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1. IEPEYEHD IIVTAHUPYEMBIX PE3YJIBTATOB OBYYEHMUS 110
JUCHUIIIMHE, COOTHECEHHBIX C IINTAHUPYEMBIMU
PE3YJbTATAMM OCBOEHHMSA OBPA3OBATEJBHOM TPOT'PAMMBI

1.1. Ilenpto ocBoeHUS JUCHMIUIMHBI «MarepuanoBeneHue» SBISETCS
MaTepualoBeIYecKass  IMOArOTOBKA  HMH)KEHEpa,  CIHOCOOHOr0  MNPOU3BOJUTH
ONTUMAJIbHBIA BBHIOOP MaTEpHUaIOB U TEXHOJOTHH W3TOTOBJICHUS M YIPOUHSIONIEH
00pabOTKH U3ACTUHN Pa3TINYHOTO HA3HAYCHHUS.

1.2. V3yuenue aucuuiinHbl «MaTepuanoBeaeHne» CIOCOOCTBYET PEIICHUIO
CIIEAYIOIINX 3a/1a4 MPO(HEeCCHOHANIBHON eI TeTbHOCTH:

- 3aKOHOMEPHOCTEH, CBA3BIBAIOIIMX XUMUYECKHUH COCTaB, CTPYKTYpPy H
CBOMCTBa MaTEpPUAJIOB;

- METOJIOB LIEJICHAIIPABICHHOTO W3MEHEHUS UX CBOWCTB;

- XUMHUYECKOTO COCTaBa, CBOMCTB M 00JIacTeld NPHUMEHEHUS OCHOBHBIX
IPOMBIIUIEHHBIX MaTEPUAJIOB, a TAKXKE CIIOCOOOB M PEKUMOB UX YIPOUHEHHUS.

1.3. Ilpouecc wu3ydyeHHs AUCHUIUIMHBI HalpaBieH Ha (opMupoBaHHUE
CHEAYIOIMNX KOMIIETECHIINH:

oowenpogeccuonanvuvie (OIIK)

Koo

Haumenoeanue u (uiu) onucanue KOMnemeHyuu
KOMHemeHyuu

YMEHHUEM IIPUMEHATh COBPEMEHHbBIE METO/IbI JUIs Pa3pabOTKU MalOOTXOIHBIX,
HHEProcOEperarIuX U SKOJOTHIECKH YUCTHIX MAITUHOCTPOUTEIBHBIX
TEXHOJIOTUH, 00ecrieynBaroIyX 0€30MaCHOCTh )KU3HEAEATEIbHOCTH JIIOEH 1
UX 3aIIUTY OT BO3MOYKHBIX IIOCJIEICTBUN aBapuil, KaTacTpo( U CTUXUIHBIX
0eCTBUIA; yMEHUEM MTPUMEHSATH CIIOCOOBI PAIllMOHAIIEHOTO UCIIOIb30BAHUS
CBIPBEBBIX, JHEPIrETUYECKUX U APYTUX BHJIOB PECYPCOB B MATMHOCTPOCHUHN

OIIK-4

npogeccuonanvusie (I1K)

Koo

Haumenoeanue u (unu) onucanue komnemeHyuu
KoMnemeHuyuu

CIIOCOOHOCTBIO MPUHUMATH yYacTHE B pabOTaxX MO COCTABJICHUIO HAYUHBIX
ITK-3 OTYETOB IO BBIIIOJHEHHOMY 3aJJaHHUIO ¥ BO BHEJIPEHUHU PE3YyIbTaTOB
MCCIIEOBAHUH M pa3pabOTOK B 00JIACTH MAITMHOCTPOCHUS

YMCHHEM BBI6I/IpaTB OCHOBHLBIC M BCIIOMOT'aTCIIbHBIC MAaTCpHUaJIbl U CITOCOOBI
peair3aniii  OCHOBHBIX  TCXHOJIOTMYCCKHUX  IMPOLOCCCOB W  NPUMCHATH
MMpOrpeCCUBHBIC MCTOABI IJKCILTYaTallUKM TEXHOJOTHYCCKOI'O O60py,Z[OBaHI/I}I
IIPpH U3TrOTOBJICHUU I/ISI[eJ'II/If/'I MAIIMHOCTPOCHU A

K-17

YMEHHUEM TPHUMEHSITh METOJbl CTaHIAAPTHBIX HCIBITAHUN IO OMpPEaeSICHUIO
I1K-18 (U3UKO-MEXaHMUECKUX  CBOMCTB M TEXHOJOTHMYECKHUX  IOKa3aTemneit
WCTIOJIH3YEMBIX MAaTEPHAIOB M TOTOBBIX M3/IEITHI




1.4. B pe3ynbrare 0CBOCHUS AUCUUIIINHBI O0yUYaOIIUICS TOTKEH

3HaTh: 3aKOHOMEPHOCTH W TMPAKTHYECKHE CIOCOOBI BO3JEHCTBUS Ha
MEXaHUYECKHUE CBOWMCTBA METATMYECKUX CIUIABOB IyTeM HW3MCHEHHS WX
XAMHYECKOTO COCTaBa U CTPYKTYPHI; KIACCU(PUKALINIO, MAPKUPOBKY, MEXaHHUUECKHE
CBOWCTBA, PEXKUMBI YIIPOUHSIONICH TEPMHUECKON 00pabOTKU W 00JaCTH MPUMEHEHUS
CTaJlel - OCHOBHBIX MAaTepUajOB IPOMBINIJICHHOCTH; XapaKTepHbIE OCOOCHHOCTH
CTPOCHHMSI U CBOMCTB MOJMMEPHBIX MaTePHUAIIOB.

YMeTh: M0Ib30BAThCA ONTUYECKUM MHKPOCKOIIOM JJISi U3yYEHUSI CTPYKTYpPHI
MaTepUajoB; MPOU3BOAUTH 3aKaJKy U OTIYCK CTaJlell pa3IUYHbIX MapoOK; U3MEPAThH
TBEPAOCTh [UJISI KOHTPOJS pPE3yNbTaTOB TEePMHUYECKOW 0O0padoTKu; paboTaTh C
y49eOHOH, a TPH HEOOXOJUMOCTH — HAyYHOHW M CIPABOYHOM JUTEPATYpPOU TIO
MaTepUaJOBEICHUIO; BBIOMpATh MaTepuaibl, CIOCOOB U PEXKHUMBI YIPOUHSIOMICH
00pabOTKH 7S U3ACNU Pa3InYHOTO HAa3HAYCHHUS.

Baagerp: o0muyMH HaBbIKaMHU [0 aHAJIW3Yy TpPeOOBaHMM K Marepualy HU
CHIOCOOHOCTH BBIOOpa Marepuajia HU3JAEIMM MAaIIMHOCTPOEHUSI paboTaloluX B
Pa3IMYHBIX YCIOBUSAX KCILTyaTalllu.

2. MECTO YYEBHOM AUCHUIIJIMHBI B CTPYKTYPE
OBPA30OBATEJBHOU ITPOI'PAMMBbI

Jucnuminna «MatepualioBeieHUE» OTHOCUTCS K 0a30Boii yactu 6s0ka b1.

JucuniuinHa «MarepruanoBeleHHe» CBs3aHa C IPEALIECTBYIOIIUMH €M1
JTUACHUIUIMHAMU: « XuMHs», «Dusukay, «Maremartukay, « Teopetnueckass MEXaHUKa.

JlucuuninvHa  SBIAETCA MNPEANIECTBYIOMIEH JJIsi HW3YyYEHUA CJICAYIOIINX
JACHUIUIAH. «TeXHOMOruss KOHCTPYKIHMOHHBIX MaTepuanoBy», «MeTamiopexyue
ctankny, «lIlpormeccel (GopmooOpazoBaHUsT U UHCTPYMEHT», «MeTamuiopexyiime
cTaHkn», «MoOHTaX 000pyaoBaHUs», «TEXHOJOTHYECKHE OCHOBBI OOCCICUSHUS
KayeCTBA U3JICIIUNA B MAITUHOCTPOECHU.

[IpuoOperéHHple  3HaHMSA ~ OyayT  HEMOCPEACTBEHHO  HMCIOJIb30BaHBI
CTYJICHTAMHU TMPH H3YYCHUU TIOCICAYIOMMUX JUCHMUIUIMH, IPOXOXKICHUU
MPOU3BOJCTBEHHON TMPAaKTUKHU, HAMHUCAHUU BBIMYCKHBIX KBaTU(DUKAIIMOHHBIX
paboT.



3. OBPBEM JUCHUIIVIMHBI B BAYETHBIX EJIUHULIAX
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MoayJan 1. CTpoeHnne u cBolicTBa
1 Ay P 108/3 | 4 | 6 | 2 |9 | 1
METAIMNYECKHX CIIIABOB
Tema 1.1. Beenenne. CTpoeHue U CBOMCTBA
5 M BesieHne. CTpPOCHHE U CBOWCTB 12 |05/ 2 9.5
METAILIOB
3. Tewma 1.2. Kpucraymuzamusi METaioB 12 | 0,5 11,5
Tema 1.3. I3meHeHne CTPYKTYpHI U CBOWCTB
4, | MeTajuIoB IPH TUIACTHYECKOU edopmaruu 12 | 0,5 11,5
Y PEKPUCTAIUIN3AINN
Tema 1.4. MeranandecKue CILIaBbI
5. ’ 36 1 2 33
JarpaMMbl COCTOSTHUS
Tema 1.5. Mexannueckue cBOICTBA U
6. | KOHCTPYKIIMOHHAS POYHOCTh METAIIJIOB U 18 |05 17,5
CILUIABOB
7. | Tema 1.6. XKene3oyranepoaucTeie CIIIaBbI 18 1 2 2 | 13
8. | Hroro 1 yacrsp 108/3 | 4 6 2 196 | 1 3ay4
MoayJan 2. TepMuueckoii 00padoTKHn
9. y P P 7212 | 2 2 | 68
cTaau
10. Tema 2.1. Teopust Tepmuueckoit 00paboTkH 18 1 17
cTanu
11 Tema 2.2. TexHOIOTHS TEPMUUECKOM 18 |05 2 |155
00paboOTKU CTaNIN
Tema 2.3. Xumuko-TepmMuueckas oopadboTka
12. | cranu u Ipyrue MEeTOMbI MOTydeHHSI 18 |05 17,5
W3HOCOCTOMKHX IMOKPBITHI
Tema 2.4. BaustHUE JIETHPYIOLTIX
13. | pIeMEHTOB Ha CBOWMCTBA CTallk U Ha 18 18
npouecchl (ha30BbIX MPEBpALIEHUI
Moayap 3. MalIHHOCTPOUTEILHEBIE
14, Ay P 7212 |2 |4 | 2 |64 | 1
MaTepPuAJIbI
15 | Tema 3.1. KOoHCTpYKIITMOHHBIE CTATN 8 0,5 2 |55
Tema 3.2. UHCTpyMeHTAIBHEIE CTAIA U
16. Py 8 |05 75
TBEpbIC CIUIABHI
Tema 3.3. Cranu " cIu1aBel ¢ 0COOBIMU
17. . 8 (05 7,5
(U3HKO-MEXaHHIECKUMHU CBOMCTBAMH
18 | Tema 3.4. TuraH u ero CruIaBbl 6 6
19, Tema 3.5. CruiaBbl Ha OCHOBE AIIFOMUHUA U 3 1 v
MarHus
20 | Tema 3.6. CruraBbl Ha OCHOBE MeIH 8 1 7




21 Tema 3.7. [TogImUITHUKOBEIE CIUIABEL U 6 |05 |2 35
MIPUIION
22. | Tema 3.8. KoMno3uiMOHHBIC MaTEPUAIIBI 6 6
23 | Tema 3.9. IlopomikoBble MaTepualIbI 4 4
24 | Tema 3.10. [TnacTmacchl 6 6
Tema 3.11. OCHOBBI paIMOHATBLHOTO
25. | BeIOOpa MaTepuagoB U METOJIOB 4 4
YIPOUYHEHUS JE€TAJICH MallluH
26 | Uroro 2 yacth 144/4 |4 |4 4 1321 IK3
Beero 252/7|8 |10 |6 |228]2 3au/
IK3

4. COJEPKAHME YUEBHOM JUCHUILIAHBI

MoayJnb 1. CTpoeHHre H cBoiicTBa MeTaJLIHYeCKHUX ciiaBoB (108 yacos)

Tema 1.1. BBegenue. CTtpoenue u cBoiicTBa MeTaJJI0B (12 yacoB)

Conepxkanme u 3amadd Kypca. Ero MecTto B MOJTNOTOBKE HWHXKEHEPOB,
CHEUAIM3UPYIOIIUXCA B 00JacTM  KOHCTPYMPOBAHMS, NPOU3BOJACTBA U
DKCIUTyaTalliM MaIllWH, MPUOOPOB, MEXAHU3MOB U OOOPYJOBaHUS Pa3IUYHOIO
Ha3HadyeHus. Poib MarepralioB B COBpPEMEHHOM TexXHUKE. KpaTkuii MCTOpUYECKHN
OUYEpK Pa3BUTHs MaTEPUATIOBEACHHUSI.

XapakTep MEKAaTOMHOW CBA3W B Mertaimiax. (CBOHCTBA  METAJIOB,
ONpeNeNsieMble  METALIMYECKHM THUIIOM CBsI3M. KpHUCTa/mmmyeckoe CTpOEHHE
METAJJIOB. THUIBI KPUCTAIUIMYECKUX PEHIETOK. AHU30TPONUS CBOWCTB METAJUIOB.
OCHOBHBIE HECOBEPIIEHCTBA KPUCTAIUIMYECKOTO CTPOCHUSI M UX BIUAHUE Ha
cBoiicTBa MeTayioB. [IpouHoCTh uUaeanbHBIX (0e3MePEeKTHBIX) U pealibHbIX
KpUCTaUTNYECKUX Tell. [1yTu MOBBIIEHHS] MPOYHOCTH METAIIJIOB.

Buowt yueonwvix 3anamuii:

Jlexus Beenenne. CTpoeHHE U CBOMCTBA METAJLIOB 0,5 yaca
[IpakTueckoe AHaIN3 AMarpaMMsel IBOMHBIX CILJIABOB 2 gac
3aHATHE

Tema 1.2. Kpucrammm3anus merasiioB (12 yacos)

OCOOEHHOCTH JKHUJIKOTO COCTOSHHUS META/UIOB. DHEPTreTHYECKHE YCIOBUS M
MEXaHU3M TMpoIlecca KPUCTAUIM3AIMU. 3aKOHOMEPHOCTH O0pa3oBaHUsI U POCTa
KPUCTAJUIOB. 3aBUCUMOCTh CKOPOCTH KPHUCTAJIU3AIMUA OT CTETICHU MEPEOXTKICHUS
pacruiaBa. AMopdHbIe MeTaUIbl (METAIMYeCKue CTekia). BiusHue ckopocTu
OXJIQXKJICHUS TPU KPUCTAJUTM3AIMM HA BEIMYMHY 3€pHA B 3aTBEPJEBIIEM MeTalie.
Ponp mpumeceii. CynrHocTs nporecca moauduimpoBanus. CTpoeHUE CIIUTKA.

[IpeBpamiennsi B TBEPAOM COCTOSHUU. AJjutoTporust  (TIOTUMOPPU3M).
[TomumopdHbIE peBpallieHus B Kees3e.

Buowvl yueonwvix 3anamuii:
Jleknus Kpucrannuzanus MmeTamion 0,5
gaca




Tema 1.3. H3meHeHHe CTPYKTYPbl H CBOWCTB MeTA/JIOB IpH
nIacTuveckoi repopMannu U pekpucrainzanuu (12 yacon)

VYopyras u 1ulactudeckas JaedopManuu. J(MCIOKalMOHHBIM MEXaHU3M
IUIACTUYECKON Je(opMalluy METAILIOB.

BnusHue mniactuueckoil gegopmanuu Ha CTpoeHue Mertamia. V3meHeHue
MEXaHUYECKUX U (PU3NYECKUX CBOMCTB MeTajyla B pe3yjbTaTe IUIACTUYECKOU
nedopManuu. SIBjaeHue Hakiena.

H3meHneHne CTPYKTypbl U (U3MKO-MEXaHUYECKUX CBOWCTB HAKJICHMAaHHOTO
MeTallyla Tpu HarpeBe. JSIBIeHUss Bo3BpaTa U pekpuctaumzanuu. [lopor
PEKpHUCTAIUIM3AIMY U BIUSHUE HA HETO PAa3IMYHBIX (PaKTOPOB. XOJOAHAS U TOpsuas
IacTuyecKas Aegopmaliis MeTaioB.

Buowt yueonwvix 3anamuii:

Jlexus N3meHenue CTpyKTypbl M CBOWMCTB MeTauioB npu 0,5 gaca
IUTACTUYECKON JepopMallii U PEKPUCTAIUIU3ALIH

Tema 1.4. MeTa/linuecKHe CIUIABBI, IMATPaMMBbI cocTosiHusA (36 YacoB)

[TonsiTus o cucreme, KoMnoHenre, (aze. Mexannueckne cMecu. XUMHUYECKUE
COEIMHEHUS B CIUIaBax. TBepAble pacTBOPHI U UX Pa3HOBUIHOCTH.

JlnarpaMMbl COCTOSIHHS U MX MpakThuueckoe 3HaueHue. [IpaBuio da3. Meroabl
MIOCTPOCHUSI JMarpaMM COCTOSIHMS. JluarpamMmbl COCTOSIHUS JIBOMHBIX CILIABOB,
o0pa3ylonux MEXaHHMYECKUE CMECH U3 YHUCTBIX KOMIIOHEHTOB. ODBTEKTHYECKOE
npeBpaienue. [IpaBuno orpe3koB. /[uarpamMMbl COCTOSIHUS JIBOMHBIX CILJIABOB JJIS
CIy4yaeB TMOJIHOM B3aWMMHOM pPACTBOPUMOCTH U OTPAHUYECHHOM PaCTBOPUMOCTU
KOMIIOHEHTOB B TBEPJOM  COCTOSHMHU. llepuTekTHdYeckoe  MpeBpalllCHUE.
HepaBHoBecHast kpuctaum3anus. JIMKBaius B CIjilaBaXx v €€ pa3HOBUIHOCTHU.

JluarpaMMbl COCTOSIHMSI CIUIaBOB, OOpPa3yIOIIUX XWMHUYECKUE COCAMHEHUS, U
CIUTABOB, UCTIBITHIBAIONIUX MOIUMOp(dHBIE TpeBpaienus. OnpeneneHrue ¢ mMOMOIIbIO
qyarpaMM COCTOSIHMSL TeMIepaTyp IUIaBJI€HUS M 3aTBEPACBAHUS  CILIABOB,
XUMHUYECKOTO cocTaBa (a3, OTHOCUTEIBHOTO KOJIWYecTBa (a3 W CTPYKTYPHBIX
cocTaBisironMX. CBsI3b MEXKAY XapaKTEPOM JuarpaMM COCTOSIHUSI M CBOMCTBaMH
criaBoB (3akoH KypHakoBa).

Buowt yueonwvix 3anamuii:

Jlexuus Mertannnueckue CIuIaBbl, AMarpaMMbl COCTOSIHUS 1 yac
[IpakTueckoe N3ydeHne CTPyKTypsl METAUIOB UM  CIUIABOB 2 4Haca
3aHATHE METOJaMHU MaKpOCKOITUYECKOTO 17}

MHUKPOCKOIIMYCCKOI'o aHaJIn3a

Tema 1.5. MexaHuvecKkue CBOMCTBA M KOHCTPYKIMOHHASI NPOYHOCTH
MeTa/LUI0B U ciuiaBoB (18 yacoB)

[ToHsiTHE KOHCTPYKUMOHHOM TMPOYHOCTA MATEPUANOB. XAaPAKTEPUCTHUKH,
ONpEeNeAIoIMe KOHCTPYKUMOHHYI0 TPOYHOCTH - MPOYHOCTH, HAIEKHOCTH W
NOJITOBEYHOCTb. OCHOBHBIE KPUTEPUHM OLEHKH IPOYHOCTH, HAAECKHOCTH H



JIOJITOBEYHOCTH MaTepruayioB. [lyTM NOBBINIEHUS KOHCTPYKIIMOHHOW MPOYHOCTH
METaJIMYECKUX H3JICIUM.
Buowvl yueonwix 3anamuii:
Jlexnusa Mexanngeckue CBOWCTBA WU KOHCTPYKIIMOHHAS 0,5 gaca
MIPOYHOCTh METAJIJIOB U CIIABOB

Tema 1.6. XKenesoyriepoaucroie ciuiaBbl (18 yacos)

CaoiictBa  »kene3a, yriuepoga W uemeHtuta.  OcHoOBHBIE  (ha3bl,
NPUCYTCTBYIOIIME B IKEJIE30YIVIEPOAMCTBIX CIUIaBaX B PAaBHOBECHOM COCTOSIHHH.
Ayctenut, ¢peppuT, IEMEHTUT, rpadur. JlnarpaMma COCTOSIHUS KeNe30 - [IEMEHTUT.
[IpeBpamieHrss B IKEJIE30yIJIEPOJUCTBIX CIUIaBaX Pa3IMYHOTO COCTaBa MpHU
MEJUICHHOM OXJIaXJAeHUH. CTPYKTYpHBIE COCTABIISIIOUIME B JKEIE30YTIEPOIUCTHIX
crutaBax. Kraccudukanuys >kene30yriepoaucThiX CIIaBOB. TEXHHUYECKOE Kele3o.
Crainb. benblii 4yTyH.

VYraepoaucteie ctand. Bo3MOXHbIE NpUMECH B CTalsiX WM HUX BIUSIHHE HaA
CBOICTBA. 3aBUCHMOCTb CBOICTB CTajel oT cojepkaHus yriaepoaa. Knaccudukanus
u MapkupoBka yriaepoaucTteix cramed 1no ['OCT. VYruepomucteie cranu
OOBIKHOBEHHOT'O KaueCTBa U Ka4eCTBEHHbIE. ABTOMATHBIE CTAJIH.

Yyrynel. VYcnoBus o0pa3oBaHusT MeTacTaOWUIBHOW CHUCTEMBI (Kene3o -
[IEMEHTUT) M CTaOWJIbHOM cucTeMbl (kene3o - rpadur). BnusHue ckopocTH
OXJIQXKJIEHUs M IpuMeced Ha mponecc rpagurusauuu. Knaccudukanus 4yryHoB 10
dbopme TpaduTa W CTPOEHUIO METAUIMYECKONM OCHOBBL. (Cepble YYTyHBI.
MonudunupoBanre 4yryHoB. BbBICOKONPOYHBIA YYT'yH, €r0 CTPYKTypa U CBOWCTBA.
KoBKkHi1 4yryH, €ro CTpykTypa M YCIOBHs INOJy4YeHUs. MapKupoBKa YyryHOB IO
['OCT.

[IpuMeHeHre yraepoaucThIX CTale U YyTyHOB B MAllIMHO- U
pUOOPOCTPOCHUH.

Buowt yueonwvix 3anamuii:

Jlekuus JKenezoyrnepoaucTeie CILIaBbl 1 yac

[IpakTtuueckoe 3ansTue: JlmarpamMmma COCTOSHUS M CTPYKTypa JBOMHBIX 2 4ac
CILIaBOB

Jlabopatopnas pabota CrpykTypa U CBOWCTBA yIIE€POAUCTHIX cTajleld 2 yaca
U OeJIbIX YyT'YHOB B PABHOBECHOM COCTOSTHUU

Monyab 2. Tepmuueckoii 06padoTku craiu (72 yaca)

Tema 2.1. Teopusi Tepmudeckoii 00padoTku craiu (18 yacon)

CymHOCTh, Ha3HAYEHUE ¥ OCHOBHBIE BUIBI TEPMUYECKOM 00paOOTKU CTaIIH.

[IpeBpamenuss B cranmu npu HarpeBe. (OOpasoBanume aycteHuta. Poct
ayCTEHUTHOIO 3epHa. BinsHue BeIMUMHBI 3epHa Ha CBOMCTBA CTAJIH.

[IpeBpamiennss B cTalid m0Opu  OXJaKAeHUU. KHHETHKA MpeBparicHus
NEePEeoXJaXKIACHHOTO aycTeHuTa. JluarpamMmma HM30TEpPMUYECKOTO MpEBpalleHUs
ayCTEHHTA (C-o0pasnass muarpamma). CTpyKTypa W CBOMCTBa MPOIYKTOB
MpEeBpAICHUS AyCTEHUTA: TIEPJIUTa, COpOUTA, TPOOCTUTA, OCHHUTA.
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MapTteHcuTHOE MpeBpalleHne ayCTeHUTa U ero ocobeHHocTH. Kpurtuueckas
CKOPOCTb 3aKaiku. CTpyKTypa U CBOWCTBAa MapTEHCUTA.

OcTaTo4HbIN ayCTEHUT, IPUUMHBI €70 COXPAHEHMSI TP 3aKaJIKE.

[IpeBpaieHnss B 3aKaJlEHHOW CTalM NpHU OTIycKe. V3MeHeHue CTpyKTypsl U
CBOIMCTB 3aKaJICHHOM CTallu B Ipouecce oTnycka. OTianune CTpyKTyp, oOpa3yeMbIX B
pe3ysibTaTe OTIYCKa 3aKaJIeHHOM CTalld, OT aHAJOIMYHBIX CTPYKTYp, 0Opa3yemblX
IIPU 3aKaJIKe.

Tepmomexanndeckass 00paboTka CTald M €€ Pa3HOBUAHOCTH. CTPYKTypHbBIE
W3MEHEHHS, COBEPIIAIOIINECS B CTAIM IPU TEPMOMEXaHNUECKOI 00paboTKe.

Buowt yueonwvix 3anamuii:

Jlexums: Teopus Tepmudeckoit 00pabOTKH CTaU 1 gac

Tema 2.2. TexHoJiorusi TepMu4eckoii 00padoTku crajau (18 yacos)

OcHOBHBIE BHUBI TEPMUYECKON OOpPAaOOTKH CTaM - OTXKHUI, HOpMaJd3aIus,
3aKajKa, OTIIYCK.

Orxur cranu. I[lonHBIM W HENONHBIA OTKUT. M30TE€pMHYECKUNA OTHKUT.
Hudbdysvonnbii  omxur (romorenuszanusi). OTKAT Ha 3€PHUCTBIM  MEPIUT
(chepoumuzanust). Pexpuctamnuzanuonssii omxkur. Hopmanuzamus. CTpykTypa u
CBOMCTBA CTaJIM MOCJIE OTKUTA U HOPMAIH3ALIUH.

3akanka cranu. Beioop TemmepaTypsl HarpeBa. Y CJIOBHUS HarpeBa U3JEINil Ipu
TepMUueckoil 00paboTke. OXJaxkaaromme cpeibl mpu 3akaike. [IpokaauBaemMocTs u
€€ BIWAHUE HA CBOWCTBAa 3aKawIeHHOW crtanu. MakToppl, BIMAIOIIME Ha
MpOKanuBaeMOCTh. JleeKThl 3aKaieHHON CTaJIM U MEPhI UX NMpeaynpexacHus. Bus
3aKkankyd  (0ObIYHAs, TMpepbIBUCTas, CTyNeH4Yaras, MW30TEPMUYECKas) M UX
0COOEHHOCTH. MeTo/Ibl MOBEPXHOCTHOM 3aKallKM: 3aKajka C HWHIYKUHOHHBIM U
ra3olIaMEHHbIM HAarpeBOM H C HCIOJb30BAHUEM BBICOKOKOHIICHTPUPOBAHHBIX
MCTOYHUKOB DHEPTUH (3aKaJIKa C JJa3€PHBIM H dJICKTPOHHO-Ty4YEBbIM HATPEBOM).

Otnyck 3akajneHHOW cTaiu. BuIbl OTHycKa: HU3KWM, CPEIHHM, BBICOKHIA.
CtpykTypa W CBOWCTBa CTajlud IOCJIE pAa3JIUYHBIX BHUAOB OTIycKa. I[Ipumepsr
MPUMCHECHHUS  YIIPOYHSIONMICH TEPMHUUECKOM OOpabOTKM CTallbHBIX M3JISIUN B
Pa3JIMYHBIX OTPACISAX MAIIUHOCTPOECHUSI.

Buowt yueonwvix 3anamuii:

Jleknus Texnomnorus Tepmudeckoit 0o6padotku cramun 0,5 yac

JlaGoparopnas pabota Tepmudeckass 00paboTka (3aKajaka W OTIYCK) 2 daca
YTJIEPOJIUCTBIX CTaJEH

Tema 2.3. XumMuko-tepmuuyeckass o0padorka cTajuM W JApyrue MeToAbl
MOJIy4YeHHs H3HOCOCTOHKMNX MOKPbITHI (18 yacoB)

du3nyeckre 0OCHOBBI XUMUKO-TEPMUYIECKON 00pabOTKH.

LlemenTanus, ee Ha3HAYeHHE U CMOCOOBI ocymiecTBieHus. CTpyKTypa cTaiu
nocie neMeHTauuu. Tepmudeckast 00padoTKa IEMEHTOBAHHBIX U3/IEIIHIA.
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A3OoTHpOBaHUE, €ro Ha3HayeHHe M chocoObl ocymiectBieHus. Cramm ais
a3oThpoBaHus. LlMaHupoBaHME CcTaaM, €r0 Ha3HAUYEHUE U CIOCOOBI OCYIIECTBIICHUS.
BopupoBanue u Audpy3noHHOE HACHIIIEHNE CTAJIN METAJIJIaMHU.

CoBpeMEHHBIE METOABl IOJIYYEHHMS TBEPABIX HW3HOCOCTOMKUX TOKPBITHH.
XUMUYECKOE OCaXKJI€HUE MOKPBITHM U3 ra3oBoi (as3bl. IlnasmeHHOe M BakyymHOE
VMOHHO-IIJIA3MEHHOE HAaHECEHUE MTOKPBITHN

Buowvl yueonwix 3anamuii:

Jlexus XTO cramm wu gpyrue Meroabl mnomydeHus 0,5 gaca
M3HOCOCTOMKHUX NOKPBITUI

Tema 2.4. BansiHue JerHpyrOIIMX 3JIEMEHTOB HA CBOMCTBA CTAJM M HA
npoueccol (pa3oBbIX npeBpaennii (18 yacon)

Lenun nerupoBanust crtanu. Hawmbonee pacnpocTpaHEHHBIE JETHPYIOLIUE
3JIEMEHTHI. BiusHUE JEerupyromux 3JI€MEHTOB Ha MOJMMOp(HBIE NpPEBpAIICHUS B
xKeyese U CcBoicTBa (epputa. B3ammonelcTBue JIETHPYIOIIMX 3JIEMEHTOB C
yIiIepoAoM. BiusiHKE JIETUPYIOIINX 3JIEMEHTOB Ha IIPEBPALICHUE IIEPEOXIIAKICHHOTO
ayCTEHUTAa U IPOKAIMBAEMOCTh CTAJIM, HAa MapPTCHCUTHOE IIPEBpAILCHUE W
KOJIMYECTBO OCTAaTOYHOI'O AayCTEHWTA, HAa CKIOHHOCTb CTAJIM K POCTYy 3€pHa WU
OpOLECChl  OTHYCKa  3aKaJleHHOW  cTaiM. T[EeXHOJOrM4eckue  OCOOEHHOCTH
TEPMHUECKON 00pabOTKH JIETMPOBAaHHOW CTAJIH.

Knaccudukanys nerupoBaHHbIX CTajl€il MO CTPYKTYype, COCTaBY, HA3HAUEHHUIO.
MapkupoBka nerupoBanHbix crayiei mo ['OCT.

Monayab 3. MammHoCTpouTeIbHbIE MaTepuaJibl (72 yaca)

Tema 3.1. KoncrpykuuonHnbie crajiu (8 4acoB)

TpeGoBaHUg K KOHCTPYKIMOHHBIM cTajisiM. [IpemMyliecTBa JerupoBaHHOM
KOHCTPYKLIMOHHOM CTaju Mepel HEIErupOBaHHOW. PoJib Jerupyrommx 31€eMEeHTOB.
OTnyckHast XpYNKOCTh KOHCTPYKLIMOHHBIX CTallel U CIOCOOBI €€ MpeaoTBpalleHusl.
CBapuBaemocTh ctanu. CTpOUTENbHBIE CTANH.

IemenTyemble, yiydiiaeMble U BBICOKOIIPOYHbBIE KOHCTPYKIIMOHHBIE CTAJIM; UX
Ha3HAUEHUE, CBOMCTBA, COCTaBbl, PEKUMBI TepMUUYeCKOW o0paboTku. [Ipumepsi
KOHCTPYKLIMOHHBIX CTAJICH KaXJ0r0 TUIIA.

IIpyXuHHBIE CTany; MIAPUKONOAIIUIIHUKOBBIE CTAJIA; UX CBOMCTBA, PEKUMBI
TEPMUYECKON 00pabOTKH.

BbiOop Mapku KOHCTPYKUHMOHHOM CTajJd B 3aBUCHUMOCTHM OT Ha3HAYEHUS
W3JIENIAN, UX PA3MEPOB U YCIOBUN HATPYKEHUA.

Buowvl yueonwvix 3anamuii:
Jlexuust: KoncTpyknmonHnsie cranu 0,5 yaca
JlaGopartopHas paboTa CrpyKTypa 1 CBOMCTBA CEPBIX YYT'YHOB 2 yaca

Tema 3.2. UHCTpyMeHTaIbHBIE CTAJIM U TBepAbIe cIJiaBbl (8 yacoB)
Knaccudukanus WMHCTpyMEHTadbHBIX cTajied 1Mo HasHaueHwro. Cramu s
PEXKYIIEr0O W HM3MEPUTEIBHOTO HWHCTPYMEHTa, UX TepMudeckas oOpaboTka.
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Ha3naueHne OTAENbHBIX JIETMPYIOIIUMX 3JEMEHTOB. BBICTpopeXylmue cTaid, HuX
COCTaB, CTPyKTypa u cBoictBa. [lpupoma wux KpacHocTOWKoCTH. Tepmuyeckas
00paboTKa OBICTPOPEKYIINX CTAJICH.

Cranu 11 mTAaMOOB XOJIOAHOW M Topsiyeil 1mrTammnoBku. TpebGoBaHus,
NpeabiBIsieMble K HUM, W PEXKUMbl TepMUYecKoM o00paboTtku. HasznaueHue
JETUPYIOUIUX 3JeMEHTOB. BpiOOp craneil njs mTaMmmoB pa3IuyHOrO Ha3HAYCHHS,
pa3MepoB U yCIOBUN pabOTHI.

JIuThle 1 METAJUIOKEpaMHYECKHUE TBEP/IBIE CIUIABBI, UX CBOMCTBA, HA3HAYEHUE U
crnocoObl  m3rotoBieHus. Hawmbonmee pacmpocTpaHeHHbIE MapKH JIMTBIX U
METaJUIOKEpaMUYECKHX TBEPABIX CIUIAaBOB. CBEPXTBEPAAs PEXKYILAsi KEPAMHKA.

Buowt yueonwvix 3anamuii:

Jlexuus NHCTpyMEHTAIbHBIE CTAJIA U TBEPJBIE CILJIABI 0,5 gaca

Tema 33. Craam ®W cmiaaBpl ¢ 0c00bIMM  (PU3MKO-MEXaHHMYECKHUMH
cBoiictBamMu (8 4acoB)

OKaMHOCTOMKHKE M KAPOIMPOUHbIE CTaNK U CIIaBbl. OCOOCHHOCTU TTOBEACHUS
MaTepUaJIOB MPHU TMOBBIILICHHBIX Temreparypax. OKaIMHOCTOMKOCTh U €€ NPHUpPOJA.
[Ipumepsl OKaNMHOCTOMKHUX cTalield. XapaKTEPUCTHKU >KAPOMPOYHOCTH (TIpeesibl
MOJI3yYeCTH U JIUTENbHON mpouHocTH). Knaccudukarus, coctaB, TepMUYECKas
o0paboTka W TeMIepaTypHble TMpeeiabl NMPUMEHEHUS >KApONPOYHBIX CTajed u
CILIaBOB.

Hepxageromme cranm u ux kiaccugukauusd. [lpupona Koppo3HMOHHON
CTOMKOCTH HEpXKAaBEIOIIMX CTajeil, o0JacTu HX MNPUMEHEHHUs, TepMUYeCcKas
oOpaboTka. [Ipumepsl Mapok cTaliei Kaxaoro kiacca. MexXKpucTaIuTHAsS KOPPO3UsI
HEP>KABEIOLUX CTAJIEH U CIIOCOOBI €€ MPEeT0TBPAICHUS.

N3HococTolKKe cTanu, UX COCTaB, TepMHUYeckas 00paboTka, CBOMCTBa U
obnactu npuMmeHeHwus. [Ipupona moBEIIEHHONW U3HOCOCTOMKOCTH.

CrnaBel ¢ 0COOEHHOCTSMHM TEIJIOBOIO PaCIIMPEHMs], UX COCTaB, CBOMCTBA U
HauboJiee pacpoCTpaHEHHBIE MapPKH.

MarnuTtHble CTaJd HW CIUIaBbl, HX Kilaccudukamus. MarHuTOMSTKUE U
MarHUTOTBEP/IbIE CTalld U CIUIaBbl. TpeOoBaHus, MpeabsBisieMble K HUM. BbiOop
MarHATOMSTKUX M MarHUTOTBEPABIX MATEPHANOB [JIsi HW3ACIHA  Pa3IMYHOIrO
Ha3HayeHusa. HemMaranuTHble CTaau U YyTyHBI.

CmiaBbl ¢ 0COOEHHOCTSIMU 3JIEKTPUUYECKOTO CONMPOTUBIEHUS. [[pOBOAHUKOBEIE
MaTepHuaybl, PEOCTATHbIE CIUIABBI, CIJIABbl AJII HArpeBaTEIbHBIX 3JIEMEHTOB, HX
COCTaB, CBOMCTBA M HanOoJiee paclpoOCTPaHEHHbIE MapKH.

Buowvl yueonwvix 3anamuii:
Jlexrust Craiiu 1 cmiaBel ¢ 0coObIMU (pu3uko-mexanudyeckumu 0,5 gaca
CBOWCTBAMU

Tema 3.4. Turan u ero ciiaBbl (6 yacos)
CaoiicTBa THUTaHa. BiusHuE JErupyromMX >3JIEMEHTOB Ha CTPYKTYpy H
cBoiicTBa TuTaHa. Kraccudukamuss THUTAaHOBBIX CIUJIaBOB, MX BaKHEWIINE
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IpEeUMYIIECTBa, MAapKUpPOBKA, CIOCOOBI TEPMHUUYECKOH 00paboTku, oO0xacTu
npuMeHeHus. Koppo3noHnHasi CTOMKOCTh THTaHa.

Tema 3.5. CniiaBbl Ha OCHOBe aJIIOMHHUSI U MarHusi (8 yacoB)

CpoiictBa W mnpuMeHeHue amioMUHHUA. OCHOBBI TEOPHUH TEPMHUYECKOIl
00paboTKM aTIOMHHHMEBBIX CIJIaBoB. CBs3p MeEXAy AMarpaMMaMH COCTOSIHUS
AIIOMUHUEBBIX CIUIABOB M WX TEXHOJOTUYECKUMHU CBOMCTBaMH. JluTeiHble u
negopmupyemsbie criaBbl. CIiaBbl, YIPOUHSEMbIE U HE YIPOUHSEMbIE TEPMHUECKON
00pabOTKOM.

HypamtomMun u  japyrue  aegopMupyemble  aFOMUHUEBBIC  CILIABHI,
yIpOYHAEMbIE TepMHUUYECKOl oOpaboTkoil. MX coctaB, TepMuueckas o0paboTka,
oOyacT TpUMEHEeHWs, MapkupoBka. Hambomee pacmpocTpaHeHHBIE MapKu
nehopMUPYEMBIX ATIOMHUHHUEBBIX CIJIABOB, YIPOUHIEMBIX TEPMUUECKONH 00paOOTKOM.

CunyMHH M ApyrUe JINTEHHBIE ATIOMHHUEBBIC CIUIaBBl: TPEOOBAHUS K HUM.
[oBbIlIeHUE CBOMCTB JUTEHHBIX aTIOMUHHUEBBIX CIUIABOB IyTEM MOAUDUITMPOBAHHUS.

XKaponpounsie amoMuHuEBbIe CIUIaBbl. CIeUeHHBIE AIIOMUHUEBBIC CIUIABBI
(CAC, CAID).

[IpuMeHeHNE alfOMUHHUEBBIX CIUIABOB B MAIIMHO- M MPUOOPOCTPOCHHUU.
Baxwneiimue CruiaBbl Ha OCHOBE MarHus, X MapKHpPOBKa, COCTaB, CBOWCTBA U
00JIaCTH MIPUMEHEHHUS.

Buowt yueonwvix 3anamuii:
[IpakTH4eCcKOe 3aHATHE: CmutaBel Ha OCHOBE AFOMHUHUSA 1 vac

Tema 3.6. CiiiaBbl Ha 0CHOBe Meau (8 4acoB)

CBolicTBa M TPUMEHECHHE TEXHUYECKOWM Menu. CruiaBbl HaA OCHOBE MENM.
JlaTyHH; M3MEHEHUE UX CTPYKTYpbl U MEXAHUYECKHUX CBOWCTB B 3aBUCUMOCTH OT
comepkanusi nuHKA. Kraccudukamnus JaTyHedl 1O COCTaBy, CTPYKType U
TEXHOJIOTUYECKUM CBOMCTBaM. MapkupoBka JaryHeid. CBoiicTBa M TNPUMEHEHUE
JIATYHEW pa3JInYHbIX MAPOK.

Brnusuaue conmepxkaHusi 0J0Ba Ha CTPYKTYPY U CBOMCTBA OJIOBSIHHBIX OpOH3.
Knaccudukanus OpoH3 110 TEXHOJOTHMYECKUM cBoicTtBamM. CocTaB, CBOWCTBA M
00JIaCTH TIPUMEHEHUS OJIOBSIHHBIX M O€30JIOBSIHHBIX (QJFOMUHHUEBBIX, OCPUIIITUEBBIX)
Opon3. MapkupoBka 00pabaThIBa€MBbIX JaBICHUEM U JIMTEHHBIX OPOH3.

Buowt yueonwvix 3anamuii:
[IpakTHUeckoe 3aHATHE: CnutaBel Ha OCHOBE MEIU 1 vac

Tema 3.7. [lonmMNMHUKOBBIE CIUIABBI M MPUION (6 YacoB)

TpeGoBaHusl K TOIIIMITHUKOBBIM cIutaBaM. OCOOEHHOCTH WX CTPYKTYPHI.
bab0uTel, MX cocTaB, CTPYKTypa, CBOMCTBA W HauOOJIEe PAaCPOCTPAHCHHBIE MAPKH.
AHTUPPUKITMOHHBIE OPOH3BI U UYTYHBI.

[TopomikoBbIe (METAUTOKEPAMHUSCKHE) aHTH(PPUKIIHOHHBIC MATECPHAJTBI.

Knaccudukanusi, cocraB u npumeHeHne npumoeB. CBOHCTBa M Ha3HAYCHUE
MSTKUX W TBEPJBIX MTPHUIIOEB.
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Buowt yueonwvix 3anamuii:
Jlexnus [ToAIMMITHUKOBBIE CILJIaBbI U MIPUIIOU 0,5 gaca

HpaKTI/I‘{eCKOG 3aHATUC! HOI[I]II/IHHI/IKOBble CIIJIaBBbI 2 yaca

Tema 3.8. Komno3umuonnbie MaTepuaibl (6 4acos)

Bunpl KOMIO3MIMOHHBIX MAaTE€pUAIOB, HMX KIAacCU(pUKaLUsA, CTPOCHHE U
CBOMCTBA, IPEUMYLIECTBA U HEJOCTATKHU.

Komno3nnnonHsle MaTepraibl ¢ METAIIMYECKOW MATPULIEH.

Tema 3.9. ITopomkoBbie MaTepuajbl (4 yaca)

[TopomkoBble MaTepHallbl, MX CBOWCTBA, IPEUMYIIECTBA M HEIOCTaTKH,
ciocoObl  moydeHus. KOHCTPYKIIMOHHBIE, WHCTPYMEHTAJIbHBIE U CIELUATbHBIC
MOPOIIKOBBIE MaT€pPHAIIbI, 00JIACTH UX MPUMEHEHUSI.

Tema 3.10. ILnacrmaccel (6 yacoB)

IInacTmaccel — Marepuansl HA OCHOBE INOJMMEpPOB. Ilommmepsl: OCHOBHBIE
HOHSTHS; OCOOCHHOCTH BBICOKOMOJIEKYJISIPHOTO CTpoeHHUs noiaumepoB. Popma
(cTpyKTypa) MaKpOMOJEKYyJl — JIMHEHas, JIECTHUYHas, ceTyaTass (3aMKHyTas
IPOCTPAHCTBEHHAs).

®du3nyeckue COCTOSHUS MOJMMEPOB — CTEKJIOOOPa3HOE, BBICOKO3JIACTHUYHOE,
BA3KOoTeKydee. TepMmomexannueckue Kpusble. IIpupoaa BBICOKOI 2IaCTUYHOCTH.

MexaHnueckrue CBOWCTBA IOJMMEPOB. TUNMYHBIE IHArpaMMbl PACTSKECHUS
TEPMOIUIACTUYHBIX U TEPMOPEAKTUBHBIX MOJUMEPOB B CTEKIOOOPA3HOM COCTOSIHHH.
BnusHue TtemmepaTrypbl M CKOPOCTH HAarpyX€Husi Ha MPOYHOCTh MOJUMEPOB.
JonroBeyHocTh momMepoB. CTapeHue MoJIMMEpPOB, IIyTH €ro CAECP>KUBAHUS.

[InacTmaccel; UX cOCTaB, POJIb Pa3IMYHBIX KOMIOHEHTOB. Kiaccudukarms
mactMacc. OCOOEHHOCTHM CTPOEHUST W CBOMCTB TEPMO- M PEaKTOILIACTOB.
[TonumepHble apMupoBaHHbIE Marepuanbl. CHHTETHYECKHE KJIEM M TE€PMETHKH.
Pe3nna kak mnonumepHslid Marepuan. CocTaB pe3MHbI, Ha3HAYEHUE PA3ITUYHBIX
KOMITOHEHTOB. BiusiHue cepbl Ha CTPYKTYpY M CBOMCTBA PE3UHBI.

[IpuHuMNUaTbHBIE OCOOEHHOCTH TEXHOJOTMU TepepabOoTKM IUlacTMacc B
nzzenus. [IpumeHenue macTMace B pa3jInyHbIX OTPACIAX MPOMBIIIJIEHHOCTH.

Heoprannueckue crekiia Kak nojJuMepHble Matepuanbsl. CTpPOEHHs U CBOMCTBA
HEOPTraHWYECKUX CTEKOJI, ITyT UX YIPOYHEHHUS.

Tema 3.11. OcHOBBI PAIITHOHAJILHOT0 BHIOOPA MaTEePUAJIOB U METOA0B

yHpoOYHeHHs! ieTajieid MamuH (4 yaca)

@akTopbl, ompeaensomme paboTOCHOCOOHOCTh  HU3ACIUNA  PA3IMYHOTO
Ha3HA4YeHUsA. BHIbl TMOBPEXKICHUM W3AEIUA B 3aBUCUMOCTHM OT YCJIOBHW HX
DKCIUTyaTallMk.  ODKCIUTyaTallAOHHbIE,  TEXHOJOTMYECKHUE U  SKOHOMHUYECKHUE
TpeOOBaHMSI K TMPOMBIIUICHHBIM MarepuaiaMm. BpiOOp MarepuaioB M METOAOB
VOPOYHEHUS M3JE€IUA B 3aBUCUMOCTH OT OCHOBHBIX BHJOB OTKAa30B IIpH
skcrutyaTanui.  CpaBHUTENbHBIA  aHAIM3  SKOHOMHMYECKOH  3(PQPeKTUBHOCTU
MaTepHaJIOB U TEXHOJOTUN U3TOTOBJICHHS U3IEIUNA U3 HUX.
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5. HEPEYEHb YYEBHO-METOAUYECKOI'O OBECIIEYEHUSI
I CAMOCTOSATEJBHOU PABOTBI OBYYAIOIIIUXCA ITO

JUCIHHUITJIMHE
5.1. TeMbI KOHTPOJIbHBIX PA0OT
Motynb AUCHMILTUHBI HaumenoBanue tem
Monynb 1. CTpoeHue u cBoicTBa Tema 1.4. MeTtaymmnyeckue CIUIaBbl, JHarpaMMbl
METAJJINYECKHUX CIUIABOB COCTOSTHUSI.
. Tewma 2.1. Teopust Tepmudeckoit 00padOTKH
Monyinsb 2. Tepmuueckoit 00pabOTKH cTamn CTAIIHL.

Tewma 3.11. OCHOBBI palMOHAIBHOTO BEIOOpA

Moayis 3. MallMHOCTPOUTENbHBIE MaTepransl | MATCPHAIOB W MCTOZIOB yIIPOYHCHHUS ICTAICH
MalIlliH.

5.2. Tembl KypcOBBIX padoOT (IIPOECKTOB)
BrinonHneHnne KypcoBoit paboThl (MpoeKTa) y4eOHBIM IJIaHOM HE TPEAYCMOTPEHO.

5.3. [lepedyeHb MeTOAMYECKUX PEKOMEHAALIMIA

HanmenoBanue

MGTOIH/I‘-IGCKI/IG PEKOMCHAAWH 110 NOATOTOBKE K ITPAKTUYCCKUM 3aHATUAM.

1
2 Metoanyeckre peKOMEeHIaUH 10 MTOAr0TOBKE K J1a00paTOpHbIM paboTam.
3 MeTtoanyeckre peKOMEHIAIUH 110 BBITIOJTHEHUIO KOHTPOJIBHOM paboTHI.

5.4. IlepeyeHb BONPOCOB /sl MOATOTOBKH K 3a4eTy

1. MarepuanoBeieHue; 3aJadyd W eI H3y4YeHUS AUCUHUILIMH. OCHOBHBIE
MOHATUSI — XUMHUYECKUN COCTAB U CTPYKTYpa MaTEPHUAIIOB.

2. OCHOBHbIE MEXaHUYECKHE CBOICTBA MAaTE€pUAIOB (MPOYHOCTh U TBEPAOCTD,
IUIACTUYHOCTh W yJIapHas BS3KOCTb); METOAbl WX ONpeaeieHus; 0003HAuYCHHS;
pPa3MEepHOCTb.

3. Kpucramnuyeckoe u amopdHoe cTpoeHue TBEPAbIX Tel. (OCHOBHBIC
XapAKTEPUCTUKU KPUCTANTMYECKUX PEETOK. THUIBI KPUCTAIUIMYECKUX PEIIETOK
MetaiioB. [lonmumopduszm. Tlomumopdubie npeBpalrieHus B kene3e. AHU3OTPOIHS
CBOMCTB KPUCTAJUIMYECKUX MAaTEPUATIOB.

4. OCHOBHBIE HECOBEpIICHCTBA (Ae(PEeKThl) KPUCTAIMYECKOTO CTPOEHUS; HX
BIUSIHUE Ha CBOWCTBa MeTawioB. [IpoyHOCTh wuaeanbHbIX (0€31ePEeKTHBIX) U
peaIbHBIX METAJIIOB.

5. 3aKOHOMEPHOCTH TpoLecca KpUCTAUIM3alUU MeETAIOB. CBsA3b MEXIy
CKOPOCTBIO  OXJIAKIEHUA W  BednuuHoM  3epHa.  CymmHOCTH  mpouecca
mMonupuurpoBanus. CTpoeHUE CIUTKA.

6. BiussHue miuactuyeckoil nedopmanuum Ha CTPOCHHE, MEXaHUYECKUE H
dbu3nueckue CcBOWCTBA METAUIOB. SIBlieHME HakKIEnma, €ero MpakKTHYEeCKoe
UCITIOJIb30BaHUE.
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7. I3MeHeHne cTpoeHus U CBOMCTB IUIACTUYECKH Ae(POPMUPOBAHHOTO METAJLIa
IO/l BIUSHUEM Harpesa. SIBJIICHHs BO3BpaTa U PEKPUCTAIUIM3ALUU. 3aBHUCHUMOCTH
TEMIIEpaTypbl IOpOra pPEKPUCTALIM3ALMM OT YUCTOTBHI METaula U CTEIECHU
IUTACTUYECKON edopMaluy.

8. Pexpucramnuzanuus nepopMHUpOBaHHOIO MeTala. XOJOJHAs U ropsyas
iacTuyeckas AepopMaliy; BIMSHHE 3TUX BHUAOB 00paOOTKM Ha CTPYKTYpy U
CBOMCTBAa MeTalIa.

9. CnnaB, KOMIOHEHT, (a3a (cyTs moHatuil). Tumbl pa3z B METATIHUECKHUX
cruiaBax. Knaccudukaius 1 OCHOBHBIE CBOMCTBA TBEPBIX PACTBOPOB U XMMHUECKHUX
COCIMHEHUMN.

10. JInarpammbl cocTOsiHUS (OCHOBHBIE MOHATHA). JluarpaMMa COCTOSTHUS JJIS
cilly4asl MOJIHOM B3aMMHOM PAacTBOPHUMOCTH KOMIIOHEHTOB B TBEPIAOM COCTOSHUU.
[IpaBuiia ompeneneHus XUMUYECKOTO COCTaBa M OTHOCHUTENBHBIX KOJHUYECTB (as.
JlenapuTHAs U 30HAJIbHAS JTUKBALU.

11. JlmarpaMMbl COCTOSIHMSL JIBOMHBIX CIUIABOB I CIIy4acB IIOJHOM
HEpPaCTBOPUMOCTH M OTPAaHWYEHHOM pPACTBOPUMOCTH B TBEPAOM COCTOSIHUM.
Kpucrannuzanus criaBoB pa3iuyHOro cocrtana. JIMKBanus Mo mioTHOCTH, CIIOCOOBI
e€ ycTpaHeHus. JluarpaMmMa COCTOSIHMSI C YCTOMYMBBIM XUMUYECKUM COEIUHEHUEM.

12. CBsA3b MEXAY THUIIOM JHarpaMM COCTOSTHUS M (PU3MKO-MEXaHMYECKHUMH U
TEXHOJIOTMUECKUMU CBOMCTBaMHM cIulaBoB (3akoH KyphnakoBa). [Ipaktuueckoe
3HAYEHUE JUArpaMM COCTOSTHUSI.

13. Imarpamma coctostHus 'Kenezo-ueMeHTUT . Paspl, IPUCYTCTBYIOIINE B
JAHHOM CHCTEME, MX XapaKTepUCTUKU. KpucTamnusaunusi CIUIaBOB C pa3IMYHBIM
cogepkanueM  yriepoga. CTpykTypa  JKEIe30yIVIEpOJUCTBIX  CILNIABOB;  MX
KJ1accuUKaIus.

14. 3aBUCUMOCTh MEXAHHYECKUX CBOMCTB KEJIE€30YIJIEPOAUCTBIX CILIABOB OT
conepskanus yriepoja. Kinaccuduxanus 1 MapkupoBKa YriIepOJUCTBIX CTaJei.

5.5. IlepeueHnb BONMPOCOB /1Jisl MOATOTOBKH K IK3aMeHY

1. Cepsie uyryHbl, ux kiaccudukamus mo Qopme rpagura U CTPOCHHUIO
METAJIMYECKON OCHOBBI. BIIMAHME CKOPOCTH OXJIAXICHUS U MPUMECEN Ha IPOLECC
rpadutuzannu. MapkupoBKa pa3InyHbIX TUIIOB CEPhIX YYT'YHOB.

2. MopaundumnupoBaHHble YyTyHBI. Y CIOBHUS MOJYYEHHS BBICOKOIIPOYHOTO U
KOBKOT'O 4YyTryHOB. CBsI3b MEXIy CTPYKTYPOH M MEXAaHWYECKUMH CBOWCTBAMH JTHUX
YYT'YHOB.

3. CpaBHUTENbHBIN aHAIN3 CBOMCTB CEPHIX, OCIBIX YYTYHOB U YTJIEPOIUCTHIX
ctasieir. O01acTy MPUMEHEHHUSI PAa3JIMYHBIX TUIIOB CEPHIX YYTYHOB.

4. IlpeBpamieHusi B cTajid MpU OXJaXACHUH. J(narpamma M30TEPMUUYECKOTO
IIPEBpAILCHUS MepeoxJIaxAEHHOro aycreHnta. CTpykTypa M CBOWCTBa MPOAYKTOB
IIPEBPALLECHHUS.

5. JlmarpaMMa  HM30T€PMUYECKOrO  NPEBPAIICHHS  MEPEOXJIAXKAEHHOTO
aycteHuTta. CTpyKTypa M CBOICTBa MPOIYKTOB IMpPEBpAILEHUs, O0pa3yeMbIX Mpu
Pa3JIMYHBIX CKOPOCTAX OXJIAXKIACHUS.
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6. Kputuyeckas CKOpOCTh 3aKaJKu. MapTEHCUTHOE NPEBpAIICHUE U €ro
ocobeHHoctu. CTpykTypa M CcBoOiicTBa MapTeHcuTa. llpuumHa ero BBICOKOU
TBEPIOCTH.

7. OcTaTOuYHBIN ayCTEHUT, MPUYUHBI €T0 COXPAHEHUS MPHU 3aKaJKE; BIUSIHHUE
Ha cBoiicTBa m3genuil. OOpaboTKa cTaid XOJOJIOM, €€ Ha3Ha4YeHHEe U CIoco0
OCYILECTBIICHUSI.

8. 3aBUCHMMOCTH TBEPIOCTH 3aKaJEHHOM CTadu OT COJEp)KaHUS YTIEPOJa.
JlebexkTsl  3akanéHHOW  CTaldW, MNPUYUHBI WX  BO3HUKHOBEHHS H  MEpHI
npeaynpexaenus. [IpeumyIiecTsa U HEIOCTATKU PA3JIMYHBIX BUJOB 3aKaJIKH.

9. IlpeBpamienust B 3aKaJICHHOW CTaJIM MPHU OTITyCKe. MI3MEeHEeHHUEe CTPYKTYPhI U
MEXaHMUYECKUX CBOMCTB CTalu B pe3yibTare oTnycka. OTauume CTPyKTyp,
MOJIY9aeMbIX B PE3yJIbTaTe OTIYCKA, OT aHAJIOTHYHBIX CTPYKTYP, 00pa3yIOIMINXCsI PU
MpPEBpAICHUN NEPEOXTKIEHHOTO ayCTEHUTA.

10. OTnyckHasi  XpYNKOCTh  CTajie, €€ pa3sHOBUJAHOCTH U  CIOCOOBI
peAOTBPAICHUSI.

11. OTxur cranu, ero pa3HOBUIHOCTH. HazHaueHne pa3nuyHbIX BUJIOB OTXKHUTa
U peXUMBI UX npoBeneHus. CTpyKTypa U CBOMCTBA CTaJIU MOCJE OTKHUTA.

12. Tepmomexanuueckass oOpaboTka cTajau U €€ pasHOBUAHOCTU. V3MeHeHue
CTPYKTYpPBbI U CBONCTB CTaJIM MPU TEPMOMEXaHUUECKON 00paboTKe.

13. IlpokanuBaemMocTh, €€ BIMAHHE Ha OKCIUTyaTallMOHHBIE CBOMCTBa
3aKanéHHOU cTainu. DakTopbl, BIUSIONIME HA MPOKAIMBAEMOCTh M KPUTHYECKYIO
CKOPOCTB 3aKaJIKH.

14. llenu nerupoBanusi ctanu. Hambonee pacnpocTpaHEHHBIC JIETUPYIOLIUE
AJIEMEHTHI. BiusHUE JETUPYIONIUX 3JIEMEHTOB Ha MPEBpAICHUS MEPEOXIAKIEHHOTO
ayCTEHUTA U MPOKAIMBAEMOCTh CTaJM , MAPTEHCUTHOE MPEBPAIICHUE U KOJUYECTBO
OCTaTOYHOT'O aAyCTCHUTA.

15. Knaccudukarusi JerMpoBaHHBIX CTaJed MO CTPYKType M Ha3HAYEHHUIO.
MapkurpoBKa JIETUPOBaHHBIX CTalel. [IpuMepsl JIETUPOBAHHBIX CTAJIEN PaA3JIMYHBIX
KJIACCOB U HA3HAYEHUM.

16. KoHCTpyKIIMOHHBIE JIETUPOBAHHBIE CTANIM, UX KJaccU(UKaIlus, CBOWCTBA U
HaszHaueHue. [Ipumepsl ctanen kaxxaoro tuna. LleMeHnTyemble U yiaydiaeMble CTajlu.
PexxuMbl Tepmudeckoil 00paboTKH, CTPYKTypa, MEXaHUYECKHUE CBOMCTBA U 00JacTH
IIPUMEHEHUS ITUX CTAJIEH.

17. llemenTanusa crtanu, €€ Ha3HAYeHUWE M CIOCOOBI ocyiiecTBieHus. Cranu,
nojBepraeMele 1eMeHTauu. TepMuueckass oOpadoTKa IIEMEHTOBaHHBIX U3JEIUN, UX
CTPYKTYypa U CBOMCTBA.

18. A3oTupoBaHHBIC CTaJld, €r0 Ha3HAYEHHWE M CIIOCOOBI OCYIIECTBIICHHS.
Cramu nns azotupoBanust. OCOOEHHOCTH XMMHUKO-TEPMHUUECKOW 00pabOTKH U3AeInid
npu a3otupoBaHuu. CTPYKTypa a30TUPOBAHHBIX U3JICTUH.

19. llnanupoBanue cTamu, €ro Ha3HAYEHUE, PA3HOBUIHOCTH M CIOCOOBI
ocymiecTBiaeHus. bopupoBanue u auddy3HOe HACHIINICHUE CTATN METAJIAMH.

20. CtpoutenbHple  (HU3KOJETUPOBAaHHBIC)  CTaJM, WX  MapKHPOBKa,
XUMHYECKUH COCTaB, CBOMCTBA, 00JIACTH IPUMEHCHHS.
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21. PeccopHO-TIpy>)KMHHBIE CTaJld; HUX MapKUPOBKA, XUMHUYECKHH COCTaB,
TepMuyecKas 00paboTka, CTpyKTypa U MEXaHUYECKHE CBOMCTBA.

22. IloAIIMITHUKOBBIE ~ CTalM; MX MAapKUPOBKA, XHUMHUYECKUH  COCTaB,
TepMuyecKas 00paboTka, CTPYKTypa U MEXaHUYECKHUE CBOMCTBA.

23. I3HOCOCTOMKHE CTald TEPIUTHOTO M AyCTEHUTHOTO KJIACCOB, UX
Ha3HAuY€HHUE, MAapPKUPOBKA, XUMHUUYECKHI COCTaB, TepMHueckas oOpaboTka, mpUYUHA
BBICOKOM M3HOCOCTOMKOCTH.

24. Koppo3uifHO-CTOWKNE (HEPIKABEIOIINE) CTAIH, IPUPOAA UX KOPPO3UOHHOM
CTOMKOCTH; HMX XHUMHYECKHM COCTaB, KilaccupuKanmus ¢  MapKUpPOBKa.
MexKpucCTalInTHas KOPPO3Usl HEP)KABEIOUIUMX CTajle, €€ Mpupoja U CHOCOObI
MPEYITPEKICHUS.

25. XXaponpouHnoctb, €€ xapakTepucTHKU. DaKTOpbI, CIOCOOCTBYIOIINE
MOBBIIICHUIO  JKaporpoyHocTu. Kiaccudukarust  kapompoyHBIX — MaTepHalioB;
IIPUMEPBI CIUIABOB PA3JIMYHBIX KJIACCOB, MX XMMHUYECKHW COCTaB, MAapKHUPOBKA,
IIPUMEHCHMUSL.

26. XKXapocToiikocTh, €€ 3aBHCUMOCTh OT XMMHYECKOTO COCTaBa MaTepuala.
[IpuHIMIT JIETUPOBAHUS KAPOCTOMKUX CIUIABOB. [IpuMepsl KapOCTOMKHUX CTajled U
CIJIABOB, UX XUMUYECKUHN COCTaB, MAPKUPOBKA, IIPUMEHECHHUS.

27. MarHUTOMSATKHE ¥ MarHUTOTBEPJbIE CTAIM M CIUIaBbI, MX Ha3HAUYCHHUE,
XUMHYECKUN COCTaB, CTPYKTypa M CBOWCTBA, LEJIHM U PEKUMBI TEPMUUYECKOU
00paboTKH.

28. CrutaBpl C BBICOKMM DJIGKTPUYECKUM COINPOTHBICHUEM; MX Ha3HAUYCHHE,
XUMUYECKUN cocTaB M kiaccupukanus. CTpyKTypHasi OCOOEHHOCTbh 3THUX CIUIABOB.
[IpuMeps! CIIIaBoOB Ka)A0ro Kiiacca.

29. CrutaBbl ¢ 0COOCHHOCTSIMH TETUIOBOTO PACIIUPEHHS M YIPYTHX CBOMCTB, UX
Ha3HAYEHUE, XUMUYECKUN COCTaB, CBOVCTBA.

30. Knaccudukanus  MHCTpYMEHTAIbHBIX  CTaJe MO  Ha3HAYCHHIO.
Herennocrorikue crany Uil PeXyLIEro HMHCTPYMEHTA; UX XUMHYECKUH COCTaB,
MapKHUPOBKA, TEPMUYECKass 00padOTKa, CTPYKTypa U MEXaHUYECKHE CBOMCTBRA.

31. beicTpopexyiiue cTaiu; XUMAYECKUM COCTaB, MapKUPOBKA, MPUPOJA UX
KPaCHOCTOMKOCTU. [3MeHeHue CTpyKTyppl M CBOMCTB Ha PAa3JIMYHBIX JTarax
TEPMUYECKON 00pabOTKH.

32. TBépaple CIUIaBhl, UX XapaKTepHbIE CBOWCTBA M Ha3HAYCHHUE. | EeXHOJIOTHS
MOJy4YE€HUs, CTPYKTypa U MapKUPOBKA TBEPBIX CIIJIABOB.

33. lltamnoBaHHbIE CTald [Js XOJOJHOTO W TOpSYero aAeQpopMHUpPOBaHUSA
MeTasula; XMMUYECKUI COCTaB, MAPKUPOBKA, TepMHUUECKass 00paboTKa, CTPYKTypa U
MEXaHHYECKHE CBOMCTBA CTAJIEN Pa3IMYHbIX TPYIII.

34. Knaccudukainus CruiaBoB Ha OCHOBE Meau. BiusiHue copepskaHus ITUHKA
Ha  CTPYKTYpPY, MEXaHUYECKHE U  TEXHOJIOTMYECKHE  CBOMCTBA  JIATyHEW.
Knaccudukanus u MapkupoBKa JTaTyHEH.

35. Knaccudukanus Opon3. BnusHue conepkanus oJioBa Ha CTPYKTYpY,
MEXaHUYECKME M TEXHOJIOTHYECKHE CBOMCTBA OJIOBSHHBIX OpoH3. MapkupoBka,
CBOMCTBA U IPUMEHEHUS OJIOBSHHBIX W 0€30JI0BSIHHBIX OPOH3.
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36. CrumaBbl Ui MOALIMITHUKOB CKOJIBKEHMSI, UX CBOWCTBA U CTPYKTYpHbBIE
0COOEHHOCTH. XHMMHMUYECKUH COCTaB, CTPYKTypa MU CBOWCTBAa pPacCHpOCTPAaHEHHBIX
MapoK MOAIIMITHUKOBBIX (AHTU()PUKLIMOHHBIX) CILIABOB.

37. Knaccudukanms ATIOMHUHHUEBBIX CILJIaBOB. Hedopmupyembie
AJIFOMMHMEBBIE CIUIABbI, YIIPOUHSEMbIE U HEYIIPOUHSEMbIE TEPMUUECKON 00pabOTKOIA.
(MapKHpOBKa, XUMHUYECKUI COCTaB, CBOMCTBA, MpUMEHEHHS ). OCHOBBI YIIPOUHSIOIIEH
TEPMHUUECKON 00pabOTKHU aIFOMUHUEBBIX CILIABOB.

38. JluTeiinple alFOMMHHMEBBIE CIIJIABBI, MX XUMUYECKUI COCTaB, MapKUPOBKA,
CBOICTBa U MpUMeHeHusa. MoaudunupoBanue U TepMudeckas oOpaboTKa CIUIaBOB
JAHHOW T'PYIIIIBI.

39. CrimaBel Ha OCHOBE THTaHA, UX CBOWCTBA M 0OJIacTH MPUMEHEHUSI.
Knaccudukanus TUTAHOBBIX CIUIABOB IO CTPYKTYpE; XHUMHUYECKHHA COCTaB U
XapaKTEepHbIEC CBOKCTBA CIIJIABOB KaXJOW IPYIIIIBI.

40. CrinaBbl Ha OCHOBE MarHus; Kiaccuukanus 1 MapKUpOBKa. XUMHUECKUN
COCTaB, TEXHOJIOTMYECKUE U MEXAaHUUYECKHE CBOMCTBA CIIABOB PA3JIMYHBIX KIIACCOB.

41. KoMNO3UIIMOHHBIE ~ MaTepuanbl € METAJUIMYECKOM  MaTpuued; Hx
KJ1acCU(pUKalus, 0COOEHHOCTH CTPOEHUS U CBOWCTB; 00JACTH IPUMEHEHMUS.

42. Knaccudukanuss HeMeTalIndeckux marepuanoB. [lonumepsl; OCHOBHBIE
HOHSTHS, 0COOEHHOCTH BBICOKOMOJIEKYJIIPHOTO CTPOEHUS IOJUMEPOB.

43. dopma  Makpomosiekysl.  JluHeliHble W ceTyaThle  (3aMKHYTbIE
IPOCTPAHCTBEHHBIE) MOJIUMEPDI; CBSI3b MEKY UX CTPOCHUEM U CBOMCTBAMH.

44. duznueckue COCTOSTHUSA MOTUMEPOB (CTEKI000pa3HOE, BEICOKOAIACTUYHOE,
BA3KOoTeKydee). CBsA3b MeXIy CTpoeHueM ((PopMOM MakpOMOJEKYN) U (PU3NYECKUM
COCTOSIHUEM MOIMMeEpa. TepMOIIaCTUYHbIE U TEPMOPEAKTUBHBIE ITOJTHUMEPBI.

45. MexaHn4ecKre CBOMCTBA MOJMMEPOB. TUIIHYHBIE AMArpaMMBbl PacTsHKEHUS
TEPMOIIACTUYHBIX U TEPMOPEAKTUBHBIX MOJUMEPOB B CTEKIOOOPA3HOM COCTOSIHHH.
[Ipupoaa BBICOKOM 371aCTUYHOCTU. BBIHYKIE€HHAs 311aCTUYHOCTb.

46. BnusiHue TeMiepaTypbl M CKOPOCTM HAarpyXeHUss Ha MHPOYHOCTh
OJUMEPOB. J{ONTrOBEUYHOCTh MOJMMEPOB, (AKTOPHI, OT KOTOPHIX OHA 3aBHCHT.
Crapenue noJmMepoB, IyTH €ro CAEPKUBAHUS.

47. [InacTMacchl; UX COCTaB, POJIb PA3TMUYHBIX KOMIIOHEHTOB.

48. Knaccudukanust 1wiacTMacC IO TUIY HAMOJHUTENS W TPUPOJBI
IIOJINMEPHON OCHOBBI. TepMOIIJIaCTUYHBIE U TEPMOPEAKTUBHBIE IJIACTMACCHI; IIpecC-
MOPOIIKM,  BOJIOKHUTBI,  CJOUCTbIE  IUIACTHKU.  XapakTEepHblE  CBOWCTBA
COOTBETCTBYIOIIUX TUIIOB IJIACTMACC.
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6. P°OHJ OHEHOYHBIX CPEACTB JIJIs1 IPOBEJEHUSA
IMPOMEXYTOYHOU ATTECTAIIUA OBYYAIOIIUXCA ITO
JUCHUIIJIMHE

@DOHJT OIEHOYHBIX CPEACTB MJIA MPOBEACHUS POMEKYTOYHON aTTecTaluu
oOydJaronmxcss Mo JUCUUIUIMHE MO pelieHuto kadeapbl oQopMiIeH OTACIbHBIM
NpUIOKEHUEM K paboyeit mporpaMme.

7. MIEPEYEHb OCHOBHOMH 1 JONOJIHATEJBbHOM YYEFHOM

JUTEPATYPHI, HEOEXOJIUMOM JJIsI OCBOEHUSA TUCIUTIINHBI
a) OCHOBHAsI JIMTEepaTypa:

1. Anekcee, B.C. MarepuanoBenenve [DneKTpoHHBIM y4eOHHK]: YdeOHOE
nocooue / Anexkceee B.C., 2012, Hayuynas knura - Pexum mgoctyma:
http://iprbookshop.ru/6299

2. bycnaeBa, E.M. MarepuanoBenenue [DIeKTpoHHBIH ydeOHHK]: YueOHOe
nocoobue / bycmaea E.M., 2012, AiulluDp Menua - Pexum npocryma:
http://iprbookshop.ru/735

0) JOMOJIHMTEJIbHAS JIUTEepaTypa:

1.3apembo0, E.I'. MarepuanoBenenue [DIeKTpOHHbIH Yy4eOHHK]: YueOHOe
wunocTpupoBanHoe nocodue / 3apem6o E.I'., 2013, YueOHO-METOMUYECKHUI TIEHTP
10 00pa30BaHUIO Ha JKEJIE3HOJOPOKHOM TpaHcmopTe. - 49 c.

2.Buxpos, C.Il. MarepuanoBenaeane [DIEKTPOHHBIM y4eOHHK]: YueOHOE
nocobue / Buxpos C.I1., 2006, By3oBckoe oOpa3zoBanue. - 147 c. -

3. MarepuanoBenenue: yue0. ansa By3oB / b.H. ApzamacoB [u 1p.]; moa pen.
b.1. Apzamacosa, 2002, U3n-so MI'TYV. - 646 c.

4. Pxesckas, C.B. MarepuanoBezeHue [DneKTpOHHbIN yueOHUK] : YueOHUK /
Pxesckas C.B., 2003, M3natenbcTBO MOCKOBCKOTO TOCYJApPCTBEHHOTO TOPHOTO
yHUBepcuTeTa - Pexxum nocrymna:

5. Comnanes, FO.I1. MartepuanoBenenue: y4ue6. mis cryaeHToB By3oB / FO.II.
Connues, E.W. IIpsxun; pexa. FO.I1. Conuues, 2004, Xumuszaar. - 735 c.

IIporpammHoe obecnieyeHue

1. TIIIT MS Office 2016

2. TecroBblil penaktop biaokHoT

3. bpayseps! IE, Google Chrome, Mozilla Firefox

8. IEPEYEHb PECYPCOB UH®OPMAIIMOHHO-
TEJEKOMMYHUKAIIMOHHOM CETH "UHTEPHET",
HEOBXO/IUMBbIX JJ151 OCBOEHUSA JUCHUIIJINHBI

1.  DnexrponHas uHpopmalmoHHo-o0pa3zoBarenbHas cpega AHO BO
"C3TY" (QUOC C3TY) [DnekTpoHHbIH pecypc]. —
Pexxum noctyna: http://edu.nwotu.ru/.

2. Onextponnas 6udauoreka AHO BO "C3TVY" [DnexkTponHslii pecypc]. -
Pesxxum noctyna: http://lib.nwotu.ru:8087/jirbis2/.
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3.  DnekrpoHHO-OubmMoreunas cucrema IPRbooks [DnekTponnsiii pecypcl].
- Pexxum moctyma: http://www.iprbookshop.ru/.

4.  Hudopmarronnas cucrema "EquHoe 0OKHO J0CTyIa K 00pa3oBaTeIbHbIM
pecypcam" [DaekTpoHHbIi pecypc]. - Pexxum gocryma: http://window.edu.ru/.
5.  HudopMaroHHas CHCTEMbI JOCTYIIA K SJIEKTPOHHBIM KaTaloram

oubnuotex cdepsl oopazopanus u Hayku (MC SKbCOH) [DnexkTpoHHbIi pecypc]. -
Pexxum moctyna: http://www.vlibrary.ru/.

6. CnpaBounas npaBoBas cucteMa «KoncynaptanT I1mrocy.

7. CnpaBouHas nmpaBoBasi cucteMa «l apant.

9. METOAUYECKUE YKA3AHUA JJIS1 OBYUAIOIUXCA 11O
OCBOEHHUIO JUCIHUIIJIMHbI

N3yuenne nucumiuinHbl «MarepuanoBelleHHe» HMEET CBOM OCOOCHHOCTH,
KOTOpbIe O0YCIIOBJIEHBI €€ MECTOM B IMOATOTOBKE OakaiaBpa. BBIMONHSS BakHYIO
o0Opa3oBaTenbHyI0 (QYHKIIHIO, CBA3aHHYIO ¢ (POPMUPOBAHUEM KYJIbTYPhI MBILIUICHUS Y
CTYJEHTOB, «MartepuanoBeZicHe» BBICTYIIA€T B KayeCTBE OCHOBBI MPUOOpPETEHUs
CIoCOOHOCTEM K 0000IIEHUI0, aHaIU3y, BOCIPUATUIO HH(POPMALUU, MOCTAHOBKE
1[EJIM U BBIOOpY IMyTel ee JocTuxeHus. Ha ocHOBe n3ydeHusl TaHHOW AUCIUILIMHBI Y
o0y4aeMbIX dhopmupyroTcs HPABCTBEHHO-TTATPUOTUYECKOE CO3HaHUE,
BbIpa0aThIBACTCS TPAXKIAHCKAS TTO3ZUITHS.

[IpenogaBanne  OUCHUIUIMHBI — MpPEAyCMaTpUBAeT  CleAyioue  (GopMbl
OpraHm3anu  y4eOHOro  TMpolecca:  JIGKIHH,  NPAKTHUYEeCKHE  3aHATHA,
CaMOCTOSITENIbHYIO padOTy CTy/IeHTa, KOHCYJIbTAIIHH.

Ha  3aBepmaromem  stame  W3y4eHUsT  JUCHUIUIMHBI  HEOOXOIUMO,
BOCIIOJIB30BABIIUCH TPEJJIOKEHHBIMU  BOMPOCAMU I TOATOTOBKA K 3auery,
pa3MEIIEHHBIMU B JJIGKTPOHHON HH(OpManMOHHOW 00pa3oBaTenbHON cpejie
(BUOC), mpoBepUTh KAYECTBO YCBOEHUS y4eOHOTO MaTepHaia.

B ciyuae 3aTpyaHeHus B OTBETaxX Ha MOCTaBIEHHBIE BOIIPOCHI PEKOMEHIYETCS
MOBTOPUTH YUEOHBIN MaTepHall.

[Tocne wu3ydeHuss TeM AUCIHUIUIMHBI CJIEAYET MPHUCTYIUTh K BBHITOJIHEHUIO
KOHTPOJIbHOM paOOTBHI.

B 3aBepmieHnun u3yyeHUs y4eOHON NHMCLUMIUIMHBI CTYIAEHT O0s3aH MPONTH
IPOMEXKYTOUHYIO aTTeCcTalio. BuI NpoMeXyTOUHOW aTTecTalliu OMpenesieTcs
pabounm y4eOHbIM TIaHOM. DopMa MPOBEIEHUS MPOMEKYTOUHOM aTTecTaruu —
KOMIBIOTEPHOE TECTHPOBAHHE C HCIOJIB30BAHMEM aBTOMATH3MPOBAHHOM CHCTEMBI
TECTUPOBaHUS 3HAHUM cTyaeHTOB B DMOC.

K mnpomexyTouHoil arrectaniuu JIOMYCKAIOTCS CTYJCHTHI, BBIMOJHUBIINE
TpeOoBaHUS paboyero ydyeOHOro IUIaHa, BBIMOJHUBIINE KOHTPOJbHYIO pPaldOTy U
HaOpaBIIME JOCTATOYHOE KOJIMYECTBO 0aUIOB 32 yu4eOHYIO pabOTy B COOTBETCTBUU C
OATEHO-PEUTUHTOBON CUCTEMOA.

Oco0eHHOCTH OCBOEHHUSI [IUCUMIUVIMHBI [UIS HWHBAJIMIAOB M JHI C
OrPAHUYEHHBIMH BO3MOKHOCTSIMH 3/I0POBbSI

OOyuenne oOyJarOMIMXCS ¢ OTPAHUYECHHBIMUA BO3MOXXHOCTSIMHU 370POBBS TIPH
HEOOXOJUMOCTH, 1O JIMYHOMY 3asBJICHUIO, OCYIIECTBISETCS HAa  OCHOBE
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aIanTHPOBAHHON pabodYell MporpaMMbl C UCIIOJIB30BAHUEM CIICIIMABHBIX METOJIOB
oOydeHUs U AUIAKTHUYECKUX MaTepUasioB, COCTABJICHHBIX C yU4E€TOM OCOOCHHOCTEU
NCUXO(U3UUECKOTO PA3BUTHSA, WHIWBHIYATbHBIX BO3MOXKHOCTEH U COCTOSHUS
3JI0POBBS TAKKUX OOydaromuxcs (00yJaromierocs).
10. TEPEYEHb TH®OPMAIIMOHHBIX TEXHOJIOT UM,
NCHOJIB3YEMBIX ITPU OCYIIECTBJIEHUAN
OBPA30OBATEJBHOI'O ITPOLECCA IO AUCHUIIVIMHE

[Ipu ocymiecTBieHUH 00pa30BaTENIBHOIO TMpolecca MO  JIUCHUIUIMHE
UCTIOJNIB3YIOTCS ClIeyIomre HHPOPMAIMOHHBIE TEXHOJIOTUH:

10.1. Internet — TexnoJiorun

(WWW(aarn. World Wide Web — Bcemupnas Ilaytuna) — TexHomorus
paboThI B CETH C TUIIEPTEKCTAMU;

FTP (anrn. File Transfer Protocol — mnpotokon mnepemaun aiinoB) —
TEXHOJIOTHsI IEPEIaYu MO CeTH (PailyioB MPOU3BOJILHOTO (popMaTa;

IRC (anrn. Internet Relay Chat — moouepenHslii pa3roBop B CETH, 4aT) —
TEXHOJOTHsl BEACHMS IIEPErOBOPOB B pEaJbHOM MacluTabe BpEMEHH, JAarolias
BO3MOXKHOCTh Pa3roBapuBaTh C JIPYTUMHU JIOABMHU MO CETH B PEXKUME MNPSIMOIO
JIMasora;

ICQ (anrn. I seek you — s unry Te0si, MOXKHO 3amucaTh TpeMsl YKa3aHHBIMHU
OykBaMH) — TEXHOJIOTHS BEIEHHUS MEPEroOBOPOB OJWH Ha OJUH B CHHXPOHHOM
peXUME.

10.2. lucTanuuoHHoe 00y4eHue ¢ ucnoab3dopanuem IJUOC na miargopme
Moodle

— TexHosiorust MyIbTUMEINA B PEKUME AUATIOTA.

— TexHomorusi  HEKOHTAaKTHOTO  WH(MOPMAIIMOHHOTO  B3aUMOJICUCTBUS
(BUpTyaJIbHBIC KAOMHETHI, JTAOOPATOPUH ).

— I'uneprekcToBas TEXHOJOTHSL (PJEKTPOHHBIE YUYE€OHHMKH, CIPABOYHUKH,
CJIOBapH, SHIIUKIIONIEIUN ).
11. ONMCAHUE MATEPUAJIBHO-TEXHUYECKOM BA3blI,

HEOBXOJAUMOM JJIsI OCYIIECTBJIEHUS
OBPA3OBATEJBHOI'O ITPOIIECCA 110 YYEBHOU
JANCOUIIJINHE

BupryanbHble aHATOTH CHEITUATM3UPOBAHHBIX KAOMHETOB U JIA0OPATOPUIA.
bubnmorexa.
CnpaBouHo-tipaBoBasi cucrema Koncynbrant I[toc.
DnekTpoHHas MHPOpMAIIMOHHO-00pa3oBaTe/ibHas Cpejla YHUBEPCUTETA.
JlokanbHas ceThb ¢ BbIX0/I0M B MIHTEpHET.

agbrwnE
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12. BAJUIBHO-PEUTHHI'OBASI CHCTEMA OIIEHKHA 3HAHUI

lyacTp
Bua yueOHo#i padoThl, 32 KOTOPYIO CTABATCHA 0aJIbI basbl
VYyactue B online 3aHATHAX, TPOCTYIIMBAHUE BUICO JICKIHIA 0-5
KoHTpoJIbHBIN TECT K MOAYITIO | 0-8
ITpakTrueckas padota 1 0-6
[IpakTuyeckas pabora 2 0-6
ITpaxTrueckas padota 3 0-6
Jlaboparopnas pabota 1 0-9
KOHTPOJIbHASI PABOTA Nel 0-30
UTOT OBBIM KOHTPOJILHBIN TECT 0-30
BCET'O 0 - 100
BOHYCBI (6annbl, koTopsie MOryT ObITH J0oOaBieHb! A0 100) banabl
- 32 aKTHBHOCTh 0-10
- 32 y4acTue B OJTUMIIHNAJIe 0-50
- 3a yuactue B HUPC 0-50
- 3a opopMIICHHUE 3aIBOK Ha TMOJIC3HBIC METOBI (pALIPE/ITIOKESHHUS ) 0-50

baypHas mikana oneHkKu uMeeT Buj (B 6ayiax):

Onenka KoanyecTBo 0a/1710B
«3a4TEHO» 51 -100
«HE 3aYTEHO)» MmeHee 51

Oyenka no KOHMPOJILHOU pabome

OTIINYHO 27-30
XOPOIIIO 23— 26
YAOBJIETBOPUTEIHHO 18 — 22
HEYJOBJIETBOPUTEIBHO MeHee 18
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2 4acCTh

Bua yueOHo#i padoThl, 32 KOTOPYIO CTABATCHA 0aJIbI basbl
VYyactue B online 3aHATHAX, TPOCTYIIMBAHNE BUICO JCKIHHA 0-5
KOHTpOJIbHBIN TECT K MOAYJIIO 2 0-3
KoHTpOIbHBIHN TECT K MOYITIO 3 0-3
[IpakTuyeckas pabora 4 0-5
ITpakTrueckas padora 5 0-5
[IpakTuyeckas pabora 6 0-5
JlaGopaTtopHnast pabota 2 0-5
JlaboparopHnas pabota 3 0-9
KOHTPOJIbHASI PABOTA Ne2 0-30
WUTOI'OBbIM KOHTPOJIbHBIN TECT 0-30

BCEI'O 0-100

BOHYCBI (6amnbl, koTopsie MOTyT ObITH J0oOaBieHb! A0 100) banbl
- 32 aKTHBHOCTh 0-10
- 32 y4acTue B OJTUMIINAJIe 0-50
- 3a yuactue B HUPC 0-50
- 32 0pOpPMJICHHE 3asBOK Ha MOJIC3HBIE METOIBI (PALITPEIOKEHHS) 0-50

Oyenka no KOHMPOJLHOU pabome

OTJINYHO 27 -30
XOPOIIIO 23— 26
YAOBJIETBOPUTEIHHO 18 — 22
HEY/I0BJIETBOPUTEIBHO MeHee 18

bayibHas mikasa oneHku uMeet Buj (B 6ayiax):

«OTIIUYIHO»

«XOPOIIIO)

«YHOBJICTBOPUTCIIBHO»

«HCYOOBJICTBOPUTCIBLHO
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Ipnnoxenne

K paboueil nporpamMme AUCUMIUIMHEL «MarepraioBeieHue»
T10 HAIIPaBJICHHUIO MOATOTOBKU

15.03.01 -MamuHOCTpOCHHE

®OHJI
OLHEHOYHbBIX CPEACTB
1. Ilepeyennb popMupyeMBIX KOMITETEHIMI
oowenpogpeccuonanvusie (OlIK)
Koo
Haumenoeanue u (unu) onucanue komnemenyuu
KomMnemenyuu

YMEHHUEM MPUMEHATh COBPEMEHHBIE METOIBI ISl pa3pabOTKH MaIOOTXOHBIX,

SHeprocOeperaroIux 1 KOJOrMUECKH YUCThIX MAIIMHOCTPOUTEIbHbBIX
OTIK-4 TEXHOJIOTHH, 00€CTIeYMBAIOIINX O€30MaCHOCTh KU3HEACATEIbHOCTH JIIOJCH 1

HX 3alIUTy OT BO3MOXKHBIX HOCJ'IC,I[CTBI/II‘/’I aBapHﬁ, KaTaCTpO(b U CTUXHUHHBIX
6€I[CTBI/II71; YMCHHUEM IIPUMCHATH CIIOCOOBI PallMOHAJIBHOI'O UCITIOJIB30BAHUA
CBhIPBCBBIX, DHCPICTHYCCKUX U APYIUX BUAOB PECYPCOB B MAlIIMHOCTPOCHUU

npogpeccuonanvuie (1K)

Koo
Haumenoeanue u (unu) onucanue KomnemeHyuu
KOMnemenyuu
CIOCOOHOCTBIO TPUHUMATH yYacTHE B pabOTaxX MO COCTABJICHUIO HAyYHBIX
IK-3 OTYETOB IO BBINOJHEHHOMY 3a/IaHHIO U BO BHEAPEHUH PE3YyJIbTaTOB
HCCIIEA0OBAHUH M pa3pabOTOK B 00JIACTH MAITMHOCTPOCHUS
YMEHHEM BBIOMPATh OCHOBHBIE M BCIIOMOTATENIbHBIE MATEPUANIBI U CIIOCOOBI
K-17 peanu3allui  OCHOBHBIX TEXHOJIOTMYECKHUX TPOLIECCOB M  MPUMEHATH
i MIPOTPECCUBHBIE METObl 3KCIUIyaTallud TEXHOJOTHYECKOro O0O0pyI0oBaHUS
MIPU U3TOTOBJICHUN W3ACINNA MAaITUHOCTPOCHUS
YMEHUEM MPUMEHITh METObl CTAHAAPTHBIX HCIBITAHUN IO ONpPEAEIICHUIO
IIK-18 (U3HKO-MEXaHHYECKUX  CBOHCTB M  TEXHOJIOTMUECKHUX  ITOKa3areseH
WCIIOJIb3YEMBIX MAaTE€PUAIOB U TOTOBBIX U3JEIHUI
2. IHacnopT ¢oHIa OLIEHOYHBIX CPEACTB
Kon
Ne KonTposmpyembie MOy IH KOHTPOJIMPYeMOi HaumeHoBanue
n/n | (TeMbl) IMCHUATIIAHBI KOMIIETEHIIMH OLICHOYHOI0 CPEACTBA

(WM ee 4acTH)

1 Monyns 1. Beenenue. Ctpoenue u | OIIK-4, T1K-3,

KonTponsuslii TecT 1

cBolicTBa MeTaiuueckux cruraBoB | [1K-17, TTK-18 [TpakTnueckoe 3anstue 1
ITpakTuyeckoe 3aHsTue 2
Mopymu 1 OIIK-4, TIK-3, WTOroBbIii KOHTPOJIBHBIN TECT.
I1K-17, [IK-18 KontposnsHas pabora 1
2 Mopyns 2. Tepmudeckoit OIIK-4, TIK-3, Kontposnbublii TECT 2
00pabOTKHU CTAIH I1K-17, [IK-18 ITpakTnueckoe 3ansTue 3
3 Monyie 3. MammaOocTpouTenbhbie | OITK-4, TTK-3, KonTposnbnslii TecT 3
MaTepuaibl I1K-17, [IK-18
5 Monymu 1 - 3 OI1K-4, TIK-3, WToroBblii KOHTPOJIbHBIN TECT.
IK-17, [IK-18 Konrponsnas padora 1-2

[TpakTuyeckas padora 4-6
JlaGopatopHas pabora2-3
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3. Tloka3zaTeju M KpUTEPHH OLIEHUBAHMS KOMIIETeHIW 10 3TanaM (opMUPOBaHHUS, ONUCAHME IIKAJ OLlEHUBAHUSA

Tanbl 0CBOEHUSA

IMoxasarey J0CTHKEHHUS 3aJaHHOI0

KpuTepuu oueHUBaHUs pe3y1bTaTOB 00yUYeHUs

KOMIETEeHIHH YPOBHSI OCBOCHHS KOMIICTCHIUI 1 2 3 4 5
3HaTh: 3aKOHOMEPHOCTH U TPAKTHIECKUE He 3HaeT 3HaeT KIacCUPUKAILHNIO, 3HaeT OCHOBHI 3HaeT 3aKOHOMEPHOCTH U
CIIOCOOBI BO3/ICHCTBHS HA MEXaHUIECKHE 3HAaeT | OCHOBHYIO MapKHPOBKY, 3aKOHOMEPHOCTH U MIPAaKTHYECKHE CIIOCOOBI
CBOMCTBA METAJUIMUECKHX CIUIABOB IIyTEM Ki1accuukany | MEXaHWYeCKUE CBOMCTBA, | MPAaKTHYECKHE CIIOCOOBI BO3JICHCTBYSI HA MEXaHUYECKHUE
M3MEHEHHS NX XMMHUYECKOT0 COCTaBa 1 10, MAPKHUPOBKY, | PEKHUMBI YIIPOUHSIOLIEH BO3/ICCTBUS Ha CBOMCTBA METAJUTMYECKHUX
CTPYKTYPBI; KJIacCU(PUKAIIIO, MAPKHPOBKY, MEXaHUYeCKHUEe TepMHYECKOH 00paboTKN MEXaHWYeCKUE CBOMCTBA CIJIABOB ITyTE€M W3MEHEHHS MX
TepBbiii MEXaHHECKHE CBOMCTBa, PEKHMBL CBOﬁCTBa u o6nau10T1/1 MPUMEHEHHUS METaTMYECKUX CIIJIaBOB XMMHYECKOTO COCTaBa U
yran YIIPOYHSIONIEH TepMUYECKOH 00pabOTKH 1 cTajuei, HO CTaJlel U CIIIaBOB, HO ITyTeM U3MEHEHHS X CTPYKTYPBbI; PEKHUMBI
00J1acTH IPUMEHEHHS CTalel - OCHOBHBIX omwubaercs B JIOIyCKaeT OINOKN B XMMHUYECKOTO COCTaBa U YIPOUYHSIONIEH TEPMUYECKON
MaTepuagoB IPOMBIIIIICHHOCTH; obnactn MIPaKTHYECKHX CII0co0ax CTPYKTYPBI, HO JIOITyCKaeT | oOpaboTku u obmacTu
XapaKkTepHbIE 0COOCHHOCTH CTPOCHHS MPUMEHCHHUS BO3/IeiiCTBUS Ha OUIMOKY NPH ONPENEICHNN | MIPUMEHEHHUS CTaJIeH;
CBOMCTB IOJINMEPHBIX MAaTEPHAJIOB. CTainen. MEXaHWYeCKHE CBOMCTBA CBOMCTB TOJIMMEPHBIX XapaKTepHbIE 0COOEHHOCTH
(OIIK-4, TIK-3, TIK-17, TIK-18). METAIUIMYECKHX CIIJIABOB MaTepHAaJOB. CTPOCHHS U CBOWCTB
ITyTeM U3MECHEHHS UX TIOJIMMEPHBIX MATEPHATIOB.
CTPYKTYDBIL
YMeTh: n0J1b30BaThCA ONTUYECKUM He Omnbaercs B Bnaneer ocHoBamu IIpaBunbHO opuenTHpyercss | CrocoOeH MpaBUIbHO
MHUKPOCKOIIOM JIJIS U3y4YEHUsI CTPYKTYPBI ym™meeT | BbIOOpe U3YYCHUS CTPYKTYPHI U B BBIOOpE MaTepualibl IIs UCIIOJIb30BaTh
MaTepHaJIOB; MPOU3BOIUTH 3aKAJIKy U MaTepHajoB, CBOMCTB MaTepHaJoB; NPUMEHEHUS IIPU KOHCTPYKLIMOHHBIC
OTITyCK CTaJIell pa3NnUYHbIX MapoK; U3MEPSTh cnoco0ax u MIPOU3BO/INTH 3aKAJKY U 9KCILTyaTallii ¥ PEMOHTE Marepuabl, IPUMEHseMble
TBEPJIOCTH ISl KOHTPOJIS pe3yIbTaToB pexuMax OTIYCK CTaJlel pa3IM4YHBIX | TPAHCHOPTHBIX MAllMH, HO | IPU TEXHUYECKOM
Bropoii TepMH‘ISCKOﬁ 00paboTku; paboTaTh ¢ 5 YIpOYHSIOIEei MapoK, HO JJOIyCKaeT HE yYHUTBIBACT BIUSHUS 00CITy)KMBaHHH, TEKYILIEM
yram yueOHOH, a MpHu He0OXOIMMOCTH — HAyIHOU 0o0pabotku g | ommOKK npu pabore ¢ BHEITHHUX (DaKTOPOB 1 PEMOHTE TPAaHCIIOPTHBIX
Y CIPaBOYHOM JINTEPATYPOH 1O 15631 (N 1071 Hay4HOH U CIIpaBOYHOU TpeOOBaHUI OE30MaCHONH H | CPENCTB U TEXHOJIOTHICCKUX
MaTepuaioBeICHHIO; BEIOMPATh MaTepHabl, Pas3IMyHOTO JUTEPATYpOH TI0 3¢ PEeKTUBHOM MAaIlMH U 000pYyAOBaHUS
CIIOCOOBI M PEKMMBI YITPOUHSIOIEH Ha3HAYEHUS. MaTepHAIOBEICHUIO. SKCIITyaTallu 1
00paboTKH /T U3/1ENNH Pa3TUIHOTO CTOMMOCTH
Ha3HA4YEHUsL.
(OITK-4, TIK-3, TIK-17, ITK-18).
BrnageTs: 00mmKUMY HaBBIKAMU TI0 aHAIIA3Y He YactuuHo Bnageer obmumu Bnageet 06001mennem, u Brnaneet o0muMu HaBBIKAMHU
TpeGoBaHUil K MaTepHary U ClIOCOOHOCTH BIaje | CHOCOOEH K HaBBIKAMU 10 aHAJIN3Y aHaM30M MH(OpPMALUK N0 | IO aHaIK3y TpeOOBaHUil K
BbIOOpa MaTepuaia u3aAeiui eT 00001IeHUIO U TpeOOBaHuil K MaTepuany | TpeOOBAaHUSIM K MaTepHally | MaTepually U CIIOCOOHOCTSIMHU
MAaITMHOCTPOEHUS pabOTaONNX B aHaMM3y U CTIOCOOEH K BHIOOPY U CTIOCOOEH K BBIOOPY BBIOOpA MaTepuana u3aenni;
N PAa3JINYHBIX YCIOBUAX DKCIUTYaTallUH. TpeGOBaHMIT K Marepuaia u3aeaui Marepuaia u3aeaui KyJbTYPOH MBILUICHUS,
Tperuii
sran (OIIK-4, IK-3, TIK-17, [1K-18). Marepuaiy, HO MaIIMHOCTPOCHUSI, HO MaIIMHOCTPOCHUS CIIOCOOHOCTBIO K 00001IeHHIO,

JIOIyCKaeT
OIIMOKY IIpH
[TOCTAHOBKE
LeNU 1 BEIOOpe
Marepuara.

JIOIyCKaeT OIUOKHU MpH
yuéTe ycrnoBuit
JKCILTyaTalUH.

paboTaronyx B pa3IMyHbIX
YCIIOBUSIX 9KCIUTyaTaIlUH,
HO JIOITyCKAeT OMHMOKH MpH
BEIOOpE TyTeH
JOCTHIKEHHS.

aHAJIN3Y, BOCHIPUITHIO
nH}opManuy, TOCTAHOBKE
LIeJTU U BBIOOpY IyTel ee
JOCTHOKEHHUSL.




4, HIxaJjbl olleHUBaHUS
(0aILHO-PEHTHHIOBAsA CHCTEMA)

1 yacTn
Buj yueOHoii padoThl, 32 KOTOPYIO CTABATCS 0aJLIIbI Baibl
VYyactue B online 3aHATHAX, MPOCITYIIMBAHUE BUJICO JICKITUN 0-5
KoHTponbHbI# TecT K Moayio | 0-8
ITpaxTuueckas padota 1 0-6
[IpakTuyeckas pabora 2 0-6
ITpakTuueckas padora 3 0-6
JlaGopaTtopHast pabora 1 0-9
KonrponsHas pabora Nel 0-30
HToroBeIii KOHTPOJILHBIN TECT 0-30
Bcero 0-100
banbHas mikana oneHku uMmeeT BU (B Oauiax):
Onenka KoanuecTBo 60a/1510B
«3a4TEHOY 51-100
«HE 3aYTEHOY MeHee 51
2 yacTthb
Buj yueOHoi1 padoThl, 32 KOTOPYIO CTABATCS 0aJLJIbI BbaJyibl
Yyactue B online 3aHATHIX, TPOCITYIIMBAHUE BUJICO JICKIIUN 0-5

KOHTpoJIbHBIN TECT K MOAYJIIO 2

KoHTponbHbIN TECT K MOAYIIO 3

[TpakTiueckas pabota 4

[IpakTuyeckas pabora 5

[TpakTiueckas pabota 6

JlabopaTtopnast pabota 2

OO0 |00|0o|O
1
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JlaGopaTtopHas pabora 3

KonrtposnbHas pabora Ne2 0-30
WTOTOBBII KOHTPOJIBHBIN TECT 0-30
Bcero 0-100
banbnas mikana oneHku umeeT BUJ (B Oaminax):
COTJIIMYHOY 86 — 100
«XOpOILOY 69 — 85
«YJIOBJIIETBOPUTEILHOY 51— 68
«HEYJIOBJIETBOPUTEIHHO MmeHee 51
5. TunoBble KOHTPOJIbLHBIE 321aHUA UJIU HHbIE MAaTepPHAJIbl, He00X0AUMBbIE

JJIS OLlEHKY 3HAHUI, YMEHU I, HABBIKOB M (WJIH) ONBITA AeATeJbHOCTH,
XapaKTepU3yIIHX 3TANbl (POPMUPOBAHUSA KOMIIETEHIUI NPH U3YYECHUU
yueOHOM TMCUMIUIMHBI B IPOLIecce 0CBOEHUS 00pa30BaTeIbHOM MPOrpaMMbl

5.1. TunoBoii BApDUAHT 32/IaHUSI HA KOHTPOJbHYIO PadoTy

IlepBass koHTposibHasi pa0OoTa TMOCBsIIEHA AaHATU3y JAWArpaMM COCTOSIHUS JBOWHBIX
CIUIaBOB. AHAJM3 JUarpaMM COCTOSIHUS J1aeT MH(OPMALMI0 O CTPYKTYpE CIUIABOB Pa3IM4HOTO
XMMHYECKOTO  COCTaBa, IO3BOJIIET IIPOTHO3MPOBATh CBOWCTBA  CIUIABOB, OINPEACIATH
ONTUMAJIbHBIE TEXHOJOTHMM M pexuMbl WX 00pabdotku, KontponpHas pabora 1 ummeer 10
BapUaHTOB, HOMEpa KOTOPHIX COOTBETCTBYIOT mocienHedl mudpe uudppa crynenta. [ns
BBITMIOJTHEHUS 3TOM paboThl HEOOXOIUMO BBIYEPTUTH COOTBETCTBYIOIIYIO AMATPAMMY COCTOSIHUS
Y TIPOBECTH €€ aHAJIN3 B YKa3aHHOW HMKE MTOCIIE0BATEIbHOCTH:
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KonTtpoabsnas padora Nel

1. Onucarb XapakTep B3aMMOACHCTBUS KOMIIOHEHTOB JAHHOW CHCTEMBI B >KHUIKOM U
TBEPJIOM COCTOSIHUSIX. YCTAHOBUTH, Kakue (ha3bl 00pa3ylOTCs MPH CIUIABJICHUU KOMIIOHEHTOB,
JIaTh UX XapaKTePUCTHUKY.

2. Yka3atb (a3bl BO BceX 00JIaCTIX quarpamMmbl (Ha pucyHke 1).
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3. Hamucatp, KakoMy MpeBpallieHUIO NPU OXJIAXKIEHUU U HarpeBe COOTBETCTBYET KaXKJasi
JVHHUS AUArpaMMBbl.

4. OnucaTh NpeBpalleHus, IPOUCXOASIINE B OTHOM U3 CIJIABOB

(BbIOMpaeTcs MO mpeAnocieaHed mudpe muppa) Npu MEUIEHHOM OXJIAXIAECHUH U3
KUJKOTO COCTOSIHUS JI0 TeMIIepaTyphl, COOTBETCTBYIOIIEH ocH abcuucc auarpammbl. YKas3aTb
OKOHYATEJIbHYIO CTPYKTYpY 3TOTO CIIIaBa.

5. IIpoananusupoBaTh (MbICIIEHHO) (POPMUPOBAHKUE CTPYKTYp CIUIABOB JPYTHX COCTAaBOB
U yKa3aTb BCE BO3MOXKHBIE TUIIBI OKOHYATEIbHBIX CTPYKTYpP, 00pa3yroIuXCcsl B JAHHONW CHUCTEME.
OTMETUTHh UHTEPBAJIBI COCTABOB, B KOTOPBIX CYIIECTBYET KayKAasi U3 3TUX TUIIOBBIX CTPYKTYP.

6. Onpenenurs:

a) XUMHYECKHE COCTABBI

0) oTHOcUTeNbHbIE KoNMMYecTBa (pa3 B CIUIaBe 3aJaHHOrO cocTaBa (BBHIOPAHHOM I1O
npeanociaeaHeit mudpe mudpa) npu TemMneparype, ykazaHHoM B TaOJIUIIE C 3aJaHHEM.

7. YCTaHOBUTb NPHUMEPHBIM XapakTep H3MEHEHUs MEXaHWYECKHX CBOWCTB CIUIABOB
JAHHOW CHCTEMbl B 3aBUCUMOCTH OT HX XHMHUYECKoro coctaBa. Jlatb 3akimtoueHue o0
0COOEHHOCTSIX TEXHOJIOTMYECKUX CBOMCTB CIUIAaBOB pa3nuyHoro cocrtaBa (IIpu BbImOIHEHUU
3TOTO 3a/1aHus pykoBojacTBoBaThcs 3akoHaMu H.C. KypHakosa).

KonTtpouabHnas paéora Ne 2 cocTOUT U3 IATH 3a/1a4:

3a0aua 1. Omnpenenutb 1O AWAarpaMMe KeJIe30-UEMEHTHUT, KaKhe IpeBpaIleHUs
COBEpIIAIOTCS B cTald MapKu 40 1mpu MEAJICHHOM OXJIaKICHUU OT PacIIaBIEHHOTO COCTOSHUS
JI0 KOMHATHOM TeMIEepaTrypsl U OKOHYATENbHYIO CTPYKTYpy 3ToH crtaimu. Kakyro CTpykTypy
OyayT UMeTh M3/eNMs U3 ATOH cTaimu mocie 3akaiku ¢ temmneparyp 740 u 840 °C? Kakoil u3
YKa3aHHbIX BapUaHTOB 3aKaJKU cJeayeT BbIOpaTh s oOecriedeHusi Oosiee  BBICOKHX
HKCIUTYaTaI[MOHHBIX XapaKTEPUCTHK U3/IeIUNA U3 3TOM cTalu U oyemy?
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3aoaua 2. KoneHuaTble Bajibl JBUTaTeNIeii BHYTPEHHETO CTOPaHUs pabOTalOT B YCIOBHSX
JTUHAMHYECKUX Harpy3ok. BbpiOpaTe Mapky cranu [Jisi M3TOTOBJIEHHS KOJICHYATHIX BaJlOB
aBTOMOOWJIBHBIX ~ JIBUTATeNeil M peXuM TepMHYecKod 00paboTku, oOecreuyuBaromun
ONTUMAJIFHOE COYETAHHE MEXAaHUYECKHX CBOWCTB. Ha3zHauuTh pexuM MECTHOW TepMHUYECKON
00pabOTKM AJISl TIOBBILICHUS U3HOCOCTOMKOCTH IIEEK BaJOB. YKa3aTh CTPYKTYPY M MPUMEPHYIO
TBEPAOCTH B PAa3JIMYHBIX YACTSIX TOTOBOTO U3/EIHSI.

3adaua 3. BeiOpaTh SKOHOMUYHBIA MaTepHall JIsl JINTHIX JIeTaiel aBToMoOuiIei (010Kk0B
HWIMHIPOB, KAPTEPOB, TOPMO3HBIX 0apabaHOB) U MOABEMHO-TPAHCIOPTHBIX MAILIUH (KOPIYCOB
PEeIyKTOpOB, OJIOKOB, OapabaHOB), HE MCHBITHIBAIOUIMX MPHU paboTe OONBIINX HArpy30K (Op ~
200...250 MIla). IIpuBecTn MapKy cruiaBa, ONMKMCATh €r0 CTPYKTYPY M CBOMCTBA. YKa3aTh IyTH
MIOBBIIIICHUS] MEXaHWYECKUX CBOWCTB CILJIABOB ATOM IPYIIIHI.

3aoaua 4. Beibpath crutaB ais qeTajiell aBTOMOOMIIBHBIX paguaTOpPOB, U3TOTABINBAEMbIX
METOJaMU  XOJIONHOW  muactTuyeckod  nedopmammu. OOOCHOBaTh  BBIOOp,  YYUTHIBas
TEXHOJIOTMYECKHE, MeXaHW4yeckue U (pusmueckue cBoiicTBa. OTMETHTHh BIUSHUE TEXHOJIOTHH
M3TOTOBJICHHS HA MEXAHUYECKHUE CBOMCTBA JACTAJICH.

3aoaua 5. BpiOparth mnoiMMepHBIH MaTepuan JUIsl HM3TOTOBJIEHHS OAauKOB TIJIABHBIX
IUIMHAPOB TOpPMO3a M CIEIUICHHA. YKa3aTh KIacCH(UMKALMOHHYIO TPYIIy MaTepuaia,
MIPUBECTH €TI0 CTPYKTYPHYIO GOpMYIy, XUMUYECKHE U (PU3UKO-MEXaHUUECKHE CBONCTBRA.

5.2.  TunoBoii TeCcT NPOMEKYTOYHOMH aTTeCTALMH
1. Kakas u3 mepedrciieHHBIX XapaKTEPUCTUK HE BXOJHUT B ONPE/ICIICHUE IOHATHS «(a3an?
a. Tun pemerku.
b. Cpoiictsa.
. Pazmep 3epHa.
d. I'panuna pasaena.
€. XMMHYECKHUI COCTaB.
2. Kako#i TepMUH B CJIEAYIONIEM MIEPEYHE SIBISETCS JTUITHUM?
a. XMMUYECKHUM DIIEMEHT.
b. ®a3za.
C. XMMUYECKOE COECITUHEHHUE.
d. KommoHeHrT.
e. Tsepablit pacTBOp.
3. Kakoe u3 nmepeuncieHHbIX yTBepKaeHn HeBepHO? 1o cpaBHEHMIO C TBEPJBIMH PAaCTBOpaMH
XUMUYECKHE COEAMHEHUS B METAJUIMUYECKUX CIUIABAX ...
a) Oosiee TBepbIE.
b) UMErOT OCTOSHHBINA XUMHUYECKHUI COCTaB.
C) MEHEe TUIACTUYHBI.
d) UMErOT ONpeeICHHYIO TEMITEPaTypy TUIABICHHUSL.
€) UMEIOT OOJIBIIYIO YIapHYIO BSI3KOCTb.
4. Kaxoil wu3 mnepeduciaeHHBIX (AKTOPOB SBIAETCS OMPEACNAIOMUM B (HOPMUPOBAHUU
MEXaHUYECKUX CBOMCTB CIIIaBOB?
a. dopma KpucTamios.
b. Pa3meph! kKprcTaILIOB.
C. Muxkpoctpykrypa.
d. OTHOCHUTENBHOE KOJMUYESCTBO KPUCTAIUIOB Pa3InUHBIX (a3.
€. MIx B3anuMHOE pacrnoioKeHHE.
5. C kaKoi U3 NepevnciIeHHbIX CTPYKTYp YYT'yH AODKEH 001a1aTh HauboIbIliel TPOYHOCTHIO?
a. [HapoBuansiii rpagut (I') + gpeppur (D).
b. Ilapouaustii I' + nepmut (IT).
C. IInactunuarsiii I' + I1.
d. Xnonseuansiii I +@ + I1.
e. XnoneeBuAHbIN [ + O.

29



6. 13 xakux (a3 ¢dopmupyercs paBHOBECHAs CTPYKTypa YIJIEPOAUCTBIX CTaleil M OenbIx
YYT'yHOB IIPU HOPMaJIbHBIX TeMIiepaTypax?

a. AyCTeHHUT.

b. ®eppur.

. IlemeHTHT.

d. JleneGypur.

e. Ilepaur.
7. Kak H3MEHSIOTCS TBEPAOCTh W IUIACTUYHOCTH YIVIEPOJUCTBIX CTajeil C yBeIMYEHUEM
CoJepKaHus B HUX yrieponaa?

a. TBepAOCTh U MIACTUYHOCTH PACTYT.

b. TBepAOCTh M IACTHYHOCTD MAJIAOT.

C. TBepAOCTh pacTeT, MIACTUYHOCTD MajaeT.

d. TBepaoCTh Masaet, MIACTUYHOCTb, TNIACTUYHOCTh PaCTeT.

e. TBepaOCTh pacTeT, MIACTUYHOCTh HE U3MEHSIETCS.
8. KakoBa OCHOBHas CTPYKTypHas COCTaBJIAIOLIAsl YIJIEPOAMCTBIX CTalleii B PAaBHOBECHOM
COCTOSTHUM MPU KOMHATHOM Temiiepatype?

a. @eppur.

b. IleMeHTHT BTOPHYHBIH.

c. [lepaur.

d. AycreHur.

e. JleneOypwur.
9. Ilo xakUM M3 MEPEUMCICHHBIX XaPAKTEPUCTUK CEPble UYTYHbl BHITOAHO OTJIMYAIOTCS OT
YIIEPOAUCTBIX CTanen?

a. AHTU(PUKIIMOHHBIE CBOMCTBA.

b. CroumocTs.

C. JIuteliHble CBOMCTBA.

d. ITpounocTs.

e. IInmacTuyHOCTb.

5.3.  TunoBoii BApHAHT NMPaKTHYECKOIl padoThI

CTpyKTypa H CBONCTBA CIIABOB HA OCHOBE AJTIOMHHUS

|. L{env pabomei

N3ydeHue cTpyKTypbl U CBOMCTB Pa3JIMYHBIX TPYIII ATFOMUHHUEBBIX CIJIABOB M MPOLIECCOB
UX TePMHUYECKOM 00pabOTKH.

11. Teopemuueckoe obocnosanue

AnoMMHUR M3-3a HEBBICOKOM mnpoyHocTH (0,<140 MIla paxke B HakienaHHOM
COCTOSIHUM) KaK KOHCTPYKLUMOHHBIH MaTepHall MpakTHUYecKW He ucnoibiyercs. CruiaBel Ha
OCHOBE  QIIOMMHHUS, COXpaHsAs TNpPUCYIIMEe €My JIOCTOMHCTBAa (HU3Kas  IUIOTHOCTb,
2700 kr/m® (2,7 r/cm®), BBICOKAsi KOPPO3HOHHAsi CTOWKOCTE), OONAZAIOT TOCTATOYHO BBICOKOI
IPOYHOCTBIO (ITOCJe TePMHUECKOW 0O0pabOTKH) U XOPOLIMMH TEXHOJIOTHYECKHMHU CBOMCTBaMU:
CIIOCOOHOCTBIO CBAapUBATHCA, IMOABEPraThbCsl PA3NUYHBIM BUAAM MEXaHUYECKOW 00paboTKH;
JUTEHHBIMU U T.II. DTO OOYCIOBWIO BBIJBMKEHUE AITIOMHUHHUEBBIX CIUIABOB Ha BTOPOE MECTO
1ocJie CTajau Mo 00beMy MPOU3BOJICTBA.

ANIOMUHHEBBIE  CIUIaBbl  KJaccHpUUUPYOTCH [0 JIBYM  IIpU3HAaKaM: IO
TEXHOJIOTUYECKUM CBOMCTBaM, ONPEIENSIONIUM CHOCO0 H3TrOTOBIEHUS MonyhadpukaToB U
neraseii; mo cnocoOHocTH 3 (PEeKTUBHO YIPOUHATHCA B PE3yJIbTaTe TEPMUUECKON 00pabOTKH.

[To nepBoMy NpH3HAKY aTIOMUHHUEBBIE CIUIABbHI MOAPA3JIEISAIOTCS Ha Ae)opMHUpyeMble U
JuTeiinble. 3 neopMUpyeMbIX CIUTABOB METOJAaMM XOJIOJHOW M Topsiued IUIacTHYECKOM
nedhopmaruu moay4arT noiygpadpuKkaTsl B BHJIE JIUCTOB, Mpoduiei, mpyTKoB U T.I. JluTeiHnbie
CIUIaBbI IIPEJHA3HAYEHBI JIS1 OTJIMBKHU JETAJIEH.

30



JdedopMupyemble M JINTelHbIe AJIOMHHHEBbIE CIUIABbI MO HMX CIHOCOOHOCTH
YIOPOYHATHCS B  pe3yJbTare TePMHUYECKOH o00paldoTKH KJIACCUPUUHUPYIOTCS Ha
YIPOYHsSIeMbIE M HE YIIPOUYHSIEMbIE TEPMUUECKO 00pabOTKOM.

Hdebopmupyempble cmJjgaBbl, YNpPOYHsieMble TepMHU4YecKOil 00padoOTKOI,
JETUPYIOT MENIbI0, MarHHEM, MapraHieM, LUHKOM, JIMTHEM. OTH 3JIEMEHThl 00pa3yloT ¢
ATIOMUHHEM TBEpJble PAcTBOPhl (Cl) C OTPaHUYEHHOW PACTBOPUMOCTHIO M MPOMEKYTOUHBIC
dassl, Hanpumep, CuAly, MgoAls, MnAlg, AlsLi.

XapakTepHOil 0COOEHHOCTBIO OL-TBEPAOrO pacTBOpa Ha OCHOBE AIOMHHHUS SIBIISIETCS
3HAYUTENIbHOE yBEIIMYEHHE PACTBOPUMOCTH JIETUPYIOIIUX DJIEMEHTOB C  IOBBIIICHUEM
Temrneparypsl (Harpumep, B cucteme Al-Cu mMakcumainbHasi pacTBOPUMOCTh ME/IM B aJTIOMUHHH
Bo3pacraeT noutu B 30 pa3 npu HarpeBe B uaTepBase 20...548 °C - cm. puc. 1).

ConepxaHue JETUPYIOIIMX 3JEMEHTOB B CIJIaBaxX JAHHOW TPYMIbI MPHOIMKAeTCA K
COCTaBy, OTBEUAIOLIEMY TMpEAebHON PAcTBOPUMOCTH B O.-PAacTBOpPE, HO HE MPEBOCXOAUT
€ro, T.e. CTPYKTypa OTUX CIUIaBOB B PAaBHOBECHOM COCTOSHUHU: O.-TBEpAbIH pPAacTBOp C
BKJIIOYCHUSIMU COOTBETCTBYIOIIMX IPOMEKYTOUYHBIX BTOPHYHBIX (pa3. ITO, C OJHON CTOPOHHBI,
o0OecrieunBaeT COXpaHEeHHE AePOPMHUPYEMOCTH CIJIaBa, TaK KaK €ro OCHOBA - IUIACTUYHBIN
OL-PacTBOp, C JAPYrod - CO3AAE€T BO3MOXKHOCTH A(PPEKTHBHOTO YIPOUYHEHHUS TEPMUYECKON
00paboTKOI.

OcCHOBBI TEOpUU TEPMHUYECKOW OOpaOOTKH aTIOMUHHEBBIX CIIJIABOB MOTYT OBITh
paccMOTpeHbl Ha OpUMepe AYPAJIOMHHOB - ciuiaBoB cucrtembl Al-Cu-Mg. Dt cruiaBbl
coaepxkatr okoisio 4...5 % Cu, nostomy cornacuo auarpamme Al-Cu (puc. 1) ux CTpyKTypa B
PaBHOBECHOM COCTOSIHUH: OL- TBEP/bIA PacTBOP C BKIIOUEHUSAMH MPOMEKYTOUHOH (hazer CuAly,
HaszbIBaeMol 0-dazoi.

YhpouHsiomasi TepMuYeckassi o0padoTKa COCTOMT M3 JIBYX JITANOB: 3aKAJKU U
cTapeHMus.

Jlig 3akanky CIIaB HarpeBaeTcsl BbIIIE JIMHUU MPEAeNbHON PAacTBOPUMOCTH, TaK YTO
0-haza MoJIHOCTHIO PACTBOPSIETCA.

BricTpoe oxnaxkaeHne 10 KOMHATHOM TemMmepaTypsl PUKCUPYET 0AHO(DAZHYIO CTPYKTYPY
MIEPECHIILIEHHOT0 Me/bl0 o - pacTBopa. [IpouHocTh mpu 3T0M H3MeHseTcss Mano. CyliecTBEHHOE
YBEJIMYEHUE MPOYHOCTU MPOUCXOJUT B pe3ysIbTaTe CTApEHHUs - MPOILIECCOB, MPOTEKAOIUX MPU
JUINTEIbHOW  BBIIEP)KKE HEPAaBHOBECHOT'O, 3aKaJleHHOIO CIUIaBa NpU KOMHATHOW WM
MOBBILICHHON TemIepaType. B 3aBucuMocTy OT pupos! CIUIaBa U peKUMa CTapEHUs! CTPYKTypa
CIIaBa B TOM MM MHOW Mepe MpHUOIIKaeTcs K paBHOBECHOMY (o +0) cocTosiHMIO.

JUintenbHasi  BbIAEpKKA ~3aKaJ€HHOrO CIUIaBa IpU  KOMHATHOM  TeMIleparype
(“ecTecTBeHHOE CTapeHMe’) HE IPUBOAMUT K 0OpazoBaHMIO O-da3bl. B oTIeNnbHBIX MIOCKOCTIX
PELIETKH O.- PacTBOpa HAUMHAIOT CKAINIUBATbCS aTOMbI ME/IU, OJTHAKO MX KOHIIEHTPALUs elle He
JIOCTUTAET TOM, KOTOpast HeoObxoauma i1t oOpa3oBanus 3apoasiiieit 0 - dassr (55,4 % Cu). Uz-
3a pa3HUIBI aTOMHBIX paguycoB meau (0,128 um) u amomunus (0,143 HM) pemeTka o-pacTBopa
B MECTaX CKOIUIEHHUS MEAM CUJIBbHO HCKaXaeTcsi. DT 00JacTH HCKaXEHUH Ha3bIBAIOTCS 30HAMH
I'mube-IIpecrona vin 3oHamu ['T1. SIBissich MckaxeHussMHu pemieTk, 30HbI ['TI nmpensTcTByroT
CKOJIBXKEHHIO UCIOKAIHUi U 9D (HEKTUBHO YIIPOUYHSIOT CIuiaB (puc. 2).
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K+CuAl,

Puc. 1. Jlnarpamma coctosiHus
AITIOMHUHUN-MEIb

a + CuAl,

CUAlz

33 55 Cu, %

B pesynsrate “mckyccrBenHoro crapenus”’ npu 100...150 °C B MecTax CKOIUICHUS
Menu B OL-pacTBope oOpasyroTcsi meractabwibHbie 0'- m 0''- ¢aspl, ornuuarommecs ot

G, Mlla | 200 paBHOBecHOM O-das3pl  TUIIOM
420\ S peHJeTKI/g } PemreTka
400 /] 750 100° MeTacTa0miIbHOM (a3bl eime He
380 . 200° _5° OTJIeJIeHa oT pelieTku

e——T"
340 // 5 Puc. 2. 3aBUCMMOCTb MPOYHOCTU
320 / - —90 ZlypasloMMHa OT pexKnma
300 cTapeHus

oL - pacTBopa (kxorepeHTHas
CBf3b), @ TaK KakK IapaMeTpsl
ATUX PEIIETOK pa3JIMyHbI, TO B MecTax oOpazoBanusi 0'- u 0''-(da3 pemerka o-pacTBopa
uckaxaetrcs. CTelneHb HCKaXEHUs, OJHAKO, MEHbIE, 4eM B ciydae obOpazoBaHus 30H [TI,
03TOMY MeHbIIIe U 3P eKT ynpouHeHus (puc. 2).

Eme MeHbIe BennuuHa ynpouHeHus npu crapeHuu B uarepsane 200...250 °C. Ilpu stux
Temreparypax oopaszyercs paBHOBecHas 0-dasa, ee pemeTka HOJTHOCThIO OT/eNIeHa OT PELIETKH
o.-pacTBopa. B pesynbrare CHUMArOTCS HMCKaKEHMsI PEIIETKH O.-pacTBOpa U IMOHMYKAETCS
CTENEeHb YIPOYHEHMs; Ha JTOM JTale OHO OOYCJIOBJIEHO TOPMOKEHUEM JMCIOKAIUI
MEJIKOAUCIIEPCHBIMU BbIZeNeHUsIMU 0 - ¢a3bl. M3 puc. 2 BUIHO, 4TO JUIMTENbHAs BBIAEPIKKA MPU
200...250 °C, mnpuBomsmas K KOATYISAIWK YHOPOUHSIONIMX dYacTull 0-¢a3bl, BBI3BIBACT
YMEHbILIEHUE IPOYHOCTH (“‘IiepecTapuBaHue’).

IIpomblneHHble nepopMUpPpYeMble CIJAaBBbI, YIPOUHAEMbIE MEPMUUECKOU
06pabomkoil,- 3TO TIaBHBIM 00pa30M JypalfOMUHBI - ciiaBbl cuctembl Al-Cu-Mg. Kpome
TOT'0, B HUX BBOJUTCSI MapraHel] Jiisl MOBBIIIEHNUS KOPPO3UOHHON CTOMKOCTH.

B taGn. 1 mpuBeneHbl cCOCTaB M CBOMCTBA HanboJiee pacCpOCTPaHEHHBIX TypaTIOMUHOB, a
TaKXKe OTHOCSIIMXCA K 3ToW rpymme BbicokonpouyHsix (B95, BAJI23), xoBounbix (AKS) u
xaponpouHbix (AK4) ciitaBoB. OTANYUTEIBRHON YEPTOM CIIIABOB ATOM

TPYIIIBI SIBJISETCS BBICOKAs yeJbHAas NPOYHOCTh (OTHOLIEHHE MPOYHOCTHU K TUIOTHOCTH
CIuiaBa), OOyCIOBHMBIIAs WX IIHPOKOE TMPHUMEHEHHWE B  aBHAIlMHM, TPAHCIIOPTHOM
MAaIIMHOCTPOCHUU U IPHOOPOCTPOCHHH.

HedopMupyemble CIUIaBbl, He YHpoOUYHAeMble MEPMUUECKOU 00padomkoii, B
PaBHOBECHOM COCTOSSHUM HMEIOT CTPYKTYpPY OL-TBEpJOro pacTBopa, JHOO O-pacTBOpa, C
BKJIIOUEHUSIMU NPOMEKYTOUHBIX (a3. [Ipu nByxdasHoil CTpyKType yNpOyHEHHE TEPMHUECKOM

o 1 2 3 4 ] 6 7T, cymau
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00paboTKOiA,

B IMPpUHOHUIIC,

BO3MOXKHO (€CIi TMpPOMEXYTOYHbIE (Da3bl pacTBOPU MbI B

oL-pacTBOpe), oaHaKo ero 3(dekT mMam u3-3a HeOONBIIOTO KOJIMYECTBA YIPOUHSIOMICH (asbl.
[ToaTomMy crutaBel JaHHOW TPYIIBI YIPOUYHSIONMIEH TEpMOOOPaOOTKE HE IOABEPraroOTCs, HX
MO>KHO YIPOYHSTH ILTACTHUECKOH nedopmannei.

K aT0ii rpymnne otHocsATcs ciuiaBbl cucteMbl Al-Mn (Mapkupyrotes AM) u

Al-Mg

(AMr), OHH HMEIOT HEBBICOKYIO IIPOYHOCTb, JETKO 00padaThIBatOTCs, XOPOIIO CBApUBAIOTCS U
007a/1al0T BBICOKON KOPPO3MOHHON CTOMKOCTHbIO. COCTaB M CBOWCTBA CIUIABOB 3TOM TPYIIIIbI
MIPUBEJICHBI B TA0JI. 2.

CILIaBOB, YIIPOYHsEMbIX TepMuyeckoit o0padboTkoi (TOCT 4784-97)

Tabauua 1

XUMUYECKUH COCTaB M MEXaHMYECKHE CBOMCTBA I[e(bOpMI/IpyeMBIX AJIFOMHMHHECBBIX

Xumuueckuit coctas, % (octagpHoe Al)
Mapka d, YupouHstorias O, d,
cmiaBal  Cu Mg Mn Jlpyrue r/em’ TepMooOpaboTKa MIlla | %
AJIEMEHTBI
Fe 05 3akanka 500 °C,
J16 |13,8-49|1,2-1,8|0,3-0,9 si 0’ 5’ 2,8 crapenue 20 °C, 96 470 17
’ 4acoB
18 [2,2-3002:05| 02 Fsel %‘Z; 2,76 To e 300 | 24
1i19-23 3akanka 500 °C,
01420 — 5060 03 | 0,09-0 15 2,5 |crapenue 17;) °C, 10...12| 450 |4-5
71 5.0-7.0 3akanka 470 °C,
B95 |1,4-201,8-2,8|0,2-0,6 Cr 01;[_01’25 2,85 |cTapennue 133 °C, 16...24/500-580| 7-5
. 3akanka 520 °C
BAJI2 Li0,9-1,4 o 1
3 418-518 - 014-018 Cd 0,_0,25 2’72 CTapeHI/Ie 17;) C, 10.12 550-580 4
3akanka 500 °C, 10
AK8 |3,9-48|04-08|04-10| Si06-1,2 | 2,8 |crapenue 160 °C, 6...15 [450-460
q
Aki1| 1027 |1218| — | FE0BLA | g | ot e | 4z | 13
H H ) i) Ni 0,8_114; ) cTapeHI/Ie )
JacoB
Tabauna 2
XUMHYECKHI COCTaB U MEXaHUYECKHUE CBOMCTBA aJTIOMUHUEBBIX CIIJIaBOB,
HE yIpOYHsIeMbIX TepMuueckoii 0opadotkoit (IOCT 4784-97)
M Xumnyeckuii cocras, %
apka (octamsnoe Al) Gs, MIla 3, %
cnnasa
Mn Mg
AMi 1,0..1,6 — 130(220) 25(23)
AMrI2 0,6...0,6 18..2,8 200 23
AMré6 0,5...0,8 5,8...6,8 300 18

JureiiHnole

AJIOMHUHUEBBIC CIIJIABBbI

p a@3JIMYHBI MO XUMHYECKOMY COCTaBy H

CTpyKType. Hammydmmmu 1o JUTEHHBIM CBOMCTBAM (PKHUIKOTEKY4YE€CTh, TUIOTHOCTH OTIIHBOK)
SBIISIOTCS CIUIaBBI, COCTAaB KOTOPBIX NPHUOMIKAeTCsl K JBTeKTHYeckoMy. K Takum craBam
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oTHOCATCs cuiyMuHbl (cuctema Al-Si), muarpamMmma coCTOSIHUSI KOTOPBIX NOKa3aHa Ha puC. 3.
[Tpombiniennsie criaBsl cogepxat 10...13 % Si. OBrektuka (ou+Si) uMeer rpydoe uroyipyaToe
CTpoeHHe (3a CYeT KPHUCTALUIOB Si); MOMHUMO 3BTEKTUKH B CTPYKType OOBIYHO HMEIOTCS
n30BITOYHBIE TIepBUYHBIE KpUCTAILIBI Si. CIIIaBbI ¢ TAKOM CTPYKTYpPOM XapaKTepU3yIOTCsl HU3KOU
IUTACTUYHOCTRIO. B CBS3M € 3TUM CHJIYyMHHBI TOABEPralOT MOAM(PUIUPOBAHMIO (OOBIYHO
BBEJICHUEM B pacCIlIaB COJIed HaTpus), B pe3yibTare 4Yero TemIepaTypa SBTEKTHUUYECKOTO
MpeBpalleHus] TMOHWXkaeTcss (WTpuxoBas JuHUA Ha puc. 9.3) U CIUIAaB CTAaHOBUTCA
JTIO9BTEKTHYECKUM.

t, °C

660

Puc. 3. Iluarpamma
Si+ D(@+Si) COCTOSIHHS ATIOMHHHI —
KpeMHHH ( IITPUXOBBIC
JUHUW - TIOCIIe
14 MOAU(UITIPOBAHUS )

o+ D(0+Si)

11,6:
10 20 Si,%

N

BMmecTo TBepabIX M XPYMKHUX U30BITOUYHBIX KPUCTAIIIOB KPEMHHUS B €r0 CTPYKTYpE MOSBIISIOTCS
IUTACTHYHBIC BKJIIOUEHHS O-pacTBopa (mouTH 4ucThId Al), a SBTEeKTMKa CTaHOBUTCS Oojee
JCTIEPCHOM. BeencTBue 3TOro moBbIIAETCS MPOYHOCTh, IUIACTUYHOCTh BO3PACTAeT MOYTH B
3 paza.

JIuteiiHple AIIOMUHUEBBIC CIUIABBI MOTYT VYIPOYHATHCS TEPMUYECKOH 00pabOTKOM
(3akajka M HMCKycCTBeHHOe crapenue, oObgHO 8...10 wacoB mpu 180 °C), omnHako 3ddext
YIIPOYHEHHUS TOPA3]I0 HUXKE, UM B TypaIFOMUHAX.

Kpome cunymuHOB npuMeHsitotest ciiaBel cucteM Al-Cu, Al-Mg; onn umeror Goinee
BBICOKHE TIPOYHOCTHBIC CBOICTBA, YEM CHIIYMHUHBI, HO UX JIUTEHHBIE CBOWCTBA HIDKE (3TO BUIAHO
U3 COOTBETCTBYIOLIUX AMArpPaMM COCTOSTHHS).

JIuTeiiHble aTIOMHHHUEBBIC CIUIaBbl MMEIOT MAJyH0 IUIOTHOCTh M TPUMEHSIOTCS JUIS
U3roToBNIeHUS (pacoHHBIX OTIAMBOK. COCTaB M CBOWCTBA HEKOTOPBIX CIUIABOB JTOH TPYIIIBI
NpUBEJICHBI B Ta0I. 3.

Tabmuna 3

XUMHUYECKUNA COCTAaB M MEXAaHWYECKHE CBOICTBA JIMTEHHBIX AJTFOMHUHUEBBLIX CILIABOB

(TOCT 1583-93)

Mapka crunaga Xumuueckuii cocras, % (ocranapaoe Al) Bup repmo- Oz, | O,

Mg Si Mn Cu obOpabotkn | MIla | %

— 10...13 — — T2 130 | 2
AKI12 (AJ12) MOTUQPUIUHUPOBAHHBIH 180 | 6
AK9 (AJI4) 0,17...0,3 8..10,5 | 0,25...0,5 — T6 260 | 4
AM4,5 (AJ17) — — — 4...5 TS5 260 | 3
AMr10 (AJI8) 9,5..11,5 — — — TS5 350 |10

I11. Ilopsaook evinoanenus pabomut
1. O3HaKOMHTBCSI C IPUHITUIIAMH KJIACCU(PHUKAINHI ATFOMUHHEBBIX CIUIABOB.
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2. N3yunth Mukponutigsl crutaBa /{16 B pa3muuHbIX COCTOSHUSX, H3yUUTh

UX CTPYKTYpBI, 3apUCOBATh, 0003HAUYNTh CTPYKTYPHBIE COCTABIISAIOIINE.

3. U3yunts Mukpouung HemoanpuupoBaHHoro ciaBoB AJI2. M3yuuts

CTPYKTYPY, 3apHCOBATh.

4. Tlo mocnemneld mudpe mudpa BbHIOpATH 3aJaud, HAUTU PEIICHUS C TOMOIIBIO
MaTepHaIoB IIPAKTUYECKON pabOThl M OTBETHI K HUM 3aHECTH B TalI. 4.

1V. Cooeporcanue omuema

1. Knnaccuduxanust anroMMHUEBBIX CILJIABOB.

2. lmarpamma coctosiaust Al-Cu. Tlporeccsl, mpoucxonsiiue Ha OTICIbHBIX ATamax
TepMUYECKON 00paboTKu ayparomuHa. KpuBble cTapeHus aypaitromMuHa (puc. 2).

3. JlaHHbIC U3MEpPEHHs TBEPIOCTU AYPATIOMHHA B 3aBUCUMOCTH OT PEXKHMa TePMUYECKOM
00paboTku B Buje TabiauLbl. CTpyKTypa TypajllOMUHA B UCXOJHOM U 3aKaJICHHOM COCTOSIHMSIX.

4. XMMHUYECKHI COCTaB, CBOMCTBA U 00JIACTH MPUMEHEHHUSI HECKOJIBKUX T€POPMHUPYEMBIX
CIUIaBOB, YIIPOUYHSEMbIX U HE YIIPOUHIEMBIX TEPMHUECKOH 00pabOTKOM

5. lmarpamma coctosiuus Al-Si, kparkoe ommcanue mporecca MOIU(PHIMPOBAHUS
CHJIYMUHOB; CTPYKTYphI CHUIyMHHA /10 U ITOCJI€ MOAU(UIIMPOBAHUS.

6. XWMHUYECKHH COCTaB, CBOWCTBA W 00JACTH TNPUMEHEHHUS HEKOTOPBHIX JIMTEHHBIX
QIIOMUHUEBBIX CIUIABOB.

7. YcnoBus ABYX 3a/1a4 U BApUAHTBI UX PEILICHMUS.

3amaun

Bapuanrt 1

3a0aua 1. BpiOparh cIulaB BBICOKOW Yy/EIbHON NPOYHOCTH (OTHOILEHHE Ipeena
npounoctu [MIla] k moTHOCTH [I‘/CM3] okosio 300) aisi U3rOTOBJICHUSI HATPY)KEHHBIX JETaCH
CaMoJIETOB. YKa3aTh MapKy CIUIaBa 1 XUMHUYECKHUI COCTaB,

MEXaHWYECKHE CBOMCTBA ciuiaBa. HazHaunTh pesxuM TepMUUYECKON 00pabOTKH ISt

JOCTHKEHUSI YKa3aHHOTO 3HAa4yeHHUs yAelIbHOM mpodHocTu. [IpuBecTH OKOHYATENbHYIO
CTPYKTYpY CILJIaBa.

3aoaua 2. BpiOparh cmiaB, U3 KOTOPOTO MOXHO H3TOTOBUTH Jjerkue (2,7 F/CM3)
(dacoHHble OTIIMBKU C npoyHocThio 220 MIla. [IpuBecTn MapKy U XMMHYECKHI COCTaB CIIaBa.
Ha3nauuTh cmoco® ynydlleHus CTPYKTYpbl Takoro cCIulaBa; yKas3aTh, Kakue H3MEHEHHUS B
CTPYKTYpE U CBOWCTBaX MPOUCXOMAT B PE3yIbTaTe €ro MPUMEHEHHUS.

Bapuanr 2

3adaua 1. Beiopate npounsii (420 MIla) u merkmii (2,7 r/cM’) cIuiaB [uisi OGIIMBKE
CaMOJIETOB. YKa3aTb MapKy XHUMHYECKHUH COCTaB, POJIb JIETHUPYIOIIHUX 3JIEMEHTOB. Omnucarth
MEXaHWYECKHE M TEXHOJOTHYECKHE CBOMCTBAa CIulaBa. Ha3HAUWTh pEXHUM  YIPOUHSIOMEH
TEPMUYECKON  00pabOTKH, OOBACHUTH NPUYMHY TMOBBIIIEHHS MpodHocTU. IlpuBectu
OKOHYATEJIbHYIO CTPYKTYpY CIIaBa.

3aoaua 2. BpiOpaTh SKOHOMUYHBINM MaTepuan AJs JUTHIX JeTaneil aBToMmoomieit (610KoB
LWIMHJPOB, KapTepoB, TOPMO3HbIX OapabaHOB) M OJBEMHOTPAHCHOPTHBIX MAIIWH (KOPIYCOB
pPEnyKTOpOB, OJIOKOB, Oapa0aHOB), HE WCHBITHIBAIOIIUX MPU paboTe OONBIIMX HArpy30K
(200...250 MIla). IlpuBectu mMapKy criaBa, ONUcaTh €ro CTPYKTYpY M CBOWCTBA. YKa3aTh MYTH
MOBBIIIIEHUS] MEXaHUYECKUX CBOMCTB CIUIABOB 3TOM I'PYIIIIHL.

5.4. Tunosoii BapHaHT JIaGopaTOPHOi padoThI
Bupryaabnas sadoparopHas padora «CTPyKTypa U CBOMCTBA CePbIX YYTYHOB)

1. Iesan padoThI

W3yueHne CTpyKTYpHI i CBOMCTB PAa3IMYHBIX THIIOB CEPHIX YYT'YHOB.

Il. TeopeTnueckoe o6ocHOBaHUE

YUyryHsl - Xele30yriepoAucTsie CIUIaBbl, coaepxamue Oonee 2,14 %C. B
npeabiayieid padboTe u3yyanach CTPyKTypa Oenblx 4yryHoB. VX Ha3BaHMEe M MeXaHHUYECKHUE
CBOICTBA O0YCIIOBJICHBI HATMYMEM OOJIBIIIOTO KOJIMYECTBA IIEMEHTUTA B CTpYyKType. 1o mpaBuiy
OTPE3KOB B  OBTEKTHYECKOM OeloM 4yryHe (CTpyKTypa - JefAeOypuT) COICpKHUTCA

35



43-0,01
6,67 —0,01

(oTcroa Ha3BaHHWE) ATHX UYT'YHOB, JEJAeT WX OYCHb TBEPABIMU U XPYNKHMHU, HE CIIOCOOHBIMU
MPOTUBOCTOATH PACTATHBAIOIINM, U3rHOAIOIUM U OCOOCHHO YAapHBIM HarpyskaMm. [loaTomy ux
IPUMEHEHNUE OUYEHb OTPAHUYEHO.

[[Inpokoe pacrnpocTpaHEHHE B MAIIMHOCTPOCHUM MMEIOT YYT'yHbI, B KOTOPBIX YIJIEPO]
HAXOJUTCS IPEUMYILIECTBEHHO HE B XUMUYECKHU CBSI3aHHOM COCTOSIHMM (B BUJE LIEMEHTUTA), A B
CBOOOZHOM - B BUJE BKIIOUEHUI rpaduta pasnuyHoi Gopmbl. Takue 4yryHbl B OTIMYHE OT
OeJbIX Ha3bIBAIOTCS CEPHIMU (110 TEMHOMY OTTEHKY M3JI0Ma).

MexaHnYecKUe CBOMCTBA CEpPbIX UYTYHOB 3aBUCAT OT CTPYKTYpPbl METaJUIMYECKOU

100% ~ 64% tuemenrtura. LlemeHTUT mNpUAAET CBETJIBIM OTTEHOK H3JIOMY

(C+Si), %
7 Puc. 5.1. 3aBUCMMOCTB CTPYKTYpBI UyTYHOB OT CyMMap-
HOTO COJIEpKaHUsl  yIIIepo/ia M KPEMHUS U TOJIUHBI
CTeHKH OTJIMBKHU L (ckopocT oxmakaeHus Voy,):
5 | - [7T+1]+JI (OGenblit 9yryH),
Il - [[+1]+[" (monOBUHYATHIN YYTYH);
1 - [7+]" (cepblit mepIUTHBIN YyTYH);
5 IV - [1+®+I" (cepblil heppUTO-NEPIUTHBINA YYTYH);
V - @+ (cepblii GeppUTHBINA YYTYH)
411 L, Mmm
0 25 50 75 < Vou

OCHOBBI (MaTpHIIbI), POPMBI, pa3MEPOB U KOJUYECTBA IPa(UTHBIX BKIFOUCHHH.

CTpyKkTypa METalsIN4eCKOil OCHOBBI CepbIX YYT'YHOB MOXET OBbIThb TPEX TUIIOB: (PeppHT,
bepput+nepaut, nepaut. IIoHATHO, YTO MpPHU MPOYUX PABHBIX YCIOBUSX YYT'YH C MEPIUTHOMN
OCHOBOH OoJiee MPOYEH U MEHee IIAaCTUYEH M0 CPABHEHUIO C YYT'YHOM Ha (peppUTHON OCHOBE.

CrtpykTypHble 0COOEHHOCTH TpaUTHBIX BKIIOUEHUN (IIpexe Bcero ux ¢opma) 3aBUCAT
0T cnoco0a MOJy4YeHHUs YyTYHOB M B 3HAUUTEJIHOW CTENEHHU OINpPEAESIOT UX MEXaHUYEeCKHe
cBoiictBa. B cBsi3u ¢ atuM paznuyaroT codctBeHHO cepble (CH), Bbicokompounble (BY) u
koBkue (KY) uyryHsl.

JUis mosiydeHUs1 cepbIX YYT'YHOB JIOJDKHBI OBITh CO3[aHbl YCJIOBHS, HPU KOTOPHIX B
npoliecce KpUCTaJIM3aluyu 00pa30BbIBAIUCH Obl KPUCTAUIBI rpaduTa, a HE IIeMEHTHUTa (T.e. He
nosyyasncst Obl Oenbiii uyryH). OOpa3zoBanHuto rpadguta (rpa@uTH3anui) crocoOCTBYIOT IBa
(dakTopa: 3aMeUIEHHOE OXJaXJAECHHE M IMOBBIIIEHHOE CoJepXkaHue TIpapuTO0OPa3yOIINX
antemenToB (C+Si) - puc. 5.1.

BuaHO, 4TO mpHU HU3KHUX CKOPOCTSIX OXJIAXJIEHHUS U onpeneseHHOM coaepkanuu (C+Si)
npouecc rpaduTU3aLMK 3aBepUIaeTcs IOJTHOCTBIO - BECh YIJIEpOA B YYIyHE HaxOJIUTCS B
KpHucTamax rpagura (3a uckmodenuem 0,01 %C, conepxarerocs B heppure).

I'padut B cepbix uyryHax umeer GpopMy KpyImHBIX 3a0CTPEHHBIX IUIaCTHUH. KOHIBI Takux
IUTACTUH  SIBJIIOTCSL KOHIIEHTpAaTOpaMH HANpsOKEHUHM, ouyaraM 3apoXJA€HHUsS TpelMH B
METaJUINYEeCKON MaTpulle Nmpu HarpyxkeHuu. OcoOEHHO OmacHo, Korja IUTAaCTHUHBI Tpadura
HACTOJIBKO JUIMHHBI, YTO OOpa3yloT CIUIOIIHYIO CETKY. B CBSi3M ¢ 3TUM cepble UyryHbl UMEIOT
HU3KHUIM TpeJesl MPOYHOCTU U NMPAKTUYECKH HYJIEBYIO IUIACTUYHOCThb. Hekoropoe ymyunieHue
MEXaHUYECKUX CBOWCTB MOXKET OBbITh JTOCTMTHYTO IyTeM MOAM(HUMPOBAHMS - BBEICHUS B
pacIuiaB MopoLIKOOOpa3HbIX npuMeced (Moau(pUKaTOPOB) (GeppOCUIHIINSA WM CUITUKOKAIIBIIHSL.
B pesynbraTe mnmacTMHKM < rpaduTa  U3MEIbYAIOTCS - MOBBIIMIAETCS MPOYHOCTh, OJHAKO
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IUIACTUYHOCTh octaercs Hu3kod (8=0,2...0,5 %). [TosToMy cepble YyryHbl MPHUMEHSIOTCS IS
JUTBIX W3J€Tuil, paboTaroNMX B OCHOBHOM Ha C)KaTue, JTMOO MPH OTHOCUTENIbHO HEOOJBIINX
Harpy3kax (CTaHMHBI CTAHKOB, OJIOKM LWJIMHAPOB, KapTephl JBUTATENEH, TOPMO3HbIE OapabaHbl
U T.IL.).

3HAUUTENBHOIO YIYYIIEHUS MEXAHWYECKUX CBOMCTB MOXKHO JIOOMTHCS, NPUMEHSS
Moau(UIIMpOBaHHE MarHueM WM LepueM. B 3ToMm ciyyae BKIIIOUeHHUS rpadura MpUHUMAIOT
mapoBuaHyI0 hopmy. OKpyrible BKIIOUYEHHUS B IOpa3lo MEHbBIICH CTENEHH CO3JAI0T OMACHYIO
KOHIEHTPALUIO HANPSKEHUH, MO3TOMY CYIIECTBEHHO MOBBIIIAETCS MPOYHOCTh U TUIACTUYHOCTh
gyryHa. UyryHsl ¢ H30JIMpPOBAHHBIMU INAPOBHIHBIMU BKJIIOUEHHSIMH TpaduTa HaA3bIBAIOT
BBICOKOIIPOYHBIMU. BBICOKONPOYHBbIE YYT'YHbI HCIOJB3YIOT JJS OTBETCTBEHHBIX OTIUBOK B
aBTO- U TPAKTOPOCTPOEHUHU (KOJICHYATHIC Bajibl, MOPIIHHU), TAKEIOM MAIIUHOCTPOCHUU (BAJIKU
INPOKATHBIX  CTAHOB,  J€Talld  KY3HEYHO-TIPECCOBOTO  OOOPYIOBaHMS),  XUMHUYECKOU
IIPOMBIIIIEHHOCTH (KOPITyca HACOCOB, BEHTUJIN).

Iosryuenune u3esuii U3 KOBKOro YyryHa MPUHLIHUIUAIBHO OTIIMYAETCS OT TEXHOJIOTHH
IIPOM3BOJICTBA OTJIMBOK M3 CEPbIX M BBICOKONPOUYHBIX 4yryHoB. CHadaja M3rOTaBIMBAIOT
OTJIMBKY M3 O€Noro 4yryHa, IpH STOM HCIIOJIB3YIOTCS €ro BBICOKHME JIUTEIIHBbIE CBOWMCTBA,
MO3BOJIAIOIINE TOJy4YaTh IJIOTHBIE OTJIMBKHU CIOKHOU (hOpMBI. 3aT€M 3TH OTJIMBKHU MOABEPraroT
JUIUTETILHOMY “Tpa@UTH3UPYIOLIEMY  OTXKUTY IO CXeMe, IPUBEACHHON Ha pHcC. 5.2.

B ocHOBe 3TOr0 MeTo1a J1€KUT HEYCTOMYUBOCTh (METaCTa0MIbHOCTD) LIEMEHTHUTA.

JnurenbHast Bblaepkka Oemoro yyryna mnpu 1=950...1000 °C BeI3bIBaeT pacnaj
[EMEHTHUTA Ha CMECh ayCTEHUTA U rpaduTa XJI0NbeBUAHON (HOPMBI. Y CKOPEHHOE OXJIaKICHUE OT
3TUX TeMieparyp (pexxum 1 Ha puc. 5.2) npUBOIUT K NPEBPAILEHUIO ayCTEHUTA B MEPIUT (HUXKE
JUHUH 3BTeKTOUHOTO mpeBpaienus PSK), T.e. Kk monydeHHI0 KOBKOTO YyryHa Ha MEPIUTHOU
ocHoBe. Ecnm ke oXJaKAeHue MpepBaTh U JITUTEIHHOE BpPEeMs BBIICPKATh OTIUBKY mpu =720
°C (umeckonbko Hike PSK), To pacmamaercs Takxke HEMEHTHT, BXOISAIIUNA B MEPIUT, HA CMEChH

dbepputa u rpadura. Tak moaydaroT KOBKHIl 4yryH Ha (eppuUTO-IIEPIUTHON (2, puc. 5.2.) wunu
dbepputHoii (3, puc. 5.2.) ocHoBe.

t°, C
L[—A+I"
~950 [T
(PSK) 727° Puc. 5.2. CxeMa omxura 6eoro
sty Auuiutuin wiiieielelebalelolebnbleiuinia YyryHa Ha KOBKHI:
=720 \ - \ D+T 1,2 u 3 - pexxumbl 1 OTY4EHUS
\ \ KOBKOI'O YyI'yHa Ha
\ \ MEPIUTHOM,
\ 1 \\2 3 beppuTo-TIepIAUTHON U
" " beppuTHOI OCHOBE
0 COOTBETCTBEHHO.
20 40 60 80 t.uac

CBolicTBa KOBKMX YYTryHOB OJM3KM K CBONCTBAM BBICOKOIPOYHBIX 4YYryHOB. M3 HHMX
U3rOTaBJIMBAIOT OTBETCTBEHHBIE JIMTHIE JI€Tald, padOoTalolIMe MPH JUHAMUYECKMX Harpyskax
(BTYNKH, MY ThI, TOPMO3HbIE KOJOIKH, CTYIHUIBI U T.I1.).

[TpuHIMT MapKUPOBKHU YyT'YHOB MOHATEH U3 Ta0IuUIb! 5.1.
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Taomumna 5.1.

Knaccuduxkanus, MapkupoBKa, MEXaHUUYECKUE CBONCTBA YyTYHOB

O, 5, | Crpykrypa | @opma
Mapxka uyryHa MlIla % | MeTaymM4ec- | rpadUTHBIX
(krc/mMM?) KOW OCHOBBI | BKIIFOYEHHUH
Cepuoie uyrynsl (I'OCT 1412-85)
CYU 10 100(10) ~0 ) _—
CY 18 180(18) ~0 D+ —
CH 30 momudumm-| 300(30) ~0 I1 A
CY 45 |poBaHHBI 450(45) ~0 I1 -~
Boicokonpounbie uyryHsl ([OCT 7293-85)
BY 38 380(38) 17 ) ®
BU 45 450(45) | 5 D+1 @
BY 120 1200(120) | 2 I o
KoBkue wuyryunn (I'OCT 1215-79)
K4 30-6 300(30) 6 )
KUY 45-6 450(45) 6 D+1 * *
KY 80-1,5 800(80) 1,5 I1 *

[IpuBeneHHbIE BhINIE TaHHBIE IO3BOJIAIOT C/ICTATh CIEAYIOIINE BHIBOIbI:

1. YpoBeHb MeXaHMUYECKUX CBOMCTB BCEX THUIIOB CEpPBIX UYTYHOB OIPEICINSETCS IBYMs
OCHOBHBIMH CTPYKTYPHBIMH (akTopamu - (HopMoil (a Takke pa3sMepaMH M KOJIUYECTBOM)
rpadUTHBIX BKIIOYEHUH U CTPYKTYPOH METANINYE€CKON OCHOBBI.

1. ITo cytu, cepple 4yryHblI MPEACTABISAIOT COOON YIJIEPOIUCTBIE AOIBTEKTOUIHbBIE
(@+I1), »Brekrouannie (I1) cramu WM TEXHHYECKOE Kejae30 (D) ¢ BKIIOUEHHSIMH Tpadmura.
I'paduT ymeHblIaeT NPOYHOCTh U IIACTUYHOCTh METAJUIMUECKON OCHOBBI. IloaTOMy cepble
YyT'yHbl HMMEIOT 0ojiee HU3KMHA KOMIUIEKC MEXaHHMYECKHMX CBOMCTB IO CPaBHEHUIO C
yrAepoAUCThIMU cTamsiMU. OfHAKO OT CTajlel OHM OTJIMYAlOTCs 0osiee BBICOKMMU JIMTEHHBIMU
CBOMCTBaMM, HHM3KOM CTOMMOCTBIO, HEUYBCTBHUTEIBHOCTHIO K HaJApe3aM U JpYruM jaedexram
MIOBEPXHOCTH, aHTU(PPUKIIMOHHBIMUA U HEKOTOPBIMH JPYTUMH TTOJIE3HBIMHA CBOWCTBAMH.

I11. ITopsinok BbINOJIHEHUsI PA0OTHI

1. O3HakoMuThCcs ¢ KiIaccupukanue, MapKUPOBKOM U crmocobamMu IOTy4YEHHS
pasIMYHBIX THUIOB cepbIX 4yryHoB. OOpaTuTh BHUMAaHWE Ha NPUHIMIKAIBHOE OTJINYME
CTPYKTYP CEpBIX M OEJIbIX UyT'yHOB.

2. C moMonibp0 MUKPOCKOIIa U3YYHUTh CTPYKTYPBI Pa3IMUHBIX THIOB YyryHOB. OTMETHUTH
O0COOEHHOCTH CTPYKTYp, U3y4aeMbIX Ha HETPABJIEHBIX MUKPOLLIH(AX.

IV. Conepxanne oTuera

1. IIpyHIMIIHAIEHOE OTIMYUE CTPYKTYPHI M CBOMCTB CEPHIX UYTYHOB OT OE€JIBIX.

2. Knaccudukanus, MapkupoBKa U MeXaHHUYECKHE CBOMCTBA pa3jMYHBIX THUIIOB CEPBIX
YYr'yHOB (J1aHHbIe U3 Ta0m. 5.1).

3. Kparkoe onmcanue croco6oB MOITy4eHUs CEPBIX, BHICOKOPOYHBIX U KOBKHX UYT'YHOB.

4. MUKpPOCTPYKTYpHl CEphIX, KOBKHX W BBICOKOIPOYHBIX YYTYHOB C YKa3aHHUEM
CTPYKTYPHBIX COCTABIISIOLIHX.
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6. MeTtoauyeckue MaTepuaJbl, oNpeae/siiouye npoueaIypbl OeHNBAHUS
3HAHMi, yMEHUI1, HABBIKOB U (MJIH) ONBITA AeATEIbHOCTH, XapAKTEePHU3YIOIIHX
Tanbl GOpMHUPOBAHNS KOMIIETEH NI

6.1 ToroBblii KOHTPOJBHBIA TECT AOCTYIIEH CTYJIEHTY TOJIBKO BO BpPEMSI TE€CTUPOBAHUS,
COTJIACHO PACIUCaHUsl 3aHATUI UM B YCTAHOBIIEHHOE JCKAHATOM BpEMSI.

6.2. CtyneHT HHGOPMHPYETCS O pe3yibTaTaX TEKYyIIeH YCIIEBaeMOCTH.

6.3 CryzaeHT mony4aeT HHPOPMAIUIO O TEKYIIEeH YCIIeBAaEMOCTH, HAYNCIICHUU OOHYCHBIX
0aJJIoB U JOIYCKE K MPOLEAYpe UTOrOBOTO TECTUPOBaHUs OT npenoaasatesns win B dUOC.

6.4. [TpousBoauTCs UACHTUDUKAIVS TUIHOCTH CTYICHTA.

6.5. CtyneHTaM, JONYIIEHHBIM K MIPOMEXYTOUYHOU aTTECTAllMM, OTKPHIBAETCS UTOTOBBIN
KOHTPOJIBHBIN TECT.

6.6. Tect 3akpblBaeTCsi CTYACHTOM JIMYHO IO 3aBEpIICHUM TECTHUPOBAHUS WIIU
ABTOMATUYECKHU 10 UCTCYCHUH BPEMEHU TECTUPOBAHUS.
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