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Annomauyus: Ompabonka HO8bIX YYACHIKOE Ye0IbHbIX HAACHIO8 YACHO HPOUCXOOUNT PAOOM C panee ompa-
bomanHeIMU YYacmKamu U npedycMampueaeni NpogedeHue HogbIx HOO20MOGUMEbHbIX 8bIpabOMOoK. D n0020-
mogumelibHble bIPADOMKI QOJNCHbL HAXOOUMbCS 6 Yeuke Ha OnpedelleHHOM PAcChOAHIU 0N 8bIPAOOMANHO2O
npocmpancmea OnA COXpaneHus ux ycmotivueocmu. B cmamve paccmampugaemcs 3adava o HanpasjicenHo-de-
GopmuposaHHoOM COCMOAHUU YeUKa ¢ ROO20MOGUMENbHOI 8bIpabomKoil, Haxodseiica 8 30He 8NuUAHUS 8blpabo-
mannozo npocmparcmea. lpoeedensl vucienusie paciemsl epMUKAIbHON COCMARIIIOULE HANPSJICeHUll npu
PAIUYHOM YOaleHUd RHOOZOMOGUMENbHOU 8blpabomKU om sblpabomanHozo npocmparcmea. Hecneoosano co-
cmosHue ROO20MOGUMENLHO 8bIPAOOMKY 8 3ABUCUMOCHIU 0N WUPUHbL YeTUKA MENCOY ROO20MOBUMENbHOE Bbi-
pabomxoii u 6blpabomantelM NPOCHMPAHCINGOM, 2IYOUNHbL pa3pabomKy u npoYHocmu yeis na coacamue. Pacuemsi
NPOBOOUNUCH MeMOOOM KOHEUHBIX NeMEHM08 ONs YCI06Uil NI0CKO20 JUHENH0-0epopMUpoSaAHHO20 COCMOSHU
20PHBIX HOPOO € YYemoM 06pYUieHlss ROPOO Kpoanu. /I 0yeHKU NPOYHOCHIN YeauKa MeHCAy NOO20MOosUMEenbHOIl
8bIPAOONIKOIL U 86IPAOOMAHHBIM NPOCMPAHCIBOM UCNONIL30BAICS KPUMEPUTi NPOYHOCINU 20PHBIX ROPOO HA CIICa-
mue, yqumuvlearuuii 3anpedensioe oegpopmuposanue yais. Yemanosnena 3a8ucuMochis Mesicoy MUHUMANbHOI
UUPUHOT NPEOOXPAHUMENTbHO20 YeNUKA U OMHOULEHUEM 2TYOUHbL 3A0JCeHUs 8bIPabOmMKY K RPOYHOCHU Vel Ha
corcamue. [lonyuennas 3agucumMocms n036014em 060CHOGAMb @LIOOP MECMONON0NCEHUL HOO20MORUMEILHOU Bbi-
PAbOmMKU 8 Y2ONIbHOM YeluKe C Y4ermoM U38eCHIHbIX 2e0MEeXAHUYECKUX haKkmopos. Paccuumana MUHUMATbHAA uil-
PUHA YeTUKa MeaIcOy ROOZ0MOGUMENbHOT 8bIpabomKoil U GbIPabOMAHHBIM RPOCMPAHCIIGOM OJii YCA0GUT paspa-
b6omxu nonozux nracmos Kysbacca.

Knioueenvte cnosa: noozomosumenvas ebzpaﬁomka, yE’O_’IbeIﬂ Yenuk, Memoo KOHEeYHbIX 2NIeMeHmos, npouy-
HOCMb YejluKa.

Abstract: The development of new sections of coal seams often occurs near the previously developed sections
and requires the drivage of new development workings. These development workings should be in the pillar at a
certain distance from the mined-out space to maintain their stability. The article deals with the problem of the
stress-strain state of the pillar with the development workings located in the zone of influence of the mined-out
space. The numerical calculations of the vertical component of stress at different distances of the development
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workings from the mined-out space are carried out. The state of the development working in relation to the width
of the pillar between the development working and the mined-out space, the depth of the development and the
compressive strength of the coal were investigated. The calculations were carried out by the finite element method
for the conditions of a flat linearly deformed state of rocks. To assess the strength of the pillar between the devel-
opment working and the mined-out space, the compressive strength criterion of rocks was used, taking into account
the out-of-limit deformation of coal. The relationship between the minimum width of the safety pillar and the ratio
of the depth of the development to the strength of the coal in compression is established. The dependence obtained
allows us to substantiate the choice of the location of the development working in the coal pillar, taking into
account the known geomechanical factors. The minimum width of the safety pillar between the development work-

ing and the mined-out space for the conditions of development of flat seams of Kuzbass was calculated.

Key words: development working, coal pillar, finite element method, strength of the pillar.

Jns uccne10BaHHA HANPSKEHHO-Ae()OpMHPOBaH-
HOTO COCTOSHHs MACCHUBA FOPHBIX MOPOJ IPH IMOI3CM-
HOH pa3paboTKe YT IHMPOKOS MPHMCHECHHIC MO Ty HII
METOJ KOHCYHBIX 371eMeHTOB |1, 2, 3]|. JlaHHBIH MeTOT,
HCIO/Ib30BAJICA MPH PCLICHHH IUIOCKHX U 00BEMHBIX
3aga4 reoMexaHuku [4 — 12]. OCHOBHBIE Pe3yIbTAThI
pacyeToB HANMPAKCHHO-AE()OPMHPOBAHHOTO COCTOsA-
HHUS TOJIVYCHBI AMA THHEITHO-IC()OPMHPYEMBIX TOP-
HBIX MOPOJ. 33a7a4a ONPEACICHU 30H PA3pYLICHUA B
YTOJbHBIX MJIACTAX OCTACTCH Majo M3YUCHHOI. B naH-
HOIl padoTe HCMONB3YyeTCHd KpPUTEpHH NPOYHOCTH
yroasHoro miacta |13, 14] u MeToauka yuyeTa 3amnpe-
JeTbHOTO COCTOSIHMSA VI B 30HE OTIOPHOTO JABICHHSA
[15]. mo3BOMAXOIME BBIJEIATL 30HBI PA3PYLUCHHA B
YTOJIbHOM ITACTE.

PacueT HanpspkeHHO-AS(OPMUPOBAHHOTO COCTOSA-
HHUS LETHKOB C BHIPAOOTKAMH TPOBOJHICS METOAOM
KOHCUHBIX 3JICMCHTOB, YCTAHOBJICHHE 3aKOHOMEPHO-
CTCH M3MCHCHHUS Pa3sMCPOB B3AHMOBIIMAHHA BBIPA0O-
TOK BBIIOJJHEHO METOJAMHU PETPECCHOHHOIO H KOppe-
TSLMOHHOTO AHAIK3A PE3YIbTATOB PACUCTOB.

OCHOBHBIC pE3yIbTAThI IPOBEACHHBIX HCCTIEI0BA-
HUH CBOITCS K CJICIYHIICMY .

1. ITocTaBneHa 3a1a4a YHCICHHOTO MOJCIHPOBA-
HUS H MIPOBEICHBI PACUETHI HANPSDKEHHO -1e(hopMupo-
BAHHOTO COCTOSTHHSI MACCHBA TOPHBIX TIOPOJ], BKIIOYA-
FOIIETO OYHCTHBIC M NOATOTOBUTEILHBIC BRIPAOOTKH,

2. HccraenoBaHo COCTOSIHME HOATOTOBHTEIbHOMH
BBIPAOOTKH B 3aBUCHMOCTH OT IIHPHHBI LETHKA MEKIY
MOATOTOBUTEIbHOHN BBIPAOOTKOM M OYMCTHOH BhIpa-
00TKOI, rTyOHMHBI Pa3pabOTKH H MPOYHOCTH YIJIA HA

CIKaTHE.

3. BniepBric YCTAHOBICHO, YTO MHUHMUMAIbHAS [IH-
pUHA LECIMKA THHCHHO 3aBHCHT OT OTHONICHUS TJV-
OMHBI Pa3padOTKH K MPOYHOCTH VT HA CKATHE.

B 001bIIMHCTBE CITYYACB MPEI0XPAHATEIILHBIC 1IC-
JIUKH COAEPFKAT MOATOTOBUTEIBHBIE BBIPAOOTKH, TAKUE
KaK LITPEKH, VKIOHBL, OpemcOepru. [Toatomy crneno-
BAJI0 BBIACHHTB, KAK BIHMACT PACTIOJIOXKECHUE BBIpabO-
TOK OTHOCHTEJBHO BHIPA0OOTAHHOTO MPOCTPAHCTBA HA
pa3Mepsl 30H pa3pyUICHUS B UCTHKE.

s pemeHUs 3TOT0 Bompoca OblIa HCIIOJIB30BAHA
METOJMKA PacueTa HAMPDKEHHO-IS()OPMHPOBAHHOTO
COCTOSIHHA TOPHEIX OPOJ MPEAI0KEHHAA B [15].

PacueTrHas cxeMma 3a1a4n MpHUBEICHA HA puC. 1.

[TocTanoBKa 3a0a4H CBOANIACH K CIEAYIOLIEMY.

Bmemaronme nmopoas! (1), vronbusri uenuk (2) u
OOpYIICHHBIC TTOPOJBI BHIPAOOTAHHOTO MPOCTPAHCTBA
(3). DpUICTAKIHE K LEIHKY, 33JaBATUCh KAK JIH-
HEiTHO-Ae (hpopMHEPYEMBIC TIOPOabl. MOIYTH THHCITHBIX
deopmamuii a1 HuX Oeum 3amamel 104 107
10> MTIla, moaynam monepeunsix acopmamuii: 0,2;
0.25; 0.3 COOTBCTCTBCHHO. OTH OJOKH pacuCTHOit
CXCMBI HArpy’KCHBI COOCTBCHHBIM BECOM B COOTBET-
CTBHH C MX IJIOTHOCTAMHM H cocTaBmum 25000 H/a?,
13000 H/m3?, 20000 H/v? a1s BMEIDAMOIUX HOPOI,
YTOJIBHOTO LETHKA U OOPYIICHHBIX HOPOI.

I'panuuHbIC YCAOBHA IPHHHMAIHCH B CJICAYOLIEM
BHIC:

— Ha BepxHell IpaHuLEe (JHEBHAA MOBEPXHOCTH
cB00OHAS OT HATPY30K) HOPMATBHBIE U KACATeIbHbIC
HANPSDKCHUSA PAaBHBI HY TIO;

Puc. 1. Pacvemunas cxema: 1 — emeujaroujie nopoosl; 2 — y2olibHblil yeaur, 3 — eblpabonaHHoe Rpocmpan-
cmgo; 4 — noozomosumensias evipabomka
Fig. 1. Calculation scheme: 1 — host rock; 2 — coal pillar; 3 — mined-out space; 4 — development working
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a)
Hanpsxenne

— HA JIeBOIl M NIPaBOM IpaHHMLE PacyeTHOH 00ma-
CTHU. YJAJEHHBIX OT LeIuKa Ha 300 M, rOpu30HTAIbHBIE
NEPEMEIICHUS W KACATCIBHBIC HAMPMKCHHA OTCYT-
CTBYIOT,

— Ha HIGKHEH TPAaHUIE, yIATeHHOH OT LieTHKa, Bep-
TUKAIBHBIC NCPCMCIICHHA M KAaCATC/IbHBIC HANpPIXKC-
HIH TAKJKC OTCYTCTBYIOT.

Pasmeper pacuetHoit obmactu coctaBmumu 900 M
M0 TOPH30HTATH H BEPTHKAIH.

J1s1 yCTaHOBIEHHA PAa3MEPOB HETHKA MEXKIY MO~
rOTOBUTE/IbHOH BBRIPAOOTKOH M BBHIPAOOTAHHBIM IIPO-
CTPAHCTBOM OBIIO HCCICAOBAHO HANPSLKCHHOC H IIPOY-
HOCTHOC COCTOSIHHC KPAacBOH YACTH IICTHKA MOIIHO-
CTBIO 3 M M HpHHOI 200 M.

IMoaroroBuTenbHEIE BHIPAOOTKH HMEIH BBICOTY
3 M H IIHPHHY 4 M.

[ay6una paspaGotkn coctaBmima 200 — 500 m.
[Tpo4HOCTE VT4 B LENHKE HA CXKATHE W3MCHANACH B
npeaenax 8 — 12 MITa.

PaccrosHue 0T NoAroTOBUTEILHOI BRIPAOOTKH 10
BBIPAOOTAHHOTO MPOCTPAHCTBA BAPBUPOBANOCH OT S50
M JI0 TAKOTO 3HAYCHUS L, IPH KOTOPOM 30HA Pa3pyIIe-
HHSl KPAacBOHW YAcTH ILIETHKA JOCTHTacT MOATOTOBH-
TenbHOH BBIPAOOTKH. /laHHBIC YCIIOBHA COOTBET-
CTBYIOT YCIIOBHAM pa3padOTKH MOJIOTHX MIacToB Ky3-
Bacca.

Ha pucyHke 2 moka3aHO HM3MEHECHHE COCTOSIHUS
KpacBOil YacTH LEeIuKa Ha riayOune 200 M ¢ mpouvHO-
CTBIO yIJI HA cakatue 10 MITa mpu yMeHbpIIEHHH pac-
CTOAHHSA OT MOATOTOBHTEIIBHON BBIPAOOTKH J0 BBIPA-
©otanHOTO MpocTpaHcTea. IIpHu 3TOM B NCBOI YacTu
LHCTMKA HET BHIPAa0OTKH, a4 B MPaBOH Cro YacTH

Puc. 2. Pacnpedenenue eepmukansHslx Hanpsxcenuti ¢ yeauxe Ha zuyoune 200 M npu pachoroxceHuu noozo-
mosumenvHoil evipabomiu na pacchoauuu 20 m (a); 15 m (b); 10 m (c) om gbipabomaniozo npochipancnea
Fig. 2. The distribution of vertical stresses in the pillar at a depth of 200 m, if the development working is
situated at a distance of 20 m (a); 15 m (b); 10 m (c) from the mined-out space
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BbIpabOTKA pacmoioskeHa Ha paccTosuun 20, 15, 10 m
OT OUHCTHOH BBIPAOOTKH.

30HBI Pa3spyLICHHS MOKA3aHbl (J)HOJCTOBBIM 1IBE-
TOM W YCTAHABIHBAHCH TI0 KPHTCPHIO MPOYHOCTH
YIOJILHOTO MJIACTA HA CHKATHE, mpuBeaeHHoro B [11]:

c
G, >0l =yH+—-
1+v
Oy
3,EleCl> — HOPMAJIBHBIC K IIACTY HAMPAMKCHUA,

p
G
§ _ mpeen MPOMHOCTH TIACTA HA CHKATHE, | — 00h-

€MHBIIT Bec nopos, /7 — rimybuna pazpadoTKH, G —Ipe-
JIe MPOYHOCTH YTOJBHOro o0pasua Ha OZHOOCHOC
cxKaTHe, v — Ko3()(pULUHEHT nonepeyuHsIx aeopmaruii
YIJIA.

Br110 mpoBe1eHO CpaBHEHHE Pa3MEPOB 30H pas3py-
IICHUS LCTHKA B JICBOM M MPaBOii KPacBBIX YACTAX LiC-
JIMKA, AHAIWU3 TOKA3BIBACT, YTO MPH PACCTOSHHU OT
MOArOTOBHTCILHOH BBIPAOOTKH A0 BhIPAOOTAHHOIO
npoctpancTBa 20 M U Oosce (PUCYHOK 2a). HATHYHC
BBIPA0OTKY HE OKA3bIBAET BJIMIHHS HA PA3MEpP 30HBI
paspymenua nenuka. B cayuae, koraa paccrosiHue ot
MOATOTOBHTCIBHON BHIPDAOOTKH 10 BBIPAOOTAHHOTO
MPOCTPAHCTBA YMCHBIAETCA 10 15 M 1 10 M, 30Ha pas3-
PYLICHHA KPaeBOH 4YaCTH LIEIHKA PACIPOCTPAHASTCA
0 Hee u 3a Hee (pucyHOK 20. B). B manHoM ciyuae,
PACCTOSHHUC OT MOATOTOBHTCIBHO BEIPAOOTKH 10 BBI-
padOTAaHHOTO TPOCTPAHCTBA, MPH KOTOPOM HAYHHACT
NPOABNIATECA TCOMCXAHHYCCKOC BIHAHHUC OYHCTHOMH

BBIPAOOTKH, L=15
JTamsl pacuCTOB HATPSKCHHOTO COCTOSHHS 3TOTO
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Puc. 3. Pacnpedenenue eepmuransHblx HARPAACEHUI 8 YeTuke ¢ ROO2OMOGUMENbHOl 8bIpabomKoil npi 2ny-
Oune paspabomru 200 m (a); 300 m (b); 400 M (c)
Fig. 3. The distribution of vertical stresses in the coal pillar with the development working located at a depth

of 200 m (a); 300m (b); 400 m (c)

JKe LEIHKA MPH Pa3In4HOM riyOuHe paspadotku (200,
300, 400 M) mpu PacCTOAHHH OT IOArOTOBHTCIIBHOI
BBIPAOOTKH 10 BHIPAOOTAHHOTO MPOCTpaHcTBa 30 M
NMOKA3aHbI HA PUCYHKE 3.

31ech (PHOCTOBBIM IIBETOM BBIACICHBI 30HBI Pa3-
PYIUCHHA LETHKA, B KOTOPBIX 3HAYEHHUA BEPTHKATBHBIX
HAMPsDKEHUI NMPEBOCXOJAT NpPEAen] IPOYHOCTH Le-
nmuka, cocrapmaromux 13 MIla, 15,5 MIla u 18 MIla
Ha ryoune 200, 300, 400 M COOTBETCTBCHHO.

Brina nposeneHa craTucTHveckas o0OpadoTka mno-
JMY4CHHBIX PE3VIbTATOB. YCTAHOBICHA 3HAYHMAS 3a-
BHCHMOCTh ~ MHHHMAJIBHOTO paccToAHHA  OT

%

-0.750 |
-0.938 ;
-1.125 |
-1.313 ;
-1.550

NMOArOTOBHTEIBHOH BHIPAOOTKH 10 BBHIPAOOTAHHOTO
npocTpaHcTBa L oT riiyOuHbI pa3paboTku / H IPO4HO-
CTH YIJIS HA CXKATHE Oy,

L = 15,19ﬂ +0,9.
Os

[MonyyeHHas 3HAYMMAs 3aBHCHMOCTEH MO3BOJIAET
VYCTAHABIHBATL MECTO IPOBEICHUA MOArOTOBHTEIb-
HBIX BBIPAOOTOK OTHOCHTCIBHO BBIPAOOTAHHOIO MPO-
CTPaHCTBA.

ITpu raybune paspabotku 300 M M HPOHHOCTH
yris Ha cxxarue He MmeHee 10 MITa mupuHa nennka ot
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MOATOTOBUTECILHON BLIPAOOTKH A0 BBIPAOOTAHHOTO
MPOCTPAHCTBA JOJDKHA COCTABIIATE HE MEHEE 15 M.

BriB0/1BI

1. ITpuMeHeHHE METO01a KOHEUHBIX JIEMEHTOB IS
pacueTa HAMpPsLKCHHO-IC(DOPMHPOBAHHOTO COCTOSHHS
TOPHBIX MOPOJ C UCTIOTb30BAHAUECM KPUTCPHUS MPOUHO-
CTH TIACTA MO3BOJACT YCTAHABIHBATE PAa3MEphl 30H
pa3pyLICHAS IJIACTa W OLCHHBATH T'COMEXAHHYECKOE
B3QHMOBJIHAHHE TOATOTOBHTEIBHOH BBIPAOOTKH U

BBIPAOOTAHHOTO MPOCTPAHCTBA.

2. Illupuna 30HBI B3aUMOBIHAHHA NOATOTOBH-
TCIBHOMH BBIPAOOTKH H BRIPAOOTAHHOTO MPOCTPAHCTBA
HAX0OHUTCH B JIHHEHHOH 3aBHCUMOCTH OT OTHOLUICHHSA
rry OHHBI pa3pabOTKU K IPOYHOCTH YT HAa O JHOOCHOE
COKATHC.

3. [IIupunHa HeIMKAa MEKAY MHOATOTOBHTCIbHOM
BbIPAOOTKOI M BBHIPAOOTAHHBIM NPOCTPAHCTBOM AJIA
ycinoeuii paspaboTkn monorux mnnacroB Kyszbacca
J0JDKHA OBITH HE MeHee 15 M.
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