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IHosicHUuTeIbHAA 3aNIMCKA

[lenp BCTYNMTENBHOTO WCIBITAHUS — OLEHKA YPOBHA OCBOEHHUS IOCTYHAIOIIUM
KOMIIETEHIINH, HEOOXOIUMBIX I OOy4deHHs B aCHUpPAHType IO TpYyMIe HayYHBIX
crienaibHOCTEN 2.6 «XMMUYECKHE TEXHOJIOTHH, HAYKU O MaTepualiax, METAJLTyprusi».

®opma, NPOIOTAKUTETbHOCTH IPOBEIeHNS BCTYNMTEJIBLHOI0 HCNbITaHUs. Kputepun
OLlCHUBAHUS

MuHMManbHOE KOJMYECTBO OaUIOB IO pe3ysibTaTaM BCTYNUTENbHBIX HCIIBITAHUH,
MOJTBEPXKJIAIOLIEE YCIEIIHOE IMPOXOXKAECHUE BCTYNUTENBHOIO HCHBITaHUsA, cocTtaBiser 40
0aJUI0B 10 BCEM YCJIOBHUSAM HOCTYIUICHUS.

BerynurenpHble MCHOBITAHUS COCTOSAT M3 JIBYX 4YacTel: NHUCBMEHHBIM 3K3aMEH U
coOecenoBanue. [y mpoxoxkieHus: codece0BaHus MOCTYMAIONIUI TOJKEH MPeJOCTaBUTD IJ1aH-
MPOCHEKT JAUCCEePTAlIMOHHOW paboTel W MoTuBammoHHoe mucbMo (1000-1500 cioB),
otpaxatomee mpuanHbl Beioopa HUTY MUCHC u cooTBETCTBYIOIIEH MPOTPaMMBI ITOJTOTOBKH.

BerynuTensHble ucnbiTanus oueHuBaoTes o 100-6amibHoi mkae.

DK3aMEHAIIMOHHBIA OWJIET MHUCHhMEHHOW YacTH COJIEPKHUT IISITh BOMPOCOB. B ciyuae
NPaBUIBHOTO OTBETA Ha BOIPOC MocTynaromuii noxydaer 10 6aioB. Pe3ynbTarom orieHUBaHUS
ABIIIETCS cyMMa 0ajuioB, MOTYYEHHBIX 332 PAaBUIJIbHBIE OTBETHI HA COOTBETCTBYIOIIUE BOMPOCHI
MUCHMEHHOW YacTH dk3aMeHa. MaKkCUMaTbHO BO3MOXKHOE KOJIMUYECTBO OAIIJIOB, KOTOPOE MOXKET
MOJIYYUTh AOUTYPUEHT HAa MTUCBMEHHOW 9acTH 3k3aMeHa — 50.

[IponomKUTENIbHOCTD MUCHbMEHHOTO 3K3aMeHa — 180 MUHYT.

CobGecenoBanne IPOBOIUTCS C BEIYIIMMHU YIEHBIMI HAPABICHHS, KOTOPBIC OIICHUBAIOT
MOTHUBUPOBAaHHOCTh aOWUTypHEHTa W €ro ImjaaH Oynaymeil paboTel. MakcHManbHO BO3MOXHOE
KOJIMYECTBO 0aJIOB, KOTOPOE MOXKET MOJYyUNUTh a0UTYPUEHT Ha cobecemoBannu — S0.

Ilepeyenb NPUHANIEKHOCTEH, KOTOpPHIE MOCTYMAIOMIMA MMEET MPaBO MPOHECTH B
ayoUTOpHUIO BO BpeMs IPOBEACHUSA BCTYIUTEIBHOIO MCIBITAHUA: py4YKa, KapaHAall, JIACTHUK,
HENPOrpaMMUPYEMBIH KaJIbKYISATOP.



YACTHb 1. METAJUVIOBEAEHUE U TEPMHUYECKAA OBPABOTKA
METAJIJIOB

Paznen 1. ®a3bl u Ga3oBbie paBHOBECHS

1.1 TunwuyHbIC KPUCTATIUYECKHE PEIICTKH MeTaIoB. Kpucramiorpaguieckue mioCKOCTH U
HaNpaBJIeHUs ¢ HAUOOJBIICH TUIOTHOCTHIO YITAKOBKU aTOMOB B KYOMYECKON M IeKCaroHalbHBIX
peleTKax.

1.2 TBepasle pacTBOPHI 3aMELIEHUS, BHEAPEHUS M BBIYUTAHMSI. DJIEKTPOHHBIE COEANHEHMS,
da3sl JlaBeca, da3pl BHEIPEHUS.

1.3 IIpaBuno ¢a3. Auarpammsl coCTOSIHUS ABOMHBIX cucteM. [IpaBuio peryara. uarpamma
COCTOSIHMS 7KEJI€30-yTIEPO/I.

1.4 JlnarpaMMbl COCTOSIHUSI TPOMHBIX CHCTEM, HOJUTEPMUYECKUE M M30TEPMHUECKUE
pa3pessl.

Paznen 2. JleeKTsl KpUCTATITMUECKOTO CTPOCHUS

Knaccudukammst nedexroB. BakaHcuu, NOABMKHOCTh BakaHCUA W camMoauddys3us.
Jucmokanuuy, B3aMMOJICWCTBUE JUCIOKALMH, IONEPEYHOE CKOJBXKEHHE M IEPENOJI3aHHUE.
Hedexts! ynakoku. Cerperanuu npuMeceid Ha AUCIOKauaX U Aedekrax ynakoBku. CTpoeHue
IpaHUIl 3epeH U cyO3epeH. Pemierka y3110B coBmajaeHus. Murpamus rpaHmll, BIUSHUE Ha Hee
IIpUMeECced U BKIIFOYCHUI.

Paznen 3. ®a3oBbie U CTPYKTYPHBIE TPEBPAILICHUS B CIIABAX

3.1 Bo3Bpar u pekpuctasmmmzanua. llepBuuyHas coOuparenbHas W BTOPUYHAs-
pexkpuctammzanus. J{nnamudeckas pekpuctauzanus. TekcTypsl' peKpuCTaIU3allu.

3.2 Kpucramimsauus paciuiaBa, TOMOTEHHOE U TE€TEPOr€HHOE 3apOXKICHHME KpPUCTAJIOB.
Kpussie Tammana. Makpo- M MHKPOCTPYKTypa JHUTOro MeTaia. MoaudunupoBaHue.
JlukBammsi. DBTEKTHYECKas KpUCTAJUIM3alMs, CTPOCHUE OHBTEKTHK. be3nuddysmonnas
KpUCTAJUTU3ALHS.

3.3 3apoxnaenue mpu (Ha3oBBIX MNPEBpAILCHUSIX B TBEPAOM COCTOSHUH, B3aWMHas
OpUEHTUPOBKAa (a3, MPUHLUI CTPYKTYPHOTO M pPa3MEpHOro cooTBeTcTBHs. CTpoeHue u
MEXaHU3M JIBIKEHHS MeX(pa3HOW TpaHMIBI MPU POCTE KPHUCTAIJIOB B TBEPAOM COCTOSIHHH,
CABUTOBOE U HOpMaJbHOE IpeBpanieHne. OCOOEHHOCTH MapTEHCUTHOTO MPEBPALLIECHUS.

3.4 ®a3ossie nepexoas! I u Il poga. Ynopsinouenue.

3.5 dazoBble TMpeBpalieHUs TP HArpeBe, pacTBOPEHUE YacTUIl BTOpod  (a3sl,
roMmoreHu3anus. OcoOEHHOCTH MPEBPALICHUI PH OBICTPOM Harpese.

3.6 ®a3oBO€ COCTOSHHME MW MHKPOCTPYKTYpa OCHOBHBIX TPYII YIJIEPOAUCTBIX U
JIETUPOBAHHBIX CTaJIell U YyIr'YHOB. MUKpPOCTPYKTypa U IPUMEHEHNUE CIIABOB Ha OCHOBE ME]IH,
AIIOMHHHUS, TUTAHA, MAarHUS, HUKEJIS.

Paznen 4. dusnueckrie CBONCTBA METAJIIOB

4.1 Knaccudukarus GpU3NIECKUX CBOMCTB MO UX CTPYKTYPHOW UYBCTBUTEIBHOCTH.

4.2 TennoBeie cBoicTBa. TepMHUECKHMN aHaau3 M €ro npuMeHeHue. Tepmuueckoe
pacmupenue. [lunaromeTpudyeckoe uccienoBatue (pa3oBbiX MpeBpalieHui.

4.3 Vnpyrue csoiictBa. Heynpyrocts. MexaHu3Mbl BHYTpEeHHEro TpeHus. lIpumenenue
METO/1a BHYTPEHHETO TPEHUS.

4.4 MarHuTHble M DJIEKTpUYECKHE CBOWCTBA. [IpMMEHEHNE MarHUTHBIX U 3JIEKTPUUECKUX
METOJIOB JJIs U3y4eHUs (ha30BbIX paBHOBECUH, H3MEHEHUN MUKPOCTPYKTYpPBI U MPEBpAIlCHUN B
CIUIaBaX.

Pa3nen 5. Mexannueckue cBONMCTBA METAJUIOB

5.1 VYnpyras u nnactudeckas aedopmarust. Koaddunuents: u moaynu ynpyroctu. CriocoObt
onpezeNeHusl ynpyrux KOHCTaHT. CHCTEMbI CKOJBXEHUS B KyOMUECKHX M TeKCaroHaJbHBIX
MmeTasuiax, Jluarpammel neopMaliii MOHO- U TIOJIMKPUCTAIIIOB.

5.2 Mexanu3Mbl TutactTudeckoi aedopmaruu. Teopuw ympouyHeHUs TIpH Jedopmaruu.
VYnpouHeHHe B TBEPABIX pacTBOpax. YIpOuHEHHE BTOpOH (asbl. BiusHue rpaHuil 3epeH u
cy03epeH Ha yIpO4YHEHHE B MOJUKPUCTAIIIE. 3aBUCUMOCTh MEXaHUYECKHUX CBOWCTB OT COCTaBa B
JIBOMHBIX CUCTEMAX.



5.3 Paspymenue. MexaHu3Mbl XPYIKOTO M BSI3KOTO DPa3pyLIE€HUS U CTPOECHUE H3JIOMOB.
Ilepexon OT BSI3KOTO pa3pylieHUs K Xpynkomy. XJIaAHOJOMKOCTh. CTaHAapTHBIE METOJIbI
MEXaHUYECKUX UCIbITaHui. VcnblTaHus Ha pacTskeHue U cxatue. VcTuHHBIE nuarpammbl
nedopmanuu. McnbiTanus Ha M3ru0 U KpydeHHe — 00JacTH NpUMEHEHUs. XapaKTepUCTUKHU
TBEPAOCTH.

5.4 YnapHass BS3KOCTh. XAapaKTEPUCTHUKH TUIACTUYHOCTH M BA3KOCTH pPa3pyIICHUS.
KoHcTpykTHBHAs IPOYHOCTB.

5.5 KaponpouHocTs. McnbITaHus Ha TON3Y4YECTh U pellaKCallii0 HaNpsHKEHU. MeXaHu3Mbl
nedhopMaIuy U pa3pytieHus Py Moa3y4decTH. JmuTensHas npouHocTh. TpeOoBaHUS K CTPYKTYpeE
CIUIaBOB C BBICOKOM >KapOIPOYHOCTBIO. Y CTAIOCTh, CTPYKTYpPHBIE MEXaHU3MbL. BiusiHue cpezsl
Ha MPOLIECCHI pa3pyLIEHUs.

Paznen 6. OcHOBBI TepMHUUeCcKON 00pabOTKH

Knaccudukanus BHOOB  TepMHuecKod  0OpabOTKM. ['OMOreHM3AlMOHHBIA  OTXKHT.
JlopekpucTaINIM3allMOHHBIA U PEKPUCTAUIM3ALMOHHBIM OTHKUT. OTXKUT 111 YMEHbBIICHUS
OCTAaTOYHBIX HANpsDKEHWH. 3akalika, CTapeHHue MW OTIycK. TepMomexaHuuyeckas oOpaboTka.
XuMHUKO-TepMHuUueckass 00paborka. CyIIHOCTP W Ha3HA4YCHHE KaXKIOTO BHJA TEPMUUYECKON
00pabOTKH, OCHOBHbIE 3aKOHOMEPHOCTH U3MEHEHUS CTPYKTYPHI  CBOMCTB.

Paznen 7. Meronbl n3ydeHuss MUKPOCTPYKTYPHI U (Pa30BOTO COCTOSTHUS

7.1 CBeroBast W S3JEKTPOHHAs MMKpPOCKONMS (pacTpoBas M INpocBeunBaromias). MeToasl
JIOKaJIbHOTO XUMHYECKOT0 aHAJIN3a.

7.2 PentreHorpaduveckuii ¥ aeKTpoHHOrpaduieckuii pa3oBbIil aHAIH3.

Pazpgen 8. Kpucrammuzanus 1 CTpo€HUE JIUTHIX CILUIABOB

8.1 JlenapuTHas JTUKBalusa. AHaJIN3 HEPABHOBECHOW KPUCTAJUIM3AIMHU B ABOMHBIX CUCTEMAX
C HEMNpepbIBHBIM PAIOM TBEPIBIX PACTBOPOB U IBTEKTHYeckoro tuma. besnuddysnonnas
KpUCTAJUTU3ALIUS.

8.2 DBrekTnyeckas kpuctamummzanus. CTpoeHHe 3BTEKTUYECKUX KOJOHHMIA.

Paznen 9. LIBeTHble METaILIBI U CIJIABBI

9.1 AntoMuHUN, MarHuii, THUTaH, M€Jb, HHUKEIb, LIMHK, CBUHEL, OJIOBO; UX CTPYKTYpa,
CBOICTBA U 00JIACTH IPUMECHECHHSI.

9.2 XapakTepucThKa OCHOBHBIX TIpYIIl IPOMBIIUICHHBIX LBETHBIX CIUIABOB HA OCHOBE
QTFOMUHMS, MATHUS, TUTAHA, ME/IH, HUKEJIS, IIMHKA, CBUHIIA U 0JI0Ba. OCOOEHHOCTH XUMUYECKOTO
1 ($a30BOro COCTaBa U TEPMHUIECKON 00padOTKH, CBOMCTBA, MapkupoBka o ['OCTy u obmactu
MPUMEHEHUS.

Pazpen 10. TyromnaBkue METAJIJIbI U CILIABBI

OcoOeHHOCTH CTPOEHUS ¥ CBOWCTBAa TYTOIJIaBKUX METAJIOB. BiammopeiictBue ¢
okpyxkarmiei cpenoi. [Ipobrema xmagHomomkocTu. HampamieHust jierupoBaHusi U 00JacTH
MPUMEHEHUS.

PexoMmeHi0BaHHas1 IuTEpaTypa

OcHOBHas JuTeparypa.

1. Meramnosenenue. B 2 tomax. [log penakuueit B.C. 3onotopesckoro, M., MUCuC, 2014.

2. KonaueB B.A., JIluBanoB B.A., Enarun B.1. MetannoBenenue u tepMudeckas 00padoTka
HBETHBIX MeTamIoB U cmiaBos. M., MUCuC, 2005.

3. 3onoropeckuii. B.C. Mexannueckue cBoiicTBa MetayioB. M., Meramnyprus, 1998.

JononHuTtenpHas IUTepaTypa.

1. 3axapoB A.M. JluarpamMbl COCTOSIHHMSI IBOMHBIX M TPOWHBIX cucTeM. M.: Metamtyprus
Tox: 1990.

2. Ymancknit f.C., CkakoB 0. A. ®us3nka metamioB. M., Atomusgar, 1978.

3. HoBuxos N.U., Po3un K.M. Kpucramnorpadus u nedexTsl KpucTauIndeckoi pemerku. M.,
Merannyprus, 1990.

4. HosuxoB U. U. Teopus Tepmuueckoir 00padotku MeTamuioB. M., Metamnyprus, 1986.



5. Jluuun B.I'., Kpanomun B.C., Jluneukuit f.JI. ®usnueckue cBoilCTBA METAIOB U
cmaBoB. M., Metamnyprus, 1980.

6. Kpucrannorpadus, peHtrenorpadus u 3J1eKTpoHHAss MUKpOcKonusi. ABT.: YMmaHckwuii S1.C.,
Cxkaxos [0.A., UBanoB A.H., Pactopryes JI.H.. M., Merannyprus, 1982.

YACTH 2. METAJITYPI'USI YEPHBIX METAJJIOB

Paznmen 1. O0urue Bompockl MpOW3BOACTBA YSPHBIX METAIIJIOB U CIUTaBoB /1a, 16/

HcTopus u poib METAJUTypruu B pa3BUTHH LUBHIN3alUU. COBPEMEHHOE COCTOSIHUE U MYTH
Pa3BUTHUSI METAJULYPTUYECKOrO0 IPOU3BOACTBA. [E€XHOJOrMYECKass CXE€Ma COBPEMEHHOTO
METAJTyPrUYeCKOTO MPEAIPUITHS C TIOTHBIM TEXHOJIOTHYECKUM [IUKIIOM.

Paznen 2. [loaroToBka pya K 1iiaBke U NPOM3BOJICTBO uyryHa /la, 16/

2.1. Ceipble MaTepualibl, IPUMEHSIEMbIC TP MPOU3BOACTBE YEPHBIX MeTauIoB. JKene3Hbie
pYIBIL: ollpeniesienue, Kiaccuukanus, oleHKa KauecTBa.

2.2. IloaroToBka >keJI€3HBIX Py K TOMEHHOU IJIaBKe. AriomMeparius.

2.4. ITpodpwmis nomenHoi neun. OCHOBHOE M BCTIOMOTaTeIbHOE 000pyI0BaHHE.

2.5. JlomeHHbI# niporiecc. BoccTanoBIeHNE OKCHIOB B JOMeHHOM reun. OOpa3oBaHue dyTryHa
U IJIaKa.

Paznen 3. IlpousBoactBo cranwu /1a, 26, 36/

3.1. Knaccudpuxamus craneil. Brausaue coctaBa Ha KkayecTBO cranu. CyIIHOCTb
CTaJIeTUIaBIIIBHOTO Tpou3BoACTBa. CriocoObl MPOU3BOACTBA CTAIIH.

3.2. OCHOBHBIEC peaKIMU CTaJIeIUIaBUIbHOTO NpousBoacTBa. lllmakooOpasoBanue. CoctaB u
CBOICTBa cTaleIIaBUIbHBIX IIIJIAKOB M UX POJIb B TEXHOJIOTHUYECKOM IpOIIECCe.

3.3. Marepuanbl, HCHONb3yEMbIE NPU NPOU3BOACTBE CTAaIU: CTPYKTypa M COCTaB
METAJJIOIIUXTHI, UCTOYHHKU KHCIOpOJAa, IUIaKkooOpasyloniye MaTtepuaibl. TpeOoBaHUS K
IIMXTOBBIM MaTe€pHaiaM U TEXHOJIOTUH, UCTIOJIb3yeMble JJI MOATOTOBKH MX K ILJIaBKE.

3.4. KonBeprepHoe mpom3BOACTBO cTaiu. OOIee yCTpOHCTBO OCHOBHOTO OOOpPYAOBAaHMS.
HopmaTuBHBIN IUKII KOHBEPTEPHOU ILIABKU.

3.7. MapTeHOBCKOE MPOU3BOJICTBO cTalid. Cxema paboThl U YCTPOMCTBO OCHOBHBIX 2JIEMEHTOB
MapTeHOBCKOi neuyn. Cxema paboThl 1 OCOOCHHOCTH TEXHOJIOTHH BBIMJIABKU CTAJIH.

3.8. DnekTpocranemiaBuiIbHOe MPou3BoACTBO. Kitaccudukamnus crmocoOoB MPOM3BOJCTBA
CTaJI¥ C UCIOJIb30BAHUEM DJICKTPUUECKON SHEPTUU. Y CTPOUCTBO JYTOBBIX DJIEKTPOIECYEH.

3.9. MeTo/1bl BBIIUIABKH CTajd B OCHOBHOM YTrOBOM 3JeKTporneud. [lepemnas rerupoBaHHbIX
OTXO0J10B B AyroBoil neun. OCHOBHBIE IEPUO/IbI IIJIABKHU, UX 3a1a4H.

3.10. Baeneunast o06paboTtka cranu. Llenn u metoe1 00paboTku. Packucnenue u jerupoBanue
ctanu B koBire. CrocoObl OTCEYKH IITaKa MO XOAY BBIMTyCKa METalia M3 CTaJeIUIaBHILHOTO
arperata. [[puMeHeHEe HEUTPAIBHBIX Ta30B I 00PAOOTKHU KHUJAKOM CTAIN B KOBIIIE.

3.11. [ecynbdypalus cTaqd ¢ HCHOIH30BAHUEM CHHTETHUECKHUX IIUTAKOB, TBEPIBIX H
MOPONTKO0Opa3HBIX cMecel. Biusinue 00paboTKK Ha Ka4eCTBO TOTOBOTO METaJlIa.

3.12. BakyymupoBaHHE >KUIKON CTald B KOBIIE: CIIOCOOBI M TEXHOJIOTHH, MPUMEHIEMOE
o0opynoBanue. BnusHue BakyyMHpOBaHMS Ha KauecTBO TroToBoro Mmetaiia. KomruiekcHas
00paboTKa KHUIKOW CTalld B KOBIIIE.

3.14. HenpepbIBHBIE CTaJICTUIABUIBHBIE MPOLECCH: BapUAHTHl TEXHOJOTMYECKUX CXEM U
npuMeHsieMoro ooopyzaoBanus. COBpeMEHHOE COCTOSIHUE U EPCIIEKTHBBI PAa3BUTHSI.

Paznen 4. [lonydyeHne CIUTKOB U JIUTHIX 3arOTOBOK Y€PHBIX METAIIJIOB /1a/

4.1. O6opynoBanue Aiis pa3nuBku cTanu. CrocoObl pa3nuBku ctanu. CpaBHEHHE MOKa3aTenei
pa3IUBKU CBEPXY U CU(POHOM.

4.2. CrpykTypa cTampHOro ciauTka. Kpucramimdeckas M XUMHYECKass HEOIAHOPOAHOCTD.
SIBrenue ycaaku.

4.3. HempeppiBHast pa3nuBKa cTaiau. TeXHOJIOTHS U IPEUMYILECTBA HEIPEPHIBHOM PAa3JIMBKHU.
Bupl MaH HEMPEPHIBHOTO JTUThS 3aTOTOBOK.



Pexomennyemas mureparypa

a) OCHOBHas JIuTepaTypa

la. Bocko6oitnukoB B.I'. u ap. O6mas meramnyprus. - M.: Meramnyprus, 1995. - 480 c.

0) TOTOJHUTETbHAS JTUTEPATYypa

16. Metanmnyprus uyryHa / [lox pen. }0.C. FOcouna. - M.: Akanemknura, 2005. — 628 c.

26. Iloomomnkmii JI.5I. Pommu B.D., Peicc M.A. u ap. DiaeKkTpoMeTajulyprus CTaId W
deppocmnaBos. - M.: Meramnyprus, 1984. — 567 c.

36. Kabnykosckuit A.®D., MomuanoB O.E., KaGnykoBckas M.A. Kparkuii cripaBoYHHK
aneKkTpocTaneBapa. - M.: Meramnyprus, 1994. - 352 c.

YACTD 3. METAJLUIYPI'USI HBETHBIX U PEJIKUX METAJIJIOB

Paznen 1. OcHoBBI ruApOMeTaITYprudeckux npomeccos (IIpousBoacTso 30m0ta) /1a/

1.1 Knaccudukanus MeTayurypruueckux nporeccoB. CTpaHbl — OCHOBHBIE HPOHM3BOIUTENH
3omota. Mcropust co3maHusi mpOM3BOJCTBA 30JI0Ta. VICTOUHUKM CHIpbS ISl TPOM3BOICTBA
0JIarOpoIHBIX METAIIOB. DOPMBI HAXOXKACHHS 30JI0TA B CHIPHE.

1.2 JIoObrua pyasl U IOATOTOBKA €€ K mepepaboTke ['paBUTallMOHHBIE CIIOCOOBI M3BJICUCHUS
30J10Ta U3 PyAbl. AMaIbraMalliOHHOE U3BJIEYEHUE 30J10Ta U3 PY/IbI.

1.3 I[manmpoBanme 3omoTocomepkammx pya. OOopymoBaHue i MPOBEICHUS
TUAPOMETAJUTYPTUIECKIX TPOIECCOB BhImeneHue 30710Ta U3 MHUAHUCTHIX PAacTBOPOB. TeXHHKA
0€301acHOCTH TIpU padoTe ¢ ITMAHUIAMHU.

1.4. Addunaxk nparoueHHBIX METAUIOB. DJEKTPOJIU3 30JI0TO-CEPEOPSHBIX CILIABOB.
AHOJIHBIA M KaTOJAHBIN Mponecchl. KOHCTpYKIUS 3MeKTPONIN3HOM BaHHBI. OCHOBHBIE TEXHUKO-
HYKOHOMHYECKHUE MOKazaTean iekrponusa. OOmie 3aTpaThl pecypcoB Ha IPOU3BOJCTBO 30JI0Ta
U3 PYIbL.

Paznen 2. OkucnurensHas nupomeramutyprus (IIpousBonctso menn) /1a/

2.1 Uctopus pa3BuUTHs NUPOMETAIUTYPTHUU METaLTypru Meau. CBONCTBa MEAN U OCHOBHBIE
obnactu mpumeHneHus. OObeMbl Mpou3BOACTBa. DOPMBI HAXOXKACHHUS MEIU B 36MHOW KOpeE.
Knapk menu. Meansie Mectopokaenus. JloObraa MerHON pyabl. MeHbIe KOHIIEGHTPATHI.

2.2 OcHOBHBIE XMMHUYECKHE B3aUMOJACUCTBHUS TMPU MHUPOMETAIUTYPIHUECKON IMepepadoTKe
chIpbsi. OOXKUT U MJIaBKa MEIHBIX KOHIIEHTPATOB HA ITEHH.

2.3 TIpoayKThl OKUCITUTEIHHOUN IMIAaBKH CYIb(MUIHBIX KOHIICHTPATOB U MPHUHIUIBI PaOOTHI
IUTABWIBHBIX arperatoB. OKHCIUTEIbHOE KOHBEPTUPOBAHHWE MEAHBIX IITEHHOB. Y THUIIM3AIUS
CEPHUCTBIX OTXOSIINX ra30B.

2.4 Dnextponutrueckoe paduHupoBaHue Meau. OCHOBHBIC DJICKTPOXUMUUYECKHUE PEaKIINH.
KoHCcTpyKIUs 3MeKTPOIU3HON BaHHBI.

Paznen 3. BoccranoBurenpHas nupomeramutyprus (IIpousBoactBo cBunma) /1a/

3.1 CeipreBas 6a3a CBHHIIOBOTO IIPOU3BOJICTBA U MOTpPeOJIeHNE CBUHIIA. BHUIBI XUMUYECKUX
COEJIMHEHUI CBHUHIIA B ChIpbE. TE€OpETHYECKNE OCHOBBI BOCCTAHOBUTEILHONW CBUHIIOBOM IJIABKH.

3.2ArnoMepUpYIOIINI  OKHCIUTENBHBI OO0XHI KOHIICHTpaTa. XHUMHUYECKUE PpPEaKInu
arnomepanuu. KoHcTpyKIus arinoManiHsbl.

3.3 XuMu4ecKkue peakiuy NoJy4eHUs] YePHOBOTO CBUHIIA U MPUHIIUT paOOThI IITAXTHOM MEYH.
[Tpsimast mepepaboTka cyabGUAHOTO KOHIIEHTpAaTa Ha YePHOBOM CBHHEII.

3.4 PadunupoBaHHE UYEPHOBOIO CBUHIA OT pa3HOOOpa3HbIX mpumeceil. OOpa3oBaHue U
yAaJ€HUuE MPOMIPOAYKTOB, AaKKyMYyJUPYIOIIUX TpuMeceidl. BozneilcTBue CBHUHIIOBOTO
MIPOU3BOJICTBA HA OKPYXKAIOIIYIO CPEY.

Paznen 4. Dnexrpomeramnyprus (IIponsBoactBo amoMuHwus) /2a/

4.1 CpoiicTBa aTIOMUHUS U €r0 MPUMEHEHNE. MUHEpaTbHbIE HCTOYHUKH IS TTPOU3BOJICTBA
aMIOMUHUS. XUMUYECKUE COCAMHEHUS aJIOMUHHUS B pylax. DIEKTPOXUMHUYECKHE IPOLIECCHI
MOJTyYEHUST METAIUTHYECKOTO ATFOMUHHUSI.

4.2 TlpousBoacTBO TiMHO3eMa criocoOom baiiepa. BrimenaunBanne OOKCUTOB IMIETOYHBIMHU
pactBopamu. OCHOBHBIE pEaKLH, IOBEJCHUE IPUMECEH.



4.3 OOopynoBaHMe Ul CIEKAHWS W BBIIIEIAUYUBAHUA. ODJEKTPOJIUTHUECKOE IIOIYYEHHE
METAIITMYECKOT0 aMIOMUHUSA. KpHOIUT-TIIMHO3EMHBIE PACTIIIABHI.

4.4 KoHCTpYKLUS 3JEKTPOIU3EPOB U MPUHLIUI UX pabOThl. AHOIHBIN 3¢ dekT. Pacxox aHomoB
U notpelieHue >eKkTpruuecTBa. Bo3nelicTBre amOMUHUEBOTO MPOU3BOACTBA HA OKPYKAIOIIYIO
cpeny

Paznen 5. IIpousBonctBo Bosbdpama /a /

5.1.Knaccudukanus peakux MetauioB. OCOOCHHOCTH TEXHOJIOTHYECKIX CXEM IMPOU3BOJICTBA
penkux metayioB. OCHOBHBIE CBOWCTBa BOJb()paMa M 00JacTH NMpUMEHEHHs. MuHepaabl U
MECTOPOKJCHUS BOJb(ppaMa. BCKphITHE NICETUTOBBIX U BOJHPPAMUTOBBIX KOHIICHTPATOB
HIEJIOYHBIMU peareHTaMu. AnmnapaTypHoe opOpMIIEHHE MTPOLIECCOB.

5.2. TlepepaboTka MPOAYKTOB BCKPHITHS KOHLIEHTPATOB, OUYHUCTKA PACTBOPOB OT NPHUMECEH.
Cnioco0s! osTydeHus BOJIb(MpaMOBOI KUCIIOTHI, NTapaBosib)pamaTa aMMOHHS U BOJIL(PPAMOBOTO
aHTHUIPUJIA.

5.3. TexHomnoruss TNPOM3BOACTBA TOpOIIKa Bojdbppama. I[IponW3BOACTBO KOMIAKTHOTO
IacTHYHOro BoJib(pama. [lomydeHne KpynHOTraOapUTHBIX CIMTKOB BOJIb(hpama 3JIEKTPOHHO-
Jy4€BOM U JyrOBOWM BaKyyMHOM IIABKOM.

Paznen 6. [IponsBoncTBo MonubaeHa /a /

6.1.0cHOBHBIE CBOWCTBa MOJMOJCHA M 00JACTH TpPUMEHEHHs. MwuHepasbl MoJUOJeHA W
MecTopoxaeHus. CrnocoObl mepepadOTKH  MOJTUOIEHUTOBBIX KOHIIEHTpaToB. [lomydeHwue
MOJIMOJIEHUTOBBIX OrapkKoB. AnmaparypHoe odopmieHue nporeccoB.Beinenenue mombaeHa us3
aMMHMa4yHbIX  pacTBOpoB. llomydenune  monubaeHoBoro — aHruzapunga.  IIpousBoacTBO
MOJINOIEHOBOTO MOPOIIKA M KOMITAKTHBIX U3/1EIHIA.

Paznen 7. Ilpon3BoACTBO TaHTaNa M HUOOUS /a/

7.1. OcHOBHBIC CBOMCTBA TaHTaja U HUOOMS, 00JIaCTH TPUMEHEHUsI. MUHEpaIbHOE ChIPbE U
MECTOPOXKJCHUs TaHTama ¥ HuoOusa. IlepepaboTka TaHTATUT-KOITYMOUTOBBIX KOHIICHTPATOB
pa3oKeHUEM IJIABUKOBOM KUCIOTONU. BCKphITHE TOMAapUTOBBIX KOHIIEHTPATOB XJIOPUPOBAHHUEM.

BapuaHTsl KOHAEHCAIIMK XJIOPUIOB. ATIIapaTypHOe 0(OpMIIEHHUE ITPOLIECCOB.

7.2. TlepepaboTKka TIPOTYKTOB BCKPBITHS KOHIIGHTPATOB. Pa3neneHue TaHTajga ¥ HHOOUS U
OYHUCTKA OT MpuMeceil. TeXHOIOTHs MOIy4YeHHsI METAIUTMYECKOTO TaHTala U HUOOUS.

Paznen 8. Meramnyprust TuTaHa ¥ IUPKOHMUS /a/

8.1. OcHoBHbIE CBOWCTBA M OOJIACTH TNPUMEHEHHSA. XAapaKTEPUCTHKA PYAHOTO CBIPbS.
BoccranoBuresbHas rnjaaBka WIbMEHUTOBOTO KOHIIEHTpaTa. XJIOPUPOBAHNE TUTAHOBBIX IIIJIAKOB,
KOHJIGHCAIUs XJIOPUAOB. AmmapaTypHoe odopmiieHHe MpoueccoB. OUYUCTKa TEXHUYECKOTO
TETPaxJIOpHIa THTaHA. MarHueTepMUUIeckoe BOCCTAHOBIICHHE TeTPAXIOpUa TUTaHa. MomuHoe
paduHUPOBAaHKE TUTAHA U TIOJyYE€HUE KOMITAKTHOTO METaJlIa.

8.2. CrocoOBI BCKPBITHS ITMPKOHOBBIX KOHIIEHTPATOB. BapuaHTHI pa3ieneHus NUPKOHUSA U
rapaus. MarHueTepMUYecKUil U 3JICKTPOTUTHUYECKUH CHOCOOBI MONYYEHHUS] METaJUIMYeCKOro
nupkoHus. TexHonorus pabuHUPOBAHUS UPKOHUS.

Paznen 9. Metannyprust paccestHHbIX PeIKUX METalIoB /a /

9.1. Knaccudukarusi pacCesHHBIX PEIKUX METAUIOB, HMX XapakTtepuctuka. I[Ipumepsr
MOITYTHOTO M3BJICUCHHS PACCESIHHBIX METAJJIOB B IPOLECCe MEePepabOTKU BETHBIX METAJNIOB U
OTXOJIOB JAPYTUX Mpou3BOACTB. OCHOBHBIE CBOMCTBa repMaHus W ero coeauHeHuid. OOnacTu
npuMeHeHus. M3BiaeueHne repManus U3 pa3iuuHbIX BUAOB ChIpbsi. CrIocOObI OUNCTKU TepMaHuUs
OT IPUMECEH.

9.2. CpoiictBa 1 00sacTH NMpUMEHEHUs rawus. [lonydyeHue rajuimeBoro KOHIEHTpaTa Ipu
MIPOU3BOJICTBE aMtoMUHMS. [lomyueHne MeTaInueckoro rajuius U crocoObl ero pagpUHUPOBAHUS.

Pa3znen 10. Mertannyprust paAMOaKTUBHBIX U PEIKO3EMEIbHBIX METAIIOB

10.1 Ponb pagunoaktuBHBIX 1 P3M B COBpEMEHHOM MHPE U B Pa3BUTUU aTOMHOW SHEPTETUKU;
sHepreruueckas Oe3omacHocTh Poccum; TpeOoBaHMs, NpEABSABISEMble K 3TUM MeTajulaM,
OCOOEHHOCTH WX MPOU3BOJICTBA, OCHOBHBIC MPOAYIEHTH B Mupe U P®. Munepansl, pyasl u
KOHIIGHTPAThl ypaHa, KHUCIOTHBIE M UIEIOYHBIE CIOCOObI BCKPBITHS, OCHOBHBIC aIllapaThl,



TEXHUKa 0€30MaCHOCTH C PaHMOaKTUBHBIMU MaTepHaiaMu. MuHepanbl, pyJasl U KOHIEHTPATHI
P3M, ocHOBHBIE c1IOCOOBI BCKPBITUS, HEOOXOUMOCTh KOMIUIEKCHOTO UCIIOIb30BAaHUS ChIPbS.

10.2 DKCTpaKIMOHHBIE 1 COPOLIMOHHBIC CIIOCOOBI BBIACIICHUS YpaHa U3 MYJIbIl, COBPEMEHHOE
anmnapaTtypHoe o(popMIIEHHE NTPOLECCOB, 00E3BPEKUBAHNUE U YAAJICHUE XBOCTOB, YIKOJIOTUUECKUE
npodiaemsl. [lepepaboTka MpoIyKTOB BCKPHITHS MUHEpPAILHOTO ChIpbs P3M, mpenBapurenbHoe
UX pa3/ieleHue Ha OTHENIbHble TPYINIbL. OKCTPAKLUHMOHHbIE ad(UHAKHBIE ONEpanuu A
IOJIyYEHUSI COEAMHEHUH YypaHa SAEpHOM CTENEHW YUCTOTHl. (OCHOBBI pa3AENIUTEIbHBIX
MPOIECCOB MPHU MOJYYCHUE UHAUBUIYATbHBIX P3M.

10.3 TexHonorus mMoOJy4yeHHUs OKCUAOB, (PTOpuaoB, XjopuaoB ypaHa u P3M. OcHoBbI
METAJITIOTEPMUYECKOIO0 BOCCTAHOBJICHHSI BBICOKOAKTUBHBIX METAJIJIOB; MOJIy4YeHHEe ypaHa P3M.

PexoMeHnnyemas nurteparypa

1. A.B.Tapacos, H.1.YTkun. TexHonorus usetHoi Meramnypruu. — M.: Meramnyprus, 1999.

2. B.M.MocksutruH, W.B.HukonaeB, b.A.®@omuH. Metamtyprusi JerKux METAIOB. —
M.: Unrepmer Unxunupusr, 2005

3. 3emukman A.H., KopmynoB b.I'. Meramnyprusi peakux MetaimioB. — M.: Meramnyprus,
1991

4. Kotnap FO.A., Crpmxko JI.C. Mertamnyprust 6;1aropofgHsix MetauioB. B 2-x Tomax, M.:
Pyna u metamnsi, 2005

5. Peakue u paccessHHbIC AJIEMEHTHI. XUMHS U TexHojorus. Kaura 1: YueOHUK a1 By30B
/Koposus C.C., 3umuna I'.B., Pesauk A.M. u ap. M.: MUCuC, 1996.

6. TypaeB H.C., XKepun 1U.1. Xumus u texnonorus ypana. M.: U3narensckuii noMm «Pyna u
MeTaIb»,2006.

7. A.M.Muxaitmnuenko, E.b.Muxumn, FO.b.IlarpukeeB Penko3zemenbHble MeTaibl - M.:
Mertannyprus, 1987

YACTbD 4. JUTEHHOE MMPOMN3BOACTBO

Pazpgen 1. Teopetnueckne OCHOBBI JTUTEHHOTO TPOU3BOACTBA

1.1 Jlureiinsle cBoiicTBa cmiaBoB. CBS3b JUTEHHBIX CBOWCTB C (U3UYECKUMH U
GU3UKO-XUMUUECKUMHU XapaKTePUCTUKAMH.

1.2 Posb NOBEpXHOCTHBIX SIBICHUH B MPOIIECCE MPOU3BOJICTBA OTIMBOK.

1.3 BzaumopeiicTBue pacmiaBoB ¢ razaMu. CUCTEMBbI KUCIOPOI - METAJLJI, BOAOPOJI - METAJLI,
a30T - MeTai1. KuHeTrnka o0pa3oBaHus U Pa3BUTHUS Ta30BBIX My3bIpEH.

1.4 Hemeraminyeckue BKIIOYEHHS, HX Kilaccudukamus. VICTOYHMKM M KHHETHKA
oOpa3oBanus BkiIoueHUd. PaduuupoBanue mutakom, ¢arocamu, (GuibTpanmen, MpoayBKOM
razaMu H Jip.

1.5 Bunst moguduuupoBanus. MonudukaTopsl, UX KIacCH(pHUKAIMA U CBOHCTBA.

1.6 3amonmHeHue IUTEHHBIX (OpM. XapaKTep METAUNIMYECKUX TTIOTOKOB B PEATBHBIX JINTEHHBIX
dopmax. [IpuHIHIHATEHBIE OCHOBBI KOHCTPYUPOBAHHMSI M PacUeTa JINTHUKOBBIX CUCTEM.

1.7 TenuoBbie yCcnoOBUs 3aTBEPAEBAHUS OTIUBOK. MCroabp30BaHNe TEOPUHM KPUCTAIIU3ALUN
JUTSL pETYJIMPOBAHUs CTPYKTYpHI ciiaBa. DopMHUpPOBAaHKUE CTPYKTYPHBIX 30H B OTJIMBKe. BiusHue
TEII0- (PU3WYECKUX CBOWCTB JIUTEHHON (OpPMBI, BO3JCHCTBHE OCHOBHBIX IapaMETPOB
TEXHOJIOTMYECKOT0 Mpolecca.

1.8 JlukBamus B OTIIMBKaxX. MeTo bl 00pbOBI C OTPUIIATEIHLHBIMH MOCIEACTBUSIMHU JTUKBAITUH.

1.9 VYcamounsie sBIIGHUS MPH 3aTBEpAEBaHUU OTIWBKH. CIOCOOBI BBIBEJICHHUS YCAIOYHBIX
pakoBUH U3 pabodeit yacTu oTiMBOK. [IpuObuTH, NX MecTopactoioxkerue u Gopma. [TpuHIHATIBI
pacueTa npuObLIH.

1.10 JluneitHass ycagka OTIWMBKH. V3MeHEHHE IJIaCTUYECKUX W MPOYHOCTHBIX CBOWMCTB
MeTajla 0 MEpe ero OXJaxiaeHus. TpeniuHbl, BO3HUKAIOLIME MPU BBICOKUX TeMIIepaTypax
(«ropsiune TpelrHbl»). Pa3BuTre B OTJIIMBKAX yCaJOYHBIX HaNpsHKEHUH U 00pa3oBaHKE TPEIIUH
MIpU MOHMKEHHBIX TeMIMepaTypax («XOJOIHbIE TPEUIMHBDY). MeTOoIbl peAynPEXKACHUS TPEIIUH
Y YMEHBUIECHHS OCTaTOYHBIX HAMPSKEHUH.
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1.11®opmupoBaHre MTOBEPXHOCTH OTJIMBKH, pa3BUTHE MpUrapa. Mukpopenbed moBepXHOCTH
otnuBku. [Ipurap, kiaccudukanus ero BUJI0B.

Paznen 2. TexHnomornyeckrue OCHOBBI JUTEHMHOTO IPOU3BOJICTBA

2.1 UsroroBneHue OTIMBOK B pa3oBeix ¢opmax. CoBpeMeHHbIE TpeOOBaHUS K
KOHCTPYUPOBAHMIO U IPUMEHEHHUIO MO/IEIbHO-OIIOYHON OCHACTKU K (POPMOBOYHBIM MaTepHaliaM
U cMecsiM Ui oOecriedeHHs] BBICOKOTO KadecTBa OTJIMBOK, CHMKEHHSI UX CeOECTOMMOCTH.
Perenepanust orpaboranusix cMeceil. CoBpeMeHHbIe criocoObl hopmoodpazoBanus. OCHOBHBIE
HaIpaBJIEHUS B Pa3BUTHH CIIOCOOOB MU3TOTOBIICHUS CTEPKHEH.

2.2 OcoOEHHOCTH KOHCTPYKIIMH M pacueTa JUTHUKOBO-NUTAIOMINX CUCTEM ISl TIOJTY4EHUS
OTJIMBOK U3 Pa3IMYHBIX CIJIABOB B pa30BbIX popmax. KoHTpoIsb KauecTBa OTIMBOK.

2.3 Jlutbe B 000704YKOBBIE (DOPMBI U 110 BBHIIUIABISIEMBIM MojesiM. CBOICTBa MOTydaeMbIX
OTJIUBOK U 00JIACTh UX MPUMEHEHHUS.

2.4 JIuThe B KOKWJIb.

2.5 Jlutwee mon naBneHueM. CBOMCTBA M XapaKTepHBIE 1e(PEKTHI OTIUBOK.

2.6 LentpoOexHoe nuThe. Pa3nuuHble cXeMbl TEXHOJIOTHYECKOTro mporecca. OcobeHHOCTH
3aTBEpACBaHMS OTJIMBOK B I10JI€ IEHTPOOEIKHBIX CHUIL.

2.7 TlonyHemnpepbIBHOE JINTHE CITUTKOB U OJBIX u3enuii (Tpy0). CTOWKOCTh METaNTHYECKUX
dbopm (KokumeH, GopM JUTHS IO JABJICHUEM, U3JIOKHHUIL U JIP. ).

2.8 CneuumanbHble BHABl W3TOTOBJIEHUS OTJIMBOK: METAUIyPrUY€CKUX HW3JIOXKHUI U
MIPOKATHBIX BaJIKOB.

Paznen 3. IIpon3BOACTBO UYT'YHHBIX U CTAIBHBIX OTIIMBOK

3.1 Knaccuduxanus mpOMBIIUICHHBIX )KeJIe30-YTIIEPOIUCTHIX JIUTCHHBIX CIIJIABOB 110 COCTABY
U cTpykType. [lepBuuHas u BTOpUYHAs KPUCTAUTU3ALMS YyT'yHa U CTAJIU B JIUTEHHBIX (popMax.
BrnusHre XUMHYECKOTO COCTaBa, TEPMOBPEMEHHON O0OpaOOTKH, YCIOBHH OXJIAXICHHS,
MOIUGHUIMPOBAHUS U Ap. (HaKTOpOB Ha (POPMHUPOBAHUE CTPYKTYPHI CTAJIBHBIX W UYT'YHHBIX
otnuBoK. CoBpeMeHHbIE MPECTaBIeHUs 0 ponecce rpaguruzanui. CTpyKTypHbIE IUarpaMMbl
U BBIOOp cocTaBa 4YyryHa Juid OTJIMBOK. JluTeiiHpie cBoiicTBa. CTpYKTYypHO-UyBCTBHTEIbHBIC
CBOMCTBa >KHMJIKOTO JK€JIe3a U €ro CIJIaBOB (BA3KOCTh, IOBEPXHOCTHOE HATSHKEHUE, MJIOTHOCTDh U
ap.) - XKKuakoreky4ecTs 4yT'YHOB U CTallel, OCHOBHBIE (paKTOPHI ee onpenesstoniue. O0beMHas 1
JMHEIHas ycaaka, CBOOOHAs U 3aTPyIHEHHAS.

3.2 OTnuBKM H3 KOHCTPYKLIIMOHHBIX HEJIETMPOBAaHHBIX cTajgeil. TeXHOJOorus BBIIABKU
YIIEPOAMUCTHIX CTaNEH 1Ji OTJIMBOK B Pa3IMYHBIX TUIaBUIIBHBIX arperarax.

3.3 OTIuBKM U3 KOHCTPYKIIMOHHBIX JIESTHPOBAaHHBIX CTaJIed, X COCTaB U CBOMCTBa. O0IacTh
npuMeHeHns. OcoOEHHOCTH TEXHOJIOTHH BBITUIABKYU CTaJlell M U3TOTOBJICHUS OTIUBOK.

3.4 OTauBKM U3 BBICOKOJETMPOBAHHBIX cTajlell. OCHOBHBIE IPUHLMIIBI JIETUPOBAHUS U IIyTU
CHIDKEHHS pacxojia 1e(UUUTHBIX JIETHPYIOIIUX MaTepuaioB. BrlmiaBka BHICOKOJIETHPOBAHHBIX
CTaJIell JUIsl OTJIIMBOK, MCIIOJIb30BAaHUE OTXOJ0B U JioMa. KOppo3MOHHOCTONKHE, XKapOIPOYHbIE 1
J)KapocToiikue craiu. M3HOCOCTOMKAs BBICOKOJIETUPOBAHHAs MapraHieM ctaib. OCHOBHBIE
CIIy’K€OHbIE U TEXHOJIOTMYECKHE CBOWCTBA BHICOKOJIETHPOBAHHBIX CTAIEH ISl OTIMBOK. MeTobI
MOJTyYeHUs! OTIUBOK ¢ AUPPEpeHINPOBAHHBIMU CBOWCTBaMU. DU3UKO-XUMHUYECKUE OCHOBBI
MOJIyYEHUS ABYXCIONHBIX OTIMBOK.

3.5 OTnuBKM W3 CEpOro YyryHa ¢ IUTaCTHHYATBIM rpaduroM. MoauduiupoBaHue u
aerupoBaHue 4yryHa. OCOOCHHOCTH U3rOTOBIICHHS OTIMBOK U3 CEPOTO YyryHa, 00YCIIOBICHHBIE
€ro TEXHOJIOTUYECKUMHU CBOMCTBAMH.

3.6 OTIMBKM U3 KOBKOTO YyryHa, OCOOCHHOCTH MPOM3BOJCTBA M 00JaCTH MX NMPUMEHEHUSI.
Pexumbl OT)KMTra OTJIIMBOK 71l TIOJYYEHHsS] KOBKOTO UyryHa Ha (eppUTHONM M Ha MEPIUTHOM
OCHOBE.

3.7 OTnuBKH W3 YyryHa C MIAPOBHIHBIM rpaduToM. TeopeTHYecKre W TEeXHOJIOTHYECKUE
OCHOBBI TIOJIy4YEHHsS BBICOKOIIPOYHOTO dYyryHa. MoaudukaTtopel, WX CBOWCTBA, CIIOCOOBI
BBesieHUS. OTIUMBKY U3 JIETUPOBAHHBIX YYT'YHOB C IIAPOBUIHBIM IPaQUTOM.

3.8 IlnaBka uyryna ns otauBok. IlnaBunbHble arperatsl. LIInxTOBBIE MaTepUabl, TOILIUBO,
¢dirocel,  mpUMeEHsieMble IS BBIIUIAaBKM  uyryHa.  KOHCTpykuust ~ COBpPEMEHHBIX
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BBICOKOITPOU3BOIUTENIBHBIX BATPAHOK U TEINIOTEXHHYECKHE OCOOCHHOCTH MPOIIECcCa, METOBI €TO
uHTeHcUpuKanuu. KoHTposb, perynupoBaHMe W aBTOMATHU3allMsl BarpaHOYHOTO Ipolecca.
BrimnaBka uyyryHa B 3JIGKTPOJIYTrOBbIX W HMHAYKIIMOHHBIX medax. Jlymuiekc-mpouecchl, ux
BapHaHThl. BpIMIaBka CHHTETHYECKOr0, MOIU(UIMPOBAHHOTO KOBKOTO U JIETUPOBAHHOTO
YyyTryHa.

Paznen 4. IIpon3BoACTBO OTIIMBOK M3 IIBETHBIX METAJJIOB U CILJIABOB C OCOOBIMU CBOMCTBAMHU

4.1 TexHUKO-?KOHOMHUYECKHE YCIOBUS MPUMEHEHHS OTIMBOK U3 CIUIABOB LIBETHBIX METAJIIIOB
Y BOIIPOCHI 5KOHOMUU I[BETHOTO ChIPbs. CIOCOOBI MOIy4YEHHUs CILIABOB.

4.2 OcHOBHBIE IPOLIECCHI, MPOUCXOIAIIUE MPU CIUIaBICHUU. MicnapeHne u KUIeHne BETHBIX
METaUIOB W cIulaBoB. IlyTw cHmXeHus moTepb MeTauia NMpU IUIABKE W UX SKOHOMHUYECKAs
s dexkTuBHOCTE. CHCTEMBI — BOJIOPOA-METAII, KHCIOPOA-METAII, apbl BOJABI-METAIT U JIp.
B3anMopeiicTBre 1IBETHBIX METAJIJIOB | CILIABOB ¢ (DYTEPOBKOM TUIABMIIBHBIX TIEUeH, (pirrocamu 1
3alllUTHBIMA MOKPOBaMH. METO/IbI U CYIIHOCTh OYMCTKH METAIOB M CIUIaBoB. Ha3HaueHue u
BUJbI MOIU(ULIMPOBAHUS paciylaBOB. MeTo/bl OIIEHKM KadecTBa pacijiaBoB. PacueT mIMXTHI.
[Tyt cHMXeHMs ce0ECTOUMOCTH KUIKOTO METaJlIa.

4.3 OcoOEHHOCTH TIPOM3BOJCTBA OTJIWBOK W3 AJTIOMHUHHEBBIX CIUIABOB. [IpWHITUTIBI
JICTUPOBAHUS AFOMUHUEBBIX JTUTCHHBIX U Je(OPMUPYEMBIX CIUTABOB. [IpOMEBINIIICHHBIE MaPKU
JUTEHHBIX U AePOPMUPYEMBIX CIUIABOB, UX CBONCTBAa M 0OOJACTH NPUMEHEHHUS. TeXHOJIOTHs
TUTaBKH, padUHUPOBAHUS U MOIUGPUIIMPOBAHUS OCHOBHBIX TPYII MPOMBIIUICHHBIX CILIABOB.
Oco0eHHOCTH MPOU3BOJICTBA OTIMBOK U3 MarHUEBBIX CIIaBOB. OCHOBHBIE (PU3UKO-XUMUYECKHE
cBoiicTBa MarHus. Biusaue npumeceit. [IpombliieHHbIe MApKU TUTEUHBIX U 1ePOPMHUPYEMBIX
CIUTaBOB. TEXHOJOTUS IUIaBKH, paQUHUPOBAHUS M MOAU(DUIMPOBAHHMS OCHOBHBIX TPYIII
NPOMBIIIJICHHBIX CIUIaBOB. TpeGoBaHMs K paQUHUPYIOIIMM U  TOKPOBHBIM  (DIIFOCAM.
Oco0eHHOCTH M3TOTOBJICHHS OTJIIMBOK JIMTHEM B pa3oBble (POPMBI, B KOKWIIb, IO/ JABJICHUEM.

4.4 TIpou3BOACTBO OTJIIMBOK U3 MEAHBIX CIUIaBOB. OCHOBHBIE (PU3UKO-XMMHUYECKHE CBOMCTBA
MeIH, OMNPEIeNAIoe BbIOOP TEXHOJOTHHM IUIaBKHU. [IpOMBINIIEHHBIE MapKd JIUTEHHBIX U
neopMUPYEMBIX CIUIAaBOB, WX CBOWCTBA M 00JIacTHM NpPUMEHEHHUS. TEeXHOJOTHs TUIaBKU
OCCKUCITOPOTHOW MeAu | MeIH, COJep)Kalled MeTaJUIMYecKue TmpuMecd. PackucieHwue,
paduHupoBanne W MoaudumupoBanue cruiaBoB. OCOOCHHOCTH TEXHOJOTHH H3TOTOBIICHUS
OTJINBOK M3 MEJHBIX CILJIaBOB.

4.5 TIpou3BOACTBO OTJIMBOK K3 HUKENEBBIX CIUTAaBOB. (OCHOBHBIC (PH3UKO-XUMUYECKUE
CBOMCTBA HHKENs, ONPENENAIOIMNe BBIOOP TEXHOJOTHUM IUIaBKU. [IpoMbIlUIEHHBIE MapKu
JUTEHHBIX U Je(hOPMUPYEMBIX CIUIABOB. TEXHOJIOTHS IJIAaBKU TPYII MPOMBIIUICHHBIX CIIABOB.
PadunupoBanne n moaudumnrpoBanue.

4.6 IIpou3BOJCTBO OTJIMBOK M3 TUTAHAa U €ro CIuiaBoB. DU3NKO-XMMHUUYECKHE CBOWCTBA
TUTaHA, ONIPEAETSIONINE BEIOOP TEXHOIOTUY IJIaBKU U JINThA. [IpoMBIIIITIEHHBIE MAPKU TUTEHHBIX
u aeGopMUpYeMBIX CIUIaBOB. [leun A TIaBKM THUTAHOBBIX CIDIABOB. [EXHOJOTHS TUIABKH
TUTeHHBIX u naeopmMupyembix crutaBoB. OCOOCHHOCTH IJMThS B pPa3oBbie (OPMBI, IO
BBITIABIISIEMBIM MOJICIISIM U B 000JIOUYKOBEIE (JOPMBIL.

4.7 TIpou3BOACTBO OTJIMBOK W3 IUPKOHUEBBIX, HHUOOHEBBIX, MOJUOJCHOBBIX W JAPYTUX
TYTOIUIaBKUX CILJIABOB.

4.8 ITpon3BOACTBO OTJIIMBOK M3 IIMHKOBBIX CIUIABOB. TE€XHOJOTHS JIUThSl B KOKWJIb M TOJ
JTABJICHUEM.

4.9 TIpou3BOJICTBO OTIMBOK M3 0JIArOPOIHBIX METAUIOB U UX CIUIABOB.

4.10ITpousBoacTBO CIUTKOB. TpeboBaHus, MPEAbIBISIEMbIE K CIUTKAM I[BETHBIX U PEIKUX
METaJUIOB U CIUIaBOB. JIUThE CIMTKOB B W3JIOXKHUIBL. JIUThE CIUTKOB HENPEPBIBHBIM H
MOJIyHENpepbIBHBIM MeTonaMu. [lpunimn nuths. Kpuctamnuzatopsl. JluteiiHble MallWHBIL.
PexxnMBl TUThSA KPYIUIBIX, IUIOCKUX U MOJBIX CIUTKOB. [IpakTHKa JINThS CAMTKOB U3 CIIABOB HA
OCHOBE AJIIOMUHUS, MEJIU, MarHusi, TATAHA, UUPKOHUS U JP. HETIPEPHIBHBIM METOOM.

Paznen 5. OGopynoBaHre U MPOSKTUPOBAHUE JIMTEHHBIX IIEXOB M 3aBOJIOB

5.1 OcHOBHBIC HaIpaBJICHUS B PA3BUTUU COBPEMEHHOTO ILIABHJIBHOTO, (POPMOBOYHOTO,
CTEP’KHEBOTO 000PYI0BaHMS, MAILIUH CHEIUATIbHBIX CIIOCOOOB JIUTHS.
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5.2 ABTOMaTH4YECKHE JUTEHHBIE TUHUM JUIsI MACCOBOT0, CEPUMHOIO MPOU3BOACTBA OTIUBOK
U3 LBETHBIX CIUIaBOB. ABTOMATH3allUs MOJrOTOBKM MCXOJHBIX MATE€PHUATIOB U MPUTOTOBJICHUS
(OpPMOBOUHBIX U CTEpKHEBBIX cMmecell. CoBpeMeHHbIe crocoObl BRIOMBKU (POPM, CTEpIKHEH U
OUYHUCTKH OTJIMBOK. ABTOMAaTH3aLMsI IPOLECCOB BBIOMBKU M OUUCTKH.

5.3 3amaum B 00acTH MPOEKTUPOBAHMS TUTEHHBIX 1IEXOB U 3aBOJ0B. BbI0OOp 1 060CHOBaHUE
00BEMHO-IIJTAHUPOBOYHBIX, TEXHUYECKHUX, APXUTEKTYPHO-CTPOUTENBHBIX M  COLUAIBHBIX
peLIEHUN JIUTEUHBIX LIEXOB U 3aBOJOB.
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YACTD 5. OBPABOTKA METAJIJIOB JABJIEHUEM

Paznen 1. ba3oBble moHATHS, KiIacCU(UKALUSA NPOIECCOB M M3ACIUMA, NPOU3BOAMMBIX
merogamu OM/I. /1a; 2a/

1.1. BBenenue, cynmHOCTh 00pabOTKM METAUIOB JABICHUEM, POJIb METOAOB IJIACTUYECKOM
nedopManui B UICTOPUM LIUBWIN3AIMU, PA3HOBUAHOCTH UCXOJHOTO MaTrepHraia Juist o0paboTKw,
OM/L, nznenust u «HoBBIN NpoayKT»

1.2. Knaccudukanus nporeccoB OM/I 1o pa3nuuHbIM TPU3HAKAM.

Paznen 2. ®wusuueckue OCHOBBI IJIACTUYECKOM JaedopManuy METalIOB U CIUIABOB,
B3aumojieiicTeue mpomeccoB OMJI ¢ TepMooOpabOTKO#, METOMBI YIPAaBICHUS] CTPYKTYPOU H
cBOWCTBaMH npoaykuuu /1a, 2a, 36/

2.1. Crpykrypa nepopMupyeMbIX cTajei, MEXaHH3Mbl IUIACTHYECKOW nmedopmanuu,
yIpaBJIieHUE CTPYKTYpOW W CBOWCTBAMU CTajld IOCPEACTBOM IIIACTUYECKOH nedopmanuu,
JarpaMma IiacTUYHOCTH, CBSI3b CO CITOCOOOM TOJIYYSHHS 3aTOTOBKH U C TEPMOOOPaOOTKOA.

2.2. Ctpykrypa 1eOpMHUPYEMBIX IIBETHBIX METAJUIOB U CIJIABOB, MEXAHU3MBbI TJIACTHYECKON
nedopmaruu, yrpaBie€HHE CTPYKTYpPOM W CBOMCTBAMH  IOCPEACTBOM  IIJIACTHYCCKOM
negopManuy, MIACTUYHOCTh M pa3pylleHHE, CBsSI3b CO CHOCOOOM IOJIyYEHHUs] 3aTOTOBKH U C
TEpMOOOPaOOTKOM.
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Paznen 3. Teoperndeckre OCHOBBI MPOIIECCOB 00pa0OTKK METAJIIOB JaBieHueM /1a, 3a, 4a/

3.1 Comnportupienne nedopManuu ¥ HANPSDKEHHOE COCTOSHHE B TOYKE Tela, TEH30p
HaIpsKEHUH, TJIABHbIC HANIPSHKEHUS, UHTEHCUBHOCTD HAIPSKEHUH.

3.2 JlepopMupOBaHHOE COCTOSIHUE B TOYKE Teia, MEpPEMENICHUS B KOOPAMHATHBIX OCSX,
TJIaBHBIE JeopMallii, HHBApUAHTHI TeH30pa NedopMallii, YpaBHEHHE MOCTOSHCTBA 00beMa,
CKOPOCTh epopManuu.

3.3 VYcnoBue miactuyHOCTH. DeHOMEHOIOrnueckue Mojienu cpeabl. COOTHOLIECHUS MEXKIY
HaNpsDKEHUsMHU U 1epopManusaMu. 3aKOHOMEPHOCTH KOHTAKTHOTO JA€(POPMAIIMOHHOTO TPEHHUSI.
JlokanbHBIE W UWHTETpalbHBIE MOKa3aTelN HAMPsHKEHHO-Ie(OPMHUPOBAHHOTO  COCTOSTHHS
Marepuana.

3.4. MeToasl MOJENUPOBAHMS W aHAU3a TPOIECCOB OOPAaOOTKU METAUIOB JABJICHHEM.
[Tpuntumnel padoTsl 1 uHTEpdEiic mporpammer QForm.

Pazmen 4. OGopynoBaHme aiisi CHJIOBOIO BO3ACHCTBHS Ha Martepuali. BcrmomorartenbHoe
obopynoBaHue, cpeacTBa ynpasieHus /1a, 2a, 16/

4.1 Knaccuguxkamus TunoB ooopyaoBanus. [IpokaTHbli cTaH, OCHOBHOE U BCIIOMOTATEIILHOE
MexaHuyeckoe oobopynoBanue. Tumbl kiereli. KOMIIOHEHTHI cUCTEM YIpPaBIIEHUS U KOHTPOJIS B
nexax OM/JI.

4.2 MexaHu4ecKkue, THAPABINYECKHUE MPECChl, TEXHUKA yapHOTO (MMITYJILCHOTO) ACHCTBUSI.

4.3 CuiioBble YCTAaHOBKHU C COUETAHUEM BPAILIEHUS U BO3BPATHO-MOCTYNATEIHHOTO ABMKEHUI
UCIIOJIHUTENIBHOTO  3JeMeHTa. /JleranenpokaTHble  CTaHbl, YCTAHOBKH  HENPEPBIBHOTO
peccoBaHusl, CPEPOABIKHON IITAMITOBKU

4.4 CnenimanpHas TexHUKA. TexHrKa 00padOTKH KOMIIO3UTOB, IIOPOIIIKOB, IIBETHBIX METAJIJIOB
U CIUIaBOB, BaKyyMHbIe cucTeMbl B OM/I 1 cpesibl peryinpyeMoro cocrasna.

Pasnen 5. IlpokaTtka metamos /1a, 2a, 36/

5. 1. Ouar gedopmaruu ¥ KHHEMAaTHKA TCUCHUSI METaJlIa [P MPOIOIBHOM MPOKaTKe, 0a30BbIC
MOHATUA. PACUET YCHIWA TMPOKATKH, KPYTALIEr0O MOMEHTAa M MOIIHOCTH, IIOIEpEYHAast
nedopMarus.

5.2. TexHonoruyueckas cxXxeMa MPOU3BOJCTBA M3JEIWA M3 CTadd METOJAMU IPOKATKH.
[Ipoxkartubie uznenus. Micxoausie MaTepuanbl U UX MOATOTOBKA.

5. 3. TexHosoruueckass cxema IPOU3BOJACTBA IPOKATa M3 I[BETHBIX METAJJIOB U CILJIABOB.
[Ipoxartubie uzaenus. lcxoaHble MaTepHalibl U UX MOJATOTOBKA. VcOab30BaHMe 3aIIUTHBIX CPE.l
U Karicyll, mpokaTka B Bakyyme. OCOOEHHOCTH MPOU3BOCTBA MPOAYKLUHU U3 TSHKEIIBIX IIBETHBIX
CIUTaBOB, MPOKATKa JIMCTOB, MOJIOC U (DOJBIU W3 TYTOIUIABKUX METAJUIOB, ATIOMUHUEBBIX H
MEJHBIX CIIJIABOB

5.4. TemnepaTypHO-CKOPOCTHBIE YCIOBUS FOpsiYel MPOKATKU cTanei. UHCTpyMEHT, OCHOBHBIE
Y BCIIOMOTaTEJIbHbIE MAaTEPHUAIIBI.

5.5. TemmepaTypHO-CKOPOCTHBIE YCIIOBUSL TOpSYEd IPOKATKA LBETHBIX CILJIABOB.
HNHCTpyMEHT, OCHOBHBIE U BCIIOMOTaTEIbHbIE MATEPUAJIBL.

5.6. TexHonorHsi MPOKATKU IUIOCKOTO TPOAYKTa C TIOBBIIICHHBIMU TPEOOBAaHUSMU TIO
KauecTBY. MHOroBajIKOBbIE CUCTEMBI.

5.7. Banku 1y COPTOBOM MPOKATKU CTAJIBHBIX MOJIOC, YTIOBBIX IpoduiIeii, BeepoB

5.8. IlpousBomcTBO OecHIOBHBIX TpyO TmpokaTkod. OCHOBHBIE TapaMeTphl TMPOIECCOB
MPOILIMBKY U PACKATKH.

5.9. IIpon3BoICTBO CBAPHBIX TPYO M MONBIX Mpoduiel, ceapodnsie y3iasl TOCA. TexHomorus
MIPOU3BOJICTBA TPYO PA3IMYHOTO HA3HAUCHUSI.

Paznen 6. KoBka, 00b€MHAas 1 TUCTOBAs IITAMIIOBKA, /1a, 3a, 10/

6.1. KoBka. Mcxonnble mMarepuanbl, KIacCU(PHUKALMS THUIIOB W3JCIUM, ONepanuy KOBKH U
MPUMEHSEMbIH MHCTPYMEHT. TemMnepaTypHbIi peXuM Tpolecca U1 0COOCHHOCTH AehopMariiu
METAJIJIOB 110 cXeéMe CBOOOHOM KOBKU. PoTaninoHHAast KOBKA.

6.2. Topsuas oO0bémHas mrammoBka ctanei. Kiaccudukamms mokoBok. McxomHbie
Marepuaibl. MeTouka IpOeKTUPOBAHMS IITAMIIOBOM OCHACTKH.
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6.3. OcobeHHOCTH OOBEMHOM IITAMIIOBKM I[BETHBIX METAIJIOB M CIUIaBOB. lcXxomHbIe
matepuanbl. OcHacTka s HW30TEPMHUYECKOM IITAMOOBKM U JAeopmaliu B pexUMe
CBEPXIUIACTUYHOCTH.

6.4. I1llramnoBka Ha MOJIOTaXx, Ha TOPU3OHTAIBHO-KOBOYHBIX  MAaIllMHAX, Ha
TOPSYCIITAMIOBOYHBIX aBTOMATaX.

6.5. PazmenurenpHbIe 1 0OpE3HBIC OTIEPAIMH B IIeXaX 00paOOTKH METAJIOB JaBJICHUEM.

6.6. OCHOBBI MPOEKTHUPOBAHMS MPOLIECCOB JIMCTOBOM INTAaMNOBKU. PaznenurtenbHble U
dhopMOo0Opa3yoIIHe OnepaIuu.

6.7. Meronsl  WM3TOTOBIEHUS  MHCTPYMEHTa, TNPHUMEHEHHE  CHCTeM  OBICTPOTO
npototTunupoBanus npu OM/I.

6.8. OCOOCHHOCTH JIMCTOBOH INTAMIIOBKA IIBETHBIX METAJIOB U CINIABOB, JIMCTOBAs
HITAMIIOBKA C MECTHBIM MOJOTPEBOM, T'HAPO(POPMOBAHME, BBICOKOAIHEPTETHUECKUE METOIbI
00paboTKHu.

Paznen 7. IlpeccoBanue, BhIIaBIMBAaHNE U BOJIOYEHHUE METAJLIOB, /3a, 26/

7.1. Cxema mporiecca MpeccoBaHusl, KiIaccu(uKanus KIacCHYECKUX CIIOCOO0B MPECCOBAHMS
Mo KuHemaTtuke TedeHus Mertamia. Ouar nedopManuyd OpU MPECCOBAHUHU, HAMPSKEHHO-
neOpMUPOBAHHOE COCTOSIHME MaTepuaia TMpU TPEecCOoBaHWH. Pacdér HSHEProcHIOBBIX
nokaszareliei npoiecca. MeToasl yrpaBieHUs KHHEMATHKOW UCTE€YeHUs MaTepruana. Pacuérel Ha
IIPOYHOCTb U YCTONYUBOCTH ACTAJIEH HHCTPYMEHTA.

7.2. CopTamMeHT, OCHOBBI TEXHOJIOTMM NPECCOBAHMS M3JEIUN W3 TSHKENBIX LBETHBIX WU
TYrOTJIaBKUX MeTayioB. [Ipon3BOACTBO TPYO M CIOKHBIX MOJBIX MPOGMIeH U3 ATFOMUHHEBBIX
CIUTaBOB. BO03MOXXHOCTHM HENpPEpBhIBHBIX U MOJYHENPEPHIBHBIX IPOLECCOB IMPECCOBAHUS
METAJIJIOB, CIUTABOB U IITUKEPOB.

7.3. OCOOEHHOCTH TEXHOJOTUUA TPOU3BOJCTBA TMPECC-U3IAEINN M3 KOHCTPYKIIMOHHBIX,
WHCTPYMEHTAJLHBIX CTAJICH, CTAIbHBIX TIOPOIIKOB ¥ TpaHyJl. TeXHOJIOTUSI MU3TOTOBICHUSI MATPHI]
C 3aIIUTHBIMHU MOKPBITUSIMHU.

7.4. Cxema BomoueHus. Ouar nedopmanuu u obopyaoBaHue. OCHOBBI NPOECKTUPOBAHUS
MPOLIECCOB BOJIOYEHHS NMPU MPOM3BOACTBE IMPOBOJIOKH, TEIUIOOOMEHHBIX TpyO U KabenbHOi
MPOIYKITHH.

Paznen 8. Crrenmansabie metoast OMJ, /1a/

8.1. OceBoe ¢opMOBaHME MOPOLIKOB M KOMIIO3MTOB B THpecc-(hopMax, H30CTATHYECKHE
crocoObl 00pabOTKH MaTEPHUAIIOB.

8.2. KimnoBoe ¢QopmoBaHue, NPOU3BOACTBO MOPUCTBIX M IJIEKTPOJHBIX MaTEepHANOB
MPOKATKOW, UMITYJIbCHBIE BBICOKOIHEPTETUUYECKHE METOAbl 00pabOTKHU IMOPOIIKOB, TpaHyl,
BOJIOKHUCTBIX U CIIOUCTBIX KOMITO3UTOB.

8.3. KowmrmekcHble METOIbl MOJY4YeHUS CHEUUATbHBIX MaTE€pUaJoB M HU3ACIHA IS
MaIIMHOCTPOCHUS, SHEPreTUKU, aBUAIIMM U KOCMOCa, OOOPOHHON TEXHUKH C TPUMEHEHUEM
JABJICHUH W TUTACTHYECKOM epopmaruu.

Pexomennyemas nmutepatypa (OCHOBHAsS M JOTIOJTHUTENbHAST)

a) OCHOBHasI TUTEpaTypa

la. CyBopos U. K. O6paboTka meTaiioB naBienuemM. - M.: Beicias mkoima, 1980. - 364 c.

2a. KopoiieB A.A. Mexanndeckoe 000py10BaHHE TPOKATHBIX U TPYOHBIX IEXO0B: Y YeOHUK 1151
BY30B. - M.: Metamnyprus, 1987. - 480 c.

3a. banakun B.II., EdpemoB I.b. u ap. Teopust 00paboTku MeTanaoB gaBieHUEM. Teopus
MIPOIIECCOB KOBKH, IITAMIIOBKH | ipeccoBanust: JlabopaTopHsrit mpaktukym. — M.: MUCuC, 1982
c.

4a. E.B. Ky3nenon, C.II. T'ankun TexHoIOrHUeCKHEe MPOIECCH 00pabOTKH METaIoB
nasienueM: JlabopatopHslii mpaktukym. - M.: MUCuC, 2002, Ne1613.- 78 c.

S5a. MopgenupoBanue TpOIECCOB IacTUdeckoi nedopmaruu. ['paduueckuii pemakTop
QDraft, 69 c. DnexTponHoe npuoxxeHue k cucreme QForm2d.

0) TOTOJHUTETbHAS JTUTEPATYypa
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16. KoBka u mrammnoBka. CrnpaBounuk. B 4-x tomax / mon pen. E.M.CemenoBa.- M.:
Mammnoctpoenue. 1986. — c.

26. llep6a B.H., Paiitoapr JI.X. TexHonOrHs MpeccoBaHUsI METAIUIOB. Y4eOHOE TOCOOHe IS
BY30B. - M.: Metamnyprus, 1995.- 336 c.

36. T'opoxoB B.C., Jle6eneB JI.C., Iloropxensckuii B.M. u ap. OOpaboTka meTamioB
naBieHueM. - M.: MUCuC, 1988.- c.

46. JIubencon I'.A., Jlomatun B.}O. u gp. [Iponeccel mopomrkoBoi meramnypruu. T. 2
®opmoBanue u cnekanue. — M.: MUCHC, 2002.- 320 c.

YACTHb 6. IMMOPOLIKOBASA METAJIJIIYPTUA U KOMIIO3UIIUOHHBIE
MATEPHUAJIBI

Paznen 1. IlopomkoBasi MeTaJIyprust

a) MeTtoabl nosyueHus nopomkos /1a-2a, 16-26/

1.1. 3nadyenne nMopomIkoBoil Metaypru. Vctopust pa3BUTHS MOPOIIKOBOM METAJTypPrUH.
OCHOBHBIE TEXHOJIOTUYECKHE CXEMBI IMPOU3BOJCTBA CHEUYEHHBIX MarepuanoB. Kiaccudpukanus
METO/IOB MOJTYYEHHSI ITOPOIIKOB.

1.2. MexaHuueckue METOAbl MONY4YeHHMs MNOpPOIIKOB. IIpom3BOACTBO  HOpOIIKOB
M3MEJbUCHUEM TBEP/BbIX METAUIOB M PACIBUICHUEM >KHJIKUX METAJUIOB U CIUIABOB METOJIaMHU
ra3zoBOro, XHUJAKOCTHOTO U LIEHTPOOEKHOTO PACIIbIICHUSI.

1.3. ®U3UKO-XUMHYECKUE OCHOBBI MPOIIECCOB, 00OPYAOBAaHHUE, TOCTOMHCTBA M HEIOCTATKH
pa3IMYHBIX METOJOB, OO0JAacTH HUCHOJB30BaHUSA. MeToabpl TMoyuyeHust aMop(QHBIX U
HAHOIOPOUIKOB MEXaHUYECKMMH METOJAMHU.

1.4. IlonydyeHne MeTaUIMYECKUX MOPOLIKOB METOJOM BOCCTAHOBJICHUS OKCHJIOB METAJIOB
TBEPJBIM U ra3000pa3HbIM BoccTaHOBUTENIEM. DUBNKO-XUMHUECKUE OCHOBBI ITPOIIECCOB.

1.5. TlpakTrka TOJIy9eHHsS TOPOIIKOB >Kejie3a, BoJibppama, TuTaHa. DHU3NKO-XUMUYECKHE
METO/Ibl NIOJIy4YEHHUSI HAaHOMOPOIIKOB. [IpOM3BOACTBO METAIIIMUECKUX TTOPOLIKOB 3JIEKTPOIU30M
BOJIHBIX PACTBOPOB M PaCIIaBICHHBIX CpPe.

1.6. TIpom3BOACTBO MOPOIIKOB METOJOM TEPMHUYECKONH IMCCOLMALUKN KapOOHMIBHBIX
coenuHeHUl. PU3NKO-XMMHUYECKUE OCHOBBI MPOLECCOB, MPAKTHKA TMOJIYYEHHS] MOPOLIKOB.
CBolicTBa METAIIIMYECKHUX ITOPOILIKOB U METO/IbI UX KOHTPOJIS.

0) ®opmoBaHME U CTICKAHUE METAJUTMIECKUX TOPOIIKOB /3a-4a, 36-46/

1.7. IloagroToBKa NOPOLIKOB. 3aKOHOMEPHOCTH NPOLIECCA YIIJIOTHEHUS ITOPOIIKOB B CTaJIbHOU
npecc-¢popme. Ilporeccsl, mpoucxoasimue MpU HPECCOBAaHUH. 3aBUCUMOCTb IUIOTHOCTH OT
JlaBJIEHUs IpeccoBaHus. Pacnpenenenue mioTHOCTH 1o o0bemy Opukera. Ilotepu naBneHus Ha
TpeHue. Ynupyroe nocieaeiictsue. [IpeccoBanne co cmaszkoi. bpak npu npeccoBaHuu.

1.8. T'opsiuee wu3ocTaTMueckoe mpeccoBaHue. MHxekunoHHoe npeccoBanue. JlaszepHas
dbopmoBanue. Ilpaktuka mpeccoBanus. Ilpeccer u mpecc-dpopmbel. Bapuantel (opmoBanus
METAJIMYECKUX  IOPOILIKOB: Tropsdyee, H30CTaTUUYECKOE, JAMHAMUYECKOE, HMIIYJIbCHOE,
BUOpAllMOHHOE, MpPOKaTKa, LUIMKEpHOE JHuThe. (OCOOEHHOCTH MPOILECCOB, ammapaTypHoOe
odopmIieHuE.

1.9. OcHOBHBIE 3aKOHOMEPHOCTH TpOIlecca CrieKaHus B TBepAor ¢aze. Poib moBepxHOCTHOU
U oOobeMHOU nuddy3un. Ycaaka npu CHeKaHUU. BinsHUE TEXHOMOTMYECKUX MapaMeTpoB Ha
MpoIlecC  CNeKaHWs ©  CBOMCTBA  CHEYEHHBIX  m3Aenuid. (OCOOEHHOCTH  CIEKaHUS
MHOTOKOMIIOHEHTHBIX crcTeM. Biustaue rerepoandysuu Ha mporece ycaaku.

1.10. OcHOBHBIE 3aKOHOMEPHOCTH TMpollecca CHEKaHWS MHOTOKOMIIOHEHTHBIX CHCTEM B
NPUCYTCTBUM JKUAKOH (pa3bl, ncyesaromeil U MPUCYTCTBYIOUIEH 10 KOHILAa M30TEPMHUYECKOMN
BbIIEP)KKH Npu HarpeBe. Kunetnka ycaaku. @akTopsl, BAUSIONINE HA TUIOTHOCTh U 3€PHUCTOCTh
CILIaBOB.

1.11. [IponTKa KaK pa3HOBUIHOCTD KUAKO(DA3HOTO crieKaHus. DU3NKO-XUMUIECKHUE OCHOBBI
¥ 3aKOHOMEPHOCTH Tporiecca nponuTku. [IpakTuka mporeccos criekanus. ATMocdepa criekanus,
Ne4y CrieKaHus, Opak MpH CrIeKaHUU.

B) CrieueHHbIe MaTepualbl ¢ 0cOOBIMU CBOMcTBaMU /5a-9a, 56-66/
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1.12. Knaccudukanus crnedeHHbIX MarepuanoB. CrieYyeHHbIE MOPHUCThIC MOIIWIHUKH MU
¢unbTpel. OCHOBHBIE COCTaBbl. TexHONOTHS NodydeHHs. Dunueckue, MeXaHUYEeCKHEe WU
SKCIUTyaTallMOHHBIE CBOMCTBA.

1.13. AntudpuxnuonHsie U (QpuKImoHHBIE MaTepuanbl. OCHOBHBIC NPHHITUIBI PAOOTHI.
CTpykTypa W CBOHCTBa TBEpPIBIX CMa30K. TeXHONOTHS W3rOTOBJICHUS, CBOWCTBA, 00JACTH
IIPUMEHEHHUS U NIEPCIEKTUBBI PA3BUTHSL.

1.14. CrieyeHHbIE DJIEKTPOTEXHMUECKHE MAaTepUaibl: s CKOJB3SIIIMX M Pa3pbIBHBIX
JNEKTPUYECKUX KOHTAaKTOB, MarHuThl. OcoOeHHOCTH paboThl, BUABl HU3HOCA. DUUKO-
XUMHUYECKHE OCHOBBI M TEXHOJIOTHSI IPOU3BOJICTBA, OOIACTH IPUMEHEHUS.

1.15. CrieuenHble TBEpbIC CIUIABBI, UX KiIacCUpUKamus. TeXHOJOTHIecKas cXeMa IMoTydeHus,
CBOicTBa, oOnacTu mpuMeHeHus. KOHCTpyKIIMOHHAs KepamuKa. XapaKTePUCTUKA HCXOTHBIX
MarepuanoB. TeXHOJOrMYecKne BapUaHThI MonyyeHus. HaHeceHne kepaMU4ecKUX MOKPBITUH.
CgoiicTBa, 00J1aCTH IPUMEHEHHS.

1.16. KapornpouHblie CIIEYEHHBIE MaTEpHUalbl: JUCIEPCHO-YIPOYHEHHBIE U BOJOKHHUCTHIE.
Oco0eHHOCTH TEXHOJIOTHH, OCHOBHBIE CBOMCTBA M 00JIACTH PUMEHEHHSI.

1.17. Anma3zocozaepskaiiue crieueHHble maTepuaibl. CuHTE3 anmasoB. [lonydeHne aamasHOTO
MHCTPYMEHTA C Pa3IUYHBIMU CBSI3KAMHU.

Paznen 2. TexHomornu caMopacrpoCTpaHsIioIIerocsi BeicokoTemneparypHoro cuareza (CBC)
/10a-13a, 76-96/

2.1. Beegenune. O6mas xapakrepuctuka CBC — mporeccoB. THUIBI XUMHUYECKUX PEaKIIUA U
OCcHOBHbIE Ki1acchl TpoykToB B CBC. TemnoBoi Mmexanusm pacnpocTtpaneHus BosHbl CBC.

2.2. CTpyKTypa BOJHBI O€3ra30BOro ropeHus. Pacuer annabaTudeckux TeMreparyp TOpeHus
Y PAaBHOBECHBIX KOHIIEHTPALUWA MPOJAYKTOB CUHTE3a.

2.3. Tumbpl KUHETHYECKUX 3aKOHOB, MX (DU3UKO-XMMHUYECKOe OOBSICHEHHE U BIUSHUE Ha
cTpykTypy BosHbl CBC (y3KHe U MIMpOKHE 30HBI peakuun). [[puHIMNbl S3KCIEpUMEHTAILHOTO
onpeneneHus 3GPEKTUBHBIX KHHETHYECKUX TTapameTpoB mporecca CBC.

2.4. DKcriepuMEeHTabHBIE METO/IbI U3MEPEHUS] CKOPOCTH TOpeHus. JIokaabHbIE U TI00aTbHbIe
3HAYCHUs CKOpOCTH pacnpocTpaHeHus: BoiHbl CBC. OnpeneneHue TemMnepaTypHbIX Mpoguiei
nporecca.

2.5. ®opMupoBaHHE MaKpOCTPYKTYpPhI MPOAYKTa (pacimmpenue, ycanaka). PopMupoBaHue
MUKPOCTPYKTYpbl. DOpMHUPOBAHHE KPUCTAITMYECKON CTPYKTYPBI MPOAYKTOB.

2.6. TexHonorus CHHTE€3a 3aroTOBOK M mopomkoB. TexHomnorus cuioBoro CBC-
KoMmakTupoBanus.  llpuHuunuanbHble  cxembl — mpoBeAeHUss — mpouecca.  OCHOBHBIE
TEXHOJIOTMYECKUE NTapaAMETPhI U UX BIIMSHHUE HA CTPYKTYPY U CBOMCTBA MIPOJYKTOB TOPEHUS.

2.7. CBC - merannyprus. Texnonoruss CBC - cBapku. HoBele MaTepuainsl, NOJy4yeHHBIE 1O
texHonorusiM CBC. CTpykTypa M CBOWCTBa CHHTETHYECKUX TBEPJBIX HHCTPYMEHTAIbHBIX
matepuainos (CTUM). @yHkmoHanpHble rpagueHTHbIE Matepuaisl (PI'M).

Paznen 3. ®yHKIIMOHAIBHBIE U HAHOCTPYKTYPHBIC TOKPHITHS /14a-18a, 106-126/

3.1. BBognas gacte. OO01ias kinaccuduKkaIys METO0B M TUIIOB IOKPHITHIA. ['a3oTepmuueckue
MeToabl. McxonHble Marepuanbl JUIsi HAHECEHUs MOKPHITUH. TeXHONOorus IIa3MEeHHOrO
HaIbUICHHUS.

3.2. DIEeKTpOAYroBoe, AETOHAIMOHHOE, ra30IUIaMEHHOE HAIbUICHUE, METO/bI HAIIBUICHHS C
UCIIOJIb30BAaHUEM CBEPX3BYKOBBIX comenl. HarmaBounble Mmeronsl. OOmme 0COOEHHOCTH.
[Ina3mMeHHas ¥ J1a3epHast HaIUIaBKa.

3.3. MeTo/1bl 3NIEKTPOUCKPOBOM 00paOOTKH M TEPMOPEAKIIMOHHOTO YIIpOUHEeHus. BakyyMmHbIe
MeTo bl HaHeceHu s MOKpbITHil. PVD u CVD Texnonorus.

3.4. Texnonorus Tepmuueckoro ucrnapeHus. CrocoObl HarpeBa. BapuaHThl axTHBaLUU.
B3anmoneiicTBe MOHOB C MOBEPXHOCTHIO TBEPAOTO maTepuaia. Ou3nyeckue OCHOBBI METOJA
MarHeTPOHHOI'O PaCHbLICHHUS.

3.5. ®u3nyeckre OCHOBBI METO/Ia KATOIHO-TyTOBOT0 UCIIApEHUs. XUMUUYECKOE OCAKICHHUE U3
ra3oBoii ¢assl. TeopeTnyeckre ocHOBBI MeTos1a. Kitaccuueckast M yJIydlieHHbIE TEXHOJIOTHH.
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3.6. Meroap! onpezeneHus TOJLUIMHBI TOKPBITUH. MeToAbl SKCIIPECC-KOHTPOJIS aAr€3MOHHON
MIPOYHOCTH MOKPBITUH. OTpeiesieHne XUMUYECKOT0 U (Da30BOT0 COCTaBa MOKPHITUI

3.7. CHekTpOCKONMYECKHE METOJIbl HCCIEN0BAHUS IOBEPXHOCTU. DHETPO-AMCIIEPCHOHHAS
cnekTpockonusi.  PeHTreHoBckas  (OTORIEKTPOHHAs  CHEKTPOCKONMS,  CHEKTPOCKOIUS
OHEPreTUUECKUX NOTeph 3JEeKTpoHOB. PamanoBckas u MK-cnexrpockonus. Onrtudeckas
OMUCCUOHHAS CIEKTPOCKOIUSI.

Pexomennyemas nmutepatypa (OCHOBHAsS M JOTIOJTHUTENbHAS)

a) OCHOBHAsI JIUTEpaTypa

la. IIpoueccel mnopomkoBoil Metamnypruud. 1.1, T.2. IIpou3BOICTBO METaNIMYECKUX
nopoukoB: YueOHuk juig By30B / JIubencon I'.A., Jlonatun B.1O., Komapuunxkwuii I'.B. u ap. -
M.: MUCuC, — 2002 r. — 688 c.

2a. Kunapucos C.C., JIu6encon I'.A. IlopomkoBast meramnyprus. — M.: Metamutyprus, 1991.
—432 c.

3a. Anukun B.H., biunkos U.B., Yennokos B.C. u ap. Teopernueckne OCHOBBI CIEKaHUS
MOPOIIKOB: KHHETHKA CIIEKaHUs pealIbHbIX MaTepuasioB: Kypc Jekuuii. M.: U3a. nom MUCuC,
2014. 108 c.

4a. Jlesunckmii 10.B., Jlebenes M.II. Teopernueckue OCHOBBI TPOILECCOB CIEKAHUS
MeTaJIIMYecKuX nopomkos. M.: Hayunsrit mup, 2014. 372 c.

S5a. Hapa B.K. TexHosorus M CBOICTBAa MOPOIIKOBBIX MAaT€pUAIOB U U3JCITUN U3 HUX.
Koncrpykunonnsie matepuansl. Kypce nekuumii. M.: U3a. nom MUCuC, 2010 r. 122 c.

6a. Hapsa B.K. TexHosorusa noponkoBbix MarepuaiioB u uzaenuil. Kypc nexumii. M.: U3n.
nom MUCuC, 2012 1. 170 c.

7a. ITanoB B.C., UyBunun A.M., ®@anpkoBckuii B.A. TexHONOruss U CBOMCTBA CIIEYEHHBIX
TBEPJBIX CIUIAaBOB U u3nenuit u3z uux. M.: MUzn. nom MUCuC, 2004 r. 460 c.

8a. Koctukob B.M. ®Dusuko-xuMHYECKHE OCHOBLI TEXHOJOIMH KOMIIO3UIIMOHHEIX
MaTepHalioB: TEOPETHUECKUE OCHOBBI MPOIECCOB CO3/IaHUSI KOMIIO3UIIMOHHBIX MaTepHUalioB.
Yuebnoe nmocodue. M.: U3n. nom MUCuC, 2011. 285 c.

9a. KoctuxkoB B.M. ®Pusznko-xuMH4eCKHE€ OCHOBBI TEXHOJOIHH KOMIIO3UIIMOHHBIX
MaTepuasoB: IUPEKTUBHAS TEXHOJOTUS KOMIIO3UIIMOHHBIX MaTepHasioB. YuebHoe nocodue. M.:
W3n. nom MUCuC, 2011. 220 c.

10a. JleamoB E.A., Poraues A.C., FOxBun B.U., bopoBunckas N.I1. ®uznko-xumMuyeckue u
TEXHOJOTMYECKHE OCHOBBI CaMOPAaCIpPOCTPAHSIONIEIOCsS BBICOKOTEMIIEPATYPHOTO CHHTE3A.
YuebHoe nmocodue. M., U3n-Bo «bunom», 1999, 176 c.

11a. JleamoB E.A., PoraueB A.C., Kypbatkuna B.B., MakcumoB HO.M., FOxBug B.U.
[lepcriekTrBHBIE MaTepuabl u TEXHOJIOTUU CaMopacHpOCTPaHSIOIIErocs
BBICOKOTEMIIEPATYPHOTO cUHTe3a. YueOHoe nocobue. M3narensckuii njom MUCuC, 2011, 377 c.

12a. AmocoB A.Il., bopoBunckas W.I1., MepxanoB A.I'. IlopomkoBas TEXHOJOTHUA
CaMOPaCIPOCTPAHSIOIIETOCsI BEICOKOTEMIIEPAaTypHOT'O CHHTE3a MaTepuajioB. YueOHoe mocodue/
noja Hay4dHou penakuueit B.H. Aamudeposa, M., Mamunoctpoenue-1, 2007, 567 c.

13a. Kynunos B.B., bo6poB I'.B. Hanecenue nokpeituii HanpieHHEeM. Teopusi TEXHOIOTUS U
obopynoBanue. M.: Metamnyprus, 1992 r., 432 c.

14a. JI. bannaes. ['a3oTepmuueckoe Hansenue. M: Mapker JIC, 2007, 344 c.

15a. bepnun E.B., Ceiinman JI.A. MoHHO-IIJIa3MEHHBIE MPOILIECChl B TOHKOIUICHOYHOMH
texHojorun — M.: Texaocdepa, 2010. - 544 c.

16a. HanoctpykrypHubie nokpseitus. [lox pen. Kasaiinepo, JI. ne Xoccona. M.: Texnocdepa,
2011 -752c.

17a. TwrtneBnu A.E., Muxaiinos B.B., Ilapkanckuii H.SJl. m np. DnekTpouckpoBoe
JIETUPOBaHKUE METAUINYEeCKUX nmoBepxHocTeil // Kumunes: Hltunnna, 1985, 195 c.

18a. B.I'. Ceipkun. CVD-meTon. Xumuueckoe napoBoe ocaxaenue. Hayka. 2000. 458 c.

0) MOMOJIHUTEIbHAS JIUTepaTypa
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16. Poman O.B., I'abpuenos N.I1. CipaBoYHHK 1O MOPOIIKOBOW METAJIypTrUH: MOPOIIKH,
Marepuaibl, mporeccbl. Munck: benapyce, 1988. 175 c.

20. MeTannuyeckue NOPOLIKU U opoikoBsie Matepuans! / [Toa. pen. Jleunckoro FO.B. M.
Oxomer, 2005. 520 c.

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

46. T'epman P. DHnmknonenuss MOpomkoBoW wmetamuryprud. M.: M3matenbckuii  10M
«HuTennexkTy», 2009. 336 c.

56. EpmaxkoB C.C., Bssuuko H.®. TlopomkoBsie ctanu u uznenus. M.: MammHocTpoeHue,
1990 r. 240 c.

60. Koctukos B.1., Bapenkos A.H. KoMno3unnonHbeie MaTepraibl HA OCHOBE aTFOMUHHEBBIX
CIUIaBOB, apMHUPOBAHHBIX YIIIEpoAHBIMU BoslokHaMu. M.: UnTepmer Unxunupunr, 2000. 260 c.

76. PoraueB A.C., Mykacesn A.C. T'opeHue il CHHTE3a MaTepHaOB: BBEJICHUE B
CTPYKTYpPHYIO MaKpOKHHETUKY, M., @uszmatnur, 2012, 400 c.

806. MepxanoB A.I'. Ilpoueccel ropenuss u cunre3 marepuanon. / [lox pen. A.E.Creruena.
Yepuoronoska, U3n-so UCMAH, 1998. 512 c.

96. JleamoB E.A., Porawee A.C., bapspikun B.B., Ilkagunckuit K.I. wu g1p.
CamopacnpoCTpaHSIONIMICSd ~ BBICOKOTEMIEPATYPHbI  CHHTE3: TEOpUsl U IPaKTUKa
UYepnoronoska, M3n-so «Tepputopusi», 2001. 432 c.

106. A. Ily3pskoB. TeopeTndeckre OCHOBBI TEXHOJIOTHMH IUIa3MEHHOTO HambuieHHs. M.:
MI'TY um. H. 3. baymana, 2008 r., 360 c.

116. KagsipxanoB K.K., Komapo ®@.®., Ilorpebnsx A.J[. MoHHO-1yyeBass M HOHHO-
mIa3MeHHas o0paboTka marepuainoB. — M.: U3mat-so MI'Y, 2005. — 640 c.

126. bepnun E.B., Celinman JILA. Tlony4yeHne TOHKUX MJIEHOK PEaKTUBHBIM MarHeTPOHHBIM
pacnbuteHnsiM — M.: TexHocdepa, 2014. - 256 c.

YACTb 7. TEXHOJIOI'UsA DJEKTPOXUMHUYECKUX ITPOLHECCOB U
3AIIUTA OT KOPPO3UH

Pazgen 1. OcHOBBI TE€OpHH KOPPO3UU METAIIIIOB U CILIABOB B JKUJKHUX Cpeaax

1.1 XuMu4yecKkui v 3JIEeKTPOXUMUYECKUN MEXaHU3M PACTBOPEHUSI METAJIIOB. [ 'OMOT€HHBIN U
TETEPOreHHBbI MYTH MPOTEKAaHUs NIEKTPOXUMUYECKOW KOppo3uu MeTauioB. Koppo3moHHbIE
rajqbBaHUYECKHUE AJIEMEHTBI U IPUYUHBI UX BOSHUKHOBEHMs. CXEMBbI POTEKAHUS, XapaKTEPHbIE
0COOEHHOCTH M KOHTPOJIHUPYIOIIUE CTAJAUN AIIEKTPOXUMHUYECKUX KOPPO3UOHHBIX MTPOIIECCOB.

1.2 AHOonHbIE MPOLECCHI npu AJIEKTPOXUMHUYECKOM KOppO3UH METAJLJIOB.
Tepmoaunamuueckue ocHoBbl. Kiaccudukanms anomneix mnporeccoB. uarpammsl IlypGe.
[IpyHIMIIBI TIOCTPOEHUsT W HCIOJB30BAHME HMX IPU AHAIM3E KOPPO3MOHHBIX IPOLECCOB.
CraguiiHplli MEXaHU3M AaHOJHOI'O PAacTBOPEHUs MeTauioB. [IpM3HAKM MHOTOCTaIUITHOCTH.
KunHeTrka MHOroCTagMitHOro pacTBOpeHHMs. BiusHue NpUpOAsl aHMOHOB HA KUHETUKY H
MEXAHHU3M aHOJHOI'O PACTBOPEHHUS.

1.3 Karognble npouecchl NpH 3MEKTPOXUMHUUYECKON KOPPO3UU METAIOB. TepMOAMHAMUKA,
CXeMa M MEXAaHM3M KaTOJHOTO IIpoliecca KHUCIOPOJHOM Jenoispu3anuu. XapaKTEepHbIE
OCOOCHHOCTH KOPPO3MHM METaNIOB C KHUCJIOPOAHOW Jemojspu3alueil, UX B3aUMOCBS3b C
MEXaHU3MOM KaTOAHOIO IIpoLEcca.

1.4 TepmoauHamuka, cXxemMa M MEXAHU3M MPOTEKAHMUSI KATOJHOTO IMPOIECcca BOIOPOIHOU
nenonspusamuu. IlepeHanpspkeHne  BbIAENEHUS  BoJAOpoAa. Teopunm nepeHanpsKEeHUs.
XapakTepHble OCOOCHHOCTH KOPPO3MHM METAJJIOB C BOJOPOJTHOM JAEMOJSpU3AMEH, HX
B3aMMOCBSA3b C MEXaHU3MOM KaTOAHOIO Mpoliecca. Y CJI0BHs NIPOTEKAHUA U MEXaHU3M KaTOIHOTO
MpoIecca ¢ KUCIOPOTHO-BOJOPOTHON ETOSAPU3AIIUCH.

1.5 Pacuer DIEKTPOXUMHUYECKOIO KOPPO3HOHHOI'O rpouecca. IToka3zarenu
AJIEKTPOXUMHUYECKOW KOPPO3HU METAIOB. AHAIUTHYECKHH pacdyeT CKOPOCTH KOPPO3HUH.
Uneanbuble u peanbHble (IKCIEPUMEHTANIbHBIC) MOJSPU3ALMOHHBIE KpPUBbIE. METOIbl HX
noctpoeHus. I'padudeckuii pacueT KOPOTKO3aMKHYTBIX JIBYX- U MHOTOJIEKTPOAHBIX CHCTEM.
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3alIUTHBIA, Pa3HOCTHBIH M OTPULATENBHBIA pa3HOCTHBIA 3¢ ¢ekTsl. MHOT03JIeKTpOIHbIC
CHUCTEMBI C 3aMETHBIM OMHYECKUM CONPOTUBIICHHEM. [[0TeHIIMAaIBI CHCTEMBI «IIJIEHKA- [TOPay.

1.6 IlaccuBHOCTH MeTayioB. OmnpeneneHuEe U XapaKTEPUCTHKU IACCUBHOTO COCTOSIHMSL.
Teopun maccuBHOro cocTosiHUsA. KMHETHKa aHOIHBIX IMPOLIECCOB NMPU MACCUBALMKM METAJIOB,
aHOJHAs TMOJSPU3ALMOHHAS KpUBas I[aCCUBUPYIOLIETOCS MeETalla U €€ XapaKTEepHbIe
OCOOCHHOCTH. YCJIOBHSl YCTOWYMBOCTH IACCUBHOTO COCTOSIHMS. [lOBBINIEHHWE YCTOMYMBOCTH
MIACCHBHOTO COCTOSIHUS KaTOAHBIM JIETUPOBaHUEM, aMopdu3zaiueit nosepxHoctu. [Ipakrnueckoe
3HAYEHHE NTACCUBHOCTH METAJIJIOB.

1.7 PactBopenue cruiaBoB. I'eTeporeHHble cIIaBbl U TOMOTEHHBIE CIUIaBbl. PacTBOpeHue
TOMOTE€HHBIX CIUIABOB B AKTUBHOM M MACCUBHOM COCTOSHUAX. MexaHM3M H30HpaTelbHOMN
KOppo3uu ciiaBoB. [laccuBupyromuecs CIuiaBbl ¢ KATOJIHBIMH NIPUCAIKAMH.

1.8 JlokampHbIe (MECTHBIE) BHIbI KOpPPO3WH: TOoYedHas (NMATTUHTOBAasi) KOPPO3US
NaCCUBUPYIOLINXCS METAJIOB U CIIJIaBOB, LIEJIEBASI KOPPO3HsI, MEKKPUCTAIUIUTHAS KOPPO3USL.

1.9 Kopp0o3nOHHO-MEXaHUYECKOE Pa3pylIEHUE METAJIIOB: KOPPO3UOHHOE PACTPECKUBAHUE U
KOPP3HOHHAs yCTAJIOCTh; HABOJOPAKUBAHUE, BOJOPOAHASI KOPPO3US U OXPYTUMBAHHE METAIIOB;
KOPPO3UOHHAS KABUTALMS U KOPPO3UOHHAS DPO3HSL.

Pa3znen 2. Metoap! 3alIUThl METAJUIOB OT KOPPO3UHU B KHUJAKHX Cpelax

2.1 YmeHblIeHUE COAEPKAHUS ETOIApU3aTOpPa B JIEKTPOJIUTAX: TEPMUYECKAs Jearpanus,
NeCOpOIIMOHHOE, XUMHUECKOE U SJICKTPOXUMHUUECKOE 00ECKUCIOPOKUBAHIE BOJIBI.

2.2 VHrubuTOophl KOPPO3WHM METAUIOB: Kiaccudukarms, 3(Q(PEeKTHBHOCT W MEXaHU3M
neiictBusi. TeopeTuyeckre OCHOBBI MOAOOPA U MPAKTUKA MPUMEHEHNUSI HHTHOUTOPOB KOPPO3HHU B
KHCJIBIX, HEUTPAJIbHBIX U IIEJIOYHBIX PACTBOPAX JIEKTPOIUTOB.

2.3 DneKkTpoxuMUYecKas 3alluTa: KaToAHas NPOTEKTOpHas 3allluTa, KaToJHas 3alluTa
BHEIIHUM, aHOAHAs 3allUTa BHEMIHUM TOKOM. [IpuHumnsl u 3¢(eKTUBHOCTH 3alUTHOTO
JIEUCTBUA.

2.4 PanuoHalibHOE KOHCTpyHMpoBaHuE€. (OCHOBHBIE MPHUHIUIIBI KOHCTPYUPOBAHHUS U
TEXHOJIOTUM COOPKU KOHCTPYKIIMH, BIMSHUE 3JIEMEHTOB KOHCTPYKIIMU U TEXHOJIOTUU X COOpKU
Ha KOPPO3UOHHBIE IPOLIECCHI.

Pa3znen 3. OcHOBBI TEOpUM KOPPO3UH METAJIJIOB U CIUIABOB B Fa30BBIX Cpeaax

3.1 TepMmoauHamuyeckasi BO3MOKHOCTb Ta30BOM KOPPO3UU MeTAIIOB. [IpoayKThl razoBoi
KOPpPO3UH U UX TEPMOJMHAMUYECKAS] yCTONUNBOCTD.

3.2 OkcuaHbIE TUICHKH Ha MeTayuiaXx. AJCOpOIMS OKUCIUTENSI HA MOBEPXHOCTH METaJUIOB,
o0pa3oBaHNe NEPBUYHBIX OKCUAHBIX IJICHOK. Kiaccuukanus mieHoK 1o TONIUHE, 3allUTHON
CIOCOOHOCTH, MOP(OJOTHYECKOMY CTPOSHHI0, (a30BOMYy H XHMHYECKOMY COCTaBY,
JIEKTPONPOBOIHOCTH U MEXAHNU3MY MacCOIIEPEHOCA.

3.3 KuHeTHueckne 3aKOHOMEPHOCTH U MEXAHHU3M POCTa TEPMHUUYECKHX OKCUIHBIX IJIEHOK Ha
MeTaulax. XUMHAYECKUM U 3JIEKTPOXUMHUUYECKUI MEXAHW3M OKUCIEHUs MeTasuloB. JIMHEHHBIN
3aKOH OKHCJICHUS: YCJIOBHSl MPOSIBICHUS, CTAaAUU POCTAa IOPUCTOM OKCUIHOW IUICHKH,
3aBHCHUMOCTh CKOPOCTH pocTa OT Temmneparypsbl. [lapaGonarueckuil 3aKOH OKUCIICHUS: YCIOBUS
MIPOSIBJICHUS, CTAJMKM POCTA CIUIOMIHOM (3alIUTHOM) OKCUAHOW TUICHKH. [I[pUYnHBI OTKIOHEHHS
KAHETHYECKOTO YpPaBHEHHS pOCTa IUICHKH OT Mapa0oiIMyecKod 3aBUCHUMOCTH. Bimsnue
TEMIIEpaTypbl Ha CKOPOCTh pocTa. VOHHO-31EKTpOHHAs TEOpUsS BBICOKOTEMIIEPATYPHOTO
napaboIMYecKoro OKHCIEHHs MeTalioB. KHHETHYecKHe 3aKOHOMEPHOCTH 0Opa30BaHUS
MHOTOCJIOMHBIX W MHOTO(a3HbIX OKCUAHBIX IUIEHOK. KuHeTnueckue 3aKOHOMEPHOCTHU pPOCTa
TOHKHMX OKCHAHBIX IUIeHOK. KaTacTpoduueckoe okucieHue MeTauioB. BiusHue cTpyKTypHOTO
COCTOSIHUS CIUIaBa M XapaKTEPHUCTHUK Ta30BOM Cpellbl Ha 3alIMTHYIO CIIOCOOHOCTH OKCHIHBIX
IUIEHOK.

3.4 Teopernyeckre OCHOBBI TIOBBIMICHUS JKAPOCTOWKOCTH CHWXEHUEM JIe(PEKTHOCTH
KPUCTAJNIMYECKON pemieTkn okcuna (teopusi Baruepa-Xaygge). Teopetnueckue OCHOBBI
MOBBILICHHSI JKapOCTOMKOCTH CIUIABOB MPHU 00pa30BaHUM Ha MOBEPXHOCTH OCHOBHOTO MeETaslia
OKCUJHBIX IUIEHOK JIETHPYIOIIUX KOMIIOHEHTOB WM OKCUAHBIX IUIEHOK THUIIA IIIUHENIEH.
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BricokoTemmieparypHasi MaCCUBHOCTh METAJUIOB M CIUIABOB. MeXaHH3M MAaCCUBHPOBAHUS U €TI0
CBSI3b C TEOPUSMH KAPOCTONKOTO JIETUPOBAHUSI.

Paznen 4. MeToibl 3aIIUTH METAIIJIOB U CIJIABOB OT KOPPO3HMHU B T'a30BbIX CpeIax

4.1 3ammutHbeie aTMOchephl: cocTaB aTMocdep, OCHOBHBIE MPHUHIUIBI TOI00pa, YCIOBUS
NpUMEHEHU, BIMSHUE COCTaBa arMoc(ep Ha COCTOSIHME MOBEPXHOCTH M3JENIUH B Mpolecce
Harpesa.

4.2 3amuTHBIC OKPBITHS: KJIacCU(UKALKS, TPUHIMITBEI U METO/IbI MTOJTyYCHHS.

4.3 Meroasl yYMEHBUICHHS OKHCJIEHUS METAUIOB W CIUIABOB IPU HArpeBe B MpOIlEecce
TEXHOJIOTUYECKUX MEPEICIIOB.

Pexomennyemas mureparypa

a) ocHo8Has aumepamypa

1 H.IL Xyxk. Kypc Teopun Koppo3uu 1 3aIuThl METAIJIOB, Y4eOHOE Oco0ue i BY30B.
N3p. BTopoe, crepeorunHoe. M3n-so «AnbsaHce», M.: 2006, 472 c.

2 Tomamo H.J., UYepnoBa [I'.Il. Teopuss xoppo3un © KOPPO3UOHHOCTOMKHUE
KOHCTPYKIIMOHHBbIE ciiaBbl. M.:Metamnyprus, 1993, 416 c.

3 Bb.K. Onapa. UHxeHepHas 3aniura METaIONPOAYKLUY, KOHCTPYKIIMM U COOPYKEHHH.
O6paboTka koppo3noHHo cpeabl. Kypce nekmuii, Ne333. M.: uza-so «Yuebay, 2005, 127 c.

4 Bb.K. Onapa. MnxeHepHas 3aliuTa METAJUIONPOLYKIIMH, KOHCTPYKLUNA U COOPY’KEHUH.
DIJIEKTPOXUMHUYECKas 3alMTa U pallMOHAIbHOE KOHCTpyHupoBanue. Kypc nexuuii, No746. M.: uz .
oM «MHUCuCy», 2008, 125 c.

5 P. Aunran. Koppo3us u 3amura ot kopposuu. M3a. nom MaTtemnexr. Jloaronpyausii, 2013,
343 c.

0) donoaHumenvHas 1umepamypa

1 Hcaes H.W. Teopust koppo3noHHBIX nporieccoB. M.:Meramnyprus, 1997, 361 c.

2 W. B.CemenoBa, I'M. ®nopuanoBuu, A.B.XopommioB. Koppo3uu u 3ammra OT
Koppo3uu. M. @usmatiur, 2002, 327 c.

YACTD 8. MATEPUAJIOBEJIEHUE

Paznen 1. MexxaToMHbIE B3aUMOJICUCTBUSA U SJIEKTPOHHOE CTPOCHHUE TBEPIOTO TeJa

1.1. OcHOBHBIE THUIBI XUMHUYECKOW CBSI3M B TBEPAbIX Tenax. lloTeHlMallbl MEKaTOMHOTO
B3aUMOJICUCTBUSA. OHEPrus CBA3HM METAIMYECKUX, KOBAJICHTHBIX, HOHHBIX KpPHCTAJLJIOB.
PaBHOBECHOE MEX)AaTOMHOE PAaCCTOSHHUE.

1.2. DAEKTpOHHOE CTPOCHHE TBEPABIX TEJ C PA3THMYHBIM THUIIOM CBs3U. MoJieiah CBOOOTHBIX
JIEKTPOHOB JUI1 METAJJIOB. BBIPOKIEHHBIN JJIEKTPOHHBIA ra3. IDLIOTHOCTB COCTOSIHUM.
IToBepxHocTh @epMu. 30HHAST TEOPHUS TBEPIBIX TEJ, SHEPreTUUECKUN CIEKTP AJIEKTPOHOB B
KpHUCTaJUie, IeJICHUE Tell Ha TPOBOIHUKH, OTYTPOBOAHUKU U TUIIEKTPUKU.

Paznen 2. AToMHas CTpyKTypa TBEPABIX TE

2.1. Kpucrauinueckue Tena. TpaHCHSLUOHHAs CHUMMETpHs. OJEMEHTapHas siueika
KpucTajuinueckon pemetku. Kpucramnuyeckue cuHronuu. Pemietrku bpass. Toueunsle u
MPOCTPAHCTBEHHbIE TPYMNIbl cUMMETpuH. KoOpAMHAIMOHHOE YHCIO, TJIOTHOCTh YIaKOBKH.
Kpucrannorpagudeckne HWHAEKCHI TUIOCKOCTEH M HAMpaBICHUA B pemIeTKe. AHU30TPOIHS
CBOICTB KpucTamioB. Kpucramiorpadudeckas TEKCTypa MOTHKPUCTAIIIOB.

2.2. AmopdHoe cocTosiHue, MeTaiTndeckue crekina. Hanokpucramisl. KBazukpucTaibl.

Paznen 3. JlehekThl KpUCTATIINYECKOTO CTPOCHHS

3.1. Toueunsie nedexThl. BakaHcuum ¥ MeXy3elbHbIC aTOMbl. PaBHOBECHas KOHIIGHTpAITHs
ToueyHbIX nedekToB. HepaBHOBecHbie ToueuyHble A€PEKTHL. PoxaeHWe, Murpanus U CTOK
BakaHCHU. [ pyniibl BAaKaHCHUH.

3.2. Jlucnoxauuu. Bekrop broprepca. IlnotHocts aucnokanuii. KpaeBas, BUHTOBas u
cMemanHas qucinokanuu. CKoJbXeHue U nepenoia3anue aucinokanui. [loporu Ha nucnokanusx.
Ilone HampsbxkeHMM W SHEprus auciokanui. BsaummopneilictBue aucnokanui. llonHbsie wu
yacTUuyHble auciaokanuu. Jledextsl ymakoBku. OOpazoBaHuE W Pa3MHOKEHUE TUCIOKALUM.
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Uctounuk ®panka-Puna. BzaumoneiicTBue aAuciokanuii 1 MpUMECHBIX aTOMOB. ATMoc(hepbl
Korrpenna, Cayka, Cy3yku.

3.3. I'panurs! 3epeH U cyO3epeH. YTrojl pa3oOpUEHTHPOBKH M SHEPrHs TpaHull. [ paHUIIbI
HaKJIOHa M Kpy4yeHus. ManoyrioBble M BBICOKOYIJIOBBIE TpaHMIbl. Mwurpamus rpaHul.
B3anMopeiicTBre rpaHuI] 3epeH ¢ IPUMECHBIMUA aTOMaMHU.

Paznen 4. ®a3wr u pa3zoBbic paBHOBECHS B MaTepHaiax

4.1. TBepable pacTBOpbI 3aMEILEHUS, BHEAPEHHUSI U BbIUNTAHUS. YIIOPSAJOUYEHHBIE TBEPJbIE
pacTBOPHI (CBEPXCTPYKTYPHI). DneKkTpoHHBIE coenuaeHus ((ha3sr FOM-Posepn), dasbl BHeApEHNUS,
¢a3s1 JIaBeca, o-dasbl.

4.2. PaBHOBecue (pa3 B MHOTOKOMIIOHEHTHBIX cucTemax. ®Pa3zoswie mepexonsl [ u II pona.
[IpaBuino ¢a3. AnarpaMMbl COCTOSHUS TBOMHBIX U TPOWHBIX CHCTEM C HEHPEPHIBHBIM PSIOM
TBEPABIX PpPACTBOPOB, C OBTEKTUYECKUMH, NEPUTEKTUYECKUMH W  MOHOTEKTHYECKUMU
PaBHOBECHUSIMH, C KOHTPY?HTHO ¥ MHKOHIPYIHTHO IIaBSIIUMUCS MPOMEKYTOUHBIMU (a3amu, ¢
noauMopdu3MoM KOMIOHEHTOB. Mcrosib30BaHHE TEOMETPUYECKOM TEPMOAMHAMHKHU IS
aHaJIM3a TUarpaMM COCTOSTHUSL.

Paznen 5. ludpdy3us

5.1. ®enomenonoruueckue 3akonbl quddys3uu. Camoguddysus u rerepoauddysus. Moxaennb
Cy4alHbIX OnmyxmaHui st onucanus auddysun. Mexanusmel 1uddy3un, posib TOYCUHBIX
nedexToB, auddy3us MO AUCIOKAIMSIM M TpaHHUIIAM 3epeH. TemmeparypHas 3aBHCHMOCThb
koadurmenta quddy3um.

5.2. Jluddy3uss B mose rpamueHTa KOHIEHTpanuii. KoHIEHTpalMoHHAas 3aBUCUMOCTD
koddurmento muddysun. Iddexr Kupkennmamma. BreipaBHUBaromas u pasaeiauTeIbHAsS
(peaxtuBHas) nudpysus. Auddysus B CUIOBBIX TOJSX.

Paznen 6. Kpucrannuzanus

6.1. T'omoreHHoe 3apokAeHHME KpUCTALUIOB B paciuiaBe. Kpuruueckuid pazmep 3apoisliia.
CkopocTh 00pa3oBaHUs M CKOPOCTh POCTa KPUCTAUIMUECKHX 3apoisimieid. HempepbIBHBIN,
CTYNEHYATHIH U JUCIOKAIMOHHBIM MexaHu3Mbl pocTa. Kuneruka kpucrammmzanun. C-oopa3Has
auarpamMma Kpuctaum3auuu. KpuTnueckas CKOpOCTh OXJIaXKAECHHUs paciiaBa. ['ereporeHHoe
3apO’KJICHUE.

6.2. OTKJIOHEHHSI OT PAaBHOBECHUSA MPHU KPHUCTAUIM3ALMU. BIMsHUE CKOPOCTH OXJIAKICHUS U
rpaJueHTa TEMIIEPATYPBI pacilaBa Ha MUKPOCTPYKTYpy. KOHIIEHTpanoHHOE IepeoXiIaxIeHuE.
Sueucras u nenaputHas (opma pocrta KpuctauioB. [enaputHas nukBanusa. OOpa3oBaHue
MeTacTabWIbHBIX (ha3 mpu KpucTauu3auy. be3qudy3nonHas KpucTaau3amus.

6.3. Crpykrypa ciutka. MoaudunupoBanue. HampapieHHas KpucTamu3amnus. 30HHas
IUIaBKa. BrlpamyBanne MOHOKPHUCTANIOB U3 paciljiaBa. 3aKaika U3 KHIKOIO COCTOSHUS.

6.4. DBTekTHUecKas Kpuctauzanus. CTpoeHHe 3BTEKTHYECKMX KoJoHuM. HopmanbHas,
AHOMaJIbHAS M BBIPOKICHHAS OBTEKTUKH. [lepuTekTHUeckast KpucTaIn3amus.

Paznen 7. ®a3oBbie IpeBpaIlICHUS] B TBEPAOM COCTOSIHUU

7.1. Nonmumopdusle npeBpaiieHus. HopManbHbIi U CABUTOBBI MEXaHU3MBI MIPEBPAIICHUS.
[IpuHIUIT CTPYKTYPHOTO ¥ PA3MEPHOTO COOTBETCTBHS.

7.2. DOBTEKTOMJHOE NPEBpAIICHNUE, MEXAHU3M M KHMHETHKA. DBTEKTOUJHOE IPEBpAIICHUE B
cranax. CtpoeHue nepauta. J[uarpaMMbl H30TEPMUUYECKUX MPEBpAIICHUH. TepMOKMHETUYECKHE
JUarpaMMBl.

7.3. MaprencuTHoe npeBpanieHue. TepMoanHaMuKa, MEXaHU3M U KUHETUKA MAapTEHCUTHOTO
npeBpamieHus. MUKpPOCTPYKTYpa U CyOCTpyKTypa MapreHcuTa. OOpaTUMOCTh INpeBpaIlICHUs.
Dddekt mamsatu GopMBbL.

7.4. beitHuTHOE MpeBpalieHne. MexaHu3M 1 KHHETHKa OefHuTHOrO npesparienus. CTpoeHue
OeifHuTA.

7.5. Pacnian mepechlllieHHOTo TBEPOro pacTBopa. CrinHOAanbHBIN pacnaa. MoayiapoBaHHbIE
CTpYKTyphl. TepMoamHamMuka oOpa3zoBaHMsi TPOMEXyTouHbIX (a3. Kiactepsl, 30HbI [HHBE-
[Ipecrona. KorepeHTHble, 4aCTUYHO KOT€PEHTHBIE U HEKOTEPEHTHBIE BblieeHMsI. HenpepbIBHbII
Y TIPEPBIBUCTHIN pacmiall. Poibs BakaHCH, TUCIIOKAIIMK U TPaHUI] 3€pEH B MPOLIECCaxX BhIICICHHUS.
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7.6. YnopsgoueHue TBepAOro pactBopa. JlanbHuit u OMmKHUN MOpAnoK. AHTH(DA3HBIE
JIoMeHbl. I3MeHeHue CBOMCTB pacTBOpa MPH YHOPSIIOUYCHUH.

Pa3znen 8. CtpykTypHbIE peBpalleHUs B TBEPAOM COCTOSTHUT

8.1. I3MeHeHus1 CTPYKTYPhI TIPH XOJOJAHOW IIACTUYECKON nedopmaruu. JIMHUU W MOJIO0CH
CKoNbkeHus. Suencras cyocTpykrypa. Bonoknucras mukpoctpykrypa. Kpucramiorpagpuueckas
U Mertauiorpadudeckas TEKCTypbl Aedopmannu, MeXaHu3Mbl UX 00pa3oBaHUs. AHU3OTPOMHS
CBOMCTB TEKCTYPOBAaHHBIX MaTEPUAJIOB.

8.2. I3MeHeHust CTPYKTYphl IIPH HArpeBe Iociie X0NoaHo aedopmanmu. Bo3Bpar (0TAbIX,
nonuronnsanus). [lepBuynas, coOupaTenpHas M BTOPUYHAS pEKpUCTaM3anus. JIBIOKyIas
CHJIa, MEXaHW3M M KHHETHKa THX TporieccoB. [Ipupoaa kpurnueckoit nedopmaruu. J{narpamma
pexpuctam3anmu. Kpucramiorpapudeckass TEKCTypa pPEKpUCTAUIM30BAHHOTO MaTepuala,
MEXaHHU3M €€ 00pa30BaHus.

8.3. M3meHeHUs CTPYKTypbsl npu ropsiueil nedopmanmu. JuHamudyeckwii BO3BpaT H
TUHAMHUYECKasi peKPUCTAITH3AIHS.

8.3. Cheponnuzanus 1 KOaJECICHIUS BbIJCICHUI BTOPOH (a3bl B TETEPOreHHOM MaTepHase.
PacTBOpHO-OCaIUTENBHBIA MEXaHU3M.

Paznen 9. CriocoObl BO3eiicTBUS Ha CTPYKTYPY M CBOMCTBA MaTepHaioB

9.1. OcHoBBI Tepmudeckoit 00paboTku. Kiaccudukamus BUIOB TEpMUYIECKON 00pabOTKH:
omkuru 1 u 2 poga, 3aKajika, OTIICK, CTApEHUE, TEPMOMEXAHUYECKasT U XUMUKO-TEpMHUIECKAsI
00paboTKH.

9.1.1. T'OMOreHM3alMOHHBII OTXKWI, H3MEHEHHME CTPYKTypbl U  CBOWCTB IIpH
TOMOT€HU3AIIMOHHOM OTXHre. J[opekpucTaliIN3alluOHHBIN U PeKPUCTAIUIM3AMOHHBIN OTKHUTH.
@akTophl, BIMAIOIIME HAa pa3Mep PEKPUCTAUIN30BAHHOTO 3epHA. OTXKHUI UIsl YMEHBUICHUS
OCTaTOYHBIX HAMpPsLKEHUH. MeXaHN3M yMEHbIIEHUS! OCTaTOYHBIX HANPSXKEHUH MpU OTXKUTE.

9.1.2. Pa3HOBUOHOCTM OTXHUTra 2 poja: TOJHBINA, HEMOJHBIM, HW30TEePMUUYECKUM,
cheponan3upyIOIUi OTKUTH, HOpMaTU3allKs, TaTeHTUPOBAHUE.

9.1.3. 3akanika 6e3 nosuMop¢HOTO MPEBPALCHHS.

9.1.4. 3akanka ¢ mOAUMOP(HBIM TMpeBpalleHueM (3aKajika Ha MapTeHCHUT). VI3MeHeHue
CBOMCTB MpU 3aKaJlke Ha MapTeHCUT. KpuTuueckas CKOpPOCTb OXJIAXIEHUS IpPHU 3aKalke,
npokanuBaeMocTh. CrocoObl 3akalkh: B OJHOW OXJaXIamIIed cpeae, B JBYX Cpenax,
CTyHeHuaTas, u3oTepmMuyeckas (6eHuTHast), ¢ 00pabOTKOI X0JI010M, TOBEPXHOCTHAS.

9.1.5. Crapenue. M3MeHeHnEe CBOWMCTB CIIJIABOB MPHU CTapeHUH. J(UCIEpCHMOHHOE TBEpJCHHUE.
EcTecTBeHHOE U HCKYyCCTBEHHOE cTapeHue. IlepectapuBanue.

9.1.6. Otnyck. M3menenue ¢a3oBOro cocraBa, MHUKPOCTPYKTYPBI M CYOCTPYKTYpHI TpH
otmycke craneil. O6paTumas u HeoOpaTuMasi OTIYCKHasl XPYIKOCTb.

9.2. Tepmomexanuueckas oOpaboTka. HwuskoremmeparypHass W BBICOKOTEMIIEpaTypHas
TepMOMEXaHU4YecKast 00paboTka cTajiell ¥ CTapeIoIIMX CIIIaBOB.

9.3. Xummuko-tepmuueckas oOpaboTka. M3MeHeHuss cocTtaBa W CTPYKTYPBI NMPU XHUMHUKO-
TepMuueckoil oopadbotke. OnnodaszHas u MHorodaszHas auddy3nonHbie 30HbI. CBSI3b CTPOCHUS
nudGy3HOHHOTO CI0s ¢ AarpaMMoit coctosiaus. Juddy3nonHoe HachIIIEeHUE HEMETAUIaMU U
metayuiamu. udy3noHHoe ynaieHne 3JeMEeHTOB.

9.4. ITopomikoBasi METaJITyprusi, OCHOBHBIE TEXHOJIOTMYECKHUE ATAITBI.

9.5. Metop1 00pabOTKHU MOBEPXHOCTHU U MOTYYEHUS MOKPHITUN. VI3MeHEeHHEe TOBEPXHOCTHOTO
CJIOSl MaTepUAJIOB MPY BHICOKOIHEPTeTUUECKUX BO3IEHCTBUAX. DIEKTPOHHO-TTyueBas 1 Ja3epHast
oOpabotka. Monnas nmruiantauus. oHHO-TUIa3MeHHOE pacnbuieHue. TepMudeckoe HanbUIeHHE.
OcaxpaeHue u3 razoBoi Gazbl. DIESKTPOITUTHICCKOE OCAKICHUE.

Paznen 10. [Tnactuueckas nedopmanus u pazpyiieHue. MexaHnueckre CBOMCTBA MaTepHUaIoB

10.1. Ilmactuueckass nedopmarisi CKOJBXEHHEM W JBOMHHKOBaHWEM. JluarpamMmbl
neGopMalui MOHO- U MOJUKPHUCTAIOB. CHCTEMBI CKOJIbKeHHUs. JlepopMalimoHHOE YIIPOYHEHHUE;
BJIMSTHUE HA HErO TeMIepaTyphl U CKOpocTH aedopmanuu. Teopus npeaena TEKy4eCTH.

10.2. OcHoBHbIE MEXaHUYECKUE XapaKTEPUCTUKH MaTepHaIoB. IIpenemnst
MPOMOPLUUOHATIBHOCTH, YIPYTOCTH, TEKYYeCTH M NPOYHOCTH, HCTHUHHOE COIPOTUBIICHUE
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pa3pbIBY, XapaKTEPUCTUKHU MNIACTUYHOCTH IIPHU PACTSKEHUH, TBEPIOCTD, BA3KOCTh PA3pYIICHUS U
yIapHas BI3KOCTb.

10.2. YnpouHeHue rnpu 00pa30BaHUX TBEPBIX PACTBOPOB U IIPY BBIICICHUU NU30BITOUHBIX (a3
(KOTEpEeHTHBIX W HEKOrepeHTHbIX). BnusHue pasmepa 3epHa Ha MEXaHUYECKUE CBOMCTBA.
CBepXIIaCTUYHOCTb.

10.3. Xpynkoe u BA3KO€ pa3pyuieHre. MexaHu3Mbl 3apokaeHus TpeluH. Pacipoctpanenue
TPELLUH IPU IPU XPYIIKOM U BSI3KOM pas3pyiieHuu. Kpurepun Bsizkoctu paspyuenus. Ctpoenue
n3nomoB. Ilepexon ot Xxpynkoro pazpymieHust k Bazkomy. [lopor xmagnomomkoctu. Ilpupona
xJstagHonoMkoctd MetaiioB ¢ OLK-pemeTkoii. CriocoObl 60pHObI ¢ XI1aTHOTOMKOCTBIO.

10.4. JKapompounocts. Craguum mnon3ydecTd. Penakcanusa HanpspkeHuid. JlnutenbHas
IPOYHOCTh. BiMsiHME cocTaBa U CTPYKTYpbl MaTepuaia Ha )KapolpOYHOCTb.

10.5. Ycranocts. Jlnarpammel ycTanocTu. MexaHu3M yCTaJOCTHOTO pa3pyiieHus. DakTopsl,
BJIMSIOLINE HA YCTAJIOCTHYIO IPOYHOCTh. TepMuueckas ycranocTb. KoHTakTHas yCcTanocCTh.

Paznen 11. B3anmoaeiicTBre MaTepuanoB ¢ OKpYX aromien cpeaoi

11.1. Oxucnenue, TepMOJIMHAMHKA U KMHETHKA Ipoliecca. JIerupoBaHue ¢ 11eN1bi0 3alIUThI OT
OKHcIeHus1. BHyTpeHHee okuciaeHue.

11.2. Dnextpoxumuueckass Koppo3us. PaBHOMepHas, MEXKpUCTAJUIMTHAs, TOYeYHas
koppo3us. Kopposus nox nHampsbkeHueM. Koppos3monHoe pactpeckuBanue. Koppo3umoHHas
ycranocTb. Koppo3us B )KMIKHX MeTajlIax.

Paznen 12. ®usnyeckue CBOWCTBA MATEPUATIOB

12.1. Yupyrue cBoiicTBa marepuayioB. 3akoH ['yka i1 M30TPONHBIX U AHU3OTPOIHBIX
MarepuasioB. CBsi3b MOAYJEH YIPYrOCTH C MOTEHLIHAJIOM MEXATOMHOIO B3aUMOJICHCTBUSL.
Monynu ynpyroctu reTeporeHHbIX MaTepUasoB.

12.2. Tepmudeckoe pacuimpeHue. AHTapMOHH3M KOJeOaHH aTOMOB B KPHUCTAJUITMYECKOU
pemetke. TemnepaTypHbIi KOAQGHUIUEHT THHEHHOTO PacUIMpPEHHs TeTEPOreHHBIX MaTepHaIoB.

12.3. TermmoemkocTh. KBaHTOBBIE TEOpUHU PEIIETOYHON TETUIOEMKOCTH DiHINTEeHHA 1 Jlebas.
Temmneparypa [lebas. CriekTp HOpMaibHBIX KojeOaHuil pemeTki. @OHOHBI. AHrapMOHHYECKAast
COCTABJISIIOIIAsl TEIJIOEMKOCTH. BakaHCHMOHHAs COCTaBISIONIAs TEIUIOEMKOCTH. JJIEKTPOHHAS
TEIIOEMKOCTh. TeIIoeMKOCTh CIIaBOB. VI3MeHeHHe TemIoeMKOCTH Tpu  (Pa3oBBIX U
CTPYKTYPHBIX MPEBPALICHUSIX.

12.4. TennonpoBogHOCTh MaTepuasioB. KuHeTnueckas Teopus TEIUIONPOBOAHOCTH. Bpems n
IMHA cBoOoaHOro mpobera. Pemerounas (poHOHHAs) TETUIONPOBOIHOCTE; (HOHOH-(POHOHHOE
paccesHue, paccessHue (OHOHOB Ha JeeKTaxX KPUCTALIMYECKOW pEHIETKH U IMPHUMECsX,
M30TONUYECKOE paccessHue. OJEKTPOHHAas TEIUIONPOBOJHOCTh;, PACCESHUE AJIEKTPOHOB
IPOBOJUMOCTH Ha (POHOHAX, TPUMECSX U Je(eKTax.

12.5. DnekTponpoBOAHOCTh. DJIEKTPOHBI MPOBOAUMOCTH. Bpemsa penmakcanuu. PaccesiHue
3JIEKTPOHOB Ha (poHOHAX, nedexTax peuieTkd, npumecsx. [IpaBuno MattucceHa-dreMuHra.
Bnusnue Ttemmeparypsl W JIETMPOBAaHMS Ha DJIEKTPUYECKOE CONPOTUBIECHUE METaUIOB H
NOJIyNIPOBOIHUKOB. CONPOTHUBIIEHNE TBEPBIX PaCTBOPOB. CBsA3b IJIEKTPO- U TEIUIONPOBOJAHOCTH
METaJUIOB. DJIEKTpUYECKasi IPOBOJUMOCTb T€TEPOT€HHBIX CIUIABOB.

12.6. MaruutHble cBoiicTBa. /luamarHeTusM M mapaMarHeTu3M aTtoMoB. 3akoH Kropw.
JlnamMarseTusM W napamMarHeTM3M 3JEKTPOHHOrO ra3a. MarHuTHOe  YIOpPsSAOYEHHE.
®eppomarnetTusMm.  MonekynsspHoe  nosne  Beiicca. OOMeHHOE  B3aMMOJCUCTBHE.
®eppoMarHuTHble JAOMEHBI. J[OMEHHBIE TpaHHIbl. DHEPrusi MAarHUTHOW aHU3O0TPOIMUHU.
XapakTepUCTUKU TETJIM THCTepe3nca U KpUBOM HaMarHWMYMBaHHsA ¢eppomarHeTnka. Teopus
KO3PUUTUBHOW CHIIBI.

Pa3znen 13. MeTtobl Hccne1oBaHUs M KOHTPOJIS CTPYKTYPBI U CBOMCTB MaTepHalloB

13.1. udpakumoHHBIE METONIBI HCCICIOBAHUS AaTOMHOW CTPYKTYpbhl MaTEpHAJIOB.
OCOOCHHOCTH pacrpoCTpPaHEHUs] BOJIH B MEPUOIUUECKUX CTPYKTypax. 3akoH Bynbga-bparra.
OO6parHas pemetka. OCHOBHBIE METOJIbI PEHTICHOCTPYKTYPHOTO aHajau3a. PeHTreHoBckas
mudpakromerpus. KauecTBeHHBII M KOJMYECTBEHHBI PEHTICHOBCKUM (Da30BBIA aHAIIU3.
OnektpoHorpadust U HelTpoHorpadus. PeHTreHorpaguvecknii aHamnu3 TEKCTYp, OCTaTOYHBIX
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HANPSDKEHUH, Ne(eKTOB KPUCTAJUIMYECKON PEIIeTKH, THIa TBEPAOTO PAaCTBOPA, XUMUYECKOTO
JAIBHErO MOPSAKA.

13.2. TIpocBeunBaromas 1 pacTpoBasi 3JEKTPOHHASE MUKPOCKOIIHUS, aHaJIH3 (a30BOTO COCTaBa,
MUKPOCTPYKTYPBI U 1€(PEKTOB KPUCTATIINYECKOTO CTPOCHHUSI.

13.3. MeTozibl JIOKaJbHOIO aHAJIN3a XUMUYECKOT0 cOocTaBa. MUKpPOPEHTI€HOCTIEKTPAIBHBIN
aHanu3.  OjKe-3JIeKTpOHHAsi  CIIEKTPOCKONHs.  PEHTreHOZJIEKTpOHHAsT  CIEKTPOCKOMMS
(97EKTpOHHAsT CTIEKTPOCKOIHS JUISI XUMHUYECKOTO aHanm3a). Macc-CrieKTPOCKOIUs BTOPUYHBIX
HOHOB.

13.4. H3yueHue MUKPOCTPYKTYpPHl C TIOMOIIBIO CBETOBOM MHUKPOCKONHUU. MeTosl
KOJIMYECTBEHHOU MeTayorpaduu.

13.5. Meroasl u3Mepenust (pusmdeckux cBoMcTB. Tepmuueckuii aHanm3. AOCONIOTHBIN U
b depeHIMaTBHBIN METO bl U3MepeHus. Kamopumerpus; MeTo bl CMelIeHus1, BBOJa U IPOTOKa
TEIJIa; CKaHUpYIOIIasi, MOJIYJALMOHHAS M UMIIYJIbCHas KajlopuMmerpus. Jumaromerpus;
ONTUYECKUH, EMKOCTHBbIM, WHIYKTUBHBIA [JAaT4YUKWA TepeMenieHus. MeToabl HU3MEpeHHs
TEIUIONPOBOAHOCTH. Pe3ncromeTpusi, MOCTOBBIE U MOTEHIIMOMETpUUECKHE MeToAbl. V3Mepenue
MarHUTHBIX CBOWMCTB 1ua-, mapa- u ¢eppomarHeTukoB. OmpeneiecHue MmapaMeTpoB KpPHUBOM
HaMarHU4YMBaHUsS U METIU TUCTEPE3nca B CTATUYECKOM M JUHAMUYECKOM PEKUMAX U3MEPEHUSI.
TepmomarauTHeii aHanmu3. llpuMmeHeHue wu3MepeHUW (U3MYECKUX CBOMCTB MJIsI PEIICHUS
MaTepuaIoBeTIECKUX 3a/1a4 (M3YUCHHSI H3MEHEHH CTPYKTYPHI i (Da30BBIX MPEBpaIeHUi).

13.6. MeTtoasl MeXaHMYECKUX HCHBITaHWA. VcbITaHMS Ha pacTsHKEHHE, CKaThe, W3THO,
KpydeHnue. M3mepeHre MHUKpPOTBEpIOCTHM U TBepAocTh no bpunemmro, Poksemny, Buxkepcy.
HcnbiTanust Ha TOJ3y4YeCTh, UIMTENIBHYIO IPOYHOCTh, PEJIAKCALIUI0 HAIIPSDKEHUM. Y CTAIOCTHBIE
UCIIBITaHUSL.

Paznen 14. OcCHOBHBIE KJIaCChl MATEPUAIOB B METAJUTYPTUH

14.1. Knaccudukanuu MaTepualioB MO XMMHUYECKOMY COCTaBy, CIOCOOY TMOJXy4eHUs |
Ha3HA4YCHHI0. MeTalnmmyeckrne 1 HeMETaJUIMYECKUE MaTEePHAIIbI.

14.2. CnutaBel Ha OCHOBE Xeje3a. YTIepoaucThie craiu. benble, cepble, MOJOBUHYATHIE,
KOBKHE M BBICOKOINPOYHBIE 4YyTyHbI. JlermpoBaHHble cTanu, Kiaccuduxanuu mno (a3zoBomy
PaBHOBECHIO, CTPYKTYpE, obmactu MIPUMEHEHMS], YPOBHIO JIETUPOBAHHOCTH.
HuskonernpoBaHHbI€ CTaJIM MOBBIIIEHHON NPOYHOCTH. KOHCTPYKIIMOHHBIE yydlllaeMble CTaIH.
[Ipyxxunnable n u3HOCcOcTOMKME cTaynd. Llltamnosele cramu. MHCTpyMmMEeHTanbHBIE CTAIN IS
PEXYIIET0 U U3MEPUTETHHOTO HHCTpYMeHTa. bricTpopexymue ctanu. Xaponpounsie ¢pepputo-
NepIUTHBIC, MAPTCHCUTHBIC W ayCTEHUTHBIE cTanu. HepikaBeromue GpeppuTHbIC U ayCTCHUTHBIC
cranu. XKapocrolikue craju.

14.3. 1lBeTHble METaUIBI M CIUIABBI, JITUPOBaHHE, TepMHUYEcKas 00pabOTKa, CTPYKTYypa,
CBOMCTBA, 00JaCTH MPUMEHEHHS. AJTIOMUHUHN U €ro CIIaBbl. MarHui U ero CruiaBel. TUTaH U €T0
cruiaBbl. Hukens u ero criaBel. Menp u ee crutaBbl. CriiaBbl HA OCHOBE TYTOIUTABKMX METAJIIOB
(Mo, W, Nb, Cr). llunk, cBuHEII, 0JIOBO U UX CILUIABHI.

14.4. Matepuansl ¢ 0cCOObIMH (U3MUECKUMH CBONCTBaMH (MPEIU3UOHHBIC CIUIABHI).
[IpoBOTHUKOBBIE U PE3UCTUBHBIE CILIaBbl. CBEPXITPOBOAAIINE MaTepraibl. MarHUTHO-MSTKUE U
MarHUTHO-TBep/ible MaTepuaibl. CIIaBbl ¢ 0OCOOBIMU YIIPYTUMH U TEIUIOBBIMU CBOWCTBAMHU.

14.5. KoMno3uuuoHHbIE Martepuayibl. JIMCIIEPCHO-YIPOUYHEHHBIE  KOMIIO3UIIMOHHBIE
MaTepHalbl Ha AIIOMUHUEBON U HUKEJIEBOI OCHOBE, CTPYKTYpa U CBOMCTBA, MPUHLUIIBI BEIOOpA
yIpoyHUTENEe. BONOKHUCTBIE KOMIIO3WIIMOHHBIE MaTEpHalIbl HA OCHOBE AJIOMHMHMS, TUTAHA,
HUKEJIs, MarHusi; BUAbI U CBOWCTBA yripouHuTenel. CIIouCThie KOMIIO3UIIMOHHBIE MaTepHUalibl Ha
OCHOBE METAJNIOB, HEOTPAHUYEHHO PACTBOPSIOIIMXCS IPYT B PYyre, HE PACTBOPSIOLIMXCS WU
o0pa3ylomux HWHTepMETAUINABL. HampaBlieHHO KpPUCTaNIM30BAaHHBIE KOMIIO3HIIMOHHBIC
MaTepHuabl SBTEKTUYECKOTO U HEIBTEKTUYECKOr0 TUNA. MHTepMEeTaAININYeCKHe COEIMHEHNST KaK
OCHOBA >KapOMNPOYHBIX CIUIABOB, MOJy4a€MbIX HAIIPABICHHON KPUCTAILITU3ALIUEH.

14.6. Hemeraummueckue Marepuaibl. MpeampHas W peanbHas CTPyKTypa Tpadura.
VYraerpadguroBsle MaTepualibl, CTPyKTypa U cBoicTBa. I[loiMkpucTalIMuecKue aiMasbl,
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¢u3uueckas KiraccUpUKAIMs, CTPYKTYpa, XUMHUYECKUH M W30TONHBIN cOCTaB, NE(PEKTHOCTH,
CBOMCTBA.
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