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HCC/TEAOBAHHE BOSMO>XHOCTH OTPABOTKH
TEXHOIEHHBIX OTBA/IOB POCCBHIITHOH
30/10TOAOBbIYH METOAAMH PY/THOH>

TEXHO/IOI'H

Ob6ocHoBaHa BOSMOXHOCTb HCIIO/IB30BaHHA METOAOB «PYAHOF TeXHO/JIOTHH» 17 H3B/e-
YeHHS 30/10Ta H3 TEXHOIeHHBIX OTBa/IOB H H/IOBO-I/THHHCTBIX QDpaKLIHF XBOCTOXPAHH/THLI
npH paspabotke pocchirieH. [ IpHBeseHbl SKCriepHMeHTa/IbHbIe AaHHbIe 110 IoTaLIHH,
aruTaLOHHOMY LIHAHHPOBAHHIO H KYYHOMY BBIIIE/IaYHBaHHIO OTXOAOB POCCHITHOH 30-

/ZIOTOAOOBIYH.

KrroueBbie cr10Ba: 3o70TOCOAEpMKAIINE POCCHITH, TEXHOTCHHbIe OTBa/lbl, (D/IOTALIHA,

rpaBHTaLlIHA, KYYHOE Bblllle/1aq9HBaHHe

H e06X0AUMOCTb BOB/IeUeHUA B
ITPOMBIIIZICHHYIO [1epepaboTKy
TeXHOTeHHBIX MEeCTOPOXKICHUM pPasHO-
06pa3HOro MHHepanbHOTO ChIpbs C Lie-
b0 IOM3B/ICUEHHs TTOTePSHHBIX LIeH-
HBIX KOMIIOHEHTOB, BhbIIB/IeHa /s
OO/BIIMHCTBA M3YUeHHBIX W H3ydaeMbIX
06berToB. Ocoboe MecTo 3aHHMAalOT
TaK Ha3blBaeMble TexXHOIeHHble MeCTO-
POXKAEHUST WM TexHOreHHble o6paso-
BaHHA, TMO/YYaeMble TPU MPOMBIII/ICH-
HOM 3Kcriyataudy — pocchined.  [lo
oueHke BeneBonsckoro B.M. [1], mpo-
THO3HBIE PEeCYpPCHl 30/10Ta B TEXHOreH-
HBIX POCCHIMHBIX OOPA30BAHUSX COCTAB-
nsot 5022 1. [Ina BoBreyeHus 3THX 3a-
MacoB B 3KCI/IYATALMIO HeOoOXOAMMO
COBepIlIeHCTBOBaH1e [IPYMEHSIEeMBIX
CIIOCOBOB U TEXHO/OTMH Pa3paboTKU U
A0OBIUM 30/I0TOCOACPKALIMX [1eCKOB U
co3daHre HOBBIX 3(P(PEKTUBHBIX MeETO-
I0OB M3B/IEUEHHS LIGHHBIX KOMIIOHEHTOB
BCex K/1aCCOB KPYIMHOCTH [2].

MHorue crapaTenbCKue apTeny OT-
KPbITOH M aApaXkHOW cucteM oTpabo-
TOK IIPOBOAAT MOBTOPHYIO W Ooree
rnepepaboTKy rane-apenbHbIX OTBa-

710B, W3bICKMBAIOT IYTU W Harlpas/e-
HUS COBEPIIEHCTBOBAHUA TeXHUKH U
TexHonorun oboraimenus. Ocoboe
MECTO B TEXHOTEeHHBIX MeCTOpOXKiae-
HUSX 3aHUMAIOT [7IMHO- U W/IOOTCTOM-
HUKHM U XBOCTOXPAHHW/MIIA, T.e obpa-
30BaHUsA, CcoAepiKallre IIOBbIIeHHOe
KO/IMUECTBO HW/IOBO-T/IMHUCTBIX (ppak-
UMW C TperMYLIeCTBeHHON KPYIIHO-
cteio yactuun —0,5 MMm. 3onortoHoc-
HOCTb  W/IOBO-T/IMHUCTBIX  (ppakLuit
M3ydyeHa HeaAOCTaTOYHO MOo/HO. B To
ke BpeMs OO/bUIMHCTBO POCCHITHBIX
MecTopoxaeHuit XabGapOBCKOTO Kpas
OT/IMYaeT T[IOBbIIIGHHAs [/IMHHUCTOCTD,
yToO MMPHUBOANT K H€O6XO£[I/IMOCTI/I
BK/IIOUEHUS IOTIO/THUTENBHOIO (DPOH-
Ta [e3WHTerpaluvy W HCII0/Ib30BaHHs
[TOBBIIIEHHOTO  KO/MMYEeCTBa CBexkew
Boabl. /10 ¥ rIMHOOTCTOMHUKYK 3aHU-
MalOT 3Ha4UHWTe/IbHbIe II/IoIadAru U C1y-
XKaT AOITO/THHUTEe/ITbHBIM HNCTOYHHUKOM
3KO/IOTUUYECKHUX MIPOO/IeM.
CucremaTnyeckux paboT IO OIpo-
OOBaHUIO T/IMH W WIOB W OLIGHKE HX
TEXHO/IOTMYECKHX CBOMCTB He IMPOBOAU-
nock. EcTh oTaenvHble AaHHBIC, Xa-
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Tabmua 1

Pesyabrarsl H3B/IeYeHHs 30/10Ta H3 HAOBO-ITHHHCTOH (DpaKuHH pasaHIHbIMH
MeTogaMH oboralueHHs

HaumeHnoBaHue Bbixoa, % CoanepixaHue 30- Pacnpenenenne |MeTon oGoraiue-
MPOAYKTOB norta, r/T; Mr/n 3sonora, % HHHA, pacxoa pea-
reHToB, I/T
DroTarHoHHOe oboraiieHHe Yy/IbITbl HIOBO-I/IHHHCTON (DPaKLIFH
KonuenTpar 7,52 39,5 94,41 PH-9,5-10
XBOCTHI Gr1OTaLIMM 92,48 0,19 5,59 Na251013—500
U 1 1 1 B ke-1-250
Toro dp1oTaLMs 00,00 3,15 00,00 MMBK2 —20
T-80 — 40
Arurarrmionroe rinarrposarve — 10 yacos, T:XK = 1:3
Au-con. pacTBop 0.5 545.68 91.25 T:2K=1:3
Kex 99,5 0,26 8.75 Cen=0.1%
Bpems-24 u
Hroro 100,00 2,99 100.00
LIMaHUPOBaHUE
Pearertras o6pabotka — KOHLIeHTpallkA Ha ctoe (HaBecka- 10kr)
A ronoBka 0,020 10294,8 56,41 PH=10,0
KoHtiexTpar 0,097 1466,1 38,96 BHa" 5%” T60
XsocTs! 99,883 0,17 4,63 pery oP
Hrtoro Has. 100,0 3,65 100,0
Kyurioe Bbliies1aurBaHHe rpaHyIHPOBaHHOIO MaTepHala
Awu pacTtBOp 2,38° 115,63 90,23
Kexk (rpanyrisr) 97,62 0,31 9,77 Bpewmsa —24 cyr.
Hroro Has. 100,00 3,05 100,00
T B-Kc-T —6YTH/IOBBIM KCAHTOreHaT Ka/us
* 30110TO, OfpeaeneHHoe B pacTBOPE OTHECEHO K TBepaoit dase.
2 MMBK — MetnmaoByTiikapGuHOn

XapaKTepuayiolllhe Ha/Mure OT TepBbIX
rPaMMOB Ha TOHHY 30/10Ta [0 Ypara-
HbIX coaepxaHuil. KaoBo-ravHUCTBIC
dpakid MOXKHO pacCMaTpHBaTh Kak
OTAe/bHbIN, HeTPaAVLIMOHHBIM BUA MU-
HePa/IbHOTO CHIPbS B KOTOPOM O0/Ibliast
YacTb LIGHHBIX KOMIIOHEHTOB IOATOTOB-
fleHa K TMpolieccaM OOOralleHUsi U XU-
MMKO-METa/I/Typruuyeckoit TepepaboTKH.
3HauuTebHbI 0ObeM MCCAe0BaHUM B
TOM UMC/IE W TeXHO/IOTMYECKOro Xapak-
Tepa BoinoriHeH /IBMIMCom no 3akasam
[MPOM3BOACTBEHHBIX OpraHusaLmi [3].
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OGBbekToM UCCeIOBaHUM  ABASTUCH
W/IOBO-T/IMHUCTBIE (PPaKLIMK OAHOTO U3
POCCBITMHBIX MeCTOPOXKAeHHN Xabapos-
CKOTO Kpas.

OcHoBHas LieneBas 3agaua — 060c-
HOBaTh BO3MOKHOCTb MCIIO/Ib30BaHUS
METOIOB «PYAHOM TEXHO/IOTUM» A W3-
B/ICUEHHsl 30/10Ta U3 TeXHOTeHHBIX OTBa-
7IOB U WIOBO-T/IMHHUCTBHIX (PPAaKLIUI XBO-
CTOXPaHW/IMII MPU pPa3paboTKe POCChI-
rem.

B wunoBo-ravHMUCTYIO hpakLMio BO-
/T BCE W/IbI, TIO/YYEHHBIE TP /1e3UH-



TerpalLMi ¥ OTMBIBKE KPYITHBIX K/IaCCOB
MPOOGHI.

Hapsiay ¢ rpaBUTallMOHHBIM OGOTa-
IeHWeM TY/bITY WIOBO-T/IMHUCTOM ppakK-
LMK ToABepr/iv ¢/IOTalMK, arkTaLMOH-
HOMY LIMAHUPOBAHHIO M KYYHOMY Bhlllle-
mauvBaHuio. /1A OCYIIECTBAGHUS Kyd-
HOTO BbIllIe/TaYMBAHUSA T/IMHUCTBHINA MaTe-
pyan MOABEPrHYT OKOMKOBAHUIO C O-
6GaBKaMU M3BeCTU U lieMeHTa. [ lonyuen-
Hble TpaHy/bl pasmepoMm 10 MM oporia-
mu  pactBopoM, coaepxammm 0,1 %
LiMaHvcToro Hatpus npu pH 9,5—10,
cosaaBaeMor usBecThio B TeueHre 30
aHert. PactBop, npoeaiyii yepes rpa-
HY/IbI  €XKelHeBHO T[IOAKPeIVIsi/iA A0
0,1 % mo uMaH-WoHaM U BO3BpAlla/iv B
npotecc. [lo 3aBepiiieHyio oribita rpa-
HY/IbI T1OC/Ie TIPOMBIBKH M 00e3BpeKrBa-
HUf W PacTBOPbI TMOABEPI/IM XUMHUe-
CKOMY OIIpesie/leHUI0 OCTATOYHOIO CO-
fepXaHys 30710Ta. Pesyrisrathl KYUHOTO
BblllIe/IauHBaHHs IPaHY/IMPOBAHHOTO
MaTepuasia IpvBeseHsl B Taba. 1, Tam
JKe TpvBeseHbl peaynbTathl 110 drIoTa-
LMY W arvTaLlMOHHOMY LIMAHWUPOBAHMIO
H/IOBO-T/IMHUCTOM (PPaKLIMU.

AHanusupys gaHHble Taba.1, BUAHO,
YTO MaTrepHras W/IOBO-T/TMHUCTON (ppak-
LMK A0CTAaTOUHO 3PPEeKTUBHO obora-
I[aeTCs MeTOAaMH TPaBUTALIMHM M XHUMU-
KO-MeTa/lypryuiecKor nepepaboTKH.
ConepxaHre 30/10Ta B H/IOBO-T/TUHUC-
TOM (ppakLrK Konebasioch 0 OrlbITaM
ot 2,99 no 3,65 r/t. I'lorepu 30nota ¢
XBOCTaMM LIMAHUPOBAHUSA U KYYHOTO
Bhlllle/iaurBaHus He npebimaioT 10 %,
YTO CBM/ETE/ILCTBYET O BBICOKHX TEXHO-
MIOTUUECKHX CBOMCTBAxX /aHHOTO MaTe-
puana. Bmecte ¢ TeM, HeKOTOpoe Ko/u-
YeCTBO TpaHyn IpYU OPOLICHHWH MarTe-
pyasia Kyd IIe/IOYHBIM LIMAaHUACOAeP-
KalllMM PacTBOpPOM paspyumuaock. Co-
[IOCTAaBUMOCTb AaHHBIX O M3B/ICYEHUIO
30/10Ta B PacTBOP IPY arTaLOHHOM 1
KYJHOM LIMaHHPOBAaHUM CBUICTE/TbCTBY-
eT O TOM, UTO 30/I0TO MPEUMYIIeCTBeHHO
HaxXOWTCS B PACKPbITOM COCTOSIHUU U

MOXKeT ObITh 3PPEKTUBHO H3B/ICUEHO.
PesynbraTtel drotalmoHHoro o6oraiie-
HUs TaKKe [OATBEPXKIAAIOT 3TOT BBIBOA.
ProtalmioHHoe oboraiieHre IPOXOAH-
0 1pyu OO/bIIOM pa3baB/IeHHH ITY/IbIIb]
(T:2K=1:7), uto mnpuBener K yBenuue-
Huto poHTa diotaumu. [lonydeHHbIM
1IOTALIMOHHBIN KOHLIEHTPAT He OTBeya-
eT KOHMIIMSAM Ha 30/10TOCOoAepKallre
KOHIIGHTpaThl M TpebyeT aasbHemIero
oboramenusi. Mcxons v3 Bbllie M310-
JKeHHOTro, mnpotecc QIoTalMy /1 Tie-
PepaboTKU AaHHOTO H/IOBO-T/IMHUCTOTO
MaTepHasia He PeKOMEeHAYeTCs.

[pennaraemas TeXHO/IOT4YecKas
cxeMa repepaboTKu rnepepaboTKU rase-
adpennbHBIX  OTBAZIOB Mpe/CTaB/eHa Ha
puc. 1.

CymMMapHOe u3B/eUeHre 30710Ta B
PacTBOp U TpPaBUTALIMOHHBINM KOHLICH-
TpaT cocraBurio 65,58 %. Tlotepu 30-
0Ta C XBOCTaMM ODOrallleHHsl COCTaB-
asot 34,42

OcHOBHOE KO/MYECTBO 30710Ta COCpe-
[IOTOYEHO B W/IOBO-T/IMHHCTOM (PPaKLIMH,
YTO TPUBOAUT K HEOGXOAMMOCTH TIIa-
Te/IbHOW /1e3VHTerpallvii MecKOBOrO Ma-
Tepuasa. YCTaHOB/IEHO, YTO W3B/IeUeH-
HBIM U3 KPYITHBIX K/IaCCOB MeTallll B [1ev-
CTBUTE/TBHOCTH TpeCTaBasieT cCoOoM yac-
THMLIbI, BbIZE/IGHHbIE T[IPH Pa3MOKAHHH
[7IMHHCTBIX KYCKOB Y OB/IOMKOB.

SrekTpOMarH1THasi ppakLMs Tro/I0B-
KU ¥ KoHlleHTpara Ha 80-85 % cocrour
n3 unbMeduta U 15-20 % — rematura,
a HeMarHWTHas pakLus B KOTOPOM
KOHLIEHTpHpyeTcst 301010, Ha 93-95 %
Mpe/CTaB/ieHa LIMPKOHOM W Ha 5-7 %
nuputoM. B Buze 3HaKOB M eAMHHUUHBIX
3epeH TMPHUCYTCTBYIOT: KUHOBapb, aHa-
Tas, PYTH/I, KACCUTEPHT, apCeHOIPHT,
aratuT. BeTpeuatoTcsi oTaenbHble 3HAKU
Meau, O/0Ba.

Hcxons uv3 BbISIBIGHHBIX OCOOEHHO-
CTelt 30710Ta, a HWMEHHO [TPerMYINecT-
BEHHOIO HaXOXKICHHWS ero B IPaBUTaLl-
OHHO M3B/IeKaeMbIx (popMax, /s U3B/e-
YeHHUs] PeKOMeHIYeTCs UCIO/Ib30BaTh
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Puc. 1.

Noka3arensb

m 6es cnonbsoeaHua copberTa M c copbeHTom-onuAakm ayba M c copBeHTOM-ONMAKKM COCHBLI

Puc. 2. 3aBHcHMOCTp nokasatens 3¢hgheKTHBHOCTH npolecca oT crocoba cpaorauru

Hcexonnas mpoda «XBOCTOB»

I'poxovuenne # 3mm
v v
I'paBuTannonHoe Apod.ienme
odoramenne
B 2 cTaann
-3MM +3MM
Y Y > Y
I'paBuTanmoHHEII XBOCTBI Kyunoe
KOHILIEHTpaT rpaBUTaLIN 2 BhbIlle A IBAHIEe
0.033:1649.3 CTamun
59,2
A 4
XBocTHI
h oborameHns
JonoTocoaepiKammi 99,8:0.4
pacTBop 34,42
Venoprele 0003HaYeHHS: 0.06:275.37
Beixo.%: cogepxanne A/t 6.38
Hapneuenne,% ’

14

12

10 -

PexoMeHayemas cxema nepepaboTKH rase-

/IBHBIX OTBa/IOoB

Cr Mn

Fe

Zr

Ag

ml

w Pt

HazsaHue anemeHTa

3o/10TOCoAepkalllero MarepHa/ia

pasHooOpasHble anrapaTthl paBUTaLIY-
OHHOro Metoga. [lpumeHeHve ApYryx
MPOLIECCOB, B TOM 4YMC/e W BhIllenauu-
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BaHMsA (QrMTaLlMOHHOIO WM KY4HOTO)
COMPSKEHO ¢ BO3pacTaHHeM 3aTPaTHOM
yacty (oo poHT dIoTalMU, He-

Au




00XOAMMOCTb PaHy/TMPOBAaHUA Mare-
pUana mnepea KYUHBIM Bblllle/ladynBaHU-
eM) 1 MoXeT ObITh OIpaBAaHO TPU CY-
IIEeCTBEHHBIX 3aracax IMOAOOHBIX OTBa-
noB. Brmiouenne cxemy oboraieHus
[IPOLIECCOB APOO/ICHUsS] U HU3Me/IbUeHHUS,
KaK [MOKa3a/ll HMCC/Ie/IoBaHUA He Liere-
coobpasHo, T.K. IMpU T[OCAeayioleM
oboralileHUM He YaaeTcs Iepepacrpe-
[efTh ero B COOTBETCTBYIOIIME IIPO-
AYKTBI, @ CTOMMOCTb TTOATOTOBUTE/TbHBIX
oboraTuTenbHBIX IMPOLIECCOB COCTaB/IfA-
et He MeHee 50 % NpPoOM3BOACTBEHHBIX
3aTpar.

[NennHas dr1oTalLMs, Kak MOKa3aHo B
Tabn. 1, HemoctatoyHo 3pdeKTHBHa
AN JaHHOTO OOBeKTa, OAHAKO (pI0TO-
copOLMs MOXKeT YCIelHO AOMO/HSATh
drioTalmoHHble Tpotieccel. Ha puc. 2
MpeACTaB/IeHbl  Pe3ynbTaThl KMCC/1en0Ba-
HUM Tpouecca (/IOTalMKM C HCMOb30-
BaHWeM COPOEeHTOB.

Oiienka 3(pdeKTHBHOCTH  PIoTO-
COpOLMM MMPOBOAW/IACH TI0 TOKAa3aTeslo
3¢ deKTHBHOCTH ITpoliecca, Orpeae-
IeMOr0  OTHOILIEHWEeM  COAepXKaHMUs
a7leMeHTa B KOHLIeHTpare (/IOTalMU C
HCTIONb30BaHeM copbeHTa, K coaepxa-
HHUIO 3/IeMeHTa B KOHLIeHTpaTe oTa-
LMK 6e3 UCIIO/b30BaHust copbeHTa.

W3 aHanmM3a AaHHBIX 3KCMeprMeHTa
BbIfIB/ICHA AOCTATOYHO BBICOKas Celek-
TUBHOCTbh COpOEHTa — OMU/IOK COCHBI T10
OTHOIIGHHMIO K 3/IeMeHTaM O/1aropOAHBIX
MeTannoB. Kpome Toro, BBeseHue cop-
GeHTa CIOCODOCTBYET CHIKEHHIO IpH-
MeCHBIX 3/IeMEHTOB B KOHILIEHTpaT —
XpOMa, MapraHiia, xesesa. TakuMm o6-
pas3oM, B pesynbTaTe 3KCIIepHMeHTallb-
HBIX MCC/IeIOBaHUM, AOKa3aHa IMPUHLIM-
Mya/ibHasi BO3MOXHOCTb UCTO/Tb30BaHUS
npotecca pA0TOCOPOLIMU C LIeblo To-
BBIIIIGHUS KauecTBa IepepaboTKU 30710-
TOCOZepKallHX POCCHINeH.

SdhekTriBHOE M3BMICUEHKE 30/10Ta U3
TeXHOTeHHBIX POCCHIIMHBIX MeCTOPOXKIe-
HHUM BO3MOKHO TMPU KOMIVIEKCHOM TOA-
Xofle K AaHHoM rpobieMe: C OAHOM CTOo-
POHBI, CHUCTeMaTH3allisl AaHHBIX HCCrie-
OOBaHMWM TII0 BeIeCTBEHHOMY COCTaBY
TEeXHOTeHHBIX MeCTOPOKICHUM, BbIsB/IE-
HHe OCHOBHBIX 3aKOHOMEPHOCTEH H3B/Ie-
yenust MT3, ¢ apyroit CTOPOHBI, cosaa-
HHe CIOoCOOOB HHTeHCH(UKALIMM H3B/Ie-
YeHHs1 TOHKOT'O 30/10Ta Ha OCHOBE HOBBIX
TexHonorutt. OCHOBHBIMM HaITpaB/IeHHS-
MM pellleHus Tpo6/eMbl M3BAEUeHHs
TOHKOAWUCIIPCHOTO ~ 30/10Ta  AB/SIETCs
paspaboTKa KOMOMHUPOBAHHBIX XUMHKO-
MeTa/I/TYPrUYeCKHX TeXHO/IOTHH.

CITHCOK /THTEPATYPbI

1. BerieBorbcrrri, B.H. O noTeHLIMa/ie TeXHOTeHHBIX POCChireit 3o710ta Poccuiickort Peneparmiv
/ B.W. Beresonpckuri, T.T1 [llesrios // Muneparnbbie pecypcsl Poccun. 2000. Nel. C.14 — 18.

2. Yantyprsa, B.A. TlepcrniekTuBbl YCTOMUHMBOTO Pa3BUTHA TopHOIepepabaThiBaioleit
uHayctpun Poccuu / B.A. Yantypus // Topusiit kypuan. — 2007 — Ne 2, C. 2 — 9.

3. Mupsexarios, I.C. VIayueHre TeXHOTeHHBIX POCCHINelt 30/10Ta XabapoBCKOroO Kpast C Lie/bio
pa3paboTKK PeKOMeHAalLIWit 1o TexHormorun ux otpabotku / [.C. Mupaexanos, H.I'. Ataykosa
HMudopmMalvioHHas 3arvcka 0 HaydHO-MCCie1oBaTebCckor pabote, XabGaposck, 2004. — 44 c.

KOPOTKO OB ABTOPAX

Anercarapopa T.H. — 0OKTOp TeXHUUECKUX HayK, [OLIGHT, 3aBe/yiolias 1abopaToprer,

IGD@rambler.ru,

AsnexcarizipoB A.B. — OKTOP TeXHUYECKUX Hayk, Mpodpeccop, 3aM. AUpeKTopa Mo HaydHOM U WH-

HOBaLMOHHOM patote, IGDALEX@rambler.ru,

/TurBrroBa H.M. — KaHAWAAT TeXHUYECKUX HayK, CTApIIMI HaydHbIM COTPYAHMK, nauka22@yandex.ru,
boromarxos P.B. — Maaamyii HaydHblM COTPYAHUK, roma.bogomykov@miail.ru,

Huctutyt ropHoro nena /IBO PAH.

69



