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IlosicHuTeNbLHAS 3aMMUCKA

[lenp BCTYNUTENBHOTO HCHBITAHUS — OIEHKAa YPOBHS OCBOCHHMSI IOCTYIAIOUIUM
KOMIIETEHIMH, HeOOXOAMMBIX I O0Y4YEHHUs B aCIIMPAHTYpE MO TPYIIEe HAYYHBIX CIEIHaTbHOCTEH
2.6 «XMMUYECKUE TEXHOJIOTUH, HAYKU O MaTepualiax, METAJLITyprusi».

®opma, NPOIOKUTEIHLHOCTh NPOBeIeHUs]I BCTYNUTENbHOro ucnbiTanus. Kpurepuu
OLICHUBAHMS

MunumanpHOe KOJMYECTBO OasioB MO pe3yjibTaTaM BCTYNHUTEIbHBIX HCIBITAaHUH,
MOJITBEPK/IAIOIIEE YCIICITHOE MPOX0XKIEHHE BCTYTUTEIBHOIO UCIIBITaHUS, cocTaBisieT 40 6aioB 1o
BCEM YCIIOBHSIM IOCTYIIJICHUS.

BerynurenbHbple  MCHBITAaHUS COCTOST W3 JBYX 4YacTeil: NUCHhMEHHBIH SK3aMeH U
cobecenoBanue. J{Is MPOXOXKICHUS COOECETOBAHUS MOCTYMAIOMIMNA TOJHKEH MPEIOCTaBUTh IJIaH-
MPOCTIEKT JAUCCEPTAIMOHHON paboThl 1 MoTHBaMOoHHOE TUchMO (1000—1500 cioB), oTpaxkaroriee
npuunHbl Bioopa HUTY «MUCuC» 1 cooTBETCTBYIOIIEN TPOrPaMMBbI ITIOATOTOBKH.

BerynurensHbie ucnpiTanus oneHuBaoTes no 100-6amipHoM mkane.

[TponomKUTENTEHOCTD MUCBMEHHOTO K3aMeHa — 120 MUHYT.

CobecenoBanrie MPOBOAUTCSA C BEAYIIMMHU YYEHBIMU HAIMpPABIIEHUS, KOTOPHIE OLEHUBAIOT
MOTHBUPOBAaHHOCTh aOWUTypueHTa W €ro IulaH Oyaymed paboTbl. MakCUMaJbHO BO3MOXKHOE
KOJIM4YECTBO 0asIOB, KOTOPOE MOXKET MOIYYUTh a0UTYpHEHT Ha cobecenoBanuu — 50,

IlepeyeHb NPUHAATEKHOCTEH, KOTOpHIE TOCTYMAOIMIUKA HUMEET MPaBO TMPOHECTH B
ayJIMTOPUIO BO BpEMsl MPOBEICHUS BCTYNUTEIHHOTO HWCIBITAHUS: PYYKa, KapaHjaall, JTacTHK,
HEMpPOrpaMMHUPYEMBIH KaJIbKYIISTOP.



YACTbH 1. METAJUJIOBEJEHUE U TEPMUYECKASI OBPABOTKA METAJIJIOB U
CIIJTABOB

Paznen 1. ®a3bl u pa3oBbie paBHOBECHS

1.1 TunuuHble KpUCTALIMYECKHE peIeTKH MeTauioB. Kpucramiorpapuueckue IIOCKOCTH U
HaINpaBJICHUs C HAUOOJIbIIEH TUIOTHOCTHIO YITAKOBKH aTOMOB B KYOMUECKOW M TeKCAarOHAJIBHBIX PeIIeTKaX.

1.2 Tsepaple pacTBOpHI 3aMELICHUS, BHEAPEHHsS U BbIUUTAHUA. ODJIEKTPOHHBIE COEAMHEHHUs, (Da3bl
JlaBeca, (a3bl BHEIPECHUSI.

1.3 IlpaBuio ¢a3. JluarpamMmmel cocTosiHUS ABOMHBIX cucteM. [IpaBmio peruara. Jluarpamma cocTOsSHUS
HKEJIE30-yITIEPOL.

1.4 JIlmarpaMMbl COCTOSIHUS TPOMHBIX CHCTEM, TOJIMTEPMUYECKUE U N30TEPMUUECKUE pa3pe3bl.

Paznen 2. JledekThl KPUCTATUTMIECKOTO CTPOCHUS

Knaccudukanus nedexroB. Bakancuu, NoABMXKHOCTb BakaHcHil u camonu¢p¢ysus. Jucnoxanuu,
B3aMMOJIEHCTBHE TUCIIOKALIUN, IOTIEPEUYHOE CKOJIbKEHHE U nepenon3anue. Jlegextsl ynakoBku. Cerperanuu
npuMecel Ha AUCIoKausaX 1 Aedexrax ynakoBku. CTpoeHue rpaHull 3epeH U cyo3epeH. Perierka y3imoB coB-
nafgeHus. Murpanus rpaHull, BIMSHUE HA HEE IIPUMECEU U BKIIFOUCHHM.

Pasnen 3. ®a30Bble U CTPYKTYpHbIE IPEBPAILECHUS B CIUIaBaX

3.1 Bo3sBpar u pekpuctamsanus. llepBuunas coOuparenbHas ¥ BTOPUYHAS- PEKPHCTAILTH3AIMAL
Jlunamuueckas peKpucTauM3anus. TeKcTypbl' pEKpUCTAIIIU3ALUH.

3.2 Kpucrammmsanus paciiiaBa, TOMOI€HHOE M TETEpPOT€HHOE 3apOoKACHHE KpHUCTauioB. Kpusblie
Tammana. Makpo- U MUKPOCTPYKTypa JuToro Metauia. MoauduuupoBanue. JIukpauus. DBTeKTHUYECKas
KPHUCTAJLTU3AIHs, CTPOCHUE IBTEKTUK. be3nudy3nonnas KpucTamiu3arms.

3.3 3apoxaeHue npu (azoBbIX NPEBPALICHUAX B TBEPJIOM COCTOSHUM, B3aUMHAas OPUEHTUpPOBKa (a3,
IOPUHLUII CTPYKTYPHOTO U pa3MepHOro cooTBeTCTBUS. CTpOEHHE M MEXAaHHU3M JBMKEHMSI MexX(a3zHOU
IPaHULBI IIPU POCTE€ KPHUCTAUIOB B TBEPIOM COCTOSHMM, CABUIOBOE U HOPMaJbHOE IIPEBpallCHHUE.
Oco0eHHOCTH MapTEHCUTHOTO MpPEeBpaIllEHUsI.

3.4 ®azossie iepexonsl [ u I poma. YnopsgoueHue.

3.5 dazoBble mpeBpalleHUs NpU HArpeBE, PAcCTBOPEHUE 4YacTUI[ BTOPOH (haszbl, TOMOreHM3ALHUS.
OcoOeHHOCTH ITpeBpaleHH TPH OBICTPOM Harpese.

3.6 ®dazoBoe COCTOSHUE U MUKPOCTPYKTYpa OCHOBHBIX I'PYIII YITIEPOAUCTHIX U JISTHPOBAHHBIX CTaNeil n
YYryHOB. MUKPOCTPYKTYpa U IPUMEHEHNE CIUIaBOB HA OCHOBE M€Y, AIFOMUHHUS, TATaHA, MarHUsl, HUKEJIs.

Paznen 4. @usnueckue cBOCTBa METATIIOB

4.1 Kuaccudpukanus pu3sndeckux CBOMCTB M0 UX CTPYKTYPHOU YyBCTBUTEIbHOCTH.

4.2 TemnnoBele cBoiicTBa. TepmMuueckuil aHalu3 W €ro NpuUMEHEeHue. TepMHuyeckoe pacHIMpeHHe.
Junaromerpudeckoe uccienoBanue (pa3oBbIX MpeBpalieHui.

4.3 VYupyrue cpoiictBa. Heymnpyrocts. MexaHusMmel BHyTpeHHero TpeHus. IIpuMenenue wmerozaa
BHYTPEHHETO TPEHUS.

4.4 MarHuTHble U 3JeKTpudeckrue cBoicTBa. [IpuMeHeHre MarHUTHBIX U JEKTPHUUYECKUX METOJIOB JJIs
u3ydeHus (ha30BbIX PaBHOBECHM, N3MEHEHUN MUKPOCTPYKTYpPHI U MPEBpAIllEeHUH B CIIaBaXx.

Paszgen 5. Mexanuueckue CBOMCTBA METAJLIOB

5.1 Vopyras um mnactuyeckas nedopmarnusa. Koabdbummentst u momymu  ynpyroctu. CrocoOsI
OTIpeNieNIeHUs] yIpYrux KOHCTaHT. CHCTEMBl CKOJBXEHHUS B KyOMUYECKMX M TeKCaroHaJbHBIX MeTalljlaX,
Juarpammsl gegopmariii MOHO- U TOJTUKPUCTAILIOB.

5.2 MexaHusMsbl maactudeckoil nepopmanuu. Teopun ynpouHeHus npu aedopmanuu. YNpOYHEHUE B
TBEPJABIX pacTBopax. YIpodHeHHe BTOpoH ¢a3bl. BiusHue rpaHun 3epeH U cyO3epeH Ha YINpOYHEHHE B
MOJIMKpUCTAIIJIE. 3aBUCUMOCTh MEXAHUYECKUX CBOMCTB OT COCTaBa B JIBOMHBIX CHUCTEMAX.

5.3 Paszpymenune. MexaHU3MBI XPYIIKOTO M BS3KOTO pa3pylICHUs W CTpOeHHE H3JIOMOB. [lepexon ot
BA3KOTO pa3pylIeHUs K Xpynkomy. XJIaJHOJOMKOCTb. CTaHAApTHBIE METOABl MEXAHUYECKUX HCIBITAHUH.
WcnpiTanus Ha pacTskeHue U cxartue. VctunHble auarpammbsl aedopmanuu. McnbiTanus Ha u3rud u
Kpy4deHre — 00JacTu MpUMEHEHUs. XapaKTePUCTUKU TBEPIOCTH.

5.4 VYpapHas BA3KOCTb. XapaKTEPUCTUKU IJIACTUYHOCTU U BA3KOCTH paspyuieHus. KoHCTpykTuBHas
IPOYHOCTD.



5.5 JKapompouyHocTs. McmbplTaHus Ha TOA3y4eCcTh M pelaKCallMI0 HampsDKeHUH. MexaHHU3Mbl
negopMaluu 1 pa3pyllieHus Mpyu non3ydectu. JnurensHas npoyHocTs. TpeOoBaHUs K CTPYKTYpE CIIJIaBOB C
BBICOKOM JKapOIPOYHOCTBIO. Y CTAJIOCTh, CTPYKTYpHBIE MEXAaHW3Mbl. BiMsHHE cpeapl Ha IIPOLECCHI
paspyLIcHHUS.

Paznen 6. OcHOBBI TEpMUUECKOI 00pabOTKH

Knaccudukanus BHUJIOB TEPMHUYECKON 00paboTKH. I"'omorenn3annoHHbIN OTJKUT.
JlopekpUCTAIIM3aMOHHBIN U PEKPUCTAIUIM3ALMOHHBIN OTKUT. OTKUT [ YMEHBIIEHHS] OCTaTOYHbIX HAIpPsi-
XKEeHUH. 3akaika, cTapeHHe U OTIycK. TepmoMexaHuyeckas oOpaboTka. XUMHUKO-TepMUUeckas oOpadoTka.
CymHOCTh U Ha3HAYCHHE KAXKJIOTO BUJIA TEPMHUUYECKON 00pabOTKH, OCHOBHbIE 3aKOHOMEPHOCTH M3MEHEHUS
CTPYKTYpPBI M CBOWCTB.

Paznen 7. MeTopl M3y4eHUs] MUKPOCTPYKTYPBI U (pa30BOr0 COCTOSIHUSA

7.1 CseroBas U 3JIEKTPOHHAas MUKpOCKOIuUs (pacTpoBas M IpocBeuuBarouias). MeToapl JOKaIbHOIO
XUMHUYECKOIO aHAJIN3a.

7.2 PentreHorpauueckuii v 3eKTpOHHOTpadruecKuii (pa3oBbIil aHATN3.

Paznen 8. Kpucraimsanus u CTpO€HHUE JIMTHIX CILIABOB

8.1 JlenmputHas JNHMKBalMs. AHAIN3 HEPABHOBECHOM KPHCTAUTU3AallMM B JBOMHBIX CHCTEMax C
HENPEPHIBHBIM PSAA0M TBEP/ABIX PACTBOPOB U 3BTEKTHYECKOro TUma. be3nnddysnonnas kpuctanausanms.

8.2 DBrexTHueckas kpuctaumsanusi. CTpOSHNE SBTEKTUIECKUX KOJTOHUM.

Paznen 9. LIBeTHbIE METAIUIBI U CILIABBI

9.1 AnroMuHUH, MarHuii, TUTaH, Melb, HHWKENb, IIMHK, CBHHEI, OJOBO; MX CTPYKTypa, CBOWCTBa U
00J1aCTH IPUMEHEHHUS.

9.2 XapakTepuCTHKa OCHOBHBIX TPYHII NPOMBIIUICHHBIX [BETHBIX CIIABOB Ha OCHOBE AIFOMUHUS,
MarHusi, TUTaHa, MeM, HUKeJIs, IIUHKA, CBUHIIA U 0JI0Ba. OCOOEHHOCTH XMMHUYECKOro U (pa30BOro cocraBa u
TEpPMUYECKOi 00paboTKH, cBOcTBA, MapkupoBKa 1o 'OCTy u obmacTu npuMeHEeHHUS.

Pazpen 10. TyromnaBkue MeTauIbl U CIUIABbI

Oco0OeHHOCTH CTPOEHMSI U CBOMCTBA TYroIJIaBKMX METAJIOB. B3auMozeicTBre ¢ OKpysKarolen cpeou.
[Tpobnema xnagHonoMkocTH. HanpaBieHus ierupoBaHus 1 00JacT MPUMEHEHUS.

PexomennoBanHas tureparypa

OcHoBHas TuTeparypa.

1. Meranmnosenenue. B 2 tomax. [Tox penakiueit B.C. 3onotopesckoro, M., MUCuC, 2014.

2. KonaueB Bb.A., JluBanoB B.A., Enarun B.M. MertamioBenenue u tepmuyeckas oopaboTka I[BETHBIX
MeTaJuIoB U criaBoB. M., MUCuC, 2005.

3. 3onoropesckuii. B.C. Mexannueckue cBoiictBa MetaiioB. M., Meramryprus, 1998.

JlononHUTENBHAS JINTEPATYPA.

1. 3axapos A.M. /InarpaMmel COCTOSIHUSL ABOMHBIX U TPOHHBIX cucteM. M.: Metammyprus ['oa: 1990.

2. Ymanckuii f.C., CkakoB HO.A. ®usuka metaminos. M., Aromusaat, 1978.

3. HoukoB MN.U., Posun K.M. Kpucramiorpadpus u nedexTsl KpUCTAIUIMYECKOW pemeTku. M.,
Meramnyprus, 1990.

4. HoBukoB U. U. Teopus repmuueckoit 06padoTku Metamios. M., Meramnyprus, 1986.

5. Jlusmmn B.I'., Kpanommn B.C., JIuneukuit f.JI. ®usnyeckue CBOWCTBA METANIOB U CILUIABOB. M.,
Mertannyprus, 1980.

6. Kpucramnorpadus, peHtrenorpadusi u 3ymekTpoHHas MUKpockorwms. ABT.: Ymanckuid f1.C., CkakoB
I0.A., Banos A.H., Pactopryes JI.H.. M., Meramnyprus, 1982.

YACTbD 2. METAJLTYPI'USI YEPHBIX METAJLJIOB

Paznen 1. OOmme Bonpockl MPOU3BOICTBA YEPHBIX METAJJIOB U criiaBoB /la, 16/

HcTtopust ¥ poiab MeTaUTypru B pa3BUTUHU LUBUIN3aluU. COBpEMEHHOE COCTOSIHME U IIyTH Pa3BUTHUS
METAJITYPrUUECKOT0  MPOU3BOJACTBA. TEXHOJOrMYECKas CXE€Ma COBPEMEHHOIO METALIyPrHUECKOTo
HPEINPUITHS C TOJHBIM TEXHOJIOTHYECKUM LIUKIIOM.

Paznen 2. IlogroroBka pyn K IUIaBKe U MPOU3BOJACTBO uyryHa /la, 16/

2.1. CeIpble MaTepuaibl, MPUMEHSIEMbIE TPU MPOU3BOJCTBE YEPHBIX METAIUIOB. JKene3Hble pybl:
orpeneneHue, kiaccuukanus, OreHKa KauecTBa.



2.2. IloaroToBKa >K€I€3HbIX Py K JOMEHHOH IUIaBKE. ATioMepanus.

2.4. ITpodunp nomenHo# neun. OCHOBHOE U BCIIOMOTATEILHOE 000pYI0BaHHE.

2.5. Jlomennslit iporiecc. BoccTanoBneHne OKCHIOB B TOMeHHOH neuyn. O0pa3oBaHue YyTryHa | [IUTAKa.

Paznen 3. IlpousBoacteo cranu /1a, 26, 36/

3.1. Knaccudukanus craneii. Bnusnue coctaBa Ha KadecTBO cranu. CyIIHOCTh CTaleIIaBUIBHOTO
npou3BocTBa. CriocoObI MPOU3BOCTBA CTAJIH.

3.2. OcHOBHbBIE peaKIMU CTajJeIuIaBWiIbHOrO Mpou3BojacTBa. lllimakoo6pazoBanue. CoctaB U CBOICTBa
CTaJICIJIaBWJIBHBIX IIUIAKOB M UX POJIb B TEXHOJIOTHYECKOM IIPOLIECCE.

3.3. Marepuaibl, HUCIIOJIb3yeMbIE IPU IPOU3BOJACTBE CTANU: CTPYKTypa MU COCTaB METAJUIOUIMXTHI,
UCTOYHUKH KHCJIOPOJa, LUIAKOOOpasyrolye MaTepuaibl. TpedoBaHUS K IIUXTOBBIM MaTepualaM |
TEXHOJIOTUH, UCTIOJIb3yeMbI€ JIJIs TIOATOTOBKH X K IJIaBKE.

3.4. KonBeprepHoe nmpou3BoaACTBO cTayu. O0IIee yCTpoicTBO OCHOBHOTO 00opyaoBanus. HopmaTuBHBIN
LIUKJI KOHBEPTEPHOM IJIaBKH.

3.7. MapreHoBCKOe MpOU3BOJACTBO cTajd. (CxemMa pabOThl U YCTPONCTBO OCHOBHBIX 3JEMEHTOB
MapTeHOBCKOM neun. Cxema paboThl 1 0COOCHHOCTU TEXHOJIOTHH BBIIJIABKU CTAJIH.

3.8. DyekTpocTaNeIuIaBmIbHOE TPOM3BOACTBO. Kiaccudukaius crnocoO0B IMPOM3BOJACTBA CTAIH C
UCIIOJIb30BAaHUEM JIEKTPUUECKON IHEPTUU. Y CTPOICTBO IyTOBBIX AJIEKTpOIeUeH.

3.9. MeTo/bl BBIIJIABKH CTaIM B OCHOBHOM JyroBoi 3ijekTporieud. [lepenas ierupoBaHHbIX OTXOJ0B B
nyroBoi neun. OCHOBHBIE MEPHOBI MIIABKU, UX 3a/1a4H.

3.10. Bueneunas o6pabotka cranu. Llenu u mMetonsl 00pabotku. Packucienue u jerupoBaHue CTajlu B
koBie. CriocoObl OTCEUKH IUIaKa 110 XOAY BhIITyCKa MeTajla U3 CTajlelulaBUIbHOro arperata. [Ipumenenue
HEUTpaJIbHBIX ra30B i1 00pabOTKU KHUJIKON CTaJId B KOBLIE.

3.11. lecynbdypanus cTaay ¢ UCIOJb30BaHUEM CUHTETUYECKUX IUIAKOB, TBEPABIX U MOPOLIKOOOPa3HBIX
cmeceil. Bnusinue o0paOoTku Ha KauecTBO FOTOBOIO METaJLia.

3.12. BakyyMupoBaHH€ >KUJKOM CTaaM B KOBLIE: CIIOCOOB!I U TEXHOJOIMH, IPUMEHsIEMOe 000pyI0BaHHE.
BnusiHue BakyyMHpoOBaHHS Ha KadecTBO rotoBoro Meramia. KommuiekcHas oOpaboTka >KHIKOM cTaiu B
KOBIIIE.

3.14. HempepsIBHBIE CTaNlCTUIaBUIIBHBIE MTPOIECCHI: BAPHAHTHI TEXHOJIOTUYECKAX CXEM U TPUMEHIEMOTO
o0opynoBanusi. COBpeMEHHOE COCTOSIHUE U MTEPCIIEKTUBBI Pa3BUTHS.

Paznen 4. IlonyyeHue cIUTKOB U JTUTHIX 3aTOTOBOK YEPHBIX MeTaysIoB /1a/

4.1. OGopynoBanue 1Jis pa3nuBku ctaiau. CrocoOs! pa3nuBku ctaid. CpaBHEHHE MOKa3aTellel pa3IuBKU
CBEpXY U CU(OHOM.

4.2. CtpyKkTypa cTaibHOro ciauTka. Kpucraninyeckas 1 XuMHUUECKasi HEOJHOPOIHOCTh. SIBIeHUE yCaIKH.

4.3. HeripepbIBHAs pa3iuBKa CTaiy. TEXHOIOTHS U IPEUMYIIECTBA HEMTPEPBIBHOM pa3IMBKU. Buapl MammmH
HENPEPHIBHOTO JINThS 3aTOTOBOK.

Pexomennyemas nurepaTtypa

a) OCHOBHas JIMTEpaTypa

la. BockoboiinukoB B.I'. u ap. O0mas metamtyprus. - M.: Metamnyprus, 1995. - 480 c.

0) TOMOJHUTENbHAS JIUTepaTypa

10. Meramnyprus uyryna / [log pea. }O0.C. FOcduna. - M.: Akagemknura, 2005. — 628 c.

26. IoBonoukwuii [I.4. Pormmun B.3., Peicc M.A. u ip. DnekTpoMeTamtyprus ctaiu u GeppociiaBos. - M.:
Meramnyprus, 1984. — 567 c.

36. Kabnykosckuit A.®., Momuanos O.E., KabnykoBckas M.A. KpaTkuii cipaBOYHHK 3JI€KTpOCTalIeBapa.
- M.: Meramnyprus, 1994. - 352 c.

YACTbD 3. METAJUIYPI'US HBETHBIX U PEJIKUX METAJIJIOB

Paznen 1. OcHOBBI TUapOMeTaTyprudeckux npoueccos (IIpousBonacTso 3050ta) /1a/

1.1 Knaccuduxkamnuss meramrypruueckux mporeccoB. CTpaHbl — OCHOBHBIE IPOU3BOJIUTENN 30JI0TA.
HcTopust co3ganus mpou3BOJCTBA 30J0Ta. MICTOUHMKH CHIpbs Ul MPOU3BOJCTBA 0JaropoJHBIX METAJJIOB.
@®opMBbI HAXOXKICHHS 30710Ta B CHIPBE.

1.2 JIoObrya pynsl ¥ MOATOTOBKA ee K mepepaboTke ['paBUTaMOHHBIE CIIOCOOBI M3BJICYEHHUS 30J10Ta U3
pyabl. AMangpraMalioHHOE U3BJICUCHUE 30J10Ta U3 PY/IbL.



1.3 [MuanupoBanue 300TOCOAepKAMMX pyd. OOOpyAOBaHUE ISl POBEACHUS THAPOMETAILITYPTHYECKUX
nporieccoB BeieneHne 3010Ta U3 UAHUCTBIX PACTBOPOB. TexHMKa 0€30MacHOCTH NPH padoTe ¢ IUAHUJAMH.

1.4, Adpdunax IparomeHHBIX METAUIOB. OJIEKTPOJIU3 30JI0TO-CEPEOPSHBIX CIUIABOB. AHOJHBIN H
KaToAHBIH mpouecchl. KOHCTpyKuHs 3J€KTpOJM3HOM BaHHBI. (OCHOBHBIE TEXHUKO-3KOHOMHUYECKHE
nokaszartesu 1eKkTpoiamn3a. O01ye 3aTpaTbl peCypcoB Ha MPOU3BOICTBO 30JI0TA U3 PY/BI.

Pazgen 2. OxucnurenpHas nupomeramutyprus (IIpousBoactBo mean) /1a/

2.1 Hcropus pa3BUTHS MUPOMETAIUTYPrHuH MeTaurypruu Meau. CBoiCTBa Menu M OCHOBHBIE 001acTH
npuMeHeHusa. O6beMsbl npousBoacTBa. DopMbl HAXOXKACHUSA MeAU B 3eMHOU kope. Kiapk menu. MenHsie
mMecTopokaeHus. JloObrua MmeqHON pynbl. MenHbIe KOHIIEHTPATHI.

2.2 OcHOBHbIE XMMHUYECKHE B3aUMOJICHCTBUS MPU MUPOMETAIUTYPIUUYECKOH epepaboTke chipbsi. OOKHUT U
IUIaBKA ME/IHBIX KOHLIEHTPATOB Ha LITEHH.

2.3 TIpoyKThl OKUCIUTENBHON IJIABKU CYIb(PHUIHBIX KOHIIEHTPATOB U MPUHIMIIBI paOOThl TUIABUIBHBIX
arperatoB. OKHCJIHUTEIBHOE KOHBEPTHPOBAHUE MEIHBIX IUTEHHOB. YTWIM3aLUsA CEPHUCTBIX OTXOMALIMX
ra3os.

2.4 Dnextponuruyeckoe papuHupoBaHue Meau. OCHOBHBIE FIEKTpOXUMHUYECKHe peakiu. KoHcTpyKius
ANEKTPOJIU3HON BaHHBI.

Paznen 3. BoccranoButenbHas nupometautyprus (IlpousBonactso cBuHIa) /1a/

3.1 CeipbeBas 6a3a CBUHIIOBOT'O ITPOU3BOACTBA U MOTPEOJICHUE CBUHIIA. BUIbI XUMUYECKUX COCIUHEHUMN
CBHUHIIA B ChIpbe. TeopeTnueckue OCHOBbI BOCCTAaHOBUTEIbHON CBUHIIOBOH IJIABKH.

3.2 AroMepUpYIOIUN OKUCIUTENBHBI OOXUT KOHIIGHTpaTa. XHUMHYECKHE pEaKIUW ariioMepaluy.
KoHcTpykius arinomammHsl.

3.3 XuMudeckne peakuuy MOJyYeHHs YEepPHOBOTO CBUHIIA W MPHUHIUN pabOTHl MIaxTHOH meuu. [Ipsmas
nepepadoTKa Cyab(QHUIHOrO KOHIIEHTpaTa Ha YePHOBOM CBUHEII.

3.4 PadunupoBaHMe YEpPHOBOTO CBHHIIA OT pa3HOOOpasHBIX mpuMmeceil. OOpa3zoBaHHWE W yHaleHUE
IPOMIIPOJIYKTOB, aKKyMYJIUPYIOLIMX IpuMeceid. Bo3aelicTBue CBMHIIOBOIO MIPOM3BOACTBA HA OKPYXKAIOILYIO
cpeny.

Paznen 4. Dnexkrpomerarutyprus (IIpousBoacTBo antomunus) /2a/

4.1 CpoiicTBa aqIOMUHUS U €r0 NMpUMeHeHue. MuHepalbHble HCTOUHUKH JJI IPOU3BOJICTBA aTIOMUHUS.
XVMMHYECKUE COEAUHEHNS AIIOMUHUA B pyJaxX. DIEKTPOXUMHUECKHE TIPOLIECCHI MOTYYEHHS] METANINYECKOTO
AITIOMUHUS.

4.2 TIpou3BoacTBO TMHO3eMa criocoboM baiiepa. BrienaunBanue 60KCUTOB IIETOYHBIMHU PACTBOPAMHU.
OCHOBHBIE peaKIu, TOBEACHUE TIPUMECE.

4.3 O6opynoBaHue AJs CHEKAaHHs U BbIIEIAYMBAHUSA. DICKTPOIUTHUECKOE MOITyYEHUE METAUINYECKOTO
amomMuHus. Kpronut-rnmHo3emMHble pacIiiaBbl.

4.4 KoHCTpyKuHMs 3JEKTPOJIM3EPOB M MPUHIUN UX paboThl. AHOIHBIA 3]dexr. Pacxon aHomoB u
noTpedieHue 3eKTpruuecTBa. Bo3aelicTBue altoMUHUEBOTO MPOU3BO/ICTBA HA OKPYIKAIOLIYIO CPEIY

Paznen 5. [IpousBoactBo Bonb(dpama /a /

5.1 Knaccudukanus peakux MetamioB. OCOOEHHOCTH TEXHOJIOTHYECKUX CXEM TPOM3BOJCTBA PEIKHUX
metauioB. OCHOBHBIE CBOMCTBa BOJb(pamMa M o00JacTH HpUMEHEHHs. MUHepalbl U MEeCTOPOXKIACHUS
Bosib(ppama. BcCkphiTHE II€ETUTOBBIX U BOJIb(YPAMUTOBBIX KOHILIEHTPATOB IIEJIOYHBIMU peareHTamH.
AmnmnapaTtypHoe opopMIIEHHE ITPOLIECCOB.

5.2. IlepepaboTka MPOIYKTOB BCKPBHITHS KOHIIEHTPATOB, OYHUCTKA PAcTBOPOB OT mpumeceit. CrocoObl
NOJy4YeHHUs1 BOJIB(PaMOBON KUCIIOTHI, TapaBosib(ppamara aMMOHHS U BOJIB(GPaMOBOI0 aHTHIPHIA.

5.3. TexHonoruss NpoOU3BOJCTBA TMOpoiuka Bosib(ppama. [Ipon3BOACTBO KOMIIAKTHOIO IUIACTUYHOIO
Bonb(ppama. [lomyueHne KpymHOraGapuUTHBIX CIHMTKOB BOJb(pama 3JIEKTPOHHO-TYYE€BOH U JyroBOM
BAaKyyMHOH IUIABKOM.

Paznen 6. IIpousBoncTBo MonubeHa /a /

6.1.0cHOBHBIE cBOMCTBA MOJIMOACHA U 00JIaCTH MpUMEHEHHU. MUHepasibl MOJTUO/IeHa U MECTOPOKACHHUSL.
CriocoObl  miepepaboTKH  MOJUOJCHUTOBBIX KOHLEHTpaToB. IlomyyeHne MOIUMOIEHUTOBBIX OTrapKOB.
AmnmnapatypHoe odopmieHue nporeccoB.Beiaenenne MonubaeHa U3 aMMHMadHbIX pacTBOpoB. Ilomyuenue
MoJOIeHOBOTO aHTUApUAA. [Ipor3BOACTBO MOIHOACHOBOTO MOPOLIKA U KOMITAKTHBIX H3EIIHA.



Paznen 7. [Ipon3BoAcTBO TaHTana U HUOOUS /a/

7.1. OcHOBHBIE CBOWCTBa TaHTajla W HUOOWS, OOJACTH TpPUMEHEHHs. MUHEpaTbHOE CHIphE U
MECTOPOKICHUS TaHTana U HHOoOMs. IlepepaboTka TaHTANMUT-KOTYMOUTOBBIX KOHIIEHTPATOB Pa3JI0KEHUEM
IJIAaBUKOBOM KUCIIOTOM. BCKpBITHE IONAPUTOBBIX KOHLIEHTPATOB XJIOPUPOBAHUEM.

BapuanTsl KOHIEHCAIMU XJIOPUIOB. ANImapaTypHoe 0pOpMIICHHE IPOIIECCOB.

7.2. IlepepaboTka MPOAYKTOB BCKPBITHS KOHIIEHTpATOB. PaszneneHue TaHTana ¥ HUOOUS M OYMCTKA OT
npuMeceid. TeXHOI0rus NoaydeHUs: METANIMYECKOT0 TaHTalla M HUOOUSI.

Paznen 8. Meramnyprus TuTaHa ¥ MUPKOHMS /a/

8.1. OcHOBHBIE CBOMCTBA U 00JIACTH MPUMEHEHHS. XapaKTePUCTHKA PYAHOTO ChIpbs. BoccTaHOBUTENbHAS
IUIABKAa MWJIBMEHHUTOBOIO KOHLIEHTpaTa. XJIOPUPOBAaHME TUTAHOBBIX IIIAKOB, KOHJEHCALUS XJIOPHUJIOB.
Amnmnaparypuoe  odopmieHue — npoueccoB.  OUyuCTKAa ~ TEXHHYECKOrOo  TETpaxjopujia  THUTaHA.
MarHueTepMUUeckoe BOCCTAHOBIGHHE TETPAXIOpUAA TUTaHA. MoaumaHoe paUHHPOBAHHE TUTAHA U
MOJIy4YeHUE KOMIIAKTHOTO METaJLIa.

8.2. CrocoObl BCKpBHITHS HUPKOHOBBIX KOHIIGHTPATOB. BapmaHThl pa3feneHus LUPKOHUS U TapHUS.
MaraueTepMIUIecKuii U AIEKTPOIUTUYECKUN CIIOCOOBI MOTYyYEHHUSI METAIUTMYECKOTO IUPKOHUS. TeXHOIOoT s
paduHUPOBAHUS HUPKOHHUS.

Paznen 9. Meramnyprusi paccessHHBIX PEIKUX METaJuIoB /a /

9.1. Knaccu¢ukanusi pacCessHHBIX pPEIKMX METAJUIOB, HMX XapaKTepHCTUKa. [IpuMepsl MOMyTHOTO
U3BIICYCHUSI PACCESHHBIX METAJUIOB B Mpoliecce MepepadOTKH LBETHBIX METAUIOB M OTXOJAOB JIPYTHX
npoun3BoacTB. OCHOBHBIE CBOICTBAa TepMaHHWs M €ro coeauHeHuil. OOmactu mpuMeHeHHs. V3BiedeHue
repMaHys U3 Pa3JIMUYHbIX BUIOB ChIpbsi. CIOCOOBI OUMCTKH FepMaHMsl OT IPUMECEH.

9.2. CpoiicTBa u o0iacTu npuMeHeHus rajuus. [lonydeHue raiimeBoro KOHIEHTpaTa IpyU MPOU3BOICTBE
amomunHus. [lonydeHne MeTalIMn4ecKoro rajulusl ¥ Crioco0bl ero paguHUpOBaHHUSL.

Pa3znen 10. Metannyprust paiMOaKTUBHBIX U PEIKO3EMEIbHBIX METAJIOB

10.1 Ponp pagmoaktuBHBIX U P3M B COBpEMEHHOM MHpPE U B Pa3BUTUM ATOMHOM 3HEPIrEeTHUKU;
sHepreTryeckas 0esonacHocTh Poccuu; TpeboBaHMs, MpeAbIBIIEMble K TUM MeTajlllaM, OCOOEHHOCTH HX
IIPOU3BOJICTBA, OCHOBHBIE NIPOAYLIEHTHI B MUpe U PD. MuHepansl, pyJpl 1 KOHIIEHTPAThl ypaHa, KUCIOTHBIE
U NIEeJIOYHbIE CIOCOObI BCKPBITUS, OCHOBHBIE ammapaTbl, TEXHHKa O€30MacHOCTU C paJlOaKTUBHBIMU
MmarepuaiamMu. MuHepaibl, pyasl U KOHIEHTpaTsl P3M, ocHOBHBIE CIOCOOBI BCKPBITUS, HEOOXOJUMOCTD
KOMIUIEKCHOTO HUCITOJIb30BAHUS CHIPBS.

10.2 DOkcTpakIMOHHBIE M COPOLMOHHBIE CHOCOOBI BBIAEICHHUS YypaHa U3 MYJbI, COBPEMEHHOE
anmnaparypHoe oopmIIeHHuE POLECCOB, 00E3BPEKUBAHNE U YAAJIEHUE XBOCTOB, SKOJIOTUYECKUE TTPOOIIEMBI.
[TepepaboTka MPOAYKTOB BCKPBITHS MHHEPAIbHOTO Chipbs P3M, mpenBaputenbHOe UX pasfielieHHe Ha
OTJIeNIbHBIE TPYIIIbL. DKCTPaKIMOHHbIE a)(pUHAKHBIE ONlepallvy AJIs OJIYyUYEHHs COEIMHEHUHN ypaHa siiepHON
CTENEHH YUCTOTHL. OCHOBBI Pa3/I€IUTENBHBIX IPOLECCOB IIPU MOIYYEHUE HHANBUAYAIBHBIX P3M.

10.3 TexHonmorusi TmoOJyYeHUs OKCUIOB, (TOpHIOB, XJopuaoB ypana u P3M. OcHoOBBHI
METAJITIOTEPMHUYECKOI0 BOCCTAHOBJIEHHSI BBICOKOAKTUBHBIX METAJUIOB; IToJTydyeHue ypana P3M.

PexoMennyemas nurepaTtypa

1. A.B.Tapacos, H.11.YTkun. Texnonorus usetHoi Metainypruu. — M.: Metannyprus, 1999.

2. B.M.Mocksutud, N.B.Hukomnae, b.A.®@omun. Metamutyprus jerkux MetauioB. — M.: UHTEpmeT
Wuxunnpunr, 2005

3. 3enukman A.H., Kopmynos b.I'. Metamnyprus penkux metamioB. — M.: Meramnyprus, 1991

4. Kotmsap 10.A., Crpuwxko JI.C. Metamnyprust 61aropoissix MetayuioB. B 2-x tomax, M.: Pyna u
MeTaiiel, 2005

5. Penkue u paccessHHbIE 3JIEMEHTHL. XUMHUA U TexHonorusa. Kaura 1: Yuebnuk s By3oB /Koposun C.C.,
3umuna ['.B., Pesnuk A.M. u ap. M.: MUCuC, 1996.

6. Typae H.C., XKepun WN.M. Xumus u texHonoruss ypana. M.: M3parenbckuit nom «Pyna u
MeTamabe»,2006.

7. A.N.Muxaiinnuenko, E.b.Muxmnun, 1O.b.IlatpukeeB Peakosemenbubie Metamuisl - M.: Metamnyprus,
1987

YACTbD 4. JUTEMHOE MPOU3BOJICTBO



Paznen 1. TeopeTnueckue OCHOBBI JUTEHHOTO IPOM3BOICTBA

1.1 Jlureitaple cBoiicTBa cmiaaBoB. CBs3b JIUTEHWHBIX CBOWCTB C (PHU3UUYECKUMH H (PU3HUKO-
XUMUUYECKUMU XapaKTEePUCTUKAMHU.

1.2 Ponb NOBEpXHOCTHBIX SIBICHHUH B IIpoIiecce MPOU3BOACTBA OTIMBOK.

1.3 BsaumopeiicTBue paciuiaBoB ¢ razamu. CHCTEMBbI KUCIOPOJ - METaJUI, BOJOPOJ - METalll, a30T -
metaul. Kunetnka oOpa3oBaHus U pa3BUTHA I'a30BbIX ITy3bIpEil.

1.4 Hemeramnuueckue BKIIOYCHMS, HMX Kiaccuukanus. VICTOYHMKM W KHHETHKa 0Opa30BaHUS
BKIItOYeHUH. PadunupoBanue mnakoM, urocamu, GpuibTpanuei, IpoayBKoi razaMu u ap.

1.5 Buasl moguduuupoBanus. MoaudukaTopsl, ux kiaccuuKkamus 1 CBOMCTBA.

1.6 3anonHenue MUTEHHBIX GopM. XapaKTep METALUTUMIECKUX TTOTOKOB B PEATbHBIX JUTEHHBIX (opMax.
[TpuHIMNMAaIbHBIE OCHOBBI KOHCTPYUPOBAHMS U pacyeTa JUTHUKOBBIX CHCTEM.

1.7 TennoBble ycnOBHUsS 3aTBEpACBAaHUS OTIMBOK. lcmonb3oBaHME TEOPUM KPUCTALIM3ALUU IS
peryiaupoBaHus CTPYKTYpbl crulaBa. DOpMHpOBaHHE CTPYKTYpHBIX 30H B OTIMBKE. BiumsHue temo-
($U3nIECKNUX CBOMCTB JUTEHHON (OPMBI, BO3ICHCTBHE OCHOBHBIX MTAPAMETPOB TEXHOJIOTHUECKOTO MpoIiecca.

1.8 JlukBauus B oTMBKax. MeTo bl 60pb0bI C OTpULIATEIBHBIMH ITOCIEACTBUSIMH JTUKBALU.

1.9 VYcanounsle siBIeHHUS NpU 3aTBEpAECBaHUU OTIUBKU. CIIOCOOBI BBIBEIEHUS YCAJOYHBIX PAKOBUH U3
paboueil yactu oriuBok. [Ipubsutn, Ux MecTopacnonoxenue u ¢popma. [IpuHIUIBI pacyeTa NPUObLIY.

1.10 Jluneitnas ycaaka OTIUBKH. VI3MEHEHHE TUIACTUYECKHUX M IMPOYHOCTHBIX CBOWCTB METaJlIa 10 Mepe
€ro oxJaxxaeHus. TpelIrHbl, BO3HUKAIOIIKE ITPU BEICOKUX TeMIIepaTypax («ropsuue TpeluHbl»). Pa3sutue B
OTJIMBKAaX yCaJIOYHBIX HaNpsKEHU U 00pa3oBaHUE TPEIIMH IPU MOHMKEHHBIX TemIepaTypax («XOJOoJIHbIe
TPEUIMHb). MeToAbI peyNpeKIeHHUs TPELUIUMH U YMEHbILIECHHUSI OCTATOYHBIX HAPSKCHUH.

1.11 ®dopmupoBaHue MOBEPXHOCTU OTIMBKHU, pa3BUTHE Npurapa. Mukpopeiabed moBepXHOCTH OTIUBKH.
[Tpurap, knaccudukanus ero BUJI0B.

Paznen 2. TexHonornyeckue OCHOBBI JIMTEHHOIO POU3BOJCTBA

2.1 H3roToBieHuEe OTIMBOK B pa3zoBbIX (opmax. CoBpeMeHHbIe TpeOOBaHMS K KOHCTPYMPOBAHUIO U
IPUMEHEHHIO MOJIEIbHO-OMIOYHONM OCHACTKM K ()OPMOBOYHBIM MaTepuanaM M CMecsM Uil oOecredyeHus
BBICOKOTO KauecTBa OTJIMBOK, CHI)KEHUS HUX cebecrouMocTu. Perenepanusi oTpabOTaHHBIX CMecel.
CoBpemMenHblie crtocoObl hopmoodpazoBanrs. OCHOBHBIC HANPABIECHUS B PA3BUTUH CIIOCOOOB M3TOTOBJICHUS
CTEpIKHEU.

2.2  OcobeHHOCTH KOHCTPYKIIMHU U pacyeTa JUTHUKOBO-MTUTAIONINX CUCTEM JUIS TTOJYYEHHUS OTIMBOK M3
pa3JINYHBIX CIIAaBOB B pa30BbIX (hopmax. KoHTpoIb KauecTBa OTINBOK.

2.3 Jluthe B 000JI0YKOBBIE (POPMBI U 110 BHITUIABIIEMBIM MOzesiM. CBOMCTBA TOTy4aeMbIX OTIMBOK U
00J1aCTh UX PUMEHEHHUS.

2.4 JluTthe B KOKWIIb.

2.5 Jlutwe mox naBneHueM. CBOWCTBA U XapaKTepHbIE 1€()EKThl OTIUBOK.

2.6 llenTpoOexxHoe JyHMThe. Pa3nmuuyHbple CXeMBbl TEXHOJOTHYecKoro rmporecca. OcobeHHOCTH
3aTBEp/IeBaHMsI OTJIMBOK B I10JIE IIEHTPOOEKHBIX CHIL.

2.7 TlomyHenpepbhIBHOE JUTHE CIMTKOB M TOJBIX M3Aenuii (Tpy0). CTOMKOCTh METAITHYECKUX (HOopM
(kokmutel, (hOpM JIUTHS O] TABIICHUEM, U3JI0XKHUIL U JIP.).

2.8 CnenmanbHbBIE BUIBI U3TOTOBICHHS OTIMBOK: METAJUTYPTHUECKUX W3JIOKHHIT U TIPOKATHBIX BAJTKOB.

Paznen 3. IIpou3BOACTBO UYTYHHBIX M CTAJIBHBIX OTJIMBOK

3.1 Kuaccuduxamnusi MTPOMBIIUICHHBIX KeJe30-YTIACPOIUCTHIX JMTEHHBIX CIUTABOB TI0 COCTaBy |
cTpykrype. IlepBuuHast ¥ BTOpHYHas KpPHCTAUIM3AlUs YyT'yHa M CTalIM B JIMTEHHBIX (opmax. BnusHue
XUMHYECKOTO COCTaBa, TEPMOBPEMEHHOW OOpaOOTKH, YCIOBHM OXJAXACHUS, MOAU(PUIIMPOBAHUS U JIp.
¢dakTOopoB Ha GOPMUPOBAHUE CTPYKTYPHI CTAJIBHBIX M YYTYHHBIX OTIUBOK. COBpEMEHHBIE NMPEICTaBICHUS O
npouecce rpapuruzanui. CTpyKTypHble TuarpaMMbl U BBHIOOp COCTaBa 4yryHa JJisi OTIMBOK. JluTelHble
cBoiicTBa. CTpPYKTYypHO-4yBCTBHUTEJIbHbIE CBOWMCTBA JKHMJKOTO JKejie3a W €ro CIUIaBOB (BA3KOCTH,
MOBEPXHOCTHOE HATSKEHHE, IUIOTHOCTD U JIp.) - JKUIKOTEeKydecTh YyI'YHOB U CTajlei, OCHOBHBIE (DaKTOPHI €€
onpenensomue. OobeMHas 1 TUHEHas ycajKa, CBOOOIHAs U 3aTpyAHEHHA.

3.2 OTIMBKM M3 KOHCTPYKIIMOHHBIX HEJIETMPOBAHHBIX CTajeil. TeXHOIOrUs BBIIABKU YIIIEPOAUCTBIX
CTaJIeH JUIs OTIMBOK B PA3JIMYHBIX TUIABMIIBHBIX arperarax.

3.3 OmmBKM W3 KOHCTPYKIIMOHHBIX JICTUPOBAHHBIX CTaje, WX cocTtaB W cBoicTBa. O0acTh
npuMeHeHHus. OCOOEHHOCTH TEXHOJIOTHUHU BBITUIABKH CTaJIEH M U3TOTOBIICHHS OTIUBOK.
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3.4 OTiMBKHU U3 BBICOKOJIETUPOBAHHBIX cTajei. OCHOBHBIC MPUHLUIIBI JIETUPOBAHUS U ITYTU CHIDKEHUS
pacxofa Ae(pUIMTHBIX JIETUPYIOIIKUX MaTepuasoB. BrimgaBka BbICOKOJIETMPOBAHHBIX CTalel NJsi OTJIMBOK,
UCIIOJIb30BAaHUE OTXOM0B U JioMa. KOppO3MOHHOCTOWKHE, JKapOIpOYHbIE U KAPOCTOMKHE CTalH.
H3HococToiiKass BBICOKOJETHPOBaHHAs MapranueMm crajib. OCHOBHbBIE CIIy:)KEOHbIE U TEXHOJOTHYECKHE
CBOWCTBAa  BBICOKOJICTUPOBAHHBIX  CTAJled Ui  OTIMBOK. MeTonbl  NOJYYEHHS  OTJIHMBOK €
muddepeHIMPOBaHHBIMU CBOMCTBAMU. DUINKO-XUMUYECKHUE OCHOBBI MTOJIYUYEHHUS JBYXCIONHBIX OTIMBOK.

3.5 OtnuBKM W3 ceporo 4yryHa C IJIaCTUHYATBIM TrpaduToM. MoauduiupoBaHue U JIETHPOBAHUE
yyryHa. OcoOE€HHOCTH M3TOTOBJICHUS OTIMBOK U3 CEPOT0 UyryHa, 0OYyCJIOBIECHHBIE €r0 TEXHOJIOTUYECKUMU
CBOMCTBaMH.

3.6 OTiMBKM M3 KOBKOTO UyTyHa, OCOOCHHOCTH MPOM3BOJCTBA M 00JACTU UX HMpPUMEHEHHUs. Pexumbl
OTKUTa OTJIUBOK JUISI ITOJIy4Y€HHUsI KOBKOTO YyryHa Ha (eppUTHON U Ha MEPIUTHON OCHOBE.

3.7 OtnuBKM W3 YyryHa C IIApOBUAHBIM rpadutoM. TeopeTHueckne M TEXHOJOTHUECKHUE OCHOBBI
MOJIy4YeHUsI BBICOKOIMPOYHOIO 4yryHa. Moau@uKaTopbl, UX CBONCTBa, crocoObl BBeneHUs. OTIUBKH U3
JIETUPOBAHHBIX YYT'YHOB C IIAPOBUIHBIM rpaUTOM.

3.8 IlnaBka uyryHa mist oTiuBok. [InaBunbHbie arperatsl. [IIuxToBBIE MaTepuanbl, TOIUIMBO, (DIIOCHI,
IPUMEHSIEMbIE I BBIIJIaBKU 4yyryHa. KOHCTpyKIMsl COBPEMEHHBIX BBICOKOIIPOU3BOAUTEIbHBIX BArPAHOK U
TEIUIOTEXHUYECKHE O0COOEHHOCTH MpOIecca, METObl ero uHTeHcupukauuu. KoHTpons, perynupoBanue u
aBTOMAaTH3allMsl BarpaHOYHOro Ipolecca. BplmiaBka 4yryHa B 3JI€KTPOJIYTrOBBIX U MHJIYKIMOHHBIX I€Yax.
Jlymiekc-mpolieccbl, WX BapHaHTHl. BpIMjIaBka CHHTETHYECKOTO, MOIU(UIMPOBAHHOTO KOBKOTO U
JIETUPOBAHHOI'O YYT'yHa.

Paznen 4. IIpou3BoACTBO OTIIMBOK U3 IIBETHBIX METAJIOB U CILIABOB C OCOOBIMU CBOWCTBAMHU

4.1 TexHUKO-3KOHOMHUYECKHUE YCIOBUS IPUMEHEHHUS OTJIMBOK U3 CIUIABOB LIBETHHIX METAJIOB U BOIIPOCHI
SKOHOMMH LBETHOTO ChIPbsi. CIOCOOBI MOTYYEHHUS CIIJIABOB.

4.2 OCHOBHBIE TIPOLIECCHI, POUCXOIAIINE MPH CIUTABIICHUHU. VcTiapeHne u KureHne HBETHBIX METaJIOB
u craBoB. [1yTu cHIDKeHUs oTeph MeTalljia MpH IIaBKe U UX IKOHOMUYeckas 3¢ dexTuBHOCTh. CHUCTEMBI —
BOJIOPOJ-METal, KUCIOPOJA-METAUI, Mapbl BOJbI-MeTall U Jp. B3aumoneiicTBue IBETHBIX METANIOB U
CIUIaBOB C (DYTEpOBKOW IUIABMIIBHBIX Ie4el, (uirocaMH W 3allUTHBIMH MOKpOBaMHU. MeETOJbl M CYLIHOCTb
OUYMCTKM METa/NIOB M cIulaBoB. Ha3sHaueHme M BuAbl MOAM(PUIMPOBAHMS PACIUIaBOB. MeETONbI OLIEHKU
KadyecTBa paciuiaBoB. Pacuer muxThl. [IyTu cHHXeHHs ce0eCTOMMOCTH KUAKOr0 MeTaa.

4.3 OcoOeHHOCTH TPOW3BOACTBA OTJIIMBOK M3 ATIOMHHHEBBIX CIUTaBOB. [IpHHIMIIBI JIerMpOBaHUS
ATIOMUHHUEBBIX JIMTEWHBIX U Je()OpMHUPYEMBIX CIUIaBOB. [IpOMBINIICHHBIE MapKd JHTEUHBIX H
nehopMUpYEMBIX CIUIABOB, UX CBOWCTBA M 00JacTH MpUMEHEHMs. TeXHOJIOrus IUIaBKH, padUHUPOBAHUS U
MOJIU(HUIMPOBAHUS OCHOBHBIX T'PYII MPOMBIIUIEHHBIX CIJIaBOB. OCOOEHHOCTH MPOU3BOCTBA OTIMBOK U3
MarHueBbIX cI1aBoB. (OCHOBHbIE (U3MKO-XMMHMYECKHE CBOIicTBa MarHus. BriusHue mnpumeceil.
[TpoMbInIIeHHBIE MApPKU JTUTEHHBIX U Ae()OpMHUpPYEeMbIX CIIaBOB. TeXHONOTHS TUIaBKH, paUHUPOBAHUS U
MOIM(UIIMPOBAHMUSI OCHOBHBIX TPYII MPOMBIIIEHHBIX CIUIaBOB. TpeOoBaHMs K papUHUPYIOLUIUM U
HOKPOBHBIM (uitocaM. OcoOEHHOCTH M3rOTOBJIEHUS OTIMBOK JIMTHEM B pa3oBble (OPMBI, B KOKHIIb, MOJ
JTaBJICHUEM.

4.4 TIpou3BOJCTBO OTJIMBOK W3 MEIHBIX CIIaBOB. OCHOBHBIE (DM3MKO-XHMHYECKUE CBOMCTBA MeEMH,
OTIpe/IeIAIONIME BBHIOOP TEXHOJOTMM IUIaBKU. IIpOMBINUIEHHbIE MapKH JIUTEHHBIX U JAePOPMHPYEMBIX
CIJIAaBOB, UX CBOMCTBa M 00JacTH NpUMEHEHHUs. TeXHONOrus IUIaBKM OECKUCIOPOJHOW MW W Melw,
coJiepkanieil mMertayuiMueckue npumecH. Packucnenue, paguHupoBaHHME M MOIU(GULIHMPOBAHUE CILIABOB.
OCOOEHHOCTH TEXHOJIOTMU U3TOTOBJICHUS OTIMBOK U3 ME/IHBIX CIIJIABOB.

4.5 Tlpou3BOACTBO OTJIMBOK U3 HUKENEBBIX CIIaBOB. OCHOBHBIE (DU3MKO-XUMUYECKHE CBOMCTBA HUKETI,
OTIpeNIeNIAIONINEe BBIOOP TEXHOJOTMM TIJIaBKU. IIpOMBIINITIEHHBIE MapKd JIMTEHHBIX U J1eOPMHPYEMBIX
cIu1aBoB. TeXHoJIOTHs MIaBKY TPYIII IPOMBIIIJIEHHBIX CIIaBOB. PaduHupoBaHue 1 MoAUPUIIMPOBAHHE.

4.6 IIpow3BOJICTBO OTIMBOK M3 TUTaHa MU €ro cIulaBoB. DOU3MKO-XMMHUYECKHE CBOICTBa THTaHa,
OTIpeIeIISAIONIME BIOOP TEXHOJIOTUY IJIAaBKU U JINThA. [IpoMBIIIIIEHHBIE MApKHU TUTEHHBIX U 1e(POPMHUPYEMBIX
crutaBoB. [leun A MIaBKM TUTAHOBBIX CIUTABOB. TEXHOJOTHS TUIABKU JIMTEHHBIX W Je(DOPMHPYEMBIX
criaBoB. OCOOCHHOCTH JIMTHS B pa30BbIe ()OPMBI, TIO BBHITIIIABIISIEMBIM MOJIEIISIM U B 000JIOYKOBBIE (JOPMBI.

4.7 TIpow3BOJICTBO OTIMBOK M3 IUPKOHHEBHIX, HUOOMEBHIX, MOJUOICHOBBIX M JAPYIMX TYTOIUIABKHX
CILTIaBOB.

4.8 IIpou3BOJCTBO OTIMBOK U3 IIMHKOBBIX CIIABOB. TE€XHOJIOTUS JIUThS B KOKHIIb U MOJI 1aBJICHUEM.
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4.9 TIpou3BOACTBO OTIMBOK U3 OJATOPOIHBIX METAIOB M UX CILIABOB.

4.10 TTpousBoACTBO CIUTKOB. TpeboBaHUs, MPEIBIBIIEMbIC K CIIUTKAM IIBETHBIX U PEIKUX METAIJIOB U
cr1aBoB. JIUThe CIUTKOB B M3JIOKHUIBL. JIUTbE CIUTKOB HEMPEPHIBHBIM U MOJYHENPEPHIBHBIM METOAaMHU.
[Mpunuun nutesa. Kpucramnmzaropsl. JluTeiinble MammHbl. PeXUMBI TUThS KPYIJIBIX, IUIOCKUX U TOJBIX
caUTKOB. [IpakTuka JUTHS CIMTKOB U3 CIJIABOB HA OCHOBE AIIOMUHUS, MEJU, MarHus, TUTaHa, IUPKOHUS U
JIp. HEIPEPBHIBHBIM METOOM.

Paznen 5. O6opymoBaHue U MPOSKTUPOBAHKE JIUTCHHBIX [IEXOB H 3aBO/IOB

5.1 OcHoBHbBIEC HaIlpaBJICHUS B Pa3BUTUU COBPEMEHHOTO IUIABHJIBHOTO, ()OPMOBOYHOTO, CTEPKHEBOIO
000py/I0BaHMsI, MAIIIMH CIEIUATBHBIX CITIOCOOOB JTUTHSI.

5.2 ABTOMaTHYECKHE JIUTEHHBIC THHHUH JJII MACCOBOTO, CEpUHHOTO MTPOU3BOJICTBA OTIIMBOK U3 IIBETHBIX
CIUTaBOB. ABTOMAaTH3alldi TOJATOTOBKM MCXOJHBIX MAaTE€pHaIOB U MPUTOTOBJICHUS (OPMOBOUHBIX H
CTepXKHEBBIX cMmeceil. CoBpeMeHHBIE CHOCOOBI BBIOMBKH (OpPM, CTEp)KHEH U OYUCTKH OTIHUBOK.
ABTOMaTH3aIUs POIIECCOB BHIOUBKU M OYHCTKH.

5.3 3anmaum B 00aCTH MPOCSKTHPOBAHUS JINTSHHBIX IIEXOB U 3aBOJI0B. BrIOOp 1 000CHOBaHME 0OBEMHO-
IUTAHUPOBOYHBIX, TEXHUYECKUX, APXUTEKTYPHO-CTPOUTENbHBIX U COIUANBHBIX PEUICHHUH JIUTEHHBIX [IEXOB U
3aBOJIOB.

Pexomengyemas nutepatypa

1. Kymanun U. b. Bonpocs! Teopun nureiiHbx npoueccos. M3-so «Mammnoctpoenue», M., 1976, c.
216, ¢ mn.

2. Edumos B. A. PaznuBka u kpuctaimuzanus ctanu. U3-so «Metamnyprus», M., 1976, c. 552, ¢ .

3. I'ynses b. b. Teopus nuteitHbix npoueccoB. U3-Bo «MammuHoctpoenuey, J1., 1976, c. 216, ¢ nm.

4. bamangun . @., @opMupoBaHHe  KPUCTAJUIMUYECKOIO  CTPOEHUS  OTIMBOK.  M3-BO
«MammHoctpoenue», M., 1973, c. 288, ¢ w.

5. bayman b. B., bnaros b. U. u np. Jlureiinoe npousBoactso. Ilog pegakuueit Kymanuka U. b, 13-Bo
«MammHoctpoenue», M., 1971, c. 318, ¢ nw.

6. I'ynse b. B. Jluteiinsie mpoueccol. M3-Bo «MammHoctpoenuey, JI., 1960, c. 416, ¢ .

1. Jlea JI. U., Kantenuk C. K. JIuteinsle ciaBsl. M3-Bo «Bricmias mkoma», M., 1967, ¢. 432, ¢ un.

8. PerxukoB A. A. Teopernueckre OCHOBBI JIUTEHHOTO Tpou3BoAcTBa. Mamrus, M., 1961, c. 447, ¢
WL

9. Kypmomor A. B., MuxaiinoB A. M. u np. JlabopaTopHbie paObOTBI MO0 TEXHOJOTUU JHUTEHHOTO
npousBoAcTBa. 13-Bo «Mammnoctpoenue», M., 1970, c. 200, ¢ nm.

10. Beiinuk A. . TerioBbie OCHOBBI TEOPUH JIUThs. Mamru3, M., 1959, ¢. 435, ¢ w.

11. Crenanos 0. AAnyunna M. I'banangun I'. ®@., Koncrantunos JI. C. CnennanbHble BUIBI JTUTbHSL.
N3-Bo «Mammnoctpoenue», M., 1970, ¢. 233, ¢ w.

12. Twupmosuu H. I'. Kpucrammsanus u cBoiicTBa uyryHa B oTiauBkax. M3-Bo «MammHocTpoenuey, J1.,
1966, c. 562, ¢ nan.

13. bynun K. I1., Manunouka f1. 1., Tapan 0. H. OcHoBbl MeTamuorpadguu. U3n-so «Metamnyprus»,
M., 1969, c. 416, ¢ umn.

14. Bacunesckuii M. @. Texnonorus cranbHOro JuThs. 13-Bo «Mammnoctpoenue», M., 1974, c. 408, ¢
WJIIL.

15. Kpemep M. A. dacoHHOe TUThE U3 JIETUPOBAHHBIX cTajei. 13-Bo «MammuHocTpoeHue», M., 1964, c.
227, ¢ win.

16. Kypmiomor A. B., Iluxkyno M. B., Uypcun B. M. JluTeiiHoe MpOU3BOACTBO LBETHBIX U PEIKHUX
MetaioB. U3-Bo «Metamnyprus», M., 1972, c. 496, ¢ w.

17. Anprvan M. b. u ap. [1naBka u nuthe nerkux cmiaaBoB. M3-Bo «Metamnyprusi», M., 1969, c. 680, ¢
WJIIL.

18. IlBerHoe nutbe. Umxenepuas monorpadus. [Tox pen. Konoduesa U. @. N3-Bo «MarmmHocTpoeHHE»,
M., 1966, c. 381, ¢ umn.

19. Anprman M. b. u np. [InaBka u 1uThe CIJIABOB IIBETHBIX MeTaioB. M3-Bo «Metammyprus», M.,
1963, c. 524, c. nmn.

20. TInaBka u IMThE ATIOMHUHHUEBBIX CIIaBOB. M3-Bo «Metamtyprusi», M., 1970, c. 416, ¢ un.

21. Axcenos II. H. O6opynoBanue nuteiHbIX 1exoB. M3-Bo «MammHocTpoenue», M., 1968, c. 447, ¢
WL
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22. Ilecromnan. B. M. [IpoexkTupoBaHie MalTHHOCTPOUTENBHBIX 3aBOJIOB U LIEXOB, T. 2. [IpoekTupoBanue
JUTEUHBIX LIEXOB U 3aBOJI0B. N3-Bo «MammHocTpoenue», M., 1974, c. 287, ¢ ni.

23. UYynaeB M. B. OcHOBBI KOHCTPYHPOBAHHS aBTOMAaTHYECKUX YCTPOHCTB JUTEHHOTO MPOU3BO/ICTBA.
N3-Bo «Mammuoctpoenue», M., 1960, c. 460, ¢ w.

24. llpaBwia TEXHHKH O€30MACHOCTH W MPOU3BOJCTBEHHON CAaHUTAPHHU B JIMTEHHOM IPOU3BOJICTBE
MaIIMHOCTPOUTENIBHOUW NMpoMbllIeHHOCTH. M3-Bo «Mamumnoctpoenue», M., 1967, c. 112, ¢ w.

25. Makypus I1. 1. Texnuka 6e30macHOCTH B TUTEHHBIX 1exaX. M3-Bo «MamuHocTpoeHuey», M., 1965,
c. 307, c una.

26. T'mam D.Y. TexHonmorust TMTEHHOTO NMpou3BoAcTBa: CrieluaibHbIe BUIBI JIUThS: YUEOHUK JUIS CTY/.
Beicil. y4eO. 3aBenenuit / D.YU. I'mam, A.M. 3apyoun, B.A. PeiOkun; noa. Pex. B.A. Peibkuna. — M.:
W3narenbckuit ieHTp «Akamgemusi», 2005. — 352

27. Ueano B.H. Crientnanbabie BUIbI TUTHs: Y4ueOHoe ocodue / [Tox pen. B.C. llymska. — M.: MUY,
2007.-316 c.

28. CneumanbHble BUIBI TUThA: cripaBouHuK / [log pen. B.A. Edpumosa. — M.: Mammuoctpoenue, 1991
r.—636c.

29. Tammua H.M., Yepnera [1.®. u ap. l{BetHoe yuthe. CripaBounHuk. — M: MammuHocTpoenue, 1989, —
528 c.

30. TpyxoB A.IL., ManspoB A.W. Jluteitable crnaBsl 1 m1aBka. — M.: U3x. nentp «Axagemus», 2004. —
336 c.

31. Bosnemwxkenckuii B.M., I'paueB B.A., Cnacckuii B.B. JIuTelinbie CIUIaBbl M TEXHOJIOTHSI UX IJIAaBKH B
MaluHoCcTpoeHuu. — M.: Mammunoctpoenue, 1984. — 432 c.

32. AnromMuHui ¥ ero cruiaBbl B xuakoM cocrossuuu / B.H. Jlenncos, B.B. ITunrun, JI.T. AHTOHOBA M
ap. — Exkarepunoypr: YpO PAH, 2005. — 267 c.

33. Enanckwii I'.H., Enanckwuii /I.I'. CTpoeHne u cBOicTBa METaJUIMYECKUX paciuiaBoB. — M: MI'BMU,
2006. — 228 c.

34. VcxomHble pacrjiaBbl Kak OCHOBa (POPMHUPOBAHUS CTPYKTYPHI M CBOWCTB aTFOMHHHEBBIX CIUIABOB /
N.T". Bponosga, I1.C. [Tonens, H.M. bapoun, H.A. Baronun. — Exarepun6ypr: KpO PAH, 2005. — 370 c.

35.  Koznog JI.4., KonokoieiieB B.M., Tau D.5. u ap. [Ipon3BoacTBO cTabHBIX OTAUBOK. — M.: MUCHC,
2005.

36. bemos B./I. u ap. [Ipon3BoACTBO YyryHHBIX OTIIMBOK. — Marauroropck: MI'TY, 2011.

37. KyparomoB A.B., benos B./l., [Ilukynos M.B. u np. IIpon3BoJICTBO OTIMBOK M3 CILIABOB IIBETHBIX
MetaiuioB. — M.: MUCuC, 2005.

YACTBD 5. ObPABOTKA METAJIJIOB JTABJIEHUEM

Paznen 1. ba3oBbie moHATHSA, KIacCHU(pUKAIUS MPOLECCOB U M3AENUH, Mpou3BoAUMBIX Metogamu OM/I.
/la; 2a/

1.1. Beeaenue, cynHocTh 00pabOTKM METAIIOB JaBJICHUEM, POJIb METOJIOB IIIACTHYECKOH JAedopmaliiu B
WCTOPUH ITUBHIIN3AIIUH, PA3HOBUIHOCTH MCXOTHOTO Marepuaia Jijisi oopaborku, OMJI, uznenus u «HoBsrid
MPOJIYKT»

1.2. Knaccudukanus npoueccoB OM/] 1o pa3ziauuHbIM NpU3HAKaM.

Paznen 2. dusudeckre OCHOBBI IMIACTHUYECKON aedopmanud METAIJIOB U CIUIABOB, B3aMMOJCHCTBHE
nporieccoB OMJI ¢ TepmMooOpabOTKOM, METOBI YIIPABIECHUS CTPYKTYPOH M CBOMCTBAMHU MpOAYKIHH /1a, 2a,
36/

2.1. Crpykrypa nedopMHUpyEeMbIX CTajlel, MEXaHU3Mbl IIJJaCTHYECKON JedopManuu, yHpaBlieHUE
CTPYKTYpOH M CBOWCTBAMHU CTaJM MOCPEICTBOM ILIACTHUYECKON AeopMaluu, Iuarpamma IIAaCTUYHOCTH,
CBSI3b CO CTIIOCOOOM TOJTYYEHHUS 3aTOTOBKH B C TEPMOOOPAOOTKOM.

2.2. Crpykrypa nedOpMHUPYEMBIX [IBETHBIX METAUIOB M CIUIABOB, MEXaHU3MBI IUIACTHUYECKOM
nedopmaruu, yhnpaBleHHE CTPYKTYpOd ¥ CBOWCTBaMM IIOCPEJACTBOM TUIACTUYECKOW Jedopmalium,
TUTACTUYHOCTH U pa3pylIeHUe, CBSI3b CO CIOCOOOM MOyUeHUs 3aTOTOBKU U C TEPMOOOPAOOTKOM.

Paznen 3. Teopernyeckue OCHOBBI ITPOIIECCOB 0OpaOOTKH MeTaUIOB AaBiieHueM /1a, 3a, 4a/

3.1 ConpoTusienue neopMalny U HAMPsSHKEHHOE COCTOSHUE B TOUKE TEJa, TEH30D HAPsHKEHU, TTIaBHBIC
HaIPSKEHUSI, UHTEHCUBHOCTD HAIIPSKEHUH.
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3.2 JlebopMHupOBaHHOE COCTOSIHME€ B TOYKE Teja, MEPEeMENIEHUS B KOOPAMHATHBIX OCSX, TJaBHBIC
nedhopmaruu, THBapUaHTHI TeH30pa AedopMalii, ypaBHEHHUE MTOCTOSTHCTBA 00beMa, CKOPOCTh iehopmariuu.

3.3 VcinoBue mnactuyHocTH. DeHOMeHosornueckue Mozenu cpenbl. COOTHOIIEHHS — MEXAY
HANPSDKEHUSAMU U AeQopManusiMi. 3aKOHOMEPHOCTH KOHTAKTHOTO Ae(OpMaIlHOHHOT0 TpeHusl. JIokanbHbIe U
WHTETPAIbHBIC MIOKA3aTeNN HAPSHKEHHO-ISPOPMUPOBAHHOTO COCTOSIHUS MaTepuara.

3.4. MeTtoabl MOIETTUPOBAHUS U aHATIN3a MPOLIECCOB 00pabOTKU MeTasIOB AaBieHueM. [IpuHIumns! padboTsl
u uarepdeiic mporpammsl QForm.

Paznen 4. OGopynoBaHue AJis CUJIOBOIO BO3JEHCTBUSI Ha MaTepuali. BecrmomorarensHoe o0opynoBaHue,
cpencTBa ympasienus /1a, 2a, 16/

4.1 Knaccudukanuss TUNOB oOopynoBaHus. [IpokaTHBIM CTaH, OCHOBHOE U BCIIOMOTAaTEIbHOE
MexaHudeckoe odopynoBanue. Turmbl kiereid. KOMIIOHEHTHI CUCTEM yIipaBieHUs U KOHTpoJia B mexax OM/I.

4.2 MexaHn4eckue, rIpaBIMueCcKUe IPECChl, TEXHUKA YIapHOTO (MMITYJIbCHOIO) AEUCTBHUS.

4.3 CwioBble YCTaHOBKM C COYETAHMEM BpAIEHUS W BO3BPATHO-IIOCTYNATEIBHOTO JIBHXKEHUM
WCIIOJIHUTEIIBHOTO 3JieMeHTa. JleTallenpoKaTHbE CTaHbl, YCTAHOBKH HEIMPEPHIBHOIO IPECCOBAHMUS,
chepoaBUKHON ITAMIIOBKH

4.4 CrienmanbHasi TeXHUKA. TexHUKa 00pabOTKH KOMITO3UTOB, IIOPOIIKOB, IBETHBIX METAJUIOB ¥ CILIABOB,
BakyyMHbIe cucteMbl B OM/I 1 cpefpl peryampyemMoro coctana.

Pasnen 5. Ilpokarka metaiios /1a, 2a, 36/

5. 1. Ouar nedopmanuu U KUHEMaTHKa TEUECHUSI MeTalljla IPU MPOIOJIBHOIN MPOKaTKe, 0a30BbIe OHATHUS.
pacy€T ycuus MPOKATKH, KPYTSIIEr0 MOMEHTA U MOIIHOCTH, TIonepevHas aegpopMariusi.

5.2. TexHoyornueckas cxema npou3BOICTBA U3JEIHI U3 CTAIM MeTo1aMu TpokaTKu. [IpokaTHble u3aenus.
Hcxonnbie MaTepraibl U UX MOATOTOBKA.

5. 3. TexHonoruyeckas cxeMa MPOU3BOACTBA IIpOKaTa M3 LIBETHBIX META/UIOB U CIIaBOB. IIpokaTHbie
uznenus. Vcxomueie MaTepuansl U UX MOATOTOBKA. VCTIOIb30BaHMe 3alIMTHBIX CPEJl U KarcCydl, MPOKaTKa B
Bakyyme. OCOOCHHOCTH MPOU3BOACTBA MPOIYKIIMH U3 TSHKEIBIX [[BETHBIX CILIABOB, MPOKATKa JUCTOB, MOJIOC
1 (OJIBTU U3 TYTOINIABKUX METAJUIOB, ATIOMUHUEBBIX U MEIHBIX CIUIABOB

5.4. TemmnepaTypHO-CKOPOCTHBIE YCIIOBUS TOpsiYel NpoKaTku crajned. VHCTpyMeHT, OCHOBHBIE U
BCIIOMOTaTENIbHBIE MaTEPHAIIHI.

5.5. TemnepaTypHO-CKOPOCTHBIE YCIIOBUS FOpsAYEd MPOKATKH IIBETHBIX CIJIaBOB. IHCTpyMEHT, OCHOBHBIE
¥ BCIIOMOTATEIbHbIE MaTepHUAIIbI.

5.6. TexHonmorusi MPOKATKH TUIOCKOTO TMPOAYKTAa C TIOBBIIICHHBIMH TpPEeOOBAHUSIMH IO KayeCTBY.
MHOrOBaJIKOBBIE CUCTEMBI.

5.7. Banku 1 cCOpTOBO#M MPOKATKU CTAJIBHBIX MOJIOC, YTIOBBIX Npoduieil, BeuiepoB

5.8. IlpousBojcTBO OecioBHBIX TpyO mnpokaTkod. OCHOBHBIE MapaMeTpbl MPOLECCOB NPOLIMBKU H
packKaTku.

5.9. Tlpou3BoAcTBO cBapHBIX TpyO0 M modbIX Hpodumiel, cBapounsle y3iabl TOCA. Texnomorus
MIPOU3BOJICTBA TPYO pa3IUYHOTO Ha3HAYEHHUSI.

Paznen 6. KoBka, 00béMHas | INCTOBAs IITAMIIOBKA, /1a, 3a, 10/

6.1. KoBka. Ucxoaubie MaTepuanbl, Kiaccuukaiys TUIIOB U3ACIUH, ONepallid KOBKA U MPUMEHSIEMBIN
WHCTPYMEHT. TeMIepaTypHbIH pPEXHM Tpolecca W OCOOCHHOCTH JAedopMamvi METALIOB IO CXEMe
cBOOOAHOM KOBKH. PoTanmonHas KoBKa.

6.2. N'opsiuast o0BEMHAs mTammoBka craneil. Kimaccudukarnus mokoBok. Micxomubie Matepuansl. MeToanka
MPOEKTUPOBAHUS IITAMIIOBOW OCHACTKH.

6.3. OcobeHHOCTH OOBEMHOW IITAMIIOBKH IIBETHBIX META/UIOB M CIUIaBOB. VCXOmHBIE MaTepuabl.
OcHacTtka 1715 U30TepMUYECKON IITAMIIOBKH U AeQOpMAaIiH B PEKUME CBEPXILIACTHUYHOCTH.

6.4. llltammoBka Ha MOJIOTaX, Ha TOPU3OHTAJIHLHO-KOBOYHBIX MAIllMHAX, HA TOPSYEIITAMIIOBOYHBIX
aBTOMAaTax.

6.5. PaznenuTenpHbIe 1 0OpE3HBIC OMIEPAINH B IIeXaX 00paOOTKH METANIOB JaBJICHUEM.

6.6. OCHOBBI IPOEKTUPOBAHUS TIPOIIECCOB JINCTOBOM MITAMIIOBKU. Paznenurenbubie u hopMooOpasyromme
ONEpaLNH.

6.7. MeTopl M3TOTOBJICHUS! HHCTPYMEHTA, IPUMEHEHUE CUCTEM ObICTPOro mpoTotunuposanus npu OM/I.

6.8. OcoGeHHOCTH TUCTOBOM IITAMITIOBKH IIBETHBIX METAJIJIOB U CIUIaBOB, JIMCTOBAs IITAMIIOBKA C MECTHBIM
MOJIOTPEBOM, THAPOPOPMOBAHHE, BEICOKOIHEPTETHUECKUE METOIbI 00PaOOTKH.
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Paznen 7. [IpeccoBanue, BbIIaBIMBAaHNE U BOJIOUYEHUE METAIUIOB, /3a, 26/

7.1. Cxema mporecca TpeccOBaHMs, KiIacCH(PUKAIUSI KIACCHYECKUX CIIOCOOOB TMPECCOBAHUSA IO
KMHEMaTuKe TedyeHus merawia. Ouar negopMmanuy Hpu NPECCOBaHUM, HANPSHKEHHO-AE()OpMUpOBaHHOE
COCTOSIHME MaTepuana IpH IpeccoBaHMU. Pacuér sHeprocuwyioBbIX MoOKa3aTeneil mpouecca. Metoabl
YIPABJICHUS] KUHEMAaTUKOM HCTeUeHus marepuana. Pacyérel Ha IPOYHOCT M YCTOWYMBOCTH JeTalled
UHCTPYMEHTA.

7.2. CopTamMeHT, OCHOBbI TE€XHOJIOTMHU IPECCOBAHMS M3AEIUN M3 TSDKEIBIX LBETHBIX U TYrOIIAaBKUX
MeTasuioB. [Ipou3BOACTBO TPyO M CIOXKHBIX MOJBIX NMpoduield U3 aJlOMUHHMEBBIX CIUIaBOB. Bo3MoxHOCTH
HENPEPBIBHBIX U MOJYHETIPEPHIBHBIX IIPOLECCOB IIPECCOBAHUS METAIIIOB, CIUIABOB U IIJIUKEPOB.

7.3. OcoOeHHOCTH TEXHOIOTUH MTPOU3BOJICTBA MPECC-U3AETHIA N3 KOHCTPYKIIMOHHBIX, HHCTPYMEHTAIBHBIX
CTaJIeH, CTAJIbHBIX TOPOLIKOB U I'paHyil. TeXHOJOI s U3rOTOBJIEHUS MATPHULL C 3AIIUTHBIMU TOKPHITUAMHU.

7.4. Cxema BonoueHus. Ouar nedopmammu u obopynoBanue. OCHOBBI MPOCKTHPOBAHUS MPOIECCOB
BOJIOUEHMSI ITPU IPOU3BOJICTBE ITPOBOJIOKH, TEIUIOOOMEHHBIX TPYO U KaOeabHON MPOLYKIIHH.

Paznen 8. Crnenmansubie metoasl OMJI, /1a/

8.1. OceBoe ¢opmMOBaHME HOPOLIKOB M KOMIIO3UTOB B Ipecc-(hopMax, H30CTATUYECKHE CIIOCOObI
00pabOTKM MaTepHaIOB.

8.2. KimHoBoe ¢opMoBaHUE, MPOU3BOACTBO IMOPUCTBIX M 3UIEKTPOJHBIX MaTepUallOB IPOKATKOM,
UMIYJbCHBIE BBICOKODHEPIETUUECKUE METObl 0OpaOOTKM MOPOILIKOB, IPAHYJ, BOJOKHUCTBIX U CIOUCTBIX
KOMITO3UTOB.

8.3. KoMmIuiekcHble METObl MOJIyYEHUS CHEUAIbHBIX MAaTEpUajoB U M3JEIMM JUIsi MAlIMHOCTPOEHUS,
SHEpPreTUKH, aBHALMU M KOCMOCA, OOOPOHHOM TEXHMKM C IPUMEHEHHEM JaBJICHUH M IUIaCTUYECKOMN
nedopMaruu.

Pexomennyemas nurepatypa (OCHOBHAS M JOIOJTHUTEIbHAS)

a) OCHOBHAas JUTEparypa

la. CyBopos U. K. O6paboTka meTamioB gaBienueM. - M.: Breicias mkona, 1980. - 364 c.

2a. Kopone A.A. Mexanndeckoe 000Opy/i0BaHUE MPOKATHBIX U TPYOHBIX LIEXOB: YUEOHUK ISl BY30B. -
M.: Metamnyprus, 1987. - 480 c.

3a. banakun B.I1., Eppemo I.b. u ap. Teopuss 06paboTky MeTaIOB JaBiieHHeM. Teopusi mpoIeccoB
KOBKH, IITAaMIIOBKHU U mpeccoBanus: JlaboparopHslit mpaktukym. — M.: MUCuC, 1982 c.

4a. E.B. Kysnenos, C.II. T'ankun TexHonormueckue mnpouecchl 00OpaOOTKM METAJUIOB J1aBJICHUEM:
JlaGopatophslii mpaktukym. - M.: MUCuC, 2002, Ne1613.- 78 c.

S5a. MopenupoBanue mporeccoB ruiactuueckoin naedopmanuu. ['paduyeckuii pemaktop QDraft, 69 c.
DnekTpoHHOe npunoxenue k cucteme QForm2d.

0) IOTOTHUTEIbHAS JTUTEPATYPA

16. KoBka u mrrammnoBka. CripaBouynuk. B 4-x Tomax / nojg pen. E.M.CemenoBa.- M.: MamunHocTpoeHuHe.
1986. —c.

20. llep6a B.H., Paiit6apr JI.X. TexHomorus mpeccoBaHusi METAJJIOB. Y4yeOHoe ocoOue /i By30B. - M.:
Meramnyprus, 1995.- 336 c.

36. I'opoxos B.C., Jlebenes JI.C., [Toropxenbckuit B.M. u ap. O6paboTka METalIOB JaBICHHEM. - M.:
MUCuC, 1988.- c.

40. JIu6encon I'.A., Jlonatun B.}O. u nap. IIpoueccsl nopomkoBoit meramnypruu. T. 2 dopmoBanue u
cnekanue. — M.: MUCHUC, 2002.- 320 c.

YACTh 6. MOPOLIKOBASA METAJUIYPTUA WU KOMIIO3UIIMOHHBIE
MATEPHUAJIBI

Pasnen 1. IlopomkoBas MmeTanyprus

a) MeTo/1bl ostydeHus nopoikos /1a-2a, 16-26/

1.1. 3HavyeHue MOPOIIKOBOW MeTamnypruu. Vctopust pa3BUTHS MOPOIMIKOBOM MeTayurypruu. OCHOBHBIE
TEXHOJIOTMYECKHE CXEMbI MPOU3BOJICTBA CIEUEHHBIX MarepuasioB. Kiaccuukanuss METOIOB TMONTY4YEHUS
MOPOILIKOB.

1.2. MexaHudeckue METOABI MOJIy4eHHs MOPOIKOB. [Ipon3BOACTBO MOPOLIKOB U3METbUYEHUEM TBEPBIX
METAJUIOB M PACHbUICHHEM JKUJIKUX METAIOB W CIUIABOB METOJaMH Ta30BOr0, JKUAKOCTHOTO U
[IEHTPOOEIKHOTO PACTIBIIICHUS.
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1.3. ®uU3UKO-XUMHUYECKHE OCHOBBI MPOILIECCOB, 00OPYAOBaHHE, TOCTOMHCTBA U HEJOCTATKU Pa3JIMYHbBIX
METO/I0B, 00JacTH MCIIOJIb30BaHMs. MeTonbl NOoiayd4eHuss aMOP(HBIX M HAHOMOPOIIKOB MEXaHHMYECKUMHU
METOIaMHU.

1.4. IlonydyeHne METAUIMYECKUX IOPOLIKOB METOIOM BOCCTAHOBJIEHHUS OKCHIOB METAJUIOB TBEPABIM H
ra3o00pa3HbIM BocCTaHOBUTENEM. PU3NKO-XUMUYECKHE OCHOBBI IIPOIIECCOB.

1.5. TlpakThka NOJy4eHHUs HOPOLIKOB ’Kene3a, Bosibdpama, THUTaHA. DU3MKO-XMMHUYECKHE METO[bl
II0JIy4EHUsI HaHOMIOPOLIKOB. [Ipon3BOICTBO METAIIMUECKUX IIOPOLLIKOB JIEKTPOJIN30M BOJHBIX PACTBOPOB U
pacIUIaBICHHBIX CPEN.

1.6. IIpom3BOACTBO MOPOLIKOB METOJOM TEPMHUYECKOH TUCCOLMALMU KAPOOHUIBHBIX COEIUHEHHI.
@U3NKO-XHUMHUYECKUE OCHOBBI IPOLIECCOB, NPAKTHKA IOJIy4€HUs MOpOoUKOB. CBONHCTBA METaNIMYECKUX
IOPOILIKOB U METOJBI UX KOHTPOJIS.

0) ®opMoOBaHKE U CIICKaHUE METAJUTMUECKUX MMOPOIIKOB /3a-4a, 36-46/

1.7. IloaroroBka MOpOIIKOB. 3aKOHOMEPHOCTH IIPOLIECCa YIUIOTHEHHS IOPOIIKOB B CTaJbHOW IIpecc-
¢dopme. IIponeccsl, mpoucxoasaIIKe Npu NPECCOBAaHUU. 3aBUCUMOCTb INIOTHOCTH OT JABJIEHMS IPECCOBAHMSL.
Pacnpenenenue niuotHocTy 1o oobemy Opukera. [lorepu naBieHus Ha TpeHue. Ympyroe nocieneicTBue.
[IpeccoBanue co cma3koi. bpak npu npeccoBaHum.

1.8. T'opsiuee m3octatmyeckoe mnpeccopanue. MmxekunoHHoe npeccoBanue. JlazepHas ¢opmoBaHue.
[Ipaktuka npeccoBanus. Ilpeccesl n mpecc-hopmel. Bapuantsl (opMOBaHUS METALTMYECKUX MOPOIIKOB:
ropsiuee, M30CTaTMYECKOE, AMHAMUYECKOE, MMITYJIbCHOE, BUOpAIMOHHOE, IPOKaTKa, IUIMKEPHOE JIMTHE.
Oco0eHHOCTH MTPOLIECCOB, alnapaTypHoe 0hopMIIeHUE.

1.9. OcHOBHBIE 3aKOHOMEPHOCTH IIpoliecca crieKaHus B TBepaoil (ase. Poib moBepxXHOCTHOM 1 00BEMHOM
muddy3un. Ycaaka mpu ClieKaHUH. BiusHHE TEXHOIOTWYECKHX NapaMeTpOB Ha TPOILECC CIIEKaHWUS U
CBOWCTBA CIEYEHHBIX u3Aenuil. OCOOEHHOCTH CHEeKaHWs MHOTOKOMIIOHEHTHBIX CHCTeM. BiusHue
rerepoaudy3un Ha TIPOIIECC YCAIKH.

1.10. OcHOBHBIE 3aKOHOMEPHOCTH IPOLECCA CIIEKaHMSI MHOTOKOMIIOHEHTHBIX CHUCTEM B IPUCYTCTBUU
KUAKOW (pa3bl, Mcyesaroleld M MPUCYTCTBYIOIIEH A0 KOHIIA M30TEPMMUYECKOM BBIACPKKH IpPU Harpese.
Kuneruka ycanku. @akTopsl, BIUSAIOIUE HA IFIOTHOCTh U 36PHUCTOCTD CILIABOB.

1.11. IlponuTka Kak pa3HOBUAHOCTh XKHUAKO(a3HOro crekaHusi. PU3NKO-XMMHUYECKHE OCHOBBI H
3aKOHOMEPHOCTH Iporecca nponuTku. IIpakThka mporeccoB crnekaHus. ATMocdepa CIEKaHUs, NEeYd
CHeKaHusl, Opak MpH CIIEKaHUU.

B) CrnieueHHbIe MaTepualibl ¢ 0cOObIMU CBOWCTBaMHU /5a-9a, 50-66/

1.12. Knaccudukanusi crneyeHHbIX MaTepuaioB. CreueHHbIE MOPUCTbIE MOAIIMIHUKA U (UIBTPHI.
OcHoBHble cocTaBbl. TexHonorus nonydeHus. Puznueckne, MEXaHUYECKUE U DKCIUTyaTallMOHHbIE CBOMCTBA.

1.13. AnTudpukuuoHHble U (PpUKIMOHHBIE MaTepuaibl. OCHOBHbIE MPUHIUIBI paboTel. CTpyKTypa U
CBOWCTBA TBEPJBIX CMa30K. TeXHOJOIHsI M3rOTOBJIEHMS, CBOMCTBA, 00JACTH MPUMEHEHUS U NEPCIEKTUBBI
pa3BUTHSL.

1.14. CneueHHble JIEKTPOTEXHUYECKHE MATEpPHAJIbl: JUIS CKOJIB3SIIIUX M Pa3pbIBHBIX JJIEKTPUUYECKUX
KOHTaKTOB, MarHUTbl. OCOOEHHOCTH paboThl, BUIbl M3HOCA. PUBHKO-XMMHYECKHE OCHOBBI M TEXHOJIOTHS
IPOM3BOJICTBA, 00IACTH IPUMEHEHUS.

1.15. CneuenHble TBepbIe CIUIaBbl, X Kiaccu@uKalusi. TexHoIornueckas cxema MmojiyueHus, CBONCTBa,
obOmactn mnpuMeHeHHs. KOHCTpyKIIMOHHas KepaMuKa. XapaKTepUCTHUKA HCXOAHBIX MaTepUaloB.
TexHonornueckue BapuaHThl monydeHus. HaneceHue kepamuyeckux MOKpbITUd. CBoiicTBa, o0macTu
IIPUMEHEHHUS.

1.16. XKaporpouHsle criedeHHbIE MaTepUajbl: TUCIEPCHO-YIPOYHEHHbIE U BOJIOKHUCThIE. OCOOEHHOCTH
TEXHOJIOTUH, OCHOBHBIE CBOICTBA U 00JIACTH TPUMEHEHHUS.

1.17. Anmazocomepkanue crnedeHHble Marepuanbl. CuHTe3 anmaszoB. [lomydeHwe amMa3HOro
MHCTPYMEHTA C Pa3JINYHBIMU CBS3KaMHU.

Paznen 2. Texnomoruu camopacrpocTpassonierocs Beicokotemneparypaoro cuare3a (CBC) /10a-13a, 76-
96/

2.1. Beenenne. O6mias xapakrepuctuka CBC — mporeccoB. THUIIBI XUMUYECKUX PEAKIIUHA M OCHOBHBIC
kiaccsl npoaykroB B CBC. TemnoBoii Mexanu3Mm pacnpoctpaneHus BosiHbel CBC.

2.2. Crpykrypa BOJIHBI 0Oe3razoBoro ropeHus. Pacuer aamabathueckwx TeMmIepaTyp TOPEHHS U
PaBHOBECHBIX KOHLIEHTpALMH TPOYKTOB CUHTE3A.
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2.3. TUnbl KHHETUYECKUX 3aKOHOB, UX (PU3MKO-XMMHUYECKOEe OOBSCHEHNE U BIUSHUE Ha CTPYKTYPY BOJIHBI
CBC (y3kue u mHUpoKHe 30HBI peakiuu). [[pUHIUIIBI YKCIIEPUMEHTAIBLHOTO omnpeaeaeHus 3(PGeKTHBHBIX
KHMHETHYeCKuX mapamerpoB npouecca CBC.

2.4. DkcriepUMeHTaIbHbIe METO/Ibl U3MEPEHUSI CKOPOCTU ropeHus. JlokanbHble U r00aabHble 3HAYCHUS
ckopocTH pacnpoctpanenus BoiHbl CBC. Omnpenenenne TeMneparypHbIX mpoduieit mporecca.

2.5. @opmHupoBaHHE MaKpPOCTPYKTypbl HIpoAykTa (pacummpenue, ycaaka). DopmupoBaHue
MUKpOCTPYKTYpbl. DopMHpOBaHUE KPUCTATUINYECKON CTPYKTYPHI IPOJLYKTOB.

2.6. TexHonorusi cCUHTE3a 3aroTOBOK M MOpOWIKOB. TexHosorust cuioBoro CBC-kKOMIakTUpOBaHUS.
[IpuHnunuaneHele CXeMBbI ITpoBeAeHUS Npolecca. OCHOBHBIE TEXHOIOIMUECKHUE TapaMeTPhl U UX BIUSHUE Ha
CTPYKTYpY U CBOMCTBA POJYKTOB FOPEHUS.

2.7. CBC - meramnyprus. Texnonoruss CBC - cBapku. HoBble MaTepualibl, NOJy4EHHBIE IO TEXHOJIOTHUAM
CBC. CrpykTypa U CBOWCTBA CHHTETHYECKMX TBEPJbIX HHCTpYMEHTaIbHbIX MarepuasioB (CTUM).
DyHKIIMOHATBHBIC TPaueHTHBIC MaTepuasl (OI'M).

Pa3nen 3. ®yHKumoHaNbHBIE M HAHOCTPYKTYpPHBIC TIOKphITHs /14a-18a, 106-126/

3.1. BBoanas yacte. Obmas kinaccupukalys METOJ0B U TUIIOB MOKPBITHH. ['a30TepMUyYecKrue METOIBI.
Wcxonnple MaTepuabl AJ11 HAHECEHUSI TOKPBITUN. TeXHOI0THs M1a3MEHHOTI0 HalbIJICHUS.

3.2.  DIeKTpoayroBoe, JAETOHALMOHHOE, Tra30IUIaMEHHOE HAaIllbUIEHHE, METOJbl HAIlbUICHUS C
UCTIOJIB30BaHUEM CBEPX3BYKOBBIX comel. HarmaBounsie meronpl. O0mme ocobenHoctu. IlmazmenHas u
Ja3epHas HallJlaBKa.

3.3. Meronbl 3JEKTPOUCKPOBO 00pabOTKH M TEPMOPEAKIIMOHHOTO YIpOUYHEHHs. BakyyMHbIE METOIbI
HaHeceHus nokpeitTuii. PVD u CVD Texnonorus.

3.4. Texnonorus Tepmuueckoro ucnapenus. Crnoco0sl Harpea. BapuanTsl aktuBanuu. Bzanmoneiictsue
HMOHOB C MIOBEPXHOCTBIO TBEPAOTO MaTepuana. @U3nuecKrue OCHOBBI METO/1a MAarHETPOHHOT'O PACIIbUICHHUS.

3.5. ®usnyeckue OCHOBbI METOJa KaTOAHO-AYrOBOI'O MCIAPEHUsl. XUMUYECKOE OCAXJEHUE U3 ra30BOU
da3zbl. Teoperuueckre ocHOBBI MeToa. Kitaccuueckas ¥ ynydiieHHbIE TEXHOJIOTHH.

3.6. MeTozpb! onpeneneHus TOMIMHBI TOKPBITUH. MeTOo/bl 3KCIpecc-KOHTPOIIS aAr€3MOHHON POYHOCTH
noKpeITUi. OnpeneneHne XMMUYECKOro 1 (pa3oBoro cocraBa MOKpBITHI

3.7.  CHEeKTpPOCKONMYECKHE  METOJIbl  MCCIEAOBAaHUS  MOBEPXHOCTU.  ODHErpo-IUCIEPCHOHHAs
CHeKTpocKonusi. PeHTreHoBcKas (POTORIEKTPOHHAS CIIEKTPOCKOIHS, CIEKTPOCKOIUS SHEPTeTHUECKUX MTOTEPh
anekTpoHoB. PamanoBckast u UK-cnekrpockonus. Ontuyeckast SMUCCHOHHAS CIIEKTPOCKOTIHSI.

Pexomenayemas nutepatypa (OCHOBHAs M JOTIOJIHUTENIbHAS )

a) OCHOBHasI JIUTEepaTypa

la. ITpoueccsl mopomkoBoit Metasurypruu. T.1, T.2. [Tpon3BoACTBO METATUINYECKUX MOPOILIKOB: YUeOHUK
11t By30B / JInbencon I'.A., Jlomatun B.1O., Komapuuukwuii I'.B. u ap. - M.: MUCuC, — 2002 r. — 688 c.

2a. Kunapucos C.C., JIubencon I'.A. [TopourkoBast Metasutyprusi. — M.: Meramnyprus, 1991. 432 c.

3a. AnukuH B.H., binakos U.B., Yennokos B.C. u np. Teopernyeckue oCHOBBI CIEKaHUS MOPOIIKOB:
KMHETUKA CIIEKaHUs PEANIbHBIX MaTepuasoB: Kype aekuui. M.: M3n. nom MUCuC, 2014. 108 c.

4a. Jlesunckuii 10.B., Jlebene M.II. Teopernueckue OCHOBBI MPOIECCOB CIIEKAHUS METaUTMUYECKUX
nopoikos. M.: Hayunsiit mup, 2014. 372 c.

Sa. Hapsa B.K. TexHonorus u cBoCcTBa MOPOIIKOBBIX MATEPHUATIOB U U3/1€IUH U3 HUX. KOHCTPYKIIMOHHBIE
matepuansl. Kype nekuuii. M.: U3n. nom MUCuC, 2010 r. 122 c.

6a. Hapsa B.K. TexHonorust nopomkoBsix MarepranoB 1 uznenui. Kype nekmuit. M.: U3a. njom MUCuC,
2012r. 170 c.

7a. IlanoB B.C., UyBunun A.M., ®anpkoBckuii B.A. TexHOJOTHS M CBOWMCTBA CIIEUEHHBIX TBEPJIBIX
cr1aBoB M u3genui u3 Hux. M.: Uza. nom MUCuC, 2004 r. 460 c.

8a. KoctukoB B.M. @PU3MKO-XMMHYECKHE OCHOBBI TEXHOJIOTMM KOMIO3UIIMOHHBIX MAaTepHaOB:
TEOPETUYECKHE OCHOBBI MPOLIECCOB CO3JaHMsI KOMITIO3UIIMOHHBIX MaTepuanoB. YdyeOHoe nmocobue. M.: U3,
nom MUCuC, 2011. 285 c.

9a. KoctukoB B.M. ®U3MKO-XMMHUYECKHME OCHOBBI TEXHOJIOTMH KOMIIO3UIIMOHHBIX MAaTe€pHaJIOB:
JTUPEKTUBHAS TEXHOJIOTHS KOMIIO3UITMOHHBIX MaTeprayioB. Y4uebHoe nmocoodue. M.: U3a. nom MUCuC, 2011.
220 c.
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10a. JleBamoB E.A., Poraue A.C., IOxBux B.WU., bopoBunckas W.II. ®Pusznko-xumuueckue u
TEXHOJIOTUYECKUE OCHOBBI CaMOPAaCIpPOCTPAHSIOLIETOCS BBICOKOTEMIIEPATYpPHOIO CHHTE3a. Y4eOHOe
rnocobue. M., U3n-Bo «burom», 1999, 176 c.

11a. JleamoB E.A., PoraueB A.C., Kypbarkuna B.B., Makcumor FO.M., FOxBunx B.U. [lepcniektuBHBIC
MaTepHalIbl U TEXHOJIOTHH CAMOPACTIPOCTPAHSIONIETOCS BHICOKOTEMIIEPATypHOTO CHHTE3a. Y4ueOHoe mocooue.
Uz narensckuit jom MUCuC, 2011, 377 c.

12a. AmocoB A.Il., boposunckas W.II., Mepxkanos A.I'. IlopomkoBas TeXHOJIOTUA
CaMOpPacIpOCTPaHSIOIIEr0Cs BEBICOKOTEMIIEPAaTypPHOI0 CHHTE3a MaTepualioB. YueOHoe 1ocobue/ o1 HayqYHoH
penakmueit B.H. Autudeposa, M., Mammnoctpoenue-1, 2007, 567 c.

13a. KymunoB B.B., Bbo6po I'.B. HaneceHue mOKpbITHI HambUieHHEM. Teopusi TEXHOJIOTHUS U
obopynoBanue. M.: Metamnyprus, 1992 r., 432 c.

14a. JI. bannaes. ['azotepmuueckoe Hanbuienue. M: Mapker JIC, 2007, 344 c.

15a. bepnun E.B., Ceitnman JI.A. MoHHO-JIa3MEHHBIE MPOLECCHl B TOHKOIJICHOYHOW TEXHOJIOTUH — M..:
TexHocdepa, 2010. - 544 c.

16a. Hanoctpykrypusie nokpsitus. [log pea. Kapaiinepo, /1. ne Xoccona. M.: Texnocdepa, 2011 — 752 c.

17a. TwutneBuu A.E., MuxaitnoB B.B., Ilapkanckuit H.Sl. u ap. DIeKTpoHCKpOBOE JErMpOBaHUE
MeTayuIMuecKuX rmoepxHocreit / Kummnes: [ltuuana, 1985, 195 c.

18a. B.I'. Ceipkua. CVD-Meron. Xumudeckoe naposoe ocaxxaenue. Hayka. 2000. 458 c.

0) JoMOJIHUTE/IbHAS JIUTEpaTypa

16. Poman O.B., I'abpuenos M.I1. CripaBoYHUK 11O TOPONIKOBOH METATypTHUHU: MOPOIIKH, MaTepHalbl,
npoueccol. Munck: benapycs, 1988. 175 c.

20. Meraiueckue MOpoIIKu U TopomkoBeie Matepuainsl / [lon. pexn. JleBunckoro FO.B. M.: Dkowmer,
2005. 520 c.

36. I'ery3un S.E. ®usuka cnekanus. M.: Hayka, 1984. 312 c.

46. I'epman P. DHuukIionenus nopoukoBoit metamwtypruu. M.: Mznatensckuii gom «aTemnexT», 2009.
336c.

56. Epmakos C.C., BaznukoB H.®. ITopomikossie ctanu u u3aenus. M.: Mammnoctpoenue, 1990 r. 240 c.

60. Koctukos B.1., Bapenkos A.H. Komno3uumonHsle MaTepraibl HA OCHOBE aJIOMUHUEBBIX CIUIABOB,
apMHUpPOBAaHHBIX YriIepoaHbIMU BoslokHaMu. M.: MaTepmer Mnxunupunr, 2000. 260 c.

76. PoraueB A.C., Mykacbsn A.C. I'openue nnsi cHHTe3a MaTepHalioB: BBEACHHE B CTPYKTYPHYIO
MakKpoKHHETHKY, M., ®uszmatiur, 2012, 400 c.

86. Mepxanos A.I'. [Ipouecchl ropenust u cunte3 marepuanos. / [log pen. A.E.CerueBa. UepHoromnoska,
Nzn-s0o MICMAH, 1998. 512 c.

96. JleamoB E.A., PoraueB A.C., bap3bikun B.B., llkagunckuit K.I'. u np. CamopacnpocTpanstomuiics
BBICOKOTEMIIEPATYPHBIN CUHTE3: Teopus U npakTuka YepHoronoska, U3n-so «Tepputopus», 2001. 432 c.

106. A. Ily3pskoB. TeopeTnueckre OCHOBBI TEXHOJIOTUH I1a3MeHHOoro HanbuleHud. M.: MI'TY um. H. D.
baymana, 2008 r., 360 c.

116. KagsipxanoB K.K., Komapo @.®., IlorpeOnsx A.Jl. MonHO-my4deBas M HOHHO-IUIa3MEHHAs
obOpaboTka maTtepuanos. — M.: U3znat-so MI'Y, 2005. — 640 c.

126. bepnun E.B., Ceitnman JI.A. [TonyueHne TOHKUX TUIEHOK pEaKTHBHBIM MarHETPOHHBIM PacIbUICHUSIM
— M.: Texnocepa, 2014. - 256 c.

YACTbD 7. TEXHOJIOI'YSA JIEKTPOXUMHWYECKHUX MPOLNECCOB U 3AIUTA OT
KOPPO3UU

Paznen 1. OCHOBBI TEOpUHM KOPPO3UU METAIIOB M CIUIABOB B JKUJKUX Cpeaax

1.1 Xumuueckuid M DJICKTPOXUMHMUYECKHH MEXaHHW3M pPACTBOPEHHS METAUIOB. [ OMOTeHHBIH H
reTepOreHHbIN MyTH MPOTEKAHUS JIEKTPOXUMHUUECKON KOPPO3rn MeTaioB. Koppo3noHHbIE rajibBaHUYECKUE
BJIEMEHTHl M TPUYMHBI HMX BO3HMKHOBEHHs. CXeMbl TPOTEKaHUs, XapaKTepHble OCOOCHHOCTH U
KOHTPOJINPYIOIIME CTAIUH IJIEKTPOXUMHUECKUX KOPPO3UOHHBIX IIPOLIECCOB.

1.2 AHonHBIE IPOIIECCHI MPH SIEKTPOXUMHUECKON KOPPO3UH METAIUIOB. TepMOAMHAMUYECKHE OCHOBBHI.
Knaccudukanust anogaaeix mpoueccoB. Jluarpammer [TypGe. [IpuHIMIBI TOCTPOCHUSI U UCTIOIB30BAHUE MX
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IPU aHaIM3€ KOPPO3HOHHBIX IHporeccoB. CTaauilHBII MEXaHHW3M aHOJHOIO PAacTBOPEHUS METAJIOB.
[Ipu3Haku MHOrOCTaIUHOCTH. KMHETHKAa MHOTOCTaAMMHOIO pacTBOpEHU. BivsitHue npupoibl aHHOHOB Ha
KMHETUKY U MEXaHU3M aHOJIHOTO pacTBOPEHUS.

1.3 KaronHble mporiecchl IpH 3JIEKTPOXUMHUYECKONH KOPPO3UM METAJUIOB. TepMoAMHAMMKA, cCXeMa U
MEXaHU3M KaTOJHOTO Npolecca KHCIOPOAHOH AeToyisipu3alMy. XapaKTepHbIE OCOOCHHOCTH KOPPO3UHU
METAJIJIOB ¢ KUCIIOPOIHOM Jlenoisipu3aueil, X B3aMMOCBSI3b C MEXaHU3MOM KaTOIHOTO Mpoliecca.

14 Tepmoaunamuka, cxemMa H MEXaHU3M [POTEKAHUS KATOJHOTO IMpoIlecca BOJOPOIHOM
nenonspuzanuu. llepeHanpsokeHue BbIIEICHHUS BOJIOpPOAA. Teopuu NeEpeHanpsDKeHUs. XapaKTepHble
OCOOEHHOCTH KOPpPO3UM METAJIOB C BOJOPOAHOM JEHOJsSpHU3alUell, UX B3aUMOCBA3b C MEXaHU3MOM
KaTO/JHOI'0 Ipolecca. Y CIOBUS IPOTEKAHUS U MEXAHU3M KaTOJHOIO Mpolecca ¢ KUCIOPOJHO-BOIOPOAHON
JIECTIOJISIPU3ALIACH.

1.5 Pacuer »>I€KTPOXMMHYECKOIO KOPPO3HMOHHOro mpouecca. IlokazaTtenu 31eKTpOXUMUYECKON
KOPpO3UU METAJIOB. AHAJIUTUYECKHM pacdyeT CKOpOCTH Koppo3uu. WieanbHble U pealbHBIC
(9KCIIepUMEHTAabHBIE) TOJSPU3AMOHHBIE KpUBbIE. MeToasl uX moctpoeHusi. ['paduueckuii pacyer
KOPOTKO3aMKHYTBIX JIBYX- M MHOTIO3JIEKTPOAHBIX CHCTEM. 3allUTHBIM, Pa3HOCTHBIA M OTpHULATENIbHBIN
pasHocTHBIH 3 (dekTh. MHOT03JIEKTPOIHBIE CHCTEMBI C 3aMETHBIM OMHYECKHM COMPOTHBIICHHEM.
[ToTeH1IMaIBl CUCTEMBI «IIJICHKA- TIOPay.

1.6 TIlaccuBHOCTh MeTamioB. OmnperencHHEe W XapaKTEPUCTUKH IACCHBHOTO COCTOSHUS. Teopuu
MAaCCUBHOTO cOCTOsHMs. KuHeTHKa aHOOHBIX MPOILECCOB TMPU MACCHUBAIMM METAJIOB, aHO/HAA
NOJIIPU3AaLMOHHAs KpUBas IACCUBUPYIOLIETOCsS MeETalla U €€ XapaKTepHble OCOOEHHOCTH. Y CJIOBHUSA
YCTOMYMBOCTH TMACCUBHOTO cOCTOsiHMS. [loBBIlIEHHE YCTOMYMBOCTH IMACCUBHOTO COCTOSIHUS KaTOJHBIM
JerupoBaHueM, aMmopduzanueit moBepxHocTH. [IpakTnieckoe 3HaYeHNE TACCHBHOCTH METAJIIOB.

1.7 PactBOpeHue criaBoB. ['eTeporeHHble CIIaBbl U TOMOT€HHBIE CIUIaBbl. PacTBOpeHre TOMOTE€HHBIX
CIUIABOB B AaKTUBHOM M IIaCCUBHOM COCTOSHUSX. MexaHu3M u30upaTeabHOW KOpPPO3UU CIUIABOB.
[TaccuBupytomecs crjiaBbl ¢ KATOAHBIMU IPUCATKAMHU.

1.8 JlokanmpHble (MECTHBIE) BHIBI KOPPO3HWHU: TOYeUHas (MMMTTHHIOBAasi) KOPPO3US MACCUBUPYIOMINXCS
METAJIJIOB U CIUIABOB, IIEJIEBAsk KOPPO3Us, MEKKPUCTAIIIUTHASL KOPPO3HSL.

1.9 Koppo3noHHO-MEXaHHYECKOE pa3pylIeHHe METaUIOB: KOPPO3HMOHHOE pACTPECKHBAHWE H
KOPp3HOHHasi yCTaJOCTh; HAaBOJOpPAXMBaHHWE, BOJOPOJIHAs KOpPPO3HsA M OXPYNUYMBAHHE METAIUIOB;
KOPPO3MOHHAsI KaBUTALUsI U KOPPO3UOHHASI SPO3HSL.

Pa3nen 2. Meroab! 3alUTHl METAJUIOB OT KOPPO3UHU B KHUJIKHX Cpeax

2.1 VYwMeHbllIeHHE COJAEp)KAaHUS JIENOJspU3aTopa B  AJEKTPOJIMTAX: TEpMUUEcKas Jea’panms,
JIeCOpOLIMOHHOE, XUMUUECKOE U HIIEKTPOXUMHUYECKOe 00ECKUCIOPOKUBAHIE BOIBI.

2.2 VIHruOuTOopsl KOPpPO3MM METAJJIOB: Kiaccupukanus, 3(()EeKTUBHOCTh U MEXaHU3M JeHCTBUS.
Teopernueckre OCHOBBI TO00PA ¥ TPAKTHKA IIPUMEHEHUSI HHTHOUTOPOB KOPPO3UH B KUCIIBIX, HEUTPAITBHBIX
U IIEJIOYHBIX PACTBOPAX JIEKTPOIUTOB.

2.3 DIeKkTpoXMMHYecKas 3alliTa: KaToIHAas TPOTEKTOpHAs 3alluTa, KaToMHAs 3alliTa BHEIIHUM,
aHOJHAA 3alUTa BHEIIHUM TOKOM. [IpuHIMITEI U 3 PEKTUBHOCTD 3aIUTHOTO JAEHCTBUS.

2.4 PanmonHanmbHOE KOHCTpyUpoBaHHe. OCHOBHBIC MTPUHIUITEI KOHCTPYUPOBAHUS U TEXHOJIOTHH COOPKHU
KOHCTPYKLUH, BIUSHHE JIEMEHTOB KOHCTPYKIIMH U TEXHOJIOIMU UX COOPKH Ha KOPPO3UOHHBIE MPOLIECCHI.

Pa3nen 3. OCHOBBI TEOpUM KOPPO3UU METAIJIOB U CIUIABOB B I'a30BbIX CPENAX

3.1 TepmoanHamMUYecKasi BO3MOKHOCTh Ta30BOM KOPPO3HH MeTauIoB. [IpOayKTHI Ta30BOM KOPPO3UHU U
UX TEPMOJUHAMUYECKAsA YCTOUUYUBOCTb.

3.2 OkcuIHBIC TUICHKH Ha MeTaJIaX. AJICOpPOIINs OKUCIIUTESI Ha TIOBEPXHOCTH METAIOB, 00pa30BaHHE
NEpBUYHBIX OKCHIHBIX IUIeHOK. Kiaccupukanuss MJIeHOK MO TONIIMHE, 3allUTHOM CIIOCOOHOCTH,
MOP(}OJIOrHUEcKOMY CTPOEHHIO, (Pa30BOMY M XUMHUYECKOMY COCTaBY, AJIEKTPOIPOBOJHOCTH U MEXaHU3MY
MacCOIEPEeHoca.

3.3 Kunerndeckue 3aKOHOMEPHOCTH U MEXaHU3M POCTa TEPMUYECKUX OKCUIHBIX IUIEHOK Ha METaJlIax.
XUMHUYECKUN U JJICKTPOXMMHUUYECKUM MEXaHU3M OKMCIICHHsS METAJUIOB. JIMHEHHBIM 3aKOH OKHUCIICHUS:
YCIIOBUSL TPOSIBICHUS, CTaAUM POCTAa IOPUCTOM OKCHUAHOM IUIEHKH, 3aBUCUMOCTB CKOPOCTH pOCTa OT
temneparypbl. llapaGonndeckuii 3aKOH OKHCICHMS: YCIOBUSI TPOSBICHHS, CTAaIHUM pPOCTa CIUIOUIHOMN
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(3amUTHOM) OKCHIHOW TUIeHKH. [IpHUUYMHBI OTKJIOHEHHS] KMHETHYECKOTO YpPAaBHEHHMS pOCTa IUICHKH OT
napaboJn4yeckoil 3aBUCUMOCTH. BiusiHue Temreparypbl Ha CKOPOCTh pocTa. VMIOHHO-3JIEKTpOHHAs TEOpHs
BBICOKOTEMIIEPATYpPHOTO MapabOIMYeCKOT0 OKUCICHUS MeTauioB. KHHeTHuecKkue 3aKOHOMEPHOCTH
00pa30oBaHUsl MHOTOCJIOMHBIX U MHOTO(A3HBIX OKCHJIHBIX IJIEHOK. KnHeTnyeckue 3aKOHOMEPHOCTH POCTa
TOHKHMX OKCHIHBIX IUICHOK. Katactpoduyeckoe oKHCIeHHE METAJUIOB. BiHsHUE CTPYKTYPHOTO COCTOSHUS
CIUIaBa U XapaKTEPUCTHUK ra30BOI cpeibl Ha 3aIIUTHYIO CIIOCOOHOCTh OKCHUIHBIX TUICHOK.

3.4 Teopernueckre OCHOBBI MOBBIIICHUS )KaPOCTOWKOCTH CHMYKEHUEM Je(PEKTHOCTH KPUCTATUINIECKON
pemieTku okcuza (Teopusi Baruepa-Xaydde). Teopetndeckue 0CHOBBI MOBBIIIEHUS dKAPOCTOUKOCTH CILIABOB
npu 00pa30BaHUM HA MOBEPXHOCTH OCHOBHOI'O METAJUIa OKCHIHBIX TUICHOK JITUPYIOIINX KOMIIOHEHTOB MJIH
OKCHJIHBIX IUICHOK THIIa LINHHeNeH. BoicokoTeMneparypHas 1acCUBHOCTh METAJIOB U CILIaBOB. MexaHu3m
MACCUBUPOBAHUS U €T0 CBS3b C TEOPHUSIMH >KaPOCTOMKOTO JIETUPOBAHHS.

Paznen 4. MeTtoibl 3alUThl METAJUIOB M CIUIABOB OT KOPPO3UU B ra30BBIX Cpelax

4.1 3ammrtHbIe aTMOC]EpHI: cOCTaB aTMochep, OCHOBHBIE MPUHLIUIIBI TOAO0pA, YCIOBHS MPUMEHEHHS,
BJIMSIHAE COCTaBa aTMOC(Ep Ha COCTOSIHUE IIOBEPXHOCTHU M3/I€IMH B IPOLIECCE HArpeBa.

4.2 3amMTHBIC TOKPBITUS: KIACCH(PHUKAIMS, TPUHIUITBI 1 METO/bI TTOJTYYCHHS.

4.3 Meronbl yMEHbLICHNUS OKUCIEHHS METAJIJIOB U CIJIAaBOB IIPU HArpeBe B MPOLIECCE TEXHOIOTHYECKUX
HEpEeEIIOB.

Pexomennyemas nurepartypa

a) OCHO8Has Iumepamypa

1 H.IT. Kyxk. Kypc Teopun KOppo3uH U 3alUThl METAJUIOB, Y4eOHOe mocodue i By30B. U311, BTopoe,
crepeotuniHoe. M3n-Bo «Anbsaacy, M.: 2006, 472 c.

2 Tomamos H.JI., Yepnosa ['.Il. Teopus koppo3um M KOPPO3MOHHOCTOWKHE KOHCTPYKLIIMOHHBIE
cruiaBbl. M.:Mertamnyprus, 1993, 416 c.

3 b.K. Onapa. UmxeHepHas 3ammTa METAJUIONMPOAYKIIMU, KOHCTPYKIIMI U coopyxeHui. O6paboTka
Koppo3uoHHo# cpeabl. Kypce nekmmii, Ne333. M.: uza-Bo «Yuebay, 2005, 127 c.

4 b.K. Onapa. WmxeHepHas 3amura METAJUIONPOAYKIMM, KOHCTPYKUMH M  COOPYKEHH.
ONEKTpOXUMHUYECKas 3allluTa M paluoHanbHOe KOHCTpyupoBaHue. Kypc nexuuii, Ne746. M.: usg. nom
«MHUCuCy», 2008, 125 c.

5 P. Anran. Koppo3sus u 3amuta ot koppo3uu. M3n. nom Murtemnexr. Jonronpyassii, 2013, 343 c.

6) dononHumenvHas 1umepamypa

1 Hcaes H.W. Teopus koppo3noHHbIX npoueccos. M.:Meramnyprus, 1997, 361 c.

2 H. B.CemenoBa, I'M. ®nopuanoBuu, A.B.Xopommnos. Koppo3uu u 3ammra oT Koppo3uu. M.
®usmaraur, 2002, 327 c.

YACTD 8. MATEPUAJIOBEJIEHUE

Pa3znen 1. MexxaToMHbBIE B3aUMOICUCTBUS U DIIEKTPOHHOE CTPOCHHE TBEPIOTO Tela

1.1. OCHOBHBIE THUIIBI XUMUYECKOW CBSI3HM B TBEPABIX Tenax. [loTeHIIManbr MeXaTOMHOTO B3aUMOICCTBHSL.
DOHeprusi CBSI3M METANIMYECKUX, KOBAJEHTHBIX, MOHHBIX KpHUCTANIOB. PaBHOBECHOE MeEKaTOMHOE
paccTosiHuE.

1.2. DneKTpOHHOE CTPOCHUE TBEPJBIX TEJ C PA3IUYHBIM THIIOM CBSI3U. MoOeNb CBOOOHBIX DJIEKTPOHOB
JUI. METAJUIOB. BBIPOXKIEHHBIA 3JIEKTPOHHBIN Ta3. [ImoTHOCTh cocTosiHuii. [loBepxHocTh @epMmu. 30HHAA
TEOpHUsL TBEPIBIX TEJ, SHEPreTUUYECKUN CHEKTP JJIEKTPOHOB B KPHUCTAJUIE, AEIEHUE TEJN HAa MPOBOJHUKH,
MTOJTYNPOBOTHUKHU U TIUAJIEKTPHUKH.

Paznen 2. AToMHast cTpyKTypa TBEPIBIX TEJ

2.1 Kpucrannnueckue Ttena. TpaHCISALMOHHAs CUMMETpHUs. ODJeMEHTapHas suelKa KpUCTaJUIMYeCKOU
peuwetku. Kpucramnuueckue cuHroHuu. Pemetku bpaps. TodedHble W TPOCTPAHCTBEHHBIE T'PYIIIBI
cummeTpun. KoopauHaAIMOHHOE YHCIO, TIJIOTHOCTh yMakoBKH. Kpucramiorpadguyeckue HWHICKCHI
MJIOCKOCTEW W HampaBJCHUH B pernieTke. AHU30TPONHs CBOWCTB KpucTaioB. Kpucraminorpaduueckas
TEKCTYypa MOJUKPHUCTAIIIIOB.
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2.2. AmopdHoe cocTosiHue, MeTajuindeckue crekiia. Hanokpucramisl. KBa3ukpucTamisl.

Paznen 3. JlehekThl KpUCTATUTMUECKOTO CTPOCHHUS

3.1. Toueunsie nedexTsl. Bakancun M Mexy3enbHble aTOMbl. PaBHOBecHasi KOHLIEHTPALUS TOYEYHBIX
nedextoB. HepaBHoBecHbIe ToueuHble AeeKThl. PoxkaeHne, Murpanus 1 CToK Bakancuil. [ pynnbl BakaHCHH.

3.2. Hucnokanuu. Bekrtop broprepca. IlnotHocth auciokaumii. KpaeBas, BHHTOBas W CMeEIIaHHas
nuciokanuu. CkonbxeHue U nepenoisanue auciaokanuil. Iloporun Ha aucnokanusx. [lone HanpsokeHui u
SHeprus auciokanui. B3ammopeiictBue auciokanuii. I[lomHple W yacTU4HBIC AucIOKanuH. JledexTh
ymakoBkd. OOpa3zoBaHue u pa3MHOXeHUEe auciokamwii. Mcrounuk @panka-Puma. BzaumopeiictBue
JUCIIOKALUK M TpUMECHBIX aToMOB. ATMocdepsl Kortpenna, Cayka, Cy3yku.

3.3. I'panuiel 3epeH U cy03epeH. YTOJ pa3OpUEHTUPOBKHM W SHEPrUsl TpaHUIl. ['paHUIBI HAaKJIOHA M
Kpy4eHusi. ManoyrioBsie U BEICOKOYIJIOBBIE I'paHULIbl. Murpanus rpanui. BzauMoaecTBue rpaHull 3epeH ¢
IIPUMECHBIMH aTOMAMH.

Paznen 4. ®a3bl u dazoBbie paBHOBECHS B MaTepHaiax

4.1. Teepuble pacTBOPHI 3aMEIICHUS, BHEIPCHHUS M BBIYUTAHUA. YTOPSIOYCHHBIC TBEPABIC PACTBOPHI
(cBepXCTPYKTYpHI). DaekTpoHHble coeanHenus (a3l KOM-Posepn), dasbl BHeapenus, dasnl JlaBeca, o-¢asbl.

4.2. PaBHOBecue (a3 B MHOTOKOMITOHCHTHBIX cucteMax. ®@a3oBeie nepexonsl | u Il pona. [Ipasmwio das.
JlnarpaMmbl COCTOSIHUSL JBOMHBIX M TPOWHBIX CHCTEM C HEMPEPBIBHBIM PSOM TBEPABIX PACTBOPOB, C
IBTEKTUYCCKUMH, TEPUTCKTUYCCKIMH W MOHOTEKTUYCCKUMHU PAaBHOBECHSIMH, C KOHTPYIHTHO W
WHKOHTPYSHTHO  TUIABAIIMMUCS  TPOMEXKYTOUYHBIMH  (a3zamu, ¢ MOIUMOPPU3MOM  KOMIIOHEHTOB.
Hcnonb30BaHre TEOMETPUUYECKON TEPMOTUHAMUKY JJIs aHAIM3A TUArPaMM COCTOSTHHUSL.

Paznen 5. luddyzus

5.1. ®enomenonoruueckue 3akonbl nupPy3un. Camoauddysus u rerepoauddysus. Moaenb cydalHbIX
OnyxnaHuil g onucanus AMPdy3un. Mexanuzmel 1uPPy3un, posib TOUEUHBIX 1e(eKTOB, TUPPy3HUs MO
JMCIIOKALMAM U TpaHUIllaM 3epeH. TeMnepaTypHas 3aBUCUMOCTh K03 duimenta nuddysun.

5.2. luddys3us B mone rpagueHTa KoHIeHTpaluil. KoHIleHTpaloHHasi 3aBUCUMOCTh KOd(DPUIIMEHTOB
mpdysun. Odpdexr Kupkennamna. BelpaBHuBaromas u pasnenurenbHas (peakTuBHas) JIudQysus.
Jud¢y3us B CHIIOBBIX MOJISX.

Paznen 6. Kpucrammzamnus

6.1. 'oMoreHHoe 3apokaeHHE KpUCTAUIOB B paciuiaBe. Kpurnueckuil pasmep 3apoasima. CkopocTb
o0pa3oBaHMsI M CKOpPOCTh pPOCTa KPHUCTAJUIMYECKUX 3apoibliiei. HempepbiBHBIN, CTyneHYaTbli u
JMCIIOKAlIMOHHBIN MexaHu3Mbl pocTa. Kunetuka kpucraminzanuu. C-o0paszHas JuarpaMma KpucTalsTu3alim.
Kpurtuueckas ckopocTh oxnaxJIeHus paciiaBa. ['ereporeHHoe 3apokaeHHeE.

6.2. OTKJIOHEHUS OT PAaBHOBECHUS NMPH KpHUCTAIIM3AlMU. BIusHHE CKOPOCTH OXJIaXIEHUS U IpaJueHTa
TEMIEpaTypbl paciulaBa Ha MUKpPOCTPYKTYpy. KoHIeHTpanmoHHoe mnepeoxiaxkiaeHue. Sueucrtas
neHaputHas opma pocra kpuctayuioB. JlenaputHas aukBanus. OOpa3oBaHue MeTacTaOUIBHBIX (a3 Mpu
Kpuctaymuzanuu. be3auddysnonnas kpucranauzanus.

6.3. Crpykrypa cnutka. Moaudunuposanue. HampasneHHas Kpuctaimszanus. 30HHas IUIAaBKa.
BripanuBanue MOHOKPUCTAIIOB U3 pacilyiaBa. 3aKalika U3 KUIKOTO COCTOSHHUS.

6.4. OBTekTHUecKas kpucramnzanus. CTpoeHne 3BTEKTUYECKUX KosoHui. HopManbHas, aHomalbHas u
BBIPOJKJIEHHAs BTEKTUKU. [lepuTexTuyeckas KpucTauin3aus.

Paznen 7. ®a3oBble npeBpalieHus B TBEPAOM COCTOSTHUI

7.1. lonumopdusle npeBpaiieHus. HopmanbHbli U CABUTOBBIN MexXaHU3MBbI IpeBpamieHus. [IpuHuun
CTPYKTYPHOTO U pa3MEpPHOr0 COOTBETCTBUS.

7.2. DBTEKTOMJHOE MNpPEBpAIEHUE, MEXaHU3M M KHHETUKA. OBTEKTOMIHOE IPEBpALICHHE B CTAJAX.
Crpoenue nepauta. JlnarpaMmbl H30TEPMUUECKUX MTpeBpaIlieHUil. TepMOKUHETHYECKUE AUATPAMMBI.

7.3. MapreHcutHoe TpeBpalieHue. TepMOAMHAMMKA, MEXAaHU3M M KUHETHMKa MapTEHCUTHOIO
npeBpaiieHusi. MUKpoCTpykTypa M CcyOcTpykTypa MmapteHcuta. OOpaTuMocTh mpeBpamieHus. Dddexr
namsTi (OPMBIL.
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7.4. beitnuTHOE npeBpaieHue. MexaHu3M U KWHETHKa OeifHuTHOTrO npeBpanienus. CTpoeHue 6eHHUTA.

7.5. Pacnan mepechIeHHOro TBep10ro pactBopa. CIMHOAAIBHBIN pacnial. Moy aupoBaHHbIE CTPYKTYPBI.
TepmoannaMuka oOpa3oBaHus npoMexyTouHbiX (a3. Kmacrepsl, 30ub1 ['mube-IIpecrona. Korepenrtneie,
YaCTUYHO KOT€PEHTHbIE M HEKOTEepPEHTHbIE BblAeNeHUsA. HenpepblBHBI M HpepbIBUCTBIM pacnal. Poib
BAaKaHCUH, NUCIIOKALMM U IPAHML] 3€PEH B IIPOLIECCAX BBIICICHUS.

7.6. YnopsmodyeHue TBEpaoro pactBopa. JlanpHuit W OMWKHUKA TOPSAOK. AHTH(A3HBIE JOMEHBI.
W3meHeHne CBOMCTB pacTBOpPA IPU YIIOPSAIOYECHHUH.

Paznen 8. CTpykTypHBIC IpeBpaIeHus: B TBEPIOM COCTOSTHUH

8.1. VI3MeHeHus! CTPYKTYPHI IIPH XOJIOJHON IUIACTHYECKOH nedopMaru. JIMHUHA ¥ TIOJIOCH! CKOJIBKEHUS.
Sueuncras cyocTpykTypa. Bonoknucras mukpoctpykrypa. Kpucramnorpadguueckast u meramuiorpaduyeckas
TEKCTYpHI AehopMaIuu, MEXaHI3MbI UX 00pa30BaHusl. AHU3OTPOMHS CBOHCTB TEKCTYPOBAHHBIX MATEPHAIIOB.

8.2. M3meHeHus CTpyKTypsl NpH HarpeBe Iocie XojoaHod naedopmanuu. Bospar (OTIbIX,
nosmronusanus). [lepBuynas, cobuparesibHas ¥ BTOpUYHAs peKpucTayIn3anus. [[BrxKyias cujia, MEXaHu3M
U KHHETHKa JTHX mpoueccoB. Ilpupona kpurtuyeckoit aedopmanmu. Juarpamma peKkpUCTaUIM3AIIH.
Kpucramorpadgudeckast TeKCTypa peKpHCTaNIM30BAHHOTO MaTepralia, MEXaHHU3M ee 00pa30BaHMsI.

8.3. H3meHeHus CTpyKTypbl mpu ropsueid aedopmanuu. J(uHaMudeckuil BO3BpaT M AMHAMHUYECKAs
peKpUCTAITN3ALIUS.

8.3. Cdeponanzaiys 1 KoanecleHIUs BbIIeJICHHU BTOPOi (a3bl B reTepOreHHOM Matepuaiie. PactBopHo-
0CaJUTEIbHBIA MEXAHU3M.

Paznen 9. CriocoOBI BO3CHCTBHS HA CTPYKTYPY B CBOHCTBA MAaTepHAIOB

9.1. OcHoBbl TepMudeckoit 00paboTku. Kinaccudukanusi BUg0oB TepMUUecKoil 00paboTku: oTkurd 1 u 2
poza, 3aKajka, OTIIyCK, CTapeHHE, TEPMOMEXaHUYECKask U XUMUKO-TepMHUUECcKas 00paboTKH.

9.1.1. 'oMOreHM3allMOHHBIM OTXKUT, U3MEHEHUE CTPYKTYPhl U CBOUCTB MPU FOMOT€HU3ALMOHHOM OT)KUTE.
JIOpEKpUCTAIIIN3AMOHHBIA ¥ PEKPUCTAIM3ALMOHHBIA  OT)KATH. DakTopbl, BIMAIOIME HA pa3sMep
PEKPUCTAIUIM30BaHHOTO 3epHa. OTXKUT /17151 yMEHBIIEHUS OCTaTOYHBIX HaNpsHKeHUH. MexaHu3M yMeHbIIEHUs
OCTaTOYHBIX HANIPSDKEHUH MPU OTXKUTE.

9.1.2. Pa3HOBUIHOCTH OT)KHra 2 poJia: TOJHBIM, HEMOJNHbIM, U30TePMUUYECKUH, CPEepOoUTU3UPYIOIINI
OTKUTH, HOpMaJIU3alus, TaTeHTUPOBaHUE.

9.1.3. 3akanka 6e3 MoJIuMOp(PHOro NpeBpalICHNUs.

9.1.4. 3akanka ¢ nmoauMop(HBIM IpeBpalleHHeM (3akajka Ha MapTeHcuT). M3MeHeHue CBOWCTB mpu
3aKajike Ha MapTeHCUT. Kputuueckass CKOpPOCTb OXJIQXKICHHS IMpH 3aKalke, MpoKaauBaeMocTb. CrocoObl
3aKaJKi: B OJIHOM OXJIAXKIAIOIICH cpelie, B IBYX Cpelax, CTyleHuaTas, u3orepmudeckas (OeiHuTHas), C
00pabOTKOH X0JI0/J0M, TOBEPXHOCTHAS.

9.1.5. Crapenue. 3MeHeHune cBONCTB CIIaBOB IpH cTapeHuu. JlucnepcuonHoe TBepaeHue. EcrecTBeHHOe
U UCKyCCTBEHHOE crapeHue. [lepecrapuBanue.

9.1.6. Orniyck. M3menenue pa3oBoro cocraBa, MUKPOCTPYKTYpPbI U CyOCTPYKTYpBI IIPU OTIYCKE CTaJEH.
OObparumas 1 HeoOpaTuMast OTITYCKHAasi XPYIKOCTb.

9.2. TepmomexaHnueckast oOpaboTka. HuskoremneparypHas u BBICOKOTEMIIEpPATYPHAs
TepMOMexaHu4yeckast 00paboTka cTaseil ¥ CTaperoInX CIUIaBOB.

9.3. Xumuko-repmuueckas oOpadoTka. M3MeHeHHs cocTaBa U CTPYKTYphl MPU XHUMHUKO-TEPMUYECKOM
obpabotke. OnHodaszHast u MHorodazHas qudQy3roHHbIe 30HBL. CBs3b cTpoeHUs AU Y3HOHHOTO €IS C
nuarpammoint  coctostHus.  Juddy3nonHoe HachllieHHe HeMmeTaulaMu Hu  MeTtamnamu. JuddysnonHoe
yZaJeHUe dJIEMEHTOB.

9.4. ITopomikoBast METaJUTypIHsi, OCHOBHBIE TEXHOJIOTUYECKHE ITAIIbI.

9.5. Metoabl 00pabOTKH TMOBEPXHOCTH W TOJYYEHHUS MOKPBITHH. V3MeHeHHe MOBEpXHOCTHOIO CJOs
MaTepuajoB MPU BBICOKOIHEPreTUUYECKUX BO3JEHUCTBUAX. DJIEKTPOHHO-TydeBas W JazepHas oOpaloTka.
WNonnas nmnnanranus. MoHHo-m1a3MeHHoe pacnbuieHue. Tepmudeckoe HanbuieHHe. OcakaeHue U3 ra30Boi
(a3pl. DINEKTPOIUTUYECKOE OCAKICHUE.

Pazgen 10. [Tnactuyeckas nedopmarus u pazpymieHne. MexaHu4ecKkrne CBOHCTBa MaTepHasioB
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10.1. ITnactuueckast neopMaliysi CKOJIbKEHHEM U JBOMHUKOBaHUEM. J{narpamMmsl 1eopMaliii MOHO- U
noJuKpucTaiioB. CucreMsl ckolbxeHus. JlehopmanmoHHOE yIpoUyHEHUE; BIUSHUE HA HETO TEMIIEPATyphl U
ckopoctu nedopmanmu. Teopus nmpeaena TEKy4ECTH.

10.2. OcCHOBHBIE MEXaHMYECKHE XAPAKTEPUCTUKKW MaTepuanoB. llpedensl mnponopuyuoHaIbHOCTH,
YIPYTrOCTH, TEKYYECTH U MPOYHOCTH, HICTUHHOE CONMPOTHBIICHHE Pa3pbIBY, XapaKTEPUCTUKU TIACTUYHOCTH
IIPU PaCTSKEHUU, TBEPJOCTh, BA3KOCTh Pa3pyIICHUs U yIapHasi BI3KOCTb.

10.2. Ympounenue mnpu OOpa3OBaHHHM TBEPIBIX PACTBOPOB W TPHU BBLICICHUU H30BITOUYHBIX (a3
(KOTEpEeHTHBIX W  HEKOTEepPeHTHbIX). BiusHMe pa3mepa 3epHa Ha MEXaHMYECKHE CBOICTBa.
CBepXIIaCTUYHOCTb.

10.3. Xpynkoe u Bsi3Koe pa3pylieHne. MexaHu3Mbl 3ap0oKIeHUs TpELUH. PacipocTpaneHue TpelyH pu
IpU XPYIKOM M BsI3KOM pazpyuienuu. Kpurepun Bsizkoct paspyuienusi. Ctpoenue uzinomos. Ilepexon ot
XPYIIKOTO pa3pyiieHus K Ba3koMy. [lopor xmagnonomkoctu. [Ipupoaa xnagnosomkoctu meramios ¢ OLIK-
pemetkoit. CrtocoOb1 60pBOBI € XJ1aTHOJIOMKOCTBIO.

10.4. KapompouHocts. Ctamuu nomsydectd. Penakcanus HanpspkeHW. J[muTensHas npoyHocTs. Biusaue
COCTaBa U CTPYKTYPHI MaTepHala Ha KapOIPOYHOCTb.

10.5. Ycranocts. Juarpammsel ycranocTd. MexaHu3M yCTaJOCTHOTO pa3pyuieHus. PakTopsbl, BIAUSIOLINE
Ha YCTaJIOCTHYIO MPOYHOCTh. TepMuyeckas ycranocts. KoHTaKTHAs ycTanocTh.

Pa3znen 11. B3aumoeiicTBUE MaTepualioB C OKpPYKaroIel cpenoi

11.1. Okucnenue, TepMoIMHAMUKA U KHHETUKA IIpolecca. JlernpoBaHue ¢ LeIbI0 3alUThl OT OKUCIEHHUSL.
BuyTtpeHHee okucieHue.

11.2. DnexTpoxumuueckas Kopposus. PaBHOMepHas, MEeXXKpUCTaNIUTHAs, ToUeuHasi Koppo3usi. Kopposus
nox HanpsbkenueMm. KopposumonHoe pactpeckuBanue. KopposuonHas ycranocTs. Koppos3us B KuAKuX
MeTaJulax.

Paznmen 12. ®usnueckue CBOWCTBa MAaTEPHUAJIOB

12.1. Ynpyrue cBoiicTBa MaTepuasnoB. 3akoH ['yka /i1 H30TpONHBIX U aHU30TPOIHBIX MaTepuasioB. CBs3b
MoJlyJIell YIPYTOCTH C MOTEHIIMAJIOM MEXaTOMHOI'O B3auMOJEHCTBUSA. Moaynu ympyroctu reTeporeHHbIX
MaTepUaoB.

12.2. Tepmuueckoe pacuivpeHue. AHrapMOHH3M KOJeOAaHWNW aTOMOB B KPUCTAIIIMYECKOM pEIIETKeE.
TemmneparypHbiit K03 (PUIIMEHT TMHEHHOTO PACIIMPEHNS T€TEPOT€HHBIX MAaTEepHAIIOB.

12.3. TennoeMkocTh. KBaHTOBBIE TEOPHH PELIETOYHOMN TemIoeMKocTH DifHiTeiiHa u Jlebas. Temneparypa
HeGas. CnekTp HOpMaJbHbIX KojeOaHUi perieTku. DOOHOHBI. AHrapMOHMYECKas COCTaBIISIOLIAs
TEIUIOEMKOCTH. BakaHCHOHHAs cOCTaBIIAIONIAs TEIIIOEMKOCTH. DJIEKTPOHHAs TEINIOEMKOCTh. TerIoeMKOCTb
cruiaBoB. M3MeHeHHe TemI0eMKOCTH py (a30BBIX U CTPYKTYPHBIX NPEBPAIIECHUSX.

12.4. TennonpoBogHOCTh MarepuanoB. Kunernueckass Teopusi TEIUIONPOBOJHOCTH. Bpems u nHa
cBoOogHOrOo mpobera. Pemerounass (¢GpoHOHHAs) TEMIONPOBOAHOCTE; (HOHOH-(POHOHHOE paccesiHHe,
paccesiHue ()OHOHOB Ha Je(heKTax KPUCTAIIMYECKOW pEeHIeTKH U MPHUMECSX, U30TOMHYECKOE paccesHue.
DJEeKTpOHHAsT TEIUIONMPOBOIAHOCTh; PACCESIHHE DJEKTPOHOB IPOBOAMMOCTH Ha (POHOHAX, MpUMECAX U
nedexTax.

12.5. DneKTponpoBOIHOCTE. DJIEKTPOHBI IPOBOAUMOCTH. Bpems penakcanuu. PaccesHue 1eKTpoHOB Ha
dbonoHax, nedexrax pemerku, npuMmecsx. [IpaBuno Marrtuccena-Onemunra. BrnusHue Temmepatypsl H
JIETUPOBAHHUS Ha JIEKTPUUECKOE COMPOTUBIIEHUE METAIOB U MOJIYIPOBOAHUKOB. CONPOTUBIIEHNE TBEPABIX
pacTBOpoB. CBSI3b ANIEKTPO- U TEILIONPOBOIHOCTH METAIOB. DJIEKTPUUECKast MPOBOJIUMOCTb IeTePOre€HHbIX
CILIaBOB.

12.6. MaruuTHbIE CBOMCTBA. J[MamMarHeTu3M M napamarHeTusM atomoB. 3akoH Kropu. /lnamarmetusm u
napaMarHeTH3M 3JEKTPOHHOro raza. MaruutHoe ynopsioueHue. @eppomarHeTusM. MoJeKyJIsspHOE 1oJie
Beiicca. O6menHoe B3anmoseiicteue. DeppomarHuTHbIC TOMEHBI. JlOMEHHBIE TPAaHUIIBI. DHEPT Ul MATHUTHON
AHU30TPONHUH. XapaKTePUCTUKH METIU TUCTepe3rca U KpUBOW HaMarHMYUBaHUs (eppoMarHeTuka. Teopus
KO3PUHUTUBHOW CHJIBI.

Pazgen 13. Meroas! ncciae0BaHus M KOHTPOJIS CTPYKTYPBI U CBOMCTB MaTeprajioB
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13.1. /IudpakunoHHbIE METOABI HCCIEJOBAHUS AaTOMHOH CTPYKTypsl MarepuaioB. OcobeHHOCTH
pacrpocTpaHeHUsI BOJIH B TEPUOAMYECKUX CTPYKTypax. 3akoH Bynbda-bparra. OO6parHas pemierka.
OCHOBHBIE METOJIBI PEHTTEHOCTPYKTYPHOTO aHanu3a. PeHTreHoBckas nudpakromerpus. KauecTBeHHBIH U
KOJMYCCTBEHHBI  PEHTICHOBCKMU  (a30BBIA  aHaM3.  OJeKTpoHorpadusi u  HeHWTpoHorpadwus.
Pentrenorpaduyeckuii aHaan3 TEKCTYp, OCTATOYHBIX HAMPSDKEHHH, 1e()EKTOB KPUCTAJUIMYECKON PEIIeTKH,
THUIIA TBEPJOTO PaCTBOPA, XUMUYECKOTO JAJIBHETO MOPsIIKA.

13.2. TIpocBeumBaromiass W pacTpoBas DJCKTPOHHAs MHKpPOCKOIHUsS, aHaiu3 (a30BOro COCTaBa,
MHUKPOCTPYKTYPBI U A€(DEKTOB KPUCTALIIMYECKOTO CTPOEHUS.

13.3. MeTo/pl JIOKaJIbHOTO aHaIM3a XUMHUYECKOT0 cocTaBa. MUKpOPEHTI€HOCIIEKTPAIbHBIN aHanu3. Oxe-
JIEKTPOHHASI CHEKTPOCKOMNUS. PEHTreHO3IEKTpOHHAs CIEKTPOCKONHUS (3JIEKTPOHHAsI CIEKTPOCKOMMS IS
XMMHUYECKOI0 aHajau3a). Macc-CreKTpoCKOnHsl BTOPUYHBIX HOHOB.

13.4. N3yuenne MUKPOCTPYKTYpPBI C IMOMOIIbIO CBETOBOM MHMKPOCKOMHH. METOAbl KOJIMYECTBEHHOU
MeTautorpadumu.

13.5. Meroast wu3mepeHus: (U3HYECKUX CBOMCTB. TepMuyeckuil aHanu3. AOCONIOTHBIA U
muddepeHManbHbIl MeTobl U3MepeHus. Kanopumerpus; MeTopl CMELICHMs], BBOAA U IPOTOKA TEIIa;
CKaHUPYIOLIasi, MOAYJIALIMOHHAS U UMIYJIbCHAsl KalopuMmeTpus. JumaToMeTpusi; ONTUYECKUI, EMKOCTHBIH,
MHAYKTUBHBIN 1aTYMKU NepeMeEIeHNs. MeToabl n3MepeHtsl TEIIONPOBOAHOCTH. Pe3ucToMerpusi, MOCTOBBIE
U TIOTCHIIMOMETPHYECKUE METOJbl. V3MepeHne MarHUTHBIX CBOWCTB JHa-, mapa- u (eppoMarHETHKOB.
Onpenenenue napamMeTpoB KpUBOW HAMarHUYMBAHUSA U NETIU TUCTEPE3KNCA B CTATUYECKOM U IMHAMUYECKOM
pexuMax u3MepeHus. TepMOMarHWTHBIA aHanmu3. [IpuMeHeHue W3MepeHud (QHU3MUECKUX CBOWCTB IS
pelLIeHHs MaTepUalOBeTUECKUX 3a/1a4 (M3y4eHHsI U3MEHEHHUH CTPYKTYphI U (a30BBIX MTPEBPAILECHUI).

13.6. Meronpl MexaHMYeCKUX HUcHbITaHUU. McnblTaHus Ha pacTsbKeHue, ckaTtue, U3rud, KpydeHHe.
N3mepeHne MUKpOTBEPIOCTH U TBepAocTH 110 bpuneito, Poksenny, Bukkepcy. McnbiTanus Ha ON3y4ecTb,
JUIUTEIBHYIO IPOYHOCTD, PEJIAKCALIUI0 HAIPSDKEHUM. Y CTal0CTHBIE CIIBITAHUS.

Pa3nen 14. OcHOBHBIE KJIacChl MAaTEPUATIOB B METAJUTYPTUU

14.1. Knaccudukauuu marepuagoB IO XMMHUYECKOMY COCTaBy, CHOCOOY MOJy4YeHHS U Ha3HAYEHHIO.
Mertannnueckrie 1 HeMEeTaAIUIMYEeCKUE MaTepralbl.

14.2. CnyiaBel Ha OCHOBE jKele3a. YTIEepoAucTble cTanu. benble, cepble, MOJIOBUHYATBHIE, KOBKHE H
BBICOKOIIPOYHBIE UyTyHbI. JlernpoBaHHble cTanu, KiaacCUPUKAUKU M0 (a30BOMY PaBHOBECHIO, CTPYKTYpE,
00J1acTH NPUMEHEHHUs, YPOBHIO JIETMPOBAHHOCTU. HH3KOJIErHpOBaHHBIE CTAIM MOBBIIIEHHONH MPOYHOCTH.
Konctpyknnonnble ynydmaemele cranu. [IpyxuHHble M n3HOcocToMKkue cranu. [ltammoseie cranm.
HNHCcTpyMEHTANBHBIE CTAM Ul PEXYIIEr0O M HU3MEPUTENBHOIO MHCTPYMEHTA. bBBICTpOpeKyIiHe CTaiu.
XKapormpounsie ¢peppuTo-NepIUTHBIE, MAPTEHCUTHBIE U ayCTEHUTHBIE cTayiu. Hepxkaseronme GpeppuTHbie U
ayCTEeHUTHBIE cTayd. JKapoCTONKHE CTalH.

14.3. IIBeTHBIE METaJUIBI U CILIABHI, IETUPOBAHUE, TEPMUYECKast 00paboTKa, CTPYKTypa, CBOMCTBA, 00J1acTh
IIPUMEHEHHU. AJIFOMMHHHN U €ro CIulaBbl. Marauii u ero cruiaBbl. TuTal u ero cruiasbl. HUKenb U ero cruiaBbl.
Menp u ee crutael. CrutaBsl Ha OCHOBE TyrormiaBkux MetaiioB (Mo, W, Nb, Cr). llunk, cBUHEII, 0JIOBO B HX
CIUIaBBI.

14.4. Matepuansl ¢ 0cOObIMU (PU3MUECKUMU CBOMCTBaMH (TPEIU3MOHHBIE CIUIaBbl). [[pOBOTHUKOBBIE U
pE3UCTUBHBIE CIIaBbl. CBEPXNIPOBOAAIINE MaTeprallbl. MarHUTHO-MATKHE U MATHUTHO-TBEP/IbIE MAaTEPHAJIb.
CnnaBel ¢ 0COOBIMU YIIPYTUMH U TEIIJIOBBIMU CBOMCTBAMHU.

14.5. Kommno3ununoHHsle Marepuaibl. JucnepcHO-yIpOYHEHHBIE KOMIIO3MLIMOHHBIE MaTepHuaibl Ha
QTIOMUHUEBOM W HHUKEIEBOW OCHOBE, CTPYKTypa M CBOMCTBA, NPUHIUIBI BHIOOpA YIPOUYHHUTENEH.
BosoKHHMCTBIE KOMIIO3ULIMOHHBIE MaTe€pUallbl HA OCHOBE AJIOMHMHMS, TUTaHAa, HUKEJS, MAarHus; BUABI U
cBoiicTBa ympouHuteneil. CroucTble KOMIO3UIIMOHHBIE MaTepUalibl HA OCHOBE METaIOB, HEOTPAaHUYEHHO
PacTBOPSIOUINXCS APYT B JIpyre, HE PaCTBOPSIOMIMXCS WIM 00pa3ylolmx WHTepMeTauuabl. HampaBneHHo
KPUCTAJIM30BaHHbIE ~ KOMIIO3UI[MOHHBIE MaTepUalbl 3IBTEKTUYECKOTO M  HEIBTEKTHMUYECKOTO THIIA.
WHTepMmerauinueckue COEAMHEHHsS KaK OCHOBA JKapOIPOYHBIX CIIJIaBOB, IIOJYy4YaeMbIX HalpaBICHHOU
KpHUCTaJUIU3ALHECH.

14.6. Hemeramnmuueckue MaTepuansl. MpeanbHas u peanpHas CTpyKTypa rpaduta. Yriaerpaduronbie
MaTepHuaibl, CTpyKTypa M cBoicTBa. [lomukpucramnnueckue anmasbl, (usnueckas Kiaccudukanus,
CTPYKTYpa, XUMUYECKUH U N30TOMHBIN COCTaB, 1e(h)eKTHOCTh, CBOMUCTBA.
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YACTDb 9. IMMOKAPHAS U TTPOMBILIJVIEHHAS BE3OITACHOCTH B
METAJUIYPITUH

Pasnen 1. bezonacHocTs Tpyna

1.1 OnacHble U BpeaHbIE TPOU3BOACTBEHHbBIE (PAKTOPHI

1.2 [IpousBoicTBEHHAsl TUTUEHA U CAHUTApUS

1.3 Mertoab! ¥ cpecTBa MOBBILIEHUS! O€30MMaCHOCTH TEXHOJIOTMUECKHUX MPOIIECCOB

1.4 TIpousBoICTBEHHASI TUTUEHA U CAHUTApUS

1.5 Metojb! 1 cpesicTBa NOBBIIEHHS 0€30MaCHOCTH TEXHOJIOTHYECKUX MPOIIECCOB

1.6 bezonacHocTh Tpya Ha pabouem MecTe

Pexomenayemas nureparypa k pazaeny 1

la. Be3omacHOCTb XHU3HEIEATENLHOCTH B MeTamutypruu. YueOnuk s BY3os. / JI.C.
Crpuxko, E.I1. Tlororkwmii, .B. babaiirie u ap. M.: Metamnyprus, 1996. 416 c.

2a. be3onacHOCTh KU3HEAEATEIBHOCTU: yuel. /Ui CTyA. BbICHL Tpod. oOpa3oBanus / 1.B.
bab6aiiieB, b.C. Macrtprokos, B.T. Mensenes u np.; mox pen. b.C. MactprokoBa. M.: HUI]
«Axkagmusy, 2012. 304 c.

Paszpnen 2. Teopus ropeHus u B3pbiBa

2.1 OcHoBHBIE TOHATHUS U OIpefeNeHus. XuMmuueckoe paBHoBecue. KoHcraHTta
xumuueckoro pasHoBecus. [lpunumn Jle I[larense — bpayna. ®dakrtopsl, BIUSIONIME HaA
XMMHUYECKOE paBHOBECHE. 3aKOH ACHCTBYIOIIHUX Macc.

2.2 MarepuanpHblii  OamaHC ~ TPOIECCOB  ropeHus. Temmeparypa  TOpPCHHS:
KaJOpUMeTpUUecKas, TeopeThueckas, aauadarHas, IEHCTBUTEIbHAs TEMIlepaTypa B3phIBa.
HenomHoe ropenue. Pepopmariust raza 6e3 caxxeodpazoBaHusl.
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TennoBoe camoBociiamenenue (teopust H.H.CemenoBa). TemmepaTypa camMOBOCIUIAMEHEHUS.
Cxema TemioBoro BocruiaMmeHenus no Bant-I'oddy.

2.4 Teopus LeNHON pa3BeTBICHHOM peakuuu. OCHOBHBIE 3aKOHOMEPHOCTHM KHHETHUKH
LenHbIX IpoueccoB. Ilpenensl BoclIaMEeHEHWs 1O JaBJIEHHIO. 3aBUCHUMOCTb  00jacTu
BOCIUIAMEHEHUS OT TEMIIEPATYpHI.

2

5 2.6 JlepnarpammonHoe (TypOyJeHTHOE) TropeHre. MexaHu3M TMepexoja TOpeHUsS B
JNeToHAIMI0. [ uapoauHaMudeckass Teopus JeTOHAUU ra3oB. @akTopel, ONpenessIoNIie
MTOHAITMOHHYIO CITIOCOOHOCTH M IMapaMETPhl JCTOHAIIMU Ta30BO3AYIIHBIX M IMAPOBO3IYIIHBIX
OHCTEM.

1 2

e 2

K

8 Pexomenayemas utepatypa K pasjaeny 2

iy la. Koponbuenko A.S. Ilpoueccs ropenus u B3poiBa. M.: [Toxxnayka, 2007.

8 2a. leBucmioB B.A., lpoznoa T.U., Tumodeea C.C. Teopust ropenuss u B3pbiBa. M.:
@Popym, 2012.

& Paznen 3. [ToxapoB3peIBOOE30NACHOCTH

a 3.1 IToxapoB3pHIBOOIIACHOCTH TOPIOYMX MAaTEPUANIOB, OMACHBIE (PAaKTOPHI IIOXkKapa U B3PHIBA,
HIICHKA TIOCTIEICTBUI B3PHIBOB

e 3.2 B3pbBompeaymnpexaeHHe U B3pBIBO3AIIMTa, pa3padOoTKa  B3pHIBOOE30MACHBIX
HEXHOJIOTUYECKHX MPOIIECCOB

K 3.3 B3pbiB00O€30m1aCHOCTL 000PYIOBAHUS, pA0OTAIOIIETO IO IaBIICHUEM

il 3.4 B3ppiB00€30MacHOCTh 000PYI0BaHMs, paOOTAIOIIETO MO JaBICHUEM

)] Pexomenayemas qutepatypa K pasjaeiay 3

B la. be3omacHOCTb XHU3HEIEATEILHOCTH B MeTamypruu. YueOnuk mis BY3os. / JL.C.
etpuwxkko. E.IT. IToromkwuii, 1.B. babaiines u ap. M.: Meramtyprus. 1996. 416 c.

p 2a. ITokapoB3pbIBOONIACHOCTH BEIIECTB U MATEPHAIIOB U CPEJICTBA UX TylIeHUs: Crpas. U31.:
¥ 2-x kH.; KH.]1 /A.H. baparos, A.fl. Koponbuenko, [.H. KpaBuyk u np. M.: Xumus. 1990. 496 c.
al 3a. IlpaBuia ycTpoiicTBa M 0€30MacHON HKCIUIyaTallMM COCYAOB, pPa0OTAIOMIUX TOA

#asieaueM. [1b 10-115-96. 186 c.

10 Paznen 4. IIpomblnuienHas 6€300acHOCTb

(614 4.1 TeopeTnyeckre OCHOBBI MPOMBIIIIEHHON 0€30MacHOCTH

B 4.2 TocynapcTBeHHast OJIMTHKA, YIIpaBJieHHe U HOPMAaTUBHO-TIpaBoBas 06a3za B oonactu [1b
[} 4.3 Tpe6osanus [1b Ha cTaausIX TPOEKTUPOBAHUS U BBOJA B SKCILTyaTallMIO IPOU3BOJICTBA
p 4.4 TpeGosanus I1b k skcmTyaTaniuy ornacHOro NpOU3BOJICTBEHHOTO 00BEKTa

a 4.5 Konnenusi COBEPIICHCTBOBAHUS TOCYAApPCTBEHHOW MOJIUTHKUA B 00JaCTH O00ecriedeHust
&b ¢ yuerom HE0OXOAUMOCTH CTUMYIUPOBAHUS

() PexoMenayemas iureparypa K pasaeny 4

) la. b.C. MactpiokoB. be3omnacHocTs B upe3BblyaiiHbIX cutyauusx. M.: U «Axagemus»
2014.

B 2a. b.C. MactprokoB. be3omacHOCTb B Upe3BbIUYAHHBIX CUTYAIMSAX B IPUPOIHO-TEXHOTEHHON
aihepe. [Ipornosuposanue nocnencteuii. M.: U/ «Axanemusy», 2012.

H 3a. XpamioB b. A. I'aeBoit A.Il. lusnuenko U.B. IIpomsinuieHHast 6€301MacHOCTh ONMACHBIX

TUpPOM3BOJCTBEHHBIX 00heKTOB. M.: OO0 «THT», 2012
PludpyRagmerazdsmanapanexs RSiGiTHe 0 HOpManbHOM ropenuu. IIpocTpaHcTBeHHas CTPYKTypa

anamenn 1l Bynrmios cireH ampe peaBlioparasamEa M RiEX Hod (pépeme.

B 5.2. YUpesBblyaliHbIE CUTYallM BOEHHOT'O BPEMEHU

HI 5.3. UpesBblualiHbIE€ CUTYAIIMU TPUPOJTHOTO XapaKTepa

B 5.4. 30HBI MOTEHIUAIBHOTO yIepOa, MOTEHIIMATBFHON OMACHOCTH U MOTEHIUAIBHOTO PHCKa
a 5.5.YcToitunBocTh (PYHKITMOHHUPOBAHUSI OOBEKTOB YKOHOMUKH

K 5.6. ABapuiiHo-criacaTenbHbIC U IpyTrue HeoTnoxHbIe paboTsl (ACu/IHP).

Dopmbl paboThl U OamaHc Hepruu TpH B3pbiBe. OCHOBHBIE (AKTOPHI Pa3pyMIAIOIIETO ICHCTBHS
JUTApHBIX BOJH 26

K
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5.7. T'ocynapcTBeHHOE PETyIMpPOBAaHUE B 00JACTH 3alUThI HAaceneHus u Tepputopuii B UC

Pexomenayemas aureparypa K pasaeiay S

la. b.C.MactprokoB be3onacHocTs B upe3BblaiiHbIX cutyauusx. M.: ]| «Axagemusy,
2014.

2a. b.C.MactprokoB be3omnacHOCTh B 4pe3BbIUANHBIX CUTYAIUSIX B IPUPOIHO-TEXHOTEHHON
ctepe. [Ipornosuposanue nocneacTuii. M.: U1 «Akagemus», 2012.

YACTD 10. OXPAHA TPYJA B METAJUIYPI'UA

Paznen 1. llpomeinuiennas canutapus /1a, 2a, 16/

1.1.0cHoBHBIE (OpPMBI TIPOU3ZBOACTBEHHOW JCATEIHHOCTH  4YEJIOBEKA. [Tpobnema
obecrieueHrss OC30MACHOCTH 4YEJIOBEKa B CHCTEME 'UelIOBEK- TEXHOJOTHYECKHH IMporecc -
MPOU3BOACTBEHHAs cpeaa'.

1.2. VYcnoBus Ttpyma. TskecTb W HanpsbKeHHOCTh Tpyna. OnacHele U BpEIHBIE
IIPOM3BOJICTBEHHbIE  (akTopbl, uX Kiaccupukauus. [Ipou3BOACTBEHHBI  TpaBMaTHU3M.
PaccreoBanme 1 yueT HecHaCTHBIX CITy4aeB Ha MPOU3BOJCTBE. PaccienoBanue npodeccnoHaaIbHbIX
3a0071€BaHUI U OTPABIICHUM.

1.3. Ananu3s ycnosuii Tpyaa. Llenp, 3a1aun 1 00bEKTHI HCClIeI0BaHUS YCIOBUM Tpyda. Busel
HCCIIEIOBaHMs yCI0BUM Tpyaa. TeXHUKO-3KOHOMHUYECKOE U CTATUCTUYECKOE UCCIEI0OBAHNE YCIIOBUN
Tpyaa. OCHOBHbIE NPUHIUIBI CHUCTEMHOIO Moaxoaa. KowmimiekcHas OlLieHKa YCIOBHM Tpyaa.
HopMupoBanue ypoBHE TEXHOT€HHOT'O BO3/IEHCTBUS.

1.4. TpeOGoBaHMs K IUTAHUPOBKE TEPPUTOPUU MPEINPUATHS. YCTPOWCTBO 3HaHUN U
OMEIIECHUN.

1.5. MuKpoKkJImMaT U TEII000MEH YeNI0BeKa ¢ OKpyxatrouieil cpeoi. OcoOEHHOCTH BIMSIHUS
BBICOKMX M HHU3KHUX TeMIeparyp Ha (Qu3noiorudeckue (GyHKLUUMU OpraHuM3Ma. Ajanrtanus
aKKJInMaTtu3auus. 3aboieBaHMsI, CBSI3aHHBIE C BO3JCHCTBHEM MHUKpOKIMMara. ['urueHmueckoe
HOPMHPOBAaHHE NTaPAMETPOB MUKPOKJIMMATA IPOU3BOICTBEHHBIX TTIOMELIECHU.

1.6. OOmme TpeOoBaHUS M TEXHUYECKUE HAINPABIECHUS 10 OTOIUICHHWIO, BEHTWISALUU U
KOHJUIIMOHUPOBAHUIO ITPOU3BOJCTBEHHBIX IOMEIICHUN.

1.7. IlpomsBoactBeHHOe ocBemieHne. (OCHOBHbBIE CBETOTEXHUYECKHE XapaKTEPUCTUKH.
HopMupoBaHnue u METOBI pacueTa apaMeTpOB OCBELEHUS.

1.8. TpeOGoBanus O0€30MACHOCTH K TEXHOJOTHYECKUM TIpolieccaM H  00OpYIOBAHUIO.
HanexHocTh U MpOYHOCTh 000OpPYJOBAaHUS, TEXHOTCHHBIH PHCK. DProHOMHUYECKHE TpeOOBaHUS K
paboueMy MecTy.

Paznen 2. MnxxeHepus oxpansl Tpyna /la, 3a,4a, 26/

2.1.3arps3HeHus BO3lyXa B METALTYpPrUuecKUX LeXax M UX XapakTepuctuka. BosaelictBue
BPEJIHBIX BELIECTB Ha OpPraHU3M YelloBeKa, UX Kiaccu(UKalus U HOpMUpOBaHHE. Mepbl 3aluThl
BO3JYIIHOW Cpelbl IOMEIIEHU OT BPEIHBIX BemecTB. [[puHIuMIBI pacuera yCTpOHCTB MECTHOU
BBITSDKHON BEHTHIISILIUU.

2.2. BozneiicTBre 37IEKTPUUECKOro Toka Ha opraHu3M. OCHOBHBIE (aKTOPBI, BIUSIOIINE HA
UCXOJ BO3ACUCTBHs. AHAIU3 YCIOBUM NOPAKEHUS DIIEKTPUYECKUM TOKOM M MEpBl 3allUTHI
3amuTHOE 3a3eMIICHNE, 3aHyJIEHUE, 3allIUTHOE OTKIIOYEHHUE.

2.3. HcTOYHMKM ¥ XapakTEpUCTUKH dJeKTpoMarHUTHbIX mosed (OMII). Cnektp
ANIEKTPOMAarHUTHBIX KojebaHuil. Hewonusupyroiiee wu3iIydeHHe, OCOOEHHOCTH MOTJIOUICHMUS,
3aKOHOMEPHOCTH BO3ACUCTBUS HAa Opranu3M. D¢ (eKThl BO3AeHCTBUSA. MarHUTHBIE OIS U YEJIOBEK.
Cratuueckoe IeKTPUIECTBO, OMOJIOTMYECKOE ICHCTBHE.

2.4. HopmupoBanue OMII. Mepsl 3amutel oT Bo3aeiicteust OMII. Ilpunnuner pacyera
CPEICTB 3alIUTHI.

2.5. JIazepHoe uznydenue. YiprpaduoseroBoe uznydeHue. Peakius oprann3Ma yesoBeKka Ha
BO3EHCTBUE U3IYUEHU, KPUTEPUHU OLICHKHU. [ MrHeHn4Yeckoe

HOPMHUPOBAHHUE, IPEJEIBHO JOIYCTUMBIE YPOBHHU.

2.6. Nonmsupyromee uznyuenue (M), xapakTeprcTrKa OCHOBHBIX BUIOB HOHU3UPYIOITUX
n3Iy4eHUud. VICTOYHUMKM M XapaKTEPUCTHKU HOHM3UPYIOIIMX HU3JIy4YCHHM. ITocnencrBus
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BozzaeiictBust U Ha opranusm, HopmupoBanue napamerpoB M. Opranuszanus paboT u cpeacTBa
3amuTsl oT UN.

2.7. VICTOYHHMKM U XapaKTEpUCTUKHU TEIUIOBBIX M3Iy4EHHM B MeTajnypruu. Peakuus
OpraHM3Ma 4eJIOBEKa Ha BO3ACHCTBHE TEILUIOBOIO M3JIY4YCHMs, KPUTEpUU OLEHKHU. [ uruenndeckoe
HOPMUPOBAHME, MPENEIbHO JOIYCTHUMbIE YpPOBHU. Mepbl 3allMThl OT TEIUIOBBIX H3Y4YEHMH.
[IpyHIMIIBI pacyeTa TEIUIO3AIUTHBIX SKPaHOB.

2.8. Mexannueckue koneOanus. BuOpamwsi, kimaccupukanus BO3ICHCTBUI BHOpaIIvH.
YenoBek kak kojeOaTenbHas cucreMa. Pe3oHaHCHbIe KojeOaHMs B OpraHax M TkaHsax. JledcTBue
BUOpanMu Ha 4yenoBeka. BuOpannoHHas 00JIe3Hb OT BO3JEHCTBUS OOIICH U JIOKATHbHOW BHOpAIUU.
CaHuTapHO-TUTHEHUYECKOE HOPMUPOBaHUE BUOpauu. ['urnennyeckas oneHka BUOpaLUy B AKHUIIbIX
Y IIPOM3BOJCTBEHHBIX IOMEILECHUSX.

2.9. ®u3nyeckue XapakTepUCTHKU U MCTOYHMKHM BUOpauuu B MeTalypruu. BosaelicTtBue
BUOpalMM Ha OpPraHM3M M UX HopMmHpoBaHue. TpeOoBaHMs K OOOpPYIOBaHHIO U YCTPOHCTBY
nomelneHuit. Meroipl BUOPOU30JISALIUMU U BUOpOTallleHNe, pacyeT CPEICTB 3aALUTHI.

2.10. Axyctuueckue konebanus. CriekTpajibHas XapaKTepHCTHKa, 0COOEHHOCTH BOCIIPUSTHS,
ciryxoBble moporu. Cnemmduueckoe u Hecnenudpuyeckoe BO3JCHCTBHE IIyMa HA OPTraHU3M.
WuauBuyanbHas 4yBCTBUTEIbHOCTh. 3a00J€BaHUsA, BbI3bIBaeMble BO3eiicTBUeM Iryma. OleHka
COCTOSIHUSI CIyXOBOM (YHKUMM. ['MTMEeHMYecKoe HOPMHUPOBAHME IlIyMa Ha IPOU3BOJCTBE U B
OKpY>KaroIlel cpene.

2.11.3amura ot myma. Mcrounuku myma B MeTayutypruu. BozneiicTBue Ha opraHusm
YeJIOBEKAa aKyCTHMUECKUX KoJeOaHM M MX HOpMHUpOBaHUE. Mepbl CHIKEHHs IIyMa B MCTOYHHUKE
BO3HHUKHOBEHHUS, BBIOODP KOHCTPYKIIMOHHBIX MaTepuaiaoB. CTpOUTENbHO-aKyCTUYECKUE METO/IbI
CHIDKEHHs IlIymMa: 3BYKOIIOIJIOLIEHHWE, 3BYKOM3OJALUA M IPOEKTUPOBAHME PA3MEILEHUs
o0opymoBaHUsI.

2.12. YnpTpa3ByK U HHPPa3BYK, OCOOCHHOCTH BOCIIPUATHUS U OMOJIOrMUYECKOro JeHCcTBUS Ha
opranusM. [ urneHnyeckue HoOpMaTUBBIL. 3aluTa OT HH(pa3ByKa U yiabTpa3Byka. OCOOEHHOCTH Mep
3alIUTHI OT MH(Pa3ByKa M yIbTpa3ByKa B METAJIypruu.

2.13. CoueranHOe jieiicTBHE PU3NICCKUX K XUMUIESCKUX HETAaTUBHBIX (DaKTOPOB (HA IpHMEpe
YepHOH M LIBETHOW METaJTypIun).

Paznen 3. OpranuzaiimoHHO-TIpaBOBBIE OCHOBHI OXpaHbI Tpya /1a, 2a, 36/

3.1. Crpykrypa 1paBOBBIX M HOPMATUBHO-TEXHHYECKMX aKTOB, COJEPKALIUX
rocy/lapCcTBeHHbIE HOpMaTHUBHbIE TpeOoBaHus no oxpane Tpyna (OT) B Poccuiickoit denepaunn.
®enepanbHble 3akoHbl, [locTanoBnenus [Ipasutenscra, 'OCT, npaBuia 6e30MacHOCTH U T.JI.

3.2. ®enepanbHblii 3akoH “O0 ocHOBax oxpaHbl Tpyna B Poccuiickoit deneparun’.
I'ocynapcTBeHHble HOpMaTHBHBIE TpeboBaHus B oosactu OT, IIpaBo paboTHMKa HAa TPYA B YCIOBUSX,
cooTtBeTcTBytOoIUX TpeboBaHusM OT, obecnieuenue OT, rocynapcTBeHHbIN Ha30p U KOHTPOJIb 32
co0JroIeHreM 3akoHoaTenbeTBo 00 OT.

3.3. IlocranoBnenus IlpaBurensctBa “IlosokeHne O MOpsAKE pacciaeOBaHUS MU ydeTa
HECYACTHBIX CilydaeB Ha mnpou3BoacTse”, «llonoxeHue O MOpsSAKE pacciaeloBaHUS U ydeTa
npodecCHOHANBHBIX 3a00eBaHUl Ha TPoM3BOACTBe» M “IIpaBmiia Bo3MmereHus: paboTomaTenem
Bpesla, MPUYMHEHHOr0 paOOTHUKAaM yBeubeM, Npod3aboiieBaHHEM OO HHBIM MOBPEXKICHHEM
310pOBbS .

3.4. Cuctema cTanapToB 0€30MaCHOCTH TPY/a: TOCY/1apCTBEHHBIE CTAHAPThI, OTPACIIEBHIE,
npennpustiuii. Ctpykrypa 'OCToB CCBT, oCHOBHBIE JOKYMEHTBHI.

3.5. CanurtapHsble IpaBuia, HOPMbI M THTHEHUYECKHE HOpMaTHBBL. [IpaBuia

0e30MacHOCTH, YCTpoilcTBa M Oe3omacHOM skcrulyarauru. Ha3HaueHue M MeCTO STHX
JOKYMEHTOB B CHCTE€ME 3aKkoHozaarenbcTBa 1o OT.

3.6. IlpaBmia u wuHcTpykumu 1o OT, wMexorpacneBble, OTpacieBble, NPEINPUATUN.
OpranuzannonHo-mMeroauueckue AokyMeHTsl 1mo OT. IlonoxkeHust o mopsake pa3pabOTKu U
yTBepkaeHus paBuil 1 HHCTpYKIuid mo OT. [Tonoxenue o mopsake o0ydyeHus U MPOBEPKU 3HAHUI
o OT.
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3.7. O6s3arHOCTH paboTonatens Mo obecrieueHHIo 0€30MaCHBIX YCIOBUI M OXpaHbI TpyJa.
OO6s3aHHOCTH pabOTHHWKA B 001acTH oxpaHbl Tpyna. OCOOEHHOCTH OXpaHbl TPyAa JKCHIIUH H
MOJIOJEKHU. JITOTHI 1 KOMIICHCALIUH.

3.8. Opranu3zaius oxpaHsl TpyJa Ha mpou3BojcTBe. Cucrema yrnpaBlieHHs 0€30MaCHOCTHIO
TpyZaa Ha npeanpusTud. [lmanupoBaHue MepoOnpUATHH 10 0€30MaCHOCTH TPY/A.

3.9. Cucrema cepTuduKamu padoT Mo OXpaHe TPy/Aa B OPraHU3aIHIX.

3.10. Atrecranus pabo4rx MECT IO YCIOBUSAM TPY/a.

3.11. CrpaxoBaHHMe OT HECUACTHBIX CIIy4acB Ha MPOU3BOJCTBE M MPOPECCHOHAIBHBIX
3200JICBaHUSAX.

Pexomenayemas aureparypa (M J10NOJHUTEIbHAS)

a) OCHOBHasI

la. bezomacHocTh xu3HenesaTeabHocTd B Metanypruu. / JI.C. Ctpwmwxkko, E.IT. Tlororkwii,
N.B. bab6aiinieB u ap. M.: Metamnyprus, 1996. — 416 c.

2a. lesucunoB B.A. Oxpana tpyzaa 4-e uza., nepepad. u gon. M.: @opym. 2009

3a. Bbe3omacHOCTh XKU3HENEATEIbHOCTU. be30macHOCTh TEXHOJOTUYECKUX MPOIECCOB M
npousBoicTB (Oxpana tpyna). / ILIL. Kykun, B.JI. Jlanun ,E.A. IToaropusix u np. — M.: Beicmi. k.,
1999. — 318 c.: mI.

4a. besonacHocTh 1 oxpana Tpynaa. /Ilox pea. O.H. Pycaka. — C.-116.: u3-8o MAHDB, 2001.
—-279c.

0) lono/IHUTeILHAS JIUTEpPATypa:

16. JopoxoB B.®. Oromienue u BeHTusiuusa. M.: Beicu. mik., 1988.-263c.: ui.

20. be3ornmacHOCTh )KU3HEEATeIbHOCTH. YueOHoe mocobue / 3uHoBbeBa O.M., MacTprokoB
b.C., Mepkynosa A.M. u ap.; [lox pen. E.IL. [Toronkoro. M.: Ul MUCuC. 2013. 147 c.

306. IToroukwuii E.I1. bezonacHocTh xku3HeaearenbHocTH Yueb. ITocodue. M.: I MUCuC.
2012.77 c.

YACTh 11. XMMHMUUYECKAA TEXHOJIOI'UA TOIVIMBA H
BBICOKOHEPI'ETUYECKHUX BEHIECTB

Pa3znen 1 Xumus TBEpabIX TOPIOYNX UCKOTIAEMBIX.

1.1 OOmias cucTeMaTuka pa3InYHbIX TBEP/bIX FOPIOUUX MCKOMAEMbIX U UX OTIIMYUTEIbHbIE
npu3Haku (topd, Oypble YIiiM, KaMEHHbIE YIJIM, aHTPALUThl, CANpOIEaH, OOrxeabl, roproyne
CJTAHIIBI).

1.2 IIpoucxoxxaeHue TBEPIbIX TOPIOYHUX HCKOIMAEMBbIX. YCIOBUS 00pa3oBaHMs pa3iMYHbIX
TBEPABIX TOPIOYUX HCKOMAEMBIX.

1.3 XapakTeprucTuKa TBEpAbIX TOPIOYUX UCKOMAEMBbIX IO IaHHBIM UX TEXHUYECKOTO aHaIn3a.
Brnara, MuHepanbHble KOMIIOHEHTHI U 30JbHOCTh YIUIeH. BBIXOJ JETYy4YMX BEIIECTB U3 TBEPHABIX
rOpIOYMX UCKOMaeMbIX. XapaKTeprUCTUKa TBEPIOTo HeleTy4yero ocratka. Obmas cepa

u BHUJIbl CEPHUCTBIX COEIUHEHWH B yIJISAX. YCIOBHas M MCTUHHAs OpraHUYEecKas M
roproyasi mMacca yrieil. 3aBUCUMOCTb MEXAY JaHHBIMH TEXHHYECKOIO aHaiu3a M XUMHYECKOM
IIPUPOOH, 3PETOCTHIO U COCTABOM TBEP/BIX TOPIOUYUX UCKOMAEMBbIX.

1.4 XapakTeprucTuka TBEpABIX FOPIOYMX MCKONAEMBIX 110 JaHHBIM 3JIEMEHTAPHOIO aHAJIN3A.
B3aumocBs3p Mexay OaHHBIMU JJIEMEHTApHOIO aHaliu3a M XUMHYECKOM MPHUPONON TBEPIBIX
roprouux uckomnaeMslx. Kinaccuduxanus yrieit mo JaHHbIM UX JIEMEHTHOT'O COCTaBa. DJIEMEHTHBIH
COCTaB U TEIJIOTa CrOPaHUs TBEPbIX TOPIOUYHX HCKOMAEMBbIX.

1.5 B3aumozeilcTBHE TBEPIABIX TOPIOYMX MCKONAEMBIX C PA3JIUYHBIMU PACTBOPUTEISMU
(OeH3omn, aHTpaleHOBBIE Macia, MUPUAUH M JIp.) U XUMHUYECKUMH peareHTamMu (MUHEpalbHbIC
KHMCJIOTHI, IEJI0YH, TaJouasl U 1p.). I'pynnoBoil XUMHUYECKHI COCTAaB pa3IMUHbIX BUJIOB TBEPIBIX
TOPIOYUX UCKOMAEMBIX.
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1.6 MonekynsapHasi CTpyKTypa OpraHMYE€CKUX TBEPIbIX TOPIOYMX HUCKOMaeMbIX. Du3nyeckue
1 (U3NKO-XUMHUYECKHE METOJbl HCCIICAOBAaHUS (PEHTICHOCTPYKTYPHBIM aHanu3, WH(ppakpacHas
CIEKTPOCKONUS, AJIEKTPOHHBIM IapaMarHUTHBIA pE30HAHC, SACPHBIM MAarHUTHBIA PE30HAHC).
N3yuenue pu3nKo-MeXaHMUECKHX, TETNIOPU3NIECKUX U JIEKTPOPU3NIECKIX CBOMCTB.

1.7 BriBeTpuBaHue, OKMCIECHUE U CAMOBO3TOPAHUE TBEP/IBIX TOPIOUYUX UCKONAEMBbIX.

Paznen 2 Ob1ue HayYHbIE OCHOBBI M 3aKOHOMEPHOCTH (PU3UKO-XUMUYECKOU TEXHOIOTHH
TBEP/IbIX FOPIOYUX UCKONAEMBIX

2.1 Buapl roprouumx HCKONAEeMbIX. 3HAUY€HHUE TBEpAbIX roprouux uckomaeMbeix (TT'U) B
MHUPOBOH OanaHce. 3anachl FTOPIOYUX UCKOMAEMbIX B 3¢MHOMU Kope. ['oproure nckonaemble Kak ChIpbe
XUMHUYECKOHN MPOMBIIUIEHHOCTH.

2.2 VcxomHblii pacTUTENBHBIA MaTepuai, yCJIOBUS HAKOIUICHUS M TpeoOpa3oBaHUS B
roprouue uckonaemble. Ctaauu npouecca yriieoopasoBanus. Busibl TBEpIbIX FOPIOUNX UCKOIAEMBbIX.

2.3 Kiaccudukanus roprouux uckonaembix. EnanHas u mpoMbliieHHasl KiaccuuKaius
ropro4mx HckomnaeMslx B Poccun u 3a pyoexom. MexiyHapoiHas KoupuKanus KaMeHHBIX U OyphIX
YTJICH.

2.4 Metoabl UCCIIEAOBAHUS CTPYKTYPbI U CBOMCTB TBEP/IbIX TOPIOYMX UCKOMAEMBbIX.

Paznen 3 OcHOBHBIE TEXHOJIOIMYECKHE MTPOLIECCHI TEPepabOTKH TBEPIbIX TOPIOUYHUX
HCKOIIAEMbIX

3.1 KokcoBanue yriei. [Iporieccsl, mpoTekaroiye mpu KOKCOBAHUH CIICKAIOIIUXCS YIS

u yronbHbIX UXT. CocTaBlieHHWEe YrojbHBIX IIMXT. [IpeBpaieHue B MiacTHUECKOe
COCTOSIHHME KaK pe3yJbTaT TEPMUYECKON JECTPYKIUH yIJIeH. BeryurBaHue U TaBJICHUE PACTIMPAHMUSL.
Crniexkanue, TpeBpalleHHE TIIOJYKOKCa B KOKC. YcaJka W TpemuHooOpa3oBaHue. Brinenenue
ra3000pa3HbIX MPOIYKTOB HA Pa3sHBIX CTAIHIX MpoIecca KOKCOOoOpa3oBaHus. BiusHue pa3nudHbIx
¢dakTopoB Ha mporecc KokcoBaHus. OneHka KadectBa Kokca. COBpEeMEHHasi TEXHOJOTHS
Mpou3BoOJIcTBa Kokca. [lyTu pacmmpenusi chlpbeBOi 0a3bl KOKCOBaHHS. MeETO/bI HEMPEPHIBHOTO
KOKCOBAaHUS yTJICH.

3.2 [dectpyktuBHas rugporenusauuss TI'M m cuHTe3 u3 Bomopoza M OKCHAA YIJIEpoJa.
OcobeHHOCTH M Ha3HaueHHe Ipoliecca JeCTPYKTUBHOM ruaporeHu3anuu. OIeHKa NPUTOJHOCTH
yrias ans ruaporeHusanuu. Katanus3atopsl M TEXHOJIOTMYECKHE IapaMeTpbl JECTPYKTHBHOU
rujporennsanuu. CryneHyaras JeCTpYKTUBHAs THUAPOTEHH3alMs CMOJI U HE(TSHBIX OCTaTKOB.
XKunkopaznas u mapodaszHas ruAporeHumszanus. BbIXon M XapaKTepUCTHKAa TMPOIYKTOB
ruaporenusanuu. IlolydeHne XUMHUYECKMX NPOAYKTOB METOAOM THMAPOTE€HU3ALMHA TOIUIMB.
CoBmecTHas rujporeHusanus yriaed u Hepreil. PU3NKO-XUMHUECKUE OCHOBBI KaTAJTUTHUYECKOTO
npouecca cuHre3a u3 CO2 m Hz. Mexanusm neiictBust katanu3aropoB. [IpuHnunuaneHas cxema
CHHTE3a IpU aTMOC(EPHOM M CpeTHEM JaBJIEHUH. XapaKTepPUCTHKA MPOIYKTOB CHHTEe3a. MeToabl
nepepadoTKU MPOAYKTOB CHHTE3A.

3.3 Teopernueckue OCHOBBI Tpoliecca ra3uuKai 1 KOHBEPCUH YIIIE€BOJAOPOAHBIX ra30B.
MexaHU3M peakliiy yriiepoja ¢ ra3aMu U peaklnii KOHBEPCUH YIIIEBOIOPOIHBIX Ia30B. OOpaTUMeIe,
MIOCJIEZI0OBATENbHBIE W MApAJUIEIBbHO-TIOCIE0OBATENbHBIE pEAKLUU IpOLEcca B3aUMOJEHCTBUS
yrieposa ¢ ra3aMu M KOHBEPCHM YIVIEBOJOPOAHBIX ra3oB. Cxema MexaHu3Ma peakluil yriepoja c
COg2, H20, O2. Xumuueckas ancop6buus. OOpa3oBaHust ¥ pa3pylieHHe TBEPIOTO MOBEPXHOCTHOTO
KoMIUIekca. KnHeTn4eckue ypaBHEHUS, OCHOBAHHBIE HA IIPEJICTABICHHBIX O MEXaHU3ME PEaKIMH
yIJeposa ¢ ra3amH.

3.4 TexHonOTUs NOTYYEHUS OPUCTHIX YIIIEPOAHBIX MaTEPUAIIOB HA OCHOBE HCKOIIAEMBIX

YTJIEH.

3.5 IlporpeccuBHbIE TEXHOJOIMM CO3JAaHHUS KOMIIO3MIIMOHHBIX TOIUIMB. BoIoyroibpHbIE,
CHUPTOBOJIOYTOJIbHBIE U APYTHMe KOMITO3UIIMOHHBIE TOIJIMBA Ha OCHOBE OYpBIX U KAMEHHBIX YIJIEH.
TexHo0rny UX NPUTrOTOBIIECHUS.

3.6 Xumuueckue NPOAYKTHl TEPMHUUYECKOH ImepepaboTku OypbIx yriieih u Topda U ux
XapaKTepUCTHKH KaK CBIpbs JUIA CUHTe3a. llpumeHeHue yriei, Topda, Toproyux CIaHLEB H
IPOAYKTOB UX MEepepabOTKU B CEIbCKOM X03siicTBe. [ 'yMUHOBBIE y10OpeHus, repOUIMIbI U JIp.
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3.7 XapakTepucTUKa OCHOBHBIX U MOMYTHBIX KOMIIOHEHTOB YTOJIbHBIX MECTOPOKICHHIA.
Hcnonp3oBaHue MeTaHa.

3.8 CoBpeMeHHbIE TEXHOIOTUI «YUCTOW» NepepabOTKU TBEPABIX MOJIE3HBIX HCKOMAEMBIX.

Pa3znen 4 TexHonornueckue NpoLecchl CUHTE3a ClIELHUaIbHbIX POYKTOB

4.1 CoBpeMEHHOE COCTOSHHME M IMEPCIEKTHUBBI PAa3BUTUS IPOM3BOJCTBA MATEPHUATIOB Ha
ocHoBe yriepona B Poccun u apyrux crpanax. OCHOBHbIE BU/IbI YITIEPOJAHBIX MaTepUAIIOB U 0071acTH
UX UCHOJb30BaHusA. CBONCTBA YIJIEPOIHBIX MaTEPUAIOB.

4.2 O6umme npeacrasinenus o0 yraepone. Kpucrannumueckue ¢popmsl yriaepoaa. I'padut u ero
KpUCTaJIJINYECKasi CTPYKTYypa.

4.3 HcxomHoe ChIpbe AJsl TPOU3BOJICTBA YIIIEPOJHBIX MaTepraioB. COBpeMEeHHbIE (PH3UKO-
XMMUYECKHE MNPEJCTABICHHsI O Ipoleccax (OPMHUPOBAHUSA CTPYKTYpbl M CBOWMCTB YIVIEPOAHBIX
MaTEepUasIoB.

4.4 CpoiicTBa U MPUMEHEHHUE MaTEPUATIOB HA OCHOBE YIJIEpO/a.

4.5 CeoipbeBbie Mmarepuanbl. Kokcbl. Antpammtel. [lpupoansni rpadur. TexHumdeckuid
yraepoa. KameHHoyronbHbIe U HE(TAHBIE IEKH, CHHTETUUECKUE CBA3YIOLIHE.

4.6 TexHosorus yriaerpaguToOBbIX MaTEpPHAIIOB.

Pexomennyemas nureparypa
a) OCHOBHasl JINTepaTypa
la C. A. AxmeroB, M. X. Mmmusipos, A. A. Kaydpman. Texnomnorust nepepadbotku HedrH,
rasa 1 TBepAbIX roprounx nckomnaemsix. Hexpa 2009.
2a Epemun W.B., bponoBeny T.M. MapouHslii coctaB yrieil ¥ uX paluOHAIBLHOE
ucrnons3zoBanue. M.: Heapa, 1994.
3a A. A. Abpamos. IlepepaboTtka, oboramieHre 1 KOMILIEKCHOE HCTOIb30BAHUE TBEPABIX
MI0JIE3HBIX HCKoMaeMbIX. M3/1-Bo MOCKOBCKOr0 rocyJapCTBEHHOI0 ropHOro yHusepcutera. 2007.
4a Xumuueckasi TexHojorus tBepaoro Torusa / [lox pen. I'.H. Makaposa, I'. /1.
Xapnamnosuya. M.: Xumus, 1985.
Sa N.B.Asrymesuy, T.M.Bbponosen u ap. CtangapTHbIE METO/IbI UCIIBITAHUS YTIIEH.
Tpex. 2008.
6aI'. 1. XapnamnoBuy, A. A. Kaypman. TexHOIOTUSI KOKCOXMMHUYECKOTO MPON3BOCTBA.
Mertannyprus, 2000.
7a Manonernes A.C., Kpuuko A.A., T'apkyma A.A. IlonyyeHre CHHTETHYECKOTO KU IKOTO
TOIUIMBA ruaporenusanuent yriuei. M.: Henpa, 1992.
8a Jleonos C.b., Enmmn B.B. Yruneponnbsie copOeHTHl Ha OCHOBE MCKOMAEMbIX YIJIEH.
Wpxkytck: UPI'TY, 2000.
9a ®uanko A.C.Yrinepos, MEXCIIOEBbIE COEIMHEHNS U KOMIIO3UTHI Ha €r0 OCHOBE.
M.: Acnext Ipecc, 1997.
10a  Octposckuii B.C., Buprunses B.1. UckyccTBeHHsbli rpadut, Metamtyprus,
1996.
1la  Cene3neB A.H. Yranepoaucroe cblpbe Il 2IEKTPOJHON MPOMBIIITIEHHOCTH. M.
[Mpoduzmar, 2000.
12a  Enenxwii JI.B., CmuproB b.M. ®ynnepens! u ctpykrypa yriaepoaa // YOH. 1995.
T.105. Ne9.
0) 10MOJTHUTEJIbHAS JIUTEepaTypa
16 Kpuuko A.A., ManonetaeB A.C. XKunakoe TorumBo u3 yris / Poc. XuM. xKypH.
1997. T.XLI. Ne 6.
20 CripaBOYHHUK MO XMMUHU M TEXHOJIOTUH TBEPJIbIX TOPIOYMX McKomaeMbix / A. H.
Uuctsikos, 1. A. Pozentans, H. JI. PycesinoBa u np. CII6.: Cunres, 1996.
36 B. II. Ananbes, A. JI. [TotanoB. OCHOBBI I€0JOTMH, MUHEPATIOTUU U METpOrpaduu.
Brrcmas mxomna, 2005.
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