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BBeaenmue.

B ocHoBy HacTosIel NporpaMMbl IIOJOXKEHBI CIENYIOIINUE AUCLUIUIAHBL:
¢usruka W XUMHg ~MaTepuasoB  (pa3den  MeTaUIMYecKhe MaTepualbl),
Kpuctauiorpadgus #  Ie(eKTbl KPUCTAUIMYECKOrOo CTPOEHHUs, Teopus U
TEXHOJIOTHsI  TEepPMHUYECKOH  00pabOTKH, TeopHs  TeTepOreHHBIX  Cpen,
MOJICTTUPOBAaHUE MATePUANIOB, (PU3MUECKHUE METOIbI UCCIIEOBaHNUS, MEXaHUIECKUE
cBoiicTBa MertaymnoB. lIporpamMma pa3paboTaHa 3KCHEpTHBIM cOBeTOM Briciieit
aTTECTALlMOHHON KOMHUCCUU MO METAJULyprud U METAJUIOBEICHUIO IPU Y4aCTUU
«MATH» — PoccuicKOro rocyIapCTBEHHOIO TEXHOJOTMYECKOrO0 YHHBEPCHUTETa

uM. K.D. I{uoakoBckoro.

1. CTpOCHI/Ie METaJJIOB H CIIJIaBOB.

OcCHOBHBIE THIIBI CBSI3M aTOMOB B TBEPIbIX Teiax. MeTaminyeckas CBSI3b.
DJeKTpOHHOE CTpOeHHE U (pu3ndeckue cBoiicTBa MeTaiioB. [loBepxHoCcTh Depmu
¥ 30HBI bprimosHa.

TBepaple  pacTBOpbl  3aMEIEHUs, BHEIPEHUS W BBIUATAHUI.
VYnopsimoueHHbIe TBepble pacTBOPHI. DIEKTPOHHBIE coenuHeHus, (as3bl JlaBeca,
o-(dassl, ¢azpl BHeaApeHUs. OTKIIOHEHU OT 3aKkoHa Berapaa.

[IpaBuno ¢a3. Jluarpammbl COCTOSIHHSI JBOMHBIX W TPOWHBIX CHUCTEM C
HENPEPBIBHBIM  PSIIOM TBEPIABIX  PacTBOPOB, C  DBTEKTHUYECKHMH,
NEPUTEKTUYECKAMH W MOHOTEKTHYECKMMHU DPAaBHOBECUSMH, C KOHIPY3HTHO U
WHKOHTPYSHTHO IUIABSIIIIUMUCA MPOMEXKYTOUHBIMH (Da3amu, ¢ MOIUMOPPU3IMOM
KOMITOHEHTOB. TepMOIMHAMHAYECKUI aHAIW3 JUarpaMm COCTOSHMS. OTKIOHEHUS

OT paBHOBECHA MMPHU KPUCTAJUIM3ALWHA CILIABOB B CUCTEMAX pPa3HOro TUIIA.
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2. Kpucraninuyeckoe cTpoeHue u ero aegexrbl.

OCHOBHBIE THUIBl KPHUCTANIMYECKUX PEIIETOK. DJIEeMEHTapHblE SYEUKU.
Nupekcel HanmpaBlieHMH W IUIOCKOCTEH B KPHUCTAJUIMYECKOM  peIleTKe.
AHHM30TPONHS CBOMCTB KPUCTAJIIOB.

Tunel nepexkToB KpHUCTAIIMYECKOro cTpoeHus. ToueuHble e(eKTHI.
Hucnoxaruu. [edextsl ynakoBku. Bektop broprepca. [InotHocTs mucnokanui.
CkonbXeHHEe W Tepemnoyi3aHrue OUCIOKalWid. 3apoXKJIeHHe H pPa3MHOKEHHE
JUACIIOKAIINAM, VUCTOYHHUK O®panka-Pupa. Cuna [Taitepnca-Habappo.
B3anMozeiicTBue auciokamuii Mexmay co0oi W ¢ TPUMECHBIMHA aTOMaMHu.
AtMmochepsl Kotpenna, Cuyka, Cy3yku. [lucinokaliioHHbIe CETKH U MaJIOyTJIOBbIE
rpaHulbl. BpICOKOyrnoBble rpaHunbl. Murpanus rpaHul] U 3€pHOIPAHUYHOE
IIPOCKaJIb3bIBAHUE. JIBOMHHUKWU. Kpucrannorpadus 151 MEXaHHA3M

nehopMalOHHOTO TBOMHUKOBAHUS.

3. ®a3oBble U CTPYKTYPHbIE NpeBpallleHds B MeTaJJIaxX U CIIaBaXx B

TBEPAOM COCTOSIHHH.

MexaHu3Mbl MATpaliii aToMoB. 3akoHbl @uka. Koaddunuent quddysun.
CTpyKTypHO 4yBCTBUTENbHbIE Mpouecchl AU(GQy3un. uddys3us Bo BHEMIHUX
CUJIOBBIX MOJISX.

Knaccudpukanus ¢a3oBeIXx U CTPYKTYpHBIX TmpeBpaiieHuii. @a3oBbie
npeBpamienuss [ w Il poma. ['OMOreHHBII W TIe€TEPOreHHBIM MEXAHWU3MBbI
3apoxkaeHus. CTpoeHHe W MeXaHW3M [BWKEHHUs IOBEepXHOCTel pasznena das.
Cnpurosoe (6e3muddy3nonHoe) n HopManbHOe (MU Py3MOHHOE) MPEeBpaICHUS.
Tepmomunamuueckuii ¥ Kpuctaiorpaguueckuii  aHaiu3  CIABUTOBOTO
(MapTeHCUTHOTO) TpeBpalleHus. MexaHu3M W KUHETHKa CIBHUIOBBIX W
HOpPMaJIbHBIX MpeBpalleHH. OBTEKTOWJHOE TpeBpaiieHne. MexaHusmMm u
KWHETHKa 3BTEKTOMTHOTO TMpeBpalleHus. JlmarpaMmbpl (a3oBBIX TMpeBpalieHui

(TEpMOKMHETHYECKHE, N30TEPMHUYECKHAE U JIP.).
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Ynopsinodenne TBepAoro pactBopa. JlampHWN W OAWKHUN TTOPSIIOK.
N3meHeHne CBOWCTB CIUTABOB TpH  ymopspodeHuu. (OOpa3oBaHWe W pacmaj
MeTacTabmWibHBIX  (a3. Pacmag  mepechlllieHHOro  TBEpIOTO  pacTBoOpa.
CrnwHOaMpHBIA pacmaa. TepMoauHaMuKa 0O0pa3oBaHMs MPOMEXKYTOUHBIX (has3.
CrpykTypHBlE HW3MEHEHHWS NpPHU CTapeHuW (KiacTepsl, 30HBI | HnHBE-lIpecToHa,
IPOMEKYyTOUHble ~ MeTacTabuibHble (Da3bl, MOIYJIHUPOBAHHBIE CTPYKTYpBI).
KorepeHTHbIe, YaCTUYHO KOT€PEHTHbICE M HEKOIE€pPEHTHbIC BbIeIeHUSA. DOopMbI

BbLJIeJIeHU . HerpepbIBHBINA U ITPEPBIBUCTBIN pacmal.

4. MeTa/utyprudeckue npouecchbl nojgy4eHus noaypadpukaToB u

H3eJIHi.

Bunpel texHonmorum nureiiHOro mnpousBoacTBa. CTpyKTypa MU CBOMCTBa
KUIKUX MeTauloB. ['OMOreHHOoe U TreTeporeHHOe 3apoXKAeHUE KPHCTaJIIOB,
KPUTHUECKUd  pa3mep 3apojpima. KoOHIEHTpalMOHHOE MepeoxXia)kaeHue.
DOBTeKTHUeCKas KpHUCTauIh3alus. BiusHMe CKOpPOCTH KpUCTAUIM3alMU Ha
cTpoeHue cmiaBoB. CTpoeHHE MeTaUIMYecKoro ciautka. MoaudunupoBaHue
CTPYKTYphl JUTBIX cmiaBoB. (OOpa3oBaHuMe MeTacTaOWIBHBIX (a3 Ipu
Kkpuctamu3auu. be3nuddysnonnas kpuctamuuzanus. MeTaqindeckue CTeKa.
Metoab! nomy4eHus: MOHOKPUCTAJIOB U3 paciuiaBa. MeTtantyprus rpatyl.

Crroco0s! 00pabOTKK METAJIOB AaBlieHuEeM. BiusiHIe TeMIiepaTypbl, CXeMBI
U cTerneHu JaedopMalyy Ha COMPOTUBIECHUE NehopMalii, CTPYKTYPY U CBOMCTBa
METaJlJIOB U CIIJIaBOB.

Bunpel cBapku MetamuioB U ciuiaBoB. CTpyKTypa U CBOMCTBa CBapHBIX

COeIUHEHUM.

S. Tepmuueckasi oopadoTKka.

Knaccudukanus BU0B TepMudeckoil o00padoTKH.
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['oMoreHn3aMOHHBIA OTXKUT. M3MEHeHHe CTPYKTYpbl MU CBOWCTB CIUIABOB IpPHU
TrOMOI'€HU3aLHOHHOM OTXUTE.

JlopekpHUCTaUIU3allMOHHBI U PeKpPUCTAIUIM3AlIMOHHBIM OTXXUrU. OTHBIX.
[Honuronusauus. IlepBuyHasi, coOuparensHass U BTOPUYHAS PEKPUCTAILTU3ALIUS.
MexaHHU3M U KAHETHKA OT[bIXA, MOJUTOHU3ALNN U PEKPUCTAIUIA3ALNY, BIUSHUE
Ha HUX [peALIecTBYIOIEeN IIacTuIeckol nedopmaniy, npuMecei, TeMIeparypbl
U TOPOJOJDKUTEIBHOCTH  oTxura. [lapameTpbl  NOJWTOHM30BAaHHONM U
PEeKpUCTAJUIM30BaHHON  CTpyKTyp. Kpurtudeckas cremeHp — aeopMariuu.
JluarpaMMbl  peKpUCTaUIM3alMU. 3aKOHOMEPHOCTH MW MPUPOa H3MEHEHUs
MEXaHUYECKUX U (PU3NYECKUX CBOMCTB TMpPH OTKWATE IIOCIe XOJOAHOH
nepopmarun. Tekctypa gedopMaiuy, MepBUYHON, COOMpPATEIbHON U BTOPUIHOMN
peKpUCTAJUIM3AIMHM, MEXaHW3M ee oOoOpa3oBaHHs. AHHU30TPONUS CBOWCTB
TEKCTYypOBaHHBIX METAJIOB.

OTXUT A7 YMEHBILIECHUSI OCTaTOYHBIX HalpsDKeHUH. MeXaHu3M CHUKEeHHUS
OCTATOYHBIX HANPSHKEHUH MpU HarpeBaHUU.

dazoBble npeBpalleHus npu HarpeBe. CTPYKTypHasi HacleACTBEHHOCTb.

3akanka 0e3 momuMOp(HOro mpeBpalleHus. V3MeHeHue CTPYKTYpsl U
CBOIMCTB IIpH 3aKajKe.

3akanka ¢ TOOIMMOpPGHBIM  IpeBpalieHueM. MHUKpPOCTpyKTypa U
CyOCTpyKTypa MapTeHCUTa. YINPOYHEHHE W HW3MEHEHHE IUIACTUYHOCTH TMpHU
3aKaJlke Ha MapTeHCUT. KpuTudeckass CKOPOCTh OXJIQXACHHS IpPU 3aKalke,
IPOKAJINBAEMOCTb.

beiitnutHoe npeBpaienue. Ctpoenue OeitnuTa. M3oTepMuueckas 3akaika.

Crapenue. [Ipupona ynpounenus npu ctapeHud. BiusHue teMiepaTypsl U
NPOAOKUTEIIFHOCTH CTapeHUs] Ha MEXaHM4YeCKhe M (U3MYecKhe CBOHCTBa
cruiaBoB. llepecrapuBaHue, cTyleH4YaToe CTapeHUe. BiusHHe TeMIeparypbl
HarpeBa IOJ 3aKaJKy U CKOPOCTH OXJaXIeHUs Ha (popMHpOBaHUE CTPYKTYpPbl U
CBOMCTB CIUIABOB IIPU CTAPECHUMU.

Otnyck. U3MeHeHne MUKPOCTPYKTYpPBI, CYyOCTPYKTYpHI U (pa30BOTO cocTaBa

npu otiycke. Obpatumasi 1 HeobpaTUMas OTITyCKHAs! XPYIKOCTb.
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6. TepmomexaHuveckasi 00padoTka. XUMHKO-TepMHYecKasi 00padoTka.

Tepmomexanuyeckass  obpaboTka. CTpyKTypHble  WU3MEHEHHUs  IpH
TutacTidecko nedopmanyu. JIMHaMuveckasi MOJIMTOHU3AIMS W IWHAMHYECKAs
pekpuctami3anys. Bo3Bpar u pekpucTaIu3aims mocie ropsaeii gepopManim.

BricokoTemmiepatypHass ¥ HH3KOTEMIIepaTypHas TepMOMeXaHHuecKast
oOpabotka. Tepmomexanuwdeckas o0o0pabOTKa  AMCTIEPCHOHHO-TBEPICIOMINX
CILIABOB.

XUMUKO-TepMUYecKas 00padoTKa. DIeMeHTapHBIE MPOLECCH MPU XUMHKO-
TepMuueckoil obpaborke. CtpykTypa Iud(y3uOHHBIX CIOEB M €€ CBSI3b C
IMarpaMMOM COCTOSTHUSL.

A3oTHpOBaHME,  IEMEHTAlWs,  HHUTPOLEMEHTAIMs,  aJUTHPOBAaHUE,
XpOMHUpPOBaHUE, OopupoBaHue, cynbhUANpPOBaHHE, CHJIMIIMPOBAHUE.

TepmoBogopoaHas 06paboTka.

7. TexHoJIOTHSI TEPMUYECKOH 00pPaOOTKH.

CoBpeMeHHOe O0OpyJOBaHUE MAJIA 3aKalKHh, OT)KHUIa, OTIyCKa, XHUMHUKO-
TEPMHUUYECKOMN B JPYTUX BUIOB TEPMHUECKON 00paOOTKH CcTajeil U CIIIaBOB.

ArperaTbl HENPEPHIBHOTO OTXKWTA U 3aKalKd. ABTOMATH3alMs IOJHOTO
[IUKJIa TepMHYEeCKOl 00paboTKH.

CriocoObl  TOCTHKEHHUSI BBICOKMX CKOpPOCTEW HarpeBa M OXJIaKICHHS
U3JeNUN TIpy TepMuUecKkoil 00paboTke. BHyTpeHHue HampspkeHus U aedopMarus
U3JIeNIUid IIpu TepMudyeckor obpaboTke. HarpeB mnpu TepMmuueckodi oOpaboTke
U3IENNI B 3alIUTHBIX CpefaxX U BaKyyMe.

JledexTsl TepMmuueckoii 00paboTKH. ['a30HACHIIIEHWe W ero BIUSHHUC Ha

CTPYKTYpY U CBOMCTBa CIIIaBOB. MeTo bl 00pBOBI ¢ TOBOJIKAMHU M KOPOOJICHHUEM.
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8. Ynpyras u nnacruyeckas nepopmauus. Pazpyumenne.

Juarpammsl 1e(OpMHPOBAaHUS MOHO- U MOJHKPHUCTAUIOB, MHOTO(a3HBIX
cruiaBoB. MexaHu3Mbl yIpyroi u miiactudeckoi nedopmanuu. edopmanmonnoe
yIpOYHEHHE, BIUSHUE HAa HEro TeMIlepaTypbl U CKOpocTH nedopmanuu. Teopus
npenena TekydecTH. O¢dexkt baymuHrepa. YmpodHeHwe npu o00Opa30BaHUU
TBEPJAbIX PAcTBOPOB W NPHU BBIACICHUM H30BITOUYHBIX (a3 (KOTEPeHTHBIX U
HEKOT€pPEeHTHBIX).

Buusinue pa3Mepa 3epHa Ha MeXaHW4yeckue cBorcTBa. CBEPXIUIACTUYHOCTb.
Heynpyrocts.

Xpynkoe W BsA3Koe paspywmieHue. (CXeMbl 3apOXKACHHUS TpPEIlIUH.
PacnpocTpaHeHre TpelmMH NpU XPyNKOM M BS3KOM paspylieHdd. [Ipupona
xyagHonaoMkocTu. [lopor xnagHonoMkocTi. CTpoeHHe U3TOMOB.

[Tomydects. MexaHU3MBbI U CTauU Noy3ydecTH. Penakcanys HanpsHKeHUH.
KparkoBpeMeHHass ¥ JUIMTeNbHAs NPOYHOCTh. BiMsiHMEe cocTaBa U CTPYKTYPbl
CIUIaBOB Ha MOJ3y4YecTb.

YeranoctHas npodHOCTH. JluarpaMmel yCTanocTH. MexaHn3M yCTaloOCTH.
@dakTophl, BIMUAIOLME Ha YCTAJOCTHYIO NPOYHOCTb. KOHTakTHas yCTaloCTb.

H3Hoc.

9. MeToabl HccJeIOBAHUS W KOHTPOJSA CTPYKTYpbl H CBOMCTB

METaJIJIOB.

Meroasl HW3ydeHUsT MHUKPOCTPYKTypbl. CBeTOoBas MHKpPOCKONHs. MeTonsl
KOJIMYECTBEHHOW MeTajuiorpaduu. DIEKTPOHHAsS MUKPOCKOMUS (METOJ pPEerlIuK,
IUQPaKIMOHHAsS  MHUKpPOCKONHS  (DONBr,  CKAaHUpPYyIOLass  MUKPOCKOIWS,
MUKponu(ppakius). PeHTreHOCTpYKTYpHBIH U 3JIEKTpOHOrpadUyecKoil aHamus.
MukpopeHTreHOCIeKTpanbHblil  aHanu3. JIokanpHBI aHanmu3 cocraBa IO

QJICKTPOHHBIM CIICKTpPaM.
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Metonel  u3MepeHus (UIAYSCKUX CBOMCTB (TEPMHUUECKHMM aHAIuU3,
KUIOPUMETPUS,  JUIATOMETPHUS, HW3MEPEHUE IUIOTHOCTH, PE3UCTOMETPHS,
MarHUTHBIN aHAIIU3 U 1p.). MeTonbl onpeeseHrsl KOppO3UOHHBIX CBOMCTB.

MexaHndeckre CBOWCTBA METAUIOB M CILIABOB. METOIbl MX W3MEPEHUS.
Crarnyeckne © JUHAMUYEeCKHe UCHBITaHus. McnblTaHus Ha ION3Yy4ecTb,

MJIUTCIIbHYIO ITPOYHOCTD U PCIaKCAITUTO H&Hpﬂ}KeHI/Iﬁ. YcTamocTHEIC UCTIBITAHUS.

10. IIpombliIeHHBIE cNJIaBbl (OCHOBBI JIETHPOBAHUA H TEPMHYECKOii

00padoTKH, CBOIicTBAa, 00/1ACTH NPUMEHEHHU).

Cramu. Knaccudukanus crtand 1O CTPYKType, COCTaBy, Ha3HAYEHHIO.
YyryHsl 1 X kiaccudukanys. MoaudumpoBaHue IyTyHOB.

ANIOMUHMM U ero cruiaBel. TWTaH U ero ciiiaBbl. Menb U ee CIUIaBBI.
Hukenb u ero cruaBel. Marauit u ero crutaBbl. CIUlaBbl HA OCHOBE TYTOILUTABKHUX
METaJlJIOB.

CmnaBbel ¢ 0COOBIMH (PU3WYECKUMH CBOMCTBAMHU: BBICOKUM W HHU3KUM
BJEKTPOCONPOTUBICHUEM, MArHUTHO-TBEPAble U MAarHUTHO-MSITKHWE CTajlud U
CIUTaBbl, CIUIaBBI C OCOOBIMM YIOPYTUMHU W  TEIJIOBBIMH  CBOWCTBaMH.
CaepxrmpoBojsiue cmiaBbl. CmnaBel ¢ 3(QdekToM 3anoMuHaHus (QOpMBI U

CBEPXYNPYTOCTH.
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