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Pestome: B craTbe onucaHbl COBpeMeHHbIE TEXHOJIOTUH U UX IIPpUMeHeHUe Il Pa3INYHbIX TUIIOB JKeJIe3HBIX Py IPU Pa3HOM
BEIeCTBEHHOM cocTase. [IpeicTaBieHHble JaHHbIE IEMOHCTPUPYIOT 0COObIE IPEUMYIIECTBA IIPUMEHEHH OTCAJ0YHOIN MAIIIH-
uhl alljig (asurskur) mpu o6oramieHuy JKeIe3H0M PY/Ib 38 CUET TOYHOM TPAHMIIBI PA3IETIEHUs C BbICOKOI ITIOTHOCTBIO, 8 TAKKE
[IPOCTOTHI AKCIUIYATAIIMA U HU3KOM CTOMMOCTH orepaiuu. TexHosnorus ruapoknaccudukanuu allflux (amndayke) obecreun-
BaeT BBICOKYIO IIPOU3BOAUTENBHOCTD U BBITYCK TPEX MPOAYKTOB. MarHUTHbIE cenapaTopbl BBICOKOM MHTEHCUBHOCTHU IS CJla-
6omarauTHBIX yactull allgauss (amiraycc) 061a1ar0T BBICOKOM MPOIYCKHOM CIIOCOOHOCTBIO B COYETAHUM C HEIPEeB30MIEHHOMN
rUOKOCTBIO TIPOIECCAa U ABYXCTAMUAILHOrO 00O0raleHus B OMHON yCTaHOBKe. KaMephl ITHEBMOIKEKTOPHOM (ITHEBMATUUYECKON
¢dnoraruu) allflot (amdaoT) CrtocoGHBI COKPATUTH ANMAPATYPHOCTh 0OOTaTUTEILHOTO KOMILIEKCA BABOE MIPU YBEIUUEHUH U3-
BJIEUEHUS TOHKUX YACTHUIl METOMOM 06paTHO dioranuu. [I[puBeeHsl TEXHOIOTMYECKUE TIOKA3aTe U PabOThl OTCA0YHBIX Ma-
mnH ArcelorMittal (CHT).

Kntouesble cosa: oboraieHue 5Xene3Hblx pyjl, FeMaTUT, MATHETUT, OTCAJIKa, TAAPOKIACCU(PUKAIIUS ITYIIbIIBL, BBICOKOIPAJIUEHT-
Hag marautHas cenapanust WHIMS, obpartaad dbioranus, UHTe/UIeKTYaIbHas COPTUPOBKA X-ray
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Abstract: This article describes current technologies and their application to various types of iron ores characterized with
different material composition. The data presented demonstrate specific advantages of the Alljig jigging machine used in iron
ore processing due to the precise separation with high density as well as the ease and low cost of operation. The Allflux hydro-
classification technology ensures high output and yields three products. The Allgauss high intensity magnetic separators for
slightly magnetic particles offer high throughput rates combined with unparalleled process flexibility and two-stage processing
in a single plant. The Allflot pneumatic ejector flotation chambers can half the equipment footprint of the processing plant, while
increasing the recovery of fine particles by reverse flotation. Technological performance indicators of the ArcelorMittal jigging
machines are provided (CIS).
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BBepenue MUpe I10 Py IIPUYKH, YTO IIOTPEOOBAIO HOBBIX TEXHOJIOTHYE-
Hcropuyecku n00bIua >KeIe3HOM pyAbl MIMPOKO XapaKTe- CKUX PelleHui 1 KOMOMHUPOBAHHBIX CXeM 06OralleHus:
pHU30BaIach METOHaMu A00bIUM, paspa0OTAaHHBIMU IJIS Me- e MeJoub, YaCTO UTHOpHUpYEMAs [UId IepepaboTKU, CTa-
CTOPO>KIEHUIT C BHICOKUM cofiepskaHreM Fe U OTHOCUTENbHO HOBUTCSI IIEHHBIM IPOAYKTOM, VUUTHIBAS YBeIUUMBA-
Heb6obINX 00heMOB. B 0CHOBHOM IPONCXOaUIa BHIOOpOUHAS IOIHEeCS MOIIHOCTH KOMILJIEKCOB 10 0OOTralleHHIO Py,
n00bIua pyzpl ¢ 6OraThIM COEP;KaHUEeM METaJUIOB, OMHOBpe- e CooTHollleHHEe COepsKaHUi BBICOKOE / HHU3KOe B IMPO-
MeHHO TIPOUCXOIUJIO CKJIAfUpOBaHUE WIN 3aXOPOHEHUe PYI MBIIUIEHHBIX 3aIIacaX CHUYKAEeTC ObICTPBIMU TEMITAMHU.
HU3KOrO KauecTBa (HU3KOCOPTHBIX) C 3a0aaHCOBBIM COIEp- e 3abanaHCOBbIe PYIbl CTAHOBATCS ChIPhEM MepepadoTKU
SKaHUEM, TO Xe ObUIO MPUMEHMMO U K MEJKUM (GpakiusIm B HAIIIU JHU.
(uwtamam). Hepenko MeTonst oboraiiesus Oblii pacCYuTaHbl e VmenmpHasi CTOUMOCTD % Fe B TOBapHOI MPOAYKIUU yBe-
JUISL PYZABL C BBICOKUM COZlep>KaHUeM I[€HHOTO KOMIIOHEHTa, JIMUUIIACH 34 TIOCTIeHME rofbl Oostee uem Ha 70%.
9TO KACAJIOCh IPAKTUYECKHU JIFOOOTO0 MUHEPATIBHOTO ChIPBSL. e Hapacraer CIIpoc Ha T€XHOJIOTUH BBICOKOCEIEKTHBHBIX
JlaHHAas KOHLEIIUS U [TOIXO0J IIOMEHSIIUCh B COBPEMEHHOM nporieccos oboramenwus Fe.
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Puc. 1
XapakTtepHas TexHonorm4yeckas cxema o6oraleHus XXenesHom pya

CoBpeMeHHBIE MPOLECCH OOOTAIEHUSI MO3BOJIIIOT 3¢-
(beKTUBHO U C HU3KMMU 3aTpaTaMu nepepabaThiBaTh KYCKO-
Bbl€, MEeJIKUE U TOHKYE QPAKIUU PA3INYHbIX JKeJIe3HbIX DY,
a TaKKe afgalTHpOBaTbCI K YXYALIEHWIO KadyecTBa Iiepepa-
6aTbiBaeMoro Ceipbs. OJHUM U3 BBI30OBOB SBJISIETCS MPOU3-
BOJICTBO KOHKYPEHTOCIIOCOOHOI TIPOAYKIUKA B COOTBETCTBUA
C MeXXIyHAapOAHBIMU CTAHAAPTAMU, BKII0UAsI IIOBBIIIIEHHE Ka-
YeCTBa >KeJIe30PYAHBIX KOHIIeHTPaToB (>69% Fe u <3% Si0,).

Ha puc. 1 nokaszaHa ynpoleHHas TeXHOJIOTHYecKas cxema
C MeTa/uTyprudeckuM 6anancoMm g KomMbuHara mo obora-
ILI[EHUIO JKeJIe3HOM PY/IBL C ammapaTypHeiM opopmieHHeM OT
Allmineral.

TumuuHbli Ipolece 06oraIeHus KeIe3Hoi Pyabl COCTOUT
U3 CJIeYIOIIMX CTaIUIL:

e TpexcraguanbHoe apobsenue 10 30-32 MM.

e IlpoMbIBKa / e3araoMeparysl.

e Krnaccuduxanus / gemiamMariysi.

¢ TpaBuTanMOHHOE 0OOTAIEHNE KYCKOBOM PYIBI OTCAN-
KOM, MeJIKO(PPAaKIMOHHAS U KPYIHOPPAKIMOHHAS OT-
CaJiOuHble MAIIHUHBIL.

e I'paBuUTALMOHHAS IMAPOKIACCU(DUKAIUS IYIIbIBL U Je-
IIaManysl B Cernaparopax C ICeBIOOKIKeHHBIM CIIO-
eM marepuana <1 MM.

¢ MoKpoe MarHuTHOe 00OraIieHe TOHKUX YaCTUL| BHICO-
Kot unTencusHoctd (ot 0,1 10 1 Mm).

e O6oramenue MeromoM oOpaTHON GroTanuu UIaMa
<0,074 mm.

e JlomoJHUTENbHOE U3MeJbYeHHe OTXOMIOB IPOLlecCoB
IPABUTAIMOHHOTO pasfiesieHus JUIsl JajbHeHIlero Bbl-
ZleJIeHUs U TIOCTIeAYIOIIEro 00orameHusI.

Kommanus Allmineral sanumaercss oGoramenueMm rema-
TUTOBOM >XeJIE3HON PYABI C MOMOIIbIO TPAaBUTAIMOHHBIX Ce-
11apaTopoB U TeXHOJO0ruii ¢ cepenunbl 1990-x ronos. [lepBoiit
OTIBIT CBSI3aH C MIOCTABKOM 00OPYHOBaHUS JAJIs 0OOTraIieHus
SKeJIe3HOM PYJBI C LIeJIbI0 ee YTUIN3ALNU Ha MeTalIypruye-
ckom Kombunare B Ascrpanuu. C Tex nop B Bpasunuu, Un-
nuu 1 I0kHO#M Adpuke paboTaroT pasauuHble KOMOUHAIUH
U YCTAHOBKH, aJalTUPOBAHHBIE i1 00OTraleHns KyCKOBO
U MeJIKO¥M (Gpakiuy, a Takke 000pya0BaHUe, PACIIONIOKEH-
HOe B CXeMe IO IOTOKY, JIs1 TOHKOMH dpakuuu. Huskocopr-
Hble PYAHBIE U / WIN OTBAaJbHbIE PYIbI epepabaThiBAOTCA
¢ wucnonb3oBanueM texuosmoruit alljig (aywrmkur), allflux
(anndnykc) u allgauss (anaraycc) B Kauectse 0CHOBHOTO 000-
PYZOBAHUS, [UIsI TOHKON (Gpakuuy ¥ MeJTKOAUCIEPCHBIX Ya-
CTHII UCIIOJIb3YETCsl TEXHOIOTUS 00paTHoit ¢oranuu allflot
(anndor).
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Fig. 1
A typical process flow diagram of iron ore processing

Orcagounsie mamuusl Alljig

Paszzenenue cMeCu MUHEPAJIOB B OTCAI0YHBIX MALIUHAX II0
IUIOTHOCTH IIPOUCXOAUT II0 BO3IEHCTBUEM IIYJIbCUPYIOLIETO
oToKa Bozpl [1]. Bocxopsimye v HUCXOAAIIME [IOTOKH PA3KU-
SKAIOT U YIUIOTHSIOT 3€PHA B OTHOCUTEJIBHO OIHOPOIHBIE CIIOH.
®pakiuy ¢ HU3KOM IUVIOTHOCTBIO PAaCCIaUBaIOTC HA MOBEpX-
HOCTH, B TO BpeMs KaK 0COOEHHO TAKeJIble KYCKUA 0CelaloT Ha
HIDKHEM YPOBHE CJIOf. JIByMSI OCHOBHBIMU KPUTEPUSIMHU IIpe-
BOCXOJIHBIX PE3YJIbTATOB OTCAKHU SIBJISIFOTCSI PACCIIOEHHE B OT-
Ca/I0YHOM IIOCTEN U KOHTPOJIb BHITPY3KU IIPOAYKTA.

Otcamounble MamuHbl Kommanud Allmineral ocHarens
CIIeNUAaNbHBIMA KOHCTPYKIUSAMU Kamep Mg obecreuyeHus
PABHOMEPHOCTH U IUIABHOTO JBIKEHUSI BOZIBL I10 BCEit IOBEPX-
HOCTHU OTCAM04HOI mocrenu. OTcamousas MaluHa ¢ 60KOBOi
/ IIOZPELIeTHOH IIy/IbCALIUEel rapaHTUPYET IOCTOSHHYIO aIllla-
paTHYIO CTa0UIbHYIO pPabOTy C MEHBIIMMHU 3aTpaTaMy Ha 00-
CIy>KUBaHKME U U3HOC. LIUKI pacrpenesnenus BO3myxa CO3zia-
€TCsI C MOMOII[BIO BPAIIAOIIUXCS IIOPIIHEBBIX HAIPABJISIOLIUX
WM TapebuaThiX KJIAlaHOB, KOTOPBIE MOXKHO PEeryJIupOBaTh
B COOTBETCTBUH C TPeOOBAHUAMH IPOIECCA IIOAaYK IIUTAHHUL.

Paccnoenne u pasrpys3ka KOHTPOJHUPYIOTCSI aHaJIOTOBOM
U3MEpUTEIbHOI CHCTEeMOM, KOTOpasl IIO3BOJISIET IIPOCTO U
TOYHO OIPEEJISITh IPABUTALMOHHbIE TOPU3OHTHL U UX HeIIpe-
PBIBHYIO BBITPY3KY. ISl pasrpy3uuKOB OTCAOYHOM MAIIKHBL
MBI pa3paboTany pasrpy304HyI0 CUCTEMY, KOTOpas He Tpebyer
KaKUX-T100 BPAIIAOIIMXCS YACTel UM KPUTUYECKU JBUKY-
LIUXCS YaCTel BHYTPU OTCAZ0YHOLM ocTenu [2]. Ita cucrema B
OCHOBHOM COCTOUT U3 PETYIMPOBOYHOrO 3aTBOPA JJIS «[IOTOKA
KOHIIEHTpaTa» U peobpasoBaTesis Y4aCTOThI IPOXO0Ta i 00e-
3BOKUBAHUS, BKIIIOUAS BO3MOYKHOCTb VIIPABJIEHHS DPa3rpys-
KOI KOHIIEHTpATa IIyTeM BKJIIOUEHHS U OCTAHOBKHM IPOXOTA
Ut 00e3BOKUBAHUA. YIIpABIeHe IPOXOTOM 00e3BOKUBAHUS
Oyzer aKTUBUPOBATHCS CUTHAJIOM OT IOIUIABKA, KOTOPBII 13-
MepsieT BBICOTY CJIOF TSKEJIOro MaTeprana. ITUM CIoCcoO0M
M3HOC, XOPOIIIO U3BECTHBII II0 JPYTUM TUIIMYHBIM Pa3rpy3ou-
HBIM YCTPOMCTBAM, CBOAUTCS K MUHUMYMY. IS yaneHust Ts-
SKEJIBIX IIPOAYKTOB He TPeOYIOTCS KOBIIOBBIE 3JIEBATOPHI U T.IL.

Ha ceropHsmnmii 1eHb 1o BCeMY MUPY ObLJIO BBEIEHO B 9KC-
twiyaranuio 6osee 560 orcanounsix mamuH alljig, 144 us xoro-
pBIX pyaHble. MaIuHbl IPUMEHSIOTCS AJIS PEIleHUs Pa3HbIX
3agau 000ralieHus — OT JKeJIE3HOM PYIbI 10 YIJIs, [IECKA U IPa-
BUS, 4 TAKXKe Ul U3BJICUEHM METaJUIa U3 1IIaKa, IepepadoT-
KU KUMOEp/IUTa U 3arpA3HeHHbIX II0YB.

H3-3a HUBKHUX 9KCIUIYATAIMOHHBIX PACXOIOB II0 CPABHEHHIO
C YCTAHOBKAMHU C TSKeJIbIMM CpeflaMU U BO3MOKHOCTH Hosiee
BBICOKOI1 IUIOTHOCTH pasnenenus (> 4,0 r/cm3) mamussl alljig
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CUUTAIOTCS COBPEMEHHBIM OOOPYAOBAHUEM I 0OOTAIeHMUs
SKeJIe3HOHN py/pl. B 3aBUCUMOCTH OT paCIIONIO>KEeHUsT BO3LYIII-
HBIX KaMep JIOCTYIIHBI UCIIOJIHEHUE OTCA0UHBIX MAIuH ¢ 60-
KOBOHM W mogmpereTHoi mynbcarueit. Allmineral mocrasnger
o6a tumna. C Touku 3peHus 3GGEeKTUBHOCTU IIPOIECCA HET HU-
KAaKO¥ pasHUIIbl MEKIY IBYMSI TUIIAMH OTCAJIOUYHBIX MAIIIUH B
o0oraleHuu sKeesHbIX Py, IOCKOJIbKY OIUHAKOBOE PacCciIo-
eHUe JIOCTUTAeTCsl IIPU OJUHAKOBOM ABM>KEHUH BOJBL. [1oyHO-
CTBIO COOTBETCTBYIOIIAA OTCAKa TUIAa bayma ¢ 60KOBOIA ITyJ1b-
canueil orpaHUYeHa IMUPUHON OTCAJOYHOM IOCTeNIU 10 3 M.
TpebyeTcsa OTMETUTH, UTO MPU OOOTrANIEHUN PA3HBIX TUIIOB
yIJIelt ofperieTHas MyIbcalys BIusgeT 01aronpuaTHO Ha Ie-
penavy sHepruy Bo3ayxa K Boze U XapaKTepUu3yeTcsl pOBHBIM
U TOYHBIM UMIIYJIbCOM II0 BCEH IIMPUHE OTCAIOYHOM IIOCTe-
1y, rae koaddunuent umnepdexiuu nocruraer 0,12. [lomumo
OTJIMYUH, KOTOpbIe KACAIOTCS PA3HOTO IOJIOKEHHUST BO3AYII-
HBIX KaMep, TAKKe CYIIEeCTBYIOT OT/INYUS B TUIIAX YIIpaBIIe-
HUSI BO3AyXOM. TapespuaThblie KJIAlaHbl, HUCIOIb3yeMbIE IS
yIIpaBJIeHUsI IOfadyell BO3MyXa B OTCAJOYHBIX MaIlMHAX C
MIOZIPEIIeTHON ITyJIbCAlieid, HY>KIAIOTCS B YIIPABJISIOIIEM
BO3/IyXe, BMECTO BPAIIAIOIINXCS IOPIITHEBbIX HAIPABJISIIO-
IIUX C 9JIEKTPUYECKUM IIPUBOAOM B OTCAJOYHBIX MAIIUHAX C
6okoBoI1 mynbcanuent. Texnonmorusa orcanku alljig kommanuu
Allmineral, xak IpaBuUIO, KUCIIOIB3YET IIOBOPOTHBIE U TAPEJIb-
yaTble KJIANaHbl I TOYHOrO yIPaBJIeHHs BIIYCKOM U BBIITY-
CKOM BO3/lyXa U3 BO3YIIHBIX KaMep.

OTCaziouHble MANIUHBI IUPOKO UCIIOIB3YIOTCA IPU 000ra-
LI[EHUH SKeJIe3HOM PYABI AJI1 YMEHbIIeHUs KOJINYeCTBa KpeM-
He3zeMa U ruHO3eMa. B To Bpems kak B IOxuoit Adpuke, As-
cTpanuu U bpaswimu conmepskaHue KpeMHe3eMa HAaXOAUTCS B
LeHTpe BHUMAaHUs, U Poccrsa He UCKiouenue, B iy npobiie-
Ma 6GoJIbIlle CBA3aHa C YMEHbIIIEHHEM COJepP;KaHus IMHO3eMa.
XOTS TeXHOJIOIHs OTCAAKU UCIIOJIb3yeTcs Oojiee ABAALATH JIeT
B ABcTpanuu, Bpaswiuu u IOxHo# Adprike, UHIUNCKUE TIPO-
U3BOUTEH KeJIe3HOM PYAbL TOJIBKO HEeABHO OCO3HAJIH I[€H-
HOCTb 3TOH TeXHOJIOTUH U HaXOJSITCS B IIPOLIeCce ee YCTaHOBKHU
U BBOJIA B SKCIUTYATAIUIO HA PsIfie TIPEeIIPUSITUN.

OnuH U3 SIPKUX MPUMEPOB IMOCJIeAHUX JIeT, IPeCTaBUTeINb-
crBo «Opken-Aracy» TOO «Opken» ArcelorMittal (r. Kapaskau,
Kaparangunckas obnactb, pecniyonuka Kasaxcran) — o6o-
rameHre MarHeTUT-TEMAaTUTOBBIX PYZ C MacCOBOH AoJel
Fe = 42%, eé xnaccudbukauueir Ha ABa y3kux kiacca 0-10 u
10-60 MM, ¢ pajgpHeMIIMM OOOralieHHeM Ha OTCaLO0YHBIX
mamuHax alljig TWIN G 3000x3000 u alljig TWIN F 3000x3000
C TEXHOJIOTUYECKUMH II0Ka3aTesamMu (taoir. 1).

Ta6bnuua 1 Table 1

Mony4yeHHble TeXHONOrn4yeckne The obtained technological

nokasatenu indicators

HanmMeHoBaHMe KpynHocTb, Foe, Bblg(on, I/I3Bn%qerme,
MM % % b

McxogHas pyaa 0-60 42,0 | 100,0 100,0

KoHueHTpat 0-10 55,0 41,0 53,7

KoHueHTpaT 10-60 55,0 21,0 27,5

LLinam 01 35,0 8,0 6,7

XBOCTbI 0-60 17,0 30,0 121

Tuapoxknaccudpukarops: Allflux

Ha puc. 1 mpencrasieH mepenen AelulaMalddl PyIbl IO
rexnonoruu allflux. Bo BceM mMupe 3kcrutyatupyercs Oosee
160 exm, u3 Hux okono 79 pyaueix [3]. braromaps HoOBoMy ITo-
KOJIEHMIO YIIPABJISAIONIETO IPOTPAMMHOrO 0OeCrieueHus U 11e-
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JIOMY DSy JOIOJIHUTENbHBIX YCOBEPIIEHCTBOBAHUI THAPO-
KI1acCUbUKATOP = IMAPOCA3ep C IICEeBIOOKUKEHHBIM CJI0EM
allflux He TOMBbKO HAIESKHO OT/E/ISeT OPraHuYecKye MPUMeCH,
HO U [IPOU3BOIUT U CMEIINBAET BHICOKOTOYHBIE KJIACCH Hpak-
LU TIeCKa. ITO 03HAYAET, YTO KOMITAKTHbIE YCTAHOBKU C HU3-
KUMHU 9KCIUTYaTAlOHHBIMY PACXOIAaMU MOTYT TeHEPUPOBATh
BBICOKOKAYeCTBEHHBbIE [TECKU I10 PELENTYPe Aaske [P UCIIOJb-
30BaHUU YACTUYHBIX [TOTOKOB HA CYIIECTBYIOMIMX KOMILUIEK-
cax. OIMYUTENIbHAS YePTa TEXHOJIOTUH — 9TO He3aBUCHUMAas
nepepaboTKa KPYIHOrO U MEJIKOr0 MaTepuaa, 4To M03BOJIS-
eT pas3[eauTb WK CKIAIUpPOBaTh QPAaKIUIO OTAENIbHO IO
CMEIUBAaTh IS CIElIIpUMeHeHui. Jlaske [py BapUaluaX B
COCTaBe ChIPbs CIIOCOOHOCTD MONYYATh OMHOPOIHBIIN IIPOLYKT
3HAUUTEJIPHO YBeJIMUNBaeTcs. BO3MOXKHO, caMoe BaskKHOE IIpe-
UMyIecTBO rumpocarisepa allflux — skonomuueckoe. 3a cuer
coyeTaHus BHICOKOH 3(pPeKTUBHOCTH U BBICOKO IIPOU3BOIH-
TEJIbHOCTHU C HECKOJIBKUMU CTaUSIMU Pa3IeJIeHUsl JOCTUraer-
CS CHUJKEHUE YIEeNbHBIX MPOU3BOACTBEHHBIX 3aTpar. OOmumii
pasmMep YCTaHOBKU CBeJleH K MUHUMYMY, & 3HAUNT, CHIDKAIOTCS
MHBECTULIMOHHbIE U 9KCIUTyaTalMOHHbIE pacxXosl. JbderTus-
uocts allflux pacmupsier rpaHuIBl BO3MOXKHOI I1epepadoTKI
TOHKOZAMCIIEPCHBIX YACTHUII SKEJIE3HBIX DY, 3TO MOXKET II03BO-
JIUTH 060raIaTh HEKOTOPhIE PaHee HepeHTabe IbHbIe 3alachl.

B rumpoxnaccudukatope allflux wucmonbdyercss TexHOIO-
IUsl C KUILIIAM CJIOEM Uil PasfiesieHus] U TUAPABIMYECKO
KIacCUbUKALUY MEJIKOM CYCIIEH3UU B BOCXOIMIIEM IIOTOKE.
JIByXCTYIIeHUATHIA IPOLleCcC MO3BOJAeT paboTaTh C MUIAMAa-
MU 0e3 MpeABaPUTENIbHOrO CrylieHus. KpymHble U Taskebe
YACTUIIBI IIPOXOIAT pasieieHre B YKPYIIHEHHOM CEeKIUU THh-
npokiaccuduraropa. Pasrpyska KpynHo# ¢pakuuu (IIeCKoB)
aBTOMAaTHYECKH KOHTPOJIUPYETCS aHAJIOTOBOM CHUCTEMOI, UC-
[TOJIB3YIOIEN MATYMKU IUIOTHOCTA U IEPEKUMHON KIIAIaH.
[Torok Menkoil PpaKkIUU U YACTUILl, UMEIOIIUX MaJIEHbKYIO
IUIOTHOCTH (CJIMB), IIEpEeIMBAETCS Yepe3 Kpail B KOJIBbIEBYIO
nepedepuiiHyio CeKIu0 rugpokiaccuduraropa. B mepu-
depuiinoit KonbleBOM CEKIUU, KOTOpAsi HA3bIBAETCS 30HOM
MEJIKOTO pasesieHus], IPOUCXOIUT OTIe/IeHHE JIETKUX OT MeJl-
KOJHUCIIEPCHBIX YACTHUILl U ompecHeHue. Opakiyu, UMeIue
y/eJIbHBINA BEC HUJKE, YeM B KUIIAILEM CJ10€e, OyIyT OCTaBaThCS
Haj HUM U OYIyT IepeuBaThCs OOJIbIIEN YaCThIO C IIOMOIIBIO
TeXHOJIOTMYECKOP/060POTHOM BOAB! (BOCXOAAIIMM IIOTOKOM)
B [IepeJIUBHOI Xesi00. Brarogaps paay yaydlleHuit 1 HOBOMY
VIPABIAIOIIEMY IPOrPAMMHOMY 00ECIeYeHUuI0 TUAPOKIIAC-
cudukarop allflux crrocobed He TOJIBKO OTHAEATD JIErKUe Ja-
CTHLIBI OT [1€CKA, HO TAK)Ke aBTOMATHYECKU YCPEIOHSTH CJIUB
U [IeCKU IS TIOJIYUEHUsT OMHOPOIAHOrO 1IyIlaMa COIJIACHO TeX-
HUYECKOMY 33aHUI0. [[pyrUMU CJI0BaMHU, Pa3e/IeHue MOXKET
[IPOUBBOIUTHCSI IO IVIOTHOCTH MJIM 10 KPYIIHOCTH.

B knaccudukartope c nceBaooskuskeHHbIM ciaoem allflux ma
pasiesieHus UCII0JIb3YeT s TEXHOJIOTUS Ay TOTEHHBIX TAXKEIIbIX
cpen. B ominune OT 0OBIYHBIX KIACCU(PUKATOPOB C IICEBI00-
SKUKEHHBIM CJI0eM, paszenenue ¢ momorpio allflux me tpedy-
eT JOMOJHUTEIbHOM KPYIHOMACIITAOHOM MOArOTOBKY IUIOT-
HOCTH C IIOMOII[bIO [IUKJIOHA.

[Monaua marepuasna B allflux mpoucxomur yepes OCHOBHYIO
BIIYCKHYIO TpyOy. B enTpanbHoit cekuuu allflux, kyma mogaer-
Cq UTaHKue, 00eCIIeYnBaeTCs TOYHAS TUAPABINYECKas Pery-
JINPOBKA CI'YIIEHUS, KPYIIHBIX U TSDKEJBIX OTXOZO0B (IIOPOIBI).
[TOTOK MeJIKUX I0JIe3HbIX YacTull <1,0 MM, IIaBHBIM 00pa3oM
JIETKUX, TIePeJIMBAETCS B IIPOMIIPOAYKTOBYIO cekuuto. C mobas-
JieHreM HeOOJIBIIIOTO KOJIUYECTBA BOJbl BOCXO/AIIETO IIOTOKA
obpasyerca aG(EKT ayTOreHHBbIX TSIKEIBIX CPeJl MaTepUana,
COCTOSIIUIN U3 MEIKOAUCIIEPCHBIX YACTHII, TAK UYTO YACTHUIIBL
PasrpysKaioTCs B CEKILIUIO ITepearBa (KOHIEHTPaTa).



Table 2
A summary of classification

Ta6bnuua 2
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and particle-size characteristics

OBOTr ALLEHUE MOJNIE3HbIX UCKOMAEMbIX
Mineral processing

HUTHOTO TI0JIs, YTO [T03BOJIAeT 00pabaTsiBaTh Gpakuu
pasHOro pasmepa C ONTHUMAJbHBIMH HACTPOMKAMHU HA
OJIHOM MalIlIMHE.

Allgauss WHIMS mupoKO HCIIONB3YIOTCSI BO BCEM
Mupe I O0OTalleHus >KeJIe3HOU PY/bl

Mopoga Cnus (wnam) cekums Menkas / KpynHasa cekumm IS MeHbIIeHNs KOTHIecTBa KpeMHe3eMa
MM MnotHocTb, Kr/M3 MM MnotHocTb, Kr/M3 U ITITMHO3eMa B TOHKUX YacTUIax. TexHoIo-
Yronb 0,06-0,2(0,5)]  1500-1900  |0,6-1,8(4,0)f  1400—1900 I'Hsl YCIIELIHO 3aBOEBaa JITUAUPYIOIIHE 110-
Mecok 0,12-0,25 1200-1800 0,3-1,25 1100-1800 3UIMU HA PhIHKe Bpasuiuu u Teneph 3aHu-
Ksa Ll,eBbIl7l MaeT JUIUPYIoIye IIO3UIUNU Ha MUPOBOM
ﬂeCOpK 0,06-0,13 1400-1800 0,2-0,6 1100-1800 PBIHKE: 33 TIOCJIEJIHUE UYeThIpe rofa ObLIo
. BBEJIEHO B OKCIUIyaTamuio 6onee 20 ef.
ﬁ:ggf”e”“"'” 0,06-0,10 1400-1800 0,5-0,8 1300-1800
XenesHas pyna| 0,06-025 | 2400-3200 | 015-09 | 2500-3200 uesmaruyeckas ¢rorauus Allflot

Tunpocaiizeps allflux ucnonpayrores mpu oborameHun xe-
JIE3HOI Pyl A1 KIACCUPUKALUMU U OJHOBPEMEHHOTO 060-
ramfeHus1. Kaxk mpaBuio, MO>KHO HOJIYYUTD IO MEHBIIIei Mepe
OIVH KOHEYHBII MPOAYKT, B TO BpeMsl KaK NMPOAYKTHI ABYX
IPYTUX PasMepPOB MOTYT OBITh TepepabOTaHbI JOOTHUTE b
Ho. Texnonorusa allflux ucnonssyerca 8 0ot Adpuke 60-
Jee ILATH JIeT, [iepBasl YCTAHOBKA B ABCTpasniu Obliia BBEEHA B
aKcIuryartanuio B Hayase 2009 r. Eiie ueTbipe 000raTUTEIbHBIX
KOMIUIEKCa II0 IPOU3BOACTBY >Kele3HO! pyabl B MHauu Haxo-
JATCSI B CTaUH CTPOUTEIIBLCTBA.

MaruurHas cenapanus Allgauss

Ha puc. 1 npescrasieH mnepenen BHICOKOMHTEHCUBHOM Mar-
HUTHOH cerapanuu. MarHUTHBIN CerapaTop BbICOKOIM UHTEH-
cusHocru allgauss (WHIMS) 6b11 paspaboTaH U yCOBEpIIIEH-
CTBOBAH OIBITHHIMYU MH’KEHEpAMH Ha OCHOBe UX 0ojee yeMm
20-7eTHEro mpakTH4Yeckoro omeita [4]. Heckonmbko GYHKITHEL,
100aBIeHHBIX B CTAHAAPTHOE UCIIOIHEHUE, TPUBEJIU K MAKCH-
MaJIbHOI 9KCIUTYaTAI[MOHHOM TMOKOCTH U ITPOCTOTE OOCITYKHU-
BaHUSL

MarautHble cermapaTopsl allgauss ucnonba3yrorces g 060-
rameHus cabOMarHUTHBIX PYJ YEPHBIX U PEIKUX METAJJIOB
(reMaTUTOBBIE, WIbMEHUTOBblE, MapraHIleBble, XPOMOBBIE
PYIBL), @ TAKXKe JJIS BBIAEJIEHUS JKele30CoIepKaIuX [IpuMe-
ceil U3 HEePYIHOTO ChIPbd (IIOJIEBBIE IIIATHI, KAOJIHUH, KBAPII).
WHAyKIUa MarHUTHOTO IIOJS IJIsl M3BJledeHue ciabomar-
HUTHBIX JKeJIe30CO/epsKaIliX MUHEPaJIOB B TAKUX Ceraparo-
pax s gocruraer 1,32-1,8 Tn [5]. MaruutHbIe cermapaTopbl
allgauss mpexmcraBieHbl MUPOKUM AUANIA30HOM THUIIOpA3Me-
POB C HOMHHAJIBHOM MPOU3BOAUTENBHOCTHIO OT 0,3 T/4 714 1O~
JIYIPOMBIIIUIEHHBIX uccaenoBanuii 1o 1400 T/4 (allgauss H563)
C MHAYKIMer MarHuTHoro noiud 1o 1,8 Ti.

ITportiecc pasaeneHust COCTOUT U3 TPeX ITAIOB:

e IIpursrkeHre MarHUTHBIX YACTHUI[ B MATHUTHOM II0JIe K
robpUpOBAHHBIM IUIACTHHAM, [IPU 9TOM HEMArHUTHBIE
YaCTHULbI IPOXOJST MPSIMO CKBO3b HUX.

¢ CMbIB MarHuTHOM Gpakuuu yid yaajaeHus Io0bX 3a-
XBAaYeHHBIX C HEI0 HEMArHUTHBIX YACTUIL U IIOJIyUYeHUe
IIPOMIIPOZYKTA.

e OuucTka MarHUTHOUM GpPaKIUU B HEUTPAIbHON 30HE
JUIS IOy YeHUs MArHUTHOTO MIPOAYKTA.

VHTEHCUBHOCTb MArHUTHOTO I10J1 00pasyeTcs C IMOMOIIbIO

OT/IeJIbHBIX IIpeobpasoBaTesieil IepeMeHHOro/O0CTOSHHOrO
TOKA, A/ IUTAHUS KATYIIeK, UTO MO3BOJISIeT B OAHOM MAaIIlH-
He IIPOBOIUTD JIBE Olepanuu oboraiieHus (OCHOBHA + mepe-
YKUCTHAS / OCHOBHAS + KOHTPOJIbHAS).

A TakKe BKJIIOUEHA BO3MOKHOCTh HAMarHUYUBAHUS BepX-

HEro W HIDKHEro poTOPOB B Pa3HOM [uara3oHe CHJIbI Mar-

Ha puc. 1 npexcrasied nepeznen oOpart-
HOM GuioTanMu IUIaMa C IOCIeXyIoer
IIepeurCTHON olepanyeil B mueBMaTudeckux Kamepax allflot.
Texuonorusa allflot nmpunamnexxur xkommanuu Allmineral c
1990-x rogos. Hazsauue allflot ¢ Toro Bpemenu He U3MEHIIIOCH,
B TO BpeM KaK [U3aH [TpeTepIies 3HaUUTeIbHbIe U3MEHEHUS.
®noraunuonnsie Mamus! allflot npuMensiorca g oboraiie-
HUS YTOJbHBIX IIJIAMOB, KAOJIMHA, KBAPIIEBHIX ITIECKOB, 4 TAKIKE
MeJTHBIX, MeTHO-HUKeIeBbIX U JKeJle3HbIX pyr [6—8].

[MoaroroBieHHAs IMy/bIa, CMEIIAHHAS C peareHTOM, Ioja-
€TCS 110 MYJIBIIONPOBOAY U3 arUTAIMOHHOM eMKOCTH MOCpes-
CTBOM IIJIAMOBOTO HAacoca (CKOPOCTb ABUXKEHUs MYJbIbI HA
aspartop-rubpun cocrasnser 9,4 m/c). [lox meiicTBUEM COBUK-
HBIX CHJI, CO3/1aBA€MbIX 9Heprueil CTPYI MyJIbIIbl, IPOUCXOAUT
3axBaT OKPY’KAOIIEro BO3AyXa U IOCJe IPOXOXKAeHUs yepe3
COIUIO TIPOMCXOMUT WHTEHCUBHOE PAaCTBOpDEeHHe BO3Ayxa B
ITyJIbIIE, JiaJiee HACBIIEHHAS IIyJIbIIa JABUrAeTCsl [0 BHYTPEH-
Hel TpyOe BEPTUKAIbHO BHU3 U BBIXOAUT Yepes IUIaHeTApHbIA
pacripenenurens BBepxX. [ly3bIpbKU BO3IyXa, 00JamaroIue
LIUPOKUM CIIEKTPOM Pa3MEPOB, & UMEHHO CBEPXMEJIKUE IIy-
3BIPbKH, IIOKPBITHIE TUAPOPOOHBIMHI YACTULIAMH, IIOAHUMAIOT-
4 BBepX M 06pasyIoT Ha TOBEPXHOCTH IT€HHbII CJI0H (OTXOJIBL),
KOTOPBIN OTBOAMTCS KAHAJIbHOM CHCTEMOI CheMa IMEeHHOTO
[IPOAYKTA B [IEHHBII KapMaH, Oru0aoIuii GpI0TaluOHHYIO Ka-
Mepy 0 OKpY>KHOCTU. [MapodusibHble YaCTUIIBI JKeie3a pas-
TPY’KAIOTCS B HIDKHEH YacTU GIIOTAIMOHHOM KaMephl.

OnHoii U3 HoBeHmMX paspaboTok B TexHonoruu allflot
ABNAETCS YHUKAJbHBIN a3paTop-TUOpUi, IO3BOJISIOIIUL
U3MEHATh auaMerp (GOPCYHKH B IOTOKE, CTAOMIU3UPO-
BaTh TpeOyeMyI0 CKOPOCTb MIOTOKA U [ABJIEHUS Ha aspaTop.
9TO MO3BOJISET HUBEJIUPOBATH KOMEOAHUSI IOJAYU IIYJIbIIbI B
npenenax +/— 10-20% B nepeurcTHOM, OCHOBHOM/KOHTPOJIb-
HOI1 onepanuax [9]. B coueranuu ¢ onucanHoit paboTOi a3-
paTtopa-rubpuia 1yl OCHOBHOM M KOHTPOJIBHOM OIeparuil
HCIOJIb3YeTCs PELUPKYIISIIMI KaAMEePHOro MPOAYKTA, IO Tpe-
6oBanmio cocrapisiomas 6onee 20%, YTO MOBBIIIAET U3BJIe-
YeHUe U COKpAIlaeT MOTepU IeHHOr0 KOMITOHeHTa. Perupky-
JIAIKSI KaMEPHOTO MPOAYKTA COKpAaIllaeT [oJayy pearenta a0
30% OT MCXOMHOro A03UpOoBaHUA. TakuM 06pa3oM, C YIETOM
BOBJIEUEHHUS B IepepabOTKy IIJIaMOB, TOHKO3EPHUCTHIX OTXO-
JI0B 1 OeIHBIX KOMIUIEKCHBIX TOHKOBKPAIUIEHHBIX SKEIe3HBIX
pyz, Texnonorus ¢oranuu allflot cranosuTca Boctpe6oBaH-
HOI B KaueCTBe OCHOBHOTO U IOBOZOYHOTO IIpOIecca mepepa-
OOTKU MEJIKUX U TOHKHX dpakiwuii [3, 10].

3akiaoueHue

[ToBBIIIIEHHBI CIIPOC HA KeJIe30pyAHbIE KOHIIEHTPATHI B I10-
CJIefIHME TOfbI, a TAKXKe pa3paboTKa MECTOPOKIEHMI C HU3-
KUM COflep>KaHueM PV MPUBOAAT K PACTYIIEMYy CIIPOCY Ha
TeXHOJIOTHU 00OraIieHus KyCKOBOI Py/bl, MEJIOYH U LUIAMA.
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W3-3a HU3KUX SKCIUTYaTalUOHHBIX PACXOAOB IIO CPaBHEHUIO
C YCTAHOBKAMH C TSKEJIBIMU CPEJaMU U BO3MOKHOCTH bojiee
BBICOKOI1 INTOTHOCTH pasaesnenus (> 4,0 r/cm3) Bce OTCafiouHbIE
Mamuusb! (alljig) curraroTcs coBpeMeHHBIM 000pYIOBAHUEM
Juta oboraieHus KyCKOBOI PyIbl U MeJIKOH ¢pakiuu. Ha ce-
TOIHALIHUI JIeHb TeXHOJIOTHS OTCaAKy Haubojee SJKOHOMHUY-
Ha U 6e30macHa j1s OKPY’KaIoIel CPeJibl, I7ie eIUHCTBeHHbIM
PAcXOmHBIM MaTepUaOM SIBIIIETCS BOAA. TpeXmpoayKTOBbIE
cenapatopsl allflux ¢ mceBmOOKMKEeHHBIM CJI0EM HUCIIONIb3Y-
IOTCS JIUIST U3BJIEYEHHUS] YaCTU KOHIIEHTPAaTa MeJIKUX GpaKIui
mpu KiIacCUGUKAUUU W yAaJeHUd IUlaMa Ha CIeAyIoleM
aTarne oOoralleHus, Py IUIOTHOCTU pasaenesus 1o 3,2 r/cm’.

Cnucok numepamypsul

MoOKpble MAarHUTHBIE CEapaTopbl BHICOKOM MHTEHCUBHOCTH
(WHIMS) yacTo npuMeHSIOTCS ISl YaCTULl pasMepoM <1 MM.
WHpuBuayasabHas PeryJupoBKa CHJIBI MATHUTHOTO ITOJIS UL
oboux poTopos allgauss mo3sonsger oboramarh Gpakiyuy ya-
CTHUI[ PAa3HOTO pa3Mepa C ONTUMAJIbHBIMU HACTPOMKAMM HaA
onuoit mamuHe. Allflot co3gan nng oboramenus nuiaMa TOH-
KHMX YaCTHUI[ METOOM 00paTHOM (oTaluy, OCHOBAHHON Ha
npuniume Beutypu. Ogus u3 tpernos Allmineral — 310 BeIBOZ
Ha PbIHOK TEXHOJIOTUHU UHTEJUIEKTYaabHOM cCOpTUpoBKH allsort
VIS TIPEABAPUTEIBHOTO PAIMOMETPUYECKOrO 000raIeHus Ky-
CKOBOM pyZbl HA OCHOBE JATYMKA PEHTTeHOBCKOTO U3TyUeHHUsI
B Mopysie X-ray.
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