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Ba)KHO OoTMeTUTb, YTO Npu 6osee TOYHOM MATEMATUYECKOM MOCTPOEHUU
npodunen wectepeH, noaBnaeTca HeobxoAMMOCTb BBOAA MA/IOro Lara uHTe-
rPUPOBAHMUA, @ TaKXKe KOPPEKTUPOBKU pelleHna MeTog0oM ANXOTOMUMU, YTO Cy-
LLLEeCTBEHHO 3aTpygHAET ero noctpoeHne 6e3 NnpMMeHeHna cneumanm3npoBaH-
HbiX nporpamm. B «Komnac-3DHome» mbl mMoOXKem nonyuymtb H6onee TouyHoe
oTobparkeHne NPMMUTUBOB 63 NPUMEHEHUA CIOXKHbIX PACHETOB.

BbiBog. MpumeHeHne «Komnac-3DHome» cyuwectBeHHO obneryaet pabo-
Ty NpY NOCTPOeHMe Npodunen wectepeH NAAHETAPHOro peayKTopa POTOPHOro
rmapomoTopa. MNocTtpoeHHble rpaduyeckn npoduasa rmgpomoTopa NO3BONAIOT
ewe Ha HayaNbHOM 3Tane NPOEKTUPOBAHUA BU3YasIM3NPOBATb FMAPOMOTOP,
ANA ero AanbHenLWwen KOPPEKTUPOBKMN.
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AHHOTauuA. B pabote npuBeaeHbl pe3ynbTaTbl UCCEA0BaHMA Pa3pyLUAOLLEro HanpsA-
YKEHUA NMpPU OAHOOCHOM CXATUM M Ha PaACTAXKEHWEe, MOAYyNA YNPyroctu u KospouumeHTa
MyaccoHa, moayns casura gns rpaduta U Bmewarowmx nopod. MonyyeHHble pesynbTaTbl
No3BOJIAIOT BbIOpaTb pa3Mepbl KaMep Npu nepexoge K NoA3eMHOW pa3paboTKe MecTopoXK-
OEHUA C NMPUMEHEHMEM KaMepHOW CUCTEMbI C 3aK/lafKoW BblipabOTaHHOrO NPOCTPAHCTBA
XBOCTaMM oboraLeHus.

Knrouyesble cno08a: paspywaroujue HAnpameHUs npu 00HOOCHOM CHaAmuu U Ha
pacmsxceHue, conpomussaeHue cosuzy, Mooysb yrnpyaocmu, KoagguyueHm lyaccoHa.
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THE STUDY OF MECHANICAL PROPERTIES OF ROCKS OF GRAPHITE
DEPOSIT

T.S. Savelyeva, Ph.D., Associate Professor of Machinery Design Bases Department
State Higher Educational Institution “National Mining University”, Dnepropetrovsk, Ukraine,
E-mail: ziborov@nmu.org.ua

A.V. Tarnovsky, student of group PCmm-10-1
State Higher Educational Institution “National Mining University”, Dnepropetrovsk, Ukraine

Abstract. The work deals with the results of the study of destructive strength under
axial compression and tensile strength, elastic modulus and Poisson's ratio, shear modulus
for graphite and enclosing rocks. The obtained results allow to choose the dimensions of the
cameras during the transition to underground mining of Deposit with application of a
camera system with a mined-out space tails of enrichment.

Keywords: destructive strength under axial compression and tensile, shear strength,
elastic modulus, Poisson's ratio.

BBepeHune. 3aBasibeBCKUM rPaduUTOBbIN KOMOMHAT ABAAETCA OAHMM U3
OCHOBHbIX  MOCTaBLUMKOB  KPUCTANNMYECKOrO rpaduta W KONNOUAHO-
rpaduTOBbLIX NPEnapaToB A4 OCHOBHbIX OTpacaei NPomMbiwaeHHOCTU. OCHOB-
HbIMW noTpebuTenamm rpaduTta ABAAIOTCA NPeanpPUATUA METANNYPrUyYecKo,
3NEeKTPOTEXHNYECKON, aBMALLMOHHOM, MALIMHOCTPOUTENbHOM oTpacnei. Cbipb-
eBoi 6a3oi KombunHaTa AaBnAeTCca 3aBalbeBCKOE MECTOPOXKAEHME rpaduTa.

3aBanbeBCKOE MeCTOpPOXKAeHMe rpaduTa HAxXogMTCA Ha  toro-3anage
YKPauHCKOro KpUCTanamMyeckoro wuta. B HactosAwee Bpema oTpaboTKa
MeCTOPOXAEHNA  BegeTcA  OTKPbITbIM  cnocobom.  bonbwaa  yacTb
NPOMbILINEHHbIX 3aMAaCOB HAXOAMTCA B LLe/IMKax NoA nonmoii pekn HOxKHblit byr,
oboratutenbHom pabpuKkon n nocenkom [1].

Ons  panbHenwero BegeHMA TOPHbIX pPaboT  OTKpbITbIM  cnocobom
npeaycMaTpMUBAETCA COOPYXKEHME MNJAOTUHbI W PYC00TBOAHOrO KaHana,
nepeHoc umelowenca oboratutenbHonm @Gabpukn U OTUYYKAEHMA 3emefb
naowaabto 400 ra. O6was cTOMMOCTb 3TUX PaboT NO NpeaBapUTENbHON OLEHKe
3HAUMTENbHO BbllWe npeanonaraemblx 3aTpaT MNpU nepexoge Ha [06blyvy
rpaduta nogzemHbiM crnocobom. [ns coxpaHeHMA MOBEPXHOCTM 3eMIn ANs
HY[, HapOAHOro XO3AMCTBA, 3KO/IOTMYECKOro PaBHOBECUA MPOMbILIAEHHOIO
palioHa, 3aHATOCTM HACeNeHUA pPeKoMeHAyeTcA OTpaboTKa MecTopoXKAeHMS
KOMOUHMPOBAHHbIM CNOCOHBOM.

Lenb pa6otbl. Llenbto paboTtbl ABnseTca uccnegoBaHue  GU3MKO-
MeXaHMYECKMX CBOMCTB rpaduta M BMeLlalOWMX noposg ANnA nepexoga K
noa3emMHon pa3paboTke MeCTOPOXKAEHUA C BO3MOXKHOCTbIO MNPUMEHEHMUS
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KaMepHOM cuCcTeMbl Pa3paboTKM C 3aKnagKon BbipaboTaHHOroO NPOCTPAHCTBA
XBOCTamu oboratieHus.

Yuactok "lMpomexyTouyHbIN", Ha KOTOPOM BO3MOKEH Nepexos Ha
noasemHbin  cnocob 0TpaboTKM, HAxoQMTCA HA CeBepHOM mnonoce
CUHK/IMHANIbHOW CKNaAKWM MeCcTOpOoXKAeHuA rpaduTtoBbix nopos. MpoctupaHue
nopog — ceBepo-3anagHoe, nNageHWe noyTn BepTMKanbHoe (80 — 90°).
PyaoHOCHaAa Tonwa npeacTaBNeHa uYepepoBaHWMem OMOTUTO-TPaPUTOBBLIX W
BMOTUTO-rPaHATOBbIX THEMCOB CO CKAPHOMAAMM, U3BECTHAKAMM U KBApPLUUTaAMM.
MouwHocTb pyaoHocHom Tonwm 300 — 350 m. NMpomMblwNeHHble KOHLEHTPALUMK
rpadpuTa npuypoyeHbl K KAOAMHU3UPOBAHHbIM U XJ0OPUTU3NPOBAHHLIM
pa3HOCTAM rHencoB. MowHOCTb pyaHbIX Ten kKonebnetrca ot 1 go 25,2 m.
MpocnexunBatowmeca BHYTPU PYAOHOCHOM TO/WM Tesfa CKAapPHOWAOB MMEKT
TAKYIO e, KaK W pyaHble Tena, mopdoaorno. MoWwHOCTb Ten CKapHouaoB
Konebnetca ot 4 [0 28 m Ha 3anage y4vactka u oT 1 go 24 m Ha BOCTOKe.
Konunyectso Ten ckapHoOMAo0B U3MEHAETCA No pa3pe3am ot 4 o 6 m.

Moutn BCA neBobeperkHas NaowWaab y4acTKa 3acbiNaHa BCKPbIWHbIMUY MNO-
podamu (cTapble OTBasibl) U XBOCTamMM 0bOOraleHma - TOHKO3EePHUCTbIMU Nec-
Kamun. MOLWHOCTb 3TUX NOPOA, B BOCTOMHOM YaCTM y4yacCTKa AOCTUraeT 23 m npwu
wupuHe ao 150 m. K ceBepo-3anagy MoOLWHOCTb "XBOCTOB" M OTBa/IOB MoCTe-
NeHHO YMeHbLUaeTca A0 HyAA. B uesom no y4yacTKy cpefHAss MOLWHOCTb KalHO-
30MCKMX Nnopog, (BKAOYasA XBOCTbI) cocTaBanaeT okono 20 m. 9ToT GpaKT no3Bonsa-
eT roBOpPUTb O BO3MOXHOCTU UCMONb30BaHMA «XBOCTOB» A1 3aKAA4KU Bblpa-
60TaHHOro NPOCTPAHCTBA NPU Nepexoae K NoA3eMHON pa3paboTke MeCcTopOoXK-
AeHuA.

Martepuan mn pesynbraTtbl uccnepgosaHun. MiccnegosaHua no onpegene-
HMIO pPa3pyLLAOLWEro HaNpPAXXeHUA NpM OAHOOCHOM CXAaTUW N Ha PaCTAXKEHue
npoBoannMcb Ha obpasuax npaBuAbHON GOPMbI MO CTaHAAPTHOM MeToAMKe
[2].

CornacHo 3ToM MeToAMKe ANA MWCNbITAaHMWM WUCNOAb30BaaAuM 06pa3ubl
UMANHAPUYECKOM ¢GOpPMbl C OTHOLIEHMEM AMameTpa K BbICOTE pPaBHbIM
eanHunue. OuameTtp ucnbiTyemblx 06pasuosB coctaBnsan ana rpaputa 50 — 51
MM, AnA Bmewawwmx nopog — ot 57 go 58 mm. Ob6paboTky 0b6pasuos
npon3BoAMAN TakMM 0b6pa3om, 4Tobbl OTKOHEHME OT NAapPaNNesibHOCTU TOPLOB
M OT NepneHANKYNAPHOCTM TOPLOB K 06pasyoWwmm UMAMHAPA COCTAaBAANO A0
0,05 mm. UcnbiTaHma nposoaunn Ha npecce mapku MIr-100A. [na ctpororo
LEHTPMPOBAHMA Harpy»eHums obpasuos NPUMEHANMU LapuKoBoe
LeHTpUpyloLee yCTPOMCTBO. Harpy)keHme npousBoAMNM NNABHO, MNOBbILWAA
HarpysKy BNAOTb A0 pa3pyweHna obpasua n PUKcMpya npu 3TOM 3Ha4YeHue
pa3pyLuatoLen Harpy3Kku.

Mpeaen NPOYHOCTM NPU O4HOOCHOM CXKaTUK onpeaensanun no popmyne:
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O-cwc:_’na 1
s (1)

roe P - paspywatolwan Harpyska, H ; F — naowaab NnonepeyHoro ceyeHus,
M.

[MpoYyHOCTb NpWU pacTaKeHun onpegeneHa bpasmMNbCKUM MeToAOM Ha
obpasyax npaBuabHOW (GOpPMbl: KepHbl guMametpom 57 — 58 mm. BbicoTa
KepHoB paBHa AauvameTtpy. OnpegeneHve npoums3BogMNOCbL METOAOM
AnameTpanbHOro cXKaTtma, 3aKno4atoLeroca B pacKanblBaHUU
UMNNHAPUYECKNX 0OpPasLOoB YCUAMAMMU, MPUNONKEHHBIMM MO AMAMETPasibHO
NPOTUBONOJIOXHbIM 06pa3yoLMM.

PacueT npeaena NpoYHOCTM Ha PacTAXKeHUe NpousBoauacsa no popmyne:

P
= 0,64———,11
T (2)

O-pacm.

roe P - paspywatowan Harpyska, H ; d — guameTp obpasua, m; h — BbicOTa
obpasua, m.

XapaKTePUCTMKOM  KpPenoctu nopoabl Npu  caABUre  CAYKUT  ee
COMpPOTMBNAEHUE CABUTY, CO34aBaemoe ABYMA @u3nyeckumm daKktopamm:
BHYTPEHHUM TPEHMEM W cuenneHnem. BHyTpeHHee TpeHMe CpaBHUTENbHO
NEerko nNoAajaeTca y4vyeTy, TakK Kak npeacrtaBnfet cobon cuny B3aMMoAencTBumA
npu gedbopmaunm mexgy MUHepasbHbIMWU YacTULAMMK, NPONOPLUOHANBHYIO
HOPMANbHOMY HaMpPAXKEHUIO OT BHELWHeN Harpy3ku. CuenneHne npeacrasnseT
cobol Ty YacTb CONPOTMBAEHUNA CABUTY, KOTOPAA He CBA3aHA C HaNpPAXEeHNAMMU
OT BHELWHEW HArpyskuM, a onpenenaercA TONbKO MONEKYAAPHbIMU CUAaMMU
CBA3bIBAHMA W  MOXKET CYMTAaTbCA BEIMYMHOW NOCTOAHHOW. [lonHoe
COMPOTMBAEHNE NOPOAbI CABUIY BblpaxKaeTca, Takum ob6pa3om, B BUAE CyMMbI
BHYTPEHHEro TPEHWA, BbI3BAaHHOIO BHELWWHMMMW CUNAMU, U cuenneHmem. NonHoe
COMpPOTMBNAEHNE NOPOAbI CABUTY oONpeaensann Ha obpasuax npaBuUIbHON
¢opmbl [3]. UcnbiTaHne o06pa3uoB NPOM3BOAMIOCH Ha Mpecce C MOMOLLbHO
HAKNOHHbIX MaTpML, C yrnamn o ;= 35° n a, = 55°.

MN3BECTHO, YTO CKOPOCTb PACMpPOCTPAHEHWUA YNPYrux BOJIH 3aBUCUT OT
MOAynA  ynpyroctm matepumana. [loatomy B HacTodAwee Bpema AgnA
onpegeneHva ynpyrux noKasaTenem CBOMCTB TOpPHbIX nopos (moayns
ynpyroctm u kKoadpouumeHTa lyaccoHa) Halwen LWMPOKOE pPacnpoCTpaHeHue
MeTO 4, OnpeaeneHuMa  CKOPOCTEM  PacnpOCTPaHEHMA  MNPOAOAbHbLIX W
NONepeYHbIX YyNnpyrux BOJIH — 3BYKOBOW AMHAMMYECKMA MeToAd. ITOT MEeTos B
HacToAlWee Bpema ABNAETCA OOHMM U3 Hambonee NepcrnekTUBHLIX, TaK Kak OH
3HAYUMTENbHO NpoLe APYrMx M3BECTHbIX (O0COBEHHO CTAaTMYEeCKUX) MeToa0B.
Kpome TOro, oH no3soaseT onpeaensaTb CBOMCTBA FOPHbIX MOPOA, HAXOAALLMXCA
B MACCMBE, YTO AeNaeT ero He3amMeHMMbIM NPU NPoBeAeHNN PaboT B HAaTypPHbIX
ycnosuax. Ynpyrme nokasaTenn CBOMCTB FOPHbIX MOPOA, NOJYYEHHble Mpu
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CTaTUYECKOM M AWHAMMYECKOM Harpy»KeHuax, No Be/JMYMHE OT/INYatoTCA
mexay cobon BcneacTeme pasnmumna xapaktepa AepopmmnpoBaHma NOpPoA.

Ona  onpepeneHna mogyna HOHra wn  KoadpduumeHta [yaccoHa
ANHAMUYECKMM  METOAOM  MPUMEHANacb  cneaywowas  annapatypa:
ynbTpa3BykoBon pedektockon YK-100M, msbupartenbHbit ycunmutenb UIY-60,
3ByKoBOW reHepatop JIUI - 60, namnoBbli BONbLTMETP, MPOBOAHMKU U3
UMPKaHaT-TuTaHaT bapma ¢ 6 = 10000. Mpm nomowm 3TOM annapaTypbl
Haxo4WAM ABa pe30HaHCa — NONEePeYHOM U NPOAOAbHOM BOMHbI, MO KOTOPbIM
onpeaensann CKOPOCTb MPOXOXKAEHUA NPOAONbHOM M NONEPEYHOM BOHbI.

CKOpOCTb NPOXOXKAEHMA NPOAO/IbHON U NONEpPeYHON BOMHbI ONpeaensanm
no ¢popmyne:

V,=2l-f,m/cex
V=21 f,,m/cex (3)

roe | — anviHa 06pa3uya, m; f — pe3oHaHC NPOA0/IbHOM BOJIHbI.
N3 OTHOWEHWA CKOPOCTU MPOAO/SIbHOM BOJIHbI K CKOPOCTU MOMNepeyHom

BO/IHbI onpeaensanu KoapopnumeHT K, KOTOPbIN paBeH:
2

K| (@)

14

KoadpdpuuneHT MNMyaccoHa onpegenanu no popmyne:
K-2
o5k ) (5)
3HauyeHWe AMHAMUYECKOro Moayna YynpyrocTM onpegenann nocne

YCTaHOB/1IEHNA CKOPOCTU NPOXOKOEHUA I'IpO,CI,OﬂbHOIZ BOJIHbI B o6pa3u,ax:

2
E=VP (6)
H,
Moaynb caBura onpegenanv no ¢popmyne:
E
oc=——,1la 7
2(1- u) )

CpeaHue p[aHHble No onpeaeneHutd  PU3NKO-MEXaHUYEeCKMX CBOMCTB
nopog, ceeaeHbl B Taba. 1.

MpoBeaeHa oOueHKa AOCTOBEPHOCTM Pe3ynbTaTOB  SKCMEepUMEHTANbHbIX
nccnefoBaHUM MeToaomM Teopumn BepoATHOCTM MoHTe-Kapno [4]. Otum
MEeTO4OM MOXHO YCTAaHOBWUTb YpPOBEHb J0BepuA, TO eCTb OonpeaennTb
BEPOATHOCTb TOrO, 4TO MNpPU MNPUHATOM KO/JMYeCTBe OMbITOB cpeaHee
apndmeTmyecKkoe 3HauYeHMe MPOYHOCTU OTKAOHAETCA OT UCTUHHOIO 3HaYyeHuA
MeHee 4YyemM Ha Be/MYUHY AOMNYCKAaeMoro OTKAOHeHuAa §. [pu onpepeneHuu
MeXaHWYECKMX CBOMCTB FOPHbIX MOPOA MPUHATO AONYCTUMOE OTKNOHEHue §
pasHoe 20%. YcTtaHOBAEeHO, 4YTO ypoBeHb posepua paseH 0,84-0,99. 310
No3BOAAET YTBEPXKAATb, YTO KONMYECTBO OMbITOB, NPUHATOE NpU onpeaeneHnn
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¢M3MKO-ME‘X8HM‘-IE‘CKMX CBOMCTB rOpHbIX Mnopoa, A0CTaTO4HOoeE, 4yTOObI
pe3ynbraThl MCCﬂEﬂ,OBaHMﬁ MOXKHO 6bINI0 CYNTaTb AOCTOBEPHbIMM.

Tabnnua 1. - MexaHW4YecKMe CBOMCTBA U yNpyrue XxapakTepucTukmn rpadmutoBom
pyA4bl U BMELLAOWMX NOPOA.

Ne [Hanme- CxaTune PacTtaxkeHue OvHamuyeckmin cnocob Mogynb
nn|HoBaHue Komwm- |o , [Komm- 1o, ., caBura,
nopoapbl 4ecTBO |MPpa |4€CTBO (pMpa 10" Pa
obpas- obpas- Konu- Moaynb |Koad-
LoB LosB yecTtBO  |ynpy- buunent
obpas- |[rocTw, MNyaccoHa
LoB 10*MPa
1 [[padwut 9 20,2 |6 1,0 |8 1,55 0,26 0,61
2 |KBapuut 8 60,3 |7 8,8 8 5,42 0,21 2,24
3 |Kanbumndup |8 40,1 |7 6,7 8 4,79 0,25 1,81
4 |THelc 7 31,4 |6 6,8 |8 4,51 0,32 1,68
5 |CkapHoug, 8 64,1 |7 10,3 |6 7,10 0,22 2,92

BbiBoa. Takum obpasom, B paboTe npoBeAeHbl UccnenoBaHMa No onpe-
AeneHnto PpU3MKO-MeXaHMYECKUX CBOMCTB rpadmta M BMeLalowmx nopos, a
MMEHHO Pa3pyLUAIOLLEro HaNpPAXKeHUa NpPM OAHOOCHOM CXAaTUKM U Ha pacTaxe-
HWe, MoayAnsa ynpyroctn n koadoduumenTta MyaccoHa, moayns casura. 3Tu AaH-
Hble MO3BO/AIOT BbIOpPaTb pasmepbl Kamep, OTBeYaloWme YCNOBUAM ONUTENb-
HOM MPOYHOCTM MpU Nepexoae K NoA3eMHON pa3paboTKke ¢ NPUMEHEHUEM Ka-
MEpPHOM CUCTEMbI C 3aKNaAKOM BblpabOTaHHOrO MPOCTPAHCTBA XBOCTamMM 060-
ralieHms.
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