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OBIHASI XAPAKTEPMCTHKA PABOTHI

AxTtyansnocTb paGoTel. CynbHAHBIE CBHHIOBO-LHMHKOBHIC U NOJIMMETANIMYCCKHC PYASI
Poccun 1 GmmkHero 3apy6exss B GOMBINMHCTBE CBOEM OTHOCHTENBHO TOHKO BKparjeHHeIE (C
TOHKHM B3aUMHEIM NPOPACTaHHE MUHEPAIOB), C MOHIKEHHEIM COACP)KAHHEM CBHHLA M LIMHKA H
OTHOCUTENBHO BLICOKHM COIepxanneM Mead. IIpuMmenseMsie 1/ MX oboraieHus METonp! He
06ecreuHBAIOT BEICOKOH CENEKTHRHOCTH NPH NOMYYCHHH COOTBETCTBYIOMMX KOHIEHTPATOB. Tak
CBHHUOBBIC KOHLEHTPATH! HA (HOHE OTHOCUTENLHO HEBBLICOKOH KOHUCHTPAUMH CBHHLA COMEpKaT
3HAYMTENbHEIE KOJIMYECTBA HE TOJIBKO LIMHKA M JPYTHX METALIOB-NIpUMecci, HO KM ocoBeHHO
Meau. Jons TakuX HHIKOCOPTHBIX MEABCOAEPXKAMX («MEANCTBIX?) CBUHUOBEIX KOHUCHTPATOB
FOZI OT TOJA HEYKIOHHO pacTeT. Co3fanne HOBRIX, 3QdEKTHRHEIX TEXHOMOTHH ¥ annapatos Me-
TALTYPruteckoli nepepaboTKH TAKOro THIIA ChIPbs — CI0XKHOTQ CYAGUIHOTO MHOTOKOMNOHEHT-
HOTO U BMECTE C TEM HH3KOKAUYECTBEHHOTO, ABMAETCA BEChMa aKTyalbHolt npofneMoit He Tonkko
JUTA OTEHECTBEHHON, HO H 19 MHPOBOH META/LTYPriHH NPON3BOACTBA CBHHIA U3 PYIHBIX KOHIICH-
TPATOB,

TepepaGoTka HU3KOCOPTHRIX CBHHIIOBBIX KOHLEHTPATOB C COlepkaHHeM MeIu Gonee
2-3 % KaK No KIacCHYECKON TEXHONOMMH arioMepauma-IaxTHas Iaska, Tak B ¢ NPUMEHECHHEM
pAa COBPEMEHHBIX NIPSIMBIX METOAOB BEITLTARKH HEPHOBOTO CBHHUA U3 KOHUEHTPATOB CBA3aHA C
HEOGXOMMMOCTEIO BEICHHS NPOLIECCa TUTABKH € NMONYYEHHEM MEAHO-CBHHLIOBOTO (ITOIHMETA/TH-
yeckoro) wrreina. INonuMeTasuinueckMi mImeliH ABIACTCA kpaliHe HEXENATeNLHBIM NPOIYKTOM
M3-33 3HAYHUTEISHOTO YCAOMKHEHHS TEXHONOTHH IUIaBKkH, 06YCI0BIEHHOTO HEo6X0aMMOCTEIO Op-
TaHu3aLH Pa3ic/IbHOTD BHITYCKA KHIKHX MPOAYKTOB, JOMOIHHTENBHOTO OT/ACACHHUS WTeHHa OT
yIaKa, BEPOATHOCTBIO 0GPa30BAHMA (ICHUCTOTO» IUTEHHA (NIPH MOBBIUEHHOM COASPIKBHUU
LIMHKa) ¢ NPEKPAICHUEM Pa3fiCICHUA BCEX SKMIKUX NPOIYKTOB B [IEYHOM arperare, 9To NpHBOANT
K CHUPKCHHIO JKOHOMMMECKHX NOKa3aTesielt NpOH3BOACTEA, B TOM YHCE H 33 CHET NEPEX0Aa YacTH
CBUHIlA ¥ 671arOPOAHEIX METAIIOB B IITEHH.

OTevecTBEHHAS TEXHOJOTHA IUTaBKH B KMAKOM BaHHe — npouecc Baniokosa (T1B), 6onee
35 net npUMeHAIOMANICA J1K NepepaboTkH CyNbGHIHBIX MEIHBIX H MEJHO-HRKEIIEBEIX Py K KOH-
LEHTPATOB, BEITOAHO OTINYacTCA OT 3apyGeKHBIX aHATOrOB NMPHHUMMIHANLHOA BOIMOXKHOCTHIO
nepepaloTkH MWHPOKOTO CMEKTPa CBUHIIOBOTO CHIPhS, BBICOKOM YAENbHOH NMPOMZBOAMTENLHO-
CTBIO, TEXHONIOTHYECKOH THOKOCTEIO IIPOLIECCA, HCTIONB30BAHUEM II06OTO BUAA TOMIHBA ¢ MUHH-
MQIBHBIM €r0 PacXxojIoM, NPOCTOTON M HAEKHOCTBIO METAUTYPrHUECKOTO annapara, HU3KUMU
KanuTaTEHLIMH H JKCIUTYaTalMOHHLIMU 3aTPaTaMH.

K HacTosiwieMy BpeMeHH npolecc BaHIOKOBA NPUMEHAETCA st nepepaboTky CBUHIIOBBIX

cynsQHIHLIX KoHUeHTparos ($0-60 % Pb u Brime), coxepxaiux He Gonee 0,5-0,7 % Cu. Ipu



nepepaboTKe TaKHX BBICOKOKAYECTBEHHBIX HH3KOMEAMCTHIX CBHHUOBBIX KOHICHTPATOB HET HEOG-
XOIMMOCTH NpeAyCMarpuBars 00paloBaHNe MENHO-CBRHLOBOIO IITEHHAa ¢ MEPEBOJAOM B HETO
Gonp et yacTy MeaM Aa u u3bexars 06pa3oBaHMa MeAHO-CBHHLOBOTO LIteHA JOCTATOYHO NPo-
¢10. Ha craaum nnasku Heo6xoauMo ofecneynTs nposeaeHue nonHoll aecynsdypusaunn obpa-
6aTHIBAEMOT0 KOHLEHTPATA B YCAOBUAX BBICOKO OKMCIUTENLHO BHITUIABKHM YEPHOBOTO CBHHUA. B
3TOM BapHUAHTE OCYIUECTBICHUA TEXHOIOTUHM MOXXHO ONUPATHCA HA M3BECTHBIE NAHHEIE 110 PacTBO-
pPUMOCTH MCAM B CBUHLIC, MIaBHBIM 00pa30oM OTHOCAIIMECA K MAXTHOM MIaBKe CBUHIIOBBIX aryio-
MEpAToB, B YCTIOBHAX OpraHM3aLiUK KOTOPOH «xomomubtity yepHoBoit cennel (800-900 °C) xoH-
TaKTUPYET € «HU3KOCBUHLOBHCTHIMUY (1-2 % Pb), Ho ropsumnmu (1200-1250 °C) miakamu.

IMepepaboTka HU3KOKAYECTBEHHBIX BEICOKOMEIMCTEIX CBMHLIOBBIX KOHLIEHTPATOB B COBpE-
MEHHOM aBTOTCHHOM npowecce Ge3 06pasoBarys MEAHO-CBMHUIOBOTO ITEHHA BO3MOKHA TONBKO B
TOM clydae, koraa Meab GyneT Ge3 ocTarka pacripesieieHa My HePHOBBIM CBUHLIOM M HAX0JsA-
HIMMCA C HUM B KOHTAKTe LIIAKOM, a cepa GyaeT MOMHOCTLIO MEPEBEACHA B ra3osylo daly.

Ha oxucnuTens HoM cTaany B nieu BaHiokoBa NOCTHracTes NPaKTUYECKH T10JIHAA OCCYTb-
ypu3atug nyTeM M3MEHEHHA OKHCIMTENRLHOTO MOTEHIHANA H TEMIIEPATYPHOTO PEXUMA ILIARKH,
YTO MO3BOMACT YIPABAATE NOBEACHHEM MCIH NPH OKUCINTENLHON TIaBKe M, COOTBETCTBEHHO,
pacrpesieleHHEM €€ MeXAy YEPHOBBIM CBHHLIOM M IIIakoM. 3TH creunuueckie TEXHHHECKHE
soaMoxtocTH 1B, asnAioTes HeoOX0AHMMBIM OGCTOATENBCTBOM (YCIOBHEM) 1A TOrO, YTOObI Kap-
JMHATIEHBIM 06pa3oM H3MEHUTE TOCNOACTRYIOMICE B HACTOALIEC BpEMA NpEACTARIEHHE O MEpepa-
6OTKE HU3KOKAUECTBEHHBIX MEJMCTBHIX CBHHLIOBBIX KOHLEHTPATOB, MPH KOTOpoH ofpaszomauue
MEHO-CBHHIIOBOrO IITeiiHA ABJIAETCA OOLEKTHBHO HeusbexHbM (akToM. JlocTarouHsM ycno-
BHEM, MOATBEPKAIOHM NPHHLMITHAILHYIO BO3MOXHOCTS [IPAMO BEINJIaBKH YEPHOBOTO CBHHLA
M3 HH3KOCOPTHBIX MEJIMCTHIX CBHHIIOBHIX KoHLIeHTpaTos B [1B 6e3 o6pasosanua nosumeraninye-
CKOTO INTEHHA, HO C MI0JIy4EHHEM OTBNBHBIX LLJIAKOB, MOTYT CIIY>KHTb KOHKPETHBIE TEXHOJIOrHYE-
CKUC TapaMEeTPLt 1 OTpPEAC/ICHHbIE KOHCTPYKTHBHBIE PEIUCHHA NEHOro arperara. OpraHusaums
TEXHOJIOM!H NepepaloTKk HOBOTO, HETPAOMLIHOHHOIO BHA MEABCOACPKAIETO CBHHLIOBOIO Chi~
P ROJKHA OBITH BCECTOPOHHE 0GOCHOBAHA U OMUPATECA, B IEPBYIO O4EpENb, HA IKCIICPHMEH-
TanbHEIE AAHHBIE 110 MCCIeN0BAHMIO OBEJCHUS MEAH B NIpoLECCe NepepaboTKu.

B peakuuonHoit ¢dypMenHoti 30He I1B npyu nHTeHcHBHOM Gap6oTaxe pacriasos KHCIOpo-
COLepsKaLNM OYTHEM CO3NAIOTCA YCNOBUA, GIM3KHME K MACANLHOMY MEPEMEIIHBAHMIO, TIPH KOTO-
pbix ofecrneunuBaeTCs OAHOPOAHOCTh CTPOCHHS, TEIUIOBOID COCTOSHHA M XMMHHECKMX COCTaBoB
MeTannuueckol 1 iutakosofl ¢has, 06pasyromux METaLIO-IL1akoBYI0 aMymnscuio. [Tpyn aToM cosna-
10TCAL HEOOXOANMBIE TEMIIEPATYPHEIE ycnoxim, M [IOCTHracTCs BBICOKAs PaCTBOPUMOCTDH MENH B

06pasy}oumxc;x KariaxX CBHHIIA, YTO peANLHO MO3BOIAET BECTH Npoucce ncpepa6(mm MCANCTBIX



CBHHLOBEIX KOHUCHTPaToB G¢3 0Gpa3opanns IUTei{Ha, MEPEROAA, B CTydae HEOGXOAUMOCTH, Npak-
THYECKH BCIO Me/Ib B UEPHOBON CBRHEN,

Jins MOAeAMPOBaHUs METAUTYPrUYECKHX MPOLIECCOB H NPOTHO3a NX Nokasarench B HacTo-
AIICE BPEMS 1IMPOKO MCHOMB3YIOTCA PA3IMUHOIO THNA MATCMATHYECKNC MOAE/H, MO3BOMIALOLINE
NOMHOCTBIO 3aMEHUTE WIH 3HAYMTEIEHO COKPATHTEL CTRIMHM YKPYIHEHHO-1a00paTopHsIX, nony-
TIPOMBILUTEHHBIX HIH ONBITHO-TIPOMBIIIEHHEX HensITaHni, OTo 0c0GeHHO BaKHO TpU CoBep-
TIEHCTBOBAHHHM JEHCTBYIOMIETO HIH CO3AaHHH HOBOTO TEXHOMOTHUECKOTO Mpolieccca B UpOMeTan-
AypPrUH TSOHKENBIX LBETHEIX METAILIOB, B YaCTHOCTH B CBUHLIOBOM Tpou3BoACTRe. Cneuupuka nu-
PpOMETAITYPrHYCCKOTO NIPOM3BOACTBA, 0fycnoBneHHas Gonpmumy Macirabamu nepepabarsipac-
MOIO CBIPES, €M0 MHOTOKOMIIOHEHTHOCTbIO, CIO’KHOCTBIO annaparypHoro oQopMieHns, MHOro-
CTAOMIHOCTBIO TEXHONOTHH U Ap., Je/IaeT NMPAKTHUECKH HEBBIMOMHUMON CTAIMIO YKDPYTIHEHHO-
71a60PATOPHEIX WX NONYNPOMBILIICHHBIX HCIIBITAHNH BBUITY JTUTEIBHOCTH IIOATOTOBHTENIEHOTO
MepHoJIa Co30aHNs MUIOTHON YCTAHOBKH, €€ HAJIalKH, OCBOCHHSA, MPOBEIECHHA COGCTBCHHO HCTIEI-
TaHH} ¢ TIONYYEHHEM Pe3yNbTATOB, CONPAKEHHON ¢ BLICOKHMH HENPOU3BOAUTELHBIMH H BECHMA
PUCKOBRIMM 3arparamil. TT0JyUeHHEIE MIPH 3TOM PE3Y/LTATH HE MOTYT OLITh TIEPEHECEHBI TIPAMEIM
MacTaGHpOBaHHEM Ha PEallbHOE TMPOH3BOCTBO H 3a4acTy!0 HOCAT MPHHUAITHABHEIH, IEMOH-
CTpaLMOHHEII XapakTep, No CYIIECTBY Mo OTIHYAIOMKHCA OT 1a60paTOPHEIX 3KCMEPUMEHTOB.

B cBA3K ¢ 3THMM HECOMHEHHBIN MPAKTHYECKUH MHTEPEC NPEIACTARMIAIOT IKCIIEPHMEHTANE-
HEIC M TEOPETHYECKHE MCCENOBAHIA MTOBCACHHA MEQH BO BCEM Npouecce NepepalboTkH HHIKO-
COPTHBIX CBUHUOBBIX KOHLEHTPATOB, BKMIOHAIOMIEM OKHCIHTENBHYIO IUTABKY CynsQuaHol
UIHXTBI K BOCCTAHOBHTENIbHYIO 06paGoTKY BHICOKOCBHHIIOBHCTRIX MEIBCOACPKAILMX IITAKOB, pe-
3yMBTATH KOTOPBIX HEOGXOAMME] U1 MOJIEPHH3AIINY MOJIC/TH PAaBHOBECHOTO BEIX0AA (a3 NpH me-
pepaboTke B [1B CBHHUOBEIX KOHIEHTpaTOB. [ToBeaeHne UMHKA B HacToslel paGoTe He uccne-
JOBAOCH, TAK KaK OCHOBHBIC 33KOHOMEPHOCTH €ro NMOBENECHNS B ABYXCTaNItHOM npouecce Ba-
HIOKOBA H3y4eHb! PaHee M XOPOLIO OMMCHIBAIOTCH CYIUECTBYIONICH TEPMOAMHAMUYECKOH MoJe-
b0,

Hacrosuas paGoTa ABnseTcs NPOAOIHKEHHEM MHOTONETHUX HAY4HEIX HCC/IENOBAHUHA, Bbl-
noNHAEMEIX Ha Kadenpe LBeTHBIX MeTa/UioB ¥ 3o01a HUTY «MHUCuC», no cosnanmnio Hoso#H
repCneKTHBHOM TEXHOIOTHH NepepaboTKH CBHHLOBOTO CyIb(UIHOIO CEIPbS HA OCHOBE M1poLiccca
Banrokosa.

et paboTel ~ H3ydeHHE NOBEACHHA MEAH B Npoliecce NepepaboTKi HU3KOCOPTHLIX Me-
JIMCTBIX CYNsQHUAHBIX KOHLIEHTPATOB U1 COBEPUICHCTBOBAHHMA TIpouecca npsamoi GeciuTeiinosolt

BBITUTaBKH YCPHOBOTO CBHHUA NO ciocoly Baniokosa.



Jins nocTrkeHUs NOCTaBsICHHON Lenn HEOOXOAMMO PELIUTE 3a1a4H:

- paspaCoTarh METOAMKY M CO3JaTh 3KCHEPHMEHTANBHBIC YCTAHOBKW JUIA WCCIREOOBAHMA
PaBHOBECHOTO pacnpeeNicHis MEOH MexAy LIIaKoBoH M MeTautiyeckol ¢asamu, xapakrep-
HBIMH JUIA MPAMOM BHIIIABKM YEPHOBOTO CBHHLA M3 HH3KOCOPTHRIX MEAMCTHIX KOHICHTPATOB
BOCCTAHOBUTE/EHOM 00paboTKN CBUHLIOBUCTOYO 1liTaKa B npoitecce Baniokosa,

- HCCNeN0BaTh CTPYKTYPY CHHTE3MPOBAHHBIX IIUIAKOBBIX PACIUIaBOB8, OTBEYAIOWMX MO CO-
CTaBy BEICOKOCBMHLIOBUCTEIM LIJIAKAM OKHCIMTENbHOI MIaBkH npoliecca Baniokosa,

- HMCCNENOBATH Pachpec/ieHe MeIU MexKAY METAUINYECKMM CBUHLIOM 1 IINAKOBLIMY pac-
nnasamu cuctemst PbO-Ca0-Si02-Fe20: B unrepeane Temnepatryp 1100-1260 °C, xapaktepHbIxX
Ana ycnosuit 6ectuTtefHOBO! OKMCIUTEABHON MIaBKH HU3KOCOPTHOrO MEABCOACPKAIIETO CBHH-
LOBOTO CYAbMAHOIO KOHLEHTpaTa,

- HCCNenOBaTh PACMpEeaeICHAE MEIHM MEXKAY METAMTHYECKHM CBHHLIOM M pacnnasami uiia-
xoB cuctemnl FeO-Ca0-Si0O; ¢ conepxanneM OKCHAa CBHHUA A0 2 % B TEMIIEPaTyPHOM MHTEp-
pane {200-1300 °C, THOMYHEIX A8 BOCCTAHOBHTENbHOH! 06paboTKM BHICOKOCBHMHIIOBHCTOIO
mnaxa; B [1B;

- COCTaBHTH pacueTHsIe 610KH M C MX NTOMOIBIO MPOBECTH MOACPHU3ALMIO MOACIN PABHO-
BECHOTO BbIX0Aa a3 npy nepepaGoTke CBUHLOBOTO Chiphs B [1B;

- CWCMONB30BaHHEM MOAepHU3HpOBaHHOI Moaemu I1B pasHoBecHOro Bexona ¢as onpene-
JIUTH OTNITHMAJIBHBIE TEXHONOTHUYECKHE MTapaMeTphl OCYILECTBICHHA NpoLiecca NMPAMON BEIINABKH
CBMHLIA M3 HU3KOCOPTHEIX MEAMCTBIX CBHHUOBBIX KOHLCHTPATOB;

- paspaGoTaTh MPAKTUMECKUE PEKOMEHAALMHM TIO KOHCTPYKTHBHOMY oopMieHMIO U opra-
HU3aLIMM TIpoLEcca nepepaboTk HU3KOCOPTHRIX CBUHUOBBIX KOHLIEHTPATOR C MPHMEHEHHUEM T1pO-
tiecca Baniokosa.

MeToabl ucesen0BaHni. B 3KCHEPUMEHTANLHEIX UCCAEOOBAHMAX OBUIM UCMOL3OBAHE
COBPEMEHHEIC METO/BI aHAMH3a: KOMHYECTBEHHLI! PEHTTEHORCKHI MUKPOAHAIK3 (NporpamMMHoO-
annapatHstit xoMmieke MLA 650 co cKaHHpYIOIIMM 31eKTPOHHEIM MHKkpockonoM Quanta 600,
FEI Company, I'epmanus), pazossiit (omruueckuit Muxpockon Carl Zeiss Axio Observer F1, I'ep-
Mauus), Xumuueckuit (atomuo-a6copbunonnas cnexrpomerp — Shimadzu A-6300, Snouns).

Ha 3amnTy BeIHOCATCR:

- pe3ynbTarhl HCCNEA0BaHUH pacrpeaeicHUs Meau MEXKAY HYEPHOBSIM CBHHIOM H IU1a-
KOBLIM pacruiaBoM cucteM: PbO-Ca0-Si0;z-Fe 03 B uHTepBane Temneparyp 1100-1260 °C u FeO-
Ca0-Si02 npu 1200-1300 °C, oTBeHarOIMMX YCAOBUSIM OKHCIIMTENRHOM Oeclrre AHOBO# Masku
HHM3KOCOPTHOIO MEHCTOTO CBUHLIOBOTO KOHLIEHTPATA H BOCCTAHOBUTENBHO 00pa60TKH MeILCO-

LNEPIKAIETO CBUHIIOBUCTOTO LiNaka B ABYXCTaquAHOM npouecce Banokosa;



- YCTaHOBJIEHHBIE 3aKOHOMEPHOCTH BJIMAHHA TEMINEPATYpLI H COCTARA LWIAKA HA 110Ka3a-
Tenm npouecca BaHiokoBa m1g npAMOSt BBINIABKM YEPHOBOTO CRUHLA W3 HU3KOCOPTHBIX MEH-
CTHIX CYNbGUAHBIX KOHUEHTPATOB Ge3 00pazoBaHua wTefiHa B ¢ NONTYYEHHEM OTBATBHBIX LITAKOB
B BHJIE MATEMaTHYECKUX YPABHEHNH;

-  ONTHMANLHEIE TEXHOJOTHUCCKUE PEXUMBI NepepaboTky B [TB KOHKPETHBIX BUAOB HU3~
KOCOPTHBIX CBUHIOBBIX KOHUEHTPATOB, HCKIIOUAIONIHE BO3MOXKHOCTL 00pa3s0BaHMA MEHO-CBHH-
osoro wTekng;

- [PaKTHYECKHE PEKOMEHJALMH 10 KOHCTPYKTHBHOMY odopMiIeHHIO npouecca Bauio-
KOBa H OpraHH3aluK NepepaGoTKH HU3KOCOPTHBIX MEANCTEIX CBMHLIOBBIX KOHLICHTPATOB,

Hay4nas Hosuina:

1. Onpenenensl 3HaueHnd K03 HLMEHTa pacnpeIecHUA MEIH MeXTy YCPHOBBIM CBHH-
UOM H wnakamu cuctembl PbO-Ca0-Si02-Fe203 ia npouecca OKUCAUTEIBHON T1aBKK HU3KO-
COPTHEIX MEAHCTEIX CBHHLIOBEIX CYMIbQHAHEIX KOHLICHTPATOR B Neyn BaHIOKoBa B MHTEPBAIE TEM-
neparyp 1100-1260 °C.

2. Onpenenensl 3Ha4eHNs K03 QHIMEHTA PACIPEALICHNA MCH MEK]TY YCPHOBLIM CBHH-
oM 4 1taKami cucteMst FeO-Ca0-Si0: (conep:xanue okcHaa cBHHUIA Ao 2 %) Ang npouecca
BOCCTAHOBUTENLHOM 06paboTKH BBICOKOCBHHIOBHCTHIX LITAKOB B ieyd BaHiokoBa B MHTEpBane
TeMneparyp 1200-1300 °C.

3. YCTaHOBNEHB 3aKOHOMEPHOCTH aCCOUHMPOBAHHA MERN € Pa3IHUHBIMY dazami ma-
KOBBIX PaciiaBoB Ui NPOLECCA OKUCIHTENBHOM MIaBKH CBHHIIOBBIX MECOAEPIKAIMX KOHLIEH-
TpaToB.

IpakTHyeckas 3NAHHMOCTDS

1. Tloka3saHa BO3MOXXHOCTE PeanbHOTO MPUMEHEHUS Mpouecca Banrokosa juia Gecireii-
HOBOH nepepaboTKH HH3KOCOPTHBIX BHICOKOMERHMCTHIX CBHHLIOBLIX KOHUCHTPATOB, a TAKKE CBU-
HELl- U MEIBCOACPKAIMX NONYTIPOAYKTOB APYTHX NPOH3BOACTB.

2. Pa3paGoTana MeTOAMKA W3Y4EHHS PAaBHOBECHOTO PACTIPEILJICHHA MEAH MEXKIY YEPHO-
BLIM CBHHLIOM H LIJIAKOM, OCHOBAHHAs Ha n1abopaTopHoil NaBke B «COBOEHHBIX THIIIAX), KOHTPO-
anpyemoit atMocdepe ¢ 3agaHHBIM OKMCIHTENEHEIM NOTEHLMATOM, MPHMEHHTENEHO K YCIOBHAM
NpAMON BHINIABKH CBHHLIA M3 HUM3KOCOPTHBIX MEABCOACPKAINX CBHHIUOBBIX CYNbOUIHBIX KOH-
LEHTPATOB H BOCCTAHOBHTENLHOMN M1aBKH BHICOKOCBHHIIOBHCTBIX MEAbCOAEPIKALINX LI1AKOB.

3. MozepH13MpoBaHa CYIIECTBYIOMIAA MOJENL PaBHOBECHOTO BhIX0a (a3 aia e kop-
PEKTHOTO NPUMEHEHN K nepepaloTKe HUIKOCOPTHEIX MEANCTBIX CBHHIIOBLIX KOHLEHTpaToB B [1B
MyTEM BKTIOUEHHA B &/ITOPHTM NIPOrPamMMB! PacUETHBIX 67I0KOB ¢ YPABHEHUSAMH 3aBHCHMOCTH KO-

adduumenTa pacnipeieNeHNs MEIN MEXIY XKHIKUMH NPOTYKTaMH TUIaBKH.



4. OnpeneneHst ONTHMANEHBIC TEXHONOTHUECKHE NApaMeTPEl OCYIUECTBACHHSA NpoLecca
nepepaboTky KOHKPETHBIX BUIOB HM3KOCOPTHHIX CEHHIOBBIX MEIbCOAEMKAUIMX KOHUECHTPATOBR
6e3 o6pasoBanus urreiiHoBoii dasst B [1B ¢ nenoap30BaHHEM MOACPHU3UPOBAHHON MOZENH paB-
HOBECHOI0 BEIX0Aa ¢a3 B npoiecce Baniokosa.

5. Pa3spaGoraHsl PeKOMEHOALMH MO KOHCTPYKTHBHOMY OdopMIIEHHMIO npouecca Banio-
KOBa U OCYILIECTBEHHS TEXHOIOrMH OecurmeiinoBoit flepepaboTki HHIKOCOPTHBIX MEABCOAEDKA-
LIMX CBMHUIOBEIX KOHLUEHTPATOB.

PesynsTarst paboTsl MCNOAL30BaHbI MpK paspaboTke TEXHONOrMYECKOro periamMeHTa Ha
MpoexTHpoBaHKe Neu BaHokoBa M1d nepepalGoTKH CBHMHLIOBBIX CYTBGUAHBIX KOHUEHTPATOR U
NO/YNPOAYKTOB MEAHOTO M LHHKOBOIO NMPOM3BOACTB B ycoBnix OAQ «Anmansikckuit TMK».

AnpoGauns padorbl. OCHOBHBIE PE3YIBTATH QUCCEPTALMOHHON paGoTHl JOK/IANBIBATHCE
1 00Cyaanncs:

Ha MEXIyHapoAHO# HayuHo-npakTHuecko koHpepeHumn «CoBpeMeHHbIe NPOONEMEl K
NyTH MX pelueHHs B HAaYKe, TPAHCIOpPTe, NPpon3BOACTBE 1 o6pasosanum» (Oaecca, 2012 1.);

Ha MeXITyHapofHoH HayuHo-TexHHuecko koHdepenumu «Il Science, Technology and
Higher Education» (BectmaynT, Kanana, 2012 r.), «4 International Conference of European Sci-
ence and Technology» (Mronxen, lepmanus, 2012 r.)

Tly6anKalHu: 0CHOBHOE CoAepkaHHe PabOTHL MINOWEHO B 6 MyGAUKAUMAX, B TOM YHMC/E
2 ny6uKauMy B u31aHmsX, pekomennoearnex BAK, 2 Hoy-xay,4 ~ B cGOpHHKaxX Te3UCOB H 10~
KJIaIoB HayYHBIX KOH(epeHnmit.

CrpykTypa u 06Lem paGoTet. JluccepraunoHHas paGoTa COCTOUT U3 BBEACHMUSA, YETBIPEX
r1as, o6uIX BIBOROB N0 paboTe, CMCKa MCTIONE30BaHHOM TUTEpaTyphl, Brmovaomero 102 6u6-
NHOTpadMYECKMX MUCTOUHMKE, M coaepxkuT 121 cTpanu, Bxmoyas 48 pucynkos, 29 Tabnuy, 1
MPUITOKEHHUE.

HocroBepHocTs H 060CHOBAHHOCTH HayYHBIX TIOMIOKEHHH, BHIBOJOB U PE3Y/ILTATOB, MO~
NIyUeHHBIX B AMCCEPTALMOHHON paboTe, ofecriedeHa NPeACTABMTENLHEIM 00eMoM labopaTop-
HEIX 3KCTIEPHMMEHTOB, X0POLLEH BOCAPOMIBORMMOCTEIO 1 COTNIACOBAHHOCTBIO PE3Y/ILTATOB HCCIE-

nosaHuit,



OCHOBHOE COJEPKAHHUE PABOTBI

Bo BBegeHHH 000CHOBaHA aKTyalbHOCTb M ChOPMYITHPOBAHA Lieb PabOTE!, H3JI0XKEHEI 0C-
HOBHBIE MOJIOKEHHS, BEIHOCHMbIE HA 3RIIHTY.

B nepBoif r1aBe NpeaCTaBieH aHATHTHYECKHH 0030D JIMTEPaTyphl, B KOTOPOM PaccMoT-
peHEI chipseBast (a3a /UIa MPOM3BOJICTBA CBHHIA U3 CYNb(UINBIX CBUHLOBEIX KOHLEHTPATOB, Cy-
HIECTBYIOIHE NPOMBINIICHHEIE CHOCOGH NepepaboTKH CBUHLOBEIX KOHICHTPATOB, CTPOCHUE H
(U3HKO-XMMHYECKHE CBOMCTBA HCCIIEAYEMBIX LUTAKOBBIX PACIUIABOB.

OTMeydeHo, 4TO 3HAUMTEILHYIO YacTh N00BIBacMbIX B Poccrn 1 cTpanax 6mkHero 3apy6e-
b3l CBUHUOBBIX Py COCTAB/SIOT HU3KOCOPTHbIE TOHKOBKPANICHHbIE TTOTMMETAITHYECKHE DY b,
cozepiKalfe 3HAUUTEIBHOE KOMUICCTRO MEJIM M LIMHKA, MATONIPHIOAHBIE JUIS TIOJTYYEHHS Kave-
CTBEHHBIX CENIEKTHBHBIX KOHUEHTPATOB.

To manusiM auarpammet Pb — Cu, npu Temneparype Gonee 990 °C pacTBOpHMOCTS MelH B
CBHHLE HE OrPaHHYCHA, H CYILECTBYET NPUHIMIHANBHAS BO3MOMKHOCTL NEpepabarkiBaTh CHIPLE C
TIOBHIICHHBIM COACPKAHHEM MeJiM, PacTBOPSAA €€ B UCPHOBOM CBUHIIC.

Bce NpOMEIIIEHHO NTPUMEHAEMbIE cTTocO0E! nepepaboTKH CBHHLOBBIX KOHILECHTPATOB, CO-
aepxkaimux Gonee 2~3 Y% MeOw, MPOTEKAIOT C BHIHYXKIACHHEIM MOJYYCHUEM MOMMMO HCPHOBOIO
MeTanna U 0TBanbHOTO LIUTAKa JONOIHHTEIBHOTO NPOAYKTa ~ IIONMUMETAUTHYECKOTo mTelHa, O6-
pasyloumiica WTeHH M0X0 OTACAAETCA OT MIaka H COBMECTHO BEITYCKAETCS M3 MEUHOTO arpe-
rata M HanpasJigeTcs B oGorperacMeIli oTcToliHMK. Heo6X0MMMOCTE B JOMOMHUTEEHON JUTHTENTE-
HOM OTiepaLlii — pa3neNeHNH Waka ¥ ITeHHa 3aTpyAHACT HENPEPLIBHOE OCYUIECTBACHUE NPO-
tiecca. TTpn 3HaYMTENSHEIX KOHLEHTPALMAX B HCXOAHOM CHIphE LMHKA HensbexHo obpazosanue
«MEHHUCTOrQ WTEHHA», KOTOPLIA BOBCE MPEHATCTBYET pasfiencHuio $a3 ¥ NPUBOANT K NONHOR
OCTaHOBKE mpoliecca. B OTAHUME OT LLTAKa H YEPHOBOTO CBHHIA, KOHTAKT MOMMETAINYECKOTO
ITelHa ¢ BOJOH CONPOBOKAACTCA B3PEIBOM, YTO 3HAUUTEILHO YCIOKHACT OPraHU3alMIO Npou3-
BOJICTBA. B 1rTeiin Takoke NEPEXOAUT 3HAUHTCAbHAA 4acTs 61aropoAHbIX METALIOB, YTO BMECTE C
HeOBXOAMMOCTBIO NMPOBEASHHS ONEPALIMH KOHBEPTHPOBAHHA MEIHO-CBUHIIOBOTO WITEAHA 3HAMH-
TEJIBHO CHUKAET IKOHOMUUECKYI0 2 deKTHBHOCTE nepepaboTKu CHIPBA.

Knaccuueckas TeXHOJIOr s 110 CXEME; arJIOMEpaliva — IIaXTHaA [171aBKa, B BUIY HH3KOH TeM-~
neparyphl BLIUIABNIACMOTQ YCPHOBOTO CBHHILIA BEACHUA M1aBKH (TEMIIepaTypa CBUHIA Ha BEIXOLE
u3 nean 800-900 °C), o6ycnosneHHON MansIM BpeMeHeM ero NpeORBaHuA B TOpPsTYHX FOPU30HTAX
ey, He NMO3BOASET NepepalbarsIBaTh HU3KOCOPTHBIE CBUHUOBBIE KOHLUCHTPATE C MOBHIIECHHEIM
conepxanueM meay Ge3 oGpasosannd wreitHa. [lepepaloTka TakoTO THNA MEAUCTEIX CBHHLIOBEIX
KOHUEHTparos Ge3 0GpasoBanus WITCHHOBOMN (a3bl ¢ NPUMEHEHHEM COBPEMEHHBIX NPOLECCOB

«Boliden-Caldo» u «QSL» Takxe HEBO3IMOXKHA.



B coBpeMeHHEIX aBTOrEHHBIX HpoLeccaX, TAaKMX kKak Ausmelt u Isasmelt, B HacTosee
BpeMst B nepepaGoTKy BOBNEKAOTCH TONBKO BBICOKOKAYECTBEHHHIC CBHHLOBLIE KOHUEHTDATH,
npaxTH4eckn He cofepxaume Mead. Konuexrpars, coaepxamee Gonee 2-3 % meau He nepepa-
GatbiBacTes Bosee. TT03TOMY AaHHbIE IO NOBEACHHIO M PACTIPEACNIEHHIO MEH [UTA 3THX Npouec-
COB B HACTOsLIEE BpEMA OTCYTCTBYIOT. FI3BECTHO, YTO €C/1H B MepepalaThiBaCMOM CHIPLE NPUCYT-
cryeT 10 1 % MeaH, BOCCTAHOBJIEHHE BEICOKOCBHHUOBHCTOTO LIIAKa NPOBOJAT C MIOMOIILLIO 10+
NOJIHUTENBHOTO TEPejena — ANeKTpoTepMHUecKoit 06paboTKH, HTO Takke YCJIOKHAET U YAOpO-
KaeT npouecc nepepaboTky CBUHLOBOTO KOHUEHTpATa.

EAMHCTBEHHBIM MPOMBILLIEHHBIM TIPOLIECCOM WA NepepaloTKH MEAMCTHIX CBHHLOBBIX
KOHUEHTPATOB, B KOTOPOM Peann30BaHbl pa3enbHble BHITYCKH WITEHHA M IJ1aKa, ABJACTCS NP0~
uece KUBLIDT-LIC (ubine uzsecten nox abbpesuarypoit «KdD-Kd», uto o3nauaeT — «kucnopoa-
Hb1l daken — KOKcoBbill GhunsTpy»). ONHAKO KaMepa neyH, B KOTOpoH MPOHCXOOUT pa3aeneHue
H171aKa M LITeiiHa ¥ HAKOIUICHUE [TOC/eAHEr0 NEPe BRINYCKOM, SBJISETCA MO CYTH, HHTEr PHPOBaH-
HOI B MEYHOI arperar 3NEKTPOTEPMHYECKON NEUBIO CO BCEMH NPUCYLUNUMHU €/ HEAOCTAaTKaMH.

OT1MeueHo, 4To npougcc BaHiokoBa SBNSETCA MPOMBIUINTEHHO OCBOCHHON TEXHOMOTHEN C
KOHCTpyXTHBHO OTpafoTannof anmapaTypolt, NpaKTHYECKH JOKA3aBIIHM CBOE JIMAUPYIOLIEE 110~
JIOXEHNE B META/UTYPrHH MeaM M Huxens. [Ipouecc BaHiokoRa ABIAETCA HENpPEPLIBHLIM, 6ap6o-
TKHBIM TIPOLIECCOM, HMEIOLIUM P/ HEOCTIOPHMBIX ITPEUMYIIECTB: OTHOCUTENBHO NIPOCTAd KX~
TONOArOTOBKA, NPHHLUMNHANLHAT BO3MOXKHOCTS NEPEpaboTKH MMHUPOKOTO CIEKTPA PasIHYHEIX TH-
0B H BHJIOB CHIPbSA, BHICOKAA YebHast MPOH3BOAUTENBHOCTE, BO3MOXHOCTD HCIIOB30BAHHA JIH0-
60ro BU/A TOIUIMBA, NPOCTOTA U HALEKHOCTH METATYPrUYeCKOro annapara, HU3KHE KanuTanb-
HBIE H 3KCILTyaTauyOHHBIC 3aTPaTHI.

[Toxazato, YTO B XOAE ONBITHO-IIPOMBIILIEHHEIX UCIIBITAaHKHA 10 MepepaboTke CBMHIOBEIX
(¢ Hu3KMM comepxanueM mea, Meree 0,5 %) cynbdHAHLIX KOHUEHTpaToB B KHTae ¢ HCIONB30-
BaHueM neuy Bamoxosa G AOCTUTHYTHI BEICOKHE TEXHOMOMHYECKHE MOKA3aTeMN U A0KA3aHA
HpHHLMNHATEHAS BO3MOXKHOCTh BEACHHA Npotiecca Ge3 06pa3osaHmA mTeiiHoBo dassl.

JIng ycremsoro NpoOMBIMUIEHHOrO NIPHMEHEHHA npolecca BaniokoBa k nepepaboTke Ho-
BOTO BMJA CBMHLIOBOTO CEIPESA — HU3KOCOPTHBIX CBMHLOBBIX CYNE(HAHBIX KOHIEHTPATOB C MOBHI-
ILIEHHBIM COAEPYKAHUEM MEMIH, HEGOXOMMO HMETD SKCNIepHMEHTANBHBIR M TeopeTHYECKAH 6a3ic
ans 0GOCHOBAHHOTO BHIGOPa ONTHMANBHBIX M NPOTHO3NPOBAHMA NPEACABHEIX TEXHONOIHYECKHX
napameTpoB «beciTefHOBOMY» ITaBKH.

Ha ocHOBE aHain3a NUTepaTypHbIX JaHHEIX cOPMYAHPOBaHL! 3aauu, Tpebyrowue pete-
HUS 118 IOCTHOXKEHUA T0CTaBIeHHON B paboTe LeNH.

Bo Bropoii r1aBe npeACTaBIeHB! METOQHUKA H PE3YALTaThl IKCIICPUMEHTANLHBIX HCCNEN0-

BaHMit no pacnpeneNicHHUIO0 MEU MEXY BRICOKOCBUHLOBUCTHIM MIAKOM H 4EPHOBLIM CBHHLIOM,
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THIWYHEIMH U1 OKHUCTHTEALHOMN CTaMM TUTAaBKH CBHHUOBHIX CY/Nb(QHAHBIX KOHUEHTPATOB C HC-
MOJIL30BaHUEM fiponecca Bawiakosa.

Jlna nposengHHs NaGopaToOPHBIX IKCTIEPUMEHTOB ObLMH CHHTE3UPOBAHBI OKCUAHBIE Pac-
rassl cucreMul Pb0-Ca0-Si01-Fe203, Mopennpyiowivie NnpoMBIUICHREBIE 1IIAKK Npoliecca Ba-
HIOKOBA, C cojep:kaHHeM okcuaa ceuHua ot 10 no 50 % mnpu MOCTOAHHOM OTHOWCHHH
Ca0:Si02:Fe20; pasrom 3:3:4.

B xauecTse HCXOOHEIX KOMIIOHCHTOB HCTIONB30BATHCH: OKCHBI CBHALA, KANBLMS, KPEMHHS
u xene3a mapok Y u YJ{A. Cunres 1mtaka npoBoauian B Tedenne 30 MUHYT npH TeMmmneparype
1250 °C. B Buy TOTO, YTO BEICOKOCBHHLOBHCTBIE LINAKK 06MaNal0T BBICOKOH XUMHYECKOH aKTHB-
HOCTBIO, CHHTE3HPOBaHHEIE 00Pa3Lbl MOABEPraMCch XMMHUYECKOMY aHATN3Y AOMNOTHUTENBHO Ha
coneprkanue Al2O3, nepeleuIero B pacrulaB U3 Mareprania Turs (tabmuua 1).

Bo BCex CepHsAX ONMBITHBIX TUIABOK METALIHUECKad HaBecka Oblj1a 0OXMHAKOBOH 1O Macce
(15 r), u noctosuHol o coctasy: 10 % Cu u 90 % Pb. Conepsxaune MM B HCXO/IHOM HaBeCke
BBIGHPANIOCH ¢ y4eToM Toro, 410 10 % Cu B uepHOBOM MeTa/NE 3KBUBANEHTHEI 4-5 % Cu B Hexoa-
HOM KOHLICHTpaTe, YTO ABISETCH 3anpee/bHEIM 3HAYCHHEM JUTS HOPMATBHOIQ OCYIICCTRICHHA
TPAZULMOHHOTO MPOlECca MaxXTHON ¢BUHLOBOM uTaBkH. Macca HaBeckH 111/1aKa BO BCEX OTTLITAX
coctarnana 10r.

Tabnuua 1 — Xumuuecknit cocTas CHHTE3UPOBAHHBIX IIAKOB OKHC/IMTENBHOM M1aBKK

Homep Conepkanne, %

miaka PbO Fe 03 Si0; CaO ALO;
1 9,29 35,49 25,78 26,43 3,01
2 19,02 31,67 23,01 23,69 2,61
3 29,98 27,34 19,98 20,46 2,24
4 39,80 23,75 17,02 17,57 1,86
5 49,81 19,71 14,11 14,61 1,76

B Buay Toro, uTo uiiak 1 Kamid CBHHLA B ¢ypMeHHOM 30He 1B 3a CUET HHTEHCHBHOTO
6apGoTaska 06pasyloT HAXOIALLYIOCH B OCTOSHHOM JABIDKEHIH METAIO-ITAKOBYIO IMYJILCHIO C
Gonswiot MerxdasHol NOBEPXHOCTHIO, UX B3AUMOAEHCTBHE MPOTEKAECT B COCTORHUH, GM3KOM K
pastoBecHoMy. [103TOMY 1aGOPATOPHBIC IKCIIEPUMEHTD!, MOICTHUPYIOLIIE OKHCANTENBHYIO CTa-
ZMIO MAABKY, NPOBOJMIHCE TYTEM JUIMTENIEHOM BELIEPKKH HCCIEAYEMBIX PACTUTABOB B 3aKPHITOM
peakTope A0 NOCTHKEHHUA HMHU COCTOSHIUS PABHOBECHS 1O CIICLMANBHO paspaboTaHHON METOAHKE.
OKHCANTEMBHELA MOTCHIUA CHCTEMET KOHTAKTHPYIOIMX (a3 (METaNIa ! II/1aKa) 3a103aeTCs CocTa-
ROM CHHTE3HPOBAHHOTO BEICOKOCBHHLOBHCTONO miaka. COopka CABOEHHLIX TUIIIEH ¢ KOHTAKTH-
PYIOILIMMA PacTIaBaMH HAXOJMTCS B PEAKTOPE ~ EMKOCTH C OTBEPCTHEM, HEPE3 KOTOPOE MOAAETCS

aproH I co3gaHus NHePTHON (3amHTHOM) rasoBolf cpeas! BHYTPH peakTopa (pucyHok 1).
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Hcnone3oBanue cO0pKU W3 CABOSHHBIX TUMNEH, Korna B 60/1b110M (BHEIIHEM) THIJIE HAXO-
JIUTCS HABECKA U3 MEIHOTO MOPOINKa U FPaHy/IMPOBAaHHOIO METAJIMYECKOTO CBMHLIA, 2 B MaJIOM
(BHYTpEHHEM) THIVIE — HABECKA MCC/ELYEMOrO LIUIaKa, Mpy MIaBKe 00eCneynBacT MUHUMaIEHOE
MEXaHM4ECKOe NEPEMELNBaHMEe METAUIMUECKOTO M LIJIAKOBOTO PaciyIaBoB, MOCKOJIbKY MX B3au-

MOJICHCTBHE OrpaHu4eHO HeGOBIIOM MPOPE3bI0, BEIMOTHEHHON B JOHHON 4aCTH MaJloro THIJIA.

1 — oTBepCTHE B KPBIIKE PEAKTOPA;
2 — KpBIIIKa peaKTopa;

3 — THrenk - peakTop;

4 — Manelif TUTE/IB,

5 — OOJIBILION THTEN;

6 — mnax;

7 — pope3b B MAlIOM THIJIE;

8 — MeQHO-CBUHIOBBIH CI1aB

Pucynoxk 1 — CxeMa pacrnosioxeHus THIJIEH B pEAKTOpe

KoHTpPOJIEHBIMHU OTBITAMH YCTAHOBJIEHO, YTO UL JOCTMXKEHHs HCCIENYeMOM cucTteMoi
paBHOBeCHsI, He0OX0AMMa BBIIeP)KKa KOHTaKTUPYIOIIMX PacllIaBoB B TeueHHe 90 MUHYT NPU TeM-
neparype 1200 °C.

Ilo ucTeueHuu BpeMeHH 11aBku 0ba THrIA (B c6ope) U3BIEKAIM U3 PEaKTOpa U TIOABEpraiy
3aKajike C LebI0 (PMKCALMK COCTOSIHUA PacIUIaBOB MPH 3aJaHHOM TEMMEPAType ONbITa U MPeaoT-
BpAlLlEHUA KPHCTAIM3ALMH MEIU B OTACHbHYIO (asy mpy MEIJIEHHOM OXJIXAECHHH 06pa3LoB
MEHO-CBHHIIOBOTO CII/IaBa M LIUIaKa.

TIpoBefeHHbIE MCCAENOBAHMA HECKOIBKUX IKCIEPUMEHTANBHBIX 00pa3suOB Wiaka ¢ ue-
M0JIB30BAHHEM KOJIMYECTBEHHOTO PEHTTEHOBCKOTO MHUKpOAHAIM3a MOKA3a/lId OTCYTCTBHE KaKHMX-
1100 MEXaHMYECKUX BKJIIOYEHMM MEIM, YTO CBHIETENILCTBYET O HAXOXAEHHA MEIM B INJIaKe
TOJIBKO B PacTBOPEHHOU GopMe M KOPPEKTHOCTM METOOMKH TIPOBENCHUS 3KCIIEPUMEHTATBHBIX
ITaBOK.

JUis ompesieieHus aCCOLMUPOBAHHOCTH PACTBOPEHHOM MenH ¢ (pasoBBIMU CTPYKTypaMH
11JIAKOBOTO paciliaBa GpUTH POBEAEHBI JOMOJIHUTEIbHBIE MUKPOPEHTTEHOCTIEKTPaIbHBIE MCCIIE-
JIOBaHMs! Ha KOHTPOJILHEIX 06pasiiax Iiaka ¢ cofepkanueM Meau 1,4 % c pa3nuuHOMN CTENIEHBIO

PACKpUCTAIM3AUMH (PUCYHOK 2). YCTaHOBJIEHO, UTO IIAK, MOABEPTHYTHIH OBICTPOH 3aKaske B




BoJie (PUCYHOK 2, a) NpeAcTaBiseT coboM roMOreHHEIH paciaB — CTEKIOBUAHYIO MacCy, B KOTO-
POM Mels pacripee/ieHa paBHOMEPHO 10 BCeMY 00BbeMy 1LLIaKa, YTo B HAaMGObIIEH CTENEHH CO-
OTBETCTBYET PeaIbHOMY >KMAKOMY COCTOSIHMIO paciulaBa. B ILujiake, MOABEPrHYTOM 3aKalke Ha
BO3Ayxe (pUCYHOK 2, 6) Hab/MoNaeTCs ero HE3HAUYNTEIILHAS KPUCTAJIM3ALMA, IPU 3TOM pacnpese-
JIEHHE MeJIM HepaBHOMepHOe. XOTs Me/ib PUCYTCTBYET BO BCEM 00beME 1i1aKa, 60/1b1ast €€ 4acTh
accouumpoBaHa ¢ (azamu, comepkammMu oKCHABI xkene3a. ITpu Gonee nryGokoit packpucTanim-
3alUM, JOCTUTHYTON MEIEHHBIM OXJIKICHHEM KOHTPOJBHOTO 0Opaslia BMECTE ¢ OCTHIBAHHEM
[I€YH, MeIb NOYTH MOJIHOCTEIO CBA3aHa ¢ XKeJIe30CoaepKalMMu (pasaMu (PUCYHOK 2, B).

Kak noxazanu uccyieJoBaHHs CTPYKTYphI IINTAKOBBIX PacIlIaBOB, KPYITHOCTh 3€PEH COCTAB-
nsiet ot 10 1o 30 Mkm. ITocne M3MeNpYEHHMs L1aKa B MEJILHHULIE M POJIIEP-NIPECCE 10 3TOM KpyIl-
HOCTH TEOPETHUIECKH BO3MOXKHO pasfie/ieHHe KOMIOHEHTOBR IIIaka MarHUTHBIMH M (IOTalMOH-
HEIMH METOJIaMH C CENCKTUBHBIM BBIAC/ICHHEM B OTAC/ILHBIH KOHLEHTPAT JKEJIE30CONEPIKALLNX

(a3 B KOTOPEIX COAEPXKHUTCS GOJTbIIAs HAcTh TIepeleiuIeHt B ITaK MEIU.

a) 6) B)

PucyHok 2 — CTpyKTypbl 00pa3LOB IIJIaKOBBIX PacrijlaBoB: a) 3akajneHHsI (x2000);

6) yacTHuHO packpucTam3oBaHHelH (x3000); B) packpucTautn30BaHHBIH (X 1500)

Pe3yneTaThl XMMHUYECKOTO aHanu3a 00pa3LoB 3THUX IUIABOK YYMTHRIBAJIKCH MPH pacueTe
cpenHero apu(METHUECKOTO 3HAYECHUS COAEPIKAHUS TOrO UIIM HHOTO KOMITOHEHTA B MEIHO-CBHH-
LOBOM CIUIABE U IIJIaKe JUIS COOTBETCTBYIOIIMX YCIOBHHA.

YeTaHOoBIIEHO, YTO COMEPIKAaHHE MEIM B UEPHOBOM CBHHIE (PUCYHKHM 3 M 4) YMEHBIUAETCH, Kak C
POCTOM TEMIIEpaTypsl, Tak U C YBEIHUCHHEM COIEpXaHHUs OKCHIA CBHHIA B Uulake. B muiakax,
HanpoTHB, Ha0JIO#aeTCs YBEIMYEHHE KOHLEHTpALMHM MEOM C POCTOM KOHLEHTpPAalMH OKCHAA
CBUHIIa ¥ TIOBBIIICHUEM TeMIeparypsl. Takoe MoBeicHHE MeIH 00YC/IOBICHO OKHCJIEHHEM YACTH
MEIHO-CBUHLIOBOTO CIUIaBa, M TIEPEXOJOM €€ BMECTH CO CBMHLIOM B BHJE OKCHUJIOB B LILTAKOBBIH
pacrias. C NOBBIICHHEM TEMIIEPATyphl IO/ PaCTBOPHMBIUEHCS B LIJIaKe MEHM BO3PACcTaeT Kak B
a0COJTIOTHOM 3HA4YEHHH, TaK M 10 CPAaBHEHHIO CO CBIHIIOM, O YE€M CBHIETE/IbCTBYET CHIKCHHUE €€

KOHLEHTPALKH B CIIaBE. AmnanoryyHas TEHACHUHS B MOBEAECHUM MEAM HaOJIIOOAeTCs U C MOBBI-
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IIEHHEM COLIepoKaHMA OKCHA CBUHLA B wnake, HO Gonee 3Haunman, Tak npH M3IMEHEHNH KOHLEH-
Tpaumu okcuaa csuHUA B utake ¢ 10 10 50 % concprxanue Meay B LLlake yBENH4IUBacTCa Gonee,
4eM B 2 pa3a, B TO BPEMA Kak A4 OTAEBHOIO 1112Ka, HAXOALIETOCA B XKHAKOTEKYHEM COCTOAHHH,
pocT TeMneparypst B uHTepsane 1100 — 1260 °C ysenuuuBaeT COXEPKAHUE MCIHM B LIIAKE TOHKO
Ha 20-30 %.

MoKHO NpeanoNoKHUTs, 4TO HA OKHCANTENBHON cTanun rwiasky B [1B MexaHu3M nepexoia
MefM B Hiak GyIeT 3aKII0YaThest B OKHMCICHUH HacTH CynhMAHON MEaM U3 HCXOAHOTO KOHIEH-
Tpara 10 €€ OKCH/A 32 CHET BLICOKOIO OKMCIIMTENLHOIO TMOTEHIMANA HIIakoBoi cuctemst PbO-
Ca0-Si0,-Fe203, coznasacMoro B ¢ypMeHHON 30HE KMCIOPOACOACPKAINM JYTHEM, TIPH COOT-
BETCTBYIOUIMX TEMIIEPATYPHBIX YCIOBMAX. H3MeHEHHEM pacxoaa AYThA 110 OTHOILEHHIO K NIOTOKY
MOCTYNAIOWEro KOHISHTPATA U TEMIIEPATYPH! TIABKH MOXKHO YNPaBIATh NIOBEACHHEM MEIH, Mc-
pepacnpesenss ee MeXIY YePHOBSIM CBHHLIOM M BHICOKOCBHHIOBHCTBIM IIAKOM B 3aBHCHMOCTH
OT HEOGXOAMMOCTH PEIEHHA TEXHOMOTHUYECKHX 3anad.

Gdopmanu3auns NONYIEHHBIX IKCIIEPUMEHTATBHBIX JaHHBX B BUAE Ge3pasmepnolt sen-
YMHBl ~ K03 dHLKEHTa pacnpene/ieHHs MEQH NpH IaBke Loy, KaK OTHOWEHMA KOHUCHTPALHH
MeAu B MeAHO-CBHHIOBOM crutase [Cu] x ee xonueHTpanyy B muake (Cu), no3soamMna noayauTh

€ro YHC/ICHHEIE 3HAYCHUA 11 PaCCMATPHBACMBIX YCIIOBMH (pHCYHKH 5 1 6).
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Hlccnenopanus BA3KOCTH BEICOKOCBHHIIOBUCTEIX LITAKOBBIX PAcILIABOB, IPOBEACHHEIE paHEe
6e3 yuacTns aBTopa, NoKasaiu, uyro npu Temneparype 11001150 °C wnaku ¢ conep>kanneM okcHiaa
ceunua 10-30 % ob6nanaioT Bsicokolt BA3KocTEIO — 2 [a-c ¥ Gosice, YTO 3aTpyaHAET HOPMANBHOE
OCYLIECTBIEHHE OKHCITUTENbHON CTaMH TUTABKH CBHHLOBEIX KOHLIEHTPAToB B neyn Bauiokosa. [Te-
PEXOa MEIH B TAKHE IIUTAKOBHIE PAcIuIaBEl 3arpyaHeH. Ha kpUBEIX pucyHOX 5 1 6 wTpuxosxoi 06o-

3HaYeHb! 00/1aCTH ¢ MOBBILICHHON BA3KOCTHIO LIITAKOBEIX pacIuiaBoB.
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Koadduumenr pacnpenenesns Meau A HCCIEAYEMBIX METALI-LLTAKOBBIX CHCTCM B 3aaH-
HOM MHTepBae TeMNeparyp 1 coaepkanui PbO B 11ake HIMEHAETCA B IOCTATOYHO MMPOKHX Tpe-
genax: ot 2-3 go 17-18. D10 yka3siBaeT Ha To, HTO GonbINad YacTh MEAN HCXOAHOTO ChIPbA OyneT
MEPEXOAMTD, kaK H MPEATIONaranoch, 8 YEpHOBOM MeTall. B 3aBHCHMOCTH OT CO3JaBacMbIX B IUIa-
sunbHOM kamepe [TB yc/ioBmit epexot MeH B YEPHOBOH CBUHEL MOXCT H3MEHITHCA OT 65 10 95 %,
a B BHICOKOCBHHLOBMCTHI NNasHALHBI m1aK GyaeT NepexoinTs, COOTBETCTBEHHO, oT 35 10 5 %
Me[IH, MOCTYTANIECH Ha IU1aBKY C KOHLEHTPATOM.
BMeCTe ¢ TEM JKCIEPUMEHTAIBHBIE JAHHBIE O TOMOFEHHOCTH MEAHO-CBMHUOBLIX CIUIAROB
(BO BCEX 3KCTIEPHMEHTAX OTCYTCTBOBAIO PACCNAMBAHHE CIUIABOR C BHIAC/ICHHEM MENHM) HAIOT OCHO-
BaHME NpeArioNarars, YTo Mpy OCYIIECTBIEHHH OKMCIMTENBHOR IUTABKHM MMEIOTCA peanbHble BO3-
MOXHOCTH NepepaGoTKH HU3KOCOPTHBIX CBHHIIOBBIX KOHUEHTPATOB, COAEPXKAIIUX JI0 5 %o MEMH, MO
QBYXCNOHHON CHCTEME: MEPHOBOH METALT — BEICOKO CBUHLIOBHUCTHIH LITAK, NOTHOCTBIO MCKITIOHHB 06-
pasoBaHMe MEIHO-CBUHLIOBOTO IITeiHA.
MeTooM perpecCHOHNOT0 aHanu3a NoyYeHa 3aBHCUMOCTs ko dulMeHTa pacnpeneieHus
MEZRM OT TEMIEPATYPH! M CONEPKaHUA OKCHIA CBMHIA B make (ko3 duupeHT MHOKeCTBEHHOHR Kop-
pemsiuu r =0,917):
Lcu = 49,47 - 0,03(x0,02) T - 0,209(:0,006) (PbO),
rae T — temneparypa npouecca nnasxy, °C, (PbO) — konuentpauua PbO s minaxe, %.
TlosyuenHoe ypaBHeHUe PACTIPEAENECHUA MEIH, HHTErpUpoBanHoe B Moneas I1B, nossonact
TeopeTHUECKI 0GO0CHOBAHHO NPOrHO3MPOBATH COCTABHI HEPHOBOIO CBMHIIA M LINAKA OKHUCIIHTENBHON
[1aBKH CBHHLIOBLIX KOHUEHTPATOB KaK Ju1d npoliecca BaHIokoBa, Tak s Apyrux 6apboTaXHLIX Npo-
LIECCOB.
B TpeTbeil ryiaBe NpeCTaBIEHEI METONMKA M PE3ysIBTAThl UCCTENOBaHUA PaclpeneNcHUs
MERM MEXIY uLiakoBoH B MeTannmueckolt Qazamu, cnoco6 cuHresa rasorofi cmecu CO-COy, a
TaKoKe NPUBE/ICHB JaHHBIE XUMHYECKOTO U MUKPOCTPYKTYPHOTO aHaMHM30B CUHTE3HPOBAHHEIX MiNa-
KOBBIX 00Gpa3LioB, NPUMEHHTENBHO K BOCCTAHOBHTENbHOM 06paboTke CBMHLIOBBIX LITAKOB 110 CHO-
coby Bantokoga.
3asepmaroieit cranueit nepepaboTKH HH3KOCOPTHOTO MEAMCTOrO CBUHLIOBOTO CyNb(uaHoro
CHIpBA ¢ MpHUMeHeHneM GapboTaxHoro mpouecca Bantokora (I1B) 6e3 obpa3oBanua MeIHO-CBHHIIO-
BOTO LITCHiHA ABMACTCA BOCCTAHOBUTENIbHAsl 06paboTka BLICOKOCBHHIIOBUCTOrO 11J1aKa C NEPEBOIOM
CBHMHIA ¥ MEU B UEPHOBOI CBMHEI M NOMYYCHHEM OTBAILHOTO IO COAEPIKAHHIO UBETHLIX METAIIOB
uyaka. 3Ta CTansd TAoKE OCYIIECTRISETCS B YCIOBUAX HHTCHCUBHOTO NIEPEMEIINBAHHS LIIITAKOBOTO

pacnnaea razoo0pasHEIM QyTEEM B COCTOAHMH, 0H3KOM K PaBHOBECHIO. B HenpeprIBHOM peximve



NPOTCKaHHA ABYXCTaAHIiHOro npouecca B [1B 1mnakoras BaHHa BOCCTAHOBHTE/RHOM €Tanny npes-
CTaBNeHa OJHOPOIHLIM T10 COCTABY OTBTBHBIM IIIAKOM. B ycIOBHAX BBICOKOTO BOCCTRHOBHTE!lb-
HOTO MOTEHUMAana 1 WHTeHcUBHOro GapGoTadka BaHHLI HETPEPHIBHO, HEGONBWINM (OTHOCHTENBHO
ofbeMa 1L1aKOBOW BAHHEI BOCCTAHOBUTENBHOM Kamephl) MOTOKOM MOCTYNAIOWHN CBUHLIOBHCTEIH
IWIAaK MOABEPracTes PU3NKO-XHMHYECKUM TIPEeBPALIEHHAM, HPOTEKAIOUMM ¢ MAKCHMANLHEIMH CKO-
poctamu. Tpu 3TOM NOCTOAHHO «obHOBAAEMan» BaHHA LIUIAKOBOTO paciiaBa OLICTPO MPHXOANT K
COCTOSTHHUIO PABHOBECHS C BBIACIEHHEM B CaMOCTOSTENbHYIO METAUTHYECKYIO a3y CBHHIA H MEad
B BHIC MeJIbYAHLINX KaneeK, HENpEephIBHO KOATIECUMPYIOWHX B 60/IEe KPYIIHBIE KaIUIH, OLICTPO OT-
JENAOUIMECs OT IITaKa.

JIns nposeneHus JaboparopHEIX SKCIIEPUMEHTOB MO HCCNCAOBAHMIO PACTIPEICACHHUA MEIH
MEXY YEPHOBBIM CBHHIIOM M OTBATBHEIM LUIAKOM B YCJIOBHMAX BOCCTARHOBHTE/IBHOM IUIABKH CBHH-
LHOBHMCTEIX LIIAKOB OBUTH CHUHTE3HPOBAHE! OKCHIHEIE PACIUIABE], MOACAUPYIOIUE OTBANbHBIC UINAKH
CBUHLIOROTO IPOM3BO/ICTBA, HA OCHOBE cHCTeMbl FeO-Ca0-Si0; conepxaue, %: Ca0O 19-24; Si0;
30-35; FeO 4045, PbO no 2. CocTas OTBUILHEIX LUIAKOB 1 NePePabOTKH HH3KOCAPTHBIX MeIH-
CTEIX CBHHUOBHIX KOHLEHTpaToB B 1B BEIGHpancsa Ha OCHOBE aHATH3a COCTABOR QTRANTGHEIX UIIAKOR
IpYTHX c110coGoB NepepaGoTKH CBHHIOBOTO CYIIb(HIHOIO CHIPES, 2 TAIOKE MPOBEJCHHBIX PaHEe 3KC-
NepHMEHTOB (Tabnuua 2).

Tabauua 2 — XMMHYECKHN COCTAB CHHTE3HPOBAHHBIX ULIAKOB BOCCTAHOBHTENEHOM IUMaBKU

Homep Coneprxannue, %

mraka PbO FeO Si0, Ca0 AlOs3
1 1,43 43,60 34,95 19,50 0,52
2 1,67 44,10 34,06 19,90 0,27
3 1,54 44,00 30,74 23,41 0,31
4 1,74 45,11 29,10 23,70 0,35
5 1,52 40,76 34,58 22,60 0,54

DxcnepuMedTanbHas 1a6opaTtopHas ycraHoBka co6paHa Ha OCHOBE JIEKTPOIEYH € NOMEIICH-
HEIM B HEE KBapLICBEIM peakTopoM. [l BOCTIpoM3Be e HHA NPOLIECCa BOCCTAHOBHTENBHOM 06padoTku
CBHMHLIOBHCTOIO LIjIaka B paBHOBCCHBIX YCIIOBMAX Ia30Bas CPEAa B PpeakTope €o3/1aBanachk NMyTeM He-
npepsiBHo# nopayu B Hero cMecu CO u CO2 B 3anaHHOM cooTHoweHuy. Tenepauns CO nporoau-
nacs npu Temneparype 1100 °C nponyckannem CO; yepe3s KsaplueBYIO KOJIOHKY, 3aONHEHHYIO Ape-
BeCHEIM yIiEM. TTomy4aeMyro ra3oByl0 CMECh aHATH3IMPOBAIH XpoMarorpaduyecknm mMeToaoM. Ot-
Howenye CO/CO; B nonasacMoi B peakTop rasoBoit cMecH NoAaepkKHBaIIOCh HA YpoBHE 1.1, Kak B
KJTaCCHYECKOM BAPHAHTE MIAXTHOMN CBMHLIOBOM ILTaBKH.

DKCNepUMEHTAIBHBIE TUIaBM MPOBOJAMIIMCE 0 METOJMKE CABOCHHBIX THIICH, aHATOTH4YHO

onucaHHo! B rmage 2. Bo Bcex CEPUAX ONBITHBIX IUIABOK METAITHYECKAT HABCCKA Gbla OTHHAKOBOI
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no macce — 15 r, 1 nocrosudof no cocrasy: 10 % Cu 1 90 % Pb. Macca narecky 111aka B0 BCeX
omelTax cocrasnana30r

Mo MCTEYEHHH YCTAHOBACHHOTO BpeMEHH TaBku cOOpKy H3 CABOEHHBIX TUIIEH C HCCIEAYE-
MBIMU 0Gpa3sLiaMy H3BNEKATH M3 PEaKTOpa M NoABeprany GoicTpoli 3aKanke B BOJE ¢ LETHIO GuKcatm
COCTOAHMA Pacri/1aBOB MPH 3aaHHOI TEMNEPATYPE MIABKM.

Cepuell npeaBpapHTENIBHBIX IKCNIEPUMEHTOB GbiIO YCTAHOBJICHO BpeMs, Heo6xoanmoe A 1o-
CTHXEHNS UCCIIENYEMBIMU PACTUIABAMU COCTOSHHUA, OIM3KOTO K PaBHOBECHIO, KOTOPOE COCTABUIIO
300 MUHYT.

ONTHYECKMMH W MUKPOCKOITMYECKUMH HCCIEN0BaHHAMH BeeX 06paslioB MEAHO-CBHHLIOBOTO
CIJIaBa ONBITHLIX MIABOK HE 0OHApPY)KCHO €ro pacciauBaHHe, a TAIOKE BITIOUEHHH METa/IMYECKOM
Me i1, 0Gpa30BaBUIMXCA 33 CUET HACTHYHON PACKPHCTANTH3AUMH cittasa. C npaxTiIcCckol TOUKH 3pe-
HHA 3TO CBUACTEALCTBYET O TOM, 4TO MEQHO-CBUHLIOBEI Cruias OyAeT OCTaBATHCA OMHOPOAHBIM (ro-
MOTEHHEIM) MPH BOCCTAHOBUTENBHOM ITaBKe CBUHIIOBHCTBIX ILTAKOB C JOCTATOYHO BEICOKMM CONEp-
>KaHUEM MEIH, TO €CTH CBUHELL B 3TUX YCIOBHAX 001a1aeT MOBILICHHOH paCTBOPHMOCTSIO IO OTHO-
MeHUI0 k Mean. DTOT (aKT yKa3kBaeT HA BO3MOXKHOCTE YTpPaBleHUs pacnpeneneHueM mMeau (Win
NEPEPACHPEALICHHA MeN) MEXIY HEPHOBBIM CBMHIIOM OKHCIIMTENLHOM MIaRKYM H YePHOBLIM CBHH-
LOM BOCCTAHOBHTEAEHON CTA/IUH B 3aBHCHMOCTH OT NPOH3BOACTBEHHBIX 0GCTOATENLCTB, BOIHHKAIO-
UWIHMX NpH 1epepafoTke HUIKOCOPTHBIX BEICOKOMEIHCTEIX CBHHLIOBBIX KOHLEHTpaTOB 6¢3 06pasosa-
HUA TOSIMMETANMYECKOrO wTelina. BhiABNeHHas TEXHONOHYECKas BO3MOXHOCTh (0COGEHHOCTD)
NOAKPEIUIACTCA CLIE U TEM, YTO HA CTAAMH OKHCIATEIBHON NMJIABKH PacHpeneicHHe MeNH MEXIy
4epPHOBBIM CBHHIIOM M CBUHUOBHCTBIM UIAKOM MOKET H3MEHATLCS B JOCTATOYHO IMIMPOKHX Mpede-
nax: 65 — 95 % 8 uepnoBo# ceuHen ¥ 35 — 5 % B 1UIaK, OT YCIOBHMI OCYIIECTBACHNS TEXHONOTHYE-
CKOTO TpoLecca.

Pe3ynbTarsl XMMUUECKOTO aHann3a 00pa3Los MIakoB NOKa3ait, YTO COMCPKaHHE OCHOBHEBIX
112aK006pa3yloUIMX KOMIIOHEHTOB NPAKTHYECKHU HE H3MEHAIOCH B X0/ 1ab0paTOpHBIX M1aBOK OT-
HOCHTEIEHO MCXOAHBIX MITAK0B. KOHLEHTpaUMa OKCHA2 CBHHLA B JKCNEPHMEHTANBHBIX ofpasuax
1aKa CHU3KUAach B 1,5-2 pa3a No OTHOMICHHIO K NICXOOHOMY COAepkaHuto. KOHLEHTpauus Meam B
1aKax, MMHUTHPYIOLIMX OTBANBHBIE, TAKKE 3HAUUTENBHO HHXKE YeM B BHICOKOCBMHLIOBUCTBIX Ina-
kax. OUHaKo, KOppendLUs MEXRY COACPIKaHHEM MEAH H KOHLEHTpauuel CBMHLA B LITaKe OTCYT-
CTBYET.

ConepskaHHe Me B MENHO-CBHHIIOBOM CIUIABE YBEIHUMBAETCS C POCTOM TeMmmeparypst. B
(1/18KaX, HAlIPOTHB, HAGMIOAACTCH 3aKOHOMEPHOE CHIDKEHHE COIEPIXAaHUS MEJM C JIOBBIICHHEM TeM-
neparypel. 3T0 CBMAETENLCTBYET O TOM, UTO pachpeieieHHe Mean MEeXIy YCPHOBBIM CBUHIIOM H

LIIAKOM HA CTaAMH BOCCTaHOBMTC/IbHOM 06pa60TKH BLICOKOCBHHLIOBUCTOIO MEALCOACPKALIETO



IIJIAKa 38BUCHT B OCHOBHOM OT TEMINEPATYPhl BEACHHS NPOLECCa, KOTOPas BIMACT HA BOCCTAHOBH-
TeNTbHBI NOTEHUMAN CHCTEMEI, ¥, B MCHBIIEH CTETICHH OT COCTaBa MOJIyHacMOro OTBATLHOTO IUIAKa.

VCTaHORMEHO, UTO AT BCEX HCCIIEAYEMBIX METAI—IILAKOBEIX CHCTEM B 33aHHOM HHTCPBA/IC
Temneparyp koadb¢HuuenT pacnpencacHus MeaH n3MeHsetca ot 21 no 71 (pucyHok 7). Hssnedenue

MeINn B 4epHOBOH cBUHEL cocTasieT oT 95,4 j10 98,6 %, a B oTBATBHEIN mmak — ot 4,6 10 1,4 %

COQTBECTCTBCHHO.
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Pucynok 7 — 3asncumocTs k03 GHUUHCHT pactpeieeHAA MEOM OT TEMITEPaTyphl

TMosy4eHHbIe JaHHBIE HAMAAHO NOKA3HIBAIOT, YTO NMPOUECC BOCCTAHOBJICHHA MEIM U3 OKCUJ-
HOrO PacIuIasa NMpOTEKAET ROCTATOHO IMyGoKo, o6ecneunBas ony4eHne npu GecureAHOBOMA Nepe-
paboTKE HH3KOCOPTHBIX MEQUCTBIX CBHHI(OBBIX KOHUCHTPATOB IABYXCTAMMAHEIM NponeccoM Bario-
KOBa OTBANBHEIX 110 COACPIKAHHIO HE TONBKO CBHHLA, HO H Me[H, LLTAKOB,

MeTonoM PErpecCHOHHOIO aHAN3a MONYYEHO YPaBHEHHE 3aBHCHMOCTH K03dduuHenTa pac-
npeneneHus MeaH Loy OT TEeMNEPATYPhI H CONEPHKAHNA OCHOBHBIX LILTaKeO0Pa3yIOLIMX KOMIOHEHTOB
(xo3¢dpuunent xoppensuun 94,1 %):

Lcu = 2238,585 + 0,193 (+0,064)x T - 23,653 (+0,375)% (FeO) -
— 25,8295 (£0,597)x (Si02) - 26,117(x0,882) x (Ca0)
rae T — Temneparypa npouecca, °C; (FeO), (Ca0), (SiO1) - xonuenTpaums FeO, Ca0, Si0; s

mnake, %.
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[MonyyeHHas aHanUTHYECKAd 3aBHCHMOCTD [103BOMIAET € A0CTATOMHON TOUHOCTHH0 NPOTHO3M-
poBath conepxanMe MeaH B NPOJYKTaX BOCCTAHOBUTENLHOM CTaRHH Npoliecca Bantoxosa: B OTBANL-
HOM LI1aKe M B uepHOBOM cBUHLUE. Taloke 3TO ypaBHEHHE MOXKET OBITh UCMIONL30BAHO /i APYTHX
ABTOT¢HHBIX 6apBOTAKHBIX MPOLIECCOB.

B derBepToil r/1aBe NPUBEAECHO ONHCAHME NOMOMHHTENBHBIX PACUETHBIX OIOKOB K CYIIECTBY-
lomeit MaTeMaTHUECKO MONCAH PAaBHOBECHOTO BbX01a (a3 B mpouecce BaHiokoBa pu npaMoit Brl-
NIaBKe CBUHLA M3 CYNb(UIHEIX KOHUEHTPATOB, PE3Y/IbTATEl PACUCTOB TEXHONOTHYCCKHX MapaMeT-
POB NepepafoTKH HU3KOCOPTHBIX MEABCOASPIKALIMX CBUHLOBBIX KOHLEHTpaToB B 1B, npeaioxkeHst
IPAKTHYECKME PEKOMEHAALMH 10 OPTaHM3ALIMK TEXHOIOTHH H KOHCTPYKTHBHOMY 0opMIeHRIO Npo-
necea.

C HCMOMBE30BaHHEM YPABHEHMI! 3aBUCHMOCTH Ko3¢duuucHTa pacnpeacnenus mem Leu
MEXIy MEHO-CBMHLIOBBIM CILTABOM H ILITAKOM OT TEMIIEPATYPh! U COCTABA UIMAKA 71 OKUC/IUTENb-
HOM M BOCCTAHOBMTE/IRHON CTAxMi MNaBKU COCTABJICHH! pacyeTHBIE OJI0KH, NMO3BOASIOMIME M3HA-
YabHO MPOTHO3WPOBATE COCTABHI XKHIKHX MPOOYKTOR IUIABKH, OTCNEXHRATH NIOBEJCHUE MEIM NI
pacueTax TeXHONOTHYECKUX NapaMeTpos NepepaboTKH Pa3THLHEIX THIIOB CBUHIIOBOTO CHIPS U CBH-
HeLCOoAepXKalUX HOMYIPOAYKTOB APYTHX MPOM3BOACTB, BKIIOHAd HMZKOKAYECTBEHHBIC MEIMCTHIE
KOHUEHTDATBHI.

BaeseHHEIe B MOAENE pacueTHbIE GNIOKH MO3BONAIOT NOJNYYATh YTOYHEHHEIE JAHHBIE 110 CO-
JEPIKaHHIO ME/IM B METAJUIE 1 LIUTAKE NIPH MONHOMA CXOXMMOCTH JPYTHX PaCYCTHRIX NapaMeTpoB Mpo-
1ecca. YeosepiueHcTBOBaHHaA Moaens [1B no3gonser nposoauTs MHOrogakTopHele HCCIEA0RAHHA
U HA MX OCHOBE [IPUHHMATE 0GOCHORAHHbIE PELICHUA 1O BEIOOPY ONTHMATEHBIX PEXMMOB BEAEHHA
npoliecca, ONPEAEIATh TPAHNLbI €ro YCTONYHBOrO NPOTEKAHNA M MPEACTABIATE KOHUCTIIMIO KOH-
CTPYKTMBHOTO 0(h)OpMIICHHS NEYHOTo arperara. BMecTe ¢ TeM OueHb BaKHO, UTO MOAECPHH3ALMA pac-
YETHLIX GI0KOB, ONMHCHIBAIOIIMX MEX(azHoe pacnpeneieHue MeaH B IPOLECCE IUIaBKH, MO3BOJIAET C
MOMOMIBIO MOJENBHBIX HUCCAENOBAHMH MOMAYHHTH LOCTATOYHO OGOCHOBAHHBIC 3HAYEHHA MEPBOHA~
YATEHO MPHHUMACMBIX TEXHONOIHYECKHX [1apaMeTPOB H 0:KHAACMEBIX NI0Ka3aTeNned BHOB CO31aBae~
MOTO WJIH MOJCPHU3UPYEMOTO IIPOH3BOLCTBA, MUHYA CTAIMH YKPYTIHEHHEIX 1ab0paToOpHEIX H MOJTY-
MIPOMBILLIEHHBIX HCIIBITAHMIA.,

Pe3ynsTarst IpoBEAEHHBIX MOZICTIRHBIX UCCICAOBAHMIA 10 nepepaboTke HM3KOKaYe CTBEHHBIX
CBUHIIOBHIX CYALGHAHBIX KOHLEHTpaTOB (conepxanme, %: Pb ~45; Cu-4,21; Zn—~11; Fe - 10,03;
S —-24,41, Si02 1,5; snaxuocts — 6 %) U pa3/IMUHEIX CBHHEL— H MENS CONEPXKAIIMX IONYIIPOAYKTOB
MeIHOTO H IMHKOBOTO npou3BoacTs OAO «AnMansikcknit F'MK», 0CHOBHEIE pacu€THBIC MOKA3ATENH
KOTOpO# NPHBEIEHE! HA PUCYHKE 8, NOATREPKAAIOT IIHPOKHE TEXHONOTHYECKHE BOIMOXKHOCTH T1PO-

necca Baniokosa, KaK A1 OKHUCAMTENSHON MNaBKH HH3KOCOPTHBIX MEARCOACPIKALIMX CBHHLOBBIX
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KOHUCHTPATOB, TaK U Ha CTanU BOCCTAHOBUTE/ILHOMN NNABKK TNIOIYYCHHBIX MCbCOACPIKAIINX CBHH~

LOBHCTHIX LHUIAKOB.
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PucyHok 8§ — PacueTHsle 3HaueHHs cotepxaHusd a) Pb B uepHoBoM Metasuie; 6) Cu B 4epHOBOM Me-
Tajuie, B) Cu B BEICOKOCBHHLIOBUCTOM HINAaKe, l') Pb B BEICOKOCBHHLIOBUCTOM UIaKe, MOTYUCHHBIC C
TIOMOLBI0 ycosepmcnm‘nona}moﬁ MOIEIH

Io pe3yasTaraM MONEIEHBIX UCCICAOBAHHIT ONMPEACIEHD! CICAYIOIHE TEXHOIOTHYECKHIE 110-
Kasarenu npouecca nepepaGoTkn cBUHUOBOH Menscomepxamielt muxTel OAOQ «AnMaTBIKCKHR
TMK»: conepkaHiie B YepHOBOM MeTaUte TUIaBuibHOM kamepn (TIK): [Pb] 87-91 %, [Cu] 8-11%,
cozepKaHME B BLICOKOCBUHLOBHCTOM mnake ITK: (Pb) 26-31 %, [Cu] 0,99-1,39 %, u3sneueuue B
yepHosoi MeTan ITK: Pb: 46-58 % Cu: 70-93 %; usBneucHHe B BEICOKOCRUHLIOBUCTRIA muiak TTK:
Pb: 12-32 % Cu: 5-30 %, usBieycHHe B YepHOBOH METALT BOCCTAHOBUTENLHOA Kamepsi (BK) Pb: 95-
98 % Cu: 90-95 % ; Temneparypa I1K: 1180-1220 °C; BK: 1250-1300 °C; unreHcusHocTs ayThs [1K:
800-950 wm*/(m>4) BK: 650-800 m3/(m>u), comepxanue xucnopoma B aytee I1K: 90 %;
BK: 60 %.

TMokasano, uTo npotece BaHokosa Mo3BoNseT BecTH GeCTEHHOBYIO NEpepaboTKy CBHHLO-
BBIX KOHIEHTPATOB ¢ MOBEIIICHHLIM CONEP/KAHNEM MEIH, ¢ KOHTPOIHPYEMBIM TIEPEBOIOM MEIH He-
XOIHOTO CHIPBA B HEPHOBOH CBHHELL M IILTAKOBEIH PAcTinaB B MPONOPIHAX, 00yCIOBIEHHEIX COCTABOM
nepepabarsiBagMoro ChIPss M TEKYIIeH NPOM3BOACTBCHHOM HEo6X0MMMOCTEI0. B COBOKYNHOCTH 3TO

nenaet paspabarsiBaeMyIo TEXHOJIOTHIO HaHGoNee NEPCIEKTHRHOM B BATY €€ YHHBEPCANBHOCTH |
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IPOCTOTHI PEANU3AUMH, A TAOKE IKOHOMHYECKH Goslee BHITOAHOM 1714 NepepaGoTKH CBHHLIOBBIX CYNIb~
(MIHBIX KOHUEHTPATOB C MOBBIIICHHBIM COREPKAHHEM MEIH.

ArnnapaTypHo-TeXHONOrnYeckoe oopMiaenue npouecca Banokosa 11 nepepaboTku Hu3-
KOK24ECTBEHHEIX CBUHLIOBBIX KOHICHTPATOB MOXKET OBITh Pa3THUHBIM:

— B BMIE OJHOKaMEPHON (YHHBEpPCANBHO) NMEyY, HEMPEPBIBHO paboTalomel B Pa3/IMyHbIX
TEXHOJOMUUYECKHX LHKIAX — IEPBOHAYATBHO B PEXMME OXHCIHTEILHON IUTABKH C IIOYYEHHEM Yep-
HOBOrO CBMHIIA C NOBBILEHHOEC KOHLEHTpaLMell MEIM M HaKONIeHHeM GOratoro CBHHIOBHCTOTO
MEABCOACPIKAIET0 UIIAKA, @ 3ATEM B PEXMME BOCCTAHOBMICIBHOM IUIABKH HAKOIJICHHOTO CBMH-
LIOBUCTOrO LLIaKa,

— B BHAC ABYXKaMmMepHOro IaBWIBHOIO arperara, B KOTOpOM HETMPECPLHIBHO U MOC/ICAOBA-
TEJILHO OCYIIECTBAAIOTCA MPOIECCH OKUCITUTENBHO M BOCCTAHOBUTENRHON TUIABOK C NOTyHEHHEM
HEPHOBOTO CBHHLA Pa3fINYHOTO COCTABA 0 COAEPMKAHMIO MeAM (N0 RHAAM MJIaBOK) M OTBAILHOTO
mjIaKa.

Ha 0cHOBE M0/1y4eHHBIX JKCIEPHMEHTANBHBIX 10 PACTIPECICHAIO MEIH MEMNTY CBHHIIOM M
LI7IAKOM M PE3yJILTATOB MOENBHBIX HCCIIEOBAHHI NepepaGoTKH CBUHLIOBEIX CYMbGUIHBIX KOHIEH-
TPATOB C MOBLIMECHHEIM COAEPXKAHUEM MEM NPEIOKEHEL HOBEIE TEXHHUECKHE PELICHHS 110 KOH-
CTpYKUMH Tieuu Baniokosa. PekOMeHAOBAHO YCTaHABIHBATE NPOXYBOUHLIE (HYPM HA MUHMMAILHO
BO3MOXHOM PACCTOAHHM OT MOXMHBL Ncud. PEKOMEHAYETCS BHINONHEHWE B TMOAHMHE, HEMocpen-
CTBEHHO B 30HE NEPETOMHOTO KaHana CBUHIIOBOTO crudoHa, yriy6acHus B Buae NpusMka ais cbopa
YepPHOBOTO METAMIA M HETMPEPHIBHOTO BLIMYCKA €r0 U3 Meun. Takke peKOMEHIyeTcs NMPUMEHEHNE

3arpy304HOTO yCTpoHCTBa, NOJAB/IIOILET0 BO3FOHKY CyNb(hHIA CBHHLA LIHUXTOBOTO MOTOKA.
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OBUINE BBIBOJBI 11O PABOTE

1. Pa3paGoTaHbl METOQUKH U3YdCHMS PACIPEACTICHHA MEIY MEXKITY MEIHO-CBHHLIOBBIM CIUIaBOM
H LIUIZKOM, OCHOBaHHEIC Ha j1abopaTopHOH NiaBKe B «CABOCHHBIX TUTJIAX» B MHEPTHOM cpele U B
KOHTpO/IHpyeMol aTMocdepe € 3afaHHBIM OKUCIHTENbHBIM NOTEHIMATOM, IPUMEHHTENBHO K yCIIo-
BMSAM MIPSIMOFO MOJYYCHUS UEPHOBOTO CBUHLA M3 HU3KOKAYCCTBCHHBIX MEABCOACPKAIIMX CBMHIIO-
BLIX CyNbOHAHEIX KOHIEHTPATOR ¥ BOCCTAHOBUTENEHOM 00paGOoTKH BEICOKOCBHHLIOBHCTEIX MEIBCO-
JeprKallixX [INaKoB.

2. TlonyueHs! HOBBIE JaHHEIE IO PACTIPEACTEHHIO MEAN MEXY MEIHO-CBHHILOBBIM cILtasoM (10
% Cu) Y UIAKOBEIMHM paciiasaMu cieteMbt PbO-Ca0-Si02-Fe 03 (10-50 % PbO) npumeHHTEBHO
K OKHCJIUTEHHOM MUIaBKE CBUHIOBEIX KOHIEHTPATOB Mo crioco0y BaHiokoBa B HHTepBanie TeMIepa-
Typ 1100-1260 °C.

3. MeTonoM perpecCHOHHOTO aHATH3A COCTABIEHa 3aBHCHMOCTSL KodddHumenTa pacnpenene-
HHA Meay Loy MEXAY MENHO-CBHHIIOBLIM CIUIaBOM M BHICOKOCBMHUOBHCTHIM UIIAKOM OT TeMIepa-
TYPH! U COAEPKaHNA OKCHAA CBHHIA B 1I1AKE JYIA YCIOBHI PAMOH BRILTABKH YCPHOBOTO CBHHLIA M3
HH3KOKAYECTBEHHBIX ME/IMCTHIX KOHLEHTpaTos B 1B,

4. TlonyucHsi HOBBIC HAHHEIC 110 PACTIPSICIICHIIO MEH MEXTY MEAHO-CBHHIIOBLIM cTuIaBoM (10
% Cu) ¢ uItakoBeIMH paciiasamiu cuctemsl FeO-Ca0-Si0Oz ¢ copepkaHHeM oOKcuna cBUHLA 10 2 %
B uHTEpBaIe Temneparyp 1200-1300 °C NpUMEHUTENEHO K BOCCTAHOBHTENBHOM 06paGoTke BEICO-
KOCBHMHLIOBHCTRIX ILIaKOB 110 criocofy BawrokoBsa.

5. PerpecCHOHHEIM AHANW3OM NOMYUCHA 3aBUCKMOCTS Koa¢puLenTa pacipesieeHHs Mean Loy
MESKIY MeIHO-CBHHLOBEIM CILUTAaBOM M LUIaKOM OT TEMIEPATYPH W COACPIKAHNS OCHOBHBIX IUIAKO-
00pa3yrouInx KOMIIOHEHTOB B LILTaKe JUIA YCIOBHH BOCCTAHOBHTENLHON TUIABKH BEICOKOCEMHLOBH-
cTeIx makos B [1B.

6. HccnemosaHa CTpyKTYpa M CTPOCHHE LINTAKOBLIX PACIUTAROB G BLICOKHM CONIEPIKAHNEM OKCHIA
CBHHIA, CHHTCINPOBAHHEIX JUTA NIPOBEACHH: TaGOPaTOPHEIX IKCICPHUMEHTOB, YCTaHOBJICHBI 0C00EH-
HOCTH pacnpeAeiicHHs MEIH MeXIY (hazaMH I1aKa MPH €ro OXTAKACHHH.

7. DKCNepUMEHTANEHO MOATBEPXKACHA MOMOTNEHHOCTE MCIOHO-CBHHIIOBBIX CIUIABOB, COACPIKa-
X 10 10 % Memu BO BCeM TeMNEpaTypHOM Mana3oHe J1aGoparopHBIX IUIABOK, YTO [I03BONSET 0N~
HOCTBIO HCKIIIOYHTE 00pa30BaHHe MEAHO-CBHHLIOBOIQ IUTEHHA NPH OKHC/TUTEBHOM IL1AaBKE CBHHILO-
BBIX CYnbHIHBIX KOHLEHTPATOB, COAEPKAILMX 10 5 Y% MEIH, Ha YEPHOBOH CBHHEL U BEICOKOCBHH-

HOBUCTEHI HIAK.
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8. DKcrnepHMEHTATEHO NMOKa3aHO, YTO MPOLECC BOCCTAHOBIEHUS MEIM H3 OKCHAHOIO paciuiasa
npoTexaeT A0CTaToNHO FyGoko 1 ofecneunBaeT noly4enne npu GecireitHoBolt nepepaboTke Hu3-
KOCOPTHBIX MEAHNCTBIX CBMHLIOBEIX KOHLCHTPATOB ABYXCTANMHHELIM fponieccoM Baniokosa OTBAMb-
HEIX 110 COAEP>KAHNIO CBMHIIA M MEJN LUIAKOB.

9. Ha ocrose ypasueHuit 3asucumoctit xoddduunenta pacnpeseneHus mead Leu Mexay
M€ HO-CBHHIIOBEIM CIIABOM Y LIIAKOM COCTAaBJIEHBI pacyueTHbIE 610K, MHTETPUPOBAHHLIE B TEPMO-
AMHAMHYECKYIO MOJIe/Ib PaBHOBECHOTO BhIX0Aa (a3 B mpoliecce BaniokoBa npH npaAMo# BEITLTaBKe
YEPHOBOIO CBHHIIA U3 CYNB()HUAHBIX KOHLIEHTPATOB.

10. C ucrons30BaHueM yCOBEpIICHCTROBaHHOI MaTeMaTideckoit Moaemy I1B nposeacns! uccne-
J0BaHMs NepepaboTKH PA3TMYHEIX THIIOB HU3KOCOPTHEIX MEABCOAEPKAIIMX CBHHIIOBBIX KOHLEHTPA-
TOB ¥ BLIGPAHLI ONTHMANLHBIE TEXHOIOrMYECKHE TTapaMETPHI MpoLecea.

11. Uccnenoranns Ha yCOBepILEHCTBOBAHHON MOJEIH PaBHOBECHOTO BeIXofda (a3 B mporecce
BaniokoBa 11038010T NOMYYHTH 3HAYCHUS NEPBOHAYANBHO NPHHUMAEMBIX TEXHOOTHYCCKHX Napa-
METPOB H O’KMIACMBIX M0KA3aTesell BHOBL CO3JaBacMOr0 MM MOJEPHH3NPYEMOro NMPOU3BOACTBA
6e3 npoBeicHNns YKPYTIHEHHBIX 1a0OpaTOPHBIX U NOTYNPOMBIIIEHHBIX HCIBITAHHA.

12. Pa3pa6oTansl MpakTHYECKKE peKOMEHIAlH [0 KOHCTPYKTHBHOMY ohopMieHHIo neun Ba-

HIOKOBA A4 nepcpaﬁorxu HU3KOCOPTHRIX MCObCOAC PAKALIHX CBHHIOBBIX KOHLICHTPATOB.

25



OcnoBHoe cogepskanne paboTbl 0TpaXceHo B NybnKkanmnax:

1. PacnpenencHue MeaM MO  KOHJACHCHPOBAHHEIM NpPOAYKTaM [UIABKH B [POLECCE
Bamokosa / Koteixos M.H., ®denopos A H. // LiseTnbie Metannsl. —2013. - Ne 4, C. 37 -42

2. M3yueHne pacnpeneneHus MEIH MEXIy UUTAKOM W CBMHLIOM B 6apbOTaKHOM BOCCTAHOBH-
TenshoM mpouccce / Komerxo MU, ®emopor AH., Jlykasmit CJL u np. // lsetusle
metamsl. —2014. - Ne 2. C. 38 - 42

3. Hoy-xay Ne2-341-2014 OUC ot 7 mapta 2014. TexHoMornueck1e napaMeTpsl npoecca ne-
PEpaGoTKH HH3KOCOPTHBIX MeABCOEPIKALIMX CBHHIOBBIX KOHLCHTPATOB B neyn Baiokosa / Kotsl-
xo8 MM, ©emopos A H. 3apernctpuposano B Jlenosurapun Hoy-xay OT/e/a 3aMTel HHTEIIEK-
TyansHo# cobcTeeHHocTH HUTY « MHUICuCn

4. Hoy-xay Ne 3-341-2014 OUC ot 7 mapTa 2014. OcoGeHHOCTH KOHCTPYKTHBHOTO OQOpPMIICHHS
M OpraHn3auyH npouecca nepepaboTkH HH3KOCOPTHBIX MEABCOACPIKAIUMX CBHHLOBEIX KOHIIEHTPa-
Tos B neur Barokosa / Koteixos MU, ®enopos A H. 3aperncrpuposano s Jienosnrapun noy-xay
OTaena 3amuTh! HHTEJUIEKTyalsHoH coGersennocTt HUTY «MHCHC»

5. ®enopos A.H., Kotbrxos M. U3ydenne pacripeeicHHs MEH MO KOHAEHCHPOBAHHEIM Npo-
JlyKTaM IUIaBKH CBMHUOBBIX KOHLEHTpatoB // [TepcnekTHBHEIC HHHOBALUMH B Hayke, o0pa3oBaHHH,
nipou3R0ACTBE M TpaHcnopte’2012. — Buinyck 2. Tom. 8 ~ Marepuanul xondepenimu 8 YxpHH-
HUM®. - Opecca, 2012 .- C. 42

6. Kotykhov M. Modern technology development for processing low-grade scrap, containing
lead and silver // Science, Technology and Higher Education: materials of the international research
and practice conference, Vol. II, Westwood, Canada, 11-12 December, 2012, p. 539 - 541

7. Kotykhov M. Zur entwicklung einer technologie fur die verarbeitung von silberoxid-zink-bat-
terien mit gleichzeitiger bleierhaltung // Science and Education: materials of the II international re-

search and practice conference, Vol. 1, Munich, Germany, 18-19 December, 2012, p. 226 - 228

26



TMonnwucano B evars:  03.04.2014

3akaz Ne 9451 Tupax - 100 sx3.
Tleuars TpadaperHas.
Tvmorpadus «11-it GOPMAT»
HHH 7726330900
115230, Mocksa, Bapmdeckoe 1., 36
(499) 788-78-56

www.autoreferat.ru



