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OILIEHKA BJIMAHUA I10JIOKEHUA
3OHbI HAPYHIEHHNA HA BEJINYNHY
AHOMAJIBHOI'O CUTHAJTA
B IIOJA3EMHOW DJEKTPOPA3BEJIKE

AHHOMayus. BoiaBieHUe 30H MeIKOAMNINTYAHOW TEKTOHUYECKOW HapyLLIEHHOCTU B YTO/bHbIX
LIaxTax AB/AAETCA HaCyLLIHOMN 3aAadelt. PelleHne 3ToM 3a4a4m BO3MOMXKHO reodpu3nYecknmmn meTo-
OaMU, B YaCTHOCTU MeToAamM MOA3eMHOM 3/1eKTpopasBeaku. OCHOBHOW npobiemoit npu 3Tom
ABNAETCA pelleHWe obpaTHOM 3agaun. Ee pelueHue AONKHO OAHO3HAYHO AaBaTb KOOPAMHATHI
aHOMAa/IbHbIX MO 3/1EKTPONPOBOAHOCTM 30H, KOTOPbIE CBA3AHbI C MENKOAMMIUTYAHON TEKTOHUYE-
CKOW HapyLleHHOCTbIo. 1A npumeHstoLLerocsa Ha waxTtax Kysbacca aneKkTpopassegoyHoro meTtoaa
303M-M (3KBaTOPMANbHO-AUMONBHOE 3/IEKTPUYECKOE MPOCBEUYMBAHME MapasinesibHoe) Hauyu-
LIMM METOAOM pelleHns 06paTHOW 3a4aum ABAAETCA METOA, aHa/IMTUUYECKOro NPOAO/IKeHMA. Ona
aHOMa/IbHbIX 30H C OAMHAKOBbIMM NMapameTpamMm, eC/ii OHM HaXOAATCA B Pa3HbIX TOYKaX, AaHHbIe
MoJly4eHHble Ha M3MepUTebHOM npoduae pasnnyaroTca. BosmylieHue, cozgaBaemoe aHOMas -
eil, onpeaenserca ABYMA PaCCTOAHUAMM: PACCTOAHNE KTOKOBbIN AMMNO/Ab» — «aHOMaJlbHas 30HaY;
paccTofHWe «aHOMa/lbHaA 30Ha» — KU3MepPUTENbHbIN NPoduab». BblIM NoNyYeHbl 3aBUCMMOCTH
BE/NNUYNHbI aHOMa/IbHOTO CUTrHaMa AN STUX PACCTOSHUIM U NPEeA/IoKeH anropuTm 06paboTKM ncxoa-

HbIX AaHHbIX, KOTOprﬁ nossonnet bonee AO0CTOBEPHO OUueHnBaTb BEIMYUHY aHOMATNN.
Knroyeeblie cnoea: snekTpopassesKa, MOAENMPOBaHME, aHOMAIbHAA 30HA, 9KBATOPUAIbHO-

AOUNOJIbHOE 3/1eKTpUYeCcKoe npocseynBaHue.

OAHOM U3 3apay NMOA3EMHOM 3AEKTPO-
pa3BEAKM B YrOAbHbIX LUAXTax ABASIETCSA
BbISIBAEHWE 30H C aHOMaAbHbIMWU GU3UUe-
CKMMM CBOMCTBAMMW. ITU 30HbI B OOAbLLINH-
CTBE CAyYa€B MPUYyPOUEHbl K yyacTkam C
BbICOKOW ra3oAMHAMUYECKONW aKTUBHO-
CTbto. TakMM 06pa3oM, OKOHTypuUBaHUE
aHOMaAbHbIX 30H M MOCAEAYHOLLEE NPOrHO-
3MpoBaHUe BbIOPOCOONACHbIX YYaCTKOB B
BblEMOUYHbIX CTOADAX BMepeard OUMCTHbIX
pa3boeB ABASIETCA aKTyaAbHbIM.

AAS pelleHns 3apaun OKOHTYPUBAHUSA
AHOMAaAbHOM 30HbI METOAAMMW NMOA3EMHOM
3NEKTPOpPa3BeAKN B ycaoBusX Kysbacca
LUMPOKOE pacnpoCTpaHeEHUE MOAYYUA Me-
TOA 9KBATOPUAABHO-AMMOABHOIO 3AEKTPU-
yeckoro npoceeumBaHua (9A3M). B paH-
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HOM METOAE MPOBOAATCA MCCAEAOBaHMA
Nno napanAeAbHbIM MOA3EMHbIM BbipaboT-
KaM, B OAHOW BblpaboTKe yCTaHaBAMBatOT-
CA TOKOBble 3AeKTPOAbl (AB) B KpoBAe M
nouse, a No APyroi BbipaboTKe ¢ onpeae-
AEHHbIM LaromMm no npodUAKD NMPOBOAATCS
M3MEPEHUS Pa3HOCTU MOTeHUMaAa KpPOB-
As-noyBa. [locAe MPOXOXAEHWA U3MEPU-
TEAbHOrO NPOPUAS NMPOUCXOAUT MNepecTta-
HOBKa TOKOBbIX 3AEKTPOAOB B Apyroe no-
AOXEHWE N BHOBb MPOBOAATCA U3MEPEHUS
Mo Pa3HOCTU NOTEHUMAAOB (HanpsXXeHUs).

AAst 06pabOTKU AQHHbIX B HALLEM CAy-
yae MCrnoAb3yeTcss paspaboTaHHas HaMu
nporpamma anekTpotomorpadun. B ee oc-
HOBE AEXMWUT METOA aHaAMTMUYECKOro Mpo-
AonkeHus [1]. Kak n3BecTHO, npoTtekaHue
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ITon10:xeHEe TOKOBOIO TUTOJISI

30Ha HapyLIeHUst

IMoazemHbIe BBIPAOOTKH

X

* - Ilonoskenne U3MepUTEIHLHOIO AUMNOJIsSI HA Tpodue

Puc. 1. BsaumHoe noAOXeHWe B nAaHe TOKOBOIo, N3MEPUTEAbHbIX ANIMOAEN Y 30HbI HapyLlieHus

Fig. 1. Plane view of positional relationship between the current and measurement dipoles and a dislocation
zone
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Puc. 2. 3aBMCHMOCTb @HOMaAbHOIO CUrHaAa rno M3MepUTEAbHOMY MPOPUAIO (@) N PE3YAbTaT PELLEHUS
0bpaTHoOM 3aAa4m o AaHHbIM U3mepeHui (6)

Fig. 2. Anomalous signal curve along the measurement profile (a) and from the inverse problem solution
using the measurement data (b)



TOKa B MaccuBe MPUBOAUT K HAKOMAEHUIO
3apAA0B Ha rpaHMLUax pasaena Cpea C pas-
AMUYHOW MPOBOAMMOCTbBIO, TO €CTb TOKOBbIM
AVMNOAb, ABASIOLLMICA NEPBUUYHBIM UCTOY-
HUKOM, MHAYLIMPYET B MacCUBE BTOPUUHbIE
WCTOUYHMKM, MPUYPOUEHHbBIE K aHOMaAbHbIM
30HaM. AAS pacyeta Mbl MCMOAb30BaAU
3HaUEeHWA HanpPsXKEHWH, CO3AaBAEMbIE aHO-
ManoobpasyomnM 06bEKTOM, AAST 3TOMO U3
AAHHbIX MOAYUYEHHbIX B CPEAE C aHOMaAU-
el BblUMTAOTCS AAHHble MOAYUYEHHble B
6e3aHoOManbHOM cpepe. AN aHOMaAbHbIX
30H C OAMHAKOBbIMMW NapamMeTpamu, ecAu
OHM HaxXOAATCA B pa3HbIX TOUKAX, AQHHble
NMOAYUYEHHbIE HA U3MEPUTEABHOM NpPodUAe
pasAnyatoTcs.

OueBMAHO, UTO BO3MYLLIEHWE, CO3AABaE-
MOe aHOMaAMEN, OMPeAENseTcs ABYMS pac-
cTtosHUsaMU (puc. 1):

* paccTofiHWE <«TOKOBbIA AWMOAb» —
«@HOMaAnbHas 30Ha (R4, R2...)»;

* paccTosiHWe «aHOMaAbHas 30Ha» —
«U3MEPUTEABHbIV MPOPUAL (R4 )».

370 HEOBXOAMMO yUMTbIBATbL NPKU 0bpa-
60TKe AQHHbIX 1 BHOCUTb B MporpamMmmy 06-
pPaboTKM COOTBETCTBYHOLLME KOPPEKTUBDI.

OueHka BAMAHMS B3aWMHOIO MOAOXE-
HUA NEPBUYHOIO MUCTOUYHUKA M aHOMAAUK
NPOBOAMAACH CAEAYHOLLIMM 0H6pa3oM.

B nporpamme moaeanpoBaHua [2] noa-
3eMHOIN 3NEKTPOPa3BEAKU ObIAM MOAYUYEHbI
3HaAYEeHUA HanpsXeHUn Ha U3MePUTENb-
HOM MPOdUAE AAA PABAMYHBIX MOAOXKEHWUI
TOKOBOIO AMMOAS. [TprMep curHana ot aHo-
Manoobpasytolero obbekra NPUBEAEH Ha
puc. 2, a. 3atem no NOAYYEHHbIM AAHHbIM
C NOMOLLbIO NporpamMmbl 06paboTkn bbina
pelleHa obpaTHaa 3apaya, ONPEAEAEHbI
NMOAOXEHWE aHOMAaAbHOM 30HbI U ee amn-
AMTYAHOE 3HaueHue (puc. 2, 6).

Annpokcumauus 3aBUCUMOCTU «CyM-
MapHoe pacctosHue (R1+R4)» — «amnau-
TYAHO€ 3HayeHWe aHoOMaAuKW» BbIAO MPO-
BEAEHO C MOMOLLbK 3KCMOHEHLUUAABHOM
dYyHKUMK (puc. 3). 3aBMCUMOCTb aMMAK-
TYAHOrO 3Ha4Y€HWs aHOMaAWKW OT pPaccTos-
HUS UMEET BUA:

Ua — ae‘b(R/A+RAU) (1)

A€ @ — «KOHTPACTHOCTb» aHOMaAuu; b —
KOaGOUUMEHT 3aTyxaHus; R, — paccros-
HWE TOKOBbIM AMNOAb — @aHOMaAbHas 30Ha;
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Puc. 3. Annpokcumaums 3aBUCUMOCTU aMIAUTYAHOIO 3HaYeHnsi aHOMaAnn OT CYMMapHOro paccrosi-
HUS (MCTOYHMK — 30Ha HapyLUEHUS + 30Ha HapyLLEHUS-U3MEPHUTEAbHbIN MPOGUAL)
Fig. 3. Approximation of abnormality amplitude versus total distance (source-dislocation zone+dislocation

zone-measurement profile)
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R,, — PaccTosH1e aHoMaAbHas 30Ha — W3-
MEePUTEAbHbIW NPOGUAD.

DA ABYX PA3AMUHBIX NOAOXEHWI TOKO-
BOIO AUMOASA UMEEM

Taknum o0bpa3om, NOCAe BbIYUCAEHUS a
Mbl UMEEM «KOHTPACTHOCTb» AQHHOW aHO-
MaAbHOM 30Hbl. AATOPUTM 06paboTKKN Te-
nepb OBYAET BbIFASAETb CAEAYHOLLIMM 06pa-

U . = ge 2RutRw) 30M:
al (2) * HaxOAMTCH MOAOXEHWE aHOMaAbHOM
U, = ag (e Fu) 30HbI M €e aMMNAUTYAHOE 3HAUYEHUE;
PelueHne cuctembl ypaBHeHUI (2) UMme- * OMNpPeAEenieTca «KOHTPACTHOCTbL» (@)
€T BUA U 3TOW 30Hbl;
b:;lni, (3) * aMMNAUTYAHOE 3HayeHWe yMHOXaeT-
RIA2 _RIAl Ua2 CA Ha a.
U, Takaa onepaums No3BOAUT Bonee AOC-
a= m : (4) TOBEPHO OLIEHNBATb BEAMUYNHY aHOMAaANM.
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Estimate of influence of dislocation position on anomalous signal intensity
in underground electrical survey
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Abstract. Detection of small-amplitude tectonic dislocations is a pressing task in coal mining. The task
can be solved using the geophysical methods, in particular, the underground electrical survey. The basic
difficulty in this case is the inverse problem solution. The solution should yield unambiguous coordinates
of anomalously conductive zones related with the small-amplitude tectonic dislocations. For the electrical
survey approach (equatorial parallel dipole electrical sounding) applied in Kuzbass mines, the best way of
solving inverse problems is the continuation method. The measurement profile data differ in anomalous
zones having the same parameters but different locations. Apparently, an anomaly-induced disturbance is
determined by two distances: current dipole—anomalous zone distance and measurement profile—anoma-
lous zone distance. The relations between the anomalous signal intensities and these distances are ob-
tained, and the initial data processing algorithm is proposed, which enables more accurate estimate of the
size of an abnormality.

Key words: electrical survey, modeling, anomalous zone, equatorial parallel dipole electrical sounding.
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OINPEAEJIEHUE ITAPAMETPOB IT'MIPOTPAHCITIOPTA XBOCTOB OBOTAIIIEHUSA
XKEJE3HOU PYJbl KAYKAHAPCKOI'O 'OKA
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1 CaHkT-lMeTepbyprckuin ropHbIi YHUBEPCUTET.

B KauyecTBe 06bEKTA MCCeL0BaHUA BbICTYNAET CUCTEMA FTMAPOTPAHCNOPTA XBOCTOB 060raLleHus Ke-
nesHow pyabl Ha AO «EBPA3 KaukaHapckuii TOK». Lienbto paboTbl ABAANOCL ONpeaeneHne napameTpos
rMAPaBAMYECKOrO TPAHCMOPTa XBOCTOB ObOraleHnn KenesHom pyabl NPU MAcCoBbIX KOHLEHTpaLMAX
TBepaon ¢asbl oT 30% A0 70% c pa3paboTKO peKoMeHAaLMI AN NPOMbILWIEHHON 3KCNAyaTaumm Cu-
CTeM rMapoTPAHCNOPTA BbICOKOKOHUEHTPUPOBaHHbIX Nynbn LIXX KaukaHapckoro FOKa. MeTtoabl npose-
AeHuA paboTbl — nabopaTopHble UccnefoBaHMA NapaMeTPOB MMAPOTPAHCNOPTA CryLLEHHbIX XBOCTOBbIX
nynbn ¢ pa3paboTKO MEeTOAMKM pacyeTa; OnbITHO-MPOMbILUAEHHbIE UCMbITAHUA TMAPOTPAHCMOPTHOM
cuctembl B ycnosuax LUXX KaukaHapckoro TOKa. OcHOBHble KOHCTPYKTUBHbIE, TEXHO/IOTUYECKME U Tex-
HWKO-3KCMNyaTaLMOHHbIE XapaKTEPUCTUKN — YCTAHOBEHO, YTO NPU MCNOb30BaHMUM NOANYPETAHOBbIX
MOKPbITUIA BHYTPEHHEN MOBEPXHOCTU My/NbMOBOAOB 3HAUYUTENbHO (1,75) cHUKatOTCA yaeNnbHble noTepu
Hanopa Ha rMAPOTPAHCMOPT CryLWEHHbIX CMecell. 9TO NO3BOAET 3HAUYUTENIbHO YBEANYUTD AMHY TPAHC-
NOPTUPOBAHMA ANA YKNALKM XBOCTOB 06OralleHMa B AasibHWE YYacTKM XBOCTOXpPaHMAULLA. BbinonHew-
Hble TEXHUKO-IKOHOMMUYECKME pacyeTbl MOATBEPKAAIOT IKOHOMUYECKYIO 3G EKTUBHOCTb MCNO/b30Ba-
HWA CTaNnbHbIX TPY60ONPOBOAOB C BHYTPEHHUM NONNYPETAHOBbIM MOKPbLITUEM.

KntouyeBble cn0Ba: rMAPOTPAHCNOPT, CryLLeHHble TMAPOCMecH, XBOCTbl oboraleHua, notepm Hamno-
pa, NnoAnypeTaHoBble NOKPbITUA, N1abOpPaTOPHbIE U ONbITHO-NPOMbILLIEHHbIE UCMbITAHUA.

DETERMINATION OF PARAMETERS OF HYDRAULIC TAILINGS BENEFICIATION
OF IRON ORE IN KACHKANAR GOK

Avksentiev S.Yu.*, Candidate of Technical Sciences, Assistant Professor, e-mail: avksentiev@mail.ru,
Serzhan S.L.*, Candidate of Technical Sciences, Assistant of Chair, e-mail: sergei.serzhan@mail.ru,
Trufanova 1.S.1, Candidate of Technical Sciences, Assistant of Chair, e-mail: rafis614321@mail.ru,

1 Saint-Petersburg Mining University, Russia.

The system for hydrotransport of tailings of iron ore processing at JSC EVRAZ Kachkanarsky GOK acts as an
object of research. The aim of the work was to determine the parameters of the hydraulic transport of tailings
for the processing of iron ore at mass concentrations of the solid phase from 30% to 70% with the develop-
ment of recommendations for the industrial operation of the hydrotransport systems of highly concentrated
pulp from the Kachkanarskiy GOK. Methods of carrying out the work — laboratory studies of hydrotransport
parameters of thickened tail pulps with the development of a calculation technique; experimental-industrial
tests of the hydrotransport system in the conditions of the Kachkanarsky GOK. The main structural, techno-
logical and technical and operational characteristics: it is established that when using polyurethane coatings
on the inner surface of the pipes, the specific loss of pressure on hydrotransport of condensed mixtures is
significantly reduced (1,75). This makes it possible to significantly increase the transportation range for laying
the tailings of processing to the far parts of the tailing dump. Completed technical and economic calculations
confirm the economic efficiency of using steel pipelines with an internal polyurethane coating. The degree of
implementation of the research results is in the project for the reconstruction and development of tailings
pond of the Kachkanarskiy GOK for the period 2018-2020. Recommendations for implementation of results:
it is proposed to use the results of work in the project of reconstruction of the hydrotransport system at the
Kachkanarskoye ore processing plant by switching to hydrotransport of slurries condensates to mass concen-
trations of 35-40% in pipes with an internal polyurethane coating, which will provide energy saving in the
technological process of hydrotransport.

Key words: hydrotransport, condensed slurry, tailings of processing, pressure loss, polyurethane coatings,
laboratory and pilot-industrial tests.
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