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The authors developed the predesign assessment methodology of rocks explosibility and quality of explosive preparation of
rock mass, along with realization technology of this methodology, ineluding the following operations:

-remote {phutumetricl) obtaining of the basic data about blockiness of rock massif and lumpiness of exploded rock mass;

-development of the deposit’s rocks classification by blockiness and exlpluaibility:

-modeling of a fissure grid geometry of separateness and anisotropy of fissuring intensity;

-formation of the open pit's field map by explosibility of rocks and, thereupon, designing of parameters of drilling and
blasting u{wmtimw' using the funetional BlockBlast module of mining-and-geological program complex GIS GEOMIX on all
stages of the process.

The blockiness assessment of rock massif with the unsystematic development of the separateness and lumpiness fissures of
exploaded rock mass is carried out, using a photograph by its fragmentation on the pieces, using F.Meyer's marker watershed
algorithm. At first, with the system development of fissures in the rock massif, the fissures of a block-forming systems are
vectorized on the photograph by various types of lines, and then, the required distances are determined by a perpendicular
between the adjacent fissures of each system.

The anisotropy of the fissuring intensity of rock massifs with a parallelepiped separateness is characterized by the 3-d model
of its form and orientation, and generally — by the flat tenzorial probability model (orientation of vectors of maximum and
minimum fissuring intensity in the horizontal plane).

The positive approbation results of base blocks of the offered assessment methodology of rocks explosibility and quality of
explosive preparation of rock mass in open pits of Stoylenskiy, Lebedinsky and Kovdor ore dressing and processing enterprises
showed its prospectivity. It can be used at other mining enterprises with open-pit mining of mineral raw materials with one or
another adaptation to the specific working conditions.
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UCCNEAOBAHUE TEMIMEPATYPHOIO PEXXUMA
3AKJIAOOYHOIO MACCUBA NPU PASPABOTKE
AKOBJIEBCKOIO XEJIESOPYAHOIO MECTOPOXXAEHWA

Hlpedemaarens: peayrvmamse yeeiedpsguus yeaosui fdop-
MUPOSAHUA  IAKAADOYHBIXY  MACCUG0S npu  paspafomie
Hroareacxozo mecmopowdenus KMA. Pewomendosano uenonvao-
aams Gaazonpuimusie das ofecnedenua HopMamuaHolt npoiHoemu
JAKAATOLHOZ0 MACCUBA ECIMECTNGERRbIE I MEXHOZEHRBE MeAnepa-
MYPHbe U SAANHOCHIHLIEC NADAMEMpPLL 6 nodsemHom pydHuxe &
T YORRY nogsiiienus Gezonachocmu pabom u npuliuNeHUR cpoxa

. A 3ARLES, A0300HOBREHUA OXUCHINLLY palon Ha NPUNEZRNULY JHacmKax.
acnupanT

C. B. CEPrEEE,
aan. kadenpon,
npodh., Q-0 TExXH. Hayx

Kawueene crosa: wenezopyinoe smecmopoxdenue, nodsemmnbil

pudHuK, ceomepmuneckuil spaduenm, sodooluavHoems, 3awaad-

K smpafomainpy npocmpancms, PopMEposaHue 3aKaadoito-
20 MaCcUGa, MEPMOBAAN HOCTIHEE YCA06UA.

PaspafGoTka $SKOBNEBCKOro MECTOPOXOEeHWA B

BenropoAckom senesopyoHom paiode KMA conpsxena ¢
TPYOAHOCTAMKM OCBOEHHMA NOAIEMHOND NPOCTRAHCTEA W3-33
CNOXHbIX rMoporsonorM4ecEknx K FO[]HDTEJ(HH'—IECKH){ 'l'.l'Gﬂ'CI-
BEMiA. B nepeyo ouepens K HAM CneayeT oTHECTM 2aneraHuve
pyaHoro Tena nog, mMolwHoA (Bonee 550 m) ocanoyHoil Ton-

€ Ceprees C. B., 3aiues [1. A, 2012

Weid ¢ 3aKnoYeHHOW B He CUCTEMOW BbICOKOHANOPHLIX (A0
4 MMNa) BoACHOCHLIX FOPHM30OHTOB, 8 TAKXKE NPOBEAEHWE rop-
HbIX BLIPADOTOK B HEYCTOWYMBBIX W BECBEME HEYCTOMYMBLIX
peixneix Goratex pygax [1]. 3Tk daxkTopel onpegenunu
EbIBOp HWMCXOOAWEH Ccnoeeol cWCTeMbl pa3paboTkm ©
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3aknankoil BeIpaboTaHHOrD NPOCTPAHCTBE TEEPASIOWWMAK
CMEeCcAMW B KaJecTBe OCHOBHOro cnocoba obecne4veHws
fe30nacHoOro M 3KOHOMWYECKM MNPUEMIEMOrQ QCBOSHWUA
MECTOPOXOEHWA,

Ana NpUroToBNeHWA 3aKknNafoyHex CMECed B KaYacTee
BAXYLLErD MATEPUANE MCNONL3YIOT NOPTNAHAUSMEHT KNac-
ca 32,56 (UEM II/A-LU 32,5B) wam 32,5H (LUEM II/A-LL
32,5H), B Ka4ecTEe 3anonHWTENs — NPUPOOHBIA Necok 13
kapeepa «Bonswwe Mas4dku=, pacnonoXeHHoOro paaom c
TEXHONOMMHECKUMK KOMNNeKkcamn HKOBNeBCKOro pyOoHWKA.
He McknioYyeHa BOSMOXHOGTb NPUMEHEHWMA BMECTE C NECKOM
apobtneHoro webHa dpakumn —10 MM M3 CKaNbHEIX NOPOL W
LWINAKOBLIX OTXOA0B YEPHOW W LBETHOW METannypriK nocne
NpoBEOEeHWA COOTBETCTBYIOWMX NabopaTopHeiX M ONBITHO-
NPOMEILLNEHHEX MCNBITAHWA,

JaknagouHele paboTel BeINOAHAKT ¢ MUHMMANBHBIM
OTCTaBaHWEM EBO BPEMEHW NOCNE 3ABepPLEHWA OHMCTHBIX
paGoTt. CHavana apMUpyIioT HKHWA (HeCYWMil) cnoil Beipa-
GoTkW CRAPHOR ceTKol ¢ pazmepom Adeek 100:x100 mMm 13
NPOBONOKKM AWaMeTpomM 5-6 MM B KOMBWMHAUWWK C BEPTH-
KanbHOW apMaTypoi, 3atemM NoAaIT 3aKNafoyHy CMECk B
HUMHWIA CNOM HA BLICOTY 2,5 M (C HOPMATUEHOA NPOYHOCTEID
10 MMa), nocne cxBaTelBAHMA M YCAAKW KOTOPOro OoNvBaoT

“..
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Puc. 1. CxeMa pazMenieHua TEHAOMETPHYECKOH ANIMAPATYPEI
E BRIpaADOTHE:

I AeMEHTE] BEPTHKANLHOH ApMHDPOBKH; £ — BEPTHKANL-
HbIi gedopMomMerp; 3 — DJATUHEK TEMIePATYDRI; 4 IIore-
peuHBL JedopMoMerp; 5 — oceBol geiopMoMeTp

BEPXHION YacTh 3AXOAKM manonpodyHoid (1 MMa) cmeceo.
HopmaTWeHas NpoYHOCTE 38KNaA04MHOI0 MACCHMEA HMMEne-
HALWWKX OYWGTHRIX CNOBBE NOO 3alWTHOW NOTONOYMHOR
coctaenaeT 4 MMa, B conpaxeHuax BelpaboTok — HE HUXe
6 MMNa [2].

B oiHOM M3 SKCNNYATALMOHHBIX BNOKOE LWaXTHOMD NOAA
CTPOALWErocHA AKOBNEBCKOro PYAHWKA NPOBEAEHE MCCNEeno-
BAHWA HANPAXEHHO-0edopMUpoBaHHOrS cacToRaEna (HAOC)
hOPMUDYEMOro 3aKNaaoHHOro MaccuBa C MCNONB3I0EAHUEM
CTPYHHLIX npecbpazopatenei AedOopMaunii OnA OUEHKW
M3MEHEHWA HANPAXEeHWA B 3axknanovuHoM MAaCCHMBE B Npo-
Lecce NpoBeAeHWA MopHeIX BeipaboToK B 3KCNNYATALUWMOH-
HOoM Bnoke.

B cooTBETCTEMM C NporpaMmmMmoi pabor [3], kpome KOoH-
TpoOnA pasenTia nedopmMmauuii, Mcchenosad Temneparyp-
HBIA pexumM NPy GoOPMUPOBaAHWK 3AKNAA0YHOro MacCcMBea.
Ans MamepeHus TeMnepatypsl MCNONb30BaHLI NPOCTHIE M
HajexHele CTPYHHBIE npeobpazoBaTeny Temnepatypsl
NTC-60 omuyeckoro conpoTueneHWAa (TY-34-28-15501-
77), No3RONAIWME KOHTPONWPOEATE M3MEHEHWE TENNOBOMD
nokazarens 8 MHTepeane ot —20 po +60 °C. DaTtunkw pasme-
wanu nepe Nogaveid B OYNCTHOE NPOCTRPaHCTBO 3aKknanoy-
HOI CMEeCH, TEMNEPATYPHLIA perucTpatop NTC-60 sakpen-
nAnK Ha euicoTe 1,5-2 M 0T NnoYesl BeIpaboTew (puc. 1).

HMayuyenve TENNOBOTD pexvma POpPMUPYEMOro 3akna-
LOYHOrD Maccyea ABNAETCH BaHbIM MHGOPMATUEHBIM 3BE-
HOM B erg guarHocTvke, CTpOMTENBHOW NpakTWKDW ycTa-
HOBREHO [4], 4TO ONTUMAaNBHLIMK ONA TEEPAEHWA LEMEHT-
HO-NECYaHBIX CMECER ABNAIDTCA TENNLIE KM BNAXHLIE CPEakl.
XMMUYECKWE PEAKUMKM MUHEDANOE UEMEHTHOID KNWHKEpa ¢
BOOCKH NepecTaT AeNcTB0BaTL, ecnv BeTOH BLICHIXAET WNMK
BOOAa 3ameps3acT. HopmaneHee yCnoBra TEEPOEHMA LEMEHT-
Horo BetoHa (Npy TemnepaTtype 18-22 “C 1 oTHOCUTENEHOR
BnaxHocTH eo3ayxa 95-100 %) oGecneyqeanT onTUMAaNb-
HbIE TEMMLI HAPACTAHWMA NPOYHOCTH — 4Yepes 28 oyt GeTou
HabWpaeT MapOYHYIO NPOYHOCT.,

3HaunTensHele rNYOMHE BEOeHWs ropHex paboTt Ha
HkoeneeckoM pyaHWKe camu no cebe cnocoboeteyioT obec-
neYeHr GNaronpuATHBIX YCnoBWiA Ana dopMupoBaHMa
3aKNagoYHOro MaccHea 3a CYET regTePMUYECKOrD rRagueH-
Ta MNOBLILWEHWA TEMNEpaTypsl NMPWPOAHOro Maccuea (B
cpegHem Ha 3 °C Ha kaxose 100 m yBenuYeHna rnybuHe ),
OAHEKD NpH 3TOM CReAYeT YYWTHIBaTE MeoNoOrHYecKkne nco-
GEeHHOCTH MECTOPOXOSHWA, IHAOMEHHYID AKTUBHOCTE DEeru-
OHa, a TakKKe HeoOHOPOOHYK TennonpOoBOAHOCTE MOPHBIX
nopog [5].

Ha ctagui recnoropasgenoyHex pador (1955-1957 rr.)
ONA OUSHKM BO3MOXHOCTH W TEXHONOTWA NpUMeHEHWA
3aMoOpaxvBaHUs NpPY CTPOWTENLCTEE LWAXTHLIX CTBONOB
GBIN0 NPOBEAEHO MAYHEHWE TeNnNodWaNYecKux CBOWCTE rop-
HbIX NOPOL, W TEMNEPATYPHOrD pexiMa Noa3eMHbIX BOO Ha
HArxopneBckom MecTopoxaeHun. Mo nanHem [6], onpenene-
HWE reoTepMUYecKOr CTYNeHW NPOBOAMAKW C MCNONBIOBAHM-
eM InekTpoTepMmomeTpa Tina 2C-CBY npu conpotuenern
v3onaumK 12 MOmMm W ckopocTh nogbema 300 M.
MeoTepMUYecKWEe MCCNefoBaHNA NPOBOAMIAM HA CKBAXMHAX
MNe 22, 31U, 76 w 171 pexumHoil cetw, npobypeHHex U obo-
pyAoBaHHeX onA Habnwoperwia 3a 10 Mec o NpoM3BoACcTBa
paGoT. AHANW3 NONYYEHHBLIX AAHHBLIX NOKA3an, 4To Ha rnybu-
He 550-725 M TeMnepaTypa B pyAHOM MACCHEE W3MEHMW-
nace o7 23 pgo 27 °C. 3T paHHbie XOPOWo CornacyloTca .
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Puc. 2. PeayabsTaThl 3aMEpOE TEMNEPATYPEI PAZ0OTPeEa
H OCTRIBAHNS TECPACHOISH 3AKIAJ0YHON cCMeCH BO BPeMeHN

pesyneTaTaMM COBPEMEHHLIX IaMepoB Temnepatypbl B
OMUCTHBLIX 3a60AX ropHbix BelipaboTok HAa ropuaoHTe —370 m.

OceoeHne AKOBNEBCKOrO MECTOPOXOEHWA OCYWEeCT-
BNAETCA B CNOXHBIX TMOPOreonorvY4eckux YCNoBUAX MNpK
HANWHYKMK NOKANLHEIX 30H PYOHOrO0 MACCWMBA C NOBLILLEHHOW
BAAXHOCTBLID M HE NONHOCTLID CAPEHUPOBAHHLIX YYACTKOB B
KPaeBblx YacTAX AENPeCcCUOHHOR BOPOHKK pYOHO-KpUCTanN-
MMYECKOro BOAOHOCHOTO ropu3oHTa. Kpome Toro, npu noa-
paboTke BOAOYNOPHBIX OTNOXEHWA BO3IMOXHO NOABNEHWE
BOf, HUWXHEKAMEHHOYIONBHOIO BOAOHOCHOrD rOPWU30HTA.
Bmecte ¢ TeM TexHONOrvyeckoe NocTynnedve eodbl NpW
ApeHaxe 3aKknafoqHOR CMEecH, NPoMBIBKE TpyBonpoBoaOE
aaknanoYHoro xo3siicTea w Gyposewix paborax Takxe cno-
COBCTBYIOT NOCTOAHHOMY COXPaHEHWIO BCTECTBEHHON OTHO-
CUTENBHOW BNaXHOCTK BO3AYXa HA ypoeHe 100 %. Haubonee
WHTEHCMBHO MNPOWCXOOWT BblOEnNeHne [AononHWUTENbHOR
BOOLI 3a CYeT NnapoobpasoBaHWA B NEPBLIE TPOE CYTOK
nocne NocTynIeHns 3aknanovHoA cMeck B BeipaboTaHHoe
NPOCTRAHCTEO.

Takum oGpasom, ecTECTEEHHBIE W TEXHOMEHHBbIE Tep-
MOBNAKHOCTHRE YCNOBWRA, CONPOBOXAAKWMWE NPOUECT
GopMMpOBAHWA 3aKNAN0YHOrD MACCHBA B MNOO3IEMHOM
BepaboTaHHOM NpoCcTpaHcTee HAKOBNEBCKOro pPyaHWMKA,
KnaccudMUMpyioTCA Kak BnaronpuATHEIE W COOTBETCTBYIO-
WiMe HOpPMANbHBIM YCAOBMAM TEEDASHWS CTPOWTENbHLIX
BeroHos.

MNpY NpoBeaeHWK 3KCNEpPUMEHTanbHbIx paboT yoTa-
HOBNEHO, 4TO MNPOWMCXOAWNT COXPaHAKWMWACA O0Nr0e BpEMS
3KI0TEPMUYECKWIA PA30rpeB MAcchl TBEDASIOWESA 3aknagku
33 CueT XMMWYECKWX NPOUEcCOB FMAparauvy LeMeHTa:
yepes 90 cyT TEMNEpaTYpa B LEHTPE BEPTUKANLHOMD ceve-
HWA FOPHOA BLIpaboTEK coxpaHAeTea Ha ypoeHe 40 °C. 3tor
Tennoeoi adhexT cneayet MHTERNPETUPORATE KaK NONOMMW-
TensHsIi pakTop [ONONHUTENEHOW TepMooBpaboTrwr 3akna-
O0YHOMD MacCKuBa.

B npougcce WCCNenoBaHWA BwinonHeHo okono 300
3aMepoB TeMnNepaTtypsl 3aKnago4Horo Maccuea no BCem
yCTaHOBNEHHLIM  HabnWOATENEHEIM  CTaHUMaM, CTaTuec-
Tiyeckan obpaboTka peayneTaTtoe HabnwopoeHwid Nnokazana,
HTO Pas0rpeB 3akNafoqHOro Maccwea NPoWcxoagWuT B nep-
Bhie 5-7 cyT. B aT0T Nepwog TEMNEPaTYPa AOCTUIAET CBOe-

180 210 240

Fo MakcumMyma, nosslance A BB6-72 °C. DakTH4ecku
3aUKCUpOBAHHAA CpefHAR MAKCUMAankLHas Temneparypa
no BGEM YCTAHOBNEHHLIM 3aMEPHLIM CTAHUWAM COCTaBMNa
69,1 "C npv cpenHeKEanApPaTWHHOM OTKNOHeHun 2.5 °C.
JoeepuTensHeIR MHTEPBAN CPEAHEN MAKCUMANBHOW Temnea-
PaTypbl pPas’orpeeaHMAa 3aKknanoyHoro Mmaccuea ¢ HaoexHoC-
Teio 95 % coctaemn 69,1£2,7 °C. Bonen 3a WHTEPBANOM
NOBLILWEHWA TEMNEPATYPb OTMEYEHA OTHOCWMTENbHAsS CcTa-
Bunuaauma TENNOBOMD PEXMMAa 3aKNaf0YHOro Maccusa B
TeyeHwe 1-2 cyT ¢ coxpaHeHvaen HabpaHHoR TeMneparypkl
B npegenax AOCTUrHYTLIX Makcumymoe., B panebHeiwem
NPCOVCX0ANT ro OGThiBaHWe, CONPOBOXKAAIDLLEecA CHUKE-
Hrem QHKCUpYEeMbIX BENWHKMH TEMNEPATYPLI (pwuc. 2).
CornacHo CH 290-74 «MHCTPYKUMS NO NPUIrOTOBNEHWUIO
W NPpUMEHEHWIO CTRPOWTENBHEIX PACTBOPOE=, NPWA COXpaHe-
HUW TEMNEPATYRE! OKPYKAKWEro Maccuea Ha ypoede 35-
40 °C HaBop HOPMAaTHUBHOM NPOYHOCTH ANA BoapacTa 28 cyT
MO¥ET BbiTe OOCTUHYT 3HAYMTENBHO DBICTPEE — 4Yepes
16-18 cyt. Cokpawexve spemedHw HaGopa HOPMAaTWBHOW
NPOYMHOCTH 3aknapgo4HoOro mMaccwvwea ABNAETCA Betbma
atbdexkTmBHeiM dakTopom, obecneynean noesiwexnve HDes-
ONacHocTW paboThl ropHOro NepPCoHana W NO3BONAA NpW-
BMM3nTe CPOKKM BO30GHOBNEHMA O4YMCTHEIX paBoT Ha y4acT-
Kax eBnvan chopMUpOBAHHOND 3aKNafoyHOro Maccuea.
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RESEARCH OF A TEMPERATURE MODE OF THE FILLING MASSIF DURING THE DEVELOPMENT OF YAKOVLEVSKIY
IRON-ORE DEPOSIT
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! Belgorod National Research State University (Belgorod, Russia)

The paper presents the research results of the formation conditions of filling mass during the development of rich iron ores of
Yakovlevskiy deposit of Kursk Magnetic Anomaly. The severe mining and hvdrogeological conditions of the deposit determined
the usage of laverwise development system with the deseending processing order and with a goaf stowing by the solidity mixtures.
The experimental works were carried out in one of the operational units of Yakovlevskiy mine, at more than 600 meters depth of
mining operations. The strain gauge monitoring stations of the stress-strain state of the massif include the string temperature
converters STC-60 (ITTC-60) with an ohmic resistance. These temperature converters are applied as a means of the thermal regime
monitoring of filling massif.

There are also established natural factors, which determine the environmental humidity conditions of deep mining at the
mine. The sizes and duration of the exothermic reheating of solid stowing were practically set due to the chemical processes of the
ceme;}t hydration, which should be considered as an anthropogenic factor, which has an influence on the thermal regime of filling
massil.

With the object to improve the work safety and drawing near the resumption of second workings in the underground mine and
surrounding areas, the following parameters are recommended to use:

-the parameters, which are favorable for the ensuring of the characteristic strength of filling massif;

-natural and anthropogenic parameters;

-temperature and humidity parameters.

Key words: deep iron ore mine, underground mine, geotermic gradient, water abundance, goaf stowing, formation of filling
area, temperature and humidity conditions.
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E. A. EPMOJTOBHY, WU. A. LUOK { Benropodckmid rocyapcTBEHHbIN YHHBERCHTET)

TEXHOINEHHbIE OTXOAbl B COCTABE
3AKJIALJOYHbIX KOMMO3ULUOHHbBIX MATEPUAJTOB

Mpedemaanenst 3OA0ZUMECKY PAYUOHATEHbIE MARD- 1 Hec-

YEMEHTILHBE COCTIAGEL! AUMBIE U NACMOGHY JAKAAIONHBLY KoM
JUMOB HA OCHOBE mMexHozennbix omxodos. [Tpusedenst ux usurno
Mexaruveckue ceoicmea. Joxazana neyerecoofpaznocms ofec
ULAAMAUBAHUA 3aKAA00YHOZ0 Mamepuad.
E. A. EPMOJIOBAY, M. A. LUIOK,
AOLSHT, AOLEHT,
K@Hg. TEXH. HaYK KaHO. TEXH. HAyK

Knawuweawe caoga: Kypekas MazHumuas aHoMaiuR, 3axiadea

EbpAtomanioe npocmpancmed, omxodsl ofo2aujenia Neaesue

MY KEAPYUMDE, CEePXMOHKOE UAMEAbNEHUE, CYNEPRAACTUU-
Kamop.

ZEMHYHD) W NOAZEMHYIO TexHonoru. Jna obecnedyeHns non-

B Bacceilne Kypckoi MarHuTHOW aHomanuu (KMA) npo-
M3BOAMTCH B HacTonwWwee Bpemsa Gonee NONOBWMHLI XEneso-
PYOHOro KoHUueHTpaTta Poccui. OTMETHM, Y4TO AeACTBYIOLIME
FOKw pervoda npuBanxkanTca K nNpegensHeiM rayduHam
OTKPLITLIX ropHbix pabot (500 m). 310 avkTyeT Heobxoow-
MOCTbE MX NEPEX0Aa HA KOMOWHWPOBAEHHYIO (OTKPBITO-NOO-

@& Epmonoswd E. A, Wok M. A, 2012

HOTHI MIBNEYEHWA NONe3IHOrQ MCKONaemMoro HEHGCOGﬁPEBHD
nopaboTky MECTOPOXOEHWA NOoL3eMHLIM CnocoDoM ocy-
WEeCTBAATE € NPUMEHEHWEM CWCTEM C 3aKnaaxkoi Bwipabo-
TAHHOrO NPOCTPaHcTBa. Ho BLICOKWME 3aTpaThl Ha NpoBene-
HWE 3aKNanouHLIX paboT, KOTOPLIE AOCTUraoT 65 % pacXonos
Ha Aobbiby, B TOM yncne ao 60 % — Ha OCHOBHON BAXYLLMIA
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