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1. Heau u 32724y JTUCHUILIMHBI

Leab — mMO3HAaHHWE COBPEMEHHBIX TEXHOJIOTUM W METOJOB IOJNyYeHUS U 00pabdOTKH
KOHCTPYKIIMOHHBIX MaTePUAJIOB, a TAK)KE MO3HAHUE CBOMCTB ATUX MATEPUAIIOB B 3aBUCUMOCTH OT
COCTaBa, CTPYKTYpbl W 0OpaOOTKH, METOJIOB WX YIPOYHEHHUs I HambOojee 3¢P¢(EeKTUBHOTO
WCIOJIb30BAHUS B TEXHUKE.

OcHOBHbBIE 334244 JUCHUILIMHBI « TexHoaorus KOHCTPYKIMOHHBIX MATEPHAJIOB.

- UI3YUYCHUEC CYIIHOCTH IIPOLUECCCOB IIOJYUCHUSA METAJIJIOB U UX CIIJIABOB;

- UI3Y4YCHUC OCHOB 3aroOTOBUTCIIBHOI'O ITPOMU3BOJACTBA, MCTOOOB 06pa6OTKI/I MCTAJIJIOB JaBJICHUCM,
- UI3Y4YCHHUEC OCHOB CBAPOYHOI'0 ITPOMU3BOJACTBA U HOpOH.IKOBOﬁ MCTAJIYpTHUH,

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

- U3YYUTHb TCOPHIO U IPAKTHUKY PA3JINYHBIX CII0CO00B YIIPOYHCHUA MATCPHUAJIOB IJIA IMOBBINICHUSA
Haﬂé)KHOCTI/I H AO0JI'OBECYHOCTH ﬂeTaneﬁ, HHCTPYMCHTA U PI3,Z[CJ'IPII>1;

- UI3YYUTHb OCHOBHBLIC I'PYIIIIBI COBPEMCHHBIX MaTCpUAIIOB, UX CBOMCTBA U 00J1aCTH MMPUMCHCHUS

- HOaTb IOHATUA O COBPCMCHHBLIX MCETOJAX HMCCIICAOBAHUA CTPYKTYpPblI W IMPOTHO3UPOBAHUA
IKCILTYaTallHOHHBIX CBOMCTB MaTCprajioB U HSHGHHﬁ.

2. MecTo IMCHUIIMHBI B CTPYKTYpPe 00pa3oBaTe/IbHOM POrpaMMbl
JucuumuinHa «TeXHOIOrusl KOHCTPYKLMOHHBIX MaTepHajoBy» SBJsETCs 00LenpodeccuoHalbHON
IMCHUIUIMHOW B CTPYKType o00pa3oBaTeibHON mporpaMmbl. « TeXHONOTHS KOHCTPYKIIMOHHBIX
MaTepUajoBy OTHOCUTCA K 0a30Boil yactu npodeccronanbHoro nukia b1.0.20 «TKM» - ogna u3
OCHOBHBIX JUCLUIUIMH, ONPEIEISAIONIMX YpPOBEHb NOJArOTOBKHM OakajllaBpOB B BBICHIMX Y4YEOHBIX
3aBEJICHUAX. 3HAYCHHE 3TOM IUCLUIUIMHBI ONPENEsIeTcsl IIMPOKUM JHara30HOM MaTepualos,
UCTOJNB3YyEeMBIX B TIPAKTUYECKOH JEATEIPHOCTH BO BCEX OTPACIAX HApPOIHOTO XO3SHCTBA.
JlocTatouHble 3HAHUS, MOTyYeHHbIE B 001MacTh «TeXHOJIOTUSI KOHCTPYKIIMOHHBIX MaTepUAIIOBY,
JOJDKHBI ~ o0OecrieunBaTh B IPOM3BOJCTBEHHBIX IpOIECCax paluoHalIbHOE, 3 (deKTUBHOE
UCTIOJB30BAHUE  MaTEpUANOB TPU  COOJIOACHWH  TPeOOBAaHWH DKOHOMHKH, DKOJOTHH U
0€30IacHOCTH Tpy/a.

3. IlepedyeHb ILUIAHMPYEMbBIX Pe3yJbTATOB OOY4YeHHMS] 1O JAUCHHUILINHE

(M0yJ110), COOTHECEHHBIX ¢ HHAUKATOPAMH JOCTHKEHNSI KOMIIETEHIIM I

BreinyckHuk nmporpaMMmel OakanaBpuara ¢ IpUCBOEHUEM KBadu(uKaluuu «OakajaBp» B pe3yJsbTaTe
OCBOCHMS JMCUUIUINHBI «TEXHOJIOTUsS KOHCTPYKIMOHHBIX MaTepUaloB» JOJDKEH 00J1a1aTh

CIIeAYIOIIMMUA KOMIIETCHIIUSIMH, COOTBETCTBYIOIIUMH BHIY (BHAaM) MpodecCHOHAIBHOMI
NesITeIbHOCTH, Ha KOTOPBIH (KOTOpbIE) OpUEHTHPOBaHa Iporpamma OGakanaBpuara (tadi. 1).
Taoauna 1
Ko mo ®I'OC NuaaukaTopsl 10CTHKEHUSA ILnannpyemMsle pe3y/ibTaThl
00y4eHHs Mo AUCIUILINHE
3YB)
Oo6menpodeccuoHalbHbIE
OIIK-5. Criocoben OIIK-5.1. conocraBiseT TEXHOJIOTHIO 3HaTh:
HaxXoIuTh N MIPOBEACHUS TUITIOBBIX SKCIICPUMEHTOB - OCHOBBI
nepepadaTeIBaTh Ha CTaHJApPTHOM O0OpYIOBaHUH B MeTaJLTyprHYecKoro
MHPOPMALHIO, Ja0opaTopuy U Ha POU3BOACTBE TIPOM3BOJICTBA;
TpeOyeMyto ISt § OIIK-5.2. obpabaTsiBacT pe3yIbTaTI - 3AKOHOMEPHOCTH TPOLIECCOB
MIPUHATHUA PCIICHHUU B HAay4YHO-UCCJICA0BATCILCKOU
HAaYy4HBIX ACATCIIBHOCTH, UCIIOJIB3YA CTAHAAPTHOC KpHCTAILTM3AIIH I

CTPYKTYypOOOpa30BaHUS

HCCJIEIOBAHUSAX U B o0opynoBaHue, MPUOOPHI U MATEPHAIIBI




MPAKTHUUECKOHN
TEXHUYECKOMN
JICSATEIILHOCTH,
MPOBOJIUTH ATCHTHBIN
aHajau3 u Tpanchep
TEXHOJIOTUH

OIIK-5.3. B1ageeT TEXHUKOU
9KCIIEPUMEHTHPOBAHUS C
HCIIOJIb30BAHUEM IMMAKETOB IMPOTPAMM

METaJUIOB | CIUIABOB, OCHOBBI
UX TEPMOOOPaOOTKH,
CTIOCOOBI 3aIIUTHI METAJUIOB
OT KOPPO3HUHU;

- KJIacCU(UKAIUIO U CITOCOOBI
MOJTy9eHUS
KOMITO3UITOHHBIX
MaTepuasos;

- IPUHIIUTIBI BBIOOpA
KOHCTPYKIIMOHHBIX
MaTepHraoB s
MPAKTUYECKOTO TIPUMCHCHUS;
- CTPOCHHE U CBOICTBA
METaJIJIOB, METOJIbI HX
UCCIICIOBAHHS,

- Kiaccuukanuio
MaTepHasoB, METAJNIOB U
CILIaBOB, UX 00JIACTH
PUMEHCHHS;

- METOJIbI 00pabOTKH
MaTepUasoB;

- METOJIMKY pacyera
Ha3HAYCHUS PEKUMOB
pe3aHus IS Pa3ITUIHbIX
BUJIOB PaboT.

Ymern:

- pacmo3HaBaTh
KJIaccu(UIUPOBATh
KOHCTPYKIIHOHHBIEC U
CBIPbEBBIC MaTEPHUAIIBI O
BHEIIIHEMY BHU]LY,
MIPOUCXOXKICHUIO,
CBOMCTBAM,;

- OTIPE/ICTISTh BUTIBI
KOHCTPYKITMOHHBIX
MaTepHasoB;

- BBIOMpATh MapKu MaTepuaa
JUTS U3TOTOBJICHUS U3 HETO
JIeTajieii MaIluH,
paciiugpoBKH MapoK
OCHOBHBIX
MAaIIMHOCTPOUTEILHBIX
MaTepHasoB;

- OTIPEeETATh METO U CIIOCO0
MTOJTYYICHUS 3aTOTOBKH C
YYETOM TPUMEHSIEMOTO
MaTepuaia U TpeOoBaHUM;

- BBIOMpATh coco0 CBapKu U
ee ImapameTphl JUIs
COCJIMHEHMS AeTalleii;

- MPOBOJTUTH MCCIICTOBAHUS U
WCTIBITAHHSI MATEPHUAJIOB,




paccUnThHIBaTh U Ha3HAYATh
ONTUMAJIbHBIE PEKUMBI
pe3aHus u T.II.

Baanern:

- METOIaMHU CTPYKTYPHOT'O
aHaJIM3a Ka4ecTBa
MaTEepUaJoB;

- nH(opMaIHel 0 CBOMCTBAX
Y IIPUMEHEHUH Pa3JInYHbIX
MaTepHUasos;

- HaBbIKAMH ITPaBUJIBHOTO
BbIOOpA MaTEpUAIOB UCXOIS
U3 aHaJIM3a yCJIOBUN
9KCILTyaTaluu U
IIPOU3BOJICTBA;

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

- HEKOTOPBIMU
9KCIIEPUMEHTAIILHBIMU
METOJUKAMHU U TEXHUKON
MaTepuaioBeIYECKUX
HCCIICIOBaHUIA;

- HaBbIKaMHU pabOThI C
TEXHUUYECKOHN U CIIPaBOYHOU
JUTEPATYPOU U
JOKyMEHTaluel;

- uHQoOpMalmei o cBolcTBax
Y IPUMEHEHUH Pa3IN4HbIX
MaTepHasos;

- HaBbIKaMU pabOTHI €
TEXHUYECKOHN U CIIPABOYHOMU
JUTEPATYPOU U
JIOKYMEHTAIUEH.

ITpodeccnonabHBIE

[TK-2. CrmocoGHOCTH
MPOBOIUTH PAOOTHI MO
JAUAarHOCTHUKCE,
TEXHUYECKOMY
00CITyKBaHHIO,
PEMOHTY U
9KCIUTyaTaluu
TEXHOJIOTHYECKOTO
o0opymoBaHus B
COOTBETCTBUHU C
BbIOpaHHOM Cepoit
npohecCHOHANBHOMN
JESATETBHOCTH

[IK-2.1. 3HaTh Ha3HAYUCHHE, [TPABUIIA
9KCIUTyaTallud ¥ PEMOHTA
HedTera3oBoro 000py10BaHUs

[1K-2.2. 3HaTh MPUHLMIIBI OpPTaHU3ALNN
U TEXHOJIOTUH PEMOHTHBIX PadoT,
METOABI MOHTaXKa, PEryJIUPOBKH U
HaJaaKu 000pyI0BaHMS

[IK-2.3. ymeTh aHanu3upOBaTh
napameTpsl paboThl TEXHOJIOTHYECKOTO
obopymoBaHUs

[1IK-2.4. ymeTs pa3zpabaTsiBaTh U
IUTAHUPOBATH BHEAPEHHE HOBOT'O
o0opynoBaHU

[1K-2.5. BnmameTs METOIAMU
JUAarHOCTHKU M TEXHUYECKOTO
00CITy>KUBaHHS TEXHOJIOTHIECKOTO
o0opynoBaHus (HapyKHBIN U
BHYTPEHHHUI OCMOTp) B COOTBETCTBUH C




TpeOOBaHUSIMH TTPOMBIIIUICHHOM
0€30IaCHOCTH U OXPaHBI TPyJa

4. O0beM TUCHHUIIMHBI M BUIbI Y4eOHOH padoThI

Taoauna 1
Bcero CemecTtpbl
4yacos/ 324. e/. 100]0) 300
Bun yueOHo# padoThl
(01010 300 6 4

KonrakTHasi padora (Bcero) 51 14 o1 14
B ToMm uuce:
Jlexumn 17 8 17 8
[IpakTrueckue 3aHATUS
CemuHapsbl
JlaGopaTopHbIie pabOThI 34 6 34 6
CamocrosiTesibHas padoTa (Bcero) 57 9 57 94
B ToM yuce:
Kypcogas pabota (mpoekT)
PacuetHo-Tpaduueckue padboThI
TP
Pedepats 20 -
Joxksabl 20 20
[Ipezentanuu
[ToxroroBka k 1a00opaTopHbIM paboTam
[TonroToBKa K MPakKTHYECKUM 3aHATUSIM 10 60 10 60
IToaroroBka Kk 3auery 7 34 ! 34
ITonroToBka K sK3aMeHy
Buj otueTHOCTH 3auer 3auer 3auer 3auer

BCETO B 108 108 108 108
OO0mas Tpy10eMKOCTh Eacc;;‘, O & 3 3
AUCHMITUHBI sau. 3 3

eIMHUIAX




5. Coaep:xanue TUCHUIINHBI
5.1. Pa3neapl AMCHUIIMHLI M BUABLI 3aHATHH

Tadoauna 2

n/n

HaumenoBaHue pasjaesa
AUCUHMILIMHBI 110 CeMeCTPam

Jlek.

3aHATHUSA

4achl
ODO/3P0

Jladopar.
3aHATHA

4achl
ODO/3D0

Ipax
3aH-
4acel

CeMuH
3aH-
4achbl

Bcero

4acoB
ODO/3P0

CoBpemMeHHoOE
MeTaJLIyprudeckoe
NMPOMU3BOACTBO H €r0
npoaykuus. [lpousBoacrso
YYryHa M CTAJIH.

212

4/2

6/4

Cnoco0bl pa3JMBKH CTAJIH.
Cnoco0ObI MOBBIIICHUS
Ka4yecTBa CTAJIU.

3aroToBUTEILHOE U
JIMTEITHOE TPOU3BO/ICTBO.

Texnonorus 00padoTkn
MeTaJVIOB AaBJIeHUEM.
CBapouHoe NPON3BOACTBO.

MeTtajibl. ATOMHO-
KPHUCTALIIMYECKOE CTPOeHHe
METAJLJIOB.

7Ke1e30 1 ero CIiaBbl.

2/2

4/2

6/4

CBolicTBa METAJIJIOB.
Onpenesienune
MeXaHM4YeCKHUX CBOICTB
METAJLJIOB.

3/2

6/-

9/2

Teopusi u TexHoJI0TUSA
TepMHYecKOoii 00padoTKn
MeTAJLJIOB.

2/2

4/2

6/4

XHMHKO-TepMHUYeCKas
o0paboTKa cTajau.
Metoas! ynpo4HeHUs
MeETAJLJIOB.

Hrtoro

17

34

51/14

5.2. JlekuMoHHBIE 3aHATHSA

Taoauna 3

n/n

HaumenoBaHue pasjaesa
AUCHUIIJIMHBI 110 ceEMECTPpamM

Conep:xkanue pa3aesoB JUCHUUILIHHbI

CoBpemMeHHOE
MeTaJLIyprudeckKoe
MPOU3BOACTBO U €ro
npoaykuus. [IlpouzBoacrso
YYI'yYHA U CTAJIN.

1.1 KoHCTpYKIIMOHHBIE MaTepHaJIbl U UX KJIaCCH(PHUKAIINAL.

1.2 CtpykTypa COBpEMEHHOTO METALTyPTUIECKOTO
IIPOU3BOJICTBA.

1.3 OcHoBHas 1 TOOOYHASI TPOLYKITUS
METAJITYPrUueCKOr0 IPOU3BOJICTBA.




1.4 Marepuansl 1711 JOMEHHOTO IMPOU3BOJICTBA.

1.5 [loaroroBka pyz K JOMEHHOMH IJIaBKE.

1.6 BerutaBka uyryHa.

1.7 IIpotyKThl JOMEHHOM IJIaBKHU.

1.8 [Ipouecchl mpsSMOTro MOTy4YEeHUS Keyne3a U3 Py.
1.9 CoBpemeHHBIE CITOCOOBI MOTYYEHUS CTANH.

1.10 CymHocTh mpoliecca MoJyYeHHS CTaIH.

1.11 IIpou3BOACTBO CTAJIU B KOHBEPTOPAX.

1.12 IIpow3BOACTBO CTAJIM B MAPTEHOBCKHUX I€UYaXx.
1.13 TIpou3BOACTBO CTAJH B JIEKTPOIEYAX.

Cnoco0bl pa3jiMBKHU CTAJIH.
Cnoco0OLI NOBLIIIEHUSA
Ka4yecTBa CTAJIM.

2.1 CriocoObl pa3IuBKH CTAJIH.

2.2 Pa3nuBKa CTalIM B U3JIOKHUILY.

2.3 HenpepbiBHas pasznuBka ctaiaun Ha MHJI3.

2.4 MoauuupoBaHue CTANH.

2.5 O6paboTKa MeTa/Ia CHHTETHYECKUM IIIAKOM.

2.6 BakyyMHas jerasanus cTaiy.

2.7 DNeKTPOILIaKOBBIH MeperiaB.

2.8 BakyyMHO-yrOBOI1 Ieperias.

2.9 BHemHue pu3ndecKrue BO3ICUCTBUS Ha
3aTBEPJACBAOIINI METAJLII.

3aroTroBUTEILHOE U JUTEHHOE
NMPOU3BO/JCTBO.

3.1 Beibop MeTo1a 1 crioco0a MoMy4yeHus 3ar0TOBOK.

3.2 O0mue NpUHIUIBI BEIOOpA 3ar0TOBOK.

3.3 OcHoBHbIE (PaKTOPHI, BIUSIOUINE HAa BEIOOD criocoba
MOJTyYEHUS 3aTOTOBOK.

3.4 Knaccudukanust TMThIX 3arOTOBOK U JINTCHHBIC
CIUTaBBI.

3.5 Cxema nosryuyeHHst OTIUBOK.

3.6 CriocoObI M3TOTOBJICHUE TUTEHHBIX (POPM.

3.7 ®OpMOBOUYHBIE U CTEP’KHEBBIE CMECH.

Texnosorus 00padoTkun
MeTAJJIOB 1aBJICHHEM.
CBapouHoe NPOU3BOACTBO.

4.1 Knaccudukanus mporeccoB oOpadOTKH JTaBICHHEM.

4.2 TIpokaT U ero npou3BOCTBO.

4.3 TlpeccoBanue.

4.4 Bonouenue.

4.5 KoBka u mraMnoBka.

4.6 Cpapka 1uiaBieHueM. Pydnas nyrosast cBapka.

4.7 ABTOMaTuyeckas IyroBas cBapka moj (procom.
JlyroBas cBapka B 3aIIUTHBIX ra3ax.

4.8 Tlna3meHHas u JIEKTPOIIAKOBAs CBapKa.

4.9 JlydeBble criocoObl CBapKHU. DIEKTPOHHO-TTy4YeBas,
Ja3epHas ¥ ra3oBas CBapKa.

410  Cpapka JJaBI€HUEM U KOHTAKTHAs CBapKa.

411 Juddysuonnas capka. CBapka TpeHUEM U
B3pPBIBOM.

4,12  CnernualibHbIC TEPMHUYECKHE ITPOIIECCHI B
CBapOYHOM IPOM3BOJICTBE: HAIUIABKA, HAIBUICHUE U

nanka.
Merasibl. ATOMHO- 5.1 IIpocTpaHcTBeHHas (KpUCTAIIMYECKas) pelieTKa
KPHUCTANINYeCKOe CTPOeHHe METaJJIOB.

MeETAaJJI0B.
7Keie30 u ero cmjiaBbl.

5.2 Pa3HOBUIHOCTHU U JePEKTHI KPUCTAITMYECKON
CTPYKTYpPBI METAJIJIOB.

5.3 Iuddysus B merannax.

5.4 Knaccuduxaiuys MeTaioB.




5.5 Jlmarpamma COCTOSIHHS JK€JI€30-yTIAEPOI.

5.6 KoMIOHEHTHI U CTPYKTYPHBIE COCTABIISIONINE
CHCTEMBI XKeJIe30-yIIIepo/l.

5.7 TlpeBpallieHus Ha JIMHUAX TUArpPaMMBbl KeEJI€30-
yII1epos.

5.8 [IpaBuiI0 KOHIIEHTPALIUI U OTPE3KOB.

5.9 Knaccudukanus u MapkupoBKa CTaJICH.

6. | CBoiicTBa MeTAIO0B. 6.1 ®u3nveckre CBOWCTBA METAILIOB.

OnpenesieHne MeXaHUYECKUX 6.2 XuMHUYECKHE CBOWCTBA METAIIOB.

CBOICTB MeTAJLJIOB. 6.3 Mexanu4eckue CBOMCTBA METAJLIOB.
6.4 TexHonmoruueckre CBONCTBA METAJLIOB.
6.5 DKcITyaTallMOHHBIE CBOMCTBA METAJIIOB.
6.6 CriocoOblI onpeiesieHUs MEXaHUYECKUX CBOMCTB.
6.7 OnpeneneHue MPOYHOCTH U TTACTUYHOCTH.
6.8 Onpeznenenue TBEpAOCTH, BI3KOCTU U YCTAIIOCTHON

MIPOYHOCTH.

7. | Teopusi U TEXHOJIOTHSI 7.1 Knaccudukanus BUI0B TepMUUYECKON 00pabOTKH.
TepMHYecKoi 00padoTKu 7.2 IlpeBpateHusi, MpOTEKAIOIIKE B CTAIH IPU HArpeBe U
MeTaJLI0B. OXJIQXKICHUH.

7.3 Harpes npu TepmooOpadboTke. XUMHUYeCKoe JIeiicTBHE
Ha METaJUI HarpeBalole CPeIbl.

7.4 Orxur. Haznauenue v pa3HOBUIHOCTH.

7.5 3akanka. HaznaueHnue u ciocoOsbl.

7.6 Otmyck cranu. HasHaueHue u pa3HOBHIHOCTH.

8. | XMMHKO-TepMHYecKas 8.1 llemeHTanus.
0o0padoTKa cTajau. 8.2 AszotupoBaHme.

MeToabl ynpoYHeHHSsI 8.3 luanupoBaHue WJIM HUTPOIIEMEHTAIIUS.
MEeTaJLIOB. 8.4 ud¢y3noHHAs METALTU3AIINA.
8.5 Tepmomexanudeckas 00pabOTKa CTAIH.
8.6 TloBepXHOCTHOE YITPOYHEHHE CTAIBHBIX JIeTaJICH.
8.7 Crapenue.
8.8 O0paboTka cTam X0JI0I0M.
8.9 VYnpouHeHHe METOI0M MJIACTHYECKOH J1ehopMalHH.
5.3. JlabopaTopHbIe 3aHATUA
Tao6auuna 4
Ne HaumenoBanme pa3jaesna
HanmeHoBaHue 1a60paTOpHBIX padoT
n/n AU CIUIJINHbI
Kpucrannusauus .
1 MaxkpocKONUYecKHii aHaTU3 CTPOESHUSI METAIJIOB.
MeTAaJLJIOB.
2 7Kene30 u ero crJiaBsbl. Jlnarpamma COCTOSIHMSI CUCTEMBI «GKEJIe30-yTIIepPOI.
Kpucrannusauus .
3 Kpucranmuzanus u TepMUYECKUi aHaIH3 METAJIIOB.
METAaJIJIOB.
Teopus U TeXHOJIOTUA
4 TepMu4ecKkoii 00padoTkn | TexHoIorus TepMUIecKoil 00paboTKH yTrIepOIUCThIX CTAJIEH.

CTaJu.




Teopus U TeXHOJIOTUA

5 TepMUYecKoil 00padoTKHu .
CTaJIei.
CTaJIN.
MexaHnnyeckue CBOMCTBA
6 CrniocoOsI onpeiesieHrs TBEPAOCTH METAJIIOB.
MeTaJJIOB.
7 Mexannuyeckue cBoiictBa | CriocoObI ONpeesIeHHs MPOYHOCTH, YIIPYTOCTH U
MeTaJJIOB. MJIACTUYHOCTH METAJUIOB.
MexanuyecKkue CBOMCTBA .
8 Ornpezenenre yaapHOH BSI3KOCTH METAJUIOB.
MeTaJLJIOB.
9 Texnosnorus od0padorku Pa3HOBHIHOCTH IPOKATHOTO MPOU3BOACTBA: KOBKA U
MeTAJJIOB JIaBJIeHHEeM. ITAMIIOBKA.
10 | CBapouHoe Npou3BOACTBO. | PydyHas ayrosas u ra3oBas CBapka.

5.4. IlpakTueckue 3aHATHA (He MPeIyCMOTPEHbI Y4eOHbIM IJIAHOM)

6. CamocrosiTesibHAs pad0Ta CTYACHTOB IO TUCHHUILTHHE.

Leabio camocToOATEILHOM PadoThI sIBIIsICTCS (HOPMUPOBAHKE TUYHOCTH CTYJICHTA, PA3BUTHE
€ro CIOCOOHOCTH K CAaMOOOYYCHHIO U TIOBBIIICHHIO CBOETO MPOPECCHOHATHFHOTO YPOBHSI.

CamocrosTenbHas pa60Ta 3dKJIIIOYaCTCA B U3YUYCHHU COACPIKAHUA TEM KypCa IO KOHCIICKTaM,
yu4eOHMKaM W JONOJHHUTENBHON JIHUTEeparype, MOATOTOBKE K JIa0OPaTOPHBIM W MPAKTUYECKUM
3aHATUSIM, K PyOEKHBIM KOHTPOJISIM, K DK3aMeHy, ohopMIIeHIH J1ab0paTopHbIX padoT. OHa MOXKET
BKJIIOYATh B ce0sl MPAaKTUKY MOJATOTOBKH pedeparoB, Mpe3eHTallii U JOKIAI0B 10 HUM. TemaTnka
pedepaToB J0MKHA HMETh MPOOJIEMHBIH M TNMPOGECCHOHATBHO OPUEHTHUPOBAHHBIA XapakTep,

TPEOYIONIHI CaMOCTOSATEIHFHOM TBOPUYECKOW PabOTHI CTYICHTA.
Tembl 1OKJIAa10B:

1.

N3rotoBneHune 3aroToBOK METOIaMU IIOPOILIKOBOM METaTyprHH.

OnHOCTOpOHHEE U IBYXCTOPOHHEE IpeccoBaHue. ['mapocTaTHyeckoe NpeccoBaHue.

HpOKaTKa KaK OJJWH H3 CII0CO00B O6pa60TKI/I MCTAJIJIOB U MCTAJINIMYCCKUX CIIJIaBOB

TaBIICHUEM.
Bosouenue, koBKa 1 IITaMIIOBKA METAJIJIOB.
O6paboTka METaIOB pE3aHUEM.

BuOpouMiynbcHble METO/1bI 00pabOTKH METAJIIOB.
Ob6ocHoBaHMEe BbIOOpA METO/1a MOTYUYEHHUS 3aTrOTOBOK.
JloMeHHBII mpornecc.

KucnoponHo-koHBepTEpHBII Mpoliecc.

. [Ipon3BOACTBO CTAIM B MAPTEHOBCKHUX IE€YaX.

. DNEeKTpOCTaIEIJIaBUIIbHBIE TIEYU U UX PA3HOBUIHOCTH.

. Cxembl ¥ criocOOBI pa3JIMBKU CTaJIH, MX JOCTOMHCTBA U HEJIOCTATKHU.
. JIuThe 1O BBIMIJIABISAEMBIM M BEKUTAEMBIM MOJICIISIM.

. JInThbe B KOKMIIb ¥ TTOJT JaBICHHUEM.

. MI3roToBneHNe OTIMBOK IIEHTPOOCIKHBIM M HEMPEPHIBHBIM JIUTHEM.
. Koppo3us meTaninoB: pa3HOBUAHOCTH B METO/IbI OOPHOBI.

. Kommo3utHbIE MaTCpurajibl B HAYKEC U TCXHUKE.

TexHomorus TepMu4ecKoil 00paboTKH JerHPOBAHHBIX




18.

19.
20.
21.
22.
23.

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

SKCHepI/IMeHTaIII)HI)IG MCTOJBI MIOCTPOCHHUA JUarpamMm COCTOSIHUM ¥ aHAJIN3 UX OCHOBHBIX
THUIIOB.

[TopoikoBble MaTEpHAIIBI.

TyromnnaBkue MeTallIbl U CIUIABBI HA UX OCHOBE.

[ToyueHre MOHOKPHCTAILIOB X aMOP(HBIX METAJLIOB.

B3anMocBsA3b MeXy COBEPLICHCTBOBAHUEM MATEPUAJIOB U Pa3BUTUEM HAYKHU U TEXHUKH.

DU3NKO-MEXaHUUECKUE CBOICTBA METAJUIOB U CIIOCOOBI ONPEIEIECHUs UX KOJNYECTBEHHbIX
XapaKTEPUCTHK.

Hanomatepuasibl B COBpEMEHHOM MUPE: BpE]l WU MOJIb3a.

[IpumeHeHne KkepaMHUUECKUX MAaTEpPUAIOB B COBPEMEHHOM TEXHUKE.

MeaunuHCKIEe MaTepralibl: TpeOOBaHUS K HUM M CBOMCTBA.

DTOP-MOJUMEPHI: CBONCTBA U TPUMEHECHHUE.

Hemerannuyeckue maTepuarnsl.

B3anmocCBA3b MEXK1y COBEPIICHCTBOBAHUEM MATEPHUAJIOB U PA3BUTUEM HAYKHU U TEXHUKHU.

TexHonorus IMIPpOU3BOJCTBA JeTaney METoA0M HOpOIHKOBOﬁ MCTAJUTYpPIUH.

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

1. [Tactotuna O.B. MatepuanoBenenue : yueobHoe nocodue / [lactotuna O.B.. —
Munck : Pecniyonukanckuii HHCTUTYT nipodeccruoHanbHoro odpasosanus (PUI10), 2020. —
276 c. — ISBN 978-985-7234-48-6. — TekcT : a1eKTpOHHBIN // DIEKTPOHHO-O0MOIMOTeYHAs
cuctema [PR BOOKS : [caiitr]. — URL: http://www.iprbookshop.ru/100385.html (mata
obpamienus: 07.03.2021). — Pexxum noctymna: At aBTOPU3MP. MOJIb30BaTENCH

2. MenbaukoB A.I'. MarepuanoBenenue : ydyeObHoe mnocodbue mia CIIO /
MenbsnukoB A.I'., XBopoBa U.A., UunkoB E.Il.. — Caparos : IIpodoGpa3oBanue, 2021. —
223 c. — ISBN 978-5-4488-0919-4. — TekcT : 2eKTPOHHBIN // DIIEKTPOHHO-ONOIMOTeYHAS
cuctema IPR BOOKS : [caiitr]. — URL: http://www.iprbookshop.ru/99930.html (zara
obpamenusi: 07.03.2021). — Pexxum goctyna: st aBTOpU3HP. MoJb3oBareneil bongapenko
I''I". OcnoBbl MaTepuanoBeneHus: yueOnuk / bonnapenko I'.I'., Ka6anosa T.A., Peibanko
B.B. — Mocksa: Jlaboparopwust 3Hanwmii, 2020. — 761 c. — ISBN 978-5-00101-755-4.

3. DmextpoHHble  pecypchl.  Pexxum  moctyma:  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 KoHCTpYyKIHOHHbIe MaTepuaisl (KM)? Knaccugukarus KM.
CoBpeMEHHOE METAJUTYPIrH4eCKO€e MMPOU3BOJICTBO U €TI0 MPOYKIIHS.
Marepuansl 1)1 JOMEHHOTO IIPOU3BOCTBA.

IToaroToBka pyx K TOMEHHOH IUTABKE.

[Tpou3BoOACTBO YyryHa. Y CTPOMCTBO U paboTa JOMEHHOM MMeyHu.
OcHoBHbIE ¥ TOOOYHBIE TPOAYKTHI JOMEHHOMN TJIaBKU.

OcCHOBHBIE COBPEMEHHBIE CIIOCOOBI TOTYUYEHUS CTAIH.

IIpon3BOACTBO CTAIM B KOHBEPTOpPAX.

ITpon3BOACTBO CTaNM B MAPTEHOBCKUX I€YaX.

LCoNoOAWNE



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

[Tpon3BOCTBO CTANU B 3JEKTPOIICYAX.

CnocoObI pa3IMBKHU CTaJIH.

Marepuanosenenue. OOmias XxapaKTepUCTHKA METAJIJIOB.
ATOMHO-KPUCTAJUIMYECKOE CTPOCHHUE METAJIJIOB.

JlepeKThl KpUCTAIUTMYECKON CTPYKTYpPbI METAJLIOB.

Huddy3us B MeTauiax.

Knaccudukanus MeTaoB.

DHepreTuyeckue yCIoBUs MPoLiecca KPUCTaUIU3aluH1.
MexaHu3m npouecca KpUCTaJLIU3ALMU.

['oMoreHHO€ U reTeporeHHoe 3apo/Ipleo0pa3oBaHue.
MouunupoBanue METaJIJIOB.

[TonumopdHbIe npeBpalieHus: B MeTalIax.

dopma KPUCTAIIOB U CTPOCHUE CIUTKOB.

[TonsiTre o craBax U MeToJIaX UX nojaydeHus. OCHOBHBIE OHITHS B TEOPUU CILIaBOB.
Oco0EeHHOCTH CTPOCHUS, KPUCTAILTU3AIMHI U CBOMCTB CILIABOB:

MCXaHHYCCKHUX CMeceﬁ, TBEPAbIX PaCTBOPOB, XUMHYCCKHUX COCI[I/IHCHI/Iﬁ

25.
26.
27.
28.

JnarpamMma cOCTOSIHUS IBYXKOMIIOHEHTHOT'O CIUIABA.

ITopsnok MOCTpOCHUS AMarpaMM COCTOSIHUS CILUIABOB.

OcCHOBHBIE THUIIBI AUATPAMM COCTOSIHUS CILIABOB.

CBs13b MEXly CBOMCTBAMHU CIUIABOB U TUIIOM JAMArpaMMBbl COCTOSIHUS

(mpaBuio Kypnakosa H.C.)

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.

Juarpamma coctostHUS kene30 - yriiepoa. Komnonentsl cuctemsl Fe—FesC.
XapakTepHuCcTHKa CTPYKTYPHBIX cOCTaBIstomux cuctemsl Fe—FesC.
[TpeBpaienust Ha TuHUAX Auarpammsl Fe — FesC.

Crpyktypsl u dassl Ha quarpamme Fe — FesC.

ITpaBriI0 KOHLIEHTpALMI U OTPE3KOB.

Knaccugukanus 1 MapKHpOBKa YTIEPOTUCTHIX CTAJIEH.

Bunsr nedopmariuii U HanmpsKEHHH.

[Mnactuueckas gedopmariusi.

MexaHu3M MacTu4eckoi 1eopMaliy MeTasioB.

Mexanusm n1eopMallMOHHOTO YIIPOUYHEHUSI METAIIJIOB.

BnusiHue HarpeBa Ha cTpoeHHe Ae()OpMUPOBAHHOTIO METalIa.
OcHOBHbIE CBOMCTBAa METAJIOB: (PU3NUYECKNE, XUMUYECKHE, MEXaHUUECKUE,
TEXHOJIOTHYECKHE U IKCIUTyaTallMOHHBIE.

MexaHnueckoe pa3pyleHne TBEpAbIX Te.

Pazpymenune MmatepuaoB B mpouecce H3Hoca.

Koppo3nonHoe pa3pyiieHne MmaTepraios.

CniocoObl NMOBBINIEHUS! KOHCTPYKIIMOHHON MPOYHOCTH MaTEPUAJIOB.
IIpoYHOCTE M IUIACTUYHOCTH U METOJbI UX OIPEIEICHU.

TBeprocTb. MeToibl ONpeieICeHuE TBEPIOCTH.

Bszkocts. Onpenenenue BA3KOCTU U €€ 3aBUCUMOCTD OT TEMIIEPATYPHI.
BeiHOCIMBOCTE. OCHOBHBIE XapAKTEPUCTUKN BBIHOCIIMBOCTH.
Knaccugukarus BUI0B TepMUYECKOH 00pabOTKH.

[IpeBpaiienus, IpOTEKAOIINE B CTAIN [IPU HATPEBE U OXJIAKIECHUU.
Harpes npu repmoo6paboTke. XuMudyeckoe Bo3/IeiicTBHE HarpeBaroei

Cpcabl Ha METaJII.

52.
53.

Orxur u Hopmann3auus. HazHaueHue u pesKuMsl.
3akanka. HasHaueHne U BUIBI. 3aKaJOYHBIE CPEBI.



T'PO3HEHCKUM IF'OCYVAPCTBEHHBIH HEO@TAHOU TEXHUYECKUU YHUBEPCUTET

BbuJjer k 1-0ii pvoesxkHoii arrecranuu Ne 1

Z[I/ICI_[I/IHJ'II/IHa TexH0JI0TrHsI KOHCTPYKIMOHHBIX MaTEePHAJIOB

UHI' T'pynnma HII ~ cemectp
1. Koncrpyknuonusie marepuansl (KM) u ux knaccudukanusi.

2. ATOMHO-KPHCTaJLINYECKOE CTPOCHUE METAILIIOB.

YTBEPXIAIO:

« » 20 . 3aB. kadenpoit

7.2. Bonpochl KO BTOPOi py0eKHOH aTTecTAlNH
1. ITpou3BOACTBO LIBETHBIX MeTalIOB. Kiaccudukanus BEeTHBIX METAILIOB.
2. IIpon3BoACTBO aTFOMUHHSL.
3. [IpousBoacTBO MeaM.
4. TIpon3BOACTBO MarHus.
5. IIpon3BOACTBO HUKEIIA.
. IIpon3BOJICTBO THTAHA.
. JIuteitnoe npousBozacTBo. Knaccudukanus IUTHIX 3ar0TOBOK.

. JIutetinbie CIUIaBBI M UX TATEHHBIE CBOMCTBA. CITOCOOBI JINTHS.

Nele B e

. Texnomorust o6padotku napnenueM. Kinaccudukanms crmoco6oB 00pabOTKH JTaBICHUEM.
10. IIpoxkaT u ero mpou3BoACcTBO. CIIOCOOBI MPOKATKH.

11. O6opynoBaHue U NPOAYKLHS IPOKATHOTO IPOU3BOICTBA.

12. IlpeccoBanue. TeXHONOTHS ¥ TPOAYKIHSI IPECCOBOTO IIPOM3BOCTBA.

13. Bonouenue. TexHOIOrNs BOJIOYEHHS U €70 IPOAYKLHS.

14. Koka. Crioco0b1 1 TexHOoJ0THs KOBKU. OO0pyJ0BaHKE /17151 KOBKH U €€ MPOAYKIHSI.

15. O0bemuast mraMnoBKa. Buapl TaMIIOBKH.

16. CBapounoe mpou3BoicTBO. CIocoObI CBapKH.

17. KOMITIO3UIITMOHHBIE MAaTEPHAIIBI.

18. Marepuaiibl MOPOIIKOBOW METAJITypIHH.

19. Crioco0bl 3aKajKy CTalu.



20. Otryck cranu. OCHOBHOE 000pyIOBaHHE JIJIsi TEPMUYECKON 00pabOTKH.
21. Xumuko-tepmudeckas 0opadbotka. HazHadeHre 1 OCHOBHBIC BH/IBI.

22. llemenranus. CriocoObI IeMEHTAIMH U TEpMOOOpabOTKa Tocie Hee.

23. AzotupoBanue. HazHaueHnue v pa3HOBUIHOCTH.

24. llnaHupoBaHUE U HUTPOLIEMEHTAIIHS.

25. Nubdy3rnonHas MeTauii3aIusi.

26. TepmomMexaHnuueckast o0paboTka cTaju.

27. [loBepXHOCTHOE YIIPOYHEHHE CTAIBHBIX JETaNCH.

28. 3akanka TBY u rasomna3MeHHas 3aKaika.
29. Crapenue. HazHaueHue u pa3HOBUIHOCTH.
30. O6paboTKa cTaau X0JI0I0M.
31. YupouHeHne METOAOM IUTACTUICCKOM ehopMaIiu.
32. KOHCTpYKIIMOHHBIE CTAJIM U UX PA3HOBUIHOCTH.
33. Binusaue yriepoaa Ha CBOWCTBA KOHCTPYKIIMOHHBIX CTaJICH.
34. Tunsl npuMecei U UX BIUSHUE HA CBOIMCTBA cTaleil.
35. JlerupoBannsle ctanu. HazHadeHne IErupyIOMMX 3JIEMEHTOB.
Knaccudukanus jerupoBaHHbIX cTaseH.
36. BrnusiHuE TETHPYIONUX JIEMEHTOB Ha TOTMMOP(H3M Keesa.
37. BnusiHue erupyommx 31eMeHTOB Ha (ha30Bble MPEBPALICHUS B CTAJISX.
38. LlemeHTyeMbIe U yTy4IlIaeMble CTaJIH.
39. BoicokonpouHble, IPYKUHHbBIE U IMIAPUKOIOIIIMITHUKOBBIE CTAIH.
22. Cranu Jyist ©3/1eTUi, paboTArOIIMX PHU HU3KKUX TEMIIepaTypax.
23. M3HOCOCTONKHE M aBTOMATHBIE CTAJIH.
24. O0ObI4HbIE U OBICTPOPEXKYIINE CTAIN I HHCTPYMEHTA.
25. Cranu Ju1st ©3BMEPUTENBHBIX HHCTPYMEHTOB U IITAMIIOBBIE CTaJIH.
26. TBepaocmniaBel U aIMa3 Kak MaTepua Il U3rOTOBJIEHUS HHCTPYMEHTOB.
27. Koppo3unonHo-croiikue cranu. Kimaccudukaiyst KOppo3HOHHO-CTOHKUX CTaJIei.
28. KapocTolKOCTh, )KapOCTONKHE CTAJI U CIUIABBI.
29. XKaponpouHOoCTb, KaponpoyuHble CTaIM U ciiaBbl. Kimaccudukarms
YKapOIPOYHBIX CTAJIEH U CILJIaBOB.
30. YUyrysn. 'padurusanus uyryHoB. BiusHue cocraBa uyryHa Ha npouecc rpaduTH3aImH.
31. Bnusinue rpadurta u npuMeceil Ha MEXaHMYECKHE CBOMCTBA UyTYHOB.
32. CtpoeHue U Kiaaccu(uKaus 4yryHOB.
33. Cepsliit uyryH. CBoiicTBa, MapKupOBKa U TepMOOOpaboTKa.
34. BbICOKONPOUHBIN YyTyH C MApOBUAHBIM IpaduToM. CBONCTBA,
MapKUpOBKa U TeEpMOOOpadoTKa.
35. KoBkuii uyryn. CBoiicTBa, MapKUpOBKa H TEPMOOOpabOTKa.
36. LiBeTHBIC METAIUTBI. AJTFOMHHHHA U €T0 CIUIABHI.
37. Menp u ee cIIaBbl.
38. TuTaH u €ero Criassbl.
39. Marsuii u ero CIuiaBbl.
40. KoMIO3UIIMOHHBIE MaTEPHUAITBI.
41. MaTepualibl TOPOLIKOBON METAJLTypruu.

T'PO3HEHCKHUH I'OCYIAPCTBEHHBIH HEDQTAHOHU TEXHUYECKHUU YHUBEPCHUTET




buJjer k 2-o0ii pvoeskHoii arrecranuu Ne 1

I[I/ICI_[I/IHJII/IHa TexH0J10TrMsl KOHCTPYKIMOHHBIX MATEPUAJIOB

UHI"  TI'pynna HII cemMecTp 5
1. JIureitnoe nmpousBocTBO. Kiaccudukanus IUThIX 3ar0TOBOK.
2. XuMHUKO-TepMUYecKasi o0padoTka. HasHadueHne 1 OCHOBHBIC BUJIBI.

YTBEPXIAIO:

« » 20 r. 3aB. xkadenpoii

7.3. Boripochl K 3a4eTy (3K3aMeHY)
1. Yro Takoe koHCTpYKIMOoHHBIE MaTepraiisl (KM)? Kinaccudukarms KM.
2. CoBpeMEHHOE METAILTYPTrHYECKOE MPOU3BOICTBO U €r0 MPOAYKIIHSL.
3. Marepuainsl A1l JOMEHHOTO IPOU3BOJICTBA.
4. IloaroroBka pya K JOMEHHOM IJIaBKE.
5. Ilpou3BoACTBO YyryHa. Y CTPOMCTBO U paboTa JOMEHHOM MeYH.
6. OcHOBHBIE 1 TOOOYHBIE MPOTYKTHI TIOMEHHOMN TUIaBKU. BaxkHeiimue
TEXHUKO-3KOHOMHMUYECKHE TIOKa3aTeNId JOMEHHOU MevH.
7. Ilpon3BoacTBo ctanu. [Iporeccsl MpsAMOro mory4eHus Kees3a u3 pya.
8. OCHOBHBIE COBPEMEHHBIE CIIOCOOBI MOTYUEHHSI CTAIH.
9. IIpon3BOACTBO CTaIM B KOHBEPTOpAX.
10. ITpon3BoAcCTBO CTaM B MapTEHOBCKUX I€Uax.
11. IIpon3BOACTBO CTAJIN B 3JEKTPONEYAX.
12. CriocoObl pa3IuBKHU CTAJH.
13. [Ipon3BOACTBO MBETHBIX MeTa/LIOB. Kitaccudukanus 1IBETHBIX METAJIIOB.
14. IIpon3BoACTBO ANIOMHUHMUSL.
15. Ilpon3BoacTBO MeaH.

16. [Ipon3BOACTBO MarHusl.



17. IIpon3BOACTBO HUKEIS.

18. IIpon3BoACTBO TUTAHA.

19. Kpucramiun3zanus MeTauioB. DHEPreTHYeCKHUe yCIOBHS Ipoliecca
KpUCTAJTU3al1H.

20. MexaHu3M mporiecca KpucTauIn3alyi.

21. Camonpou3BoJIbHOE (TOMOTEHHOE) M T€TEPOTeHHOE
3apojbleodpazoBanue. MoauduupoBaHue METaJLIOB.

22. Kpucramiusaius 1 CTpOEHUE CTAIbHBIX CIUTKOB.

23. lebexTsl cTambHBIX CIIUTKOB. CIIOCOOBI MTOBBIIICHUS KAYECTBA CTAJIH.
24. Bueneunas oOpaboTka ctanu. BakyymHas nerasamusi cTaiu.

25. DIIEKTpOUUIAKOBBIN MeperiaB cTainu. BakyyMHO-1yroBoi nepemnias
CTaJIu.

26. CriocoOsI (hU3MUECKOTO BO3ACHCTBHSI HA TTPOIECCHl KPUCTAJUTH3AIUH.
27. 3aroTOBUTEIIBLHOE MPOU3BOICTBO. BRIOOp MeTOIa M crtoco0a MOTyIeHHS
3arOTOBKH.

28. Jlureitnoe mpousBocTBO. Knaccudukaiys IUTHIX 3ar0TOBOK.

29. JIuTeliHble CIJIaBbl U UX JIUTEHHBIE CBOMCTBA.

30. Cxema mostydeHus OTIUBOK. M3roToBieHne MTUTeHHBIX (HOPM U CTEPIKHEH.
31. CneunanbHble CrIOCOOBI TUTHS. JIuThe B 000710UYKOBBIE U METATNINYECKUE
(hopmBI.

32. JIuTbe 110 BBIIUIABISEMBIM U BEIKUTAEMbBIM MOJCIISIM.

33. M3roToBiieHHE OTIUBOK IIEHTPOOEKHBIM JTUTHEM U JINTHEM TO]T
JTABJICHUEM.

34. I3roToBiieHHe OTIUBOK 3IEKTPOILIAKOBBIM U HEMPEPHIBHBIM JIUTHEM.
35. JledeKTbl OTIAMBOK M UX HCIPABICHHE.

36. Texnomorus 06padoTku naBnenueM. Kimaccudukamms crmoco6os



00pabOTKH JTaBIICHUEM.

37. IlpokaTt u ero npou3BocTBO. CIIOCOOBI MPOKATKH.

38. Ob6opymoBaHue U MPOIYKIUS IPOKATHOTO MPOU3BOJICTBA.

39. IIpeccoBanue. TexXHOIOTHUS U TPOAYKIIUS MPECCOBOTO MPOU3BOJICTBA.
40. Bonouenue. TexHOIOrUsI BOJIOYEHUS U €r0 TPOAYKITHUA.

41. KoBka. Crioco0bI 1 TeXHOJOTHS KOBKHA. OOOpyIOBaHKE /Il KOBKH U €€
MPOTYKIIHSL.

42. O6beMHas MTaMITOBKA. BUIBI IITAMITOBKH.

43. Capounoe npou3BoicTBO. CriocoObl CBapKH.

44. Cpapka 11aBieHUeM. Pa3HOBUIHOCTH JyroBOM CBapKHu.

45. Py4ynas nyroBasi cBapka.

46. ABTOMaTHYeCKasi AyroBas cBapka moj (harocoM U B 3alIUTHBIX ra3ax.
47. Ilna3mMeHHast U JIEKTPOILIIaKOBas CBapKa.

48. DnexTpoHHO-Iy4YeBas U Jla3epHas cBapKa.

49. l'azoBas cBapka M CBapKa JaBJICHUEM.

50. KonraktHas u qudpy3nonHas cBapka.

51. CBapka TpEHUEM U B3PHIBOM.

52. CneunaibHblE TEPMUUECKUE TIPOLIECCH] B CBAPOYHOM MTPOU3BOJICTBE.
Hanbutenne u narika.

53. KoMno3u1noHHbIe MaTepraibl.

54. Marepuainsl NOPOMIKOBOW METAJLTYPIHH.

55. Marepuanosenenue. O0miast XxapakTepUCTHKA METAJIIOB.

56. ATOMHO-KpUCTAJLINYECKOE CTPOCHHE METAJIJIOB.

57. edeKTbl KpUCTAIUTMYECKON CTPYKTYpPhI METaJIIOB.

58. luddysus B meTasnax.

59. Knaccuduxanus MeTaaioB.



60. DHepreTryecKkue yCa0BHsI POLECCa KPUCTAIIU3ALINH.

61. MexanusM rmpoiiecca KpUCTAJUTU3ALINH.

62. ToMOTeHHOE ¥ TeTEPOTCHHOE 3apOAbIIIIc00pa3OBaHue.

63. MoauduimpoBaHiue METAILIOB.

64. ITomumopdHbIE TPEeBpaIlIEHUS B METAJIJIaX.

65. ®opMa KpHUCTANIOB U CTPOCHHUE CIIUTKOB.

66. [lonsiTue o crlaBax U METo/Aax UX nojaydeHus. OCHOBHbBIC TOHSATHUS B TEOPUH CILIABOB.

67. OcOOEHHOCTH CTPOCHHUS, CBOMCTB U KPUCTAIITU3AIMH CIUIABOB: MEXaHUYECKHX CMECEH,
TBEPABIX PACTBOPOB, XUMUYECKHX COCTUHEHUI.

68. Jluarpamma cOCTOSIHUSI IByXKOMIIOHEHTHOT'O CILIaBa.
69. [lopsiiok MOCTPOCHUS TUarpaMM COCTOSIHHS CILIABOB.
70. OCHOBHbIE THUIIbI TUAIPAMM COCTOSIHUS CILJIABOB.

71. CBsi3b MEX]ly CBOMCTBAMH CILJIABOB U THUIIOM JAMarpamMMbl cocTosinus (rnpasuiio KypHakosa
H.C)

72. Jlnarpamma COCTOSIHUS JKese30 - yriepo. KommonenTsr cuctemsl Fe—FesC.
73. XapakTepuCTHKa CTPYKTYPHBIX COCTABIISIFOIINX cUCTeMbl Fe—FesC.
74. TlpeBpaienus Ha JIMHUAX nuarpammer Fe — FesC.

75. CtpykTypsl U ¢a3bl Ha quarpamme Fe — FesC.

76. IIpaBUnO KOHLIEHTPALUK U OTPE3KOB.

77. Knaccudukanus 1 MapKUpOBKa YIIIEPOIUCTBIX CTaJIeH.

78. Bunpl neopmManinii 1 HarpsHKEHUH.

78. Ilnactuueckas nedopmManusi.

80. MexaHu3M Iu1acTU4ecKol JeopMaui METaLIOB.

81. MexanusMm J1eopMallMOHHOTO YIIPOUYHEHHS METAJLIOB.

82. BausiHue HarpeBa Ha cTpoeHHe Ae(OpMUPOBAHHOTO METalIa.

83. OCHOBHBIE CBOICTBAa METAJLIOB: (PM3HUECKHUE, XUMUYECKHE, MEXaHUIECKHE,
TEXHOJIOTUYECKHE U IKCIUTyaTal[HOHHBIE.

84. MexaHunueckoe pa3pyleHue TBEPABIX TeEll.



85.

86.

&7.

88.

89.

90.

91.

92.

93.

94.

95

96.

97.

98.

99.

100

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Pazpymienue marepuanoB B poliecce U3HOca.

Koppo3uoHHOe pa3pylieHre MaTepUaoB.

CriocoObI MOBBIIIEHUS! KOHCTPYKIIMOHHOW MPOYHOCTH MaTE€PHUAJIOB.
[TpoYHOCTh M TUIACTUYHOCTH U METOJBI X ONpPEICIICHHS.

TBepnocts. MeToasl onpeeneHne TBEPIOCTH.

Bsizkoctb. OrnpenienieHne BSI3KOCTH U €€ 3aBHCUMOCTD OT TEMIIEpaTypHl.
BrirocimBocTh. OCHOBHBIE XapaKTEPUCTUKU BBIHOCITHBOCTH.
Knaccudukanus BUI0B TepMUYECKON 00pabOTKH.

[IpeBpareHust, MPOTEKAOIINE B CTAJIN TIPU HATPEBE M OXJIKICHUU.

Harpes npu Tepmoo6paboTke. XuMu4eckoe BO3CCTBIE HarpeBaroIel CpeIbl Ha METalll.

. OTxur n HOpMaJIUu3anusi. Haznauenwue u PEKHUMBEI.

3akanka. Haznauenue u Bubl. 3aKanO4YHbIE CPEIbL.

CriocoObl 3aKajky CTaju.

Otnyck cranmu. OcHOBHOE 000pyIOBaHUE JIJISl TEPMUIECKON 00paOOTKH.
XuMuko-TepMmudeckas oopadorka. HasHaueHue 1 OCHOBHbIE BU/IBI.

. llemenTanus. CriocoObl IeMEHTaLMU U TepMO0OpaboTKa Mocie Hee.
A3zotupoBanue. Ha3HaueHne u pa3HOBHIHOCTH.

[{uannpoBaHu€ U HUTPOLIEMEHTALIHS.

Juddy3snonHas MeTamIn3anus.

Tepmomexannyeckast 00pabOTKa CTau.

[ToBepXHOCTHOE YNIPOYHEHUE CTAIBHBIX JCTAIECH.

3akanka TBY u razomnazMeHHas 3akajka.

Crapenue. HazHaueHune U pa3HOBUIHOCTH.

O06paboTka cTanu X0JI0I0M.

YnpoyHeHre METOI0OM IJIaCTHYECKOl aedopmanuu.

KOHCTPYKIII/IOHHBIG CTaJIn 1 UX Pa3HOBUIHOCTH.



111. BnusiHue yriepoja Ha CBOWCTBAa KOHCTPYKLIMOHHBIX CTaJEH.
112. Tunel npuMecel U UX BIUSHUE HA CBOICTBA CTaJEH.

113. JlerupoBanusie cranu. Haznauenue jgerupyromux neMeHToB. Kiaccudukanms
JIETHPOBAHHBIX CTaJEH.

114. BnusHue Nerupyonmx 3JeMEHTOB Ha MOJIUMOP(HU3M Keje3a.

115. BnusHue Ierupyonmx 3JeMEHTOB Ha (a30BbIe MIPEBPAIICHUS B CTAIISX.

116. LlemenTyembie U yiydlliaeMbie CTaIH.

117. BeicokonpouHbIe, IPY>KMHHBIE U ITAPUKOMOIIIUITHUKOBBIE CTAJIH.

118. Cranu nns u3genuit, paboTaronmMXx Mpy HU3KUX TeMIIEpaTypax.

119. M3HOCOCTOMKME 1 AaBTOMATHBIE CTaJIH.

120. O6bIYHBIE U OBICTPOPEIKYIIUE CTAIN JJIs1 HHCTPYMEHTA.

121. Cranu a1 U3MEPUTEIbHBIX HHCTPYMEHTOB U ILITAMIIOBBIE CTAJIH.

122. TBepaocmuiaBbl M ajiMa3 Kak MaTepuall Ui U3rOTOBJICHUS HHCTPYMEHTOB.

123. Koppo3uonnoctoiikue cranu. Kiaccudukanus Koppo3nOHHOCTOMKHUX CTajIeH.

124. XKapocToMKOCTb, ’KapOCTOMKNE CTAJIN U CILIABBI.

125. XKapornpo4HoCTb, ’KaponpouHble CTalu U cruiaBbl. Kinaccudukarms
YKapOIPOYHBIX CTAJIEH U CILJIaBOB.

126. Yyryn. I'pagutusanus uyryHoB. BnusiHue cocraBa uyryHa Ha rpoiecc
rpadUTHU3ALNN.

127. BnusHue rpadura u mpuMeceil Ha MeXaHMYECKUe CBOMCTBA UYT'yYHOB.

128. Ctpoenue u kiiaccuuKanus 4yryHoB.

129. Cepslit uyryH. CBoiicTBa, MapKHpPOBKa U TEpMOOOpabOTKa.

130. BoicokonpouHbIif YyryH ¢ MapoBUAHBIM rpaduToM. CBOHCTBA,
MapKUpOBKa U TEpMOOOpadoTKa.

131. KoBkwuii uyryn. CBoiicTBa, MapKUpPOBKa U TEPMOOOpabOTKa.

132. [IBeTHbIE MeTANIIBI. AJTIOMUHUN U €T0 CILJIaBhI.

133. Menp u ee CIjIaBhl.



134. TutaH u ero CIjIaBbl.
135. Maruuii u ero CIIaBEbL
136. KoMIio3uimoHHbIe MaTepHabl.

137. Marepuaiibl TOPOIIKOBOM METAJLTYPTUH.

T'PO3HEHCKUM F'OCYJAPCTBEHHBIH HEOTAHOU TEXHUYECKUU YHUBEPCUTET

buJjer k 2-oii pvoesxxknoii arrecranuu Ne 1

HI/ICHI/IHHI/IHa TexH0J0rusi KOHCTPYKIMOHHBIX MATEPHUAJIOB

UHI' I'pynma HIT CEMECTP

1. CoBpeMeHHOE METAUTYpru4eCcKO€e IPOU3BOJICTBO U €r0 IPOAYKIIHS.
2. Kitaccudukanust BUI0B TepMUIECKON 00pabOTKH METAILIOB.
YTBEPXIAIO:

« » 20 r. 3aB. kadeapoit




7.4. Tekymuii KOHTPOJIb
JladbopaTopHnasi padora Nel mo TKM

MAKPOCKOIMMYECKHU AHAJIN3 METAJLJIOB

lleJlb paﬁombl: HU3YUCHHUC BJIUAHUA XUMHUYCCKOI'O COCTaBa U pa3JIMIHbBIX BUIOB 06p2160TKI/I Ha
CTPYKTYpPY MCTAJUIOB; BBISABJIICHHUC ,I[e(beKTOB, HapymarlrX CINIONIHOCTh MCTAJLIIOB, OIIPECACICHUC
JIMTOH CTPYKTYPbI U XHUMHYSCKOH HEOOHOPOJHOCTH METALZIOB; U3YUCHUEC N3]IOMOB MCTAJLJIIOB.

Jlabopamopnoe 060pyoosanue u mamepuanpl: MAKPOCKOIL; TYITbI; KOMIUIEKT Makpouutidos
U3 pa3iMyYHbIX METAIIOB; Ha0op doTorpaduii MAaKpOCTPYKTYD.

Kpamkue meopemuuecKkue ceéedeHus no meme

Maxpockonuueckuii ananus (Maxpoananiu3s) 3aKiI0YaeTcs B U3y4E€HHH OOIIEro CTpOCHMS MeTajia
yTeM MPOCMOTPA €r0 M3JI0Ma HMIIM CIIEHUAIBHO TTOATOTOBIEHHON MOBEPXHOCTH HEBOOPY)KEHHBIM
IJ1a30M WJIM IpU HEOOJBIIMX yBeNUYeHUsX — 10 30 pa3. DTo 1o3BoIsieT HaOMI0AAaTh OJHOBPEMEHHO
OOJIBIITYIO TIOBEPXHOCTh U MOIYYUTh MPEACTaBICHHE 00 00IIeM CTPOCHUHM METajula ¥ O HAJIMYHU B
HEM OIpEeNICHHBIX Je(eKTOB. MakpoaHannu3 He ONpeneNseT MOAPOOHOCTEH CTPOCHUS M 4acTo
SIBISIETCSI TIPE/IBAPUTEIbHBIM, HO HE OKOHYATEIbHBIM BUIOM HMCCIICIOBAHUS. XapaKTepu3ys MHOTHE
OCOOCHHOCTH CTPOCHUS, MaKpOaHaIW3 IIO3BOJIAET BHIOPATh TE YYaCTKH, KOTOpBIE TPeOYIOT
JalbHEHIIero MUKPOCKOIINYECKOro uccienoBanus. CTpoeHHEe METaUIOB U CIUIABOB, OINPEIEIIEHHOE
TaKuM 00pa3oM, Ha3bIBACTCSI MAKPOCMPYKMYPOIO.

MakpoaHann3 NpUMEHSIOT AJi BBISBICHHUS B METAJJIE JACHAPUTHOTO CTPOCHMS, YCaJOUHOM
PBIXJIOCTH, OCEBOM MOPUCTOCTH, FA30BbIX My3bIPEH, TPEIIMH, ITyCTOT, IUIEH, IIJIAKOBBIX BKIIIOUCHH,
pacrnojoKeHus: BOJIOKOH B MOKOBKAaxX M IITAMIIOBKAX, BUJ W3JI0Ma, JIMKBALUU cepbl U ¢ocdopa,
CTPYKTYpPHOM HEOJTHOPOJAHOCTH, KaUeCTBAa CBAPHOI'O COETUHEHUSI.

Jlng vccnenoBaHus MakKpOCTPYKTYpPhl METAJUIOB U CIJIABOB UCHOJB3YIOT METOJ HUIM(OB U
MeTosl u310MOB. Ilpy 3TOM BUA HU3JIOMOB OINpPEAEISIOT HEMOCPEICTBEHHO BHU3YyaJbHBIM
HaOJI0ICHNEM, TOT/Ia KaK OCTalbHbIe 0COOEHHOCTH — Ha Makpouuindax.

Oobpaser (ero eme Ha3bIBAIOT TEMIUIET) METaNIa, TOBEPXHOCTh KOTOPOTI'O MOATOTOBJIEHA /IS
MakpoaHalu3a, HasbpiBaeTcs Makpouummdom. OOpazerny g MakpoaHalu3a BBIPE3alOT B
OIIPEAEIEHHOM MECTE U B ONPEIEICHHON IUIOCKOCTH B 3aBUCHMOCTH OT TOTO, YTO IOABEPraroT
UCCIIEIOBAaHUI0 — OTJIUBKY, IIOKOBKY, IITaMIIOBKY, TIIpOKaT, CBAapHYIO WU TEPMUYECKU
0o0pa0oTaHHYIO JA€Tajdb M YTO TpeOyeTcs BBISIBUTH U W3YUYUTh — MEPBUYHYIO KPHUCTAIIU3ALUIO,
neeKThl, HapyUIaloIIie CIJIOIHOCTh METalla, HEOJTHOPOAHOCTh CTPYKTYpPHI U T.1. B cBsA3M ¢ 3TUM
oOpa3ipl BBIPE3AIOT U3 OJHOIO WM HECKOJIBKHMX MECT CJIMTKA, 3aroTOBKM  (JeTanM) Kak B
IIPOJOJBHOM, TaK M B TIIONEPEYHOM HANpaBIEHUAX. BbIpe3aHHbIE TEMIUIETHl IOJBEPraroT
MeXaHU4ecKoi 00paboTke, XMMUYECKOMY TPABJICHUIO U HCCIIEIOBAHUIO.

Metoapl MakpOTpaBiIeHHMsS TMOAPA3ACIAIOT Ha TPU TPYIIBL  21Y00K020 MPAGLeHUsl,
NOBEPXHOCMHO20 MPABAEHUS, OMNEYaAMKO8.

CymHocTs MeTofa 2nyb0K020 mpasieHus 3aKiIodaeTcs B 00pabOTKe MOBEPXHOCTH
Makponuirda pacTBOpaMu HEOPTaHUIECKUX KUCIIOT, B PE3yJIbTaTe Yero y4aCcTKU, HEOJHOPOIHBIE IO
cocTaBy, obnamaromue 0oiee pa3BUTOM M aKTUBU3UPOBAHHON MOBEPXHOCTHIO, MPOTPABIUBAOTCS
paznmuuno. OOpa3yeTcsi Makpopenbed MOBEPXHOCTH C y4YacTKaMH OOJIbIIEH W MEHBIIEH BBICOT,



KOTOpBI€ MU OO0JBIION rTyOHHE pe3KOCTH HEBOOPYKEHHOT'O IJ1a3a WIIM MaJIbIX YBEIHUYEHUSX MOTYT
OBITh UICHTU(UIIMPOBAHBI.

Ilosepxnocmnoe mpaesnenue UMeeT 0ojiee OTPaHUYEHHBIM XapakTep B MaKpOaHaIM3€ U
UCTIOJB3YyeTCsl ISl OOIIETO MCCIEI0BAHUS CTPYKTYPHI M BBIABICHHS /1€()EKTOB, HEITOCPEICTBEHHO
BBIXOJISIIUX HA TIOBEPXHOCTh, & TAK)KE BBISBJIICHHS XapaKTepa JIMKBAIlMK B MeTayiax. J[is obmero
HCCIIEAOBAHUS CTPYKTYPBI CTallel IMIUPOKO MpUMEHseTcs peakTuB coctaBa: 10-20 r mepcynbdata
ammonust [(NH4)2S20g] ma 100 mur Boasl, TeMieparypa peaktuBa 50-60°C, Bpems Boiaep:kku 5-40
MUH. J{aHHBIM peakTUB MO3BOJIAET HAOIIOATh SIBICHUS PEKPUCTAIUIM3AINH, HEOTHOPOAHOCTh 3€PEH
10 pa3Mepam, CTPOEHUE CBApHBIX LIBOB.

[Tpenmy1iecTBO METO/1a MOBEPXHOCTHOTO TPABJICHUS 10 CPABHEHHUIO C TITyOOKUM TPaBICHUEM
3aKJIFOYAETCS B BO3MOXXHOCTH JIYYINIETO BBISBIICHUS OTIENBHBIX JIETANCH CTPYKTYPHI, a TaKXKe B
MEHBIIICH arpeCCUBHOCTH PEAKTUBOB U MPOCTOTHI 0OpAIEHHUS C HUMH.

Memoo omneuamkoe PUMEHSETCS Ul ONpPEJeNICHHUs JTUKBAllMA MPUMECEH B MeTaiax |
crutaBax. B cramsax Hapsay ¢ dochopom Harbosiee BpeqHOU MpUMeEChIo sBisieTcs cepa. Cepa Takxke
oOnanaer OOJBIION CKIOHHOCTBIO K JIMKBAI[MHM, HEPAcCTBOpUMA B XKelle3e W O0pa3yeT C HUM
XUMHUYECKoe coeanHeHue — cynbdun xenesza (FeS), koTopwlii BXOIUT B COCTaB JIErKOILIABKOU
sBTekTuku Fe-FeS, pacnonararomeiicss OTAeTbHBIMU BKIIOYEHHSMHU IO TpaHuiam 3epeH. [Ipu
HarpeBe 10 Temreparypbl rTopsiuerr gedopmanuu  (800-1200 °C) BKIOYEHHUS HSBTEKTHKH
(Temnieparypa miaaBiaeHus 988 °C) mpuaaroT cTajlyd XpynKoCTb, JUOO OIUIABIISIIOTCS U 00pa3yroT B
MaTepuase HaJIPbIBBI H TPEIIUHEI (SIBJICHUE KPACHOJIOMKOCTH CTaJIH).

Jiist onpeenenns TMKBAIMK Cepbl HAaMOOJIbIIIEe paclpocTpaHeHue morydm mero; baymana.
B nanHoM Mmertone 3acBedeHHYIO (OTOOYMAry BBIACPKHUBAIOT B 5 %-OM BOJTHOM PacTBOPE CEPHOM
KHCIIOTHI B TeueHue 5-10 MuH, cierka mpocyluBaioT MeX 1y JUCTaMu (GUIBTPOBAIbHON Oymaru ass
yllajdeHHs U3JIUIIHETO PAcTBOPA U TJIOTHO MPHUKJIAABIBAIOT K Makpouuindy Ha 25-30 munyt. CHsTas
¢ Makpouruda porobymara npombiBaercs, Guxkcupyercs B pacTBope runocynbdura 20-30 mMuH,
mpoMbIBaeTcsi U BbicymuBaercs. [lomydyennele Ha (oToOymare y4acTKM KOPHUYHEBOTO IIBETa
YKa3bIBAIOT Ha MecTa, oboramieHHble cepoi (ckoruieHus cynbduaoB). Ecnu gorobymara nmmeer
PaBHOMEPHYIO OKpAaCKYy, CJI€0BaTEIbHO, CEpa paclpeieseHa paBHOMEPHO.

JlukBaruio gocdopa B cTanu BRISBISIIOT TPaBICHUEM OTHUTHM(GOBAHHOTO 00pasiia B peaKTHBE
cocraBa: 85 1 xjopHoi mMeau u 53 T xjopucroro ammoHusi B 1000 cm3 Bonbl. [[nsi BEIsIBIEHUS
JUKBAllMA HEOOXOAMMO: OTHIIM(GOBAaHHYIO TMOBEPXHOCTh 00pasiia MpOTepeTh BaTOM, CMOYEHHOM
CIUPTOM; 00pa3ell MOrpy3uTh B YKa3aHHBIA PEaKTUB U BBIIEPKATh B HEM 1—2 MUH; MPU BBIACPKKE
o0pa3siia B peaKTHBE KEJIe30 PACTBOPSETCS U BHITECHSAET MEJlb, KOTOPAast 0CaXAaeTCs Ha TOBEPXHOCTU
o0pa3siia; mocie BBIACPKKU 00pasell BBIHYTh U3 PEaKTHBa; BCS TOBEPXHOCTh 00pasiia T0JKHA ObITh
MTOKPBITA MEJIbI0; CTPYEH BOJIBI CMBITh C IIOBEPXHOCTHU CJIOH MEJIH U TIPOTEPETh MAKPOILTH( MOKPOI
BaTOM; MPOCYIIUTH 00pasell.

bonee TemHble, T. €. INTyOOKO MNPOTpPaBICHHbIE Y4YacCTKH, — 3TO MeCTa, OOOralleHHbIE
dbocdhopom, Tak kak yeM OoJbine B xenese pocdopa, TeM ObIcTpee
oH pacTtBopsieTcsi. COOTBETCTBEHHO, CBETIbIE YYACTKHM Ha TEMIUIETE — MECTa C MEHbBIIUM
conepkanueM ¢ocdopa.

HpI/I HGO6XOJII/IMOCTI/I IMOJIHOI'0O MAKPOCKOITMYECKOIro MCCICAOBaHUA, a TAKXKE OIMPCACICHUA
HapymeHI/Iﬁ CINIOIIHOCTH MfETallla U ,Z[C(I)CKTOB CTPOCHHUA uenecoo6pa3Ho MMPUACPKUBATHCA
CJ'IC,Z[YIOU_ICI\/'I OoCICA0OBATCIIbHOCTU: CHadalla TpPaBUTH 06pa3eu PCAKTUBOM TTIOBECPXHOCTHOI'O
TpaBJICHUS, 3aTCM CHOBa IJ_U'II/I(I)OBaTB U onpeacyisiTb pacnpeiaciiCHUEC CCpbl IO OTICYHATKY Ha



¢dboTtobymare, mocie Yero MNPOU3BOAUTH TIJIyOOKOE TpaBleHUE [UIs OINpeNesIeHUs HapyleHUN
CIUIOLIHOCTH.

Buviaenenue cmpoenus aumoii cmanu

CrpoeHue MuTol cTaiu (IEHAPUTHYIO CTPYKTYPY) BBISBIISIOT TPABICHHUEM OTIUIM(OBAHHOTO
obpasna B 15 %-oM BOJTHOM pacTBope nepcyibdara aMMOHHUS.

JUis BBIABIICHUS JACHAPUTHOH CTPYKTYpPHl HEOOXOJMMO: OTHUIM(OBAHHYIO IOBEPXHOCTH
o0pasua mpoTepeTh BaTOW, CMOYEHHOH cmHMpTOM; Harperb peaktuB a0 80-90°C; obpazen npu
MTOMOLIY LIUIIOB IMOTPY3UTh B TOPSYMIl pEaKTUB U BbIJEPkKaTh B HEM 5—10 MUH; 1TOCIIe BBIIEPKKH B
peakTuBe oOpasel] Npy NOMOIIM LUIUIIIOB BEIHYTh U3 PEAKTUBA, IPOMBITH BOJIOM U MPOCYIINUTD.

[Ipu ananu3ze makponuinga ciIuTKa CTald HabMI0AETCs CTPYKTYpPa, CXeMAaTUYECKH MpPeICTaBIeHHAs
Ha puc. 1.

1 — ycanouHas pakoBHuHa; 2 — Hapy»Hasi MEJIKO3EpHUCTAas KOPKa;
3 — 30Ha CTONOYATHIX KPHCTAIUIOB; 4 — 30HA PAaBHOOCHBIX KPUCTAJLIOB.

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

Buisignenue oeghpexmos, napyuwaowux cniouHoCcms Memaiid
Jlns BbIABNIEHUS B cTaidu A€PEKTOB, HAPYIIAIOUIUX CIUIOIIHOCTh MeTaia (TpeuiuH, mop,
PaKoBMH), TPOBOJUTCSA TIIyOOKOE TpaBieHHEe OTHUIM(OBAHHOTO 0Opas3la BOJHBIM PACTBOPOM
consnoit kucnotsl (50 cm® HCI, 50 em® Bozisl) crieyromuM 06pa3oM: oTHLTH(OBAHHYIO MOBEPXHOCT
o0pasua mpoTepeTh BaTOM, CMOYEHHOM CIUPTOM; BaHHY € HarpereiM 10 Temmeparypbl 60-70°C
PEaKTHUBOM IOMECTHUTH B BBITSDKHOM IIKady (Tak Kak MPU TPABICHUU BBIICISIOTCS S/IOBUTBIE Ta3bl;



oOpaser mpy MOMOIIY IIUIIIOB MOTPY3UTh B TOPSYUN PEaKTHB W BhIIEpkaTh B HeM 10—45 muH.;
nocye BBLACPKKH 00pa3er] Ipy MOMOIIH IIMIIIOB BEIHYTh U3 PEaKTUBA, IPOMBITH BOJIOM, 3aTeM 10—
15 %-p1M BOJTHBIM PACTBOPOM A30THOM KHCIIOTHI U IPOCYILIUTD.

IIpu rmy6oKOM TpaBIEHUH PACTBOPOM KHCIOTHI BHICOKON KOHLIEHTPALMU IPOUCXOIUT CTPABIMBAHUE
ne(eKToB, HApYIIAIOMMX CIUIOIIHOCTh METaJlJla — OHU CTAHOBSTCS BUIMMBIMH HEBOODPYKEHHBIM
ria3om (puc. 2).
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Puc. 2. JlepexTsl, HapymIatolue CIIOMHOCTh METAILIA!
a — HeMeTaJUIMYECKUe BKIIOUCHHUS; O — MSATHUCTAS JINKBAIUS

H3zyuenue uznomos

BuyTtpennue nedexTsl, KOTOpble MOT'YT PUBECTH K Pa3pyLICHUIO U3/ENs, BBIBISAIOTCSA IPU
M3Y4YEHUU U3JIOMOB.

H3nomom Ha3bIBaeTCs MOBEPXHOCTh, 00pas3yrolascs BCIEICTBUE pa3pylICHUS METalIOB.
N3nombl METaIJIOB MOTYT CYLIECTBEHHO OTJIMYAThCS MO IBETy. Tak, cTalu W Oelible YyryHbl, B
KOTOpPBIX BEChb YIVIEPOJA CBA3aH B IIEMEHTUTE, HMMEIOT M3JI0OM CBETJIO-CEpPOTO IBeTa. Y
rpadUTU3MPOBAHHBIX CTaJel U UYTYHOB, B KOTOPBIX YIJIEpOJl HAXOAUTCS MPEUMYILIECTBEHHO B BUJIE
rpaduTa, U3IOM yepHOro npera. Ha MOBEpXHOCTH HM3IOMOB MOXXHO BHUJAETh JE(PEKTHI, KOTOpHIE
CIOCOOCTBOBANIM Pa3pyLIeHHIO. B 3aBUCMMOCTH OT cocTaBa, CTPOECHUS MeTalla, HAINYMS 1e(EKTOB,
yCIIOBUH 00pabOTKM W AKCIUTyaTalMu M3IENUN H3JIOMBl MOTYT WMETb GA3KUl, XPYNKUUl WA
yemanocmuulii Xxapakrep (puc. 3).

Bsiskuui  (sonoxnucmerti) usnom (puc. 3, a) umeer OYIPUCTO-CIIIAXCHHBIH penbed |
CBUJETEIBCTBYET O 3HAUUTEIbHOW MJIACTHUECKON nedopMaliuy, MpealiecTBYIOMEH pa3pyLIeHHIo.
[To BuAy BSA3KOTO M3JI0Ma HEJb3s CYIUTh O (hopMe U pa3Mepax 3epeH MeTaa.

Xpynkuii (kpucmannuueckuir) uziom (puc. 3, 6) XapakTepu3yeTcsi HATHIMEM Ha TIOBEPXHOCTH
IUIOCKUX OJIECTAIIMX Yy4acTKOB. Tak Kak pa3pylieHHe MpoTekaeT 0e3 3aMeTHOW IIacTHYeCKOU
nedopmanuu 1 Gopma 3epHa HEe HCKaXaeTcs, TO Ha XPYIKOM H3JIOME BUIHBI UCXOJHas Gopma u
pasMep 3epeH Merauia. llpu XpynkoMm u3ioMe paspylleHHE MOXKET NPOMCXOAUTH 4YEpe3 3€pHa
(TpaHCKpUCTAJUTMUECKUA WM HAQTAIMHUCTBIA  M3710M) JMOO MO  TpaHULAM  3epeH
(MEXKPUCTAIUTMYECKUA MJIM KaMHEBUIHBIN U3JI0M). Pa3pylienne mo rpaHuiiaM 3epeH UMEET MECTO
IpY HAJUYMM Ha TPaHMIAX HEMETAJUIMYECKUX BKIOUeHHUH (dochuabl, cynbPuabl, OKCUbI) WIH
JPYTUX BBIJIEICHUN, OCIa0SIONUX TPOYHOCTh TPAHUI] 3€pHA.



OObIYHO M37I0MBI OBIBAIOT CMEUIaHHBIMU. IIpu cMemaHHOM H3JI0Me Ha €ro IMOBEPXHOCTH
HAOJIOAAI0TCS YYACTKH BA3KOTO U XPYIIKOTO Pa3pyLICHHS.

Puc. 3. Buapl nu3nomos cranu:
a — BS3KUH; 6 — XpYNKUI; 6 — yCTaJOCTHBII.

Yemanocmuwiii n3nom (puc. 3, 6) obpasyercsi B pe3yiabTare JJIMTEILHOTO BO3JCHCTBUS Ha
METaJUl UKINYECKUX HanpspDKeHUH u aedopmaruii. M3710M COCTOUT M3 TpeX 30H: 3apOXKIACHUS
TPEUINHBI, COOCTBEHHO YCTAJIOCTHOTO pACIpPOCTPAaHEHHs] TPEUIMHbI W JIoJloMa. MeXxaHu3M
YCTAJIOCTHOTO Pa3pyIICHHs CIICAYIONIHUIA: YCTAIOCTHAS TPEIINHA BO3ZHUKACT B MECTAX, I'JIe MMEIOTCS
KOHIIEHTPATOPHI HANpsDKeHUH uiu e ekThl. [lepBast 30Ha MIockasi ¥ riaakas. Y BEIHYUBAsACh MPU
paboTte pgeranw, TpemMHA O00pa3yeT 30HY COOCTBEHHOTO YCTaJOCTHOTO pACIPOCTPAHCHUS C
XapaKTCPHbBIMHA KOHIOCHTPHUYCCKUMHA 60p03I[KaMI/I 150) 050 ayramu n MCJIKO3CPHUCTBIM,
bapdopoBUIHEIM H3IOMOM. 3a4YacTyr0 OHA HWMEET OTJACIbHBIC YUYACTKH TIJIAJAKOW NPUTEPTON
MOBEPXHOCTHU. J[0JIOM MPOMCXOIUT BHE3AIHO, KOT/Ia OCIa0JICHHOE TPEIIMHOW CEYCHUE JCTaIu He
CTMOCOOHO BBIZICPIKATH MPHKIAIBIBAEMON MEXaHWYECKON Harpys3ku. J[oJioM ObIBaeT BSI3KMM HITU

XPYTKHM.

Ilopsaook evinonnenus pabomul
1. O3HAaKOMHTBCS C METOJMKOW TIPUTOTOBIICHHUS MaKPOILIH(OB.
2. By4nTh KOJIEKIUIO 00pa3IoB ¢ OCHOBHBIMU Je(eKkTaMu, HaOIr01aeMbIMU Ha UX IMTOBEPXHOCTH.
3apucoBaTh 3T J1e(EKTHI.
3. MccrnenoBarh U 3apucoBaTh MaKpOCTPYKTYPY TEMIUIETA JIUTOTO METAILIA.
4. OnieHUTH JIMKBALIMIO HA MUKpolutude no merony baymana.
5. I3yunThb u 3apucoBaTh OCHOBHBIE BU/IbI U3JIOMOB (BSI3KH, XpPYIKUI M YCTATOCTHBIH).

Cooepiwcanue omuema

1. Ilens paboTHI.
2. CymHOCTh MaKkpOaHajan3a, MPUTOTOBICHUE MaKpouuinda.
3. 3apucoBKa MaKpOCTPYKTYPHI JIUTOM CTAIIH.
4. 3apucoBKa MaKpOCTPYKTYphl OOpa3IOB CTalldi C OCHOBHBIMHU Je(eKTamu, HapyIIAIONIX
CIUIOIIHOCTh METaJlia.
5. 3apUCOBKH OCHOBHBIX BUOB U3]IOMOB.
6. BBIBO/IBI M3 TIOYYEHHBIX PE3YNIbTATOB.

Konmponwsnsie éonpocut
1. B yem 3akitodaeTcs CyIIHOCTh MaKpoaHann3a?
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. J1nst 4ero ucnonp3yercs MakpoaHaius?

. Kak BBEISIBUTE THKBAIHIO CCPEI B cranu?

. MeTo1bl MaKpOTpaBJIEHUSA U KX CYITHOCTh?
. Uto Takoe MakpoCcTpyKTypa?

. Kakue cymecTByroT METOIbI MAaKpOTpaBIECHUS?
. UTo Takoe KpaCHOJIOMKOCTb?

. Kak BoissBuTH nuKBanuio pocdopa B cranu?

9. Kak BBIABUTH JEHAPUTHYIO CTPYKTYPY B JIUTHIX 00pa3uax?
10. JlenapuTHas CTPYKTypa CIUTKA U MEXaHU3M e popMUpoBaHUs?
11. Yto Takoe u3JI0M U Kakhe BUbl U3JIOMOB BbI 3HaeTe?

12. XapakTepHble IpU3HAKU XPYIKOTO U BA3KOTO U3JI0MOB?

13. KakoB MEXaHHU3M YCTaJIOCTHOI'O pa3pylIeHUs?

Onucanne nokasaresieil 1 KpuTepueB OLIEHNBAHUS KOMIIETEHIMH HA Pa3JIMYHbIX

JTamnmax ux (l)OpMPIpOBaHI/lﬂ, OIINCAaHUEC IITKAJIbI OIICHUBAHUAA.

Taoauua 7

Ilnanupyemble pe3yJbTaThbl

KpuTtepuu oueHnBaHus pe3yjbTaToB 00y4eHUs

HaumenoBanue

0CBOEHHUSA KOMIIETEHIIUH MmeHee 41 6aj10B 41-60 6a10B 61-80 6ass10B 81-100
(HeynoBJeTBOpUTE |(YAOBJIETBOPUTE (xopo1o) 0as10B
OIIK-5.

3HATDH: (I)paFMCHTapHLIe Hemonable 3HaHUA C(I)OpMI/IpOBaH C(I)OpMI/IpOB
- 3aKOHOMEPHOCTH  Ipoueccop>HaHAA HBIE, HO  [aHHBIE
KpUCTAITU3AI[IN 7| coJiepKalie |CucTeMaTud
CTPYKTYpOoOOpa3oBaHUsI METAIJIOB U OT/IeTIbHBIC ecKue
CIIJIaBOB, OCHOBBI 50,4 Hpo6enm 3HAaHUA
TepMOOOPaOOTKH, CIIOCOOBI 3aIUThHI 3HAHUSA

METAJJIOB OT KOPPO3UH;

- KIacCCU(UKAMIO ©  CHOCOOBI
OJTYYCHUS KOMIIO3HI[MOHHBIX
MaTepHAaJIOB;

JTabopaTopHas paboTa
Otuer




'VMerh: Uactransie ymenus [HemorHbie Vmerus  |Chopmupos
- PAacIo3HaBaTh u YMEHUSA nonuele, |AHHBIC
KIIaccu(UIIPOBATH TOMyCKAKOTCA | yMeHHUs
KOHCTPYKLIIMOHHBIE W  CHIPHEBEIC HeOOJIbIINE
MaTepHajbl 10 BHEIIHEMY BHIY, OIIHOKHU
[IPOUCXOXKIECHUIO, CBOIICTBAM;
-  TOPOBOTUTH HCCICIOBAHUA W
MCIIBITAHUS MaTCPHUATIOB.
Biagers: Yactuunoe Hecucremarnueck B VYcnemnoe
- uHpoOpMalMeir o CBoOWcTBaX W BIIAJZICHHE o€ MPUMEHEHHE |cpcTeMaTiaee u
MPUMCHCHUN pa3IMYHBIX HaBBIKAMH HaBBIKOB KOM CHCTEeMaTH4
MaTEepPHAJIOB; IPUMEHCHHH ecKoe
- HEKOTOPHIMHU HaBEIKOB | TPMMEHEHH
PKCIIEPUMEHTANBHBIMA METOJUKAMH HomycKaroTest | © HABBIKOB
M TEXHUKOW MaTepHaJoBEIUYECKUX poGestbl
1IK-2
@parmeHtapHble  [Hemomubie 3Hanus |CopmupoBaH
3uarh: SHaHUA Heie, Ho  [Chopmupos
- KJIACCH(UKAIMIO  MaTepPHAJIOB,
METaJJIOB M CIIaBOB, OOJIACTH WX CONCPKAIINC AHHBIC
[pUMEHEHHSL. OTHENbHBIE |CHCTEeMATUd
TIpOoOeIIBI ecKue
3HAHUS 3HAHUS
Uactuuynble ymenus [Henonnbie
YMEHUS
YMeTh:
- OIpEeNEIATh BUIBI YV MeHIs
KOHCprKI_[I/IOHHI)IX MaTepI/IaJ'IOB;
- BbIOMpaTh  MaTepHanbl s TIOMHEIC,
KOHCTPYKLIMM MO MX Ha3HAYEHUIO U nomnyckarores (Chopmupos
YCIIOBUSIM DKCILTyaTaIiu; HEOOJIBIIINE [AHHBIC
OIMOKH  [yMEHUS
HactraHoe Hecucremarndaeck
BIIaJICHHE oc IpUMEHEHUE
HaBBIKAMU HaBBIKOB
B
Baangern: cuctemMaruyec |Y crenrHoe
- HAaBBIKAMHU HpaBI/IJ'II)HOFO BI)I60pa KOM 148
MaTepHuajoB WCXOAS W3 aHAIN3a) MPUMEHCHHUHU |[CHCTEMATHT
YCIIOBHI IKCIUTyaTalul u HAaBBIKOB  |eCKOE JlaGoparopHas paGoTa
[IPOU3BOJICTBA; JIOITyCKArTCs [mpuMeHeHn |{OT4er
mpoOesbl  |¢ HABBIKOB




8. Ocol0enHocTH peajqu3anuu JUCHUIVIMHBI JJISi MHBAJIMIOB M JIHI[ C
OrpaHUYeHHBIMHU BO3MOKHOCTSIMH 3/10POBbS

JUis ocymiecTBIEHUST MPOLENyp TEKYLIEro KOHTPOJS YCHEBAaEeMOCTH M IPOMEKYTOYHOMH
aTTecTaluu o0yJyaroumxcs co3aanbl (POHIbI OLIEHOYHBIX CPEJCTB, aJaNTUPOBAHHBIC AJI1 HHBAINIO0B
U JIML ¢ OTPAaHUYECHHBIMU BO3MOXXHOCTSIMH 3/I0POBbsI M TO3BOJIIOLINE OICHUTh AOCTH)KEHHE WMHU
3aIJTaHUPOBAHHBIX B OCHOBHOW 0Opa30BaTeIbHON MpOrpaMMe pe3yibTaToB OOy4YeHUS U YpOBEHb
c(OPMHPOBAHHOCTH BCEX KOMIICTCHIIMH, 3asBJICHHBIX B oOpa3oBarenbHO mporpamme. dopma
MPOBEJCHUSI TEKYyIleW aTrTecTaluu JUisl CTYIACHTOB-WHBAJIUAOB YCTAaHABIMBACTCA C Y4YETOM
WHIMBUYAIBHBIX ICUXO(HU3UYECKHX 0COOEHHOCTEH (YCTHO, MUCHbMEHHO Ha Oymare, MMCbMEHHO Ha
KOMIIbIoTEpe, B hopMe TecTUpoBaHus U T.1.). [Ipu TectupoBanuu ans c1abOBUASIIUX CTYACHTOB
MCTIOJIB3YIOTCS (POHIBI OLIEHOYHBIX CPEJCTB C YKPYMHEHHBIM Ipu@ToM. Ha sK3ameH npuriamaercs
COIMPOBOXAAIOIINNA, KOTOPBI OOecleuynBaeT TEXHUYECKOE COIMPOBOXKAEHUE CTyaeHTy. [lpu
HEOOXOAUMOCTH CTYIEHTY-HHBAJIUAY MPEIOCTABISETCS JOMOIHUTEIBHOE BPeMs Ui HOJATrOTOBKU
OTBeTa Ha ’K3aMeHe (uiu 3adere). OOyyvaromuecs ¢ OrpaHUYEHHBIMH BO3MOXKHOCTSIMH 3/10POBbS 1
oOydJaromuecs: MHBAIHIBI O0OECIIEYMBAIOTCA IEYaTHBIMH M AJIEKTPOHHBIMH 00pa30BaTeIbHBIMU
pecypcamu (IIporpaMMbl, ydeOHbIE MOCOOMS ISl CaMOCTOATEIbHOW padoThl W T.O.) B (opmax,
aIalITHPOBAHHBIX K OTPAaHIMYEHHSIM X 3I0POBbBSI U BOCIIPHUATHS HHPOPMALIUH:

1) ny1s MIHBAJIMOB U JIMII C OTPAHMYEHHBIMUA BO3MOXKHOCTSIMH 37J0POBbsI 110 3PEHHIO:

- U1l CJIeNbIX: 33JaHus JUTS BBIIOJTHEHUS Ha CEMHHAPAX U MPAKTUYECKHUX 3aHATHAX OPOPMIISIOTCS
penbedHo-ToYeuHbIM mipudTOM bpaiing uam B BUAE AJIEKTPOHHOIO JOKYMEHTa, JOCTYIMHOTO C
MTOMOIIIBIO0 KOMITBIOTEPA CO CIIEUAIM3UPOBAHHBIM IPOTPAMMHBIM 00€CTIEUeHUEM IS CIIETBIX, JIN0O
3aYUTHIBAIOTCS ACCHUCTEHTOM; MMCbMEHHBIE 3a/IaHUs BHIMOIHIIOTCS Ha Oymare peiabeHO-TOUSUHBIM
mpudToM Bpaiins nim Ha KOMIBIOTEPE CO CIIEUATN3UPOBAHHBIM ITPOTPAMMHBIM 00€CIICYSHUEM IS
ClenbIX 700 HAIWKTOBBIBAIOTCS ACCHUCTEHTY; OOYYarOIIMMCS IS BBINOJHEHUS 3aJaHUs TMPHU
HEOO0XOAMMOCTH MPEJOCTABIISCTCS KOMIUIEKT MMChbMEHHBIX MTPUHAIIISKHOCTEH 1 Oymara Juist IicbMa
penbedHo-TOoUeuHbIM HIpudTOM bpaiiisg, KOMObIOTEpP CO CIENUATU3UPOBAHHBIM MPOrPAMMHBIM
oOecrieyeHueM JJIs CIIEIBIX;

- IJIS1 cJIa00BHASIIMX: o0ecreuynBaeTCsl MHANBUyalbHOE paBHOMEpHOE ocBelieHue He menee 300
JIOKC; OOydarommMMCsl Ui BBITIOJHEHHUS 3aJaHdus TPH  HEOOXOJUMOCTH TPENOCTaBISIETCS
YBEJIMUMBAIOIIEe YCTPOWCTBO; BO3MOXKHO TaKXXe MCIOJIb30BaHME COOCTBEHHBIX YBEITHYMBAOLIMX
YCTPOWCTB; 3a/IaHus [Tl BRITIOJTHEHUS 33/1aHUi 0(OPMIISIOTCS] YBEITMYSHHBIM MIPUPTOM;

2) A7 UHBAJIHMJIOB U JIML C OTPAHUYEHHBIMU BO3MOXKHOCTSIMU 3/I0POBbSI IO CJIYXY:

- VIl TJYXUX H cIa00CabIIAIMX: 00eCreunBaeTCsl HAIMYKME 3BYKOYCHITMBAIOIICH armapaTypbl
KOJJICKTUBHOTO  IOJIb30BaHMs, MNP  HEOOXOAUMOCTH  OOydarolmMMCs  IPeloCTaBisIeTcs
3BYKOYCWJIMBAIONIAsl amraparypa HHIUBUAYaJIbHOTO TIOJb30BAaHUS; MPEIOCTABISIOTCS YCIYyTH
CYpJIOTIEPEBOIUNKA;

- A CJENOrJIyXHuX JONYCKAaeTCs TMPHUCYTCTBHE AaCCHUCTEHTa, OKAa3bIBAIOIIETO  YCIYTH
TUGIIOCYpIOTIEPEBOAUNKA (TTOMUMO TpeOOBAaHUM, BBIMOIHSAEMBIX COOTBETCTBEHHO JUIS CIEMbIX U
TIIyXUX);

3) mns JWIl ¢ TSDKETBIMHA HApYHICHHSIMH PEYH, TIYXUX, CIabOCHBIMIANX JEKIUA U CEeMUHapHI,
MIPOBOJIMMBIE B YCTHOH (popMme, MPOBOAATCS B MUCEMEHHOH (opMme;

4) nus MHBAJUIOB U JIUI] C OTPAHUYEHHBIMH BO3MOXKHOCTSIMH 370pPOBBS, HMEIOIINX HAPYILIEHUs!
ONOPHO-IBUIaTeJIbHOI0 anmapara:

- 7S JIMIl ¢ HapyUIEHUSMH OIOPHO-ABUTATENIbHOTIO amnmapara, HapyIICHUSMH JBUTATEIbHBIX
(GyHKIUH BEpXHUX KOHEYHOCTEH WIIM OTCYTCTBHEM BEPXHHUX KOHEYHOCTEW: MMCHMEHHBIC 3aJaHUS
BBIMOJIHSAIOTCS HAa KOMIIBIOTEPE CO CIEHUAIN3UPOBAHHBIM IPOrPAaMMHBIM O0€CIEUeHUEM MU
HA/IMKTOBBIBAIOTCS] ACCUCTEHTY; BBHITIOJHEHUE 33/1aHUH (TECTOB, KOHTPOJIBHBIX PadOT), TPOBOIUMBIE
B MUCbMEHHOHU (hopMe, TPOBOJATCS B YCTHOM (hopMe ImyTeM orpoca, Oece/ibl ¢ 00ydaronimMes.

9. YueOHO-MeTOAUYEeCKOE M HH(POPMALIMOHHOE O0ecnevYeHne U CIUTIIUHbI
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10. MaTepuaibHO-TEXHHMYECKOE o0ecredeHue TUCIMIIIMHBI

Urenue nekuuii ocymiectiseTcs B ayautopuu Ne 0-29 Jlaboparopus kadenpst o0opyaoBaHa
HarjJssJHbIMHU IOCOOUSIMHU B BUJC CTCHAOB U INIAHIICTOB, PA3MCIICHHBIX HAa CTCHAX, pa3daTOUYHbIMU
MaTepuajgamH, ariacaMu MHUKPOCTPYKTYp H ap. Mcmonb3dyemoe oOopynoBaHue: Hpudbop
HOHyaBTOMaTquCKHﬁ JJISL HU3MCPCHUA TBCPAOCTU METaIJIOB, MHKPOCKOII MKOHBHLIﬁ,
HU3MCPUTCIIBHBIC HHCTPYMCHTBI, PCXKYIIUC NHCTPYMCHTEI, Myq)eJ'IBHaH c4b, TCPMOCTAT, pa3pbIBHAA
MalllMHa, MAasITHUKOBLIN KOIICp.

I[J'ISI IMPOBCACHU JICKOMOHHBIX n MNPAKTHUYICCKUX 3aHATHI 10 JUCHUITIIMHE
«MarepuanoBeieHHE» He TpeOyeTcs CIeHaTH3NPOBAHHOTO MMPOTPAMMHOT0 00eCTICYEeHUSI.
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