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BuortexHomornu craHOBATCSA 607Iee 3Ha-
YUMBIMM B pelIeH!! Pa3HbIX TEXHOIOTMYe-
CKUX 3aJja4. buoTexHonornu npumMeHsOT-
Cs1 IOBCEMECTHO, HauMHasA OT MEAVILIHBI U
dbapmareBTHKM U 3aKaH4YMBasg HeTAHOI
IIPOMBIIIIEHHOCTBI0. B 6mpkaiiiem 0yny-
meM cdepa NpUMeHeHNsI OMOTEXHOIOTMI
OyzmeT pacmmpATbhCA, TEM CaMbIM CO3JjaBas
YCIOBUA ISl TIEPECTPOVIKM LIe/IbIX OTpac-
7ieil, B TOM 4YJCJIe I B CEKTOpe TOPHOI Me-
TaJULy prumL.

KpacHosipckuit kpait 6oraTr 3amacamu
MeT//INYECKNX IIO/IE3HbIX JCKOIAaeMbIX
1 SHepreTmyeckux pecypcos. CormacHo
MOC/IEJHVM QaHA/IUTUYECKUM J[IaHHBIM Ha
tepputopun KpacHosipckoro kpasi, B 00-
IIEPOCCUIICKOM MaciuTabe, IpOu3BOAUTCS
6omee 70 % HuKens, okono 40 % menn, 60-
nee 35 % amomuHus, 6omee 20 % 305074,
6onee 90 % MeTa/IOB IUTATMHOI TPYIIILL
3a pocT 06'beMOB 1 TPOU3BOJICTBEHHBIX IT0-
KasaTesiell Kpas B METa//TypPIrM4eCKOM CeK-
TOp€ HECYT OTBETCTBEHHOCTD KpyIIHEIINEe
NpefupuATUA, TakKue Kak, Hopunabckuit
Huxens, Ilomroc Kpacnosapck, Kpacnosp-
CKMI a/JIOMUHUEBBIN 3aBOM, AYMHCKNI
IJIMHO3EMHBII KOMOMHAT, [opeBckuit rop-
HO-000TaTUTEeTbHBIN KOMOMHAT.

B mocnennue ropgsl B oTpaciu fo0bIYN
MI0JIE3HBIX VICKOIIaeMbIX OTMEYAEeTCS VICTOLLIE-

H1Ie 6OraThIX 30/I0TOCOAEPIKALINX 3aI1acOB, a
MIMEHHO POCCBIITHBIX MECTOPOXK/IEHNUII 30710~
Ta ¥ JIETKOIepepabaThIBaeMbIX OKMCITEHHBIX
PYA. B cBA3M C yeM BO3HMKaeT cTparermde-
CKasi HeOOXOIVMOCTb BOBJIEUEHNsI B Iiepe-
paboTKy OemHBIX KOPEHHBIX 30JI0TOCOfiep-
JKAIIMX PYJ, 3arachl KOTOPBIX COCTABJIAIOT
50-60 % oT pasBejaHHBIX 3aI1acoB 30710Ta. B
3TUX YCTIOBMAX BOBJICYEHNE B IIPOMBIIIIIEH-
HYIO 9KCIUTyaTalMI0 MECTOPOXKAEHMI YIOp-
HBIX 30/I0OTOMBIIIBAKOBBIX PY/, SBJISAETCA
OJIHOJI M3 aKTYa/IbHBIX IIPOOJIEM B 30/I0TOIO-
ObIBaOIL[e}T IIPOMBIIIITIEHHOCT.

TexHomornveckass yIOpPHOCTb 30/I0TO-
COfleprKAILUX PYJ OIpefie/sieTCsl HanaueM
TOHKOBKPAIlJICHHOTO 30710Ta B Cynbdu-
laX ¥ HIPUCYTCTBMEM BPETHBIX IIpyMeceit
(MBIIIBSK, CypbMa, OpPTaHMYECKUIl yIie-
pox). T 0COOEHHOCTV BeIleCTBEHHOTO
COCTaBa CHIDKAIOT 9((EeKTUBHOCTb UC-
II0/Ib30BAHMsI TPAAVUILIVOHHOI TEXHOIOTUU
nepepabOTKM  30/I0TOCOAEPXKALINX KOH-
LIEHTPAaTOB — IMaHMpOBaHUs. B cBssu ¢
4yeM, KOHL[EHTPATBI, II0JTy4aeMble Y3 TEXHO-
JIOTMYECKY YIIOPHBIX 30/I0TOCOfEP)KALINX
pyZ, TpeOyIOT NpUMeHeHNs CllelaTbHbIX
METOZIOB IepepaboTKM: OOXKUT, aBTOK/IaB-
Hoe 1 6aKTepuasbHOE OKVCIEeHNE C TI0CTIe-
IYIOLIVIM V3BJIeYeH)EeM BCKPBITOTO 30/10Ta
LIVIaHVPOBaHMEM.
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VsBecTHO, 4TO B MUPOBOJ IIPaKTUKE
nepepabOTKM YIOPHBIX 30JI0TOCOJEpIKa-
X KOHLIEHTPATOB INPUMEHAITCA TpPu:
OOXXNI, aBTOKJIIAaBHOE OKIC/IeHue 1 Ouo-
BcKpbiTHe. OfHAKO B YCIOBUAX 000CTpe-
HUA 9KOJIOTMYECKONl CUTyall BO BCEM
Mupe npu paspaboTke ¥ BbIOOpe HOBBIX
3¢ deKTVBHBIX TeXHOMOTMYECKNX IIpoLec-
COB U3BJIEYEHMSA 30JI0TA U3 YIIOPHOIO ChbI-
pbA CIeLMaIUCThl OTHAIT IIPefIIoYTeHne
OMOrMAPOMETA/UTYPTMYECKUM  METOJaM.
CormacHo IporHo3aM, [JOXOJ, MUPOBO-
ro pbIHKa 61omo6brun k 2027 I. COCTaBUT
OKOJI0 3,6 MJIPZL JOJUL IIPY CPESHETOIOBOM
temrte pocta 6onee 13,2%. [maBHbIM mipen-
MYIIeCTBOM IIPYMEHEHUs OMOTEeXHOJIOTMI
I JOObIYM MeTa/IMYeCKMX II0/Ie3HBIX
VICKOITA€MbIX ABJIAETCA IOBBILIEHNE YPOB-
Hs ux usBnedeHus 1o 90%.

OmnbIT 30/10TOROOBIBAIONIEI KOMIIAHUY
«ITomroc KpacHosipck» siBisieTcs o6pas-
IJOBBIM IIPMIMEPOM YCIENUIHOTO BHEJPeHNs
OMOTEXHONIOTUY B TOPHOAOOBIBAIOILYIO
IIPOMBIIITIEHHOCTb. KoMmanusa crama -
liepoM B OMOTMAPOMETA/UTypPIui He TONb-
ko B Poccunm, HO u 3apy6exom, 6marogaps
IPUMEHEHNI0 pa3pabOTaHHON M IOCTO-
SHHO COBEPIICHCTBYIOLIENCS TeXHOIOTN
BIONORD?® [1, 2, 3]. Crnenmanuctsl KOM-
IIAHWM, TIOMMMO TEXHOJIOTUY OMOBCKPHI-
TUA 307I0Ta, pa3paboTamy TeXHOIOTVIO
Ononerpafanuy pofaHU0OB U IVIAHNJOB
B IPOMBIIIIEHHBIX CTOKaX 30JI0TOU3BIIE-
KaTe/IbHBIX abpuK, a TaKKe TeXHOIOTVIO
y/IydlIeHNs KayecTBa OMOKeKa, T03BOJIAIO-
I[yI0 CHU3UTD PACXOJ, PeareHTOB U yBe/ln-
YNTb U3BJIeYeHIe 30/10Ta. OIIBIT KOMIIAHNN
II0 BHEIPEHNIO U VICIIO/Ib30BaHMIO OMOTEX-
HOJIOTUII B METAJ/UTypTUMy 30JI0Ta MOXET
JIETKO TMPAXXMPOBATbCSA HA aHAJOTMYHbIE
Mectopoxkennsa Poccum n mupa. Iomu-
MO 3TOro, HapabOTaHHOe amlapaTypHOe
odopMmIeHMe IIpoljecca, OIBIT B BBIfe-
JIEHUV ¥ aalTalyyl MUKPOOPTaHU3MOB
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MOXeT 9(pPeKTUBHO MCIONb30BAaThCA U B
[PYTUX IEePCIeKTUBHBIX HayYHO-TEXHOJIO-
IMYeCKUX pa3paboTKax Ha MeCTOPOXK[e-
HusAx KpacHosipckoro kpas, B 4acTHOCTH,
[TOpOXXMHCKOTO MeCTOPOX/IeHWSI MapraH-
nesbix pyn, Ceibunckoro u Tenekckoro
MecTopoXzaeHui1 PochopHbIx pyp, [opes-
CKOTO MECTOPOXK/IEHUS CBUHIJOBO-IIVTHKO-
BBIX pyf, COPCKOTO MeCTOPOXKIEHUS Mefi-
HO-MO/MMOJeHOBBIX Py [4].

BuenpeHue u pasButie 61OTEXHOIOTUIT
B TOPHOM [ie/leé IIO3BOMUT TAKXKE PEIIUTb
npo6reMy SKCIUTyaTaluy XBOCTOXPAaHM-
JIMII] 1 OTBAjIOB, 3aHMMAOILIMX 3HAUYUTENb-
Hble TI0 IUIOLafi¥i TEPPUTOPUM U BBICTY-
HaloIMX B Ka4yeCTBe OFHOI'O 13 KIHUEeBBIX
¢dakTOpoB 00pa3oBaHMA ~ HapyLIEHHBIX
3eMesb. B HacTodAmee BpeMs IUIOIIAAb 3€-
Meslb JaHHOTrOo Tuna B KpacHospckoM kpae
cocTaBisieT 17,4 ThIC. Ta, BOCCTAaHOBJ/IEHIIE
KOTOPBIX fABJIAETCA BAXHON 3afjadell, CTO-
AeN Iepeq KpaeM U KOMIIAHWAMU, Jeii-
CTBYIOUIVIMI Ha €TI0 TEPPUTOPUH, B paMKax
ESG-noBecTKN B 11€7IOM U PerMOHaIbHOTO
npoekTa «4Ymcrad cTpaHa» B YaCTHOCTMU.
B maHHOM KOHTeKCcTe OMOTEXHOJIOTUM MO-
TyT OBITb YCIIEIIHO VMICIIOJIb30BaHBI B JBYX
HaIlpaBJIEHNAX: [/IA U3BJIEYEHNA OCTAaTKOB
MOJIE3HBIX 3/IEMEHTOB M3 XBOCTOB U OTBa-
JIOB, 2 TaKXXe /I HEIIOCPEACTBEHHON pe-
KY/IbTUBALM 3aTrPsASHEHHBIX TEPPUTOPUIL
M BOCCTAHOBJIEHM HAPYIIEHHBIX 3€MEJb.
Kpome TOro, 4Tto 6MOTEXHONOTUN VMMEIOT
HEOCIIOPMMO€E IPEMMYIIECTBO B paMKax
SKOJIOTMYECKOI TeMAaTuKM (MUHMMAIbHOE
HEraTMBHOE BO3JIEVICTBME Ha OKpYXKalo-
IYI0 CPefy ¥ 3[J0pOBbE 4Ye/IOBEKAa), OHM
00ecreynBaOT MeEHbINNE OIepal[MIOHHbIE
pacxopbl 3a CYET MPOCTOTHI allllapaTypPHO-
ro opOpM/IeHNs], TI0 CPABHEHMIO C ajIbTep-
HATUBHBIMU T€XHOJIOTMAMU.

HecMoTpsas Ha MHOrOYMC/IEHHbIE IIpe-
UMYIIeCTBa OMOTEXHOJIOTMII, B HACTOA-
M1 MOMEHT OHM 3aHMMAIOT KpallHe Ma-



IyI0 JOMI0 pBIHKA IO JBYM B3aMMOCBA-
3aHHBIM TPWYMHAM: BBUJY OTCYTCTBUA
MOTVBMPOBAHHOTO  MCC/IEOBATEIbCKOIO
VIHTepeca ¥ OTHOCUTETbHO BBICOKOII CTO-
VIMOCTM BJIOKEHUII B TEXHOJIOTMYECKIe
paspabotknu. Mexjy TeM, MOTPeOHOCTDb
B Pa3BUTUM OTEYECTBEHHBIX TEXHOJIO-
ruii Ha (OHEe OTPAaHMYEHHOIO JOCTyHa K
VHOCTPAaHHBIM ¥ IIOCTEIIeHHOE MCTOIle-
Hye 60raThIX pyn TpeOyoT paspaboTku n
BHeJIpeHMA IPUHININAIPHO HOBBIX TeX-
HOJIOTMYECKNX PpellleHNii B TOPHOI Ouo-
XUMUM C MX HOCIeRYIIIUM TpaHchepoM
B IIPOMBIINIIEHHOCTb. [I1A TpeoponeHus
OAHHOIO BBI3OBa HeobOXoguMoO obecIie-
YUTh pa3pabOTKy COOCTBEHHBIX OMOTEX-
HOJIOTMYECKVX PeIleHNUI C MOC/IeYIomNUM
MacIITabypoBaHMeM II0 BbINIENepeyiC-
JICHHbIM HAIIPaBJIeHVMAM /A JOObIYM Me-
TaJUIOB 113 YIIOPHBIX Py, XBOCTOXPAHVJINII
VI OTBAJIOB, a TaK)XXe JJIA PeKy/IbTVMBALUI
3arpsA3HEHHBIX TEPPUTOPMII B YCIOBUAX
Kpaiinero Cesepa.

BbIOpaHO HECKONBKO IepCHEeKTMBHBIX
Hay4YHO-T€XHMYECKMX HAIIpaBIeHUII pas-
BUTUA OMOTEXHONOTMII B JOOBIBAIONIEM
cexrope KpacHosApckoro Kpas:

|. BuotexHonorum
ANA rOpHO-MeTaNINypPru4yeckomn
NPOMbILLIIEHHOCTHU
1. DBuoBbllenayrBaHue IIBETHBIX 1 Ora-
TOPOIHBIX METAJ/UIOB U3 PYyH, KOHIIEH-
TPAaTOB U OTBAJIOB (MECTOPOXKACHMSA
OmmMmmanuHackoe,  PaspgommHckoro
pynHoro y3sna, Benyrnackoe).

2. CeneKkTUBHOE pasie/ieHye MoauMeTal-
INYecKuX pyn u KoHueHrtparos (Jo-
PEBCKOE MECTOPOXK/IEHIE).

3. IlogroroBka KOJIEKTUBHBIX KOHIIEH-
TPaTOB K LMKy CEJIeKUUM IIOCPeS-
CTBOM fierpasianyu mineHok ITAB.

4. IlosbpllleHMe KavecTBa KOHLIEHTPATOB
(obecuMHKOBaHME CBUHIIOBBIX KOH-

L[EHTPATOB, O00eCCBUHI|eBaHME IIVH-
KOBBIX KOHIIEHTPAaTOB, 00e3Me[HeHe
MOJIOIEHOBBIX KOHIIEHTPATOB).

5. IloBbllIeHMe KadecTBa MapraHIEBbIX
KOHLIeHTpaToB 1 pyx (IloposknHckoe n
YcrHCKOe MeCTOpOoXK/jeHue).

6. IloBbimenne kadecTBa QOCcHOpPHBIX
KOHLIeHTpaToB 13 ¢ochopuros Ceii-
6unckoro n Tenekckoe MecTOpoXxfe-
HUIL.

7. Buocopbuyus u KOHLEHTPMpOBaHUE
MEeTa/I/IOB Y3 CTOYHBIX BOJ IIPEeATIIPH-
TUI TOPHO/[OOBIBAIOIIETl TIPOMBIIIIIEH-
HOCTIL.

Il. BuoTtexHonormu AnA yronbHom u
He¢dTerasoBom NPOMbILLIIEHHOCTH
Hecynpdypusanns KaMeHHOTO YITISL.
Buonepepaborka 6ypbIx yrei.

Vi3Bneuenue PEAKO3EMENBbHBIX  JJI€-
MEHTOB I3 YFO)IbHOI?'I 30JIbI.

4. VsBneyeHue peIKO3EMENbHBIX 3Jle-
MEHTOB 3 OTBAj/I0B AYMHCKOI'O ITIMHO-
3€MHOTr0 3aBOJa.

5. CHmXeHue cofiep)kaHusA MeTaHa B
YTOJIbHBIX IIAXTaX.

6. IloBbleHne HedTeOTHAYM IIACTOB.

I1l. BuotexHonorum And 3Koso0rmm
BI/IOO‘II/ICTKa HpOMbI]J_UIeHHI)IX CTOKOB.

BuoouncTka ra3oBbIX BHIOPOCOB.
JIukBupauyss pasnMBOB TOIUIMBA U
HeTH.

4. bno n ¢uro pereHepanusa XBOCTOXpa-
HUJINLL Y PYJJHBIX OTBAJIOB.

IV. UccnepoBaHue pasHoo6pasusa
MUKPOOPraHM3MOB Ha rOpHO-060-
raTuTeNnbHbIX KOM6UMHAaTax C Lesblo
BbISIBJIEHUSI UX CBOUCTB U UCMNOJb-
30BaHMUA B ropHOI 6uotexHonormum
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V. Pazpa6oTku u cuHTe3s pnortaum-
OHHbIX peareHToB Ha OCHOBE€ MNpo-
AYKTOB O6MeHa BelecTB MUKpOOop-
raHu3mosB

PasBuTue BbllIenepednCIeHHBIX MICCTIE-
JOBATe/IbCKMX HAIIpaBJIeHUI U KafIpOBbIX
KOMIIETEHIIMII B 3TOM OO1IacTU ABIAETCA
aKTya/JIbHOV 3ajjadyell B KOHTEKCTE IIOBbI-
meHns 9PQPeKTUBHOCTY IPOU3BOACTBA U
OXpaHbl OKPY>KaKOLEN CPefbl POCCUIICKON
pobpiBatomieit orpaciu. C BHefpeHUEM
OMOTeXHONMOTUII B JEATEbHOCTb TOPHO-
IOOBIBAIOLIE] ITPOMBIIUICHHOCTY MOTYT
OBITD pelIeHbl HIPOOIEMbI CENTeKTUBHOIO
pasfieneHnsa 30/10TOCYPbMAHbBIX U CBUH-
IJOBO-LIMHKOBBIX KOJ/UIEKTMBHBIX KOHIIEH-
TPaToB, a TaKXKe MOBBILIEHN KOHILIEHTpa-
1y foctymnHoro gocdopa B pochopurax
MECTHBIX MECTOPOXK[EHMII, YTO MOBBICUT
TEXHOJIOTMYECKMe II0KasaTenu oboraiie-
HUA U TO3BOMUT MMHMMM3UPOBATh IIO-
CNeACTBYA MX B3aMMHOIO HETaTMBHOTO
B/IVIAAHNA Ha 9KONOTUI0 Kpad. Kpynnermmne
KoMmmaHuy KpacHosApckoro xpas B CeKTO-
pe rOpHO{0OBIBAOIIENl TPOMBIIITIEHHOCTH,
Takne Kak «[lomrocr», «Hopunbckuim Hu-
Kenb», «HoBoanrapckuit 'OK», Copcknii
MOMMOAEeHOBBINI KOMOMHAT, BacuibeBckmit
PYAHVK, AYMHCKUI IIHO3€MHBI KOMOM-
HaT, a Takke Bankopuedts, CYIK u mp.
ABJIAIOTCA OTEHIMAIbHBIMY 3aKa34MKaMMU
Y TOTpeOuTeNsIMY pa3paboOTOK B IIPOMBIIII-
JIEHHO¥ 0MOTeXHOIOT .

Cospanye HalMOHA/JIbHOTO LIEHTPaA
OmopecypcoB i pelieHus Mpobiem rop-
Hopo0BIBaloIIell MpoMbInIeHHOCTH Kpac-
HOSIPCKOTO Kpasi IO3BOJIUT PErMOHY BBI-
JITV Ha MO3MI[MYM HALMOHAIBHOTO Nufepa
B 00JIaCTM MCCIENOBAHMI OMOTreOXUMUN B
1Ie/IOM U pelleHus IpobieM mepepaboTku
YIIOPHBIX 30/I0TOCOAEPIKALINX PV, B 4aCT-
HocTu. Tpancdep GMOTEXHOMOrN B HMpPO-
MBIIIEHHOCTh HOBBICUT PEHTa0ebHOCTD
pernoHanbHON pecypcHoit 6assl, paciin-
PUT TIPOM3BOACTBA U CO3[ACT HOBBIE pa-
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6oune mecta (0T 100 HOBBIX paboOUYNX MeCT
JUIsL  OOCTY)KMBAHUSA OJHO IIPOU3BOJ-
CTBEHHOJI JIMHUU IO IepepaboTKe OTBa-
noB). C y4eTOM KOMM4ecTBa IPefIpUsATIUIL,
3aHATHIX B JOOBIYE ITO/IE3HBIX MICKOIIAEMbIX
KpacHosipckoro kpasi, MO>KeT ObITb CO3Jia-
HO HECKOJIbKO TBICSY pabodumx MecT [Jist
OMOTEeXHOTOTOB ¥ TMOPUIHBIX CHELMaIN-
CTOB, KOTOPBIE COYETAIOT MH)XEHEPHO-TeX-
HOJIOTMYECKIEe KOMIIETEHIIMM C HaBbIKAMM
B 00/1aCTV OMIOTEXHOIOIMI. YCIIEHOE BHE-
[ipeHIie HOBBIX TEXHOIOTMYECKUX PeIlIeH NI
B cdepe rOpHOIT MeTATyPruu Takxe obe-
CIIeYNT BBINOJTHEHME 3a/jad 10 BBIXOAY Ha
6€30TXOHOE ITPOU3BOICTBO, YTO O3BOJIAT
pelnTth MPob/IEMYy C IIPOMBIIUIEHHBIMU
OTBaJIaMMl ¥ HapyIIEHHBIMU TEePPUTOPU-
MU ¥ CO3[ACT YC/IOBUSA JIsI TOCTVKEHVIS
IIe/IeBbIX ITOKa3aTeslell 10 peryMoHalTbHBIM
9KOJTIOTMYECKUM  IIPOEKTaM, IOFOOHBIM
npoeKTy «Yucrasa crpa”ar.

B Bysax u uncturyrax KpacHosipckoro
Kpas (VILIM, KHIJ CO PAH) yxe ceituac
VIMeeTCsI XOPOIIMII Hay4HBIil 3aJieJT IO BBI-
IIerepeYncieHHbIM HAPaB/IEHISIM.

Crneumamuctel VIHcTUTYyTa O6m0odusu-
k1 CO PAH BeisicHuM, 9410 6aKTepuab-
HO-XJMMYeCKOe BbIIlle/lauMBaHMe MapraH-
LI€BBIX PYyJ, IO3BOJIAET S3KOHOMUTb CEPHYIO
KUCIOTY Ha 21,4-25%, yBenu4InThb U3BJIEYE-
Hye Mn Ha 22,8-35,7% 1 COKpaTUTb BpeMA
nponecca [4]. Takum obpasom, ¢ BHefpe-
HJleM OMOTEeXHOJIOTMYEeCKMX IIPOLIeCCOB B
CXeMy IepepabOTKM MapraHIeBbIX Py,
COflep>KalluX IIONYTHbIE I[eHHbIE KOMIIO-
HEHTBI, MOXXHO CHU3UTb Ce6eCTOMMOCTDb
IIpoliecca 3a CueT KOMIIJIEKCHOTO IOJXOfa
K IIlepepabaThIBaeMOMY CBIPBIO.

Taxoke rpymma ydeHbIx JIHcTHTyTa
ouopusukun CO PAH mnonyumna agantu-
POBaHHBI K BbIIe/NTaYMBaHNi0 Mo-XBO-
croB mTaMMm T. Ferrooxidans, ¢ momourbio
KOTOPOTO NMPOM3BOAUTCSA OKUCTIEHNE CYlb-
GuIoB, BXOAAIINX B COCTaB MOIMOEHCO-
fepkamiero celpbs (3a 120 4 OKMCIeHUA



ymangercsa 6omee 60% mpumeceit Cynbpua-
HBIX MUHEpaloB, B OCHOBHOM NMpuTa). 3a
CYeT OKMC/IeHVsI KOHIIeHTpauus Monnbe-
Ha B KeKe OaKTepuraTbHOTO BBIIIETaunBa-
HMS yBe/IM4MBaeTcss 6osee 4eM B 3 pasa,
YTO 3HAYMTETIBHO OOJIerdaeT M YCKOpsieT
Hoc/IefyIoniee mojaydeHue MmonmbaeHa [5].

[ToMnMo 3TOro, BBIIOMHEHBI MCCIIe-
[IOBaHMA IO OMOXMMIYECKOMY obeccepi-
BaHMIO JHEPreTHYECKUX ¥ KOKCYIOLIMXCS
yIJIeil, @ TaK)Ke TOPIOYMX C/IAHIEB C IIe/bI0
IpeNOTBpallleHNsI 3arpsA3HEHUs OKpy»XKa-
IOI[el CPefibl OKMCTaMI CePhbl U YMeHbllle-
HMSL COIEP>KaHMsA Cepbl B BBIIUIAB/IAECMOM
qyryHe. B skcrepuMeHTe VCIOIb30BAIICh
YIIM M CTAHLBI C COREp)KaHWeM IMPUT-
Hol1 cepbl 3,0-1,8% u KynbTypa Gakrepmit
Acidithiobacillus ferrooxidans. Ilo pesyrb-
TaTaM UCCIeOBaHNA OTMEYEHO, YTO THOHO-
Bble OaKTepuu CriocoOHbI U3BIeyb ot 70 10
90% npuTHON cepbl 3a 20 4acoB IO CXeMe
IIBYXCTa/INa/IbHOTO OaKTepyaTbHO-XVIMIT4e-
CKOTo MeTopa obeccepuBanmys yreii [6, 7].

Taxxe crenyanucraMm IOTydeH O1O-
KOAry/IsiHT Ha OCHOBE TPEXBAJIEHTHOI'O JKe-
71e3a, KOTOPbII 110 CBOMM CBOMCTBaM IIpe-
BOCXO[UT XMMMUYECKN-CUHTE3MPOBAHHBIN
aHaJIor: IIPYU OJIMHAKOBO CKOPOCTH OCaX-
[leHVsI TIpUMeceil B XO3s/ICTBEHHO-OBITO-
BBIX UM IIPOMBIIIJIEHHBIX CTOKAaX pPacxof,
OmokoaryIsAHTa B 3 pasa MeHbIIIe XUMIJe-
CKOTO aHaJora.

KpomMme artoro, mccnemoBaH MeXaHU3M
BO3JIEVICTBYS GAaKTepuil Ha KOJUIEKTUBHBII
ME[IHO-I[MIHKOBbII KOHI[€HTPAT ! II0Ka3aHa
BO3MO>XHOCTb CEJIEKTMBHOIO M3B/I€YEHNA
IIVHKa ¥ Menu. Bpicokas ckopocTh GakTe-
PUaNbHO-XMMMUYECKOTO  BbIIETa4MBAHNA
ME[IHO-IJMHKOBOTO KOHIJ€HTpaTa JOCTUIA-
€TCS 3aIlyCKOM OJHOBPEMEHHO C IIPSMBIM
ME€XaHM3MOM BO3JIeVICTBYA K/IETOK Ha TBEP-
nyo ¢asy cynrbdumoB, KOCBEHHOTO, OCY-
I[eCTB/IAeMOro cBoOOgHbIMM K1eTKamu. C
3TOM LIe/IbI0, B ITYCKOBOM II€PUO] IIPOLiecCa,
B peaxkTop BBOZAT 3,4-3,8 r/1 cpIpoit 6uo-

MacChl Kenme300aKTepuit, KOTOpasi afcop-
OupyeTcss Ha IOBEPXHOCTM CYIbGUIHBIX
YacTHUI] KOHIIEHTpATa ¥ YCKOPsIeT MPsIMOIt
MeXaHu3M. [IOIOMHUTENbHOE BHECEHME
)Kerme3a B KOHIIEHTpaIum 5 /71 1 61oMaccsl
B KOHIIEHTpauuu 2 I/J1 pe3Ko MHULNNPYeT
KOCBEHHBII MEXaH3M OKMCIeHus [9].

Hayunbnit xomrextus kadenper OITV
VIIM B cBOMX MCCIeJOBaHMAX ITOKa3arl,
4TO JICHO/Nb30BaHME MUKPOOMOIOriye-
CKMX IPUEMOB I y[aJeHNsA KOJIIEKTOp-
HBIX IUIEHOK C IIOBEPXHOCTM CYIbQUIOB
ABJIACTCA OJHUM 13 OOEIMIAIONINX 1 OIIpe-
[Ie/IeHHO PEBOJIIOLVIOHHBIX HaIlpaB/IeHMUIA.
Buoperpaganyusa obecrneunBaeT BBICOKYIO
3¢ PeKTNBHOCTD pasfeneHNs] KOUIEKTWB-
HBIX KOHLIEHTPATOB 3a CYET IPeABapUTE/Ib-
HOTO yJIa/IeHNA C IIOBEPXHOCTY MMHEPATIOB
OombIIIelt YacTy cobuparerns, a TaKkxe obe-
IIaeT Pe3Koe CHIDKEHME KalUTabHbIX 3a-
TPAT U CHUYKEHIE BHIOPOCOB.

[na mecopOuuy KcaHTOreHata C IIO-
BEPXHOCTM CYIbPUIOB KO/IEKTHBHOTO
KOHI[eHTpaTa IpeljIaraeTcsi IpPUMEHATD
OakTepuanbHyl0 KynibTypy Pseudomonas
japonica, a @1 CHIDKEHUS OCTaTod4-
HBIX KOHI[EHTPALMil [IV3€/IbHOTO TOIUIN-
Ba - KOHCOPLMYM MHUKPOOPraHM3MOB
Ochrobactrum anthropi n Pseudomonas
aeruginosa JCM 5962 [11, 12]. B uccnego-
BaHMAX IIOKAa3aHO, YTO Ky/IbTypa OakTe-
puit Pseudomonas japonica cHukaeT KoH-
LIEHTPALMIO KCAHTOTeHAT Ha IIOBEPXHOCTHU
MMHEpA/OB, YTO IPUBOAMUT K VX TUJPO-
¢wmsauum, a 6akrepun Ochrobactrum
anthropi n Pseudomonas aeruginosa JCM
5962 npopyunpyiot 6mocypdakTaHThI, KO-
TOpBIE CIIOCOOCTBYIOT COMIOOMIM3ALNA U
HOITIOIEHNIO YITIEBOIOPOJIOB IM3ETbHOTO
TOIIVBA.

Crnenpnamuctsl naboparopun Kocmuye-
cknx cucrteMm u texnonoruit KHI[ CO PAH
paspabaTbIBAIOT TEXHONOIMIO MONydYeHVs
dbochopusix ynobpennit us ¢ocpopuron
MecTopoxpeHuii KpacHosapckoro kpas
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(Ceinbunckoe, ObmamraHnckoe, Temekckoe)
¢ momolpio 6motexHonoruii. Benencrue
HEBBICOKOTO COflep>KaHMsI B MECTHBIX (oc-
dopurax narmokucu docdopa, MoIydeH-
Hasg Ha MX OcCHOBe (QocopuTHas MyKa
3¢ ¢deKTMBHA TONBKO B OrpaHMYEHHOM
[Malla3oHe  II0YBEHHO-aIpOXMMIYECKUX
ycrmoBmit [13], mO3TOMY MCHO/NTb30BaHME
MecTHBIX (0ocHOpPUTOB B KadecTBe yRoOpe-
HUII IpeycMaTpuBaeT obs3aresibHOE 060-
raijeHue. MUKpoOHbIe TeXHOIOT MY, KPOMe
IIOBBIIIEHsI JOCTYIIHOTO pacTeHusM ¢oc-
¢dopa, MO3BOJIAIOT CHIDKATb KOMUYECTBO
COIIYTCTBYIOIIMX BpPENHBIX 9/IE€MEHTOB -
ypaHa, CTpOHIA, Kagmus u fip. [14-15].

Tpancdep 6MOTEXHONIOTMII B IIPOMBIII-
JICHHOCTb IOBBICUT PEHTa0eIbHOCTb pe-
TVIOHA/IBHOM pecypcHoit 6a3bl Bceit EHu-
cevickoit Cubupuy, yBenu4mpasi TeM CaMbIM
JIOXOJHOCTM TOPHOZOOBIBAIOIINX IIpefi-
IPUATUI Y CTUMYTUPYS POCT MHBECTULIMI
B colLlMa/IbHBIe ¥ MHPPACTPYKTYPHbIE IIPO-
eKTbI He TONIbKO KpacHOspckoro Kpast, Ho
BOCTOYHBIX pernoHoB Poccu.

BbiBOAbI

1. O603Ha4eHB! OCHOBHbIE HAIIPaB/ICHNA
OMOTEXHOIOTMYECKOrO IOTeHI[Mana B
KpacHospckoM Kpae: 6MOTEeXHOIOrMm
I TOPHO-METAJTypru4ecKoi Ipo-
MBIIIIEHHOCTY, OMOTEXHOTIOTUM JiIA
YTO/NBbHOI ¥ HedTerasoBOy MPOMBIII-
JICHHOCTY, 9KOJIOIMYecKyue OMOTeXHO-
JIOTVM, VICCNIefOBaHMEe PasHOOOpasyA
MMKpPOOPTaHM3MOB Ha TOpHO-obora-
TUTEJIbHBIX KOMOMHATAX C IIE/IbI0 BbI-
ABJIEHUA VX CBOVICTB 1 MICIIOJIb30BAHMA
B TOPHOI OMOTeXHOIOT M, Pa3paboOTKN
U cuHTe3 (IIOTAIVIOHHBIX PEareHTOB
Ha OCHOBE IIPOYKTOB OOMeHa BEleCTB
MUKPOOPIaHN3MOB.

2. B KpacHospckoM kpae nmeercs 6ora-
TBI/l OIBIT IO OMOTVMApPOMETaTypPIin
30/10Ta, KOTOPBI/I MOXXHO JIETKO TU-

PaXupoBaThb Ha aHAJIOTMYHbIE MECTO-
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poxpenns kak B Poccun, Tak u 3a py-
6EXXOM.

PazpaboTaHHble T€XHOJIOTMM ¥ aIllla-
paTypa OMOrMAPOMETA/ITyPru4ecKoro
IIPOU3BOJICTBA, OIBIT B BbIJENICHUN U
afanTanuy  MUKPOOPraHM3MOB MO-
XKeT OBITh WCIIO/NB30BaH U B JIPYrUX
IePCIEKTUBHBIX  HAyYHO-TEXHO/IOTH-
yecKux OmopaspaboTKax Ha MecTo-
POXIEHMAX HO/IMMeTaINYeCKIX,
MapraHieBblx,  (PocHOPUTOHOCHBIX
pya KpacHosipckoro kpasi.

Pa3BuTne 6MOTEXHONOINII AJIA YrO/b-
HOJl 1 HepTerasoBOJ NMPOMBIIITIEHHO-
ctu KpacHosspckoro Kpas IO3BOINT
pemmnTh Ipo6IeMbl TeCyIbQypu3anumn
KaMeHHOTO0 yI7Is1, buornepepaboTku 6y-
PBIX yIJIEl, U3BIE€YEHNA PESKO3EMENb-
HBIX 37IEMEHTOB U3 YTOJIbHOI 30/IbI, U3-
BJIEYEHN PESKO3€EMENbHbIX 9/IEMEHTOB
13 OTBa/JIOB AYMHCKOTO IIMHO3EMHOTO
KOMOMHATa, CHIDKEHNS COepKaHUA
MeTaHa B YIO/IbHBIX IIaXTaX, IIOBbIILE-
HIA HepTeOoT/ja4yy I/IaCcTOB.

C oMo1IbI0 OMOTEXHOTOTUI BO3MOXK-
HO pellleHMe psjia MpobjaeM 3arpsisHe-
HIISL OKPY>KAIOIell Cpefibl: 61100YNCTKa
IPOMBIIIEHHBIX CTOKOB U Ta30BBIX
BBIOPOCOB, JIMKBUAALMS PO3IUBOB
tornBa u HedTH, 6M0 1 Puto pere-
Hepauus XBOCTOXPaHWINI ¥ PYSHBIX
OTBAJIOB.

Heobxopumo ycumuTh MCCIeROBaHUA
[0 OIpefie/IEHNI0 BUIOBOTO PasHOO-
Opasusi MUKPOOPraHM3MOB Ha TOp-
HO-00OTaTUTENbHBIX KOMOMHATaX ¢
1e/IbI0 BBISB/IEHUSI UX CBOWCTB U VC-
II0/Ib30BaHMsI B TOPHOI OMOTEXHOIO-
T

B Bysax u uncturyTrax KpacHospcko-
ro Kpasa ectpb 3agen mo atum Hampas-
JIeHUdA, HO Pe3y/IbTaTbl 3TUX MCCIENO-
BaHMII He KOMMeplLuanusupyrorcsa. B
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Kpae IIOTHOCTBIO0 OTCYTCTBYeT CUCTeMa
«MacCIITabMpOBaHNMA» HAYYHBIX OMO-
TEXHOJIOTMYECKNX Pa3paboTOK A Iie-
JIell TPOMBIIIEHHOTO IPOM3BOACTBA
U Jpyrue 37eMeHTbl OMOIKOHOMUKI,
HeoOXofyMble [/ Ipeobpa3soBaHM:A
HAayYHbIX 3HAHMII B KOMMepUYeCKue
npofyKTel. JIna  mHTeHcupuKanm
OMOTEXHONOTMYECKUX paboT B 3TOM

OV KHILI CO PAH, xoTopblit 1o-
3BOJIAT PETVIOHY BBIATY B ITO3UIIVIO
HaIlMIOHAJIbHOTO /IMfepa B 06/1acTn
VICCTIEIOBAHMII TIPOOIeM TOPHOI
OuoxyMum ¥ nepepabOTKM yIop-
HBIX PY;

pasBuTie oOpasoBaHus B cdepe
OMOre0TeXHOIOTUII, TOCPEACTBOM
CO3TaHMs HOBBIX O00Opas3oBaTeNb-

HATIPAB/IEHUM HEOOXORMMO: HBIX IIPOTPaMM B COOTBETCTBUM C

KaZIpoOBBIMU IOTpeOHOCTAMY, (HOp-
MUpOBaHNME B MHCTUTYTaX Ilepe-
JOBOJ  HAayYHO-TEXHOJIOTUYECKON
0as3bl.

e CO3[aHMe HAIVIOHAJIbHOTO IIeHTpa
OMOpecypcoB sl TOPHOPYLHOI
npombiiiyieHHocT B KpacHosip-
cKkoM Kpae Ha 6asze VIIM COY un
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Biotechnology is  becoming an
increasingly important tool for solving
various technological challenges.
Biotechnology is used everywhere, from
medicine and pharmaceuticals to the oil
industry. In the near future, the scope of
application of biotechnology will expand,
creating conditions for the reorganization
of entire industries, including mining and
metallurgy.

The Krasnoyarsk krai is rich in metal
mineral deposits and energy resources.
According to the latest analytical data, the
Krasnoyarsk krai is the country’s producer
of more than 70% of nickel, about 40%
of copper, more than 35% of aluminum,
more than 20% of gold, and more than
90% of platinum group metals. The largest
enterprises such as Norilsk Nickel, Polyus
Krasnoyarsk, = Krasnoyarsk  Aluminum
Smelter, Achinsk Alumina Refinery,
Novoangarsky dressing plant are responsible
for the growth of volumes and production
indicators of the region in the metallurgical
sector.

Recently, the decline of rich gold-bearing
deposits, namely alluvial gold deposits and
lightly processed oxidized ores, has been
observed in the mining industry. In this
case, there is a strategic need to involve in
the processing of poor native gold-bearing
ores, the amount of which is 50-60% of
the explored gold reserves. Under these
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conditions, one of the real problems of the
gold mining industry is the inclusion of
deposits of refractory gold-arsenic ores into
the industrial operation.

Technological refractoriness of gold-
bearing ores is characterized by the presence
of finely disseminated gold in sulfides and
the presence of detrimental impurities
(arsenic, antimony, organic carbon). The
efficiency of the traditional technology of
processing gold concentrates - cyanidation
- is reduced by these characteristics of
the mineral content. Therefore, special
processing methods - roasting, autoclaving
and bacterial oxidation with subsequent
extraction of free gold by cyanidation - are
required for concentrates produced from
technologically refractory gold-bearing
ores.

It is known that three methods -
roasting, autoclave oxidation and bio-
processing - are used in the world practice
of processing refractory gold concentrates.
However, in the context of the aggravation
of the environmental situation around the
world, when developing and selecting new
and effective technological processes for
extracting gold from stubborn raw materials,
specialists prefer biohydrometallurgical
methods. According to forecasts, by 2027
the global biomining market will be worth
about $3.6 billion. The average annual
growth rate is more than 13.2%. The



increase in the recovery rate of metallic
minerals by up to 90% is the main advantage
of using biotechnology for their extraction.

An example of successful integration
of biotechnology into the mining industry
is the experience of the gold mining
company Polyus Krasnoyarsk.  Thanks
to the application of the developed and
continuously ~ improved = BIONORD®
technology, the company has become a
leader in biohydrometallurgy not only in
Russia, but also abroad [1, 2, 3]. In addition
to the technology of gold biorecovery,
the company’s specialists have developed
a technology for biodegradation of
rhodanides and cyanides in industrial
effluents of gold recovery plants. They have
also developed a technology for improving
the quality of biokeks, which allows to reduce
the consumption of reagents and increase
gold recovery. Its experience in introducing
and using biotechnology in gold metallurgy
is readily transferable to similar deposits
in Russia and worldwide. In addition,
the process equipment and experience in
isolating and adapting microorganisms
can be effectively used in other promising
scientific and technological developments
at deposits in the Krasnoyarsk Krai, in
particular, the Porozhinskoye manganese
ore deposit, the Seibinskoye and Telekskoye
phosphate ore deposits, the Gorevsky
lead-zinc ore deposit, the Sorsky copper-
molybdenum ore deposit [4].

In  addition, introduction and
development of biotechnology in mining
can solve problems of use of tailings pond
and dump, occupying large areas and
being one of main factors of disturbance
of soil. At present, the area of this type
of land in the Krasnoyarsk region is 17.4
thousand hectares. Its rehabilitation is
an important task for the region and
the enterprises operating on its territory

within the framework of the ESG agenda
in general and the regional project «Clean
Land» in particular. Their restoration is
an important task facing the region and
companies operating on its territory,
within the framework of the ESG agenda
in general and the regional project «Clean
Country» in particular. In this context,
biotechnologies can be successfully
used in two directions: for extraction of
residual useful elements from tailings and
dumps, as well as for direct remediation
of contaminated areas and restoration
of disturbed lands. Biotechnology is not
only environmentally friendly (minimal
negative effects on environment and human
health), but also has lower running costs
than alternative technologies because of its
simple equipment.

Despite the many advantages of
biotechnologies, they currently occupy an
extremely small share of the market due
to two interrelated reasons: the lack of
motivated research interest and the relatively
high cost of investment in technological
development. Meanwhile, the need to
develop new technologies in Russia requires
the development and implementation
of fundamentally new technological
solutions in mining biochemistry with their
subsequent transfer to industry against the
background of limited access to foreign
technologies and the gradual depletion
of rich ores. To meet this challenge, it is
necessary to ensure the development of
proprietary  biotechnological solutions
with subsequent scaling up in the above-
mentioned areas for the extraction of metals
from refractory ores, tailings and dumps, as
well as for the remediation of contaminated
areas in the Far North.

Several promising scientific-technical
directions of biotechnology development in

Krasnoyarsk mining were selected:
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I. Biotechnology for Mining and
Metallurgy

1. Bioleaching of non-ferrous and
precious metals from ores, concentrates
and tailings (Olimpiada deposit,
Razdolinskoye deposit, Veduginskoye
deposit).

2. Selective separation of polymetallic
ores and concentrates (Gorevskoye
deposit).

3. Degradation of surfactant films for
preparation of bulk concentrates for
selective flotation.

4. Concentrate quality improvement
(lead concentrates dezincification, zinc
concentrates deleading, molybdenum
concentrates deprocessing).

5. Quality improvement of manganese
concentrates and ores (Porozhinskoye
and Usinskoye deposits).

6. Quality improvement of phosphate
concentrates from phosphate rock of
Seibinskoye and Telekskoye deposits.

7. Biosorption and concentration of
metals from mining waste water.

Il. Biotechnology for the Coal, Oil
and Gas Industries
Hard coal desulphurization.

1
2. Lignite bioprocessing.

3. Coal ash rare earth recovery.
4

Rare earths recovery from Achinsk
alumina refinery waste dumps.

Coal mine methane reduction.

o

Reservoir oil recovery improvement.

lll. Ecological Biotechnology
Industrial wastewater bioremediation.

Gas emission bioremediation.

Fuel and oil spill remediation.

Ll .

Tailings and ore dumps bio- and phyto-
remediation.
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IV. Research on the diversity
of micro-organisms in mining
and processing plants for
identification of their properties
and use in mining biotechnology.

V. Developing and synthesizing
flotation reagents based on
microbial metabolites.

In connection with the improvement of
production efficiency and environmental
protection of the Russian mining industry,
the development of the above research areas
and human competencies in this field is an
urgent task. The use of biotechnology in the
mining industry can solve the problems of
selective separation of gold-antimony and
lead-zinc concentrates, as well as increase
the concentration of available phosphorus
in phosphate rock from local deposits.
This will improve the technological
performance of processing and minimize
the consequences of their mutual negative
impact on the ecology of the region.
Potential customers and consumers of
industrial biotechnology developments
are the largest mining enterprises of the
Krasnoyarsk region: Polyus, Norilsk Nickel,
Novoangarsky GOK, Sorsk Molybdenum
Combine, Vasilievsky Mine, Achinsk
Alumina Plant, Vankorneft, SUEK, etc.

The Krasnoyarsk Krai will become
a national leader in the field of
biogeochemical research in general and
in solving the problems of processing
refractory gold-bearing ores in particular,
due to the establishment of a national bio-
resource center for solving the problems
of the mining industry in the Krasnoyarsk
Krai. The transfer of biotechnology to
industry will increase the profitability of the
regional resource base, expand production
and create new jobs (from 100 new jobs to
service a production line for the processing
of waste dumps). Several thousand jobs can



be created for biotechnologists and hybrid
specialists combining engineering and
technological skills with biotechnological
skills, taking into account the number
of companies involved in mining in
the Krasnoyarsk Krai. The successful
application of new technological solutions
in mining metallurgy will also ensure the
achievement of the goals of zero-waste
production, which will solve the problem of
industrial dumps and disturbed areas, and
create conditions for achieving the goals of
regional environmental projects, such as
the «Clean Country» project.

There is already a good scientific
background in the above-mentioned
areas in the universities and institutes of
Krasnoyarsk region (ICM, KSC SB RAS).
Specialists of the Institute of Biophysics
of SB RAS have found out that bacterial-
chemical leaching of manganese ores allows
to save 21.4-25% of sulfuric acid, to increase
the extraction of Mn by 22.8-35.7%, and to
reduce the time of the process [4]. Thus,
it is possible to reduce the costs of the
process through an integrated approach to
the processed raw materials by introducing
biotechnological  processes into the
scheme of processing manganese ores with
associated valuable components.

A group of scientists from the Institute
of Biophysics of the Siberian Branch of
the Russian Academy of Sciences has also
obtained a strain of T. ferrooxidans that is
adapted to the leaching of molybdenum.
This strain of T. ferrooxidans is used
for oxidation of sulfides contained in
molybdenum-containing raw materials
(over 60% of sulfide mineral impurities,
mainly pyrite, are removed during 120
hours of oxidation). Asaresult of oxidation,
the concentration of molybdenum in
the bacterial leach cake increases more
than 3-fold. This greatly facilitates and

accelerates the subsequent production of
molybdenum [5].

Furthermore, studies on biochemical
desulfurization of steam and coking coals
and oil shale were conducted in order to
prevent environmental pollution with sulfur
oxides and to reduce the sulfur content
in smelted pig iron. Coals and oil shales
with pyrite sulfur content of 3.0-1.8% were
used in the experiment. Acidithiobacillus
ferrooxidans bacterial culture was used.
According to the results of the study it
was found out that the thione bacteria are
able to extract from 70 to 90% of the pyrite
sulfur in 20 hours according to the scheme
of the two-stage bacterial-chemical method
of desulfurization of coal [6, 7].

The specialists have also developed a
biocoagulant based on trivalent iron that is
superior to its chemically synthesized analog:
at the same rate of precipitating impurities
in domestic and industrial wastewater, the
biocoagulant consumes three times less than
its chemical analog [7, 8].

In addition, the possibility of
selective extraction of zinc and copper
was demonstrated by studying the
mechanism of bacterial action on copper-
zinc concentrate. The high rate of
bacterial-chemical leaching of copper-zinc
concentrate is achieved by the simultaneous
initiation of the direct mechanism of action
of cells on the solid phase of sulfides and
the indirect mechanism of action of free
cells. For this purpose, in the initial stage of
the process, 3.4-3.8 g/l of crude biomass of
iron bacteria is introduced into the reactor,
which adsorbs on the surface of sulfide
particles of the concentrate and accelerates
the direct mechanism.  The indirect
oxidation mechanism is strongly initiated
by the additional introduction of iron in the
concentration of 5 g/l and biomass in the
concentration of 2 g/1 [9].
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A team of scientists from I.C.Ml
Department of Ore Processing
demonstrated  that using microbial
techniques for removing collector films
from sulfide surfaces is a promising and
undoubtedly revolutionary development.
Biodegradation offers high separation
efficiency of bulk concentrates by
removing most of the collector from the
mineral surface and promises dramatic
reductions in capital costs and emissions.
It is proposed to use a bacterial culture
of P. japonica to desorb xanthogenate
from the surface of bulk sulphides and to
reduce the residual concentration of diesel
fuel - a consortium of O. anthropi and
P. aeruginosa JCM 5962 [11, 12]. The
research  shows that the bacteria
Ochrobactrum anthropi and Pseudomonas
aeruginosa JCM 5962 produce
biosurfactants = that  promote  the
solubilization and absorption of diesel
fuel hydrocarbons, and the culture of
Pseudomonas  japonica reduces the
concentration of xanthogenate on the
surface of minerals, which leads to their
hydrophilization.

A technology for the production of
phosphate fertilizers from phosphorite

from the phosphorite deposits of the
Krasnoyarsk ~ Territory  (Seibinskoye,
Oblajanskoye and Telekskoye) is being
developed by the specialists of the Laboratory
of Space Systems and Technologies
of the FITC KNC SB RAS. The use of
local phosphorite as a fertilizer requires
enrichment, since the phosphate meal
produced on the basis of local phosphorite
is effective only in a limited range of soil
and agrochemical conditions due to the low
content of phosphorus pentoxide in local
phosphorite [13]. Microbial technologies
make it possible to reduce the amount of
associated harmful elements - uranium,
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strontium, cadmium, etc, in addition
to increasing the amount of phosphorus
available to plants [14-15].

The transfer of biotechnology to
industry will increase the profitability of the
regional resource base of the entire Yenisei
Siberia, thus increasing the profitability
of mining companies and stimulating
the growth of investment in social and
infrastructure projects not only in the
Krasnoyarsk region, but also in the eastern
regions of Russia.

Conclusions:

1. Themain directions of biotechnological
potential in  Krasnoyarsk  Krai
are described: biotechnology for
mining and metallurgical industry,
biotechnology for coal and oil and gas
industry, environmental biotechno-
logy, research of microorganism’s
diversity in mining and processing
plants for identification of their
properties and wuse in mining
biotechnology,  development and
synthesis of flotation reagents on
the basis of metabolic products of
microorganisms.

2. The Krasnoyarsk Krai has rich
experience in biohydrometallurgy of
gold, which can be easily transferred to
similar deposits in Russia and abroad.

3. The developed technologies and
equipment of biohydrometallurgical
production, experience in isolation
and adaptation of microorganisms can
be used in other promising scientific
and technological biodevelopment on
deposits of polymetallic, manganese,
phosphorus bearing ores of the
Krasnoyarsk Krai.

4.  The problems of desulfurization of
hard coal, bioprocessing of lignite,
extraction of rare earth elements
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from coal ash, extraction of rare earth
elements from the waste dumps of the
Achinsk alumina refinery, reduction
of methane content in coal mines,
enhanced oil recovery will be solved by
the development of biotechnology for
the coal and oil and gas industries of
the Krasnoyarsk Krai.

Biotechnology can be used to solve a
number of environmental pollution
problems: bio-purification of industrial
waste water and gas emissions,
elimination of fuel and oil leaks, bio-
and phyto-remediation of tailings and
ore deposits.

In order to identify their characteristics
and use them in mining biotechnology,
it is necessary to intensify research
on determining the diversity of
microorganisms in mining and
processing plants.

studies are not commercialized.
The system of «scaling» of scientific
biotechnological developments for
industrial production and other
elements of bio-economy necessary for
transformation of scientific knowledge
into commercial products is completely
lacking in the region. To intensify
biotechnological work in this direction
it is necessary to

o Creation of a National Center
of Bioresources for Mining in
Krasnoyarsk Krai based on ICM
SFU and FIC KSC SB RAS, which
will allow the region to become
a national leader in researching
problems of mining biochemistry
and processing of refractory ores;

o Developing education in the
field of biogeotechnologies by
creating new educational programs

according to personnel needs,
creating an advanced scientific and
technological base in institutes.

Specialists of the wuniversities of
Krasnoyarsk Krai already have results
in these areas, but the results of these
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