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Pe3tome: CraTbs IIOCBIIEHA PEIIEHUIO HpO6J'IeMbI U3BJICUEHHUS METAJJIOB U3 pACTBOPOB IIPHUPOAHOTO BhIIIEJIaYBAHU I HEKOHIH -
IMUOHHBIX DY 1 XBOCTOB UX O6OI'3H.I€HI/ISI C IIOJIYY€HHUEM 9KO0JIOT0-3KOHOMUYECKOTO Q(bq)eKTa, AKTYaJIbHOCTb KOTOpOﬁ HEYKJIOH-
HO yBeJIMYMBAETCA. MeTofuKa UCCaenoBaHud mpob BKIo4YaerT B ce0d MeTOmbl Mousporpaduu, CrieKTpOMEeTPUH, XpOMaTorpa-
(bI/II/I, TUTPOBAHUS U KOMIIVIEKCOMETPUU U OP. Cyﬂb(baTHO'X.TIOpI/II[HbIe BOJZbI UCCJI€AOBAHDI C UCIIOJIb30BAHHUEM ITPOMBIIITIEHHBIX
9JIEKTPOAUAJIM3ATOPOB C IUPKYIANMEN PACTBOPA Uepe3 PACCOIbHbIE KAMEPH U (3 Hee C U3BJIeUeHUEeM MEeTaUIOB COPOeHTaMU.
JleTanusupoBaHa cxema 9J1eKTpOMEeMOPAaHHOMN TEXHOIOTMU KOMOMHUPOBAHHOTO U3BJIEYEHHUS METAJUIOB C periaMeHTaIuex mpo-
11eCCOB. Yrounena KOHIICIIITUS IIPUPOAHOTO BBIIIEIAYNBAHUA IIOTEPSIHHBIX B Bpra6OTaHHOM IIPOCTPAaHCTBE PyA PYAHUYHBIMU
CTOKAMH. HpeI[TIO)KeH AJITOPUTM OUYUCTKHU PYTHUYHDBIX CTOKOB C IIOJIYY€HHUEM I'PYIIIIbI METAJIJIOB, B TOM YHUCJIE PEAKO3EMEJIbHbIX,
OTJIPI‘IaIOHII/IfICH COBMeEIlleHHuEeM q)yHKL[I/Iﬁ OCa’KIOEHUS METAJIZIOB 1 OYHMCTKHU IIAXTHBIX CTOKOB. COBOKyHHaH MOIeIb O6’beI[I/IH5['
eT TeXHOJ'[OI'I/I‘IeCKI/IIjI, 9KOJIOTUUYECKUI U 9KOHOMHUYECKUI aCIIeKThI paspa60TKH B paMKax HpHpOI[HO-TeXHOI‘eHHOﬁ CHCTEMBI.
Cruenad BBIBOZ O 1[€J1IECOOOPA3HOCTU pPeanu3alyy PeKOMEHAAUN UCCIeA0BaHUs I PELIeHHI SKOJIOTHUYEeCKON po0aeMbl U
YIIPOYHEHUS CHIPHEBOL 0a3bl ITyTeM CHUKEHUS [TOTEPh IIEHHBIX KOMIIOHEHTOB. Peanusanus peKOMeH Ayl CTaTbu CIIOCOOCTBY-
€T pPEeIeHNI0 OCHOBHBIX 3a4a4 rOPHOTO IIPOU3BOACTBA: IIOBBIIICHUE IIOJIHOTHI UCIIOJIb30BAHUI HEAP U CHIKEHUE HATrPY3KU Ha
OKPY>KAIOIIYIO Cpeny Ipu obecredeHuu 6e30macHOCTH pador.

Knrouesble cnosa: 1o6p4a METANIIOB, €CTECTBEHHOE BhIIIeJIAUMBAHUE, DY/, XBOCTHL 000TaIlleH s, 91eKTPOMeMOPaHHBIE TeX-
HOJIOTHH
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Abstract: The article discusses a solution to the problem of extracting metals from natural leaching solutions of the off-
grade ores and their mill tailings to obtain ecological and economic efficiency, the relevance of which is steadily increasing.
The methodology of studying the samples includes the methods of polarographic analysis, spectrometry, chromatography,
titration and complexometry, etc. Sulfate-chloride waters were studied using industrial electrodialyzers with the solution
circulation through brine chambers and without it with metal extraction by sorbents. Details are provided of the scheme of
the electromembrane technology of combined metal extraction with the process regulation. The concept of natural leaching of
the ores lost in the worked-out space by mine effluents has been clarified. An algorithm is proposed to purify the ore effluents
with the production of a group of metals, including the rare earth metals, which combines the functions of metal deposition and
purification of the mine effluents. The aggregate model combines the technological, environmental and economic aspects of
mining within the framework of the natural and man-made systems. A conclusion is made that it is advisable to implement the
recommendations of the study to solve the environmental problem and strengthen the raw material base by reducing the loss
of valuable components. Implementation of the recommendations provided in the article contributes to the solution of the main
tasks of mining, i.e. increasing a complete utilization of the subsoil resources and reducing the burden on the environment while
ensuring the safety of operations.
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BBenenue

Pacryiue moTpeOHOCTH YeI0BEYeCTBa CTUMYJIUPYIOT KC-
CJIeIOBAHUS HOBBIX IIyTell J00bIYM METAaJIOB pecypcocoepe-
TalolUMH TEXHOJIOTUSIMU, KOTOpPblE HEPEIKO OKa3bIBAIOTCS
OIHOBPEMEHHO U IIPUPO0-COeperariuMH.

[lepClIeKTUBbl YBEIUYEHHS MHHEPaabHON 0asbl I[BETHOL
MeTAJUTyPrUu CBSI3aHbl C PAa3BUTHUEM IIPUPOAOOXPAHHBIX U
pecypcocOeperamimx TeXHOIOTUI MOA3EMHOM 100BUU Py
[1-3]. OgHuUM U3 TaKUX HANpaBJIEHUN SIBJSETCS U3BJIeUeHHe
MeTaJUIOB M3 PACTBOPOB IPUPOAHOTO BHIIEIAYUBAHHUS, I10-
TepSHHBIX [IPY BBIEMKE 3allaCoB U3 Hep U 00OTalleHuH pyl.
Ha ropHsIxX MpeanpusaTUsIX OCBOEHO U3BJIeUeHe MeTaUIOB U3
XBOCTOB 00OralieHus KOMOUMHUPOBAHHBIMA METONAMU aKTH-
Banu# [4] 1 ocaskaeHne MEeTaUIoOB B IIPOIeCCe OUHUCTKU CTOY-
HBIX BOJI C MCII0JIb30BaHUEM IIPUPOAHBIX IPOAYKTOB [5; 6].

OmeHka BO3MENCTBUSI OTBAJIOB PYAHUKOB HA OKpPYKalo-
LIYIO0 Cpeny IpH IIPOEKTUPOBAHUHU TEXHOJIOIHMI pa3paboTKu
KOPEHHBIX U TEXHOTEHHBIX MEeCTOPOSKIEHUH ITPOU3BOAUTCS
C TO3ULIMI TPUMEHEHUs TeXHOJIOTUU BBIIeauYUBaHUS He-
KOHIUIIMOHHOTO ChIPbs [7-9]. OTmesbHbIe aCleKThbI IIPOOIeMbl
paccMOTpeHsbl 3apy0esKHBIMU UccienoBaTeaamu [10-12].

Ilenp sKCmepuMeHTa — HCCIeI0BaHUe ITapaMeTpOB U3BJIe-
YeHHUS MeTaJIJIOB U3 PACTBOPOB IPUPOIHOTO BBIIIETAUUBAHUS
HEeKOHIUIIMOHHBIX DY/,

MeTtonuka

CynbdarHo-xmopunanble ¢ npeobjaafaHueM KaTHOHOB Ha-
TpUsT BOABL APXOHCKOTO MECTOPOXKIAEHUS HCCIIeIOBaHbl B
3JIeKTPOAUATIN3aTOpe C MOJENUPOBAaHUEM peXKuMa I0fauu
MIPUPOJHBIX pacTBOpPoB. Ha ocHOBe aHanu3a maH-
HBIX O pacxojie 3JIeKTPOIHEPTUU Ha U3BJIeYeHUe
METAJJIOB U3 PacTBOPOB IIPUPOIHOTO BHIIIEIA-
uMBAHUA DyZ paspadaThiBAeTCs AJIrOPUTM IIPO-
1mecca U peKOMeHAyeTcsa OOOpYHOBaHUE IS €ro
peanusanun.

Pe3ynpraTs:

IIpu mwiotHoctu Toka 100 A/M? U IpAKTUYECKU
OJMHAKOBBIX YCIOBUSX 9KCIIEPUMEHTA B BAPUAHTE
C UMPKYJISIHEN PACTBOPOB KOHIIEHTPALIUS COJIelt B
JWJIIOATe OKa3anach Oosbiieit (Tabs. 1). B Bapuante
6e3 UPKYIAIUY COfep>KAHKe PACCOIIAa XapAKTEPH-
3yercd B TabIL 2.

[TokazaTenu SKCIIEPUMEHTAIbHOTO MOJEIHPO-
BAHUS MOATBEPKIAIOT BO3MOKHOCTD ITOBBIIIEHUS
r1yOUHBI U3BJIeUeHrs MeTasuIoB. [Tocie obecconu-
BAHMS MATOYHBIX PACCOJIOB B 3JIEKTPOAUAIU3ATO-
pax KOHI[EHTPAI[Us [IUHKA YMEeHbIINIIACh.

Ha ocnoBanuu IIOJIYYE€HHbIX PE3yJIbTAaTOB IIPO-
OeCCbl U3BJICUEHUA METAJIJIOB U3 pAaCTBOPOB CBO-
JISTCS K CIIeAYIOIIM:

— OCa’KZIeHUe COJIe U MeTaJIJIOB Iy TeM CO3LaHuUs
ruapocpens! ¢ pH 9...10;

— HeMTpaIu3alus [[eJ0YHOr0 CJINBA [T0CIIE OTAe-
JIEHUS] MarHusl U KaJIbIus,

— Ky4YHOe BbIIl[eJTauNBaHUe [IIaXTHBIMU CTOKaMHU
I0CJIe YKPEeIUIeHUsT aHOJIUTOM;

— obecconMBaHye PaCTBOPOB B 3JIEKTPOAUAIN3A-
TOpax.

JJIeKTpoXUMUYecKas oO0paboTKa MPOU3BOAUTCS
B 9JIEKTPOIM3epax. AHOJHOE U KaTOJHOe IPOCTpaH-
CTBO pasmensgercss MemOpanoit. Ilpu IwioTHOCTH
toka 300...500 A/M? IIpOU3BOAUTENLHOCTD IIPOIIECCca
nocruraer 1 m3/mM2 MemOpaHbl. Pacxonm 21eKTpos-

Puc. 1

ANropuT™M O4MUCTKM PacTBOpPOB
MPUPOAHOro BbilenavynBaHUs

JKOJI0rus

Ecology
Ta6bnuua 1 Table 1
KoHueHTpauusa B paccone ¢ Concentration in brine with
UMpKynsaiumen circulation
LLlaxTHbIe BOAbI Aunioat
KoMnoHeHTbI
mr/gm3 | Bapyauua | mr/gm3 | Bapuauua

Na 440 17 73 8

Ca 210 7 34 1

Mg 75 18 12 23

Cl 905 5 115 18

SO, 585 22 105 12

Zn 45 13 0,3 6

Pb 2,5 4 0,2 18
Ta6nuua 2 Table 2
KoHueHTpauus B paccone 6e3 Concentration in brine without
UMpKyNnaumMm circulation

LLlaxTHbIe BOAbI AunioaTt
KoMnoHeHThI
mr/am3 | Bapuauusa | mr/gm3 | Bapuauus

Na 445 16 92 14

Ca 205 6 41 18

Mg 72 18 9 10

Cl 900 6 107 6

SO, 590 22 94 5

Zn 40 13 0,4 12

Pb 2,4 4 0,07 25

Fig. 1

An algorithm for treating natural
leaching solutions
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Puc. 2

YcraHoBKa ans
3/1IEKTPOXUMUYECKOA OUUCTKUN
CTOKOB:

1 - cTOKM;

2 — aHoaHasA Kamepa;
3 — KaTrogHas Kamepa;
4 — aHop;

5 — puadparma;

6 — karopa;

7 — BbINpAAMUTENDb;

8 — TpaHcchopmarop;
9 — amnepmeTp;

10 — BONIbTMETP

HEeprunu yMeHbIIaeTCs IIPUMEHEHHEM B KaueCTBE€ aHOaa Ilia-

THUHHUPOBAHHOI'O TUTAaHA.

B pesynbrare O6pa6OTKI/I JAOCTUTAETCA IIOJIHAA OYMUCTKaA

LIaXTHBIX CTOKOB.

Fig. 2

A unit for electrochemical
wastewater treatment:0
1 - wastewater;

2 - anode chamber;

3 - cathode chamber;

4 - anode;

5 - diaphragm;

6 - cathode;

7 - rectifier;

8 - transformer;

9 - amperemeter;

10 - voltmeter

I7eKTPOXUMHYECKOe pas3jIoXKeHUe COJIeBbIX CUCTEM B 3JIeK-
TpOIM3epax IPOU3BOAUT IEJIOYN U KUCIOTHI, KOTOpPbIe MOTYT
OBITH TOBAPHBIM IIPOLYKTOM.
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