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IlosicHuTeNbLHASA 3aMUCKA

[lesnb BCTYNUTENBHOTO HCIIBITAHUS — OLIEHKA YPOBHS OCBOCHHMS MOCTYAIOIIUM KOMITETCHIUH,
HEOOXOAUMBIX JUIsI OOydeHUs B AacUpPaHType [0 TpyHNe HAy4YHBIX CHEIHAIbHOCTEH
2.6 «XUMHYECKHE TEXHOJIOTHH, HAYKH O MaTepHaliax, METaJLTyPTHsI».

®opma, NPOIOKUTEIHLHOCTh NMPOBEJAEHUS BCTYNHUTEJLHOro McnbiTaHus. Kpurepumn
OLlEHUBAHUS

MuHMManbHOE KOJIMYECTBO OajlIOB IO pe3yJbTaTaM BCTYHNUTEIbHBIX HCIBITAHUH,
MIOJITBEP K IAIOLIEE YCIIEIIHOE IPOX0XKAECHUE BCTYIIUTEIIHOTO UCTIbITaHUS, cocTaBisieT 40 6amioB no
BCEM YCJIOBHAM IOCTYIIJICHUS.

BerynuTensHoe HCIIBITAHHE COCTOUT M3 IBYX YacTel: MUChbMEHHAs 4acTh U coOecel0BaHue.
Jns npOoXO0KJeHUs BCTYIUTEIBHOTO HCIBITAHUS MOCTYIMAOMMK JOKEH MPEeJOCTaBUTh IIJIaH-
IPOCIIEKT JUCCEPTAMOHHON paboThl M MoTuBanoHHoe nrcbMo (1000—-1500 crnoB), orpaxatoriee
npuuuHbel BeiOopa HUTY MUCHUC u cooTBeTcTBYIOILIEH HporpaMMbl MOArOTOBKU. be3 rmuiaH-
IPOCHEKTa JUCCEPTAlMOHHONM padOoThl M  MOTHBAalMOHHOIO IHChbMa MOCTYyHAOIIMA /10
BCTYNUTEIBHOTO HWCIBITAHUA HE JomyckaeTcs. [lmaH-mpochekT AuccepTaloHHOW paboThl U
MOTHUBALIMOHHOE MHUCbMO MPEJOCTABIAETCS IK3aMEHALMOHHOW KOMMCCHUU /10 Hayalla MMCbMEHHOMN
YaCTH BCTYNHUTEIBHOTO UCTIBITAHUSA.

BerynurensHoe ucnbiTanue ouenuBaercs no 100-6amibHOM 1IKae.

DK3aMEHAIMOHHBIM OWJIEeT MUCBMEHHOM YacTH COAEPKUT IATh BOIPOCOB, KaXAbId U3
KOTOpBIX oleHuBaeTcs g0 10 OamioB. Pe3yibTaToM OLIEHHBAHHUS SBJSIETCS CymMMa OajlioB,
HOJ'IyT-IeHHI)IX 3a HpaBI/IJH)HI)Ie OTBCTEI HA COOTBGTCTBYIOIIII/IC BOHpOCI)I HI/ICI)MCHHOI?I JaCTHu SK3aMcCHa.
MakcumanbHO BO3MOYKHOE KOJIMYECTBO Oa/lIoB, KOTOPOE MOXKET TMOJyYUTh aOMTYpHEHT Ha
MMMCEMEHHON 4acTH dKk3ameHa — 50.

HpOI[OJ'I)KI/ITCJ'ILHOCTB MMCBMEHHOTO dK3aMeHa — 120 MUHYT.

CobecenoBaHre TPOBOJUTCSA C BEAYIIMMH YYEHBIMUA HAIMPABJICHHS, KOTOPHIE OICHUBAIOT
MOTHBHPOBAaHHOCTh aOWUTypueHTa W €ro IulaH Oyayuieil pa®oTel. MakcHUMaabHO BO3MOXKHOE
KOJIMYECTBO 0AJJIOB, KOTOPOE MOXKET MOIYYUTh a0UTYpHEHT Ha cobecenoBannu — 50.

Ilepeyenb NPHHANIEKHOCTEH, KOTOpPBIE IIOCTYNAMOIMIMK HMEET IpaBO IPOHECTH B
AyIUTOPUI0 BO BPEMS IPOBEIACHUS BCTYIUTEIBHOIO HCIIBITAHUSA: PYYKa, HENPOTPaMMHUPYEMBbIN
KaJIBKYJIATOP.



YACTb 1. METAJUIOBEJEHUE W TEPMHMUYECKAS OBPABOTKA
METAJJIOB

Paznen 1. ®a3bl u Ga3oBbie paBHOBECHS

1.1 TunuyHble KpUCTaNIMYECKHE pelleTku MeTaiioB. Kpucraminorpaduueckue miocKoCTH U
HampaBJIeHUs] ¢ HAUOOJIBIIEH IJIOTHOCTHIO YIIAKOBKM aTOMOB B KyOMYECKOH M T'eKCaroHaJbHBIX
penieTKax.

1.2 Tsepable pacTBOPHI 3aMEIIEHUS, BHEAPCHNUS M BEIYUTAHUSA. DICKTPOHHbIE COSAMHEHUS, (Da3bl
JlaBeca, (ha3bl BHEApEHUSI.

1.3 IpaBuno ¢a3. Juarpammel cocTosiHUS NBONHBIX cucteM. [IpaBuio peruara. Jlmarpamma
COCTOSIHMS 5K€JI€30-YTIIEPO/I.

1.4 Tnarpammbl COCTOSIHUS TPOMHBIX CUCTEM, IOJIUTEPMUUECKUE U U30TEPMHUUECKUE PA3PE3BIL.

Paznen 2. JledhekThl KpHCTAUIMYECKOTO CTPOCHHUS

Knaccugukarus nepexros. Bakancuu, moJBm»XKHOCTb BakaHCUi 1 camoauddysus. Jucnokamnmm,
B3aMMOJICHCTBHE IUCIOKALMH, MONEPEYHOe CKONbXEHHE U mepenoizanue. JledekTbl ymakoBKH.
Cerperanuy npumeceid Ha JUcIoKanusx U aedexrax ynakoBku. CTpoeHHe rpaHuIl 3epeH U Cy03epeH.
Pewerka y31m0B coBnageHus. Murpauus rpaHull, BIUSHUE HA HEe IPUMECE U BKIIFOUECHMUII.

Paznen 3. ®a3oBbie U CTPYKTYpPHBIE IPEBPAILICHUS] B CIIaBaX

3.1 BozBpar u  pekpuctaumzauus. l[lepBuuHas ~ coOuparenbHas W BTOpHYHAs-
pexpucramumzauus. Jlunamuyeckas pekpucramumn3anus. TeKCTypsl' peKpucTaIn3alni.

3.2 Kpucrammsamnus pacriaBa, TOMOT€HHOE U TeTepOTeHHOE 3apOKICHNE KprcTaioB. KpuBbie
Tammana. Makpo- U MHKPOCTPYKTypa JHUTOro MeTtaima. MoaudunupoBanue. Jlukpamms.
DBTEKTUYECKash KPUCTALTU3AIHS, CTPOCHUE 3BTEKTUK. be3nuddpy3nonHas KprucTaIn3arms.

3.3 3apoxzaenue npu (pa3oBbIX IPEBPALICHUSIX B TBEPIOM COCTOSIHUU, B3aUMHAasi OPUEHTHPOBKA
¢da3, OpUHLUII CTPYKTYPHOIO U pasMEpHOro cooTBeTCTBUS. CTpoeHHME U MEXAaHU3M JIBUYKEHUS
MeX(pa3zHOM TpaHHIIBI MIPU POCTE KPUCTAIIOB B TBEPAOM COCTOSHUH, CIBUTOBOE U HOPMAIbHOE
npeBpaiierre. OCOOEHHOCTH MapTEeHCUTHOTO MPEBPAIICHUSI.

3.4 ®dazossie nepexonsl [ u Il pona. Ynopsnouenue.

3.5 ®a3oBble mpeBpalieHus Mpu HarpeBe, PaCTBOPEHUE YACTHUI] BTOPOH (pa3bl, TOMOTEeHH3AIIHS.
OcobeHHOCTH TpeBpalleHuii IpU OBICTPOM Harpese.

3.6 ®a30Boe COCTOSHUE W MHUKPOCTPYKTYpa OCHOBHBIX TPYII YITIEPOJUCTHIX U JIETHPOBAHHBIX
CTaJIell U YyIr'YHOB. MUKPOCTPYKTYpa U IPUMEHEHHE CIIJIAaBOB HA OCHOBE MENH, aTFOMUHUS, TUTAHA,
MAarHusi, HUKeJsl.

Pa3nen 4. dusnueckue CBONCTBA METAJUIOB

4.1 Knaccuduxanus Gu3NYECKUX CBONCTB MO UX CTPYKTYPHON UYBCTBUTEIBHOCTH.

4.2 TennoBsle cBolicTBa. TepMUUuecKHil aHaIM3 U ero NpuMeHeHue. TepMudeckoe paciupeHue.
Junaromerpudeckoe uccienoBaHue (pa3oBbIX MpeBpalieHui.

4.3 VYupyrue coiictBa. Heynpyrocts. Mexanu3Mbl BHyTpeHHEro TpeHus. [Ipumenenue meroaa
BHYTPEHHET O TPEHUS.

4.4 MarHuTHble W D3JEKTpUYecKue cBoicTBa. [IprMeHeHHe MarHuUTHBIX M AJIEKTPHUUYECKUX
METOJIOB JJIsi M3Y4eHMsI (a30BBIX PABHOBECHUN, M3MEHEHHUH MUKPOCTPYKTYPHI U IMpEeBpaLICHUI B
CIUIaBaX.

Pa3znen 5. Mexannueckue cBOWCTBA METAJIJIOB

5.1 Vnpyras u nnactuyeckas aedopmarusa. Koadduuumentsr u moaynu ynpyroctu. CrocoObt
ornpezeNeHusl Yopyrux KOHCTaHT. CHUCTEMbI CKOJIbKEHUS B KyOMUECKHX U MeKCaroHaJbHBIX MeTall-
nax, JluarpamMmel geopmanuu MOHO- M MOJTUKPHUCTAILIOB.

5.2 Mexanu3Mbl TutacTudeckor nedopmanuu. Teopuu yrnpouHeHus mpu JedopMaInu.
YnpouHeHHe B TBEP/bIX pacTBOpax. YIIpouHeHHe BTopoi ¢a3bl. BiusiHue rpanuil 3epeH u cyo3epeH
Ha YIPOYHEHHUE B MOJHMKPUCTAIIIE. 3aBUCUMOCTh MEXAHWYECKUX CBOMCTB OT COCTaBa B JBOWHBIX
CUCTEMAX.

5.3 Paspymenune. MexaHu3MBbI XpPYIIKOTO M B3KOTO Pa3pyIICHUs U CTpoeHHE n3i1oMoB. [lepexon
OT BSI3KOTO pa3pyllI€HUsl K XpynKomy. XJIaJaHOIOMKOCTb. CTaHIapTHbIE METOABI MEXaHMYECKHX



ucnbITanuid. VcnblTaHus Ha pacTsDKeHHEe M ckaThe. VICTMHHBIE JuarpamMmbl J1eOopMaluy.
HcnpiTanus Ha U3rud U KpydeHHe — 00JaCTH NMPUMEHEHHsI. XapaKTePUCTUKH TBEPAOCTH.

5.4 VYpapHas BA3KOCTb. XapaKTEPUCTHUKU IUIACTUYHOCTHM U BS3KOCTU  pPa3pyILLEHUS.
KoHcTpykTHUBHAS TPOYHOCTD.

5.5 JKapomnpouHocts. McnbiTaHus Ha MOJI3Y4YECTh U PEIAKCALMIO HANPsDKEHUH. MexaHU3MBI
nedopManuu U paspyllieHus NMpU Hoja3ydecTu. JmuTenbHas npouyHOCTh. TpeGoBaHus K CTPYKTYpe
CIUIaBOB C BBICOKOW KapOIPOYHOCTBIO. Y CTaNOCTh, CTPYKTYPHbIE MEXaHU3Mbl. BiusHue cpenbl Ha
MPOLIECCHI PA3PYIICHHUS.

Paznen 6. OcHOBBI TepMUUeCKOl 00pabOTKU

Knaccudpukauus  BUgoB  TepmMuueckod  0o0paboTku.  ['OMOreHM3alMOHHBIA  OTXKHMI.
JlopeKpUCTAIUIM3AaMOHHBI ¥ PEKPUCTAUIM3ALMOHHBIA  OTKUr. OTKUT Uil YMEHBIICHUS
OCTaTOYHBIX HamNpsDKEHUi. 3aKanka, cTapeHue u oTimyck. TepmMomexaHndeckast 00padoTka. XuMHKO-
TepMuueckas 00paboTka. CyIIHOCThP M Ha3HAUYCHHUE KAXKIOTO BHJA TEPMUYECKOW 0OpadOTKH,
OCHOBHbBIE 3aKOHOMEPHOCTH U3MEHEHHS CTPYKTYPBI U CBOMCTB.

Paznen 7. MeTtoapl H3y4eHUs] MUKPOCTPYKTYPHI U (h)a30BOTO COCTOSIHUS

7.1 CBeroBasi M OJJIEKTPOHHAas MHKPOCKONHS (pacTpoBasi M IpocBeuuBaromas). MeToibl
JIOKQJIbHOTO XUMUYECKOTO aHaIM3a.

7.2 Pentrenorpaduyeckuii u 3jaeKTpoHHOrpadudecKkuii (pa3oBbIi aHAIIN3.

Paznen 8. Kpucramnuszanus v CTpOEHUE JIUTHIX CILIABOB

8.1 JlenapuTHas JMKBalWsA. AHaJIN3 HEPAaBHOBECHON KPUCTAITU3AIMU B JBOMHBIX CHCTEMax C
HETPEPHIBHBIM PSIIOM TBEPABIX PACTBOPOB M IBTEKTHUYECKOTrO TuMa. besmuddy3nonnas xpucra-
JU3alusl.

8.2 DOprektnueckas kpuctaumu3anys. CTpoeHHe IBTEKTHUECKUX KOJIOHHH.

Paznen 9. LIBeTHbIE METALTBI U CILIABBI

9.1 AmroMuHUHN, MarHu#, TUTaH, MeJIb, HUKEIIb, IIMHK, CBUHEII, 0JIOBO; UX CTPYKTYypa, CBOHCTBA H
00J1aCTH IPUMEHEHHUSL.

9.2 XapakTepuCTHKa OCHOBHBIX TPYII TPOMBIIUICHHBIX IBETHBIX CIUIABOB Ha OCHOBE
IIOMUHUS, MarHUsl, THTaHA, MEU, HUKEJIS, IIMHKA, CBUHIIA U 0J0Ba. OCOOEHHOCTH XUMHUYECKOTO U
¢dazoBoro cocraBa W TepMHuecKoil oO0paOoTku, cBoiicTBa, MapkupoBka nmo ['OCTy u obmactu
IIPUMEHEHHS.

Paznen 10. TyromiaBkue MeTasuIbl U CIIJIABBI

OCOOEeHHOCTH CTPOEHUS U CBOWCTBA TYroIJIaBKUX METaJuIoB. B3aumopaelcTBe ¢ oKkpysKaromien
cpenoit. [Ipobnema xmagHonomkoctu. HarpaBnenus gerupoBanus u 006J1acTi IPUMEHEHHUS.

PexomennoBanHas mureparypa
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YACTbD 2. METAJUIYPTUS YEPHBIX METAJLJIOB

Paznen 1. OOuiye BOpockl MPOU3BOICTBA YEPHBIX METAJUIOB U CIJIABOB

HcTtopuss 1 posib METAULYpPTruu B Pa3BUTHUM LuBWIM3aUuU. COBPEMEHHOE COCTOSHUE U IIYTH
pa3BUTUSA  METAJUTyprU4ecKoro MpPOU3BOJACTBA. TeXHOJOrMYecKass CXeMa COBPEMEHHOTO
METAJLITYPrUYECKOT0 NPEAIPUITHS C TIOJHBIM TEXHOIOIMUECKUM LIUKIIOM.

Paznen 2. [loaroroBka pyn K MjiaBKe U IPOU3BOJCTBO YyryHa

2.1. Ceipble MaTepHalibl, IPUMEHSIEMBIE ITPU IPOU3BOICTBE YEPHBIX METaIIOB. JKene3Hble py bl
ornpezeneHue, Kiaccudukays, Ol[eHKa KauecTBa.

2.2. TloaroToBKa K€le3HBIX Py K JOMEHHOM IUIaBKe. AryioMepanus.

2.4. ITpodwmp nomenHoi neun. OCHOBHOE U BCIIOMOTATEIIbHOE 000PYI0BaHHE.

2.5. loMmeHHBIH nporiecc. BoccraHoBeHNE OKCHIOB B JOMEHHOU Tieun. OOpa3oBaHue 4yryHa u
IaKa.

Paznen 3. IlpousBoacTBo cTanu

3.1. Knaccubpukanus craneil. BnausHue cocraBa Ha kayectBo cranu. CymiHOCTb
CTaJIeIIaBIIIBHOTO IIpon3BocTBa. CriocoObl MPOU3BOICTBA CTAJIH.

3.2. OcHOBHBIE peakiuu cTrajemiaBuibHoro mnpousBozctra. lllmakooOpazoBanue. CoctaB u
CBOICTBa CTaleIIaBUIbHBIX IIIJIAKOB M UX POJIb B TEXHOJIOTMYECKOM IIPOLECCE.

3.3. Marepuasbl, HCTIOJIb3yEeMble MPU IPOU3BOJICTBE CTAIH: CTPYKTYPA U COCTAB METAIJIOIIUXTHI,
MCTOYHUKHU KUCIIOPOJa, IIIakooOpa3yomue Marepuanbl. TpeboBaHus K HIMXTOBBIM MaTepuajiaM U
TEXHOJIOTHH, UCIIOJIb3YEMbIE IJIs MOATOTOBKH UX K TUIaBKE.

3.4. KonBeprepHoe MpoU3BOACTBO cTanu. OOIIee yCTpOWCTBO OCHOBHOTO OOOpPYAOBaHUSI.
HopmaTuBHBIN [TUKIT KOHBEPTEPHOU TIJIABKH.

3.7. MapTeHOBCKOE MPOMU3BOJACTBO cTau. CxeMa paboThl U YCTPOWCTBO OCHOBHBIX AJIEMEHTOB
MapTEeHOBCKOH neun. Cxema paboThl 1 0COOEHHOCTH TEXHOJIOTHH BBITIIIABKU CTAJIH.

3.8. DnekTpocraneniaBuiIbHOe Mpon3BoAcTBO. Kitaccudukaius crioco60B MPOU3BOICTBA CTAIH C
MCIIOJIb30BAaHUEM DJIEKTPUUECKON PHEPTUU. Y CTPONCTBO JYTOBBIX JIEKTPONEUEH.

3.9. Metonbl BBINJIABKU CTAJIM B OCHOBHOM AYroBOHM 3yiekTporeud. lleperuiaB nernpoBaHHBIX
OTXO0JI0B B AyroBoil neun. OCHOBHBIE IEPUO/BI IUIABKH, X 3aJa4H.

3.10. Bueneunas oOpaGotka ctanu. Llenn u meroasl 00padboTku. Packucinenue u nerupoBaHue
cTamu B KoBile. CrocoObl OTCEYKHM IIJIaka MO XOAY BBITYCKAa MeTajula U3 CTalelIaBHIbLHOTIO
arperata. [IpumeHeHre HEUTPATBHBIX TA30B JIJIs 00PAaOOTKH >KHIKOM CTall B KOBIIIE.

3.11. J[ecynbbypaius cTamu ¢ HCIOIH30BAHUEM CHHTETHUYECKHMX IIUIAKOB, TBEPIABIX U
MOPOIKO0Opa3HbIX cMecell. BnusiHue o0paboTKu Ha KaueCTBO TOTOBOTO METAJLIA.

3.12. BakyymupoBaHME€ KMJKOH CTalM B KOBIIE: CIOCOOBI M TEXHOJOIMH, HpPUMEHsSIeMOe
o0opynoBaHue. BnusiHMe BakyyMHpOBaHUSI Ha KadecTBO TIOTOBOro Metaia. KomiuiekcHas
00paboTKa )KHJIKOH CTallu B KOBIIIE.

3.14. HenpepblBHblE CTaleMJaBUIbHBIE TPOIECCH: BAapUAHThl TEXHOJOTMUECKHUX CXEM H
npuMeHsieMoro ooopyznoBanus. COBpeMEHHOE COCTOSIHUE U IEPCIIEKTUBBI pa3BUTHS.

Paznen 4. [lonyyeHne CIMTKOB Y JTUTHIX 3aTOTOBOK YEPHBIX METAJIIOB

4.1. O6opynoBanue nnsi pa3nuBku ctanu. CrocoObl pa3nuBku ctanu. CpaBHEHHE TMOKa3aTenen
pa3IMBKU CBEPXY U CU(DOHOM.

4.2. Ctpykrypa cTanbHOro ciurka. Kpucrammdeckas 1 XUMHUYECKask HEOJHOPOIHOCTb. SIBiIeHuE
yCaJIKH.

4.3. HempepbiBHas pa3iauBKa CTaau. TeXHOJIOTHA M MPEMMYIIECTBA HEMPEPBIBHON Pa3IUBKU.
Bupl ManH HEMPEPHIBHOTO JTUThS 3aTOTOBOK.

PexoMennyemas nuteparypa

a) OCHOBHas JIuTeparypa
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36. KaGmykoBckuit A.®D., MomuyanoB O.E., KabnmykoBckas M.A. Kparkuii crnpaBoYHHK
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YACTbD 3. METAJUIYPT'US IBETHBIX U PEAKUX METAJIJIOB

Paznen 1. OcHoBeI rugpoMeTamutyprudeckux mnpoieccos (IIponsBocTBo 30510T1a)

1.1 Knaccuduxamus meramryprudeckux mnpoueccoB. CTpaHbl — OCHOBHbBIE MPOU3BOIAUTEIN
3oi0ta. Mcropus co3maHus mnpousBoiACTBa 30j0Ta. VICTOYHMKM CBIppS Ul NPOU3BOACTBA
0J1aropoIHBIX MeTaII0B. POPMBI HAXOXKACHUS 30J10Ta B ChIPhHE.

1.2 JloObua pynabl M MOATOTOBKA €€ K mepepaboTke ['paBUTAIIMOHHBIE CIIOCOOBI M3BIICUYEHUS
30J10Ta U3 PyAbl. AMalbraMallMOHHOE W3BJICYEHHE 30J10Ta U3 PYIbL.

1.3  IlmanupoBamme  30j0TOCOAepx)amux  pya.  OOopymoBaHuwe  AJis  TPOBEIACHHS
TUPOMETAJUTYPTrH4YeCKUX IPOLEeccOoB Brinenenne 3070Ta U3 LUAHUCTBIX PacTBOPOB. TexHuka
0e30MacHOCTH MpU padboTe ¢ IUaHUAMHU.

1.4. Adpdunax nparoneHHbIX METAJUIOB. DIEKTPOIN3 30J0TO-CEPEOPSHBIX CIUIABOB. AHOJHBIN U
KaToAHbIN mpouecchl. KoHCcTpykuust 351eKTpon3HoN BaHHBI. OCHOBHbBIE TEXHUKO-3KOHOMHYECKHE
noKazartenu 3ekTponnsa. O0ue 3aTpaTsl pecypcoB Ha MPOU3BOACTBO 30JI0TA U3 PY/IBL.

Paznen 2. OxucnurensHas nupomerautyprus (IIpouszBoacTso mean)

2.1 Ucropus pa3BUTHUS MUPOMETAIUTYPrUU MeTaurypruu Meiau. CBOHCTBA MeIM U OCHOBHBIE
obnactu npuMmeHenus. O0bembl Ipou3BoJcTBa. POpPMBI HAX0XKAECHUS MEAU B 3eMHOM Kope. Kiapk
meau. Meanble MmecTopoxaeHus. Jloosiya MeqHOM pyasl. MenHbIe KOHIIEHTPATHI.

2.2 OCHOBHBIE XUMUYECKHE B3aUMOAECUCTBUS MPU MUPOMETAITYPIrHUECKON nepepadoTKe ChIPhS.
OOur ¥ MI1aBKa MEIHBIX KOHIIEHTPATOB Ha IITEHH.

2.3 TIpomyKThl OKHCIUTENBHOW IUIABKUA CYIb(QHUIHBIX KOHIEHTPATOB M MPHUHIUIBI PaOOTHI
IUTABWIBHBIX arperatoB. OKUCIMTENbHOE KOHBEPTUPOBAHWE MEIHBIX INTEHHOB. Y THIM3aLUsA
CEPHHUCTBIX OTXOJISALINX I'a30B.

2.4 DOnexrponutuyeckoe padunHupoBaHue meau. OCHOBHBIE AIIEKTPOXMMUYECKHE PEAKIIMH.
KoHCTpyK1Ms 3JIEKTPOJIM3HON BaHHBI.

Paznen 3. BocctanoButensHas nupometamutyprus (IlpousBocTBo cBUHIA)

3.1 CeipbeBasi 6a3a CBHUHIIOBOTO TPOM3BOJCTBA M MOTpeOJICHHE CBHHIA. BUABI XMMHUYECKUX
COEIMHEHUI CBUHIIA B ChIpbe. TeopeTnuecKkne OCHOBBI BOCCTAHOBUTEIbHON CBUHIIOBOM IIIABKH.

3.2ArOMepUpYIOMUA  OKUCITUTENBHBIM  OOXKHUT  KOHIIGHTpaTa. XHUMHYECKHE  PEeaKIHuu
arnomepanuu. KoHcTpykuyst arinoMamivHsl.

3.3 Xumuueckue peakluy MOJy4eHHs] YEpPHOBOI'O CBHHIA M MPHUHIMII pabOTHl NIAXTHOW Meuu.
[Tpsmas nepepaboTKa Cynb(pUIHOIO KOHIIEHTpaTa Ha YePHOBOW CBUHELL.

3.4 PaduHMpoOBaHKE YEPHOBOTO CBMHIIA OT Pa3HOOOpa3HbIX mpumMmeceit. O0pa3zoBaHue U yIaleHUE
IPOMIIPOAYKTOB, AKKyMYJHPYIOIIUX HIpuMmeceld. BozaeiicTBME CBUHIIOBOIO IMPOW3BOJCTBA Ha
OKPYXKaIoIIyIO Cpeny.

Paznen 4. Dnexrpomeramnyprust (IIpon3BoACTBO amfOMUHUSA)

4.1 CgoiicTBa aMOMHHUS M €r0 INpPUMEHEHHE. MUHEpaTbHbIE MCTOYHUKH JUIsI NTPOU3BOJCTBA
amoMuHUA. XMMHUYECKHE COEIMHEHUS allOMUHHUS B pylaX. OJIEKTPOXUMHUYECKHE IPOLIECCHI
MOJIyYEHUSI METAJUTMYECKOTO AIFOMUHHUSL.

4.2 TlpomsBoacTBO riauHO3eMa crocobom baiiepa. BrlmenaunBanue OOKCHUTOB ILEIOYHBIMU
pactBopamu. OCHOBHBIE PEaKI1H, TIOBEACHHUE TPUMECEH.

4.3 OO6opynoBaHue Ui CHEKaHWs M BbBIIETAYMBAHUA. ODJIEKTPOJUTHUYECKOE MOIyUYeHHE
METAJITMYECKOT0 amfOMUHUSA. KpronuT-riamHo3eMHbIe paciijiaBsl.

4.4 KOHCTPYKIHS 3JIEKTPOJIM3EPOB U MPUHIUN UX pabOThl. AHOIHBIN 2P dekT. Pacxon aHomoB u
notpebyieHue 3eKTpruuecTBa. Bo3aelicTBre altoMUHUEBOTO MMPOU3BO/ICTBA HA OKPY’KAIOIIYIO CPEdy

Paznen 5. Ilpou3BoacTBO Bomb(hpama

5.1.Knaccudukarnus peakux MetamioB. OCOOEHHOCTH TEXHOJOTHYECKHUX CXEM IPOHM3BOJICTBA
penkux wmertamioB. OCHOBHBIE CBOWCTBa BoJib(ppama M 00JACTH NPUMEHEHHUs. MuHepaabl U



MECTOPOXKICHHUSA Bolb(pama. BckpbITHe NICETUTOBBIX U BOJB(PAMUTOBBIX KOHIIEHTPATOB
IIEJ0YHBIMH peareHTaMu. AnmnapaTtypHoe 0()OpMIIEHHE IPOLIECCOB.

5.2. TlepepaboTKa TPOAYKTOB BCKPHITHS KOHIIEHTPATOB, OYMCTKA PACTBOPOB OT IPHUMECEH.
Crioco0b!I nostyyeHusi BOJIb()pamMOBOM KHUCIOTHI, MapaBosib(pamara aMMOHHS U BOJIb(HPaMOBOIO
AHTUAPUJIA.

5.3. TexHos0rus NpOM3BOJACTBA OPOILKA BosIb(pama. [Ipon3BoacTBO KOMIIAKTHOTO INIACTUYHOTO
Bosib(pama. [lonydenne kpynmHorabapuTHBIX CIUTKOB BOJb(paMa JIeKTPOHHO-TY4YEBOM U TyroBOH
BAKYyMHOMU IIJIAaBKOM.

Paznen 6. IIpousBoacTBo MonuOaeHa

6.1.0cHOBHBIC CBOMCTBa MoOJUOAcHA W 00JacTH NpUMEHEHUs. MuHepanbl MOJIUOJACHA |
mectopokaeHus. CrnocoObl  mepepaloTKH  MOJMMOACHUTOBBIX — KOHILEHTpaToB. [lomyuyenue
MOJMOJEHUTOBBIX OrapKoB. AmmnapaTypHoe odopMmieHue mporeccoB.Beiaenenue monubaeHa us
aMMHa4YHBIX pacTBOpoB. [lomydyenune monubneHoBOTrO anruapuaa. [Ipon3BoacTBO MOINOIEHOBOTO
IIOPOILIKA ¥ KOMIIAKTHBIX U3JEJINN.

Paznen 7. Ilpon3BoACTBO TaHTajla U HUOOUS

7.1. OcHOBHbIE CBOMCTBa TaHTajla U HUOOMs, 00JIacTH NMpUMeHEHHs. MUHepallbHOE ChIpbe U
MECTOPOKICHHUA TaHTana W HuoOusa. llepepaboTka TaHTAIUT-KOTYMOMTOBBIX KOHIEHTPATOB
pa3I0KEHUEM IIIIABUKOBOM KUCIOTON. BCKpBITHE TIONAPUTOBBIX KOHIICHTPATOB XJIOPUPOBAHUEM.

BapuaHThI KOHIEHCAIMY XJIOPHIOB. ATIIapaTypHOe 0(pOpMIIEHHE ITPOIECCOB.

7.2. IlepepaOoTka pOyKTOB BCKPBITUS KOHIIEHTPaTOB. Pa3ienenue Tantana 1 HUOOUS U OUUCTKA
oT npumeceid. TeXHOIOrUsl MOIy4YEeHNs METAININYECKOr0 TaHTaJla U HUOOUSL.

Pa3nen 8. Meramryprust THTaHa U IUPKOHUS

8.1. OcHoBHBIE CBOIiCTBa M 00JacTH TNPUMEHEHHsS. XapaKTEPUCTHKA PYIHOTO CHIPBS.
BoccranoBuTenbHas IIaBKa WIbMEHUTOBOIO KOHILIEHTpaTa. XJIOPUPOBAHWE TUTAHOBBIX ILUIAKOB,
KOHJIGHCAUA XJOPHUIOB. ArmmaparypHoe odopmieHHe mporeccoB. OUHCTKAa TEXHUYECKOTO
TeTpaxJopHua THTaHA. MarHueTepMHYecKoe BOCCTAHOBIEHHE TETpaxiIopuia THTaHa. MommmHoe
paduHUpPOBAaHNE TUTAHA U TIOJyYEHHE KOMIIAKTHOT'O MeTaJlia.

8.2. CrnocoObl BCKpBITHS LHMPKOHOBBIX KOHIIEHTPATOB. BapuaHThl pa3jeneHus LHUPKOHUSA U
rapHus. MarauerepMuyecKuid M 3JIEKTPOJIUTHYECKUN CIOCOOBI MOJIYYEHHsS] METaNInYecKOoro
UPKOHUS. TexHoaorus pahUHUPOBAHUS LIUPKOHUS.

Paznen 9. Metainmyprust pacCesTHHBIX PEIKUX METAILIOB

9.1. Knaccudukanus paccesHHbIX peAKHX METaJUIOB, MX XapakTepucTuka. [IpuMepsl momyTHOro
U3BJICUEHMSI PACCESTHHBIX METAJIJIOB B IIpoliecce MepepabOTKU IBETHBIX METAJJIOB U OTXOJI0B JIPYTHX
npou3BoacTB. OCHOBHBIE CBOWMCTBAa TIepMaHusi M €ro coeauHeHuil. OO6macTH NpPUMEHEHHS.
W3BrieyeHne repMaHus U3 pa3iMuHbIX BUAOB ChIpbsi. CrIOCOOBI OUUCTKU FepMaHus OT IPUMECEH.

9.2. CgoiictBa M obsacTi npuMeHeHus raums. [lomydeHue rauMeBOro KOHIIEHTpaTa Mpu
MPOU3BOJICTBE altoMUHUSA. [loTyyeHne MeTayuInyeckoro rajuiis U cocoObl ero paduHUPOBAHHUS.

Paznen 10. Meramnyprust paAMOaKTUBHBIX U PEIKO3EMETIBHBIX METAIIIOB

10.1 Ponp pannoaktuBHEIX 1 P3M B COBpEMEHHOM MHpE M B Pa3BUTHU aTOMHOM HHEPreTUKH;
sHepreTuueckass OezomacHocTh Poccum; TpeOoBaHMsA, TNpeABsABIseMble K OITHM MeTajulaMm,
OCOOEHHOCTH HUX IPOU3BOJCTBA, OCHOBHBIE MPOAYLEHTH B Mupe u P®. Munepanbl, pyasl u
KOHIIEHTPAThl ypaHa, KMUCIOTHBIE U IIEIOYHbIE CIIOCOOBI BCKPBITHSI, OCHOBHBIE allaparhbl, TEXHUKA
0e30MacHOCTH C paJHOAaKTUBHBIMU MaTepuaiamMu. MuHepasibl, pyasl M KOHLEHTpaThl P3M,
OCHOBHBIE CITOCOOBI BCKPBITHS, HEOOXOJUMOCTh KOMIUIEKCHOTO MCTIOIb30BAHUS ChIPbS.

10.2 DKCTpaKkIMOHHBIE W COPOITMOHHBIC CIIOCOOBI BBIJCIICHHS ypaHa W3 MYJbII, COBPEMEHHOE
anmnaparypHoe o(hopMIIEHHE TIPOIECCOB, 00E3BpEKHBAHUE U YAAJCHHE XBOCTOB, SKOJIOTHYECKHE
npobisieMsl. [lepepaboTka MPOIyKTOB BCKPBITHS MHUHEpAIbHOTO ChIphsi P3M, nmpenBaputenbHoe Ux
pasjielieHne Ha OTAETbHBbIE TPYIIbL. JKCTPAKIMOHHBIE apQUHAXKHBIE ONEpaluu A MOTYYEeHUs
COCIMHEHUN YypaHa SACpPHOW CTeneHW 4YUCTOTHI. OCHOBBI Ppa3/IENUTENIBHBIX IPOLIECCOB IPHU
MOJIy4YE€HUE UHAUBUYyaIbHBIX P3M.

10.3 TexHonorus TmoOdydeHUsT OKCHIOB, (TopuaoB, xjopuaoB ypaHa u P3M. OcHOBBI
METAJITIOTEPMUYECKOI0 BOCCTAHOBJIEHHSI BBICOKOAKTUBHBIX METAJUIOB; IToJIyuyeHue ypana P3M.
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YACTH 4. JUTEMHOE ITPOU3BOICTBO

Paznen 1. Teopernueckue OCHOBBI JIUTEHHOTO IPOM3BOJICTBA

1.1 Jlureiinble cBoiicTBa cmiaBoB. CBsI3b JUTEHHBIX CBOMCTB € (DU3MYECKUMU M (DU3HUKO-
XUMHYECKIMHU XapaKTEPUCTUKAMHU.

1.2 Ponb mOBEpXHOCTHBIX SIBJICHUI B MPOLIECCE TPOU3BOICTBA OTIIUBOK.

1.3 BzaumoeiicTBre paciiaBoB ¢ razamu. CHCTEMBI KUCIOPO/T - METAJLI, BOJOPO/ - METaJI, a30T
- Metaiul. Kunetnka oOpa3oBaHus U pa3BUTHA I'a30BbIX ITy3bIpeil.

1.4 Hemerainueckue BKIIOUEHUS, X Kiaccupukanms. VICTOYHUKE U KMHETHKA 00pa30BaHHA
BKIItoUeHui. PadunupoBanue mnakoM, Quirocamu, GpuiabTpanuei, IpoayBKoi razaMu U ap.

1.5 Buasl mogudunmpoBanms. Moaudukatopsl, X KiaccuuKamus 1 CBOMCTBA.

1.6 3anonHeHue AUTEHHBIX GopM. XapaKTep METAUINYECKUX MOTOKOB B PEANbHBIX JUTEHHBIX
¢dopmax. [IpuHIKTTHAIEHBIE OCHOBBI KOHCTPYHPOBAHUS M pacueTa TUTHUKOBBIX CHCTEM.

1.7 TemnnoBble ycnoBus 3aTBep/ieBaHMs OTIMBOK. Vcroab30BaHNE TEOPUH KPUCTAIITH3ALMHU JUIS
pEeryIupoBaHHs CTPYKTYpHI crutaBa. @opMupoBaHUe CTPYKTYpPHBIX 30H B OTIMBKE. BimsiHue Terio-
(bu3nUecKux CBOWCTB JMUTEHHON (hOPMBI, BO3JEHCTBHE OCHOBHBIX MMAapaMeTPOB TEXHOJIOTHYECKOTO
nporecca.

1.8 JlukBauus B omuBKax. MeTozsl 60pb0BI C OTPULIATEIBHBIMH MTOCIEICTBUSAMH JTUKBALIMHA.

1.9 Vcanounsle sBICHWS TpH 3aTBepACBaHWU OTIMBKU. CrocoObl BBIBEIACHHUS YCATOYHBIX
pakoBUH U3 pabodyeil yactu oTiMBOK. [IpubObuin, ux mecropacnonoxenue u ¢opma. [TpuHIMIBI
pacuera npuObLIH.

1.10 JIuneiinas ycaaka oTauBKU. Mi3MeHeHNe M1acTHYEeCKUX U IIPOYHOCTHBIX CBOMCTB MeTala o
Mepe €ro OXJaXKACHWs. TpEeHIMHBI, BO3HUKAIOUIME TIPH BBICOKMX TEMIlEpaTypax («ropsdaue
TpeuHb»). Pa3BUTHE B OTIMBKaxX YCaJOUYHBIX HaNpsDKEHUH M 00pa3oBaHHE TPEIIMH MpU
MOHMKCHHBIX TeMIlepaTtypax («XOJOIHBIE TPEHIMHBI»). METOoabl TpeayNpekIeHUs] TPEIuH |
YMEHBIICHUSI OCTATOUYHBIX HaNpsKEHUH.

1.11®opmupoBaHre MOBEPXHOCTH OTJIMBKH, pa3BUTHE INpurapa. Mukpopeiabed MOBEPXHOCTH
otiuBku. [Ipurap, knaccudukaius ero BUI0B.

Pazpgen 2. TexHonornueckre OCHOBBI TUTEHHOTO TPOU3BOICTBA

2.1 HM3rortoneHHe OTJIMBOK B pa3oBbIX popmax. CoBpeMeHHbIe TpeOOBaHUS K KOHCTPYHUPOBAHUIO
U TIPUMEHEHHIO MOJICIIEHO-OTIOYHON OCHACTKA K (DOPMOBOYHBIM MaTepuaiaM M CMECsSM st
oOecrieyeHus BBICOKOTO KadyecTBa OTJIMBOK, CHIDKEHMS HX ce0ecToMMOCTH. Perenepanus
oTrpaboTaHHbIx cMmecell. CoBpeMeHHble crocodbl hopmooOpa3zoBaHusi. OCHOBHBIE HAIpPaBJIEHUS B
Pa3sBUTHU CLIOCOOOB M3TOTOBJIEHUS CTEPKHEH.

2.2 Oco0OEHHOCTH KOHCTPYKIIMM W pacyeTa JIUTHUKOBO-TUTAIOIINX CHCTEM JUIS TIONYyYeHHS
OTJIMBOK U3 PA3JIMYHBIX CIJIaBOB B Pa30BbIX opmax. KOHTpoIIb KauecTBa OTIIMBOK.

2.3 Jlutbe B 000JI0YKOBBIE (DOPMBI U TIO BBILIABIAEMBIM MoOjeNsM. CBOMCTBA MOTydaeMbIX
OTJIMBOK U 00JIACTh UX MPUMEHECHHS.
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2.4 JIuThe B KOKUJIb.

2.5 Jlutwe non gaBineHueM. CBOWCTBA U XapaKTEepHBIC Me(HEKTHI OTIMBOK.

2.6 LlentpoOexxHoe nuThe. Pa3nuuHble CXeMbl TEXHOJIOTHYECKOro mporecca. OcobeHHocTH
3aTBEpJCBaHMs OTIMBOK B [10JI€ LIEHTPOOEKHBIX CHIL.

2.7 TlomynenpepbIBHOE JTUTHE CIUTKOB U MOJBIX m3nenuil (Tpy0). CTOWKOCTh METaNIMYeCKUX
dbopm (KoKuiIeH, GopM JUThS MO JABICHUEM, U3JIOKHHIL U JIp.).

2.8 CrenuanpHble BUIBI U3TOTOBICHHUS OTJIMBOK: METAJUTYPIHUECKUX H3JIOKHUI] M MPOKATHBIX
BAJIKOB.

Paznen 3. IIpou3BOACTBO UYT'YHHBIX U CTAJIbHBIX OTIIMBOK

3.1 Knaccudukanuus npoMbIIUIEHHBIX JKEJI€30-yIJIEPOAUCTBIX JTUTEHHBIX CIUIABOB II0 COCTAaBY U
cTpykrype. llepBuunas W BTOpUYHAS KPHCTALIM3AIMs YyryHAa W CTalM B JUTEHHBIX (opMmax.
BnusiHue Xummuueckoro cocraBa, TEpMOBPEMEHHOH  00paOOTKM, YCIOBUH  OXJaXKAEHUs,
MOIUGHUIMPOBAHUS U Ap. PaKTOPOB HA GOPMHUPOBAHKUE CTPYKTYPHI CTATBHBIX U YYTYHHBIX OTJIMBOK.
CoBpeMeHHbIE TpeAcTaBiIeHUs O mpoluecce rpaputuzanuu. CTpyKTypHbIE JHAarpaMMbl U BBIOOD
cocraBa uyryHa Juid OTIUBOK. JluteiiHble cBoiicTBa. CTpyKTYpHO-4yBCTBUTEIbHBIE CBOWCTBA
AKHUJIKOTO JKeje3a M ero CIUIaBOB (BS3KOCTh, NMOBEPXHOCTHOE HATS)KEHHUE, IJIOTHOCTh U Jp.) -
KuakorekydecTb UyryHOB U CTaJIei, OCHOBHBIE (pakTOphI ee onpezaensionme. O0beMHast 1 JIMHEHHAS
ycajKa, cBOOOIHas U 3aTpyAHEHHAs.

3.2 OTMBKM W3 KOHCTPYKIIMOHHBIX HEJETUPOBAHHBIX cTajeld. TeXHOJOTHs BBIIJIABKU
YIJIEPOJUCTBIX CTaJeH /Ui OTIAMBOK B PA3JIMYHBIX IUIABWIIBHBIX arperarax.

3.3 OTnMBKHM M3 KOHCTPYKIIMOHHBIX JIETHUPOBAHHBIX CTajel, MX cocTaB M cBoiicTBa. OOmacTh
npuMeHeHHus. OCOOEHHOCTH TEXHOIOIUHU BBIIIABKY CTajel M N3TOTOBJICHUS OTJIMBOK.

3.4 OTnMBKH M3 BBICOKOJICTUPOBAHHBIX cTajei. OCHOBHBIC MPUHIIMIIBI JISTHPOBAHUS U IyTH
CHIDKEHMSI pacxoja JeQUUUTHBIX JIETHPYIOLIMX MaTepualoB. BbllulaBka BBICOKOJIETMPOBAHHBIX
cTajiell JJi1 OTJIMBOK, MCIOJb30BaHUE OTXOJOB M Jioma. Koppo3noHHOCTONKHE, KapONpOUYHbIE U
XKapocTolKhe cTanu. VI3HOCOCTOMKas BBICOKOJETMPOBAHHAs MapraHueM crajib. (OCHOBHBIE
CiIy’)keOHble U TEXHOJIOTMYECKHE CBOMCTBA BBHICOKOJETMPOBAHHBIX CTaleH Uil OTJIMBOK. MeTombl
NOJY4YeHUsT OTIMBOK C Au(QepeHIUpOoBaHHBIMU CBOMcTBaMU. DHU3UKO-XUMHUYECKHUE OCHOBBI
MOJIyYEHUS ABYXCIONHBIX OTIMBOK.

3.5 OTIMBKH U3 CEpOro YyryHa ¢ IJIacCTUHYAThIM TpadguromM. MoauduurpoBaHue U JeTUpOBaHHE
yyryHa. OCOOEHHOCTH W3TOTOBJEHHUS OTJIMBOK W3 CEPOTO UyryHa, OOYCIIOBJIEHHBIE €ro
TE€XHOJIOTMYECKHUMH CBOMCTBAMH.

3.6 OTIMBKM W3 KOBKOTO YyryHa, OCOOCHHOCTH MPOHM3BOJCTBA W OOJIACTH WX MPUMEHEHUSI.
Pe:xuMBbl OT’KUTa OTIIMBOK JJIS1 TOTYYEHHUS] KOBKOT'O UyT'yHa Ha (peppUTHON U HA NEPIUTHON OCHOBE.

3.7 OTIMBKH U3 YyryHa C IIapOBHIHBIM rpadurom. TeopeTrnueckue u TEXHOIOTHYECKHE OCHOBBI
MOJIy4YEeHHUs] BBICOKOTIPOYHOT0 4yryHa. MoaudukaTopsl, ux cBoiicTBa, cnocods! BBeaeHus. OTIMBKU
U3 JIETHPOBAHHBIX YYT'YHOB C IIAPOBUHBIM I'paUTOM.

3.8 IlnaBka uyryHa juis oTnuBoK. [InmaBunbHble arperaTsbl. [lIMXTOBBIE MaTepuabl, TOIIUBO,
¢urockl, pUMEHSEMbIE JUISE BBITUIABKU YyryHa. Kounctpykuus COBpPEMEHHBIX
BBICOKOTIPOU3BOIMTEIBHBIX BarpaHOK M TEIIOTEXHUYECKHE OCOOEHHOCTH IpOIecca, METOMAbI €ro
uHTeHcHupuKauu. KoHTponb, peryaupoBaHWe W aBTOMAaTHU3allisl BarpaHOYHOro Mpoliecca.
BelmaBka yyryHa B 3JIEKTPOIYTOBBIX U MHIYKIIMOHHBIX Nedax. J{ymieKkc-poLeccsl, UX BapUAHTHI.
BrimiaBka cuHTETHYECKOTO, MOAU(DUIIMPOBAHHOTO KOBKOT'O U JIETUPOBAHHOTO YYT'yHA.

Paznen 4. [1pon3BoACTBO OTIIMBOK U3 IIBETHBIX METAIOB M CIUIABOB C OCOOBIMU CBOMCTBAMU

4.1 TexHUKO-3KOHOMHYECKHE YCIOBUS MPUMEHEHHUS OTJIMBOK U3 CIIABOB LIBETHHIX METAJUIOB U
BOIIPOCHI SKOHOMUH LIBETHOTO ChIPbs. CIIOCOOBI MOTyYeHHsI CILIaBOB.

4.2 OCHOBHBIE TIPOIIECCHI, MPOUCXOMSIINE NPU CIUIaBIeHUH. VcrapeHne n KuTNeHne IBETHBIX
METAIJIOB M CIUIaBOB. IlyTm cHmXkeHMS NOTeph MeTala NpU IUIaBKE W HUX DKOHOMHUYECKas
spdexkTuBHOCTh. CHCTEMBI — BOAOPOA-METal, KUCIOPOA-METal, Maphl BOABI-METAUl U JIp.
B3anmMopeiicTBiE IIBETHBIX METAJUIOB U CIUIABOB C (DYTEpOBKOW IJIaBWIIBHBIX MMedeH, (irocamMu u
3alIUTHBIMU TOKpOBaMU. METOABI M CYIIIHOCTh OUYMCTKH METAJIOB M cIiiaBoB. HasHaueHue U BUbI
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MOIU(UIMPOBAHUS pacIIaBOB. MeTOJbl OLIEHKM KadecTBa paciuiaBoB. Pacuer mmxtol. Ilytm
CHI)KEHUSI ce0eCTOMMOCTH KHJIKOTO METaJa.

4.3 OcoOeHHOCTH MPOU3BOCTBA OTIMBOK M3 AIFOMUHHUEBBIX CILIABOB. [[pUHIMIIBI JIETHPOBaHUS
ATIOMUHHUEBBIX JUTEHHBIX U J1eOPMUPYEMBIX CILIaBOB. [IpOMBINITIEHHBIE MapKu JUTEHHBIX U
neGopMHUpYEeMBIX CIJIaBOB, HMX CBOWCTBA M 00JacTH TNpUMEHEHHUs. TeXHOJOrWs IUIaBKH,
paduHUpPOBaHUS U MOJIU(GUUIMPOBAHNSA OCHOBHBIX I'PYII MPOMBIIUIEHHBIX CIUIaBOB. OCOOEHHOCTH
IPOM3BOJICTBA OTJIMBOK M3 MAarHUEBBIX CIIJIaBOB. OCHOBHBIE (PH3UKO-XMMUYECKHE CBOWCTBA MAarHHUS.
Bnusaue npumeceit. [IpombinieHHbIE MApKU JTUTEHHBIX U 1e()OPMUPYEMBIX CIUTABOB. TEXHOIOTHS
IUTaBKH, paUHUPOBAHUS M MOTUGPHUIMPOBAHUS OCHOBHBIX TPYII HPOMBIIIJICHHBIX CILJIABOB.
TpeboBanusi Kk papuUHUPYIOIIMM U TOKPOBHBIM (irocaM. OcoOEHHOCTH W3TOTOBJICHHSI OTIMBOK
JUTHEM B pa3oBbIe POPMBI, B KOKUIIb, TIOJ] ITABICHUEM.

4.4 TIpou3BOACTBO OTJIMBOK U3 MEJIHBIX CIUIaBOB. OCHOBHbBIE (PU3UKO-XMMHUYECKHE CBOMCTBA
MeNIW, ONpEIENSIONIe BHIOOP TEXHOJOTMH IUIaBKHU. IIpOMBIINIJICHHBIE MapKU JHMTEHHBIX U
nehopMUpPYEMBIX CIJIAaBOB, HUX CBOMCTBA M 00JacTM NpUMEHEHUs. TEeXHOJOTHs IIJIaBKU
OCCKUCIIOPOIHON Meau U MeIu, COJAepXKalleld MeTaJuIM4eckue mnpumecH. Packucienue,
paduHupoBaHue U MoauuUIIIpOBaHUe CIUIaBOB. OCOOEHHOCTH TEXHOJIOTHH H3TOTOBIICHUS OTIMBOK
U3 MEJHBIX CILJIaBOB.

4.5 TIpon3BOACTBO OTJIMBOK M3 HUKEJIEBHIX CINIaBOB. OCHOBHBIE (PH3UKO-XUMUYECKUE CBOMCTBA
HUKEJS, ONpPENENSIIoIIMe BbIOOP TEXHOJIOTMH IIaBKU. [IpOMBIlIEHHbIE MapKuU JMTEWHBIX U
nedhopMUpyeMBIX CIIaBOB. TeXHOIOrHs MIaBKU TPYII MPOMBIIIJICHHBIX CIUIaBOB. PaduHupoBanue
U Moau(UIIIpOBaHHE.

4.6 IIpon3BOACTBO OTIMBOK M3 TUTaHA U €ro CriaBoB. DU3MKO-XMMUYECKUE CBOWCTBA THUTAHA,
OINpEAEISAIONME BbHIOOP TEXHOJIOTUM IUIaBKM M JINThA. [IpoMblIUIEHHBIE MapKy JUTEHHBIX U
nedopMupyeMbIX cIiiaBoB. [leun it IIaBKU TUTAHOBBIX CIUIABOB. TEXHOJOTHS TUIABKU JTUTEHHBIX
u nehopMupyembIx cruraBoB. OCOOEHHOCTH JIUTHS B Pa30Bbie (DOPMBI, IO BBHITUIABISIEMBIM MOACIISIM
U B 000JI04KOBbIE (DOPMBI.

4.7 1lpon3BOACTBO OTIMBOK M3 IUPKOHUEBBIX, HHOOMEBBIX, MOJMOJEHOBBIX U JAPYTUX
TYTOILJIABKUX CIIABOB.

4.8 TIpom3BOACTBO OTIMBOK W3 IIMHKOBBIX CIUIABOB. TEXHOJOTHS JHThS B KOKWIb M TOJ
JTaBJICHUEM.

4.9 TIpou3BOACTBO OTIUBOK U3 OJIATOPOJTHBIX METAJIIOB U X CIUIABOB.

4.10lIpousBoacTBO CIUTKOB. TpeOoBaHMs, NMpenbsABIsEMble K CIMTKaM ILBETHBIX M PEAKHX
METAJIJIOB M CIJIaBOB. JIUTbe CIUTKOB B U3JIOXKHUIBL. JIUTbe CIUTKOB HENPEPBIBHBIM U
HOJyHEeNpepbIBHBIM MeToaaMu. [IpuHuun autea. Kpucrannuzatopsl. Jlutelinsie MamuHbl. Pesxumbl
JUTHSI KPYIJIBIX, TUIOCKUX M MOJBIX CIUTKOB. [IpakTuka JIMThS CIMTKOB U3 CIIJIABOB HAa OCHOBE
QIIOMUHUS, MEIM, MarHusi, TATaHa, IUPKOHUS U JIP. HETIPEPHIBHBIM METOJIOM.

Paznen 5. O6opynoBanue U MPOEKTUPOBAHUE JIMTEUHBIX 1IEXOB U 3aBOJIOB

5.1 OcHOBHBIE HaIpaBli€HUs B pa3BUTHM COBPEMEHHOTO IUIABHJIBHOTO, (POPMOBOYHOTO,
CTEP’)KHEBOTO 000OPYOBAHUS, MAIITUH CIEIUATBHBIX CITOCOOOB JTUTHSI.

5.2 ABTOMaTHuecKue JIMTEHHbIE JTUHUU JJII MacCOBOTO, CEpUIHOIO MPOU3BOJCTBA OTIMBOK M3
[[BETHBIX CIUIaBOB. ABTOMAaTH3allUs IOATOTOBKM HCXOJHBIX MAaTe€pUaJOB M IPUTOTOBIICHUS
(OpPMOBOUHBIX U CTepKHEBbIX cMeceil. CoBpeMeHHbIe crocoObl BBIOMBKH (hOpM, CTEp)KHEH U
OUYHCTKU OTJIMBOK. ABTOMAaTH3alIMsI TPOLIECCOB BHIOUBKH U OUMCTKHU.

5.3 3agaun B 001acTH MPOEKTHUPOBAHUS JIMTEHHBIX LIEXOB M 3aBOJIOB. BriOOp M ob6ocHOBaHUE
00BEMHO-TITAHUPOBOYHBIX, TEXHUUECKUX, apPXUTEKTYPHO-CTPOUTEIBHBIX U COLIUAJIbHBIX PEIIeHUN
JUTEUHBIX LIEXOB U 3aBOJOB.
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YACTD 5. OBPABOTKA METAJIJIOB JABJIEHUEM

Paznen 1. ba3zoBble moHATHS, KIacCU(PUKAIMS TPOIECCOB M M3/ICIHIA, TPOU3BOJAUMBIX METOIaMHU
OM/

1.1. BBeneHnue, CymHOCTh OOpaOOTKH METAJJIOB JAaBJICHHEM, POJIb METOJOB IIACTHYECKON
negopMaluy B MCTOPUM LMBWIM3ALMK, PA3HOBUIHOCTH HCXOJHOIO MaTepuaia i oOpaboTkH,
OMUL, uznenust u «HoBbII poayKT»

1.2. Knaccuguxkanus npoueccoB OM/ no pazianyHbIM NpU3HAKaM.

Pasznen 2. ®usnueckue OCHOBBI IUIACTUYECKOW JedopMalvid METalsIoB U CIUIABOB,
B3auMoJieiicteue mporeccoB OMJl ¢ TepMooOpabOTKOM, METOJbl YIpaBlIeHUs] CTPYKTYpol u
CBOMCTBAMHM NPOAYKIIUU

2.1. Ctpykrypa aedopMupyemMbIx crajieil, MeEXaHU3Mbl IUIACTHUECKON JieopMaliuy, yrpaBieHue
CTPYKTYpOll M CBONCTBAaMHU CTajld IOCPEACTBOM IUIACTUYECKOW JedopMaliuu, auarpaMma
IUTACTUYHOCTH, CBA3b CO CIOCOOOM IMOJTyYEHHsI 3aTOTOBKHU M ¢ TEpMOOOPaOOTKOM.

2.2. Crpykrypa nehopMHpPYEMbIX LIBETHBIX METAJUIOB U CIIJIABOB, MEXAHU3MbI IJIACTHYECKOM
negopmaluy, ynpaBieHHe CTPYKTYpOH M CBOMCTBAMH IMOCPEJICTBOM IUIACTHUECKOW Jedopmanuy,
IUTACTUYHOCTD U pa3pylleHue, CBSI3b CO CIOCOOOM MOJTyUYEHUs 3aTOTOBKH U ¢ TEPMOOOPAOOTKOM.

Paznen 3. TeopeTnueckue OCHOBBI NMPOLIECCOB 0OPAOOTKH METAIIOB /1aBJIEHUEM

3.1 Conpotusnenue aegopMaliii U HAMPSHKEHHOE COCTOSTHUE B TOYKE TeJla, TEH30p HaIPSKEHUH,
[JIaBHBIE HANIPSKEHMSI, THTEHCUBHOCTD HAIIPSKEHUH.

3.2 JlepopMHupOBaHHOE COCTOSIHHE B TOUKE TeJIa, IEPEMEIICHUSI B KOOPAMHATHBIX OCSX, TJIaBHBIE
negopmanuu, MHBapUaHThI TeH30pa jAedopMalvy, ypaBHEHHE IOCTOSHCTBA 00bEMa, CKOPOCTh
nedhopmaruu.

3.3 Vcnosue mnnactuuHoctu. deHomeHonormdyeckue mozenu cpeapl. COOTHOIIEHHS MEXIy
HANpsDKEHUSMUA U JedopManusiMU. 3aKOHOMEPHOCTH KOHTAKTHOTO J1e(OpMallMOHHOTO TpPEHHUS.
JlokanbHbBIE U UHTETpAIbHbIE MTOKa3aTeIN HAIPSXKEHHO-1e()OPMUPOBAHHOTO COCTOSIHHSI MaTepHaa.

3.4. Mertoasl MOJENMPOBAHMUS M aHaJU3a IPOIIECCOB OOpPaOOTKM METAUIOB JaBJICHUEM.
[Tpuniuns! paboTsl 1 uHTEpdeiic mporpammsr QForm.

Paznen 4. OOGopymoBaHuwe I CHJIOBOTO BO3JEHCTBHS Ha MaTepuasl. BcrmomorarenbHOe
00opyI0BaHuE, CPEJICTBA YIPABICHUS

4.1 Knaccudukauus tunoB obopyaoBanus. [IpokaTHbIN cTaH, OCHOBHOE U BCIIOMOTaTEJIbHOE
MexaHudeckoe ooopynoBanue. Tunsl kiaereid. KOMIOHEHTHI cucTeM yIpaBiIeHHs M KOHTPOJIA B IIeXax
OMUI.

4.2 MexaHn4ecKkue, TuApaBIMdeCKHEe IPECChl, TEXHUKA YIAPHOTO (MMITYJIbCHOIO) IEHCTBUS.
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4.3 CunoBble yCTaHOBKH C COYETAHMEM BpAIIECHMSI U BO3BPAaTHO-TIOCTYNATEIBHOIO ABMXKEHUN
HCIIOJTHUTENILHOTO 3JeMeHTa. JleTanenpokaTHble CTaHbl, YCTAHOBKM HEMPEPHIBHOTO MPECCOBAHUSA,
c(hepOoIBUKHON IIITAMITOBKH

4.4 CnenuanpHas TexHUKa. TexHHKa 00paOOTKH KOMIIO3UTOB, MOPOIIKOB, I[BETHBIX METAJIOB U
CIUIaBOB, BaKyyMHble cucTeMbl B OM/I 1 cpebl peryaupyeMoro cocrasa.

Pazpgen 5. Ilpokarka meTanioB

5.1. Ouar pedopmany U KMHEMaTHKa TEUYSHHUS METaJlla MPH MPOJOJIBHON IMpoKaTKe, 6a30BbIe
MOHSTHSL. PACU€T YCHIIUS NMPOKATKHU, KPYTSIIEr0o MOMEHTA U MOIIHOCTH, MONepedHas aedopMariusi.

5.2. TexHonOru4eckas cxema pou3BOJICTBA U3AEIUN U3 CTAIM METOAAMHU IIpoKaTku. [IpokaTHbie
uznenus. lcxoaple MaTepuaibl U UX MOATOTOBKA.

5.3. TexHosoruueckass cxema IPOU3BOJACTBA IpOKaTa M3 IBETHBIX METAJJIOB U CILIABOB.
[Tpokatubie uznenus. Mcxoanbie MaTepuaibl U UX TOArOTOBKa. Vcronb30BaHue 3alIUTHBIX Cpe U
Karcys, mpokaTka B Bakyyme. OCOOCHHOCTHM TPOM3BOJCTBA MPOAYKIUH M3 TSKEIBIX IBETHBIX
CIUIaBOB, MMPOKATKa JIMCTOB, MOJIOC U (DOJIBIU U3 TYTOMJIABKUX METAJIOB, AIFOMUHHEBBIX U MEIHBIX
CIUIaBOB

5.4. TemmnepaTypHO-CKOPOCTHBIE YCIIOBUS TOPSYEH MPOKATKU cTaneil. IHCTpyMeHT, OCHOBHBIE U
BCIIOMOTaTeJIbHbIE MAaTEPUAJIBL.

5.5. TemnepaTypHO-CKOPOCTHBIE YCIOBUS TOpsiueid MPOKATKU IIBETHBIX CIUIABOB. MIHCTpYMEHT,
OCHOBHBIE U BCIIOMOTaTEJIbHbIE MATEPUAIIBI.

5.6. TexHONOTHs MPOKATKHU TJIOCKOTO MPOJYKTa C MOBBIIICHHBIMU TPEOOBAHUSIMU 10 KaueCTBY.
MHOTroBaJIKOBBIE CUCTEMBI.

5.7. Banku juist COpTOBOM MPOKATKHU CTAIBHBIX MOJIOC, YITIOBBIX IPO(UiIei, IIBEIepOB

5.8. IIpousBoacTBO OecIOBHBIX TPYO MpokaTtkoil. OCHOBHBIE MapaMETPhI MPOLIECCOB MPOLTHBKU
U pacKaTKH.

5.9. IIpon3BoACTBO CBapHBIX TPyO M MOJBIX mpoduiei, ceapounsie y3uel TOCA. Texnomorus
IPOM3BOJICTBA TPYO PA3IMYHOI0 HA3HAYECHHUS.

Pazgen 6. KoBka, 00bEMHas 1 INCTOBAS IIITAMITOBKA

6.1. KoBka. HMcxonnbsle Mmarepuaibl, KilacCU(UKALUs THUIIOB H3AEIHHA, ONepaluud KOBKU U
IPUMEHSIEMbIi MHCTpYMEHT. TemmepaTypHbIi pEXHUM Ipolecca U 0coOeHHOCTH aedopManuu
METAJUIOB 110 cXeMe cBOOOIHOM KOBKHU. PoTaroHHas KoBKa.

6.2. 'opsiuas oObEmHas mTammnoBka craneil. Kinaccugukanusa nokoBok. McxoaHble MaTepraibl.
MeTtoauka npoeKTHPOBAaHUS INTAMIIOBOM OCHACTKH.

6.3. Oco0eHHOCTH 00BEMHOM MMITAMITOBKH IIBETHBIX METAJJIOB U CILJIaBOB. MIcX0qHBIE MaTepuaibl.
OcHacTka 17151 U30TePMUYECKOH ITAMITOBKU M Je(OpPMALIUU B PEXKHUME CBEPXIIIIACTUYHOCTH.

6.4. lllTamnoBka Ha MOJIOTaX, Ha TOPU30HTAIBHO-KOBOUHBIX MAIIMHAX, HA TOPAYEIITAMIIOBOYHBIX
aBTOMATax.

6.5. PaznenurenpHbie 1 0OpE3HBIC OTIEPAIMH B IIeXaX 00paOOTKH METAIIOB JaBICHUEM.

6.6. OCHOBBI IIPOEKTHpPOBAaHMS IPOLECCOB JINCTOBOW INTAaMIOBKU. Pa3nenutenbHble U
hopmMo0OpaszyoIIHe OnepaIuy.

6.7. MeToabl U3rOTOBJICHUS MHCTPYMEHTA, IPUMEHEHHE CUCTEM OBICTPOTO MPOTOTHIIMPOBAHUS
pu OM/I.

6.8. OCOGEHHOCTH JINCTOBOM IITAMIIOBKH LIBETHBIX METAJIJIOB U CILJIABOB, JINCTOBAS ILITAMIIOBKA C
MECTHBIM IIOJIOTPEBOM, THIPO(POPMOBAHNE, BBICOKOIHEPTETUUECKUE METOIbI 00PabOTKH.

Pasznen 7. IlpeccoBanue, BbIAABINBAHNE U BOJIOUEHUE METAIIIOB

7.1. Cxema mporiecca peccoBaHus, KiacCu(DHUKaAIUs KIACCHUYECKUX CIIOCOOOB MPECCOBAHMS TIO
KMHEMaThke TeueHuss MeTauia. Ouar gedopMamuu 1pu  IPECCOBAHUM,  HANPSIKEHHO-
nehOpMUPOBAHHOE COCTOSIHUE MaTepHalia Mpu MpeccoBaHuu. Pacu€T sHeprocusoBbIX MoKa3zaTenen
npouecca. MeToapl ynpaBieHHs] KWUHEMATUKONW MCTEUEHHUs Marepuana. Pacuérsl Ha MpOYHOCTH U
YCTOMYUBOCTb JI€TAICH MHCTPYMEHTA.

7.2. CopTaMeHT, OCHOBBl TEXHOJOIMH IIPECCOBAHUSA W3JEIMH W3 TSKEIbIX LBETHBIX U
TYrOIJIaBKMX MeTayjioB. IIpou3BoACTBO TpyO M CIOKHBIX MHOJBIX MpoQuiel U3 aTOMHUHUEBBIX
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CIUIaBOB. BO3MOXHOCTH HENPEPBHIBHBIX U MOJYHENPEPBIBHBIX MPOLIECCOB IIPECCOBAHUS METAJIIOB,
CIUIaBOB U IILJTUKEPOB.

7.3. OcoOEHHOCTH TEXHOJOTMH TPOU3BOACTBA IMpECcC-U3JeNUil U3 KOHCTPYKIIMOHHBIX,
MHCTPYMEHTAJIBHBIX CTaJiei, CTAIbHBIX MOPOILIKOB U TpaHysl. TeXHOIOTHs U3TOTOBICHUS MaTPHIL C
3aIUTHBIMU MTOKPBITHSIMHU.

7.4. Cxema Bomouenus. Ouar nedopmanum u obGopyaoBaHue. OCHOBBI TPOCKTUPOBAHUS
IPOIIECCOB BOJIOYEHUS TPH IPOU3BOACTBE IPOBOJIOKH, TEIUIOOOMEHHBIX TpyO0 W KaOeIbHOMH
MPOIYKIIUH.

Paznen 8. Cneunansusie metoib1 OM /]

8.1. OceBoe (hopmMoBaHUE MOPOIIKOB U KOMIIO3UTOB B Ipecc-(popmax, U30CTATHUECKUE CIIOCOOBI
00pabOTKK MaTepHaIOB.

8.2. KnunoBoe ¢hopMoBaHue, NPOU3BOACTBO MOPUCTHIX U IEKTPOIHBIX MaTepUAIOB MPOKATKOM,
UMITYJIbCHBIE BBICOKOPHEPIeTHYECKHE METOJbI OOpabOTKM MOPOIIKOB, TPaHyl, BOJOKHHCTHIX H
CJIIOUCTBIX KOMITO3UTOB.

8.3. KommekcHble MeTOAbl TOJYy4YEHUS CHEIUAJbHbIX MaTepUaioB M M3JCIUNA Ui
MAIIMHOCTPOCHUS, SHEPreTHUKH, aBUAIMM M KOCMOCa, OOOPOHHOW TEXHUKH C MPUMEHEHHUEM
JIABJICHUH 1 TUIACTHYECKOU AedopMari.

Pexomennyemast mutepatypa (OCHOBHAS U JJOTIOJIHUTEIIbHAS )

a) OCHOBHas JTUTEpaTypa

la. CyBopos U. K. O6pabotka MeTayuioB gaBienueM. - M.: Beicmas mkoina, 1980. - 364 c.

2a. Kopone A.A. Mexanndeckoe 000pyi0BaHHE IPOKATHBIX U TPYOHBIX LEXOB: YUEOHUK IS
BY30B. - M.: Meramnyprus, 1987. - 480 c.

3a. bamakun B.II., EdpemoB .b. u np. Teopus oOpabOTKM METAIOB JaBJICHHEM. Teopus
IIPOLIECCOB KOBKH, IITAMIIOBKH U npeccoBanus: Jlaboparopuslil npaktukyMm. — M.: MUCuC, 1982 c.

4a. E.B. Ky3nenos, C.I1. 'ankun. TexHomoruueckue mporecchl 00pabOTKH METAIIIOB 1aBIIEHUEM:
JlabopaTtopusbrit mpakTukyM. - M.: MUCuC, 2002, Ne1613.- 78 c.

5a. MojiennpoBaHue NpoleccoB miactTuyeckoit nepopmanuu. I'paduueckuii penakrop QDraft, 69
. DnexkTpoHHOE npuioxkeHue k cucreme QForm2d.

0) AONOJIHUTENbHAS IUTepaTypa

16. KoBka u mramnoBka. CnpaBounuk. B 4-x tomax / moxy pea. E.M.CemenoBa.- M.:
MammnocTtpoenue. 1986. — c.

20. llep6a B.H., Paiitoapr JI.X. TexHonorus npeccoBaHusi METaIOB. YueOHOe mocobue ass
BYy30B. - M.: Meramnyprus, 1995.- 336 c.

36. 'opoxos B.C., Jlebenes JI.C., [Toropxxensckuit B.U. u ap. O6paboTka METAIIJIOB JaBICHUEM.
- M.: MUCuC, 1988.- c.

46. Jlubencon I'.A., Jlomatun B.FO. u gap. Ilpoueccel mopomkoBoil mertamnypruu. T. 2
®opmoBanue u cnekanue. — M.: MUCHUC, 2002.- 320 c.

YACTb 6. HNOPOUHIKOBAS METAJUJIYPIUA WU KOMIIO3ULIUMOHHBIE
MATEPHAJIBI

Paspnen 1. IlopomikoBast MeTamuryprust

a) MeTo/1bl OTy4eHHUsI TOPOIIKOB

1.1. 3HaueHne NOPOMIKOBOM MeTautypruu. VcTopusi pa3BUTHS NOPOLIKOBOM METAJLTyprHUU.
OCHOBHBIE TEXHOJOTHUECKHE CXEMbl IMPOU3BOJCTBA CIEUeHHBbIX MaTepuayioB. Knaccudukanms
METO/IOB MOJTYYEHHSI TOPOIIKOB.

1.2. MexaHnuyeckue MeTObl MOJydeHUsl NMOpOoIKOB. IIpon3BOACTBO MOPOIIKOB M3MENBUEHUEM
TBEPABIX METAUIOB U paCHbUICHHEM JKUIKUX METAJUIOB M CIUIABOB METOJaMHU Ta30BOro,
KHUJIKOCTHOTO U IIEHTPOOEIKHOTO PACIIBIIICHHUS.

1.3. ®uU3MKO-XMMHUYECKHE OCHOBBI TPOIIECCOB, OOOPYIOBAaHME, TOCTOMHCTBA W HEIOCTATKH
Pa3IMYHBIX METO/OB, 00JaCTH MCIIOJIb30BaHUA. MeToIbl MONyYeHHs aMOP(QHBIX U HAHOMOPOILKOB
MEXAHUYECKUMHU METOaMHU.

16



1.4. IlonydyeHue MeETaNIMYECKUX IOPOLUIKOB METOJAOM BOCCTAaHOBJIEHUS OKCHAOB METAJJIOB
TBEP/IbIM U ra3000pa3HbIM BoccTaHOBUTENIEM. DU3NKO-XUMHUECKUE OCHOBBI ITPOLIECCOB.

1.5. IlpakTiKa mosy4eHus MOpOIIKOB JKene3a, Bonb(pama, TutaHa. DU3NKO-XUMUYECKHE METOIbI
IOJIy4EeHUsl HAHONOPOLIKOB. [IpoM3BOACTBO METAJUIMYECKMX IOPOIIKOB 3JIEKTPOIM30M BOIHBIX
pacTBOPOB U PacIIaBICHHBIX CPE.

1.6. IIpou3BOJACTBO MOPOIIKOB METOAOM TEPMUYECKOH IUCCOLMALUU  KapOOHMIIBHBIX
coequHeHN. PU3NKO-XUMHUYECKNE OCHOBBI IIPOLIECCOB, IPAKTHKA MOIY4EeHUsI TOpoIIKoB. CBoOMCTBA
METAJUINYECKUX MOPOIIKOB M METOJIbl UX KOHTPOJISL.

0) ®opmoBaHuUE U CIIEKAHUE METAJUTMYECKUX MOPOIIKOB

1.7. TlonroToBKka MOpOUIKOB. 3aKOHOMEPHOCTH IPOIECCa YIJIOTHEHHS MOPOIIKOB B CTabHOU
npecc-opme. [Iporeccsl, MPOUCXOAAIIHE TIPU IPECCOBAHUN. 3aBUCUMOCTD TNIOTHOCTHU OT JaBJICHUS
npeccoBanus. Pacrpenenenue miotHoctd no odvemy Opukera. [lorepu naBieHuss Ha TpEHHE.
Yupyroe nocneneiictue. [IpeccoBanue co cMa3koil. bpak npu npeccoBaHuM.

1.8. Topsiuee wu3ocTaTHyeckoe mpeccoBaHue. MHxekuMoHHOe npeccoBaHue. JlazepHas
dopmoBanme. Ilpaktmka mpeccoBanus. Ilpeccet m mpecc-popmbl. Bapuantel ¢dopmoBaHus
METAJUIMYECKUX  TOPOIIKOB:  ropsiuee,  H30CTATUYECKOEe, JUHAMHUYECKOE,  MMITYJIbCHOE,
BUOpAIIMOHHOE, TIPOKaTKa, NUIMKepHOe JHUThe. (COOEHHOCTH TMPOIECCOB, alMapaTypHOe
odopmIIeHHE.

1.9. OcHOBHBIE 3aKOHOMEPHOCTH TIpoIlecca ClieKaHusi B TBepAoi ¢asze. Poib moBepxHOCTHOU U
o0beMHOM Tuddy3un. Ycaaka npu ClieKaHuU. BiinsHue TEXHOIOTHYECKUX MapaMeTpoB Ha MpoLece
CIIEKaHHS U CBOWCTBA CIIEYCHHBIX M3Aenuii. OCOOCHHOCTH CIIeKaHUsI MHOTOKOMIIOHEHTHBIX CHCTEM.
Bausinue rereponu¢dy3un Ha mpouecc ycaJaku.

1.10. OcHOBHBIE 3aKOHOMEPHOCTH IIpollecca CIEKaHUsS MHOTOKOMIIOHEHTHBIX CHCTEM B
HOPUCYTCTBUM KHUJAKOH (a3bl, Hcye3aomeil W NpUCYTCTBYIOLIEH A0 KOHLA H30TEPMUYECKOMH
BbIIEP)KKHU NpU HarpeBe. Kunetuka ycanku. @akTopsl, BIUAIONIME HA IUIOTHOCTh U 3€PHUCTOCTh
CIUIaBOB.

1.11. [IponuTKka KaK pa3HOBUAHOCTD KUAKO(DA3HOTO ClieKaHUsA. DPU3NKO-XUMUUYECKHE OCHOBBI U
3aKOHOMEPHOCTH Ipoliecca nponuTku. [IpakTuka npoueccoB cnekanus. ATMocdepa criekanus, nequ
CIieKaHus, Opak MpH CIIEKaHUU.

B) CrieueHHbIe MaTepHallbl ¢ 0COOBIMU CBOHCTBaAMHU

1.12. Knaccudukanus cieueHHbIX MaTepraioB. CrieueHHbIE TOPUCTHIE MOAIINITHUKY U PUIIBTPHIL.
OcHoBHble cocTaBbl. TexHonorus nonaydeHus. Ousnueckne, MEXaHUUECKNE U IKCILTyaTallMOHHbIE
CBOMCTBA.

1.13. AHTHU(QpPUKUMOHHBIE M (PUKIHOHHBIE MaTepuayibl. OCHOBHBIE TNPUHLMIBI PaOOTHI.
CtpykTypa M CBOMCTBAa TBEpPJBIX CMa30K. TeXHOJIOrWs W3rOTOBJIEHHS, CBOWCTBA, 00JacTH
IIPUMEHEHHUS U NIEPCIIEKTUBBI Pa3BUTHS.

1.14. CneueHHble DJJEKTPOTEXHUYECKUE MaTepuaibl: JUIsl CKOJB3SILIUX M  Pa3pbIBHBIX
AIIEKTPUUYECKUX KOHTAKTOB, MarHUThl. OcoOEHHOCTH paboThl, BUAbI M3HOCA. PUBNKO-XUMUYECKHE
OCHOBBI U TEXHOJIOTHS POU3BOICTBA, 007IaCTU MPUMEHEHHS.

1.15. CrieueHnHble TBepJble CIUIABbI, MX Kiaccupukanus. TexHojgornueckass cxema MOJy4deHus,
cBoiicTBa, obOmactu mnpumeHeHHs. KOHCTpyKIIMOHHas KepamHKa. XapaKTepUCTHKAa MCXOIHBIX
MaTepuaioB. TeXHOJOTMYeCKHe BapuUaHThl MoiydeHus. HaHeceHne kepaMU4eCKHMX MOKPBITHH.
CaoiicTBa, 00;1aCTH TPUMEHEHUSI.

1.16. JXaponpouHble CIIEYEHHBIE MaTEpUaJIbl: JAUCIEPCHO-YIIPOUYHEHHBIE M BOJOKHHUCTHIE.
Oco0eHHOCTH TEXHOJIOTHH, OCHOBHBIE CBOMCTBA M 00JIACTH MPUMEHEHUS.

1.17. Anmazoconepskamiue credeHHble Matepuansl. CuHTe3 anmas3oB. IlomyueHue ammaszHOro
MHCTPYMEHTA C Pa3JINYHBIMU CBA3KAMHU.

Paznen 2. TexHonoruu caMopacrpoCcTpaHsIouierocs: BeicokotemneparypHoro cunresa (CBC)

2.1. BBenenue. OOmas xapaktepuctuka CBC — mponeccoB. Tumbl XUMHUYECKHX pEaKIUi U
OCHOBHBI€ Ki1accel poaykToB B CBC. TemnoBoil MmexanusMm pacnpoctpaHenus BoaHsl CBC.

2.2. CtpykTypa BOJHBI 0e3ra30Boro ropeHus. Pacuer ampabaTHyecKux TeMIlepaTyp TOPEHHS U
PaBHOBECHBIX KOHLIEHTPALUN IPOAYKTOB CUHTE3A.
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2.3. Tunbl KHHETUYECKUX 3aKOHOB, MX (PU3UKO-XUMHUYECKOE OOBICHEHHE U BIUSHUE HA CTPYKTYPY
BotHBI CBC (y3Kkue W mUpOKHEe 30HBI peakiuu). [[pUHIHMIBI IKCIIEPUMEHTATBHOTO OIMpPEaeIICHUS
3 PEeKTUBHBIX KHHETHYECKUX napameTpos mporecca CBC.

2.4. DKcriepUMEHTAIbHbIE METOJbl U3MEPEHUs] CKOPOCTH ropeHus. JlokanbHble U ri100anbHbIE
3HaYeHUs CKOpocTH pacrpocTpaneHus BojaHbl CBC. Ompenenenue temmnepaTypHbBIX Mpoduiei
nporiecca.

2.5. ®opMupOBaHHE MAaKpOCTPYKTYpbl IpoJyKTa (pacliupeHue, ycaaka). DopmupoBaHue
MHUKPOCTPYKTYpbl. DOPMHUPOBAHNE KPUCTAIUIMYECKON CTPYKTYPBI IPOAYKTOB.

2.6. TexHomoruss CcHHTE3a 3aroTOBOK M MopowkoB. TexHonoruss cuioBoro CBC-
KOMIIAaKTUpOoBaHus. [IpuHIMIInanbHbple cXxeMbl IIpoBeeHus npouecca. OCHOBHbBIE TEXHOIOTHYECKHE
IapaMeTphbl U UX BIUSHUE HA CTPYKTYPY U CBOMCTBA IPOAYKTOB TOPEHHUS.

2.7. CBC - meramnyprusa. Texnonorus CBC - cBapku. HoBble Marepuaibl, MOJyYEHHbBIE MO
texHojorussMm CBC. CrpykTypa M CBOICTBa CHHTETHUYECKUX TBEPIABIX HMHCTPYMEHTAJIbHBIX
matepuanoB (CTUM). @yHkimoHanbHbIe TpagueHTHbIe MaTepuaibl (OI'M).

Paznen 3. ®yHKIMOHANBHBIE U HAHOCTPYKTYPHBIE IOKPBITUS

3.1. BBojgHas yacte. O6mas kiaccudukanus METOIOB U TUIIOB HNOKpHITUH. ['a3oTepmuueckue
MeTo/1bl. MicxoqHble MaTepuabl AJ1 HAHECEHUsI MOKPBITUN. TeXHOIOrus I1a3MEHHOI0 HallbLIICHUSL.

3.2. DnekTpoAyroBoe, IE€TOHAIMOHHOE, Ia30IIAMEHHOE HAIlblJICHHE, METOJbl HAIBLICHUS C
UCTIOIb30BAaHUEM  CBEPX3BYKOBBIX comen. HammaBowynele Metonsl. OOmme O0COOSHHOCTH.
[Tna3meHHas U na3epHast HalUlaBKa.

3.3. MeToabl 3IEKTPOUCKPOBOH 00OpabOTKH M TEPMOPEAKIIMOHHOTO YIMpPOYHEHUs. BakyymHbIe
MeTO/Ibl HaHeceHus MOoKpbITUil. PVD u CVD texHosorusi.

3.4. Texunomoruss Tepmuueckoro wucnapenusa. CnocoObl HarpeBa. BapuaHThl axTHBaLuu.
B3auMoseiicTBe MOHOB € MOBEPXHOCTBIO TBEPAOro Mmarepuana. Puznyeckue OCHOBBI METOJA
MarHeTpOHHOI'O PACIbUICHUS.

3.5. ®usnyeckue OCHOBBI METOAA KAaTOAHO-AYIOBOTO MCHApeHUs. XUMHUYECKOE OCAKICHHUE U3
ra3zoBoii (a3sl. TeopeTnueckue ocHOBBI MeTo1a. Kimaccuueckast u yiay4llleHHbIE TEXHOJIOTHH.

3.6. Metonsl omnpenencHus TOJIIUHBI MOKPBITHUHA. METOAbl JKCIPECC-KOHTPOJIS aAre3nOHHON
MPOYHOCTH MOKPHITUNA. Onpeenenre XMMHUIECKOTo U (pa30BOro cocTaBa MOKPHITUI

3.7. CnexkTpoCKONMYECKHE METOAbl HCCIENOBAHUSA IOBEPXHOCTU. OHErpO-AHUCIIEPCHOHHAsS
CHEKTPOCKOIHS. Pentrenosckas (OTORNEKTPOHHAS CHEKTPOCKOMUS, CIEKTPOCKOIHS
DHEPreTHUYECKUX TNOTepb 2eKTpoHOB. PamanoBckas u UK-cnexrpockonus. Omnruueckas
HMHUCCHOHHAs CIIEKTPOCKOIUSI.

Pexomennyemast mutepatypa (OCHOBHAS U JIOTIOJTHUTEIHLHAS )

a) OCHOBHAasl JIUTEpPaTypa

la. TIpouieccer nmopomkoBor metayurypruu. T.1, T.2. TIpon3BoACTBO METAITUYECKUX TOPOIIKOB:
VYueOnuk ans By3oB / JIubencon I'.A., Jlonatun B.}YO., Komapuunxkwuii I'.B. u ap. - M.: MUCuC, —
2002 r.— 688 c.

2a. Kunapucos C.C., JIu6encon I'.A. [lopourkoBas metamutyprust. — M.: Meramnyprus, 1991. —
432 c.

3a. Auukun B.H., biuakos WU.B., YennokoB B.C. n np. Teoperndyeckue OCHOBBI CIIEKaHHS
MTOPOLIKOB: KNHETHKA CIIEKAHUsI PEAJIbHBIX MaTepraioB: Kype gekunid. M.: U3a. nom MUCuC, 2014.
108 c.

4a. Jleunckuit 10.B., Jlebene M.II. TeopeTudyeckne OCHOBBI MPOIECCOB CIEKAHUS
METaJIIIMYECKUX nopowkoB. M.: Hayunsrit mup, 2014. 372 c.

S5a. Hapsa B.K. TexHonmorns u CBOHCTBa MNOPOLIKOBBIX MATEpUAJIOB W H3ACIHA U3 HHUX.
Koncrpyknunonnsie marepuainsl. Kypc nexuunii. M.: U3a. ajom MUCuC, 2010 r. 122 c.

6a. Hapea B.K. TexHosorust mopomkoBsix MaTepuanoB u uzaenuid. Kypc nekuuii. M.: U3a. nom
MUCuC, 2012 . 170 c.

7a. IlanoB B.C., UyBunun A.M., @anbkoBckuii B.A. TexHonoruss u CBOMCTBA CHEUYEHHBIX
TBEPJBIX CIIABOB U u3nenuit u3 Hux. M.: M3a. nom MUCuC, 2004 r. 460 c.
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8a. KoctukoB B.M. ®U3MKO-XMMHUECKHE OCHOBBI TEXHOJIOIMH KOMIIO3UIIMOHHBIX MaTEpUasOB:
TEOPETUYECKHE OCHOBBI IPOLIECCOB CO3/1aHUSI KOMIIO3UIMOHHBIX MaTepHaloB. Y4yeOHOe mocobue.
M.: U3a. nom MUCuC, 2011. 285 c.

9a. KoctukoB B.M. ®u3HKO-XMMHYECKHE OCHOBBI TEXHOJIOTMM KOMIIO3MIIMOHHBIX MAaTEPUAJIOB:
JUPEKTUBHAS TEXHOJOTUSI KOMIIO3UIIMOHHBIX MaTepHalioB. YuyeOHoe mnocobue. M.: M3z, gom
MHCuC, 2011. 220 c.

10a. JleBamoB E.A., Poraues A.C., IOxBug B.U., bopoBunckas WN.I1. ®usuko-xuMuueckue u
TEXHOJIOTUYECKHE OCHOBBI CaMOPaCIpOCTPaHIOLIET0Cs BEICOKOTEMIIEPATypPHOI'O CUHTE3a. Y4eOHoe
nocooue. M., U3a-Bo «bunom», 1999, 176 c.

11a. JleamoB E.A., PoraueB A.C., Kypb6arkuna B.B., Makcumor IO.M., IOxBung B.H.
[lepcriekTHBHBIE MaTepHaJIbl U TEXHOJOTUU CaMOPACIPOCTPAHSIIOIIETOCS BBICOKOTEMIIEPATYPHOTO
cuHTe3a. YuebHoe mocooue. M3ngarensckuii njom MUCuC, 2011, 377 c.

12a. AmocoB A.Il,, boposBunckas W.II., Mepxkanos A.I'. IlopomkoBass TeXHOJIOTHUS
CaMOpPaCIPOCTPAHSIOIIErOCs BHICOKOTEMIIEPATYPHOTO CHHTE3a MaTepHuaioB. Y4yeOHoe nocobue/ mos
Hay4HO# penakuueii B.H. Aanudeposa, M., Mammnoctpoenue-1, 2007, 567 c.

13a. Kygunos B.B., bo6pos I'.B. Hanecenue mokpeiTuii HambUieHHEM. Teopus TEXHOJIOTUS U
ob0opynoBanue. M.: Metainyprus, 1992 r., 432 c.

14a. JI. bannaes. ['azoTepmuueckoe HanbuieHue. M: Mapker JIC, 2007, 344 c.

15a. bepnun E.B., Celinman JI.A. MoHHO-TI1a3MEHHBIE ITPOLIECCH B TOHKOIIJIEHOYHON TEXHOJIOTUU
— M.: Texnocdepa, 2010. - 544 c.

16a. Hanoctpykrypasie nokpertus. [Tox pen. Kasaiinepo, . ne Xoccona. M.: Texnocdepa, 2011
—752c.

17a. I'utneBuu A.E., Muxaitnos B.B., [lapkanckuit H.5l. u np. DneKTpouckpoBoe JierupoBaHue
MeTayuTMuecKkuX nmosepxHocrei / Kummnes: [ltunnana, 1985, 195 c.

18a. B.I'. Ceipkun. CVD-Meron. Xumudeckoe mapoBoe ocaxkaenue. Hayka. 2000. 458 c.

0) AOMOJIHUTEIbHAA JIUTEpPaTypa

16. Poman O.B., T'abpuenos W.II. CrnpaBoyHMK MO MOPOIIKOBOW METAJUIypruu: MOPOIIKH,
MaTepuaisl, npoueccsl. MuHck: benapycs, 1988. 175 c.

20. Metannuueckue MOPOLIKU U mopoikoBble Marepuainsl / [loa. pea. Jleunckoro 10.B. M.:
Okomer, 2005. 520 c.

36. I'ery3un f.E. ®usuka cnexanus. M.: Hayka, 1984. 312 c.

46. I'epman P. DHuukioneaus nopomkoBoii Mmetamtypruu. M.: M3parensckuit oM «HTEIIEKTY,
2009. 336 c.

56. Epmakos C.C., BsaznukoB H.®. [TopomkoBsie cranu u uzaenus. M.: Mammaoctpoenue, 1990
r. 240 c.

66. KoctukoB B.U., BapenkoB A.H. KoMmno3uiuonusle MaTepraibl Ha OCHOBE aTIOMHHUEBBIX
CIUIaBOB, apMUPOBAHHBIX YIIEepOoAHBIMU BosloKHaMu. M.: Untepmer Unxunupunr, 2000. 260 c.

76. PoraueB A.C., MykacbsiH A.C. ['opeHue a1 CHHTE3a MaTepHajioB: BBEJICHUE B CTPYKTYPHYIO
MaKpOKHHETUKY, M., ®usmarnur, 2012, 400 c.

806. MepxkanoB A.I'. Ilpouecchl ropenust u cunTe3 marepuanoB. / Ilon pea. A.E.Ceruesa.
Uepnoronoska, M3n-s0 UCMAH, 1998. 512 c.

96. JleBamoB E.A., Porawe A.C., bapssikun B.B., Ikamunackwmii KI. wu gp.
CamopacnpoCTpaHSIOIMMIICS BBICOKOTEMIIEPATYPHBIA CUHTE3: TEOPHUS M IpakThka UepHOrosioBka,
N3n-Bo «Teppuropus», 2001. 432 c.

106. A. Tly3pskoB. Teopernueckre OCHOBBI TEXHOJIOTHH TIJIa3MEHHOTO HambuieHus. M.: MI'TY
uM. H. O. baymana, 2008 r., 360 c.

116. Kanpipkanos K.K., Komapos @.®., [Torpednsk A.Jl. MoHHO-1y4YeBas 1 MOHHO-TIJIa3MEHHAs
obOpaboTka matepuanos. — M.: U3nat-so MI'Y, 2005. — 640 c.

126. bepmun E.B., Ceiinman JI.A. IlomyyeHue TOHKUX IUIEHOK pEAKTUBHBIM MarHeTPOHHBIM
pacubuieHusM — M.: Texnocdepa, 2014. - 256 c.
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YACTBb 7. TEXHOJIOI'USA 3JSJEKTPOXUMHUYECKHUX IMPOIECCOB U
3ALHIUTA OT KOPPO3UU

Paznen 1. OcHOBBI TE€OpHHM KOPPO3UU METAIIIOB U CIIABOB B KUJKHUX Cpeaax

1.1 XuMudecKkuid U 3JIEKTPOXMMHYECKUH MEXaHHM3M pPAaCTBOPEHHUS METAUIOB. [ OMOTEHHBIN H
TFETEPOTreHHBbIM IyTH MPOTEKAHUS DSJIEKTPOXUMHUYECKON KOppo3uM MeTauioB. Koppo3noHHBIE
rajbBaHUYECKHE HJIEMEHThl U MPUYMHBI UX BO3HUKHOBEHHUS. CXeMbl INPOTEKaHUs, XapaKTE€pPHBIE
O0COOEHHOCTH M KOHTPOJIUPYIOIIME CTAANH SIEKTPOXUMUUECKUX KOPPO3HMOHHBIX IPOIIECCOB.

1.2 AHopaHbBIE MPOLECCHI MPU DIEKTPOXUMHUUYECKONH KOPPO3UHM METAJUIOB. TepMoauHaMUYecKue
ocHoBbl. Knaccu¢ukanus anogusix mnporecco. Juarpammer IlypOe. ITpuHuumnsl moctpoeHus u
HCIIOJIb30BAaHUE WX IIPU aHAIM3€ KOPPO3MOHHBIX IpoueccoB. CTaiuiHBIA MEXaHHW3M aHOJHOIO
pacTtBopeHus meTasuioB. [Ipuznaku MHOrocTaguiiHOCTH. KMHETHKAa MHOTOCTaAMHHOTO PACTBOPEHHS.
BnusHue npupoibl aHUOHOB HA KHUHETUKY M MEXAHU3M aHOJHOTO PacTBOPEHUSI.

1.3 KatoaHple mpoueccshl MpU SIEKTPOXUMHUYECKOW KOPpPO3MH METauIoB. TepMoanHamuKa,
CXeMa M MEXaHM3M KaTOJIHOTO Mpoliecca KUCIOPOAHOM Jenospu3aiin. XapakTepHble 0COOEHHOCTH
KOPpPO3UHU METAJUIOB C KMCIOPOJHOM Jenoisipu3alueil, uX B3auMOCBA3b C MEXAaHU3MOM KaTOJIHOTO
npoiiecca.

1.4 TepMoamnamuka, cxeMa M MEXaHHU3M MPOTEKAHUS KATOJHOTO TIpolecca BOJOPOIAHOM
Jnenossipusanuu. llepenanpsikeHne BbIIACIEHNS BOJOpoaa. Teopuu nepeHanpskeHus. XapaKTepHbIe
0COOCHHOCTH KOPPO3UH METAJNIOB C BOJOPOIHOM JeTONsIpu3alnei, NX B3aUMOCBSA3b C MEXaHU3MOM
KAaTOJHOTO IIpouecca. YCIOBHS NPOTEKaHUS M MEXAHM3M KAaTOJHOTO IpoLecca ¢ KHCIOPOIHO-
BOJIOPOJTHOM JETIOSIPU3ALINEN.

1.5 Pacuer 31eKTpOXMMUYECKOTO KOPPO3ZMOHHOTO mporecca. [lokazaTenn 3meKTpoXuMUIeCcKOi
KOPPO3UH METAJUIOB. AHAJUTUYECKUA pacueT CKOpPOCTU Koppo3uu. MjeanbHble M peanbHbIC
(3KCTIepUMEHTAJIbHBIE) MOJISIPU3allMOHHbIE KpUBbIE. MeTobl ux nocrpoenus. ['papuyeckuii pacuet
KOPOTKO3aMKHYTBIX JIBYX- W MHOTOAJIEKTPOJHBIX CHUCTE€M. 3alllUTHBIMA, pa3HOCTHBIA W
OTPULATENIbHBIN Pa3HOCTHBIM 3P ¢eKThl. MHOIrOAIEKTPOIHBIE CUCTEMBI C 3aMETHBIM OMHYECKUM
conpoTtusiieHueM. [loTeHIMaIbl CHCTEMBI «IIEHKA- TIOpa.

1.6 TlaccuBHOCTH MeTaiioB. Omnpenenenne u XapakTePUCTUKU MMaCCHBHOTO COCTOSTHUA. Teopuu
IIaCCUBHOTO COCTOSIHMS. KHMHETMKa aHOAHBIX NPOLECCOB INPU IACCUBALlMUM METAJUIOB, aHOJHAs
NOJIIPU3aLMOHHAs KpUBasl MACCUBUPYIOIIETOCsS METalla U €€ XapaKTepHble 0COOEHHOCTH. Y CIIOBUS
YCTOMYMBOCTH ITACCUBHOIO COCTOAHMs. [loBbIIEHME YCTOMYMBOCTM MACCHBHOIO COCTOSHUS
KaTOJHBIM JIETUpOBaHUEM, amopdusamueil nosepxHocTu. [IpakTHueckoe 3HaYE€HUE NMACCHUBHOCTHU
METAJIJIOB.

1.7 PactBopenue cruiaBoB. ['eTeporeHHble cIjiaBel M TOMOIE€HHbIE CIUIaBbl. PacTBOpeHue
TOMOTEHHBIX CIUIABOB B aKTMBHOM M MTACCUBHOM COCTOSTHUSX. MexaHHu3M n30upaTebHOW KOppO3Un
crutaBoB. [laccuBupytomiuecs crjaaBbl ¢ KaTOJAHBIMU MPUCATKAMHU.

1.8 JlokanbHble (MECTHBIE) BHIBI KOPPO3WM: TodeuyHas (MUTTHHIOBAsl)  KOPPO3HS
MACCUBUPYIOUINXCS METAIJIOB U CIUIABOB, IIeJIeBas KOPPO3HUs, MEKKPHUCTAIUIUTHAS KOPPO3HSI.

1.9 Koppo3noHHO-MEXaHUYECKOE pPa3pyLICHHE METAIOB: KOPPO3MOHHOE pACTPECKHUBAHHE U
KOPpP3HOHHAs YCTaJIOCTh; HABOJOpPAXMBaHHE, BOJAOPOJHAS KOPPO3HS U OXPYMUMBAHHE METAJIOB;
KOPPO3UOHHAsI KaBUTALMsI U KOPPO3UOHHASI SPO3HSL.

Pasznen 2. Metosl 3alMTHl METAINIOB OT KOPPO3WHU B JKUJKHUX CpPelax

2.1 YMeHbllleHHE COAEp)KaHUS JENoJsipu3aTopa B 3JEKTPOJIUTAX: TepMHUYEcKas Jeadpaius,
JECOPOLIMOHHOE, XMMUYECKOE U JIEKTPOXUMUYECKOE 00ECKUCIOPOKUBAHUE BOIBI.

2.2 VHrubuTopsl KOPpO3UH METALIOB: Kiaccuukanus, 3pPpeKTUBHOCT U MEXAHU3M JECHCTBUS.
TeopeTnueckue OCHOBBI MOJ0Opa M MPAKTHKA NPUMEHEHUS HHTUOMTOPOB KOPPO3HH B KHUCIHBIX,
HENTPaJIbHBIX U LIEIOYHBIX PACTBOPaX MIEKTPOJIUTOB.

2.3 DIeKTpOXUMHYECKAs 3alIiTa: KaTOAHAs IPOTEKTOPHAS 3aIllTa, KaTOHAs 3alllNTa BHEITHUM,
aHOJIHAS 3alUTa BHEIIHUM TOKOM. [IpuHIMIIBI U 5 PEKTUBHOCTD 3aLIUTHOTO JEHCTBHUS.

2.4 PaumoHanbHOe KOHCTpyHpoBaHue. OCHOBHBIE MPUHIIUIIBI KOHCTPYUPOBAHUS U TEXHOJIOTHH
COOpKHM KOHCTPYKIMH, BIIMSHUE OHIEMEHTOB KOHCTPYKLIMHM W TEXHOJOTMHM UX COOpKHM Ha
KOPPO3UOHHBIE ITPOLIECCHI.
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Pa3znen 3. OcHOBBI TEOpUM KOPPO3UH METAIIJIOB U CIUIABOB B I'a30BBIX CpeAax

3.1 TepmomuHamuueckasi BO3MOXKHOCTh Ta30BOM KOPpO3UM MeTauioB. [IpoaykTel Ta3oBOM
KOPpPO3UHU U UX TEPMOJMHAMUYECKAs] YCTOMUNBOCTD.

3.2 OkcuaHble IUIEHKH Ha MeTajulax. AJcopOLus OKUCIUTENs Ha IMOBEPXHOCTH METAJIOB,
o0pa3oBaHNe TEPBUYHBIX OKCHUAHBIX IJICHOK. Kiaccuukanus MiIeHOK MO TOJIIMHE, 3alIUTHOU
CHOCOOHOCTH,  MOP(OJOTMYECKOMY  CTpPOEHHIO, (a30BOMy U  XHMHYECKOMY  COCTaBy,
JIEKTPONPOBOIHOCTH U MEXAHU3MY MacCCOIIEPEHOCA.

3.3 KuHernueckue 3aKOHOMEPHOCTH M MEXAaHU3M pPOCTa TEPMUYECKUX OKCHIHBIX IJICHOK Ha
MeTaulax. XMMHAYECKUM U 3JIEKTPOXUMUYECKUA MEXaHU3M OKUCIICHUS METauIOB. JIMHENHBIN 3aKOH
OKHUCJICHHS: YCJIOBUS IPOSBIEHUS, CTaJUU POCTa IOPUCTOM OKCHUAHOM IUIEHKH, 3aBUCHUMOCTb
CKOPOCTH pPOCTa OT Temreparypsl. [lapabonmuyeckuii 3aKOH OKHCIEHUS: YCIOBHUS HPOSBICHUS,
CTaJIUM POCTA CIUIOIIHON (3aLIUTHOM) OKCHIHOM IIEHKH. [IpUUMHBI OTKIOHEHHS] KHHETHUYECKOIO
YpaBHEHHSI POCTA IUIEHKU OT MapaboIN4ecKoil 3aBUCUMOCTH. BiusiHue TeMnepaTypsl Ha CKOPOCTh
pocta. VOHHO-PJIEKTpPOHHAs TEOpPUS BBICOKOTEMIIEPATYpHOIO MapabOIMYECKOro OKHUCIECHHUS
MeTauioB. KuHeTHueckue 3aKOHOMEPHOCTH OOpa3oBaHHsI MHOTOCIOHHBIX M MHOTO(a3HbBIX
OKCUJHBIX IUICHOK. KHHETHYeCKHE 3aKOHOMEPHOCTH pOCTa TOHKHX OKCUIHBIX IUICHOK.
Karactpodudeckoe OKHCIEHHE METAJIOB. BiusHHE CTPYKTYpHOTO COCTOSHHS CIUIaBa |
XapaKTepUCTHK ra30BOM Cpe/ibl Ha 3aIIUTHYIO CIOCOOHOCTh OKCHIHBIX MJIEHOK.

3.4 Teoperndyeckne OCHOBBI  TOBBIIMICHUS  KAPOCTOMKOCTH  CHIDKEHHEM  J1e()eKTHOCTH
KpUCTANIMYECKOM pemeTkn okcuaa (teopuss Barnepa-Xaydde). Teopernueckne OCHOBBI
MOBBILICHUS >KAPOCTOMKOCTH CIIJIaBOB NpU 00pa30BaHMM Ha IMOBEPXHOCTH OCHOBHOI'O MeTajlia
OKCUJHBIX IUICHOK JICTUPYIOIIUX KOMIIOHEHTOB MWJIM OKCHIHBIX IUICHOK THIIA IUIHHEICH.
BricokoTeMiiepaTypHasi IaCCUBHOCTb METAJUIOB U CIJIaBOB. MeXaHU3M [1aCCUBUPOBAHUS U €T0 CBSI3b
C TEOPUSIMH JKaPOCTOUKOTO JIETUPOBAHHUS.

Paznen 4. Metozpl 3alIUThl METAJUIOB U CIUIABOB OT KOPPO3UHU B Ia30BBIX CpeAax

4.1 3amuTHble aTMocdepsl: cocTtaB aTMmocdep, OCHOBHbIE HPUHIUNBI MOA00pa, YCIOBUS
IPUMEHEHHUS, BIIMSHUE COCTaBa aTMOc(ep Ha COCTOSIHUE TOBEPXHOCTH U3IENIUN B ITPOLIECCE HAarpeBa.

4.2 3amuTHbBIE TOKPHITHUA: KJacCU(UKALUS, TPUHLIUIBI X METO/IbI OJTYUYECHUS.

4.3 MeToapl yMEHBIICHHS OKHCICHHS METaUIOB W CIUIaBOB TIPM HarpeBe B IMpolecce
TE€XHOJIOTHYECKHUX NEPEEIIOB.

Pexomenyemas nmuteparypa

@) OCHOBHAs Tumepamypa

1 H.IL Xyxk. Kypc Teopun Koppo3uu H 3aliiUThl METAIIIOB, YueOHoe nocobue s By30B. 13,
BTOpOE, cTepeoTunHoe. U3n-Bo «Anbsae», M.: 2006, 472 c.

2  Tomamos H.JI., Yepnona I'.I1. Teopust koppo3uu u KOPpO3MOHHOCTOWKHE KOHCTPYKIIMOHHbBIE
craBel. M.:Metamnyprus, 1993, 416 c.

3 B.K. Onapa. MuxeHepHas 3ammra METAJUIONPOAYKIMHM, KOHCTPYKUUH M COOPYKECHUH.
O6paboTtka koppozuoHHou cpensl. Kype nexuuit, Ne333. M.: uzn-Bo «Yuebay, 2005, 127 c.

4 B.K. Onapa. MmxeHepHas 3amuTa METAJUIONPOMYKIMHM, KOHCTPYKLUUH M COOPYKECHUH.
DIIEKTPOXUMHUYECKAs 3allMTa U pallMoOHalIbHOE KOHCTpyupoBaHue. Kypc nmekuuii, Ne746. M.: u3m.
oM «MHUCuCy, 2008, 125 c.

5 P. Anran. Kopposus u 3ammra ot kopposuu. U3n. nom Uatennekr. Jonronpynueii, 2013,
343 c.

0) donoaHumenvHas umepamypa

1 Hcaes H.W. Teopus koppo3noHHbIX nporeccoB. M.:Metamtyprus, 1997, 361 c.

2 W. B.Cemenona, [''M. ®nopuanosuy, A.B.Xopommuinos. Koppo3uu u 3ammra oT KOppO3uH.
M. ®duzmatiut, 2002, 327 c.

YACTD 8. MATEPUAJIOBEJIEHUE

Paznen 1. MexxaTroMHbIE B3aMMOJICHCTBHS U 3JIEKTPOHHOE CTPOSHUE TBEPAOTO TeJa
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1.1. OcHOBHbIE THUIIBI XMMHUYECKOM CBS3M B TBEpAbIX Tenax. lloTeHnumansl MeXaTOMHOIO
B3aMMOJCUCTBHS. OHEPrus CBSA3M METAUIMYECKUX, KOBAJNEHTHBIX, MOHHBIX KPHUCTAJUIOB.
PaBHOBECHOE MEXAaTOMHOE PaCCTOSIHHUE.

1.2. DneKTpOHHOE CTPOCHHME TBEPABIX TEN C PA3JIMYHBIM TUIIOM CBs3U. Mojeib cBOOOAHBIX
AJIEKTPOHOB U1 METAJUIOB. BBIpOKI€HHBIN JIEKTPOHHBIN ra3. IlnotHocTs cocTostHui. [loBepxHOCTD
®epmu. 30HHAsE TEOPUS TBEPIBIX TEJl, SJHEPreTUUYECKUM CIIEKTP JIEKTPOHOB B KPUCTAJLIE, JEICHUE
T€J Ha IPOBOJAHMKHU, ITOJIYIIPOBOIHUKH U JUDJIEKTPUKH.

Paznen 2. ATomMHast CTpyKTypa TBEpIbIX Tel

2.1. Kpucramnuueckue  Tena.  TpaHCHSIMOHHAS ~ CHUMMETpHS.  ODJIEMEHTapHas  s4eiika
Kpuctajuimueckol pewmerku. Kpucramnmueckue cuHronun. Pemerku bpass. Toueunsle u
IIPOCTPAHCTBEHHbIE TIPyNNbl CUMMETpUHM. KOOpAMHALIMOHHOE YHUCIIO, IJIOTHOCTh YIIAKOBKHU.
Kpucramnorpadpuyeckue MHIEKCHI IIIOCKOCTEH M HaNpaBJIeHUHM B peuieTke. AHU30TPONHs CBOWCTB
kpuctamioB. Kpucramnorpadudeckas TeKCTypa HOTUKPUCTAILIIOB.

2.2. AmopdHoe cocTtosiHue, MeTayuindeckue crekiia. Hanokpuctamisl. KBasukpucrauisl.

Paznen 3. JlepekTrl KPUCTAIITMYECKOTO CTPOCHHUS

3.1. Toueunsle nedexTsl. BakaHcum M Mexy3elbHble aTOMbl. PaBHOBeCHas KOHILIEHTpALUs
TOYeUHBIX eekToB. HepaBHOBeCHBIE TOUeUHBIE Ae(heKTh. PoKaeHre, MUTpAIIHsl U CTOK BaKaHCHIA.
I'pymnisl BakaHcui.

3.2. Iucnoxanuu. Bektop broprepca. [InotHocts qucnokanuii. KpaeBasi, BUHTOBasI U CMEIIaHHAS
quciokaunu. CkonpxeHue W nepenonsanue auciaokauuil. Iloporm Ha nucnokanmsx. Ilose
HallpsDKEHUM M JHeprus auciokauuid. B3ammopeicreue nucimokauuid. [lomHele M yacTuyHbIE
nucnokanuu. Jledextsl ynakoku. O06pazoBaHue U pa3MHOKeHHUE aucinokanuil. Mctounuk dpanka-
Puna. B3aumopeiicTBue auciokanuii u mpuMmecHbIX aTtomoB. Atmochepsr Kotrtpemna, Chyka,
Cysykn.

3.3. I'panuiibl 3epeH u cy03epeH. Yol pa30pueHTUPOBKU U SHEPTUs TPAHUIL. [ paHUIIBI HAKJIOHA
U KpydeHMs. MasloyrioBble M BBICOKOYIJIOBBIE TpaHMIBl. Murpauus rpanul. Bzaumoneiicteue
TPaHULl 3€pEH C IPUMECHBIMHU aTOMaMH.

Paznen 4. ®a3bl 1 (ha3oBble paBHOBECHS B MaTepHaiax

4.1. Teepable pacTBOpPHI 3aMEIIECHHUS, BHEAPEHUS M BBIYMTAHUSA. YTOPSIJAOYECHHBIE TBEpAbIC
pacTBOpHI (CBEPXCTPYKTYpHhl). DnekTpoHHble coequHenus (haszsr FOMm-Pozepu), dhasbl BHeapeHus,
da3sl JlaBeca, G-asbl.

4.2. PaBHOBecHe (a3 B MHOTOKOMIIOHEHTHBIX cucTemMax. @a3oBbie nepexoisl I u Il pona. ITpaBuio
¢da3. JlmarpaMMmbl COCTOSIHUSI JBOMHBIX M TPOWHBIX CHCTEM C HENPEPBIBHBIM PSAIOM TBEPJBIX
pacTBOpPOB, C JBTEKTUYECKMMH, IEPUTEKTHUYECKMMH M MOHOTEKTHYECKMMM PaBHOBECHSIMH, C
KOHTPYSHTHO W WHKOHTPYIHTHO IUIABSIIMMUCA MPOMEXKYTOUHBIMH (ha3zamu, ¢ MOIUMOPHU3IMOM
KOMIIOHEHTOB. lcrnonp30BaHHE TE€OMETPUYECKOM TEPMOJMHAMUKM [UIl aHaIu3a Juarpamm
COCTOSIHUSI.

Paznen 5. uddysus

5.1. ®denomenonoruueckre 3akoHbl nupdysun. Camoauddysus u rerepoauddysus. Monennb
ciyyailHbIX OnyxgaHui [uig onucanus aupdysun. MexaHuzmbl TUQQPY3UH, POJIb TOUYCUHBIX
nedextoB, muddy3us MO AUCTOKAIMSIM € TpaHUIAM 3epeH. TemmeparypHas 3aBHCHUMOCTH
ko Punuenta quddysuu.

5.2. Juddy3us B mone rpaaueHTa KoOHIEHTpauuid. KOHIEHTpalmoHHAs 3aBUCUMOCTH
koopPuuuentoB auddysuu. Dddext Kupkenganna. BelpaBHUBaromas U pasIenuTeNbHAS
(peaxtuBHas) nuddy3us. Auddys3us B CUIOBBIX HOAX.

Paznen 6. Kpucrannuszanus

6.1. ToMoreHHOEe 3apOXKIACHHE KPHUCTAUIOB B paciuiaBe. KpuTHUeckwid pa3Mep 3apojbllia.
CkopocTh 00pa3oBaHUsT M CKOPOCTb pOCTa KpPUCTAJUIMYECKHX 3apojblimieil. HenpepbIBHBIH,
CTYMEHYaThlii M JUCIOKAlMOHHBIA MeXaHu3Mbl pocta. KuneTtnka kpucrammsanuu. C-obpaszHas
auarpamma Kpuctaumsanuu. Kpurtuueckas CKOpOCTh OXJIQXAEHHUs paciuiaBa. I'ereporeHHoe
3apOKICHHE.
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6.2. OTKJIOHEHMsI OT PaBHOBECUS IPU KPUCTAIM3AaLUU. BiMsSHME CKOPOCTH OXJIAXKIACHUS U
rpaJiMeHTa TeMIIepaTypbl paciulaBa Ha MUKPOCTPYKTYpy. KOHIIEHTpalnMoOHHOE MepeoxiiaxacHue.
Sluencras u geHgputHas ¢opma pocta KpuctamioB. JlenaputHas nukBamus. OOpasoBaHue
MeTacTaOMIbHBIX (a3 npu KpucTtamzanuu. besauddy3nonnas kpucTaiin3anus.

6.3. CtpykTypa cnutka. MoguduinmpoBanue. HanpaBneHHas: KpucTad3amnus. 30HHAs TUTaBKa.
BrlpamyBanue MOHOKPUCTAJLIOB U3 pacIuiaBa. 3aKajika U3 )KUJIKOTO COCTOSHUS.

6.4. OrekTnueckass Kpucraumzauusg. CTpoeHue 53BTEKTHUECKMX KosioHuil. HopmanbHas,
aHOMaJIbHas U BBIPOXKACHHAS IBTEKTUKU. [lepuTexkTnueckas KpucTanu3amms.

Pa3znen 7. ®a3oBble IpeBpalleHNs B TBEPAOM COCTOSTHUU

7.1. Tlomumopdusie mnpeBpamieHus. HopMaabHBII W CIBUTOBBI MEXaHHU3MBbI IPEBpAIICHUSI.
[TpyHLIMII CTPYKTYPHOTO ¥ pa3MEPHOTO COOTBETCTBUS.

7.2. OBTEKTOMHOE PEBPALLEHNE, MEXaHNU3M U KHHETUKA. DBTEKTOHUIHOE ITPEBPAILICHHE B CTAJIAX.
Crpoenue mnepauta. JluarpaMMbl HM30TEPMHUYECKHMX IpeBpallieHuid. TepMokuHeTHuecKue
JUarpaMMmal.

7.3. MapreHcuTHOe mpeBpaileHue. TepMoauHaMHKa, MEXaHU3M M KMHETUKAa MapTEHCUTHOTO
npeBpatieHus. MUKpPOCTpYKTypa H cyOCTpykTypa MapreHcuTa. OOpaTHMOCTbh MpeBpalleHus.
Db ekt mamstu HopmBI.

7.4. beiinutHOoe mpeBpalleHrne. MexaHu3M U KMHETHKa OeHUTHOTO mpeBparieHus. CTpoeHue
OeiiHuTA.

7.5. Pacnag mepechllieHHOro TBEpaoro pacrsopa. CnvHOIaIbHBIN pacnal. MoayliupoBaHHbBIE
cTpykTyphbl. TepMomuHamuka oOpa3oBaHusl TPOMEXKYTOUHBIX ¢a3. Kiactepbl, 30HBI ['HHBE-
[Ipectona. KorepeHTHbIE, YaCTUYHO KOI'€PEHTHBIE U HEKOTEPEHTHBIE BbleIeHUs. HenpepblBHbIA 1
IIPEPBIBUCTHIN pacnana. Poibs BakaHCUM, IUCIOKAUUK U IPAHULL 3€PEH B MPOLECCAX BBIICICHUS.

7.6. YnopsigoueHue TBepaoro pactBopa. JlanbHuil u ONvKHUN MOpaIoK. AHTHU(A3HbIE TOMEHBI.
M3meHenue CBOMCTB pacTBOPA IPU YIIOPSAJOYECHHUH.

Paznen 8. CTpykTypHbIe NpeBpallieHus B TBEPAOM COCTOSTHUM

8.1. M3MeHeHHsI CTPYKTYphl MPU XOJIOAHOW TUIacTUYecKod nedopmaruu. JIMHUM ¥ TIOJIOCHI
cKoNbxkeHus. Sluencras cyoctpykrypa. Bonoknucras mukpoctpykrypa. Kpucramnorpaduyeckas u
MeTauiorpaduieckast TEKCTypbl 1eQopMalnm, MEXaHU3Mbl UX 00pa3oBaHUs. AHU30TPOIHS CBOWCTB
TEKCTYPOBAaHHBIX MaTEpUAJIOB.

8.2. M3MmeHeHHMs1 CTPYKTYphl MpPU HArpeBe IMocjie XojoaHou aedopmaruu. Bospar (OTHbIX,
nonuronusanus). [lepsuunasi, coOuparesnbHas ¥ BTOpUYHAs peKpucTauiM3anus. JBrxymas cuia,
MEXaHU3M M KHHETHKa JTHX mporeccoB. [Ipupoma kputuueckoit nedopmaruu. Juarpamma
pekpuctauizauuu. Kpucramiorpaguueckas TeKCTypa pPEKpUCTAUIM30BAaHHOIO —Marepuana,
MEXaHHU3M ee 00pa30BaHUs.

8.3. I3MeHeHus CTpYKTYpHI IpH ropsyeit nepopmanuu. luHaMudeckuii BO3BpaT U TMHAMUYeCKast
peKpUCTAIIU3ALHS.

8.3. Cdepouuzanusi U KoaJdeCUEHIMs BbIIEICHUI BTOpOW (a3bl B reTEPOreHHOM MaTepHale.
PacTBOpHO-OCaAUTENLHBIA MEXaHU3M.

Paznien 9. CriocoOb1 BO3IeCTBUS Ha CTPYKTYPY M CBOMCTBA MaTepHallOB

9.1. OcHoBbI TepMuyeckoit 00padoTku. Knaccudukaius BU10B TepMUYECKON 00paOOTKH: OTKUTH
1 u 2 pona, 3aKanka, OTIIyCK, CTApEeHHE, TEPMOMEXaHUYECKask 1 XUMHKO-TepMHUUEcKasi 00paboTKH.

9.1.1. 'oMOreHn3aMOHHBIN OTKHUT, U3MEHEHUE CTPYKTYPBI U CBOMCTB IIPY TOMOT€HU3aLIOHHOM
oTxkure. JlopeKpUCTaUIN3allMOHHBIA U PEKPUCTAIUIM3ALUOHHBIN OT)KUTH. PaKTOphI, BIUAIOLIME Ha
pa3Mep pEeKpUCTAIIM30BaHHOTO 3€pHa. OTXKHUr Ui YMEHBIICHHUS OCTAaTOYHBIX HANpsKEHHH.
MexaHu3M yMEHBIIEHHs OCTATOYHBIX HANPSKEHUN ITPU OT)KUTE.

9.1.2. Pa3HOBMAHOCTM OTKHra 2  poJa: TMOJHBIA, HEMOJHbIA, W30TEPMHYECKHUIA,
cheponIM3NPYIOMUNA OTXKUTH, HOpMAJIU3aIUsl, IAaTeHTUPOBAHHE.

9.1.3. 3akanka 6e3 MoTUMOP(HOTO MPEBpAIICHUSI.

9.1.4. 3akanka ¢ MOITUMOP(HBIM MpeBpalleHUuEM (3aKajKa Ha MapTeHCUT). Mi3MeHeHne CBOWCTB
IIPU 3aKaJIKE Ha MapTeHCUT. KpuTrnueckass CKOpOCTh OXJIAKICHUS IIPU 3aKajKe, MIPOKAINBAEMOCTb.
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Crioco0bI 3aKaliki: B OJHOHM OXJaKIarolieil cpene, B ABYX cpelax, CTylneHvaras, U30TepMUIecKas
(OetiamnTHAS), ¢ 00PAOOTKOM XOJI0I0M, ITOBEPXHOCTHAS.

9.1.5. Crapenue. M3MeHeHue CBOWCTB CIUIABOB IIpU CTapeHUH. J[ucriepcuoHHOE TBEpIEHUE.
EcTecTBeHHOE M HCKYCCTBEHHOE cTapeHue. llepecrapuBanue.

9.1.6. Otniyck. M3menenue ¢a3zoBOro cocraBa, MUKPOCTPYKTYPBI U CYOCTPYKTYPBI IIPU OTITYCKE
craneil. OO6parumas 1 HeoOpaTuMasi OTILYCKHasi XPyIKOCTb.

9.2. Tepmomexanundeckas oOpaGorka. HuskoremmeparypHass ©  BBICOKOTEMIIEpAaTypHas
TepMOMEeXaHHueckast 00paboTKa cTajiell ¥ CTaperolnX CIUIaBOB.

9.3. Xumuko-tepmMuueckass oOpaborka. M3meHeHHss cocTtaBa M CTPYKTYphl HpPHU XHUMHKO-
TepMuyeckoit 00padoTke. OnHodaznas u MHorodasHas auddy3noHHbie 30Hb. CBS3b CTPOCHHUS
TG PY3MOHHOTO C€JI0si ¢ AuarpamMmoi coctostaus. Jud¢y3noHHOE HachIeHHEe HEMETalUlaMu U
metayuiamu. uddy3noHHoe ynaieHne 3JeMEeHTOB.

9.4. IlopouikoBasi METaJUTYypTHsi, OCHOBHBIE TEXHOJIOTUYECKUE ITAIIbI.

9.5. Metoabl 06pabOTKH MOBEPXHOCTU U MOJIyYEHUS MOKPHITUH. 3MeHeHHe MOBEpXHOCTHOIO
CJIOSl MaTepUasoB INPU BBICOKOAHEPIeTUUECKUX BO3ACUCTBUSAX. DJIEKTPOHHO-Ty4YeBas U JiazepHas
o0Opabotka. Monnas umminantanus. oHHO-IIIa3MeHHOE paclnbuieHHe. TepMudeckoe HallblIeHHE.
OcaxxnieHue u3 ra30Boi Ga3bl. DIEKTPOIUTHICCKOE OCAXKICHHE.

Paznen 10. [Tnactuueckas nedopmanus u paspyuieHne. MexaHn4eckue CBOMCTBA MaTepUaJIoB

10.1. Imactrueckas aedopmarusi CKOJIbXEHUEM U TBOMHUKOBaHHEM. JlmarpamMmbl qeopmanun
MOHO- U NOJIMKpHUCTaIoB. CHcTeMbl CKoNbkeHUs. [leopMalimoHHOE YIPOUHEHHE; BIUSHIE Ha HErO
TEMIEPATYpbl U CKOpocTU Aeopmanuu. Teopus npeaesna TEKy4ecTH.

10.2. OcHOBHBIE MEXaHNYECKHE XaPAKTEPUCTUKU MaTepuaios. [Ipeaensl nponopuuoHaIbHOCTH,
YIOPYTOCTH, TEKYYECTH U IPOYHOCTH, HCTUHHOE CONPOTUBICHHE pa3pbIBY, XapaKTEPUCTUKU
IUTACTUYHOCTH TIPU PACTSKEHUH, TBEPAOCTD, BA3KOCTh Pa3pyLIECHUS U yAapHas BA3KOCTb.

10.2. YupouyneHnue npu oOpa3oBaHUU TBEPABIX PACTBOPOB M MPH BBIIEICHUU M30BITOUYHBIX (a3
(KOTepeHTHBIX M HEKOrepeHTHBIX). BnusHMe pa3mepa 3epHa Ha MeEXaHHYECKHE CBOWCTBA.
CBepXIIaCTUYHOCTb.

10.3. Xpynkoe u BA3KOE paspylleHHe. MexaHu3Mbl 3apOXACHUs TpeuiuH. PacnpocTtpaHeHue
TPELIMH NpU MPH XPYIKOM U BsI3KOM paspyiieHuu. Kpurepuu Bsizkoctu paszpyueHus. CtpoeHue
n3nomoB. [lepexox or xpymkoro paspymeHus K BszkoMmy. [lopor xmagnonomxoctu. ITpupona
xnaaHoaoMKoCcTH MeTaiioB ¢ OL[K-pemeTkoit. CriocoOb1 60PBOBI € XJ1aTHOIOMKOCTHIO.

10.4. XKaponpounocts. Ctaguu nonsydyectu. Penakcanus HanpspkeHui. J[muTenbHas MpOYHOCTb.
BnusiHue cocraBa u CTpyKTyphl MaTepuaia Ha KapoIpOYHOCTb.

10.5. Ycranocts. [narpammsel ycranoctu. MexaHM3M YCTaJIOCTHOTO paspyueHus. PakTopsl,
BJIMSIIOLIME HAa YCTAJIOCTHYIO MPOYHOCTh. TepMuueckas ycraaocTb. KoHTakTHast ycTanocTh.

Paznen 11. BzaumoseiicTBie MaTepralioB C OKpY>Karolei cpeaon

11.1. Oxucnenue, TepMoIMHAMUKa U KHMHETHKa Ipouecca. JlernpoBaHue C LENbI0 3aIlIUTHI OT
OKHCIJIEHHs. BHyTpeHHee OKHCIeHueE.

11.2. Dnexktpoxumudeckas Koppo3us. PaBHOMepHas, MEXXKPUCTAIUINTHAS, TOYEYHAST KOPPO3USI.
Koppo3uss mnox HanpsokeHueMm. KopposumonHoe pactpeckuBanue. Koppo3noHHas ycTajocTb.
Koppo3us B KuAKHX MeTaJIax.

Paznen 12. ®dusnyeckue CBOWCTBA MaTepUAIOB

12.1. VYmpyrue cBoiicTBa MarepuanoB. 3akOoH ['yka g WM30TPONHBIX M AHU30TPOIHBIX
MatepuanoB. CBs3b MOJyJIEH YIPYTOCTH C MOTEHLMAJIOM MEXaTOMHOTO B3auMoaeicTBus. Moaynu
YIPYTOCTH FeTEPOT€HHBIX MAaTEPUAJIOB.

12.2. TepMuyeckoe pacimiupeHue. AHTapMOHH3M KoJeOaHHH aTOMOB B KpPUCTAJUTMYECKOU
pemerke. TemnepaTypHblid KO3 OUIHMEHT JIMHEHHOTO pacIIiPEHHs TeTePOT€HHBIX MaTEPUaJIOB.

12.3. TennoemkocTb. KBaHTOBBIE TEOpHM pEIIETOYHON TEIUIOEMKOCTH JifHmITeiHa 1 [lebas.
Temmneparypa [ebas. CrnexTp HOpMalbHBIX KosneOanuii pemeTku. DOHOHBI. AHTrapMOHWYECKas
COCTAaBJIAIOLIAs TEIUIOEMKOCTH. BakaHCHMOHHas COCTaBIAIOIAs TEIJIOEMKOCTH. OJIEKTPOHHAs
TEIUIOEMKOCTb. TemnIoeMKocTh cri1aBoB. M3MeHeHue TennoeMKocTy npHu (a3oBbIX M CTPYKTYPHBIX
IIPEBPALLCHUSIX.
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12.4. TennmonpoBonHOCTh MaTepuanoB. KuHeTnueckas TeopHs TEMJIONPOBOJHOCTU. Bpems u
JUTMHA CcBOOOmHOTO TpoOera. Pemerounas (GpoHOHHAs) TEIUIONPOBOJHOCTH; (OHOH-(OHOHHOE
paccessHue, paccessHue (OHOHOB Ha JeeKTax KPUCTAUIMYECKOW pEeHIeTKH M IMPHUMECsX,
M30TONMYECKOE  paccesiHUue.  OJIEKTPOHHAs  TEILIONPOBOJHOCTH;  PACCESIHME  DJIEKTPOHOB
IPOBOJUMOCTH Ha (POHOHAX, TPUMECSX U JeeKTax.

12.5. DnaeKTponpoOBOJHOCTb. JIJIEKTPOHBI MPOBOAUMOCTH. Bpems penakcanuu. Paccesnue
AJIEKTPOHOB Ha (oHOHAX, nedekrax pemerku, npumecsx. l[IpaBuno Marruccena-dreMuHra.
BnusHue TtemmepaTypsl U JIETUPOBAaHUS HaA DJIEKTPUYECKOE CONPOTUBIEHUE METAIIOB U
HOJIyIPOBOJHUKOB. CONPOTUBIIEHUE TBEPABIX PacTBOPOB. CBsI3b AJIEKTPO- M TEILIONPOBOJIHOCTH
METAJIJIOB. DJIEKTPUYECKas IPOBOJUMOCTD I'€TEPOTrE€HHBIX CILIABOB.

12.6. MarautHbele cBoiicTBa. JlnamarHeTusM U mnapaMarHeTu3mM aromoB. 3akoH Kropwu.
JuamarHeTusM W [apaMardHeTU3M  DJIGKTPOHHOrO  rasa. MarHutHoe  ynopsiao4ycHHE.
®eppomarneru3m. Monekymsipaoe mone Beiicca. OOMenHoe B3ammoeiicTBue. OeppoMarHuTHbIC
JOMEHBI. JlOMEHHBIE TIpaHUIbl. OHEPrusT MarHUTHOW aHMU30TPONUU. XapaKTEPUCTHKU NETIIN
rEcTepe3nca M KpUBOi HaMarHuuuBaHus peppomarneTuka. Teopus KOIPIUTUBHOM CHITBI.

Paznen 13. Metoab! uccineoBaHusl U KOHTPOJIS CTPYKTYPBI M CBOMCTB MaTepUasioB

13.1. udpakunoHHbIE METOABI UCCIIEIOBAHUS aTOMHOM CTPYKTYphl MaTeprasioB. OCOOEHHOCTH
pacrpocTpaHeHUs BOJIH B IEPUOUUECKUX CTPYKTypax. 3akoH Bynbda-bparra. Obparnas pemierka.
OCHOBHBIE  METO/Bl  PEHTTEHOCTPYKTYPHOrO  aHajiu3a. PeHTreHoBckas JaudpakTomMeTpus.
KadyecTBeHHBII W KOJIMYECTBEHHBIH PEHTICHOBCKUH (Da30BbIi aHanu3. OieKkTpoHorpapus u
HelTpoHorpadus. PenTreHorpaduueckuii aHau3 TEKCTYp, OCTATOYHBIX HANPSHKCHHUH, Ie(PEeKTOB
KPUCTAJJIMYECKON PELIETKH, TUIIA TBEPIOTO PacTBOPa, XMMUUYECKOTO aJIbHETO MOPSIIKa.

13.2. IIpocBeunBatomiasi ¥ pacTpoBasi JIEKTPOHHAsE MUKPOCKOINMsI, aHaIU3 (a30BOro COCTaBa,
MHUKPOCTPYKTYPBI U A€(PEKTOB KPUCTAILIIMYECKOTO CTPOCHUS.

13.3. MeToapl JIOKaJIBHOIO aHAIW3a XHUMUYECKOTO COCTaBa. MMKPOPEHTTE€HOCIEKTPaIbHbBIN
aHanmu3. Oxe-3JIeKTPOHHAasi CIIEKTPOCKONUS. PEHTTeHOAIEKTPOHHAsL CIIEKTPOCKONHS (3JIEKTPOHHAs
CHEKTPOCKOMNUS JJI1 XMMUYECKOT0 aHailu3a). Macc-ClieKTpOCKONUSI BTOPUYHBIX HOHOB.

13.4. H3yuyeHne MHMKpPOCTPYKTYpbl C IIOMOLIBIO CBETOBOM MHMKpOCKONuU. MeTtomsl
KOJIMYECTBEHHOM MeTayuorpaduu.

13.5. Metoasl usMmepeHus ¢usndyeckux cBoiictB. Tepmuueckuil aHanmu3. AOCOMIOTHBIA U
mubdepeHIManbHbI MeTObl U3MepeHus. KamopumeTpus; MeTo/ibl CMEIIeHHs], BBOJA U MPOTOKa
TEIUIa; CKAHUPYIOLIasi, MOyJIALINOHHAS M UMITYJIbCHAs! KAJIOpUMETpHUsL. J{UIaToMeTpHsl; ONTUYECKUH,
€MKOCTHBIM, WHIYKTHBHBIA JaTYUKH HepeMelieHus. MeToasl HM3MepeHus TEemIoNpOBOIHOCTH.
Pe3ncromeTpusi, MOCTOBBIE U TOTEHIIMOMETPUYECKUE METOIbI. FI3MEpEeHNe MarHUTHBIX CBOMCTB 1A~
, nmapa- u ¢deppomarnerukoB. OrmnpezneneHue NapaMeTpoOB KPHUBOW HaMarHWYMBaHMS M NETIU
TUCTEPE3UCa B CTaTUYECKOM U JUHAMHUYECKOM DPEKHMMax M3MEpeHMs. TepMOMAarHWTHBIN aHaJIN3.
[IpumeHeHrne wu3MepeHUN (U3MUECKUX CBOMCTB [JIs pELIEHUS MaTepHuajoBeIYeCKUX 3aaad
(M3y4eHust I3MEHEHUH CTPYKTYphl U (Da30BBIX MPEBPAILICHUH).

13.6. MeTonpl MeXaHWYECKUX HCMBbITaHUW. VcmbiTaHuss Ha pacTsDKeHWe, CKaTue, HW3THO,
KpyueHue. M3mepeHue MHKpPOTBEPIOCTM M TBepAocTd no bpunemmo, Poxsemry, Buxkepcy.
HcnpiTanus Ha MOJI3YYeCTb, JJIUTENBbHYIO MPOYHOCTh, PENAKCALUMI0 HaNpsHKEHUI. Y CTalOCTHBIE
VCIIBITAHUS.

Paznen 14. OcHoBHBIE KJ1acChl MAaTEPUAIOB B METAJTYPrHUH

14.1. Knaccudpukanuu MaTepualioB IO XHMHUYECKOMY COCTaBy, CIIOCOOY TOJy4eHUs U
Ha3HaYeHHI0. MeTainyeckie U HeMeTaTINYeCKHe MaTepHUaJIbl.

14.2. CninaBsl Ha OCHOBE KeJie3a. Y TIIepoaucThie cTanu. bernble, cepble, NOJOBUHYATHIE, KOBKUE U
BBICOKOIIPOYHbIE YYT'yHBI. JlerupoBaHHBIE CTayld, KiaccuPHUKauu 1Mo (a3oBOMY paBHOBECHIO,
CTpYKType, 0O0JacTd NPHUMEHEHMs, YPOBHIO JIETMPOBAaHHOCTH. HU3KoIernpoBaHHble CTalu
MOBBIIIEHHONW IPOYHOCTH. KOHCTPpYKIIMOHHBIE yaydmiaeMble cTanu. [IpyKMHHBIE M H3HOCOCTOMKHE
craniu. IlltammnoBble crtanu. MHCTpyMeHTanbHBIE CTAIM Ui PEXYLIET0O M H3MEPUTEIBHOIO
uHCTpyMeHTa. beicTpopexymue cranu. JKaponpodHsle (eppUTO-IIEpINTHBIE, MApTEHCUTHBIE U
aycTeHMTHBIE cTanu. Hepxagseromue GpeppuTHbIe 1 ayCTeHUTHBIE cTau. JKapocToiikue cranu.
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14.3. LIBeTHBIE METAILIIBI U CIUIABHI, JISTUPOBAHUE, TEPMHUECKas 00paboTKa, CTPYKTYpa, CBOMCTBA,
00J1acTH MpUMEHEHUS. AJTIOMUHUN U €r0 CIUIaBbl. MarHWii U €ro CIIaBbl. TUTaH M €ro CIUIABBHI.
Hukens u ero crimaBel. Menp u ee cruiaBbl. CriaBbl HA OCHOBE TyroriaBkux MetayioB (Mo, W, Nb,
Cr). Ilunk, CBUHEII, OJIOBO U UX CIUIABBI.

14.4. Marepuanel ¢ 0coObIMH (U3NYECKMMHU CBOMCTBaMHU (TMPEIM3HOHHBIE — CILIABBI).
[IpoBOIHUKOBBIE U PE3UCTHUBHBIE CIUIaBbl. CBEPXIPOBOJSALIME Marepuanbl. MarHUTHO-MSATKHE U
MarHUTHO-TBep;Ibie MaTepuaibl. CITaBbl ¢ 0OCOOBIMHU YIPYTHMH U TETUIOBBIMH CBOWCTBAMMU.

14.5. KoMmno3uimonssle Matepuaibl. [[ucnepcHO-yIpOYHEHHbIE KOMIIO3UIIMOHHBIE MaTEpHaJIbl
Ha ATFOMHUHUEBOW U HUKEJICBOW OCHOBE, CTPYKTYpPA U CBOMCTBA, MPUHIIUIIBI BIOOpA YIIPOYHUTEIICH.
BonoKHHCTBIE KOMITO3ULIMOHHBIE MATEPUAJIbl HA OCHOBE AJIFOMUHUS, TATAHA, HUKEJIS,, MATHUS; BUJBI
U cBoicTBa ynpouHutened. CIOUCTbIe KOMIIO3UIMOHHBIE MaTepuanbl Ha OCHOBE METAJLIOB,
HEOTPAaHUYEHHO pPACTBOPSIOUIMXCA APYr B Jpyre, HE PacTBOPAIOIIMXCS WM 00pa3yroIux
UHTEpMETAIUAbl.  HampaBneHHO ~ KpUCTalLIM30BaHHBIE  KOMIIO3ULMOHHBIE  MaTepHUalIbl
SBTEKTUYECKOTO M HEIBTEKTHYECKOro Tuma. MHTepMeTauiMuecKue COEIUMHEHHsS KaK OCHOBa
YKApOIPOYHBIX CIIJIABOB, I10JIy4a€MbIX HaIlPaBJICHHON KpUCTaNIN3ALUEH.

14.6. Hewmeraminueckue Marepuanbsl. MpeanpHas u  peanbHas CTpyKTypa Tpadwura.
VYraerpaduroBsie MaTepuanbl, CTPYKTYpa U cBoiicTBa. [lonukpucTamumyeckue aimMasbl, Gu3ndeckas
KJacCU(pUKaLUs, CTPYKTYpa, XHMUYECKHI U U30TOIMHBIN COCTaB, 1e(heKTHOCTh, CBOMNCTBA.
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