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BBenenue

B ocHOBY HacTos1IeH MTPOTPaMMBbI MOJOKEHBI CIICAYIOMNE TUCHUTUIHHBL: (U3MKA U
XUMHSL MaTepuaioB (pasfesl MeTaNIMYecKue MaTepuaibl), Kpucrauiorpadus u
ne(eKThl KPUCTAIUIMYECKOTO CTPOCHHUS, TEOPUS W TEXHOJOTHUS TEPMUUYECKOU
00paboTKH, TEOPHS TE€TEPOTEHHBIX Cpell, MOACIIUPOBAHUE MATEPUAJIOB, (PU3UUYECKUE
METOJbI HCCIIENOBAHUS, MEXaHUYECKUE CBOMCTBA METAJIJIOB.

1. CTpoeHue MeTAJJIOB M CILIABOB

OCHOBHBIE THUIIBI CBSI3W aTOMOB B TBEPAbIX Teiax. MeTalauyeckas CBA3b.
DneKTpoHHOE CTpoeHue U (pusnyeckue cBoiictBa MeTaiioB. [loBepxHocTh Depmu
Y 30HbI bpuiosHa.

TBepabie pacTBOpPBHI 3aMEIEHHUs, BHEAPEHUS M BBIYUTAHHS. YTOPSAIOUYCHHBIC
TBEpJbIE PACTBOPBI. DJIEKTPOHHBIE coeauHeHus, (a3bl JlaBeca, o-da3pl (curma-
da3bl), Ppa3sl BHeaApeHus. OTKIOHEHHUs OT 3akoHa Berapna.

[IpaBuno ¢a3. JluarpaMMbl COCTOSIHMSI JIBOMHBIX U TPOWHBIX CHUCTEM C
HENPEPBIBHBIM PSAIOM TBEPJBIX PACTBOPOB, C ABTEKTUYECKUMHU, IEPUTEKTUIECKUMHU
M MOHOTEKTHYECKMMH DPABHOBECHUSIMH, C KOHIPYSHTHO UM HHKOHIPYSHTHO
IUIABSALIUMUCA TPOMEKYTOUHBIMU (pazaMu, C MOAUMOP(HU3MOM KOMIIOHEHTOB.
TepMoanHaMHUUECKU aHAIN3 JUarpaMM cOCTOSAHUS. OTKJIOHEHUS! OT PaBHOBECHS
MPY KPUCTAJIM3ALMY CIIJIABOB B CUCTEMAaX Pa3HOIro THUIIA.

2. Kpucraniudeckoe ctpoeHue u ero aedexrnl

OCHOBHBIE€ THUIIBI KPUCTALTMYECKUX PELIETOK. DJIeMEHTapHble sueilku. MHIeKCh
HaIIPaBJICHUI U TUIOCKOCTEN B KPUCTAJUIMUECKOM peleTke. AHU30TPOIHS CBOMCTB
KPUCTAJLJIOB.

Tunel AepeKTOB KPUCTAINIMYECKOTO CTpoeHus. Todyeunsle nedexTsl. Jucmokanuu.
Hedextsl ynakoBku. Bekrop broprepca. [ImotHoCTh nucnokaruii. CKoJbKeHUE U
Nepernoia3anue JUCIOKalni. 3apoXKIeHUE U Pa3MHOKEHUE NUCIIOKAIUN, HCTOUHUK
®panka — Puma. Cuma Ilaitepnca — Habappo. B3aumopelictBue amciokaiui
MeXIy co00ii u ¢ mpuMecHbIMU aToMamu. Atmocdepsl Kotpenna, Cayka, Cy3yku.
JIMCIOKAalIMOHHBIE CETKW W MAJIOYTJIOBBIE TPAHUIbl. BBICOKOYTJOBBIE TPAaHMIIBI.
Murpanuss rpaHull M 3€pPHOTPAHUYHOE  MPOCKAJIb3bIBaHWE. JIBOWHMKH.
Kpucramnorpadus u mexanusm aeGopMaiioHHOTO JBOMHUKOBAHUS.

3. ®a3oBble U CTPYKTYPHbIE NpPeBpalleHNsi B META/UIaX 1 CIJIABAX B TBEPAOM
COCTOSTHUM

Mexanu3mbl Murpanuu  atoMoB. 3akoHbl @Duka. Koadpduument muddyszun.
CTpyKTypHOUYBCTBUTEIbHBIE Mpouecchl auddysun. Auddy3us Bo BHEMIHHX
CHJIOBBIX MOJISIX.



Knaccudukanus pa3oBbix U CTPYKTYpHBIX NpeBpaleHnid. @a3oBble NpeBpalleHus
I u Il pona. 'OMOreHHBII U reTEPOreHHbI MEXaHU3MBbI 3apoxacHus. CTpoeHue u
MEXaHU3M JIBIKEHUS MTOBEepXHOCTEeH pazaena (a3. Casurosoe (6e3audpy3rnonnoe)
u  HopMmanmbHOE (nud@y3noHHOE) mpeBpamieHus. TepMOIUHAMUYECKHH U
KpUcCTaJIorpauueckuii  aHaau3 CABUTOBOTO (MapTEHCHUTHOTO) TPEBpAIICHHUS.
MexaHu3M U KHHETUKA CABUTOBBIX M HOPMAJBHBIX MPEBPAIICHUNA. JBTEKTOUTHOE
npeBpanieHre. MexaHu3M U KMHETHUKA 3BTEKTOUIHOTO MpeBpalieHus. JlnarpaMmol
(a30BBIX MpeBpaleHuii (TEPMOKHHETHYECKHE, H30TEPMHICCKUE H JIP.).

YnopsimoueHue TBepaoro pactopa. JlanbHuit u OMmkHUN Topsiiok. M3meHenue
CBOMCTB CIUIaBOB Ipu ynopsimodeHud. OOpa3oBaHuEe W pacraj] MeTacTaOMIbHBIX
¢da3. Pacmam mnepechlllieHHOro TBepAoro pactBopa. CHUHOMATBHBIA pacma.
TepmoauHaMuka 00pa3oBaHUSl MPOMEXYTOUHBIX (Pa3. CTpPyKTypHbIE HW3MEHEHUS
npu crapeHuu (kiactepbl, 30HbI I'mHbe — IlpecToHa, NPOMEKYTOUHBIE
MeTacTaduibHble (a3bl, MOIYJIUPOBAHHBIE CTPYKTYphl). KorepeHTHble, YaCTUYHO
KOTE€PEHTHBIE U HEKOTEPEHTHBIE BbIAENeHUA. POpMBI BbleneHn. HenpepbiBHbIN 1
IIPEPBIBUCTHIN pacnaj.

4. MeTasryprudeckue npouecchbl nogydeHus nosy¢adpnkaToB u u3aeni

Buapl TEXHONOTHHM JIMTEMHOTO MpOou3BOACTBA. CTPyKTypa M CBOMCTBA KUAKHAX
METAJUIOB. | OMOr€HHOE M TETEPOreHHOE 3apOXKACHUE KPUCTALIOB, KPUTHYECKUN
pasmep 3apozapima. KOHIEHTPAIMOHHOE NEPEOXJIAXIAEHUE. OBTEKTHYECKas
KpUCTaJUM3alus. BilMsHHE CKOPOCTH KPUCTAUIM3ALMU HA CTPOCHUE CIUIABOB.
CrpoeHre METaUIMUECKOro CIuTKa. MoauduiupoBaHue CTPYKTYPbl JIMTHIX
crutaBoB.  OOpazoBanue  MerTacTaOWibHBIX (a3 T[pu  KpUCTAUIM3AIUU.
besnuddy3nonnas kpucrammmzanus. Metamumdaeckre cTekina. MeTo bl moJydeHus
MOHOKPHUCTAJJIOB U3 paciuiaBa. MeTtayutyprust rpasy.l.

CnocoObl 00pabOTKM METaUIOB JlaBlieHMEM. BiMsHue TemMmeparypbl, CXEMbl H
cTerneHu nedopManyd Ha COMPOTHBICHHE AedopMallnu, CTPYKTypy U CBOMCTBa
METAJUIOB U CILIaBOB.

Buasbl cBapku MeTaiioB U criiaBoB. CTPYKTypa U CBOMCTBA CBAPHBIX COECTMHEHMUIA.
5. Tepmuueckasi 06padoTka
Knaccudukanys BumIoB TepMudeckoit 00paboTKH.

['omoreHu3aMOHHBIN OTXKUT. VI3MEHEHue CTPYKTypbl U CBOWCTB CIUJIABOB IIPU
TOMOT'€HU3ALMOHHOM OTXKUTE.

JIOpeKpUCTaTIN3ALMOHHBIA W PEKPUCTAJUIM3ALMOHHBIA ~ OTXUT.  OTIBIX.
[Tomuronnszauus. IlepBuuHas, coOuparenbHass U BTOPUYHAS PEKPUCTAILIU3AIU.
MexaHu3mM M KHHETHKA OTAbIXa, BUAbl MOJMIOHU3ALMUA W PEKPUCTAIIIM3ALNH,
BIUSHAC HAa HUX TMPEIIISCTBYIONICH TUIaCTUYECKON aedopMaiu, MpUMECceH,



TEMIEPATYPbl U NPOAOCHKUTEIBHOCTU OTKuUra. [lapameTpbl NOJUTOHU30BaHHOW U
PEKpHUCTAUIM30BaHHON  CTpykTyp. KpuTuueckas  cremenp  aedopmammu.
JlnarpamMMbl  peKpUCTAUIM3ALMU. 3aKOHOMEPHOCTH M MpPUPOJAa HU3MEHEHUs
MEXaHUYECKUX U (PU3UUYECKUX CBOMCTB MPU OTKUTE MOCIIE XOJIOAHOH NeopMalinu.
Texctypa  nmedopmainuu,  TEpBUYHOM,  cOOUpaTeIbHOW UM BTOPUYHOM
peKpHUCTaUIM3AlMM, MEXaHu3M ee oOpa3oBaHHs. AHM30TPONHUS CBOWCTB
TEKCTYPOBAaHHBIX METAJJIOB.

OTxur A YMCHBIICHHUA OCTATOYHBIX HaHpﬂ}KGHI/Iﬁ. MexaHu3M CHWDKCHUS
OCTaTOYHBIX H&Hpﬂ)KCHI/Iﬁ IIPpU HAaIrpCBaHHMU.

da3zoBble npeBpanieHus npu Harpese. CTpyKTypHast HACIE€ACTBEHHOCTb.

3akanka 6e3 nmonuMopdHOro npepaiieHus. MismMmeHenrne CTpyKTyphl U CBOMCTB MPHU
3aKaJKe.

3akanka ¢ MHOJUMOP(HBIM MpeBpalieHueM. MHKPOCTpYKTypa U CyOCTpyKTypa
MapTeHCUTa. Y TPOUYHEHUE U U3MEHEHUE ITACTUYHOCTH IIPH 3aKaIKe HA MAPTEHCHT.
Kputnueckas cKOpoCTh OXJaXKI€HUA MPU 3aKaJIKE, MPOKATMBAEMOCTb.

beitnutHOe nipeBpaiienne. Ctpoenue oeitHuTa. M3oTrepMuyeckas 3akainka.

Crapenue. llpupona ymnpouHeHUs TpU CTapeHUU. BriusHue TemmepaTypsl H
POJOJKUTEILHOCTH CTapEeHUsT Ha MEXaHWYeCKue U (PU3MYECKHe CBOMCTBA
cruiaBoB. [lepectapuBanue, cTyneHYaroe cTapeHue. BnusiHue Ttemmeparypbl
HarpeBa IO 3aKajKy M CKOPOCTH OXJIaXJCHHsS Ha (OPMHUPOBAHUE CTPYKTYPhI U
CBOMCTB CIUIABOB IPH CTAPEHUMU.

OTtnyck. M3MeHeHne MHUKpPOCTPYKTYphI, CYOCTpYKTypbl U (pa30BOT0 cOCTaBa IpH
ormycke. OOpaTumasi 1 HeoOpaTUMasi OTIYCKHasi XpyIKOCTb.

6. Tepmomexanuueckasi 00padoTka. XuMHUKO-TepMHUYecKas 00padoTka

Tepmomexannueckass oOpaboTka. CTPyKTypHBIE M3MEHEHHSI TPU TUIACTUYECKOMN
nedhopmarum. JuHamudeckas MOJIMTOHU3AITUS u JTUHAMAYECKAsI
pekpucTtamumzanus. Bo3Bpar u pekpucTamzaiys nocie ropsueit regopmanuu.

BricokoTemneparypHasi 1 HU3KOTEMIIepaTypHas TepMOMeEXaHu4yeckas 00paboTka.
Tepmomexannyeckast 00pabOTKa AUCIIEPCUOHHO-TBEPACIOIINX CILJIABOB.

XUMHKO-TEepMUYECKast 00paboTKa. DJIeMEHTapHbIE TMPOIECChl TPH XHUMHUKO-
TepMudeckoil 00pabotke. Ctpykrypa aud@y3HOHHBIX CJIOEB U €€ CBS3h C
IUarpaMMOM COCTOSTHUS.

A3oTHUpOBaHUE, IEeMEHTAIUsl, HUTPOILIEMEHTAIMsI, AJIUTUPOBAHUE, XPOMUPOBAHUE,
OoopupoBanue, CyabhuIupoBaHue, CUINIMpoBaHue. TepMoBo1opoaHas oOpaboTKa.



7. TexHosorusi TepMuyecKoii 00padoTKU

CoBpemeHHOE O00OpyIOBaHHE JJISi 3aKalKW, OTXKUTA, OTIYCKa, XHMHKO-
TEPMUYECKOMN U IPYTUX BUIAOB TEPMUUYECKONH 0OPAOOTKU CTaJIEH U CILIaBOB.

ArperaTbl HETPEPHIBHOTO OTXKUTA W 3aKaJIKW. ABTOMATH3aIUs TOJHOTO IHKIIA
TEPMUUYECKON 00pabOTKHU.

Crioco0bl JOCTUKEHHS BHICOKMX CKOPOCTEH HarpeBa W OXJXKIACHHS U3ACIUN Mpu
TepMHUECKON 00paboTke. BHyTpeHHUe HampsokeHus U aedopMalivs U3Ienuid mpu
TepMUUecKkoil 00paboTke. HarpeB mnpu TepmMuueckol 00paOOTKe H3ACIUA B
3allUTHBIX CpefiaX U BaKyyMe.

HedexTsl Tepmudeckoit 00padboTku. ['a30HaCkIIIEHNE U €r0 BIUSAHUE Ha CTPYKTYPY
Y CBOMCTBA CIUIaBOB. MeTo bl OOpPHOBI C MOBOAKAMHU U KOPOOJIECHUEM.

8. Ynpyras u niacrudeckas fepopmanus. Pazpymenue

JuarpamMmbl 1ehOpMUPOBAHUSI MOHO- U MOJUKPUCTAIIIOB, MHOTO()A3HBIX CILJIABOB.
Mexanu3mbl  ynpyrod u miactuueckoil  aedopmanuu.  JledopmanmonHoe
YOPOYHEHUE, BIMSHUE HAa HEro TeMIepaTypbl U CKOpocTU Aedopmauuu. Teopus
npegena Tekydectd. Oddext baymmnrepa. YmpouHeHue npu oOpa3oBaHUU
TBEPJIBIX PACTBOPOB U MPHU BBIJEICHUU H30BITOUHBIX (a3 (KOTEPEHTHBIX U
HEKOT'€PEHTHBIX).

Binusitnue pa3Mepa 3epHa Ha MeEXaHMYECKHWe CBOWMCTBA. (CBEpPXILIACTUYHOCTb.
Heynpyrocrts.

Xpynkoe u Bsi3zkoe paspyuieHue. Cxembl 3apoxIAeHUs TpeluH. PacrpocTpanenue
TPEIIMH IPU XPYIIKOM U BSI3KOM pazpyuieHuu. [Ipupona xmagnonomkoctu. [Topor
XJIaZHOJIOMKOCTU. CTpOEHUE U3I0MOB.

[Tom3yuects. MexaHu3Mbl W CTAIWM MOJ3y4eCTH. Penakcamus HanpsKEeHUM.
KpaTkoBpeMeHHass W JUTENIbHAs MPOYHOCTh. BiusHME cocTaBa U CTPYKTYPHI
CILJIABOB HA MOJI3y4ECTb.

YcranoctHass NOpoOYHOCTh. JluarpaMmbl — yCTaJOCTH. MexXaHu3M  yCTaJIOCTH.
@DakTOpBI, BIUSIOIIME HA YCTAIOCTHYIO MPOYHOCTh. KOHTakTHAs ycTanocTs. M3HOC.

9. MeToabl ucc/ieJ0BAHUSL M1 KOHTPOJISI CTPYKTYPhI M CBOICTB METAJLIIOB

MeTtonbl M3yueHUS MHUKPOCTPYKTYypbl. (CBeToBas MHUKpocKomusi. MeTroabl
KOJIMYECTBEHHOM MeTayuiorpa@uu. DJIEeKTpOHHAss MUKPOCKOINHUA (METOJ PEIUIHK,
nu(dpakiMOHHAs  MHUKPOCKOIHUS  Pa3HbIX  BUIOB  (OJBIH, CKaHUpYIOIAs
MUKpPOCKOIHUSA, MHUKpoAU(paKiusa). PeHTreHOCTPYKTYpHBIH U 3JIEKTPOHHO-



rpaduyeckoi aHaiau3. MUKpOpPEHTI€HOCTIEKTPalibHbIN aHan3. JIOKaIbHbBIN aHATN3
COCTaBa I10 AIEKTPOHHBIM CIIEKTPaM.

MeTtonbl n3MepeHus: (U3NIECKUX CBOWCTB (TEPMUUYECKUN aHAIM3, KaJOPUMETPHS,
JTWIIaTOMETPUS, U3MEPEHUE INIOTHOCTH, PE3UCTOMETPHSI, MATHUTHBIN aHAIU3 U Ap.).
MeTtonb! onpeneneHys KOppO3UOHHBIX CBOMCTB.

Mexanuyeckue CBOWCTBA METAJUIOB M CIUIABOB. METOJbl HX UW3MEPEHUS.
Cratudeckue ¥ JUHAMHYECKHE WCHbITaHUA. VcnblTaHus Ha TON3y4eCTb,
JUTATEIIbHYI0 IPOYHOCTh U PENAKCALIO HAPSKEHUM. Y CTAIOCTHBIE UCTIIBITAHHUS.

10. IlpoMbIlIIEeHHBIE CILUIAaBbI (OCHOBBI JIETHPOBAHMST M TEePMHYECKOMH
00padoTKH, CBOMCTBA, 00JIACTH PUMEHEHMSI)

Cranu. Kiaccudukanus craneid o CTpyKType, COCTaBy, Ha3HaueHU 0. YyryHbl U X
kjaccupukanusa. MoauduimpoBanue 4yryHoB.

ATIOMUHMHI U €To CIJIaBbl. TUTaH U €0 CILIaBhI. MCI[I: U ee ciuiaBbl. Hukens u ero
cruiaBel. Marumii u ero cranbl. CIIaBbl Ha OCHOBE TYTOIINIABKHUX MCTAJIJIOB.

CmnaBel ¢ 0COOBIMM  (PU3WYECKMMH CBOMCTBAMHU: BBICOKUM U HH3KHM
AIEKTPOCONPOTUBIEHUEM, MAarHUTHO-TBEPAbIE W MAarHUTHO-MSTKHE CTald U
CIUIaBbl, CIUIaBbl C OCOOBIMU YINPYTMMH M  TEIJIOBBIMH  CBOMCTBaMHU.
CeepxmnpoBogsume cmiaBbl. CruiaBel ¢ 3(gexkToM 3anmoMuHaHus (GOpMbI U
CBEPXYIPYTOCTH.
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