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COBPEMEHHOE COCTOSIHUE NEPEPABOTKHU YIIOPHBIX
30JOTOCOAEPKAINUX PYA U TEPCIIEKTUBBI ETO PAZBUTUA

PaccmoTpens! coBpeMeHHBIE METOABI M3BJIEUEHHS 30JI0Ta U3 YHOPHBIX PYA C MCHOJIB30BaHU-
€M IIPOLECCOB OKHCIUTEIBHOTO OOXKHIa, OMOBBIIIENAUYMBAHKS M aBTOKJIABHOTO OKHCICHHUS U TIep-
CIEKTHUBEI Pa3BUTHS 30JI0TOR00bIBaoMIEl oTpaciu. IIpoanann3upoBaHbl IPEHMYIIIECTBA U HEIOCTAT-
KH KaXXJI0TO W3 HUX, IPOM3BEIECHO CPABHEHHE OCHOBHBIX TEXHOJOTHH, HCHOIb3YEMBIX B HACTOSIIIEE
BpeMs, JUIS BBIACNCHUS HauOosee 3P QEeKTHBHOTO M 0E30MacHOro Uil OKPYXKAIOIMIeH Cpersl MeTona
nepepaboOTKH YHOPHBIX pyA. [IpuBeeHbI cCBEICHUSI M OCHOBHBIE MOKA3aTeIH NPEAIPUSITHI B Pa3Ind-
HBIX CTpaHax, pabOTAIOMKUX II0 3TUM TEXHOJIOTHSM, a TAKKe 3a/ladl, KOTOPBIE CTOST Iepes 30JI0TO-
JI0OBIBAIOIIEH MPOMBIIUIEHHOCTBIO A obecrieueHns ddexruBHOM pabots! B Oymymem. Ha ocrose
M3JIOKEHHBIX JAHHBIX BBIZIETIEH METOJ[ aBTOKIABHOTO OKHCIICHUS, Kak HamOoisiee 3(QexTuBHbIN 1
MIEPCTIEKTUBHEIN IS pa3pabOTKH 30JI0TOPYAHBIX MECTOPOXKACHUI C TOUKH 3PEHUSI CTETICHN M3BJIeUe-
HUS 30J10Ta U3 PyH, PeHTa0EeTbHOCTH, SKOIOTHIHOCTH IIPOU3BOJICTBA M TPEOOBAHMI K IIPEIBAPUTEIH-
HOH MOATOTOBKE MaTepHaia Uit 00paboTKH.

KuoueBblie cjioBa: YHOOPHBIC 30JI0TOCOACPKAINUE PYAbI, aBTOKIIABHOC OKHCJICHUEC, OHOBBI-
1cj1a4yuBaHucC, OKHUCJTUTEIIBHBIA 00XKHT

Beenenue. B coBpemMeHHOI 30510TO00BIBAOIIEH MPOMBIIUIEHHOCTH 0C000€ MECTO
3aHUMAIOT YIOpPHBIE PYyAbI, IEpepadoTKa KOTOPBIX IPH TPAJAWUIMOHHBIX YCIOBHAX IIHMAHHI-
HOTO BBIIIETAYNBAHUS XapaKTePU3yeTCsl HEJOCTATOYHBIM H3BJICUeHHEM 3070Ta. Jlons pyn,
CoJIep KaIlliX YIOPHOE 30JI0TO, BeChMa 3HauMTeNlbHa U cocTaBisier 6onee 30% oT ero 06-
mux 3anacoB B mupe [1]. IIlppunaamMy HU3KOH BCKPHIBAEMOCTH YIIOPHOT'O 30JI0TOCOEpIKa-
IIEro CHIPhsI, B MEPBYIO OYEPE.lb, SBIIIOTCS TOHKAsl JUCIIEPranys 30J0Ta B CYIb(QHIHBIX
MHUHEpaJax, Jalle BCeTo B MHPHUTE W apCEHONMPHTE, U HAJMYUE B HEKOTOPBIX M3 PY[ «aK-
THUBHOTO» YTJIEPOAA, COPOMPYIOIIETO 30JI0TO Ha CTAAWHM NUAHUPOBAHUS (ITO SIBJICHHE IIO-
Y4910 Ha3BaHHE «IIper-podomHr») [2]. HeoOxommmo Takke OTMETHUTH, YTO OJHOM U3
Ba)XHBIX NpPOOJIeM IepepaboTKN YIOPHBIX PYA SIBISETCS BBIBOJ COAEPIKAIIETOCS B HUX
MBIIIBSKA B OTHOCHTENHFHO OE3BPEIHBIX M MPUTOMHBIX JUIS CKIaJUPOBAHMS U 3aXOPOHEHHMS
¢dopmax.

ITepepaboTka yrOpHBIX Py A MOBBIIICHHUS M3BJICUYEHHS IIEHHOTO KOMIIOHEHTa Ha
CTaJMV IMAaHUPOBAHWS MPEATIOIaraeT MpeaBapuTeNbHyI0 00padoTky [3].

TpaauMOHHBIN METON M3BJICUCHHMS 30J10TA M3 YIMOPHBIX PyA 3aKiIodaercs Bo ¢io-
TAIMOHHOM OOOTalleHNH, 00KUTe W IMOCIEeAyIomeM IraHnpoBaHnu orapka [4]. C koHIa
BOCBMHJIECATHIX T'OZOB NPOIUIOTO BEKa MPOU30ILIO BHEIPEHHE THIPOMETAIUTypPTHYECKUX
TEXHOJIOTHH, BKITIOUAIONINX aBTOKIABHOE M OaKTepHualbHOE BCKPBITHE PY/ ¥ KOHLIEHTPATOB
B KHCIIOH Cpefe ¢ MOCIENYIONIMM IMaHHUPOBaHWEM TBEPIBIX OCTaTkoB [5]. B meHbmem
Macmradbe npuMeHstioT nporeccsl Albion, Leachox, Nitrox, Arseno u apyrue. K nepcrex -
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TUBHBIM CIOCO0aM MepepabOTKH YHOPHOTO 30JI0TOCOAEPIKAIIEro CHIPbs OTHOCSTCS pas-
JIMYHBIE BU/IBI THAPOXIOpUpOBaHUs [6].

Oocyxnenne MeTonoB nepepadorku. Oboicue. Hanbonee M3y4eHHBIM U IIHPOKO
pacIpocTpaHEeHHBIM B TPOMBIIUICHHOCTH SIBIISICTCSI OKHCINUTENbHBIA 00xwur. st oOxkura
30JI0TOCOJIEPIKAIIUX PYA M KOHLEHTPATOB NMPHUMEHSIOT MHOTOIOJOBBIC MEYH, HEYH KHIIS-
IIEro cjos, IeYM C NUPKYAMPYIOMNM KHILIIUM cioeM. B mporecce oOxwura sxenes3o, co-
Jieprkareecs B Cynb(punax, NPeBpaIiaeTcst B FTeMaTHT, a Cepa M MBIIIBSIK MIEPEXOAAT B Ia30-
Byl0 (asy B ¢opmMe TPHOKCHIA MBINIbsIKA M JHOKCHAA cepbl. V3 MOydeHHOro orapka,
TIPEICTABIISIONIEr0 COOOH ITOPUCTYIO, XOPOIIO MIPOHAIIAEMYIO ISl PACTBOPOB Maccy OKCHIA
JKeJIe3a, 30J10TO JIETKO M3BJIEKAETCsI [IaHNPOBAHIEM.

OOXHUTOBBIIf METO TOCTATOYHO MPOCT, XOPOIIO OCBOGH M JI0 CHX TTOp IMPUMEHSETCS
B Kanane, FOAP, ABcrpasmu n npyrux crpanax (tabmuma 1). OCHOBHOE KOJIMYECTBO
MBIIIBSKA TIEPEBOIAT B MAJOTOKCHYHBIE COSTUHEHHS U CKIAANPOBAHMUS B XBOCTOXPAHH-
yumax. ['a3el comepKaT JOCTaTOYHOE KOJIWYECTBO CEPHUCTOrO aHTHAPHUIA JUIS TPOU3BOI-
CTBa CEPHOM KUCIIOTHI, TAKXKE MOT'YT OBITH COpOIIEHBI B aTMoc(epy win 00pabOTaHbI IIe-
JOYbI0 Il oOpasoBaHMs Cynbgara Kaiaplus. OOXHr MO3BOMSET YAAJIUTh HPHPOTHBIA
yronb (uMeromid 3(h(eKT «mper-poOOHHray), comepsKalluiicss B TOIUTMBE, 32 CYET €ro
oxuciieHus (ropenus). OHAKO UMEIOTCS MPUMEPBI, KOTAa 00KHT CIIOCOOCTBYET aKTHBALIUH

Tabmmma | - 3aBozs! 0 0GKUTY YIIOPHOTO 30JI0TOCOAEPIKALIETO CHIPbS B MUPE

Hcnonesye- O6mas mpous-
Tun . Ton
Kommnanust Crpana Buagenery N MBIl MaTepH- | BOJMUTEIBHOCTH
ne4u mycka
an (1/cyr)
Gidji/W.A. Agcrpa- Barrick/ Konnenrpar
IxIIK 1,150 198
KCGN TSt Newmont xLIKC (Te) ’ 987
Kanowna Agctpa- Barrick/ Konmenrpar
2x11K 1994
Belle s Newmont xLIKC (As) 9
Carlin CIIA | Newmont | 2xipxc | Heapooréu- 7,680 1994
Hasi pyaa
Tongling
Tongling Kurait Nonferr- IKC Konmentpar 150 1997
ous
Goldstrike | cma | BN | o e | Heapobuen- 11,600 2000
Newmont Has pyaa
Dongfang | Kuraii | DO"ENE | e | Kommentpar 200 2004
smelting (As)
Resolut
Syama Manu 2213 ¢ IxLIKC Konuentpar 590 2007
El K
Tanjiansha |  Kurait g‘(’)ﬁd" TIKC OH?:IS{)TPM 2008
K
Tongguan Kurait Tongguan IKC OH?:I:)T pat 200 2010

*TIKC — my3bIppKoBBIH Kumsimit citoi, LIKC — mupKymup yrommuii KU cioi
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paHee HEaKTHBHOTO YIuisl (Harpumep, 100aBKa yriisl JUIs MOBBIIICHHUS TeMIIepaTypsl B 00-
JKUTOBOMH T1eUH).

OOXUT SIBIICTCS SKOHOMHYHBIM CITOCOOOM TIepepabOTKH YHOPHBIX 30J0TOCOJEP-
JKaIlX pyz, OAHAKoO ero 3()(EeKTHBHOCTD CHIKACTCS IPH HEOOXOIMMOCTH >KECTKOT'O KOH-
Tpous 3a BeIOpocamu SO, 1 As,O;.

B nocnennue ronsl HAMETWIIACH YCTOHYMBAsT TEHACHIMS COKPAIIEHHUSI TPUMEHEHUS
00>KHra ISt IpeIBapUTEIbHON 00pabOTKH YIOPHOTO 30I0TOCO/IEPIKAIIIET0 CHIPhSI B CBSI3H C
€ro Cepbe3HBIMHM HEAOCTATKAMMU: HEBBICOKMM HM3BIICYCHHEM 30JI0Ta, 00YCIIOBICHHBIM 00pa-
30BaHMEM Ha BCKPHIBAEMBIX 30JIOTHHAX IUICHOK JIETKOIUIABKUX COEIMHEHUH W YHOCOM dac-
TH 30JI0Ta B MBIIIBSIKOBUCTBIE BO3TOHBI; HEU30EKHBIM 3arpsA3HECHUEM OKPY)KAIOIIEeH CpeJibl
BBIOpPOCAMH MBIIMIBAKA M CEPBl; HEOOXOMMOCTHIO JOPOTOCTOSIIIEI0 3aXOPOHEHHS BBICOKO-
TOKCHYHOT'O TPHOKCH/Ia MBIIIbsiKA [7].

Ilpoyecc 6uosviyenrauusanusi. bakrepuaabHOE OKHCICHUE NPUMEHSIETCS B TEUCHHE
MHOTHX BEKOB M Yke 3(p(peKTHBHO MpeBpaTHIIO MITHOHBI TOHH YIIOPHOW PY/ABI B MaTepH-
a1, TpeOyIomui TOJIPKO MWAHWAHOTO BBIMIETaYMBAHUS JUIA M3BJIedeHHs 3o0i10T1a. [Ipomece
OMOOKHCIIEHHS I IepepabOTKH YIIOPHBIX 30JI0TOCOJIEPIKAIIMX Py U KOHIIEHTPATOB OBIIT
MIPOMBILIICHHO BHenpeH B 1986 romy, korma TexHomorusi omookucnenuss BIOX® Obina
YCIIEITHO ITPUMEHEHa Ha 3070ToM pynHuke Fairview B FOxuoi Adpuke [8]. IIponece mo-
Kaszal BBICOKYIO HaJIeKHOCTh, M B HACTOsIIIIEE BpeMsI B MHpE CymecTByeT 18 momoOHbBIX
pon3BoJICTB (Tabmuna 2). O0mmas Mpou3BOANTEIBHOCTS 110 KOHIeHTpaTy 7500 T/1eHs.

B mpornecce ncronb3yeTcss cMech pasHBIX TPyNn OaKTepHi Il OKHCIEHHS CYiIb-
¢buaHON MUHEpaNTbHON MaTpHIBI IpH Temmeparypax okono 40-50°C. Tummunsnii nex ouo-
JIOTUYECKOT0 OKUCIICHHUS TSl TepepaboTKu (IIOTalMOHHOTO KOHIIEHTpATa BKITIOYAET B ceds
CJICIYIOIIME ONEepanny: HEIOCPEICTBEHHO MPOIIECC B PEAKTOPE C OaKOM-CMECUTENEM, TIO-
Jlada BO3yXa B PEAKTOPbI, OXJaKIACHHE PacTBOpPAa PEaKTOpa, MPOMBIBKA IPOTHBOTOYHOM
JICKaHTAIUEeH W HeUTpaIu3amus CTOKOB [9].

bazoBast xumus mpomecca OMOOKHCIICHHS B [IETIOM CXOJHA C aBTOKJIABHBIM OKHCIIE-
HHUEM, HO €CTh PSAJ] BAXKHBIX OTIUYHH[S].

Tabnuua 2 - [IpeanpusTHs, paboTaomme Mo TEXHOIOTMA OHOOKHCIIEHHUS 30JI0TOCOIEPIKALIETO ChIPbS

[Ipousso-
Texnomno- JIATEIb- l'on
Pynuuk Bnapenen Pacnonoxenue
rus HOCTh TycKa
(/m)

Fairview Pan African Resource BIOX Oxnas Adpuxa 55 1986
Wiluna Apex Minerals BIOX Ascrpanus 158 1993
Ashanti AngloAshanti BIOX I'ana 960 1994
Yantai Gold CCGRI Slarait, lllanmonr 50+80 2000
Beng;s' BCD Resource BACOX Asctparist 70 2000
Laizhou Eldorado Gold BACOX Kurait 200 2001

BIO-
OmmMmrana Iomoc NORD Poccus 1000 2001
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Tianli CCGRI Denuenr, JIsoana 100 2003
Axi JLMRI SlmHuHT, XWHDKAHTD 50+80 2004
Fosterville Crocodile Gold BIOX Ascrpanus 211 2005
OxHO0-BepxostHCKas
Cy3nanb IopHOmoOkIBaromas BIOX Kazaxcran 520 2005
Kommnanus
Jexcunr, [Ixuan-
Sanhe CCGRI 70 2006
TKCH
Bogoso Star Resource BIOX l'ana 820 2007
Jinfeng Eldorado Gold BIOX Kurait 790 2007
Innovation CCGRI Kuraii 150 2007
Jinchiling CCGRI Kaysn, Hlangonr 100 2007
Hagowuiickuii ropHo-
Kokmatac METAJULyprU4eCKUi BIOX V36ekucran 1069+1069 2009
KOMOHMHAT
Agnes Galaxy Gold BIOX Oxnas Adpuxa 20 2010

Bakrepun sBIAIOTCS M KaTaau3aToOpaMHy, U HENOCPEICTBEHHBIMH YYaCTHUKaMH pe-
aKIMHA OKUCIICHUS. DTO XKMBBIE OPTraHW3MBI, TIO3TOMY JUII WX JKM3HH M POCTa Ba’KHBI CTa-
OnibHast TeMIlepaTypa H COOTBETCTBYIOIEe NUTaHue (YIIIepo.l ¥ IUTaTeNIbHas Cpesia, B TOM
YHCIle, TaKUe MUKPOAJIEMEHTHI Kak (ocdop, a30T, kanuii). Pabouast TemrepaTypa 3aBHCHT
OT UCTIONB3yEMOH OaKTepHaIbHOW KyIbTYpPhl. BaxHbIH (pakTOp B KOHCTPYKIMH PEAKTOpPa -
CO3J]aHME BO3MOXKHOCTEH JUIs pocTa OakTepuii BIBOE Ha NEPBOI CTa U, YTO MPEIOTBPATHT
OakTepHaIbHOE BHIMBIBAHHE.

B MBIIIBAKOBUCTHIX (DIIOTAIIMOHHBIX KOHIIEHTPATax >Kele30, cepa W MBIIIBIK pac-
TBOPSIIOTCS B ITpoIIecce OMOJIOTNUECKOT0 OKUCICHUS 710 CYIb(ata jkelie3a, CepHOI KACIOTHI
1 MBIIIBSIKOBOH KHCIIOTHI.

st obecriedeHust TOCTaTOYHOW CKOPOCTH OKHCIICHHS B OMONOTHYECKHH peakTop
JIOJDKHO OBITH BBECHO OOJBIIOE KOIMMYECTBO Bo3ayxa [9]. Bo MHOrmx mexax OKWCIEHHSA
()ITOTOKOHIIEHTPAT MU3MENBYAIOT JUIS TIOBBIIECHUS] KHHETHKY BBIIIETaunBaHus. Terio, BbI-
JIeTIMBIIIEECS] B TIPOLIECCE OKUCIICHUS, UMEeT OoMbIIoe 3HaueHne. BakHo, 4TOOBI OHO OBLIO
3 (EeKTUBHO paccesiHO, TaK KaKk OaKTepHH MEepecTaloT yCHEeNnIHO (YHKIMOHMPOBATH INPH
TeMIIepaTypax, BBIXOAAMNX 3a Mpeiesbl padodero nuanazona. AKKYMYISIHS TeIa 1po-
UCXOJUT C TIOMOIIBIO0 BHYTPEHHMX OXJIAXKJAFOIINX 3MEEBUKOB, BCTABICHHBIX B PEAKTOPHI
OMOOKHCIEHHS, Aajiee TeII0 BRIBOAUTCS B aTMoc(hepy depes OarneHnslie oxmaaurenu[9].

OcHoBHBIE (PaKTOpPBI, OKA3bIBAIOUINE HAMOOJbIIEEe BIMSHUE HA KallUTAIbHBIE 3aTpa-
TBI — 3TO TIPOU3BOJMUTEIHHOCTH IO CHIPBIO, BPEMS BBIICP)KKU MPU OMOOKHCICHUH, CHCTEMA
MOZIa4YX BO3/AyXa (JyThe), CMECHTEINH U paclpeaeieH s BO3/IyXa 1 HOAIepKaH!s YaCTHIL
BO B3BEIICHHOM COCTOSHUM M KOHCTPYKIHMA peakTopa (KOHCTPYKIMOHHBIE MaTepHabl).
ITponomkuTensHOCTh 00pabOTKH KOHIIEHTPATa B PEaKTOpe OOBIYHO COCTABIACT 4-6 THEH.

B Hacrosimiee Bpemst 4eTKO MPOCIEKNBACTCS TEHAEHIMS MCIIOIBb30BaHUS Mpolecca
OMOOKHCIICHUSI HAa MEIIKUX MPEIIPHUITHSX, NTepepadbaThIBAONINX YITIOPHOE 30JI0TOCOAEpKa-
11ee ChIpbe, Oaroapsi OTHOCUTEIBHOM MPOCTOTE U 00JIee HU3KUM KalluTaJIbHBIM 3aTpaTaM.
Oboramenne ¢uotanyeiil — BaXKHas 4YacTh HAYAJIBHOIO 3Tara OHOOKUCIICHUS, HO, K COXa -
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JICHUIO, HEKOTOPBIE PY/bI JUIsl He€ HEIPHUTO/THEI.

Ilpoyecc aemoxaasnozo oxucnenus. CYITHOCTh aBTOKJIABHOTO METOZAA BCKPBITHSA
YIIOPHOTO 30JI0Ta 3aKJII0YaeTCsl B OKMCICHUH 30JI0TOCOACPKAIIMX CYIb(QUIHBIX KOHIICH-
TPaTOB B BOIHOM Cpejie MOJ IeHCTBHEM KHCIIOPOAA NP MOBBIIIEHHBIX TeMIiepaTypax. Ac-
COILIMMPOBAHHOE C CYIb(UIAMH CYOMHUKPOCKOIINYECKOE M TBEPIOPACTBOPUMOE 30JI0TO OC-
BOOOX/TaeTcst M JeaeTcs JOCTYIHBIM BBIMICIAYMBAHMIO MAHUCTBIM pacTBopoM. IlepBas
poMbIlUIeHHast yetaHoBka POX st iepepaOoTKH yIOPHOTO 30JI0TOCOIEPIKAIIIETrO ChIPhS
6pu1a mocTpoeHa Ha npeanpusatun MakJlagmua [N'ong Maiin (CLHA) B 1986 rony [10]. B
HaCTOsIIIIee BPeMsI CYIIECTBYET BOCEMb IIPON3BOJICTB, ITEpepadaTHIBAIOIINX YIOPHBIE 30JI0-
TOCOJIeprKaIINe PYIBI C UCTIOIB30BAHNEM aBTOKJIAaBHOro okucieHus (Tabmuma 3).

Tabmuma 3 - [peanpusitust, paGOTAOUKE 10 TEXHOIOIUH ABTOKJIABHOIO BBIILENAYMBAHHUS 30JI0TO-
COZIEPIKAIIIETO CHIPHS

[IpouzBoau PaGouas
.. T'on
3aBog Komnanus | Pacmonoskenue CeIpné TEIBHOCTh | TEMIEPATypa,
mycka
(1/m) C°
Goldstrike Barrick CHIA Pyna 15,000 225 1990
Campbell | Placer Dome Kanana Konuentpar 71 190 1990
IT H
Porgera Barrick anmya HOB | ommenrrpar 1,350 190 1991
I'Bunes
Lihir Newcrest | |1amyaHosas | Pyra/ Kon- 9,000 210 1994
I'Bunes LIEHTpAT
T
Wi Newmont CIIA Pyna 7,260 225 1996
Creeks
Hogas 3enan-
Macraes OceanaGold s Konnenrpar 20 225 1999
o Agnico-
Killita DOUHIAHIUSL Konnentpar 190 2008
Eagle
Amypck | Ilommmeramn Poccus Konuentpar 190 2012

JIJ1s1 aBTOKIIABHOTO BBIILENIAYMBAHNS IPUMCEHSIOT TOPU30HTAIbHBIE MHOTOKaMEpHBIE
aBTOKJIABBI, (yTepOBaHHBIE KHUCIOTOCTOMKMM KuprnmioM [6]. IIpomecc Bemyr mpu 450-
500K u nasnenun kuciopoma 200-700 xIla (obmee naBnenme B aBTokmase 1800-3200
k[la); 3TH yciioBHs MPaKTUUECKH MCKIIOYAIOT 00pa3oBaHME dJIeMEeHTapHOW cepbl. Heobxo-
JIMMasi TIPOJIOJDKUTENBEHOCTD aBTOKJIABHOTO BBIIEIAYNBaHMs OOBIMHO He mpesbimaer 1-1,5
q.

ITo cpaBHEHHUIO C OOKMTOM aBTOKJIABHBINA METOJ] BCKPBITHS UMEET CIICIYOLIHE TIpe-
HUMyIIecTBa: Ooyee BBICOKOE M3BiedeHHe 3050Ta (10 98 % mo cpasuennio ¢ 90%, momy-
YaeMOM IIpH OWMOOKWCIIEHWH); OTCYTCTBHE Ta30BBIX BBIOPOCOB COEIMHEHHH MBIIIbSKA H
cephl; BBIBOJ MBIIIbSKA B BHJIE MaJIOTOKCHYHOTO apceHarta jkenesa, cOpoc KOTOporo BoO3-
MOJKEH B OOBIYHOE XBOCTOXPAHWJIMILIE; Majlas YyBCTBHTEIHHOCTh K NPUCYTCTBHIO B CHIPHE
TaKUX IpHMeceH, Kak CypbMa M CBHHEI] (CHIDKAIOUINX M3BJIEUECHHE 30JI0Ta B CIIydae IpH-
MEHEHHsI 00)KHTa); BOBMOXHOCTH ITepepaboTKN Kak (MIOTAIMOHHBIX KOHIIEHTPATOB, TaK M
HETIOCPEICTBEHHO PYII.
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ITo cpaBHeHMIO ¢ GaKTepHaTbHBIM BBIIIEIaYMBAHUEM, IIPU KOTOPOM CYIbGHIbI He-
nookucstorest Ha 20 %, B OCHOBHOM, 3a CHET IMPHTA, aBTOKJIABHOE BCKPBITHE oOecrie-
YHMBaeT, Kak IPaBmIo, OoJiee IOJTHOEe OKHCIEHHE CYIb(GHUIO0B (B T.4. YIOPHOTO MHUPUTA) HA
ypoBHE 99% u motoMy OoJiee BBICOKOE M3BJICUCHHE 30JI0Ta. ABTOKJIABHBIA METOJ IpHUMe-
HHUM KaK K pyJaM, TaK 1 K KOHIIeHTpaTaM. broBblenaunBanie n3-3a cBoeil HU3KOW WHTEH-
CHBHOCTH W OOJBIIMX MOTPEOHBIX 00BEMOB ammapaTypbl IPUMEHUMO JIMIIb K KOHIIEHTPa-
TaMm. Bo MHOTHUX ciydasx 3T0O MOXeT OBITh IPUYHHON JTONOTHUTENBHBIX ITOTEPh 30JI0TA TIPU
oboraleHuH.

BuiBoabl. BHenpenne aBTOKIIaBHOTO M OMOJIOTHYECKOTO OKUCICHUS, a TAK)Ke HHHO-
Baruy B ooxure B cepeanHe 1980-x IT. KOpEHHBIM 00pa30M U3MEHMIIN CTPATETHIO Iepepa-
OOTKH YITOPHBIX 30JI0TOCOAEPKANIMX pyA. JlaHHBIE TEXHOIOTUH ITO3BOJIMIIN pa3padaThiBaTh
paHee HepeHTaOeIbHBIE 30JI0TOPYIHBIE MecTOpOXKAeH!Us. Kak 1 B cirydae co BceMH HOBBI-
MU TEXHOJIOTHSIMH, TIPOBE/ICH OTPOMHBIN 00BeM uccrienoBanuil. Ilporneccs! mepepaboTkn
YIIOPHOTO CHIPBSI UMEIOT KOMIUIEKCHBIA XapaKTep C TOUKH 3PEHHS IEPCHEeKTUB TEXHOJIOTH-
YEeCKOW CXEMBI, TaK KaK OTIMYAIOTCS MHOXECTBOM B3aHMMOJICHCTBYIONIMX MEXAY cOOOH
€IMHUYHBIX OIepalii ¥ KOMIUICKCHOW XHMMHEH, CBA3aHHOW C BBICOKOTEMIIEPATypPHBIMHU
YCIIOBUSIMU M OMOJIOTHYECKUMH CHCTEMaMH.

Bynymme 3amaun, 0e3 COMHEHUsI, CBA3aHBI C PELIEHHEM BOIIPOCOB JKOJOTUH H CO-
KpaIeHNeM SKCIUTyaTallOHHBIX W KallUTAIbHBIX 3aTpar. DKOJOTHIECKUI acreKT BKIIoYa-
eT B ce0sl penieHne npodiieM ¢ TAKUMH TOKCHYHBIMH 3JIEMEHTaMU KaK PTYTh, CEJEH, Tel-
JTyp, CypbMa W MBIIIBSK, BBIACISIOMINMIUCS B SKCTPEMAIBHBIX pabOYNX YCIOBHSX, C KOTO-
PBIMH CTaJIKHBAIOTCS MIPU TEepepaboTKe YHOPHBIX 30JI0TOCOMEPXKAIINX PY/. 3a MOCIeTHUE
2-3 rojia KanuTaJIbHBIE M SKCIUTyaTallMOHHBIE 3aTPAThl 3HAYUTEIHHO BBIPOCIH 1 IPEBBICHIIN
LIEHBI Ha 30J10TO B TPOLIEHTHOM OTHOIIEHHH. Kak MX COKpaTHTh B YCIOBHUSIX JOITOCPOYHON
1 KPUTHYHOH HEXBATKM KBaJIM(UIMPOBAHHON pabodeil CHibI, pocTa 3HEpro3aTpar W Io-
BBIIICHHS CTOMMOCTH PAaCXOJHBIX MaTEpHaiOB - OJTHA U3 3a/1a4 B OyIyIIeM.

W, HakoHem, B NeEpCHEKTHBE — IyTH JaJbHEHIIEro COBEPUICHCTBOBAHUS CErojl-
HSIIHAX TPOLECCOB, HEKOTOPBIE W3 HHUX YK€ peain30BaHbl (WM peanusytorcs). B 2012
roxy komnanust OAO “Tlomumerant” 3amycTuiia THAPOMETAITYPrHIecKuil 3aBosl B AMyp-
cke. ['K “IlerpomaBioBck” B 2014 romy IDIaHHMpYET 3allyCK AaBTOKJIABHO-
THIPOMETAILTypruaeckoro komruiekca “TIokpoBCKkuit pyaHuK”.
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Tyiiingeme

KublH eHaeneTiH KeHAEpAEH TOTHIKTBIPBIT KYHAipy, OHOepiTiHAlley >KOHE aBTOKIABTHI
TOTHIKTBIPY YPAICTEpiH TalAaNaHbIl alTHIHIBI alyAbIH Ka3ipri 3aMaHfbl OMICTEpi JKOHE AalThIH
OHJpY CajlaChlH JAaMBITYIBIH KeJelleri KapacThIPbUIIbL. Y POICTEpAiH apTHIKIIBUIBIKTAPEl MEH
KEMIIUTIKTepl TalaHAbl, KHBIH OHJEICTIH KEeHIepl OHACYMiH €H THIMII OHE KOpIIaFaH OpTara
3UAH KENTIPMEHTIH OMICiH TaHJay YIIiH Ka3ipri Ke3ae KOJNJAHBIN KATKaH HETi3rl TeXHONOTHsuIapra
CanbICTBIPY KYpPri3imai. OcCbl TEXHONOTHSUIAPMEH JKYMBIC ICTEHTIH op alyaH eAepAiH aiThlH
OHJIPYIIl KOCIMOPBIHAAPBIHBIH MATIMETTEpl MEH KOpCETKIITepi KEeNTipiiali, COHBIMEH Karap
Oonamiakra THIMII JKYMBIC icTey YIIIH aNThIH OHAIPY ©HEPKACiOiHIH anmblHAA TYpFaH MiHIETTEep
KapacTeIpbUIAbl. KenTipinreH nepekTepliH HerisiHae KeHAEpACH aNThlHABI Oerim amy Jopeikec,
peHTa0eNbIUTIK, OHMAIPICTIH OJKONOTHACHI JKOHE MAaTepHANIbl OHJCYre KaKeTTI alJblH ana
JKYPTi3ifieTiH JaWbIHABIK JKYMBICTApbIHA KOMBUIATBIH TajanTap TYPFBICBIHAH — aJThIHKEHI
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KEHOPBIH/APBIH OHJIEY VIIIH €H THIMJI KoHe Oonamiarbl Oap oic peTiHAe aBTOKJIABTHI TOTHIKTBIPY
omici TaHIANIEL.

Tyilin ce3gep: KWBIH OHJENETIH AaNTBIHKYPaMABl KEHIEP, ABTOKJIABTBI TOTBHIKTBIPY,
OuoepiTiHAiNey, TOTBIKTBIPHII KYHIipY.

Summary

Contemporary methods of gold extraction from refractory ores including roasting process,
bacterial oxidation and autoclave oxidation were considered. Prospects of development of gold indus-
try are formulated. Advantages and disadvantages each of methods were analyzed. For choosing the
most effective and ecological friendly method of refining of refractory ores main technologies were
compaired. The main parameters of plants that realize these technologies are shown. Tasks for future
effective work of gold industry are stated. As a result the method of autoclave oxidative leaching was
presented as the most effective and perspective method of refining of gold ores. It is breakeven, eco-
logical and characterized by high level of gold recovery from ores and less requirements for pretreat-
ment.

Key words: refractory gold ores, autoclave oxidation, bioleaching, oxidative roasting
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TEOPETUYECKHUE OCHOBBI SKOJIOTMYECKA YUCTOM
HEPEPABOTKHU TPYJTHOOBOT'ATUMOI'O MUHEPAJIBHOTI'O
CbIPbs U PACTBOPOB

HaxomeHable OTXOIBI IPH XPAaHEHUH T10]] BO3JCHCTBUEM KIMMATHYECKHAX YCIOBHH M aTMO-
cepHBIX 0CaIKOB MPEBPAIIAIOTCS B MOIIHBIA OUYar 3arps3HEHUs] OKPY)KAIOMIEH Cpesibl, OJHOBPEMEH-
HO SIBJISISICH TTOTCHIMAIBHBIM HCTOYHHKOM METAJUIOB, 3aIachl KOTOPBIX COMOCTaBUMBI C KPYHMHBIMU
MIPUPOAHBIMHE MECTOPOXICHIAMH. JIIsI pemeHust 3TuxX 3a7ad ObIT pa3paOboTaH HOBBIM KOHIENTYalIb-
HBIM TIOXO0J ¥ MPHHINIHAIGHO HOBBIE TEXHOJIOTMYECKHE MPHEMBI, BO MHOTOM DEIIAlONINe NMEI0-
myecs: 9KOJIOTHYECKUE U ChIpheBble mpoOiemsl. Ilpemmaraercst o0beMHATE OOXKHT M aBTOKJIABHOE
BBIIIEIAYMBAHNE TEXHOTEHHOTO W TPYXHOOOOTaTHMOTO NPUPOIHOTO MUHEPATHEHOTO CHIPbs (OKHC-
JICHHOTO U OeHOTO CYIb()HIHOTr0) B €IMHBIN, TOCISIOBATEIbHBIN U HEIIPEPBIBHEINM MPOLEce IO CXe-
M€ «BCE B PaCTBOp — O OJHOMY U3 pacTBOpay». VIcxomHOe ChIphe B OOIBIIMHCTBE CIIydaeB YKOHOMHU-
YECKH [1eJIecO00pa3Ho NepepadaTeiBaTh B T€OpEeakTope (Peakrope HOBOTO MOKOJICHNUs) Oe3 mpeaBapu-
TEJIBHOHM TOATOTOBKY, @ B HEKOTOPHIX CIIydasiX HCIIONB30BAaTh OEHBIE KOJUICKTHBHBIE KOHIICHTPATEI.
JlaGopaTopHEIE ¥ MONYHNPOMBIIIICHHBIE HCHBITAHKS, NIPOBEACHHBIE HAa XalIapKaHCKOM PTYTHOM
METAJLTyPTIUECKOM 3aBOAE, MOKA3alH BBICOKYIO 3(p(PeKTHBHOCT (PIIOTAMOHHOTO METOMA H3BIEUe-
HUS PTYTH U3 CTOYHBIX BOJ MEPKANTOTHO30JIOM (KalTakcOM) M MEePCHEKTUBHOCTH €r0 HCIIONb30Ba-
HUSL.

KuroueBble ci10Ba: MUHEPAJIbHOE ChIPEE, METAJLTYPrHsl, IepepaboTKa, IKOJIOTHS, PACTBOP
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