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IHosicHuTEIbLHAA 3aIIHCKA

COOpHMK METOAMYECKHX yKa3aHWW Ui BBIIOJIHEHHUS HpakTudyeckux pabdor mo MJKO1.01
«Metamryprusi I1BETHBIX METAJUIOB» COACPXKHUT HEOOXOJHUMBbIE TEOPETUYECKUE CBEACHUA U
IIPaKTUYECKHE  3aJaHusl, I[peJHa3HAueHHble I  CTYAEGHTOB  chneuuanbHoctu  22.02.02
MerTannyprust LIBETHBIX METAJIJIOB.

MJKO1.01«Metammyprust 1UBETHbIX MeTayioBy» sBisieTcss 4dactbio [IM.Ol«IlonroroBka u
BEJIEHUE TEXHOJOTHYECKOTr0 Mpolecca MPOU3BOICTBA IIBETHBIX METAJUIOB U CILJIABOBY» M U3Y4aeTcs B
TeyeHue ogHoro cemectpa. B xone mzyuenus M/IKO01.01 paccmarpuBaroTcsi cieayromniye BOMPOCHL:
(U3UKO-XMMHYECKHE CBOWCTBAa METAJUIOB, TEOPETUYECKUE OCHOBBI MPOLIECCOB, CHIPhE U MAaTepHabl,
UCTOJb3yeMble B TpOLIECCe MPOU3BOJACTBA, TPEOOBAHUS K HHUM, KOHCTPYKIMH OCHOBHOI'O
000pyI0BaHus, BEIEHUE MPOLIECCOB IPOU3BOCTBA, TEXHUKO- IKOHOMUYECKHE TTOKA3aTENIN MPOIIECCOB
MIPOU3BOJICTBA, FKOJIOTHYECKHE TPEOOBaHMS K polieccaM IMPOU3BOACTBA.

Ha nzyuenne MJIKO1.01 orBogutcst 1149acoB, u3 HuX 52 4aca Ha MPaKTUYECKUE pabOTHI.

Kaxcz[aﬂ IMPpAaKTHYICCKasA pa60Ta COACPIKUT, TCOPCTUUCCKHUEC  CBCIACHUI, KOHTPOJIBHBIC
BOIIPOCHLITPAKTUYCCKOC 3aIaHUC.

Ilenp MeTOOMYECKMX YyKa3aHUH — IPEAOCTaBIICHUE HeoOXoauMoW MHpOpMaLUU IS
BBITIOJIHEHUST TipakTHdeckux pador mo MJIK 01.01, B Xoze KOTOpBIX OOydYaromIMecs 3aKperuisioT
MOJTyYCHHbIE 3HAHUS W TNPHOOpPETaloT HEOOXOOUMBbIE YMEHHWs, HalpaBleHHble Ha (HOPMHUpPOBAHHE
npodeccrnoHaNTbHBIX KOMIETEHIIUH.



IIpakTnueckas padora Nel
Tema: M3yuenne GpuU3nuecKUX 1 XUMUYECKUX CBOICTB IIBETHBIX METAJIIOB.
Heanb padoTbi: HayuuThes 1aBaTh OLIEHKY IIBETHBIM METAJIaM 10 UX CBOMCTBaM.
Teopernueckue cBeeHust
CaoiicTBa meau

Menp COBMECTHO C HHUKEJIEM, CBHHIIOM, LIMHKOM M OJIOBOM OOpa3yeT TIpyHIy OCHOBHBIX
TSOKEJIBIX LBETHBIX MeETaIoB. M3 3TON TpyNIbl TOJNBKO HMKENb SBIAETCA "MOJIOABIM~ METAJIOM,
MIPOMBIIIJIEHHOE TPOU3BOJCTBO KOTOpPOro Haudajaoch juiib B KoHUEe XIX B. OcranbHble MeETallbl
STOW TpyHmbl, BKIKOYas MEIb, CIyKaT YEJOBEKY Ha MPOTSKEHUH MOYTH BCEW HCTOPUHU Pa3BUTHUS
YeJI0OBEUECKOro O0IecTBa. 3HAYeHUE MEAHW A COBPEMEHHOIO OOLIECTBA TPYAHO MEPEOLCHUTD.

B mnepuonuueckoit cucreme snemeHToB J[.M.MenneneeBa Menp pacnosiokeHa B [ rpymme
4-ro mepuoja, NopsAKOBbIM Homep ee 29. Kak sneMeHT mepBOW TIpyImbl Melb OJHOBAJIECHTHA.
B »TOM cocrosHMM oOHa HauOojee IIMPOKO TMpeJCTaBleHa B PYIHBIX MHHepajiax, ITelHax,
nUlakax M APYrux MPOAYKTax MUPOMETALTYpruu. B mpoaykTax uMX OKHCICHHS B HpPUPOAEC U B
TEXHOJIOTHUECKUX Mpolieccax Oosiee yCTOHUMBBIM SIBISIETCS JIBYXBAJIEHTHOE COCTOSHUE.

[Ipn Temneparype muaBnenus (1084,5 °C) npaBneHue mnDapoB MeOUM OYEHb Majo H
cocraiseT 1,596 Ila. [IpakTruecku HEAETYUUMHU SBIISIOTCS OKCUIBI U CYIb(UIBI MEAA.

Menp - MArKui, BSI3KUM M KOBKMH MeTajl KpacHoOro nsera. OHa JIETKO MPOKAaThIBAETCS B
TOHKHME JIMCTBl M BBITSATUBAETCSI B NPOBOJNOKY. [lo 3I€KTpONpOBOAHOCTH MeAb YCTYHAeT TOJIBKO
cepebpy. Baxneiimue cBoiicTBa Meu MPUBEICHBI B TAOIHIIE.

B XuMuueckoM OTHOLIEHMM MeJb MAaJOaKTUBHBIA MeTalll, XOTS OHa B OIpPEJeICHHBIX
YCIOBHUAX MOXET HEMOCPEACTBEHHO COCIUHATBCS C  KHCIOPOJOM, CEpOoi, rajJoreHaMu MU
HEKOTOPBIMH JPYTMMH 3JIEMEHTAMHU.

[Ipu o0ObIUHON TemmepaType CyXOl BO3AyX M Biara B OTACIBHOCTH HE JEHCTBYIOT Ha
MeIb, HO BO BJaXHOM Bo3ayxe, cojepxauiemM CO2, MeAb OKUCISAETCS U IOKPHIBAETCS 3€JIEHOM
menkor ocHoBHoro kapOonata (CuC03-Cu(OH)2), siBnsromerocsi siiOBUTHIM BEIIECTBOM.

B psny nanpsbkenuin meap Oosiee dJEKTPONONOKHUTENbHA, YeM Bomopoa. [losTomy B
pacTBOpax TaKMX KHCJIOT, Kak COJiiHas M CepHas, B OTCYTCTBHE OKUCIUTENs MeIb He
pactBopsercs. B kucinoTtax, OJHOBPEMEHHO SIBIISIOLIMXCS OKUCIUTENSAMU (HAampuUMep, a30THAs WM
ropsiuasi KOHIEHTPUPOBAHHAs CEpHas KHUCIIOTa), MeAb pacTBopsieTcs Jierko.B mpucyrcrBum
KHCIIOpOZla W IIpU HarpeBe MeIb XOpoumlo pacTtBopsieTcss B ammuake.llpu Temmeparypax
KpacHOTo KaJieHUusi Mellb OKwucisiercs, oopaszys CuO.

[Ipu Temmnepatypax Bbime 800°C ob6pasyercs Cu20 . Ilpu nHarpee CuO paznaraercss 1o
peakuuu:

4Cu0O0 —2Cu 20 + O2

O6a okcuma MeaHW JIETKO BOCCTAHABIMBAIOTCS TpH TemrepaTypax okono 450 °Cu manou
KOHIIEHTPALIUU BOCCTAHOBUTEIIS.

C cepoit Mmenp obOpaszyer nBa cynbduaa: cepHuctyro (CuS) u mnomycepructyio (CuzS)
Menp. CepHucras meap npu temmeparypax Bbiiie 400- 450°C pasnaraercs Ha IOJYyCEPHUCTYIO
MeJIb U DJIEMEHTAPHYIO CEPY:

4CuS — 2Cu2S + So.



Takum  o0pa3oM, B NHPOMETALTYPrHYECKHUX Tpoleccax, HUAYIMIHUX TPH  BBICOKUX
TEMIIepaTypax,u3 OKCHIOB M CYJIb(QHIOB (AKTUUYECKH MOTYT cyuiecTBoBarh Toibko CmO u
CuzS, B KOTOpBIX MeIb OJHOBaJeHTHa.Menp U ee Cynab(u] SBISIOTCS XOPOLIUMHU KOJUIEKTOpaMu
(pacTBOpHTEeNSIMH) 30JI0Ta M cepedpa, dYTO JelaeT BO3MOXKHBIM HMX BBICOKOE IOITyTHOE
U3BJICYEHUE IPU NPOU3BOJICTBE MEH.

Kpome OmaropofHbIX MeTasIoOB MeAb CIOCOOHA CIUIABJISATBCA CO MHOTMMM —MeTalllaMH.
HauGonee wu3BeCTHBIMU cCIJJaBAaMM Ha MEJHOM OCHOBE SIBISIOTCS OpOH3BI, JATYHH, MEIbXHOD,
Hel3wIb0ep U KOHCTAHTaH.

OmnucaHHble XapaKTepHBIE CBOMCTBA MeAM OOYCIIOBIMBAIOT MHOTOYHCICHHBIE OO0JIACTH ee
npuMeHeHns. OCHOBHBIMU MOTPEOUTEISIMA ME/IU U €€ COSAMHEHUH SABIISIOTCS:

1) PMEeKTPOTEXHUKA M DJIEKTPOHUKA (MPOBOMAA, KaOenu, OOMOTKH 3JIEKTPOJBUTATENCH,

TOKOTIOJIBOJISAIINE IIWHBI, NETATH PaTUOIIEKTPOHHBIX MPHUOOPOB, (oibra s MeYaTHBIX

CXEM | JIp.);

2) MalIMHOCTPOCHHUE (TEMII000OMEHHUKH, ONTPECHUTEHHBIC YCTAHOBKH U JIP.);

3) TpaHcmopT (meTaJu M Y3Jbl JKEJIe3HOAOPOXKHBIX BaroHOB, aBTOMOOWJIEH, CaMOJIETOB,

MOPCKHUX U PEUHBIX CYZ0B, TPAKTOPOB U T.1.);

4) cTpouTenbHblE MaTepuaibl (KPOBEIbHBIE JIUCTHI, AECTAIU JEKOPATUBHBIX apXUTEK-

TYPHBIX YKpallleHUH);

5) XxuMHYecKasi IPOMBIIIIEHHOCTh (MPOU3BOJICTBO COJIEH, KPACOK, KaTalu3aToOpPOB);

6) u3nenus U NpuOOPHl OBITOBOTO HAa3HAYEHHUS (IAETaJIM YacoB, MOCY/Aa, CKOOSHBIC W3-

Jenusi, JeTald XOJIOAWIBHUKOB, CTHPAJbHBIX MAalIMH M OBITOBBIX 3JIEKTPOIPHOOPOB,

JIEKOpaTUBHBIEC U3JENIUS U YKPALIEHUS U JIp.);

7) cenbCcKoe X03HUCTBO (SIOXUMHUKATBl — MEAHBIM KyHopoc).

KonnuectBo moTpebiasieMoil Meau OTHAENbHBIMU O0JacTMU TEXHUKH 3aBUCUT OT YPOBHS
COLMAJIbHO-I)KOHOMHUYECKOTO Pa3BUTHS OTIENbHBIX CTpaH. B MPOMBIIUIEHHO pPa3BUTBIX CTpaHax
no 45..55 % oOmero mpoOW3BOACTBA MEOM  PACXOAYETCs Ha HYXKABI SJCKTPOTEXHUKH U
anektponuku.Hanbonee kpymueiMu npousBomutensmu menau spisitorcss CHIA, SAnonus, Ywnnwm,
3ambus, bensrusa, ®PI' u Kanama. OcHOBHBIMM TOTPEOMTENSIMH MEIU JIO CErO0 BPEMEHH
OCTaloTCA TPOMBIIUIEHHO pa3BUThle cTpaHbl. OJgHaKo, B TOCIEAHHE TOJbl BCE B OOJbIIEH
CTENIEHU NPOSBIAETCS TEHJEHIMs YBEIMUYCHHs JOJIM MOTpeOisieMoil Menu B pa3BHUBAIOLIMXCS
CTpaHax.

Tabnuua
Meramn | ATom- | AToM- o o d dun 104
o tl‘[J‘l C tKI/ll'I C 20, i p ’

HBIH Has ’ ) Kr/M3 Ko/ OM-M

HOMEp macca
Mens 29 63,546 | 1084,5 | 2540 8940 8000 1,78
Huxens | 28 58,70 | 1455 2900 8900 7900 11,8
Csuner | 82 207,2 | 327,4 | 1745 11340 10680 20,8
Iunk 30 65,38 | 419,5 | 906 7340 6570 6,1
[Ipumeuanne: d20 U dix — twotHOCTh TpH 20°C M OPH IJIABJICHHHA COOTBETCTBEHHO,P -

yAeIbHOE AeKTpoconporusiaeHue npul8°C.
ITopsinok BbINOJIHEHHS PadOTHI

l. N3y4nTh TEOPETUUECKUE CBEICHUS.



2. IInceMeHHO OTBETUTH HA KOHTPOJIBHBIC BOIIPOCHI.
3. OdopMuTh OTYET.

KOHTpOJIbeIe BOIIPOCHI.

l. Temnepatypa niaBiaeHUs MEIH.

2. TemnepaTypa niaBIeHUs] HUKEIS.

3. TeMneparypa rjaaBjiIeHUs1 CBUHIIA U LIMHKA.

4. TeMneparypa KUNICHHUS] MU Y HUKETIS.

5. [ImoTHOCTH MeaM U cBUHIIA TP Temiiepatype 20°C.

6. [110THOCTH CBHMHIIA U HUKEJS MIPU TeMIIepaType MIaBICHHUS.

7. DJEKTPO CONMPOTUBICHUE MEIU U CBUHIIA.

8. OcHOBHBIE IOTPEOUTETH MEH.

9. Kakue coequnenus ¢ cepoit oopasyer Mmean?

10. [Tpu kakoit TeMIiepaType moxyJaercs cepa u cyibduaa cepoi?

11.  Ilpu xakoii Temneparype noayuaercsi coequHenneCu20?

12. Kak Bemer cebss meap Bo BiaxkHoW cpenenpu Hamumumu CQO2, m Kakoe oOpasyercs
coenuHenue?

Pexomenayemas iureparypa

1.PacueTsl METAITYpTHYECKUX MPOIIECCOB MPOM3BOACTBA Meau: yueb. moco6./ E.W. EnuceeB [u
ap.]. — YenssOunck: U3parensckuit nentp HOYpl'Y, 2012

2.Y1kun, H.U. IIpon3BoACTBO LIBETHBIX METALIOB. — 2-€ u31.- M.: «HTepMeT MHXKUHUPUHT»
2004. — 438 c.



IIpakTueckas padora Ne2
Tema: Bbibop ChIphEBBIX MAaTEpHUAIOB HA OCHOBE MX CBOICTB, X pacyer.

Heab padorbl: HayunTbest mpou3BOAUTH NOA00P CHIPhS IS MPOU3BOACTBA IIBETHBIX METAJLIOB,
HAYUYUTHCS ONPEAEIATh KOJIUYECTBO KOMITIOHEHTOB BXOSIIUX B COCTaB ChIPhS

TeopeTnyeckue cBeeHust

K LIepHI)IM METalJiIaM OTHOCATCA XKCJIC30 U €r0 CIIJIaBHI, MapraHeu nu XpOM, HpOH?;BOI[CTBO
KOTOPBIX TECHO CBS3aHO C METAJUTypPTHeW YyryHa W CTaid. Bce oCTallbHBbIE METalIbl OTHOCSITCS
K IBETHbIM. Ha3BaHue "IBETHbIE METAJIBI” JOBOJBHO YCJIOBHO, TaK KakK (DaKTHYECKH TOJIBKO
30JI0TO W MeIb HUMEIOT SPKO BBIPAKEHHYIO OKpacKy. Bce ocTanmpHble MeTaibl, BKJIIOYAs
YepHbIe, UMEIOT CEphIi I[BET C PA3NUYHBIMU OTTEHKAMHU — OT CBETIIOCEPOTO JI0 TEMHO-CEPOTO.

HBCTHLIC METAJJIbI YCJIOBHO JI€JIAT HA MATH I'PYIIIN:

1. OCHOBHBIE TSKEJIbIE METAJIBI: MEIb, HUKENb, CBHUHEI, IHMHK W OJOBO. OTH METaJUIbI
SBIIAIOTCA HambOosee BaXXHBIMU CpPEOU LIBETHBIX METAIJIOB [0 CBOEMY 3HAYEHUI0 H 00BeMY
MIPOU3BOJICTBA.

2. Masble TsKeNble METaUIbl: BHUCMYT, MBIIIBSAK, CypbMa, KaJAMWW, PTYyThb U KoOanbT.OHU
SBIIAIOTCST TPUPOJHBIMU CIIyTHUKAMU OCHOBHBIX TSDKENBIX MeTauioB. OOBIYHO UX IMOIYyYaroT
MOMYTHO, HO MPOU3BOJIAT B 3HAYUTEIILHO MEHBIIIUX KOJIMYECTBAX.

3. Jlerkue MeTasyuIbl: aMOMUHUN, MarHui, TUTaH, HaTpUW, Kaiud, Oapuii, KaubIui,
CTpOHIMI. MeTannel 3TOW TIpynmnbl HUMEIOT CaMyl0 HHU3KYH0 IUIOTHOCTh (YAENbHYIO Maccy) Mo
CPaBHEHUIO C IPYTUMHU METAJUIAMH.

4. bnaropoaHble METaJUIBI: 30JI0TO, cepedpo, IJIaTHHA W TUTATHHOWIHLI (TaJUTaguil, poauid,
pyTeHUH, OCMHH W UPHAMI). OTH MeTaulbl 00JaJal0T BBICOKOHW CTOHWKOCTBIO K BO3JICHCTBHUIO
OKPY’KaloIlle Cpe/ibl U arpeCCUBHBIX CPEI.

5. Penkue meTaiibsl noapa3aessitoTes Ha CASAYOMNE MOATPYIIIbL:

a) TYroIUIaBKHE METaJUTbl, BOJb(paM, MOTUOIEH, TaHTAJ, HHOOWH, IUPKOHUN W BaHAIWN;

0) Jerkue peKue MeTauIbl: JUTUH, OepUILIUi, pyOuIuil u 1e3uni;

B) pacCesHHbIE METaJUlbl: TaJUMA, WHIWN, TaJIUH, TepMaHWi, TadHMii, peHUl, CcelieH u
TEJUTYD;

') peIKO3eMeNbHbIC METAJUIbI; CKAaHANM, UTTPUH, JIAHTAH U JJTAHTAHOUIBI;

1) paAMOAKTUBHbIE METAJUIbL: paAUii, ypaH, TOpUH, aKTUHUH M TPAHCYPAHOBBIE AJIEMEHTHI.

[Io Buay mNpUCYTCTBYIOUIMX METAUICOACPKAIIUX MHUHEPAJIOB pPyAbl LBETHBIX METAIUIOB
JIEJIAT Ha CJIEAYIOINE OCHOBHBIE IPYIIIIBI:

1) cynbduanble, comepikaiiye MeTauibl B (opMe COEAMHEHHH C cepoil - CyIb(pHIOB.

K Takum pygam B OCHOBHOM OTHOCSATCS MEIHBIC, MEIHO-LIMHKOBBIC, MEIHO-MOJINO/ICHOBEIC,
METHO-HUKEJIEBBIE U CBUHI[OBO-IIUHKOBBIE (TIOJIMMETAIUIMUECKUE) PYIbI;

2)  OKHCIEHHBle, B  KOTOPBIX  METalIbl  coneparcai B  (QopMe  pasIUYHBIX
KHUCJIOPOAOCOAEPKAUX COEAUHEHUI: OKCHAOB, KapOOHATOB, TUAPOKCHIOB U T.1. IIpumepom
TaKUX Py~  CIy’KaT  aIIOMHUHUEBBIC, OKHCICHHBIC  HHKCIEBBIC,  OJIOBSHHBIC, HEKOTOpBIC
Pa3HOBUIAHOCTH MEIHBIX PYL;

3) camopojaHble, coJepXKallie MeTaulbl B CBOOOAHOM (METaNIM4€CKOM) COCTOSHUM.

8



B caMopomHOM COCTOSHMM B NpPUPOAE BCTPEUAIOTCS 30JI0TO, cepedpo, Meap, IUIaTHHA,
BUCMYT U PTYTb;

4) cpenaHHbIE, B KOTOPBIX METAJUTBI MOTYT OJHOBPEMEHHO MPHUCYTCTBOBATH B CYIb(MUIHON
U OKHCIEHHOW (opMax, a MHOTZa U B CaMOpPOJHOM COCTOSIHUU (MEIHBIE PYAbl);

5) xnopuaHble, coAeprKale MeTauibl B (opMe coieil XJIOpHUCTOBOAOPOJAHONW KHCIOTHI. M3
TaKUX PyH, B YaCTHOCTH, M3BJICKAIOT MAarHui, a TaKxKe pAJN APYTUX JETKHX M PEIKHX METAJIJIOB.

Cynbpuansle pyasl IO XapakTepy MMHEpajau3alMM JesITcs, B CBOIO OdYepeab, Ha
CIUIOIIHBIE, COCTOSIIIME T[IOYTH TMOJIHOCTBIO U3 CYJIb(QHUIOB, W BKpalJI€HHblE, B KOTOPBIX
CyJb(UIBI B BUAE BKIIOYCHUN pa3MEIICHbI B TyCTOW OPOJIE.

Pynbl 1IBEeTHBIX METaJUIOB BO MHOTHX CIy4asX OuY€Hb O€IHBIE M COJAEp)KaT Yalle BCEro
HECKOJIBKO IPOLEHTOB MW JaXe JOJIM IPOLEHTOB OCHOBHOrOo Metaiia. KoHueHTpanus
CONYTCTBYIOIIMX OCHOBHOMY METAJULy II€HHBIX 3JEMEHTOB-CIyTHUKOB OOBIYHO BO MHOTO pa3
MeHbule. OAHAKO MHOTME CONYTCTBYIOUIME OJJIEMEHTHI IO LEHHOCTH CpPaBHHMBI, a MHOTIA H
IIPEBOCXOJAT OCHOBHBIE KOMIIOHEHTBI pyJAbl, AJS M3BJICYEHUS KOTOpPBIX OHAa M JnoObiBaercs. K
YHUCIly LEHHBIX COCTABIIOIIUX CIEAYEeT OTHOCUTh M XKEJIE30, COIEP)KaHUE KOTOPOro B pyJlax
HEKOTOPBIX LBETHBIX MeTauioB MHoraa gocturaer 40..50 % (mo macce) u Goree.

PenTa0enbHbIii MUHUMYM, T.€. TO MUHHMAaJIbHOE COJEpXKAHHWE OCHOBHOIO METajula, KOTOPOe
orpenieNsieT BO3MOXKHOCTh M 11eNIeCO00pa3sHOCTh METaUTypruyeckor mnepepaboTKu JaHHOW pyJIbL,
IIOCTOSIHHO CHMKaercd. Tak, ecaum B KoHUe XIX B. K KaTeropum MEAHBIX pyZ OTHOCWIM TOPHBIE
opoAbl C cojiepxkaHueM Menu He wMeHee 1,5%, To celiyac 3Ta BelIMYMHA CHU3WIACH IO
0,4...0,5 %.

PacnipocTpaHeHHOCTh B 3€MHOM KOp€ HEKOTOPBIX METAJUIOB XapaKTEPU3YETCsS CIIECLYIOIIUMU
JIaHHBIMH, %!

Amtomunuit .....8,05 Boasdpam ......... 7107
Keneso ... 4,65 MonubOneH ......... 1103
Kanpuuii ........ 2,96 CsuHer ................. 8«10
Hatpuii ............ 2,50 ONOBO ............. .... 610"
Kamuif ............ 2,50 VpaH ....ccoeeen. ... 510
Marsuii ............ 1,87 CENCH oeveeeeennn ... 8¢107
TUTAH ..o 0,45 TlnatuHa ............ 2107
Memb....cccovvenn. 0,01 Cepebpo................. 4410
HUHK ...oooe.. 0,02 3070TO .....ccov....... 5107
Hukenb ........... 0,018 PeHHUH ....c.......... 1+107

[ToMumMO pyIHBIX UCTOYHUKOB JJIsS TOJNYYCHUS MHOTHUX IIBETHBIX METAJUIOB (QJFOMUHUS,
MeJH, IUHKA, CBHMHIIA, OJAaropoHBIX W psla JPYTHX METaUIOB) HCIOJB3YIOT BTOpPHYHOE ChIpbe.K
BTOPUYHOMY CBIPBIO OTHOCSAT OTXOJbI METAI0O00pa0aTHIBAIOIICH MPOMBIIUICHHOCTH, OpaKOBAHHBIC
Y OTCIY)KUBIIUE CBOW CPOK METAJUTMYECKHC ACTAUM W WM3ACIUSA, PA3INIHBIA METATUYCCKHUH JIOM,
OBITOBOM YTHUJIb U T.JI.

B HauOonmpmMx KOJNMYECTBaX B HACTOSIIEE BpPEMSI M3 BTOPUYHOTO CHIPhS TMPOU3BOMIST
QIIOMUHUN W OCHOBHBIC TSDKEJbIC IIBETHBIC METaUTbl. Tak, JOJIS BTOPHYHBIX AJTFOMHHUS, MEIH,
CBUHIIA, LIMHKAa W OJIOBa B 00IIeM OajaHCce MPOU3BOACTBA COCTaBISAET COOTBETCTBEHHO 20... 25,
30... 40, 35...50, 25...30 u 20... 25 %. HckmountensHO OOJBIIOE 3HAYCHHUE ISl COBPEMEHHOU
9KOHOMHKH HWMEET IMPOM3BOJICTBO BTOPHUYHBIX APArOlEHHBIX METAJIIOB.



BoBiieueHne BTOPUYHOTO CHIPbS B LUK METAJUIyPrHYECKOrO IPOU3BOJICTBA MO3BOJISET
HSKOHOMHEE pacxo/0BaTh NPUPOAHBIE PYAHBIE PECYpCHI, IMOMydYaThb METaUIbl Oojiee NMPOCTHIMU U
JIETEBBIMA METAJLUTYPTUIECKHUMH TIPUEMaMH, JIOTIOJHUTENIFHO YBEIUYHUBATH BBHIITYCK METAILTHYECKON
MIPOTYKITUH.

B nmnepcrexkTtuBe BTOPUYHOE CBHIPbE JIOJDKHO CTaThb OCHOBHBIM HMCTOYHHKOM TOJY4YEHUS
HEKOTOPBIX IIBETHBIX METAJJIOB, a 3a CYEeT NepepaboTKU PYAHOTO ChIpbs OyleT MOKPHIBATHCS
auib AegumuT O6anaHca MeXAy NOoTpeOJeHHeM W MPOM3BOACTBOM JIaHHOTO MeTaia.

[[BeTHass MeTammyprus SBISETCS OJHOM M3 Hambojee MaTepUATOEMKHUX, a TaKXKe TOIUIHBO-
U DHEProeMKUX OTpacield MPOMBIIUICHHOCTH. B ce0ecTOMMOCTH TPONYKIMH B CpPEIHEM IO
[BETHOM METaJNIypruy 3aTpaThl Ha CHIPbE, OCHOBHBIE U BCIOMOTaTENbHBIC MaTepHaJIbl
cocTaBisitoT ~ 6 1... 62%, Ha TormmBOo u 3Hepruto ~ 11... 12%. Takum oOpa3om, Ha 10O
ATUX CTaTe ce0eCTOMMOCTH MPUXOAUTCs ~ 75 % oOIux 3aTpar.

HaubGonee  maTepuasoeMKUMH  MOJOTPACiHsIMH  LBETHOM  METAIIypruM  SIBJISIOTCS
TBepao-cmaBHas (~ 80 % ot obmux 3arpat), meaHas (~ 70 %) u cBUHLIOBO-LIMHKOBas (~ 64 %),
a camolt sHeproemkoir — amomuHueBas (~ 40 %).Ilo 3Toif mpuuMHE KadyecTBEHHas IOATOTOBKA
HUCXOJHOTO CBIPbsl K METaJUIypru4eckoil mepepaboTKe OKas3blBaeT pelIalolee BIMSHHE Ha
KOHEUYHBIE TEXHHMKO-3KOHOMUYECKHE MOKa3aTeIl METaJLTypruuecKoro rnepeaena.

B Meramtypruueckyro mepepaboTKy, Kak NpaBWiIO, IOCTyMaeT HE OJWH KOHKPETHBIH
METaJUICO/ICpP)KAIIMK  MaTephall, a CMeCh pa3HBIX COPTOB PYIHOTO CBIpbs ¢ (miocamu
oboporamu. Cmech TOCTYNUBIIMX B TepepadOTKy MarepuanoB (0e3 ToIUIMBa) Ha3bIBACTCS
HIUXTOM.

OO6mue TpeOboBaHUA K KayeCTBY METALTYPTMUYECKHUX HIMXT CBOJATCS K CIEAYIOLIEMY:

1) MOCTOSTHCTBO XMMHYECKOT'O COCTABA;

2) OOHOPOIHOCTh MO XHUMHUYECKOMY, MHMHEPAIOTMYECKOMY U TPaHyJIOMETPUUECKOMY
COCTaBaM;

3) onTuManbHast KpyIHOCTh KOMIIOHEHTOB ILIHXTHI;

4) onTUMalbHasl BIAKHOCTb.

Paznuuator nBe TpyNmbl TOATOTOBUTEIBHBIX OINEpAalUi: MEXaHHYECKYI0D U XUMHUYECKYIO
MOJITOTOBKY.

K MexaHndeckol IIOATOTOBKE OTHOCSTCS:

1) cknaaupoBaHKe U XpaHEHHUE IIUXTOBBIX MaTepUasoB;

2) npoOneHue ¥ U3MENbYCHHE HCXOJIHBIX MarepuanoB (pyd, (IIOCOB, KyCKOBBIX
000pOTOB);

3) copTUpOBKa MaTEPHUAJIOB 110 KPYITHOCTH;

4) 00e3BOXKHMBAaHME HCXOAHBIX MAaTEpUAIOB CryIIEHHEM, (UIBTPOBAHHEM U  CYLIKOU
(nHOT 1A, HAOOOPOT, YBIIAXKHEHUE);

5) OKyCKOBaHHE MEJIKUX MaTepHUaoB (KOHLIEHTPATOB, Py IHON MEIoUn);

6) IPUTOTOBJIEHUE INXTHI yTEM CMEUIMBAHUS €€ KOMIIOHEHTOB.

XuMuYecKkasi TOATOTOBKA CBOAMTCS K OOXWUIY WIM arjioMepanuu (CIeKaHUI0) MCXOJHBIX
PYIHBIX MaTepUajoB.

HeobxonuMocTh B psijie ciiydaeB MpeABapUTEIBHOIO OKYCKOBaHUS (YKPYIHEHUS) MCXOMHBIX
CBIPbEBBIX MAaTEpHaJOB OOYCIOBJICHA TEM, YTO Ha METAJUIyprHUECKUe MPEINpUsATHs B HACTOsIIEe
BpeMsi B OCHOBHOM IIOCTYHAalOT TOHKOWM3MEJIbUEHHBIE KOHLEHTpaThl. Kpome Toro, mpu
HETIOCPEICTBEHHOW TepepadoTKe pyA NPUXOAMTCA HMETh JEJI0 CO 3HAYUTEIBHBIM KOJIUYECTBOM
MEJOYM WM MaJod TPOYHOCThIO caMuX pya. l[lupomeramurypruueckass mepepadoTKa MEIKUX
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MaTepHuaaoB JIMOO HEBO3MOXHA IO YCJIOBUSM TEXHOJOTHH (HApUMeEp, B IMIAXTHBIX Ie4ax), JHOO
COMPOBOXKAAETCS OONBIIMM MBUIEBBIHOCOM, YTO ¥ BBI3BIBAET HEOOXOAMMOCTh UX YKPYITHCHHS.
OKyCKOBBIBaHUE MEJIKUX MAaTEPHATIOB OCYIIECTBISIOT METOJaMHU OKaThIBaHUS, OPUKETUPOBAHUS,
arJioMepanuu (CrieKaHus) UJu KOMOWHAIIMENH STUX METOIOB.

CrpIpbe 1151 OJy4eHUsI Mean

HcTouyHukaMy THOJy4YeHUS MeNU SIBISIOTCS PyAbl, MPOAYKTHI WX OOOTalleHHUs KOHIIEHTPAaTh
U BTOpUYHOE Chipbe. Ha 10710 BTOpUYHOTO CHIpbsl B HacTosiee Bpemsi mpuxomutcs ~ 40% ot
00IIero BBIMTYCKa MEJIH.

Mennble  pynbl  MPaKTUUYECKHM  TMOJHOCTBIO ~ OTHOCSTCS K MOJMMETANIMYECKHUM.
MoHoMeTalIMYecKuX pyJl MeOu B Mpupoje HeT. L[eHHbIMU CIyTHUKaMH MEAH B PYJHOM ChIpbE
sBisitorcss ~ 30 snemeHTOB. BakHeilmne W3 HHUX: [MHK, CBUHEI, HHKEIb, KOOAIbT, 30JI0TO,
cepeOpo, MeTaulbl IUIATUHOBOW TPYIIIBI, cepa, CEJCH, TeILTyp,KaaMUi, TepMaHUi, peHUH, WHIUH,
TaJUIMH, MOJTUOIEH, JKeae30.

B Tex cmywasx, xorga MeaecoiepiKaliue pyIbl COJAEp)KaT 3aMETHbIE KOJIWYECTBA JPYrHX
METaJJIOB-CIIyTHUKOB, COU3MEpPUMBIE C COJEp)KAaHUEM MEAH, HX COOTBETCTBEHHO HAa3bIBAIOT
MEJTHO-HUKEJIEBBIMU, MEAHO-IITHHKOBBIMU U T.]I.

B MemHOM TIpOM3BOACTBE HWCMONB3YIOT BCE THMBI PYH: Cylb(GUIHBIC (CIUIOUIHBIE U
BKpAIUICHHbIE), OKHUCJICHHbIC, CMEIIAHHbIE M caMopoiHbie. OJIHAKO OCHOBHBIM MEIHBIM ChIPEM
SIBJISIIOTCS  CYJb(DHIHBIE BKPATUICHHUKH, 3amachl KOTOPBIX B HEApax SABISIIOTCA HauOonbmmmu. U3
Cynb(MUIHBIX PyJ B HacTosimee Bpems BBIUIABIIOT 85..90 % Bcel mepBuyHOM Mean.M3BEeCTHO
Ooomee 250 MemHBIX MHUHEPAIOB. bBONBIIMHCTBO W3 HHUX BCTpedaercs penako. Hawmbombinee
MPOMBIIIJICHHOE 3HAY€HWe JJIs MPOM3BOJACTBA MEAM HMEeT HeOoJbllas Trpylna MHUHEPAJoB,
coJleprKalInuX Meb B KOIUYeCcTBe, %:

XanbKOMUPUT CUFeS3,.......cooviiiiiiiiiiiiiiicicee 34,5
KoBeIITHH CUS....oiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee, 66,4
XambKO3HH CU2S oo, 79,8
BopHUT CusFeS4 .......cooviiiiiiiiiiiice 63,3
Manaxutr CuCOs, CH(OH)2 ..covveiiiiiiiiiiiiiciec 57,4
AzyputCuCOs3, 2Cu(OH)az.....cccvevvieiiiiiiniciecicene, 55,1
KynmpUTCUO........oviiiiiiieeeeeeee e 88,8
Xpu3okomnaCuSiOs-2H20 ..o, 36,2
Camopoanast mens Cu, Au, Ag, Fe, Biu mp. ...... o 100 %

B coBpemeHHO#l mpakTHke OOBIMHO paspabaThiBaloT pynsl ¢ coxaepxkanuem 0,8 ...1,5 % Cu,
a wmHorma W Bbime. OIHAKO JUIS KPYHMHBIXMECTOPOXKIEHUH BKPAIUICHHBIX Py MHHHUMAaIbHOE
coJiep’KaHue MeIN, IPUTOTHOE JUIsl pa3pabOTKU B COBPEMEHHBIX YyCIOBUsX, cocraBiseT 0,4 ... 0,5 %.

XalpKOMUPUT, KOBEUIMH, OOPHUT ¥ NHPHUT OTHOCATCS K TaK HA3bIBAEMBIM BBICIINM
cynbpumam. OHHM  comepkaT  HM30BITOK  CEphl  CBEPXCTEXHMOMETPUYECKOTO  COAEpKaHWA,
COOTBETCTBYIOLIETO BaJICHTHBIM COOTHOIIEHHsM. [Ipum HarpeBe BBICIIME CYIb()UIBI JUCCOUUHPYIOT
c obpazoBanneM Hu3mUxXx (Cu2S u FeS) u BblieneHueM mapoB 3yeMEHTapHOM cepbl. Tak, MUPUT
TepMUYecKH pasnaraercs no peakuun FeS: —FeS + 1/2S2, uto coorBerctByeT 50 %-HOMY
yAAJIeHUIO CephI B Ta30BYIO (asy.

B 1uBeTHON MeTaluTypruu CTemeHb ([JOJs) yNaJIEHUs Cepbl B TEXHOJOTHUECKUX TpoIieccax
HA3bIBACTCS CTENICHBIO JIECYIb(YpPH3aLINH.
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Kpome pynHbIX MHHEpaJOB B MEIHBIX pPYyAax COIEPKHUTCA IyCcTas MOpoja B BHUJE
KpEeMHE3eMa, TJIMHO3eMa, KaJbIUTa, pa3jIMyHBIX CHJIMKATOB M Jp. B mpakTuke MeaHOro
MIPOU3BOJICTBA BCTPEYAIOTCS KUCIBIE PYIbI, B IYCTOW IOpPOJAE KOTOPBIX MpeolIamacT KpeMHE3eM
Si02, ¥ OCHOBHBIE pYyIBbI CO 3HAYUTEIHHBIMH KOJIMYECTBAMHU H3BECTHSKA M JIPYTUX MUHEPAJIOB.

BcenenctBue HU3KOro copep)kaHust MO M KOMIUIEKCHOTO XapakTepa pyA B OOJNBIIMHCTBE
Clly4yaeB HEMOCPEACTBEHHAas MeTalllyprudyeckas nepepadoTka UX HEBBIFOJHA, IO3TOMY OHH
MPEJBAPUTENIEHO TOJBEpraoTcs (GIOTallMOHHOMY 00O0TaIlEHHIO.

[Ipn oOorameHMH MEAHBIX pPYA OCHOBHBIM IPOIYKTOM SIBJISIOTCS ME/IHbIE KOHIIEHTpPATHI,
cogepxame 10 55 % Cu (wame 10 ... 30%).M3Bneyenne Meau B KOHIEHTPATHl MpH (IIOTALUU
konebsiercst ot 80mo 95 %. Kpome MeaHblx, mnpu oOorameHuH pyJa MOJIy4aroT TMHPUTHBIC
KOHIIGHTpPAaThl W  HWHOT/IAa KOHIIEHTPAThl  psiia JAPYTrUX [BETHBIX  METAUIOB (IIMHKOBBIM,
MOJMOIEHOBBIN U Jp.). OTXomaMu OOOTaIICHUS SIBISIOTCS OTBAJTBHBIE XBOCTHI.

JUis MpakTHYeCKUX Leled 3HAHMSA XMUMMYECKOIO COCTaBa 4acTo ObIBACT HEJOCTAaTOYHBIM.
Heo6xoaruMo 3HaTh BU IPUCYTCTBYIONIUX B ChIPhE MUHEPAJIOB U PACIIPECICHUE MEXKly MUHEpaTaMU
BCEX KOMIIOHEHTOB IepepadaThIBA€MOI0 ChIpbsl. 3HAHME O3THUX COCTABOB IIO3BOJIMT IPEACKA3aTh
MOBEJICHHE BCEX KOMIIOHEHTOB JAHHOTO ChIPbsl NPU METaUTypruyeckon mnepepaboTke, BbIOpaTh
Haubosiee palMOHATIBHYIO TEXHOJOTHIO M Haubojiee MPaBUIBHO BBIIOIHUTH METAJLTypPrUYeCKHUe
pacueTsl B IIETIOM.

Ipumep 1. Xumunueckuii cocras pynsl, %: 4Cu, 36Fe; 5Zn, 43,78; 75i02, 2Ca0; 2,3 — npoune.

B pyne mpucyrctByror MuHepansl: xanbkonuput (CuFeS:), muput (FeS:2), chaneput (ZnS),
kBapl (Si02) u uzBectHsk (CaCO3).

Pacuer (azoBoro cocraBa, kak W Apyrue METALTyprHuecKUe pacyeTsl, yao0Ho Bectn Ha 100
eauHuIl Macchl ucxonuoro matepuana (100r, 100kr, i 100t1). Crieqyer OTMETHTD, YTO BCE PACUETHI
MPOBOJAAT OOBIYHO IO 3aKOHAM CTEXHOMETPHH, T.€. MO XUMHUYECKUM (opmyliaM U ypaBHEHHUSIM
XUMHYECKHUX PEaKIIHid.

B nmanHOM ciyyae pacueT MOXXHO HA4YMHATH C JIIOOOTO MaTepualia, KpoMe IMUPUTA, TaK Kak
JKEJe30 CONEPXKUTCA B JBYX MaTepuajax, a ero pacmpeleleHHe MexaAy HUMH IMOKa HEU3BECTHO.
HauneMm pacuet ¢ onpeneneHus KOJIUYECTB XAIbKOTTUPUTA U COACPIKANTUXCS B HEM DJIEMEHTOB.

KonmunuecTBo Xanpkonupura onpenessieM 1Mo aTOMHBIM M MOJIEKYJISIPHBIM MaccaM KOMIIOHEHTOB,
BXOJAIIMX B cOCTaB AaHHOro MuHepaina: 63,6Cu sxogut B 183,4 CuFeS2, torna 4 xrCu B pyae BXOIAT
B x K CuFeS>:

x=(183,4-4)/63,6=11,53 «kr.

B 11,53 xr xapKonupuTa COAEPKUTCA KEJIE€3a U CEPBI:

(55,8:11,53)/183,4=3,51«kr;

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

OrnpezernsieM KOJIMUECTBO KeJe3a, CBA3aHHOTO B TUPUTE:

36-3,51=32,49kr.

KommuecTBo cepsl B mupure:

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

KonnuecTBo nupura:

32,49+37,2=69,69«kr.

KommgectBo cepsl B canepure ompenesieM M0 Pa3HOCTH MEXKIY HUCXOIHBIM COACPKAHWEM B
pylle ¥ ee CyMMapHBIM COAEpPKaHUEM B XaIbKOMUPUTE U MTUPUTE:

43,7-(37,2+4,02)=2,48«kr.

Jlns mpoBepKHM TPaBUIBHOCTU 3aJaHHBIX HCXOJHBIX JIAHHBIX OMpeneseM MoTpedHoe
KOJIMYECTBO CEPbI, TECOPETUUECCKA HEOOXOAMMOE JIJIsi CBSI3bIBAHUS MPUCYTCTBYIOIIETO B Py/€ IIMHKA B
cdanepure:

(32:5)/65,4=2,45xr.
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Teoperuueckoe cojepaHue cepbl OTIMYaeTcs OT paccuutaHHoro Ha 0,03kr, yTo cocTaBisieT
0,03 % ot 100 xr ucxonHou pyabl. Takas TOUHOCTh pacdeTa BIIOJIHE AONMyCTUMA. OTKIOHEHHE MOYKHO
OOBSICHUTH OMIMOKAMH MCXOTHOTO XUMHUYECKOTO aHaIN3a WK HETOYHOCTHIO BBIITOJIHEHHBIX PACUETOB.
[Ipu OGonpmux oTkioHeHUsX (Oomnee 2%) cinemayeT yTOYHUTh XMUMHUYECKHNW M MHUHEPAIOTHYECKHM
COCTaBHI PYy/IbI HJIK IPOBEPUTH PACUECTHI.

[[InmakooOpa3yromye OKCUIbI TpuU pacydeTe (Ha30BOro cocraBa OOBIYHO Ha DIIEMEHTHI HE
pasznararot. Toraa xonmudecTBo kpeMHe3ema B 100 Kr pyabl OyJeT YMCIEHHO PaBHO €ro MPOLEHTHOMY
COJIEP’KaHHUIO [0 XUMUYECKOMY aHaJu3y, T.€. COCTAaBUT 7 KT.

B 3akmroueHue pacuera Hy’KHO OIIPEEINTh KOJUYECTBO U3BECTHAKA U okcuaa yriepoaa (CO:z) B
HEM.

Komnuectso CO:2 B CaCO3 paBHO:

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

a xonmyectBo CaCOs:

2+1,57=3,57kr.

KonndecTBo OCTaNbHBIX COCTABISIIOMIUX PY/bI (IIPOYUX), HE OMPEACTSIEMBIX MPU XUMHUYIECKOM
aHaJIM3€e, HaXOUM I10 Pa3HOCTH

2,3-1,57=0,73«kr.

Pesynbratel npencraBieHsl B Tabmaumel.

®a30Bblil COCTAB MEIHOH PYyAbI

Taonumal
Munepassl
KomnoneHT CuFeSs FeSs 7uS nmycTas Bceero
nopoja

Cu 4 — — — 4
Fe 3,51 32,49 — — 36
Zn — — 5 — 5
S 4,02 37,20 2,48 — 43,7
Si0: - — - 7 7
CaO — — — 2 2
CO: — — — 1,57 1,57
[Ipoune — — — — 0,73
HWroro: 11,53 69,69 7,48 10,57 100

Iopsaok BbINOJIHEHHUS PA0OTHI

1. N3yunth TeopeTruuecKkue cBeACHUs

2 [TucbMEHHO OTBETUTH Ha KOHTPOJIbHBIE BOITPOCHI.

3. BrInoHUTE pacueT B COOTBETCTBUU C 33JJaHHBIM BapHaHTOM (Tabnuia).

4 OdopmuTs oTuer.

KonTposbHBIE BOPOCHI.

1.IlepeuncanTh rpynmbl HBETHBIX METAIIJIOB.

2.IlepeuncauTh TpyNnbl HIBETHBIX METAJIOB IO BUY MUHEPAJIOB.

3. Haubonee pacnpocTpaHeHHBIN METAIIT B 3¢MHOM Kope, % coneprkaHue.
4. YTto Takoe BTOPUYHOE CHIPHE JJIs1 MPOU3BOACTBA IIBETHBIX METAJIJIOB?
5. Haubonee maTepuanoeMKas MOJOTPACIb IBETHON METAJLTypPrUu.
6.Hanbomnee sHeproeMKasnogoTpacib BETHON METALTypIUH.

7. TpeboBaHUS K IIUXTaM.

8. OCHOBHOM BUJI CHIPbS IS TPOU3BOJCTBA MEIH.
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9. ConeprkaHue MeIM B pyiaX UCHOJIb3yEMBIX B IPOU3BOICTBE MEJIH.
10. Yro Takoe aucynbdypuzanus?

HpaKTI/I'leCKOC 3alaHue: OMMPCACIIUTDL KOJTMYCCTBO KOMIIOHCHTOB BXOIAIIUX B COCTAB ChIPbA

Tabmmma 2
Ba|\|:|:_.> Cu, % Fe, % n, % S, % Si0z, % CaO, % Mpoune
1 3,8 35 4,0 45,7 6 2,5 3
2 3,6 34 4,1 47,8 6 2,5 2
3 3,4 33 4,2 46,9 7 2,5 3
4 3,2 32 4,3 49 5 2,5 4
5 3,0 31 4,4 48,1 8 2,5 3
6 2,8 37 4,5 46,2 5 2,5 2
7 2,6 38 4,6 45,3 4 2,5 3
8 2,4 39 4,7 42,7 6 2,8 3
9 2,2 40 4,8 43,2 5 2,8 2
10 2,0 41 4,9 45,3 3 2,8 1
11 2,1 40 4,8 45 3,5 2,9 2
12 2,2 42 4,7 45 3,5 2,9 2
13 2,1 42 4,9 44 3,6 2,8 3
14 2,0 41 4,9 44 3,5 2,9 3,1
15 2,1 42 4,8 43 3,4 2,8 3

Pexomenayemas aureparypa

1.PacueTsl MeTAITypruyecKux MpoleccoB Mpou3BoAcTBa Meau: yued. moco6./ E.W. EnuceeB [u
ap.]. — YenssObunck: U3parensckuit nentp FOYpl'Y, 2012

2.Y1xun,H.W. [Ipon3BoACTBO IIBETHBIX METAIIOB. — 2-¢ u3ad.- M.: «HTtepmer MHXUHUPUHI»
2004. — 438 c.
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IIpakTueckas padora Ne3
Tema: TexHONIOTHYECKHE CXEMBI MCTAJUTYPIUYCCKUX IMPOLECCOB

Hean pa6orbi: OCBOMTH  TOCIEIOBATEIBHOCTh  ONEpAlldid TpPH TPOU3BOACTBE IIBETHBIX
METaJJIOB, U3YYUTh OCHOBHOE 00OpYI0OBAaHUE, UCIIOIB3YyEeMOE MPU MPOU3BOICTBE.

TeopeaneCKne CBCJICHUA

Crenenblo Aecyibdypusalii Ha3bIBalOT OTHOLIEHUE MACcChl OKHMCIEHHON Cephl K Macce Cephl B
HCXOJHOM MaTepuare.

N3BneyennemM Ha3bIBalOT OTHOIIEHHE MAcCChl KOMIIOHEHTA, COJEpXKAlIerocsi B KOHEYHOM
MPOJIYKTE K €r0 Macce B UCXOJIHOM ChIPBE.

Knunkep- creyeHHbII OCTAaTOK TOCHE BBIMIETAYUBAHUS TMPU  THAPOMETAJULYPrHUE€CKOM
IIPOU3BO/ICTBE.

Py aa ovo HMIOHAR
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HzpncuoHHS UBESTHERIX [ponzeoacTen
1 GIArOpOIHEXN METALIOE MEIHOID Ky NOpoca
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IMorpeferens [TponzsoacTen
FNCKTP OIHT ISR (hamer i

Pucynok 1 - [IpuHIunuansHas TEXHOJIOTHYECKAsE CXeMa MepepadOTKu CyIb(OHUTHOTO
MEJIECOJEPKAIIETO ChIPhSI
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1.0xucauTeabHbIH 00KUT METHBIX KOHIIEHTPATOB

OKucnuTeNnbHBIA O0XKHUI B NMUPOMETAJUTYPIMH MEAM HE sBIsAeTcs 00s3aTenbHbIM. B menHoi
MPOMBIIIICHHOCTH OH BCTPEYAeTCsl PEIKO U TPUMEHsSeTCs OOBIYHO Tepes]] IUIAaBKOW Ha INTEHH
BBICOKOCEPHHCTHIX,0€IHBIX M0 MEOU KOHILEHTpAaToB WM pyn. llpumeHeHue oOkura oIpaBaaHO
TaKKe TpU MepepaboTKe METHOTO CBHIPhS C TOBBIIICHHBIM COJCPKAHWEM IIMHKA.

Lenbr0 OKUCIUTENHFHOTO OO0XKHIra B NMUPOMETAJUTYPIHH MEAW SIBISIETCS YaCTHYHOE yJaJICHUE
cepsl M TIEPEeBOJ YacTH CyiIb(PHUIOB >Kene3aB (OpMy NUIAKYEMBIX NPH MOCIEAYIOMEH IUIaBKe
OKCHAOB. OTO BBI3BAHO CTPEMJICHHMEM MOJYYUTh TPH IUIaBKE, NPOBOAUMONH B  YCIOBHSX
HE3HAYUTEJIbHOTO OKHWCIICHHMS, IITEHHBI ¢ cojepxanuemM He menee 25...30 % Cu.

MenHas mmMXTa, [OCTYNUBINAS B  OOKUIOBBIE TII€YM, COCTOUT U3 KOHIICHTPATOB,
U3MENbYEHHBIX (DIFOCOB M 00OpPOTHOH MBLIH.

OKuCIUTENBHBIA O0XKHUI MEIHBIX KOHIEHTpaToB mpoBoiaT mpu 750 ... 900 °C. Ilpu stux
TEMIIepaTypax OKHCJICHUE CYIb()UIOB MPOXOAUT MPEUMYIIECTBEHHO € 00pa3oBaHHMEM OKCUAOB. B
o0IIeM BHJIE TIPOLIECC TOPEHHS CYITH(PHUIOB OMUCHIBACTCS yPAaBHEHHEM

2MeS +30; =2MeO + 2S0: + Q,

rae Q- TemnoBoil 3 ekt IK30TEpPMUUECKON peakLnu.

[Ipu temneparypax He OGomee 600...650 °C cTaOUIBHBIMH SBISIIOTCS CYIb(aThI:
MeS + 20; = MeSOs.

OO6pa3oBanue cynphaToB Iepe] IUIAaBKOM Ha INITEHH HEXENaTeNbHO, TaK KaK 3TO BEJAET K
CHIDKEHHUIO JIeCyb(ypU3aIiu.

Bepxuuii temmneparypubiii npegen (900 °C) orpaHuyeH TeM, 4YTO MpH OoJiee BBICOKHX
TEMIEpaTypax MOXET HauaTbCsi IUIaBICHHE OTAEIbHBIX Cydb(UIOB H HUX Haubosee
JIETKOTUIABKUX SBTEKTHUK, YTO MOXKET MPUBECTH K CHEKAHUIO MEIKUX dYacTwll IuXThl. [Ipu obxure
MOpOIIKa CIIEKaHUEe HEAOMYCTUMO.

[Iporiecc o0kHra COCTOMT M3 CIEAYIOIMIMX OCHOBHBIX AJIEMEHTAPHBIX CTaJWi: HarpeBa H
CYHUIKM [IHUXTHI, TCpMH‘-IGCKOﬁ Jucconquanmu  BBICIHIUX CyJ'H:(I)I/I,Z[OB, BOCIINIAaMCHCHUSA W T'OPCHUA
Cy.]'II)(i)I/II[OB.HaneB IIUXTOBBIX MATCPHUAIIOB COIIPOBOXKAACTCA YIAAJICHHUEM BJIal'K W MPOUCXOAUT
KakKk 3a C4YeT TCIUIoNCpeaayn OT TropsAYHUX Tras3oB, TaK U 3a CUYCT TCIUIOTHI peaKHI/Iﬁ OKHCJICHUA.
[Tocne narpeBa mmxThl 10 Temnepatypbl ~ 350 ...400°C HauyMHAIOTCS TOYTH OJHOBPEMEHHO
MPOLIECCHl AUCCOLUAIMK CYNb()UIHBIX MHHEpATIOB M WX BOCIIAMEHEHUE.

TepMuyeckoMy pasyioKEHUIO TMOJBEPraroTCsl TOJBKO BBICIINE CYIb(UABI 10 PEAKIIHSIM:

FeS;— FeS + 1/2S;
2CuFeS:;— CuzS + 2FeS + 1/2S;
2CuS — CuS + 128,

Briensiomuecs napbl cepbl CropaloT B OKHCIUTENIBbHOM aTMocdepe NMedn Mo peaKiuu:

S + 0, =S0..

HpI/I TCPMHUYCCKOM PA3JIOKCHUUN IIHUPUTA IOJOBHHA AaTOMOB CCPbI YAAIACTCA B Tas3bl, T.C.
CTENEHb JeCyNb(YpH3alUK OT Pa3jIOKEHHs 3Toro cyiabduaa cocraBnser 50 %. Jlecynsdypusanms

npu AUCCONHANN XAJIBKOIMUPUTA U KOBCJIIJIMHA COOTBETCTBCHHO PaBHA 25 u 50 %.
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Bce peakumu TepMUYecKO#l AMCCOLUMAIMK SHAOTEPMHYHBI M TPeOYIOT 3aTpaT TEIJIOTHI HA UX
OCYIIECTBJICHUE.

B mpomecce  OKHCIUTENBHOTO  OOKMTa  BO3MOXKHO — TaKKe€ UYAaCTHYHOE DAa3JIOKEHHUE
KapOOHATOB, HATIPUMED:

CaCO; — CaO + COa..

[Ipy oKuCAUTENTHHOM OOKMUI€ MEIHBIX KOHIIEHTPATOB MPEUMYIIECTBEHHO OKUCISIOTCS
cynbhuasl skenesa. [lpuymHON 53TOrO sIBiIsieTcs OoMbIlee CPOACTBO JKele3a K KUCIOpPOLy U
MEHbIIIee K Cepe, YeM Y MeIH.

Bce peakumm  okucieHuss  cynb(UOOB M DJIEMEHTAapHOM  Cepbl  IK30TEPMHUYHBI.
Briensromeiicst B ycnoBUAX OOKMTa MEIHBIX KOHIEHTPATOB TEIUIOTHI, KaK MpaBWilo, Oosee deM
JOCTAaTOYHO Ui CAMOIPOHM3BOJIBHOTO TPOTEKAaHUS OOKUTa, KOTOPBIA SIBIISETCS THUIHYHBIM
ABTOTCHHBIM IIPOIIECCOM.

[IpogykTamMu OKUCIMTEIBHOTO OOKHIra MEIHBIX KOHLIEHTPATOB SIBJSIOTCS Orapok, rasbl U
neUb. MUHepajgoruueckuii  cocraB orapka OyAeT pe3Ko OTJIMYaThCs OT COCTaBa HCXOJHOTO
koHleHTparta. [lomyyarommiics orapok XapakTepu3yeTcs HalIMYueM B HEM Hapsany ¢ cyiabpuaamu
OKCHJIOB M TPAKTUYECKH MOJTHBIM OTCYTCTBUEM BBICIINUX CYIb(PUIOB.

OCHOBHBIM CTIIOCOOOM O0KHMIra MEIHBIX KOHIIEHTPAaTOB B HACTOSILEE BPEMs SIBJISETCS OOKUT
B kumsmeM cinoe (KC). Cymuocts o0xwura B KC 3akimrogaercs B TOM, 4YTO 4Yepe3 CIOM
KOHIIGHTpaTa (IIMXTHI) TPOXYBAETCS  BOCXOAAIIMA  TIOTOK BO3AyXa MM 00OOTameHHOTro
KHCIOPOAOM JIyThs C TaKOM CKOPOCTBIO, TIpH KOTOPOWBCE 3€pHAa HMCXOIHOTO MaTrepuaia
MPUXOASAT B HENpPEpPbIBHOE BO3BPATHO-TIOCTYMATEIbHOE JIBWKEHHUE, TIOX0XKee Ha KHUISIIYIO
AKHUJKOCTh, YTOM IOCITY>KMJIO OCHOBAHHMEM [Tl HA3BaHMsI 3TOTO Mpoliecca.

B peanpHBIX YCIOBHSX KPYMHOCTh MPUCYTCTBYIOIIUX B OOXKHraeMoW IIMXTE dYacTull Oyjaer
3aMETHO pasnuyarbcsa. B pesynbraTe 3TOro Hambosiee Menkue 3epHa OYIyT BBHIHOCHUTHCS U3 TEUH
ra3oBbIM IOTOKOM, a HauOoisiee KpyIlHble, HA000poT, oceaarh B HWkHIOIO 4acTh KC, oOpasys Ha
noguHe «moctenby. [Ipu oObruHBIX pexkumax obxkura B KC mbuteBsiHoc cocrtasisier 20 ... 30 % ot
MacChl HCXOJHOM IIUXTHI.
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PucyHnok 2 - Cxema ycrpoiicTBa u padoThbl neuu st 00xura KC

1 — OyHKep 1S HIMXThI; 2 — MbUICYJIaBIUBAIOLINN HUKIIOB; 3 - OXJaKJaeMblil ra30X0A-CTOSIK; 4
— TeYb; 5 — KUISIUN CJIoW; 6 — moauWHAa; 7 — BO3IYIIHBIA KOJUIEKTOP; 8 — BO3IYXOIyBKa; 9 —
dhopramepa; 10 — UTaTENh MIUXTHI

3arpy3Kky IIUXTHl OCYHIECTBISIIOT B (OpKamepy, HWMEIOIIYI0 TIOBBIIICHHYIO IUIOTHOCTD
pasMenieHust comes. OOKuraemblil Marepuall MOXKET IO0JaBaThCsi C JIIOOBIM COJIEpP)KaHUEM BIIaru
BILUIOTH 0 Mynblbl.Orapok pasrpykaioT OOBIUHO dYepe3 CIMBHOW IOPOr, BBICOTA pa3MEIICHUS
kotoporo omnpenenser ypoBeHb KC. Bpimyck orapka Bo3MOKeH Takke u3 HmxkHerd udactu KC. B

3ToM ciyyae BbicoTy KC  peryiampyroTCKOpOCTbIO — pa3rpy3Kd Marepuaiga ¢  [OMOILBIO
crielManbHOro mubepa.

[Ipu oxuciaurensHOM o0Xure cyiabGuAHbIX KOoHLEHTpaToB B KC, kak mpaBuiio, BblAENAETCS

0O/BIIOE KOJHYECTBO H30BLITOYHOIM TCIUIOTBI, B  PE3YJbTATC UYCro MOXKET HCAOIYCTUMO
IIOBBICUTBCS TCEMIICPATYpPa B CJIOC 00KUTaeMOro MaTepuraia. I[J'I}I OTBOJa HM30BITOYHONH TEIUIOTHI
HCTIOCPCACTBCHHO B KC BBOJAT XOJOJWJIBHUKH pr6an0ro THIIA WX XOJOJHUJIbHUKH-3MCCBUKU.

s o6xura momumo neveid KC mpuMeHsI0TCsl MHOTOIIOI0BbIE MEXaHUUECKUE TTeYH pHUCc3.
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Pucynok 3 — Mexannuyeckasi MHOIOnoJgoBasi ne4b JJIsi 00:KUra cyJab(uIHbIX

MaTepHuajIoB
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[IluxTa B TakuX rme4yax ABHIKETCS CBEPXY BHHU3 3MI3aroo0Opa3HO, MEPEcHINasch C Moja

Ha moxa. [lepeMemmBanMe MUXTHI W €€ TEPEMEIICHHE IO TOJaM OCYIIECTBISECTCS C TMOMOIIBIO
neperpedareneil ¢ rpeOkaMM, 3aKpeIUVIEHHBIMM Ha BpaIAOIIEMCsl LEHTPajJbHOM Bady. [a3bl B
Me4Yu JBWXKYTCS NPOTUBOTOYHO mmmxTe. I[Ibuam, oOpasyrommecss mnpu OOXKUIre B TaKUX Ieyax,
BBIHOCATCSA Ta30BbIM IIOTOKOM BOJHM3M 3arpy3kd IOUXTHI M TpeOyIOT BO3BpaTa Ha MOBTOPHBIM
o0xur. MexaHMueckrue MHOTOIMOAOBbIE TI€YH OTIMYAIOTCA CIIOKHOCTBIO KOHCTPYKIIMH, a HX
pabota -  BBICOKMMHM KAalUTaIbHBIMU M  JKCIUTyaTal[MOHHBIMH  3aTpaTamH, TPYAHOCTSIMU
peryjiupoBaHusi M aBTOMATHU3allMUd TNPOLECCA, OTHOCUTEIBHO HHU3KUM COJECPXKAHUEM CEPHHUCTOrO
aHTUJIpU]IA B ra3ax.

2.11;1aBKa HA IITEeHH

IInaBka B oTpakaTeIbHBIX MeYax

OTtpakaTelbHbIC TIEYH TPUTOTHBI JJIs TMEepepabOTKU JHIIb MEJIKHUX MaTepUaIOB H SBISUIACH
B CBO€ BpeMsi Hamboiee TMOAXOAAIIMMHU IUIABHIBHBIMH ammaparaMyd JJis IJIaBKM Ha [ITEHH
TOHKOJIUCTIEPCHBIX (hIOTAIMOHHBIX KOHIIEHTPATOB.

OCHOBHOH IIENBI0 TUIABKM B OTPAKATEJIBHBIX TIeYax, KaKk W JIFOOOr0 JIPYroro BUIA TUTABKH
MEJIHBIX KOHIICHTPATOB HA IITEWH, SBJISICTCS PACIUIABJICHHE IIUXTHI C TIOJYYEHHEM JABYX KUIKHUX
MpPOAYKTOB IuTeiiHa u nwuiaka. [Ipm 3ToM cTaBsATCS 3a7aud Kak MOXKHO IIOJIHEE MEPEeBECTH B
WTeHH MeOb W psAA JIpYrHMX LEHHBIX 3JEMEHTOB, HampuMmep OJaropoAHBIX METAIOB, a MYCTYIO
MOPOY OILILTAKOBATh.

Hozavumo-
KMCIOPOIHOE 3V - Lnxra | loHooaneEm raz
L 4 ¥
'3 [LTABKA ]
i | |
nmak | uweiid ras |
¥ E—
Ha vruamsanmo —
¥ ¥
KOHBEPTHPOBA-
™ |
nuak 2 raz?
¥ ¥
OHHCTKA
| I
raz3 kL Tk
¥ v
Meae [lponzeoacTen

HUPHOBAR  cepHO# KMCIOTE

PﬂcyHOK 4 — TexHoJOrn4YecKas cxema OTpa)KaTeJIBHOi/i IJIABKHU METHBIX KOHICHTPATOB
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CymHOCTh OTpaXKaTEJbHOM IUIABKM 3aK/IIO4aeTcs B TOM, YTO 3arpyKeHHas IIMXTa
IJIABUTCA 32 CYET TEIUIOTBI OT CHKUIMAaHMsS  YIIEPOJUCTOrO TOILUIMBA B TOPU3OHTAIBHO
pacnojio)keHHOM paboueM mpocTpaHcTBe neun. daken, oOpasyroomuiics NpU TOPEHUU TOIUIUBA,
pacmojaraercs HaJi IOBEPXHOCTBIO pacIUIaBa.

[Ipy 1ulaBKe BIAXHBIX M MOJCYIICHHBIX KOHILIEHTPAaTOB 3arpy’kKeHHas IIUXTa o0pasyer
OTKOCBHI BJIOJIb OOKOBBIX CTEH II€4M; NpU IUIaBKEOrapka OHa pacTeKaeTcs II0 IOBEPXHOCTH
3epKajia IIUIAKOBOI'O pacIljiaBa.

MexaHu3M IUIaBKM B OTpa)XkaTeIbHON I€YHM MOXHO MPEICTaBUThH CIEAYIOIIUM 00pa3oM.
HarpeB mmxThl, jexaiieif Ha TOBEPXHOCTH OTKOCOB, 32 CYET TEIUIOTHI, H3Iy4aeMoill Qakenom,
COIIPOBOKIAETCS CYIIKOM MaTepuala W TEPMUYECKOM JHCCOIMALMe BBICHIMX CYJIbQHUIOB U
IPYIMX HEyCTOMUYMBBIX coequHeHud. [Io mepe HarpeBa B ITOBEPXHOCTHBIX CIIOAX IIMXTOBBIX
OTKOCOB HAQUMHAIOT IIJIABUTHCS JIETKOIUIABKHE COCTABJISIIOIIME IIUXThl -  CyJb(UIHBIE U
OKCHJHBIE 3BTEKTUKH. OOpa3yromuiicss NMpu 3TOM MEPBHYHBIA PACIUIaB CTEKAeT 10 IOBEPXHOCTHU
OTKOCOB, pacTBOpseT B cebe Oojiee TYrolulaBKHE KOMIIOHEHThl M IONAAAeT B CJIOM IIJIAKOBOTO
pacmiaBa. C 3Toro MomeHTa (haKTHUECKU HAUMHAETCs pa3JielIeHHue LUIAKOBOW M IUTEHHOBOW (a3;
KaluIM OKCHJIHOW (ha3bl pacTBOPSIOTCS B OOIIeH Macce IlaKa, MMEIOILErocsl MOCTOSHHO B IEYH,
a KaM IITedHa TPOXOIAT Uepe3 CJIoW [ulaka u  o0pa3yloT B HM)KHEHW YacTH BaHHBI
CaMOCTOSITEIIbHBIN IITCHHOBBIN CIION.

Pucynok 5 — Cxema mJaBJ/ieHHsI HIMXThI Ha OTKOCAX OTPAKATEJbHOI Mme4yu
1 - 3arpy3ka muxThl; 2 - (hakea TopsIIero TOIUIMBA; 3 —IIHUXTOBBIM OTKOC; 4 —30HA IUIABJICHHUS
S —muiakoBBIM paciuiaB; 6 - IITEWH;

[Ipn nepepaboTke B OTpakaTeabHOW Me€UM OOOKKEHHBIX KOHILEHTPATOB, YK€ MPOIIEIIINX
TEPMHUUYECKYIO TOJArOTOBKY, MEXaHHU3M IUIaBKU OyJeT WHbIM. YacTHIbl oOrapka, pacrekasch IO
MIOBEPXHOCTH IIAKOBOM BaHHBI, KOHTAKTHPYIOT C HEW, B pe3yJbTaTe€ YE€ro OKCHJIHBIC IUICHKU Ha
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YaCTHIIAX PACTBOPSIIOTCS B INIake, a Cylb(uIHBIE 3€pHAa OCENAIOT Ha JHO pacIuiaBa, o0pas3ys
IITEHH.

Pa3znuuabpiM TIpU MUIaBKE CHIPBIX W OOO0MOKEHHBIX KOHIIEHTPATOB OyleT W XMMHU3M IIJIaBKH.
I[Ipy mIaBke ChIPBIX KOHILIEHTPAaTOB OCHOBHBIMM XHMMWYECKUMH IpPOLECCAMU  ABJISIOTCS
paslioKEHUE BBICIIMX CYJIb(QHIOB H B3aUMOJCUCTBHE CYJb(PHUIOB IKejle3a C MarHe3UTOM,
MOCTYMAIONIUM B TI€Yb ¢ OOOPOTHBIM KOHBEPTEPHBIM IILUIAKOM, IO PEAKIIUU

FeS + 3Fe304+ 5S10; = 5(2FeO ° Si03) + SO:

CymmapHas necynb(ypuzalud B 3TOM cilydae OObIYHO cocTaBiseT 45 ... 55 %.

[InaBka orapka (IIOCKOJIbKY pa3JIOKEHHE BBICHIMX CYJIb(QHUIOB MPAKTUYECKH TOJTHOCTHIO
3aKOHYMJIOCH TIpU OOXKHMI€) CBOIUTCS TJIABHBIM 00pa3oM K XUMHUYECKOMY B3aUMOCHCTBHUIO
MEXIy OKcHIamMH U CyibpumaMu. OCHOBHBIMH B TOH IJIABKE SIBIISTFOTCS PEAKIINH:

Cu20 +FeS = CusS + FeO;
10Fe20;3 +FeS = 7Fe3;04 + SO3,
a taxxke B3aumojeiictBue FeS ¢ FesOs B mpucyTCTBHM KpeMHe3ema.

Hecynbbypusanus mnpu IUIaBKE OOOMOKCHHBIX MEIHBIX KOHIIEHTPATOB HE IPEBBIIIACT
20...25%.
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PucyHok 6 — OTpaskaresibHasi He4b € NOJABECHBIM CBOJ0OM
1 - nemanp; 2 - pyHIAMEHT; 3 - OKHO AJIs Topesiku ((OPCYHKN); 4 - METaJUIMYECKUN KapKac

neyu; S - 3amacHeli mmyp; 6 - 3arpy304Hble OTBEPCTHUS; 7 - IIIMYpPbI AJIs BBIITyCKa MITEHHA; § -
IIUTAKOBOE OKHO; 9 - razoxon (anteiik); 10 - cBox; 11 - crena
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OtpaxaTenbHas Tiedb I TUIABKM MEIHBIX KOHIIEHTPATOB, IUIABWJIBHBIA arperat ¢
TOPU30HTAIBHBIM Pa0OYUM MPOCTPAHCTBOM. BHyTpeHHHE pa3Mephl COBPEMEHHBIX OTpajKaTeIbHBIX
neued crnenyromue: anuHa 28 ... 35 M, mmpuHa 6 ... 10Mm, BbicoTa OoT cBoma 1m0 moxa 4...4,5 M.
[Tnomans moma Takux medell komednercs ot 180 mo 350 m2.

KOHCTpYKTHBHO oOTpaxkaTenbHasi Te4Yb COCTOMT W3 (yHIAMEHTa, CTCH, MOAWHBI (JICHIAIH),
CBOJa, KapKaca, YCTPOMCTB Il 3arpy3KH IIUXTHI M BBITyCKAa TPOAYKTOB IIJIABKH, TOPEIOK
(dpopcynok) nmis cxxuranusi ToruBa.dyHIAMEHT - OCHOBY MEUYM - M3TOTaBIMBAIOT U3 JIUTOTO
nuiaka, 6eToHa, Kupnuya win OytoBoro kamHs. Ha ¢yHmameHnte pa3MeleHaHaBapHas JIeIlajb.
HaBapky mpoBOAST OIUIaBICHHEM KBapIIEBOTO MECKa HAa HECKOJIBKUX CIIOSX CTPOUTEIBHOTO H
OTHEYMOPHOTrO Kupnu4a. Jlemanb MOXeT ObITh MOJHOCTHIO BBUIOKEHA W3 JUHACOBOTO KHpPIHYA B
BHJIe 0O0paTHOM apku. O6mas Tonmuna nemaan 0,6 ...1,5 m.

OTBETCTBEHEHIIUM 3JIEMEHTOM KOHCTPYKIIUM OTpa)kaTeNbHBIXIIEYEeH sBIsSeTCs CcBoa. llo
KOHCTPYKTHBHOMY HCIIOJTHEHHUIO CBOJIBIOTPAXKATEIBHBIX IeUel OBIBAIOT apOYHBIMH, ITOJBECHBIMU
U PacroOpHOIOJABECHBIMH./[MHACOBBIE apOUYHBIE CBOJABI MPUMEHSIOT JIUIIb MPH HEOOJBIIOWIIUPUHE
meun (mo 6 M). Jlng oTpakaTenbHBIX Tedel OONbIION IMIMPUHBI MPUMEHSIOT TOJBKO MOJBECHBIE
WIH PaclopHO-TIOJBECHbIe CBOABI. [loaBEecHON CBOJ Nenar0T IMJIOCKHM WM TPArelHeBHIHBIM.

Ha OoybIIMHCTBE 3aBOJOB MIMXTY 3arpyKar0T Yepe3 CBOJ IEYU C IMOMOIIBI0 3arpy309HBIX
YCTPOMCTB, pACHOJIOKEHHBIX BJOJb OOKOBBIX CTEH Tmeud. Takoil cmoco® 3arpy3kd HIMXTHI
COTIPOBOXKAACTCS OOJBIIUM €€ TBIJICBBIHOCOM M OBICTPHIM pa3belaHMEM CBOAA IE€YH, OCOOCHHO
BOJIM3U 3arpy304HBIX OTBepcTHiH. HamOomblmas XuMu4ecKas KOPpO3Ws CBOJA MPH TaKOM METOJC
3arpy3kd HaOJIOaeTCs TpH IUIaBKe OOO0MOKCHHOW MIMXTHL. bosiee parmoHaJIbHBIM TPU3HAHO
CYMTATh TOJAUy IIMXTHl HEMOCPEACTBEHHO Ha TMOBEPXHOCTh IIIAKOBOTO paciijiaBa uyepe3 OOKOBBIE
CTEHBI MEYU C TMOMOUIBI0 TEUEK WM CHEIHABbHBIX 3arpy30YHbIX YCTPOMCTB.
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Pucynok 7 — PaciopHo—1noaBecHOM CBO Me4YH
1 — cTeHbl euu; 2 — apoUyHBIA CBOM; 3 — CTOMKA KpeTJIeHHs neuu; 4 — 14ra; 5 — MoABECKU CBOJIA

IIponykramu OTpakaTeIbHOM IUIABKU SBJIIIOTCA INTEWH, IUIAK, IBUIb M Tras3bl. BhIIyck H
yAAJEHUE HUX OCYLIECTBIAIOTCS 4Yepe3 CIELUAIbHBIE YCTPONCTBA.3aBOACKUE MEIHBIE IITEHHBI
OTpaKaTeNbHONW TUIAaBKA B 3aBUCHUMOCTH OT COCTaBa IiepepadaTblBaeMOTO CHIPbS W METOoJa
miaBku (0e3 oOkura wim ¢ o0xurom) comepxkart, %: Cu 15..60; Zn go 6; Nigo 0,5; Pb mo
1; Fe 30...40; S 23 ..26. Kpome TOro, oHu cojaepkaT OJaropoJHbIe METaJIIblI.
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Beimyck mreiiHa TpPOBOAMTCA €O JHA BaHHBl HAJI JIEMAAbI0 II€YM Yepe3  IIIypbl
MEPUOINYECKOTO JEHCTBUS WM 4epe3 CH(OHHBIE YCTPOWCTBa, paboTalomue 10 MPHHLUITY
COOOIIAIOIIUXCST COCYIOB.

[InaBka BO B3BelIEHHOM COCTOSTHHM

B macrosmee Bpems mporecc  Gupmbl «OyTOKyMITY» SIBISIETCS HamOoJjiee OCBOCHHOMU
TEXHOJIOTHEH aBTOT€HHBIX CIIOCOOOB TepepabOTKU MEIHBIX CyNb(UIHBIX KOHIICHTPATOB,
MOJTy4MBIIEH HauOONbIIee pacHpoOCTpaHEHHE B MHUPOBOW mpakTuke. [ImaBkoif BO B3BEIIEHHOM
COCTOSIHUM HAa3bIBAIOT IUIABKY, COBMEIICHHYIO C OOXXHIOM, MPU KOTOPOMIIMXTY BAYBAIOT B I€Yb
MOJIOTPETHIM  BO3JYXOM WM KHCIOpoAoM. llpu sToM oGXHr Cynb(UAOB MPOUCXOAUT BO BpeMs
MoJIeTa YacTUIl — BO B3BEUIEHHOM COCTOSHHHM, TIO3TOMY OH  COIIPOBOXKJAETCS  BBICOKOU
necynbdypusanueid, gocruraromeit 75 %.
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CEpHUﬁ KHCIIOTEL

PucyHok 8 — TexnoJsioruyeckas cxeMa MJIaBKH MeIHbIX KOHIIEHTPATOB BO B3BEIIEHHOM
COCTOSIHUH
CMech pa3nuyHbIX KOHIEHTpaToB (kKoHIeHTparus menu 24...30 %) u Quroca (KBapleBbli
MEeCOK) CKIAAUPYIOT B OYHKEpax W Jajee IMOoJaloT Ha CYIIKy B OapaOaHHBIX IMedax 10 KOHEUYHOU
BIAXXHOCTH He Oonee 1 %. M3 cymmnpHOro OTHEIeHHs MIMXTY MHEBMOTPAHCIIOPTOM HAMPABISIOT B
OyHKep, OTKy/1a €€ MMOJIAI0T B IeYb.
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Pucynok 9 — Ileub B3BellIeHHOM MJIABKH
1 — mreiin; 2 — mak; 3 — ropenka; 4 — peakIMOHHAas IMaxTta; 5 — anteik( rasaxon); 6 —
OTCTOMHUK; 7 - (yHIaMEHT;8- MecTo cimBa NUIaka ; 9- MecTo ciauBa ITEeHHA a — Tojaya
M3METBYCHHOTO KOHIICHTpATa; O — BBOJ IyThsl; B — BBIXOJ] Ta30B

[[luxTa TpyU MOMOIIM CMEUUATbHOW TOPENKH BAYBAETCS KHUCIOPOIHO-BO3AYIIHOW CMECHIO
(xoHIeHTpanus Kuciopoga B aythe 35...80 00. %) B MIaBUIBHYIO IIAXTY Me4Hd, TAe CyIb(UIHbIC
YaCTUllbl BOCIINIAMCHAIOTCA U CrOPArOT B IOTOKC OKHUCIUTCIIA. KOJII/I‘-IGCTBO TCIUIA, BBIACIIKICMOTO IIpU
BSaHMOﬂeﬁCTBHH KOMIIOHCHTOB INHUXTBI C KHUCIOPOAOM AYTbd, HAOCTATOYHO [JId IIJIABJICHUA
qaCTHIl, 158 B HWKHIOKYACTh peaKHHOHHOﬁ [axThbl MMOMAaJAar0T KallJIn IEPBHUYHOIO paciuiaBa.
PacruiaBnennbie YJacTuObl MOIUXThI HAKAIUIMBAKOTCA B OTCTOMHUKE neunu, rac IMpoOUuCXOoaAUT
B3aUMOJICHCTBHE MEXKIY CYIb(UIaMU U OKCHUAMHU.

[Tyt dacTHIl KOHIIEHTpaTa B TIOJIETE Y/IMHSAIOT, YCTpauBas HaJ TEPEIHEH YacThIO MeUn
HWIHHIPUYECKYIO IIAXTY, a BO3AYX MPeIBapUTEIHHO MOJOTPEBAIOT TEIIOM OTXOASIIUX ra3oB 10 500
°C. Ilpu BAyBaHMM IIMXThl KHUCIOPOAOM TEIUIa JOCTAaTOYHO JJsi IUIABJICHUS U  IEeperpeBa
paciiaBoB, JOMOJHUTCIBHOIO TOIIJIMBA HC Tpe6yeTcs1, MMO3TOMY TaKyl0 IIJIaBKY Ha3bIBAIOT
aBTOTE€HHOI. C MMOMOIIBIO TOPCJIKHU COBMCCTHO C MHUXTOBBIMH MATCpuajaMd B IICYb BBOJAT
MOAOTPETOE yThE: BO3AYX WM KHUCIOPOIAHO-BO3AYIIHYIO CMECh B KOJHMYECTBE, HEOOXOAMMOM JJisi
3aMBIKaHUs TETUIOBOTO OasnaHca mnpoiecca. CKOpOCTh MaJeHUsl YaCTHUIl 3aBUCUT OT UX JUAMETpa U Mpu
MJIaBKe CyJb()UIHBIX KOHIEHTPATOB HE TpeBbImaeT | M/c, B CBS3M C YE€M JHAMETpP IIAXThI
coctapmiseT 3,0...5,5 M, a ee BercoTa — 4,5...12,0 M.

XUMHU3M TIPOIECCOB IJIABKM BO B3BEUICHHOM COCTOSIHUM IO CYIIECTBY TOT XK€, YTO U B
OTpakaTeIbHOW IUTaBKe: JAecyib(pypusalvs BBICIIUX CYIb(QUAOB M KapOOHATOB, OKHCICHHE
CyNb(UIOB MPAKTUICCKHU MOTHOCTHIO — 32 CYET KUCIOPOJA AYThS:

CuzS+1,502 =Cu20+S027
FeS+0; = FeO+S0O; 1
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W3bupatensHoe cynbpuUIUpoOBaHME OKCHAA MEAW M KOHIIEHTPUPOBAHHE MEAU B INTEHHE;
OLIUIAKOBaHME OKCHAA >Kele3a M TIepeBoj ero B Iwiak. llpoueccsl ¢popMHpOBaHUS NUTaKa U
mTelHa TPEMMYIECTBEHHO pa3BHBAIOTCS B BaHHE IIEYM, OTCTOWHAs 30HAa KOTOPOW TOAOOHA
OTCTOWHOW 30HE OTpakaTenbHOU meun. OTCTOMHAs 30HA TMedn 00ecneunBaloT NpeObIBaHUE B HEH
1Iaka B Te4YeHHue S...7 4 u uMeeT pa3Mepsl, M: juyinHa 12...32, mmpuna 3,5...10.

N3-3a Manoif KOHLEHTpAlUK a30Ta B AyThe KOHUEHTpauus SO2 B OTXOAAIIUX razax JOCTUTaeT
75 % wm mocie OYMUCTKU OT MbLIM KOHLUEHTPUPOBAHHBIM CEPHUCTBIA aHTUAPUA JIETKO CHKUXKATb. DTH
razel ¢ temneparypoir 1300...1400 °C moctymaroT B KOTEN-yTHWJIH3AaTOp, TI€ YJIaBIMBACTCA
OCHOBHAs 4acTh IIbUIM, UX TemmepaTypa ymeHnsbinaercs 1o 350...400 °C u BbIpaOaThIBacTCs map,
UCTOJB3YEeMBId Il TOjAOTpeBa JyThsl M i OBITOBBIX HYyXZJ. Ilocime mBIICOYHCTKH B
ANMEeKTPO(MIBTPax  Ta3bl HAMpPABISAIOT Ha TPOU3BOACTBO CEPHOM KHCIOTHL. Mcmonp3oBaHHe
KHMCJIOPOAHO-BO3IYIIHOTO AyThsl MO3BOJSET COKPATUTh O0BEM IMEYHBIX ra3oB 10 35...88 Thic. Mc
COOTBETCTBYIOIIMM YBEJIMYEHUEM B HHUX KOHLEHTpAlMM JMOKCHAA  CEpbl, YTO  I03BOJIAET
MPAKTUYECKH TOJHOCTBIO YTHJIU3UPOBATh CEpy LIMXThl U UCKIIOUUTH BbIOpockl SO2 B aTMocdepy.
[TpOM3BOMTENFHOCTh ITUIABKM BO B3BENIEHHOM COCTOSIHMM gocturaer 13 1/(m* cyT). Bnaromaps
BBICOKOW Jiecynb(dypur3aliuy, Mpyu B3BEIIEHHON IUIaBKe Moiy4yaroT OoraTele mTeiHsl (10 60 % Cu) u
COOTBETCTBEHHO OoraThle nutaku (1o 2 % Cu), koropele TpeOyloT oOeaHeHus. MeaHbIi mTelH
MEPUOIMYECKH BBITYCKAIOT M3 TEYM M HANpPaBISIOT Ha KoHBepTupoBanue. lllmak moctymaer Ha
0o0eTHEHHE B NIEKTPOIEYb, Ky/Aa 3arpy,aroT KOKC.

IIpounecc «Aycemear». B Hactosiiee Bpemst B Mupe pabortaer Oosee 20 meuelt «AycMenTy.
B manHOM mporiecce MCMONb3yeTcsl BepTUKAIbHAS IIMIMHAPUYECKas ieub (BeicoTa 13 M, nuametp 4,5
M), 00OpyJOBaHHAs TOTPYKHOW BepPTUKAIBbHOW (ypMor mmuHOM a0 17 M m gumamerpom 0,5 M
COCTOALIEM M3 KOHUEHTPUUYECKU pPACIONIOKEHHBIX CTANbHBIXTPYO. DypMy 3akperuisioT Ha
MOJTbEMHHUKE, PACIOJIOKEHHOM HaJl Meubl0 B LIEHTpaibHOH ee yactu. HoMuHaneHOe 3ariyOieHue
ropeiku B IUIak cocTaBiseT 20 cM, uTo obecneunBaeT TypOYyJIeHTHOE IepeMeIlInBaHUe pacIljaBa.
ITo Mepe pa3pyleHHs] KOHIIEBOW 4acTH (ypMbl €€ OIyCKaloT 0e3 OCTaHOBKH paboTsl neuu. dypmy
3aMEHSIOT, KOIJa pa3pyIlIMTCs TNPUMEpHO | M ee KOHILIEBOM YacTH, U 3aTe€M BOCCTAHABJIHMBAIOT,
NpUBapuBas HOBYIO KOHLEBYIO 4YacTh. TomIMBO (mpupomHblii Ta3, no 1800 m*/4) B cMecu c
BO3YXOM CTOpaeT B HIDKHEH YacTH (ypMBI.

Bo3nyx mopaioT B moJIOCTh, OOpa30BaHHYIO KOXXKYXOM W BHYTPEHHEH TpyOoii, B pe3yJibTare
Yero OXJaXKAAeTCsl KOpIyc (ypMbl M 0Opa3yercs Ha €ro MOBEPXHOCTH CJOM 3alllUTHOrO rap-
Huccaxka. KoHIleHTpanus KUciaopoaa B JyThe COCTABIAET OKOJIO 45 %, mpu 3ToM KoHLeHTpaius SO2 B
OTXOIAIINX ra3zax gocturaer 35 %, a uzpneuenue cepsl — 98 %. Illnak (6...8 % Cu) monBepraercs
3JIEKTPONICYHOMY O0€THEHHIO.
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Pucynok 10 — ITeus «Aycmenr»
1 — peakumoHHas maxrta; 2 — ITEWHO-IIUIAKOBBIA paciyiaB; 3 — BBIIYCK paciuiaBa; 4 — BOASIHOU
XOJOAMIBHUK; 5 — pypMa; a — mpUpOHBIH ra3; 0 — KUCIOPO; B — BO3yX; I' — rasbl; 1l — KOHIEHTpAT,
(brockr; e, %K — BoJa

[leup oTnMuaeTcs MPOCTOTON KOHCTPYKIIMHU, BRICOKOH MPOU3BOAUTENBHOCTHIO (THIC. T/TOI: 45 —
Mo mTeiHy C KoHueHrtpamued memu 10 58 % Cu, 600 — Mo KOHIICHTPATY), MaJIbIM IBIJIEBEIHOCOM
(okono 1 %), mpocToTOM B yHpaBieHUH, TaAK KaK HW3MEHEHHEM 3ariyOseHus (ypmbl B CIIOH ILIaka
perynupyercs MHTEHCUBHOCTh OapOoTaka pacmiaBa. Ilpomecc MoxeT ObITh MpepBaH MpHU
MOAHATUU (YpPMBI, KOTJIa MeTalyidyeckas WM InTeldHoBas ¢a3za OTCTAaMBaeTCsl Meped BBITYCKOM
u3 meuyd. JIOCTOMHCTBOM TEXHOJIOTHH SIBISIETCS TAKXK€ M TO, YTO TEYh MOXKET OBITh OCTAHOBJICHA
WU HAaXOJAWTHCS Ha TOPSYEMXOJOCTOM XOAY B T€UEHUE MJIUTEIBHOTO IEepUoJa U TMpPU 3TOM
HMeEeTCs] BO3MOKHOCTb €€ OIEpaTUBHOIO pa3orpesna.
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Pucynok 11 — [IpyHIUNHAJIbHAS TEXHOJOTMYECKASl CXeMa BBIIVIABKH LITeHHA CIoCco00M
Aycmenr

IInaBka B :KuAKOH BaHHe. OTO BBICOKOI((EKTUBHAs OTEUECTBEHHas pa3paldoTka
aBTOI€HHOM TEXHOJIOTMU IUIaBKH CyJIb(QUIHOTO ChIpbsi — mpouecc Bantokosa (IIB), ucnonb3yemas
Ha TPEANpUATUSAX LBETHOM Metamnypruu B Poccuum u 3a py6Oexxom. [lepsoiit komruiekc I1B 6but
BBEICH B OKCIUTyaTallMI0 HAa MEAHOM 3aBoje Hopmibckoro ropHo-MeTamIypruueckoro KomOuHara B
1977 r. B cucreme 3arpy3K I€YH UMEIOTCS OYHKEpHI Uil HAKOIICHHWS MEIHBIX KOHIIEHTPATOB
(70...75 % wmumxThHl), KBAapLEBOH 30i10TOCOAEp Xk alel pyasl U u3BecTHsAKa (20...25 %), 000pOTHBIX
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MAaTepuasoB (KIMHKED, BBUIOMKHA — JI0 5 %) U IPYyrUX KOMIIOHEHTOB. XMMHUYECKUI COCTAB UIMXTHI, Yo:
Cu 10...15; Zn 3,0...4,5; S 25...35; Fe 28...32; SiO2 13...17. Pacxong mmxTel 45...85 T/4,
npou3BoauTeNbHOCTH 1o muxte 1200...2400 1/cyTKH.
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Pucynok 12 — Ileus I1B
1 — mmakoBbId cudoH; 2 — mTelHHOBBIN cudoH; 3 — uIak; 4 — mTelH; 5 — ropenka; 6 — pypma;
7 — MeaHas BOIOOXJaXKIaemasl IUINTa; 8 — YyTyHHas BOJOOXJIaXJaeMas MaHelb; a — KOHLUEHTPAT U
(rocer; 6 — ra3sl; B, 1 — KUCIOPOAHO-BO3AYIIHAS CMECh; T — IPUPOJIHBIN ra3

[luxta Ha BaHHy OapOoTHpyeMOro paciuiaBa, TIJe MoJBepraercs (QU3UKO-XMMUYECKHM
MpEeBpaIIeHUSIM ¢ 00pa30BaHHWEM MPOMYKTOB IUIABKU — IITEHHA, IUTAKA U 3aMBUICHHBIX OTXO/SIINX
ra3oB.[leus keccoHnpoBana 1o Bceil BeicoTe. C KaKIOW CTOPOHBI B HIXKHEM Py KECCOHOB B paboTe
Haxoautcs 1o 21 ¢ypme, B BepxHeM psiay — o 12 ¢pypm. Ueped ¢ypMbl HIKHETO psifa B paciuiaB
MOJIal0T KHUCIOPOJHO-BO3AYIIHYIO CMECh U MPUPOIHBIN ra3. [ myOuHa norpykeHus GypMm B paciuiaB
noanepxkuBaercss B mnpeaenax 0,3...0,6 M. @ypMbl BEpPXHEro psna NPUMEHSIOTCS JIsl OTOIUICHUS
Me4Yy MPUPOJIHBIM Ta30M B MEPHUOJ €€ OCTaHOBa, a TaKXke I JOXKUTa DJIEMEHTHOW Cephl B
mpolecce TUIaBKU cynbhuaHol muxThl. [leur paboTaeT B HEMPEPHIBHOM PEXHUME 3arpy3KH,
IUTAaBKU, BBITYCKA KUIKUX MPOIYKTOB IUIABKU M JBaKyallysl OTXOAAIIUX Ta3oB. [Ipu HEem3aMeHHOM
pacxoie KUCIOpoJa TemIepaTypa BaHHBI pacijlaBa PETyJIUPYETCs COOTHOIICHUEM «KHUCIOPOJ:
BO3IyX» JYThsl, TI0JIaBaEMOTO 4epe3 (pypMbl HMXKHETO Psijia B pacIuIaB MPH 3aJaHHOM COOTHOIICHHUH
«KUCJIOPOA, JyThs — 3arpy3ka MmuxTb». Mukcepsl mreiiHa (40...60 % Cu) u muaxa (0,8...1,0 %
Cu) sBISIOTCS HAKOTIUTENSIMU PACIUIaBOB M NPeJHA3HAYEeHbl MJIs MX HENpPephIBHOIO MpHUeMa U3
ey Mo 000orpeBaeMbIM MEPETOYHBIM KeJI00aM U CIMBA B KOBIIYU M IIITAKOBO3HbBIE YaIIIH.

TexHomorMYeCKHii KUCIOpOA Ha OOOTalIeHne BO3AYIIHOTO IyThs (KOoHIEHTpamus 95 % Oo,
nasienne 200 «klla) BbIpa0aThIBa€TCS Ha [JIBYX pa3leiUTENbHBIX OJIOKax C CyMMapHOM
MIPOU3BOJUTENBHOCTBIO 22 THIC. M>/4. Pacxon KHCJIOPOJIHO-BO3QYIIHOM cMmecu — 110 20 ThIC. M/,
oboramieHue AyThs KUCIOpPoAoM — 10 87 06. %. Texuonoruueckue rassl 1IB (mo 40 Teic. M/,
koHneHTpanus SO2 36...42 00. %) i yTunu3aiuy Teria IpOXOIsaT KOTEN-yTHIN3aTop (IaBIcHHE
napa g0 4,5 MIla), remneparypa ra3oB Ha Bxoje B koten — 1250 °C, na Beixoae — 400 °C. 3atem rasbl
MPOXOAAT OYHMCTKY OT mbutd B snektpodumabTpax (KIIJ] ounmctkm 97,5...98,0 %) m 3arem ¢
koHneHTpauueit SO2 20...25 % noctynaetr B CEpHOKHUCIOTHBIN LEX.

3. KonBepTUpOBaHHe IITEHHOB
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HesaBucumo or cmocoba, KOTOpBIM BBIIUIABICH IITEHH W3 pyIOsl WIM KOHIICHTpATa,
nanbHelas nepepaboTka ero onuHakoBa. LlITeitHsl umeror cocrtas, %: 16...25 Cu; 36...49 Fe; 1...2
Si02; 0,5...1,0 CaO u oTnu9aroTCs TIaBHBIM 00pa30M KOHIICHTpAIMEH MEIH U Kelre3a.

[TepepaboTka MTEHHOB OCYIICCTBISETCS B KOHBEPTEpPaX TOPH30HTAIHHOIO THITA JHAMETPOM
1m0 4 M, nmuHOM 10 10 M, BMectuMocThio 10 100 T Menu (BbITUIaBISETCS 32 1 TEXHOJIOTHYECKYIO
onepanuio). Kouseprep ¢yTepoBaH XpOMO-MarHe3MTOBBIM KHUPMHYOM. MexaHWYecKas Tepenada
obecreyrBaeT BO3MOKHOCTH MIOBOPAYMBaHUsI KOHBEpTEpa B 00€ CTOpOHBI HA 1 0060pOT.
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Pucynok 13 — KonBeprep B paboueM M0JI0KEHUH
1 — mreiin; 2 — mmak; 3 — dypma; 4 — ropenka; 5 — OaHpmax; 6 — ropioBuHa; 7 —
BO3JIyXOMPOBOJ; 8 — omopa; 9 — BEeHIIOBas MIECTEPHS; a — CHKAThIM BO3AyX; O — mmxTa ((Irockl); B —
rasbl

Ha xopnyce ykperuieHbl OaHIaXu — ONOpPHBbIE M BEAYIIMH, HaXOJSALIUICS B 3alETIJICHUH C
LIECTepHEN penyKTopa 3JIEKTPOABUTATENS], KOTOPHIM KOHBEPTOP MOXET IOBOpAaYMBATHCS B 00€
ctopoHsl Ha 360°. Ha OOKOBOW MOBEPXHOCTH MMEETCS TOPJOBHHA, Y€pe3 KOTOPYIO 3aJIMBAIOT
HITeHH, CKAaUMBAIOT IIIJIAK, PAa3JIUBAIOT MEJb U OTBOAAT Ta3bl. B paboueM monoxeHNUH OHA HampaBieHa
BBEpPX M IOMELIAETCS MOJ HANbUIBHUKOM, COEIMHEHHBIM C OTBOJALIMMHU raszoxojnamu. Kpas
HambUTPHUKA IJIOTHO TPUMBIKAIOT K KOPIIYCY KOHBEpTepa, Mpeaymnpexiaas pa3OaBleHHE Ta30B
aTMocdepHbIM Bo3ayxoM. 1o o1HOM 13 00pa3yromux Kopiyca YCTaHOBJICHBI (YpPMbI, COEAMHEHHBIE
C KOJUIEKTOpOM cxaTtoro Bozayxa (2,0...1,5 atm). @ypma uMeeT HIapoBOM KJalaH, CTajlbHOU
IapuK KOTOPOro B pabodeM MOJIOKEHUU NEPEKPBIBAET BBIXOJ BO3/AyXa HApyXy, a IpU MPOUYHUCTKE
JIOMHUKOM OTXOJHUT B THE3J0. ['a3bl uepe3 HambUIbHUK MOCTYNAOT B COOPHBIM Ia30Xo0Jl, U3 HEro — B
MBUIEBYIO KaMepy, AJIEKTpODHIbTp, a 3aTeM — Ha MPOU3BOJACTBO CcepHOM KuCIOThL IllTeliH B
KOHBEPTOP MOJAIOT KOBIIOM Yepe3 rOpJjOBHHY, MPEIBAPUTEIHHO MOBEPHYB OOUKY, UTOOBI HE 3aJIHUTh
GbypMBL.

[IponyBka mTeiiHa B KOHBEPTEPE COCTOMUT M3 IBYX mepuonoB. ConepikaHue NEPBOrO IMepuona
KOHBEPTUPOBAHMS: OKHUCIIEHHE Cylb(uaa jxenes3a, OIUIAKOBAaHHE 00pa3yolIeiics 3aKUCH >Kele3a
no0aBIsieMBbIM KBaplleM C TIoJTy4YeHHeM Oeoro mreliHa (0ernoro mMaTTa) M IUIaKa.

Bo3nyx, BayBaemblii uepe3 (QypMbIB KMIKMH IITEHH, SHEPrUYHO ero nepememmusaer. Ha
MMOBEPXHOCTU BO3YILIHBIX IMy3bIPbKOB MPOTEKatOT peakuuu okucienus FeS u CuaS:

30



2FeS +30, =2Fe0+2S0, T,
2Cu,S+30, =2Cu,0+2S0, T.

Bo3Hukaromuii mpu 3TOM OKCHI MEU CYJIbOUANPYETCS 110 PEaAKIIUH:
Cu 20+ FeS= Cu 2S+ FeO,

a FeO csazpiBaetcs B cunukar FexSi0Os4 kBapuem:

2FeO+ Si02=2FeO- SiO;

3arpy3ky KBapua (KpymHocThio 6...20 MM) HayMHAIOT C HPOAYBKM paciuiaBa. JKemaTenbHO
MPUMEHSTh 30JI0TOCOAEpkKAIINE WM MEAUCThIE KBAPUUTHI, YTOOBI U3BJICYb JOMOJHUTEIBHO MEIb U
30J10TO, OIHaKO conepixkaniue He MeHee 80 % Si0O2 , 4TOOBI HE MOBKIMIATEH BBIXO IIIJIAKA.

Taxum 006pazom, B IEPBOM MEPHOIE B PE3YJIbTATE MPOAYBKU BO3IyXa MOXKET OKHCIUTHCS JTUIIb
CyIb(UI jKene3a; TOIBKO MOCIe OKHCICHHS BCETo Cynbduaa xene3a odpasyercs okcun meau Cuz0.
[loaToMy B mepBoM NEpHUOAE W3 MENHOTO INTEHHA YJIAISIOT CEPHUCTOE JKEJNe30, a MeAb B BUIC
cynbduaa KoHIeHTpupyeTcs B mreiiHe. CymmMapHasi peakius okuciaeHus: FeS B mpucyTcTBUM KBapIa
B 3TOM MEPHOJIE:

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

CIIy’)KAT OCHOBHBIM HMCTOYHHUKOM TE€IUIA M HAKOIUICHHs €ro B KOHBEpPTEpe s BTOPOTrO Mepuoja
rtaBky. [nak cauBaroT yepes ropiaoBUHY, HAKJIOHSSI KOHBEPTOP.

BcenenctBue mnepeokucneHus cyibpuua dkeieza NMpH HemocTaTke KBapua y ¢ypwm (B obmiacTu
WHTEHCUBHOU TIPOJTYBKH):

3FeS+50, =Fe;0, +3S0, T

nojlyyaeMmble NUTakM oboramieHsl MarHeTutoM Fes O4 , KOTOpBIE OrpaHUYEHHO PacTBOPUM B
paciiaBieHHON Macce U 0o0pasyeT Ha (yTepoBKE TYrOIUIaBKHE HACTbUIM. IIpucyTcTBHE MarHeTuTa B
LIUIaKE YBEIMUYUBAET €0 BS3KOCTh U, CIEI0BATEIIbHO, MEXaHUYECKHE MTOTEPU MEIU C HUM. B cBA3M ¢
MOBBIIIEHHOW KOHIIEHTpAIMeH B IIJTaKe MM OH BOBJIEKAETCS B epepaboTKy B MpeAbIAyIIEH IIaBKe
Ha INTEWH HEMOCPEACTBEHHO WIM TMocie (IoTamuoHHOTO oOorameHus. PaBHOMepHas momava
M3MENBPYEHHOTO KBaplia M JIOCTaTOYHO BBICOKAas TEMIEpaTypa CIOCOOCTBYIOT BOCCTAHOBIIEHHUIO
Mar”HeTUTa o peakluuu:

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

HOHy‘IeHI/IIO JOCTATOYHO XHUJAOKHUX IIJIAKOB 1 CHUXKCHUIO HOTCpB C HUMHU MECIU.

KouBepTepHbIe nuiaku, 00pa3yromuecs B MEPBOM MEPHOJIE, UMEIOT OPHCHTUPOBOYHBIA COCTaB,
mac. %: Cu 1,5...2,5, SiO> 17...28, Fe 60...70, B ToM umcie B Bune Fe3Os4 mo 25. B HuUX TeM
MCHBIIC MAarHe€TurTa, 4€M 60J'IBIH€ KOHH@HTpaIII/IH OKCHaga erMHI/IfL I[J'If[ JTOU3BJICUCHHUA MCOAU U3
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[IUIaKa €ro BO3BPAIAIOT B MPEIBIAYIIYIO OINEPAIMI0 BBIIUIABKK INTEHHA WM TOCIE TPAHYISIIHH
o0oramaroT GIOTAIIHOHHBIM METOIOM.

Temneparypa 3anMBaeMoro B KOHBEPTEp IuTeiiHa cocrapiger npumepHo 1473°C u B
TEUEHUE MEePBOT0 MIEPUO/Ia OHA 33 CUET MHTEHCHBHOTO OKUCIICHUS Cylb(uaa Kele3a yBEIHYUBACTCS
U mojjepkuBaerca B mpenenax 1523...1623 °C; Gomee BBICOKAas TEMIIEPaTypa BBI3BIBAET
YCKOPEHHBIM M3HOC (YyTEPOBKH, a TMpH 0OoJiee HHU3KOW TEMIEpaType pacIlaBbl CTaHOBSTCS
BSI3KUMH.

PerymupoBanue TteMmriepaTypsl OCYIIECTBISICTCS HO0aBKaMH: PACIUIABICHHOTO IITEHHA — IS
YBEIUYCHUSI TEMIICPATypbl, WM XOJIOJAHBIX MPHUCAIAOK (XOJOMHBIA INTEHH) — I YMCHBIICHHUS
TEMIIepaTyphbI.

[Toce mpomyBkM M civMBa NUTaka OOBEM €€ YMEHBIIAETCS U IO3BOJSET MPUHATH HOBYIO
MOPLHMIO MITeHHa, HAOOp KOTOPOTO MPOOJIKAIOT A0 HAKOIUIeHHs Oenmoro mreiiHa (6emoro marra) —
IITeHA, COCTOSIIEr0 MPAKTHYECKH U3 OJHOTO CYIb(pHUaa MEIH, B KOJUYECTBE, HEOOXOIUMOM IS
nepexoga KO BTOpoMY TIepuoay IuaBku. Llens mepBoro mepwoma — Habop Oenoro mreiiHa —
OCYIIECTBIISIETCSI TIOBTOPCHUEM ITUKIJIOB: 3ajMBKa OETHOTO IITEHHA, ero MpOAyBKa W CIIMB IIUIAKA.
B 3aBUCHUMOCTH OT KOHIIGHTpallid MEAW B TepepadaThiBAEMOM MITEHHE UIUTEILHOCTH IEPBOTO
MeproJia KOHBEPTHPOBAHUS COCTABIISAET OT 6 U JIO CYTOK, @ BTOPOro — 3...4 4.

Bropoii mepuos KOHBEpTHpOBaHMSA HayWMHAeTcs Mocie Habopa Oenoro mreiiHa. ComepikaHue
BTOPOTO TMEpHoJa KOHBEPTUPOBAHWS: JalbHEHINAas MpOayBKAa paciuiaBa Oejoro mTeiHa ¢
OKHUCJICHHEM Cynb(uaa MeIu U TONyYCHHEM UYEepHOBOM Menu. BO3HUKAOMUN MPU OKUCICHUU
pacruiaBa OKCHJl MEIM HHTEHCUBHO PEarnupyeT ¢ OCTATOYHBIM CYJIb(OHUIOM H XUMHU3M BTOPOTO TIEpHOAA
MO>KHO OITHCATh PEAKIIHSIMH:

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

[Tocne mouTH TOJTHOTO OKUCIEHHs Oenoro IITeiiHa TMIaBKy 3akaH4KMBalOT. HeOombIoe
KOJMYECTBO CyibduAa MEId OCTaeTCs pPACTBOPEHHBIM B MeTajie, HO JaJbHEWInas MpoayBKa
HEBO3MOXXHA BCIIEJICTBHE JAedummra Teria. B KOHIlE BTOpOro mepuoja MCIONb3YeTCs TeIlo,
HaKOIUICHHOE (YyTEepoBKOW KOHBEpTOpa. UepHOBYHO MeIOb pa3lWBAIOT B M3IOKHUIBL CIUTKH
KOHBEPTOPHOU (YEpHOBOI) MeIU Ha3bIBAIOT MIThIKaMu (0T HemenkoroStiick — kycok, mryka). Ha He-
KOTOPBIX 3aBOJAaX YECPHOBYIO MEIh B HM3JIOKHHIIBI HE PA3IUBAIOT, & MEPEHOCAT B PAaQUHUPOBOUYHBIC
reun, n3berasi MOBTOPHOTO TUIaBNIeHUS. V3BicueHne Meau U OJaropogHBIX METAJUIOB B YEPHOBYIO
Menbp gocturaet 99 % m Tem  Oombiie,uem Oorade mTeiH. B uepHOBOW Memu cymmapHas
KOHIIeHTpauus npuMeceit cocrapiusier okoio 1 % (Fe, S, O, Zn, As, Sb u ap.).

KonBeprepHsbie raspl, moixydaemble B 000MX Mepuoax, OOOTralleHbl AUOKCUIOM cephl 10 15
00. %, HO TEpUOAMYHOCTH pPAOOTHI KOHBEPTEPOB, OONBIIME MOACOCHI BO3AyXa, CHIBHO
pasyboxuBaroie rasbl (0COOCHHO OKOJIO HAMbUILHUKA) 3aTPYIHSIOT UCIOJIB30BAHUE JTHUX Ta30B
JUTSL TIPOW3BOJICTBA U3 HHUX CEPHOM KuCIOThL. C Tra3amMul BBIHOCUTCS B BUJC MBUTH (YaCTHIIBI ()IFOCOB,
mTeifHa, MeIr U T.1.) 10 5 % Meau u 6JaropoTHBIX METaJLIOB.

['pyOyro mbUIb yIaBIMBAIOT B OCAAMTENBHBIX KaMepax WX IIUKIOHAX, YaCTUYHO OHA OCEAcT B
razoxojiax. B OCHOBHOM 3TO 3aTBepAcBIIME OpbI3rM Meau, ITeHa W 4Yactuibl (uroca. IIsuis
BO3BpallalOT B KOHBEPTOP WM B IIUXTY PYOHOW TIJaBKU. TOHKYIO TIbUIb, COCTOSIIYIO U3
BO30THAHHBIX OKCHJOB CBHHIIA, [IMHKA M PEOKUX METAIJIOB, YJIABIMBAIOT S3JCKTPOGUIBTpaMU U
HaMpPaBIIAIOT Ha OTJEIbHYIO EPepadboTKy.
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Ha OonpmmHCTBE 3aBOJOB OyThe oOoOramarT KuciopoaoM 1o 25...33 % TonbKO B IEPBOM
NeproJie, a BTOPOU MPOBOAAT HA BO3AYLIHOM JyThe. Y COBEPIICHCTBOBAHNE KOHBEPTOPHOIO Mepeierna
oOorameHlueM ayThsi KHCIOPOJOM TIO3BOJSIET  COKPAaTHTh  HPOJOJDKHTEIBHOCTh  MPOMYBKH,
YMEHBIINTh BBIXOJ Ta30B M MOBBICHTH KOHIEHTparuio B HuUX SO2 . [Ipu 3TOM yBenmn4uTcs: mpuxon
TEIUIa B TEPBOM IEPUOJIE M YMEHBLIUTCS IMOTEPsl €ro BO BTOPOM, UYTO TO3BOJMUT IOJy4aTb B
KOHBEpTEpe MeJb HEMOCPEJCTBEHHO M3 KOHLIEHTPATOB, MUHYsS BBIIUIaBKYy IuTeiHa. g 3TOoro B
MIpeIBApUTENILHO PA30TPEThIii KOHBEPTOP 3arpy’kat0T BMECTE C KBapleM T'paHyJIUPOBAHHBIN MeEIHBIH
KOHIIEHTpAT, MOCJIe Yero MOoNydyaloT M3 HEro cHaydana Oenblil mTeiH, a 3areM Mmeab. KoHIEHTpaT
(koHuenTpamus menu He Menee 20 %), yBnaxHeHHbIH 10 8...10 %, oKaTbIBalOT, Nepechinas €ro B
MEJUICHHO BpamaromieMcss ©Oapabane wiu Ha HakiIOHHOW Tapenu. Ilpu 3TOM 0oOpasyrorcs
mapoBuAHble TpaHyiabsl auamerpom 10...20 MM, KoTopble 3areM cymaT 110 2...3 % Biaru M 3aTeMm
3arpyxatoT B KOHBepTop. ['panynsrop auamerpom 2,8 M MpOM3BOAMT 10 15 T okaTbIlel B yac.

KOOI HelE
MR €I NTLT Topaut wreits
ER T
Boagyx 1
—
v r
IMeps kil neprog
(Habop Denoro MatTa)
T8 K bedeiil marT rai |
r
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NeLIE | ras 21
. r
Boavx 2 B obfopoT
l *
Bropoi neprog
(BapyEa weTH )
Meas rai 3

HEPHOBLA

r

OypcTE2 OT ORITH 2

MeUk 2 ras 4
v v
B obopoT Ha wTiwmiaan mee
Cephl

Pucynok 14 — IlpyHUMNMAJIbHAS TEXHOJOTMYECKAS CXeMA KOHBEPTHPOBAHUS MEIHOT0
IITeHa
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4.0HeBoe paduHUpPOBaHHUE

Cpennuii coctaB 4epHOBOM MeH, BBIIUIABISIEMON M3 MEPBUYHOTO 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 Takxe
OJaropoIHBIC M PEIKHE METAUIBI U PACTBOPCHHBIE B MEIU Ta3bl.

[To 'OCT 859-66 ycTaHOBJIEHBI CIEAYIOIIME MAPKH TOBAPHON M (KOHEHTPAIHS MEIH, Mac.
%): MO (99,95), M1 (99,90), M2 (99,70, M3 (99,5), M4 99,0) u ap. s 0coOBIX 11eei BBITyCKAIOT U
0oJiee YUCTYIO MEIb.

B mactosmiee Bpems s paduUHUPOBAHUS UYEPHOBOM MeOM BO BCEM MHUPE MPUMEHSIOT
OTHEBOM U 3JIEKTPOTUTHYECKHH CrmocoObl. IIepBbIM MOXHO MONydyuTh Menb Mapok M3 u M4
gyuctoron  99,5...99.7 %, HO He yaaeTcs W3BIEYh OJIarOPOJHBIC METAUIBl W BUCMYT.
DnexTponuTHyeckoe pahuHUPOBAHHE JOPOXKE, HO OHO IMO3BOJSET IMOJYYUTh MEIb BHICIINX MapOK U
BO MHOTOM OKYIaeTcs 3a CYeT TIOMYTHOTO W3BJICYCHUSI ONAropoIHBIX H PEIKHX METaJlIOB.
KauectBo padunHupoBaHHON Meau BbIIE, a 3aTpaTbl Ha €€ OYUCTKY MEHbIIE, €CIH MEeTalll
MpPEeIBAPUTEIIbHO OYHUCTUTh OTHEBBIM crocoboM. B  HacTosmiee Bpems [MOYTH BCIO MeENb
padUHUPYIOT  DJIEKTPONIU30M, A(PPEKTUBHOCTH KOTOPOTO  TOBBIIIAETCA B pe3ynbTaTe
MIPEeIBAPUTENILHOTO YAAJIeHUsT OCHOBHOW Macchl MpHUMeEcel OTHEBBIM padUHUPOBAHUEM.

OraeBoe  paduHHpOBAHHE MeIu - nepuoauueckuit  mpouecc. OH cocToUT U3
MOCIIEJIOBATETIbHBIX ~ CTA[Wi, BKJIIOYAIONIMX TOJATOTOBKY M 3arpy3Ky II€4H, IUJIaBICHHE WIH
pasorpeB Memu, OKHCIUTEIbHYI0OOpaOOTKYy pacijiaBa M CheM IIJIaKka, BOCCTAHOBUTEIHHYIO
00paboTKy (Ipa3HEeHHE) U Pa3IUBKY TOTOBOW MEIH.

OxucnutenbHoe papUHUpPOBAHUE MEIU SIBISEeTCS Hauloyiee CTapplM M PaclpOCTpaHECHHBIM
Croco0OM ee¢ OYUCTKH OT mpumeceil. OHO OCHOBAaHO Ha TPEUMYIIECTBEHHOW CKIOHHOCTH K
OKHUCJIGHHI0  MeTajuioB-ipuMeceid (Me), 0ojee 3MeKTpOOTpHIIATEbHBIX, YeM Medb. B meub
3arpyxaroT Meb (UK 3aTUBaloT, € padUHUPOBAHUE HUIET COBMECTHO C BBIMJIABKOW YEPHOBOM
MeJ), PaCIUIaBIISAIOT €€ U MPOAYBAIOT Yepe3 paciijiaB BO3AyX MPH MOMOIIU CTATbHBIX (yTEPOBAHHBIX
TpyOok. Ilpu »TOM oOKucisercss Meab W IpuMecH (KpoMe O1aropoJHbIX MeTayuloB). B kauectBe
OKHUCJIUTENS MPUMEHSIOT BO3AYX WM BO3AYIIHO-KUcTIopoaHyio cMech (BKC). Obpa3yromuecs OKCHIbI
MpUMeceii, HepacTBOPUMBIE B METHOM pacIulaBe, B3aMMOACHUCTBYIOT MEXIy c000i, ¢ QurocamMu u
¢ MaTepuasioM (yTepOBKH, OOpa3yIOT CaMOCTOSATENBHYIO NUIAKOBYIO (Da3y, BCIUIBIBAIOIIYIO HA €ro
MOBEPXHOCTh BaHHBl METaUIa, YTO MPENATCTBYET OOpPaTHOMY pPACTBOPEHHMIO MPUMECH B METHOM
pacruiaBe, 1100 yJalfioTCs B BUJIE BO3TOHOB.

PadunupoBanue crnaraercss U3 CIEAYIOMUX MOCIEAOBATEIbHBIX CTAJMIA: MJIABICHUE MIUXTHI
(10...12 4), okucnenue npumeceit u cbem nuiaka (3...4 u), packucnenue (3...4 4) u pasnuska (5...6
q). O011as npooJKUTENBHOCTD Niepeena npu padboTte Ha TBepAod menu 24 4. Eciu  padpuHHpYIOT
pacIuIaBIeHHYIO Me/lb, TO JTHM JOCTHTAeTCs 3HAYUTENIbHAs OSKOHOMHS BPEMEHH U TOIUIMBA U
CTAaHOBUTCS BO3MOKHBIM  paUHUPOBOYHBIE TNUIAKK  HEMOCPEACTBEHHO mepepadaThiBaTh B
KOHBEpTepe.

He3aBucuMo OT COCTOSHUSI 3arpyXeHHOW B Te4b MEIU (TBEPAOH WIIM KUIAKOMN) OKHUCIICHUE
IIMXThl HAaYMHAETCsl cpa3zy Iocje 3arpy3kd B CBSI3U C BBICOKOM TeMIEpaTypoil MEeYHBIX TIa30B,
COJIEp’)KaHHEMB HHUX HEKOTOPOTrO KOJHYECTBAa CBOOOAHOTO KHCIOpoAa W OONBIION  yneabHOU
MOBEPXHOCTHU IMIMXThI, OCOOCHHO MPHU paUHUPOBAHUU METHOTO JOMA.

CKOpOCTh OKHCJICHHS MPOIMOPLIHOHANFHA KOHIICHTPAIIMM METaUIOB B BaHHE, IOITOMY B
NEpBYIO ouepeab M Haubojee OBICTPO OKHCISAETCS MeIb, TaK KaK ECKOHIEHTpalus B BaHHE
Hanbonpmas. Oxcuxg Cu2O  pacTBOpHUM B KHIKOH Meauu OBICTpO HachlmaeT BaHHy. [y Oonee
MOJTHOTO OKHCJICHWS NpPUMEced BaHHY HACHIIAIOT OKCHJIOM MeIu BIUIOTH IO TpeAena ero
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pactBopumocTH (ripu temmnepatype 1423°C konuentpanusi ero jpocruraet 8,0 mac. % wmm 0,9 wmac.
% O2).

[Tpu nanpHelmeM okuciaeHWHW BaHHBI W30BITOK Cu2OQ BBIIENSETCS B BHAEC CaMOCTOSITEIBHON
¢a3pl U obOoramaer nuiak wMeabto. [losiBIeHWe cnmosi OKCHAAa MeOW HAlMoOBEPXHOCTH BaHHBI
CBUJETENHCTBYET O 3aBEPILECHUU Mpoliecca padhUHUPOBAHUS.

3aT€M HAYMHACTCA OKHCIICHUC HpHMeCCﬁ paCTBopeHHBIM OKCHUIOM MCIUB COOTBECTCTBUU C
YpaBHEHUEM:

4Cu +02=2CU20,
Cu0+Me =MeO+2Cu

TaK Kak mpuMecu (31ech Me — OBYXBaJCHTHBIA MeETasl), B OTIMYHME OT MEIM,MMEIOT OOJbIie
CPOACTBO K KuCIOpOony.DP(hEeKTUBHOCTh padUHUPOBAHUS B 3HAYUTEIHLHOW CTENEHW 3aBUCUT U OT
WCIOJNIb30BaHus (DITI0ca, XUMUYECKH aKTUBHOTO TI0 OTHOIICHHIO K OKCHY yaansieMol mpuMecu. Takoid
(iroc CBS3BIBACT OKCHUJ MPUMECH B MPOYHOE COSAMHEHHE, YTO YMEHBINAET KOHIEHTPAILMIO B IIIJIAKe
CBOOOHOTO OKCH/Ia IPHUMECH U CMEIIAeT PaBHOBECHE MEXIY IIUIAKOM U PUMECHIO B CTOPOHY Ooiiee
IIOJIHOTO €€ MepeBoa B IUIAK:

Me() + 510, —= nMeQ)- mS10),.

I[J'IH YMCHBIICHUA KOHHOCHTpALlUW HNPpUMECU B MCEIAU H606XO,I[I/IMO Yamie BbIITYCKATh NUIAK, HE
JAOITYCKas HAKOIUUICHHUA B HEM YIAJIICMbIX 3JICMCHTOB.

[Tocne oxucneHus: mpumeced KOHLIEHTpAlMs PACTBOPEHHOTO OKCHA MEIU B PacIUIaBE MOXKET
nocturatb 12 mac. %. Packucnenue HEOOXOOUMO MJIS MOJMYYEHHUS] IUIOTHOTO M TUIACTUYHOTO
MeTajyla ¥ TPEAOTBPAIEHUS TOBBIIIEHHOTO XUMHUYECKOTO pACTBOPEHHUS aHOAHOM Meau B
mporecce €€ JAJbHEHUIIEro  JJIEKTPOIUTHYECKOTO paduHupoBaHus. HeoOXoauMbIM  ycIoBUEM
MPOBEJICHUS ATOM ONEpali ABJISETCS TUIATEIbHOE YJIAJICHHE UIAKOB C IMOBEPXHOCTH pacIljiaBa, B
MIPOTHUBHOM CJIy4a€ OKCHJIbl IPUMECEH BOCCTAHABIIMBAIOTCA M MPUMECH BHOBb MEPEXOAAT B paciuiaB
MeTaja.

PacrimaB  BOCCTaHABIMBAIOT TpPU TOMOIIM TBEPHABIX (IpEeBECHHA), JKUAKUX (Ma3yT) WIH
ra3000pa3HbIX (MPUPOAHBINA Ta3) pEareHToB, MOJaBaeMbIX B TIIyOMHY BaHHBL. bapOotupoBanme
pacriaBa  OJHOBPEMEHHO TPHBOAMT K YIAJICHHIO morionieHHoro SO2 W JPyrux ra3oB, YTO
MOBBIIIACT MIIOTHOCTH MeAu. K okonvyanuto oneparuu kouueHntparus Cu20 ymensmaercs 1o 0,3...0,5
mac. %.

Beixox padunHupoBOuHBIX 1IIAKOB cocTaBigeT 2...3 % OT Macchl YEpHOBOM Meu.
OpueHTUPOBOYHBIM COCTaB NUIAKOB (B Te4M C KHCIOW (QyTepoBkoii), Mac. %: SiO2 15...40, Fe
5...10, Cu 35...45, npuyem 3HaUUTENbHASA YaCTh MEIM — B BUJIE HE OTCTOSIBILIMXCS Karenb MeTauia. B
Me4Yr C OCHOBHOW (yTEpOBKOW KOHIIEHTpaluss Meau B Imwiakax gocturaetr 75 %. Illnaku
nepepadaThBalOT B KOHBEPTOPAX, UCIOIB3Ys HX B KAYECTBE XOJIOIHBIX MATEPUATIOB.

Menr paduHUPYIOT B CTAllMOHAPHBIX  OTPaXKaTENbHBIX WM B IOBOPOTHBIX IEYax
BMecTHMOCThIO 10 500 1. TomnmBoM paUHHPOBOUHBIX TieUed SBISIETCS KAauyeCTBEHHBIN
(ManmoCepHUCTHIN) Ma3yT WM TpUPOAHBIA Tra3. HeoOxoammoe TpeGOBaHME K TOIUIMBY — Majoe
CoZEp>KaHUE B HEM CEPBI, MOCKOJIBKY JTUOKCHU CEPbI TOMTOYHBIX Ta30B 3arpsA3HAET MEAb CEPOIl.
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Banny meud BBIKJIAABIBAIOT W3 JAMHACOBOIO WJIM MEPUKIA30LINMUHETUAHOTO Kupnuda. CTEHBI
M TOJBECHONM MO0  pacmopHO-TIOJABECHOH  CBOA  HAaOUPAIOT W3 MAarHe3WTOBOTO  WIIH
MarHe3uTOXPOMHUTOBOTO KHPIHUYa. B CTeHax, OOJWIIOBAHHBIX CHApYXH YYTYHHBIMHU ILTUTAMH,
YCTpanBalOT pabodre OKHA C MOJHUMAIOIIUMUCS 3acioHKaMmu. OTOoIIeHHE OOJBIINX TEYei 9acTo
ABTOMATHU3MPOBAHO: TOIUIMBO U BO3MyX MOJAIOT B 3aJaHHOM COOTHOmEeHUU. CIUTKH YEepHOBOM
MeEJIM 3arpy’kKar0T MEXaHUYECKOM JIOTIATOM, a KHUAKYIO ME/b 3aJIMBAOT KOBIIAMHU C TTIOMOIIIBIO KpaHa.

[Teun nns orneBoro paduHUPOBAaHUS MOJOOHBI OTPa)KATENBHBIM IeuYaM, HCIOIb3yEeMbIM s
BBITUIABKU InTelHa. Pa3Mepsl medeil, M: miuHa Ao 15, mmpunamo 5, rmybuna BanHbel 10 0,9;
temrneparypa B neun 1400...1450 K. Pacxon tommBa — 10...11 % ot maccel uepHOBO#l mMeau (B
MepecyueTe Ha yCIIOBHOE TOTLTUBO).

PadpurupoBanHy!0O Menab OTIMBAIOT B  aHOMABI, TPEAHA3HAYCHHBIC JUIS  JajdbHEHIIEro
ANEKTPOIUTHICCKOTO  paduHUpoBaHus. [lpuMeHsemass JUIsi OTOrO0 KapycellbHas Pa3IHBOYHAS
MallliHa TIPEACTABISIET COOOW  TOPU3OHTANBHBIA  KPyr, Ha KOTOPOM YCTAHOBJICHBI MEIHbBIC
W3JIOKHUIIBL. 3a BpeMsl IBIDKCHHS TI0 KPYTY METAJUT 3aTBEPACBACT M OXJIAXKIAeTCs BOJOHW M3 OphI3ral.
l'oToBBIE aHOABI MOTPYKAIOT JUIS TOJHOTO OXJaXIeHUs B OacceilH ¢ BOJOW, a 3aTeéM OTBO3ST
Ha ckyaJ. Pa3nuB aBToMartu3upoBaH. M3Bneuenue Meau B aHOIHYIO Melb JocTUraet 99 %.
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Pucynok 15 — CrannonapHasi papuHMpPOBOYHasI Ne4b
1 - cronbuareii pyHIaMEHT; 2 — OCHOBHOW (hyHIaMeHT; 3 — yemanb, 4 - OTKOC; 5 —
[IUTAKOBOE OKHO; 6 — Kapkac KperwieHuss mneunm; 7 — razoxon; 8§ - cBox; 9 - crensr; 10 -
ropenodHoe okHO; 11 - ropenka; 12 - 3arpy3ounsie (paboune) okHa; 13 - 1meneBast JeTka

Haknonsroruecss  paguHUpPOBOYHBIE TMEYM  KOHCTPYKTUBHCXOJHBI C  TOPHU30OHTAIBHBIMU
KOHBepTepaMu, HO HUMEIT OonbiryioBMecTuMOcTh (10 300 r). ¥V Takux medeid TOpIOBHHA
CMEIIeHa OOBIYHK OJHOMY TOpIly. Ee UCHOoNB3yroT IS 3aluBKA JKUIKOH YEepHOBOW MeaH,
3arpy3Kd TBEpPIBIX OOOPOTOB W OTBOJAA OTXOAAIIMX Tra30B.J{js BeITycka oOTpadUHUPOBAHHON
MEIM CO CTOPOHBI PA3IMBOYHO MAIIMHBI B TI€UM clelaHa JeTka auamerpoMm ~ 60 mm. Hamop
CTPYH XKUJKONH MEAW PEryJupyercs B ITOM CIydae YIJIOM MOBOPOTA IE€YH B CTOPOHY PO3JIUBA.
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Haknonsronuecs pa(l)I/IHI/IpOBO‘-IHBIe ncuun HUMCIOT pAaa NpeuMylicCTB ICPCH

CTAIlMOHAPHBIMU, HO MPUTOAHBI TOJBKO IS TEpepadOTKU >KHUIKOW UYEepHOBOM Menu. 3arpys3ka
4yepe3 TOpioBHHY (C OOJNBIINON BBICOTHI) MACCHBHBIX CJIHTKOB YEPHOBOW MEIU TIPUBOAWT K

OBICTPOMY pa3pylICHUIO (yTEPOBKH TOIA.

4
Pucynok 16 — Haknonsiromasicsi papmHMpoBoOYHAasi eYb
1 — OKHO JIJ1s1 TOpENKH; 2 — KOXKYX nedn; D — (pyrepoBka; 4 — ropsjaoBuHa; 5 — HANBUIbHUK;
6 — OKHO JUIsl Ipa3HeHus; 7 - MPHUBOJ MOBOPOTA Meuu; 8§ - JeTKa Ais uean; 9 — gypua
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Pucynok 17 - TexHosiornueckasi cxeMa OrHeBoro papuHUpoOBaHUs MeIH

5. JnexkTpoanTHyeckoe paQUHUPOBAHUE MeIH
AHOMIHasg M€l COJICPKUT ellle 3HAUUTEeIbHbIE KOTHUeCcTBa mpuMecei, 1o, %: 0,2Ni; 0,1S; 0,2Sb;

0,2As; 0,1Pb; 0,15Se + Te; 0,1Au + Ag. Meap mociie OTHEBOTO papUHUPOBAHUS PA3IHUBAIOT HA
aHoabl pazmepom 914 x 914 mm u maccoit 250...320 kr. AHoasl umeror ToaumHy 40...50 MM u
dbopMy, yIOOHYIO /IS TOJBEIIMBAHUS B JJICKTPOIHM3HONW BaHHE. KaTomHBIC MAaTPHUIBI — JIMCTHI U3
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TUTAHA WIM HEpKaBeroled crtanu ToamuHo 4 mMm. Te W apyrue 5>JeKTpoAbl pa3MelialoT B
3JIEKTPOJIM3HON BaHHE, 3aII0JIHCHHON PACTBOPOM MEIHOIO KyIIOpOCa U CEPHOU KUCIIOTHI
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Pucynok 18 — KoHcTpykums 3;1eKTpoJim3epa
1 —anopx; 2 — kaToAHAst MaTpULa;3 — mIaM; 4 — 3IEKTPOJIHAA LIMHA, 5 — KOPIYC BaHHBI; a — BBOJ
AIEKTPONINUTA; O — BBIBOJ DJIEKTPOIUTA

Bannbl gy 2neKTposiM3a OTIMBAIOT M3 JKENe300€TOHAa WIM COOMparOT M3 CTaHJIAPTHBIX
&KeJe300€TOHHBIX MIIUT. JIHO HAOUPAIOT U3 AEPEBSHHBIX JOCOK. BKIajplll BaHHBI M3rOTaBIMBAIOT U3
BUHUIUIACTa WM Oojee 10JrOBEYHOrO JIMCTOBOTO CBHHIA. Pa3Mepsl BaHHBI 3aBUCAT OT BEJIMUUHBI U
YHClia JIEKTPOJIOB, UTHMHA ee ObIBaeT 3...6 M, mupuHa BHyTpu Ha 120...130 MM Gosbliie MUPUHBI
karonoB, raybuna 1,0...1,3 m. OOmee uucno snextpomoB a0 109; aHOIOB Ha OJWH MEHBIIE, YEM
KaTOJI0B.

J1sl 5KOHOMHMH MaTepualioB, yA00CTBA pa3MEICHHS B 1I€Xe U 00CTyKMBAHUS BaHHBI COCUHSIOT
B O1oku 1o 40...50 T, a nHOTAAa M B O0Jiee KpymHbIe. bIOKK CTaBAT Ha jKeIe300€TOHHBIX KOJOHHAX
BBICOTOM 10 6 M, 3TO MO3BOJIIET OCMATpPUBaThb U PEMOHTUPOBATh MX CHU3Y. g mpenynpexacHus
yTe€4YeK TOKA BaHHBI yCTAHABIMBAIOT Ha (apdopoBbie wiu amabda3oBble M30IATOPHI. s ynoOcTBa
o0CIIy’)KUBaHUsI BaHHbl OOBEAMHEHBI B CEPUM CIOCOOOM MYJIBTUIUIB. BAaHHBI COEJIMHEHBI
MOCJIe10BATEIbHO, MIEKTPObl B BaHHE — NapauleibHO. Bee aHOABI COETUHEHBI C TOJ0KUTEIIBHBIM,
a KaTroAbl — C OTPHULATENbHBIM IOJIOCOM HCTOYHHKA MOCTOSHHOIO 3JIEKTPUYECKOIO TOKA.
PaccTosiHne Mexny OZHOMMEHHBIMU 3ieKTpoaamu §...10 cMm. PaccrosiHue Mex 1y aHOJJOM U KaTOJJOM
JIOJDKHO OBITh MUHUMAJIBHBIM, OJHAKO MCKIIOYAIOIUM HX 3aMmblkaHue. Kpome Toro, HeoOxomauma
LUPKYJISLUS pPacTBOPaA ISl BBIpAaBHUBAHUS €TI0 COCTaBa.

ONEKTPOIUT HENPEPHIBHO NOCTYMAeT B KaXAYyI0 BaHHY M3 HANOPHBIX OakoB, MO IyTH €ro
MOJIOTPEBAIOT MAapoM. MecTo BBOJA AJIEKTPOJIUTA B BaHHY HAXOIUTCS Y OJHOIO €€ TOpLia BHU3Y, a
CJIIMBHOM MaTpyOOK — y HNPOTHBOIOJIOXKHOIO BBEpXy. HHTEHCHMBHOCTh LUPKYJSLMU OOECIEeYUBAET
OOHOBJICHME pacTBOpa B BaHHE B TeueHHe 3...4 4. [nd yMeHbIIEHUs MOTepb Temjaa MOBEPXHOCTh
JIEKTPOJIMTA HMHOTJA TOKPHIBAIOT MOIUIABKAMU M3 IUIACTMACChl, IJIACTMACCOBBIMM IUIEHKAMH WIIH
OpPraHUYECKUMHU ITEHAMHU.

[Ipu npoTtekaHny ToKa 4epes3 IEKTPOIU3EP aHO PACTBOPSIETCS, MEb IIEPEXOIUT B pacTBOpP.a U3
HETro — pa3pshKaeTcss Ha Karojae M o0pa3yeT 0CaZoK YMCTOro Meraiia. PacTBopeHue aHoga OOBIYHO
matest 25...30 cyT, B aHOAHBIE OCTaTKH (Ckpam) mepexoauT a0 15 % oT Maccel aHoma, HX
BO3BPAIAIOT B IIMXTY OTHEBOTO pa)MHUPOBAHUS MEJIH.
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Menp BblAENAETCS HAa MaTpUIlaX B BUJIE MPOYHOrO IJIOTHOTO OCAAKA; OJTHAKO PaBHOMEPHOCTH
€ro pocTra CO BPEMEHEM HAapYIIAETCs, Ha TOBEPXHOCTH TMOSBISIIOTCA HEPOBHOCTH, BBICTYIIBI,
IIUIIKOOOpa3Hble HApOCThl. BrIcTymaromme yacTu pactyT OBICTpee: B MeCTax HMX BO3HHUKHOBEHUS
COTMPOTUBIICHWE MEXIY aHOJAOM M KaToJOM yMeHbInaeTcsi. HepoBHBIM M HEIJIOTHBIA OCAIOK
3aXBaThIBACT dJEKTPOJIMT M TJIABYYHH IJIaM; HEPABHOMEPHOCTD OTJIOKECHHS MEIM MHOT/Ia BHI3BIBACT
KOPOTKHE 3aMbIKaHHs JJIeKTponoB. HeOompime 100aBKM B pacTBOpP IMOBEPXHOCTHO-aKTHBHBIX
BeniectB (ITAB) — cTonsipHOro Kies, ’KenaTUHbI U Jp. — CIOCOOCTBYIOT MOTYUYEHHUIO POBHBIX, MIIOTHBIX
1 uucThIX KatonoB. Pacxox ITAB cocraBnsieT oT AecsaThIX A0Jeil rpaMMa 0 JECATKOB IPaMMOB Ha
TOHHY MEJIH.

Kartonubiii ocagok HapamuBalOT B TEUYEHHE CYTOK, IIOCJI€ YEro W3BJICKAIOT U3 BaHHBI,
MPOMBIBAIOT M CIMPAIOT C MATPUIIBl TPU TIOMOIIU CTPHI-MAIIWHBI, a MAaTPUIIBI BO3BPALIAIOT Ha
padunupoBanue. [lpu Oonee AIUTETHHOM TEPHOJE HapalllMBaHUS YBEIMYMBACTCS  3arpsi3HCHUE
0CaJIka U YMEHBIIIAETCS] BBIXOJ MEIU 10 TOKY BCJIEACTBHE KOPOTKHUX 3aMBIKAHUM MEXKIIJICKTPOIHOTO
MPOCTPaHCTBA IeHaApUTaMu. KaTtoapl MPOMBIBAIOT, CTOMUPYIOT M HAMPABISIOT MOTPEOUTEIIO.

OObIyHasT YUCTOTa KaTOIOB, MOJYYEHHBIX OMHCAHHBIM O€30CHOBHBIM cmocoboMm, 99,995 %
(mapka MOOK). 3arpsi3sHEeHHE KHUCIOPOJOM MPOUCXOAMT MPHU IUJIaBKE WU PO3JIHBE, OH IMOHWKAET
IUIACTUYHOCTh W 3JIEKTPOMPOBOAHOCTH MEIH, IMOATOMY OOBIYHO TOTPEOUTENH MPEATIOYNUTAIOT
MOJTy4YaTh KaTOBbI.

OCHOBHOHM AJIEKTPOXUMUYECKHI MPOIECC MPH JJICKTPOIU3E MEIU, MPOTEKAIOIIUNA Ha aHOJE —
pacTBOpPEHUE MEH:

.

Cu” —Ze=Cu™", £ °=+023408.

OcHoBHas pCaKnus Ha KaTOoA€ — BOCCTAHOBJICHUC NOHOB MEIU

Cu®"+2e=Cu®, £ =+0,340B.

Hepemezmme B OJJICKTPOJIUT HNpHUMECU MPHU IIOTCHHHAJIIC KaToaa HC MOTYT pa3psKaTbCsa Ha
HEM BMCCTC C HOHAMHU MEOU U ITO3TOMY OCTAIOTCSA B paCTBOPEC, HAKAIIIMBAACh B HEM. HpI/I 3TOM HOHBI
cypbMmbl (II1) n mprmbsika (I111) okucnsitoTCS KUCIOPOAOM BO3AyXa M JMOO BBITIAJAIOT HA JTHO BaHHBI,
au00 00pa3yloT IUIaBYYHH IIIaM. JTOT IIIaM M YacTh DJIEKTPOJIUTA 3aXBaTBHIBAIOTCS PACTYIIUM
0CaJIKOM U 3arps3HSIOT ero.B ce0ecToMMOCTH MeaM 3HAYHMTENBHYH) YacTh COCTABISIOT PAcXoJbl HA
annektposHepruto W. Ha mpakThke 4YacTh pacXomyeMOW SHEPrHMHM TPATHTCS Ha Pa3psl NMPUMECCH,
Ha TOTepU B MOOOYHBIX IIEMAX, HA YTEUKU TOKA U Tp., T.€. MPAKTHUECKUI pacxo] Bceraa Oomblie
TeopeTndeckoro. COOTHOIIEHUE MEXAY HUMHU  ompeaensercs Kod(Q(UIHMEHTOM  IOJIE3HOTO
HCIIOJIb30BAHHA TOKA, UJIN BBIXOJOM IIO TOKY.

Ha mnpakThike BBIXOJ OCHOBHOTO METaUla Ha KaToJe BCErjJa HWXKE TEOPETUYCCKOTO.
OTtHomieHue Macchl (DaKTUYECKH BBIJCIUBIICTOCS METallla K €r0 TEOPETUYECKOMY KOIUYECTBY,
KOTOpOE JOJDKHO OBIIIO OBl BBIIENHUTHCS MO 3akoHy Dapanes, Ha3bIBAIOT BHIXOJOM IO TOKY. JTOT
MoKa3aTeb BBIPAXKAIOT OOBIYHO B MPOIICHTAX.

Pacxon sneprun W , kBT u/T, paccuuthiBaroT no ¢hopmyie:

L7 1O

W= .
'!:;"-T:;L_I;
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rae U — nanpsokenue Ha Banune, B (0,25-0,3B);

D cu — NEKTPOXUMHUYCCKHI SKBUBAICHT Meu, 1,1861/A 4

Brixox Meau mo TOKy M MajieHUE HAIPSDKEHUS HA BaHHE SIBISIOTCS OCHOBHBIMH TOKA3aTEIISIMU
3¢ (HEKTHBHOTO MPOBEICHUS IJICKTPOJIN3a, BO MHOTOM 3aBHCSIIETO OT CONMPOTHBIICHUS JJICKTPOJIUTA.
VYaenpHOE€ CONMPOTHBICHWE METHOTO SJIEKTPOJIUTAa YBEIWYMBACTCS C YBEJIMYEHHWEM KOHIICHTpAIlUU
M€ ¥ YMEHBIIASTCs TIPH J0OaBJICHUH CEPHOU KHUCIIOTHI M HATPEBAHUH, TTOUEMY DJICKTPOJIM3 BEAYT B
MOJKHUCIEHHOM pacTtBope, HarpetoM Ao 60...65 °C, oObiuno coaepxkameM 40...50 r/n menu u
150...200 /a1 cepHoii kucnoThl. Beixoa no Toxy npu papuaupoBanuu 94...97 %, pacxon sHepruu Ha
1 T meau 200...400 kBT 4. onTUMaibHas IUIOTHOCTH Toka 250-300a/m?

JUis yMEHbBIIIEHUSI pacxoja SJICKTPOIHEPTHH MPH JJICKTPOIH3E CIEAYET UMETh HAUOOIBIINUN
BBIXOJl M€Y TIO0 TOKY M Majlo€ HampsDKCHHE Ha BaHHE. BhICOKash TMIIOTHOCTh TOKa IOBBINIAET
MPOU3BOAUTEIHLHOCTh BaHH; OJIHAKO OJHOBPEMEHHO YBEIMYMBACTCS TAJICHUE HAMpPsSHKEHUS B
9JICKTPOJIUTE W BO3pACTaeT IMOJSAPH3aIUsA, a, CIeI0BaTEeIbHO, U pacxona 3Hepruu. [lonspuzanuio a,
CJICIOBATENIbHO, W PACXO0Jl PHEPTrUU  KOMIICHCHPYETCS YCHJICHHOW MHMPKYJSAIHUEH dJICKTPOJIUTA,
BBI3BIBAIONICH B3My4YMBAaHHUE IUIaMa, 3arpsA3HEHHE MM KaTOJOB M IMOTEPU C HUMHU JIPAroleHHBIX
METaJJIOB BCJICJCTBUE 3aXBaTa YACTHII [IJIaMa PACTYIIUM OCAIKOM.

Katonnas wmeap -  OCHOBHOM MPOAYKT SJEKTpOJM3a -  HE BCerjga INpurogHa Juist
HEMOCPEACTBEHHOTO  HCIIOJIb30BaHUS, OCOOEHHO B DJJEKTPOTEXHHYECKOH  MPOMBINIIICHHOCTH.
[TopToMy e€e pacmiaBisiOT WU pa3IUBAIOT B CIUTKA. PaHbIe TmeperuiaBky MPOBOJMIN
MMOBCEMECTHO B OTPAXKATEIbHBIX II€YaxX 110 METOXy, ONU3KOMYy K OTHEBOMY padUHUPOBAHUIO
YEpPHOBOW MEH, C TOJTYyYEHHUEM CIMTKOB CTaHAApTHOH (OpMBI - BaiiepOapcoB.

Perenepanusi 3iaekrpoaura. OHa HeoOXoquMa Ui CTa0MJIM3allMM COCTaBa 3JEKTPOJIUTA
padunupoBanus. [Ipumecu, nepemeamme B 3JIEKTPOIUT, HE MOTYT OCAXKAATBCS BMECTE€ C Meblo,
OHM HaKalMBaloTCA B HeM. KaTomHbll ocajgok3arpsi3HseTcs IJIaBHBIM 00pa3oM B pe3yJbTare
3axBara pacTyLUM OCAJKOM pacTBopa M IulaBydyero unuiama. (s mpenynpexiaeHus 3TOro 4acTb
AJIEKTPOJINTA TIEPUOJUMUECKU YAAISIOT U OYMINAIOT (PETeHEPUPYIOT), a 3aTeM CHOBa BO3BPAIAIOT B
BaHHBI.

B snextponur mepexomut noutu Ha 1 % Oonblie Menu, yeM OCa)XAaeTcs Ha KaToJe, B CBSI3U
C XMMHMYECKHM pacTBOpeHHEeM HuMmeromieiics B aHone 3akucu Cux0, a TakKe OKHUCICHHS MEIu MOJ
JeMCTBUEM KHCIIOPOJa BO3AyXA.

Ha wMHOrmx 3aBojax pereHepanuio 3JeKTPOJUTa COBMEILIAIOT CIIOJIYYEHHEM MEIHOTO
kynopoca. Ilo 3ToMy cnocoOy OTOOpaHHBIHPACTBOP HEUTPaIM3yIOT B MNPUCYTCTBHM BO3AyXa
aQHOJIHBIM CKparlOMUIIN CIEIHAIIBHO IIPUTOTOBJIECHHBIMU rpaHyJlaMu MEHU. B
pe3yIbTaTenpOTEKaHUs PEaKIIMUPACTBOP 000ralaeTcss Meiblo U 00EeTHACTCS CEPHOM KUCIOTOH.

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

3areM TOJYYCHHBI pacTBOp YNApWBAalOT W HANPAaBISIIOT B KPUCTALUIM3ATOPHI, TIE NpHU
OXJIAXJICHUM W3 HEro BBIIGNAIOTCA KpHcTamuiel MenHoro kynopoca (CuS0s4 - SH20). [lns
WHTCHCU(UKAIMK  TIPOIIECC TMOJMYYCHHS  METHOTO  Kymopoca  MpOBOIAT B BaKyyMHBIX
KpUCTAILITU3aTOPaX.

Kpucranmnuzanuioo MeIHOTO Kymopoca TpPOBOIAT B TpU CTaauu. PacTBop mocne TpeTbei
cranud  mporecca, coxepxkammii S50 ... 60 v/m  Cu, MOABEPrarOT  AJICKTPOIHTHYCCKOMY
00e3Me)XMBaHUIO B BaHHAX C HEPACTBOPHMBIMH aHOAaMH. B pesymnbraTe >JEKTpOJIM3a IOyYaroT
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PBIXJIBIM KATOAHBIM OCaJAOK MEIHU, 3arpsA3HEHHBIM MBIIIBAKOM M CypbMOW, KOTOPBIM OTIIPABIISIOT
Ha MeJCIIaBIIbHBIC 3aBOJbI, U pacTBOp, coaepxammii ~ [ /a1 Cu.

[Ipy >neKTpoNUTHUECKOM OCAXIECHUH U3 PACTBOPOB, coaepkamux menee 10 ... 12% Cu,
MOXXET BBIJIEIATHCSI OUYEHb SAOBUTBHIM Ta3 - MBILIbSIKOBUCTBIA BOJAOPOJ

IlepepaboTka niama

[Mpumecn, mOTeHHMANIBI KOTOPBIX  orpunarenvHee, yeM y wmemu (Fe, Zn, Ni u np.),
PACTBOPAIOTCA B 3JICKTPOJIMTC, 4 NPUMECHU C 60.1166 MOJIOKUTCIIBHBIMHA, YCM Y MCIHU MNOTCHIHUAJIAMU
(Au, Ag u np.) u xumuueckue coequHerus (CuxTe, CuzS, Cuz Se) BeImaaioT B 0CaA0K HA THO BAaHHBI
—mam.lllmaM BBITpYKalOT NMPH MEPUOANYECCKONM YUCTKE BAaHH W HAINPABISIOT HAa TEpepadOTKy C
LENBI0 U3BJIEYh €r0 IIEHHBIC COCTABISIONIME CEJICH U TEILTY].
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Pucynok 19 — TexHoornueckasi cxema 3JIeKTPOJIUTHYECKOT0 pa)MHUPOBAHUA MeIH

Iopsinok BbINoJIHEHUS PadOTHI

1. W3y4nTs TEOpETHUECKUE CBEICHMS.

2. CocTaBHUTh NPUHLIHUIHAIBEHYIO TEXHOJIOTHYECKYIO CXEMY IpoIiecca MPOM3BOCTBA MEIH.

3. CocraBUTh TEXHOJOTHYECKHE CXEMBbl OCHOBHBIX MEPE/EIOB COTIACHO BapHaHTA 3aaHUSC
OITMCAaHUEM OCHOBHBIX MPOIIECCOB HCIOJIB3YEeMOT0o 00OpYAOBaHMS M MapaMeTpOB Ha ITHX
nepesenax.

4.  OdopMHUTB OTUET.

HpaKanecKne 3aJaHusA.
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PazpaboTaTh TEXHOIOIMYECKYIO CXEMY 00XKHTa METHOTO KOHIIEHTpaTa
Pa3zpaboTaTe TEXHOJIIOTHYECKYIO CXEMY IUIaBKM Ha IITEHH

Pa3paboTaTh TEXHOJIOTUYECKYIO CXEMY KOHBEPTUPOBAHUS IITEHHOB
Pa3paboTaTh TEXHOJOTMYECKYIO CXEMY OIHEBOI'O papUHUPOBAHUS
Pa3zpaboTaTh TEXHOJIOTHYECKYIO CXEMY IEKTPOJIUTUUECKOTO paMHUPOBAHUS

M

Pexomenayemasi sureparypa
1.PacdeTsl MeTauTyprudecKux MpoIeccoB Mpou3BocTBa Menu: yued. moco0./ E.M. Enucees [u
ap.]. — YenstObunck: M3parensckuit nentp FOYpl'Y, 2012

2.Y1xun,H.U. [Ipon3BoACTBO IIBETHBIX METAIIOB. — 2-€¢ u3a.- M.: «uTtepmer MHXUHUPUHI»
2004. — 438 c.
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IIpakTnueckas padora Ned.
Tema: Pacuer MaTepuanbHBIX MOTOKOB METAJUTYPTUYECKUX MTPOLIECCOB
e padoTbi: OCBOUTH METOBI PACUETOB MaTEPUATILHBIX TOTOKOB
TeopeTnyeckue cBeieHust

1.Pacuer pacxoaa Bo3ayxa M KOJIMYECTBA ILIMOBLIX I'a30B IIPU NOPCHUU IIPUPOAHOIO ra3sa.
Pacuer Bezmem coriracHO 3aKOHAM CTCXUOMCETPUH.

Mpumep. Pacuer Besem Ha 100 M* mpupoaHoro rasa ciemyromiero cocrasa, % (00bem.): 83,4
CHa4, 15,8 C2Hs 1 0,8 No.

[Tpu pacuere mosb3yeMcs 3aKOHOM ABOTaJpo, COTIACHO KOTOPOMY B PaBHBIX 00BbEMaxX BCEX
ra3oB COJEPIKUTCS PaBHOE YWCIIO MOJEKYJ, YTO IO3BOJISIET Cpa3y MOJCYUTATH 00BEeM MOTPEOHOTO
KHCIIOpO/a:

CH4+20,—C0O2+2H:20; C2H4+302—2C0O2+2H:20.

[loTpebyeTcs KUciIopoaa, M>:

Hns cropanuss CHa...o.oocooocnii00...83,4:2=166,8
Hnst cropanus CoHa. oo, 15,8:3=47,4
BCETO. ..o 2142

C KHCITOPOIOM TOCTYTHT a30Ta
214,2:21-79=805,8 m°.
TeopeTnueckas MOTPeOHOCTH B BO3AYXE
214,2+805,8=1020 m>.

TeOpCTI/ILICCKI/I B IIPOAYKTHI CTOpaHus IEPCXOANT:

M3 % (00BeEM.)
CO2................83,4+15,8-2=115 10,25
H2O................83,4-2+15,8:2=198.,4 | 17,75
Noooooiiiii 805,8+0,8=806,6 72,00
Beero...oooooiiiii 1120 | 100,0

Jns pacuera (aKTHUECKOTO pacxoja BO3IAyXa M BBIXOZA MPOIYKTOB CrOPAaHUS HEOOXOAUMO
y4ecTh U30BITOK BO3yXa, IPU KOTOPOM BENETCS CKUTAHHE TOIUIMBA, M €T0 MOJCOC 33 CUET HEMOJHOM
repMETH3alUU alapaTyphl.
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Taoauua 1. Ucxoauble JaHHLIE

Ne Bap. %(Og:ZMH-) %(CET;YH') %(O?VT;CMH.)
1 82,5 17,2 0.3
2 82,5 17,1 0.4
3 83 16,5 05
4 83,5 16,2 0,6
5 83,5 15,8 07
6 83,2 16,1 0,7
/ 83 16,4 0,6
8 83,4 16,1 0,5
9 82 17,6 0,4
10 81,9 17,8 03

2.PacueT cocTaBa U KOJIMYECTBA MEIHOI0 IITEHHA.

Hpumep. Ilpenmnonoxum, yto miaBke noasepraerca 100 Kr MeAHOro KOHIIEHTpATa COCTaBa,
%: Cu 12; Zn 1,5; Fe 35,5; S 43,5; Si02 5; CaO 1; mpoume 1,5. Tpebyercs paccuuTaTh
COCTaB W KOJWYECTBO TOJYYAIOIIerocs IITeHHA MpH IUIaBKE B HEUTpaIbHON aTtMocdepe (BapHaHT
1) ¥ B OKHCIIUTEIBHBIX YCIOBHIX (BapuaHT 2).

Bapuant 1. IlnaBka B HelTpanpHOW aTMmocdepe. [ng pacuera npuHuMaeM: aecyibgy-
puzanus mpu IJaBke paBHa 55 %, u3BieueHwe Menu B mTeldH 96 %, muuka 40 %, comepxkaHue
B teiHe mpouux 1 %.

[Ipu necynbdypuzanuu 55 % B wmreitH mnepeiiger 45 % cepbl, conepkamieiicss B
KoHIleHTpare, 1.€. 43,5 ¢ 0,45 = 19,575 kr.Torna wu3 100 kr KOHIlEHTpaTa TIpU CpEeIHEM
COJIEp’)KaHMU Cepbl B MEAHBIX MITeHHax, paBHOM 25 % (mpaBuio MocToBuYa), MOIYyUUTCS
19,575:0,25 = 78,3 kr mIreiina.

B mreiin meperiner meau 12 ¢ 0,96 = 11,52 kr (comepxxanue B mteiine 14,7 %), munkal,S ¢
0,4 = 0.6 kr, kuciaopoma 78,3 0,065 =5,1 kr (mreiH, coxepxammii ~ 15 % Meau, COTEPKUT -
6,5 % xucnopona), mpouux 78,3 -0,01 =0,78 xr sxeme3a (mo pasnoctu) 78.3 - (11.52+ 19,58 +
0.6+ 5.1 + 0,78)=40.72 kr

Pesynbratel pacuera ¢ 1eNbl0 CpaBHEHHUS CBeleM B Tabn. | Tociie BBHITIOJIHEHHS PacyeTOB
1o 2-My BapHaHTy IUIaBKH.

Bapuantr 2. [lnocko B  OKHCIMTENbHBIX  yClOBUSAX. JlIs pacueta NpuUHUMAaEM;
MOJyYaromics MTEHH ToJbKeH conaepkath 40% wmenau, u3BiedeHue Meau B mTedH 95%, 1uHKa
60 %, comepkanune B mTeiHe mpouux 1 %, kuciopona 3 % (mpu comepkaHWW MEIU B IITEHHE,
paBuaoMm 40 %).

KonuuectBo meau, nepemieamieii B mreidH coctaBut: 12« 0,95 = 11,4 kr.

OO6miee koMuecTBO MmTeHa ¢ yueToM 40 %-HOro coaepkaHus Meau OyIeT:

(11,4 « 100)/40 = 28,5 kr.

B »Trom komuyecTBe 1ITeHA 1O TpaBWIy MocToBHYa OYIET COACPIKATHCS  CEpPhI:
28,5¢0,25 = 7,12 kr.

Crenenp necynbypuzalii B 3TOM ClIy4ae COCTaBUT:
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[(43,5 — 7,12)/43,51]100 = 83,6 %.
B mreiin nepeiiger: uunka 1,5 ¢ 0,6 = 0,9 xr, xucnopoxa 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

Taoauna 2. PacyeTHblii cOCTAB U KOJMYECTBO MITEHHA NMPH IUVIABKE METHOT0 KOHIIEHTpaTa
B HeliTpaabHOi (BapuaHT I) u okucaurTenbHoi (Bapuant II) atmocdepax

KommnoneHTsI KoJsun4yecTBO 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
0, 5,1 6,5 0,85 3,0
IIpoune 0,78 1,0 0,28 1,0
Bcero 78,3 100 28,5 100

[Ipn comocraBineHUM pe3yNbTaTOB pPAcyeTOB JABYX BapUAaHTOB IUIABKM KOHLEHTpPAaTa OAHOIO
U TOTO K€ COCTaBa B HEUTpalbHOM atMocdepe U B OKHUCIUTENBHBIX YCIOBHUSX, MPHUBEACHHBIX B
Tabs. 1, MOXXKHO BHJEThb, UTO, BO BTOPOM CIIly4ae YBEJIMYEHHUE COJIEp)KaHUs MEOu B IITEHHE B 2,7
paza (40 14,7) 3a cuer yBenuueHus necynbdypuszanuu 10 83.6 % BeeT K yMEHBIICHUIO BO CTOJBKO
*Ke pa3 ero Bbixoga. [Ipy 3TOM IITEHH IO CPAaBHEHUIO C HMCXOAHBIM KOHIIEHTPAaTOM B IEPBOM
ciydyae oOoramaercst Bcero B 1,2 pa3a, a BO BTOPOM CTENEHb €ro OOOralleHHs BO3pPacTaeT A0
3,3 pa3za.

W3 storo cnemyer, uto s MONydeHHUs Oojee OOraThlX IITEHHOB M3 OJHOTO W TOTO K€
KOHIIEHTpAaTa, HEOOXO0IUMO JIFOOBIM CITOCOOOM IMOBBIIIATH CTEIICHB ACCYIbPYpU3aIIUH.

B zaxmouenue ciemyer oOpaTHTh BHMMaHUE Ha TO, YTO B IMpPHUMEpPE pacyueThl COCTaBa U
KOJIMYeCTBA INTEHHA OBUTM BBIOJHEHBI JBYMsI BO3MOXKHBIMH CIIOCOOAaMHU — IO 3aJIlaHHOM
CTerneHu aecynbpypusanuu (BapuaHT 1) U MO 3aJaHHOMY COJEPKaHUIO MEIU B IOJIy4aroleMcs
mreiiHe. O6a coco0a pacyera MTEHHOB SIBIISIOTCS pAaBHOLIEHHBIMHU.

Taoauna 3. Ucxoauble JaHHBIE

Ne Bap. Cu Zn Fe S Si0: CaO [Ipoune
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 1,5
6 14 1,7 36,5 40,1 52 1 1,5
7 13 1,6 37,2 40,4 5,3 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 6vixo0a u cocmaea o2apka.

Ipumep. ITpumem, uto oOxury noasepraercs 100 kr koHIeHTpaTta cocraBa, %: Cu— 12; Zn—
1,5; Fe—35,5; §—43,5; SiO2—5; CaO- 1; npoune—1,5.

Vcxomuble JaHHBIE Ul pacuera: cTeleHb Aecynb(ypusanuu 80 % okucisercs '/3 LUHKA; B
orapke ocTaercs /3 NpOYHX; MOTEPIMU MeIH IpH obxure npeneOperaem. Toraa KOJIUYeCTBO CEphl,
OCTAIOLICHICS B OTapKe, COCTABUT:

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

KonugectBo cepsl B ocTaBmiemMcs cyabpuae UHKa

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

KonugectBo noTpedaeHHOro KUCIopoaa i OKUCICHHUS IUHKa B ZnO
(1,5-/3-16)/65,4 = 0,06 kr.

KonunuectBo cepsl, cBs3aHHOM ¢ Menbto B CuxS:

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

KonnyecTBO HEOKUCIMBIIEHCS CEPBI, CBA3AHHOM C JKEIE30M:

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

TOT/1a KOJIMYECTBO OCTABIIETOCS B CYIb(MUAHOMN (hopMe jxerne3a COCTaBUT
5,46x55,85/32 = 9,53 xr,

a KKelesa, mepele/Iero B okCuauywo popmy: 35,5—9,53=25,97 kr.
s oxucnenus xkenesa 10 Fe2Os nmorpedyetcs kuciopoza:

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

Bcero nns okucnenus sxenesa u nuHKa norpedyercs 11,16 + 0,06 = 11,22 kr kucnopoaa. Toraa
B orapke OyzaeT coaepkarbes, kr: 12 Cu, 1,5 Zn; 35,5 Fe; 8,7 S; 11,2 O2; 5 Si0:z; 1 CaO ;1,0—mnpoune.

O0mass macca orapka Oymer paBHa 70,4 Kr, T. €. BBIXOJ Orapka OT MAacChl HCXOIHOTO
koHieHTpara coctaBut 70,4 %. CoctaB orapka Oyaet cnenyromuM, .%: 17 Cu; 2,1 Zn; 50,5Fe; 12,4 S;
15,9 O2; 2,1 —npoune.

Kak BumHO M3 pacuera, CTENEeHb OOOTalleHHs] orapka MEIbi0 0 CPaBHEHHIO C HCXOJHBIM
KOHIIEHTPAaTOM HEBEJIMKa U cocTaBiseT Bcero 17,07:12 =1.4.

Taoauua 4. Ucxoaubie 1aHHBIE

No Bap. Cu Zn Fe S Si0: CaO [Tpoune
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 5,3 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

HOpﬂI[OK BbIITOJTHCHU A paﬁoTbl

l. N3y4nTh TEOPETUYECKUE CBEICHUS.
2. [IpoBecTu pacueT B COOTBETCTBUU C MHAUBHIyaIbHBIM 33/1aHUEM
3. OdopmuTh OTYET.

Pexomenayemasi jureparypa

1.PacueTsl MeTaUTypruyecKuX MpoLeccoB Mpou3BoaAcTBa Meau: yueb. nocod./ E.W. Enucees [u
ap.]. — YenstOunck: M3parensckuit nentp OYpl'Y, 2012

2.Y1kun,H.W. TIpon3BoacTBO UBETHBIX METAIIOB. — 2-¢ u3d.- M.: «MHtepmer HKUHUPUHT»
2004. — 438 c.
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[Ipaktrueckas padora Ne5
Tema: Pacuer MmaTepuanpHOro 0ananca METaITypruuecKoro mpoiecca
Hean padoTbi: OCBOUTH METOJIBI PACYETOB MATEPHAIIBHOTO OajaHca
Teopernyeckue cBexeHust

Pacuem mamepuaibiozo Oananca naaeKu HA WMEH.

IIpumep.IlpoBenem pacdyer cocraBa M KOJMYECTBA OTBAJIBHOIO MUIAaKa M pacxojna (IrocoB
Ha TUIaBKY.

Pacuer mpoBexem s KOHIICHTpaTa W IITEHHA, PAaCCMOTPEHHBIX B IMPUMEPE MPAKTUICCKOU
paboTer Ne4.

Jnist pacdera mpuMeM CIIEIYIOIINE YCIOBHS:

1. OTBaNbHBIN NUTAK JOJKEH coaepxkatb 36 % SiO2u 5 % CaO.

2. B kauectBe ¢dmrocoB ucnonszyeM: kBapit (100 % SiO»), nzectrsik (CaCO3), coneprxaniuit
56 % CaO (ocrt. - CO2).

3. be3Bo3BpaTHbBIC MOTEPH IS YIPOIICHUS pacueTa He YIUTHIBACM.

C yueTroMm mepemieAmmnx B IITEHH M ra3bl KOMIIOHEHTOB KOHLIEHTpaTa B IIIJIaK mepenaer (cMm.
paboty Ne4 o Bapuanty 2 ):

Gl e e e et e e e 12-11,4=0,6 kT
R 1,5-0,9=0,6 xr
Fe. .o 35,5-7,9=27,6 kr
(6710 RS NUDSUURRRSIRRI 5 ¢ &
|00 0 (< 1,5-0,28=1,2 2xr
BCETO. .o 36,0kr

Takoil mmak, MONyYeHHBIM Oe3 go0aBku (DIIrOCOB, HA3bIBAaeTCS caMoIUIaBKUM. MHoOTIa
CaMOILIaBKUI IJIaK yAOBJIETBOPSET TPEOOBAHUSAM JAHHOTO BUA MJIABKU, U (IIIOCHI B 3TOM cllydae B
HIUXTY HE J00aBIISIOT.

[TpoBepuM, yIOBIETBOPSIET U MOTYUYAIOIIUICS CaMOIIABKUIA NUTAK 3aJaHHBIM yCIOBUsAM. Jliis
3TOr0 OMNpPEACIIMM IPOLIEHTHOE COJEpKaHUE, 10 KpauHed Mepe, ABYX 3aJaHHBIX KOMIIOHEHTOB. B
caMOIUTaBKOM IuTake OyaeT coxepxkarhes: (5:36,0)x100=13,4 % SiO2 u (1:36,0) x100=2,8 % CaO.

Ot 1Pl TOBOPAT O TOM, YTO LUIAK HE OYJET yAOBIETBOPATH 3aJaHHBIM YyCIOBUAM. Jlis
MOJTy4eHus 1uiaka, cogepxaiero 36 % SiO:2 u 5 % CaO, He06X0AUMO BBECTH B IIUXTY (IIFOCHI —
KBapIl U U3BECTHSIK.

Pacuer ¢mrocoB mpousBeneM MeroAoM OanaHCOBBIX YypaBHeHHI. (O003HauuM MOTpeOHOE
KOJIMUYECTBO KBaplla Yepes3 X, a U3BECTHAKA Yepes V.

Torma macca KOHEUHOTO IIJIJaka MOXXET OBITh BbIpakeHa ypaBHeHueM (36,0+x+0,56y) kr,
rae36,0— macca caMOIIaBKOIO IIiaka.

B Tom kommuecTtBe 1uIaka OyAeT COAEPIKATHCS: (36,0+x+0,56)0,36 kr SiO: wu
(36,0+x+0,56)0,05 xr CaO.

OTH KONWYEeCTBAa JBYX OCHOBHBIX IIJIAKOOOPA3yIOIIUX KOMIIOHEHTOB B IUIaKE HYXHO
MPUPABHATH K UX KOJWYECTBAM B MCXOAHOH mmxTe. OHU COOTBETCTBEHHO cOoCTaBAT: (5+x) kr SiO:2 u
(1+0,56y) xr CaO.

CocraBum 0anaHCcOBOE YpaBHEHHE:

no Si02 (36,0+x+0,56y) 0,36=5+x

- ~ ~

KoauuecTBO Si0:2 B LLTaKe SiO:2B muxre
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o CaO (36,0+x+0,56y) 0,05 = 1+0,56y..
CaO 6 wnaxe

CaO 6 wuxme

PemmB Ty 1Ba ypaBHEHUS C IByMsI HEU3BECTHBIMU, NTOTYyYUM: X=13,3 KT 1 y=2,75KT.

C u3BectHsakom nocrynui CaO:
2,750,56 = 1,54xr CaO.

HpOBepI/IM NMPpaBHUJIILHOCTH BBINMOJIHCHHOI'O pacdycTa, OIIPCACIMB COCTAB OTBAJILHOT'O IIJIaKa

*5+13,3=18,3

KI’ %
Cu.. 0,6 0,9
TN, 0,6 1,2
Fe...................... 27,6 52,3
Si0:.. 18,3* 38,2
CaO.. 2,5%* 5,3
[Ipoume............... 1,22 2,0
Beero.................. 50,8 100,0

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

[IpuBeneHHbIE BbIIIE JaHHBIE O COAEpPkKAHMM B KOHEYHOM mutake Si02 u CaO TOBOPAT O
NPaBUIILHOCTH BBITIOJIHEHHOTO pacyera.

OHpGI{GJ’II/IM HOTp€6HOCTI) B KUCJIOPOAC AJId OKHCIICHUS KEJIC3a, HMHKA U CCPLI.

[ToTpebHOCTD B KHCTIOpOIE, KT

s okucienus Fes FeO..........

(27,6/56)-16=7.9

g okucinenus ZnsZnO..........

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

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

44 Akr

43,5-7,12=36,38 43,5kr- conepxanue cepbl B KoHLeHTparte ( pabot.Ned), 7,12kr- conepxkaHue B

mreiine (paboralNed).

C 3TUM KOJIMYECTBOM KHCJIOPOJIa C BO3yXOM MOCTYNHT a3oTa: (44,4/21)79=166,8 kr.
OO01iee KOMMYECTBO BO3MyXa C ydeToM koadduimenta u3bbitka a=1,1 Oyaer paBHo: (44,4 +

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

B sToM KonmuuecTBe Bo3ayxa OyneT conmepxkarbes 45,5 kr kucnopoaa u 171 xr a3ora.
B texnonoruueckue rasel nepedayt SO2, N2, u30bITOUHBIA KUCIOpoa U CO2, BBIICTUBIIANACS
MIpH pa3ioXKeHUH u3BecTHAKa. O0Iee KOINYecTBO 00Pa30BaBIINXCS Ta30B M UX COCTAB MPHUBEACHBI B

TaoiI. 1

Taoauua 1. Kosin4ecTBO M cOCTAB TEXHOJOIHYECKHX I'a30B

3

KomnoHeHT KT M %(00BbemMH.)
SO2 36,3+36,3=72,6 72,6:64-22,4=25,4 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-:224=2,5 1,5
CO2 2,75-1,54=1,2 1,2:44-22,4=0,6 0,4
Bcero: 2441 161,9 100
[lo pe3ynapTaram pacyeTos, nmpakTUdeckor paboTeiNe4, coCTaBUM TMpEABAPUTEIIBHBIN

MaTepHuanbHbId OajaHC TUIaBKU

oOpa3yromuecs MpH ero CKUTaHUU.

Taouauna 2. [IpenBapuresbHbIii MATEePUAJbHBIN 0aJIaHC IVIABKH, KI'
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Marepuaset Beero | Cu | Zn | Fe S | 8i0; | CaO | CO: | O: | N: |IHpou.
NMPOAYKTHI IJIABKHU

[TocTynmo: 100 12 1,5 | 35,5 | 43,5 5 1 - - - 1,5
KOHIICHTpaTa

KBapIa 13,3 - - - - 18,1 - - - - -
W3BECTHSIKA 2,75 - - - - - 1,54 | 1,2 - - -
BO3JIyXa 2112 - - - - - - - 14441166,8 -
Bcero 330,5 12 1,5 | 355 ]43,5|23,1 254 | 1,2 [444|166,8| 1,5
[ToyyeHo: mreriHa 285 [ 114 | 09 | 7,95 | 7,12 - - - 0,85 - 0,28
IUTaKa 50,8 0,6 | 06 | 27,6 - 183 | 2,5 - - 1,22
rasoB 2441 - - - 36,3 - - 1,2 139,8(166,8| -
Bcero 328,1 12 | 1,47 | 35,5 |143,42| 23,1 | 2,5 1,2 [40,65/166,8| 1,5

PacxoxxeHuss B MOCTYNHUBLIEM CBIPbE IMOJYYEHHBIX HPOAYKTOB cocraBiser 2,4kr 3to 0,7%
JIOITYyCKAETCs pACXOKICHUE 2KT.

Taoauna 3. Ucxoauble JaHHBIE

Ne Conepxanue Si02,CaOB B kauecTBe (p110COB HCTIOJIB3YyEM:
Bapuanra OTBAJIBHOM HILJIAKeE, %o kBapu (100 % Si0:), uzBectusik (CaCO;3),
SiO; CaO conepxkammii% CaO (ocT. - CO3).
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
IMopsinok BHINOJHEHUS PAOOTHI
5. N3y4nTh TEOPETUYECKUE CBEICHUS.
6. BrImotHUTE pacueT B COOTBETCTBUU C MHAMBUYAJIbHBIM 3aIaHUEM.

7. OdopmuTh OTHET.

Pexomenayemasi sureparypa

1.PacueTsl METAITyprHYECKUX MPOIIECCOB MPOM3BOACTBA Meau: yued. mocob./ E.W. EnuceeB [u
ap.]. — YenstOunck: M3narensckuit nentp OYpl'Y, 2012
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