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BBenenue

[Iporpamma pa3paboTaHa Ha OCHOBE HPOrpaMMbl-MHUHHUMYMa KaHJIUIAATCKOTO
sk3ameHa 1o crenuanbHocT 05.16.01 «MertannoBegeHue u TepMuyeckas 00padoTka
METaJJIOB U CIUIaBOBY, yTBepkaeHHOU [Ipuka3zom MunucrepcTBa oOpazoBanus u Hayku PO
ot 08.10.2007 Ne 274.

B ocHoBy Hacrosieil mporpaMMbl TOJIOKEHBI CIEIYIOUINEe AUCUUIIIMHBL: pU3UKa U
XUMHSI MaTepHalioB (pasfes MeTalIM4ecKHe MarepHualibl), KpucTtasiorpagus u nedexTs
KPUCTAJUNIMYECKOTO CTPOCHHUSI, TEOpUS M TEXHOJOTUS TepMUYECKOH 00paboTKH, Teopus
TeTePOTreHHBbIX CpeJa, MOJEIUMPOBAHME MaTepHANOB, (PU3MYECKHE METOJbl HCCIEeI0BaHUSA,
MEXaHNYECKHE CBOMCTBA METAJLJIOB.

[Iporpamma paszpaboTaHa SKCHEpPTHBIM COBETOM Bricmiedl arrecTarmoHHOM
KOMHCCHHM IO METaJUIypruu U MetayuoBeneHuro npu ydactun «MATH» — Poccuiickoro
rOCyJapCTBEHHOI'O TEXHOJIOrn4YecKoro ynusepeurera um. K.O. Ilnonkosckoro.

1. Ctpoenue MeTA/JIOB M CIIABOB.

OcHOBHBIE THUIIBI CBSI3U aTOMOB B TBEpAbIX Tenax. Merauinueckas CBs3b.
DNEeKTpOHHOE CTpOoeHUE U (pu3nueckue cBorcTBa MeTtauioB. [loBepxHocTs DepMu U 30HBI
bpwutrosna.

TBepable pacTBOpPHI 3aMEIICHMS, BHEAPEHHS M BBIYMTAHUS. YTOPSJOUYEHHBIE
TBEpJbIe PacTBOPbI. DJIEKTPOHHbIE coenuHeHus, (a3pl JlaBeca, c-¢asbl, (a3bl BHEIPEHHUS.
OrtknoHenus ot 3akoHa Berapna.

[IpaBuno da3. JlnarpaMMbl COCTOSIHUS JBOMHBIX U TPOHHBIX CUCTEM C HEMPEPBIBHBIM
PSAIOM TBEPABIX PACTBOPOB, C 3BTEKTUUECKUMHU, MEPUTEKTUYECKUMU U MOHOTEKTUYECKUMU
PaBHOBECUSIMU, C KOHTPYSHTHO W HMHKOHTPYSHTHO IUIABAIIMMUCA HPOMEKYTOUHBIMU
dazamu, ¢ noAUMOP(GU3MOM KOMIIOHEHTOB. TepMOAMHAMHYECKHM aHajau3 auarpamm
cocTosiHUA. OTKIIOHEHHs OT pPABHOBECHS NpPU KPUCTAUIM3ALMM CIUIABOB B CHUCTEMAaX
pPa3HOro THMa.

2. Kpucraninyeckoe cTpoeHne u ero aeexrsbl.

OCHOBHBIE THUIIBl KPUCTAIIMYECKUX PEIIETOK. DJIEMEHTApHbIC SYeUKU. MHIEKCHI
HaIlpaBJICHUM M IUIOCKOCTEH B KPUCTAUIMYECKOM penieTke. AHU30TPONHUS CBOWMCTB
KPUCTAJIJIOB.

Tunsl nedeKToB KpUCTAUIMUECKOro cTpoeHus. Toueunble AedekTsl. Juciokarum.
Hedextsr ynakoBku. Bekxtop broprepca. I[lnotHocts mucnokanuii. CKOJIbXKEHUE W
MIEPENOI3aHNE TUCIOKALNNA. 3apOKICHUE U PAa3MHOKEHHE AUCIIOKANM, HCTOUHUK DpaHKa-
Puna. Cuna [laitepnca-HaGappo. BzaumopeiicTBue nucIoKaluii MEXITy co00M Hu ¢
npuMecHbIMU aTroMaMu. Atmocdepsl Kotpemna, Cayka, Cy3yku. [uciokaliioHHbIE CETKUA U
MaJIOYTJIOBBIE TPAaHMIIBl. BBEICOKOYIJIOBBIE TpaHULIBl. MUTrpanus TpaHUI] U 3€PHOTPAHUYHOE
npockanb3biBanue. JIBoWHuku. Kpucraminorpapus u MexaHusM 1edopMarioOHHOTO
IIBOMHUKOBAHUS.

3. ®a30Bble M CTPYKTYPHBIE NIPeBPAaLlieHUs B MeTAJJIaX
U CILJIABAaX B TBEPAOM COCTOSTHHH.

Mexanu3mbel  murpanuu  atomoB. 3akoHbl @Duka. Koaddbumment guddysun.
CTpyKTypHO 4yBCTBUTENBHBIE mporecchl Auddy3un. Auddys3us BO BHEIIHUX CHIOBBIX
TTOJISIX.

Knaccudukanus ga3zoBeix U CTpyKTypHBIX IpeBpaineHuidl. @a3oBeie mpeBpaiieHus |
u Il poma. 'oMOreHHBIN U TeTEpOreHHBIM MEXaHU3MBbI 3apoKaeHusa. CTpoeHrne U MEXaHU3M
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JBIDKEHUSI moBepxHOocTel pasnena (a3. CasuroBoe (6e3muddy3noHHOE) U HOPMAIBHOE
(muddy3unonnoe) npeppamieHus. TepMoIuHAMUYECKUNH U KpUCTaiorpaduyecKuil aHaiIu3
CABUTOBOTO (MapTEHCUTHOrO) TMpeBpalleHus. MexaHu3M U KHHETHKAa CIIBUTOBBIX U
HOPMaJIbHBIX TpeBpalleHuil. ODBTEKTOMAHOE IpeBpanieHue. MexaHu3M U KUHETHKa
ABTEKTOMIHOIO MpeBpaiieHus. JuarpaMMbl (pa30BbIX MpeBpalleHUi (TEPMOKHMHETHUYECKUE,
M30TEPMUYECKHE U JIP.).

Yrnopsaouenue TBepAoro pactBopa. JlanpHuit u OmvkHUM TOpsnok. M3meHeHue
CBOICTB CIUIaBOB IpH ymnopspoueHud. OOpa3oBaHMe M pacmaj MeTacTaOWIbHbIX (a3.
Pacnan mepecwiieHHOTO TBEpnoro pactBopa. CnuHomanbHbIM pacnaid. TepMoauHamuKa
oOpa3oBaHusl NPOMEXKYTOUHbIX (pa3. CTPyKTypHbIE U3MEHEHUSI NMpPHU CTapeHUH (KJIAacTepshl,
30Hbl ['mHbE-IIpecToHa, mnpoMexyToUHblE MeTacTaOuIbHbIE (a3bl, MOIYJIMPOBAHHbBIE
CTpyKTypbl). KorepeHTHble, YaCTUYHO KOTEPEHTHBIE U HEKOTEPEHTHbIE BbleNeHus. DopMbl
BbIJICJICHUI. HenpepsIBHBINA U IPEPBIBUCTHIN pacmal.

4. MeTajryprudyeckue nmpouecchl moJay4eHus mnoay(padpuKkaToB u u3aeauii.

Bunsl TexHOnmornm JIUTEHHOro npou3BOACTBA. CTpyKTypa M CBOWCTBA JKHUJKHX
MeTaioB. ['OMOTeHHOE U TeTepOreHHOe 3apOXKIECHUE KPHUCTAJUIOB, KPUTHUECKUN pazMep
3aponpima. KOHUEHTpalMoOHHOE MepeoxiakJeHue. OBTEKTHYECKas KPUCTAIIU3aLHA.
BnusiHue CKOpOCTH KpUCTauIM3allMM Ha CTpoeHHe cIiaBoB. CTpoeHHE METauIMYecKOro
ciutka. MoaupuuupoBaHue CTPYKTYphl JUTHIX cilaBoB. OOpa3oBaHHe MeTacTaOMIbHBIX
¢a3 npu kpuctamuzauuu. be3guddy3znonHas kpuctamnuzauus. Meraminyeckue CTeka.
MeTo/1bl TOTyYeHUs] MOHOKPUCTAILJIOB U3 paciiaBa. MeTautyprusi TpaHyJl.

CrocoObl  00pabOTKM MeETayuIOB JaBlIeHHEM. BiusHue TeMiepaTypbl, CXE€Mbl H
CTeNeHH Ae(opMali Ha CONPOTHUBIICHHE 1ehOpMaLIU, CTPYKTYPY M CBOICTBA METAIJIOB U
CILJIaBOB.

Bunel cBapku MetaiiioB u ciiaBoB. CTpYKTypa M CBOWCTBA CBAPHBIX COETMHEHUH.

5. Tepmuyeckasi 00padoTKa.

Knaccudukamuss BUmoB TepMuyeckod 00paOOTKUA. ['OMOTeHW3AIIMOHHBIMA OTXKWUT.
W3MmeHeHne CTpYKTYphl U CBOMCTB CIUIABOB MPU TOMOTE€HU3AIIMOHHOM OTXUTE.

JIOpEKpUCTAININ3AIMOHHBIA ¥ PEKPUCTAUIM3ALMOHHBIN  OTxUrU.  OTHBIX.
[Tonuronnzanus. [lepBuunas, cobupartenbHas U BTOpUYHAs peKpucTain3anus. Mexanusm
W KUHETUKAa OTJbIXa, TMOJUIOHU3alMU M PEKPUCTAUIM3AlMU, BIMSHHE Ha HHUX
MpeauecTBYIONe  racTuueckod  nedopmanuu,  OpUMeEce,  Temmeparypbl U
MPOJOJKUTENILHOCTH OTura. [lapaMerpsl MOIMTOHU30BAHHOM M pPEKPUCTAUIM30BAaHHOU
cTpyktyp. Kpurtuueckas crenens aedopmanuu. JuarpaMmbl  peKpHUCTaUIM3aIUU.
3aKOHOMEPHOCTH U TMPUPOJA U3MEHEHHUS MEXaHWYECKUX M (U3HUECKHX CBOWCTB MpHU
oTXKure Tmociie  XonogHoW — gedopmaumu. Tekctypa  nedopmanuu, NEpBUYHOM,
coOuparenbHO W  BTOPUYHOM  pEKpPUCTAIIM3ALMM, MEXaHu3M ee o0Opa30BaHUS.
AHM30TpONUs CBOMCTB TEKCTYPOBAHHBIX METAILIOB.

OTXuUr A yMEHBIIEHHWS OCTAaTOYHBIX HANpsDKeHUH. MeXaHu3M  CHUKEHUS
OCTaTOYHBIX HAIPSKEHUI MPU HAarpEBAHUU.

da3o0BbIe npeBpalleHus npu Harpese. CTpyKTypHasi HaclIeJICTBEHHOCTb.

3akanka 6e3 nmonuMopgHoOro npespaileHus. M3MeHeHnne cTpyKTypbl U CBOMCTB MpHU
3aKalike.

3akanka ¢ noauMOp(HBIM mpeBpaiieHrneM. MUKpOCTpyKTypa M CcyOCTpyKTypa
MapTeHCUTA. YIPOYHEHHE W HU3MEHEHHE IUIACTUYHOCTH NP 3aKajKe Ha MapTEHCHT.
Kputnyeckasi CKOpOCTh OXJIQXKIEHUS MIPH 3aKajKe, TPOKATMBAEMOCTb.



beitnutHoe npespaienue. Ctpoenue oeiinuta. M3oTepMuueckas 3aKaika.

Crapenne. Ilpupoma ymnpouHeHUsT NOpHU CTapeHUU. BiusHMe TeMIepaTtypsl u
MPOJOJKUTENILHOCTH CTapeHUsT Ha MeEXaHMYecKHe M (PU3MYecKHe CBOMCTBA CIUIABOB.
[lepecrapuBanue, cTyneH4aroe crapeHue. BnvsHue TeMreparypsl HarpeBa IoJl 3aKajiky U
CKOPOCTH OXJIAKICHHS Ha (POPMUPOBAHHUE CTPYKTYPBI U CBOMCTB CIUIABOB MPHU CTAPEHUU.

Otnyck. M3MeHeHHne MHKpPOCTPYKTYpPbI, CyOCTPYKTYphl M (ha30BOTO cOCTaBa IpH
ornycke. O0patuMas U HeoOpaTUMas OTITYCKHasl XpPYIKOCTb.

6. Tepmomexannuyeckas o0padoTKa.
XHUMHKO-TepMHUYecKasi 00padoTka.

Tepmomexannueckast oOpaboTka. CTpyKTypHble HU3MEHEHHUs MpU IJIACTHYECKOU
nepopmanuu. JluHamMu4ueckass TOJUTOHM3ALUS W JUHAMHUYECKas peKpUCTAIIU3alus.
BosBpat u pekpucraminzanus nocie ropsue aedopManum.

BricokoTremmnepaTypHass M HHU3KOTEMIIEpaTypHas TepMOMeXaHu4yeckas o0paboTka.
TepmomMexannueckas 00pabOTKa JUCIIEPCHOHHO-TBEPACIOIIUX CILUIABOB.

XUMUKO-TepMHUUYecKas o00paboTka. JeMEeHTapHble TMpoOLEecChl MpU  XUMHUKO-
Tepmuueckoir oOpabotke. Ctpykrypa Iuddy3HMOHHBIX CIIOEB M €€ CBA3b C AHarpammon
COCTOSIHMSI.

A3oTupOBaHME, LEMEHTAlMs, HUTPOLEMEHTAlMs, AJIUTHUPOBAHUE, XPOMHPOBAHUE,
O0opupoBaHue, CyabuaupoBanue, cuauupoBanue. TepMoBoaopoHas oOpadoTKa.

7. TexHosorusi TepMUYECKO 00padOTKM.

CoBpeMeHHOE 000pYI0BaHHE ISl 3aKAJKH, OTXKHTa, OTITYCKA, XUMHKO-TEPMUIECKON
U APYTUX BUJOB TEPMUYECKOM 00pabOTKH cTajiel U CIJIaBOB.

ATrperaTbl HENPEPHIBHOTO OTKHTa W 3aKaJIKH. ABTOMATH3aIUs IOJHOTO IIMKIIA
TepMHUYECKON 00pabOTKH.

CrocoObI TOCTIKEHHSI BBICOKMX CKOPOCTEH HarpeBa M OXJKICHHS W3ACTHHA TPHU
TepMuuecko oOpaboTke. BHyTpeHHue HanpsbkeHus W jaedopmanust U3AETUN  MpU
TepMuueckoir obpaboTke. HarpeB mpu Tepmuyeckoir oOpabOTKe H3ACIHMA B 3allUTHBIX
cpelax M BaKyyMe.

JHledexTsl TepMudeckoit 00paboTku. ['a30HACKIIEHNE U €T0 BIUSHAE HA CTPYKTYPY H
CBOICTBA CIUIaBOB. MeTo 1l OOpbOBI ¢ MOBOAKAMH M KOPOOJIEHUEM.

8. Ynpyras u miacruyeckas nepopmauus. Pazpymenne.

Juarpammsel 1ehOpMHUpPOBAaHUS MOHO- U TOJUKPUCTAIIOB, MHOTO(a3HbIX CILJIaBOB.
Mexanu3mbl ynpyrot u miactudeckoil aepopmanuu. [ledopmanoHHOE YNpPOYHEHHE,
BIIMSIHUE HA HEro TeMIlepaTypbl M cKopocTu aedopmaruu. Teopus mpenena TEKydecTH.
O¢ddexr baymmnrepa. YnpouHeHwe mpu oOpa3oBaHUM TBEPIBIX PACTBOPOB M MPHU
BbIIJIEHUU U30BITOUYHBIX (a3 (KOTepeHTHBIX U HEKOTEPEHTHBIX ).

Binssaue pasmepa 3epHa Ha MEXaHHYECKHME CBOMCTBA. (CBEpXIUIACTUYHOCTD.
Heynpyrocts.

Xpynkoe u Bs3koe paspymieHne. CxeMsl 3apoKIeHHs TpemuH. PacnpocTtpaHeHue
TPEUIMH NpH XPYNKOM M Bs3KOM paspywmeHud. Ilpuponma xmamHonomkoctu. Ilopor
XJIATHOIOMKOCTH. CTpoeHue n3JI0MOB.

[Ton3zyuects. MexaHu3Mbl M CTaAMM IOJN3y4ecTH. Penakcanus HampsyKeHHM.
KparkoBpemeHHas U JuMTeNbHAs MPOYHOCTh. BiusiHME cocTaBa U CTPYKTYpHI CIUIABOB HA
MIOJI3y4ECTb.



YcranocTtHas nmpoYHOCTh. Juarpammsl ycranoctu. Mexanusm ycramoctu. PakTopsl,
BIIMSIIOIIME HA YCTAJIOCTHYIO NMPO4YHOCTh. KoHTakTHasA ycranocTs. M3HOC.

9. MeToanb! Ucc/ieJ0BAHUSI H KOHTPOJISAA CTPYKTYPbI H CBOWCTB MeTAJJI0B.

Metonbl  M3y4eHHMs] MHUKpPOCTPYKTypbl. CBeToBas  MHKpockonusi. MeTonabl
KOJIMYECTBEHHOM  MeTaiiorpaguu. OJEKTPOHHAs  MHUKPOCKOMHMS  (METOJ  peIuIHK,
IU(PPAKIUOHHAST MUKPOCKOMNHS (DONBI, CKAaHUPYIOIIAas MUKPOCKONHUS, MUKpPOAU]paKIIHs).
PeHTreHOCTpYKTYpHBIA U AJIEKTpOoHOrpapuueckoil aHain3. MUKpOPEHTI€HOCTIEKTPaIbHbBIN
aHanu3. JIokanbHbIN aHaIM3 COCTaBa 110 3JIEKTPOHHBIM CIIEKTPaM.

Metonbsl u3MepeHus: GU3NYECKUX CBOWCTB (TEPMUYECKUN aHAIU3, KaJOpUMETpHUs,
IUIIaTOMETPUS, U3MEpPEHHE IUJIOTHOCTH, PE3UCTOMETPHUS, MArHUTHBIM aHanu3 u JAp.).
MeTtoibl onpeiesieHus] KOpPO3UOHHBIX CBOMCTB.

Mexanuueckue CBOMCTBA METaUIOB M CIUIAaBOB. MeTonbl HUX HU3MEpEeHHs.
Cratuyeckue W JUMHAMHUYECKHE HCHbITaHUS. VchbITaHus Ha TOJ3Yy4eCTb, JUIMTEIbHYIO
MPOYHOCTD U PENIaKCalNI0 HAPSHKEHUN. Y CTaIOCTHBIE UCTIBITAHUS.

10. IIpoMbIlLIEeHHBIE CIIABBI (OCHOBBI JIETHPOBAHUA U TEPMUYECKOH
00pabdoTKH, CBOICTBA, 00J1ACTH IPUMEHEHMST).

Cramu. Knaccudukanus craau mo CTpyKType, COCTaBy, Ha3HaueHUIo. UyryHbl U uX
kiaccupukanus. MoauuimpoBanrue 4YyryHoB.

AJIOMMHUH U €ro CIUIaBbl. TUTaH M ero ciuiaBbl. Menp U ee ciuiaBbl. Hukenb 1 ero
cruiaBbl. Maruuii u ero cruiaBsl. CrijlaBbl HA OCHOBE TYTOIJIABKHX METaJIOB.

CrmnaBel ¢ 0cOObIMH  (DM3MUECKMMH  CBOMCTBAMH: BBICOKUM U HHU3KUM
AJIEKTPOCONPOTUBIICHUEM, MAarHUTHO-TBEPAbIE U MArHUTHO-MSTKUE CTald M CIUIaBBI,
CIUIaBbl C OCOOBIMU YNPYTMMHU U TEIUIOBBIMH CBOWCTBaMH. CBEPXIPOBOISIINE CILIABBI.
Cnnasel ¢ 3 dexTom 3aioMUHAHUS (POPMBI U CBEPXYIIPYTOCTH.
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