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BbISIBAEHUE HAMBOAEE ONTUMAABHOM CTEMEHU o
U3MEAbYEHUS PYABI AASI DO DEKTMBHOIO U3BAEYEHUA 30A0TA
MUKPOBMOAOTUYECKUM METOAOM

KasaxctaH, 06AaAas AOBOALHO BHYLUMTEALHbIMW 3anacamu 30A0Ta, NPOU3BOAUT OKOAO 20 TOHH
©XEroAHO, UTO He oTBeuaeT noTpebHoCcTIM PecrtyGAnKu. MNprymnHa — HU3KOE n3BAedeHne 30A0Ta U3-3a
OTCYTCTBUS HAAGKHOM TEXHOAOTMM 1 MOBbLILIEHHON YNOPHOCTU PYA Ka3axCTaHCKUX MECTOPOXKAEHUNA.

McrnoAb3oBaHMe TPAAMUMOHHBIX METOAOB nepepaboTKM PYA 3auyacTylo He AaeT >KeAaembiX
pesyAbTaToB. LLIMpOKO WM3BECTHble METOABI 6UOOKUCAEHUS TakXKe He 3(deKTUBHLI Mo npudMHe
cneundUUIecKor TOKCUUYHOCTH Ka3axCTaHCKMX PYA MO OTHOLIEHUIO K aUMAOMDUAbHBIM MUKPOOPraHU3-
Mam. B cBsi3au c 3Tum pa3paboTka OpUrMHAAbHbLIX METOAOB 6UOOKMCAEHUS PYAbl, OCHOBaHHbIX Ha
WCMOAb30BaHMM aBGopUreHHbIX WTaMMOB, OCTaeTcs akTyaAbHOM Npo6Aemont. PaHee 6blAv OCYLLECTBAEHbI
NOMCKU aUMAOMDUABHBIX MUKPOOPraHM3MOB — aKTUBHbIX OKUCAUTEAEN 30A0TOBMELLAIOWMX MUHEDPAAOB
Ha PSAE MECTOPOXAEHWUM KazaxcTaHa v noAydeHbl ux 3(eKkTUBHbIE accoumaumnn. B HacTosduiee
ppems oTpabaTbiBaloTCs MapameTpbl GUOXUMUYECKOI TEXHOAOTUM WU3BAEYEHUSI 30A0Ta U3 PYAbI
MecTopoXAeHns boAblieBuK. LleAb HacTOSLIEr0 MCCAEAOBAHUS — BbIGOP HamboAee ONnTUMaAbHOM
CTeneHy u3MeAbUeHUsl 30A0TOHOCHOM PYAbl MECTOPOXAEHUA BoAbweBuk AAS 3P PEeKTUBHOrO
W3BAEUEHMS 30A0Ta C UCMOAL30BAHNEM TEXHOAOT N ABYXCTAaAUAABHOTO BbllWeAaynBaHus. B pesyabrate
AQHHOrO UCCAEAOBaHMS OyAEeT CAeAaH BbIBOA O HEOHXOAMMOCTU CBEPXTOHKOIO M3MEAbYEHUS! PYAbI,
UTO MO3BOAUT C3KOHOMMWTb 3HEpreTnyeckue 3arparbl. B pabore MCNOAb30BaHbl TPAAULMOHHbIE

MVIKpOﬁHOAOI’M‘-{eCKMe 1 TMAPOMETAAAYPrUYecKmne MeTOADI.
KAroueBbie CAOBa: HUOXMMUYECKOE BblllleAaymBaHme, accoumaunm 6aKTepm71, TMOCY/\deaT, 30A0TO.
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Reviling of the most optimal ore disintegration scale for
effective gold extraction by microbiological method

Kazakhstan possesses impressive stocks of gold. But production of gold is for :
ally. It does not meet requirements of the Republic. The reason of this situation Is
gold because of the absence of reliable technology and the raised persistence



: gating. Th
ng Bolshevik deposit 0

KasakcraH aATbiH Kopbl 6oMbiHWwa PecnyGAMKaHbIH TananTapbiHa can eMec, SFHU KblA caublH
20 TOHHA aATbiH eHAipiAeai. Ceben — KazakCTaHAbIK KEH OPbIHAAPbIHbLIH KEHHIH, KaTTblAbIFbl MEH
AATBIHABI BHAENTIH CEHIMAI TEXHOAOTUSAAPAbIH a3AblFbl. KeHAi OHAEMTIH ASCTYPAI BAiCTep OH
HaTMXKe KepceTnenAi. KeH TapaAraH 6MOTOTbIFY SAICTEP A€ Ka3aKCTAHABIK KEHAEPiHIH aUMAODUABAI
MUKPOOPraHU3MAEpre 3USHABIAbIK ceGebiHeH ahpekTuBTi emec. OcbiFaH 6ariAaHbICTbI a6bopureH
WITAMAAPFa Heri3AeAreH GUOTOTLIFY DAICTEPAIH KOAAAHDBIAYbI e3ekTi MaceAe GoAbin OTbip. byaaH
epte KasakCTaHHbIH KeH OpbiHAAPbIHAAFbLI AATbIHABI 6eACeHAI TOTbIKTbIPATbiH AUUMAODUABAI
MUKPOOPraHM3MAEPAI i3AECTIPYi KapacTbipbiAfaH XoHE OAAPAbIH TUIMAI accoumaumsaAapb! aAbIHABI.
Kasiprikesae boAbLIeBMK KEH OPHbIHAH AAbIHFaH aATbIHAI OHAIPYAIH GUOXUMUSIABIK TEXHOAOTUSACHIHBIH
napameTpAepi eHAeAyAe. bya 3epTTeyAiH MakcaTbl — BOAbLWEBMK KeH OPHbIHAH aATbIHAbI €Ki CaTbiAbl
waimMaay sAici apkbiAbl 3eKTUBTI KOAMEH BHAEY. 3epTTey HaTUXKeCi 6OMbIHWA KeHHIH ycakTay
KaKeTTIAIM TypaAbl KOPbITBIHAbI >KacaAAbl, OA KEHHiH 3HEPreTMKaAblK WbIFblHbIH IKOHOMAAyFa
MYMKIHAIK GepeAi. KymbicTa ABCTYPAI MUKPOGUOAOTUSIABIK SKOHE TMAPOMETAAAYPIUSIALIK SAICTED

KOAAQHbBIAABI.

Tyiin co3aep: GUOXMMUSABIK, WariMaAay, 6akTepysi acCoUMaUMsSAapbl, TMOCYAbAT, aATbIH.

Beexenue

3a mocjeIHMEe oAbl MPOMBILIIEHHOE NpUMe-
HEHWE MHUKPOOPTaHW3MOB C IENbI0 H3BJICHECHUA
LIEHHBIX KOMIOHEHTOB U3 PYA JAOCTUIIIO LIUPOKUX
MacmTaboB B pasHBIX CTpaHax Mupa. B pasnny-
HBIX CTpaHax BeLyTCs HCCle0BaHMS MO Oakre-
pHUATLHOMY BbILIENaYMBAHMIO METAIUIOB U3 YIOp-
HBIX Pyd, @ TakXKe OTXO/0B OOOrauleHus, MBI,
mUIakoB M T.A. PaspaGareiBatorTcs crocobbl 6ak-

- TepHAbHOTrO BBILIENAYNUBAHUS 30110Ta, MapraHLa,
'UBETHBIX MeTaIoB. BHeapenne GakTepraabHOTO
! A, KaK M Jp. THIPOMETAJLTy pruye-
OB Z100BIMM METaJIoB UMeeT 6ollb-

] qH H |

purpose of the present research was a
‘ i re crushing for effective extraction of gold. The
‘based on two-stage bio-leaching. On first stage a biooxidation of crushed ore with - )
“sociations of acidophilic bacteria were conducted. On the second stage the chemical e’&f%' T
with thiosulfate solution takes place. As a result of the given research the conclusion wi d
necessity of super thin crushing of ore that will allow saving power expenses. In work traditional |
biological and hydromet-allurgical methods are used. ;
Key words: biochemical leaching, bacterial association, thiosulfate, gold
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MUKPOGUOAOTMSIABIK, DAICTIEH AATHIHABI THIMAT BHAIPY YLUiH
KEHAEPAi YCaKTayAblH, eH, OHTalAbl AeHFeHiH aHbIKTay

_ [II0€ DJ3KOHOMHYECKOE 3Ha4dYe€HHue.

Pacmw
CHIPbEBbBIE PECYPCHI 3a CYET HCIIOTB30BAHMUS (
HBIX ¥ MOTEPSHHBIX B HEApax pya U T.A. I
nieJaYnBaHne 00EeCTeUYBACT KOMIIEKCI
Jiee MOJTHOE MCITOJTb30BaHHE MUHEPAIBHOT
MOBBILIAET KYJILTYPY MPOU3BOACT
CO3/1aHMs CIIOXKHBIX TOPHOLOOBIBA!
cOB, OnaronmpusaTHO IS OX
cpens! (Brierley, 2001:233; Bhak
Hees, 2005:8; Zammit, 2012:45).

TIPUMERSETCS JUIs U3BIIeYel
coseix pya B CILA,




{ TpaKTHUeCKHi OMBIT 3mmyammn
THYECKUX TIPOMBILIIIEHHBIX YCTaHOBOK
o6BIM 30710Ta 32 Py6eskoM MoKkasan BBICOKYIO 9KO-
HOMHUECKYIO 3((PEKTHBHOCTE 3a CUET CHIDKEHUS Ka-
MUTAIBHBIX 3aTPaT U YMEHBLIEHHS YKCIUTYaTallHoH-
HBIX PACXOJIOB MPH YBEIWUEHIN M3BIIGUEHNS 30710Ta
1 SKOJIOTMYHOCTH, Mpuyem, Ui GuoTeXHonoruye-
CKOrO Tpolecca YpPOBEeHb IKCITyaTalMOHHBIX pac-
XOI0B camblif Hu3Kkuit. JlambHeitiee pasButne 3Toit
OTpaciy NPOM3BOACTBA IPECTaBIsIeT HECOMHEHHBIA
MPaKTUYECKNii MHTEpec. YCTaHOBJIEHO, YTO YIOp-
HOCTH PYJbl HA MECTOPOXIEHUSIX 00YCIIOBIIEHA Lie-
JIbIM HabopoM (akTOpOB, MOITOMY U mNepepaboTka
TakUX pPyJA C HUCIONB30BaHNEM MUKPOOPTraHW3MOB
TpebyeT KOMIUIEKCHOro moaxona. B cBs3m ¢ st
OCHOBHOM TEHACHUME pa3BUTHs OMOre0TeXHONIOIMH
B HACTOsIIIEe BPEMs SBISIETCS MCTIONB30BAHUE CMe-
UIaHHBIX KYNBTYp armaodmisHerx baxrepwit (Yang,
2007:141; Zeng, 2010:68). Kak npasuio, npu aznan-
TalWy Ja00PaTOPHBIX KYJIbTYpP K PyZIe KOHKPETHOIO
MECTOPOXKIEHUST PEKOMEHYETCsl TIPUMEHEHIE acco-
LAY MEKPOOPTraHU3MOB, COCTOsILIEH U3 OakTepuii
A. ferrooxidans, A. thiooxidans, L. ferrooxidansu
Sulfobacillus (CemensaukoBa, 2005:59; Zaulochny,
2010:527). Epormefickue HcCIeNOBaTENH, YUHThI-
Bas Ce30HHbIe KOoNeOaHus TakuxX (aKTOPOB, Kak
TEMIIEpaTypa U KUCIOTHOCTH CPEJIbI, OCYIIECTBUIH
>bdEKTUBHYIO TIpeIBapHUTENbHYI0 00paboTKy 30710~
ToconepyKaliero KoHienTpara (Spasova, 2011:600).
B nmocnenree BpeMst Bce Gobliee BHUMAHWE UCCIIe-
JioBaTeNM obpaInaroT Ha 6akrepun posia Ferroplasma
(Acidiplasmasp.), kak Hanbosnee SHEPrUYHOro OKUC-
murens skenesa (Hill, 2011: 1021; Harrison, 2011:
818).

BakrepuanbHoe BbILIENaulBaHie OCHOBAHO Ha
pasiiokeHur CynbGUIOB auUAOPUIBHBIMU OGakTe-
pusivu. Tlocre GakTepruaTbHOTO BCKPBITHS CYIbhu-
JIOB 30JI0TO 3HAYMTENBHO JIErye U3BJIEKAEeTCs Lua-
HUpoBaHWeM. M3BiedeHue 3010Ta HakTepuaIbHBIM
BBIILENIAYNBAHIEM MOXeT ObITh MOBBIIEHO Ha Je-
CATKM IPOLEHTOB, @ MHOTAa MHOrOKpaTHo (BaiiH-
mreitn, 2011: 11; Huxepk, 2015:1).

MexaHu3M OKHMCIEHUS OCHOBHBIX 30710TOBMeE-
WAIUX MUHEpanoB Xopowo u3ydeH (Johnson
2009:201). Ilo coBpeMeHHBIM MpeNCTABIEHUIM
MHUKPOOHBIE KyJIBTYpBI OKHMCIIAIOT HEPAaCTBOPHMBIE
Cynb(UHbIE MHUHEpalbl MpPsSMO JIMGO KOCBEHHO.
yqae TIPAMOrO OKMCIEHUA paspylieHue Kpu-
JUTAYECKOM CTPYKTYpBI CYJIbOUIHOTO MUHEpasa

) cyer (epMEHTATUBHBIX CUCTEM U3

)Kunaena, 2007*2» M
Kasaxcran, obnamas g
HBIMHM 3allacaMy 30J10Ta, TIPOV
TOHH €KErofHO, YTO HE OTBEYAET TI0
Pecny6nuku (Mupounnuderko, 2002: 2
nosa, 2014:191). [MpuarHOM ABNAECTCA U3BT
30/10Ta M3-3a OTCYTCTBUS HANEKHON TEXHOI
U MOBBILIEHHON YMOPHOCTU PYH Ka3aXCTaHCKUX
MecTopokaeHnii. Mcnonb3osanue TpaauudOHHBIX
METOIOB NepepaboTKH Pyl 3a4acTyio HE JaeT xke-
naeMbIx pe3ynbTaToB. ILIMpoko H3BECTHBIE METOMBI
OMOOKUCIIEHHs] TaKxKe He 3 PEeKTUBHBI T10 IIPUINHE
criennguyeckoi TOKCUHYHOCTH Ka3aXCTaHCKUX Pyd.
M0 OTHOIIEHHIO K auuA0(pHUIbHBIM MUKPOOPraHn3-
MaMm. B cBa3M ¢ 3TMM pa3paboTka OpUIMHAIEHBIX
METOJ0B GHOOKHMCITEHUS pyIbl, OCHOBAaHHEIX Ha HC-
NoNb30BaHUM a0OPUTeHHBIX LUTAMMOB, OCTA€TCA
aKTyanpHOW mpobiemoil. MuHKpoOHoIOrHIecKre
o0cenoBaHus pifga Ka3aXCTaHCKMX MECTOPOXKIE-
Huil B 2015 r. mokasaiu, 4TO BBHIOY cleluduyge-
CKMX OCOOEHHOCTEN coCTaBa pyd Ha TaKUX MECTO-
poXaeHusX, kak AkOaxaii, bectobe, bompmesnk,
MPEeUMYIIECTBEHHOE  paclpOCTpaHeHHe  MOJy-
YUIH  BUOBI aUUAO(UIBHBIX MHUKPOOPTaHU3MOB
Leptospirillum u Sulfolobus. Takwe >HeprudHEBIE
okncymrenn kak Acidithiobacillus oxazanuce wH-
rubuposanbl (Kanayev 2016:1051; Konysbayeva
2016:39). AxTuBM3auUsS aOOPUTEHHBIX IITAMMOB
Acidithiobacillus B accounauuu ¢ Acidiplasmasp.
3HAYMTENBHO YCHMIMJIA BO3HEWCTBUE Ha 30JI0TOB-
Mellalie MUHEPaIsl U TpHBeNla K YBETHIEHHIO
U3BJIEYEHNs ONTATOPOIHBIX METAJUIOB. Bhu
YEHbI MEPCIEKTUBHbBIE aCCOLMALIMU XEMOJIMUT!
HBIX MUKpoopranu3mMoB (Kanaesa, 2015:32:
B nacrosimee BpeMst oTpabaTsIBaroTCS
Tpbl OMOXUMUYECKON TEXHOJOTUM M3BJI
JI0Ta U3 Pyl MECTOPOXKAEHUS Bobiies
Lens pabotsl: BEIGOpP HauGomee o
CTENEHU W3MENBUEHUs. 30JI0TOHOCH
CTOpOXAEHUs] bonblueBuk Ans
BJIEYEHHS 30JI0TA C KCIIOJIb30BAHME
JBYXCTaJIWaJIbHOTO BEIIIIEIA

Marepnanibl U MeTOILI

B kayectBe 00be



nenne BonblIeBuKk OXBaThbiBaeT 3anaiHblil 3,5-Ku-
JIOMETPOBBIHi 0TPe30K KbI3bUIOBCKOM 30HbI, 3aKITIO-
yeHHbI Mexay 3amaaHo-KanGuHekum pasnomMoM
Ha 3anaze M yyactkoM BocrouHas 3aranka Ha BOC-
Toke. Ha MeCTOPOKIEHNH 110 OCOOEHHOCTAM CBOETO
BHYTPEHHEr0 CTPOEHMS MCTOPHYECKH BBIICISIOTCS
4 yyacTka (C 3amajia Ha BOCTOK) € TIPOMBILITIEHHbIM
opyaeHeHHeM: 3anannblii bonbuieBik, bonbmeBuk,
Yanobaii i Xonoausiii Kmou.

IMnomane MecTopoXkaeHus boiblieBUk cJo-
EeHa TePPUreHHO-0CAJ0UHBIMK [OpOJaMH  Ka-
MEHHOYTOJNLHOW CHCTEMBI, KOPaMH BBIBETPUBAHUA
Pa3sBUTHLIMHM Hal HUMHU M YACTHYHO TPETHYHBLIMU M
YeTBEpPTHYHBIMI OTJIOXEHUSIMU. B jexadeM GOKy
KBI3BUIOBCKONM 30HBI MPEWMYLIECTBEHHO pa3BU-
Thl TIECYAHO-CJIAHLIEBLIE OTJIOKEHMUsl, a B BUCAUEM
GOKYy — MONMMUKTOBBIE PAa3HO3EPHUCTHIE TECHaHN-
KM BEpXHel MOATONIINAIEeBPOIUTO-MECUaHNKOBOH
tomuu (C,S2-C2b). B paspese camoil KbI3bU10B-
CKOM 30HBI CMATHS MpPeobJiaaroT MecyaHo-CclaHLe-
BBIE OTJIOKEHUs OakbipanKcKoit cBuThl (C3) (Mupo-
mHngerko, 2002: 216).

Kak WU3BECTHO, ITOBbILIEHUEC TEXHOJIOTn4Ye~
CKMX TOKazaTeneil BbIIeTadMBaHWA BO MHOTOM
3aBUCHUT OT CTENeHM PacKphITHs MUHEpaNoB. 3a-
Jlady PacKpbITHs B TEXHOJNOTMYECKHX CXEMax pe-
WarT onepauun pypomnoarorosku. ITokasarenn

REINIETAYMBAHNS 3aBUCST HE TOJBKO OT TOHHMHBI
MoMoJia, HO W OT CEJEKTHBHOCTH pa3pylleHUs
cpocTkoB. Ha sTame pyomoAroToBKH HCIOIb30-
BaJIM LIAPOBYIO MEINBHMILY, TaK KaK 3TOT THI 000-
pyZAOBaHMs HaJEXHO 3apeKOMEH/0Ball cebs ans
CHMKEHWs TOHMHBI IMOMOJIAa pyZbl. YMEHbIICHNE
pa3sMepoB ¥acTHL PYAHOTO Tena IO TpeOyeMbiX
pa3MepoB JOCTUrajioch MyTEM MeXaHUYecKoro
BO3JeiicTBYA B GapabaHHON MelbHHUIE U3 CepUH
VBM co cTalbHBIMU [apaMy, KOTOpbIe HamnoJjo-
BUHY 3aMOJIHAIOT MEJNbHUILy W MepeKaThiBarTCs
B GapabaHe TpH ero BpalleHWH BOKPYT MPOAOIIb-
HO¥t ocH (puc. 2). KpynmHOCTE 4acTHIL py Bl ITOCTIE
MoMoJia Ha MeJIbHMIIaX KOHTPOJUPOBAIN Ha KJlac-
cuduxarope (puc. 3).

Hsmenbuenne pyAst 10 pasmepos rpanyn 0,074
MM # 0,2 MM TIPOBOJMIIM B COOTBETCTBUH CO CXEMa-
MM, U300pakeHHBIMH Ha puc. 4.

Kak m3BecTHO, IJIaBHBIM CBOWCTBOM, KOTOpPOE
onpezenseT MEeTaulypruyecKyro LEeHHOCTb 30J10-

Bectuuk KasHY. Cepus sxonornueckast. Ne2 (51). 2017

JIAYMBAHUIO 30710T4
HIEBUK MCTIONb30BAIM
THBHbIE ACCOUMALIMALIAM ALLA
Ne 1 — Acidithiobacillus fe
sp.; Ne 2 — Acidithiobacillus caldt
sp.COOTHOLIEHNE BXOMALUMX B COCTAB
KyJbTYp O6I710 paBHbIM. it KyabTyp 6aKTepy
ferrooxidans n A.caldulans ucrosmb3oBaiu cpesy
Cunbsepmana u Jlynarpena, a s Acidiplasma sp.
— cpeny 9K Cumesepmana u Jlynarpena ¢ f06as-
Koil IpojokeBoro skcTpakta B komdectse 0,02%
(Silverman 2009:642; Golyshina 2000:997). bakre-
pHH KyNTUBUPOBAIA B TeUeHUH 14 CyTOK, B Teve-
HIe KOTOPBIX KOHTPOJIMPOBAJH HAKOTUIEHHE TPEX-
BaJIEHTHOTO XeJje3a u TUTp OakTepuii B cpesie.
OKHCITUTENBHYIO  CITOCOOHOCTH  MCXOXHBIX
LUTaMMOB, BhIpalIuBaeMbIx Ha cpene CrmbBepMana
u Jlynarpena 9K, ompenesisin €xecyTO4YHO KOM=
mexconomerpudecku (OKuBaeBa, 2007:253).

Pe3yJ’leaTbl HCccJIeI0OBAHU A

V3BjiedeHne 30710Ta U3 30JI0TOMBIIIBIKOBUCTOM
cynb(uaHON pyasl MECTOpOXIEHHs boNbIIeBHK
sBIsieTCs BaXkHOM Npo6yeMoii. B pyJie conepxurcs
mput (FeS2) u apcenommput (FeAsS), mpeacrae-
JISIOIIME OCHOBHYIO TPYAHOCTH TP H3BICYCHHH
30710Ta CyUIECTBYIOIMUMH crnocobamu. Ilpu 3Tom
apCeHONMMpPUT uMeeT Gosiee HU3KHMH 3JIEKTPOAHBIH
MOTEHIMAJT ¥ CEJIEKTUBHO BBILIEIAYUBAETCA B IEp-
BYyIO odepelb. BBICBOOOAUBIIMIICA MBIIIBEIK TOK-
cUueH JUlsi GAaKTEPHid, TO3TOMY BaXHO OIPEAEIUTH
ONTHMAJIbHYIO CTEMEHb W3MENIbYEHHs pyJbl, TakK
KaK CIMIIKOM MeJIKOe U3MeNb4yeHue OyaeT crnocoo-
CTBOBATh PACTBOPEHHIO UMEHHO 3TOT0 MUHEpaJia.

OCHOBHOW 3az1aveil Ha JaHHOM 3TaIle pa60'r
SBJISIETCSl BCKpPBITUE 30]I0Ta [yTEM OKHCICHUs
CyNb(OUIAHBIX MHWHEpANoB. ODKCIEPUMEHT Havai
C M3y4eHUs XUMHUYECKOTO COCTaBa pylbl, TO €CTh
C BBISACHEHHMs KOJIMYECTBEHHOIO COAEp:KaHHsA dJie-
MEHTOB B pyJlie. B mpouecce XUMUYECKOro aHami3a
OBUIO OTpeeNieHo, YTO MPOOLI 30I0TO-MBILIBIKO-
BUCTOI pPy/Jbl MECTOPOXKIEHNA BosblIeBUK coaep-
aT 30J10T0 B KojmuecTse 2,9 r/T. OTMeYeHo 3
quTeTBHOE KOMMUeCTBO (3,4%) Kerne3a, HeGOIE
konnuectso (0,02%) meau. Taxxe B py,
NPUCYTCTBUE 3JIEMEHTOB Pa3TMYHBIX
ckux rpynm: S — 1,2%; As — 0,91%;
OIM3UTENBHO B OJIMHAKOBOM KOJIM!
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Pucynok 1 — Kapra pacnojoskenusi MeCTOpoxaeHus BonbmeBuk

Pucynok 2 — JlaGoparopHas waposas
MebHULA cepii VBM

B MUpOBOIi MpakTHKe A7 BbIUIENaYuBaHAA 30-
JIOTa U3 30JI0TOCOAEPIKAUX Pyl LIMPOKO MPUMEHs-
- ercs uMaHMpoBaHue. HecMoTps Ha MpenMyIiecTsa

‘Tepell ApyriMH pacTBOPUTENIAMH, BBICOKAs TOKCHY-

KaccudukaTop pasMepa rpaHyst
H3MEITBYEHHOM pyB

HOCTb LMAHWOB BBIHY)KIAeT UC
Hble PACTBOPHTEITH 3010Ta, Y
CTOYEHHBIM 3KOJIOTHYECKH!
TAKMX METOZIOB BbIJI
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Pucynok 4 — Cxema IpoGNCHUS M H3MEITBICHUS 30]I0TOHOCHOI
PYAbl MeCTOPOXIAEHHs BonbuieBuk
(a— 1o pasmepa rpayn 0,074 mu, 6 — 10 pazmepa — 0,2 Mm)

Tabmuua 1 — CocTosHMe 3aMacoB 30JI0TA 110 MECTOPOXIAEHHIO BolibIeBUK

0,02

Pucynox 5 — Xumuteckitit cocTan 30710TOHOCHOM py ikl
Mecropoxaenns bosbesnk

‘ 3anacel Mo pPy/AHBIM TEIaM

rNg 6II0Ka 1 KaTeropus pyna, Cpe/IHEE COACpIKAHHE cpeiHee ColepKaHue Ipumenanne

3amacos THIC. T Au, /1 3071074, KT

L a | 1909638 7.0 13422 GararcoBsie

‘ C; 3004,000 6,1 18260 cynbGuIHEIE PYABI

\ C.HC, 4913,638 6,4 31682

( C, 38,000 29 109 3a0aIaHCOBBIE PYJIbI

\ c 281,562 1,1 324 Ge1HbIe OKMCIIEHHBIE PYIbI

Tuocyne(haTHOE BBIMIENIATMBAHAE 30JI0TOCO-
nepxaileil pyabl umeeT GONbLIONH NoTeHUMan s
CHIKEHWST BO3IENCTBUS Ha OKPYIKArOUILYHO Cpemy.
B orTiMuMe OT IMaHWIA, KOTOPBIA SBISIETCS BBICO-
KOTOKCHYHBIM 3JIEMEHTOM, XUMUYECKUE BELIECTBA,
HCTIONB3YeMBIE B TIpOLEecce THOCYJb(AaTHOrO BbI-
menayrBanys, 6e30MacHbl. ITa TEXHOIOTUI UMEeT
GoMNbIION NOTEHIMAN B T€X 00JIACTAX, Ile UCIOIb-
30BaHME LMaHK/Ia aGCOTIOTHO 3aAlPEIEeHO WK MO~
BepraeTcs MHTEHCHBHOMY HEraTHBHOMY OCBelle-
a0 B CMH no npuynHe BPEIHOro BO3JEHCTBUA
Ha OKpy>XXaromlyio cpeay. B OonplMHCTBE CITydaes
B XOJ€ 3TOr0 Tpolecca W3BJIEYEHWE MPOBOANTCS
MpaKkTHYECKH WIEHTHYHO LMaHupoBaHuio. [lpu
oTepalyaX U3BJIEYEHUS, B KOTOPHIX YYHMTHIBACTCS
NPAPOJHAs COpPOLMOHHAS AKTUBHOCTH YIIHCTHIX
KOMIIOHEHTOB PYJbl, ACIIOJIL30BAHHE TOr0 METO-
Jia BBINIENIAYMBAHUS 3HAYMTENLHO 3(deKTHBHEE,
4eM Mcrolib30Banne nuannaa. THocynsdaTHOE BbI-
LIENaY¥BAHUE XOPOIIO MOIXOAMT JUIs WHHOBALM-

OHHOM TEXHOJIOTUW W3BJIEYEHHUS 30J10Ta MO MpHH-
unny «cmona B mynene» (RIP). Tlpouecc asisercs
I[EJIOYHBIM, OOBIYHO BBITIOJHAEMBIM B IHANa30HEe
pH ot 8 1o 10, mosToMy MpH BHIMOTHEHHH H3BIIE-
YeHUs1 He MOXKET BO3HUKATh O€CIIOKOMCTB MO MOBO-
Iy koppo3un obopyrnosaHus. K mpeunmymectsam
€ro OTHOCUTCS TaK)Ke HHEPTHOCTh K €CTECTBEHHBIM
yriepoicoiepKaliM ancopOeHTaM UHaHWIHBIX
KOMIUIEKCOB. OCHOBHBIMH XMMHUYECKUMH KOMIIO-
HEeHTaMK TIpolecca THOCYIb(ATHOTO BHIIIENaYH-
BaHus (THOCYJIb(AT AMMOHMS 1 CYTb(hAT aMMOHUS)
ABJISIIOTCA OOBIYHBIE YOOOpPeHHs. DTO OTKp:
JIOTTOJTHATENTBHYIO BO3MOXKHOCTH JJI HCITOJT
HHsl PaCTBOPOB OTXOJ0B IIAXT B CEJILCKOM
CTBE M B T€X pervoHax, rie cobIronaTces 3KO
yeckue Hopmsl (Fleming, 2003: 3; Wan,
SGSMineralservices, 2008:1).

B HAIIWX KCMEPUMEHTAX MBI O
THOCYNIb(paTe KaK Ha MEHee TOK!




01 pearem W yCTaHOBHTh MaKCHMAITHO
mﬂy)o CTEeIeHb M3BJIEUEHHUs 30JI0Ta U3 PYJIbl
poqucnml Bonsmesnk. Ha puc. 6 mpeacras-
mma cXema JIBYXCTaaHalbHOro OMOXMMHYECKOro
BBIIIETAYMBAHUS 30JI0Ta U3 PyJbl MECTOPOKICHHS
BonbLeBHK.

DKCHEPUMEHTbI MPOBOAMIIN C PYIOH, U3MENlb-
genHoOl 10 kmacco kpymHoct 0,074 Mm — 80%
u 0,2 Mmm — 80%. HaBecky pyast 80 r, cMemuBaim
¢ GakTepuaJbHbIM pacTBOpoM B oObeme 400 mi.
[TomydeHHyI0 CYCTICH3WIO Y[kl MoaBeprasi Ouo-
BHIIIETaYMBaHuIo0 Tipu Temreparype 20°C, pH 2,0,
WHTEHCHBHOCTH TiepemernrBanms 120 06/MuH B Te-
YeHHe MATH CYTOK. FICX0IHOe KOMHIeCcTBO OaKTepu-
aNBHBIX KJIETOK BO BCEX BapwaHTax coctasnsn 107
KJ/M7, HCXOIHOE COEp)KaHNe OKHUCHOTO Kene3a —
9.0 r/m. ITocne MONHOrO BOCCTAHOBJIEHHS KOJIHUYE-
CTBa TPEXBAJIEHTHOTO JKeJie3a B BhIIICITIavYUBaOIIEM

Ta6mumna 2 — BakTepuarbHO-XUMHIECKOE BEIIIeadiBaHUE 30710Ta ACCOMAaTHBHEIMU KyJIBTYpaMH THOHOBBIX 6GaKTepHii B 3aBHCHMO~
CTH OT JUINTELHOCTH M KJIACCA M3METBYEH ST Py bl MECTOPOXKIEHHS BOJIbLIEBUK

BAHMIO.
TONYHEHHBIH KeK 1po
BOJION C LENbI0 TOBEI _
pa 10 HeHTPanBHOro 3HaueHn
STOTO TBEPIBIA KeK MOIBEPrany B
pacTBOpoM THOCYNb(haTa HaTpus
20,0 r/n. JInNTeabHOCTh OMNbITa COCTABIL:
C JIBYXKpaTHO# 3aMeHOH BBILIE/IAYMBa
TBOpa uepe3 Kakble 24 yaca Juis J1OCTH
6GOKOro pacTBOPEHHs 30J10Ta.

B KkavecTBe KOHTPOJIA CITYXHUIIO Xivie: ‘
BBILIEAYMBAHUE THOCYTb(ATOM HaTpuA, B KoTo-
poM pyna He MoaBepranach MpeBapuTENbHOMY
GHOOKMCTeHU0. Beero MpoBeleHO TPU BaphaHTa
ONBITA, W3 HUX KaXIbIii BAPHAHT COCTOAN M3 ABYX
Bapualyii, KOTOpble MPOBOAWIIN C PYJOH, U3MEIb-
qenHoit 10 knacca kpynHoctd 0,074 u 0,2 mM. Pe-
3yJIBTaTHI IPHBEIEHRI B TA0M. 2.

- 0,
Ne i Jiurens Tu'rpv Hs3enedenue 30710Ta, %
HOCTB Bbi= | 1o | (oc pH GakTepHii 10
prﬂHO CTH, HIeTaurBa- 2 > OTBITA, accoma- accomua- ](OHTpOHb
ity HIS, 9ac KII/MIT uas Nel | st Ne2
52,9 59,0 34,0
1 il 24 o T R 107
0,2 404 43,5 30,4
68,3 74,2 55,
2 ks 48 st a0 4 20 107 a2
0,2 63,3 70,4 51,5
78.4 86, X
3 i 72 1.5 20 2,0 107 2 L
0.2 72,1 75,8 60,3

DIMPEREY . e A L

Kak cnemyer u3 Tabiuilbl, CTENEHb U3BJICUCHNUA
30710Ta B pacTBOP C KJIACCOM M3MENbYEHNMS Py bl 10
0,074 MM Mpy JTMTEIHHOCTH BBIIIENAaYUBAHUs 24
gaca ¢ accormaumeii kyneTyp Nel Hinke (52,9%),
yeMm ¢ accoumanmen Ne2 (59,0%). B koHTpoJibHOM
BapWaHTe BbIlleNnaunBaeTcs Beero 34,0% 3omora B
pacTBOp. AHAJOTMYHAs TeHJAEeHUMs Habironaercs
B BapUaHTe OIbITa C KJIACCOM M3MENIBUEHMsS PYIbl
1o 0,2 mm. KonudecTBO WM3BIEYEHHOrO 30JI0Ta B

- pacTBOp B BapMaHTE OINbITa C accounauuen Kylb-
Typ Ne2 cocrasnser Ha 3,0% u 14,0%, Gonbiie (Au
— 43,5%), uem ¢ accouuarumeil kynstyp Nel (Au —
40, 4%) W B KOHTPOJIbHOM BapHanTe (Au — 30,4%)

B Xolie 3KCIIepUMEHTa BBISBJICHO, YTO
M3MeNbYeHHs PyIbl Tepell BhIIIena!
3bIBaeT CYIIECTBEHHOE BIMsHUE Ha 3.
MOCJIEYIOIIEero U3BJIeYeHUs] MeTalla.
rpanynbl pyael (0,2 mm — 0,074 Mm
BhllLeaunBanye (24 yac. — 48 ua
TeM BBILLIE CTENEeHb U3BIEYEHHS 30]1

AHanu3 MOoNy4YEHHBIX pe3y.
4TO accounauus Kynbtyp Ne2
BBICOKOE WM3BJIeYeHue Garo]

C yBeJIMYEHHEM mm’reJm
48 wacos ¢ npe0GpaboTK
Ne2 30072 H3BIEK aercs 60




Pucynok 6 — Cxema ABYXCTaIAATBHOIO OMOXMMHYECKOTO BhIIICTaYMBaHUS
30710Ta U3 PYbl MECTOPOXKAEHUS bonbmeBuK

TlozcueT KOJIMYeCcTBA KIU3HECTIOCOOHBIX KIIETOK
BakTepuii METOIOM CEPUIHEIX pa3BeJIeHNH B cpejie
Cunssepmana u Jlynarpena 9K 1o n mocne Bbriie-
NauMBaHWs THOCYTbGaTOM TOKa3all, 4YTO Mocle 3KC-
MO3WIMN 24 9acoB KOJUYECTBO JKU3HECTTOCOOHBIX
Kietok ymensmaercs 10 103 ki/mn. B BapuaHTtax
C TIPOJIOJIKUTENBHOCTBIO BhIIENaunBanus 48 u 72
gaca KONMYECTBO XMU3HECTTOCOOHBIX KJIETOK HE Tpe-
peimaer 102 ki/mit. B 1aHHOM citydae MOKHO TOBO-
pUTEL 00 YCTOWYMBOCTH ¥ NPUEMIIEMOM aKTHBHOCTH
LITaMMOB B TIPUCYTCTBHH THOCY Tbdata (Tadi. 1).

Takum 00pa3oM, HaWIyHlOUe pe3ybTarhl Ha-
OMomaniuch B BapHaHTE C accouualuein KynbTyp
Oaxrepuii Ne2 npu n3Mmenb4eHUM pylbl 10 Kiacca
kpynuoctu 0,074 mm. MccnenoBannbie Gakrepun
COXPaHSIJIN CBOIO JKM3HECTIOCOOHOCTL ¥ aKTUBHOCTh
TpH THOCYTb(HAaTHOM BbILLETaYNBAHUHN.

3akJjroueHue

B pesynbrare nponenanHo# pabotel GbUTH MO~
JTy4eHbl JaHHbIE, IMOJHOCTBIO IIOATBEPXKIAIOIINE

MpaBUILHOCTE BEIGOpa MOXXOAOB K MepepaboTke

YIOPHO# pyIBI MECTOPOXKAEHUS BONbIIEBHK.
Hcrnons3oBaHne aKTUBHON acCCOLMALNY alAmo-

dumeHbIX GakTepuii Ha OCHOBE aNaNTHPOBAHHEIX

mramMmoB poxa Acidithiobacillus B couetanum

SHEPrUYHBIM OKHCIHTeNeM u3 poxa Acidiplasm

3HAYUTENIBHO YCWIIMIIO BO3JEWCTBHE Ha pyHdy, W1

BBIPA3UIIOCH B YBEJIMYEHUH W3BJICUEHMS 30J10Ta

nee yem Ha 10%. ITpu 3ToM He 6BITO HEOGXO,

CTH CBEPXTOHKOTO M3MelnbueHus pyast (0,0

KaK 9TO MPAKTHKYIOT Ha PAAE 30JI0TOU3BIE

HEIX (abpukax. BeiGpaHHBIE MHKPOOP!

OKa3aJluCh YCTOHYMBBIMU K TAKOMY pac

KaK THOCYJb(aT, i MPOJIOHIUPOBATIN

CTBHE Ha PyAly BO BPeMs XMMUUYECKOT

3onota. [1py1 ucnonb30BaHUN LIMAHW]

HeBO3MOXHBIM. Takum ob6pasom,

CIIEJIOBAHUE [10KA3aJI0 IepCIIeK

XKEHUs pa3paboTKH TeXHOJOrun Gv

BILUEIAYMBAHUS 30J10TA U3 YI

TOJTb30BAHUEM accCOoLMALMit

MOB aunA0GUIbHBIX OaKTe]
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