHUEM).

Paboma gvinonnera npu gurarcosoii noodepcke PODH, npoexm Ne 18-45-420001 p_a.

Knrwueewvie cnosa: I'eomexanuxa, pyOHUUHAS 2a300UHAMUKA, MACCUB 20PHLIX NOPOO, Yhpyeas SHepausl,
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MeXHOCEeHHAA CMpPYKnypu3ayus, Mooeb npoyeccos, ONUHHBIL OYUCMHOT 361601/7, MemaH006lL7le0(me, mamema-
muvyeckoe Mode.ﬂupoeayue.

Abstract:

Relevance, purpose of work: geomechanical processes occurring during coal mining and encompassing sig-
nificant volumes of rock massif form intense gas flows both into the open space and to the surface, causing the gas
hazard of mines and land structures. Examining the processes in the array perturbed by mining will allow to
predict their consequences and reduce possible risks.

Research methods: using the methods of mine gas dynamics, the nonlinearity of changes in the methane
abundance of the excavation site with a period of disproportionately greater than the collapse step of the main
roof is shown. The basis of periodic changes in methane release is the nonlinearity of geomechanical processes.
The analysis of pressure measurements in the racks of mechanized supports in lavas was performed. The results
of mathematical modeling of geomechanical processes were compared using the finite element method and the
developed parametric model.

Results: based on the known regularities of the development of the hierarchy of geostructures, a parametric
model of geomechanical processes in the rock massif has been developed taking into account the realization of the
elastic energy of the massif during the movement of a long clearing face. The results of the study of the manifes-
tations of rock pressure in the racks of the sections of mechanized supports are presented. The convergence of the
parametric model with the results of mathematical modeling of geomechanical processes using the finite element
method is estimated. It was determined that the nonlinear technogenic structurization of the host rock mass has a
single pattern for both millions of tons of rocks in the area of influence of a long working face (established by mine
aerogasdynamics methods) and for hundreds of tons in its immediate vicinity (established by pressure geomechan-

ics methods on the mechanized roof support section and numerical simulation).
This work was supported by the Russian Foundation for Basic Research, project Ne18-45 420001 .

Key words: Geomechanics, mine gas dynamics, rock mass, elastic energy, technogenic structurization, pro-
cess model, long clearing face, methane abundance, mathematical modeling.

INomzemuas pa3paboTka yTOJBHBIX MECTOPOXKIC-
HUIl IPHBOIUT K M3MEHCHHUIO HANPsDKEHHO-IedopMu-
POBAHHOTO COCTOSIHHS MHIJUIHOHOB TOHH TOPHBIX IIO-
pOA BIJIOTH A0 0Opa30BaHMS MYJIbIbI CABIKCHHS HA
JHEBHOW IOBEPXHOCTH. JTH TPOIECCHI, OXBATHIBAS
3HAYUTCIbHBIC OOBEMBI YTJIECTa30HOCHOTO MACCHUBA,
(hOpPMHPYIOT HHTCHCUBHBIC TA30BbIC MOTOKU KAK B BBI-
paboTaHHOE MPOCTPAHCTBO, TAK ¥ HA TOBEPXHOCTH, SB-
JILICh MPUYUHOM Ta30BOIl OMACHOCTH HIAXT M HA3EM-
HBIX coopykeHuH. OZHUM W3 IMyTeH NpeomoIcHHA
STHX HETATUBHBIX OCOOCHHOCTEH ABIACTCS Y TOYHCHHC
3HAHUH 00 OCHOBAX MX BO3HUKHOBCHHS — TEOMCXAHU-
YECKHX IPOIECcCax B 001aCTH BEICHHSA TOPHBIX PA0OT.

Heo0xoamMocCTh pa3BUTHUA HCCICAOBAHUI B 001a-
CTH T€OMEXaHMYCCKUX MPOLECCOB M UX Ta30JMHAMHU-
YCCKUX CICACTBUI MPH MOJ3EMHON yTICI00BIME 00Y-
CJIOBJICHA PE3KHM M3MCHCHHCM NAPAMETPOB M PEKH-
MOB TOPHBIX Pa0OT B IOCICIHUC ICCATUICTHSA, a pPe-
rmaMeHTHpyeMere B [1, 2] 3aBucumocti 0000marT
ropHsIi onbIT Beex maxT CHI 3a MHOTHE necaTumeTus
1 OPUCHTHPOBAHBI HA BHIYUCIUTEIFHBIC BO3MOKHOCTH
mpo1mwIoro Beka. Hampumep, cortacHO HOpMaTHBHOMY
JOKYMEHTY [2], mapaMeTpsl mOpoLecca CABHXKCHUS
noApadaThIBAEMOT0 MACCHBA Y TPAHUIl OYUCTHON BBI-
pabOTKH 10 NPOCTHPAHHIO OMPEICILIFOTCA YIJIAMHU
TIOJTHBIX CABIKEHUHN, KOTOPBIE A1 BceX ycnosuii Ky3-
Oacca mocrosHHB W paBHB 50 rpagycam. OmHaKko
TOPHO-3KCMIEPUMEHTAbHBIMU  HCCHEIOBAHUAMHU [3]
YCTAHOBJICHO, YTO 3TH YTJIbI Ha TPAHUIEC OYHCTHOTO 3a-
0051 B pa3IMYHBIX TOPHO-TCOJIOTHYCCKUX YCIOBHIAX HA
MmectopoxacHUAX Kys30acca HENMOCTOSHHBI M 3aBUCAT
OT BEPTUKATBHOW KOOPAWHATHI IMOAPA0ATHIBAEMOTO

crnost. [Ipu Hanmuuuu TPy AHOOOPYIIAGMBIX KPOBEIb HA
riyomHax 150-200 M ¥ Ipy MOITHOCTH MEKAY ITACThsA
5—45 M yroJ NOJMHBIX CABIKEHUI H3MEHAETCS 0T 10 10
41 rpagyca, a rpaHHYHBIN YroJI cocTaBaeT 38—58 rpa-
JyCOB. YUHUTHIBAs, YTO 30HA OOPYIICHHS IOPOJ CO-
craBicT 10—12 BEIHEMAECMBIX MOIMHOCTCH, TO JJIA IO~
PO HETIOCPEACTBEHHOM M OCHOBHOM KPOBJIH YTOJI MOJI-
HBIX CABIKCHUI MPHHUMAETCS PABHBIM 45 Ipagycos.
B npenenax peanbHbIX TIyOUH TOPHBIX padOT €ro 3Ha-
YEHHUE MOXKET JOCTHraTh 65 rpaxycos [3].
PesympratoM BeaeHHSA TOPHBIX PabOT SABIACTCA
CHIDKEHUE T€OCTATHYECKUX HANPSLKEHUI BO BMEIIAO-
IIEM MacCHBe. A TOCKOJIBKY ITPH CHIKCHUHU HATIPSIKE-
HUN U3 YIJIEMETAHOBBIX ILIACTOB BBIACIACTCA METAH,
TO 3aKOHOMEPHOCTH HM3MCHEHUIl HANPSLKEHHOIO CO-
CTOSIHHSI MAcCHBA CJy>kKaT (hM3MUYCCKO OCHOBOHM WH-
TEHCUBHOCTH METAaHOBBIICICHUA HA BBIEMOYHBIN yua-
CTOK B 30HY a3pora3oBOro KoHTpoid. IToatomy amsa
VTOYHCHHUS OCOOCHHOCTCH pa3BUTHA TIEOMEXaHHIC-
CKOTO IPOLECCA, OXBATHIBAKOINEIO MIUIIMOHBI TOHH
YIJIETa30HOCHBIX TOPHBIX MOPOJ, AOCTATOYHO OTCIE-
JUTh OJMH U3 €T0 KOHCYHBIX PE3yIbTATOB — H3MECHE-
HUEC MCETAHOOOWIPHOCTH BBIEMOYHOTO Y4YacTKa MHpH
JBIDKCHHU OYHCTHOTO 3a00s. Takoi moaxoa Hampas-
JICH Ha MOUCK 00J1ce 3((PCKTHBHBIX MCTOIOB PCIICHHS
HH)KCHEPHBIX 337a4 YIJICI00BIBAOIIMX MPEINPHUATHH
HA OCHOBE COBPEMEHHBIX HAYYHBIX 3HAHUIL. Jlavke mpu
(hopMaTbHOM OTOOpAKCHUH MH(POPMALIUH O JUTHAMUKE
METAaHOOOMIBHOCTH JJIMHHOTO OYHCTHOTO 3200 (pHC.
1) B Helt ObIIAa OTMEUCHA HEKOTOPAI CHCTCMHOCTD, 3a-
CTaBILIOIIAA TOBOPHUTH O BOJHOOOPA3HOCTH IpoLecca
[4], mpuyeM ¢ TmEPHOIOM HECOM3MECPUMO OOTBIIIM,
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YyeM Iar 0OpymeHUsI OCHOBHOI KpoBHu. DakTHUCCKIE
JAHHBIC, TIOKA3aHHBIC HA pHUC. 1, MONYYCHBI C MOMO-
OIBIO AJICKTPOHHBIX JATYHKOB, YCTAHOBICHHBIX B ME-
CTC IMOJa4y BO3AyXa HA BXOJC B OUMCTHOM 3001 1 HA
BBIXOIC M3 HETO.

JleHCTByIOIIME HA MIAXTaX CUCTEMbI MOHUTOPHHIA
PYIHUYHON aTMoc(ephl HAKAIUIUBAOT WH(POPMAIHIO
IO IIATH JATYAKAM KOHICHTPAIIMH MCTAHA W Pacxona
BO3/yXa B OCHOBHBIX TOYKAX BHICMOYHOTO y4YacTKa 3a
BECh IIEPHOJ €ro padoThl C KBAaHTOBaHMEM 10 | mum-
HyTHL. TeM caMbIM EMEETCS BO3MOYKHOCTH HETIPEPhIB-
HOTO OTCJIC)KHBAHHS IPOCTPAHCTBEHHBIX ITAPAMETPOB
TCXHOTCHHBIX TCOMEXAHUYCCKUX IPOIECCOB IPH JIFO-
OBIX pa3Mepax BBICMOYHBIX CTOJOOB, CKOPOCTAX MO-
JBUTAHUA 3a00CB, TIYOMHBI 3aJICTAHUSA H TA30HOCHO-
CTH OTpa0aTHIBAEMBIX ITACTOB, PA3MEPAX ME)KITABHBIX
nenukoB. HuBenupoBaHume H3MEHEHUN YKa3aHHBIX
TCXHOJIOTHYCCKUX MAPAMCTPOB BHIMOJIHCHO TIPH 0000-
HICHUM JAHHBIX 0OJIeE YEM MO JBAILATH BHIEMOYHBIM
yuactkam maxt Kys0acca ¢ mmmaamu j1aB 150-300 M,
JnuHAMu ¢T10y100B 1000-2000 M U TIPOM3BOIUTCIHHO-
ctbio 3000-15000 TOHH yIJIA B CyTKH HA I'JTyOMHAX Be-
JeHHA TOPHBIX padoT 150-600 m [5-9].

Ou3nueckue NPUYUHBI HEIMHEHHOCTH MapaMeT-
POB TEOMEXAaHHYECKUX MPOLECCOB OBLIN OTPEICICHBI
yuersimu UIT'J] CO PAH [10, 11]. Ha 3toii Hay4HOit
OCHOBE /I BBIEMOYHBIX YYACTKOB, OTPA0ATHIBAFOIIIX
MOJIOTHE YTOJbHBIC IUIACTHI AJHHHBIM OYHCTHBIM 3a-
00eM C MOJHBIM OOpYIICHHUEM KPOBIH, YCTAHOBJICHA
[ 7] BOJTHOBASI «TIOAMICDHY) MACCUBA TOPHBIX MOPOJ — TE-
pHOANYECKOE M3MCHEHHE IO PEATU3ALMU Ta30BOT0
MOTECHIMaJ]a MACCHBA B MECTAHOOOMIILHOCTH y4YacTKa
TI0 JUTMHE BEIEMOYHOTO cT0JI0a. Takas «oamuce» yHu-
KaJdbHA Ui KOKIOTO BBIEMOYHOTO Y4ACTKA, TAaK KAk
OTPAXXACT TOPHO-TEOTOTMYCCKAE OCOOCHHOCTH Mac-
CHBA W TEXHOIOTHYECCKHEC OCOOCHHOCTH BBICMOYHBIX
VYaCTKOB, YTO TO3BOJILIET KOHKPETU3UPOBATH Y CIOBUS
BEACHHI TOpPHBIX padOoT 1m0  0OecCHeYCHUIO

Puc. 1. Daxmuyeckoe cooepoicanue memana @ ucxoosaujeii cmpye 8030yxa lycx
u3 ouucmmuozo 3a605 Ne 15-19 wiaxmur «Abautesckas»
no onuHe gbleMo4H020 cmonba L.
1 — paxmuueckue Oannvie;, 2 — TUHUA POPMATLHOI annpoKcUMayuu

Fig. 1. The amount of methane in the outgoing stream of air 1 from the clearing face Nel5—19 of
“Abashevskaya” mine along length of the extraction column L
1 — factual data, 2 — formal approximation line

600 800

JomyckaeMoi (o ra3oBomy (PakTopy) CKOPOCTH IO-
JBUTAHHSA 3a00€B U CIIOCOOBI YIPABICHUS TUHAMHUKOM
METAaHOOOMIBHOCTH YYACTKOB HA MHTEPBAJAX HX MO-
JBUTAHUS.

OOmmM 1711 BCeX YCIOBUI OTPAOOTKH YTOJBHBIX
IUTACTOB SIBIICTCS TEOMEXAHUYCCKAA CTPYKTYPU3ALHMA
MaccuBa B OKPECTHOCTH BBICMOYHOTO CTOII0A, IIPOUC-
XOA0IAs TPH JIBYKCHUU OYHCTHOTO 3a60s1. OHa moJio-
’KCHA B OCHOBY IIAPAMETPHUYCCKOI MOIEITN TEOMEXAHU-
YECKOH CTPYKTypH3alHy BMCIIAIOIIETO MACCHBA MPH
BEICHUH MOA3EMHBIX TOPHBIX padot [9]. Jta Momens
paspaborana 8 Y ®UL] YYX CO PAH u npenHasHa-
YeHa Ui PEICHUS NPUKIAAHBIX Ta30TeOMEXaHUYe-
CKHX 33734 IPH MPOCKTHPOBAHUH BHICMOYHBIX y4acCT-
KOB HA YTOJBHBIX NIAXTAX C CHCTEMOH OTPAOOTKH IIIa-
CTOB JUIMHHBIMH CTOJIOAMH TI0 MPOCTHPAHHIO C TOJ-
HBIM OOpYIIEHUEM KpoBIH. MoaeIb yTOYHSET 3aKOHO-
MEPHOCTH KJIACCHYECKON TEOMEXAHUKY U OCHOBAHA HA
COBPEMCHHBIX JOCTI)KCHHAX HETMHEIHON reomexa-
HUKH B 001acTH Ae(hopManio HHO-BOJTHOBOH IMTPHUPOIBI
T€OMEXAHMUYECKHUX IPOLIECCOB B OKPECTHOCTH BBIPA0O-
ToK [10—15]. Ha manHbIi MOMEHT MOJEb MPOI0JDKAET
COBEPIICHCTBOBATHCS, TAK KAK M3-3a CIOKHOCTH H3Y-
YACMBIX T€OMECXAHUYCCKHX NMPOLECCOB W MHOTO(aK-
TOPHOCTH WX BIIMSHAS HA Ta30WHAMHIYECKHC IIPO-
LIECChI MACCHB MOKA PACCMATPUBACTCS B IEPBOM IIPH-
OmmkeHHU 0€3 yueTa HW3MCHCHHH MCXAHHYCCKUX
CBOIICTB TOPHBIX NOPOL.

OTMeTHM, YTO OCHOBHYIO HATPY3KY IPH CIBIDKE-
HUSIX TOPHBIX HOPOJ B OKPECTHOCTH OYHCTHOTO 320051
HECceT OTpadaTHIBACMBIN YTOJBHBIA IUIACT W KPETb
O4HCTHOTO 3a00s1. Crie10BaTEIbHO, N3MECHCHUS JABIIC-
HUSL B CTOMKAX KPETH OTPAXKAIOT XapaKTep MPOUCXO IS~
IIUX MPOLIECCOB.



Becrauk Ky30acckoro rocy 1apcTBEHHOTO TCXHHUYCCKOTO YHHBEpcHTeTa. 2019. Ne 3, ¢.44-53
[Iunkesrna M.B. PasButre nepapxuu re0CTPyKTYpP BO BMEIAFOIIEM MACCHEE ... 47

1

Puc. 2. Bvicombt c0006 Oagnenus h Ha cexyuu MexaHu3upo8aHHoil Kpenu npu ompabomke niacma ¢ mpyo-
HOoobpyuLaeMoti kpogeii Ha uiaxme “Anapournckas’™ no onuHe gbleMOYHO20 cmonba L
Fig. 2. The height of the pressure arches h on the section of the mechanized support when mining the reser-
voir with a hard-to-break roof at the “Alardinskaya” mine along the length of the excavation column L

Tabmmma 1. XapakTepHCTHKY HHTCPBAJIOB, BBIICICHHBIX HA PUC. 2
Table 1. Characteristics of the intervals highlighted in Fig. 2

HHTepBan no auHe
BBICMOYHOTO CTOJIOA, M

PaccrosaHue oT MOHTAKHOM Ka-
MCPBI 10 MAKCHMATBHOTO JTaBJIC-

Cpeassist CKOpoCTh
TOJBUTAHUA OUHCTHOTO 320051, M/CYT

HUS, M
517 - 553 550 2.8
646 — 707 660 1.9
726 — 815 780 2.5

C mosiBNCHUEM MEXaHH3HPOBAHHBIX KOMILICKCOB,
OCHANICHHBIX TATYHKAMU JABJICHUA, HCMCIIKIMH Y 4C-
HBIMH B paboTax [16, 17] mpuBOIATCA Pe3yIbTATHI H3-
MEPEHUI JAaBICHHA B CTOMKAX MEXaHH3HPOBAHHOU
Kpenu B J1aBaX. bbUIO 10KA3aHO, YTO TOPHOE JTABICHUC
BJIOJTb IMHUH 32005 HMCCT BOJTHOOOPA3HBII XapakTep,
HO 3TH PE3yJIbTAThl HE HOJYYWIN 0 HACTOSIIETO Bpe-
MCHH COOTBCTCTBYIOIIYIO HACHTH()MKALMIO IAPAMET-
POB.

COBMECTHBIM  yYACTHEM HH)KCHCPHO-TCXHH'C-
CKHX CIOy>O IDAXT M COTPYAHHKOB MHCTHTYyTa YIJIA
OUI] YVX CO PAH 0Obutn mpoBeCHBI HAOTIOACHUSA
32 UBMEHEHUAMH JABJICHUS B CTOMKAX CEKLMIA MEXaHH-
3HPOBAHHOW KPETH B OUYUCTHEIX 300X [8, 14]. Huxe
TIPUBEICHBI JAHHBIC IO OJXHOMY M3 PACCMOTPEHHBIX
0OBEKTOB.

OOBEKTOM HCCIICAOBAHNA ABILLICA OTpadaThIBac-
MBI YTOJBHBIH IIACT HA AJTapIAHCKOM MECTOPOKIC-
Hun Kys0acca, 3aneraromuit Ha ryouse 520—-660 M.
TlomHas MOIMHOCTH TAacTa a0 5.6 M, BBIHEMAacMas
MOIIHOCTB — 4.5 M C OCTaBJICHUEM IAYKH YTy MOYBBI
miacTa. Yroia mageHud miacta 14 rpamycos. [miHa
BBICMOYHOTO CTOJI0a — 1945 M, MIMHA OYHCTHOTrO 3a-
6051 — 220 M. Koappumment kpenoctu yris /= 1.5. Io
MOIIHOCTH  IUIACT  TNCPECIAMBACTCA  KPCIKUM

aJICBPOJIUTOM, MOTITHOCTH €T0 CJIOCB Koyieonercs ot 0.1
1o 2.1 m, kpenocTrio f = 4—6. B xpoBne miacta 3ase-
TaeT YIJIUCTHIN AJIEBPOJIUT MOINHOCTHIO OT 0.4 10 0.95
M, cpeaHeii kpemocTu f = 2-3. Brime HaxomuTcs cio-
HCTBII 3€PHUCTBIN AJEBPOJUT CPEAHEN Y CTOMUUBOCTH,
MomHOCTEIO 3.3-20.9 M, KpemocTho /= 6. OCHOBHAA
KPOBJIA MPEACTABICHA KPYTHOCIOUCTHIM NMECYAHHKOM
KpemocTthio f = 6-9, momuocThIO OT 1.0 m0 13.5 M.
BropuuHbie marn oOpyIICHUS OCHOBHON KPOBIHU IO
BCEHl JIMHE BBIEMOYHOTO CTOJI0A COCTAaBILIFOT OKOJIO
25 M. B mouBe miacta 3a1€raeT CpeIHE3EPHUCTHII CJI0-
HCTHIH aIeBPOJIUT KPETOCTHIO = 5.

3HAYCHHS JABICHUA B CTOIKaX MEXaHU3MPOBAH-
HOH KpEIH PErHCTPHPOBAIUCH OJUH Pa3 B CyTKH B pe-
MOHTHY0 CMeHY. /11 OLUEHKH 3THX 3HAYCHUH OHU UH-
TEPIPETUPOBATHCH YEPE3 CIOU MOPOA, OKA3ZHIBAIOLIHE
JIABJICHHE HA KPEIIb U Ha3bIBAEMbIC CBOTAMH JABICHU,
BBICOTBI KOTOPBIX ONPEACIAIOTCA IIIOTHOCTHIO IIOPOS.

C nenpro aHAMM3a UCXOTHOHM MH(OPMALHH, ITOIY -
YCHHOH B IJIOCKOCTH BBIEMOYHOTO CTOJI0A, MPUMCHEH
MPOTPAMMHBIA NPOAYKT Surfer, a UCTIOIB30BAHAC ME-
Toma ammpokcumanuu Local Polynomial mo3BoMIO
00paboTaTh Bech MacCUB AaHHBIX. OTMETUM, YTO NPH
3TOM JWHAMHKA TPOLECCA «CINIAKHUBACTCA» H



BectHuk Ky30acckoro rocyJapcTBECHHOTO TCXHIUYECKOTO YHHBepcuTeTa. 2019, Ne 3, ¢.44-53

48 IMuakeBud M.B. PazButue nepapXxuu reoCTpyKTyp BO BMEHIAFOIIEM MACCHBE ...
h,™M
140 i

-
\X

[= <]

...
2
=z @

=]
[==]

o M

0 50

K/m

SKCTpPEMATbHBIC 3HAYCHUS CHIKAFOTCS HA 20% OT (hak-
THYECKUX JAHHBIX.

PesyasraTel 00pabOTKH NTAHHBIX TMPHBCIACHBI HA
puc. 2. Ha puCyHKe OTYETIUBO MPOABIACTCA NEPHO-
JUYHOCTh H3MEHCHUH KaK 10 JTHHHH OYMCTHOTO 320051,
TaK | IO JJIMHE BHICMOYHOTO crojba. Tpu mHTEpBaIa
HAOIOACHUIN COOTBETCTBYIOT MMCIOMIMMCS (DaKTHHC-
CKMM JAHHBIM O JABJICHHAX B CTOMKAX MEXaHU3HPO-
BAHHOW KPEMHU.

XapakTepUCTUKU BBIACICHHBIX HA PHC. 2 HHTEPBA-
JIOB 1O JUIMHE BBIEMOYHOTO CTOJIOA MPUBEICHHI B TA0-
e 1.

C y4yeToM JaHHBIX O JUHAMHKE METAHOOOMIBHO-
ctu (puc. 1) cneayer NpuHATH, 4TO TeoMeTpHst (PpoHTa
CABIDKCHHI MMEET BHJI CBOAA, 00pAa30BAHHOTO IJIMH-
HBIM OYHCTHBIM 3a00cM, B mpenenax KOTOpOro, co-
[JIACHO 3aKOHy mepapxuu cTpykryp [11, 18, 19], dop-
MHUPYIOTCS BJIOKCHHBIE CBObI, BKJIFOUAs CBOIbI JABJIC-
HUA HA CEKI[MU MEXAaHU3UPOBAHHOM Kpenu (puc. 3).

W3 rpadukoB Ha puC. 3 BHIHO, YTO CHHYCOHMAAIb-
HBIC M3MEHEHHS PETHCTPUPYEMOIl BBICOTHI CBOAOB
JABJICHHS ITO THHUH OYHCTHOTO 32005 IMCIOT IIEPHO,
COOTBETCTBYIOIIUIT BEpXHEN MOJOBUHE CBOJOB YPOBHA
HEepapXuu 7>, AMIUATYY H3MEHCHUHA — OJM3KYIO
YPOBHIO 711, @ UX CPEAHSAA IMHUSA HAXOAUTCS HA yJaJe-
HUH OT IJacTa n, + no.

Puc. 3. IIpoexyuu Ha eepmuKanbHyI0 NJI0CKOCHb NO JUHUU OBUNCYULESOCS OUUCMHO20 30003 1oy ablcom hy,
«CB0008 COBUNCEHUTIY U CB0008 OABNeHUT 8 NOOPAbAMbBIBAEMOM MACCUBe, NOOOePHCUBACMO20 CeKYUAMU
Kpenu, npu omxooe nagwvl No 3—32 om MOHmMAadiCcHOU Kamepbvl Ha 548 m:

1 — «c800v1 cosusCenUil » N-vix yposHeil uepapxuu ;2 — paxkmudeckue OaHHble O 8bICOMAX C80008 OABNEHU,;
3 — annpokcumayus axmudeckux OAHHbIX bICOM CB0008 OAGNIeHUS, K/UL — KOHGeliepHblli WmpeK, 6/ul —
BEHMUNIAYUOHHBII ULMPEK
Fig. 3. Projections to the vertical plane along the line of the moving clearing face I of the heights h of the
“arches of displacement” and pressure arches in the undermined massif, supported by the support sections,
when the lava leaves (No 3—32) the assembly chamber by 548 meters.

1 — “Sets of shifts” of hierarchy levels; 2 — actual data on the height of pressure vaults; 3 — approximation
of the actual data of the heights of pressure vaults.
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IIpencraBieHHBIE PE3YIBTATHI MOKA3BIBAIOT [J0-
CTaTOYHYI0 aJCKBATHOCTh IAPAMETPOB TEXHOTCHHOU
CTPYKTYPH3aLUH BMCINAOIICTO MACCUBA, YCTAHABIIH-
BACMBIX KOMIIJICKCHBIM MCTOOOM Ir'COMCXAaHUKHA U Py O~
HUYHOI ad3pora3’oAMHAMUKH, MOACHAA MPUIHUHBI PCTU-
CTPUPYEMON CHCTEMOH a3pora3oBOro KOHTPOJA He-
paBHOMEepHOCTH MetaHooOmwntbHOCTH (puc. 1). Ilo-
CKOJIbKY PACHOJOKCHHBIC BO BMCHIAIOLIMX IMOPOAAX
pa3pabaTbIBacMBIC TA30HOCHBIC YTOJBHBIC NJACTHI H
TTACTBI-CITY THUKH HA PA3JIMIHBIX HHTCPBAJIAX KAK OT-
paboTku cT0J10a, TAK U O AJHHE OYHCTHOTO 320051 pas-
TPYIKArOTCA OT TOPHOTO JABICHUSA HEPABHOMEPHO, TO,
HCTIOJNB3Y S 3TY 3aKOHOMEPHOCTh, MOKHO C JIOCTATO4-
HOH HAIE)KHOCTBIO NPOTHO3HPOBATH HM3MCHEHHA CO-
CTOSHUA BMCIIAIOLINX IOPOA IMPH ABIDKCHHU OYHCT-
HOTO 320041

HCCJ’IC}:{OBaHI/I}I TCXHOTCHHBIX Ta30TrCOMCXaHH4C-
CKHX HPOILECCOB B YIIECTA30HOCHBIX MACCHBAX H Pa3-
paboTka crocoO0B CHIDKCHHA WX HCTATHBHOTO BIIHSA-
HUA HA 0C30MACHOCTh TOPHBIX pabOT aKTHBHO MPOBO-
JATCA B PAAC HAYTHO-HUCCICI0BATCIBCKUX HHCTUTYTOB
[20-29]. YcnemHoe pa3BUTHE KOMIUIEKCHOH MOJETH
3THX MPOIIECCOB, AACKBATHO OTPAXKAIOIIEH TaKUE TeX-
HOTCHHBIC W3MCHCHHA, KAaK HANPsKCHUA, PA3TPy3Ka,
CABHKCHUA, AC3HUHTCrpanud BMCINAKOIICTO MACCHBA,
X Ta30JUHAMHUYCCKHUC CJICACTBHA W OP., MOBBIIACT
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3()()CKTUBHOCTh TCXHOJIOTHYCCKHX PCIICHHHA HA CTa-
JIIH IPOCKTHPOBAHMS M BCICHHS TOPHBIX Pa0OT.
HecoMHeHHBI HHTEpEC MNPEACTABISICT OLCHKA
CXOJUMOCTH TAPaMETPHUCCKONH MOJEIH Pe3yIbTaTaM
MaTEMaTHYECKOTO MOJCTHPOBAHMUS TEOMEXAaHHICCKIX
MPOLIECCOB C NMPHMEHCHHEM METOJAa KOHCYHBIX 3JIe-
MeHTOB. B pabore Hemenkux y4eHsIX [17] Bbrumcmm-
TEJIBHBI SKCIICPUMEHT IPHUBEICH C ONMMUCAHUEM YCIIO-
BUA (/ox = 140 M), JOCTaTOYHOTO 11 YACTHYHOU pea-
JH3ALMU ApaMeTPpUIeCcKoi MoaeTH. 1{eabro BeIUuCIe-
HUI1 SIBJTOCH BBISBIICHHC 30H JC3MHTCIPALIMA BMEINA-
FOIIETO MACCHBA B OKPECTHOCTH OYMCTHOTO 3a00s1. Ha
puc. 4 MpeCTaBICHBI Pe3yIbTaThl MATEMATHICCKOTO
MOJCTHPOBAaHMA HA (DOHEC HMAPAMETPUUCCKON MOIETH
Pa3BHTHA HCPAPXUU CBOOB-MAPAO0IOUIOB.
BepmuxkanvHas niockocme no JTUHUU OYUCHIHOZO
3a00s (puc. 4a). C mpuUMEHEHHEM MET0/1a KOHCYHBIX

Puc. 4. Conocmasnenue pe3ynemamos pacuema 301 Oesunmezpayuu (1, 2, 3) Menooom KoHeyHvIX 3Je-
Menmog
€ OaHHBIMU NAPAMEMPUHECKOTi MOOeU MEeXHO2EHHO20 pa3Umus uepapxuu 2e0CmpyKmyp:
a — 8epMUKANbLHASL NIOCKOCHb, HOPMANbHAS TUHUY OYUCMHO20 3a005 Loy,
0 — sepmuxanbHas nIOCKOCHb NO ONUHE BbIEMOYHO20 CmoAba Le
Fig. 4. omparison of the results of the calculation of the zones of disintegration (1, 2, 3) by the finite ele-
ment method
with the data of the parametric model of technogenic development of the hierarchy of geostructures:
a — vertical plane, normal clearing face I;
b — vertical plane along the length of the notch column L

3JICMCHTOB YCTAHOBJICHO [17], uTO mpH riIyOnHE 3aj1c-
ranus miacta 600 M ¥ HagaIbHOM pacnope kpemu 164
0ap Ie3MHTETPAIHs BMEIIAIOMIHUX MTOPOJ OTCYTCTBYET.
[Tpu HavaneHOM pacnope kpemu 134 6ap BerHUCIACTCS
30Ha Jae3uHTerpauuu (1), pacnonoskeHHAas HA MHTEP-
Baje 28 — 52 M OT IITpeKa (Ily HKTHPHBIE THHUH HA PHC.
4a) u mpumepHO B 6 M oT miacta. [Ipu 3ToM ke pac-
Tope KPEmy 10 OCHOBHOW MPOTSDKCHHOCTH 32005, HO
Ha y4acTke 26-32 M, CHIKeHHOM 10 15 Oap, 30Ha (2)
OXBATBIBACT YK€ MHTEpBal 16—63 M (BEpTHKATIBLHBIC
CIUIOIIHBIC JTUHUU HA PUC. 4a) U YBEJIUYHMBACT CBOIO
MOIIHOCTh B TPU Pa3a, a HEMOCPEACTBEHHO HAJ IJIa-
CTOM Ha HWHTepBaie 26-32 M oOpasyercsa 30Ha (2)
MOIIHOCTBIO JI0 2 M.

ComocTaBiisis 3TH pe3yIbTaThl C HEPAPXUCH CBO-
JIOB MAPAMETPUUECKOH MOJETH, MOYKHO OTMETUTD, YTO
LEHTpbl 30H Ae3uHTerpauuu (1, 2) pacmoioKeHbI
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0H3KO K BEpHIMHE CBOAA 5-T0 YPOBHA HEPAPXUH (CBOJ
YPOBHA 75 U CBOJ YPOBHA Mg, COOTBETCTBYIOIIETO
JUTMHE OYUCTHOTO 320051, HA pHC. 4 HE MOKA3aHbl). YBe-
JHYCHHE AJIHHBI 30H MPOHCXOJUT B Ipenaeaax 3TOro
CBOJIA, A MOIHOCTH — B IPEEIaX H3MEHEHH BHICOTHI
CBOJIOB 713 ¥ 112 IJTH HIDKHCH ITOJIOBUHBI CBOJIOB YPOBHSA
14 30HA JE3WHTETPANMH HEMOCPEIACTBEHHO HAI pas-
TPYKCHHBIMH CEKIMSAMH KpPENH COOTBETCTBYCT HIDK-
HEH TOJIOBHHE KOHTYpa CBOJA 1-0ro ypoBHS mepap-
XHH.

B eepmuxanvhoii niockocmu no OnuHe 8bleMoy-
Hoeo cmonba (puc. 40) pacUCTHBIC KOHTYPHI 30H JIC3-
uHTerpanun (3) Kak BOEPEaH OYMCTHOTO 320041, TaK U
MO3aU HETO COIJIACYIOTCA CO CBOJAMU YPOBHS 711.

CpaBHHBas JaHHBIC HA pUC. 3 U 4, CIeayeT OTMe-
TUTh HHTEPECHYIO0 OCOOCHHOCTB: MOJIOKEHUE BEPXHUX
TPaHUIl 30H AC3UHTEIPALMM IO BBICOTE OT ILIACTa
pe3ko oTmyarTcA. u3Hyeckas MpUIIHA 3TOTO OTJIHU-
YW B TOM, YTO JAHHBIC HA PHC. 3 TMOJYUYCHBI IPHU CKO-
pOCTH MOABHTAHUS 32004 3 M/CYT, a HCCIICIOBAHUS
HEMELKHX YUYEHBIX COOTBETCTBYIOT CKOPOCTH OKO0JI0 20
Mm/cyT. K Tomy sxe B pabdote [17] et ur(popmarm 06
OTXO/€E TAaBBI OT MOHTAKHOM KAMEPHL, 4 ITOT TEXHOJIO-
THYECKHIl ITapaMeTp ABJBIETCS 3HAYUMBIM B IIOHHMA-
HUU COCTOSHMA BMEINAIOINETO MACCUBA B HEMOCPEN-
CTBCHHOH OKkpecTHOCTH 3a004. Ilo 3T0il mpuumHe ma-
paMeTpHyecKas MOACIb pealnu30BaHa A1 MHTEpPBaIa
0TX0Ja OYHUCTHOTO 32005 OT MOHTAXKHO! KAMEPHI PH-
MEPHO Ha MOJOBHHY €T0 JUIMHBL, TO €CTh JJI1 HAauOoIee
HATPsHKCHHON T€OMEXaHUYECKOI CUTY aIuH.

3AKJIIOUYEHUE

Taxum 06pa3oM, HeTMHETHAS TEXHOTEHHAA CTPY K-
Typusauusa BMCIIAOIICTO MACCHBA TOPHBIX MOPOO
HMCEET CAMHYIO 3aKOHOMEPHOCTh KAK A MIJUTHOHOB
TOHH IOPOA B 00JaCTH BIUSIHUSI JJIAHHOI'O OYHCTHOTO
32004 (YCTAHOBJICHO METOJAMU Py IHHYHOM asporaso-
JUHAMUKH), TaK U U1 COTCH TOHH B €TO HEIOCpE.-
CTBCHHOII OMM30CTU (YCTAHOBIECHO METOAAMHU IeOMe-
XaHUKH 10 JABJICHUIO HA CEKIMH MEXAHW3HPOBAHHOU
Kpelu M YHUCICHHBIM MOJETUpOoBaHUEM). 11 mOBBI-
HICHYS HAJACKHOCTH PAacUCTOB IIAPAMETPOB ra3oreoMe-
XaHUYCCKHUX IPOLECCOB NMPH BEACHUHM TOPHEIX padoT
HE00XO0IUMO YUYUTHIBATh OCOOCHHOCTH YIPYTOil peak-
MM MACCHBA B IIEJIOM, A HE TOJIBKO OTPabATHIBAEMOTO
I1acTa ¥ OMIbKaUIIKX K HeMy ¢I0€B. Bo3MOoXkHO, ycTa-
HOBJICHHBIC OCOOCHHOCTH KAaHOHHWYECKOW HEpapXuu
TeOCTPYKTYp OyayT BOCTpEOOBAHBI U A1 MATEMAaTH4C-
CKOTO MOJCIHMPOBAHUSA Ta30TCOMEXAHUYCCKHX IIPO-
LIECCOB METOA0M KOHEUHBIX 3TEMECHTOB. Tak Kak OCHO-
BOH MEPHOIUYECKUX HM3MECHEHHH METAHOBBIICICHUS
SIBIISICTCSI HEJIMHEHHOCTh TEOMEXAHWYECKUX IPOIIEC-
COB, TO pa3paboTaHHAS TMAPAMETPHYCCKAS MOJEITb
MPUMEHNMA IIPH PEIICHUH 33134 IPOTHO3a JUHAMMKHI
MCTAHOOOMILHOCTH BEICMOYHBIX Y4YaCcTKOB HA YTOJIb-
HBIX IIAXTaX C CUCTEMOM OTPabOTKH ILIACTOB IJIMH-
HBIMY CTOJIOAMH II0 TPOCTHPAHHUIO C IOTHBIM 00pyIIe-
HHUEM KpPOBIIHL.
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