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OBOCHOBAHHE OB/TIACTH HCITIO/Ib3OBAHHA
PHU3HUKO-XHMHYECKHX FrEOTEXHO/IOTHH
ITPH OCBOEHHH Y/IOKAHCKOI'O
MECTOPOKAEHHA MEAIMCTBIX INTECYAHHKOB

PaCCMOTpeHa BO3MOXHOCTb IIPHMEHEHHA TeXHO/IOIMH aKTHBALIHOHHOIO KIOBETHOIO H
KY4YHOI'O BBIle/Ia4YHBaHHA MeTa/l/IOB H3 MHHepPa/IbHOIro ChIPbA T03BO/IAIOLLEH ITO/TYYHUTH
MaKCHMa/TbHbIFT 9KOHOMHYECKHH pe3y/ibrar i MHHHMH3HPOBATh 3KO/IOrN HYECKHET yu{ep6
B kauectse AKTHUBHPYIOIIHX BO3EHCTBHF paccMaTtpHrBaeTCcAa HCIIO/Ib30OBaHHEe d?OTO3/I€K'
TPOXHUMHYECKHX TIPpOLeCCOB B IIV/IbIIe. OCHOBy HCIIO/Ib3YeMbIX Bbllle/IQYHBAKOIINX pea-
TeHTOB COCTaB/19eT aKTHBHBIH KHC/Iopoa U X/IO]JI/MIHbII:I KOMIT/IeKC.

KrroueBbie c/ioBa: aKTHBHBIF KHC/TOPOA, quTOS/IeKTpOXI/IMI/IVQCKaH I10AroToBKa, Bbllle-

/1a4YHBaHHe, X/]O[DI/IHHLII;] KOMII/IeKC.

' ' pyu  paspaboTke YmoKaHCKOro
MeCTOPOXKICHHS], YUUThIBask ero

MeCTOTIONOXKeH e, MacliTabbl M CYLIeCT-
BEHHO paxIMyHble YC/IOBUSI 3a/IeraHust
PYAHBIX Tesl, a TaKXKe MUHEPOIOro-TeoXi-
MUUeCKre  OCOGEHHOCTU  CYMb(PUIHBIX,
OKMC/IGHHBIX M CMeIlAHHBIX Py, AO/MKeH
ObITh HCMOMB30BAH THOKWM TOAXOA TPy
BBIOOPE TeXHO/IOTMUYECKHX PellieHHUI.

MupoBasi NpakTMKa pa3paboTKy
MeAHO-TIOPUPOBBIX MECTOPOXKACHUN U
MECTOPOXKACHHI MEANCThIX TeCUaHHKOB
[MOKas3biBaeT, 4TO MCIIO/b30OBaHUe Tpa-
[AWLIMOHHBIX M (DH3HMKO-XUMHUCCKHX Teo-
TEeXHO/IOTHI OGecreyrBaeT MaKCHMallb-
HBI1 3KOHOMHYECKHWH pe3y/ibTaT U MU-
HYMM3ALMIO 3KO/IOTHUeCKoro yiepta. B
KauecTBe IIPHMMEPOB MOKHO IIPUBECTU
HeCTaHZapTHbIE pelleHys, [IPUHATHIe Ha
Kapbepe bur Maiik (Hepaga) o msBre-
yeHuio Meau u3 475 Teic. T npubopto-
BhIX 3allaCoOB CMEIIaHHBIX PYa, CY/lb-
duaHas coctapasiomasg KOTOPOro B OC-
HOBHOM, KaK U Ha YIOKaHe, IpeacTas-
fleHa xXanbko3uHoM (CusS).

['Ipu 3TOM OCyIlleCTB/sIMach B3PbIBHAsA
[OATOTOBKA pPyad K  Bhblle/TAYUMBAHUIO

(cpeansisi kpyrHOCTE Kycka 230 MM),
OpOIlIEHHEe CePHOKUC/IOTHBIMI PacTBO-
paMu npomrsBoauiock 1 pas B Hezermo, a
OTKauKa TIPOAYKTUBHBEIX PACcTBOPOB ue-
pe3 CKBaxkMWHbI, MTPOGYPEHHbIe B AHUINE
Kapbepa. [Ipy MCIonb30BaHUY Bhbillerna-
YMBAHWS M3 3aKOHTYPHBIX 3arlacoB Ha
npeanpusatuax Oraiio, Komma Beior,
KBUH, WCIIO/MBb30BaHbl CEPHOKUC/IOTHBIC
pacTBopbl ¢ aoGaBneHyWeM cyribcaTta
Keneza U cynbdata OKMcH xenesa. Orr-
peneneHHyilo porib B Bbllle/laYUBAHUU
Meau B /IETHHUH MEepHoa WIPaloT U THO-
HOBEIE OaKTepHH.

AHaziornyHble TEeXHO/IOTWHM  MOTYT
ObITh KCIIO/Ib30BaHbl [IPU  U3B/ICUEHUU
Meau U3 GeaHBbIX YOOKaHCKUX pyad, Oc-
TaB/sIeMbIX B MeXKOOPTOBBIX 1Ie/TMKaX
(BepXHIOIO YacTb MECTOPOXKACHUS Lierle-
coo0pasHO oTpabaTbiBaTh CUCTEMOM Ma-
NbIX KaphepoB B /1Ba STarla).

[Ipu nepepaboTke pya TaKOro Kaue-
CTBa U HEKOHWIIMOHHOM PYAHOM Mac-
Chbl, H3B/ICKAEMBIX MPU (HOPMUPOBAHUU
BbIPAOOTAHHOTO [IPOCTPAHCTBAa Kapbe-
POB, MOIYT ObITb HCIIO/Tb30BAHbI TeXHO-
MIOTUM KYYHOTO Y KIOBETHOTO BHIIIE/IauM-
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KAMEPA

WNCKYCCTBEHHbIV LIENK

Puc. 1. Npeanaraemasa cxema pa3paboTkH YaokaHCKo-

ro MeCTopoOiKaAeHHA

BaHUS META//IOB. OTH pellleHrs KMMeeT
MpeuMyIiecTBa MO CPaBHEHHIO C TeXHO-
NOTHer CKBaVHHOTO  BbIle/IaurBaHUs
7Sl Py, coaepXalllX KpoMe Mear ce-
pebpo U 30710TO.

[lns Bbllle/lauMBaHHA MeTa/lZIOB U3
CYMbUAHBIX M CMENIaHHBIX PYa MOryT
ObITb ITPUMEHEeHbI ApYrve HOBble Tpadu-
LIMOHHBIE M (PUSHMKO-XMMUYECKHe TIeo-
TexHosoruu (puc. 1)

B cootBerctBue ¢ mnpeasnaraemoii
TEXHO/TOTMYECKOM CXeMOM pas3paboTKu
YnoKaHCKOTO MeCTOpOXKIAeHHs, Hanbo-
nee 6oraThle  XanbKO3WH-OOPHHUTOBLIC
PYabl C MOBBILICHHBIM COACPKAHUEM 30-
nota U cepebpa U3B/ICKAIOTCA CUCTEMOHR
C 3aKMaZKOM, a PAAOBBIE PYabl TOC/e
B3PBIBOMHBEKLIMOHHOM MMOATOTOBKU
OPOIIAIOTCA AKTHMBHBIMU BhIlle/IauHBalO-
IMMK pacTBopaMu. [Ipu sToM Mexay
HICKYCCTBEHHBIMH LIe/TMKaMU TTOMeIlaeTCs
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BOPT KAPLEPA

MNEPEMNYCKHAA WENb
(LWENEBOW PYOOCMYCK)

PYOHbLIA LENUK

«CyxXasl 3aKIaZka» U3 arziome-
PUPOBAHHBIX XBOCTOB 000-
rameHuss Gorathix pya U
ApOGIeHHON KOHAWLIMOHHOM
pyabl, AOOBITOM B Kapbepe.
Takum o6pasoM, 6oraTas
pyda mnoaBepraercs  pyao-
TOATOTOBKE U P/IOTALIMOHHO-

371eKTPOd/IOTALIMOHHOMY
oboraieH1o (B cuay 3Hauu-
Te/lbHOM /07T TOHKO BKparl-
NeHHBIX MUHepasnoB), a ps-
[OBble M GedHble PYyabl, XBO-
cTel  poTaLMKd  cAyKaT
ChIpbeM /U711 W3B/IeYEeHUsl Me-
Ta//IOB  METO/laMU  KY4HOTO,

KIOBETHOTO,  CKBaXKMHHOIO
BhbIIlIe/IaUMBaHHS. Proro-
KOHLIGHTpPAT MOKeT ObiTh

Takke repepaboTaH Ha Mec-
Te METO/IOM YaHOBOTO Bblllle-
MTaYVBaHUs.

OcHOBY  KCIIO/B3YeMbIX
BBbILIIE/IAYMBAIOIINX PeareHToB
COCTaB/If1eT aKTHBHBIA KUC/I0-
poa, ABASIOMMNACA  CH/IBHBIM
OKHC/IUTe/1eM cybOUAHBIX
MHHEPa/IOB.

[Ton aKTHBHBIM KHUC/IOPOAOM MHOTH-
mu crietmamuctamd B Poccun u CHIA
MOHMMAaeTCsl He TO/IbKO aTOMapHbIM K-
Cropoa U 030H, HO U KOMIVIGKC peak-
LIMOHHO-aKTHBHBIX COeANHEHHI KHC/O-
poma ¥ Bomopoda (MepekucH, ruapo-
KCU/I-paaviKazsa, AMOKCHIA BOAOpOAa U
T.A.), @ Takke IMPOMU3BOAHBIX OT HHX
VOH-paZMKa/lbHbIX ~ KOMITIGKCOB.  [last
CUHTe3a 3THX COeAHWHEHHH B IPOMBILI-
fleHHbIX MaciTabax ¢ obecrieueHreM
MO/IHOM Ge30MacHOCTH A pabourx U
OKpYKalollleil cpe/bl, HaMH pa3paboTaH
M anpobUpoBaH A71f U3BAEYEHHs U3
UMOPHBIX PYaA W XBOCTOB OBOrallleHHst
Men, MonubaeHa, 30710Ta, BO/b(hpama,
MeTa//IoB T/IATMHOBOM TPYIIIbl, (poTo-
3MEKTPOXUMHYECKHI Crocob, 3araTeH-
toBanHbll B CIHA. CymHocts 3TOrO
crioco6a MPUHLIMIHA/BHO 3aK/II0YaeTcs



B 0O/IYUeHHNN aKTHBHUPYEMBIX PacTBOPOB
oIpeneneHHOro CoCTaBa U BblAeNSAEMbIX
MpyU 3TOM K3 HUX aTOMapHOro U ABYX
aTOMapHOIO KHUCIOPOAa MPHIIOBEPXHO-
CTHOWM 30HBI aHOZOB 371eKTPO/IUTUYECKON
SUENKH  YIbTPadpUOIeTOBBIMU  /TYUYaMH.
[lpu 3tom popMupyercss 030H, atoMap-
HBIA KHC/TOpOA, OOpasyiolirie akTUBHbIC
KaaTpaTbl B PacTBOpe, Ilepexosime
fanee B UOH-PavKa/lbHbIe K/1acTephl.

[TonyueHHBI BTOPUYHBIA PacTBOD,
colepKalluil  PaCcCMOTPeHHLIM  BhbIlIe
PEaKLIMOHHBINM KOMITIEKC, TpH obecrie-
YeHHH  OMpedesleHHBIX  [apaMeTpoB
B3aUMOAEHCTBUSA C CYIbPUAHON MHHe-
panbHOU Matpuliel, obecrieunBaeT ee
rnepexoa B cynbgaTtHyio popMy U, Co-
OTBETCTBEHHO, BO3MOKHOCTb PacTBOpe-
HUSA COJepIKallMXCad B HUX MeTa/lIOB B
TeyeHre HeCKOMbKMX uacoB. Hamu, B
paMKax TrpaHTa, BbigenexnHoro YurlY
dumany U1 CO PAH, wusrotosnena
nabopaTopHass YCTaHOBKa ansi ¢OTo-
37IEKTPOXUMHUECKOTO  BhILIe/TaurBaHMUs
MeaW U COMYTCTBYIOUIMX KOMITOHEHTOB
KaK /715 KIOBETHOTO M YaHOBOIO BbIille-
MauMBaHUs M3 M3Me/IbUeHHBIX, TakK U
KYJHOIO M3 APOO/IeHBIX  XalbKO3WH-
OOPHUTOBBIX PYaA YIOKAaHCKOIO MecTo-
POKAEHHA.

B peaynbrate 6bI/10 AOCTUTHYTO AOC-
TATOUHO BBICOKOE K3B/IeUeHUe MeTa/l/IoB
10 [BYM M3 MCIIBITAHHBIX D-TW TEXHO/IO-
rmdeckux  cxeM-CbX-2-1, CBX-2-2
(rabn. 1). Kak BuaHO, sTH cxembl obec-

Tabmua 1

MeurBalOT CaMOe BBLICOKOE M3B/ICUeHHe
30710Ta TIPU TIPHEM/IeMbIX COAePMKaHUAX
B XHUAKOU (pase Meau, KoTopas I0W3B-
fleKaeTcsl TMpy MPOAO/MIKEHUN Bhlllle/a-
yMBaHUA IO cyrnbthatHOM cxeme. Ce-
pebpo Mo 3TMM CXeMaM B OCHOBHOM
Bblllle/ladrBaeTcst B pOpMe KO/I/IOMIOB
X/IOPHAHBIX COEAWHEHWI, KOTOpble U3-
BeKaloTcs nyteM ocaxaeHusa. Cepebpo
B TIOC/IC[ICTBME MOXKET U3B/ICKATbCHA U3
ocalKka OCaxIeHHeM Ha IpaHyrax LIMH-
Ka. [lnsa ycnoBuit YOOKaHCKOro MecTo-
pOXKAeHHs MOXKeT ObITb KCITO/Ib30BaHa
TeXHO/IOTUYeCKasi  CXeMa  KIOBETHO-
KYYHOTO aKTUBALIMOHHOIO BhIllle/1aurBa-
HUSI METa//IOB M3 MenKkoaApoO/1eHsbX (1o
3.5 MM) pya ¢ pasmeneHreM Hx To Tex-
HO/IOTMUYECKUM TUIIAaM U TPOMBIIIZIGHHBEIM
copTaMm npu coaepxaHur meau ot 0.n
10, Kak mMuHumyM, 10%, cooTBeTcTBYIO-
IIMMH BBIIIE/TQUHMBAIONIMMU PAaCTBOPaMH,
[IPYTOTOB/ICHHBIMM Ha OCHOBE CEpPHOM
KUC/TOThl. KOHKpeTHble 3HaueHus Ipa-
HHLl COPTOB MOTYT OBITb YCTAHOB/ICHHI
I1OC/1e OTNBITHO-TIPOMBIIZICHHBIX HCIIbITA-
HUM M TeXHUKO-35KOHOMHUYECKHUX pacue-
TOB. B 3uMHee Bpemsi BhlllesrauriBaHye
MOXeT TIPOBOAWUTECA B  3aKPhIBAeMbIX
II/ICHKOM KIOBeTax (TpaHilesx) ¢ I0A0r-
PEeBOM PpacTBOPOB, I[IOAaBaeMbiX B HX
[OHHYIO YacThb M  CKIaAWPOBaHHEM
RpyrHoM (+3.5 MM) dpakrimy XBOCTOB
KIOBETHOTO Bblllle/IaYMBaHUA B ITabenu
B HepabourxX Y4yacTKax KapbepoB /s
MOC/MeAYIONIer0  KYUHOrO  /IOBbIIIe/Iauu-

H3zBaeyeHHe MeTan10B M0 ABYM H3 HCNBITAHHBIX 5-TH TEXHO/MIOTHYECKHX
cxeM (pe3y/bTaTrbl KOTHYECTBEHHOTO aHa/IH3a)

Ne npo6 OnpenensemMbie 31eMeHTbI

Au, mr/n Ag, mr/n Cu, r/n Fe, mMr/n
CbX-2 0,57 0,04 7,88 -
CBbX-2-1 1,10 0,81 5,53 4281,20
CBbX-2-2 1,53 0,82 6,95 5365,40
CbX-2-3 1,03 0,42 3,69 -
CBX-2-4 1,04 1,26 3,91 -
Knnuka-141-143 0,76 0,06 0,0147 17132,70
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BaHUfA B f1eTHeM ce3oHe. [lpu stom B
mpoliecce XpaHeHHs KPYMHO paKLM-
OHHOTO MaTepHuasia B 3UMHHH [eproa B
MMHepa/ibHBIX arperatax 6yayt opMu-
poBaThCsl HOBbIE MUKpOTpeluHsl. Pac-
YyeTHOe KOHeYHOe H3B/eueHUe Meau, IO
npeanaraeMoll CxeMe COCTaBUT He Me-
Hee 80 % .

[MTockonbky, MeaHble pyabl YaoKaH-
CKOTO MeCTOPOXKAeHHs IpeaCTaB/1eHbl
MPerMYIIECTBeHHO  Xa/lbKO3WH-OOPHU-
TOBBIM U GOPHUT-Xa/IbKOSMHOBBIM MHHe-
panbHBIM MapareHes3ncoM, Mpy Haluuruu
OOPHUT-Xa/IBKOTIMPHUTOBOTO M B MeHb-
IIeH CTeIeHU Xa/lbKOITMPUT-TTMPUTOBOTO,
T.e. Pa3IMYHBIMU [0 3/IEMEHTHOMY CO-
CTaBY M «BbIIE/TAUNBAEMOCTH» PYAHBIMU
MHHepasiamu, 6oree  lienecoobpas3Ho
HCIO/b30BaTh CTAAMMHYIO CXeMy Bhllle-
MMAUMBAHUS: Ha TIEPBOM 3Tare Meab U3
CYMb(OUAHBIX MHUHEPasioB M CaMOPOIHOe
cepebpo  BBINIE/AYUBAIOTCH  CePHOKHC-
MOTHBIMU PACTBOPaMH C HeX/IOPHAHBIM
OKHC/IMTE/IeM — aKTUBHBIM KHC/IOPOIOM,
MO/YUeHHBIM B (POTO3IEKTPOIUTUYE-
CKOM peakTope, Ha BTOPOM - C MCIO/Ib-
30BaHMEM X/IOPHAHOTO KOMIIKCa, TO-
MY4eHHOTO B pesyskrate [POLIeCCOB
3MEeKTPOCHHTe3a M (POTOCHHTe3a Bhillle-
MlAYMBAIOTC OCTaTOUHasg Meab u3 6Gop-
HUTA W [APYrHX, CAOKHO PacTBOPSEMBIX

KOPOTKO OB ABTOPAX

PYAHBIX MHUHepasioB, a TakKkKe 30/10TO
(BOBMOKHO C MmoapasaeneHWeM Ha oa3-
Taribl). .

1. CUZS + I'IH20+HQSO4+202V =
= CupS+nOH,-40 -

H2804 = 2CUSO4 + 2H30+ + (n-2)H20

2. HCI+NaClO*= HCI-ONaCl =
= HCIO*+NaCl,

CusFeSy4 + 16HCIO* + 4H,0 = 5CuCl, +
+ FeClz + 4HZSO4 + 4HCl + 4H30+

CyliecTBeHHOE TMOBHIMICHHUE CKOPO-
CTU XMMHMUECKHX PeaKLMii BTOPOM (X/10-
PUAHOM) CTAAMKU M CTelNeHU U3B/IeUYeHHs
Mear W 30710Ta obecrieurBaercs IIpu
AOTIO/THUTE/IbHOM MCITO/Ib30BaHWU MeTa-
CcTabWABHOM MEepeKHCcH BoaopoJa U Co-
MYTCTBYIOIeH el TPYIIbl MepOKCHUIOB,
CHHTE3HpYeMbIX B (POTO3/IeKTPOXHUMUYe-
CKOM peakTope.

W3pneueHre MetamioB u3 paboumx
PaCTBOPOB MOKeT ObITh OCYIIECTB/IEHO C
HCIIONB30BaHUEM  3/1eKTPOCOPOLIMOHHO-
ro criocoba, YCremnHo arnpobHpOBaHHO-
O B OIBITHO-TIPOMBILIZIGHHOM BapHaHTe
AN AOUW3B/IeUEeHUs 30/10Ta M3 XBOCTOB
COPOLIMOHHOTO  BHILIE/TAYMBAHUA WU
3/IeKTPOOCAaKACHUEM Meay HerocpeacTt-
BEeHHO B I[Ipollecce Bbllle/launuBaHUA Ha
KaTOAHBIM Kese30conepXKallii  OCaaoK
(mocreanuit Meton paspabatbiBaeTcs B

Y MI71 CO PAH).
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