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1. IIEPEYEHDb TEM JUIA ITOATOTOBKU K KAHANJATCKOMY O5K3AMEHY

Teopust mpoiieccoB MPOU3BOICTBA YEPHBIX, IBETHBIX U PEAKUX METAJIIOB

TexHOMOrnYecKre OCHOBBI MPOIECCOB MPOU3BOICTBA YEPHBIX, IIBETHBIX U PEIKUX METAJIOB
[Ipon3BoICTBO MEPBUYHOTO METAIIa

Merajutyprudeckue neuu

TexHosorHs NPOU3BOJICTBA LIBETHBIX U PEAKUX METAIIJIOB

2. BOITPOCBI JUISI IOATOTOBKU K CAAUYE KAHJIUJIATCKOI'O DK3AMEHA
C YYETOM OTPACJIM HAYKU

1. TeOpI/Iﬂ IIPONHECCOB IMMPOU3BOACTBA YEPHBIX, IBETHBIX U PCAKUX METAJIJIIOB

1.1. ®U3UKO-XUMHUYECKHE OCHOBBI METAJUTYPIrUUYECKUX IIPOLIECCOB

Crpoenue BemecTna

OcHoBBI TeopuH TBEpAOTro Tena. Kpucraminueckas CTpyKTypa IPOCTHIX U CIIOKHBIX OKCUIHBIX
da3. lepeKkTHOCTh CTPYKTYPHI KPUCTAILIOB U €€ BIMSHUC Ha (PU3NKO-XUMHUYECKUE XapaKTCPUCTHKU
BeLECTB. BiMsiHue 0CHOBHBIX KOMIIOHEHTOB METAJNIMYECKOI0 paciljlaBa Ha CBOMCTBa cTaiu. ['enesuc
CBOICTB METaJLJIA.

TepmoanHaMHuueckasi CUCTEMA U TEPMOJMHAMUYECKHUE TapAMETPhI

@YHKIMK  COCTOSIHMSL. TepMOJMHAMHUYECKOE paBHOBECHE. 3aKOHbl TEPMOAMHAMUKH.
TepMoarHaMHUYeCKUE TOTCHIMANBl (BHYTPEHHSS JHEPrHs, JHTAJbIHSA, JSHTpOMHs, H300apHO-
M30TEPMUYECKUN U U30XOPHO-U30TEPMUYECKUN TOTeHIHA). TepMoiMHaMUKa CIUTaBoB. M eanbHbie
U pealibHbIe pacTBOPHI. TepMoanHaMuieckasi akTUBHOCTb (BBIOOp CTAaHAAPTHOTO COCTOSIHHS, METObI
ompeneneHus, npuMeHeHue). PacueTsl paBHOBecus B pactBopax. DazoBbie nepexoabl. JuarpaMmmsl
¢$a30BOro paBHOBECHS JBYXKOMIIOHEHTHBIX cucTeM. Jluarpammbl cocrossHuii Me-O, Me-S.
O6pa3zoBanue HOBBIX (pa3. PacTBOpHI ra3oB B MeTasiax.

TepMoanHaMHMKa TOBEPXHOCTHBIX sBICHUM. [lOBEpXHOCTHOE HATAKEHUE, METOMAbl €ro
onpezaeneHus. CBa3b MEXy NOBEPXHOCTHBIM HATSKEHUEM U aJICOPOLIUEH.

KuneTnka MeTamtypruueckux peakimil

OOmass XxapakTepUCTHKa TeTepOTeHHbIX MeTaJUIyprudeckux peakuuid. OmnpeneneHue
BAKHEUIINX  KUHETUYECKUX  XapaKTEPUCTHK: TOpsAJKAa pEeaklMH, DSHEPruud  aKTUBALIMH,
IPEIPKCIIOHEHIIMATIbHOTO MHOXHUTeNs. [lpusHaku numutupyromux craguil. [londarue karanusa.
TepMoanHaMuKa HEOOPATUMBIX MPOIIECCOB.

1.2. Teopust nupoMeTAUTYPrHUECKUX MPOLIECCOB

CrtpoeHue u CBOMCTBA KUAKUX METAJJIOB

XKunkoe cocTtosiHME Kak MPOMEKYTOUHOE MEXAY TBEpIAbIM M ra3000pazHbIM. bivkHuil n
JTAIbHUNA MOPSAOK. Bin30cTh CBOMCTB KUIKHUX METAJJIOB IIPU HEOOJIBIINX MeperpeBax Haj JIMHUEH
JUKBUAYC K CBOMCTBAM METAJIJIOB B TBEPAOM COCTOSIHUU. TepMOIMHAMUKA IIPOLIECCOB ILIABJICHUS U
KPHCTaJUIM3aLUN.

CrpoeHue XKHUIKHX IIJIaKOB

Teopun cTpoeHHS NUIAKOB. XUMHYECKHE U (U3HUECKUE CBOMCTBA IUIakoB. OCHOBHOCTh M
crocoObl ee BoIpakeHus. [lonsTue eMkocteil nuiakoB. CriocoObl pacuera aKTUBHOCTH B IIUTAKOBBIX
CUCTEMAX.

IToBepXHOCTHAsE SHEpPrusi MPOCTBIX M CIOXKHBIX OKCHJIHBIX pacIiaBoB. IloBepXHOCTHO-
AKTUBHBIE KOMIIOHEHTBHL. CTpPYKTyphl KPEMHEKHCIOPOAHBIX M JPYrMX CIOXKHBIX AaHHOHOB B
3aBUCUMOCTH OT OCHOBHBIX PacIUIABOB.

TBeprodazHbie MPOLECCH

O61ee noHsATHE O TBEPAO(DA3HBIX MPOLECCaX U UX POJH B METAJUTYPTUYECKUX TEXHOJIOTUSX.
Toueunsle qeeKTH TBEPAbIX Tel1. MeXaHU3M U TepMOIMHAMHKA 00pa30BaHUS TOUCUHBIX JEPEKTOB.
Hectexnomerpus kpuctaymios. TBep/pie pacTBOPHI METAIJIOB U OKCUIOB, H30MOP(HbIE TPUMECH.



Hudbdy3us B TBepmpix Tenax. TemmepaTypHash 3aBUCHUMOCTb KO3 dunueHToB nuddys3un.
Juddysus kak onHa U3 cTaauid TBEpA0(ha3HBIX MPOLIECCOB.

TBeprodasHble XMMHUYECKUE peakluu, uX Kiaccuduxamus. MeToasl pacuyera KOHEYHOTO
COCTOSIHUS. DKCIEPUMEHTAIBHbBIE METOABI H3y4EeHHUs TBEPAO0(a3HBIX MPOLIECCOB.

Kuneruka mpoueccoB B TBepAbix Tenax. OOpazoBaHuME M POCT TOMOTEHHBIX 3apOJIbIIICH.
Monens Konmoropoa — ABpaamu — EpodeeBa. KuneTtrka rereporeHHOro 3aposkaeHus, MOJIENb
Mak-KeBana. JIuddy3noHHO-KHHETUUECKHA PEXHM pocTa (a3bl. YpaBHEHHUE H30TECPMHYCCKOU
KUHETUKHU, MOZENb AHaepa.

Peakuuu B TBepAbIX Telax MPHU B3aUMOJICUCTBUU C BHEIIHEH cpenoid. MHOro3BeHHbIE
npouecchl. CriocoOs! onrcanus. TBepoe TeI0 B KOHTAKTE C KUIKOCTHIO HITU Ta30M.

OO01mass Teopusi OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX peakuuii B TBepAoM Tese. Mopenu
Barnepa. @epputooOpazoBaHue B MeTaNIyprudyeckux Imnpoieccax. HwuskoremmepaTypHbie
npeBpamieHus B cucremMe Fe—O. OOpa3oBaHue CIOXHBIX aTIOMOCHINKATOB, aMOp(HBIE TBEPbIE
Tena.

OcHoBbl Teopun criekanus. OCHOBHBIC MEXaHU3MBI TBepoda3Horo crekanus. OCOOCHHOCTH
CIEKaHUsl 93BTEKTHUECKUX cucteM. OcoOeHHOCTH KUAKO(PA3HOTO CIEKaHHud. MexaHU3M
pactBopeHusi-ocaxxaenus, 1uddysus B xxuakoi dase.

OCHOBBI IPOLIECCOB BOCCTAHOBJICHUS

CtpyKTypa M CBOWCTBAa OKCHUJOB YEPHBIX, LIBETHBIX U PEAKUX METALUIOB. TepMoaMHAMUKa
BOCCTaHOBJICHHs OKCUJIOB. OCOOCHHOCTH BOCCTAaHOBIIEHUSI MOHOOKCHAOM YTJIEpOJia, BOJAOPOIOM U
TBEPAbIM yriepojaoM. Peaknus rasupukanuu yriepoja U €€ BIMSHUE HAa BOCCTAHOBHUTEJbHBIE
npouecchl. OCOOEHHOCTH BOCCTAHOBJICHHS SJIEMEHTOB M3 CIIOKHBIX COEIMHEHUH U PacTBOPOB.
MexaHu3M 1 KUHETHKA [IPOLIECCOB BOCCTAHOBJIEHUS. JIuMuTHpyromas crajaus npouecca. BHemHsas
muddys3us raza. Ancopbuus. Juddysus raza B nopax kycka. Auddys3us raza uepes cioil mpoaykra
BOCCTAHOBJIEHMs. XHMMHMUYECKOE B3auMojelcTBue. 3apozbliieoOpa3oBanue. Pexumpl mnpouecca
BoccTaHOBJeHUs. Kpurepuum pexumoB. Maremarnuueckue MOJEId Ipolecca BOCCTAaHOBIIECHUS
KyCKOBOro Marepuana ra3oM. OcCOOEHHOCTM BOCCTAaHOBJIEHHMsS Tra3oM paciuiaBa. KuHeTunka
BOCCTAHOBJICHMsI TBEPJOI0 MaTepualla U pacllylaBa TBEPJAbIM BOCCTaHOBUTEJIEM. MeTamuioTepMusl.
BnusiHue pa3nuyHbIX GaKTOpOB Ha CKOPOCTh BOCCTAHOBJIEHHUS.

HayrneposxnpaHnue 31eMEHTOB

Juarpammsl coctosiHust Me—C. AKTUBHOCTb yIiiepoja B HayriaepokeHHoM metajuie. Ctaguu
HayTJIEPOKUBAHUS.

IIpoueccsl B3aUMOAECUCTBUS B CHCTEMAX METaUI—IUIAK

Bsi3kocTh XKHIKHX MeTaioB M cruiaBoB. J[uddy3noHHAs NOABMKHOCTH KOMIIOHEHTOB B
KUAKUX MeTaulax W CIulaBax. BHemHWil u BHYTpeHHHMH MaccornepeHoc. D(QPeKTUBHBIN U
norpaHuyHblii cioil. KonBektuBHas auddysus B xuakoctH. dusnueckue CBOMCTBA ILIAKOB.
CnocoObl OLIEHKH OKMCJIEHHOCTH U OCHOBHOCTH IIJIAKOB. DJIEKTPONPOBOIHOCTD KHUJIKUX METAIOB
U IUIAKOB. SIBJI€HMS CMauMBaHUS M pacTeKaHUs Ha Mex(a3HbIX IpaHunax. OCHOBbl KUHETUKU
OKHUCJIUTENBHBIX MpoueccoB. Okucienue yrieponaa. OkucieHue cyib(puIoB U B3aUMOACHCTBUE U
okcuJioB. PaccriauBaHue B KHUJAKHUX CyJIb()UIHO-OKCUIHBIX cHCTeMax. PacTBOPUMOCTh METAIJIOB U
cynb(huaoB B utakax. KnHeTnka aMKBaluy HecMeluBaromuxcs ¢as.

OCHOBBI IPOLIECCOB UCIIAPEHUSI U KOHACHCALIUN

Ounctka MetamioB pekTuukanuen. KpucramimzannoHHble METOAbl OYUCTKH METaJIOB.
CrtpoeHue cosneil ¢ MPOMEKYTOUHBIM TUIIOM CBSI3H.

I1maBKOCTH CONEBBIX CUCTEM

OcHOBHBIE THIIBI AMarpaMM B OMHapHBIX cucTeMax. Kpuockomusi pacriiaBieHHBIX COJIEH.
[Ipocreiimne TUIBI IMarpaMM TPOUHBIX CHCTEM. TpoiiHas CHCTEMA C MHKOHTPYIHTHO IUIaBAIIUMCS
JIBOMHBIM COeTUHEHNEM. TpOIHbBIE B3aIMHBIE CUCTEMBI.

DU3NKO-XUMHUECKHE CBOMCTBA pacIIaBIeHHBIX cojied. OOBeMHBIE CBOWCTBA, BS3KOCTH,
MIOBEPXHOCTHBIE SIBJIEHUS, DJIEKTPONPOBOIHOCTD U NIEPEHOC MOHOB. XapaKTEPUCTUKH 3TUX CBOWCTB,
METO/IbI ONPENIETCHUS, TEMIIEPATYPHbIE U KOHIICHTPALIMOHHBIE 3aBUCUMOCTH, UX TPAKTOBKA.

TepmoanHaMHUECKUE CBOMCTBA PACILIABICHHBIX COJIEH

[TapimanbHble M UHTETPaIbHbIE TEPMOJUHAMUYECKHE XAPAKTEPUCTUKH, CBSI3b MEXAY HUMH,
ypaBHeHune ['n66ca—/lrorema. AKTUBHOCTh U KO3()(PULIMEHT aKTUBHOCTH, U30BITOUHBIE ()YHKIIHH.



Crarnueckue, IMHAMUYECKUE U KWHETHYECKUE METOIbI OIIPeieNIeHNs AaBieHus napa. OnpeneneHue
NapUualbHbIX TEPMOJUHAMUYECKUX CBOMCTB IO PE3ylbTaTaM U3MEPEHUMN JIEKTPOJABIKYILIHUX CHUIIL.
XUMHYECKUE LENU, UX KOHCTPYKIHMH. XMUMHYECKHE LENU C KATHOHIPOBOIAIIMMHU CTEKIISTHHBIMU
memOpanamu. KoHuentpanuonusie nenu, 1ud¢Gy3noHHbIEe MOTEHIMAIBl B PACIIABICHHBIX COJISX.
Ilenu, KOHLIEHTPALIMOHHBIE IO OTHOIICHHUIO K OJJEeKTpoAaM (LIeMH «aMalblraMHOIO THIIa).
DNEeKTPObl CPABHEHMS JUIsl PACIUIABIEHHBIX COJIEH.

B3auMozeiicTBre pacIIaBI€HHBIX COJIEH C METaJNIaMU U Fa3aMu

PacTBOpUMOCTBH METANIOB B COJISIX, METO/IbI U3yUEHUS, IPUPOAA pacTBOpOB. CBOMCTBA CUCTEM
METaI—CONb.  TepMOJMHAMHMKAa  paBHOBECHS  MeTalll—coyib.  BrausHue  pa3baBiieHus
METAJJIMYECKON MK COJIeBOM (ha3 Ha B3aUMHYIO PaCTBOPUMOCTD U MPOTEKaHHEe OOMEHHBIX pPEeaKIIUi.
PacTBOpHMOCTE ra30B B pacIUIABIEHHBIX COJIAX, IIPUPOAA ITUX PACTBOPOB.

1.3. Teopust ruipOMETaITyprUueCKUX IPOLECCOB

TepMoanHaMuKa MPOCTOTO PACTBOPEHMSI MOHHBIX KPUCTAJIOB B Boje. CBOMCTBA BOJBI KaK
pacTBOPUTEIS, B3aUMOJICHCTBUE HOHOB C MOJIEKYJIAMU BOJIbl. DHEPIUsl KPUCTATUINYECKON PEIIeTKH,
TEIUIOTa PaCTBOPEHUS U TEIJIOTA THAPATAllMd HOHOB B 3aBUCUMOCTH OT 3apsijia U pa3Mepa MOHOB.

OneHka TEpMOAMHAMMYECKON BEPOSTHOCTU IPOTEKAaHUs IPOLIECCOB BBILIEIAYMBAHUS.
MeTtopl pacueTa U3MEHEHHsI CBOOOHOM »Heprun ['mb0ca U KOHCTAHTHI PaBHOBECHS ISl peaKiuit
PacTBOpPEHUS METAJNIOB, OKCUIOB, CYIb(HUIOB, peaKIHii ¢ 00pa3oBaHueM TBepAOH (a3bl. [IpuHIATIIEI
MOCTPOCHHUS IMarpaMM MnoTeHnuan — pH 1 ux ucnonap3oBaHue Ui TEPMOJIUHAMUYECKOTO aHATN3a
PaBHOBECHI! B cucTEeMax, COJIEPKALUX TBEPAbIE (pa3bl U PaCTBOPBI.

Kunetnka # MexaHM3M IMpoleccoB  BblenaynBaHug. CTaguu  BbIIIEIIAYUBAHUS,
BHemHeauppy3nonnas, BHyTpuandy3noHHas ¥ KMHETHYECKas 00JIACTH MPOTEKaHHs Mpoliecca.
O6o06maroniee BeIpaeHe sl CKOPOCTH B3aUMOICHCTBHSI B CUCTEME TBEPI0€ — KUIAKOCTD.

3aKOHOMEPHOCTH NPOTEKaHUsi mpouecca BO BHemHeauddysnonnoit obmactu. OCHOBHBIC
MOJIOKEHUSI TEOPUH Maccomnepenadu. Teopus MOrpaHUYHOrO CIOs KHUAKOCTH, MPUMBIKAIOIIETO K
MOBEPXHOCTU TBEpJOro Tena. MosekyinspHas U KOHBeKTUBHas quddysus. IlpusHaku npoTexaHus
npoiiecca Bo BHemHeanpdy3nonHoit odnactu.

3aKOHOMEPHOCTH MPOTEKAHUs TIpoliecca BO BHYTpUANGY3MOHHOM 00IacTH.

3aBHCHUMOCTh CKOPOCTH BBIIIEJIAYMBAHNS TBEPAOIrO BEIIECTBA OT HAIW4Ms JAE(PEKTOB B €ro
KpUCTAITIMYEeCKOM  pemeTke.  VHTeHcudukamuss  mpoleccoB  BBINIETAYMBAHUA — IYTEM
IIPEBAPUTEIIBHON  aKTHBAlMM pacTBOPSAEMOrO BEIECTBA MWJIM BO3JAEHCTBUS Ha  IIYJIBILY
AIIEKTPOMAarHUTHBIMHU, YIbTPa3BYKOBBIMU U aKyCTUYECKUMU KOJIEOaHUSIMHU.

Oco0eHHOCTH MeXaHM3Ma M O0OOIIEHHOE YypaBHEHHME CKOPOCTH Ipolecca C ydyacTHeM
razoo0pa3sHoro peareHTa. BpllienaunBaHie OKCHUIOB B pacTBOpax IIelouyed M KHUCIOT.
OxucnurenbHoe BblIIeTaunBaHue cyabpuaoB. Vcrnonb3oBaHue OakTepuil s BbILIETaYUBaHUS
Cynb(UI0B, OKCUIOB U APYTUX MUHEPAIIOB.

OO11ast XapaKTepUCTHKA TPOLIECCOB HOHHOTO 0OMeHa. OCHOBHBIE XapaKTEPUCTHKH COPOEHTOB.
HNonoobmenHoe paBHoBecue. M30TepMbl noHHOTO 0OMeHa. KuHeTnka u MexaHn3M HOHHOTO OOMEHa.
["eneBblil U MIICHOYHBIHM THITBI KUHETHKH. J[MHaMuKa copOumu B KotoHKaX. OcoOEHHOCTH MPOIIECCOB
copOIMM W3 TYyJAbIl W COPOIIMOHHOTO BHIMIENaYMBaHus. Pa3jeneHne 3JIEMEHTOB METOJA0M
MOHOOOMEHHOM xpomarorpaduu. BeitecHuTenbHast 1 3ar0eHTHas Xpomartorpagpus. MlonooOMeHHbIe
MeMOpaHbl, HUX XapakTepUCTUKAa U JJIEKTpOXMMHUYEcKHe cBoWcTBa. OO0macT NpUMEHEHUs
AIIEKTPOAMAIIM3a C MOHUTOBBIMU MeMOpaHaMHu.

OO01mas xapakTepUCTHKa MPOIECCOB AKCTPAKIUU, MPUMEPHI UX HCIOJIb30BaHUsA. OCHOBHbBIE
TUIBl OPraHMYECKUX OKCTpareHToB M paszbaBureneil. KoiauuecTBeHHblE XapaKTEPUCTUKU
AKCTPAaKLMH. THUITBI SKCTPAKIIMOHHBIX MpoiieccoB. CoIbBATHBIN U THAPATHO-COJIbBATHBIN MEXAHU3MBI
AKCTPAKIMHU. MEeTOIbl ONIPEENEHNS COCTaBa SIKCTPArupyeMbIX KOMIIIIEKCOB.

Kunertnka skcTpakiuu U pesKCTPaKIIUH.

Knaccugpukamuss wmeronoB ocaxaeHusi. DakTopsl, BIUAIOLNIME HA PacTBOPUMOCTh
TPYAHOPACTBOPUMBIX COEIUHEHHIA.

3aBucumocts pH ruapaTooOpa3oBaHUs OT NPOU3BEACHHS PACTBOPHUMOCTH M AKTHMBHOCTHU
MOHOB MeTaJlJ1a. 3aKOHOMEPHOCTH OCAKJEHUS OCHOBHBIX COJIEH.



3aBucumocTh pH BeIIEeHUS Cynb(uIa OT 3HAYCHUsI aKTHBHOCTH MOHA METalljla B pacTBOpE,
OT MPOU3BEICHUS PACTBOPUMOCTH CyIb(hHUIa M 00IIeH KOHIICHTPAINH CYIh(UIHON Cephl B paCTBOPE.

3aKOHOMEPHOCTH  COOCXKIEHUS  MaJlOpacTBOPUMBIX  coenuHeHuid.  M3omopdHoe,
aICOpPOIIMOHHOE COOCaXKACHUE. BiusHue ycloBHH OCaXICHHA Ha CTPYKTYpY oOpasyrommxcs
ocaakoB. CTapeHue 0CaJIKOB.

OO6uacTi MpUMEHEHUsT KPUCTAJUTH3AINH B THAPOMETAJUTYPTHUH.

Cuctembl BOJa—COJb, BoJga—coib(1)—conb(2)M, TpeyrojbHass W MPAMOYTOJIbHAS
JUarpamMMbl IS U300paKEHUs] TPEXKOMITOHEHTHBIX COJEBBIX cucTeM. CTerneHu CBOOOJBI U THUIIBI
TPEXKOMITOHEHTHBIX CUCTEM C OOLIUM HOHOM.

dazoBass aumarpaMma pacTBOPHMOCTH, CIIOCOOBI CO3JaHUsl IEPECHIIEHHBIX pPAaCTBOPOB,
(aKkTOpPBI ¥ KOJTMYECTBEHHBIC XapaKTEPUCTUKH UX YCTONYUBOCTH.

MexaHu3M 00pa3oBaHUs 3apoAbIINICH KpHCTALTU3alMH. [ OMOTEHHOE M TETepOreHHOE
3apojsilieoOpa3zoBanue MexaHu3M pocTa KpucTauioB. KuHeTnka, cTaauu mpoiecca, ypaBHEHHE
CKOpPOCTH MacCOBOM KpucTaiutu3anuu. [loBegenne npumeceit mpu OCaKIACHUN M KPUCTAIUIN3AIUH.

[TonsiTHE O BBIJCIICHUM METAUIOB IIeMeHTanuell. TepMoauMHaMUYecKue, KHHETUYCCKUE
IPOIIECChl U MEXaHHU3M LieMeHTauu. [1000YHbIe POLIeCCH MPU [IEMEHTAIINH.

TepMoauHaMuKa mporecca 0CaXIeHUsI METAIIOB ra3aMH-BOCCTaHOBHUTEIIMH. OCOOCHHOCTH
TEPMOJIMHAMHMKH TIpOIlecCa NPHU BBIICICHUM MeTalyla M3 aMMHA4YHbIX pacTBOpoB. KuHeTwka u
MEXaHU3M BOCCTaHOBJICHHUS] HOHOB METAJIJIOB BOJIOPOJIOM JIO SJIEMEHTApHON (POPMBI, 10 COSTMHEHHUI
HU3IICH BAJICHTHOCTH.

1.4. Teopusi 31EKTPOMETAILTYPrUUYECKUX MPOLECCOB

DIEKTPOABUKYIINE CUIIBI U AJIEKTPOJIHBIE TTOTCHIIMAIIBI

Bo3HUKHOBEHME CKayka MOTEHIMAJOB W JIBOMHOTO JJIEKTPUYECKOTO CJIOS HAa TpaHUIIC
METaJUI—3JIEKTPOIUT. Teopusi CTPOCHUS TBOMHOTO 3JIEKTPUUECKOTO CJIOS. DIIEKTPOKAMMILIISPHBIC
sSBi€HUS. [ anpBaHWYECKHME  AJIEMEHTHl.  TepMoAMHAMHMKAa  TrajbBaHUYECKOTO  AJIEMEHTA.
Krnaccudukanmst 31eKTpo10B. DIEKTPOAbl CPABHEHHS. DIEKTPOAHBIC MOTSHIIUAIIBI, PSIT HAPSKCHUIMA
MetauioB. KuHeTmka »snexkTpoaHbix mnpoueccoB. llonspusaius 371€KTPOJOB, OCHOBHBIE BHU/bI
noJisipu3auu. DJeKTpoXxuMuueckas mossipusanus. KoHreHTpannoHnHas mnossipuzaius. Dazoas
MOJIApU3aLus.

DIIEeKTPOIHN3

Karognble M aHOAHBIE TPOLIECCHl, OCHOBHBIE 3aKOHBI 3JIEKTPOJIM3A. XapaKTEPUCTUKU
AJIEKTPOJIN3a, COBMECTHBIN pa3psij] HOHOB (TEPMOJIUHAMHYECKAsT U KUHETHUUECKAas OLICHKA).

Oco0eHHOCTH ANEKTPOXUMHUHU PACTIIIABICHHBIX CPell

PacTBOpMMOCTB B pacIuiaBiIEHHBIX COJISIX METAJUIOB M ra30B. TepMOAMHAMUKA TAIbBAHUYECKUX
AJIEMEHTOB B pACIUIaBICHHBIX COJIAX. OJEKTPOJbl CpPaBHEHMs, IMOTEHUHMAT 3JEKTPOAAa U Psil
HaNpsHKEHUM B PACIUIaBICHHBIX COJISIX. KMHETHKA 3JIEKTPOIHBIX TPOLIECCOB B paciuiaBax. KatoaHeri
BBIXOJ 10 TOKY U IOTEpU MeTajia. MexaHu3M NoTepu MeTajlia. BeIXo 10 TOKY IPpU COBMECTHOM
paspsizie MOHOB Ha KaToje. AHOAHBIN () PEKT, CYIHOCTh U MEXaHNU3M BOSHUKHOBEHHSI.

Oco0OeHHOCTH  TPOIECCOB  HAa  DJIGKTPOAAaX B  pACIUIaBICHHBIX  coisix. OCHOBBI
BBICOKOTEMIIEPATYPHOU 3JIEKTPOMETAJUTYPIUY LIBETHBIX METAJIIOB.

1.5. OCHOBBI TEOPUM METALTYPrUYECKON TEIUIOTEXHUKH

TexHnueckas TepMOJAMHAMUKA

[lepBplii © BTOpPOM 3aKOHBI TepMOAMHAMUKH. TepmonumHamuka pabodero Tena.
TepMoanHaMuKa OTKPBITEIX CUCTEM. TepMOAMHAMUKA TEIJIOCUIOBBIX YCTAHOBOK.

MexaHnKa JKUIKOCTEH 1 ra30B

Cratuka ¥ IMHaAMUKa HMACaIbHOW >KMIKOCTH. JIMHaMMKa peaJlbHOM KUAKOCTH. PeXnMBbI
JnBwxeHus. YpaBHeHnss HaBbe — CToKca 1 bepHyu 1 MX UCHOJIb30BaHUE ISl pacyeTa HallOPHBIX
TpyOOIPOBOJIOB M CUCTEM 3BAKYallMH MPOYKTOB CrOPAHUsS. DIIEMEHThI TEOPUU IIOIPAHUYHOTO CIIOS.
TypOyneHTHOCTh TPUCTEHOYHASI U CBOOO THAS.

CrpyitHoe nBrmxeHue razoB. CBOOOIHBIC, YACTUYHO OTPaHUYEHHBIC U OTPAHUYCHHBIE CTPYH.
CTtpyn HM30TEpPMHYECKHE W HEHU30TepPMHUYECKHE. DJIeMeHThl Teopum (akena. [loms ckopocrteid,



TEMIEpaTypbl U KOHIEHTpPAlMii B HEM30TEPMHUYECKHX CTPYSAX, COMYTCTBYIOLIUE MPOLECCY
BBITOPaHUs TOPIOYMX KOMIIOHEHTOB.

["a3oguHamMuKa IUIOTHOTO M B3BEHIEHHOTO cioeB. OCOOEHHOCTH ABMXKEHMS ra3oB; oOmias
IIOCTAaHOBKA 3a/1a4M; pacyeT M0JIeH CKOPOCTEN U JaBJICHUH B CIIOE.

OcHOBBI TeOpUH OO0 U MOJEIIMPOBAHUE METAIITYPTUUECKUX Teueit

MHOXHUTETN NpeoOpa3oBaHUsI M CBA3b MEXKIY HUMH Ui TOTOKA PEATbHON JKUAKOCTH.
['unpoauHamuyeckoe U TerioBoe nogodue. Kpurepuu u cBsa3p Mexay Humu. OCHOBHas Teopema
noa00us. ABTOMO/IEIBHOCTE. MOAETMpOBaHNUE ABUKEHHS I'a30B B IeUax.

Temo- u MaccooOMeH

CranuoHapHble U HECTAllMOHAPHBIE Mpoliecchl Teriooomena. OcHoBHbIE nUdPepeHnanbHbIe
ypaBHEHHsI TIepeHOca Teryia U Macchl. MoieKylIsipHas TeIIOnpoBOIHOCTh U Auddy3us. TpoitHas
ananorus. Kpaesbie ycioBusi.

KoHBeKTHBHBIN TEII0- U MacCOOOMEH. BrIHyX/1eHHas U ecTeCTBEHHAss KOHBEKIIMsI. OCHOBHbIE
ypaBHEHHUS KOHBEKTHBHOI'O TEIJIO- U MACCOIMEPEHOCA JIJIsl BBIHYKJIEHHOTO U CBOOOHOTO JBUKECHHUSL.
Hcnonp30Banne TEOpUM NOAOOHMS sl HMCCIENOBAHUS IPOIECCOB KOHBEKTHBHOTO TEIIO- U
MaccolepeHoca.

[lepenaya Temya TEIUIOMPOBOAHOCTBIO B TBepAbIX Tenax. [uddepeHnnansHoe ypaBHEHHE
TEIUIONPOBOAHOCTH M IOCTAHOBKA OOIIEH 3ajauyd TEIUIONPOBOAHOCTH. TeIIONPOBOAHOCTh MHpHU
CTAaIlMOHAPHOM U HECTALlMOHAPHOM pexXHuMe. TeopeTuueckue OCHOBbI HarpeBa MeTaia.

Paguanuonnsiii TerooOMeH W ero 3HaueHue g paboThl METATyprHMYECKUX Ieuei.
PaguanuoHHBIN TETUIOOOMEH B AMATEPMHUYECKOW ¥ TOTJIOMIAIONICH (HM3JIydaroleil) cpele u ero
pacueT. YueT CeNeKTUBHOCTH PaJAHallMOHHBIX CBOWCTB TEJI, yYACTBYIOIIUX B TEINIOOOMEHE.

Harpes, nuiaBiienue u 3aTBep/ieBaHuE MeTalIa

[Tpoueccel, mpoTeKaroIre Mpu HarpeBe MeTaiia. HarpeB TepMUYecKrd TOHKUX U TEPMUYECKU
MacCHBHBIX TeJl. PacueTsl HarpeBa MeTaia.

®duznyeckas KapTUHa 1 0COOEHHOCTHU TEII000MEHA MPH MPOTEKAHUH MTPOLECCOB IJIABJICHUS U
3aTBep/ieBaHUsl MeTajla. 3aTBEp/ieBaHME paciijlaBa Ha TEIJIOOTBOASIEH IOBEPXHOCTH.
OcobeHHOCTH TemIoBOi paboOThl YCTAaHOBOK HENPEPHIBHOW pa3nuBKu cranu. IlnaBienue npu
MIHOBEHHOM YAaJIEHUH pacIuiaBa.

Harpes u miaBneHue Tea B pacIuiaBse.

I'maponnHamuka KUIKOM BaHHBI

I'maponnnamuka OapOoTaxkHoro cios. B3aummopeilicTBue Ha MOBEPXHOCTH pasfena ¢as.
JIBuKeHue Karenp U my3bIpel B 0apO0TaXXHOM CII0€.

["a3oBas cTpys B xkuakoi BaHHe. [lonaua raza uyepe3 GypMy, pacojoOkKeHHYIO 1101 YPOBHEM
KUJKOCTH.

I'openue

OOmass XapakTepuCTUKa BHUAOB TOIUIMBA, NpPUMEHsAEMbIX B MeTtamnypruu. OOmas
XapaKTEpUCTHKA IPOLIECCOB TOPEHHUS.

CmeceoOpazoBanue. CwmemieHne B TYpOYJIEHTHBIX CTpyax. DakTopbl, OINpeAesIone
MHTEHCUBHOCTB IIPOLIECCOB CMELIEHMSI B IPAKTUYECKUX YCIOBUSX.

BosnukHoBenue 1utameHu. llemHoe camoBocmamenenue. Ilpenensl  BocmiiamMeHEHHS.
TemoBas Teopus BocraaMeHeHHsl. KOHLIEHTpallnOHHbIE IPEENbI BOCIITIAMEHEHHS.

['openne razooOpa3Horo ToIUIMBa. ['OpeHHE OTAETbHBIX COCTABISIIOIIMX Ta3000pa3HOTO
torunBa. Kunernueckoe ropenue. Juddy3rnonnoe ropeHue.

I'openue xuakxoro Tommsa. PacneumBanne. Bocnimamenenune. I'openue karm.

I"'openue TBepnoro Tonnusa. Jleryuue. ['openue yraepona.

KokcoBanue

TpeboBaHus K yriisiM, UAYIIMM Ha KOKcoBaHue. TersoBas paboTa U KOHCTPYKIIMS KOKCOBBIX
OaTapeid.

Cymka

XapakTepUCTUKHU CYIIMMOIO MaTepHalla U CYIIMJIbHBIX areHTOB. Terio- U MaccooOMEeH B
nporuecce cymku. Mcnonp3oBanue h-d-nmuarpamm [uist pacueToB MPOIECCOB CYIIKH.



2. TeXxHOJIOTHYeCKHE OCHOBBI IPOLECCOB IMPOMU3BOACTBA YCPHBIX, IBETHBIX U PCIAKHUX
MCTAJIJIOB

2.1. IIpou3BoACTBO NEPBUUYHOIO METAJIA

[ToaroToBka ChIpbs K IJIaBKE

Knaccugukanus xene3opyaHbIX MaTepHaioB. MeCTOpPOXKIEHHUS pPyA UYEpPHBIX METaJIOB.
®mrockl. TormnuBo. TeXHOT€HHOE ChIPhE.

Cxema MoAroTOBKH JKeJIe30PYAHBIX MaTepHalIoB K MiaBke. OTIMYUS B HOATOTOBKE OCIHBIX U
oorateix pyn. [poGnenue u wm3MmenpueHue. OOoramenue pya. [poxodenme. Ilokazarenn
oboramenus. [lpenenpHas creneHb oOoramieHus. DHepro3aTpaThl Ha IpoOJIeHHE, TPOXOUYECHUE U
oOoramenue. BEIOpOCH B OKpY»KAIOIIYIO Cpeay MpH ApOOJICHUN, TPOXOUEHUH U 00OTaIeHUH.

OKyCKOBaHHE JKENE30pYyIHbIX MaTepuajoB. Ariomepanus Kele3HblX pya. DPusmko-
XUMHYECKHE OCHOBBI arjoMepalnuu. YJajleHue BOJIbl M KOHJAEHcauus Biaru. PasnoxeHue
KapOoHaTOB U ruApaTtoB. TBepaodasHpie XuMHUecKHe peakiuu. [lnaBieHue MUXTHI U
Kpuctajumm3anus paciasa. PopmupoBanue aryiomepara. ['openme tomnuBa. ['azopunamuka
arfioMepaMoHHOro mpoiecca. TemnooOMeH B cioe U TeryioBble OanaHchl mporecca. [loBenenue
MOMYTHBIX 3JIEMEHTOB. TEXHOJOIrHWs arjioMepalMoOHHOIO Ipou3BOJACTBA. PecypcocbOepexenue.
PeuuknuHr marepuanoB. MeTalmypruueckue CBOWCTBA —arjoMepara. OJHepro3arparbl Ha
IIPOM3BOJICTBO arjiomMepaTa. BIOpOCH B OKPYKAIONIYIO Cpely B arJIOMEpPAIllHOHHOM IPOU3BOCTBE.
DKOHOMMKA ITpolLiecca.

[TonryueHue xene30pyaHbIX oKaThiel. OU3NKO-XUMHUYECKUE MTPOLIECCH IPU POPMUPOBAHUU
CBIPBIX OKAaThIIIEeH U UX yIpouHeHUH. [loBeieHne NonmyTHBIX 3J1EMEHTOB. TeXHOIOrus MPOU3BOJICTBA
okatele. PecypcocOepexenne. Meraurypruueckue CBOMCTBAa OKaThIlIeH. DHepro3arpaTrbl U
BBIOPOCHI B OKPY’KAIOILYIO Cpey MPH MPOU3BOACTBE OKATHIIIECH. DKOHOMHUKA Mpoliecca.

KoHcTpykius arperatoB A1l OKyCKOBAaHHUS KeJI€30pyIHbIX MaTepuanoB. KokcoBanue yrieil u
dbopmupoBanue kokca. KauectBo kokca. BEIOpOCHI B OKpYKAIOIIYIO Cpey IpU MPOU3BOACTBE KOKCA.

[Tpon3BOACTBO YyryHa B JOMEHHBIX II€4ax

Jomennas neub. OCHOBHBIE Mpo1ecchl. Harpes u pa3nokeHne NUXTHI.

[Tporeccsl BOCCTaHOBIIEHUSI B JOMEHHBIX Nedax. TepMoanHaMuKa BOCCTAHOBIJIEHHUS JKEJe3a.
Oco0eHHOCTH BOCCTAaHOBIIEHHUSI Maprasiia, kpemHus, (ocdopa, BaHaaus, Xxpoma, TUTaHA, CBUHIIA.
IToBeneHue JErkOBOCCTAHOBUMBIX 3JIEMEHTOB. [loBeneHME MHKA U IIEIOYEH B JOMEHHOW IEYH.
KuHeTnka BOCCTaHOBJICHHS B JOMEHHBIX MeyaX M BIUSHUE Pa3IMUHBIX (DAKTOPOB HA CKOPOCTh
BoccTaHOBJeHMs. [lokazarenu pa3BUTHS MTpoLiecca BOCCTAHOBIIEHHUS B JOMEHHBIX II€Yax.

HayrneposxuBanue >xenes3a u popmupoBanue uyryna. Kauecrso uyryna. Illnakoodpa3zoBanue
B JJOMEHHBIX nedax. CBoiicTBa nutaka. BnusHue miakoBoro pexxuma Ha X0 JOMEHHOM IUIaBKH.

[loBenenue cepbl B JOMEHHBIX Ieyax. TepMOJMHAMHMKAa M KHUHETHKA MPOILIECCOB
necynbdypainuu. Buenomennas 00paboTka yyryHa.

['openne TomnuBa y ¢ypM JAOMEHHOW meuyn. BepxXHsisi U HWXKHSS CTYNEHH TEIIOOOMEHa.
TennoBsie OamaHCHI TIJIABKH.

JIBr>KeHuUe ra3a u MaTepuasnoB B JOMEeHHOU neun. DopmMupoBaHue raza v €ro IBH>KEHHUE B CIIOE.
[Topo3HocTs cinos. Pacnipenenenne muxThl Ha KOJOIIHUKE Neud. J[BrkeHue paciuiaBoB. M3Menenue
JABJICHUS Ta3a MO BBICOTE JOMEHHOH me4yn U 3PQPEeKTUBHOCTH MOBBIIICHUS JaBJICHHS B paboueM
MIPOCTPAHCTBE MEYH.

Pecypcocbepexxenne u meronabl MHTeHcH(uKanuu mnporecca. HarpeB aytbs. Kucnopox B
noMeHHOW TmmaBke. KoMOwmHHMpoBaHHOEe 1yThe. BlyBaHue mbUICYTOIBHOTO TOIIMBA. [ opeHne
BOCCTAHOBUTEJIBHBIX Ta30B. lcrnonb30BaHUE NOMEHHBIX Meued Mg YTHWIM3ALUUKA TEXHOTE€HHBIX
MaTepraioB. JKOHOMHUKA JOMEHHOM IJIaBKU.

Kouctpykius nomeHHbIx nedeid. [Ipoduns neun. @yrepoBka u koxkyx. CUcTeMa OXIaKICHUS.
UyrynHas 1 nuiakonasi 1eTku. Bozayniasie ¢gypMbl. 3achIlHOI anmapar.

O6opynoBaHue TOMEHHBIX 11ex0B. [logaua MaTepranoB K JOMEHHOH medd. YCTpoilcTBa ams
yOopku uyryHa u nuiaka. PaznuBounas mammHa. O4rCTKa TOMEHHOTO Ta3a. Y CTPOMCTBO U PEKUM
paboThI BO3yXOHArpeBaTessl.



YnpasieHrue 10OMEHHOM IJIaBKOW. DKCIUTyaTalus JOMEHHOH neun. Benenue ToMeHHOM IJIaBKU
C MOMOIIBI0 KOMIBIOTEPHBIX MOJEJIEH Mpollecca. JHEPro3aTparbl U BBIOPOCH B OKPYKAIOIIYIO
cpeny.

BuenoMenHoe nosydeHue NepBUYHOTO MeTalIa

TBepaoda3znbie mporecchl MPOU3BOICTBA MTepBUYHOTO MeTaia. Chipbe B TOIUTMBO. DU3HKO-
XUMHYecKne ocoOeHHocTH Tmporecca. CreneHb Metaum3anuu. [IupopopHOCTH W METONBI €e
noaaBieHus. KayecTBO METaNTM30BAHHOTO CHIPhS. Arperatsl Uisi TBEpa0Gha3HOro IMOJydeHUs
NEePBUYHOTO MeETa/uia. JHepro3arpaTbl M BBIOPOCHI B OKPYXKAIOLIYI0 Cpeay. OKOHOMHKA
MIPOM3BO/ICTBA.

Kunkodaszupie mporecchl. PU3NKO-XUMHUYECKHE OCOOEHHOCTH >KHUIKO(DA3HBIX MPOIECCOB.
Coippe u TomnuBo. KadecTBO MNpOAyKUMHU. Arperarsl Ui KHIKO(PA3HOTO BOCCTAHOBJIICHHS.
DHepro3aTpaTsl U BHIOPOCHI B OKPYXKAIOIIYIO CPEIY.

OcobeHHOCTH TIepepadOTKM KOMIUIEKCHBIX pyI W TEXHOTEHHBIX MAaTepHANIOB TIpPHU
BHEJIOMEHHOM TIOJIYYCHHH METAJIJIOB U CILUIABOB.

2.2. Meramnyprus cTainu

Ouuiienue ot npumeceit. Kpucramimsanus v pa3inBKa cTaau

OxucneHnue npuMeceld CTaJleIIaBWIBHON BaHHBI. TepMOOMHAMHKA OKHCIEHUS YIIIEpoJa.
KonuenTpanus yriepoja v KUCiI0po/a B CTaJIbHOM BaHHE B IIpoliecce MIaBku. KnHeTnka okucieHus
yriepoaa. OKuCIeHue yriaepoia Ha pa3InyHbIX MeK(pa3HbIX IpaHULaX.

TepMoauHaMUKa OKHUCJIEHHUS KpEeMHHsS, MapraHiua M Xpoma. KuHeTMKka COBMECTHOTrO
okucneHust. Pu3nKo-XxuMHUECKUe OCHOBBI OKUCIIEHUs pocdopa u yraneHue cepsl. BinusHue cocraBa
IUIaKa U TEeMIepaTypsl MeTaia Ha Kod(h(UIHMEeHT pacmpeaencHus ¢ochopa U Cepbl MEKIY
METAJIJIOM U IIJIAKOM.

Packucnenue cranm

TepMoauHaMuka pacKHCICHMs cTand. PackuciuTenpHas CIOCOOHOCTb — OT/AEIbHBIX
packucauteneil. AHanM3 H30TEPM pPACKHUCIEHHUS. 3aBUCHUMOCTh AKTHUBHOCTU KHUCIOpoAa OT
KOHLEHTPAllUU pacKuciuTens. PackuciieHne KOMIIIEKCHBIMM —pacKucauTenssMu. KuneTnka
3apOKJIEHUS] HEMETAJUIMYECKUX BKIIIOUEHUH, MX KOAryJsius M KoaJleCUEHIMsS. ACCHUMMISLUS
BKJIFOUEHUH IIJIJAKOBBIM PACIIIIaBOM.

VianeHue HEMETAIUIMYECKUMX BKIOYEHUM M3 MeTauia. Poib IUIOTHOCTH M pasMepa
BKJIIOYEHUH, POJIb MEX(Pa3HOTr0 HATSHKEHUS Ha TPAHULIE C METAJIIOM, BIHMSHUE TEIUIOBON KOHBEKIIUU
U JIBIDKEHUS MEeTaJljia 1Moj IeHCTBUEM BBIJICISIOMINXCS Ta30B.

OctarouHble (3K30r€HHBIE M HHJIOTEHHbIE) BKIIOUEHUS, HE ylalsgeMble U3 MeTaljla BKIIOYSHUs
(KpUcTaIM3allMOHHBIE U TIOCIEKPUCTAIUIN3AlMOHHBIE), UX IPUPO/IA, BIMSHUE HAa CBOMCTBA METaIA,
CHOCOOBl  YMEHBIICHHMSI COAEP)KaHUS KPUCTAUIM3ALUOHHBIX U MOCIEKPUCTAIUIN3ALUOHHBIX
BKItoueHu. Jlupdy3noHHoe (IKCTpaKLMOHHOE) packucieHue. PackucieHue yriepoaom.
BropuuHoe okucieHME CTaauM W MeToJbl OOpbObl ¢ 3TUM sABIeHHEM. CBOWCTBA OCHOBHBIX
PaCKUCITUTEINECH.

["a3bl B cTasid ¥ METO/IbI OOPHOBI C HUMHU

Bopopon B cramu, ero BIMsSHHE Ha CBOWCTBA CTaJld, TOPOKH, BBI3BIBAEMBIE MPHUCYTCTBUEM
BOJIOPO/JIa B CTAJIM M €T0 BBIIEJICHUEM M3 PacTBOpa B OTAEIbHYIO (a3zy. PacTtBopumocTs Boopoaa B
’KeJle3e U CTajH, BIUSHUE TEMIIEpaTyphl, AJNIOTPONMUYECKUX MPEBPAICHUH U XUMUYECKOTO COCTaBa
Ha pacTBOPHUMOCTb BOJOPO/IaA.

[ToBenenre BoAOpOJa B MPOIECCE BBHIIUIABKU CTalIM (B MapTEHOBCKUX Ie€Yax, KUCIOPOIHBIX
KOHBepTepax, AYroBbIX Medax). Poib (opMel cyliecTBOBaHMS BOJOpOJA B IIIAKaX, MacCONEPEHOC
ero B nutakax. [1Imakoserit pexxuM. [IpakTuka 60psOBI ¢ BOJOPOJIOM B CTaJIH.

A3OT B CTajH, BIMSHUE a30Ta HA CITy>KEOHbIE CBOMCTBA HU3KOYTJIEPOAUCTHIX CTallel, CTapeHne
CTaJI U a30Ta, a30T KaK JIETUPYIOLIHI 2JIEMEHT U 3aMEHUTENb JOPOrOCTOSIIINX KOMIOHEHTOB CTaJIeH.

PactBOopuMOCTB a30Ta B *keje3e U €ro CIulaBax, BIMSHHME Ha HEE TEMIIEpaTypbl M COCTaBa
crulaBa. TemmepaTypHble yciaoBHA (OPMHUpPOBaHMS U JAuUcCcOLManMu HUTpUaoB. Kunernka
MaccooOMeHa a30Ta MEXIy ra30Boil (a3o0if U MeTalJIOM, TOPMO3AIIee 3BEHO Mpoliecca B pa3HbIX
YCIOBUSAX B3aMMOACUCTBHSA JKHIKAX MeTaIoB M Tras3oB. [loBegeHue asora B BaHHax



CTaJICTNIaBWJIBHBIX arperatoB (KUCIOPOAHBIX KOHBEPTEPaX, MAPTEHOBCKUX, ABYXBAHHBIX U JyTOBBIX
reyax).

[Tepexon a3oTa B *KUAKKANA MeTalT B 30HE Ayr. O0e3yriepokuBaHUEe BaHHBI U €T0 BIUSHUE HA
nosesneHue azora. Ilytu oOecneyeHHs HM3KOIO COJEp)KaHUS a30Ta B CTaIU. 3allluTHas (IPOTUB
a30Ta) poJib MepeleNbHbIX IIJaKOB. 3alUTHBIE CPebl OT IOBTOPHOI'O MEPEX0/Ia a30Ta B CTaJIb.

Kpucrannuzanus u pa3iauBKa cTajiu

['oMOreHHOE M TeTEpOreHHOE 3apOKIEHUE KpUCTALIOB. MexXaHW3M pocTa KpHUCTaJUIOB.
Bmusaue temnmootrBoma. JlenaputHbii poct. Kosddumument pacnpenencHus NpPUMECH MEKIY
TBEpIOH M kuaKoi ¢aszamu. KoHuenrpaunonHoe nepeoxnaxaenue. Kpucramnmsauus B uHTEpBae
temneparyp. JByxda3Has 30Ha. BiausHue ycinoBuil TeriooOMeHa Ha IIMPUHY ABYX(a3HOW 30HBI.
[lepexox OT JEHIPUTHON KPUCTAILTU3AIMH K OO BEMHOIA.

[ToBenenue mMeramnueckoil cTpyu npu pasauBke. OcoOOEHHOCTH I'MIPOAMHAMUKY METajlia B
U3JIO)KHUIAX B Ipolecce Kpuctamuzauuu. dusmueckue MeToabl BO3ACHCTBHS Ha IpoLEcc
3aTBEpPACBAHMS CTAIIHU.

[Topoku CIIUTKOB «KHIISIIIET0» METaJlIa, METO/Ibl OrPAaHUYEHMS UX pa3BUTUs. BHyTpeHHue u
BHEIIHUE Je(eKThl CIUTKa CIIOKOMHOM cTanu, ynpaBlIeHHUE paclpe/ieIeHUEeM CerperaroB, Ia3os,
HEMETAJUTMYECKUX BKIIIOUEHHH, TyTH MOBBILIEHUS INIOTHOCTH CIUTKA.

CoBpeMeHHbIE TEHAECHIUHN B 00JaCTH MOBBIILIEHHSI BBIX0/1a TOJHOTO OT CTAJIbHOI'O CIUTKA.

CIuTOK «I10JTyCIIOKOHHOW) CTaJu.

Ocob6enHoctu popMupoBaHus cauTKoB, oTIUTHIX Ha MHIJI3. TTopoku JIUTBIX 3arOTOBOK, MX
OPUYMHBl M MEpbl, NPUHUMAEMbIE Ui OIPAaHUYECHHUS Pa3BUTUS OTACIbHBIX BHJIOB IOPOKOB.
TennoBble MOTOKM OT 3aTBEPAEBAIOLIET0 MeTallla K KpHcTaiu3aTopy. TemoBas paboTa 30HBI
BTOPUYHOTO OXJIAXKJICHUSI.

OcCOOEeHHOCTH TEXHOJIOTMH BBIIJIABKU cTanu uis pa3nuBku Ha MHJI3. Ilytu noBslmeHus
Ka4eCcTBa HEMIPEPBIBHO-TTUTHIX CIISIO0OB U 3aTOTOBOK.

Oco0eHHOCTH IPOU3BOJICTBA CTAJIM B Pa3IMUHBIX CTAJIEIIaBUIIbHBIX arperatax. KuciopoaHo-
KOHBEPTEPHBII MpoLecc

HcredyeHne ra3oBol CTpyHm M3 comula. MexaHW3M W OCHOBHBIE 3aKOHOMEPHOCTH
B3aMMOJICHCTBUSI Ta30BOM CTPYM C KUJIKOM METAJUIMYECKOW BAaHHOW. TeOpeTHYEeCKHUE OCHOBBI
NEepPEMELINBAHUS CTAJICIUIABUIIBHON BaHHBI IIPU IPOAYBKE €€ CBEPXY.

PeaknyionHass 30Ha KOHBepTepa, €€ TeMIlepaTypHbIH pexuM, oOpa3oBaHHE Oyporo IpIMa,
OKHUCJIUTEIbHBIE TIPOLIECCHl B PEAaKLMOHHOW 30HE, POJb PEAaKUMOHHOM 30HBI B IpOLECCax
11akooOpa3oBaHus, TEIUIO0OMEH B PEAKIIMOHHOM 30HE.

KuHeTnka pacTBOpeHMsI TBEPABIX METAUIOB B )KUJKHUX pacIliaBax.

TepMoanHaMUKa U KHHETHKA OKUCIIEHUS QJIEMEHTOB METAININYECKON BaHHBI IIPU KUCIOPOIHO-
KOHBEPTEPHBIX IPOLECCAX.

Okwucienue yrieposja.

Oxucnenue MUIakooOpa3yroIuX KOMIOHEHTOB BaHHBI.

[ToBeneHue cepbl pU KUCIOPOJHO-KOHBEPTEPHOM IPOILIECCE.

Cnyx0a ¢pyTepoBKH KOHBEpTEpa.

OcoOeHHOCTH KOHBEPTEPHOrO Ipolecca ¢ MPOAYBKOH KHCIOPOJOM 4Yepe3  JIHO.
KomOunupoBannass npoxayska. I[IpoGiemsl mnepepaboTku ckpama B KoHBepTepax. CrnocoObl
CHIDKEHHUSI IOJI YyTyHa.

[TepcrieKTHBBI KUCIOPOIHO-KOHBEPTEPHOTO MpOIiEcca.

AproHokuciopoaHas npojyBka. [logyueHne HepkaBeromux cTajieil B KOHBEpTepax.

Mapku cTanu, BeIIIIABISIEMON B KUCIOPOIHBIX KOHBEPTEpAX.

KauecTBo KHCIOPOIHO-KOHBEPTEPHOM CTAIN B CPAaBHEHUH C MAPTEHOBCKOM U 3JIEKTPOCTAIIBIO.
[Tytn nanpHENIIET0 COBEPILIEHCTBOBAHMS KHCIOPOAHO-KOHBEPTEPHOIO MpOILECCa M TOBBIINICHHE
KauecTBa CTaJIH.

HoBele HanpaBiieHUs1 B KOHCTPYHPOBAHUHM KOHBEPTEPA M KUCIOPOJAHO-KOHBEPTEPHBIX LIEXOB.
TexHuka 0e30macHOCTH NpHU paboOTe B KUCIOPOAHO-KOHBEPTEPHBIX IIEXax.

MaremaTHuecKkoe MOJAEIUPOBAHKE U YIIPABIEHHE KOHBEPTEPHBIMU IIPOLIECCAMM.

OHepro3arpartsl ¥ BEIOPOCH! B OKPYXKAIOILYIO Cpely IPU KOHBEPTEPHBIX MPOLECCAX.

Teopus ¥ TEXHOJIOTUS MOJOBBIX MPOLIECCOB IIPOM3BOACTBA CTAIN



TennoBas paboTa MJIABWIBHOTO TPOCTPAHCTBA COBPEMEHHBIX I€4el, HCIHOIb3YIOUINX
KHCJIOPOA U CXKHUTaHUsl TOIUIMBA M TPOAYBKM BaHHBL. OcoOEHHOCTH TersiooOMeHa B Ieyax,
paboTaromMxX NpH NpoayBKe MeTauia KuciopoioM. CiyxObl HaBapKuM WM HAOWMBKHM BaHHBIX
IIOJIOBBIX CTAJICIUIABUIIBHBIX IIEUEH.

MeTopl MOBBIIEHUS CTOMKOCTH BaHHBI.

[ITuxTOBKA IJIABOK B MAPTECHOBCKUX U JIByXBAaHHBIX OOJBIIETPY3HBIX Mevyax. Terionepenaya B
BaHHE B IIPOLIECCE 3aBAJIKM IIUXTHI, IPOrPEBA U IUIABJICHUS CKpara.

[IInakooOpa3oBaHue B OOJBIIETPY3HBIX MAPTEHOBCKUX I€YaxX, padOTAOIUX C TPUMEHECHUEM
XKHUJIKOro uyryHa. Padgunupyromas u 3amuTHas posib IJIaKa BO BpeMs IUIaBICHHUS.

Oxucnenue yriaeposa B arperarax nofoBoro tumna. [Ipupoaa u KuHeTHKa OKUCIEHUS YTIepoaa
IIPU CKpan-mpouecce.

[ToBenenue kpeMHus1, Maprasiua 1 ¢pocdopa npu pa3HbIX BapUaHTaxX MOAOBOrO IMpoIecca.

Cepa B muxTe MOJOBBIX CTAJICIUIABWIIBHBIX arperatoB. Jlecynbgyparnus uyrynos. [loBeaenue
cepsl B Inpoluecce IiaBku. Jlecynbdypanus craau BHE M€4M 3a CYET NPUMEHEHHS CHUHTETUYECKHX
IIJIAKOB U CUJIBHBIX JECYIb(ypaTopoB.

Muxkponpumecu 1BETHBIX METAJJIOB, MX 3HAueHWe Uil KadectBa cranu. IlosesHble
MUKPOIIPUMECH B CTAJIM: MUKPOJIETHPOBAHNUE, MOIU(ULIUPOBAHNUE.

CpaBHEHHE TEXHMKO-?)KOHOMHMUYECKUX IOKa3aTenaed paboThl MapTeHOBCKUX neueil. KauecTBo
CTaJld, BBIIUIABISIEMOM B MapTEHOBCKUX W JBYXBaHHBIX Ieuyax. ABTOMaTH3alusl YIpPaBICHUS
MapTEHOBCKMMH II€4aMHU U ABYXBAaHHBIMU arperaTaMy.

[IpumeHeHrne nNOPOIIKOOOPa3HBIX MarepuanoB. TexHuka Oe3omacHOCTH NpuU paboTe B
MapTEHOBCKHUX Liexax. COBpeMEHHbIE TEHICHIIMY B KOHCTPYUPOBAaHUN MAPTEHOBCKUX U ABYXBAaHHBIX
neyen.

DOHepro3arparbl U BHIOPOCH! B OKPYKAIOLIYIO CPEAy MPH MOJOBBIX MpOLEccax MPOU3BOACTBA
CTaJIHu.

DIeKTpocTaleNIaBUIbHOE IIPOU3BOICTBO

CoBpeMEHHOE  COCTOSIHME W TEpPCHEKTHUBBl  Pa3BUTHUSL  AJIEKTPOCTAJIEIUIABUILHOTO
IIPOU3BO/ICTBA.

CoBpeMeHHbIE METO/bI pacyeTa MpH IJIaBKE B TyTOBBIX 3JIEKTpOIeyax.

OcHoBHBIE ycioBUs o0e3yriepoxkuBaHus. (OO0e3yriepokuBaHUE BBICOKOXPOMUCTBIX U
BBICOKOMAapraHI[OBUCTHIX paciiaBoB. OCOOEHHOCTH MOIYYEHUsI CIIa00HU3KOYTIIEPOIUCTHIX CTalel B
JyTOBOM N€YH BHENIEYHBIMU METOJAMHU.

DuU3NKO-XUMHUUECKHE 0COOCHHOCTH Tporiecca nedocdoparuu.

ITponyBka mMeTasuia MOPOIIKAMH.

CoBpeMeHHbIE METOJbl IPOBEIEHUS BOCCTAHOBUTENBHOIO IMEpPHOJAa B OCHOBHOM IeyH.
OnTuMalbHbIN peKuM packucieHus. OCHOBHBIE IIyTH COKPALEHUS] BOCCTAHOBUTEIBHOIO IEPUOJIA.
BrimnaBka cTaim B 3JEKTPOAYTOBBIX TeYaxX ¢ KUCION (yTEpOBKOIA.

OU3NKO-XMMUYECKHE OCHOBBI BAKYYMHOM IJIABKU: PACKUCIUTENIbHAS CIIOCOOHOCTh YIiepo/a,
MOBE/IEHNE HEMETAJUIMUECKUX BKIIIOYEHHH, Jeraszalus, B3auMOJeicTBhe MeTamia ¢ (pyTepoBKOH,
pacKuCIIEHHE, UCTIApEHUE.

OtkpeiTas 1 BakyymHasi uHaykuuonsas miuaska (MIT u BUIL). TloBenenue orneynopos npu
WIT u BUII. Texnonorus mnaBku. MHTeHCHpUKanus TexHoIornueckoro npouecca npu UIT u BUIL

Bakyymusbiii nyrosoil nepemnas (BJIII). BiusHue snexTpuueckoro pexmuma Ha MPOLECCHI
padunupoBanus. CTpoeHHe KUAKON BaHHBI M JUHAMUKA ee u3MeHeHus. CTpykTypa MeTaia npu
BAIIl u nyru ympasnenust ee ¢popmupoBanueM. OcHoBHbIe nedekTsl cnutkoB BJII m mytu ux
IPEyNPEXKICHNUS.

OnektpornuiakoBeiid  meperiaB  (DLII). Cocrap mmakoB mnpu  DUII.  Mexanusm
paguHUPOBaHUS METaJIIa OT HEMETANTMYECKUX BKIIOUEHHH.

[InasmenHass 1uiaBka u IutasMeHHo-Ayrood mepernaB (ITJIT). OcoOGenHoctu ropeHus
IUIa3MEHHOM yru. B3aumoaeiicTBue MeTaiia ¢ ra3aMu B yCJIOBMSIX IIA3MEHHOM Ayru. JlernpoBanue
MeTaiia a3oroM. [InmaBka cranu B MIa3MEHHOM IeYM ¢ KEPAMUYECKUM THUTJIEM.

OnexkTponHo-nmydeBoi  mepertaB  (DJIII). Temmeparypubiii  pexxum.  OcoOGeHHOCTH
dbopmuposanus ciutka npu DJII. Texuuka 6e30macHOCTH TTPU pabOTE B AIEKTPOCTATIEIUIABUIBHBIX



nexax. MeponpusiTusi Mo OXpaHe OKpy»Karoled mpupobl. TeXHUKO-35KOHOMUYECKUE MOKa3aTen
NIEPETIaBHBIX IIPOLIECCOB.

DHepro3arparbl U BHIOPOCH B OKPYKAIOIIYIO CPEly 3JIEKTPOCTANIEIIIaBHIIbHBIX TPOU3BOJICTB.

Teopus U MpaKkTUKa BHETIEYHON 00pabOTKHU CTan

HepaBHOMepHOCTh cocTaBa W TemiepaTypbl MeTaia B KoBiie. CrocoObl rOMOreHH3alUuu
MeTajlja: MpPOAYBKA aproHOM M 3JIEKTPOMAarHWTHOE IepeMeluBaHue. Jlerasamus u ypaneHue
BKJIFOYEHUH IpHU romMoreHusanuu. KaBurannonHas npojayBka.

Hecynbdypanust cranu B KoBiIe: 00paOOTKa CHHTETHYECKMMH IIJJaKaMH W TPOAYBKa
nopomkamu. CynbpuaHas eMKOCTh IAaKOB. MeXaHu3M npolieccoB Aecyinbhypanuu Ipu MpoIyBKe
MOPOIIKOOOpa3HbIMM  MaTepuaiaMu. YTpaBieHHe mpoleccamu jAecyibyparnuu. Bapuantsl
0€30KHUCIUTENBHON nedochopanuy CTamy.

Packucnenue u nerazanus ctainu B Bakyyme. CriocoObl BAKYyMHPOBAHUS M UX CpaBHUTEIbHAS
3 pexTHBHOCTD. BakyymHoe o0e3yriepoxxuBanue. BnusHie BakyyMHUpOBaHUSI Ha KQYeCTBO CTaJIH.
[lonsiTHe «uucTas craaby.

[TpoGiieMa HENpepBIBHBIX MPOLIECCOB ITPOU3BOJICTBA CTANU. TEXHOIOTHYECKUE IPEUMYILECTBA
HENPEPBIBHBIX TPOIIECCOB B CpaBHEHHHM C Mepuogudeckumu. Hawubonee omnpoOoBaHHBIE U
NEPCIEKTUBHBIE BApUAHTHI HEMPEPBHIBHOTO CTAJICTUIAaBMIIBHOTO Tmporecca. KomOuHMpoBaHME
HEIMPEPBIBHOIO  CTAJCIUIABWIIBHOTO Ipollecca € HEenpepblBHOM mpokarkoil. [lepcnekTuBsl
HENPEPBIBHBIX CTAJEIIaBUIbHBIX IIPOLIECCOB.

2.3. ABTOMaTHU3UPOBAHHOE YIPABICHUE MPOIIECCAMU TPOU3BOICTBA

Xapakrepuctuka npoueccos mnpoussoactBa craau (IIIIC) xak o0BEKTOB aBTOMaTH3alMU:
NEPUOAUYHOCTh M HENPEPHIBHOCTH;, BXOAHBIE (M3MEpsieMble, YIPaBISIIOIIME, BO3MYIIAMOIINE) U
BBIXOJIHbIE (pPEXXHUMHBIE) IIepeMEeHHbIE (DAKTOPBI, NpeabsaBiIseMble K HUM TpeOoBaHus. ['paHnyHbIe
ycloBHA U orpannueHus. [lapameTpsl onTUMHU3aAIMK U IPEABSIBIsIEMbIe K HUM TpeOOBaHHUS.

Maremarnueckas MOJEINb, 3a7a4u, dTanel MateMarnueckoro Mmoaenuposanus 1111IC. Meronbt
noctpoenus Matematnueckux mojeneit IIC (3xcneprMeHTanbHbIN, 1eTepMUHUPOBAHHBIN MOAXO0,
croxactuueckue). Beioop u orcenBanue ¢akropa [1I1C (o6ocHoBaHME BUIa ypaBHEHUH, TOMyIIEHHE
OpU BKIIOYEHUH ATHX YPaBHEHMM B COCTaB MaTeMaTHuecKoro onucanus). CTaTHCTHYECKUE,
JUHAMUYECKHEe, CTOXAacTUYeCKHe M aJalTHBHble Mozenu. MpeHTHuKanus MmareMaTHYeCKUX
mozneneit [IIIC u onpenenenue kod3)PUIMEHTOB YpaBHEHHH IO SKCIEPUMEHTAIBHBIM JaHHBIM.
Kputepnn oleHKM TOYHOCTH MaTeMaTHYECKUX MOJIEIEH.

Metonpl nonyuenus padouert nHpopmaruu o IIIIC. JlokanbHble cucTeMBbl aBTOMaTH4YECKOIO
KOHTpossi M peryauposanus mnapamerpoB IIIIC. ABTomarmyeckass cHCTEMa yIpaBICHUS
texHosiornaeckuM mpoieccoM (ACYTII).

ACYTII BbIIAaBKM, pa3iMBKM M BHENEYHOM 0OpabOTKM cTalu (CTPYKTYpPHBIE CXEMBI,
(GyHKIIMOHUPOBaHUE, YPPEKTUBHOCTD).

2.4. ITpou3BoACTBO eppOCILUIaBOB

CoBpeMeHHOE COCTOSIHME M MEepCHEKTHUBBI Pa3BUTUS (EeppOCIIaBHON MPOMBINUIEHHOCTH;
KJIacCH(pUKaLKs IPOLECCOB MOIy4YeHUs (HeppOCIIaBOB.

KapOorepmuueckue mporecchl. DU3MKO-XMMUYECKHE OCHOBBI BOCCTAHOBJIEHUS OKCHIIOB
yraepoaa. BoccranoBienne kpemHus. Ponb MOHOOKcHAAa KpeMHHST M KapOuaa KpeMHHS.
BoccranoBnenue Maprania u3 OKCUAOB U CUIMKATOB. Pons kapOouaoB Mapranna. BocctanoBienue
XpOMa U IPYIUX 3JEMEHTOB U3 OKCHJIOB XPOMOBOM PYBI.

TexHONOTHsT  MOJYyY4EeHUS NPOMEXKYTOUHBIX KPEMHHEBBIX  CIUIaBOB.  [Ipou3BOACTBO
0COOOHHM3KOYTIICPOTUCTHIX CIUTABOB CHIIMKOTEPMUYECKIM METOIOM.

MertamioTepMHUECKHe MPOLECChI, (PU3UKO-XUMUYECKHE OCHOBBI METAIIIOTEpMUHU. MeToauka
pacueTa IKUXThl U COCTaBJIEHMSI TEIJIOBOTO OajlaHca METaUIOTEPMUYECKOTO MpoIiecca.

BakyymHO-TepMudeckue mpouecchl, (hU3MKO-XUMHUYECKHE OCHOBBL. BakyymHas miaBka H
00paboTKa XUAKUX (PEePPOCIUIABOB TOJT BAKYYMOM.

AzotupoBaHHble (eppocraBsl. DPU3MKO-XMMUYECKHE OCHOBBI B3aMMOICWUCTBUS a30Ta C
BEAYILUMHU 3JIEMEHTaMH (epPOCILIIABOB B TBEPAOM M KHJIKOM COCTOSTHHH.

DHepro3arparbl Ha MPOU3BOJCTBO (PepPOCIIIABOB U BHIOPOCH! B OKPYKAIOILYIO CPENy.



3. Meramnyprudyeckue neuu

3.1. OGopynoBaHue mneyeit

VYcerpolicTBa JUIsl CKMraHusl razoodpaszHoro TomiuBa. ['openxu 0e3 mpeaBapUTENIbHOTO
CMEIICHHUS, C YITYYIICHHBIM CMELICHUEM U C TPEIBAPUTEIBHBIM CMelIeHHeM. PaqraninoHnble TpyoObl.

YcrpolicTBa Ul COKUIaHUS JKMJIKOTO TOILIMBA, (POPCYHKHM HHM3KOTO M BBICOKOI'O JIABJIECHHUS.
['a30mMa3yTHBIE TOPEIIKH.

VYceTpoiicTBa Ul yTHIM3ALMK TEIUIa OTXOAAIIUX Ira30B.

PerenepaTuBHbIe TEINIOOOMEHHUKHU. Y CTPONCTBO, TEILUIOBast pabOTa U pacueT pereHepaTuBHbIX
Ter1000MeHHUKOB. Bupl Hacanok. Perenepatopsl MapTeHOBCKUX nedeil. Kaynepsl.

PexyneparuBHble TemooOMEHHUKH. TemmepaTypHOe MOJe peKyneparopoB. Pexkyneparopsl
METaJUIMYeCKUe M KepaMHuYecKue: TeIuioBas paboTa, IpeuMyliecTBa M HENOCTaTku. Pacuer
PEKYyIepaToOpoB.

TemnocuiioBeie yctpoiicTBa. KOTibl-yTuinu3aTopsl U TypOUHHBIE YCTaHOBKH.

HcnapurenbHoe OXJIAXKACHHUE JIOMEHHBIX, MapTEHOBCKHX W HarpeBaTEJbHBIX II€Ueil.
OxJax/1eHre KOHBEPTEPHBIX ra30B.

OcCHOBBI MEXaHU3ALMH U ABTOMATHU3ALNY [1€YEH.

3.2. 3amuTa BO3AYIIHOTO U BOJAHOTO OacceiiHOB

OT BpEAHbBIX BHIOPOCOB

TeopeTnueckue OCHOBBI M 00Ias XapaKTEpPUCTUKA Ta3004YUCTHBIX ycTpoiicTB. Cyxas
MEXaHUYEeCKas OYMCTKA ra30B; OYMCTKA Ta30B QUIbTPALIMEH; MOKpas OUMCTKA ra30B; dJEKTPUUYECKas
O4MCTKa ra3oB. OUnCTKa ra30B JIOMEHHOTO U CTAJICINIaBUJIBHOI'O MPOU3BOJICTBA.

OuucTka razoB neyei 1IBETHON METaUTypryu.

boprba ¢ BeIOpocamMu BpeIHBIX BEUIECTB B BoJoeMbl. OCBeTIeHHEe, XUMHUUYECKass 00padoTKa U
OXJIAXACHUE 0O0OPOTHOM BOJIBI.

3.3. OrHeymnopHbie MaTepUabl

TpebGoBaHusi K OTHEYMOPHBIM MaTepuaniaM, NPUMEHSEMBIM B Te4YaxX YEepHOW M IIBETHOM
MeTamyprud. ®@usnyeckue M paboyue CBOWCTBA OTHEYNOPHBIX MaTepUalioB, UCIOJIb3YEMBIX B
METAITypruueckux Tmevax. [lepcrekTHBHBIE BHABI OTHEYMOPHBIX MAaTepUAOB: BOJOKHUCTHIC
MaTepUabl.

3.4. [leun yepHON MeTANITYPTUU

TomumsHele neun. [laxTHeIE NTEUn

['unpoauHamMuKka U TEIJIOOOMEH B INIOTHOM MOJBHXKHOM cioe. o ckopocTeil B MIaxTHBIX
neyax MpH pa3iMyHbIX croco0ax BBOJA IyThs: (YpMEHHOM, LIEJIEBOM U IIEHTPAJIbHOM. Y CJIOBUS,
o0ecrneynBaronve ONTUMAIbHOE ra30pacipeielieHle B aXTHhIX NeYax.

IInameHHbIE HarpeBaTeIbHbIE €YU

TemioBass pabGorta HarpeBaTenbHbIX meuyeil. OcoOeHHOCTH TemiooOMeHa B pabouem
IIPOCTPAHCTBE MJIAMEHHBIX Neuel. CXxeMbl IBUKEHHUS MeTalljla U IPOAYKTOB cropanus. TennoBoi u
TEMIEPATYPHbIM peXuMbl paboThl nedeid. CrocoObl OTOIUIEHHMS M TPaHCHOPTUPOBKH MeTaslia.
HMI1ynbCHOE OTOILIEHHE.

HarpeBatenbHble Konoaupl. TemnoBol M TemMmepaTrypHbIi pexumbl. HarpeB xonogHoro u
ropsiuero nocajaa. Harpes CIMTKOB C KUAKOW CEpILIEBHHOM; UCIIOIb30BaHUE TyThs, 00OTallleHHOTO
kucioponoMm. lllnakoynanenue u cToMkocTh MOJUHBI. PereHepaTUBHbBIE HArpeBaTEIbHbIE KOJIO/LIBI;
pEKyNEepaTUBHBIE HArpeBaTENIbHBIE KOJIOALBI C OTOIUIEHMEM H3 LEHTpa MOAWHBI U C BEpPXHEH
ropenkoil. OCOOEHHOCTH TEII000MEHa B HarpeBaTeNbHbIX KOJOaX ¥ MaTeMaTHUeCKOe ONMHCAHNE
Harpesa CIUTKOB.

TonkatenpHble neun. KOHCTpyKIMM U peXUMBI pabOThI MPOTUBOTOYHBIX Tedei. BrusHue
[JIMCCAXHBIX TPyO0 Ha TemIoBylo pabory meun. Peiitepsl. OcobeHHocTH TemiooOMeHa U
MaTEeMaTHYECKOE ONMCaHUE HarpeBa MeTauia. [IpsAMo NpoTMBOTOYHBIE TONKATEIbHBIC ITEYH.



[Teun ¢ mraratromum moaoM (Oankamu). KoHCTpyKIMH, pekuMbl pab0ThI, 0COOCHHOCTH HarpeBa
MeTaJlja, MaTeMaTH4YeCKOe ONMCAaHNE HarpeBa MeTajlla.

[leun c¢ KosblEBbIM MOAOM. KOHCTPYKIIMM, TEMJIOBOM W TEMIIEPATYPHBIA PEKUMBI,
0COOEHHOCTH TEIUI00OMEHA M HarpeBa MeTaJla.

Ileun s ckopocTHOro HarpeBa Meraiuia. PU3MYECKHE OCHOBBI CKOPOCTHOIO HarpeBa
MeTaJlja, UMITyJIbCHBIN HarpeB. CEKIIMOHHBIE N1€YU U N1€YM KOHBEKTUBHOIO (yIapHOI0) Harpesa.

[InameHHbIE TEpMUYECKHE [1€Un

[Teun i TeMHON TEPMUYECKOH 00pabOTKU ropsiueKaTaHOTro MPOKaTa; CaJ0YHbIC NIEUH; MeUn
C LIETTHBIM KOHBEHEPOM U POJIMKOBBIM 010M. Oco0eHHOCTH Ter1o00MeHa 1 HarpeBa Metasuia. [leun
JUISL CBETJION TepMHUYECKON 0OpabOTKU XOJIOAHOKATAHBIX JIMCTOB M JIeHThl. KonmakoBble nmeun Asis
TEPMOOOPAOOTKH TIOTHOCMOTAHHBIX U PACHYIICHHBIX PYJOHOB. [IpOTSDKHBIE TOPU3OHTANIBHBIE U
Oamennble neurd. KontakTHbi HarpeB. OCOOEHHOCTH TEeIIOOOMEHa U HarpeBa MeTajia B JKUIKUX
cpenax.

Ileun c Temiorenepanment 3a C4€T XUMUYECKOW SHEPTUH KUJKOIO YyTryHa

TemnoTexHuKa CTaNenjaaBUIbHBIX IPOLIECCOB.

TemoBoii Oananc pabodyero MpOCTPaHCTBA CTAJICIIaBMIIBLHOTO arperara. [IpenBapuTtenbHbIi
HarpeB CKpama M €ro 3HayeHue. BiusHue TeIuoBbIX NOTEPh HA TEMIIEpaTypy BaHHBI B
JIOTIPOYBOUYHBIN mepuoJ. MaTemaTHyecKoe ONHMCAHME HarpeBa MeTajula MO XOAy KOHBEpPTEpPHOU
IUIaBKHU.

3.5. [1eun IBETHOI MeTAJLTYPTHH

TonnuBHbIE IEYH

[[TaxTHBIE TI€YM JUI IUTABKM OKUCIICHHBIX HUKENEBBIX pyl. lllaxTHble meun Uit CBUHIIOBOU
w1aBku. KOHCTpyKIUSA 1 0COOEHHOCTH TEIJI0BOM paboTHI.

OtpakaTesbHbIE ME€YM JUIs IUIaBKU Ha MTeWH. KOHCTpyKIMM, TEMJIOBOM M TeMIlepaTypHbI
PEXKUM IUIaBKHU.

AHozHbIE U BaliepOapcoBble ieur. KOHCTPYKIMH, TEMI0BON U TEMIIEPaTyPHBIN PEXKUM.

TpyOuatsie Bpamatomuecs neur. KoHCTpyKInu, TEIIOBOM U TeMIEpaTypHBIH PEXUM.

HarpeBarensHbie neun. KOHCTpyKIMH, TEIUIOBON M TEMIIEPATYPHBIN PEKUM.

Ileyn ¢ MOJIHOM WM YaCTUYHOM TEIUIOIEHEPALMEN 3a CYET XMMUYECKOW DHEPIUH ChIPHEBBIX
MaTEpPUAJIOB

OO11ast xapakTepUCTHKa IPOIIECCOB, TPOTEKAIOIIUX MPU 00KHUre CyIb(UI0B B KUIIALIEM CIIOE.
["a3onquHamuueckuii pexxuMm paboTel medeil. TemnepaTypHbIi M TEMJIOBOM pPEXUMBI 00KHra
Cynb(QUIHBIX MaTepuanoB. Bpems npeObiBaHus MaTepuaia B KUIISILEM CIIOE.

[Teun nst oOxura cynbQUAHBIX MaTepHalioB B KumsmieM cioe. [leun ans o6xura MUHKOBBIX,
MEJIHBIX 1 MOJINO/IEHOBBIX KOHLIEHTPAaTOB. OCOOEHHOCTH KOHCTPYKIIMM U TETIOBOM pabOTHI.

KoHBeprepsl 3aBOJIOB LBETHOW MeTALIypruv. KOHCTPYKIMM, TEIJIOBOM M TeMIEPaTypHBII
peKuM paboThl.

[Teun nu1g aBTOr€HHOM IUIABKM MEJHBIX KOHIIEHTPATOB Ha IITEHH U YEPHOBYIO ME/Ib.

ITnaBka B >xunkoi BanHe. [Ieus A.B. BaHiokoBa 11 IJ1aBKU Py U KOHLIEHTPATOB.

3.6. Ileun MalIMHOCTPOUTENBHBIX 3aBOJIOB

TennoBast paboTa ¥ KOHCTPYKIIMU TOIUIMBHBIX TUTABMJIBHBIX TMEUYEH MaITMHOCTPOUTEIHHBIX
3aBOJIOB.

HarpeBaTenpHbie Meun Ky3HEYHBIX 11eXOB. [leun ¢ moaHBIM CokuranueM ToruiuBa. [leun mis
MaJIOOKHUCIUTEILHOTO HarpeBa MeTaia.

Tepmudeckue medn MalTHHOCTPOUTENBHBIX 3aBOJIOB. Ileum s TepMuueckoir o0OpabOTKH
TSDKENBIX M KPYMHOTa0apUTHBIX m3aenuil. Iledn nms tepmuueckoil oOpabOTKM aBTOTPAKTOPHBIX
neraneid. TepMUUecKHe MeUr CIEeNUATIbHOTO Ha3HAYEHUS.

Cymmna. YcTaHOBKY AJIs CYIIKH CHIMy4YHX MaTepuainoB. bapabannbie cymmna. Cymuna s
CYIIIKH B TTHEBMOIIOTOKE U B KHIISIIEM CIIOE.

YcTaHoBKU 1S cymiku u3aenuii. Cymmia ¢ KOHBEKTHBHBIM pekuMoM paboTsl. Cymmmmna ¢
paauaIiOHHBIM PEKUMOM PabOTHI.

YcTaHOBKY AJi CYIIKU B BBICOKOYACTOTHOM (MHUKPOBOJIHOBOM) TIOJIE.



3.7. Ileun OrHeyNnOpHOTO MPOU3BOICTBA
['unpoauHamuika, TEIJIOBOM M TEMIIEPaTypHBIH  PEXHUM, KOHCTPYKIUU IIAXTHBIX,
BpaIIalOLIUXCsl, TOHHEIBHBIX U IPYTUX Meuel 3aBOI0B [0 IPOU3BOICTBY OTHEYITOPHBIX U3JICTHH.

3.8. DnexTpuyeckue neun

OO0mas xapakTepUCTHUKA DJJIGKTPUUECKUX TI€Ye TPUMEHSEMBIX B YEpPHOH, IIBETHOU
METAJUIYpPIrUi M MAalIMHOCTPOEHUH. TeroTexHuueckue 0ocoOEHHOCTH pabOThl Medel pa3iimyHON
KOHCTPYKIMHU. XapaKTepUCTUKHU BHEIIHEro TeriooOMeHa. TerioBoii OanaHc.

JlyroBble neuu cTaneriaBuiIbHbIE I1€YU; AYTOBbIE BAKYYMHBIE TI€UYH; PYIOBOCCTAHOBUTEIbHBIE
[I€4H; [JIa3MEHHBIE [1EYH.

NunykunonHble neud. KaHallbHbIE M TUTENIbHBIE I1€YM; BAKYyMHBIE I€YM; YCTAHOBKH MJIs
IUIABKU BO B3BELIEHHOM COCTOSIHMM, HarpEBaTEIbHbIE YCTAHOBKHU.

Ileun conporuBneHusa. Ileun nDpsAMOro M KOCBEHHOrO JIEUCTBHS; BaKyyMHBIE II€4H
COINPOTUBIICHUS; TUIABUIIbHBIE [1€YN COIIPOTUBIICHHUS.

CnenuanbHble NMEeYU. YCTAHOBKU JMAJIEKTPUYECKOTO HArpeBa; YCTAHOBKHU 3JIEKTPOHHOIO
HarpeBa; yCTAHOBKU HarpeBa M3JIyu€HHEM ONTUYECKOT0 KBAHTOBOI'O T'€HEPATOPA; ONITUYECKHUE M€Y H;
YCTaHOBKH /151 30HHOM IJIABKHU.

4. TexHoJorus IMPOU3BOJACTBA IBCTHLIX U PCAKHUX MCTAJIJIOB

4.1. TexHOJIOTUs MPOU3BOCTBA TSKEIBIX I[BETHBIX METAJJIOB

OO011re TpUHLKITBI U3BJICUEHUS MEIU, HUKEISI, CBUHLIA, IIMHKA U3 Py U KOHLEHTPATOB.

KuHeTnka 1 MeXxaHU3M OKUCIIEHUS CYIb(QHIOB B TBEPJOM U KHJIKOM COCTOSHUU. Jucconuanus
BBICHINX CYJb(HIOB ITPH HArPEBaHWU B HEUTPAIbHOM aTMocdepe.

OcHoBHBIE cTaauK (OPMHUPOBAHUS METAILTYPTHYECKUX PacIlIaBoOB (LIUIAKa, IITEHHA, IIIeNH3bI).

[Tpon3BOAUTENBHOCTh MUPOMETAITYPTHYECKHX arperaTtos.

Pacnipenienenne HEHHBIX KOMIIOHEHTOB MEKY IPOAYKTAMH IIIaBKH.

CrniocoObl U3BNI€UYEHUS CEphl IPU MUPOMETATUTYPrUUYEeCKON nepepaboTKe Cyab(UIHOTO CBIPHS.
[ToBeneHne penKuX M PACCESHHBIX JJIEMEHTOB B OCHOBHBIX NMUPOMETAJLUTyPrMUECKHUX IPOLECCAX.
Pacripenenenuie Mplbsika Mo IPOAYKTaM IIJIaBKH.

KoaduiuneHT KoMMIEKCHOCTH NCIIOIb30BAHUS ChIPhsl B METAJUTYPIHH ME/IH, HUKEIS, CBUHIIA,
LUHKA.

4.2. IlepepaOoTKa MEIHBIX Py U KOHIIEHTPATOB

Pa3HoBugHOCTH OTpaxaTenbHOM IUTaBKU. Ee ynenbHbII BeCc B MPOU3BOJCTBE MEIU.
[lenecooOpa3HOCTh MpEABAPUTEIHLHOTO 00XKHra KOHLEHTPATOB mepen miaBkod. [Ipeumymiectsa u
HEJOCTaTKU TNepepabOTKH KOHBEPTEPHBIX IUIAKOB B OTpakaTelbHOW meud. XapaKTepUCTHKa
MTEHHOB, NUTaKoB, Ta30B. TermoBoit KIIJ[. Bo3moxxubie cmocoOs! yrunuzamuu Teria. OCHOBHBIC
TEXHUKO- YKOHOMHUECKHUE MoKa3aTenu. BEIOPOCH B OKPYKaIOIIYIO Cpeay.

[TepepaboTka mTeiiHOB Ha YepHOBYIO Meb. [ToBenenne ero cocrapmsitonux B [ u Il mepuosr
KOHBEpTHUPOBaHUA. TemiaoBOW M TeMIepaTypHbId peXHMbI mpolecca. Mcnonb3oBanue BO3ayxa,
oOoramieHHoro kucinopooM. [lokazarenu nponecca. HoBblie HanpaBineHus: B METAJUTYPTUU MEH.

ABTOT€HHBIE MPOLECCHl B METALIYypruu Meau. VX mpeumyiectsa U HeAOCTaTKU. BiusHue
MarHeTuTa Ha MOTEPH MENM CO LUIAKOM B 3THUX Ipoleccax. Pacnpenenenue cepbl U METaIOB-
CITYTHUKOB I10 IPOJYKTaM IJIaBKH.

OrzeBoe U 3JIeKTpoJIuTHIeCKoe paduHupoBaHre Meau. TeopeTnueckre ocHOBBI. [lepepaboTka
aHOAHBIX 1IaMoB. IIpaktuka mnponeccoB. OCHOBHBIE TEXHUKO-3KOHOMUYECKHE IOKAa3aTEeNH.
BBIOpOCHI B OKPYXKAIOIIYIO CPEy.

I'unpomeramnyprust meau. [loAroTOoBKa CHIPhS K THAPOMETAITYPTHUECKON TmepepadoTke.
XVWMH3M OCHOBHBIX peakiuil BbllenaunBaHusd. [IpakTuka Ky4yHOro, OaKTepUaNIbHOTO U
ABTOKJIABHOTO BBINIECNAYMBAHMS. TEXHHUKO-Y)KOHOMHUYECKHE TMOKA3aTeNH IMPOIecCcOB. BrIOpoCH B

OKPYKaIOMIYIO Cpemy.



4.3. [lepepaboTka HUKEIEBBIX Py U KOHIIEHTPATOB

CriocoObl MOATOTOBKM OKHCJICHHBIX HHUKEIEBBIX PyA K IUIaBKE B INAXTHHIX meyax. Mx
MIPEUMYILECTBA U HEAOCTATKU. Peakuuuy, NpoTEeKaronye Mo BbICOTE MIAXThl €YU U BO BHYTPEHHEM
rope. XapakTepUCTHKA IUTEWHOB M M[IJAKOB IIAXTHOW IUIABKH. TEXHHUKO-DKOHOMHYECKHE
MOKa3aTellH.

KonBeprupoBanue HukeneBbix mTelHOB. [loBenenmne kobanpra. COBpEMEHHBIE CHOCOOBI
nepepaboTKU KOHBEPTEPHBIX LIUIAKOB B LIEJSAX M3BJICUEHMS U3 HUX KoOanbTa. VX mpeumyiiecTsa u
Henoctatku. Ilepepaborka  daiiHmTeliHa 10 oOrseBoro Hukens. (CxemMa POM3BOJACTBA
METAJTypruYecKoro kodaibTa.

[TonroroBKa OKMCIIEHHBIX HUKEJIEBBIX PY/ K IJIaBKE B AJIEKTporeyax Ha peppoHukens. Teopus
U TpakTHKa IUTaBKH. PaduHupoBanue dyepHOBOTO (eppoHukens. TeXHUKO-3KOHOMUYECKHE
nokasatenu. [lepcriekThBel pa3BUTHUS ITpoLIEcca.

['mapomeramnypruyeckue ¥ KOMOWHHPOBAHHBIE CIOCOOBI KOMIUIEKCHOW mepepadoTKu
OKHCJICHHBIX U HUKEJIEBBIX Pyl (CerperalimoHHble, aBTOKJIaBHbIe, aMMHAuYHO-KapOOHATHBIE U JIP.)

[ToaroroBka cynb(GUIHBIX Py U KOHIEHTPATOB K IUIABKE B AJIEKTPUUYECKHX revax. Teopus u
MPaKTUKA 3JIEKTPOIUIABKHU. TE€XHUKO-I3KOHOMUYECKUE MTOKA3ATEINH.

Oco0eHHOCTH KOHBEPTUPOBAHUS MEIHO-HUKENEBBIX INTEHHOB. Pasnenenue ¢alHIITEHHA.
CnocoObl mepepalOTKH MEAHOTO W HHUKEIEBOr0 KOHIICHTPATOB, IOJYYEHHBIX MNpU (IoTalun
daiiamTelina. OTIHYMS TEXHOJOTHYECKOW CXEMBI MPOM3BOJACTBA KoOambTa TpH TepepadoTke
Cynb(UIHOTO M OKHUCJICHHOTO ChIpba. IlyTH TMOBBIIEHUS KOMIUIEKCHOTO HCIOJIb30BaHUS
CyIb(QHUIHOTO METHO-HUKEIEBOTO ChIpbsi. OXpaHa OKpPYKArOIIEH cpeibl.

KapOoHuabpHbBIN TIpolece moxy4eHust HuKens. [ uapomeTannypruiyeckue 1 KOMOMHUPOBAHHbBIE
CHOCOOBI KOMIUIEKCHOW TepepabOTKU CyNb(PHUIHBIX Py M KOHIICHTPATOB. METOABI MOIYy4eHUS
HUKEJS ¥ KoOalbTa U3 PacTBOPOB; JIEKTPOIIN3, BOJOPOJIHOE BOCCTAHOBIICHUE.

[loBenenue ceneHa, Telypa M JParollEHHbIX METAJUIOB IO TIJIABHBIM IIepeneam
TEXHOJIOTHYECKUX CXEM.

OcHOBHbBIE MPUHIUIBI NEepepabOTKNU aHOJHBIX IUIAMOB 3JIeKTposn3a Hukens. [lepepaborka
apCeHHIHBIX PY[, TpobiieMa BHIBOJIA MBIIIIBSKA.

OHepreruyeckue MpoOJeMbl U HSKOHOMHKA Pa3JIMYHBIX TEXHOJOTMYECKUX IPOLIECCOB
nepepadOTKH HUKENIEBBIX Pyl M KOHIIEHTPAaTOB. BEIOPOCH B OKpPYIKaIOLIYIO Cpeay.

4.4. IlepepaboTKa CBUHIIOBBIX KOHIIEHTPATOB

Arnomepupyomuii 00XKUT CBUHLIOBBIX KOHIIEHTPATOB. Teopus U npakTuka.

BoccranoButenpHas MaBKka CBUHIIOBOTO arjoMepara. XuMu3M mnporiecca. [loBenenne cBuHIa
N MCTAJUIOB-CITYTHHUKOB ITPH IIJIaBKE. TexXHNKO-3KOHOMHUYECKHE ITOKa3aTeI! IUIaBKH.

PaduHupoBaHue 4epHOBOTO CBHHIIA U TIepepaboTKa MOTYMPOIyKTOB. Teopus U MpakTUKa.

Cnioco6sI niepepaboTKH MUTAKOB, MHLIH.

HoBrble HanpaBieHUs: B METAJUTYPTrUU CBUHIIA.

ABTOT€HHbIE U TUIPOMETAIITYPrUYECKUEe CIIOCOOBI MepepadOTKH CBUHIIOBBIX KOHIIEHTPATOB.
Wx mpeumylecTBa U HEAOCTAaTKH, MEPCHEKTUBHI MPUMEHEHUS IIEHHBIX METAJJIOB-CIIYTHUKOB B
IMPONU3BOACTBEC CBHHIIA. CxeMEl IOIMYTHOI'0 HM3BJICUCHUA CEPbBI M MCETAJIOB-CITYTHUKOB IIpU
nepepaboTKe CBUHIIOBBIX KOHIIEHTpaToB. [lbuieynaBnuBanue. Metonsl u  00OpyIOBaHUE
neuieynaBiauBanus. [lokasarenu paboThl NbLICYIOBUTENEH.

TexHuKa 0€30MaCHOCTH MPU MIPOU3BOJICTBE CBUHIIA U OXPAaHA OKPYKAIOIICH CPEIbl.

4.5. IlepepaboTKa IIMHKOBBIX KOHIIEHTPATOB

CpaBHeHue 3pPEeKTUBHOCTH MUPO- U TUAPOMETAIUTYPTUYECKOTO0 METOI0B MOJTyUEHUS [IMHKA.

OOXHUT ITTHKOBBIX KOHIIEHTPATOB.

HHpOMeTaJ'IJ'IprI/I'-IeCKI/Ie MCTOABI IIOJYUYCHUSA HOHUHKAa M3 Orapka. BHeKTpOTepMI/IH OUHKA.
Oco0eHHOCTH BBHITVIABKH IIMHKA B MAXTHBIX MEYaXx.

PaduHupoBanue 4epHOBOTO LIMHKA.

FI/II[pOMeTaJI.HprI/ISI IIUHKAa. BBIH.[CJIa‘-II/IBaHI/IG IMUHKOBLBIX OrapKOB W OYHCTKAa PaCTBOPOB OT
npuMeceil. TeopeTHyeckue OCHOBBI ATHX MPOLIECCOB. OIJIEKTpOOCaXAeHUe IuHKa. HoBbie



HaIpaBJIEHUSI COBEPIICHCTBOBAHMS TMpolecca. TexHMKa O0e30MacHOCTH M OXpaHa OKpysKarolel
CpEeJBbl.

[lepepaboTka MOMYNPOAYKTOB ILIMHKOBOIO MPOM3BOACTBA. KOMIUIEKCHOE HCHOIb30BaHUE
IIUHKOCOIEPIKAILETO ChIPhS.

DHeprozarpartbl U BHIOPOCH B OKPYKAIOIILYIO CPELY.

4.6. TexHOJIOTHS MPOU3BOJICTBA 30J10Ta, cepedpa

¥ METAJJIOB TUTATUHOBOM IPYIIIBI

CoBpeMeHHOE COCTOSIHHE M OCHOBHBIE 3Tallbl Pa3BUTHs INPOU3BOJACTBA 30110Ta, cepedpa U
METAJUIOB IJIATUHOBOW IPYIIIIBL.

W3BneueHne 6J1aropoAHbIX METAIOB aMallbraMalye.

TepMoauHaMuKa, MeXaHW3M M KHHETHMKA B3aMMOJEHCTBMS 30JI0Ta, cepedpa U MeETauIoB
IUTATUHOBOM TPYIIIIBI C PTYTHIO.

Teopernueckre OCHOBBI U TEXHOJIOTHS ITpOLecca IUAaHUPOBAHUS.

TepMoauHaMuKa W KWHETHKA IpoIlecca PAacTBOPEHHS B LUAHHCTHIX PAcTBOpax 30JI0Ta,
cepebpa, TeJITypHUI0B 30J10Ta, CEPHUCTBIX U OKCUAHBIX MHUHEPAJIOB cepedpa.

TepMoauHaMuKa M KHHETHKAa IIpoLecca OCAXKICHHUS 30J0Ta U cepedpa M3 LHUAHUCTBIX
pPacTBOPOB LIMHKOM U aTIOMMHUEM. TeopeTnueckrue OCHOBBI ITpoliecca copOLMU 30J10Ta U cepedpa u3
[IUAHNACTBIX PACTBOPOB AKTHBHPOBAHHBIM YTJIEM, HOHHO-OOMEHHBIMH CMOJIaMH (aHHOHHTAMH) U
KHUJIKOCTHOM SKCTpakuued OpraHuyecKuMHu pacTBopuTeasiMU. COBpPEMEHHOE COCTOSIHME U
HaNpaBJICHUS JaTbHEUIIETO PA3BUTHSI TEXHUKU M TEXHOJIOTHH IMAHUCTOTO MpoIlecca.

CriennanpHble POLIECCHl TEPEPAOOTKHU Pyl U KOHLIEHTPATOB CJIOXKHOI'O COCTABA.

Addunax 30mota, cepedpa 1 METaUIOB IJIATUHOBOMN TPYIIIIHI.

Teoperndeckre OCHOBBI U TEXHOJIOTHUS 3IEKTPOIUTUYECKOTO aprHaXa 30510Ta U cepedpa.

XUMUS ¥ TEXHOJIOTHUS IPOIIeccoB aprHAXKa IUTATHHOBOTO KOHIIEHTPATa ¥ METOBI OTyYCHHUS
IUTaTUHBI BBICOKOW YHUCTOTHI.

DHepro3arparbl U BHIOPOCH! B OKPYKAIOIILYIO CPELY.

4.7. TexHomorust IpoOU3BOACTBA JIETKUX LBETHBIX CIJIABOB

ITosryueHnne maruus

CBolicTBa M TNpPUMEHEHHE MarHus. XapaKTepUCTHKA HCXOIHBIX MarepuaynoB. Teopus u
TEXHOJIOTUSl TOJy4eHHs OE€3BOJHOrO XJOpPHCTOro MarHuss u OunHodura. OO6E3BOXKUBaAHHE
KapHAJJIUTA: MOJYy4eHHE UCKYCCTBEHHOIO KapHaJUIMTa, o0e3BoxkuBaHue Bo Bpamatomuxcss CKH u
neyvax. [[puMeHenune neuei KUmsauiero cios ¥ XJIOpaTopoB.

CoctaB U (U3MKO-XMMHMYECKHE CBOICTBa 31MeKTPOJIUTOB. (OCOOEHHOCTH KHUHETHKH
ANIEKTPOJHBIX IPOLECCOB. ['MapoaMHaMuKa 3J€KTpoAa W KaTOAHBIA BBIXOZ IO TOKYy. BiusHue
npuMeceid M J100aBOK B AJIEKTPOJIUT Ha KaTOAHBIA mporecc. OOpa3oBaHue muiama. TexHHKa
IIEKTPOJINTUYECKOrO MONy4eHHUss MarHus. KoHCTpykuus 3iexTponu3epoB. CpaBHUTENBbHAs HX
xapakTepucTika. TexHomorus oOCiIyKHBaHUS. YCTPONCTBO LEXOB AJIEKTPOJIN3A, OTCOC XJIOpa U
KaTOJHBIX ra30B. TexHnka 0€30MacHOCTH U MEPOTIPUATHS I10 OXpaHe OKpy»Katolie cpesl. TexHuko-
HSKOHOMUYECKHE TIOKa3aTelau dJeKTposn3a. PaduHupoBaHHe MarHus-chIplia NEperaBKod ¢
¢rocaMu. DNEKTPOIUTHYECKOE pahUHUPOBAHHE MAarHUEBBIX JOMOB M 0TX010B. 'OCT Ha marnui,
KOMIUIEKCHOE UCIIOJIb30BaHUE MATHUEBOTO CHIPbSL.

[TosryueHune anroMUHMS

CBolicTBa @JIIOMUHUS M CIUIaBOB HA €ro OCHOBE, MAacCIITa0bl NMPOMU3BOJCTBA U 00JACTH
npuMeHeHNs. OCHOBHBIE Py/Ibl AIIOMUHUS.

[TepepaboTka 6OKCUTOB THIPOXUMHUUECKUM criocoooM. OcHoBHas peakius baitepa. Ctpoenue
QIIOMUHATHBIX pacTBopoB. PaBHoBecue B cucteme Al203—Na20—H20. IlpunnunuanbHas
TEeXHOJIOrHYeckasi cxeMa crocoba baiiepa. TexHonornueckue napameTpbl OCHOBHBIX IMEPENEIOB U
XapaKTepUCTHKa 000py10BaHHUS.

[Tonydyenue ramHO3eMa CrocoOOM criekaHHs U3 O00KCUTOB. OCHOBHBIE XMMUYECKHE PEAKLIUU
IpU CIIEKaHUHM ¥ BBIIIENAYMBAHUU CHEKOB. [IpHHIMIHUANBHAS TEXHOJOTMYECKas cxema crocola
cnekanus. KomMOMHHMpOBaHHBIE CHOCOOBI: THAPOXUMMYECKHH M CHEKaHHWA — MapajuleibHbIA U
MOCJIEI0BATENbHBIM BapuaHThl. VX mpenMyIecTBa rnepes pa3aelibHoi nepepadoTKOi.



KommiekcHas nepepaboTka HedemnHOB. XapaKkTepucTuka HedennHoB "
He(eNMHOCTIEHUTOBEIX pyA. OCHOBHBIC PEAKIMHM IMPHU CICKaHWH He(delnrnHa C U3BECTHAKOM U
BbIllleJauMBaHuU. [IpuHIMNMaNbHAs TeXHOJOrMYeckass cxema crnocoba crnekaHusi. OcHOBHas
anmnaparypa.

XapakTepucTuka aayHUTOBBIX pyA. OCHOBHBIE peaklUU MpH MepepadoTKe alyHUTOBBIX PYI
BOCCTAHOBUTEJIBHBIM OOKUTOM C BETBBIO CIleKaHWs. [IpUHIMNUANIBbHAS TEXHOJIOTUYECKAs cXxema
sToro croco6a. HoBble HampaBiieHuss B NOJy4yeHUHU IIHHO3eMa. DU3NKO-XMMHYECKHE OCHOBBI
nepepadoOTKU BBICOKOKPEMHHUCTBIX BUJOB QJIIOMHUHUEBOTO CHIPhSI THAPOXUMHUYECKUM METOIOM.
OcHoBHasi TeXHOJIOTMYECKass cxema J3Toro wmeroaa. CpaBHEHHE TEXHUKO-DKOHOMHUYECKUX
MoKa3aresieil pa3jMYHBIX CHOCcO00B mepepaboTKU TIMHO3eMcoepiKallero ceipbsi. KomruiekcHoe
UCIIOJIb30BaHKE IIIMHO3eMcoiepkaiiero coipbsi. 'OCT Ha TiIMHO3EM.

[Tpou3BOACTBO (TOPUCTBIX COJEeH U 31IeKTpoJoB. [IpOM3BOACTBO KpUOJIUTA KHUCIOTHBIM
CIoco0OM: OCHOBHBIE PEaKI[UH, TEXHOJIOTMYECKasi cxema u annaparypa. [Ipon3BoicTBO 3J1€KTPOAOB:
HCXOJIHBIE MaTepHUalIbl, IPECCOBAHUE, O0KHUT «3EJICHBIX)» 3JIEKTPOO0B, rpadUTHPOBAHHUE.

Teopust 2JIEKTpOIM3a KPUOJUTOTIMHO3EMHBIX paciuiaBoB. (CBOWCTBA UM CTPOCHHE
JIEKTPOJIUTOB U TEPMOJMHAMHUKA OCHOBHBIX pPEaKIMil Ha anekTpoaax. OCHOBHbBIE IUATPaMMBI
cocTosiHUS. MexaHu3M KaTOJHOro Mpoliecca, MOBEICHUE HATPUS B KaTOJHOM pa3psije, KaTOIHBIMN
BBIXOJ 10 TOKY. AHOIHBIN mpouiecc. [loTeHmanonpenensomue peakiiu, COCTaB aHOJHBIX Ta30B,
CBSI3b C KaTOJHBIM BBIXOJIOM MO TOKY. Pacxon yriepona, CBsi3b ¢ aHOIHBIM MEPEHANPSIKEHUEM.
AHoaHbIN 2P QeKT, MoBeeHHE TPUMECe U J0OABOK B JIEKTPOIIUTE.

TexHomoTust  DJIEKTPOIUTHYECKOTO TOJY4YeHHS amtoMuHus. OnucaHue KOHCTPYKIUU
AIEKTPOIM3EPOB U CPAaBHEHUE UX TEXHUYECKUX JaHHBIX. HOBbIe HampaBieHUs] B KOHCTPYHPOBAHUU
AJIEKTPOJIU3EPOB U CIOCOOBI MX MUTaHUs rIMHO3eMoM. [lyck BaHH, ux obcimyxuBanue. Hapyimenne
HOpPMaJIbHOW PAaOOTBI  DIEKTPOJIU3EPOB. BiusHUE SIEKTPOMAarHUTHBIX CHJI  Ha padoTy
AIIEKTPOJIN3EPOB.

TexHoMOrus: CaMOOOXKUTAIOIIETOCS aHOJa aTIOMUHUEBOTO 3JIEKTpoIn3epa. XapaKTepuCcTUKa
OCHOBHBIX 30H B aHOjIe; TpeOOBaHUs, MPEIBSIBIAEMbIE K TIEKaM U KOKCaM; OCHOBHBIE MPOIIECCHI,
MPOTEKAIOIIME B pa3IMYHBIX 30HAX aHOA; OalaHC yriepoa.

DHepreTU4YecKrue OalaHChl JIEKTPOH3EPOB, CBSI3b MEXAY TUIOTHOCTHIO TOKA U YACIbHBIMU
notepsiMu Teruia. [lmaHUpoBKa 1EXOB 3JEKTPOJIM3a M AJEKTPOJU3HBIX KOpmycoB. ['azoorcoc u
BEHTWISILMS, pereHepanus (ropconeil. TexHuka 0€30MaCHOCTH M OXpaHa OKpPYXKarolled Cpeibl.
ABTOMaTHYECKOE PEryJINpOBaHUE ATFOMUHUEBHIX AIIEKTPon3epoB. Ce0eCTOMMOCTh aTIOMUHUS U €€
ananu3. [OCT Ha anroMUHMIA.

DnekTpoiauTnueckoe paduHupoBaHue amoMuHus. CBOWCTBA M TMPUMEHEHHE aJTIOMUHUS
BBICOKOM YHCTOTBHI. T€OPHS U TEXHOJIOTHS TPEXCIONHOIO METO/1A, TyTH €€ COBEPILICHCTBOBAHUS.

HoBrle HampaBieHHs B MONy4eHHH alOMHHHS. (DHU3UKO-XMMUYECKHE OCHOBBI BBHITUIABKU
ATIOMUHHEBO-KPEMHHUEBBIX CIUIABOB U3 PY/A: TEPMOJIMHAMHUKA MPOIECCOB BOCCTAHOBIEHHUSI OKCHIOB
ATIOMUHHUS U KPEMHHS YIIEpOJAOM, pOJIb HHU3IIMX OKCHJIOB allOMUHUSA M KpeMHHus. TexHuka
ANEKTPOTEPMUUYECKOTO TIONYUYCHHsI CIUIAaBOB ANIOMHUHHUS M KPEMHHUS: TOATOTOBKA IIHUXTHI,
XapaKTEPUCTUKA 3JIEKTPOIICUEH.

MeTtamtyprust BTOpUYHOTO TFOMUHHUS. TE€XHOJIOTHS TIOJTOTOBKH JIOMa U OTXOJIOB K IIJIABKE.
[InaBka aqrOMUHUS U €TO CIUIAaBOB B DJEKTPUUECKHUX U IJIAMEHHBIX OTPa’KaTENbHBIX medax. Poib
GII0COB TIpU TUTABKE OTXOJOB M JIoMa aliOMUHUS. Mertoasl padWHUpPOBAHUS paciuiaBa OT
HEeMeTaJuInueckux 1 Metauindeckux npumecein. 'OCTbI Ha altOMUHUEBbBIE CIUIABBI.

DHepro3aTparsl Ha TPOU3BOACTBO ATFOMUHUS U BEIOPOCHI B OKPYXKAIOIITYIO CPETY.

4.8. TexHOJIOTHs MPOU3BOJCTBA PEAKUX U PAINOAKTUBHBIX METAIIOB

TyromiaBkue peKue MeTaIbl

Bomehpam u monmubOneH. DU3HKO-XMMHUYECKHE OCHOBHI MHPOMETATYPTHYECKAX U
THJIPOMETAJUTYPIrMYECKUX CHOCOOOB PAa3IOKEHUS] PYAHBIX KOHIEHTPATOB, WX KPUTHUECKOE
COIIOCTaBJICHNE, HOBbIE HAIIPABICHUS TEXHOJIOTUHU. TeopeTuuecknue OCHOBBI M MPAKTUKA IPOLECCOB
IPOM3BOJICTBA YUCTHIX TPEXOKCHA0B MOIHOACHA 1 BOJb(pama.

Hcnonb3oBaHue HMOHOOOMEHHBIX U OSKCTPAKIMOHHBIX IPOLECCOB B TMIPOMETALTypruu
BoibppamMa u MonubaeHa. Cxembl KOMIUICKCHOM NepepaboTKH  BOJIb(paM-MOIUOIEHOBBIX



KOHIeHTpaToB. CriocoObl oT/IeneHust MoanbaeHa oT Boibdpama. [lonyTHoe u3BIeUeHNE PEeHUS TIPU
nepepadoTke  MOJUOJCHOBBIX  KOHILIEHTpAaToB.  TexHojorus  mepepaboTKH  BTOPUYHOTO
BOJIL()PAMOBOTO ¥ MOJIUOJICHOBOTO CHIPBS.

TepMoauHaMyKa, KHHETHKA W MEXaHM3M BOCCTAHOBIICHHS TPEXOKCHIOB Bosib)pama u
MoOJIMO/IeHa BOJIOPOAOM, MpakTuka mporecca. OCHOBBI MPOU3BOACTBA KOMIAKTHBIX BOJb(Gpama U
MOJIMO/ICHa METOJIOM MOPOIIKOBOH METAJUTyprHHM W TUIABKOW (IIyrOBOM, 3JEKTPOHHO-TYYEBOM).
Bnusnue npumeceil Ha cBoiicTBa MeTa/uioB. BapuaHThl mpolieccoB moiydyeHHUs Bojdbdpama u
MOJMO/IeHa BOCCTAHOBJICHHEM TaJIOTEHUIOB. METOIbI MOTyYeHHsI MOHOKPUCTAJUIOB BOJIb(ppaMa U
MonubaeHa. TexHuka 6€30MacHOCTH U OXpaHa OKPYKarouleil cpebl.

Tantan u HHOOHMI. O630p U COMOCTaBIEHUE CIOCOOOB PA3IOKEHHS PYJHBIX KOHILIEHTPATOB
pPa3IMYHOTO THMA (TAaHTAIUT-KOIYMOHT, JIONAPUT, HHUPOXJIOp). DHU3HKO-XMMHUYECKHE OCHOBBI
npoueccoB. ComocraBieHUE XJIOPHOM M Cyab(aTHOM TEXHOJOTMM KOMIUIEKCHOW mepepaboTKu
nonaputa. OCHOBBI CITIOCOOOB pa3/ieNieHHs TaHTala U HUOOUS.

O0630p U comocTaBiieHUE CIOCOOOB MPOU3BOJACTBA TaHTaNa U HHOOUS. DUIUKO-XUMUYECKUE
OCHOBBI METAJIJIOTEPMHUECKOI 0, KAPOOTEPMHUUECKOT0 U JIEKTPOJUTHUECKOr0 cr1oco0oB. [Tomyuenue
TaHTaJla ¥ HUOOUA BOCCTAHOBJICHHEM XJIOPUIOB. DHU3UKO-XUMHUYECKHUE OCHOBBI Pa3TUYHBIX
CHIO0CO0OOB MPOM3BOICTBA KOMITAKTHBIX TAaHTAJIA M HUOOHSL.

Tutan, wuupkonuid u rapuuidl. OCHOBBI COBPEMEHHOW TEXHOJIOTUHM IPOU3BOICTBA
YeThIPeXXJIOpUcTOro THTaHa. O030p M COMOCTaBIIEHHE CHOCOOOB IMOJyYEHHs] HMCKYCCTBEHHOTO
pyTHJIa U3 WIbMEHUTOBBIX KOHIIEHTPATOB.

OU3NKO-XUMUYECKHE OCHOBBI ~ CIOCOOOB  BCKPBITHSI  LIUPKOHUEBBIX  KOHIIEHTPATOB.
O6ocHoBaHMe BbIOOpa CIOco0a BCKPHITHS B 3aBUCHMOCTH OT TPEOYEMBIX KOHEUHBIX MPOJYKTOB.
Crioco0b1 pa3eneHust TMPKOHUS U radHus.

KomruiekcHoe ucnoib30BaHuE TUTAHOBOTO M LIUPKOHUEBOTO CHIPHS.

OO0mwmit 0630p crocoOOB MOTYYECHUSI TUTAHA U IIUPKOHUS C YIETOM OCOOCHHOCTEH CBOICTB
STUX METAJLJIOB.

DU3NKO-XUMUUECKHE CBOWCTBA M TMPAKTUKA MAarHUUTEPMHUYECKOTO CIoco0a MpPOU3BOJICTBA
TATaHa W UUPKOHUS W3 ATUX XJIOPUIOB. BapuaHTbl HATPUHTEPMUYECKOTO BOCCTAHOBIICHUS
YeThIpeXxXJIOpUucToro THUTaHa. ComocTaBieHHE MAarHUHTEPMUYECKOTO M HATPUHUTEPMUYECKOTO
HPOIIECCOB. DIEKTPOIUTHUECKHUI CITOCOO MOTYyUeHUs IUPKOHHUSL.

DneKkTponuTHIeckoe papuHupoBaHue TuTaHa. OCHOBBI HOAMIHOTO crioco0a padUHUPOBAHUS
TUTaHA U HUPKOHUS.

[Tpon3BOACTBO KOMIAKTHBIX TUTaHA U IIMPKOHUSI METOJIOM TLJIABKH.

[TopouikoBast METAJTyprusi TATaHA U UPKOHUSL.

TexHuka 0€30aCHOCTH M OXpaHa OKPY’Karollel Cpe/bl B IPOU3BOJICTBE TUTAHA U IIUPKOHUS.

Paccesnnbie peakue MeTauibl

OOmiass XapakTepUCTHKAa pPACCEIHHBIX PEIKUX METalIOB, HCTOYHUKOB HX IOJyYEHHUS.
OKOHOMHMYECKOE 3HAUYEHHE KOMIUIEKCHOCTH HCIIOJIb30BaHUSl ChIpbA. TEXHOJOTHsS MOMYTHOIO
U3BJIEYEHMS] TaUIMsg B MPOU3BOJCTBE TJIMHO3EMa, MHIUS MPH mepepaboTke Cyab(OUIHOTO ChIPhS
[[BETHBIX METAJUIOB, T€PMaHUs MPHU MepepadbOTKE METHOTO CHIPbS U YIJIeH, PEHUS B IPOU3BOJICTBE
MeIu U MoJInOIeHa.

Penko3eMenbHbIe U paJuOAKTUBHBIE METAJLIBI

OCHOBBI IIPOLIECCOB MOJIYUYEHHUS PEIKO3EMEIbHBIX METAJIJIOB BBHICOKOW YMCTOTHI. BapuaHTbI
TEXHOJIOTHYECKHX CXEeM TepepabOoTKH MOHOIUTOBBIX KOHIIEHTPATOB C IMOJIYYCHHUEM COEIUHEHUN
pEeNKO3eMeNbHBIX METaIOB U Topusl. TexHosorus nepepaboTKu APYTrUX BUAOB PEAKO3EMEIBHOTO
ChIpbsi (0acTeH3UT, UTTpomapu3uT, jomnaput). OCHOBBI CIOCOOOB pa3feNeHusl PelIKO3eMEeTbHBIX
METaJIJIOB U TOPUSL.

OcHOBBI M anmaparypa NpOLIECCOB BBIIIEIAYMBAHUS ypaHa W3 PYAHOTO CHIPbS JUISl HX
ocymiecTBieHus. IoHOOOMEHHbIE U HKCTPAKIIMOHHBIE CIIOCOOBI M3BJICYEHHUS M KOHIIEHTPUPOBAHUS
ypaHa B pacTBOpax, BbIAEIEHUS YUCTHIX COeAMHEHHI. OCHOBBI TEXHOJOTUH MPOU3BOJACTBA ypaHa
MeTalioTepMuueckuMu Metogamu. [1naBka ypana. TpeGoBaHus K YUCTOTE ypaHa, UCIIOJIb3yEMOT0 B
aTOMHOU TexHuke. TexHuka 0e30MacHOCTH U OXpaHa OKPYKAIOIICH CPe/Ibl.

Jlerkue penkve MeTaibl



bepumnmmii. ®U3NKO-XMMHUYECKHE OCHOBBI TEXHOJOTHHM TEpepadOTKH  OepHIIITMEBBIX
KOHIIGHTPAaTOB MO cyiabhaTHOH U ¢ropunHoii cxemaM. CrocoObl MOJMYYEHHS YHCTOTO OKCHJIA
OCpWILITUS U TAIOTCHHUIOB OCPUILITHSI.

MeTamioTepMHUECKHe U 3JCKTPOTEPMHUYECKHE  CIIOCOOBI  TONydeHHs  Oepuiuius,
TUCTWUISIIUOHHBIE M DJEKTPOJUTHYECKHE Tpolecchl ero padunupoBanus. IIpousBoactso
KOMIIAKTHOTO OepHILIHSL.

Jlutuii. OCHOBBI TEXHOJOTHH MPOU3BOJICTBA COCAMHEHUMN JINTUS U3 JTUTHEBBIX KOHLIEHTPATOB
(ciorymeHa, JICTIHI0JINTA).

OU3NKO-XUMUYECKUE OCHOBBI TIPOIECCOB TMOJYUYEHUS JIUTUSA DIIEKTPOJIU30M, BaKyyM-
TePMHUECKUM cr1oco6oM. CriocoObl papuHUPOBAHUS JIUTHUS.

TexHuka 0€30MacHOCTH B MPOU3BOJICTBE OCPHIUIHSA U JIMTHS U OXpaHa OKPY>KAOLIECH CpeIbl.
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4. YCJIOBUA JOITYCKA K OK3AMEHY

AcnupaHTaM JUI CIa4d KaHIUIaTCKOTo 3k3amMeHa Heooxoanmo noaats 3ASIBJIEHUE B otnen
acnupaHTypsl. Ha konuu 3as1BJIeHUs JOJKHO OBITh COrylacke PyKOBOAUTENs acnupaHTa. K sx3ameny
JIOTTYCKaeTCsl aClUPaHT, MOATOTOBUBILNI AUCCEPTALIMIO U aBTOpedepaT JuccepTaluy.

S. [MPOLEAYPA ITPOBEAEHMA SK3AMEHA

HOI[FOTOBKa IMUCbMCHHOI'0O OTBETAa ACHHPAHTOB OCYHICCTBIACTCA B YCTAHOBJICHHBLIC
pacmucaHueM JaThl U BpeMs B yueOHOU ayauTopuu Kadenpsl. ACIMUPAHTY BBLAAETCSA CIydalHBIN
owret. B cocTaB 3x3aMeHaIMOHHOTO OWIIeTa BXOAST 3 BOIPOCA:

[TepBerit Bompoc u3 pazgena «TEOPUSA TTPOLIECCOB TIPOU3BOACTBA YEPHBIX,
IBETHbLIX 1 PEAKNX METAJIJIOB».

Bropoit Bompoc u3 pazmena «TEXHOJIOTMYECKHME OCHOBBI IIPOLIECCOB
I[MPON3BOJACTBA YEPHBIX, IIBETHBIX U PEAKNX METAJIJIOB».

Tpernit Bompoc sBIseTCS JONOJHUTENBHBIM. OH CBA3aH C TEMOW JHCCEPTALMOHHOTO
UCCIIEIOBAaHMS U BBIOMpACTCS KOMHCCUEH M3 OCTABIIMXCS pa3zesioB MIPOrpaMMbl, BOIPOC 3a1aéTcs
nociie 00CyX AeHHs TEMbl Hay4HOI pabOTHI.

Bpewmsi, oTBeZiIecHHOE Ha TUCEMEHHYIO TIOJTOTOBKY OTBETOB — 60 MUHYT.

ITocne muCEMEHHON MOATOTOBKM KOMHCCHS BBICIYIIMBAET OTBETHI acnupanTta. Ha orBeT mo
KaKIOMY BOIIpOCy mpefocrasisercs 10 10 MUHYT, IOce 4ero Kakbplid 4jIeH KOMUCCUH 3a1aET HE
MEHEEe OJIHOTO JIOMOJIHUTENIBHOTO Bompoca. [Ipociymias OTBETh Ha BONIPOCHI B OUJIETE U HA OTBETHI
Ha JIOTIOJTHUTENIbHBIE BOIPOCHI, KOMUCCHSI BBICTABIISICT OLIEHKU MO KPUTEPHUSM YKa3aHHBIM B TaoO. 1.
[To kaxxgoMmy Bompocy M3 OusieTa KOMHCCHS BBICTABISI€T OJHY OILIEHKY. MToromas oreHka
OTIpeNIeNAeTCs CPEIHUM apU(PMETUYECKUM IO 3 OI[EHKaM 33 OTBETHI.



Tao0muma 1

IToxka3zarean

Kpurepun ouneHuBaHusi

1. ITomnora oTrBera

BricraBnsiercs 6ami, COOTBETCTBYIOUIHMIA OTHOMY U3 KPUTEPHUEB:

3 Oata — pa3BepHYTHIH U ITOJHBIN OTBET HA BOIIPOC;

2 Oamia — B LEJIOM TNPaBWIBHBIA OTBET HAa BOMNPOC, HO C OMIMOKaMH B
U3JI0’KEHUN OT/ACTBHBIX OJI0KEHHIA;

1 6anm — OTBET COAEPIKUT TPyObIe OMNOKHY;

0 6asI0B — HET OTBETA Ha BOIIPOC.

2. OTBeTHI HA
JIOTIOJIHUTEIIHLHBIE
BOIIPOCHI

3amaroTcs  JOMOHHUTEIBHBIC BOIPOCHI, IPEANONATAIONINX KOPOTKHE
OTBETHI. BrIcTaBisieTcst 0a1, COOTBETCTBYIOIINN OJTHOMY U3 KPUTCPHUEB:
2 baJina — JTaHbBI BEPHBIC OTBETHI HA BCE BOIIPOCHI;

1 Gamnn — maHbl BepHBIE OTBETHI Ha 1 Botpoc u Ootee;

0 Gayuta — HET BEPHBIX OTBETOB.




