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PA3JEJI 1. OBILIUE ITOJIOKEHUSA O IPOBEJIEHNUU BCTYIIUTEJIBHBIX
VCIIBITAHUIA B MATUCTPATYPY 11O HAITPABJIEHHIO 22.04.02
«METAJLJIYPT'US» B 2026 'OAY

Ha BcTynuTenbHOE HCHBITAaHME MOCTYHAIOUIME JOMYCKAIOTCA IPU HaJIUYUU
JOKYMEHTA, YAOCTOBEPSIOIIEr0 JUYHOCTh U TPAXJAHCTBO (IIAcIopTa), U PaclrCKU B
10J1a4e JOKYMEHTOB.

1. KoMIuiekcHble BCTYNUTENbHBIE UCIBITAHUS MMPOBOAATCS IO HANPABIICHUIO
noAroToBku Maructpatypsl 22.04.02 «Metamtyprus» 1o nmporpaMMe oOydeHus:

- «/IHHOBaLIMK B METAJLITypIUM».

2. dopma npoBeAECHUS BCTYIIUTEIBHOTO UCIIBITAHHUS:

2.1.  BcrynureneHble ucnbiTaHus B Maructparypy (BUM) npoBoasarcsa B 0O4HOM
dbopMaTe W B pEKHMME IUCTAHIIMOHHOTO (YJAJIEHHOTO) JOCTyNa C MPUMEHEHHEM
CUCTEMbl JHUCTAHIIMOHHOTO 00y4yeHus: MockoBckoro IlomuTexa Ha BBIIEICHHOM
obpasoBarensHoM moptaie (LMS, http://online.mospolytech.ru) (mamee — moptan
BUM) B pamkax onnaiH-kypca «BUM2026 22.04.02 «HHOBalMM B METAJUTYPTHH»Y,
CO3JITaHHOTO I KaXIOM MarucTepcKol MNporpaMMbl, MO KOTOPOW OCYLIECTBIISIETCS
npueM abuTypueHTOB. B3aumogeiicteue mexay yuactHukamu BUM (mpencenarenem,
YJIeHaMH KOMHCCHUI M aOUTYypUEHTAMH) C TPUMEHEHUEM JAUCTAHIIMOHHBIX TEXHOJOTHM
OCYIIECTBIISIETCS 10 CPEACTBAM BHICOKOH(EPEHIICBSI3U MO CChUIKE AOCTymHOW u3 LMS
BVIM na 6a3e ogHOro u3 BUAOB nporpammuoro npoaykra Zoom, MTC Jlunk, Snnekc
Tenemoct. KoHKpeTHBIA BUJI UCHOJB3YEMOIO MPOrPaMMHOTO MPOAYKTa OyAeT yKa3aH
aOUTypUEHTY MPUEMHON KOMHUCCHUEH.

2.2. Owmnnaiia-kypc «BHM2026 22.04.02  «/HHOBalMu B METAJUIypPTUN,
npeaHasHaueHHelM Ui nposenenus BUM, coxpepxur IIporpamMmmy BCTyNHTEIBHBIX
VCTBITAaHUW O HAIIPABIICHUIO TOATOTOBKH, MpaBuiia nposeacHuss BIM.

2.3. Peructpanmss Ha mnopraie BHWM wu pgoctym K OHJIAWH-KYpCY
«BHM2026 22.04.02 «/HHOBamMK B METAUIYPIHMH» OCYIUECTBISETCA W3 JUYHOIO
kaOuHera AOUTYpUEHTa, CPOPMUPOBAHHOTO MPU MOJAY€ JOKYMEHTOB B MPHUEMHYIO
komuccuto Mockosckoro Ilonurexa.

2.4.  Ccpuika Ay NOJKITIOYEHHS K BHICOKOH(epeHuu npu nposeaennn BUM
JOCTynHa aOuTypueHty B onialH-kypce «BUM2026 22.04.02 «MuHOBamuu B
METAJLTyprum» MOCJe perucTpannu Ha nopraine BIM.

2.5. BcerynurenbHbIE HCIIBITAHUS B MATUCTPATYPY COCTOAT U3 ABYX 3TAIMOB:

1-ii 3Tan - NMCbMEHHBIN PK3aMEH IO YK3aMEHAIITMIOHHOMY OUJIETY;

2-1i 3Tam - YCTHBIM KOMMEHTapUii 1o OTBETY (coOeceoBaHue).

[lucbMeHHble OTBETHI Ha BOMpOChl oopmisitoTcss Ha Onanke (opmata A4 c
yKa3aHWEeM WICHTU(PUKAIMOHHBIX JaHHBIX abutypuenta (Pamumnusa W.0., HOMEp
Owiera, HoMep Bompoca). braHk 3amoyHsAEeTCs BPY4YHYHO, pa300pUYMBBIM IOYEPKOM,




pYUYKON 4YEPHOTO WJIM CHHETO IBE€TAa. JCKHU3bl, CXEMbl BBIOJIHSAIOTCS BPYUYHYIO,
JONyCKaeTcsl MPUMEHEHUE  YepTEXHBIX  MHCTpyMeHTOB. Kaxpas  crpaHuiia,
coziepariasi OTBET, HyMEPYETCs U BUSUPYETCSl AaOUTYPUEHTOM.

[To ucteyeHun BpeMEHH, OTBEJECHHOIO HA BBIMOJHEHUE MUCBMEHHOTO 3K3aMEHa,
aOMTYpHUEHT 3arpy’kaet cBoi oTBeT B ¢opme ckaH-mokyMeHTa (.pdf) umu dhortorpaduu
(.jpg) B onnaiH-kypce «BMUM2026 22.04.02 «MHHOBaIMKU B METAJUTYPIHUU» CTPOTO J10
BPEMEHH, YKA3aHHOI'O 3K3aMEHAlMOHHOW komuccuen. [locie yka3aHHOro BpeMEHH
3arpys3ka OTBETOB OyJieT 3a0JI0KMpOBaHA.

Bpemsi BbINIOMHEHUS MHCHBMEHHOTO SK3aMEHA BCTYIUTEJIBHOTO HCIBITAaHUS
cocTaBisieT — 45 MHHYT C MOMEHTa OTKpPBITUS JIOCTyma K COJAEpP>KaHUIO
HK3aMEHAIMOHHOTO OusieTa, KOTOPBIM BhIOpan aOUTypUEHT.

Bpewmst nmpoBenenust ycTHOTO codeceioBaHus COCTAaBIsIeT — He O6osee 20 MUHYT.

2.6. BriOop abutyprueHTOM HOMEpa OuIeTa.

B nauane Buneoxkondepenunn «BUMy, mociae Toro kak abOUTypHEHT MPEAbSIBUI
JOKYMEHTBI, YAOCTOBEPSAIOIINE JUYHOCTh M TPa)XJaHCTBO (MACHOPT), PACIHUCKY B
nojaye JOKYMEHTOB (IOIMyCK Ha OJK3aM€H), €My Ha OJKpaHE MOHHTOpA
JNEMOHCTpUpYETCsT TaliMIa C YCIOBHBIMH KOJaMH HOMEPOB 3K3aMEHAlMOHHBIX
OWJIETOB MPUMEPHO TaKOH (DOPMBI:

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30

AOUTYPUEHT CaMOCTOSITEIbHO BEIOMpPAET B TaOIUIIe KOJ OmiieTa U cOoOIIaeT ero
npeacenarento komuccuu. [1o Ha3BaHHOMY KOy Ha MPHUHIIUIIE TEHEPAIIUN CITy9IaiHBIX
YyuCceNl CTYACHTY BBINAJAe€T KOHKPETHbIE HOMEpPA BOIPOCOB, BOILIEAIIMX B OWIIET.
Bri6pannsiii Homep Ouneta gpukcupyercs B [IpoTokone ucnbiTanuii 1 GUKCUpyeTcs 3a
abutypueHTOM. AOUTYpPHEHTY COOOIaeTcst Bpemsi OTKpbITus aoctyna B LMS BUM «k
COJIEPKAHUIO0 JK3aMEHAIIMOHHOIO OujeTa, KOTOpbI BbIOpan aOUTYpUEHT, U BpeMs
OKOHYaHMsI MPpUEMa MUCHMEHHBIX OTBETOB Ha BOMPOCHI OWIIEeTa, ajpec ISl 3arpy3Kd
OTBETOB W HOMep TenedoHa s OOpaTHOM CBsI3M C KOMHccHed (B ciiydae
HEOOXOIUMOCTH).

AOGuTypueHTy cooluraeTcs BpeMsi OBTOPHOTO MOAKTIOYEHUS K
BHUJICOKOH(EPEHITMN Il y4acTUs BO BTOPOM JTare BCTYNMUTEIBHBIX HCIBITAHUUN -
co0ece0BaHUU MO pe3yibTaTaM MUCbMEHHOI'O OTBETA.

2.7. Ha xaxnoro aOuTypueHTa KOMHUCCHUS TIO TPUEMY BCTYHHUTEIHBHOTO
UCTIBITaHUs cocTaBseT [IpoTokos 0TOOPOUHOTO UCTIBITAHUS.



2.7.1.

2.7.2.

2.7.3.

[Io pe3ynbTarTy BCTYNUTEIBHOTO HWCHBITAHUS, MOCTYHAOIIEMY
BBICTaBJIsIETCA oOleHka oT Hyas g0 100 OamwioB. MuHUMAaNIbHBIN
OJIOKUTENbHBIN O0ayu1 o 100-0anpHOM cucteMe cocrtaBisieT 40 0ajioB,
HUKE KOTOPOTO BCTYNUTENBHOE UCIIBITAHUE CUUTAETCS] HECAAHHBIM.
DK3aMEHAIIMOHHBIM OWJIET COAEPKUT 3 KOHTPOJIBHBIX 3aJlaHusl (BOIIpoca)
1o MpodecCuOHANBHBIM JAUCIUIUIMHAM TIpOoduis MoAroToBku. OTBET Ha
KaXZIblid BOMPOC 3K3aMEHAIIMOHHOTO OWJIETa BBIMOJIHSAETCS MUCbMEHHO U
OIICHUBAETCS B COOTBETCTBUU CO IIKAJOM oleHuBaHusa (Ttabmuma 1).
MakcuMalibHasi OIl€HKa 3a MMCbMEHHBIN OTBET Ha BOIpPOC cocTanisieT 20
0ajlJIoB M MaKCHMAaJIbHOE KOJIMYECTBO OajljIoB 3a IHMCHMEHHBINM 3Tam
HCIIBITaHUM cocTaBiisieT 60 0ayUIoB.

Ha »srtane yctHoro cobecenoBaHusi aOUTYpHEHTY MOXET OBITh
BBICTABJICHO MakcuManbHO 40 0amIoB B COOTBETCTBHM CO IIKAJIOH
OIICHWBAHUS, TIPEICTABIICHHON B TaOHIIE 2.

NtoroBasi OlleHKa BCTYNUTEIBHOTO HCHBITAHUS OMNPEAECISIETCS MyTeM
CYMMHPOBaHMS  KOJIMYECTBA OalljIoB, TMOJYYEHHBIX 3a  KaXJbIU
MMMCBMEHHBIA OTBET Ha BOIPOC, ¢ Oaiamu, MOJyYeHHBIMU B pe3yJIbTaTe
YCTHOTO cOOEeCeI0BaHMUs.

JIns TOATOTOBKM a0WUTYypUEHTAa K BCTYIUTEIBHBIM UCIIBITAHUSIM B

MPUIIOKCHUAX K H&CTOHHIGIZ mnporpamMme MnpcaACTaBJICHBI CIIMCKU BOIIPOCOB
OK3aMCHAIIMOHHBIX OMJICTOB. Hepez: HayaJoM HMCHOBITaHUU a6I/ITypI/ICHT JOJIDKCH
HMCTb CIITMCOK 3THUX BOIIPOCOB B 6YMEDI(HOM WJIN 3JICKTPOHHOM BHUAC.



Tabmuma 1 - Kpurepuu BbICTaBiieHHs OajsIoB 3a MHUCHBMEHHBIM OTBET Ha BOIPOC
HK3aMEHAIIMOHHOr O OuIeTa

Cymma Xapakrepuctuka | Kpurepunii BEICTABICHHS OLIEHKH

OamioB 3a | oTBETA

OTBET

16-20 ITonubin JleMOHCTpanys OTIIMYHBIX 3HAHUU 1O 3aJaHHOMY

BOIIPOCY. Y MEHUE WIUTIOCTPUPOBATH
TEOPETUUECKHE MOJIOKEHUS SCKU3aAMH,
rpadukamu, popmymnamu. Llupokuii kpyrozop mno
00Cy>KJJaeMbIM BOTIPOCAM.

12-15 Henoanbiit JlemoHcTpanus TBEPAbIX 3HAHUH 110 3aJJaHHOMY
BoIpocy. Hanmnune MenKkux HETOYHOCTEH B
OTBETE U B WIIIOCTPATUBHOM MaTepHralie.

8-11 Bepnslii ¢ Hemoxoe 3Hanne Bonpoca, HO ¢ 3aMETHBIMU
omuoKaMu omuOKaMu.
1-7 Cna0s1ii, rpyosie | CnaGoe 3HaHWE M TOHMMAaHHE PacCMaTPUBAEMOTO
OLIUOKU BONPOCA, CO 3HAUUTEIHHBIMU OIIMOKAMU
0 He nonyuen He3HaHue u HEMOHMMaHUE paccCMaTPUBAEMOIO
BOIIpOCA.

Tabmuma 2 - Kputepunm BbiCTaBieHUS OaylOB 3a YCTHBIE OTBETHI HA BOMPOCHI
AK3aMEHAIMOHHON KOMHCCHUU MIPU COOECEOBAaHUNU

Cymma XapaKTepuCTHUKa Kpurepuii BbICTaBIEHUS OLIEHKU

0aJIoB 3a | OTBETA

OTBET

36-40 [Tonuemi JleMoHCTpauus OTIIMYHBIX 3HAHUU 10 3aJAaHHOMY

BOIIPOCY. Y MEHUE WIUTIOCTPUPOBATH
TEOPETUUECKHE MOJOKEHUS SCKU3aAMH,
rpacdukamu, Gopmymnamu. [lupokuii kpyrozop mno
00Cy>KJJaeMbIM BOTIPOCAM.

26-35 Henomnnabiit JlemoHcTpanus TBEPAbIX 3HAHUH 110 3aJJaHHOMY
BoIpocy. Hanmnune MeKux HETOYHOCTEH B
OTBETE U B WIJIIOCTPATUBHOM MaTepHalie.

15-25 Bepnslii ¢ Hemoxoe 3Hanne Bonpoca, HO ¢ 3aMETHBIMU
omuoKaMu omuOKaMu.

1-15 Cna0s1ii, rpyosie | Cnaboe 3HaHWE M MOHMMAaHHE PacCMaTPUBAEMOTO
OLIUOKHU BONPOCA, CO 3HAUUTEIHHBIMU OIIMOKAMU

0 He nomnyuen He3nanue n HeMOHMMaHUE PacCMATPUBAEMOTO

BOIIpOCa.




3. BerynurenpHple UCOBITaHUS TPOBOAATCA MO PACIHUCAHUIO NPUEMHOU
KOMHUCCUU YHHUBEpcUTeTa: mnpu ouyHoM ¢opmate BUM cooOuiaercss Bpemsi u
HOMEp 5K3aMEHAllMOHHOW ayAuTOpuu, Npu JuctaHimoHHoMm dopmate BUM
cooOmiaeTcss BpeMsi W CChUIKA JJIs MOAKIIOYEHHS K BHJICOKOH(epeHIusIm
npoeneHuss BUIM. CBeneHuss 0 BpeMEHM, MECTE M CCBUIKE pa3MellaeTcs Ha
caiiTe MPUEMHON KOMUCCHH U B IMYHOM KaOWHETE MOCTYMNAIOUIEro U IOCTYIHbI B
OHJIANH-KYpCE.

4. Jis  ydyacTuss Ha BCTYNHTENIBHBIX HCIBITAHUAX paboyee MECTO
abuTypHeHTa JOHKHO OBITh OCHAIIICHO CPEICTBAMU BUICO- M Ay TUO TPAHCISAINH
(BeO-xkamepa W MUKPOGOH), MO3BOJSIONIME OJHO3HAYHO WICHTU(DHUIIMPOBATH
abUTypHUeHTa W TMO3BOJISIIONIMMH XOPOIIO MPOCMAaTpUBaTh €ro pabodee MecTo.
Kamepa 1 MUKpO(OH JOHKHBI ObITh BKIIOUYEHBI Ha MPOTSKEHUH BCETO MEPHOA
MPOBEJICHUS BCTYIUTEILHOTO UCIIBITAHUSI.

5. [lepen  HayalnoM  BCTYNMTENBHOTO  MCIBITAHUSA,  [OCTYNAIOIINM
cooOmiaeTcss BpeMsi W CIOCOO TMOMy4deHUss HUHMOpMaAlMU O MOJYyYEHHBIX
pe3ynbTaTax. Pe3ynbTarhl UCIIBITAHUN MTyOJIMKYIOTCS B KOHLIE JTHSI UCTIBITAHU.

6. B nHavase BCTYNHUTENHHOTO HWCIBITAHUS MPOBOAUTCS HACHTUPUKALINS
abutypueHTta. AOGUTYpPUEHT, CMOTPS B BeO-KaMepy, OTYETIIMBO MPOUZHOCUT CBOIO
dbaMuuIo, UM U1 0TYECTBO, IEMOHCTPUPYSI PSIIOM C JIULIOM B Pa3BEPHYTOM BHJIE
JIOKYMEHT, YAOCTOBEPAIOIINNA TUYHOCTb, HA CTpaHuIle ¢ poTorpadueil.

7. B mpouecce nmpoBeneHHH BCTYNUTENBHOTO HCIBITAHUS OCYILIECTBIISAETCS
OPOKTOPUHT (KOHTpPOJIb 3a COOJIOACHHEM Mpoleaypbl dk3amena). [lpu
MPOBEJICHUN BCTYNUTEIbHBIX MCHBITAHUN HE JOMYCKAaeTCs NPUCYTCTBUE B
NOMEIIEHNH C aOUTYpPHEHTOM TMOCTOPOHHUX JIMI[ W/WAM OOUIEHHE C
UCITOJIb30BAHUEM TEXHHYECKUX CPEJICTB CBS3M, 3a HCKIOYEHUEM YCTPOMCTB,
UCIIOJIB3YEMBIX ISl peaM3alMi JUCTAaHUMOHHOTO pEeXUMa BCTYNHUTEIBHOIO
ucnbiTanus. [Ipu HapymieHHMM nDpouexypbl BCTYHNUTEIbHBIE HWCIBITAHUS JIS
abuTypueHTa MpeKpamarwTcs. Pe3yiabTaThl  HUCHBITAaHUS  AHHYJIUPYIOTCS.
damMunus, UMsi, OTYECTBO MOCTYNAIOLIETO U MPUYNHA MPEKPAIICHUS UCTIBITAHUN
3aHOCATCA B IPOTOKOJI IPOBEAEHUS BCTYIUTEIBHOTO UCTIBITAHUS

8. B cinywae mnotepu cBA3M C aOUTYpUEHTOM BO BpeMsSl MPOBEICHUS
JUCTAaHIIMOHHBIX MCMBITAHUW Ha miepuo] Ooznee 15 MUHYT UCHBITaHUS IS
JaHHOTO  abuTypueHTa  mOpekpamatotcs.  Damuinus, UM,  OTYECTBO
NOCTYIAIOIIEr0 U MPUYHMHA MPEKPALIEHUS] MCHBITAHUNA 3aHOCATCS B IPOTOKOJ
MPOBEICHUS BCTYUTEILHOTO UCIIBITAHUSI.

9. [Ipn npoBeAEHUM BCTYNMUTEIBHOTO HCIBITAHUS YTOYHSIOIIUE BOIPOCHI
NOCTYMAIIMUX IO COJAEPKAHUIO HK3aMEHALMOHHBIX BONPOCOB MPUHUMAOTCS
npeaceaaTeneM SK3aMeHAIIMOHHON KOMUCCUH 110 TeIeQOHY U pacCMaTPUBAIOTCS
TOJIKO B CiIy4ae OOHapyXEHHsI OTEUaTKU WU IPYrod HETOUHOCTH KaKoro-iu0o
3a7laHusl  BCTYIIUTEJIBHOTO HWCIIBITAHHUS. [Ipencenarenps 3K3aMEHALMOHHOM
KOMUCCUU 00s3aH OTMETUTh ATOT (aKT B NPOTOKOJE MPOBEICHUS
BCTYNUTENBHOTO  HUCHBITaHUS.  DK3aMEHAIIMOHHOM  KOMHCCHEW  OyayT
MIPOAHAIN3UPOBAHBI BCE 3aMEUYaHUsl, IPU MIPU3HAHUN BOIPOCA HEKOPPEKTHBIM OH
3aCYUTHIBACTCS MOCTYIAIOMIEMY, KaK BBIIIOJHEHHBIN IPaBUIIBHO.



PA3JIEJ 2. TIPOTPAMMA BCTYIIUTEJBHbBIX UCIIBITAHUI J1J14
MAT'UCTPOB I10 HAITPABJIEHUIO 22.04.02 «METAJUIYPI'US» no
MarucTepcKoi mporpamMme o0ydeHus «IHHOBAIIMY B METAJUTYPT UM

JIJ1st IPOXO0’KIEHNST BCTYMMUTEILHOTO UCTIBITAHUS B MaruCTpaTypy MO HAIPaBICHHUIO
22.04.02 «Metamnyprus» npopuinb «VHHOBaMM B METaUIyprum» aOUTypUEHT
JOJDKEH 3HATh OCHOBHBIE TOHSTHS W3 AUCIUIUIMH TPO(PECCHOHATBLHOTO IHKIA TI0
npO(UITIO TOITOTOBKHU:

- MarepuajoBE/ICHHC;

- METaJUIOBENICHHE U TEPMHUYECKas 00paboTKa METAIUIOB;

- CIeIMaJbHBIE CTAJIM U CILJIABHI,

- MOPOIIKOBAsI METAJUTYPIus;

- 00paboTKa METaJIJIOB JaBJICHUEM;

- COBPEMEHHOE METAJLTyprudeckoe 000py0BaHHUE.

AOUTYpUEHT JOJKEH BJIaAeTh MNPOo(ECCHOHATBLHON TEPMHHOJIOTHEH, 3HATh
MPUHIIUAIIBl  OpTaHU3ALUU METaJUTypru4ecKoro MPOU3BOJICTBA,  CTPYKTYPHI
METaJUTypPTUYECKOU OTpaCIu U €€ 3HAYSHUS JJII HAPOTHOTO XO35HCTBA;

- 3HaTh TEOPETUYECKHE OCHOBHI METAIUIYPIrHYECKUX TMPOIECCOB U
METOJMYECKUE OCHOBHI IPOBEICHUS TEOPETHUECCKUX PACUETOB;

- 3HaATh METOJBI pacuéTa U BEIOOPA METAILTYPTrHIECKOTO O00PYAOBAHUS;

- 3HaTh TPUHIUIIEI OPTraHU3AIMM W BBIMOJHEHUS SKCIEPUMEHTAIBHBIX
MCCTICIOBAHUM TPUMEHUTEIHHO K TPOIECCaM W CHCTEMaM METaJLTyprHYe€CKOTO
IPOU3BO/ICTBA;

Conepxanue pa3feiaoB  MEKAUCIUIIMHAPDHOTO JK3aMEeHa 10  mpoduiiro
«/IHHOBAIIMY B METAJLITYPTHUN.

Tema 1 MerajsioBeeHne U TepMuuyeckasi 00padoTka MeTaLIIOB

1.1 MeTasuindeckoe cocrossanue. Kpucraninyeckoe crpoeHne MeTalioB

Tunbl cBsi3u B TBepAbIx Tenax. OCOOEHHOCTH METATUYECKOTO COCTOSIHHS
BeniecTBa. Kpucramimueckoe ctpoeHue meTtaioB. Kpucramiorpapuueckue MHAEKCH
IUIOCKOCTEH M HampaBlieHUH B KyOMYEeCKOW U TIeKCaroHaJbHOW pelIeTKax.
AHunzoTponusi CBOMCTB KpucTa/uioB. a3l U (pa30Bble PAaBHOBECHS B METANIMYECKUX
cruiaBax. TBepaple pacTBOPBI 3aMELICHMS W BHEAPEHHs. YTOPSANOYEHHBIE TBEPIbIE
pactBopbl. [IpoMexyrounsie (as3wl. JlmarpaMMbl COCTOSHUSL JABOWHBIX M TPOMHBIX
cucteM. Jle@eKThl KpUCTAIIIMYECKOIO COCTOSIHUA. ToueuyHble U JIMHEHHbIE AE(PEKTHI.
JledexTrl ynakoBku. B3zanMopeiicTBue OUCIOKAaUNA U MPUMECHBIX aTOMOB. ['paHuIisi
3epeH M cy03epeH. MalloyrioBble U BBICOKOYIJIOBbIE T'PaHUIbl. 3€pHOTrPAaHUYHBIC
JUCIIOKALlMM M CTYNEHbKU. B3anmonencTBrue rpaHul 3€peH ¢ MPUMECHBIMU aTOMaMHU.
Huddysus B metayuiax u cmaBax. 3akoHbl nuddysun. Camonuddysus. Mexanusmbl

muddy3un.



1.2 CTpoeHne MeTANIMYECKUX PACILUIABOB U KPUCTAIM3ALMS CILIABOB

CTpykTypa M CBOWCTBAa MXUAKUX METAUIOB. ['OMOr€HHOE M TETEPOTreHHOE
3apOXKICHHE KPHUCTAJUIOB, KPUTHYECKUU pazMep 3apojnpima. CKOpocTh pocTta
KPUCTAJUIMUECKUX 3apobiieil. PopMbl pocTa KpucTaiioB. Pacripenenenue 21eMeHTOB
[0 CEYECHHIO NICHJIPUTHOrO KpHUCTaJla. DBTEKTHYECKas Kpucramumsauus. CTtpoeHue
ABTEKTUYECKUX KOJOHUH. BiMsHNE CKOPOCTH KPUCTAIIM3ALMU HA CTPOEHHUE CIIJIABOB.
Mertannuueckue crekna. CTpoeHue MeTauImyeckoro ciaurtka. MonauduurpoBaHue
CTPYKTYpBl JUTBIX CIUIaBOB. 30HajbHas W MecTHas JukBaus. Hemerammnueckue
BKJIIOUEHUS] M Ta3bl B CIUTKE. BiusHue HeMeTaNIM4ecKuX BKIIOUEHUH Ha
MEXaHUYECKUe U (PU3NYECKUE CBOWCTBA CILIABOB.

1.3 ®a3oBble NpeBpalieHHsi B TBEPAOM COCTOSTHUN. OCHOBBI TEPMUYECKOM
00padoTKu

Knaccudukanus BumoB TepmMudeckoit 00paboTku. ['oMOreHn3aIMOHHBIA OTHKUT.
JlopeKpUCTAIUIN3aNOHHBIN " PEKpUCTATUIA3aMOHHBIN OT)KHTH OTIBIX.
[lonuronnsanus, TmepBUYHAs W coOupaTenbHasi, BTOPUYHAA PEKPHUCTAIUIA3ALIMS.
@azossie mepexonasl | u Il poma. Ilomumopdusie mnpespamenus. [lpunnun
CTPYKTYPHOT'O U pa3MEPHOro COOTBETCTBUA. CIBUIOBOE U HOPMAJILHOE MIPEBPALLCHMS.
da3zoBble npeBpanieHus npu Harpese. Poct 3epHa. CTpyKTypHas HacieICTBEHHOCTb.
Mexanu3M M KHHETHKA OHBTEKTOMJHOrO ImpespamieHus. CTpoeHHe mepiuTa.
JluarpaMMbl M30TEPMUYECKUX IPEBpPAICHUN. TEPMOKMHETUYECKUE THATPAMMBI.
3akasnka 0e3 moiaumop¢HOro npeppaileHus. V3MeHeHne CTpyKTypbl U CBOMICTB Ipu
3aKajJKe. 3akaJka Ha MAapTEeHCHUT. TepMOAMHAMMKA, MEXaHU3M W KHUHETHKa
MapTEHCUTHOTO TMpeBpameHusi. MUKpPOCTpyKTypa U CYOCTpyKTypa MapTEHCHUTA.
beitnutHOoe mpeBpamieHre. MexaHu3M M KUHETHKAa OCHMHUTHOTO TMpeBpalleHUs.
Crpoenue Oetinuta. M3oTtepmuueckas 3akanka. Crapenue. BiausHue temmnepatypsl u
IPOAODKUTEIBHOCTU CTApEHUs] HA MEXaHWYeCKUe U (PU3MYECKUE CBOWMCTBA CIUIABOB.
[lepecrapuBanue. Otnyck. M3MeHeHHEe MUKPOCTPYKTYpbl M (pa3oBOro cocraBa Ipu
otmycke ctanei. OOpatumasi u HeoOpaTUMast OTIYCKHAsI XPYIKOCTb.

1.4 Tepmomexanuveckasi 00padoTka

CTpykTypHBIE W3MEHEHHs Tpu ropsdyedl nedopmanuu. JIuHamudeckas
MOJIMTOHU3ALMA W JUHAMUYecKas  peKkpUcTauM3anus. TepMoMexaHuyeckas
o0paboTka. XHUMHKO-TEpMHUYECKas 00paboTka. OleMeHTapHbIE IIPOLECChl TPHU
XHUMHKO-TEPMHUIECKOMH oOpaboTke: oOpa3oBaHue aKTUBHBIX aTOMOB
aupyHIUpyIoLIero sJaeMeHTa, ancop6ums, auddysus. Haceimaromme cpensbl.
Crpykrypa muddy3uoHHbix cioeB. Csa3p cTpoeHus aub@y3uoHHOTO CJos C
auarpammont  coctosiHus. OOpazoBanue auddysnonHoro cios mpu auddysun
HECKOJIbKMX  KOMITOHEHTOB. A30THpOBaHWE, IIEMEHTAallWs, HUTPOIIEMECHTAIINA,
ANIUTUPOBAHKE, XPOMUPOBaHKE, OOPUPOBAHUE, CYIb(PUANPOBAHHUE, CUITULIPOBAIIHE.
[IpuHIMIIBI ~ BBIOOpPa TEPMHUYECKOH 0OpabOTKH TOCIEe  XUMHUKO-TEPMHUYECKOU
o0paboTku. TexHomorus Tepmuueckoil 00padoTku. CoBpeMeHHOE 000pyI0BaHUE IS



TEPMHUYECKOH U XHMHKO-TEPMHUYECKON OOpabOTKM CTaliei W I[BETHBIX CIUIABOB.
Croco0bl JOCTIKEHUS BBICOKMX CKOPOCTEH HarpeBa W OXJIKICHUS W3ACIUNA TPU
TepMHUeCKOl 00paboTke. BHyTpeHHHME HampspkeHHs W AedopMaiiust HU3ACTUi Tpu
TepMudecKoit 00padoTke. HarpeB mpu TepMuueckoii oOpaboTKe U3IeTnil B 3aIIUTHBIX
cpelax 1 BaKyyMe.

1.5 Yopyras u miacrudeckas gegpopmanusi. Pazpymenue

Huarpammbsl nedopmanud MOHO- M MOJHUKPUCTAIIOB. CHCTEMBI CKOJIBKEHUS.
JlebopmaniioHHOE YNIPOYHEHHE: BIMSHUE HA HEr0 TEMIIEPaTypbl W CKOPOCTH
nedopmarui. YpouyHEeHHE MPU 00pa30BaHUK TBEPABIX PACTBOPOB U MPHU BBIICICHUH
n30bITOUHBIX (ha3 (KOTEPEHTHBIX W HEKOTePEHTHHIX). BiusHue pasmepa 3epHa Ha
MEXaHUYECKHuEe CBOMCTBA. (CBEPXIIACTUYHOCTh. XPYNKOE W BS3KOE pa3pyllIcHHE.
CxeMbl 3apokIeHHsl TpemuH. PacmpocTpaHeHWe TpemuH MPU XPYNMKOM U BSI3KOM
paspymienun. Ilpupona xmanHomomkoctu metamioB ¢ OLK-pemerkoit. Ctpoenue
n3aomoB. JKaponpounocts. Cramuu mon3ydecTd. Pemakcammsi — HampsHKCHHIA.
JlnurenbHas TPOYHOCTh. BiusiHUE cocTaBa M CTPYKTYPHI CILUIABOB Ha KAPOMPOYHOCTb.
YcranocTHass TpPOYHOCTh. Mexanu3Mm  ycrajoctu. @DakTophl, BIHAIONIAE HA
YCTJIOCTHYIO TPOYHOCTh. KOHTaKTHAS yCTaNIOCTb.

1.6 CoBpemMeHHBIC METOAbI HCCIEAOBAHUS H KOHTPOJIS CTPYKTYPbI H CBOWCTB

MeTAJ/JIOB
Metonbl H3y4eHUsT MHUKPOCTPYKTYpbl. (CBeTOBas MHKPOCKONHA. MeTobl
KOJIMYECTBEHHOM MeTasuiorpaduu. DJIIEKTpOHHAS MUKPOCKOMHSI.

PeHTreHOCTPYKTYPHBIN U JIEKTPOHOTpa)UIECKUNA aHAIH3.
MUKpPOpPEHTTeHOCTIEKTPaIbHbIN aHan3. JIOKanbHbBIN aHAJIN3 COCTaBa M0 JIEKTPOHHBIM
crekTpaM. MeToJbl M3MEPEeHHsS] MEXaHWYeCKHX M (pu3ndeckux CBONCTB. OCHOBHBIC
NPUHIMUIBI 1e()EKTOCKONMUN METAIOB. MaruuTHasi, yjabTpa3ByKOBasi U Ipyrue METObI
nedexkrockonuu. Matematuyeckas o0paboTKa SKCHEPUMEHTAIBHBIX JaHHBIX. OCHOBBI
MAaTEMATUYECKOTO IIAHUPOBaHUS dKcniepuMmenTa. [imtanel nepBoro nopsaka.

1.7 IlpoMblnuieHHbIE CIVIABbI. OCHOBBI JIETUPOBAHUS, TEPMHUUYECKOI 00padOTKH.
CroiicTBa, 00/1aCTH NIPUMEHEHMUS.

Yraepoaucras Crajb, «KUIAIIUEY», IOJIYCHOKOMHBIE» U «CHOKOWHBIE)» CTaJH.
HuskosmerupoBaHHble  CTaJid  MOBBIIMIEHHOM  NPOYHOCTH.  KOHCTPYKUIHMOHHBIE
MMOBEPXHOCTHO-yNPOUHsieMble cTanu. llltamMmoBeie cTamu s ropsiyed U XOJOJHOMN
IITAaMIIOBKK. HMHCTpyMEHTAJIbHBIE CTalM JUI PEXKYLIEr0 M HU3MEPHUTEIBHOTO
MHCTpyMeHTa. bpicTpopexymme crtanu. TBepasle cuiaBbl. JKaponpodHbIe CTau.
Hepxageromue cranmu. OxanuHocToiikue crtanu. YyryHel. MoauduumpoBanue
YyTr'yHOB. AJIFOMUHHUM U €ro CIuiaBbl. TuTaH u ero crasbl. Menp U ee criaBbl. Hukens
U ero cruiaBel. Marauil u ero cmiasbl. CIIaBbl HA OCHOBE TYTOIUIABKHUX METAJIOB.
[{uHK, cBUHEL, OJI0BO U UX cruiaBbl. CIIaBbl HA OCHOBE 0J1aropoJHBIX METaJUIOB.
CraBel ¢ 0cOObIMU (PU3UYECKUMU CBOMCTBAMH.
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Tema 2 O6padoTka MeTAJIOB JaBJICHHEM

2.1 Teopusi IIIACTHYHOCTH

Matpuna TeH3opa HanpsokeHuil (medopmanuii). KommoneHThI  TeH30pa
HanpsbkeHuil. Bapuantel mpencraBieHus TeH3opa JedopManui. MatemaTtuueckas
[IOCTAaHOBKa  KpaeBblX 3amady  omnpeaenenus HJC. VYpaBHeHuss  cTaTuky.
I'eomerpuueckue ypaBHeHus. [lapagokcanibHOCTh TEOPUU MIIACTUYHOCTH KaK HAYYHOM
OUCLMIUIMHBL.  YCIIOBUE  IJIACTUYHOCTH. MeToasl peleHus 3ajad  TeOpuu
IJIACTUYHOCTU. DKCTpPEMalbHbIE NMPUHLHUIIBI MEXAHUKH MPH PELICHUU 33a7a4 TEOPHH
IUTACTUYHOCTH.

2.2 Teopusi 00padOTKH METALIIOB J1aABJIECHUEM

Bo3moskHble NeeKThl MpU MPOKATKE 3aroTOBKU MPSIMOYTOJIbHOTO CEYEHHS B
MOJIOCY KIMHOBHIHOTO ceueHusi. DopmooOpazoBanue u popmonsmenenue npu OMJI.
Heobxoaumbie yciioBUs W pe3yibTaThl Mpoiecca (GopmMooOpa3zoBaHus NPHU CBapKe
naBnenueM. [loBepxHocTHast TutacTudeckas nedopmarus metamwia. HeoOxomumbie
YCIOBHUSL U PE3yJIbTaThl mpouecca cBorMcTBO uaMmeHeHus npu OM/JI. Mcnons3oBaHue
METOJIa COBMECTHOT'O PEIICHUSI MPUOIMKEHHBIX YPaBHEHUI paBHOBECHS U YPABHEHUS
MJIACTUYHOCTA TIPU MCCIECIOBAHUU HAMPSHKEHHO-IE(HOPMUPOBAHHOTO  COCTOSIHUS
metaia B rpoieccax OMJI[. Mexanuueckas cxema nedopmaiiii MeTauia Ipu OCajike
MOJIOCBl HEOTPAHMYEHHOW [UIMHBI. Y CIOBHE IUIACTUYHOCTU MPH OCAJKE IMOJOCHI
HEOrpaHWYEeHHOW JyiMHbl. DeHoMeH Teopun paspyuwieHus MertaiuioB  B.JL
Konmoropoga. DKclepUMeHTaIbHbIE METO/IbI WCCJIEJOBAHUS
HarnpsbkeHHoiepopmupoBaHHoro coctosiHus metawia npu OMJI. Bausaue (opmbr
ouara nedopmanuu Ha GOPMOU3MEHEHHE METaula B Pa3UYHbIX HAMNpPABICHUSIX TPH
npokatke. [IpenenbHble ycliOBUSI 3aXBaTa M YCTAHOBMBIIETOCS IpoLEcca MPOKATKH.
Meponpusatus 1O YJIYyYIIEHHIO 3aXBaThIBAIOIIEH CIOCOOHOCTHM BalKoB. BiusHue
TEXHOJIOTHUYECKNX  (AaKTOpOB  HA  KOHTAKTHOE  TpPEHHWE TpPU  IPOKATKE.
DKCnepUMEHTAIbHOE ONPEJIeTIEHUE CPEIHUX CUJI TPEHUS U KO3 PUIIMEeHTa TpeHUs pU
npokatke. TeopeTHyeckoe M HKCHEPUMEHTAIBHOE OINPEECICHUE YCHIINS MPOKATKH.
@DakTOphl, BIHSAIONIME HA CPEAHEE KOHTAKTHOE [ABJICHHE W YCWIIAE MPOKATKH.
Bnusgnue TtexHonorudyeckux (aKTOpoB Ha MOMEHT NPOKATKH W PacXoj] IHEPTHUH.
Croco0bl pacuéra U U3MEPEeHUS KPYTSAIIErO0 MOMEHTA M pacxo/1a SHEPTUH.

2.3 O0opynoBaHuE MPOKATHBIX I[€XOB

Cxembl TJIaBHOM JIMHMM TIPOKATHOTO cTaHa. Kiaccupukanus u 0061acTh
IPUMEHEHHS MPOKATHBIX KIIETEH MO KOJMYECTBY BadKOB. OCHOBHBIC KOHCTPYKTHBHBIC
AMeMEeHThl pabodero Banka. [lapamerpbl, KOTOPHIMH XapakKTEPHU3YETCS TUIIOpa3Mep
crana. CopTaMeHT MPOKATHOW MPOIYKIMU. YCTAaHOBKH YCKOPEHHOTO OXJIAXICHUS
TOJICTOJIMCTOBOTO TpOKAaTa, MX Ha3Ha4YeHWe u Tulbl. Knaccudukamus TpOKaTHBIX
CTaHOB TIO PACMOJIOKCHHIO paboumx kiered. [loHsATHE HENmpephIBHOW MPOKATKH.
OcoOeHHOCTH TIPOKATKH IMOJIOC Ha HEMpepbhIBHOM cTaHe. Kiaccudukanus mpoKaTHBIX



11

CTaHOB 10 Ha3HaueHUIO. [IoAIMIHNKY KaueHUs ISl IPOKATHBIX BAJIKOB M 00JacTh UX
IIpUMEHEHUA. MexXaHn3Mbl YCTAaHOBKHM BAJIKOB, MX HA3HAYEHUE U PAa3HOBHUIHOCTHU.
MexaHu3Mbl YPaBHOBEIIMBAHUSA BEPXHUX BAJIKOB, UX HAa3HAYEHUE U PA3HOBUIHOCTH.
BankoBas apmarypa, €€ Ha3HAa4Y€HHWE W THIBI BaJKOBOW apMmaTypbl. THNBI CTaHWUH
paboumx KieTed, UX OCHOBHBIE KOHCTPYKTHBHBIE 3J€MEHThI. O0JIaCTh MPUMEHEHMS
CTaHMH pasznuyHoro Ttuma. llnuaaenu, ux Ha3HaueHWe U Tunbl. HasHaueHue
LIECTEPEHHON KJIETH M KOHCTPYKTHBHOE €€ HCHOJHEHHE. JKECTKOCTh KIETH U ee
AQHAJIMTUYECKOE U DKCIEPUMEHTAIILHOE ONpenaeciieHue. BiusHue )KEeCTKOCTH KJIETU Ha
TOYHOCTb pa3MepoB mpokarta. OnpeneneHue MNPOAOIBHON PA3HOTOJIIIMHHOCTH MU
crocoObl ee yMeHblIeHus. Onpeesnenue nonepeyHonl pasHOTOIIIUHHOCTH U CIIOCOOBI
ee ymeHbIeHus. CiocoObl THAPOMEXAHUYECKOTO PETYINPOBAHMSI MPOTHOA BAIKOB.

2.4 OcHoBBI TeXHOJIOTUM IpouneccoB OM /I

OCHOBBI TEXHOJOTMHU Ipoliecca MPOM3BOJCTBA KAaHATHOM KaTaHKU. OCHOBBI
TEXHOJIOTUH MpoLecca MPOU3BOJACTBA MEIKOCOPTHOM cTanu. OCHOBBI TEXHOJIOTUU
npolecca NPOU3BOJCTBA CPEIHECOPTHOM NPOAYyKUMU. OCHOBBI TEXHOJOTUU Ipoliecca
POU3BOJICTBA KPYMHOTO copTa. OCHOBHBIE CXEMBI MMPOU3BOACTBA KPYIMHOTra0ApUTHBIX
auctoB. Ha3zHauenwe KpymHOraOapUTHBIX TOJICTBIX JIMCTOB M TpeOOBaHUSA K UX
KauecTBy. Pacnonoxxenne 000pyJ0oBaHUs B TEXHOJOTHUYECKOW CUCTEME MPOM3BOJICTBA
TOJICTBIX JHUCTOB. OCOOCHHOCTH PEKUMOB MPOKATKM KPYMHOTAOAPUTHBIX JIMCTOB.
Meponpustus 1o 00eCHeYeHHIO 3aJaHHBIX CBOWCTB KPYMHOTA0APUTHBIX JIMCTOB.
TpeOoBaHus K KauecTBY KpyImHOTaOApUTHBIX JIMCTOB JUIsl CBapHbIX TpyO. HasHauenue
HIMPOKOTOJIOCHON TOpsueKaTaHOM CTajdl M OCHOBHBbIE TPeOOBaHUS K €€ KauecTBY.
Texnonornyeckue ocHOBHI Tiporiecca npousBocta Ha [IICTTI. OcHOBHBIE CTIOCOOBI 1
3HAUEHME omnepanui nepenadyn packara ot yepHoBod rpynnbel HICITI x yucTOBOIA.
OcHoBHbIE cTIOCOOBI OOecrneueHus] 3aJaHHBIX CBOMCTB IIMPOKOIOJIOCHOW CTald B
nporecce ropsuerd Npokatkd. OCHOBBI CO3AaHUS TEXHOJIOTMYECKUX CHUCTEM JUIS
IIPOHU3BOJCTBA HIMPOKOIOJIOCHOM ropsiYeKaTaHon CTaJIN. Ha3nauenue
KOHCTPYKIITMOHHON XOJIOHOKATaHOW JTUCTOBOM CTAJIM U OCOOEHHOCTH TpeOOBaHUH K €€
kauecTBy. Ha3zHaueHue *ecTu U OCOOEHHOCTH TpeOOBaHUU K ee KauecTBY. OCHOBBI
KOMIIOHOBKH COBPEMEHHBIX CTAaHOB XOJIOJHOM NpPOKATKU. BapuaHThl COBPEMEHHBIX
CIIOCO0OB PEKPUCTATUIU3AMOHHOTO OTXKHUra XOJIOAHOKaTaHOW crtanu. HazHaueHue u
BAPHUAHTBI IPECCUPOBKHU XOJOAHOKATAHOM JIUCTOBOM CTaJIH.

Tema 3 IlopomkoBasi MeTa/LIyprus

Paznen 3.1 MeToabl MOJIy4eHUs MOPOIIKOB
3HaueHHE MOPOIIKOBOW MeTauTypruv. FcTopus pa3BUTHS HOPOIIKOBOM
Metauryprud. (OCHOBHBIE TEXHOJIOTMYECKHME CXEMbl IPOU3BOACTBA CIEUYEHHBIX
matepuaioB. Kiaccupukanus MeTOlOB IOJyd4EHHUs MOPOIIKOB. MexaHUueckue
METO/bI MOJYy4YEHUSI NOPOIIKOB. [IpOM3BOACTBO MOPOIIKOB M3MEJIBYEHHEM TBEPIBIX
METAJUIOB M PACHBUICHUEM JKUAKUX METAVIOB M CIUIABOB METOJAMM TIa30BOTIO,
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KUAKOCTHOTO M UEHTPOOEKHOro pacnbUieHUs. DU3NKO-XUMUYECKHE OCHOBBI
MPOLIECCOB, 000PYI0BaHHUE, TOCTOMHCTBA U HEAOCTATKU Pa3IMYHBIX METOJI0B, 001aCTH
UCIOJIb30BaHUsl. MeTo/bl MoJlydeHHus] aMOp(HBIX U HAHOMOPOIIKOB MEXaHUYECKUMHU
Meronamu. llosydeHne MeTaNIMYECKUX MOPOUIKOB METOAOM BOCCTaHOBJICHHUS
OKCHJIOB METAJUIOB TBEPJBIM U Ta3000pa3HBIM BOCCTaHOBUTENEM. DUZNKOXUMUYECKUE
OCHOBBI TIporieccoB. [IpakTuka mosyueHusi MOPOLIKOB >Kejie3a, Bolb(pama, TUTaHA.
OU3NKO-XMMUYECKAE  METOJbl  IOJY4YEHUsT  HaHOMOpowKoB.  IIpousBoacTBo
METAJTMYECKHUX IMOPOIIKOB JIEKTPOIN30M BOJHBIX PACTBOPOB U PACILIABICHHBIX CPEL.
[Ipon3BOACTBO MOPOIIKOB METOJOM TEPMHYECKOW JHCCOUMALUU KapOOHWIBHBIX
coeauHeHn. @PU3NKO-XMMUYECKHUE OCHOBBI MPOLIECCOB, MPAKTUKA IOJYyYECHUS
nopouikoB. CBOMCTBA METAIIIMYECKUX MOPOIIKOB U METOJBI KX KOHTPOJIS.

Paznen 3.2 @opMoBaHue U ClIeKAHME METAJUIMYECKHX MOPOIIKOB

[ToaroTroBka MOpOIMIKOB. 3aKOHOMEPHOCTH IPOLIECCA YIUIOTHEHUSI MOPOILKOB B
ctanbHOU npecc-dopme. [Iponecchl, mpoucxoasdiue mpu MpeccoBaHUMU. 3aBUCUMOCTb
IUVIOTHOCTUM OT JABJIICHHsS MpeccoBaHusA. PacnpeneieHrne IUIOTHOCTH MO 0O0beEMY
opukera. I[loTtepu naBneHust Ha TpeHHe. Ympyroe mocieaeiictsue. IlpeccoBanue co
cMaskou. bpak mnpum nmpeccoBanumu. [lopsuee HM30CTaTUYECKOE IPECCOBAHME.
Nmxeknmonnoe mpeccoBanue. JlazepHas dopmosanue. I[lpakTtuka mpeccoBaHUs.
[Ipeccet u mpecc-dpopmbl. Bapuantsl (popMoOBaHHS METANTMYECKUX TMOPOILIKOB:
ropsiuee, M30CTATHUYECKOE, AMHAMHYECKOE, MMITYJIbCHOE, BHOpAlMOHHOE, MPOKATKa,
HUIMKepHOE JInThe. OCOOEHHOCTH MPOIIECCOB, armapaTypHoe ohopmiieHre. OCHOBHBIE
3aKOHOMEPHOCTH TIpollecca CIlekaHus B TBepAod ¢asze. Ponab MOBEpXHOCTHON u
oovemHOl nudpdysun. VYcaaka npu CcHekaHUW. BrnusHMEe TEXHOJOTHYECKHX
napamMeTpoB Ha MPOLECC CIEKaHUs U CBOMCTBA CHEYEHHBIX u3aenui. OcobeHHOoCTU
CIEKaHUsI MHOTOKOMIIOHEHTHBIX cucTeM. Bnusnue rerepoauddys3uu Ha mpoiecc
ycaaku. OCHOBHbIE 3aKOHOMEPHOCTH IIPOILIECCA CIEKaHWSI MHOTOKOMIIOHEHTHBIX
CHUCTEM B MPUCYTCTBUU XKUAKOW (pa3bl, mMcuesaromield W MPUCYTCTBYIOMIEH O KOHIA
U30TEpPMHUYECKON BBIAEPKKHU MpU HarpeBe. Kunernka ycaaku. @akTopsbl, BIUSIONIUE HA
IUIOTHOCTh M 3€PHUCTOCTH CIUIaBOB. [IpomuTka Kak pasHOBUAHOCTH XKUAKO(DA3ZHOIO
criekaHusd. PU3NKO-XMMHUYECKHME OCHOBBI M 3aKOHOMEPHOCTHM MpoLecca IMPOIUTKH.
[IpakTuka mporneccoB crekaHusi. ATMocepa crekaHus, eYd CleKaHusi, Opak IpH
CIIEKaHUU.

Pasnen 3.3 CneyeHHble MaTepUaJIbl ¢ 0COOBIMH CBOICTBAMU

Knaccugukanus cnedeHHbIX MaTtepuainoB. CrieueHHbIE TOPUCThIE MOAIIUITHUKI
u  QuibTpel. OcHOBHblE cocTaBbl. TexHosorus mnoayuyeHus. Dusnueckue,
MEXaHUYECKUE U IKCIUTyaTallMOHHbIE CBOMCTBA. AHTU(PPUKIMOHHBIE U (PPUKIIMOHHBIE
maTepuaibl. OCHOBHbIE NMPUHIUIBI Pa00Thl. CTPyKTypa U CBOWCTBA TBEPABIX CMa30K.
TexHonorus W3rOTOBIEHUS, CBOWCTBA, O0JACTH TNPUMEHEHHUS] U TEPCIEKTHBBI
pazButus. CrHe4eHHbIE JIEKTPOTEXHUYECKUE MaTepHabl: Il CKOJB3SIIUX U
pa3pbIBHBIX JJIEKTPUYECKUX KOHTAKTOB, MAarHuThl. OCOOEHHOCTH pPaOOThI, BH/IbI
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n3Hoca. DU3MKO-XMMHYECKHE OCHOBbI U TEXHOJOTUS IPOU3BOJCTBA, o001acTU
npuMmeneHusa. CriedeHHble TBEpAbIE CIUIaBbl, MX Kiaccuduxamus. TexHomorunyeckas
CX€Ma IOJIy4eHus1, CBOMCTBA, 001acTH MpUMEHEHHs. KOHCTpYKIIMOHHAsI KEpaMuUKa.
XapaKTeprucTruKa UCXOAHBIX MAaTEPUAIIOB. TEXHOIOrMYECKE BAPUAHTHI IOJTYYEHHUS.
Hanecenne kepamuuecknx — mokpeiTuid. CBoiicTBa, 007acTd  NPUMEHEHUS.
2KaponpouHsble crieYeHHbIE MaTepUasbl: TUCIEPCHO-YIPOYHEHHBIE U BOJOKHUCTHIE.
Oco0eHHOCTH TEXHOJIOTUH, OCHOBHBIE CBOMCTBA M 00JIACTH IPUMEHEHHUS.
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By30B/ Koxan JI.C., Kopocrenes A.b., Pobepos WU.I'., Mouanos A.H. — M.:
MI'BMU, 2009. — 518 c.

12. KoBka u mramnoBka: crpas.: B4 T. T. 1. MaTtepuaibr u HarpeB. 2-¢ u3jl., nepepao.
u gomn.: / mox pea. E.M. Cemenona. - M. : MammunocTtpoenue, 2010. — 718 c.

13. Kogka u mramnoBka: cripab.: B 4 T. T. 2. ['opsiuast oObeMHas ITaMIIOBKA. 2-€ U3/I.,
nepepad. u gomn.: / mox pexa. E.M. Cemenosa. - M. : Mamunoctpoenue, 2010. — 720
C.

14. Koska u mtamnoBka: cipas.: B 4 1. T. 3. XonogHas o0beMHas MITAMIIOBKA.
[IITamMrnoBka MeTaUIMUYECKUX MOPOILKOB. 2-€ M3[., nepepad. U JOM.: / MmoA pen.
A.M. lmutpuesa. - M. : Mammnoctpoenue, 2010. — 350 c.
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15. KoBka u mrammnoBka: cnpaB.: B 4 T. T. 4. XonogHas o0ObeMHas INTaMIIOBKA.
[IITaMImoBKa METAITMYECKUX MOPOIIKOB. 2-€ U31., mepepad. u mom.: / mox pex. C.
C. SkosneBa. - M. : Mammnoctpoenue, 2010. — 732 c.

16. JlucroBas mrammnoBKa: yueOHoe rnocooue aist By30B / deodanora A.E. — M.:
MI'TY "CTAHKHNH" - 2005. — 80 c.

17. Teopus npokatku: CrnpaBounnk/ A.W.llemukos, A.J/[. Tomnenos, B.W. 3t03un u
ap. M.: Mertamnyprus, 1982. — 335c.

18. ITpoeKTUpOBaHHE COBPEMEHHBIX KOHCTPYKLMII BajJKOB IPOKATHBIX CTAaHOB:
monorpadust/ Koxan JI.C., Kopocrenes A.b., benentoockuit b.®., lynerun A.B.,
Mouanos A.H. — M.: MI'BMU, 2011. — 248 c.

19. CunoBble M KHHEMAaTUYECKHE MMAapaMeTphl MPOJAOJIBHON JIMCTOBOM MPOKATKU:
monorpadus/ Koxan JI.C. [u ap.].— M.: MI'BMU, 2012. —432 c.

20. OOpaboTka [aBICHHMEM METAJUIOB U 3aroTOBOK M3 CKOMIAKTHPOBAHHBIX
CIEYeHHBIX MeTajuinueckux nopoikoB: MoHorpadus / Koxan JI.C., Kopocrtenes
A.B., Po6epos I.T"., MouasioB A.H. M.: MI'BMMU, 2008. — 256 c.

21. TexHONOTUA MOJY4YEHUS MPOAYKIIMH U3 PA3HOPOJHBIX MOPOIIKOB MPOKATKOM: Yu.
noc. / Koxan JI.C., lllynerun A.B., benemo6ckuit b.®. — M.: MI'BMU. — 2013.
—92c.

22. CoBepLIEHCTBOBAaHWE TEOPETHUYECKUX METOJIOB pacyeTa MPOYHOCTHBIX CBOMCTB
ANIEKTPOKOHTAKTHBIX ~ M3ACJIHUA M3 METAUIOB, CIUIAaBOB W MOPOIIKOBBIX
MeTaimniecknx 3aroroBok: moHorpadus / Koxan JI.C., Angynun A.B. Hlynerun
A.B.— M.: BUHUTH - 2014. — 157 c.

23. KoponeB A.A. Mexanuueckoe 00OpyAOBaHHE MPOKATHBIX U TPYOHBIX IIEXOB:
YuebHuk g By30B. - M.: Mertamnyprus, 1987. - 480 c.

CHucok 5K3aMEHAlMOHHBIX BOIPOCOB IO MAruCTEPCKOM IporpaMMme OO0ydeHHs
«/HHOBAIMU B METAJUTYPrum» pasMelI€H B IPUIIOKEHUH 1.
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[Ipunoxenue 1

CnHCOK IK3aMeHAIIMOHHBIX BOMPOCOB M0 MATHCTEPCKOM MporpaMmme o0y4eHust

«AHHOBAIUM B METAJNTYPIrUN»

l. M3MeHeHre SHEPreTHYECKOTO COCTOSIHUSI CUCTEMBI ITPU KPUCTAJUIN3ALNH.
Jlaiite onpenenenne 3apo/ipliia KpUTUYECKOTO pa3Mepa pu
KpUCTaJUIM3aLUU METAJIOB.

2. CymHocTh 00pabOTKH METAJUIOB AABJIECHUEM, POJIb METOI0B TUIACTUYECKON
naedopMaui B ICTOPUH IUBUIU3ALIUY.

3. Knaccudukanys MeTo10B NOJIYyYEHHUS TOPOLIKOB.

MexaHu3m npouecca KpUCTAIU3ALUH.

5. Knaccudukanus nporeccoB 00padOTKH METAIOB IaBICHUEM 10 PA3ITUYHBIM
pU3HAKaM.

6. Knaccudukanus BoccTaHOBUTENEH U 3aITUTHBIX CPEIT IS MTOTYYSHUS
MOPOIIIKOBBIX MaTE€PUAJIOB.

7. I'ereporeHHOe 3apoKAEHHE MTPU KPUCTATUTU3ALNH.

Kak MOXXHO ynpaBisaTh CTPYKTYPOU U CBOMCTBAMH CTaJIU IOCPEIACTBOM
mIacTUIeckou nedopmarum?

9. XKuzakue u cbimyyue 3alUTHBIE cpenibl U BoccTaHoBUTENU. O0OpynoBaHuE 115
BOCCTAHOBJIEHUSI U CIIEKAHUSI MaTEPUAJIOB.

10. 3aKOHOMEPHOCTH 00pa30BaHuUs TBEPbIX PACTBOPOB BHEPEHHUS.

11. OCHOBHBIE KPUCTAJUIMYECKUE PEIIETKH METAJUIOB U UX XapaKTEPUCTUKHU

12. OcCHOBHBIE Ollepalyy MPOLECCOB NOPOLIKOBON METAUTypriuu U BU/IbI
BO3JICHCTBHSI HA IIEPCOHAN TPOU3BOCTB.

13. Oco0eHHOCTH OXJTaKICHHS B BOJIE M BOJHBIX PACTBOPAX MPU TEPMUUECKON
00paboTKe CTaH.

14. JepopMupoBaHHOE COCTOSIHUE B TOUKE TeJIa, IEPEMELIEHHS B KOOPIUHATHBIX
0CSsIX.

15. [IpenBapuTebHOE U3MEIBUYEHUE CHIPHEBBIX MATEPHAIIOB B IIEKOBBIX,
BaJIKOBBIX, KOHYCHBIX IpOOMIIKAX U MOJIOTKOBBIX MeJbHUIaX. [Tomyuenue
MOPOLIKOB PE3aHUEM METAJUIMYECKUX 3arOTOBOK.

16. Brnusinue nucnokanuii Ha peaqbHyI0 MPOYHOCTh METAJIOB, CIIOCOOBI
YIPOYHEHUS.

17. VYcnoBue miactuayHOCTH. PEHOMEHOIOTMYECKUE MOJIETN CPEIb.
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18. CooTHOIIEHUS MEXTy HANPSDKEHUSIMU U Ie(popMaIriusiMu.
3aKOHOMEPHOCTH KOHTAKTHOTO Ae(OPMAIMIOHHOTO TPEHUSI.

19. JleTanenpokaTHbIE CTaHbl, yCTAHOBKU HENPEPHIBHOTO TPECCOBAHMUS.

20. JlokanpHbIe U UHTETPaNbHBIE MOKA3aTeNN HAPSXKEHHO-Ie(POPMUPOBAHHOTO
COCTOSIHUSI MaTepuara.

21. Pa3Mon marepuasnoB B mapoBbiX (0apabaHHBIX ) METbHUIIAX.

22. JledeKTbl KpUCTaIMYECKOT0 CTPOCHUS pealbHBIX KPUCTAIIIOB.

23. Tunel kiereil. KOMIOHEHTHI cCTEM yIpaBieHUsl U KOHTpoJs B nexax OM/I.

24. Knaccudukanus MeTo0B AUCTIEPrUpOBAHUS PaCIIaBOB. PUZUKO-XUMUYECKUE
IIPOLIECCHI ITPU PACIIBUICHUH.

25. Knaccudukanus gerupoBaHHbIX CTaJlel IO CTPYKTYPE MOCIIE OXJIaKIACHHS Ha
BO3/lyX€ U 0 HazHayeHuto. [IpuBeauTe mpuMepbl THMMYHBIX MapOK CTalu
pPa3IMYHBIX KJIACCOB.

26. Tune! kiereil. KOMIOHEHTHI cCcTEM ynpaBieHUsl U KOHTpoJs B nexax OM/I.

27. CuioBble YCTAaHOBKY C COYETAHUEM BpaIllEHUsI U BO3BPATHO-IOCTYNATEIbHOIO
JIBMYKEHUN UCTIOJIHUTEILHOTO DJIEMEHTA.

28. XapaKTepHbIE TUIbI JUATPAMM PACTSIKEHUS IS IUNTACTUYHBIX U XPYTKUX
METaJJIOB.

29. JleTanenpokaTHbIE CTaHbl, yCTAHOBKU HEMPEPHIBHOTO ITPECCOBAHMUS.

30. [Tony4yeHue mOpOIIKOB IIBETHBIX METAJUIOB BOCCTAHOBIIEHUEM TBEPABIX
XUMHAYECKUX COCTMHEHUN.

31. JlaiiTe onpeaeneHrne nopora XjaagHOJIOMKOCTH U YKAXKUTE METObI €T0O
onpeeaeHusl.

32. CrneuuanbHast TeXHUKA. TexHUKa 00pabOTKH KOMITO3UTOB, TOPOIIIKOB,
LBETHBIX METAJJIOB U CIJIABOB, BaKyyMHbIE cucteMbl B OM/I 1 cpeasl
PEryJIMpyeMOro COCTaBa.

33. MeTtoa TepMuYecKoil JUCCOUUAMU KapOOHHIIOB METAJLIOB.

34, Mertoauka onpeneneHus U pazmepHocTh yaapHoi BsizkocTu (I'OCT 9454-78).

35. Ouar nedopmaiuy 1 KHHEMAaTHKa TeUEHUs MeTaJljla MPU MPOI0TbHON
poKaTKe, 0a30BbI€ MOHATHUS.

36. ®u3nyecKre CBOKMCTBA MOPOILIKOB

37. Meroauka onpenenenust Mukpotsepaoctu (I'OCT 9450-76). PazmepHoCTb
MUKpOTBepA0CTU. OCOOEHHOCTH U Ha3HAYEHUE METO/IA.

38. TexHonornyeckas cxema Mpou3BOACTBA U3JEIUIN U3 CTAIU METOAaMU
npokaTku. MIcXoIHbIE MaTepHUalbl U UX NOATOTOBKA.

39. XUMHUYECKUE U TEXHOJOTMYECKHE CBOMCTBA ITOPOIIKOB.
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40. Mertons! onpenenenus u pazmepHocTs npeena nomsyuectu (IOCT 3248- 81).

42. Knaccudukanus meronos dopmoBanus. [lonroToBka mopoIkoB K
(dhopMoBaHMIO.

43. MeTtoauku onpeaeneH s OTHOCUTENBHOTO YJIMHEHHSI 1 OTHOCUTEIBHOTO
cyeHus, ykaxute pazmepHocts u ['OCT.

44. TeMrepaTypHO-CKOPOCTHBIE YCIOBUS FOPSIYE IPOKATKH CTAJIEH.
HNHCTpYMEHT, OCHOBHBIE H BCLIOMOI'aTEJIbHbIE MAaTEPHAIIBI.

45. [Tpouecchl, mpoUCXOASAIIUE MTPU TPECCOBAHUH MOPOIIKA. 3aBUCUMOCTh
IJIOTHOCTH IIPECCOBKU OT JABJIEHUS [TPECCOBAHUS.

46. OxapakTepu3yiTe MOHATHE CIOPOT XJIAJHOJIOMKOCTU» U YKXKHUTE CIIOCOObI
ero onpeneneHus. [lo kakomy HopMaTuBy ero MoxkHo onpenenuts? (I'OCT
9454-78).

48. BbokxoBoe naBnenue. TpeHue npu npeccoBanuu. J[aBjaeHue BbITATIKUBAHUS U
ynpyroe nocieneictsiue ¢opMoBok [IpouyHOCTH TPECCOBOK.

49. [IpuBeanTE METOANKY ONIPEAEIICHUS U PA3MEPHOCTb MPEIENIa YIPYTOCTH.

50. TexHonorus MpoKaTKU MIOCKOTO MPOIYKTa C MOBBIIIEHHBIMU TPEOOBAHUSAMHU
10 Ka4eCTBY. MHOTIOBAJIKOBBIE CHUCTEMBI.

51. bpak npu KOMIMakKTUPOBAHUH MTOPOIIIKOB

52. [IpuBeanTe METOANKY ONPEAEICHUS U PA3MEPHOCTh YIAPHON BA3KOCTH.
Cranpapr, o koropomy ero onpenessatoT (I'OCT 9454-78).

53. Basnku nist copToBO# MPOKATKU CTAIBHBIX MOJIOC, YTIOBBIX MPpOoQuIIe,
IIBEJUIEPOB.

54. N3ocratnueckoe (hopMoBaHUE MOPOIIKOBBIX MATEPUAIIOB.

55. VYKaxuTe METOOUKY ONPEAEICHUS U PA3MEPHOCTD MpeEIeia JIUTENbHON
npounoctu ('OCT).

56. [IponsBoacTBO OecHIOBHBIX TPYyO MpokaTKoil. OCHOBHBIE TApaMETPhI
IIPOLIECCOB MPOIIMBKU U PACKATKHU.

57. HInukepHoe popMoBaHHE MOPOIIKOBBIX MaTEPHAIIOB.

58. YKaxxute METOJIUKY ONPEAECTICHHS U PA3MEPHOCTh TBEPIOCTH O BUKKEpCy
(I'OCT).

59. KoBka. Mcxoaubie Marepuansl, Kiiaccu@uKalus TUIIOB U3/I€NIUN, OTlepaluu
KOBKHU U IPUMEHSEMbIA MHCTPYMEHT

60 TemnepaTypHbIi pexuM mporecca 1 0COOEHHOCTH AepOopMaIii METaIOB 110
cxeme cBOOOAHOM KOBKHU. PoTallmoHHast KOBKA.

61. Nnxeximonnoe GopMoBaHHE MOPOIIKOBBIX MATEPHAIIOB.

62. VYkaxxute 0COOEHHOCTH MEXaHU3Ma U MPU3HAKU XPYIKOTO pa3pylIeHUs

MCTAJIJIOB.
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63. ['opsiuas 00bEMHAs mITaMIIOBKa cTanei. Knaccudukaius moKOBOK.

64 WcxonHble MaTepuabl sl IITaMIOBKUA. MeTo/lnKa MpoeKTUPOBAHUS
IITAMIIOBOM OCHACTKHU.

65. [IpokaTka MOpoOIIKOB.

66. Teepnocts MatepuanioB (I'OCT). Tumbl HHASHTOPOB U OCHOBHBIE METO/IbI
U3MEPEHUsI TBEPIOCTH.

67. OcHacTka JIJ1s1 ”30TEPMHUYECKON IITAMIIOBKH U JIe(popMauu B peskume
CBEPXIIACTUYHOCTH.

68. Bubpammonnoe popmMoBaHre NOPOIIKOBBIX MAaTEPHUATIOB.

69. Bnusinue nerupyronux 3J1eMeHTOB Ha MOJIMMOp(u3M xemesa.

70. [IITamMnoBka Ha MOJIOTax, HA TOPU30HTAILHO-KOBOYHBIX MaIllMHAX, HA
ropsSYEIITAMIOBOYHBIX aBTOMATAX.

71. NmmnynbcHOE PopMOBaHUE TOPOIIKOBBIX MAaTEPUATIOB.

72. Biusinue nmoctosiHHBIX IpUMece /MapraHel], KpeMHUi, cepa, pocdop/ Ha
CBOWCTBA CTaJIH.

73. PaznenuTensHbie U 00pe3HBIC ONEpaIvu B IIeXax 00pabOTKHU METAILJIOB
JABJICHUEM.

74. I'opsiuee npeccoBaHne MOPOIIKOBBIX MATEPHUAIOB.

75. [IpuBenuTe ArarpaMmy Kene30-yriepo] U YKaKUTe OCHOBHBIE (a3bl.

76. OCHOBBI MPOEKTUPOBAHUS MTPOLIECCOB JTUCTOBOM IITAMITOBKH.
PazpenurensHbie 1 popMooOpasyrolue onepaluu.

7. TBepnodaznoe criekanne 0THOKOMIOHEHTHBIX cucTeM. CTaauu U JBUKYIIIE
CHJIBI TIpoIIecca.

78. OcHOBHBIE MPEBPAIICHUS B KEJIE30-yIICPOAUCTHIX CIUIaBaX MPU OXJIAKICHUH
«T10 IUarpaMMe KeJe30-yriepoay.

79. MeTopI N3rOTOBIEHHS] HHCTPYMEHTA, IPUMEHEHUE CUCTEM OBICTPOTO
nporotunupoBanus npu OM/I.

80. CBoiicTBa MOPOIIKOBBIX U3JIETUN U METOJIbI X KOHTpOJIiA. CTpyKTypa
MMOPOIIKOBBIX U3JICIIHM.

81. OxapakTepu3yiTe OCHOBHbIE HEMETAININYECKHE BKIFOUEHUS B CTAISIX U
UX BJIMSHUE HA MEXaHMYECKHE U TEXHOJIOTHMYECKHE CBOMCTBA.

82. Brnusinue rpaduta Ha cBoiicTBa uyryHOB? Kak MOXXHO U3MEHUTDH CTPYKTYPY
METaJUIMYECKOW OCHOBBI YyTYHOB?

83. Cxewma mpoliecca npeccoBaHus, KiacCuUKaIMs KJIAaCCUUECKUX CIIOCOO0B
IPECCOBAaHMS MO0 KUHEMATUKE TEUEHUsI MeTala.

84 Ouar gedopmaruu Mpu NPECCOBaAHUU, HANPSHKEHHO- Ae(OPMUPOBAHHOE

COCTOAHHME MaTCpHraja Ipru MpeCCOBAHUM.
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85. TBepnodazHoe criekaHne MHOTOKOMIIOHEHTHBIX CHCTEM.

86. Oxapakrepu3yiTe BIUsHUE JIETUPYIOIINUX 3JIEMEHTOB Ha CBOMCTBa (peppura.

87. [Tpon3BoaCTBO TPYO M CIOKHBIX MOJIBIX IPOQUIEH U3 aIFOMUHUEBBIX
CIUIABOB.

88. [Ipouecchl, TpOUCXOAAIIME TPU MPECCOBAHUU MTOPOIIKA. 3aBUCUMOCTh
IJIOTHOCTHU IIPECCOBKU OT JABJICHUS TPECCOBAHUSI.

89. BrnusiHue nerupyronmx 31eMeHTOB Ha KpUTHYECKHE TOUKH /TOIUMOphu3M/
Keesa.

90. DU3NYECKNE CBOKWCTBA ITOPOLIKOBBIX U3/ICUH.




