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Pacnpenesienue yueOHOTro BpeMeHH JUCHUIIMHBI

OO0mas Tpy10eMKOCTh JTUCIUIIIMHBI COCTABJsET 5 3a4eTHBIX equHuIl, 180 yacoB

Bunasl yueOHoI Harpy3kH, Howmep cemectpa Bcero
4acoB 5 4acoB
Jlexiun 10 10

[IpakTHueckue 3aHsATUS

JlaGopaTopHbie pabOTHI

CamocrosTenbHas paboTta 132 132
KoHTpoJib caMoCTOSTENhHOM pabOThI 2 2
KoHTpoas

Bcero gacoB o aucuumninHe 144 144

@®opMbI KOHTPOJIsI, KOJIUYECTBO

Bunasl yueOHoI Harpy3kH, Howmep cemectpa Bcero
4acoB 5 4acoB

DK3aMeH 36 36




IMosicuuTenbHAaA 3aIHUCKA

1. Jucnuniauna «MeTaajayprusi 4epHbIX, IBeTHbIe M PEeIKHX MeTAJIOB»
SABJISICTCSL  OOs3aTENIPHOW  TUCHUIIMHOM — BapWaTHMBHOM dYacth Onoka 1 OCHOBHOM
npodeccCHOHaIBLHON 00pa3oBaTEeIbHON MPOTrpaMMBbl BBICIIETO 0Opa3oBaHMS 10 HAIPABICHUIO
MOJATOTOBKA HAy4YHO-TIEArOri4ecKrux KaJpoB B aclnupaHType no HampasieHuo 22.06.01
Texnonoruu Matepuaio (npoduis HanpasiaeHus 05.16.02 — Meramnyprus 4epHbIX, IBETHBIX U
PEIKHX METaJIOB).

Pabouas mporpamMma cocTaBieHa B COOTBETCTBUU C (pelepalbHbIM TOCYIapCTBEHHBIM
o0pa3oBaTeNbHbIM CTAaHAAPTOM BbICIIEro oOpa3oBaHus «denepanbHblii rocyaapCTBEHHBIN
o0Opa3oBaTeNbHBIA  CTaHAAPT BBICHIETO O0Opa3oBaHUS. YPOBEHb BBHICHIETO 00pa30BaHUs
«IlonroroBka kampoB BbIcHiel kBanmudukanuuy. Hampaenenne moaroroBkun 22.06.01
TexHONIOTMM MaTepuaioB», YTBEPXKIECHHBIM NPHKa30M MMHUCTEPCTBA OOpa3oBaHMs U HAYKU
Poccutickoit ®eneparuu ot 30 urons 2014 r. Ne 883 (manee ®I'OC BO) u pabounm y4eOHBIM
IUIAaHOM TIOJTOTOBKM AaclHpPaHTOB, OOYyYalOIIMXCS IO COOTBETCTBYIOLIEH 0Opa3oBaTeNbHON
nporpamme (zajgee oOydarommXcsl) MO HampaBlieHHI0 moarotoBku 22.06.01 Texnomoruun
marepuaiioB (npoduns HanpasieHus 05.16.02 — Meramutyprust 4epHbBIX, IIBETHBIX M PEIKUX
METaJuIoB) (J1ajiee HalpaBJIeHNE TMTOATOTOBKH).

Heab0  IUCHMIUIMHBI SBIISETCS IOATOTOBKA OOYYalOHIMXCS B COOTBETCTBUHM C
KBAJTM(HUKAIIMOHHON XapaKTepUCTUKOM u  QopmupoBanue ycraHoBieHHeix @OI'OC BO
KOMIIETCHIINH.

3. 3apaum AMCOUIIINHBI:

Heab0 AUCUMIUVIMHBI SBISIETCS O3HAKOMJIEHUE C CUCTEMOM OCHOBHBIX HAYYHBIX 3HAHUU
U METOJOB MCCIEAOBaHUN B OOJIACTH METAJUTYpPTUU. DTU 3HAHUS MOTYT OBITh HCIOJIb30BaHbBI
CHEIHUAIICTAMU B WX JEATEIBHOCTH B PA3JIMYHBIX HAYYHBIX, MPOMBIIUICHHBIX U Y4eOHBIX
OpraHu3aIusIX.

4. Tpe6oBaHus K YPOBHIO IOATOTOBKH 00y4aI0IIerocs B paMKax JaHHOMI
AUCHUILIHHBI.

IIpouecc u3ydeHus IUCHUIUIMHBI «DPU3NKO-XMMHUYECKUE OCHOBBI METAJUTYypPTrU4YeCKUX
IPOLIECCOB)» HAIpaBleH Ha (OPMUPOBAHUE JJIEMEHTOB CJEIYIONIMX KOMIIETEHIMH B
cootBerctBuu ¢ ®I'OC BO:

oowenpogpeccuonanvnvimu xommnereniusamu (nanee OIIK)

— CIIOCOOHOCTBIO M TOTOBHOCTBHIO HCIIOJIb30BaTh Ha MPAKTHKE HHTEIPUPOBAHHBIC
3HaHUS €CTECTBEHHOHAYYHBIX, OOIMMX MPO(EeCCHOHATBEHO-OPUCHTUPYIOIINX U
CHEIUabHBIX AUCLMIUIUH JJIsl TIOHUMaHUS MpoOJIeM pa3BUTHs MaTepHalOBEICHUS,
YMEHHE BBIJBUTATh M PEATU30BLIBATh HAa TPAKTHKE HOBBIC BHICOKOA(()EKTHBHBIC
texuosoruu (OITK-5);

— CIOCOOHOCTh BBIOMpATh MPHOOPHI, JATYMKU M OOOPYJOBAaHUE Ui TPOBEICHHS
IKCIIEPUMEHTOB U perucrpauuu ux pesynsraros (OI1K-10);

npogeccuonanvruvimu xommnerenuusmu (naiee [1K):

— CIIOCOOHOCTH M TOTOBHOCTB K MCCIIEIOBAaHUAM M pa3pabOTKe TEXHOJIOTUN MOTyUSHHS
METAJIJIOB M CIUIAaBOB, MOBBIIICHUS HMX KadyecTBa, KOMIUIEKCHOTO W3BJICUEHUS
nonyTHbIX 35eMenToB (I[1K-4).

4. Conep:xkanue JUCHUNIMHBI
O01as Tpya0eMKOCTh JUCHUILIMHBI COCTABJISIET 5 3a4eTHBIX equHul, 180 yacos.

Tabmuma 1



O6beM yuebHON pabOThI MO AUCIUILTHHE

HaumenoBanue tem (Mopaysei) TUCHUIUIMHBI U UX
coJIepKaHue

KonnuecTBo yacos,
BBIJICIISIEMBIX Ha BUJIBI
y4eOHOM MOATOTOBKH

Jlex*

ITp*

CPC*

Tema 1. Teopernyeckne OCHOBBI METAJIYPIHH:
(pu3uKo-XMMHYECKHEe  OCHOBbI  MeTa/LUIypru4ecKux
npoueccoB. Cmpoenue eewjecmea. (OCHOBBI TEOPUU
TBepaoro tena. Kpucramimdeckas cTpykTypa HpPOCTBIX U
CIIO)KHBIX OKCUAHBIX (a3. JleeKTHOCTh CTPYKTYpHI
KPUCTALIOB M €€ BIMSHHE Ha (PU3MKO-XUMHUYECKUE
XapaKTEePUCTUKU BEILIECTB. Bnusiaue OCHOBHBIX
KOMIIOHEHTOB METAJUIMYECKOI'0 paclljlaBa Ha CBOWCTBa
cranu. ['ene3uc cBOKWCTB MeTasLIa.

2

2

Tepmoounamuueckas cucmema u
mepmoounamudeckue napamempol. OYHKIUN COCTOSHUS.
TepMmonHaMuuecKoe paBHOBECHE. 3aKOHBI
TEPMOJMHAMUKH.  TepMOAMHAMUYECKHE  NOTECHIUAbI
(BHYTpEHHSISI SHEpPTHsl, SHTAJbIHS, SHTPOIUS, U300apHO-
M30TEPMUYECKUI u M30XOPHO-U30TEPMHUYECKUI
noTeHyan). TepMoauHAMKKa CIJIaBOB. WieanbHble U
peanbHble pacTBOpBL. TepMoauHaMuyeckass AaKTUBHOCTH
(BBIOOp CTaHIAPTHOTO COCTOSIHUS, METOIBI OINpEIeICHHUS,
npuMmeHeHnue). PacueTsl paBHOBecHss B pacTBOpax.
®azoBble mepexonsl. Jluarpammbl (pa3oBOro paBHOBECHS
JIBYXKOMIIOHEHTHBIX cucTeM. Jluarpammbl coctosHui Me-
O, Me-S. OG6pazoBanne HOBBIX (ha3. PacTBopbl razoB B
MeTaJulax.

TepMmoauHamuka MOBEPXHOCTHBIX SIBJIEHUU.
[ToBepXHOCTHOE HATSAKEHUE, METOJBI €r0 OINpPEIEICHUS.
CBsi3b  MEXAYy  MOBEPXHOCTHBIM  HATSDKEHHUEM U
aziIcopOImen.

Kunemuxa memannypeuueckux peaxyuu. OO0mas
XapaKTEepUCTUKA reTePOreHHBIX METaJULyprUYECKUX
peakiuii.  OmnpeneneHre  BaXHEHUIIUX  KUHETHYECKHUX
XapaKTEPUCTUK: TOpsAJIKA PEAKLUWH, SHEPrUu aKTUBALWU,
MPEA3KCIOHEHIIUATBHOTO MHOXHUTES. [Ipuznaku
JTUMUTUPYIOITUX CTaJIvi. [TonsiTne KaTajausa.
TepMoarHaMuKa HEOOPATUMBIX TPOIIECCOB.

Tema 2. Teopuss mnUpoOMETALTYPIHYECKHX
npoueccoB. Cmpoenue u c60UCmea HCUOKUX MEMALo8

Kunkoe cocTossHME Kak NPOMEXKYTOYHOE MEKIY
TBEPJBIM U Ta3000pa3HbIM. BiivkHMI 1 KadbHUN MOPSAIOK.
bmu30cTh CBOWCTB JKHAKHMX METaUIOB TPH HEOOJBIINX
reperpeBax Haj JIMHUEH JIMKBUAYC K CBOMCTBaM METaJIOB
B TBEPAOM COCTOSIHMM. TepMOoauHaMuKa IpPOLECCOB
TJIaBJICHUS U KPUCTAJUIM3AIUH.

CmpoeHue dHcuoKux uaarKos

Teopun  cTpoeHMss  HUIAKOB. XUMHUYECKHUE U
¢dbu3nveckue cBoicTBa MUIakoB. OCHOBHOCTH M CTIOCOOBI €€
BelpakeHUs. [lonsitne emkocteil 1muakoB.  CrocoObl




pacyeTa akTUBHOCTH B LIJTAKOBBIX CHUCTEMAX.

IloBepxHOCTHAst DSHEpPruUsi MPOCTBIX U  CIOKHBIX
OKCHUHBIX pacIIaBoB. [ToBEpXHOCTHO-aKTUBHBIE
KOMIIOHEHTHI. CTPYKTYpbl KPEMHEKUCIOPOAHBIX U APYTUX
CIOXHBIX aHMOHOB B 3aBUCUMOCTH OT OCHOBHBIX
pacIIaBoB.

Teepooghasnvie npoyeccowi

OObmee mousTHE O TBepAO(A3HBIX Npoleccax U UX
poii B METAJUIyprUYeCKUX TEXHONOTHsX. ToueuHble
nedeKThl TBEpAbIX Tell. MeXaHu3M H TepMOJUHAMHKA
obpazoBanusi TouyeuHbIX JHedexkToB. Hecrexmomerpus
KpUCTaIOB. TBepible pacTBOPbl METAIJIOB M OKCHIIOB,
U30MOpGHBIE IPUMECH.

Huddysus B T1Bepapix Tenax. TemmepaTypHas
3aBUCUMOCTh K03 dunimentoB nuddysuu. Juddys3us kak
OJlHAa U3 CTaAui TBepAO(a3HBIX MPOLIECCOB.

TBepnodaszubie XUMHUYECKHE peakuuu, ux
kiaccuukanus. Merospl pacueTa KOHEYHOTO COCTOSIHHUS.
OKCHepUMEHTAIbHBIE METOJAbl M3y4eHHUs TBepAo(]a3HbIX
IIPOLIECCOB.

Kunernka  mpomeccoB B TBEpAbIX  Telsax.
OOpa3zoBaHre M POCT TOMOTEHHBIX 3apojbimieii. Mojaensb
KonmoropoBa — Aspaamu — EpodeeBa. Kuneruka
TeTepOreHHOro  3apokaeHus, wmojens  Mak-KeBana.
Mudbdy3noHHO-KMHETHYECKUH  peXKUM  pocTta  (hasbl.
YpaBHEHME U30TEPMUUECKON KUHETUKH, MOJENb SHaepa.

Peakuyu B TBEpIbIX Telax MPU B3aUMOJCHCTBUU C
BHEIIHEH cpenoil. MHoro3BeHHble mporecchl. CrocoOsl
onucaHusd. TBepaoe TeNo B KOHTAKTE C >KUJKOCTHIO WU
ra3oM.

OO6mass Teopusi OKUCIUTEIHbHO-BOCCTAHOBUTEIbHBIX
peakuui B TBepaoM  Tene.  Mogxenu  Barnepa.
®eppuTooOpazoBaHue B METaUTYPrHUYE€CKUX Mpoleccax.
Huskoremneparypusie npeBpamienusi B cucreme Fe—O.
OO0Opa3oBaHrEe CIIOXKHBIX QITIOMOCHJIMKATOB, aMOpQHbIE
TBEp/bIE Tea.

OcHoBbl Teopuu crekanus. OCHOBHBIE MEXaHU3MBI
TBepaodazHoro  cnekanus. OCOOCHHOCTH  CIIEKaHUS
IBTEKTHUYECKUX cucTeM. OCOOEHHOCTH XKHUIKO(PA3HOTO
criekaHusl. MexaHu3M pacTBOpECHH-OCXACHUs, TUhdy3ust
B )KHJIKOU (haze.

OcHogbl npoyeccos 60CCMaHOBNEHU

CTpyKTypa U CBOMCTBA OKCHUJIOB YEPHBIX, I[BETHBIX U
peakux MeTauioB. TepMoAMHAMHMKa BOCCTAHOBJICHMS
okcuoB. OCOOEHHOCTH BOCCTAHOBJIEHHS MOHOOKCHJIOM
yriaepoaa, BOJOPOJOM U TBEPABIM YIJIepoJoM. Peakius
razudpukanuu  yriepojra M €€ BIUSHUE ~ Ha
BOCCTaHOBUTEJIbHbBIE IIPOLIECCHI. Ocobennoctu
BOCCTAHOBJICHHSI 3JIEMEHTOB M3 CIOKHBIX COCAUHEHUNA U
pacTtBopoB.  MexaHn3M M KHMHETHKa  IIPOLECCOB
BOCCTaHOBJEHMs. JluMuTupyromas cragus mpolecca.
Buemmnsas nuddysus rasa. Ancopbuuns. Auddysus raza B




nopax kycka. Juddysus raza depes cioil mpoaykTa
BOCCTaHOBJICHUS. XUMHYECKOE B3aWMO/ICHICTBHUE.
3apoasieodpa3oBaHue. Pexxumbl nporecca
BoccTaHoBieHus. Kpurepuu pexumoB. Maremaruueckue
MOJIEJIA TIPOLIECCa BOCCTAHOBIIEHHUSI KyCKOBOIO Marepuana
ra3oM. OCOOCHHOCTH BOCCTAHOBJICHHSI Ta30M pacIljiaBa.
KuHeTnka BOCCTaHOBJIIEHMS TBEPIOTO MaTepuala |
paciiaBa TBEpAbIM BOCCTaHOBUTENEM. MertaminorepMus.
Bnusnue  pa3nuuHbiXx  (akTOpoB  HAa  CKOPOCTh
BOCCTaHOBJICHHUSI.

Hayznepoorcusanue snemenmos

Huarpammbl  coctositnuss  Me—C.  AKTHUBHOCTh
yriaepoaa B HayriaepokeHHoM — Mmetaiie.  Cranuum
HayTJIEPOKUBAHUS.

Ilpoyeccovr 63aumodelicmeus 6 cucmemax Memani—
winax

BsiskocTh  JKMIKMX ~— METaUIOB U CIUIABOB.
Juddy3nonnas MOABUKHOCTH KOMIIOHEHTOB B IKHJKHX
MeTa/ulax M  CIulaBaX. BHEMHWW W BHYTPEHHUH
MacconepeHoc. OG(PEKTUBHBIA W TOTPAHUYHBIA CIIOH.
KonBektuBHast auddysus B xuakoctH. Dusndeckue
cBoiictBa nuiakoB. CIIOCOOBI OILIEHKM OKHCJIEHHOCTH U
OCHOBHOCTH  IIUIAKOB.  DJEKTPOIPOBOAHOCTh  SKUIKHUX
METAJUIOB U IIJAKOB. SIBI€HUs CMauMBaHUS U PACTECKAHMS
Ha  MexdasHeix  rpaHunax.  OCHOBBI  KUHETHKHU
OKHCIUTENBHBIX  mpouneccoB. OKHCIEHHE  yriepoja.
Oxucnenue cynb(UIOB W B3aUMOJICHCTBHE U OKCHIOB.
PaccrnanBanue B )XKMIKHUX CYJIb()UIHO-OKCUIHBIX CUCTEMAX.
PacTBOopuMOCTh MeTaioB M CylIb(QHUIOB B MIUIAKaX.
Kunernka muKBalvy HECMENINBAIOIINXCS (a3.

Ocnogbl npoyeccos ucnaperus u KOHOeHcayuu

Ouncrka METAJIJIOB peKTH(HKAIHEH.
KpucramnuszanuoHHblE  METOABI  OYMCTKM — METaJUIOB.
CtpoeHue comnell ¢ MPOMEKYTOUHBIM THIIOM CBSI3H.

IInasxocmu conegvix cucmem

OCHOBHBIEC THUIIBI JHarpaMM B OMHApPHBIX CHUCTEMaX.
Kpuockonus pacriaBiaeHHbIX cosieil. IIpocteitimme Tumbl
JuarpaMM TpPOWHBIX cHCTeM. TpoWHas cucremMa ¢
WHKOHTPYJHTHO IUIABSIIMMCA JBOWHBIM COCIMHEHUEM.
TpoliHble B3aUMHBIE CUCTEMBI.

OU3NKO-XUMHYECKHE  CBOWCTBA  PACIUIABICHHBIX
cosneii. OObEeMHBIE CBOWCTBA, BA3KOCTh, MOBEPXHOCTHBIC
ABJICHUS, OJCKTPOIPOBOAHOCTh M  IIEPEHOC  HOHOB.
XapakTepUCTUKU D3THUX CBOWMCTB, METObI OIpPEIEICHUs,
TEMIIEPATYPHBIE W KOHLECHTPALMOHHBIE 3aBUCUMOCTH, HMX
TPAKTOBKA.

Tema 3. Teopusi ruapOMeTALTYPrUYECKUX
NpoLeccoB

TepMoanHaMHUKa TMPOCTOrO PACTBOPEHUSI HMOHHBIX
KpuctauioB B Boje. CBOMCTBA BOJbI KaK PacTBOPUTEIIS,




B3aMMO/JICCTBUE HMOHOB C MOJIEKYJIaMU BOJbL. DHEPTHs
KPUCTAIZTMYECKON PEIIeTKH, TEeIJIoTa pPAcCTBOPEHHS U
TEIUIOTa TUJpaTallid MOHOB B 3aBUCMMOCTU OT 3apsjia u
paszMepa HOHOB.

OrneHka TEPMOJIMHAMUYECKOI BEPOSATHOCTH
NPOTEKAaHUs  TPOIECCOB  BBIMIETAYUBAHUSA.  METOIbI
pacyeTa W3MEHEHHsS CBOOOAHOW »SHepruu [ubOca wu
KOHCTaHTBl paBHOBECHUS JJIsi PEAKIUid  PacTBOPEHUS
METaJIOB, OKCHJIOB, CYIb(HIOB, peakinii ¢ 00pa3oBaHHEM
TBepaoi  ¢as3pl. [IpUHIMOBI TOCTPOCHUS  IUArPaMM
noreHupan — pH ©W uUX uUcCHoOJIb30BaHUE  JUIS
TEPMOJMHAMHYECKOTO aHaln3a PAaBHOBECHW B CHUCTEMaXx,
coJleprKalliX TBepable (pa3bl U PaCTBOPHI.

Kunetrnka u MexaHU3M MPOIIECCOB BBIIIEIAYNBAHUSI.
Craguun BbIIIIETIaUNBAHNUS, BHeutHenudpy3roHHas,
BHYTpUIUGYy3HMOHHAsT W KHUHETHYecKas  objactu
npoTekaHus mporecca. OOoOmaronee BBIpaXKEHUE IS
CKOPOCTH B3aWMOJICHCTBUSL B CHCTEME TBEpAOE —
KUIKOCTb.

3aKOHOMEPHOCTH  NIpPOTEKaHusi  Ipolecca  BO
BHelmHenuPy3nonHoi o0mactu. OCHOBHBIC MOJOXKEHUS
TEOpUU Maccomnepenaud. Teopuss MOrpaHUYHOIO CIIOS
KUJKOCTH, TPHUMBIKAIONMIETO K TMOBEPXHOCTH TBEPAOTO
Tena. MonekymsipHass Y KOHBEKTHBHas  1uddy3usi.
[Ipusnaku [POTEKAHUSA mnporecca BO
BHemHe U () Py3MOHHOM 00J1aCTH.

3aKOHOMEPHOCTH  TPOTEKaHWsi  Mpolecca  BO
BHYTpuAU (G Yy3UOHHOM 00IaCTH.

3aBUCHMOCTh CKOPOCTH BBIIIEIAYUBAHUS TBEPIOTO
BElIeCTBa OT HaJIM4us AC(PEKTOB B €ro KPUCTAJUIMYECKOI
pemrerke. MHTeHCH]UKAIMS MPOLIECCOB BHIIICTAYUBAHUS
NyTeM MpPEeIBApUTEIbHOM aKTHUBALUM  PaCTBOPSAEMOTO
BEIIIeCTBA W BO3ICHCTBUS Ha 13 211810%
3JIEKTPOMAarHUTHBIMH, YIIbTPa3BYKOBBIMU u
AKyCTHYECKUMH KOJICOAHUSMHU.

OcobeHHOCTH MeXaHU3Ma U 0000IIEHHOE YpaBHEHUE
CKOPOCTH TIpoOIecca C y4acTHEM Ta3000pa3HOro peareHTa.
BrllienaunBanue OKCHIOB B pacTBOpax IIeoyed U
KucnoT. OKHUCITUTENFHOE BBIIICTAYMBAHUE CYJIb(UIOB.
Hcnonb3oBanue OakTepuit 1A BEIIIEJIAUMBAHUSI
Cynb(UI0B, OKCUIOB U APYTUX MHHEPAJIOB.

10.

OOmass  XapakTepUCTUKAa  TPOIECCOB  HOHHOTO
obmena.  OCHOBHBIE  XapaKTEPUCTHKH  COPOEHTOB.
HNonoobmennoe paBHOBecue. M30TepMbl HOHHOTO OOMEHA.
Kunernka um mexaHu3Mm HOHHOro oOMmeHa. [eneBblii U
IUICHOYHBIA THUMBl KUHETUKU. JlMHamMuka copOuuu B
KoJoHKaxX. OCOOEHHOCTH MPOIIECCOB COPOIMU U3 MYJBIT U
COpOIIMOHHOTO BHINIETAUYMBaHUs. Pa3jeneHue 31eMEHTOB
METOI0M HOHOOOMEHHOH xpomMarorpadumu.
BeiTecHuTensHass W JIIOGHTHAss — Xpomarorpadus.
HNonooOMeHHbIE MeMOpaHbl, WX XapaKTepUCTUKa |




AJICKTPOXUMHYECKHE CcBoMcTBa. OOJacTH NPUMEHEHUS
AIIEKTPOIUATN3a C HOHUTOBEIMU MEMOpaHAMH.

OOmiass XapakTepHCTHKa MPOLECCOB HKCTPaKIUH,
OpuMepsl  UX  UCNOJIb30BaHUA.  OCHOBHBIE  THIIBI
OpraHNYECKHUX 3KCTPareHTOB u pazbaBuTenei.
KonuuecTBeHHbIE XapaKTEPUCTHKU SKCTPAKIMHU. THIbI
SKCTPAaKIMOHHBIX MNpoueccoB. CoONbBaTHBIA W THUAPATHO-
COJIbBATHBIN MEXaHU3MBbI JKCTPAKLIUH. Metonsnl
ONpENETEHUs COCTaBa IKCTPArUPYEMbIX KOMIUIEKCOB.

KuneTtuka sKCTpakIuu U pes3KCTpaKIuu.

11.

Knaccudpukanuss metongoB ocaxaeHus. DakTopsl,
BIMSIOUIME HA PACTBOPUMOCTh  TPYAHOPACTBOPUMBIX
COEIMHEHUM.

3aBUCUMOCTh pH TUAPAaTO0Opa3OBaHUS OT
MPOU3BENICHUS PACTBOPUMOCTA U AaKTUBHOCTU HOHOB
MeTaua. 3aKOHOMEPHOCTH OCaXICHHUSI OCHOBHBIX COJIEH.

3aBucumocTh pH BbIIENeHUs CyIbGUIa OT 3HAYCHUS
AaKTHBHOCTH HMOHAa MeTalljla B PacTBOPE, OT MPOU3BEICHUS
pacTBopuMOCTH Cynbhuga © O0OmEeH KOHIICHTPAINH
CyIb(pUIHOM Cephl B pacTBOPE.

3aKOHOMEPHOCTU COOCAXKIACHUS MaJIOpacCTBOPUMBIX
coenuaeHni. 3oMopdHOe, amcopOIIMOHHOE COOCAKICHUE.
Biustaue YCIIOBUH OCaXKICHUS Ha  CIPYKTYypY
oOpa3yromuxcs ocagkoB. CTapeHHne 0caJIKOB.

Ob6nactu MIPUMEHEHUS KpUCTAJUTU3aLUN B
TUIPOMETAJUTYPTHH.

CucreMbl BOga—coNb, BOAa—CcOob(1)—comn(2)m,
TpeyrojibHass W  TNPSAMOYrojbHas  JauarpamMmbl IS
U300paXeHHUs] TPEXKOMIIOHEHTHBIX  COJIEBBIX  CHCTEM.
Cremnenu cBOOOIbI U THUIIBI TPEXKOMIIOHEHTHBIX CHUCTEM C
O0IIM HOHOM.

@dazoBas AuarpaMma pacTBOPUMOCTH, CIIOCOOBI
CO3MaHMS  TEPECHINEHHBIX pPAacTBOPOB, (aKTOPBI U
KOJIMYECTBEHHBIE XapaKTEPUCTUKHU UX YCTONYHUBOCTH.

Mexanuzm o0OpazoBaHus 3apoJIbIIeH
KpUCTaJUIM3AIUH. I'omorennoe u reTePOreHHOe
3apojpiieoOpazoBane MexaHU3M pOCTa KpPHUCTaJIOB.
Kuneruka, cragum mnpouecca, ypaBHEHHE CKOPOCTH
MaccoBOil Kpucrtauusanuu. [loBenenue npumecerd mnpu
OCQXKJICHUH U KPUCTAITU3ALINH.

12.

IToraTue O BBIACIEHUM METAJUIOB IIEMEHTAIIUEH.
TepMoauHaMHueCcKUEe,  KUHETHMYECKHE  TPOLECChl U
MeXaHu3M IeMeHTanuu. [loOouHbIe MpoIecChl  TPH
IICMCHTAIIHH.

TepMoguHaMuka Tmpolecca OCAKICHUS METAIOB
ra3aMu-BOCCTAHOBUTECIISIMH. OcobeHHOCTH
TEPMOJIMHAMUKHU Tpollecca MPU BBIACICHUA METallia W3
aMMHUayHbIX  pacTBopoB. Kunetmka u  MexaHuU3M
BOCCTAHOBJIEHMS HMOHOB  METAJUIOB  BOJOPOJOM  [I0
DJIEMEHTapHOH  (QOpMBI, 10 COCOUHEHWH  HU3IIEH




BaJICHTHOCTH.

13.

Tema 4. Teopusi 3JeKTPOMETALIYPIUYECKHX
NPoLeccoB

Onexmpoosudcywyue  cuivl U 9AEKMPOOHbLE
NOMEeHYUaIbl

Bo3HuKHOBeHHE CKayka HOTEHIMAJIOB U JIBOHHOIO
ANIEKTPUYECKOTO CJIOSl HA TPAHULIE METaUI—HJIEKTPOJIUT.
Teopuss CTpOEHHS JIBOMHOTO 3JIEKTPUYECKOTO  CIIOSI.
DIEKTPOKAMMILISIPHBIE SIBJICHUSL. lanbBannyeckue
3J€MEHThl. TepMOAMHAMHUKA TajdbBaHUUYECKOTO 3JIEMEHTA.
Knaccudukanus 531eKTpomoB. DJEKTPOIBI  CpaBHEHHS.
ONEKTpOAHBIE MOTEHIUANBI, PAJl HANPSHKEHUH METAIJIOB.
Kuneruka snextponnbix  mpoueccoB.  [lonsipuzanus
3JIEKTPOJIOB, OCHOBHBIE BH/IbI MOJISIPU3ALU Y.
OnexTpoxumuueckas mnosspuzanus. KoHueHTpaunoHHas
nossipuzanus. @azoBast MOASIPU3ALIASL.

Onexmponus

KarogHple 1 aHOIHBIE MPOLECCHI, OCHOBHBIE 3aKOHBI
ANEKTPOJIN3a. XapaKTEPUCTUKHU JIEKTPOIN3a, COBMECTHBIM
paspsa HMOHOB (TEpMOAMHAMUYECKAs M KHUHETHYECKas
OIICHKA).

Ocobennocmu 21eKMpoOXUMUU PACNIIABTEHHBIX CPEO

PacTBopuMOCTB B pacIiiaBI€HHBIX COJISIX METAJIOB U
razoB. TepMoaMHaMHMKa TrajJbBAHMYECKUX DJJIEMEHTOB B
pacIuIaBJIeHHBIX COJISIX. DNeKTpoabl CpaBHEHUS,
NOTEHUMANI  3JIEKTpoAa M P HANpsOKEHHH B
pacIIaBJIEHHBIX  COJIfX. Kunernka  351eKTpOIHBIX
MpOIECCOB B paciuiaBax. KaTrogHbld BBIXOA MO TOKY U
norepu Meraiia. Mexanusm norepu meramia. Beixon mo
TOKYy TIIpU COBMECTHOM pa3psle HOHOB Ha KaToJe.
AHOIHBIN ek, CYLIHOCTb u MEXaHHU3M
BO3HUKHOBEHHSI.

Oco0OeHHOCTH  TPOLIECCOB  HA  DIEKTPOJaX B
paciiaBiaeHHbIX COsX. OCHOBBI BBICOKOTEMIIEPATYPHOU
3JIEKTPOMETAILITYPIrUU BETHBIX METAJIJIOB.

14.

1.5.  OcHOBBI  TeOpHH  METANIYPruvecKoi
TeIIOTeXHUKH

Texnuyeckas mepmoouHamuxa

IlepBblii ¥ BTOPOM 3aKOHBI TEPMOAMHAMUKH.
Tepmonunamuka  pabodero  Tema.  TepmoauHamuKa
OTKPBITBIX ~ CHCTeM. TepMoAMHAMUKA  TEIUIOCHUJIOBBIX
YCTaHOBOK.

Mexanuka srcuokocmetl u 2azos

Cratuka W JIUMHAMHUKa HACAIbHONM  JKHUJIKOCTH.
JlvHamuKa peasbHOM JKHUAKOCTU. Pexumbl IBHXKEHUA.
VpaBuenuss HaBbe — Ctokca u bepHymwm u wux
UCIIONIb30BaHUE JJIsl pacueTa HAMOPHBIX TPYOOIPOBOIOB U
CUCTEM HBaKyallUHW IPOAYKTOB CrOpaHusA. OJIEMEHTHI
TEOpUH MOTPAaHUYHOTO CHO4L. TypOyneHTHOCTh
MIPUCTEHOYHAS U CBOOO/THAS.

CrpyiiHoe aBrkeHue ra3oB. CBOOOJHBIC, YACTHYHO




OrpaHMuYEHHbIE W  orpaHudyeHHole  cTtpyu. Crpymn
M30TEPMUYECKUE U HEM30TEPMUUECKHE. DIIEMEHTHI TEOPUHU
dakena. [lons ckopocTel, TeMIepaTypbl U KOHIIEHTpAIUi
B HEM30TEPMHYECKUX CTPYSAX, COMYTCTBYIOIIHUE MPOLIECCY
BBITOPaHUs TOPIOYMX KOMIIOHEHTOB.

l'azoguHaMuka TJIOTHOTO W B3BEIIEHHOIO CJIOEB.
OcobeHHOCTH OBHIKEHHUS Ta3oB; o00Iass MTOCTaHOBKa
3a/1a4y; pacyeT I0JIeH CKOPOCTEN U JaBICHUH B CIIOE.

OcHogbl  meopuu  noododuss u  MoOOeIUposaHue
Memaniypauyeckux nevetu

MHoxuTenu npeodpazoBaHUs U CBSI3b MEXKIY HUMH
JUIsL TIOTOKA pealbHOM KUJAKOCTU. [ MaApOoIMHAMUYECKOE U
TerioBoe mnoaobue. Kpurepun u cBS3b MeXIy HUMHU.
OcHoBHast  TeopemMa  MoAOOHMS.  ABTOMOJEIHHOCTS.
MonenrpoBaHue IBUKEHUS T'a30B B Ieyax.

Tenno- u maccoobmen

CranuoHapHble W HECTAllMOHApHBIE  TPOIIECCHI
teriooomMena. OcHoBHbIE U depeHInabHbIE YPaBHEHUS
nepeHoca TerJia u MaccChl. MonexkynspHas
TerIonpoBogHOCTh U auddy3us. TpoitHas aHamorusl.
Kpaesbie ycnoBusi.

KOHBEKTHUBHBIN TEII0- " MaccoOOMEH.
BrinyxnenHas u ecrecTBeHHass KOHBEKIUA. OCHOBHbIE
YpaBHEHUS KOHBEKTHBHOI'O TEIUIO- U MaccollepeHoca s
BBIHYXJICHHOTO M CBOOOHOTO ABMXEHHUs. Mcnons3oBanue
TEOpUU  MOA0OMsT  JUIsl  HMCCIEAOBaHUSA  IPOILIECCOB
KOHBEKTHBHOI'O TEILJIO- U MAacCONEPEHOCA.

[lepenaya Temyia TEMIONPOBOJHOCTBIO B TBEPIBIX

Tenax. Huddepenunansaoe ypaBHEHUE
TEIJIONPOBOAHOCTH M TIOCTAaHOBKAa  OOmIeH  3amaun
TETUIONPOBOAHOCTH. TennonpoBogHOCT npu
CTaIIOHAPHOM " HECTallHOHAPHOM peKIMe.

Teopernueckrie OCHOBBI HarpeBa MeTasa.

PamuanoHHbIA TEIUIOOOMEH M €ro 3HadeHue Ul
paboThl  METANTypruuecKux Tmedeid. PamuarnmoHHBIH
TEIJIOOOMEH B  JAMATEPMUYECKOW U TOTJIOMIAIOIIEH
(M3mydJaroreit) cpee U ero pacuer. Y4eT CeNeKTUBHOCTH
paauanMoOHHBIX ~ CBOWMCTB  TeJl,  Y4YacCTBYIOIIUX B
TEIIOOOMEHE.

Haepes, nnasnenue u samseepoesanue memainia

[Ipomeccrl, mpoTekarolve MpU HArpeBe Merasuia.
HarpeB TepMuyeckn TOHKHUX W TEPMUUYECKH MACCHBHBIX
Ten. Pacuers! HarpeBa MeTauia.

®dusndeckass KapTUHA U OCOOCHHOCTH TEIJIOOOMEHa
IpU MPOTEKAHUU MPOLIECCOB TUIABJICHUS U 3aTBEPJICBAHUS
MeTajljla. 3aTBEpACBAHME paciuiaBa Ha TEIJIOOTBOASIIEH
noBepxHOCTH. OCOOEHHOCTH TEIIOBOM pabOThl YCTAaHOBOK
HETIPEPBIBHOW  pa3nuBKu  crtanu. llnaBnenwe  mpu
MTHOBEHHOM YJIaJIeHUU pacIliaBa.

HarpeB u muiaBiieHune Te B pacIuiaBe.

Tuopoounamuxa Hcuoxou 6aHHbl

['uapoanHamMuka 6apOOTaXXKHOTO CIIOA.




B3aumopeiicTBue Ha  TOBEpPXHOCTH  pazgena  (das.
JIBr>keHue Kareib U My3bIpeit B 0apOoTakHOM cIIoe.

I'azoBas cTpys B xkuakou BanHe. [lomaya raza gepes
bypMy, pacronoKeHHYIO 101 YPOBHEM >KUKOCTH.

T'openue

OO6mas XapaKTepUCTHKA BUJIOB TOTLIINBA,
IpUMEHsIeMbIX B MeTaurypruu. OOmias xapaKTepucTHKa
IIPOLIECCOB FOPEHMUS.

CwmeceoOpazoBanne. CwmernieHue B TypOYJICHTHBIX
cTpysx. DakTopbl, ONPEAEIAIOUIME  HHTEHCUBHOCTh
MIPOLIECCOB CMEUICHUS B MPAKTUYECKUX YCIOBUSX.

Bo3HukHOBeHHE IJIAMCHHU. Ilennoe
CaMOBOCIIJIAMEHEHHUE. [Tpenenst BOCIUIAMEHEHUSI.
TemoBass Teopus BociuiamMeHeHHMs. KoOHIEHTpalnoHHbIE
npeJienbl BOCIIIaMEHEHUSI.

l'openune  rasooOpasHoro  rtomnuBa.  l'opeHue
OTIIENbHBIX  COCTABIIAIOIIMX Tra3000pa3HOrO  TOIUIMBA.
Kunernueckoe ropenue. [{uddysnonnoe ropeHue.

l'openne  xuakoro  tomimBa.  PacnbuinBaHue.
Bocmiamenenue. ['openue kammu.

I'openune tBepmoro tomnusa. Jleryume. I['openue
yriaeposa.

Koxcosanue

TpebGoBanusi K ymIssM, HAYIIMM Ha KOKCOBaHUE.
TennoBast paboTa 1 KOHCTPYKIIHS KOKCOBBIX OaTapei.

Cywka

XapaKkTepUCTUKH CYIIUMOTO Marepuaga |
CYIIMJIBHBIX areHTOB. Teruio- U MaccooOMEeH B Ipoliecce
cymku. HcmonezoBanue h-d-mmarpamm  ams pacdertoB
MPOLIECCOB CYILKH.
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2. TexHO10THs1 TPOU3BOACTBA YEPHBIX METALIOB

2.1. [Ipou3BOACTBO NEPBUYHOI0 MeTAJLJIA

Iloozomoska cvipvs Kk niagke

Knaccudpukanus  xKenesopyAHbIX  MaTepHaloB.
MectopoxkaeHus pyA  UYEpHBIX METAIOB.  DIIOCHL.
TonnuBo. TeXHOrE€HHOE ChIPhE.

Cxema MOATOTOBKHU >KEJI€30pYAHBIX MaTEpUajoB K
wiaBke. OTIUYMS B TOJATOTOBKE OCTHBIX M OOTaThIX PYII.
Hpobnenne wu  um3MmenbueHue. OOorameHue Pyl
I'poxouenne. Ilokazatenn oOoramenus. IIpenenbHas
CTeNeHb oOorameHus. JHepro3arparbl Ha JIpoOJeHUE,
rpoxodeHre M oboramieHne. BrIOpOCH B OKpYKAIOIIYIO
cpemy pH ApoOJICHUH, TPOXOUEHUH U 000TaIlleHUH.

OkyckoBaHUE KEJIEe30PYIHBIX MaTepHuaoB.
Arnomepanusi  Kelae3HbIX  pyd. DPUBHMKO-XUMHUUYECKHE
OCHOBBI arjioMepanuu. YJajieHue BOJbl U KOHJECHCAILMS
Biraru.  PasnmokeHme — kapOoOHATOB M THUIPATOB.
TBepmodasHbie XuMU4Yeckue peakiun. [ImaBieHne mmxThl
U KpUcTalin3anus paciuiaBa. @opMupoBaHUE ariiomepara.
l'openne TtomnmmBa. ['azogMHaMKKa arJOMEPALMOHHOIO
mporiecca. 1ermmoo0MeH B CIIO€ M TEIUIOBBIE OallaHChI




npouecca. [loBegeHre MOMyTHBIX AJEMEHTOB. TeXHOJIOTUs
arIoOMEepaIMoHHOTO TPOM3BOACTBA. PecypcocOepekeHue.
PenukimHr MarepuasioB. MeTamyprudyeckue CBOWMCTBA
arjiomepara. DHepro3arpaTsl Ha MIPOU3BOCTBO
armomepata. BbpIOpockl B OKpyXaromiyro cpeay B
arJioMepalioHHOM MPOU3BOJICTBE. DKOHOMHKA IIpoIiecca.

[Tonydyenue xene3opyAHbIX OKaThlmed. PuU3nKo-
XUMHUYECKHE TIPOIECChl Mpu  (POPMHUPOBAHUHU  CHIPHIX
OoKaThlllled W WX ynpoyHeHuH. I[loBegeHHWe MOMYTHBIX
AJEMEHTOB.  TEeXHOJOrusT MNPOU3BOACTBA  OKATHILIEH.
PecypcocOepexenue. Merannyprudeckue CBOICTBA
OKaTBIIIeH. DHEPro3aTpaThl U BHIOPOCH B OKPYKAIOIIYIO
cpely Tpu  TNPOU3BOACTBE  OKaThIIEH. ODKOHOMHKA
nporecca.

KoHcTpykuusa ~ arperatoB s OKYCKOBAaHUS
Kene3opyaHbix  marepuanoB. KokcoBanwe yrie u
dbopmupoBanne Kokca. KauecTtBo kokca. BwiOpocel B
OKPY’KaIOIIYIO Cpey MpHU MPOU3BOJCTBE KOKCA.

IIpou3e00cmeo uyeyHa 6 OOMeHHbIX neyax

Jomennass neub. OcHOBHBIE mporecchl. HarpeB u
pa3lioKEHUE MINXTHI.

[Ipoueccsl BOCCTAaHOBJIEHUST B JOMEHHBIX II€YaXx.
TepMoanHaMuKa BOCCTAHOBJICHUS kene3a. OCOOCHHOCTH
BOCCTAHOBJICHHUSI MapraHiia, KpeMHus, ¢ocdopa, BaHAIHS,
Xpoma, TuTaHa, cBUHIA. [loBeieHne T1erkOBOCCTAHOBUMBIX
yneMeHTOB. IloBeneHue nUHKAa M IIEeJoYeld B JTOMEHHOU
neun. KruHeTHKa BOCCTAHOBIIEHHSI B JIOMEHHBIX Ie€uYax M
BIMSHHUE  Pa3JIMYHBIX (bakTopoB Ha  CKOpPOCTh
BoccTaHoBieHus.  [lokazarenu  pa3BuTHs — mpolecca
BOCCTAaHOBJICHUS B JOMEHHBIX I1€Yax.

Hayrnepoxxuanue xene3a 1 opMUPOBaHUE TyTYHA.
KauectBo wuyryna. IllmakooOpazoBanwe B JOMEHHBIX
neyax. CBoiicTBa nuIaka. BiusiHUe NUIaKOBOTO peXMMa Ha
XOJ JOMEHHOM IUIaBKH.

[ToBenenue cepbl B JTOMEHHBIX neyax.
TepMoanHaMuKa M KMHETUKA MPOILIECCOB JeCyIbdypauu.
Buenomennas oOpaboTka 4yryHa.

['openue TormBa y gypM AOMEHHOU neun. BepxHsis
U HIDKHAS CTyNeHH TemioooMeHa. TeruioBele OanaHChl
IIJIaBKH.

JIBr>keHHME raza ¥ MaTepUaloB B JIOMEHHOHN IIEYH.
dopmMUpOBaHHE raza U €ro JABuxeHue B cioe. [lopo3HocTh
cinos. PacmpeneneHue MIMXThI Ha KOJIOIIHUKE IIE€YH.
JBrxeHne pacminaBoB. M3MeHeHuwe naBieHus rasa 1o
BBICOTE JOMEHHOU meun M 3(P(HEKTUBHOCTH IMOBBIIICHUS
JaBJIeHUsI B pabodyeM NMPOCTPAHCTBE MEYH.

PecypcocbeperkeHne u METOIbI WHTCHCH(PHUKAIIUU
nponecca. HarpeB nytes. Kuciopon B TOMEHHOM TIaBKE.
KoMmOunmnpoBanHoe nyThe. BayBaHwe MbUICYTOIBHOTO
TOILIUBA. I'openue BOCCTaHOBUTEJIbHBIX ra3os.
Hcnonb3oBaHue JOMEHHBIX Me€4Yed Ui yTUIM3alUuu
TEXHOT€HHBIX MaTEpUAIOB. JKOHOMHKA JOMEHHOM IUJIaBKH.




Kouctpykius nomeHHbIX mneuded. Ilpodunp meun.
®dyrepoBka U Koxkyx. Cucrema oxnaxzaeHus. YyryHHas u
IuTaKoBas JIeTKU. Bozmymaeie pypmbl. 3achITHOM ammapar.

O6GopynoBanne  JAOMEHHBIX  1mexoB.  Ilomaua
MaTepHaioB K JOMEHHOW medd. YCTpPOMCTBA AN YOOPKH
yyryHa u nwuiaka. Pa3znuBounas wammHa.  OuncTka
JIOMEHHOTO Ta3a. YCTPOMCTBO M PEXUM  pabOThHI
BO3/1yXOHAarpeBaTeisl.

VYnpaBieHue JOMEHHOW IUIaBKOW. OKCILTyaTamus
IOMEHHOU nedu. Benenue TOMEHHOHM IUIAaBKU C ITOMOIIBIO
KOMIBIOTEPHBIX MOJEJNEH Mpolecca. DHeprozarpaTbl U
BBIOPOCHI B OKPYXKAIOIIYIO CPEy.

Bueoomennoe nonyuenue nepsuuno2o memainna

TBepnoda3zubie MPOLIECChI MPOU3BOJICTBA
nepBu4yHOro Meraimia. Celppe W TOIIMBO. DU3MKO-
XUMUYECKHE 0COOCHHOCTH npoiiecca. Crenenn

Metayun3zanuu. [ITupopopHOCTs U METONBI €€ MOAaBICHHUS.
KauecTBO MeTauIM30BaHHOTO ChIpbsA. Arperarsl  AJis
TBepAO(a3HOro  MOJNydyeHHs  NEPBUYHOTO  MeTaslla.
OHepro3arparbl M BbIOPOCBI B OKPYXKAIOIIYI Cpemy.
OKOHOMUKa IPOU3BOCTBA.

Kunkodazupie mporeccel. DHU3MKO-XUMUYECKHE
ocobeHHocTH KuAKO(a3HbIX mporeccoB. Cwippe U
tormBo.  KawectBo  mpoaykumu. — Arperarsl s
KHUIKO(PA3HOTO  BOCCTAHOBJIGHUS.  OHeprosarpaTsl U
BBIOPOCHI B OKPYKAIOIILYIO Cpey.

OcoOeHHOCTH TIepepadOTKU KOMIUIEKCHBIX PyI H
TE€XHOTE€HHBIX MAaTE€pHUalOB MPH BHEAOMEHHOM MOJYyYEHUU
METAaJUIOB U CIUIABOB.
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2.2. MeTa/usIyprusi CTajau

Ouuwenue om npumeceu. Kpucmaniusayus u
paznueka cmanu. Pacxkucnenue cmanu. I'azel 6 cmanu u
Memoovl 60opbbbl ¢ Humu. Kpucmaniuzayua u paznueka
cmanu. OcobeHHocmu npou3800CcmMea CMAail 8 PasiudHbIX
CMAneniasuIbHblx azpecamax. Kucnopoono-
KoHeepmepnblll npoyecc. Teopusi u mexHono2us noooewix
npoyeccos npou3600cmed cmainu.
Dnexmpocmanennasunvhoe npoussoocmeo. Teopus u
NPAKmMuKa 6HeneyHol oopabomku cmanu
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2.3. ABTOMATH3HPOBAHHOE ylpaBJjieHHe
npouneccaMm Npou3BoOACTBA

XapakTepucTUKa MPOLECCOB IPOM3BOJCTBA CTAIH
(IITIC) kak OOBEKTOB aBTOMATH3ALMU: TEPHOIUIHOCTh U
HCIIPCPBIBHOCTb, BXOJHBIC (HBMGP}IGMBIG, YHIpaBJsAOMueC,




BO3MYIIAIONINE) U BBIXOJAHBIC (PEKUMHBIC) TEPEMEHHBIE
(baxTopsl, IpeaAbsBIsieMble K HUM TpeOoBanus. [ paHnuHbIC
ycinoBus M orpaHuveHusi. [lapameTrpsl onTUMH3anuu U
MMPpEABABIACMBIC K HUM Tp660BaHI/I$I.

Marematudeckas MOJEIIb, 3aJ1a49H, STambl
Maremaruyeckoro  monenupoBanus  I[IIIC.  Metonbl
MOCTPOEHUS MaTEMATHUECKUX MoJeen III1C

(9KCIIepUMEHTANIbHBIN,  JETEPMHUHHUPOBAHHBIA  MOAXO[,
croxactuueckue). Beibop m orcemBanue (akxropa IIIIC
(obocHOBaHME BHJA YpaBHEHUH, JOMyIIEHUE TPHU
BKJIIOUEHUU ATHX YpaBHEHUU B COCTaB MaTeMaTHYECKOIO
ONUCaHUsA). Crarucruueckue, JMHAMUYECKHE,
CTOXaCTHYECKHE M aJaNnTHBHbIE Mojaenu. Maentuduxamnms
maremaruueckux  wmoxenedt IIIIC wu  onpenenenue
KO PUITMEHTOB ypaBHEHUH TIO DKCIEPUMEHTAIbLHBIM
naHHBIM. KpuTepuu OILIEHKM TOYHOCTHM MaTeMaTHYECKHX
MOJIEJIEH.

Mertoas! nonydenus: padoueit uapopmanuu o IIIC.
JlokasbHBIE CHCTEMBI aBTOMAaTHYECKOIO KOHTpOJsA U
perynmupoBanug napametrpoB IIIIC. ABromaruueckas
CUCTEMA  YNPABICHUS TEXHOJOTMYECKHUM  IIPOLIECCOM
(ACVYTII).

ACYTII BbpINIaBKM, pa3JIMBKM U BHENEYHOU
00paboTKu cTaamn (CTpyKTypHBIE CXEMBI,
¢bynkunonupoBanue, 3pPHEeKTUBHOCTD ).
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2.4. lIpousBoacTso ¢eppocniaBos

CoOBpEMEHHOE COCTOSIHUE M NEPCHEKTUBBI Pa3BUTHS
dbeppocIiiaBHONH  MPOMBINIJICHHOCTH;  KJIaCCH(pUKAIIHS
MPOIIECCOB MOIY4YCeHUS (PeppOCILIaBOB.

Kap6otepmuueckue mporecchl. DU3NKO-XUMHUIECKHE
OCHOBBI BOCCTAaHOBJICHU S OKCHI0B yriaepoaa.
BoccranoBnenue kpemuus. Poib MOHOOKCHIA KPEMHUS U
KapOuna kpeMHus. BoccTaHOBIEHUE MapraHIiia U3 OKCHJIOB
U cuiaukaroB. Poip kapObumoB mapraniia. BoccranoBieHue
XpoMa U JIPYTHX 3JIEMEHTOB U3 OKCHJIOB XPOMOBOI pYIbI.

TexHomorus MOJYYEHHUS IIPOMEXYTOUHBIX
KPEMHHUEBBIX CILIaBOB. [TpousBoacTBO
OCO6OHI/I3KOYTHepO,Z[I/ICTBIX CIINIaBOB CUJIMKOTCPMUUCCKHUM
METOJIOM.

MertannorepmMudeckue IIPOLIECCHI, ¢dusuko-
XUMHUYECKHE OCHOBBI METaUIOTepMUU. MeTo/InKa pacuera
HIUXTHI " COCTaBJICHUS TEIJIOBOTO Oananca
METAJIJIOTEPMHUUECKOT0 Ipolecca.

BakyymHo-TepMuueckue IIPOLIECCHI, ¢duzuko-

XUMUYECKHE OCHOBBI. BakyymHas 1miaBka W 00paboTka
KHUJIKUX (PeppOoCIIaBOB O] BAKYYMOM.

A30THpPOBaHHbBIC dbeppocIiaBsl. ®dusuKo-
XUMHNYCCKHUE OCHOBBI BBaHMO,Z[GfICTBI/IH a3oTa ¢ BSAYIIHUMU
J7eMeHTaMu  (QeppocIiaBoB B TBEPAOM M KHJIKOM
COCTOSIHUU.

DHeprosarparbl Ha NMPOMU3BOJACTBO (heppocCIuIaBoB U




BBIOPOCHI B OKPY’KAIOILYIO CPENy.
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Meramnnypruyeckne mneuu. 3.1. OOopynoBanme
neyem

YcTpoiicTBa ISl CKUTAHUS Ta3000pa3HOTO TOILUIMBA.
[openku  6e3  mpen-BapuUTENbHOIO  CMEIICHUS, C
VIY4YIIEHHBIM CMEIIEHUEM U C [peABapUTEIIbHBIM
cMmelieHreM. Paananvonusie TpyOBbl.

VYcerpolictBa 1 CKUTAHHUS  KUIAKOTO  TOIUIMBA,
(bopCyHKH HU3KOTO U BBICOKOTO JaBieHus. ['azoma3yTHbIe
TOPETIKH.

VYcerpolictBa Il yTUIM3alUMU  TeIUla  OTXOISAIIUX
ra3os.

PerenepatuBHbIE TETUIOOOMEHHUKH. Y CTPOUCTBO,
TerioBass ~ paboTa M pacueT  pereHepaTUBHBIX
TEIJI0O0OOMEHHUKOB.  Buael  Hacamok.  Pereneparopsl
MapTeHOBCKUX meueil. Kaymepsl.

PexymnepaTuBHBIC TEMII00OMEHHUKH. TeMIiepaTypHoe
MoJIe peKyrnepaTtopoB. Pexymeparopsl MeTalNIMYECKUE U
KepaMHuecKue: TeIuioBas paloTa, NpeuMyllecTBa U
HEJ0CTaTKU. PacyeT pekyrepaTopos.

TernnmocunoBeie ycTpoiicTBa. KOTHbI-yTUIU3aTOPBI U
TypOUHHBIE YCTAHOBKH.

HcnapurensHoe OXJIAXK/ICHUE JOMEHHBIX,
MapTEeHOBCKUX M HarpeBaTelbHBIX Meueh. OxJaxaeHue
KOHBEPTEPHBIX ra3oB.

OCHOBBI MEXaHU3ALIMKA U aBTOMATHU3AI[UHU TIeYEeil.
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3.2. 3amuTa BO3AYLIHOT0 M BOJHOr0 0acceiiHOB
OT BpPeJIHbIX BLIOPOCOB

TeopeTnueckre OCHOBBI M 0OOIIas XapaKTePUCTHKA
ra3004YUCTHBIX YCTPOMCTB. CyXxasi MEXaHMYECKas OYHMCTKa
ra3oB; OUYMCTKAa ra3oB (uibTpanueld; MOKpas OYHCTKa
ra3oB; JJIEKTpUYecKass oOuMcTKa Tra3oB. OYHCTKa Tra3oB
JIOMEHHOTO M CTaJIeTUIaBUIILHOTO IMPOU3BOJICTBA.

OuncTKa ra3oB nevyei NBETHOM METaTypruu.

Bopr6a ¢ BeIOpocamMu BpeIHBIX BEIIECTB B BOJIOEMBI.
OcBernieHre, XUMHYECKass oOpaboOTKa H  OXJIAXICHHE
000pOTHOM BOJIBI.
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3.3. OrueynopHbie MaTepuaJbl
TpeboBaHMs K OTHEYMOPHBIM MaTepHaliaM, IPUMEHSIEMbIM
B €YaX YEPHOU M IBETHOW MeTautypruu. Ouzndeckue u
paboune CBOMCTBA OTHEYIIOPHBIX MaTepHalios,
HCIIOJIb3YEMBIX B METaJTyprUuecKuX neyvax.
IlepcrieKTUBHBIE ~ BUIBI ~ OTHEYNOPHBIX  MAaTE€pUAJOB:
BOJIOKHHCTBIE MaTepUabl
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3.4. Ileun 4epHOU MeTANTYPIrUHU. Ton1uEHbIE NEYlL.
Ulaxmuvle newu. Ilnamennvie HacpesamenbHble Nedl.
Hazpesamenvnvie konooywi. Torkamenvhvle neuu. Ileuu c
wazarowum nooom (barxamu). Ileuu ¢ xonvyegvlm NOOOM.
Ileuu ona cxopocmnozo Hacpesa memanna. IlnamenHvle
mepmuyeckue neuu. Ilewu ¢ mennocenepauuell 3a cuem
XUMUYECKOU IHEPISUU HCUOKO20 YY2YHA.
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3.5. Ileun uBeTHOM MeTALIYPruu. 7TonausHvle
neyy. 1llaxTHbIe IeYN AJI5 MJIABKU OKUCICHHBIX HUKEJIEBBIX
pya. llaxTHple me4yd 79  CBUHIOBOM  IUIABKH.
KoHcTpykuus u 0COGEHHOCTH TETIOBOM paboTHI.

OrpaxarenpHble I€Yd JUIsl IUTABKA HA IUTEHH.
KoHceTpykuny, TenjaoBo M TEMIEpPaTypHBIM  peKUM
IIJIaBKH.

AnonHble U BaiiepOapcoBbeie meun. KoHcTpykuuw,
TEIJIOBOM M TEMIIEPATYPHBIN PEXKUM.

TpyOuateie Bpamarommecs mneuud. KoHCTpyKiuw,
TEIJIOBOM M TEMIIEPATYPHBIN PEXKUM.

Harpearensuble neun. KoHcTpykuuu, TEIIOBOW U
TeMIEPaTypHbBIA PEKUM.

Ileyu ¢ noanou unu YacmuyHou meniozeHepayuei 3a
cuem XUMU4ecKkoll dHepeuu cvlpbesvlx mamepuanos. O0mas
XapaKTePUCTUKA TPOIECCOB, MPOTEKAIOMIUX TMPU OOXKHUTe
cynbPuAOB B KHUIAIIEM clioe. ['a30quHaMUYECKuid PEXUM
pabotbl meueld. TemmepaTypHbIi M TEIUIOBOW PEXKHUMBI
o0xwura cynbpuIHBIX MarepuanoB. Bpems mnpeObiBaHus
MaTepHuaa B KUIAILEM CJIO€.

Ileun s obGxura CcyabQUAHBIX MaTepHaOB B
kursieM cioe. Ileun ams o6kura HUHKOBBIX, MEIHBIX U
MOJINOICHOBBIX KOHILIEHTPATOB. OcobenHoctu
KOHCTPYKIUU U TEIJIOBON pabOTHI.

KonBeptrepbl  3aBOJOB  IBETHOM  METaJULypTHH.
KoHCTpykM, TEmJIOBOM H TEMIEPATypPHBIA PEXUM
paboThI.

ITeun 1A aBTOIr€HHOM IUIaBKU MEIHBIX
KOHIICHTPATOB Ha IITEHH U YEPHOBYIO MEMb.

ITmaBka B xxuakoit Bande. Ileur A.B. BanrokoBsa mia
IJIABKY PYJ U KOHIICHTPATOB.
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3.6. [leun MAIIMHOCTPOUTEJIBHBIX 32BO0B

TermioBass paboTa W KOHCTPYKIHMHU TOIUIMBHBIX
MJIaBUJIBHBIX MeYel MAaITMHOCTPOUTENBHBIX 3aBOJIOB.

HarpeBarenbHble mneun Ky3HEUHBIX IeXx0B. [leun ¢
MOJIHBIM C)KMUTaHUEM TOTLIMBA. [leun TUISE
MaJIOOKHCIUTEIbHOIO HarpeBa MeTaia.

TepMuyeckue nedyr MaIMHOCTPOUTENBHBIX 3aBOJIOB.
IMeun pas  Tepmuyeckoil 0OpabOTKM — TSKENBIX U
KpynmHorabapuTHeIX wu3faenuil. [leun mmsa TepMudeckoit
00pabOTKM aBTOTPAKTOPHBIX AeTajei. TepMuueckue neuu
CHEINAIbHOTO Ha3HAYEHUS.

Cymmmna.  YCTaHOBKM Uil CYIIKM  CHITYYHX
MatepuanoB. bapabannsie cymmia. Cymumna st CyIIkd B
MTHEBMOIIOTOKE U B KHUIISIIIIEM CJIOE.

VYcranoBku g cymku  uznenuid. Cymwmna ¢
KOHBEKTHBHBIM  peXuMoM  paborel.  Cymmma ¢
paAMallMOHHBIM PEKUMOM PabOTHI.

VYcraHOBKM i1 CYHIIKM B BBICOKOYACTOTHOM
(MHUKPOBOJIHOBOM) TIOJIC.
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3.7. Ileun OrHEYNOPHOT0 NMPOM3BOACTBA




I'magponuHamuka, TEIJIOBOM W TeMIEpPaTypHBI
peXuM,  KOHCTPYKIMHM  IIAXTHBIX,  BpPAILAIOIINXCA,
TOHHEJBHBIX WM JIPYTUX I€YEH 3aBOJIOB MO MPOU3BOJICTBY
OTHEYIIOPHBIX U3EIIHMN.

3.8. DuekTpuyeckue ne4un

OOmass XapakTepUCTUKAa OSJICKTPUUYECKHX  IeUeH
MPUMEHSIEMBIX B YEPHOM, IBETHOM METATypPrUl |
MAIIMHOCTPOCHUH.  TeMIOTeXHHYECKUe  OCOOCHHOCTH
paboTHI TIeUe pa3IUYHON KOHCTPYKIIUU. XapaKTePUCTUKH
BHEIITHETO TeriooomeHa. TermoBoii 6anaHc.

JlyroBple meun CTaleruIaBUIbHBIE II€YU; JYTOBBIE
BaKyyMHbIE  [€Yd;  PYJOBOCCTAHOBUTEJIbHBIE  IEYH;
IJIa3MEHHBIE TTEYH.

Unoykyuonnvie neuu. KaHanmbHbIE U TUTENIbHbBIE
[I€YM; BAaKyyMHbIC [I€4M; YCTAaHOBKM [UIsl IUJIaBKH BO
B3BELICHHOM COCTOSIHUM, HarpeBaTelIbHbIE YCTAHOBKH.

Ileyu conpomuenenus. 11leun npsMoro U KOCBEHHOTO
JIEUCTBUSI; BAKYYMHBIE I€UM CONMPOTUBIICHHUS; TJIABUJIbHbBIC
€YU COMPOTUBIICHUSI.

Cneyuanvnvie neyu. YCTAaHOBKH IUAIIEKTPUUECKOTO
HarpeBa; yCTaHOBKHM 3JIEKTPOHHOI'O HAarpeBa; YCTaHOBKHU
Harpesa M3JIy4YeHUEM ONTHUYECKOTO KBaHTOBOTO
reHeparopa; ONTHYECKUE Te4M; YCTAaHOBKHU I 30HHOU
IIJIaBKH.
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4. TexHoJIOTHSl MPOM3BOJACTBA IBETHBIX U PeIKHX
MeTaJJIOB

4.1. TexHosorus NPOU3BOACTBA  TSKEJbIX
LHBETHBIX MeTAJIJIOB

OOme NPUHIUNBI W3BJICUCHHUS MEIW, HUKEINs,
CBUHIIA, [IMHKA U3 Pyl U KOHIIEHTPATOB.

KuHetnka W MeXaHHW3M OKHCICHUS CYIb(QUIOB B
TBEPAOM U JKUJIKOM COCTOSHHUHU. Jluccoumanus BBICHIMX
Cyb(HIOB NIPH HarpeBaHUM B HEUTpabHOU aTMocdepe.

OcHoBHbIE CTauH dbopMupoBaHus
METaJUTYPTHUECKHUX pacIijiaBoB (IIJ1aka, MTEHHA, IITEeH3bI).

[IpousBoaUTENBHOCTD MUPOMETAILTYPTUIECKUX
arperaros.

Pacnpenenenrie  LEHHBIX  KOMIIOHEHTOB  MEXIY
MPOJYKTaMH IJIaBKH.

Crioco6b1 U3BIICUCHUS cepsl npu
MAPOMETALTYPTrUYECKON  mepepaboTke  CynbhUIHOTO
coipbs. IloBeneHMe pEeaKUX M PACCESTHHBIX JIEMEHTOB B
OCHOBHBIX MUPOMETAIITYPTUUECKUX nporeccax.
Pacnpenenenne MblIbsiKa 110 MPOIYKTaM IJIABKU.

KoaddumumenT  KOMIUIEKCHOCTH  MCIOJIb30BaHUS
CBIPbsI B METAJUTYPIHH MEIM, HUKEIs, CBUHIIA, IMHKA.
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4.2. llepepadoTKka MeIHBIX Py U KOHIIEHTPATOB
PazHOBUOHOCTM  OTpakaTenpbHOW  IUIABKH. Ee
yAEIbHBIA BeC B MPOU3BOACTBE Meau. LlemecooOpa3HoCTh
MPEIBAPUTEILHOTO 00KUTA KOHIICHTPATOB MEPEJI TIABKOM.




[IpeumyiecrBa u HEJOCTATKU nepepaboTKu
KOHBEPTEPHBIX  I[JJAKOB B OTpPaKaTelIbHOW  IIEUH.
XapakTepucThKa IITEHHOB, NUIAKOB, Ta30B. TemIoOBOM
KIIZI. Bo3MoxHble CHOCOOBI  yTHIM3AaLMU  TeIUIA.
OCHOBHBIE ~ TEXHHKO- JKOHOMHMYECKHME  IOKa3aTelu.
BrIOpOCHI B OKpY’KaIOUIYIO Cpemy.

[lepepaboTka IITEHHOB HAa YEPHOBYKD  ME/Ib.
IloBenenue ero cocraBmsromux B I um I mepuonsr
KOHBEpPTUpOBaHMs. TerioBoll U TeMmnepaTypHbIA PEKUMBI
nporecca. Mcnonp3oBaHne  BO3AyXa, OOOTameHHOTO
kucnoponom. ITokazarenu npouecca. HoBele HampaBieHus
B METAJULypTHH MEJIHU.

ABTOTEHHBIE TPOLIECCHl B METAIyprun Menu. Mx
NpEeUMyIlecTBa W HENOCTaTKU. BiusHue MarhHerura Ha
NoTepU MEAM €O [UIAKOM B 3THUX  IPOLECCax.
Pacnipenenenne ceppl M METaUIOB-CIIyTHUKOB IO
MPOYKTaM IJIaBKH.

OrHeBoe M 3JIEKTPOIUTHYECKOE padUHUpOBaHHE
menu. Teoperndeckue ocHOBBI. IlepepaboTka aHOAHBIX
nuiamoB. [Ipaktuka mnpoueccoB. OCHOBHBIE TEXHHKO-
HYKOHOMHUYECKHUE T0Ka3aTelu. BBIOPOCH B OKpYKaIOIIYIO
cpeny.

I'mppomeramnyprus meau. IloaroroBka cCeIpbs K
TUIPOMETATUTYPrUYECKOM nepepaboTke. XuMu3M
OCHOBHBIX peaklui BblllenaunBanus. [IpakTuka Ky4HOroO,
O0akTepUaJbHOTO W  aBTOKJIABHOTO  BBILIEIAYMBAHUS.
TeXHUKO-PKOHOMUYECKUE [10Ka3aTeNu IIPOLIECCOB.
BBIOpOCHI B OKPYXKAIOIIYIO CpENy.
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4.3. Ilepepaborka  HHMKeJEeBBIX PpPyA H
KOHIIEHTPaTOB

Crioco0bl TOATOTOBKHA OKHUCIIEHHBIX HHUKEJIEBBIX DY
K IJIJaBKE B INAaXTHbIX meyax. WX mnpeumyiectBa u
HEJoCTaTKu. Peakuuu, mpoTeKarouue Mo BbICOTE IIaXThl
M€Yl U BO BHYTPEHHEM rOpHE. XapaKTEPUCTUKA IITCHHOB
Y [UIAKOB INAXTHOW IUIABKU. TEXHUKO-3KOHOMHYECKHE
MOKAa3aTellHn.

KonBepTupoBanne HUKeENEBbIX MITEHHOB. [loBeneHme
kobanpra.  CoBpeMEHHbIE  CHOCOOBI  TepepadOTKU
KOHBEPTEPHBIX IIUIAKOB B LENSAX U3BICUEHUS M3 HUX
kobanpTa. X mpeumymiectsa u Hegoctatku. [lepepaboTka
daiiHmTeliHa 10 OrHeBOTrO HUKensa. Cxema MpOoW3BOJICTBA
METaJUTypruuecKoro KodasbTa.

[TonroroBKa OKMCIEHHBIX HUKENEBBIX PYA K IJIAaBKE B
anekTporieuax Ha (eppoHukens. Teopus W TpaKTHKA
miaBku. PaduHupoBanwe uepHOBOro  (peppOHHKETISI.
TexHUKO-35KOHOMUYECKME  mokaszarenu. llepcnekTuBbl
pa3BUTHS ITpoliecca.

luppomerammyprudeckue ¥ KOMOMHHUPOBAHHBIE
CroCOObI  KOMIUIEKCHOM TepepabOTKH OKUCIEHHBIX |
HUKENIEBBIX  pyI  (CerperalMoHHBIE,  aBTOKJIABHBIC,
aMMHaYHO-KapOOHATHBIE U JP.)




[TonroroBka cynab(GUIHBIX Pyd U KOHIEHTPATOB K
IUTaBKE B DJIIEKTPUYECKHX Tewax. Teopus W TpaKTHKA
IEKTPOIUIaBKU. TeXHUKO-93KOHOMHYECKHE TOKA3aTEIH.

Oco0eHHOCTH KOHBEPTHUPOBAHUS MEIHO-HUKEICBBIX
[ITENHOB. Pasnenenue daiiHImTeHHA. CrocoOsbl
nepepaboTK METHOTO ¥ HHUKEJIEBOIO KOHIIEHTPATOB,
NMOJNIYYeHHBIX Tipu  (uotaruu  gaitHmTeHa.  OTandus
TEXHOJIOTUYECKOW CXEMBl TPOU3BOJCTBA KOOaIbTa TpHU
nepepadoTke Cynb(UIHOTO W OKHCICHHOTO ChIpbs. [lyTm
MOBBIIICHHUS] KOMIUIEKCHOTO MCTIOIB30BaHUS CYJIb(HUIHOTO
MEJIHO-HUKEJIEBOTO ChIpbsi. OXpaHa OKPYKarolEel Cpeibl.

KapOoHunbHBI  TpoLleCC  TOMyYeHUs  HUKES.
['mapomeTaryprudeckue U KOMOWMHHPOBAHHBIC CITOCOOBI
KOMIUIEKCHOW  mepepaboTKu  CyabGUAHBIX pyd U
KOHIIEHTPATOB. MeTo/Abl MOJIyUYeHUsI HUKeI U KoOanbTa U3
PacTBOPOB; IEKTPOJIN3, BOJOPOJTHOE BOCCTAHOBJICHHUE.

[loBenenue ceneHa, TeIypa U JApParoleHHBIX
METAJIJIOB T10 TJIABHBIM TEpeieiaM TEXHOJIOTHIECKIX CXEM.

OcHOBHBIE TPHUHIMMBI  MEPepadOTKH  aHOTHBIX
HUIaMOB 3JIeKTponu3a Hukens. [lepepaboTka apceHUTHBIX
pyI, mpobiemMa BBIBOJA MBITIBSIKA.

DHepreruyeckue  MmpobJeMbl U HKOHOMHKA
Pa3TUYHBIX TEXHOJOTHYECKHUX TMPOIECCOB MepepadoTKu
HUKENEBBIX pyId M  KOHIEHTpaTtoB. BriOpockl B
OKPY’KaIOIIYIO Cpery.
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4.4. IlepepadoTKa CBUHIIOBbIX KOHLIEHTPATOB

ArnoMepupyrommit 00Xxur CBHUHIIOBBIX
KOHIIEHTPATOB. Teopus u MpakTHKa.

BoccranoBurenbHas MJIaBKa CBUHIIOBOT'O
arsiomepara. XuMmu3M mporecca. [loBeneHue cBuUHLIA U
METaJJIOB-CITyTHUKOB npu TIJIaBKeE. TexHuko-
SKOHOMMYECKHE MTOKA3aTeNH IJIaBKH.

PadunupoBanue 4epHOBOro CBHHIIA M IepepadoTka
MOJIYIPOYKTOB. Teopus U MpaKTHKa.

Cnioco6nI TiepepaboTKH MITAKOB, TBLIH.

HoBble HanpaBiieHUsl B METAJUTYpTIHH CBUHIIA.

ABTOT€HHbIE U TUIPOMETAIIYPTUYECKHE CIIOCOObI
nepepaboTku CBUHIIOBBIX KOHIICHTPATOB. Nx
PEUMYIIECTBA U HEJAOCTATKH, MEPCIIEKTUBBI MPUMEHEHUS
LEHHBIX METAJUIOB-CIYTHUKOB B MPOU3BOJCTBE CBHUHIIA.
CxeMbl TMOMYTHOTO W3BJEUEHUS CEPbl M METaIOB-
CIyTHUKOB TIPU TIepepabOTKE CBUHIIOBBIX KOHIIEHTPATOB.
[Ip1neynaBauBaHue. Mertobl u obopynoBaHue
neUieynaBiauBaHus. [lokasarenu paboThHI MbUICYTaBUTENCH.

TexHuka 6€30MacCHOCTH MPU MPOU3BOJICTBE CBUHIIA U
OXpaHa OKPYKaloIlel Cpebl.
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4.5. [lepepa0doTKa HMHKOBbIX KOHIIEHTPATOB
CpaBHeHue 3P PEKTUBHOCTH Upo- u

TUAPOMETAJUTYPTrHY€CKOr0 METOI0B TOTyYEHHS IIMHKA.
OOUT TUHKOBBIX KOHIICHTPATOB.




[TupomeTayTyprudecKue METObI MOJyUYeHUs ITHHKA
U3 orapka. Onekrtporepmusi 1uHKAa. OCOOCHHOCTH
BBIIVIABKH I[UHKA B IIaXTHBIX ITeYax.

PadurMpOBaHNE YEPHOBOTO IIMHKA.

I'mapomeramnyprus [IAHKA. Brimenaunsanue
[MHKOBBIX OTapKOB M OYHMCTKAa PACTBOPOB OT MpHUMECEH.
Teopernueckue OCHOBEI ITHX MIPOIIECCOB.
DNEKTPOOCAXKICHUE  I[UHKA. HoBble  HampaBneHus
COBEPIIICHCTBOBaHUS Tpoliecca. TexHuka 0e30MacHOCTH U
OXpaHa OKPYKaloIlel Cpebl.

[TepepaboTka MOJTYTIPOTYKTOB LIMHKOBOT'O
MIPOU3BOJICTBA. Kommnekcuoe HCIIOIb30BaHUE
IIUHKOCOIEPKAIIETO CHIPHSI.

DHepro3arparthl ¥ BHIOPOCH B OKPYKAIOIIYIO CPEIY.
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4.6. TexHoJiorusi MPOU3BOACTBA 30J10Ta, cepedpa
U MeTAJJIOB IJIATHHOBOM I'PYINIbI

CoBpeMEHHOE COCTOSIHHE M OCHOBHBIE  3Tallbl
pa3BUTHUS TMPOU3BOJACTBA 30JI0Ta, cepedpa M METaIoB
IIJIATUHOBOW I'PYIIIIBL.

U3Bneyenue 0J1aropoIHBIX METaJIJIOB
aMajibraMaruci.

TepmoanHamuka, MEXaHU3M u KHHETHKA
B3aMMO/ICHCTBHSA 30J10Ta, cepedpa U METAIIOB IJIATUHOBOU
TPYHIBI C PTYTHIO.

Teopernueckre OCHOBBI U TEXHOJOIHMS IIpolecca
UAHUPOBAHUSI.

TepMoauHaMuKa 1 KHHETHKA MPOLIECCa PaCTBOPCHHUS
B LIMAHUCTBIX PACTBOpax 30JI0Ta, cepedpa, TEIUTYypHIIOB
30J10Ta, CEPHUCTHIX U OKCUAHBIX MUHEPAJIOB cepedpa.

TepMoanHaMuKka W KHMHETHKa Mpolecca OCAKICHUS
30/10Ta U cepebpa M3 LMAHUCTHIX PACTBOPOB LIUHKOM U
amomuHueM. TeopeTndyeckue OCHOBBI Mpoliecca COpOIuu
3010Ta ¥ cepedpa W3  IMAHUCTBIX  PacTBOPOB
AKTUBUPOBAHHBIM yIJIEM, HOHHO-OOMEHHBIMU CMOJIAMHU
(aHMOHHUTAMM) u YKUJIKOCTHOMH AKCTpaKITUEH
OpraHN4YeCKUMU PacTBOPUTEIISIMHU. CoBpemeHHOe
COCTOSSHUE U HaNpaBlieHUs JaJbHEUIIEro pa3BUTHS
TEXHUKU U TEXHOJIOTUHU [IMAHUCTOTO MPOLecca.

CneuuanbHble MPOLECCHl  MEpepadoTKUu  pyA U
KOHIIGHTPATOB CJI0KHOTO COCTaBa.

Addunax 3050Ta, cepedpa U METAIOB TIJIATHHOBOM
TPYIIIBIL.

Teopetuueckue OCHOBBI u TEXHOJIOT s
AIIEKTPONIUTHYECKOT0 adhrHaka 30510Ta U cepedpa.

XuMHusi W TEXHOJOTHsA TmporeccoB adduHaka
IUTATUHOBOTO KOHLIEHTPATa U METObI IOJIYYCHHUS IIIIaTHHBI
BBICOKON YHCTOTHI.

DHepro3arparbl ¥ BEIOPOCH B OKPYKAIOIIYIO CPENY.

32.

4.7. TexHoJI0THSI MPOU3BOACTBA JIETKUX LBETHBIX
CILIaBOB




Ilonyuenue macnus

CBolicTBa U IPUMEHEHHE MarHus. XapakTepUCTHKa
MCXOJIHBIX MaTepuanoB. Teopus U TEXHOJOIUS MOJTy4YECHUS
0E3BOJHOTO  XJIOPUCTOTO  MarHus W OuHOdMUTA.
O06e3B0oKMBaHNE KapHAIUIUTA: MOJIy4€HHUE UCKYCCTBEHHOTO
KapHaITUTa, 00e3BokuBanue BO Bpamiaromuxcs CKH u
neyax. [[puMeHeHue neven KUIsImero ¢iaosi U XJopaTopoB.

Cocras u (U3HKO-XUMHYECKHE CBOMCTBa
31eKTponuToB. (OCOOEHHOCTH KHHETHUKH AJIEKTPOJIHBIX
npoueccoB. ['mapoarHamuka 3JE€KTPOJAa W KaTOAHBIN
BBIXOJl TIO TOKYy. Bnusaume mnpumeceldi W 100aBOK B
AJIEKTPOJIUT Ha KaTOAHBIN mporecc. OOpazoBaHue muIama.
TexHuKa  SIEKTPOJMTUYECKOTO  TMOJYYEHHs  MarHusl.
Konctpykuust  snekrponusepoB. CpaBHUTENbHAs  HX
XapaKTEepPUCTHUKA. TexHomorus o0cCTyKHBaHUSI.
Y CTpolcTBO HEXOB JIEKTPOJIN3a, OTCOC XJI0Pa U KaTOAHBIX
ra3oB. TexHuka 6€30MaCHOCTH M MEPONPHUATHUS [0 OXpaHe

OKpY’Karollen cpeasl. TexHUKO-3KOHOMHUYECKHUE
noKaszareiu >JeKTponn3a. PaduHupoBaHne MarHus-chipua
MeperiaBKon c drocamu. DIIEKTPOIIUTUYECKOE

paduHMpOBaHUE MarHUeBBIX JIOMOB U 0TX010B. [OCT Ha
MarHui, KOMIUIEKCHOE UCIOJIb30BaHUE MAaTHUEBOTO CHIPbSL.

Ilonyuenue anomunus

CpolicTBa aMIOMHHHS W CINIaBOB Ha €ro OCHOBE,
MacImTadbl TPOU3BOACTBA W  O0NACTH TPUMEHEHUSI.
OcHOBHBIE Py/Ibl ATIOMUHHSL.

[lepepaboTtka OOKCHTOB TUAPOXUMUYECKUM
ciocobom. OcHoBHasi peakiusa baitepa. CrtpoeHue
IIOMUHATHBIX pacTBOpoB. PaBHOBecue B cucreme Al2O3—
Na;O—H20. TlpunnunuanpHas TEXHOJOTHYECKas cxXeMma
cnioco0a baiiepa. TexHomornueckue napaMmeTpbl OCHOBHBIX
NepeIeNioB U XapaKTepUCTUKa 000PYIOBaHHUS.

[TonydyeHne rIHMHO3EMa CIOCOOOM CIIEKaHHS W3
60kcUTOB. OCHOBHBIE XUMHUECKHE PEAKLIUU MPU CIICKAaHUU

u BBIIICIAYMBAaHUHI CIICKOB. [IpunuunuansHas
TEXHOJIOTHYECKAs cxema crocoba CIIEKaHUs.
KomOuHupoBaHHblE  CIOCOOBI:  THAPOXMMUYECKMHA U
CIIEKaHWS — TMapaUleIbHbIM W TOCJEeI0BaTEIbHbBIN

BapuaHThl. VX mpeuMyliecTBa Iepen  pa3lelbHON
nepepadoTKOM.

KommnekcHas nepepaboTKa HEe(ETUHOB.
Xapaktepuctuka HedenmnHOB H  He(deTUHOCTICHUTOBBIX
pya. OCHOBHbBIE peakIMM MpH CHEKaHUH HedenuHa ¢
U3BECTHSAKOM M  BblllenaunBaHuu. [lpuHnunuanbHas
TEXHOJIOTHYECKasi cxema crocoba crnekanus. OCHOBHas
anmaparypa.

XapakTepucTuka alyHUTOBBIX pyd. OcHOBHbIE
peaknuuu ~ Npu  IepepadoTKe  alyHUTOBBIX  PYA
BOCCTAHOBUTEIIHBIM OOKHUTOM C BETBBIO CIICKAHUS.
[TpuHIMNMaIbHAS TEXHOIOTUYECKAs CXEMa 3TOro Crocoba.
Hosble HampasiieHust B mosydeHuu riauHo3eMa. dusuko-
XMMHYECKHE OCHOBBI NEpepadOTKU BBICOKOKPEMHHUCTHIX




BUJ0B aITIOMUHHUEBOI'O ChIPbA THAPOXUMHUYCCKUM METOIOM.
OcHOBHasT TEXHOJOTHYECKAsA CXEMa JTOro METOoJa.

CpaBHeHMe TEXHUKO-D)KOHOMHUYECKUX oKa3aTreie
pa3IMYHbIX croco0oB nepepadoTKu
TJIMHO3EMCOIePKAIIEeTO CBIPBS. KomrmuiekcHoe

UCIOJIb30BaHue rauHo3emcozepxaiero celppd. I'OCT Ha
TJIMHO3€EM.

[Tpou3BoaCTBO (PTOPUCTBIX COJIEH M DIEKTPOJIOB.
[Ipou3BOACTBO  KpPHOJMTa  KUCJIOTHBIM  CIIOCOOOM:
OCHOBHBIE  DEaKIUMH, TEXHOJOIMYeckas CXemMa |
anmapartypa. IIpoW3BOACTBO  3JIEKTPOJOB:  MCXOJHBIE
MaTepHalbl, IPECCOBAHHUE, OOXKUT «3EJIEHBIX» AIIEKTPOIOB,
rpaguTUpPOBaHUE.

Teopus AIIEKTPOJIN3A KPUOJUTOTIIMHO3EMHBIX
pacmiaBoB. CBOHCTBA W CTPOEHUE DIEKTPOJIUTOB U
TEPMOJMHAMMKA OCHOBHBIX pEaKIMi Ha 3JIEKTPoJax.
OCHOBHBIE AUaHPAMMBI COCTOSIHUA. MeXaHn3M KaTOJHOTO
npouecca, IOBEJIEHHE HATpUsl B KATOAHOM paspsie,
KaTOOHBIM  BBIXOJ IO TOKY. AHOJHBIA  MpoIecc.
[ToTeHnmanoonpeaensomMe pPeakuud, COCTaB aHOJHBIX
ra3oB, CBsI3b C KaTOAHBIM BBIXOJOM IO TOKy. Pacxon
yIJIepoJa, CBSI3b C aHOJAHBIM MEpEHANPSKEHUEM. AHOIHBIN
s dekr, moBeneHrne mpuMeceit 1 100aBOK B AIEKTPOIIUTE.

TexHOmorust  3JEKTPOJUTUYECKOrO  IMOJYYEHUs
amomMuHus. OnucaHue KOHCTPYKIMM 3JIEKTPOIM3EPOB U
CpaBHEHHME MX TEXHUYECKUX NaHHbIX. HOBbIE HampaBieHUs
B KOHCTPYHPOBAaHUM DJIEKTPOJIM3EPOB U CIOCOOBI HX
nuTaHus riMHo3eMoM. Ilyck BaHH, HUX 00CHTyKHBaHUE.
Hapymenne HopmanmbHOW — pabOTBI  AJIEKTPOIM3EPOB.
BnausiHue  3MeKTpOMarHWTHBIX  cWJI  Ha  paboty

AIIEKTPOJIU3EPOB.
TexHomnorus CaMOOOXKUTAFOILIETOCs] a”Hoza
QIIOMUHHUEBOTO AJIEKTPOJIU3EpA. XapakTepucTuKa

OCHOBHBIX 30H B aHOJIe; TpeOOBaHUSA, MPEIbIBISIEMbIE K
neKaM M KOKCaM; OCHOBHBIE IPOLIECCHI, MPOTEKAIoIIe B
Pa3IMYHBIX 30HAX aHO/a; OaylaHC yriepo/a.

OHepreTuyeckre OajgaHChl AIETPOTU3EPOB, CBA3b
MEXAY IUIOTHOCTBIO TOKA M yAEIbHBIMU MOTEPSIMU TEILIA.
[InanupoBka 1EXOB AJIEKTPOJIU3a U BJIEKTPOJU3HBIX
kopnycoB. ['a3oorcoc W BEHTWIALMS, pereHepanus
¢drTopconeii.  Texnmka  Oe3omacHOCTH M OXpaHa
OKpYyKaroler cpeapl. ABTOMATHYECKOE pPEryJHMpOBaHUE
ATIOMUHHUEBBIX AJIEKTPOJIN3EPOB. CebecTonMoCTh
amtoMuHus 1 ee aHanu3. [[OCT Ha antoMuHMM.

DNEKTPOIUTHUECKOE padUHUPOBAHUE ATFOMHUHUS.
CBolicTBa M1 NPUMEHEHUE AJTIOMHHHUSA BBICOKON YHCTOTHI.
Teopuss M TEXHOJIOTMS TPEXCIOWHOIO METOZa, IIyTH €€
COBEPILICHCTBOBAHUSI.

HoBble HampaBieHuss B TMOJYYEHHH aAJTIOMUHMSL.
®U3NKO-XMMHYECKUE OCHOBBI BBIIJIABKH AJIFOMUHHUEBO-
KPEMHHEBBIX CIUIABOB M3 PYA: TEPMOIAMHAMUKA MPOIECCOB
BOCCTAHOBJICHUSI OKCHUJOB  QJIIOMHUHHS W KPEMHHS




YIIEpOAOM, POJIb HU3IIMX OKCHJIOB aJIOMUHUS U KPEMHHUS.
TexHHKa AJIEKTPOTEPMUYECKOTO IOJYyYEHHUS CILIABOB
ATIOMUHUS u KpEMHHUSI: MOATOTOBKA  UIMXTHI,
XapaKTEpUCTHKA DJIEKTPOIIECUEH.

Merannyprusi BTOpUYHOTO altOMUHHS. TEeXHOJIOTHs
MOATOTOBKHU JIOMA M OTXOZOB K IaBke. I1naBka anroMuHus
U €ero CIJIJaBOB B DJJEKTPUYECKHX U IUIAMEHHBIX
OTpakaTeNbHBIX Nevax. Posb (rocoB mpu miaBke OTXO0B
U JoMa anmoMuHMs. MeTosl paduHUpOBaHUS paciijiaBa OT
HEMETAJUIMYECKUX M MeTamdeckux npumeceid. I'OCTo1
Ha aJIFOMUHHEBbIE CILJIABBI.

OHeprozarparbl Ha IPOM30ACTBO AIIOMUHHUS U
BBIOPOCHI B OKPY’KAIOILYIO CPELy.
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4.8. TexHosorusi TPOU3BOACTBA PeAKHUX H
PaIMOAKTHBHBIX METAJIIOB

Tyzonnaexue pedkue memanisi

Bomsppam u  monmubpeH.  DPUMKO-XMMHYECKHE
OCHOBBI MUPOMETAILTYPrHUECKUX u
THJIPOMETAJUTYPIHYECKUX CIIOCOOOB PA3NIOKEHHS PYAHBIX
KOHIIEHTPAaTOB, HUX KPUTUYECKOE COIMOCTaBJICHHUE, HOBbBIE
HalpaBJICHUsI TEXHOJIOTUH. TeopeTHuecKue OCHOBBI U
MPaKTHKa MPOLIECCOB MPOU3BOJCTBA YUCTHIX TPEXOKCHIOB
MoJu0/ieHa U BoJb(pama.

Hcnonb30BaHne HOHOOOMEHHBIX M 3KCTPAKIIMOHHBIX
OpOIECCOB B TUAPOMETALIYPTMUM  BoJbppama U
MO0 IeHa. CxeMbl  KOMIUIEKCHOM  TiepepabOTKH
BOJIb(PaM-MOJIHOICHOBBIX  KOHIEHTpatoB.  CrocoOsbl
oTaeneHus MoiuOaeHa ot  Bosbdpama. I[lomyTHoe
U3BJICUCHHE PEHUs TpU 1epepaboTke MOJIUOIEHOBBIX
KOHIIEHTPAaTOB. TeXHOJOrus MmepepaboTKH BTOPHUYHOTO
BOJIb()PaMOBOTO U MOJIUOACHOBOTO CHIPHSI.

Tepmoannamuka, KMHETHKA u MEXaHU3M
BOCCTaHOBJICHHSI TPEXOKCHAOB BoJb()pamMa U MonuOaeHa
BOJIOPOJIOM, TpakTHUka mpouecca. OCHOBBI IMPOU3BOJCTBA
KOMITAKTHBIX ~ BOJb(pamMa W  MOJMOJEHA  METOI0M
NOpPOIIKOBOM  METANIypruM W IJIaBKOM  (AYroBOH,
AJICKTPOHHO-TyueBOl). BrnusHue mpumecelr Ha CBOICTBa
METaJuI0B. BapuaHTBI MPOIIECCOB MOTyYeHHsI BoJbppaMa u
MOJIMO/IEHa BOCCTAaHOBJIEHUEM TaJlOTEHUIOB. MeToabl
NOJy4eHUsT MOHOKPHUCTAJUIOB BOJb(ppamMa U MOJIHOJCHA.
TexHuka 6€30MaCHOCTH M OXpaHa OKPYKAIOIIEH Cpeibl.

Tantan u HuoOwit. OO030p W COMOCTaBICHUE
CIoco00B pasNioKEHUsl PyIHBIX KOHLIEHTPATOB Pa3IN4YHOIO
TUNAa (TaHTAIUT-KOJIYMOUT, JIONIAPUT, TUPOXJIOop). Pusnko-
XUMHYECKHE OCHOBBI ITponieccoB. COMmocTaBIeHUE XJIOPHOU
U Cylnb(aTHOW TEXHOJOTMU KOMILUICKCHOM NepepabdoTKu
nomnaputa. OCHOBBI CIOCOOOB pa3feleHHus TaHTalna u
HUOOUS.

O0630p W COMOCTABJIICHHE CIOCOOOB MPOM3BOJCTBA
TaHTaja U  HUOOMS. DUIMKO-XMMHUYECKHE OCHOBBI
METAJIJIOTEPMHUYECKOT 0, KapOOTEepMHUECKOTO u




INEKTPONIUTHYECKOr0 crocoboB. [lomyuenue Ttantanma u
HUOOHS BOCCTAHOBJICHHEM XJIOPUJIOB. dusuko-
XUMHYECKHE OCHOBBI Pa3IMYHBIX CIOCOOOB MPOU3BOJICTBA
KOMIIAKTHBIX TaHTaJla ¥ HUOOUS.

Tutan, nupkonuit u radpauii. OCHOBBI COBPEMEHHOMN
TEXHOJIOTUM TIPOU3BOJACTBA YETHIPEXXJIOPUCTOTO THUTAHA.
O630p W  cCONOCTaBJICHUE  CIOCOOOB  TOJYYCHHS
UCKYCCTBEHHOT'O PyTHJIa U3 WIBMEHUTOBBIX KOHIIEHTPATOB.

OU3NKO-XUMHUYECKHE OCHOBBI CIOCOOOB BCKPBITHS
IIUPKOHUEBBIX KOHILIEHTpaToB. (OO0ocHOBaHME BbIOOpa
croco0a BCKPBITHS B 3aBUCUMOCTH OT TpeOyeMbIX
KOHEYHBIX MPOIyKTOB. CriocoObl pazaeneHus UPKOHUS U
radHuUs.

KommiekcHoe  MCHONB30BaHME  THTAHOBOTO M
UPKOHUEBOTO CHIPHSI.

OOumii 0030p CrMOCOOOB TMONy4YEeHUS TUTaHA H
UPKOHUSA C YYETOM OCOOCHHOCTEH CBOWMCTB A3THUX
METaJIOB.

OU3UKO-XMMUUYECKHUE  CBOMCTBA U IIPAKTHKA
MarHMMTEPMHUYECKOr0 Ccrocoda MpPOU3BOACTBA THUTaHA U

LUPKOHMUS u3 ITUX XJIOPHUJIOB. Bapuantsl
HAaTPUUTEPMHUUYECKOTO BOCCTAHOBJICHUS
YETBIPEXXJIOPUCTOTO TUTaHAa. Conocrasnenue

MarHUMTEPMUYECKOTO U HATPUUTEPMHUYECKOTO MPOILIECCOB.
DIEKTPOTUTHYECKHH c1TOCO0 TOTYUEeHUS [IUPKOHHUS.

OnexTpoauTHueckoe  paduUHUPOBAHHWE  THUTaHa.
OcHOBBI HOIUAHOTO crocoba pauHUPOBAHUS THUTAHA U
UPKOHHUS.

[Ipon3BOACTBO KOMMAKTHBIX THUTaHa U LHUPKOHUS
METOJIOM IJIaBKH.

[TopoikoBast MeTaJLTyprusi TUTaHA U IUPKOHUS.

TexHnuka O0€30MaCHOCTH W OXpaHAa OKpYyKaromen
Cpelibl B IPOU3BOJICTBE TUTAHA U LIUPKOHUS.
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Pacceannvie peokue memannoi

OO0mass  xapakTepUCTUKAa  PACCESIHHBIX  PEIKUX
METaJUIOB, MCTOYHUKOB HX MOJYYCHHUS. DKOHOMUYECKOE
3HaYeHHE  KOMIUIEKCHOCTH  HCIIOJIb30BAHUS  CHIPBSL.
TexHoNOrMsI ~ MOMYTHOTO  M3BJICYCHHMS  TaliUs B
IPOU3BOJCTBE TIJIMHO3€Ma, MWHIUS TMpu IepepadoTke
CYIb(QHUIHOTO CBHIPbSI LBETHBIX METAJUIOB, 'e€pMaHHs MpU
nepepaboTKe MEIHOTO ChIpbsl M yIJIeld, peHus B
IPOM3BOJICTBE MEIH U MOJIHOCHA.

PeokoszemenvHuvle u paouoakmusHvle memanisl

OCHOBBI TIPOIIECCOB TMOJYYCHHUS PEIKO3EMETbHBIX
METAJIJIOB BBICOKOM YMCTOTHI. BapraHThI TEXHOIOTHYECKUX
cXeM TmepepadOTKM MOHOLUTOBBIX KOHIEHTPATOB C
MOJIyYEHUEM COCIMHEHUN PEeIKO3EeMENbHBIX METAIIOB U
Topusi.  TexHomorust mepepabOTKUM  APYrUX  BUIOB
PEIKO3eMENIBHOTO  ChIpbsl  (0aCTEH3HWT, WTTPOIIAPU3HT,
JIOTIApUT). OcHoBBI croco0oB pasneneHus
peAKO3EMENbHBIX METANIOB U TOPHUSIL.




OcHOBBI U anmapaTypa IpOLECCOB BbILIEIAUYNBAHUS
ypaHa U3 PYAHOIO CbIPbA [JII HX OCYLIECTBIICHUS.
HNonooOMeHHbIe U 3KCTPAKIIMOHHBIE CIIOCOOBI W3BIICUEHUS
U KOHLEHTPUPOBAHUS ypaHa B pacTBOPaX, BBIJACICHUS
YUCTBHIX COeIWHEHHI. OCHOBBI TEXHOJIOTMH MPOU3BOJCTBA
ypaHa MeTajuioTepMuueckuMu metongamu. I[lnaBka ypana.
TpeGoBaHMs K YHCTOTE ypaHa, UCIIOIB3YEMOTO B aTOMHOM
TexHHKe. TexHrnka 0e30MacHOCTH M OXpaHa OKpYKaromen

CpPEIBL.
Jleckue pedkue memainivl
bepunnii. DUBUKO-XUMUYECKHE OCHOBBI

TEXHOJIOTUH NepepadOTKU OEpUIUIMEBBIX KOHIICHTPATOB IO
cynbdaTtHOi U dropumHoit cxemaMm. CrocoObl MOTydeHH
YHCTOro OKcHa165a Gepuiiius U rajJoreHu10B OepHILIHSL.

MertamiorepMuueckue U AJIEKTPOTEPMUYECKUE
CHOCOOBI TOJIyueHHUs] OepHiUIMs, TUCTWUIAIUOHHBIE U
JNEKTPOJIUTUYECKUE TpOIecchl ero  paduHUPOBAHMUS.
[Tpon3BoACTBO KOMIAKTHOTO OEPHUILIHSL.

JIuTuii. OCHOBEI TE€XHOJIOTUU MPOU3BOACTBA
COCIUHEHUN  JUTHS U3  JIMTHEBBIX  KOHIEHTPATOB
(crogymeHa, Tenua0INTa).

OU3NKO-XUMHUYECKHUE OCHOBBI MPOIIECCOB MOTYUYECHUS
JUTUSA DIEKTPOJIU30M, BaKyyM-TEPMUYECKHM CIOCOOOM.
Cnioco6s1 padMHUPOBAHUS JTUTHSL.

TexHuka 6€30MacHOCTH B MPOU3BOJICTBE OEpHILIUS U
JIUTHS U 0XpaHa OKPY>Kalollel Cpebl.
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4. ®opMbI KOHTPOJISI 3HAHUN U UX COlepP:KaHUe
Tabmuma 3
®opma KOHTPOJISI 3HAHUW U UX COJICPKAHUE

HaunmenoBanue u conepkanue GopMbl O6bewm, CpOK BBITIOJTHEHUS
KOHTPOJIA .

KoHTpoJib caMoCTOSTENhHOM pabOTHI 2 OrneHuBaHue CTENeHU
MOATOTOBJICHHOCTH B YCTHOW Oecene ¢
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