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1. leau 1 3a1a4u TUCHUILIHHBI

Ilesb — TO3HAHUME COBPEMEHHBIX TEXHOJOTMH M METOAOB IOJNYyYeHHS U O0O0pabOTKU
KOHCTPYKIIMOHHBIX MaTepHaJIOB, a TAK)KE MO3HAHNWE CBOMCTB 3THX MAaTEPUAJIOB B 3aBHCUMOCTH OT
COCTaBa, CTPYKTYpbl W OOpabOTKM, METOAOB HMX YNpPOUHEHHs Juii Haubosiee >PPeKTHBHOTO
UCTOJIb30BAaHUS B TEXHHUKE.

OcHoBHbI€e 3a1a4uu JucuUILINHBI « MaTtepuanoBenenue — TKM»:

- UI3YUYCHUC CYIIHOCTH MPOLUCCCOB MOJYUCHUSA MCTAJJIOB U UX CIIJIaBOB,

- UI3Y4YCHHUEC OCHOB 3aroTOBUTCIBHOI'O IIPOMU3BOJACTBA, METOA0OB O6pa6OTKI/I MCETAJJIOB OJAaBJICHUCM,
- U3Y4YCHUC OCHOB CBAPOYHOI'0 MPOU3BOJACTBA U HOpOH.IKOBOfI MCTAJUTYPIuu,

- YCTAaHOBUTDH 3aBUCUMOCTb MCKAY COCTaBOM, CTPOCHUECM U CBOMCTBaMH MaTCpHraIOB;

- U3YYUTHh TCOPHIO U IPAKTHUKY PA3JIMYHBIX croco0oB YIIPOYHCHHUA MATCPHAJIOB JIA IOBBIIICHUSA
HaJIEKHOCTHU U JIOJITOBEYHOCTH I[eTaJ'ICfI, HHCTPYMCHTA U PIB,Z[CJIPlﬁ;

- UI3YYUTHb OCHOBHBLIC I'PYIIIIbI COBPEMCHHBIX MATCPUAJIOB, UX CBOICcTBa U 00JIaCTH IMPUMCHCHU A,

- HaTb IOHATHUA O COBPCMCHHBIX MCETOJAAX HUCCICAOBAHUA CTPYKTYPBI U IMPOTHO3UPOBAHUA
9KCILTYaTallTUOHHBIX CBOMCTB MaTCprajioB U HSﬂeHHﬁ.

2. MecTo IMCHUIIMHBI B CTPYKTYpPe 00pa3oBaTe/IbHOM POrpaMMbl
Hucuumumza «Marepuanosenenue-TKM» sBisiercss oOmienpodeccuoHalbHOW JAUCUUIUIMHONW B
CTPYKTYpe o0pa3oBaTeabHOM nporpaMmbl. « MatepuanoBeaenue-TKM» oTHocuTCs kK 0a30BOM 4acTH
npodeccuonanbHoro nukina b1.0.22 «Marepuanosenenne-TKM» - ogHa U3 OCHOBHBIX
JUCLUIUIMH, ONPEACISIOIINX YPOBEHb MOATOTOBKU OaKajJaBpOB B BBICIIMX YYEOHBIX 3aBEICHUSX.
3HaueHue OTOM  AMCLMIUIMHBL OIpPENEsAeTCs HIMPOKUM JUarnazoHoM MaTEepHasoB,
UCIOJNb3yEeMBIX B IIPAKTUYECKOH JEATEIbHOCTH BO BCEX OTPacisiX HapOAHOIO XO35HCTBA.
JloctaTouHble 3HAHMS, IMOJIyYEHHbIE B oO0sacTu «Marepuanosenenus-TKM», JIOJKHBI
obecrieynBaTh B IPOU3BOACTBEHHBIX IIPOLIECCAX PALHMOHAIBHOE, Y(PPEKTUBHOE HCIOIb30BaHUE
MaTepUasioB IpU COONIOACHUHN TPeOOBAHUI YKOHOMUKH, 9KOJIOTUU U OE€30M1aCHOCTH TPYHA.

3. IlepedyeHb IIAHMPYEMbIX pe3yJbTATOB OOy4YeHHMS IO IUCIHHUILINHE

(M0OyJ110), COOTHECEHHBIX ¢ HHAUKATOPAMH JOCTHKEHHSI KOMIIETEHIIM A

BrImyckHUK TIporpaMMbl OakanaBprara ¢ MPUCBOSHHEM KBaTU(pHUKAIMH «OakaiaaBp» B pe3yibTaTe
OCBOeHMs  auvcuuIuinHbl — «MatepuanoBenenue-TKM»  nomkeH  o0nagate  CIEAYIOIIMMHU
KOMIIETEHIMSIMHA, COOTBETCTBYIOIIMMH BHIYy (BHIaM) TNpPO(ECCHOHANBHON AEATeNbHOCTH, Ha
KOTOPBIH (KOTOpBIE) OpUEHTHPOBaHa Iporpamma Oakanaspuara (Tadam. 1).

Taoauna 1
Koa mo ®1'0C NHaukaTopsl 10CTHKEHUS IlinanupyemMblie pe3yibTaThl
00yuyeHus 10 TUCHUILJINHE
(3YB)
Oo0menpogeccuoHaIbHbIE
OIIK-5. Criocoben :
OIIK-5.1. conocTaBigeT TEXHOJIOTHIO 3HaTh
HAXOZHTD 1 IPOBEICHMS TUITOBELIX DKCIIEPUMEHTOB ~ OCHOBBI
nepepadaThIBaTh POBEI P
HHpOPMALIHIO Ha CTaHJIapTHOM 00OPYIOBaHUH B METaJUTypruecKoro
1e6 I;M © J’m Ja00paTopuy U Ha POU3BOACTBE IpOU3BOACTBA,
Hp HH};THZ eﬂme}mﬁ s OIIK-5.2. oOpabaTbiBaeT pe3ynbTaThl - 3aKOHOMEPHOCTH IPOLIECCOB
Hg GHELX p HAay4YHO-HCCIIEI0BATEIILCKOM KPUCTAJUTU3ALUHU U
I/IC(}:]JICJIOBaHI/IHX - JIEATENLHOCTH, MCTIONB3Ys CTAHAAPTHOE | CTPYKTYPOOOPa30BaHUs
o 00opyoBaHKeE, IPUOOPBI U MAaTEPUAIIBI
NPaKTHYECKOil pya » IpHOOP % METaJIJIOB U CIIABOB, OCHOBBI




TEXHHUYCCKOH
JIeSITeJIbHOCTH,
MPOBOJIUTH MATCHTHBIN
aHanu3 u TpaHcdep
TEXHOJIOTUI

OIIK-5.3. B1ageeT TEXHUKOU
9KCIIEPUMEHTHPOBAHUS C

HCIOJIb30BAHUEM MMAKCTOB IIPOIpaMM

UX TEPMOOOPaOOTKH,
CIIOCOOBI 3aIMTEI METAJIOB
OT KOPPO3UH;

- KJIacCU(UKAIUIO U CITOCOOBI
MOJTy4eHUS
KOMITO3MIIHOHHBIX
MaTepHasos;

- PUHITUITBI BEIOOpA
KOHCTPYKIIMOHHBIX
MaTepUaoB JUIs
MPAKTUIECKOTO TPHUMECHCHUS,
- CTPOCHHUE U CBOMCTBA
METaJJIOB, METOJIBI UX
UCCIICIOBAHMS;

- KJ1accu(uKanuio
MaTepUajOB, METAIJIOB U
CILIaBOB, UX 00JIACTH
PUMEHCHHS;

- METOJIbI 00PabOTKH
MaTepUasoB;

- METOJMKY pacyera
Ha3HAYCHHSI PEKIMOB
pe3aHus I Pa3IMYHBIX
BUJIOB PaboT.

YMern:

- pacrmo3HaBaTh U
KJIaCCH(PUITUPOBATH
KOHCTPYKIIMOHHBIC U
CBIPbEBBIC MaTEPHUAIIBI 1O
BHEIIIHEMY BHU]LY,
MIPOUCXOXKICHUIO,
CBOMCTBaAM,;

- OIPEIENSTh BUJIBI
KOHCTPYKITHOHHBIX
MaTepHasoB;

- BBIOMpATh MapKu MaTepuaa
JUUISL U3TOTOBIICHUS U3 HETO
JIeTajieii MaIluH,
paciiugpoBKH MapoK
OCHOBHBIX
MAaIIMHOCTPOUTEILHBIX
MaTepHasoB;

- OTpeAETATh METOJ] U C1IOCO0
MTOJIYYCHUS 3aTOTOBKH C
Y4€TOM MPUMEHSIEMOTO
MaTepuaia U TpeOoBaHUM;

- BBIOMpATh Coco0 CBapKu U
ee ImapameTphl JUIs
COCJIMHEHMS AeTalleii;

- MPOBOJTUTH MCCIICIOBAHUS U
UCTIBITAaHHSI MATEPUAJIOB,
paccUMTHIBATh M HA3HAYATh




ONTUMAJIbHBIE PEKUMBI
pe3aHus U T.II

Baanern:

- METOJIaMHU CTPYKTYPHOT'O
aHaJIM3a Ka4ecTBa
MaTEepUAJOB;

- nH(popMaIHen 0 CBOMCTBaX
Y IIPUMEHEHUH Pa3JIN4YHbIX
MaTepHUasos;

- HaBbIKAMH IIPaBUJIBHOTO
BbIOOpA MaTEpUAIOB UCXOIS
U3 aHaJIM3a yCJIOBUN
JKCILTyaTaluu U
IIPOU3BOJICTBA;

- HaBbIKaMU COCTaBJICHUS
TEXHOJOTMYECKOro IIpouecca
3arOTOBOK U MEXaHUYECKON
00paboTKu AeTajnei;

- HEKOTOPBIMU
9KCIIEPUMEHTAIIbHBIMU
METOJUKAMHU U TEXHUKON
MaTepuaioBEeTYECKIX
HCCIICIOBaHUIA;

- HaBbIKaMHU paboThI C
TEXHUUYECKOHN U CIIPaBOYHOU
JUTEPATYPOU U
JOKyMEHTalue;

- nHQopmaruei o cBolcTBax
Y IPUMEHEHUH Pa3IN4HbIX
MaTepHasos;

- HaBbIKaMU pabOTHI €
TEXHUYECKOHN U CIIPABOYHOMU
JUTEPATYPOU U
JIOKYMEHTAIUEH.

IIpodeccnoHabHBIE

I1K-2. Crtoco6HOCTB
MIPOBOJUTH PabOTHI O
JTIMarHOCTHKE,
TEXHHUYECKOMY
00CITy>)KHBaHUIO,
PEMOHTY U
SKCIUTyaTaIiH
TEXHOJIOTHYECKOTO
00opymoBaHUS B
COOTBETCTBHH C
BEIOpaHHOM Cepoit
podeCCHOHATEHOM
JICATSIIbHOCTH

[IK-2.1. 3HaTh Ha3HAUYEHHE, [IPABUIIA
IKCIUTyaTallMi ¥ pEMOHTA
He(dTerazoBoro 00OpyI0BaHUS

[IK-2.2. 3HaTh NpUHLHUIIBI OPraHU3ALUN
W TEXHOJIOTUH PEMOHTHBIX PadoT,
METOJIbl MOHTaXa, PETYJIUPOBKH U
HaJIaZAKK 000pyJOBaHUS

[IK-2.3. ymeTs aHanu3upoBaTh
rapaMeTpsl pabOTHl TEXHOJIOTHIECKOTO
o0opynoBaHU

[1K-2.4. ymeTtb pa3pabaTsiBaTh U
IJJAHUPOBATh BHEAPEHNE HOBOTO
obopymoBaHUs

T1IK-2.5. BnageTs MeETOIAMU
JTUArHOCTHKH U TEXHUYECKOTO
00CITy)KMBaHMS TEXHOJIOTHIECKOTO
o0opyaoBaHus (HApYKHBIH U
BHYTPEHHHUH OCMOTP) B COOTBETCTBHUHU C




TpeOOBaHUSIMH MTPOMBINIUICHHOM
0€30IaCHOCTH U OXPaHBI TPyJa

4. O0beM IMCHUILUIMHBI M BUAbI Y4eOHOH PadoThI

Taoauna 1
Bcero CemecTpsl
4yacos/ 3a4. ef. 0P0 390
Bup yueOHoii padoThl
0P0 300 6 4

KonrakTHasi pa6ora (Bcero) 51 14 51 14
B ToMm uucne:
Jlexuuu 17 8 17 8
[IpakTuueckue 3aHATHS
CeMuHapbl
JlaboparopHbie paObOThI 34 6 34 6
CamocrosiTesibHas padoTa (Bcero) 57 9 57 94
B ToMm uuce:
KypcoBas pabota (1poexr)
Pacuetno-rpaduueckue paboTsl
UTP
Pedeparsr 20 20
Jloxmasb 20 20
[Ipe3enTanuu
[ToaroroBka k J1abopaTopHBIM paboTam
ITonroroBka K MpakTUYECKUM 3aHATUAM 10 60 10 60
[ToaroroBka k 3auery 7 34 ! 34
[ToaroroBka K 3x3amMeHy
Buj oTueTHoCTH 3auer 3auer saqer 3auer

BCEI'O B 108 108 108 108
O01mas Tpy10eMKOCTh Jacax
AUCHUILTHHBI BCET'O s 3 3

3ay4. 3 3

eTMHUIIAX




5. Conep:xanmne QM CHUTIIAHBI
5.1. Pa3neapl AMCHUIIMHLI M BUABLI 3aHATHH

Tadoauna 2

n/n

HaumenoBaHue pasjaesa
AUCUHMILIMHBI 110 CeMeCTPam

Jlek.

3aHATHA
4yacel
ODO/3P0

Jladopar.
3aHATHA

qyackl
ODO/390

pax
3aH-
Yyacel

CeMun
3aH-
4ackl

Bcero

4acoB
ODO/3D00

CoBpemeHHOE
MeTAJLIyprudeckoe
NPOU3BO/JCTBO U €ro
npoaykuus. [IpousBoacreo
YYIYHA M CTAJIH.

212

4/2

6/4

Cnoco0bl pa3jJiMBKH CTAJIH.
Cnoco0bI MOBBIIEHHUS
Ka4yecTBa CTAJIM.

3aroroBuresibHOE U
JINTEHHOE IPOU3BOJICTBO.

TexHosiorust 00padoTKU
MeTaJUI0B 1aBJICHHEM.
CBapouHoe npou3BOJCTBO.

MeTanabl. ATOMHO-
KPHCTAUIMYECKOEe CTPOeHHe
MeTaJLJIOB.

7Kene30 u ero cnjaBbl.

2/2

4/2

6/4

CBoiicTBa MeTAJLJIOB.
Omnpenesnenne
MeXaHHYEeCKHX CBOICTB
METAJJIOB.

3/2

6/-

9/2

Teopus u TexHoJiorus
TepMHYecKoii 00padoTkn
MeTaJI0B.

2/2

4/2

6/4

XHMHKO-TePpMHYECKAS
o0padoTka cTaun.
MeTtoabl ynpo4YHeHHs
MeTaJLJIOB.

Hroro

17

34

51/14

5.2. JlekuMoHHBIE 3aHATHSA

Taoauna 3

n/n

HaumenoBaHue pasjaesa
AUCHUIIJIMHBI 110 ceEMECTPpamM

Coaep:xaHue pa3/ies10B M CHUILTHHBI

CoBpeMeHHOE
MeTAJ/LIyprudecKoe
MPOM3BOACTBO H €ro
npoaykuus. Ilpoussoacrso
YyryHa M CTAJIH.

1.1 KoHCcTpyKLIMOHHBIE MaTepUaibl U UX KJIacCUPUKAIUS.

1.2 CtpykTypa COBpEMEHHOI'0 METALITYPTUYECKOTr0
IIPOM3BOJICTBA.

1.3 OcHoBHas u moOoYHast MPOAYKIUS
METAJUTyPrHYeCKOro IPOM3BOICTBA.




1.4 Marepuansl 111 JOMEHHOTO IIPOM3BOICTBA.

1.5 TloaroroBka pya K JOMEHHOM IJIaBKE.

1.6 BrimuiaBka yryHa.

1.7 TIpoayKThl TOMEHHOM TJIABKH.

1.8 Ilporneccel mpAMOTo MOTyYSHHS Kele3a U3 py/I.
1.9 CoBpemeHnHbIE CTIOCOOBI MOTYUYEHUS CTaIIH.

1.10 CymHocTh mpouecca NoayYeHUs CTau.

1.11 IIpow3BOACTBO CTAJIM B KOHBEPTOPAX.

1.12 TIpou3BOACTBO CTaJIM B MAPTEHOBCKUX IEYAX.
1.13 IIpowm3BOACTBO CTAJIM B DJEKTPOTICYAX.

Cnoco0bl pa3jJiMBKH CTAJIH.
Coco0ObI MOBBIIIEHHS
Ka4YecTBa CTAJIH.

2.1 Crioco0Obl pa3IvBKHU CTAH.

2.2 Pa3znuBKa CTajau B U3JIOKHHUILY.

2.3 HenpepoiBHast pa3nuBka ctanu Ha MHJI3.

2.4 MoauduiupoBaHue CTaJIH.

2.5 O6paboTka MeTaTa CHHTETHYECKHM ITUTAKOM.

2.6 BakyyMHas gerazanus CTaIH.

2.7 DNEeKTPOIUTAKOBBIN MEpeIuiaB.

2.8 BakyyMHO-1yTOBOI1 MeperuiaB.

2.9 Braemnue ¢pusnyeckue BO3ACHCTBHS HA
3aTBEP/ICBAIOIINN METaILI.

3aroToBUTEILHOE U JUTEHHOE
NMPOU3BO/ICTBO.

3.1 Beibop mMeTosa u criocoda moy4eHns 3aroTOBOK.

3.2 O011Me NPUHIMITBI BEIOOpA 3ar0TOBOK.

3.3 OcHOBHBIE (haKTOPHI, BIUSIONINE HA BBIOOP criocoba
MOJTyYCHHUS 3aTOTOBOK.

3.4 Kimaccuukanust TUTHIX 3arOTOBOK U JIMTCHHBIC
CILIaBHI.

3.5 Cxema mosry4eHust OTIMBOK.

3.6 CrtocoObI M3TOTOBJICHHUE JTUTEHHBIX (HOPM.

3.7 ®OpMOBOUYHBIE M CTEPIKHEBBIE CMECH.

Texnonorns od0padoTkn
METAJLJIOB 1aBJICHHEM.
CBapo4Hoe npou3BOJICTBO.

4.1 Knaccuduxanus nporeccoB 00pabOTKH JaBIEHUEM.

4.2 TIpokaT u ero nmpou3BOACTBO.

4.3 TlpeccoBaHnue.

4.4 BonoueHue.

4.5 KoBka 1 IITaMITOBKa.

4.6 Cpapka 1uraBieHueM. PydnHast tyroBast cBapka.

4.7 ABToMaTHueckas 1yroBas cBapka 1o (hIrocoM.
JlyroBasi cBapka B 3aIIUTHBIX ra3ax.

4.8 Tlna3meHHas M JIEKTPOILIAKOBas CBapKa.

4.9 JlyueBble crOCOOBI CBAPKH. DIECKTPOHHO-ITydeBasl,
Ja3epHas ¥ ra3oBas CBapKa.

410  Cpapka JaBJIeHHUEM U KOHTAKTHAs CBapKa.

411 JIuddysuonnas ceapka. CBapka TpeHUEM U
B3PBIBOM.

412  CrnenuanbHble TEPMUUYECKHUE MTPOLIECCHI B
CBapOYHOM MPOM3BOJICTBE: HATUTABKA, HATBUICHUE U

TankKa.
Merasibl. ATOMHO- 5.1 IlpoctpaHcTBeHHas! (KpUCTAIIINYECKast) pelieTKa
KPHCTAUINYeCKoe CTPOeHne METAaJUIOB.

METAJJIOB.
Kese3o u ero cnjiaBbl.

5.2 Pa3HOBUIHOCTH ¥ JePEKTHI KPUCTAILTHYECKON
CTPYKTYpPbI METAJLJIOB.

5.3 Iuddysus B MeTamiax.

5.4 Knaccudukanus MeTasioB.




5.5 Jluarpamma COCTOSIHHS JKeJI€30-yTIEPO/I.

5.6 KOMITOHEHTHI M CTPYKTYPHBIE COCTABJISIFOIITHE
CHCTEMBI KeJIe30-yIIEePO/I.

5.7 IpeBpaineHus Ha JIMHUSAX JHATPAMMBI )KEJIe30-
yTIIepOo.

5.8 IIpaBuiio KOHIIEHTpAIIUK U OTPE3KOB.

5.9 Knaccudukanus 1 MapKHpOBKa CTaJICH.

6. | CBoiicTBa MeTAJIOB. 6.1 dusnueckue CBOIICTBA METAJIIOB.

OmnpenesieHne MeXaHUYECKHX 6.2 XuMHuueckre CBOMCTBA METaIOB.

CBONCTB MeTAJLJIOB. 6.3 MexaHnuueckre CBONCTBA METAJLIOB.
6.4 TexHONOTHYECKUE CBOIICTBA METAJIIOB.
6.5 DkcrutyaTalliOHHbIE CBOMCTBA METAJLIOB.
6.6 Crioco0bl onpeesieHusi MEXaHH4eCKUX CBOMCTB.
6.7 OnpezneneHue NPOYHOCTH U IIACTUYHOCTH.
6.8 Ompenenenue TBEPIOCTH, BA3KOCTH U YCTATIOCTHON

MPOYHOCTH.

7. | Teopusi M TeXHOJIOTHA 7.1 Knaccuukanust BUIOB TEPMUYECKON 00pabOTKH.
TepMHU4YeCcKOoii 00padoTKn 7.2 TlpeBpailieHus, IPOTEKAIOLIUE B CTAJIH PU HArpeBe U
MeTAaJLJIOB. OXJIAXKICHUH.

7.3 HarpeB npu TepmMooOpaboTke. XMMHYECKOE JIEHCTBHE
Ha METaJul HarpeBarolen CPebl.

7.4 Orxur. Haznauenue u pa3HOBUIHOCTH.

7.5 3akanka. HaznaueHnue u ciocoOsl.

7.6 Otnyck cranu. HasHaueHue u pa3HOBUHOCTH.

8. | XumMuko-TrepmMuyeckas 8.1 LlemeHTarus.
00padoTKa CTaJIHU. 8.2 A3zotupoBaHue.

MeToabl yHIpOYHEHHA 8.3 llmaHupoBaHWE WM HHUTPOIEMEHTAIIHS.
MeTaJLI0B. 8.4 Tuddysnonnas Merammuzanus.
8.5 Tepmomexanuveckast 00pabOTKa CTaJIH.
8.6 IloBepXHOCTHOE YIIPOYHEHHUE CTANBHBIX JIeTaleH.
8.7 Crapenue.
8.8 OOpaboTka cTau XO0JIOIOM.
8.9 VYmpouHeHHe METOI0M IIJIACTUYECKOH JehopMaIny.
5.3. JlabopaTopHbIe 3aHATUA
Tabéauua 4
Ne HaumenoBanme pa3jaesna
HanmeHoBaHue 1a60paTOpHBIX padoT
n/n AU CIUIJINHbI
Kpucrannusauus .
1 MaxkpocKonuYecKHii aHaJIN3 CTPOESHUS METAJJIOB.
MeTAaJLJIOB.
2 7Kene30 u ero crnJiaBsbl. Jlnarpamma COCTOSIHMSI CUCTEMBI «GKEJIe30-yTIIepPOI.
Kpucrannusauus .
3 Kpucranmuzanus u TepMUYECKUi aHaIH3 METAJIIOB.
METAaJIJIOB.
Teopus U TeXHOJIOTUA
4 TepMU4YecKoii 00padoTkn | TexHOJIOrHus TepMUYECKOit 00pabOTKH YTIepOIUCTHIX CTalEH.

CTaJu.




Teopus u TexHoJorus

5 TepMHUYecKOoil 00padoTKu .
CTaJIei.
CTaJIN.
MexaHnnyeckue CBOMCTBA
6 CrniocoOsl onpe/iesieHrs TBEPIOCTH METaLIOB.
MeTaJLJIOB.
7 Mexanndeckue cBoiictBa | CriocoObl onpeesieH s IPOYHOCTH, YIPYTOCTH U
MeTaJLJIOB. MJIACTUYHOCTH METAJUIOB.
MexanuyecKkue CBOMCTBA .
8 Omnpenenenue ynapHOi BA3KOCTH METaJIOB.
MeTaJJIOB.
9 TexunoJorus o6padoTku Pa3HOBHIHOCTH TPOKATHOTO MPOU3BOACTBA: KOBKA U
MeTAJJIOB JIaBJIeHHEeM. LITAaMIIOBKA.
10 | CpapouHoe npou3BOACTBO. | Pydnas ayroBas v ra3oBas CBapka.

5.4. IlpakTueckue 3aHATHA (He MPeIyCMOTPEHbI Y4eOHbIM IJIAHOM)

6. CamocrosiTesibHAs pad0Ta CTYACHTOB IO TUCHHUILTHHE.

Lesib10 caMOCTOATEIbHOM PadoTHI sIBIsIETCSA (HOPMUPOBAHHE TUIHOCTHU CTYJICHTA, PA3BUTHE
ero CIIoCOOHOCTH K CaMOOOYYEHHIO U TIOBBIIICHHIO CBOETO MPOPECCHOHAIBHOTO YPOBHS.

CamocrosaTenbHass paboTa 3aKIIOYAeTCs B WM3YYEHUH COICPKAHUS TEM Kypca IO KOHCIIEKTaM,
ydeOHMKaM ¥ JIONOJHHUTEIBHON JHMTEpaType, MOATOTOBKE K JIA0OPATOPHBIM M IMPAKTUYECKUM
3aHATHSIM, K pyOSKHBIM KOHTPOJISIM, K 9K3aMeHY, ohopMiIeHHH 1ab0opaTopHbIX pador. OHa MOXKET
BKJIFOUaTh B €05 MPAKTUKY MOATOTOBKH pedepaToB, NPE3CHTAMI U TOKJIAI0B 0 HUM. Temaruka
pedepaToB gomKHA HMMETh HPOOJIEMHBI M TNPOGECCHOHAILHO OPHEHTHPOBAHHBIN XapakTep,

TpeOyIOIIHI caMOCTOATEIHHON TBOPUYECKOM pabOThI CTYEHTA.
TeMbl 10KI210B:

1.

H3roroBieHue 3aroTOBOK METOAAMHU HOpOH.IKOBOﬁ MCTAJUTYpPTHUH.

OnHOCTOpOHHEE U IBYXCTOPOHHEE IpeccoBaHue. ['mapocTaTHyeckoe NpeccoBaHue.

[Ipokarka kak 0MH U3 CI0OCOO0B 00PAOOTKH METAIIJIOB U METAJTIMYECKHUX CIIaBOB

JTABJICHUEM.
Bostouenne, KoBKa ¥ IITAMITOBKA METAJIJIOB.
O6paboTka METaIOB pE3aHUEM.

BubpouMiynscHbie METOABI 00pa0OTKH METAJLIOB.
O6ocHOBaHMEe BBIOOpPA METO/1A MTOJIYYEHHUS 3aTOTOBOK.
JloMeHHBII mporecc.

KucnopoHo-koHBepTEpHBIN MpoILiecC.

. [Ipon3BOACTBO CTAJIM B MAPTEHOBCKUX IT€Yax.

. BHGKTpOCTaHeHHaBI/IHBHBIe €Y U UX pa3HOBHUJHOCTH.

. CxeMbI 1 cIOCOOBI PA3IUBKU CTAJIH, UX JJOCTOMHCTBA U HEJOCTATKH.
. JInTbe 110 BBRIIIIIABIISIEMBIM W BEDKHUTAEMBIM MOACIISAM.

. JInThbe B KOKMIIb ¥ TTOJT JaBICHHUEM.

. MI3roToBjI€HNE OTIMBOK LIEHTPOOEKHBIM U HEMPEPHIBHBIM JTUTHEM.
. Koppo3us meTanoB: pa3HOBUIHOCTH U METO/1bI OOPHOBI.

. Kommo3utHbIE MaTCpurajibl B HAYKEC U TCXHUKE.

TexHomorus TepMu4ecKoil 00paboTKH JerHPOBAHHBIX




18.

19.
20.
21.
22.
23.

24,
25.
26.
27.
28.
29.
30.

9KCHepI/IMeHTaIII)HI>Ie MCTOJBI MOCTPOCHHUA JUarpaMm COCTOSIHUM 1 aHAJIN3 MX OCHOBHBIX
THIIOB.

[Topo1ikoBbie MaTepuabl.

TyromnnaBkue MeTaJljIbl ¥ CIUIaBbl HA UX OCHOBE.

[Tonmy4yeHre MOHOKPUCTAIUIOB M aMOP(HBIX METAILIOB.

B3anumocBsI3p MEXly COBEPILICHCTBOBAaHHEM MAaTEPHAJIOB M Pa3BUTHEM HAyKH U TEXHHUKH.

DOH3NKO-MEXaHUICCKUES CBOMCTBA METAJJIOB U CIIOCOOBI OIpCACIICHUA UX KOJIMYCCTBCHHBIX
XapaKTCPHUCTHUK.

Hanomarepuaiibl B COBpEMEHHOM MUPE: BPEA WU M10JIb3A.

IIpuMeHeHHne KepaMUYECKUX MAaTEPUAIIOB B COBPEMEHHOM TEXHHUKE.

MenunuHcke MaTepualbl: TpeOOBaHUS K HUM U CBOMCTBA.

DTOp-NONUMEpPBL: CBOMCTBA U IPUMEHEHHUE.

Hemerannuueckue marepuaibl.

B3aumocBs3p MEXy COBEPIIEHCTBOBAHMEM MAaTEPHAIIOB M PA3BUTHEM HAyKU U TEXHUKHU.

TexHonorus IMIPpOU3BOJCTBA JeTaney METoA0M HOpOIHKOBOfI MCTAJUTYPTHHU.

Hepe'{eﬂb y‘leﬁHO-MeTOIlI/I'leCKOFO o0ecnevyeHus AJIA CAMOCTOSATEIbHOM paGOTI)I CTYACHTOB:

1. [Tacroruna O.B. Matepuanosenenue : yaeoHoe mocoowue / [Tacrotuna O.B.. —
MuHck : PecniyOnukaHckuit ”HCTUTYT npodeccuoHanbHoro oopazosanus (PUIIO), 2020. —
276 c. — ISBN 978-985-7234-48-6. — TekcT : 2IeKTPOHHBIN // DIEKTPOHHO-OUOIMOTeYHAs
cuctema [PR BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/100385.html (mara
obpamenusi: 07.03.2021). — Pexxum goctyna: i aBTOPU3HP. TIOJIb30BaTENIEH

2. MenpuukoB A.I'. MartepuanoBenenue : ydeOHoe nocobue mig CIIO /
MenwsuukoB A.I'., XBopoBa U.A., YunakoB E.I1.. — Capatos : [IpodobpazoBanue, 2021. —
223 c. — ISBN 978-5-4488-0919-4. — TekcT : 251eKTPOHHBIN // DNEeKTpOHHO-OMOInOTeYHas
cuctema IPR BOOKS : [caiitr]. — URL: http://www.iprbookshop.ru/99930.html (mara
obpamienus: 07.03.2021). — Pexwum poctyna: st aBTOpU3Mp. noJb3oBareneil bonaapenko
I''T". OcHoBbl MatepuanoBenenus: yueOHuk / bonmapenko I'.I'., Kabanosa T.A., Peibanko
B.B. — Mocksa: JIaboparopus 3nanmii, 2020. — 761 c. — ISBN 978-5-00101-755-4.

3. DmextpoHHble  pecypchl.  Pexum  mocryma:  http://www.gumer.info/bibliotek_Buks
/Science/metr/01.php; http://libgost.ru/1.php.

7. OueHo4YHbIE CpeacTBa
7.1. Bonpochl K nepBoil py0e:KHOI aTTecTallun

Yro Takoe koHcTpyKUHOHHBIE MaTepuansl (KM)? Knaccupukanus KM.
CoBpeMEHHOE METAIUTYPTUUYECKOE TPOU3BOJICTBO U €T0 MPOTYKIIHS.
Martepuainsl A1 JOMEHHOTO MPOU3BO/ICTBA.

[TonroroBka pyJ K JOMEHHOM IJIaBKe.

[Tpon3BoaCTBO UyTryHa. Y CTPOUCTBO U paboTa JOMEHHOU MEYH.
OcHOBHBIE ¥ TOOOYHBIE TPOAYKTHI JOMEHHOM IIaBKH.

OcHOBHBIE COBpEMEHHBIE CITOCOOBI MOTYUEHUs CTAIIH.

ITpon3BoACTBO cTanu B KOHBEPTOpax.

[Tpon3BOACTBO CTaNM B MAPTEHOBCKUX IEYaXx.

©CoNoR~WNE



10. IIpon3BoACTBO CTaIM B AJIEKTpOIIEYaxX.

11. CriocoObl pa3inuBKH CTalH.

12. MarepuanoBeaenue. O01mas xapakTepucTUKa METAJIIOB.

13. ATOMHO-KpHCTAIITINYECKOE CTPOCHUE METAILJIOB.

14. JlepexThl KPUCTAILTUYECKON CTPYKTYPBI METAJIIOB.

15. ucddys3us B metamnax.

16. Knaccudukaius MeTasioB.

17. Dueprernueckue yciaoBus polecca KpUCTAIN3ALUH.

18. MexaHu3M mporecca KpUCTaJUTH3AIINH.

19. 'omoreHHOE U TeTepOreHHOE 3apOIbIIIC00pa3OBaAHHE.

20. MoaudunupoBaHie METAIIJIOB.

21. [TonumopdHbIe MpeBpaIieHus B MEeTaJlIax.

22. ®opMa KpUCTaIIOB U CTPOCHUE CIUTKOB.

23. IlonsaTtue o criiaBax ¥ MeToJax MX NoidydyeHusi. OCHOBHBIC MOHSITHS B TEOPUH CILJIABOB.

24. OCOOCHHOCTH CTPOCHUS, KPUCTAJUTU3AIMU M CBOMCTB CILIABOB:
MEXaHUYECKUX CMECEH, TBEPIBIX PACTBOPOB, XUMHYECKHX COCAMHEHHIM

25. Jluarpamma COCTOSIHHSI IByXKOMITOHCHTHOTO CILIaBa.

26. ITopsimoKk MOCTPOCHHS JUArPaMM COCTOSIHHSI CILIaBOB.

27. OCHOBHBIE TUIIbI TUATPAMM COCTOSIHHSI CIIJIAaBOB.

28. CBsi3b MEXIy CBOMCTBAMH CIJIABOB U THIIOM JTHArPaMMBbI COCTOSTHHSI
(mpaBuio Kypnakosa H.C.)

29. lmarpamma COCTOSIHHS xene30 - yriepoa. Kommonentsr cucremsr Fe—FesC.

30. XapakTepucTHKa CTPYKTYPHBIX COCTaBISIFOIINX cucTeMbl Fe—FesC.

31. IIpeBpamenus Ha muHUAX quarpammsl Fe — FesC.

32. Ctpykrypsl 1 (pas3sl Ha nuarpamme Fe — FesC.

33. IIpaBuiI0 KOHIIEHTPALUK U OTPE3KOB.

34. Knaccuduxamnus 1 MapKupoBKa YIIIEPOJUCTBIX CTaJeH.

35. Bunsr gedopmaruii 1 HanpsHKEHUH.

36. [Inactuueckas nedopmarus.

37. MexaHu3M TUIaCTUYECKON JiehopMaIlii METAJLIOB.

38. Mexanu3M eopMaIiiOHHOTO YIIPOYHEHUS METaJIJIOB.

39. BimstHue HarpeBa Ha CTpOeHHE J1e()OPMUPOBAHHOTO METaJlIA.

40. OcHOBHbIE CBOMCTBA METAIIOB: (PU3HUECKUE, XMMUYECKHUE, MEXaHUYECKHE,

TEXHOJIOTUYECKUE U IKCILUTyaTallMOHHBIE.

41. MexaHu4ecKkoe pa3pylIeHUe TBEPAbIX TEl.

42. Pa3pyiieHre MaTepHajoB B IIpoliecce U3HOCA.

43. Koppo3noHHOE pa3pylIeHne MaTepHasoB.

44, CiocoObl NOBBIIEHHUS] KOHCTPYKIIMOHHOM MMPOYHOCTH MaTepHaioB.

45. TIpOYHOCTh W TIACTUYHOCTH M METOJIBI UX OTIPEICIICHUSI.

46. TBepaocTb. MeTo/IbI OIpeiesieHue TBEPJOCTH.

47. Bszkoctb. OmipesiesieHne BI3KOCTH U €€ 3aBUCUMOCTh OT TEMIEPaTypHI.

48. BorHocIMBOCTh. OCHOBHBIE XapaKTEPUCTUKU BEIHOCIUBOCTH.

49, Knaccudukanus BUIOB TEPMHUECKONW 00PaOOTKH.

50. IpeBparenus, MpoTeKaroIKe B CTAIN IPU HArpeBe M OXJIaKICHUU.

51. Harpes npu Tepmoo0paboTke. XUMHUYECKOE BO3/IEHCTBUE HArpeBaroIien
Cpezbl Ha MEeTall.

52. Omxur u HopManu3anys. HazHaueHwe u pexXuMBl.
53. 3akanka. Ha3znauenue u BUJIbl. 3aKaJ04YHbIE CPEIBI.



T'PO3HEHCKUM I'OCYJJAPCTBEHHBIH HEO@TAHOU TEXHUYECKUNU YHUBEPCUTET

BbuJjer k 1-o0ii pvoeskHoii arrecranuu Ne 1

Jucrunnmmna MatepuanoBeaeiue - TKM

N5  T'pynma HP,Hb cemectp 5

1. Koncrpyknuonusie marepuansl (KM) u ux knaccuduxanus.

2. ATOMHO-KpPUCTAJUIMUECKOE CTPOCHHUE METAIIIOB.

YTBEPXIAIO:

« » 20 T 3aB. kadenpoii

7.2. Bonpochl KO BTOPOi py0eKHOH aTTecTAlNH
1. ITpou3BoaCcTBO IIBETHBIX MeTauIoB. Kitaccudukanys BETHBIX METAJIIOB.
2. IIpou3BoACTBO ATFOMUHHSL.
3. [IpousBoacTBO Meau.
4. TIpon3BOACTBO MarHusl.
5. IIpon3BOCTBO HUKEIIA.
. IIpon3BOJICTBO TUTAHA.
. JIuteitnoe npounsBoacTBo. Knaccudukanus IUTHIX 3ar0TOBOK.

. JIutetinbie CIUIaBBI M UX JTATEHHBIE CBOMCTBA. CITOCOOBI JINTHS.

NelEe B e

. Texnomorust o6padotku nasnenueM. Kinaccudukanus crmoco6oB 00pabOTKH TaBIEHUEM.
10. IIpoxkaT u ero mpouszBoACcTBO. CIIOCOOBI MPOKATKH.

11. O6opynoBaHue U NPOAYKLHUS IPOKATHOTO IPOU3BOCTBA.

12. IlpeccoBanue. TeXHOIOTHs U IPOAYKIHSI IPECCOBOIO IIPOU3BO/CTBA.

13. Bonouenue. TexHOIOrMs BOJIOYEHHS U €70 TIPOAYKLHS.

14. KoBka. CriocoOb! 1 TexHOJO0THs KOBKU. O00py/10BaHUE JUIsl KOBKH U €€ MPOAYKIIHS.

15. O0bemuas mraMnoBKa. Buabl ITaMIIOBKH.

16. CBapounoe mpou3BoicTBO. CIocoObI CBapKH.

17. KOMITIO3UIIMOHHBIE MAaTEPHAIIBI.

18. Marepuaiibl NOPOLIKOBOW METAJITypIHH.

19. CiocoObl 3aKaiKy CTalu.



20
21
22
23
24
25
26
27

. Otniyck cranu. OCHOBHOE 000pYIOBAaHHE JIJISl TEPMUIECKON 00pabOTKH.
. XuMUKO-TepMudeckas oopadorka. HasHaueHue u OCHOBHBIE BUJIBI.

. HemenTanwmsi. CriocoObI IEMEHTAIIUU ¥ TEPMOOOpaOOTKa MOCIIe Hee.

. A3otupoBanue. HazHaueHne U pa3HOBUIHOCTH.

. [lmaHupoBaHue 1 HUTPOLIEMEHTAIHSI.

. Iudbdy3nonnass metamzarus.

. Tepmomexannyeckasi 00pabOTKa CTasu.

. [loBEpXHOCTHOE YIIPOUHEHUE CTAJIbHBIX JETAJIEH.

28. 3akanka TBY u rasomiasMeHHas 3aKaJika.

29. Crapenue. HazHaueHHne v pa3HOBHIHOCTH.

30. O6paboTKa CTaIN XOIOOM.

31. YnpouHeHHe METOAOM IIACTHYECKOH AehopMaIiyi.

32. KOHCTpYKIIMOHHBIE CTAJIM ¥ UX PA3HOBHUIHOCTH.

33. Bnusinue yriepojaa Ha CBOMCTBA KOHCTPYKIIMOHHBIX CTalei.
34. Tunsl npuMecei 1 UX BIUSHUE HA CBOMCTBA CTaJEH.

35. JlerupoBaHnHble cTanu. HazHaueHue Jerupyronmx 3J1€MEeHTOB.

Knaccudukanus 1erupoBaHHBIX CTaJICH.

22.
23.
24.
25.
26.

28.
29.

31.
32.
33.
34.

37
38
39
40
41

36. BiusiHue Jerupyromux 3J€MEHTOB Ha MOJIUMOPU3M Kelesa.

37. BnusiHue TETUPYIOMUX JIEMEHTOB Ha (ha30BbIC MPEBPALICHUS B CTAJISX.

38. LlemeHTyeMmble U yIy4IllIaeMble CTaJIH.

39. BeicokonpouHbIe, IPYKHUHHBIE U IIAPUKOMOIIIAITHIKOBBIE CTAIIH.
Cranu u1s u3aenuii, paboTarommx Ipyu HU3KUX TeMIepaTypax.
N3HococToiikue 1 aBTOMaTHBIE CTaJIH.

OObIuHBIE M OBICTPOPEXKYIINE CTATH JUI HHCTPYMEHTA.
Cranu 151 U3SMEpUTENbHBIX UHCTPYMEHTOB U ITAMIIOBBIE CTaJIH.
TBepaocmiaBel U anMa3s Kak MaTepuall JJIs U3rOTOBJIEHHUsI HHCTPYMEHTOB.

27. KopposuonHo-croiikue cramu. Kiraccudukamnusi KOppo3HOHHO-CTOMKUX CTaJICH.
JKapocToHKOCTh, )KapOCTOMKNE CTAIIU U CILIaBBI.

JXKaponpoyHocTb, )kaponpouHble cTanu U cruiasbl. Kinaccuduxamms
KapOIPOYHBIX CTAJIEH U CIUIABOB.

30. Uyryn. ['padutuzanus 9yryHoB. BimsiHre cocTaBa 4yryHa Ha IpoIece rpaduTH3aIiH.
Bnustaue rpadura u npuMeceil Ha MEXaHUYECKUE CBOMCTBA UYT'YHOB.
CrpoeHnue u knaccuuKalys 4YyryHoB.

Cepslit uyryH. ColicTBa, MapKHpPOBKa U TEPMOOOPaOOTKa.
BbICOKOIIPOYHBIN YYT'yH C MIapOBUIHBIM rpadurom. CBOICTBa,
MapKHUpOBKa U TepMOOOpabdoTKa.
35. KoBkwii gyryn. CBoiicTBa, MApKUPOBKa M TEPMOOOPAOOTKA.
36. L{BeTHBIE MeTaNIIBI. ATIOMUHHIA U €T0 CIUIABBI.
. Menr u ee criaBLL
. TuTaH u ero cruiaBbl.
. Marnuii u ero CruiasBbl.
. KoMno3unmonsele Matepuainsl.
. Marepuansl TOPOIIKOBON METaJLUTYPIUH.

T'PO3HEHCKHUH IT'OCY/IAPCTBEHHBIH HE®TAHOH TEXHUYECKHH YHUBEPCHUTET




buJjer k 2-o0ii pvoeskHoii arrecranuu Ne 1

Huciumina Matepuanopeaenue - TKM

N5  T'pynma HP,Hb  cemectp 5

1. JIureitnoe npousBocTBO. Kiaccudukaius IUThIX 3ar0TOBOK.
2. XuMUKO-TepMUYecKas o0padoTka. HasHadueHne 1 OCHOBHBIC BUJIBI.

YTBEPXIAIO:

« » 20 T 3aB. kadenpoii

7.3. Bonipochl K 3a4eTy (3K3aMeHY)
1. Yro takoe koHCTpyKImoHHbIEe MaTepuanbl (KM)? Knaccudukanus KM.
2. CoBpeMEHHOE METAJTYPru4eCKOe MPOU3BOICTBO U €r0 MPOAYKIIHSL.
3. Marepuainisl uisl JOMEHHOI'O ITPOU3BOJICTBA.
4. [loaroroBka pya K JOMEHHOM IJIaBKE.
5. [Ipon3BoacTBO UyryHa. Y CTPOMCTBO U paboTa JOMEHHOM MEUH.
6. OcHOBHBIE ¥ TOOOYHBIE TPOAYKTHI IOMEHHOM IUIaBKU. Baxknelnme
TEXHUKO-3KOHOMHMUYECKNE TIOKA3aTENIN JOMEHHOM MEYH.
7. ITponsBoacTso cranu. IIponeccsl mpsiMoro nosydeHus xees3a u3 pya.
8. OCHOBHBIE COBPEMEHHBIE CITOCOOBI MOJTYYEHHS! CTANIH.
9. IIpon3BOACTBO CTaIM B KOHBEPTOpax.
10. Ilpon3BoAcCTBO CTai B MApPTEHOBCKUX ME€Yax.
11. IIpon3BOACTBO CTaN B DJIEKTpPOIIEUaX.
12. CnocoOsl pa3nuBKU CTAJIH.
13. IIpon3BoACTBO IBETHBIX MeTaJI0B. Kitaccugukariys IBETHBIX METAILIOB.
14. IIpon3BOACTBO AITFOMUHUSA.
15. IlponsBoacTBO MeaH.

16. IIpon3BOACTBO MarHusl.



17. IIpon3BOACTBO HUKEIIA.

18. IIpon3BOaCTBO TUTAHA.

19. Kpucrannuzaius METaJJIOB. DHEPTETUYECKHUE YCIOBHS ITpoIecca
KpUCTAJIJIN3aL1H.

20. Mexanu3Mm nporecca KpucTaui3aluu.

21. Camomnpou3BoJibHOE (TOMOT€HHOE) U T€TEPOTeHHOE
3apojpliieoOpa3zoBanue. MoauduumrpoBaHre MeTalIOB.

22. Kpucramimsaius 1 CTPOSHUE CTaIbHBIX CIIUTKOB.

23. lebexTsl cTanbHbIX CIUTKOB. CIIOCOOBI MOBBIIIEHUS KAYECTBA CTAJIH.
24. BueneuHas 00paboTka ctanu. BakyymHast erasanus craiu.

25. DAeKTpOIUIAKOBBIH NepemniaB cTaid. BakyyMHoO-1yroBoil neperas
CTaJIu.

26. Crioco06s! (hr3HuecKoro BO3ACHCTBHSI Ha MPOLECCHl KPUCTAIUTH3AIIH.
27. 3aroToBUTENIBHOE MPOU3BOACTBO. BpIOOp MeTOMa U crioco0a MmoTydeHHs
3arOTOBKH.

28. JlureitHoe nmpou3BoAcTBO. Kitaccudukanus IMThIX 3ar0TOBOK.

29. JIuTeitHble CIUIaBBl U UX JINTEWHBIE CBOMCTBRA.

30. Cxema nostydeHust OTIMBOK. M3roroBnenne mUTelHbIX (OPM U CTEpHKHEMH.
31. CneunanbHble ciocoOb! IUThS. JINThe B 000JI0YKOBBIE U METAJUINYECKHE
(bopMBL.

32. JIuThe 1O BHIMIABISEMBIM U BEIKUTAEMBIM MOJIEIISIM.

33. MI3roToByieHHE OTIUBOK IIEHTPOOEIKHBIM JIUTHEM H JINTHEM IO/
JTaBJIICHUEM.

34. I3roToBieHNE OTIMBOK IEKTPOLITIAKOBBIM U HENIPEPBIBHBIM JINTHEM.
35. leeKThl OTIIMBOK M UX UCIPABJICHHUE.

36. Texnonorust 06paboTku nasnenuem. Knaccuukanus cnoco6oB



00pabOTKHU JaBICHUEM.

37. Ilpokat u ero mpon3BoaAcTBO. CIIOCOOBI MPOKATKH.

38. O0opynoBaHue U MPOAYKIUS IPOKATHOTO MPOU3BOJICTBA.

39. IlpeccoBanue. TexHoMOrus ¥ NPOIYKIUS IPECCOBOTO MPOU3BOJICTBA.
40. Bosouenue. TexHoI0rMs BOJIOYEHHS U €TI0 IPOAYKLHUS.

41. Koka. Crtoco6b! 1 TexHonorust KoBkH. O00py10BaHue 17151 KOBKH U €€
MIPOTYKITHSL.

42. O0beMHas MITaMIIOBKAa. BUIBI IIITAMIIOBKH.

43. CeapouHoe mpou3BocTBO. CIOCOObI CBapKH.

44. Cpapka 1u1aBjieHueM. Pa3HOBUIHOCTH TyrOBOW CBapKHu.

45. Pyuynas nyroBas cBapka.

46. ABToMaTu4ecKas AyroBasi cCBapka o] (pJIrocoM U B 3aIIMTHBIX ra3ax.
47. Ilna3mMeHHast U AJEKTPOIIJIAKOBas CBapKa.

48. DIIeKTpOHHO-IIy4€eBas U Ja3epHasi CBapKa.

49. I'a30Bas cBapKa M cBapKa JaBJICHUEM.

50. KonrtaktHas u nudy3noHHas CBapKa.

51. CBapka TpeHueM U B3pbIBOM.

52. CnenuaiibHble TEPMHUUECKHE MTPOLIECCH] B CBAPOYHOM ITPOU3BOJICTBE.
Hanbutenue u naiika.

53. KoMno3unnoHHbIE MaTEPHATIBL.

54. Marepuaiibl IOPOLIKOBOW METAJITypIHUH.

55. MarepuanoBenenue. O0mas XxapakTepUCTUKA METAILIOB.

56. ATOMHO-KPUCTAJUTMYECKOE CTPOCHHUE METAIIIOB.

57. JledeKTbl KpUCTAUIMYECKON CTPYKTYPBI METAJIIIOB.

58. Iuddysus B merannax.

59. Knaccudukanus MeTasios.



60. DHEepreTHYeCKe yCIOBHS MPOIECCa KPUCTATIU3ALINH.

61. Mexanu3m mpoiiecca KpUCTAIIA3AIUH.

62. 'OMOTeHHOE U TeTEPOreHHOE 3apOIbIIIe00pa3oBaHuE.

63. MoauduipoBaHue METaIOB.

64. TlomumopdHbIe TPEBPALICHUS B METAJUIAX.

65. ®opMa KpUCTAJUIOB U CTPOCHHUE CIUTKOB.

66. IlonsTue o crutaBax U MeToAax ux noyydeHus. OCHOBHbIE MOHATHUS B TEOPUH CILIABOB.

67. OCOOEHHOCTH CTPOCHHUSI, CBOICTB M KPUCTATU3AIIMHU CIJIABOB: MEXaHUUYECKUX CMECEH,
TBEPABIX PACTBOPOB, XUMHUYECKUX COCTUHECHHUIA.

68. JluarpaMmma cOCTOSIHUS IByXKOMIIOHEHTHOTO CILIaBa.
69. Ilops0K NOCTPOCHHS AUArPaMM COCTOSIHUS CILTaBOB.
70. OCHOBHBIE TUIIBI IUATPaMM COCTOSIHUS CIJIABOB.

71 . CBHSB MC)K)Iy CBOﬁCTBaMH CILUIAaBOB U TUIIOM JHarpaMmbl COCTOSHUA (HpaBI/IJ'IO KypHaKOBa
H.C)

72. lnarpamma coCTOsIHUS kese30 - yriepo. KomnonenTs! cuctemsl Fe—FesC.
73. XapakTepuCTUKa CTPYKTYPHBIX COCTaBIsIOMUX cucteMbl Fe—FesC.
74. IlpeBpatienus Ha TuHUsAX nuarpammel Fe — FesC.

75. Ctpykryps! 1 (a3sl Ha quarpamme Fe — FesC.

76. IlpaBuiI0 KOHIICHTPALIUA U OTPE3KOB.

77. Knaccudukaius 1 MapkUpOBKa YTJIEPOJAUCTHIX CTAJICH.

78. Bunsl nedopmariuii u HanpspKeHui.

78. Inactuueckas nepopmarius.

80. MexaHH3M MIacTUYECKOH eopMaluy MeTasIoB.

81. Mexanusm aeopMalMOHHOTO YIPOYHEHHUS METAIIJIOB.

82. Bausinue HarpeBa Ha cTpoeHue A1e(OpMUPOBAHHOTO METaslIa.

83. OCHOBHBIEC CBOMCTBA METAILIOB: (DU3NYECKUE, XUMUIECKHE, MEXaHUUECKHE,
TEXHOJIOTHYECKHUE U DKCIUTyaTallUOHHBIE.

84. MexaHn4ecKkoe pa3pylieHue TBEPAbIX TEI.



85.

86.

87.

88.

&9.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Paspymienne marepuanos B polecce H3HOcA.

Koppo3uonHoe pa3pylieHue MaTepuaios.

CriocoObl MOBBILIEHNS KOHCTPYKIIMOHHOW IPOYHOCTH MAaTE€PHUasIOB.
[IpoyHOCTH M MIACTUYHOCTH U METOJBI UX ONPEIEIICHUS.

TBepaocTs. MeTOo bl ONPENEIICHUE TBEPAOCTH.

BsizkocTs. Onipenenenue BI3KOCTU U €€ 3aBUCUMOCTb OT TEMIIEPATYPBI.
BeinocinBocTs. OCHOBHBIE XapaKTEPUCTUKU BBIHOCIMBOCTH.
Kiaccudukanms BU0B TepMUUYECKON 00pabOTKH.

IIpeBparienust, poTeKaroIUe B CTAJIM IIPU HarpeBe U OXJIaKIACHUU.
Harpes nipu Tepmoo0paboTke. XuMUUECKOE BO3/ICICTBIE HarpeBaoILel CpeIbl Ha METAIL.
Omxur u HopMmanuzauus. HazHaueHue u peKumsl.

3akanka. HazHauenue u Buibl. 3aKal04YHbIE CPEIBL.

CriocoObl 3aKaliky CTaJIH.

Otnyck cranu. OCHOBHOE 000pYZ0BaHUE [Tl TEPMUYECKOI 00paboTKH.
Xumuko-repMudeckas o0paborka. Ha3HaueHre U OCHOBHBIE BUJIbI.

. HemenTtanus. CriocoObI IIEMEHTAIIMU U TEPMOOOPaOOTKa MOCIIE HEe.
A3sotupoBanue. Ha3HaueHne U pa3HOBUIHOCTH.

[{uanupoBaHue U HUTPOLIEMEHTALHS.

Juddy3nonnas Meranauzanus.

Tepmomexanuueckas 00pabOTKa CTaJIH.

IToBEpXHOCTHOE YIPOYHEHHE CTAJIBHBIX JETAIEH.

3akanka TBY u raszoruiasmMeHHas 3akajika.

Crapenne. HazHaueHne 1 pa3HOBHIHOCTH.

O6paboTka cTaau X0JI0I0M.

YnpouHeHHe METOAOM IJIaCTUYECKOH J1ehopMaIHH.

KOHCprKI_II/IOHHBIe CTaJI1 U UX Pa3HOBUIAHOCTH.



111. Biusinue yriepoja Ha CBOMCTBA KOHCTPYKIIMOHHBIX CTaJICH.
112. Tunsl npuMeceil U UX BIMSHUE HA CBOMCTBA CTAJICH.

113. JlerupoBanHsie ctanu. HazHaueHnue nerupyronmx 3meMenToB. Kinaccudukarus
JIETUPOBAHHBIX CTAJICH.

114. BausiHue JeTupyronmx 3JEMEHTOB Ha TOJIMMOPGhU3M Kelesa.

115. BausiHue aerupyronmx 3JeMEeHTOB Ha (a30BbIe IPEBPAIICHHS B CTANISIX.

116. llemenTyeMbI€C U yIy4dllIa€MbI€ CTAJIH.

117. Beicokonpo4Hbie, TPYKUHHBIE U IIAPUKOTIOIIUITHUKOBBIE CTAIH.

118. Cranu ans uzenuid, padoTarouuX MpyU HU3KUX TeMIeparypax.

119. U3HOCOCTOlKHE U aBTOMATHBIE CTAJIH.

120. OGbIuHBIC U OBICTPOPEIKYIIUE CTATU TSI HHCTPYMEHTA.

121. Cranu a1 U3MEPUTENbHBIX HHCTPYMEHTOB U IITAMIIOBBIE CTAJIH.

122. TBepaocmuaBbl ¥ aiMa3 Kak MaTepual Ui U3rOTOBICHUS HHCTPYMEHTOB.

123. KopposuonHocroiikue cranu. Kiraccupukamnus KOppo3nOHHOCTOMKUX CTaJICH.

124. KapocToiKkocTb, KapOCTONKHE CTAJIN U CIIABBI.

125. KapornpouHOCTh, kaponpoyHbie cTanu U crutaBel. Kitaccudukanms
KapOIPOYHBIX CTAJIEH U CILJIaBOB.

126. Yyryn. I'padurusamnus uyryHoB. BnusiHue coctaBa 4yryHa Ha mpoiecc
rpadUTH3ALMH.

127. Bnusinue rpaduta 1 npuMeceil Ha MEXaHUYECKUE CBOWCTBA YYT'YHOB.

128. Ctpoenue u kiaaccu@UKaus 4yryHOB.

129. Cepsrii uyryH. CBoiicTBa, MApKHUPOBKA U TEPMOOOpaOOTKA.

130. BeicOKOIIPOYHBIi YyT'yH C MIapoBUIHBIM Tpadgurom. CBOKICTBA,
MapKUpOBKa U TEpMOOOpaboTKa.

131. KoBkwuii uyryn. CBoicTBa, MapKUpPOBKa U TEpMOOOPaOOTKA.

132. [IBeTHBIE METAIIIBI. AJTIOMUHUN U €70 CIIJIABhI.

133. Menp u ee cIjIaBEL



134. TuTaH 1 €ro CIJIaBbI.
135. Maruuii u ero CijiaBbl.
136. Komno3uiimoHHbeIe MaTepralbl.

137. Matepuanbl HOPOIIKOBON METAJUTYPruu.

T'PO3HEHCKUM I'OCYJJAPCTBEHHBIH HEO@TAHOU TEXHUYECKUNW YHUBEPCUTET

buJjer k 2-oii pvoesxxknoii arrecranuu Ne 1

JucuuIimHa Martepuajgoseaenue - TKM

N5  TI'pymma HP,Hb cemectp 5

1. CoBpeMeHHOE METaUTypPTUU€CKOEe IMTPOU3BOJICTBO M €0 MPOIYKITHSI.
2. Knaccudukanust BUI0B TepMUIECKON 00pabOTKH METAIIIOB.
YTBEPXAIO:

« » 20 r. 3aB. kadeapoii

7.4. Texkymiuii KOHTPOJIb



JlaGoparopHnas padora Nel mo TKM
MAKPOCKOIMMYECKWH AHAJIN3 METAJLJIOB

Ilen» padomer: n3yyeHue BIUSHIS XUMUYECKOTO COCTaBa U Pa3JInYHbIX BUJIOB 00paOOTKH Ha
CTPYKTYPY METAJIJIOB; BbISBIEHUE 1€(EKTOB, HAPYIIAIOIIUX CIJIOUIHOCTh METAJUIOB; ONpe/eIeHne
JIUTON CTPYKTYPBl U XMMUUYECKON HEOJHOPOIHOCTH METAIJIOB; U3yYEHUE U3IOMOB METAJUIOB.

Jlabopamopnoe 060pyoosanue u mamepuainbl: MAKPOCKOIT; TYITbI; KOMIUIEKT MaKpoIuii($oB
U3 pa3IMYHbIX METAIIOB; HA00p doTorpaduii MAaKpOCTPYKTYD.

Kpamkue meopemuvecKkue ceéedeHus no meme

Makpockonuueckuii aHanu3 (MaKpoananu3) 3aKi0YaeTcsi B U3YYEHUU OOIIEr0 CTPOCHHS MEeTaia
IIyTEM NPOCMOTPA €ro M3J0Ma WM CHELMAIBHO MOJArOTOBIEHHOW MOBEPXHOCTH HEBOOPYKEHHBIM
TJ1a30M WJIM MpU HEOONbIINX yBenudeHusX — 10 30 pa3. DTo mo3BoisieT HabMAaTh OJHOBPEMEHHO
OO0JIBIIIYIO TIOBEPXHOCTH U MOJYYUTh MpeACTaBleHue 00 00IIeM CTPOSHUU MeTajlla U O HaJu4uu B
HEM ompefeNieHHbIX nedeKToB. MakpoaHanu3 He OmnpeaenseT MoApOOHOCTEH CTPOEHHUS U 4acTo
SBJIICTCS MIPEABAPUTEIBHBIM, HO HE OKOHYATEIFHBIM BUAOM HUCCIIEIOBAHUS. XapaKTepu3ysi MHOTHE
0COOEHHOCTH CTPOEHUS, MAaKpOAaHAIMW3 TI03BOJISIET BHIOpaTh T€ YYacCTKH, KOTOpBIE TpPEOYIOT
JaJIbHENIIIEr0 MUKPOCKOIIUYECKOT0 uccienoBanusi. CTpoeHue METaljIoB U CIUIaBOB, OIIPE/IEICHHOE
TakUM 00pazoM, Ha3bIBACTCS MAKPOCMPYKMYPOIO.

MaKpoaHa.Hm MNPUMCHAIOT AJIA BBIABJICHUSA B METAJJIC ACHAPHUTHOI'O CTPOCHUA, ycanoqﬂoﬁ
PBIXJIOCTH, OCEBOM MMOPUCTOCTH, FA30BBIX MMY3bIPEH, TPEIIMH, IyCTOT, MJIEH, IIUIAKOBBIX BKIIOUYCHHIA,
PacCIiOJIOKCHHA BOJIOKOH B IMOKOBKAax W IOTaMIIOBKax, BHUA H3JIOMA, JIMKBAlUW CCPbI U (bOC(i)Opa,
CTPYKTYpPHOU HEOJTHOPOIHOCTH, KA4eCTBA CBAPHOTO COCTUHEHUSI.

Jns viccnenoBaHus MaKpOCTPYKTYPhl METAIIOB M CILIABOB MCIONB3YIOT METOM NUTH(OB H
MeTol u310MOB. I[Ipy »TOM BUA U3IOMOB OIpPEAETSIOT HEMOCPEICTBEHHO BU3YaJIbHBIM
HaOII0IEHNEM, TOT/Ia KaK OCTallbHbIE 0COOEHHOCTH — Ha MaKpouuthdax.

O6paszerr (ero eiie Ha3bIBAIOT TEMIUIET) METaIlIa, TOBEPXHOCTh KOTOPOTO MOJATOTOBIICHA IS
MakpoaHajgu3a, Has3bpiBaeTcsi Makpouumdom. OOpasen; a1 MakpoaHajiu3a BBIPE3alOT B
OTIPENICJICHHOM MECTE W B OIPENENICHHOW IIOCKOCTH B 3aBUCHUMOCTH OT TOTO, YTO MOJBEPTar0T
HCCICOAOBAHHUIO — OTJIHMBKY, IIOKOBKY, MITaMIIOBKY, HPOKAaT, CBAapPHYHO HWIH TCPMHUUYCCKU
0o0pa0oTaHHYIO JA€Tajdb M 4YTO TpeOyercs BBISIBUTH M W3YUYUTh — IMEPBUYHYIO KPUCTAIIU3ALUIO,
NeeKThI, HAPYIIAIOIINE CIIONTHOCTh METalIa, HEOJHOPOIHOCTh CTPYKTYPHI U T.A. B CBSI3M ¢ 3TUM
o0pa3ipl BBIPE3AIOT U3 OJHOTO WM HECKOJIBKHMX MECT CJIUTKA, 3arOoTOBKM  (JIeTanu) Kak B
MPOJOIFHOM, TaK W B TONEPEYHOM HANpaBIEHUSAX. BbIpe3aHHbIE TEMIUIETHl TOJBEPraroT
MEXaHHUYECKOI 00paboTKe, XUMHUYECKOMY TPABJICHHUIO U UCCIIEIOBAHHIO.

MeTonbl MakpOTpaBJICHHS TMOAPA3JEISIIOT HAa TPU TPYIIBL  21Y00K020 MpPAasieHuUs;
NOBEPXHOCMHO20 MPAGIEHUSA, OMNEYAMKOB.

CymHocTs MeToAa 2nyb0K020 mpasieHus 3aKiIodaeTcs B 00pabOTKe MOBEPXHOCTH
MakpoIuida pacTBOpaMi HEOPraHUYECKUX KHCIIOT, B PE3YJIbTaTe Yero y4yacTKH, HEOJHOPOAHbIE MO
cocTaBy, obOnajmaromnue Ooyiee pa3BUTOW M aKTUBU3WPOBAHHON MOBEPXHOCTHIO, TPOTPABIUBAIOTCS
paznmuuHo. OOpa3yercsi Makpopenbed MOBEPXHOCTU C yYaCTKaMH OOJIbIIEH W MEHBIIEH BBICOT,
KOTOpBIE TPH OOJIBIIO TITyOWHE pe3KOCTH HEBOOPYKEHHOTO TJIa3a WIIA MAJIBIX YBEITHUEHHSIX MOTYT
OBITh UIEHTU(ULIUPOBAHBI.



Ilosepxnocmnoe mpaenenue vMeeT 0Oojee OTpaHUYEHHBIM XapaKTep B MaKpoaHallu3e U
MCTOJB3YyeTCsl 7Sl OOIIET0 MCCIIEOBAHUS CTPYKTYPHI U BBISIBICHUS Je(DEKTOB, HETOCPEACTBEHHO
BBIXOJISIIIMX HA MOBEPXHOCTb, a TAK)KE BBIABICHHUS XapaKkTepa JHKBAIlMKU B MeTayuiax. s oomiero
WCCIICIOBAHMS CTPYKTYPHI CTaJIel MMUPOKO MpUMeHsieTcs peaktuB cocraBa: 10-20 r mepcynbdara
ammMonus [(NH4)2S20g] Ha 100 Mt Bogsl, Temmepatypa peaktuBa 50-60°C, Bpems Bbiaepkku 5-40
MUH. J{aHHBIH peakTUB NMO3BOJIAET HAOIIOAATh SIBICHUS PEKPUCTAIN3AINY, HEOJHOPOIHOCTD 3epeH
10 pa3Mepam, CTPOSHUE CBapHBIX LIBOB.

[Ipeumy1iecTBO MeTO/1a MOBEPXHOCTHOTO TPABJICHHUS 110 CPABHEHUIO C TITyOOKUM TpaBJICHHEM
3aKJIIOYAETCS B BO3MOXHOCTHU JIYYILIETO BBISIBICHUS OTIENbHBIX JI€Talel CTPYKTYpPbI, a TaKkxke B
MEHBIIICH arpeCCUBHOCTH PEAKTUBOB M MTPOCTOTHI OOPAIICHUS C HUMHU.

Memoo omneuamkoe PUMEHSETCS Ul ONpPEJeNICHHUs JIUKBAlMKA MPUMECEH B MeTaiax H
craBax. B cransax Hapsay ¢ ¢pochopom Haubosee BpeiHOW MPUMECKIO sBisieTcs cepa. Cepa Takxe
obmazaer OONBIION CKIOHHOCTBIO K JIMKBAllMM, HEpacTBOpMMa B Keje3e M 00pa3yeT C HUM
XUMHUECKoe coeanHeHue — cynbdun xenesza (FeS), koTopwlii BXOIUT B COCTaB JIErKOILIABKOU
sBTekTUkH Fe-FeS, pacnonararomieiicss OTAeNbHBIMH BKIIOUEHUSMU IO TpaHullaM 3epeH. [lpu
HarpeBe 70 TeMmieparypbl ropsiuerr aedopmanuu  (800-1200 °C) BriIIOUEHUS HIBTEKTUKH
(Temmeparypa maaBieHus 988 °C) mpugaroT cTalu XpyNKOCTb, MO0 OIJIABISIFOTCS M 00pa3yloT B
MaTepHalie HaJpbIBbl M TPEIUHBI (SIBJICHHE KPACHOJIOMKOCTH CTaJIH).

Jnist onpeeneHns TMKBAIMK Cepbl HAaMOOJIbIIIEe paclpocTpaHeHue morydm meros; baymana.
B nannom Mmertoje 3acBeueHHYIO (OoTOOYMAary BBIAEPKUBAIOT B 5 %-OM BOJHOM pacTBOPE CEPHOI
KHCJIOTHI B TeueHue 5-10 MHH, clierka IpoCyIINBalOT MEXAY JUCTaMH (PUIBTPOBAIbHON OyMaru 1ist
yIaJeHHs U3JIUIIHETO PacTBOPA U TUIOTHO MPHUKJIAbIBAIOT K Makpouuindy Ha 25-30 munyt. CHsTas
¢ Makpouuinuda porodymara npombiBaetcs, Gukcupyercs B pactBope runocynbdura 20-30 muH,
mpoMbIBaeTcss U BbicymuBaercs. [lonmydenHele Ha (oToOymare ydacTKM KOPHUYHEBOTO IIBETa
yKa3bIBaIOT Ha MecTa, oboraieHHble cepoil (ckoruieHus cynbduaos). Eciu ¢gorobymara nmeer
PaBHOMEPHYIO OKPACKY, CIIeI0BATEIbHO, CEpa pacIpeesieHa paBHOMEPHO.

JlukBaruto pocdopa B cTanu BRISBISIIOT TPaBICHUEM OTHUTM(GOBAHHOTO 00pasiia B peaKTHBE
cocraBa: 85 1 xjopHoit Meau u 53 T xyjopucroro ammoHusi B 1000 cm3 Bonbl. [lnsi BEIsIBIEHUSA
JUKBAIMM HEOOXOJMMO: OTHUIHM(OBAHHYIO MOBEPXHOCTh 00paslia MpPOTEPEeTh BaTON, CMOYEHHOM
CIUPTOM; 00pa3ell MOrpy3uTh B YKa3aHHBIH PEAKTUB M BBIJICPKATh B HEM 1—2 MUH; MPHU BBIJCPKKE
o0pasiia B peaKTHBE KEJIE30 PACTBOPSETCS U BHITECHAET MeJlb, KOTOPAst OCAXKAAETCS Ha TOBEPXHOCTH
o0pa3siia; mocie BbIACPKKUA 00pasell BBIHYTh U3 PEaKTUBA; BCSI TOBEPXHOCTh 00pasiia ToKHa ObITh
MOKPBITA MEJIbIO; CTPYEH BOJIBI CMBITh C IOBEPXHOCTHU CJION MEIU U MPOTEPETh MAKPOILIH( MOKPOMH
BaTON; IPOCYIINUTE 00pazel.

Bormee TemHBIE, T. €. TIyOOKO MpOTpaBIIEHHBIE YYacTKH, — 3TO MeCTa, OOOTralieHHbIE
dbocdhopom, Tak Kak yeM OoJbiie B xene3e hochopa, TeM ObicTpee
oH pactBopsieTcs. COOTBETCTBEHHO, CBETJIBIE YYacTKM Ha TEMIUIETE — MeCTa C MEHBIINM
conepkanueM ¢ocdopa.

[Tpr HEOOXOAMMOCTH MOJHOTO MAaKPOCKOIMUYECKOr0 MCCIEI0BaHUs, a TaKXKe ONpeeseHus
HapyLIeHUH CIUIOIIHOCTH MeTaula M JeQEeKTOB CTPOEHHUS Lenecoo0pa3HO MpUIEP>KUBATHCS
ClIeylollel TOCIeI0BaTeIbHOCTH: CHayalla TpaBUTh oOOpas3el] pPEeakTUBOM IOBEPXHOCTHOTO
TpaBJI€HMsI, 3aTE€M CHOBAa WIIU(OBATH M ONPEAEIATh pPACHpeeNeHHE Cepbl MO OTIEYaTKy Ha
¢doroOymare, mocie 4ero MPOU3BOAUTH TINIyOOKOE TpaBJICHHE JJIsl OIpENeNICHUs] HapyIeHHH
CIUIOIIHOCTH.



Buviaenenue cmpoenus aumoii cmanu

Crpoenue IuTol cTainu (ISHAPUTHYIO CTPYKTYPY) BBISBIIAIOT TPABJICHUEM OTIUIN(OBAHHOTO
obpasma B 15 %-oM BOJTHOM pacTBope nepcylibdara aMMOHHS.

JUis BBISABJICHHS JACHAPUTHOM CTPYKTYpPHl HEOOXOIMMO: OTHLIM(OBAHHYIO MOBEPXHOCTh
o0pasua mpoTepeTh BaTOW, CMOYEHHOH cmHMpTOM; Harperb peakTuB a0 80-90°C; obpazen mnpu
MTOMOIIH LIUIIOB IMOTPY3UTh B TOPSYHI PEaKTUB U BIAEPKaTh B HeM 5—10 MUH; mociie BBIAEPKKU B
peakTuBe 00pasel] Mpy MOMOIIU UIUMIIOB BEIHYTh U3 PEAKTHBA, IPOMBITH BOJIOM U MPOCYIIUTh.

[Tpu ananusze Makponuinga ciIuTKa CTaId HAOMIOJAeTCsl CTPYKTYpPa, CXeMAaTUYECKHU MPECTaBICHHAs
Ha puc. 1.

1 — ycanouHas pakoBuHa; 2 — Hapy»Hasi MEJIKO3EpHUCTAasi KOPKa;

3 — 30Ha CTOJIOYATHIX KpHUCTAJIJIOB, 4 —30Ha PaBHOOCHBIX KPUCTAJJIOB.

Puc. 1. MakpocTpykTypa cauTka MeTasuia:
a — cxeMa; 6 — peabHasl IeHApUTHAs CTPYKTypa ciutka ctanu X18HIT.

Buisignenue oeghexmos, napywaowux cnioutHocms Memaiid
Jlnis BbISIBIIEHUS B CTaidM /1e(EKTOB, HAPYIIAIOUIMX CIUIOIIHOCTh MeTajuia (TpeliuH, Imop,
PaKoBMH), TPOBOJUTCSA TJIyOOKOE TpaBiieHHEe OTUUIM(OBAHHOTO 0O0pa3lla BOAHBIM PACTBOPOM
consnoit kucnotsl (50 cm® HCI, 50 em® Bozisl) crieyromum 06pa3oM: oTHLTH(OBAHHYIO MOBEPXHOCT
o0pasua mpoTepeTh BaTOM, CMOYEHHOM CIUPTOM; BaHHY € HarpereiM 10 Temmeparypsl 60-70°C
PEaKTUBOM IOMECTUTH B BBITSKHOM IIKa(y (Tak Kak MpH TPaBICHUH BBIICISIOTCS SAOBUTHIE Ta3bl;
oOpazer] Mpy NOMOIIM IIUIIOB NOTPY3UTh B FOpSYHMil peakTUB U Bblaepkarh B HeM 10—45 MuH.;



1ocje BBLACPKKHM 00pasel] Ipy MOMOIIH LIMIIOB BBIHYTh U3 PEAKTHBA, IPOMBITh BOJIOH, 3aTeM 10—
15 %-p1M BOJTHBIM PaCTBOPOM A30THOM KHCIOTHI M IPOCYLIHTb.

[Tpu riryOoKoM TpaBlIEeHHUH PaCTBOPOM KHUCIOTHI BEICOKOM KOHLIEHTPAIIMH POUCXOJIUT CTPABITUBAHHE
ne(eKToB, HapYIIAIOUMX CIUIOIIHOCTh METaJlJla — OHU CTAHOBSTCA BUIMMBIMH HEBOOPYKEHHBIM
ria3om (puc. 2).
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Puc. 2. JlepexTsl, HapyIIaooye CIUVIOMIHOCTh METAJIIA:
@ — HEMETAJUINYECKHUE BKIIIOUECHUS; O — MATHUCTAs JINKBALIUS

H3zyuenue uznomos

BuyTpeHnHue eeKThl, KOTOPhIE MOTYT MIPUBECTH K PA3PYIICHUIO U3/IEIINs, BRISIBISIIOTCS TIPU
W3YYEHHUH U3JIOMOB.

Uznomom Ha3bIBaeTCs TMOBEPXHOCTH, 00pa3yIOIIAsCsl BCIEICTBHE pPa3pyLICHUS METAJIOB.
W310MBI METAJUIOB MOTYT CYIIECTBEHHO OTIMYATHCSA MO IBETY. Tak, cTamu u Oenble YyTyHBI, B
KOTOPBIX BECh YIJIEpOJI CBSi3aH B I[IEMEHTHUTE, HMEIOT H3JIOM CBETJIO-Ceporo mpera. Y
rpadUTU3MPOBAHHBIX CTAJEH U YyT'YHOB, B KOTOPBIX YIJIEPOJ HAXOJUTCS MPEUMYIIECTBEHHO B BUJIE
rpaduTta, U3IOM YepHOro IBeTa. Ha MOBEPXHOCTH W3IOMOB MOXHO BHAETH Ne(EKThI, KOTOpbIE
CIOCOOCTBOBANIM pa3pyLICHHIO. B 3aBUCMOCTH OT cocTaBa, CTPOECHUS MeTajlia, HAINYMS 1e(EKTOB,
yclnoBUil 00paOOTKU W JKCIUTyaTallMM H3ICNUN U3JIOMBI MOTYT HMETbh 6GA3KUL, XPYNKUU WIH
ycmanocmuulti Xapaktep (puc. 3).

Bsiskuui (onoxnucmeiti) usnom (puc. 3, a) umeer OYIPUCTO-CIUIAXCHHBIH penbed |
CBHJIETEIICTBYET O 3HAYMUTENBHOW TIACTHYECKON JeopMalni, MpeAleCcTBYIOMIEH pa3pyIeHHo.
[To Buy BA3KOTO M3JI0MA HENB3S CYIUTH O GOpPME U pa3Mepax 3epeH MeTaa.

Xpynkuu (kpucmanauuecxuil) uziom (puc. 3, 6) XapakTepu3yeTCst HATHIHEM Ha TIOBEPXHOCTH
IUIOCKUX ONECTSAMMX y4acTKoB. Tak Kak paspylleHHe MpoTeKaeT 0e3 3aMeTHOH MIacTHYeCKOn
nedopmaruu U GhopMa 3epHa HE MCKAKAETCs, TO HAa XPYIKOM H3J0MEe BUIHBI MCXOnHas (Gopma u
pasmep 3epeH MeTayuia. [Ipu XpynmkoM H3JIOMe pa3pylIeHHE MOXKET MPOUCXOAUTH Yepe3 3epHa
(TpaHCKpUCTAJUTMUECKUNW WA  HAQTAIMHUCTBIA  M3JI0M) JHOO 1O  TpaHUIlAaM  3epeH
(MEeXKpUCTAIITMYECKUI MIIM KaMHEBUHBIA U3J10M). Pazpylienue no rpanuiiaM 3epeH UMeeT MEeCTO
MPU HAJIMYAHM HA TPAHHWIAX HEMETAIUTMYECKUX BKItOUeHMH (hochunmpl, cymbdumbl, OKCHIBI) WIH
JPYTUX BBIIEICHUH, OCIA0ISOINX MPOYHOCTh TPAHHMIT 3€PHA.

OOBIYHO M3TTOMBI OBIBAIOT CMEMIAaHHBIMH. [IpM CMENIaHHOM H3JIOME Ha €ro MOBEPXHOCTH
HaOII0IAI0TCS YYACTKU BA3KOTO M XPYIIKOTO pa3pylIeHUsI.



Puc. 3. Buasl u3ioMoB craiu:

@ — BSI3KUH; 0 — XPYNKHUH; 6 — yCTaJOCTHBIN.

Yemanocmuwiii nznom (puc. 3, g) o0pasyeTcs B pe3yibTare JUIMTEILHOTO BO3JACHCTBHS HA
METaJUl IUKINYECKUX HampspDkeHud u aedopmaruii. M310M COCTOUT W3 TpeX 30H: 3apOXKICHUS
TPEUIMHBI, COOCTBEHHO YCTAJIOCTHOTO pACIPOCTPAaHEHHsI TPEUIMHBI W JIoJloMa. MeXxaHu3M
YCTaJIOCTHOTO Pa3pyLICHHS CICIYIONINI: YCTaJIOCTHAs TPEIIMHA BOSHUKAET B MECTaX, TlIe HUMCIOTCS
KOHIICHTPATOPBI HANPSDKEHUH Win edekThl. [lepBas 30Ha MIocKas u TauKas. Y BEIHYUBAsICh TIPU
paboTte pgeranw, TpemIMHA O0Opa3yeT 30HY COOCTBEHHOTO YCTaJOCTHOTO PAaCIpPOCTPAHCHUS C
XapaKTCPHbBIMHA KOHIOCHTPUYCCKUMHA 60pO3JIKaMI/I 501051 AyraMmm u MCJIIKO3CPHUCTBIM,
bapHopoBUIHBIM H3JIOMOM. 3a4acTyl0 OHAa HMEET OT/ACIbHBIC YYaCTKH TIJIAJAKOW MPHUTEPTOM
MOBEPXHOCTHU. J[0JIOM MPOMCXOIUT BHE3AIHO, KOT/Aa OCIa0JIeHHOE TPEIIMHOW CEYEeHHUE JETaIN He
CIIOCOOHO BBIZCPIKATH TMPHUKIAIBIBAEMON MEXaHWYECKOW Harpy3ku. Jlojom ObIBaeT BS3KHUM WU

XPYTKHM.

Ilopaodok évinonnenus padomol
1. O3HaKOMUTBHCS C METOIUKOM MPUTOTOBJICHUSI MAKPOIILTU(OB.
2. VI3yuuTh KOJUICKIIHIO 00pa3IloB ¢ OCHOBHBIMH Je(eKTaMu, HaOII0JaeMbIMU Ha HX MMOBEPXHOCTH.
3apucoBaTh 3TH IEPEKTHI.
3. UccnenoBath U 3apucoBaTh MaKpOCTPYKTYpY TEMIUIETA JIUTOrO MeTasla.
4. O1ieHUTH JIMKBALIMIO Ha MUKpouutude no merony baymana.
5. I3yunThb 1 3apucoBaTh OCHOBHBIE BU/IbI U3JIOMOB (BSI3KH, XpPYIKUN U YCTATOCTHBIH).

Cooepocanue omuema

1. Llenb paboTHI.
2. CymHOCTh MaKpOaHaIn3a, MIPUTOTOBICHUE MaKpouLIuda.
3. 3apucoBKa MaKpOCTPYKTYPHI JIUTOM CTAIIH.
4. 3apucoBKa MaKpOCTPYKTYpbl OOpa3llOB CTaJlM C OCHOBHBIMH Je(eKTaMH, HaPYIIAIOUIUX
CIUTONTHOCThH METaJlIa.
5. 3apUCOBKH OCHOBHBIX BUOB U3JIOMOB.
6. BBIBOIBI M3 TIOYYEHHBIX PE3YJIbTATOB.

Konmponwnuvie eonpocut
1. B yem 3akmioyaercs CylnHOCTh MaKpoaHanusa?
2. MeToasl MakKpOTpaBIEHUS U UX CYIITHOCTH?
3. Uto Takoe MakpoCTpyKTypa?



4. J51s 4ero ucroiab3yercss MakpoaHaiu3?

5. Kakue cymecTByroT METObI MAaKpOTPaBICHUS?

6. UTo Takoe KpaCHOJIOMKOCTb?

7. Kak BBISIBUTBH JINKBALIUIO CEPHI B CTAIH?

8. Kax BbIsiBUTH IMKBanuio gocopa B cranm?

9. Kak BBIABUTH JEHAPUTHYIO CTPYKTYPY B JIUTHIX oOpa3nax?
10. JlenapuTHas CTPYKTypa CIUTKA U MEXaHU3M e popMUpOBaHUs?
11. YTo Takoe M3J10M M KaKue BHUJIbl U3JIOMOB BbI 3HaeTE?

12. XapakTepHble PU3HAKU XPYIKOTO U BSI3KOTO U3JIOMOB?

13. KakoB MEXaHHU3M YCTaJIOCTHOI'O pa3pylIeHUs?

7.5. Onucanue nokasarejieid 1 KpuTepueB OLCHUBAHWSA KOMIIETEHIUIl HA

PA3INYHBIX 3Talmax ux (l)OpMHpOBaHl/IH, OIINCaHHuEC IIKAJbI OICHUBAHUSA.

[IPOUCXO0KICHUIO, CBOMCTBaM;

IMPpOBOAUTH HUCCJICa0OBaHUA n

HCIIBITAHUA MaTCpHUAJIOB.

Taoauna 7
Iliianupyembie pe3yJabTaThl Kpurtepuu ouennBanusi pe3yJibTaToB 00y4eHus HanmeHnoBanue
0CBOCHHUSA KOMIIETEHIIUU meHee 41 6aj110B 41-60 6a10B 61-80 6as10B 81-100
(HeynoBJeTBOpUTE |(YA10BJIETBOPUTET (xoporo) 0asj10B
OIIK-5.

3HATDH: (I)paFMCHTapHLIe HemonHble 3HaHUA C(I)OpMI/IpOBaH Cq)OpMI/IpOB
- 3aKOHOMEPHOCTH  Ipoueccop[>HaHAA HbIE, HO  [aHHBIE
KpUCTAJUTU3aLUU i coJieprKallie |cucTeMaTuy
CTPYKTYpOOOpa3OBaHH METAIIOB H OTJICIbHEBIC €CKHe
CILJIaBOB, OCHOBBI uX| poOeITbI 3HAHUS
TepMOOOpPaOOTKH, CIIOCOOBI 3aIUThHI 3HAHUSA
METAJIJIOB OT KOPPO3HH;
- KIAaCCU(UKAIUI0O H  CIOCOOBI
MOJTydeHUS KOMIIO3UITUOHHBIX
MaTepHasoB;
YMmerh: Uactuuynble ymenus [Henonnbie Vmenus |Chopmupos
- pacro3HaBaTh u YMEHUA nonuple, —|[AHHBIC
KITaCCUPUITUPOBATH JOTMYCKAKTCS | yMeHUs
KOHCTPYKIIMOHHBIE W  CBHIPHEBEIC HeOOJIbIIHE
MaTepHuaabl 10 BHENIHEMY BUIY, OIITMOKHU

OTtuer

JTaGoparopras pabota




Bianers: Yactranoe Hecncremarnaeck B VYcenemnoe
- uHbopmanueir o cBoicTBaX H BJIaJICHUC 0€ NMPUMEHEHHE  |cpcTeMaTHUES u
PUMEHEHUN pa3IUYHbIX HaBBIKAMU HaBBIKOB KOM cucTeMaTH4
MaTEepHAaJIOB; IIPUMEHEHHH €cKoe
- HEKOTOPBIMH HABLIKOB | TPUMEHEHH
DKCIEPUMEHTAIBHBIMA METOJUKAMHU fonyckatotes | € HABBIKOB
1 TEXHUKOM MaTepHuaIoBeIuecKuX npoGebl
1IK-2
@parmentapupie  Hemouubie 3HaHus |ChopMHUpOBaH
3HaTh: SHaHKA Hee, Ho  |CpopMHUpPOB
- KiIaccuuKanMio  MaTepualoB,
METAJUIOB M CIIJIABOB, OOJACTH WX COACPAIIIC |AHHEIC
PHMEHCHNSI. OTJENbHBIE |CHUCTEMAaTU4
poOeIhI ecKue
3HaHUs 3HaHUS
Uactuunblie ymeHus [Henonnsie
YMEHUS
YMmers:
- OTIpeNeNnsTh BUJIBI VMeHs
KOHCTPYKLIMOHHBIX MaTepHAaJIOB,;
- BbIOMpaTh  MaTepHanbl s TIOTHBIC,
KOHCTPYKLUI 110 MX HAa3HAYCHUIO U noryckarotest (Chopmupos
YCIIOBHSIM DKCILTyaTalluH; HeOOJbIINe [aHHBIC
OIMOKH  [yMEHUS
HactuyHoe Hecucremaruueck
BIIaJICHHE o€ IPUMEHEHUE
HaBBIKAMU HaBBIKOB
B
Baanern: CUCTEMATHYEC |Y CIELIHOE
- HaBbIKAMHU IIPAaBHJILHOTO BBIOOPA KOM )51
MaTepUaNIOB HCXOAS W3 aHAIW3a MIPUMEHEHHUHN [CUCTEMATUY
YCIIOBHI 9KCIUTyaTaIluu u HaBBIKOB  [eCKOE JlaGoparopHas paGoTa
[IPOM3BO/ICTBA; JIOITycKaroTes [mpuMeHeHn |OTyer
MpoOeNbl ¢ HAaBBIKOB

8. Oco0enHocTH peajmn3alMy AUCHUIUIMHBI ISl MHBAJIMIAOB H JIMI[ C

OIrpaHU4Y€¢HHBIMHA BO3MOKHOCTHMH 310POBbHA

g ocymiecTBiaeHUs MPOLEAYp TEKYIIErOo KOHTPOJI YCHEBAEMOCTH M IPOMEXKYTOUHOU
aTTecTaluu o0yJyaroumxcs co3aanbl GOH/IbI OLIEHOYHBIX CPECTB, aJalTHPOBAHHbBIE /JIl HHBAJINI0B
U JMI C OTPAaHUYEHHBIMU BO3MOXKHOCTSIMHU 3[10POBbSI U MO3BOJIAIOIINAE OLEHUTH JOCTHIKEHUE UMU
3alJIaHUPOBAHHBIX B OCHOBHOM 0Opa30BaTeIbHOW MpOrpaMMe pe3yibTaToB OOy4YeHUS U YpOBEHb
c(OPMHPOBAHHOCTU BCEX KOMIIETEHLIMH, 3asBIEHHBIX B oOpa3oBaTelbHOW mporpamme. dopma




MPOBEJICHUSI TEKYyIIeH aTTecTallid Ui CTYACHTOB-MHBAJIHMIIOB YCTaHABIMBACTCS C YYETOM
WHIUBUAYAIBHBIX ICUXO()H3UIECKIX 0COOEHHOCTEH (YCTHO, MMUCHMEHHO Ha Oymare, TUChbMEHHO Ha
KOMIIbIOTEpE, B (pOopMe TeCTHpOBaHUs U T.I1.). [Ipu TecTpoBaHUU sl CIAOOBUISIIUX CTYICHTOB
MCIIOJIE3YIOTCS (DOH/IBI OLIEHOYHBIX CPEJICTB C YKPYMHEHHBIM mpudToM. Ha sK3aMeH npuriamaercs
COIPOBOKIAIONINI, KOTOPBI OOECIeYnBaeT TEXHUYECKOE COMPOBOXKICHHE CTyAeHTY. [lpu
HEOOXOIUMOCTU CTYJCHTY-UHBAIHIY MPEAOCTABISACTCS TOMOTHUTEIHLHOE BPEMS NSl TIOJTOTOBKU
oTBeTa Ha dK3aMeHe (wiu 3auere). OOydaronmecs ¢ OrpaHUYCHHBIMUA BO3MOXKHOCTSIMU 3JI0POBbSI U
oOyJaronuecss MHBAIUILI OOCCIICUYMBAIOTCS TMEYATHBIMU M 3JCKTPOHHBIMH OOpa30BaTEIbHBIMU
pecypcamu (IIporpaMMbl, Y4eOHBIC MOCOOMS JJIi CaMOCTOATENIbHOH paboThl M T.A.) B (opMax,
aIaITHPOBAHHBIX K OTPAaHUYCHUSIM UX 370POBbsI U BOCHPUSTUS WH(OPMALIUU:

1) Ui MHBAJIUIOB ¥ JIUII C OTPaHUYECHHBIMU BO3MOXKHOCTSIMU 37I0POBbS 10 3PEHHUIO:

- ISl CJIeNbIX: 3a/IaHUS [T BBITIOJTHEHMS HA CEMUHApaX M MPAKTHYECKUX 3aHATUIX OPOPMILSIFOTCS
penbedHO-TOYeuHbIM mpudToM bpaiins wim B BHIE 3JIEKTPOHHOTO JOKYMEHTa, JIOCTYITHOTO C
MTOMOIIBIO0 KOMIIBIOTEPA CO CHEIIHATTM3UPOBAHHBIM IMPOTPAMMHBIM 00ECTICUEHUEM JIJIS CIIETIBIX, THO0
3aYMTHIBAIOTCS ACCHCTEHTOM; ITMCEMEHHbIE 3a/IaHMS BBITIOJIHSIOTCS HA OyMare perbe(HO-TOYSUHBIM
mpudrom bpaiiis mim Ha KOMITBIOTEPE CO CIIEITUATM3UPOBAHHBIM IPOTPAMMHBIM 00€CTICYCHUEM JIJISI
ClIenbIX MO0 HAJMKTOBBIBAIOTCS ACCHUCTECHTY; OOYYarOIIMMCS JUIsl BBITIOJHCHUS 3aJaHusl IPH
HEO0OXOIMMOCTH MPEAOCTABIISACTCS KOMIUICKT MTUChMEHHBIX TPHHAICKHOCTEH ¥ Oymara Jijisi IucbMa
penbedHO-TOYeUHBbIM HIpUpTOM bpaiiyis, KOMIBIOTEp CO CHIEUATU3UPOBAHHBIM POTPAMMHBIM
obOecrieueHEeM JIJIs CIIETIBIX

- IJIs1 CJIa00BHISIIIMX: 00ECIIEYMBACTCSl MHIMBHYaAIbHOE paBHOMEPHOE ocBelieHue He Mmenee 300
JIOKC; OOydJaromuMmcsi JUIsl  BBITIOJHEHHSI 3aJaHus [PH  HEOOXOJUMOCTH IPEIAOCTABISICTCS
YBEIMYMBAIOIICE YCTPOHUCTBO; BO3MOXKHO TaK)KE HCIOJIb30BAHHUE COOCTBEHHBIX YBEIUYHMBAIOIIMX
YCTPOWCTB; 3aaHUS [Tl BHITTOJIHEHUS 3aJaHI 0(OPMIISIOTCS YBEITMICHHBIM IIPUPTOM;

2) IS MHBAJIKJIOB U JIMI] C OTPAHUYCHHBIMHA BO3MOYKHOCTSIMH 3JI0POBbSI IO CIIYXY:

- IS TJIYXUX M CJA00CTBIIAIIMX: 00CCIICYNBACTCSl HATMYHME 3BYKOYCHUIIUBAIOIICH araparypbl
KOJUICKTUBHOTO  IIOJIb30BaHMs, TIPU  HEOOXOAMMOCTH  OOYHYAIONIMMCS  MPEIOCTaBISICTCS
3BYKOYCHJIMBAIOIIAs ammapaTrypa HWHIUBUIYaTbHOTO TIOJE30BAHUS, MPEIOCTABISIOTCS YCIyTH
CYpAONEPEBOIUNKA;

- A CJeNOrJIyXuX JIOMyCKAaeTCs TMPHUCYTCTBHE AaCCHUCTEHTA, OKAa3bIBAIOIIETO  YCIYTH
TudrocypaonepeBoaunKa (MOMUMO TPEOOBAHUM, BHITIOJHSEMBIX COOTBETCTBEHHO MJISl CJEMbIX H
TIIyXUX);

3) mns JMIl ¢ TSDKETIBIMH HapYHICHHSIMH PEYM, TIYXUX, cIabOCHbIIANMX JEKIUA U CEeMUHapHI,
MIPOBOIMIMBIE B YCTHOU (popMe, TPOBOASTCS B MUCBMEHHOHN (opMme;

4) 15id UHBAUAOB U JIUI] C OTPaHUYCHHBIMU BO3MOKHOCTSIMH 37J0POBBSI, HMEIOIIMX HAPYLIEHUsI
OMOPHO-ABUIaTEJILHOIO anmnapara:

- IS JUIl C HapyUIEHUSMH OIOPHO-ABUTATENIbHOIO amnmapara, HapyHICHUSMU BUTATEIbHBIX
(GYHKIIUH BEpXHUX KOHEYHOCTEHW WIIM OTCYTCTBHEM BEPXHUX KOHEUHOCTEW: MMCHMEHHBIC 3a[aHWs
BBITIOJHSIOTCS Ha KOMITBIOTEpE CO CHEIHAM3UPOBAHHBIM TMPOTPAMMHBIM 00ECIIEYeHHEM WU
HAMKTOBBIBAIOTCS ACCUCTEHTY; BHITIOJTHEHHE 3a/IaHU (TECTOB, KOHTPOJIBHBIX PaboT), TPOBOANMBIE
B MTUCBMEHHOM (hopMe, TPOBOAITCS B YCTHOU hopMe IMyTeM orpoca, 6ecebl ¢ 00ydaronumcs.

9. YueOHO-MeTOAUYEeCKOE M HHPOPMALIMOHHOE 0O0ecneYeHue TN CIUTITHHbI

3. Marepuanosenenue : yueoHoe nocooue / C.B. laBbinos [u np.].. — Mocksa,
Bonorna : Undpa-Unxenepus, 2020. — 424 c¢. — ISBN 978-5-9729-0417-4. — Texkcr :
AIEKTPOHHBIA // DnekTpoHHO-OnbOmmotreunas cuctema [PR BOOKS : [caiit]. — URL:

http://www.iprbookshop.ru/98417.html (nara oopamenwus: 07.03.2021). — Pexwum mocrymna:
JUISL aBTOPU3UD. MOJIb30BaTENEH

4, Comnnes FO.I1. Marepuanosenenue : yaeOHuk s By3oB / ComnneB HO.I1.,
[Mpsixun E.N.. — Canxkr-IlerepOypr : XUMU3JIAT, 2020. — 783 c. — ISBN 078-5-93808-
345-6. — TekcT : AMeKTpOHHBINA // DnekTpoHHO-OuOnMoTeuHas cucrema [IPR BOOKS :



[caiiT]. — URL: http://www.iprbookshop.ru/97813.html (mara o6pamenus: 07.03.2021). —
Pexxum octyma: i aBTOpU3UP. I10Ib30BaTEIEH

5. Marepuanosenenue : ydeOnuk s CIIO / A.A. BopoOweB [u ap.].. —
Caparos, Mocksa : [IpodobpazoBanue, At [Tu Ap Meaua, 2020. — 356 c. — ISBN 978-5-
4488-0866-1, 978-5-4497-0618-8. — TekcT : 21eKTPOHHBIN // DIEKTPOHHO-OMOINOTEUHAS
cuctrema [PR BOOKS : [caiir]. — URL: http://www.iprbookshop.ru/96962.html (marta
obpamienus: 07.03.2021). — PexxuMm gocryma: Juis aBTOPH3Up. mojb3oBateneii. - DOI:
https://doi.org/10.23682/96962

10. MaTepuaibHO-TEXHHUYECKOE o0ecredeHue TUCIMIIIMHBI

Urenue Jieknuii ocymiectsisieTcs B aynutopun Ne 0-29 Jlaboparopus kadeapsr o0opynoBaHa
HarJisiAHbIMH HOCO6I/I$IMI/I B BUJIC CTCHAOB U INIAHIICTOB, PasMCIICHHBIX Ha CTCHAX, pa3JaTOYHbIMU
MaTepuajamMu, ariacaMH MHUKPOCTPYKTYp © Jnp. Mcmombp3dyemoe oOopynoBaHue: HpudOp
HOJ'IyaBTOMaTI/ILIeCKI/Iﬁ JJISL HN3MCPECHUA TBEPAOCTH MCETAaJlJIOB, MHKPOCKOIL H.IKOJ'IBHBIﬁ,
M3MEPUTENIbHBIE WHCTPYMEHTHI, PEXKYIIUE HHCTPYMEHTHI, My(enbHast Ie4b, TEPMOCTAT, pa3pbIBHAS
MalllMHa, MAasITHUKOBBINA KOIICP.

I[J'ISI HpOBeZ[GHI/IFI JICKIITMOHHBIX n HpaKTI/I‘-ICCKI/IX BaHﬂTI/Iﬁ 10 JTUCHUIIIINHEC
«MaTepI/IaJ'IOBeI[eHI/IC» HC Tpe6yeTc;[ CIICHUAIIM3UPOBAHHOI'O ITPOIPAMMHOI'0 O6€CH6‘{€HI/I5{.
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