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IMosicuuTeILHAS 3aIMCKA

COOpHUK METOJIMYECKUX YKa3aHWUW I BBIOJIHEHHS MpakThuueckux pabdor mo MJIKO01.01
«Mertammyprusi IBETHBIX METAJUIOB» COACPKHUT HEOOXOAMMBIE TEOPETUUYECKUE CBEACHHUS U
MpaKTUYECKHe  3aJaHusl, TNpeIHa3HA4YCHHbICE Ui  CTyAeHTOB  crnemuanpHoctn — 22.02.02
Mertamtyprust IBETHBIX METaJIOB.

MKO1.01«Metamnyprus LBETHbIX MeTaioB» sBigercs 4vactbio [IM.Ol«lloaroroBka wu
BEJICHHE TEXHOJOTUYECKOI0 MpoIlecca MPOU3BOJICTBA IIBETHBIX METAJJIOB U CIUIABOBY» M M3Yy4aeTcs B
TeueHre ogHoro cemectpa. B xone m3yuenus MJIKO1.01 paccmarpuBaroTcsi Clienyromue BOMPOCHI:
(U3UKO-XMMHYECKHUE CBOWCTBA METAJNIOB, TECOPETHUYECKHE OCHOBBI MPOIIECCOB, CHIPhE M MAaTEpPHAIbI,
UCIIONIb3YEMbIE B IIPOLIECCE MPOU3BOJCTBA, TpPeOOBaHUS K HUM, KOHCTPYKIIMHM OCHOBHOTO
000pyI0BaHus, BEJACHUE MIPOIIECCOB MPOU3BOCTBA, TEXHUKO- SKOHOMUUYECKHUE TTOKA3aTeU MPOIECCOB
IIPOU3BO/ICTBA, KOJOTHUECKHe TpeOOBaHUS K MpolieccaM MPOU3BOJICTBA.

Ha nzyuenne MJIKO01.01 orBogutcs 1149acoB, u3 HUX 52 yaca Ha MPaKTHYECKHUE paOOTHI.

Kaxnas npaktuueckas paboTa COIEPKUT, TEOPETHYECKHE CBEACHUS, KOHTPOJIbHBIC
BOIPOCHI,ITPAKTHUECKOE 3a]aHHeE.

Ilenp MeETOAMYECKUX YKa3aHWM — IIPENOCTaBICHUE HeoOXoauMoi  WHpOpMAIUU IS
BBIMOJHEHHsT npakTtudyeckux pador mo MJIK 01.01, B xome xoTopbix OOydaromuecss 3aKpervisioT

NOJyYCHHBIC 3HAHWS W MPHOOPETAIOT HEOOXOJMMBIE yMEHHs, HalpaBlICHHbIE HAa (OPMHPOBAHUE
npo¢eCcCHOHATBHBIX KOMIIETEHIIHH.



IIpakTnyeckas padora Nel
Tema: V3zydeHnue GpU3MUECKUX U XUMHUUECKUX CBOMCTB IIBETHBIX METAJLIOB.
Lesas padoThi: HayunThCs 1aBaTh OIIEHKY IIBETHBIM METAJIaM 110 KX CBOHCTBAM.
TeoperuvyecKkue cBeJIeHUA
CBoiicTBa Meau

Menp COBMECTHO C HMKENEM, CBHUHIOM, IIMHKOM M OJOBOM 00pa3yeT TIpyIIy OCHOBHBIX
TSDKEJIBIX LIBETHBIX METAJIOB. M3 3TOH TIpyIIbl TOJNBKO HUKENb SBISETCS "MOJOJBIM~ METAIOM,
IPOMBIIIIEHHOE IPOU3BOJCTBO KOTOPOro Hayanoch juiib B KoHIEe XIX B. OcTanbHble MeTalIbl
ATOW TPYMNIbI, BKJIHOYAs ME/b, CIyXaT YEJIOBEKY Ha MPOTSHKEHUHU IOYTU BCEH HMCTOPUM pPa3BUTHUS
YeJI0OBEYECKOr0 O0IIecTBa. 3HAUYEHUE MEIW JUIsi COBPEMEHHOTO OOIIECTBA TPYIHO MEPEOICHUTb.

B nepuoguueckoit cucreme snemeHtoB [[.M.MenneneeBa menp pacnosnoxkena B | rpynme
4-ro mepuoja, MOpsAKOBBIA Homep ee 29. Kak sneMeHT mnepBoil rpymnmbl MeAb OJHOBAJEHTHA.
B »TOM cocrosHMM oOHa Haubojee IIMPOKO IpeAcTaBlIe€HAa B PYIAHbIX MHHepajax, IITelHax,
HUIaKkax M JAPYrux MpOAYKTaX MHPOMETAUTYpru. B mpoaykTax HMX OKHCIEHHMs B INPUpPOJE U B
TEXHOJIOTHYECKUX Mporeccax 0oyiee YCTOMYUBBIM SBISCTCS JBYXBAJICHTHOE COCTOSHUE.

[Ipu Ttemneparype maBnenuss (1084,5 °C) naBneHue mnapoB MeOud OYEHb Majlo U
cocrasisieT 1,596 Ila. [IpakTuyecku HENEeTyUYUMH SBIISIOTCS] OKCUABI U CYTb(QHIBI MEAa.

Menp - MSTKuM, BS3KUM M KOBKHM MeTa/ul KpacHOro 1mBera. OHa JIErKO MPOKaThIBACTCS B
TOHKHME JIMCThl U BBITATMBAETCSI B NPOBOJIOKY. [l0 3J€KTpONpOBOAHOCTH MeEAb YCTYMAET TOJBKO
cepeOpy. Baxkneiimue cBolicTBa MeM PUBEIEHBI B TAOIHLIE.

B XumHueckoM OTHOUIEHMHM Me€Ib MAJIOAKTHBHBI MeETall, XOTS OHa B ONpEIeIeHHBIX
YCIOBUSAX MOXKET HENOCPEIACTBEHHO COEAMHATHCS C  KUCJIOPOAOM, CEpOH, TaJloreHaMH U
HEKOTOPBIMU JAPYTUMH 3JIEMEHTaMHU.

[Ipu oOBIMHONM TemmepaType CyxoW BO3AyX M Biara B OTIEJIbHOCTM HE JEWCTBYIOT Ha
Melb, HO BO BJIQXHOM BoO3ayxe, coaepxamieM COz, Menb OKUCISIETCS W TOKPBIBACTCS 3€JIeHOU
ieHkoit ocHoBHoro kapOonata (CuC03-Cu(OH)2), sBistroIierocsi s 0BHTHIM BEIIECTBOM.

B pany nanpsokeHuil Meab Oojiee 3JIEKTPOINOJIOKUTENbHA, 4eM BoaopoA. Iloatomy B
pacTBOpax TakKMX KHCIOT, Kak COJsHas W CepHas, B OTCYTCTBUE OKUCIMTENS MeEIb HE
pacTBopsieTcsl. B Kuciorax, 0JIHOBPEMEHHO SBISIOIIMXCS OKHCIUTEISIMH (HarpuMep, a30THas HWIIU
ropsiuas KOHIEHTPUPOBAHHAs CEpHas KHUCIOTa), MeJb pacTBOpsercs Jierko.B mpucyrcrBun
KHCIIOpOJla M TIpU HAarpeBe Meab XOpollo pacTBopsercs B ammuakellpu TtemmepaTtypax
KpacHOTO KaJleHus Menb okucisiercs, oopasys CuO.

[Tpu temmeparypax Beime 800°C oOpasyercs Cu20 . Ilpu marpee CuO pasnaraercs 1o
peakuuu:

4Cu0 —2Cu 20 + 02

O6a oxcuma Menu JIETKO BOCCTaHABIMBAIOTCA MpH TeMmmeparypax okoio 450 °Cu manoi
KOHIEHTPALlUU BOCCTAHOBUTEIIS.

C cepoii Menp oOpasyer nBa cyiabdunma: cepructyro (CuS) u momycepructyio (CuzS)
menb. Cepuuctas Mmeap npu Temmeparypax Bbime 400- 450°C pasnaraercst Ha NOJTYCEPHUCTYIO
MeZlb U AJIEMEHTapHYIO Cepy:

4CuS — 2CusS + Sy.



Takum  oOpa3oM, B NUPOMETAUIYPTUYECKUX  Mpoleccax, MIAYIIUX TPHU  BBICOKUX
TEMIEPATypax,n3 OKCHIOB W CYIbQUIAOB (PAKTUISCKH MOTYT CYIIECTBOBaTh ToNbkO Cu20 wu
Cu.S, B KOTOpBIX MeIb OAHOBaJICHTHA.Menb M €€ CyIb(QUa SIBISIFOTCS XOPOUIMMH KOJUICKTOPAMU
(pacTBOpUTENSIMU) 30J0Ta M cepedpa, YTO JI€NaeT BO3MOXKHBIM HMX BBICOKOE IOIMYTHOE
W3BJICUCHHUE TPU MPOU3BOJICTBE MEJIHU.

Kpome OnaropolHbIX METaUIOB MeAb CIOCOOHA CIUIABISATHCS CO MHOTMMHU METaJUIaMU.
Haubonee wu3BecTHbIMU CIUITaBaMU Ha MEIHOW OCHOBE SBISAIOTCS OpOH3bI, JATYHU, MEIbXHOD,
HeN3uIb0ep U KOHCTAHTaH.

OrnucanHble XapaKTepHble CBOWCTBA Meau OOYCIIOBIMBAIOT MHOTOYMCIICHHBIE OOJAcTH ee
npuMeHeHruss. OCHOBHBIMU TIOTPEOUTEISIMU METU M €€ COCTUHEHU SIBIISIFOTCSI:

1) amexkTpoTeXHWKA M AIIEKTPOHHMKA (IIPOBOAA, KaOeiu, OOMOTKH SJICKTPOJIBUTATEICH,

TOKOTIOJIBOJISAIIUE [IUHBI, IETAIH PATUOIIECKTPOHHBIX MPUOOPOB, (oJibra JUIsi MEYaTHBIX

CXEM U JIp.);

2) MalIMHOCTpOEHHE (TEII00OMEHHUKH, ONIPECHUTEIbHBIE YCTAHOBKU U JP.);

3) TpaHCHOPT (AETamu U Y3JIbl KEIE3HOJOPOKHBIX BAaroHOB, aBTOMOOWIIEH, CaMOJIETOB,

MOPCKHX M PEUYHBIX CY/I0B, TPAKTOPOB U T.11.);

4) cTpouTelbHbIE MaTepuaibl (KPOBEIbHBIC JIUCTHI, JAETATN JEKOPATUBHBIX apXUTEK-

TYpPHBIX yKpalleHui);

5) XxuMHYecKasi IPOMBIIIIIEHHOCTh (IIPOU3BOJICTBO COJIEH, KPACOK, KaTaJlu3aTOPOB);

6) u3menust ¥ pUOOPHI OBITOBOIO HA3HAYCHHS (ICTAdM YacoB, IOCYJa, CKOOSHBIC W3-

JIenusi, JIeTajdd XOJOIUIBHUKOB, CTUPAIBHBIX MAIIUH W OBITOBBIX AJIEKTPOIPHUOOPOB,

JIEKOpaTUBHBIC U3/IETUS M YKpAIICHUS U Jp.);

7) cenbcKoe XO03SIMCTBO (SIIOXMMHKATBHI — MEIHBIN KYIOpOC).

KonnuectBo moTpebnsieMoil Menud OTAETbHBIMU OO0JIACTSMU TEXHMKH 3aBHCUT OT YPOBHS
COIIMAIbHO-3KOHOMUYECKOTO Pa3BUTHUSL OTACIBbHBIX CTpaH. B MpOMBIIIIEHHO pPa3BUTHIX CTpPaHAX
mo 45..55 % oOmero TOpoM3BOACTBA MEOU  PACXOAYETCS Ha HYKIbl SJICKTPOTEXHUKH U
snexktponuku.Haubonee kpymHbiMu mnpousBogutessivu Menu spisitorcss CIIA, Anonus, Ywumwm,
3ambus, benbrus, ®PI' m Kanama. OCHOBHBIMH TMOTPEOUTENSIMH MEIU 1O CEr0 BPEMEHH
OCTAIOTCS TMPOMBINIIEHHO pa3BuUThie cTpaHbl. OaHAKO, B TMOCIAEAHHE TOJbI BCEe B OOJbIIEH
CTENEHW TIPOSBISICTCS TEHJCHUUS YBEIHYCHHS] IOJIM TOTPeOIsieMOll Menu B Pa3BUBAIOLIUXCS

CTpaHax.
Tabmuna
Meramut | AtoM- | AToM- t. o t. o dao, o iy p-10%,
HBIH Has m,”C wan,”C 3 3
KI/M KI/M OM-M
HoMep | Macca

Mems | 29 63,546 | 1084,5 | 2540 8940 8000 1,78
Hukens | 28 58,70 | 1455 | 2900 8900 7900 11,8
Caunern | 82 207,2 | 3274 | 1745 11340 10680 | 20,8
Imax | 30 65,38 | 419,5 | 906 7340 6570 6,1

[Tpumeuanue: dzo ¥ dun — maoTHOCTH Tpu 20°C W MpH TUIABJICHHUH COOTBETCTBEHHO,P -
yJienbHOe AneKTpoconpoTusienue npul8°C.

IHopsiiok BhINIOJIHEHHS PA0OTHI

1. N3yunTh TEOpETUUECKUE CBEACHUS.



2. [TucpMEHHO OTBETHUTH HA KOHTPOJIBbHBIC BOIIPOCH.
3. Odopmuts oTYeT.

KOHTpOJILHLIe BOITIPOCHI.

TeMreparypa 1aBJIeHUS MEIU.

Temneparypa I1aBICHUS HUKEIIA.

TemnepaTypa maBjaeHHs] CBUHIIA U IUHKA.

TemnepaTypa KUNEHUS MEIU U HUKEJS.

[TnoTHOCTH Menu 1 cBUHIIA ITpU Temmepatype 20°C.
[110THOCTH CBHMHIIA U HUKEJIS [IPU TEMIIEPATypE IJIaBICHHUS.
DEKTPO CONMPOTUBIIEHUE MEIU U CBHUHIIA.

OcHoBHbIE TOTPEOUTETH METH.

© oo N kbR

Kakwue coequnenus ¢ cepoit oopasyer mean?
[Tpu kakoil TeMIieparype Mmoyrydaercsi cepa u cyiabhuaa cepbi?
[Tpu kakoit Temnepatype nomydaercs coeauneHneCuz0?

P
= o

12. Kak Bemer cebs Menp Bo BiuaxHou cpeaenpu Hammaumu CO2, W Kakoe oOpasyercs
coequHeHue?

Pexomenayemas aureparypa

1.PacyeTsl MeTaIUTYprUYecKuX MPOIECCOB MPOM3BOACcTBa Mean: yueO. mocob./ E.W. Enucees [u
ap.]. — YenssObunck: U3parensckuit nentp OYpl'Y, 2012

2.YT1kuH, H.W. TIponu3BOACTBO BETHBIX METALIOB. — 2-¢ u3l.- M.: «aTepMer VHKUHUPHUHTY
2004. — 438 c.



IIpakTn4yeckas padora Ne2
Tema: BeiOOp CHIphEBBIX MaTepUaIOB Ha OCHOBE UX CBOMCTB, UX pacyer.

HCJIL paﬁoTbI: Hay‘lI/ITBCH IMPOU3BOJANTDH HO,I[60p CBIPpbs AJId IMPOMU3BOACTBA LBETHBIX METAJIIIOB,
HAYYHUTHCA OIPCACIIATh KOJIMYECCTBO KOMIIOHCHTOB BXOAAIIHX B COCTaB ChIPbs

Teoperuveckue cBeIeHUs

K depHBIM MeTayuiaM OTHOCATCS KEJIe30 U €ro CIUIaBbl, MapraHely ¥ XpoM, IPOU3BOJICTBO
KOTOPBIX TECHO CBS3aHO C METAJUIyprued 4yryHa M craiad. Bce ocranbHble METaulbl OTHOCATCS
K LBeTHbIM. Ha3Banue '"HBeTHblE MeTaibl” JOBOJIBHO YCIOBHO, TaK KakK (DPaKTUYECKU TOJBKO
30JI0TO M MeIb HMEIOT SPKO BBIPAKEHHYIO OKpacKy. Bce ocranbHble MeTaulbl, BKIIOYas
YEPHBIE, UMEIOT CEPBI LBET C PANIMYHBIMA OTTEHKAMH — OT CBETJIOCEPOro IO TEMHO-CEPOTO.

HBQTHLIE METAJJIbI YCJIOBHO I€JIAT HA IATH IPyIIn:

1. OcHOBHBIE TSXKENble METaJIbl: MEIb, HUKEIb, CBUHEL, LMHK U OJOBO. OTH METaJLIbl
ABJIAIOTCA HaumOosee BaXXHbIMU CpPEOU LBETHBIX METAJUIOB IO CBOEMY 3HAYEHHIO U O0BEMY
IIPOU3BOJICTBA.

2. Manble TsDKEIble METajUlbl: BUCMYT, MBIIIBSK, CypbMa, KaaAMUH, PTYTb M K00anbT.OHU
SBJISIIOTCSL TIPUPOJHBIMU  CIyTHHUKAMM OCHOBHBIX TsDKEJNbIX MeTauloB. OOBIYHO HX IHOIY4aroT
IIOITYTHO, HO ITPOU3BOJAT B 3HAYUTEIBHO MEHBIINX KOJIMYECTBAX.

3. Jlerkue MeTaJIbl: alfOMUHUMN, MarHuid, TUTaH, HATpUW, Kainui, Oapuil, KajabIui,
CTpOHIIMM. MeTamibl 3TOM TpyNmbl UMEIOT CamMyl) HU3KYI0 IUIOTHOCTH (YIEIbHYIO Maccy) Mo
CPaBHEHUIO C IPYTMMHU METaJUIaMHU.

4. bnaroponHble MeTallIbl: 30JI0TO, cepedpo, IUIATMHA U IUJIATHHOWIBI (Naiaauid, poauii,
pyTeHMH, ocMUl W upuamil). OTH MeTaulbl 00JalaloT BBICOKOW CTOMKOCTBIO K BO3IECHCTBUIO
OKPY’KaIOILEH Cpebl U arPECCUBHBIX CPE.

5. Penkue meraisl OAPA3AENAOTCA HA CIACAYIONE TOATPYIIIIbL:

a) TYrOIUIaBKME METalibl; BOJIb(GpaM, MOJIMOJEH, TaHTajJ, HUOOWH, LMPKOHUI W BaHAIUM;

0) jerkue peiKue MeTasuibl: TUTUHN, OepuIUINid, pyOuIuii U 1e3uil;

B) pacCesHHblE METAJIbl: TaUIMi, WHAWM, TauMid, TrepMaHuii, radHul, peHW, celeH u
TEJULYD;

T') peIKO3eMelbHbIE METaJlJIbl; CKaHAUW, UTTPUH, TAHTAH U JaHTaHOM/IbI;

1) paAMOaKTUBHbBIE METAJUIBL: paAUi, ypaH, TOpUN, aKTMHUA U TPAHCYPAHOBBIE AJIEMEHTHI.

[Io BuAgy NpPUCYTCTBYIOUIMX METAUICOAEPKAIMX MHUHEPAJIOB pPYAbl LBETHBIX METAJUIOB
JEJIAT Ha CIEAYIOIME OCHOBHBIE IPYIIIIbI:

1) cynbdunnsie, comepkaimue MeTauibl B (opMe COEIUMHEHUH ¢ cepod - cylnb(huioB.

K TakuM pyaamM B OCHOBHOM OTHOCATCS MEAHbBIE, MEIHO-IIMHKOBBIE, MEAHO-MOJUO/IEHOBBIE,
MeJHO-HUKEJIEBbIE U CBUHI[OBO-IIUHKOBBIE (TIOJTUMETAJUTMUECKUE) PY/IbI;

2)  OKWCICHHble, B  KOTOPBIX  METalUIBl  coiepkarcsi B (opMe  pa3TUYHBIX
KHUCJIOPOJIOCOJEPKAIIMX COETUHEHUI: OKCHJIOB, KapOOHATOB, TUIAPOKCHIOB M T.O. Illpumepom
TaKUX pyX  CIyXaT  aJlOMUHUEBBbIE, OKHCICHHBIE HHKEIIEBBIE, OJIOBSHHBIE, HEKOTOPHIE
Pa3HOBUAHOCTH MEJHBIX PYI;

3) camopojHble, coJepiKallie MeTauibl B CBOOOAHOM (METaNTMYeCKOM) COCTOSHUH.

8



B camopogHOM cOCTOSIHUM B TPUPOAE BCTpEUaroTCs 30J10TO, cepedpo, Melb, IUIaTHHA,
BHUCMYT U PTYTh;

4) cpenaHHble, B KOTOPBIX METAJUIBI MOTYT OJHOBPEMEHHO MPUCYTCTBOBATH B CYJIb(HUIHON
U OKMCIIEHHOH (opmax, a MHOTZa U B CaMOPOJHOM COCTOSHHM (METHBIE PYAbI);

5) xJopuaHbIe, COACpXKaIhe METAUIbl B (opMme coleil XJIOPHCTOBOIOPOAHONW KHUCIOTHL. U3
TaKUX pyl, B YaCTHOCTHM, M3BJICKAIOT MAarHuil, a TaKKe psAX APYTUX JETKMX M PEIKHX METAJIJIOB.

Cynbpuanble pyabl [0 XapakTepy MUHEpalM3allud JelsITcs, B CBOK OdYepelb, Ha
CIUIOIIHBIE, COCTOSIIIME [IOYTH TOJHOCTBIO U3 CYIb(UIOB, U BKpaIJICHHbIE, B KOTOPBIX
Cy/ib(UIbl B BUE BKIIOYEHUH pa3MELIEHbl B TyCTON OPOJIE.

Pyzapl LIBETHBIX METaUIOB BO MHOIMX CllydasX O4YEHb O€IHBIE M COJEp)KaT 4Yallleé BCETro
HECKOJIBKO IIPOLEHTOB M JaXe JOJM IPOLEHTOB OCHOBHOro Meraia. KoHueHTpanus
COIYTCTBYIOIIUX OCHOBHOMY METaJUly ILIEHHBIX 3JIEMEHTOB-CIYTHUKOB OOBIYHO BO MHOIO pa3
MeHblie. OIHAKO MHOTME COIYTCTBYIOIIME 3JIEMEHTHl [0 ILIEHHOCTH CpaBHUMBI, a MHOI/A U
IPEBOCXOJAT OCHOBHBIE KOMIIOHEHTBI pY[bl, JUIsI HU3BJIEUEHHs KOTOPbIX OHa M aoObiBaercsa. K
YHUCIly LIEHHBIX COCTaBIIOIIMX CIEAYET OTHOCUTb M IKEJIe30, COIEp)KaHUE KOTOPOro B pynax
HEKOTOPBIX LBETHBIX MeTauioB mHoraa aocturaer 40..50 % (mo macce) u Gosnee.

PentaGenbHbplii MUHUMYM, T.e. TO MHHHMMAJIbHOE COJEP)KaHHE OCHOBHOIO MeTaja, KOTOpoe
oTpeneNsieT BO3MOXKHOCTh M IEJIeCO00pPa3HOCTh METAJUTYPrHYeCcKOr IepepabOTKH JaHHOW PpYIIbI,
IIOCTOSIHHO CHMKaercsa. Tak, ecau B koHue XIX B. K Kareropum MEIHBIX pyJ OTHOCWIH TOPHBIE
OopoJbl C cojaepkaHueM Meau He MeHee 1,5%, To ceiluac 3Ta BeJWYMHA CHU3WIACH IO
0,4..0,5 %.

PacnipocTpaHeHHOCTh B 3€MHOM KOpE HEKOTOPBIX METAJIIOB XapaKTEPU3YETCs CIEAYIOIIUMU
JaHHBIMH, %!

Amomunuii .....8,05 Bomsdpam ......... 74103
Keneszo ... 4,65 MomubneH ......... 110
Kanpuuit ........ 2,96 CBHHEII ....cocun..... 8+10*
Harpuii ............ 2,50 ONOBO ..o ... 6+10*
Kanmuii .............. 2,50 YPaH .ooooveveene 5+10*
Marsuii ........... 1,87 CeNneH .ooeveeenr ... ge10°
Tutand ............... 0,45 IlnatmHa ............ 2+10°%
Y (5311 S 0,01 Cepebpo................. 4+10°
HuHK ..........c. 0,02 3070TO ....cvvvveeeennn. 5107
Hukensp ............ 0,018 Penwii ................. 1107

[ToMrMO pPYIHBIX HMCTOYHHKOB JUIS TIOMYYCHHS MHOTHX IIBETHBIX METAJIOB (QITFOMUHUS,
Me/IH, ITMHKA, CBHUHIIA, OJIATOPOJHBIX W PsAAa JPYTHX METaUIOB) HUCHOJB3YIOT BTOpHYHOE ChIphe.K
BTOPUYHOMY CBHIPBIO OTHOCSAT OTXOJbI METAIO00pa0aTHIBAIONICH MPOMBINIICHHOCTH, OpaKOBAaHHBIC
U OTCIYXXHUBIIME CBOM CPOK METaUNTMYCCKUE JICTATH WM W3JCIHS, Pa3IUIHbI METAJUTMUSCKUH JIOM,
OBITOBOM YTUIT U T.1I.

B Haumbonpmmx KoOMMYECTBAX B HACTOAINIEE BpPEeMs U3 BTOPUYHOTO CHIPbS MPOU3BOJIST
ATIOMUHUA U OCHOBHBIE TSKENbIe IBETHbIE MeETauibl. Tak, HOJS BTOPUYHBIX ATIOMUHUS, MEIH,
CBUHIIA, LIMHKA M OJIoOBa B oO0IIeM OallaHCe MPOM3BOACTBA COCTaBIsAET cooTBeTcTBeHHO 20... 25,
30... 40, 35...50, 25...30 u 20... 25 %. UckmountenpbHO OO0NBIIOE 3HAYCHUE JISI COBPEMEHHOMU
SKOHOMHKH HWMEET IMPOW3BOJCTBO BTOPHYHBIX JPAroleHHBIX METAJLIOB.



BoBneuenne BTOPUYHOTO CBIPhS B IIMKJI METAJUIyprHYeCKOr0 MPOU3BOJICTBA IO3BOJISET
HKOHOMHEE pacxoJl0BaTh MPHUPOAHBIE PYyIHBIC PECYpChl, MOIYy4aTh METAUIbl Oojiee MPOCTHIMH M
JEIIEBBIMU METAJULYPTUYECKUMHU MPUEMaMHU, JIONOJHUTEIBHO YBEIMUYMBATH BITYCK METANINYECKOM
IPOIYKIIMH.

B nepcrektuBe BTOPUYHOE CBHIPbE JIOJDKHO CTaTb OCHOBHBIM HCTOYHUKOM IIOJIyY€HUS
HEKOTOPBIX IIBETHBIX METAJUIOB, a 3a CUeT MepepadOTKU PYIHOTO CHIPbs OyIeT MOKPHIBATHCS
auib Ae@UuIUT OanaHca MeXAy HoTpeOJeHHeM U MPOU3BOACTBOM JAaHHOTO MeTasuia.

[[BeTHass MeTaimyprusi SBJS€TCS OJHOM M3 Hambosee MaTepualoeMKHX, a TakKe TOILIHUBO-
U DSHEpProeMKuX oTpaciied MNpOMbIIUIEHHOCTH. B cebecroMMocTH MNPOIYKIMH B CPEIHEM I10
LBETHOM METaJuUlyprud 3aTrpaTbl Ha CbIpb€, OCHOBHBIE U BCIIOMOTaTelbHbIE MaTepUabl
cocraBusitor ~ 61 ... 62%, Ha TommuBO W 3Hepruio ~ 11... 12%. Takum oOpa3om, Ha JOIIO
ITHX CTaTei ce0ECTOMMOCTH MPUXOAUTCS ~ 75 % O0IIHMX 3aTpar.

Haubonee  marepuanoeMKMMHM  IMOAOTPACASIMHM  LIBETHOM  METAJUIypruM  SIBISIOTCA
TBepao-cmaBHas (~ 80 % ot obmux 3arpat), meaHas (~ 70 %) u cBUHLOBO-IIMHKOBas (~ 64 %),
a camoii sHeproemkoit — amomunueBas (~ 40 %).Jlo 5Toif npuuMHEe KayecTBEHHAs IOJArOTOBKA
UCXOIHOTO CBHIpbS K METATypruuecKkor mepepadoTKe OKa3bIBAaeT pellarollee BIMUSHHUE Ha
KOHEYHBIE TEXHHKO-3KOHOMHYECKHE MOKA3aTeId METAITYPTUYECKOT0 Mepeena.

B wMerammypruueckyro mepepaboTKy, Kak TWpaBWIIO, IIOCTYNaeT HE OJUH KOHKPETHBIN
METaJUICOJIEpXKAIMI  MaTepuaj, a CMeChb pa3HbIX COPTOB pPYAHOTO ChIpbd ¢ (arocaMu U
oboporamu. CMech TIOCTYNUBIIUX B TNepepabOTKy MarepuasioB (0e3 ToruMBa) Ha3bIBAETCA
HIMXTOM.

OO6mue TpeOoBaHUS K KayeCTBY METAJUTYPTMYECKUX LIUXT CBOIATCA K CIEAYIOIIEMY:

1) HOCTOSTHCTBO XMMHYECKOT'O COCTaBa;

2) OOHOPONHOCTH MO XHUMHUYECKOMY, MHUHEPAIOTUYECKOMY M TPaHYJIOMETPUUYECKOMY
COCTaBaMm;

3) onTuManbHas KPYMHOCTh KOMIIOHEHTOB IIHUXTHI;

4) onTUMalbHAs BIAKHOCTb.

Paznuuator nBe Tpynmbl MOATOTOBUTENBHBIX OINEpalMii: MEXaHMYEeCKyld U XHUMHUYECKYIO
MOJIFOTOBKY.

K mexaHnueckoil moArOTOBKE OTHOCSTCS:

1) cknaaupoBaHKe U XpaHEHHUE ITUXTOBBIX MaTepUasoB;

2) npobneHne ¥ U3MEIbYCHHE HCXOJIHBIX MarepuanoB (pynd, (IocoB, KYCKOBBIX
000pOTOB);

3) copTHpOBKa MaTEpUajIOB MO KPYIMHOCTH;

4) o00e3BOXKHMBAaHME HCXOJHBIX MAaTEpUAJIOB CryIIEHHEM, (UIbTPOBAaHHMEM U  CYILKOH
(wHOTTA, HAOOOPOT, YBIAXKHEHHUE);

5) OKyCKOBaHHE MEJIKUX MaTepHUaIoB (KOHIEHTPATOB, PyIHON MeIoun);

6) IPUrOTOBJIEHHUE IINXTHI yTEM CMEIINBAHUS €€ KOMIIOHEHTOB.

XuMu4ecKkasi TOATOTOBKA CBOAMTCS K OOXHIY WJIH arjioMepanuu (CIeKaHUI0) MCXOHBIX
PYJIHBIX MaTEpPUAIIOB.

HeobxonuMocTh B psifie cllydaeB MPEABAPUTEIHHOIO OKYCKOBaHUS (YKPYIMHEHHS) HCXOIHBIX
CBIPBEBBIX MaTepUATOB OOYCIOBJIEHA TEM, YTO HA METAJUIyprU4ecKue MPEATNpPUATHS B HACTOSIIEE
BpeMsi B OCHOBHOM TIIOCTYMAalOT TOHKOM3MEJIbUEHHbIE KOHIIEHTpaTel. Kpome Toro, mpu
HEINOCPEJICTBEHHON mepepaboTKe pyl HPHUXOAUTCS HMETh JIeJ0 CO 3HAUUTEIbHBIM KOJIUYECTBOM
MEJNOYM WM Majol MNpOYHOCThIO caMux pyn. Ilupomeramnyprudeckas nepepaboTKa MEJIKHX
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MaTepHayioB OO HEBO3MOJXKHA IO YCJIOBHSIM TEXHOJIOTHH (HampUMep, B IIAXTHBIX Medax), JIMOo
COMPOBOXKAAETCS OONBIIUM TBUICBBIHOCOM, YTO H BBI3BIBAET HEOOXOJUMOCTh MX YKPYITHEHHUS.
OKyYCKOBBIBaHHE MEJIKMX MATEPUAIIOB OCYIISCTBISIIOT METOJaMU OKATHIBAHUS, OpPUKETUPOBAHWS,
arJioMepanuu (CrieKaHus) Wi KOMOUHAIMEH TUX METO/IOB.

ChIpbe 115 MOJIy4eHHsI MeIH

HcToyHukaMy TONy4yeHUS MENU SIBISIOTCS PYHAbI, NMPOIYKTHl MX OOOTalIeHHUs KOHIICHTPAaThl
U BTOpUYHOE chipbe. Ha m0i110 BTOpUYHOrO CHIpbsi B Hacrosimiee Bpems mnpuxomutcs ~ 40% ot
o0mIero BBITyCKa MEJIH.

Mennble  pyAabl  OpakTHYECKH  TMOJHOCTBIO  OTHOCATCA K MOJMMETaUIMYECKUM.
MonomeTalInyeckux pyJa Meaud B Mpupoje HeT. LleHHbIMU CHnyTHHKaMU MEIUW B PYAHOM ChIPbE
sBisroTest ~ 30 smemeHToB. BakHelnne W3 HUX: [HMHK, CBHHEI, HHKENb, KOOAIbT, 30JI0TO,
cepeOpo, MeTaJUIbl IJIATUHOBOM TPYIIbI, Cepa, CEJeH, TEJUTyp,KaJMHM, TepMaHUM, peHUM, UHIUH,
TaJLIUM, MOJIUOICH, KEIE30.

B Tex cinydasx, korga MedecoAepiKaliue pyAbl COJAEp)KaT 3aMETHbIE KOJIWYECTBA JPYTHX
METAJIJIOB-CITyTHUKOB, COU3MEPUMBIE C COACpXKAHHUEM MEAHM, HX COOTBETCTBEHHO HAa3bIBAIOT
MeJHO-HUKEIEBbIMU, METHO-IIUHKOBBIMU U T.]I.

B MemHoM mpOM3BOACTBE HCIOJB3YIOT BCE THUIBI PyA: CYIbQUAHbIE (CIUIOIIHBIE U
BKpAIUJICHHBIE), OKHUCJICHHBIC, CMEIIaHHbIE W camMopoaHble. OJHAKO OCHOBHBIM MEIHBIM CHIPHEM
SBIISIIOTCS  CYJIb(UIHBIC BKPAIUICHHUKH, 3arachkl KOTOPBIX B HEApax SBISIFOTCS HauOompmumu. 3
Cynb(UIHBIX PyA B HacTrosiee Bpems BbIUIAaBIAOT 85...90 % Bcell nmepBuuHOM Mean.3BeCTHO
O6onee 250 MemHBIX MMHEpaTOB. bBoNbIIMHCTBO M3 HHMX BcTpedaercs penko. Haumbonbiiee
NPOMBINUICHHOE 3HAa4YeHHe [JIs IMPOU3BOJCTBA MeIW HMeeT HeOonbllas Trpylna MHUHEPaJoB,
coJieprKalInxX Meb B KOIn4decTBe, %:

XanbKOTMUPUT CUFES3, .o 345
KOBEMIHIH CUS...oeeiiiiiiiieeeeeeee e 66,4
XambKO3HH CU2S ..o 79,8
BopHUT CUusFeS4 ..o 63,3
Manaxutr CuCO3z CH(OH)2 ..ooovvieiiiieeee 57,4
AzypuTCUCO3, 2CU(OH)a3.....cceevreieiieie e 55,1
KympUTCUO.....ciiiiiiiiee e 88,8
Xpu30okomtaCuSiOs-2H20 ..o 36,2
Camopoanas mens Cu, Au, Ag, Fe, Biu np. ...... o 100 %

B coBpeMenHol mpakTHKe OOBIYHO pa3zpadaThiBalOT pyAsl ¢ coaepxkanuem 0,8 ...1,5 % Cu,
a wHorma W Bbime. OJHAKO Ui KPYITHBIXMECTOPOXKICHHWH BKPAIUICHHBIX Py MHHHMAaJIbHOE
CoJIep>KaHue MEJIH, IPUTOTHOE JUTSI pa3pabOTKH B COBPEMEHHBIX YCIIOBUAX, coctaBiseT 0,4 ... 0,5 %.

XaNbKOITUPUT, KOBEIUIMH, OOPHUT W THUPHT OTHOCATCS K TaK Ha3bIBAEMBIM BBICIIHM
cynbpunam. OHH  coiepkaT  U30BITOK  Cepbl  CBEPXCTEXMOMETPUYECKOTO  COJEepKaHUf,
COOTBETCTBYIOILIETO BaJCHTHBIM COOTHOIIEHUsM. [Ipu HarpeBe BeIcHIME CYIb(GUABI TUCCOLHUUPYIOT
c obpazoBanreM Hu3mMx (CuzS u FeS) u BbyieneHueM mapoB 3jeMEHTapHOW cepbl. Tak, MUPUT
TEpMHUYECKH pasznaraercs mo peakiun FeS; —FeS + 1/2Sz, uro coorBerctByer 50 %-HOMY
VIAJICHUIO CEphI B Ta30BYIO (a3y.

B 1mBeTHOW MeTamuryprum CTeneHb (I0Jsl) YAaJeHHs Cepbl B TEXHOJIOTMYECKHX IPOIECccax
Ha3bIBACTCS CTENICHBIO NIECYIb(ypHU3annu.
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Kpome pyaHblx MuHEpaJloOB B MEOHBIX pylax COAEPXKHUTCA IIycTas mopoja B BHIE
KpEeMHEe3eMa, TJWHO3EeMa, KaJblUTa, pa3JIMYHBIX CUJIUMKATOB U Jp. B mnpaktuke MenHoro
MPOU3BOJICTBA BCTPEUAIOTCS KUCIBIE PYAbl, B MYCTOH MOPOJE KOTOPBIX MpeodsaiaeT KpeMHE3eM
Si02, ¥ OCHOBHBIC pyJbl CO 3HAYUTEIBHBIMH KOJIMYCCTBAMHU H3BECTHSKA M JPYTUX MUHEPAJIOB.

BceneactBue HHM3KOTO COIEpaHUS MEIM W KOMIUIGKCHOTO XapakTepa pyld B OOJIBIIMHCTBE
CIy4aeB HEMOCPEICTBEHHAs MeTa/ulypruueckasl rnepepaboTka HMX HEBBITOJHA, I[03TOMY OHHU
MPeBAPUTENILHO IO/IBEPratoTCs (PIOTAIIMOHHOMY O0OTaIlIEHHUIO.

[Ipu oboramieHuu MEAHBIX pPyJd OCHOBHBIM IPOJYKTOM SIBJISIFOTCSI MEIHbBIE KOHIIEHTPATHI,
comepxamme 10 55 % Cu (wame 1 0 ... 30%).M3Bneuenne mMeau B KOHILEHTpAThl NpH (DiIoTaruu
konebnercs ot 80mo 95 %. Kpome wMemHbIx, mpu O0OOTamleHWH pyA MOJYy4YalOT MHPUTHBIC
KOHIIGHTPaTbl W  HWHOIJA KOHLEHTPaThl psAga JAPYIMX LBETHBIX  METAUIOB (LIMHKOBBIM,
MOJIMOICHOBBIM U 1p.). OTX0HaMu OOOTAIICHUS SIBISIOTCS OTBAJIBLHBIC XBOCTHI.

Jisi TpakTHYeCKHUX Ieled 3HaHWUsS XUMHUYECKOrO0 COCTaBa YacTo OBIBAET HEAOCTATOYHBIM.
HeobOxonnMo 3HaTh BU IPUCYTCTBYIOLIUX B CHIPhE MUHEPAJIOB M pacpe/IesieHne MEXly MUHEpallaMu
BCEX KOMIIOHEHTOB IepepadaTbiBa€MOro ChIphsi. 3HAHHME 3THUX COCTABOB IO3BOJHT TPECKa3aTh
MOBE/ICHHE BCEX KOMIIOHEHTOB ITaHHOTO ChHIpbS MPU METaUTypruueckoi mepepadoTke, BBHIOpATh
HaubOosee pPAlMOHAIBHYIO TEXHOJIOTUIO W Hauboliee MPABUIBHO BBHIMOJIHUTh METATyprUYecKue
pacyeThl B 1IEJIOM.

IMpumep 1. Xumuueckwuii coctas pysl, %: 4Cu, 36Fe; 5Zn, 43,7S; 7Si02, 2Ca0; 2,3 — npouwue.

B pyne npucyrctByror muHepansl: Xxanpkoruput (CuFeSy), mupur (FeSz), chaneput (ZnS),
kBapi (SiO2) u m3BectHsik (CaCOg).

Pacuer (a3oBoro cocraBa, Kak U Apyrue MeTAITypruyeckue pacyersl, yaoOHO Bectd Ha 100
eauHuIl Macesl ucxoaHoro Marepuana (100r, 100kr, nau 100T). Caenyer OTMETUTH, YTO BCE pacueThl
OPOBOAAT OOBIYHO IO 3aKOHAM CTEXHMOMETPHUM, T.. MO0 XHUMHUYECKUM (QopMyjaaM U ypaBHEHUSIM
XUMHYECKHUX PEaKIUM.

B manHOM cnmyuae pacdyeT MOKHO HayMHATh C JIOOOr0 Marepuana, KpoMmMe MUPHUTA, TaK Kak
JKEJIe30 COJICPKUTCSA B JBYX MaTepualiax, a €ro pacrpeiciieHue MEXJIy HUMHU TOKa HEH3BECTHO.
Haunewm pacuer c omnpeneneHus: KOTUYECTB XaIbKOIUPHUTA U COJIEPKAIINXCS B HEM DJIEMEHTOB.

KonuuecTBo XalbKOMUPHUTA ONPEIeIsieM 110 aTOMHBIM M MOJIEKYJIIPHBIM MaccaM KOMITIOHCHTOB,
BXOJIAIINX B COCTaB JaHHOTO MuHepana: 63,6Cu sxoaut B 183,4 CuFeS;, torna 4 xrCu B pyzae BXOAAT
B X kr CuFeS,:

x=(183,4-4)/63,6=11,53 xr.

B 11,53 xr xaqbKOMUpUTa COAECPIKUTCS KEJIe3a U CEPHI:

(55,8-11,53)/183,4=3,51«kr;

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

OmnpenensieM KOTUYECTBO JKeJie3a, CBI3aHHOTO B MUPUTE:

36-3,51=32,49«kr.

KonmuecTBo cepsl B mupure:

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

KonuuecTBo nupura:

32,49+37,2=69,69«kr.

KonmuecTBo cepbl B chanepute ompenenseM Mo pasHOCTH MEXKIY HCXOIHBIM COACpXKaHHEM B
pyJie ¥ €€ CYMMapHBIM COJICPKAHUEM B XQJIbKOIUPHUTE U TUPHUTE:

43,7—(37,2+4,02)=2,48«kr.

Jiss  TpoBepKM TPABHIBLHOCTH 33JaHHBIX HCXOJHBIX JIAHHBIX OMpelesieM MOTpeOHOe
KOJIMYECTBO CEPbhl, TEOPETUUECKHA HEOOXOIUMOE JIs CBA3BIBAHUS MPHUCYTCTBYIOIIETO B PYy/Je IMHKA B
cthanepure:

(32:5)/65,4=2,45kr.
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Teopernueckoe coaepxaHue cepbl OTIMYaeTCs OT paccuutaHHoro Ha 0,03kr, 4yTo cocTaBiser
0,03 % ot 100 xr ucxonHo# pyabl. Takas TOYHOCTBH pacuera BHOJIHE fonycTUMa. OTKIIOHEHNE MOXKHO
OOBSICHUTh OMIMOKAMH MCXOAHOTO XUMHUECKOTO aHAJIN3a WIIM HETOYHOCTBIO BHIMIOJIHEHHBIX PACYETOB.
[Tpu OGonpmux oTkioHeHUsX (Oonee 2%) cienyeT yTOYHUTh XUMHUYECKMH W MHHEPATIOTMYECKUN
COCTaBBI PY/Ibl WM MPOBEPUTH PACUETHI.

[[nakoo6pa3yromue OKCUABI Tpu pacuere (a30BOro cocraBa OOBIYHO HA DJJIEMEHTHI HE
pasznararot. Torga xonmuuecTBo KpemHe3ema B 100 Kr pyapl OyJeT YUCIEHHO paBHO €ro MPOLEHTHOMY
COJIEPKaHUIO [0 XUMUYECKOMY aHAIU3Y, T.€. COCTaBUT 7 KT.

B 3axitouenne pacdera Hy)KHO OIPEISIUTh KOJTUYECTBO U3BECTHsIKA 1 okcuaa yriepoaa (CO2) B
HEM.

Kosmyectso CO2 B CaCO3 paBHo:

(44,2)-2/56=1,57«kr.

a kommmvectBo CaCOg:

2+1,57=3,57xr.

KonuyecTBO OCTaIbHBIX COCTABISIOMIMUX PYAbI (MPOYMX), HE OMPEAEIIEMbIX P XUMUYECKOM
aHaJIM3e, HaXOUM 10 Pa3HOCTH

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

Pesynbratel npeacrabneHsl B Tabnuiel.

®a30Bblil COCTAB MEHOM PYyIbI

Tabmuual
Munepaibl
KommnoneHt CuFeS, FesS, 7S mycras Bcero
nopoja

Cu 4 — — — 4
Fe 3,51 32,49 — — 36
Zn — — 5 — 5
S 4,02 37,20 2,48 — 43,7
SiO2 — — — 7 7
CaOo — — — 2 2
CO2 — - — 1,57 1,57
[Tpoune — — — — 0,73
Uroro: 11,53 69,69 7,48 10,57 100

IMopsinok BbINOJIHEHHS PadOThI

1. N3y4nTh TeOpeTUIECKUE CBEICHUS

2 [TuceMeHHO OTBETUTH Ha KOHTPOJIBHBIE BOIIPOCHI.

3. BrInorHUTE pacueT B COOTBETCTBUU C 33JJaHHBIM BapHaHTOM (Tabyiuia2).

4 OdopmuTts oTuer.

KonTpoJsbHbBIE BONPOCHI.

1.IlepeuncnuTs rpynnsl HIBETHBIX METAJLIOB.

2.IlepeuncanTh rpynmsl HBETHBIX METAJIOB 110 BUAY MUHEPAJIOB.

3. Haubonee pacnpocTpaHeHHbIH MeTalll B 3eMHOU Kope, % coJliepyKaHue.
4. Yto Takoe BTOPUYHOE CHIPHE JJIs1 IPOU3BOJICTBA LIBETHBIX METAJJIOB?
5. Haubonee matepuanoeMkas MOJOTPACIIb BETHON METAJITypruu.
6.Haubonee sHeproeMkasno10Tpacib IBETHON METAJUTypruu.

7. TpeOGoBaHMS K ITUXTAM.

8. OCHOBHO¥ BU/ CBIPHS JIsl IPOU3BOJICTBA MEJIH.
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9. ComeprkaHue MeIM B pyJax MCIOIb3yEeMbIX B IIPOU3BOJICTBE ME/IH.
10. Yto Takoe nucynbhypuszamnus?

HpﬂKTH‘leCKOC 3aJJaHue:. OIIPCACIIUTh KOJIMYCCTBO KOMIIOHCHTOB BXOSIIMX B COCTAB ChIPbhA

Tab6muna 2
Ba':f cu% |Fo% |zn% |S% Si02, % | Ca0, % | Npoune
1 |33 35 4,0 45,7 6 2,5 3
2 (36 34 4,1 47,8 6 2,5 2
3 (34 33 4,2 46,9 7 2,5 3
4 |32 32 4,3 49 5 2,5 4
5 3,0 31 4,4 48,1 8 2,5 3
6 |28 37 4,5 46,2 5 2,5 2
7 |26 38 4,6 45,3 4 2,5 3
8 |24 39 4,7 42,7 6 2,8 3
9 |22 40 4,8 43,2 5 2,8 2
10 |20 41 4,9 45,3 3 2,8 1
11 |21 40 4,8 45 3,5 2,9 2
12 |22 42 4,7 45 3,5 2,9 2
13 |21 42 4,9 44 3,6 2,8 3
14 |20 41 4,9 44 3,5 2,9 3,1
15 |21 42 4,8 43 3,4 2,8 3

Pexomennyemas jureparypa

1.PacueTsl MeTamTyprudeckix MpoleccoB Mpou3BoJcTBa Meau: yued. nmoco0./ E.M. Enucees [n
ap.]. — YenstOounck: M3narensckuit nentp OYpl'Y, 2012

2.V1kus,H.U. TIpou3BOJICTBO IBETHBIX METAUIOB. — 2-¢ u3A.- M.: «MHTepMer VHXUHUPUHI
2004. - 438 c.
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IIpakTH4yeckas padora Ne3
Tema: TexHONIOTHYECKHE CXEMBI MCTAJUTYPIUYCCKHUX IIPOLECCOB

Hear pabdorbi: OCBOMTH  MOCIENOBATEIBHOCTh  ONEpAIlMd HPH MPOU3BOJCTBE LBETHBIX
METaJIJIOB, U3Y4YUTh OCHOBHOE 000pYI0BaHHE, UCIIOJIb3yeMOE IIPH MPOU3BOJICTBE.

TeopeTudeckue cBeIeHUs

Crenenpio Jecynb(hypu3aii Ha3bIBaIOT OTHOIICHUE MACChl OKHCIICHHOM Cephl K Macce Cephl B
HCXOJHOM MaTepuase.

M3BriedyeHreM Ha3bIBAIOT OTHOIIEHHWE MAacChl KOMIIOHEHTA, COJEpPKaIlerocs B KOHEUYHOM
MPOIYKTE K €r0 Macce B UICXOJAHOM ChIPheE.

Knunkep- creyeHHbII OCTAaTOK TIOCJE€ BBILEIAYUBAHUA IPU  TUAPOMETATULYPrUYECKOM
MIPOU3BO/ICTBE.

Pvaa -L'\'.'Ih_d‘hll;l HAR
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EOHLIEHTRE T XBOC ThI

T
Daock 1 |  vrummmaums |
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HEPHOBAR
- w k
| Fathurnpoeanne ornceos I “P‘_'”!_EE'D:'CTE‘D
I COPHON KHCI0TR
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AHOOHAH
* v w -
[Nepezpaforea Pathmanposanne
M ¥THINZAUMA NUTAEDE ATSKTPUINTHE STRD &
| I
LLLTE 8 INCKTPOaMT
x *
FlzenocuacHMe UBECTHRIX [IponzeoacTen
1 GIArOpOIHED METALIOE MEIHOID Ky NOpoca

FMEdE EETOIHE S

w h

IMorpeGeTens [TpowzsoacTen
FOCKTP OIHT SR (o

Pucynox 1 - [IpuHnMnmuanbHast TEXHOJIOTHYECKAs CXeMa epepadoTKu CyIb(PUIHOTO
MEZeCOAEePKAILETO ChIPhs
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1.0OxucanTe bHbIH 00KUT MEIHBIX KOHIIEHTPATOB

OKHCIUTENBHBIN O0XKHUI B MUPOMETAJUIYPTUU MEAW He sBIseTcs o0s3arenbHbIM. B menHol
MPOMBIIIJICHHOCTH OH BCTPEYAETCS PEIKO M IMPUMEHSETCs OOBIYHO Mepes IJIaBKOM Ha IITeWH
BBICOKOCEPHHCTHIX,0€IHBIX M0 MEAHM KOHIICHTPAToB Wiu pyn. [lpuMmeHeHue o06ura orpaBaaHO
TaKKe MPU TEepepabOTKE METHOTO CHIPhs C IMOBBIMICHHBIM COJIEPKaHUEM ITUHKA.

[{enbr0 OKHCIUTENBHOTO OO0XKHIra B MUPOMETALTYPTHMH MEIH SIBISICTCS YaCTHYHOE YAalieHUE
Cepbl W TMEpPEeBOJ 4YacTH CYIbPHUIOB kene3aB (HopMy IUIAKYEMBIX IPH TOCICAYIONICH IJIaBKe
OKCHJIOB. OTO BBI3BAHO CTPEMJICHMEM TOJYYUTh TMpU IUIABKE, MPOBOJMMOIl B  YCIOBHSX
HE3HAYMUTEJILHOTO OKHCJICHUS, IITEHHBI C cojaepkaHueM He Menee 25...30 % Cu.

Mennas mmxTta, TOCTyNMBIIAsS B  OOXKHUIOBBIE I€YM, COCTOMT U3 KOHIIGHTPATOB,
U3METbYCHHBIX (IIOCOB U OOOPOTHOM MBUIH.

OKHMCIIUTENBbHBIA O00HUT MEIHBIX KOHIIEHTpaToB mpoBoiaT mpu 750 ... 900 °C. Ilpu stux
TEMIIEPATypax OKHUCIICHHUE CYIb(UIOB MPOXOAHUT MPEHUMYIICCTBEHHO C 00pa3oBaHHEM OKCHIIOB. B
o0mieM BHJIE TIPOIECC TOPEHUs CYIb(UIOB ONUCHIBACTCS ypaBHEHUEM

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

rae Q - TtemioBoi 3G(HEKT IK30TEPMUUYECKON PEaKIUH.

[Tpu Temneparypax He OGonee 600. .. 650 °C cTaOUIBHBIMU SIBISIOTCS CYIb(hATHI:
MeS + 20, = MeSOa..

OO0pazoBanue cCynbpaToB TMepel IUIABKOM Ha INTEHH HEXelaTelbHO, TaK KaK 3TO BEIET K
CHIDKEHHIO JIecynb(ypu3anuu.

Bepxuuii temneparypusiii npenen (900 °C) orpaHuueH TeM, YTO MpU OoJjiee BBICOKHUX
TeMIepaTypax MOXET HauaThCsi IUIABJICHHWE OTIENbHBIX CyIbPUIOB M HUX Haumbonee
JIETKOIIJIABKUX YBTEKTHK, YTO MOXKET MPUBECTH K CHEKAHUIO MENKUX dYacTull MMXThL. [lpu obxure
MOPOIIIKAa CHEKaHWEe HEJOMYCTUMO.

[Tporiecc oOXkHUra COCTOMT W3 CIEIYIOIIMX OCHOBHBIX DJIEMEHTAPHBIX CTaAUN: HarpeBa H
CYyIIKA IIUXThI, TEPMHUYECKOH JUCCOIMANNN BBICIIUX CYIb(UIOB, BOCIUIAMEHEHUS W TOPCHHS
cynspuaoB.HarpeB MUXTOBBIX MaTEPHUATIOB COMPOBOXKIACTCS YAAJCHHUEM BJIATH M IMPOUCXOIUT
KaK 3a CyUeT TeIUIoNepenadyd OT TOpPSYMX Ta3oB, TaK U 3a CYET TEIUIOTHl PEaKIUi OKHUCIICHHS.
[Tocre marpeBa mwmxThl g0 Temmepatypsl ~ 350 ...400°C HauMHAIOTCS TOYTH OJHOBPEMEHHO
MPOIECCHl AUCCOIHMAINK CYTb(UIHBIX MHHEPAIOB M WX BOCIUIAMEHEHHUE.

TepMuyeckoMy pa3lioKEHHUIO TMOABEPrarOTCS TOJBKO BBHICIINE CYIb(QUABI IO PEAKIUSIM:

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

Brienstomnuecs: mapsl cepbl CropaloT B OKHUCIUTENIBbHOM aTMocdepe meuu Mo peakuuu:

S + 02 = SO.

[Ipu TepMHUYECKOM pA3JI0KEHUM NHMPUTA IIOJIOBUHA AaTOMOB CEphl yAANsAeTcsl B Tasbl, T.€.
CTENeHb Jiecynb(pypu3aluu OT pas3siokeHus 3toro cyibduua cocrasiser 50 %. [ecynbdypuzanums

npu AucCCoUallui XaJIbKOIMUPUTA U KOBCJIUIMHA COOTBCTCTBCHHO paBHA 25 u 50 %.
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Bce peakuum TepMHuUeCKOM IUCCOLMALMM 3HIOTEPMUYHBI M TPeOYyIOT 3aTpaT TEIUIOTHI Ha UX
OCYILECTBIICHHE.

B mpomecce  OKHCIUTENBHOTO  OOXHra BO3MOXKHO  TaKKe€ YaCTHUYHOE DAa3JIOKEHHE
KapOOHATOB, HAIIPUMED:

CaCO3 — CaO + COsa.

[Ipu oxucnaUTENbHOM OOXHMIe MEAHBIX KOHLEHTPATOB IPEUMYILECTBEHHO OKHUCIISAIOTCS
cynbpuupl >xene3a. IlpuumHOM 53TOro sBiseTcs Oosiblliee CPOJCTBO JKel€3a K KUCIOPOLYy U
MEHbIIEe K cepe, YeM Y MeJu.

Bce peaknum  okucineHus  cyabQUAOB M JJIEMEHTAPHOM  cepbl  3K30TEPMUYHBI.
Briensromeiicst B yclnoBHAX OOKMTa MEIHBIX KOHIEHTPATOB TEIUIOTHI, KaK IMpaBHio, Ooiee uem
JOCTAaTOYHO JUIS CAaMOIPOHM3BOJIBHOIO TPOTEKAHUS OOKUTa, KOTOPBIM SBISETCA THUIIUYHBIM
ABTOTE€HHBIM IIPOLIECCOM.

[IpogykTamMu OKHCIMTEIBHOTO OOXHra MEAHBIX KOHLEHTPATOB SIBISIOTCS OTapoK, rasbl U
nbUIb. MUHEpAJIOTHYECKUH  COCTaB orapka OyAeT pe3Ko OTIMYaThCsl OT COCTaBa MCXOJHOIO
KoHIeHTpaTta. [lomydaromuiicss orapok XapakTepu3yeTcs HaJd4MeM B HEM Hapsly C cyiabpuaaMu
OKCHJIOB M TPAKTHUYECKH IOJIHBIM OTCYTCTBUEM BBICIIUX CYIb(HIOB.

OCHOBHBIM CIIOCOOOM OOKHMra MEAHBIX KOHILIEHTPAaTOB B HACTOSIEE BPEMs SBISETCS OOKUT
B kumsmeM cnoe (KC). Cymuocts o0xura B KC 3akmouaercs B TOM, YTO 4epe3 CIOH
KOHIEHTpaTa (LIMXThl) HPOAYBAETCs BOCXOAALIMH IMOTOK BO3AyXa WM OOOrameHHOIo
KHUCJIOPOJIOM JIyThsl C TaKOM CKOpPOCTbIO, IIpH KOTOPOMBCE 3€pHa HCXOJHOIO Marepuaja
OPUXOAAT B HENPEPHIBHOE BO3BPATHO-TIOCTYNATEIbHOE JBUKEHHE, II0X0XKEE Ha KUIISALIYIO
XKHUJIKOCTb, YTOU MOCITY>KUJIO OCHOBAHUEM JUIsl HA3BaHUS 3TOTrO Ipoliecca.

B peanbHBIX yCIOBHAX KPYHHOCTh HPUCYTCTBYIOIIMX B OOXKHraeMoOH IIMXTE 4acTULl OyneT
3aMeTHO pasnuyaTthes. B pesynbraTe 3TOro Haubosee MejKue 3epHa OYyOyT BBIHOCUTBHCS W3 IE4d
ra3oBbIM IIOTOKOM, a HauOoJiee KpyIHble, Ha000poT, ocenars B HMkHIOK 4acTh KC, oOpasys Ha
noguHe «mocrenb». [Ipu oObpruHbIX pexumax obxura B KC mbuieBsiHOC cocrasiser 20 ... 30 % ot
MacChl UICXOJTHOM IIUXTHI.
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Pucynok 2 - Cxema ycrpoiictBa u padorsl neun 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, HMEIOLIYI0 TOBBIIIEHHYIO IIJIOTHOCTb
pasmenienust comnes. OOXHUraeMblil Marepuan MOKET IO0JIaBaThCs C JIHOOBIM COJEp’KaHUEM BIIArH
BIUIOTh /10 MyJbIbl.Orapok pasrpyxaroT OOBIYHO uepe3 CIMBHOW MOpOr, BHICOTA pa3MEIEHUs
koToporo ompenenser yposeHb KC. Brimyck orapka Bo3MoO)keH Takke n3 HuxkHed dactu KC. B

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

[Tpu oxucnauTenbHOM o0ure cynbpuIHbIXx KoHUeHTpaToB B KC, kak mpaBuiio, BblIeNseTcCs
OONbIIOE  KOJMYECTBO M30BITOYHOM TEIUIOTHI, B pe3yJbTaTeé 4Yero MOXET HEIOMYCTHMO
HOBBICUTBCSL TEMIlepaTypa B cjoe oO)kuraemoro marepuana. Jlns oTBojga HM30BITOYHOM TEIIOTHI
HerocpeacTBeHHO B KC BBOZAT XONOAMIBHMKH TPyO4aToro THIMA HIIM XOJIOIMIbHUKU-3MEEBUKH.

Jns o6xura nomumo neveit KC npuMeHsI0TCsl MHOTOIIOIOBbIE MEXaHUYECKUE TIeUr pUC3.
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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
¥ ¥
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» |
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‘HCyr[OpHOI‘O KI/IpHI/I‘-Ia. Hemam) 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
KOHCTPYKTI/IBHOMy HUCIIOJIHCHU IO CBO,IIBIOTpa)KaTeHBHBIX He‘leﬁ 6LIBaIOT apO‘-IHBIMI/I, IIOABCCHBIMHA
U PacIOpPHONOIBECHBIMU.JMHACOBBIC APOYHBIC CBOJABI MPHUMEHSIOT JIHIIb MPH HEOOJbIIOWITUPUHE
neun (o 6 ™). JlusAg oTpakaTeNbHBIX Ieuel OOJBIIONW INMHPHUHBI MPUMEHSIOT TOJIBKO IMOBECHBIC
WIM PacIOPHO-TIOABECHBbIC CBOJBI. I10JBECHON CBOJ JENAalOT IJIOCKMM HJIM TPAIelHUEeBHIHBIM.

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 H OBICTPBIM pa3beaHWEM CBOJA IICYH, OCOOSHHO
BOJM3M 3arpy304HbIX OTBepcTUil. HamOompimas XxummuecKas KOppO3usi CBOJAA IMPH TaKOM METOJe
3arpy3Ku HaONIOJaeTCs TpU TUIaBKE OOOMOKCHHOW IMUXTHL. bojee panuoHAIBHBIM —PU3HAHO
CUMTATh I0Ja4y HIMXThl HEMOCPEJCTBEHHO HAa TOBEPXHOCTh IIJIAKOBOTO paciuiaBa 4depe3 OOKOBBIE
CTCHBI TIEYM C TIOMOIIbIO TEYEK WM CICHUAIBHBIX 3arpy304YHBIX YCTPOUCTB.
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Pucynok 7 — PacnopHo—noaBecHO# ¢BOJ ne4n
1 — crensl eun; 2 — apo4YHBIN CBOJ; 3 — CTOWKA KpEIUICHHS 1e4uH; 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
OTpakaTeJIbHOW IIaBKA B 3aBHUCHUMOCTH OT COCTaBa IiepepadaThlBaeMOr0 CHIpbS M METOJ]a
miaBku (06e3 oOkura mim ¢ obxkurom) coxaepxkart, %: Cu 15..60; Zn mo 6; Nigo 0,5; Pb no
1; Fe 30...40; S 23...26. KpoMe TOrOo, OHU cojepkaT OJIArOPOJTHBIC METAJLIBI.
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Beimyck mTeiiHa TPOBOAMTCS €O JHAa BAaHHBl HaJ JICHIaAbI0 IIEYM 4Yepe3 MIITyphl
NEPUOIMYECKOTO JCWCTBUS WM 4Yepe3 CU(OHHBIE YCTPOHCTBA, paboTaromue M0 MPUHIHITY
COOOMIAIONUXCS COCYOB.

I[lnaBka BO B3BENIEHHOM COCTOSITHMHU

B wHacrosimee Bpemsi mpouecc  ¢upmbl «OyTOKyMITy» SIBJIsieTCsl HauOolieeé OCBOCHHOMU
TEXHOJIOTHEH aBTOr€HHBIX CIOCOOOB TMepepabOTKH MEIHbBIX Cyab(UIHBIX  KOHIIEHTPATOB,
MOJTy4uBIIE HauOoJblliee paclpocTpaHeHHEe B MUPOBOM mpakTuke. [1maBkoil BO B3BELIEHHOM
COCTOSTHUM HAa3bIBAIOT IUIABKY, COBMEILEHHYIO C OOXKHUIOM, MPU KOTOPOMIIMXTY BIYBAalOT B II€Ub
HOJOTPETHIM BO3JYXOM WM KHUCIOPOAOM. IIpu 3TOM OOGXHUT Cyab(pHIOB MPOUCXOAUT BO BpeMs
MOJIETa YaCTUIl — BO B3BEUICHHOM COCTOSIHMM, TIIO3TOMY OH  COIPOBOXIAETCS  BBICOKOMU
necynbhypusanuen, mpocruraromeit 75 %.
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CepHLJﬂ KHCIIOTEL

Pucynok 8 — TexHosioruueckasi cxema IUIaBKH MeIHBIX KOHIIEHTPATOB BO B3BeLLIEHHOM
COCTOSTHUM
CMech pa3nuyHbIX KOHIEHTpaToB (KoHUeHTpamus meau 24...30 %) u ¢mroca (kBapueBblil
NIECOK) CKJIaIupyroT B OyHKepax M Jajee MOAal0T Ha CyIIKy B OapaOaHHBIX Meyax /10 KOHEYHOMH
BIaKHOCTH He Oonee 1 %. V3 CymMIBHOrO OTHENEHUs] HIMXTY MHEBMOTPAHCIOPTOM HANpPAaBISIOT 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 mHUIaka ; 9- Mecro ciuBa IITeHHAa a — IMojava
U3METBYCHHOT0 KOHIIEHTpaTa; O — BBOJ 1yThs; B — BHIXOJ] ra30B

[IuxTa mpu MOMONIM CICIUAIBLHONW TOPEIKA BIYBA€TCS KHCIOPOIHO-BO3IYIIHOW CMECHIO
(xoHIeHTparus Kucnopoga B ayThe 35...80 00. %) B MIaBWIBHYIO IIAXTy ME4YH, T Cylb(uaHbie
YaCTUIIBI BOCIUIAMEHSIOTCS U CTOPAOT B MOTOKE OKUcTuTeNns. KonmuecTBo Teruia, BRIASISIEMOro Mpu
B3aI/IMO)I€I\/JICTBI/II/I KOMIIOHCHTOB IIIUMXTHBI C KI/ICJ'IOpO)IOM AYyThA, JAO0CTAaTOYHO JId IIJIaBJICHUS
qacCTHII, nu B HUXHIOKYACTh peaKIII/IOHHOI\/'I maxThl HOIIAaJAarK0T KallJinu HepBI/ILIHOFO paCHnaBa.
PaCHHaBJ'ICHHI)Ie YJaCTHUIbI MIHUXTHI HAKAIINIMBAKOTCS B OTCTOfIHPIKC neuu, T1ac HpOI/ICXO)II/IT
B3aMMOJIEHCTBHE MEXAY CYIb(UIaMU U OKCUIAMH.

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

XYMH3M TIPOIECCOB IJIABKA BO B3BEIICHHOM COCTOSHUHU IO CYIIECTBY TOT K€, YTO WU B
OTpakaTeIbHOW IUIaBKe: JAecylnb(ypH3alus BBICHIUX CYJIb(QHUAOB M KapOOHATOB; OKHUCIICHHE
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 OKCHAA JKelle3a W IepeBoa ero B muiak. llpomeccsl ¢opmupoBaHMs IIaKa 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 TEUYEHHUe S5...7 4 U UMEEeT pa3Mepsl, M: anuna 12...32, mwmpuna 3,5...10.

W3-3a Mamnoii KOHLIEHTpALUU a30Ta B AyThe KOHIEHTpanusi SO2 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
ANEKTPOQUIBTPaX  Ta3bl HANpPaBISIOT Ha MPOU3BOJACTBO CEPHOM KHUCIOTHL. Mcmonb3oBaHue
KHCJIOPOIHO-BO3LYIIHOTO yThs TO3BOJIAET COKPATHTh OOBEM MEUYHBIX Ta30B A0 35...88 Twic. Mc
COOTBETCTBYIOIIMM YBEJIMYEHMEM B HHMX KOHLEHTpPAlMM  JUOKCHJAA CEpPbl, YTO  IO3BOJISIET
MPAKTUYECKH TOJHOCTHIO YTHJIM3UPOBATH CEPY LIUXTHI U UCKIIOYUTH BeIOpockl SO2 B atMocdepy.
[Ipon3BOAUTENHFHOCTh IUTABKM BO B3BENIEHHOM COCTOSHMH jocturaer 13 1/(m?-cyt). Bnaronaps
BBICOKOH Jecynb(pypu3aluy, IpU B3BEHICHHOHN IUIaBKe Moiy4aroT Oorareie mredHsl (1o 60 % Cu) u
COOTBETCTBEHHO Ooratpie muaku (1o 2 % Cu), koropeie TpeOyroT oOenHeHus. MenHblil mTelH
NEpPUOANYECKH BBIIYCKAIOT U3 €YU M HANpaBisloT Ha KoHBeprupoBanue. lllmak mocrymaer Ha
00eTHEHHE B AJIEKTPOIEYb, Ky/la 3arpyKaroT KOKC.

IIpouecc «Aycment». B Hacrosimee Bpemss B mupe pabdotaer Ooisee 20 medeld «AycMenTy.
B nanHoM mporecce ucronb3yercss BepTUKalbHas LUIUHApPUYECKas neub (BeicoTa 13 M, nuametp 4,5
M), OOOpyIOBaHHas MOTPYKHOW BepTUKAIBbHOU GypMoit anuHoi 10 17 M u nuamerpom 0,5 m
COCTOSIIE M3 KOHIEHTPUYECKU PACIMOJIOKEHHBIX CTANbHBIXTPYO. DypMmy 3akpemisioT Ha
MOJIbEMHUKE, PACIIONIOKEHHOM HaJ TEeYbl0 B LIEHTPaJbHOW ee uyacTu. HoMuHanpHOE 3armyOrieHwue
ropeiku B HuIak coctasiseT 20 cM, uTo obecnieunBaeT TypOYJIEHTHOE MepeMeIlInBaHUe pacljiaBa.
ITo Mepe pa3pyiieHHs KOHIEBOH 4YacTH (ypMBl €€ OIyCKaroT 0e3 OCTaHOBKMU paloThl neun. Pypmy
3aMEHSIIOT, KOTJa pa3pylIUTCs NPUMEpPHO 1 M ee KOHLEBOH 4yacTh, U 3aTeM BOCCTaHABIMBAIOT,
TIpUBapHBas HOBYIO KOHIIEBYIO 4acTh. TommmBo (mpupomHeii ras, go 1800 m%/4) B cmecum ¢
BO3/[yXOM CrOpaeT B HMXKHEH 4acTu (QypMBI.

Bo3ayx momaroT B MOJOCTh, 00pa30BaHHYIO KOXXYXOM U BHYTpPEHHEH TpyOOH, B pe3ynbTare
Yero oXJakaaercss Kopmyc GypMmbl M oOpa3yeTcs Ha €ro MOBEPXHOCTH CJOH 3alllUTHOrO 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,
GbrochI; €, )X — BoJia

[leur oTnMuaeTcst MPOCTOTON KOHCTPYKIIMH, BHICOKON MPOU3BOAUTEIBHOCTBIO (ThIC. T/TON: 45 —
o mTelHy ¢ KoHmeHTpamueid memu 10 58 % Cu, 600 — Mo KOHIEHTpATy), MaJIbIM MBUIEBBIHOCOM
(okoso 1 %), mpocTOTOM B yIpaBleHUH, TaK KaK W3MEHEHHMEM 3ariayOsieHus (pypMbl B CJIOH IIaka
peryiaupyercss MHTEHCUBHOCTh OapOoTaka pacruiaBa. [Ipomecc MokeT ObITh  IpepBaH MpHU
HOTHATUM (GYpMBbI, KOIJa MeTaljiMyeckas WM INTeHHoBass (a3a oTCTauBaeTcsl IMepe] BBITYCKOM
u3 nedd. JIOCTOMHCTBOM TEXHOJOIMU SIBJSIETCS TaKXkKe M TO, YTO IeYb MOXKET OBbITh OCTaHOBJIEHA
WIM HAaxOJWUTHCS Ha TOPSYEMXOJIOCTOM XOAY B T€UEHHE JUIMTENBHOIO IIEpHOJAa M IIPU ITOM
MMEETCSI BO3MOXKHOCTB €€ ONEPaTHBHOIO Pa3orpesa.

27



Knukep
Menuniii Hasectrosrii domoc

KOHLIEHTpAaT Keapuesstit doroc

Y v ¥ L J

HWHXTOBKA

Kucnopoa LIMXTA

Bozayx [pupoausit ras

OTCTANBAHHE
LLITAK LITEHH
¥ Y
ObOT'ALLUEHHE OuMeTRA OT NBLIM
OdopoTHeli R b1k ras 2
KOHIIEHTpaT ABOCTEL v
i Y
v Ha xornep- v Ha yrumusaunso
B orsan THPOBAHUE B gfopor cepsl

Pucynok 11 — [IpuHuMnuaabHas TEXHOJIO0TMYECKAsl cXeMa BHIIJIABKHU 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 HKCIUIyaTal[MI0 Ha MEAHOM 3aBojie HOopuibckoro ropHo-MeTalTypruueckoro kKomOuHaTa 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 (KJIMHKEP, BBUIOMKU — 110 5 %) U IpyruxX 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 — mTelHOBBIA 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 paciiaBa, TIJ€ THOJABepraercs (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 ¢pypme, B BepxHeM psay — 1o 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 MPUPOJTHBIM Ta30M B MEPUOJ €€ OCTaHOBa, a Takke U JIOKUTa DJIEMEHTHOW cepbl 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 paciilaBa PEryJupyercsi COOTHOIIEHUEM «KHUCIOpPOA:
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) sSBISIFOTCS HAKONMTENSIMU PACIUIaBOB M TPEAHA3HAYECHBI Ui WX HEMPEPBIBHOTO 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 «xIla) BbIpabaThIBaeTCs Ha JBYX pa3leiUTelIbHBIX OJOKaXx C CyMMapHOMH
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 00. %) i yTUIM3aluKd TeIula MPOXOASIT KOTeI-yTHiIn3aTop (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
koHneHntparuend SOz 20...25 % mocTynaer B CEpHOKUCIOTHBIN 1IEX.

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 BEAYIIMH, HAXOJAILIUIICS B 3allETIJIEHUU C
HIeCTEpHEN peayKTopa AJIEKTPOABHUIaTeNs, KOTOPbIM KOHBEPTOP MOXKET MOBOpauuMBaThcs B 00e
ctopoHbl Ha 360°. Ha O0OKOBOIl MOBEPXHOCTH HMMEETCSl TOPJIOBUHA, YEPE3 KOTOPYIO 3aJMBAIOT
IITEHH, CKaUMBAIOT LIJIAK, PA3JIMBAIOT MEb M OTBOJAT ra3bl. B paboueM MoyiokeHNHM OHAa HalpaBJieHa
BBEPX WM IIOMEINAETCS I0J HANBLIBHUKOM, COEIMHEHHBIM C OTBOASIIMMHU Trasoxonamu. Kpas
HalnbUIbHUKA IUIOTHO NPUMBIKAIOT K KOPIYCY KOHBepTepa, Hpeaynpexiaas pa3OaBieHHE TIa30B
aTMocgepHbIM Bo3ayxoM. 1o oHO# U3 00pa3yromux Kopnyca yCTaHOBIEHBI (ypMbl, COEAMHEHHBIE
C KOJUIGKTOpOM cxkaTtoro Bo3ayxa (2,0...1,5 arm). d@ypmMa uMeeT MmIapOBOW KJAMaH, CTaJbHOMN
HIApUK KOTOPOTO B paboueM MOJOKEHUH MEPEKPHIBAET BBIXOJ BO3/yXa HapyXKy, a MpHU MPOUYUCTKE
JIOMHUKOM OTXOJHUT B THE370. ['a3bl yepe3 HaNbUILHUK MOCTYNAalOT B COOPHBIN 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. CoaepxaHue MepBOro nepuoaa
KOHBEPTHUPOBAHUA: OKHUCIEHHE Cyab(puaa >xXele3a, OLUIAaKOBaHHE oOpasyrolleics 3aKucH xKene3a
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 kBapua (KpymHocThio 6...20 MM) Ha4yMHAIOT C TPOAYBKH paciuiaBa. JKemaTelbHO
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 MEPHOJIC B PE3YIbTATE MPOTYBKH BO3IyXa MOXKET OKUCITHTHCS JIUITh
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(duaa KOHIEHTpUpYyeTcs B mTeiiHe. CyMMapHas peakius okuciieHus: FeS B mpucyTcTBUM KBapIiia
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 cyinbduma keiaeza mpH HemocTaTke kKpapia y ¢ypw (B obmactu
WHTEHCHUBHOM MPOTYBKH):

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

nojy4yaeMble HUIakd oOoramieHbl MarHeTuToM Fes Os , KOTOpBI OrpaHMYEHHO PAacTBOPUM B
pacIuIaBIeHHOM Macce M oOpa3yeT Ha (pyTepoBKe TYroriaBkue HacThlId. [IpucyTcTBHE MarHeTura B
[IJIAKE YBEJIIMYMBAET €T0 BSI3KOCTh M, CJIEJOBATEIbHO, MEXaHUUECKHE TIOTEPH MEIU C HUM. B cBs3Hu ¢
MOBBIIICHHON KOHIIEHTpAIMEH B IIIJJaKe MEIU OH BOBJIEKAETCs B epepadOTKy B MpeAbIAYyIIEH IIIaBKe
Ha IITEHH HEMOCPEJCTBEHHO 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 CHUKEHUIO MOTEPh C HUMH ME[TH.

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[ JOU3BJICUCHUA 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 3a CUET MHTEHCUBHOI'O OKHUCIICHUS Cyab(duaa Kene3a yBeIHUUHMBaeTCs
¥ nojepkuMBaeTcs B mpepenax 1523...1623 °C; Gosee BbICOKas TeMIIEpaTypa BbI3bIBAET
YCKOPEHHBIH H3HOC (hyTepoBKHM, a mnpu Oojee HHU3KOH Temreparype pacijaBbl CTaHOBSTCS
BSA3KHMU.

PerynupoBanue TemmnepaTypbsl OCYIIECTBISETCS J0OaBKaMM: pACIUIABJICHHOTO LITEHHA — AJis
YBEJIMYEHUSI TEMIEPATypbl, WIM XOJOIHBIX MNPUCATOK (XOJOAHBIA INTEHH) — AJI1 YMEHBIICHHUS
TEMIEPaTYypPHI.

[Tocne mpoayBKM W ciaMBa HUIaKa O0ObEM €€ yMEHBIIAETCSl U IO3BOJSIET NMPUHATH HOBYIO
HOPIHIO IITeHHA, HA0Op KOTOPOro MpPOAOJDKAIOT 10 HAKOIUIEHHUs OeJoro mreiHa (0enoro marra) —
HITEHA, COCTOSMIETO MPAaKTUYECKH U3 OJHOTO Cylb(uaa Meand, B KOJMYECTBE, HEOOXOAMMOM JIJIs
nepexoja Ko BTOpoMmy mnepuoay miuaBku. Llens mepBoro mepuona — Habop Oenoro mreidHa —
OCYILIECTBJISIETCSl MTOBTOPEHUEM IMKJIOB: 3aJMBKa OE€JHOrO LITEHHA, €ro IMpoJyBKa M CIUB LUIAKA.
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 HAaYMHAETCs Mociie Habopa Oenoro mreiiHa. ConepikaHue
BTOpOTO TMepHoAa KOHBEPTUPOBAHMS: JajbHEHIas MpoJIyBKa paciiiaBa Oeloro mrTeiHa c
OKHUCJICHHEM Cylibpuma Meau W IOJYyYCHHEeM YepHOBOW Meaun. Bo3HUKaOMMN MpU OKUCICHHH
paciuiaBa OKCHJl 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(uaa MeAH OCTaeTcsl PAaCTBOPEHHBIM B MeTajule, HO JajbHEHIas MpoayBKa
HEBO3MOXKHA BcleAcTBHE nAeduumra Teria. B KOHIlE BTOPOro MepHoja HCIOJb3YeTCs Tero,
HAKOIUIEHHOEe (yTepoBKOM KOHBepTOpa. UepHOBYIO MeAb pPa3iMBAIOT B HW3MOXKHUIBL. CIUTKH
KOHBEPTOPHOM (YEpHOBOI) MeAM Ha3bIBaIOT MIThIKaMU (OT HeMmelkoroStick — kycok, mryka). Ha nHe-
KOTOPBIX 3aBOJIaX YEPHOBYIO MEIb B HM3JIOKHHIIBI HE PA3IMBAIOT, a MEPEHOCAT B paQUHUPOBOYHBIC
nieun, n30erasi MOBTOPHOTO IUIaBjIcHus. M3BieueHne Meau U 0J1aropoJHBIX METAUIOB B UYEPHOBYIO
meab gocturaer 99 % um tem  Oonblue,ueM Oorade mrTelH. B depHOBOW Meau cymmapHas
KOHIIEHTpanus npumeceit 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 pPAOOTHl KOHBEPTEPOB, OOJIBIIKME TMOACOCHI BO3AyXa, CHIBHO
pa3y0okuBaroIKe ra3bl (0COOEHHO OKOJIO HANbLIbHUKA) 3aTPYAHSIOT UCHOIB30BaHHWE JTHX Ta30B
JUTSL TIPOM3BOJICTBA M3 HUX CepHOW KHUCIOTHL. C ra3aMu BBIHOCHUTCS B BUJC MBUIH (YacTHIIBI (HIIFOCOB,
mITeitHa, MeIH U T.J.) 10 5 % Meau u 0J1aropoHBIX METaJLIOB.

['pyOy¥o MBUTH YJIaBIMBAIOT B OCAIUTEIIBHBIX KaMepax HIIM IUKIJIOHAX, YAaCTHYHO OHA OCEJacT B
razoxoyiax. B OCHOBHOM 3TO 3aTBepjAeBIIME OpBI3TH MW, ITeHa W dacTulbl (iroca. [Ipuh
BO3BpAIIalOT B KOHBEPTOP WIU B HIMXTY PYAHOW TUIaBKA. TOHKYIO TMBUIb, COCTOSIIYIO U3
BO30THAHHBIX OKCHJIOB CBHHIIA, [IMHKA W PEIKUX METAIJIOB, YIIABIUBAIOT JJICKTPOOUIBTpaMU 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 BO3YIIHOM AYThe. Y COBEpIICHCTBOBAHNE KOHBEPTOPHOIO Mepeesna
o0orameHueM ayThss KHCIOPOJOM TO3BOJSET  COKPAaTHUTh  MPOAOIDKUTEIBHOCTh  MPOIYBKH,
YMEHBIIIUTh BBIXOJ[ Ta30B M MOBLICUTH KOHIEHTpaIuio B HUX SO2 . [Ipu 3TOM yBEIHUYUTCS MPUXOJ
TEIla B TEPBOM NEPUOJE M YMEHBIIMTCS MOTEPS €ro BO BTOPOM, YTO IO3BOJUT IOJy4aTh B
KOHBEpPTEpE MeJb HEMOCPEACTBEHHO W3 KOHIEHTPATOB, MUHYS BBIIJIABKY MLITeiHa. [ 3TOoro B
IPE/IBAPUTENILHO Pa30rPeThlii KOHBEPTOP 3arpy’KaloT BMECTE C KBaplleM TPaHyIMPOBAaHHBIA METHBIN
KOHIIEHTpAT, IOCJIe Yero Mojy4yaroT W3 HEero cHaudana Oenblii mrTeiH, a 3areM menb. KoHueHtpar
(xonuentpanus meau He meHee 20 %), yBnaxHeHHBIH 10 8...10 %, okaThIBaIOT, IMepechinas ero B
MEIJICHHO BpamjaromeMcs OapabaHe WM Ha HakJIOHHOM Ttapemu. I[lpum 3Tom obpasyrorcs
HIapoBUAHbIE TpaHynbl auamerpoM 10...20 MM, KoTopsle 3areM cymar 10 2...3 % Biarm U 3aTeM
3arpyaroT B KOHBepTOp. ['paHyndarop auameTpom 2,8 M IpOM3BOIUT 10 15 T okaTbllIel B yac.
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PucyHnok 14 — llpuHuMnuaibHas TEXHOJIOTHYECKAS CXeMa KOHBEPTHPOBAHUS MeIHOT0
ITeHa
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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
0JIarOPOJTHBIC U PEKUE METAILIBI U PACTBOPEHHBIC B MU Ta3bl.

[To 'OCT 859-66 ycTaHOBJEHBI CIEAYIOIIME MAPKU TOBAPHOM M (KOHEHTpPALUS MEAH, 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 papUHHpPOBAHUS 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.
DNEKTPOIUTHYECKOE papUHUPOBAHKE JTOPOXKE, HO OHO MO3BOJISACT MOJIYYUTh MEIh BBICIIUX MApOK U
BO MHOTOM OKYIAeTcsl 32 CYeT IMIONMYTHOTO W3BICYCHHUS OJaropoJHBIX H PEAKUX METaJlIoB.
KauecTBo paduHUpOBaHHONH MeAW BBINIE, a 3aTpaThl Ha €€ OYHCTKY MEHBIIE, €CIIM MEeTall
IpeIBapUTEeIbHO OYUCTUTh OTHEBBIM crmocoboM. B Hacrosmiee BpeMs TOYTH BCIO Me[b

padUHUPYIOT ~ DIEKTPOIU30M, O(PPEKTUBHOCTH  KOTOPOTO  TOBBIMIAETCS B pe3ynbTaTe
MPEeBapUTENLHOTO YAaJeHUSI OCHOBHOW Macchl MpUMeced OTHEBBIM Pa@UHUPOBAHUEM.
OrueBoe paduHHpOBaHME MeIU - nepuoanueckuii  mpouecc. OH cocTOUT U3

MOCJIEIOBATENbHBIX ~CTAIMid, BKJIIOYAIONIMX IIOATOTOBKY M 3arpy3Ky II€4YH, IUIABJICHHUE WU
pasorpeB MeIau, OKHCIHMTEIbHYIOOOpaOOTKY paciulaBa M ChEM IUIaKa, BOCCTAHOBHUTEIHHYIO
00paboTKy (Ipa3HEeHKE) U pa3IMBKy TOTOBOW MEJIH.

OxucnurensHoe padUHUPOBAHKWE MEOU SBISIETCS HamOoyee CTapblM M PaclpoOCTPaHEHHBIM
croco0oM ee OYyHMCTKM OT mnpumeceil. OHO OCHOBaHO Ha NPEUMYILIECTBEHHOW CKJIOHHOCTH K
OKHMCICHMIO MeTayioB-ipuMeceil (Me), 0Oojee 31IeKTpOOTpULIATENIBHBIX, YeM Meab. B meub
3arpy’karoT Mesib (WIKM 3aJMBaloOT, €I papUHUPOBAHME MJET COBMECTHO C BBIIUIABKOM YEpPHOBOM
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 BO3yX WM BO3AYIIHO-KHcIopoaHyto cmech (BKC). Obpa3zyromecs: okcu bl
npUMecel, HepacTBOPUMbIE B MEIHOM pacIljlaBe, B3aUMOJIEHCTBYIOT MEXIy co0oH, ¢ mrocamu u
¢ MarepuagoM (QyTepoBKH, OOpa3ylOT CaMOCTOSITEIIbHYIO INIIAKOBYIO (Da3y, BCILIBIBAIOIIYIO HA €0
MIOBEPXHOCTh BaHHBI METaJIa, YTO MPEISTCTBYET OOpaTHOMY pacTBOPEHHUIO IMPHMECH B MEIHOM
paciuiase, MO0 yJaJIstoTCs B BUJI€ BO3TOHOB.

PapunupoBaHue crnaraercs W3 CIEAYIOIIMX IOCJIEIOBAaTENIbHBIX CTAIWi: MJIaBIE€HUE HIMXThHI
(10...12 4), oxucnenue mpumeceid U cheM 1aka (3...4 4), packucinenue (3...4 4) u paznuska (5...6
q). O0mias nNpooJKUTEIBHOCTh Nepeiena mpu padboTe Ha TBepAod meau 24 4. Ecnu paduHUpyoT
pacIjiaBIeHHYIO Meb, TO O3THUM JIOCTUTAETCS 3HAYMTENbHAS HKOHOMHS BpPEMEHH W TOIUIMBA U
CTaHOBUTCS BO3MOKHBIM  paMHUPOBOUYHBIC TIUIAKM  HEMOCPEACTBEHHO MepepaldaThiBaTh B
KOHBEpTepe.

HezaBucuMo OT cCOCTOSIHMSL 3arpy:K€HHOW B Meuyb Menu (TBEpAON HIIM KUIKON) OKUCIIEHUE
MIMXTHl HAYMHAETCSl cpa3y IMocjie 3arpy3ku B CBS3M C BBICOKOW TeMIIEpaTypod NEUHBIX Ta3oB,
COJIep’KaHHEMB HHX HEKOTOPOTO KOJMYECTBa CBOOOJHOTO KHUCIOpPOAa U  OONBLION  yAedbHOMH
MOBEPXHOCTH IIUXThI, OCOOCHHO NP pahUHUPOBAHUN METHOTO JIOMA.

CKOpOCTh OKHCIEHHMsS] MNpPOMOPLMOHATIbHA KOHIEHTPALMU METAJUIOB B BaHHE, IOSTOMY B
NEepBYI0 oOdYepeab W Haumbojee OBICTPO OKHUCISIETCS MeOb, TaK KaK EEeKOHILIEHTpalMs B BaHHE
HauOonbmasd. Okeug Cuz0O  pacTBOpUM B JKUIKOHM Menuu OBICTpO HachlmiaeT BaHHy. [[nst Oonee
MOJIHOTO OKHCIIEHUS TpUMecell BaHHY HACBIAIOT OKCHUJOM MW BIUIOTh J0 THpeaena ero
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pactBopumoctH (ripu temnepatype 1423°C konuentpauus ero apocturaer 8,0 mac. % wnmm 0,9 mac.
% 0O>).

[Tpu nanpHe#meM oxkuciaeHUW BaHHBI M30bITOK Cu2O BBIIENSAETCS B BHAEC CaAMOCTOSTEIBHOU
da3pl m oOoramaer nuTaK Menapio. [losBiieHWE C0s OKCHMIAa MEAW HAlOBEPXHOCTH BaHHBI
CBUJICTEIILCTBYET O 3aBEPIICHHH IMpolecca pahHUPOBAHUS.

3aTeM HaAYMHACTCS OKHCIICHHE IPUMECEeH pacTBOPEHHBIM OKCHJIOM 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
CPOACTBO K Kucaopony.OdheKTUBHOCTh padMHUPOBAHUS B 3HAYUTEIHHOM CTENEHH 3aBUCHT U OT
UCIONIb30BaHus (hIr0ca, XMMUYECKH aKTUBHOTO 110 OTHOIICHHUIO K OKCHJY yaalsieMoi nmpumecH. Takoi
¢roc CBSI3BIBAET OKCHJ MPUMECH B MPOYHOE COSAUHEHHUE, YTO YMEHBIIAET KOHIICHTPAIMIO B IIUIAKE
CBOOOJTHOTO OKCH/Ia MMPHMECH U CMEIAeT PaBHOBECHE MEXK/y [IUIAKOM M IIPUMECHIO 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
nocturatb 12 mac. %. Packucnenue HEOOXOAUMO ISl TOJYYEHHMs] TUIOTHOTO M TUTACTHYHOTO
MeTajljla M TNPEJOTBPAIICHUS IOBBIIIEHHOTO XMMHUYECKOTO pAacTBOPEHHUS aHOJHOM Menu B
npoluecce €€ JalbHEHIIero  3JIeKTPOJUTHYECKOro paduHupoBaHus. HeoOXoauMbIM ycioBHEM
MIPOBEICHUS ITOM ONepaluy SIBISETCS TLIATEIbHOE yJaJeHUE UIAKOB C TMOBEPXHOCTH pacIulaBa, B
MPOTUBHOM CIIy4a€ OKCHJbI IMPHUMECE BOCCTAHABIMBAIOTCS U NMPUMECH BHOBb IEPEXOJAT B PacIlIaB
MeTasia.

PacriaB  BOCCTaHABIMBAIOT MPHU TIOMOIINM TBEPABIX (ApeBecHHA), KHUAKUX (MasyT) WIH
ra3zo00pa3HbIx (IPUPOIHBIA Ta3) peareHTOB, MOJAaBacMbIX 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
Mmac. %.

Boixon paguHHpPOBOYHBIX IIIaKoB cocTaBister 2...3 % OT Macchl 4YEpHOBOM MenH.
OpHeHTUPOBOYHBIA COCTaB IIIAKOB (B Me4yn C Kuciaou 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 KOHIIEHTpaluss Meau B Immakax gocturaer 75 %. Illnmakum
nepepabaThIBalOT B KOHBEPTOPAX, UCIIONB3Ys UX B KAYECTBE XOJOIHBIX MAaTEPHUATIOB.

Mens paduHUPYIOT B CTAllMOHAPHBIX  OTPaXKaTeJIbHBIX WM B TIOBOPOTHBIX TIedax
BMectuMocThi0 70 500 1. TomnmBoM paduHUPOBOYHBIX TIe€4Ye SBISETCS KaueCTBEHHBIH
(MaJoCepHUCTBIN) Ma3yT WM MNpUpoAHbI Ta3. Heobxoaumoe TpeboBaHME K TOIUIMBY — Majoe
coJiep;KaHue B HEM CEpbl, TOCKOJIBKY IMOKCHUJ] CEPhl TOTIOYHBIX Ta30B 3arpsA3HIET MEb CEpPOil.
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BanHy meun BBIKIAABIBAIOT W3 JWHACOBOTO WJIM TEPHUKIA3OMIMUHEIUIHOTO Kupnuda. CTeHBI
M TOABECHOW  1MOO  PacmoOpHO-TIOJBECHOH  CcBOA  HAOMpalOT M3 MAarHe3UTOBOTO MU
MarHe3UTOXPOMHUTOBOTO Kupmnu4Ya. B creHax, OOMMIIOBaHHBIX CHApYXH YYTyHHBIMH ILTUTaMH,
yCTpamBaloT pabouyue OKHA C TOJHUMAIONUMUCS 3aciioHKaMu. OTOIUIeHHe OOJNBIIKX Tedel 4acTo
ABTOMATU3MPOBAHO: TOIUIMBO MU BO3JyX MOJAIOT B 3aJaHHOM COOTHOIIEHUH. CIUTKA UYEPHOBOM
MEJIM 3arpy»aroT MEXaHUYECKOH JIOMAaToM, a )KUJIKYI0 Me/Ib 3AJIMBAIOT KOBILIAMH C IIOMOIIBIO KpaHa.

[Teun nns oreBoro paduHUpPOBAHUS MOAOOHBI OTpPaKATCIBHBIM I€YaM, HCITOJIB3YEMBbIM 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).

PadpurupoBanHyl0 Menb OTIMBAIOT B  aHOABI, NpPEJHA3HAYCHHBIE NS JalbHEHIIEro
DIIEKTPONIUTUYECKOTO  paduHupoBaHus. lIpuMeHsiemMass s 3TOro  KapycelnbHas —pa3lIMBOYHAS
MaIllMHA TPEJCTABISICT CcOO0OW  TOPU3OHTAIBHBIA  KPYyr, HA KOTOPOM YCTaHOBIJIGHBI MEIHBIC
U3TIOKHUIIBL. 32 BpeMs JBUKEHHS 10 KPYTy METaJul 3aTBEPIEBACT M OXJIAXKIAETCA BOAOW U3 OpbI3rai.
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 —
[IUTAKOBOE OKHO; 6 — Kapkac KpelieHus meud;,; 7/ — ra3oxod; 8 - cmBom; 9 - crensr; 10 -

ropenouHoe okHO; 11 - ropenka; 12 - 3arpy3ounbie (paboune) okHa; 13 - 1meneBas JeTka

Haxnousroruecss  paguHUpPOBOUHBIE T€YM KOHCTPYKTUBHCXOAHBI C  TOPU3OHTAJIBHBIMU
KOHBEpTepaMH, HO HUMEIT OonbiryoBMecTUMOCTh (1o 300 r). VYV Takux meded ropioBUHA
CMellleHa OOBIYHK OJHOMY Toplly. Ee HCHonb3yloT [uis 3aJuBKH JKUJAKOH YEepHOBOM Menaw,
3arpy3Kd TBEpAbIX OOOPOTOB M OTBOJA OTXOMAIIMX Tra3oB.Jlis BbITycKa OTpa(UHUPOBAHHON
MM CO CTOPOHBI DPA3IMBOYHO MALIMHBI B I€4YM CJelaHa JeTka auaMmeTrpom ~ 60 mm. Hamop
CTPYH XKMJKOM MEIU peryjupyercs B 3TOM Cllydae yIJIOM IIOBOPOTa I€4M B CTOPOHY PO3JIMBA.
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Haknonsronmecss  paQuHHpPOBOYHBIE ~ HEYM ~ HMMEIOT  psii  NPEUMYLIECTB  Iepej
CTallMOHAPHBIMHU, HO TMPHUTOJHBI TOJIBKO JUIA TEpepabOTKU JKUAKOH YepHOBOM Menu. 3arpyska
yepe3 TOpJIOBUHY (C OONBINON BBICOTHI) MACCHUBHBIX CIHTKOB YEPHOBOM MEOU MPUBOAHUT 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 - TMPHUBOJ IOBOPOTA Ieuu; § - JeTka Juid uenu; 9 — dpypua
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Pucynok 17 - Texnosoruyeckasi cxeMa OrHeBoro papMHUpoOBaHUS Meau

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
aHoabl pazmepom 914 x 914 mm u maccoit 250...320 xr. AHOABI uMmeroT TonuHy 40...50 MM u
bopMy, yHOOHYIO IS TOJABCIIMBAHHS B JJCKTPOJU3HONW BaHHE. KaromHble MaTpHIbl — JIUCTHI M3
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TUTaHA WIM HEpP)KABEIOIIEH cTaiu ToiamuHod 4 MMm. Te W Apyrue SieKTpoAbl pa3sMeliarT B
AJIEKTPOJIM3HON BaHHE, 3alI0JIHEHHON pacTBOPOM MEIHOTO KYIOpOca U CEPHOM KHUCTIOThI
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f e e e e )
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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.
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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
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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-
puzamnus mpu 1uiaBke paBHa 55 %, u3BieueHue meau B mTedH 96 %, mumaka 40 %, comepikaHue
B mTeliHe nmpounx 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), MOIYUYHUTCS
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 kr, kuciopoaa 78,3 « 0,065 =5,1 xr (wreitH, coxepxammii ~ 15 % wmeaun, coOnepk UT -
6,5 % xucaopozaa), npounx 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 pacueTra ¢ LeNbIO CpaBHEHHUs CBeAeM B Tabi. | mocie BBHINOJIHEHUS pacyeToB
1o 2-My BapUaHTy IUIaBKH.

Bapuant 2. [Ilnocko B  OKHCIUTENbHBIX ychnoBHAX. [lng pacdera mpuHUMaeM;
MOJTYJArONTUICS TTeHH noJbkeH coaepxkath 40% wmenu, u3BiedueHue Menud B mTeH 95%, muHKa
60 %, conepxanue B wmrTeiiHe mpounx 1 %, xucinoponma 3 % (mpu comepkKaHMM MEOU B ILUTEHHE,
paBHoM 40 %).

KonuyectBo Menu, nepemienieii B mreitH coctaBut: 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 kommdectBe mTeliHAa 1O mpaBmwiy MocToBuua OyAeT COAEpPKATHCS — 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.kenesa 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) armocdepax

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 ClIy4ae YBEJIMYEHHE COJIEpP)KaHUS MEIU B IITeliHe B 2,7
paza (40 14,7) 3a cuet yBenuueHus aecynbhypuzanuu 10 83.6 % BeleT K YMEHBIICHUIO BO CTOJBKO
e pa3 ero Bbixoja. IIpu 3TOM IITEHH MO CpPaBHEHUIO C HMCXOAHBIM KOHIIGHTPAaTOM B MEPBOM
ciayyae oOoramaerca Bcero B 1,2 paza, a BO BTOpPOM CTEMEHb €ro oOorameHusi BO3pacTaeT J10
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 ciemyer oOpaTHTh BHUMaHUE Ha TO, YTO B INPHUMEPE pacdyeThl COCTaBa U
KOJIMYECTBA INTEiHA OBUIM BBINONHEHBI JABYMS BO3MOXKHBIMH CIOCOOAMH — TIO 3aJlaHHOM
cTeneHu aecynbdypuzanuu (BapuadT 1) M MO 3aJaHHOMY COJIEPKAHUI0 MEIU B IOIYYaroleMcs
mrreiine. O6a crocoba pacuera MTEHHOB SBISIFOTCS PaBHOIIEHHBIMHU.

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 2/3 MpoUnx; MOTEPAMH MeIH TIpH okure npeHedperaem. Toraa KOIMYECTBO CEpEI,
OCTAIOMICHCS B OTapKe, COCTABUT:

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

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.

KosnuecTBO HEOKHCIMBIIENCS CEPBI, CBI3AHHOM C KEJIE30M:

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

TOTJ]a KOJIMYECTBO OCTABILIETOCs B CYIbGUAHON (hopMe jKeie3a COCTaBUT
5,46x55,85/32 = 9,53 kr,

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 coaepkarnes, 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 BUJHO W3 pacdera, CTENCHb OOOTAIICHHS OTrapka MEIbI0 10 CPABHEHHUIO C HCXOIHBIM
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.!. TIpon3BocTBO 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.llpoBegem pacyer coctaBa M KOJMYECTBA OTBAJBHOIO IJIaka MU pacxoja (irocoB
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 yderoM mepemrenx B IITEHH W ra3bl KOMIIOHEHTOB KOHIICHTpAaTa B IIJIAK TEperaeT (CM.
paboty Ned 110 BapuaHty 2 ):

Cloovioi e i e e e i 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

Takolf mnwiak, noxydyeHHBIH Oe3 m00aBkM (OCOB, Ha3bpIBaeTCsl caMmoIulaBKUM. MHorna
CaMOIUIaBKHI IIJAaK YAOBJIETBOPSET TPeOOBAHUSAM JaHHOTO BUIA TUIABKH, M (IIIOCHI B ATOM Ciy4ae B
HIUXTY HE J0OABIISIOT.

IIpoBepuM, yIOBIETBOPSET JIM MOJYUYAIOMIMUICI CaMOIUIABKAM IIJIAK 33JaHHBIM yCIOBUAM. Jlis
9TOrO OMNpEAETUM MPOLIEHTHOE COJAep)KaHHe, M0 KpailHel Mepe, NBYX 3a/laHHBIX KOMIIOHEHTOB. B
CaMOILTaBKOM Itake 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, coaepskariero 36 % SiO2 u 5 % CaO, HeoOX0IUMO 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 MOXeT OBITh BbIpaxkeHa ypaBHeHHeM (36,0+x+0,56y) kr,
rne36,0— Macca caMOIIIaBKOIo IIJIaKa.

B ToM konmdecTBe 1mIaka OyaeT COIEPIKATHCS: (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 KOJIMYECTBaM B MCXOAHOM muxTe. OHU cooTBETCTBEHHO cocTaBAT: (5+x) kr SiO2 u
(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.

[TpoBepuM NpaBUIBLHOCTD BHIIOJIHEHHOIO PAcyeTa, ONPEEIINB COCTAB OTBAJILHOIO IIIJIaKa

*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 xr.
OO01ee KOJIMYECTBO BO3AyXa ¢ ydeToM KoddduireHta n3obitka o=1,1 Oyaer pasHo: (44,4 +

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

B sToMm konmuecTBe Bo3ayxa Oyner coaepkathes 45,5 kr kuciopona u 171 xr azora.
B rtexnonorunueckue raser nepeayt SOz, N2 u30bITouHBIA KHcaopox U CO2, BBICTUBIIHACS
U pa3iokKeHUH u3BecTHsAKa. O0IIee KOITUYeCTBO 00pa30BaBIINXCS Ta30B U UX COCTaB MPUBENICHBI B

Tao. 1

Ta6auna 1. KotndaecTBO 1 cOCTaB TEXHOJIOTHYECKHX Ira30B

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 paboTeiNe4, COCTaBUM TpeABAPUTEIHHBIN

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

PacxoxneHust B MOCTYNUBILIEM CbIpbE IMOIYYEHHBIX NMPOAYKTOB cocTaBisieT 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), uzsectusik (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 MeTauTyprudeckux MpoIeccoB Mpou3BocTBa Meau: yued. moco0./ E.W. Enucees [u

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