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1. leau 1 3212494 AU CIUILITHHBI

Leab — TO3HaHWE COBPEMEHHBIX TEXHOJOTMH W METOAOB TMOJY4YeHUs U 00pabOTKH
KOHCTPYKIIMOHHBIX MaTEPUAIIOB, a TAK)KE MIO3HAHUE CBOMCTB ATUX MATEPUAIOB B 3aBUCHMOCTH OT
COCTaBa, CTPYKTYpbl W 0OpaOOTKH, METOJIOB WX YIPOYHEHHs mjis Haubosiee 3¢h(PEeKTUBHOTO
WCIOJIb30BaHUS B TEXHUKE.

OcHoBHbIe 321a4u JucHUILINHBI «MaTtepuanoBenenne — TKM»:

- U3y4€HUE CYLTHOCTH IIPOLIECCOB MOIYUYEHHUSI METAIIJIOB U UX CILJIABOB;

- U3y4EHUE OCHOB 3arOTOBUTEIBHOIO IIPOU3BOJICTBA, METO0B 0OPAOOTKU METAJIIOB AABICHUEM;
- U3y4EHHE OCHOB CBAPOYHOIO ITPOU3BO/ICTBA U ITOPOIIKOBON METAJUTYPIUu;

- YCTaHOBUTb 3aBUCUMOCTb MEXJly COCTaBOM, CTPOEHUEM U CBOMCTBAMU MaTEpPHAJIOB;

- U3Y4YUTh TEOPUIO U IPAKTUKY PA3JIUYHBIX CIIOCOOOB YIPOUYHEHHUS MATEpUaOB Ul MOBBIIICHUS
HaJEXKHOCTH U TOJITOBEYHOCTH JI€TaIeH, MHCTPYMEHTA U U3JIEIIUH;

- U3YUUTh OCHOBHBIC I'DYIIIBI COBPEMCHHBIX MATCPUAJIOB, UX CBOICTBa U 00J1aCTH IIPUMCHCHUA

- JaTb MOHATHA O COBPCMCHHBLIX MCTOHAaX HUCCICAOBAHUA CTPYKTYPbI U IIPOTrHO3UPOBAHUSA
OKCILTYaTallUOHHBIX CBOMCTB MaTCpraIoB U I/I3,H6J'II/II‘/‘I.

2. MecTo TUCHMILIMHBI B CTPYKTYpe 00pa30BaTeibHOM MPOrpaMMbl
Huctmmumna «Marepuanosenenne-TKM» sBisercss oOmenpodeccnoHanbHON AUCIUIUIMHON B
CTPYKType 00pa3oBarenbHOU Iporpammel. « Marepuanoeaeane-TKM» oTHOCUTCS K 0a30BOI 9acTh
npodeccuonanpHoro nukina b1.0.22 «MatepuanoBenenue-TKM» - oxHa u3 OCHOBHBIX
JTUCIUIUINH, OMPEACIAIONINX YPOBEHb MOATOTOBKA 0akajlaBpOB B BBICIIUX YUE€OHBIX 3aBEIACHUSX.
3HaYeHHE ATOW JTUCUUIUIMHBI OTpPEIeseTCs HIUPOKUM JHAIIa30HOM MaTepHUaJIOB,
HCIOJIb3YEMBIX B IMPAKTUYECKOUN NIESITENBHOCTH BO BCEX OTPACIAX HAPOAHOrO XO35MCTBA.
JloctarouHble 3HAHUA, IMOJy4YeHHbIE B 00JIaCTH «MarepuanoeaeHuss-TKM»,  10JKHBI
obecrieunBaTh B MPOU3BOJICTBEHHBIX IMpOIECCaX parfioHaIbHOE, Y()PEKTUBHOE UCTIOIH30BAHHE
MaTepUajIoB MpHU COOMIOACHUM TpeOOBaHMI SKOHOMHUKH, SKOJIOTHH U O€30MaCHOCTH TPYAA.

3. Ilepeyenb mnJIaHHpPYEeMBIX Pe3yJbTATOB OOY4YeHHS] MO JAUCHHUILIMHE

(M0O1yJ110), COOTHECEHHBIX C HHIUKATOPAMH JOCTHKEHHUS KOMIIETeHIIUI

BrimyckHUK TiporpaMMbl OakanaBpuara ¢ MPUCBOCHUEM KBaM(UKAINK «OaKajJaBp» B pe3yibTare
OCBOGHMSA  JUCHUIUIMHBI  «MarepuanoBeaenue-TKM»  nomkeH  oOnajzaTh  ClenyrOLIUMHU
KOMIIETEHIMSIMHA, COOTBETCTBYIOIIMMHU BHAY (BUAaM) TpOPECCHOHATBHONW NeATeNbHOCTH, Ha
KOTOPBIHN (KOTOpBIE) OpUEHTHPOBaHa Nporpamma OakanaBpuara (tadam. 1).

Tadanna 1
Kox mo ®1'OC NuaukaTopsl J0CTHXKEHUS Ilnanupyemsble pe3yibTaThbl
00y4eHMs 10 IUCHUIJINHE
3YB)
OomenpogeccuoHanbHbIE
OIIK-5. Crocoben :
HAXOIATE 1 OIIK-5.1. comocTaBigeT TEXHOIOTHIO 3HaTh:
e eﬂa6aTBIBaTB MIPOBEACHUS TUIIOBBIX SKCIICPUMEHTOB = OCHOBBHI
HH%(E) AL Ha CTaHJapTHOM 00OpY/IOBaHUH B METaUTypruaecKoro
1e6 I::M I}Io J’m 7a00paTopuy U Ha POU3BOACTBE IpOU3BOJCTBA;
Hp HH};Tni eﬂme}mﬁ s OIIK-5.2. oOpabaTbiBaeT pe3ynbTaThl - 3aKOHOMEPHOCTH IMPOLECCOB
HEy‘IHLIX p HAy4HO-HCCIIEI0BATEIHCKOM KPHUCTAJUIM3aLHHA U
JIEATENLHOCTH, UCTIONB3Ys CTAHAAPTHOE | CTPYKTYPOOOpa30BaHMS
UCCIICJIOBAHUSX H B
N o0opynoBaHue, IPUOOPHI U MaTEPHAIIBI
NpaKTHHECKOii PYA », [IPHOOp p METAJJIOB U CILJIABOB, OCHOBHI




TEXHUYCCKOH
JIeSITeJIbHOCTH,
MIPOBOIUTH TTATCHTHBINA
aHanu3 u Tpanchep
TEXHOJIOTHH

OIIK-5.3. B1ameeT TEXHUKOMN
9KCIIEPUMEHTHUPOBAHUS C
HCII0JIb30BaHUEM [TAKETOB IIPOrpaMM

UX TEPMOOOPaOOTKH,
CIIOCOOBI 3aIUTHI METAJJIOB
OT KOPPO3HUH;

- KJIaCCU(UKAIIHMIO B CITOCOOBI
MOJTyYCHUS
KOMIIO3UIIMOHHBIX
MaTepUasoB;

- PUHLIMIIBI BEIOOpA
KOHCTPYKIIMOHHBIX
MaTEepUaIOB st
MPAKTUYIECKOT'O IPUMEHEHUS;
- CTPOCHHUE U CBOMCTBA
METAJIJIOB, METOJIbI HX
HCCIICIOBAHUS;

- KaccuuKaIuio
MaTepUaIoB, METAJUIOB U
CIIJIABOB, UX 00JIaCTH
MIPUMCHCHUS;

- METOJIbI 00PabOTKH
MaTepuasoB;

- METOJIMKY pacyera
HA3HAYCHUS PEKUMOB
pe3aHus IS pa3IMuHbIX
BHJIOB padboT.

YMeTh:

- pacro3HaBaTh U
KJIaccu(puIpoBaTh
KOHCTPYKIIMOHHBIC U
CBIPHEBBIC MAaTEPHAITBI 110
BHEIITHEMY BUTY,
MIPOUCXOXKICHHUIO,
CBOMCTBAaM;

- OIIPEICNIATh BHJIBI
KOHCTPYKIIMOHHBIX
MaTepuasoB;

- BEIOMpATh MapKu MaTepuaia
JIUISE U3TOTOBJIEHUS U3 HETO
JeTane MalluH,
pacimndpoBKH MapoK
OCHOBHBIX
MaIIHHOCTPOUTEITBHBIX
MaTepuaios;

- OIPEIENIATHh METOJT M CIIOCO0
MOJTYYEHUs 3aTOTOBKH C
YYeTOM IMPUMEHSIEMOTO
MaTepuaia u TpeOOBaHHIA;

- BBIOMpATh CIOCO0 CBApKU U
ee rmapameTpsl JyIs
COeIMHEHNS eTajei;

- IPOBOJUTH UCCIIETIOBAHUS U
UCIIBITAHUS MaTEPHUAJIOB,
paccuMThHIBaTh U HA3HAYATh




ONTUMAaJIbHBIE PEKUMBI
pe3aHus U T.0.

Baagern:

- METOJaMU CTPYKTYPHOTO
aHaju3a KadecTBa
MaTepuaos;

- nHpopManmei o CBoiCTBax
Y IPUMEHEHUU Pa3In4HbIX
MaTepUaJIOB;

- HaBbIKaMU IIPaBUILHOTO
BbIOOpa MaTEpHAIOB UCXOIS
13 aHaJIW3a yCIOBUH
AKCIUTyaTaluy U
MIPOU3BOJICTBA;

- HaBBIKAMU COCTaBJICHUS
TEXHOJIOTMYECKOr0 ITpoliecca
3arOTOBOK U MEXaHUYECKOH
00paboTKH AcTaleH;

- HEKOTOPBIMH
AKCIIEPUMEHTAIbHBIMU
METOJAMKAMHU U TEXHUKON
MaTepuaioBeI4eCKUX
HCCIICIOBAHNI;

- HaBbIKaMU paboTHI C
TEXHUYECKOMN U CIIPABOYHOU
JIATEPaTypOu U
JIOKYMEHTALUEH;

- nH(opmanueii o cBoicTBax
Y IPUMEHEHUHN Pa3IUIHBIX
MaTepHuasos;

- HaBbIKaMU paboTHI C
TEXHUYECKOM U CIIPABOYHOU
JUTEPaTypou 1
JIOKYMEHTAIEH.

IMpodeccnonanbHbIE

I1K-2. Crtoco6HOCTH
MIPOBOJUTH PabOTHI MO
JIMarHOCTHKE,
TEXHHUYECKOMY
00CITy>)KHBaHUIO,
PEMOHTY U
SKCIUTyaTaIiH
TEXHOJIOTHYECKOTO
000pyIOBaHUS B
COOTBETCTBHH C
BEIOpaHHOH chepoit
podeCCHOHATEHOM
JICATSIIbHOCTH

[1K-2.1. 3HaTh HA3HAYEHHE, IPABUIIA
9KCIUTyaTallud ¥ PEMOHTA
He(Tera3oBoro 000pyA0BaHHS

[IK-2.2. 3HaTh NpUHLHUIIBI OPraHU3ALUU
1 TEXHOJIOTUU PEMOHTHBIX PadoT,
METOABI MOHTaXa, PEryJIUPOBKH U
HaJIaZAK1 000pyJOBaHUS

[IK-2.3. ymeTh aHanu3upoBaTh
napameTpsl paboThl TEXHOJIOTHYECKOTO
o0opynoBaHUS

[IK-2.4. ymeTs pa3pabaTsiBaTh U
TUTAHUPOBATH BHEJPEHUE HOBOTO
o0opynoBaHU

TIK-2.5. Biiagers MeTogamMu
JMArHOCTHKH M TEXHUYECKOT'O
00CITy>KUBaHHS TEXHOJIOTHIECKOTO
o0opynoBaHus (HAPyKHBIA U
BHYTPEHHHUI OCMOTP) B COOTBETCTBUH C




TpeOOBaHUSAMH IPOMBILIUICHHOM
0€30IacHOCTH U OXpaHbl Tpyaa

4, O0beM TUCHUIIMHBI M BUIbI Y4eOHOH padoThl

Ta6auna 1
Bcero CemecTpsl
4yacoB/ 3a4. eI. (01010] 300
Bun yueOHoii padoThl
(01010 300 6 4

KonrakTHasi padora (Bcero) 51 14 5l 14
B ToMm unce:
Jlexym 17 8 17 8
[IpakTrueckue 3aHATUA
CemuHapsl
JlaGopaTopHbie paboThI 34 6 34 6
CamocrosiTesibHas padoTa (Bcero) S7 94 57 94
B ToMm unce:
KypcoBas paboTta (mpoekr)
Pacuerno-rpaduueckue paboTsl
UTP
Pedeparsr 20 20
Jloxmasb 20 20
[Ipeszenranun
[ToaroroBka k 1a00paTopHBIM paboTam
[ToaroToBKa K MPaKTUIECCKUM 3aHITHIM 10 60 10 60
ITonroroBka k 3auery 7 34 ! 34
[ToaroroBka K sK3aMeHy
Buj oTueTHOCTH 3auer 3auer sauer 3auer

BCEI'O B 108 108 108 108
OO0mas Tpy10eMKOCTh Jacax

BCEI'O B 3 3
AUCHUILTHHBI

3a4. 3 3

eTMHUIAX




5. Cogepxanne TUCHUIINHBI
5.1. Pa3zgebl AMCHUIINHBI 1 BUABI 3AHATHI

Tab6auua 2

HaumenoBaHue pasjaeia
AMCUMILIMHBI [10 ceMecTpaM

Jlek.
3aHATHSA

4achl
ODO/3P0

Jladopar.
3aHATHS
4achl
O0D0O/300

pax
3aH-
4achbl

CeMuH
3aH-
4achl

Bcero
4acoB
O0DP0O/3D0

CoBpemMeHHoOE
MeTaJLLIypruieckoe
NMPOM3BOJACTBO U €ro
npoaykuus. [IpouzBoacrso
YyryHa u CTaJIu.

2/2

4/2

6/4

Cnoco0bI pa3IMBKH CTAJIH.
Cnoco0bI MOBBLIIICHUSA
KAa4eCcTBA CTAJIN.

3aroToBUTEILHOE U
JIMTEITHOE MPOU3BO/ICTBO.

Texnonorus 00padoTkn
MeTaJJIOB AaBJIeHUEM.
CaapoyHoe NPOU3BOJCTBO.

MeTtajibl. ATOMHO-
KPUCTALIIMYECKOE CTPOeHHe
METAJLJIOB.

7Ke1e30 1 ero CiiaBbl.

2/2

4/2

6/4

CBoiicTBa MEeTAJLJIOB.
Omnpenenenne
MeXaHHYEeCKHX CBOICTB
METAJJIOB.

3/2

6/-

9/2

Teopus U TeXHOJI0TUA
TepMHYecKoii 00padoTkn
MeTaJI0B.

2/2

4/2

6/4

XHMHKO-TepMHYeCKas
o0paboTka cTajau.
Metoas! ynpo4HeHUs
METAJLJIOB.

Hroro

17

34

51/14

5.2. JlekKuMOHHBIE 3aHATHSA

Tao6auua 3

HaumenoBanue pasjaeia
AUCIHUIIJINHBI 110 CeMeCTpaM

Conep:xanue pa3ieioB IMCHUILINHBI

CoBpeMeHHOE
MeTAJLIyprudecKoe
NPOMU3BOACTBO U €ro
npoaykuus. Ilpoussoacrseo
YyryHa H CTaJIM.

1.1 KoHCcTpyKLIMOHHBIE MaTepUalbl U UX KiIaccu(UKaius.

1.2 CtpykTypa COBPEMEHHOT 0 METAJUTYPrHYeCKOro
IIPOM3BOJICTBA.

1.3 OcHoBHas 1 moOoYHast MPOAYKIUS
METaJUIyprU4eCcKOro Nponu3BOJCTBA.




1.4 Marepuansl A1 JOMEHHOTO ITPOU3BOJICTBA.

1.5 [loaroroBka pya K JOMEHHOM IIaBKE.

1.6 BrirutaBka uyryHa.

1.7 IIpotyKThl JOMEHHOM IUIaBKH.

1.8 [Ipouieccel mpsMOTo MOTyYEHUs JKeJe3a U3 pya.
1.9 CoBpemenHble cIOCOOBI MOTYyYESHUS CTAIIH.

1.10 CymrHocTh mporecca MoJTydYeHHsI CTaJIH.

1.11 IIpou3BOACTBO CTalu B KOHBEPTOPAX.

1.12 IIpou3BOACTBO CTAJM B MAPTCHOBCKHUX TICYaX.
1.13 IIpowm3BOACTBO CTAJIM B AJICKTPOIICUAX.

Cnoco0bl pa3jIMBKH CTAJIH.
Cnioco0bI MOBBIILIEHUS
Ka4ecTBa CTAJIH.

2.1 Crioco0bl pa3ivBKHU CTANH.

2.2 Pa3nuBKa CTallU B M3JIOKHHUILY.

2.3 HenpepbiBHas pasznuBka ctaim Ha MHJII3.

2.4 MoaupuuupoBaHue CTalu.

2.5 O6paboTKa MeTaia CHHTETUYECKUM IITAKOM.

2.6 BakyyMmHas nerasanus CTaj.

2.7 DIeKTPOILIaKOBBIN MepeIUIaB.

2.8 BakyyMHO-yrOBOi#1 TIeperias.

2.9 BHemHue Gpu3ndecKkrue BO3ICUCTBUS Ha
3aTBEPAECBAOLINI METaILIL.

3aroToBUTEILHOE U JUTEHHOE
NMPOU3BO/ICTBO.

3.1 Beibop meTona u crioco0a MoTy4eHus 3ar0TOBOK.

3.2 O0mue MpUHIHUIIB BBIOOPA 3aTOTOBOK.

3.3 OcHoBHBbIE (PaKTOPHI, BAUSIIONINE HA BRIOOp criocoba
MIOJTyYEeHHUS 3aTOTOBOK.

3.4 Knaccudukanust TUTHIX 3arOTOBOK U JIUTCHHBIC
CIUIaBHI.

3.5 Cxema 1osryyeHust OTIUBOK.

3.6 CriocoObI M3TOTOBJICHUE TUTEHHBIX (POPM.

3.7 ®OpMOBOUYHBIC B CTEPIKHEBBIE CMECH.

Texnonorns od0padoTkmn
METAJLJIOB 1aBJICHHEM.
CBapo4Hoe NpoOn3BOACTBO.

4.1 Knaccuduxanus npoueccoB 00pabOTKU 1aBICHUEM.

4.2 TIpokaT 1 ero mpou3BOJICTBO.

4.3 TlpeccoBaHnue.

4.4 BonoueHue.

4.5 KoBka 1 IITaMITOBKa.

4.6 Cpapka rutaBneHueM. Pydnas qyroBasi cBapka.

4.7 ABTOMaTHyecKas JlyroBas cBapka MmoJi (pIrocoM.
JlyroBasi cBapka B 3aIIMTHBIX ra3ax.

4.8 Tlna3meHHas U 3JEKTPOILIAKOBas CBapKa.

4.9 JlydeBble criOCOOBI CBapKH. DIECKTPOHHO-ITyUeBas,
Ja3epHas ¥ ra30Bas CBapKa.

410  Cpapka JaBJIeHHEM U KOHTAKTHAs CBapKa.

411 JIuddysuonnas ceapka. CBapka TpeHHEM U
B3pPBIBOM.

412  CrnenuanbHble TEPMUUYECKUE MTPOLIECCHI B
CBapOYHOM TIPOM3BOJICTBE: HAIUIABKA, HAITBIICHHUE

ranka.
Merasibl. ATOMHO- 5.1 IlpoctpaHcTBeHHas! (KpUCTAIIIMYECKAsl) peLIeTKa
KPHCTAUINYeCKoe CTPOeHne METAaJUIOB.

METAJJIOB.
7Kese3o u ero cmjiaBbl.

5.2 PazHOBUIHOCTH 1 Ae(PEKTHI KPUCTATUTMIECKON
CTPYKTYpPbI METAJIJIOB.

5.3 Iuddyszus B MeTaiiax.

5.4 Knaccuuxaiuys MeTaioB.




5.5 Jluarpamma COCTOSIHHS JK€JIe30-yTIAEPOI.

5.6 KoMIOHEHTHI U CTPYKTYpPHBIE COCTABIISIOIINE
CUCTEMBI JKEJIE30-YIIIEPOL.

5.7 TlpeBpallieHus Ha JIMHUAX TUArPAMMBI KEJI€30-
YTIEPOA.

5.8 IIpaBuiio KOHIIEHTpAIUI 1 OTPE3KOB.

5.9 Knaccugukanus 1 MapKUpOBKa CTaJICH.

6. | CBoiicTBa MeTAJLIIOB. 6.1 dusnueckue CBOMCTBA METAIIJIOB.

OnpeneseHue MexaHNYeCKHX 6.2 XuMHuuyeckre CBOMCTBAa METAIIJIOB.

CBOICTB MeTAJLJIOB. 6.3 MexaHn4eckue CBOMCTBa METAJIIOB.
6.4 TexHomoruueckue CBOICTBA METAILIIOB.
6.5 DKcIuTyaTallMOHHBIE CBOMCTBA METAILJIOB.
6.6 CriocoObl onpeereHus MEXaHMYECKUX CBOMCTB.
6.7 OnpeneneHue MPOYHOCTH U TUIACTUIHOCTH.
6.8 Onpenenenue TBEpAOCTH, BI3KOCTU U YCTAIOCTHOM

MPOYHOCTH.

7. | Teopusi M TeXHOJIOT U 7.1 Knaccudukarus BUIOB TEPMUIECKONH 00pabOTKH.
TepMH4YecKO 00padoTKN 7.2 TlpeBpateHusi, MPOTEKAIOIINE B CTATIN IIPH HATPEBE U
MeTAaJLJIOB. OXJIKICHUH.

7.3 Harpes ripu TepMoo0padboTke. XUMUYECKOE ICHCTBHE
Ha METaJUl HarpeBarolei cpebl.

7.4 Orxur. Haznauenue u pa3HOBUTHOCTH.

7.5 3akanka. HaznaueHue u criocoOsl.

7.6 Otmyck cranu. HaznaueHue u pa3HOBUIHOCTH.

8. | XumMuko-TepmMuyeckas 8.1 LlemeHTarus.
00padoTKa cTaJm. 8.2 A3zortupoBaHHe.

MeToabl yHIpoOYHEeHHsA 8.3 lluaHupoBaHUe WM HUTPOLIEMEHTALUS.
METAJLIOB. 8.4 uddy3noHHas METaITU3AIHA.
8.5 Tepmomexanuueckas 00pabOTKa CTaJIH.
8.6 TloBepXHOCTHOE YyITPOYHEHUE CTAIBHBIX JICTAIIEH.
8.7 Crapenue.
8.8 O6paboTka cTamy X0JI00M.
8.9 YmpouHeHHe METOIOM TUTACTHYECKON Ae(opMaru.
5.3. JlaGopaTopHbIe 3aHATHUS
Tab6auna 4
Ne HaumenoBanue pasaena
HaunmenoBanue j1a60paTOpHBIX padoT
n/n AU CIUTJINHbBI
Kpucrannusanus .
1 MakpOoCKOITHYECKHI aHATIN3 CTPOEHUS METAJLIOB.
MeTAaJLJIOB.
2 7Kene30 u ero criiaBsbl. JlmarpaMma COCTOSIHHSI CHCTEMBI <GKEIIE30-YTIIePOI».
Kpucrannusauus .
3 Kpucrannu3zamus u TepMHUUYECKUI aHAJIN3 METaJIOB.
MeTAaJLJIOB.
Teopus U TeXHOJIOTUSA
4 TepMHuYecKoii 00padorkn | TexHomorus repMuueckoit 06pabOTKU YIIEpOAUCTBIX CTANEH.

CTaJu.




Teopus U TexHOJIOTUA

5 TepMHYecKoi 00padoTKu .
CTaJIeH.
CTAJIM.
Mexannueckue CBOMCTBA
6 Cnioco0OsI onpeiesieHrst TBEPAOCTH METaJLIOB.
METAJLII0OB.
7 Mexanuuyeckue cBoiictBa | CriocoObI onpeesieHus MPOYHOCTH, YIIPYTOCTH U
METaJlJIOB. IIJIaCTUYHOCTU METAJIJIOB.
Mexanndyeckne cBOMCTBA .
8 Ornpenenenne yaapHOu BI3KOCTA METAJLIOB.
METAJLJIOB.
9 TexHosiorust 00padoTKHU Pa3zHOBUAHOCTH MPOKATHOIO MPOU3BOJCTBA: KOBKA U
METAJLJIOB JaBJICHUEM. IITAMIIOBKA.
10 | CBapouHoe mpou3BOACTBO. | PydHas myroBas u ra3oBas CBapka.

5.4. IlpakTnyeckue 3aHATHA (He MPeIyCMOTPEHbI Y4eOHbIM IJIAHOM)

6. CamocTosiTe/IbHASL pa00Ta CTYIEHTOB MO TUCIHILJIMHE.

Leabio camocTosATEILHON padoThI ABIIAETCS POPMUPOBAHUE IMYHOCTHU CTY/ICHTA, PA3BUTHE
€ro crocoOHOCTH K CaMOOOYYECHHUIO U TIOBBIIICHUIO CBOETO MPOPECCHOHATHLHOTO YPOBHSI.

CamocrosTenpHas pa60Ta 3aKJIIIOYaCTCA B HM3YUCHUH COACPIKAHUA TEM KypCa IO KOHCIICKTaM,
yueOHMKaM W JONOJHHUTEIBHON JIMTepaType, MOArOTOBKE K JAaOOpaTOPHBIM M TMPAKTHUYECKUM
3aHATUSM, K PYO€KHBIM KOHTPOJISIM, K SK3aMeHy, ohopMIIeHIH Jab0opaTopHbIX padoT. OHA MOXKET
BKJIIOYATh B c€0sl MPAKTUKY MOJArOTOBKU pedepaToB, Npe3eHTalui U JOKJIAJ0B 10 HUM. TeMaTuka
pedepaToB 1ODKHA HMETh NPOOJEMHBIM M TPO(ECCHOHATBLHO OPHUEHTHPOBAHHBIN XapakTep,

TpeOYIOIIHI caMOCTOATEIHLHONU TBOPUYECKOM pabOThI CTYIEHTA.
TeMbl 1OKJIAT0B:

1.

N3roroBieHue 3arorToBOK METOIaMH MOPOIITKOBOW METAJLUTYPTHUH.

OIHOCTOpOHHEE U IByXCTOPOHHEE MpeccoBaHme. [ uapocTaTHyeckoe NpeccoBaHue.

HpOKaTKa KaK OJJVH U3 CIIoco00B 06pa60TKI/I MCTAJIJIOB 1 MCTAJINIMYCCKHUX CITIJIaBOB

JIaBJICHUEM.
Bosouenue, koBKa 1 ITaMIIOBKa METAJIJIOB.
O6paboTka METaIOB PE3aHUEM.

BuOpouMiynbcHble METO/1bI 00paOOTKH METAJIOB.
O6ocHoBaHMEe BIOOpa METO/Ia MOJTYUYEHHUs 3aTOTOBOK.
JloMeHHBII mporecc.

KucnoponHo-koHBepTEpHBIH Mpoliecc.

10. HpOI/I3BOI[CTBO CTaJI1 B MAPTCHOBCKHUX IICYUaX.

11. QHGKTPOCTaHeHHaBI/IJ'IBHBIe €Y U UX pa3HOBUJHOCTH.

12. CxeMsbI 1 CrIOCOOBI PA3JIMBKH CTAH, UX JIOCTOMHCTBA M HEJAOCTATKH.

13. JInThe 1O BBHIIABISEMBIM H BEDKUTAEMBIM MOACTIAM.

14. JIutbe B KOKWIb U O] JABICHUEM.

15. UsrorosneHune OTIMBOK IIEHTPOOEKHBIM U HETIPEPHIBHBIM JTUTHEM.

16. Koppo3us MeTayuioB: pa3HOBHIHOCTH U METO/IbI OOPHOBI.

17. Kommno3utHbele MaTeprasbl B HAYKe U TEXHHUKE.

TexHOoJOoTHs TepMUYECKO 00pabOTKU JIETHPOBAHHBIX




18.

19.
20.
21.
22.
23.

24,
25.
26.
217.
28.
29.
30.

3KCH€pI/IMCHTaJIBHBIe MCTOJbI MTOCTPOCHUA JUArpaMM COCTOSTHMM U aHaJIU3 UX OCHOBHBIX
THUIIOB.

[TopomikoBbie MaTepHUAIbL.

TyromiaBkue MeTasuIbl ¥ CIUIaBbI HA UX OCHOBE.

[TonydyeHrne MOHOKPHUCTAIUIOB U aMOP(HBIX METAJLIOB.

B3aumocBs3p MEXTy COBEPIICHCTBOBAHUEM MAaTepUaIOB U Pa3BUTHEM HAYKU M TEXHUKH.

DU3NKO-MEXaHNYECKUE CBOMCTBA METAJUIOB U CIIOCOOBI ONPENETIEHUS UX KOJIMYECTBEHHBIX
XapaKTEPUCTHK.

HanoMmarepuansl B COBpEMEHHOM MHUPE: BPEl WIH I10JIb3A.

IIpuMeHeHne KepaMUUECKUX MATEpUaIOB B COBPEMEHHON TEXHUKE.

MenunuHcke MaTepralbl: TpeOOBaHMs K HUM U CBOMCTBA.

@DTOp-NONMMEpPHL: CBOMCTBA U IPUMEHEHHUE.

Hemerannuueckue maTepuansl.

B3anMocBsA3p MeX Ay COBEPIICHCTBOBAHUEM MAaTEPUAIIOB U Pa3BUTHEM HAYKH U TEXHUKHU.

TexHonorus IMPpOU3BOJACTBA ,Z[eTaJ'Ieﬁ MCTOAOM HOpOH.IKOBOﬁ MCTAJUTYPTHH.

IlepeyeHb y4eOHO-MeTOAMYECKOT0 O0ecnedeHusl AJIsl CAMOCTOSTE/IbHOI Pa0oThI CTYICHTOB:

1. [Mactoruna O.B. Matepuanosenenue : yueonoe nmocodue / ITactoruna O.B.. —
Musck : PecniyOnmkanckuit HHCTUTYT npodeccroHanbHoro odpasosanus (PUI10), 2020. —
276 c. — ISBN 978-985-7234-48-6. — Tekcr : 31eKTpOHHBIH // DIEKTPOHHO-OHOIHOTEUHAS
cuctema IPR BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/100385.html (narta
obpamienus: 07.03.2021). — Pexxum gocTyma: Uit aBTOPU3UP. MOJIb30BATEINCH

2. MensuukoB A.I'. MarepuanoBenenue . ydebnoe mocoodue mist CIIO /
MensnukoB A.I'., XBopoBa U.A., Uunkos E.Il.. — Caparos : IIpodobpazoBanue, 2021. —
223 c. — ISBN 978-5-4488-0919-4. — TekcT : a5eKTpOHHBIH // DIEKTPOHHO-OMOIMOTE HAS
cuctema IPR BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/99930.html (mata
obpamenusi: 07.03.2021). — Pexxum goctyna: ajis aBTOpU3UP. ToJIb3oBaTese bouaapenko
I''I". OcHoBbl MaTepuanioBeneHus: yueoHuk / bonnapenko I'.I'., Kabanosa T.A., Psi6anko
B.B. — Mocksa: Jlaboparopus 3xanmii, 2020. — 761 ¢. — ISBN 978-5-00101-755-4.

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

7. OueHOYHbIE CpeACTBA
7.1. Boipochl k nepBoil py0e:KHOM aTTecTAlNH

Yro takoe koHCTpyKIMoHHbIe MaTepuaibl (KM)? Knaccuduxanus KM.
CoBpeMEHHOE METAJUTYPTrUYECKOE IPOU3BOJCTBO U €0 MPOTYKIIUS.
Martepuainsl 17151 JOMEHHOTO ITPOU3BOJICTBA.

[TonroroBka pya K TOMEHHOH IJIABKE.

[Tpon3BoACTBO UyTryHa. Y CTPOKWCTBO U pabOTa TOMEHHOM TIEYH.
OcHOBHBIE 1 TOOOYHBIE TPOYKTHI JOMEHHOH IJIABKH.

OcHOBHBIE COBPEMEHHbIE CIIOCOOBI MOTYYEHUS CTaNH.

ITpon3BOACTBO CTaJIM B KOHBEPTOPAX.

[Tpon3BOACTBO CTaIM B MApPTEHOBCKUX IE€YaX.

©CoNoR~WNE
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10. ITpon3BOICTBO CTAIH B AJIEKTPOIEUaX.

11. CriocoObI pa3IMBKH CTaJIH.

12. MarepuanoBeaenue. O01mas xapakTepruCcTHKa METaJLIOB.
13. ATOMHO-KpPUCTAJUTMUECKOE CTPOCHUE METAJLIOB.

14. TeheKThI KPUCTATUYECKON CTPYKTYPbI METAJLIOB.
15. ludpdy3us B Merasiax.

16. Knaccudukarus MeTaios.

17. DHepreTuyeckue yciaoBUs MPoLecca KPUCTALTU3ALINH.
18. Mexanu3m mporecca KpUCTAITU3ALUH.

19. 'omoreHHOE ¥ reTepPOreHHOE 3apO/IbIIIe00pa3oBaHuE.
20. MoauduuupoBaHue METaIOB.

21. TTomumopdHbIe MpeBpalieHus B MeTaJlIax.

22. ®opMa KPUCTAILIOB U CTPOCHUE CIUTKOB.

23. Ilousarue o crjiaBax u METOAax HUX IOJYUCHUA. OCHOBHBIC TTOHSTHS B TEOpHHU CIIJIaBOB.

24. OcoOEHHOCTH CTPOCHUS, KPUCTAJUIM3ALIUU M CBOMCTB CIIaBOB:
MEXaHUYECKUX CMECEH, TBEPIbIX PACTBOPOB, XUMHUECKUX COETMHEHUIN

25. Jluarpamma COCTOSIHUS IByXKOMIIOHEHTHOT'O CILJIaBa.

26. ITops 10K NOCTPOEHHUS AUArpaMM COCTOSIHUS CIIJIABOB.

27. OCHOBHBIE THITBI TUarpaMM COCTOSHUS CIIJIABOB.

28. CBs13b MEXIy CBOMCTBAMHU CIUIABOB U TUIIOM JIUArpaMMbl COCTOSTHHS
(mpaBuio Kypuakosa H.C.)

29. luarpamma cocTostHUs Xkene30 - yraepo. Komnonents! cucremsl Fe—FesC.

30. XapakTepucTHKa CTPYKTYPHBIX COCTaBISIOMUX cuctembl Fe—FesC.

31. [IpeBpanienus Ha TUHUAX AuarpamMmel Fe — FesC.

32. Ctpykrypsl u ¢a3sl Ha quarpamme Fe — FesC.

33. IIpaBuo KOHIEHTPAIIUH 1 OTPE3KOB.

34. Knaccudukanus 1 MapKUpPOBKa YIIIEPOIUCTHIX CTAJCH.

35. Bugsl nedopmanuii 1 HanpsHKEHUH.

36. [Tmactuueckas neopmarus.

37. MexaHu3M miacTu4eckoit 1eopMaliii MeTasioB.

38. Mexanu3M n1eOpMaMOHHOTO YIPOUYHEHHS METAILIOB.

39. BiusiHue HarpeBa Ha CTpoeHue 1e(h)OpMUPOBAHHOTO METaIIA.

40. OCHOBHBIE CBOMCTBA METAIIOB: (PU3NUICCKUE, XUMUIECKHE, MEXaHHIECKHE,

TEXHOJIOTUYECKUE U IKCIUTyaTal[HOHHBIE.

41. MexaHu4ecKoe pa3pylleHrne TBEPIbIX Tell.

42. Pa3pymieHne MaTepruaioB B IPOIIECCEe N3HOCA.

43. Koppo3noHHOE pa3pylIeHne MaTepuaioB.

44. CriocoOb! NOBBIIEHUS] KOHCTPYKLIMOHHOW TPOYHOCTH MAaTEPHAJIOB.

45. TIpoYHOCTh M IUIACTHYHOCTH U METO/bI UX ONpEAETICHHUS.

46. TBepaocTs. MeTo/BI ONpeIeTICHUE TBEPIOCTH.

47. BszkocTb. OmipenienieHne BsI3KOCTH M €€ 3aBUCHMOCTB OT TeMITEPaTyphI.

48. BerHociBOCTh. OCHOBHBIE XapaKTEPUCTUKH BBIHOCITHBOCTH.

49. Knaccudukanus BUI0B TEPMUYECKON 00pabOTKH.

50. IpeBpareHus, MPOTEKAOIINE B CTAITN P HATPEBE U OXJIAKICHHH.

51. Harpes nipu TepMoo6padoTke. XUMHUECKOE BO3/IEHCTBHE HArpeBatoLIei
Cpezbl Ha METaJLIL.

52. Omxur n HopManu3anus. Ha3HaueHne u peskuMBl.
53. 3akanka. Haznauenue u BUbl. 3aKano4HbIe CPEIb.



T'PO3HEHCKHUH ITOCYJAPCTBEHHBIN HE®TAHOU TEXHUYECKUH YHUBEPCUTET

Bujer k 1-0ii pyvOexknoii arrecranuu Ne 1

Huciumimna Marepuanosenenue - TKM
N> __ TI'pymma HP,Hb _ cemectp 5

1. Koncrpyknuonusie marepuansl (KM) u ux xinaccupukarms.

2. ATOMHO'KpI/ICTaHHI/ILIeCKOG CTPOCHUE MECTAJLIIOB.

YTBEPXIAIO:

« » 20 1. 3aB. kadenpoii

7.2. Bonpochl KO BTOpPOii py0exHON aTTecTanuu
. ITpon3BOICTBO IIBETHBIX MeTaII0B. Kitaccudukanus IBEeTHBIX METAJIIOB.
. [Ipon3BOACTBO ATFOMUHUS.
. IIponsBoacTBo Meau.
. IIpon3BoacTBO Maruus.
. IIpon3BoacTBO HUKEA.
. [Ipon3BOACTBO THUTAHA.
. JIuteiinoe mpou3BoicTBO. Knaccudukaius JIUThIX 3ar0TOBOK.

. JIuteliubie CIUIABBI U UX JINTEHHBIE CBOIICTBA. CIIOCOOBI TUTHA.

© o0 ~N oo o B~ w N

. Texnonorus o6pabotku nanenueM. Kinaccudukanus cnoco6oB 00paboTKU 1aBICHUEM.

[ERY
o

. IIpokar u ero nmpousBocTBO. COCOOBI MPOKATKHU.

-
-

. O60py,Z[OBaHI/Ie U MMPOAYKIHA IPOKATHOI'O IIPONU3BOACTBA.

[EY
N

. [IpeccoBanue. TexHonOTUs U MIPOTYKIUS TPECCOBOTO MPOU3BOJICTBA.

=
w

. Bonouenue. TexHOI0THs BOJIOYEHUS U €0 MMpoOAYKIHA.

[EEN
N

. KoBka. CriocoObI 1 TexHosI0rHs KOBKH. O00py10BaHue Jisl KOBKU U €€ MPOAYKIHUS.

[EY
[Sa]

. O0beMHas mTaMIoBka. BHUapl ITAMITIOBKH.

=
(o]

. CBapouHoe mpou3BoicTBO. CIocoObI CBApPKHU.

[
\]

. KOMHO3I/II_II/IOHHBIG MaTCpHuaJibl.

=
oo

. MaTCpI/IaJ'IBI HOpOH.IKOBOfI MCTAJUTYpPTHUH.

[EY
(]

. CnocoOBI 3aKaJIKHA CTAJIH.



20. Otnyck ctamu. OCHOBHOE 000pYy/JOBaHUE JUISI TEPMUUECKO 00pabOTKH.
21. Xumuko-tepMuieckas o0padoTka. HazHaueHne u OCHOBHBIE BUJIBI.

22. llemenranus. CriocoObI IIEMEHTAIIMH U TEPMOOOPa0OTKa MMOCIIe Hee.

23. AzotupoBanue. HazHaueHue U pa3HOBUIHOCTH.

24. llnanupoBaHWE U HUTPOIIEMEHTAITHS.

25. luddy3nonHas MeTammn3anus.

26. Tepmomexannyeckas 00paboTKa CTaJH.

27. [loBepXHOCTHOE YIIPOYHEHUE CTAIBHBIX JIeTaJICH.

28. 3akanka TBY u razoriasmMeHHast 3aKajika.
29. Crapenue. HazHaueHue u pa3sHOBUAHOCTH.
30. O6paboTKa CTaIH XOJIOOM.
31. YnpouHeHue METOI0M IUIACTUIECKOH Jaedopmarium.
32. KOHCTpYKIIMOHHBIE CTAT U MX PA3HOBUIHOCTH.
33. Biousiaue yriiepoaa Ha CBOMCTBAa KOHCTPYKIIMOHHBIX CTaJICH.
34. Tunsl npuMeceit ¥ UX BIMSIHUE Ha CBOWCTBA CTaJeH.
35. JlerupoBannble ctany. HazHaueHne JIErUPYIOMIHUX 3JIEMEHTOB.
Knaccugukanus 1erupoBaHHbIX CTasIeH.
36. BrusiHuE TErHpyONX 2JIEMEHTOB Ha TTOTUMOP(HU3M jKeresa.
37. BnusiHue JIerupyoLX 3JIEMEHTOB Ha (pa30Bble IPEBPAILEHUS B CTAIIAX.
38. LlemeHTyeMbIe U yTyqIlIaeMbIe CTaJIH.
39. BeicokonpouHble, IPYKUHHbIE U [APUKOIOIINITHUKOBbIE CTaJIH.
22. Cranu jis u3JeNuid, padoTaoNUX MPH HU3KUX TEeMIIepaTypax.
23. VI3HocoCTOlKHE U aBTOMATHbIE CTaJH.
24. OObIYHBIE ¥ OBICTPOPEIKYIIHNE CTATH TSI HHCTPYMEHTA.
25. Cranu [uis U3MEepUTENbHBIX HHCTPYMEHTOB U ILITAMIIOBBIE CTAJIH.
26. TBepaOCIUTaBHI U aliMa3 Kak MaTepuai Uik M3TOTOBJICHUS HHCTPYMEHTOB.
27. Koppo3unonHo-croiikue cranu. Kinaccudukanus Koppo3nOHHO-CTORKUX CTalei.
28. Y)KapocToHKOCTb, )KAPOCTONKHE CTAIN U CILIABEI.
29. XKaponpouHOCTh, KapoNnpoyHble CTaIU U ciiaBbl. Kitaccudukanms
KapOIPOYHBIX CTAJIEH U CIUIABOB.

30. YUyrys. I'padurnzanus uyrynoB. BnusHue coctaBa 4yyryHa Ha npouecc rpaduTH3amH.

31. BnusHue rpaduta U mpuMecei Ha MeXaHUYEeCKHe CBOWCTBA YyT'YHOB.
32. CtpoeHnue u ki1accu(uKanus 4yryHoB.
33. Cepslii uyryH. CBoiCTBa, MAPKUPOBKA H TEPMOOOPAOOTKA.
34.BBICOKONIPOYHBIN YYT'YH ¢ IIapoBUIHBIM rpadutom. CBoiiCTBa,
MapKUpOBKa U TeEpMOOOpadoTKa.
35. KoBkwii uyryn. CBolcTBa, MapKHPOBKA U TEPMOOOPaOOTKA.
36. L{BeTHBIE MeTaJLIBI. AJTIOMUHUI U €r0 CIIJIaBbl.
37. Menb ¥ ee CIUIaBbL.
38. TuTaH u €ro CIiaBsbl.
39. MarHuii 1 ero CIUIaBEbI.
40. KoMno3uunoHHbIe MaTepHasibl.
41. MarepuaJibl IOPOIIKOBOW METaJIITypTUH.

T'PO3HEHCKHH I'OCYHAPCTBEHHbBIH HE®TAHOH TEXHUYECKUH YHUBEPCUTET




Bujer k 2-0ii pyvOexknoii arrecranuu Ne 1

JucuuniuHa Matrepuanogpenenue - TKM
N> __ TI'pymma HP,Hb _ cemectp 5

1. JIureitnoe nponsBoacTBO. Knaccudukanus IMTHIX 3arOTOBOK.
2. XuMuKo-TepMHuueckas oopadborka. HaznaueHue 1 OCHOBHBIE BH/IBI.
YTBEPXIAIO:

« » 20 1. 3aB. kadenpoii

7.3. Bonipochl k 3aueTy (3K3aMeHY)
1. Uro takoe koHCTpyKnoHHBIE MaTepuaisl (KM)? Kimaccudukarms KM.
2. CoBpeMEHHOE METAJUTYPTHYECKOE IPOM3BOJICTBO M €r0 MPOYKIIHSI.
3. Marepuains! 111 JOMEHHOT'O IPOU3BO/ICTBA.
4. IToaroToBka pyz K JOMEHHOI IL1aBKe.
5. [IpousBoacTBO yyryHa. Y CTpOMCTBO U paboTa TOMEHHOMN MEUH.
6. OcHOBHBIE 1 TOOOYHBIE POTYKTHI IOMEHHON IIaBKU. BaxkHelmue
TEXHUKO-3KOHOMHMYECKHE TIOKa3aTeNId JJOMEHHOU MeYH.
7. IIpousBoacTso ctanu. [Iporieccsl mpsMoro noixy4eHus xenesa us pya.
8. OCHOBHBIE COBPEMEHHBIE CITOCOOBI MOTyYSHHSI CTaJIH.
9. IIpou3BOJCTBO CTAIM B KOHBEPTOPAX.
10. ITpon3BOACTBO CTAIN B MAPTEHOBCKUX IE€YaX.
11. IIpou3BOACTBO CTAJIH B AIEKTPOIEUAX.
12. CriocoOb! pa3IMBKH CTaIIH.
13. [Tpon3BOACTBO IIBETHBIX METALIOB. Kitaccu(uKaIys IBETHHIX METAJIOB.
14. TTpon3BOACTBO AIFOMUHHUSL.
15. ITpou3BoACTBO MenH.

16. ITpon3BoACTBO MarHus.



17. Ilpou3BOACTBO HUKEIIS.

18. IIpou3BOACTBO TUTAHA.

19. Kpucrammuzamus MeTauioB. DHEPreTHYECKHE YCIOBHS Mpoliecca
KPUCTAJUTH3AIIUY.

20. MexaHu3M mporiecca KpUCTAUTU3aliHI.

21. Camonpoun3BoJIbHOE (TOMOTEHHOE) M T€TePOTreHHOE
3apojbleodpa3zoBanue. MoauduiupoBaHue METaJLIOB.

22. Kpucramimzanusi 1 CTPOCHUE CTAIBHBIX CITUTKOB.

23. JledekThl CTAIBHBIX CIUTKOB. CIIOCOOBI MOBBIIIIEHUS Ka4eCTBA CTaJIH.
24. Bueneunas o0OpaboTka ctanu. BakyymHas aera3anus cTaiu.

25. DNeKTpOILIaKOBBIH MeperiaB cTalu. BakyyMHO-1yroBo# neperuias
CTaJIH.

26. Crioco0b!I (hU3UYECKOTO BO3ICHCTBHSI Ha MTPOIIECCHl KPUCTAUTH3AIIUH.
27. 3aroToBUTENBLHOE MPOU3BOICTBO. BrIOOp MeTOIa 1 criocoba moaydeHus
3arOTOBKH.

28. JlureitHoe nmpou3BoAcTBO. Kiaccuukanus JIUTHIX 3aTOTOBOK.

29. JIuTeliHple CIIJIaBbl M UX JTUTEHHBIE CBOMCTBA.

30. Cxema nmomy4yeHus: OTANMBOK. 3roTOBNEHNE TUTEHHBIX (POPM U CTEpIKHEH.
31. CneumanbHbie CIOCOOBI TUTHS. JINThE B 000JI0YKOBBIE U METAJNIMYECCKHE
(bopMBI.

32. JInTbe 1o BHILIABISIEMBIM U BEDKUTAEMBIM MOIEISM.

33. M3roToBiieHHEe OTIUBOK IIEHTPOOCKHBIM JIUTHEM U JINTHEM IO
JIABJICHHEM.

34. VI3roToBiIeHNE OTINBOK JIEKTPOIIAKOBBIM U HEMPEPHIBHBIM JTUTHEM.
35. JlepeKThI OTIMBOK U X HCIIPABIICHHE.

36. Texnonorust 06padotku gapneHueM. Kiaccudukanus cnoco6os



00pabOTKH TaBICHUEM.

37. Ilpokat u ero npou3BoacTBO. CrocOObI MPOKATKH.

38. O0opynoBaHue U MPOIYKIUS MPOKATHOTO MPOU3BOICTBA.

39. IIpeccoBanue. TexHoIOTUs U MPOAYKIUS IPECCOBOTO MTPOU3BOJICTBA.
40. Bonouenue. TexHOMOTUs BOJIOUEHHUS U €TO MPOTYKITHS.

41. KoBka. CriocoOsI 1 TeXHOJIOTHS KOBKH. O0OpyI0BaHUE JIJISl KOBKU U €€
MPOAYKITHSI.

42. O6beMHas MTaMITOBKA. BUIBI ITAMITOBKH.

43. CapouHoe pou3BoCTBO. CIIOCOOBI CBAPKH.

44. Cpapka miiaBineHrueM. Pa3HOBUTHOCTH AyTOBOIl CBapKH.

45. Pyuynast nyroBas cBapka.

46. ABTOMaTHYecKasi 1yroBas cBapka moj| (JIirocoM U B 3aIlIUTHBIX Ta3ax.
47. [Ina3MeHHas ¥ 3JIEKTPOIILIAKOBas CBapKa.

48. DreKTpOHHO-IIyYeBasl U JIa3epHas CBapKa.

49. T'a30Bas cBapKa U CBapKa JaBICHUEM.

50. KonTakTHas u quddy3nonHas cBapka.

51. CBapka TpeHHEM U B3PHIBOM.

52. CnenunanbHble TEPMUUYECKHUE MTPOLIECCHI B CBAPOUYHOM IPOU3BOJICTBE.
Hanbutienne n naiika.

53. KomMno3umoHHbIe MaTepuaibl.

54. Marepuaiibl OPOIIKOBON METAJUTYPrUH.

55. Marepuanosenenue. OO011as XxapakTepUCTUKA METAJJIOB.

56. ATOMHO-KpUCTAJNINYECKOE CTPOCHNE METAIJIOB.

57. JleekThl KPUCTATUNIMUECKONU CTPYKTYPHI METAJIJIOB.

58. lnddysus B MeTayax.

59. Kimaccudukarus MeTauios.



60. DHepreTHyecKUe YCIOBUS MPOIEcca KPUCTAIUIU3ALINY.

61. MexaHu3M Mporecca KpUCTaJUTH3aInH.

62. 'OMOreHHOE U TeTepOreHHOE 3apOIbIIIIcO0pa30BaHHE.

63. MoaudunupoBaHie METAIIIIOB.

64. [TomumopdHbBIe MpeBpallleHns B MEeTaJlIax.

65. ®opma KPUCTAIIIOB U CTPOSHUE CIUTKOB.

66. [TonsTHe 0 CruIaBax u MeTo1aX uX MojaydeHusi. OCHOBHBIC TIOHATHS B TEOPHH CILIABOB.

67. OcobeHHOCTH CTPOCHHUA, CBOMCTB B KpucTallIn3allii CIIJIaBOB: MEXaHUYCCKHUX CMCCCﬁ,
TBEPAbIX paCTBOPOB, XUMHYCCKUX COGEHHCHHﬁ.

68. [luarpamma cOCTOSIHUS ABYXKOMIIOHEHTHOTI'O CILIaBa.
69. [NopsimoK MOCTPOCHHS AUArPAMM COCTOSIHHS CIJIABOB.
70. OCHOBHBIE THIIBI THAarPaMM COCTOSTHUS CILJIABOB.

71 Css3p MCKIY CBOWCTBAMH CILIABOB U THUIIOM AuarpaMmbl COCTOAHUA (HpaBI/IJ'IO KypHaKOBa
H.C.)

72. Jlnarpamma coCTOSIHHSI JKee30 - yriepos. KommonenTs! cucremsr Fe—FesC.
73. XapakTepucTHKa CTPYKTYPHBIX COCTABIISIOMNX cucTeMbl Fe—FesC.
74. TlpeBpaienus Ha TUHUSIX auarpammel Fe — FesC.

75. CtpykTypsl U ¢a3sl Ha quarpamme Fe — FesC.

76. TIpaBuiIo KOHIICHTPAIUH U OTPE3KOB.

77. Knaccuukanus 1 MapKUpOBKa YIIIEPOAUCTBIX CTaIeH.

78. Buapl nehopmanuii U HAPsHKSHUH.

78. Ilnactudeckas nedopMariusi.

80. MexaHu3M MmiacTU4ecKoi 1eopMalii MeTajIoB.

81. Mexanu3Mm J1eOpMaAIMOHHOTO YIIPOYHEHHS METAJUIOB.

82. Biusiare HarpeBa Ha cTpoeHue J1e(OpMHPOBAHHOTO MeTallIa.

83. OCHOBHBIC CBOMCTBA METAJUIOB: (DH3UYECKHE, XUMHUECKHE, MEXaHUICCKUE,
TEXHOJIOTHUECKUE U IKCIUTyaTal[HOHHBIC.

84. MexaHu4veckoe pa3pymnieHHe TBEPIBIX TEIL.



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Pazpymienne matepuaoB B Iporecce H3Hoca.

KopposuonHoe paspyiieHue MaTepraios.

CriocoObl MOBBILIECHHS] KOHCTPYKIIMOHHOW MPOYHOCTH MaTEPHAIIOB.
[IpoyHOCTh M TIACTUYHOCTH U METOJBI UX ONPEACTICHUS.

TBepaocts. MeTobl onpezieieHne TBEPAOCTH.

Bsiskocts. OnipenienieHue BA3KOCTH U €€ 3aBUCUMOCTh OT TEMIEPaTypHI.
BrirocimBocTh. OCHOBHBIE XapaKTEPUCTHKH BEIHOCIUBOCTH.
Kiaccudukanms BUI0B TepMUYECKON 00pabOTKH.

[IpeBpamieHust, TPOTEKAIOIINE B CTATH IIPH HATPEBE U OXJIAXKICHUU.
Harpes npu TepmooOpadoTke. XuMHUeCKoe BO3ACHCTBUE HATPEBAIOLICH cpe/ibl Ha METaIL.
Omxur u HopManu3anus. HasHauenue u pexxumsl.

3akanka. Haznauenue u Bupl. 3aKajlouHbIE CPEIbI.

CriocoObl 3aKaJIKu CTaH.

Otmyck ctanu. OCHOBHOE 000py/I0BaHUE JJISI TEPMUYECKON 00pabOTKH.
XUMHKO-TepMUIecKas 00padoTka. HazHaueHne u OCHOBHBIE BUJIBI.

. HemenTtanus. CriocoObI IIeMEHTAIIMU U TepMOOOpabOTKa TOCTIe Hee.
AzotupoBanue. HazHaueHnue v pa3HOBHIHOCTH.

[{nanupoBaHue U HUTPOILIEMEHTAIIHSL.

Juddy3nonnas Meranau3arus.

Tepmomexanudeckas 00pabOTKa cTamu.

[ToBepXHOCTHOE YIPOYHEHUE CTANBHBIX JI€TaNCH.

3akanka TBY u ra3omrasmeHHas 3aKaika.

Crapenne. HazHaueHne 1 pa3HOBUIHOCTH.

O6paboTka cTaam X0I0I0M.

YnpouHeHHE METOI0M IIAaCTUYECKOH Jedopmanuu.

KOHCprKI_[I/IOHHBIe CTaJIn 1 UX PA3HOBUIHOCTH.



111

112.

113.

Binsaue yriiepona Ha CBOMCTBA KOHCTPYKLIMOHHBIX CTaJICH.
Tunbl mpuMeceit 1 UX BIUSIHUE HA CBOMCTBA CTAJICH.

HGFI/IpOBaHHHe cranu. Ha3znaueHnue JIETUPYIOIIHX 3JICMCHTOB. KJ'IaCCI/I(i)I/IKaI_[I/ISI

JICTUPOBAHHBIX cTaneH.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

129.

130.

Bnustaue Jlerupyronmx 3JeMEeHTOB Ha MOJIMMOPHU3M Kee3a.

Bnustaue ierupyronmx 3JeMEeHTOB Ha (pa30Bbie MPEBPAILLICHHS B CTATIX.
LlemenTyeMble 1 yaydliaeMble CTAIIH.

BricokonpouHsle, IPYKMHHBIE U IIAPUKONOAILNITHUKOBBIE CTAJIH.

Cranu 11 u3nenuii, paboTarommx Npy HU3KUX TeMIIepaTypax.
W3HOCOCTOMKNE U aBTOMATHbIE CTAJIH.

OObIuHBIC B OBICTPOPEKYIINE CTAIH JJISI HHCTPYMEHTA.

Cranu 115l U3MEPUTENbHBIX HHCTPYMEHTOB U ILITAMIIOBBIE CTAJIH.
TBepaocmiaBel ¥ aiMa3 Kak MaTepual AJs U3TOTOBJIEHUS MHCTPYMEHTOB.
Kopposuonnocroiikue cranu. Knaccudukanus Koppo3nOHHOCTOMKHUX CTaleH.
XKapocToikocTs, )apoCTOMKHE CTaU U CIIABBI.

XKaponpouHocTs, xKaponpoyHble cTanu U crutaBbl. Knaccudukanus

KapOIPOYHBIX CTAJIEH U CIUIABOB.

Uyryn. 'paputuszanus uyryHoB. BausiHue coctaBa 4yryHa Ha mpoiecc

rpadUTHU3ALNN.

Bnusiaue rpadura u mpuMeceil Ha MEXaHUYECKHE CBOWCTBA YYT'YHOB.
CrpoeHnue u kiaccuuKkanys 4yryHoB.
Cepsniii uyryH. CBoiicTBa, MapKupOBKa U TEpMOOOpaOOTKa.

BbICOKONPOYHBIHA YYT'yH ¢ MIapoBUIHBIM rpadurom. CBOICTBa,

MapKHUpOBKa U TEpMOOOpabOTKA.

131.

132.

133.

KoBkwuii uyryn. CBoiicTBa, MapKupoBKa U TepMooOpaboTKa.
[IBeTHBIE MeTaIBI. AJIIOMUHHUHI U €0 CILJIaBbI.

Menn U ee crIaBEL



134. TutaH 4 ero CIUIaBhI.
135. Maruuii 1 ero crjiasbl.
136. Komno3uiinoHHbIe MaTepHabI.

137. Marepuaibl TOPOITKOBOH METALTYPTHH.

T'PO3HEHCKHH I'OCYJAPCTBEHHBIH HE®TAHOH TEXHUYECKUH YHUBEPCUTET

Bujer k 2-0ii pyoe:kHoii arrectanuy Ne 1

Hucrumimna Marepuanosenenue - TKM
N5__ I'pynna HP, Hb ceMecTp 5

1. CoBpeMeHHOE METAJUTYPrHYEeCKOE POU3BOICTBO H €T0 MPOIYKITHSL.
2. Kimaccudukanys BUI0B TEPMUIECKO 00pabOTKH METaLIOB.

YTBEPXIAIO:

« » 20 1. 3aB. kadeapoit

7.4. Tekymuii KOHTPOJIb



JlaGoparopnas padora Nel mo TKM
MAKPOCKONNMYECKHWI AHAJIN3 METAJLJIOB

Llen» padompr: n3yueHye BIUAHUSA XUMUUYECKOI'O COCTaBa U Pa3IMUHBIX BUJJOB 00paObOTKHU Ha
CTPYKTYPY METAJIJIOB; BbISBIEHUE 1€(EKTOB, HAPYIIAOIIUX CIJIOUIHOCTh METAJJIOB; ONpeAeIeHHE
JIUTOU CTPYKTYPbl U XMMHUECKON HEOJHOPOIHOCTH METAIIJIOB; U3yUEHUE U3JIOMOB METAJIJIOB.

Jlabopamopnoe o6opyoosanue u mamepuaivl: MUKPOCKOIT; JTYITbI, KOMITJICKT MaKPOILIH(OB
W3 pa3IMYHbIX METAILIOB; HA00p (oTorpaduii MaKpOCTPYKTYD.

Kpamkue meopemuiecKkue céedeHus no meme

Maxpockonuueckuii ananus (MaKkpoananu3s) 3aKI0OYaeTCs B U3YYEHHH OOIIEr0 CTPOSHHS MeTauia
IyTeM MPOCMOTpa €ro M3jJ0Ma WM CHEeNHaTbHO MOATOTOBICHHOW MOBEPXHOCTH HEBOOPYKEHHBIM
TJIa30M WU TIpU HeOOoNMbIMX yBennueHusx — 10 30 pa3. ITo mo3Bosser HaOIr0AaTh OTHOBPEMEHHO
OOJIBIITYIO TIOBEPXHOCTh U TOIYYUTh MPEJCTaBIeHHEe 00 0OIEeM CTPOCHUH METaJlla M O HAIWYHH B
HEM OIpEeJeNICHHBIX Ae(peKTOB. MakpoaHanu3 HE ONpeAeiseT MOAPOOHOCTEH CTPOCHUS M 4acTo
SIBJISIETCSI TIPE/IBAPUTEIbHBIM, HO HE OKOHYATEIbHBIM BUIOM HCCIICAOBAHHS. XapaKTepH3ysi MHOTHE
OCOOCHHOCTH CTPOCHUS, MaKpOaHaIW3 II03BOJSIET BBIOpATh TE€ YYacCTKH, KOTOPBIE TpPEOYIOT
JalbHEHIIero MUKPOCKOINYECKOro uccienoBanus. CTpoeHne MeTauloB U CIUIABOB, OINPEJIEIEHHOE
TaKUM 00pa3oM, Ha3bIBACTCS MAKPOCMPYKMYPOIO.

MaKpoaHaﬂI/B IMPUMCHAIOT IJId BBIABJIICHUA B MCTAJUIC NJCHAPWUTHOI'O CTPOCHUA, ycaztquoﬁ
PBIXJIOCTH, OCEBOM MTOPUCTOCTH, FA30BBIX IMY3bIPEH, TPEIIHH, IYCTOT, IJIEH, IIUIAKOBBIX BKIIOUYCHH,
PAaCIIOIOKCHHA BOJIOKOH B IIOKOBKAaxX W IITAMIIOBKAax, BHUA H3JIOMA, JIMKBALIUW CCPLBI U q)ocq)opa,
CTPYKTYpPHOU HEOJTHOPOIHOCTH, Ka4eCTBa CBAPHOT'O COCTUHEHUSI.

Jlns viccnenoBaHus MaKpOCTPYKTYPhl METAJUIOB U CIJIABOB UCHOJB3YIOT METOJ HUTM(OB U
MeTol u310MOB. I[Ipy STOM BHJ H3JIOMOB OMNPENENAIOT HEMOCPEACTBEHHO BHU3YalbHBIM
HaOJI0ICHNEM, TOT/Ia KaK OCTalIbHBIE OCOOCHHOCTH — HAa MaKponumidax.

O6paserr (ero ere Ha3bIBAIOT TEMILJIET) METAIIIA, TOBEPXHOCTH KOTOPOTO MOJATOTOBJICHA JJIS
MakpoaHaju3a, Ha3blBaeTcs Makpouumdom. OOpazerny sl MakpoaHaiW3a BBIPE3alOT B
OTIPENICJICHHOM MECTE€ W B ONPEAEJICHHOHN IJIOCKOCTH B 3aBHCHMOCTH OT TOTO, YTO ITOJBEPTAIOT
WCCIIEIOBAaHUIO — OTJMBKY, TIOKOBKY, IITAMIIOBKY, WIPOKaT, CBapHYI0 WJIH TEPMHYECKH
00paboTaHHYIO JeTanb U 4YTO TpeOyeTcs BBIIBUTH W H3YYUTh — MEPBUUHYIO KPHCTAJUIU3AIIMIO,
nedeKThl, HapyIIAIOIIHe CIUIOMIHOCTh METaJlIa, HEOJHOPOAHOCTh CTPYKTYPHI U T.1I. B cBsI3u ¢ 3THM
o0pa3ipl BBIPE3alOT W3 OJHOTO HIIM HECKONbKMX MECT CIHWTKA, 3arOTOBKM (JeTanu) Kak B
npoaoJbHOM, TaK W B HOICPCYHOM HaAIPaBJICHUAX. BI)Ip€3aHHI)Ie TEMIUICTEI TIOABEPraroT
MeXaHU4eCKO 00paboTKe, XUMUIECKOMY TPABJIICHUIO M UCCIIEIOBAHUIO.

Metoabl MakpOTpaBICHHS TOAPA3ICISAIOT Ha TPH TPYIIBL  21YO0KO20 MPAGIEHUsL,
NOBEPXHOCMHO20 MPAGIEHUS, OMNEYAMKOB.

CymniHoCcTh METOAA 271Y00K020 mpasieHus 3aKIvaeTcss B 00pabOTKE IMOBEPXHOCTH
MakpoIunda pacTBOpaMi HEOPraHUIECKUX KUCIIOT, B PE3YJIbTaTe Yero y4acTKH, HEOJHOPOIHBIE 10
cocTaBy, obnajaroie Ooiee pa3BUTOM M aKTHBU3MPOBAHHOW MOBEPXHOCTHIO, MPOTPABIMBAIOTCS
pasnuuyHo. OOpasyercss Makpopenbed MOBEPXHOCTH € y4acTKaMH OOJblIeil W MEHbIIEH BBICOT,
KOTOpBIE TPH OOJIBIION TITyOWHE pe3KOCTH HEBOOPYKEHHOTO TJIa3a WIIM MAJIBIX YBEITMUEHHUSIX MOTYT
OBbITh UACHTU(DULIUPOBAHBI.



Ilosepxnocmuoe mpasnenue uMeer Oojiee OrpaHUYEHHBIA XapakTep B MaKpoOaHAU3e U
UCIOJIb3YeTCs Ui OOIIETO MCCIIEAOBAHUS CTPYKTYPBI M BBISBICHUS JAE(PEKTOB, HEMOCPEICTBEHHO
BBIXOJSIINUX HA MOBEPXHOCTh, a TAKXKE BBIBICHUS XapakTepa JIMKBAlUM B MeTaiax. Jlis olmiero
UCCIIEIOBaHMS CTPYKTYphI CTallel IIMPOKO MpuMeHsieTcs: peakTuB coctaBa: 10-20 r mepcynbdara
ammonust [(NH4)2S20s] ma 100 Mt Boabl, Temmeparypa peaktrba 50-60°C, BpeMs BeiaepKKH 5-40
MUH. J[aHHBII peakTuB MO3BOJIAET HAOIIOIATh SBJICHUS PEKPUCTAIUIM3AINH, HEOJHOPOIHOCTh 3€pEeH
10 pa3Mepam, CTPOEHUE CBAPHBIX IIIBOB.

[TpenmyiiecTBO METO1a TOBEPXHOCTHOTO TPABJICHUS 110 CPABHEHHIO C IITYOOKHM TPaBIICHUEM
3aKJIFOYAETCS B BO3MOXXHOCTU JTyYIIIETO BBISBICHUS OTACIBHBIX JCTallel CTPYKTYpBI, a TaKKe B
MEHBIIICH arpeCCUBHOCTH PEAKTUBOB M MPOCTOTHI OOPAIIEHUS C HUMHU.

Memoo omneyamxos TPUMEHSETCS ISl ONPEEICHUS JIMKBAIIUN MIPUMECEe B METalulax W
crutaBax. B cramsix Hapsay ¢ dochopom Hambosiee BpeqHOW MPUMEChIO siBIsieTcs cepa. Cepa Takxke
oOnanaer OOJIBIION CKIOHHOCTBIO K JIMKBAIlMU, HEpPAcTBOpHMMAa B Kejle3e U o0pa3yeT ¢ HHUM
XMMHYECKOE coeuHeHne — cyiabdum kxenesa (FeS), KOTOpbId BXOIUT B COCTaB JIETKOILIABKOM
aBTeKTUKH Fe-FeS, pacnonararomieiicss OTAENbHBIMM BKIIOUEHUSIMU IO TrpaHuiaMm 3epeH. [lpu
HarpeBe 10 TemiepaTypel ropsdein  gedopmaruu  (800-1200 °C) BKIIOYEHHS AIBTEKTHKH
(remnepatypa miaasneHust 988 °C) mpuaaroT cTaiy XpyMnKOCTh, OO0 OIUIABISIOTCS U 00pa3yloT B
MaTepuase HaapbIBbI U TPCIIUHBI (SBJICHHE KPACHOIOMKOCTH CTaJIH).

Jiist onpeeneHus IMKBAIMK Cepbl HANOOJIbIIEe pacIpOCTPAaHEHUE MTOTYYHII MeTol baymana.
B nmanHOM MeToze 3acBeueHHYIO (OTOOYMAry BBLICPKHBAIOT B 5 %-0M BOJHOM pacTBOpPE CEPHOM
KHUCIIOTHI B TedeHue 5-10 MuH, crerka npocymuBarT MEeXKAY JIMCTaMU (UIBTPOBAIILHOM OyMaru /st
yIajieHus U3IUIIHEr0 PacTBOPA U IJIOTHO MPUKIAABIBAIOT K Makpouutudy Ha 25-30 munyt. CHsiTas
¢ Makpouuuda porodymara nmpomsiBaercs, puxkcupyercst B pactBope runocyibpura 20-30 muH,
mpoMbIBaeTcsi U BbicymnBaercs. [lomydenHble Ha ¢oTrobOymare ydyacTKM KOPUYHEBOTO I[BETa
YKa3bIBAIOT Ha MecCTa, oOoraiieHHble cepoil (ckoruieHus cyinbduaon). Eciu ¢oroOymara mmeer
PaBHOMEPHYIO OKPACKY, CIIEIOBATEIbHO, Cepa pacIpeielieHa paBHOMEPHO.

JlukBaruto gocdopa B cTanu BRISIBISIOT TpaBICHUEM OTHLIU(OBAHHOTO 00pa3Iiia B PEaKTHUBE
cocraBa: 85 r xjopHoi Meau U 53 1 xjopucroro aMmmoHusi B 1000 cm3 Boxbl. [lnsi BbIsSBIIEHUS
JUKBAllMA HEOOXOAMMO: OTHLIM(OBAHHYIO MOBEPXHOCTh 0Opaslia MpOTepeTh BAaTOH, CMOUEHHOM
CIUPTOM; 00pa3ell MOrpy3uTh B YKa3aHHBIA PEAKTUB U BBIIEPKATh B HEM 1—2 MHH; TIpU BBIIEPIKKE
oOpasiia B peaKTHBE KeJIe30 PACTBOPSETCS U BBITECHSIET ME/Ib, KOTOPasi OCaKIAETCs Ha TOBEPXHOCTH
o0pasma; mocie BeIIEPKKH 00pa3el] BHIHYTh U3 PEaKTHBA; BCS TOBEPXHOCTH 00pa3Iia T0JKHA OBITh
MTOKPBITA MEJIBIO; CTPYEH BOJIBI CMBIThH C IIOBEPXHOCTH CJIOW MEIH M MPOTEPETh MAKPOILITU( MOKpPOI
BaTOM; MPOCYIIUTH 00pa3ell.

Bormee TemHBIE, T. €. TIIyOOKO TPOTpaBJICHHBIE YYacTKH, — 3TO MecTa, OOOTaleHHBIC
dochopom, Tak kak yeM Oosblie B xkenese Gochopa, TeM ObicTpee
oH pacTtBopsieTcsi. COOTBETCTBEHHO, CBETJIbIE YYaCTKH Ha TEMIUIETe — MeCTa C MEHBIINM
conepxanueM docdopa.

ITpr HE0OXOAMMOCTH MOJHOIO MaKPOCKOMMUYECKOIO HUCCIIEAOBAHUS, a TAaKKE ONpPEIeICHUs]
HapyleHUH CIJIONIHOCTH MeTalla M J1e()eKTOB CTPOEHHUS IeNIeco00pa3HO MPHUAEPKUBATHCS
CIIEAYIOIIEH TOCIIEOBAaTEIbHOCTU: CHAayaja TpaBUTh oOOpas3el] pPeakTUBOM IOBEPXHOCTHOTO
TpaBJeHMs, 3aTeM CHOBa ULIM(OBATH M ONPEACIATh paclpelesieHue Cepbl M0 OTIeYaTKy Ha
¢doroOymare, mocie 4ero MPOU3BOAUTH IIIyOOKOE TpaBJIeHUE MAJIsi ONpEeIeNeHHs HapylleHUH
CILIOITHOCTH.



Buvisisnenue cmpoenus numou cmanu

CtpoeHue JIUTOH cTanu (ACHIAPUTHYIO CTPYKTYPY) BBISBIISIIOT TPABICHHEM OTIUIH(OBAHHOTO
obpasua B 15 %-om BoHOM pacTBOpE nepeyiibdara aMMOHHUS.

Jis BBIABICHHUS ACHIAPUTHOM CTPYKTYpPhl HEOOXOAMMO: OTHUIM(OBAHHYIO IMOBEPXHOCTH
oOpasma mpoTepeTh BaTOM, CMOYEHHOW crupToM; Harperh peakTuB g0 80-90°C; obpaszen npu
MTOMOLIH LIUIIOB OTPY3UTh B TOPSAYUI pEaKTUB U BBIAEPKaTh B HEM 5—10 MUH; 1TOCIIe BBIICPKKH B
peakTuBe 00pasell Mpu MOMOIIH IIUIIIOB BEIHYTh U3 PEaKTHBA, IPOMBITh BOJIOW U MPOCYIIHTD.

[Ipu ananu3ze makpouuirda ciauTKa CTalad HaOJII0IaeTCsl CTPYKTYpa, CXeMaTHUECKU MPe/ICTaBICHHAS
Ha puc. 1.

= |
LY

1 — ycanouHas pakoBUHa; 2 — HApYXKHAsE MEJIKO3EPHHUCTAs! KOPKa;
3 — 30Ha CTONOYATHIX KPUCTAILIOB; 4 — 30HA PAaBHOOCHBIX KPHCTAIIJIOB.

Puc. 1. MakpocTpykTypa ClIUTKa MeTaJlja:
a — cxeMa; 6 — peasibHas JEeHApPUTHas CTPYKTypa ciauTka cramu X18HIT.

Buviasnenue oeghexmos, Hapyuarowux cnI0WHOCHb Memaid
Jlnis BbISIBIIEHUS] B CTaidu J1e€(EKTOB, HAPYIIAIOUIMX CIUIOIIHOCTh MeTajuia (TpeliuH, Imop,
PaKoBMH), HPOBOJUTCA TIJIyOOKOE TpaBjieHHE OTHUIM(OBAHHOTO oOpas3la BOJHBIM pacTBOPOM
comsiroit kucmotst (50 em® HCI, 50 oM Bojter) cireyrorim 0Gpa3oM: OTHLTH(OBAHHYO TOBEPXHOCT
oOpa3ia mpoTepeTh BaTOi, CMOYEHHON CHUPTOM; BaHHY C HarpeThiM 110 TemmepaTypsl 60-70°C
PEaKTUBOM MOMECTUTH B BBITSHKHOM IIKaQy (Tak Kak MpU TPaBJICHUU BBIACIAIOTCS SIOBUTHIE Ta3bl;
o0paserl Mmpy MOMOIIH IIUIIIOB TIOTPY3UTh B TOPSYHI peakTHB M BbIIepkaTh B HeM 10—45 mun.;



nocye BBLACPKKH 00pa3el] Mpy MOMOIIY HIUIIOB BBIHYTh U3 PEaKTHBA, IPOMBITH BOJIOH, 3aTeM 10—
15 %-pIM BOJHBIM paCTBOPOM a30THOM KHUCIOTHI M MTPOCYIIUTb.

ITpu riryOokoM TpaBiieHUH paCTBOPOM KUCJIOTHI BRICOKOM KOHIIEHTPALUU IPOUCXOIUT CTPABIUBAHUE
ne(eKToB, HApYIIAOMUX CIUIOIIHOCTh METalyla — OHM CTAaHOBSTCS BUJUMBIMU HEBOOPYKEHHBIM
ria3om (puc. 2).
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Puc. 2. JlepexTsl, HapymIaromye CrjouHOCTh MeTalljIa:
a — HEeMEeTaJUIMYeCKHUE BKIIOUCHUS;, O — ISITHUCTAs! JIMKBAIUS

H3zyuenue uznomos

BuyTpenHue nedekThl, KOTOpPbIe MOTYT HPUBECTH K Pa3pyIICHUIO U3/ICIHs, BBIBISIOTCS [IPU
W3YYCHUH H3JIOMOB.

H3n10mom Ha3bIBaeTCs MOBEPXHOCTh, 00pa3yrOILIAscsl BCICACTBUE Pa3pyLICHHS METAIIOB.
W310MBI METAJUIOB MOTYT CYIIECTBEHHO OTJIMYAThCs MO IBery. Tak, ctanu u Oelibie YyryHbI, B
KOTOPBIX BECh VIJIEPOJ CBsI3aH B I[IEMEHTUTE, MMEIOT W3JIOM CBETJO-Ceporo Iera. Y
rpadUTH3NPOBAHHBIX CTAJIEH W YyTYHOB, B KOTOPBIX YIIIEPOJ HAXOIUTCS MPEUMYIIICCTBEHHO B BUJIE
rpadura, M3JI0OM YepHOro nBeTa. Ha MOBEpXHOCTH HM3JIOMOB MOXKHO BHAETH JE(EKTHI, KOTOPHIC
CIIOCOOCTBOBANIM pa3pylIeHHIO. B 3aBUCMMOCTH OT cocTaBa, CTPOCHUS METaJlIa, HATHYHS 1e(DEKTOB,
YCIIOBHH 00pabOTKM M OKCIUTyaTal[MM W3JCNUIA W3JIOMBl MOTYT HMETh 6s3KUll, XPYNKUil WIH
yemanocmuulid XapaxkTep (puc. 3).

Bsskuu  (6onoknucmouit) uznom (puc. 3, a) uMeerT OYrpHCTO-CITIaXCHHbBIH penbed U
CBHICTEIIBCTBYET O 3HAYMTEIBHOW IUIACTUYECKON MedopMaliy, MpeIIIeCTBYIOIICH pa3pyIIeHHIO.
[To BHIy BSI3KOTO U3JI0Ma HEJb3s CYUTh O (hOpMe U pa3Mepax 3epeH MeTaa.

Xpynkuti (kpucmannuueckuu) usnom (puc. 3, 6) XapakTepu3yeTcsi HATHYUEM Ha TIOBEPXHOCTH
IJIOCKUX OJIECTAIIMX Y4YacTKOB. TaK Kak pa3pylieHHe MpOoTeKaeT 0e3 3aMEeTHOM IIacTUYeCKOn
nedopmanuu 1 Gopma 3epHa He MCKaXKaeTcs, TO Ha XPYIMKOM M3JIOME BHJIHBI MCXO/AHAs GopMa H
pa3mep 3epeH Metawia. [Ipm XpynmKkoM H3JI0ME pa3pyLIeHHE MOXKET MPOUCXOJHUTH 4Yepe3 3epHa
(TPaHCKPHUCTAIMYCCKUH ~ WaM  HaQTAIMHHUCTBIA — W37I0M) 10O MO  TpaHHWIAM  3epeH
(MEKKPUCTAIUTHICCKHNA WM KAMHEBHIHBIN U3J70M). Pa3pyllieHne 1Mo rpaHuiiaM 3epeH UMEET MECTO
OpU HATMYMK HA TPAHUIAX HEMETAUTMYECKHX BKIOUYCHUH ((ochumsl, CynbGuIbl, OKCHIbI) WIN
JAPYTHX BBIICICHHH, OCIA0JSIFONIMX MPOYHOCTh TPAHUIL 3€PHA.

OOBIYHO H3JIOMBI OBIBAIOT CMEIIAHHBIMU. [IpH CMEIIaHHOM H3JI0OME Ha €ro MOBEPXHOCTH
HAOJTIOIAI0TCS YUACTKHU BSI3KOTO M XPYIIKOTO Pa3pyIICHHUSL.



Puc. 3. Buap! u310M0B crajiu:

a — BSI3KUH; 6 — XPYNKHUI; 6 — YCTaTOCTHBIH.

Yemanocmuwiii uznom (puc. 3, 8) oOpasyercs B pe3yibTare UIMTEILHOTO BO3IACHCTBHS Ha
METaJUl IHUKJIMYECKUX HampspKeHud u nedopmanuii. M310M cocTOMT M3 TpexX 30H: 3apOKICHHUS
TPELIUHbI, COOCTBEHHO YCTAJOCTHOIO pACHpOCTPAHEHUs TpeluHbl M jJojioma. MexaHu3m
YCTAJIOCTHOT'O PAa3pyLICHUs CIEAYIOLUI: yCTaI0CTHAs TPEIMHA BO3ZHUKAET B MECTaX, I'/Ie UMEIOTCA
KOHIIEHTPATOphl HanpsbkeHud uinu nedektol. [lepBast 30Ha miiockas U riaajakas. Y BeIHUMUBAsCh IpU
pabote neranu, TpeuiMHa oOpa3yeT 30HY COOCTBEHHOIO YCTaJlOCTHOIO pAaCHpOCTPaHEHUs C
XapaKTepHBIMH  KOHICHTPHYECKUMH  OOpO3JAKaMH  WJIM  JyraMd H  MEJIKO3EPHUCTHIM,
dapdopoBUIHEIM H3TOMOM. 3aYacTyl0 OHAa HMEET OTHENIbHBIC YYAacTKH TJAaIKOH MPHUTEPTOH
MOBEPXHOCTHU. J[0JIOM TPOMCXOJUT BHE3AIHO, KOT/a OCJIA0JICHHOE TPEUIMHON CeYeHHe NeTalu He
CIIOCOOHO BBIJEPKATh MPUKIIAJABIBAEMON MEXaHWUYECKON Harpy3kw. J[o7oM OBIBAaeT BSI3KHM WIIH

XPYIKHUM.

Ilopsaook evinonnenusn pabomul
1. O3HaKOMUTBCSI ¢ METOJIMKOM MPUTOTOBIEHHSI MAKPOILTU(OB.
2. 3y4nTh KOJJIEKIMIO 00pa3lioB C OCHOBHBIMH Jie(eKTaMH, HAOII0AaeMbIMU HA UX MTOBEPXHOCTH.
3apucoBaTh 3TH 1ePEKTHI.
3. UccnenoBarh U 3apucoBaTh MaKpOCTPYKTYPY TEMILIETA JIUTOTO METaJlIa.
4. OnleHNUTH IMKBAIIMIO HA MUKpOLLIHQe 1mo MeToay baymana.
5. MI3yunThb 1 3aprucoBaTh OCHOBHBIE BUIbI U3JIOMOB (BA3KUH, XpPYIKUN U YCTATOCTHBIH).

Cooeporcanue omuema

1. llenb paGoOTHI.
2. CynHOCTh MaKpoOaHaJln3a, IPUTrOTOBJICHHE MAaKPOILIH(a.
3. 3apucoBKa MaKpOCTPYKTYPHI IUTOW CTAIH.
4. 3apucoBKa MakpOCTPYKTYphl OOpa3I[OB CTald C OCHOBHBIMH JedeKTaMH, HapYIIAOIINX
CIUIOIIHOCTh METaJla.
5. 3apuCOBKH OCHOBHBIX BUIOB U3JIOMOB.
6. BBIBO/IBI M3 TIOJYYCHHBIX PE3YJIbTATOB.

Konmponwsuuie eonpocwi
1. B yem 3akiro4aeTcs CyniHOCTh MaKpoaHain3a?
2. MeToibl MaKpOTPABJICHUS U UX CYITHOCTH?
3. UTo Takoe MaKpoCTpyKTypa?



4. J1511 4ero UCI0JIb3yeTCsl MaKpOaHaIN3?

5. Kakue cymecTByroT METOAbI MAKPOTPABIEHUS ?

6. UTto Takoe KpacHOJIOMKOCTbH?

7. Kak BBISIBUTH JIMKBALIUIO CEPHI B CTANINA?

8. Kak BwIsiBUTH NHKBaruio ocdopa B cramu?

9. Kak BBIIBUTH JICHAPUTHYIO CTPYKTYPY B JINTBIX 0Opa3ax?

10. lenapuTHas CTpyKTypa CIUTKA U MEXaHU3M ee (popMHUpoBaHUs?

11. Yro Takoe U3JI0M U KaKue BUIbI U3JIOMOB BbI 3HAeTE?

12. XapakTepHble IPU3HAKH XPYIKOTO U BSI3KOTO U3JIOMOB?
13. KakoB MexaHU3M yCTaJI0CTHOTO pa3pyLIeHUs?

7.5. Onucanue nmokasarejied u KPHUTEPHUEB OLICHUBaAHUA KOMHeTeH]_[l/lﬁ Ha

PA3INYHBIX ITalmax ux (l)OpMI/IpOBaHl/IH, OIuCaHue MIKAJbI ONCHUBAaHUSA.

Taoauna 7
HJ]a]-[]z[pyeM],[e pe3yabTaThl KpnTeme OLlCHUBAaHUS pe3y/ibTaTOB 06yquI/m HauMeHoBaHue
0CBOCHMSI KOMIIETEHIUH menee 41 6annos | 41-60 6am10B  61-80 garon| S1-100
(HeynoBJieTBOPHUTE |(YAOBJIETBOPHUTEJ (xopowo) 0aJ10B
OIIK-5.

3HATD: @parmentapabie  [Hemounubie 3HaHus | Copmuposan [ChopMupoB
- 3aKOHOMEPHOCTH  Ipoueccop[3HaHHA HEIE, HO  |aHHBIE
KpHCTaJLTH3AIHA u CoZIepKalIne | CHCTEMATHY
CTPYKTYpOOOpa30BaHKs METAIOB U OTEIbHBIE ecKue
CILTABOB, OCHOBBI ux npo0ebI 3HAHUS
TEPMOOOPAOOTKH, CIIOCOOBI 3aLTUTHI 3HAHUS
METAJUIOB OT KOPPO3HU;
- KIacCU(PUKALMIO ¥  CHOCOOBDI
Oy YCHUS KOMITO3HUITHOHHBIX
MaTepHaJoB;
YMeTh: HYactuunblie ymenus |Hemnonxbie Vmerus |Chopmupor
- pAacIo3HaBATh u YMEHUA nonuele, |AHHBIC
KJIacCU(UIHPOBATH JOIYCKAIOTCA | yMeHHs
KOHCTPYKIIMOHHBIE W CBHIPHEBBIC HeOOJIbIINe
MaTepHabl [0 BHEIIHEMY BHUIY, OIINOKH

[IPOUCXO0KACHUIO, CBOHCTBAM;

IMPOBOAUTH HUCCIICA0OBAHUA H

HCIbITAHUSA MAaTCPHUAJIOB.

JTaGopatopHas paborta

OTtyer




Baanern: YacTuuHoe Hecucremarnueck B VYcnenrnoe
- uHdopmanueil o cpolicTBax H BJIaJICHUE 0€ MPUMEHEHHE | cpeTemaTHyEC u
PUMEHEHUU Pa3IMYHbIX HaBBIKAMU HaBBIKOB KOM CHCTEMAaTHY
MaTepuasoB; TPYMEHCHHH ecKoe
- HEKOTOPBIMU HABBIKOB | TPMMEHEHH
SKCIIEPUMEHTAIBHBIMA METOIUKAMHU fomycKarotes | © HaBHIKOB
U TEXHHUKOH MaTepHaIoBEIYECKUX 1poGesl
IIK-2
@parmentapuble  |Henonubie 3Hauus |Chopmuposan
3uare: SHaHUs Heie, Ho  [Chopmupos
- KiIaccuUKanMI0O  MaTepualoB,
METAJUIOB W CIUIABOB, O0JAacTH MX COACPAAIIHAC aHHBIC
[PHMEHEHHSL. OTJENbHBIE | CHCTEMATHY
po6ensl €CKue
3HAHMSA 3HAHMS
Hactuunble ymeHus (Henomnxabie
YMEHUS
YMmerb:
- OIpeaeATh BUIBI VMenus
KOHCTPYKIIMOHHBIX MaTEPHAJIOB;
- BBIOMpaTh  MaTepHalbl Ui TOITHEIE,
KOHCTPYKIMH 0 WX HAa3HAYCHUIO H nomyckarotest (ChopMupoB
YCIOBUSIM DKCILTyaTallHy; HeOOJIpIINE |[AHHBIE
OIHUOKM  [yMEHHUSA
HactuuHoe Hecucremaruueck
BIIaZICHUE 0€ IPIMEHEHHE
HaBbIKaM U HABbIKOB
B
Baagers: cucTeMaruyec Y clemnHoe
- HaBbIKAM{ IPAaBWILHOTO BBIOODA KOM 138
MaTepHaJOB HCXOAS M3 aHAIN3a NPUMEHEHHH |CHCTEMaTHY
YCIIOBHI AKCIUTyaTaI[lH n HaBBIKOB  |ECKOE JlaGoparopHas paGora
MIPOM3BO/JICTBA; JIOITYCKAIOTCs [IPUMEHEHH |OTUeT
npoOenbl (€ HaBBIKOB

8. Oco0eHHOCTH peaju3alMU JUCIHUIJIMHBI JJIs1 HHBAJWIAOB U JIMI €

OrpaHUH4Y€HHBIMH BO3MOKHOCTAMMH 3I0POBbLSI

Jlns ocymiecTBiaeHUS MPOLEAYpP TEKYIIEro KOHTPOJS YCIEBAEMOCTH U MPOMEXYTOUHOU
aTTecTallu 00yJaroIuXxcs Co3/1aHbl (POH/IbI OLIEHOYHBIX CPEJICTB, aAaTHPOBAHHbIE [l HHBAJIUIOB
U JUI] C OTPAaHUYEHHBIMU BO3MOXHOCTSIMHU 3/10POBbSl U MO3BOJISIOUINE OLIEHUTH JOCTUKEHHE UMHU
3aIlJIAaHMPOBAHHBIX B OCHOBHOI 00pa30BaTeNbHONM MporpaMMe pe3ysibTaToB OOY4YEHHs M YpOBEHb
c(OpMUPOBAHHOCTH BCEX KOMIIETEHIIMM, 3asBJICHHBIX B 00pa3oBareinbHON nporpamme. Gopma




MPOBEACHUS TEKYyLIeH aTTecTaluu Uil CTYJCHTOB-MHBAJIUIOB YCTAaHABIMBACTCA C YYETOM
WHIMBUIYAIBHBIX MICUXO(PU3HMIECKIUX 0COOCHHOCTEH (YCTHO, MUCAMEHHO Ha Oymare, MIChbMEHHO Ha
KOMIIbIOTEpE, B (pOpMe TEeCTHpOBaHUS U T.I.). [Ipu TecTUpoBaHMU Ui CIa0OBUIAIINX CTYIEHTOB
UCTIOJIB3YIOTCS (POHIBI OLIEHOYHBIX CPEJCTB C YKPYITHEHHBIM IpuQTOM. Ha 3K3aMeH npuriamaercs
COIIPOBOKIAIONINI, KOTOPBI oOOecreuynBaeT TEXHUYECKOE COMPOBOXKICHHUE CTyneHTy. [lpu
HEOOXOJMMOCTH CTYICHTY-UHBAIUAY MPEIOCTABISACTCS JAONOJHUTEIBHOE BPEMsI JUIS MOJITOTOBKH
oTBeTa Ha ’K3aMeHe (mu 3auere). O0ydaronmecs: ¢ OrpaHHYCHHBIMUA BO3MOXKHOCTSIMU 3/10POBBS U
oOydJaroIuecs: MHBAIHIBI OOECICUMBAIOTCS IMEYaTHBIMA W 3JCKTPOHHBIMH 00pa30BaTeIbHBIMU
pecypcamu (IIpOrpaMMBbl, Yy4eOHBIE MOCOOMS NIl CAMOCTOSATEIbHOW paboThl U T.1.) B (hopmax,
aIalTUPOBAHHBIX K OTPaHUYCHUSIM UX 3I0POBbSI U BOCIIPUATHUS HH)OPMAITHH:

1) Ui MTHBAJIUIOB M JIUII C OTPAHUYCHHBIMUA BO3MOXXHOCTSIMU 3/I0POBbS MO 3PEHUI0:

- IUISl CJIeNMBIX: 3a/IaHUs IS BBITIOJTHEHUS] HA CEMUHApaxX M MPAKTHYECKUX 3aHATUAX 0(QOPMIISIOTCS
pensedHO-TOUeUHBbIM mIpudToM bpaiing wim B BUAE 3MEKTPOHHOTO JOKYMEHTa, AOCTYIHOTO C
MTOMOIIIBI0 KOMITBIOTEPA CO CICIUATM3UPOBAHHBIM IPOTPAMMHBIM 00ECTICUSHHEM IS CIIETIBIX, JIN0O
3aYMTHIBAIOTCS ACCHCTEHTOM; MMCbMEHHBIC 331aHUs BBIIIOJIHAIOTCS Ha Oymare peibepHO-TOUCUHBIM
mpudToM bpaiiis nim Ha KOMIBIOTEPE CO CHEIUATH3UPOBAHHBIM IIPOTPAMMHBIM 00€CIICUCHUEM JIJIS
cllenbIX JMOO HAIMKTOBBIBAIOTCS ACCHCTEHTY; OOYYAlOIIUMCS JUIS BBIMOJHEHUS 33/JaHUS TIPH
HEO0XOIMMOCTH MPEIOCTABIISCTCS KOMIUIEKT IMUChbMEHHBIX PUHAUICKHOCTEH M Oymara Jis ichMa
penbedHO-TOYeUHBIM HIpupTOM bBpailit, KoMObplOTep €O CIENUATU3UPOBAHHBIM IMPOTPAMMHBIM
o0eCIeYeHUEM ISl CIICTIBIX;

- ISl CJIA0OBUASAIINX: 00CCIICYNBACTCS MHIMBUAYAIbHOE PaBHOMEPHOE OcBelleHre He MeHee 300
JIOKC; OOydYaromMMcsi JUISl BBIOJHEHHS 3alaHUs TpU  HEOOXOJAMMOCTH IPEIOCTABISICTCS
YBEIIMYHMBAIOIIEE YCTPOMCTBO; BO3MOXKHO TAK)KE HCIIOIB30BAHUE COOCTBEHHBIX YBEIHMYUBAIOIINX
YCTPOMCTB; 3aJIaHus ISl BBIMIOJIHEHUS 3aIaHHi 0POPMIISIFOTCS YBETMICHHBIM IIPUPTOM;

2) A7 MHBAJHJIOB U JIMI] C OTPAaHUYEHHBIMU BO3MOYKHOCTSIMU 37I0POBBS MO CJYXY:

- VI TJIYXHX M CJa00C/BIIIAIINX: 00SCIICYMBACTCS HAIMYME 3BYKOYCHIIMBAIOIICH armaparypbl
KOJUICKTUBHOTO  IOJIb30BaHMSA, TP  HEOOXOAWMOCTHM  OOYdYalOMIMMCS  NPENOCTaBISETCS
3BYKOYCHJIMBAIONIAsl arraparypa HHIUBUAYAJIbHOTO TIOJB30BAHUS; MPEIOCTABISIIOTCS YCIYTH
CYpIIOTIEPEBOUNKA;

- a8 CJeNorJyXux JIOIYCKaeTcs TNPUCYTCTBHE ACCHCTEHTa, OKAa3bIBAIOMICTO  YCIYTH
TUGIIOCYpIOTIEpEBOAUNKA (TIOMUMO TpeOOBaHUH, BBIIOIHIEMBIX COOTBETCTBEHHO JUIS CJEMbIX U
TIIyXUX);

3) I JUI C TSOHKEIBIMU HapyIIEHUSIMHU Peud, TITyXHX, cIaOOCHbIIIAlMX JEKIMU U CEMHHApBHI,
MIPOBOJIUMBIE B YCTHOH (popMe, MPOBOAATCS B MUCEMEHHOH (opme;

4) nns MHBAJIUAOB M JIUI] C OTPAHUYEHHBIMUA BO3MOXHOCTSIMH 3/10POBbS,, HMEIOIIMX HApPYLIEeHUSs
ONOPHO-IBUIaTeIbHOI0 aNnapara:

- JUIS JUIl C HapyIIEHUSMH OIOPHO-IBUTATEIBHOTO arapara, HapyHICHHUSMH JBHTaTeIbHBIX
(GyHKIMN BEpXHUX KOHEUHOCTEH WIIM OTCYTCTBHEM BEPXHHMX KOHEYHOCTEW: MUChbMEHHbIE 3aJJaHus
BBITIOJIHSAIOTCS. HAa KOMITBIOTEPE CO CHENHATM3UPOBAHHBIM IPOTPAMMHBIM OOECTICYCHHEM WIIH
Ha/IMKTOBBIBAIOTCS ACCUCTEHTY; BBIIIOJIHEHUE 3ajaHUi (TeCTOB, KOHTPOJIBHBIX padoT), MPOBOANMBIE
B IUCbMEHHOMN (hopMe, IPOBOAATCS B YCTHOM (popMe IMyTeM ompoca, Oecebl ¢ 00yJaromMes.

9. YuedHO-MeTOAMUYEeCKOe U HHPOPMALIMOHHOE o0ecnevyeHne T CIUNIMHBI

3. Marepuanosenenue : yueonoe nocooue / C.B. JlaBpinoB [u ap.].. — Mockaa,
Bosnorga : Undpa-Unxenepus, 2020. — 424 c¢. — ISBN 978-5-9729-0417-4. — Texcr :
aneKTpoHHbI // DnextporHO-Onbmuoreunas cucrema IPR BOOKS : [caiit]. — URL:

http://www.iprbookshop.ru/98417.html (nara oopamenwus: 07.03.2021). — Pexum nocrymna:
JUTSL aBTOPU3UD. MTOJIb30BaTENEN

4. Connues FO.I1. MarepuanoBeaenue : yuyeonuk as By30B / Comunen FO.IL.,
[psixun E.N.. — Canxkr-IlerepOypr : XUMU3JIAT, 2020. — 783 c. — ISBN 078-5-93808-
345-6. — Tekcr : anektpoHHbd // DnekrpoHHO-OMOMMoOTeuHast cuctema |IPR BOOKS :


http://www.iprbookshop.ru/98417.html

[caiit]. — URL: http://www.iprbookshop.ru/97813.html (nata o6pamenus: 07.03.2021). —
Pexxum goctymna: ajist aBTOpU3Hp. MOJIb30BaTENEH

5. Marepuanosenenue : ydeonuk st CIIO / A.A. BopoOweB [u ap.].. —
CaparoB, Mocksa : [IpodobpazoBanue, At [ITu Ap Menua, 2020. — 356 ¢. — ISBN 978-5-
4488-0866-1, 978-5-4497-0618-8. — TekcT : 31eKTpOHHBIN // DIEKTPOHHO-OMOIMOTEUHAS
cucrema IPR BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/96962.html (marta
oopamenus: 07.03.2021). — Pexum pocryma: Juis aBTOpu3up. monb3oBareneit. - DOI:
https://doi.org/10.23682/96962

10. MaTepuaibHO-TeXHHYECKOe oOecriedeHne TUCIUIINHBI

Urenue neknuii ocymectpisercs B ayautopun Ne 0-29 Jlaboparopust kadeapsl o00pyaoBaHa
HaTJISTHBIMUA TIOCOOMSIMU B BUJIC CTCHOB M IUIAHIIIETOB, pa3MEIICHHBIX Ha CTeHAX, pa3aTOYHbIMU
MaTepuallaMH, aTjlacaMH MHUKPOCTPYKTYp u JAp. HMcmomezyemoe o0opymoBaHue: puOOp
MOJlyaBTOMAaTUYCCKUN U1 M3MEPEHHsSI  TBEPIOCTH  METa/NIOB, MHKPOCKON  IIKOJIbHBIH,
W3MEPUTENBHBIC HHCTPYMEHTHI, PEXKYIINE HHCTPYMEHTHI, My(enbHas 1ieub, TEPMOCTAT, pa3phIBHAS
MaIllliHa, MasTHUKOBBIH KOTIep.

Jns  mpoBeleHUs  JISKIUOHHBIX M NPAKTUYECKUX  3aHITUH 1O  JTUCIMIUIMHE
«MarepuanoBeieHue» He TPEOYETCS CIeHATU3UPOBAHHOTO IIPOTPAMMHOTO 00eCIICUCHHUS.

CocraBureJib:
Jonent xkad. «ATIIII» /McaeBa M.P./
CorunacoBaHo:
7/ N
3ag. Beimyckaroniei kag. «bPOHI' M» / // /Xananos A.I1./
/£ ;
HMupexrop IYMP / /MaromaeBa M.A./
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