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Abstract

Priargunsky Industrial Mining and Chemical Union is supplied with uranium and uranium—molybdenum
ores of Streltsov fields — the largest uranium ore base in Russia. In the course of uranium production and
sorting, low-grade ore is separated and dumped as solid waste. This waste constitutes potential danger
to the environment. Under the influence of the atmospheric phenomena, uranium can liberate from
the dumps in the form of dust, or in the dissolved form, thereby, polluting soil and groundwater. For
the period of company performance since 1968, nearly 5 Mt of low-grade ore have been accumulated
at the mine infrastructure site, and their processing using the available technologies is economically
inexpedient.

This article presents a solution to the problem by including low-grade ore of Streltsov ore field (SOF) in
the processing with the preliminary separation of low-metal content ore. The analysis of the particle
size distribution of the standard quality SOF ore is presented. The main regularities in the distribution of
metal and nonmetal material are determined. It is described how low-grade ore is sorted with respect to
the size grades. The economic efficiency of this technology introduction has made more than 90 million
rubles in 2014-2016.

In addition, the issue of mudding (silting) of ore material, during agglomeration of fine [articles is
discussed. The authors report the lab test data on the selection of cohesive materials as well as the
results of percolation leaching of pellets.

Keywords: uranium ore, low-grade ore, heap leaching, screening, ore sorting plant, X-ray radiometric
separation, agglomeration, reclamation, mudding.
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AHanu3 oTevecTBeHHON U 3apy6exxHon NuTepaTypsl Mo npo6ne-
MamM MCMONb30BaHWsS ayTCOPCUHIa NoKasasn, 4To ony6rnKoBaHHbIE
paGoThbl KAacaloTcst B GOMbLLEV CTEMEH OMUCAHWA Pe3ynbTaToB LC-
CrEfi0BaHMA OTAEMbHbIX ACMEKTOB (hYHKLMOHNPOBAHMS OPraHM3aumi,
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[pvBEAEHbI pE3YNbTaThI NCCIER0BAHUIA N0 MPUMEHEHIID 8YTCOp-
CVHra B ropHOpyAHo npomeineHHocTn P®. [lpoaHann3avposaHa
BO3MOXHOCTb €ro NPUMEHERVS Ha NMPUMEPE PS8 ropPHOPYAHbIX MPpes-
npusTii. OLEHEHbI PUCKN peanu3auyui ayTCopCUHra Ha ropHbIX pato-
7ax. [loka3aHa Lienecoo6pasHoCcTb UC0Ib30BaHNS aYyTCOPCUHIa Mpy
BbIMOHEHW BCTIOMOraTeSbHbIX NPOYECCOB, HANPUMED HA BCKPbILL-
HbIX paboTax.

Kniouesbie cnosa: ayTcopcvHr, ropHOPYAHas MPOMbILLIIEHHOCTb,
3QheKTUBHOCTb, BCKPbILLHBIE PA6OTHI, LEnecoo6pasHoCTb MPYMEHE-
HYs1, MPOMIIIOLYEAKA, TOPHOPYIHOE MPEANpUATYE, OLEHKA PUCKOB.
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O6oratuenue [losopka
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XpaHeHue 3aknioyeHe LOroBopoB
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MepepatoTka

OcHoBHble Npoyecchl
11 oBorateHne pyal npoayKLMn

Boinyck rotosoit

MpnBbinb

Vexopsias C6bIT roToBOM
NorncTUKa npoayKumn

BypoBapbIBHbIE PaGoThl

BekpbiluHble pa6oTsl

BcnomorarensHbie 3KCKaBaUNs 1 TPAHCTOPTUPOBAHHE PyAbl
npoueccs!

06ecneyenve TML
VnpaBreHne MHPacTPYKTYPOil pyaHUKa

I Puc. 1. TunoBble TeXHONOTHYECKME NPOLECCHI CO34aHMs KOHEYHOro NPOAYKTa Ha pYAHMKe

CMONb3YIOWNX aYTCOPCUHI B CBOEN AesTensHocTM. Tak, paboThbl
C. 0. KanexpxsaHa [1-3] nocsalleHbl UCCNENOBAHMI0 BONPOCOB
[yanuama [enernpoBaHns NonHOMOYNN 11 0BY4aloLiero KOHCYbTu-
POBaHMS Kak (DOPMbl @yTCOPCUHIa KOPNOPaTUBHOTO O0BY4EHMS.
T. A. Popkura [4] aHanuaupyeT Bugbl 1 (hakTopbl Pa3BuTUs ayTcop-
CVMHra, opraHn3aLMoHHble (hopMbl YIPaBNEHNs pecypcami npeanpu-
9Tna ¢ ero ucnons3osaHem. k. bpanan Xemsyn [5] paccmatpuBa-
€T Ha OCHOBE ayTCOPCUMHIa MpakTN4eckne MeponpusTUs No NoBbILe-
HWID KOHKYPEHTOCNoco6HOCTU opranm3auni. B pa6otax H. B. Tutio-

Ta6nuua 1. CueHapuu pa3BuTHA NPeANPUATHS

xiHa [B] nokasaHo pasBUTWE NOrUCTUYECKUX CTPYKTYD MPEAnpUATMAN
Yyepes BHeOpeHWe ayTcopcuHra, NPUBOASTCS PE3ybTaThl TEOPETHYe-
CKMX MCCNefoBaHni 1 NpakTUHecKoro OnbiTa MPUMEHEHNS ayTcop-
CMHra B CPaBHEHWN C MEXOyHapoaHbIMM NpakTykamu. Beiweynoms-
HyTbIE, @ TaKXe pAf ApYrvX UCTOYHNKOB [7—11] nogTBepXxaatoT, YTo
ayTCOPCWHr B MWPOBOI FOPHOM MPOMBILINIEHHOCT W OCOBEHHO Ha
npeanpustusx B PM — Hanpasnexve HoBOe, 11 Heo6Xxoauma feTanb-
Has mpopaboTka [aHHOro BMaa OEATEeNbHOCTU TOpPHOA06bLIBALLNX
KOMNaHun.

Cuerapwi 1. Tunosou

3Hoc o6opynoBaHus

3aKynka HOBOTO 06OpY[I0BaHNS

[oBbiLEeHNE pacxofa Tonnvea

CHwxeHve HOPM pacxofa Tonnunea

YBennyenne 3aTpar Ha PEMOHTbI

COKpBLLlEHI/IB napka TEXHUKK W ee 3aMeHa

Teky4ecTb kagpoB

VBennyeHne 3apaboTHo nnarl

CHuxeHue npon3BoanTenbHOCTA Tpyaa

3ameHa nepcoHana v TeXHNKN

[NoBbiLLEHNE CEGECTONMOCTY rOTOBON npopykuun

CHWXEeHWe MHBECTILAN 11 onepaLnoHHbIX pacxoaos

CueHapwi 2. CoBpemeHHas cxema

3Hoc o6opyaoBaHis

[oBbiwWeHne pacxofa Tonnvsa

AyTCCIpCVIHF KOMMJIEKCA FOPHbIX PAboT: BLIMNOMHEHWE BCKPbILLHBIX,

VBenn4eHne 3aTpaT Ha PEMOHTSI

3KCKaBALMOHHbIX paBoT, TPaHCMOPTMPOBAHIE PyAbl C NOMOLLbIO NEPCoHana

Teky4ecTb kaapos

1 TEXHUKI NoapsaavmKa Ha CTaHaapTU3PoBaHHbIX 1 YCTAHOBIEHHbIX [10r0BOPOM
ycnosusx [14]

CHuxXeHe npon3BoanTeNnbHOCTA Tpyaa

[NoBblLLEHNE CEGECTONMOCTY FOTOBON npopykuun

VnpaBnexne ce6ecToNMOCTbI0 NOCPEACTBOM 3aPaHEee YCTaHOBNEHHbIX YCI0BMI
B J0rOBOpE 0Ka3aHUs YCIyr ¢ AN hEepeHUMPOBaHHbIM, MPOrHO3MPYEMbIM

11 060CHOBAHHbIM HUBENVPOBAHMEM TapUIOB OTHOCUTENBHO BHYTPEHHIX
(haKTUYECKMX TOPHO-TEXHOMOMNYECKIAX 11 BHELLHIX 3KOHOMMYECKYX YCIOBMIA
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MepcneKTHBbLI NPUVIEHEHWS AYTCOPCHHTA
B FOPHOPYAHOIA NpomblwnenHocTH PO

B HacTosilLee Bpems ropHasi MPOMbILLNEHHOCTb SBMSETCS OCHO-
BOV 3KOHOMMKKM Poccun, Tak kak 60mnblias YacTb ocy[apcTBEHHOrO
Giompketa (60—70 %) chopmmupyeTcs Ha OCHOBE [aHHbIX O 3anacax
MonesHbIX CKOMaemMblx 1 nraHax no ux 4oGbide. 0T pesynbTaTos fe-
ATEMbHOCTI FOPHOPYAHbLIX NpeanpusTui 3asueut poct BB, yto oka-
3bIBAET BMMSHUE HA SKOHOMUYECKME NOKA3aTenu pasBuUTUS rocymap-

cTea [12]. MpuHUMas BO BHUMaHWE 6a3UCHYI0 OCHOBY rOPHOPYAHON
MPOMBILLNIEHHOCTI B (DOPMMPOBAHUM 3KOHOMWUYECKIX MoKa3aTenei
pa3BuTIs Poccum, MOXHO cka3aTb, YTO B Cy4ae U3MEHEHWS COCTO-
WS TOPHOPYAHON MpoMbIWeHHocT PM, nponopuynoHanbHo 13ve-
HseTcs ypoBeHb BBIT Hawwer ctpaHbl. VHbiMK cnoBamu, 4em Bbllle
POCT noka3aTenen [oBbl4W MoNesHbIX UCKOMaemblx, Tem Gonee 3a-
METHbI KONM4ECTBEHHbIE U3MeHeHMs B BBIT PO.

Bce ropHopyaHble npennpusTus B CTPYKTYPE MPOM3BOLCTBEHHBIX
MPOLIECCOB IMEKOT OCHOBHbIE 11 BCNOMOraTesibHble npouecch! (pue. 1).
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I Puc. 2. Mogenb «Kak ectb» (cuenapuii 1)
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Puc. 3. Mopenb «Kak 6yger» (cuexapwii 2)
—121

Mo maHHbIM KOHCanTWUHroBoi komnanun Gartner Group, B pac-
NPeAeneHun MUPOBOr0 PhiHKA ayTCOPCUHIA MO KMWEHTCKIM CEerMeH-
Tam 35 Y% 3aHumMaeT cermeHT «[lponasoacTeo» [12]. B Poccum Bee
BONbLLIEE YNCIO FOPHbIX MPEANPUATUA PEeannayioT CTpaTervio nepeqa-
41 PUCKOB TPETbEN CTOPOHE. [MPaKTIKYeTCS UCNONb30BaHNe Noapsia-
HbIX OpraH13aLKid Ha BCMOMOraTerbHbIX MPOU3BOACTBEHHBIX NPOLIEC-
cax Ha KOHTPaKTHOW OCHOBE, nepeaada Ha ayTcopcuHr. [lpn aTom
NPEANPUSTIAL, NCMONb3YIOLLME aYTCOPCWHT, NOMY4aloT Takie BbIrofdbl,
kaK BO3MOXHOCTb COCPEAOTOYEHUS Ha BbIMyCKE OCHOBHOrO MpojyKTa
[EATENbHOCTY; peann3auns CTPaTeryeckoro ynpaeneHs KoMnaHu-
eM; CHKEHWE OONW MPSMbIX 3aTpaT B CTPYKTYpe CeGecToumocTy
rOTOBO/ MPOMYKLWW; YNPOLLEHNE CUCTEMbI YTIPABMEHIS, MOBbILLIEHUE
NVKBUOHOCTY aKTVBoB U T. 4. [12].

CpaBHUM 0fVH 113 TUMOBbIX (TPAANLIMOHHO UCNOMb3YIOLLMXCS Ha rop-
HopyaHbIX npeanpusTuax PM) cueHapyes pasBuTis MPEANpUSITIS CO
CLIEHapUEM, KOrfa NMpUMEHSIOTCS COBPEMEHHbIE MHCTPYMEHTHI yNpaBe-
HISl Ha MPUMEPE BbIMOMHEHNS BCKPbILLHBIX pPaBoT Ha pyaHuke (Taénm. 1).
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Puc. 4. Uamenenne KapTbi puckoB npu BHegpenun meroga HAZOP:

a, 6 — NepBrYHas N KOHEYHas KapTbl PUCKOB COOTBETCTBEHHO

CueHapui 2 nopa3yMeBaeT BO3MOXHOCTb Nepefayi Bcnomora-
TEMbHbIX MPOLECCOB FOPHOPYOHOr0 MPEAnpuUsTUS Ha ayTcopcuHr. B
[aHHOM Cry4ae MUHIMU3MPYETCS HE0BXOAMMOCTb BROXEHWS WHBE-
cTULMiA B 613Hec Ge3 yenudenns CAPEX, nosBnseTcs BO3MOXHOCTb
MaKC/UManbHO cocpenoTounTbes Ha ynpasnenun OPEX npepnpusiti-
€M, YTO B KOHEYHOM WTOTe NOMOXMUTENBHO BNUSET Ha CEGECTOMMOCTh
rOTOBOW MPOMYKLMW 11 NpKBbINb opran3auumn. CneaoBaTensHo, Lene-
c006pa3Ho Gonee rny6oko paccMaTprBaTh BO3MOXHOCTb ayTCOPCUH-
ra BCMOMOraTenbHbIX MPOLECCOB NPU BbINOMHEHUI TOPHbIX PaGoT no
[06bI4e NONEe3HbIX MCKONAeMbIX, @ He CreaoBaTh B HaNpaBNeHUM Bpe-
MEHHOT0 «TOYKOBOr0» BO3MEVCTBUS HA KPUTUYECKIE CUTYaLMK C Nno-
cneayowwyMI KPaTHIMIA HEeraTUBHBIMI MOCTNEACTBUSMIA AN 3KOHO-
MUK MPEANPUATIS U FOPHOPYAHONM npoMblwneHHocTn [14, 15].

MopenvpoBaHue G1U3HEC-MPOLECCOB MpK peanu3auim CLeHapy-
eB 1 1 2 TaKxe nokasano aeKTBHOCTb YNPaBNEHNs TOPHbIMU pa-
60Tamu, YTO NOBLILIAET NOKa3aTen thyHKLMOHIPOBAHIS FOPHOPYOHO-
ro npeanpusTus (pue. 2 n 3).
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Ta6nuya 2. CpaeunTenbHbie nokasaTenu 6U3Hec-npoyecca BCKPbIWHLIX pa6orT, Thic. py6. B rog
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MonyyeHHble pe3ynbTaTbl CBMAETENLCTBYIOT, YTO NPU NMepeBofe
BCKPbILHBIX PaBoT Ha ayTCOPCWHT MOBbLILABTCS 3MEKTMBHOCTb
BM3HEC-NPOLIECCOB. 3TO BbIPAXEHO B CYLUIECTBEHHOM COKPaLLEHUN
4Kca NoanpoLECCOB, 3afay 1 BEPOSTHbIX COBbITIAN, YTO MPUBOANT K
CHVKEHVIO TPYA03aTpaT 1 KOMWYEeCTBa HEOBXOAMMbIX YMpaBfieHye-
CKMX PECYPCOB, MOBLILIEHID YPOBHS KOHTPONS Haj MPOLEccoM npu
COMYTCTBYIOWEM HEW3MEHHOM Pe3ysibTaTe — BbINOMHEHUM NnaHa
BCKPbILLHBIX paBoT.

CTouT OTMETUTb, YTO MPUMEHEHWE MOLENN ayTCOPCMHra B rop-
HOM [iefe SIBNSIETCS BECbMA HOBbIM HanpaBfiEHMEM [ESTENbHOCTA B
P®. 1 kak nokasana npakTika, 4OCTaTO4HO 3thHEKTVBHLIM METOLOM
yNPaBneHys prckamu npi peanu3auui Nofo6HbIX NPOEKTOB SBNSETC
meToq uccneposaiua HAZOP [16]. [dauHbii MeTof McCrenosaHus
umeetca B ctaHaapte FERMA [17].

Mpumep vcnons3osanus metona HAZOP npu coctaBneHum nna-
Ha ynpaBnexuns puckamu nokasaH Ha puc. 4

AyTcopcep, cneunanuanpyscb Ha OTAEMbHbIX MpoUeccax rop-
HbIX paBboT, UIMEET BO3BMOXHOCTb NpUMeHeHns cxembl Trade In (3a-
MeHa 0TpaboTaBLueit OMpedeneHHbI MOTOPECYPC TEXHWKI Ha Ho-
BYI0), 4TO M03BONSET eMy paboTaTb MOCTOSHHO HA HOBOM NGO C
He6onbluoi Hapa6oTkon o6opyaosaHin [18]. [aHHbli MHCTPYMEHT
Heo6xoauMM Ans 06ecneyveHns BbICOKOTO YPOBHS Ko3tduuMeHTa
TEXHWYECKO rOTOBHOCTW, YTO 06YCMOBNVBAET BbICOKWA KO3(N-
LIMEHT CNONb30BaHNs 060pyA0BaHNA 1, Kak CNEeACTBUE, He0BX0am-
MY0 NPOM3BOANTENBHOCTb.

[Mpumep cpaBHUTENBHOTO pacyeTa GU3HEC-NPOLIECCa BCKPbILLHBIX

paboT Ans OOHOrO M3 [AENCTBYIOWMX TFOPHOPYAHLIX NPennpuUsTAi
P® — MAO «[MMX0» npusefaeH B Taén. 2.

3akniouenue

AyTCOpCKHr ropHbIX paboT Ha ropHoOpyaHbIX nNpeanpusTuax P@ B
CpaBHEHWN C OMbITOM 3apy6eXKHbIX KOMMaHWA NMEET HecpaBHEHHO
BonbLMA noTeHunan passuTis [19]. ViveeTcs BO3MOXHOCTb CO3Ma-
HWS OTLEMbHOM0 PbIHKA OKa3aHWs YCyr ANs FOpHON NPOMbILLNEHHO-
CTW N0 aHanorn ¢ pbiHKOM HeqyTecepsica.

B Poccun Bce 6onblUee YnCio ropHbIX NPeAnpUsTIA MPUMEHSIOT
ayTCOPCYHT C LIENbi0 Nepeaayl prckoB TPeTbel cTopoHe. B nepsyto
04epedb NPVBNEKAIOT NOAPAAHLIE OpraHW3aunn Ans BbINOSHEHWS
BCMOMOraTerbHbIX MPOW3BOACTBEHHBLIX MPOLECCOB HA KOHTPAKTHOM
0CHoBe. 3T0 [1@eT NMPEeAnpUSTUIO ONpPefenieHHble BbIrodbl: BO3MOX-
HOCTb COCPELOTOYEHNS HA OCHOBHOM BWE LEATENbHOCTY; peanvsa-
LS CTPATErM4eckoro yrpaBreHns KOMMaHWeR; CHIKEHNE [0NK nps-
MbIX 38TpaT B CTPYKType cebecTonMocTy rOTOBO NpOoAyKUMK; ynpo-
LEHEe CUCTEMbI YNPABMEHMNS; MOBbILIEHWE NMKBUAHOCTI aKTUBOB W
PS4 APYriX NOMOXUTENbHBIX 3((EKTOB.

MogenuposaHue 613Hec-NpoLeccoB NOATBEPAUIO0 NONOXNTENb-
HbIl 3KOHOMUYECKW 3(IEKT OT YNPOLLEHNS CXEMbI YIPaBMNEHNS rop-
HbIMW paboTami, YTO NO3BOMWIIO NOBLICUTL 3GIEKTUBHOCTL (DYHKLM-
OHMPOBAHIS TOPHOPYAHOMO NPEAnpUSTUS.

AyTcopcuHr ropHbIX paGoT MO3BOMWT WCMONb30BaTh COBPEMEH-
Hble MHCTPYMEHTbI YNpaBeHns NpoM3BOLACTBOM, MPUMEHST HOBEM-
LUMe TEXHOMOMAW NpK [0BbIYE NOME3HbIX CKONEEMbIX.
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Abstract

At the present time, mining industry is the basis of Russian economy since the gross of the national
budget (60-70%) is generated on the ground of the data on mineral reserves and their production
planning. With regard to the keystone role of the mining industry in the economic development of
Russia, it is possible to state that the change in the status of Russian mining industry proportionally
revises the exponents of national GDP. With the higher performance in mineral mining, the quantitative
changes in GDP structure become better observable.

Increasingly more mining companies in Russia use the third-party risk strategy. In practice is
engagement of contracting agencies to execute secondary processes on a contract basis, or outsourcing.
The companies that use outsourcing obtain such benefits as the total concentration at the key
product, strategic management, cutting-down of direct costs in the structure of the end product cost,
simplification of control, upsurge of liquidity of assets, etc.

Modeling business-processes enabled simplification of the mining process control, which enhances
efficiency of a mine.

Commonly used abroad, outsourcing has good prospects for the development in mines in Russia. It is
possible to create a separate service market for the mining industry in Russian economy by analogy with
the oil service market. Outsourcing in mining will enable using modern tools of production control and
apply advanced mineral mining technologies.

Keywords: outsourcing, mining industry, efficiency, stripping, expediency, mine infrastructure area,
mining company, risk assessment.
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