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IMosicuuTeILHAS 3aIMCKA

COOpHHK METOIMYECKMX YyKa3aHWW Ui BBIMOJHEHUS NpakTudeckux pador mo MJIKO01.01
«MeTayutyprust LBETHBIX METAJUIOB» COJEPXKHUT HEOOXOAUMBIE TEOPETUYECKUE CBEACHHUS U
NPAKTUYECKHE  3aJaHusl, [peIHa3HAYeHHBbIE IS CTyIeHTOB  crenuanbHocTH — 22.02.02
Mertamutyprus HBETHBIX METAJLIOB.

MJIKO1.01«Meramnyprusi uBeTHbIX MeTaioBy» sBisercss vacTbio [IM.Ol«llonroroska wu
BE/ICHUE TEXHOJIOTMYECKOT0 MPOoLecca MPOU3BOJICTBA [IBETHBIX METAUIOB U CILUIaBOB» U M3y4yaercs B
TeueHue ogHoro cemectpa. B xone m3zydyenus M/IK01.01 paccmarpuBaroTCsi ClIeayIOIINE BOIPOCHL:
(U3UKO-XMMHUYECKHE CBOMCTBA METAJJIOB, TEOPETUUECKUE OCHOBBI IIPOLIECCOB, CHIPbE U MaTEpUabI,
UCIOJIb3YEMBIE B IIpPOLIECCE IMPOU3BOJCTBA, TPEOOBAaHUS K HUM, KOHCTPYKIIMM OCHOBHOTO
000pyI0BaHus, BEIEHUE IPOLIECCOB IPOU3BOJICTBA, TEXHUKO- SKOHOMHUYECKHE TOKA3aTeNIN MTPOLECCOB
IPOM3BOJICTBA, YKOJIOTHYECKHE TPeOOBaHUS K TPOIIeccCaM MPOU3BOICTBA.

Ha uzyuenne MJIK01.01 orBoautes 1149acoB, u3 HUX 52 4aca Ha MPAKTHYECKUE PAOOTEHI.

Kaxnas npaktudeckas pa0oTa COJOEPXKHUT, TEOPETUYECKHE CBEICHUS, KOHTPOJIbHbIE
BOIIPOCHI,ITPAKTUYECKOE 3aaHUE.

Ilenp MeTOAMYECKMX YKa3aHWM — NIPEIOCTaBICHUE HeoOxonuMoM HH(OpMaUKU 7S
BBIMOJIHEHUST mpakTudeckux pador mo MK 01.01, B xome KOTOpbIX OOy4aroImiuecs: 3aKperuisioT

MOJIyYE€HHBbIE 3HAaHUSA U MPUOOPETaOT HEOoOXOJUMbIe YMEHHs, HalpaBieHHble Ha (OPMUPOBAHUE
npo¢ecCHOHATBHBIX KOMITETEHIIHH.



IIpakTnuyeckas padora Nel
Tema: M3yuenue Gpu3HMUECKUX U XUMUYECKHX CBOMCTB LIBETHBIX METAJLIOB.
Hean padorbl: HayunThest 1aBaTh OIIEHKY IIBETHBIM METaJJIaM 10 UX CBOMCTBaM.
TeopeTudyecKkue cBeIeHUA
CsoiicTBa Mean

Menbp COBMECTHO C HHKENIEM, CBHUHIIOM, IIMHKOM M OJOBOM 0O0Opa3yeT Trpylny OCHOBHBIX
TSDKEJIBIX LBETHBIX METaIoB. M3 3TON TpyIIbl TOJNBKO HUKENb SBISETCS "MOJOIBIM’ METaJUIOM,
MIPOMBIIIUICHHOE MPOW3BOJICTBO KOTOPOTO Hayanoch Juiib B KoHIe XIX B. OcTanbHble METaIUIbI
ATOM TPYIIbI, BKIIOYAs MEIb, CIy>KaT YEJIOBEKY Ha MPOTSKEHUU MOYTH BCEH HCTOPUU DPA3BUTUS
YeJI0BEYECKOro o0mmiecTBa. 3HAYCHUE MEIW JUIsi COBPEMEHHOTO OOMIECTBA TPYIHO MEPEOICHUTD.

B nepuonnueckoit cucreme snemeHToB J[.M.MenneneeBa Mmenp pacrnonoxkena B [ rpymnme
4-ro mepuona, MOpAIKOBBIE Homep ee 29. Kak snemMeHT mepBoil Tpynmbl MeAb OJHOBAJICHTHA.
B »srtom coctosHuM oHa Hambojee MIMPOKO TpPEACTaBIeHAa B PYAHBIX MHHEpaliax, MITeHHaX,
HUIakax M JAPYruX NPOAYKTaX MHUPOMETAUIypruu. B mpoaykTax WX OKHCIEHHS B MPUPOAEC U B
TEXHOJIOTHYECKHUX Tpoleccax O0oliee YCTOWYMBBIM SIBISIETCS JBYXBAJIEHTHOE COCTOSHUE.

[Tpu Temneparype maBiaenus (1084,5 °C) paBneHue mapoB MeAM OYE€Hb Mallo U
cocraiuseT 1,596 Ila. [IpakTiuecku HEIETYUUMHU SBIISIOTCS OKCUBI U CYIbQUABI MEa.

Menp - MSTKuM, BS3KMM M KOBKHM MeTa/ul KpacHOro 1mBera. OHa JIErKO MPOKaTHIBACTCS B
TOHKHE JIUCTHI M BBITSATHBAETCS B MPOBOJOKY. [l0 3JIEKTPOMPOBOMHOCTH MEIb YCTYMAaeT TOJBKO
cepebpy. Baxneiimue cBoiicTBa Meu IPUBEACHBI B TAOIHIIE.

B XxuMuyeckoM OTHOUIEHHMHM MeAb MAaJIOAKTHBHBIM METallJl, XOTS OHAa B ONPEIEIECHHBIX
YCIOBHUSIX MOXET HEMOCPEACTBEHHO COEAMHATHCS C  KHUCIOPOJAOM, CEpOW, TallorTeHaMHu U
HEKOTOPBIMU JPYTUMU 3JIEMEHTAMH.

[Ipu oOBIYHOM TemiiepaType CyXOW BO3AyX M BjIara B OTICIBHOCTH HE JACUCTBYIOT Ha
M€llb, HO BO BJIAKHOM BO3ayxe, cojaepxamem CO2, Meap OKHCISETCS M MOKPBIBACTCS 3€JIEHOM
wieHkoit ocuoBHoro kapOonara (CuC03-Cu(OH)2), sBisrOIIErocss sA0BHTHIM BEIIECTBOM.

B psny nanpspbkenuin mMeap Oosee 3JIEKTPOTONOKHUTENbHA, YeM Bojopoia. [losTomy B
pacTBopax TaKMX KHCJIOT, KakK COJITHasE M CEpHas, B OTCYTCTBHE OKHCIUTEISI MeIb He
pacTtBopsieTcsi. B KHCIOTax, OJHOBPEMEHHO SIBISIOUINXCS OKUCIUTEISIMH (HApUMep, a30THAs WU
ropsiyas KOHIIGHTpUpOBaHHasi CEpHas KHUCIO0Ta), MeAb pacTBopsieTca Jerko.B mpucyrcrBumn
KHCIIOpOJla W TIpU HArpeBe MeAb XOpollo pacTtBopsercs B ammuake.llpum Temmeparypax
KpacHOro KaJeHUs MeIb Okucisercs, oopazys CuO.
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[Ipu Temmeparypax Beime 800°C oOpasyercs Cuz0 . IIpu marpeBe CuO pasznaraercs mo
peakuuu:

4Cu0O —2Cu 20 + 02

Oba okcuza Meou JIETKO BOCCTAHABIMBAIOTCA Npu Temueparypax okojo 450 °Cu manoi
KOHLEHTPALUU BOCCTAHOBUTEJIS.

C cepoii Memp oOpasyer jaBa cyiabduma: cepuuctyio (CuS) u momycepuucryio (CuzS)
mens. CepHucras menp npu temmeparypax Bbime 400- 450°C pasmaraeTcss Ha IOJYCEPHUCTYIO
MeZlb U AJIEMEHTapHYIO Cepy:

4CuS — 2Cu2S + Sp.

Takum  0o0pazoMm, B NHPOMETAUTYPIHUECKHMX MPOLECCaX, MAYIUX MPH  BBICOKHX
TEMIIepaTypax,u3 OKCHIOB M CYIb(QHUIOB (PAKTUYECKH MOTYT CyIIecTBOBaTh Toidbko Cu20 u
CuzS, B KOTOpBIX MeIb OfHOBaJIeHTHa.Menb U ee Ccynbhua SBISIOTCS XOPOIIUMH KOJUIEKTOPaMHU
(pacTBOpUTENSIMU) 30J0Ta M cepedpa, dYTO JIea€T BO3MOXKHBIM HMX BBICOKOE IOIMYTHOE
U3BJIEYCHHE TPHU MPOU3BOJICTBE MEJIH.

Kpome OnaropolHbIXx METaIOB MeAb CIOCOOHA CIUIABISATHCS CO MHOTUMHU METaJUIaMU.
Haubonee wu3BeCTHBIMU CIJIaBaMH Ha MEIHOW OCHOBE SBISAIOTCS OpOH3BI, JATYHH, MEIbXHOD,
Hel3uIp0ep U KOHCTAaHTaH.

OnucaHHble XapaKTepHblE CBOWCTBA MeIU OOYCIIOBIMBAIOT MHOTOYMCICHHBIE O00JIACTH €€
npuMeHeHns. OCHOBHBIMH ITOTPEOUTEISIMU MEIIU U €€ COSTMHEHHI SBIISIOTCS:

1) amexTpoTeXHWKA M DIIEKTPOHHMKA (IIPOBOAA, KaOeiu, OOMOTKH 3JICKTPOJIBHUTATEIICH,

TOKOIIOJIBO/IAIIME INWHBI, NETATH PATUOIICKTPOHHBIX MPUOOPOB, (oibra s MeYaTHBIX

CXEM | JIp.);

2) MalIMHOCTpOEHHE (TEII000MEHHUKH, ONIPECHUTENbHBIE YCTAHOBKU U JP.);

3) TpaHCHOPT (AETamu U Y3JIbl KEIE3HOJOPOKHBIX BAaroOHOB, aBTOMOOMWIIEH, CaMOJIETOB,

MOPCKHUX U PEYHBIX CY/10B, TPAKTOPOB U T.1.);

4) cTpouTeNnbHbIE MaTepuanbl (KPOBEIbHBIC JIUCTHI, JETATN JEKOPATUBHBIX apXUTEK-

TYPHBIX yKpalleHuil);

5) XxuMHYecKasi IPOMBINIIIEHHOCTh (MIPOU3BOJICTBO COJIEH, KPACOK, KaTaJIu3aTOPOB);

6) u3menust U pUOOPHI OBITOBOIO HA3HAYCHHS (ICTAaM YacoB, IOCYa, CKOOSHBIC W3-

JeNUs, JETall XOJOJIWIbHUKOB, CTUPAJIBHBIX MAIIUH U OBITOBBIX 3JIEKTPONpPHUOOPOB,

JIEKOpaTUBHBIE U3/IETUS U YKpAIICHUs U Jp.);

7) cenbcKkoe X03IUCTBO (SIIOXUMHUKATBI — MEIHBIN Kyopoc).

KonnuectBo moTpebnsiemMoil Menu OTAETBHBIMU OOJIACTSMU TEXHMKH 3aBHCUT OT YPOBHS
COIIMAIbHO-3KOHOMUYECKOTO Pa3BUTHUSL OTACIBbHBIX CTpaH. B MpOMBIIIIEHHO pPa3BUTHIX CTpPaHAX
no 45..55 % oOmero NOpou3BOACTBA MEOU  PACXOAYETCS Ha HYKIbl SJIEKTPOTEXHUKH U
anextporuku.Hanbonee kpymHbiMu mnpousBogutTesivu Menu sBisitorcss CHIA, Anonums, Ywumwm,
3amOusi, benbrus, ®PI' u Kanaga. OcHOBHBIMEH MOTpeOUTENSIMM MEAM O CEro BpEMEHU
OCTaloTCS TPOMBIIUIEHHO pa3BUThle cTpaHbl. OgHAaKoO, B TMOCIEAHHME TOJIbl Bce B OOJbIIEH
CTETIEHU MPOSBISIETCS TEHJIEHIMS YBEIMYEHMs JOJM MOTpeOasieMoil Menu B pPa3BUBAIOLIMXCS

CTpaHax.
Tabnuma
Meramn | AToMm- Atom- t o ton© d2o, i, p_104’
HBIH Hast 1, °C s, > C 3 ,
KI/M KI/M OM-M
HOMED Mmacca

Mems | 29 63,546 | 1084,5 | 2540 8940 8000 1,78
Hukens | 28 58,70 | 1455 | 2900 8900 7900 11,8
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Cauren | 82 207,2 | 3274 | 1745 11340 10680 | 20,8
Iuek | 30 65,38 | 4195 | 906 7340 6570 6,1

[Tpumeuanue: dzo ¥ diw — 1wIoTHOCTH Tpu 20°C W MPU TUIABJICHHH COOTBETCTBEHHO,P -
yaeIbHOE AIeKTpoconpoTuBieHue npul8°C.

HOpﬂ)IOK BbIINOJTHCHUSA paﬁoTbI

1. N3y4nth TeOpeTUYECKUE CBEICHUS.
2. [TucbMEHHO OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.
3. OdopmuTts oTUer.

KonTposbHbIe BOIPOCHI.

TemnepaTypa mnaBiIeHus MEIH.

TemnepaTypa miaBIeHUS HUKEIS.

TemnepaTypa miaBjaeHus CBUHIIA U [TUHKA.

TemmepaTypa KUTICHUS MEIA U HUKEJISL.

[TnotHOCTE Meu 1 cBHHIIA TTpH Temmieparype 20°C.
[T10THOCTH CBHHIIA U HUKEJIS IIPU TEMITEPaType IJIaBICHHUS.
DNEeKTPO COMPOTUBICHUE MEIHW U CBUHIIA.

OcHoBHbIE TOTPEOUTETH METH.

Kakue coequaenus ¢ cepoit o6pasyer menp?

©oN Ok wDdE

[EEN
©

ITpu kakoit TeMnepaType nojy4yaercs cepa U cyiabpuaa cepbl?
ITpu kakoit TemnepaType nonayyaercs coeanneHneCu20?

[EEN
=

12. Kak Bemer cebs Menp Bo BiaxkHou cpeaenpu Hammaumu CO2, m Kakoe oOpasyercs
coeuHeHnEe?

Pexomennyemas jimreparypa

1.PacueTpl MeTaIUTypru4ecKux MpoIeccoB Mpou3BoaAcTBa Mean: yued. mocob./ E.W. Enucees [u
ap.]. — Yenstbunck: M3narensckuit nentp OYpl'Y, 2012

2.Y1kus, H.W. TIpon3BoACTBO IBETHBIX METALIOB. — 2-€¢ u31.- M.: «HTepmer UHXUHUPUHT»
2004. - 438 c.



IIpakTnueckass padora Ne2
Tema: BoiOop CBIphEBBIX MaTepHUaIOB Ha OCHOBE UX CBOMCTB, UX pacyer.

I_[e.m, paﬁoTbI: Hay‘lI/ITBCSI IIPOU3BOJNTDH HO,I[60p ChIpbs OJId ITPOU3BOACTBA IBECTHBIX MCTAJIJIOB,
HAYYHUTHCA OIPCACIIATh KOJIMYCCTBO KOMIIOHCHTOB BXOISIIUX B COCTAB ChIPbS

Teopernveckue cBeIeHUS

K YCPHBIM MCTAJUIaM OTHOCATCA KCJIC30 U €ro CIllaBbl, MapraHeu U XpoMm, IPOU3BOJACTBO
KOTOpPBIX TCECHO CBsA3aHO C MCTaJIJIprHeﬁ 4yrydHa " CTaju. Bce ocranbHble METalmiabl OTHOCSTCS
K UBeTHBIM. Ha3paHmue "I_IBCTHBIC MeETaJlbl”’ AOBOJIBHO YCJIIOBHO, TaK Kak (I)aKTI/I‘-IeCKI/I TOJIBKO
30JI0OTO U MCEAb HMCIOT SAPKO BbIPAKCHHYIO OKpACKY. Bce ocranbHbIE MCTaJlJibl, BKJIIOYas
YCPHBIC, UMCIOT CGpBIfI OBET C Pa3IMYHBIMH OTTCHKAMH — OT CBETJIOCEPOIO IO TCMHO-CEPOTO.

HBETHLIQ METAJJIbI YCJIOBHO I€JIAT HA IATH IPymin:

1. OcCHOBHBIE TSDKENBIE METAJIBl: ME[b, HUKEIb, CBUHEL, LIMHK M OJOBO. OTH METAJLIbI
ABJISIIOTCSL HauOojiee BaXHBIMM CpPEAM IIBETHBIX METAJUIOB IO CBOEMY 3HAYEHHI0O U 00BeMy
IIPOU3BO/ICTBA.

2. Manble TsDKeble METajUlbl: BUCMYT, MBIIIBSK, CypbMa, KaaAMUH, PTYTb M K00aiabT.OHU
ABIIAIOTCS TPUPOJHBIMU CIYTHUKAMH OCHOBHBIX TSDKENbIX MeETauloB. OOBIYHO HX IMOIY4aroT
MOIYTHO, HO MTPOU3BOJIAT B 3HAYUTEIHbHO MEHBIINX KOJIMYECTBAX.

3. Jlerkue MeTaJIbl: alOMUHUMN, MarHWid, TUTaH, HATpUW, Kanui, Oapuil, KajabIui,
CTpoHIMI. MeTamnel 3TOW TpyNmbl HMEIOT CaMyl HU3KYI0 IJIOTHOCTH (YIENbHYIO Maccy) Mo
CPaBHEHUIO C IPYTUMHU METaJUIaMH.

4. bnaroposnHble MeTaJJIbl: 30JI0TO, cepeOpo, IUIaTMHA M IJIATHUHOMJBI (TaJulafuii, poaui,
pyTeHMH, OCMHUHl W upuAMiA). OTH MeTaulbl 00JalaloT BBICOKOW CTOMKOCTBIO K BO3ICHCTBUIO
OKpYXKaroIlel Cpellbl U arpeCCUBHBIX CPELL.

5. Peaxue metamisl NOoApa3AesatoTCs Ha CIEAYIOINE IOAIPYIIIbL:

a) TYrOIUIaBKHE METaJUIbl; BOJIb(paM, MOJHMOJNIECH, TaHTald, HAOOWH, MUPKOHUN W BaHAIUN;

0) jerkue peaKue MeTaslibl: TUTUH, OepuUIHiA, pyOuIuii u 1e3ui;



B) pacCesHHBbIC METAJUIbl: TAUIMNA, WHAWA, TAJUIUHA, TepMaHuW, radHU, peHUH, celeH u
TEJLLYP;

I') pEIKO3EMEIIbHbIE METAJLIbl; CKaHAUW, UTTPUH, JJAHTAH U JTAaHTaHOM/IbI;

1) paAMOAKTUBHBIE METAJUIBL: pPAAUil, ypaH, TOpUN, aKTUHUW U TPAHCYPAHOBBIE AJIEMEHTHI.

[Io BuAgy mNPUCYTCTBYIOUIMX METAUICOAEPKAIIUX MHUHEPAJOB PYAbl LBETHBIX METAIOB
JEJIAT Ha CIIEAYIONIME OCHOBHBIC IPYIIIIbI:

1) cynedunnble, comepkammye MeTauibl B OpMe COCAMHEHHH C cepoil - Cynab(umoB.

K TakuM pyaamMm B OCHOBHOM OTHOCATCS MEIHbBIC, MEIHO-LIMHKOBBIE, MEAHO-MOJIUO/ICHOBBIE,
METHO-HUKEJIEBbIE U CBUHIIOBO-IIMHKOBBIE (TTIOJIUMETAINIMYECKUE) PY/IbI;

2)  OKHCJICHHBIE, B  KOTOPBIX  METAUIBl  cojaepkarcs B (QopMe  pa3IMuHBIX
KHCIIOPOJIOCOJIEPKAIIMX COCTUHEHUI: OKCHIIOB, KapOOHATOB, THUIPOKCHIOB M T.1n. llpumepom
TaKUX Pyl  CIyXaT  aJlOMUHUEBBIC, OKHCIICHHbIE  HHUKEJEBbIC, OJIOBSHHBIE, HEKOTOpPbIC
Pa3HOBUIHOCTH MEIHBIX PY/I;

3) camopopHble, coAepXkallie METaUlbl B CBOOOJHOM (METAaJUIMYECKOM) COCTOSHUHU.

B camopogHOM cOCTOSIHUM B TNpUPOAE BCTPEYAIOTCS 30J0TO, cepedpo, Melb, IUIaTHHA,
BHUCMYT U PTYTh;

4) chemaHHbIE, B KOTOPBIX METAJUTBl MOTYT OJHOBPEMEHHO IMPHUCYTCTBOBATh B CYJIb(OUIHON
U OKMCIIEHHOW (opmax, a MHOTZa U B CaMOPOJHOM COCTOSHHH (METHBIE PYIbI);

5) XJopuaHbIe, COACpXKAIIHe METALIBI B (opMme coieid XJIOPHCTOBOIOPOAHONW KHUCIOTHL. U3
TaKuX PyJ, B YaCTHOCTH, M3BIICKAIOT MAarHuii, a TakKe s APYTHUX JIETKUX M PEAKUX METAJUIOB.

Cynbuanble pyapl MO XapakTepy MHUHepajau3aluu JelsaTcs, B CBOIO OdYepeab, Ha
CIUIONIHBIE, COCTOAILIME TOYTH TOJHOCTBIO U3 Cylb()HUIOB, ¥ BKpalIeHHbIE, B KOTOPBIX
Cynb(huUIbl B BUJE BKIIOYCHHUIN pa3MelIeHbl B IyCTOM MOPOJE.

Pynbl 1BeTHBIX METayUIOB BO MHOTHX CIydasx O4YeHb OeqHbIe M COJEp)KaT dalle BCero
HECKOJBKO TMPOIEHTOB M JaXe JIONM TNPOLEHTOB OCHOBHOro Mertaia. KoHueHTparus
COMYTCTBYIOIIMX OCHOBHOMY METAJUTy IIEHHBIX JJIEMEHTOB-CIIYTHUKOB OOBIYHO BO MHOTO pa3
Menbie. OJHAKO MHOTHE COIYTCTBYIOIME JJIEMEHTHI 1O IIEHHOCTH CpPaBHUMBI, a MHOTAA H
MPEBOCXO/SAIT OCHOBHBIE KOMIIOHEHTHI PYyIbI, JJIs HW3BJICUEHUS] KOTOPHIX OHa U Jo0ObiBaerca. K
YUCTY UEHHBIX COCTaBIISIIONIUX CIEAYyeT OTHOCUTh W IKeJe30, COJEp:KaHHe KOTOPOTO B pylax
HEKOTOPBIX ILIBETHBIX MeTaioB mHorga gocturaer 40...50 % (mo macce) u Oonee.

PenTabenpHplii MHHMMYM, T.€. TO MHUHHMAJIbHOE COJEp)KaHHE OCHOBHOTO METallia, KOTOpOe
oTmpezieNiieT BO3MOXHOCTh M II€IECOO0Pa3HOCTh METATypruueckoil mnepepaboTKu JaHHOW pY/IbI,
MOCTOSIHHO CHMKaeTcsa. Tak, ecau B koHUe XIX B. K Kareropum MEIHBIX Pyl OTHOCWIM TOpPHBIE
MOpoJbl C cojiepkaHueM wmeau He wMeHee 1,5%, TO celiuac »3Ta BeTWYMHA CHU3HWIACH 10
0,4...0,5 %.

PacnipocTpaHeHHOCTh B 3€MHOW KOpPE€ HEKOTOPBIX METAJJIOB XapaKTEPU3YeTCsl CIIECMYIOIUMU
aHHBIMH, %!

Amomunuit .....8,05 Bomsdpam ......... 7+10°
Keneso ............ 4,65 Moaubnex ......... 110
Kanpuuii ........ 2,96 CBHHEIL ...cooveere. 8e10*
Harpuii ........... 2,50 OnOBO ............. ... 6+10*
Kamuif .............. 2,50 VPaH .oovoveeenn .. 5+10*
Marnuii ........... 1,87 CeneH ............. .... 8+10°
TuTaH ............... 0,45 InatuHa ............ 2+10°



LUHK ..ooovoeees 0,02 3010TO .....cccveeree. 5107

[ToMrMO pPYOHBIX HMCTOYHHMKOB [UJISl TIOMYYCHHS] MHOTHX IIBETHBIX METAIIOB (QITFOMUHUS,
MeaH, IIMHKA, CBUHIA, OJaropoJHbIX U psAa JPYTUX METalIOB) MCHOJB3YIOT BTOpUYHOE Chiphe.K
BTOPUYHOMY CBHIPbIO OTHOCAT OTXOJbl METAJI000padaThIBAIOLIEH MPOMBIIUIEHHOCTH, OpaKOBaHHBIE
U OTCIYXHUBIIME CBOM CPOK METa/NIMYECKUE JAETalIM WU W3JeJHs, Pa3IHUYHbI MEeTaJUIMYECKUH JIOM,
OBITOBOW YTUJIb U T.1.

B nanbonpmmx KoJIMYECTBaX B HACTOSIIEE BpEMs W3 BTOPHUYHOTO CHIPbS MPOU3BOJAT
QIIOMAHUI W OCHOBHBIC TSDKENbIC LBETHBbIE METAJUIBl. Tak, J0Jii BTOPHYHBIX ATIOMHMHUS, MEH,
CBUHIIA, IIMHKA M OJIOBA B 0O0IIeM OallaHCe MPOM3BOJACTBA COCTaBISAET cooTBeTcTBeHHO 20... 25,
30... 40, 35...50, 25..30 u 20... 25 %. HcxirountenbHO OONBIIOE 3HAYECHUE /JIi COBPEMEHHOM
SKOHOMHKH HMEET IMPOU3BOJACTBO BTOPHYHBIX JAPAroleHHBIX METAJUIOB.

BoBieuenne BTOPUYHOTO CBIPhS B IIMKJI METAJUIyprHY€CKOr0 MPOU3BOJACTBA IO3BOJISET
SKOHOMHEE PacXoJ0BaTh MPHUPOJAHBIE PYIHBIE PECypChl, MOJIy4aTh METAJUIbl 0oJiee MPOCTHIMU H
NEIIEBBIMU METAJUTYpPTUYeCKUMHU TpPUEMaMU, JOMOJHUTEIbHO YBEIMYMBATH BHIMYCK METANTNYECKOM
TPOJYKIUH.

B mepcrnekTtuBe BTOpPMYHOE CHIPbE JOJDKHO CTaTh OCHOBHBIM HWCTOYHHKOM MOJYYEHUS
HEKOTOPBHIX IBETHBIX METAUIOB, a 3a CYET IMepepaboTKHU PYyJHOTO ChIpbs OyaeT MOKpPHIBATHCSA
TMme gepunuT OamaHca MEXIy HOTpeOJIEHHEM U MPOW3BOACTBOM JAHHOTO MeETaslla.

[[BeTHass MeTammyprusi SBISETCS OJHOM M3 Hambosee MaTepUaToeMKHX, a TaKKe TOILIHUBO-
U DHEProeMKUX OTpaciied MNpOMBIIUIEHHOCTH. B cebecroMMocTH MPOIYKIIMH B CPEIHEM IO
[[BETHOM METaJUIlyprud 3aTpaTbl Ha CBIPhE, OCHOBHBIE M BCIIOMOTaTelbHBIE MaTepUabl
coctaBisitoT ~ 6 1... 62%, Ha TomnmMBO M »Hepruto ~ 11... 12%. Takum oOpa3oM, Ha JI0JHO
9THX cTaTeil cebecTouMocTu npuxoautes ~ 75 % obimux 3arpar.

HaubGonee  marepuanoeMKUMH  MOAOTPACIASIMH  LBETHOM  METAIypruM  SIBJISIOTCS
TBepao-ciiaBHas (~ 80 % ot o0mumx 3arpat), meaHas (~ 70 %) u CBHHIIOBO-IIMHKOBas (~ 64 %),
a camoil sHeproemMkoii — amomunueBas (~ 40 %).Jlo 3Toii npuuMHEe KadecTBEHHas IOJArOTOBKA
UCXOJHOIO ChIpbS K METAJNTypruueckoil rmepepaboTKe OKa3blBaeT pellalollee BIUSHUE Ha
KOHEYHbIE TEXHHKO-3KOHOMUYECKHE MOKA3aTeIN METAJUTyprHuecKoro nepezena.

B wMerammyprudeckyro mepepaboTKy, Kak TMpaBUJIO, MOCTyMaeT HE OJWH KOHKPETHBIN
METAIJICOAEPKAIN MaTepuan, a CMeCh pa3HbIX COPTOB pYyAHOTO ChIphs ¢ (mrocamMu u
oboporamu. CMech TOCTYNUBIIMX B MepepabOTKy MaTepuasioB (0e3 TOIUIMBA) Ha3bIBAETC
HIMXTOM.

OO6mue TpeboBaHMS K KayeCTBY METAJUTYPTMYECKUX HIMXT CBOJATCS K CIEAYIOUIEMY:

1) HOCTOSTHCTBO XMMHYECKOI'O COCTaBa;

2) OOHOPOJHOCTb MO XHWMHUYECKOMY, MHUHEPAJIOTUYECKOMY M TPaHyJIOMETPHUYECKOMY
cocTaBam;

3) ontuManbHas KPYMHOCTh KOMIIOHEHTOB IIUXTHI;

4) onTUMalbHAs BIAKHOCTb.

Paznmuuator nBe Tpynmbel TMOATOTOBUTENBHBIX OINEpAlMii: MEXaHHMYECKYI0 U XHUMHUYECKYIO
MOJIFOTOBKY.

K mMexaHM4YecKoM MMOATOTOBKE OTHOCSTCS:

1) cxitagupoBaHue U XpaHEHHUE IUXTOBBIX MAaTEPHAIIOB;
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2) npobneHuMe W UW3MEIbUEHHWE MCXOTHBIX MaTepuaysioB (pyd, (UIFOCOB, KYCKOBBIX
000poOTOB);

3) copTHpOBKa MaTEpUAIOB 110 KPYITHOCTH;

4) 00e3BOXKHMBAaHHE HCXOAHBIX MAaTEpUANIOB CTyIIEHHEM, (UIBTPOBAHUEM |  CYIIKOU
(uHOT 1, HA00OPOT, YBIAXKHEHHCE);

5) OKyCKOBaHUE MEJIKUX MaTepuaaoB (KOHLIEHTPATOB, PyAHON Menoun);

6) NIPUTOTOBJICHUE ILIUXThI IyTEM CMELIMBAHUS €€ KOMIIOHEHTOB.

XuMHUYECKasi MOJArOTOBKA CBOJUTCS K OOXHUIY WM arjoMepanuy (CHeKaHWI0) MCXOTHBIX
PYAHBIX MaTEepHAaJIOB.

HeobOxonuMocTh B psiie cilydyaeB IpEABApUTEIBHOIO OKYCKOBAaHUS (YKPYIHEHMs) MCXOIHBIX
CBIPHEBBIX MAaTepHajoB OOYCJIOBJIEHA TEM, YTO HAa METAJUIYpPrHUECKHE MPENNpHUATHS B HACTOSIIEe
BpeMs B OCHOBHOM IIOCTYNAlOT TOHKOM3MEJIbYCHHbIE KOHIEHTpaTbl. Kpome Ttoro, mpu
HETOCPEACTBEHHON TNepepaboTKe pyad NPUXOAUTCS HMMETh €0 CO 3HAYUTEIHHBIM KOJHMYECTBOM
MEJIOYM WM Malloil HpodHOCThIO camux pyn. [lupomeramtypruueckas mnepepaboTKa MEJKHX
MaTepHajoB MO0 HEBO3MOXKHA IO YCJIOBUSAM TEXHOJOIMM (HalpuMep, B INAXTHBIX Ieyax), Judo
COIIPOBOKIAETCS  OOJBIIUM HBIJIEBHIHOCOM, 4YTO U BbI3bIBAET HEOOXOIUMOCTb MX YKPYIHEHHUS.
OKyCKOBBIBaHME MEJKMX MAaTEpUAIIOB OCYILECTBIIAIOT METOJIaMH OKAThIBaHUS, OpUKETUPOBAHMS,
arJoMepanuy (CrieKaHus) WM KOMOMHALIUEH STUX METO/IOB.

Chbipbe /151 OJTy4YeHHsI Meu

HcTouHMKaMu TIONydeHUs] MEAH SIBJISIFOTCS PYHAbI, MPOAYKTHl MX 0OOTalieHUs KOHIIEHTPATHI
U BTOpUYHOE chipbe. Ha nonto BTOpUYHOro chipbsi B Hacrosimiee Bpems npuxomutrcs ~ 40% ot
00I11ero BBITYCKA MEJIH.

Mennple  pyzabl  OPAaKTMYECKHM  IOJIHOCTBIO  OTHOCATCS K MOJHUMETAJUIMYECKUM.
MoHoMeTallNIM4ecKuX pyA MeAM B Ipupoie HeT. LIeHHbIMM CHyTHUKaMH MEAM B PYAHOM ChIpbE
aBisitoTest ~ 30 sneMeHTOB. BakHeilmime M3 HMX: LIMHK, CBUHEL, HHUKENb, KOOAlbT, 30J0TO,
cepebpo, MeTalibl IUIATUHOBOM TPYIIBI, cepa, CeleH, TeJUlyp,KaIMHi, FrepMaHuid, peHul, HHANH,
TaJUIMI, MOJIHOJIEH, JKeIe30.

B Tex ciywasx, kKorma MeaecojaepKaliue pyIabl COAEPKAT 3aMeTHBIE KOJIMYECTBA IPYTUX
METaJUIOB-CITYTHUKOB, COU3MEPHUMBIE C COJCpKAaHHEM MEIH, HMX COOTBETCTBEHHO HA3bIBAIOT
MeTHO-HUKEJIEBBIMH, METHO-IIMHKOBBIMH H T.JI.

B MenHoM mNpou3BOACTBE HCHONB3YIOT BCE THIBI Pyd: CyiabQHUIHBIE (CIUIOIIHBIE U
BKpaIJIeHHbIE), OKHUCJIEHHbIC, CMELIaHHble M caMopojHble. OJHAKO OCHOBHBIM MEIHBIM CHIPbEM
SBIISIIOTCS CyNb(UHBIC BKPAIJICHHUKH, 3allachl KOTOPbIX B HeApax SBJSIOTCS HaumOosbmmmu. M3
Cylb(QUIHBIX Pyl B HacTosuiee Bpems BbILIAaBIAOT 85..90 % Bcel mepBuuHOM Menu.l3BecTHO
O6onee 250 MemHBIX MMHEpaNoB. bBoONbIIMHCTBO M3 HHMX BcTpedaercs penko. Haumbombiuee
NPOMBIIJICHHOE 3HAYeHHWE Ui MPOW3BOJICTBA MEOM HMEeT HeOOJbIas TpyIa MHHEPAJOB,
COJIepXKaIIiX MeJlb B KOJM4YECTBE, %o:

XanbKOTMUPUT CUFES3, ..o 34,5
KoBemmHH CUS.......cooiiiiiieieeceeee e 66,4
XambKO3UH CU2S .o 79,8
BopHUT CusFeSs ..c.vviiiiiiii e 63,3
Manaxut CuCO3z CH(OH)2 ..ooovviiiiiiiiicece 57,4
AzypuTCUCO3, 2CU(OH)a3.....ccveveiieiieie e eie e 55,1
KyTmPUTCUO. ..ot 88,8



Xpu30kom1aCuSiOz-2H20 ....oovveviieivee e 36,2
Camopoanast mens Cu, Au, Ag, Fe, Biu np. ...... o 100 %

B coBpemenHO#l mpakTHke OOBIYHO pa3pabareiBaioT pyasl ¢ coxaepxkanuem 0,8 ...1,5 % Cn,
a wuHorma u Beime. OmHAKO Ui KPYMHBIXMECTOPOXKIACHHWHA BKPAIUICHHBIX Py MHUHUMAIbHOE
coJiepKaHue MEH, MPUTOHOE Ul Pa3padOTKH B COBPEMEHHBIX ycloBusax, cocrasiser 0,4 ... 0,5 %.

XabKOMMMPUT, KOBEJUIMH, OOPHHT M TMHPUT OTHOCATCS K TaK HA3bIBAEMBIM BBICIIUM
cynbpumam. OHHM  coumepkaT  M3OBITOK  CEPbl  CBEPXCTEXMOMETPHUYECKOTO  COJIECpIKaHUS,
COOTBETCTBYIOIIETO BaJCHTHBIM COOTHOIICHHUSAM. [Ipu HarpeBe BbICHIME CYIbGUIBI TUCCOMHUPYIOT
c obpazoBanneM Hu3mmMx (CuzS um FeS) u BbyieneHueM mapoB 3jeMEHTapHOW cepbl. Tak, MUpHUT
TEPMUYECKH pasjaraetcs mo peakiuu FeSy; —FeS + 1/2Sy, uto coorBerctByer 50 %-HOMY
yIaJCHUIO CEphI B Ta30BYIO (a3y.

B uBerHO#l MeTammypru CreneHb (J0Jis) YOaJIeHHUs CEpbl B TEXHOJOTHYECKHX IMpOoIeccax
HA3bIBACTCSI CTEINIEHBIO JIeCYIb(ypU3aLIUHU.

Kpome pyaHblx MHHEpalOB B MEOHBIX pyldax COAEPXKHUTCA IycTas mopoja B BHIE
KpeMHe3eMa, TJWHO3EMa, KaJbIUTa, pa3JIMYHBIX CHJIUKATOB W Jp. B mpakTuke MeEIHOTO
MIPOU3BOJICTBA BCTPEUAIOTCS KUCIbIE PYIbl, B IYCTOW MOPOJE KOTOPBIX MpeodsiafacT KpeMHE3eM
Si02, ¥ OCHOBHBIC PYIbl CO 3HAYUTCILHBIMH KOJMUYECTBAMU HM3BECTHSKA U JIPYI'MX MUHEPAJIOB.

BcenenctBue HHM3KOTO COICpKaHUS MEIM W KOMIUIGKCHOTO XapakTepa pyl B OOJBIIMHCTBE
CIIy4aeB HETOCPEICTBEHHAs METa/UTyprudeckasi mepepadoTka WX HEBBITOJHA, II03TOMY OHHU
IpeBapUTEIFHO TOABEPTatoTCs PIIOTAMOHHOMY OOOTAIICHUIO.

[Ipu oOoramieHuu MEAHBIX PyJd OCHOBHBIM TPOAYKTOM SIBJISIFOTCSI MEIHbIE KOHIIEHTPATHI,
coxepxamue 10 55 % Cu (wame 1 0 ... 30%).M3Bneuenne Meau B KOHILEHTpAThl NpH (DioTaruu
konebnercs ot 80mo 95 %. Kpome Memnwix, mpu oOorameHud pyA MOTy4YarOT MHUPUTHBIE
KOHIIEHTpAaThl M  HMHOT/Aa KOHIIGHTpAaThl  psila JOPYTMX [BETHBIX  METauioB (IIMHKOBBIM,
MONMOAECHOBBIM U np.). OTX0HaMu OOOTaIIeHUs SBISIOTCS OTBAJIBLHBIE XBOCTHI.

JisT TpakTHYeCKHUX IIeJed 3HaHWUS XUMHUYECKOrO0 COCTaBa YacTo OBIBAeT HEAOCTATOYHBIM.
Heob6xommuMo 3HaTh BUJI TPUCYTCTBYIONINX B CHIPhe MUHEPAJIOB M pacTIpe/IeICHUE MEX Ty MHHEpaJIaMU
BCEX KOMIIOHCHTOB IIepepadaThIBAEMOro ChIPhS. 3HAHHWE 3THX COCTABOB ITO3BOJHUT TIPEICKA3aTh
MOBEJICHUE BCEX KOMIIOHCHTOB JaHHOTO CHIPbS TPU METAJUTyPrHYecKol IepepadoTKe, BBHIOPATH
HaubOosee pAlMOHAIBHYIO TEXHOJIOTHIO W HauOoliee MPABUIBLHO BBHIMOIHUTh METAITYyPrHUECKUe
pacueTsl B LIEJIOM.

IMpumep 1. Xumuueckuii cocta pyusl, %: 4Cu, 36Fe; 5Zn, 43,7S; 7Si0», 2Ca0; 2,3 — npoue.

B pyne mpucyrctByror muHepanbl: xaubkonuput (CuFeS;), muput (FeSz), chanepur (ZnS),
kBapi1 (SiO2) u m3BectHsik (CaCOy).

Pacuer (a3oBoro cocraBa, Kak U Apyrue MeTaUIypruyeckue pacuersl, yaoOHO Bectd Ha 100
eauHuI Maccsl ucxonHoro Marepuana (100r, 100kr, nou 100T). Caenyer OTMETUTH, YTO BCE pacueThl
NPOBOJAT OOBIYHO TIO 3aKOHAM CTEXHOMETPHH, T.€. M0 XHMHUYECKHM (opMylaM W ypaBHEHUSIM
XUMHUYECKHX PEaKIii.

B nmanHOM ciydae pacdyeT MOKHO HAa4yWHATH C JIIOOOTO MaTepuaia, KpoMme THPHUTA, TaK Kak
KeNe30 CONEpXKUTCS B JABYX MaTepuallaX, a €ro pacmpeseseHHe MEXIy HUMM IOKa HEU3BECTHO.
Haunewm pacuer ¢ onpeieseHnst KOJIMYECTB XaIbKOITUPUTA U COJEPKAIUXCS B HEM DJIEMEHTOB.

KonnyecTBo XanpKonupura omnpeaessieM M0 aTOMHBIM U MOJIEKYJISIPHBIM MaccaM KOMIIOHEHTOB,
BXOJIAIINX B COCTaB JaHHOTO MuHepana: 63,6Cu Bxoaut B 183,4 CuFeS,, torna 4 krCu B pyzie BXOAAT
B X kr CuFeS::

Xx=(183,4-4)/63,6=11,53 xr.
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B 11,53 kr xanpkonupura COAEpKUTCS JKEIE3a U CEPBI:

(55,8-11,53)/183,4=3,51kr;

(64-11,53)/183,4=4,02kr

OmnpezensieM KOIUYECTBO JKeJIe3a, CBI3aHHOIO B IUPUTE:

36-3,51=32,49xkr.

KonngectBo cepbl B upure:

(32,49-64)/55,8=37,2xr.

KonnyectBo nupura:

32,49+37,2=69,69kr.

KonngectBo cepsl B chanepure onpeensieM IO pPa3HOCTU MEXAY UCXOIHBIM COAEp)KaHUEM B
pyZe U ee CyMMapHBIM CO/ICpP’)KaHHEM B XaJbKOIUPUTE U MUPUTE:

43,7—(37,2+4,02)=2,48kr.

JUis  TmpoBEepKM TMPaBUIBHOCTH 33JaHHBIX HCXOAHBIX JAHHBIX OMpeenseM mnoTpedHoe
KOJINYECTBO CEpPbl, TCOPETUUECKH HEOOXOAUMOE ISl CBSI3bIBAHUS MPUCYTCTBYIOLIETO B PyAE LUHKA B
chanepure:

(32-5)/65,4=2,45kr.

Teopernueckoe coaepxaHue cepbl OTIAMYaeTcs oT paccuuTaHHoro Ha 0,03kr, yTo cocraBiseT
0,03 % ot 100 xr ucxonno# pyapl. Takas TOUHOCTh pacuera BIOJIHE HonycTUMa. OTKIIOHEHUE MOYXKHO
OOBSICHATh OMIMOKAMH MCXOAHOTO XUMHUYECKOTO aHAJIN3a MM HETOYHOCTHIO BHITIOJIHEHHBIX PacyeToB.
ITpu OGonbimnx oTKIOHEHHSX (Oosee 2%) ciaenyeT YTOYHMTh XUMMUYECKHH M MHHEpaJorM4ecKuit
COCTaBBI PY/Ibl WJIHM TPOBEPUTH PACUETHI.

[IInakooOpa3yromme OKCHIBl IHpH pacyere (a30BOro cocTaBa OOBIYHO Ha JIIEMEHTHI HE
paznararot. Torna konudectBo kpemHezeMa B 100 Kr pyzbl OyJeT YMCIEHHO PaBHO €ro MPOLEHTHOMY
COJIEPKAHUIO IO XMMUYECKOMY aHAJIU3Y, T.€. COCTaBUT 7 KT.

B 3axitouenne pacdera Hy)KHO OIPEIEIIUTh KOJTMYECTBO U3BECTHsIKA 1 okcuaa yriepoaa (CO2) B
HEM.

Kommuecto CO2 B CaCO3 paBHO:

(44,2)-2/56=1,57xr.

a xommuectBo CaCOs:

2+1,57=3,57kr.

KonmdecTBO OCTaIbHBIX COCTABISIONUX PYyAbl (IPOYHX), HE OMPEAETSAEMbIX P XHUMHUYECKOM
aHaJu3e, HaXOUM IO Pa3HOCTH

2,3-1,57=0,73kr.

PesynbTathl npencrasieHsl B Tabnuuel.

®a30Bblil COCTAB MEIHOH PYyaAbl

Tabmumal
MuHepansl
KommoneHt CuFeS, FeS, 7S mycrast Bcero
opoja

Cu 4 — — — 4
Fe 3,51 32,49 — — 36
Zn - - 5 - 5
S 4,02 37,20 2,48 — 43,7
SiO; — — — 7 7
CaO — — — 2 2
COz - — - 1,57 1,57
[Tpoune — — — — 0,73
Hroro: 11,53 69,69 7,48 10,57 100

ITopsinok BbINOJIHEHHS PadOTHI
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W3yunTh TEOpETHUECKUE CBEACHUS
[TuceMeHHO OTBETUTH Ha KOHTPOJIBHBIE BOIIPOCHI.
BrInoHUTE pacueT B COOTBETCTBUU C 33JJaHHBIM BapHaHTOM (Tabiuia2).

e

OdopMuTh OTUET.

KoHTposbHbIE BONIPOCHI.

1.IlepeuncnuTh rPyIIIBI IBETHBIX METAIIIIOB.

2.IlepeduciauTh TPYIIBI IBETHBIX METAJJIOB 110 BUAY MUHEPAJIOB.

3. Haubonee pacnipocTpaHeHHBINH METaJII B 3¢€MHOU KOope, % conepkaHue.
4. Yto Takoe BTOPUYHOE CHIPHE JJIsl IPOU3BOJICTBA LIBETHBIX METAJIIOB?
5. Hanbonee maTepuanoeMkasi moAoTpacib I[BETHOW METAJITypIrHUH.
6.Haubonee sHeproeMkasno10Tpacib LIBETHON METaJUTypruu.

7. TpeOoBaHMS K NIMXTAM.

8. OCHOBHOM BUJI ChIPbA 1JIs IPOU3BOJCTBA MEJIH.

9. ConeprkaHue MEIM B py/1ax UCIOJIb3YEMBIX B POU3BOJICTBE ME/IH.

10. Yto Takoe nucynbhypu3amus?

HpaKTH‘leCKOG 3aJJaHue. OIIPCACIINTh KOJMYCCTBO KOMIIOHECHTOB BXOSIINX B COCTAB ChIPbA

Tabmmma 2
Ba'\:f Cu, % Fe, % zn, % S, % Si0y, % CaO, % Mpoune
1 3,8 35 4,0 45,7 6 2,5 3
2 3,6 34 4,1 47,8 6 2,5 2
3 3,4 33 4,2 46,9 7 2,5 3
4 3,2 32 4,3 49 5 2,5 4
5 3,0 31 4,4 48,1 8 2,5 3
6 2,8 37 4,5 46,2 5 2,5 2
7 2,6 38 4,6 45,3 4 2,5 3
8 2,4 39 4,7 42,7 6 2,8 3
9 2,2 40 4,8 43,2 5 2,8 2
10 2,0 41 4,9 45,3 3 2,8 1
11 2,1 40 4,8 45 3,5 2,9 2
12 2,2 42 4,7 45 3,5 2,9 2
13 2,1 42 4,9 44 3,6 2,8 3
14 2,0 41 4,9 44 3,5 2,9 3,1
15 2,1 42 4,8 43 3,4 2,8 3

Pexomenayemas aureparypa

1.PacueTsl MeTaITypru4ecKux MpoIeccoB Mpou3BoaAcTBa Mean: yued. mocob./ E.W. Enucees [u
ap.]. — YensOunck: U3parensckuit nentp OYpl'Y, 2012

2.V1kus,H.U. TIpou3BOJICTBO LBETHBIX METAUIOB. — 2-¢ u3A.- M.: «MHTepMer VHXUHUPUHT
2004. - 438 c.
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IIpakTnueckas padora Ne3
Tema: TeXHOJOTHYECKHE CXEMbI METAILUTYPTHUECKHUX MMPOLECCOB

HEJII: paﬁoTbI: OcBoUTH IoCJIICJ0BATCIIbHOCTD onepaum‘/i IIpyu IIPOU3BOACTBC IBCTHLIX
MCTAJIJIOB, U3YYUTH OCHOBHOC O60p}’IIOBaHI/Ie, HCIIOJIB3YEMOC IIPpHU MPOU3BOJACTBC.

TeopeTuvyeckue cBeIeHUs

Crenenbio Jecynb(ypu3alii Ha3bIBalOT OTHOILIEHWE MACChl OKMCIEHHOM Cephbl K Macce cephl B
HCXOJHOM MaTepuae.

W3BneueHnemM Ha3bIBalOT OTHOIIEHHE MAacChl KOMIIOHEHTA, COJEP)KalIerocsi B KOHEYHOM
IPOAYKTE K €r0 Macce B UICXOJHOM ChIPhE.

KinHkep- crnedeHHbII OCTaTOK MOCJH€ BBIETAUYMBAHUS NpPU  THAPOMETATyprUuecKOM
IIPOM3BOJICTBE.
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Pucynok 1 - [IpuHnunuansHas TeXHOJIOTHYECKas cXxeMa nepepaboTKu CylnbGUIHOTO
MEZIECOEPIKAIIETO ChIPbSI

1.0OxkucauTebHBIA 00KUT MEAHBIX KOHIEHTPATOB

OKuCIUTENbHBIA O0XKHUI B NUPOMETAJUIYPIMM MEAM HE sBIseTcs o0sa3arenbHbIM. B menHon
IPOMBIIIJIEHHOCTH OH BCTPEYAETCS PEIKO M INPUMEHSETCS OObIYHO Iepes IJIaBKOM Ha IITEHH
BBICOKOCEPHUCTBIX,0€/IHbIX 10 MEAM KOHILIEHTpaToB uiau pyn. Ilpumenenue obxura orpaBaaHO
TaKKe MpU NepepadOTKE METHOTO ChIpbs C IOBBIILIEHHBIM COJIEP’KaHUEM IIUHKA.

Llenbl0 OKHCIUTENTBHOTO OOKMTAa B MHPOMETALTYPTHH MEIH SIBIISICTCS YaCTUYHOE YIAJICHUE
ceppl M TMEpPeBOJA 4YacTH Cyab(QUAOB Kene3aB (opMy IIIAKYeMBIX IPH MHOCIEIYIOLIEH IIaBKe
OKCHJIOB. OTO BBI3BAHO CTPEMJIEHHMEM I[OJIy4YUTh HpPU IIJaBKe, MPOBOJUMON B  YCIOBMSX
HE3HAUUTENILHOTO OKMCJIEHUs, ITEeHHBI ¢ cojepxkaHueM He MeHee 25...30 % Cu.

Mennas mmxTa, TOCTYNUBIIAE B OOKUIOBbIE II€YH, COCTOMT M3 KOHIIEHTPATOB,
U3MEIBYECHHBIX (II0COB U OOOPOTHOM MBUIH.

OKHCIUTENBHBIN O0XKHUI MEIHBIX KOHLEHTpaToB mpoBoAsaT mpu 750 ... 900 °C. Ilpu stux
TEMIEpaTypax OKHUCIIEHUE CYIb(UIOB MPOXOAUT IMPEUMYIIECTBEHHO C 00pa3oBaHHMEM OKCHJIOB. B
oOuiemM BHJIE IPOLIECC FOPEHUs CYIb(UI0B OMUCHIBAETCS YpaBHEHUEM

2MeS + 302 = 2MeO + 2502 + Q,

rae Q- TtemnoBoi 3(HEKT IK30TEPMUUECKON PEAKITUH.

ITpu temnepatypax He Oonee 600...650 °C cTaOUIBHBIMU SBIISIOTCS CYNb(ATHI:
MeS + 20, = MeSOa..

OOpa3oBanue cynb(aroB mepea IUIaBKOW Ha IITEHH HEXelaTelbHO, TaK Kak 3TO BENET K
CHIKEHHIO J1eCyTb(ypU3aIIHH.

Bepxumit temmeparypusiii mpenen (900 °C) orpanmueH TeMm, uTO mpu Ooliee BBICOKHX
TEMIEepaTypax MOXET HaudaThCsi IUIABJICHHWE OTIEIbHBIX CYIbPUIOB M HUX Hambosee
JIETKOIIJIABKUX JBTEKTHK, YTO MOXKET NMPUBECTH K CHEKAHWIO MEJIKUX YacTHIl MUXThl. [Ipu ob6xure
MOPOUIKA CHEKAHUE HEJTOMYCTHUMO.
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[Ipouecc oGXkHUra COCTOMT W3 CJEAYIOIIMX OCHOBHBIX DJIEMEHTAPHBIX CTaJAWN: HarpeBa M
CYIIKA MIMXThI, TEPMHYECKON JUCCONMAIMU BBICIIUX CYIb(UIOB, BOCIUIAMEHEHUS U TOPEHUS
cynbpuaoB.HarpeB MUXTOBBIX MaTEPHUAJIOB COMPOBOXKIACTCS YIAAJTICEHUEM BJIArd M TMPOUCXOMIUT
KaK 3a CuUeT TeIUIONeperayd OT TOpPSYMX Ta3oB, TaK U 3a CYET TEIUJIOTHl PEaKUUi OKHUCICHHS.
[Mocne wHarpeBa muxThl a0 Temnepatypel ~ 350 ...400°C HauMHAIOTCS MOYTH OJHOBPEMEHHO
MPOLECCHl AUCCOIMALMK CYIb(UIHBIX MHHEPAIOB M UX BOCIUIAMEHEHHUE.

TepMuyeckoMy pa3lioKEHHUIO IMOABEPrarOTCS TOJBKO BBICIINE CYIb(GUABI O PEaKIUIM:

FeS,— FeS + 1/2S,
2CuFeS;— CuzS + 2FeS + 1/2S;
2CuS — CuzS + 1/2S,,

Briensirommuecst mapbl cepbl CrOpalOT B OKHCIUTEIBHON aTtMocepe Medn Mo peakiuu:

S + 02 = S0o.

[Ipy TepMHYECKOM pa3JIOKEHUH NHMPUTA IOJIOBHHA AaTOMOB CEpbl yAajsercs B Tasbl, T.e.
CTENEeHb Jecylb(ypu3aluu OT pas3siokeHus 3toro cyibduua cocrasiser 50 %. [lecynbdypuzanus
IpU JUCCOLMALMU XalIbKOIMPUTA U KOBEJIJIMHA COOTBETCTBEHHO paBHa 25 u 50 %.

Bce peakumm TepMHUYECKOH IUCCOIMAIMM YHIOTEPMHYHBI M TPEOYIOT 3aTpaT TEIUIOTH HA MX
OCYILIECTBIICHHE.

B mpomecce  OKHCIUTENHHOTO  OOXHra BO3MOXKHO  TaKKe€ YaCTUYHOE DAa3JIOKEHHE
KapOOHATOB, HAIIPUMED:

CaCO3 — CaO + COsa.

[Ipu oxucaUTENbHOM OOXKHMI€ MEAHBIX KOHLEHTPAaTOB IPEUMYILECTBEHHO OKHUCISIOTCS
cynbguael ckene3a. llpuumHOM 53TOro sBisieTcs Oosiblliee CPOJCTBO JKele3a K KUCIOpOLy |
MEHBIIIEE K CEpEe, YeEM Y MEM.

Bce peakuuum  okucineHHMs ~ Cylb(QHUIOB M DJIEMEHTAapHOM  Cepbl  3K30TEPMUYHBI.
Boigenstomeiics B yciaoBHsX OOKUI'a MEIHBIX KOHIIEHTPATOB TEIUIOTHI, KaK MpaBHIo, Oojiee ueM
JIOCTaTOYHO JUISI CAMOIPOM3BOJBHOTO MPOTEKAaHHUS OOXKUra, KOTOPBIA SBISETCS THUIMYHBIM
ABTOTE€HHBIM ITPOLIECCOM.

[TponykTaMu OKHMCIMTEIBHOTO OOXHra MEAHBIX KOHLIEHTPATOB SIBIISIOTCS OTapok, rasbl u
bUIb. MUHEpAJIOTHYECKU  COCTaB orapka OyaeT pe3Ko OTIMYaThCs OT COCTaBa MCXOHOTO
KoHIeHTpaTta. [lomydaromuiicss orapok XapakTepu3yeTcs HaJU4MeM B HEM Hapsaly C cyiabpuaamu
OKCHJIOB M TPAKTHUYECKH MOJHBIM OTCYTCTBHUEM BBICIIUX CYIb(PHIOB.

OCHOBHBIM CIOCOOOM OOKHMIa MEAHBIX KOHIIEHTPAaTOB B HACTOSIEE BPEeMs SBIISIETCS OOKUT
B kumsmeM cinoe (KC). Cymmuocts obOxura B KC 3akmiouaercs B TOM, YTO 4Yepe3 CIOH
KOHIIEHTpaTa (WIMXThl) MPOAYBAaeTCs BOCXOAAIIMH TMOTOK  BO3AyXa WJIM OOOTralieHHOTO
KHUCJIOPOJIOM JIyThsl C TaKOM CKOpPOCTbIO, IPH KOTOPOMBCE 3€pHa MCXOJHOTO Marepuasa
OPUXOAAT B HENPEPHIBHOE BO3BPATHO-TIOCTYNATEIbHOE [BIKEHHE, II0X0XKee Ha KHUISALIYIO
KHUAKOCTb, YTOM IOCIIY’KMJIO OCHOBAHHUEM Il HA3BaHMsI 3TOTO MpoLiecca.

B peanbHBIX yCIOBHAX KPYIMHOCTh IMPHUCYTCTBYIOIIMX B OOXKHUTraeMoOM HIMXTE 4YacTHIl OyneTr
3aMeTHO pasnuyaTthes. B pesymbrate sTOro Hanbosee MenkHe 3epHa OYAYT BBIHOCHUTBCS W3 MEUH
ra3oBbIM IIOTOKOM, a HauOoiiee KpyrHble, Ha000poT, ocenars B HMkHIOI 4acTh KC, oOpasys Ha
nonuHe «moctenb». IIpu oObruHbIX pexkumax obOxura B KC mbuieBsiHoC coctasiser 20 ... 30 % ot
MacChl UICXOTHOM IIUXTHI.
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Pucynok 2 - Cxema ycrpoiictBa u padorsl neuu s ooxura KC

1 — OyHKep ISl MIUXTHI; 2 — MbUICYIABIMBAIOIINN IUKIIOB; 3 - OXJIAXKJAEMBIN Ta30X01-CTOsIK; 4

— TeYb; 5 — KUIAIMU ciod; 6 — moauHa; 7 — BO3AYIIHBIA KOJUIEKTOpP; 8 — BO3AYXOIyBKa; 9 —
dopxamepa; 10 — nuTaTENb MIUXTHI

3arpy3Ky IMIMXTbl OCYIIECTBISIOT B (OpKaMepy, HMEIONIyI0 MOBBIIIEHHYIO IJIOTHOCTh
pasmenienust comnes. OOXHUraeMblil Marepuan MOKET IO0JIaBaThCs C JIHOOBIM COJEp’KaHUEM BIIArH
BIUIOTH /10 MyJbIbl.Orapok pasrpyarT OOBIYHO uepe3 CIMBHOW IOpOr, BHICOTA pa3MELICHUS
kotoporo ompezaenser yposeHb KC. Brimyck orapka Bo3mokeH Takke u3 HuxkHed uvactu KC. B

9TOM  CJIyda€  BBICOTY KC PEryjIupyrOTCKOPOCTBIO  pa3rpy3ku  Mareépuajia ¢ IHTOMOUIBIO
CriIenuaJIbHOIo um6epa.

HpI/I OKHCIIMTCILHOM OO0XKHUTE CyJ'IbCI)I/I)IHBIX KOHLICHTPAaTOB B KC, KakK IIPpaBUJIO, BBIACIACTCA

OOJIBIIIOE  KOJIMYECTBO  HM30OBLITOYHOM TCIUIOTBI, B  PpE3yJbTaTC HYETO MOXKET HCAOIYCTHUMO
IMNOBBICUTBHCA TEMIICpaTypa B CJIOC 00KHTaeMOTo Marepurajia. Z[J'ISI OTBOJAa M30BITOYHOM TETUIOTHI
HCIIOCPCACTBCHHO B KC BBOJAT XOJOJWJIBbHUKH pr6an0ro THUIIAa WX XOJIOAWUJIBbHHUKHN-3MCCBHUKU.

st o6xura momumo nieueit KC nmpuMeHsI0TCss MHOTOTIOTOBBIE MEXaHUUECKHE TIeUn prc3.
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Pucynok 3 — Mexannyeckasi MHOTONOAOBAasl IeYb IJsl 00:KMIa CyJab(UIHBIX

MaTepuaioB
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[luxTta B TakuX meyax ABHMXKETCS CBEpXY BHH3 3MI3aroo0pa3HO, Mepechasch C Moja

Ha mnoj. IlepememmBaHue WIMXTHI M €€ MEPEMEIIEHUE MO I0JaM OCYLIECTBISIETCS C MOMOLIBIO
neperpebareneii ¢ rpeOkamH, 3aKpelJICHHBIMH Ha BpAaLIaloOIIEMCs IEHTpaJbHOM Baiy. la3el B
ne4yu JBUXKYTCSA MPOTHUBOTOYHO IuuxTe. [lbumn, oOpa3yrommuecs mpu o00XHre B TakuX Iedax,
BBIHOCSTCA Ta30BbIM IIOTOKOM BOJIM3M 3arpy3Kd IIUXThl W TpeOylOT BO3BpaTa Ha MOBTOPHBIH
00Hr. MexaHu4yecKre MHOIONOAOBbIE I€YM OTIMYAIOTCA CIOXKHOCTbIO KOHCTPYKLHH, a MX
pabota -  BBICOKMMHU KalUTaJIbHBIMH M  OSKCIUIyaTALlMOHHBIMHM  3aTpaTaMM, TPYAHOCTSIMU
pPETyJINPOBAHHUA M aBTOMAaTH3allMU IIPOLIECCa, OTHOCUTEIBHO HU3KUM COJEP)KaHUEM CEPHUCTOrO
aHTUJpHia B ra3ax.

2.J1;1aBka Ha ITEeHH

IlnaBka B OTPpaKaTECJbHBbIX ITEYaX

OTpa)KaTCJ'ILHLIe ey IMpUIroJHbl OJIA nepepa60TKH JMib MCJIKHX MAaTCpualioOB U ABJEJINCH
B CBOC BpCMiA HanOoee NoAXOJAIINMHA  IUJIABUJIBHBIMU allliapataMi  JJid IIJIaBKW Ha IITESHH
TOHKOJUCIICPCHBIX (1)JIOTaIII/IOHHI>IX KOHICHTPATOB.

OcHoBHOI HOCJIBIO IINIABKU B OTPAXATCIbHBIX II€YaX, KaK H JIF000T0 Apyroro BHJa IIIABKH
MCIHBIX KOHLCHTpPATOB Ha IHTCﬁH, SABJIACTCA PACIIABJICHUEC IMHUXTHI C IMOJYYCHHEM ABYX XHUIAKHUX
IMPOAYKTOB IITeHHA MW IIIaKa. HpI/I 9TOM CTaBATCA 3ada4ud KaK MOKHO IIOJIHEC MEPCBCCTH B
IITEHH MCEIb W pPAd APpYrux LNOCHHBIX 3JIEMCHTOB, HAIIPUMCEP 6J'IaFOpO,Z[HBIX MCTAJIJIOB, a ITYCTYIO
nopoay onuIiakoBaThb.

Hozavumo-
KHCIOPOIHOE V- LnxTa lloHnoanem raz
4 ¥
3 I[TTABKA ]
I I I
uiag | LITEAH raz |
L) o
Ha vrummzaumo — g
¥ ¥
ROHBEPTHPOBA-
» |
LAk 2 raz 2
¥ T
OHHCTEKA
I I
raz3 Tk Tk
¥ v
Meak [ponzeoacTeo

SCPHOBAR  cepHON KHCIOTR

PucyHnok 4 — TexHoJsioru4yeckasi cxemMa oTpakaTeIbHOM IVIABKM MeJIHbIX KOHIEHTPATOB
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CylIHOCTh OTpa)kaTebHOM TIUIABKM 3aKJIIOYaeTCs B TOM, UYTO 3arpykEHHas IIUXTa
IUIABUTCA 32 CYET TEIUIOTBl OT CKHUIAHHUS  YIJIEPOJMCTOrO TOIUIMBA B  TOPU3OHTAIBHO
pacnonokeHHOM pabodeM mpocTpaHcTBe neun. daken, 00pa3ylOMUACSs NpPU TOPEHUU TOIUIHBA,
pacmoJjiaraercs HaJl IOBEPXHOCTBIO pacIuiaBa.

[Ipy mnaBke BIAXHBIX M TOJCYIICHHBIX KOHIICHTPATOB 3arpyKeHHas IIMXTa oOpa3yer
OTKOCBHI BJIOJIb OOKOBBIX CTEH II€YM; IpPH IUIABKEOrapka OHAa pacTeKaeTcs IO IOBEPXHOCTH
3epKaja IUIAKOBOIO pacIliaBa.

MexaHu3M IUIaBKH B OTPaXaTEJIbHOM TI€YM MOXKHO IIPEACTABUTH CICIYIOIIMM 00pa3oM.
HarpeB muxThI, Jiekaiieli Ha TOBEPXHOCTH OTKOCOB, 32 CYET TEIUIOTHI, H3JydaeMor (akeaom,
COMPOBOXKAACTCA CYIIKON Marepualia W TEPMHUYECKOW AWCCOIUAIMEeH BBICIIUX CYIbQUIOB U
JPYTUX HEYCTOMYMBBIX coenuHeHuid. [lo Mepe HarpeBa B MOBEPXHOCTHBIX CJIOSX IIMXTOBBIX
OTKOCOB HAUMHAIOT TIJIaBUTHCS JICTKOIJIABKHE COCTABJISIONIME INMHXTHl - cynbGUIHBIE U
OKCUJIHBIE 3BTEKTHKU. OOpasyloluiics MpU 3TOM IEPBUYHBIN PACIUIaB CTEKAET MO MOBEPXHOCTH
OTKOCOB, pacTBOpsieT B cebe Oojee TYroruiaBKue KOMIIOHEHTBHI M TOMAJaeT B CJIOH IUIaKOBOIO
pacmiaBa. C 3Toro MomeHTa (aKTHYECKH HAUYMHAETCS DPa3JeICHUE IIJIAKOBOW W INTCHHOBOHW (¢as;
Kaluld OKCHJIHOM (ha3bl pacTBOPSIOTCSA B OOIIEH Macce IjIaka, MMEKOIIETOCsS IMOCTOSIHHO B IICUH,
a Kaliu [ITeHa TMpOXOAST 4epe3 CJoi Mmulaka W 00pa3yloT B HIDKHEW 4YacTH BaHHBI
CaMOCTOSITEIbHBIN IITEHHOBBIN CIOH.

Pucynok 5 — Cxema mJjiaBjieHHsl HIUXThI HA OTKOCAX OTPAKATEJIHLHOI MeyH
1 - 3arpy3ka muXThL; 2 - pakea TOPSIIEro TOIUIMBA;, 3 —IIMXTOBBIA OTKOC; 4 —30Ha TUIaBICHUS
5 —TTakoBeIA paciuiaB; 6 - MITCHH,

[Ipu nepepaboTke B OTpa)kaTEJbHOM IMEYHM OOOMOKEHHBIX KOHILIEHTPATOB, YK€ IPOIIEIIINX
TEPMHUUYECKYIO0 TMOJArOTOBKY, MEXaHHU3M IIJIaBKM OyAeT WHBIM. YacTHibl oOrapka, pacrekasch IO
IIOBEPXHOCTU IUIAKOBOM BAaHHBI, KOHTAKTUPYIOT C HEH, B pe3yjbTaTe 4ero OKCUIHBIC IUICHKU Ha
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YaCTUIIAX PACTBOPAIOTCS B IIUIaKe, a CyabQUAHBIC 3€pHA OCEAAIOT Ha JTHO paciuiaBa, o0pas3ys
IIITEHH.

PaznmuuHbM TIpHU TUTaBKE CHIPBIX W OOOMKCHHBIX KOHIIEHTPATOB OYJIET W XHMH3M IUIaBKU.
IIpy maBke ChIPBIX KOHILIEHTPATOB OCHOBHBIMM XUMHUYECKMMH MPOLECCAMU  SABJISIOTCS
pa3NoKEHUE BBHICIIUX CYIb(UAOB H B3aUMOJCHCTBUE CYIbQHUIOB KelIe3a C MarHe3uToM,
MOCTYIAIOIIMM B IEeYb C OOOPOTHBIM KOHBEPTEPHBIM IIUIAKOM, IO PEaKIUU

FeS + 3Fe304+ 5Si02 = 5(2Fe0 * Si02) + SO:

CyMmMmapHas fnecyibypu3aluu B 3TOM ciiydae oObdHO coctaBiser 45 ... 55 %.

[InaBka orapka (ITOCKOJIBKY pa3jOKEHUE BBICHIUX CYIb(OUIOB MPAKTUYCCKU MOIHOCTHIO
3aKOHUMJIOCH TIPH OOXKHIE) CBOJUTCS TJABHBIM O0pa3oM K XHMHUYECKOMY B3aMMOJICH CTBUIO
MEXIy OKcHIamMu U cyibhuaamu. OCHOBHBIMH B 3TOMU TUIABKE SBJISIOTCS PEAKIIUHU:

Cu20 +FeS =CuzS + FeO;
10F e203 +FeS = 7Fes04 + SO,

a taxke B3aumopeiicteue FeS c¢ FesOs4 B mpucyTcTBUU KpemHe3ema.

Hecynbdypuzanuss npu  IUIaBKE OOOMIKEHHBIX MEIHBIX KOHIIEHTPAaTOB HE IPEBbIIIACT
20...25%.

Pucynok 6 — Orpakare/ibHasi e4b C MOABECHBIM CBOJ0OM
1 - nemanp; 2 - pyHaamMeHT; 3 - OKHO AJis Topenku (GOpCyHKH); 4 - METAIITMYECKUI KapKac

MeYH; 5 - 3aMacHbIi MIyp; 6 - 3arpy304HbIe OTBEPCTHS; 7 - HIMYPHI 7S BHITYCKa MITeHHA; 8§ -
IIUTAKOBOE OKHO; 9 - razoxon (anteik); 10 - cBox; 11 - crena
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OtpaxkaTellbHass TIeYb I IUIAaBKM MEIHBIX KOHIIEHTPATOB,  IUIABWJIBHBIA arperar ¢
TOPU3OHTAILHBIM PabOouYuM TPOCTPAHCTBOM. BHyTpeHHHE pa3Mepbl COBPEMEHHBIX OTPa)KaTeIbHBIX
neveld crnenyromue: muwHa 28 ... 35 M, mmpuHa 6 ... 10M, BeicoTa OT cBOma 10 moma 4...4,5 M.
ITnomane moja Takux rmedeil kosebnercs ot 180 mo 350 M.

KOHCTpYKTHBHO OTpakaTellbHass Te4b COCTOMT W3 (yHIaMEHTa, CTEH, IMOAWHBI (JCIIAIN),
CBOJIa, KapKaca, YCTPOWCTB JJIs 3arpy3Kd IIUXTHI W BBINYCKAa IPOJYKTOB IUIABKH, TOPEIIOK
(dbopcyHOK) Ui CoxkUTaHus ToruMBa.DyHIAMEHT - OCHOBY IE€YM - M3TOTaBIMBAIOT M3 JIUTOTO
nuiaka, 0eToHa, Kuprnuya win OyToBoro kamHs. Ha QyHaameHTe pasMenicHaHaBapHas JIeHalb.
HaBapky mNpoOBOIAT OIUTaBJICHUEM KBapIIEBOTO MECKa HA HECKOJBKUX CIOSX CTPOUTEILHOTO H
OI‘HCYHOI)HOI‘O KI/IpHI/I‘-Ia. J'[emam) MOXET 6BITB IIOJTHOCTBKO BBIIIOXKCHA M3 AWMHACOBOI'O KI/IpHI/I‘-IaB
Buze oOparHoii apku. O6mas tonmuna nemaau 0,6 ...1,5 m.

OTBeTCTBEHEMIIMM 3JIEMEHTOM KOHCTPYKIIMM OTpaxkaTelabHbIXneuel sBisierca cBold. [lo
KOHCTI)YKTI/IBHOMy HUCIIOJIHCHU IO CBO,IIBIOTpa)KaTeJIBHBIX Heqeﬁ 6LIBaIOT apO‘-IHBIMI/I, IIOABCCHBIMHAU
U PacIOpPHONOIBECHBIMU.JMHACOBBIC APOYHBIC CBOJABI MPHUMEHSIOT JIHIIb MPH HEOOJbIIOWITUPUHE
neur (o 6 M). Jlusg OTpakaTeNbHBIX Ieueld OOJIBIION IIMMPUHBI MPUMEHSIOT TOJIBKO MOBECHBIC
WIM PacIOPHO-TIOBECHBIC CBOJBI. I10JBECHON CBOJ JENAIOT IJIOCKMM HWJIM TParelHEeBHIHBIM.

Ha OGonbmIMHCTBE 3aBOJOB IHIMXTY 3arpy’karoT 4Yepe3 CBOJ IICYU C MOMOIIBI0 3arpy30YHBIX
YCTPOMCTB, PACIOJIOKEHHBIX BJIIOJIb OOKOBBIX CTCH TeYd. Takod croco0 3arpy3kd IIUXTHI
COMPOBOXKAACTCS OOJIBIIUM €€ TBUICBBIHOCOM M OBICTPBIM pa3beaHWEM CBOJAA II€YH, OCOOCHHO
BOJIM3M 3arpy30uHbIX OTBepcThil. HamOompimas xummueckas KOppo3usi CBOJA INMPH TAaKOM METOJE
3arpy3Ku HaONIOJaeTCs TpU TUIaBKE OOOMOKCHHOW IMUXTHL. bojee panuoHAIBHBIM —PU3HAHO
CUMTATh IOJIa4y IIMXTHl HEMOCPEACTBEHHO Ha TMOBEPXHOCTh IUIAKOBOTO paciiaBa uepe3 OOKOBBIC
CTCHBI TIEYM C TIOMOIIBI0 TEYEK WIIM CIICHUAIBHBIX 3arpy304YHBIX YCTPOUCTB.
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Pucynok 7 — PacnopHo—noaBecHO# ¢BOJ ne4n
1 — crensl eun; 2 — apo4yHBIN CBOJ; 3 — CTOWKA KpEIUICHHS 1e4H; 4 — TAra; 5 — MOJABECKHU CBOJIA

[IponykTamu OTpakaTenbHOW TUIABKH SIBISIOTCS INTEHH, IJIaK, MbUTh M Ta3bl. BBIMTycK U
yAaJ€HUEe HX OCYIIECTBISAIOTCA 4Yepe3 CHEUHAIbHBIE YCTPOMCTBA.3aBOJACKUE MEIHBIE IITEHHbI
OTpakKaTeJbHOW IIABKA B 3aBUCHUMOCTH OT COCTaBa IepepadaThIBAEMOTO CBHIPhS W METOoJa
miaBku (06e3 oOkura mwim ¢ obxurom) coxaepxkart, %: Cu 15..60; Zn mo 6; Nigo 0,5; Pb nmo
1; Fe 30...40; S 23...26. KpoMe TOrOo, OHU cojepkaT OJIArOPOJTHBIC METAJLIBI.
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Beimyck mTeiiHa TPOBOAWTCS €O JHA BaHHBl HAJ JICHIAAbI0 IIEYM 4Yepe3  IIITyphl
NEPUOIMYECKOTO JCWCTBUS MM 4Yepe3 CU(OHHBIE YCTPOHCTBa, paboTaroImue M0 NPUHIUITY
COOOMIAIONUXCS COCYOB.

I[lnaBka BO B3BENIEHHOM COCTOSITHMHU

B wnacrosimee Bpemsi mpouecc  ¢upmbl «OyTOKYMITY» SIBJISIETCSl Haubojee OCBOCHHOMU
TEXHOJIOTHEH aBTOr€HHBIX CIOCOOOB TMepepabOTKH MEIHbBIX Cyab(UIHBIX  KOHIIEHTPATOB,
MOJTy4uBIIEH HauOoJblliee pacnpocTpaHeHHe B MUPOBOM mpakTuke. [1maBkoil BO B3BELICHHOM
COCTOSTHUM HAa3bIBalOT IUIABKY, COBMEIIEHHYIO C O0XKUIOM, IPU KOTOPOMIIMXTY BAYBAIOT B I€Yb
HOJOTPETHIM BO3JYXOM WM KHUCIOPOAOM. IIpu 3TOM OOGXHUT Cyab(pHIOB MPOUCXOAUT BO BpeMs
MOJIETa YaCTUIl — BO B3BEUICHHOM COCTOSIHMM, TIIO3TOMY OH  COIPOBOXIACTCS  BBICOKOMU
necynbhypusanuen, mpocruraromeit 75 %.
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Cxnaguposadue HEpHOBAN [Mpou3ssoacreo

CepHLJﬂ KHCIIOTEL

Pucynok 8 — TexHosioruueckasi cxema IJIaBKH MeJHbIX KOHIIEHTPATOB BO B3BellIEHHOM
COCTOSTHUM
CMech pa3nuyHbIX KOHIEHTpaToB (KoHUeHTpamus meau 24...30 %) u ¢mroca (kBapueBblil
MIECOK) CKJIaIupylOT B OyHKepax M Jajee MOAAal0T Ha CyIIKy B OapaOaHHBIX Meyax /10 KOHEYHOMH
BIaKHOCTH He Oonee 1 %. V3 CymMIBHOrO OTHENEHUs HIMXTY MHEBMOTPAHCIOPTOM HANPAaBISAIOT B
OyHKep, OTKYy/1a €€ MOJIAI0T B MeYb.
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PucyHnok 9 — Ileus B3BelIeHHOH MJIABKHU
1 — mreiin; 2 — nwiak; 3 — ropenka; 4 — peakUuoOHHas maxrta; 5 — anTeik( razaxon); 6 —
OTCTOWHUK; 7 - (yHOaMeHT;8- MecTo cimBa HUIaka ; 9- Mecro ciuBa IMITeHHa a — Mojaya
U3METBYCHHOT0 KOHIIEHTpaTa; O — BBOJ 1yThs; B — BHIXOJ] ra30B

[IuxTa mpu MOMONIM CIEIUAIBLHOW TOPEIKA BIYBAC€TCS KHCIOPOIHO-BO3IYIIHOW CMECHIO
(xoHmeHTparus kucnopoga B ayThe 35...80 00. %) B MIaBUIBHYIO IIAXTy ME4H, II€ CyIb(UIHbIC
YaCTUIIBI BOCIUIAMEHSIOTCS U CTOPAOT B MOTOKE OKUcTuTeNns. KonmuecTBo Teruia, BRIASISIEMOro Mpu
B3aI/IMO)I€I\/JICTBI/II/I KOMIIOHCHTOB IIIMXTHBI C KI/ICJ'IOpO)IOM AYyThA, JAO0CTAaTOYHO JId IIJIaBJICHUS
qacCTHII, nu B HUXHIOKYACTh peaKIII/IOHHOI\/'I maxThl HOIIAaJAarK0T KallJinu HepBI/ILIHOFO paCHJ'IaBa.
PaCHHaBJ'ICHHI)Ie YJaCTHUIbI MIHUXTHI HAKAIINIMBAKOTCS B OTCTOfIHPIKC neuu, T1ac HpOI/ICXO)II/IT
B3aMMOJEICTBIE MEXAY CyIb(UIaMU U OKCUIAMHU.

[IyTe yacTull KOHIIEHTpaTa B TOJET€ YATUHSIOT, YCTpauWBas HaJ TMepeaHEel YacThio Medu
UWIMHIPUYECKYIO MIAXTy, @ BO3AYX MPEABAPUTEIHHO MOJOTPEBAIOT TEIJIOM OTXOASIMIUX ra3oB 10 500
°C. Ilpu BOyBaHWM WHIMXTHI KHCIOPOAOM TeMla JOCTAaTOYHO JJis IUIaBIEHUS W  Teperpesa
paciyiaBoB, JOIOJHUTENHHOTO TOIUIMBA HE TpeOyeTcs, MOITOMY TaKyl IUIaBKy Ha3bIBaIOT
aBTOFCHHOI\/'I. C IIOMOIIBHO FOpCJIKI/I COBMCCTHO C IIMUXTOBBIMHU MaTCpI/IaJ'IaMI/I B IICYb BBOJIAT
MOJIOTPETOE JYThEe: BO3IYX WM KHUCIOPOTHO-BO3MYINTHYIO CMECh B KOJHMYECTBE, HEOOXOIMMOM JIS
3aMBIKaHUS TEIIOBOTO OanaHca mpoiecca. CKOpOCTh MaieHus] YaCTHIl 3aBUCUT OT UX JHaMeTpa U MPpH
IIJIABKEC Cy.]'H)(l)I/IJIHBIX KOHHeHTpaTOB HC npeBHmaeT 1 M/C, B CBJ3U C 4YCM )II/IaMeTp IaxThbI
coctapiseT 3,0...5,5 M, a ee BeicoTa — 4,5...12,0 m.

XUMH3M TIPOIECCOB IJIABKH BO B3BEHICHHOM COCTOSHHUU IO CYIIECTBY TOT ke, 4TO H B
OTpakaTebHOM IIIaBKe: Jecylb(ypHu3allds BBICIIUX CYIb(PUAOB M KapOOHATOB; OKUCIICHUE
Cynb(UIOB MPAKTUYECKU TTOTHOCTHIO — 32 CYET KHCIOPOJA AYThS:

CuxS+1,50; =Cu.0+S0O21
FeS+0, = FeO+S0O: 1
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W30uparensHoe Cyab(UIUpPOBaHHWE OKCHIA MeIW U KOHLIEHTPUPOBAaHUE MEIU B ILITEHHE;
OLIUIAKOBAaHME OKCUAA >Kelie3a W TMepeBoj ero B Imiak. llpomeccsl GpopMHpOBaHHUS IUIaKa U
HITeiHA TPEUMYIIECTBEHHO pa3BUBAIOTCS B BaHHE II€YM, OTCTOWHAs 30HAa KOTOPOW MOA0OHA
OTCTOWHOW 30HE OTpakaTenbHOU meun. OTCTOHAs 30HA Meuyr 00ecneunBaloT MpeObIBaHUE B HEH
[UIaka B TEUYEHHUeE S5...7 4 U UMEEeT pa3Mepsl, M: jnuHa 12...32, mmpuna 3,5...10.

W3-3a Mamnoii KOHLIEHTpAlUU a30Ta B AyThe KoHIEeHTpanusi SOz B OTXOASIIUX razax JOCTUTaeT
75 % wm mocne OYMCTKH OT MbLIM KOHLUEHTPUPOBAHHBIM CEPHUCTBIA AHTUIAPHJL JIETKO CKUKATh. JTH
razel ¢ temmeparypoir 1300...1400 °C nmoctymaroT B  KOTEJN-YTWUIW3aTOp, TJI€ YJIaBIUBACTCS
OCHOBHasl 4YacTh TbUIM, UX Temreparypa ymeHbmaercs 10 350...400 °C u BwIpabarbiBaeTcs map,
UCTIONB3YyeMBId  JUIsL MOJOTpEeBa JAyThbsl W AN OBITOBBIX HYXA. llocie TBUICOYMCTKH B
ANEKTPOMIBTPaX  Ta3bl HANpPaBISIOT Ha MPOU3BOJACTBO CEPHOM KHCIOTHL. Vcmonb3oBaHue
KHCJIOPOHO-BO3LYIIHOTO yThs TO3BOJIAET COKPATHTh OOBEM MEUYHBIX Ta30B A0 35...88 Twic. Mc
COOTBETCTBYIOIIMM YBEJIMYEHMEM B HHMX KOHLEHTpPAlMM  JUOKCHJAA CEpPbl, YTO  IO3BOJISIET
MPAKTUYECKH TIOJHOCTHIO YTHJIM3UPOBATH CEPY LIUXTHI U UCKIIOYUTH BBIOpOCHl SO2 B atMocdepy.
[Ipon3BOAUTENHFHOCTh IUTABKM BO B3BENIGHHOM COCTOSHMH jocturaer 13 1/(m?-cyt). Bnaronaps
BBICOKOH Jecynb(pypu3aluy, IpU B3BEHICHHOHN IUIaBKe Moiy4aroT Oorareie mredHsl (1o 60 % Cu) u
COOTBETCTBEHHO Ooratbie maku (1o 2 % Cu), kotopeie TpeOyloT oOemHeHUs. MenHblil mTelH
NEpPUOANYECKH BBIIYCKAIOT U3 ME€YM M HANpaBisAlOT Ha KoHBepThpoBaHue. lllnak mocrymaer Ha
00eTHEHHE B AJIEKTPOIEYb, Ky/la 3arpyKaroT KOKC.

IIpouecc «Aycment». B Hacrosimee Bpemss B mupe padotaer Ooisee 20 mederd «AycMmenTy.
B nanHoM mporecce ucronb3yercss BepTUKalbHas LUIUHApPUYECKas neub (BeicoTa 13 M, nuametp 4,5
M), O0OpyIOBaHHas MOTPYKHOW BepTUKAIbHOU GypMoit anuHOoM 10 17 M u nuamerpom 0,5 m
cocTosiled M3 KOHIEHTPUYECKU PACIHOJIOKEHHBIX CTaNbHBIXTPYO. DypMmy 3akpemisioT Ha
MOJIbEMHUKE, PACIIONIOKEHHOM HaJ TEeYbl0 B LIEHTPaJbHOW ee uyacTu. HoMuHanpHOE 3armyOrieHwue
ropeiku B HUiak coctasiseT 20 cM, 4To obecneunBaeT TypOYJIEHTHOE IepeMeIlInBaHUe pacljiaBa.
ITo Mepe pa3pyiieHHs KOHIEBOH 4YacTH (ypMBbl €€ OIyCKaroT 0e3 OCTaHOBKU pPaboThl neun. dypmy
3aMEHSIIOT, KOTJa pa3pylIMTCs NPUMEpPHO | M ee KOHLEBOH 4yacTH, U 3aTEM BOCCTaHABJIMBAIOT,
TIpUBapHBas HOBYIO KOHIIEBYIO 4acTh. TommmBo (mpupomHeii ras, go 1800 m%/4) B cmecum ¢
BO3/[yXOM CrOpaeT B HMXKHEH 4acTu (QypMBI.

Bo3nyx monaroT B monocTh, 00pa30BaHHYIO KOXXKYXOM W BHYTpPEHHEH TpyOoH, B pe3yibTare
Yero oXJakaaercss Kopmyc GypMmbl M oOpa3dyeTcs Ha €ro MOBEPXHOCTH CJOH 3allUTHOrO rap-
Huccaxxa. KoHneHTpanus Kuciaopoa B JyTbe COCTaBIsAeT 0KoJio 45 %, npu 3ToM KoHueHTpauus SO2 B
OTXOJAIIMX razax jgocruraet 35 %, a usBnedeHue cepel — 98 %. lnak (6...8 % Cu) nmoasepraercs
3JIEKTPOIIEYHOMY 00€THEHHIO.
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Pucynok 10 — Ileub «Aycmear»
1 — peaknmoHHas 1maxTa; 2 — IMTEHHO-IUIAKOBBIN pacIulaB; 3 — BBINYCK paciuiaBa; 4 — BOJISHON
XOJOAUIBHUK; 5 — pypMa; a — MPUPOIHBIN Ta3; O — KMCIOPOA; B — BO3AYX; I' — I'a3bl; J — KOHLEHTpAT,
¢urockl; €, )X — Boa

[leur oTnMuaeTcst MPOCTOTON KOHCTPYKIIMH, BHICOKON MPOU3BOAUTEIBHOCTBIO (ThIC. T/TON: 45 —
o IITeHHy ¢ KoHueHTpauued Meau 10 58 % Cu, 600 — mo KOHIEHTPATy), MaJIbIM MbUIEBHIHOCOM
(okoso 1 %), mpocTOTOM B yIpaBlieHUH, TaK KaKk M3MEHEHHMeM 3ariyOsieHus ¢ypmbl B CIIOM mUIakKa
peryiaupyercss MHTEHCUBHOCTh OapOoTaka pacruiaBa. [Ipomecc MokeT ObITh  IpepBaH MpHU
HOJHATUM (GYypMBbI, KOIJa MeTalsIMueckass WM IITeiHoBass (a3a oTCTauBaeTcsl INepel BBITYCKOM
u3 mnedd. JIOCTOMHCTBOM TEXHOJOTMU SIBISETCSA TaKXKe M TO, YTO Ie€4Yb MOXKET OBITh OCTAaHOBJIEHA
WIM HAaxOJWUTHCS Ha TOPSYEMXOJIOCTOM XOAY B T€UEHHE JUIMTENBHOIO IIEpHOJAa M IIPU ITOM
MMEETCSI BO3MOXKHOCTB €€ ONEPaTUBHOIO Pa3orpesa.
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Pucynok 11 — [IpuHuMnuaibHas TEXHOJIOTHYECKAS CXeMa BHINJIABKH HITEHHA crnocodom
Aycmear

IlnaBka B kuAKOii BaHHe. OTO BBICOKOI((EKTUBHAS OTEUECTBEHHAs pa3paboTKa
AaBTOI€HHOM TEXHOJOTMU IUIaBKH CylIb(UIHOTO ChIphs — mpouecc Baniokosa (IIB), ucnonb3yemas
Ha TPeNNpUATUSX IBETHOH Mertamnypruu B Poccum u 3a pyOexom. Ilepsoiii kommuieke [IB Gbin
BBEJIEH B HKCIUTyaTal[MI0 Ha MEAHOM 3aBoje Hopuibckoro ropHo-MeTaTypruyeckoro KomOnHaTa B
1977 r. B cucreme 3arpy3kd Te4Yd UMEIOTCS OYHKEpHI I HAKOIUICHHS MEIHBIX KOHIIEHTPATOB
(70...75 % wmuxTHl), KBapLEBOHl 30J0TOCOAEp Kamel pyasl U u3BectHska (20...25 %), 060pOTHBIX
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MaTepuaioB (KIMHKEp, BBUIOMKU — 110 5 %) U Ipyrux KOMIIOHEHTOB. XUMUYECKUI COCTaB IIUXTHI, %o:
Cu 10...15; Zn 3,0...4,5; S 25...35; Fe 28...32; SiO2 13...17. Pacxox mmuxtel 45...85 T/4,
npou3BoauTensHOCTH 1Mo muxrte 1200...2400 1/cyTKu.
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Pucynok 12 — Ileus I1B
1 — mumakoBeIi cudoH; 2 — mTeldHOBRIA cudoH; 3 — nutak; 4 — mTeiH; 5 — ropenka; 6 — pypma;

7 — MCOHas1 BOJOOXJTaXJacMas IIINTAa, 8 — YYT'YHHas BOHOOXJIAXKOacMasd IMaHCIIb, 4 — KOHOCHTPAT U
(1)J'IIOCBI; 0-— raspl; B, I — KHCJIOPOAHO-BO3AYyIIHAsA CMECh; I' — HpHpOI[HLIﬁ ra3s

[Muxta Ha BaHHy OapOOTHpyeMOro pacijiaBa, TI/€ TOJABepraercs (QPU3NKO-XUMHUUYECKUM
NpEeBpalIeHusIM ¢ 0Opa30BaHWEM MPOAYKTOB IUIABKU — IITEHHA, IUIAKA U 3aIbUICHHBIX OTXOISIINX
ra3oB.[leub KecconupoBaHa 1o Bceil BricoTe. C KakI0i CTOPOHBI B HUXKHEM PSJYy KECCOHOB B padoTe
HaxoauTcs 1o 21 gpypme, B BepxHeM psay — o 12 ¢pypm. Uepes dypmbl HUXKHEro psiaa B pacijiaB
MOJAI0T KHUCIOPOAHO-BO3IYIIHYIO CMECh M TPUPOAHBINA ra3. [myOuHa morpyxenus ¢GypMm B paciuiaB
nogaepxxuBaercst B mpenenax 0,3...0,6 M. @ypMbl BepxHEro psijia MPUMEHSIOTCS A OTOIJICHUS
IeYd MPUPOJHBIM Ta3oM B MEPHUOJ €€ OCTAaHOBa, a TaKkKe Ul JIOKUra 3JIEMEHTHOW cephl B
npolecce IUIaBKU cynbuaHol muxtel. [ledb paboTaeT B HENPEPHIBHOM pPEKUME 3arpysKu,
IUTaBKH, BBINYCKA JKUAKUX NMPOJYKTOB IUIABKM W 3BaKyallUs OTXOASNMX ra3zoB. Ilpu HensmeHHOM
pacxoie KuCIOpoJa TemIepaTypa BaHHBI pacilaBa PEryJupyercsi COOTHOIIEHUEM «KHCIOPOA:
BO3JyX» JIyThsl, IOJJaBa€MOTro uepe3 (pypMbl HUKHETO psiJia B pacIulaB MpHU 3alaHHOM COOTHOUIEHUH
«KHUCIIOpOA IyThsd — 3arpy3ka MmuxThl». Mukcepsl mreitHa (40...60 % Cu) u nutaka (0,8...1,0 %
Cu) sSBIAIOTCS HAKOMHUTEISIMA PACIUIaBOB M TIPEAHA3HAYEHBI IS WX HEMPEpPBIBHOTO MpHeMa U3
neun 1mo 000orpeBaeMbIM MEPETOYHBIM JKEI00aM U CIIMBA B KOBIIH U IITAKOBO3HBIE YAIIIH.

TexHOIOrMYeCKUil KHCIOpOA Ha oboramieHue BO3AYIIHOTO JyThs (KoHUeHTparus 95 % Og,
nasnenne 200 xlla) BbIpabaThIBaETCSI HAa JIBYX pa3JeNUTENbHBIX OJIOKaX ¢ CyMMapHOM
TIPOU3BOUTENFHOCTBIO 22 ThIC. M>/4. Pacxoj KHCIOPOAHO-BO3AYMIHOH cMecH — 10 20 ThiC. M°/d,
oboramieHne ayThd KHCIOpoaoM — a0 87 06. %. Texmonmormueckme Taszsl I1B (mo 40 Teic. M/u,
koHmeHtpanus SOz 36...42 006. %) mis yTUIM3aluKA TeIuia MPOXOAST KOTeNI-yTHIn3aTop (JIaBieHue
napa 10 4,5 MIla), remnepatypa razoB Ha Bxoje B koten — 1250 °C, Ha Beixoae — 400 °C. 3arem rasbl
OPOXOJAT OYMCTKY OT mbuih B snekrpodunstpax (KILJ oumctku 97,5...98,0 %) u 3atem c
koH1eHTparuei SO; 20...25 % mocTynaeT B CEpHOKUCIIOTHBIN TIEX.

3. KonBepTupoBaHHe IITE{HOB
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He3aBucuMo oT cmoco0a, KOTOPHIM BBIIUIABJICH INTEHH W3 pyAbl WIM KOHIIEHTpATa,
JManbHelmas nepepaboTka ero onuHakosa. LlTeitHsl umeror cocrtas, %: 16...25 Cu; 36...49 Fe; 1...2
Si02; 0,5...1,0 CaO u oTyIM4aroTCs TJIaBHBIM 00pa30M KOHIICHTpAIUEH Me/IH U Kesie3a.

[TepepaboTka MTEHHOB OCYIIECTBISIETCS B KOHBEPTEPAX TOPU30HTAIBHOIO THITA JUAMETPOM
10 4 M, nnuHoW 10 10 M, BMectuMocTbio A0 100 T menu (BelIaBiseTcsl 32 | TEXHOJIOTMYECKYIO
onepanuio). KouBeprep ¢yrepoBaH XpOMO-MarHe3WTOBBIM KHPOUYOM. MexaHUuyeckas Iepenada
obecrieunBaeT BO3MOXKHOCTb ITOBOpPAUYMBaHUs KOHBEpTEpa B 00€ CTOpOHKI Ha 1 0060pOT.
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Pucynok 13 — KouBepTtep B pa6oueM mo10:KeHUH
1 — mreiin; 2 — moak; 3 — gypma; 4 — ropenka; 5 — OaHpgax; 6 — ropioBuHa; 7 —
BO3IyXOIMpPOBOJ; 8 — omopa; 9 — BeHIIOBas MIECTEPHS; a — CKaThIi BO3AyX; O — mmxTta ((rockl); B —
rasbl

Ha xopnyce ykperuieHbl OaHaXu — ONOpPHBIE M BEAYIIMM, HaXOAALIUICS B 3alleTNIEHUH C
HIECTEPHEN peayKTOpa AJIEKTPOABHUraTessl, KOTOPbIM KOHBEPTOP MOXKET IOBOpauMBaThcd B 00€
ctopoHbl Ha 360°. Ha O0OKOBOIl MOBEPXHOCTH HMMEETCSl TOPJIOBUHA, YEPE3 KOTOPYIO 3aJMBAIOT
IITEH, CKauYMBAIOT LIJIAK, PA3JIMBAIOT ME/Ib M OTBOJAT ra3bl. B pabouem Mmosio’keHUM OHa HarpaBiieHa
BBEPX M IIOMEINAETCS 107 HANBUIBHUKOM, COEAMHEHHBIM C OTBOIAIIMMHU rasoxonzamu. Kpas
HalnbUIbHUKA IUIOTHO NPUMBIKAIOT K KOPIYCY KOHBepTepa, Hpeaynpexiaas pa3OaBieHHE TIa30B
aTMoc(epHbIM Bo3ayxoM. 1o o1HOM U3 00pa3yromux Kopiyca yCTaHOBJIEHbI (ypMbl, COEAMHEHHbIE
C KOJUIEKTOpOM ckaTtoro Bo3ayxa (2,0...1,5 arm). ®@ypMa uMeeT MmapoOBOW KJAmMaH, CTaTbHOMN
HIApUK KOTOPOTO B paboueM MOJOKEHUH MEPEKPHIBAET BBIXOJ BO3/yXa HapyXKy, a MpHU MPOUYUCTKE
JIOMHUKOM OTXOJHUT B THE370. ['a3bl yepe3 HANbUILHUK MOCTYNAalOT B COOPHBIM ra30Xxoj, U3 HEro — B
IBUIEBYIO KaMmepy, 3JIeKTpOoQMIbTp, a 3aTeéM — Ha MPOU3BOJACTBO cepHOil kuciotbl. IllTeitH B
KOHBEpPTOpP MOAAIOT KOBIIOM UYe€pe3 FOPJIOBHHY, NPEIBAPUTEIHHO MOBEPHYB O0UKY, UTOOBI HE 3aIUTh
bypMBL.

[IponyBka mTeiiHa B KOHBEPTEPE COCTOMUT M3 JBYX NepuonoB. CopepixaHue NEPBOrO Mepuoa
KOHBEPTHUPOBAHUA: OKHUCIEHHE Cyab(puaa >xXele3a, OLUIaKOBaHHE oOpasyrolleics 3aKucH Kenesa
00aBIISIEMBIM KBApIEM C TIOJIYYCHHEM Oesloro ITeiHa (0eIoro marra) W Iniaka.

Bo3nyx, BayBaemblii uepe3 (ypMbIB JKUIKUN IITEHH, SHEPrMYHO €ro nepememuBaer. Ha
MIOBEPXHOCTH BO3IYIIHBIX ITy3BIPHKOB MPOTEKAIOT peakiuu okucieHus FeS u CuzS:
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2FeS+30, =2Fec0+2S0, T,
2Cu,S+30, =2Cu,0+2S0, T.

Bo3Hukaromuii mpu 3TOM OKCHJ MEIU CYJIbGUANPYETCS 10 PEAKIIUH:
Cu 20+ FeS= Cu 2S5+ FeO,

a FeO cBszbiBaercs B cumnkar FeaSiOs kBaprem:

2FeO+ SiO2=2FeO- SiO2

3arpy3ky kBapma (KpymHocThio 6...20 MM) HayMHAIOT C HPOAYBKH paciuiaBa. JKemareiabHO
IPUMEHSTh 30JI0TOCOAEPIKAINE WU MEIUCThIe KBAPIUTHI, YTOOBI M3BJI€Yb TOMOJIHUTEIHLHO MEAb U
30J10T0, OIHaKO conaeprkamue He MeHee 80 % Si02 , YTOOBI HE MOBHINIATH BBIXO/ IIUTAKA.

TakuM 00pa3oM, B IEPBOM TIEPHOJIC B PE3YJbTATE MPOTYBKH BO3yXa MOXKET OKHUCIUTHCS JIHIIb
cynb(hu Kenes3a; TOJIBKO MOCIie OKUCICHHS Beero cynbduua xene3a oopasyercst okcun meau  Cuz0.
[ToaToMy B mepBOM TMEpUOAE W3 MEIHOTO INTEHHA YJAISIOT CEPHUCTOE XKeJie30, a MeAb B BHUJC
cynb(puaa KOHIIEHTpUpYyeTcs B mreiiHe. CyMMapHas peakiius oKuciieHus: FeS B mpucyTcTBUU KBapia
B 9TOM NEPUOJIE:

FeS+ 30, + SiO, = Fe,SiO, +2S0, T

CIIY’)KHT OCHOBHBIM MCTOYHHMKOM TeIJla M HAKOIUICHHS €ro B KOHBEpTepe Uisi BTOPOTO MepHoaa
rraBky. [1lnak cnuBaroT yepes TopIIOBUHY, HAKJIOHSSI KOHBEPTOP.

BcenencrBue mepeokucieHus cynbduma xkeiaeza TmpH HemocTaTke Kpapia y ¢ypw (B obmactu
WHTEHCHUBHOM MPOTYBKH):

3FeS+50, =Fe;0,+380, T

nojy4yaeMble HUIakd oOoramieHbl MarHeTuToM Fes Os , KOTOpBI OrpaHMYEHHO PAacTBOPUM B
pacIuIaBIeHHON Macce M oOpa3yeT Ha (pyTepoBKe TyromiaBkue HacThlu. [IpucyTcTBHE MarHeTura B
[IJIAKE YBEJIIMYMBAET €T0 BSI3KOCTh M, CJIEJOBATEIbHO, MEXaHUUECKHE TIOTEPH MEIU C HUM. B cBs3Hu ¢
MOBBIIICHHON KOHIIEHTpAIMEH B IIJJaKe MEIU OH BOBJIEKAeTCs B MepepadOTKy B MPEIbITyIEH TIaBKe
Ha IITEHH HEMOCPEJICTBEHHO WM Tocie QuoTanuoHHOro oOoramieHus. PaBHoMepHas mojada
U3MEIBYEHHOTO KBaplla M JOCTaTOYHO BBICOKAs TeMIlepaTypa CIOCOOCTBYIOT BOCCTaHOBJIECHUIO
MarHeTuTa Mo peaxiuu:

FeS + 3Fe,0, + 5Si0, = 5Fe,SiO, + SO, T,

MOJTYYEHUIO JOCTATOYHO KUAKUX [IUTAKOB U CHUYKEHUIO MOTEPh C HUMH METH.

KonBeprepHble 111aku, o0pasyronyecs: B IEPBOM Mepro/ie, UMEIOT OPUEHTUPOBOYHBIN COCTaB,
Mmac. %: Cu 1,5...2,5, SiO2 17...28, Fe 60...70, B Tom umcne B Buge Fe3Os g0 25. B Hux tem
MCHBIIIE€ Marie€Tura, 4eMm 60J'IBHI€ KOHHGHTpaI_[I/ISI OKCHUIa erMHI/IH. 21.]'[5[ JOU3BJICHCHUA MEAU U3
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IIJJaKa €ro BO3BPAIIAIOT B MPEABIIYIIYIO OMEPAIMI0 BBIUIABKK IITCHHA WM IMOCTE TPaHYJISIUH
oboramaroT GIOTAITMOHHBIM METO/IOM.

Temneparypa 3alIMBacMOro B KOHBEpTEp MITeliHa cocraBaser npumepHo 1473°C u B
TEYEHHE MEPBOro MEePHO/Ia OHA 32 CUET MHTEHCUBHOI'O OKMCJICHUS Cylb(uia keiae3a yBeTUUMBACTCS
¥ nojepkuMBaeTcs B mpepenax 1523...1623 °C; Gosee BbICOKas TeMIIEpaTypa BbI3bIBAET
YCKOPEHHBIH HM3HOC ()yTepOBKHM, a Tpu Oojiee HHU3KOM TeMIlepaTrype paciulaBbl CTaHOBSTCS
BSA3KHMU.

PerynupoBanue TemmnepaTypbsl OCYIIECTBIseTCS M00aBKaMH: pPACILIABICHHOIO IITEHHA — AJis
YBEJIMYEHUSI TEMIEPATypbl, WIM XOJOIHBIX MNPUCATOK (XOJOAHBIA INTEHH) — AJI1 YMEHBIICHHUS
TEMIEPaTYypPHI.

[Tocne mpoayBKM W ciaMBa HUIaKa O0ObEM €€ yMEHBIIAETCSl U IO3BOJIIET NPUHATH HOBYIO
HOPIHIO IITeHHa, HAOOp KOTOPOro MPOAOIDKAIOT 0 HAaKOIUIEHWs Oenoro mreiHa (0emoro marra) —
HITEHA, COCTOSMIETO MPAaKTUYECKH U3 OJHOTO Cylb(uaa Meand, B KOJMYECTBE, HEOOXOAMMOM JIJIs
nepexoja Ko BTOpoMmy mnepuoay miuaBku. Llens mepBoro mepuona — Habop Oenoro mreidHa —
OCYIIIECTBJISIETCSI MTOBTOPEHUEM IMKJIOB: 3aJlMBKa OEIHOIO LITEWHA, €ro MpoJayBKa W CJIMB ILIAKa.
B 3aBucHMMOCTH OT KOHIIEHTpalMd MEOu B IepepadaThiBA€MOM IITEHHE IUTENHLHOCTH MEPBOrO
nepuoaa KOHBEPTUPOBAHUS COCTABISET OT 6 4 IO CYTOK, a BTOPOro — 3...4 4.

Bropoii nmepuoa KOHBepTHUPOBaHUS HadyMHAETCs Mociie Habopa Oeroro mreiiHa. ConepikaHue
BTOpOTO TMepHoAa KOHBEPTUPOBAHMS: JajbHEHIas MpoJIyBKa paciiiaBa Oeloro mrTeiHa c
OKHUCJICHHEM Cylibpuma Meau W IOJYyYCHHEeM YEpHOBOW Meaun. Bo3HUKAIOMUN TpH OKUCIICHHH
paciuiaBa OKCUJl MEIM UHTEHCUBHO PEarupyeT ¢ OCTaTOYHBIM CYJIb(UIOM U XUMHU3M BTOPOIO MEpHOa
MO’KHO OIUCATh PEAKLIMUSIMU:

Cu,S+0,=2Cu+S0O, T.

[Tocne mouTH mOMHOTO OKUCIeHHWs] Oejoro mITeHa TMIaBKYy 3akaHuuMBalOT. HeOombinoe
KOJIMYECTBO CyNb(puAa MeON OCTaeTcsl PAaCTBOPEHHBIM B MeTajule, HO JajbHEiIas MpoayBKa
HEBO3MOXKHa BcleACTBHEe JAeduumta Tera. B KOHIlE BTOPOro MepHoJa HCIOJIB3YeTCs TEIo,
HAKOIUIEHHOEe (yTepoBKOM KOHBepTOpa. UepHOBYIO MeAb pPa3iMBAIOT B HW3MOXKHUIBL. CIUTKH
KOHBEPTOPHOM (YEpHOBOI) MeAM Ha3bIBAIOT MIThIKaMU (OT HeMelkoroStick — kycok, mryka). Ha nHe-
KOTOPBIX 3aBOJIaX YEPHOBYIO MEIb B HM3JIOXKHHIIBI HE PA3IMBAIOT, a MEPEHOCAT B paQHHUPOBOYHBIC
nieun, n30erasi MOBTOPHOTO IUIaBjIcHus. M3BieueHne Meau U 0J1aropoJHBIX METAUIOB B UYEPHOBYIO
Mens  gocturaet 99 % um  Tem Oonblie,uem Oorade mTeiH. B depHOBOW Memu cymmapHas
KOHIIeHTpanus nmpumeceit cocrasiseT okono 1 % (Fe, S, O, Zn, As, Sb u ap.).

KouBeptepHbie rasbl, moixydaembie B 000X Mepuoiax, OOOTaIleHbl AMOKCHIOM cepbl A0 15
00. %, HO TEpPUOAMYHOCTH pPabOTHl KOHBEPTEPOB, OONBIIKME MOACOCHI BO31AyXa, CHIBHO
pa3y0okuBaroIKe ra3bl (0COOEHHO OKOJIO HANBUIBHUKA) 3aTPYIHSIOT UCHOIB30BaHHWE JTHX Ta30B
JUTSL TIPOM3BOJICTBA M3 HUX CepHOW KHUCIOTHL. C ra3aMu BBIHOCHUTCS B BUJC MBUIH (YacTHIIBI (HIIFOCOB,
mTeitHa, MeIH U T.J.) 10 5 % Meau u 6J1aropoAHBIX METAIIOB.

['pyOy¥o MBUTH YJIaBIMBAIOT B OCATUTEIIBHBIX KaMepax WM IMUKJIOHAX, YaCTHYHO OHA OCEJacT B
razoxoyiax. B OCHOBHOM 3TO 3aTBepjAeBIIME OpBI3TH MW, ITeHa W dacTulbl (iroca. [Ipuh
BO3BpAIIalOT B KOHBEPTOP WM B HIUXTY PYAHOW TMJIaBKU. TOHKYIH TbUIb, COCTOSIIYIO U3
BO30THAHHBIX OKCHJOB CBHHIIA, [IMHKA M PEIKAX METAJJIOB, YJIABIMBAIOT J3IEKTPOGUIBTpaMU U
HATNPAaBIISIOT HA OTJENIBHYIO TIepepaboTKYy.
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Ha OonpmmHCTBE 3aBOJIOB JyThe OOOTAIIAlOT KHUCIOpoaoM 10 25...33 % TOIbKO B MEPBOM
nepuoJie, a BTOPOH MPOBOJAT HA BO3/YIIHOM AYThE. Y COBEPIICHCTBOBAHNE KOHBEPTOPHOIO Mepeesna
o0orameHueM ayThsi KHCIOPOJOM TO3BOJSET  COKPAaTHUTh  MPOAOJDKUTEIBHOCTh  MPOIYBKH,
YMEHBIIIUTh BBIXOJ[ Ta30B M MOBLICUTH KOHIEHTpaIuio B HUX SO2 . [Ipu 3TOM yBEIHUYUTCS MPUXOJ
TEIJIa B TEPBOM IEPUOJE M YMEHBIIMTCS TOTEPsS €ro BO BTOPOM, YTO IO3BOJUT IOJy4aTh B
KOHBEpPTEpE Meb HEMOCPEACTBEHHO M3 KOHIEHTPAaTOB, MUHYS BBIIUIABKY IuTeiHa. J[ns sToro B
IPE/IBAPUTENILHO Pa30rPeThlii KOHBEPTOP 3arpy’KaloT BMECTE C KBaplleM TPaHyIMPOBAaHHBIA METHBIN
KOHIIEHTpAT, IOCJIe Yero Mojy4yaroT W3 HEero cHavana Oenblid IITelH, a 3aTeM Menb. KoHueHtpar
(xonuentpamus meau He meHee 20 %), yBnaxHeHHBIH 10 8...10 %, okaThIBAaIOT, IMepechinas ero B
MEIJICHHO BpamjaromeMcs OapabaHe WM Ha HakJIOHHOM Ttapemu. I[lpum 3Tom obpasyrorcs
H1apoBUAHbIE TpaHynbl auamerpoM 10...20 MM, koTopsle 3aTem cymar 1o 2...3 % Biaru U 3arem
3arpyaroT B KOHBepTOp. ['paHyndarop auameTpom 2,8 M IpOM3BOIUT 10 15 T okaTbllIel B yac.
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4.0HeBoe papHUPOBaHME

Cpennuii cOCTaB YEpPHOBOM MU, BBILIABISIEMON M3 MEPBHYHOTO CHIpbs, %: 98,6...99,3 Cu,
0,01...0,04 Fe, 0,01...0,05 Zn, 0,01...0,60 Ni, 0,01...0,10 As, 0,01...0,10 Sb, 0,05...0,10 S, a Taxxe
OJ1aropoiHBIC ¥ PEIKHE METAJUIBI U PACTBOPEHHBIE B MEIU Ta3bl.

[To TOCT 859—66 ycTaHOBJICHBI CIEIYIOIIFE MAPKH TOBAPHOW MeI (KOHEHTPAIHs MEU, Mac.
%): MO (99,95), M1 (99,90), M2 (99,70, M3 (99,5), M4 99,0) u ap. 1y 0coObIX LieJieil BBITYCKAIOT U
0oJiee YUCTYIO MEIb.

B mnacrosmee Bpems s pa@UHHpPOBaHUS YEPHOBOM MeAM BO BCEM MHpPE MPUMEHSIOT
OTHEBOM U DJIGKTPOJIUTHYCCKUMA CIOCOOBI. [IepBbIM MOXHO TMOJYyYdUTh MeAb Mapok M3 u M4
guctoTolr  99,5...99,7 %, HO He ylaeTrcss Wu3BJeYb OJaropoJHble METAUIbl W BUCMYT.
DneKTponuTHYECKOe pahUHUPOBAHHUE JOPOXKE, HO OHO TMO3BOJISIET MOJYYUTh MEIb BBICHIMX MapoOK U
BO MHOTOM OKYIIa€TCSl 32 CUET IMOMYTHOTO M3BJICUCHHsSI OJIAarOPOAHBIX W PEAKUX METAJUIOB.
KauyectBo paduHMpoBaHHON Meau BbIIIE, a 3aTpaTbl Ha €€ OYUCTKY MEHbINE, €CIH MEeTall
peIBapUTEeIbHO OYUCTUTh OTHEBBIM crocoboM. B Hacrosmiee BpeMs TOYTH BCIO Me[b
padUHUPYIOT  DIEKTPOIU30M, I(PPEKTUBHOCTH KOTOPOTO  TOBBIIIAECTCS B pe3ynbrare
MPEeBapUTENLHOTO YAaJeHUSI OCHOBHOW Macchl MpUMeced OTHEBBIM Pa@UHUPOBAHUEM.

OrueBoe paduHHpOBaHME MeIU - nepuoanueckuii  mpouecc. OH cocTOUT U3
MOCJIEIOBATENbHBIX ~CTa[Mid, BKIIOYAIONIMX TOATOTOBKY M 3arpy3Ky II€4H, IUIABJICHHUE WU
pasorpeB MeIau, OKHCIHMTEIbHYIOOOpaOOTKY paciulaBa M ChEM IUIaKa, BOCCTAHOBHUTEIHHYIO
00paboTKy (Ipa3HEeHKE) U pa3IMBKy TOTOBOW MEJIH.

OxucnurensHoe padUHUPOBAHWE MEIHM SBISIETCS HamOoiee CTapblM M PacHpoCTPAaHEHHBIM
crocoboM ee ouucTKH OT mpumeceil. OHO OCHOBaHO Ha MPEUMYIIECTBEHHOW CKJIOHHOCTH K
OKHUCJICHHIO  MeTajuloB-TipuMmecerd (Me), ©Ooree aIeKTpOOTpHUIATENbHBIX, 4YeM MeAb. B meub
3arpyaroT Meb (UM 3aJUBaIOT, €Clid paUHUPOBAHUE HIET COBMECTHO C BBITUIABKOW UYEPHOBOI
MeNn), pacIUIaBiISIOT €€ U MPOAYBAIOT Yepe3 pacIuiaB BO3AyX MPU MOMOIIM CTAIbHBIX (YTEpPOBaHHBIX
TpyOok. Ilpu 3TOoM okucnsercs Meap M HpUMecH (KpoMe OJaropoAHbIX METauioB). B kauecTBe
OKHUCJIUTENS MPUMEHSIOT BO3/yX WM BO3AYIIHO-KHCcIopoaHyto cmech (BKC). Obpa3zyromiuecs: okcu bl
IpUMeceid, HepaCTBOPHMBIE B MEIHOM pacIluiaBe, B3aMMOJEHCTBYIOT MEXIYy CO00H, ¢ ¢urocamMu u
¢ MaTepuaioM (yTepoBKH, 00pa3ylOT CaMOCTOSATEIbHYIO LUIAKOBYIO (ha3y, BCILIBIBAIOIIYIO HA €TI0
MIOBEPXHOCTh BaHHBI METaJIa, YTO TPEMSTCTBYET OOpaTHOMY pPAacTBOPEHHUIO IMPHMECH B MEIHOM
paciuiase, MO0 yJaJIstoTCs B BUJI€ BO3TOHOB.

PadunupoBanue crnaraercs W3 CIEAYIOUIMX TOCIEIOBATENbHBIX CTaIWMN: TUIABIEHUE IIUXThHI
(10...12 4), oxucnenue mpumeceld U cbeM 1wiaka (3...4 4), packucnenue (3...4 4) u paznuska (5...6
4). O0masi NpoJI0JHKUTEIBHOCTD Tepeiena npu padore Ha TBepaoi meau 24 4. Ecnu  papuHUpYIOT
pacIjiaBIeHHYIO Meb, TO O3THUM JIOCTUTAETCS 3HAYMTENbHAS HKOHOMHS BpPEMEHH W TOIUIMBA U
CTaHOBUTCS  BO3MOKHBIM  paMHUPOBOUYHBIC TIUTAKM  HEMOCPEACTBEHHO MepepaldaThiBaTh B
KOHBEpTEpE.

He3aBucuMo OT COCTOSHUSL 3arpy’kKeHHOW B Te4b MeIU (TBEPIOH WM KUIKOW) OKHCIICHHE
MIMXTHl HAYMHAETCSl cpa3y IMocjie 3arpy3ku B CBS3M C BBICOKOW TeMIIEpaTypod NEUHBIX Ta3oB,
COJIepKaHHEMB HHX HEKOTOPOro KOJIMYECTBa CBOOOJHOTO KHCIOpPOAa W  OONBLION  yAenbHOU
MOBEPXHOCTH IIUXThI, OCOOCHHO NP pahUHUPOBAHUN METHOTO JIOMA.

CKOpOCTh OKHCIEHHMsS] MNpPOMOPLMOHATIbHA KOHIEHTPALMU METAJUIOB B BaHHE, IOSTOMY B
NEepBYI0 OYepenb W HambOoyee OBICTPO OKHCISIETCS Melb, TaK KaK ECKOHIICHTpalus B BaHHE
HauOonbimasg. Okeun CuzO  pacTBOpUM B JKUIKOHM Menuu OBICTpO HachlmiaeT BaHHy. [[nst Oonee
MIOJTHOTO OKHCJICHHsT TpUMeceld BaHHY HACHIIAIOT OKCHIOM MEId BIUIOTH JO Tpejaeia ero
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pactBopuMocTH (ripu TemnepaTtype 1423°C konuentpauusa ero apocturaer 8,0 mac. % wnmm 0,9 Mmac.
% 0O>).

[Ipu nanpHe#meM oxkuciaeHUHW BaHHBI M30bITOK Cu2O BBIIENSAETCS B BHJAEC CaAMOCTOSTEIBHOU
da3pl m oOoramaer nuTaK Menapio. [losBiieHWE C0s OKCHMIAa MEAW HAlOBEPXHOCTH BaHHBI
CBHJICTEIILCTBYET O 3aBEPIICHHUH Mpoliecca pahuHUPOBAHUS.

3aTeM HAYMHACTCS OKHCIICHHE IPUMECed pPacTBOPEHHBIM OKCHIOM MEIUB COOTBETCTBUU C
YpaBHEHUEM:

4Cu +02=2Cu:z0,
Cu20+Me =MeO+2Cu

Tak Kak npumecu (31ecb Me — OByXBaJleHTHBIH METasll), B OTIMYKME OT MEIU,MMEIOT OoJiblie
CpPOACTBO K Kuciaopony.2dheKTuBHOCTh padUHUPOBAHUSA B 3HAYMTEIHHOM CTEMEHH 3aBHUCUT U OT
UCIONIb30BaHus (hIr0ca, XMMUYECKH aKTUBHOTO 110 OTHOIICHHUIO K OKCHJY yaalsieMoi nmpumecH. Takoi
(roc CBSI3BIBAET OKCHJ MPUMECH B MPOYHOE COCAUHEHUE, YTO YMEHBIIIAET KOHIICHTPAIMIO B IIIAKE
CBOOOJTHOTO OKCH/IA MMPHMECH M CMEIIAeT PaBHOBECHE MEX/y IIUIAKOM M IPUMECHIO B CTOPOHY Ooiiee
IIOJIHOTO €€ NIePeBo/ia B IUIAK:

MeQ) + 5105 = nMeQ - m5i10),.

I[J'ISI YMCHBIICHUS KOHLOCHTpAUWH IIPpHUMECU B MCIU HCO6XOI[I/IMO Yalic BbIITYCKAaTh MJIAK, HE
AOITYCKas HAKOIUJICHHUA B HEM YAAJIAEMbBIX 3JICMCHTOB.

[Tocne oxucieHuss mpuMeced KOHLEHTpalUsi PacTBOPEHHOTO OKCHJIa MEAM B PACILIaBE MOXKET
nocturath 12 mac. %. Packucinenne HeoOXOAUMO JUIsl MOJYYEHHS IUIOTHOTO U IIJIACTUYHOTO
MeTajljla M TNPEJOTBPAIICHUS IOBBIIIEHHOTO XMMHUYECKOTO pAacTBOPEHHUS aHOJHOM Menu B
npoluecce €€ JallbHEHIIEero  3JIeKTPOJUTHYECKOro paduHupoBaHus. HeoOXoauMbIM ycioBHEM
IIPOBEJEHUS ITOM ONEpaluu SBISAETCS TINATENbHOE YyNAJICHME IUIAKOB C IOBEPXHOCTH pacIulaBa, B
IIPOTUBHOM CJIydae OKCHIBI IPUMECEH BOCCTaHABIMBAKOTCS UM IPUMECH BHOBb IEPEXOAST B pacIliaB
MeTaa.

PacriaB  BOCCTaHABIMBAIOT MPHU TIOMOIINM TBEPABIX (ApeBecHHA), KHUAKUX (MasyT) WIH
ra3zo00pa3HbIx (IPUPOIHBIA Ta3) peareHTOB, IMOJaBacMbIX B TIyOMHY BaHHBIL. bapboTupoBaHue
pacriaBa OJHOBPEMEHHO TPHUBOAMT K  YAQICHHIO moriomieHHoro SOz W APYyrux ra3oB, 4TO
MOBBIMIAET MIIOTHOCTHh Meau. K okoHvanuto onepanuu koHneHtpamus CuxO ymensinaercs go 0,3...0,5
mac. %.

Boixon paguHHpPOBOUHBIX IJIakoB cocTaBiser 2...3 % 0T Macchl UYEpPHOBOM MemH.
OpHeHTUPOBOYHBIA COCTaB IIJIAKOB (B mMe4yn c Kucioi QyrepoBkoit), mac. %: SiO2 15...40, Fe
5...10, Cu 35...45, npuyem 3HaUUTENbHASA YaCTh MEIU — B BUJIE HE OTCTOSIBILIMXCS Kamelb MeTamia. B
Me4Yd C OCHOBHOW (yTEpOBKOW KOHIIEHTpamusi MeAauw B 1makax jgocturaer 75 %. Illnakum
nepepadaTbIBalOT B KOHBEPTOpaX, UCIOJB3Ys UX B KAUECTBE XOJIOAHBIX MaTepPHAJIOB.

Menp papuHHpPYIOT B CTallMOHApPHBIX  OTpPAXXaTeJIbHBIX MJIM B IOBOPOTHBIX I€Yax
BMectuMocThi0 70 500 T1. TomnmmBoM padUHUPOBOYHBIX TME4el SBISETCS KayeCTBEHHBIN
(MaJoCepHUCTBIN) Ma3yT WM MNpUpoAHbI Ta3. Heobxoaumoe TpeboBaHME K TOIUIMBY — Majoe
coJiep’KaHue B HEM CEpbl, OCKOJIbKY TUOKCH/] CEphbl TOMOYHBIX Ta30B 3arpsi3HAET MeJlb CEPOil.
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BanHy meun BBIKIAABIBAIOT W3 JWHACOBOTO WJIM TEPHKIA3O0MIMUHETHIHOTO Kuprnuda. CTEeHbI
M TOABECHOW  1MOO  PacmoOpHO-TIOJBECHOH  CcBOA  HAOMpalOT M3 MAarHe3UTOBOTO MU
MarHe3UTOXPOMHUTOBOTO KupHH4Ya. B cTeHax, OONUIIOBAaHHBIX CHApYXH YYTyHHBIMH ILTUTaMH,
yCTpamBaloT pabouyue OKHA C TOJHUMAIONIUMUCS 3aciioHKaMu. OTOIUIeHHe OOJBIINX Tedel 4acTo
ABTOMATU3MPOBAHO: TOIUIMBO MU BO3JyX MOJAIOT B 3aJaHHOM COOTHOIIEHUH. CIUTKA UYEPHOBOM
MEJIM 3arpyarT MEXaHUYECKOU JIOMATOMH, a KHUAKYI0 Me/lb 3aIMBAIOT KOBIIIAMHU C TIOMOIIIBIO KpaHa.

[Teun nns oreBoro paduHUpPOBAHUS TMOAOOHBI OTpPaKATCIBHBIM I€YaM, HCITOJIB3YEMBIM IS
BBITUIABKM INTeWHA. Pa3Mepwl meueidd, M: muHa g0 15, mmpunamo 5, riyoumHa BanHbl a0 0,9;
temneparypa B neuu 1400...1450 K. Pacxox tommmBa — 10...11 % ot maccel uepHOBOM Meau (B
nepecyeTe Ha YCIOBHOE TOTUIMBO).

PadpurupoBanHyl0o Menb OTIMBAIOT B  aHOJBI, NpPEJHA3HAYCHHBIE JJs  JalbHEHIIEro
DIIEKTPONIUTUYECKOTO  paduHupoBaHus. lIpuMeHsiemMass s 3TOro  KapycelnbHas —pa3lIMBOYHAS
MalllMHA TPEJCTABISICT CcOOOW  TOPU3OHTAIBHBIM  KPYyr, HAa KOTOPOM YCTaHOBIICHBI MEIHBIC
U3TIOKHUIIBL. 32 BpeMs JBUKEHHS 10 KPYry METaul 3aTBEpACBACT U OXJIAXAAaeTCs BOJOHN U3 OpbI3rall.
l'oToBBIE aHOIBI MOTPYKAIOT Ui TOJHOTO OXJaXKIeHUS B OaccellH ¢ BOJOH, a 3aTeM OTBO3ST
Ha ckjaj. Paznu aBTomMatusupoBad. M3BneueHue Mmeau B aHOIHYIO Melb JocTUraeT 99 %.
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Pucynok 15 — Craunonapnas padpuHupoBoYHasi ne4b
1 - cronGuateiii pyHIaMeHT; 2 — OCHOBHOU ¢yHIameHT, 3 — jemanb, 4 - OTKOC; 5 —
IIUTAKOBOE OKHO; 6 — Kapkac KperuieHWs T1edd; 7 — ras3oxod; 8 - cBom;, 9 - creHsl; 10 -

ropenouHoe okHO; 11 - ropenka; 12 - 3arpy3ounsbie (paboune) okHa; 13 - meneBas JeTka

Haknonstorecst  pa@uHUPOBOYHBIE TME€YH  KOHCTPYKTUBHCXOJIHBI C TOPU3OHTAIHHBIMU
KOHBEpPTEpaMH, HO HUMEIOT OonbiryroBMecTUMOCTh (M0 300 r). Y Takux Tme4yedl TopiioBHHA
CMellleHa OOBIYHK OAHOMY TOpIy. Ee HCIonb3yloT A 3aJMBKU KUAKOW UYEPHOBOU MenH,
3arpy3ku TBEpIbIX OOOPOTOB M OTBOJA OTXONAUIMX Ta30B./[ist Bblllycka oOTpa@uUHHpPOBAHHON
MEIM CO CTOPOHBI PAa3IMBOYHO MAIIMHBI B T€YM cJeJaHa JieTka auamerpoM ~ 60 mm. Hamop
CTPYH JKUJKOH MEIu peryimpyercs B 3TOM CIydae YIJIOM IOBOpPOTa IEYH B CTOPOHY PO3JIUBA.
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Haknonsronmecss  paQuHHpPOBOYHBIE ~ HEYM ~ HMMEIOT  psii  NPEUMYLIECTB  Iepej
CTallMOHAPHBIMHU, HO TPHUTOIHBI TOJBKO JUIS TEepepabOTKU JKUAKOH YepHOBOH Menu. 3arpyska
4yepe3 TOpJIOBUHY (C OONBIION BBICOTHI) MACCHUBHBIX CIMTKOB YEPHOBOW MEAHW MPHUBOIUT K
OBICTpOMY pa3pylIeHUIO GYTEPOBKHU MOA.
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Pucynok 16 — Hak/ionsilomascsi papuHUpPOBOYHAS MeYb
1 — OKHO JUTS TOPETNKH; 2 — KOXKYX neud; D — (yTepoBKa; 4 — ropjoBHHA; 5 — HANBUIBHUK;
6 — OKHO JUI pa3HeHus; 7 - MPHUBOJ IOBOPOTA Meuu; § - JeTka Juid uenu; 9 — dpypua
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Pucynok 17 - Texnosoruyeckasi cxeMa OrHeBoro papMHUpPOBaHUSs MedU

5. DnekTposmTHYECKOe papuHUPOBaHNE MeTH

AHOIHAs Meb COJIEPXKUT ellle 3HAYMTEIbHBIE KOJMYeCTBa nmpumMecei, 1o, %: 0,2Ni; 0,1S; 0,2Sb;
0,2As; 0,1Pb; 0,15Se + Te; 0,1Au + Ag. Meas mociie OTHEBOrO padUHHUPOBAHHS PA3IMBAIOT Ha
aHoapl paszmepom 914 x 914 mm u maccoit 250...320 kr. AHOABI umeroT ToamuHy 40...50 MM 1
bopMy, yHOOHYIO IS TOJABCIIMBAHHS B JJCKTPOJU3HONW BaHHE. KaromHble MaTpHIbl — JIUCTHI M3
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TUTaHA WIM HEp)KaBEIIer craiu ToiamuHod 4 MMm. Te W apyrue 3ieKTpoabl pa3sMEelmamT B
AJIEKTPOJIM3HON BaHHE, 3alI0JIHEHHON pacTBOPOM MEIHOTO KYIOpOca U CEPHOM KHUCTIOThI
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Pucynok 18 — KoHcTpyKiusi 3j1eKTpoiu3epa
1 — aHox; 2 — xaToaHast MaTpUIA;3 — uIam; 4 — IIEKTPOIHAS IIIMHA, 5 — KOPIYC BaHHBI; 2 — BBOJI
AIIEKTPOJINTA; O — BEIBOJ SJICKTPOIIUTA

Bannel anma snekTponu3a  OTIMBAIOT U3 JKENe300€TOHAa WM COOMPAIOT U3 CTaHIAPTHBIX
KEJIe300€TOHHBIX TUIAT. JIHO HAOMPAIOT U3 IEPEBIHHBIX JTOCOK. BKIaAbII BaHHBI M3TOTABIMBAIOT W3
BUHUIUIACTa WK OoJiee JIOJTOBEYHOTrO JIMCTOBOTO CBUHIA. Pa3Mephl BAaHHBI 3aBUCST OT BEIMUUHBI U
YHClia 3JIEKTPOJIOB, JITMHA ee ObIBaeT 3...6 M, mupuHa BHyTpu Ha 120...130 MM Oouibliie IUPUHBI
karoaoB, rinyouna 1,0...1,3 M. OOmiee ymcno 3mekTpoaoB a0 109; aHOAOB HA OJUH MEHBIIIE, YeM
KaTOJIOB.

J171st 5KOHOMHH MaTepuanoB, ya1o0cTBa pa3MelIeHHs B IIeXe U 00CTy>KUBAHUS BAHHBI COSIUHSIOT
B Osioku 110 40...50 mT, a mHOTA ¥ B O0Jiee KpyMHBIE. BIIOKK CTaBAT Ha jKeNe300€TOHHBIX KOJOHHAX
BBICOTOW 70 6 M, 9TO MO3BOJISIET OCMAaTPUBAaTh U PEMOHTUPOBATh MX CHU3Y. [ mpemynpexaeHus
YT€UEK TOKAa BaHHBI YCTaHABIMBAIOT Ha (papdopoBrie wim auada3zoBbie HU30JATOPHL. [ ymoOcTBa
o0CITy>)KMBaHUsI BaHHBl OOBEJWHEHBI B CEPUU CIOCOOOM MYJBTUIUIb: BaHHBI COCIMHEHBI
MOCJIEIOBATEIBHO, 3JIEKTPOIbl B BaHHE — MapajuielibHO. Bce aHONIbl COEIMHEHBl C TOJIOKHUTEIIbHBIM,
a Karogpl — C OTPULATENbHBIM IOJIOCOM HMCTOYHUKA MOCTOSIHHOTO 3JEKTPUYECKOTO TOKA.
Paccrosinne mexny onHOMMEHHBIMH 3JneKkTpoaamiu §...10 cMm. PacctosiHre Mex1y aHOI0M U KaTOJI0M
JOJKHO OBITh MUHUMAJBHBIM, OJHAKO HCKJIIOYAIOIMIMM HX 3amblkaHue. Kpome Toro, Heobxoanma
IUPKYJISIIUS PacTBOpa JJIsl BRBIpABHUBAHUS €r0 COCTaBa.

DIIEKTPOIUT HEMPEPHIBHO TMOCTYMAEeT B KAXIYIO BaHHY W3 HAMOPHBIX 0aKOB, MO IYTH €ro
MOJIOTPEeBaOT TapoM. MecTo BBOJA JJIEKTPOJIUTa B BaHHY HAXOJHTCS y OJTHOTO €€ TOpIla BHU3Y, a
CIIMBHOM MaTpyOOK — y MPOTHBOIOJOKHOTO BBEpXYy. VHTEHCHBHOCTh NHMPKYJISAIUUA O0OECIeUunBacT
OOHOBJICHHE pacTBOpa B BaHHE B TedyeHue 3...4 d. J[ns yMeHbIICHUS MOTeph TeIjaa MOBEPXHOCTh
3JIEKTPOJIUTa WHOT/IA TOKPBIBAIOT MOIUIABKAMU M3 IUIACTMACCHI, IUIACTMACCOBBIMU IJICHKAMH WU
OpraHUYECKUMHU TTEHAMH.

[Ipu npoTexanuu Toka yepes JIEKTPOIUZEP aHO PACTBOPSIETCS, MEAb NEPEXOTUT B PaCTBOP.a U3
HEro — pa3pspKaeTcsi Ha KaTojae M o0pa3yeT OCaJoK YHUCTOro MeTauia. PacTBopeHme aHoja OOBIYHO
nmatcest 25...30 cyt, B aHOAHBIE oOCTaTku (Ckpam) mepexoauT Ao 15 % oT Maccel aHoma, WX
BO3BPAIIAIOT B MIUXTY OTHEBOTO PaUHUPOBAHUS MEIH.

37



Menp BbIIIENAE€TCS HAa MATpPUIAX B BUJIE MPOYHOrO IUIOTHOTO OCAJIKa; OJHAKO PaBHOMEPHOCTH
€ro pocrta CO BPEMEHEM HapylIAeTCs, Ha MOBEPXHOCTH TMOSBISIIOTCS HEPOBHOCTH, BBICTYIIBI,
MIMIIKOOOpa3HbIe HAPOCTHI. BhICTymaromye yacTu pacTyT ObICTpee: B MeCTax WX BO3HUKHOBEHUS
CONIPOTUBIICHHE MEXIy AaHOJAOM M KaToJOM YyMeHblnaercs. HepoBHBIE M HEMJIOTHBIA OCaIOK
3aXBaThIBACT dJEKTPOJIUT U IJIABYYUH IJIaM; HEPABHOMEPHOCTh OTJIOKEHHUSI MEJIM MHOT/Ia BBI3bIBAET
KOPOTKHE 3aMbIKaHUS JJIEKTpoJoB. Hebombiue 1m00aBkM B pacTBOpP IMOBEPXHOCTHO-AaKTHBHBIX
BemecTB ([TAB) — cTonsipHOTO KITesl, KENaTHHBI U JIp. — CIIOCOOCTBYIOT MOJIYYSHHUIO POBHBIX, IJIOTHBIX
1 4ucThIX KaToaoB. Pacxon ITAB cocTtaBiseT OT AeCATHIX 0JeH IpamMma 0 JACCATKOB I'PaMMOB Ha
TOHHY MEJIU.

Karogubiii ocajmok HapalMBalOT B TEUYEHHWE CYTOK, IOCJIE 4YEero W3BJICKAIOT U3 BaHHBI,
MPOMBIBAIOT U CAUPAIOT C MATPHUIBI MPU IMOMOIIM CTPUII-MAIIWHBI, a MAaTPHUIIBI BO3BpAIIAIOT Ha
padunupoBanue. [Ipu Ooyee ATUTEIHPHOM TIEpUOJC HApANIMBAHUS YBEIUYHUBACTCS  3arps3HCHHE
0CaJIka U YMEHBIIIAETCS BBIXOJl MEAM IO TOKY BCIEJCTBHE KOPOTKHX 3aMBIKAHUM MEXKAIJIEKTPOIHOTO
MPOCTpaHCTBa AeHApUTaMu. KaToabl IpOMBIBAIOT, CTOMUPYIOT U HAMPABISIOT HOTPEOUTEINIO.

OOblyHast YHCTOTa KAaTOAOB, MOJYYEHHBIX OMHCAHHBIM OE€30CHOBHBIM crocoboM, 99,995 %
(mapka MOOK). 3arpsi3HEHUE KHCJIOPOJIOM IPOUCXOIUT MPH IUIABKE M PO3JIUBE, OH IIOHKIKACT
IUTACTUYHOCTh U AJEKTPONPOBOJAHOCTH MEAU, IOITOMY OOBIYHO TMOTPEOUTENN MPEANOYUTAIOT
MOJIy4aTh KaTO/bI.

OCHOBHOHM AJIEKTPOXUMUYECKUM TMPOIECC TMPHU IJICKTPOIU3E MEIW, MPOTEKAIOIIUNA Ha aHOJE —
pacTBOpEHUE MEH:

= -

Cu” —Ze=Cu™", £ °=+023408.

OcHoBHas pe€aKuusg Ha KaToAC — BOCCTAHOBJICHUC HOHOB MCIH

Cu®"+2e=Cu®, £ =+0,340B.

[Tepemenmue B 2JIEKTPOJIUT TPHUMECH TPH IOTCHIMANE KAaToJa HE MOTYT pa3psiKaTrhbes Ha
HEM BMECTE ¢ HOHAMHU MEJIH M TTO3TOMY OCTAIOTCS B PacTBOpE, HAKaIUTMBAsICh B HeM. [Ipu 3TOM HOHBI
cypbMmbl (II1) n mprmbsika (11I) okucnsroTcs KuCI0pOoaOM BO3AyXa W JMOO BBINAIAIOT HA JHO BaHHBI,
a1n60 00pa3yroT MIaBy4Yuid [ulaM. DTOT NUIAM M YacTh DSJEKTPOJIUTA 3aXBATHIBAIOTCS PACTYIIUM
0CaJIKOM M 3arpsI3HSIOT ero.B cebecTonMOoCcTH Meau 3HAUMTENbHYI0 YacTh COCTaBISIOT PacXoJbl HA
anekTpodHepruro W. Ha mpakTuke 4YacTh pacxoiyeMOW SHEpPruu TpaTHTCS Ha pa3psl MpUMeEcei,
Ha TOTEpPH B MOOOYHBIX IIEMSIX, HA YTEUKH TOKa U Tp., T.€. IPAKTHUECKUI pacxoj Bceraa Ooblie
teopeTnueckoro. COOTHOIIEHHE MEXIYy HHUMHU  OmpenessieTcss  Kod()PUIMEHTOM  TOJIE3HOTO
UCIIOJTb30BaHUST TOKA, WJIH BBIXOJIOM IO TOKY.

Ha mpakTuke BBIXOJ OCHOBHOTO MeETayla Ha KaToJe BCerJa HHXKE TEOPETUUYECKOTO.
OtHomeHne Macchl (AaKTHYECKH BBIJCIIMBIIEIOCS METAUIa K €ro TEOPEeTUISCKOMY KOJUYECTBY,
KOTOpO€ JOJKHO ObUTO OBl BBLAENUTHCS MO 3akoHy Dapajesi, Ha3bIBAIOT BBIXOJOM IO TOKY. JTOT
MOKa3aTeNlb BBIPAXKAIOT OOBIYHO B TPOIICHTAX.

Pacxon sneprun W , kBT 4/T, paccuuThIBaioT o popmye:

U R Tl
'!:;".IT:;L_I; )

W =
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rae U — manpspkenue Ha BanHe, B (0,25-0,3B);

D cu — NMEKTPOXUMHUYECKHI SKBUBAICHT Meu, 1,1861/A g

Brixoa Meau mo TOKy M MajieHUE HANPSOKEHUS HA BAaHHE SIBIISIFOTCS OCHOBHBIMH MOKA3aTeNISIMHU
3¢ (HEeKTUBHOTO TIPOBECHUS JIEKTPOIN3a, BO MHOTOM 3aBHUCSIIETO OT COIPOTHUBICHUS JIEKTPOIUTA.
VienpbHoe CONMPOTUBIIEHWE MEAHOTO SJIEKTPOJIUTAa YBEIUYMBACTCS C YBEJIMYECHUEM KOHIEHTpaIuU
MEJY ¥ YMEHBIIIACTCS MPU A00ABICHUH CEPHOM KUCIOTHI M HArPEBaHUHU, TIOYEMY IJICKTPOJIU3 BEAYT B
MOJAKUCIICHHOM pacTBope, HarpetoM mo0 60...65 °C, oOwsiuHo comepkamem 40...50 1v/n1 Menu u
150...200 r/n cepuoit kucnoTsl. Boixon no Toxy npu padhunupoanuu 94...97 %, pacxon sHepruu Ha
1 T mequ 200...400 kBT 4. onTuMaibHast INIOTHOCTE ToKa 250-300a/M2

Jlisi yMEHBIIIEHUSI pacxoja dSJICKTPOIHEPTHUH MPH DJICKTPOIH3E CICAYeT UMETh HAaUOOIBIINN
BBIXOJl MEIM MO TOKY M MaJlo€ HamNpsbKeHHEe Ha BaHHE. BbICOkas IIJIOTHOCTh TOKa TMOBBILIAET
MPOU3BOJUTEIBHOCTh BaHH; OJIHAKO OJHOBPEMEHHO YBEJIMYMBACTCS TMAJCHUE HANpPsHKEHUS B
AJIEKTPOJIUTE M BO3pacTaeT MOJsIpU3alus, a, CIe0BaTEIbHO, U pacxo 3Hepruu. llomspuzanmio a,
CJIEIOBATENbHO, M PACXOJl SHEPTUU  KOMIICHCUPYETCS YCUJICHHOW MHPKYISIIHEH 3IIeKTPOIUTA,
BBI3BIBAIONICH B3MYYHBAHHUE I[IJIaMa, 3arpsi3HEHWE MM KaToJIOB M TMOTEPH C HHUMH APAroleHHBIX
METAJIJIOB BCIIEACTBHE 3aXBaTa YaCcTHUII [IJIaMa PACTYIIUM OCATKOM.

Karomnas wmenp -  OCHOBHOW MPOAYKT DJIEKTpONIW3a -  HE BCerga MPUrofHa s
HEIMOCPEICTBEHHOTO  WCIOJIb30BAaHUSA, OCOOCHHO B JJIEKTPOTEXHUYECKOW  MPOMBIIIJICHHOCTH.
[TosToMy ee paciiaBisiOT U pa3IMBAlOT B CIUTKUA. PaHblle meperyiaBKy  IPOBOIUIN
MOBCEMECTHO B OTpAXaTEJIbHBIX TI€Yax [0 METOIy, OJM3KOMY K OrHEBOMY padUHHUPOBAHUIO
YEpHOBOW MEM, C IMOJYYCHHEM CIIMTKOB CTaHAApTHOU (OpMEI - BaiiepOapcos.

Perenepanusi 3jexkrpoaura. OHa HeoOxoquma s CTAaOMIM3alMM COCTaBa 3JIEKTPOJIMTA
padunupoBanus. Ilpumecu, nepemeniye B EKTPOIUT, HE MOTYT OCAXJATbCsl BMECTE C MEJbIO,
OHM HaKamjauBaroTcd B HeM. KaTomHbIll ocajok3arps3HseTcs IJIaBHBIM 00pa3oM B pe3yibTate
3axBaTa PacTYIIMM OCAJKOM pacTBopa M IUIaBydero uuiama. /Ui mpenynpexieHus 3TOro 4acTh
JJIEKTPOJINTA IEPUOANYECKU YIAISIIOT M OYMIIAIOT (PEreHEepUpPYIOT), a 3aTéM CHOBAa BO3BpallaioT B
BaHHBI.

B snextponut nepexomut noutu Ha 1 % Oosblie Menu, yeM OcCa)Xaaercs Ha KaToJle, B CBS3U
C XMMHYECKHM DPACTBOpPEHHEM HMeromelicss B aHoje 3akucu Cuz0, a TakKe OKHCICHHS MEIU TOJ
JIeicTBUEM KHCIIOpPOJia BO3/IyXa.

Ha wMHOrmx 3aBojax pereHepaiuio 3JEeKTPOJIMTa COBMEIIAIOT CHOJYyYEeHHEM MEIHOIo
kynopoca. Ilo 3tomy crnoco0y oTOOpaHHBIMpacTBOp HEHTPaIM3yIOT B MPHUCYTCTBUH BO3JyXa
AHOJHBIM CKparoMHIu CHEeLUAIbHO IPUTOTOBJIEHHBIMU rpaHyjiIaMu MeJu. B
pe3ysbTaTenpoTeKaHusl PeaKIMUPacTBOp o0oramaeTcs Mep0 U 00eAHIETCS CEpHON KUCTIOTOM.

Cu + H,S0, + 1/20, = CuSO, + H,0

3areM TOJY4YEHHBIH pacTBOp YNApUBAIOT U HAIPABIAIOT B KPHUCTALUIM3ATOPBI, I/€ MNpHU
OXJIAXJEHUH M3 HEro BBIICNAIOTCA KpHcTawisl MegHoro kymopoca (CuS0s - 5H20). ns
UHTEHCU(UKAIIMM  TPOLECC IOJY4YEHHUS  MEAHOTO  Kylmopoca  HpPOBOJAT B BaKYyMHBIX
KpUCTAJIIIN3aTOpax.

Kpucrannmuzauuio MeaHOro Kymnopoca MOpOBOASIT B TpU cTaguu. PacTBOp mociie TpeThen
craguu  mporecca, coxepxkammii 50 ... 60 r/m  Cu, moaBEpraroT  AIEKTPOJUTHUYECCKOMY
00e3MeKMBaHNI0O B BaHHAX C HEPACTBOPUMBIMHM aHOJIaMHU. B pesynbTaTe 35eKTposiM3a MOJydaroT

39



PBIXJIBIA KaTOAHBIA OCAJOK MEIW, 3arpsS3HEHHBIA MBIIIBIKOM M CYPbMOM, KOTOPBIA OTHIPABISIOT
Ha MEJEIUIaBIIBLHBIC 3aBOJbI, M PacTBOp, coaepxkamuii ~ [ r/n Cu.

[Ipyn >neKTpONUTHYECKOM OCaXKIEHUM U3 PacTBOpPOB, cojepxkamux menee 10 ... 12% Cu,
MOXET BBIACIHATHCA OYCHDb SIILOBI/ITBIf/i ras - MbBIIILIKOBUCTHIN BOOOPOL

IlepepaboTka niama

[Tpumecu, TOTCHOMANBI KOTOPBIX  oTpuiareabHee, dyem y meau (Fe, Zn, Ni u gap.),
pacTBOPSIIOTCA B DJIEKTPOJIUTE, a IpUMECH C 0oJiee MOJOKUTEIbHBIMHU, YEM Y MeIU MOTEHLHaIaMH
(Au, Ag u p.) u xummnueckne coeamaenus (CuzxTe, CuzS, Cuz Se) BbImaaloT B 0CaJI0K HA THO BAaHHBI
—nuiam.Illnam BBITpyKalOT MpU MEPUOJUYECKONM YHCTKE BaHH W HANPABISIIOT Ha MEpepadoOTKy C
LEJIbI0 U3BJIEYb €0 LIEHHBIE COCTABIISAIOLIUE CEJIEH U TEILLYP.

ABOIEL
: ! !
| JJAEKTPOING
cepalt AMCKTPOINT |
r
Ha npouzeoacTen v
AHOI0E — Ha nponzeoacTeo
— E¥MIOpoCa
v
Ha naenensune
APATMETALIOR MaTpiti
Boga C OCATKOM Jofaekn
¥ ¥ rr l
MPOMBIBEA KOPPEKTHPOBEA
NpoOMEOIA | IMEKTpOINT 2
L 4 l
CAHPEA NOJOTPER
MATPHLES KaTonm

Pucynok 19 — TexHoJiornyeckasi cxemMa 3J1eKTPOJIUTHYECKOT0 papMHUPOBaHUS MeIH

IHopsiiok BhINOJIHEHHS Pa0OTHI

1. UByuuTh TEOpETUUYECKUE CBEICHUS.

2. CocCTaBHTH NPUHIMITHATBHYIO TEXHOJIOTHUYECKYIO CXEMY TpoIiecca IPOU3BOICTBA ME/IH.

3. CocTaBUTh TEXHOJOIMYECKHE CXEMbl OCHOBHBIX IEPEJIEJIOB COTJIACHO BapUaHTa 3aJlaHUsIC
ONKCAaHHEM OCHOBHBIX MPOIIECCOB MCHOJIb3yeMOro oOOpYyIOBAaHUS M MapaMeTpPoOB Ha ITHX
nepezaenax.

4.  OdopMuTh OTUET.

HpaKanecm[e 3aJaHus.
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Pa3paboTaTh TEXHOIOTHYECKYIO CXEMY 00XKHTa METHOTO KOHIIEHTpAaTa
Pa3zpaboTarh TEXHOJIOTHYECKYIO CXEMY IUIaBKH Ha IITEHH

Pa3paboTarh TEXHOJIOTMYECKYIO CXEMY KOHBEPTUPOBAHHS IITEHHOB
Pa3zpaboTarh TEXHOIOTHYECKYIO CXEMY OTHEBOTO payMHUPOBAHHMS
Pa3zpaboTarh TEXHOIOTUYECKYIO CXEMY AJIEKTPOIUTUYECKOTO padUHUPOBAHUS

a s wnN e

Pexomenayemasi aurepatrypa
1.PacdeTsl MeTa/uTyprudeckux MpoIeccoB Mpou3BoicTBa Meau: yued. moco0./ E.W. Enucees [u
ap.]. — Yensounck: M3narensckuit ientp IOYpl'Y, 2012

2.Y1kun,H.!. TIpon3BocTBO IBETHBIX METALIOB. — 2-¢ u3A.- M.: «MHTepMer MHXUHUPUHTY
2004. - 438 c.
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IIpakTuyeckasi pabora Ned.
Tema: Pacuer MaTepuaabHBIX TOTOKOB METAJUTYPTUYECKUX MTPOLIECCOB
Leapb padorbi: OCBOUTH METO/IBI PACYETOB MaTepUaIbHBIX IIOTOKOB
Teoperuveckue cBeIeHUs

1.Pacuer pacxoia Bo31yXa U KOJIU4Y€CTBA AbIMOBBIX I'a30B IIPY rOPeHNH NMPUPOIHOTO rasa.
Pacuer Benem coryiacHO 3aKOHaM CTEXMOMETPHH.

INpumep. Pacuer Bemem Ha 100 M° mpHpOAHOTO ra3a cieaylomero cocrara, % (oonem.): 83,4
CHa, 15,8 C2H4 1 0,8 No.

[Tpu pacdere mosib3yeMcsi 3aKOHOM ABOTaJipo, COTJIACHO KOTOPOMY B PaBHBIX 00BEMax BCEX
ra30B COJICPIKUTCS PaBHOE YHUCIIO MOJICKYJ, YTO IO3BOJISET Cpa3y MOACYUTATh 00BEM MOTPEOHOTO
KHCIIOpOo/Ia:

CH4+20,—-C0O2+2H,0; C2H4+302,—-2C02+2H>,0.

[ToTpebyercs KUCIopoaa, M°:

Juist cropaamst CHa.oooe ool 83,4-2=166,8
st cropaaust CoHa. oo, 15,8:3=47,4
B0 i 214,2

C KHCIIOpO/I0M IOCTYIHT a30Ta
214,2:21-79=805,8 m°.
Teoperndeckas HOTPeOHOCTH B BO3yXe
214,2+805,8=1020 m>.

Teopernuecku B IPOAYKTHI CTOPAHHUSI IEPEXO/INT:

M3 % (00BeM.)
CO2...cevenv......83,4+15,8-2=115 10,25
HO................83,4-2+15,8-2=198,4 | 17,75
Nooooi, 805,8+0,8=806,6 72,00
BCETO. oo, 1120 | 100,0

Jns pacuera (hakTHUUECKOTO pacxoja BO3/yXa M BBIXOJa MPOAYKTOB CrOpaHHsI HEOOXOAMMO
y4ecTh U30BITOK BO3/yXa, IPU KOTOPOM BENIETCS CXKUTAaHWE TOTUIMBA, U €r0 TOJICOC 3a CYET HeMOTHOU
TePMETH3AINH aMapaTypEhl.
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Taoauua 1. Ucxoaubie JaHHBIE

No Bap. % (00beMH.) | % (06bemH.) | % (06beMH.)

CHq CaH4 N,
1 82,5 17,2 0,3
2 82,5 17,1 0,4
3 83 16,5 0,5
4 83,5 16,2 0,6
5 83,5 15,8 0,7
6 83,2 16,1 0,7
7 83 16,4 0,6
8 83,4 16,1 0,5
? 82 17,6 0,4
10 81,9 17,8 0,3

2.Pacuer cocTaBa H KOJIHYECTBA MEJTHOI0 INTeiiHA.

IIpumep. Ilpeanonoxum, yto 1uiaBke noasepraercs 100 K MeIHOro KOHIIEHTpaTa COCTaBa,
%: Cu 12; Zn 1,5; Fe 35,5; S 43,5; Si0, 5; CaO 1; mpoume 1,5. Tpebyercss paccumrtarthb
COCTaB M KOJHMYECTBO MOJydarollerocs INTEHiHa Npu IJIaBKe B HeWTpanpHOW aTMmocdepe (BapHaHT
1) ¥ B OKMCIUTENBHBIX YCIOBUAX (BapHUaHT 2).

Bapuant 1. IlnaBka B HelTpanpHOW aTMmocdepe. [lng pacyera npuHUMaeM: JAecyiabdy-
pu3amnus Tmpu TUIaBKe paBHa 55 %, u3BieueHue Menu B mTedH 96 %, muuka 40 %, comepxkaHue
B mTeliHe npounx 1 %.

[Ipu necynbdypuzamuu 55 % B wreitH mnepeiiger 45 % cepbl, cojepxaiieics B
KoHUeHTpare, T.e. 43,5 « 0,45 = 19,575 kr.Torma u3 100 Kr KOHIEHTpaTa TpU CpPEIAHEM
COJIEp’)KaHUU Ccepbl B MEIHBIX MITeWHax, paBHOM 25 % (mpaBuio MocToBHYa), MOJIYUYHUTCS
19,575:0,25 = 78,3 kr mreiHa.

B mreiin mepetiner meau 12 ¢ 0,96 = 11,52 kr (comepxanue B mreiine 14,7 %), nuakal,S °
0,4 = 0.6 xr, kucmopona 78,3 « 0,065 =15,1 xr (wreiH, comepxammii ~ 15 % wmenu, conepxur -
6,5 % xucaopoxaa), nmpounx 78,3 -0,01 =0,78 xr sxemeza (mo pasuoctm) 78.3 - (11.52 + 19,58 +
0.6+ 5.1 + 0,78)=40.72 xr

PesynbraThl pacuera ¢ LeNbI0 CpPaBHEHHUS cBeleM B TaOi. 1 mociie BBINOJHEHHs PacuyeToB
1o 2-My BapUaHTy IUIaBKH.

Bapuant 2. [Ilmocko B  OKHCIMTENbHBIX ycioBusAX. s pacdera TNpUHUMAEM;
MOJTYJArONTUICS TTeHH noJbkeH coaepxkath 40% wmenu, u3BiedueHue Menud B mTeH 95%, muHKa
60 %, conepxanue B mTeitHe npounx 1 %, kuciaopoma 3 % (mpu comepKaHUU MeIU B HITEHHE,
paBHoM 40 %).

KonuyectBo Menu, nepemienineii B mreitH cocraBut: 12« 0,95 = 11,4 kr.

O61ee konuuecTBo mTeHa ¢ ydetoM 40 %-Horo coaep:kaHust Meau OyJeT:

(11,4 - 100)/40 = 28,5 kr.

B »TomM konmdectBe mTelHAa 1O mpaBmiy MocTtoBuua OyAeT COAEpPKATHCA — CEpBHI:
28,5¢0,25 = 7,12 kr.

Crenens necynbpypuzaiid B 3TOM CIydae COCTaBHT:
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[(43,5 — 7,12)/43,51]+100 = 83,6 %.
B mreitn mepediner: nunka 1,5 ¢ 0,6 = 0,9 xr, kucinopoxaa 28,5 - 0,03 = 0,85 kr, mpouux
28.5 ¢« 0,01 = 0,28 kr.keneza 28,5 - (11,4 + 7,12 + 0,9+ 0,85 +0,28)= 7,95 kr

Ta6auna 2. PacyeTHBIii COCTaB U KOJMYECTBO LITEHA NMPH MJIABKe METHOI0 KOHIIEHTpAaTa
B HeliTpasbHoil (BapuaHT 1) u okucaurTenbHoii (Bapuant II) armocgepax

KommnoHneHTBI KoJsnuecTBo mreiina
Bapuant 1 (kr/%) Bapuant 2 (kr/%)

Cu 11,52 14,7 11,4 40,0
Zn 0,6 0,8 0,9 3,1
Fe 40,72 52,0 7,95 27,9
S 19,58 25,0 7,12 25,0
O2 5,1 6,5 0,85 3,0
IIpouue 0,78 1,0 0,28 1,0
Bcero 78,3 100 28,5 100

[Ipu comocTaBieHHH pPE3yabTATOB PACUETOB JIBYX BApUAHTOB IIJIaBKU KOHIEHTpPATa OJHOTO
U TOTO K€ COCTaBa B HEUTpaNbHOW aTMochepe M B OKUCIUTENBHBIX YCIOBHSX, MPUBEICHHBIX B
Tabn. 1, MOXXHO BHJIETh, UTO, BO BTOPOM ClIy4yae YBEJIMYEHHE COJEp)KaHUS MEIu B LITeiHe B 2,7
paza (40 14,7) 3a cuer yBenuueHus necyabdypusanun 10 83.6 % BeleT K yMCHBIICHUIO BO CTOJIBKO
e pa3 ero Bbixoja. IIpu 3TOM IITEHH MO CpPaBHEHUIO C HMCXOAHBIM KOHIIGHTPAaTOM B MEPBOM
ciaydyae oOoramaercs Bcero B 1,2 pasa, a BO BTOPOM CTEMEHb €ro 0OOTalleHHs BO3PACTAET /10
3,3 paza.

W3 sroro crmemyer, 4to Ans TMONydeHHs Oosiee OOraThIX INTEHHOB M3 OJHOTO M TOTO JKE
KOHIIEHTpaTa, HEOOXO0IUMO JHOOBIM CIIOCOOOM MOBBIIIATH CTENEHB AECYIb(ypHU3aIuu.

B 3aximouenue ciemyeT oOpaTHUTh BHMMaHWE Ha TO, YTO B IMPUMEpPE pPAcyeThl COCTaBa U
KOJIMYECTBA INTEiHA OBUIM BBINONHEHBI JABYMS BO3MOXKHBIMH CIOCOOAMH — TIO 3aJlaHHOM
cTeneHu aecynbdypuzanuu (BapuadT 1) M MO 3aJaHHOMY COJIEPKAHUI0 MEIU B IOIYYaroleMcs
mreiine. O6a crocoba pacuera MTEHHOB SBISIOTCS PAaBHOIIEHHBIMHU.

Taoauua 3. Ucxoaubie 1aHHBIE

Ne Bap. Cu Zn Fe S SiO2 CaOo [Mpoune
1 19 1,1 33,5 39,4 4,5 1 1,5
2 18 1,2 34,1 39,8 4,4 1 1,5
3 17 1,3 34,5 33,9 4,8 1 1,5
4 16 1,4 34,8 40,7 4,6 1 1,5
5 15 1,5 35,8 40,5 4,7 1 15
6 14 1,7 36,5 40,1 5,2 1 1,5
7 13 1,6 37,2 40,4 53 1 1,5
8 15 1,4 36,0 40,3 4,8 1 1,5
9 14 1,8 36,6 40,5 4,6 1 1,5
10 13 1,7 38,0 40,3 4,5 1 1,5
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3. Pacuem evixo0a u cocmaea ozapka.

IIpumep. [Ipumem, yto o6xury noasepraercst 100 kr koHIeHTpaTa coctaBa, %: Cu— 12; Zn—
1,5; Fe— 35,5; S- 43,5; SiO2— 5; CaO- 1; mpoune—1,5.

VcxomHble NaHHBIE IS pacueTa: cTemeHb aecyibdypusamun 80 % okucisercs /3 UMHKA; B
orapke ocTaercsl /3 MPOYHX; TOTEPIMH MeIH IIpH 0Okure npeHedperaem. Toraa KOJIMYECTBO CEpEI,
OCTAIOMICHCS B OTapKe, COCTABUT:

43,5-(100 - 80)/100 = 8,7 xr.

KonmuecTBo cepsl B ocTaBmeMcs Cyab(hue MHHKA

(1,5%/3-32)/65,4 = 0,24 xr.

KonmuaecTBo MOTpeOICHHOTO KUCIOPOIa ISl OKHCICHHS uHKa B ZNO
(1,5-Y/3:16)/65,4 = 0,06 kr.

KonmgecTBo cepsl, cBs3aHHOM ¢ Menpio B CU2S:

12-32/(2-63,55) =3 kr.

KosinuecTBO HEOKHCIMBIIEHCS CEPBI, CBI3AHHOM C KEJIE30M:

8,7 - (0,24 + 3) =5,46 kr,

TOTJ]a KOJIMYECTBO OCTABILIETOCs B CYIbGUAHON (hopMe jKeie3a COCTaBUT
5,46%55,85/32 = 9,53 «r,

a Kkelesa, mepemienero B okcuaayw popmy: 35,5—9,53=25,97 kr.
s oxucnenus xenesa 10 Fe2O3 motpedyeTcst kuciopoaa:

25,97(3-16)/(2-55,85) = 11,16 kr.

Bceero ans oxucnenus xenes3a v nuHka norpedyercs 11,16 + 0,06 = 11,22 kr kuciopoaa. Toraa
B orapke Oymer cogepxkarbes, kr: 12 Cu; 1,5 Zn; 35,5 Fe; 8,7 S; 11,2 O2; 5 SiO; 1 CaO ;1,0—mpoune.

O6mass macca orapka Oymer paBHa 70,4 Kr, T. €. BBIXOJ Orapka OT MacChl HCXOIHOTO
koH1eHTpata coctaBuT 70,4 %. CocraB orapka Oynet cienyromumM, .%: 17 Cu; 2,1 Zn; 50,5Fe; 12,4 S;
15,9 Oy; 2,1 —mpoune.

Kak BUIHO W3 pacdera, CTENeHb OOOTANICHHS Orapka MEIbI0 10 CPABHEHHIO C HWCXOJHBIM
KOHIIEHTPAaTOM HEBEJIHMKa U cocTaBisieT Bcero 17,07:12 =1.4.

Taoauua 4. Ucxoaubie JaHHBIE

Ne Bap. Cu Zn Fe S SiO2 CaOo [Mpoune
1 19 1,1 33,5 39,4 4,5 1 1,5
2 18 1,2 34,1 39,8 4.4 1 1,5
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3 17 1,3 34,5 33,9 4,8 1 1,5
4 16 1,4 34,8 40,7 4,6 1 1,5
5 15 1,5 35,8 40,5 4,7 1 1,5
6 14 1,7 36,5 40,1 5,2 1 1,5
7 13 1,6 37,2 40,4 53 1 1,5
8 15 1,4 36,0 40,3 4,8 1 15
9 14 1,8 36,6 40,5 4,6 1 1,5
10 13 1,7 38,0 40,3 4,5 1 1,5

HOpﬂ)IOK BbIIIOJTHCHHUSA paﬁoTbI

1. W3yunTh TEOPETHUECKUE CBEICHUS.
2. [TpoBecTr pacyer B COOTBETCTBUH C MHIWBUAYAILHBIM 33aHUEM
3. OdopmuTts oTUer.

Pexomenayemasi siureparypa

1.PacueTbl MeTamTyprudecKkux MpoleccoB Mpou3BoacTBa Meau: yued. moco6./ E.W. Enucees [u
ap.]. — Yenssbunck: U3parensckuit nentp HOYpl'Y, 2012

2.Y1kun,H.!. TIpon3BoCcTBO IIBETHBIX METALIOB. — 2-¢ u3A.- M.: «MHTepMeT MHXUHUPUHTY
2004. - 438 c.
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[IpakTrueckas pabota No5
Tema: Pacuer MmarepuaabHOTO OaaHca METAJLUTYPrHYECKOTO IIpoliecca
Hean padoTbi: OCBOUTH METO/IBI PACYETOB MaTEPHAIIBHOTO OajaHca
TeopeTuveckue cBeIeHUs

Pacuem mamepuailbHozo Oanaunca nnaeéKu Ha WMelH.

IIpumep.llpoBenem pacyer coctaBa M KOJMYECTBA OTBAJBHOrO IIJIaKa U pacxoja (IirocoB
Ha TUTaBKY.

Pacuer mpoBenmem uisi KOHIIEHTpaTa M WITEHHA, PACCMOTPEHHBIX B MpPHUMEPE MPAKTUYSCKON
pabotsr Ned,

Jlns pacuera npyuMeM ClIeTyIOIIne YCIOBHS:

1. OTBaybHBIN IIIAK TOJIKEH coaepxarh 36 % SiO2 u 5 % CaO.

2. B kauectBe ¢urocos ucnonbs3yem: kBapii (100 % SiO2), uzsectusik (CaCOs), comepxariunit
56 % CaO (ocr. - CO»).

3. be3Bo3BpaTHbIC MOTEPH IS YIPOIICHHUS pacdyeTa He YUYUThIBACM.

C yderoMm mepemiemux B INTEHH W ra3bl KOMIIOHEHTOB KOHIIEHTpAaTa B IIJIAK HEperaeT (CM.
paboty Ned 110 BapuaHty 2 ):

CUoovioe e e i e e e e a0, 12-11,4=0,6 kT
YA R 1,5-0,9=0,6 kr
e, 35,5-7,9=27,6 kr
(607 O R RRRDRR B 4 &
IIpoUmre. ... 1,5-0,28=1,2 2kr
BCETO. .o 36,0kr

Takol mnwak, NOMXy4eHHBIH Oe3 m00aBkM (IIIOCOB, Ha3bIBaeTCs camoIUIaBkuM. MHornaa
CaMOIUTaBKHUI MIJAK YAOBJIETBOPSET TPEOOBAaHHUSM JAHHOTO BHJA TUTABKH, U (IIFOCHI B 3TOM CiIydae B
HIUXTY HE J0OABIISIOT.

IIpoBepuM, yIOBIETBOPSET JIM MOJYUYAIOMIMUICI CaMOIUIABKAM IIJIAK 33JaHHBIM yCIOBUAM. Jlis
3TOrO OMNpEAETUM MPOLEHTHOE COJAEp)KaHue, M0 KpailHeW mepe, IBYX 3a/JlaHHBIX KOMIIOHEHTOB. B
CaMOILTaBKOM IuTake 0yaer coaepxarbes: (5:36,0)x100=13,4 % SiO2 u (1:36,0) x100=2,8 % CaO.

OTu 1U@pel TOBOPAT O TOM, YTO LUIAK HE OyAET yIOBIETBOPATH 3a/JaHHBIM ycioBUsAM. Jlis
NoJydeHus 1uiaka, cogepskaniero 36 % SiO2 u 5 % CaO, HeoOX0UMO BBECTH B IMIUXTY (DIFOCHI —
KBapIl U U3BECTHSIK.

Pacuer ¢marocoB mpousBeneM MeToaoM OanaHCOBBIX YypaBHeHHH. OO003HauMM mNOTpeOHOE
KOJINYECTBO KBaplia yepes X, a U3BECTHsKA uepes Y.

Torma Macca KOHEYHOTO IIJJaKa MOXeET OBITh BbIpakeHa ypaBHeHueM (36,0+x+0,56y) kr,
rne36,0— Macca caMOIIIaBKOIo IIJIaKa.

B ToM konmdecTBe mIIaka OyIeT COJEPIKATHCS: (36,0+x+0,56y)0,36 kr SiO2 wu
(36,0+x+0,56y)0,05 xr CaO.

OTH KONIWYeCcTBa JIBYX OCHOBHBIX IUIAKOOOPA3YIOMIUX KOMIIOHEHTOB B IIUTAKE HYXHO
NPUPABHATH K UX KOJMYECTBAM B UCXOJHOH mmuxTe. OHU cooTBEeTCTBEHHO cOcTaBAT: (5+x) kr SiO2 n
(1+0,56y) xr CaO.

CocrtaBuM OanaHcoBOe ypaBHEHHE:

no SiO, (36,0+x+0,56y) 0,36=5+x

- ~ ~
konnuectBo SiO2 B mutake SiO2B mmxTe
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o CaO (36,0+x+0,56y) 0,05 = 1+0,56y.
CaO 6 wnaxe

CaO 6 wiuxme

PemmB 3Ty 1Ba ypaBHEHUS C IBYMsI HEU3BECTHBIMU, OTYyUuM: X=13,3 KT u y=2,75KT.

C n3Bectnsikom noctynui CaO:
2,75°0,56 = 1,54kr CaO.

ITpoBepuM NpaBUIBLHOCTD BHIIOJIHEHHOIO PAcyeTa, ONPEJEIINB COCTaB OTBAJIBHOIO LIUIaKa

*5+13,3=18,3

KT %
Cu.. 0,6 0,9
N 0,6 1,2
Feo 27,6 52,3
SiOz.. 18,3* 38,2
CaO.. 2,5%* 53
IIpouwme............... 1,22 2,0
Beero....ooooveuninn.. 50,8 100,0

**1+1,54=2,54.

[IpriBesicHHbIC BBIIC JAHHBIE O colepkaHud B KoHedHoM Iuwtake SiO2 m CaO roBopst o
[PABUJIBHOCTH BBIIIOJIHEHHOTO pacyeTa.
Onpenenum nNoTpeOHOCTh B KUCIOPOJIE /ISl OKUCIICHUS JKele3a, IIMHKA U CEpBbl.
[TorpeGHOCTB B KMCIOPOAE, KT

s okuciieaus Fes FeO..........

(27,6/56)-16=7,9

st okuciieaus ZnsZnO..........

(0,6/65,4)-16=0,18

st okuciieaud S B SOo.............

(36,38/32)-32=36,3

44 Axr

43,5-7,12=36,38 43,5kr- conepkanue cepsl B KoHIIeHTpare ( paboT.Ned), 7,12Kkr- conepkaHue B

mrreiine (paboraNed).

C 5TUM KOJIMYECTBOM KUCIOPOa C BO3AYXOM MOCTynuT a3zoTa: (44,4/21)79=166,8 kr.
OO01ee KOJIMYECTBO BO3AyXa ¢ ydeToM KoddduireHta n3obitka o=1,1 Oyaer pasHo: (44,4 +

166,8) 1,1 =232,3kr.

B sToMm konmuecTBe Bo3ayxa Oyner conepkatses 45,5 kr kucnopona u 171 xr azora.
B rtexnonorunveckue raser nepeiayr SOz, N2 w30bITouHBIA KHcaopox U CO2, BBIICTUBIIHACS
U pa3iokKeHUH u3BecTHsAKa. O0IIee KOITUYeCTBO 00pa30BaBIINXCS Ta30B U UX COCTaB MPUBENICHBI B

Tao. 1

Ta6auna 1. KotndaecTBO 1 cOCTaB TEXHOJOTHYECKHX Ta30B

Kommonent KT M %(00beMH. )
SO, 36,3+36,3=72,6 72,6:64:22.4=254 15,7
N2 166,8 166,8:28-22,4=133,4 82,4
02 (44,4*1,1)-(44,4+0,85)=3,5 | 3,5:32-:22,4=2.5 1,5
COz 2,715-1,54=1,2 1,2:44-22,4=0,6 0,4
Bceero: 2441 161,9 100
[To pe3ynpTaTam pacyeros, MpakTUYeckor paboThiNe4, COCTaBUM MpeABaAPUTEIHHBIN

MaTepuadbHBId OanaHC TUIaBKU
00pa3yromuecst Mpu ero CKUTAHUH.

(Ta6ﬂ. 2), B KOTOpPOM HC YYTCHBI TOIUIMBO W TOIIOYHBIC TIa3bl,
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Ta6auna 2. IlpensapurenbHblii MaTepUAJbHBINH 0aJaHC IVIABKH, KT

Marepuasi Beero | Cu | zn | Fe | S |Si0,| Ca0 | CO; | 02 | N2 |Tipou.
NMPOAYKTHI MJIABKH

[Moctymnuio: 100 12 15 | 355 | 435 5 1 - - - 15
KOHIICHTpAaTa

KBapIa 13,3 - - - - 18,1 - - - - -
W3BECTHSIKA 2,75 - - - - - 154 | 1,2 - - -
BO3/yXa 211,2 - - - - - - - |44,4|166,8 -
Bcero 3305 | 12 15 | 355|435 (231|254 | 1,2 (4441668 1,5
[ToydeHo: mrelina 285 | 114 | 09 | 795 | 7,12 - - - 0,85 - 0,28
1jIaKa 50,8 06 | 06 | 27,6 - 18,3 | 2,5 - - 1,22
rasoB 2441 - - - 36,3 - - 1,2 139,8|166,8| -
Bcero 328,1 | 12 | 1,47 | 355 (4342|231 | 25 1,2 |40,65|166,8| 1,5

PacxoxneHuss B MOCTYNUBIIEM ChIpbE MOJIYYEHHBIX MPOAYKTOB cocTamiser 2,4kr 3to 0,7%

JOTTYCKAETCSl PACXOKIACHHUE 2KT.

Taoaunma 3. Ucxoaupie JaHHLIE

Ne Conep:xanue SiO.,CaOs B kauecTBe ()UII0COB HCIOJIB3yeM:
BapuanTa O0TBAJILHOM HIJIaKe, % kBapu (100 % SiO2), uzsectusk (CaCOs),
SiO2 CaO coxepxkamuii% CaO (ocr. - CO).
1 37 6 56
2 38 7 57
3 39 8 58
4 40 9 56
5 41 5 56
6 36 6 57
7 37 5 56
8 36 6 56
9 38 5 55
10 39 6 56
11 40 7 54
12 41 6 56
13 37 5 55
14 38 4 54
15 39 7 55
16 40 8 55
17 41 4 56
18 36 5 57
Iopsa0K BHINOJTHEHUS PadoThI
5. W3y4nTh TEOPETUIECKUE CBEIACHHUS.
6. BrimoaHuTh pacye€T B COOTBETCTBHUU C MHAWBHUAYAJIbHBIM 3aJJaHUEM.

7. OdopMuUTh OTHET.

PexoMennyemasi jureparypa

1.PacdeTsl MeTa/uTyprudeckux MpoIeccoB Mpou3BocTBa Meau: yued. moco0./ E.W. Enucees [u

ap.]. — YenstOunck: M3narensckuit nentp OYpl'Y, 2012
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