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1. IOACHUTEJIBHAA 3AIIUCKA

[lens BCTYNMTENLHOTO HCHBITAHUS — ONPEAETICHHE BO3MOMKHOCTH IOCTYIIAKOIIErO
OCBaHBaTh OCHOBHEIE IIPO(ecCHOHANIbHBIE 00pa30BaTebHbIE IPOrpaMMbI BEICIIEr0 00pa3oBaHUs
(OITOIT BO) B npenenax obpaszosarenbheix crangapToB BO HUTY MUCHUC no nanpaBneHHIO
22.04.02 Metannyprus.

BerynurtensHoe uenbITanre no HanpasieHuio 22.04.02 Mertainyprus IpoBOJAUTCS B BUE
MUCEMEHHOTO K3aMeHa.

[TpoaomKHTeNEHOCTE BCTYITUTENRHOIO HCIBITAHUS cocTaBiseT 2 yaca (120 MuByT).

DK3aMeHallMOHHEIH Ounet conepxut 10 3ananuii.

Cucrema orieHUBaHHs IUCEMEHHOTO BCTYIIUTENBHOIO HCIIBITAHUA:

1 Bonpoc - 10 6anios;

2 Bompoc - 10 Hanos;

3 Bonpoc - 10 bamios;

4 ompoc - 10 Gannos;

5 Bompoc - 5 Haios;

6 Bompoc - 5 6aos;

7 Bompoc - 10 6annos;

8 Bompoc - 10 6annos;

9 Bompoc - 15 6amnog;

10 Bonpoc - 15 6amios,;

B crywae mpaBHIBHOTO ¥ IIOJHOTO OTBETA NMOCTYNAIOIIKI 110JIy4aeT KOJIMYECTBO OaJlIoB,
COOTBETCTBYIOIEE HOMEPY BOIPOCA, [IPH HEIOJIHOM OTBETE MM IPH HAIHYMU OIIHOOK YIEHBI
9K3aMEHAITMOHHOH KOMMCCHHM BBICTABIIIOT KOJMYECTBO OaJUIOB IMPONOPLMOHAIBHO YacTH
IPABUJIBHOTO BBIIIOJHEHHS 3a/1aHH. :

PesynpraThl BCTYNHTENBHBIX HCIIBITaHUI oneHuBatoTes 1o 100-0amisHoil mkane.

MuHMMaTbHEIA  TPOXOAHOH Oaya, MOATBEPIKIAIOLIMI  YCIEIIHOE IPOXOKICHHE
BCTYIUTEJIBHBIX UCTIBITAHUH, cocTaBseT 40.

[TepeueHp NpHHAITEIKHOCTEH, KOTOpPBIE MOCTYNAIOLMH MMEET IIpaBO IPHHECTH B
ayAUTOPHIO BO BpeMs IIPOBEICHHSI BCTYIUTEIBHOTO UCIIBITAHUSA: PYUKa, IHINYINAs YSPHBIMU HJIH
CHHHMH YEPHUJIAMH, TIPOCTOH KapaH/all, JJAaCTUK, HeIPOrpaMMHPYEMBIH KalIbKyJIATOP.



2. COAEP)KAHME PA3JEJIOB

YACTD 1. METAJIYPTUS YEPHBIX METAJIJIOB

Paszgen 1. O0mue Bonpochl NPOU3BOACTBA YePHBIX META/VIOB M CILJIABOB

Vcropus W poJib METAUIyPrud B pasBHUTHH LUBHIM3amuu. COBPEMEHHOE COCTOSHHE W IIyTH
PasBHTHS METAUIyPrHYECKOro IPOM3BOJACTBA. TeXHONOrM4YecKass cXeMa COBPEMEHHOIO
METAJLTYPrHYecKOro IPeANPHITHS C ITOJTHBIM TEXHOJIOTHYECKHM ITHKIIOM.

Paznen 2. [loaroroBka pya K IUIAaBKe H POU3BOACTBO YyIyHA

2.1. CrIpele MaTepHAalbl, IIPUMEHSIEMBIE IIPH IPOU3BOJCTBE YEPHBIX METAJLIOB. JKesie3Hble pyIbL:
omnpejie/ieHne, KiIaccu(UKaIys, OLleHKa KaueCTBa.

2.2. TloAroToBKa *KeIe3HBIX Py K JOMEHHOMH I1aBke. ATioMepariys.

2.3. [Ipoduns nomeHHo# neyd. OCHOBHOE H BCTIOMOTaTe/IbHOE 000py/I0BAHHE.

2.4. JlomenHsIit mporece. BocctaHOBNIEHHE OKCH/IOB B JoMeHHOM neur. OOpa3oBaHHe YyryHa U
LIJIaKa.

Paznen 3. IlpousBoacTBo cTaau

3.1. Kiaccupukanust craneif. Bnusaue coctaBa Ha KadectBo cTand. CymHOCTB
CTAJICTNIABHIIHOTO IPOU3Bo/cTBa. CrIoCOOBI IPOU3BOICTBA CTAIIH.

3.2. OcHOBHBIE peakIHH CrajleluiaBuibHOro npoussoxacTsa. IllnakooOpazosanue. CocraB u
CBOMCTBA CTANICNJIABUILHBIX IIAKOB H UX POJIb B TEXHOJIOTHYECKOM IIPOIIECCE.

3.3. Marepuaibl, HCIOIb3yeMblIe IIPH IIPOM3BOJCTBE CTAIHM: CTPYKTYpa H COCTaB METAJTIOIIUXTEL,
MCTOUHHKH KHUCIIOPOa, lulakoo0pasytonye Matepraibl. TpedoBaHus K IIMXTOBBIM MaTepHaiaM
¥ TEXHOJIOTHH, UCIIONIE3YEMBIE A1l HOArOTOBKH MX K IUIAaBKE.

3.4. KoupeprepHoe mpou3BojcTBo cramu. OOliee yCTPOHCTBO OCHOBHOrO 00OpYZOBaHHIL.
HopMaTHBHEIH UK KOHBEPTEPHOH IUIABKH.

3.5. MapreHoBCcKOe MPOU3BOJACTBO cTand. Cxema paboTel M YCTPOHCTBO OCHOBHLIX 3JIEMEHTOB
MapTeHOBCKO# neun. Cxema paboTel M 0COOEHHOCTH TEXHOJIOTHH BBIILIABKH CTAJIH.

3.6. DiekTpocTaneraBibHOe Mpou3BoAcTBO. Kiaccudukanus crioco0oB Ipou3BOICTBA CTAJIH €
HCIIOJIL30BAHHEM 3JIeKTPUUYECKON SHEPIUHU. Y CTPOHCTBO J1yrOBBIX 2JIEKTPOIIEYEH.

3.7. MeTozb! BBLIIJIABKH CTaJd B OCHOBHOMH JyroBoi siekTponeud. [lepemnias jernpoBaHHBIX
OTXO/IOB B JIyroBoi neun. OCHOBHBIE IEPUO/IBI IUIABKH, UX 3a/1a4H.

3.8. Bueneunas obpabortka cramu. [lenn u mMeToasl o0paboTku. PackucieHde H JIETHPOBAHHE
crami B KoBoie. CriocoOBl OTCEYKM HUIAaKa MO X0y BBIIYCKAa METalla H3 CTaJelIaBUILHOTO
arperara, [IpiMeHeHHe HEHTPAIBHBIX Ta30B 1 00pabOTKM KHIKOH CTald B KOBLIE.

3.9. Jlecynb(ypaius cTajd C HMCHOJIB30BAHHEM CHHTETHYECKHX IIJAKOB, TBEPABIX H
OpoIIK00Opa3HeIX cMecel. Binsuue 06paboTKy Ha KAY€CTBO rOTOBOIO METaILIA.

3.10. BakyymupoBaHHE >KHIKOH CTajJi B KOBIIE: CIOCOOBI M TEXHOJOIHMH, IIPHMEHIEMOE
obopyoBanne. BrusHHe BaKyyMHPOBAHHS Ha Ka4decTBO TOTOBOro Meramia. KoMiekchas
00paboTKa JKUKOH CTAIH B KOBIIE.

3.11. HempepblBHBIE CTallelUIaBHIIBHBIE TIPOLECCHI: BapHaHThl TEXHOJIOIMYECKHX CXeM H
npuMeHsieMoro obopyosanusi. COBpeMEHHOE COCTOSHUE U NEPCIIEKTUBbI Pa3BUTHA.

Pasnen 4. IloryueHHe CJINTKOB H JIMTHIX 3ar0TOBOK YePHBIX META/LJIOB

4.1. OGopynosanue Jyist pasiueku crand. CriocoObl pasnuBku cTanu. CpaBHEHHE MOKazaTenel
Pa3IUBKH CBEPXY U CH(OHOM.

4.2. Ctpyktypa crajbHoro cimrka. Kpucrauimueckas 1 XHMUYECKask HEOJHOPOJAHOCTb. SIBieHHe
yCaKH.

4.3. HemnpepsiBHas pa3iivBKa cTajd. TeXHOIOTHS M NPEHMYIIECTBA HENpPEephIBHOM pPA3IHBKHU.
Buipl MaIlH HEIIPepLIBHOTO JTUThS 3ar0TOBOK.

PEKOMEHAYEMAS JIUTEPATYPA K YACTH 1

a) OCHOBHAs JTHTepaTypa

la. Bockoboitnukos B.I'. u ap. OGuas metamtyprus. - M.: Metannyprus,1995. - 480 c.

0) JoMOJIHHTE/IbHAS JIHTEpaTypa

16. Meramnyprus uyrysa / [Tox pex. 10.C. IOchuna. - M.: Akanemxnura, 2005. — 628 c.



20. Ilopomouxumit .. Pommu B.D., Pricc M.A. u ap. DNeKTpOMETalIyprusi CTIH H
teppociaBos. - M.: Mertamnyprus, 1984. — 567 c.

36. Kabnykoscxuit A.D., Momuanos O.E., Kabmykosckas M.A. Kparkuii crnpaBouHHK
aneKTpocTaneBapa. - M.: Meramtyprus, 1994. - 352 c.

YACTD 2. METAJIJIYPI'HS IBETHBIX METAJIJIOB

Pasnen 1. OcHoBbI rHapoMeTaIyprudeckux npoueccos (Ilpoussoacreo 3010Ta)

1.1. Krnaccudukauus MeTannypruyeckux mpoieccoB. CTpaHbl — OCHOBHbBIE IIPOM3BOJUTENN
30ji0Ta. VCTOpHs CO3MaHMs TPOU3BOJICTBA 30/10TA. VICTOUHHKH CBIpBS U NPOH3BOJACTBA
O1aropoIHEIX MeTalIoB, DOpMBI HAXOXKAECHHS 30J10Ta B CHIPhE.

1.2. obrrya pyasl U MOATOTOBKA ee K mepepadoTke ['paBHTallMOHHBIE CIIOCOOBI M3BJICUCHHS
30J10Ta U3 py/Abl. AMajbraMalliOHHOE U3BJICUEHHUE 30JI0Ta U3 PYIBL

1.3 lluanmpoBanue  3onorocoiep:kamux  pyd.  OOopynoBaHue A [POBEIEHHS
THIPOMETAILIYPrUUYECKUX TIPOLIECCOB BhIIeNeHHE 30J10Ta U3 [UAHKCTBIX pacTBOpoB. TexXHHKA
Oe30macHOCTH IpH padoTe ¢ HAHUIAMH.

1.4. Adpdunax IparoleHHBIX METAIUIOB. DJIEKTPOIH3 30710TO-cepeOpsAHBIX CIIaBOB. AHOIHBIH H
KaTOAHLIH rponecckl. KOHCTPYKIUS 31eKTpoau3Hoi BaHHBL. OCHOBHBIE TEXHHKO-9KOHOMHUYECKUE
nokasareny anekrposiusa. O01ue 3aTpaThl pecypcoB Ha IIPOU3BOACTBO 30JI0TA U3 PYIBL.

Paznen 2. OxknciaurensHas nupoMeraaryprus (Ilpoussogerso mean)

2.1. Ucropus pa3BUTHS NMUPOMETATIYPrHH MeTalutypruu meau. CpoiicTBa MeAM M OCHOBHBIE
obnactu npuMeneHus. O0beMbl Tpou3Bo/icTBa. DOpMEI HAX0KICHUSA MEIU B 3eMHOH Kope. Knapk
menu. Menuble MmectoposkaeHust. JloOprya MeHoM py/asl. MejiHbIe KOHIEHTPATEI.

2.2. OcHOBHEIE XMMHUYECKHE B3aHMOJICHCTBHS IPH THPOMETALTY PrUuecKoi nepepaboTKe ChIPbsI.
OOG3kur ¥ MIaBKa MEIHBIX KOHLIEHTPATOB Ha IUTEHH.

2.3, TIpoayKThl OKHCIMTEIBHOW IUIABKH CYJIb(QHIHBIX KOHLEHTPATOB M IPUHIHIBI pabOThI
IIaBUIIBHBEIX arperatoB. OKHUCIHUTENbHOE KOHBEPTHPOBAHME MEJHBIX IUTEHHOB. Y THIM3aLUS
CEPHHUCTHIX OTXOASAIIMX Ta30B.

2.4. Dnextponuthdeckoe paduHupoBaHHe Meau. OCHOBHBIE IEKTPOXUMHUECKHUE PEAKLIUU.
KoHCTpYKIHS 3JIEKTPOJIM3HOM BaHHEI.

Pa3nen 3. BocecranoBurennnas nupomerasayprus (Ilpoussoacrso cBunma)

3.1. CrippeBasi 6a3a CBHHIIOBOIO NMPOM3BOACTBA M NMOTpeONeHHE CBHHLA. BHIBI XMMHYECKHX
COeJIMHEHUH CBHUHIIA B chIphe. TeopeTHueckre 0CHOBBI BOCCTAHOBUTEILHON CBUHIIOBOI IJIaBKH.
3.2, ArnoMepUpyrOlMH OKHCIUTENbHBIH O0KUI KOHLEHTpaTa. XHUMHYECKHE peakLHu
arjomepanu. KoHCTpYKLIMS arjJoMalliHbl.

3.3. XuMu4ecKkue peaki[Uy MOJy4YeHHs YepHOBOTO CBHHIA M MPUHUIUN pabOThl MIAXTHOH MeYH.
[Ipsmas nepepaboTka CyIb(HIHOT0 KOHIIEHTpaTa Ha YepHOBOH CBHHEII.

3.4. PaduHHpOBaHKE YEPHOBOI'O CBUHIA OT pa3HooOpasHbIX IpuMmeced. ObpaszoBaHKe U yaleHue
MPOMIIPOAYKTOB, aKKyMY/IMPYIOIUX NpuMecelt. Bo3sjeilicTBue CBHHIIOBOIO IIPOM3BOJCTBA HA
OKPYIKAIOIYIO CpeJy.

Paspes 4. Duexkrpomeramryprusi (IlpoussoacTBo aaoMUHH)

4.1. CpoiicTBa aMIOMHHHs U €ro IpuMeHeHHe. MHHepalbHbIE HCTOYHMKM JUls IIPOM3BOJICTBA
AMOMHHAS. XUMHYECKUE COEAMHEHHs AaTIOMHHHUS B PyAax. DJIEKTPOXMMHUYECKHE IPOLECCHI
MOJTyYeHHs] METANTHYECKOr0 aTIOMHUHHS.

4.2. TlpousBoacTBo TiMHO3eMa crocoboMm baifepa. BelmenaunBanue OOKCHTOB MIENIOYHBIMH
pactBopaMu. OCHOBHBIE peaKIUH, IIOBEICHHUE IPUMECEI]. .

4.3. OOopymoBaHWe sl CIIEKaHMs M BBIIEIAYUBAHUA. OJIEKTPOJIMTHYECKOE IIOIyYEeHHE
METATHYECKOT0 aIFOMUHHS. KpHOIUT-IIIMHO3EMHBIE PacIlIaBhl.

4.4, KoHCTpYKIUS 3JIEKTPOJIM3EPOB U MPUHIKIT HX padoThl. AHOIHBIH a(dekT. Pacxon aHonoB u
notpediieHnue dekTpruecTBa. Bo3selicTBHE allOMHHHEBOIO IPOM3BOACTBA Ha OKPYXKAIOIIYIO

cpeny



Pasnen S. IIpousBoacTeo Boibppama

5.1. Knaccudukanus penkux MetauioB. OcoOEHHOCTH TEXHOJOTHMYECKUX CXEM INPOM3BOJCTBA
penkux MerayuioB. OCHOBHBIE CBoOifcTBa BoJb(ppama M 00nacTH NpUMEHeHHs. MuHepaisl H
MECTOPOXIeHHS BoIb(ppaMa. BeKppITHE IIEeTMTOBBIX M BOJIB(PAMHTOBBIX KOHIEHTPATOB
IIETOYHBIMH peareHTaMu. AnnapatypHoe oGpopMIIeHHE IIPOLECCOB.

5.2. IlepepaboTka HPOIYKTOB BCKPBITHS KOHIIEHTPATOB, OUMCTKA pPAacTBOPOB OT INPHMECEH.
Crioco0B! mosrydeHust BoNb(paMoBOH KUCIIOTHI, TapaBojib(ppamMara aMMOHHUS H BOJIB(paMOBOTO
aHI|UIpHIA.

5.3. Texnosiorus npou3BOACTBA NOpoIIKa BoJb(ppama. [I[poH3B0ACTBO KOMIIAKTHOTO INIACTUYHOTO
BonbGpama. [lodydeHue KpynHoraGapHTHBIX CIMTKOB BOJb(pama 3JIEKTPOHHO-JIYyYEBOH H
JIyTOBOM BaKyyMHOH ILIaBKO#.

Pasnen 6. IIpousBoacreo Moudaena

6.1. OcHoBHBIe cBOHcTBAa MonubOAeHa M 00NacTH NpUMeHeHHs. MuHepansl MonubIeHA U
mecropoxaeHusi. CrnocoObl mepepaOOTKH MOTMOJCHUTOBBIX KOHILIEHTpaToB. IlomyueHue
MOJIHOIEHUTOBEIX OrapkoB. AnmaparypHoe odopmieHue mpoieccoB.Beinenenue monubaeHa us
aMMHauHbIX pacTBOpoB. [Tonyuenue monubaenoBoro anruapuaa. [Ipon3roacTBo MOIHGIEHOBOTO
IIOPOLIKA U KOMIIAKTHBIX H3JIETIHH.

Paznen 7. IIpou3BoacTBO TaHTAIA H HUOOHSA

7.1. OcHOBHBIE CBOWCTBA TaHTana W HHOOWA, 0OMacTH NMpHMEHEHUs. MUHEpPAIbHOE CHIpbE U
MeCTOpOXieHuss TaHTana u HuoOus. [lepepaboTka TaHTAIHT-KOTYMOUTOBBIX KOHLIEHTPAaTOB
pa3NOKEHHEM IIJIABUKOBOH KHCIIOTOH. BCKpBITHE JIONAPUTOBLIX KOHIIEHTPATOB XJIOPHPOBAHHUEM.
BapuaHTEI KOHJICHCAIIMH XJI0pHI0B. AnmapaTtypHoe ohopMIEHHE IPOLECCOB.

7.2. IlepepaboTka MpoAyKTOB BCKPBITHS KOHIIEHTpaTOB. Paznenenue Tantana u HHOOUS U OYMCTKA
OT npumeceil. TeXHOIOTHUS 10JyUYEeHHs METAJUIMYECKOr0 TaHTala ¥ HHOOHS.

Pazpea 8. Mera/uryprust THTAHA H HHPKOHHA

8.1. OcHoBHble cBoOiicTBa M o0JacTH TNpuMeHeHUs. XapaKTepUCTHKa pPYIHOIO CBIPbA.
BoccranoBuTensHAas M1aBKa WIEMEHHTOBOTO KOHLEHTpaTa. XJIOPHPOBAHHE THTAHOBBIX IIAKOB,
KOHJIEHCALMsl XJIOPHJIOB. ArmmnaparypHoe ogopmieHHe InpoueccoB. OuHuCTKAa TEXHHYECKOrO
TeTpax/JIopua TUTaHa. MarHueTepMHUYECKOEe BOCCTAHOBIEHHE TETPAXJIOPH/IA THTAHA. Homumroe
padHHUpPOBaHHE THTAHA M MOJY4YEeHHEe KOMIIAKTHOIO MeTaslIa.

8.2. CrocoObl BCKPBITHS IIMPKOHOBLIX KOHLEHTPAaToB. BapHaHThl pa3zjieNeHus IUPKOHHS W
rapuus. MarHueTepMHYeCKUH U HIEKTPONUTUYECKUH CIIOCOOBI MONYYEHHS METaIMYEeCKOro
UPKOHUS. TeXHOIOrHs pa UHHPOBAHUS LIMPKOHHUS.

Pazgen 9. Mera/iyprust paccestHHbIX PeIKHX METaLJI0B

9.1. Knaccuduxanus paccessHHbIX PEIKMX METAIOB, UX XapakTepucTHKa. IIpumepr! nonyTHoro
H3BIICUCHUS] PACCESIHHBIX META/UIOB B IpoLiecce NMepepadOTKH LIBETHBIX METAJIOB H OTXOJIOB
APYrux npou3Bo/icTB. OCHOBHLIE CBOHCTBA repMaHus U ero coeuHeHul. O61acTi MpUMEHEHHUS.
M3BreyeHne repMaHus U3 pasinuHbIX BUJIOB ChIpbsi. CrIocoObl OYUCTKH FepMaHus OT MpUMeceii.
9.2. CgoiictBa W obsacTy npuMeHeHHs: rauius. [lojlyueHue rajlMeBoro KOHLEHTparta IpH
MPOU3BOICTBE amoMuHus. [ToyueHne MeTa/UIHYEeCKOro rajulkis ¥ crocoObl ero pah HHHPOBAHHUSL.
Pazgen 10. MeTa/utyprust paluioAKTHBHBIX H PeIK03eMeIbHbIX MeTAJLJIOB

10.1. Ponp papuoaktHBHBEIX ¥ P3M B COBpeMEHHOM MMpE W B PasBUTHH aTOMHOI SHEPreTHKH,
sHepreTudeckas OeszomacHocTh Poccum; TpeboBaHMs, NPEABABISEMbIE K ITHM MeETajllaMm,
0COOEHHOCTH MX IPOU3BOJICTBA, OCHOBHBIE NMPOAYLEHTH B Mupe U P®. Munepanel, pyasl u
KOHLICHTPATHI YpaHa, KUCJIOTHBIE H IIEI0UHBIE CIIOCOOB! BCKPBITHS, OCHOBHEIE allllapaThl, TEXHUKa
0e30I1aCHOCTH ¢ paJHOaKTHBHBIMH MarepuaaaMu. MuHepasibl, py/abl M KOHLeHTparsl P3M,
OCHOBHBIE CIIOCOOBI BCKPBITHS, HEO0OX0AUMOCTE KOMILIEKCHOI'O HCIIOIb30BAHHUS ChIPhS.

10.2. DKcTpakHOHHEIE U COpPOIHOHHBIC CIOCOOB! BBIAEIEHUs ypaHa U3 IIYJIbI, COBPEMEHHOE
annaparypHoe o(opMIIEHHE MPOIECCOB, 00€3BPEIKUBAHHE M YJAIEHHE XBOCTOB, SKOJIOTHYECKHE
npo6Guiemsl. [TepepaboTka NPOIYKTOB BCKPBITUS MHHEPATILHOTO CEIPbs P3M, npeiBapuTenbHoe ux
pasjie/icHUe Ha OT/ENbHBIE TPYINBL. DKCTPAKIMOHHbIE aQdHHAKHBIE ONepaliy Ul ITOJyYeHHs]



COEIMHEHHH ypaHa sIepHOH cTeneHH 4YUCTOTHL. (OCHOBEI pa3ICIUTENBHBIX IIPOLECCOB IIPH
IOJTy4eHHe WHIUBUIyalbHbIX P3M. _

10.3 TexHONMOrHs IOJYYEHHs OKCHIOB, (TOpHaoB, XiopumoB ypana u P3M. OcHoBEI
METATIOTEPMHYECKOTr0 BOCCTAHOBIIEHHS BHICOKOAKTHBHEIX METAJIIOB; MOJyueHne ypana P3M;
PEKOMEHAYEMAS JIUTEPATYPA K YACTH 2

a) OCHOBHAsI JINTepaTypa

la. A.B.Tapacos, H.W.Vkun. Texnonorus uBeTHOi MeTautypruu. — M.: Metamnyprus, 1999.
2a. B.M.Mocksutun, W.B.HuxonaeB, b.A.®omun. Mertamnyprus JIErKHX MeETaUIOB. —
M.: Uurepmer Muxunupunr, 2005

3a. 3emuxman A H., Kopurysos B.I'. Metautyprist peAkix Metamios. — M.: Merauyprus, 1991
4a. Komsap 10.A., Crpmwkko JI.C. Metamtyprus 61aropousIx Metauios. B 2-x Tomax, M.: Pyna
1 metajuibl, 2005

Sa. Penxue u paccesHHble s/eMeHTHL. XuMmus U TexHonorus. Kuura 1: YueOHHK 171 By30B
/Koposun C.C., 3umuna I'.B., Pesuuk A.M. u n1p. M.: MUCuC, 1996.

6a. Typaes H.C., Kepun U.W. Xumus u texuosnorus ypana. M.: Msgarensckuit nom «Pyna u
MeTaJle,2006.

7a. A.MW.Muxaitnuuenko, E.B.Muxmun, H.b.Ilatpukeer PenxozemensHble MeTauiel - M.:
Meramutyprus, 1987

YACTbD 3. TEINIO®U3UKA METAJLIYPITHYECKHX ITPOIIECCOB

Pasnen 1. MexaHuKa sKHAKOCTEH H ra3on

1.1. OcHOBHEIC CBOICTBA MKHUIKOCTEH W ra3oB W MX 3aBHCHUMOCTDL OT JaBJIEHHs W TEMIEPaTypHI.
[loHATHA MICATBHON ¥ peanbHOH, HEC)KHMAeMOH H CXKMMaeMOH JKHAKOCTH. [‘mmoresa o
CILTOIIHOCTH JKHJIKOCTH.

1.2. OcHOBHBIE YpaBHEHUS, ONUCHIBAIOLIHE JIBHKEHUE HICATLHOM KHUIKOCTH.

1.3. OcHOBHBIE ypaBHEHHUSI, ONUCHIBAIOLINE IBIIKCHUE PEANIbHOM HKHIKOCTH.

1.4, JlaMyHapHEIH U TYPOYJICHTHBIH PEKUMbI JIBHIKEHHS KUAKOCTH H HX OCOOEHHOCTH.

1.5. OcHOBBI TEOPHH TTOTPAHHYHOTO cos. HazHauenune, ocHOBHas HJiesd, 00IaCTh IPHMEHUMOCTH
9TOH TEOPHH.

1.6. CtpykTypa THAPOJIHHAMHYECKOr0 NPHCTEHOYHOIO IIOrPaHHYHOTO CIIOS MPH JIAMHHAPHOM
pexHUMe JIBUIKEHUS! pealbHON JKHIKOCTH.

1.7. CTpykTypa rHApOIMHAMHYECKOrO IIPHCTEHOYHOTO MOrPAHUYHOTO CJI0Sl TIPU TYPOYJIEHTHOM
peKHME JBHIKEHHUS pealbHOH KUIKOCTH.

1.8. Cpobojmmas cTpys, KaKk YacTHBIH cly4ail TIMIPOJMHAMHYECKOIO IOTPAHHYHOrO CIIOSL.
Oco0eHHOCTH, OCHOBHBIE 3aKOHOMEPHOCTH, IIPUHIIMII pacyeTa.

1.9. Buzsl ruapaBindeckux norepb. [loTepu sHEpruy Ha Ipeo10JEHUE CHIT BA3KOCTHOTO TPEHHS
U UX pacyer.

1.10. IToTepu sHepruu Ha MPeoL0ICHHE MECTHBIX CONPOTHBIIEHHH U HX pacyer.

1.11. OcHOBHOE ypaBHEHHE THAPOCTATHKH H IPUMEPHI €r0 UCII0JIb30BaHUs. Pacyer chil TaBiicHUS
Ha IIOBEPXHOCTD.

1.12. PacnpeneneHue JaBjieHHs TOPSYMX Ta30B [0 BBICOTE Pab0Yero MPOCTPAHCTBA IIEYH.
[IpHHIMI IeHCTBUS ALIMOBOI TPYOHI.

Pasnen 2. IlepeHoc TeIOTHI KOHBEKLHEH

2.1. Knaccuukanys MEXaHH3MOB [IEPeHOCa TEIIOTHL. BHIbI KOHBEKTUBHOTO nepeHoca. [ToHsTus
TEIIOOTAA4YH U Terionepeaun. 3akoH TernooTaul Herorona—Puxmana.

2.2. luddepennuanpHoe ypaBHEHHE SHEPTHU U €TI0 IPUMEHEHHE JUIs pacdeTa TeIIO0TAAYH.

2.3. TudepeHunanpHoe ypaBHEHHE KOHBEKTHBHOMN TEIIOOTIAYH.

2.4. TlpuMeHEHHE TEOPHH IOIPAHMYHOIO CJI0s IJis IMEpeHOca TEIIOTHI U Macchl IIPUMECH.
[Tonsitie TerioBoro U audGy3HOHHOTO NOrPaHHYHOTO CJI0s.

2.5. Pacuer KOHBEKTHBHOM TEIUIOOTAAYH IIPH BBIHYKICHHOM JBMDKCHHM JXHIKOCTH BJOJIb
IIOCKO¥M TIOBEPXHOCTH [IPH JIAMUHAPHOM PEKHME.



2.6. Pacyer KOHBEKTHBHOW TEIUIOOTAAYH IIPH BBIHYKIAEHHOM JBHIKEHHH JKHIKOCTH BIOJIB
IUIOCKOM MTOBEPXHOCTH IIPH TYPOYJIEHTHOM PEIKHME.

2.7. PacueT KOHBEKTHBHOM TEILIOOTAYH IIPH BEIHYKICHHOM JBHKEHUH MHUJIKOCTH B TpyOe IpH
JTaMHHApPHOM PEKHME.

2.8. PacueT KOHBEKTHBHOI TEIIOOTIAUM [PH BEIHYKICHHOM JIBHKEHHH XKHUJIKOCTH B TpyOe IpH
TypOYJIEHTHOM PEIKUME.

2.9. OcobeHHOCTH Mpoliecca KOHBEKTHBHON TEIUIOOTAAa4YH NpU CTPYHHOH 00JyBKE IUIOCKHX H
WIHHIPHYECKUX 3arOTOBOK.

2.10. Pacuer TenmooTaauu npu cBOOOIHONH KOHBEKLIHH.

2.11. BelpaskeHus I pacyeTa KOHBEKTHBHOM TEIUIOOTAAa4H B KPHTEPHATIHLHOM BHJIE.

Pasnen 3. IlepeHoc TenyioThbl MOJIEKYISPHOI TEIIONPOBOAHOCTHIO

3.1. Tunotesa @ypoe. [lonsaTue TeMnepaTypHOro noJs. Busl TeMnepaTypHBIX HOJIEH.

3.2. MuddepeHnunanbioe ypaBHeHHe HeCcTallHOHAPHOH TermionpoBoHocTy. [locTanoBka 3amaun
HECTallHOHAPHOH TEINIONPOBOJHOCTH.

3.3. Bupl rpaHUYHBIX YCIOBUH UL PEIIEHUS 3a/1ad HECTAllHOHAPHOM TEIIONPOBOAHOCTH.

3.4. MeTo/Ibl peleH s 3a1a4 HeCTAIlHOHAPHO# TEIIONPOBOAHOCTH H 00IaCTh HX IIPUMEHHMOCTH.
3.5, Amnamuz obmero pemenus auddepeHUHANBEHOr0  ypaBHEHHS  HECTAIlMOHAPHOU
TEIIONPOBOAHOCTH IIPH IPAHUYHBIX YCIOBUSAX TPETHETO POJA.

3.6. Kputepwuit buo u ero BuusHHe Ha IIpoLlecC HArPeBa U OXJIaKICHUS Tell. TepMUYeCKH TOHKHE
H TEPMHUYECKH MAacCHBHBIE Tella.

3.7. PeryasipHblii TEIUIOBOH pekHM M ero OCOOEHHOCTH IPHU I'PAHUYHBIX YCIIOBHSX II€PBOIO,
BTOPOTrO U TPETHEro poja..

3.8. IlocranoBka 3a/1a4y CTAllHOHAPHOH TENIOIPOBOJAHOCTH.

3.9. CranuoHapHas TeIUIONPOBOJHOCTh B IUIOCKOH OJHO- M MHOIOCJIOHHOH CTEHKE IIpH
TPaHHYHBIX YCIOBHSAX IIEPBOIO PoJa.

3.10. CramponapHas TEIUIOIPOBOJHOCTE B IJIOCKOH OIHO- M MHOTOCIOHHOM CTEHKE IpH
TPaHHYHBIX YCIIOBHAX TPETLETO poa.

3.11. CraunoHapHast TeIUIONPOBOIHOCTE B IUIMHAPHUECKOH OJTHO- U MHOI'OCJIONHOH CTEHKE IIPH
rpaHUYHLIX YCIIOBUAX IIEPBOIO POJIA.

3.12. CrauuonapHas TeIIONPOBOAHOCTD B IIUJIMH/PHUYECKOH OJHO- H MHOTOCTIOMHOM CTEHKE IIPU
TPaHHYHBIX YCIOBHSAX TPETHETO poja.

3.13. OcoOeHHOCTH pEIIECHHs] CTAllMOHAPHOH 3alayd TEIUIONPOBOAHOCTH IIPH TPaHHYHBIX
YCIIOBHSX BTOPOTO poJa.

3.14. CriocoOr! HHTEHCH(HUKALIMYU NTPOLIECCa TEIUIONEpelayn i UX aHalIH3.

Pasnen 4. [lepeHoc TemioTbl H3/Iy4eHHEM

4.1. Ob1mas xapakTepuCTHKA IpoLecca lepeHoca TeroThl H3IyYeHHeM. Buabl U3IydeHus.

4.2. Konu4ecTBeHHBIE XapaKTEPHUCTUKH IIpoliecca U3JIydeHHs.

4.3. BuJipl JIy4UCTBHIX IIOTOKOB H CBSA3b MEXKY HUMH.

4.4, 3aKoH COXpaHEeHUs FHEPTHH IS IpoLiecca U3IyUeHHs U €ro aHajus.

4.5. OCHOBHBIE 3aKOHEI H3JIy4eHus a0CONIIOTHO YEPHOTO Tejla U HX aHaIH3.

4.6. TTonstue ceporo rena. 3aKOHbI H3JIyYeHUs CEPOro Teja.

4.7. Bujibl IOCTAHOBOK 3a/1a4 pacueTa TeroodMeHa H3JIy4eHHEM B 3aMKHYTBIX CHCTEMaX.

4.8. Yriuosele x09((QHUIHCHTBl W3ITy4CHHS M HUX CBOHCTBA (JUIs CHCTEM C IIy4empo3pavyHOH
cpeznoit).

4.9. VrioBele KO3((QHUIMEHTH H3IY4eHHs M MX CBoicTBa (UIs CHCTEM C H3IIydYarole-
MOIJIOIIAIOIEH Cpeloii).

4.10. Knaccuyeckuili 30HaJIbHBIH METOJl pacdeTa TEIIOOOMEHa H3JIyYEeHHEM B CHCTEMax ¢
JIY4Yernpo3paqHoi cpeoi.

4.11. OcobeHHOCTH IPHMEHEHHS] KJIACCHYECKOT0 30HAJILHOIO METO/a pacuera TeIIooOMeHa
U3JIyY4EHHUEM B CHCTEMax ¢ M3J1ydarollle-TorI0aomei cpeion.

4.12. OcoBEeHHOCTH MPUMEHEHHS KJIACCHYECKOIO 30HAJBHOIO METOAA UL pacueTa CI0XKHOrOo
(paiMalliOHHO-KOHBEKTHBHOI0) TEILIOOOMEHA.
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Pasnen 5. TermtoBasi padoTa 0 KOHCTPYKIHH MeTALTYPru4ecKHX neyei

5.1. Knaccugukanus npoMBIIIIEHHOTO 000PyI0BaHHS ¢ SHEPTETHYECKON TOUKH 3PEHHUSI.

5.2. ITeun xax TexHosormyeckoe obopyposanue. Kmaccuuxamus nedei no JUMHTHPYIOIIEMY
TpolEeccey.

5.3. CriocoObI reHepalii TEIUIOTHI 3a CUET CHKUTaHHUs TOIIHBA.

5.4. CnocoObl reHepaliy TEMIOTHI 32 CYET NIEKTPHUECKOH SHEPIHH.

5.5. TemrnepaTypHbIe U TENIOBBIE PEKUMBI II€4EH IPOXOJIHOIO THIIA,

5.6. TemmepaTypHbIE U TEIIOBBIE PEKUMBI IIedel IEPHOIHYECKOrO JEHCTBHS.

5.7. Crioco0Obl HCIOIBE30BaHMS TEILIOTH OTXOSIINX Ta30B U 000pyI0BaHUE IS X pealu3aliiu.
5.8. TennmoBoi GanaHc nevyeH, ero COCTAaBJICHUE U aHAIIU3.

5.9. Tennosas paboTa 1 TenaoBoi OamaHC JOMEHHBIX NEYEH.

5.10. TennoBast paboTta ¥ TeIIOBOH OajlaHC KHCIOPOIHBIX KOHBEPTEPOB.

5.11. TenoBast paboTa ¥ TeNJI0BO#H DanaHc JyroBbIX CTAICINIABUIBHBIX IIEYEH.

5.12. TerutoBas pabora ¥ TeIJI0BOH OanaHc HarpeBaTeIbHbIX KOJIOILEB.

5.13. TeroBast paboTa u TemIoBOH OanaHc METOAMYECKHX TIeUeH TOJIKATEILHOrO THIIA.

5.14. TerioBas paboTa u TEIJIOBON OalaHC METOAMYECKHX IeUeH ¢ IIaraloluMy OalKaMH.

5.15. TemnoBas paboTa ¥ TEIIOBOH OajiaHc medell ¢ KOJIBLEBBIM II00M.

5.16. TernmoBas paboTa ¥ TEMJIOBOH DanaHc reyed KOInaKkoBOro THIIA.

5.17. TeroBas paboTa u TerI0BOH OanaHc neveil OaleHHOro THIIA.

5.18. ®usuyeckue M OIKCIUIyaTal(MOHHBIE CBOMCTBA OTHEYNOPHBIX M TEMIOU30JISAIHOHHEIX
MaTepUaJoB.

Pa3znmen 6. OcHOBBI TCOPHH 0YHCTKH ra3oB

6.1. Ipuunns! nossaeHust rivlty B razax. [lonstus [JIK, I1JIB. ConuanpHas 3Ha4UMOCTS OYHCTKH
TEXHOJIOTHYECKUX ['a30B.

6.2. Crioco0OBI cyXoif OUMCTKH ra3oB U 000pyI0BaHHE I HX pealn3alyH.

6.3. CriocoObI MOKPO#M OYHCTKY Ia30B U 000pyA0BAHUE [UIs MX pealH3aluu

6.4. PaboTa ocamuTenbHBIX KaMep U 9()(PEKTHBHOCTE OUHCTKH I'a30B B HHX.

6.5. PaGora BogsgHBIX cKpy0OepoB H 3 GeKTHBHOCTE OYHCTKH ra30B B HUX

6.6. OuHCTKa Ta30B OT MBLUTH B PYKAaBHBIX (QHIIBTPAX.

6.7. Ucnoap3oBaHue 31eKTpo(UILTPOB ATl OUUCTKH Ia30B.

6.8. OuncTKa ra30B JOMEHHBIX IIEUEH.

6.9. OuncTKa ra3oB KMCJIOPOJHBIX KOHBEPTEPOB.

6.10. OuncTka ra3oB AyTOBBIX CTaJIEIUIABHIIBHBIX MIEYEH.

6.11. OuncTKa ra3oB arjaoMepalHOHHOI0 IIPOU3BOJICTBA.

PEKOMEHAYEMASI IUTEPATYPA K YACTH 3

1. TemoTeXHUKa METAIIYPrHUECcKOro npou3eoctsa, T.1.1 u 2 (mox pen. B.A. Kpuanauna) —
M.: MHUCuC, 2002 r.

2. LA, Tlpubsitkos, M.A. Jlepuukuit TeopeTHueckue OCHOBBI TEIJIOTEXHHKH. YUYEOHHK I
CTYJIEHTOB yupexkaeHuil cpei. npod. obpazopanus — M.: M3narenbCckuil HEHTP «AKajeMuUsy,
2004. — 464 c.

3. ABTOMAarv4eckoe YIpaBJICHHE METALTYpriadeckuMu npoueccamu /A.M. benenbkuii, B.®.
Bepapimes, O.M. biusog, B.}O. Karanos. - M.: Metamnyprus, 1989. - 384 c.

4. OcHOBBI TEOPHH ¥ 3JIEMEHTBI CHCTEM aBTromarideckoro perynuposanus / B.JO. Karanos, .M.
[munkos, M.J1. Knumosunkuii, A K. Knumymkus. - M.: Merannyprus, 1987. - 270 c.

YACTh 4. TEXHOJIOTHSI JMTENWHBLIX ITPOIECCOB (MHHOBAILIMOHHBIE
JUTENHBIE TEXHOJOI'MN)

Paspen 1. JleTanu, TUTbIC 3Aar0TOBKH, JIHUTeIHbIE CIIABLI

1.1. CTpykTypa 3aroToBOK B MAalIHHOCTPOCHUH. TexHuyeckue TpeOOBaHUS K JETAIAM H JIUTHIM
zaroToBkaMm. CYIIHOCTb H3rOTOBJIEHHs OTIHBOK. JJIEeMEHTLI TMTeHHOH Gopmbl. KauecTBO JIMTEHIX
3aroToBoK. Kiaccuduxanus MeTo10B JIUThS.

10



1.2. Jluteiinple crutabl. [Iporiecchl 3aTBepleBaHMs OTIMBOKH KPHCTAIUIH3AIHH JTHTCHHBIX
CIIABOB ¢ pa3jIMYHBIMH HHTEpBATaMH KpUCTaIM3alMd. Hemerannnueckue BKIFOYECHHS.
Jleruposanue. [Ipumenenue muratyp. Moanduuuposanue. Jlukpanus.

1.3. JluTeiinple cBoiicTBa CILIABOB: JKHJIKOTEKY4ecTb, OOBEMHAd M JIMHEHHas ycajka,
TepMuuecKue, PopMOBOYHEIE (ha30BBIC U yCaJ0OUHbIE HAIIPSIKEHHUS.

1.4. KauecTBO OT/IMBOK M JIMTEHHBIE CBOMCTBA CIIJIABOB. Y Ca/0YHbIE PAKOBHHEI U IOPHCTOCTE.
[a30Bble BKIIOYEHHMS M [OPHUCTOCTh. HeMeraJulMyecKHe BKIIOYEHHs. 3OHaIbHAd H
BHYTpPUKpHCTA/UIMYeCKas JukBaius. OOpasoBaHHe TpelUIMH B OTJIMBKAaX, HMX KOpoOJeHHe.
[ToBepxHOCTHEIE 1e(heKThI OTIHBOK.

Paznen 2. OcHOBBI INIABKH METAVIOB U CILJIABOB

2.1. CpoiicTBa METAJUIOB. B3auMoeiicTBHE METAIITIOB | CIIJIABOB C Ia3aMH.

2.2. B3auMoeiicTBYE METAILIOB U CILUIABOB ¢ TYTOIJIABKAMH OKCHAAMH, LITAKAMH H (IIFOCAMH.
3amuTa pacriasa OT B3auMOJEHCTBHs ¢ atMocgepoit. Beibop cnocoba niaBku, (yrepoBKu
neyew.

2.3. Ou3HKO-XMMHYECKHE IIpolIecChl IpH paGUMHUPOBAaHUM PACIUIABOB OT PACTBOPEHHEIX Ia30B,
HEMETANTHUECKUX BKJIIOYEHUH U PACKUCIIEHHH.

Pazzen 3. U3roToBiienne 0TJINBOK B Pa30BbIX MecuaHbIX opmax

3.1. Pa3paboTKa TE€XHOJIOTHYECKOro Ipolecca H3rOTOBJIEHHs OTIMBOK. MOJAENBHO — OMOYHAs
ocHactka. JIuteitnas popma. TexHonornueckue cCBOHCTBA INTEHHOH POPMBI H KAUECTBO OTIIHBOK.
®opMOBOYHEIE U CTepiKHEBBIE cMecH. OCHOBHBIE H BCIIOMOTraTeIbHbIE (POPMOBOYHBIE MATEPUAIIEL.
CMecenpuroToBJIeHHE.

3.2. JINTHUKOBBIE CHCTEMBI M IMTEHHEIE PHOBLTH. PACY&T TMTHUKOBO- MUTAIOIUX CHCTEM. THIIbI
JIMTHUKOBBIX CHCTEM U NMPUOBLIEH.

3.3. TexHONOTHUECKHIl NPOLECC U3IOTOBIEHHS OTIUBKU. 3roToBienne GopM U CTEp:KHEH, HX
ynpounenue. COopKa JHTeHHOH (opMBL 3anuBKa JMTeHHOro cruiasa B (Gopmbl. OxnaxueHue
OTIIMBKH M BEIOMBKA €€ u3 Qopmbl. OOpyOka M OYMCTKA OTIHBKH. Tepmuueckas oOpaboTka
OTJIUBOK.

3.4, Mexanusanus ¥ aBTOMaTH3al|s IPOLEeCCOB TUTEHHOro Npou3BocTBa. [lonarre MUTEHHOrO
KOHBeHepa U aBTOMaTHUeCKOH (hopMOBOUHON MMHKH. TeXHOIOrHYeCKas CXeMa JINTeHHOTO LieXa.
Pasznen 4. CnenuajibHbIe Cl10C00L] THTDSA

4.1. Knaccu(uKauus ClenUalbHbIX COco00B THThS. M3roToBeHHE OTIMBOK B 000I0YKOBBIX
dopmax. OcobeHnocTH GOPMOBOUHBIX MATEPHAJIOB U IPOLIECCOB YIPOUHEHHS (DOPMBI.

4.2, IsroToBiieHHE OTIMBOK IO BBIILIABIAEMBIM MOJesiM. CXeMa TeXHOJOTHYECKOro Mporecca.
OCHOBHBIC MaTepual, NPHUMEHSeMBbIE IPH H3TOTOBICHHH JUTeHHOH Qopmbl. Mogens u
MOJIeJIbHBIE MaTepPHAILL.

4.3, VI3roToBieHye OTIMBOK B MHOTOPA30BBIX MeTatnueckux popmax. Koxunbnoe muthé. JIuThE
noj JjaBieHHeM. KauecTBO OTJIMBOK B CIEHHANBHBIX crocobax JuThd Mexanusamus
1 aBTOMATH3aIMs TEXHOJIOrHYecKHX mporeccoB. OcOOEHHOCTH TEXHOJIOIMYECKHE CXEMBI
JIUTEHHOrO 11exa. DKOHOMHKA M 9KOJIOTHSI TPOU3BOJICTBA

Pasaen 5. OTJMBKH U3 YyTyHA U CTAJIH

5.1. Knaccudukanus 4yryHHBIX 0TIBOK. CTPYKTypa uyryHa. Binsuue pasnuyHex GpakTtopos Ha
CTPYKTYpY M MeXaHH4YecKHe CBOHCTBa uyryHa. OTJIMBKH W3 CEPOr0 H BBICOKONPOYHOIO YyryHa.
[InaBka 4yyryHa W IUIaBHIbHBIC arperaThl. ITosryueHHe OTIMBOK M3 KOBKOI'O M JIETMPOBaHHBIX
IyT'YHOB.

5.2. Knaccudukaips cralbHBIX OTIHBOK. OCHOBHBIE NPHHIMIIBI KOHCTPYHPOBAHMS CTabHBIX
OTJIHBOK. VI3rOTOBJEHHE OTJIMBOK M3 YIJIEPOMHMCTBIX H HH3KOJIErHpOBaHHBIX cranei. IlnaBka
CTAJIM U IUIABUIILHBIE TIEUH B JIMTEMHOM NPOU3BoACTBE. OCOOEHHOCTH H3TOTOBIICHHS OTJIHBOK U3
BEICOKOJIEFMPOBAHHBIX (HEPYKABEIOLINX, XKAPOIPOUHBIX U 1Ip.) craned. Tepmuueckas o6paborka
OTJIMBOK. ,

5.3. JleheKThI TUTBS, UX NPEAYHPENKIACHIE U HCIIPABICHHE.
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Pa3pen 6. OTVIMBKH U3 CIJIABOB IBETHBIX METAJLIOB

6.1. JluTeiiHple crUIaBRl Ha aMOMHHHEBOW, MarHHMeBOM, MEIHOH W HHKEIEeBOM OCHOBaX.
OcobeHHOCTH TOTy4YeHHs! OTIMBOK. [IpOM3BOJCTBO CIMTKOB IBETHBIX METAUIOB H CILIABOB.
Hasnavenue ciutka, npejbspisemble K HeMy TpeboBanus. CriocoObl JHThS CIHTKOB. JIMThE
rpaHyil, JIEHT M JPYTHX AUCHEPCHBIX 3aroTOBOK ISl IOCJEAYIOIIEro KOMIAKTHPOBAHHS H
[IPeCcCOBaHHUS

6.2. IInaBka, padpuHupoBanue, MOAU(GHUIUPOBAHHE ATFOMUHHEBEIX CIUIABOB. [TaBHIIBHbIE IT€YH,
IIMXTOBEIE MaTepuaibl, (urockl. OCOOEHHOCTH TEXHOJIOTHH JIMThS AMIOMHHHEBLIX CIUIABOB B
(hopMBI OTHOKPATHOrO ¥ MHOTOKPATHOTO HCIIONB30BaHus. TepMudeckas 00paboTKa OTIHBOK.
6.3.  OcoOeHHOCTH TEXHOJOTMH IUIABKH MArHHEBBIX CIUIaBOB, paQuUHHpOBaHHE |
mMoaupuuuposanue. IlnaBunbHele meun, ¢umockl, OecdumrocoBas IIaBKa. TeXHOJOrHs
JIUThS MAHMEBBIX CIUIABOB. 3allMTa paclIaBoB OT Bo3ropaHusi. OCOOEHHOCTH TePMHYECKOM
00paboTKM OTIMBOK M3 MarHUEBBIX CIIJIABOB.

6.4. OcoOeHHOCTH TEXHOJOIMU IIIABKH MEIHBIX M HHKEJIEBHIX CILIABOB. [IIaBHILHBIC MEYH,
(pmocel, packucnenue, papUHHpOBaHKHe, MOAU(UIPOBAHHE. TeXHOIOTHS MOIyUYeHHs OTIHBOK
u3 OpoH3 u naryHeid. TexHonorus NaaBKM W JIMTHSI CIUIABOB HA OCHOBE THTAHA M JIPYTHX
TYIOIJIABKUX 3JIEMEHTOB. OJIEKTPOAYroBask M 3JIEKTPOHHO-TydeBasi IUaBka. LleHTpoOexHast
3anuBka GopM. OcoOEeHHOCTH TEXHOJIOTHH [JIABKH U JIMThsI 0JIArOpO/IHBIX METAJIIOB.

Pazpen 7. OTimBKH Is1 1eTajieii MeTa/LTyPru4eckoro 000pyaoBaHus

7.1. OTIUBKH 7151 JIOMEHHOTO, CTAJIEIIAaBHIBHOTO U IIPOKATHOT'O IIPOU3BOCTBA. Y CIIOBUS padOTHI
U IPUYMHBI BBIXOJA M3 CTPOS CMEHHBIX M PEMOHTHBIX JIUTBIX JIETAJIeH METaJUlyprHuecKoro
000pyOBaHUS.

7.2. Knaccuduxarus, obimue IpHHIUIBI KOHCTPYHPOBAHHS U PacuéTa U3JI0KHHL. M3/105KHUIIBI
M3 YyryHa ¢ IUIACTHMHYAThIM I'paGUTOM U K3 BBICOKONPOUHOTO uyryHa. CTajabHBIC H3JI0KHHIGL
[ToxoHEL, LHIEeHTPOBBIE U NPUOBUIEHEIE HACA/IKH, POOKH, BCTABKH.

7.3. OTIMBKY JUIs IPOKATHOTO NPOU3BOACTBA. TeXHOTOTHS H3TOTOBICHHUS YYTYHHBIX H CTAIBHBIX
IPOKATHBIX BAIKOB.

PEKOMEHAYEMAS IMTEPATYPA K YACTH 4

a) OCHOBHAasl JIUTepaTypa

la. MuxaiinoB A.M. u np. Jluteitnoe npoussoacrso. M.: Mamunocrpoenue,1987. — 256 c.

2a. bayman b.B., banamosa H.I1. Texnosnoruueckue OCHOBBI JTUTEHHOrO NMPOU3BOICTBA. Yueb.
nocodue. - M.: MHUCuC, 2003. — 156 c.

3a. Kypmomos A.B. u np. JlabBoparopHele paboTEl 110 TEXHOJIOTHH JIMTEHHOTO IPOH3BOICTRA. -
M.: MaumHoctpoenue, 1990. — 272 c.

4a. Kypatomos A.B., [Tukynos M.B., Uypcun B.M. JluteiiHoe NpOH3BOICTBO LIBETHBIX H PEIKHUX
MeTalioB. - M.: Meramnyprus, 1982. - 352 c.

5a. IIpou3BOJCTBO OTIMBOK M3 CIIaBoB LBEeTHBIX MeTauioB / A.B.Kypmiomor, M.B.I[TukyHoB,
B.M.Yypcun, E.JI.bubukos.- M.: Metautyprus, 1996. - 502 c.

0) J0MOTHUTE/ILHAS INTEPaTypa

16. Lisetnoe nmuthe: CrnpaBounuk./ [Tox 06w, pen. H.M.Manauna. - M.: Mawmunoctpoenue, 1989.
-528 c.

26. CrenanoB [O.A., bananaun [.@., Poibxun B.A. Texuomorus gUTEHHOrO NPOH3BOJICTBA.
CrenuanpHble BUIBI TUTES. - M.: Mamunocrpoenue, 1983. - 400 c.

YACTH 5. IMOPOHIKOBASI METAJUIYPTUSA (©@YHKIHUOHAJIBHBIE H
HAHOCTPYKTYPHBIE MATEPHAJIBI)

Pazgen 1. MeToabl noJiy4eHHsI HOPOIIKOB

1.1. 3nadyenne nopowKOBOH MeTautypruu. McTopus pasBUTHS MOPOIIKOBOH METaIypruu.
OcCHOBHBIE TEXHOJIOTHYECKHE CXEMBI ITPOM3BOJCTBA CIEeUeHHBIX MaTepuanoB. Knaccudukarms
METOJIOB ITOJTYYEHHUS [TOPOLIKOB.
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1.2. MexaHHYecKHe METO/bI IOJy4YeHHs MopouKoB. [Ipon3BoacTBO NMOPOLIKOB H3MENBEYEHUEM
TBEPJBIX METAUIOB M PACHBUIEHHEM JKHJIKHUX METAJIOB M CIIJIABOB METOJaMH TI'a30BOro,
)KHJKOCTHOT'O U LIEHTPOOEKHOTO PaCHbIIEHHUS.

1.3. Ou3HKO-XMMHUECKHE OCHOBBI IPOLECCOB, 000pYyIOBaHHE, JOCTOMHCTBA H HEIOCTATKH
PasIMYHBIX METOIOB, 001aCTH UCIIOIB30BaHMs. MeTOIBI MOTyueHHs aMOPQHBIX ¥ HAHOIIOPOLIKOB
MEXaHHYECKUMH METOIAMH.

1.4. IlonyueHHe METAJUIMYECKUX IIOPOLIKOB METOJOM BOCCTAHOBJIEHHs OKCHJIOB METAIOB
TBEPJBIM U ra3000pa3HbIM BocCTaHOBUTENEM. PH3HKO-XHMUYECKHE OCHOBBI IPOIECCOB.

1.5. TIpakTHKa [IOJIy4IeHH s TOPOIIKOB XKee3a, Boab(pama, THTaHa. DH3HKO-XUMHYECKHE METOIBI
IOJIyYeHHs] HAHOTIOPOIIKOB. [IpOM3BOICTBO META/UIMYECKHX IIOPOIIKOB 3JIEKTPOJIH30M BOJIHBIX
pPacTBOPOB M pacIUIaBIEHHBIX Cpell.

1.6. TIpoM3BOACTBO MOPOIIKOB METOJOM TEPMHUYECKOH JHCCOIMALMH KapOOHHILHBIX
coequHeHuH. DH3UKO-XUMHYECKHE OCHOBBI IIPOIECCOB, IIPAKTHKA IIOJYYEHHS IIOPOIIKOB.
CBoifcTBa METAJUIMUECKUX TOPOLIKOB U METOBI HX KOHTPOJIS.

Paznen 2. @opmoBanue i crieKaHHe MeTAJVIHYECKHX IOPOIIKOB

2.1. TloarotoBka MOPOIIKOB. 3aKOHOMEPHOCTH Ipolecca YIUIOTHEHHS IOPOIIKOB B CTaIbHOM
npecc-popme. [Ipoleccrl, NpOHCXOIAIIME IMPH TNPECCOBAHMM. 3aBHCUMOCThL IJIOTHOCTH OT
IaBJIeHHs MpeccoBaHus. Pacrpe/e/ieHye MIOTHOCTH Mo 00beMy Opukera. [lorepu JaBieHus Ha
TpeHHe. Ypyroe nocneneicrsue. [Ipeccoanne co cMaskoii. bpak mpu mpeccoBaHUH.

2.2. Topsdyee wusocraruyeckoe TpeccoBanne. MmkekiuoHHoe npeccoBanue. Jlazepnas
dopmosanme. [Ipaktuka mnpeccoBanus. [lpeccel u mpecc-Gopmbl. Bapuantel (popmoBanus
METAIIMYECKUX  IIOpPOIIKOB: Trops4ee, H30CTaTH4YECKOE, JAMHAMHYECKOE, HMITYJIbCHOE,
BUOpALMOHHOE, [pOKaTKa, LIIHKepHOoe JHThe. (OCOOEHHOCTH TMPOIECCOB, almapaTypHOoe
oopmieHHE.

2.3. OCHOBHEIE 3aKOHOMEPHOCTH IIpoliecca criekanus B TBepaoi (ase. Posib moBepXHOCTHOH H
obobemuoi mud¢dy3un. Ycanka npu crnekaHud. BimsHHe TeXHOIOTHYECKHX IapaMETpOB Ha
IpoIlecc  CIeKaHus W cBoifcTBa  chmedeHHBIX — m3fenui.  OCOOEHHOCTH — CHEKaHHS
MHOTOKOMIIOHEHTHBIX cHcTeM. BiiusHue rerepoandy3sun Ha IpoLece yCaakH.

2.4. OCHOBHBIE 3aKOHOMEPHOCTH IIpollecca CleKaHWs MHOIOKOMIIOHEHTHBIX CHCTEM B
IPUCYTCTBHH JKHJKOH (paspl, Mcuesaiolied U MPUCYTCTBYIOLIEH 10 KOHIA H30TEPMHYCCKOMN
BBIIEPIKKH MTpH HarpeBe. KuHeruka ycaj k. QakTopel, BAMAIONIHE HA IJIOTHOCTH H 3€PHUCTOCTD
CIIJIABOB.

2.5. IIponuTKa Kak pa3HOBUIHOCTH KUAKO(A3HOro crnexkanus. OHU3HKO-XUMHUYECKHE OCHOBBI U
3aKOHOMEPHOCTH Ipolecca mponuTky. [IpakTuka mponeccos crekanus. Atmocdepa cnekanus,
ey creKanus, Opax Ipy CreKaHUH.

Paznen 3. CneyeHHbIe MAaTePUAJILI ¢ 0COOBIMH CBOIICTBAMH

3.1. Knaccuduxauus criedyeHHbIX MarepuasioB. CieueHHbIE TOPHCThIE MOAIHITHUKY B (DHIIBTPBI.
OcHOBHEIE COCTaBEL. TexHomorus nosyyeHus. Pusndyeckue, MEXaHHYECKHE H OKCIUTyaTallHOHHBIE
CBOMCTBA.

3.2, AHTHQPUKIMOHHEIC U (PUKIHOHHEIC MaTepHanbl. OCHOBHBIE NPHHIUIIEI paboTel. CTpyKTypa
M CBOICTBA TBEPIBIX CMA30K. TeXHOIOTHs H3TOTOBJIEHHS, CBOHCTBA, 001AacTH NMPHMECHEHHUS U
MIePCIIEKTUBBI PA3BUTHA.

3.3. CrneueHHble 3JIEKTPOTEXHUYECKHE MaTepHaabl: JJsl CKOJB3AUIMX M  Pa3phBIBHEIX
3NIEKTPUYECKHX KOHTAKTOB, MarHuThL. OCOOEHHOCTH paboThI, BU/IbI H3HOCA. DU3MKO-XUMUYECKHE
OCHOBBI H TEXHOJIOTHS IPOU3BOACTBA, 00/1aCTH IPUMEHEHH S,

3.4, CneuyeHHble TBEpAblC CIUIABBI, UX KiaccHduKkanus. TexHomoruyeckas cxema IOJTy4EHHS,
cBOMcTBa, obOjacTH npumeHeHHus. KoHCTpyknuMOHHAas KepamuKa. XapaKTepHCTHKAa HCXOIHBIX
MaTepHaioB. TexHosorudeckue BapHaHTH NMoayueHHs. Hanecenne KepaMHUCCKHX IOKPBITHH.
CaoiicTBa, 001aCTH IPUMEHEHUS.

3.5. JKapompouHble CII€UEHHBIE MaTEpHabl: JUCIEPCHO-YIPOYHEHHBIC W BOJIOKHHCTBIE.
OcoBeHHOCTH TEXHOJIOTHH, OCHOBHBIE CBOHCTBA M 00JIACTH IPHUMEHEHHUS.
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PEKOMEHAYEMAS JIUTEPATYPA K YACTH 5

4) OCHOBHASI JTUTEPATypa

la.ITpoueccs! noporkoBoif metamtyprun. T.1, T.2. IIpou3BoacTBO METAIIHYECKHX IIOPOIIKOB:
Vuebuuk ms By30B / JInbencon I'.A., Jlomatun B.1O., Komapuunxuii I'.B. u ap. - M.: MUCuC,
—2002r.— 688 c.

2a. Kunapucos C.C., JluGencon I'.A. ITopomkosas mMetamtyprus. — M.: Meramnyprus, 1991. —
432 c.

3a. TeXHOJIOTHS M CBOMCTBA CIEYEHHBIX MaTepHaNIoB U u3nenuid: JIabopaTopHBIH IpaKTHKyM.
B.C. ITanos, B.K. Hapga, JI.B. JlyObinuna u ap. M.: u3a. "Yuéba", 2003. - 118 ¢.

4a. Tlpomeccel mopoinkoBoii Merawtypruu: JlaGoparopueii mnpaktukym / Ilox pen.
I'.A.JIubencona. - M.: MUCuC, 1987. - 155 ¢.

0) JOMOJTHUTEJIBLHAS JINTEpPaTypa

16. JIu6encon I'.A. CrienaabHOCTh MOpOIIKoBas MeTauryprust. — M.: Meramnyprus, 1987.—80 ¢
26.Kunapucos C.C., JluGencon I'.A. [Topoukosas Metayuryprus. M.: Meramnyprus, 1980.-496 ¢
36. JIuGencon I'.A. OcHOBBI OpoIKoBo# MeTautypru. M.: Meramtyprus, 1987. - 208 c.

46. JIubencon I'.A. TIpou3BoacTBO NOPONIKOBEIX H3aenuid. — M.: Meramnyprus, 1990. — 240 c.
56. ITanos B.C., Uysuiun A.M. TexHoorus ¥ cBOMcTBa CrIeUeHHBIX TBEP/IBIX CINIABOB U U31ETHH
u3 Hux. M.: MUCuC, 2001.427 c.

66. JIubencon [.A., Ilanos B.C. OOopynoBanue LEXOB IOPOILUKOBOH MeTaJulyprud. M.:
Mertannyprus, 1983. 264 c.

76. Hapsa B.K. TexHolorust mpoM3BOJACTBA CIICUEHHBIX MaTepUaloB M u3jenuid. Ilopucrsie
marepuansl: Kype nekuuit. M.: MUCuC, 1980. 78 c.

YACTbD 6. ObPABOTKA METAJIJIOB TABJIEHHEM

Pasnen 1. Ba3zoBble moHaTHS, KIaccH(HKALHA INPOLECCOB H H3JeJMil, NMPOH3BOIMMBIX
meTogamu OM/J{

1.1. Beenenue, cymHocTh 0OpabOTKM METa/UIOB AABIEHHEM, POJIb METOJOB IIIaCTHYECKOH
ae(opManiy B MCTOPUH [UBHIM3AIHH, PA3HOBHIHOCTH MCXOIHOIO MaTepuaa i 00paboTKH,
OMJI, uznenus u «HoBe1i mpoaykT»

1.2. Kitaceuukarus nporeccoB OM/] 110 pa3THuHbIM IIPU3HAKAM.

Paszmen 2. dusnyecKkHe OCHOBBI INIACTHYECKOH /JeopMALHH METANI0B H CILIABOB,
3auMoeiicTBre npoueccoB OM/I ¢ TepmoodpadoTkoii, MeTOABLI YNIPABICHHA CTPYKTYPOIi
H CBOHCTBAMH NPOJYKIHH

2.1. CtpykTypa nedopMHUpYEMBIX cTajlell, MeXaHH3MBI IIacTHUECKOi nedopMaliiy, yrpasieHHe
CTPYKTYpOH K CBOHCTBAMH CTalM IIOCPEACTBOM IUIACTHYECKOH aedopMalMu, auarpamMma
IUIACTHYHOCTH, CBSI3b CO CIIOCOOOM TOJTyUeHHS 3arOTOBKH U ¢ TepMO0OpadoTKOii.

2.2. Ctpykrypa aehOpMHUPYEMLIX LBETHBIX META/UIOB M CIUIABOB, MEXAHH3MEI IIACTHYECKOM
nehopMalliy, yIpaBleHie CTPYKTYPOit B CBOMCTBaMH ITOCPEICTBOM IIACTHYECKOH AedopMaLuy,
IIACTHYHOCTD U paspyllieHue, CBI3b CO CIIOCOOOM MOTYyUYEHHsI 3aTOTOBKH M ¢ TepMO0OpabOTKOii.

Pasjen 3. TeopeTuuecKkne 0CHOBBI MPOIECCOB 00PabOTKH META/UIOB IABJICHHEM

3.1. CompoTHBieHHe JieGopMalii ¥ HAIPsKEHHOE COCTOSHUE B TOYKE TeJIa, TEH30D HANPSKEHHH,
I/IaBHEIC HANPSDKEHHS, HHTEHCHBHOCTD HAIPsKEHHH.

3.2. JleopMHPOBAHHOE COCTOSIHUAE B TOYKE TeJla, IEPEMEILEHHsI B KOOPAMHATHAIX OCAX, IIABHBIE
nedopManuy, MHBapPHAHThI TeH3opa JedopMallii, ypaBHEHHE MOCTOSIHCTBA 00beMa, CKOPOCThH
nedopmaruy.

3.3. Vcinosde miactuuHocTd. MeHomeHonoruueckue Mmojenu cpejpl. COOTHOIIEHHS MEXKIY
HaNpsUKEHUAME U JiepopMalusMu. 3aKOHOMEPHOCTH KOHTaKTHOrO Jie(hOpMalMOHHOIO TPEHHS.
JlokanbpHple H HHTErpajbHBIE IOKA3aTelIH HAampsKeHHO-I1eQOPMHUPOBAHHOTO  COCTOSHHS
Marepuana.

3.4. MeTomsl MOJCIHPOBAHMS ¥ aHAIM3a IIPOIECCOB 00pabOTKM METAIIOB JIABJICHHEM.
[Ipuntmmne: paboTsl 1 HHTepdelic nporpaMmel QForm.
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Pazgen 4. OOopynoBaHue AJIsi CHJIOBOrO BO3JeiicTBHA Ha MaTepHaJ. BemomorarteibHoe
o0opyaoBaHHeE, CPeCTBA YIIPABJICHHS

4.1. Knaccudukanus TUnos obopyaoBanus. [IpoxaTHblil cTaH, OCHOBHOE M BCIIOMOTATEILHOE
MexaHuyeckoe obopynosanue. Tumel xiereif. KOMIOHEHTB! CHCTEM YIIPaBJIEHHSA M KOHTPOJS B
nexax OMJI.

4.2, MexaHuuecKkue, THAPaBIHYECKHE IIPECChl, TEXHUKA yIApHOTr0 (MMITYJILCHOTO) AEHCTBUS.

4.3. CuoBBIe YCTAHOBKH C COYETAHHMEM BpAIEHHS U BO3BPATHO-NIOCTYNATENBHOTO JBHIKEHHM
HCIIOJIHUTENILHOTO 2JIeMeHTa. JleTaenpoKaTHble CTaHbl, YCTAHOBKU HENIPEPBIBHOTO IIPECCOBAHMS,
chepOaBHIKHOH 1ITAMIIOBKH

4.4, CrnerpanbHas TexHuka. TexHuka o0paboTKH KOMIIO3HTOB, IIOPOIIKOB, LIBETHBIX METAILIOB U
CILIABOB, BaKyyMHble cucTeMbl B OM/] 1 cpebl peryiupyeMoro cocrasa.

Paznea 5. IlpokaTka MeTa/l/10B

5.1. Ouar medopMali W KHHEMATHKa TeYEeHHs MeTalljia [IpU [IPOI0JILHOM MpoKaTke, Ga30BbIE
MOHSATHS, PACYET YCHIIHSI TPOKATKH, KPYTSIIEro MOMEHTa i MOLITHOCTH, [IoNepeyHas AepopMariusl.
5.2. TexHosoruyeckas cxema Npou3BOJICTBA U3EIHH U3 cTald MeToAaMu NpokaTkH. IIpokaTHbie
m3enus. FicXoiHble MaTepuaibl 4 UX TOATOTOBKA.

5.3. Texnomorumueckass cxeMa IIPOM3BOJCTBA IPOKaTa M3 LBETHBIX METAUIOB H CIUIABOB.
[IpokarHbie u3nenus. Mexo/Hble MaTepralibl 1 UX MOAr0TOBKa. Mcrnonbp3oBanue 3alUTHBIX CPEJL
M KaICyJl, IpoKaTka B BakyyMme. OcoO0eHHOCTH NPOU3BOACTBA MPOAYKIIMH H3 TKEIBIX [BETHBIX
CILUTABOB, IIPOKATKA JIHCTOB, M0JI0C U (JOJIBIH U3 TYTOILIABKUX METAILIOB, A/IFOMUHUEBBIX H MEHBIX
CIIJIaBOB

5.4, TeMIepaTypHO-CKOPOCTHEIE YCIOBHSI rOpsdel MPOKAaTKU cTaned. HCTpyMEHT, OCHOBHBIE H
BCIIOMOTaTe/IbHbIE MaTepUabl.

5.5. TeMmepaTypHO-CKOPOCTHBIE YCIOBUS ropsiueil IMpOKaTKH IBETHBIX CIIaBoB. MHCTpyMeHT,
OCHOBHBIE H BCIIOMOTaTE/IbHbIC MaTepHaIbL.

5.6. TeXHOJIOTHS MPOKATKH IIOCKOTO MPOAYKTA C IOBBIIIEHHBIMU TPEOOBAHUSAMHM I10 KAYECTBY.
MHOTOBaJIKOBBIE CHCTEMBI.

5.7. Banku Juis COPTOBOI IPOKATKH CTAIBHBIX MOJIOC, YIJIOBBIX MpogHIIeH, IBe1IepoB

5.8. TIpou3BoacTBO OecIIOBHLIX TPyO npokaTkol. OCHOBHBIE IIApaMETPhI IIPOLECCOB NPOLIHBKH
1 PacKaTKH.

5.9. IlpousBoacTBO cBapHBIX TPyO W monbix npoduieil, ceapounsle y3nel TOCA. Texnomorus
TIIPOU3BOACTBA TPYO Pa3IMuUHOrO Ha3HAYEHHUS.

Pasnen 6. KoBka, 00béMHAas H IHCTOBAS IITAMIIOBKA

6.1. Koeka. Mcxomnele marepumanbl, KiaccMUKalMs THIIOB H3JIENHH, Oonepanvyd KOBKH H
IpPUMEHSIEMBI MHCTPYMEHT. TeMIlepaTypHbI pekuM Ipolecca M 0COOEHHOCTH AeopManuu
METAJIJIOB TI0 cXeMe ¢BOOOIHOM KOBKH. PoTanoHHas KOBKa.

6.2. Topsiuast 00BEMHas mTamoska craneil. Kinaccuduxaius nokoBok. MexoHpie MaTepuaisl.
MeToauKa IPOEKTUPOBAHUS IUTAMIIOBOI OCHACTKH.

6.3. OcobennocTy 00BLEMHOIM IITAMIIOBKH LBETHBIX METAJUIOB U CILIABOB. McX0HBIE MaTepUalbL.
OcHacTKa JJIsl H30TEPMHUUECKOM ITaMIIOBKH U JileopMalliy B PEIKHUME CBEPXIUIACTHYHOCTH.

6.4, IllTamMoBKa Ha MOJIOTaX, HAa TOPU30HTAIBHO-KOBOUHBIX MalllMHAX, Ha TOPSYEIITAMIOBOYHBIX
aBTOMAaTax.

6.5. PaznenuTenbHble 1 00pe3HbIe Onepant B 1exax 00paboTKH METaIOB JaBICHHEM.

6.6. OCHOBBI TNPOEKTHPOBAHHS IIPOIECCOB JIUCTOBOM IUTAMIOBKH. PasgenurensHble H
hopmoobpasyrolye onepamni.

6.7. MeTo/pl M3TOTOBJIEHHS] HHCTPYMEHTA, IPUMEHEHHE CHCTEM OBICTPOro IPOTOTHIHPOBAHHS
npu OM/I.

6.8. OcOBEHHOCTH JTMCTOBOM IITAMITOBKH LIBETHBIX METAIJIOB M CIUIABOB, JINCTOBAS IITAMIIOBKA C
MECTHBIM I10JIOIPEBOM, THAPOPOPMOBAHUE, BRICOKO3HEPreTHYECKHE METOIbI 00paboTKH.

Paspnen 7. IlpeccoBanne, BbIIABJIHBAHHE H BOJIOYEHHE METALIOB

7.1. CxeMma mporecca mpeccoBanust, KiaccuduKanys KIacCHUECKUX CIIOCO00B IPECCOBAHHS 110
KHHeMaTHke Tedenus Mertama. Ovar JeopManuu IpH  [IPECCOBAHMH, HAIPKECHHO-
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neGOpMHPOBAaHHOE COCTOSHME MaTepuana IpH IIpeccoBaHMH. Pacuér 9HEprocHIOBBIX
TnoKasaTesiel mporecca. MeToib! yIpaB/IeH!sl KHHeMaTHKOH HcTeueHus: MaTepuaa. Pacy€Tel Ha
IPOYHOCTh U YCTOHUMBOCTD JeTANEH HHCTPYMEHTA.

7.2. CopraMeHT, OCHOBBI TEXHOJIOTHH [IPECCOBaHMs M3JE/MH H3 TOKETBIX IBETHBIX H
TYTOIUIABKUX MeTayioB. [IpOM3BO/ICTRO TPYO M CIOJKHEBIX ITOJIBIX IMpodHIeH U3 alrOMHHHEBBIX
CIIaBOB. BO3MOKHOCTH HEIPEPHIBHBIX H MOJIYHEPEPHIBHBIX IIPOLIECCOB IIPECCOBaHKsI METAILIOB,
CILIABOB U IIJTHKEPOB.

7.3. Oco0OeHHOCTH TEXHOJOTHH MPOM3BOACTBA IPECC-H3JEHHH M3 KOHCTPYKIIHOHHBIX,
HHCTPYMEHTAJIBHBIX CTallel, CTAJbHBIX OPOIIKOB U IrpaHyJl. TeXHOIOrHs U3rOTOBJIEHHS MAaTPHI
C 3aIIUTHBIMH ITOKPBITHSIMH.

7.4, Cxema BonoueHus. Ouar pnedopmamun U obopynosaHue. OCHOBBI IPOEKTHPOBAHHS
IIPOLIECCOB BOJIOYEHHsI [PH IPOM3BOJCTBE IPOBOJOKH, TEINIOOOMEHHBIX TpyO M KabenbHOH
TPOIYKIHH.

Pasnen 8. Cnenuaiibubie Meroasl OMJL

8.1. OceBoe (hopMOBaHKE IIOPOLIKOB M KOMIIO3UTOB B Ipecc-(popmax, H30CTaTHUECKHE CIIOCOOBI
00pabOTKK MaTepUasos.

8.2. KiiunoBoe gopmoBanue, IPOU3BOACTBO IIOPUCTBIX M DJIEKTPOJHBIX MAaTePHAIOB IIPOKATKOMH,
HMITYJIbCHBIE BBEICOKOIHEPreTHUUECKHE METOABI 00paboTKH MOPOLIKOB, I'PaHyJl, BOJOKHHUCTEIX H
CJIOUCTBIX KOMIIO3HTOB.

8.3. KommiuekcHble METOALI IOJNYYEHHs] CHELHMAIbHBIX MATE€PHANOB H  M3NEHHH JUId
MAIIHHOCTPOECHHUS, SHEPreTHKH, aBHAIMH M KocMoca, OOOpPOHHOH TEXHHKH C IPUMEHEHHEM
JIaBJICHUH ¥ MIaCTUYECKOH JedopManuu.

PEKOMEHAYEMAS JIUTEPATYPA K YACTH 6

a) OCHOBHASI JTUTEPATypa

la. Cysopos U. K. O6paGoTka MeTaios nasjieHueM. - M.: Boicuras mkomna, 1980. - 364 c.

2a. Koposer A.A. Mexannueckoe o00py10BaHHE MPOKATHBIX W TPYOHBIX LEXOB: YYeOHHK IS
By30B. - M.: Mertamnyprus, 1987. - 480 c.

3a. Bamakun B.IIL., Edpemos I.B. u ap. Teopust oOpaboTku MeTauloB AaBieHueM. Teopus
IPOLIECCOB KOBKH, INTAMIIOBKH ¥ peccoBanus: Jlabopatopueiit npaktukym. — M.: MUCuC, 1982
¢

4. E.B. Kysuenos, C.I1. Tankun TexHonoruyeckue nporeccsl 00pabOTKU METAIIOB AaBICHUEM:
JlaGoparopHusiit mpakTukyM. - M.: MUCuC, 2002, Ne1613.- 78 c.

5. MozenupoBanue mporeccoB macTuueckoit aepopmarmu. I'papudeckuit penakrop QDraft, 69
¢. DnexkTpoHHOE IpriokeHue k cucreMe QForm2d.

0) JOMOMHHUTEIbHAS JHTEepaTrypa

16. KoBka u mramnoBka. CropaBounuk. B 4-x tomax / mox pea. E.M.Cemenoa.- M.:
MammnocTpoenue. 1986. — c.

26. lllepba B.H., Paiitdapr JI.X. TexHomnorus npeccoBaHus METauIOB. YyeOHOe mocodue s
By30B. - M.: Metamyprus, 1995.- 336 c.

36. I'opoxos B.C., Jlebenes JI.C., [Toropskensckuit B.M. n ap. O6paboTka METAIOB IaBICHHEM.
-M.: MHUCuC, 1988.-c.

4, JTubencon I'.A., Jlonatuu B.1O. u np. [Ipoueccr! nopormkoBoit Metamuryprud. T. 2 ®opMoBanue
i criekanue. — M.: MUCHC, 2002.- 320 c.

YACTD 7. CBAPKA U [TAIKA METAJLJIOB

Pasnen 1. YeaoBusi 00pazoBanns CBAPHOro COeJHHEHHS H €0 CTPOEHHE

1.1. Csapounsle mpouecchkl. B3auMocBs3b MEXIy TeMIeparypoi H JaBlI€HHEM B IIpolecce
CBapKH. Duznueckass W TexXHOJIOTUUECKAd CBaApHBACMOCTDb METAJIJIOB. Pons AKTHUBallH
COCOHHACMBIX I'IOBerHOCTeI?'I B MMOJIY4YCHHH PaBHOIIPOYHOTI'O CBapHOFO COCAHHCHHI.
KpHCT&ﬂHB?.auHH MeETajlJla 1iBa. Xumuueckas HCOOTHOPOIHOCTDb MeTajljia uiBa H OKOJIOIIIOBHOM
30HBI. KpHCT&.HJ‘[H‘IeCKoe CTPOCHHUEC CBapHEIX IIIBOB.
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Pasnen 2. MeToabl CBAPKH H HX OCHOBHBIE TEXHOJIOTHYECKHE 0CO0CHHOCTH

2.1. Knaccuduranus BHIOB CBapKH. MeToJpl CBapKH JaBICHUEM: XOJIOHAS CBapKa, CBapKa
YIBTPAa3ByKOM WU B3pPbIBOM, IUJJAKHPOBaHHE, KOHTAKTHasd M MHIYKIHOHHAS CBapKa, CBapKa
TpeHueM, 1 Py3HoHHO-BakyyMHast cBapka. QopMUpOBaHHE COSAHHEHHUS U (HaKTOPBI IPOYHOCTH
mBa. BO3MOXHOCTH U OTpaHUYEHHs! 111 pa3HbIX KJIACCOB MATEPHAIIOB.

2.2. MeTopl CBapKH ILIABICHHEM: 3JIEKTPOAYTroBasi CBapKa, Ia30Bas CBapKa, TEPMHUTHAs CBapKa,
3JEKTPOIIUIaKoBasi CBapKa, CBapka B 3alIMTHOM TIase, 3JIEKTPOHHO-JIyyeBas CBapka, CBapka
IIa3MEHHOM CTpyeH, la3epHas cBapka.

2.3. OcobennocTH (OPMHPOBAHHUS CTPYKTYPHI IIBA U OKOJIOIIOBHOMH 30HBL. O01aCTH IPUMEHEHHS
METOJIOB CBAPKH IJIABIEHHEM.

Pasznmen 3. CTpyKTypa H cBOICTBA CBAPHBIX COCAHHEHHIT H3 YIVICPOAHCTBIX U JIETHPOBAHHBIX
craJjiei

3.1. OcoOeHHOCTH CTPYKTYPHBIX U (ha30BBIX MPEBPALLEHHH B pe3yJIbTaTe TEIIOBOIO BO3ACHCTBHS
HAa OCHOBHOM METaJII IIPH CBapKe yrIepOJUCTBIX U JeTHPOBAHHbIX cTaneld. Crioco0s! yirydleHus
CTPYKTYphl M MEXaHHYeCKHX CBOWCTB cBapHBIX coequHenud. Knaccudukamus craneid no
CBapHBAEMOCTH; YIJIEPOIHBIN 3KBUBAJIEHT.

3.2, Cpapka u TepMuueckas o00paboTKa CBapHBIX JeTaleil M3 HHU3KOYITIEPOJUCTHIX
HEJIETMPOBAHHBIX  CTaJllel, M3  HU3KOJETMPOBAHHBIX  CTPOMTENBHBIX  CTaleH,  Hu3
HHU3KOJIETHPOBAHHBIX TEIUIOYCTONHYMBEIX CTajlel, M3 BBICOKOJETHPOBAHHBIX XPOMHCTHIX H
XPOMOHHKEJIEBBIX CTaJIEH.

3.3. OcHOBHBIC Ae()EKTHI CBAPHOTO LIIBA H OKOJIOIIOBHOH 30HBI, UX IIPOUCXOKICHHE U BIIMSHHE HA
TEXHOJIOTHYECKYIO ¥ OKCILTYaTAl[HOHHYIO IIPOYHOCTH CBapHOil KoHCTpyKIMH. CriocoOr1 60psObI €
BO3HHKHOBEHHEM CBapPOYHBIX Jie()eKTOB. MeTo/ bl KOHTPOJIS Ka4eCcTBa CBAPHBIX COEIHHEHUH.
Pasnien 4. CTpykTypa u cBoiicTBa CBAPHBIX COeHHEHHIT H3 YYI'yHa, IBETHBLIX METALIOB H
HX CIIABOB

4.1. Cpapka uyryHa. GopMHpOBaHHE CTPYKTYphl CBApHOIO I1IBa M OKOJOLIOBHOH 30HBI IIPH
ropsiueii ¥ XOJIOIHOM CBapKe 4yryHa.

4.2. Meto/bl CBapKH alllOMHHHS U €r0 CIIJIaBOB.

4.3. Oco0eHHOCTH CBapKH MEJIHBIX U THTAHOBLIX CIIIABOB.

Pa3znen 5. CTpykTypa M cBoiicTBAa NasiHBIX COeIHHEHHH META/VIOB H CILIABOB

5.1. Talika xax pa3HOBMIHOCTEL Mpolecca cBapku. CMauyMBaeMOCTb U PACTEKAEMOCTh IIPHUIIOEB.
[Tpunimne! ux BeiOOpa. Kpucrannusanus nasHoro msa. CTpyKTypa 11Ba H IEPEXOIHON 30HBL.
5.2, OU3HKO-XUMHYECKHE NIPOIECCH], IIPOTEKAIOLHE TIpH NalKke W MX BIMSIHUE HA CTPYKTYpYy H
CBOJCTBA MAsSHOTO coe/inHeHus. PakTopel MPoYHOCTH 1BA. KOHCTPYKTHBHEIC M DKOHOMHYECKHE
(haKTOpHl, OIpENeAIOIINE BBIOOD crocoba COeIMHEHHS.

PEKOMEHAYEMAS IMTEPATYPA K YACTHU 7

a) OcHoBHasi JiUTEpaTYypa

la. JIumn JI.C., Xakumos A.H.MetaiuioBe/iene cBapku U TepMHUUecKas 00paboTKa cBapHBIX
coemuHeHHH. - M.: MamuHocTpoenue, 1989. - 335 c.

2a. ['pabun B.®. MetaioBenenue ceapku miuasienueM. — Kues: Haykosa nymka, 1982. - 399 c.
0) JdomosHUTe/ILHASI IMTEpPAaTYypa

16. Iletpos I'.JI., Tymapes A.C. Teopus cBapouHbIX rpoueccos. - M.: Beicmas mxona, 1977. -
390 c.

YACTD 8. METAJIJIOBEJIEHUE IIBETHBIX U IPATOHEHHBIX METAJIJIOB
Paszpen 1. Kpucraminyeckoe cTpoeHHEe METALIOB

1.1. IIpemver mertamwioBeaeHus. OCHOBBI CTPOEHHs MeTalIoB. MHKpoCTpykTypa. CBeToBas
MHUKPOCKOITHS. KonuuecTBeHHEIE XapaKTEepPHUCTHKH MHKPOCTPYKTYPBL. Tunnynsie
KPUCTAINTHYECKHUE PELIETKH METAUIOB.

1.2.  Kpucramnorpapudeckue  HampaBiaeHUss W IUIOCKOCTH.  KpucranmoXumMudyecKue
XapaKTepHCTHKH CTPYKTYPEL. JledekTs! Kpuctauiorpaguueckoro CTpoOeHHs METAJLIOB: BAKAHCHH,
JIMCIIOKALUH, MPAHHUIIBI 3epeH H cyD3epeH.
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1.3. OcHOBBI peHTreHorpapuu H 3IeKTPOHHOW MHKpockonuu. OmpeaeneHHe HMapaMeTpoB
KPUCTAJUTMYECKON PELIETKH PEHTITE€HOBCKHM METOJIOM.

Paznen 2. ®a3zoBbie NpeBpalleHHs] B METAJLIAX

2.1. ®azoseie nepexoasl I u Il poma. TepmomuHamuka (a3oBbIX NpeBpalleHUH. YpaBHEHUE
I'ub6ca. IlpaBuio ¢as. [lnapieHre MeTaIOB W CTpOeHHE paciulaBoB. KpHBbIE Harpesa H
oxnaxxaenus. [lonumopdHble npeBpaleHus B MeTalax.

2.2. Tunel a3 B METAUIMYECKHUX CIUIABax. [Bepible PACTBOPHI 3aMELIEHHS U BHEAPCHHSL.
[TpoMe:kyTOUHBIE (ha3bl.

Pazpen 3. JuarpamMmsl cOCTOSIHUS JIBOHHBIX CHCTEM

3.1. M300parcenue cocraBa B JBOHHBIX CHCTEMAX B IPOLIEHTAX 10 MAcCe U B aTOMHBIX IIPOIICHTAX.
JHuarpaMmbl cOCTOsIHHS JIBOITHBEIX cucTeM. [IpaBuio peiyara. CHCTEMBI ¢ HENPEPBIBHBIM PsIOM
TBEPABIX pacTBOpoB CHCTEMBI ¢ MUHUMYMOM Ha KPHBBIX JTMKBH/1yCa H COIMIYCA.

3.2. CucreMBl C pacclOGHHEM B TBEpPAOM COCTOSIHHH. CHCTEMBI 3BTEKTHYECKOTO THIIA.
Oco0eHHOCTH KpUCTAIM3ALIMN U CTPOCHUS CIIIABOB OBTEKTUUECKOTO THIIA.

3.3. Dprektnueckue konoHuu. Kinaccuduxauus 3BTeKTHK. BripoxkneHHble 3BTeKTHKH. Popma
HEPBUYHBIX KPUCTAILIOB. JIeHIpUTHBIE siueiiku. Perporpaaubiii comuayc. KontakTHoOe 1aBieHue.
3.4. Cuctemspl nepuTeKTHYECKOTO THna. O00AKM BOKPYI IEPBHYHBIX KpHCTAJIOB. CHCTEMBI €
KOHI'PYSHTHO M HHKOHTPYIHTHO IIJIABSIIUMHUCS (pa3aMH.

3.5. CucteMbl MOHOTEKTHYECKOro Tuma. JIMKBalusg 0[O INJIOTHOCTH B JKHIKOM COCTOSIHHH.
CucTeMbl ¢ MOJIUMOP(PHU3MOM KOMIIOHEHTOB. CHCTEMBI ¢ METATEKTHYECKHUM, SBTEKTOMIHBIM,
NEePUTEKTOUIHEIM U MOHOTEKTOUAHEIMH PABHOBECHUSIMH.

3.6. 3aBHCUMOCTh TBEPIOCTH M 3JIEKTPOIPOBOJAHOCTH OT COCTaBa B CHCTEMax pa3HOrO THIIA.
[IpuMeps! peanbHBIX JHArpaMM JIBOHHBIX CHCTEM.

Paszpen 4. Cuerema xesie30-yrjiepos

4.1. TTonumopdusm xkenesa. TemnepaTypHbie 3aBUCUMOCTH SHepruu [ ub0ca u yiensHoro oobsema
xkenesza. Touka Kiopu xenesa. JluarpamMma cOCTOSIHHSL JK€1€30—LIEMEHTHT. MHKpPOCTPYKTYPBI
OTOMKEHHBIX CTalIeH.

4.2,  Muxkpoctpyktypbl  Oenbix  4yryHoB. JluarpamMma — COCTOSIHHS — JKeJIe30—YIJIEpPO.
MHEKpOCTPYKTYPEI CEPBIX U MOJIOBUHYATHIX YYTYHOB.

Pa3nen 5. HepaBHoBecHast kpuctauinzanusi. Oco0eHHOCTH JIHTOH CTPYKTYPBI

5.1. Kpucramnuzauus MeTal10oB. 3apOoXkICHHE KpPUCTAJUIOB, KPHTHYECKHH 3apozpim. Poct
kpuctauioB. Kpusnie Tammana. Kpubble oxnaxzaenus. @opma METAUIMYECKHX KPUCTAIIOB.
HenpputHas ¢opma pocra. CrondyaTble W paBHOOCHBIE KpUCTALIBL MoauduuupoBaHue
METAJJIOB.

5.2. lenapuTHAs JIMKBAlLlUs B CUCTeMax pasHoro tuma. HepaBHoBecHast SBTEKTHKA.

5.3. M3MeHeHHe CTpPOEHHS IEPBUYHBIX KPUCTA/UIOB MU HOBTEKTHK IIPH YBEIUYEHHUH CKOPOCTH
oxnaxkaenus. Kpucranmsanus meractaduiibHbIX (a3, OdpazoBanue aHOMAJIEHO NEepeChIeHHBIX
TBEPIBIX PacTBOPOB. AMOpGHbIe crIaBbl. Kpucranausanus npu Harpese.

Pazaen 6. CBs3b JIMTEHHBLIX CBOHCTB JIBOHHLIX CINIABOB € AHATPAMMO COCTOSHUSA

6.1. OcHOBHBIC JIMTCHHBIC CBOMCTBAa (KHIKOTEKY4ECThb, TOPSAYEIIOMKOCTb,  ycaaka).
TexHoNIOTHUECKHE TPOOBI IS OTIPEICIICHHS TOKAa3aTeIe! KUIKOTEKY4EeCTH U FOPsSYEIIOMKOCTH.
6.2. 3aBUCUMOCTb JTUTEHHBIX CBOHCTB OT COCTaBa B CUCTEMaX C HEIIPEPBIBHBIM PSIOM TBEPIBIX
PacTBOPOB M 3BTEKTHUECKOro Tumna. Beidop cocraBa JTMTEHHBIX CIUIABOB C HCIIOJIB30BaHHEM
JarpaMM COCTOSIHHSI.

Pasnen 7. ledopmanusi, paspymenne H MeXaHH4ecKHe CBOHCTBA META/LI0B

7.1. Yupyras nedopmarus. Moxynu ynpyroctu. [lnactudeckas nepopmanust CKOJIbXKEHHEM H
nBoiinukoBanueM. CucTeMbl ckoibkeHus. JlegopmannonHoe ynpouHeHue. OcoOGeHHOCTH
yIpouHeHusI 0JHO(:A3HEIX U MHOTO(A3HBIX CTPYKTYp. Buasl paspymenus. Bsaskoe u xpymnkoe
paspylueHie, paspyluieHHe OTPBIBOM U Cpe3oM. MeXaHu3MBbl 3apOKIEHHS U Pa3sBUTHA TPEIIHH.
®paxrtorpadusi. Crpykrypa u310mMoB. [lepexol H3 BA3KOIO COCTOSHHS B XPYIKOE.
TeMreparypHblii TOPOT XPYHIKOCTH, BIHSIHHE HA HETO CKOPOCTH Je()OPMHUPOBAHKS ¥ TIPHMECEH.
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7.2. MexaHn4eCcKHe MCIBITAHUS CBOICTBA MeTa/UIOB. CXeMbl HAIPSHKEHHOTO COCTOSHHS.
CraTHueckne, IUHAMHYECKHE M IMKIHYecKue MCnbpITanus. McnbiTanus Ha pacTsokeHue. THIbl
KPUBBIX pacTsukeHHs. PU3MYecKHi M TEeXHMYECKUH CMBICI IIPEIEIOB TPONOPIHOHAIBHOCTH,
YIPYrOCTH, TEKYYeCTH W MPOYHOCTH. VICTHHHOE CONMpPOTHMBICHHE Pa3sphIBy. XapaKTEePHCTHKH
IJIACTHYHOCTH TPH PACTSDKEHHH. 3aBHCHMOCTL OTHOCHTENIBHOTO YJUIMHEHHS OT HAYallbHOM
pacueTHOH JIHHLL BIHSHHE CTPYKTYpHI Ha IIpeJieibl TEKY4eCTH M IIPOYHOCTH. MIcmbiTanus Ha
cxkaTHe W Ha u3rub. XapaKTepUCTHKH HPOYHOCTH NPH CKaTHM W H3rube. Mcmertanus Ha
TBEpHOCTh 1Mo bpuuemmo, Bukkepcy u PoxBemny. Buabl MHIEHTOPOB M uMClIa TBEPIOCTH.
Muxkporeprocts. Mcenbitanus ofpasioB ¢ Hazpe3oM. VcnbITanus Ha  CTaTUYECKYIO
TPEIHHOCTOHKOCTE. BSA3KOCTh paspyluieHus. YaapHas BSI3KOCTb. THIBI KOHIIEHTpaTropa
nanpsokenuit. Cepualibible KpuBble. OnpeeneHue TeMIepaTypbl XPYIKO-BI3KOI0 epexo/ia.

7.3 Yeranocts Metayuia. CTpOeHHE YCTAJIOCTHOTO U3ioMa. PasHOBHIHOCTH LIUKJIOB HAIPSKEHUH.
Kpupele ycramoctu. Ompezenenue mpejgena BbIHOCIMBOCTH. MaroMKIOBas —yCTalOCTb.
CKOpOCTh pOCTa YCTATOCTHON TPELIMHBL.

7.4. UcnbiTanus Ha )aponpoyHocTh. [lonsydects. CTaind BEICOKOTEMIIEPATYPHOH OJI3Y4ECTH.
BinsiHue TeMITepaTyphl U HallpsHKEHUS Ha Mo3y4ecTb. JlmuTenbHas IpoYHocTh. 2KapocTOHKOCTE.
Pazgen 8. U3MeHeHHe CTPYKTYPBI H MEXAHHYECKHX CBOHCTB METAJI0B NIPH AedopManHu H
oc/IeIyIoleM Harpese

8.1. M3MeHeHune CTPYKTYphl M MEXaHHYECKMX CBOMCTB META/UIOB HpPHU XOJIOAHOH 00paboTke
napineHueM, Meraworpaduueckas W Kpuctajuiorpaguueckas TeKCTypa  JAe(opMalnuu,
aHU30Tponus cBoUcTR. [lospasenenue neopMaluy Ha XOIOAHYIO, TEILUIYIO U IOPAYYIO.

8.2. MiaMeHeHHs CTPYKTYPhl H MEXaHHYECKHX CBOWCTB METAJUIOB IIPU HArPEBE IIOCIIE XOJIOJAHOH
obpaboTku JasieHueM. Bo3Bpar, nepsiuHas U cobupare/bHas peKpucTaliusanus. Mimenenne
CTPYKTYPHI IIpH ropsiueil 00paboTKe JaBIeHHEM.

Pasmen 9. Mexanusm 1 KnHeTHKa (Pa30BbIX NpeBPALIeHHIT B TBEPAOM COCTOSAHHH

9.1. Ofmxe 3aKOHOMEPHOCTH (Ja30BBIX MpPEBpPAIICHUH B TBEPJOM COCTOSHUH. TepMoJHHaMHKa
npeBpaiieHnit. MexanusM ¥ KuHeTHKa JU((y3HOHHEBIX (a30BLIX NpeBpalleHui. JlnarpaMMsl
M30TEePMHYECKOT0 IIpeBpalleHus. TepMOKHHETHUECKHE JHarPaMMEL.

9.2. Mexauu3M u kuHeTHKa Oe3auddy3uoHHBIX (a30BBIX IpeBpaiieHui. OcoOeHHOCTH
CTPYKTYPBI MApPTEHCUTHBIX (a3.

Paspena 10. Buasl Tepmudeckoii o6padorku. Ilpespamenns npu Harpese H 0OXJasKIeHHH
CTaJIH

10.1. Ponpb TepMuUeckoit 00pabOTKH B MOBBIIEHHH Ka4ecTBa METa/UIONpOoAyKiuy. IIpumenenne
TepMOOOPabOTKH B METAUIyprH4ecKOd W  MAallMHOCTPOMTEJIBHOH — IIPOMBIIUIEHHOCTH.
Knaccudukaiius BUIOB TepMUUYECKOH 00pabOTKH.

10.2. Oxur 1-ro poza. ['oMOreHU3alMOHHBIA OTIKHUT, €r0 Ha3HAUCHHE H PEKHMBI IU1s1 IMTEHHBIX
1 JIeOPMHPYEMBIX cTanell U CriaBoB. M3MeHeHHe CTPYKTYPBI H CBOMCTB IPH TOMOTCHH3AIIHH.
PexkpucTaunin3allioOHHbll  oTKUr.  Pasmep  pekpHCTalIM30BaHHOrO  3epHa. JlmarpamMmel
pexkpucTauu3anui. OTXKUT JUISl yMEHbLIEHHs! OCTaTOYHBIX HANPHKeHHH. BO3HHKHOBEHHE U POJTH
OCTATOYHBIX HAMPIKCHHHE. MeXaHu3Mbl pelakcaliy HalpsKCHHH H BHIOOP PEIKHMOB OTIKHTA.
10.3. [IpeBparienus B ctayy npu Harpepe. KMHETHKa NpeBpalllCHUH H POCT ayCTEHUTHOIO 3epHa.
BiusiHie HEMETaUIMYECKHX BKIIOYEHHH Ha CKJIOHHOCTL K pocTy 3epHa. HaciencrseHHO
MEJIKO3ePHHUCTEIE U HAC/IEICTBEHHO KPYITHO3EPHUCTRIE CTAIIH.

10.4. ITpeBpaluenus npy OXJIKACHHE CTand. MeXaHH3M H KHHETHKA IIEPIMTHOTO U OEHHUTHOTO
npeBpalieHnii. BinusgHHe CKOPOCTH OXJaXJICHHS M JIETHPYIOUIMX DJIEMEHTOB Ha KHHETHKY
IIpeBpAIEHHH U CTPYKTYpy craiu. CTPyKTYpa H MEeXaHWYECKHEe CBOMCTBA IE€p/IUTa H OeHHHTA.
Omxur 2-ro  poja:  TMOJHBIH, HEMOJHBIH, H30TEePMHYECKHH,  COEpOHIU3UPYIOLIUH,
HOpMaNHU3alUOHHBINA, CTPYKTYpa H CBOMCTBA OTO}OKEHHOM 1 HopManu3oBanHoi cranu. [leperpes
u niepexor cranu. Crocods! yeTpaHeHus CTPYKTYPEI IEpErpeBa B yIrilepOJAUCTOMN U ICTHPOBAHHON
cranu. CTpyKTypHasi Hac/IeICTBEHHOCTb.

10.5. 3akanka ¢ nojguMoOp(HEIM IpeBpainieHrHeM. OCHOBHEIE 3aKOHOMEPHOCTH MapTEHCHTHOTO
TIpeBpalleHus,, CTPYKTYpa 1 CBOHCTBA 3aKaeHHOIl CTalli. 3aKaTHBAeMOCTb U IPOKAIMBAEMOCTB.
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Cnoco0s!1 3akanku crtaad. Oco0EHHOCTH TEXHOJNOTHH 3aKalKU JHUTHIX U Ae()OpMHPOBAHHBIX
usaenuii, 3akanounsle cpeasl. O6padorka xonoxom. [ToBepxHocTHAs B 00BEMHO-TIOBEPXHOCTHAS
zaxaika. OcOOEHHOCTH CTPYKTYPBI M CBOMCTB IIOBEPXHOCTHO 3aKaJIeHHBIX M3JEIHH.

10.6. Ornyck 3akaneHHo# cranu. [IpeBparienus B CTalau NpH OTIYCKE, H3MEHEHHE CTPYKTYPEI H
CBOMCTB. BpIGOp peXHUMOB OTIYCKa B 3aBHCHMOCTH OT HasHaueHHs u3jemuid. OTmyckHas
XPYIIKOCTE: IPUYKUHEI ¥ CTIOCOOBI OAaBIeH s BTOpu4HOE TBEpIEHHE IIPH OTITYCKE.

10.7. Xumuko-tepMuueckas odpaboTka cranu. Haznauenue, BHJIbI U 00LIME 3aKOHOMEPHOCTH.
IlemeHTalusi ¥ a30THPOBAHHE: TEXHOJOIHS, CTPYKTypa H CBOMCTBAa YIPOUHEHHBIX CJIOEB.
[IpenBapurenpHas 1 OKOHUATEIbHAs TepMHuyecKas 00paboTka H3/IeNuii.

Pasnen 11. Yriiepojucrbie U JIErHPOBAHHbIE CTAIH

11.1. BiusiHue JIErupyroLuX 31eMEeHTOB Ha CTPYKTYpY U cBoifcTBa cTaimu. [IpuHIune! paspaboTku
JIETHPOBAHHEIX cTajed, ux MapkupoBka no 'OCTam. Hemeraminueckue BKIIIOYEHHS B CTalIH.
BiusiHe BKJIIOYEHHH Ha TEXHOJIOTHYECKYIO IIJTaCTUYHOCTh, MEXAaHHYECKHE CBOHCTBA H
paspyLieHHe JTHTOH U 1eOpMUpPOBAHHOM cTanu. Maible IpUMecH B cTald. BiusHue npumecei
Ha MeXaHWYeCKHE CBOWMCTBA M pa3pyIICHHE JIMTBIX M TEPMOOOpabOTaHHBIX H3/IEIHH.
Knaccudukaius craieit mo crpykrype U npumeneHuto. CTpouTenbHblE M MAIIMHOCTPOUTEIbHBIE
CTaJIA: COCTaB, TepMooOpaboTKa U CBOHCTRA.

11.2. Viydumiaemble CTaIM: [PUHIMIBL JIECHPOBaHUS, TepMooOpaboTka U CBOMCTBa.
BBICOKOIIPOYHEIE CTANH, MAPTEHCUTHO-CTAPEIOLIHE CTaIH, TPHII-CTAJIN: IPUHIHIIBI JIETHPOBAHUS,
TepMooOpaboTka U CBOHCTBA.

11.3. Cramn g omiMBOK. OcoOEHHOCTH Makpo- M MHUKPOCTPYKTYpHI, 0OYCIIOBICHHEIE
TEXHOJIOTHYECKUMH OTPAHUYECHUSIMH (IO KUJIKOTEKYYECTH, TPEUIMHOYCTOHYMBOCTH, YCaJKe).
JlepekTl CTPYKTYpBI: BEJHUYMHA 3epHa, MOP(ONOrHs H pa3Mepsl BTOPOH (assl, crmocoOer
yrpasiieHust uMH. Jleexrsl nuThix craneil. [TopucTocTs, ycaJouHble paKOBHHEL, BKIIOYEHHUS - HX
BIMSIHHE HA BA3KOCTH DPA3pyILEHUs M HAJEKHOCTh KOHCTPYKLMH. KpHTepHH IOMYyCTHMOCTH
nedexToB U BEIOOP MeTona nedektockonun. OcoOEeHHOCTH cocTaBa M TepMooOpaboTku cTanei
IUISL OTIIHBOK.

11.4. Xnajocrolikue W KpPUOTEHHBLIE CTalM: MPHUHIUNBI JIETHPOBAaHUS, TepMooOpaboTKa,
CTPYKTypa H cBoOicTBa. KOppo3uOHHOCTONHKME CTaln: NPUHIIHIIBI IETHPOBaHHUS, TepMO0OpaboTKa,
CTPYKTYpa H CBOMCTBa.

11.5. UHcTpymenTanbHble cTaid. [IpUHIUIEL IerupoBaHys, CTPYKTYpa U CBOMCTBA CTalled s
PEXKYILIEr0 M M3MEPUTEIBHOTO0 HHCTpyMeHTa. TemnocToikocTs. OCOOEHHOCTH cocTaBa H
TepM0o00OpaboTKU cTaseil sl ITaMIoB M npecc-(popM JUThS 10J AaBieHueM. 2KaponpodHsle U
)KapOCTOMKHE CTalM: COCTaB, CTPYKTypa U cBoiicTBa. M3HococTolikue cramu. Crans ['andunpaa:
cocTas, TepMooOpaboTKa, CTPYKTypa M CBOUCTBA.

Pazpnen 12. /lnarpaMMel COCTOSHHS TPOIHBIX CHCTEM

12.1. Teomerpuueckoe u3o0pakeHHE COCTaBa TPOUHBIX CIUIaBOB. KOHLEHTpalMOHHBIH
TpeyrojbHUK. [IpaBuna pelyara ¥ HEHTpa TAKECTH TPEYTOJbHHKA.

12.2. Teomerpuueckoe H300pa)keHHE IMarpaMM COCTOSHUS TPOMHBIX cHcreM. Jluarpamma
COCTOSIHHA TpOﬁHOﬁ CHCTCMbBI C HeOFpaHH‘Ie}IHOI‘;I pacTBOPUMOCTLIO KOMIIOHCHTOB B JKHIAKOM H
TBEPIOM COCTOSIHUSIX. [IpocTpaHcTBeHHas auMarpamma Ipocrteifmero tuma. Kpucramiusamus
TPOHHBIX 0JHO(A3HBIX CIIIaBOB. M3MeHeHHe cocTaBa JKUIAKON U TBepAoil ¢as. Mzorepmuueckue
1 MTOJTUTePMUYECKHE CEUEHHUS.

12.3. JluarpaMma COCTOSIHUSI TPOHHOM CHCTEMBI C TPOHHOI 3BTEKTHKOH M IPAKTHYECKH ITOJIHBIM
OTCYTCTBHEM pPAcCTBOPHMOCTH KOMIIOHEHTOB B TBepIoM cocTosHuH. Kpucrammsanus
XapakTepHBIX CILIABOB, H30TEPMUYECKHE H MOIUTepMHYeckue ceueHHs. CTpoeHHe TpOiHOH
HBTEKTHKH.

12.4. JluarpaMMa COCTOSHHS TPOHHOM CHCTEMBI C TPOHHOH 3BTEKTHKOH H OrpaHHYeHHOH
PacTBOPHMOCTLIO KOMIIOHEHTOB B TBEpIOM COCTOSIHUM. KpHcTayuin3anus XapakTepHbIX CIIJIaBOB,
H30TEpPMHUYECKHE U MOJIUTEPMHUUECKHE CEUEHHSI.

12.5. CucreMbl ¢ KOHIPYDHTHO IUIABSIIMMMCS XHMHUYECKHMMH COEIMHEHHsMH. I[IpumMepsl
PEaNBHBIX JHArpaMM COCTOSIHHS TPOHHBIX CHCTEM.
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Pasnen 13, UyryHsl

13.1. CreneHb 5BTEKTHYHOCTH YYIyHa, YIJepOIHbIM SKBUBaIeHT. CTpyKTypHas Juarpamma
Maypepa. Knaccugukanus qyryHoB, MapkKUpoOBKa, XHMHUECKHH cOCTaB, CTPYKTYpa, CBOHCTBA
npumeHenune. Poys npumecei cepsl u (ocdopa B uyryHax. Cepbli 4yTryH C MIaCTHHYATBIM
rpaduToMm.

13.2. BBICOKOIPOYHBIA Yyr'yH ¢ MAPOBHIHBIM IpaduToM. UyryH ¢ BEpPMHKYJISIPHBIM IpahuTOM.
KoBkuit yyryH. MexanusM rpaduTH3aIHK IPH 0TKUTe OeJ10ro 4yryHa Ha KOBKHH.

13.3. YyryHel cO CHELUaJIGHEIMH CBOHCTBAMH: aHTH(PHKLUMOHHEIE, H3HOCOCTOMKHE,
KAPOCTOMKHE M KOpposHoHHOcTOHKMe. Tepmuueckas oOpaboTka uyryHoB. Omxur mis
YMEHBIIECHHS OCTATOUHBIX HAIPSDKEHUE, OTIKHT IVl yCTpaHeHHs 0TOeNa, HOpMali3alys, 3aKajka
Ha MapTEHCHT M OTIYCK, HM30TepMHYecKas 3aKalka, 3aKajlka C IUIABJIEHHEM I[IOBEPXHOCTH,
XHMHKO-TepMUYeckas o0padboTka.

Paznmen 14. CniiaBbl H KOMIIO3HIHOHHbIE MATEPHA/BI HA 0CHOBE JIErKHX META/LIOB

14.1. OGnacty MpUMeHEeHHs ATIOMHHHUEBBIX CIIIIABOB U TpeboBaHus K HUM. CBONHCTBA aIFOMHHHUS
¥ ero CTaHJapTHBIe Mapku. Jlerupyromue S1eMEHTHl U NIPUMECH B AIIOMHHHEBBIX CIIIaBaX,
TexHoOrHYeCKHe CXeMBI s OTJIHBOK M JedopMupoBaHHbIX noiydadpukaros. OcobeHHOCTH
TepMHuYecKoil H aedopmarponHoit odpadorku. CraHIapTHBIE CHCTEMBI 0003HAYEHHs MAapoK
crtaBoB U uX coctosiHuil (P® u CIIA).

14.2. Jlutas CTpyKTypa QIIOMHHHEBBIX CIUIaBOB. OCHOBHBIE a3kl M CTPYKTYpHBIE
cocTaBJsAONHeE. [[pOMBINUICHHEBIE JTUTEHHbIE ATIOMHHUEBEIE CIUaBbl. Kitaccu(pukanus, MapKH,
CTPYKTYypa, CBOHCTBA, 00J1aCTH IIPHMEHEHHS.

14.3. Tlpomsliuuiennsie aedopMEpyeMble aTIOMHHHEBblE CIUIaBbl. KiaccupuKkanusa, Mapkd,
CTPyKTypa, cBoiicTBa, oOnacTd mnpuMeHeHHs. KOMIO3HMIMOHHBIE Marepuajbl Ha OCHOBE
AIOMHHHS, TTOJy4aeMbIe METO/IaMH MOPOLIKOBOH MeTajulypriuH. beICTpo3aKpHCTaIM30BaHHBIE
cimaBel, CAIle, CAChHL, cIulaBel ¢ yacTHIAMH  KapOuja KpeMHHs, HalpaBlIEHHO
3aKPUCTAIVIN30BAHHBIE IBTEKTHKH.

14.4. O6nacTi IpUMEHEHUS MarHUeBBIX CIUIABOB U TpeOoBaHMA K HUM. CBOHCTBa MarHus M €ro
CTAHIOApPTHBIE MapkH. Jlerupyromme 5>JIeMEHTHI M IPHMECH B MAarHMEBBIX CIUIaBax.
TexHOIOTHYECKHE CXEMBI [IJIsi OTIMBOK M Je()OPMHPOBAHHBIX I101y(paOpHKaTOB MarHUEBBIX
craBoB. OcobeHHOCTH TepMmudeckod U nedopmannonHoit 00paborku. CraHnapTHBIE CHCTEMBI
0003Ha4YeHHs] MapOK MarHHeBLIX criaBoB M MX cocrossHui (P® u CIIIA). IIpomeiiieHHBIE
NTUTEHHBIE U Je(OopMUpYyeMble MarHUEBBIE CIIIABBL.

14.5. ObnacTH mNpUMEHEHUs THTaHA CIUIABOB M TpeOoBaHusa K HUM. CBOHCTBa THTaHA.
CraHgapTHble MapKd THTaHOBOW TyOku. Jlerupyioniue 31IeMEHTBI M IIPUMECH B TUTAHOBBIX
criaBaX. OCHOBHBIE THIIBI JIBOMHBIX jauarpamMM. Pazopele NpeBpalicHUs B THTAHOBLIX CIUIaBaXx.
Jedopmupyemble U THTEHHBIE THTAHOBBIE CILIABHI.

Pasznen 15. Cniiapbl H KOMIO3HIIHOHHBIE MATEPHAJIbLI HA 0CHOBE TH/KE/JIbIX METAIOB

15.1. OGnacTy NpUMEHEHHs MEIHBIX CIUIaBOB WU TpeboBaHuss K HMM. CBOHCTBA Menu M ee
CTaHJapTHeIE MapkH. Jlernpyiomue 3J1eMeHTEl B IIpUMecH B MeIHBIX cilaBax. Kinaccudukanms
Meaubix criaBoB. OcobenHoctd TepMmuueckodl u  aedopMmanpoHHoi oOpabotku. Jlartynw;
neopMupyemble M NUTEHHBIC JIaTYHH; MapKHpOBKa, CTPYKTypa CBOHCTBA H NpPHMEHEHHE,
Koaddunuents ['nite.

15.2. Bponsel nureitHble U gedopMHpyeMBble, OJIOBSHHBIE M O€30JI0BAHHEIE, MapKHPOBKa,
CTPYKTYpa, CBOMCTBA M IpUMEHeHHe. MeJHOHMKEIEBbIE CIUIABBI: MEIbXHOP, HeH3uibOep,
KoHcTaHTaH. KoMIo3uIIMOHHBIE MaTepHalibl HA OCHOBE MEJIH.

15.3. Hukene ¥ €ro crjaBbl; MApKHPOBKA, CTPYKTYpa, CBOHCTBA M IpuMeHeHHe. OcoOeHHOCTH
cocTaBa M CTPYKTYpPBI JKAPOCTOMKHX H JKapOIPOYHBIX CIIJIaBOB. TYromaBKhHe METalIbL:
Boib(pam, MOJMOAeH M HUOOMI; B3aMMOIEHUCTBHE C INPHMECSIMH, CTPYKTypa, CBOMCTBA H
pUMEHEHUE.

15.4. 1{uHK, CBHHEI, 0JIOBO W HX CILIABbl; MapKHpPOBKAa, CTPOECHHME, CBOMCTBA M IPHUMECHEHHE.
AHTHQPUKIHOHHEIE CIUIaBBl. Msrkue mnpunod. braroposinble MeTaIBl: 3011070, cepebpo,
IUIaTHHA ¥ CIJIABBI HA HX OCHOBE; MApKMPOBKA, CTPYKTYPa, CBOKHCTBA H IPHUMEHEHHE.
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