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I'PABUTALIHOHHBIE AIIITAPATBI
A/T4 TIPEAAIKOHLUEHTPALIMH META/I/TOB
H3 YBOI'HX 30/10TO-KBAPLIEBbBIX PV

O6beKT Hcc/1eq0BaHHS — TPYAHOOboraTHMas 30/10To-KBapLieBas pyaa OAHOIO U3 MecTo-

poxaerHrt KpacHOAPCKOro Kpas.

TokasaHa 2¢hheKTHBHOCTD HCITO/IB30BaHHS CTAAHA/IBHBIX CXeM BBIAECHHS 30/10Ta C HCITO/Tb-
30BaHHEM LIEHTPOOEKHBIX KOHIICHTPATOPOB U oTcaaodHor MarvHb! Kelsey J200 CJ.
KrmioueBble c/10Ba: rpaButaLivis, LIeHTPOOeKHas KOHLICHTPALIHSA, 30/10TO, CY/IbGDHABI.

3 O71I0TOU3B/IeKaTebHble  Pabpu-
ku (BHP), nocrpoenHbie B co-
BETCKUI [leproa B KpacHOSpCKoM Kpae,
ABAIOTCA  T'PaZ00bPasyIoMMH  TTpea-
npusaTuaMU. bavanexanve K dabprikam
MeCTOpPOXKAeHHs OTpaboTaHbl, TPaHC-
MOPTUPOBKA PYAbl C HOBBIX MECTOPOXK-
[IeHWi, yaaseHHbIX OT habpyK, Kak MH-
HUMYM Ha HECKONBKO [AeCATKOB KH/IO-
METpOB, 3aTparHa.

WMnes coctout B ToM, UTO OBI MONY-
yaThb UYepHOBblEe T'PaBUTALIMOHHbIE KOH-
LIeHTpaThl HeroCpeACTBEHHO Ha Me-
CTOPOXKACHUAX, a Ha (PabpUKy TpaHCc-
[MOPTUPOBATh YEPHOBOM 'PaBUTALIMOH-
HbIM KOHLIGHTpaT, Tae ero W repepa-
GaThIBaTh.

Takum o6pa3oM, Ans AeWCTBYIONIMX
MPeArPUATHI  TIPEACTaBIAIOT  HHTEpec
MeCTOPOXKACHUsS C HeOOMbIINM Coaep-
JKaHWEeM 30/10Ta MPU YCAOBHH CYIIeCT-
BEHHBIX 3aracoB U O/1arolpHATHBIX C-
NOBUI OTPabOTKU 0OBeKTOB [1].

Llens naHHOM paGoThI — OINpene/nvTh
TeXHO/IOTMYeCKUe TIoKasatenu obora-
IIEHWS TPABUTALIMOHHBIM METOAOM PY/IbI
OQHOTrO M3 MecTopoxkaeHuit KpacHosp-
CKOTO Kpas.

WccnenoBatuist Obiit BHITIO/HEHBI Ha
npoGe pyabl, OTOOPaHHOM C LieHTpab-
HOM 4YaCcTW pYaHOM 30HBI TelicKo-
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YBO/MKCKOM  30/I0TOHOCHOM  T/IOMIAAM.
Cpentee comepxaHye 30710Ta, MO [AaH-
HBIM MMPOBUPHOrO aHa/u3a, COCTaB/ISeT
1,43 r/T.

MuHepasioriyeckuM — aHa/IM30M  Ofl-
peneneHo, UTo Cyibuabl B pyae Mpu-
CYTCTBYIOT B HE3HAUMTE/IBHOM KO/IMYeCT-
Be: conepxanHue nupura ~1-1,5 %, Ha-
XOMK/IeHHe apCeHOINMUPUTa, MHPPOTHHA,
MeHBIX CYIbPUIOB YCTAHOB/ICHO B BU-
[le eIMHUYHBIX 3epeH.

XUMWUECKUI aHa/IM3 ToKasasl, UTo B
LeioM pyaa obegHeHa —3/eMeHTaMH
IIPUMECAMH, 3a WCK/IIOUEHHEM MBIIIbSKA,
BUCMYyTa W Borbdpama. LlBerHble Me-
Ta/l/Ibl HAXOAATCA B KO/TUUECTBE ThICAU-
HBIX ZI071eM TTPOLICHTOB.

C uenbio yTouHeHUs: POPM HaxOK-
[eHUs 30710Ta B UCXOAHOM pyae, 10
CTAaHAAPTHOM MeToarKke [2] BHINOAHEeH
PaLIMOHA/BHBIN aHA/IN3 TIPH KPYITHOCTH -
0,1 mm. Pesynbrathl aHanmvsa npeacras-
neHwl B Tabm. 1.

Kak BuaHO, B caMopoaHor dopme
Haxoautcst 72,7 % 3onoTa, B cynbua-
HOM — 26,5 % mertanna. CymmapHas ao-
7151 CAMOPO/HOTO U CYNbPUAHOIO 30/10Ta
cocrapasier ~99,2 %. Takoe pacnpesne-
NleHVie orpeaensieT HarpaB/lIeHWe [0
V3YUCHUIO TEeXHO/IOTMYECKHUX  CBOMCTB

pyablL.



Tabmuua 1

P83y11bTaTbl PalHOHA/IbHOro aHa/IH3a

dopma HaXOKACHHUA Coaepxanue Au, r/T Pacnpenenenue, %
Au camopoaHoe 0,85 72,7

Au cynbduraHoe 0,31 26,5

Au cunkaTHOe 0,009 0,8

¥ Au 1,169 100

Au BarioBoe 1,15

Haubornee mnepcriekTBHOM B AaHHOM
c/lyyae MpeCTaBAseTcsl BblAe/leHUe Me-
Ta/l71a ro IPABUTALIMOHHOM CXeMe.

Bein  peanuzoBaHBl  3KCIIEPHIMEHTHI
Ha KoHLeHTpaLroHHoM crorie CKO-0,5,
LIeHTPOOEKHOM  OTCAaZIOUHOM  MalllMHe
Kelsey J200 CJ, ueHTpo6exkHbIX cera-
patopax Mtomak KH-0,1 u Falcon L40,

a Tak e Ha KOHLIEHTPALIMOHHOM CTO/Ie
Gemeny GT60.

MaBectHO, 4uTO LieHTpobekHast oTca-
nouHasi MativHa Kelsey, B cpaBHeHuu c
TPaAULIMOHHBIMH rpaBUTalIMOHHBIMU
anraparamy, TIO3BO/SIeT CYHIECTBEHHO
YBE/MUUMTh T7IYOUHY 3P(PeKTUBHOTO 000-
raieHysi MUHEPaZIbHOTO ChIPbsi KPYIHO-

HcxoaHas pyaa (-3+0 M)
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Puc. 1. Cxema oborameHHus
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Tabmuua 2

PesyabTaTthl ob60orameHHs Ha KOHIeHTpauHoHHoMm ctoae CKO-0,5
H orcaaouHor mamnue Kelsey J200 CJ

INpoaykTel | Beixoa, % | Coaep:ixaHnue, r/T | HsBneuenne, %
CKO-0,5
['paBUTALIMIOHHBIM KOHLIGHTPAT 4,08 21,84 68,48
XBOCTHI 95,92 0,43 31,52
Hcxoanast pyaa 100,00 1,3 100,00
Kelsey J200 CJ
['paBUTALIIOHHBIN KOHLIGHTPAT 27,29 4,88 92,9
XBOCTBI 72,71 0,14 7,1
Bcero 100,00 1,435 100

cteio Meree 50 Mmrm [3, 4]. Oto noa-
TBEPXKAAETCH  OINBITOM  HCIO/Ib30BAHUS
OTCAZOYHOM MallMHBI TIPU OBOTrallleHUH
O/IOBOCOAEPKAIINX, Kee30CoAePHKalllrX
pya Y OTAe/leHVs LIMPKOHA OT KHaHWTa
rpy OBGOrallleHW POCCHITHBIX T1ECKOB,
rpy oborareHuu yraei [4,5,6].

KOHCTPYKLIMA OTCAAOUYHOM MalHHbI
Obl/ta pa3paboTaHa B ABCTpa/iMi U, Ha-
yrHas ¢ 1990 rr., anmapar npyUMeHsieT-
Csl Ha HECKO/TBKUX TTPeATNPUATUSAX, TAKUX
kak BHP Billiton, CRA/Rio Tinto, RGC
Minerals, Lonrho Platinum, Anglo
Maerican Dupont u apyrux. [lokasaHo
[4], uTo mnpUMeHeHHe OTCAAOYHOM Ma-
IIMHBI HOBOTO TTOKO/ICHUsST 06ecrieurBaeT
BBICOKYIO CTelleHb KOHLIGHTPALMU W H3-
B/IeueHle LIeHHOTO KOMITOHEHTa 3a OAHY
OIepaLHmIo.

YuuteiBasgs 3TO, OBIIM  BBITO/HEHbI
OINbITHI Ha LIEHTPOGEKHOM OTCaAOUYHOM
Mmammte Kelsey J200 CJ npu caeayro-
IIMX YCOBUAX: T[IOTOK IIO TBEPAO-
My~100 Kr/uac, OaBneHve BoOAbl Ha
Bxoge 250k[la, cropocTh BpalieHHs
~800 06/MuH, YacTOTa My/IbCaLIMMi/MUH
~1000, wcrnions3oBanack IIOCTe/Nb U3
MarHeTHTa T/IOTHOCThIO 5 I/cM°.

OKCreprMeHThl BBITIO/IHeHBl M0 CTa-
AVaribHOM cxeme, B KpyrHocTH -0,5+0; -
0,2+0; -0,071+0 mMm. B saBucuMoctH
OT KPYITHOCTH ODoralaeMoro Marepuva-
fla, YCAOBUSl peanu3alliy OIMBITOB Ha
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crone CKO-0,5, G MPUHSATBI Ceayio-
ye: MPOUSBOANTEIBHOCTh 10 TBEPAOMY
44-60 % oT MacropTHOM, Pacxoa CMbIB-
HOM Boabl 1,26-6,6 71/MuH, coaepXaHue
TBepaoro B ruranur 25-30 %, noneped-
HBII Yo/l HAaK/IOHA-6-8 rpaaycoB.

PesynbraThl oboralieHuss MNpeacTas-
neHsl B Tabn. 2, cXeMa 3KCIepUMEeHTOB
— Ha puc. 1.

[lo maHHBIM Tabr1. 2 BUAHO, YTO NIPU
oBorameHM Ha KOHLIGHTPALIMOHHOM
CTO/le CYMMapHOe H3B/IeUeHHE B TsKe-
nyio opakilvio C CoAepRaHHUeM 30/10Ta
~ 21,8 r/t cocraBnsier 6onee 60 %.
Orcagounas mammHa Kelsey J200 CJ
obecrieurBaeT BbICOKOE H3B/ICUCHUE Me-
Ta//la B KOHLIGHTPAT, HO CTereHb KOH-
LIeHTPaLlMM MeTa//la HU3Kasg, a BbIXO/I
KOHIleHTpaTa 3HaunTenex — 27,29 %.

C uenbio TMOBBIIIGHHS COACPKAHUS
30710Ta, YepHOBbIE KOHILIGHTPAThl Mepe-
YMINA/IM HA KOHLIGHTPALIMOHHBIX CTO/aX
Gemeny GT 60 u CKO-0,5. I'epeuncr-
KU BBIMO/IHA/IM KaK TIOC/e Aov3Merbye-
uus (a0 100 % ka. -0,1 MM) Tak Ha uc-
XO[HBIX TI0 KPYIMHOCTH MPAaBUTALIMOHHBIX
KOHLIGHTpaTax.

OnpeneneHo, 4ToO MPUMEHEHHe CTO-
na Gemeny GT 60 nosBonser 3a oaHy
OMepalMio BBIICMUTL TPOAYKT C CO-
nepxaHveMm Mmertanna ~ 239 r/T (cre-
rneHb KoHLeHTpauwmu -10) npu usBne-
yenun ~33%.
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Puc. 2. Cxema o6Goramenus Ha HeHTPOGEKHBIX CeNa- ORaHUAM

paropax

Cron CKO-0,5 ob6ecrieurBaer 60-
nee BBICOKOe Mu3BneveHne (~65,7%),
HO CTerneHb KOHLIGHTpAllMKM HU3Kasd
(~5).

AHazmuM3 KpPYrHOCTH BKPaI/ieHHOCTH
30/10Ta HCceayeMol py/bl ToKasas, uTo
cpedHyrie pasMephbl 30/I0THH KOMebmoTes
ot 0,075 mm mo 0,02 mm. Mopdonorus
30/10Ta 4Ype3BbYaliHO pa3HooOpasHa. B
Lle/IOM Cpedd 3epeH 3070Ta Ipeoba-
[AIOT OBa/IbHble U CMabo  BBITAHYTHIC
dOPMBI, pexke BCTpeualoTCs M/IacTUHYA-
Thle M 3aMeTHO YA/IMHEeHHbIe 3epHa. Mu-
HepasZIoTMUeCKHi aHa/li3 KOHLICHTPATOB
ToKa3sasl, 4To Hauboriee MpOAYKTHBHBIMH
ABASIOTCA Kaacchl KpyriHocTy —0,040 M.
B kouuenrpare +0,074 MM oGHapyxe-
Hbl eZIMHWYHbIC 3epHa 30/10Ta PasMepoM
0,075 mm. Cpeau 3sepeH 30710Ta KOH-
LIGHTPATOB CPOCTKU C APYrMMH MUHepa-
flaMyl BCTPEYAIOTCH OUeHb Peako, OObIU-
HO 3TO TOHKHE BPOCTKY aHaTa3a.

+0.074MM

HbIM, OTHOCHUTE/BHO BBICOKO-
[IPOM3BOAMTE/IBHBIA  arlrla-
pat, paboTtalomri Ha Gonb-
IIOM CKOPOCTU M Pa3BUBAIO-
M LIEHTPOOEeKHOE YCKO-
penrie 1o 60 G [7].
Kontientpatop  Falcon
MMeeT CBOM MPHHLIMITHA/Ib-
Hble OCOGEHHOCTHU: KOHU-
yeckKul poTop ©6e3 Kollb-
LIeBbIX I1eperopoaokK, BbI-
cokoe (3000 m/c®) wen-
TpobexHoe yckopenue. [1o

MHOTOYMC/IGHHBIM  MCClIe-
[8,9] mauHBIK
arnrapar obecrieunBaeT

Hanbo/nee BBICOKHE TexXHO-
MIOrMUeCKUe ToKa3aTellu.

CxeMa oOorallleHUss Ha LIGHTPOOEK-
HbIX KOHLIGHTpaTopax IIpe/ACTaB/IeHa Ha
puc. 2. PexuM paboThl KOHLIGHTPATOPOB
BbIOpaH Ha OCHOBE OIbiTa MpPHMEHEeHMUs
[@HHBIX arapaTtoB /71 AHATOTMYHOTO
coipbs [7,8].

PesynbTaThl 3KCIIEPHMEHTOB IIpHBe-
neHsl B Tabnuiie 3.

Kak BuaHO, cyMMapHOe H3B/eueHre
MeTazi/la B KOHIIGHTPAT /715l KOHIIGHTPa-
Topa Mrtomak cocraBuio 54,6% mnpu
conmepxanuu 3o70ta 5,46 r/1. [Notepu
MeTa//a C /1erkor ppakliMer COCTaBH/IN
~ 45%.

Konuenrparop Falcon usBrekaer B
TAXKENVIO (PpakLmrio MeTtann Gonee 3dp-
dektuBHO. Kak BraHO u3 Tabna. 3, mo-
Tepy 30/10Ta C XBOCTAMM HUKE U COCTa-
Bunu 33,16%, npy atom mnonyyeHa 60-
fiee BBICOKasl CTereHb KOHLIGHTPALMU
~15.
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Tabmuua 3

P e3y/1bTaTthbl oborallieHHs Ha ueHTpO6e)KHbIX cenaparopax H OTCaZOYHOH MalllHHe

IMpoaykTbl Bbixoa, % Coaepxanue, r/T HUssneuenue, %
HMTOMAK KH-0,1
KonuieHnrpar 13,0 5,46 546
XBOCTHI 87,0 0,68 454
Bcero 100,00 1,3 100
FALCON L40
KonuieHnrpar 4,39 19,8 66,84
XBOCTBI 95,61 0,45 33,16
Bcero 100,00 1,31 100
Kelsey J200 CJ
KoHtieHrpar 7,86 8,33 45,64
XBOCTBI OTCAKU 92,14 0,59 54 36
Bcero 100,0 1,435 100,0

[Npy peanuzaLvy aABYXCTaAWa/TbHOM
cxeMbl oforalieHyst Ha OTCaZIouHOM Ma-
mrHe Kelsey noryueH KoHLIeHTpaT, Bbl-
X0 KOToporo coctaBun ~ 8 %, crerneHs
KOHLIeHTpaLmu ~ 6. OmHako, B CpaBHe-
HHUM C KOHLIeHTpatopamMu HMrtoMak u
Falkon notepu Metanna ¢ XxBocTamu He-
CKO/IbKO BHIIIE.

HMsBectHo, uTo MacumrabupoBaHue
rpoliecca LIeHTPOGEKHOM — cerapariii
aeT COTOCTaBHMBIE TEXHO/IOTMYECKHe
MoKasaTennd. Kpome Toro, npu yBenuue-
HUM THUIIOPasMEPOB cerlapaTopoB, Ha-
OmonaeTcs TMOBbILIEHUE H3B/eUeHe Me-
Tana.

B cBs3M ¢ 3THUM 47151 4@HHOTO MeCTO-
POXKAEHUsI BO3MOXKHO Crieayioliee Tex-
HO/IOTMYECKOE pellleHre: CTPOUTE/ILCTBO
Moayrsi, oGecreurBaloliero Pyaoroaro-
TOBKY M oforallleHue B [Be CTaauu Ha
LIeHTPOOEXKHBIX cerapartopax. YepHo-
BOW T'PaBUTALIMOHHBIM KOHLIGHTPAT, Bbl-
X0 KOTOPOTO COCTaBUT OT pyabl 5—7 %,
TpaHcrioptupyercs Ha 3P nas noBosa-
ku. [lotepu ¢ xBocTamu B 3TOM BapHaH-
Te coctaBat ~ 33 %.

['pu mcronnb3oBaHMK MOAY/SA, Mpeny-
CMaTpPUBAIOLIErO OTCAAKYy PYyAbl B TPU
cTaavy (cM. maHHble TabauLbl 2) BO3-
MOXHO BblzesneHre 70 % XBOCTOB ¢ OT-
Ba/lbHBIM COZEPXKaHUEM B HUX MeTa/lfla.
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UepHOBOM KOHLIGHTpAT B 3TOM C/ydyae
GeneH MO coAepXaHvio ~ 5 T/T Metan-
na, Beixoa ero ~ 27%.

Llennecoobpa3HocTb peanusaLmu TOwM
WM MHOM CXeMbl U ee arrapaTypHOro
oopMeHUst  OrpesienisieTCss SKOHOMU-
YeCKMMH pacuyeTaMU [A71s KakaOTro KOH-
KPETHOro oObeKTa.

[lpu atom onpenensiommmMy pakTo-
pamMy  GyayT SABIATBCA TPAHCIIOPTHBIC
pacxobl, TMPOU3BOAWUTE/IBHOCTL  LieXa
[OBOAKHU W THUAPOMETA/ITYPrUyecKoro
otanenenus 3P,

3akaoyeHune

[IpoBeneHs! HccreaoBaHWsA TpaBUTa-
LIMOHHBIM METOAOM OOOrallleHUsi T0
CTAHIAPTHOM METO/MKe C MCIIO/Ih30Ba-
HUEeM COBpeMeHHOro oGopyaoBaHusA. B
paboTe MpvBeneH CpaBHUTE/NbHBIA aHa-
M3 paboThl IPaBHUTALIMOHHLIX arapa-
TOB Ha MarocynbUAHON  30/10TO-
KBapLIeBOM pyze.

OrnpeneneHo, 4TO NpU pearysaLviv
CTaAVa/lbHOM CXeMbl C HCIO/Ib30BAaHHEM
LIGHTPOOEKHON  OTCAZOYHOM MallHHbI
Kelsey J200 CJ BO3MOXHO BblaesieHHe
[IPOAYKTa C OTBAIbHBIM COJAepPKaHUEM
LIGHHOTO KOMIIOHEHTa, MOTepy 30/10Ta C
[aHHBIM TIPOAYKTOM coctaBunu 7,1 %.

[lokazaHo, 4TO 3KOMOTHYeCKU 6e30-
rnacHasl TEXHO/IOTMYecKas cXeMa C WUC-



II0/1b30BaHKeM LIGHTPOOEKHBIX cerapa-
TOPOB MOXKET COCTaBWUTh AOCTOMHYIO arlb-
TepHATHBY CYIIECTBYIOIIMM Ha 30/I0TOM3B-
nekaTe/IbHbIX PabprKax TeXHOMIOTHSAM.
[lpy ycTaHOBKE TI'PaBHUTALIMOHHOIO
MOAY/sT HerocpeacTBEeHHO TIPU MecCTo-
POXKIACHUN, TAKENYIO (DPAKLIMIO MOXKHO
Harpaeiath Ha 3P ana ganbHerwmein
[IOBOAKK W TepepaboTKu TMApOMETall-
NYPruyecKUMH METOAaMH.

Tarkum o6pasoM, IpUMEHeHHe MOo-
OW/IbHBIX YCTAHOBOK TPaBUTALIMOHHOTO
THIA TIO3BO/IUT HE TO/IBKO CHHU3WUTh 3KO-
MTOTUYECKYIO HAarpysKy B MeCTax BbIEMKU U
pa3paboTKK PYAHBIX Te/l, HO W PeIlMT
npobneMy aAeoUiMTa MHHepPaTbHO-ChIPhb-
eBol Ga3bl paboTtaonimx 3P 3a cuer
BOB/ICUeHUS B TepepaboTKy YOOrux I10
ConepaHUIO 30/1I0TOCOACPKAIINX PYAI.

Pa6ora BeirioziHera B pamiax rpoexta Ne 13120 «PaspaboTtra 3¢h¢heKTHBHOH Tex-
HO/IOTHH H3B/IeHEeHHs 30/10Ta M3 PY/bl HA OCHOBE IMPHMEHEHHS Y/IbTPa3BYKOBbBIX BO3ACH-
crBurp» o Ilporpamme «YdactHuK MOMOAEXHOrO HaY4YHO-HHHOBALIMOHHOIO KOHKYpCa
2009», a takxe B pamkax npoekta Ne 2.1.2/4741 «KoMruieKcHble HCc/1e/0BaHHs Tpa-
AHLIMOHHBIX M OHOTEeXHO/IOTHYECKHX MeTOAOB OOOTallleHHs M 1epepabOTKH Py LIBETHBIX
H 6/1aropoJHbIX MeTa/l/IOB» aHa/TUTHYeCKOH BeAOMCTBEHHOH Lie/leBOF nporpammsl «Pas-
BHTHe Hay4HOIo roTeHLHasda Bbictier mKossl (2009-2010 roasi).
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