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Pestome: Bgedenue. B craThbe [aH aHAAU3 BIMSHM IPUPOAHBIX U TEXHOTEHHBIX (PAKTOPOB HA COCTOSHUE PYAOBMEIAIONINX
MAaCCHUBOB TP Pa3pabOTKe TBEPABIX IOJIE3HBIX UCKOMAEMbIX MTOA3EMHBIM CIIOCO00M. [I0Ka3aHo, YTO yUuer reoJMHAMUKUA Mac-
CHUBA SIBJISIETCS BAXKHBIM GAakTOpOM 3hdeKTUBHOCTH QYHKIIMOHUPOBAHUS TOPHBIX [IPEAMNPUSITULL, & YPOBEHDb HAIIPSKEHU MO-
SKeT KOPPEKTUPOBATHCS HA 3TAnax pa3paboTKu MecTopokieHuil. Cpequ akTyalbHbIX METOIOB YIIPABJIEHUS IIPOU3BOACTBOM
MUHEPAIbHOTO ChIPbSI IPUOPUTETOM IOJIb3YETCsE KOHIIEIIIUS Te0OMUHAMUYECKOr0 PAOHUPOBAHUS MECTOPOXKIEHUS B IIPOLIeCCe
paspaboTku ¢ coBMerenueM GYHKIUN IPUTPYFKAIOIIErO U HECYIIErO 9JIEMEHTOB MAaCCUBA B PAMKAX FeéOMEXaHUYeCKOI CUCTe-
MbL. 1[e/1bl0 CTAaThU ABJISETCSA PA3BUTHE KOHLIEMIUY PECYPCOCOEPEraroIero reonoab30BaHus Py 100bIUe TBEPIbIX TIOJIE3HBIX
KCKOIAEMBIX TIOJ3EMHBIM CII0CO60M. Memoobt. O6001eH e U aHAIM3 UCC/IEJOBAHUE, SKCIIEPUMEHTHI, MOJETUPOBAHNE U UH-
SKeHEpHOe MPOrHO3UPOBAHUE C KCIIOIb30BAHMEM METOLOB MATEMATHUECKON CTATUCTUKU U MHOOPMAIMOHHBIX TEXHOJIOTHIL.
Pe3ynvmamel. [lan aHanus KpUTEpUEB COXPAHHOCTH 3€MHOI IMOBEPXHOCTH IIPU OPHBIX paboTax Kak rapaHTta 0e30macHOCTH
paspaboTKu MeCTOpoKaeHu. [I0Ka3aHo, UTO TOPHBIE BHIPAOOTKY HAXOMIATCA B [10JI€ HATIPSKEHUIT U TIepeMEIeHH, BBI3BAHHBIX
COBOKYITHBIM BO3[EICTBUEM €CTECTBEHHBIX U TEXHOTEHHBIX (HaxTopoB. OmpesesieHo, YTo IMOPOAbI [IPU MoapaboTKe 00pasyoT
YCTOMYMBbIE CUCTEMBI U3 €CTECTBEHHO 3aKIMHUBAIOIINUXCSI CTPYKTYPHBIX OTAEIbHOCTEN U TaKve CHUCTEMBI MOKHO CO3[aBaTh
UHKEHEPHBIMU PEIIeHUsIMU: CO3[aHUEeM UCKYCCTBEHHBIX MACCUBOB, Pasfie/IeHUeM PYIHOTrO M0 Ha 6e30IacHble yUaCTKU U JIp.
[puBeneHa TUMU3AIMs METOMOB pacyeTa YCTOMYUBBIX MPOJIETOB OOHAXKEHHIT KPOBJIM FOPHBIX BBIPAOOTOK HA BpeMs OKOHYA-
HUS [IOTalleHHsl BHIpabOTaHHOTro MpoCTpaHcTBa. OTMEUEHO, YTO XBOCTHI BI0KOBOTO MOA3EMHOTO BhIIEIAUMBAHUS DY/l 3@ CUET
[IPUPOIHBIX BKYIIMX BELIECTB MOTYT IPUOGpETaTh MpoYHoCTh 10 1 MIla U y4acTBOBATh B YIIPABIEHUU TOPHBIM JABJIECHUEM.
[IpensIosKeHHBI KPUTEPHIT HAZIEXKHOCTHU TEXHOJIOTUH [TOrallleHns BHIpab0TaHHOTrO IPOCTPAHCTBA OLIEHUBAETCSI COOTHOLIEHUEM
00'bEMOB BBIEMKH PYJI U TBEP/EIOIIEi 3aKIaKU. YCTAHOBJIEHO, UTO [IEPEBOJ JUHAMUYECKUX IBJIEHUI B MACCUBE B CTATUYECKUE
OCYIIECTBIIAETCS PA3IPY3KOil €r0 OT KPUTUUECKUX HATIPSKEHUE. BbiB0ObI. YUET reOMeXaHUUeCKOTO COCTOSHUS YIaCTKA 3€MHOI
KOPBI yUACTBYET B PELIEHUH 3a71a4 FOPHOTO [IPOU3BOACTBA: 6€30IIaCHOCTh TOPHBIX pAabOT, KAUECTBO AOOBITOM PYIbl U 9KOHOMHU-
YyecKue IO0Ka3aTesu.

Kntouesble cn08a: nosnesHble NCKOMIAeMble, IIO3EMHBIN CII0C00, MACCHUB, BHIIEIAYMBAHUE 30JI0TA, IPUPOHbIE HAIPSKEHMU],
TeXHOTeHHbIe HANPSIKeHUs], FeOMeXaHUKa
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Abstract: Introduction. The paper analyzes the influence of natural and man-made factors on the state of ore-bearing rock
masses during underground mining of solid minerals. It has been demonstrated that consideration of the rock mass geodynamics
is an important factor in the efficient operation of mining companies, and that the stress level can be regulated during different
stages of the deposit development. One of the priority methods to manage production of mineral resources is the concept of
geodynamic zoning of the deposit during the mining phase with combined functions of the loading and bearing elements of the
rock mass as part of the geomechanical system. The purpose of the article is to develop a concept of resource-saving geological
management in underground mining of solid minerals. Methods. The methods applied included generalization and analysis of
research, experiments, modeling and engineering forecasting using the methods of mathematical statistics and information
technology. Results. The analysis of criteria are provided for the preservation of the land topography during mining operations,
as a guarantee of safe development of the deposit. It is shown that mining operations are located within the field of stresses
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and displacements caused by the combined effects of natural and man-made factors. It is determined that the rocks form
stable systems made of naturally wedging structural units during the mining process, and that such systems can be created
by engineering solutions, e.g. creating man-made rock masses, dividing the ore field into the safe areas, etc. Types have been
identified of the methods to calculate stable spans of roof exposures in the mining workings during the time when stowing of
the mined-out space is completed. It is noted that the strength of the tailings resulted from block underground ore leaching can
reach up to 1 MPa due to presence of natural binders, and these tailings can be used in rock pressure management. The proposed
criterion for the reliability of the mined-out space stowing technologies is controlled by the ratio of the extracted ore volumes
and consolidating stowing. It is established that transformation of the dynamic phenomena within the rock mass into the static
ones is carried out by unloading the rock mass below the critical stresses. Conclusions. Accounting of the geomechanical state
of the earth's crust is involved in solving the mining tasks, including the safety of mining operations, the quality of the mined ore

and other economic indicators.
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BBenmenue

CocTosiHHe COBPeMEeHHOr0 TOPHOTO IIPOU3BOJICTBA XapaKTe-
pU3YeTCsl IOMCKOM PE3EpPBOB YBEJIUUEHUSI 0OBEMOB H00BIUN
MUHEepasabHOTO CBHIPbS, B TOM YHCJIE 3a CUeT HCIIOJIb30BAHUS
OTXOZIOB TPAAUIIMOHHOTrO Ilepeiesia MeTaJIOCOePsKalluX Py,
[1-3].

Cpemu COBpeMEHHBIX METOMOB, METOAUK M TeXHUYECKHUX
CPeJCTB YIpaBJIeHUs] IIPOU3BOACTBOM MUHEPAJIbHOTO ChIPbSI
NIPUOPUTETOM IIONIb3YETCS KOHIENIUS TeOAMHAMUYECKOTO
paiiOHUPOBAHMS MECTOPOKAEHHUI B Tpollecce pa3paboTKu U
orarieHus BhipabOTaHHOTO IIPOCTPAHCTBA [4; 5].

Pazpab0TKa MECTOPOSKIEHUIT TOAZEMHBIM CII0COO0M Tpeby-
er coBMeIeHusT QYHKIUI IPUrpy>KaroLiero U Hecyuero ae-
MEHTOB MaCCHBa B paMKax reoMeXaHU4ecKoi cucremsl. [Ipo-
TeKaloIlye B Heflpax reoMexaHu4ecKUe IIPOLeCcChl 1eHCTBYIOT
OIIHOBPEMEHHO U TPeOYIOT KOMIUIEKCHBIX PellleHuii, Haubosee
XapaKTepPHBIMU K3 KOTOPBIX SIBJISIIOTCS YCTaHOBJIEHHE 3aKO-
HOMEpHOCTel HaIpsDKeHHO-1eOPMUPOBAHHOTO COCTOSIHUS
PYAOBMEIIAIONINX MAaCCUBOB U BBISIBJICHHE MeXaHU3Ma BIIUS-
HYSI TIOA3EMHOrO BBHIPAOOTAHHOTO MPOCTPAHCTBA HA 3eMHYIO
TIOBEPXHOCTBD [6—8].

Crioco6Bl yIIpaB/ieHUusT COCTOSIHMEM MACCHBOB, IIO3BOJISIIO-
[Me TIpYU MUHHMMAJbHBIX 3aTpaTax 0OecreunuTb BBICOKOE Ka-
YeCTBO U IOJHOTY U3BJIEUeHUs PYABl U3 HeAp, HY>KIAIOTCS B
COBEPIIEHCTBOBAHUU U (POPMUPYIOT B COBOKYIIHOCTH BAXKHYIO
U aKTyasbHyIo TIpobiemy. PasBuTre MpUpPOI0OXPAHHBIX U pe-
CypcocOeperamIux TeXHOIOT|I TOA3eMHOM 100bIYM Py CBSI-
3aHO C [I0BEJIEHNEM PYIHBIX MACCUBOB IIPH Pa3pabOTKe MeCTo-
poskzieHuit. B psaze ciyuaes 6€30mMacHOCTD MOA3EMHOI 100bIUN
PYZ OIpesiesisieTCs B IIEpBYIO OYepesib FeOIMHAMUKOI MacCHBa.

B KkauecTBe KpUTepHs 0E30MACHOCTH TEXHOJIOTHU TIPUHSITO
yCJIOBHE COXPaHHOCTU 3eMHOI IIOBEPXHOCTH, OIpefieJieHHOe
paboramu B. Purrepa, M.M. Ilporoapakonosa, ILM. Liumbape-
Buua, A.A. boprcosa u zp.

B paspabarsiBaeMOM MacCuBe BOZHHUKAIOT MOPOAHBIE KOH-
CTPYKIUH, TIPOYHOCTb KOTOPHIX U OIpPENENseT YPOBeHb 0e3-
OIMAaCHOCTU Pa3pabOTKU MECTOPOXKIEeHUN. B pesynbrare mei-
CTBUS CWIOBBIX IIOJIEM Y PA3JIOMOB U OUUCTHBIX BBIPAOOTOK
bOopMUPYIOTCS 30HBI AKTUBU3ALKN HAIPSIKEHUI C paspylile-
HueM 1opos. fopHble BHIPAOGOTKH U TEXHOJIOTUUECKUE COOPY-
SKeHUsI B HUX HAXOJSITCS B I10JIe HAIIPSDKeHUI U IlepeMeleHuH,
BBI3BAHHBIX COBOKYIIHBIM BO3/IEIICTBHEM eCTECTBEHHBIX U TeX-
HOTeHHBIX PaKTOPOB.

Vyer HANPSDKeHHOCTH IOPOJ, IIPU MOTallleHu! 3aracoB BTO-
poii ouepeny, BbleMKe IeJIMKOB ¥ OCBO@HUU HOBBIX T€XHOJIOTHI
B [IEPHUO]] [IepeX0/ia K KOHIEIIUH 00PYIIeHuUs TOPOJ U KPUTe-

PHIO YCTOMUUBOCTH BBIPAOOTOK B BHIE CBOOOMHOrO IIpOJIeTa
PEKOMEH/IYeTCs B KaYeCTBe BAKHOro GakTopa yrpassieHus Ha-
NIPSIKEHUSIMU B IPUPOAHBIX U UCKYCCTBEHHBIX MaccuBax [9; 10].

VccnenoBaHUI0 U3MEHUYHUBOCTU HAIPSDKEHUM B reTeporeH-
HBIX TPEIIMHOBATHIX IIOPOJaX U KOPPEKTUPOBKE ITOBeleHUs
MacCHBa 3aI0jIHeHeM BhIpa00TaHHOrO IIPOCTPAHCTBA TBEP/Ie-
IOIIUMH CMECSMH IIOCBAIIEHb paboThl 3apyOesKHBIX CIIelra-
JINCTOB JAHHOT'O HAIIpaBJIeHus TOpHoro nena [11; 12].

Ienpio MccaemOBaHUSA ABIIETCS AeTanu3aius KOHIEMIUU
[IPUPOOOXPAHHOTO U PeCcypcocheperamplnero reomnojab3oBa-
HUS IIpU 100bIYe TBEPABIX I0JIe3HBIX UCKOIIAEMBIX [TOI3€MHBIM
crocobom.

MeTonapl

JUta pelieHusl TIOCTABJIEHHBIX 3a/1a4 UCIONb3YIOT 000011e-
HHE U aHaAJIN3 I/ICCJIeI[OBaHI/Iﬁ, SKCIIEPUMEHTBI, MOOCIINPOBAHNE
U UHKEHEPHOE [IPOTHO3UPOBAHMUE C UCIIOIb30BAHUEM METOOB
MaTeMaTUUYeCKON CTATUCTUKU U I/IH(bOpMaL[I/IOHHbIX TEXHOJIO-
Uil

Pe3ynbraTsl

Crararorye MacCHB MOPOJIBL U MOAPabOTKe MOTYT 0Opa-
30BBIBATh YCTONYMBBIE CUCTEMBI IPU YCIOBUU €CTECTBEHHOTO
3aKJIMHUBAHYS CTPYKTYPHBIX OTAENIBHOCTEN MEKIY COOOI.

Hecymmas crioco6HOCTb OpoJ; KOPPEKTUPYETCSL B TIPOIIECCe
pasBUTHA pabOT YIIPOUHEHUEM [TOPO]I, CO3AaHINEM UCKYCCTBEH-
HBIX MACCHBOB, PasfeieHueM PYIHOIO IOJI Ha Oe30macHbe
VYaCTKU U JPYTUMHU HH>XKEHepHbIMU MepaMu (puc. 1-3).

a
Puc. 1 Fig. 1
HaknoH 3aknago4yHoro maccusa Resting the stowing against
Ha pyay the ore mass
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Puc. 2

Onepexatowas oTpaboTka
C 3aK/1agKou TBepAeoWmmMn
cMecaMu

Fig. 2
Advanced mining with
consolidating stowing

Puc. 3
YnpoueHue pyaoBmMeLLaloWmnx
nopoa aHKepamu

Fig. 3
Reinforcement of the ore-
bearing rocks with rock bolts

HpI/I OTAEJIEHHUU IIOpOoa OT MACCHUBA IIOPOAbI BEAYT cebs Kak
JKeCTKHUE Tejia C YIIPYI'UM KOHTAKTUPOBAHUEM B PEXKUME XPYII-
KUX lIe(bOpMaI_[I/Ile Ycnosue IIPOYHOCTHU 3aKJIMHHUBAHUA CUCTE-
MBI OITMCBhIBAETCA MOIEJIBIO:

Lmax
o,to,<o, = | /x(dx,dx,,. dx,),
L

“min

IA

rae o, — npupoaHsle Hanpspkenust, Mlla; o, — TexHOreHHbIE
"anpsokenus, MIla; o., — mnpenenbHble Hamnpspkenus:, Mlla;
Ly — MAKCHMAJIbHBIN IIPOJIET IUIOCKON (GOpPMBI KPOBJIH, M;
Lyin — MUHAMAQJIbHBIA TPOJIET IUIOCKOM (OpMBI KPOBIH, M;
X1...X, — CBOMCTBA [IOPOZ.

HampspkeHusl 3aKJIMHUBAHUS IIOPOJ, ONpenesIsiioTCS CHUIION
pacmopa:

Lo Y A
0,+0,~0,<0,= | fildx,dx,,..dx,) = [ fi(dh),
Ly Ly

IZie 0, — HAIIPSDKEHUe PAcIiopa [OPOoJ Hajl BEIpaOGOTKOM, M.

Mertozibl pacyera yCTOMYUBBIX IIPOJIETOB OOHAKEHU KPOBJIX
MOTyYT OBITH TUIIM3UPOBAHBI TI0 TUILY Maccusa (Tab. 1).

Crioco6bl yIpaBIeHnus] MACCUBOM IIOTAIlIEHHeM KiIaccubu-
UPYIOT 10 MIPUHIIUITY COCTOSHHUSA BbIPAOOTAHHOTO IMPOCTPAH-
CTBA HAa BpeMsI OKOHYAHUSI IIOTAIIeHHUSL.

OcrapiieHrie BBIPAaGOTAHHOTO MPOCTPAHCTBA HE3AMOJIHEH-
HBIM MEHee 3aTPaTHO, HO BO3MOXKHOE OOpYIIeHue Haseraro-
LUX [TOPOZ U OTYYK/IeHUE 3eMeJlb OT IOJIb30BaHUS OTPaHUYH-
Baer 001aCTh IPUMEHEHUS CII0co0a.

OCHOBHBIM MPEILITCTBHEM CIIOCO0A 3aKJIAAKU TBEPIEIOIH-
MU CMECSIMH SIBJISIETCSI BBICOKAsI CTOUMOCTD 3aKJIa[l0UHBIX Ma-
TePUAIOB, JOCTUTAIOIIAS 2/3 PACXOIOB HA JOOBIYY PYII.
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Ta6bnuua 1

Tunusauua metTonoB pac4yeTta

YCTOMYMBbIX NPO/IETOB
O6HaXKeHWU KpoBNun

Table 1

to calcul
of roof e

Types of the methods

ate stable spans
Xposures

Tun maccuBa

Hecywmii anemeHT

Mnotesa

CniowHol B

rpaBuUTaLMOHHOM

none Mnnta nnm CBopabl: AaBneHus

C — cnnowHaa 6anka | (Cnecapes),
M/IOLIHON ¢ MnuTta unu 6anka | o6pyLLEHUs

rPaBUTaLNOHHO- C TpemHamm (MpoToabaKoHOB)

TEKTOHNYECKO- CTon6bi W op

CTPYKTYPHbIM

nonem

Mnuta nnu 6anka 30HbI: 0GpyLIeHMs

[AnckpeTHbl (Bopwucos),

C FPABUTALMOHHO- | ) 1o a cronBor | aheo M

TEKTOHUYECKW- (Ky3HeLi0B)

CTPYKTYPHBIM N ) Ceono!

nonem CTpKa notHon paBHOBeCUs!
PYKTYp®! (BeTpoB)

XBOCTHI 0JIOKOBOrO IOA3EMHOrO BBIIIETAYMBAHUSA PYH 34
CUeT MPUPOMHBIX BSIKYIIMX BEIECTB MOTYT IpuoOpeTraTh
npouHocTh A0 1 MIla.

OmacHOCTH TEXHOJIOTHil IOTallleHus BbIpaOOTAHHOIO IPO-
CTPAHCTBA OIIEHUBAIOTCA 10 COOTHOIIEHUSM 00bEMOB BHIEMKHI
Py 1 MaTepuaa 3aroIHeHUs:

e V, — 00'beM 3aI10IHeH s FOPHBIX BHIpaboTOK, M3, V, — 06b-
€M TOpHBIX BEIPAaOOTOK, M3,

TlepeBos AMHAMUYECKUX SBJIEHUI B MACCUBE B CTATUYECKUE
OCYIIECTBJIAETCS PasTpy3KOil ero oT Hanpsskenwit. Haubosee
6€e30IacHO CTPOUTEILCTBO MACCUBOB U3 TBEPIEIOIIUX CMEeCelt.
Hecymasg crnocoGHOCTh 3aKIa[0UYHOr0 Marepuana Ipu 00b-
€MHOM CKaTuu mossiiiaercs, o A.JI. TpeGykosy, B 2-3,7, .M.
bponuukosy — B 2-3, M.H. llpiranosy - B 3,5 pasa.

OnbIT YIIPaBIEHUS COCTOSHUEM PYAOBMEIAIONIEr0 MaCCH-
Ba MO3BOJIET YTBEPKAATh, UTO IMAPaMeTpPhl JOOBIYHBIX PabOT
JIOJDKHBI OIPEIEIAThC C YUETOM reOMeXaHu4eCKOro COCTOS-
HUS yYacTKa 3eMHOMH KOPEI (puUc. 4).

ViIpaBjieHrue MacCUBOM IIyTeM PEeryIupOBaHUS IPUPOIHBIX
U TeXHOTeHHbIX HAIIPKEeHUIT T03BOJISeT PelliaTh OJHOBPEMEH-
HO IVIaBHBIE 3a1a4K FOPHOTO IIPOU3BOJICTBA: 6€30I1aCHOCTh rOp-
HBIX Pa0OT, KAUeCTBO AOOBITOM Pyl U SKOHOMUUYECKUE ITOKA-
3arenu QYHKIMOHUPOBAHNA IIPEANPUATHUS.

CeiicMuka I Iny6una pabotr || Croiictea nopon | | Hanemwuocts
pupoaxsie TexHOreHHbIe MaremaTHvecKas
HAMPAKCHAA HAMDKEHH Mozenb

CyMMmapHEIe
HATMNAKECHUSA
\; I'enepansuas Mogens
Puc. 4 Fig. 4

FeomexaHuyeckaa mopenb
ynpaB/fieHUs MacCMBom

A geomechanical model
of the rock mass control



BriBoabI

1.  OnTUManbHBIM CIIOCOOOM YIIPABJIEHHUS T€OMEXAHUKON
MacCHBA SIBJISETCS 3AIlOJIHEHNE BbIPAOOTAHHOIO IPO-
CTPaHCTBA TBEPJEIOLIUMU CMECSIMU C [1IepeBOIOM TBep-
JEIHNX 3aKJIaJOYHbIX cMecen B YyCII0OBUS O6’beMHOI'O
CKaTHSI C TIOMOIIIBIO UHXXeHEePHBIX MeTOJI0B.

2. B mpenenax cBosa eCTeCTBEHHOTO PaBHOBECHS ITOPObI
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Geotechnology

BaHMEM B PeKHMe XPYIIKUX U KBA3UXPYIKUX aedopma-
LM, HO UX HECYIasl ClIOCOOHOCTD MOBBIIIAETCS 33 CUeT
CHUJI pacmopa.

3. [IlepeBox muHAMHUYECKUX SIBIEHUI B MacCHUBE B CTATH-
yecKue, Kak U APyrue Mephl BO3JENCTBUS Ha MaCCUB,
CIIOCOBCTBYET PEIIEHUIO IPUOPUTETHBIX 3a/1a4 TOPHOTO
IPOU3BOJICTBA.

BEOyT cebs Kak JKeCTKHe TeJa C VIPYIUM KOHTAKTHUPO-
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