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KOJJIOHKA TJNIABHOI'O PEJAKTOPA

Jopozue uumamenu!

Hopocue konnezu!

Armpens MecsII HIMeeT OIpPEICIICHHOS CaKpajlbHOE 3HAUCHHE B JKU3HU T'E€OJIOTOB, JIJIS TE€OJIOr0-Trop-
HOJOOBIBAIOMICH (B T. 4. M IS )KUJIKUX U Ta3000pa3HbIX YIIIEBOJOPOAOB) OTPACIIHU B IIEJIOM U OTHOBpE-
MEHHO JIJIsl OLCHKH YPOBHS pa3BUTHs HAayKd B Hallei crpaHe. Bce BB 00 3TOM 3HaeTe, U MBI BCEra

N C HCTCPICHUEM U PAAOCTBIO KJIAEM MBICIIM W BBIBOABI, Ky/la W KaK CTpaHa AOJIKHA UATH. BOHpOCBI

TEXHOJIOTUYECKOTO CYBEPEHUTETA, COIUAILHOrO ONIaronoinydus, obecrnedeHus OyayIero yBepeHHOro
Mapar Pa3BUTHS SKOHOMHUKH — DTO €KETOIHAs TEMATHKA 0OCYKICHUM, HAYMHAS C BBICOKMX TPUOYH, KPUTHYE-
KakynoBuu

BurumMmoaesn
2naenviii pedaxmop ~ HA TOCTOSHCTBE U CETOAHS, M 3aBTPA, U B JAJIEKOM OyayIIeM — BCEe 3TH HACYLIHBIC TOTPEOHOCTH CKOH-

CKHX pa3,uyM1/H71 O IBUIKCHHUU B HY?KHOM HaIllpaBJICHUU, CO3HAHUA B TOM BBICOKOU I‘yMaHHOﬁ, HaHeHCHHOﬁ

HEHTPUPOBAHLI B allpeiic.

Ampenb — 3TO Mpa3AHUKH, CBA3aHHbIE ¢ JIHEM reonora, /lHeM HayKd U JTHEM KOCMOHABTHKH. 3aXO4elllb U HE MPHIyMaellb,
HO JieHb poxaeHus Benukoro K.M. Carnaea, cTapT mepBOil pakeTbl, YHECLIETO B «OE3MOJIBHYIO CHHEBY» KOCMHUYECKOTO MPO-
CTPaAHCTBA IIEPBOTO YEIOBEKA, N3 Ka3aXCTAHCKOW CTEIH, BECEHHUI 30B MPHUPOJIBI K Hadally ce30Ha OOIIEHHS 3HATOKOB-TE0JIOTOB

C HEApaMu MaTyI_HKI/I-3eMJ'II/I CJIMJINCh BMCCTC U CO31aJIN 06CTaHOBKy €IKETOTHOTO KCJIaHHOTO ITpa3gHUKa.

HpaSHHI/IKI/I PaaoCTHbIE U OTBETCTBEHHEIC, 3a/la4r U IIEPE] BCeM HayKOﬁ, " nepea reojioraMm akK€HTUPOBaHblI Ha pacTyliue
TpC6OBaHI/I$[, BO3MOKHOCTHU U HAITPABJICHUSA ABUIKCHUSA OTPOMHBIX q)HHaHCOBBIX PECYPCOB COBOKYITHO € O)KNJAHUAMU — BCC BME-

CTC T'OBOPUT, YTO Hallla CTpaHa BOLLIa B HOBYIO 3IIOXY YCIICHIHOI'O OIIPEACIICHUA CBOEH PO U MECTa B IMBUIIM30BAHHOM MUPE.

I'pomajbe TII1aHOB, CBSI3aHHOE C BXOXK/ICHHEM, HAYMHAsl CO IKOJIBHOW CKaMbH, B MUP LU(POBBIX TEXHOJIOTHH, UCKYCCTBEHHO-
IO MHTEJJIEKTa, POOOTH3MPOBAHHBIX KOMILIEKCOB, KOTOPBIE 10| yIIPABIEHHEM COBPEMEHHOTO CIIEIINAINCTA JIOJKHBI Hey3HaBae-

MO M IIOJIC3HO U3MCHUTH KN3Hb, KOHCYHO, 6ylleT pcain30BaHo.

Hawm ocranoch TONbKO HaydnuThCs 10OBIBATh M TiepepadaThiBaTh IMOJIE3HbIE UCKOTIAeMbIe C TPUMEHEHHEM B MO/I3EMHBIX YCIIO-
BUSIX, Ha (paOpHKax W 3aBOJAX HOBBIX TEXHOJOTHUECKUX PEIICHWH. DTO M €CTh Hallla ITIaBHAs 3a]a4a, KoTopas 1 OyJeT Hameh

MyTEBOJHOM 3BE37I0H B Oy/IyIlleM, HAYUHAS C CETOJTHSL.

C npazOHuUKOM U UCHOTHEHUEM U JHCEIAHUTL, U NIAHO08, U MPEPOCAHUT HacCmynueuiell HO6OH Inoxu!

Topnwui sicypnan Kazaxcmana Ned’ 2026
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Kon MPHTH 52.45.17

HN.XO. MoTtoBuioB, *A.K. AGymaxmanos, IlII.A. Teakos, M.b. bapMmeHmnHoBa
HAO «Kazaxckuil HayuonaibHulil ucciedosamenbekull mexnuueckuil ynusepcumem um. K.HM. Camnaesa»
(e. Anmameit, Kazaxcman)

UCCJEJOBAHUE TPABUTAIITMOHHOM
OBOTATUMOCTHU )KEJE30COAEPKAIIEM
PYIbI MECTOPOXXJIAEHUS AJTBIH-ILIOKO

AuHotanus. B craree ncciieoBan (GpakiMOHHBIA COCTAB JKEIE3HON PyAbl U JlaHa OLIEHKA €¢ IPaBUTALMOHHONW 000raTUMOCTH HA HAYaJbHOW CTaJMH TEXHOJIOTHYe-
CKHX HMCCIICOBaHMI. AHAIN3 paclpeneseHus Jee3a Mo KiIaccaM KPYIMHOCTH U IIIOTHOCTHBIM (PPAKIHSIM TTO3BOJIIII TIPEIABAPUTEILHO OMPEACIUTH CTCIICHb PACKPBITHS
MHHEpPAJIOB U TIEPCIICKTHBHOCTh IPABUTALMOHHBIX METO0B. PeHTreHo(ha30BbIi aHaIN3 YCTAHOBHII, YTO OCHOBHOMW LIEHHBII KOMIIOHEHT IPE/ACTAaBICH ClIabOMarHUTHBIM
remaruToM. CHTOBBIH aHAJIN3 ITOKa3aJl PABHOMEPHOE pacIipe/ielieHHe jKele3a M0 KPYIHOCTH, TIPH 3ToM 10 94% ixene3a cocpenoroueHo B kinacce -50+2,5 mm. O6paboTka
KPHUBBIX 'PaBUTALMOHHOI 000raTUMOCTH BBISIBUJIA JIETKOE BBIACNCHHE TSHKENbIX (pakiumii ¢ conepxkannem Fe cpoiie 55% npu miotHocty pasaeneHus 3400-3500 xr/m?.
PexoMeHIyeTCst MPUMEHEHHE OTCAIKH ISl TPOMBIIIICHHOT0 oboramieHns. PaboTa MMeeT MpakTHYeCKOe 3HAYCHNE MPU MPOCKTUPOBAHUH CXEM IEpepabOTKU KEeIEe3HBIX
pyxa Kazaxcrana.

Kniwouegvie cnosa: siceneso, munepanocuueckuii ananus, pamyioMempuieckull cocmas, QpakyuonHulll cocmas, Kpugsle cpasumayuorHoll 0602amumocmu, uHOexc
2PasUMAayUOHHOL 0602amumMocmu, Omcaoka.

AuTbiH-11I0K0 KeH OPHBLIHBLIH KYPAMbIHAA TeMip 0ap KeHHiH rPaBUTALMSIIBIK 0albITHUIYBIH 3€pTTEY

Amnparna. Makaniana TeMip KeHiHiH (paKIMsUIbIK KypaMbl 3ePTTEINI, TEXHOJIOTHSIIBIK 3epTTey/Iep/IiH 0acTarKbl Ke3eHIHIe OHbIH IPaBUTALHUSIIBIK OailbIThITYbIHA Oara
Oepinai. Temip/ain eameMIiK KacTapbl MEH ThIFBI3ABIK (GpaKiusiapsl GOMBIHIIA TapalybIH Tajjay MHHEPAJAap/IbIH alIbUTY IOPEKECiH HKOHE IPaBUTALMSIIBIK QLICTEPIiH
MEPCIIEKTUBACHIH AJI/IbIH ajla aHbIKTayFa MYMKIHIIK Oepai. PeHTreH ik (a3asbik Tangay Heri3ri KyH/bl KOMIIOHEHT QJICi3 MArHUTTI FTeMATHUTIICH YChIHBLUIFAHBIH aHBIKTA/IbI.
Enex Tannaysl TeMipaiH Menepi OoiibIHIIa OipKeIKi TaparyblH KepceTTi, TeMipain 94%-b1 -50+2,5 MM Ki1achIHa IOFbIpIaHFaH. [ paBUTALHAIBIK OailbITy KHUCBIKTApbIH
orzey 3400-3500 kr/m* 6oy ToIFbI3AbIFEIHAA Fe Momtmepi 55%-/1aH acaTbl aybIp (ppaKmisUIapIBbIH XKEHUT OKIIayIaHybIH aHbIKTaAbl. OHepKOCITiK GalibITy YIIiH IIeriH-
Jinep KoiaHy yebiHblIabl. KasakcTaHHBIH TeMip KeHEPiH KalTa OH/ey CXeMallapbiH jko0aliay Ke3iH/Ie )KYMBICTBIH PAKTHKAJIBIK MaHbI3bI Oap.

Tyiinoi ce30ep: memip, MUHEPANOUANBIK MANOAY, SDAHYIOMEMPUANLIK KYPAM, (PPAKYUATBIK KYPAM, 2PAGUMAYUATBIK Oatiblmy KUCLIKINMApbL, 2PASUMAYUALbIK Oailblmy
UHOEKCI, MYHObBIDY.

Study of gravitational concentration properties of iron-bearing ore at the Altyn-Shoko deposit

Abstract. The paper investigates the fractional composition of iron ore and evaluates its gravity concentrability during the initial phase of technological studies.
Analyzing the distribution of iron across size and density fractions helped preliminarily determine the degree of mineral exposure and the potential of gravity methods.
X-ray diffraction analysis revealed that the main valuable component is weakly magnetic hematite. The sieving analysis demonstrated a uniform distribution of iron by
size, with up to 94% of iron concentrated in the -50+2.5 mm fraction. Processing the gravity concentrability curves showed easy separation of heavy fractions with a Fe
content exceeding 55% at a separation density of 3400-3500 kg/m?. Jigging is recommended for industrial enrichment. The study holds practical significance for designing

processing schemes for iron ores in Kazakhstan.

Key words: iron, mineralogical analysis, granulometric composition, fractional composition, gravity enrichment curves, gravity enrichment index, jigging.

Beenenne

JKenesnsle pyapl XapaKTEepU3YIOTCS CIOKHBIM BEIIECTBEH-
HBIM U (DPAKIMOHHBIM COCTaBOM, YTO B 3HAYUTEIHHOM CTe-
TICHN OIPEAEITAET X TEXHOJIOTUYECKOE TOBEJCHUE M BHIOOD
panmoHaNBHBIX cxeM repepadorku [1]. Ha HavanpHBIX cTamu-
SIX TEXHOJIOTHYECKUX MCCICIOBaHUI 0c000€e 3HaUeHHE TIPHO0-
peTaeT aHaIn3 MUHEPAJIOTHYECKOTO COCTaBa, PACHPEICICHUS
TIOJIE3HOTO KOMITOHEHTA T10 KJ1accaM KPYMHOCTH M (pakumsm
IUTOTHOCTH, ITO3BOJISTIOIINM TIPEIBAPUTEILHO OLECHUTH CTe-
TICHb PACKPBITHS MHHEPAJIOB M MEPCIEKTHBHOCTH MPHMEHE-
HUS pa3IHIHBIX METONIOB oborarmienus [2, 3].

OnmHMM W3 KIIOYEBBIX MHCTPYMEHTOB TAaKOH OIIGHKH SIB-
JsIeTC M3YYeHHE TPaBUTAIMOHHOW O00OTaTUMOCTH pyZ, OC-
HOBaHHOE Ha (PPAKIIMOHHOM AHAIU3E M TOCTPOCHUH KPHBBIX
TPaBUTAIIMOHHON 000oTaTMMOCTH. [laHHBIE KPHBBIE MTO3BOJISIOT
MIPOTHO3UPOBATh BO3MOKHBIC MOKA3aTENN W3BJICUCHUS M Kade-
CTBa KOHIICHTPATOB, a TAK)KE 000CHOBBIBATH IEJIECO00PA3HOCTD
TIPUMEHEHHS] TPABUTAIIMOHHBIX METOZO0B OOOTAIICHHMS €Ile 0
TIPOBEICHUS OTTBITHO-TIPOMBIIUICHHBIX HCIIBITAHUH [4—6].

B psige coBpeMeHHBIX McCIelOBaHUM MOKa3aHO, YTO Ipa-
BHTAIIIOHHBIE METONBI 0COOEHHO 3((EeKTHUBHBI MIpH TIepepa-
0OTKE OKHCIICHHBIX, CITA0OMAarHUTHBIX W TOHKOBKPAIJICHHBIX
KEJIE3HBIX Py, @ TAKXKE B COCTaBE KOMOMHUPOBAHHBIX TEXHO-
mormgeckux cxeMm [7-9]. IIpu 3ToM UMEHHO pe3yabTaThl (ppax-
IIMOHHOTO aHAJM3a W MOCTPOCHMS KPHUBBIX I'PABUTALIMOHHOMN
000TaTIMOCTH CITy’KaT OCHOBOM /I BBIOOpA THITA TPaBUTAIIN-
OHHOTO afIapara i nmapaMmeTpos mporiecca [10, 11].

B cBsi3u ¢ 3TUM OCHOBHOM 11€JIbIO HACTOSIIEH CTAaThbU SIB-
JISICTCS M3yueHHe (PPaKIMOHHOTO COCTaBa JKEJIC3HOW PyIbl U
MOCTPOEHUE KPHBBIX TPABUTAIIMOHHOW 0OOOTaTUMOCTH JIJIst
000CHOBaHHMSI BO3MOXXHOCTH M 3(PEKTUBHOCTH MPUMEHEHHUS
IPAaBUTAIIMOHHOTO 00OTAIIEHHUS Ha HAYaIbHOW CTAJUN TEXHO-
JIOTHYECKUX UCCIICAOBaHUMN.

Martepuajabl 1 MeTOABI

OOBEKT UCCIICNOBAHUS — TEXHOJIOIMYECcKas npoda xeses-
HOM pynbl MecTopoxkaeHust Antbia-11Ioko.

TekcTypHO-CTPYKTYpHbIE OCOOCHHOCTH W MHUHEPaJbHbIN
cocTaB MPOObI M3yYAIUCh Ha MOJSIPU3ALMOHHOM MUKPOCKOIIE
Leica DM2500 M u GunokynsipHo#t tynnie MBC-1. Pentreno-
(hazoBbIe aHAIM3bI IPOBOJIMIIM HA AaBTOMATH3UPOBAHHOM JTU(]-
pakrtomerpe JJPOH-3.

Jns onpeneneHus XUMHYECKOTO COCTaBa MCXOTHON Pyl U
MPOJYKTOB OOOTaIleHUs] UCIIOIb30BAIN TUTPUMETPUUECKUIA,
MOTEHI[IOMETPUYECKUI U aTOMHO-a0COPOIIMOHHBIE METOJIbI
AQHAJIN30B.

I'panynomerpuueckuii cocraB U3y4alscs C UCIIOJIb30BAHUEM
CTaHAAapPTHOTrO HAabOpa CUT, MOKPHIM PAaCcCEBOM.

OnpezencHre rPaBUTAIIMOHHON 000OraTUMOCTH M TEXHO-
JIOTHYECKUX YCIOBHUU 00OTAICHHS KEJIC3HOU PYIbI OCYIIECT-
BJISIIOCH METOAOM (ppakiuoHHOro aHanusa. [lpu u3ydeHun
(hpakLMOHHOTO COCTaBa TOTOBWIJIACH HEOpraHUuecKas Tsi-
Kenast JKUIKOCTh «M-45» mrotHocthio 3000 kr/m°, KoTopast
pacTBoOpsiiack BOZOH JUIs NPHUIOTOBJICHHUSI pacTBopa HeoO-
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XOAUMOH IIOTHOCTH. DpaKUMOHHBIA aHaJIU3 BBIIOJHEH Ha
KJaccax KpymHocTeio -50+10 mvm, -1042,5 mm u -2,5+0,0 Mmm
IIyTEM PACCIIOCHUsI MPo0 Ha MPUTOTOBJIEHHBIX PAacTBOpax Ha
¢pakuuu mwioTHOCTHIO: Goee 4000 kr/m?, 4000-3500 kr/m?,
3500-3000 xr/m*, 3000-2900 xr/m?, 2900-2800 kr/m?, 2800~
2700 xr/m® u menee 2700 kr/m’. Kaknas HaBecka pyabl Imo-
CJIEZIOBATEIbHO PACCIIANBATACh B KAKJOH IIOTHOCTH TSDKE-
JION KHMIAKOCTH, HauMHAs C CaMOil BBICOKOM, C BBIJACICHUEM
BCIUTBIBIIEH ¥ TTOTOHYBINEH (pakiun. [lodydennsie ¢ppakunn
MIPOMBIBAIOT BOZIOM, BBICYIINBAIOT, B3BELIMBAIOT, TOBEPTAIOT
pasJienke, MOocie Yero HANpaBisIOT HA XMMUYECKUI aHaH3
JUISL OTIPEJICNICHNS COEPIKaHMS JKeIle3a.

Ha ocHOBaHNM MaHHBIX 0 Macce (PaKIid U 30IbHOCTH pac-
CUUTBIBAIINCH (DPAKIIOHHBIE COCTABBI, 110 KOTOPHIM CTPOMIINCH
KpHBBIe o0oraTuMocTi AHpH-PeifHTapaTa [T KaXkI0ro Kiacca
kpynHOCTH. [To KpUBBIM 060TaTHMOCTH KayKI0TO Kiacca KpyI-
HOCTH HaxOIW/IAch BEJIMUMHA IIOTHOCTH DPa3/IENICHUs], COOT-
BETCTBYIOIIAs] TPeOyeMOMY COZIEPIKAHMIO JKENe3a B TSDKEIOH
(pakIny ¥ COOTBETCTBEHHO ISl CyMMApHOTO KJlacca KPYITHO-
CTH M PACCUUTHIBATINCH OKUIAEMBIC TIOKA3aTeNN OOOTAICHUSL.
o nanHBIM (PPAKIIOHHOTO aHAIN3a U KPHUBBIM 000TaTHMOCTH
paccUnMTHIBAJICS MHAEKC T'PAaBUTAIIMOHHOW O0OTaTMMOCTH IS
Ka)XJI0TO KJIacca KpymHocTH 1o (opmyae (1):

_ 100 - Yn Vr
Pso’ (Vu+ V) +50(¥, —v.)

I ()]
rme:

Psp— TPUHATAS TUIOTHOCTH pasfesieHus, KI/M>;

¥, X 9,, — BBIXOJ B TIPOIIEHTaX CMEXHBIX (PpakIHil ¢ IUIOT-
HOCTBIO, MCHBINEH W OONBIIeH IUIOTHOCTH pa3[elieHus Ha
100 xr/m>.

PesyabTarhl 1 00cyxk1eHue

Uccnenyemas mpoba pyabl ObUTa MOABEprHYTa MpoOopas-
Jenke, pyaa apoodminack 10 KpymHOCTH 50 MM, IepeMelnBa-
Jachk M OTOMpPAINCh MPECTaBUTEIbHBIC TIPOOBI HA BCE BHUJIBI
TIPOBOIMMBIX HCCIICIOBAHUN

Xumuuecxkuii cocmag. Pe3ynbrarbl XUMHUUECKOTO M aTOM-
HO-3MHCCHOHHOTO  TTOJYKOJIMYECTBEHHOTO  CIEKTPAIbHOTO
aHaJM3a CBHIETENIBCTBYIOT, YTO B Py OCHOBHBIM MPOMBIIII-
JICHHBIM METAJIOM sIBJIsIeTcs skene3o — 35,08%. (tabm. 1, 2).
ConepxaHne BpeOHBIX TpuUMeceil B Buae cepsl u (ocdopa
He3HaunTeNbHEL. [locaeHee OTHOCHTCS M K IBETHBIM METall-

JIaM: MeJii, INHKY, cBUHITY. CoziepaKaHue JIETUPYIOMNX MeTall-
noB coctanisiet: Hukens 0,0025%, kooansra 0,001%, TuTana
0,01% u Banamus 0,001% (tadm. 1, 2).

Mumnepanozuueckuii cocmag. Ilo cocraBy u Xapakrepy
pacrpeneneHus pyrnoo0pasy X MUHEPAIIOB JKENE30PyAHOE
MECTOPOXKICHHE MOXHO OTHECTH K OKHCHOW KPEMHHCTO-Kap-
OOHATHO-XKETIEe30PYIHOH (POpPMAITHH.

Pyna npencraBieHa TOHKOIUCIIEPCHBIM TEMaTUTOM B acco-
IIUALIH C XJIOPUTOM, KBAPLIEM 1 KaJIbIIUTOM, C BKPAIUIEHHOCTh
METaKpHUCTAJUIOB MarHeTUTa, puc. 1.

Puc. 1. BoccTaHoB/IeHHe reMaTUTa, PeJIMKTHI KOTOPOI0
Ha0/ro1a0Tcs B MarHeture (0eJsioe), 10 MarHeTUTA,
a 3aTeM YacTHYHOe 3aMellleHHe MarreMuTom, yB. 160,
1 neaenue = 0,007 mm.

Cyper 1. Pesiukrepi MaraeTurTe (aK) 0aiiKajJaTbIH
reMaTUTTiH MarHeTHTKe JeifiH TOTBIKCHI3AAHYBI, COaH
KelliH MarreMuTneH iuriHapa aaMacTsIpy, YiF. 160,

1 6eaim = 0,007 MmMm.

Figure 1. Reduction of hematite, relics of which are
observed in magnetite (white), to magnetite, and then
partial substitution with maghemite, he. 160, 1 division =
0.007 mm.

OCHOBHBIE pyJHbIE MHHEPAJIBI N0 JAHHBIM peHreHo(]azo-
BOTO aHAJIM3a MPEICTABICHBI TeMaTUTOM, MarHETUTOM, CHJIE-

PHUTOM, MarreMMTOM, HEPYAHbIE — KBapIl, KAJIBINT, XJIOPHT.

Taonuya 1

Xumuueckuii cocmae ucxoonoii pyovt

Kecme 1

Bacmankpl KeHHIH XUMUSTbIK KYPaAMbL

Table 1

Chemical composition of the original ore

DnemMeHT Conepxanue, % DnemMeHT Conepxanue, %
Keneso, Fe 35,08 Kanbiuii, Ca 7,97
Mapranen, Mn 1,41 Marnwuii, Mg 0,3
Cepa, S,;, 0,08 Csunen, Pb 0,016
Docdop, P 0,015 Mens, Cu 0,008
Kpemuutii, Si0, 16,31 Luuk, Zn 0,022
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Taobnuya 2
Pe3ynomamul cnekmpanvnozo ananuza npoodsl UCXo0OHOI pyObl
Kecme 2
Bbacmankp ken coitnamacelnvlly cheKmpaik maadayvlHolH, Homudicenepi
Table 2
Results of spectral analysis of the original ore sample
Konnenrt- Konnenrt- Konnenrt- Konnenrt-
DneMeHT DneMeHT DaeMeHT DaeMeHT
panwus, % panus, % panus, % panus, %
Li <0,002 Y <0,001 Pd <0,0002 Yb <0,0001
Os < 0,001 Au <0,0002 Ir <0,002 Ge 0,0002
Ag 0,00002 Ba 0,02 | 4 0,001 Ti 0,01
Bi <0,0002 Be 0,0001 Rh <0,0005 Zr 0,001
Mn 1 Ga 0,0005 Ru <0,001 Sr <0,01
w <0,002 Al 0,5 Pt < 0,001 Cd <0,0005
Cu 0,003 Si >1,0 As <0,01 In < 0,0005
Zn 0,01 Fe >> 1,0 Sn 0,0002 Ta <0,0005
Pb 0,002 K <10 Cr 0,001 Te < 0,003
Co 0,001 Na 0,1 La 0,002 Hg < 0,003
Ni 0,0025 Mg 0,2 Ce 0,005 Ta <0,01
Nb < 0,001 Ca 0,5 Mo 0,0007 Re <0,0003

Pyna xapaxrepusyercs 4pe3BbIYAIHO-MEIKHMH, pa3Me-
pom ot 0,006 MM 10 TOHKOJIMCIIEPCHBIX 3€pHAMH I'eMaTUTa,
o0pa3yromux cpacTaHus ¢ KBaplem 1 Kaiasiurom. Ha ¢one
9TOH TOHKOJUCIIEPCHOW KPEMHHUCTO-TE€MaTHUTOBOM MaccChl
HaOJI01aeTCsl BKPAIUNIEHHOCTh METAKPUCTAINIOB MarHeTHTA
pasmepom 110 1,5 mm. IIponcxonuT BoccTaHOBIGHNE TeMa-
THTa O MarHeTHTa, a 3aTeM YaCTHYHOE 3aMEIIeHNEe Marre-
MUTOM. B HEKOTOpBIX MeTazepHax MarHeTuTa HaOIrogaeT-
Csl TIepexojl MarHeTUTa B MapTHUT, CTENEHb MAPTUTHU3ALNU
HEOJMHAKOBA, HEPEIKO 3HAYNTENbHAs YacTh MarHeTHTa
MOJHOCTBIO WJIM YaCTHYHO 3aMeEIleHa TeMaTHTOM, JIN0O
TOHYAHIINE TaOJMYKH FeMaTUTa IPOHNKAIOT B MAarHETHUT 110
TPEIINHKAM.

W3 npakTuky o0oramieHus aHaJIOTHYHBIX JKeJIe30CoeprKa-
IHX Py, JKeIe30CoAeprKallie MUHEPAIbl U3BJICKAIOT TPABH-
TAI[MOHHBIMH ITPOIIECCaMHU.

Ipanynomempuueckuii cocmag pyowi. Pe3ynsraTtsl CHTO-
BOTO aHAJIM3a C PacIpeesICHNEeM JKelle3a Mo KJIaccaM KPYIHO-
CTH TIPUBEACHBI HA puC. 2.

Pyna xapakrepusyercss paBHOMEPHBIM paclpe/eieHuEeM
KJIACCOB KPYITHOCTH, YTO XapaKTEPHO pyaaM C KaTeropueu
CpenHel KPenoCTH.

ConepxaHue >kenesa B Kiaccax KpymHocTH oT 50 1o
0,63 MM IPUMEPHO Ha OIHOM YPOBHE U Bapbupyercs ot 34,5%
10 40%. U3BieueHue xeine3a npornopLroHalIbHO BbIXOAAM.

OCHOBHOE KOJIMYECTBO >K€I€3a H3BJIEKAECTCA B CyMMap-
HBII KJacc KpynHOCTbIO -50+2,5 MM 1 coctaBuiio 94%, 4ro
07aronpusATHO Ui MCIIOJNB30BaHUS T'PAaBUTALMOHHBIX TIPO-
LIECCOB.

Texnonozuueckue ceéoticmea pyosvt. OnpeaereHie rpaBy-
TAI[MOHHOW 000TaTUMOCTH M TEXHOJIOTHYECKHUX yCIOBUH 000-
TalieHus OCYIIECTBIIOCH (PPAKINOHHBIM aHATH30M.

OpaKkIMOHHBIA aHAIHW3 MPOBOAMJICS Ha MAIIMHHBIX KJIAC-
cax kpynHoctH -50+10 MM u -0+2,5 MM nipeiBapUTEIbHO OT-
MBITBIX OT TIMHUCTHIX (ppaknuii. BrIOOp ATHX KIaccoB ompe-
JIeJsIeTCsl TEM, UTO B HUX COCPEAOTOUEHO ~ 94% sxenesa.

CyMMapHEBIl BEIXO/, YACTHBIC COMCPAKAHIA 1
nssiaeucHns Fe, %

0 5

—&— CyMMapHBIi BRIXOI, %

10 15 20 25 30 35 40 45 50
KpymHOCTB, MM

——UacTHoe conepxanne Fe, %

—- YacTHoe n3Bnegenne Fe, %

Puc. 2. Pe3yabTaThbl CHTOBBIX aHAJIU30B €
pacnpejejeHleM COAepPKaHMs U U3BJIeUeHHUs Kesie3a Mo
KJ1accaM KPYIHOCTH.

Cyper 2. YJakeHAIK KIacTapbl 00HbIHIIA TeMipaiH
KYpPaMbl MeH 06.1il aJIbIHYBIHBIH TAPAJIYybIMeH eJIeyilTik
TaJI/1ayJJapbIHbIH HITH KeIepi.

Figure 2. Results of sieve analyses with distribution of
iron content and extraction by size classes.
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Ha ocHoBannn maHHBIX 0 Macce (paxiwii U comep KaHuN
3JIEMEHTOB COCTABILUINCH TAONUIB (PPAKIIHOHHOTO COCTaBa,
10 KOTOPBIM CTPOMIIMCH KPUBBIE 000TaTUMOCTH ISl KasKAOTO
KJ1acca KpymHOCTH. 110 3THM KpHBBIM HaxoqHJIach INIOTHOCTD
paszenieHns, COOTBETCTBYIOIIAs TPeOyeMOMYy COIEpKAHHIO
METAJUIOB B TSOKEIIOH (hPaKIHH.

KpuBble 000raTmMocCTH, MOCTPOCHHBIE IS MAIIMHHBIX
KJIACCOB, IPUBECHBI HA pHUC. 3.

Kpusas niotHocTH, K/}

3600 3400 3200 3000 2800 2600
100

920

80

3
Brxon noronyemeit gppaku, %

3
g
@

0 10 20 30 40 50 60 70 80

“oneprxante Fe, % mac
C Fes¥

—8—Kpusas BersiBmedi gpaxim,%  ——Kpusas notonysmeii dpaxim, %

8- Kpupas 57eMeHTapHoii dypaxim, % —&— KpHpas mIoTHoCTH, KT/M3
Puc. 3. KpuBble rpaBUTAIIMOHHOI 000raTUMOCTH
MaIIMHHOrO KJjacca -50+10 mm.
Cypert 3. -50+10 MM MamiMHA KJIACHIHBIH
rPABUTALMSIBIK 0albITY KHCBIKTAPBI.
Figure 3. Gravity enrichment curves for machine class
-50+10 mm.

KpuBas II0THOCTH, KI/M®

4000 3800 3600 3400 3200 3000 2800 2600
100

90

80

bpak, %
w
]

BEIXOZ BCIUIBIBIL
/
Berxon noronysmeii gppakin, %

0 10 20 30 10 50 60 S0 80

Conepaxanne Fe, % mac

—@- KpHBas BCIUILIBINEH dpakimi, %  —@—KpHBag NoTOHYBIIEl ¢ pakim, %

- Kpinas s 1eMeHTapHoil (pasinin, % —4— Kpimsas I0THOCTH, Ki/M3

Puc. 4. Kpusbie rpaBUTAIMOHHOIT 000raTUMOCTH
MAIIMHHOTO Kjaacca -10+2,5 mm.
Cyper 4. -10+2,5 MM MallIiHA KJIaCbIHBIH
TPABUTALUSUIBIK 0alibITy KUCBIKTAPBI.
Figure 4. Gravity enrichment curves for machine class
-10+2,5 mm.

Buz kpuBO IOTHOCTH pa3feneHus B MUHTepBaJle IIIOTHOCTEH
3000-3400 kr/mM* UMeeT KpyTOi yroy HAKJIOHA, YTO CBHICTEIb-
CTBYET O HATMYMH OOJIBILIOT0 KOJIMYECTBA IPOMEKYTOUHBIX (Dpak-
il ¢ copep:xanueM xenes3a ot 45 1o 50%. Bun kpusoit mwior-
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KpuBasi mioTHoctn, Kr/m?

3600 3400 3200 3000 2800 2600
100
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0 10 20 30 40 50 60 70 80

Conepixanne Fe, % mac

~8—Kpisas Bensmed Gppaxiim, %  —— Kpisas notonysmeii hpaxim, %

~8-Kpiast oeMeHTapHOil ypakis, % —A— Kpias IIOTHOCTI, KT/

Puc. 5. KpuBble rpaBUTAllHOHHOI 000raTUMOCTH
MAILIMHHOIO KJacca -2,5+0,0 mm.
Cyper 5. -2,5+0,0 MM MalIMHA KJIACHIHBIH
rPABUTALUSIBIK 0alibITY KHCBIKTaphI.
Figure 5. Gravity enrichment curves for machine class
-2,5+0,0 mm.

HOCTH pasfiefiecHus B MHTepBaie iotHoctert 34004000 xr/m?
MMEET OTHOCHTEIIbHO HEKPYTOM yrojl HakJIOHA, 3TO TOBOPUT
0 HAJIMYKMU HEOOJIBIIIOTO KOJINYECTBA MPOMEKYTOUHBIX (hpaKIUit
¢ cozep:kaHueM jxene3a oT 52 10 55%, 4To CBUICTENBCTBYET
0 JIETKOW TPaBUTAIIMOHHON 000TaTHMOCTH PYIIbI 110 BBIICIICHHIO
TSDKEJION (pakImy ¢ cofeprkanneM xenesa oomnee 60%. ['paBuTa-
IIHOHHAsT 000raTUMOCTb PYIbI TI0 BBIICICHUIO JICTKON (hpaKiuu
¢ coneprkanueM xenesa He 6omnee 10%, nerkasi.

B Tabnuue 3 npuBeseH TeopeTHYECKH OalaHC METalIoB
NIPU pa3/ieIeHMH MAaIlMHHBIX KJIACCOB KPYITHOCTH I10 TJIOTHO-
ctu 4000 u 3500 kr/n>.

Pe3ysbTarhl pa3ieicHUs MAIIUHHBIX KJIACCOB KPYIMHOCTH
B HJICAIBHBIX YCIIOBHUSIX MOKa3aJId BO3MOXXHOCTb IMOJYUCHHMS
TSOKEJIBIX KOHIIGHTPATHBIX (paKiUii M3 BCEX CYMMapHBIX
KJIACCOB KPYIHOCTH MPH CYMMHPOBAHUN MAITUHHBIX KJIACCOB
-50+0,5 MM, momy4aemble TTOKa3aTeau COCTABUIIH:

- no naomnocmu 4000 ke/m? — obwuil 66IXx00 madiCceNol
@parxyuu 23,78% c codepacanuem xnceneza 62,88% npu uzene-
uenuu dsceneza 42,25%;

- no naomnocmu 3500 ke/m? — obwuil 661x00 msadicenol
@parxyuu 38,54% c codepacanuem xnceneza 57,78% npu uzene-
ueHuu sceneza 63,47%.

B tabnuiie 4 npuBeeHbI pe3ysIbTaThl pacueTa HHIEeKCa rpa-
BUTALMOHHOM 000raTMMOCTH JIsl TJIOTHOCTEH pasiesieHus
3800, 3600 u 3400 xr/m>.

AOCOIIOTHBIC BEJTMYMHBI MHJCKCOB I'PaBUTAIIMOHHON 000-
raTUMOCTH JUIsl BCEX KJIACCOB KPYMHOCTH IMOKAa3bIBAIOT, YTO
rpaBUTAIIMOHHAsT 00OTaTUMOCTh JJIsl BCEX HCCIIEI0BAHHBIX
KJIaCCOB KPYIHOCTH JIerKasi, Tabnuua 5.

[Tony4yeHHbIe TIOKa3aTesl WHIEKCOB TPaBUTAIIMOHHON 000-
raTUMOCTH IO3BOJISIIOT OTHECTH MAIIMHHBIC KJIACCHI KPYITHO-
cthi0 -50+10 MM, -10+2,5 MM 1 -2,5+0,5 MM K KaTeropuu JeTKO-
000raTHUMBIX M ISl X OOOTAICHUST PEKOMEH TYETCSI MCTIOJB30-
BaTh MPOIIECC OTCAIKH, T. K. OJyYEeHHE TUNIOTHOCTH pa3/eieHHs
3500 kr/m® u 6oJee BOBMOXKHO JOCTHYD B MPOMBIIIICHHOCTH
TOJIBKO TIPH O0OTAIIIEHUH B OTcaouHOM MammuHe [11, 12].
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Taobnuya 3
Teopemuueckuii 6ananc Memanos, ROJAYYEHHbLI RO PE3YTbMAMAM QPAKUUOHHOZ0 aHanu3a
Kecme 3
Dpakyusanvlk manoay Homudiceaepi GOUbIHULA ATbIHZAN MEMAn0apoblyy MeoPUALbIK 0aNaAHChl
Table 3
Theoretical metal balance obtained from fractional analysis results
Harmeroparme Brxox, % Coa;sjif)ZHne I/I31;J?1ee’qoe/oﬂne Brxox, % COﬂ;EﬁZHHe I/I312‘12q;nne
MPOIyKTa
[TnotHOCTH pazaenenus 4000 kr/m? [TnotHocTh pazaenenus 3500 kr/m?
T. ¢p. -50+10 18,66 62,15 33,05 31,07 57,36 50,79
T. dp. -10+2,5 3,91 63,05 7,03 5,80 59,50 9,84
T. dp. -2,5+0,5 1,21 62,88 2,17 1,67 59,72 2,84
CymmapHo . ¢p. 23,78 62,34 42,25 38,54 57,78 63,47
-50+2,5 mMm
JL. dp. -50+10 59,83 26,01 4435 47,42 19,69 26,61
JI. ¢p. 10+2,5 10,87 30,38 9,41 8,98 25,79 6,60
JL. ¢p. -2,5+0,5 2,82 25,00 2,01 2,36 19,85 1,34
CymmapHo 1. §p. 73,52 26,62 55,77 58,76 20,63 34,55
-50+2,5 mm
Ortces -0,5+0 2,70 25,79 1,98 2,70 25,79 1,98
Pyna 100,00 35,09 100,00 100 35,09 100,00

*npumeuanue: m. Qp. — madxcenas Qpaxyus NIOMHOCMbIO Oolee NIOMHOCIMU Pa30elenust; 1. (p. — 1eeKkas Qpakyus niomHo-
CcMblo MeHee NIOMHOCMU Pa30eNeHs

Taonuya 4
Hnoexcol 2pasumayuonHnoll 0602amumocmu 01s 6cex UCC1e006AHHBIX KAACCO8 KPYRHOCHU
Kecme 4
Bapnuvik 3epmmenemin o1uiem Kaacmapul yulin ayvipislk 2pasumayuaivlK daivimy uHoexcmepi
Table 4
Gravity enrichment indices for all studied size classes
WHaeke TpaBUTAIMOHHON 000TaTUMOCTH
[T1oTHOCTP pa3meneHus,
v Kraccrr kpymHOCTH, MM
-50+10 -10+2,5 -2,5+0,5
3800 0,066 0,053 0,027
3600 0,084 0,084 0,083
3400 0,089 0,119 0,118
Taonuya 5
Hlkana ons oyenku 0602amumocmu noae3HbIX UCKONAEMBIX ZPDAGUMAUUOHHBIMU MEMOOAMU
Kecme 5
Tpasumayuanvix 20icmepmen naiidanvl Kazoanapoviy 6ALIMBLIYLIH 0A2ANAY WIKATACHL
Table 5

Scale for assessing the enrichability of minerals by gravity methods

Mupekc oboraruMocT O0oraruMocTh PeKOMeHIyeMBIC TPABHTAHOHHEIE
MIPOIIECChI
menee 0,10 JIeTKast Orcajxka, TSKeNble CyCIeH3uU
0,10-0,20 cpenHsis Orcajxka, TSKENbIe CyCIIeH3UU
0,20-0,30 TpyaHas Tspxensle CycIeH3uN
Bonee 0,30 OYEHb TPYAHAS Tspxensle cycreH3uu
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3akin04ueHue

Ha ocHoBaHNM pe3ynbTaToB MCCIIEOBaHWN TPaBUTALMOH-
HOM 00O0TaTUMOCTH KEIe30COACPKAMICH PYIbl MECTOPOXKIC-
Hust AntsiH-11Ioko ycTaHOBIEHO clieayrouiee.

1. Yemanoeneno, umo ocHOGHbIM NONE3HBIM KOMNOHEHMOM
uccnredyemou pyobl A6IAencs HCeie30, Ymo onpeoensien mex-
HONO2UHECKYIO HANPABIEHHOCHb NPOYECco8 ee nepepadomyu.

2. I1o oanmnvim penmeenodazo6020 ananusa 6bla61eHO, YMo
Jicene3o 8 pyoe npeocmasieHo NpeumyuecmeeHHo 2emamu-
oM, OMHOCAUWUMCS K CLADOMASHUMHBIM MUHEPANAM, d MAK-
Jice 6 NOOYUHEHHBIX KOAUYECTNBAX MASHEMUMOM, CUOEPUMOM
u mazeemumonm. Ilopodoobpa3zyrouue murepanvl npedcmas-
JIeHbl K8apyem, KalbYumom U Xiopumom. Yxasanuvli mune-
panocuyeckuti cocmag o00YCio8IUAen  Yeneco0OPaA3HOCb
NPUMEHEHUs 2PABUMAYUOHHBIX Memo008 0002aujenus npu
nepepabomie OAHHOU pyobl.

3. Pe3ynomamul cumo6oeo ananusza noKa3aiu pagHomMepHoe
pacnpeodenenue diceneza no kiaccam Kpynuocmu. OcHosHasl
odona owceneza (94%) cocpedomouena 6 cymmapuom Kiacce
kpynnocmu -50+2,5 mm, umo coomeemcmeyem onmumManibHo-

MYy OUAnazony KpYRHOCIU 05l peanu3ayuil epasumayuOHHbIX
npoyeccos 0602auyeHus.

4. Ha ocnosanuu aHaiusa Kpugwlx epasumayioHHoll 06oea-
MUMOCTU MAWUHHBIX KAACCO8 YCIMAHOBIEHO, UMo 0002amu-
MOcmb ucciedyemoul pyobl N0 NPUSHAKY 6bLOEEHUS ANCETbIX
@paxyuii ¢ maccoeoti donetl Jcenesa boree 55% omnocumcs
K Kamezopuu nezkoil. Tpebyemas nIOMHOCIb pasoeneHus npu
amom cocmagngem 3400-3500 ke/m?.

5. Iokazawno, umo docmudicenue nIoMmHOCmuU pasoeie-
Hus 3400-3500 ke/m* u 8viuie 8 NPOMbIUIEHHBIX YCI08U-
AX BO3MOINCHO NPEUMYUeCTN8EHHO NP NPUMEHEeHUlU Npo-
yecca omcaoku. B ceazu ¢ smum omcaoxka mooscem Obimb
PeKoMeH008ana 8 Kauecmee 6306020 2paASUMAYUOHHO20
mMemooa obozauwjeHus ucciedyemol xceinesocooepaicauyell

PyObi.

BaarogapHoctb

Aemopbl  gvipadicalom npuUIHAMENbLHOCbL 34 NOMOULb
Konnezam u a100AMm, ueil 6Ka1a0 ¢ OAHHYI0 padony HOCUI YU-
CMO mexHu4ecKuii xapakmep.
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