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MoTepn MWHEPanoB 30/10Ta C TOHKMMM KAacCcaMu OCTAlOTCA aKTyasnbHOW npobnemoit
COBpPEeMeHHOW TexHonorun ¢notaumm. MuHepanbl 3010Ta, CBA3aHHble € cynbduaamu Kenesa
(NMpuTOM, apCEHONUPUTOM), MOMKHO MU3BJ/IEYb C MPUMEHEHNEM CYNbrUAPUNBHBIX COBUpaTenen.
Kak 13BecTHO, MaKkcumanbHas ¢roTupyemocTb cynbPpuaos Kenesa Habaopaetca B crydvae
O HOBPEMEHHOTO HaXOXAEeHMA Ha UX NOBEPXHOCTM KaK KCaHTOreHaTa, Tak U AMKCAHTOreHMaa.
Lenbto paboTbl ABAAETCA MUCCAeAOBaHME BAMAHMA YaCTUYHOTO OKWUC/IEHUS aMWUAOBOro
KCaHToreHata Kanus (AKc) Ha appeKTUBHOCTb GOTaUMOHHOrO oboraLLeHVs 3010ToCoAeprKalL et
cynbbuaHol pyabl. Ana nonydeHua cobupaTtens, BKAOYAKOWEro B CBOM COCTAaB KCAaHTOreHTaT
N OUKCAHTOreHWa, NpensioXKeHo 4YaCcTUYHOE OKUC/EHME pacTBOpPa aMWM/IOBOrO KCaHTOreHaTta
KanuA Cc ucnonb3oBaHnem TypbodroTaumMoHHOro reHepaTopa. TecTupoBaHue cobupartenen
AKc n AKc + AKc =~ Ha cynbdUAHOW 30Nn0TOCOAEpPIKaLLel pyae NOKasano, YTo YacTUYHoe
OKUC/NIEHWE KCAHTOreHatTa A0 [AWKCAHTOreHWAaQ yay4vwaeT TeXHONOTrMYecKue rMokasaTenu
dnotauun. YactMyHoe OKMCNEHMEe KCaHTOreHaTa MoO3BOJIAET MOBLICUTb W3B/ieYeHUE 30/10Ta
oT 83,8 0o 89,3 % Npu CHUKEHWUW cofepiKaHua 3010Ta B XBocTax dnotauumn ¢ 0,48 o 0,32 r/T.
Typ60dnoTaLMOHHbBIV reHepaTop NO3BONAET NOBLICUTL M3BeYeHMe 3010Ta € 89,2 1o 91,7 % npu
CHUMKEHUW CofeprKaHuA 3010Ta B xBocTax ¢paotaumm ¢ 0,31 go 0,24 r/T.

KnioueBble cnoBa: OKWCNEHWE; KCAHTOreHaT; AWMKCAHTOreHua; Typ6odaoTaLUOHHbIV
reHepaTtop; MUKpodaoTaLMA; MUHEpasbl 30/10Ta.
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ANTbIH ~ MWHepangapblHbIH  KYKa  KNacTapbiMEH KOfanybl  Kasipri  ¢notauua
TEXHONOTUACbLIHbIH, ©3eKTi Maceneci 6onbin Kana 6epedi. Temip cyabduarepimeH (nupwur,
apceHonMpUTNEH) 6alNaHbICTbl aNTbIH MUHEPANAaPbIH CYyNbOTUAPUN KUHAFbILTAPAb! KONAAHY
apKbinbl 6enin anyfa 6onagbl. ©34epiHi3 binetiHoen, Temip cynbdUATEpPiHIH MaKcMmangbl
dnoTaumacol onapabliH 6eTiHae KcaHTOreHaT NneH guKcaHToreHua 6ip yakbiTTa 6onfaH Kafganaa
6alikanaapbl. yMbICTbIH, MaKcaTbl @MU KanWi KCaHToreHaTbiHbIH, (AKC) iWwiHapa TOTbIFYbIHbIH,
anTblHKypamabl cynbouATi KeHai dnotaumnsanbik 6aibiTy Tuimainirive acepiH 3epTTey 6osbin
Tabbinagbl. KypambiHAa KCAHTOreHTaT NeH AUKCaHTOreHUA 6ap MHAFbIWTbI any YLWiH, KaAnuii amun
KCaHTOreHaTbl epiTiHAICIHIK iWiHapa TOTbIFYbI YWiH TYyp6odaoTaUUANLIK reHepaTopAbl KOA4aHYbl
yCbIHbINaAbI. KypambiHaa cynbduati antbi 6ap keHai, AKC xaHe AKc+AKc  sKWHaFbILITApAbIH,
KON 4aHy apKbl/bl CbiHAYAd, KCAHTOMEHATTbIH AUKCAHTOTEHMAKE iWiHapa TOTbIFybl GAOTALMAHBIH,
TEXHONOTUANBIK KOPCETKILITEPiH aKcapTaTbiHbIH KOPCEeTTi.. KCaHTOreHaTTblH, iliHapa TOTbIFybI
bnoTauma KanabikTapbiHAafbl anTbiHHbIH, Menwepi 0,48-aeH 0,32 r/T-fa peiiH TemeHaereH
Ke34e anTbiHHbIH 6enin any aapeskeciH 83,8-geH 89,3% - fa AeliH apTTbipyFa MyMKiHAiIK bepeai.
TypbodnoTaymanbik reHepatop ¢ioTauma KanablKTapbiHAAFbl anTbiHHbIH, Menwepi 0,31-aeH
0,24 r/T-Fa peniH TomeHAereH Kesae anTbiHHbIH, 6enin any agapexkeciH 89,2-aeH 91,7% - fa aeniH
apTTbipyFa MyMKIHAiK 6epeai.

TyliiH ce3pep: TOTbIFy; KCaHTOreHaT;, AMKCcaHToreHua; Typ6odioTaumsanbik reHepartop;
MWUKPOGAIOTALLMA; aNTbIH MUHEPANAAPLI.
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Losses of gold minerals with fine grades remain an urgent problem of modern flotation
technology. Gold minerals associated with iron sulfides (pyrite, arsenopyrite) can be extracted
using sulfhydryl collectors. As it is known, the maximum flotability of iron sulfides is observed in
case of simultaneous presence on their surface of both xanthate and dixanthogen. The aim of the
work is to study the effect of partial oxidation of amyl potassium xanthate (AKs) on the efficiency
of flotation enrichment of gold-bearing sulfide ore. Partial oxidation of potassium amyl xanthate
solution using turboflotation generator is proposed to obtain a collector including xanthate and
dixanthogen in its composition. Testing of collectors AKs and AKs + AKs . .. on sulfide gold-bearing
ore showed that partial oxidation of xanthate to dixanthogen improves technological indicators
of flotation. Partial oxidation of xanthate allows to increase gold recovery from 83.8 to 89.3 %
at reduction of gold content in flotation tailings from 0.48 to 0.32 g/t. Turboflotation generator
allows to increase gold recovery from 89.2 to 91.7 % at reduction of gold content in flotation
tailings from 0.31 to 0.24 g/t.

Keywords: oxidation; xanthate; dixanthogen; turboflotation generator; microflotation; gold
minerals.
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1. BBepeHue

MoTepu NONE3HbIX MUHEPANOB PYAbl C TOHKUMM KNaccamm
oCTaloTCA rNaBHOW npobnemoli COBpPeMEHHOW TexHONornu
dnotaumn. U3BecTHble GNOTAUMOHHbIE MeToabl 0bnagatoT
onpeaeneHHbIMU OrPaHUYEHUAMM, 3aKAOYAOWMMNCA B TOM,
4YTO C MUX NOMOLLbIO MOXHO 3DEKTUBHO M3BNEKATb LeHHble
MWHepanbl U3 WCXOAHOrO CbipbA, €CAM pasmep YacTul,
HaxoAMTCA B 4OBO/IbHO Y3KOM Anana3oHe. MI3BecTHble MeToAbl
neHHoin ¢aoTauum He No3BoONAT 3GPEKTUBHO BbIAENATb B
KOHUeHTpaT 4Yactuubl meHee 30 MKM. 3TO CBA3AHO C
AENCTBYOWMMM FPaBUTALUOHHBIMU U TMAPOLAUHAMUYECKUMMU
cunamm [1,2].

B npouecce M3menbyeHUA UCXOLHOFO CblpbsA € LE/blo
pPacKpbITUA MWHEPASIOB W OTAE/NeHUs WX Apyr OT Apyra,
obpasyetcA 60nbWOE KOAMYECTBO YACTUL, CYLLECTBEHHO
meHbwe 30 MKM. 3HaUMTeNIbHAA YacTb LLeHHOro KOMMNOHEHTA
TAKOWM KPYNHOCTU TepseTca B XBOCTax oborawieHma. OgHUm 13
pelleHuii sTon npobaembl MoOXKeT 6biTb MPUMEHEHME B
npouecce GbaoTauumn Ny3blpbKOB BO34yXa, Pasmep KOTOPbIX He
npesblwaeT 50 MKM, KOTOpbIe B CUY BbICOKOI GoTaLMOHHOM
aKTUBHOCTM  ByayT wurpatb posab  dlOTOHOCUTENEN,
CBA3bIBAIOLLMX MUKPOUYACTHULLBI LLEHHOTO MMHEpaa c 6oabwnMn
ny3bipbKaMn, reHepupyembiMM Camoi GJI0TOMALIMHON, YTO

nossoaut 6onee MNOAHO M3BAEKATb TOHKOAMCNEPCHblE
LUTAMOBbIE LEeHHble MUHepanbl [3].

B nuccnenosaHuax [4-8] TeopeTUYecku "
3KCNEePMMEHTaNbHO  MOKas3aHo, 4YTO B 3TOM  CAy4vae

MWKPOMNY3bIPbKM WUrpaloT ponb GNOTALMOHHLIX HOCUTenen,
KOTOpble COBUPAtOT Ha CBOEM NOBEPXHOCTU MEIKME YacTuLbl, A
3aTeM GNOTUPYIOTCA KPYMHLIMKU My3blpbKamu. B nocnegHue
roabl 6bin1 ony6AMKOBaHbI pe3ynbTaTbl UcciedoBaHui [9-12],

KOTOpbIE CBMAETENbCTBYHOT O TOM, YTO MCMO/Ib30BaHNeE, HapAay
C KPYMHbIMM Ny3blpbKaMM, MWUKPO- W HAHO-My3blPbKOB
No3BONAET CYWeEeCTBEHHO MWHTeHcudULMpoBaTh daoTauuto
KPYMHbIX 4acTul, pasmep KOTopbix npesbiwaeT 100 mKM.
MU3BecTHO, 4TO GAOTUPYEMOCTb YacTHL, OYeHb Pe3KOo NnagaeT ¢
yBEAUYEHMEM MX Pa3MEPOB U MAOTHOCTU, @ TaKKe C POCTOM
AnameTpa, a, CKOPOCTU  BCN/bIBAHMA
nysblpbKa.

OCHOBHbIM (aKTOpOM, CHUKaWUM 3OPEKTUBHOCTb
3aXBaTa KPYMHbIX YacTuL, KPYMHbIM My3blpbKOM, ABAAeTCA
BbICOKAsA 3HEPrus UX CTONKHOBEHUSA. B npouecce cTONKHOBEHMSA
YyacTuubl € 6bICTPO BCMJILIBAOWMM  KPYMHBIM  MY3blIPbKOM
MeXay HuMKM obpasyeTcs AOCTAaTOYHO TOJ/ICTas MJEHKa
KMOKOCTM, TONLMHA KOTOPOM He ycnesBaeT 3a Bpems
CTONKHOBEHMWSA YMEHbLIUTLCA A0 TAaKOTO YPOBHSA, MPU KOTOPOM
Npo13oNAeT ee NPOpPbIB, M YACTULLA CMOMKET 3aKPenuTbca Ha
NOBEPXHOCTU MNy3blpbKa 3a CYET MOBEPXHOCTHbIX cun [13]. B
pesynbTaTe, 4YacTMLa OTOpacbiBaeTcA OT MOBEPXHOCTU
nysblpbKa KanUANAPHbIMW - CUNaMKM, OEeWCTBYIOWMMU  CO
CTOPOHbI AepOpPMMUPOBAHHOMN YAAPOM YaCTULI NOBEPXHOCTU
nysbipbka. [na  3akpenneHua Ha 6osbwom  6bicTpo
BCM/IbIBAOWEM My3bipbKe 60/MbWONM YacTULbl NocienHewn
nocnefoBaTesbHbIX

cnepoBaTtenbHo,

TpeﬁyeTCﬂ coBepwnTb HEeCKOJIbKO

NPbIXXKOB 4Ona guccunauyun M36bITOYHOW KUHETUYEeCKoun
3HEepruun cTonkHoseHus [14].

Co3paHune 3ddeKTUBHbIX TexHonornit ¢GaoTauMoHHOTo
ob6oraleH1A yNopHbIX 3010TOCOAEPKALLUX PY/L, NO3BONAIOLLUX
NOBbLICUTb U3BJIEYEHWNE 30/10Ta U3 CbIPbA, ABNAETCA aKTya/lbHOM
3apaveli [15-19]. YnopHOCTb 30/10TOCOAEPKALWMX CYyNbOUAHBIX
PYyA CBA3aHO C TOHKOW accouunauunen 3o0s0Ta ¢ cynbduaamu.
Mcnonb3oBaHWe TOHKOTO W3ME/bYeHWA He No3BonseT
NONHOCTbIO BbIcBO6OAMUTD

3001070 oT CPOCTKOB.
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BAMAHME YAaCTUYHOTO OKUC/IEHUA KCAHTOTeHaTa Ha G10TUPYEMOCTb MUHEPAsIOB...

Mpu ¢GNOTaUMOHHOM U3B/EYEHUM 30/10Ta, CBA3AHHOMO C
cynbduaamm — MNUPUTOM, apCEHOMUPUTOM, B
cobupaTtens uyawe BCEro MWCMNOAb3YT CyabdGruapubHbie
cobupatenn. O4HOBPEMEHHOE HAXOMKAEeHMEe Ha MOBEPXHOCTH
cynbdUAOB KaK KcaHTOoreHata, TaK W AMKCaHTOreHuga
cnocobcTByeT MX MakcumasnbHol daotupyemoctu [20]. Ona
OKMC/IEHUA KCaHTOreHaTa A0 AMKCAHTOreHMAa WMCMOo/b3yioT
KaTa/MTUYECKOE OKMUC/IeHWe pacTBopa KcaHToreHata B
pesynbTate 31EeKTPOXMMUYECKOW 06paboTKM MAN XMMUYECKME
cnocobbl okucneHus [21]. B pabote [22] npepnaraioT meTos,
OKMC/IEHMA  KCaHTOreHaTa B  AMKCAHTOreHWA  MOHamwu
megn Cu (ll), oKMCAeHMe MNPOMCXOAMT 3a CYET nepemeHbl
Ba/NIEHTHOCTM MeaMm.

Mo 3tomy MmexaHusmy [21] obpasyeTca
KCAHTOreHaT [ABYyXBaneHTHOMW megu (1), KoTopbli 3aTem
AVCNPOMOPUMOHMPYET HA AOMKCAHTOTEHMA, W KcaHToreHat
OofHOBaNeHTHoM meaun (2):

KayecTse

CHa4ana

2(R-OCSS)K + Cu?* + 2H,0 = (R-OCSS) Cu + 2KOH + 2H* (1)
2(R-0CSS), Cu -> (R-OCSS),Cu, + (R-OCSS), ()

B pesynbTate peakuuuM OKUCNEHUA KCaHTOoreHata B
BOAHOW  cpege  obpasyetca  AuKcaHToreHug.  Cmecb
KCAHTOreHaTa W [AMKCaHTOreHWga npeacTaBaset
TOHKOAWCMNEPCHYIO 3MYNbCUIO, CMELUMBAlOLLYtOCA B t0ObIX
COOTHOLWEHUAX C BOAOM. Takaa cmecb Nerko Ao3vpyeTca BO
bnoTaunoHHyto nyabny npu GaoTaumoHHoM oboraweHunm [23].

MuHepanormyeckui aHanu3 30/10TOCOAEPHKALLMX
pyAa [24-25] nokKasbliBaeT, 4yTO pyAabl CTaHOBATCA
TOHKOAWUCMEPCHbIMK,  TPyAHOOOOraTUMbIMKU.  PasmMepHOCTb
yacTuy, cBobogHoro 30n0Ta Haxogutca B npegenax 0,5-
5,4 MKMm, ynbTpagucnepcHoe 0,1-1,0 MKM 1 TOHKOZUCRNEPCHOe
1,0-10 MKM, a TaK)Xe ynbTpagucnepcHble 4YacTULbl 30/10Ta,
NMOKpbITble KBapLeM W OKcuMAamu xenesa. Takoe 30/10TO
NpakTUYecKM  MNOSHOCTblO  TepAloTcA  npu  dnoTaumm
TPaAMLMOHHbIMU peareHTamu. OaHum un3 cnocobos AnA
M3BNeYEHUA TOHKOAMCMEPCHOro 30/10Ta ABnAeTcA
3MY/IbCUOHHbIX MMUKPOMY3bIPbKOB,
Nno/ly4aemblx C MOMOLLbIO FeHepaTopa 1 061aAatoLLNX BbICOKOM
$NOTALMOHHOW aKTUBHOCTLIO.

coboit

ncnonbsoBaHue

PucyHok 1 — TypbodnoTauMoHHbIV reHepaTop

Llenbio paboTbl fBnAeTcA nosblweHne 3¢pdeKTUBHOCTU
dnoTauMoHHOro oboraweHns ynopHoOW 3010TOCOAEpIKaLLEN
cynbduAHON pyAbl MyTem 3amMeHbl aMUI0BOrO KCaHToreHaTta
KaAuA Ha 4YacCTUYHO OKWUC/NEHHbIW, NpeacTaBAAloWMNiA cobol
CMecb KCaHToreHaTa M AuKcaHToreHuga. [na AOCTUNKeHuA
LeNM amMMIOoBbIA KCaHTOreHaT Kaaus npeasapuTesnbHO
YaCTMYHO OKMCAAIOT 4,0 ANKCAHTOreHNAA, OKUCEHNE MPOBOAAT
XMMMYECKMM METOAOM C UCNOb30BaHMEM CyabdaTa Meau 1 ¢
nomouwbto Typb6odnoTauMoHHOro reHepatopa. B pesynbrarte
NONYYaloTCA 3MY/IbCUMOHHbIE MWKPOMNY3bIPbKM M3 CMecu
KCaHTOreHaTa W AMKcaHToreHuga, cnocobHbie. ynaeaueaTtb
TOHKOAMCNEPCHOE 30/10TO.

2. dKCNepuMeHT

B KauecTBe maTepuanoB UCCNefOBaHUA MCMOJb30BaANN:
cobupaTens — amMuAOBbIMN KcaHToreHat. Kaaua (AKc);
OKUCNUTENb — pPacTBOP CEpPHOKUCION meaun CuSO,-5H,0.
Perynatop cpeabl — PacTBop COAAHOW KUCNOTbl. B KayecTse
3KCTpareHTa UCnosib3oBanu rekcaH. PactBop AKc —rotosuTcs
nytem cmelumeaHua 50 mn 25 mr/gm® pactsopa AKc ¢ 5 ma 25
mr/am3 pacteopa CuSO,-5H,0." InKcaHTOreHn s, MakcumanbHo
NOJIHO MEepPexoAnUT B OPraHUYeCcKMin pacTBOpPUTENb U3 BOAHOMO
pactsopa npu pH = 2,0. Mostomy nopuuio AKc (5 mn)
NOAKWUCAANN PACTBOPOM CONSAHOW KucnoTbl go pH = 2,0 u
NPOBOAWAN SKCTPAKLUMUIO rekcaHom (5 ma). Ana onpegeneHna
MUCXOAHON W OCTAaTOMHOW KOHLEHTpaLMii KcaHToreHata oOT
nexopHoro pactsopa AKc 1 pactsopa AKe 6b111 0TOBpPaHbI
aNUKBOTBI MO 5 MA. KonuuecTBeHHbI aHanu3 BewecTs,
COAepKaLLMXCA B pacTBOPE YaCTUYHO OKMCI€HHOT0 aMUI0BOTO
KcaHToreHata Kanua (AKc ) BbiNOAHEH C UCNOAb30BaHMEM
cnekTpodoTtomeTpa Evolution 60S (Thermo Fisher Scientific,
CLUA). Ona 3Toro annkBoTbl no 5 cm® pasbasnsam B 5 pas u
n3mepanu OonTUYeCKyto NAOTHOCTb pacTBoOpOB Ha
cnekTpodoToMeTpe Npu ANnHE BONHbI 240 HM. Mo NONyYeHHbIM
A3AHHbIM NPOBOAMAMN pacyeT COAEepPKaHNA AUKCAHTOreHnAaa no
MeToAMKe, NpeacTaBAeHHOW B paboTe [26].

AMUNOBbLIV KCAaHTOTEHAT Ka/iMA B CMECUM C pPacTBOpOM
cynbdpata megm (ll) nponyckanm yepes Typb6odAOTaLUOHHDIN
reHepatop (pucyHok 1) B NpOTOYHOM pexume, popmupya
KCAHTOTeHaTHYI0 KOMMO3MULMIO, COAEPKaLlyto KCaHToreHat-
WOH, AMKCAHTOTeHWNA U KCaHToreHaT meaun. Bpema obpaboTku
— 2MMH, 4acToTa BpaweHUuAa 3000 muH?,
NpPOM3BOAMTENbHOCTb  Hacoca-gosatopa —  6-7,2 A/MUH.
KcaHToreHaTHaa KomMnosuumna nogasanacb HeNocpeacTBEHHO
B nabopaTtopHyo ¢noTauMOHHYO Kamepy, nocpeactsom MBX
TPyOKkM Anametpom 2 mm. OTMETMM, YTO aBTOPbI HACTOALLErO
nccnenoBaHna obnagatoT COBCTBEHHbIMM  MPaKTUYECKUMU
HapaboTKamu: MM paspaboTaH M 3anaTeHTOBaH annapaT
«TypbodnoTtatop» [27].

®noTtauyMoHHbIE nposoAMAUCL Ha npobe
30/10TOCOAEPIKALLEN PYAbI CO CPEeAHUM cofepKaHuem 2,4 /T
3os0Ta. MNpu onpepeneHnn coctaBa npobbl 30/n0TOCOAEP-
Xalei pyabl UCNO/Ib30BaHbl creaylolne MeToAbl aHanusa:
XMMUYECKUI, peHTreHodayopecLeHTHbIN, UK-cnekTpockonus,

potopa -

onbITbl
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b.E. layneT n gp.

¢$azoB.biii. ONbITbl N0 GAOTALMM NPOBOAUANCH B NabopaToOpHOW
GNOTAaUMOHHON MalMHe MmexaHudyeckoro Tuna (PMN) ¢
obbeMom Kamepbl 3 1 Ha HaBecKax MCXOA4HOW pyabl Maccow
1kr. B KauyecTBe cobupatena MCNONb30Ba/AM aMWUIOBbIN
KCAHTOreHaT  KajnuA, B  KayecTse
neHoobpasosaTtenb C-7. Kaxpabli McCnefoBaHHbIM pexum
BbINO/IHANICA B TPEX MNOBTOPHOCTAX (N = 3); TaKMe NOBTOPHbIE
MCNbITaHWA BbIMOAHANUCL ANA NOBbIWEHUA [A0CTOBEPHOCTU

NOMYYEeHHbIX PE3YNbTAaTOB M KOPPEKTHOCTU CPABHEHUIA.

BCneHunBaTenA -

3. Pe3ynbTaThl M 06CyXKAECHUE

MpoBeaeHO OKMCNEHWE aMWIOBOrO KCaHTOreHaTa Kaava
pacTBOPOM CepHOKMCNAOW Meau 6e3 UCNo/b30BaHMA M C
Mcnosib3oBaHMeMm TypbodnoTaumoHHoro reHepaTopa.
CooTHoweHwne AKc:CuSO, sapbuposanu B npeaenax: 5:0,5;
5:1; 5:1,5; 5:2; 5:2,5. Pe3ynbraTbhl pacnpegeneHua nNpoayKToB
B3aMMOZEMNCTBMA  aMMW/IOBOrO  KCaHTOreHata Kaaua U
CEPHOKUC/ION Meau B CMECU NPWU UX PA3IUYHBIX COOTHOLWEHUAX
6e3 ucnonb3oBaHMA M C WUcnosib3oBaHWem TypbodioTa-
LMOHHOIO reHepaTopa npuBeAeHbl B Tabsauuel. Pacuet
KO/IMYecTBa BeLLEeCTB, 06PaA3YIOLWMXCA NPU B3aMMOLENCTBUM
pactsopos AKc n CuSO, 0gHOM MaccoBOW KOHLEHTpauun B
obbemHOM cooTHoleHuu 5:0,5; 5:1, 5:1,5; 5:2; 5:2,5 Ha ocHoBe
CcNekTpoGOTOMETPUYECKMUX AaHHbIX MOKasasa, YTo Npu yBenu-
YEHUN [0/U CEPHOKUCNON MeAM KOAMYEeCcTBO amMW/I0BOrO
KCaHTOreHata Ka/iva B pacTBope cHu3uTca c¢-78,3 go 0% ¢
yBenuyeHvem Konuyectsa obpa3oBaHHOIO AMKCAHTOreHuaa

c 92 po 40,4% wn KcaHToreHata meaum c¢ 13,1 po
59,6% (Tabanua 1).
Mpu wucnonb3oBaHUM reHepaTopa, nNpU PasAUYHOM

cootHoweHun AKc u CuSO,5H.O yBenuueHne ponu
CEPHOKUC/ION Meau NPUBOAMUT K CHUNKEHWUIO KO/AM4YecTBa

aMMNOBOro KcaHToreHata KanvAa B pactesope ¢ 80,3 go 0%.

Konuuyectso 06pa3oBaHHOro AMKCAHTOreHMAA yBeNNYMBaeTCa
¢ 10,6 no 42,7% v KcaHToreHaTa meau c 14,8 no 61,1%. Nopbop
ONTUMANIbHOTO COOTHOLUEHWA KCaHTOreHaTa M OKuUCAuTens
MMeeT BaXKHOe 3HayeHue. M3 [28] n3BecTHO, YTO M3bbITOUHOE
KONNYeCTBO [AWKCAaHTOreHWAa HeraTMBHO CKasblBaeTCA Ha
NPUANNAHUN YaCTUL, MUHEPana K Ny3bipbkam BO34yxa 3a cyeT
obpasoBaHuA 6onee NAOTHOrO rMAPATHOrO CNOSA BOKPYN HUX.
M36bITOYHOE KOANYECTBO OKUCAUTENA — cynbdaTa meau byaeT
cnocobcTBOBaTb MOBBIWEHNIO Pacxofa KCAHTOreHaTa, TaK Kak
3HauuTesIbHaA ero 4actb byaeT nepexoauTb B KCaHToOreHat
meau. Takum o6pasom, ONTUMAaAbHbIM  AJAA. YAaCTUYHOIO
OKWUC/IEHMA  aMMNOBOrO  KCaHTOreHaTa Kanua  MeAHbIM
KYnopocoMm ABAAETCA UX COOTHOLWeHue 5:2.

Mo pesynbTaTam BbINOAHEHHOFO aHaiAu3a B pPacTBope
AKc, ., Nony4yeHHOM npu cooTHoweHun AKe n CuSO,-5H,0 =
5:2; onpeaeneHo 6113K0e K pacHeTHOMY 3HaYEH MO KOIUYECTBO
obpasoBaHHOro AuKcaHToreHnaa — 30,6%. o pesynbratam
BbIMNO/JIHEHHOTO aHann3a B pacTeope AKC  , nojly4eHHoOM npu

cooTHoweHun AKc wu CuSO,=5:2, nocne 06paboTKM
reHepaTopom KonMyecTBO 06Pa30BaHHOIO AMKCAHTOreHUAa
okasanocb 31,8%. T.e. wucnonb3oBaHMe reHepaTopa

yBe/MUYMBAET BbIXO AUKCAHTOFEHMAA Ha 1,2%.

dnoTaLMOHHbIE TECTOBbIE OMbITbl NPOBEAEHblI HAa Npobe
30/10TOCOAEpKAWEN cynbdUAHON  pyabl  Ka3axCTaHCKOro
(BacnnbKoBCKOro) mectopoxaeHus. CogepaHve 30/10Ta no
pesynbTaTam MNpobMpHOro aHanusa B uMccaeayemon npobe
coctasnseT 2,4 r/T. Pesynbratbl peHTreHodpN00pPeCcLEeHTHOro
aHanun3a npobbl NpuseseHsl B Tabanue 2.

Kak nokasbiBaloT pesynbtatbl Tabauubl 2, npoba B
OCHOBHOM COCTOMT M3 MOPOA00OPA3YIOLMX KOMMNOHEHTOB.
PyaHaa 4actb npob B 6osblwel cTeneHW npeacTaBiaeHa
)Kenesocogepawmmm - muHepanamu. CopepxaHue Fe,O,
cocTasnset 3,29%. CoaepkaHue LBETHbIX MeTannoB (Meab,

CBMHEL, UMHK) He MpeBblllaeT COTbIX AONei npoueHTa.

Ta6nm.|,a 1- Pacnpep,eneHme NpPoOAYKTOB B3aMMOﬂ,eﬁCTBMﬂ dMWUNOBOroO KCaHTOreHaTa Kanna un CepHOKMC/’IOﬁ megun B CMecu npu nx
Pa3NNYHbIX COOTHOLWEeHNAX 6e3 MCNob30BaHMA U C UCMONb30BAHUEM Typ60¢/’|0TaLI,VIOHHOF0 reHepartopa

CooTHOWeHWe 06bemoB

PacnpegeneHune NnpoAyKTOB B CMecu pacTsopos, %

pactBopos AKc : CuSO,

KcaHToreHar [unKcaHToreHna,

KcaHToreHaT megu

be3 ucnonas3osaHus mypbogaomayuoHHo20 2eHepamopa

18,1
27,5
36,0
47,2
59,6

5:0,5 74,3 7,6
5:1 55,1 17,4
5:1,5 40,0 24,0
5:2 22,2 30,6
5:2,5 - 40,4
C ucronb3osaHuem myp6ogpaomayuoHHO20 2eHepamopa
5:0,5 77,3 8,7
5:1 50,4 19,4
5:1,5 35,6 26,1
5:2 20,6 31,8
5:2,5 - 39,9

14,0
30,2
38,3
47,6
60,1
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PUCYHOK 2 — PeHTreHOoda308Bbli aHaNN3 pyabl

Tabnuua 2 — PeHTreHodA0OPeCLEHTHbI aHanun3 npobbl pyabl

si0, ALO, MnO PO,  TiO, cao

MgO Na,O K,0 Fe,0, S As

06w

62,60 14,7 0,04 1,04 0,36 2,67

1,11 1,50 5,18 3,29 0,59 1,18

CopepkaHue cepbl B pyaax coctasuno — 0,59%. CogepikaHue
MbllWbsAKA, cocTaBnsaeT 1,18%.

Ha pucyHke2 OT4ETAMBO JAOMUHMPYET KBapu,
yKasbiBaeT Ha npeobnagaHue nopoaoobpasytoLei
KpeMHe3EMUCTOM MaTpuubl. PUKCUMPYIOTEA TaKKe pedneKcobl

4YTO

nosieBbIX LWMNATOB (KanueBblX W NNArMOKAas3oB) M cnwog v
xnoputa. CynbouaHble asbl  npeacTaBAeHbl  cnaboit
pednekcmoHHoM coCTaBAALEN, cornacyouencs c
apCeHONUPUTOM U e4UHUYHO NMUPUTOM.

MK-cnekTpanbHbiA aHann3s npobbl
pUCYHKe 3.

npeacrtas/zieH Ha

Mo pesynbratam UK-cnekTpanbHOro aHanansa (pucyHok 1)
B Npobe pyAabl coaepKRUTCA:

— kBapy a-SiO, — 1086, 797, 778, 695, 519, 464, 397,
3734 cmy;

— myckosuT KAL[(OH,F),AlSi,O, ]
434 cmy;

— nnarmoknas Tuna anbbuta Na[AISi308] — 1012, 647, 464,
428 cm;

— mukpokauH K[AISi,O,] — 1086, 778, 729, 647, 585, 534,
464, 428 cm™.

B npo6e npucyTcTBytOT KapboHaTbl — 1419, 877 cm™.

- 3619, 1035, 534,

PucyHok 3 — MK-cnekTpaibHbI aHanM3 Npobbl
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b.E. layneT n gp.

PynaHa 95% cocTouT M3 nopof006pasyoWwmnx MMHEPanos,
OCHOBHbIMW M3 KOTOPbIX ABAAKTCA MUKPOK/UH, ONIUIOKAa3,
610TUT, KBapL, MMAPOCAIOLA, XNOPUT. PyaHble MUHepanbl B
OCHOBHOM nNpeAacTaBneHbl apceHonuputom (2,8-3,2%). B
eAMHUYHbIX 3epHax B BWUAE TOHKUX pPeAKUX BKpanaeHuwn
BCTPEYAOTCA MUPUT, XaNbKOMUPUT, OKUCAbI U TUAPOOKUCAbI
»kenesa. CymmapHas 4019 MUHEpPanoB }enesa coctasnset 4%
oT 0bLei maccol pyabl.

ApceHonupuT obpasyeT BKpanieHusa eguHUYHbIX 3ePEH B
nopoaoobpasyrolwmx muHepanax pasmepom ot 0,01 mm go
0,5 mm. MHoraa BKpanneHHWKKN apceHonupuTa obocobnstoTca
B MNOJIOCKM, 0b6pasys npepbiBUCTbIE TOHKUE MPOMKUAKK
TonwuHou Ao 0,5 Mm 1 anmHom 5-10 mm.

BcTpeuaetcA MenKaA BKPanneHHOCTb Xa/ibKonNupuTa
(0,01-0,02 MM M MeHee), eAWHUYHblE MeNKUE BblaeNeHUs
nuputa. MHorga BOKpyr oTAenbHbIX MHAMBUAOB apceHonnpuTa
obpasyloTca opeosibl M3 TOHYaMWMX, TodeuyHbix 0,001 mm
BKAOYEHU  cynbduaos.  [pucyTCTBYIOT  Menbyaiune
ToYyeuyHble BblgeneHua csoboaHoro 3os0Ta. Mo TpewmHam B
61OTUTE pPa3BMBAOTCA TETUT, reMaTUT, AMMOHUT. lMpouecchbl
OKWCNIeHUA B pyAax NpoasfeHbl ciabo.

B pe3synbTaTe paunoHanbHOro aHanM3a ycTaHOBJIEHO, YTO
Aona ceobogHOro 3010Ta NpU M3MeNbYeHUn pyabl fo 60% —
0,071 mm cocTtaBnseT 8,48%. Mpn CHUXKEHUU KPYNHOCTU pyabl
00 95% — 0,071 mm fonm cBob60AHOro 3010Ta BO3pacTaloT Ha
11,65%.CymmapHoe u3BaeYeHne ceobogHOrorpaBUTUPyeEMoro
30n0Ta HaxoauTca Ha yposBHe 20%. KonwnuectBo 30/10Ta B
cynbduaax coctasnset 20,28 %.

KpynHOCTb M3MenbyeHUA pyabl Nepes MeXKLUKI0BOM
dnotaument coctasnseTr 68% knacca meHee 0,074 mm. Mocne
MEXLMKA0BON droTaumMm NpoBOAUTCA Knaccudukauma un 2
cTagua u3MenbyeHUA [0 KpynHocTu 88% Knacca meHee
0,074 mm. O6wmn pacxon cobupaTtena coctasun 98 r/T,

PucyHok 4 — TexHonorn4yeckasa cxema Gaotaumm pygbl

BcneHueatens C-7 — 30 r/1. Cxema ¢$OTALMOHHBIX ONbITOB
npeacTtaBneHa Ha pUCYHKe 4. [ns -~ OLEHKM aencTsus
OMKCAHTOreHMAa, 06pa3oBaHHOIO NPU OKUCAEHUN aMUIOBOTO
KCaHTOreHaTa cynbdatom meam B COOTHoWweHMMU 5:2, Ha npobe
30/10TOCOAEPKAWEN pyabl C coaep:kaHuem 3on0Ta 2,4r1/T
BbINO/IHEHbI G0TALNOHHbBIE 9KCNEPUMEHTBI CUCMOIb30BaHMEM
B KauecTBe cobupatens AKc u cmecu AKc+ AKc ... Pesynbtatbl
dnoTtauMm € MCNoab30BaHMEM B KadyecTBe cobupatens
aMWI0BOrO KCAHTOreHaTa KajiuA W CMecu KcatoreHata w
AnKcaHToreHMaa 6e3 M ¢ ucnonbsoBaHnem TypbodnoTa-
LIMOHHOTO reHepaTopa npueeaeHbl B Tabavue 3.

CpaBHeHMe pe3ynbTaToB OMbITOB MOKa3blBaeT, u4TO
YacTMYHoe okucneHne AKc no3BonAeT NOBbICUTb U3B/EYEHUE
30n0T1a ot 83,8 no 89,3 % nNpu CHUKEHUU coeprKaHUA 30/10Ta
B xBocTax ¢notaumm c¢ 0,48 po 0,321/t (tabnuua 3).

Tabaunua 3 — PesynbTaThl d0TaLMKM 3010TOCOAEPKALLEN CynbdUAHON pyabl C UCNONb30BaHNEM B KavyecTBe cobupaTtensa cmecu
AKc: CuSO, = 5:2 B cpaBHeHun ¢ AKc 6e3 1 ¢ ncnonbsosaHnem TypbodpaoTaUMOHHOro reHepaTopa

HaumeHoBaHuWe npoAyKTOB Bbixog, CopepaHue N3BneueHune Bbixog, CopepaHue N3BneyeHune

dnoTauum % 300073, /T 3on0T1a, % % 300074, /T 30n0Ta, %
AKc AKc oKkMCneHHbIN

be3 ucnonv3osaHus mypbopromayuoHHO20 2eHepamopa

KoHueHTpar 1 7,2 23,1 69,3 7,4 24,2 73,1

KoHueHTpat 2 11,2 3,1 14,5 11,7 3,4 16,2

O6beanHEeHHbIA KOHUEeHTpaT 18,4 10,93 83,8 19,2 11,4 89,3

XBOCTbI 81,6 0,48 16,2 80,8 0,32 10,7

UcxopHana pyaa 100,0 2,4 100,0 100,0 2,45 100,0

C ucnonszosaHuem mypbogaomayuoHHo20 ceHepamopa

KoHueHTpaT 1 7,3 25,1 75,4 7,1 27,2 77,9

KoHueHTpart 2 7,8 4,31 13,8 8,7 3,94 13,8

O6beanHEHHbIN KOHUEeHTpaT 15,1 14,35 89,2 15,8 14,4 91,7

XBoCTbI 84,9 0,31 10,8 84,2 0,24 8,3

McxopHas pyaa 100,0 2,43 100,0 100,0 2,48 100,0
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B cnyyae 06paboTKM reHepaToOpOM ONTUMaAbHOTO 06BEMHOro
cooTHoweHua AKc:CuSO, = 5:2 Konnuyectso 06pa3oBaHHOrO
AMKCaHToreHma okasanoch sbiwe Ha 1,2 % (31,8 % - 30,6 %) no
cpaBHeHuto 6e3 06paboTkmM annapatom. Mpun 3TOM cpaBHeHUe
pe3ynbTaToB OMbITOB MOKAa3blBAET, YTO YAaCTUYHOE OKUC/EeHUEe
AKc po 31,8 % nossonAeT NOBbICUTb U3BJIeYEHME 30/10Ta OT
89,2 0o 91,7 % npu CHUXEHUU COAEpPXKAHUA 30/10Ta B XBOCTAX
¢dnotauun ¢ 0,31 po 0,24 r/1 (Tabnvua 3). Cneayetr OTMETUTS,
ytTo nopgaya cobupaTens B BUAE  BOAOBO3AYLIHOM
MUKPO3IMY/IbCUUN TaKKe NOBbILWaeT GAOTUPYEMOCTb MMHEPANOB
30/10Ta (M3BNeYeHne nosbiwaeTca ¢ 83,8 % 1o 89,2 %).

Kak nokasaHo B wuccnepoBaHuax [29,30], npucytcTeue
OWKCAaHTOreHUTa Ha MOBEPXHOCTUM MUHepana npuBoAUT K
6onee BbICOKOMY M3BNEYEHWMIO, TEM CaMbIM WANOCTPUPYA
6onee BbICOKMI YpOBEHb BAUAHWUA AUKCAHTOTEHUTA Ha
nsBneyeHne CcynboGUAHbIX MWUHepanoB. B To ke Bpems
ycTaHosneHo [31], 4To NoBepXHOCTb MMPUTa B OTCYTCTBMUE
AMKCAHTOreHMTa ocTaeTca rmapodunbHOM, Toraa Kak ero

fobaBneHne yBeAMuYMBAET Yros cmadusaHua, dopmupyn
rmapo¢dobHbI XapaKTep NOBEPXHOCTH.
MOCKOMbKY Ha MOBEPXHOCTM MMHEpana BO3MOXKHbI

MHOXeCTBEeHHble GOpMbl BUAOB KCaHTOreHaTta (ZMKCaHTO-
FEHUT UAM KCAHTOreHaT MeTasa), XOTA U C pasHOW CTeneHbto
rmapodobHOCTM, pesyabTaTbl MOKA3biBAKOT, YTO 3aMelLeHue

MeTanna B MUHEpanax MOXKeT 3HaYMTeNbHO W3MEHUTb
bnotTMpyemoctb MMHEpanoB AAA  OLHOMO W TOMO Ke
TMNa MuHepana.

B pabote[32] 6bi10 O06HApyKEHO, YTO OKUCAEHUE

KcaHToreHata ¢ obpasoBaHMeM AWKCAHTOFeHWTa ¢ 6onbluei
BEPOATHOCTbIO NPOMCX0ANT B NpucyTcTBumn CO,, 1 3Ta peakuua
3aMeHW/Ia NOBEPXHOCTHOE OKWCAEHME NUPWUTa B KadyecTtse
AOMMHMpPYIOWEro  aHogHoro npouecca. B pab6oTe [33]
3KCMepUMeHTabHble pe3y/bTaTbl MOKa3aAu, YTo MPUCYTCTBME
KaBWUTALMOHHbIX HAHOMY3bIPbKOB B Ny/bne ¢A0TaLMM NUPUTA
noBsbICKA0 GAOTUPYEMOCTb U KMHETUKY aoTauuu nupuTa u
yAy4YlWwmnao agcopbLMOoHHY0 cnOCOBHOCTb aMUKCaHToreHaTa
HaTpua (SAX) M AMKCAHTOreHWTa Ha MOBEPXHOCTU MUPUTA B
pesynbTate 6osiee cUAbHbIX TMAPOdOH6HbIX B3aMMOAENCTBUIA.
Taknm o6pasom, pesynbrathbl npoBeAeHHbIX
3KCMepUMeHTabHbIX PaboT No ¢aoTauuK, BbINOJHEHHbIX Ha
npobe 3o0s0TOCOAEPMKALLENA PYyAbl  C  WMCMNO/Ab30BaHWEM
cobupatens Ha OCHOBE AWMKCAHTOreHWAZa, MNoKasanu, 4To
NPUCYTCTBME [AHHOTO KOMMOHEHTa B cocTaBe cobupartens
CNoco6CTBYET NOBbILWEHUIO U3B/eYEHMA 30/10Ta.

4. 3akntoyeHue

B pabote noKasaHo, uTO
aMMNOBOro KcaHToreHata Kanusa (AKc) ¢ ucnosnb3oBaHuem
cynbpata meaun (Il) (CuSO4-5H,0) dopmupyeT B cocTaBe
cobupaTtens  KOHTPOAMPYeMylo A0  AWKCAHTOreHuAa;
ONTUMANbHbIM  OOBEMHBIM  COOTHOLWEHMEM  peareHToB
anaetca AKc: CuSO4-5H,0=5:2. be3 npumeHeHunA reHepaTopa
BOA0BO34YLWHON MUKpogucnepcun (TypbodnoTaumoHHOro
reHepatopa) [AgonAa ob6pas3oBaBLerocs  AWKCAHTOreHWAa

4YaCTU4YHOE OKuUcCneHue

coctasndaet 30,6%, Toraa Kak obpaboTka B reHepaTtope
nosbiwaetr eé go 31,8%. Ha 3onoTocopgep:kalien pyae co
cpefHMM copepkaHuem 2,4 r/T Au 3ameHa MHAMBUAYANbHOTO
AKc Ha Komno3unuuto AKc + AKCOKMCA. NOBbIWAEeT U3BnevyeHue
30/10Ta ¢ 83,8 o 89,3% npu CHUXEHUWU copepKaHua Au B
xsocTtax ¢ 0,48 go 0,32 r/T; 4ONO/HUTENbHOE UCMO/b30BaHMe
reHepaTopa MWKPOAWUCNEPCUN YyBENUYMBAET WU3BJeYEeHWe C
89,2 po 91,7%, ogHOBPEMEHHO CHUXKaa coAep)kaHue Au B
xBocTax c 0,31 go 0,24 r/1. Habnopgaembiit apdpekT 0bycnosneH
COBMECTHbIM npuUcyTCTBUEM
OMKCaHTOreHMAa B cOCTaBe cobupaTtens, a TakKe reHepaumei
3MYNIbCUOHHbIX MUKPOMNY3blIpbKOB (50 MKM), YTO COKpaliaeT
MHAYKUMOHHOE BPeMANMNOBbILLIAETBEPOATHOCTb CTOSIKHOBEHUA
N yAepKaHUa TOHKOAMCNEePCHbIX YacTul, (<30 MKm).

KCAaHTOreHaT-uoHa n

bnaropapHocTu

UccneposaHue pamkax nporpammbl
uenesoro ¢uHaHcupoBauua (UPH BR24992757) KomuteTa
HaykMm MwuHWUCTEepcTBa HAyKM UM Bbicwero o6pasoBaHusA
Pecny6nunkn  KasaxctaH. ABTOpbl - BblpaxkaloT rybokyto
NpPU3HaTeAbHOCTb 33 BblAe/IeHHOEe uenesoe GMHaAHCMpPOBaHMe.
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[OayneT B.E. — KypupoBaHuWe p[aHHbIX, MeTo[0N0rnA
nccnefoBaHuA, Busyanusaumsa; Typoicbekos [.K. — o06paboTka
AAHHbIX, MeTOo40/0rUA  UCCNef0BaHUA,  BU3yanusauus;
CemywkuHa J1.B. — o06paboTka pAJaHHbIX, MeToAO/0rUA
uccnegoBaHus, Busyanunsaums; Hapbekosa C.M. — o6paboTka

OAHHbIX,  MeTo40N0rMA  UCCNefOoBaHWA,  HanucaHue -
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