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Llenpio M3y4yeHHUS AUCUUIUIUHBL «Memannypeusi 4epHbuiX, YBEMHbIX U PEOKUX MEmAallos»
ABIISIETCSl YIIIYOJIEHHOE W3Y4YeHHE TEOPUU U TEXHOJOTHUH METaJUIypruu YEpHBIX, LBETHBIX U
PEIKHX METAJJIOB, B T.4. (POPMUpPOBAHHME MPEACTABICHUN O CTPOCHUH U CBOWCTBaX METAJIOB B
Pa3IUYHBIX COCTOSIHUSIX, CHOCO0ax MOJIydeHUs, MepepaboTKH, Mpoleccax, MPOUCXOAAIIUX Ha
Pa3IMYHBIX CTAIUAX METAJUTYPIrHUECKOTO MPOU3BOICTBA, OCOOCHHOCTSX MepepaboTKH METALIOB.

Tembl, H3y4yaeMble B IpOrpaMmme Kypca:

/1 HanMmenoBanue TeMbl

TepMmonnHaMuyeckasi CUCTEMa U TEPMOJAMHAMUYECKHE TapaMeTPhl
Kunetnka MeTajutypruueckux peakium

CtpoeHue u CBOMCTBA )XUAKUX METAILIIOB

i
1

2

3

4 CrtpoeHue XUIKUX [IJIaKOB
5) OCHOBBI IPOIIECCOB BOCCTAHOBIICHUS

6 HayrnepoxuBanue s35memeHTOB. [Iponiecchl B3auMOIECTBUS B CUCTEMaxX MeTaI—IUIaK.
7 [TapuuanbHble 1 UHTETpAIbHBIE TEPMOJAMHAMUYECKUE XapAKTEPUCTUKU

HpOI/ISBOI[CTBO MNEPBHUYHOIO0 MCTAJIJIa B TCXHOJIOTUH MTPOU3BOJACTBA YCPHBIX MCTAJIJIOB.
HOI[FOTOBKa CBIPBA K ITJIaBKCE.

9 IIpou3BOACTBO YyryHa B JIOMEHHBIX I1€4ax
10 |Metamnyprus cranu. OUrIeHne OT TPUMECEH.

11  |Packucnienue cranu

12 I"a3b1 B cTasmm u MeTo161 0OPHOBI C HUMU

13 | KucmopoaHo-KOHBEPTEPHBIH TIpoliece

14 | DnexktpocranemniaBuiIbHOE IPOU3BOJICTBO

15 |Teopwus u nmpakTHKa BHENEUHOW 00pabOTKU CTAITN

16  |IIpousBoacTBO ¢eppocIIaBoB

17 | TexHonOrHs MPOU3BOACTBA TSKEIbIX [[BETHBIX METAIIIOB

18 |IlepepaboTka METHBIX Py U KOHIICHTPATOB

19 |IlepepaboTKka HUKENEBBIX Py U KOHIICHTPATOB

20 | TexHosorus MpOU3BOJICTBA 30J10Ta, cepedpa U METAIJIOB IVIATUHOBOM TPYIIIIBI
21 |Ilomy4yeHue mMaraus

22 |IlonydeHue amOMUHUS

23 | TyromnaBkue peakue Metamibl. Boasppam u MonubieH.

24 | TyrommaBkue peKue METAJIbL. TaHTad i HUOOUH.

25 | TyrommaBkue peaKkue MeTalIbl. TUTaH, TUPKOHUHN U TadHMIA.
26 | PaccesiHHBIC peIKHE METAIIBI

27 Penko3zeMenbHBIE METAILIBI

28 [TepepaboTka CBUHITOBBIX U IIMHKOBBIX KOHIIEHTPATOB




KoHnTpoJbHbIE BOIPOCHI K co0eceT0BAHUAM

CobecenoBanue 1 (temsbl 1-5). KOHTpOJIBHBIE BOIPOCHL:

=
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10.

TepMoauHaMuKa CIUIaBOB.

PactBOpBI ra3oB B MeTaJIaX.

OO01mas xapakTepuCTHKA IeTEPOTCHHBIX METAILTYPTHUECKUX PEAKIIHIA.
brr3ocTh CBOMCTB XHAKUX METAIIJIOB TIPH HEOOIBIINX TIEpErpeBax Hal JIMHUEH
JUKBUAYC K CBOMCTBaM METAJVIOB B TBEPJOM COCTOSIHUH.

Xumudeckue U GU3NIeCKrue CBONCTBA ITUTAKOB.

OCHOBHOCTB U CITOCOOBI €€ BhIpakeHUs. [IoHsTHE eMKOCTEH IUTaKOB.
[ToBepxHOCTHAs 3HEPTUS NPOCTHIX U CI0KHBIX OKCUIAHBIX PACIIABOB.
CTpyKTypa 1 CBOMCTBA OKCUJAOB YEPHBIX, [IBETHBIX U PEAKUX METAJIOB.
Oco0eHHOCTH BOCCTAHOBJICHHSI MOHOOKCHJIOM YIJIEpOia, BOAOPOIOM U TBEPIbIM
YTJIEPOJIOM.

MexaHu3M 1 KHHETHKA MPOLIECCOB BOCCTAHOBIICHHUS.

Cob6ecenopanne 2 (temsl 6-9). KoHTpOIBHBIE BOITPOCHI:

1.
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10.
11.
12.
13.
14.

15.
16.

17.

Cranuu HayriepoKuBaHus

CriocoObI OIIEHKH OKHCIEHHOCTH U OCHOBHOCTH IIJIAKOB.

DIEeKTpONPOBOIHOCTD KHUAKUX METAIIOB U IIJIAKOB.

PaccnauBanue B KUAKUX CyTb(OUIHO-OKCUIHBIX CHCTEMAX.

PacTBOpUMOCTH METAJIIOB U CYIb(PHUIOB B IIJIAKAX.

[TapuuanbHble U UHTETpAIbHBIE TEPMOJIMHAMUYECKUE XapPAKTEPUCTUKH, CBS3b MEKIY
HUMHU, ypaBHeHHEe [ mO6ca—/[rorema.

Krnaccudukanus xene3opyaHbIX MaTepHalioB.

MecTopoxkaeHHsI Pyl YEPHBIX METAILIOB.

OxyCKOBaHHE KE€JIE€30pyAHBIX MaTEPUATIOB.

Arnomepanus xene3Hbix pyl. OU3nKo-XUMHUYECKUE OCHOBBI arjloMEpaLiy.
TexHomorus Npon3BoACTBA OKATHIIIEH. MeTaluTypru4eckue CBOMCTBA OKATHILICH.
JomenHast neub. OCHOBHBIE MTPOLIECCHI.

IIpoueccel BOCCTAaHOBIEHUS B IOMEHHBIX I€Yax.

OcobeHHOCTH BOCCTAHOBJICHHUS B IOMEHHBIX I€4ax Maprasia, Kpemuus, ¢pocdopa,
BaHAIMs, XpPOMa, TUTAHA, CBUHLIA.

HayrnepoxxuBanue xenes3a u popMupoBanue uyyryna. Kauectro uyryHa.
[IInakooOpa3oBaHue B JOMEHHBIX Nieyax. CBOMCTBA 1IIaka. BiusiHue 1M1akoBoro
pexuMa Ha X0 JOMEHHOM IIJIaBKH.

Brenomennast o6paboTka uyyryHa.

Cob6ecenopanue 3 (temsl 10-13). KoHTpOJIBHBIE BOPOCHL:

1.
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~

Okucnenue npuMecen CTaJIeIIaBUIbHOW BaHHBI.

TepmoanHaMuKa pacKUCICHUS CTAJH.

PackucnuTenbHas ciocOOHOCTh OTJENBHBIX PACKUCIUTENEH.

BropuuHoe okucieHne cTanu u MeTo bl OOPHOBI C 3TUM SIBJICHHEM.

CBoiicTBa OCHOBHBIX PACKUCIUTEIICH.

Bogopon B cranu, ero BiusHUE Ha CBOWCTBA CTalll, TOPOKH, BHI3bIBAEMbIE TPUCYTCTBUEM
BOJIOPOJIa B CTAJIM U €0 BbIIECJICHUEM U3 pacTBOpA B OTACIbHYIO (a3zy.

PacTBOprMOCTh BOJIOpO/Ia B Kele3e U CTalld, BIUSIHUE TEMIIEPATYPhI, aNIOTPONUUYECKIX
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IPEBPALICHUIA U XUMHUYECKOr0 COCTaBa Ha pPaCTBOPUMOCTh BOJOPOAA.

8. Ponb popmel cyniecTBOBaHMS BOAOPOAA B IIIJIaKaX, MACCONIEPEHOC €ro B IIUIAKAX.

9. IlpakTuka 00pbOBI C BOJZOPOIOM B CTAIH.

10. A3oT B cTanu, BIUSHHUE a30Ta Ha CIyKeOHbIe CBOWCTBA HU3KOYTJIEPOJUCTBIX CTaJIeH,
CTapeHHe CTAJH U a30Ta, a30T KaK JETUPYIOIIUI 3JIEeMEHT U 3aMEHUTEIb IOPOTOCTOSIINX
KOMIIOHEHTOB CTaJeH.

11. PacTBOpUMOCTH a30Ta B XkKeJle3€ U €ro CIIaBaX, BIMSIHUE Ha Hee TEMIIEpaTyphl U COCTaBa
CILJIaBa.

12. Ilytu oGecrieyeHnst HU3KOTO CO/IEpKaHMs a30Ta B CTaJIH.

13. PeakunoHHasi 30Ha KOHBEpTepa, €e TeMIIEpaTypHBIN pexkuM, 00pazoBaHHe OYpOro JbIMa,
OKHCITUTEIbHBIE MPOLIECCHl B PEAaKIIMOHHON 30HE, POJIb PEaKLIMOHHOM 30HBI B Ipolieccax
[IUTaK000pa30BaHus, TEIJIO00OMEH B PEAaKIIMOHHOMN 30HE.

CobecenoBanne 4 (temsl 15-16). KoHTpOJIbHBIE BOIPOCHKL:

1. HepaBHOMEpHOCTb cOCTaBa M TeMIEpPaTyphl METallIa B KOBLIE.

2. CnocoObl TOMOT€HW3allMM MeTajula: MpOoJyBKa aproHOM U  3JIEKTPOMarHUTHOE
nepeMenuBaHue.

3. Tlpomuecchl necynbdypannu u gegochopannuu CTaim.

4. BrnusHUe BaKyyMUPOBaHUS Ha Ka4eCTBO CTaJIH.

5. TlonsTHE «uMCTasA CTANIBY.

6. HambGosnee  ompoOOBaHHBIE M TEPCIEKTUBHBIE  BAapHAHTHI  HENPEPHIBHOTO
CTaJICTNIAaBMIIBHOTO TTpoIiecca.

7. CoBpeMEHHOE COCTOSIHHE M MEPCHEKTUBBI pa3BUTHS (HeppOCIUIaBHON MPOMBIIIIICHHOCTH;
KJ1accu(uKaIus MpoLeccoB NOIy4YeHus: GeppOCIIaBOB.

8. AzoTHpoBaHHBIE ()EepPPOCILIABI.

CobecenoBanue 5 (TeMbl 17-19) . KoHTpoJabHBIC BOMPOCHL:
1. OOumme mpUHIUIIBI U3BICUCHHSI MU, HUKEIIS, CBUHIIA, [IMHKA U3 Pyl U KOHIICHTPATOB.
2. OcHoBHbIE cTaauMu (HOPMHUPOBAHMS METAUTYPrHUECKUX paciiaBoB (IIJIaka, MITEHHA,
ITIEH3HI).
OtpakaTenpHas TUIaBKa MEIIU, €€ Pa3HOBUIHOCTH, Y/ICIbHBIN BEC B TIPOU3BOJICTBE ME/IH.
HoBble HanpaBIeHHS B METAJUTYPTHHA MEJIH.
ABTOTEHHBIE MTPOIECCHI B METAILTYPTUH Mean. X mpenmymiecTBa M HeJJOCTaTKH.
IM'mapomeramnyprust Mmeau.
[IlaxTHas MIaBKa OKUCICHHBIX HUKEIEBBIX PYII.
CoBpeMmeHHBIE cIOCOOBI TEpepadOTKH KOHBEPTEPHBIX MUIAKOB B LENSIX HM3BJICYCHUS W3
HUX KoOanbTa.
9. Cxema Mpou3BOJICTBA METAJLTYPIrHYECKOTO KOOAIbTA.
10. T'mapomeTamryprudeckue ¥ KOMOWHHUPOBAHHBIE CIOCOOBI KOMILIEKCHOW MepepadoTKH
OKHCJICHHBIX HUKEJIEBBIX PY/I.
11. Meroapl TMONy4YeHHS HUKENS M KOOambTa W3 PACTBOPOB; JIIEKTPOIU3, BOJIOPOIHOE
BOCCTaHOBJICHHUE.
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CobecenoBanue 6 (tema 20) . KoOHTpOJIbHBIE BOIPOCHL:
1. CoBpeMeHHOE COCTOSIHHE ¥ OCHOBHBIC 3TAIlbl PA3BUTHSI TIPOM3BOACTBA 30JI0Ta, cepedpa u
METAJUIOB IJIATUHHOBOW TPYIIIIBL.
2. U3BnedeHue O6JaropoJHBIX METAJUIOB aMalbraMariuei.




3.
4.

TeopeTrndeckue OCHOBBI M TEXHOJIOTHSI ITPOIIECCA IIHAHUPOBAHUSL.
Addunax 30m0ta, cepedpa 1 METAIUIOB IJIATUHOBOW TPYIIIIHL.

CobecenoBanue 7 (temsbl 21-22) . KOHTpOJBHBIE BOOPOCHI:

1.
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10.

CBoiicTBa M MpUMEHEHNE MarHus. XapakTepUCTHKA UCXOAHBIX MaTepHasoB.

Teopust 1 TEXHOIOTHS MOTY4YEHUSI O€3BOAHOTO XJIOPUCTOTO MarHusi U OMHO(UTA.
DNEKTPOTUTUYECKOE TOTyYeHUE MAarHUs.

Pa¢punnpoBanue MarHus-ceIpIia MeperuIaBkoi ¢ (arocamu.

CBoiicTBa aJlOMUHUS U CIUIABOB HA €r0 OCHOBE, MaciTaObl MPOU3BOJACTBA M 00JaCTH
PUMEHEHHS.

OCHOBHBIE PYy/Ibl ATFOMHHUS.

[MpuHIMMManEHAS TEXHOJIIOTUYECKas cxeMa criocoOa baiiepa.

[Tonmy4yeHue raMHO3EMa CIIOCOOOM CIIeKaHuUs U3 OOKCHUTOB.

XapakTepucTHKa alyHUTOBBIX pyA. IIpuHIMNuanbHas TEXHOJIOIMUYECKas cxema crocoda
nepepadoTKH aTyHUTOBBIX PYJ BOCCTAHOBUTEIbHBIM O0KUTOM C BETBBIO CIIEKAHHUS.
HoBble HanpaBieHHs B OJIYYEHUN AJIFOMUHUSL.

CobecenoBanue 8 (TeMsbl 23-25). KOHTPOJILHEBIE BOIPOCHI:

1.
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12.
13.

14.

Teopernueckne OCHOBBI M TPAKTHKA MPOIECCOB IMPOU3BOJCTBA YHCTHIX TPEXOKCHJIOB
MosO/1eHa 1 Bosib(pama.

CxeMbl KOMITJIEKCHON TIepepaboTKH BOIb(HpaM-MOJINOIEHOBBIX KOHIICHTPATOB

. CiocoOsI oTACIeHHs] MOJTUOACHA OT BOJTb(pama.

[TomyTHOE M3BJICYUCHUE PEHUS TIPU TIepepaboTKe MOJIMOICHOBBIX KOHIICHTPATOB.

MeTo/ 16l TOJTyYeHNsI MOHOKPHUCTAJLIOB BOJIb()pamMa U MOJIMOIeHA

OcCHOBBI CTIOCOOOB pa3/IesIeHHs TAHTAJIa 1 HUOOMS.

CriocoObI TPOM3BOICTBA TAaHTAIA U HUOOUSI.

HOHY‘-IGHI/IG TaHTaJIa U HI/IOGI/I}I BOCCTAaHOBJICHUEM XJ'IOpI/I,Z[OB.

OCHOBBI COBpeMeHHOﬁ TCXHOJIOTUHAU HpOI/IBBOI[CTBa ‘IeTBIpeXX.HOpI/ICTOI‘O TUTAHA

. O0630p U comocTaBiIeHUE CIIOCOOOB MOTYyYSHHS UCKYCCTBEHHOTO PyTHIIA.
. DU3UKO-XUMHYECKHE OCHOBEI CIIOCOOOB BCKPBLITUA HTHUPKOHUCBBIX KOHIICHTPATOB.

ObocHoBanmne BbIOOpa crioco0a BCKPBITHS B 3aBUCUMOCTH OT TpeOyeMbIX KOHEUHBIX
IPOIYKTOB.

CriocoObl pa3aeneHus HUPKOHUS U TadHus.

CriocoObl MoNydeHUs TUTAaHA M LUPKOHUS C YYETOM OCOOCHHOCTEH CBOWMCTB ATHX
METaJUIOB. DIEKTPOJIUTHUECKUH CTIOCO0 MOTy4eHHs LIUPKOHUSI.

[TopoukoBast MeTaUTYprusi TUTAHA U [IUPKOHMUSL.

CobecenoBanue 9 (temsbl 26-27). KoHTPpOJILHBIE BOOPOCHI:

1.
2.

OGH_[aSI XapaKTCPUCTHUKA PACCCAHHBIX PCAKHUX MCTAJIJIOB, UCTOYHHUKOB UX NOJYUCHUS.
TexHoorus IOIMMYTHOT'O M3BJICHCHUSA TalllIid B IMPOU3BOACTBEC I'TIMHO3EMA, MHAHUA IIPU

nepepaboTke CyIb(UAHOTO ChIPbs IBETHBIX METAJNIOB, TepMaHUs MPHU MepepadoTKe METHOTO
CBIPBS U YIJIeH, peHuUs B TPOU3BOJICTBE MU U MOJIUO IeHA.

3.

OCHOBEI IMPONHECCOB MOJIYYCHHA PCAKO3EMEIIBHBIX METAJIJIIOB BBICOKOM YHMCTOTHI.

Pedepar o teme 14 — «DinekTpocTanemiaBuiabHOE TPOU3BOIACTBOY

Tewmsbl pepeparos:

1. CoBpeMEHHOE COCTOSIHUE U IEPCIIEKTUBBI Pa3BUTHUS AIEKTPOCTAJIEIIIABUIILHOTO
IPOM3BOJICTBA.

2. COBpeMeHHBIe MCTOABI NPOBCACHUSA BOCCTAHOBUTCIILHOI'O IICPUO/JIa B OCHOBHOMH II€YH.



3. Meponpusatus 1o 0XpaHe OKpPY’KaroLEed NpUPObl B AIEKTPOCTANIEIIABUIIBHOM
IIPOU3BOJICTBE.

4. aTencuukanus TEXHOJIOTHYECKOT 0 Ipoliecca MPH OTKPHITON U BaKyyMHOU
MHIYKIIMOHHBIX IUIaBKaX.

5. TexHonorUs BHIIIJIABKY TPYOHBIH cTasieit

Pedepar mo Teme 28 — «IlepepaboTka CBUHIIOBBIX M IMHKOBBIX KOHIICHTPATOBY
Tewmsbl pepeparos:
1. DKonmoruvecKue acreKThl OCBOSHHUS HOBBIX CBHHIIOBO-IIMHKOBBIX MECTOPOKICHUI
2. 'mapomeTamypruieckue Crioco0bl IepepadOTKN CBHHIIOBBIX KOHIICHTPATOB
3. IlepepaboTka komuiekTuBHBIX Cu—Pb—Zn-koH1ienTparon
4. DKOJOTHYHBIE TEXHOJIOTUN TIEpEpaOdOTKU IIMHKOBBIX KOHIIEHTPATOB

Pedepar nomxken O6bITh 0)OPMIIEH B COOTBETCTBUU C TPEOOBAHUSIMH, MPEIBSIBISIEMBIMU K
HAYYHBIM CTAThsSIM (TIPEXKJIE BCETO ITO OTHOCHUTCS K 005S3aTeIhbHOMY ITUTUPOBAHUIO, CCHUIKAM Ha
JUTEPaATypy ¢ TOYHBIM yKa3aHUEM MCTOYHUKOB, B TOM YWCJIC HHTEPHETHBIX, U CTPAHMII B CITydae
MPSIMOTO ITUTUPOBAHUS, HE COICPIKATH TIJIaruaTa).

Tema pedepara Beinaercs npenogasateneM. [Ipu Hanucanuu pedepara cieqyer UCXOIUTh
W3 TOTO, YTO OH MPEACTABISIET CO00HM yueOHO-HCCIENOBATENhCKYIO padoTy, TJIAaBHOW 3amadei
KOTOpPOH SIBJSICTCS W3YyYECHHWE JIUTEpaTyphl IO TOM WJIM HWHOW TEME M OCHOBATEIIbHOE
03HAKOMJICHHE ¢ KOHKPETHOU MTPOoOIeMOii.

ABTOp pedepaTa OKEH MPEXJIE BCEro pazodpaThCs B CYIIECTBYIOUICH JIUTEepaType Mo
BOIIPOCY, BBIICIMTH OCHOBHBIE MOJXOIBl K PEIICHHIO TOCTAaBICHHON NpOOJIeMbl, OCHOBHBIC
TOYKH 3pEHHUs Ha HE€, MPUBECTU apTyMEHTAIIMI0 aBTOPOB WJIM CTOPOHHHUKOB TOTO WU HHOTO
peleHus Bompoca.

OO6s3arenbHbIE COCTaBHBIEC YaCTH pedepaTa:

1. TUTYNbHBIN JHCT.

2. OrnasieHue.

3. Beenenue.

4. OCHOBHas 4acThb.

5. 3akmroueHue.

6. Criucok nureparypsl.

OO0pa3el TUTYIBLHOTO JTUCTA IPUBOIUTCS Aajiee B MPUIIOKEHHUH 1.

B ornaBneHunm mepednciSIOTCS Ha3BaHUS BCEX CTPYKTYPHBIX YacTel pedepara ¢
yKa3aHUEM COOTBETCTBYIOIIMX CTPAHUI], HA KOTOPHIX HAYMHACTCS M3JI0KEHHUE TAHHOTO pa3/ena.

Bo BBeneHuu nomkHa OBITH TMOCTaBi€HA HCXOAHAs MIpobiieMa, pa3bsCHEH €€ CMBICT,
o0ocHOBaHa €€ aKTyalbHOCTb, MepedHClIeHbl OCHOBHBIE 3anaun pedepara. Beé€ nanmbHeiimiee
U3JIO)KEHUE JIOJDKHO OBITh HalleJIeHO Ha pelIeHHe IOCTAaBJIEHHOW BO BBEJACHHUM TJIaBHOU
POOJIEMBI.

B 3axmouennn  ¢GopMyIHpYIOTCS OCHOBHBIE BBIBOJBI (00O0OIIEHUS) W3 NMPOBEAEHHOTO
ananmu3a. CopepikaHue BBIBOJOB JOJDKHO OBITH OOOCHOBAaHO BCEM IPEALIECTBYIOIUM XOJOM
MBICITH.

Crucok nUTEpaTyphl COCTaBJSIeTCSI B COOTBETCTBUM C TPEOOBAHUSAMH  ITOJHOTO
oubmorpaduueckoro omucanus aeictByromero 'OCT (B Tom umcie GamMuius ¥ WHUIIAATBI
aBTOpa, MOJIHOE Ha3BaHHE pabOThI, TOPOJ, U3IATENILCTBO, I'OJl, YKCIO CTPAaHULl U T.1.). B ciyuae
UCIIOJIb30BAaHUsI TEKCTOB, pa3MelEHHBbIX B MHTepHeTe, HeoOXoauMoO yKa3aThb HMs aBTOpa
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MaTepuaia, Ha3BaHUWE MaTepuajia U MOJHBIA ajapec cTpaHuIlbl. lcronb3oBaHue Oe3bIMSHHBIX
MaTepHaJioB HE IOITYCKACTCH.

Ccpuikn Ha HCTOYHHMKHM (OMOIMOrpadus) NOKHBI OBITH JaHBI B BHUJEC MOCTPAHMYHBIX
CHOCOK CO CKBO3HOUM HyMmepalueil. B cHocke (B TOM 4mclie K muTaraM) AaéTcs MOJTHOE OIMCAHNe
UCTOYHMKA (KaK B CIIMCKE JIUTEPaTypbl) € OOA3aTENbHBIM YKa3aHHEM COOTBETCTBYIOLIMX
HOMEpOB CTpPaHUII.

O0BéM pedepara ompenensercs mnpernogaBatenem. IIpudt Times New Roman, pasmep
mpudTta 12-14, uBer — 4€pHbBINA, HHTEpBAT — TOTYTOpHBIN. [loms: cieBa — 3 ¢M, CHU3Y U CBEPXY
—2cMm, cipaBa — 1 cm.

Pedepar nomken ObITH COPOILIIOPOBAH.

[IpoBepka MOArOTOBICHHOTO pedepaTa MPOBOAUTCS MPEMOAABATEIIEM.

KonTposbHbie Bopockl Kk 3auery 1

OO1w1ast xapaKTepUCTHKA FeTEPOreHHbIX METAUTyPrHUECKUX PEaKLUH.
TepMonrHaMuKa MpoOLECCOB IUIABICHUS U KPUCTAJUIN3ALNN.

Teopuu cTpoCHUS IIAKOB.

CrpyKTypa 1 CBOMCTBA OKCHJOB UYEPHBIX, IBETHBIX U PEIKUX METAIIOB

a s wNh e

Oco0eHHOCTH BOCCTAHOBJICHHS MOHOOKCHJIOM YTIIEPOJa, BOJOPOJOM U TBEPIBIM
YIJIEPOJIOM.

Kiaccudukanms sxene30pyIHbIX MaTepruasoB.

JomenHas neub. OCHOBHBIE TPOIIECCHI.

[IInakooOpa3oBaHue B JOMEHHBIX Tleyax. CBOWMCTBA IILJIaKa.

© o N

OkucneHnue npuMecen CTaJIeIIaBUIbHONW BaHHBI.

10. TepMogmHaMuKa pacCKHUCICHHS CTald. PacKucCIHMTeNbHAass CIIOCOOHOCTh OTAEIbHBIX
PaCKHCIIUTEIEH.

11. IIpakTrka 60pbOBI C BOJOPOAOM B CTAJH.

12. ITytu obecrieueHns HU3KOTO COJIEPKaHMS a30Ta B CTAIIU

13. DHepro3arpaTbl M BBEIOPOCHI B OKPYXKAIOIIYIO Cpeoy 3JIEKTPOCTATICTUIaBUIbHBIX
MIPOU3BO/JICTB.

14. TIna3mMeHHass TUIaBKa W IUIa3MEHHO-AYyroBoi meperuiaB. OcoOCHHOCTH TOpPEHHUS
TJIA3MEHHOM TyTH.

15. HauGonee = ompoOoOBaHHBIE M  TEPCHEKTHUBHBIC  BapHAHTBl  HEMPEPHIBHOTO
CTaJICIUTABIIILHOTO TIpoIiecca.

16. BakyymHas niaBka 1 00paboTKa XKHUAKUX (eppoCIIaBOB O] BAKYYMOM.

17. CoBpemennoe COCTOSIHHE u MEPCIIEKTUBBI pa3BUTHUSA deppocriaBHOiA
MIPOMBIIIJICHHOCTH; KJIacCH(PHUKAIUS MPOIECCOB MOMydeHuUs: (eppOCILIaBOB.

18. DHeprozaTparhsl Ha MPOU3BOJACTBO (PEPPOCIIIABOB M BHIOPOCH! B OKPYKAIOIIYIO CPEY.

KoHTposibHBbIEe BOIPOCHI K 3a4eTy 2

1. OGH_II/IG MMPUHIHUIBI U3BJICYHCHUA MCOWU, HUKCIIA, CBUHIIA, [IMHKA U3 PYA U KOHLICHTPATOB



2. HoBble HanpaBiIeHUS B METALTYPTHH MEH

3. CoBpeMeHHbIE CIIOCOOBI MepepaboTKN KOHBEPTEPHBIX IIIAKOB B IIEJSAX H3BJICUCHHS U3
HUX KoOanbTa.

4. TuppoMeTaurypruueckue ¥ KOMOMHHMPOBAHHBIE CHOCOOBI KOMIUIEKCHOM IepepaboTKH
OKHCIICHHBIX HUKEJIEBBIX Py

5. CoBpeMeHHOE COCTOSIHUE M OCHOBHBIE JTAllbl Pa3BUTHS MPOU3BOICTBA 30JI0Ta, cepedpa 1
METAJIJIOB TIATHHOBOM TPYIIIBI

6. CBoiicTBa M MPUMEHEHUE MarHUs

7. HoBble HanpaBiIeHNS B TIOIYYCHUN ATFOMHHUS

8. Cmoco0sl oTaeneHus MoIUOIeHa OT BOJIb(pama

9. Cnoco0bl MPOU3BOCTBA TAHTAIA U HUOOUS

10. O0630p u comocraBiIeHUE CIIOCOOOB MOITYUECHUSI HICKYCCTBEHHOTO PyTHIIA

11. CnocoOsl pa3aeneHus HUPKOHUS U TadhHUS

12. Texnuka 0€30MaCHOCTH M OXpaHa OKpYXKalolmeld cpeapl B IMPOU3BOJICTBE THUTAHA H
IIUPKOHUS

13. OOmast xapaKTepHCTHKA PACCESTHHBIX PEJKUX METAJUIOB, ICTOYHUKOB UX IOJTyYCHUSI.

14. TexHonmorus TONYTHOTO  W3BJICYCHHWS TAUIMA B  IPOM3BOACTBE  TJIMHO3EMA.
DKOHOMUYECKOE 3HAUCHHE KOMIUIEKCHOCTH UCIIOJIb30BaHUS CHIPbSI.

15. OcHOBBI POIIECCOB MOTYUYEHUS PEAKO3EMENIbHBIX METAINIOB BHICOKOM YHCTOTHI

IIpomeskyTOYHAA aTTEeCTALMS - KAHAUAATCKUH IK3aMeH

DopMOIl TPOMEKYTOUHOM aTTECTAMEN MO AUCUUIUIMHE SBIACTCS KaHAUIAATCKUN SK3aMEH IO
HaygHo# criennanbHOCTH 05.16.02 «MeTammyprus 4epHbBIX, [IBETHBIX U PEAKUX METAILIOBY.

B Oumiier kaHIUAATCKOrO K3aMEHa BKIIIOYAeTCs 3 AK3aMEHALMOHHBIX BOIPOCA M3 MPOrpaMMBI
TUCIUIIINHBI «MeTayuryprus YepHbIX, [IBETHBIX U PEIKUX METAIIJIOBY.

JK3aMeHANMOHHbIE BOIIPOCHI

1. Teopemuueckue 0cHO6bl Memanypeuu

1.1. Dusuko-xumuueckue 0CHoBbl MEMANIYPIUUECKUX NPOUECCOB
Cmpoenue sewjecmsa
1. OcnoBel Teopum TBepaoro tena. Kpucramimueckas CTPYKTypa HPOCTBIX M CIOXKHBIX
okcHIHBIX (a3. JleheKTHOCTh CTPYKTYphl KPUCTAJUIOB M €€ BIUSHHE Ha (PU3MKO-XMMUYECKHE
XapaKTEepUCTHKHN BellecTB. BiusHHE OCHOBHBIX KOMIIOHEHTOB METAJUIMYECKOI'O pacillaBa Ha
CBOMCTBA CTaju. [ 'eHe3UC CBOMCTB MeTalIa.
Tepmoounamuyeckas cucmema u mepmoOUHaMudecKue napamempol
2. OYHKUIUU COCTOSHUSA. TepMoIuHAMUYECKOE paBHOBECHE. 3aKOHBI TEPMOJIMHAMHUKH.
3. TepMonnHamMHuuecKue MOTEHLUANbI (BHYTPEHHSASA SHEPI U, SHTANBIINS, SHTPONHSI, U300apHO-
M30TEPMUYECKUM U H30XOPHO-U30TEPMUYECKUN TMOTEHIMaNd). TepMOJAMHAMHUKA CILJIAaBOB.
WneanbHble M peanbHbIE PAacTBOPBL. TepMoIMHAMHUECKas aKTUBHOCTh (BBIOOp CTaHIApTHOIO
COCTOSIHUS, METO/IbI OnpezeseHus, npuMeHeHue). Pacuersl paBHOBecus B pacTBopax. dazoBsie
nepexoasl. Jluarpammbl (ha30BOr0 PpaBHOBECUS [BYXKOMIIOHEHTHBIX CHCTEM. JlMarpaMmbl
cocrosnuit Me-O, Me-S. O0pa3oBanue HOBBIX (a3. PacTBOpsI ra3oB B MeTaax.
4. TepMonuHamMMKa IOBEPXHOCTHBIX sBIE€HUH. [lOBEpXHOCTHOE HATSHKEHHE, METOJbl €ro
omnpenenenusi. CBA3b MEXIY MOBEPXHOCTHBIM HATSHKEHUEM H aJICOPOIUEH.
Kunemuxa memannypauueckux peakyuii



5. OOmiast XapakTepUCTHKAa TETEpOTeHHBIX METAJUIypruuecKux peakuuil. OmnpeneneHue
BOKHECHMIINX KHHETUYECKMX XAPAaKTEPUCTHK: IOPAAKAa PEAKUUM, DHEPIUM aKTHUBALWH,
IIPEASKCIIOHEHIUAIBHOrO MHOKHUTENA. [Ipu3Haku mnmutupyromux craauid. [lonsatue karanusa.
6. TepmonuHaMuKa HEOOPATUMBIX MPOIECCOB

1.2. Teopus nupomemaniypeuuecKkux npoyeccos
Cmpoenue u c8olicmea HCUOKUX Memaiios
7. Kunkoe coCTOsSHHE KaKk TPOMEKYTOYHOE MEXKIY TBEPAbIM W Ta3000pa3HbIM. bimkHuil u
JTAIBHUN TOPSIOK. BIW30CTh CBOWCTB KUAKUX METAUIOB MPH HEOONBIIUX IMEeperpeBax Hal
JUHUEH JIMKBUAYC K CBOMCTBaM METAJJIOB B TBEPAOM COCTOSHUHU. TepMOAMHAMUKA MPOIECCOB
TUTABJICHUS U KPUCTAJUTH3AIIHH.
CmpoeHue HcuoKux wnaxKos
8. Teopuu cTpoeHHs MUTAKOB. XUMUYeckue u (pu3mdeckue cBOMCTBa mutakoB. OCHOBHOCTH U
crocoObl ee BoIpakeHUs. [loHsTHe emkocTed mwiakoB. CrocoObl pacdyera aKTUBHOCTH B
[IJIAKOBBIX CUCTEMAX.
9. INoBepxHOCTHAs YHEPTHS MPOCTHIX U CIOKHBIX OKCUHBIX PaCIlIaBOB.
10. IToBepXHOCTHO-aKTUBHBIE KOMMIOHEHTHI. CTPYKTYpbl KPEMHEKHUCIOPOAHBIX U JPYTUX
CJIOKHBIX AHHOHOB B 3aBUCUMOCTH OT OCHOBHBIX PacIlJIaBOB.
Tsepooghasnvie npoyeccoi
11. OO6mmee nmousTHE O TBEPAO(DA3HBIX MPOIIECCAX U UX PO B METALTYPTrUIECKUX TEXHOJIOTHUSIX.
Toueunbie nedekTsl TBEPABIX Tel. MeXaHuU3M U TepMOJUHAMHKA OOpa30BaHMS TOYEUHBIX
nedexroB. Hecrexmomerpusi KpucTayiioB. TBepable pacTBOpPbl METAIJIOB M OKCHIOB,
U30MOp(]HBIE TPUMECH.
12. JIuddy3us B TBepasix Tenax. TemmeparypHasi 3aBUCUMOCTh K03 duimeHToB nuddys3uu.
Juddy3us kak oxHa U3 cTaAui TBEPA0(]a3HBIX MPOLIECCOB.
13. Teepmoda3Hbie XUMHUYECKHUE PEAKIMU, MX Kiaccuukaims. MeToasl pacuera KOHEYHOTO
COCTOSIHUS. DKCIEPUMEHTAIBHbBIE METOBI H3y4eHUS TBEPA0(a3HbIX MPOLIECCOB.
14, Kunetrnka mporeccoB B TBepAbix Tenax. OOpa3oBaHWE W POCT TOMOTCHHBIX 3apOIbIIICH.
Mogens KoamoropoBa — ABpaamu — EpodeeBa. KuHeTnka reTeporeHHOT0 3apoxIeHus,
mozaenb Mak-Kesana. JInddy3noHHO-KMHETHYECKH pEeXUM pocTa (a3el. YpaBHEHUE
U30TEPMUYECKON KMHETUKH, MOJelb Hnaepa.
15. Peaknuu B TBEpAbIX Tellax MPU B3aMMOJCUCTBHU C BHEIIHEW cpenoii. MHOT03BEHHBIE
nporecchl. CriocoObl onrcanusi. TBepaoe TENO B KOHTAKTE C KUIKOCTHIO HIIU Ta30M.
16. OGmast Teopusi OKUCIMTEIbHO-BOCCTAHOBUTENBHBIX pEaKIHil B TBepAoM Tene. Moaenu
Baruepa. ®epputooOpa3oBaHue B METALIypruyeckux mporeccax. HuszkoremmnepaTrypHbie
npeBpamennss B cuctemMe Fe—O. OOpa3oBaHuEe CIOXHBIX aATIOMOCHIMKATOB, amop(dHbIe
TBEp/bIC TeTA.
17. OcHoBbl Teopum crekaHus. (OCHOBHbIE MEXaHHM3Mbl TBepJA0(a3HOTO  CIICKaAHUSI.
OCOOCHHOCTH CHEKaHHS HBTEKTHUYECKUX cHCcTeM. OCOOEHHOCTH >KUAKO(A3HOTO CIIEKaHUS.
MexaHu3M pacTBOpeHUA-OcaKaeHUs, TUhPy3ust B KUAKOHN dasze.
OcHogbl npoyeccos 60CCMaHOBIEH U
18. CtpykTypa U CBOWCTBAa OKCHJIOB YEPHBIX, LIBETHBIX M PEIKHX METaIOB. TepMoAMHAMMKA
BOCCTaHOBJICHUS OKCUIO0B. OCOOEHHOCTH BOCCTAHOBJIEHUSI MOHOOKCHJIOM YTJIEpOJa, BOJOPOIOM
U TBEpAbIM yriiepoJoM. Peakuus razudukanuu yriaepoaa u ee BIUSHUE Ha BOCCTAaHOBUTEIbHBIE
nporeccbl. OcOOEHHOCTH BOCCTAaHOBJICHHUS 3JIEMEHTOB M3 CIIOKHBIX COCIMHEHUN U PAacTBOPOB.
MexaHu3M U KMHETHKA MPOLIECCOB BOCCTAHOBIICHUS.
19. JlumuTHpyromas ctaaus npouecca. Buemmnsas nudysus raza. Ancopouus. Auddysus raza
B mopax Kkycka. Juddy3us raza uepe3 ciIoM MNPOAYKTa BOCCTAHOBJIEHHUSA. XHUMHUUYECKOE
B3auMoJieiicTBue. 3apojbleo0pasoBaHue. Pexxumbl mporecca BoccTaHOBIeHHsS. Kpurepun
pexuMOB. MaTteMaTHyecKkue MOJENHU IMpollecca BOCCTAHOBIEHHS KYCKOBOTO MaTepuaja ra3om.
Oco0OeHHOCTH BOCCTAHOBJICHHS Ta30M paciiaBa. KHHETHKa BOCCTAaHOBICHHUS TBEPAOTO



MaTepuaiga M paciijlaBa TBEPAbBIM BOCCTaHOBUTENEM. Mertamiorepmus. BinsHue pa3aumyHbIX
(akTOpPOB Ha CKOPOCTh BOCCTAHOBJICHMS.

Hayznepoorcusanue snemenmos

20. lmarpammbl coctosinuss Me—C. AKTHBHOCTBH yriepojia B HAyIJIEPOKCHHOM MeETale.
Craguu HayrnepoxuBaHusl.

IIpoyeccor 83aumooelicmsus 6 cucmemax Memaii—uiak

21. BsA3KOCTh KMAKMX METAJUIOB M CIUIaBoB. [[uddy3noHHass MOABMKHOCTH KOMIIOHEHTOB B
KUJKUX METajulax W CIulaBaxX. BHEmHWA W BHYTpEeHHUH MaccomepeHoc. D(PQPEeKTHUBHBIN H
norpanuyHelii cnoil. KonsektuBHas auddysus B xxuaxoctu. Puzndeckrue CBOWCTBA IUIAKOB

22. Croco0Obl OLIEHKM OKHMCIEHHOCTH W OCHOBHOCTH IUIAKOB. DJEKTPOIPOBOJHOCTH JKUAKHX
METaJUIOB M IIIJIAKOB. SIBIEHUS CMauyMBaHMS M pacTeKaHUs Ha MexX(a3HbIX rpaHunax. OCHOBBI
KWHETHKH OKHMCIUTENIbHBIX mpolueccoB. OkxkuciaeHue yraepona. Oxucinenue cyiabQuaoB Hu
B3auMoJIeiicTBUe W OKCHIOB. PaccnamBanume B KUIKUX CYIb(UIHO-OKCUIHBIX CHUCTEMaXx.
PacTBopuMOCTh META/UIOB U Cyab(UA0OB B HuIakax. KWHETHKa JMKBAIMM HECMEUIMBAIOIIUXCS
das.

23. OCHOBBI MPOIECCOB UCTIAPEHUS U KOHJECHCAITUN

24. OuwncTka MeTaoB pekTUuduKauen. KpucramisanunoHHble METOABI OYMCTKH METAJUIOB

25. Crtpoenue coiield ¢ TPOMEKYTOUYHBIM THIIOM CBSI3H.

26. I11aBKOCTB COJIEBBIX CHCTEM

27. OCHOBHBIE THUIIBI IUarpaMM B OMHapHBIX cucTeMax. Kprockonus pacIuiaBIeHHbIX COJEH.
28. Ilpocreiimme THUMBI IUarpaMM TPOWHBIX cucTeM. TpoifHas cucTeMa ¢ HHKOHTPYIHTHO
IUTABSIIIAMCS JBOMHBIM COCMHEHUEM. TpONHBIE B3aMMHBIE CHCTEMBI.

29. DUBMKO-XMMHUYECKHE CBOWCTBA pacIUIaBICHHBIX coieil. OObeMHBIE CBOICTBA, BSI3KOCTH,
IIOBEPXHOCTHBIE SIBJICHUS, JIEKTPOIIPOBOJHOCTh U IIEPEHOC HOHOB. XapaKTEPUCTUKH 3THUX
CBOMCTB, METOJbl OINpPEACIEHUS, TEMIEPATYpPHbIE W KOHILIEHTPALlMOHHBIE 3aBUCHMOCTH, HX
TPAKTOBKA.

30. TepMonmHaMHUYECKHE CBOMCTBA PACIUIaBICHHBIX COJIEH

31. IlapumanbHble U UHTETPAIbHBIE TEPMOJIUHAMUYECKHE XapaKTEPUCTHKH, CBA3b MEKAY HUMH,
ypaBHeHne ['nb66ca—/lorema. AKTUBHOCTh M KOI(PQUIMEHT AaKTHUBHOCTH, H30BITOUYHbIC
¢ynkuuu. CtaTuyeckue, JUHAMUYECKUE U KUHETHUECKUE METO/Ibl OIIPEIeNICHHs 1aBIeHUs Mapa.
OnpeneneHue napuUUalbHBIX TEPMOJAMHAMUYECKUX CBOMCTB IO pe3ylbTaTaM M3MEPEHUi
EKTPOABIKYIUX CHWJI. XUMHUYECKHE IeNH, HUX KOHCTPYKUMH. XHMHYECKHE LENu C
KaTHOHIIPOBOSIIMMHU CTEKJISSHHBIMU MeMOpaHamu. KoHueHTpauuonHsle nenu, audQy3nonnsie
NOTEHIMAJAbl B pAacIJIaBIEHHBIX COJsAX. llenu, KOHIEHTpPAllMOHHbIE IO OTHOLICHHIO K
JIeKTpoaM (LIEH «aMaJlbraMHOTO TUIIA»). DJIEKTPOAbl CPABHEHUS I PACIIaBICHHBIX COJIEH.
B3zaumooeiicmsue pacniagieHnvix coneti ¢ Memaiiamu u 2a3amu

32. PacTBOPUMOCTh METANIOB B COJISIX, METOJAbI M3y4YeHHs, mpupoja pactBopoB. CBoiicTBa
CHCTEM METAUI—COJb. TepMOAMHAMHUKA PAaBHOBECHUS MeTall—coJb. BiusHue pas30OaBieHus
METaJUIMYECKON WM COJEeBOM (a3 Ha B3aMMHYIO PAaCTBOPHMOCTh M MpPOTeKaHHE OOMEHHBIX
peakiuii. PacTBOpUMOCTB Ia30B B pacIUIaBIEHHBIX COJISX, IPUPOJIA 3TUX PACTBOPOB.

1.3. Teopusa cudopomemannypzuueckKux npoueccos

33. TepmomuHaMuKa MPOCTOTO PACTBOPEHUSI MOHHBIX KPUCTAIUIOB B Boje. CBOMCTBA BOJBI KaK
pacTBOpUTENS, B3aUMOACHCTBHE HOHOB C MOJEKYJIaMHU BOJABI. DHEPrus KpHUCTaNIMYECKOM
pEeUIeTKH, TEIIOTa PACTBOPEHHUS M TEIUIOTa TUIpaTallid MOHOB B 3aBUCHUMOCTH OT 3apsija U
pa3zMepa HOHOB.

34. OneHka TEepMOIMHAMUYECKONW BEPOSTHOCTH NPOTEKAHUs TIPOIECCOB BHIMICITAUYNBAHUA.
Metonpl pacuera W3MeHEHHs] CBOOOMHOW HHepruu [mOOca W KOHCTAaHTBHI paBHOBECHS IS
peakIuii pacTBOPEHUS] METAJJIOB, OKCHJIOB, CYJIb(UIOB, peakuuil ¢ oOpa3oBaHUEM TBEPAOM
Gba3sbl.
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35. IlpuHOUIBI TOCTPOCHUS JAMArpaMM TOTeHIMan — pH ©u uX UCHOIb30BaHUE IS
TEPMOJMHAMHYECKOIO aHalM3a PaBHOBECHIl B CHCTEMax, COepXallux TBepiable (aspl u
PacTBOPBL.

36. KuHetuka W MexaHU3M [IpolieccoB  BblllenauynBaHus. CTaauu  BbIIIETaUYMBAHUA,
BHeIHeAu(ppy3nonHas, BHyTpuaupPy3MOHHAsT ¢ KUHETHYeCKas o00JacTh MpOTeKaHUs
npouecca. O6oOmiaromiee BbIpa)keHUE AJII CKOPOCTH B3aMMOJEHCTBHS B CHCTEME TBEpAOE —
KUIKOCTD.

37. 3aKOHOMEPHOCTH TIPOTEKaHUs Tpolecca BO BHemHeAubdy3nonHon obmactu. OCHOBHBIC
MOJIOKEHUS TEOPUU Macconepenaun. Teopust MOTrpaHUIHOTO CI0s KUIKOCTH, MPUMBIKAIOIIETO K
MOBEPXHOCTU TBepAoro Ttena. MomnekymnsipHas | KOHBeKTUBHas Auddys3us. [Ipusnaku
MPOTEKaHUs Tpolecca Bo BHEITHenU(DPy3MOHHOM 00TIacTH.

38. 3akoHOMEPHOCTH MPOTEKAHUS Mporiecca BO BHYTpUau(py3noHHOM 001acT.

39. 3aBHCHMOCTH CKOPOCTH BBINIEIIAYMBAHUS TBEPJIOTO BEIIECTBA OT HAIUYUS JACPEKTOB B €TI0
KpUCTAITIMYECKONH  pemieTke. VHTeHcudukamuss  MpoleccoB  BBINIETAUYWBAHUS — IyTEM
MpEIBAPUTEILHON AaKTHUBAIIMM pPACTBOPSEMOTO BEIIECTBA WU BO3ACHCTBHS HA IYJbILY
3IEKTPOMArHUTHBIMH, YIBTPa3BYKOBBIMU U aKyCTHUECKUMHU KOJI€OaHUSIMHU.

40. OcobeHHoCTH MexaHHW3Ma M OOOOIIEHHOE YpaBHEHHWE CKOPOCTH IMpolecca € Y4acTHEM
razoo0pas3Horo peareHTa. BrlenayrBaHie OKCHI0B B pacTBOpaXx LIENOYeH U KUCIIOT.

41. OxkucnuTenbHOE  BBINENAYMBaHUE  CynbhumoB. Vcmonp3oBanue  Oaktepuit s
BbIILIETAUYMBAHUA CYb()UIOB, OKCUIIOB U IPYTHX MUHEPAJIOB.

42. OOmas XapakTepUCTHKa IPOLECCOB HOHHOrO oOMeHa. OCHOBHBIE XapaKTEPUCTHKH
cop6enToB. MlonooOmeHHoe paBHOBecue. M3orepMbl noHHOTO oOMeHa. KnHeTnka u MeXaHu3M
MOHHOTO OoOMeHa. ['elieBbIi M MJICHOYHBIA THIBI KUHETUKU. J[MHAMUKa COpOIMM B KOJIOHKAX.
Oco0eHHOCTH TPOIECCOB COPOLMHM M3 IMYJBI U COPOIMOHHOTO BHINIEIaunBanus. Pa3ienenue
DJIEMEHTOB METOJOM HOHOOOMEHHOW Xpomatorpaduu. BbITecHUTENbHAsT U DIIOCHTHAs
xpomarorpadusi. MoHooOMeHHBIE MEMOpaHBI, MX XapaKTCPUCTUKA W DIICKTPOXUMHUUYECKUE
cBoiicTBa. O0IacT IPUMEHEHUS DJIEKTPOIUAI3a C HOHUTOBEIMU MeMOpaHaMH.

43. OO0mmas xapakTepUCTHKa MPOIECCOB IKCTPAKIIUHU, PUMEPBI UX HUCIONb30BaHUsI. OCHOBHBIE
TUTIBI OPTAaHMYECKUX OKCTPareHToB W paszbaBureneil. KonuuecTBEeHHBbIE XapaKTEPUCTUKU
SKCTpakiuu. THUMIbl HSKCTPAKIMOHHBIX mpoieccoB. CoNbBATHBIA W THAPATHO-COJIBBATHBIN
MEXaHHU3MBl OSKCTPaKIUMU. MeTOoAbl OMpeeNieHHusT COCTaBa JSKCTPATHPYEMBIX KOMILIEKCOB.
Kunernka skcTpakiuu 1 pesKCTPaKIUH.

44. Knaccudukauss MeETOJ0B ocaxaeHus. @DaxkTopbl, BIUAIOIMIME HAa PACTBOPHUMOCTD
TPYAHOPACTBOPUMBIX COEIUHEHUH.

45. 3aBucumocth pH ruaparooOpa3oBaHUs OT NMPOU3BEACHHS PACTBOPUMOCTH M AKTUBHOCTH
MOHOB MeTaJlJ1a. 3aKOHOMEPHOCTH OCAXKJECHUS OCHOBHBIX COJIEH.

46. 3aBucumocts pH BbImeNeHus cynbduma OT 3HAYCHUS AKTHBHOCTM HWOHA MeTalia B
pacTBope, OT MPOU3BEACHUS PACTBOPUMOCTH Cyab(umaa U oOmiel KOHIEHTpAIuu CyiIb(OUIHON
Cephl B pacTBOPE.

47. 3aKOHOMEPHOCTH  COOCAXACHHUS  MaJlOpacTBOPUMBIX  coenuHeHH.  M3omopdnoe,
a/IcCOpOIIMOHHOE COOCAXKICHUE. BiusiHME YCIOBHI OCaXIeHHUs Ha CTPYKTYpy oOpa3yromuxcs
ocankoB. CTapeHHe OCAIKOB.

48. OO6nacTy mpUMEHEHUs! KPUCTAJUTU3AINH B THAPOMETAIUTYPTHH.

49. CucreMbl BOJa—COJb, BOoAa—coOJb(l)—conb(2)M, TpeyroipHas ¥ NOPSIMOYTOJbHAS
JTUarpamMMbl I H300paKEHUSI TPEXKOMIIOHEHTHBIX COJIEBBIX CUCTeM. CTEeTeHn CBOOOIbI U TUIIBI
TPEXKOMITOHEHTHBIX CUCTEM C OOILIIUM HOHOM.

50. dazoBasi guarpamMma pacTBOPUMOCTH, CIIOCOOBI CO3MAaHMS TEPECHIINICHHBIX pPaCcTBOPOB,
(bakTOpbI ¥ KOJTMYECTBEHHbIE XapaKTEPUCTUKN UX YCTONYUBOCTH.

51. Mexanu3M 00pa30BaHUsl 3apOJbIIIEH KpUCTAJUIM3ALMU. [ OMOTEHHOE U TeTepPOreHHOE
3apojpieoOpa3zoBane Mexanusm pocra kpuctamioB. Kuneruka, craauu npoiecca, ypaBHEHHE
CKOPOCTM  MaccoBOM  Kpuctayumsanuu. lloBenenue mnpumeceil 1pU  OCAKIACHUU U
KPUCTAIITU3AIUH.
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52. TlonsaTue o0 BBIACNCHHUH METAIOB LeMeHTauueil. TepMmoanHamMuueckue, KUHETHYECKHE
MPOLIECCH U MeXaHU3M LieMeHTauu. [lo6ouHbIe mpoliecchl Npy [EeMEHTAI|H.

53. TepMonuHamuiKa  TpoIEcca  OCAXKIEHUS  METAUIOB  Ta3aMU-BOCCTAHOBUTEIISIMH.
Oco0eHHOCTH TEPMOAMHAMUKH MpoIiecca IPH BbIACIEHUU METAIa U3 aMMUAYHBIX PACTBOPOB.
54. KuneTnka M MexaHU3M BOCCTAaHOBJICHHMS MOHOB METAJUIOB BOJOPOJIOM JI0 3JI€MEHTapHOU
(bopMBI, 10 COETMHEHUH HUBIIEH BaJICHTHOCTH.

1.4. Teopus rnekmpomemaniypeuiecKux npoyeccos
Onexmpoosudicywue cunbl u 21eKmpooHble NOMeHYUanbl
55. Bo3HUKHOBEHHE CKayKa MOTEHLUAJIOB U JBOMHOIO AJIEKTPUYECKOTO CIIOSI HAa TpaHHULIE
METaUI—3JIEKTPOIUT. Teopus CTpOeHUs JBOMHOIO MIEKTPUIECKOrO CIIOS.
56. DeKTpoKanWuIApHble  sABJIEHUSA. [ anbBaHMYECKHE  BJEMEHTHl.  TepMoauHaMuKa
rajbBaHHYECKOro eMeHTa. Kinaccuukarus 371eKTpo1oB. DIEKTPOIbl CPaBHEHHUSL.
57. DAexTpoAHble TOTEHIMANbl, Pl HanpsHkeHUH MeTtamwioB. KuHeTHKa 3JIEKTPOAHBIX
npoueccos. [lomsipu3anus 37€KTPOJOB, OCHOBHBIE BUABI MOJISPU3ALUU. DJIEKTPOXMMHUYECKAs
nossipuzanusi. KonneHntpanumonsnas nosspusanus. @azosas nossipusanusi.
Onexmponus
58. KaronHble M aHOAHBIE TMPOIECCHl, OCHOBHBIE 3aKOHBI JJIEKTPOJN3A. XapaKTePUCTUKU
AIIEKTPOJIN3a, COBMECTHBIN pa3psii HOHOB (TepMOJUHAMUYECKAS] U KHHETUYECKAs OLICHKA).
Ocobennocmu 21eKMpoOXUMUU PACNIIABTEHHBIX CPeO
59. PacTBopuMOCTh B pACIUIaBICHHBIX COJSX METAJUIOB © Ta3oB. TepMoauHaMuKa
raJlbBaHUYECKUX D3JIEMEHTOB B PACIUIABICHHBIX COJIAX. OJIEKTPOAbl CPAaBHEHUS, MOTEHIMAI
AJIEKTPOJIa U Psii HANPSDKEHUM B pacIliaBIE€HHBIX coisix. KuHeTuka 3neKTpoaHbIX MPOLECcCOB B
pacmiaBax. KatogHelii BEIXO 1O TOKY M MOTEpH MeTauia. MexaHus3m notepu metamia. Beixon
10 TOKY IPH COBMECTHOM pa3psific HOHOB Ha KaTojae. AHOIHBIN 3P (PEKT, CYIIHOCTh U MEXaHU3M
BO3HUKHOBEHHA. OCOOEHHOCTH MPOILIECCOB Ha 3JIEKTPOJAaX B PacIIaBICHHBIX COJsIX. OCHOBBI
BBICOKOTEMIIEPATYPHOU 3JIEKTPOMETAUTYPTUU LIBETHBIX METAJJIOB.

1.5. Ocnoevt meopuu memaniypeudeckoii Meni0mexHuKku

Texnuueckas mepmoouHamura

60. IlepBblii © BTOpOl 3aKOHBI TEPMOJAMHAMUKU. TepMmMoauHamMuKa paboyero Tena.
TepMoarHaMHUKa OTKPBITBIX CHCTEM. TepMOJIMHAMHUKA TEIIJIOCHIIOBBIX YCTaHOBOK.

Mexanuxa sxcudkocmeti u 2a308

61. Craruka u AWHAMUKA HICATbHON >KMIKOCTH. [[MHAMUKa peambHON >KHIKOCTH. Pexumbl
nBukeHus. YpaBHeHus HaBbe — Ctokca m bepHymM M UMX HCHOIB30BAaHUE JUIsl pacyeTa
HaIMOPHBIX TPYOONPOBOJIOB M CHCTEM DSBAaKyallid TPOIYKTOB CTOPaHHs. DJIIEMEHTHl TEOPUHU
MOTPAHUYHOTO cJosi. TypOyIeHTHOCTh MPUCTEHOYHAS ¥ CBOOOTHASI.

62. CrpyitHoe nBmxeHue ra3oB. CBOOOIHBIC, YACTUIHO OTPAHUYCHHBIC U OTPAHUYCHHBIE CTPYH.
Ctpyu M30TEpMHUYECKHE W HEM30TepMHUYEcCKHe. DieMeHThl Teopun (akena. [lons ckopocrei,
TEMIIEpaTypbl M KOHIIEHTPAIlMi B HEM30TEPMHUYECKUX CTPYSIX, COMYTCTBYIOIIHME IMPOIECCY
BBITOPAHUs TOPIOUYUX KOMIIOHEHTOB.

63. IN'asoguHaMuKa IUIOTHOTO M B3BEIIEHHOro ciaoeB. OCOOEHHOCTH OBMXKEHHUS Ta3oB; oOIias
IIOCTaHOBKA 3a/1a4M; pacyeT I0JIeH CKOPOCTEN U JaBJICHUH B CIIOE.

OcHosbl meopuu n000OUsL U MOOETUPOBAHUE MEMANTYPULECKUX neyell

64. MHoxwuTenu npeodpazoBaHus U CBA3b MEXKIY HUMH ISl IIOTOKA PEaTbHON KUIKOCTH.

65. 'mapoamHamMmuveckoe U TeroBoe nomooue. Kpurepuu u cBsizp Mexay HuMH. OcCHOBHas
TeopeMa moo0us. ABTOMOACILHOCTh. MOIeTMpOBAaHUE IBHKEHUS T'a30B B IeYaXx.

Tenno- u maccoobmen

66. CramuoHapHble u HECTallMOHAPHbIE IIPOLIECCHI TEIUI000MEHa. OcHoBHbIE
maddepenmanbHble ypaBHEHHS MIEpeHOca TeIIa U MacChl. MONeKy sipHast TETIONPOBOAHOCTh
u updysus.

67. Tpotinas anamorusi. KpaeBsie ycinoBus.
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68. KoHBeKTHBHBIN TeIIO- W MaccooOMeH. BbIHYyXIeHHass W eCTEeCTBEHHas KOHBEKIIHSL.
OcHOBHbIE YpaBHEHMsI KOHBEKTHBHOIO TEIJIO- M MaccOolepeHoca i BBIHY)KIEHHOTO U
CBOOOAHOTO JBMXKEHHS. VIcrmonbp3oBaHWE TEOpUM TMOAOOMS MJisi HWCCIEIOBAHHS TIPOIECCOB
KOHBEKTHBHOI'O TEIJIO- U MacCcOIepeHoca.

69. Ilepenaua Teruia TEMIONPOBOJHOCTHIO B TBepAbIx Tenax. Auddepenunansnoe ypaBHeHHE
TEIUIONPOBOAHOCTH M MOCTAHOBKA OOIIeH 3aauu TEMIONPOBOJAHOCTH. TeMIOnpoOBOAHOCTh MpU
CTAIlIOHAPHOM U HECTAllMOHAPHOM pexume. TeopeTudeckre OCHOBBI HarpeBa MeTasuia.

70. PagmanuoHHBIN TETNIOOOMEH U €ro 3HAaYeHHE I PaO0Thl METAILTYPTrHIECKUX TICUCH.

71. PapuannoHHBINA TETNIOOOMEH B AMATEPMHYECKON M TOTJIOMIAIONICH (M3Tydaromiei) cpene u
€ro pacyer. YUeT CelIeKTUBHOCTH PaJIMalluOHHBIX CBOICTB TEJl, y4aCTBYIOIIUX B TEIJIO0OMEHE.
Haepes, nnasnenue u 3ameepoesarie memanna

72. Tlpomecchl, MNpoTEKalOIIWe NpU HarpeBe MerTauia. HarpeB TepMHYEeCKHM TOHKUX U
TEPMHYECKH MACCUBHBIX Tell. PacueTsl HarpeBa MeTasia.

73. ®usndeckas KapTHHA U OCOOCHHOCTH TEIJI000MEHa MPH MPOTEKAaHUH ITPOIIECCOB TIIaBICHUS
U 3aTBEPJ/ICBAHUS METaJlIa. 3aTBEpIEBaHUE PACIlJIaBa Ha TETJIOOTBOISAIICH MTOBEPXHOCTH.

74. OcoOEHHOCTH TEIJIOBOM padOThl YCTAHOBOK HEMPEPHIBHOW paziuBKU cTanu. [lmaBieHue
IIpY MTHOBEHHOM yJAJICHUU PacIliaBa.

75. Harpes u miaBieHue Te B pacIliaBe.

76. T'mapoanHaMuKa KUIKOW BaHHBI

77. TunponuHamMuka 6apOOTaXKHOTO CiOsA. B3ammonelicTBHE Ha TOBEPXHOCTH pasnena das.
JIBrokeHune Kareib U my3bIpell B 6apOotaxHoM cioe. ['azoBast cTpys B >kuakoil BanHe. [lonaua
ra3a uepe3 GypMy, pacroIoKEHHYIO 10| YPOBHEM KUAKOCTH.

Topenue

78. O0Omias xapakTepuUCTHKA BHJIOB TOIUIMBA, MPUMEHAEMBIX B MeTamypruu. OoOmas
XapaKTEPUCTHUKA MPOIIECCOB TOPCHHUS.

79. CmeceoOpazoBanne. CwmemieHne B TypOYJEHTHBIX CTpysAx. DakTopbl, OMpenessiomue
WHTEHCUBHOCTB MIPOIECCOB CMEIICHHSI B MPAKTUYECKUX YCIOBHSX.

80. BosnuknoBenue mmiamenn. llemHoe camoBoctutameHeHue. IIpemensl BocIIaMEHEHUS.
TemoBast Teopus BocriameHeHust. KOHIIEHTpallnOHHBIE TIPE/IENTBl BOCIITIAMCHEHHSI.

81. I'openue razooOpa3zHoro ToruMBa. ['OpeHHE OTAEIBHBIX COCTABISIONIMX Ta3000pa3HOTO
torunBa. Kunernueckoe ropenne. Juddy3noHHOE TOpeHue.

82. TI'openue xuakoro TorumBa. PacnsimuBanne. Bocmiamenenune. ['openue karmm.

83. T'openue TBepaoro tormsa. Jleryuune. ['openue yriepoaa.

Koxcoeanue

84. TpebGoBaHus K yriisiM, HAYIIUM Ha KOKcoBaHue. TernoBas paboTa 1 KOHCTPYKIIHS KOKCOBBIX
OaTapeid.

Cywxa

85. XapakTepuCTHUKHU CYIIMMOTO MaTepuaja M CYIIMIBHBIX areHTOB. Temio- U MaccOOOMEH B
npoiiecce cymiku. Mcrnonb3oBanue h-d-nmuarpamMm 1jis pac4eToB MPOIECCOB CYIIKH.

2. Texnonozus npou3eo00cmea 4epHvix Memasios

2.1. Ilpou3zeoocmeo nepeuunozo memanna
Iloozomoeka cuipbs Kk niaske
86. Kmaccudukamms >xene3opyaHbIX MaTepHaoB. MECTOPOXKICHUSI PYyJ YEPHBIX METaJlIOB.
DroCHI.
87. TomnmmBo. TexHOTEHHOE CBIPhE.
88. Cxema MOATrOTOBKH KENE30PYAHBIX MAaTEpHUaIoB K TutaBke. OTIHUMs B MOATOTOBKE OCTHBIX
u Oorateix pyn. [JpoGnenue m m3menbuenue. Oboramenune pyna. ['poxodenme. Ilokazarenu
oOoramenus. IlpenensHast creneHs oboramieHus. JHepro3arparbl Ha ApoOieHne, TPOXOUYCHHE U
oboramienre. BEIOPOCH B OKPYKAIOIIYIO Cpey MPU IPOOJICHUH, TPOXOUCHUH M 00OTaIlEHUH.
89. OkyckoBaHHE IKENE30pyIHBIX MaTepualioB. Ariomepanus >Kele3HblX pyn. DPusuko-
XUMHYECKHE OCHOBBI arjioMepalnuy. YJaleHue BOAbl U KOHJEHcalus Biard. Pasnoxenue
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KapOOHATOB M ruApatoB. TBeprodasHble XHMUYECKHE peakuuu. [lmaBieHue MUXTH U
KpUCcTajuIM3auus pacruiaBa. @opmupoBaHue arjioMepara. ['openuwe TorumBa. ['azonmHamuka
arJoMeparMoHHOro Mporecca. Termoo0MeH B ClIoe U TeIIOBbIe OallaHCHI IpoIiecca.

90. IloBeneHue MOMYTHBIX ANEMEHTOB. TE€XHOJIOTHUS arjJoMepaliOHHOTO MPOU3BOJICTBA.

91. Pecypcocbepexxenue. Perukianar MatepuaioB. MeTauryprudeckie CBOMCTBa arjaomepara.
92. DHepro3aTparbl Ha TPOU3BOACTBO arjomMepara. BBIOpPOCHI B OKpYXalOIIyl0 Ccpeay B
arJioMepalMoOHHOM IPOU3BOACTBE. DKOHOMUKA IIpoLEcca.

93. IlomyyeHue  Kene30pyAHBIX  OKarbimed.  DHU3UKO-XMMUYECKHE  TMPOIECCHl  MPH
(GopMHpOBAHNUHU CBHIPBIX OKaTHIIEH W WX ymnpouyHeHHH. [loBeneHHME MOMYTHBIX 3JIEMEHTOB.
TexHomorust TPOW3BOACTBA OKaThiiel. PecypcocOepexxenne. Metammyprudeckue CBOMCTBA
OKATBILLIEH.

94. Duepro3aTparbl W BBIOPOCHI B OKPYXAIOIIYIO Cpeay IIPU TPOU3BOJICTBE OKATHIIICH.
DKOHOMUKA

95. mpormecca.

96. KoHcTpykuus arperatoB Jjisi OKYCKOBaHHUS KeNe30pyIHbIX MaTtepuaioB. KokcoBanue yriei
u popmupoBanue kokca. KauectBo kokca. BeIOpOCHI B OKpy»KaroIlyto cpeay Mpu MpoU3BOJICTBE
KOKCa.

IIpouzeoocmeo uy2yHa 6 0OMEeHHbIX neuax

97. Homennas neub. OCHOBHBIE Mpoliecchl. Harpes u pa3inokeHue MUXTHL.

98. Ilporecchl BOcCTaHOBIEHUS B JOMEHHBIX Medyax. TepMoInHaMuKa BOCCTAHOBIICHUS JKeJe3a.
99. OcoOGeHHOCTH BOCCTAHOBJIEHHS Maprasia, KpeMHus, (ocdopa, BaHaaus, Xpoma, TUTaHa,
cBuHla. [loBeneHue JETrKOBOCCTAHOBUMBIX 3yeMeHTOB. lloBeneHue IMHKAa W 1Ienoued B
JOMEHHON meud. KuHeTnka BOCCTaHOBJIEHHMS B JIOMEHHBIX II€4ax U BIUSHUE pa3IMYHBIX
(bakTOpoB Ha CKOPOCTh BoccTaHOBIeHUs. [lokazaTenu pa3BUTHA Mpoliecca BOCCTAHOBIICHUS B
JIOMEHHBIX IeYax.

100.HayrnepoxuBanne  skeme3a W (opmupoBanme  yyryHa. KauecTBo  yyryHa.
[IlmakooOpa3oBanue B JOMEHHBIX nevyax. CBOWCTBa Hulaka. BnusHue NUTAKOBOro pekuma Ha
XOJ JOMEHHOU IUIaBKH.

101.IToBenenne cepsl B JOMEHHBIX TIeyax. TepMOOMHAMHMKA M KHHETHKAa IPOIECCOB
necynbdyparnuu. BHenomennas o6padoTka 4yyryHa.

102.T'openue TomnuBa y pyp™ JOMEHHOH neud. BepXHsis M HUXKHSISL CTYNIEHH TEIIO0OMEHA.
103.TernoBble OanaHChl MIABKH.

104.IBmwxeHne ra3a U MaTepuaioB B JoOMeHHOU neun. DopMUpOBaHME Ta3a U €ro JBUKECHUE B
cnoe. [lopo3HocTh cnosi. Pacnipenenenre mUXThl HA KOJIOIIHUKE Te4yu. J[BUYKEHHE pacIlyiaBoOB.
W3meHeHne naBiieHus Tasza Mo BBHICOTE JTOMEHHOMN Meur U 3PPEKTUBHOCTH MOBBIIICHUS JaBICHUS
B pabo4yeM POCTPAHCTBE MEUH.

105.PecypcocOepexxenrie 1 METOAbl MHTEHCH(HKaMu nporecca. Harpe aytes. Kucnmopon B
noMeHHOM 1iaBke. KomOuHMpoBaHHOE nyThe. BayBaHue MBIICYroJIbHOTO TOIUIMBA. [ opeHme
BOCCTAHOBUTENBHBIX ra3oB. VIcronb3oBaHHE JOMEHHBIX NE4YeH [UIsl YTWINM3ALHUKU TEXHOTE€HHBIX
MaTepualioB. JKOHOMHUKA IOMEHHOM TIJIaBKHU.

106.Konctpykuust nomeHHblx mneueil. Ilpodguns neun. @DyrtepoBka U KoxyX. Cucrema
OXJIQKICHUSI.

107.Yyrynnas u nutakoBast JeTku. Bo3ayminbie GypMbl. 3achIHOM anmapart.

108.060pynoBanne nOMEHHBIX 11ex0B. [logada MaTepralioB K IOMEHHOM Me4Yn. Y CTpOMCTBA IS
yOoOpku uyryHa W nuiaka. PaznumBounass mammHa. OYUCTKa JOMEHHOTO Tra3a. YCTpOHCTBO U
pexuM paboThl BO3yXOHArpeBaTessl.

109.VnpaBnenue AOMEHHOH IUIaBKOM. OKCIUTyaTanusi JOMEHHOM mneun. BexeHue noMeHHOM
IUTaBKM C TOMOUIbI0 KOMIIBIOTEPHBIX MOJEJeH mpoliecca. DHepro3arpaTbl M BBIOPOCH B
OKPYXKAIOIYIO Cpey.

Bueoomennoe nonyuenue nepsuuno2o memainnia

110.TBepaodaznbie mporecchl MPOMU3BOACTBA MEPBUUHOr0 MeTaiuia. ChIpbe U TOIUIHMBO.
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111. ®usuko-xumMudeckne ocodbeHHocTH mpornecca. Crenenp Merammuzanuu. [lupodopHocTs u
MeTOobl ee mojaBieHus. KauecTBO MeTauiM30BaHHOTO ChIpbsi. ArperaThl Ui TBEpAO(ha3HOTro
NOJYYEeHUs] TEPBUYHOTO MeTajula. DHepro3arparbl M BBIOPOCHI B OKPYXAIOIIYIO CpEmy.
DKOHOMHKA MMPOU3BOACTBA.

112 Xunkodazusie mporecchl. PU3NKO-XUMUYECKHE OCOOCHHOCTH KUIKO(a3HBIX MPOIECCOB.
Coipbe u TormmuBo. KauecTBo npoaykiuu. ArperaTsl Ui KUAKOPa3HOTO BOCCTAHOBIEHUSI.
113.25nepro3arpaTsl U BEIOPOCHI B OKPYKAIOIIYIO CPEIY.

114.0cobeHHOCTH TIEpepadOTKHM KOMIUIEKCHBIX PYJd H TEXHOTCHHBIX MAaTEpPHATIOB IPH
BHE/IOMEHHOM I0JIyY€HHH METAJUIOB M CIUIABOB.

2.2.Memannypeus cmanu
Ouuwenue om npumeceu.
115.Okucnenne npuMeceil cTaaeuiaBUIbHON BaHHbI. TepMOoIuHaMUKa OKUCIIEHUS YIIIEpOa.
116.KonneHnTparus yriiepoaa U KMCIOpOaa B CTAIBHOW BaHHE B Mpoliecce TuiaBku. KnHeTnka
OKHuCIIeHUs yriaepoaa. OKUCIeHHUE Yriepoaa Ha Pa3IndHbIX MeX(a3HbIX TPaHUIIAX.
117.TepmoguHaMyKa OKHCJICHHMsI KPEMHHsS, MapraHiia W Xpoma. KWHETHKa COBMECTHOTO
okucieHus. OU3NKO-XUMUYECKHEe OCHOBBI OkucieHus Qochopa u ymaneHue cepbl. BiusHue
COCTaBa IIJIaKa W TeMIepaTyphl MeTaia Ha KoddduimeHt pacnpeneneHus (ochopa u cepsl
MEXTy METAJUIOM U IIIJIAKOM.
Packucnenue cmanu
118.TepmoauHamMuiKka pAacKUCIEHUS CTaId. PacKUCITUTENbHas CIOCOOHOCTh — OTHEIBHBIX
packucinurenei. AHaau3 HM30TEPM PACKHUCICHUSA. 3aBUCUMOCTb AKTHBHOCTH KHCIOpOAAa OT
KOHIIEHTPAIIUU PACKUCIUTEN. PacKuclieHne KOMIUIEKCHBIMHM pacKuciauTenssMu. KuHeTnka
3apOKICHHUS] HEMETAJUTMUECKUX BKIIOUEHUH, UX KOArysslus M KOaJleCUSHIUS. ACCHUMIIALUS
BKIIFOUEHUH IIJITAKOBBIM PACILIIABOM.
119.Vnanenue HeMETaNIMYECKUX BKIIOYEHUH H3 MeTaia. Poiap TUIOTHOCTH HM  pa3Mepa
BKIIIOUEHUH, pOJIb MEXK(A3HOTO HATSHKEHUS Ha TpaHHUIE C METaUIOM, BJIHMSHHUE TEIUIOBOU
KOHBEKIIMU U JABM)KEHUS METalljia MoJ IeHCTBUEM BBIICISIOIINXCS T'a30B.
120.Ocrarounble (’K30T€HHBIE W SHJOTCHHbIC) BKIIOUCHHs, HE YAalseMble W3 MeTalia
BKJIIOUEHUS (KPUCTAJUIM3AI[MOHHbBIE M MOCIEKPHUCTANIM3AllMOHHBIE), UX MPUPOJA, BIHUSIHHUE Ha
CBOMCTBAa MeTayula, CHOCOOBl  yYMEHBIIEHUS  COJEpKaHUs  KPUCTALTU3ALUOHHBIX U
MOCJICKPUCTALTU3AIMOHHBIX BKItoUeHU. [lndPy3nonHoe (3KCTpakKIIMOHHOE) pACKUCIICHHE.
121.Packucienue yriepoJoM. BTopuuHoe OKHCICHHE CTald W METOIbl OOphOBI C 3TUM
sBieHreM. CBOMCTBa OCHOBHBIX PACKUCIUTENIEH.
T'aszvl 6 cmanu u Memoosl 60pbOBI ¢ HUMU
122.Bonopon B cranu, €ero BIUSHUE Ha CBOMCTBA CTald, OPOKH, BBI3bIBAEMbIE MPUCYTCTBHEM
BOJIOpPOJIa B CTald M €ro BBIJCICHHEM U3 pacTBopa B OTAeNbHYIO ¢aszy. PactBopumocTsb
BOJIOpPOJia B JKeJe3e W CTalld, BJIMSHUE TEMIIEpaTyphl, aJJIOTPONMYECKUX NpPEeBpalleHUid u
XUMHUYECKOT'0 COCTaBa Ha PaCTBOPUMOCTH BOJIOPO/IA.
123.TToBeneHne BOOpOA B MPOIIECCE BHIIIJIABKH CTAIU (B MAPTEHOBCKHUX TeYax, KACIOPOIHBIX
KOHBEpTEepax, MAYroBbix Tedax). Pomb Qopmbl cymecTBoBaHHMS BOAOpPOJa B  IIUIAKAX,
MaccornepeHoc ero B nuiakax. [llmakoBeiid peskum. [IpakTrka 60pbObI C BOIOPOIOM B CTAJIH.
124.A30T B cranmm, BIMAHUE a30Ta Ha CIyXeOHbIe CBOWCTBA HHU3KOYIJIEPOIMCTBIX CTaleH,
CTapeHue CTajll W a30Ta, a30T KakK JIETUPYIOUIUN B3JEMEHT U 3aMEHHUTEIb JOPOTOCTOSIINX
KOMIIOHEHTOB CTAJICH.
125.PacTBOpUMOCTh a30Ta B JKe€Je3€ M €ro CIulaBaxX, BIMSHUE HA HEE TEMIIEpaTypbl U COCTaBa
crutaBa. TemmeparypHble ycioBusi (OPMUPOBAHMS H JHUCCONMANMKA HUTPHIOB. KuHeTmka
MaccooOMeHa a30Ta Mex Ay ra30oBoi (pa3oiil U MeTamioM, TOPMO3sIee 3BEHO MPoliecca B pa3HbIX
YCIIOBUSX B3aUMOJICHCTBUSL JKHJIKMX METaUIOB M ra3oB. lloBeneHue as3ora B BaHHaX
CTaJICTUIaBWIIBHBIX arperatoB (KUCIOPOIHBIX KOHBEpPTEpax, MapTEHOBCKHUX, JBYXBaHHBIX U
JyTOBBIX TI€Yax).
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126.I1epexon azoTa B )KUIAKUI MeTay1 B 30He ayr. O0e3yriepokuBaHie BaHHBI U €TO BIMSHUE
Ha moBeAeHHE a3oTa. [lyTm obecriedeHHs] HU3KOTO COJEp>KaHUS a30Ta B CTaJW. 3alllUTHas
(IPOTHUB a30Ta) poJIb MepeeIbHBIX IJIAKOB. 3alllUTHBIC CPElbl OT MOBTOPHOTO IEpexo/ia a30Ta B
CTallb.

Kpucmannuszayus u paznuska cmanu

127.'oMOT€HHOE U TETEPOTCHHOE 3apOXKACHUE KPUCTALIIOB. MeXaHU3M POCTa KPUCTAJIIOB.
128.Bausinue TemnmooTBoaa. JenaputHsiit poct. KoadduuueHT pacnpeneneHus npuMecH MexIy
TBepaor M xkuaAKoW ¢azamu. KoHIeHTpalmoHHOE TMepeoxnaxaceHue. Kpucrammsamnus B
UHTEepBaJIe Temmeparyp. [IByxdasnas 3o0Ha. Brnusnue yciaoBuil TemiooOMeHa Ha MIMPUHY
nByxda3zHoi 30HbI. [lepexoa OT ACHAPUTHON KPUCTAILTA3AIUN K 00bEMHOM.

129.IToBeneHne METAUINYECKON CTPYH MpH paziuBke. OcOOEHHOCTH TMAPOJMHAMUKN METaa B
U3JIOKHUIIAX B Tpolecce Kpucramimzauud. duznyeckue MeTOAbl BO3JEHCTBUS Ha Mpoliecc
3aTBepJICBaHUS CTAIH.

130.1Topoku CIUTKOB «KHUIISIIETO)» MeTalljia, METOAbl OTPAaHUYEHUS UX Pa3BUTHS. BHyTpeHHUE U
BHEIIHUE JeQEeKThl CIUTKA CIIOKOMHOM CTallu, yrpaBlieHHe paclpeesieHUeM CerperaToB, ra3os,
HEMETAJUTMYECKUX BKIIIOUEHUH, TyTH MOBBIIIEHUS IUIOTHOCTU ciuTKa. COBpeMEHHbIE TeHICHLIUN
B 00NaCTH TMOBBIMICHUS BBIXOAA TOJHOTO OT CTAIBHOTO CIUTKA. CIUTOK <«IIOTYCIIOKOWHOW
ctanu. OcobeHHOCTH (GOpMHUPOBaHUS CIUTKOB, OTIMTHIX HAa MHJI3. TIopokn MUTHIX 3ar0TOBOK,
WX MPUYUHBI © MEPBI, IPUHUMAEMBIC IS OTPAHUYCHUS PA3BUTHUS OTJEIBHBIX BHJIOB TTIOPOKOB.
131.TeruioBble TTOTOKK OT 3aTBEPJCBAIOIIETO META/Ia K Kpuctaumm3aropy. TermoBas pabota
30HBI BTOPHYHOTO OXJIAXKICHUSL.

132.0co0eHHOCTH TEXHOJOTUM BBITIIABKH cTanu i pa3nuBku Ha MHIJI3. Ilytu moBbimeHus
KaueCcTBa HETIPEPHIBHO-TTUTHIX CIISI00B U 3aTOTOBOK.

133.0cobeHHOCTH TPOU3BOICTBA CTAIM B PA3JIMUHBIX CTAJEIIaBUIILHBIX arperarax.
Kucnopoono-xonsepmepnulii npoyecc

134.cTeuenne ra3oBOM CTpyM U3 CoOIUla. MexXaHU3M H OCHOBHBIE 3aKOHOMEPHOCTH
B3aMMOJICHCTBUS Ta30BOM CTPYH C JKHUJIKOM METAJUNIMYECKOM BaHHOW. TeopeTnueckre OCHOBBI
nepeMenInBaHus CTaeIUIaBIUIIbHON BaHHBI IPU MIPOYBKE €€ CBEPXY.

135.PeakiimonHas 30Ha KOHBEpTEpa, €€ TeMIIepaTypHBIA pexuM, oOpasoBaHue Oyporo IpiMa,
OKHUCJIUTETIbHBIE MPOLIECChl B PEAKIMOHHON 30HE, POJIb PEAaKIMOHHOM 30HBI B IMpoIeccax
HIJT1aK000pa30BaHus, TEIIIOOOMEH B PEAKIIMOHHOM 30HE.

136.Kunetnka pacTBOpeHHUs TBEPbIX METAUIOB B JKUJIKHX pacIijiaBax.

137.TepmoauHamMuiKa ¥ KUHETHKA OKHWCJICHHSI DJJIEMEHTOB METAJUTMUECKONW BaHHBI IIPH
KHCJIOPOJIHO-KOHBEPTEPHBIX MpOoIeccax.

138.0Oxkwucnenue yrieposa.

139.0xucnenne nurakooOpa3yromux KOMIIOHEHTOB BaHHEI.

140.1ToBeaenue cepbl IpU KUCIOPOTHO-KOHBEPTEPHOM TPOIIECCe.

141.Cnyx06a hyTepoBKH KOHBEpTEpa.

142.0c0o6eHHOCTH KOHBEPTEPHOTO MpoIlecca ¢ MPOAYBKOM KHCIOPOIOM Yepe3 JTHO.
143.KomOunupoBanHasi npoayBka. [Ipobiemsl mepepaboTku ckpama B kKoHBepTepax. CriocoObl
CHW)KCHHUSI JTOJIM IyTYHa.

144 TlepcrieKTUBBI KHCIOPOTHO-KOHBEPTEPHOTO MIpOIIecca.

145. Apronokucnopoanas npoayska. [lonyuenue HepkaBeroMX cTajlell B KOHBEpTEpaXx.
146.Mapku cTanu, BHIIIJIABIISIEMON B KMCIOPOIHBIX KOHBEPTEPaX.

147.KauecTBO  KHCIOPOJHO-KOHBEPTEPHOM CTald B CPAaBHEHMM C MapTEHOBCKOH W
anekTpocTtanblo. [lyru  nanbHeHIero COBEpUICHCTBOBAHUSA — KHCIOPOAHO-KOHBEPTEPHOIO
npoliecca 1 MOBBIIICHNE KauecTBa CTallu.

148.HoBbie HampaBieHUS B KOHCTPYHPOBAHUM KOHBEPTEpPA M KHCIOPOIHO-KOHBEPTEPHBIX
IICXOB.

149.Texnuka 6€30MaCHOCTH MPU PadbOTE B KUCIOPOTHO-KOHBEPTEPHBIX IIEXaX.
150.MaremaTnyeckoe MOJETUPOBAHHUE U YIIPABICHHE KOHBEPTEPHBIMHU MPOLIECCAMHU.
151.3Hepro3aTpatrsl ¥ BEIOPOCHI B OKPYXKAIOIIYIO CPEly IPH KOHBEPTEPHBIX MPOIIECCaX.
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Teopusi u mexnon02us NOOOBLIX NPOYECCO8 NPOUIBOOCMBA CMATU

152.TeruioBass paboTa TMIABHMIIBHOTO TPOCTPAHCTBA COBPEMEHHBIX TI€YEH, HCIOIB3YIOMNX
KHUCTIOPOJT JJIsI CXKUTaHUsl TOIIMBA M MPOAYBKH BaHHBI. OCOOCHHOCTH TEIIOOOMEHa B Tedax,
paboTaroux npu mpoayBke MmeTaiia KuciaopogoM. CiykObl HaBapKH WJIM HaOUBKHM BaHHBIX
MOJIOBBIX CTAJICTUIABHIILHBIX TICUCH.

153.MeTo/1pI ITOBBIMIEHNS] CTOMKOCTH BaHHBI.

154.11lnxTOBKa TUTABOK B MAPTEHOBCKUX U ABYXBAaHHBIX OOJBIICTPY3HBIX Mevax. Teronepenaya
B BaHHE B MPOLIECCE 3aBAJIKH IIUXTHI, IPOTPEBA U IJIABJICHUS CKpara.

155.11Tnakoo0Opa3oBanue B  OONBIIETPY3HBIX ~MapTEHOBCKMX I€4ax, padoOTalomux ¢
NPUMEHEHHEM JKHJAKOro 4yryHa. PaduHupyromas W 3alMTHas pojb IIJaka BO Bpems
TUTaBJICHUS.

156.0xucnenue yriepojma B arperarax MmojoBoro Ttuma. [Ipupoma W KWHETHKA OKHUCICHHS
yriepoja MpH cKparm-mporecce.

157.TToBenenne KkpeMHUs, Maprasia u ¢gocgopa mpu pa3HbIX BapuaHTax MOI0BOTO Ipoliecca.
158.Cepa B muMXTe NOMOBBIX CTaJNCIUIABMIIBHBIX arperatoB. Jlecynbdypanusi dYyryHoB.
[ToBenenue cepwl B mporecce iaBku. Jlecynbdypanus ctaau BHE MeYH 3a CYET NPUMEHEHUs
CUHTETHUYECKHX IIIJIAKOB M CUIIBHBIX JIeCYIb(YypaTopoB.

159.Mukponpumec MNBETHBIX METAUIOB, WX 3HAaueHWEe /Ia KadecTtBa crainu. [lone3Hbie
MUKPOTIPUMECH B CTAJN: MUKPOJIETUPOBAHKE, MOIU(DUIIUPOBAHHUE.

160.CpaBHEeHHE TEXHUKO-IKOHOMHUYECKUX TTOKa3aTelield paboThl MapTEeHOBCKUX Tiedeit. KauecTo
CTalld, BBIIJIABISIEMON B MapTEHOBCKMX M JIBYXBAHHBIX Te4ax. ABTOMATH3aIUsl YIPaBIICHUS
MapTEHOBCKUMH [€YaMH U JBYXBAaHHBIMH arperaTami.

161.IlpumMeHeHHE TOPOIIKOOOPA3HbIX MaTepuanoB. TexHuka Oe3omacHOCTH Hpu padoTe B
MapTeHOBCKUX Iiexax. CoBpeMeHHBbIE TEHICHIIMH B KOHCTPYUPOBAHMHM MAapTEHOBCKUX U
JIBYXBAHHBIX I1EYEH.

162.2Hepro3aTpatrhsl U BEHIOPOCHI B OKPYKAIOIIYIO CPEly TIPH TMOIOBBIX MPOIleccax MPOru3BOACTBA
CTaJIH.

OnexmpocmaneniaguibHoe NPou3800CmMeo

163.CoBpeMeHHOE  COCTOSIHUE W  HEPCHEKTHBBI  PAa3BUTHA  3JEKTPOCTAICIUIABUIHLHOTO
IIPOU3BO/ICTBA.

164.CoBpeMeHHbBIE METOIBI pacyeTa MpH IJIABKE B IYTOBBIX JIEKTPOIICUaAX.

165.0cHoBHBIE ycOBUSL 00e3yriaepoxuBanusa. O0e3yraepoKMBaHHE BBICOKOXPOMHCTBIX |
BBICOKOMAPTaHIIOBUCTHIX paciuiaBoB. OcCOOEHHOCTH TOJY4YeHUs CIa00HM3KOYTIEPOIUCTHIX
cTajiell B IyroBOM MeYr BHEMEYHBIMU METOIAMU.

166. Dusuko-xuMHYECKHEe 0COOCHHOCTH mporiecca Aedochopaum.

167.ITpoayBKka MeTasIa MOPOIIKAMHU.

168.CoBpeMeHHbBIE METOIBI TPOBEACHUS BOCCTAHOBUTEIHHOIO NIEPHO/Ia B OCHOBHOW MEUH.
169.0ntuManbHbil pexkuM packuciaeHus. OCHOBHbBIE MYTH COKpAIllEHUSI BOCCTAHOBUTEIHHOTO
nepuo/ia. BelmiaBka cTamy B 3J€KTPOIYTOBbIX Ieuax ¢ KUCIION (pyTepoBKOH.
170.®u3nko-xuMHUYECKHE OCHOBBI BAaKyyMHOW IUIaBKH: PACKHCIUTEIbHAs CIOCOOHOCTh
yriaepoja, MOBEJACHUE HEMETAUTMUECKUX BKIIIOUSHUH, Jerasaius, B3auMOJICHCTBHUE MeTallia ¢
¢byTepoBKOii, pacKUCIIEHHE, UCTIapEeHUE.

171.OtkpeiTas u BakyymHasi nunaykuvonHas ninaska (MI1 u BUIL). IToBenenne oraeynopos mnpu
UIT u BUII. Texnomorus mnaBku. MHTEHCHUKausa TexHonorudeckoro mnpomecca npu UII u
BUII.

172.Bakyymusbiii gyropoii neperiaB (B/II1). Bausaue anekTpudeckoro pexxuMa Ha MPOIECCHI
padunupoBanus. CTpoeHUE KHUAKOW BaHHBI U TUHAMHKa ee m3MeHeHHs. CTpyKTypa MmeTaiia
npu BJII u mytu ynpaBnenus ee dpopmupoBanreMm. OcHoBHbIE AedekThl ciuTkoB BT u mytn
UX MPEAYIPEKICHHUS.

173.OnextpoumakoBeii  meperiaB  (DLLIT). CocrtaB mnwrakoB npu  JIIIL. Mexanusm
padUHUPOBAHUS METAJIJIa OT HEMETAJUTMYECKUX BKITIOUCHHA.
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174.Ilna3menHas miaBka W IuiasMeHHo-myroBoil meperiaB (ITHAIT). OcobeHHocT ropeHus
MJIa3MEHHOW yTH. B3auMojericTBue MeTajijia ¢ ra3aMu B YCIIOBUSIX TUIA3MEHHOM AYTH.
175.JlerupoBanne Meramia azoToM. [lnaBka cTanmu B IUIA3MEHHON ME€YHM C KEpaMHYECKUM
TUTJIEM.

176.Onexkrponno-nyueBoit  meperuiaB  (DJII1). Temmneparypubiii  pexxum.  OcoOEHHOCTH
dbopmupoBanust  ciutka npu  DJIII.  Texnwka  OezomacHocTM mpu  pabore B
AIIEKTPOCTAJICTUIABIIIBLHBIX I[€XaX.

177.MeponpusiTis MO OXpaHE OKPYKArOIIEH MPUPOIbl. TEeXHUKO-IKOHOMHUYECKHUE TMOKa3aTeIn
NEpPEIUIaBHBIX MPOLIECCOB.

178.0OHeprozaTpatel M  BBIOPOCKI B OKPYXKAIOIIYIO CpeAy  DJIEKTPOCTAICTUIaBHIIBHBIX
IPOM3BOJICTB.

Teopus u npakmuka eneneuHou 0opabomxu cmaiu

179.HepaBHOMEPHOCTh COCTaBa W TEMIIEPAaTyphl MeTauia B KoBiie. CrocoObl TOMOTeHU3AlUU
MeTalljia: MpoJyBKa aproHOM M 3JIeKTPOMarHUTHOE MepeMmemuBaHue. Jlerazauus v yJalieHue
BKIIIOUEHUH Mpu ToMoreHu3anuu. KaBuraimonHas mpo1yBKa.

180./Iecynpdypamust cramu B KoBime: 0o0paOOTKa CHHTETHUYECKUMH IIJaKaMH W TPOJYBKa
nopomkamu. CynbpuaHas eMKOCTh LUIAKOB. MeXaHu3M TpOoLEccCOB Aecylbdypanuu Mpu
MPOJYBKE MOPOLUIKOOOPAa3HBIMU MaTepuagamMu. Y IpaBleHHe IpoLeccamMu J1ecyab(ypaluu.
181.BapuanTsl 6e30KUCTHTENBHON Aedochopanuu CTau.

182.Packucienne u gerazamus craid B Bakyyme. CrocoObl BaKyyMHpPOBaHUS M HUX
cpaBHUTeNnbHas (G (eKTUBHOCTh. BakyymHOe o0e3yriepokuBanue. BiusHue BakyyMHpOBaHUS
Ha Ka4yecTBO cTanu. [loHATHEe «UUCTast CTaIb.

183.1IpobGnema  HENmpephIBHBIX  MPOILIECCOB  MPOW3BOJACTBA  CTAIM. | E€XHOJIOTHYECKHUE
IPEUMYIIECTBA HEMPEPHIBHBIX IPOLIECCOB B CpaBHEHHMU ¢ mnepuoauueckumu. Hanbonee
onpoOOBaHHBIE M TIEPCICKTHBHBIE BAPUAHTHI HEMPEPHIBHOTO CTANCIIABUIIBHOTO IpoIiecca.
KoMOuHHpOBaHNE HEMPEPBHIBHOTO CTAJCTUIABHIIBHOTO IIPOIlecca C HEMPEPHIBHOW IMPOKATKOM.
[TepcrieKTUBBI HEMTPEPHIBHBIX CTATETUIABIIBLHBIX TPOIIECCOB.

2.3. Aemomamu3suposannoe ynpagsienue npoueccamu npou3eo0cmaed
184.Xapakrepuctuka mporeccoB npou3BojcTBa cranu (I1IIC) kak 0ObEKTOB aBTOMAaTH3AINH:
NEPUOANYHOCTh M HEMPEPBHIBHOCTH; BXOJIHBIC (M3MEpseMBbIe, YIPABISIONINE, BOSMYIIAIOIINE) U
BBIXOJTHBIE (PEKUMHBIC) TIEpEeMEHHBIE (DaKTOPBI, IPEABIBIIEMbIC K HUM TPEOOBaHHS.
185.'pannynbie ycnoBus U orpaHudeHus. [lapaMeTpsl ONTUMHU3AIUN U MPEAbSBIIEMbIC K HUM
TpeOOBaHMSI.
186.MartemaTnueckass MoJeib, 3aqadd, OSTambl Maremarudeckoro wMoxenupoBanus [ITIC.
Mertobl MOCTPOEHUS MaTeMaTUYECKUX MoJeen IIIC (3KCTIepUMEHTATBHBIH,
JeTEPMUHUPOBAHHBIA MMOJXOM, croxacTuueckue). Brpibop u orcemBanue Qaxropa IIIIC
(o6ocHOBaHME BUAA ypaBHEHUH, JONYyLIEHHWE NpPU BKIOYEHHHM O3TUX YpaBHEHHIl B COCTaB
MaTeMaTH4eCcKoro onucanus). CTaTUCTHYECKHE, TUHAMHYECKHUE, CTOXaCTUYECKHUE U aJalTHBHBIC
MOJIEIH.
187.Unentudukanus wmaremarndeckux wmoxaeneit IIIIC u ompenenenne ko3 UIIMEHTOB
YpaBHEHUU MO IKCMEPUMEHTANIbHBIM JaHHBIM. KpuTepun OIEHKHM TOYHOCTH MaTeMaTHYEeCKHX
MOJEIIEH.
188.Metonb1 nomyuenus padoueii nagopmanuu o II1C. JIokampHbIE CUCTEMBI aBTOMAaTHYECKOTO
KOHTposi ®u perymupoBanus mnapamerpoB [IIIC. ABToMarudeckas CcUCTeMa YIpaBIICHUs
texHosioruaeckuM mporeccoM (ACYTII).
189.ACVYTII BbImnaBKW, pa3iMBKH M BHENEYHOW 0OpaOOTKM CTamu (CTPYKTYpHBIE CXEMBI,
dbyHKIIMOHUpOBaHUE, Y3G(HEKTUBHOCTS ).

2.4. Ilpouszeoocmeo eppocnnasos
190.CoBpeMeHHOE COCTOSIHME M TEPCIEKTUBBI Pa3BUTUS (PEeppOCITIaBHON MPOMBIIUICHHOCTH;
KJ1accu(puKaImsi mpoIeccoB MoJydeHus GeppOCIIaBOB.
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191.KapGorepmuueckue mporecchl. PU3NKO-XUMHUECKUE OCHOBBI BOCCTAHOBJICHUS OKCHIOB
yraepoaa. Boccranosnenue kpemuus. Posib MoOHOOKCHIa KpeMHUS U KapOua KpeMHHUSL.
192.BoccraHoBneHre Maprania U3 OKCUI0B U CUIMKaToB. Ponb kapOuaoB Maprasua.
193.BoccTanoBieHre XpoMa U IPYTUX JIEMEHTOB U3 OKCUIOB XPOMOBOM PY/IBI.

194. TexHonorust TMOJIyueHHs] TMPOMEXKYTOUYHBIX KPEMHHEBBIX CIUIaBOB. [Ipom3BOACTBO
0COOOHHU3KOYTTIEPOAUCTHIX CIIJIABOB CUIIUKOTEPMUYECKUM METOIOM.

195.MeramnorepMuyeckie  MpoIecchl,  (U3UKO-XMMHYECKHE OCHOBBI  METAIJIOTEPMUHU.
Metoauka pacdera IIUXThI M COCTaBIEHHUS TEIUIOBOro OanaHca METauIOTEPMUYECKOTO
nporiecca.

196.BakyymMHO-TepMHUECKHE MPOIECCH, (HU3UKO-XMMHYECKHE OCHOBHI. BakyymHas muiaBka u
00paboTKa )KUIKUX (HeppOCIIIIaBOB MO BAKYYMOM.

197.AzotupoBannbie (deppociiaBbl. OU3MKO-XUMHUYECKHE OCHOBBI B3aMMOJICHCTBHUSI a30Ta C
BEAYIIMMHU 3JIeMEHTaMH (peppOoCIiiIaBOB B TBEPAOM H KUIKOM COCTOSHUH.

198.DHeprozaTparsl Ha MPOU3BOACTBO (DEPPOCIIABOB U BHIOPOCHI B OKPYIKAIOIIIYIO CPEY.

3. Memannypzuueckue nequ

3.1. Obopyoosanue neuei
199.VcrpoiictBa st COKUTAHUS Ta3000pa3HOTO TOIUIMBA. ['openku 0e3 mpeaBapuTeIbHOTO
CMEIICHHS, C YIYYIICHHBIM CMEUICHHEM M C IPEIBapUTEIbHBIM CMelleHueM. PaauanuoHHble
TpyOBI.
200.YcTpoiicTBa sl CKUTAHUS KUAKOTO TOIUIMBA, POPCYHKH HU3KOTO U BBICOKOT'O JIaBJICHUS.
201.T"a30Ma3yTHBIE TOPEITKH.
202.YcrpoiicTBa UIsl yTUIN3AIHMU TeTIa OTXOISAIINX ra30B.
203.PerenepatuBHble  TEIUIOOOMEHHHWKH. YCTPOWCTBO, TemioBas pabora W pacuer
pereHepaTHBHBIX TEINIOOOMEHHUKOB. Bupl Hacaqok. PerenepaTtopbsl MapTEHOBCKUX MEYEH.
204 . Kaymiepsl.
205.PexynepaTuBHbIe TEIUIOOOMEHHUKU. TeMriepatypHoe moje peKyneparopoB. PekynepaTopbl
MeTaJJIMYEeCKHEe M KepaMHYecKHe: TerioBas paboTa, MpeuMyllecTBa U HenocTatku. Pacuer
PEKyIepaTopoB.
206.TerocumnoBeie ycTpoiicTBa. KOTIBI-yTUIN3aTOPBI U TYPOMHHBIE YCTAHOBKH.
207.VcnaputenpHoe OXJIaXIeHHE TOMEHHBIX, MAPTEHOBCKUX U HAarpeBaTeIbHbIX Meuei.
208.0xnaxx1eHne KOHBEPTEPHBIX Ta30B.
209.0OcHOBBI MEXaHU3AIUU U ABTOMATH3ALIUH IIEUE.

3.2. 3auwguma 6030yuino20 u 600H020 6acceiinoe om epeoHbIX 6b1OPOCO8
210.Teopernueckne OCHOBBI M 0O0Ias XapakTEPUCTHUKA Ta3004YMCTHBIX ycTpoicTB. Cyxas
MEXaHMYEeCKas OYUCTKAa Ta30B; OYMCTKA Ta30B (UIbTpammeill; MOKpas OYHMCTKAa Ta30B;
JJIeKTpUYECKasi OYUCTKA ra30B. OYKCcTKa ra30B JOMEHHOTO U CTAJIETJIaBUIILHOTO MTPOU3BO/ICTRA.
211.0OuuncTKa ra30B MMEYeH IBETHONH METAJLTYPTHUU.
212.boprba ¢ BEIOpOCaMH BPEIHBIX BEIIECTB B BOJ0eMbl. OCBETIICHHE, XUMUYECKass 00paboTKa
U OXJIAXKACHHE 000POTHOW BOBI.

3.3. Ozneynopusie mamepuaivt
213.TpeboBaHusl K OTHEYINOPHBIM MaTepualiaM, NMPHUMEHSEMBbIM B IeyaX YEepHOW M ILIBETHOM
Metatypru. Ousndeckne U pabodne CBOMCTBAa OTHEYNOPHBIX MaTEpHaOB, UCIIOIB3yEMbIX B
METaJUTypruueckux mnevax. [lepcriekTuBHBIE BUIBI OTHEYHNOPHBIX MaTEpUAIOB: BOJOKHHCTHIC

MaTepuabl.

3.4. Ileuu uepnoi memannypzuu
Tonausnwvie neyu. Lllaxmnvie neqyu
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214 T'uapoarHaMuKa M TETUIOOOMEH B IUIOTHOM MOABMKHOM cioe. [Tons ckopocTeld B MIaXTHBIX
nevax Mpu pa3IUyHbIX crioco0ax BBOJA AYThs: (PYPMEHHOM, LIEIEBOM U LIEHTPAILHOM.
215.YcnoBust, o0ecrieynBaroue ONTUMAIBHOE Ta30pacpeieSICHHE B IAaXTHHIX Mevax.
IInamennvie nacpesamenvubie neyu

216.TenmoBas paboTa HarpeBaTelbHBIX meyei. OcoOeHHOCTH TemiooOMeHa B pabouem
MPOCTPAHCTBE IUIAMEHHBIX Iedeil. CXxeMbl JBUKEHHS MEeTaslla U IPOAYKTOB CTOPaHUS.
217.TennoBOM ¥ TEMIEpaTypHbIi peXuUMbl paboThl meueidl. CrnocoObl OTOIJICHUA U
TPAHCIIOPTUPOBKHU MeTaia. IMIylibcHOE OTOIIIEHUE.

218.HarpeBarenbHble KOMOALBL. TernaoBoil W TemmepaTypHblii pexxuMbl. HarpeB xomoaHoro u
rops;tiero  mocajga. HarpeB CIMTKOB €  JKMAKOM CEPALIEBUHOM; HMCHOJIB30BAaHUE OYThS,
oborameHHoro kuciopogoM. lllmakoynmaneHne © CTOWKOCTh TOAMHBI. PereHeparuBHBIC
HarpeBaTeJIbHBIE KOJIOALBI; PEKylepaTHUBHbIE HarpeBaTeiIbHbIE KOJOIIBI C OTOIJICHHEM W3
IIEHTpa TOJMHBI M C BepxHeWd ropenkoil. OcoOeHHOCTH TemaooOMeHa B HarpeBaTelIbHbIX
KOJIOZIaX U MaTeMaTU4YeCcKoe OMMCAHUE HarpeBa CIUTKOB.

219.TonkaTenpHble neud. KOHCTPYKIMK U peXUMBI pabOTHl MPOTUBOTOUHBIX Neueil. BiausHue
TINCCAXKHBIX TPyO Ha TEIIOoByHO paboty medu. Peiiteppl. OCOOGHHOCTH TEIUIOOOMEHa H
MaTeMaTHYeCKOe ONMMCcaHue HarpeBa MeTaiia. [IpsMo NpoTHBOTOUHBIE TOJIKATEIbHBIC TTEYH.
220.ITeun ¢ mrararommm moaom (6amkamu). KoHCTpyKIuu, peXMMbl pabOTHI, OCOOCHHOCTH
HarpeBa MeTajula, MaTeMaTHYECKOEe ONMCaHNe HarpeBa MeTasuia.

221.1Teun c KOJBIEBHIM MOJA0M. KOHCTpyKIMH, TEIJIOBOM H TEMIEPAaTypHBIA PEKHUMBI,
0COOEHHOCTH TEII000OMEHA U HarpeBa MeTala.

222.Ileun nasi CKOpPOCTHOTO HarpeBa Merauia. PU3MYECKHE OCHOBBI CKOPOCTHOTO HarpeBa
MeTaJula, UMITyJIbCHBIN HarpeB. CEeKIMOHHBIC TICUU U M€Y KOHBEKTHBHOTO (yIapHOT0) Harpesa.
lInamennvie mepmuueckue neuu

223.1leun st TEMHOM TepMHUYECKOM 0OpabOTKH TOpsilueKaTaHOTO IMPOKATa; CaJ04HbIC Ieuu;
Me4Yd C LIETMHBIM KOHBEWEpPOM M POJUKOBBIM Moja0M. OcoOeHHOCTH TermiooOMeHa U Harpena
metasuia. [leun i cBeTION TepMUUecKoil 00pabOTKH XOJI0JHOKATAHBIX JJUCTOB U JICHTHI.

224 KonmakoBble TIeYH 711 TEPMOOOPaOOTKH MIIOTHOCMOTAHHBIX U PACITYIICHHBIX PYJIOHOB.
225.1TpoTspKkHBIE TOpU3OHTANbHBIE M OameHHble neud. KoHnrtakTHbi HarpeB. OcobeHHOCTH
TeriooOMeHa U HarpeBa MeTaslia B )KHJIKHX Cpellax.

226.11leun c TeroreHepamuei 3a c4eT XUMUIECKOH SHEPTHH KHUJIKOTO YyryHa

3.5. Ileuu yeemmnoit memanaypeuu
Tonnuenvle neuu
227.11laxTHbIC TIeUH AJIs TUIABKU OKUCJIICHHBIX HUKENEeBBIX pya. [llaxTHbIe meun A CBUHIIOBOM
maBku. KOHCTpyKIMst 1 0COOEHHOCTH TETTOBOM pabOTHI.
228.0t1paxarenbHble TIeUH IS IJIaBKU Ha mTelH. KOHCTPYKINY, TEIIOBOM M TeMIIepaTypHbIi
PEXUM IJIaBKH.
229.Anonuble u BaiiepOapcoBblie neun. KoHCTpYKLIUH, TEIUIOBOW U TeMIEpaTyPHBII PEKUM.
230.TpyOuarsie Bpamiatonuecs rneuu. KoHCTpYKITNH, TETUIOBOK U TEMIIEPATYPHBIN PEKUM.
231.HarpeBarenbHbie meun. KOHCTpYKIIUU, TETIOBOM U TEMIIEPATYPHBINA PEKUM.
Ileuu ¢ nonnoll unu wacmuyHol menno2eHepayuel 3a cuem XUMUYECKOU IHepeUU CblPbesblx
Mamepuanos
232.006m1asi XapaKTEepUCTHKA TPOIECCOB, MPOTEKAIIMX MPU OOXKHUTe CYIb(UIOB B KHUIISAIIEM
cIoe.
233.I"a301MHAMUYECKUN PEXUM paOOThI meued. TemnepaTypHbIi M TETUIOBON PEXKUMBI 00KHTa
Cynb(UIHBIX MaTepuaIoB. Bpems npeObIBaHUs MaTepuasa B KUIISIIEM CIIOC.
234.TTeun nna oOkwura cynb(GUIHBIX MaTepuajgoB B Kumsmem cioe. lleun mms oOxwura
[IUHKOBBIX, METHBIX U MOJHUOICHOBBIX KOHIICHTPATOB. OCOOEHHOCTH KOHCTPYKIIUU U TETLIOBOU
paboTHI.
235.KonBeprepbl 3aBOJIOB IBETHOW MeTayuTypriuu. KOHCTpYKIMH, TEIJIOBOM U TeMIIepaTypHBIH
pexuM paboTHI.
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236.11eun asst aBTOTEHHOM JIABKU MEAHBIX KOHIIEHTPATOB Ha IITEHH M YEPHOBYIO ME/Ib.
237.I1naBka B xxunkoi BanHe. [leur A.B. BaHrokoBa jy1si TUTaBKU py/l ¥ KOHIIEHTPATOB.

3.6. Ileuu ozneynopnozo npou3zeoocmaea
238.'ugpopuHamMuKa, TEIUIOBOM U TEMIEPAaTypHBI PpEXHUM, KOHCTPYKIMHM IIaXTHBIX,
BPALAIOIIMXCS, TOHHEJBHBIX M JPYrHX TIe€4Yed 3aBOJOB IO MPOU3BOACTBY OIHEYNOPHBIX
U3JICIIUN.

3.7. dnekmpuueckue neuu
239.00mas xapakTepUCTUKA OJJICKTPUYECKUX TIeUel TPUMEHSEMBbIX B YEpPHOH, IIBETHOU
METAJUTYyPruH ¥ MAIIMHOCTPOCHUHU. TEeIOTEXHUYECKHE OCOOCHHOCTH pabOThI Meyel pa3IuaHon
KOHCTPYKITUU. XapaKTePUCTUKH BHEITHETO TeruiooomeHa. TermoBoil 6anaHc.
240.lyroBbIe ne4u CTaJIeIJIaBUIIbHbBIE neyy; JyTrOBBIE BaKyyMHBbIE neyy;
PYZAOBOCCTaHOBUTEIBHBIE TI€YH; MUIA3MEHHBIE MIEYH.
241 Nnpykuuonnsle neyn. KaHanpHble M TUreNIbHBIC M1€YHM; BaKyyMHBIC ME€UH; YCTAaHOBKH IS
IIJIaBKU BO B3BELIEHHOM COCTOSIHMM, HATPEBATEIbHbIE YCTAHOBKH.
242.1leun compotuBieHus. [leun npsAMOro M KOCBEHHOTO JEHCTBHA; BaKyyMHbIE II€Ud
CONPOTHUBIICHHUS; INIABWJIBHBIE TIEYHN CONTPOTUBIICHHUS.
243.CrieninasibHble TI€YW. YCTAHOBKH JIUAJIEKTPUUYECKOTO HArpeBa; YCTAaHOBKHU 3IJIEKTPOHHOTO
HarpeBa; yCTAaHOBKM HAarpeBa H3JIy4YEHHUEM ONTHYECKOTrO KBAHTOBOI'O I€HEPATOpa; ONTHUYECKHE
NI€4YH; YCTAHOBKH JUIsl 30HHOM IJIABKHU.

4. Texnonozusa npou3zeo0cmea y6EMHHIX U PEOKUX MEMAilos

4.1. Texnonozusn npou3eo00Ccmea maxceAblX Y8EMHHIX MEMAI108
244.00m1e MPUHIUIBI U3BIICYCHUS] METU, HUKEIIs, CBUHIIA, [IMHKA U3 Pyl U KOHIICHTPATOB.
245 . KuHeTrka 1 MeXaHU3M OKHCJICHHS CYIb(UIOB B TBEPIOM H JKUJIKOM COCTOSTHUH.
246.lucconnanus BHICIINX CyIb(UI0B IPU HArpeBaHUH B HEUTPAIBbHOM aTMochepe.
247.0cHoBHBIE cTaguu (GOPMUPOBAHUS METALTYPTUYECKHX pacIyiaBOB (IIJIaka, IITEWHA,
IITICH3BI).
248.1Tpon3BOAUTENHHOCTD MUPOMETAILTYPTHUECKUX arperaToB.
249.PacnipenenieHue IICHHBIX KOMIIOHEHTOB MEXTY MPOJIYKTAMU TUIABKH.
250.CriocoObl  M3BIEYCHHUSI CEPBl TMPHU MUPOMETALTYPTrUYECKON TepepaboTke Cyiab(OUIHOTO
CBIPBSL.
251.TloBeneHne pEOKUX U PACCESTHHBIX JJIIEMEHTOB B OCHOBHBIX MUPOMETALTYPrHUECKUX
nporeccax. Pacnpenenenre MbIIibsKa 1Mo MpOAyKTaM TUIaBKH.
252.KoapurmmeHT KOMIUIEKCHOCTH HCIOJIb30BAHUS CHIPhS B METAUTYPTUH MEIW, HUKEI,
CBUHIIA, [IMHKA.

4.2. Ilepepabomka meonwvix pyo u KOHWEHMPAN OB
253.Pa3HOBUAHOCTH OTpakaTeabHOM TUTaBku. Ee yenbHbIN Bec B TPOU3BOICTBE MEIH.
254.1lenecoobpa3HOCTh MPEBAPUTEIHLHOTO 00KUTA KOHIIEHTPATOB TIepe]] MIIABKOM.
255.IIpenmymiecTBa U HEIOCTAaTKUA MEPEepabOTKM KOHBEPTEPHBIX IIUIAKOB B OTpakKaTebHOU
MIEYH.
256.XapakTepucTuka IITEHHOB, TmuIakoB, razoB. TeroBoi KIIJ[. Bo3moxHbie cmocoOb!
yrunu3zanuu  Teria. OCHOBHBIE TEXHUKO- OSKOHOMHYECKHE IOKa3aTrelau. BbwlOpockl B
OKPYKAIOIIYIO CPEeLy.
257.IlepepaboTka mTEHHOB Ha 4epHOBYIO Menb. lloBenenue ero cocrasistomux B [ u 11
MepUObl KOHBEPTUPOBaHUs. TermIoBOM M TeMIlepaTypHBIN peXUMBI Tporiecca. Mcnonb3oBanue
BO31yxa, oOorameHHoro kuciuoponoMm. Ilokasarenu mporecca. HoBble HampaBieHus B
METaJTypruy MEIH.

21



258. ABTOreHHBIE MPOLECCHl B METAUTYpruu Meau. VX mpeumyiectsa U HeAOCTaTKU. BnusHue
MarHeTHTa Ha MOTePH MEIH CO MUIAKOM B 3THX MIpolieccax. PacmpeneneHne cepsl 1 METaIOB-
CIIYTHHKOB IO MPOAYKTaM IJIaBKH.

259.0rHeBoe ¥ IEKTPOTUTHIECKOE padMHUPOBAHUE MEIU. TeopeTHYECKHe OCHOBHI.
260.IlepepaboTrka aHomHbIX 1uIamMoB. Ilpaktuka mporeccoB. OCHOBHBIE — TEXHHKO-
9KOHOMHUYECKHUE TTOKa3aTeNId. BEIOPOCHI B OKPYKAIOIIYIO CPELy.

261.T'unpomeramnyprus menu. IIoAroToBKa ChIpbs K THIPOMETAIUTYPIUYECKON TIepepaboTKe.
262.X¥MHU3M OCHOBHBIX pEaKIMil BhIMIeTaunBaHusA. [IpakThka KydHOTO, OaKTEpPHAIBHOTO W
ABTOKJIAaBHOTO BBIIIENAauMBaHus. TEeXHUKO-3KOHOMUYECKUE MTOKa3aTeNn IporeccoB. BeiOpocs B

OKPYKaIOUIYIO Cpemy.

4.3. Ilepepadbomka nukenegvix pyo u KOHUEHMPAmMos
263.Crioco0bl MOJITOTOBKH OKHCIIEHHBIX HHUKENEBBIX PyA K IUIaBKE B MIAXTHBIX Medax. Mx
IpeuMyIIecTBa M HEIOCTaTKH. Peakiuu, NpoTeKaloulye IO BBICOTE€ IIAXTHI €YU U BO
BHYTPEHHEM TOpHE. XAapaKTEpUCTUKA INTEHHOB M UIUIAKOB IIAXTHOM IUIABKU. TEXHHUKO-
SKOHOMMYECKHE MTOKA3aTeNH.
264.KonBeptupoBaHue HHKeNeBbIX MmTeHOB. [loBenenne xoOanbra. COBpeMEHHBIE CIIOCOOBI
nepepaboTKU KOHBEPTEPHBIX IIIAKOB B LESIX U3BJICUEHHS U3 HUX KoOanbTa. VX mpeumyiecTa
u Henoctatku. llepepaboTka (aiiHmTeiiHa 10 orueBoro Hukenas. Cxema NPOU3BOJICTBA
METaJUTypTHUeCcKOoro KobamnbTa.
265.ITonroToBKa OKUCIICHHBIX HHUKEJIEBBIX pPyJ K IUIaBKE B 3JIEKTporedyax Ha (eppOHUKENb.
Teopus w mpakThka TUTaBKH. PaduHupoBanue yepHOBOro deppoHukens. TexHHKo-
HKOHOMHUECKHE MoKa3aTenu. [lepcrekTuBbI pa3BUTHS Mpoliecca.
266.'mppomeTaityprudeckue U KOMOMHHPOBAHHBIE CIOCOOBI KOMIUIEKCHOW TepepadOTKu
OKHUCJICHHBIX W HHKEIIEBBIX Py (CerperalioHHbIC, aBTOKJIABHBIC, aMMHAYHO-KapOOHATHEBIE U
zp.)
267.ITonroToBka Cyab(GHUAHBIX Py U KOHLEHTPATOB K IJIaBKE B AJIEKTPHUECKUX meuyax. Teopus
U TIPAaKTHUKA 3JIEKTPOIUIaBKU. TeXHUKO-2KOHOMUYECKHE ITOKa3aTeH.
268.0co0eHHOCTH KOHBEPTUPOBAHUS MEAHO-HUKEJIEBBIX IITeHHOB. Pa3neneHue daitHmTeiina.
269.Crioco06s! mepepaboTKH MEAHOTO U HUKEJIEBOTO KOHIIEHTPATOB, MOTYyYEHHBIX TIpH (II0TaIuN
daitamrelina. OTIMYMS TEXHOJIOTUYECKOW CXEMBI MPOU3BOJCTBA KoOanbTa Tpu mepepaboTke
Cynb(UIHOTO U OKHUCICHHOTO ChIphs. [lyTM MOBBIIIEHUS KOMILJIEKCHOTO HCIHOJb30BaHUS
CyIb(QHUIHOTO METHO-HUKEIEBOTO ChIpbsi. OXpaHa OKpYKaroIel cpebl.
270.KapOoHWIBHBIA ~ TIpOIIECC MOJYYEHUsT  HUKEJS. ['mppomertammypruyeckue
KOMOWHUPOBAHHbIE CIIOCOObI KOMILJICKCHOM MepepabOTKu CyIb(QHUIHBIX Pyd U KOHIIEHTPATOB.
Metonsl monydyeHuss HHKeNsT W KoOajdbTa U3 PACTBOPOB; AJIEKTPOJIU3, BOJAOPOIHOE
BOCCTaHOBJICHHUE.
271.TToBeneHue ceneHa, TeIypa W JParoleHHbIX METAJIOB IO TJaBHBIM TIepenesam
TEXHOJIOTHYECKUX CXEM.
272.OCcHOBHBIC MPUHIIUIIBI TTEPEPaOOTKA aHOAHBIX IIJIAMOB AJIEKTpoJn3a Hukens. [lepepaboTka
ApPCEeHUTHBIX Py, TPOoOJieMa BBIBOJIA MBIIIBSIKA.
273.OHepreTHYecKie MpoOJEeMbl M HIKOHOMHKA Pa3IMYHBIX TEXHOJOTHYECKHUX TIPOIIECCOB
nepepadOTKK HUKEJIEBBIX Pyl M KOHIIEHTPATOB. BEIOPOCHI B OKPYKAIOIIYIO CPELy.

4.4. Ilepepabomka c6unY08bIX KOHUEHMPAN OB
274. ArioMepupyromuii 00KUT CBHHITOBBIX KOHIIEHTPATOB. TEOpHs U MPaKTHKA.
275.BoccranoBuTenbHAs IJIaBKa CBUHIIOBOTO arjoMepara. XuMu3M Tpouecca. lloBexenue
CBHUHIIA U METAJJIOB-CITyTHUKOB IIPH IIJ1aBKe. TEeXHUKO-I3KOHOMUUYECKUE TO0KA3aTENN TIABKH.
276.PadmanpoBaHre 4epHOBOTO CBHHIIA U NepepadoTKa MOIYyNpOayKTOB. Teopus W MpakTHKA.
Crioco0nI TiepepaboTKH MITAKOB, TBLIH.
277.HoBble HampaBiIeHHs B METAJUTYPIHH CBUHIIA.
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278.ABTOTEHHBIE U THAPOMETAJUTYPIHUECKUE CIIOCOOBI IEpepaOdOTKN CBUHIIOBBIX KOHLIEHTPATOB.
Mx mpeumyIiecTBa U HEJOCTATKH, IMEPCICKTUBHI MPUMEHEHUS IICHHBIX METAJUIOB-CITyTHUKOB B
POM3BOJCTBE CBHUHIA. CXEMBbl TOIYTHOTO HW3BJICUEHHUS CEPbl M METAJIOB-CIIyTHHKOB IpHU
nepepa0OTKEe CBUHIOBBIX KOHIIGHTpaToB. [lpuieynaBnmuBanue. Mertoasl U 00OpynoBaHUE
nbiIeynaBiauBanud. [lokasarenu paboThl MbLICYIaBUTENICH.

279.TexHuka 6€30MaCHOCTH MPH MPOU3BOJICTBE CBUHIIA M OXPaHa OKPYKAIOIIEH CPeIbl.

4.5. Ilepepadbomka yuHKOBbIX KOHYEHMPAM OB
280.CpaBHeHue 3((HEKTUBHOCTH MHPO- U THIPOMETAJUTYPIrMUYECKOTO METOJIOB TOIY4YEHUS
LUHKA.
281.006ur NUHKOBBIX KOHI[EHTPATOB.
282.IlupomeTrauryprudeckue METOAbl OMyUEHUs IIMHKA U3 orapka. DJIEKTPOTepMHUs IIMHKA.
283.0c00eHHOCTH BBITIJIABKH [TUHKA B IIIAXTHBIX TeYaX.
284.PapuHMpOBaHE YEPHOBOTO ITUHKA.
285.T'mapomeramnyprust IIMHKA. BeIienaunBanne MUHKOBBIX OrapKOB W OYMCTKA PacTBOPOB OT
npumMeceil. TeopeThyeckue OCHOBBI ITHUX MPOIECCOB. IJIEKTpoOcaxJaeHue InHKa. HoBbie
HATPaBIICHUSI COBEPILICHCTBOBAHMS Ipoliecca. TexHrnka 0e30MacHOCTH M OXpaHa OKpYKaroIen
CpEIBL.
286.1TepepaboTka MONYNIPOAYKTOB IIMHKOBOTO MPOHM3BOACTBA. KOMILIEKCHOE HCIOIB30BaHUE
IUHKOCOJIEP>KAIIETO ChIpbsi. DHEPro3aTparhl U BHIOPOCH B OKPYKAIOIIYIO CPENy.

4.6. Texnonozusa npou3zeoocmea 30;10ma, cepeopa u Memanioe NaamuHoBol Zpynnvl
287.CoBpeMEHHOE COCTOSTHHE M OCHOBHBIC 3Talbl pa3BUTHs MPOU3BOJCTBA 30J10Ta, cepedpa u
METaJIJIOB IJIATUHOBOM TPYIIIIBI.
288.13BneueHune 61aropoJHBIX METAJUIOB aMabraMaiiuei.
289.TepmognHaMHuKa, MEXaHM3M M KWHETHKA B3aWMOJCHCTBUS 30J10Ta, cepebpa M METaJIOB
TUTATUHOBOM TPYIIIBI C PTYTHIO.
290.TeopeTnyeckre OCHOBBI M TEXHOJIOTHS ITPOIIeCcCca IIMAaHUPOBAHUS.
291.TepmoauHaMUKa M KUHETHKA IPOIECCAa PACTBOPEHHSI B ILMAHUCTBIX PACTBOPAx 30JI0Ta,
cepebpa, TeIITypUAO0B 30J10Ta, CEPHUCTBIX U OKCUAHBIX MUHEPAJIOB cepedpa.

292. TepMoauHAMHUKa W KHHETHKA IPOLECCa OCAXKIEHHUS 30J0Ta M cepedpa M3 LHUAHUCTHIX
pacTBOPOB LMHKOM U alIOMHHHEM. TeopeTHdecKHe OCHOBBI Ipoliecca cOpOLUU 30JI0Ta U
cepeOpa W3 MHMAHUCTHIX PACTBOPOB AKTUBHPOBAHHBIM YIJIEM, MOHHO-OOMEHHBIMH CMOJIAMHU
(aHHMOHUTAMM) M KHUAKOCTHOM HSKCTpaKIMel opraHuyecKuMu pacTBoputensiMu. CoBpeMEeHHOE
COCTOSHUE W HAIPABJIICHUS JAITBHEHUINEro pa3BUTHS TEXHUKA W TEXHOJIOTUH ITUAHUCTOTO
mporecca.

293.CriennasibHbIe POIIECCH TEPEPAOOTKU Py U KOHLIEHTPATOB CI0KHOTO COCTABA.

294. Adbdunax 3010Ta, cepedpa ¥ METAIOB TUIATHHOBOM TPYIIIIHI.

295.TeopeTrndeckue OCHOBBI U TEXHOJIOTHS IEKTpoUTHYecKoro aduHaka 30510Ta u cepedpa.
296.XuMusi W TEXHOJIOTHs TipolieccoB adduHaKa TIUIATUHOBOTO KOHIIEHTpAaTa M METOMbI
MOJTyYEHHUS TUTATUHBI BBICOKON YUCTOTHI. DHEPro3aTpaThl U BHIOPOCHI B OKPYKAIOIIYIO CPELY.

4.7. Texnonozus npou3eo0cmea 1e2KuXx 48emMHbIX CNIAB0E

llonyyenue macnus

297.CBoiicTBa M NpPUMEHEHHE MarHus. XapaKTepUCTHKAa MCXOIHBIX MaTepuayioB. Teopus u
TEXHOJIOTHSl TIOJNydeHUsT OE3BOJHOTO XJIOPUCTOro MarHus u OuHoduTta. OOE3BOKMBAHUE
KapHaJUIUTA: TOJy4YeHUE UCKYCCTBEHHOTO KapHaJUIUTa, 00e3BokuBaHue Bo Bpamatomuxcst CKH
u nevax. [[puMeHeHune neven KUIsIero cjaos U XJIOpaTOpoB.

298.CoctaB U (U3UKO-XMMHUYECKHE CBOWCTBA 3JEKTPOIUTOB. (OCOOEHHOCTH KHUHETUKHU
JNEKTPOAHBIX IPOLECCOB. I'MApoaMHAMUKA DJIEKTPOAA M KaTOAHBIA BBIXOX IO TOKY. Bimsnue
npuMeceil U 100aBOK B AJIEKTPOJIUT Ha KaTOAHBIA mporecc. OOpa3oBanue muiama. TexHUKa
JNEKTPOJIMTUYECKOTO MONMydeHus: MarHusa. KoHCTpykuus siekrposnsepoB. CpaBHHUTEIbHAS MX
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XapakTepucTHKa. TexHoaorus o0CIy>)KuBaHUs. Y CTPOHCTBO IIEXOB AJIEKTPOJIN3a, OTCOC XJIOpa U
KaTOAHBIX ra3oB. TexHHkKa Oe30MacCHOCTH W MEPONPUATHS IO OXpaHE OKPYKAIOLIEH Cpebl.
TexXHUKO-IPKOHOMHUYECKHE  IIOKa3aTeNu  dJJeKTpoiu3a. PaduHupoBaHme  MarHus-coipla
neperyaBkoi ¢ gurocamu. DIEKTPOIUTHUECKOE papUHUPOBAHUE MarHUEBBIX JIOMOB M OTXO/IOB.
I'OCT na maruuii, KOMIUIEKCHOE UCIIOJIb30BAaHNE MarHUEBOTO ChIPbSI.

Tlonyuenue antomunus

299.CBoiicTBa alOMHHHS ¥ CIUIABOB HA €ro OCHOBE, MAacIITa0bl MPOW3BOJACTBA M 00JIACTH
npuMeHeHus. OCHOBHBIE PY/Ibl ATFOMUHHUSL.

300.ITepepaboTka OOKCHUTOB THAPOXUMHUYECKUM crocodoMm. OcHoBHast peakius baiiepa.
CtpoeHne amlOMHHATHBIX pacTBOpoB. PaBHoBecme B cucreme Al203—Na20—H20.
[IpuHnmnuanbHast TEXHOJOTHMUYEcKas cxema criocoba baiiepa. TexHomormueckue napaMeTpsl
OCHOBHBIX MIEPEJIEIOB U XapaKTePUCTUKA 000PYIOBaHHUS.

301.TTonyueHue rmuHO3eMa CIOCOOOM CrieKaHUs u3 OOKCUTOB. OCHOBHBIC XUMHUYECKHE PEaKIIUU
IIpU CIIEKaHWU U BBILIENAYMBaHUM cIieKoB. [IpuHIMNIUanbHAs TEXHOJOTHYECKasi cxema crocoba
cnekanusd. KoMOMHUpOBaHHBIE CHOCOOBI: THAPOXUMHMUYECKHN M CIIEKaHUS — MapajlIeIbHBIA U
MOCJIeIOBATEIbHBIN BapraHThl. X IpenMyIiecTBa rnepes pa3aeibHON mepepadoTKOM.
302.KomrutekcHas nepepaboTka He(EeINHOB. XapakTepucTuka He(eTuHOB U
He(deTMHOCIEHUTOBbIX pyA. OCHOBHBIE peakIMH MpU CIEKaHUH HedennHa ¢ U3BECTHSIKOM U
BBIIIENIAaUMBaHUU. [IpuHIMNIUANbHAsS TEXHOJOTHMYECKas cxeMa crocoba crnekanus. OCHOBHas
anmnaparypa.

303.XapaKkTeprcTUKa aTyHUTOBBIX pyA. OCHOBHBIE peakIiy MPpH MepepadoTKe ATYHUTOBBIX Py
BOCCTAHOBUTEJIBHBIM O0XKUTOM C BETBBIO criekaHus. [IpuHIMNManbHas TEXHOJIOTHYECKasi cXxema
3TOro crnoco6a. HoBele HampaBieHusi B MOJydyeHUH TTMHO3eMa. PU3NKO-XUMHUYECKUE OCHOBBI
nepepaboTKU BBICOKOKPEMHUCTBIX BHJIOB AJFOMUHHUEBOIO CHIPbSI TUAPOXUMUYECKUM METOIOM.
OcHoBHasi TexXHOJIOTMYECKass cxema 3Toro wMerona. CpaBHEHHME TEXHUKO-DKOHOMHYECKHX
MoKasaresiei pa3IMYHbIX CIIOCOOOB MepepadOTKH IMIMHO3EMCOIEepKalero cohipbs. KoMmmiekcHoe
UCII0JIb30BaHue TnuHo3eMcozepxaiiero celpbsd. 'OCT Ha rimHo3eMm.

304.1Tpou3BoacTBO (PTOPUCTHIX COJEH W 3IEKTpoAoB. [IpoM3BOACTBO KPHOIUTA KUCIOTHBIM
CIOCOOOM: OCHOBHBIC pEaKIMM, TEXHOJIOTMYECKass cxemMa M ammaparypa. llpous3BoacTBo
JMEKTPOAOB: HMCXOAHbIE MaTepuaibl, IPECCOBAHHUE, OOXKUT  «3EJIEHBIX»  AJIEKTPOIOB,
rpadUTHPOBAHUE.

305.Teopust  2JIEKTpOIM3a KPHUOJUTOTIMHO3EMHBIX paciuiaBoB. CBOHCTBA H  CTpOEHUE
JIEKTPOJINTOB U TEPMOAMHAMMKA OCHOBHBIX peakLui Ha 31eKTpoaax. OCHOBHBIE JUarpammbl
cocTosiHUSI. MexaHu3M KaTOJHOTO Ipoliecca, IMOBEAEHHUE HATpUsl B KaTOJHOM paspsie,
KaTOJHBIN BBIXOJ MO TOKY. AHOAHBIA mpouecc. [loTeHuanoonpeaensonme peakiiui, coCTaB
AQHOJIHBIX Ta30B, CBS3b C KaTOAHBIM BBIXOJOM IO TOKY. Pacxop yriepona, CBSi3b C aHOAHBIM
nepeHanpspkeHneM. AHOTHBIN 2P QeKT, moBeeHne npuMecel U 100aBOK B 3JIEKTPOIIUTE.
306.TexHomorrs AJIEKTPOJUTUYECKOTO TMONydyeHUs amoMuHus. OnucaHue KOHCTPYKLIUU
AJIEKTPOJIN3EPOB U  CpPAaBHEHME HX TEXHMUYECKHUX JaHHbIX. HoBble HampaBieHus B
KOHCTPYMPOBAaHUU DJIEKTPOJIU3EPOB U CHOCOOBI MX NUTaHHs riMHO3eMoM. Ilyck BaHH, HX
00CITy’)KUBaHHE. Hapymenue HOPMAaJIbHOU paboThI JIEKTPOIU3EPOB. Biusanue
AIEKTPOMArHUTHBIX CUJI HA pabOTy 3JEKTPOIU3EPOB.

307.TexHosOrUsI CAaMOOOKUTAIOIIErOCs aHOAA AJTIOMHUHHEBOTO AJIEKTPOIN3epa. XapaKTepruCcTUKa
OCHOBHBIX 30H B aHOJI€; TpeOOBaHUs, MPEAbSIBIIEMbIE K MIeKaM U KOKCaM; OCHOBHBIE IIPOIECCHI,
IPOTEKAIOIKE B pa3IMYHBIX 30HaX aHOAA; OalaHC yriepoja.

308.0nepreTuyeckue OGamaHCHl AJETPOIU3EPOB, CBSI3b MEXAY TUIOTHOCTHIO TOKA M YACIbHBIMU
norepsMu Temia. IlnaHupoBka 1EXOB 3EKTPOIM3a U 3JIEKTPOIU3HBIX KOpIycoB. ['azoorcoc u
BEHTWIALIMSI, pereHepanusi Gpropcosieir. TexHuka 6€30macHOCTH M OXpaHa OKPYKAIOIIEH CpPebl.
ABTOMAaTHYECKOE PEryJIMpOBaHUE ATIOMUHHUEBBIX JIEKTPosn3epoB. CeOecTOMMOCTh aTIOMUHUS
u ee aHanu3. ['OCT Ha anroMuHHN.

309.0nekTponutuueckoe padunupoBaHue amoMuHus. CBOMCTBAa M NPUMEHEHUE ATIOMHHHUSA
BBICOKON YMCTOTHI. Teopust U TEXHOIOTHsI TPEXCIOWHOTO METOa, YT €€ COBEPIICHCTBOBAHUS.
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310.HoBble HampaBieHHS B MOMYYCHHUU aMOMUHHA. DU3NKO-XUMHUYECKHE OCHOBBI BBITUIABKU
ATIOMUHUEBO-KPEMHUEBBIX CIUIABOB W3 pyA: TEPMOJMHAMHUKA MPOLIECCOB BOCCTAHOBIICHUS
OKCH/JIOB aJTIOMHHHUS U KPEMHUS YTIIEPOJIOM, POJIb HU3IIMX OKCUIOB AIFOMUHUS U KPEMHHUSL.
311.TexHuka 31€KTPOTEPMUYECKOTO TOIYUYECHUsI CILJIAaBOB AFOMMHMSI U KPEMHUS: MOJATOTOBKA
HIUXTHI, XapaKTEPUCTHKA IEKTPOIICUEH.

312.Meramnyprusi BTOpPUYHOTO aTFOMUHUS. TeXHOJIOTUs OArOTOBKY JIOMa M OTXOOB K IJIaBKE.
313.11;naBka amOMUHUS U €T0 CIUIABOB B AJIEKTPUYECKUX U TUIAMEHHBIX OTPAKaTeIbHBIX MeUax.
314.Ponb ¢urocoB mpH 11aBKE OTXOAO0B M JIOMa aTFOMUHMS. MeToibl padMHUPOBaHUS paciljiaBa
OT HEMETAIINYECKUX U MeTaunueckux npumeceil. 'OCThI Ha antOMUHUEBBIE CIUIABHI.
315.0Hepro3arpaThl Ha MPOU3BOICTBO ATIOMUHUS U BBIOPOCHI B OKPYXKAIOIIYIO CPENY.

4.8. Texnonozcusa npou3zeoocmea peoKux u paouoaKmueHvIX MEMaslios
Tyzonnaexue peokue memanisl
316.Bonsppam m MommbmeH. DPUBMKO-XUMUUYECKHE OCHOBBI TMHPOMETAUTYPTUUECKHX U
THJIPOMETAJUTYPIHUYECKUX CIOCOOOB PA3JIOKEHHUS] PYAHBIX KOHIIEHTPATOB, HMX KPUTHYECKOE
COTIOCTABJICHHE, HOBBIC HAMpaBICHHUS] TEXHOJOTHMH. TeopeTHdecKHue OCHOBBI M IpaKTHKa
IPOIIECCOB MPOU3BOACTBA YUCTHIX TPEXOKCUOB MOJIHO/IeHa U BOJIb(pama.
317.Ucnonp30BaHre HWOHOOOMEHHBIX W JKCTPAKIMOHHBIX IPOIIECCOB B THAPOMETAILTYPTUU
Boib(ppamMa U MomubaeHa. CxeMbl KOMIUIEKCHOW mepepaboTKH BOJIb(PpaM-MOJINOIEHOBBIX
KOHIeHTpaToB. CriocoObl oTneneHust MoiaubdaeHa oT Boib(pama. [lomyTHOE U3BIEUEHUE PEHUS
npu mnepepaboTke MOJMOJCHOBBIX KOHIIEHTPATOB. TexHoorusi mnepepaboTKH BTOPHYHOTO
BOJIL()PAMOBOTO ¥ MOJIUOICHOBOTO CHIPHSI.
318.TepMonnHamMuKa, KMHETHKAa M MEXaHMU3M BOCCTAHOBIICHHMS TPEXOKCHJIOB BOJb(pama u
MoJInO/1eHa BOAOPOIOM, MTpaKTUKa mporiecca. OCHOBbI MPOU3BOACTBA KOMIIAKTHBIX BOJIbGpaMa 1
MOJMO/IeHa METOJIOM MOPOIIKOBOM METaTypruu U IJIABKOW (IyrOBOM, 3JEKTPOHHO-TYYEBON).
Brnusaue nmpumeceil Ha cBOWCTBa METANIOB. BapuaHTHI MpoOIEccCOB MoiydeHHs! Bosibhpama u
MOJIM0/IeHa BOCCTAHOBJICHHUEM TJIOTeHUI0B. METOAbI MOJIydYeHHs] MOHOKPHCTAIIOB BOJIb(pama
u moynOieHa. TexHuka 6€301macCHOCTH M OXpaHa OKPYIKAIOIICH CpesIbl.
319.Tantan u HuoOuii. O630p U COMOCTABICHUE CIIOCOOOB PA3NIOKECHHS PYJHBIX KOHIICHTPATOB
pa3IUYHOrO TUNa (TaHTAIUT-KOJIYMOUT, JIOMApUT, NUPOXJIOp). DUZUKO-XUMUYECKHE OCHOBBI
nporeccoB. ComocTaBieHNE XJIOPHOW M CyIb(paTHOH TEXHOJIOTMH KOMIUIEKCHOM mepepaboTKu
nomaputa. OCHOBBI CLIOCOOOB pa3/IelICHHs TAHTAJIa U HUOOHS.
320.0630p 1 comocTaBlieHHE CIIOCOOOB MPOU3BO/ICTBA TaHTaJIa U HUOOUS. PUZUKO-XUMUYECKHE
OCHOBBI METANIOTEPMUYECKOT0, KAPOOTEPMHUUECKOTO U 3JIEKTPOIUTHUECKOTO CIIOCOOO0B.
321.TTonyuenue TaHTanda ¥ HUOOUS BOCCTAHOBJIEHUEM XJIOPUAOB. PDUZNKO-XUMHUECKHE OCHOBBI
Pa3IUYHBIX CIIOCOOOB MPOU3BOICTBA KOMIIAKTHBIX TaHTalla K HUOOUSL.
322.Tutan, uupkoHMH u TadHuUi. OCHOBBI COBPEMEHHOH TEXHOJIOTUM TPOU3BOACTBA
yeTbIpexxyiopuctoro turasa. O030p M comocTaBieHUE COCOO0B MONYyYEHUS UCKYCCTBEHHOIO
pyTHIIa U3 WIBMEHUTOBBIX KOHIIEHTPATOB.
323.OU3UKO-XUMHUYECKUE OCHOBBI  CITIOCOOOB  BCKPBITHS  ITUPKOHUEBBIX  KOHIIEHTPATOB.
ObocHoBaHMEe BBIOOpA cI1OCOOA BCKPHITHS B 3aBUCUMOCTH OT TPEOYyEeMbIX KOHEUHBIX MPOIYKTOB.
Cnioco0wI pa3fieneHust TUPKOHUS U TaQHUSL.
324 . KoMIuieKCHOE NCIIOIb30BaHNE TUTAHOBOTO U IIUPKOHHEBOTO CHIPHS.
325.006muit 0030p COCOOOB MOTYyYEHUS TUTAHA U IIUPKOHHUS C YIETOM OCOOCHHOCTEH CBOMCTB
3TUX METAJJIOB.
326.PU3UKO-XUMHYECKHUE CBOMCTBA M MPAKTHKAa MAarHUUTEPMHUYECKOTO CIoco0a MpOU3BOJICTBA
TUTaHa M IHUPKOHMA M3 ATHX XJIOPUAOB. BapHaHThl HATPUUTEPMUYECKOTO BOCCTAHOBIICHHS
YeThIPEXXJIOpUCTOro TuTaHa. CoOMOCTaBICHHE MAarHUHTEPMUYECKOTO W HATPUUTEPMHUYECKOTO
IPOIIECCOB. DIEKTPOIUTHUECKUI CITOCOO MOTyYSHHS IUPKOHUSI.
327.0OnexkTponutndyeckoe  paguHuUpoBaHwe  THTaHa.  OCHOBB  HOAMIHOTO  CIoco0Oa
padUHUPOBAHUS TUTAHA U IUPKOHMSL.
328.11pon3BoACTBO KOMITAKTHBIX TUTAHA M ITAPKOHHS METOJIOM TIIABKH.
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329.TlopomkoBasi METALTYPrusi THTaHA U IUPKOHUSL.

330.Texnuka 0€30MaCHOCTH W OXpaHa OKPYXKAIOIIEH Cpenbl B MPOW3BOJCTBE THTaHA U
UPKOHUSL.

Paccesnnvie peokue memannvi

331.001mas XxapaKTepuCTUKA PACCESIHHBIX PEIKUX METAJUIOB, UICTOYHHKOB X MOTYYCHHUS.
332.DKOHOMHYECKOE 3HAYCHHE KOMIUIEKCHOCTH UCIIOJIb30BaHUS CHIPhsl. TEXHOJIOTHS TIOMyTHOTO
U3BJICUCHHS] TAJUTUS B MPOU3BOJICTBE TIIMHO3EMA, HHAMS NPU MepepaboTKe Cylb(OUIHOTO ChIPbs
[[BETHBIX METAJUIOB, TE€pPMaHUs TpU TepepadOTKe MEIHOTO CHIpbS W yIJIeH, pPEHUs B
IIPOM3BOJICTBE MEIH U MOJIHOCHA.

Peoxozemenvrvie u paduoakmuervle Memaiivl

333.0OCHOBBI MPOLIECCOB MOMYUYCHUSI PEIKO3EMENbHBIX METAIJIOB BRICOKOW YMCTOTHI. BapuaHTh
TEXHOJIOTUYECKUX CXEM IMepepabOTKH MOHOIMTOBBIX KOHIIEHTPATOB C IMOJYYCHUEM COSIMHEHUM
PEIKO3EMENbHBIX ~ METAJUIOB M TOpHUA. TeXHOJNOTHs TepepadOTKU  JPYyruxX  BHJIOB
PEIKO3eMENIBHOTO ChIPhs (0aCTEH3UT, HTTPONAPHU3UT, JIOMApuT). OCHOBBI CITIOCOOOB Pa3CICHUS
PEIKO3EMENbHBIX METAJIIOB U TOPHSL.

334.0cHOBBI ¥ ammaparypa HpOIECCOB BBINICTAYMBAHUS ypaHa W3 PYTHOTO CBIPbS JJIS MX
ocymecTBieHus.  VIOHOOOMEHHble W OKCTPaKIMOHHBIE  CIOCOOBI  W3BICUCHHS U
KOHIICHTPUPOBAHUS ypaHa B PaCTBOPAX, BBIICICHUS YHCTHIX COeTUHEHNH. OCHOBBI TEXHOJIOTHU
IPOM3BOJICTBA YpaHa METAIIOTEpMUYECKUMHU MeToamu. [1naBka ypaHa.

335.TpeboBanms K UNCTOTE ypaHa, UCIIOIh3YEMOTO B aTOMHOM TeXHHUKE. TexHuKa 0€30MacHOCTH
U OXpaHa OKPY>KarolIeH CpeIbl.

Jleckue pedkue memanivl

336. bepwumii. ®U3MKO-XUMHUYECKHE OCHOBBI TEXHOJOTMH NepepadOTKU OepHIUIHEBbBIX
KOHIIGHTPATOB MO cyib(arHoi u GropuaHoit cxemaMm. CrocoObl MOJYYEHHS YHCTOTO OKCHIA
OepHILIHS U TaJOT€HUA0B OepHILIHSL.

337. MeramnorepMUUecKie U AJIEKTPOTEPMHUUYECKUE CIIOCOOBI  TMOJydeHUs Oepuiuims,
TUCTWUIALUOHHBIE M 3JEKTPOJIUTHYECKHE Iporecchl ero padunupoBanus. [IpousBoacTBo
KOMITAKTHOTO OCpUILITHSL.

338. Jlutuii. OCHOBBI TEXHOJOTMU MPOU3BOJACTBA COCAMHEHUH JMTUS U3 JIMTHEBBIX
KOHIICHTPATOB (CMOyMEHA, JICTIH]IOIHTA).

339. Ou3MKO-XMMHUYECKHE OCHOBBI MPOIECCOB TMONYYECHHUS JHUTHUS SJICKTPOIU30M, BAKYyM-
TePMUYECKUM cr1ocoboM. CriocoOsl padhMHUPOBAHUS JTUTHS.

340. Texnuka 0€30MaCHOCTH B MPOM3BOJACTBE OCPHIUIMA M JIMTUS U OXpaHa OKpYKaromien
Cpepl.

Jluteparypa 1Jisi HOATOTOBKH MO AMCIHUILINHE

1.  PorotoBckuii A.H. OCHOBBI TEOPHUHU W TEXHOJOTHH MPOU3BOJCTBA CTATH [ DICKTPOHHBIN
pecypc]: Kypc Jnekuuil mo aucuumuiiHe «Teopuss M TEXHOJOTHS TPOM3BOJCTBA CTAJH»/
PorotoBckuii A.H., lllunensuukoB A.A., KpaBuenko T.B.— DyeKTpOH. TEKCTOBbIE JaHHbIC.—
Jluneuk: Jlunenkuii rocynapcTBeHHbIN TexHndeckuid yausepcuter, ObC ACB, 2013.— 323
c.— Pexum nocryna: http://www.iprbookshop.ru/55124.— DBC «IPRbooks», mo mapo:to

2.  bopbar B.®. Xumus M XUMHYECKass TEXHOJOTHS METAJUIOB IUIATHHOBOW TPYIIIIbI
[DnexTponHbIii pecypc]: ydebHoe mocobme/ bopbar B.D., Ilunmiep A.A.— DIeKTpoH.
TEeKCTOBble JaHHble.— OMck: OMCKHMIl rocyaapcTBeHHbIM yHuBepcurer uMmM. O.M.

Hoctoesckoro, 2008.— 176 ¢.— Pexum mocryna: http://www.iprbookshop.ru/24958.— ObC
«IPRbooksy, mo mapouto.
3. Teopus Meramumyprudeckux TmpoieccoB: yueOHuWK / mox ob6m. Pen. I'.I'.Muneera.
Upkytck.: U3a-8o UpI'TY, 2010. 524 c.
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4.  Meramnyprus peakux meramioB. 3enukmad A.H., Kopmynos B.I'.: YueOHuk 1711 By30B
2-¢ 3., mepepadoT. u mom. — M.: Metamnyprus. 1991. 432 c.

5.  IIpoueccer u anmaparsl nBetHoit metamnypruu / C.C. HaGoiiuenko, H.I'. Arees, B.IL.
Hopomkesuu u ap. ExarepunOypr: YI'TY—VIIN, 1997.

6. Tacux M.U., Jlaxumer H.II., Emmun B.JM. Teopus u TEXHOJOTHS NPOU3BOJCTBA
dbeppocmnaBoB. M.: Metamryprus. 1988. 784 c.

1. Texuuueckass tepmoauHamuka / B.U. JloGanos, I'.Il. fcuukos, .M. T'opmon, A.C.
Tenerun. M.: Meraiutyprus, 1992.

8. I''B. TaneBckuit, H.M. Kynarun, M.fl. Munuuc, I['.A. CupazyraunoB. - M.:
Meramtyprust amoMuHus. TexXHOIoTHsI, dJEeKTpocHabkeHne, aproMaru3ainus — M.: dnuHTa;
Hayxka. 2008 r.

9. Tanesckwuii I'.B., Metamnyprus amoMuHus. MHUpOBOE U OT€UECTBEHHOE MPOU3BOJCTBO:
OLIEHKA, TEHJCHIIUH, TPOTHO3bL: Yueld. mocodue st By3oB / ['aneBckuii I'.B., Kynarun H.M.,
Munnuc M . - M.: @nunta: Hayka, 2004. - 277 ¢

10. TaneBckuii I'ennanmii BramucnaBoBuu, MeTaqunyprusi BTOPUYHOTO aTIOMHUHHS: Yuel.
nmocobue I BY30B IO HampabiieHHto "Metan—myprus", croern. "MeTamuryprus IIBETHBIX
metaimoB"/T'aneBckuit  I'.B.,Kymarun H.M.,Munnuc wm. S.-HoBocubupck: Hayka. Cu0.
npennpustue PAH, 1998.-288 C

11. Tanesckuit I'.B. u np. IIpou3BOACTBO aqIOMHHHMEBBIX CIUIaBOB: Yued, mocobue /
lNanesckuii I'.B., [lees B.b., Kynmarua H.M. u ap. - M.: ®aunra Hayka, 2006. - 283 ¢

12. bBaiimakoB 10.B., XKypun AWM. Dnekrponus B rugpomeratypruu. M.: Meramnyprus,
1982.

13. Bopbar B.®., Jlem M.IO. HoBble mporuecchlB METaUIyprud HHUKeNns U KoOambra. M.:
Merannyprus, 1976.

14. BanuwokoB A.B., 3aiiues B.fJ. Teopus mnupoMeramypruueckux IpoueccoB. M.:
Mertannyprus, 1993.

15. Banmwokos A.B., Ytkun H.W. KomnnekcHas nepepaboTka METHOTO M HUKEIIEBOTO CHIPbSL.
Yensounck: Meramryprusi, 1988.

16. Berman E.®.Teopus u rexHosnorus arnomepauuu. M.: Metamnyprus, 1974.

17. Bompmman I''M., 3emukman A.H. Teopus ruapomeTaurypruueckux IMporeccoB. M.:
Mertannyprus, 1983.

18. Boapaman [''M., 3emukman A.H. Teopus ruapomMeTasrypruueckux IMporeccoB. M.:
Mertannyprus, 2003.

19. Boapamman [''M., 3emuxman A.H. Teopus ruapomMeTasrypruueckux IMporeccoB. M.:
Mertannyprus, 1993.

20. Tacuxk M.U., JIskumes H.I1. Teopust u TeXHOIOTUS SIEKTPOMETAILTYPTUU (DEppOCILIIaBOB.
M.: Unrepmer-Unxxunupunc, 1999.

21. Tacuxk M.U. Teopust u TEXHOJOTHS TPOU3BOACTBA (PeppOCIUIABOB: Y4eO,j1s1 By30B IO
cuner. "Meramtyprus depHbix MetamuioB'"/ M.M.I'acuk, H.ILJIskumes, b.M.Emnun.-M.
Meramnyprus, 1988.-784c.

22. T'nmunakoB M.A., I'munkos .M. O6mas Teopus neueit. M.: Metamnyprus, 1990.

23. T'muakoB M.A. TemoBas paboTa cTajeriaBUIbHBIX BaHH. M.: Metamnyprus, 1970.

24. Tpuropsa B.A., bemsnuukoB JL.H., Cromaxun JL.SJ. Teopernyeckue OCHOBBI
AJIEKTPOCTANICIUIABUIIBLHBIX TIpolieccoB. M.: Meramnyprust, 1987.

25. 3aiines B.A., Meprynuc E.B. Metainyprus cBusua u uuaka. M.: Meramnyprus, 1985.
26. Kapabacos 10.C., UmwxkukoBa B.M. ®u3nko-xuMUYeCKHE€ BOCCTAHOBJIICHHUS JKeje3a W3
okcuaoB. M.: Meramnyprus, 1986.

27. Kwuronnens ['. Packucienue u BakyyMmHas 00padoTka cramu. M.: Metammyprus, 1984.

28. JleontweB JI.U., Meramnyprus IIBETHBIX U peAKHX MeTawioB. M., 2002 — 345c.

29. Macnennukui W.H., UYyraes JI.B. Metamnyprus O07aropogHbIXx MeTauioB M.:
Mertannyprus, 1987.

30. Meramnyprus ctanmu / [lox pen. B.W. SBoiickoro u I'.H. Oiica. M.: Mertamryprus, 1973.
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31. Meramnyprus cranu / Ilog pen. B.U. SBoiickoro. M.: Meramnyprus, 1983.

32. Metamnyprust cramm. O6mmii kype. / Ilog pen. B.M. SBoiickoro. M.: Meramtyprus,
1961.

33. Meramnyprusi uyyryna / E.®. Berman,. b.H. XKepe6bun, A.H. IloxBucueB u ap. M.:
Mertannyprus, 1989.

34. Hab6otiuenko C.C., CmupuoB B.U. 'mapomeramnyprus menu. M.: Metamnyprus, 1974.
35. Hukomnaes U.B., MockButun B.U., ®omun b.A. Meramtyprusi JIeTKUX METalIOB. M.:
Merannyprus, 1997.

36. IMucm [x.I'., [JaBennmopt B.I'. Jlomenuswni mnpomecc. Teopus u mnpaktuka. M.:
Merannyprus, 1984.

37. TlnaBka B xuakoil Banne / B.A. Bantokos, B. II. beictpoB, A.Jl. BackeBuu u ap. M.:
Merannyprus, 1988.

38. Pamm A.H. CoBpemeHHbI# ToMeHHBIN Tiponiecc. M.: Metamtyprus, 1980.

39. Pwicc M. A. [IpousBoacTtBo deppocmiaBoB. M.: Metaiumyprust 1975.

40. Psicc M.A. [IpousBoactBo eppocminaBoB. M.: Meramnyprus 1985.

41. CepreeB B.B., besyknagaukoB A.b., Manemma B.M. Metamnyprus tutana. M.:
Mertannyprus, 1971.

42. Teopus u TEXHOJOTHUS dJIEKTpoMeTAITyprudeckux mporeccoB / FO.B. bopucornedckuii,
M.M. BetiokoB, B.11. Mocksunun, C.H. HlkonsuukoB; Iloxg pen. M.M. BeriokoBa. M.:
Merannyprus, 1994.

43. TemnorexHuka MeTaurypruyeckoro mpouspojactsa. T 1. Teoperndeckue ocHOBBI / B.A.
Kpusanaun, B.A. Apytionos, B.B. benoycos u np. M.: U3a-so MUCuC, 2002.

44, TemnoTexHuKa MeTayprudeckoro npoussojactsa. T. 2. Konctpykmus u padora neuun /
B.A.. Kpuanaun, B.B. benoycos, I'.C. Coopmukos u 1p. M.: M3a-8o MUCuC, 2002.

45. XynmaxkoB WN.@., Kmgitn C.O., Arees H.I'. Meramnyprus Meau, HUKENsd, U
CONYTCTBYIOIIMX 3JIEMEHTOB U MpoeuupoBaHue 1exoB. M.: Meramtyprus, 1993.

46. HOcdun 10.C., T'mmmenbdapd A.A., [lamkoB A.D. HoBble mnporecchl MONTYYCHHS
MeTaJa.

47. Meramnyprus xene3a. M.: Merannyprus, 1994.

48. SBotickuit B.U. Teopus nporeccoB mpousBoacTBa ctanu. M.: Metamumyprus, 1967.

JonosHuTe bHAS JJUTEPATypa

1. Asmrorensnsie mporecchl B mBeTHOW Metamtypruu / B.B. Meues, B.II. beictpoB, A.B.
Tapacos u 1p. M.: Meramnyprus, 1991.

2. Anxanes M.U. [Iporieccrl ieMeHTaMu B IIBETHON MeTautypruu. M.: Metamnyprus, 1981.
3. babamxan A.A. [lupomeramtypruueckas cenekuus. M.: Meramtyprus, 1985.

4. Barpos O.H., Knemko b.M., MuxaiinoB B.B. DHeprusi 0CHOBHBIX HPOW3BOJCTB IIBETHOM
Metanypruu. M.: Meramnyprus, 1979.

5. bureeB A.M., buree B.A. Meramnyprus cranu. Teopus W TEXHOJOTHS TUIABKH.
Marnurtoropcek: U3zn-so MI'TY, 2000.

6. Banroko B.A., 3aiinieB B.S. llnaku u mteiHsl BETHON MeTautypruu. M.: Metammyprus,
19609.

7. Bxmrouenus u rasnl B ctansax / B.W. SBoiickuii, C.A. biim3utokoB, A.®. Bumkapes u ap. M.:
Merannyprus, 1979.

8. TaBpmnoB B.A., IN'acuk M.U. Cwmmkotepmus Mapranma. J[HempomeTpoBck: CHCTEMHBIC
TexHoJyioruu, 2001.

9. Tacuk M.U., Mapranen. M.: Metamyprus, 1992.

10. T'maaun JL.M. DKcTpakIMOHHBIE poLecCHl M UX npuMenenue. M.: Hayka, 1984.

11. Edumon B.A., DnpnapxanoB A.C. CoBpeMEHHBIE TEXHOJIOTHU PA3JIUBKU U KPUCTAUTA3AITUN
criaBoB. M.: Mammnoctpoenue, 1998.

12. Xepebun b.H. IIpakTuka Benenus nomenHoi neun. M.: Mertamryprus, 1980.
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13. XKepebun b. H., IlapenskoB A. E., baGanxos B.B. Hemomanku u aBapuu B pabore
noMeHHBIX nieueit. ExatepunoOypr: YI'TY—VYIIN, 2001.

14. 3enuxman A.H. Meramnyprus penkux metamios. M.: Meramnyprus, 1980.

15. 3enukman A. H. Mertamnyprus TyroriaBKux peikux MetaioB. M.: Meramryprusi, 1986.
16. Kobaxunze B. B. TeroBas paboTa 1 KOHCTPYKIMHU Ne4el BeTHON MeTamutypruu. M.: U3a-
B0 MUCuC, 1994.

17. KoHCTpYKUIMH TPOSKTHUPOBAHUSI arperaTtoB crajerjaBuibHOro mnpousBoactsa / B.IL
I'puropres, FO.M. Heukun, A.B. Eropos u ap. M.: U3a-sBo MUCuC, 1995.

18. KpuBannun B.A., MapkoB b.JI. Merannyprudeckue neuu. M.: Meramnyprus, 1985.

19. KpuBannuan B.A., EropoB A.B. TemioBas paGoTa W KOHCTPYKIIMH TI€YeH UYepHOM
MeTtanypruu. M.: Meramnyprus, 1989.

20. Kynpun B.A. Metannyprus cranu. M.: Meramnyprus, 1981.

21. Kyrarenagze C. C.. CrpipukoBuu M.A. ['azogmHaMuKa Ta30)KUIKOCTHBIX CHUCTeM. M.:
Oneprus, 1976.

22. JIeikoB A. B. Teopus cymku. M.: Dueprus, 1968.

23. JIsikoB A.B. Teopus TemonpoBoaHoctu. M.: Beicmi. mkona, 1976.

24. Jlsxumes H.I1., T'acuk M.1. Mertamnyprus xpoma. M.: Omnu3, 1999.

25. Meramnyprus cramu / [Tox pen. B.W. SBoiickoro u FO. B. Kpskosckoro. M.: Metamyprus,
1983.

26. OkxyneB A.U., KocrtesHoBckuit UM.A., Jlonuenko I[I.A. dmromuHroBaHme mnuIaKoB. M.:
Mertannyprus, 1966.

27. Magepun C.H., ®umunmoB B.B. Teopus u pacueTsl MeTAUTypruvyecKux CHCTEM U
npoueccos. M.: U3n-s0 MUCuC, 2001.

28. IlpomsBoactBo mimHO3ema / AWM. Jlaitmep, H.W. Epemun, 10.A. Jlaiinep u ap. M.:
Mertannyprus, 1978.

29. Credantok C.JI. Metamnyprus MarHus ¥ APYTHX JIETKUX MeTauioB. M.: Meramnyprus |,
1985.

30. Tapacos B. I1. 'a3onunamMuka gomeHHoro mporecca. M.: Meramnyprus, 1990.
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